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  Chapter1.HELLO, WORLD OF ASSEMBLY LANGUAGE
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  This chapter is a "quick-start" chapter that lets you start writing basic assembly language programs as rapidly as possible. This chapter does the following:


  
    
  


  
    	
      
        
          Presents the basic syntax of an HLA (High Level Assembly) program
        

      

    


    	
      
        
          Introduces you to the Intel CPU architecture
        

      

    


    	
      
        
          Provides a handful of data declarations, machine instructions, and high-level control statements
        

      

    


    	
      
        
          Describes some utility routines you can call in the HLA Standard Library
        

      

    


    	
      
        
          Shows you how to write some simple assembly language programs
        

      

    

  


  By the conclusion of this chapter, you should understand the basic syntax of an HLA program and should understand the prerequisites that are needed to start learning new assembly language features in the chapters that follow.


  1.1 The Anatomy of an HLA Program


  A typical HLA program takes the form shown in Figure1-1.
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    Figure1-1.Basic HLA program
  


  pgmID in the template above is a user-defined program identifier. You must pick an appropriate descriptive name for your program. In particular, pgmID would be a horrible choice for any real program. If you are writing programs as part of a course assignment, your instructor will probably give you the name to use for your main program. If you are writing your own HLA program, you will have to choose an appropriate name for your project.


  Identifiers in HLA are very similar to identifiers in most high-level languages. HLA identifiers may begin with an underscore or an alphabetic character and may be followed by zero or more alphanumeric or underscore characters. HLA's identifiers are case neutral. This means that the identifiers are case sensitive insofar as you must always spell an identifier exactly the same way in your program (even with respect to upper- and lowercase). However, unlike in case-sensitive languages such as C/C++, you may not declare two identifiers in the program whose name differs only by alphabetic case.


  A traditional first program people write, popularized by Kernighan and Ritchie's The C Programming Language, is the "Hello, world!" program. This program makes an excellent concrete example for someone who is learning a new language. Example1-1 presents the HLA helloWorld program.


  


  Example1-1.The helloWorld program


  
    programhelloWorld;

    #include("stdlib.hhf");

    

    beginhelloWorld;

    

    stdout.put("Hello,WorldofAssemblyLanguage",nl);

    

    endhelloWorld;
  


  The #include statement in this program tells the HLA compiler to include a set of declarations from the stdlib.hhf (standard library, HLA Header File). Among other things, this file contains the declaration of the stdout.put code that this program uses.


  The stdout.put statement is the print statement for the HLA language. You use it to write data to the standard output device (generally the console). To anyone familiar with I/O statements in a high-level language, it should be obvious that this statement prints the phrase Hello, World of Assembly Language. The nl appearing at the end of this statement is a constant, also defined in stdlib.hhf, that corresponds to the newline sequence.


  Note that semicolons follow the program, begin, stdout.put, and end statements. Technically speaking, a semicolon does not follow the #include statement. It is possible to create include files that generate an error if a semicolon follows the #include statement, so you may want to get in the habit of not putting a semicolon here.


  The #include is your first introduction to HLA declarations. The #include itself isn't actually a declaration, but it does tell the HLA compiler to substitute the file stdlib.hhf in place of the #include directive, thus inserting several declarations at this point in your program. Most HLA programs you will write will need to include one or more of the HLA Standard Library header files (stdlib.hhf actually includes all the standard library definitions into your program).


  Compiling this program produces a console application. Running this program in a command window prints the specified string, and then control returns to the command-line interpreter (or shell in Unix terminology).


  HLA is a free-format language. Therefore, you may split statements across multiple lines if this helps to make your programs more readable. For example, you could write the stdout.put statement in the helloWorld program as follows:


  


  
    stdout.put

    (

    "Hello,WorldofAssemblyLanguage",

    nl

    );
  


  Another construction you'll see appearing in example code throughout this text is that HLA automatically concatenates any adjacent string constants it finds in your source file. Therefore, the statement above is also equivalent to


  


  
    stdout.put

    (

    "Hello,"

    "WorldofAssemblyLanguage",

    nl

    );
  


  Indeed, nl (the newline) is really nothing more than a string constant, so (technically) the comma between the nl and the preceding string isn't necessary. You'll often see the above written as


  


  
    stdout.put("Hello,WorldofAssemblyLanguage"nl);
  


  Notice the lack of a comma between the string constant and nl; this turns out to be legal in HLA, though it applies only to certain constants; you may not, in general, drop the comma. Chapter4 explains in detail how this works. This discussion appears here because you'll probably see this "trick" employed by sample code prior to the formal explanation.


  


  1.2 Running Your First HLA Program


  The whole purpose of the "Hello, world!" program is to provide a simple example by which someone who is learning a new programming language can figure out how to use the tools needed to compile and run programs in that language. True, the helloWorld program in 1.1 The Anatomy of an HLA Program helps demonstrate the format and syntax of a simple HLA program, but the real purpose behind a program like helloWorld is to learn how to create and run a program from beginning to end. Although the previous section presents the layout of an HLA program, it did not discuss how to edit, compile, and run that program. This section will briefly cover those details.


  All of the software you need to compile and run HLA programs can be found at http://www.artofasm.com/ or at http://webster.cs.ucr.edu/. Select High Level Assembly from the Quick Navigation Panel and then the Download HLA link from that page. HLA is currently available for Windows, Mac OS X, Linux, and FreeBSD. Download the appropriate version of the HLA software for your system. From the Download HLA web page, you will also be able to download all the software associated with this book. If the HLA download doesn't include them, you will probably want to download the HLA reference manual and the HLA Standard Library reference manual along with HLA and the software for this book. This text does not describe the entire HLA language, nor does it describe the entire HLA Standard Library. You'll want to have these reference manuals handy as you learn assembly language using HLA.


  This section will not describe how to install and set up the HLA system because those instructions change over time. The HLA download page for each of the operating systems describes how to install and use HLA. Please consult those instructions for the exact installation procedure.


  Creating, compiling, and running an HLA program is very similar to the process you'd use when creating, compiling, or running a program in any computer language. First, because HLA is not an integrated development environment (IDE) that allows you to edit, compile, test and debug, and run your application all from within the same program, you'll create and edit HLA programs using a text editor.[1]


  Windows, Mac OS X, Linux, and FreeBSD offer many text editor options. You can even use the text editor provided with other IDEs to create and edit HLA programs (such as those found in Visual C++, Borland's Delphi, Apple's Xcode, and similar languages). The only restriction is that HLA expects ASCII text files, so the editor you use must be capable of manipulating and saving text files. Under Windows you can always use Notepad to create HLA programs. If you're working under Linux and FreeBSD you can use joe, vi, or emacs. Under Mac OS X you can use XCode or Text Wrangler or another editor of your preference.


  The HLA compiler[2] is a traditional command-line compiler, which means that you need to run it from a Windows command-line prompt or a Linux/FreeBSD/Mac OS X shell. To do so, enter something like the following into the command-line prompt or shell window:


  


  
    hlahw.hla
  


  This command tells HLA to compile the hw.hla (helloWorld) program to an executable file. Assuming there are no errors, you can run the resulting program by typing the following command into your command prompt window (Windows):


  


  
    hw
  


  or into the shell interpreter window (Linux/FreeBSD/Mac OS X):


  


  
    ./hw
  


  If you're having problems getting the program to compile and run properly, please see the HLA installation instructions on the HLA download page. These instructions describe in great detail how to install, set up, and use HLA.


  

  


  [1] HIDE (HLA Integrated Development Environment) is an IDE available for Windows users. See the High Level Assembly web page for details on downloading HIDE.


  [2] Traditionally, programmers have always called translators for assembly languages assemblers rather than compilers. However, because of HLA's high-level features, it is more proper to call HLA a compiler rather than an assembler.


  


  1.3 Some Basic HLA Data Declarations


  HLA provides a wide variety of constant, type, and data declaration statements. Later chapters will cover the declaration sections in more detail, but it's important to know how to declare a few simple variables in an HLA program.


  HLA predefines several different signed integer types including int8, int16, and int32, corresponding to 8-bit (1-byte) signed integers, 16-bit (2-byte) signed integers, and 32-bit (4-byte) signed integers, respectively.[3] Typical variable declarations occur in the HLA static variable section. A typical set of variable declarations takes the form shown in Figure1-2.
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    Figure1-2.Static variable declarations
  


  Those who are familiar with the Pascal language should be comfortable with this declaration syntax. This example demonstrates how to declare three separate integers: i8, i16, and i32. Of course, in a real program you should use variable names that are more descriptive. While names like i8 and i32 describe the type of the object, they do not describe its purpose. Variable names should describe the purpose of the object.


  In the static declaration section, you can also give a variable an initial value that the operating system will assign to the variable when it loads the program into memory. Figure1-3 provides the syntax for this.
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    Figure1-3.Static variable initialization
  


  It is important to realize that the expression following the assignment operator (:=) must be a constant expression. You cannot assign the values of other variables within a static variable declaration.


  Those familiar with other high-level languages (especially Pascal) should note that you can declare only one variable per statement. That is, HLA does not allow a comma-delimited list of variable names followed by a colon and a type identifier. Each variable declaration consists of a single identifier, a colon, a type ID, and a semicolon.


  Example1-2 provides a simple HLA program that demonstrates the use of variables within an HLA program.


  


  Example1-2.Variable declaration and use


  
    ProgramDemoVars;

    #include("stdlib.hhf")

    

    static

    InitDemo:int32:=5;

    NotInitialized:int32;

    

    beginDemoVars;

    

    //Displaythevalueofthepre-initializedvariable:

    

    stdout.put("InitDemo'svalueis",InitDemo,nl);

    

    //Inputanintegervaluefromtheuseranddisplaythatvalue:

    

    stdout.put("Enteranintegervalue:");

    stdin.get(NotInitialized);

    stdout.put("Youentered:",NotInitialized,nl);

    

    endDemoVars;
  


  In addition to static variable declarations, this example introduces three new concepts. First, the stdout.put statement allows multiple parameters. If you specify an integer value, stdout.put will convert that value to its string representation on output.


  The second new feature introduced in Example1-2 is the stdin.get statement. This statement reads a value from the standard input device (usually the keyboard), converts the value to an integer, and stores the integer value into the NotInitialized variable. Finally, Example1-2 also introduces the syntax for (one form of) HLA comments. The HLA compiler ignores all text from the // sequence to the end of the current line. (Those familiar with Java, C++, and Delphi should recognize these comments.)


  

  


  [3] A discussion of bits and bytes will appear in Chapter2 for those who are unfamiliar with these terms.


  


  1.4 Boolean Values


  HLA and the HLA Standard Library provide limited support for boolean objects. You can declare boolean variables, use boolean literal constants, use boolean variables in boolean expressions, and you can print the values of boolean variables.


  Boolean literal constants consist of the two predefined identifiers true and false. Internally, HLA represents the value true using the numeric value 1; HLA represents false using the value 0. Most programs treat 0 as false and anything else as true, so HLA's representations for true and false should prove sufficient.


  To declare a boolean variable, you use the boolean data type. HLA uses a single byte (the least amount of memory it can allocate) to represent boolean values. The following example demonstrates some typical declarations:


  


  
    static

    BoolVar:boolean;

    HasClass:boolean:=false;

    IsClear:boolean:=true;
  


  As this example demonstrates, you can initialize boolean variables if you desire.


  Because boolean variables are byte objects, you can manipulate them using any instructions that operate directly on 8-bit values. Furthermore, as long as you ensure that your boolean variables only contain 0 and 1 (for false and true, respectively), you can use the 80x86 and, or, xor, and not instructions to manipulate these boolean values (these instructions are covered in Chapter2).


  You can print boolean values by making a call to the stdout.put routine. For example:


  


  
    stdout.put(BoolVar)
  


  This routine prints the text true or false depending upon the value of the boolean parameter (0 is false; anything else is true). Note that the HLA Standard Library does not allow you to read boolean values via stdin.get.


  


  1.5 Character Values


  HLA lets you declare 1-byte ASCII character objects using the char data type. You may initialize character variables with a literal character value by surrounding the character with a pair of apostrophes. The following example demonstrates how to declare and initialize character variables in HLA:


  


  
    static

    c:char;

    LetterA:char:='A';
  


  You can print character variables use the stdout.put routine, and you can read character variables using the stdin.get procedure call.


  


  1.6 An Introduction to the Intel 80x86 CPU Family


  Thus far, you've seen a couple of HLA programs that will actually compile and run. However, all the statements appearing in programs to this point have been either data declarations or calls to HLA Standard Library routines. There hasn't been any real assembly language. Before we can progress any further and learn some real assembly language, a detour is necessary; unless you understand the basic structure of the Intel 80x86 CPU family, the machine instructions will make little sense.


  The Intel CPU family is generally classified as a Von Neumann Architecture Machine. Von Neumann computer systems contain three main building blocks: the central processing unit (CPU), memory, and input/output (I/0) devices. These three components are interconnected using the system bus (consisting of the address, data, and control buses). The block diagram in Figure1-4 shows this relationship.


  The CPU communicates with memory and I/O devices by placing a numeric value on the address bus to select one of the memory locations or I/O device port locations, each of which has a unique binary numeric address. Then the CPU, memory, and I/O devices pass data among themselves by placing the data on the data bus. The control bus contains signals that determine the direction of the data transfer (to/from memory and to/from an I/O device).
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    Figure1-4.Von Neumann computer system block diagram
  


  The 80x86 CPU registers can be broken down into four categories: general-purpose registers, special-purpose application-accessible registers, segment registers, and special-purpose kernel-mode registers. Because the segment registers aren't used much in modern 32-bit operating systems (such as Windows, Mac OS X, FreeBSD, and Linux) and because this text is geared to writing programs written for 32-bit operating systems, there is little need to discuss the segment registers. The special-purpose kernel-mode registers are intended for writing operating systems, debuggers, and other system-level tools. Such software construction is well beyond the scope of this text.


  The 80x86 (Intel family) CPUs provide several general-purpose registers for application use. These include eight 32-bit registers that have the following names: EAX, EBX, ECX, EDX, ESI, EDI, EBP, and ESP.


  The E prefix on each name stands for extended. This prefix differentiates the 32-bit registers from the eight 16-bit registers that have the following names: AX, BX, CX, DX, SI, DI, BP, and SP.


  Finally, the 80x86 CPUs provide eight 8-bit registers that have the following names: AL, AH, BL, BH, CL, CH, DL, and DH.


  Unfortunately, these are not all separate registers. That is, the 80x86 does not provide 24 independent registers. Instead, the 80x86 overlays the 32-bit registers with the 16-bit registers, and it overlays the 16-bit registers with the 8-bit registers. Figure1-5 shows this relationship.


  The most important thing to note about the general-purpose registers is that they are not independent. Modifying one register may modify as many as three other registers. For example, modification of the EAX register may very well modify the AL, AH, and AX registers. This fact cannot be overemphasized here. A very common mistake in programs written by beginning assembly language programmers is register value corruption because the programmer did not completely understand the ramifications of the relationship shown in Figure1-5.
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    Figure1-5.80x86 (Intel CPU) general-purpose registers
  


  The EFLAGS register is a 32-bit register that encapsulates several single-bit boolean (true/false) values. Most of the bits in the EFLAGS register are either reserved for kernel mode (operating system) functions or are of little interest to the application programmer. Eight of these bits (or flags) are of interest to application programmers writing assembly language programs. These are the overflow, direction, interrupt disable,[4] sign, zero, auxiliary carry, parity, and carry flags. Figure1-6 shows the layout of the flags within the lower 16 bits of the EFLAGS register.
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    Figure1-6.Layout of the FLAGS register (lower 16 bits of EFLAGS)
  


  Of the eight flags that are of interest to application programmers, four flags in particular are extremely valuable: the overflow, carry, sign, and zero flags. Collectively, we will call these four flags the condition codes.[5] The state of these flags lets you test the result of previous computations. For example, after comparing two values, the condition code flags will tell you whether one value is less than, equal to, or greater than a second value.


  One important fact that comes as a surprise to those just learning assembly language is that almost all calculations on the 80x86 CPU involve a register. For example, to add two variables together, storing the sum into a third variable, you must load one of the variables into a register, add the second operand to the value in the register, and then store the register away in the destination variable. Registers are a middleman in nearly every calculation. Therefore, registers are very important in 80x86 assembly language programs.


  Another thing you should be aware of is that although the registers have the name "general purpose," you should not infer that you can use any register for any purpose. All the 80x86 registers have their own special purposes that limit their use in certain contexts. The SP/ESP register pair, for example, has a very special purpose that effectively prevents you from using it for anything else (it's the stack pointer). Likewise, the BP/EBP register has a special purpose that limits its usefulness as a general-purpose register. For the time being, you should avoid the use of the ESP and EBP registers for generic calculations; also, keep in mind that the remaining registers are not completely interchangeable in your programs.


  

  


  [4] Application programs cannot modify the interrupt flag, but we'll look at this flag in Chapter2; hence the discussion of this flag here.


  [5] Technically the parity flag is also a condition code, but we will not use that flag in this text.


  


  1.7 The Memory Subsystem


  A typical 80x86 processor running a modern 32-bit OS can access a maximum of 232 different memory locations, or just over 4 billion bytes. A few years ago, 4 gigabytes of memory would have seemed like infinity; modern machines, however, exceed this limit. Nevertheless, because the 80x86 architecture supports a maximum 4GB address space when using a 32-bit operating system like Windows, Mac OS X, FreeBSD, or Linux, the following discussion will assume the 4GB limit.


  Of course, the first question you should ask is, "What exactly is a memory location?" The 80x86 supports byte-addressable memory. Therefore, the basic memory unit is a byte, which is sufficient to hold a single character or a (very) small integer value (we'll talk more about that in Chapter2).


  Think of memory as a linear array of bytes. The address of the first byte is 0 and the address of the last byte is 232−1. For an 80x86 processor, the following pseudo-Pascal array declaration is a good approximation of memory:


  


  
    Memory:array[0..4294967295]ofbyte;
  


  C/C++ and Java users might prefer the following syntax:


  


  
    byteMemory[4294967296];
  


  To execute the equivalent of the Pascal statement Memory [125] := 0; the CPU places the value 0 on the data bus, places the address 125 on the address bus, and asserts the write line (this generally involves setting that line to 0), as shown in Figure1-7.
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    Figure1-7.Memory write operation
  


  To execute the equivalent of CPU := Memory [125]; the CPU places the address 125 on the address bus, asserts the read line (because the CPU is reading data from memory), and then reads the resulting data from the data bus (see Figure1-8).
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    Figure1-8.Memory read operation
  


  This discussion applies only when accessing a single byte in memory. So what happens when the processor accesses a word or a double word? Because memory consists of an array of bytes, how can we possibly deal with values larger than a single byte? Easy—to store larger values, the 80x86 uses a sequence of consecutive memory locations. Figure1-9 shows how the 80x86 stores bytes, words (2 bytes), and double words (4 bytes) in memory. The memory address of each of these objects is the address of the first byte of each object (that is, the lowest address).


  Modern 80x86 processors don't actually connect directly to memory. Instead, there is a special memory buffer on the CPU known as the cache (pronounced "cash") that acts as a high-speed intermediary between the CPU and main memory. Although the cache handles the details automatically for you, one fact you should know is that accessing data objects in memory is sometimes more efficient if the address of the object is an even multiple of the object's size. Therefore, it's a good idea to align 4-byte objects (double words) on addresses that are multiples of 4. Likewise, it's most efficient to align 2-byte objects on even addresses. You can efficiently access single-byte objects at any address. You'll see how to set the alignment of memory objects in 3.4 HLA Support for Data Alignment.
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    Figure1-9.Byte, word, and double-word storage in memory
  


  Before leaving this discussion of memory objects, it's important to understand the correspondence between memory and HLA variables. One of the nice things about using an assembler/compiler like HLA is that you don't have to worry about numeric memory addresses. All you need to do is declare a variable in HLA, and HLA takes care of associating that variable with some unique set of memory addresses. For example, if you have the following declaration section:


  


  
    static

    i8:int8;

    i16:int16;

    i32:int32;
  


  HLA will find some unused 8-bit byte in memory and associate it with the i8 variable; it will find a pair of consecutive unused bytes and associate i16 with them; finally, HLA will find 4 consecutive unused bytes and associate the value of i32 with those 4 bytes (32 bits). You'll always refer to these variables by their name. You generally don't have to concern yourself with their numeric address. Still, you should be aware that HLA is doing this for you behind your back.


  


  1.8 Some Basic Machine Instructions


  The 80x86 CPU family provides from just over a hundred to many thousands of different machine instructions, depending on how you define a machine instruction. Even at the low end of the count (greater than 100), it appears as though there are far too many machine instructions to learn in a short time. Fortunately, you don't need to know all the machine instructions. In fact, most assembly language programs probably use around 30 different machine instructions.[6] Indeed, you can certainly write several meaningful programs with only a few machine instructions. The purpose of this section is to provide a small handful of machine instructions so you can start writing simple HLA assembly language programs right away.


  Without question, the mov instruction is the most oft-used assembly language statement. In a typical program, anywhere from 25 percent to 40 percent of the instructions are mov instructions. As its name suggests, this instruction moves data from one location to another.[7] The HLA syntax for this instruction is:


  


  
    mov(source_operand,destination_operand);
  


  The source_operand can be a register, a memory variable, or a constant. The destination_operand may be a register or a memory variable. Technically the 80x86 instruction set does not allow both operands to be memory variables. HLA, however, will automatically translate a mov instruction with two-word or double-word memory operands into a pair of instructions that will copy the data from one location to another. In a high-level language like Pascal or C/C++, the mov instruction is roughly equivalent to the following assignment statement:


  


  
    destination_operand=source_operand;
  


  Perhaps the major restriction on the mov instruction's operands is that they must both be the same size. That is, you can move data between a pair of byte (8-bit) objects, word (16-bit) objects, or double-word (32-bit) objects; you may not, however, mix the sizes of the operands. Table1-1 lists all the legal combinations for the mov instruction.


  You should study this table carefully because most of the general-purpose 80x86 instructions use this syntax.


  


  Table1-1.Legal 80x86 mov Instruction Operands


  


  
    
      	
        

        Source

      

      	
        

        Destination

      
    


    
      	
        

        Reg8[a]

      

      	
        

        Reg8

      
    


    
      	
        

        Reg8

      

      	
        

        Mem8

      
    


    
      	
        

        Mem8

      

      	
        

        Reg8

      
    


    
      	
        

        Constant[b]

      

      	
        

        Reg8

      
    


    
      	
        

        Constant

      

      	
        

        Mem8

      
    


    
      	
        

        Reg16

      

      	
        

        Reg16

      
    


    
      	
        

        Reg16

      

      	
        

        Mem16

      
    


    
      	
        

        Mem16

      

      	
        

        Reg16

      
    


    
      	
        

        Constant

      

      	
        

        Reg16

      
    


    
      	
        

        Constant

      

      	
        

        Mem16

      
    


    
      	
        

        Reg32

      

      	
        

        Reg32

      
    


    
      	
        

        Reg32

      

      	
        

        Mem32

      
    


    
      	
        

        Mem32

      

      	
        

        Reg32

      
    


    
      	
        

        Constant

      

      	
        

        Reg32

      
    


    
      	
        

        Constant

      

      	
        

        Mem32

      
    


    
      	
        

        [a] The suffix denotes the size of the register or memory location.


        


        [b] The constant must be small enough to fit in the specified destination operand.

      
    

  


  The 80x86 add and sub instructions let you add and subtract two operands. Their syntax is nearly identical to the mov instruction:


  


  
    add(source_operand,destination_operand);

    sub(source_operand,destination_operand);
  


  The add and sub operands take the same form as the mov instruction.[8] The add instruction does the following:


  


  
    destination_operand=destination_operand+source_operand;

    destination_operand+=source_operand;//ForthosewhopreferCsyntax.
  


  The sub instruction does the calculation:


  


  
    destination_operand=destination_operand-source_operand;

    destination_operand-=source_operand;//ForCfans.
  


  With nothing more than these three instructions, plus the HLA control structures that the next section discusses, you can actually write some sophisticated programs. Example1-3 provides a sample HLA program that demonstrates these three instructions.


  


  Example1-3.Demonstration of the mov, add, and sub instructions


  
    programDemoMOVaddSUB;

    

    #include("stdlib.hhf")

    

    static

    i8:int8:=−8;

    i16:int16:=−16;

    i32:int32:=−32;

    

    beginDemoMOVaddSUB;

    

    //First,printtheinitialvalues

    //ofourvariables.

    

    stdout.put

    (

    nl,

    "Initializedvalues:i8=",i8,

    ",i16=",i16,

    ",i32=",i32,

    nl

    );

    

    //Computetheabsolutevalueofthe

    //threedifferentvariablesand

    //printtheresult.

    //Note:Becauseallthenumbersare

    //negative,wehavetonegatethem.

    //Usingonlythemov,add,andsub

    //instructions,wecannegateavalue

    //bysubtractingitfromzero.

    

    mov(0,al);//Computei8:=-i8;

    sub(i8,al);

    mov(al,i8);

    

    mov(0,ax);//Computei16:=-i16;

    sub(i16,ax);

    mov(ax,i16);

    

    mov(0,eax);//Computei32:=-i32;

    sub(i32,eax);

    mov(eax,i32);

    

    //Displaytheabsolutevalues:

    

    stdout.put

    (

    nl,

    "Afternegation:i8=",i8,

    ",i16=",i16,

    ",i32=",i32,

    nl

    );

    

    //Demonstrateaddandconstant-to-memory

    //operations:

    

    add(32323200,i32);

    stdout.put(nl,"Afteradd:i32=",i32,nl);

    

    

    

    endDemoMOVaddSUB;
  


  

  


  [6] Different programs may use a different set of 30 instructions, but few programs use more than 30 distinct instructions.


  [7] Technically, mov actually copies data from one location to another. It does not destroy the original data in the source operand. Perhaps a better name for this instruction would have been copy. Alas, it's too late to change it now.


  [8] Remember, though, that add and sub do not support memory-to-memory operations.


  


  1.9 Some Basic HLA Control Structures


  The mov, add, and sub instructions, while valuable, aren't sufficient to let you write meaningful programs. You will need to complement these instructions with the ability to make decisions and create loops in your HLA programs before you can write anything other than a simple program. HLA provides several high-level control structures that are very similar to control structures found in high-level languages. These include if..then..elseif..else..endif, while..endwhile, repeat..until, and so on. By learning these statements you will be armed and ready to write some real programs.


  Before discussing these high-level control structures, it's important to point out that these are not real 80x86 assembly language statements. HLA compiles these statements into a sequence of one or more real assembly language statements for you. In Chapter7, you'll learn how HLA compiles the statements, and you'll learn how to write pure assembly language code that doesn't use them. However, there is a lot to learn before you get to that point, so we'll stick with these high-level language statements for now.


  Another important fact to mention is that HLA's high-level control structures are not as high level as they first appear. The purpose behind HLA's high-level control structures is to let you start writing assembly language programs as quickly as possible, not to let you avoid the use of assembly language altogether. You will soon discover that these statements have some severe restrictions associated with them, and you will quickly outgrow their capabilities. This is intentional. Once you reach a certain level of comfort with HLA's high-level control structures and decide you need more power than they have to offer, it's time to move on and learn the real 80x86 instructions behind these statements.


  Do not let the presence of high-level-like statements in HLA confuse you. Many people, after learning about the presence of these statements in the HLA language, erroneously come to the conclusion that HLA is just some special high-level language and not a true assembly language. This isn't true. HLA is a full low-level assembly language. HLA supports all the same machine instructions as any other 80x86 assembler. The difference is that HLA has some extra statements that allow you to do more than is possible with those other 80x86 assemblers. Once you learn 80x86 assembly language with HLA, you may elect to ignore all these extra (high-level) statements and write only low-level 80x86 assembly language code if this is your desire.


  The following sections assume that you're familiar with at least one high-level language. They present the HLA control statements from that perspective without bothering to explain how you actually use these statements to accomplish something in a program. One prerequisite this text assumes is that you already know how to use these generic control statements in a high-level language; you'll use them in HLA programs in an identical manner.


  1.9.1 Boolean Expressions in HLA Statements


  Several HLA statements require a boolean (true or false) expression to control their execution. Examples include the if, while, and repeat..until statements. The syntax for these boolean expressions represents the greatest limitation of the HLA high-level control structures. This is one area where your familiarity with a high-level language will work against you—you'll want to use the fancy expressions you use in a high-level language, yet HLA supports only some basic forms.


  HLA boolean expressions take the following forms:[9]


  


  
    flag_specification

    !flag_specification

    register

    !register

    Boolean_variable

    !Boolean_variable

    mem_regrelopmem_reg_const

    registerinLowConst..HiConst

    registernotinLowConst..HiConst
  


  A flag_specification may be one of the symbols that are described in Table1-2.


  


  Table1-2.Symbols for flag_specification


  


  
    
      	
        

        Symbol

      

      	
        

        Meaning

      

      	
        

        Explanation

      
    


    
      	
        

        @c

      

      	
        

        Carry

      

      	
        

        True if the carry is set (1); false if the carry is clear (0).

      
    


    
      	
        

        @nc

      

      	
        

        No carry

      

      	
        

        True if the carry is clear (0); false if the carry is set (1).

      
    


    
      	
        

        @z

      

      	
        

        Zero

      

      	
        

        True if the zero flag is set; false if it is clear.

      
    


    
      	
        

        @nz

      

      	
        

        Not zero

      

      	
        

        True if the zero flag is clear; false if it is set.

      
    


    
      	
        

        @o

      

      	
        

        Overflow

      

      	
        

        True if the overflow flag is set; false if it is clear.

      
    


    
      	
        

        @no

      

      	
        

        No overflow

      

      	
        

        True if the overflow flag is clear; false if it is set.

      
    


    
      	
        

        @s

      

      	
        

        Sign

      

      	
        

        True if the sign flag is set; false if it is clear.

      
    


    
      	
        

        @ns

      

      	
        

        No sign

      

      	
        

        True if the sign flag is clear; false if it is set.

      
    

  


  The use of the flag values in a boolean expression is somewhat advanced. You will begin to see how to use these boolean expression operands in the next chapter.


  A register operand can be any of the 8-bit, 16-bit, or 32-bit general-purpose registers. The expression evaluates false if the register contains a zero; it evaluates true if the register contains a nonzero value.


  If you specify a boolean variable as the expression, the program tests it for zero (false) or nonzero (true). Because HLA uses the values zero and one to represent false and true, respectively, the test works in an intuitive fashion. Note that HLA requires such variables be of type boolean. HLA rejects other data types. If you want to test some other type against zero/not zero, then use the general boolean expression discussed next.


  The most general form of an HLA boolean expression has two operands and a relational operator. Table1-3 lists the legal combinations.


  


  Table1-3.Legal Boolean Expressions


  


  
    
      	
        

        Left Operand

      

      	
        

        Relational Operator

      

      	
        

        Right Operand

      
    


    
      	
        

        Memory variable or register

      

      	
        

        = or ==


        <> or !=


        <


        <=


        >


        >=

      

      	
        

        Variable, register, or constant

      
    

  


  Note that both operands cannot be memory operands. In fact, if you think of the right operand as the source operand and the left operand as the destination operand, then the two operands must be the same that add and sub allow.


  Also like the add and sub instructions, the two operands must be the same size. That is, they must both be byte operands, they must both be word operands, or they must both be double-word operands. If the right operand is a constant, its value must be in the range that is compatible with the left operand.


  There is one other issue: if the left operand is a register and the right operand is a positive constant or another register, HLA uses an unsigned comparison. The next chapter will discuss the ramifications of this; for the time being, do not compare negative values in a register against a constant or another register. You may not get an intuitive result.


  The in and not in operators let you test a register to see if it is within a specified range. For example, the expression eax in 2000..2099 evaluates true if the value in the EAX register is between 2,000 and 2,099 (inclusive). The not in (two words) operator checks to see if the value in a register is outside the specified range. For example, al not in 'a'..'z' evaluates true if the character in the AL register is not a lowercase alphabetic character.


  Here are some examples of legal boolean expressions in HLA:


  


  
    @c

    Bool_var

    al

    esi

    eax<ebx

    ebx>5

    i32<−2

    i8>128

    al<i8

    eaxin1..100

    chnotin'a'..'z'
  


  1.9.2 The HLA if..then..elseif..else..endif Statement


  The HLA if statement uses the syntax shown in Figure1-10.


  


  
    [image: ]
  


  
    Figure1-10.HLA if statement syntax
  


  The expressions appearing in an if statement must take one of the forms from the previous section. If the boolean expression is true, the code after the then executes; otherwise control transfers to the next elseif or else clause in the statement.


  Because the elseif and else clauses are optional, an if statement could take the form of a single if..then clause, followed by a sequence of statements and a closing endif clause. The following is such a statement:


  


  
    if(eax=0)then

    

    stdout.put("error:NULLvalue",nl);

    

    endif;
  


  If, during program execution, the expression evaluates true, then the code between the then and the endif executes. If the expression evaluates false, then the program skips over the code between the then and the endif.


  Another common form of the if statement has a single else clause. The following is an example of an if statement with an optional else clause:


  


  
    if(eax=0)then

    

    stdout.put("error:NULLpointerencountered",nl);

    

    else

    

    stdout.put("Pointerisvalid",nl);

    

    endif;
  


  If the expression evaluates true, the code between the then and the else executes; otherwise the code between the else and the endif clauses executes.


  You can create sophisticated decision-making logic by incorporating the elseif clause into an if statement. For example, if the CH register contains a character value, you can select from a menu of items using code like the following:


  


  
    if(ch='a')then

    

    stdout.put("Youselectedthe'a'menuitem",nl);

    

    elseif(ch='b')then

    

    stdout.put("Youselectedthe'b'menuitem",nl);

    

    elseif(ch='c')then

    

    stdout.put("Youselectedthe'c'menuitem",nl);

    

    else

    

    stdout.put("Error:illegalmenuitemselection",nl);

    

    endif;
  


  Although this simple example doesn't demonstrate it, HLA does not require an else clause at the end of a sequence of elseif clauses. However, when making multiway decisions, it's always a good idea to provide an else clause just in case an error arises. Even if you think it's impossible for the else clause to execute, just keep in mind that future modifications to the code could void this assertion, so it's a good idea to have error-reporting statements in your code.


  1.9.3 Conjunction, Disjunction, and Negation in Boolean Expressions


  Some obvious omissions in the list of operators in the previous sections are the conjunction (logical and), disjunction (logical or), and negation (logical not) operators. This section describes their use in boolean expressions (the discussion had to wait until after describing the if statement in order to present realistic examples).


  HLA uses the && operator to denote logical and in a runtime boolean expression. This is a dyadic (two-operand) operator, and the two operands must be legal runtime boolean expressions. This operator evaluates to true if both operands evaluate to true. For example:


  


  
    if(eax>0&&ch='a')then

    

    mov(eax,ebx);

    mov('',ch);

    

    endif;
  


  The two mov statements above execute only if EAX is greater than zero and CH is equal to the character a. If either of these conditions is false, then program execution skips over these mov instructions.


  Note that the expressions on either side of the && operator may be any legal boolean expressions; these expressions don't have to be comparisons using the relational operators. For example, the following are all legal expressions:


  


  
    @z&&alin5..10

    alin'a'..'z'&&ebx

    boolVar&&!eax
  


  HLA uses short-circuit evaluation when compiling the && operator. If the leftmost operand evaluates false, then the code that HLA generates does not bother evaluating the second operand (because the whole expression must be false at that point). Therefore, in the last expression above, the code will not check EAX against zero if boolVar evaluates false.


  Note that an expression like eax < 10 && ebx <> eax is itself a legal boolean expression and, therefore, may appear as the left or right operand of the && operator. Therefore, expressions like the following are perfectly legal:


  


  
    eax<0&&ebx<>eax&&!ecx
  


  The && operator is left associative, so the code that HLA generates evaluates the expression above in a left-to-right fashion. If EAX is less than zero, the CPU will not test either of the remaining expressions. Likewise, if EAX is not less than zero but EBX is equal to EAX, this code will not evaluate the third expression because the whole expression is false regardless of ECX's value.


  HLA uses the || operator to denote disjunction (logical or) in a runtime boolean expression. Like the && operator, this operator expects two legal runtime boolean expressions as operands. This operator evaluates true if either (or both) operands evaluate true. Like the && operator, the disjunction operator uses short-circuit evaluation. If the left operand evaluates true, then the code that HLA generates doesn't bother to test the value of the second operand. Instead, the code will transfer to the location that handles the situation when the boolean expression evaluates true. Here are some examples of legal expressions using the || operator:


  


  
    @z||al=10

    alin'a'..'z'||ebx

    !boolVar||eax
  


  Like the && operator, the disjunction operator is left associative, so multiple instances of the || operator may appear within the same expression. Should this be the case, the code that HLA generates will evaluate the expressions from left to right. For example:


  


  
    eax<0||ebx<>eax||!ecx
  


  The code above evaluates to true if EAX is less than zero, EBX does not equal EAX, or ECX is zero. Note that if the first comparison is true, the code doesn't bother testing the other conditions. Likewise, if the first comparison is false and the second is true, the code doesn't bother checking to see if ECX is zero. The check for ECX equal to zero occurs only if the first two comparisons are false.


  If both the conjunction and disjunction operators appear in the same expression, then the && operator takes precedence over the || operator. Consider the following expression:


  


  
    eax<0||ebx<>eax&&!ecx
  


  The machine code HLA generates evaluates this as


  


  
    eax<0||(ebx<>eax&&!ecx)
  


  If EAX is less than zero, then the code HLA generates does not bother to check the remainder of the expression, and the entire expression evaluates true. However, if EAX is not less than zero, then both of the following conditions must evaluate true in order for the overall expression to evaluate true.


  HLA allows you to use parentheses to surround subexpressions involving && and || if you need to adjust the precedence of the operators. Consider the following expression:


  


  
    (eax<0||ebx<>eax)&&!ecx
  


  For this expression to evaluate true, ECX must contain zero and either EAX must be less than zero or EBX must not equal EAX. Contrast this to the result the expression produces without the parentheses.


  HLA uses the ! operator to denote logical negation. However, the ! operator may only prefix a register or boolean variable; you may not use it as part of a larger expression (e.g., !eax < 0). To achieve logical negative of an existing boolean expression, you must surround that expression with parentheses and prefix the parentheses with the ! operator. For example:


  


  
    !(eax<0)
  


  This expression evaluates true if EAX is not less than zero.


  The logical not operator is primarily useful for surrounding complex expressions involving the conjunction and disjunction operators. While it is occasionally useful for short expressions like the one above, it's usually easier (and more readable) to simply state the logic directly rather than convolute it with the logical not operator.


  Note that HLA also provides the | and & operators, but they are distinct from || and && and have completely different meanings. See the HLA reference manual for more details on these (compile-time) operators.


  1.9.4 The while..endwhile Statement


  The while statement uses the basic syntax shown in Figure1-11.
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    Figure1-11.HLA while statement syntax
  


  This statement evaluates the boolean expression. If it is false, control immediately transfers to the first statement following the endwhile clause. If the value of the expression is true, then the CPU executes the body of the loop. After the loop body executes, control transfers back to the top of the loop, where the while statement retests the loop control expression. This process repeats until the expression evaluates false.


  Note that the while loop, like its high-level-language counterpart, tests for loop termination at the top of the loop. Therefore, it is quite possible that the statements in the body of the loop will not execute (if the expression is false when the code first executes the while statement). Also note that the body of the while loop must, at some point, modify the value of the boolean expression or an infinite loop will result.


  Here's an example of an HLA while loop:


  


  
    mov(0,i);

    while(i<10)do

    

    stdout.put("i=",i,nl);

    add(1,i);

    

    endwhile;
  


  1.9.5 The for..endfor Statement


  The HLA for loop takes the following general form:


  


  
    for(Initial_Stmt;Termination_Expression;Post_Body_Statement)do

    

    <<Loopbody>>

    

    endfor;
  


  This is equivalent to the following while statement:


  


  
    Initial_Stmt;

    while(Termination_Expression)do

    

    <<Loopbody>>

    

    Post_Body_Statement;

    

    endwhile;
  


  Initial_Stmt can be any single HLA/80x86 instruction. Generally this statement initializes a register or memory location (the loop counter) with zero or some other initial value. Termination_Expression is an HLA boolean expression (same format that while allows). This expression determines whether the loop body executes. Post_Body_Statement executes at the bottom of the loop (as shown in the while example above). This is a single HLA statement. Usually an instruction like add modifies the value of the loop control variable.


  The following gives a complete example:


  


  
    for(mov(0,i);i<10;add(1,i))do

    

    stdout.put("i=",i,nl);

    

    endfor;
  


  The above, rewritten as a while loop, becomes:


  


  
    mov(0,i);

    while(i<10)do

    

    stdout.put("i=",i,nl);

    

    add(1,i);

    

    endwhile;
  


  1.9.6 The repeat..until Statement


  The HLA repeat..until statement uses the syntax shown in Figure1-12. C/C++/C# and Java users should note that the repeat..until statement is very similar to the do..while statement.
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    Figure1-12.HLA repeat..until statement syntax
  


  The HLA repeat..until statement tests for loop termination at the bottom of the loop. Therefore, the statements in the loop body always execute at least once. Upon encountering the until clause, the program will evaluate the expression and repeat the loop if the expression is false (that is, it repeats while false). If the expression evaluates true, the control transfers to the first statement following the until clause.


  The following simple example demonstrates the repeat..until statement:


  


  
    mov(10,ecx);

    repeat

    

    stdout.put("ecx=",ecx,nl);

    sub(1,ecx);

    

    until(ecx=0);
  


  If the loop body will always execute at least once, then it is usually more efficient to use a repeat..until loop rather than a while loop.


  1.9.7 The break and breakif Statements


  The break and breakif statements provide the ability to prematurely exit from a loop. Figure1-13 shows the syntax for these two statements.
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    Figure1-13.HLA break and breakif syntax
  


  The break statement exits the loop that immediately contains the break. The breakif statement evaluates the boolean expression and exits the containing loop if the expression evaluates true.


  Note that the break and breakif statements do not allow you to break out of more than one nested loop. HLA does provide statements that do this, the begin..end block and the exit/exitif statements. Please consult the HLA reference manual for more details. HLA also provides the continue/continueif pair that lets you repeat a loop body. Again, see the HLA reference manual for more details.


  1.9.8 The forever..endfor Statement


  Figure1-14 shows the syntax for the forever statement.
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    Figure1-14.HLA forever loop syntax
  


  This statement creates an infinite loop. You may also use the break and breakif statements along with forever..endfor to create a loop that tests for loop termination in the middle of the loop. Indeed, this is probably the most common use of this loop, as the following example demonstrates:


  


  
    forever

    

    stdout.put("Enteranintegerlessthan10:");

    stdin.get(i);

    breakif(i<10);

    stdout.put("Thevalueneedstobelessthan10!",nl);

    

    endfor;
  


  1.9.9 The try..exception..endtry Statement


  The HLA try..exception..endtry statement provides very powerful exception handling capabilities. The syntax for this statement appears in Figure1-15.
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    Figure1-15.HLA try..exception..endtry statement syntax
  


  The try..endtry statement protects a block of statements during execution. If the statements between the try clause and the first exception clause (the protected block), execute without incident, control transfers to the first statement after the endtry immediately after executing the last statement in the protected block. If an error (exception) occurs, then the program interrupts control at the point of the exception (that is, the program raises an exception). Each exception has an unsigned integer constant associated with it, known as the exception ID. The excepts.hhf header file in the HLA Standard Library predefines several exception IDs, although you may create new ones for your own purposes. When an exception occurs, the system compares the exception ID against the values appearing in each of the exception clauses following the protected code. If the current exception ID matches one of the exception values, control continues with the block of statements immediately following that exception. After the exception-handling code completes execution, control transfers to the first statement following the endtry.


  If an exception occurs and there is no active try..endtry statement, or the active try..endtry statements do not handle the specific exception, the program will abort with an error message.


  The following code fragment demonstrates how to use the try..endtry statement to protect the program from bad user input:


  


  
    repeat

    

    mov(false,GoodInteger);//Note:GoodIntegermustbeabooleanvar.

    try

    

    stdout.put("Enteraninteger:");

    stdin.get(i);

    mov(true,GoodInteger);

    

    exception(ex.ConversionError);

    

    stdout.put("Illegalnumericvalue,pleasere-enter",nl);

    

    exception(ex.ValueOutOfRange);

    

    stdout.put("Valueisoutofrange,pleasere-enter",nl);

    

    endtry;

    

    until(GoodInteger);
  


  The repeat..until loop repeats this code as long as there is an error during input. Should an exception occur because of bad input, control transfers to the exception clauses to see if a conversion error (e.g., illegal characters in the number) or a numeric overflow occurs. If either of these exceptions occur, then they print the appropriate message, control falls out of the try..endtry statement, and the repeat..until loop repeats because the code will not have set GoodInteger to true. If a different exception occurs (one that is not handled in this code), then the program aborts with the specified error message.[10]


  Table1-4 lists the exceptions provided in the excepts.hhf header file at the time this was being written. See the excepts.hhf header file provided with HLA for the most current list of exceptions.


  


  Table1-4.Exceptions Provided in excepts.hhf


  


  
    
      	
        

        Exception

      

      	
        

        Description

      
    


    
      	
        

        ex.StringOverflow

      

      	
        

        Attempt to store a string that is too large into a string variable.

      
    


    
      	
        

        ex.StringIndexError

      

      	
        

        Attempt to access a character that is not present in a string.

      
    


    
      	
        

        ex.StringOverlap

      

      	
        

        Attempt to copy a string onto itself.

      
    


    
      	
        

        ex.StringMetaData

      

      	
        

        Corrupted string value.

      
    


    
      	
        

        ex.StringAlignment

      

      	
        

        Attempt to store a string an at unaligned address.

      
    


    
      	
        

        ex.StringUnderflow

      

      	
        

        Attempt to extract "negative" characters from a string.

      
    


    
      	
        

        ex.IllegalStringOperation

      

      	
        

        Operation not permitted on string data.

      
    


    
      	
        

        ex.ValueOutOfRange

      

      	
        

        Value is too large for the current operation.

      
    


    
      	
        

        ex.IllegalChar

      

      	
        

        Operation encountered a character code whose ASCII code is not in the range 0..127.

      
    


    
      	
        

        ex.TooManyCmdLnParms

      

      	
        

        Command line contains too many program parameters.

      
    


    
      	
        

        ex.BadObjPtr

      

      	
        

        Pointer to class object is illegal.

      
    


    
      	
        

        ex.InvalidAlignment

      

      	
        

        Argument was not aligned on a proper memory address.

      
    


    
      	
        

        ex.InvalidArgument

      

      	
        

        Function call (generally OS API call) contains an invalid argument value.

      
    


    
      	
        

        ex.BufferOverflow

      

      	
        

        Buffer or blob object exceeded declared size.

      
    


    
      	
        

        ex.BufferUnderflow

      

      	
        

        Attempt to retrieve nonexistent data from a blob or buffer.

      
    


    
      	
        

        ex.IllegalSize

      

      	
        

        Argument's data size is incorrect.

      
    


    
      	
        

        ex.ConversionError

      

      	
        

        String-to-numeric conversion operation contains illegal (nonnumeric) characters.

      
    


    
      	
        

        ex.BadFileHandle

      

      	
        

        Program attempted a file access using an invalid file handle value.

      
    


    
      	
        

        ex.FileNotFound

      

      	
        

        Program attempted to access a nonexistent file.

      
    


    
      	
        

        ex.FileOpenFailure

      

      	
        

        Operating system could not open the file (file not found).

      
    


    
      	
        

        ex.FileCloseError

      

      	
        

        Operating system could not close the file.

      
    


    
      	
        

        ex.FileWriteError

      

      	
        

        Error writing data to a file.

      
    


    
      	
        

        ex.FileReadError

      

      	
        

        Error reading data from a file.

      
    


    
      	
        

        ex.FileSeekError

      

      	
        

        Attempted to seek to a nonexistent position in a file.

      
    


    
      	
        

        ex.DiskFullError

      

      	
        

        Attempted to write data to a full disk.

      
    


    
      	
        

        ex.AccessDenied

      

      	
        

        User does not have sufficient priviledges to access file data.

      
    


    
      	
        

        ex.EndOfFile

      

      	
        

        Program attempted to read beyond the end of file.

      
    


    
      	
        

        ex.CannotCreateDir

      

      	
        

        Attempt to create a directory failed.

      
    


    
      	
        

        ex.CannotRemoveDir

      

      	
        

        Attempt to delete a directory failed.

      
    


    
      	
        

        ex.CannotRemoveFile

      

      	
        

        Attempt to delete a file failed.

      
    


    
      	
        

        ex.CDFailed

      

      	
        

        Attempt to change to a new directory failed.

      
    


    
      	
        

        ex.CannotRenameFile

      

      	
        

        Attempt to rename a file failed.

      
    


    
      	
        

        ex.MemoryAllocationFailure

      

      	
        

        Insufficient system memory for allocation request.

      
    


    
      	
        

        ex.MemoryFreeFailure

      

      	
        

        Could not free the specified memory block (corrupted memory management system).

      
    


    
      	
        

        ex.MemoryAllocationCorruption

      

      	
        

        Corrupted memory management system.

      
    


    
      	
        

        ex.AttemptToFreeNULL

      

      	
        

        Caller attempted to free a NULL pointer.

      
    


    
      	
        

        ex.AttemptToDerefNULL

      

      	
        

        Program attempted to access data indirectly using a NULL pointer.

      
    


    
      	
        

        ex.BlockAlreadyFree

      

      	
        

        Caller attempted to free a block that was already freed.

      
    


    
      	
        

        ex.CannotFreeMemory

      

      	
        

        Memory free operation failure.

      
    


    
      	
        

        ex.PointerNotInHeap

      

      	
        

        Caller attempted to free a block of memory that was not allocated on the heap.

      
    


    
      	
        

        ex.WidthTooBig

      

      	
        

        Format width for numeric to string conversion was too large.

      
    


    
      	
        

        ex.FractionTooBig

      

      	
        

        Format size for fractional portion in floating-point-to-string conversion was too large.

      
    


    
      	
        

        ex.ArrayShapeViolation

      

      	
        

        Attempted operation on two arrays whose dimensions don't match.

      
    


    
      	
        

        ex.ArrayBounds

      

      	
        

        Attempted to access an element of an array, but the index was out of bounds.

      
    


    
      	
        

        ex.InvalidDate

      

      	
        

        Attempted date operation with an illegal date.

      
    


    
      	
        

        ex.InvalidDateFormat

      

      	
        

        Conversion from string to date contains illegal characters.

      
    


    
      	
        

        ex.TimeOverflow

      

      	
        

        Overflow during time arithmetic.

      
    


    
      	
        

        ex.InvalidTime

      

      	
        

        Attempted time operation with an illegal time.

      
    


    
      	
        

        ex.InvalidTimeFormat

      

      	
        

        Conversion from string to time contains illegal characters.

      
    


    
      	
        

        ex.SocketError

      

      	
        

        Network communication failure.

      
    


    
      	
        

        ex.ThreadError

      

      	
        

        Generic thread (multitasking) error.

      
    


    
      	
        

        ex.AssertionFailed

      

      	
        

        assert statement encountered a failed assertion.

      
    


    
      	
        

        ex.ExecutedAbstract

      

      	
        

        Attempt to execute an abstract class method.

      
    


    
      	
        

        ex.AccessViolation

      

      	
        

        Attempt to access an illegal memory location.

      
    


    
      	
        

        ex.InPageError

      

      	
        

        OS memory access error.

      
    


    
      	
        

        ex.NoMemory

      

      	
        

        OS memory failure.

      
    


    
      	
        

        ex.InvalidHandle

      

      	
        

        Bad handle passed to OS API call.

      
    


    
      	
        

        ex.ControlC

      

      	
        

        ctrl-C was pressed on system console (functionality is OS specific).

      
    


    
      	
        

        ex.Breakpoint

      

      	
        

        Program executed a breakpoint instruction (INT 3).

      
    


    
      	
        

        ex.SingleStep

      

      	
        

        Program is operating with the trace flag set.

      
    


    
      	
        

        ex.PrivInstr

      

      	
        

        Program attempted to execute a kernel-only instruction.

      
    


    
      	
        

        ex.IllegalInstr

      

      	
        

        Program attempted to execute an illegal machine instruction.

      
    


    
      	
        

        ex.BoundInstr

      

      	
        

        Bound instruction execution with "out of bounds" value.

      
    


    
      	
        

        ex.IntoInstr

      

      	
        

        Into instruction execution with the overflow flag set.

      
    


    
      	
        

        ex.DivideError

      

      	
        

        Program attempted division by zero or other divide error.

      
    


    
      	
        

        ex.fDenormal

      

      	
        

        Floating point exception (see Chapter6).

      
    


    
      	
        

        ex.fDivByZero

      

      	
        

        Floating point exception (see Chapter6).

      
    


    
      	
        

        ex.fInexactResult

      

      	
        

        Floating point exception (see Chapter6).

      
    


    
      	
        

        ex.fInvalidOperation

      

      	
        

        Floating point exception (see Chapter6).

      
    


    
      	
        

        ex.fOverflow

      

      	
        

        Floating point exception (see Chapter6).

      
    


    
      	
        

        ex.fStackCheck

      

      	
        

        Floating point exception (see Chapter6).

      
    


    
      	
        

        ex.fUnderflow

      

      	
        

        Floating point exception (see Chapter6).

      
    


    
      	
        

        ex.InvalidHandle

      

      	
        

        OS reported an invalid handle for some operation.

      
    

  


  Most of these exceptions occur in situations that are well beyond the scope of this chapter. Their appearance here is strictly for completeness. See the HLA reference manual, the HLA Standard Library documentation, and the HLA Standard Library source code for more details concerning these exceptions. The ex.ConversionError, ex.ValueOutOfRange, and ex.StringOverflow exceptions are the ones you'll most commonly use.


  We'll return to the discussion of the try..endtry statement in 1.11 Additional Details About try..endtry. First, however, we need to cover a little more material.


  

  


  [9] There are a few additional forms that we'll cover in Chapter6.


  [10] An experienced programmer may wonder why this code uses a boolean variable rather than a breakif statement to exit the repeat..until loop. There are some technical reasons for this that you will learn about in 1.11 Additional Details About try..endtry.


  


  1.10 Introduction to the HLA Standard Library


  There are two reasons HLA is much easier to learn and use than standard assembly language. The first reason is HLA's high-level syntax for declarations and control structures. This leverages your high-level language knowledge, allowing you to learn assembly language more efficiently. The other half of the equation is the HLA Standard Library. The HLA Standard Library provides many common, easy-to-use, assembly language routines that you can call without having to write this code yourself (and, more importantly, having to learn how to write yourself). This eliminates one of the larger stumbling blocks many people have when learning assembly language: the need for sophisticated I/O and support code in order to write basic statements. Prior to the advent of a standardized assembly language library, it often took considerable study before a new assembly language programmer could do as much as print a string to the display. With the HLA Standard Library, this roadblock is removed, and you can concentrate on learning assembly language concepts rather than learning low-level I/O details that are specific to a given operating system.


  A wide variety of library routines is only part of HLA's support. After all, assembly language libraries have been around for quite some time.[11] HLA's Standard Library complements HLA by providing a high-level language interface to these routines. Indeed, the HLA language itself was originally designed specifically to allow the creation of a high-level set of library routines. This high-level interface, combined with the high-level nature of many of the routines in the library, packs a surprising amount of power in an easy-to-use package.


  The HLA Standard Library consists of several modules organized by category. Table1-5 lists many of the modules that are available.[12]


  


  Table1-5.HLA Standard Library Modules


  


  
    
      	
        

        Name

      

      	
        

        Description

      
    


    
      	
        

        args

      

      	
        

        Command-line parameter-parsing support routines.

      
    


    
      	
        

        arrays

      

      	
        

        Array declarations and operations.

      
    


    
      	
        

        bits

      

      	
        

        Bit-manipulation functions.

      
    


    
      	
        

        blobs

      

      	
        

        Binary large objects—operations on large blocks of binary data.

      
    


    
      	
        

        bsd

      

      	
        

        OS API calls for FreeBSD (HLA FreeBSD version only).

      
    


    
      	
        

        chars

      

      	
        

        Operations on character data.

      
    


    
      	
        

        console

      

      	
        

        Portable console (text screen) operations (cursor movement, screen clears, etc.).

      
    


    
      	
        

        conv

      

      	
        

        Various conversions between strings and other values.

      
    


    
      	
        

        coroutines

      

      	
        

        Support for coroutines ("cooperative multitasking").

      
    


    
      	
        

        cset

      

      	
        

        Character set functions.

      
    


    
      	
        

        DateTime

      

      	
        

        Calendar, date, and time functions.

      
    


    
      	
        

        env

      

      	
        

        Access to OS environment variables.

      
    


    
      	
        

        excepts

      

      	
        

        Exception-handling routines.

      
    


    
      	
        

        fileclass

      

      	
        

        Object-oriented file input and output.

      
    


    
      	
        

        fileio

      

      	
        

        File input and output routines.

      
    


    
      	
        

        filesys

      

      	
        

        Access to the OS file system.

      
    


    
      	
        

        hla

      

      	
        

        Special HLA constants and other values.

      
    


    
      	
        

        Linux

      

      	
        

        Linux system calls (HLA Linux version only).

      
    


    
      	
        

        lists

      

      	
        

        An HLA class for manipulating linked lists.

      
    


    
      	
        

        mac

      

      	
        

        OS API calls for Mac OS X (HLA Mac OS X version only).

      
    


    
      	
        

        math

      

      	
        

        Extended-precision arithmetic, transcendental functions, and other mathematical functions.

      
    


    
      	
        

        memmap

      

      	
        

        Memory-mapped file operations.

      
    


    
      	
        

        memory

      

      	
        

        Memory allocation, deallocation, and support code.

      
    


    
      	
        

        patterns

      

      	
        

        The HLA pattern-matching library.

      
    


    
      	
        

        random

      

      	
        

        Pseudo-random number generators and support code.

      
    


    
      	
        

        sockets

      

      	
        

        A set of network communication functions and classes.

      
    


    
      	
        

        stderr

      

      	
        

        Provides user output and several other support functions.

      
    


    
      	
        

        stdin

      

      	
        

        User input routines.

      
    


    
      	
        

        stdio

      

      	
        

        A support module for stderr, stdin, and stdout.

      
    


    
      	
        

        stdout

      

      	
        

        Provides user output and several other support routines.

      
    


    
      	
        

        strings

      

      	
        

        HLA's powerful string library.

      
    


    
      	
        

        tables

      

      	
        

        Table (associative array) support routines.

      
    


    
      	
        

        threads

      

      	
        

        Support for multithreaded applications and process synchronization.

      
    


    
      	
        

        timers

      

      	
        

        Support for timing events in an application.

      
    


    
      	
        

        win32

      

      	
        

        Constants used in Windows calls (HLA Windows version only).

      
    


    
      	
        

        x86

      

      	
        

        Constants and other items specific to the 80x86 CPU.

      
    

  


  Later sections of this text will explain many of these modules in greater detail. This section will concentrate on the most important routines (at least to beginning HLA programmers), the stdio library.


  1.10.1 Predefined Constants in the stdio Module


  Perhaps the first place to start is with a description of some common constants that the stdio module defines for you. Consider the following (typical) example:


  


  
    stdout.put("HelloWorld",nl);
  


  The nl appearing at the end of this statement stands for newline. The nl identifier is not a special HLA reserved word, nor is it specific to the stdout.put statement. Instead, it's simply a predefined constant that corresponds to the string containing the standard end-of-line sequence (a carriage return/line feed pair under Windows or just a line feed under Linux, FreeBSD, and Mac OS X).


  In addition to the nl constant, the HLA standard I/O library module defines several other useful character constants, as listed in Table1-6.


  


  Table1-6.Character Constants Defined by the HLA Standard I/O Library


  


  
    
      	
        

        Character

      

      	
        

        Definition

      
    


    
      	
        

        stdio.bell

      

      	
        

        The ASCII bell character; beeps the speaker when printed

      
    


    
      	
        

        stdio.bs

      

      	
        

        The ASCII backspace character

      
    


    
      	
        

        stdio.tab

      

      	
        

        The ASCII tab character

      
    


    
      	
        

        stdio.lf

      

      	
        

        The ASCII linefeed character

      
    


    
      	
        

        stdio.cr

      

      	
        

        The ASCII carriage return character

      
    

  


  Except for nl, these characters appear in the stdio namespace[13] (and therefore require the stdio. prefix). The placement of these ASCII constants within the stdio namespace helps avoid naming conflicts with your own variables. The nl name does not appear within a namespace because you will use it very often, and typing stdio.nl would get tiresome very quickly.


  1.10.2 Standard In and Standard Out


  Many of the HLA I/O routines have a stdin or stdout prefix. Technically, this means that the standard library defines these names in a namespace. In practice, this prefix suggests where the input is coming from (the standard input device) or going to (the standard output device). By default, the standard input device is the system keyboard. Likewise, the default standard output device is the console display. So, in general, statements that have stdin or stdout prefixes will read and write data on the console device.


  When you run a program from the command-line window (or shell), you have the option of redirecting the standard input and/or standard output devices. A command-line parameter of the form >outfile redirects the standard output device to the specified file (outfile). A command-line parameter of the form <infile redirects the standard input so that its data comes from the specified input file (infile). The following examples demonstrate how to use these parameters when running a program named testpgm in the command window:[14]


  


  
    testpgm<input.data

    testpgm>output.txt

    testpgm<in.txt>output.txt
  


  1.10.3 The stdout.newln Routine


  The stdout.newln procedure prints a newline sequence to the standard output device. This is functionally equivalent to saying stdout.put( nl );. The call to stdout.newln is sometimes a little more convenient. For example:


  


  
    stdout.newln();
  


  1.10.4 The stdout.putiX Routines


  The stdout.puti8, stdout.puti16, and stdout.puti32 library routines print a single parameter (one byte, two bytes, or four bytes, respectively) as a signed integer value. The parameter may be a constant, a register, or a memory variable, as long as the size of the actual parameter is the same as the size of the formal parameter.


  These routines print the value of their specified parameter to the standard output device. These routines will print the value using the minimum number of print positions possible. If the number is negative, these routines will print a leading minus sign. Here are some examples of calls to these routines:


  


  
    stdout.puti8(123);

    stdout.puti16(dx);

    stdout.puti32(i32Var);
  


  1.10.5 The stdout.putiXSize Routines


  The stdout.puti8Size, stdout.puti16Size, and stdout.puti32Size routines output signed integer values to the standard output, just like the stdout.putiX routines. These routines, however, provide more control over the output; they let you specify the (minimum) number of print positions the value will require on output. These routines also let you specify a padding character should the print field be larger than the minimum needed to display the value. These routines require the following parameters:


  


  
    stdout.puti8Size(Value8,width,padchar);

    stdout.puti16Size(Value16,width,padchar);

    stdout.puti32Size(Value32,width,padchar);
  


  The Value* parameter can be a constant, a register, or a memory location of the specified size. The width parameter can be any signed integer constant that is between −256 and +256; this parameter may be a constant, register (32-bit), or memory location (32-bit). The padchar parameter should be a single-character value.


  Like the stdout.putiX routines, these routines print the specified value as a signed integer constant to the standard output device. These routines, however, let you specify the field width for the value. The field width is the minimum number of print positions these routines will use when printing the value. The width parameter specifies the minimum field width. If the number would require more print positions (e.g., if you attempt to print 1234 with a field width of 2), then these routines will print however many characters are necessary to properly display the value. On the other hand, if the width parameter is greater than the number of character positions required to display the value, then these routines will print some extra padding characters to ensure that the output has at least width character positions. If the width value is negative, the number is left justified in the print field; if the width value is positive, the number is right justified in the print field.


  If the absolute value of the width parameter is greater than the minimum number of print positions, then these stdout.putiXSize routines will print a padding character before or after the number. The padchar parameter specifies which character these routines will print. Most of the time you would specify a space as the pad character; for special cases, you might specify some other character. Remember, the padchar parameter is a character value; in HLA character constants are surrounded by apostrophes, not quotation marks. You may also specify an 8-bit register as this parameter.


  Example1-4 provides a short HLA program that demonstrates the use of the stdout.puti32Size routine to display a list of values in tabular form.


  


  Example1-4.Tabular output demonstration using stdio.Puti32Size


  
    programNumsInColumns;

    

    #include("stdlib.hhf")

    

    var

    i32:int32;

    ColCnt:int8;

    

    beginNumsInColumns;

    

    mov(96,i32);

    mov(0,ColCnt);

    while(i32>0)do

    

    if(ColCnt=8)then

    

    stdout.newln();

    mov(0,ColCnt);

    

    endif;

    stdout.puti32Size(i32,5,'');

    sub(1,i32);

    add(1,ColCnt);

    

    endwhile;

    stdout.newln();

    

    endNumsInColumns;
  


  1.10.6 The stdout.put Routine


  The stdout.put routine[15] is the one of the most flexible output routines in the standard output library module. It combines most of the other output routines into a single, easy-to-use procedure.


  The generic form for the stdout.put routine is the following:


  


  
    stdout.put(list_of_values_to_output);
  


  The stdout.put parameter list consists of one or more constants, registers, or memory variables, each separated by a comma. This routine displays the value associated with each parameter appearing in the list. Because we've already been using this routine throughout this chapter, you've already seen many examples of this routine's basic form. It is worth pointing out that this routine has several additional features not apparent in the examples appearing in this chapter. In particular, each parameter can take one of the following two forms:


  


  
    value
value:width
  


  The value may be any legal constant, register, or memory variable object. In this chapter, you've seen string constants and memory variables appearing in the stdout.put parameter list. These parameters correspond to the first form above. The second parameter form above lets you specify a minimum field width, similar to the stdout.putiXSize routines.[16] The program in Example1-5 produces the same output as the program in Example1-4; however, Example1-5 uses stdout.put rather than stdout.puti32Size.


  


  Example1-5.Demonstration of the stdout.put field width specification


  
    programNumsInColumns2;

    

    #include("stdlib.hhf")

    

    var

    i32:int32;

    ColCnt:int8;

    

    beginNumsInColumns2;

    

    mov(96,i32);

    mov(0,ColCnt);

    while(i32>0)do

    

    if(ColCnt=8)then

    

    stdout.newln();

    mov(0,ColCnt);

    

    endif;

    stdout.put(i32:5);

    sub(1,i32);

    add(1,ColCnt);

    

    endwhile;

    stdout.put(nl);

    

    endNumsInColumns2;
  


  The stdout.put routine is capable of much more than the few attributes this section describes. This text will introduce those additional capabilities as appropriate.


  1.10.7 The stdin.getc Routine


  The stdin.getc routine reads the next available character from the standard input device's input buffer.[17] It returns this character in the CPU's AL register. The program in Example1-6 demonstrates a simple use of this routine.


  


  Example1-6.Demonstration of the stdin.getc() routine


  
    programcharInput;

    

    #include("stdlib.hhf")

    

    var

    counter:int32;

    

    begincharInput;

    

    //Thefollowingrepeatsaslongastheuser

    //confirmstherepetition.

    

    repeat

    

    //Printout14values.

    

    mov(14,counter);

    while(counter>0)do

    

    stdout.put(counter:3);

    sub(1,counter);

    

    endwhile;

    

    //Waituntiltheuserenters'y'or'n'.

    

    stdout.put(nl,nl,"Doyouwishtoseeitagain?(y/n):");

    forever

    

    stdin.readLn();

    stdin.getc();

    breakif(al='n');

    breakif(al='y');

    stdout.put("Error,pleaseenteronly'y'or'n':");

    

    endfor;

    stdout.newln();

    

    until(al='n');

    

    endcharInput;
  


  This program uses the stdin.ReadLn routine to force a new line of input from the user. A description of stdin.ReadLn appears in 1.10.9 The stdin.readLn and stdin.flushInput Routines.


  1.10.8 The stdin.geti X Routines


  The stdin.geti8, stdin.geti16, and stdin.geti32 routines read 8-, 16-, and 32-bit signed integer values from the standard input device. These routines return their values in the AL, AX, or EAX register, respectively. They provide the standard mechanism for reading signed integer values from the user in HLA.


  Like the stdin.getc routine, these routines read a sequence of characters from the standard input buffer. They begin by skipping over any whitespace characters (spaces, tabs, and so on) and then convert the following stream of decimal digits (with an optional leading minus sign) into the corresponding integer. These routines raise an exception (that you can trap with the try..endtry statement) if the input sequence is not a valid integer string or if the user input is too large to fit in the specified integer size. Note that values read by stdin.geti8 must be in the range −128..+127; values read by stdin.geti16 must be in the range −32,768..+32,767; and values read by stdin.geti32 must be in the range −2,147,483,648..+2,147,483,647.


  The sample program in Example1-7 demonstrates the use of these routines.


  


  Example1-7.stdin.getiX example code


  
    programintInput;

    

    #include("stdlib.hhf")

    

    var

    i8:int8;

    i16:int16;

    i32:int32;

    

    beginintInput;

    

    //Readintegersofvaryingsizesfromtheuser:

    

    stdout.put("Enterasmallintegerbetween−128and+127:");

    stdin.geti8();

    mov(al,i8);

    

    stdout.put("Enterasmallintegerbetween−32768and+32767:");

    stdin.geti16();

    mov(ax,i16);

    

    stdout.put("Enteranintegerbetween+/−2billion:");

    stdin.geti32();

    mov(eax,i32);

    

    //Displaytheinputvalues.

    

    stdout.put

    (

    nl,

    "Herearethenumbersyouentered:",nl,nl,

    "Eight-bitinteger:",i8:12,nl,

    "16-bitinteger:",i16:12,nl,

    "32-bitinteger:",i32:12,nl

    );

    

    

    

    endintInput;
  


  You should compile and run this program and then test what happens when you enter a value that is out of range or enter an illegal string of characters.


  1.10.9 The stdin.readLn and stdin.flushInput Routines


  Whenever you call an input routine like stdin.getc or stdin.geti32, the program does not necessarily read the value from the user at that moment. Instead, the HLA Standard Library buffers the input by reading a whole line of text from the user. Calls to input routines will fetch data from this input buffer until the buffer is empty. While this buffering scheme is efficient and convenient, sometimes it can be confusing. Consider the following code sequence:


  


  
    stdout.put("Enterasmallintegerbetween−128and+127:");

    stdin.geti8();

    mov(al,i8);

    

    stdout.put("Enterasmallintegerbetween−32768and+32767:");

    stdin.geti16();

    mov(ax,i16);
  


  Intuitively, you would expect the program to print the first prompt message, wait for user input, print the second prompt message, and wait for the second user input. However, this isn't exactly what happens. For example, if you run this code (from the sample program in the previous section) and enter the text 123 456 in response to the first prompt, the program will not stop for additional user input at the second prompt. Instead, it will read the second integer (456) from the input buffer read during the execution of the stdin.geti16 call.


  In general, the stdin routines read text from the user only when the input buffer is empty. As long as the input buffer contains additional characters, the input routines will attempt to read their data from the buffer. You can take advantage of this behavior by writing code sequences such as the following:


  


  
    stdout.put("Entertwointegervalues:");

    stdin.geti32();

    mov(eax,intval);

    stdin.geti32();

    mov(eax,AnotherIntVal);
  


  This sequence allows the user to enter both values on the same line (separated by one or more whitespace characters), thus preserving space on the screen. So the input buffer behavior is desirable every now and then. The buffered behavior of the input routines can be counterintuitive at other times.


  Fortunately, the HLA Standard Library provides two routines, stdin.readLn and stdin.flushInput, that let you control the standard input buffer. The stdin.readLn routine discards everything that is in the input buffer and immediately requires the user to enter a new line of text. The stdin.flushInput routine simply discards everything that is in the buffer. The next time an input routine executes, the system will require a new line of input from the user. You would typically call stdin.readLn immediately before some standard input routine; you would normally call stdin.flushInput immediately after a call to a standard input routine.


  
    Note
  


  
    If you are calling stdin.readLn and you find that you are having to input your data twice, this is a good indication that you should be calling stdin.flushInput rather than stdin.readLn. In general, you should always be able to call stdin.flushInput to flush the input buffer and read a new line of data on the next input call. The stdin.readLn routine is rarely necessary, so you should use stdin.flushInput unless you really need to immediately force the input of a new line of text.
  


  1.10.10 The stdin.get Routine


  The stdin.get routine combines many of the standard input routines into a single call, just as the stdout.put combines all of the output routines into a single call. Actually, stdin.get is a bit easier to use than stdout.put because the only parameters to this routine are a list of variable names.


  Let's rewrite the example given in the previous section:


  


  
    stdout.put("Entertwointegervalues:");

    stdin.geti32();

    mov(eax,intval);

    stdin.geti32();

    mov(eax,AnotherIntVal);
  


  Using the stdin.get routine, we could rewrite this code as:


  


  
    stdout.put("Entertwointegervalues:");

    stdin.get(intval,AnotherIntVal);
  


  As you can see, the stdin.get routine is a little more convenient to use.


  Note that stdin.get stores the input values directly into the memory variables you specify in the parameter list; it does not return the values in a register unless you actually specify a register as a parameter. The stdin.get parameters must all be variables or registers.


  

  


  [11] For example, see the UCR Standard Library for 80x86 Assembly Language Programmers.


  [12] Because the HLA Standard Library is expanding, this list is probably out of date. See the HLA documentation for a current list of Standard Library modules.


  [13] Namespaces are the subject of Chapter5.


  [14] For Linux, FreeBSD, and Mac OS X users, depending on how your system is set up, you may need to type ./ in front of the program's name to actually execute the program (e.g., ./testpgm <input.data).


  [15] stdout.put is actually a macro, not a procedure. The distinction between the two is beyond the scope of this chapter. Chapter9 describes their differences.


  [16] Note that you cannot specify a padding character when using the stdout.put routine; the padding character defaults to the space character. If you need to use a different padding character, call the stdout.putiXSize routines.


  [17] Buffer is just a fancy term for an array.


  


  1.11 Additional Details About try..endtry


  As you may recall, the try..endtry statement surrounds a block of statements in order to capture any exceptions that occur during the execution of those statements. The system raises exceptions in one of three ways: through a hardware fault (such as a divide-by-zero error), through an operating system-generated exception, or through the execution of the HLA raise statement. You can write an exception handler to intercept specific exceptions using the exception clause. The program in Example1-8 provides a typical example of the use of this statement.


  


  Example1-8.try..endtry example


  
    programtestBadInput;

    #include("stdlib.hhf")

    

    static

    u:int32;

    

    

    begintestBadInput;

    

    try

    

    stdout.put("Enterasignedinteger:");

    stdin.get(u);

    stdout.put("Youentered:",u,nl);

    

    exception(ex.ConversionError)

    

    stdout.put("Yourinputcontainedillegalcharacters"nl);

    

    exception(ex.ValueOutOfRange)

    

    stdout.put("Thevaluewastoolarge"nl);

    

    endtry;

    

    

    endtestBadInput;
  


  HLA refers to the statements between the try clause and the first exception clause as the protected statements. If an exception occurs within the protected statements, then the program will scan through each of the exceptions and compare the value of the current exception against the value in the parentheses after each of the exception clauses.[18] This exception value is simply a 32-bit value. The value in the parentheses after each exception clause, therefore, must be a 32-bit value. The HLA excepts.hhf header file predefines several exception constants. Although it would be an incredibly bad style violation, you could substitute the numeric values for the two exception clauses above.


  1.11.1 Nesting try..endtry Statements


  If the program scans through all the exception clauses in a try..endtry statement and does not match the current exception value, then the program searches through the exception clauses of a dynamically nested try..endtry block in an attempt to find an appropriate exception handler. For example, consider the code in Example1-9.


  


  Example1-9.Nested try..endtry statements


  
    programtestBadInput2;

    #include("stdlib.hhf")

    

    static

    u:int32;

    

    begintestBadInput2;

    

    try

    

    try

    

    stdout.put("Enterasignedinteger:");

    stdin.get(u);

    stdout.put("Youentered:",u,nl);

    

    exception(ex.ConversionError)

    

    stdout.put("Yourinputcontainedillegalcharacters"nl);

    

    endtry;

    

    stdout.put("Inputdidnotfailduetoavalueoutofrange"nl);

    

    

    exception(ex.ValueOutOfRange)

    

    stdout.put("Thevaluewastoolarge"nl);

    

    endtry;

    

    endtestBadInput2;
  


  In Example1-9 one try statement is nested inside another. During the execution of the stdin.get statement, if the user enters a value greater than four billion and some change, then stdin.get will raise the ex.ValueOutOfRange exception. When the HLA runtime system receives this exception, it first searches through all the exception clauses in the try..endtry statement immediately surrounding the statement that raised the exception (this would be the nested try..endtry in the example above). If the HLA runtime system fails to locate an exception handler for ex.ValueOutOfRange, then it checks to see if the current try..endtry is nested inside another try..endtry (as is the case in Example1-9). If so, the HLA runtime system searches for the appropriate exception clause in the outer try..endtry statement. Within the try..endtry block appearing in Example1-9 the program finds an appropriate exception handler, so control transfers to the statements after the exception( ex.ValueOutOfRange ) clause.


  After leaving a try..endtry block, the HLA runtime system no longer considers that block active and will not search through its list of exceptions when the program raises an exception.[19] This allows you to handle the same exception differently in other parts of the program.


  If two try..endtry statements handle the same exception, and one of the try..endtry blocks is nested inside the protected section of the other try..endtry statement, and the program raises an exception while executing in the innermost try..endtry sequence, then HLA transfers control directly to the exception handler provided by the innermost try..endtry block. HLA does not automatically transfer control to the exception handler provided by the outer try..endtry sequence.


  In the previous example (Example1-9) the second try..endtry statement was statically nested inside the enclosing try..endtry statement.[20] As mentioned without comment earlier, if the most recently activated try..endtry statement does not handle a specific exception, the program will search through the exception clauses of any dynamically nesting try..endtry blocks. Dynamic nesting does not require the nested try..endtry block to physically appear within the enclosing try..endtry statement. Instead, control could transfer from inside the enclosing try..endtry protected block to some other point in the program. Execution of a try..endtry statement at that other point dynamically nests the two try statements. Although there are many ways to dynamically nest code, there is one method you are probably familiar with from your high-level language experience: the procedure call. In Chapter5, when you learn how to write procedures (functions) in assembly language, you should keep in mind that any call to a procedure within the protected section of a try..endtry block can create a dynamically nested try..endtry if the program executes a try..endtry within that procedure.


  1.11.2 The unprotected Clause in a try..endtry Statement


  Whenever a program executes the try clause, it preserves the current exception environment and sets up the system to transfer control to the exception clauses within that try..endtry statement should an exception occur. If the program successfully completes the execution of a try..endtry protected block, the program restores the original exception environment and control transfers to the first statement beyond the endtry clause. This last step, restoring the execution environment, is very important. If the program skips this step, any future exceptions will transfer control to this try..endtry statement even though the program has already left the try..endtry block. Example1-10 demonstrates this problem.


  


  Example1-10.Improperly exiting a try..endtry statement


  
    programtestBadInput3;

    #include("stdlib.hhf")

    

    static

    input:int32;

    

    begintestBadInput3;

    

    //Thisforeverlooprepeatsuntiltheuserenters

    //agoodintegerandthebreakstatementbelow

    //exitstheloop.

    

    forever

    

    try

    

    stdout.put("Enteranintegervalue:");

    stdin.get(input);

    stdout.put("Thefirstinputvaluewas:",input,nl);

    break;

    

    exception(ex.ValueOutOfRange)

    

    stdout.put("Thevaluewastoolarge,re-enter."nl);

    

    exception(ex.ConversionError)

    

    stdout.put("Theinputcontainedillegalcharacters,re-enter."nl);

    

    endtry;

    

    endfor;

    

    //Notethatthefollowingcodeisoutsidetheloopandthere

    //isnotry..endtrystatementprotectingthiscode.

    

    stdout.put("Enteranothernumber:");

    stdin.get(input);

    stdout.put("Thenewnumberis:",input,nl);

    

    endtestBadInput3;
  


  This example attempts to create a robust input system by putting a loop around the try..endtry statement and forcing the user to reenter the data if the stdin.get routine raises an exception (because of bad input data). While this is a good idea, there is a big problem with this implementation: the break statement immediately exits the forever..endfor loop without first restoring the exception environment. Therefore, when the program executes the second stdin.get statement, at the bottom of the program, the HLA exception-handling code still thinks that it's inside the try..endtry block. If an exception occurs, HLA transfers control back into the try..endtry statement looking for an appropriate exception handler. Assuming the exception was ex.ValueOutOfRange or ex.ConversionError, the program in Example1-10 will print an appropriate error message and then force the user to re-enter the first value. This isn't desirable.


  Transferring control to the wrong try..endtry exception handlers is only part of the problem. Another big problem with the code in Example1-10 has to do with the way HLA preserves and restores the exception environment: specifically, HLA saves the old execution environment information in a special region of memory known as the stack. If you exit a try..endtry without restoring the exception environment, this leaves the old execution environment information on the stack, and this extra data on could cause your program to malfunction.


  Although this discussion makes it quite clear that a program should not exit from a try..endtry statement in the manner that Example1-10 uses, it would be nice if you could use a loop around a try..endtry block to force the reentry of bad data as this program attempts to do. To allow for this, HLA's try..endtry statement provides an unprotected section. Consider the code in Example1-11.


  


  Example1-11.The try..endtry unprotected section


  
    programtestBadInput4;

    #include("stdlib.hhf")

    

    static

    input:int32;

    

    begintestBadInput4;

    

    //Thisforeverlooprepeatsuntiltheuserenters

    //agoodintegerandthebreakstatementbelow

    //exitstheloop.Notethatthebreakstatement

    //appearsinanunprotectedsectionofthetry..endtry

    //statement.

    

    forever

    

    try

    

    stdout.put("Enteranintegervalue:");

    stdin.get(input);

    stdout.put("Thefirstinputvaluewas:",input,nl);

    

    unprotected

    

    break;

    

    exception(ex.ValueOutOfRange)

    

    stdout.put("Thevaluewastoolarge,re-enter."nl);

    

    exception(ex.ConversionError)

    

    stdout.put("Theinputcontainedillegalcharacters,re-enter."nl);

    

    endtry;

    

    endfor;

    

    //Notethatthefollowingcodeisoutsidetheloopandthere

    //isnotry..endtrystatementprotectingthiscode.

    

    stdout.put("Enteranothernumber:");

    stdin.get(input);

    stdout.put("Thenewnumberis:",input,nl);

    

    endtestBadInput4;
  


  Whenever the try..endtry statement hits the unprotected clause, it immediately restores the exception environment. As the phrase suggests, the execution of statements in the unprotected section is no longer protected by that try..endtry block (note, however, that any dynamically nesting try..endtry statements will still be active; unprotected turns off only the exception handling of the try..endtry statement containing the unprotected clause). Because the break statement in Example1-11 appears inside the unprotected section, it can safely transfer control out of the try..endtry block without "executing" the endtry because the program has already restored the former exception environment.


  Note that the unprotected keyword must appear in the try..endtry statement immediately after the protected block. That is, it must precede all exception keywords.


  If an exception occurs during the execution of a try..endtry sequence, HLA automatically restores the execution environment. Therefore, you may execute a break statement (or any other instruction that transfers control out of the try..endtry block) within an exception clause.


  Because the program restores the exception environment upon encountering an unprotected block or an exception block, an exception that occurs within one of these areas immediately transfers control to the previous (dynamically nesting) active try..endtry sequence. If there is no nesting try..endtry sequence, the program aborts with an appropriate error message.


  1.11.3 The anyexception Clause in a try..endtry Statement


  In a typical situation, you will use a try..endtry statement with a set of exception clauses that will handle all possible exceptions that can occur in the protected section of the try..endtry sequence. Often, it is important to ensure that a try..endtry statement handles all possible exceptions to prevent the program from prematurely aborting due to an unhandled exception. If you have written all the code in the protected section, you will know the exceptions it can raise, so you can handle all possible exceptions. However, if you are calling a library routine (especially a third-party library routine), making a OS API call, or otherwise executing code that you have no control over, it may not be possible for you to anticipate all possible exceptions this code could raise (especially when considering past, present, and future versions of the code). If that code raises an exception for which you do not have an exception clause, this could cause your program to fail. Fortunately, HLA's try..endtry statement provides the anyexception clause that will automatically trap any exception the existing exception clauses do not handle.


  The anyexception clause is similar to the exception clause except it does not require an exception number parameter (because it handles any exception). If the anyexception clause appears in a try..endtry statement with other exception sections, the anyexception section must be the last exception handler in the try..endtry statement. An anyexception section may be the only exception handler in a try..endtry statement.


  If an otherwise unhandled exception transfers control to an anyexception section, the EAX register will contain the exception number. Your code in the anyexception block can test this value to determine the cause of the exception.


  1.11.4 Registers and the try..endtry Statement


  The try..endtry statement preserves several bytes of data whenever you enter a try..endtry statement. Upon leaving the try..endtry block (or hitting the unprotected clause), the program restores the exception environment. As long as no exception occurs, the try..endtry statement does not affect the values of any registers upon entry to or upon exit from the try..endtry statement. However, this claim is not true if an exception occurs during the execution of the protected statements.


  Upon entry into an exception clause, the EAX register contains the exception number, but the values of all other general-purpose registers are undefined. Because the operating system may have raised the exception in response to a hardware error (and, therefore, has played around with the registers), you can't even assume that the general-purpose registers contain whatever values they happened to contain at the point of the exception. The underlying code that HLA generates for exceptions is subject to change in different versions of the compiler, and certainly it changes across operating systems, so it is never a good idea to experimentally determine what values registers contain in an exception handler and depend on those values in your code.


  Because entry into an exception handler can scramble the register values, you must ensure that you reload important registers if the code following your endtry clause assumes that the registers contain certain values (i.e., values set in the protected section or values set prior to executing the try..endtry statement). Failure to do so will introduce some nasty defects into your program (and these defects may be very intermittent and difficult to detect because exceptions rarely occur and may not always destroy the value in a particular register). The following code fragment provides a typical example of this problem and its solution:


  


  
    static

    sum:int32;

    .

    .

    .

    mov(0,sum);

    for(mov(0,ebx);ebx<8;inc(ebx))do

    

    push(ebx);//Mustpreserveebxincasethereisanexception.

    forever

    try

    

    stdin.geti32();

    unprotectedbreak;

    

    exception(ex.ConversionError)

    

    stdout.put("Illegalinput,pleasere-entervalue:");

    

    endtry;

    endfor;

    pop(ebx);//Restoreebx'svalue.

    add(ebx,eax);

    add(eax,sum);

    

    endfor;
  


  Because the HLA exception-handling mechanism messes with the registers, and because exception handling is a relatively inefficient process, you should never use the try..endtry statement as a generic control structure (e.g., using it to simulate a switch/case statement by raising an integer exception value and using the exception clauses as the cases to process). Doing so will have a very negative impact on the performance of your program and may introduce subtle defects because exceptions scramble the registers.


  For proper operation, the try..endtry statement assumes that you use the EBP register only to point at activation records (Chapter5 discusses activation records). By default, HLA programs automatically use EBP for this purpose; as long as you do not modify the value in EBP, your programs will automatically use EBP to maintain a pointer to the current activation record. If you attempt to use the EBP register as a general-purpose register to hold values and compute arithmetic results, HLA's exception-handling capabilities will no longer function properly (along with other possible problems). Therefore, you should never use the EBP register as a general-purpose register. Of course, this same discussion applies to the ESP register.


  

  


  [18] Note that HLA loads this value into the EAX register. So upon entry into an exception clause, EAX contains the exception number.


  [19] Unless, of course, the program re-enters the try..endtry block via a loop or other control structure.


  [20] Statically nested means that one statement is physically nested within another in the source code. When we say one statement is nested within another, this typically means that the statement is statically nested within the other statement.


  


  1.12 High-Level Assembly Language vs. Low-Level Assembly Language


  Before concluding this chapter, it's important to remind you that none of the control statements appearing in this chapter are "real" assembly language. The 80x86 CPU does not support machine instructions like if, while, repeat, for, break, breakif, and try. Whenever HLA encounters these statements, it compiles them into a sequence of one or more true machine instructions that do the operation as the high-level statements you've used. While these statements are convenient to use, and in many cases just as efficient as the sequence of low-level machine instructions into which HLA translates them, don't lose sight of the fact that they are not true machine instructions.


  The purpose of this text is to teach you low-level assembly language programming; these high-level control structures are simply a means to that end. Remember, learning the HLA high-level control structures allows you to leverage your high-level language knowledge early on in the educational process so you don't have to learn everything about assembly language all at once. By using high-level control structures that you're already comfortable with, this text can put off the discussion of the actual machine instructions you'd normally use for control flow until much later. By doing so, this text can regulate how much material it presents, so, hopefully, you'll find learning assembly language to be much more pleasant. However, you must always remember that these high-level control statements are just a pedagogical tool to help you learn assembly language. Though you're free to use them in your assembly programs once you master the real control-flow statements, you really must learn the low-level control statements if you want to learn assembly language programming. Since, presumably, that's why you're reading this book, don't allow the high-level control structures to become a crutch. When you get to the point where you learn how to really write low-level control statements, embrace and use them (exclusively). As you gain experience with the low-level control statements and learn their advantages and disadvantages, you'll be in a good position to decide whether a high-level or low-level code sequence is most appropriate for a given application. However, until you gain considerable experience with the low-level control structures, you'll not be able to make an educated decision. Remember, you can't really call yourself an assembly language programmer unless you've mastered the low-level statements.


  Another thing to keep in mind is that the HLA Standard Library functions are not part of the assembly language. They're just some convenient functions that have been prewritten for you. Although there is nothing wrong with calling these functions, always remember that they are not machine instructions and that there is nothing special about these routines; as you gain experience writing assembly language code, you can write your own versions of each of these routines (and even write them more efficiently).


  If you're learning assembly language because you want to write the most efficient programs possible (either the fastest or the smallest code), you need to understand that you won't achieve this goal completely if you're using high-level control statements and making a lot of calls to the HLA Standard Library. HLA's code generator and the HLA Standard Library aren't horribly inefficient, but the only true way to write efficient programs in assembly language is to think in assembly language. HLA's high-level control statements and many of the routines in the HLA Standard Library are great because they let you avoid thinking in assembly language. While this is great while you're first learning assembly, if your ultimate goal is to write efficient code, then you have to learn to think in assembly language. This text will get you to that point (and will do so much more rapidly because it uses HLA's high-level features), but don't forget that your ultimate goal is to give up these high-level features in favor of low-level coding.


  


  1.13 For More Information


  This chapter has covered a lot of ground! While you still have a lot to learn about assembly language programming, this chapter, combined with your knowledge of high-level languages, provides just enough information to let you start writing real assembly language programs.


  Although this chapter has covered many different topics, the three primary topics of interest are the 80x86 CPU architecture, the syntax for simple HLA programs, and the HLA Standard Library. For additional topics on this subject, please consult the (unabridged) electronic version of this text, the HLA reference manual, and the HLA Standard Library manual. All three are available at http://www.artofasm.com/ and http://webster.cs.ucr.edu/.


  


  Chapter2.DATA REPRESENTATION


  [image: ]


  A major stumbling block many beginners encounter when attempting to learn assembly language is the common use of the binary and hexadecimal numbering systems. Although hexadecimal numbers are a little strange, their advantages outweigh their disadvantages by a large margin. Understanding the binary and hexadecimal numbering systems is important because their use simplifies the discussion of other topics, including bit operations, signed numeric representation, character codes, and packed data.


  This chapter discusses several important concepts, including:


  
    
  


  
    	
      
        
          The binary and hexadecimal numbering systems
        

      

    


    	
      
        
          Binary data organization (bits, nibbles, bytes, words, and double words)
        

      

    


    	
      
        
          Signed and unsigned numbering systems
        

      

    


    	
      
        
          Arithmetic, logical, shift, and rotate operations on binary values
        

      

    


    	
      
        
          Bit fields and packed data
        

      

    

  


  This is basic material, and the remainder of this text depends on your understanding these concepts. If you are already familiar with these terms from other courses or study, you should at least skim this material before proceeding to the next chapter. If you are unfamiliar with this material, or only vaguely familiar with it, you should study it carefully before proceeding. All of the material in this chapter is important! Do not skip over any material.


  2.1 Numbering Systems


  Most modern computer systems do not represent numeric values using the decimal (base-10) system. Instead, they typically use a binary or two's complement numbering system.


  2.1.1 A Review of the Decimal System


  You've been using the decimal numbering system for so long that you probably take it for granted. When you see a number like 123, you don't think about the value 123; rather, you generate a mental image of how many items this value represents. In reality, however, the number 123 represents:


  
    
      	1*102 + 2*101 + 3*100
    

  


  or


  
    
      	100 + 20 + 3
    

  


  In a decimal positional numbering system, each digit appearing to the left of the decimal point represents a value between 0 and 9 times an increasing power of 10. Digits appearing to the right of the decimal point represent a value between 0 and 9 times an increasing negative power of 10. For example, the value 123.456 means:


  
    
      	1*102 + 2*101 + 3*100 + 4*10−1 + 5*10−2 + 6*10−3
    

  


  or


  
    
      	100 + 20 + 3 + 0.4 + 0.05 + 0.006
    

  


  2.1.2 The Binary Numbering System


  Most modern computer systems operate using binary logic. The computer represents values using two voltage levels (usually 0v and +2.4..5v). Two such levels can represent exactly two unique values. These could be any two different values, but they typically represent the values 0 and 1. These values, coincidentally, correspond to the two digits in the binary numbering system.


  The binary numbering system works just like the decimal numbering system, with two exceptions: Binary allows only the digits 0 and 1 (rather than 0..9), and binary uses powers of 2 rather than powers of 10. Therefore, it is very easy to convert a binary number to decimal. For each 1 in the binary string, add in 2n where n is the zero-based position of the binary digit. For example, the binary value 110010102 represents:


  
    
      	1*27 + 1*26 + 0*25 + 0*24 + 1*23 + 0*22 + 1*21 + 0*20
    


    
      	=
    


    
      	128 + 64 + 8 + 2
    


    
      	=
    


    
      	20210
    

  


  To convert decimal to binary is slightly more difficult. You must find those powers of 2 that, when added together, produce the decimal result.


  A simple way to convert decimal to binary is the even/odd - divide by two algorithm. This algorithm uses the following steps:


  
    
  


  
    	
      
        
          If the number is even, emit a 0. If the number is odd, emit a 1.
        

      

    


    	
      
        
          Divide the number by 2 and throw away any fractional component or remainder.
        

      

    


    	
      
        
          If the quotient is 0, the algorithm is complete.
        

      

    


    	
      
        
          If the quotient is not 0 and is odd, insert a 1 before the current string; if the number is even, prefix your binary string with 0.
        

      

    


    	
      
        
          Go back to step 2 and repeat.
        

      

    

  


  Binary numbers, although they have little importance in high-level languages, appear everywhere in assembly language programs. So you should be somewhat comfortable with them.


  2.1.3 Binary Formats


  In the purest sense, every binary number contains an infinite number of digits (or bits, which is short for binary digits). For example, we can represent the number 5 by any of the following:


  
    
      	101 00000101 0000000000101 ...000000000000101
    

  


  Any number of leading zero digits may precede the binary number without changing its value.


  We will adopt the convention of ignoring any leading zeros present in a value. For example, 1012 represents the number 5 but because the 80x86 typically works with groups of 8 bits, we'll find it much easier to zero extend all binary numbers to some multiple of 4 or 8 bits. Therefore, following this convention, we'd represent the number 5 as 01012 or 000001012.


  In the United States, most people separate every three digits with a comma to make larger numbers easier to read. For example, 1,023,435,208 is much easier to read and comprehend than 1023435208. We'll adopt a similar convention in this text for binary numbers. We will separate each group of four binary bits with an underscore. For example, we will write the binary value 1010111110110010 as 1010_1111_1011_0010.


  We'll number each bit as follows:


  
    
  


  
    	
      
        
          The rightmost bit in a binary number is bit position 0.
        

      

    


    	
      
        
          Each bit to the left is given the next successive bit number.
        

      


      
        
          An 8-bit binary value uses bits 0..7:
        

      


      
        
          	X7 X6 X5 X4 X3 X2 X1 X0
        

      


      
        
          A 16-bit binary value uses bit positions 0..15:
        

      


      
        
          	X15 X14 X13 X12 X11 X10 X9 X8 X7 X6 X5 X4 X3 X2 X1 X0
        

      


      
        
          A 32-bit binary value uses bit positions 0..31, and so on.
        

      

    

  


  Bit 0 is the low-order (L.O.) bit (some refer to this as the least significant bit). The leftmost bit is called the high-order (H.O.) bit (or the most significant bit). We'll refer to the intermediate bits by their respective bit numbers.


  


  2.2 The Hexadecimal Numbering System


  Unfortunately, binary numbers are verbose. To represent the value 20210 requires eight binary digits. The decimal version requires only three decimal digits and thus represents numbers much more compactly than in binary. This fact is not lost on the engineers who design binary computer systems. When dealing with large values, binary numbers quickly become unwieldy. Unfortunately, the computer "thinks" in binary, so most of the time it is convenient to use the binary numbering system. Although we can convert between decimal and binary, the conversion is not a trivial task. The hexadecimal (base 16) numbering system solves many of the problems inherent in the binary system. Hexadecimal numbers offer the two features we're looking for: They're very compact, and it's simple to convert them to binary and vice versa. For this reason, most engineers use the hexadecimal numbering system.


  Because the radix (base) of a hexadecimal number is 16, each hexadecimal digit to the left of the hexadecimal point represents some value times a successive power of 16. For example, the number 123416 is equal to:


  
    
      	1*163 + 2*162 + 3*161 + 4*160
    

  


  or


  
    
      	4096 + 512 + 48 + 4 = 466010
    

  


  Each hexadecimal digit can represent one of 16 values between 0 and 1510. Because there are only 10 decimal digits, we need to invent 6 additional digits to represent the values in the range 1010..1510. Rather than create new symbols for these digits, we'll use the letters A..F. The following are all examples of valid hexadecimal numbers:


  
    
      	123416 DEAD16 BEEF16 0AFB16 FEED16 DEAF16
    

  


  Because we'll often need to enter hexadecimal numbers into the computer system, we'll need a different mechanism for representing hexadecimal numbers. After all, on most computer systems you cannot enter a subscript to denote the radix of the associated value. We'll adopt the following conventions:


  
    
  


  
    	
      
        
          All hexadecimal values begin with a $ character; for example, $123A4.
        

      

    


    	
      
        
          All binary values begin with a percent sign (%).
        

      

    


    	
      
        
          Decimal numbers do not have a prefix character.
        

      

    


    	
      
        
          If the radix is clear from the context, this book may drop the leading $ or % character.
        

      


      
        
          Here are some examples of valid hexadecimal numbers:
        

      


      
        
          	$1234 $DEAD $BEEF $AFB $FEED $DEAF
        

      

    

  


  As you can see, hexadecimal numbers are compact and easy to read. In addition, you can easily convert between hexadecimal and binary. Consider Table2-1. This table provides all the information you'll ever need to convert any hexadecimal number into a binary number or vice versa.


  


  Table2-1.Binary/Hexadecimal Conversion


  


  
    
      	
        

        Binary

      

      	
        

        Hexadecimal

      
    


    
      	
        

        %0000

      

      	
        

        $0

      
    


    
      	
        

        %0001

      

      	
        

        $1

      
    


    
      	
        

        %0010

      

      	
        

        $2

      
    


    
      	
        

        %0011

      

      	
        

        $3

      
    


    
      	
        

        %0100

      

      	
        

        $4

      
    


    
      	
        

        %0101

      

      	
        

        $5

      
    


    
      	
        

        %0110

      

      	
        

        $6

      
    


    
      	
        

        %0111

      

      	
        

        $7

      
    


    
      	
        

        %1000

      

      	
        

        $8

      
    


    
      	
        

        %1001

      

      	
        

        $9

      
    


    
      	
        

        %1010

      

      	
        

        $A

      
    


    
      	
        

        %1011

      

      	
        

        $B

      
    


    
      	
        

        %1100

      

      	
        

        $C

      
    


    
      	
        

        %1101

      

      	
        

        $D

      
    


    
      	
        

        %1110

      

      	
        

        $E

      
    


    
      	
        

        %1111

      

      	
        

        $F

      
    

  


  To convert a hexadecimal number into a binary number, simply substitute the corresponding 4 bits for each hexadecimal digit in the number. For example, to convert $ABCD into a binary value, simply convert each hexadecimal digit according to Table2-1, as shown here:


  


  
    
      	
        

        A

      

      	
        

        B

      

      	
        

        C

      

      	
        

        D

      

      	
        

        Hexadecimal

      
    


    
      	
        

        1010

      

      	
        

        1011

      

      	
        

        1100

      

      	
        

        1101

      

      	
        

        Binary

      
    

  


  To convert a binary number into hexadecimal format is almost as easy. The first step is to pad the binary number with zeros to make sure that there is a multiple of 4 bits in the number. For example, given the binary number 1011001010, the first step would be to add 2 bits to the left of the number so that it contains 12 bits. The converted binary value is 001011001010. The next step is to separate the binary value into groups of 4 bits, for example, 0010_1100_1010. Finally, look up these binary values in Table2-1 and substitute the appropriate hexadecimal digits, that is, $2CA. Contrast this with the difficulty of conversion between decimal and binary or decimal and hexadecimal!


  Because converting between hexadecimal and binary is an operation you will need to perform over and over again, you should take a few minutes and memorize the conversion table. Even if you have a calculator that will do the conversion for you, you'll find manual conversion to be a lot faster and more convenient when converting between binary and hex.


  


  2.3 Data Organization


  In pure mathematics a value's representation may take require an arbitrary number of bits. Computers, on the other hand, generally work with some specific number of bits. Common collections are single bits, groups of 4 bits (called nibbles), groups of 8 bits (bytes), groups of 16 bits (words), groups of 32 bits (double words or dwords), groups of 64 bits (quad words or qwords), groups of 128 bits (long words or lwords), and more. The sizes are not arbitrary. There is a good reason for these particular values. This section will describe the bit groups commonly used on the Intel 80x86 chips.


  2.3.1 Bits


  The smallest unit of data on a binary computer is a single bit. With a single bit, you can represent any two distinct items. Examples include 0 or 1, true or false, on or off, male or female, and right or wrong. However, you are not limited to representing binary data types (that is, those objects that have only two distinct values). You could use a single bit to represent the numbers 723 and 1,245 or, perhaps, the values 6,254 and 5. You could also use a single bit to represent the colors red and blue. You could even represent two unrelated objects with a single bit. For example, you could represent the color red and the number 3,256 with a single bit. You can represent any two different values with a single bit. However, you can represent only two different values with a single bit.


  To confuse things even more, different bits can represent different things. For example, you could use one bit to represent the values 0 and 1, while a different bit could represent the values true and false. How can you tell by looking at the bits? The answer, of course, is that you can't. But this illustrates the whole idea behind computer data structures: data is what you define it to be. If you use a bit to represent a boolean (true/false) value, then that bit (by your definition) represents true or false. For the bit to have any real meaning, you must be consistent. If you're using a bit to represent true or false at one point in your program, you shouldn't use that value to represent red or blue later.


  Because most items you'll be trying to model require more than two different values, single-bit values aren't the most popular data type you'll use. However, because everything else consists of groups of bits, bits will play an important role in your programs. Of course, there are several data types that require two distinct values, so it would seem that bits are important by themselves. However, you will soon see that individual bits are difficult to manipulate, so we'll often use other data types to represent two-state values.


  2.3.2 Nibbles


  A nibble is a collection of 4 bits. It wouldn't be a particularly interesting data structure except for two facts: binary-coded decimal (BCD) numbers[21] and hexadecimal numbers. It takes 4 bits to represent a single BCD or hexadecimal digit. With a nibble, we can represent up to 16 distinct values because there are 16 unique combinations of a string of 4 bits:


  


  
    0000

    0001

    0010

    0011

    0100

    0101

    0110

    0111

    1000

    1001

    1010

    1011

    1100

    1101

    1110

    1111
  


  In the case of hexadecimal numbers, the values 0, 1, 2, 3, 4, 5, 6, 7, 8, 9, A, B, C, D, E, and F are represented with 4 bits. BCD uses 10 different digits (0, 1, 2, 3, 4, 5, 6, 7, 8, 9) and requires also 4 bits (because we can only represent 8 different values with 3 bits, the additional 6 values we can represent with 4 bits are never used in BCD representation). In fact, any 16 distinct values can be represented with a nibble, though hexadecimal and BCD digits are the primary items we can represent with a single nibble.


  2.3.3 Bytes


  Without question, the most important data structure used by the 80x86 microprocessor is the byte, which consists of 8 bits. Main memory and I/O addresses on the 80x86 are all byte addresses. This means that the smallest item that can be individually accessed by an 80x86 program is an 8-bit value. To access anything smaller requires that we read the byte containing the data and eliminate the unwanted bits. The bits in a byte are normally numbered from 0 to 7, as shown in Figure2-1.


  


  
    [image: ]
  


  
    Figure2-1.Bit numbering
  


  Bit 0 is the low-order bit or least significant bit, and bit 7 is the high-order bit or most significant bit of the byte. We'll refer to all other bits by their number.


  Note that a byte also contains exactly two nibbles (see Figure2-2).


  


  
    [image: ]
  


  
    Figure2-2.The two nibbles in a byte
  


  Bits 0..3 compose the low-order nibble, and bits 4..7 form the high-order nibble. Because a byte contains exactly two nibbles, byte values require two hexadecimal digits.


  Because a byte contains 8 bits, it can represent 28 (256) different values. Generally, we'll use a byte to represent numeric values in the range 0..255, signed numbers in the range −128..+127 (see 2.8 Signed and Unsigned Numbers), ASCII/IBM character codes, and other special data types requiring no more than 256 different values. Many data types have fewer than 256 items, so 8 bits is usually sufficient.


  Because the 80x86 is a byte-addressable machine, it turns out to be more efficient to manipulate a whole byte than an individual bit or nibble. For this reason, most programmers use a whole byte to represent data types that require no more than 256 items, even if fewer than 8 bits would suffice. For example, we'll often represent the boolean values true and false by 000000012 and 000000002, respectively.


  Probably the most important use for a byte is holding a character value. Characters typed at the keyboard, displayed on the screen, and printed on the printer all have numeric values. To communicate with the rest of the world, PCs typically use a variant of the ASCII character set. There are 128 defined codes in the ASCII character set.


  Because bytes are the smallest unit of storage in the 80x86 memory space, bytes also happen to be the smallest variable you can create in an HLA program. As you saw in the last chapter, you can declare an 8-bit signed integer variable using the int8 data type. Because int8 objects are signed, you can represent values in the range −128..+127 using an int8 variable. You should only store signed values into int8 variables; if you want to create an arbitrary byte variable, you should use the byte data type, as follows:


  


  
    static

    byteVar:byte;
  


  The byte data type is a partially untyped data type. The only type information associated with a byte object is its size (1 byte). You may store any 8-bit value (small signed integers, small unsigned integers, characters, and the like) into a byte variable. It is up to you to keep track of the type of object you've put into a byte variable.


  2.3.4 Words


  A word is a group of 16 bits. We'll number the bits in a word from 0 to 15, as Figure2-3 shows. Like the byte, bit 0 is the low-order bit. For words, bit 15 is the high-order bit. When referencing the other bits in a word, we'll use their bit position number.


  


  
    [image: ]
  


  
    Figure2-3.Bit numbers in a word
  


  Notice that a word contains exactly 2 bytes. Bits 0..7 form the low-order byte, and bits 8..15 form the high-order byte (see Figure2-4).


  


  
    [image: ]
  


  
    Figure2-4.The two bytes in a word
  


  Of course, a word may be further broken down into four nibbles, as shown in Figure2-5. Nibble 0 is the low-order nibble in the word, and nibble 3 is the high-order nibble of the word. We'll simply refer to the other two nibbles as nibble 1 or nibble 2.


  


  
    [image: ]
  


  
    Figure2-5.Nibbles in a word
  


  With 16 bits, you can represent 216 (65,536) different values. These could be the values in the range 0..65,535 or, as is usually the case, the signed values −32,768..+32,767, or any other data type with no more than 65,536 values. The three major uses for words are short signed integer values, short unsigned integer values, and Unicode characters.


  Words can represent integer values in the range 0..65,535 or −32,768..32,767. Unsigned numeric values are represented by the binary value corresponding to the bits in the word. Signed numeric values use the two's complement form for numeric values (see 2.8 Signed and Unsigned Numbers). As Unicode characters, words can represent up to 65,536 different characters, allowing the use of non-Roman character sets in a computer program. Unicode is an international standard, like ASCII, that allows computers to process non-Roman characters such as Asian, Greek, and Russian characters.


  As with bytes, you can also create word variables in an HLA program. Of course, in the last chapter you saw how to create 16-bit signed integer variables using the int16 data type. To create an arbitrary word variable, just use the word data type, as follows:


  


  
    static

    w:word;
  


  2.3.5 Double Words


  A double word is exactly what its name implies, a pair of words. Therefore, a double-word quantity is 32 bits long, as shown in Figure2-6.
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    Figure2-6.Bit numbers in a double word
  


  Naturally, this double word can be divided into a high-order word and a low-order word, four different bytes, or eight different nibbles (see Figure2-7).


  Double words (dwords) can represent all kinds of different things. A common item you will represent with a double word is a 32-bit integer value (that allows unsigned numbers in the range 0..4,294,967,295 or signed numbers in the range −2,147,483,648..2,147,483,647). 32-bit floating-point values also fit into a double word. Another common use for double-word objects is to store pointer values.


  


  
    [image: ]
  


  
    Figure2-7.Nibbles, bytes, and words in a double word
  


  In Chapter1, you saw how to create 32-bit signed integer variables using the int32 data type. You can also create an arbitrary double-word variable using the dword data type, as the following example demonstrates:


  


  
    static

    d:dword;
  


  2.3.6 Quad Words and Long Words


  Obviously, we can keep on defining larger and larger word sizes. However, the 80x86 supports only certain native sizes, so there is little reason to keep on defining terms for larger and larger objects. Although bytes, words, and double words are the most common sizes you'll find in 80x86 programs, quad word (64-bit) values are also important because certain floating-point data types require 64 bits. Likewise, the SSE/MMX instruction set of modern 80x86 processors can manipulate 64-bit values. In a similar vein, long-word (128-bit) values are also important because the SSE instruction set on later 80x86 processors can manipulate 128-bit values. HLA allows the declaration of 64- and 128-bit values using the qword and lword types, as follows:


  


  
    static

    q:qword;

    l:lword;
  


  Note that you may also define 64-bit and 128-bit integer values using HLA declarations like the following:


  


  
    static

    i64:int64;

    i128:int128;
  


  However, you may not directly manipulate 64-bit and 128-bit integer objects using standard instructions like mov, add, and sub because the standard 80x86 integer registers process only 32 bits at a time. In Chapter8, you will see how to manipulate these extended-precision values.


  

  


  [21] Binary-coded decimal is a numeric scheme used to represent decimal numbers using 4 bits for each decimal digit.


  


  2.4 Arithmetic Operations on Binary and Hexadecimal Numbers


  There are several operations we can perform on binary and hexadecimal numbers. For example, we can add, subtract, multiply, divide, and perform other arithmetic operations. Although you needn't become an expert at it, you should be able to, in a pinch, perform these operations manually using a piece of paper and a pencil. Having just said that you should be able to perform these operations manually, the correct way to perform such arithmetic operations is to have a calculator that does them for you. There are several such calculators on the market; the following list shows some of the manufacturers of hexadecimal calculators (in 2010):


  
    
  


  
    	
      
        
          Casio
        

      

    


    	
      
        
          Hewlett-Packard
        

      

    


    	
      
        
          Sharp
        

      

    


    	
      
        
          Texas Instruments
        

      

    

  


  This list is by no means exhaustive. Other calculator manufacturers probably produce these devices as well. The Hewlett-Packard devices are arguably the best of the bunch. However, they are more expensive than the others. Sharp and Casio produce units that sell for well under fifty dollars. If you plan on doing any assembly language programming at all, owning one of these calculators is essential.


  To understand why you should spend the money on a calculator, consider the following arithmetic problem:


  


  
    $9

    +$1

    ----
  


  You're probably tempted to write in the answer $10 as the solution to this problem. But that is not correct! The correct answer is 10, which is $A, not 16, which is $10. A similar problem exists with the following subtraction problem:


  


  
    $10

    -$1

    ----
  


  You're probably tempted to answer $9 even though the correct answer is $F. Remember, this problem is asking, "What is the difference between 16 and 1?" The answer, of course, is 15, which is $F.


  Even if these two problems don't bother you, in a stressful situation your brain will switch back into decimal while you're thinking about something else and you'll produce the incorrect result. Moral of the story—if you must do an arithmetic computation using hexadecimal numbers by hand, take your time and be careful about it. Either that, or convert the numbers to decimal, perform the operation in decimal, and convert them back to hexadecimal.


  


  2.5 A Note About Numbers vs. Representation


  Many people confuse numbers and their representation. A common question beginning assembly language students ask is, "I have a binary number in the EAX register; how do I convert that to a hexadecimal number in the EAX register?" The answer is, " You don't." Although a strong argument could be made that numbers in memory or in registers are represented in binary, it's best to view values in memory or in a register as abstract numeric quantities. Strings of symbols like 128, $80, or %1000_0000 are not different numbers; they are simply different representations for the same abstract quantity that we refer to as "one hundred twenty-eight." Inside the computer, a number is a number regardless of representation; the only time representation matters is when you input or output the value in a human-readable form.


  Human-readable forms of numeric quantities are always strings of characters. To print the value 128 in human-readable form, you must convert the numeric value 128 to the three-character sequence 1 followed by 2 followed by 8. This would provide the decimal representation of the numeric quantity. If you prefer, you could convert the numeric value 128 to the three-character sequence $80. It's the same number, but we've converted it to a different sequence of characters because (presumably) we wanted to view the number using hexadecimal representation rather than decimal. Likewise, if we want to see the number in binary, then we must convert this numeric value to a string containing a 1 followed by seven 0s.


  By default, HLA displays all byte, word, dword, qword, and lword variables using the hexadecimal numbering system when using the stdout.put routine. Likewise, HLA's stdout.put routine will display all register values in hexadecimal form. Consider the program in Example2-1, which converts values input as decimal numbers to their hexadecimal equivalents.


  


  Example2-1.Decimal-to-hexadecimal conversion program


  
    programConvertToHex;

    #include("stdlib.hhf")

    static

    value:int32;

    

    beginConvertToHex;

    

    stdout.put("Inputadecimalvalue:");

    stdin.get(value);

    mov(value,eax);

    stdout.put("Thevalue",value,"convertedtohexis$",eax,nl);

    

    endConvertToHex;
  


  In a similar fashion, the default input base is also hexadecimal for registers and byte, word, dword, qword, or lword variables. The program in Example2-2 is the converse of the one in Example2-1; it inputs a hexadecimal value and outputs it as decimal.


  


  Example2-2.Hexadecimal-to-decimal conversion program


  
    programConvertToDecimal;

    #include("stdlib.hhf")

    static

    value:int32;

    

    beginConvertToDecimal;

    

    stdout.put("Inputahexadecimalvalue:");

    stdin.get(ebx);

    mov(ebx,value);

    stdout.put("Thevalue$",ebx,"convertedtodecimalis",value,nl);

    

    endConvertToDecimal;
  


  Just because the HLA stdout.put routine chooses decimal as the default output base for int8, int16, and int32 variables doesn't mean that these variables hold decimal numbers. Remember, memory and registers hold numeric values, not hexadecimal or decimal values. The stdout.put routine converts these numeric values to strings and prints the resulting strings. The choice of hexadecimal versus decimal output was a design choice in the HLA language, nothing more. You could very easily modify HLA so that it outputs registers and byte, word, dword, qword, or lword variables as decimal values rather than as hexadecimal. If you need to print the value of a register or byte, word, or dword variable as a decimal value, simply call one of the putiX routines to do this. The stdout.puti8 routine will output its parameter as an 8-bit signed integer. Any 8-bit parameter will work. So you could pass an 8-bit register, an int8 variable, or a byte variable as the parameter to stdout.puti8 and the result will always be decimal. The stdout.puti16 and stdout.puti32 routines provide the same capabilities for 16-bit and 32-bit objects. The program in Example2-3 demonstrates the decimal conversion program (Example2-2) using only the EBX register (that is, it does not use the variable iValue).


  


  Example2-3.Variable-less hexadecimal-to-decimal converter


  
    programConvertToDecimal2;

    #include("stdlib.hhf")

    beginConvertToDecimal2;

    

    stdout.put("Inputahexadecimalvalue:");

    stdin.get(ebx);

    stdout.put("Thevalue$",ebx,"convertedtodecimalis");

    stdout.puti32(ebx);

    stdout.newln();

    

    endConvertToDecimal2;
  


  Note that HLA's stdin.get routine uses the same default base for input as stdout.put uses for output. That is, if you attempt to read an int8, int16, or int32 variable, the default input base is decimal. If you attempt to read a register or byte, word, dword, qword, or lword variable, the default input base is hexadecimal. If you want to change the default input base to decimal when reading a register or a byte, word, dword, qword, or lword variable, then you can use stdin.geti8, stdin.geti16, stdin.geti32, stdin.geti64, or stdin.geti128.


  If you want to go in the opposite direction, that is you want to input or output an int8, int16, int32, int64, or int128 variable as a hexadecimal value, you can call the stdout.puth8, stdout.puth16, stdout.puth32, stdout.puth64, stdout.puth128, stdin.geth8, stdin.geth16, stdin.geth32, stdin.geth64, or stdin.geth128 routines. The stdout.puth8, stdout.puth16, stdout.puth32, stdout.puth64, and stdout.puth128 routines write 8-bit, 16-bit, 32-bit, 64-bit, or 128-bit objects as hexadecimal values. The stdin.geth8, stdin.geth16, stdin.geth32, stdin.geth64, and stdin.geth128 routines read 8-, 16-, 32-, 64-, and 128-bit values, respectively; they return their results in the AL, AX, or EAX registers (or in a parameter location for 64-bit and 128-bit values). The program in Example2-4 demonstrates the use of a few of these routines:


  


  Example2-4.Demonstration of stdin.geth32 and stdout.puth32


  
    programHexIO;

    

    #include("stdlib.hhf")

    

    static

    i32:int32;

    

    beginHexIO;

    

    stdout.put("Enterahexadecimalvalue:");

    stdin.geth32();

    mov(eax,i32);

    stdout.put("Thevalueyouenteredwas$");

    stdout.puth32(i32);

    stdout.newln();

    

    endHexIO;
  


  


  2.6 Logical Operations on Bits


  There are four primary logical operations we'll do with hexadecimal and binary numbers: and, or, xor (exclusive-or), and not. Unlike for the arithmetic operations, a hexadecimal calculator isn't necessary to perform these operations. It is often easier to do them by hand than to use an electronic device to compute them. The logical and operation is a dyadic[22] operation (meaning it accepts exactly two operands). These operands are individual binary bits. The and operation is:


  


  
    0and0=0

    0and1=0

    1and0=0

    1and1=1
  


  A compact way to represent the logical and operation is with a truth table. A truth table takes the form shown in Table2-2.


  


  Table2-2.and Truth Table


  


  
    
      	
        

        and

      

      	
        

        0

      

      	
        

        1

      
    


    
      	
        

        0

      

      	
        

        0

      

      	
        

        0

      
    


    
      	
        

        1

      

      	
        

        0

      

      	
        

        1

      
    

  


  This is just like the multiplication tables you've encountered in school. The values in the left column correspond to the leftmost operand of the and operation. The values in the top row correspond to the rightmost operand of the and operation. The value located at the intersection of the row and column (for a particular pair of input values) is the result of logically anding those two values together.


  In English, the logical and operation is, "If the first operand is 1 and the second operand is 1, the result is 1; otherwise the result is 0." We could also state this as, "If either or both operands are 0, the result is 0."


  One important fact to note about the logical and operation is that you can use it to force a 0 result. If one of the operands is 0, the result is always 0 regardless of the other operand. In the truth table above, for example, the row labeled with a 0 input contains only 0s, and the column labeled with a 0 contains only 0 results. Conversely, if one operand contains a 1, the result is exactly the value of the second operand. These results of the and operation are very important, particularly when we want to force bits to 0. We will investigate these uses of the logical and operation in the next section.


  The logical or operation is also a dyadic operation. Its definition is:


  


  
    0or0=0

    0or1=1

    1or0=1

    1or1=1
  


  The truth table for the or operation takes the form appearing in Table2-3.


  


  Table2-3.or Truth Table


  


  
    
      	
        

        or

      

      	
        

        0

      

      	
        

        1

      
    


    
      	
        

        0

      

      	
        

        0

      

      	
        

        1

      
    


    
      	
        

        1

      

      	
        

        1

      

      	
        

        1

      
    

  


  Colloquially, the logical or operation is, "If the first operand or the second operand (or both) is 1, the result is 1; otherwise the result is 0." This is also known as the inclusive-or operation.


  If one of the operands to the logical or operation is a 1, the result is always 1 regardless of the second operand's value. If one operand is 0, the result is always the value of the second operand. Like the logical and operation, this is an important side effect of the logical or operation that will prove quite useful.


  Note that there is a difference between this form of the inclusive logical or operation and the standard English meaning. Consider the phrase "I am going to the store or I am going to the park." Such a statement implies that the speaker is going to the store or to the park but not to both places. Therefore, the English version of logical or is slightly different from the inclusive-or operation; indeed, this is the definition of the exclusive-or operation.


  The logical xor (exclusive-or) operation is also a dyadic operation. Its definition follows:


  


  
    0xor0=0

    0xor1=1

    1xor0=1

    1xor1=0
  


  The truth table for the xor operation takes the form shown in Table2-4.


  


  Table2-4.xor Truth Table


  


  
    
      	
        

        xor

      

      	
        

        0

      

      	
        

        1

      
    


    
      	
        

        0

      

      	
        

        0

      

      	
        

        1

      
    


    
      	
        

        1

      

      	
        

        1

      

      	
        

        0

      
    

  


  In English, the logical xor operation is, "If the first operand or the second operand, but not both, is 1, the result is 1; otherwise the result is 0." Note that the exclusive-or operation is closer to the English meaning of the word or than is the logical or operation.


  If one of the operands to the logical exclusive-or operation is a 1, the result is always the inverse of the other operand; that is, if one operand is 1, the result is 0 if the other operand is 1, and the result is 1 if the other operand is 0. If the first operand contains a 0, then the result is exactly the value of the second operand. This feature lets you selectively invert bits in a bit string.


  The logical not operation is a monadic operation (meaning it accepts only one operand):


  


  
    not0=1

    not1=0
  


  The truth table for the not operation appears in Table2-5.


  


  Table2-5.not Truth Table


  


  
    
      	
        

        not

      

      	
        

        0

      

      	
        

        1

      
    


    
      	

      	
        

        1

      

      	
        

        0

      
    

  


  

  


  [22] Many texts call this a binary operation. The term dyadic means the same thing and avoids the confusion with the binary numbering system.


  


  2.7 Logical Operations on Binary Numbers and Bit Strings


  The previous section defines the logical functions for single-bit operands. Because the 80x86 uses groups of 8, 16, or 32 bits, we need to extend the definition of these functions to deal with more than 2 bits. Logical functions on the 80x86 operate on a bit-by-bit (or bitwise) basis. Given two values, these functions operate on bit 0, producing bit 0 of the result. They operate on bit 1 of the input values, producing bit 1 of the result, and so on. For example, if you want to compute the logical and of the following two 8-bit numbers, you would perform the logical and operation on each column independently of the others:


  


  
    %1011_0101

    %1110_1110

    ----------

    %1010_0100
  


  You may apply this bit-by-bit calculation to the other logical functions as well.


  Because we've defined logical operations in terms of binary values, you'll find it much easier to perform logical operations on binary values than on other representations. Therefore, if you want to perform a logical operation on two hexadecimal numbers, you should convert them to binary first. This applies to most of the basic logical operations on binary numbers (e.g., and, or, xor, etc.).


  The ability to force bits to 0 or 1 using the logical and/or operations and the ability to invert bits using the logical xor operation are very important when working with strings of bits (e.g., binary numbers). These operations let you selectively manipulate certain bits within some bit string while leaving other bits unaffected. For example, if you have an 8-bit binary value X and you want to guarantee that bits 4..7 contain 0s, you could logically and the value X with the binary value %0000_1111. This bitwise logical and operation would force the H.O. 4 bits to 0 and pass the L.O. 4 bits of X unchanged. Likewise, you could force the L.O. bit of X to 1 and invert bit 2 of X by logically oring X with %0000_0001 and logically exclusive-oring X with %0000_0100, respectively. Using the logical and, or, and xor operations to manipulate bit strings in this fashion is known as masking bit strings. We use the term masking because we can use certain values (1 for and, 0 for or/xor) to mask out or mask in certain bits from the operation when forcing bits to 0, 1, or their inverse.


  The 80x86 CPUs support four instructions that apply these bitwise logical operations to their operands. The instructions are and, or, xor, and not. The and, or, and xor instructions use the same syntax as the add and sub instructions:


  


  
    and(source,dest);

    or(source,dest);

    xor(source,dest);
  


  These operands have the same limitations as the add operands. Specifically, the source operand has to be a constant, memory, or register operand, and the dest operand must be a memory or register operand. Also, the operands must be the same size and they cannot both be memory operands. These instructions compute the obvious bitwise logical operation via the following equation:


  


  
    dest=destoperatorsource
  


  The 80x86 logical not instruction, because it has only a single operand, uses a slightly different syntax. This instruction takes the following form:


  


  
    not(dest);
  


  This instruction computes the following result:


  


  
    dest=not(dest)
  


  The dest operand must be a register or memory operand. This instruction inverts all the bits in the specified destination operand.


  The program in Example2-5 inputs two hexadecimal values from the user and calculates their logical and, or, xor, and not:


  


  Example2-5.and, or, xor, and not example


  
    programLogicalOp;

    #include("stdlib.hhf")

    beginLogicalOp;

    

    stdout.put("Inputleftoperand:");

    stdin.get(eax);

    stdout.put("Inputrightoperand:");

    stdin.get(ebx);

    

    mov(eax,ecx);

    and(ebx,ecx);

    stdout.put("$",eax,"and$",ebx,"=$",ecx,nl);

    

    mov(eax,ecx);

    or(ebx,ecx);

    stdout.put("$",eax,"or$",ebx,"=$",ecx,nl);

    

    mov(eax,ecx);

    xor(ebx,ecx);

    stdout.put("$",eax,"xor$",ebx,"=$",ecx,nl);

    

    mov(eax,ecx);

    not(ecx);

    stdout.put("not$",eax,"=$",ecx,nl);

    

    mov(ebx,ecx);

    not(ecx);

    stdout.put("not$",ebx,"=$",ecx,nl);

    

    endLogicalOp;
  


  


  2.8 Signed and Unsigned Numbers


  Thus far, we've treated binary numbers as unsigned values. The binary number ...00000 represents 0, ...00001 represents 1, ...00010 represents 2, and so on toward infinity. What about negative numbers? Signed values have been tossed around in previous sections, and we've mentioned the two's complement numbering system, but we haven't discussed how to represent negative numbers using the binary numbering system. Now it is time to describe the two's complement numbering system.


  To represent signed numbers using the binary numbering system, we have to place a restriction on our numbers: They must have a finite and fixed number of bits. For our purposes, we're going to severely limit the number of bits to 8, 16, 32, 64, 128, or some other small number of bits.


  With a fixed number of bits we can represent only a certain number of objects. For example, with 8 bits we can represent only 256 different values. Negative values are objects in their own right, just like positive numbers and 0; therefore, we'll have to use some of the 256 different 8-bit values to represent negative numbers. In other words, we have to use up some of the bit combinations to represent negative numbers. To make things fair, we'll assign half of the possible combinations to the negative values and half to the positive values and 0. So we can represent the negative values −128..−1 and the nonnegative values 0..127 with a single 8-bit byte. With a 16-bit word we can represent values in the range −32,768..+32,767. With a 32-bit double word we can represent values in the range −2,147,483,648..+2,147,483,647. In general, with n bits we can represent the signed values in the range −2n−1 to +2n−1−1.


  Okay, so we can represent negative values. Exactly how do we do it? Well, there are many possible ways, but the 80x86 microprocessor uses the two's complement notation, so it makes sense to study that method. In the two's complement system, the H.O. bit of a number is a sign bit. If the H.O. bit is 0, the number is positive; if the H.O. bit is 1, the number is negative. Following are some examples.


  For 16-bit numbers:


  


  
    $8000isnegativebecausetheH.O.bitis1.

    $100ispositivebecausetheH.O.bitis0.

    $7FFFispositive.

    $FFFFisnegative.

    $FFF($0FFF)ispositive.
  


  If the H.O. bit is 0, then the number is positive and uses the standard binary format. If the H.O. bit is 1, then the number is negative and uses the two's complement form. To convert a positive number to its negative, two's complement form, you use the following algorithm:


  
    
  


  
    	
      
        
          Invert all the bits in the number; that is, apply the logical not function.
        

      

    


    	
      
        
          Add 1 to the inverted result and ignore any overflow out of the H.O. bit.
        

      


      
        
          For example, to compute the 8-bit equivalent of −5:
        

      


      
        

      


      
        
          
            %0000_01015(inbinary).

            %1111_1010Invertallthebits.

            %1111_1011Add1toobtainresult.
          

        

      


      
        
          If we take −5 and perform the two's complement operation on it, we get our original value, %0000_0101, back again, just as we expect:
        

      


      
        

      


      
        
          
            %1111_1011Two'scomplementfor−5.

            %0000_0100Invertallthebits.

            %0000_0101Add1toobtainresult(+5).
          

        

      


      
        
          The following examples provide some positive and negative 16-bit signed values:
        

      


      
        

      


      
        
          
            $7FFF:+32767,thelargest16-bitpositivenumber.

            $8000:−32768,thesmallest16-bitnegativenumber.

            $4000:+16384.
          

        

      


      
        
          To convert the numbers above to their negative counterpart (that is, to negate them), do the following:
        

      


      
        

      


      
        
          
            $7FFF:%0111_1111_1111_1111+32,767

            %1000_0000_0000_0000Invertallthebits(8000h)

            %1000_0000_0000_0001Add1(8001hor−32,767)

            

            4000h:%0100_0000_0000_000016,384

            %1011_1111_1111_1111Invertallthebits($BFFF)

            %1100_0000_0000_0000Add1($C000or−16,384)

            

            $8000:%1000_0000_0000_0000−32,768

            %0111_1111_1111_1111Invertallthebits($7FFF)

            %1000_0000_0000_0000Addone(8000hor−32,768)
          

        

      

    

  


  $8000 inverted becomes $7FFF. After adding 1 we obtain $8000! Wait, what's going on here? −(−32,768) is −32,768? Of course not. But the value +32,768 cannot be represented with a 16-bit signed number, so we cannot negate the smallest negative value.


  Why bother with such a miserable numbering system? Why not use the H.O. bit as a sign flag, storing the positive equivalent of the number in the remaining bits? (This, by the way, is known as the one's complement numbering system.) The answer lies in the hardware. As it turns out, negating values is the only tedious job. With the two's complement system, most other operations are as easy as the binary system. For example, suppose you were to perform the addition 5 + (−5). The result is 0. Consider what happens when we add these two values in the two's complement system:


  


  
    %0000_0101

    %1111_1011

    ------------

    %1_0000_0000
  


  We end up with a carry into the ninth bit, and all other bits are 0. As it turns out, if we ignore the carry out of the H.O. bit, adding two signed values always produces the correct result when using the two's complement numbering system. This means we can use the same hardware for signed and unsigned addition and subtraction. This wouldn't be the case with other numbering systems.


  Usually, you will not need to perform the two's complement operation by hand. The 80x86 microprocessor provides an instruction, neg (negate), that performs this operation for you. Furthermore, hexadecimal calculators perform this operation by pressing the change sign key (+/− or CHS). Nevertheless, manually computing the two's complement is easy, and you should know how to do it.


  Remember that the data represented by a set of binary bits depends entirely on the context. The 8-bit binary value %1100_0000 could represent a character, it could represent the unsigned decimal value 192, or it could represent the signed decimal value −64. As the programmer, it is your responsibility to define the data's format and then use the data consistently.


  The 80x86 negate instruction, neg, uses the same syntax as the not instruction; that is, it takes a single destination operand:


  


  
    neg(dest);
  


  This instruction computes dest = -dest; and the operand has the same limitations as for not (it must be a memory location or a register). neg operates on byte-, word-, and dword-sized objects. Because this is a signed integer operation, it only makes sense to operate on signed integer values. The program in Example2-6 demonstrates the two's complement operation by using the neg instruction:


  


  Example2-6.twosComplement example


  
    programtwosComplement;

    #include("stdlib.hhf")

    

    static

    PosValue:int8;

    NegValue:int8;

    

    begintwosComplement;

    

    stdout.put("Enteranintegerbetween0and127:");

    stdin.get(PosValue);

    

    stdout.put(nl,"Valueinhexadecimal:$");

    stdout.puth8(PosValue);

    

    mov(PosValue,al);

    not(al);

    stdout.put(nl,"Invertallthebits:$",al,nl);

    add(1,al);

    stdout.put("Addone:$",al,nl);

    mov(al,NegValue);

    stdout.put("Resultindecimal:",NegValue,nl);

    

    stdout.put

    (

    nl,

    "NowdothesamethingwiththeNEGinstruction:",

    nl

    );

    mov(PosValue,al);

    neg(al);

    mov(al,NegValue);

    stdout.put("Hexresult=$",al,nl);

    stdout.put("Decimalresult=",NegValue,nl);

    

    endtwosComplement;
  


  As you've seen previously, you use the int8, int16, int32, int64, and int128 data types to reserve storage for signed integer variables. You've also seen routines like stdout.puti8 and stdin.geti32 that read and write signed integer values. Because this section has made it abundantly clear that you must differentiate signed and unsigned calculations in your programs, you should probably be asking yourself, "How do I declare and use unsigned integer variables?"


  The first part of the question, "How do I declare unsigned integer variables," is the easiest to answer. You simply use the uns8, uns16, uns32, uns64, and uns128 data types when declaring the variables. For example:


  


  
    static

    u8:uns8;

    u16:uns16;

    u32:uns32;

    u64:uns64;

    u128:uns128;
  


  As for using these unsigned variables, the HLA Standard Library provides a complementary set of input/output routines for reading and displaying unsigned variables. As you can probably guess, these routines include stdout.putu8, stdout.putu16, stdout.putu32, stdout.putu64, stdout.putu128, stdout.putu8Size, stdout.putu16Size, stdout.putu32Size, stdout.putu64Size, stdout.putu128Size, stdin.getu8, stdin.getu16, stdin.getu32, stdin.getu64, and stdin.getu128. You use these routines just as you would use their signed integer counterparts except you get to use the full range of the unsigned values with these routines. The source code in Example2-7 demonstrates unsigned I/O as well as demonstrates what can happen if you mix signed and unsigned operations in the same calculation.


  


  Example2-7.Unsigned I/O


  
    programUnsExample;

    #include("stdlib.hhf")

    

    static

    UnsValue:uns16;

    

    beginUnsExample;

    

    stdout.put("Enteranintegerbetween32,768and65,535:");

    stdin.getu16();

    mov(ax,UnsValue);

    

    stdout.put

    (

    "Youentered",

    UnsValue,

    ".Ifyoutreatthisasasignedinteger,itis"

    );

    stdout.puti16(UnsValue);

    stdout.newln();

    

    endUnsExample;
  


  


  2.9 Sign Extension, Zero Extension, Contraction, and Saturation


  Because two's complement format integers have a fixed length, a small problem develops. What happens if you need to convert an 8-bit two's complement value to 16 bits? This problem and its converse (converting a 16-bit value to 8 bits) can be accomplished via sign extension and contraction operations.


  Consider the value −64. The 8-bit two's complement value for this number is $C0. The 16-bit equivalent of this number is $FFC0. Now consider the value +64. The 8- and 16-bit versions of this value are $40 and $0040, respectively. The difference between the 8- and 16-bit numbers can be described by the rule, "If the number is negative, the H.O. byte of the 16-bit number contains $FF; if the number is positive, the H.O. byte of the 16-bit quantity is 0."


  To extend a signed value from some number of bits to a greater number of bits is easy; just copy the sign bit into all the additional bits in the new format. For example, to sign extend an 8-bit number to a 16-bit number, simply copy bit 7 of the 8-bit number into bits 8..15 of the 16-bit number. To sign extend a 16-bit number to a double word, simply copy bit 15 into bits 16..31 of the double word.


  You must use sign extension when manipulating signed values of varying lengths. Often you'll need to add a byte quantity to a word quantity. You must sign extend the byte quantity to a word before the operation takes place. Other operations (multiplication and division, in particular) may require a sign extension to 32 bits:


  


  
    SignExtension:

    8Bits16Bits32Bits

    

    $80$FF80$FFFF_FF80

    $28$0028$0000_0028

    $9A$FF9A$FFFF_FF9A

    $7F$007F$0000_007F

    $1020$0000_1020

    $8086$FFFF_8086
  


  To extend an unsigned value to a larger one, you must zero extend the value. Zero extension is very easy—just store a 0 into the H.O. byte(s) of the larger operand. For example, to zero extend the 8-bit value $82 to 16 bits, you simply add a 0 to the H.O. byte, yielding $0082.


  


  
    ZeroExtension:

    8Bits16Bits32Bits

    

    $80$0080$0000_0080

    $28$0028$0000_0028

    $9A$009A$0000_009A

    $7F$007F$0000_007F

    $1020$0000_1020

    $8086$0000_8086
  


  The 80x86 provides several instructions that will let you sign or zero extend a smaller number to a larger number. Table2-6 lists a group of instructions that will sign extend the AL, AX, or EAX register.


  


  Table2-6.Instructions for Extending AL, AX, and EAX


  


  
    
      	
        

        Instruction

      

      	
        

        Explanation

      
    


    
      	
        

        cbw();

      

      	
        

        Converts the byte in AL to a word in AX via sign extension.

      
    


    
      	
        

        cwd();

      

      	
        

        Converts the word in AX to a double word in DX:AX via sign extension.

      
    


    
      	
        

        cdq();

      

      	
        

        Converts the double word in EAX to the quad word in EDX:EAX via sign extension.

      
    


    
      	
        

        cwde();

      

      	
        

        Converts the word in AX to a double word in EAX via sign extension.

      
    

  


  Note that the cwd (convert word to double word) instruction does not sign extend the word in AX to the double word in EAX. Instead, it stores the H.O. word of the sign extension into the DX register (the notation DX:AX tells you that you have a double-word value with DX containing the upper 16 bits and AX containing the lower 16 bits of the value). If you want the sign extension of AX to go into EAX, you should use the cwde (convert word to double word, extended) instruction.


  The four instructions above are unusual in the sense that these are the first instructions you've seen that do not have any operands. These instructions' operands are implied by the instructions themselves.


  Within a few chapters you will discover just how important these instructions are and why the cwd and cdq instructions involve the DX and EDX registers. However, for simple sign extension operations, these instructions have a few major drawbacks—you do not get to specify the source and destination operands, and the operands must be registers.


  For general sign extension operations, the 80x86 provides an extension of the mov instruction, movsx (move with sign extension), that copies data and sign extends the data while copying it. The movsx instruction's syntax is very similar to the mov instruction:


  


  
    movsx(source,dest);
  


  The big difference in syntax between this instruction and the mov instruction is the fact that the destination operand must be larger than the source operand. That is, if the source operand is a byte, the destination operand must be a word or a double word. Likewise, if the source operand is a word, the destination operand must be a double word. Another difference is that the destination operand has to be a register; the source operand, however, can be a memory location.[23] The movsx instruction does not allow constant operands.


  To zero extend a value, you can use the movzx instruction. It has the same syntax and restrictions as the movsx instruction. Zero extending certain 8-bit registers (AL, BL, CL, and DL) into their corresponding 16-bit registers is easily accomplished without using movzx by loading the complementary H.O. register (AH, BH, CH, or DH) with 0. Obviously, to zero extend AX into DX:AX or EAX into EDX:EAX, all you need to do is load DX or EDX with 0.[24]


  The sample program in Example2-8 demonstrates the use of the sign extension instructions.


  


  Example2-8.Sign extension instructions


  
    programsignExtension;

    #include("stdlib.hhf")

    

    static

    i8:int8;

    i16:int16;

    i32:int32;

    

    beginsignExtension;

    

    stdout.put("Enterasmallnegativenumber:");

    stdin.get(i8);

    

    stdout.put(nl,"SignextensionusingCBWandCWDE:",nl,nl);

    

    mov(i8,al);

    stdout.put("Youentered",i8,"($",al,")",nl);

    

    cbw();

    mov(ax,i16);

    stdout.put("16-bitsignextension:",i16,"($",ax,")",nl);

    

    cwde();

    mov(eax,i32);

    stdout.put("32-bitsignextension:",i32,"($",eax,")",nl);

    

    stdout.put(nl,"SignextensionusingMOVSX:",nl,nl);

    

    movsx(i8,ax);

    mov(ax,i16);

    stdout.put("16-bitsignextension:",i16,"($",ax,")",nl);

    

    movsx(i8,eax);

    mov(eax,i32);

    stdout.put("32-bitsignextension:",i32,"($",eax,")",nl);

    

    endsignExtension;
  


  Sign contraction, converting a value with some number of bits to the identical value with a fewer number of bits, is a little more troublesome. Sign extension never fails. Given an m-bit signed value, you can always convert it to an n-bit number (where n > m) using sign extension. Unfortunately, given an n-bit number, you cannot always convert it to an m-bit number if m < n. For example, consider the value −448. As a 16-bit signed number, its hexadecimal representation is $FE40. Unfortunately, the magnitude of this number is too large for an 8-bit value, so you cannot sign contract it to 8 bits. This is an example of an overflow condition that occurs upon conversion.


  To properly sign contract a value, you must look at the H.O. byte(s) that you want to discard. The H.O. bytes must all contain either 0 or $FF. If you encounter any other values, you cannot contract it without overflow. Finally, the H.O. bit of your resulting value must match every bit you've removed from the number. Here are some examples (16 bits to 8 bits):


  


  
    $FF80canbesigncontractedto$80.

    $0040canbesigncontractedto$40.

    $FE40cannotbesigncontractedto8bits.

    $0100cannotbesigncontractedto8bits.
  


  Another way to reduce the size of an integer is by saturation. Saturation is useful in situations where you must convert a larger object to a smaller object, and you're willing to live with possible loss of precision. To convert a value via saturation you simply copy the larger value to the smaller value if it is not outside the range of the smaller object. If the larger value is outside the range of the smaller value, then you clip the value by setting it to the largest (or smallest) value within the range of the smaller object.


  For example, when converting a 16-bit signed integer to an 8-bit signed integer, if the 16-bit value is in the range −128..+127, you simply copy the L.O. byte of the 16-bit object to the 8-bit object. If the 16-bit signed value is greater than +127, then you clip the value to +127 and store +127 into the 8-bit object. Likewise, if the value is less than −128, you clip the final 8-bit object to −128. Saturation works the same way when clipping 32-bit values to smaller values. If the larger value is outside the range of the smaller value, then you simply set the smaller value to the value closest to the out-of-range value that you can represent with the smaller value.


  Obviously, if the larger value is outside the range of the smaller value, then there will be a loss of precision during the conversion. While clipping the value to the limits the smaller object imposes is never desirable, sometimes this is acceptable because the alternative is to raise an exception or otherwise reject the calculation. For many applications, such as audio or video processing, the clipped result is still recognizable, so this is a reasonable conversion.


  

  


  [23] This doesn't turn out to be much of a limitation because sign extension almost always precedes an arithmetic operation that must take place in a register.


  [24] Zero extending into DX:AX or EDX:EAX is just as necessary as the CWD and CDQ instructions, as you will eventually see.


  


  2.10 Shifts and Rotates


  Another set of logical operations that apply to bit strings is the shift and rotate operations. These two categories can be further broken down into left shifts, left rotates, right shifts, and right rotates. These operations turn out to be extremely useful.


  The left-shift operation moves each bit in a bit string one position to the left (Figure2-8 provides an example of an 8-bit shift).


  


  
    [image: ]
  


  
    Figure2-8.Shift-left operation
  


  Bit 0 moves into bit position 1, the previous value in bit position 1 moves into bit position 2, and so on. There are, of course, two questions that naturally arise: "What goes into bit 0?" and "Where does the high-order bit go?" We'll shift a 0 into bit 0, and the previous value of the high-order bit will become the carry out of this operation.


  The 80x86 provides a shift-left instruction, shl, that performs this useful operation. The syntax for the shl instruction is:


  


  
    shl(count,dest);
  


  The count operand is either CL or a constant in the range 0..n, where n is one less than the number of bits in the destination operand (for example, n = 7 for 8-bit operands, n = 15 for 16-bit operands, and n = 31 for 32-bit operands). The dest operand is a typical destination operand. It can be either a memory location or a register.


  When the count operand is the constant 1, the shl instruction does the operation shown in Figure2-9.
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    Figure2-9.Shift-left operation
  


  In Figure2-9, the C represents the carry flag. That is, the H.O. bit shifted out of the operand moves into the carry flag. Therefore, you can test for overflow after a shl( 1, dest ); instruction by testing the carry flag immediately after executing the instruction (e.g., by using if( @c ) then... or if( @nc ) then...).


  Intel's literature suggests that the state of the carry flag is undefined if the shift count is a value other than 1. Usually, the carry flag contains the last bit shifted out of the destination operand, but Intel doesn't seem to guarantee this.


  Note that shifting a value to the left is the same thing as multiplying it by its radix. For example, shifting a decimal number one position to the left (adding a 0 to the right of the number) effectively multiplies it by 10 (the radix):


  


  
    1234shl1=12340
  


  (shl 1 means shift one digit position to the left.)


  Because the radix of a binary number is 2, shifting it left multiplies it by 2. If you shift a binary value to the left twice, you multiply it by 2 twice (that is, you multiply it by 4). If you shift a binary value to the left three times, you multiply it by 8 (2*2*2). In general, if you shift a value to the left n times, you multiply that value by 2n.


  A right-shift operation works the same way, except we're moving the data in the opposite direction. For a byte value, bit 7 moves into bit 6, bit 6 moves into bit 5, bit 5 moves into bit 4, and so on. During a right shift, we'll move a 0 into bit 7, and bit 0 will be the carry out of the operation (see Figure2-10).
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    Figure2-10.Shift-right operation
  


  As you would probably expect, the 80x86 provides a shr instruction that will shift the bits to the right in a destination operand. The syntax is the same as the shl instruction except, of course, you specify shr rather than shl:


  


  
    shr(count,dest);
  


  This instruction shifts a 0 into the H.O. bit of the destination operand, it shifts the other bits one place to the right (that is, from a higher bit number to a lower bit number). Finally, bit 0 is shifted into the carry flag. If you specify a count of 1, the shr instruction does the operation shown in Figure2-11.
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    Figure2-11.Shift-right operation
  


  Once again, Intel's documents suggest that shifts of more than 1 bit leave the carry in an undefined state.


  Because a left shift is equivalent to a multiplication by 2, it should come as no surprise that a right shift is roughly comparable to a division by 2 (or, in general, a division by the radix of the number). If you perform n right shifts, you will divide that number by 2n.


  There is one problem with shift rights with respect to division: A shift right is only equivalent to an unsigned division by 2. For example, if you shift the unsigned representation of 254 ($FE) one place to the right, you get 127 ($7F), exactly what you would expect. However, if you shift the binary representation of −2 ($FE) to the right one position, you get 127 ($7F), which is not correct. This problem occurs because we're shifting a 0 into bit 7. If bit 7 previously contained a 1, we're changing it from a negative to a positive number. Not a good thing to do when dividing by 2.


  To use the shift right as a division operator, we must define a third shift operation: arithmetic shift right.[25] An arithmetic shift right works just like the normal shift-right operation (a logical shift right) with one exception: Instead of shifting a 0 into the high-order bit, an arithmetic shift-right operation copies the high-order bit back into itself; that is, during the shift operation it does not modify the high-order bit, as Figure2-12 shows.
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    Figure2-12.Arithmetic shift-right operation
  


  An arithmetic shift right generally produces the result you expect. For example, if you perform the arithmetic shift-right operation on −2 ($FE), you get −1 ($FF). Keep one thing in mind about arithmetic shift right, however. This operation always rounds the numbers to the closest integer that is less than or equal to the actual result. Based on experiences with high-level programming languages and the standard rules of integer truncation, most people assume this means that a division always truncates toward 0. But this simply isn't the case. For example, if you apply the arithmetic shift-right operation on −1 ($FF), the result is −1, not 0. Because −1 is less than 0, the arithmetic shift-right operation rounds toward −1. This is not a bug in the arithmetic shift-right operation; it just uses a different (though valid) definition of integer division.


  The 80x86 provides an arithmetic shift-right instruction, sar (shift arithmetic right). This instruction's syntax is nearly identical to shl and shr. The syntax is:


  


  
    sar(count,dest);
  


  The usual limitations on the count and destination operands apply. This instruction operates as shown in Figure2-13 if the count is 1.
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    Figure2-13.sar( 1, dest ) operation
  


  Once again, Intel's documents suggest that shifts of more than 1 bit leave the carry in an undefined state.


  Another pair of useful operations are rotate left and rotate right. These operations behave like the shift-left and shift-right operations with one major difference: The bit shifted out from one end is shifted back in at the other end. Figure2-14 diagrams these operations.
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    Figure2-14.Rotate-left and rotate-right operations
  


  The 80x86 provides rol (rotate left) and ror (rotate right) instructions that do these basic operations on their operands. The syntax for these two instructions is similar to the shift instructions:


  


  
    rol(count,dest);

    ror(count,dest);
  


  Once again, these instructions provide a special behavior if the shift count is 1. Under this condition these two instructions also copy the bit shifted out of the destination operand into the carry flag as Figure2-15 and Figure2-16 show.
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    Figure2-15.rol( 1, dest ) operation
  


  Note that Intel's documents suggest that rotates of more than 1 bit leave the carry in an undefined state.
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    Figure2-16.ror( 1, dest ) operation
  


  It is often more convenient for the rotate operation to shift the output bit through the carry and shift the previous carry value back into the input bit of the shift operation. The 80x86 rcl (rotate through carry left) and rcr (rotate through carry right) instructions achieve this for you. These instructions use the following syntax:


  


  
    rcl(count,dest);

    rcr(count,dest);
  


  As is true for the other shift and rotate instructions, the count operand is either a constant or the CL register, and the dest operand is a memory location or register. The count operand must be a value that is less than the number of bits in the dest operand. For a count value of 1, these two instructions do the rotation shown in Figure2-17.
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    Figure2-17.rcl( 1, dest ) and rcr( 1, dest ) operations
  


  Again, Intel's documents suggest that rotates of more than 1 bit leave the carry in an undefined state.


  

  


  [25] There is no need for an arithmetic shift left. The standard shift-left operation works for both signed and unsigned numbers, assuming no overflow occurs.


  


  2.11 Bit Fields and Packed Data


  Although the 80x86 operates most efficiently on byte, word, and dword data types, occasionally you'll need to work with a data type that uses some number of bits other than 8, 16, or 32. For example, consider a date of the form 04/02/01. It takes three numeric values to represent this date: month, day, and year values. Months, of course, take on the values 1..12. It will require at least 4 bits (maximum of 16 different values) to represent the month. Days range between 1 and 31. So it will take 5 bits (maximum of 32 different values) to represent the day entry. The year value, assuming that we're working with values in the range 0..99, requires 7 bits (that can be used to represent up to 128 different values). 4 + 5 + 7 = 16 bits, or 2 bytes. In other words, we can pack our date data into 2 bytes rather than the 3 that would be required if we used a separate byte for each of the month, day, and year values. This saves 1 byte of memory for each date stored, which could be a substantial saving if you need to store many dates. The bits could be arranged as shown in Figure2-18.
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    Figure2-18.Short packed date format (2 bytes)
  


  MMMM represents the 4 bits making up the month value, DDDDD represents the 5 bits making up the day, and YYYYYYY is the 7 bits composing the year. Each collection of bits representing a data item is a bit field. For example, April 2, 2001, would be represented as $4101:


  


  
    0100000100000001=%0100_0001_0000_0001or$4101

    4201
  


  Although packed values are space efficient (that is, very efficient in terms of memory usage), they are computationally inefficient (slow!). The reason? It takes extra instructions to unpack the data packed into the various bit fields. These extra instructions take additional time to execute (and additional bytes to hold the instructions); hence, you must carefully consider whether packed data fields will save you anything. The sample program in Example2-9 demonstrates the effort that must go into packing and unpacking this 16-bit date format.


  


  Example2-9.Packing and unpacking date data


  
    programdateDemo;

    

    #include("stdlib.hhf")

    

    static

    day:uns8;

    month:uns8;

    year:uns8;

    

    packedDate:word;

    

    begindateDemo;

    

    stdout.put("Enterthecurrentmonth,day,andyear:");

    stdin.get(month,day,year);

    

    //Packthedataintothefollowingbits:

    //

    //1514131211109876543210

    //mmmmdddddyyyyyyy

    

    mov(0,ax);

    mov(ax,packedDate);//Justincasethereisanerror.

    if(month>12)then

    

    stdout.put("Monthvalueistoolarge",nl);

    

    elseif(month=0)then

    

    stdout.put("Monthvaluemustbeintherange1..12",nl);

    

    elseif(day>31)then

    

    stdout.put("Dayvalueistoolarge",nl);

    

    elseif(day=0)then

    

    stdout.put("Dayvaluemustbeintherange1..31",nl);

    

    elseif(year>99)then

    

    stdout.put("Yearvaluemustbeintherange0..99",nl);

    

    else

    

    mov(month,al);

    shl(5,ax);

    or(day,al);

    shl(7,ax);

    or(year,al);

    mov(ax,packedDate);

    

    endif;

    

    //Okay,displaythepackedvalue:

    

    stdout.put("Packeddata=$",packedDate,nl);

    

    

    

    //Unpackthedate:

    

    mov(packedDate,ax);

    and($7f,al);//Retrievetheyearvalue.

    mov(al,year);

    

    mov(packedDate,ax);//Retrievethedayvalue.

    shr(7,ax);

    and(%1_1111,al);

    mov(al,day);

    

    mov(packedDate,ax);//Retrievethemonthvalue.

    rol(4,ax);

    and(%1111,al);

    mov(al,month);

    

    stdout.put("Thedateis",month,"/",day,"/",year,nl);

    

    

    

    enddateDemo;
  


  Of course, having gone through the problems with Y2K (Year 2000), you know that using a date format that limits you to 100 years (or even 127 years) would be quite foolish at this time. If you are concerned about your software running 100 years from now, perhaps it would be wise to use a 3-byte date format rather than a 2-byte format. As you will see in the chapter on arrays, however, you should always try to create data objects whose length is an even power of 2 (1 byte, 2 bytes, 4 bytes, 8 bytes, and so on) or you will pay a performance penalty. Hence, it is probably wise to go ahead and use 4 bytes and pack this data into a double-word variable. Figure2-19 shows one possible data organization for a 4-byte date.
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    Figure2-19.Long packed date format (4 bytes)
  


  In this long packed date format we made several changes beyond simply extending the number of bits associated with the year. First, because there are extra bits in a 32-bit double-word variable, this format allocates extra bits to the month and day fields. Because these two fields now consist of 8 bits each, they can be easily extracted as a byte object from the double word. This leaves fewer bits for the year, but 65,536 years is probably sufficient; you can probably assume without too much concern that your software will not still be in use 63,000 years from now when this date format will no longer work.


  Of course, you could argue that this is no longer a packed date format. After all, we needed three numeric values, two of which fit just nicely into 1 byte each and one that should probably have at least 2 bytes. Because this "packed" date format consumes the same 4 bytes as the unpacked version, what is so special about this format? Well, another difference you will note between this long packed date format and the short date format appearing in Figure2-18 is the fact that this long date format rearranges the bits so the Year field is in the H.O. bit positions, the Month field is in the middle bit positions, and the Day field is in the L.O. bit positions. This is important because it allows you to very easily compare two dates to see if one date is less than, equal to, or greater than another date. Consider the following code:


  


  
    mov(Date1,eax);//AssumeDate1andDate2aredwordvariables

    if(eax>Date2)then//usingtheLongPackedDateformat.

    

    <<DosomethingifDate1>Date2>>

    

    endif;
  


  Had you kept the different date fields in separate variables, or organized the fields differently, you would not have been able to compare Date1 and Date2 in such an easy fashion. Therefore, this example demonstrates another reason for packing data even if you don't realize any space savings—it can make certain computations more convenient or even more efficient (contrary to what normally happens when you pack data).


  Examples of practical packed data types abound. You could pack eight boolean values into a single byte, you could pack two BCD digits into a byte, and so on. Of course, a classic example of packed data is the EFLAGS register (see Figure2-20). This register packs nine important boolean objects (along with seven important system flags) into a single 16-bit register. You will commonly need to access many of these flags. For this reason, the 80x86 instruction set provides many ways to manipulate the individual bits in the EFLAGS register. Of course, you can test many of the condition code flags using the HLA pseudo-boolean variables such as @c, @nc, @z, and @nz in an if statement or other statement using a boolean expression.


  In addition to the condition codes, the 80x86 provides instructions that directly affect certain flags (Table2-7).


  


  Table2-7.Instructions That Affect Certain Flags


  


  
    
      	
        

        Instruction

      

      	
        

        Explanation

      
    


    
      	
        

        cld();

      

      	
        

        Clears (sets to 0) the direction flag.

      
    


    
      	
        

        std();

      

      	
        

        Sets (to 1) the direction flag.

      
    


    
      	
        

        cli();

      

      	
        

        Clears the interrupt disable flag.

      
    


    
      	
        

        sti();

      

      	
        

        Sets the interrupt disable flag.

      
    


    
      	
        

        clc();

      

      	
        

        Clears the carry flag.

      
    


    
      	
        

        stc();

      

      	
        

        Sets the carry flag.

      
    


    
      	
        

        cmc();

      

      	
        

        Complements (inverts) the carry flag.

      
    


    
      	
        

        sahf();

      

      	
        

        Stores the AH register into the L.O. 8 bits of the EFLAGS register.

      
    


    
      	
        

        lahf();

      

      	
        

        Loads AH from the L.O. 8 bits of the EFLAGS register.

      
    

  


  There are other instructions that affect the EFLAGS register as well; these instructions, however, demonstrate how to access several of the packed boolean values in the EFLAGS register. The lahf and sahf instructions, in particular, provide a convenient way to access the L.O. 8 bits of the EFLAGS register as an 8-bit byte (rather than as eight separate 1-bit values). See Figure2-20 for a layout of the EFLAGS register.
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    Figure2-20.EFLAGS register as packed boolean data
  


  The lahf (load AH with the L.O. 8 bits of the EFLAGS register) and the sahf (store AH into the L.O. byte of the EFLAGS register) use the following syntax:


  


  
    lahf();

    sahf();
  


  


  2.12 An Introduction to Floating-Point Arithmetic


  Integer arithmetic does not let you represent fractional numeric values. Therefore, modern CPUs support an approximation of real arithmetic: floating-point arithmetic. A big problem with floating-point arithmetic is that it does not follow the standard rules of algebra. Nevertheless, many programmers apply normal algebraic rules when using floating-point arithmetic. This is a source of defects in many programs. One of the primary goals of this section is to describe the limitations of floating-point arithmetic so you will understand how to use it properly.


  Normal algebraic rules apply only to infinite precision arithmetic. Consider the simple statement x := x + 1, where x is an integer. On any modern computer this statement follows the normal rules of algebra as long as overflow does not occur. That is, this statement is valid only for certain values of x (minint <= x < maxint). Most programmers do not have a problem with this because they are well aware of the fact that integers in a program do not follow the standard algebraic rules (e.g., 5/2 does not equal 2.5).


  Integers do not follow the standard rules of algebra because the computer represents them with a finite number of bits. You cannot represent any of the (integer) values above the maximum integer or below the minimum integer. Floating-point values suffer from this same problem, only worse. After all, the integers are a subset of the real numbers. Therefore, the floating-point values must represent the same infinite set of integers. However, there are an infinite number of real values between any two integer values, so this problem is infinitely worse. Therefore, as well as having to limit your values between a maximum and minimum range, you cannot represent all the values between those two ranges either.


  To represent real numbers, most floating-point formats employ scientific notation and use some number of bits to represent a mantissa and a smaller number of bits to represent an exponent. The end result is that floating-point numbers can only represent numbers with a specific number of significant digits. This has a big impact on how floating-point arithmetic operates. To easily see the impact of limited precision arithmetic, we will adopt a simplified decimal floating-point format for our examples. Our floating-point format will provide a mantissa with three significant digits and a decimal exponent with two digits. The mantissa and exponents are both signed values, as shown in Figure2-21.
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    Figure2-21.A floating-point format
  


  When adding and subtracting two numbers in scientific notation, we must adjust the two values so that their exponents are the same. For example, when adding 1.23e1 and 4.56e0, we must adjust the values so they have the same exponent. One way to do this is to convert 4.56e0 to 0.456e1 and then add. This produces 1.686e1. Unfortunately, the result does not fit into three significant digits, so we must either round or truncate the result to three significant digits. Rounding generally produces the most accurate result, so let's round the result to obtain 1.69e1. As you can see, the lack of precision (the number of digits or bits we maintain in a computation) affects the accuracy (the correctness of the computation).


  In the previous example, we were able to round the result because we maintained four significant digits during the calculation. If our floating-point calculation had been limited to three significant digits during computation, we would have had to truncate the last digit of the smaller number, obtaining 1.68e1, a value that is even less accurate. To improve the accuracy of floating-point calculations, it is necessary to add extra digits for use during the calculation. Extra digits available during a computation are known as guard digits (or guard bits in the case of a binary format). They greatly enhance accuracy during a long chain of computations.


  The accuracy loss during a single computation usually isn't enough to worry about unless you are greatly concerned about the accuracy of your computations. However, if you compute a value that is the result of a sequence of floating-point operations, the error can accumulate and greatly affect the computation itself. For example, suppose we were to add 1.23e3 to 1.00e0. Adjusting the numbers so their exponents are the same before the addition produces 1.23e3 + 0.001e3. The sum of these two values, even after rounding, is 1.23e3. This might seem perfectly reasonable to you; after all, we can maintain only three significant digits, so adding in a small value shouldn't affect the result at all. However, suppose we were to add 1.00e0 to 1.23e3 ten times. The first time we add 1.00e0 to 1.23e3 we get 1.23e3. Likewise, we get this same result the second, third, fourth . . . and tenth times we add 1.00e0 to 1.23e3. On the other hand, had we added 1.00e0 to itself 10 times, then added the result (1.00e1) to 1.23e3, we would have gotten a different result, 1.24e3. This is an important thing to know about limited-precision arithmetic:


  The order of evaluation can affect the accuracy of the result.


  
    
      You will get more accurate results if the relative magnitudes (that is, the exponents) are close to one another when adding and subtracting floating-point values. If you are performing a chain calculation involving addition and subtraction, you should attempt to group the values appropriately.
    

  


  
    
      	Another problem with addition and subtraction is that you can wind up with false precision. Consider the computation 1.23e0 − 1.22e0. This produces 0.01e0. Although this is mathematically equivalent to 1.00e − 2, this latter form suggests that the last two digits are exactly 0. Unfortunately, we have only a single significant digit at this time. Indeed, some floating-point unit (FPU) software packages might actually insert random digits (or bits) into the L.O. positions. This brings up a second important rule concerning limited precision arithmetic:
    

  


  When subtracting two numbers with the same signs or adding two numbers with different signs, the accuracy of the result may be less than the precision available in the floating-point format.


  
    
      Multiplication and division do not suffer from the same problems as addition and subtraction because you do not have to adjust the exponents before the operation; all you need to do is add the exponents and multiply the mantissas (or subtract the exponents and divide the mantissas). By themselves, multiplication and division do not produce particularly poor results. However, they tend to multiply any error that already exists in a value. For example, if you multiply 1.23e0 by 2, when you should be multiplying 1.24e0 by 2, the result is even less accurate. This brings up a third important rule when working with limited-precision arithmetic:
    

  


  When performing a chain of calculations involving addition, subtraction, multiplication, and division, try to perform the multiplication and division operations first.


  
    
      Often, by applying normal algebraic transformations, you can arrange a calculation so the multiply and divide operations occur first. For example, suppose you want to compute x * ( y + z ). Normally you would add y and z together and multiply their sum by x. However, you will get a little more accuracy if you transform x * ( y + z ) to get x * y + x * z and compute the result by performing the multiplications first.[26]
    

  


  
    
      	Multiplication and division are not without their own problems. When multiplying two very large or very small numbers, it is quite possible for overflow or underflow to occur. The same situation occurs when dividing a small number by a large number or dividing a large number by a small number. This brings up a fourth rule you should attempt to follow when multiplying or dividing values:
    

  


  When multiplying and dividing sets of numbers, try to arrange the multiplications so that they multiply large and small numbers together; likewise, try to divide numbers that have the same relative magnitudes.


  
    
      Comparing floating-point numbers is very dangerous. Given the inaccuracies present in any computation (including converting an input string to a floating-point value), you should never compare two floating-point values to see if they are equal. In a binary floating-point format, different computations that produce the same (mathematical) result may differ in their least significant bits. For example, 1.31e0 + 1.69e0 should produce 3.00e0. Likewise, 1.50e0 + 1.50e0 should produce 3.00e0. However, if you were to compare (1.31e0 + 1.69e0) against (1.50e0 + 1.50e0), you might find out that these sums are not equal to one another. The test for equality succeeds if and only if all bits (or digits) in the two operands are exactly the same. Because this is not necessarily true after two different floating-point computations that should produce the same result, a straight test for equality may not work.
    

  


  
    
      	The standard way to test for equality between floating-point numbers is to determine how much error (or tolerance) you will allow in a comparison and check to see if one value is within this error range of the other. The usual way to do this is to use a test like the following:
    

  


  
    

  


  
    
      
        ifValue1>=(Value2-error)andValue1<=(Value2+error)then...
      

    

  


  
    
      	Another common way to handle this same comparison is to use a statement of the form
    

  


  
    

  


  
    
      
        ifabs(Value1-Value2)<=errorthen...
      

    

  


  
    
      	You must exercise care when choosing the value for error. This should be a value slightly greater than the largest amount of error that will creep into your computations. The exact value will depend upon the particular floating-point format you use, but more on that a little later. Here is the final rule we will state in this section:
    

  


  When comparing two floating-point numbers, always compare one value to see if it is in the range given by the second value plus or minus some small error value.


  
    
      There are many other little problems that can occur when using floating-point values. This text can only point out some of the major problems and make you aware of the fact that you cannot treat floating-point arithmetic like real arithmetic—the inaccuracies present in limited-precision arithmetic can get you into trouble if you are not careful. A good text on numerical analysis or even scientific computing can help fill in the details that are beyond the scope of this text. If you are going to be working with floating-point arithmetic, in any language, you should take the time to study the effects of limited-precision arithmetic on your computations.
    

  


  
    
      	HLA's if statement does not support boolean expressions involving floating-point operands. Therefore, you cannot use statements like if( x < 3.141) then... in your programs. Chapter6 will teach you how to do floating-point comparisons.
    

  


  2.12.1 IEEE Floating-Point Formats


  When Intel planned to introduce a floating-point unit for its new 8086 microprocessor, it was smart enough to realize that the electrical engineers and solid-state physicists who design chips were probably not the best people to pick the best possible binary representation for a floating-point format. So Intel went out and hired the best numerical analyst it could find to design a floating-point format for its 8087 FPU. That person then hired two other experts in the field, and the three of them (Kahn, Coonan, and Stone) designed Intel's floating-point format. They did such a good job designing the KCS Floating-Point Standard that the IEEE organization adopted this format for the IEEE floating-point format.[27]


  To handle a wide range of performance and accuracy requirements, Intel actually introduced three floating-point formats: single-precision, double-precision, and extended-precision. The single- and double-precision formats corresponded to C's float and double types or FORTRAN's real and double-precision types. Intel intended to use extended-precision for long chains of computations. Extended-precision contains 16 extra bits that the calculations could use as guard bits before rounding down to a double-precision value when storing the result.


  The single-precision format uses a one's complement 24-bit mantissa and an 8-bit excess-127 exponent. The mantissa usually represents a value from 1.0 to just under 2.0. The H.O. bit of the mantissa is always assumed to be 1 and represents a value just to the left of the binary point.[28] The remaining 23 mantissa bits appear to the right of the binary point. Therefore, the mantissa represents the value


  


  
    1.mmmmmmmmmmmmmmmmmmmmmmm
  


  The mmmm characters represent the 23 bits of the mantissa. Keep in mind that we are working with binary numbers here. Therefore, each position to the right of the binary point represents a value (0 or 1) times a successive negative power of 2. The implied 1 bit is always multiplied by 20, which is 1. This is why the mantissa is always greater than or equal to 1. Even if the other mantissa bits are all 0, the implied 1 bit always gives us the value 1[29]. Of course, even if we had an almost infinite number of 1 bits after the binary point, they still would not add up to 2. This is why the mantissa can represent values in the range 1 to just under 2.


  Although there are an infinite number of values between 1 and 2, we can only represent 8 million of them because we use a 23-bit mantissa (the 24th bit is always 1). This is the reason for inaccuracy in floating-point arithmetic—we are limited to 23 bits of precision in computations involving single-precision floating-point values.


  The mantissa uses a one's complement format rather than two's complement. This means that the 24-bit value of the mantissa is simply an unsigned binary number, and the sign bit determines whether that value is positive or negative. One's complement numbers have the unusual property that there are two representations for 0 (with the sign bit set or clear). Generally, this is important only to the person designing the floating-point software or hardware system. We will assume that the value 0 always has the sign bit clear.


  To represent values outside the range 1.0 to just under 2.0, the exponent portion of the floating-point format comes into play. The floating-point format raises 2 to the power specified by the exponent and then multiplies the mantissa by this value. The exponent is 8 bits and is stored in an excess-127 format. In excess-127 format, the exponent 20 is represented by the value 127 ($7F ). Therefore, to convert an exponent to excess-127 format, simply add 127 to the exponent value. The use of excess-127 format makes it easier to compare floating-point values. The single-precision floating-point format takes the form shown in Figure2-22.
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    Figure2-22.Single-precision (32-bit) floating-point format
  


  With a 24-bit mantissa, you will get approximately 6 ½ digits of precision (½ digit of precision means that the first six digits can all be in the range 0..9, but the seventh digit can only be in the range 0..x, where x < 9 and is generally close to 5). With an 8-bit excess-127 exponent, the dynamic range of single-precision floating-point numbers is approximately 2 ± 128 or about 10 ± 38.


  Although single-precision floating-point numbers are perfectly suitable for many applications, the dynamic range is somewhat limited and is unsuitable for many financial, scientific, and other applications. Furthermore, during long chains of computations, the limited accuracy of the single-precision format may introduce serious error.


  The double-precision format helps overcome the problems of single-precision floating-point. Using twice the space, the double-precision format has an 11-bit excess-1023 exponent and a 53-bit mantissa (with an implied H.O. bit of 1) plus a sign bit. This provides a dynamic range of about 10±308 and 14 ½ digits of precision, sufficient for most applications. Double-precision floating-point values take the form shown in Figure2-23.
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    Figure2-23.64-bit double-precision floating-point format
  


  In order to help ensure accuracy during long chains of computations involving double-precision floating-point numbers, Intel designed the extended-precision format. The extended-precision format uses 80 bits. Twelve of the additional 16 bits are appended to the mantissa and four of the additional bits are appended to the end of the exponent. Unlike the single- and double-precision values, the extended-precision format's mantissa does not have an implied H.O. bit, which is always 1. Therefore, the extended-precision format provides a 64-bit mantissa, a 15-bit excess-16383 exponent, and a 1-bit sign. The format for the extended-precision floating-point value is shown in Figure2-24.
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    Figure2-24.80-bit extended-precision floating-point format
  


  On the FPUs all computations are done using the extended-precision format. Whenever you load a single or double-precision value, the FPU automatically converts it to an extended-precision value. Likewise, when you store a single or double-precision value to memory, the FPU automatically rounds the value down to the appropriate size before storing it. By always working with the extended-precision format, Intel guarantees a large number of guard bits are present to ensure the accuracy of your computations.


  To maintain maximum precision during computation, most computations use normalized values. A normalized floating-point value is one whose H.O. mantissa bit contains 1. Almost any nonnormalized value can be normalized; shift the mantissa bits to the left and decrement the exponent until a 1 appears in the H.O. bit of the mantissa. Remember, the exponent is a binary exponent. Each time you increment the exponent, you multiply the floating-point value by 2. Likewise, whenever you decrement the exponent, you divide the floating-point value by 2. By the same token, shifting the mantissa to the left one bit position multiplies the floating-point value by 2; likewise, shifting the mantissa to the right divides the floating-point value by 2. Therefore, shifting the mantissa to the left one position and decrementing the exponent does not change the value of the floating-point number at all.


  Keeping floating-point numbers normalized is beneficial because it maintains the maximum number of bits of precision for a computation. If the H.O. bits of the mantissa are all 0, the mantissa has that many fewer bits of precision available for computation. Therefore, a floating-point computation will be more accurate if it involves only normalized values.


  There are two important cases where a floating-point number cannot be normalized. Zero is one of these special cases. Obviously it cannot be normalized because the floating-point representation for 0 has no 1 bits in the mantissa. This, however, is not a problem because we can exactly represent the value 0 with only a single bit.


  The second case is when we have some H.O. bits in the mantissa that are 0 but the biased exponent is also 0 (and we cannot decrement it to normalize the mantissa). Rather than disallow certain small values, whose H.O. mantissa bits and biased exponent are 0 (the most negative exponent possible), the IEEE standard allows special denormalized values to represent these smaller values.[30] Although the use of denormalized values allows IEEE floating-point computations to produce better results than if underflow occurred, keep in mind that denormalized values offer less bits of precision.


  2.12.2 HLA Support for Floating-Point Values


  HLA provides several data types and library routines to support the use of floating-point data in your assembly language programs. These include built-in types to declare floating-point variables as well as routines that provide floating-point input, output, and conversion.


  Perhaps the best place to start when discussing HLA's floating-point facilities is with a description of floating-point literal constants. HLA floating-point constants allow the following syntax:


  
    
  


  
    	
      
        
          An optional + or − symbol, denoting the sign of the mantissa (if this is not present, HLA assumes that the mantissa is positive)
        

      

    


    	
      
        
          Followed by one or more decimal digits
        

      

    


    	
      
        
          Optionally followed by a decimal point and one or more decimal digits
        

      

    


    	
      
        
          Optionally followed by an e or E, optionally followed by a sign (+ or −) and one or more decimal digits
        

      

    

  


  Note that the decimal point or the e/E must be present in order to differentiate this value from an integer or unsigned literal constant. Here are some examples of legal literal floating-point constants:


  


  
    1.2343.75e2−1.01.1e-11e+40.1−123.456e+789+25e0
  


  Notice that a floating-point literal constant cannot begin with a decimal point; it must begin with a decimal digit, so you must use 0.1 to represent .1 in your programs.


  HLA also allows you to place an underscore character (_) between any two consecutive decimal digits in a floating-point literal constant. You may use the underscore character in place of a comma (or other language-specific separator character) to help make your large floating-point numbers easier to read. Here are some examples:


  


  
    1_234_837.251_000.00789_934.999_999.99
  


  To declare a floating-point variable you use the real32, real64, or real80 data types. Like their integer and unsigned brethren, the number at the end of these data type declarations specifies the number of bits used for each type's binary representation. Therefore, you use real32 to declare single-precision real values, real64 to declare double-precision floating-point values, and real80 to declare extended-precision floating-point values. Other than the fact that you use these types to declare floating-point variables rather than integers, their use is nearly identical to that for int8, int16, int32, and so on. The following examples demonstrate these declarations and their syntax:


  


  
    static

    

    fltVar1:real32;

    fltVar1a:real32:=2.7;

    pi:real32:=3.14159;

    DblVar:real64;

    DblVar2:real64:=1.23456789e+10;

    XPVar:real80;

    XPVar2:real80:=−1.0e-104;
  


  To output a floating-point variable in ASCII form, you would use one of the stdout.putr32, stdout.putr64, or stdout.putr80 routines. These procedures display a number in decimal notation, that is, a string of digits, an optional decimal point, and a closing string of digits. Other than their names, these three routines use exactly the same calling sequence. Here are the calls and parameters for each of these routines:


  


  
    stdout.putr80(r:real80;width:uns32;decpts:uns32);

    stdout.putr64(r:real64;width:uns32;decpts:uns32);

    stdout.putr32(r:real32;width:uns32;decpts:uns32);
  


  The first parameter to these procedures is the floating-point value you wish to print. The size of this parameter must match the procedure's name (e.g., the r parameter must be an 80-bit extended-precision floating-point variable when calling the stdout.putr80 routine). The second parameter specifies the field width for the output text; this is the number of print positions the number will require when the procedure displays it. Note that this width must include print positions for the sign of the number and the decimal point. The third parameter specifies the number of print positions after the decimal point. For example:


  


  
    stdout.putr32(pi,10,4);
  


  displays the value


  


  
    ____3.1416
  


  (underscores represent leading spaces in this example).


  Of course, if the number is very large or very small, you will want to use scientific notation rather than decimal notation for your floating-point numeric output. The HLA Standard Library stdout.pute32, stdout.pute64, and stdout.pute80 routines provide this facility. These routines use the following procedure prototypes:


  


  
    stdout.pute80(r:real80;width:uns32);

    stdout.pute64(r:real64;width:uns32);

    stdout.pute32(r:real32;width:uns32);
  


  Unlike the decimal output routines, these scientific notation output routines do not require a third parameter specifying the number of digits after the decimal point to display. The width parameter indirectly specifies this value because all but one of the mantissa digits always appear to the right of the decimal point. These routines output their values in decimal notation, similar to the following:


  


  
    1.23456789e+10−1.0e-1041e+2
  


  You can also output floating-point values using the HLA Standard Library stdout.put routine. If you specify the name of a floating-point variable in the stdout.put parameter list, the stdout.put code will output the value using scientific notation. The actual field width varies depending on the size of the floating-point variable (the stdout.put routine attempts to output as many significant digits as possible, in this case). Here's an example:


  


  
    stdout.put("XPVar2=",XPVar2);
  


  If you specify a field width, by using a colon followed by a signed integer value, then the stdout.put routine will use the appropriate stdout.puteXX routine to display the value. That is, the number will still appear in scientific notation, but you get to control the field width of the output value. Like the field width for integer and unsigned values, a positive field width right justifies the number in the specified field, and a negative number left justifies the value.


  Here is an example that prints the XPVar2 variable using 10 print positions:


  


  
    stdout.put("XPVar2=",XPVar2:10);
  


  If you wish to use stdout.put to print a floating-point value in decimal notation, you need to use the following syntax:


  


  
    Variable_Name:Width:DecPts
  


  Note that the DecPts field must be a nonnegative integer value.


  When stdout.put contains a parameter of this form, it calls the corresponding stdout.putrXX routine to display the specified floating-point value. As an example, consider the following call:


  


  
    stdout.put("Pi=",pi:5:3);
  


  The corresponding output is:


  


  
    3.142
  


  The HLA Standard Library provides several other useful routines you can use when outputting floating-point values. Consult the HLA Standard Library reference manual for more information on these routines.


  The HLA Standard Library provides several routines to let you display floating-point values in a wide variety of formats. In contrast, the HLA Standard Library provides only two routines to support floating-point input: stdin.getf() and stdin.get(). The stdin.getf() routine requires the use of the 80x86 FPU stack, a hardware component that this chapter doesn't cover. Therefore, we'll defer the discussion of the stdin.getf() routine until Chapter6. Because the stdin.get() routine provides all the capabilities of the stdin.getf() routine, this deferral will not be a problem.


  You've already seen the syntax for the stdin.get() routine; its parameter list simply contains a list of variable names. The stdin.get() function reads appropriate values for the user for each of the variables appearing in the parameter list. If you specify the name of a floating-point variable, the stdin.get() routine automatically reads a floating-point value from the user and stores the result into the specified variable. The following example demonstrates the use of this routine:


  


  
    stdout.put("Inputadouble-precisionfloating-pointvalue:");

    stdin.get(DblVar);
  


  
    Warning
  


  
    This section discussed how you would declare floating-point variables and how you would input and output them. It did not discuss arithmetic. Floating-point arithmetic is different from integer arithmetic; you cannot use the 80x86 add and sub instructions to operate on floating-point values. Floating-point arithmetic will be the subject of Chapter6.
  


  

  


  [26] Of course, the drawback is that you must now perform two multiplications rather than one, so the result may be slower.


  [27] There were some minor changes to the way certain degenerate operations were handled, but the bit representation remained essentially unchanged.


  [28] The binary point is the same thing as the decimal point except it appears in binary numbers rather than decimal numbers.


  [29] Actually, this isn't necessarily true. The IEEE floating-point format supports denormalized values where the H.O. bit is not 0. However, we will ignore denormalized values in our discussion.


  [30] The alternative would be to underflow the values to 0.


  


  2.13 Binary-Coded Decimal Representation


  Although the integer and floating-point formats cover most of the numeric needs of an average program, there are some special cases where other numeric representations are convenient. In this section we'll discuss the binary-coded decimal format because the 80x86 CPU provides a small amount of hardware support for this data representation.


  BCD values are a sequence of nibbles, with each nibble representing a value in the range 0..9. Of course you can represent values in the range 0..15 using a nibble; the BCD format, however, uses only 10 of the possible 16 different values for each nibble.


  Each nibble in a BCD value represents a single decimal digit. Therefore, with a single byte (i.e., two digits) we can represent values containing two decimal digits, or values in the range 0..99 (see Figure2-25). With a word, we can represent values having four decimal digits, or values in the range 0..9,999. Likewise, with a double word we can represent values with up to eight decimal digits (because there are eight nibbles in a double-word value).


  


  
    [image: ]
  


  
    Figure2-25.CD data representation in memory
  


  As you can see, BCD storage isn't particularly memory efficient. For example, an 8-bit BCD variable can represent values in the range 0..99 while that same 8 bits, when holding a binary value, can represent values in the range 0..255. Likewise, a 16-bit binary value can represent values in the range 0..65,535, while a 16-bit BCD value can represent only about one-sixth of those values (0..9,999). Inefficient storage isn't the only problem. BCD calculations tend to be slower than binary calculations.


  At this point, you're probably wondering why anyone would ever use the BCD format. The BCD format does have two saving graces: It's very easy to convert BCD values between the internal numeric representation and their string representation; also, it's very easy to encode multidigit decimal values in hardware (e.g., using a thumb wheel or dial) using BCD. For these two reasons, you're likely to see people using BCD in embedded systems (such as toaster ovens, alarm clocks, and nuclear reactors) but rarely in general-purpose computer software.


  A few decades ago people mistakenly thought that calculations involving BCD (or just decimal) arithmetic were more accurate than binary calculations. Therefore, they would often perform important calculations, like those involving dollars and cents (or other monetary units) using decimal-based arithmetic. While it is true that certain calculations can produce more accurate results in BCD, this statement is not true in general. Indeed, for most calculations (even those involving fixed-point decimal arithmetic), the binary representation is more accurate. For this reason, most modern computer programs represent all values in a binary form. For example, the Intel 80x86 floating-point unit supports a pair of instructions for loading and storing BCD values. Internally, however, the FPU converts these BCD values to binary and performs all calculations in binary. It uses BCD only as an external data format (external to the FPU, that is). This generally produces more accurate results and requires far less silicon than having a separate coprocessor that supports decimal arithmetic.


  


  2.14 Characters


  Perhaps the most important data type on a personal computer is the character data type. The term character refers to a human or machine-readable symbol that is typically a nonnumeric entity. In general, the term character refers to any symbol that you can normally type on a keyboard (including some symbols that may require multiple key presses to produce) or display on a video display. Many beginners often confuse the terms character and alphabetic character. These terms are not the same. Punctuation symbols, numeric digits, spaces, tabs, carriage returns (enter), other control characters, and other special symbols are also characters. When this text uses the term character it refers to any of these characters, not just the alphabetic characters. When this text refers to alphabetic characters, it will use phrases like "alphabetic characters," "uppercase characters," or "lowercase characters."


  Another common problem beginners have when they first encounter the character data type is differentiating between numeric characters and numbers. The character 1 is different from the value 1. The computer (generally) uses two different internal representations for numeric characters (0, 1, ..., 9) versus the numeric values 0..9. You must take care not to confuse the two.


  Most computer systems use a 1- or 2-byte sequence to encode the various characters in binary form. Windows, Mac OS X, FreeBSD, and Linux certainly fall into this category, using either the ASCII or Unicode encodings for characters. This section will discuss the ASCII character set and the character declaration facilities that HLA provides.


  2.14.1 The ASCII Character Encoding


  The ASCII (American Standard Code for Information Interchange) character set maps 128 textual characters to the unsigned integer values 0..127 ($0..$7F). Internally, of course, the computer represents everything using binary numbers, so it should come as no surprise that the computer also uses binary values to represent nonnumeric entities such as characters. Although the exact mapping of characters to numeric values is arbitrary and unimportant, it is important to use a standardized code for this mapping because you will need to communicate with other programs and peripheral devices and you need to talk the same "language" as these other programs and devices. This is where the ASCII code comes into play; it is a standardized code that nearly everyone has agreed on. Therefore, if you use the ASCII code 65 to represent the character 'A', then you know that some peripheral device (such as a printer) will correctly interpret this value as the character 'A' whenever you transmit data to that device.


  You should not get the impression that ASCII is the only character set in use on computer systems. IBM uses the EBCDIC character set family on many of its mainframe computer systems. Another common character set in use is the Unicode character set. Unicode is an extension to the ASCII character set that uses 16 bits rather than 7 bits to represent characters. This allows the use of 65,536 different characters in the character set, allowing the inclusion of most symbols in the world's different languages into a single unified character set.


  Because the ASCII character set provides only 128 different characters and a byte can represent 256 different values, an interesting question arises: "What do we do with the values 128..255 that one could store into a byte?" One answer is to ignore those extra values. That will be the primary approach of this text. Another possibility is to extend the ASCII character set and add an additional 128 characters to it. Of course, this would tend to defeat the whole purpose of having a standardized character set unless you could get everyone to agree on the extensions. That is a difficult task.


  When IBM first created its IBM-PC, it defined these extra 128 character codes to contain various non-English alphabetic characters, some line-drawing graphics characters, some mathematical symbols, and several other special characters. Because IBM's PC was the foundation for what we typically call a PC today, that character set has become a pseudo-standard on all IBM-PC compatible machines. Even on modern machines, which are not IBM-PC compatible and cannot run early PC software, the IBM extended character set survives. Note, however, that this PC character set (an extension of the ASCII character set) is not universal. Most printers will not print the extended characters when using native fonts, and many programs (particularly in non-English-speaking countries) do not use those characters for the upper 128 codes in an 8-bit value. For these reasons, this text will generally stick to the standard 128-character ASCII character set.


  Despite the fact that it is a standard, simply encoding your data using standard ASCII characters does not guarantee compatibility across systems. While it's true that an 'A' on one machine is most likely an 'A' on another machine, there is very little standardization across machines with respect to the use of the control characters. Indeed, of the 32 control codes plus delete, there are only four control codes commonly supported—backspace (BS), tab, carriage return (CR), and line feed (LF). Worse still, different machines often use these control codes in different ways. End of line is a particularly troublesome example. Windows, MS-DOS, CP/M, and other systems mark end of line by the two-character sequence CR/LF. Older Apple Macintosh computers (Mac OS 9 and earlier) and many other systems mark the end of a line by a single CR character. Linux, Mac OS X, FreeBSD, and other Unix systems mark the end of a line with a single LF character. Needless to say, attempting to exchange simple text files between such systems can be an experience in frustration. Even if you use standard ASCII characters in all your files on these systems, you will still need to convert the data when exchanging files between them. Fortunately, such conversions are rather simple.


  Despite some major shortcomings, ASCII data is the standard for data interchange across computer systems and programs. Most programs can accept ASCII data; likewise most programs can produce ASCII data. Because you will be dealing with ASCII characters in assembly language, it would be wise to study the layout of the character set and memorize a few key ASCII codes (e.g., for '0', 'A', 'a', etc.).


  The ASCII character set is divided into four groups of 32 characters. The first 32 characters, ASCII codes 0..$1F (31), form a special set of nonprinting characters, the control characters. We call them control characters because they perform various printer/display control operations rather than display symbols. Examples include carriage return, which positions the cursor to the left side of the current line of characters;[31] line feed, which moves the cursor down one line on the output device; and backspace, which moves the cursor back one position to the left. Unfortunately, different control characters perform different operations on different output devices. There is very little standardization among output devices. To find out exactly how a control character affects a particular device, you will need to consult its manual.


  The second group of 32 ASCII character codes contains various punctuation symbols, special characters, and the numeric digits. The most notable characters in this group include the space character (ASCII code $20) and the numeric digits (ASCII codes $30..$39).


  The third group of 32 ASCII characters contains the uppercase alphabetic characters. The ASCII codes for the characters 'A'..'Z' lie in the range $41..$5A (65..90). Because there are only 26 different alphabetic characters, the remaining 6 codes hold various special symbols.


  The fourth, and final, group of 32 ASCII character codes represents the lowercase alphabetic symbols, 5 additional special symbols, and another control character (delete). Note that the lowercase character symbols use the ASCII codes $61..$7A. If you convert the codes for the upper- and lowercase characters to binary, you will notice that the uppercase symbols differ from their lowercase equivalents in exactly one bit position. For example, consider the character codes for 'E' and 'e' appearing in Figure2-26.


  


  
    [image: ]
  


  
    Figure2-26.ASCII codes for E and e
  


  The only place these two codes differ is in bit 5. Uppercase characters always contain a 0 in bit 5; lowercase alphabetic characters always contain a 1 in bit 5. You can use this fact to quickly convert between upper- and lowercase. If you have an uppercase character, you can force it to lowercase by setting bit 5 to 1. If you have a lowercase character and you wish to force it to uppercase, you can do so by setting bit 5 to 0. You can toggle an alphabetic character between upper- and lowercase by simply inverting bit 5.


  Indeed, bits 5 and 6 determine which of the four groups in the ASCII character set you're in, as Table2-8 shows.


  


  Table2-8.ASCII Groups


  


  
    
      	
        

        Bit 6

      

      	
        

        Bit 5

      

      	
        

        Group

      
    


    
      	
        

        0

      

      	
        

        0

      

      	
        

        Control characters

      
    


    
      	
        

        0

      

      	
        

        1

      

      	
        

        Digits and punctuation

      
    


    
      	
        

        1

      

      	
        

        0

      

      	
        

        Uppercase and special

      
    


    
      	
        

        1

      

      	
        

        1

      

      	
        

        Lowercase and special

      
    

  


  So you could, for instance, convert any upper- or lowercase (or corresponding special) character to its equivalent control character by setting bits 5 and 6 to 0.


  Consider, for a moment, the ASCII codes of the numeric digit characters appearing in Table2-9.


  


  Table2-9.ASCII Codes for Numeric Digits


  


  
    
      	
        

        Character

      

      	
        

        Decimal

      

      	
        

        Hexadecimal

      
    


    
      	
        

        0

      

      	
        

        48

      

      	
        

        $30

      
    


    
      	
        

        1

      

      	
        

        49

      

      	
        

        $31

      
    


    
      	
        

        2

      

      	
        

        50

      

      	
        

        $32

      
    


    
      	
        

        3

      

      	
        

        51

      

      	
        

        $33

      
    


    
      	
        

        4

      

      	
        

        52

      

      	
        

        $34

      
    


    
      	
        

        5

      

      	
        

        53

      

      	
        

        $35

      
    


    
      	
        

        6

      

      	
        

        54

      

      	
        

        $36

      
    


    
      	
        

        7

      

      	
        

        55

      

      	
        

        $37

      
    


    
      	
        

        8

      

      	
        

        56

      

      	
        

        $38

      
    


    
      	
        

        9

      

      	
        

        57

      

      	
        

        $39

      
    

  


  The decimal representations of these ASCII codes are not very enlightening. However, the hexadecimal representation of these ASCII codes reveals something very important—the L.O. nibble of the ASCII code is the binary equivalent of the represented number. By stripping away (i.e., setting to 0) the H.O. nibble of a numeric character, you can convert that character code to the corresponding binary representation. Conversely, you can convert a binary value in the range 0..9 to its ASCII character representation by simply setting the H.O. nibble to 3. Note that you can use the logical and operation to force the H.O. bits to 0; likewise, you can use the logical or operation to force the H.O. bits to %0011 (3).


  Note that you cannot convert a string of numeric characters to their equivalent binary representation by simply stripping the H.O. nibble from each digit in the string. Converting 123 ($31 $32 $33) in this fashion yields 3 bytes: $010203; the correct value for 123 is $7B. Converting a string of digits to an integer requires more sophistication than this; the conversion above works only for single digits.


  2.14.2 HLA Support for ASCII Characters


  Although you could easily store character values in byte variables and use the corresponding numeric equivalent ASCII code when using a character literal in your program, such agony is unnecessary. HLA provides support for character variables and literals in your assembly language programs.


  Character literal constants in HLA take one of two forms: a single character surrounded by apostrophes or a hash mark (#) followed by a numeric constant in the range 0..127 (specifying the ASCII code of the character). Here are some examples:


  


  
    'A'#65#$41#%0100_0001
  


  Note that these examples all represent the same character ('A') because the ASCII code of 'A' is 65.


  With one exception, only a single character may appear between the apostrophes in a literal character constant. That single exception is the apostrophe character itself. If you wish to create an apostrophe literal constant, place four apostrophes in a row (i.e., double up the apostrophe inside the surrounding apostrophes):


  


  
    ''''
  


  The hash mark operator (#) must precede a legal HLA numeric constant (either decimal, hexadecimal, or binary, as the examples above indicate). In particular, the hash mark is not a generic character conversion function; it cannot precede registers or variable names, only constants.


  As a general rule, you should always use the apostrophe form of the character literal constant for graphic characters (that is, those that are printable or displayable). Use the hash mark form for control characters (that are invisible or do funny things when you print them) or for extended ASCII characters that may not display or print properly within your source code.


  Notice the difference between a character literal constant and a string literal constant in your programs. Strings are sequences of zero or more characters surrounded by quotation marks; characters are surrounded by apostrophes.


  It is especially important to realize that


  


  
    'A'≠"A"
  


  The character constant 'A' and the string containing the single character A have two completely different internal representations. If you attempt to use a string containing a single character where HLA expects a character constant, HLA will report an error. Strings and string constants are the subject of Chapter4.


  To declare a character variable in an HLA program, you use the char data type. For example, the following declaration demonstrates how to declare a variable named UserInput:


  


  
    static

    UserInput:char;
  


  This declaration reserves 1 byte of storage that you could use to store any character value (including 8-bit extended ASCII characters). You can also initialize character variables as the following example demonstrates:


  


  
    static

    

    TheCharA:char:='A';

    ExtendedChar:char:=#128;
  


  Because character variables are 8-bit objects, you can manipulate them using 8-bit registers. You can move character variables into 8-bit registers, and you can store the value of an 8-bit register into a character variable.


  The HLA Standard Library provides a handful of routines that you can use for character I/O and manipulation; these include stdout.putc, stdout.putcSize, stdout.put, stdin.getc, and stdin.get.


  The stdout.putc routine uses the following calling sequence:


  


  
    stdout.putc(charvar);
  


  This procedure outputs the single-character parameter passed to it as a character to the standard output device. The parameter may be any char constant or variable, or a byte variable or register.[32]


  The stdout.putcSize routine provides output width control when displaying character variables. The calling sequence for this procedure is


  


  
    stdout.putcSize(charvar,widthInt32,fillchar);
  


  This routine prints the specified character (parameter c) using at least widthInt32 print positions.[33] If the absolute value of widthInt32 is greater than 1, then stdout.putcSize prints the fillchar character as padding. If the value of widthInt32 is positive, then stdout.putcSize prints the character right justified in the print field; if widthInt32 is negative, then stdout.putcSize prints the character left justified in the print field. Because character output is usually left justified in a field, the widthInt32 value will normally be negative for this call. The space character is the most common fillchar value.


  You can also print character values using the generic stdout.put routine. If a character variable appears in the stdout.put parameter list, then stdout.put will automatically print it as a character value. For example:


  


  
    stdout.put("Characterc='",c,"'",nl);
  


  You can read characters from the standard input using the stdin.getc and stdin.get routines. The stdin.getc routine does not have any parameters. It reads a single character from the standard input buffer and returns this character in the AL register. You may then store the character value away or otherwise manipulate the character in the AL register. The program in Example2-10 reads a single character from the user, converts it to uppercase if it is a lowercase character, and then displays the character.


  


  Example2-10.Character input sample


  
    programcharInputDemo;

    #include("stdlib.hhf")

    begincharInputDemo;

    

    stdout.put("Enteracharacter:");

    stdin.getc();

    if(al>='a')then

    

    if(al<='z')then

    

    and($5f,al);

    

    endif;

    

    endif;

    stdout.put

    (

    "Thecharacteryouentered,possibly",nl,

    "convertedtouppercase,was'"

    );

    stdout.putc(al);

    stdout.put("'",nl);

    

    endcharInputDemo;
  


  You can also use the generic stdin.get routine to read character variables from the user. If a stdin.get parameter is a character variable, then the stdin.get routine will read a character from the user and store the character value into the specified variable. Example2-11 is a rewrite of Example2-10 using the stdin.get routine.


  


  Example2-11.stdin.get character input sample


  
    programcharInputDemo2;

    #include("stdlib.hhf")

    static

    c:char;

    

    begincharInputDemo2;

    

    stdout.put("Enteracharacter:");

    stdin.get(c);

    if(c>='a')then

    

    if(c<='z')then

    

    and($5f,c);

    

    endif;

    

    endif;

    stdout.put

    (

    "Thecharacteryouentered,possibly",nl,

    "convertedtouppercase,was'",

    c,

    "'",nl

    );

    

    endcharInputDemo2;
  


  As you may recall from the last chapter, the HLA Standard Library buffers its input. Whenever you read a character from the standard input using stdin.getc or stdin.get, the library routines read the next available character from the buffer; if the buffer is empty, then the program reads a new line of text from the user and returns the first character from that line. If you want to guarantee that the program reads a new line of text from the user when you read a character variable, you should call the stdin.flushInput routine before attempting to read the character. This will flush the current input buffer and force the input of a new line of text on the next input (probably a stdin.getc or stdin.get call).


  The end of line is problematic. Different operating systems handle the end of line differently on output versus input. From the console device, pressing the enter key signals the end of a line; however, when reading data from a file, you get an end-of-line sequence that is a linefeed or a carriage return/line feed pair (under Windows) or just a line feed (under Linux/Mac OS X/FreeBSD). To help solve this problem, HLA's Standard Library provides an "end of line" function. This procedure returns true (1) in the AL register if all the current input characters have been exhausted; it returns false (0) otherwise. The sample program in Example2-12 demonstrates the stdin.eoln function.


  


  Example2-12.Testing for end of line using stdin.eoln


  
    programeolnDemo;

    #include("stdlib.hhf")

    begineolnDemo;

    

    stdout.put("Enterashortlineoftext:");

    stdin.flushInput();

    repeat

    

    stdin.getc();

    stdout.putc(al);

    stdout.put("=$",al,nl);

    

    until(stdin.eoln());

    

    endeolnDemo;
  


  The HLA language and the HLA Standard Library provide many other procedures and additional support for character objects. Chapter4 and Chapter11, as well as the HLA reference documentation, describe how to use these features.


  

  


  [31] Historically, carriage return refers to the paper carriage used on typewriters. A carriage return consisted of physically moving the carriage all the way to the right so that the next character typed would appear at the left-hand side of the paper.


  [32] If you specify a byte variable or a byte-sized register as the parameter, the stdout.putc routine will output the character whose ASCII code appears in the variable or register.


  [33] The only time stdout.putcSize uses more print positions than you specify is when you specify 0 as the width; then this routine uses exactly one print position.


  


  2.15 The Unicode Character Set


  Although the ASCII character set is, unquestionably, the most popular character representation on computers, it is certainly not the only format around. For example, IBM uses the EBCDIC code on many of its mainframe and minicomputer lines. Because EBCDIC appears mainly on IBM's big iron and you'll rarely encounter it on personal computer systems, we will not consider that character set in this text. Another character representation that is becoming popular on small computer systems (and large ones, for that matter) is the Unicode character set. Unicode overcomes two of ASCII's greatest limitations: the limited character space (i.e., a maximum of 128/256 characters in an 8-bit byte) and the lack of international (beyond the United States) characters.


  Unicode uses a 16-bit word to represent a single character. Therefore, Unicode supports up to 65,536 different character codes. This is obviously a huge advance over the 256 possible codes we can represent with an 8-bit byte. Unicode is upward compatible from ASCII. Specifically, if the H.O. 9 bits of a Unicode character contain 0, then the L.O. 7 bits represent the same character as the ASCII character with the same character code. If the H.O. 9 bits contain some nonzero value, then the character represents some other value. If you're wondering why so many different character codes are necessary, simply note that certain Asian character sets contain 4,096 characters (at least their Unicode subset does).


  This text will stick to the ASCII character set except for a few brief mentions of Unicode here and there. Eventually, this text may have to eliminate the discussion of ASCII in favor of Unicode because many new operating systems are using Unicode internally (and converting to ASCII as necessary). Unfortunately, many string algorithms are not as conveniently written for Unicode as for ASCII (especially character set functions), so we'll stick with ASCII in this text as long as possible.


  


  2.16 For More Information


  The electronic edition of this book (on Webster at http://webster.cs.ucr.edu/ or http://artofasm.com/) contains some additional information on data representation you may find useful. For general information about data representation, you should consider reading my book Write Great Code, Volume 1 (No Starch Press, 2004), or a textbook on data structures and algorithms (available at any bookstore).


  


  Chapter3.MEMORY ACCESS AND ORGANIZATION


  [image: ]


  Chapter1 and Chapter2 show you how to declare and access simple variables in an assembly language program. This chapter fully explains 80x86 memory access. You will learn how to efficiently organize your variable declarations to speed up access to their data. This chapter will teach you about the 80x86 stack and how to manipulate data on the stack. Finally, this chapter will teach you about dynamic memory allocation and the heap.


  This chapter discusses several important concepts, including:


  
    
  


  
    	
      
        
          80x86 memory addressing modes
        

      

    


    	
      
        
          Indexed and scaled-indexed addressing modes
        

      

    


    	
      
        
          Memory organization
        

      

    


    	
      
        
          Memory allocation by program
        

      

    


    	
      
        
          Data type coercion
        

      

    


    	
      
        
          The 80x86 stack
        

      

    


    	
      
        
          Dynamic memory allocation
        

      

    

  


  This chapter will teach to you make efficient use of your computer's memory resources.


  3.1 The 80x86 Addressing Modes


  The 80x86 processors let you access memory in many different ways. Until now, you've seen only a single way to access a variable, the so-called displacement-only addressing mode. In this section you'll see some additional ways your programs can access memory using 80x86 memory addressing modes. The 80x86 memory addressing modes provide flexible access to memory, allowing you to easily access variables, arrays, records, pointers, and other complex data types. Mastery of the 80x86 addressing modes is the first step toward mastering 80x86 assembly language.


  When Intel designed the original 8086 processor, it provided the processor with a flexible, though limited, set of memory addressing modes. Intel added several new addressing modes when it introduced the 80386 microprocessor. However, in 32-bit environments like Windows, Mac OS X, FreeBSD, and Linux, these earlier addressing modes are not very useful; indeed, HLA doesn't even support the use of these older, 16-bit-only addressing modes. Fortunately, anything you can do with the older addressing modes can be done with the new addressing modes. Therefore, you won't need to bother learning the old 16-bit addressing modes when writing code for today's high-performance operating systems. Do keep in mind, however, that if you intend to work under MS-DOS or some other 16-bit operating system, you will need to study up on those old addressing modes (see the 16-bit edition of this book at http://webster.cs.ucr.edu/ for details).


  3.1.1 80x86 Register Addressing Modes


  Most 80x86 instructions can operate on the 80x86's general-purpose register set. By specifying the name of the register as an operand to the instruction, you can access the contents of that register. Consider the 80x86 mov (move) instruction:


  


  
    mov(source,destination);
  


  This instruction copies the data from the source operand to the destination operand. The 8-bit, 16-bit, and 32-bit registers are certainly valid operands for this instruction. The only restriction is that both operands must be the same size. Now let's look at some actual 80x86 mov instructions:


  


  
    mov(bx,ax);//Copiesthevaluefrombxintoax

    mov(al,dl);//Copiesthevaluefromalintodl

    mov(edx,esi);//Copiesthevaluefromedxintoesi

    mov(bp,sp);//Copiesthevaluefrombpintosp

    mov(cl,dh);//Copiesthevaluefromclintodh

    mov(ax,ax);//Yes,thisislegal!
  


  The registers are the best place to keep variables. Instructions using the registers are shorter and faster than those that access memory. Of course, most computations require at least one register operand, so the register addressing mode is very popular in 80x86 assembly code.


  3.1.2 80x86 32-Bit Memory Addressing Modes


  The 80x86 provides hundreds of different ways to access memory. This may seem like quite a lot at first, but fortunately most of the addressing modes are simple variants of one another, so they're very easy to learn. And learn them you should! The key to good assembly language programming is the proper use of memory addressing modes.


  The addressing modes provided by the 80x86 family include displacement-only, base, displacement plus base, base plus indexed, and displacement plus base plus indexed. Variations on these five forms provide all the different addressing modes on the 80x86. See, from hundreds down to five. It's not so bad after all!


  3.1.2.1 The Displacement-Only Addressing Mode


  The most common addressing mode, and the one that's easiest to understand, is the displacement-only (or direct) addressing mode. The displacement-only addressing mode consists of a 32-bit constant that specifies the address of the target location. Assuming that variable j is an int8 variable appearing at address $8088, the instruction mov( j, al ); loads the AL register with a copy of the byte at memory location $8088. Likewise, if int8 variable k is at address $1234 in memory, then the instruction mov( dl, k ); stores the value in the DL register to memory location $1234 (see Figure3-1).
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    Figure3-1.Displacement-only (direct) addressing mode
  


  The displacement-only addressing mode is perfect for accessing simple scalar variables. This is named the displacement-only addressing mode because a 32-bit constant (displacement) follows the mov opcode in memory. On the 80x86 processors, this displacement is an offset from the beginning of memory (that is, address 0). The examples in this chapter often access bytes in memory. Don't forget, however, that you can also access words and double words on the 80x86 processors by specifying the address of their first byte (see Figure3-2).
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    Figure3-2.Accessing a word or dword using the displacement-only addressing mode
  


  3.1.2.2 The Register-Indirect Addressing Modes


  The 80x86 CPUs let you access memory indirectly through a register using the register-indirect addressing modes. The term indirect means that the operand is not the actual address, but rather the operand's value specifies the memory address to use. In the case of the register-indirect addressing modes, the value held in the register is the address of the memory location to access. For example, the instruction mov( eax, [ebx] ); tells the CPU to store EAX's value at the location whose address is in EBX (the square brackets around EBX tell HLA to use the register-indirect addressing mode).


  There are eight forms of this addressing mode on the 80x86. The following instructions are examples of these eight forms:


  


  
    mov([eax],al);

    mov([ebx],al);

    mov([ecx],al);

    mov([edx],al);

    mov([edi],al);

    mov([esi],al);

    mov([ebp],al);

    mov([esp],al);
  


  These eight addressing modes reference the memory location at the offset found in the register enclosed by brackets (EAX, EBX, ECX, EDX, EDI, ESI, EBP, or ESP, respectively).


  Note that the register-indirect addressing modes require a 32-bit register. You cannot specify a 16-bit or 8-bit register when using an indirect addressing mode.[34] Technically, you could load a 32-bit register with an arbitrary numeric value and access that location indirectly using the register-indirect addressing mode:


  


  
    mov($1234_5678,ebx);

    mov([ebx],al);//Attemptstoaccesslocation$1234_5678.
  


  Unfortunately (or fortunately, depending on how you look at it), this will probably cause the operating system to generate a protection fault because it's not always legal to access arbitrary memory locations. As it turns out, there are better ways to load the address of some object into a register; you'll see how to do this shortly.


  The register-indirect addressing modes have many uses. You can use them to access data referenced by a pointer, you can use them to step through array data, and, in general, you can use them whenever you need to modify the address of a variable while your program is running.


  The register-indirect addressing mode provides an example of an anonymous variable. When using a register-indirect addressing mode, you refer to the value of a variable by its numeric memory address (e.g., the value you load into a register) rather than by the name of the variable—hence the phrase anonymous variable.


  HLA provides a simple operator that you can use to take the address of a static variable and put this address into a 32-bit register. This is the & (address-of) operator (note that this is the same symbol that C/C++ uses for the address-of operator). The following example loads the address of variable j into EBX and then stores EAX's current value into j using a register-indirect addressing mode:


  


  
    mov(&j,ebx);//Loadaddressofjintoebx.

    mov(eax,[ebx]);//Storeeaxintoj.
  


  Of course, it would have been easier to store EAX's value directly into j rather than using two instructions to do this indirectly. However, you can easily imagine a code sequence where the program loads one of several different addresses into EBX prior to the execution of the mov( eax, [ebx]); statement, thus storing EAX into one of several different locations depending on the execution path of the program.


  
    Warning
  


  
    The & (address-of ) operator is not a general address-of operator like the & operator in C/C++. You may apply this operator only to static variables.[35] You cannot apply it to generic address expressions or other types of variables. In 3.13 Obtaining the Address of a Memory Object, you will learn about the load effective address instruction that provides a general solution for obtaining the address of some variable in memory.
  


  3.1.2.3 Indexed Addressing Modes


  The indexed addressing modes use the following syntax:


  


  
    mov(VarName[eax],al);

    mov(VarName[ebx],al);

    mov(VarName[ecx],al);

    mov(VarName[edx],al);

    mov(VarName[edi],al);

    mov(VarName[esi],al);

    mov(VarName[ebp],al);

    mov(VarName[esp],al);
  


  VarName is the name of some variable in your program.


  The indexed addressing modes compute an effective address[36] by adding the address of the variable to the value of the 32-bit register appearing inside the square brackets. Their sum is the actual memory address the instruction accesses. So if VarName is at address $1100 in memory and EBX contains 8, then mov(VarName[ ebx ], al); loads the byte at address $1108 into the AL register (see Figure3-3).
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    Figure3-3.Indexed addressing mode
  


  The indexed addressing modes are really handy for accessing elements of arrays. You will see how to use these addressing modes for that purpose in Chapter4.


  3.1.2.4 Variations on the Indexed Addressing Mode


  There are two important syntactical variations of the indexed addressing mode. Both forms generate the same basic machine instructions, but their syntax suggests other uses for these variants.


  The first variant uses the following syntax:


  


  
    mov([ebx+constant],al);

    mov([ebx-constant],al);
  


  These examples use only the EBX register. However, you can use any of the other 32-bit general-purpose registers in place of EBX. This form computes its effective address by adding the value in EBX to the specified constant or subtracting the specified constant from EBX (see Figure3-4 and Figure3-5).
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    Figure3-4.Indexed addressing mode using a register plus a constant
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    Figure3-5.Indexed addressing mode using a register minus a constant
  


  This particular variant of the addressing mode is useful if a 32-bit register contains the base address of a multibyte object and you wish to access a memory location some number of bytes before or after that location. One important use of this addressing mode is accessing fields of a record (or structure) when you have a pointer to the record data. This addressing mode is also invaluable for accessing automatic (local) variables in procedures (see Chapter5 for more details).


  The second variant of the indexed addressing mode is actually a combination of the previous two forms. The syntax for this version is the following:


  


  
    mov(VarName[ebx+constant],al);

    mov(VarName[ebx-constant],al);
  


  Once again, this example uses only the EBX register. You may substitute any of the 32-bit general-purpose registers in lieu of EBX in these two examples. This particular form is useful when accessing elements of an array of records (structures) in an assembly language program (more on that in Chapter4).


  These instructions compute their effective address by adding or subtracting the constant value from VarName's address and then adding the value in EBX to this result. Note that HLA, not the CPU, computes the sum or difference of VarName's address and constant. The actual machine instructions above contain a single constant value that the instructions add to the value in EBX at runtime. Because HLA substitutes a constant for VarName, it can reduce an instruction of the form


  


  
    mov(VarName[ebx+constant],al);
  


  to an instruction of the form


  


  
    mov(constant1[ebx+constant2],al);
  


  Because of the way these addressing modes work, this is semantically equivalent to


  


  
    mov([ebx+(constant1+constant2)],al);
  


  HLA will add the two constants together at compile time, effectively producing the following instruction:


  


  
    mov([ebx+constant_sum],al);
  


  Of course, there is nothing special about subtraction. You can easily convert the addressing mode involving subtraction to addition by simply taking the two's complement of the 32-bit constant and then adding this complemented value (rather than subtracting the original value).


  3.1.2.5 Scaled-Indexed Addressing Modes


  The scaled-indexed addressing modes are similar to the indexed addressing modes with two differences: (1) The scaled-indexed addressing modes allow you to combine two registers plus a displacement, and (2) the scaled-indexed addressing modes let you multiply the index register by a (scaling) factor of 1, 2, 4, or 8. The syntax for these addressing modes is


  


  
    VarName[IndexReg32*scale]

    VarName[IndexReg32*scale+displacement]

    VarName[IndexReg32*scale-displacement]

    

    [BaseReg32+IndexReg32*scale]

    [BaseReg32+IndexReg32*scale+displacement]

    [BaseReg32+IndexReg32*scale-displacement]

    

    VarName[BaseReg32+IndexReg32*scale]

    VarName[BaseReg32+IndexReg32*scale+displacement]

    VarName[BaseReg32+IndexReg32*scale-displacement]
  


  In these examples, BaseReg32 represents any general-purpose 32-bit register, IndexReg32 represents any general-purpose 32-bit register except ESP, and scale must be one of the constants 1, 2, 4, or 8.


  The primary difference between the scaled-indexed addressing modes and the indexed addressing modes is the inclusion of the IndexReg32*scale component. These modes compute the effective address by adding in the value of this new register multiplied by the specified scaling factor (see Figure3-6 for an example involving EBX as the base register and ESI as the index register).
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    Figure3-6.Scaled-indexed addressing mode
  


  In Figure3-6, suppose that EBX contains $100, ESI contains $20, and VarName is at base address $2000 in memory; then the following instruction


  


  
    mov(VarName[ebx+esi*4+4],al);
  


  will move the byte at address $2184 ($100 + $20*4 + 4) into the AL register.


  The scaled-indexed addressing modes are useful for accessing elements of arrays whose elements are 2, 4, or 8 bytes each. These addressing modes are also useful for access elements of an array when you have a pointer to the beginning of the array.


  3.1.2.6 Addressing Mode Wrap-up


  Well, believe it or not, you've just learned several hundred addressing modes! That wasn't hard now, was it? If you're wondering where all these modes came from, just note that the register-indirect addressing mode isn't a single addressing mode but eight different addressing modes (involving the eight different registers). Combinations of registers, constant sizes, and other factors multiply the number of possible addressing modes on the system. In fact, you need only memorize about two dozen forms and you've got it made. In practice, you'll use less than half the available addressing modes in any given program (and many addressing modes you may never use at all). So learning all these addressing modes is actually much easier than it sounds.


  

  


  [34] Actually, the 80x86 does support addressing modes involving certain 16-bit registers, as mentioned earlier. However, HLA does not support these modes and they are not useful under 32-bit operating systems.


  [35] The term static here indicates a static, readonly, or storage object.


  [36] The effective address is the ultimate address in memory that an instruction will access, once all the address calculations are complete.


  


  3.2 Runtime Memory Organization


  An operating system like Mac OS X, FreeBSD, Linux, or Windows tends to put different types of data into different sections (or segments) of memory. Although it is possible to reconfigure memory to your choice by running the linker and specifying various parameters, by default Windows loads an HLA program into memory using the organization appearing in Figure3-7 (Linux, Mac OS X, and FreeBSD are similar, though they rearrange some of the sections).
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    Figure3-7.HLA typical runtime memory organization
  


  The operating system reserves the lowest memory addresses. Generally, your application cannot access data (or execute instructions) at these low addresses. One reason the operating system reserves this space is to help trap NULL pointer references. If you attempt to access memory location 0, the operating system will generate a general protection fault, meaning you've accessed a memory location that doesn't contain valid data. Because programmers often initialize pointers to NULL (0) to indicate that the pointer is not pointing anywhere, an access of location 0 typically means that the programmer has made a mistake and has not properly initialized a pointer to a legal (non-NULL) value.


  The remaining six areas in the memory map hold different types of data associated with your program. These sections of memory include the stack section, the heap section, the code section, the readonly section, the static section, and the storage section. Each of these memory sections correspond to some type of data you can create in your HLA programs. Each section is discussed in detail below.


  3.2.1 The code Section


  The code section contains the machine instructions that appear in an HLA program. HLA translates each machine instruction you write into a sequence of one or more byte values. The CPU interprets these byte values as machine instructions during program execution.


  By default, when HLA links your program it tells the system that your program can execute instructions in the code segment and you can read data from the code segment. Note, specifically, that you cannot write data to the code segment. The operating system will generate a general protection fault if you attempt to store any data into the code segment.


  Remember, machine instructions are nothing more than data bytes. In theory, you could write a program that stores data values into memory and then transfers control to the data it just wrote, thereby producing a program that writes itself as it executes. This possibility produces romantic visions of Artificial Intelligence programs that modify themselves to produce some desired result. In real life, the effect is somewhat less glamorous. Generally, self-modifying programs are very difficult to debug because the instructions are constantly changing behind the programmer's back. Because most modern operating systems make it very difficult to write self-modifying programs, we will not consider them any further in this text.


  HLA automatically stores the data associated with your machine code into the code section. In addition to machine instructions, you can also store data into the code section by using the following pseudo-opcodes:[37]


  


  
    
      	
        

        byte

      

      	
        

        int8

      
    


    
      	
        

        word

      

      	
        

        int16

      
    


    
      	
        

        dword

      

      	
        

        in32

      
    


    
      	
        

        uns8

      

      	
        

        boolean

      
    


    
      	
        

        uns16

      

      	
        

        char

      
    


    
      	
        

        uns32

      

      	
    

  


  The following byte statement exemplifies the syntax for each of these pseudo-opcodes:


  


  
    bytecomma_separated_list_of_byte_constants;
  


  Here are some examples:


  


  
    booleantrue;

    char'A';

    byte0,1,2;

    byte"Hello",0

    word0,2;

    int8−5;

    uns32356789,0;
  


  If more than one value appears in the list of values after the pseudo-opcode, HLA emits each successive value to the code stream. So the first byte statement above emits 3 bytes to the code stream, the values 0, 1, and 2. If a string appears within a byte statement, HLA emits 1 byte of data for each character in the string. Therefore, the second byte statement above emits 6 bytes: the characters H, e, l, l, and o, followed by a 0 byte.


  Keep in mind that the CPU will attempt to treat data you emit to the code stream as machine instructions unless you take special care not to allow the execution of the data. For example, if you write something like the following:


  


  
    mov(0,ax);

    byte0,1,2,3;

    add(bx,cx);
  


  your program will attempt to execute the 0, 1, 2, and 3 byte values as machine instructions after executing the mov. Unless you know the machine code for a particular instruction sequence, sticking such data values into the middle of your code will generally crash your program. Typically when you place such data in your programs, you'll execute some code that transfers control around the data.


  3.2.2 The static Section


  The static section is where you will typically declare your variables. Although the static section syntactically appears as part of a program or procedure, keep in mind that HLA moves all static variables to the static section in memory. Therefore, HLA does not sandwich the variables you declare in the static section between procedures in the code section.


  In addition to declaring static variables, you can also embed lists of data into the static declaration section. You use the same technique to embed data into your static section that you use to embed data into the code section: You use the byte, word, dword, uns32, and so on pseudo-opcodes. Consider the following example:


  


  
    static

    b:byte:=0;

    byte1,2,3;

    

    u:uns32:=1;

    uns325,2,10;

    

    c:char;

    char'a','b','c','d','e','f';

    

    bn:boolean;

    booleantrue;
  


  Data that HLA writes to the static memory segment using these pseudo-opcodes is written to the segment after the preceding variables. For example, the byte values 1, 2, and 3 are emitted to the static section after b's 0 byte. Because there aren't any labels associated with these values, you do not have direct access to these values in your program. You can use the indexed addressing modes to access these extra values (examples appear in Chapter4).


  In the examples above, note that the c and bn variables do not have an (explicit) initial value. However, if you don't provide an initial value, HLA will initialize the variables in the static section to all 0 bits, so HLA assigns the NUL character (ASCII code 0) to c as its initial value. Likewise, HLA assigns false as the initial value for bn. In particular, you should note that your variable declarations in the static section always consume memory, even if you haven't assigned them an initial value.


  3.2.3 The readonly Data Section


  The readonly data section holds constants, tables, and other data that your program cannot change during execution. You create read-only objects by declaring them in the readonly declaration section. The readonly section is very similar to the static section with three primary differences:


  
    
  


  
    	
      
        
          The readonly section begins with the reserved word readonly rather than static.
        

      

    


    	
      
        
          All declarations in the readonly section generally have an initializer.
        

      

    


    	
      
        
          The system does not allow you to store data into a readonly object while the program is running.
        

      

    

  


  Here's an example:


  


  
    readonly

    pi:real32:=3.14159;

    e:real32:=2.71;

    MaxU16:uns16:=65_535;

    MaxI16:int16:=32_767;
  


  All readonly object declarations must have an initializer because you cannot initialize the value under program control.[38] For all intents and purposes, you can think of readonly objects as constants. However, these constants consume memory, and other than the fact that you cannot write data to readonly objects, they behave like static variables. Because they behave like static objects, you cannot use a readonly object everywhere a constant is allowed; in particular, readonly objects are memory objects, so you cannot supply a readonly object (which you are treating like a constant) and some other memory object as the operands to an instruction.


  As with the static section, you may embed data values in the readonly section using the byte, word, dword, and so on data declarations. For example:


  


  
    readonly

    roArray:byte:=0;

    byte1,2,3,4,5;

    qwVal:qword:=1;

    qword0;
  


  3.2.4 The storage Section


  The readonly section requires that you initialize all objects you declare. The static section lets you optionally initialize objects (or leave them uninitialized, in which case they have the default initial value of 0). The storage section completes the initialization coverage: you use it to declare variables that are always uninitialized when the program begins running. The storage section begins with the storage reserved word and contains variable declarations without initializers. Here is an example:


  


  
    storage

    UninitUns32:uns32;

    i:int32;

    character:char;

    b:byte;
  


  Linux, FreeBSD, Mac OS X, and Windows will initialize all storage objects to 0 when they load your program into memory. However, it's probably not a good idea to depend on this implicit initialization. If you need an object initialized with 0, declare it in a static section and explicitly set it to 0.


  Variables you declare in the storage section may consume less disk space in the executable file for the program. This is because HLA writes out initial values for readonly and static objects to the executable file, but it may use a compact representation for uninitialized variables you declare in the storage section; note, however, that this behavior is OS- and object-module-format dependent.


  Because the storage section does not allow initialized values, you cannot put unlabeled values in the storage section using the byte, word, dword, and so on pseudo-opcodes.


  3.2.5 The @nostorage Attribute


  The @nostorage attribute lets you declare variables in the static data declaration sections (i.e., static, readonly, and storage) without actually allocating memory for the variable. The @nostorage option tells HLA to assign the current address in a declaration section to a variable but not to allocate any storage for the object. That variable will share the same memory address as the next object appearing in the variable declaration section. Here is the syntax for the @nostorage option:


  


  
    variableName:varType;@nostorage;
  


  Note that you follow the type name with @nostorage; rather than some initial value or just a semicolon. The following code sequence provides an example of using the @nostorage option in the readonly section:


  


  
    readonly

    abcd:dword;nostorage;

    byte'a','b','c','d';
  


  In this example, abcd is a double word whose L.O. byte contains 97 ('a'), byte 1 contains 98 ('b'), byte 2 contains 99 ('c'), and the H.O. byte contains 100 ('d'). HLA does not reserve storage for the abcd variable, so HLA associates the following 4 bytes in memory (allocated by the byte directive) with abcd.


  Note that the @nostorage attribute is legal only in the static, storage, and readonly sections (the so-called static declarations sections). HLA does not allow its use in the var section that you'll read about next.


  3.2.6 The var Section


  HLA provides another variable declaration section, the var section, that you can use to create automatic variables. Your program will allocate storage for automatic variables whenever a program unit (i.e., main program or procedure) begins execution, and it will deallocate storage for automatic variables when that program unit returns to its caller. Of course, any automatic variables you declare in your main program have the same lifetime [39] as all the static, readonly, and storage objects, so the automatic allocation feature of the var section is wasted in the main program. In general, you should use automatic objects only in procedures (see Chapter5 for details). HLA allows them in your main program's declaration section as a generalization.


  Because variables you declare in the var section are created at runtime, HLA does not allow initializers on variables you declare in this section. So the syntax for the var section is nearly identical to that for the storage section; the only real difference in the syntax between the two is the use of the var reserved word rather than the storage reserved word.[40] The following example illustrates this:


  


  
    var

    vInt:int32;

    vChar:char;
  


  HLA allocates variables you declare within the var section within the stack memory section. HLA does not allocate var objects at fixed locations; instead, it allocates these variables in an activation record associated with the current program unit. Chapter5 discusses activation records in greater detail; for now it is important only to realize that HLA programs use the EBP register as a pointer to the current activation record. Therefore, whenever you access a var object, HLA automatically replaces the variable name with [EBP±displacement]. Displacement is the offset of the object within the activation record. This means that you cannot use the full scaled-indexed addressing mode (a base register plus a scaled index register) with var objects because var objects already use the EBP register as their base register. Although you will not directly use the two register addressing modes often, the fact that the var section has this limitation is a good reason to avoid using the var section in your main program.


  3.2.7 Organization of Declaration Sections Within Your Programs


  The static, readonly, storage, and var sections may appear zero or more times between the program header and the associated begin for the main program. Between these two points in your program, the declaration sections may appear in any order, as the following example demonstrates:


  


  
    programdemoDeclarations;

    

    static

    i_static:int32;

    

    var

    i_auto:int32;

    

    storage

    i_uninit:int32;

    

    readonly

    i_readonly:int32:=5;

    

    static

    j:uns32;

    

    var

    k:char;

    

    readonly

    i2:uns8:=9;

    

    storage

    c:char;

    

    storage

    d:dword;

    

    begindemoDeclarations;

    

    <<Codegoeshere.>>

    

    enddemoDeclarations;
  


  In addition to demonstrating that the sections may appear in an arbitrary order, this section also demonstrates that a given declaration section may appear more than once in your program. When multiple declaration sections of the same type (for example, the three storage sections above) appear in a declaration section of your program, HLA combines them into a single group.


  

  


  [37] This isn't a complete list. HLA generally allows you to use any scalar data type name as a statement to reserve storage in the code section. You'll learn more about the available data types in Chapter4.


  [38] There is one exception you'll see in Chapter5.


  [39] The lifetime of a variable is the point from which memory is first allocated to the point the memory is deallocated for that variable.


  [40] Actually, there are a few other, minor, differences, but we won't deal with those differences in this text. See the HLA language reference manual for more details.


  


  3.3 How HLA Allocates Memory for Variables


  As you've seen, the 80x86 CPU doesn't deal with variables that have names like I, Profits, and LineCnt. The CPU deals strictly with numeric addresses it can place on the address bus like $1234_5678, $0400_1000, and $8000_CC00. HLA, on the other hand, does not force to you refer to variable objects by their addresses (which is nice, because names are so much easier to remember). This is good, but it does obscure what is really going on. In this section, we'll take a look at how HLA associates numeric addresses with your variables so you'll understand (and appreciate) the process that is taking place behind your back.


  Take another look at Figure3-7. As you can see, the various memory sections tend to be adjacent to one another. Therefore, if the size of one memory section changes, then this affects the starting address of all the following sections in memory. For example, if you add a few additional machine instructions to your program and increase the size of the code section, this may affect the starting address of the static section in memory, thus changing the addresses of all your static variables. Keeping track of variables by their numeric address (rather than by their names) is difficult enough; imagine how much worse it would be if the addresses are constantly shifting around as you add and remove machine instructions in your program! Fortunately, you don't have to keep track of variable addresses; HLA does that bookkeeping for you.


  HLA associates a current location counter with each of the three static declaration sections (static, readonly, and storage). These location counters initially contain 0, and whenever you declare a variable in one of the static sections, HLA associates the current value of that section's location counter with the variable; HLA also bumps up the value of that location counter by the size of the object you're declaring. As an example, assume that the following is the only static declaration section in a program:


  


  
    static

    b:byte;//Locationcounter=0,size=1

    w:word;//Locationcounter=1,size=2

    d:dword;//Locationcounter=3,size=4

    q:qword;//Locationcounter=7,size=8

    l:lword;//Locationcounter=15,size=16

    //Locationcounterisnow31.
  


  Of course, the runtime address of each of these variables is not the value of the location counter. First of all, HLA adds in the base address of the static memory section to each of these location counter values (which we call displacements or offsets). Second, there may be other static objects in modules that you link with your program (e.g., from the HLA Standard Library) or even additional static sections in the same source file, and the linker has to merge the static sections together. Hence, these offsets may have very little bearing on the final address of these variables in memory. Nevertheless, one important fact remains: HLA allocates variables you declare in a single static declaration section in contiguous memory locations. That is, given the declaration above, w will immediately follow b in memory, d will immediately follow w in memory, q will immediately follow d, and so on. Generally, it's not good coding style to assume that the system allocates variables this way, but sometimes it's convenient to do so.


  Note that HLA allocates memory objects you declare in readonly, static, and storage sections in completely different regions of memory. Therefore, you cannot assume that the following three memory objects appear in adjacent memory locations (indeed, they probably will not):


  


  
    static

    b:byte;

    readonly

    w:word:=$1234;

    storage

    d:dword;
  


  In fact, HLA will not even guarantee that variables you declare in separate static (or whatever) sections are adjacent in memory, even if there is nothing between the declarations in your code (for example, you cannot assume that b, w, and d are in adjacent memory locations in the following declarations, nor can you assume that they won't be adjacent in memory):


  


  
    static

    b:byte;

    static

    w:word:=$1234;

    static

    d:dword;
  


  If your code requires these variables to consume adjacent memory locations, you must declare them in the same static section.


  Note that HLA handles variables you declare in the var section a little differently than the variables you declare in one of the static sections. We'll discuss the allocation of offsets to var objects in Chapter5.


  


  3.4 HLA Support for Data Alignment


  In order to write fast programs, you need to ensure that you properly align data objects in memory. Proper alignment means that the starting address for an object is a multiple of some size, usually the size of an object if the object's size is a power of 2 for values up to 16 bytes in length. For objects greater than 16 bytes, aligning the object on an 8-byte or 16-byte address boundary is probably sufficient. For objects less than 16 bytes, aligning the object at an address that is the next power of 2 greater than the object's size is usually fine. Accessing data that is not aligned at an appropriate address may require extra time; so if you want to ensure that your program runs as rapidly as possible, you should try to align data objects according to their size.


  Data becomes misaligned whenever you allocate storage for different-sized objects in adjacent memory locations. For example, if you declare a byte variable, it will consume 1 byte of storage, and the next variable you declare in that declaration section will have the address of that byte object plus 1. If the byte variable's address happens to be an even address, then the variable following that byte will start at an odd address. If that following variable is a word or double-word object, then its starting address will not be optimal. In this section, we'll explore ways to ensure that a variable is aligned at an appropriate starting address based on that object's size.


  Consider the following HLA variable declarations:


  


  
    static

    dw:dword;

    b:byte;

    w:word;

    dw2:dword;

    w2:word;

    b2:byte;

    dw3:dword;
  


  The first static declaration in a program (running under Windows, Mac OS X, FreeBSD, Linux, and most 32-bit operating systems) places its variables at an address that is an even multiple of 4,096 bytes. Whatever variable first appears in the static declaration is guaranteed to be aligned on a reasonable address. Each successive variable is allocated at an address that is the sum of the sizes of all the preceding variables plus the starting address of that static section. Therefore, assuming HLA allocates the variables in the previous example at a starting address of 4096, HLA will allocate them at the following addresses:


  


  
    //StartAdrsLength

    dw:dword;//40964

    b:byte;//41001

    w:word;//41012

    dw2:dword;//41034

    w2:word;//41072

    b2:byte;//41091

    dw3:dword;//41104
  


  With the exception of the first variable (which is aligned on a 4KB boundary) and the byte variables (whose alignment doesn't matter), all of these variables are misaligned. The w, w2, and dw2 variables start at odd addresses, and the dw3 variable is aligned on an even address that is not a multiple of 4.


  An easy way to guarantee that your variables are aligned properly is to put all the double-word variables first, the word variables second, and the byte variables last in the declaration, as shown here:


  


  
    static

    dw:dword;

    dw2:dword;

    dw3:dword;

    w:word;

    w2:word;

    b:byte;

    b2:byte;
  


  This organization produces the following addresses in memory:


  


  
    //StartAdrsLength

    dw:dword;//40964

    dw2:dword;//41004

    dw3:dword;//41044

    w:word;//41082

    w2:word;//41102

    b:byte;//41121

    b2:byte;//41131
  


  As you can see, these variables are all aligned at reasonable addresses.


  Unfortunately, it is rarely possible for you to arrange your variables in this manner. While there are many technical reasons that make this alignment impossible, a good practical reason for not doing this is that it doesn't let you organize your variable declarations by logical function (that is, you probably want to keep related variables next to one another regardless of their size).


  To resolve this problem, HLA provides the align directive. The align directive uses the following syntax:


  


  
    align(integer_constant);
  


  The integer constant must be one of the following small unsigned integer values: 1, 2, 4, 8, or 16. If HLA encounters the align directive in a static section, it will align the very next variable on an address that is an even multiple of the specified alignment constant. The previous example could be rewritten, using the align directive, as follows:


  


  
    static

    align(4);

    dw:dword;

    b:byte;

    align(2);

    w:word;

    align(4);

    dw2:dword;

    w2:word;

    b2:byte;

    align(4);

    dw3:dword;
  


  If you're wondering how the align directive works, it's really quite simple. If HLA determines that the current address (location counter value) is not an even multiple of the specified value, HLA will quietly emit extra bytes of padding after the previous variable declaration until the current address in the static section is an even multiple of the specified value. This has the effect of making your program slightly larger (by a few bytes) in exchange for faster access to your data. Given that your program will grow by only a few bytes when you use this feature, this is probably a good trade-off.


  As a general rule, if you want the fastest possible access, you should choose an alignment value that is equal to the size of the object you want to align. That is, you should align words to even boundaries using an align(2); statement, double words to 4-byte boundaries using align(4);, quad words to 8-byte boundaries using align(8);, and so on. If the object's size is not a power of 2, align it to the next higher power of 2 (up to a maximum of 16 bytes). Note, however, that you need only align real80 (and tbyte) objects on an 8-byte boundary.


  Note that data alignment isn't always necessary. The cache architecture of modern 80x86 CPUs actually handles most misaligned data. Therefore, you should use the alignment directives only with variables for which speedy access is absolutely critical. This is a reasonable space/speed trade-off.


  


  3.5 Address Expressions


  Earlier, this chapter points out that addressing modes take a couple generic forms, including the following:


  


  
    VarName[Reg32]
VarName[Reg32+offset]
VarName[RegNotESP32*scale]
VarName[Reg32+RegNotESP32*scale]
VarName[RegNotESP32*scale+offset]
VarName[Reg32+RegNotESP32*scale+offset]
  


  Another legal form, which isn't actually a new addressing mode but simply an extension of the displacement-only addressing mode, is:


  


  
    VarName[offset]
  


  This latter example computes its effective address by adding the constant offset within the brackets to the variable's address. For example, the instruction mov(Address[3], al); loads the AL register with the byte in memory that is 3 bytes beyond the Address object (see Figure3-8).


  Always remember that the offset value in these examples must be a constant. If Index is an int32 variable, then Variable[Index] is not a legal address expression. If you wish to specify an index that varies at runtime, then you must use one of the indexed or scaled-indexed addressing modes.


  Another important thing to remember is that the offset in Address[offset] is a byte address. Despite the fact that this syntax is reminiscent of array indexing in a high-level language like C/C++ or Pascal, this does not properly index into an array of objects unless Address is an array of bytes.
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    Figure3-8.Using an address expression to access data beyond a variable
  


  This text will consider an address expression to be any legal 80x86 addressing mode that includes a displacement (i.e., variable name) or an offset. In addition to the above forms, the following are also address expressions:


  


  
    [Reg32+offset]

    [Reg32+RegNotESP32*scale+offset]
  


  This book will not consider the following to be address expressions because they do not involve a displacement or offset component:


  


  
    [Reg32]

    [Reg32+RegNotESP32

    *scale]
  


  Address expressions are special because those instructions containing an address expression always encode a displacement constant as part of the machine instruction. That is, the machine instruction contains some number of bits (usually 8 or 32) that hold a numeric constant. That constant is the sum of the displacement (i.e., the address or offset of the variable) plus the offset. Note that HLA automatically adds these two values together for you (or subtracts the offset if you use the − rather than + operator in the addressing mode).


  Until this point, the offset in all the addressing mode examples has always been a single numeric constant. However, HLA also allows a constant expression anywhere an offset is legal. A constant expression consists of one or more constant terms manipulated by operators such as addition, subtraction, multiplication, division, modulo, and a wide variety of others. Most address expressions, however, will involve only addition, subtraction, multiplication, and sometimes division. Consider the following example:


  


  
    mov(X[2*4+1],al);
  


  This instruction will move the byte at address X+9 into the AL register.


  The value of an address expression is always computed at compile time, never while the program is running. When HLA encounters the instruction above, it calculates 2 * 4 + 1 on the spot and adds this result to the base address of X in memory. HLA encodes this single sum (base address of X plus 9) as part of the instruction; HLA does not emit extra instructions to compute this sum for you at runtime (which is good, because doing so would be less efficient). Because HLA computes the value of address expressions at compile time, all components of the expression must be constants because HLA cannot know the runtime value of a variable while it is compiling the program.


  Address expressions are useful for accessing the data in memory beyond a variable, particularly when you've used the byte, word, dword, and so on statements in a static or readonly section to tack on additional bytes after a data declaration. For example, consider the program in Example3-1.


  


  Example3-1.Demonstration of address expressions


  
    programadrsExpressions;

    #include("stdlib.hhf")

    static

    i:int8;@nostorage;

    byte0,1,2,3;

    

    beginadrsExpressions;

    

    stdout.put

    (

    "i[0]=",i[0],nl,

    "i[1]=",i[1],nl,

    "i[2]=",i[2],nl,

    "i[3]=",i[3],nl

    );

    

    endadrsExpressions;
  


  The program in Example3-1 will display the four values 0, 1, 2, and 3 as though they were array elements. This is because the value at the address of i is 0 (this program declares i using the @nostorage option, so i is the address of the next object in the static section, which just happens to be the value 0 appearing as part of the byte statement). The address expression i[1] tells HLA to fetch the byte appearing at i's address plus 1. This is the value 1, because the byte statement in this program emits the value 1 to the static segment immediately after the value 0. Likewise for i[2] and i[3], this program displays the values 2 and 3.


  


  3.6 Type Coercion


  Although HLA is fairly loose when it comes to type checking, HLA does ensure that you specify appropriate operand sizes to an instruction. For example, consider the following (incorrect) program:


  


  
    programhasErrors;

    static

    i8:int8;

    i16:int16;

    i32:int32;

    beginhasErrors;

    

    mov(i8,eax);

    mov(i16,al);

    mov(i32,ax);

    

    endhasErrors;
  


  HLA will generate errors for these three mov instructions. This is because the operand sizes are incompatible. The first instruction attempts to move a byte into EAX, the second instruction attempts to move a word into AL, and the third instruction attempts to move a double word into AX. The mov instruction, of course, requires both operands to be the same size.


  While this is a good feature in HLA,[41] there are times when it gets in the way. Consider the following code fragments:


  


  
    static

    byte_values:byte;@nostorage;

    byte0,1;

    

    ...

    

    mov(byte_values,ax);
  


  In this example let's assume that the programmer really wants to load the word starting at the address of byte_values into the AX register because she wants to load AL with 0 and AH with 1 using a single instruction (note that 0 is held in the L.O. memory byte and 1 is held in the H.O. memory byte). HLA will refuse, claiming there is a type mismatch error (because byte_values is a byte object and AX is a word object). The programmer could break this into two instructions, one to load AL with the byte at address byte_values and the other to load AH with the byte at address byte_values[1]. Unfortunately, this decomposition makes the program slightly less efficient (which was probably the reason for using the single mov instruction in the first place). Somehow, it would be nice if we could tell HLA that we know what we're doing and we want to treat the byte_values variable as a word object. HLA's type coercion facilities provide this capability.


  Type coercion[42] is the process of telling HLA that you want to treat an object as an explicit type, regardless of its actual type. To coerce the type of a variable, you use the following syntax:


  


  
    (typenewTypeNameaddressExpression)
  


  The newTypeName item is the new type you wish to associate with the memory location specified by addressExpression. You may use this coercion operator anywhere a memory address is legal. To correct the previous example, so HLA doesn't complain about type mismatches, you would use the following statement:


  


  
    mov((typewordbyte_values),ax);
  


  This instruction tells HLA to load the AX register with the word starting at address byte_values in memory. Assuming byte_values still contains its initial values, this instruction will load 0 into AL and 1 into AH.


  Type coercion is necessary when you specify an anonymous variable as the operand to an instruction that directly modifies memory (e.g., neg, shl, not, and so on). Consider the following statement:


  


  
    not([ebx]);
  


  HLA will generate an error on this instruction because it cannot determine the size of the memory operand. The instruction does not supply sufficient information to determine whether the program should invert the bits in the byte pointed at by EBX, the word pointed at by EBX, or the double word pointed at by EBX. You must use type coercion to explicitly specify the size of anonymous references with these types of instructions:


  


  
    not((typebyte[ebx]));

    not((typedword[ebx]));
  


  
    Warning
  


  
    Do not use the type coercion operator unless you know exactly what you are doing and fully understand the effect it has on your program. Beginning assembly language programmers often use type coercion as a tool to quiet the compiler when it complains about type mismatches without solving the underlying problem.
  


  Consider the following statement (where byteVar is an 8-bit variable):


  


  
    mov(eax,(typedwordbyteVar));
  


  Without the type coercion operator, HLA complains about this instruction because it attempts to store a 32-bit register in an 8-bit memory location. A beginning programmer, wanting his program to compile, may take a shortcut and use the type coercion operator, as shown in this instruction; this certainly quiets the compiler—it will no longer complain about a type mismatch—so the beginning programmer is happy. However, the program is still incorrect; the only difference is that HLA no longer warns you about your error. The type coercion operator does not fix the problem of attempting to store a 32-bit value into an 8-bit memory location—it simply allows the instruction to store a 32-bit value starting at the address specified by the 8-bit variable. The program still stores 4 bytes, overwriting the 3 bytes following byteVar in memory. This often produces unexpected results, including the phantom modification of variables in your program.[43] Another, rarer possibility is for the program to abort with a general protection fault. This can occur if the 3 bytes following byteVar are not allocated in real memory or if those bytes just happen to fall in a read-only segment in memory. The important thing to remember about the type coercion operator is this: If you cannot exactly state the effect this operator has, don't use it.


  Also keep in mind that the type coercion operator does not perform any translation of the data in memory. It simply tells the compiler to treat the bits in memory as a different type. It will not automatically extend an 8-bit value to 32 bits, nor will it convert an integer to a floating-point value. It simply tells the compiler to treat the bit pattern of the memory operand as a different type.


  

  


  [41] After all, if the two operand sizes are different this usually indicates an error in the program.


  [42] This is also called type casting in some languages.


  [43] If you have a variable immediately following byteVar in this example, the mov instruction will surely overwrite the value of that variable, whether or not you intend for this to happen.


  


  3.7 Register Type Coercion


  You can also cast a register to a specific type using the type coercion operator. By default, the 8-bit registers are of type byte, the 16-bit registers are of type word, and the 32-bit registers are of type dword. With type coercion, you can cast a register as a different type as long as the size of the new type agrees with the size of the register. This is an important restriction that does not exist when applying type coercion to a memory variable.


  Most of the time you do not need to coerce a register to a different type. As byte, word, and dword objects, registers are already compatible with all 1-, 2-, and 4-byte objects. However, there are a few instances where register type coercion is handy, if not downright necessary. Two examples include boolean expressions in HLA high-level language statements (e.g., if and while) and register I/O in the stdout.put and stdin.get (and related) statements.


  In boolean expressions, HLA always treats byte, word, and dword objects as unsigned values. Therefore, without type coercion, the following if statement always evaluates false (because there is no unsigned value less than 0):


  


  
    if(eax<0)then

    

    stdout.put("EAXisnegative!",nl);

    

    endif;
  


  You can overcome this limitation by casting EAX as an int32 value:


  


  
    if((typeint32eax)<0)then

    

    stdout.put("EAXisnegative!",nl);

    

    endif;
  


  In a similar vein, the HLA Standard Library stdout.put routine always outputs byte, word, and dword values as hexadecimal numbers. Therefore, if you attempt to print a register, the stdout.put routine will print it as a hex value. If you would like to print the value as some other type, you can use register type coercion to achieve this:


  


  
    stdout.put("ALprintedasachar='",(typecharal),"'",nl);
  


  The same is true for the stdin.get routine. It will always read a hexadecimal value for a register unless you coerce its type to something other than byte, word, or dword.


  


  3.8 The stack Segment and the push and pop Instructions


  This chapter mentions that all variables you declare in the var section wind up in the stack memory segment. However, var objects are not the only things in the stack memory section; your programs manipulate data in the stack segment in many different ways. This section describes the stack and introduces the push and pop instructions that manipulate data in the stack section.


  The stack segment in memory is where the 80x86 maintains the stack. The stack is a dynamic data structure that grows and shrinks according to certain needs of the program. The stack also stores important information about the program including local variables, subroutine information, and temporary data.


  The 80x86 controls its stack via the ESP (stack pointer) register. When your program begins execution, the operating system initializes ESP with the address of the last memory location in the stack memory segment. Data is written to the stack segment by "pushing" data onto the stack and "popping" data off the stack.


  3.8.1 The Basic push Instruction


  Consider the syntax for the 80x86 push instruction:


  


  
    push(reg16);

    push(reg32);

    push(memory16);

    push(memory32);

    pushw(constant);

    pushd(constant);
  


  These six forms allow you to push word or dword registers, memory locations, and constants. You should specifically note that you cannot push byte values onto the stack.


  The push instruction does the following:


  


  
    ESP:=ESP-Size_of_Register_or_Memory_Operand(2or4)

    [ESP]:=Operand's_Value
  


  The pushw and pushd operands are always 2- and 4-byte constants, respectively.


  Assuming that ESP contains $00FF_FFE8, then the instruction push( eax ); will set ESP to $00FF_FFE4 and store the current value of EAX into memory location $00FF_FFE4, as Figure3-9 and Figure3-10 show.
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    Figure3-9.Stack segment before the push( eax ); operation
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    Figure3-10.Stack segment after the push( eax ); operation
  


  Note that the push( eax ); instruction does not affect the value of the EAX register.


  Although the 80x86 supports 16-bit push operations, their primary use in is 16-bit environments such as MS-DOS. For maximum performance, the stack pointer's value should always be an even multiple of 4; indeed, your program may malfunction under a 32-bit OS if ESP contains a value that is not a multiple of 4. The only practical reason for pushing less than 4 bytes at a time on the stack is to build up a double word via two successive word pushes.


  3.8.2 The Basic pop Instruction


  To retrieve data you've pushed onto the stack, you use the pop instruction. The basic pop instruction allows the following forms.


  


  
    pop(reg16);

    pop(reg32);

    pop(memory16);

    pop(memory32);
  


  Like the push instruction, the pop instruction supports only 16-bit and 32-bit operands; you cannot pop an 8-bit value from the stack. As with the push instruction, you should avoid popping 16-bit values (unless you do two 16-bit pops in a row) because 16-bit pops may leave the ESP register containing a value that is not an even multiple of 4. One major difference between push and pop is that you cannot pop a constant value (which makes sense, because the operand for push is a source operand, while the operand for pop is a destination operand).


  Formally, here's what the pop instruction does:


  


  
    Operand:=[ESP]

    ESP:=ESP+Size_of_Operand(2or4)
  


  As you can see, the pop operation is the converse of the push operation. Note that the pop instruction copies the data from memory location [ESP] before adjusting the value in ESP. See Figure3-11 and Figure3-12 for details on this operation.
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    Figure3-11.Memory before a pop( eax ); operation
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    Figure3-12.Memory after the pop( eax ); instruction
  


  Note that the value popped from the stack is still present in memory. Popping a value does not erase the value in memory; it just adjusts the stack pointer so that it points at the next value above the popped value. However, you should never attempt to access a value you've popped off the stack. The next time something is pushed onto the stack, the popped value will be obliterated. Because your code isn't the only thing that uses the stack (for example, the operating system uses the stack as do subroutines), you cannot rely on data remaining in stack memory once you've popped it off the stack.


  3.8.3 Preserving Registers with the push and pop Instructions


  Perhaps the most common use of the push and pop instructions is to save register values during intermediate calculations. A problem with the 80x86 architecture is that it provides very few general-purpose registers. Because registers are the best place to hold temporary values, and registers are also needed for the various addressing modes, it is very easy to run out of registers when writing code that performs complex calculations. The push and pop instructions can come to your rescue when this happens.


  Consider the following program outline:


  


  
    <<Somesequenceofinstructionsthatusetheeaxregister>>

    

    <<Somesequenceofinstructionsthatneedtouseeax,fora

    differentpurposethantheaboveinstructions>>

    

    <<Somesequenceofinstructionsthatneedtheoriginalvalueineax>>
  


  The push and pop instructions are perfect for this situation. By inserting a push instruction before the middle sequence and a pop instruction after the middle sequence above, you can preserve the value in EAX across those calculations:


  


  
    <<Somesequenceofinstructionsthatusetheeaxregister>>

    push(eax);

    <<Somesequenceofinstructionsthatneedtouseeax,fora

    differentpurposethantheaboveinstructions>>

    pop(eax);

    <<Somesequenceofinstructionsthatneedtheoriginalvalueineax>>
  


  The push instruction above copies the data computed in the first sequence of instructions onto the stack. Now the middle sequence of instructions can use EAX for any purpose it chooses. After the middle sequence of instructions finishes, the pop instruction restores the value in EAX so the last sequence of instructions can use the original value in EAX.


  


  3.9 The Stack Is a LIFO Data Structure


  You can push more than one value onto the stack without first popping previous values off the stack. However, the stack is a last-in, first-out (LIFO) data structure, so you must be careful how you push and pop multiple values. For example, suppose you want to preserve EAX and EBX across some block of instructions; the following code demonstrates the obvious way to handle this:


  


  
    push(eax);

    push(ebx);

    <<Codethatuseseaxandebxgoeshere.>>

    pop(eax);

    pop(ebx);
  


  Unfortunately, this code will not work properly! Figure3-13 through Figure3-16 show the problem. Because this code pushes EAX first and EBX second, the stack pointer is left pointing at EBX's value on the stack. When the pop( eax ); instruction comes along, it removes the value that was originally in EBX from the stack and places it in EAX! Likewise, the pop( ebx ); instruction pops the value that was originally in EAX into the EBX register. The end result is that this code manages to swap the values in the registers by popping them in the same order that it pushes them.
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    Figure3-13.Stack after pushing EAX
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    Figure3-14.Stack after pushing EBX
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    Figure3-15.Stack after popping EAX
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    Figure3-16.Stack after popping EBX
  


  To rectify this problem, you must note that the stack is a last-in, first-out data structure, so the first thing you must pop is the last thing you push onto the stack. Therefore, you must always observe the following maxim:


  Always pop values in the reverse order that you push them.


  
    
      The correction to the previous code is:
    

  


  
    

  


  
    
      
        push(eax);

        push(ebx);

        <<Codethatuseseaxandebxgoeshere.>>

        pop(ebx);

        pop(eax);
      

    

  


  
    
      Another important maxim to remember is:
    

  


  Always pop exactly the same number of bytes that you push.


  
    
      This generally means that the number of pushes and pops must exactly agree. If you have too few pops, you will leave data on the stack, which may confuse the running program. If you have too many pops, you will accidentally remove previously pushed data, often with disastrous results.
    

  


  
    
      	A corollary to the maxim above is, "Be careful when pushing and popping data within a loop." Often it is quite easy to put the pushes in a loop and leave the pops outside the loop (or vice versa), creating an inconsistent stack. Remember, it is the execution of the push and pop instructions that matters, not the number of push and pop instructions that appear in your program. At runtime, the number (and order) of the push instructions the program executes must match the number (and reverse order) of the pop instructions.
    

  


  3.9.1 Other push and pop Instructions


  The 80x86 provides several additional push and pop instructions in addition to the basic push/pop instructions. These instructions include the following:


  


  
    
      	
        

        pusha

      

      	
        

        popa

      
    


    
      	
        

        pushad

      

      	
        

        popad

      
    


    
      	
        

        pushf

      

      	
        

        popf

      
    


    
      	
        

        pushfd

      

      	
        

        popfd

      
    

  


  The pusha instruction pushes all the general-purpose 16-bit registers onto the stack. This instruction exists primarily for older 16-bit operating systems like MS-DOS. In general, you will have very little need for this instruction. The pusha instruction pushes the registers onto the stack in the following order:


  


  
    ax

    cx

    dx

    bx

    sp

    bp

    si

    di
  


  The pushad instruction pushes all the 32-bit (double-word) registers onto the stack. It pushes the registers onto the stack in the following order:


  


  
    eax

    ecx

    edx

    ebx

    esp

    ebp

    esi

    edi
  


  Because the pusha and pushad instructions inherently modify the SP/ESP register, you may wonder why Intel bothered to push this register at all. It was probably easier in the hardware to go ahead and push SP/ESP rather than make a special case out of it. In any case, these instructions do push SP or ESP, so don't worry about it too much—there is nothing you can do about it.


  The popa and popad instructions provide the corresponding "pop all" operation to the pusha and pushad instructions. This will pop the registers pushed by pusha or pushad in the appropriate order (that is, popa and popad will properly restore the register values by popping them in the reverse order that pusha or pushad pushed them).


  Although the pusha/popa and pushad/popad sequences are short and convenient, they are actually slower than the corresponding sequence of push/pop instructions, this is especially true when you consider that you rarely need to push a majority, much less all, of the registers.[44] So if you're looking for maximum speed, you should carefully consider whether to use the pusha(d)/popa(d) instructions.


  The pushf, pushfd, popf, and popfd instructions push and pop the EFLAGS register. These instructions allow you to preserve condition code and other flag settings across the execution of some sequence of instructions. Unfortunately, unless you go to a lot of trouble, it is difficult to preserve individual flags. When using the pushf(d) and popf(d) instructions, it's an all-or-nothing proposition—you preserve all the flags when you push them; you restore all the flags when you pop them.


  Like the pushad and popad instructions, you should really use the pushfd and popfd instructions to push the full 32-bit version of the EFLAGS register. Although the extra 16 bits you push and pop are essentially ignored when writing applications, you still want to keep the stack aligned by pushing and popping only double words.


  3.9.2 Removing Data from the Stack Without Popping It


  Once in a while you may discover that you've pushed data onto the stack that you no longer need. Although you could pop the data into an unused register or memory location, there is an easier way to remove unwanted data from the stack—simply adjust the value in the ESP register to skip over the unwanted data on the stack.


  Consider the following dilemma:


  


  
    push(eax);

    push(ebx);

    

    <<Somecodethatwindsupcomputingsomevalueswewanttokeep

    intoeaxandebx>>

    

    if(Calculation_was_performed)then

    

    //Whoops,wedon'twanttopopeaxandebx!

    //Whattodohere?

    

    else

    

    //Nocalculation,sorestoreeax,ebx.

    

    pop(ebx);

    pop(eax);

    

    endif;
  


  Within the then section of the if statement, this code wants to remove the old values of EAX and EBX without otherwise affecting any registers or memory locations. How can we do this?


  Because the ESP register contains the memory address of the item on the top of the stack, we can remove the item from the top of stack by adding the size of that item to the ESP register. In the preceding example, we wanted to remove two double-word items from the top of stack. We can easily accomplish this by adding 8 to the stack pointer (see Figure3-17 and Figure3-18 for the details):


  


  
    push(eax);

    push(ebx);

    

    <<Somecodethatwindsupcomputingsomevalueswewanttokeep

    intoeaxandebx>>

    

    if(Calculation_was_performed)then

    

    add(8,ESP);//Removeunneededeax/ebxvaluesfromthestack.

    

    else

    

    //Nocalculation,sorestoreeax,ebx.

    

    pop(ebx);

    pop(eax);

    

    endif;
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    Figure3-17.Removing data from the stack, before add( 8, esp );
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    Figure3-18.Removing data from the stack, after add( 8, esp );
  


  Effectively, this code pops the data off the stack without moving it anywhere. Also note that this code is faster than two dummy pop instructions because it can remove any number of bytes from the stack with a single add instruction.


  
    Warning
  


  
    Remember to keep the stack aligned on a double-word boundary. Therefore, you should always add a constant that is a multiple of 4 to ESP when removing data from the stack.
  


  

  


  [44] For example, it is extremely rare for you to need to push and pop the ESP register with the pushad/popad instruction sequence.


  


  3.10 Accessing Data You've Pushed onto the Stack Without Popping It


  Once in a while you will push data onto the stack and you will want to get a copy of that data's value, or perhaps you will want to change that data's value without actually popping the data off the stack (that is, you wish to pop the data off the stack at a later time). The 80x86 [reg32 + offset] addressing mode provides the mechanism for this.


  Consider the stack after the execution of the following two instructions (see Figure3-19):


  


  
    push(eax);

    push(ebx);
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    Figure3-19.Stack after pushing EAX and EBX
  


  If you wanted to access the original EBX value without removing it from the stack, you could cheat and pop the value and then immediately push it again. Suppose, however, that you wish to access EAX's old value or some other value even farther up the stack. Popping all the intermediate values and then pushing them back onto the stack is problematic at best, impossible at worst. However, as you will notice from Figure3-19, each of the values pushed on the stack is at some offset from the ESP register in memory. Therefore, we can use the [ESP + offset] addressing mode to gain direct access to the value we are interested in. In the example above, you can reload EAX with its original value by using the single instruction


  


  
    mov([esp+4],eax);
  


  This code copies the 4 bytes starting at memory address ESP+4 into the EAX register. This value just happens to be the previous value of EAX that was pushed onto the stack. You can use this same technique to access other data values you've pushed onto the stack.


  
    Warning
  


  
    Don't forget that the offsets of values from ESP into the stack change every time you push or pop data. Abusing this feature can create code that is hard to modify; if you use this feature throughout your code, it will make it difficult to push and pop other data items between the point where you first push data onto the stack and the point where you decide to access that data again using the [ESP + offset] memory addressing mode.
  


  The previous section pointed out how to remove data from the stack by adding a constant to the ESP register. That code example could probably be written more safely as this:


  


  
    push(eax);

    push(ebx);

    

    <<Somecodethatwindsupcomputingsomevalueswewanttokeep

    intoeaxandebx>>

    

    if(Calculation_was_performed)then

    

    <<Overwritesavedvaluesonstackwithneweax/ebxvalues

    (sothepopsthatfollowwon'tchangethevaluesineax/ebx).>>

    

    mov(eax,[esp+4]);

    mov(ebx,[esp]);

    

    endif;

    pop(ebx);

    pop(eax);
  


  In this code sequence, the calculated result was stored over the top of the values saved on the stack. Later on, when the program pops the values, it loads these calculated values into EAX and EBX.


  


  3.11 Dynamic Memory Allocation and the Heap Segment


  Although static and automatic variables are all that simple programs may need, more sophisticated programs need the ability to allocate and deallocate storage dynamically (at runtime) under program control. In the C language, you would use the malloc and free functions for this purpose. C++ provides the new and delete operators. Pascal uses new and dispose. Other languages provide comparable facilities. These memory-allocation routines have a couple of things in common: They let the programmer request how many bytes of storage to allocate, they return a pointer to the newly allocated storage, and they provide a facility for returning the storage to the system so the system can reuse it in a future allocation call. As you've probably guessed, HLA also provides a set of routines in the HLA Standard Library that handle memory allocation and deallocation.


  The HLA Standard Library mem.alloc and mem.free routines handle the memory allocation and deallocation chores (respectively). The mem.alloc routine uses the following calling sequence:


  


  
    mem.alloc(Number_of_Bytes_Requested);
  


  The single parameter is a dword value specifying the number of bytes of storage you need. This procedure allocates storage in the heap segment in memory. The HLA mem.alloc function locates an unused block of memory of the size you specify in the heap segment and marks the block as "in use" so that future calls to mem.alloc will not allocate this same storage. After marking the block as "in use," the mem.alloc routine returns a pointer to the first byte of this storage in the EAX register.


  For many objects, you will know the number of bytes that you need in order to represent that object in memory. For example, if you wish to allocate storage for an uns32 variable, you could use the following call to the mem.alloc routine:


  


  
    mem.alloc(4);
  


  Although you can specify a literal constant as this example suggests, it's generally a poor idea to do so when allocating storage for a specific data type. Instead, use the HLA built-in compile-time function[45] @size to compute the size of some data type. The @size function uses the following syntax:


  


  
    @size(variable_or_type_name)
  


  The @size function returns an unsigned integer constant that is the size of its parameter in bytes. So you should rewrite the previous call to mem.alloc as follows:


  


  
    mem.alloc(@size(uns32));
  


  This call will properly allocate a sufficient amount of storage for the specified object, regardless of its type. While it is unlikely that the number of bytes required by an uns32 object will ever change, this is not necessarily true for other data types; so you should always use @size rather than a literal constant in these calls.


  Upon return from the mem.alloc routine, the EAX register contains the address of the storage you have requested (see Figure3-20).


  


  
    [image: ]
  


  
    Figure3-20.A call to mem.alloc returns a pointer in the EAX register.
  


  To access the storage mem.alloc allocates, you must use a register-indirect addressing mode. The following code sequence demonstrates how to assign the value 1234 to the uns32 variable mem.alloc creates:


  


  
    mem.alloc(@size(uns32));

    mov(1234,(typeuns32[eax]));
  


  Note the use of the type coercion operator. This is necessary in this example because anonymous variables don't have a type associated with them and the constant 1234 could be a word or dword value. The type coercion operator eliminates the ambiguity.


  The mem.alloc routine may not always succeed. If there isn't a single contiguous block of free memory in the heap segment that is large enough to satisfy the request, then the mem.alloc routine will raise an ex.MemoryAllocationFailure exception. If you do not provide a try..exception..endtry handler to deal with this situation, a memory allocation failure will cause your program to stop. Because most programs do not allocate massive amounts of dynamic storage using mem.alloc, this exception rarely occurs. However, you should never assume that the memory allocation will always occur without error.


  When you have finished using a value that mem.alloc allocates on the heap, you can release the storage (that is, mark it as "no longer in use") by calling the mem.free procedure. The mem.free routine requires a single parameter that must be an address returned by a previous call to mem.alloc (that you have not already freed). The following code fragment demonstrates the nature of the mem.alloc/mem.free pairing:


  


  
    mem.alloc(@size(uns32));

    

    <<Usethestoragepointedatbyeax.>>

    <<Note:Thiscodemustnotmodifyeax.>>

    

    mem.free(eax);
  


  This code demonstrates a very important point: In order to properly free the storage that mem.alloc allocates, you must preserve the value that mem.alloc returns. There are several ways to do this if you need to use EAX for some other purpose; you could save the pointer value on the stack using push and pop instructions or you could save EAX's value in a variable until you need to free it.


  Storage you release is available for reuse by future calls to the mem.alloc routine. The ability to allocate storage when you need it and then free the storage for other use when you have finished with it improves the memory efficiency of your program. By deallocating storage once you have finished with it, your program can reuse that storage for other purposes, allowing your program to operate with less memory than it would if you statically allocated storage for the individual objects.


  Several problems can occur when you use pointers. You should be aware of a couple of common errors that beginning programmers make when using dynamic storage allocation routines like mem.alloc and mem.free:


  
    
  


  
    	
      
        
          Mistake 1: Continuing to refer to storage after you free it. Once you return storage to the system via the call to mem.free, you should no longer access that storage. Doing so may cause a protection fault or, worse yet, corrupt other data in your program without indicating an error.
        

      

    


    	
      
        
          Mistake 2: Calling mem.free twice to release a single block of storage. Doing so may accidentally free some other storage that you did not intend to release or, worse yet, it may corrupt the system memory management tables.
        

      

    

  


  Chapter4 discusses some additional problems you will typically encounter when dealing with dynamically allocated storage.


  The examples thus far in this section have all allocated storage for a single unsigned 32-bit object. Obviously you can allocate storage for any data type using a call to mem.alloc by simply specifying the size of that object as mem.alloc's parameter. It is also possible to allocate storage for a sequence of contiguous objects in memory when calling mem.alloc. For example, the following code will allocate storage for a sequence of eight characters:


  


  
    mem.alloc(@size(char)*8);
  


  Note the use of the constant expression to compute the number of bytes required by an eight-character sequence. Because @size(char) always returns a constant value (1 in this case), the compiler can compute the value of the expression @size(char) * 8 without generating any extra machine instructions.


  Calls to mem.alloc always allocate multiple bytes of storage in contiguous memory locations. Hence the former call to mem.alloc produces the sequence appearing in Figure3-21.
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    Figure3-21.Allocating a sequence of eight character objects using mem.alloc
  


  To access these extra character values you use an offset from the base address (contained in EAX upon return from mem.alloc). For example, mov( ch, [eax + 2] ); stores the character found in CH into the third byte that mem.alloc allocates. You can also use an addressing mode like [eax + ebx] to step through each of the allocated objects under program control. For example, the following code will set all the characters in a block of 128 bytes to the NUL character (#0):


  


  
    mem.alloc(128);

    for(mov(0,ebx);ebx<128;add(1,ebx))do

    

    mov(0,(typebyte[eax+ebx]));

    

    endfor;
  


  Chapter4 discusses composite data structures (including arrays) and describes additional ways to deal with blocks of memory.


  You should note that a call to mem.alloc actually allocates slightly more memory than you request. For one thing, memory allocation requests are generally of some minimum size (often a power of 2 between 4 and 16, though this is OS dependent). Furthermore, mem.alloc requests also require a few bytes of overhead for each request (generally around 16 to 32 bytes) to keep track of allocated and free blocks. Therefore, it is not efficient to allocate a large number of small objects with individual calls to mem.alloc. The overhead for each allocation may be greater than the storage you actually use. Typically, you'll use mem.alloc to allocate storage for arrays or large records (structures) rather than small objects.


  

  


  [45] A compile-time function is one that HLA evaluates during the compilation of your program rather than at runtime.


  


  3.12 The inc and dec Instructions


  As the example in the previous section indicates—indeed, as several examples up to this point have indicated—adding or subtracting 1 from a register or memory location is a very common operation. In fact, these operations are so common that Intel's engineers included a pair of instructions to perform these specific operations: the inc (increment) and dec (decrement) instructions.


  The inc and dec instructions use the following syntax:


  


  
    inc(mem/reg);

    dec(mem/reg);
  


  The single operand can be any legal 8-bit, 16-bit, or 32-bit register or memory operand. The inc instruction will add 1 to the specified operand, and the dec instruction will subtract 1 from the specified operand.


  These two instructions are slightly shorter than the corresponding add or sub instructions (that is, their encoding uses fewer bytes). There is also one slight difference between these two instructions and the corresponding add or sub instructions: They do not affect the carry flag.


  As an example of the inc instruction, consider the example from the previous section, recoded to use inc rather than add:


  


  
    mem.alloc(128);

    for(mov(0,ebx);ebx<128;inc(ebx))do

    

    mov(0,(typebyte[eax+ebx]));

    

    endfor;
  


  


  3.13 Obtaining the Address of a Memory Object


  3.1.2.2 The Register-Indirect Addressing Modes discusses how to use the address-of operator, &, to take the address of a static variable.[46] Unfortunately, you cannot use the address-of operator to take the address of an automatic variable (one you declare in the var section), you cannot use it to compute the address of an anonymous variable, and you cannot use it to take the address of a memory reference that uses an indexed or scaled-indexed addressing mode (even if a static variable is part of the address expression). You may use the address-of operator only to take the address of a simple static object. Often, you will need to take the address of other memory objects as well; fortunately, the 80x86 provides the load effective address instruction, lea, to give you this capability.


  The lea instruction uses the following syntax:


  


  
    lea(reg32,Memory_operand);
  


  The first operand must be a 32-bit register; the second operand can be any legal memory reference using any valid memory addressing mode. This instruction will load the address of the specified memory location into the register. This instruction does not access or modify the value of the memory operand in any way.


  Once you load the effective address of a memory location into a 32-bit general-purpose register, you can use the register-indirect, indexed, or scaled-indexed addressing mode to access the data at the specified memory address. Consider the following code fragment:


  


  
    static

    b:byte;@nostorage;

    byte7,0,6,1,5,2,4,3;

    .

    .

    .

    lea(ebx,b);

    for(mov(0,ecx);ecx<8;inc(ecx))do

    

    stdout.put("[ebx+ecx]=",(typebyte[ebx+ecx]),nl);

    

    endfor;
  


  This code steps through each of the 8 bytes following the b label in the static section and prints their values. Note the use of the [ebx+ecx] addressing mode. The EBX register holds the base address of the list (that is, the address of the first item in the list), and ECX contains the byte index into the list.


  

  


  [46] A static variable is one that you declare in the static, readonly, or storage section of your program.


  


  3.14 For More Information


  An older, 16-bit version of The Art of Assembly Language Programming can be found at http://webster.cs.ucr.edu/. In that text you will find information about the 80x86's 16-bit addressing modes and segmentation. More information about the HLA Standard Library mem.alloc and mem.free functions can be found in the HLA Standard Library reference manual, also on Webster at http://webster.cs.ucr.edu/ or at http://artofasm.com/. Of course, the Intel x86 documentation (found at http://www.intel.com/) provides complete information on 80x86 address modes and machine instruction encoding.


  


  Chapter4.CONSTANTS, VARIABLES, AND DATA TYPES


  [image: ]


  Chapter2 discussed the basic format for data in memory. Chapter3 covered how a computer system physically organizes that data in memory. This chapter finishes the discussion by connecting the concept of data representation to its actual physical representation. As the title implies, this chapter concerns itself with three main topics: constants, variables, and data structures. This chapter does not assume that you've had a formal course in data structures, though such experience would be useful.


  This chapter discusses how to declare and use constants, scalar variables, integers, data types, pointers, arrays, records/structures, unions, and namespaces. You must master these subjects before going on to the next chapter. Declaring and accessing arrays, in particular, seems to present a multitude of problems to beginning assembly language programmers. However, the rest of this text depends on your understanding of these data structures and their memory representation. Do not try to skim over this material with the expectation that you will pick it up as you need it later. You will need it right away, and trying to learn this material along with later material will only confuse you more.


  4.1 Some Additional Instructions: intmul, bound, into


  This chapter introduces arrays and other concepts that will require the expansion of your 80x86 instruction set knowledge. In particular, you will need to learn how to multiply two values; hence the first instruction we will look at is the intmul (integer multiply) instruction. Another common task when accessing arrays is to check to see if an array index is within bounds. The 80x86 bound instruction provides a convenient way to check a register's value to see if it is within some range. Finally, the into (interrupt on overflow) instruction provides a quick check for signed arithmetic overflow. Although into isn't really necessary for array (or other data type) access, its function is very similar to bound; hence the presentation of it at this point.


  The intmul instruction takes one of the following forms:


  


  
    //Thefollowingcomputedestreg=destreg*constant

    

    intmul(constant,destreg16);

    intmul(constant,destreg32);

    

    //Thefollowingcomputedest=src*constant

    

    intmul(constant,srcreg16,destreg16);

    intmul(constant,srcmem16,destreg16);

    

    intmul(constant,srcreg32,destreg32);

    intmul(constant,srcmem32,destreg32);

    

    //Thefollowingcomputedest=src*constant

    

    intmul(srcreg16,destreg16);

    intmul(srcmem16,destreg16);

    intmul(srcreg32,destreg32);

    intmul(srcmem32,destreg32);
  


  Note that the syntax of the intmul instruction is different from that of the add and sub instructions. In particular, the destination operand must be a register (add and sub both allow a memory operand as a destination). Also note that intmul allows three operands when the first operand is a constant. Another important difference is that the intmul instruction allows only 16-bit and 32-bit operands; it does not multiply 8-bit operands.


  intmul computes the product of its specified operands and stores the result into the destination register. If an overflow occurs (which is always a signed overflow, because intmul multiplies only signed integer values), then this instruction sets both the carry and overflow flags. intmul leaves the other condition code flags undefined (so, for example, you cannot meaningfully check the sign flag or the zero flag after executing intmul).


  The bound instruction checks a 16-bit or 32-bit register to see if it is between two values. If the value is outside this range, the program raises an exception and aborts. This instruction is particularly useful for checking to see if an array index is within a given range. The bound instruction takes one of the following forms:


  


  
    bound(reg16,LBconstant,UBconstant);

    bound(reg32,LBconstant,UBconstant);

    

    bound(reg16,Mem16[2]);

    bound(reg32,Mem32[2]);
  


  The bound instruction compares its register operand against an unsigned lower bound value and an unsigned upper bound value to ensure that the register is in the range:


  


  
    lower_bound<=register<=upper_bound
  


  The form of the bound instruction with three operands compares the register against the second and third parameters (the lower bound and upper bound, respectively).[47] The bound instruction with two operands checks the register against one of the following ranges:


  


  
    Mem16[0]<=register16<=Mem16[2]
Mem32[0]<=register32<=Mem32[4]
  


  If the specified register is not within the given range, then the 80x86 raises an exception. You can trap this exception using the HLA try..endtry exception-handling statement. The excepts.hhf header file defines an exception, ex.BoundInstr, specifically for this purpose. The program in Example4-1 demonstrates how to use the bound instruction to check some user input.


  


  Example4-1.Demonstration of the bound instruction


  
    programBoundDemo;

    #include("stdlib.hhf");

    

    static

    InputValue:int32;

    GoodInput:boolean;

    

    beginBoundDemo;

    

    //Repeatuntiltheuserentersagoodvalue:

    

    repeat

    

    //Assumetheuserentersabadvalue.

    

    mov(false,GoodInput);

    

    //Catchbadnumericinputviathetry..endtrystatement.

    

    try

    

    stdout.put("Enteranintegerbetween1and10:");

    stdin.flushInput();

    stdin.geti32();

    

    mov(eax,InputValue);

    

    //UsetheBOUNDinstructiontoverifythatthe

    //valueisintherange1..10.

    

    bound(eax,1,10);

    

    //Ifwegettothispoint,thevaluewasinthe

    //range1..10,sosetthebooleanGoodInput

    //flagtotruesowecanexittheloop.

    

    mov(true,GoodInput);

    

    

    //Handleinputsthatarenotlegalintegers.

    

    exception(ex.ConversionError)

    

    stdout.put("Illegalnumericformat,re-enter",nl);

    

    

    //Handleintegerinputsthatdon'tfitintoanint32.

    

    exception(ex.ValueOutOfRange)

    

    stdout.put("Valueis*way*toobig,re-enter",nl);

    

    

    //Handlevaluesoutsidetherange1..10(BOUNDinstruction).

    

    

    exception(ex.BoundInstr)

    

    stdout.put

    (

    "Valuewas",

    InputValue,

    ",itmustbebetween1and10,re-enter",

    nl

    );

    

    

    endtry;

    

    until(GoodInput);

    stdout.put("Thevalueyouentered,",InputValue,"isvalid.",nl);

    

    endBoundDemo;
  


  The into instruction, like bound, also generates an exception under certain conditions. Specifically, into generates an exception if the overflow flag is set. Normally, you would use into immediately after a signed arithmetic operation (e.g., intmul) to see if an overflow occurs. If the overflow flag is not set, the system ignores into; however, if the overflow flag is set, then the into instruction raises the ex.IntoInstr exception. The program in Example4-2 demonstrates the use of the into instruction.


  


  Example4-2.Demonstration of the into instruction


  
    programINTOdemo;

    #include("stdlib.hhf");

    

    static

    LOperand:int8;

    ResultOp:int8;

    

    beginINTOdemo;

    

    //Thefollowingtry..endtrychecksforbadnumeric

    //inputandhandlestheintegeroverflowcheck:

    

    try

    

    //Getthefirstoftwooperands:

    

    stdout.put("Enterasmallintegervalue(-128..+127):");

    stdin.geti8();

    mov(al,LOperand);

    

    //Getthesecondoperand:

    

    stdout.put("Enterasecondsmallintegervalue(-128..+127):");

    stdin.geti8();

    

    //Producetheirsumandcheckforoverflow:

    

    add(LOperand,al);

    into();

    

    //Displaythesum:

    

    stdout.put("Theeight-bitsumis",(typeint8al),nl);

    

    

    //Handlebadinputhere:

    

    exception(ex.ConversionError)

    

    stdout.put("Youenteredillegalcharactersinthenumber",nl);

    

    

    //Handlevaluesthatdon'tfitinabytehere:

    

    exception(ex.ValueOutOfRange)

    

    stdout.put("Thevaluemustbeintherange−128..+127",nl);

    

    

    //Handleintegeroverflowhere:

    

    

    exception(ex.IntoInstr)

    

    stdout.put

    (

    "Thesumofthetwovaluesisoutsidetherange−128..+127",

    nl

    );

    

    

    endtry;

    

    endINTOdemo;
  


  

  


  [47] This form isn't a true 80x86 instruction. HLA converts this form of the bound instruction to the two-operand form by creating two readonly memory variables initialized with the specified constants.


  


  4.2 HLA Constant and Value Declarations


  HLA's const and val sections let you declare symbolic constants. The const section lets you declare identifiers whose value is constant throughout compilation and runtime; the val section lets you declare symbolic constants whose values can change at compile time but whose values are constant at runtime (that is, the same name can have a different value at several points in the source code, but the value of a val symbol at a given point in the program cannot change while the program is running).


  The const section appears in the same area of your program as the static, readonly, storage, and var sections. It begins with the const reserved word and has a syntax that is nearly identical to the readonly section; that is, the const section contains a list of identifiers followed by a type and a constant expression. The following example will give you an idea of what the const section looks like:


  


  
    const

    pi:real32:=3.14159;

    MaxIndex:uns32:=15;

    Delimiter:char:='/';

    BitMask:byte:=$F0;

    DebugActive:boolean:=true;
  


  Once you declare these constants in this manner, you may use the symbolic identifiers anywhere the corresponding literal constant is legal. These constants are known as manifest constants. A manifest constant is a symbolic representation of a constant that allows you to substitute the literal value for the symbol anywhere in the program. Contrast this with readonly variables; a readonly variable is certainly a constant value because you cannot change such values at runtime. However, there is a memory location associated with readonly variables, and the operating system, not the HLA compiler, enforces the read-only attribute. Although it will certainly crash your program when it runs, it is perfectly legal to write an instruction like mov( eax, ReadOnlyVar );. On the other hand, it is no more legal to write mov( eax, MaxIndex ); (using the declaration above) than it is to write mov( eax, 15 );. In fact, both of these statements are equivalent because the compiler substitutes 15 for MaxIndex whenever it encounters this manifest constant.


  If there is absolutely no ambiguity about a constant's type, then you may declare a constant by specifying only the name and the constant's value, omitting the type specification. In the example earlier, the pi, Delimiter, MaxIndex, and DebugActive constants could use the following declarations:


  


  
    const

    pi:=3.14159;//Defaulttypeisreal80.

    MaxIndex:=15;//Defaulttypeisuns32.

    Delimiter:='/';//Defaulttypeischar.

    DebugActive:=true;//Defaulttypeisboolean.
  


  Symbol constants that have an integer literal constant are always given the smallest possible unsigned type if the constant is zero or positive, or the smallest possible integer type (int8, int16, and so on) if the value is negative.


  Constant declarations are great for defining "magic" numbers that might possibly change during program modification. The program in Example4-3 provides an example of using constants to parameterize "magic" values in the program. In this particular case, the program defines manifest constants for the amount of memory to allocate for the test, the (mis)alignment, and the number of loop and data repetitions. This program demonstrates the performance reduction that occurs on misaligned data accesses. Adjust the MainRepetitions constant if the program is too fast or too slow.


  


  Example4-3.Data alignment program rewritten using const definitions


  
    programConstDemo;

    #include("stdlib.hhf");

    

    const

    MemToAllocate:=4_000_000;

    NumDWords:=MemToAllocatediv4;

    MisalignBy:=62;

    

    MainRepetitions:=10000;

    DataRepetitions:=999_900;

    

    CacheLineSize:=16;

    

    beginConstDemo;

    

    //console.cls();

    stdout.put

    (

    "MemoryAlignmentExercise",nl,

    nl,

    "Usingawatch(preferablyastopwatch),timetheexecutionof",nl

    "thefollowingcodetodeterminehowmanysecondsittakesto",nl

    "execute.",nl

    nl

    "PressEntertobegintimingthecode:"

    );

    

    

    //Allocateenoughdynamicmemorytoensurethatitdoesnot

    //allfitinsidethecache.Note:Themachinehadbetterhave

    //atleast4megabytesmem.freeorvirtualmemorywillkickin

    //andinvalidatethetiming.

    

    mem.alloc(MemToAllocate);

    

    //Zerooutthememory(thisloopreallyexistsjustto

    //ensurethatallmemoryismappedinbytheOS).

    

    mov(NumDWords,ecx);

    repeat

    

    dec(ecx);

    mov(0,(typedword[eax+ecx*4]));

    

    until(!ecx);//Repeatuntilecx=0.

    

    

    //Okay,waitfortheusertopresstheEnterkey.

    

    stdin.readLn();

    

    //Note:Asprocessorsgetfasterandfaster,youmay

    //wanttoincreasethesizeofthefollowingconstant.

    //Executiontimeforthisloopshouldbeapproximately

    //10-30seconds.

    

    mov(MainRepetitions,edx);

    add(MisalignBy,eax);//Forcemisalignmentofdata.

    

    repeat

    

    mov(DataRepetitions,ecx);

    align(CacheLineSize);

    repeat

    

    sub(4,ecx);

    mov([eax+ecx*4],ebx);

    mov([eax+ecx*4],ebx);

    mov([eax+ecx*4],ebx);

    mov([eax+ecx*4],ebx);

    

    until(!ecx);

    dec(edx);

    

    until(!edx);//Repeatuntileaxiszero.

    

    stdout.put(stdio.bell,"Stoptimingandrecordtimespent",nl,nl);

    

    

    //Okay,timethealignedaccess.

    

    stdout.put

    (

    "PressEnteragaintobegintimingaccesstoalignedvariable:"

    );

    stdin.readLn();

    

    //Note:Ifyouchangetheconstantabove,besuretochange

    //thisone,too!

    

    mov(MainRepetitions,edx);

    sub(MisalignBy,eax);//Realignthedata.

    repeat

    

    mov(DataRepetitions,ecx);

    align(CacheLineSize);

    repeat

    

    sub(4,ecx);

    mov([eax+ecx*4],ebx);

    mov([eax+ecx*4],ebx);

    mov([eax+ecx*4],ebx);

    mov([eax+ecx*4],ebx);

    

    until(!ecx);

    dec(edx);

    

    until(!edx);//Repeatuntileaxiszero.

    

    stdout.put(stdio.bell,"Stoptimingandrecordtimespent",nl,nl);

    mem.free(eax);

    

    

    endConstDemo;
  


  4.2.1 Constant Types


  Manifest constants can be any of the HLA primitive types plus a few of the composite types this chapter discusses. Chapter1, Chapter2, and Chapter3 discussed most of the primitive types; the primitive types include the following:[48]


  
    
  


  
    	
      
        
          boolean constants (true or false)
        

      

    


    	
      
        
          uns8 constants (0..255)
        

      

    


    	
      
        
          uns16 constants (0..65,535)
        

      

    


    	
      
        
          uns32 constants (0..4,294,967,295)
        

      

    


    	
      
        
          int8 constants (−128..+127)
        

      

    


    	
      
        
          int16 constants (−32,768..+32,767)
        

      

    


    	
      
        
          int32 constants (−2,147,483,648..+2,147,483,647)
        

      

    


    	
      
        
          char constants (any ASCII character with a character code in the range 0..255)
        

      

    


    	
      
        
          byte constants (any 8-bit value including integers, booleans, and characters)
        

      

    


    	
      
        
          word constants (any 16-bit value)
        

      

    


    	
      
        
          dword constants (any 32-bit value)
        

      

    


    	
      
        
          real32 constants (floating-point values)
        

      

    


    	
      
        
          real64 constants (floating-point values)
        

      

    


    	
      
        
          real80 constants (floating-point values)
        

      

    

  


  In addition to the constant types appearing above, the const section supports six additional constant types:


  
    
  


  
    	
      
        
          string constants
        

      

    


    	
      
        
          text constants
        

      

    


    	
      
        
          Enumerated constant values
        

      

    


    	
      
        
          Array constants
        

      

    


    	
      
        
          Record/Union constants
        

      

    


    	
      
        
          Character set constants
        

      

    

  


  These data types are the subject of this chapter, and the discussion of most of them appears a little later. However, the string and text constants are sufficiently important to warrant an early discussion of these constant types.


  4.2.2 String and Character Literal Constants


  HLA, like most programming languages, draws a distinction between a sequence of characters, a string, and a single character. This distinction is present both in the type declarations and in the syntax for literal character and string constants. Until now, this text has not drawn a fine distinction between character and string literal constants; now is the time to do so.


  String literal constants consist of a sequence of zero or more characters surrounded by ASCII quote characters. The following are examples of legal literal string constants:


  


  
    "Thisisastring"//Stringwith16characters.

    ""//Zerolengthstring.

    "a"//Stringwithasinglecharacter.

    "123"//Stringoflength3.
  


  A string of length 1 is not the same thing as a character constant. HLA uses two completely different internal representations for character and string values. Hence, "a" is not a character; it is a string that just happens to contain a single character.


  Character literal constants take a couple forms, but the most common form consists of a single character surrounded by ASCII apostrophe characters:


  


  
    '2'//CharacterconstantequivalenttoASCIIcode$32.

    'a'//Characterconstantforlowercase'A'.
  


  As this section notes earlier, "a" and 'a' are not equivalent.


  Those who are familiar with C, C++, or Java probably recognize these literal constant forms, because they are similar to the character and string constants in C/C++/Java. In fact, this text has made a tacit assumption to this point that you are somewhat familiar with C/C++ insofar as examples appearing up to this point use character and string constants without an explicit definition of them.


  Another similarity between C/C++ strings and HLA's is the automatic concatenation of adjacent literal string constants within your program. For example, HLA concatenates the two string constants


  


  
    "Firstpartofstring,""secondpartofstring"
  


  to form the single-string constant


  


  
    "Firstpartofstring,secondpartofstring"
  


  Beyond these few similarities, however, HLA strings and C/C++ strings differ. For example, C/C++ strings let you specify special character values using the escape character sequence consisting of a backslash character followed by one or more special characters; HLA does not use this escape character mechanism. HLA does provide, however, several other ways to insert special characters into a string or character constant.


  Because HLA does not allow escape character sequences in literal string and character constants, the first question you might ask is, "How does one embed quote characters in string constants and apostrophe characters in character constants?" To solve this problem, HLA uses the same technique as Pascal and many other languages: You insert two quotes in a string constant to represent a single quote, or you place two apostrophes in a character constant to represent a single apostrophe character. For example:


  


  
    "Hewrotea""HelloWorld""programasanexample."
  


  The above is equivalent to:


  


  
    Hewrotea"HelloWorld"programasanexample.
  


  As Chapter1 pointed out, to create a single apostrophe character constant, you place two adjacent apostrophes within a pair of apostrophes:


  


  
    ''''
  


  HLA provides a couple of other features that eliminate the need for escape characters. In addition to concatenating two adjacent string constants to form a longer string constant, HLA will also concatenate any combination of adjacent character and string constants to form a single string constant:


  


  
    '1''2''3'//Equivalentto"123"

    "Hewrotea"'"'"HelloWorld"'"'"programasanexample."
  


  Note that the two He wrote strings in the previous examples are identical in HLA.


  HLA provides a second way to specify character constants that handles all the other C/C++ escape character sequences: the ASCII code literal character constant. This literal character constant form uses the syntax:


  


  
    #integer_constant
  


  This form creates a character constant whose value is the ASCII code specified by integer_constant. The numeric constant can be a decimal, hexadecimal, or binary value. For example:


  


  
    #13#$d#%1101//Allthreearethesame

    //character,acarriagereturn.
  


  Because you may concatenate character literals with strings, and the #constant form is a character literal, the following are all legal strings:


  


  
    "HelloWorld"#13#10//#13#10istheWindowsnewlinesequence

    //(carriagereturnfollowedbylinefeed).

    

    "Error:BadValue"#7//#7isthebellcharacter.

    "Hewrotea"#$22"HelloWorld"#$22"programasanexample."
  


  Because $22 is the ASCII code for the quote character, this last example is yet a third form of the He wrote string literal.


  4.2.3 String and Text Constants in the const Section


  String and text constants in the const section use the following declaration syntax:


  


  
    const

    AStringConst:string:="123";

    ATextConst:text:="123";
  


  Other than the data type of these two constants, their declarations are identical. However, their behavior in an HLA program is quite different.


  Whenever HLA encounters a symbolic string constant within your program, it substitutes the string literal constant in place of the string name. So a statement like stdout.put( AStringConst ); prints the string 123 to the display. No real surprise here.


  Whenever HLA encounters a symbolic text constant within your program, it substitutes the text of that string (rather than the string literal constant) for the identifier. That is, HLA substitutes the characters between the delimiting quotes in place of the symbolic text constant. Therefore, the following statement is perfectly legal given the declarations above:


  


  
    mov(ATextConst,al);//Equivalenttomov(123,al);
  


  Note that substituting AStringConst for ATextConst in this example is illegal:


  


  
    mov(AStringConst,al);//Equivalenttomov("123",al);
  


  This latter example is illegal because you cannot move a string literal constant into the AL register.


  Whenever HLA encounters a symbolic text constant in your program, it immediately substitutes the value of the text constant's string for that text constant and continues the compilation as though you had written the text constant's value rather than the symbolic identifier in your program. This can save some typing and help make your programs a little more readable if you often enter some sequence of text in your program. For example, consider the nl (newline) text constant declaration found in the HLA stdio.hhf library header file:


  


  
    const

    nl:text:="#$d#$a";//Windowsversion.

    

    const

    nl:text:="""""#$a";//Linux,FreeBSD,andMacOSXversion.
  


  Whenever HLA encounters the symbol nl, it immediately substitutes the value of the string "#$d #$a" for the nl identifier. When HLA sees the #$d (carriage return) character constant followed by the #$a (line feed) character constants, it concatenates the two to form the string containing the Windows newline sequence (a carriage return followed by a line feed). Consider the following two statements:


  


  
    stdout.put("HelloWorld",nl);

    stdout.put("HelloWorld"nl);
  


  (Notice that the second statement above does not separate the string literal and the nl symbol with a comma.) In the first example, HLA emits code that prints the string Hello World and then emits some additional code that prints a newline sequence. In the second example, HLA expands the nl symbol as follows:


  


  
    stdout.put("HelloWorld"#$d#$a);
  


  Now HLA sees a string literal constant (Hello World) followed by two character constants. It concatenates the three of them together to form a single string and then prints this string with a single call. Therefore, leaving off the comma between the string literal and the nl symbol produces slightly more efficient code. Keep in mind that this works only with string literal constants. You cannot concatenate string variables, or a string variable with a string literal, by using this technique.


  Linux, FreeBSD, and Mac OS X users should note that the Unix end-of-line sequence is just a single line-feed character. Therefore, the declaration for nl is slightly different in those operating systems (to always guarantee that nl expands to a string constant rather than a character constant).


  In the constant section, if you specify only a constant identifier and a string constant (that is, you do not supply a type), HLA defaults to type string. If you want to declare a text constant, you must explicitly supply the type.


  


  
    const

    AStrConst:="StringConstant";

    ATextConst:text:="mov(0,eax);";
  


  4.2.4 Constant Expressions


  Thus far, this chapter has given the impression that a symbolic constant definition consists of an identifier, an optional type, and a literal constant. Actually, HLA constant declarations can be a lot more sophisticated than this because HLA allows the assignment of a constant expression, not just a literal constant, to a symbolic constant. The generic constant declaration takes one of the following two forms:


  


  
    Identifier:typeName:=constant_expression;

    Identifier:=constant_expression;
  


  Constant expressions take the familiar form you're used to in high-level languages like C/C++ and Pascal. They may contain literal constant values, previously declared symbolic constants, and various arithmetic operators. Table4-1 lists some of the operations possible in a constant expression.


  The constant expression operators follow standard precedence rules; you may use the parentheses to override the precedence if necessary. See the HLA reference at http://webster.cs.ucr.edu/ or http://artofasm.com/ for the exact precedence relationships. In general, if the precedence isn't obvious, use parentheses to exactly state the order of evaluation. HLA actually provides a few more operators than these, though the ones above are the ones you will most commonly use; the HLA documentation provides a complete list of constant expression operators.


  


  Table4-1.Operations Allowed in Constant Expressions


  


  
    
      	
        

        Arithmetic Operators

      
    


    
      	
        

        − (unary negation)

      

      	
        

        Negates the expression immediately following "-".

      
    


    
      	
        

        *

      

      	
        

        Multiplies the integer or real values around the asterisk.

      
    


    
      	
        

        div

      

      	
        

        Divides the left integer operand by the right integer operand, producing an integer (truncated) result.

      
    


    
      	
        

        mod

      

      	
        

        Divides the left integer operand by the right integer operand, producing an integer remainder.

      
    


    
      	
        

        /

      

      	
        

        Divides the left numeric operand by the second numeric operand, producing a floating point result.

      
    


    
      	
        

        +

      

      	
        

        Adds the left and right numeric operands.

      
    


    
      	
        

        −

      

      	
        

        Subtracts the right numeric operand from the left numeric operand.

      
    

  


  


  
    
      	
        

        Comparison Operators

      
    


    
      	
        

        =, ==

      

      	
        

        Compares left operand with right operand. Returns true if equal.

      
    


    
      	
        

        <>, !=

      

      	
        

        Compares left operand with right operand. Returns true if not equal.

      
    


    
      	
        

        <

      

      	
        

        Returns true if left operand is less than right operand.

      
    


    
      	
        

        <=

      

      	
        

        Returns true if left operand is <= right operand.

      
    


    
      	
        

        >

      

      	
        

        Returns true if left operand is greater than right operand.

      
    


    
      	
        

        >=

      

      	
        

        Returns true if left operand is >= right operand.

      
    

  


  


  
    
      	
        

        Logical Operators[a]

      
    


    
      	
        

        &

      

      	
        

        For boolean operands, returns the logical and of the two operands.

      
    


    
      	
        

        |

      

      	
        

        For boolean operands, returns the logical or of the two operands.

      
    


    
      	
        

        ^

      

      	
        

        For boolean operands, returns the logical exclusive-or.

      
    


    
      	
        

        !

      

      	
        

        Returns the logical not of the single operand following "!".

      
    


    
      	
        

        


        [a] Note to C/C++ and Java users: HLA's constant expressions use complete boolean evaluation rather than short-circuit boolean evaluation. Hence, HLA constant expressions do not behave identically to C/C++/Java expressions.

      
    

  


  


  
    
      	
        

        Bitwise Logical Operators

      
    


    
      	
        

        &

      

      	
        

        For integer numeric operands, returns bitwise and of the operands.

      
    


    
      	
        

        |

      

      	
        

        For integer numeric operands, returns bitwise or of the operands.

      
    


    
      	
        

        ^

      

      	
        

        For integer numeric operands, returns bitwise xor of the operands.

      
    


    
      	
        

        !

      

      	
        

        For an integer numeric operand, returns bitwise not of the operand.

      
    

  


  


  
    
      	
        

        String Operators

      
    


    
      	
        

        '+'

      

      	
        

        Returns the concatenation of the left and right string operands.

      
    

  


  If an identifier appears in a constant expression, that identifier must be a constant identifier that you have previously defined in your program in a const or val section. You may not use variable identifiers in a constant expression; their values are not defined at compile time when HLA evaluates the constant expression. Also, don't confuse compile-time and runtime operations:


  


  
    //Constantexpression,computedwhileHLAiscompilingyourprogram:

    

    const

    x:=5;

    y:=6;

    Sum:=x+y;

    

    

    //Runtimecalculation,computedwhileyourprogramisrunning,longafter

    //HLAhascompiledit:

    

    mov(x,al);

    add(y,al);
  


  HLA directly interprets the value of a constant expression during compilation. It does not emit any machine instructions to compute x + y in the constant expression above. Instead, it directly computes the sum of these two constant values. From that point forward in the program, HLA associates the value 11 with the constant Sum just as if the program had contained the statement Sum := 11; rather than Sum := x + y;. On the other hand, HLA does not precompute the value 11 in AL for the mov and add instructions above; it faithfully emits the object code for these two instructions and the 80x86 computes their sum when the program is run (sometime after the compilation is complete).


  In general, constant expressions don't get very sophisticated in assembly language programs. Usually, you're adding, subtracting, or multiplying two integer values. For example, the following const section defines a set of constants that have consecutive values:


  


  
    const

    TapeDAT:=0;

    Tape8mm:=TapeDAT+1;

    TapeQIC80:=Tape8mm+1;

    TapeTravan:=TapeQIC80+1;

    TapeDLT:=TapeTravan+1;
  


  The constants above have the following values: TapeDAT=0, Tape8mm=1, TapeQIC80=2, TapeTravan=3, and TapeDLT=4.


  4.2.5 Multiple const Sections and Their Order in an HLA Program


  Although const sections must appear in the declaration section of an HLA program (for example, between the program pgmname; header and the corresponding begin pgmname; statement), they do not have to appear before or after any other items in the declaration section. In fact, like the variable declaration sections, you can place multiple const sections in a declaration section. The only restriction on HLA constant declarations is that you must declare any constant symbol before you use it in your program.


  Some C/C++ programmers, for example, are more comfortable writing their constant declarations as follows (because this is closer to C/C++'s syntax for declaring constants):


  


  
    constTapeDAT:=0;

    constTape8mm:=TapeDAT+1;

    constTapeQIC80:=Tape8mm+1;

    constTapeTravan:=TapeQIC80+1;

    constTapeDLT:=TapeTravan+1;
  


  The placement of the const section in a program seems to be a personal issue among programmers. Other than the requirement of defining all constants before you use them, you may feel free to insert the const declaration section anywhere in the declaration section.


  4.2.6 The HLA val Section


  You cannot change the value of a constant you define in the const section. While this seems perfectly reasonable (constants after all, are supposed to be, well, constant), there are different ways we can define the term constant, and const objects follow the rules of only one specific definition. HLA's val section lets you define constant objects that follow slightly different rules. This section discusses the val section and the difference between val constants and const constants.


  The concept of "const-ness" can exist at two different times: while HLA is compiling your program and later when your program executes (and HLA is no longer running). All reasonable definitions of a constant require that a value not change while the program is running. Whether or not the value of a "constant" can change during compilation is a separate issue. The difference between HLA const objects and HLA val objects is whether the value can change during compilation.


  Once you define a constant in the const section, the value of that constant is immutable from that point forward both at runtime and while HLA is compiling your program. Therefore, an instruction like mov( SymbolicCONST, eax ); always moves the same value into EAX, regardless of where this instruction appears in the HLA main program. Once you define the symbol SymbolicCONST in the const section, this symbol has the same value from that point forward.


  The HLA val section lets you declare symbolic constants, just like the const section. However, HLA val constants can change their value throughout the source code in your program. The following HLA declarations are perfectly legal:


  


  
    valInitialValue:=0;

    constSomeVal:=InitialValue+1;//=1

    constAnotherVal:=InitialValue+2;//=2

    

    valInitialValue:=100;

    constALargerVal:=InitialValue;//=100

    constLargeValTwo:=InitialValue*2;//=200
  


  All of the symbols appearing in the const sections use the symbolic value InitialValue as part of the definition. Note, however, that InitialValue has different values at various points in this code sequence; at the beginning of the code sequence InitialValue has the value 0, while later it has the value 100.


  Remember, at runtime a val object is not a variable; it is still a manifest constant and HLA will substitute the current value of a val identifier for that identifier.[49] Statements like mov( 25, InitialValue ); are no more legal than mov( 25, 0 ); or mov( 25, 100 );.


  4.2.7 Modifying val Objects at Arbitrary Points in Your Programs


  If you declare all your val objects in the declaration section, it would seem that you would not be able to change the value of a val object between the begin and end statements of your program. After all, the val section must appear in the declaration section of the program, and the declaration section ends before the begin statement. In Chapter9, you will learn that most val object modifications occur between the begin and end statements; hence, HLA must provide some way to change the value of a val object outside the declaration section. The mechanism to do this is the ? operator. Not only does HLA allow you to change the value of a val object outside the declaration section, but it also allows you to change the value of a val object almost anywhere in the program. Anywhere a space is allowed inside an HLA program, you can insert a statement of the form


  


  
    ?ValIdentifier:=constant_expression;
  


  This means that you could write a short program like the one appearing in Example4-4.


  


  Example4-4.Demonstration of val redefinition using the ? operator


  
    programVALdemo;

    #include("stdlib.hhf")

    

    val

    NotSoConstant:=0;

    

    beginVALdemo;

    

    mov(NotSoConstant,eax);

    stdout.put("EAX=",(typeuns32eax),nl);

    

    ?NotSoConstant:=10;

    mov(NotSoConstant,eax);

    stdout.put("EAX=",(typeuns32eax),nl);

    

    ?NotSoConstant:=20;

    mov(NotSoConstant,eax);

    stdout.put("EAX=",(typeuns32eax),nl);

    

    ?NotSoConstant:=30;

    mov(NotSoConstant,eax);

    stdout.put("EAX=",(typeuns32eax),nl);

    

    endVALdemo;
  


  

  


  [48] This is not a complete list. HLA also supports 64-bit and 128-bit data types. We'll discuss those in Chapter8.


  [49] In this context, current means the value last assigned to a val object looking backward in the source code.


  


  4.3 The HLA Type Section


  Let's say that you simply do not like the names that HLA uses for declaring byte, word, dword, real, and other variables. Let's say that you prefer Pascal's naming convention or perhaps C's naming convention. You want to use terms like integer, float, double, or whatever. If HLA were Pascal, you could redefine the names in the type section of the program. With C you could use a #define or a typedef statement to accomplish the task. Well, HLA, like Pascal, has its own type statement that also lets you create aliases of these names. The following example demonstrates how to set up some C/C++/Pascal-compatible names in your HLA programs:


  


  
    type

    integer:int32;

    float:real32;

    double:real64;

    colors:byte;
  


  Now you can declare your variables with more meaningful statements like these:


  


  
    static

    i:integer;

    x:float;

    HouseColor:colors;
  


  If you program in Ada, C/C++, or FORTRAN (or any other language, for that matter), you can pick type names you're more comfortable with. Of course, this doesn't change how the 80x86 or HLA reacts to these variables one iota, but it does let you create programs that are easier to read and understand because the type names are more indicative of the actual underlying types. One warning for C/C++ programmers: don't get too excited and go off and define an int data type. Unfortunately, int is an 80x86 machine instruction (interrupt), and therefore this is a reserved word in HLA.


  The type section is useful for much more than creating type isomorphism (that is, giving a new name to an existing type). The following sections demonstrate many of the possible things you can do in the type section.


  


  4.4 enum and HLA Enumerated Data Types


  In a previous section discussing constants and constant expressions, you saw the following example:


  


  
    constTapeDAT:=0;

    constTape8mm:=TapeDAT+1;

    constTapeQIC80:=Tape8mm+1;

    constTapeTravan:=TapeQIC80+1;

    constTapeDLT:=TapeTravan+1;
  


  This example demonstrates how to use constant expressions to develop a set of constants that contain unique, consecutive values. There are, however, a couple of problems with this approach. First, it involves a lot of typing (and extra reading when reviewing this program). Second, it's very easy to make a mistake when creating long lists of unique constants and reuse or skip some values. The HLA enum type provides a better way to create a list of constants with unique values.


  enum is an HLA type declaration that lets you associate a list of names with a new type. HLA associates a unique value with each name (that is, it enumerates the list). The enum keyword typically appears in the type section, and you use it as follows:


  


  
    type

    enumTypeID:enum{comma_separated_list_of_names};
  


  The symbol enumTypeID becomes a new type whose values are specified by a list of names. As a concrete example, consider the data type TapeDrives and a corresponding variable declaration of type TapeDrives:


  


  
    type

    TapeDrives:enum{TapeDAT,Tape8mm,TapeQIC80,TapeTravan,TapeDLT};

    

    static

    BackupUnit:TapeDrives:=TapeDAT;

    

    .

    .

    .

    

    mov(BackupUnit,al);

    if(al=Tape8mm)then

    

    ...

    

    endif;

    

    //etc.
  


  By default, HLA reserves 1 byte of storage for enumerated data types. So the BackupUnit variable will consume 1 byte of memory, and you would typically use an 8-bit register to access it.[50] As for the constants, HLA associates consecutive uns8 constant values starting at 0 with each of the enumerated identifiers. In the TapeDrives example, the tape drive identifiers would have the values TapeDAT=0, Tape8mm=1, TapeQIC80=2, TapeTravan=3, and TapeDLT=4. You may use these constants exactly as though you had defined them with these values in a const section.


  

  


  [50] HLA provides a mechanism by which you can specify that enumerated data types consume 2 or 4 bytes of memory. See the HLA documentation for more details.


  


  4.5 Pointer Data Types


  You've probably experienced pointers firsthand in the Pascal, C, or Ada programming languages, and you're probably getting worried right now. Almost everyone has a bad experience when they first encounter pointers in a high-level language. Well, fear not! Pointers are actually easier to deal with in assembly language than in high-level languages. Besides, most of the problems you had with pointers probably had nothing to do with pointers but rather with the linked list and tree data structures you were trying to implement with them. Pointers, on the other hand, have many uses in assembly language that have nothing to do with linked lists, trees, and other scary data structures. Indeed, simple data structures like arrays and records often involve the use of pointers. So if you have some deep-rooted fear about pointers, forget everything you know about them. You're going to learn how great pointers really are.


  Probably the best place to start is with the definition of a pointer. Just exactly what is a pointer, anyway? Unfortunately, high-level languages like Pascal tend to hide the simplicity of pointers behind a wall of abstraction. This added complexity (which exists for good reason, by the way) tends to frighten programmers because they don't understand what's going on.


  If you're afraid of pointers, let's just ignore them for the time being and work with an array. Consider the following array declaration in Pascal:


  


  
    M:array[0..1023]ofinteger;
  


  Even if you don't know Pascal, the concept here is pretty easy to understand. M is an array with 1,024 integers in it, indexed from M[0] to M[1023]. Each one of these array elements can hold an integer value that is independent of all the others. In other words, this array gives you 1,024 different integer variables, each of which you refer to by number (the array index) rather than by name.


  If you encounter a program that has the statement M[0]:=100;, you probably won't have to think at all about what is happening with this statement. It is storing the value 100 into the first element of the array M. Now consider the following two statements:


  


  
    i:=0;(*Assume"i"isanintegervariable.*)

    M[i]:=100;
  


  You should agree, without too much hesitation, that these two statements perform the same operation as M[0]:=100;. Indeed, you're probably willing to agree that you can use any integer expression in the range 0..1,023 as an index into this array. The following statements still perform the same operation as our single assignment to index 0:


  


  
    i:=5;(*Assumeallvariablesareintegers.*)

    j:=10;

    k:=50;

    m[i*j-k]:=100;
  


  "Okay, so what's the point?" you're probably thinking. "Anything that produces an integer in the range 0..1,023 is legal. So what?" Okay, how about the following:


  


  
    M[1]:=0;

    M[M[1]]:=100;
  


  Whoa! Now that takes a few moments to digest. However, if you take it slowly, it makes sense and you'll discover that these two instructions perform the exact same operation you've been doing all along. The first statement stores 0 into array element M[1]. The second statement fetches the value of M[1], which is an integer so you can use it as an array index into M, and uses that value (0) to control where it stores the value 100.


  If you're willing to accept the above as reasonable, perhaps bizarre, but usable nonetheless, then you'll have no problems with pointers. Because M[1] is a pointer! Well, not really, but if you were to change M to "memory" and treat this array as all of memory, this is the exact definition of a pointer. A pointer is simply a memory location whose value is the address (or index, if you prefer) of some other memory location. Pointers are very easy to declare and use in an assembly language program. You don't even have to worry about array indices or anything like that.


  4.5.1 Using Pointers in Assembly Language


  An HLA pointer is a 32-bit value that may contain the address of some other variable. If you have a dword variable p that contains $1000_0000, then p "points" at memory location $1000_0000. To access the dword that p points at, you could use code like the following:


  


  
    mov(p,ebx);//Loadebxwiththevalueofpointerp.

    mov([ebx],eax);//Fetchthedatathatppointsat.
  


  By loading the value of p into EBX, this code loads the value $1000_0000 into EBX (assuming p contains $1000_0000 and, therefore, points at memory location $1000_0000). The second instruction above loads the EAX register with the dword starting at the location whose offset appears in EBX. Because EBX now contains $1000_0000, this will load EAX from locations $1000_0000 through $1000_0003.


  Why not just load EAX directly from location $1000_0000 using an instruction like mov( mem, eax ); (assuming mem is at address $1000_0000)? Well, there are a lot of reasons. But the primary reason is that this mov instruction always loads EAX from location mem. You cannot change the address from where it loads EAX. The former instructions, however, always load EAX from the location where p is pointing. This is very easy to change under program control. In fact, the simple instruction mov( &mem2, p ); will cause those same two instructions above to load EAX from mem2 the next time they execute. Consider the following instruction sequence:


  


  
    mov(&i,p);//AssumeallvariablesareSTATICvariables.

    .

    .

    .

    if(some_expression)then

    

    

    mov(&j,p);//Assumethecodeaboveskipsthisinstruction

    .//andyougettothenextinstructionby

    .//jumpingtothispointfromsomewhereelse.

    .

    

    endif;

    mov(p,ebx);//Assumebothoftheabovecodepathswindup

    mov([ebx],eax);//downhere.
  


  This short example demonstrates two execution paths through the program. The first path loads the variable p with the address of the variable i. The second path through the code loads p with the address of the variable j. Both execution paths converge on the last two mov instructions that load EAX with i or j depending upon which execution path was taken. In many respects, this is like a parameter to a procedure in a high-level language like Pascal. Executing the same instructions accesses different variables depending on whose address (i or j) winds up in p.


  4.5.2 Declaring Pointers in HLA


  Because pointers are 32-bits long, you could simply use the dword type to allocate storage for your pointers. However, there is a much better way to do this: HLA provides the pointer to phrase specifically for declaring pointer variables. Consider the following example:


  


  
    static

    b:byte;

    d:dword;

    pByteVar:pointertobyte:=&b;

    pDWordVar:pointertodword:=&d;
  


  This example demonstrates that it is possible to initialize as well as declare pointer variables in HLA. Note that you may only take addresses of static variables (static, readonly, and storage objects) with the address-of operator, so you can only initialize pointer variables with the addresses of static objects.


  You can also define your own pointer types in the type section of an HLA program. For example, if you often use pointers to characters, you'll probably want to use a type declaration like the one in the following example.


  


  
    type

    ptrChar:pointertochar;

    

    static

    cString:ptrChar;
  


  4.5.3 Pointer Constants and Pointer Constant Expressions


  HLA allows two literal pointer constant forms: the address-of operator followed by the name of a static variable or the constant NULL. In addition to these two literal pointer constants, HLA also supports simple pointer constant expressions.


  The NULL pointer is the constant 0. Zero is an illegal address that will raise an exception if you try to access it under modern operating systems. Programs typically initialize pointers with NULL to indicate that a pointer has explicitly not been initialized with a valid address.


  In addition to simple address literals and the value 0, HLA allows very simple constant expressions wherever a pointer constant is legal. Pointer constant expressions take one of the three following forms:


  


  
    &StaticVarName[PureConstantExpression]

    &StaticVarName+PureConstantExpression

    &StaticVarName-PureConstantExpression
  


  The PureConstantExpression term is a numeric constant expression that does not involve any pointer constants. This type of expression produces a memory address that is the specified number of bytes before or after (− or +, respectively) the StaticVarName variable in memory. Note that the first two forms above are semantically equivalent; they both return a pointer constant whose address is the sum of the static variable and the constant expression.


  Because you can create pointer constant expressions, it should come as no surprise to discover that HLA lets you define manifest pointer constants in the const section. The program in Example4-5 demonstrates how you can do this.


  


  Example4-5.Pointer constant expressions in an HLA program


  
    programPtrConstDemo;

    #include("stdlib.hhf");

    

    static

    b:byte:=0;

    byte1,2,3,4,5,6,7;

    

    const

    pb:=&b+1;

    

    beginPtrConstDemo;

    

    mov(pb,ebx);

    mov([ebx],al);

    stdout.put("Valueataddresspb=$",al,nl);

    

    endPtrConstDemo;
  


  Upon execution, this program prints the value of the byte just beyond b in memory (which contains the value $01).


  4.5.4 Pointer Variables and Dynamic Memory Allocation


  Pointer variables are the perfect place to store the return result from the HLA Standard Library mem.alloc function. The mem.alloc function returns the address of the storage it allocates in the EAX register; therefore, you can store the address directly into a pointer variable with a single mov instruction immediately after a call to mem.alloc:


  


  
    type

    bytePtr:pointertobyte;

    

    var

    bPtr:bytePtr;

    .

    .

    .

    mem.alloc(1024);//Allocateablockof1,024bytes.

    mov(eax,bPtr);//StoreaddressofblockinbPtr.

    .

    .

    .

    mem.free(bPtr);//Freetheallocatedblockwhendoneusingit.

    .

    .

    .
  


  4.5.5 Common Pointer Problems


  Programmers encounter five common problems when using pointers. Some of these errors will cause your programs to immediately stop with a diagnostic message; other problems are more subtle, yielding incorrect results without otherwise reporting an error or simply affecting the performance of your program without displaying an error. These five problems are:


  
    
  


  
    	
      
        
          Using an uninitialized pointer
        

      

    


    	
      
        
          Using a pointer that contains an illegal value (e.g., NULL)
        

      

    


    	
      
        
          Continuing to use mem.alloc'd storage after that storage has been freed
        

      

    


    	
      
        
          Failing to mem.free storage once the program is finished using it
        

      

    


    	
      
        
          Accessing indirect data using the wrong data type
        

      

    

  


  The first problem above is using a pointer variable before you have assigned a valid memory address to the pointer. Beginning programmers often don't realize that declaring a pointer variable reserves storage only for the pointer itself; it does not reserve storage for the data that the pointer references. The short program in Example4-6 demonstrates this problem.


  


  Example4-6.Uninitialized pointer demonstration


  
    //Programtodemonstrateuseof

    //anuninitializedpointer.Note

    //thatthisprogramshouldterminate

    //withaMemoryAccessViolationexception.

    

    programUninitPtrDemo;

    #include("stdlib.hhf");

    

    static

    

    //Note:Bydefault,variablesinthe

    //staticsectionareinitializedwith

    //zero(NULL)hencethefollowing

    //isactuallyinitializedwithNULL,

    //butthatwillstillcauseourprogram

    //tofailbecausewehaven'tinitialized

    //thepointerwithavalidmemoryaddress.

    

    Uninitialized:pointertobyte;

    

    beginUninitPtrDemo;

    

    mov(Uninitialized,ebx);

    mov([ebx],al);

    stdout.put("ValueataddressUninitialized:=$",al,nl);

    

    endUninitPtrDemo;
  


  Although variables you declare in the static section are, technically, initialized, static initialization still doesn't initialize the pointer in this program with a valid address (it initializes them with 0, which is NULL).


  Of course, there is no such thing as a truly uninitialized variable on the 80x86. What you really have are variables that you've explicitly given an initial value and variables that just happen to inherit whatever bit pattern was in memory when storage for the variable was allocated. Much of the time, these garbage bit patterns lying around in memory don't correspond to a valid memory address. Attempting to dereference such a pointer (that is, access the data in memory at which it points) typically raises a Memory Access Violation exception.


  Sometimes, however, those random bits in memory just happen to correspond to a valid memory location you can access. In this situation, the CPU will access the specified memory location without aborting the program. Although to a naive programmer this situation may seem preferable to stopping the program, in reality this is far worse because your defective program continues to run without alerting you to the problem. If you store data through an uninitialized pointer, you may very well overwrite the values of other important variables in memory. This defect can produce some very difficult-to-locate problems in your program.


  The second problem programmers have with pointers is storing invalid address values into a pointer. The first problem above is actually a special case of this second problem (with garbage bits in memory supplying the invalid address rather than you producing it via a miscalculation). The effects are the same; if you attempt to dereference a pointer containing an invalid address, either you will get a Memory Access Violation exception or you will access an unexpected memory location.


  The third problem listed above is also known as the dangling pointer problem. To understand this problem, consider the following code fragment:


  


  
    mem.alloc(256);//Allocatesomestorage.

    mov(eax,ptr);//Saveaddressawayinapointervariable.

    .

    .//Codethatusesthepointervariableptr.

    .

    mem.free(ptr);//Freethestorageassociatedwithptr.

    .

    .//Codethatdoesnotchangethevalueinptr.

    .

    mov(ptr,ebx);

    mov(al,[ebx]);
  


  In this example you will note that the program allocates 256 bytes of storage and saves the address of that storage in the ptr variable. Then the code uses this block of 256 bytes for a while and frees the storage, returning it to the system for other uses. Note that calling mem.free does not change the value of ptr in any way; ptr still points at the block of memory allocated by mem.alloc earlier. Indeed, mem.free does not change any data in this block, so upon return from mem.free, ptr still points at the data stored into the block by this code. However, note that the call to mem.free tells the system that the program no longer needs this 256-byte block of memory and the system can use this region of memory for other purposes. The mem.free function cannot enforce the fact that you will never access this data again; you are simply promising that you won't. Of course, the code fragment above breaks this promise; as you can see in the last two instructions above, the program fetches the value in ptr and accesses the data it points at in memory.


  The biggest problem with dangling pointers is that you can get away with using them a good part of the time. As long as the system doesn't reuse the storage you've freed, using a dangling pointer produces no ill effects in your program. However, with each new call to mem.alloc, the system may decide to reuse the memory released by that previous call to mem.free. When this happens, any attempt to dereference the dangling pointer may produce some unintended consequences. The problems range from reading data that has been overwritten (by the new, legal use of the data storage), to overwriting the new data, to (the worst case) overwriting system heap management pointers (doing so will probably cause your program to crash). The solution is clear: Never use a pointer value once you free the storage associated with that pointer.


  Of all the problems, the fourth (failing to free allocated storage) will probably have the least impact on the proper operation of your program. The following code fragment demonstrates this problem:


  


  
    mem.alloc(256);

    mov(eax,ptr);

    .//Codethatusesthedatawhereptrispointing.

    .//Thiscodedoesnotfreeupthestorage

    .//associatedwithptr.

    mem.alloc(512);

    mov(eax,ptr);

    

    //Atthispoint,thereisnowaytoreferencetheoriginal

    //blockof256bytespointedatbyptr.
  


  In this example the program allocates 256 bytes of storage and references this storage using the ptr variable. At some later time the program allocates another block of bytes and overwrites the value in ptr with the address of this new block. Note that the former value in ptr is lost. Because the program no longer has this address value, there is no way to call mem.free to return the storage for later use. As a result, this memory is no longer available to your program. While making 256 bytes of memory inaccessible to your program may not seem like a big deal, imagine that this code is in a loop that repeats over and over again. With each execution of the loop the program loses another 256 bytes of memory. After a sufficient number of loop iterations, the program will exhaust the memory available on the heap. This problem is often called a memory leak because the effect is the same as though the memory bits were leaking out of your computer (yielding less and less available storage) during program execution.


  Memory leaks are far less damaging than dangling pointers. Indeed, there are only two problems with memory leaks: the danger of running out of heap space (which, ultimately, may cause the program to abort, though this is rare) and performance problems due to virtual memory page swapping. Nevertheless, you should get in the habit of always freeing all storage once you have finished using it. When your program quits, the operating system reclaims all storage, including the data lost via memory leaks. Therefore, memory lost via a leak is lost only to your program, not the whole system.


  The last problem with pointers is the lack of type-safe access. This can occur because HLA cannot and does not enforce pointer type checking. For example, consider the program in Example4-7.


  


  Example4-7.Type-unsafe pointer access example


  
    //Programtodemonstrateuseof

    //lackoftypecheckinginpointer

    //accesses.

    

    programBadTypePtrDemo;

    #include("stdlib.hhf");

    

    static

    ptr:pointertochar;

    cnt:uns32;

    

    beginBadTypePtrDemo;

    

    //Allocatesufficientcharacters

    //toholdalineoftextinput

    //bytheuser:

    

    mem.alloc(256);

    mov(eax,ptr);

    

    

    //Okay,readthetextacharacter

    //atatimebytheuser:

    

    stdout.put("Enteralineoftext:");

    stdin.flushInput();

    mov(0,cnt);

    mov(ptr,ebx);

    repeat

    

    stdin.getc();//Readacharacterfromtheuser.

    mov(al,[ebx]);//Storethecharacteraway.

    inc(cnt);//Bumpupcountofcharacters.

    inc(ebx);//Pointatnextpositioninmemory.

    

    until(stdin.eoln());

    

    

    //Okay,we'vereadalineoftextfromtheuser,

    //nowdisplaythedata:

    

    mov(ptr,ebx);

    for(mov(cnt,ecx);ecx>0;dec(ecx))do

    

    mov([ebx],eax);

    stdout.put("Currentvalueis$",eax,nl);

    inc(ebx);

    

    endfor;

    mem.free(ptr);

    

    

    endBadTypePtrDemo;
  


  This program reads in data from the user as character values and then displays the data as double-word hexadecimal values. While a powerful feature of assembly language is that it lets you ignore data types at will and automatically coerce the data without any effort, this power is a two-edged sword. If you make a mistake and access indirect data using the wrong data type, HLA and the 80x86 may not catch the mistake and your program may produce inaccurate results. Therefore, you need to take care when using pointers and indirection in your programs that you use the data consistently with respect to data type.


  


  4.6 Composite Data Types


  Composite data types, also known as aggregate data types, are those that are built up from other (generally scalar) data types. This chapter covers several of the more important composite data types—character strings, character sets, arrays, records, and unions. A string is a good example of a composite data type; it is a data structure built up from a sequence of individual characters and some other data.


  


  4.7 Character Strings


  After integer values, character strings are probably the most common data type that modern programs use. The 80x86 does support a handful of string instructions, but these instructions are really intended for block memory operations, not a specific implementation of a character string. Therefore, this section will concentrate mainly on the HLA definition of character strings and will also discuss the string-handling routines available in the HLA Standard Library.


  In general, a character string is a sequence of ASCII characters that possesses two main attributes: a length and some character data. Different languages use different data structures to represent strings. To better understand the reasoning behind the design of HLA strings, it is probably instructive to look at two different string representations popularized by various high-level languages.


  Without question, zero-terminated strings are probably the most common string representation in use today because this is the native string format for C, C++, C#, Java, and other languages. A zero-terminated string consists of a sequence of zero or more ASCII characters ending with a 0 byte. For example, in C/C++, the string "abc" requires 4 bytes: the three characters 'a', 'b', and 'c' followed by a 0. As you'll soon see, HLA character strings are upward compatible with zero-terminated strings, but in the meantime you should note that it is very easy to create zero-terminated strings in HLA. The easiest place to do this is in the static section using code like the following:


  


  
    static

    zeroTerminatedString:char;@nostorage;

    byte"Thisisthezero-terminatedstring",0;
  


  Remember, when using the @nostorage option, HLA doesn't reserve any space for the variable, so the zeroTerminatedString variable's address in memory corresponds to the first character in the following byte directive. Whenever a character string appears in the byte directive as it does here, HLA emits each character in the string to successive memory locations. The 0 value at the end of the string terminates this string.


  HLA supports a zstring data type. However, those objects are double word pointers that contain the address of a zstring, not the zero-terminated string itself. Here is an example of a zstring declaration (and static initialization):


  


  
    static

    zeroTerminatedString:char;@nostorage;

    byte"Thisisthezero-terminatedstring",0;

    zstrVar:zstring:=&zeroTerminatedString;
  


  Zero-terminated strings have two principal attributes: They are very simple to implement, and the strings can be any length. On the other hand, zero-terminated strings have a few drawbacks. First, though not usually important, zero-terminated strings cannot contain the NUL character (whose ASCII code is 0). Generally, this isn't a problem, but it does create havoc once in a while. The second problem with zero-terminated strings is that many operations on them are somewhat inefficient. For example, to compute the length of a zero-terminated string, you must scan the entire string looking for that 0 byte (counting characters up to the 0). The following program fragment demonstrates how to compute the length of the string above:


  


  
    mov(&zeroTerminatedString,ebx);

    mov(0,eax);

    while((typebyte[ebx+eax])<>0)do

    

    inc(eax);

    

    endwhile;

    

    //Stringlengthisnowineax.
  


  As you can see from this code, the time it takes to compute the length of the string is proportional to the length of the string; as the string gets longer, it takes longer to compute its length.


  A second string format, length-prefixed strings, overcomes some of the problems with zero-terminated strings. Length-prefixed strings are common in languages like Pascal; they generally consist of a length byte followed by zero or more character values. The first byte specifies the string length, and the following bytes (up to the specified length) are the character data. In a length-prefixed scheme, the string abc would consist of the 4 bytes $03 (the string length) followed by a, b, and c. You can create length-prefixed strings in HLA using code like the following:


  


  
    static

    lengthPrefixedString:char;@nostorage;

    byte3,"abc";
  


  Counting the characters ahead of time and inserting them into the byte statement, as was done here, may seem like a major pain. Fortunately, there are ways to have HLA automatically compute the string length for you.


  Length-prefixed strings solve the two major problems associated with zero-terminated strings. It is possible to include the NUL character in length-prefixed strings, and those operations on zero-terminated strings that are relatively inefficient (e.g., string length) are more efficient when using length-prefixed strings. However, length-prefixed strings have their own drawbacks. The principal drawback is that they are limited to a maximum of 255 characters in length (assuming a 1-byte length prefix).


  HLA uses an expanded scheme for strings that is upward compatible with both zero-terminated and length-prefixed strings. HLA strings enjoy the advantages of both zero-terminated and length-prefixed strings without the disadvantages. In fact, the only drawback to HLA strings over these other formats is that HLA strings consume a few additional bytes (the overhead for an HLA string is 9 to 12 bytes compared to 1 byte for zero-terminated or length-prefixed strings, the overhead being the number of bytes needed above and beyond the actual characters in the string).


  An HLA string value consists of four components. The first element is a double-word value that specifies the maximum number of characters that the string can hold. The second element is a double-word value specifying the current length of the string. The third component is the sequence of characters in the string. The final component is a zero-terminating byte. You could create an HLA-compatible string in the static section using code like the following:[51]


  


  
    static

    align(4);

    dword11;

    dword11;

    TheString:char;@nostorage;

    byte"Hellothere";

    byte0;
  


  Note that the address associated with the HLA string is the address of the first character, not the maximum or current length values.


  "So what is the difference between the current and maximum string lengths?" you're probably wondering. In a literal string they are usually the same. However, when you allocate storage for a string variable at runtime, you will normally specify the maximum number of characters that can go into the string. When you store actual string data into the string, the number of characters you store must be less than or equal to this maximum value. The HLA Standard Library string routines will raise an exception if you attempt to exceed this maximum length (something the C/C++ and Pascal formats can't do).


  The terminating 0 byte at the end of the HLA string lets you treat an HLA string as a zero-terminated string if it is more efficient or more convenient to do so. For example, most calls to Windows, Mac OS X, FreeBSD, and Linux require zero-terminated strings for their string parameters. Placing a 0 at the end of an HLA string ensures compatibility with the operating system and other library modules that use zero-terminated strings.


  

  


  [51] Actually, there are some restrictions on the placement of HLA strings in memory. This text will not cover those issues. See the HLA documentation for more details.


  


  4.8 HLA Strings


  As the previous section notes, HLA strings consist of four components: a maximum length, a current string length, character data, and a zero-terminating byte. However, HLA never requires you to create string data by manually emitting these components yourself. HLA is smart enough to automatically construct this data for you whenever it sees a string literal constant. So if you use a string constant like the following, understand that somewhere HLA is creating the four-component string in memory for you:


  


  
    stdout.put("Thisgetsconvertedtoafour-componentstringbyHLA");
  


  HLA doesn't actually work directly with the string data described in the previous section. Instead, when HLA sees a string object, it always works with a pointer to that object rather than working directly with the object. Without question, this is the most important fact to know about HLA strings and is the biggest source of problems beginning HLA programmers have with strings in HLA: Strings are pointers! A string variable consumes exactly 4 bytes, the same as a pointer (because it is a pointer!). Having said all that, let's look at a simple string variable declaration in HLA:


  


  
    static

    StrVariable:string;
  


  Because a string variable is a pointer, you must initialize it before you can use it. There are three general ways you may initialize a string variable with a legal string address: using static initializers, using the str.alloc routine, or calling some other HLA Standard Library function that initializes a string or returns a pointer to a string.


  In one of the static declaration sections that allow initialized variables (static and readonly) you can initialize a string variable using the standard initialization syntax. For example:


  


  
    static

    InitializedString:string:="Thisismystring";
  


  Note that this does not initialize the string variable with the string data. Instead, HLA creates the string data structure (see 4.7 Character Strings) in a special, hidden, memory segment and initializes the InitializedString variable with the address of the first character in this string (the T in This). Remember, strings are pointers! The HLA compiler places the actual string data in a read-only memory segment. Therefore, you cannot modify the characters of this string literal at runtime. However, because the string variable (a pointer, remember) is in the static section, you can change the string variable so that it points at different string data.


  Because string variables are pointers, you can load the value of a string variable into a 32-bit register. The pointer itself points at the first character position of the string. You can find the current string length in the double-word 4 bytes prior to this address, and you can find the maximum string length in the double-word 8 bytes prior to this address. The program in Example4-8 demonstrates one way to access this data.[52]


  


  Example4-8.Accessing the length and maximum length fields of a string


  
    //ProgramtodemonstrateaccessingLengthandMaxlengthfieldsofastring.

    

    programStrDemo;

    #include("stdlib.hhf");

    

    static

    theString:string:="Stringoflength19";

    

    beginStrDemo;

    

    mov(theString,ebx);//Getpointertothestring.

    

    mov([ebx-4],eax);//Getcurrentlength.

    mov([ebx-8],ecx);//Getmaximumlength.

    

    stdout.put

    (

    "theString='",theString,"'",nl,

    "length(theString)=",(typeuns32eax),nl,

    "maxLength(theString)=",(typeuns32ecx),nl

    );

    

    endStrDemo;
  


  When accessing the various fields of a string variable, it is not wise to access them using fixed numeric offsets as done in Example4-8. In the future, the definition of an HLA string may change slightly. In particular, the offsets to the maximum length and length fields are subject to change. A safer way to access string data is to coerce your string pointer using the str.strRec data type. The str.strRec data type is a record data type (see 4.25 Records) that defines symbolic names for the offsets of the length and maximum length fields in the string data type. If the offsets to the length and maximum length fields were to change in a future version of HLA, then the definitions in str.strRec would also change. So if you use str.strRec, then recompiling your program would automatically make any necessary changes to your program.


  To use the str.strRec data type properly, you must first load the string pointer into a 32-bit register; for example, mov( SomeString, ebx );. Once the pointer to the string data is in a register, you can coerce that register to the str.strRec data type using the HLA construct (type str.strRec [ebx]). Finally, to access the length or maximum length fields, you would use either (type str.strRec [ebx]).length or (type str.strRec [ebx]).maxlen (respectively). Although there is a little more typing involved (versus using simple offsets like −4 or −8), these forms are far more descriptive and much safer than straight numeric offsets. The program in Example4-9 corrects the example in Example4-8 by using the str.strRec data type.


  


  Example4-9.Correct way to access the length and maxlen fields of a string


  
    //Programtodemonstrateaccessinglengthandmaxlenfieldsofastring

    

    programLenMaxlenDemo;

    #include("stdlib.hhf");

    

    static

    theString:string:="Stringoflength19";

    

    beginLenMaxlenDemo;

    

    mov(theString,ebx);//Getpointertothestring.

    

    mov((typestr.strRec[ebx]).length,eax);//Getcurrentlength.

    mov((typestr.strRec[ebx]).maxlen,ecx);//Getmaximumlength.

    

    stdout.put

    (

    "theString=",theString,"'",nl,

    "length(theString)=",(typeuns32eax),nl,

    "maxLength(theString)=",(typeuns32ecx),nl

    );

    

    endLenMaxlenDemo;
  


  A second way to manipulate strings in HLA is to allocate storage on the heap to hold string data. Because strings can't directly use pointers returned by mem.alloc (string operations access the 8 bytes prior to the address), you shouldn't use mem.alloc to allocate storage for string data. Fortunately, the HLA Standard Library memory module provides a memory allocation routine specifically designed to allocate storage for strings: str.alloc. Like mem.alloc, str.alloc expects a single double-word parameter. This value specifies the maximum number of characters allowed in the string. The str.alloc routine will allocate the specified number of bytes of memory, plus between 9 and 13 additional bytes to hold the extra string information.[53]


  The str.alloc routine will allocate storage for a string, initialize the maximum length to the value passed as the str.alloc parameter, initialize the current length to 0, and store a zero-terminating byte in the first character position of the string. After this, str.alloc returns the address of the zero-terminating byte (that is, the address of the first character element) in the EAX register.


  Once you've allocated storage for a string, you can call various string-manipulation routines in the HLA Standard Library to manipulate the string. The next section discusses a few of the HLA string routines in detail; this section introduces a couple of string-related routines for the sake of example. The first such routine is the stdin.gets( strvar );. This routine reads a string from the user and stores the string data into the string storage pointed at by the string parameter (strvar in this case). If the user attempts to enter more characters than the maximum the string allows, then stdin.gets raises the ex.StringOverflow exception. The program in Example4-10 demonstrates the use of str.alloc.


  


  Example4-10.Reading a string from the user


  
    //Programtodemonstratestr.allocandstdin.gets

    

    programstrallocDemo;

    #include("stdlib.hhf");

    

    static

    theString:string;

    

    beginstrallocDemo;

    

    str.alloc(16);//Allocatestorageforthestringandstore

    mov(eax,theString);//thepointerintothestringvariable.

    

    //Prompttheuserandreadthestringfromtheuser:

    

    stdout.put("Enteralineoftext(16chars,max):");

    stdin.flushInput();

    stdin.gets(theString);

    

    //Echothestringbacktotheuser:

    

    stdout.put("Thestringyouenteredwas:",theString,nl);

    

    endstrallocDemo;
  


  If you look closely, you'll see a slight defect in the program above. It allocates storage for the string by calling str.alloc, but it never frees the storage allocated. Even though the program immediately exits after the last use of the string variable, and the operating system will deallocate the storage, it's always a good idea to explicitly free up any storage you allocate. Doing so keeps you in the habit of freeing allocated storage (so you don't forget to do it when it's important); also, programs have a way of growing such that an innocent defect that doesn't affect anything in today's program becomes a show-stopping defect in tomorrow's version.


  To free storage you allocate via str.alloc, you must call the str.free routine, passing the string pointer as the single parameter. The program in Example4-11 is a correction of the program Example4-10 with this defect corrected.


  


  Example4-11.Corrected program that reads a string from the user


  
    //Programtodemonstratestr.alloc,str.free,andstdin.gets

    

    programstrfreeDemo;

    #include("stdlib.hhf");

    

    static

    theString:string;

    

    beginstrfreeDemo;

    

    str.alloc(16);//Allocatestorageforthestringandstore

    mov(eax,theString);//thepointerintothestringvariable.

    

    //Prompttheuserandreadthestringfromtheuser:

    

    stdout.put("Enteralineoftext(16chars,max):");

    stdin.flushInput();

    stdin.gets(theString);

    

    //Echothestringbacktotheuser:

    

    stdout.put("Thestringyouenteredwas:",theString,nl);

    

    //Freeupthestorageallocatedbystr.alloc:

    

    str.free(theString);

    

    endstrfreeDemo;
  


  When looking at this corrected program, please take note that the stdin.gets routine expects you to pass it a string parameter that points at an allocated string object. Without question, one of the most common mistakes beginning HLA programmers make is to call stdin.gets and pass it a string variable that they have not initialized. This may be getting old now, but keep in mind that strings are pointers! Like pointers, if you do not initialize a string with a valid address, your program will probably crash when you attempt to manipulate that string object. The call to str.alloc and the following mov instruction is how the programs above initialize the string pointer. If you are going to use string variables in your programs, you must ensure that you allocate storage for the string data prior to writing data to the string object.


  Allocating storage for a string is such a common operation that many HLA Standard Library routines will automatically allocate the storage for you. Generally, such routines have an a_ prefix as part of their name. For example, the stdin.a_gets combines a call to str.alloc and stdin.gets into the same routine. This routine, which doesn't have any parameters, reads a line of text from the user, allocates a string object to hold the input data, and then returns a pointer to the string in the EAX register. Example4-12 presents an adaptation of the two programs in Example4-10 and Example4-11 that uses stdin.a_gets.


  


  Example4-12.Reading a string from the user with stdin.a_gets


  
    //Programtodemonstratestr.freeandstdin.a_gets

    

    programstrfreeDemo2;

    #include("stdlib.hhf");

    

    static

    theString:string;

    

    beginstrfreeDemo2;

    

    

    //Prompttheuserandreadthestringfromtheuser:

    

    stdout.put("Enteralineoftext:");

    stdin.flushInput();

    stdin.a_gets();

    mov(eax,theString);

    

    //Echothestringbacktotheuser:

    

    stdout.put("Thestringyouenteredwas:",theString,nl);

    

    //Freeupthestorageallocatedbystdin.a_gets:

    

    str.free(theString);

    

    endstrfreeDemo2;
  


  Note that, as before, you must still free up the storage stdin.a_gets allocates by calling the str.free routine. One big difference between this routine and the previous two is the fact that HLA will automatically allocate exactly enough space for the string read from the user. In the previous programs, the call to str.alloc allocates only 16 bytes. If the user types more than 16 characters, then the program raises an exception and quits. If the user types fewer than 16 characters, then some space at the end of the string is wasted. The stdin.a_gets routine, on the other hand, always allocates the minimum necessary space for the string read from the user. Because it allocates the storage, there is little chance of overflow.[54]


  

  


  [52] Note that this scheme is not recommended. If you need to extract the length information from a string, use the routines provided in the HLA string library for this purpose.


  [53] str.alloc may allocate more than 9 bytes for the overhead data because the memory allocated to an HLA string must always be double-word aligned, and the total length of the data structure must be a multiple of 4.


  [54] Actually, there are limits on the maximum number of characters that stdin.a_gets will allocate. This is typically between 1,024 bytes and 4,096 bytes. See the HLA Standard Library source listings and your operating system documentation for the exact value.


  


  4.9 Accessing the Characters Within a String


  Extracting individual characters from a string is a very common task. It is so easy that HLA doesn't provide any specific procedure or language syntax to accomplish this—you simply use machine instructions to accomplish this. Once you have a pointer to the string data, a simple indexed addressing mode will do the rest of the work for you.


  Of course, the most important thing to keep in mind is that strings are pointers. Therefore, you cannot apply an indexed addressing mode directly to a string variable and expect to extract characters from the string. That is, if s is a string variable, then mov( s[ebx], al ); does not fetch the character at position EBX in string s and place it in the AL register. Remember, s is just a pointer variable; an addressing mode like s[ebx] will simply fetch the byte at offset EBX in memory starting at the address of s (see Figure4-1).


  


  
    [image: ]
  


  
    Figure4-1.Incorrectly indexing off a string variable
  


  In Figure4-1, assuming EBX contains 3, s[ebx] does not access the fourth character in the string s; instead it fetches the fourth byte of the pointer to the string data. It is very unlikely that this is what you would want. Figure4-2 shows the operation that is necessary to fetch a character from the string, assuming EBX contains the value of s.


  


  
    [image: ]
  


  
    Figure4-2.Correctly indexing off the value of a string variable
  


  In Figure4-2 EBX contains the value of string s. The value of s is a pointer to the actual string data in memory. Therefore, EBX will point at the first character of the string when you load the value of s into EBX. The following code demonstrates how to access the fourth character of string s in this fashion:


  


  
    mov(s,ebx);//Getpointertostringdataintoebx.

    mov([ebx+3],al);//Fetchthefourthcharacterofthestring.
  


  If you want to load the character at a variable, rather than fixed, offset into the string, then you can use one of the 80x86's scaled indexed addressing modes to fetch the character. For example, if an uns32 variable index contains the desired offset into the string, you could use the following code to access the character at s[index]:


  


  
    mov(s,ebx);//Getaddressofstringdataintoebx.

    mov(index,ecx);//Getdesiredoffsetintostring.

    mov([ebx+ecx],al);//Getthedesiredcharacterintoal.
  


  There is only one problem with the code above—it does not check to ensure that the character at offset index actually exists. If index is greater than the current length of the string, then this code will fetch a garbage byte from memory. Unless you can a priori determine that index is always less than the length of the string, code like this is dangerous to use. A better solution is to check the index against the string's current length before attempting to access the character. The following code provides one way to do this:


  


  
    mov(s,ebx);

    mov(index,ecx);

    if(ecx<(typestr.strRec[ebx]).length)then

    

    mov([ebx+ecx],al);

    

    else

    

    <<Codethathandlesout-of-boundsstringindex>>

    

    endif;
  


  In the else portion of this if statement you could take corrective action, print an error message, or raise an exception. If you want to explicitly raise an exception, you can use the HLA raise statement to accomplish this. The syntax for the raise statement is


  


  
    raise(integer_constant);

    raise(reg32);
  


  The value of the integer_constant or 32-bit register must be an exception number. Usually, this is one of the predefined constants in the excepts.hhf header file. An appropriate exception to raise when a string index is greater than the length of the string is ex.StringIndexError. The following code demonstrates raising this exception if the string index is out of bounds:


  


  
    mov(s,ebx);

    mov(index,ecx);

    if(ecx<(typestr.strRec[ebx]).length)then

    

    mov([ebx+ecx],al);

    

    else

    

    raise(ex.StringIndexError);

    

    endif;
  


  


  4.10 The HLA String Module and Other String-Related Routines


  Although HLA provides a powerful definition for string data, the real power behind HLA's string capabilities lies in the HLA Standard Library, not in the definition of HLA string data. HLA provides hundreds of string-manipulation routines that far exceed the capabilities found in standard high-level languages like C/C++, Java, or Pascal; indeed, HLA's string-handling capabilities rival those in string-processing languages like Icon or SNOBOL4. This chapter discusses several of the string functions that the HLA Standard Library provides.


  Perhaps the most basic string operation you will need is to assign one string to another. There are three different ways to assign strings in HLA: by reference, by copying a string, and by duplicating a string. Of these, assignment by reference is the fastest and easiest. If you have two strings and you wish to assign one string to the other, a simple and fast way to do this is to copy the string pointer. The following code fragment demonstrates this:


  


  
    static

    string1:string:="SomeStringData";

    string2:string;

    .

    .

    .

    mov(string1,eax);

    mov(eax,string2);

    .

    .

    .
  


  String assignment by reference is very efficient because it involves only two simple mov instructions regardless of the string length. Assignment by reference works great if you never modify the string data after the assignment operation. Do keep in mind, though, that both string variables (string1 and string2 in the example above) wind up pointing at the same data. So if you make a change to the data pointed at by one string variable, you will change the string data pointed at by the second string object because both objects point at the same data. Example4-13 provides a program that demonstrates this problem.


  


  Example4-13.Problem with string assignment by copying pointers


  
    //Programtodemonstratetheproblemwithstringassignmentbyreference

    

    programstrRefAssignDemo;

    #include("stdlib.hhf");

    

    static

    string1:string;

    string2:string;

    

    beginstrRefAssignDemo;

    

    //Getavalueintostring1.

    

    forever

    

    stdout.put("Enterastringwithatleastthreecharacters:");

    stdin.a_gets();

    mov(eax,string1);

    

    breakif((typestr.strRec[eax]).length>=3);

    

    stdout.put("Pleaseenterastringwithatleastthreechars:"nl);

    

    endfor;

    

    stdout.put("Youentered:'",string1,"'"nl);

    

    //Dothestringassignmentbycopyingthepointer.

    

    mov(string1,ebx);

    mov(ebx,string2);

    

    stdout.put("String1='",string1,"'"nl);

    stdout.put(""String2='",string2,"'"nl);

    

    //Okay,modifythedatainstring1byoverwriting

    //thefirstthreecharactersofthestring(notethat

    //astringpointeralwayspointsatthefirstcharacter

    //positioninthestringandweknowwe'vegotatleast

    //threecharactershere).

    

    mov('a',(typechar[ebx]));

    mov('b',(typechar[ebx+1]));

    mov('c',(typechar[ebx+2]));

    

    //Okay,demonstratetheproblemwithassignmentvia

    //pointercopy.

    

    stdout.put

    (

    "Afterassigning'abc'tothefirstthreecharactersinstring1:"

    nl

    nl

    );

    stdout.put("String1='",string1,"'"nl);

    stdout.put("String2='",string2,"'"nl);

    

    str.free(string1);//Don'tfreestring2aswell!

    

    

    endstrRefAssignDemo;
  


  Because both string1 and string2 point at the same string data in this example, any change you make to one string is reflected in the other. While this is sometimes acceptable, most programmers expect assignment to produce a different copy of a string; that is, they expect the semantics of string assignment to produce two unique copies of the string data.


  An important point to remember when using copy by reference (this term means copying a pointer) is that you have created an alias of the string data. The term alias means that you have two names for the same object in memory (for example, in the program above, string1 and string2 are two different names for the same string data). When you read a program, it is reasonable to expect that different variables refer to different memory objects. Aliases violate this rule, thus making your program harder to read and understand because you have to remember that aliases do not refer to different objects in memory. Failing to keep this in mind can lead to subtle bugs in your program. For instance, in the example above you have to remember that string1 and string2 are aliases so as not to free both objects at the end of the program. Worse still, you have to remember that string1 and string2 are aliases so that you don't continue to use string2 after freeing string1 because string2 would be a dangling reference at that point.


  Because using copy by reference makes your programs harder to read and increases the possibility that you might introduce subtle defects into your programs, you might wonder why someone would use copy by reference at all. There are two reasons for this: First, copy by reference is very efficient; it involves only the execution of two mov instructions. Second, some algorithms actually depend on copy-by-reference semantics. Nevertheless, before using this technique you should carefully consider whether copying string pointers is the appropriate way to do a string assignment in your program.


  The second way to assign one string to another is to copy the string data. The HLA Standard Library str.cpy routine provides this capability. A call to the str.cpy procedure uses the following call syntax:[55]


  


  
    str.cpy(source_string,destination_string);
  


  The source and destination strings must be string variables (pointers) or 32-bit registers containing the addresses of the string data in memory.


  The str.cpy routine first checks the maximum length field of the destination string to ensure that it is at least as big as the source string's current length. If it is not, then str.cpy raises the ex.StringOverflow exception. If the destination string's maximum length is large enough, then str.cpy copies the string length, the characters, and the zero-terminating byte from the source string to the destination string. When this process is complete, the two strings point at identical data, but they do not point at the same data in memory.[56] The program in Example4-14 is a rework of the example in Example4-13 using str.cpy rather than copy by reference.


  


  Example4-14.Copying strings using str.cpy


  
    //Programtodemonstratestringassignmentusingstr.cpy

    

    programstrcpyDemo;

    #include("stdlib.hhf");

    

    static

    string1:string;

    string2:string;

    

    beginstrcpyDemo;

    

    //Allocatestorageforstring2:

    

    str.alloc(64);

    mov(eax,string2);

    

    //Getavalueintostring1.

    

    forever

    

    stdout.put("Enterastringwithatleastthreecharacters:");

    stdin.a_gets();

    mov(eax,string1);

    

    breakif((typestr.strRec[eax]).length>=3);

    

    stdout.put("Pleaseenterastringwithatleastthreechars:"nl);

    

    endfor;

    

    

    //Dothestringassignmentviastr.cpy.

    

    str.cpy(string1,string2);

    

    stdout.put("String1='",string1,"'"nl);

    stdout.put("String2='",string2,"'"nl);

    

    //Okay,modifythedatainstring1byoverwriting

    //thefirstthreecharactersofthestring(notethat

    //astringpointeralwayspointsatthefirstcharacter

    //positioninthestringandweknowwe'vegotatleast

    //threecharactershere).

    

    mov(string1,ebx);

    mov('a',(typechar[ebx]));

    mov('b',(typechar[ebx+1]));

    mov('c',(typechar[ebx+2]));

    

    //Okay,demonstratethatwehavetwodifferentstrings

    //becauseweusedstr.cpytocopythedata:

    

    stdout.put

    (

    "Afterassigning'abc'tothefirstthreecharactersinstring1:"

    nl

    nl

    );

    stdout.put("String1='",string1,"'"nl);

    stdout.put("String2='",string2,"'"nl);

    

    

    //Notethatwehavetofreethedataassociatedwithboth

    //stringsbecausetheyarenotaliasesofoneanother.

    

    str.free(string1);

    str.free(string2);

    

    

    endstrcpyDemo;
  


  There are two important things to note about the program in Example4-14. First, note that this program begins by allocating storage for string2. Remember, the str.cpy routine does not allocate storage for the destination string; it assumes that the destination string already has storage allocated. Keep in mind that str.cpy does not initialize string2; it only copies data to the location where string2 is pointing. It is the program's responsibility to initialize the string by allocating sufficient memory before calling str.cpy. The second thing to notice here is that the program calls str.free to free up the storage for both string1 and string2 before the program quits.


  Allocating storage for a string variable prior to calling str.cpy is so common that the HLA Standard Library provides a routine that allocates and copies the string: str.a_cpy. This routine uses the following call syntax:


  


  
    str.a_cpy(source_string);
  


  Note that there is no destination string. This routine looks at the length of the source string, allocates sufficient storage, makes a copy of the string, and then returns a pointer to the new string in the EAX register. The program in Example4-15 demonstrates how to do the same thing as the program in Example4-14 using the str.a_cpy procedure.


  


  Example4-15.Copying strings using str.a_cpy


  
    //Programtodemonstratestringassignmentusingstr.a_cpy

    

    programstra_cpyDemo;

    #include("stdlib.hhf");

    

    static

    string1:string;

    string2:string;

    

    beginstra_cpyDemo;

    

    

    //Getavalueintostring1.

    

    forever

    

    stdout.put("Enterastringwithatleastthreecharacters:");

    stdin.a_gets();

    mov(eax,string1);

    

    breakif((typestr.strRec[eax]).length>=3);

    

    stdout.put("Pleaseenterastringwithatleastthreechars:"nl);

    

    endfor;

    

    

    //Dothestringassignmentviastr.a_cpy.

    

    str.a_cpy(string1);

    mov(eax,string2);

    

    stdout.put("String1='",string1,"'"nl);

    stdout.put("String2='",string2,"'"nl);

    

    //Okay,modifythedatainstring1byoverwriting

    //thefirstthreecharactersofthestring(notethat

    //astringpointeralwayspointsatthefirstcharacter

    //positioninthestringandweknowwe'vegotatleast

    //threecharactershere).

    

    mov(string1,ebx);

    mov('a',(typechar[ebx]));

    mov('b',(typechar[ebx+1]));

    mov('c',(typechar[ebx+2]));

    

    //Okay,demonstratethatwehavetwodifferentstrings

    //becauseweusedstr.cpytocopythedata:

    

    stdout.put

    (

    "Afterassigning'abc'tothefirstthreecharactersinstring1:"

    nl

    nl

    );

    stdout.put("String1='",string1,"'"nl);

    stdout.put("String2='",string2,"'"nl);

    

    

    //Notethatwehavetofreethedataassociatedwithboth

    //stringsbecausetheyarenotaliasesofoneanother.

    

    str.free(string1);

    str.free(string2);

    

    

    endstra_cpyDemo;
  


  
    Warning
  


  
    Whenever you use copy by reference or str.a_cpy to assign a string, don't forget to free the storage associated with the string when you have (completely) finished with that string's data. Failure to do so may produce a memory leak if you do not have another pointer to the previous string data lying around.
  


  Obtaining the length of a character string is so common that the HLA Standard Library provides a str.length routine specifically for this purpose. Of course, you can fetch the length by using the str.strRec data type to access the length field directly, but constant use of this mechanism can be tiring because it involves a lot of typing. The str.length routine provides a more compact and convenient way to fetch the length information. You call str.length using one of the following two formats:


  


  
    str.length(Reg32);

    str.length(string_variable);
  


  This routine returns the current string length in the EAX register.


  Another pair of useful string routines is the str.cat and str.a_cat procedures. They use the following syntax:


  


  
    str.cat(srcRStr,destLStr);

    str.a_cat(srcLStr,srcRStr);
  


  These two routines concatenate two strings (that is, they create a new string by joining the two strings together). The str.cat procedure concatenates the source string to the end of the destination string. Before the concatenation actually takes place, str.cat checks to make sure that the destination string is large enough to hold the concatenated result, and it raises the ex.StringOverflow exception if the destination string's maximum length is too small.


  The str.a_cat routine, as its name suggests, allocates storage for the resulting string before doing the concatenation. This routine will allocate sufficient storage to hold the concatenated result, then it will copy the srcLStr to the allocated storage, next it will append the string data pointed at by srcRStr to the end of this new string, and then it will return a pointer to the new string in the EAX register.


  
    Warning
  


  
    Note a potential source of confusion. The str.cat procedure concatenates its first operand to the end of the second operand. Therefore, str.cat follows the standard (src, dest) operand format present in many HLA statements. The str.a_cat routine, on the other hand, has two source operands rather than a source operand and a destination operand. The str.a_cat routine concatenates its two operands in an intuitive left-to-right fashion. This is the opposite of str.cat. Keep this in mind when using these two routines.
  


  Example4-16 demonstrates the use of the str.cat and str.a_cat routines.


  


  Example4-16.Demonstration of str.cat and str.a_cat routines


  
    //Programtodemonstratestr.catandstr.a_cat

    

    programstrcatDemo;

    #include("stdlib.hhf");

    

    static

    UserName:string;

    Hello:string;

    a_Hello:string;

    

    beginstrcatDemo;

    

    //Allocatestoragefortheconcatenatedresult:

    

    str.alloc(1024);

    mov(eax,Hello);

    

    //Getsomeuserinputtouseinthisexample:

    

    stdout.put("Enteryourname:");

    stdin.flushInput();

    stdin.a_gets();

    mov(eax,UserName);

    

    //Usestr.cattocombinethetwostrings:

    

    str.cpy("Hello",Hello);

    str.cat(UserName,Hello);

    

    //Usestr.a_cattocombinethestringstrings:

    

    str.a_cat("Hello",UserName);

    mov(eax,a_Hello);

    

    stdout.put("Concatenatedstring#1is'",Hello,"'"nl);

    stdout.put("Concatenatedstring#2is'",a_Hello,"'"nl);

    

    str.free(UserName);

    str.free(a_Hello);

    str.free(Hello);

    

    endstrcatDemo;
  


  The str.insert and str.a_insert routines are similar to the string-concatenation procedures. However, the str.insert and str.a_insert routines let you insert one string anywhere into another string, not just at the end of the string. The calling sequences for these two routines are:


  


  
    str.insert(src,dest,index);

    str.a_insert(src,dest,index);
  


  These two routines insert the source string (src) into the destination string (dest) starting at character position index. The str.insert routine inserts the source string directly into the destination string; if the destination string is not large enough to hold both strings, str.insert raises an ex.StringOverflow exception. The str.a_insert routine first allocates storage for a new string on the heap, copies the destination string (src) to the new string, and then inserts the source string (dest) into this new string at the specified offset; str.a_insert returns a pointer to the new string in the EAX register.


  Indexes into a string are zero based. This means that if you supply the value 0 as the index in str.insert or str.a_insert, then these routines will insert the source string before the first character of the destination string. Likewise, if the index is equal to the length of the string, then these routines will simply concatenate the source string to the end of the destination string.


  
    Warning
  


  
    If the index is greater than the length of the string, the str.insert and str.a_insert procedures will not raise an exception; instead, they will simply append the source string to the end of the destination string.
  


  The str.delete and str.a_delete routines let you remove characters from a string. They use the following calling sequence:


  


  
    str.delete(strng,StartIndex,Length);

    str.a_delete(strng,StartIndex,Length);
  


  Both routines delete Length characters starting at character position StartIndex in string strng. The difference between the two is that str.delete deletes the characters directly from strng, whereas str.a_delete first allocates storage and copies strng and then deletes the characters from the new string (leaving strng untouched). The str.a_delete routine returns a pointer to the new string in the EAX register.


  The str.delete and str.a_delete routines are very forgiving with respect to the values you pass in StartIndex and Length. If StartIndex is greater than the current length of the string, these routines do not delete any characters from the string. If StartIndex is less than the current length of the string, but StartIndex+Length is greater than the length of the string, then these routines will delete all characters from StartIndex to the end of the string.


  Another very common string operation is the need to copy a portion of a string to another string without otherwise affecting the source string. The str.substr and str.a_substr routines provide this capability. These routines use the following syntax:


  


  
    str.substr(src,dest,StartIndex,Length);

    str.a_substr(src,StartIndex,Length);
  


  The str.substr routine copies Length characters, starting at position StartIndex, from the src string to the dest string. The dest string must have sufficient storage to hold the new string or str.substr will raise an ex.StringOverflow exception. If the StartIndex value is greater than the length of the string, then str.substr will raise an ex.StringIndexError exception. If StartIndex+Length is greater than the length of the source string, but StartIndex is less than the length of the string, then str.substr will extract only those characters from StartIndex to the end of the string.


  The str.a_substr procedure behaves in a fashion nearly identical to str.substr, except it allocates storage on the heap for the destination string. str.a_substr handles exceptions identically to str.substr, except it never raises a string overflow exception because this will never occur.[57] As you can probably guess by now, str.a_substr returns a pointer to the newly allocated string in the EAX register.


  After you have been working with string data for a little while, the need will invariably arise to compare two strings. A first attempt at string comparison, using the standard HLA relational operators, will compile but not necessarily produce the desired result:


  


  
    mov(s1,eax);

    if(eax=s2)then

    

    <<Codetoexecuteifthestringsareequal>>

    

    else

    

    <<Codetoexecuteifthestringsarenotequal>>

    

    endif;
  


  Remember, strings are pointers. This code compares the two pointers to see if they are equal. If they are equal, clearly the two strings are equal (because both s1 and s2 point at the exact same string data). However, the fact that the two pointers are different doesn't necessarily mean that the strings are not equivalent. Both s1 and s2 could contain different values (that is, they point at different addresses in memory), yet the string data at those two addresses could be identical. Most programmers expect a string comparison for equality to be true if the data for the two strings is the same. Clearly a pointer comparison does not provide this type of comparison. To overcome this problem, the HLA Standard Library provides a set of string-comparison routines that will compare the string data, not just their pointers. These routines use the following calling sequences:


  


  
    str.eq(src1,src2);

    str.ne(src1,src2);

    str.lt(src1,src2);

    str.le(src1,src2);

    str.gt(src1,src2);

    str.ge(src1,src2);
  


  Each of these routines compares the src1 string to the src2 string and returns true (1) or false (0) in the EAX register depending on the comparison. For example, str.eq( s1, s2); returns true in EAX if s1 is equal to s2. HLA provides a small extension that allows you to use the string-comparison routines within an if statement.[58] The following code demonstrates the use of some of these comparison routines within an if statement:


  


  
    stdout.put("Enterasingleword:");

    stdin.a_gets();

    if(str.eq(eax,"Hello"))then

    

    stdout.put("Youentered'Hello'",nl);

    

    endif;

    str.free(eax);
  


  Note that the string the user enters in this example must exactly match Hello, including the use of an uppercase H at the beginning of the string. When processing user input, it is best to ignore alphabetic case in string comparisons because different users have different ideas about when they should be pressing the SHIFT key on the keyboard. An easy solution is to use the HLA case-insensitive string-comparison functions. These routines compare two strings, ignoring any differences in alphabetic case. These routines use the following calling sequences:


  


  
    str.ieq(src1,src2);

    str.ine(src1,src2);

    str.ilt(src1,src2);

    str.ile(src1,src2);

    str.igt(src1,src2);

    str.ige(src1,src2);
  


  Other than they treat uppercase characters the same as their lowercase equivalents, these routines behave exactly like the former routines, returning true or false in EAX depending on the result of the comparison.


  Like most high-level languages, HLA compares strings using lexicographical ordering. This means that two strings are equal if and only if their lengths are the same and the corresponding characters in the two strings are exactly the same. For less-than or greater-than comparisons, lexicographical ordering corresponds to the way words appear in a dictionary. That is, a is less than b is less than c, and so on. Actually, HLA compares the strings using the ASCII numeric codes for the characters, so if you are unsure whether a is less than a period, simply consult the ASCII character chart (incidentally, a is greater than a period in the ASCII character set, just in case you were wondering).


  If two strings have different lengths, lexicographical ordering worries about the length only if the two strings exactly match through the length of the shorter string. If this is the case, then the longer string is greater than the shorter string (and, conversely, the shorter string is less than the longer string). Note, however, that if the characters in the two strings do not match at all, then HLA's string-comparison routines ignore the length of the string; for example, z is always greater than aaaaa, even though it is shorter.


  The str.eq routine checks to see if two strings are equal. Sometimes, however, you might want to know whether one string contains another string. For example, you may want to know if some string contains the substring north or south to determine some action to take in a game. The HLA str.index routine lets you check to see if one string is contained as a substring of another. The str.index routine uses the following calling sequence:


  


  
    str.index(StrToSearch,SubstrToSearchFor);
  


  This function returns, in EAX, the offset into StrToSearch where SubstrToSearchFor appears. This routine returns −1 in EAX if SubstrToSearchFor is not present in StrToSearch. Note that str.index will do a case-sensitive search. Therefore, the strings must exactly match. There is no case-insensitive variant of str.index you can use.[59]


  The HLA strings module contains hundreds of routines besides those appearing in this section. Space limitations and prerequisite knowledge prevent the presentation of all those functions here; however, this does not mean that the remaining string functions are unimportant. You should definitely take a look at the HLA Standard Library documentation to learn everything you can about the powerful HLA string library routines.


  

  


  [55] Warning to C/C++ users: note that the order of the operands is opposite that of the C Standard Library strcpy function.


  [56] Unless, of course, both string pointers contained the same address to begin with, in which case str.cpy copies the string data over itself.


  [57] Technically, str.a_substr, like all routines that call mem.alloc to allocate storage, can raise an ex.MemoryAllocationFailure exception, but this is very unlikely to occur.


  [58] This extension is actually a little more general than this section describes. Chapter7 explains it fully.


  [59] However, HLA does provide routines that will convert all the characters in a string to one case or another. So you can make copies of the strings, convert all the characters in both copies to lowercase, and then search using these converted strings. This will achieve the same result.


  


  4.11 In-Memory Conversions


  The HLA Standard Library's string module contains dozens of routines for converting between strings and other data formats. Although it's a little premature in this text to present a complete description of those functions, it would be rather criminal not to discuss at least one of the available functions: the str.put routine. This routine encapsulates the capabilities of many of the other string-conversion functions, so if you learn how to use this one, you'll have most of the capabilities of those other routines at your disposal.


  You use the str.put routine in a manner very similar to the stdout.put routine. The only difference is that the str.put routine "writes" its data to a string instead of the standard output device. A call to str.put has the following syntax:


  


  
    str.put(destString,values_to_convert);
  


  Here's an example of a call to str.put:


  


  
    str.put(destString,"I=",i:4,"J=",j,"s=",s);
  


  
    Warning
  


  
    Generally, you would not put a newline character sequence at the end of the string as you would if you were printing the string to the standard output device.
  


  The destString parameter at the beginning of the str.put parameter list must be a string variable, and it must already have storage associated with it. If str.put attempts to store more characters than allowed into the destString parameter, then this function raises the ex.StringOverflow exception.


  Most of the time you won't know the length of the string that str.put will produce. In those instances, you should allocate storage for a very large string, one that is much larger than you expect, and use this string object as the first parameter of the str.put call. This will prevent an exception from crashing your program. Generally, if you expect to produce about one screen line of text, then you should probably allocate at least 256 characters for the destination string. If you're creating longer strings, you should probably use a default of 1,024 characters (or more, if you're going to produce really large strings).


  Here's an example:


  


  
    static

    s:string;

    .

    .

    .

    str.alloc(256);

    mov(eax,s);

    .

    .

    .

    str.put(s,"R:",r:16:4,"strval:'",strval:-10,"'");
  


  You can use the str.put routine to convert any data to a string that you can print using stdout.put. You will probably find this routine invaluable for common value-to-string conversions.


  


  4.12 Character Sets


  Character sets are another composite data type, like strings, built upon the character data type. A character set is a mathematical set of characters with the most important attribute being membership. That is, a character is either a member of a set or it is not a member of a set. The concept of sequence (for example, whether one character comes before another, as in a string) doesn't apply to character sets. Also, membership is a binary relation; a character is either in the set or it is not in the set; you cannot have multiple copies of the same character in a character set. Various operations are possible on character sets, including the mathematical set operations of union, intersection, difference, and membership test.


  HLA implements a restricted form of character sets that allows set members to be any of the 128 standard ASCII characters (that is, HLA's character set facilities do not support extended character codes in the range 128..255). Despite this restriction, HLA's character set facilities are very powerful and are handy when writing programs that work with string data. The following sections describe the implementation and use of HLA's character set facilities so you may take advantage of character sets in your own programs.


  


  4.13 Character Set Implementation in HLA


  There are many different ways to represent character sets in an assembly language program. HLA implements character sets using an array of 128 boolean values. Each boolean value determines whether the corresponding character is a member of the character set; that is, a true boolean value indicates that the corresponding character is a member of the set, whereas a false value indicates that the character is not a member of the set. To conserve memory, HLA allocates only a single bit for each character in the set; therefore, HLA character sets consume 16 bytes of memory because there are 128 bits in 16 bytes. This array of 128 bits is organized in memory as shown in Figure4-3.


  


  
    [image: ]
  


  
    Figure4-3.Bit layout of a character set object
  


  Bit 0 of byte 0 corresponds to ASCII code 0 (the NUL character). If this bit is 1, then the character set contains the NUL character; if this bit contains false, then the character set does not contain the NUL character. Likewise, bit 0 of byte 1 (the ninth bit in the 128-bit array) corresponds to the backspace character (ASCII code is 8). Bit 1 of byte 8 corresponds to ASCII code 65, an uppercase A. Bit 65 will contain a 1 if A is a current member of the character set; it will contain 0 if A is not a member of the set.


  While there are other possible ways to implement character sets, with this bit-vector implementation it is very easy to implement set operations such as union, intersection, difference comparison, and membership tests.


  HLA supports character set variables using the cset data type. To declare a character set variable, you would use a declaration like the following:


  


  
    static

    CharSetVar:cset;
  


  This declaration will reserve 16 bytes of storage to hold the 128 bits needed to represent a set of ASCII characters.


  Although it is possible to manipulate the bits in a character set using instructions like and, or, xor, and so on, the 80x86 instruction set includes several bit test, set, reset, and complement instructions that are nearly perfect for manipulating character sets. The bt (bit test) instruction, for example, will copy a single bit in memory to the carry flag. The bt instruction allows the following syntactical forms.


  


  
    bt(BitNumber,BitsToTest);

    

    bt(reg16,reg16);

    bt(reg32,reg32);

    bt(constant,reg16);

    bt(constant,reg32);

    

    bt(reg16,mem16);

    bt(reg32,mem32);//HLAtreatscsetobjectsasdwordswithinbt.

    bt(constant,mem16);

    bt(constant,mem32);//HLAtreatscsetobjectsasdwordswithinbt.
  


  The first operand holds a bit number, and the second operand specifies a register or memory location whose bit should be copied into the carry flag. If the second operand is a register, the first operand must contain a value in the range 0..n−1, where n is the number of bits in the second operand. If the first operand is a constant and the second operand is a memory location, the constant must be in the range 0..255. Here are some examples of these instructions:


  


  
    bt(7,ax);//Copiesbit7ofaxintothecarryflag(CF).

    mov(20,eax);

    bt(eax,ebx);//Copiesbit20ofebxintoCF.

    

    //Copiesbit0ofthebyteatCharSetVar+3intoCF.

    

    bt(24,CharSetVar);

    

    //Copiesbit4ofthebyteatDWmem+2intoCF.

    

    bt(eax,DWmem);
  


  The bt instruction turns out to be quite useful for testing set membership. For example, to see if the character A is a member of a character set, you could use a code sequence like the following:


  


  
    bt('A',CharSetVar);

    if(@c)then

    

    <<Dosomethingif'A'isamemberoftheset.>>

    

    endif;
  


  The bts (bit test and set), btr (bit test and reset), and btc (bit test and complement) instructions are also useful for manipulating character set variables. Like the bt instruction, these instructions copy the specified bit into the carry flag; after copying the specified bit, these instructions will set (bts), reset/clear (btr), or complement/invert (btc) the specified bit. Therefore, you can use the bts instruction to add a character to a character set via set union (that is, it adds a character to the set if the character was not already a member of the set; otherwise the set is unaffected). You can use the btr instruction to remove a character from a character set via set intersection (that is, it removes a character from the set if and only if it was previously in the set; otherwise it has no effect on the set). The btc instruction lets you add a character to the set if it wasn't previously in the set; it removes the character from the set if it was previously a member (that is, it toggles the membership of that character in the set).


  


  4.14 HLA Character Set Constants and Character Set Expressions


  HLA supports literal character set constants. These cset constants make it easy to initialize cset variables at compile time and allow you to easily pass character set constants as procedure parameters. An HLA character set constant takes the following form:


  


  
    {Comma_separated_list_of_characters_and_character_ranges}
  


  The following is an example of a simple character set holding the numeric digit characters:


  


  
    {'0','1','2','3','4','5','6','7','8','9'}
  


  When specifying a character set literal that has several contiguous values, HLA lets you concisely specify the values using only the starting and ending values of the range thusly:


  


  
    {'0'..'9'}
  


  You may combine characters and various ranges within the same character set constant. For example, the following character set constant is all the alphanumeric characters:


  


  
    {'0'..'9','a'..'z','A'..'Z'}
  


  You can use these cset literal constants as initializers in the const and val sections. The following example demonstrates how to create the symbolic constant AlphaNumeric using the character set above:


  


  
    const

    AlphaNumeric:cset:={'0'..'9','a'..'z','A'..'Z'};
  


  After the above declaration, you can use the identifier AlphaNumeric anywhere the character set literal is legal.


  You can also use character set literals (and, of course, character set symbolic constants) as the initializer field for a static or readonly variable. The following code fragment demonstrates this:


  


  
    static

    Alphabetic:cset:={'a'..'z','A'..'Z'};
  


  Anywhere you can use a character set literal constant, a character set constant expression is also legal. Table4-2 shows the operators that HLA supports in character set constant expressions.


  


  Table4-2.HLA Character Set Operators


  


  
    
      	
        

        Operator

      

      	
        

        Description

      
    


    
      	
        

        CSetConst1 + CSetConst2

      

      	
        

        Computes the union of the two sets. The set union is the set of all characters that are in either set.

      
    


    
      	
        

        CSetConst1 * CSetConst2

      

      	
        

        Computes the intersection of the two sets. The set intersection is the set of all characters that appear in both operand sets.

      
    


    
      	
        

        CSetConst1 - CSetConst2

      

      	
        

        Computes the set difference of the two sets. The set difference is the set of characters that appear in the first set but do not appear in the second set.

      
    


    
      	
        

        -CSetConst

      

      	
        

        Computes the set complement. The set complement is the set of all characters not in the set.

      
    

  


  Note that these operators produce only compile-time results. That is, the expressions above are computed by the compiler during compilation; they do not emit any machine code. If you want to perform these operations on two different sets while your program is running, the HLA Standard Library provides routines you can call to achieve the results you desire. HLA also provides other compile-time character set operators.


  


  4.15 Character Set Support in the HLA Standard Library


  The HLA Standard Library provides several character set routines you may find useful. The character set support routines fall into four categories: standard character set functions, character set tests, character set conversions, and character set I/O. This section describes these routines in the HLA Standard Library.


  To begin with, let's consider the Standard Library routines that help you construct character sets. These routines include cs.empty, cs.cpy, cs.charToCset, cs.unionChar, cs.removeChar, cs.rangeChar, cs.strToCset, and cs.unionStr. These procedures let you build up character sets at runtime using character and string objects.


  The cs.empty procedure initializes a character set variable with the empty set by setting all the bits in the character set to 0. This procedure call uses the following syntax (CSvar is a character set variable):


  


  
    cs.empty(CSvar);
  


  The cs.cpy procedure copies one character set to another, replacing any data previously held by the destination character set. The syntax for cs.cpy is:


  


  
    cs.cpy(srcCsetValue,destCsetVar);
  


  The cs.cpy source character set can be either a character set constant or a character set variable. The destination character set must be a character set variable.


  The cs.unionChar procedure adds a character to a character set. It uses the following calling sequence:


  


  
    cs.unionChar(CharVar,CSvar);
  


  This call will add the first parameter, a character, to the set via set union. Note that you could use the bts instruction to achieve this same result; however, the cs.unionChar call is often more convenient. The character value must be in the range #0..#127.


  The cs.charToCset function creates a singleton set (a set containing a single character). The calling format for this function is:


  


  
    cs.charToCset(CharValue,CSvar);
  


  The first operand, the character value CharValue, can be an 8-bit register, a constant, or a character variable that holds a value in the range #0..#127. The second operand (CSvar) must be a character set variable. This function clears the destination character set to all zeros and then unions the specified character into the character set.


  The cs.removeChar procedure lets you remove a single character from a character set without affecting the other characters in the set. This function uses the same syntax as cs.charToCset, and the parameters have the same attributes. The calling sequence is:


  


  
    cs.removeChar(CharValue,CSvar);
  


  Note that if the character was not in the CSVar set to begin with, cs.removeChar will not affect the set. This function roughly corresponds to the btr instruction.


  The cs.rangeChar constructs a character set containing all the characters between two characters you pass as parameters. This function sets all bits outside the range of these two characters to 0. The calling sequence is:


  


  
    cs.rangeChar(LowerBoundChar,UpperBoundChar,CSVar);
  


  The LowerBoundChar and UpperBoundChar parameters can be constants, registers, or character variables. The values held in LowerBoundChar and UpperBoundChar must be in the range #0..#127. CSVar, the destination character set, must be a cset variable.


  The cs.strToCset procedure creates a new character set containing the union of all the characters in a character string. This procedure begins by setting the destination character set to the empty set, and then it unions in the characters in the string one by one until it exhausts all characters in the string. The calling sequence is:


  


  
    cs.strToCset(StringValue,CSVar);
  


  Technically, the StringValue parameter can be a string constant as well as a string variable; however, it doesn't make any sense to call cs.strToCset this way because cs.cpy is a much more efficient way to initialize a character set with a constant set of characters. As usual, the destination character set must be a cset variable. Typically, you'd use this function to create a character set based on a string input by the user.


  The cs.unionStr procedure will add the characters in a string to an existing character set. Like cs.strToCset, you'd normally use this function to union characters into a set based on a string input by the user. The calling sequence for this is:


  


  
    cs.unionStr(StringValue,CSVar);
  


  Standard set operations include union, intersection, and set difference. The HLA Standard Library routines cs.setunion, cs.intersection, and cs.difference provide these operations, respectively.[60] These routines all use the same calling sequence:


  


  
    cs.setunion(srcCset,destCset);

    cs.intersection(srcCset,destCset);

    cs.difference(srcCset,destCset);
  


  The first parameter can be a character set constant or a character set variable. The second parameter must be a character set variable. These procedures compute destCset := destCset op srcCset where op represents set union, intersection, or difference, depending on the function call.


  The third category of character set routines test character sets in various ways. They typically return a boolean value indicating the result of the test. The HLA character set routines in this category include cs.IsEmpty, cs.member, cs.subset, cs.psubset, cs.superset, cs.psuperset, cs.eq, and cs.ne.


  The cs.IsEmpty function tests a character set to see if it is the empty set. The function returns true or false in the EAX register. This function uses the following calling sequence:


  


  
    cs.IsEmpty(CSetValue);
  


  The single parameter may be a constant or a character set variable, although it doesn't make much sense to pass a character set constant to this procedure (because you would know at compile time whether this set is empty).


  The cs.member function tests to see if a character value is a member of a set. This function returns true in the EAX register if the character is a member of the set. Note that you can use the bt instruction to test this same condition. However, the cs.member function is probably a little more convenient to use if the character argument is not a constant. The calling sequence for cs.member is:


  


  
    cs.member(CharValue,CsetValue);
  


  The first parameter is an 8-bit register, character variable, or a constant. The second parameter is either a character set constant or a character set variable. It would be unusual for both parameters to be constants.


  The cs.subset, cs.psubset (proper subset), cs.superset, and cs.psuperset (proper superset) functions let you check to see if one character set is a subset or superset of another. The calling sequence for these four routines is nearly identical; it is one of the following:


  


  
    cs.subset(CsetValue1,CsetValue2);

    cs.psubset(CsetValue1,CsetValue2);

    cs.superset(CsetValue1,CsetValue2);

    cs.psuperset(CsetValue1,CsetValue2);
  


  These routines compare the first parameter against the second parameter and return true or false in the EAX register depending upon the result. One set is a subset of another if all the members of the first character set are present in the second character set. It is a proper subset if the second (right) character set also contains characters not found in the first (left) character set. Likewise, one character set is a superset of another if it contains all the characters in the second set (and possibly more). A proper superset contains additional characters beyond those found in the second set. The parameters can be either character set variables or character set constants; however, it would be unusual for both parameters to be character set constants (because you can determine this at compile time, there would be no need to call a runtime function to compute this).


  The cs.eq and cs.ne functions check to see if two sets are equal or not equal. These functions return true or false in EAX depending upon the set comparison. The calling sequence is identical to the sub/superset functions above:


  


  
    cs.eq(CsetValue1,CsetValue2);

    cs.ne(CsetValue1,CsetValue2);
  


  Note that there are no functions that test for less than, less than or equal, greater than, or greater than or equal. The subset and proper subset functions are the equivalent of less than or equal and less than (respectively); likewise, the superset and proper superset functions are equivalent to greater than or equal and greater than (respectively).


  The cs.extract routine removes an arbitrary character from a character set and returns that character in the EAX register.[61] The calling sequence is the following:


  


  
    cs.extract(CsetVar);
  


  The single parameter must be a character set variable. Note that this function will modify the character set variable by removing some character from the character set. This function returns $FFFF_FFFF (−1) in EAX if the character set was empty prior to the call.


  In addition to the routines found in the cset.hhf (character set) library module, the string and standard output modules also provide functions that allow or expect character set parameters. For example, if you supply a character set value as a parameter to stdout.put, the stdout.put routine will print the characters currently in the set. See the HLA Standard Library documentation for more details on character set-handling procedures.


  

  


  [60] cs.setunion was used rather than cs.union because union is an HLA reserved word.


  [61] This routine returns the character in AL and zeros out the H.O. 3 bytes of EAX.


  


  4.16 Using Character Sets in Your HLA Programs


  Character sets are valuable for many different purposes in your programs. For example, one common use of character sets is to validate user input. This section will also present a couple of other applications for character sets to help you start thinking about how you could use them in your program.


  Consider the following short code segment that gets a yes/no-type answer from the user:


  


  
    static

    answer:char;

    .

    .

    .

    repeat

    .

    .

    .

    stdout.put("Wouldyouliketoplayagain?");

    stdin.FlushInput();

    stdin.get(answer);

    

    until(answer='n');
  


  A major problem with this code sequence is that it will stop only if the user types a lowercase n character. If the user types anything other than n (including uppercase N), the program will treat this as an affirmative answer and transfer back to the beginning of the repeat..until loop. A better solution would be to validate the user input before the until clause above to ensure that the user has only typed n, N, y, or Y. The following code sequence will accomplish this:


  


  
    repeat

    .

    .

    .

    repeat

    

    stdout.put("Wouldyouliketoplayagain?");

    stdin.FlushInput();

    stdin.get(answer);

    

    until(cs.member(answer,{'n','N','Y','y'});

    if(answer='N')then

    

    mov('n',answer);

    

    endif;

    

    until(answer='n');
  


  


  4.17 Arrays


  Along with strings, arrays are probably the most commonly used composite data. Yet most beginning programmers don't understand how arrays operate internally and their associated efficiency trade-offs. It's surprising how many novice (and even advanced!) programmers view arrays from a completely different perspective once they learn how to deal with arrays at the machine level.


  Abstractly, an array is an aggregate data type whose members (elements) are all the same type. Selection of a member from the array is by an integer index.[62] Different indices select unique elements of the array. This text assumes that the integer indices are contiguous (though this is by no means required). That is, if the number x is a valid index into the array and y is also a valid index, with x < y, then all i such that x < i < y are valid indices.


  Whenever you apply the indexing operator to an array, the result is the specific array element chosen by that index. For example, A[i] chooses the ith element from array A. Note that there is no formal requirement that element i be anywhere near element i+1 in memory. As long as A[i] always refers to the same memory location and A[i+1] always refers to its corresponding location (and the two are different), the definition of an array is satisfied.


  In this text, we assume that array elements occupy contiguous locations in memory. An array with five elements will appear in memory as Figure4-4 shows.


  


  
    [image: ]
  


  
    Figure4-4.Array layout in memory
  


  The base address of an array is the address of the first element on the array and always appears in the lowest memory location. The second array element directly follows the first in memory, the third element follows the second, and so on. Note that there is no requirement that the indices start at 0. They may start with any number as long as they are contiguous. However, for the purposes of discussion, this book will start all indexes at 0.


  To access an element of an array, you need a function that translates an array index to the address of the indexed element. For a single-dimensional array, this function is very simple. It is:


  


  
    Element_Address=Base_Address+((Index-Initial_Index)*Element_Size)
  


  where Initial_Index is the value of the first index in the array (which you can ignore if 0) and the value Element_Size is the size, in bytes, of an individual array element.


  

  


  [62] Or it could be some value whose underlying representation is integer, such as character, enumerated, and boolean types.


  


  4.18 Declaring Arrays in Your HLA Programs


  Before you can access elements of an array, you need to set aside storage for that array. Fortunately, array declarations build on the declarations you've already seen. To allocate n elements in an array, you would use a declaration like the following in one of the variable declaration sections:


  


  
    ArrayName:basetype[n];
  


  ArrayName is the name of the array variable and basetype is the type of an element of that array. This sets aside storage for the array. To obtain the base address of the array, just use ArrayName.


  The [n] suffix tells HLA to duplicate the object n times. Now let's look at some specific examples.


  


  
    static

    

    CharArray:char[128];//Characterarraywithelements0..127.

    ByteArray:byte[10];//Arrayofbyteswithelements0..9.

    PtrArray:dword[4];//Arrayofdoublewordswithelements0..3.
  


  These examples all allocate storage for uninitialized arrays. You may also specify that the elements of the arrays be initialized using declarations like the following in the static and readonly sections:


  


  
    RealArray:real32[8]:=[1.0,1.0,1.0,1.0,1.0,1.0,1.0,1.0];

    IntegerAry:int32[8]:=[1,1,1,1,1,1,1,1];
  


  These definitions both create arrays with eight elements. The first definition initializes each 4-byte real value to 1.0, the second declaration initializes each int32 element to 1. Note that the number of constants within the square brackets must exactly match the size of the array.


  This initialization mechanism is fine if you want each element of the array to have the same value. What if you want to initialize each element of the array with a (possibly) different value? No sweat, just specify a different set of values in the list surrounded by the square brackets in the example above:


  


  
    RealArray:real32[8]:=[1.0,2.0,3.0,4.0,5.0,6.0,7.0,8.0];

    IntegerAry:int32[8]:=[1,2,3,4,5,6,7,8];
  


  


  4.19 HLA Array Constants


  The last few examples in the previous section demonstrate the use of HLA array constants. An HLA array constant is nothing more than a list of values surrounded by a pair of brackets. The following are all legal array constants:


  


  
    [1,2,3,4]

    [2.0,3.14159,1.0,0.5]

    ['a','b','c','d']

    ["Hello","world","of","assembly"]
  


  (Note that this last array constant contains four double-word pointers to the four HLA strings appearing elsewhere in memory.)


  As you saw in the previous section, you can use array constants in the static and readonly sections to provide initial values for array variables. The number of comma-separated items in an array constant must exactly match the number of array elements in the variable declaration. Likewise, the type of each of the array constant's elements must match the array variable's declared base type.


  Using array constants to initialize small arrays is very convenient. Of course, if your array has several thousand elements, entering them will be tedious. Most arrays initialized this way have no more than a couple hundred entries and generally far less than 100. It is reasonable to use an array constant to initialize such variables. However, at some point initializing arrays in this manner will become far too tedious and error prone. You probably would not want to manually initialize an array with 1,000 different elements using an array constant. However, if you want to initialize all the elements of an array with the same value, HLA does provide a special array constant syntax for doing so. Consider the following declaration:


  


  
    BigArray:uns32[1000]:=1000dup[1];
  


  This declaration creates a 1,000-element integer array initializing each element to one. The 1000 dup [ 1 ] expression tells HLA to create an array constant by duplicating the single value [ 1 ] one thousand times. You can even use the dup operator to duplicate a series of values (rather than a single value), as the following example indicates:


  


  
    SixteenInts:int32[16]:=4dup[1,2,3,4];
  


  This example initializes SixteenInts with four copies of the sequence 1,2,3,4, yielding a total of 16 different integers (i.e., 1, 2, 3, 4, 1, 2, 3, 4, 1, 2, 3, 4, 1, 2, 3, 4).


  You will see some more possibilities with the dup operator when looking at multidimensional arrays in 4.22 Multidimensional Arrays.


  


  4.20 Accessing Elements of a Single-Dimensional Array


  To access an element of a zero-based array, you can use the simplified formula


  


  
    Element_Address=Base_Address+index*Element_Size
  


  For the Base_Address entry you can use the name of the array (because HLA associates the address of the first element of an array with the name of that array). The Element_Size entry is the number of bytes for each array element. If the object is an array of bytes, the Element_Size field is 1 (resulting in a very simple computation). If each element of the array is a word (or other 2-byte type), then Element_Size is 2, and so on. To access an element of the SixteenInts array in the previous section, you'd use the following formula (the size is 4 because each element is an int32 object):


  


  
    Element_Address=SixteenInts+index*4
  


  The 80x86 code equivalent to the statement eax := SixteenInts[index] is


  


  
    mov(index,ebx);

    shl(2,ebx);//Sneakywaytocompute4*ebx

    mov(SixteenInts[ebx],eax);
  


  There are two important things to notice here. First of all, this code uses the shl instruction rather than the intmul instruction to compute 4*index. The main reason for choosing shl is that it was more efficient. It turns out that shl is a lot faster than intmul on many processors.


  The second thing to note about this instruction sequence is that it does not explicitly compute the sum of the base address plus the index times 4. Instead, it relies on the indexed addressing mode to implicitly compute this sum. The instruction mov( SixteenInts[ ebx ], eax ); loads EAX from location SixteenInts + ebx, which is the base address plus index*4 (because EBX contains index*4). Sure, you could have used


  


  
    lea(eax,SixteenInts);

    mov(index,ebx);

    shl(2,ebx);//Sneakywaytocompute4*ebx

    add(eax,ebx);//Computebaseaddressplusindex*4

    mov([ebx],eax);
  


  in place of the previous sequence, but why use five instructions where three will do the same job? This is a good example of why you should know your addressing modes inside and out. Choosing the proper addressing mode can reduce the size of your program, thereby speeding it up.


  Of course, as long as we're discussing efficiency improvements, it's worth pointing out that the 80x86 scaled indexed addressing modes let you automatically multiply an index by 1, 2, 4, or 8. Because this current example multiplies the index by 4, we can simplify the code even more by using the scaled indexed addressing mode:


  


  
    mov(index,ebx);

    mov(SixteenInts[ebx*4],eax);
  


  Note, however, that if you need to multiply by some constant other than 1, 2, 4 or 8, then you cannot use the scaled indexed addressing modes. Similarly, if you need to multiply by some element size that is not a power of 2, you will not be able to use the shl instruction to multiply the index by the element size; instead, you will have to use intmul or some other instruction sequence to do the multiplication.


  The indexed addressing mode on the 80x86 is a natural for accessing elements of a single-dimensional array. Indeed, its syntax even suggests an array access. The important thing to keep in mind is that you must remember to multiply the index by the size of an element. Failure to do so will produce incorrect results.


  


  4.21 Sorting an Array of Values


  Almost every textbook on this planet gives an example of a sort when introducing arrays. Because you've probably seen how to do a sort in high-level languages already, it's probably instructive to take a quick look at a sort in HLA. The example code in this section will use a variant of the bubble sort, which is great for short lists of data and lists that are nearly sorted but horrible for just about everything else.[63]


  


  
    const

    NumElements:=16;

    

    static

    DataToSort:uns32[NumElements]:=

    [

    1,2,16,14,

    3,9,4,10,

    5,7,15,12,

    8,6,11,13

    ];

    

    NoSwap:boolean;

    

    .

    .

    .

    

    //BubblesortfortheDataToSortarray:

    

    repeat

    

    mov(true,NoSwap);

    for(mov(0,ebx);ebx<=NumElements-2;inc(ebx))do

    

    mov(DataToSort[ebx*4],eax);

    if(eax>DataToSort[ebx*4+4])then

    

    mov(DataToSort[ebx*4+4],ecx);

    mov(ecx,DataToSort[ebx*4]);

    mov(eax,DataToSort[ebx*4+4]);//Note:eaxcontains

    mov(false,NoSwap);//DataToSort[ebx*4]

    

    endif;

    

    endfor;

    

    until(NoSwap);
  


  The bubble sort works by comparing adjacent elements in an array. The interesting thing to note in this code fragment is how it compares adjacent elements. You will note that the if statement compares EAX (which contains DataToSort[ebx*4]) against DataToSort[ebx*4 + 4]. Because each element of this array is 4 bytes (uns32), the index [ebx*4 + 4] references the next element beyond [ebx*4].


  As is typical for a bubble sort, this algorithm terminates if the innermost loop completes without swapping any data. If the data is already presorted, then the bubble sort is very efficient, making only one pass over the data. Unfortunately, if the data is not sorted (worst case, if the data is sorted in reverse order), then this algorithm is extremely inefficient. Indeed, although it is possible to modify the code above so that, on the average, it runs about twice as fast, such optimizations are wasted on such a poor algorithm. However, the bubble sort is very easy to implement and understand (which is why introductory texts continue to use it in examples).


  

  


  [63] Fear not, you'll see some better sorting algorithms in Chapter5.


  


  4.22 Multidimensional Arrays


  The 80x86 hardware can easily handle single-dimensional arrays. Unfortunately, there is no magic addressing mode that lets you easily access elements of multidimensional arrays. That's going to take some work and several instructions.


  Before discussing how to declare or access multidimensional arrays, it would be a good idea to figure out how to implement them in memory. The first problem is to figure out how to store a multidimensional object into a one-dimensional memory space.


  Consider for a moment a Pascal array of the form A:array[0..3,0..3] of char;. This array contains 16 bytes organized as four rows of four characters. Somehow you've got to draw a correspondence with each of the 16 bytes in this array and 16 contiguous bytes in main memory. Figure4-5 shows one way to do this.
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    Figure4-5.Mapping a 4x4 array to sequential memory locations
  


  The actual mapping is not important as long as two things occur: (1) Each element maps to a unique memory location (that is, no two entries in the array occupy the same memory locations), and (2) the mapping is consistent. That is, a given element in the array always maps to the same memory location. So what you really need is a function with two input parameters (row and column) that produces an offset into a linear array of 16 memory locations.


  Now any function that satisfies the above constraints will work fine. Indeed, you could randomly choose a mapping as long as it was consistent. However, what you really want is a mapping that is efficient to compute at runtime and works for any size array (not just 4x4 or even limited to two dimensions). While a large number of possible functions fit this bill, there are two functions in particular that most programmers and high-level languages use: row-major ordering and column-major ordering.


  4.22.1 Row-Major Ordering


  Row-major ordering assigns successive elements, moving across the rows and then down the columns, to successive memory locations. This mapping is demonstrated in Figure4-6.
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    Figure4-6.Row-major array element ordering
  


  Row-major ordering is the method most high-level programming languages employ. It is very easy to implement and use in machine language. You start with the first row (row 0) and then concatenate the second row to its end. You then concatenate the third row to the end of the list, then the fourth row, and so on (see Figure4-7).
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    Figure4-7.Another view of row-major ordering for a 4×4 array
  


  The actual function that converts a list of index values into an offset is a slight modification of the formula for computing the address of an element of a single-dimensional array. The formula to compute the offset for a two-dimensional row-major ordered array is:


  


  
    Element_Address=Base_Address+(colindex*row_size+rowindex)*

    Element_Size
  


  As usual, Base_Address is the address of the first element of the array (A[0][0] in this case), and Element_Size is the size of an individual element of the array, in bytes. colindex is the leftmost index, and rowindex is the rightmost index into the array. row_size is the number of elements in one row of the array (four, in this case, because each row has four elements). Assuming Element_Size is 1, this formula computes the following offsets from the base address:


  


  
    ColumnRowOffset

    IndexIndexintoArray

    000

    011

    022

    033

    104

    115

    126

    137

    208

    219

    2210

    2311

    3012

    3113

    3214

    3315
  


  For a three-dimensional array, the formula to compute the offset into memory is the following:


  


  
    Address=Base+((depthindex*col_size+colindex)*row_size+rowindex)

    *Element_Size
  


  col_size is the number of items in a column, and row_size is the number of items in a row. In C/C++, if you've declared the array as type A[i] [j] [k];, then row_size is equal to k and col_size is equal to j.


  For a four-dimensional array, declared in C/C++ as type A[i] [j] [k] [m];, the formula for computing the address of an array element is:


  


  
    Address=
Base+(((LeftIndex*depth_size+depthindex)*col_size+colindex)*row_size

    +rowindex)*Element_Size
  


  depth_size is equal to j, col_size is equal to k, and row_size is equal to m. LeftIndex represents the value of the leftmost index.


  By now you're probably beginning to see a pattern. There is a generic formula that will compute the offset into memory for an array with any number of dimensions; however, you'll rarely use more than four.


  Another convenient way to think of row-major arrays is as arrays of arrays. Consider the following single-dimensional Pascal array definition:


  


  
    A:array[0..3]ofsometype;
  


  Assume that sometype is the type sometype = array [0..3] of char;.


  A is a single-dimensional array. Its individual elements happen to be arrays, but you can safely ignore that for the time being. The formula to compute the address of an element of a single-dimensional array is:


  


  
    Element_Address=Base+Index*Element_Size
  


  In this case Element_Size happens to be 4 because each element of A is an array of four characters. So what does this formula compute? It computes the base address of each row in this 4x4 array of characters (see Figure4-8).
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    Figure4-8.Viewing a 4x4 array as an array of arrays
  


  Of course, once you compute the base address of a row, you can reapply the single-dimensional formula to get the address of a particular element. While this doesn't affect the computation, it's probably a little easier to deal with several single-dimensional computations rather than a complex multidimensional array computation.


  Consider a Pascal array defined as A:array [0..3] [0..3] [0..3] [0..3] [0..3] of char;. You can view this five-dimensional array as a single-dimensional array of arrays. The following HLA code provides such a definition:


  


  
    type

    OneD:char[4];

    TwoD:OneD[4];

    ThreeD:TwoD[4];

    FourD:ThreeD[4];

    var

    A:FourD[4];
  


  The size of OneD is 4 bytes. Because TwoD contains four OneD arrays, its size is 16 bytes. Likewise, ThreeD is four TwoDs, so it is 64 bytes long. Finally, FourD is four ThreeDs, so it is 256 bytes long. To compute the address of A [b, c, d, e, f], you could use the following steps:


  
    
  


  
    	
      
        
          Compute the address of A [b] as Base + b * size. Here size is 256 bytes. Use this result as the new base address in the next computation.
        

      

    


    	
      
        
          Compute the address of A [b, c] by the formula Base + c * size, where Base is the value obtained in the previous step and size is 64. Use the result as the new base in the next computation.
        

      

    


    	
      
        
          Compute the base address of A [b, c, d] by Base + d * size, with Base coming from the previous computation and size is 16. Use the result as the new base in the next computation.
        

      

    


    	
      
        
          Compute the address of A [b, c, d, e] with the formula Base + e * size, with Base from the previous step with a size of 4. Use this value as the base for the next computation.
        

      

    


    	
      
        
          Finally, compute the address of A [b, c, d, e, f] using the formula Base + f * size, where Base comes from the previous computation and size is 1 (obviously you can simply ignore this final multiplication). The result you obtain at this point is the address of the desired element.
        

      

    

  


  One of the main reasons you won't find higher-dimensional arrays in assembly language is that assembly language emphasizes the inefficiencies associated with such access. It's easy to enter something like A [b, c, d, e, f] into a Pascal program, not realizing what the compiler is doing with the code. Assembly language programmers are not so cavalier—they see the mess you wind up with when you use higher-dimensional arrays. Indeed, good assembly language programmers try to avoid two-dimensional arrays and often resort to tricks in order to access data in such an array when its use becomes absolutely mandatory.


  4.22.2 Column-Major Ordering


  Column-major ordering is the other function high-level languages frequently used to compute the address of an array element. FORTRAN and various dialects of BASIC (e.g., older versions of Microsoft BASIC) use this method.


  In row-major ordering the rightmost index increases the fastest as you move through consecutive memory locations. In column-major ordering the leftmost index increases the fastest. Pictorially, a column-major ordered array is organized as shown in Figure4-9.


  


  
    [image: ]
  


  
    Figure4-9.Column-major array element ordering
  


  The formula for computing the address of an array element when using column-major ordering is very similar to that for row-major ordering. You simply reverse the indexes and sizes in the computation:


  


  
    Foratwo-dimensioncolumn-majorarray:
Element_Address=Base_Address+(rowindex*col_size+colindex)*

    Element_Size

    

    Forathree-dimensioncolumn-majorarray:
Address=Base+((rowindex*col_size+colindex)*depth_size+

    depthindex)*

    Element_Size

    

    Forafour-dimensioncolumn-majorarray:
Address=

    Base+(((rowindex*col_size+colindex)*depth_size+depthindex)*

    Left_size+Leftindex)*Element_Size
  


  


  4.23 Allocating Storage for Multidimensional Arrays


  If you have an m x n array, it will have m * n elements and require m * n * Element_Size bytes of storage. To allocate storage for an array you must reserve this memory. As usual, there are several different ways of accomplishing this task. Fortunately, HLA's array-declaration syntax is very similar to high-level language array-declaration syntax, so C/C++, Java, BASIC, and Pascal programmers will feel right at home. To declare a multidimensional array in HLA, you use a declaration like the following:


  


  
    ArrayName:elementType[comma_separated_list_of_dimension_bounds];
  


  For example, here is a declaration for a 4x4 array of characters:


  


  
    GameGrid:char[4,4];
  


  Here is another example that shows how to declare a three-dimensional array of strings:


  


  
    NameItems:string[2,3,3];
  


  Remember, string objects are really pointers, so this array declaration reserves storage for 18 double-word pointers (2 * 3 * 3 = 18).


  As was the case with single-dimensional arrays, you may initialize every element of the array to a specific value by following the declaration with the assignment operator and an array constant. Array constants ignore dimension information; all that matters is that the number of elements in the array constant corresponds to the number of elements in the actual array. The following example shows the GameGrid declaration with an initializer:


  


  
    GameGrid:char[4,4]:=

    [

    'a','b','c','d',

    'e','f','g','h',

    'i','j','k','l',

    'm','n','o','p'

    ];
  


  Note that HLA ignores the indentation and extra whitespace characters (e.g., newlines) appearing in this declaration. It was laid out to enhance readability (which is always a good idea). HLA does not interpret the four separate lines as representing rows of data in the array. Humans do, which is why it's good to write the data in this manner. All that matters is that there are 16 (4 * 4) characters in the array constant. You'll probably agree that this is much easier to read than


  


  
    GameGrid:char[4,4]:=

    ['a','b','c','d','e','f','g','h','i','j','k','l','m',

    'n','o','p'];
  


  Of course, if you have a large array, an array with really large rows, or an array with many dimensions, there is little hope for winding up with something readable. That's when comments that carefully explain everything come in handy.


  As for single-dimensional arrays, you can use the dup operator to initialize each element of a large array with the same value. The following example initializes a 256x64 array of bytes so that each byte contains the value $FF:


  


  
    StateValue:byte[256,64]:=256*64dup[$ff];
  


  Note the use of a constant expression to compute the number of array elements rather than simply using the constant 16,384 (256 * 64). The use of the constant expression more clearly suggests that this code is initializing each element of a 256x64 element array than does the simple literal constant 16,384.


  Another HLA trick you can use to improve the readability of your programs is to use nested array constants. The following is an example of an HLA nested array constant:


  


  
    [[0,1,2],[3,4],[10,11,12,13]]
  


  Whenever HLA encounters an array constant nested inside another array constant, it simply removes the brackets surrounding the nested array constant and treats the whole constant as a single-array constant. For example, HLA converts this nested array constant to the following:


  


  
    [0,1,2,3,4,10,11,12,13]
  


  You can take advantage of this fact to help make your programs a little more readable. For multidimensional array constants you can enclose each row of the constant in square brackets to denote that the data in each row is grouped and separate from the other rows. Consider the following declaration for the GameGrid array that is identical (as far as HLA is concerned) to the earlier declaration for GameGrid:


  


  
    GameGrid:char[4,4]:=

    [

    ['a','b','c','d'],

    ['e','f','g','h'],

    ['i','j','k','l'],

    ['m','n','o','p']

    ];
  


  This declaration makes it clearer that the array constant is a 4x4 array rather than just a 16-element one-dimensional array whose elements wouldn't fit all on one line of source code. Little aesthetic improvements like this are what separate mediocre programmers from good programmers.


  


  4.24 Accessing Multidimensional Array Elements in Assembly Language


  Well, you've seen the formulas for computing the address of a multidimensional array element. Now it's time to see how to access elements of those arrays using assembly language.


  The mov, shl, and intmul instructions make short work of the various equations that compute offsets into multidimensional arrays. Let's consider a two-dimensional array first.


  


  
    static

    i:int32;

    j:int32;

    TwoD:int32[4,8];

    

    .

    .

    .

    

    //ToperformtheoperationTwoD[i,j]:=5;you'dusecodelikethefollowing.

    //Notethatthearrayindexcomputationis(i*8+j)*4.

    

    mov(i,ebx);

    shl(3,ebx);//Multiplyby8(shlby3isamultiplyby8).

    add(j,ebx);

    mov(5,TwoD[ebx*4]);
  


  Note that this code does not require the use of a two-register addressing mode on the 80x86. Although an addressing mode like TwoD[ebx][esi] looks like it should be a natural for accessing two-dimensional arrays, that isn't the purpose of this addressing mode.


  Now consider a second example that uses a three-dimensional array:


  


  
    static

    i:int32;

    j:int32;

    k:int32;

    ThreeD:int32[3,4,5];

    .

    .

    .

    

    //ToperformtheoperationThreeD[i,j,k]:=esi;you'dusethefollowingcode

    //thatcomputes((i*4+j)*5+k)*4astheaddressofThreeD[i,j,k].

    

    mov(i,ebx);

    shl(2,ebx);//Fourelementspercolumn.

    add(j,ebx);

    intmul(5,ebx);//Fiveelementsperrow.

    add(k,ebx);

    mov(esi,ThreeD[ebx*4]);
  


  Note that this code uses the intmul instruction to multiply the value in EBX by 5. Remember, the shl instruction can only multiply a register by a power of 2. While there are ways to multiply the value in a register by a constant other than a power of 2, the intmul instruction is more convenient.[64]


  

  


  [64] A full discussion of multiplication by constants other than a power of 2 appears in Chapter4.


  


  4.25 Records


  Another major composite data structure is the Pascal record or C/C++/C# structure.[65] The Pascal terminology is probably better, because it tends to avoid confusion with the more general term data structure. Because HLA uses the term record, we'll adopt that term here.


  Whereas an array is homogeneous, whose elements are all the same type, the elements in a record can have different types. Arrays let you select a particular element via an integer index. With records, you must select an element (known as a field) by name.


  The whole purpose of a record is to let you encapsulate different, though logically related, data into a single package. The Pascal record declaration for a student is a typical example:


  


  
    student=

    record

    Name:string[64];

    Major:integer;

    SSN:string[11];

    Midterm1:integer;

    Midterm2:integer;

    Final:integer;

    Homework:integer;

    Projects:integer;

    end;
  


  Most Pascal compilers allocate each field in a record to contiguous memory locations. This means that Pascal will reserve the first 65 bytes for the name,[66] the next 2 bytes hold the major code, the next 12 bytes hold the Social Security number, and so on.


  In HLA, you can also create record types using the record/endrecord declaration. You would encode the above record in HLA as follows:


  


  
    type

    student:record

    Name:char[65];

    Major:int16;

    SSN:char[12];

    Midterm1:int16;

    Midterm2:int16;

    Final:int16;

    Homework:int16;

    Projects:int16;

    endrecord;
  


  As you can see, the HLA declaration is very similar to the Pascal declaration. Note that, to be true to the Pascal declaration, this example uses character arrays rather than strings for the Name and SSN (US Social Security number) fields. In a real HLA record declaration you'd probably use a string type for at least the name (keeping in mind that a string variable is only a 4-byte pointer).


  The field names within the record must be unique. That is, the same name may not appear two or more times in the same record. However, all field names are local to that record. Therefore, you may reuse those field names elsewhere in the program or in different records.


  The record/endrecord declaration may appear in a variable declaration section (e.g., static or var) or in a type declaration section. In the previous example the Student declaration appears in the type section, so this does not actually allocate any storage for a Student variable. Instead, you have to explicitly declare a variable of type Student. The following example demonstrates how to do this:


  


  
    var

    John:Student;
  


  This allocates 81 bytes of storage laid out in memory as shown in Figure4-10.
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    Figure4-10.Student data structure storage in memory
  


  If the label John corresponds to the base address of this record, then the Name field is at offset John+0, the Major field is at offset John+65, the SSN field is at offset John+67, and so on.


  To access an element of a structure, you need to know the offset from the beginning of the structure to the desired field. For example, the Major field in the variable John is at offset 65 from the base address of John. Therefore, you could store the value in AX into this field using the instruction


  


  
    mov(ax,(typewordJohn[65]));
  


  Unfortunately, memorizing all the offsets to fields in a record defeats the whole purpose of using them in the first place. After all, if you have to deal with these numeric offsets, why not just use an array of bytes instead of a record?


  Fortunately, HLA lets you refer to field names in a record using the same mechanism C/C++/C# and Pascal use: the dot operator. To store AX into the Major field, you could use mov( ax, John.Major ); instead of the previous instruction. This is much more readable and certainly easier to use.


  Note that the use of the dot operator does not introduce a new addressing mode. The instruction mov( ax, John.Major ); still uses the displacement-only addressing mode. HLA simply adds the base address of John with the offset to the Major field (65) to get the actual displacement to encode into the instruction.


  Like any type declaration, HLA requires all record type declarations to appear in the program before you use them. However, you don't have to define all records in the type section to create record variables. You can use the record/endrecord declaration directly in a variable declaration section. This is convenient if you have only one instance of a given record object in your program. The following example demonstrates this:


  


  
    storage

    OriginPoint:record

    x:uns8;

    y:uns8;

    z:uns8;

    endrecord;
  


  

  


  [65] It also goes by some other names in other languages, but most people recognize at least one of these names.


  [66] Strings require an extra byte, in addition to all the characters in the string, to encode the length.


  


  4.26 Record Constants


  HLA lets you define record constants. In fact, HLA supports both manifest (symbolic) record constants and literal record constants. Record constants are useful as initializers for static record variables. They are also quite useful as compile-time data structures when using the HLA compile-time language (see the HLA reference manual for more details on the HLA compile-time language). This section discusses how to create record constants.


  A literal record constant takes the following form:


  


  
    RecordTypeName:[List_of_comma_separated_constants]
  


  The RecordTypeName is the name of a record data type you've defined in an HLA type section prior to using the constant.


  The constant list appearing between the brackets is the data for each of the fields in the specified record. The first item in the list corresponds to the first field of the record, the second item in the list corresponds to the second field, and so on. The data types of each of the constants appearing in this list must match their respective field types. The following example demonstrates how to use a literal record constant to initialize a record variable:


  


  
    type

    point:record

    x:int32;

    y:int32;

    z:int32;

    endrecord;

    

    static

    Vector:point:=point:[1,−2,3];
  


  This declaration initializes Vector.x with 1, Vector.y with −2, and Vector.z with 3.


  You can also create manifest record constants by declaring record objects in the const or val sections of your program. You access fields of these symbolic record constants just as you would access the field of a record variable, using the dot operator. Because the object is a constant, you can specify the field of a record constant anywhere a constant of that field's type is legal. You can also employ symbolic record constants as variable initializers. The following example demonstrates this:


  


  
    type

    point:record

    x:int32;

    y:int32;

    z:int32;

    endrecord;

    

    const

    PointInSpace:point:=point:[1,2,3];

    

    static

    Vector:point:=PointInSpace;

    XCoord:int32:=PointInSpace.x;

    .

    .

    .

    stdout.put("YCoordinateis",PointInSpace.y,nl);

    .

    .

    .
  


  


  4.27 Arrays of Records


  It is a perfectly reasonable operation to create an array of records. To do so, you simply create a record type and then use the standard array declaration syntax. The following example demonstrates how you could do this:


  


  
    type

    recElement:

    record

    <<Fieldsforthisrecord>>

    endrecord;

    .

    .

    .

    static

    recArray:recElement[4];
  


  To access an element of this array you use the standard array indexing techniques. Because recArray is a single-dimensional array, you'd compute the address of an element of this array using the formula baseAddress + index*@size( recElement ). For example, to access an element of recArray you'd use code like the following:


  


  
    //AccesselementiofrecArray:

    

    intmul(@size(recElement),i,ebx);//ebx:=i*@size(recElement)

    mov(recArray.someField[ebx],eax);
  


  Note that the index specification follows the entire variable name; remember, this is assembly, not a high-level language (in a high-level language you'd probably use recArray[i].someField).


  Naturally, you can create multidimensional arrays of records as well. You would use the row-major or column-major order functions to compute the address of an element within such records. The only thing that really changes (from the discussion of arrays) is that the size of each element is the size of the record object.


  


  
    static

    rec2D:recElement[4,6];

    .

    .

    .

    //Accesselement[i,j]ofrec2DandloadsomeFieldintoeax:

    

    intmul(6,i,ebx);

    add(j,ebx);

    intmul(@size(recElement),ebx);

    mov(rec2D.someField[ebx],eax);
  


  


  4.28 Arrays/Records as Record Fields


  Records may contain other records or arrays as fields. Consider the following definition:


  


  
    type

    Pixel:

    record

    Pt:point;

    color:dword;

    endrecord;
  


  The definition above defines a single point with a 32-bit color component. When initializing an object of type Pixel, the first initializer corresponds to the Pt field, not the x-coordinate field. The following definition is incorrect:


  


  
    static

    ThisPt:Pixel:=Pixel:[5,10];//Syntacticallyincorrect!
  


  The value of the first field (5) is not an object of type point. Therefore, the assembler generates an error when encountering this statement. HLA will allow you to initialize the fields of Pixel using declarations like the following:


  


  
    static

    ThisPt:Pixel:=Pixel:[point:[1,2,3],10];

    ThatPt:Pixel:=Pixel:[point:[0,0,0],5];
  


  Accessing Pixel fields is very easy. As in a high-level language, you use a single period to reference the Pt field and a second period to access the x, y, and z fields of point:


  


  
    stdout.put("ThisPt.Pt.x=",ThisPt.Pt.x,nl);

    stdout.put("ThisPt.Pt.y=",ThisPt.Pt.y,nl);

    stdout.put("ThisPt.Pt.z=",ThisPt.Pt.z,nl);

    .

    .

    .

    mov(eax,ThisPt.Color);
  


  You can also declare arrays as record fields. The following record creates a data type capable of representing an object with eight points (for example, a cube):


  


  
    type

    Object8:

    record

    Pts:point[8];

    Color:dword;

    endrecord;
  


  This record allocates storage for eight different points. Accessing an element of the Pts array requires that you know the size of an object of type point (remember, you must multiply the index into the array by the size of one element, 12 in this particular case). Suppose, for example, that you have a variable Cube of type Object8. You could access elements of the Pts array as follows:


  


  
    //Cube.Pts[i].x:=0;

    

    mov(i,ebx);

    intmul(12,ebx);

    mov(0,Cube.Pts.x[ebx]);
  


  The one unfortunate aspect of all this is that you must know the size of each element of the Pts array. Fortunately, you can rewrite the code above using @size as follows:


  


  
    //Cube.Pts[i].x:=0;

    

    mov(i,ebx);

    intmul(@size(point),ebx);

    mov(0,Cube.Pts.x[ebx]);
  


  Note in this example that the index specification ([ebx]) follows the whole object name even though the array is Pts, not x. Remember, the [ebx] specification is an indexed addressing mode, not an array index. Indexes always follow the entire name, so you do not attach them to the array component as you would in a high-level language like C/C++ or Pascal. This produces the correct result because addition is commutative, and the dot operator (as well as the index operator) corresponds to addition. In particular, the expression Cube.Pts.x[ebx] tells HLA to compute the sum of Cube (the base address of the object) plus the offset to the Pts field, plus the offset to the x field, plus the value of EBX. Technically, we're really computing offset(Cube) + offset(Pts) + EBX + offset(x), but we can rearrange this because addition is commutative.


  You can also define two-dimensional arrays within a record. Accessing elements of such arrays is no different than accessing any other two-dimensional array other than the fact that you must specify the array's field name as the base address for the array. For example:


  


  
    type

    RecW2DArray:

    record

    intField:int32;

    aField:int32[4,5];

    .

    .

    .

    endrecord;

    

    static

    recVar:RecW2DArray;

    .

    .

    .

    //Accesselement[i,j]oftheaFieldfieldusingrow-majorordering:

    

    mov(i,ebx);

    intmul(5,ebx);

    add(j,ebx);

    mov(recVar.aField[ebx*4],eax);

    .

    .

    .
  


  The code above uses the standard row-major calculation to index into a 4x5 array of double words. The only difference between this example and a standalone array access is the fact that the base address is recVar.aField.


  There are two common ways to nest record definitions. As this section notes, you can create a record type in a type section and then use that type name as the data type of some field within a record (e.g., the Pt:point field in the Pixel data type above). It is also possible to declare a record directly within another record without creating a separate data type for that record; the following example demonstrates this:


  


  
    type

    NestedRecs:

    record

    iField:int32;

    sField:string;

    rField:

    record

    i:int32;

    u:uns32;

    endrecord;

    cField:char;

    endrecord;
  


  Generally, it's a better idea to create a separate type rather than embed records directly in other records, but nesting them is perfectly legal.


  If you have an array of records and one of the fields of that record type is an array, you must compute the indexes into the arrays independently of one another and then use the sum of these indexes as the ultimate index. The following example demonstrates how to do this:


  


  
    type

    recType:

    record

    arrayField:dword[4,5];

    <<Otherfields>>

    endrecord;

    

    static

    aryOfRecs:recType[3,3];

    .

    .

    .

    //AccessaryOfRecs[i,j].arrayField[k,l]:

    

    intmul(5,i,ebx);//ComputesindexintoaryOfRecs

    add(j,ebx);//as(i*5+j)*@size(recType).

    intmul(@size(recType),ebx);

    

    intmul(3,k,eax);//ComputesindexintoaryOfRecs

    add(l,eax);//as(k*3+j)(*4handledlater).

    

    mov(aryOfRecs.arrayField[ebx+eax*4],eax);
  


  Note the use of the base plus scaled indexed addressing mode to simplify this operation.


  


  4.29 Aligning Fields Within a Record


  To achieve maximum performance in your programs, or to ensure that HLA's records properly map to records or structures in some high-level language, you will often need to be able to control the alignment of fields within a record. For example, you might want to ensure that a double-word field's offset is an even multiple of 4. You use the align directive to do this. The following example shows how to align some fields on important boundaries:


  


  
    type

    PaddedRecord:

    record

    c:char;

    align(4);

    d:dword;

    b:boolean;

    align(2);

    w:word;

    endrecord;
  


  Whenever HLA encounters the align directive within a record declaration, it automatically adjusts the following field's offset so that it is an even multiple of the value the align directive specifies. It accomplishes this by increasing the offset of that field, if necessary. In the example above, the fields would have the following offsets: c:0, d:4, b:8, w:10. Note that HLA inserts 3 bytes of padding between c and d, and it inserts 1 byte of padding between b and w. It goes without saying that you should never assume that this padding is present. If you want to use those extra bytes, then you must declare fields for them.


  Note that specifying alignment within a record declaration does not guarantee that the field will be aligned on that boundary in memory; it only ensures that the field's offset is a multiple of the value you specify. If a variable of type PaddedRecord starts at an odd address in memory, then the d field will also start at an odd address (because any odd address plus 4 is an odd address). If you want to ensure that the fields are aligned on appropriate boundaries in memory, you must also use the align directive before variable declarations of that record type. For example:


  


  
    static

    .

    .

    .

    align(4);

    PRvar:PaddedRecord;
  


  The value of the align operand should be an even value that is divisible by the largest align expression within the record type (4 is the largest value in this case, and it's already divisible by 2).


  If you want to ensure that the record's size is a multiple of some value, then simply stick an align directive as the last item in the record declaration. HLA will emit an appropriate number of bytes of padding at the end of the record to fill it in to the appropriate size. The following example demonstrates how to ensure that the record's size is a multiple of 4 bytes:


  


  
    type

    PaddedRec:

    record

    <<Somefielddeclarations>>

    

    align(4);

    endrecord;
  


  HLA provides some additional alignment directives for records that let you easily control the alignment of all fields within a record and the starting offset of the fields in a record. If you're interested in more information, please consult the HLA reference manual.


  


  4.30 Pointers to Records


  During execution, your program may refer to record objects indirectly using a pointer. When you use a pointer to access fields of a structure, you must load one of the 80x86's 32-bit registers with the address of the desired record. Suppose you have the following variable declarations (assuming the Object8 structure from an earlier section):


  


  
    static

    Cube:Object8;

    CubePtr:pointertoObject8:=&Cube;
  


  CubePtr contains the address of (that is, it is a pointer to) the Cube object. To access the Color field of the Cube object, you could use an instruction like mov( Cube.Color, eax );. When accessing a field via a pointer, you first need to load the address of the object into a 32-bit register such as EBX. The instruction mov( CubePtr, ebx ); will do the trick. After doing so, you can access fields of the Cube object using the [ebx+offset] addressing mode. The only problem is, "How do you specify which field to access?" Consider briefly the following incorrect code:


  


  
    mov(CubePtr,ebx);

    mov([ebx].Color,eax);//Thisdoesnotwork!
  


  Because field names are local to a structure and it's possible to reuse a field name in two or more structures, how does HLA determine which offset Color represents? When accessing structure members directly (e.g., mov( Cube.Color, eax );), there is no ambiguity because Cube has a specific type that the assembler can check. [ebx], on the other hand, can point at anything. In particular, it can point at any structure that contains a Color field. So the assembler cannot, on its own, decide which offset to use for the Color symbol.


  HLA resolves this ambiguity by requiring that you explicitly supply a type. To do this, you must coerce [ebx] to type Cube. Once you do this, you can use the normal dot operator notation to access the Color field:


  


  
    mov(CubePtr,ebx);

    mov((typeCube[ebx]).Color,eax);
  


  If you have a pointer to a record and one of that record's fields is an array, the easiest way to access elements of that field is by using the base-plus-indexed addressing mode. To do so, you just load the pointer's value into one register and compute the index into the array in a second register. Then you combine these two registers in the address expression. In the example above, the Pts field is an array of eight point objects. To access field x of the ith element of the Cube.Pts field, you'd use code like the following:


  


  
    mov(CubePtr,ebx);

    intmul(@size(point),i,esi);//Computeindexintopointarray.

    mov((typeObject8[ebx]).Pts.x[esi*4],eax);
  


  If you use a pointer to a particular record type frequently in your program, typing a coercion operator like (type Object8 [ebx]) can get old very quickly. One way to reduce the typing needed to coerce EBX is to use a text constant. Consider the following statement:


  


  
    const

    O8ptr:text:="(typeObject8[ebx])";
  


  With this statement at the beginning of your program, you can use O8ptr in place of the type coercion operator, and HLA will automatically substitute the appropriate text. With a text constant like the above, the former example becomes a little more readable and writable:


  


  
    mov(CubePtr,ebx);

    intmul(@size(point),i,esi);//Computeindexintopointarray.

    mov(O8Ptr.Pts.x[esi*4],eax);
  


  


  4.31 Unions


  A record definition assigns different offsets to each field in the record according to the size of those fields. This behavior is quite similar to the allocation of memory offsets in a var or static section. HLA provides a second type of structure declaration, the union, that does not assign different addresses to each object; instead, each field in a union declaration has the same offset—0. The following example demonstrates the syntax for a union declaration:


  


  
    type

    unionType:

    union

    <<Fields(syntacticallyidenticaltorecorddeclarations)>>

    endunion;
  


  You access the fields of a union exactly the same way you access the fields of a record: using dot notation and field names. The following is a concrete example of a union type declaration and a variable of the union type:


  


  
    type

    numeric:

    union

    i:int32;

    u:uns32;

    r:real64;

    endunion;

    .

    .

    .

    static

    number:numeric;

    .

    .

    .

    mov(55,number.u);

    .

    .

    .

    mov(−5,number.i);

    .

    .

    .

    stdout.put("Realvalue=",number.r,nl);
  


  The important thing to note about union objects is that all the fields of a union have the same offset in the structure. In the example above, the number.u, number.i, and number.r fields all have the same offset: 0. Therefore, the fields of a union overlap in memory; this is very similar to the way the 80x86 8-, 16-, and 32-bit registers overlap one another. Usually, you may access only one field of a union at a time; that is, you do not manipulate separate fields of a particular union variable concurrently because writing to one field overwrites the other fields. In the example above, any modification of number.u would also change number.i and number.r.


  Programmers typically use unions for two different reasons: to conserve memory or to create aliases. Memory conservation is the intended use of this data structure facility. To see how this works, let's compare the numeric union above with a corresponding record type.


  


  
    type

    numericRec:

    record

    i:int32;

    u:uns32;

    r:real64;

    endrecord;
  


  If you declare a variable, say n, of type numericRec, you access the fields as n.i, n.u, and n.r exactly as though you had declared the variable to be type numeric. The difference between the two is that numericRec variables allocate separate storage for each field of the record, whereas numeric (union) objects allocate the same storage for all fields. Therefore, @size(numericRec) is 16 because the record contains two double-word fields and a quad word (real64) field. @size(numeric), however, is 8. This is because all the fields of a union occupy the same memory locations, and the size of a union object is the size of the largest field of that object (see Figure4-11).


  


  
    [image: ]
  


  
    Figure4-11.Layout of a union versus a record variable
  


  In addition to conserving memory, programmers often use unions to create aliases in their code. As you may recall, an alias is a different name for the same memory object. Aliases are often a source of confusion in a program, so you should use them sparingly; sometimes, however, using an alias can be quite convenient. For example, in some section of your program you might need to constantly use type coercion to refer to an object using a different type. Although you can use an HLA text constant to simplify this process, another way to do this is to use a union variable with the fields representing the different types you want to use for the object. As an example, consider the following code:


  


  
    type

    CharOrUns:

    union

    c:char;

    u:uns32;

    endrecord;

    

    static

    v:CharOrUns;
  


  With a declaration like the above, you can manipulate an uns32 object by accessing v.u. If, at some point, you need to treat the L.O. byte of this uns32 variable as a character, you can do so by simply accessing the v.c variable, for example,


  


  
    mov(eax,v.u);

    stdout.put("v,asacharacter,is'",v.c,"'"nl);
  


  You can use unions exactly the same way you use records in an HLA program. In particular, union declarations may appear as fields in records, record declarations may appear as fields in unions, array declarations may appear within unions, you can create arrays of unions, and so on.


  


  4.32 Anonymous Unions


  Within a record declaration you can place a union declaration without specifying a fieldname for the union object. The following example demonstrates the syntax for this:


  


  
    type

    HasAnonUnion:

    record

    r:real64;

    union

    u:uns32;

    i:int32;

    endunion;

    s:string;

    endrecord;

    

    static

    v:HasAnonUnion;
  


  Whenever an anonymous union appears within a record you can access the fields of the union as though they were direct fields of the record. In the example above, for example, you would access v's u and i fields using the syntax v.u and v.i, respectively. The u and i fields have the same offset in the record (8, because they follow a real64 object). The fields of v have the following offsets from v's base address:


  


  
    v.r0

    v.u8

    v.i8

    v.s12
  


  @size(v) is 16 because the u and i fields consume only 4 bytes.


  HLA also allows anonymous records within unions. Please see the HLA documentation for more details, though the syntax and usage are identical to anonymous unions within records.


  


  4.33 Variant Types


  One big use of unions in programs is to create variant types. A variant variable can change its type dynamically while the program is running. A variant object can be an integer at one point in the program, switch to a string at a different part of the program, and then change to a real value at a later time. Many very-high-level language (VHLL) systems use a dynamic type system (that is, variant objects) to reduce the overall complexity of the program; indeed, proponents of many VHLLs insist that the use of a dynamic typing system is one of the reasons you can write complex programs with so few lines of code using those languages. Of course, if you can create variant objects in a VHLL, you can certainly do it in assembly language. In this section we'll look at how we can use the union structure to create variant types.


  At any one given instant during program execution, a variant object has a specific type, but under program control the variable can switch to a different type. Therefore, when the program processes a variant object, it must use an if statement or switch statement (or something similar) to execute different instructions based on the object's current type. Very-high-level languages do this transparently. In assembly language you will have to provide the code to test the type yourself. To achieve this, the variant type needs some additional information beyond the object's value. Specifically, the variant object needs a field that specifies the current type of the object. This field (often known as the tag field) is an enumerated type or integer that specifies the object's type at any given instant. The following code demonstrates how to create a variant type:


  


  
    type

    VariantType:

    record

    tag:uns32;//0-uns32,1-int32,2-real64

    union

    u:uns32;

    i:int32;

    r:real64;

    endunion;

    endrecord;

    

    static

    v:VariantType;
  


  The program would test the v.tag field to determine the current type of the v object. Based on this test, the program would manipulate the v.i, v.u, or v.r field.


  Of course, when operating on variant objects, the program's code must constantly be testing the tag field and executing a separate sequence of instructions for uns32, int32, or real64 values. If you use the variant fields often, it makes a lot of sense to write procedures to handle these operations for you (e.g., vadd, vsub, vmul, and vdiv).


  


  4.34 Namespaces


  One really nice feature of records and unions is that the field names are local to a given record or union declaration. That is, you can reuse field names in different records or unions. This is an important feature of HLA because it helps avoid namespace pollution. Namespace pollution occurs when you use up all the "good" names within your program and you have to start creating nondescriptive names for objects because you've already used the most appropriate name for something else. We use the term namespace to describe how HLA associates names with a particular object. The field names of a record have a namespace that is limited to objects of that record type. HLA provides a generalization of this namespace mechanism that lets you create arbitrary namespaces. These namespace objects let you shield the names of constants, types, variables, and other objects so their names do not interfere with other declarations in your program.


  An HLA namespace section encapsulates a set of generic declarations in much the same way that a record encapsulates a set of variable declarations. A namespace declaration takes the following form:


  


  
    namespacename;

    

    <<declarations>>

    

    endname;
  


  The name identifier provides the name for the namespace. The identifier after the end clause must exactly match the identifier after namespace. Note that a namespace declaration section is a section unto itself. It does not have to appear in a type or var section. A namespace may appear anywhere one of the HLA declaration sections is legal. A program may contain any number of namespace declarations; in fact, the namespace identifiers don't even have to be unique, as you will soon see.


  The declarations that appear between the namespace and end clauses are all the standard HLA declaration sections except that you cannot nest namespace declarations. You may, however, put const, val, type, static, readonly, and storage sections within a namespace.[67] The following code provides an example of a typical namespace declaration in an HLA program:


  


  
    namespacemyNames;

    

    type

    integer:int32;

    

    static

    i:integer;

    j:uns32;

    

    const

    pi:real64:=3.14159;

    

    endmyNames;
  


  To access the fields of a namespace you use the same dot notation that records and unions use. For example, to access the fields of myNames outside of the namespace, you'd use the following identifiers:


  


  
    myNames.integerAtypedeclarationequivalenttoint32

    myNames.iAnintegervariable(int32)

    myNames.jAnuns32variable

    myNames.piAreal64constant
  


  This example also demonstrates an important point about namespace declarations: Within a namespace you may reference other identifiers in that same namespace declaration without using the dot notation. For example, the i field above uses type integer from the myNames namespace without the mynames. prefix.


  What is not obvious from the example above is that namespace declarations create a clean symbol table whenever you open up a namespace. The only external symbols that HLA recognizes in a namespace declaration are the predefined type identifiers (e.g., int32, uns32, and char). HLA does not recognize any symbols you've declared outside the namespace while it is processing your namespace declaration. This creates a problem if you want to use symbols from outside the namespace when declaring other symbols inside the namespace. For example, suppose the type integer had been defined outside myNames as follows:


  


  
    type

    integer:int32;

    

    namespacemyNames;

    

    

    static

    i:integer;

    j:uns32;

    

    const

    pi:real64:=3.14159;

    

    endmyNames;
  


  If you were to attempt to compile this code, HLA would complain that the symbol integer is undefined. Clearly integer is defined in this program, but HLA hides all external symbols when creating a namespace so that you can reuse (and redefine) those symbols within the namespace. Of course, this doesn't help much if you actually want to use a name that you've defined outside myNames within that namespace. HLA provides a solution to this problem: the @global: operator. If, within a namespace declaration section, you prefix a name with @global:, then HLA will use the global definition of that name rather than the local definition (if a local definition even exists). To correct the problem in the previous example, you'd use the following code:


  


  
    type

    integer:int32;

    

    namespacemyNames;

    

    

    static

    i:@global:integer;

    j:uns32;

    

    const

    pi:real64:=3.14159;

    

    endmyNames;
  


  With the @global: prefix, the i variable will be type int32 even if a different declaration of integer appears within the myNames namespace.


  You cannot nest namespace declarations. Logically, there doesn't seem to be any need for this, hence its omission from the HLA language.


  You can have multiple namespace declarations in the same program that use the same namespace identifier. For example:


  


  
    namespacens;

    

    <<Declarationgroup#1>>

    

    endns;

    .

    .

    .

    namespacens;

    

    <<Declarationgroup#2>>

    

    endns;
  


  When HLA encounters a second namespace declaration for a given identifier, it simply appends the declarations in the second group to the end of the symbol list it created for the first group. Therefore, after processing the two namespace declarations, the ns namespace would contain the set of all symbols you've declared in both namespace blocks.


  Perhaps the most common use of namespaces is in library modules. If you create a set of library routines to use in various projects or distribute to others, you have to be careful about the names you choose for your functions and other objects. If you use common names like get and put, the users of your module will complain when your names collide with theirs. An easy solution is to put all your code in a namespace block. Then the only name you have to worry about is the namespace identifier itself. This is the only name that will collide with other users' identifiers. This can happen, but it's much less likely to happen than if you don't use a namespace and your library module introduces dozens, if not hundreds, of new names into the global namespace.[68] The HLA Standard Library provides many good examples of namespaces in use. The HLA Standard Library defines several namespaces like stdout, stdin, str, cs, and chars. You refer to functions in these namespaces using names like stdout.put, stdin.get, cs.intersection, str.eq, and chars.toUpper. The use of namespaces in the HLA Standard Library prevents conflicts with similar names in your own programs.


  

  


  [67] Procedure declarations, the subject of Chapter5, are also legal within a namespace declaration section.


  [68] The global namespace is the global section of your program.


  


  4.35 Dynamic Arrays in Assembly Language


  One problem with arrays as this chapter describes them is that their size is static. That is, the number of elements in all of the examples was chosen when writing the program; it was not selected while the program runs (that is, dynamically). Alas, sometimes you simply don't know how big an array needs to be when you're writing the program; you can only determine the size of the array while the program is running. This section describes how to allocate storage for arrays dynamically so you can set their size at runtime.


  Allocating storage for a single-dimensional array, and accessing elements of that array, is a nearly trivial task at runtime. All you need to do is call the HLA Standard Library mem.alloc routine, specifying the size of the array in bytes. mem.alloc will return a pointer to the base address of the new array in the EAX register. Typically, you would save this address in a pointer variable and use that value as the base address of the array in all future array accesses.


  To access an element of a single-dimensional dynamic array, you would generally load the base address into a register and compute the index in a second register. Then you could use the base-indexed addressing mode to access elements of that array. This is not a whole lot more work than accessing elements of a statically allocated array. The following code fragment demonstrates how to allocate and access elements of a single-dimensional dynamic array.


  


  
    static

    ArySize:uns32;

    BaseAdrs:pointertouns32;

    .

    .

    .

    stdout.put("Howmanyelementsdoyouwantinyourarray?");

    stdin.getu32();

    mov(eax,ArySize);//Saveawaytheupperboundsonthisarray.

    shl(2,eax);//Multiplyeaxby4tocomputethenumberofbytes.

    mem.alloc(eax);//Allocatestorageforthearray.

    mov(eax,BaseAdrs);//Saveawaythebaseaddressofthenewarray.

    .

    .

    .

    

    //Zeroouteachelementofthearray:

    

    mov(BaseAdrs,ebx);

    mov(0,eax);

    for(mov(0,esi);esi<ArySize;inc(esi))do

    

    mov(eax,[ebx+esi*4]);

    

    endfor;
  


  Dynamically allocating storage for a multidimensional array is fairly straightforward. The number of elements in a multidimensional array is the product of all the dimension values; for example, a 4x5 array has 20 elements. So if you get the bounds for each dimension from the user, all you need to do is compute the product of all of these bound values and multiply the result by the size of a single element. This computes the total number of bytes in the array, the value that mem.alloc expects.


  Accessing elements of multidimensional arrays is a little more problematic. The problem is that you need to keep the dimension information (that is, the bounds on each dimension) around because these values are needed when computing the row-major (or column-major) index into the array.[69] The conventional solution is to store these bounds into a static array (generally you know the arity, or number of dimensions, at compile time, so it is possible to statically allocate storage for this array of dimension bounds). This array of dynamic array bounds is known as a dope vector. The following code fragment shows how to allocate storage for a two-dimensional dynamic array using a simple dope vector.


  


  
    var

    ArrayPtr:pointertouns32;

    ArrayDims:uns32[2];//Thedopevector

    .

    .

    .

    //Getthearrayboundsfromtheuser:

    

    stdout.put("Entertheboundsfordimension#1:");

    stdin.get(ArrayDims[0]);

    

    stdout.put("Entertheboundsfordimension#2:");

    stdin.get(ArrayDims[1*4]);

    

    //Allocatestorageforthearray:

    

    mov(ArrayDims[0],eax);

    intmul(ArrayDims[1*4],eax);

    shl(2,eax);//Multiplyby4becauseeachelementis4bytes.

    mem.alloc(eax);//Allocatestorageforthearrayand

    mov(eax,ArrayPtr);//saveawaythepointertothearray.

    

    

    //Initializethearray:

    

    mov(0,edx);

    mov(ArrayPtr,edi);

    for(mov(0,ebx);ebx<ArrayDims[0];inc(ebx))do

    

    for(mov(0,ecx);ecx<ArrayDims[1*4];inc(ecx))do

    

    //Computetheindexintothearray

    //asesi:=(ebx*ArrayDims[1*4]+ecx)*4

    //(Notethatthefinalmultiplicationby4is

    //handledbythescaledindexedaddressingmodebelow.)

    

    mov(ebx,esi);

    intmul(ArrayDims[1*4],esi);

    add(ecx,esi);

    

    //Initializethecurrentarrayelementwithedx.

    

    mov(edx,[edi+esi*4]);

    inc(edx);

    

    endfor;

    

    endfor;
  


  

  


  [69] Technically, you don't need the value of the leftmost dimension bound to compute an index into the array; however, if you want to check the index bounds using the bound instruction (or some other technique), you will need this value around at runtime as well.


  


  4.36 For More Information


  In the electronic edition of this book, which you'll find at http://webster.cs.ucr.edu/ or http://www.artofasm.com/, you will find additional information about data types. The HLA Standard Library documentation describes the HLA arrays package that provides support for dynamically allocated (and statically allocated) arrays, indexing into arrays, and many other array options. You should consult the HLA stdlib documentation for more details about this array package. For additional information about data structure representation in memory, you should consider reading my book Write Great Code, Volume 1 (No Starch Press, 2004). For an in-depth discussion of data types, you should consult a textbook on data structures and algorithms.


  


  Chapter5.PROCEDURES AND UNITS


  [image: ]


  In a procedural programming language, the basic unit of code is the procedure. A procedure is a set of instructions that compute some value or take some action (such as printing or reading a character value). This chapter discusses how HLA implements procedures. It begins by discussing HLA's high-level syntax for procedure declarations and invocations, but it also describes the low-level implementation of procedures at the machine level. At this point, you should be getting comfortable with assembly language programming, so it's time to start presenting "pure" assembly language rather than continuing to rely on HLA's high-level syntax as a crutch.


  5.1 Procedures


  Most procedural programming languages implement procedures using the call/return mechanism. That is, some code calls a procedure, the procedure does its thing, and then the procedure returns to the caller. The call and return instructions provide the 80x86's procedure invocation mechanism. The calling code calls a procedure with the call instruction and the procedure returns to the caller with the ret instruction. For example, the following 80x86 instruction calls the HLA Standard Library stdout.newln routine:[70]


  


  
    callstdout.newln;
  


  The stdout.newln procedure prints a newline sequence to the console device and returns control to the instruction immediately following the call stdout.newln; instruction.


  Alas, the HLA Standard Library does not supply all the routines you will ever need. Most of the time you'll have to write your own procedures. To do this, you will use HLA's procedure-declaration facilities. A basic HLA procedure declaration takes the following form:


  


  
    procedureProcName;

    <<Localdeclarations>>

    beginProcName;

    <<Procedurestatements>>

    endProcName;
  


  Procedure declarations appear in the declaration section of your program. That is, anywhere you can put a static, const, type, or other declaration section, you may place a procedure declaration. In the syntax example above, ProcName represents the name of the procedure you wish to define. This can be any valid (and unique) HLA identifier. Whatever identifier follows the procedure reserved word must also follow the begin and end reserved words in the procedure. As you've probably noticed, a procedure declaration looks a whole lot like an HLA program. In fact, the only difference (so far) is the use of the procedure reserved word rather than the program reserved word.


  Here is a concrete example of an HLA procedure declaration. This procedure stores zeros into the 256 double words that EBX points at upon entry into the procedure:


  


  
    procedurezeroBytes;

    beginzeroBytes;

    

    mov(0,eax);

    mov(256,ecx);

    repeat

    mov(eax,[ebx]);

    add(4,ebx);

    dec(ecx);

    

    until(@z);//Thatis,untilecx=0.

    

    endzeroBytes;
  


  You can use the 80x86 call instruction to call this procedure. When, during program execution, the code falls into the end zeroBytes; statement, the procedure returns to whoever called it and begins executing the first instruction beyond the call instruction. The program in Example5-1 provides an example of a call to the zeroBytes routine.


  


  Example5-1.Example of a simple procedure


  
    programzeroBytesDemo;

    #include("stdlib.hhf")

    

    

    procedurezeroBytes;

    beginzeroBytes;

    

    mov(0,eax);

    mov(256,ecx);

    repeat

    

    mov(eax,[ebx]);//Zerooutcurrentdword.

    add(4,ebx);//Pointebxatnextdword.

    dec(ecx);//Countoff256dwords.

    

    until(ecx=0);//Repeatfor256dwords.

    

    endzeroBytes;

    

    static

    dwArray:dword[256];

    

    beginzeroBytesDemo;

    

    lea(ebx,dwArray);

    callzeroBytes;

    

    endzeroBytesDemo;
  


  As you may have noticed when calling HLA Standard Library procedures, you don't have to use the call instruction to call HLA procedures. There is nothing special about the HLA Standard Library procedures versus your own procedures. Although the formal 80x86 mechanism for calling procedures is to use the call instruction, HLA provides a high-level extension that lets you call a procedure by simply specifying the procedure's name followed by an empty set of parentheses.[71] For example, either of the following statements will call the HLA Standard Library stdout.newln procedure:


  


  
    callstdout.newln;

    stdout.newln();
  


  Likewise, either of the following statements will call the zeroBytes procedure in Example5-1:


  


  
    callzeroBytes;

    zeroBytes();
  


  The choice of calling mechanism is strictly up to you. Most people, however, find the high-level syntax easier to read.


  

  


  [70] Normally you would call newln using the high-level newln(); syntax, but the call instruction works as well.


  [71] This assumes that the procedure does not have any parameters.


  


  5.2 Saving the State of the Machine


  Take a look at the program in Example5-2. This section of code attempts to print 20 lines of 40 spaces and an asterisk. Unfortunately, there is a subtle bug that creates an infinite loop. The main program uses the repeat..until loop to call PrintSpaces 20 times. PrintSpaces uses ECX to count off the 40 spaces it prints. PrintSpaces returns with ECX containing 0. The main program then prints an asterisk and a newline, decrements ECX, and then repeats because ECX isn't 0 (it will always contain $FFFF_FFFF at this point).


  The problem here is that the PrintSpaces subroutine doesn't preserve the ECX register. Preserving a register means you save it upon entry into the subroutine and restore it before leaving. Had the PrintSpaces subroutine preserved the contents of the ECX register, the program in Example5-2 would have functioned properly.


  


  Example5-2.Program with an unintended infinite loop


  
    programnonWorkingProgram;

    #include("stdlib.hhf");

    

    

    procedurePrintSpaces;

    beginPrintSpaces;

    

    mov(40,ecx);

    repeat

    

    mov('',al);

    stdout.putc(al);//Print1of40spaces.

    dec(ecx);//Countoff40spaces.

    

    until(ecx=0);

    

    endPrintSpaces;

    

    beginnonWorkingProgram;

    

    mov(20,ecx);

    repeat

    

    PrintSpaces();

    stdout.put('*',nl);

    dec(ecx);

    

    until(ecx=0);

    

    endnonWorkingProgram;
  


  You can use the 80x86's push and pop instructions to preserve register values while you need to use them for something else. Consider the following code for PrintSpaces:


  


  
    procedurePrintSpaces;

    beginPrintSpaces;

    

    push(eax);

    push(ecx);

    mov(40,ecx);

    repeat

    

    mov('',al);

    stdout.putc(al);//Print1of40spaces.

    dec(ecx);//Countoff40spaces.

    

    until(ecx=0);

    pop(ecx);

    pop(eax);

    

    endPrintSpaces;
  


  Note that PrintSpaces saves and restores EAX and ECX (because this procedure modifies these registers). Also, note that this code pops the registers off the stack in the reverse order that it pushed them. The last-in, first-out operation of the stack imposes this ordering.


  Either the caller (the code containing the call instruction) or the callee (the subroutine) can take responsibility for preserving the registers. In the example above, the callee preserved the registers. The example in Example5-3 shows what this code might look like if the caller preserves the registers:


  


  Example5-3.Demonstration of caller register preservation


  
    programcallerPreservation;

    #include("stdlib.hhf");

    

    

    procedurePrintSpaces;

    beginPrintSpaces;

    

    mov(40,ecx);

    repeat

    

    mov('',al);

    stdout.putc(al);//Print1of40spaces.

    dec(ecx);//Countoff40spaces.

    

    until(ecx=0);

    

    endPrintSpaces;

    begincallerPreservation;

    

    mov(20,ecx);

    repeat

    

    push(eax);

    push(ecx);

    PrintSpaces();

    pop(ecx);

    pop(eax);

    stdout.put('*',nl);

    dec(ecx);

    

    until(ecx=0);

    

    endcallerPreservation;
  


  There are two advantages to callee preservation: space and maintainability. If the callee (the procedure) preserves all affected registers, then there is only one copy of the push and pop instructions, those the procedure contains. If the caller saves the values in the registers, the program needs a set of push and pop instructions around every call. Not only does this make your programs longer, it also makes them harder to maintain. Remembering which registers to push and pop on each procedure call is not easily done.


  On the other hand, a subroutine may unnecessarily preserve some registers if it preserves all the registers it modifies. In the examples above, the code needn't save EAX. Although PrintSpaces changes AL, this won't affect the program's operation. If the caller is preserving the registers, it doesn't have to save registers it doesn't care about (see the program in Example5-4).


  


  Example5-4.Demonstrating that caller preservation need not save all registers


  
    programcallerPreservation2;

    #include("stdlib.hhf");

    

    

    procedurePrintSpaces;

    beginPrintSpaces;

    

    mov(40,ecx);

    repeat

    

    mov('',al);

    stdout.putc(al);//Print1of40spaces.

    dec(ecx);//Countoff40spaces.

    

    until(ecx=0);

    

    endPrintSpaces;

    

    begincallerPreservation2;

    

    mov(10,ecx);

    repeat

    

    push(ecx);

    PrintSpaces();

    pop(ecx);

    stdout.put('*',nl);

    dec(ecx);

    

    until(ecx=0);

    

    

    mov(5,ebx);

    while(ebx>0)do

    

    PrintSpaces();

    

    stdout.put(ebx,nl);

    dec(ebx);

    

    endwhile;

    

    

    mov(110,ecx);

    for(mov(0,eax);eax<7;inc(eax))do

    

    PrintSpaces();

    

    stdout.put(eax,"",ecx,nl);

    dec(ecx);

    

    endfor;

    

    endcallerPreservation2;
  


  This example in Example5-4 provides three different cases. The first loop (repeat..until) preserves only the ECX register. Modifying the AL register won't affect the operation of this loop. Immediately after the first loop, this code calls PrintSpaces again in the while loop. However, this code doesn't save EAX or ECX because it doesn't care if PrintSpaces changes them.


  One big problem with having the caller preserve registers is that your program may change over time. You may modify the calling code or the procedure to use additional registers. Such changes, of course, may change the set of registers that you must preserve. Worse still, if the modification is in the subroutine itself, you will need to locate every call to the routine and verify that the subroutine does not change any registers the calling code uses.


  Preserving registers isn't all there is to preserving the environment. You can also push and pop variables and other values that a subroutine might change. Because the 80x86 allows you to push and pop memory locations, you can easily preserve these values as well.


  


  5.3 Prematurely Returning from a Procedure


  The HLA exit and exitif statements let you return from a procedure without having to fall into the corresponding end statement in the procedure. These statements behave a whole lot like the break and breakif statements for loops, except that they transfer control to the bottom of the procedure rather than out of the current loop. These statements are quite useful in many cases.


  The syntax for these two statements is the following:


  


  
    exitprocedurename;

    exitif(boolean_expression)procedurename;
  


  The procedurename operand is the name of the procedure you wish to exit. If you specify the name of your main program, the exit and exitif statements will terminate program execution (even if you're currently inside a procedure rather than the body of the main program).


  The exit statement immediately transfers control out of the specified procedure or program. The conditional exitif statement first tests the boolean expression and exits if the result is true. It is semantically equivalent to the following:


  


  
    if(boolean_expression)then

    

    exitprocedurename;

    

    endif;
  


  Although the exit and exitif statements are invaluable in many cases, you should avoid using them without careful consideration. If a simple if statement will let you skip the rest of the code in your procedure, then by all means use the if statement. Procedures that contain a lot of exit and exitif statements will be harder to read, understand, and maintain than procedures without these statements (after all, the exit and exitif statements are really nothing more than goto statements, and you've probably heard already about the problems with gotos). exit and exitif are convenient when you have to return from a procedure inside a sequence of nested control structures, and slapping an if..endif around the remaining code in the procedure is impractical.


  


  5.4 Local Variables


  HLA procedures, like procedures and functions in most high-level languages, let you declare local variables. Local variables are generally accessible only within the procedure; they are not accessible by the code that calls the procedure. Local variable declarations are identical to variable declarations in your main program except, of course, you declare the variables in the procedure's declaration section rather than the main program's declaration section. Actually, you may declare anything in the procedure's declaration section that is legal in the main program's declaration section, including constants, types, and even other procedures.[72] In this section, however, we'll concentrate on local variables.


  Local variables have two important attributes that differentiate them from the variables in your main program (that is, global variables): lexical scope and lifetime. Lexical scope, or just scope, determines where an identifier is usable in your program. Lifetime determines when a variable has memory associated with it and is capable of storing data. Because these two concepts differentiate local and global variables, it is wise to spend some time discussing them.


  Perhaps the best place to start when discussing the scope and lifetimes of local variables is with the scope and lifetimes of global variables—those variables you declare in your main program. Until now, the only rule you've had to follow concerning the declaration of your variables has been "you must declare all variables that you use in your programs." The position of the HLA declaration section with respect to the program statements automatically enforces the other major rule, which is "you must declare all variables before their first use." With the introduction of procedures, it is now possible to violate this rule because (1) procedures may access global variables, and (2) procedure declarations may appear anywhere in a declaration section, even before some variable declarations. The program in Example5-5 demonstrates this source code organization.


  


  Example5-5.Demonstration of global scope


  
    programdemoGlobalScope;

    #include("stdlib.hhf");

    

    static

    AccessibleInProc:char;

    

    

    procedureaProc;

    beginaProc;

    

    mov('a',AccessibleInProc);

    

    endaProc;

    

    

    static

    InaccessibleInProc:char;

    

    

    begindemoGlobalScope;

    

    

    mov('b',InaccessibleInProc);

    aProc();

    stdout.put

    (

    "AccessibleInProc='",AccessibleInProc,"'"nl

    "InaccessibleInProc='",InaccessibleInProc,"'"nl

    );

    

    

    

    enddemoGlobalScope;
  


  This example demonstrates that a procedure can access global variables in the main program as long as you declare those global variables before the procedure. In this example, the aProc procedure cannot access the InaccessibleInProc variable because its declaration appears after the procedure declaration. However, aProc may reference AccessibleInProc because its declaration appears before the aProc procedure.


  A procedure can access any static, storage, or readonly object exactly the same way the main program accesses such variables—by referencing the name. Although a procedure may access global var objects, a different syntax is necessary, and you need to learn a little more before you will understand the purpose of the additional syntax (for more details, please consult the HLA reference manual).


  Accessing global objects is convenient and easy. Unfortunately, as you've probably learned when studying high-level language programming, accessing global objects makes your programs harder to read, understand, and maintain. Like most introductory programming texts, this book discourages the use of global variables within procedures. Accessing global variables within a procedure is sometimes the best solution to a given problem. However, such (legitimate) access typically occurs only in advanced programs involving multiple threads of execution or in other complex systems. Because it is unlikely you would be writing such code at this point, it is equally unlikely that you will absolutely need to access global variables in your procedures, so you should carefully consider your options before doing so.[73]


  Declaring local variables in your procedures is very easy; you use the same declaration sections as the main program: static, readonly, storage, and var. The same rules and syntax for the declaration sections and the access of variables you declare in these sections apply in your procedure. The example code in Example5-6 demonstrates the declaration of a local variable.


  


  Example5-6.Example of a local variable in a procedure


  
    programdemoLocalVars;

    #include("stdlib.hhf");

    

    //Simpleprocedurethatdisplays0..9using

    //alocalvariableasaloopcontrolvariable.

    

    procedureCntTo10;

    var

    i:int32;

    

    beginCntTo10;

    

    for(mov(0,i);i<10;inc(i))do

    

    stdout.put("i=",i,nl);

    

    endfor;

    

    endCntTo10;

    

    

    begindemoLocalVars;

    

    CntTo10();

    

    enddemoLocalVars;
  


  Local variables in a procedure are accessible only within that procedure.[74] Therefore, the variable i in procedure CntTo10 in Example5-6 is not accessible in the main program.


  For local variables, HLA relaxes the rule that identifiers must be unique in a program. In an HLA program, all identifiers must be unique within a given scope. Therefore, all global names must be unique with respect to one another. Similarly, all local variables within a given procedure must have unique names but only with respect to other local symbols in that same procedure. In particular, a local name may be the same as a global name. When this occurs, HLA creates two separate variables. Within the scope of the procedure, any reference to the common name accesses the local variable; outside that procedure, any reference to the common name references the global identifier. Although the quality of the resultant code is questionable, it is perfectly legal to have a global identifier named MyVar with the same local name in two or more different procedures. The procedures each have their own local variant of the object, which is independent of MyVar in the main program. Example5-7 provides an example of an HLA program that demonstrates this feature.


  


  Example5-7.Local variables need not have globally unique names.


  
    programdemoLocalVars2;

    #include("stdlib.hhf");

    

    static

    i:uns32:=10;

    j:uns32:=20;

    

    //Thefollowingproceduredeclaresiandj

    //aslocalvariables,soitdoesnothaveaccess

    //totheglobalvariablesbythesamename.

    

    procedureFirst;

    var

    i:int32;

    j:uns32;

    

    beginFirst;

    

    mov(10,j);

    for(mov(0,i);i<10;inc(i))do

    

    stdout.put("i=",i,"j=",j,nl);

    dec(j);

    

    endfor;

    

    endFirst;

    

    //Thisproceduredeclaresonlyanivariable.

    //Itcannotaccessthevalueoftheglobali

    //variablebutitcanaccessthevalueofthe

    //globaljobjectbecauseitdoesnotprovide

    //alocalvariantofj.

    

    procedureSecond;

    var

    i:uns32;

    

    beginSecond;

    

    mov(10,j);

    for(mov(0,i);i<10;inc(i))do

    

    stdout.put("i=",i,"j=",j,nl);

    dec(j);

    

    endfor;

    

    endSecond;

    

    

    begindemoLocalVars2;

    

    First();

    Second();

    

    //BecausethecallstoFirstandSecondhavenot

    //modifiedvariablei,thefollowingstatement

    //shouldprint"i=10".However,becausetheSecond

    //proceduremanipulatedglobalvariablej,this

    //codewillprint"j=0"ratherthan"j=20".

    

    stdout.put("i=",i,"j=",j,nl);

    

    enddemoLocalVars2;
  


  There are good and bad points to be made about reusing global names within a procedure. On the one hand, there is the potential for confusion. If you use a name like ProfitsThisYear as a global symbol and you reuse that name within a procedure, someone reading the procedure might think that the procedure refers to the global symbol rather than the local symbol. On the other hand, simple names like i, j, and k are nearly meaningless (almost everyone expects the program to use them as loop-control variables or for other local uses), so reusing these names as local objects is probably a good idea. From a software engineering perspective, it is probably a good idea to keep all variables names that have a very specific meaning (like ProfitsThisYear) unique throughout your program. General names that have a nebulous meaning (like index and counter and names like i, j, or k) will probably be okay to reuse as global variables.


  There is one last point to make about the scope of identifiers in an HLA program: variables in separate procedures are separate, even if they have the same name. The First and Second procedures in Example5-7, for example, share the same name (i) for a local variable. However, the i in First is a completely different variable from the i in Second.


  The second major attribute that differentiates local variables from global variables is lifetime. The lifetime of a variable spans from the point when the program first allocates storage for a variable to the point when the program deallocates the storage for that variable. Note that lifetime is a dynamic attribute (controlled at runtime), whereas scope is a static attribute (controlled at compile time). In particular, a variable can actually have several lifetimes if the program repeatedly allocates and then deallocates the storage for that variable.


  Global variables always have a single lifetime that spans from the moment when the main program first begins execution to the point when the main program terminates. Likewise, all static objects have a single lifetime that spans the execution of the program (remember, static objects are those you declare in the static, readonly, or storage sections). This is true even within procedures. So there is no difference between the lifetime of a local static object and the lifetime of a global static object. Variables you declare in the var section, however, are a different matter. HLA's var objects use automatic storage allocation. Automatic storage allocation means that the procedure automatically allocates storage for a local variable upon entry into a procedure. Similarly, the program deallocates storage for automatic objects when the procedure returns to its caller. Therefore, the lifetime of an automatic object is from the point of the execution of the first statement in a procedure to the point when it returns to its caller.


  Perhaps the most important thing to note about automatic variables is that you cannot expect them to maintain their values between calls to the procedure. Once the procedure returns to its caller, the storage for the automatic variable is lost and, therefore, the value is lost as well. Thus, you must always assume that a local var object is uninitialized upon entry into a procedure, even if you know you've called the procedure before and the previous procedure invocation initialized that variable. Whatever value the last call stored into the variable was lost when the procedure returned to its caller. If you need to maintain the value of a variable between calls to a procedure, you should use one of the static variable declaration types.


  Given that automatic variables cannot maintain their values across procedure calls, you might wonder why you would want to use them at all. However, there are several benefits to automatic variables that static variables do not have. The biggest disadvantage to static variables is that they consume memory even when the (only) procedure that references them is not running. Automatic variables, on the other hand, consume storage only while their associated procedure is executing. Upon return, the procedure returns any automatic storage it allocated back to the system for reuse by other procedures. You'll see some additional advantages to automatic variables later in this chapter.


  

  


  [72] Strictly speaking, this is not true. You may not declare external objects within a procedure. External objects are the subject of 5.24 Units and the external Directive.


  [73] Note that this argument against accessing global variables does not apply to other global symbols. It is perfectly reasonable to access global constants, types, procedures, and other objects in your programs.


  [74] Strictly speaking, this is not true. However, accessing nonlocal var objects is beyond the scope of this text. See the HLA documentation for more details.


  


  5.5 Other Local and Global Symbol Types


  As the previous section notes, HLA procedures let you declare constants, values, types, and almost everything else legal in the main program's declaration section. The same rules for scope apply to these identifiers. Therefore, you can reuse constant names, procedure names, type names, and the like in local declarations.


  Referencing global constants, values, and types does not present the same software engineering problems that occur when you reference global variables. The problem with referencing global variables is that a procedure can change the value of a global variable in a nonobvious way. This makes programs more difficult to read, understand, and maintain because you can't often tell that a procedure is modifying memory by looking only at the call to that procedure. Constants, values, types, and other nonvariable objects don't suffer from this problem because you cannot change them at runtime. Therefore, the pressure to avoid global objects at nearly all costs doesn't apply to nonvariable objects.


  Having said that it's okay to access global constants, types, and so on, it's also worth pointing out that you should declare these objects locally within a procedure if the only place your program references such objects is within that procedure. Doing so will make your programs a little easier to read because the person reading your code won't have to search all over the place for the symbol's definition.


  


  5.6 Parameters


  Although many procedures are totally self-contained, most procedures require some input data and return some data to the caller. Parameters are values that you pass to and from a procedure. In straight assembly language, passing parameters can be a real chore. Fortunately, HLA provides a high-level-language-like syntax for procedure declarations and for procedure calls involving parameters. This section presents HLA's high-level parameter syntax. Later sections in this chapter deal with the low-level mechanisms for passing parameters in pure assembly code.


  The first thing to consider when discussing parameters is how we pass them to a procedure. If you are familiar with Pascal or C/C++, you've probably seen two ways to pass parameters: pass by value and pass by reference. HLA certainly supports these two parameter-passing mechanisms. However, HLA also supports pass by value/result, pass by result, pass by name, and pass by lazy evaluation. Of course, HLA is assembly language, so it is possible to pass parameters in HLA using any scheme you can dream up (at least, any scheme that is possible at all on the CPU). However, HLA provides special high-level syntax for pass by value, reference, value/result, result, name, and lazy evaluation.


  Because pass by value/result, result, name, and lazy evaluation are somewhat advanced, this book will not deal with those parameter-passing mechanisms. If you're interested in learning more about these parameter-passing schemes, see the HLA reference manual or check out the electronic versions of this text at http://webster.cs.ucr.edu/ or http://www.artofasm.com/.


  Another concern you will face when dealing with parameters is where you pass them. There are many different places to pass parameters; in this section we'll pass procedure parameters on the stack. You don't really need to concern yourself with the details because HLA abstracts them away for you; however, do keep in mind that procedure calls and procedure parameters make use of the stack. Therefore, whatever you push on the stack immediately before a procedure call is not going to be on the top of the stack upon entry into the procedure.


  5.6.1 Pass by Value


  A parameter passed by value is just that—the caller passes a value to the procedure. Pass-by-value parameters are input-only parameters. That is, you can pass them to a procedure, but the procedure cannot return values through them. Given the HLA procedure call


  


  
    CallProc(I);
  


  if you pass I by value, then CallProc does not change the value of I, regardless of what happens to the parameter inside CallProc.


  Because you must pass a copy of the data to the procedure, you should use this method only for passing small objects like bytes, words, and double words. Passing large arrays and records by value is very inefficient (because you must create and pass a copy of the object to the procedure).


  HLA, like Pascal and C/C++, passes parameters by value unless you specify otherwise. The following is what a typical function looks like with a single pass-by-value parameter.


  


  
    procedurePrintNSpaces(N:uns32);

    beginPrintNSpaces;

    

    push(ecx);

    mov(N,ecx);

    repeat

    

    stdout.put('');//Print1ofNspaces.

    dec(ecx);//CountoffNspaces.

    

    until(ecx=0);

    pop(ecx);

    

    endPrintNSpaces;
  


  The parameter N in PrintNSpaces is known as a formal parameter. Anywhere the name N appears in the body of the procedure, the program references the value passed through N by the caller.


  The calling sequence for PrintNSpaces can be any of the following:


  


  
    PrintNSpaces(constant);

    PrintNSpaces(reg32);

    PrintNSpaces(uns32_variable);
  


  Here are some concrete examples of calls to PrintNSpaces:


  


  
    PrintNSpaces(40);

    PrintNSpaces(eax);

    PrintNSpaces(SpacesToPrint);
  


  The parameter in the calls to PrintNSpaces is known as an actual parameter. In the examples above, 40, eax, and SpacesToPrint are the actual parameters.


  Note that pass-by-value parameters behave exactly like local variables you declare in the var section with the single exception that the procedure's caller initializes these local variables before it passes control to the procedure.


  HLA uses positional parameter notation just as most high-level languages do. Therefore, if you need to pass more than one parameter, HLA will associate the actual parameters with the formal parameters by their position in the parameter list. The following PrintNChars procedure demonstrates a simple procedure that has two parameters:


  


  
    procedurePrintNChars(N:uns32;c:char);

    beginPrintNChars;

    

    push(ecx);

    mov(N,ecx);

    repeat

    

    stdout.put(c);//Print1ofNcharacters.

    dec(ecx);//CountoffNcharacters.

    

    until(ecx=0);

    pop(ecx);

    

    endPrintNChars;
  


  The following is an invocation of the PrintNChars procedure that will print 20 asterisk characters:


  


  
    PrintNChars(20,'*');
  


  Note that HLA uses semicolons to separate the formal parameters in the procedure declaration, and it uses commas to separate the actual parameters in the procedure invocation (Pascal programmers should be comfortable with this notation). Also note that each HLA formal parameter declaration takes the following form:


  


  
    parameter_identifier:type_identifier
  


  In particular, note that the parameter type has to be an identifier. None of the following are legal parameter declarations because the data type is not a single identifier:


  


  
    PtrVar:pointertouns32

    ArrayVar:uns32[10]

    recordVar:recordi:int32;u:uns32;endrecord

    DynArray:array.dArray(uns32,2)
  


  However, don't get the impression that you cannot pass pointer, array, record, or dynamic array variables as parameters. The trick is to declare a data type for each of these types in the type section. Then you can use a single identifier as the type in the parameter declaration. The following code fragment demonstrates how to do this with the four data types above:


  


  
    type

    uPtr:pointertouns32;

    uArray10:uns32[10];

    recType:recordi:int32;u:uns32;endrecord

    dType:array.dArray(uns32,2);

    

    procedureFancyParms

    (

    PtrVar:uPtr;

    ArrayVar:uArray10;

    recordVar:recType;

    DynArray:dType

    );

    beginFancyParms;

    .

    .

    .

    endFancyParms;
  


  By default, HLA assumes that you intend to pass a parameter by value. HLA also lets you explicitly state that a parameter is a value parameter by prefacing the formal parameter declaration with the val keyword. The following is a version of the PrintNSpaces procedure that explicitly states that N is a pass-by-value parameter:


  


  
    procedurePrintNSpaces(valN:uns32);

    beginPrintNSpaces;

    

    push(ecx);

    mov(N,ecx);

    repeat

    

    stdout.put('');//Print1ofNspaces.

    dec(ecx);//CountoffNspaces.

    

    until(ecx=0);

    pop(ecx);

    

    endPrintNSpaces;
  


  Explicitly stating that a parameter is a pass-by-value parameter is a good idea if you have multiple parameters in the same procedure declaration that use different passing mechanisms.


  When you pass a parameter by value and call the procedure using the HLA high-level language syntax, HLA will automatically generate code that will make a copy of the actual parameter's value and copy this data into the local storage for that parameter (that is, the formal parameter). For small objects, pass by value is probably the most efficient way to pass a parameter. For large objects, however, HLA must generate code that copies each and every byte of the actual parameter into the formal parameter. For large arrays and records, this can be a very expensive operation.[75] Unless you have specific semantic concerns that require you to pass a large array or record by value, you should use pass by reference or some other parameter-passing mechanism for arrays and records.


  When passing parameters to a procedure, HLA checks the type of each actual parameter and compares this type to the corresponding formal parameter. If the types do not agree, HLA then checks to see if either the actual or the formal parameter is a byte, word, or double-word object and the other parameter is 1, 2, or 4 bytes in length (respectively). If the actual parameter does not satisfy either of these conditions, HLA reports a parameter-type mismatch error. If, for some reason, you need to pass a parameter to a procedure using a different type than the procedure calls for, you can always use the HLA type-coercion operator to override the type of the actual parameter.


  5.6.2 Pass by Reference


  To pass a parameter by reference, you must pass the address of a variable rather than its value. In other words, you must pass a pointer to the data. The procedure must dereference this pointer to access the data. Passing parameters by reference is useful when you must modify the actual parameter or when you pass large data structures between procedures.


  To declare a pass-by-reference parameter, you must preface the formal parameter declaration with the var keyword. The following code fragment demonstrates this:


  


  
    procedureUsePassByReference(varPBRvar:int32);

    beginUsePassByReference;

    .

    .

    .

    endUsePassByReference;
  


  Calling a procedure with a pass-by-reference parameter uses the same syntax as pass by value except that the parameter has to be a memory location; it cannot be a constant or a register. Furthermore, the type of the memory location must exactly match the type of the formal parameter. The following are legal calls to the procedure above (assuming i32 is an int32 variable):


  


  
    UsePassByReference(i32);

    UsePassByReference((typeint32[ebx]));
  


  The following are all illegal UsePassbyReference invocations (assuming charVar is of type char):


  


  
    UsePassByReference(40);//Constantsareillegal.

    UsePassByReference(EAX);//Bareregistersareillegal.

    UsePassByReference(charVar);//Actualparametertypemustmatch

    //theformalparametertype.
  


  Unlike the high-level languages Pascal and C++, HLA does not completely hide the fact that you are passing a pointer rather than a value. In a procedure invocation, HLA will automatically compute the address of a variable and pass that address to the procedure. Within the procedure itself, however, you cannot treat the variable like a value parameter (as you could in most high-level languages). Instead, you treat the parameter as a double-word variable containing a pointer to the specified data. You must explicitly dereference this pointer when accessing the parameter's value. The example appearing in Example5-8 provides a simple demonstration of this.


  


  Example5-8.Accessing pass-by-reference parameters


  
    programPassByRefDemo;

    #include("stdlib.hhf");

    

    var

    i:int32;

    j:int32;

    

    procedurepbr(vara:int32;varb:int32);

    const

    aa:text:="(typeint32[ebx])";

    bb:text:="(typeint32[ebx])";

    

    beginpbr;

    

    push(eax);

    push(ebx);//Needtouseebxtodereferenceaandb.

    

    //a=−1;

    

    mov(a,ebx);//Getptrtothe"a"variable.

    mov(−1,aa);//Store−1intothe"a"parameter.

    

    //b=−2;

    

    mov(b,ebx);//Getptrtothe"b"variable.

    mov(−2,bb);//Store−2intothe"b"parameter.

    

    //Printthesumofa+b.

    //Notethatebxcurrentlycontainsapointerto"b".

    

    mov(bb,eax);

    mov(a,ebx);//Getptrto"a"variable.

    add(aa,eax);

    stdout.put("a+b=",(typeint32eax),nl);

    

    endpbr;

    

    beginPassByRefDemo;

    

    //Giveiandjsomeinitialvaluesso

    //wecanseethatpassbyreferencewill

    //overwritethesevalues.

    

    mov(50,i);

    mov(25,j);

    

    //Callpbrpassingiandjbyreference

    

    pbr(i,j);

    

    //Displaytheresultsreturnedbypbr.

    

    stdout.put

    (

    "i=",i,nl,

    "j=",j,nl

    );

    

    endPassByRefDemo;
  


  Passing parameters by reference can produce some peculiar results in some rare circumstances. Consider the pbr procedure in Example5-8. Were you to modify the call in the main program to be pbr(i,i) rather than pbr(i,j);, the program would produce the following nonintuitive output:


  


  
    a+b=−4

    i=−2;

    j=25;
  


  The reason this code displays a+b=−4 rather than the expected a+b=−3 is because the pbr(i,i); call passes the same actual parameter for a and b. As a result, the a and b reference parameters both contain a pointer to the same memory location—that of the variable i. In this case, a and b are aliases of one another. Therefore, when the code stores −2 at the location pointed at by b, it overwrites the −1 stored earlier at the location pointed at by a. When the program fetches the value pointed at by a and b to compute their sum, both a and b point at the same value, which is −2. Summing −2 + −2 produces the −4 result that the program displays. This nonintuitive behavior is possible anytime you encounter aliases in a program. Passing the same variable as two different reference parameters probably isn't very common. But you could also create an alias if a procedure references a global variable and you pass that same global variable by reference to the procedure (this is a good example of yet one more reason why you should avoid referencing global variables in a procedure).


  Pass by reference is usually less efficient than pass by value. You must dereference all pass-by-reference parameters on each access; this is slower than simply using a value because it typically requires at least two instructions. However, when passing a large data structure, pass by reference is faster because you do not have to copy the large data structure before calling the procedure. Of course, you'd probably need to access elements of that large data structure (for example, an array) using a pointer, so very little efficiency is lost when you pass large arrays by reference.


  

  


  [75] Note to C/C++ programmers: HLA does not automatically pass arrays by reference. If you specify an array type as a formal parameter, HLA will emit code that makes a copy of each and every byte of that array when you call the associated procedure.


  


  5.7 Functions and Function Results


  Functions are procedures that return some result to the caller. In assembly language, there are very few syntactical differences between a procedure and a function, which is why HLA doesn't provide a specific declaration for a function. Nevertheless, although there is very little syntactical difference between assembly procedures and functions, there are some semantic differences. That is, although you can declare them the same way in HLA, you use them differently.


  Procedures are a sequence of machine instructions that fulfill some task. The end result of the execution of a procedure is the accomplishment of that activity. Functions, on the other hand, execute a sequence of machine instructions specifically to compute some value to return to the caller. Of course, a function can perform some activity as well and procedures can undoubtedly compute some values, but the main difference is that the purpose of a function is to return some computed result; procedures don't have this requirement.


  A good example of a procedure is the stdout.puti32 procedure. This procedure requires a single int32 parameter. The purpose of this procedure is to print the decimal conversion of this integer value to the standard output device. Note that stdout.puti32 doesn't return any kind of value that is usable by the calling program.


  A good example of a function is the cs.member function. This function expects two parameters: The first is a character value and the second is a character set value. This function returns true (1) in EAX if the character is a member of the specified character set. It returns false if the character parameter is not a member of the character set.


  Logically, the fact that cs.member returns a usable value to the calling code (in EAX) while stdout.puti32 does not is a good example of the main difference between a function and a procedure. So, in general, a procedure becomes a function by virtue of the fact that you explicitly decide to return a value somewhere upon procedure return. No special syntax is needed to declare and use a function. You still write the code as a procedure.


  5.7.1 Returning Function Results


  The 80x86's registers are the most common place to return function results. The cs.member routine in the HLA Standard Library is a good example of a function that returns a value in one of the CPU's registers. It returns true (1) or false (0) in the EAX register. By convention, programmers try to return 8-, 16-, and 32-bit (nonreal) results in the AL, AX, and EAX registers, respectively.[76] This is where most high-level languages return these types of results.


  Of course, there is nothing particularly sacred about the AL/AX/EAX register. You could return function results in any register if it is more convenient to do so. However, if you don't have a good reason for not using AL/AX/EAX, then you should follow the convention. Doing so will help others understand your code better because they will generally assume that your functions return small results in the AL/AX/EAX register set.


  If you need to return a function result that is larger than 32 bits, you obviously must return it somewhere other than in EAX (which can hold only 32-bit values). For values slightly larger than 32 bits (e.g., 64 bits or maybe even as many as 128 bits), you can split the result into pieces and return those parts in two or more registers. It is common to see programs returning 64-bit values in the EDX:EAX register pair (for example, the HLA Standard Library stdin.geti64 function returns a 64-bit integer in the EDX:EAX register pair).


  If you need to return a large object as a function result, say an array of 1,000 elements, you obviously are not going to be able to return the function result in the registers. There are two common ways to deal with large function return results: Either pass the return value as a reference parameter or allocate storage on the heap (using mem.alloc) for the object and return a pointer to it in a 32-bit register. Of course, if you return a pointer to storage you've allocated on the heap, the calling program must free this storage when it has finished with it.


  5.7.2 Instruction Composition in HLA


  Several HLA Standard Library functions allow you to call them as operands of other instructions. For example, consider the following code fragment:


  


  
    if(cs.member(al,{'a'..'z'}))then

    .

    .

    .

    endif;
  


  As your high-level language experience (and HLA experience) should suggest, this code calls the cs.member function to check to see if the character in AL is a lowercase alphabetic character. If the cs.member function returns true, then this code fragment executes the then section of the if statement; however, if cs.member returns false, this code fragment skips the if..then body. There is nothing spectacular here except for the fact that HLA doesn't support function calls as boolean expressions in the if statement (look back at Chapter1 to see the complete set of allowable expressions). How then, does this program compile and run, producing the intuitive results?


  The next section describes how you can tell HLA that you want to use a function call in a boolean expression. However, to understand how this works, you need to first learn about instruction composition in HLA.


  Instruction composition lets you use one instruction as the operand of another. For example, consider the mov instruction. It has two operands: a source operand and a destination operand. Instruction composition lets you substitute a valid 80x86 machine instruction for either (or both) operands. The following is a simple example:


  


  
    mov(mov(0,eax),ebx);
  


  Of course, the immediate question is, "What does this mean?" To understand what is going on, you must first realize that most instructions "return" a value to the compiler while they are being compiled. For most instructions, the value they "return" is their destination operand. Therefore, mov( 0, eax ); returns the string eax to the compiler during compilation because EAX is the destination operand. Most of the time, specifically when an instruction appears on a line by itself, the compiler ignores the returned string result. However, HLA uses this string result whenever you supply an instruction in place of some operand; specifically, HLA uses that string as the operand in place of the instruction. Therefore, the mov instruction above is equivalent to the following two-instruction sequence:


  


  
    mov(0,eax);//HLAcompilesinteriorinstructionsfirst.

    mov(eax,ebx);//HLAsubstituted"eax"for"mov(0,eax)"
  


  When processing composed instructions (that is, instruction sequences that have other instructions as operands), HLA always works in a "left-to-right then depth-first (inside-out)" manner. To make sense of this, consider the following instructions:


  


  
    add(sub(mov(i,eax),mov(j,ebx)),mov(k,ecx));
  


  To interpret what is happening here, begin with the source operand. It consists of the following:


  


  
    sub(mov(i,eax),mov(j,ebx))
  


  The source operand for this instruction is mov( i, eax ) and this instruction does not have any composition, so HLA emits this instruction and returns its destination operand (eax) for use as the source to the sub instruction. This effectively gives us the following:


  


  
    sub(eax,mov(j,ebx))
  


  Now HLA compiles the instruction that appears as the destination operand (mov( j, ebx )) and returns its destination operand (ebx) to substitute for this mov in the sub instruction. This yields the following:


  


  
    sub(eax,ebx)
  


  This is a complete instruction, without composition, that HLA can compile. So it compiles this instruction and returns its destination operand (ebx) as the string result to substitute for the sub in the original add instruction. So the original add instruction now becomes


  


  
    add(ebx,mov(k,ecx));
  


  HLA next compiles the mov instruction appearing in the destination operand. It returns its destination operand as a string that HLA substitutes for the mov, finally yielding the simple instruction


  


  
    add(ebx,ecx);
  


  The compilation of the original add instruction, therefore, yields the following instruction sequence:


  


  
    mov(i,eax);

    mov(j,ebx);

    sub(eax,ebx);

    mov(k,ecx);

    add(ebx,ecx);
  


  Whew! It's rather difficult to look at the original instruction and easily see that this sequence is the result. As you can see in this example, overzealous use of instruction composition can produce nearly unreadable programs. You should be very careful about using instruction composition in your programs. With only a few exceptions, writing a composed instruction sequence makes your program harder to read.


  Note that the excessive use of instruction composition may make errors in your program difficult to decipher. Consider the following HLA statement:


  


  
    add(mov(eax,i),mov(ebx,j));
  


  This instruction composition yields the following 80x86 instruction sequence:


  


  
    mov(eax,i);

    mov(ebx,j);

    add(i,j);
  


  Of course, the compiler will complain that you're attempting to add one memory location to another. However, the instruction composition effectively masks this fact and makes it difficult to comprehend the cause of the error message. Moral of the story: Avoid using instruction composition unless it really makes your program easier to read. The few examples in this section demonstrate how not to use instruction composition.


  There are two main areas where using instruction composition can help make your programs more readable. The first is in HLA's high-level language control structures. The other is in procedure parameters. Although instruction composition is useful in these two cases (and probably a few others as well), this doesn't give you a license to use extremely convoluted instructions like the add instruction in the previous example. Instead, most of the time you will use a single instruction or a function call in place of a single operand in a high-level language boolean expression or in a procedure/function parameter.


  While we're on the subject, exactly what does a procedure call return as the string that HLA substitutes for the call in an instruction composition? For that matter, what do statements like if..endif return? How about instructions that don't have a destination operand? Well, function return results are the subject of the next section, so you'll read about that in a few moments. As for all the other statements and instructions, you should check out the HLA reference manual. It lists each instruction and its returns value. The returns value is the string that HLA will substitute for the instruction when it appears as the operand to another instruction. Note that many HLA statements and instructions return the empty string as their returns value (by default, so do procedure calls). If an instruction returns the empty string as its composition value, then HLA will report an error if you attempt to use it as the operand of another instruction. For example, the if..then..endif statement returns the empty string as its returns value, so you may not bury an if..then..endif inside another instruction.


  5.7.3 The HLA @returns Option in Procedures


  HLA procedure declarations allow a special option that specifies the string to use when a procedure invocation appears as the operand of another instruction: the @returns option. The syntax for a procedure declaration with the @returns option is as follows:


  


  
    procedureProcName(optional_parameters);@returns(string_constant);

    <<Localdeclarations>>

    beginProcName;

    <<Procedurestatements>>

    endProcName;
  


  If the @returns option is not present, HLA assigns the empty string to the @returns value for the procedure. This effectively makes it illegal to use that procedure invocation as the operand to another instruction.


  The @returns option requires a single-string expression surrounded by parentheses. HLA will substitute this string constant for the procedure call if it ever appears as the operand of another instruction. Typically this string constant is a register name; however, any text that would be legal as an instruction operand is okay here. For example, you could specify memory addresses or constants. For purposes of clarity, you should always specify the location of a function's return value in the @returns parameter.


  As an example, consider the following boolean function that returns true or false in the EAX register if the single-character parameter is an alphabetic character:[77]


  


  
    procedureIsAlphabeticChar(c:char);@returns("EAX");

    beginIsAlphabeticChar;

    

    //Notethatcs.memberreturnstrue/falseineax.

    

    cs.member(c,{'a'..'z','A'..'Z'});

    

    endIsAlphabeticChar;
  


  Once you tack the @returns option on the end of this procedure declaration, you can legally use a call to IsAlphabeticChar as an operand to other HLA statements and instructions:


  


  
    mov(IsAlphabeticChar(al),ebx);

    .

    .

    .

    if(IsAlphabeticChar(ch))then

    .

    .

    .

    endif;
  


  The last example above demonstrates that, via the @returns option, you can embed calls to your own functions in the boolean expression field of various HLA statements. Note that the code above is equivalent to:


  


  
    IsAlphabeticChar(ch);

    if(eax)then

    .

    .

    .

    endif;
  


  Not all HLA high-level language statements expand composed instructions before the statement. For example, consider the following while statement:


  


  
    while(IsAlphabeticChar(ch))do

    .

    .

    .

    endwhile;
  


  This code does not expand to the following:


  


  
    IsAlphabeticChar(ch);

    while(eax)do

    .

    .

    .

    endwhile;
  


  Instead, the call to IsAlphabeticChar expands inside the while's boolean expression so that the program calls this function on each iteration of the loop.


  You should exercise caution when entering the @returns parameter. HLA does not check the syntax of the string parameter when it is compiling the procedure declaration (other than to verify that it is a string constant). Instead, HLA checks the syntax when it replaces the function call with the @returns string. So if you had specified eaz instead of eax as the @returns parameter for IsAlphabeticChar in the previous examples, HLA would not have reported an error until you actually used IsAlphabeticChar as an operand. Then of course, HLA would complain about the illegal operand, and it's not at all clear what the problem is by looking at the IsAlphabeticChar invocation. So take special care not to introduce typographical errors into the @returns string; figuring out such errors later can be very difficult.


  

  


  [76] In Chapter6 you'll see where most programmers return real results.


  [77] Before you run off and actually use this function in your own programs, note that the HLA Standard Library provides the char.isAlpha function that provides this test. See the HLA documentation for more details.


  


  5.8 Recursion


  Recursion occurs when a procedure calls itself. The following, for example, is a recursive procedure:


  


  
    procedureRecursive;

    beginRecursive;

    

    Recursive();

    

    endRecursive;
  


  Of course, the CPU will never return from this procedure. Upon entry into Recursive, this procedure will immediately call itself again, and control will never pass to the end of the procedure. In this particular case, runaway recursion results in an infinite loop.[78]


  Like a looping structure, recursion requires a termination condition in order to stop infinite recursion. Recursive could be rewritten with a termination condition as follows:


  


  
    procedureRecursive;

    beginRecursive;

    

    dec(eax);

    if(@nz)then

    

    Recursive();

    

    endif;

    

    endRecursive;
  


  This modification to the routine causes Recursive to call itself the number of times appearing in the EAX register. On each call, Recursive decrements the EAX register by 1 and then calls itself again. Eventually, Recursive decrements EAX to 0 and returns from each call until it returns to the original caller.


  So far, however, there hasn't been a real need for recursion. After all, you could efficiently code this procedure as follows:


  


  
    procedureRecursive;

    beginRecursive;

    

    repeat

    dec(eax);

    until(@z);

    

    endRecursive;
  


  Both examples would repeat the body of the procedure the number of times passed in the EAX register.[79] As it turns out, there are only a few recursive algorithms that you cannot implement in an iterative fashion. However, many recursively implemented algorithms are more efficient than their iterative counterparts, and most of the time the recursive form of the algorithm is much easier to understand.


  The quicksort algorithm is probably the most famous algorithm that usually appears in recursive form. An HLA implementation of this algorithm appears in Example5-9.


  


  Example5-9.Recursive quicksort program


  
    programQSDemo;

    #include("stdlib.hhf");

    

    type

    ArrayType:uns32[10];

    

    static

    theArray:ArrayType:=[1,10,2,9,3,8,4,7,5,6];

    

    

    procedurequicksort(vara:ArrayType;Low:int32;High:int32);

    const

    i:text:="(typeint32edi)";

    j:text:="(typeint32esi)";

    Middle:text:="(typeuns32edx)";

    ary:text:="[ebx]";

    

    beginquicksort;

    

    push(eax);

    push(ebx);

    push(ecx);

    push(edx);

    push(esi);

    push(edi);

    

    mov(a,ebx);//LoadBASEaddressof"a"intoebx.

    

    mov(Low,edi);//i:=Low;

    mov(High,esi);//j:=High;

    

    //Computeapivotalelementbyselectingthe

    //physicalmiddleelementofthearray.

    

    mov(i,eax);

    add(j,eax);

    shr(1,eax);

    mov(ary[eax*4],Middle);//Putmiddlevalueinedx.

    

    //Repeatuntiltheediandesiindexescrossone

    //another(ediworksfromthestarttowardstheend

    //ofthearray,esiworksfromtheendtowardsthe

    //startofthearray).

    

    repeat

    

    //Scanfromthestartofthearrayforward

    //lookingforthefirstelementgreaterorequal

    //tothemiddleelement).

    

    while(Middle>ary[i*4])do

    

    inc(i);

    

    endwhile;

    

    //Scanfromtheendofthearraybackwardslooking

    //forthefirstelementthatislessthanorequal

    //tothemiddleelement.

    

    while(Middle<ary[j*4])do

    

    dec(j);

    

    endwhile;

    

    //Ifwe'vestoppedbeforethetwopointershave

    //passedoveroneanother,thenwe'vegottwo

    //elementsthatareoutoforderwithrespect

    //tothemiddleelement,soswapthesetwoelements.

    

    if(i<=j)then

    

    mov(ary[i*4],eax);

    mov(ary[j*4],ecx);

    mov(eax,ary[j*4]);

    mov(ecx,ary[i*4]);

    inc(i);

    dec(j);

    

    endif;

    

    until(i>j);

    

    //Wehavejustplacedallelementsinthearrayin

    //theircorrectpositionswithrespecttothemiddle

    //elementofthearray.Soallelementsatindexes

    //greaterthanthemiddleelementarealsonumerically

    //greaterthanthiselement.Likewise,elementsat

    //indexeslessthanthemiddle(pivotal)elementare

    //nowlessthanthatelement.Unfortunately,the

    //twohalvesofthearrayoneithersideofthepivotal

    //elementarenotyetsorted.Callquicksortrecursively

    //tosortthesetwohalvesiftheyhavemorethanone

    //elementinthem(iftheyhavezerooroneelements,then

    //theyarealreadysorted).

    

    if(Low<j)then

    

    quicksort(a,Low,j);

    

    endif;

    if(i<High)then

    

    quicksort(a,i,High);

    

    endif;

    

    pop(edi);

    pop(esi);

    pop(edx);

    pop(ecx);

    pop(ebx);

    pop(eax);

    

    endquicksort;

    

    beginQSDemo;

    

    stdout.put("Databeforesorting:"nl);

    for(mov(0,ebx);ebx<10;inc(ebx))do

    

    stdout.put(theArray[ebx*4]:5);

    

    endfor;

    stdout.newln();

    

    quicksort(theArray,0,9);

    

    stdout.put("Dataaftersorting:"nl);

    for(mov(0,ebx);ebx<10;inc(ebx))do

    

    stdout.put(theArray[ebx*4]:5);

    

    endfor;

    stdout.newln();

    

    endQSDemo;
  


  Note that this quicksort procedure uses registers for all nonparameter local variables. Also note how quicksort uses text constant definitions to provide more readable names for the registers. This technique can often make an algorithm easier to read; however, one must take care when using this trick not to forget that those registers are being used.


  

  


  [78] Well, not really infinite. The stack will overflow and Windows, Mac OS X, FreeBSD, or Linux will raise an exception at that point.


  [79] The latter version will do it considerably faster because it doesn't have the overhead of the call/ret instructions.


  


  5.9 Forward Procedures


  As a general rule, HLA requires that you declare all symbols before their first use in a program.[80] Therefore, you must define all procedures before their first call. There are two reasons this isn't always practical: mutual recursion (two procedures call each other) and source code organization (you prefer to place a procedure in your code after the point where you've first called it). Fortunately, HLA lets you use a forward procedure definition to declare a procedure prototype. Forward declarations let you define a procedure before you actually supply the code for that procedure.


  A forward procedure declaration is a familiar procedure declaration that uses the reserved word forward in place of the procedure's declaration section and body. The following is a forward declaration for the quicksort procedure appearing in the last section:


  


  
    procedurequicksort(vara:ArrayType;Low:int32;High:int32);forward;
  


  A forward declaration in an HLA program is a promise to the compiler that the actual procedure declaration will appear, exactly as stated in the forward declaration, at a later point in the source code.[81] The forward declaration must have the same parameters, they must be passed the same way, and they must all have the same types as the formal parameters in the procedure.


  Routines that are mutually recursive (that is, procedure A calls procedure B and procedure B calls procedure A) require at least one forward declaration, because you may declare only one of procedure A or B before the other. In practice, however, mutual recursion (direct or indirect) doesn't occur very frequently, so you'll rarely forward declarations for this purpose.


  In the absence of mutual recursion, it is always possible to organize your source code so that each procedure declaration appears before its first invocation. What's possible and what's desired are two different things, however. You might want to group a related set of procedures at the beginning of your source code and a different set of procedures toward the end of your source code. This logical grouping, by function rather than by invocation, may make your programs much easier to read and understand. However, this organization may also yield code that attempts to call a procedure before its declaration. No sweat; just use a forward procedure definition to resolve the problem.


  One major difference between the forward definition and the actual procedure declaration has to do with the procedure options. Some options, like @returns, may appear only in the forward declaration (if a forward declaration is present). Other options may appear only in the actual procedure declaration (we haven't covered any of the other procedure options, so don't worry about them just yet). If your procedure requires an @returns option, the @returns option must appear before the forward reserved word. For example:


  


  
    procedureIsItReady(valueToTest:dword);@returns("eax");forward;
  


  The @returns option must not also appear in the actual procedure declaration later in your source file.


  

  


  [80] There are a few minor exceptions to this rule, but it is certainly true for procedure calls.


  [81] Actually, exactly is too strong a word. You will see some exceptions in a moment.


  


  5.10 HLA v2.0 Procedure Declarations


  HLA v2.0 and later support an alternate procedure declaration syntax that is similar to constant, type, and variable declarations. Though this book tends to prefer the original procedure declaration syntax (which HLA v2.0 and later still support), you will see examples of the new syntax in code that exists out in the real world; therefore, this section provides a brief discussion of the new procedure declaration syntax.


  The new HLA v2.0 procedure declaration syntax uses the proc keyword to begin a procedure declaration section (similar to var or static beginning a variable declaration section). Within a proc section, procedure declarations take one of these forms:


  


  
    procname:procedure(parameters);

    beginprocname;

    <<body>>

    endprocname;
procname:procedure(parameters){options};

    beginprocname;

    <<body>>

    endprocname;
procname:procedure(parameters);external;
procname:procedure(parameters){options};external;
  


  Please see the HLA v2.0 (or later) reference manual for more details concerning this alternate procedure declaration syntax. Just be aware of its existence in case you come across it while reading example HLA code you've gotten from some other source.


  


  5.11 Low-Level Procedures and the call Instruction


  The 80x86 call instruction does two things. First, it pushes the address of the instruction immediately following the call onto the stack; then it transfers control to the address of the specified procedure. The value that call pushes onto the stack is known as the return address. When the procedure wants to return to the caller and continue execution with the first statement following the call instruction, the procedure simply pops the return address off the stack and jumps (indirectly) to that address. Most procedures return to their caller by executing a ret (return) instruction. The ret instruction pops a return address off the stack and transfers control indirectly to the address it pops off the stack.


  By default, the HLA compiler automatically places a ret instruction (along with a few other instructions) at the end of each HLA procedure you write. This is why you haven't had to explicitly use the ret instruction up to this point. To disable the default code generation in an HLA procedure, specify the following options when declaring your procedures:


  


  
    procedureProcName;@noframe;@nodisplay;

    beginProcName;

    .

    .

    .

    endProcName;
  


  The @noframe and @nodisplay clauses are examples of procedure options. HLA procedures support several such options, including @returns, @noframe, @nodisplay, and @noalignstack. You'll see the purpose of @noalignstack and a couple of other procedure options in Section 5.14. These procedure options may appear in any order following the procedure name (and parameters, if any). Note that @noframe and @nodisplay (as well as @noalignstack) may appear only in an actual procedure declaration. You cannot specify these options in a forward declaration.


  The @noframe option tells HLA that you don't want the compiler to automatically generate entry and exit code for the procedure. This tells HLA not to automatically generate the ret instruction (along with several other instructions).


  The @nodisplay option tells HLA that it should not allocate storage in procedure's local variable area for a display. The display is a mechanism you use to access nonlocal var objects in a procedure. Therefore, a display is necessary only if you nest procedures in your programs. This book will not consider the display or nested procedures; for more details on the display and nested procedures see the appropriate chapter in the electronic edition appearing at http://www.artofasm.com/ or http://webster.cs.ucr.edu/, or check out the HLA reference manual. Until then, you can safely specify the @nodisplay option on all your procedures. Indeed, for all of the procedures appearing in this chapter up to this point, specifying the @nodisplay option makes a lot of sense because none of those procedures actually use the display. Procedures that have the @nodisplay option are a tiny bit faster and a tiny bit shorter than those procedures that do not specify this option.


  The following is an example of the minimal procedure:


  


  
    procedureminimal;@nodisplay;@noframe;@noalignstack;

    beginminimal;

    

    ret();

    

    endminimal;
  


  If you call this procedure with the call instruction, minimal will simply pop the return address off the stack and return back to the caller. You should note that a ret instruction is absolutely necessary when you specify the @noframe procedure option.[82] If you fail to put the ret instruction in the procedure, the program will not return to the caller upon encountering the end minimal; statement. Instead, the program will fall through to whatever code happens to follow the procedure in memory. The example program in Example5-10 demonstrates this problem.


  


  Example5-10.Effect of a missing ret instruction in a procedure


  
    programmissingRET;

    #include("stdlib.hhf");

    

    //Thisfirstprocedurehasthe@noframe

    //optionbutdoesnothavearetinstruction.

    

    procedurefirstProc;@noframe;@nodisplay;

    beginfirstProc;

    

    stdout.put("InsidefirstProc"nl);

    

    endfirstProc;

    

    

    //Becausetheprocedureabovedoesnothavea

    //retinstruction,itwill"fallthrough"to

    //thefollowinginstruction.Notethatthere

    //isnocalltothisprocedureanywherein

    //thisprogram.

    

    proceduresecondProc;@noframe;@nodisplay;

    beginsecondProc;

    

    stdout.put("InsidesecondProc"nl);

    ret();

    

    endsecondProc;

    

    

    beginmissingRET;

    

    //Calltheprocedurethatdoesn'thave

    //aretinstruction.

    

    callfirstProc;

    

    endmissingRET;
  


  Although this behavior might be desirable in certain rare circumstances, it usually represents a defect in most programs. Therefore, if you specify the @noframe option, always remember to explicitly return from the procedure using the ret instruction.


  

  


  [82] Strictly speaking, this isn't true. But some mechanism that pops the return address off the stack and jumps to the return address is necessary in the procedure's body.


  


  5.12 Procedures and the Stack


  Because procedures use the stack to hold the return address, you must exercise caution when pushing and popping data within a procedure. Consider the following simple (and defective) procedure:


  


  
    procedureMessedUp;@noframe;@nodisplay;

    beginMessedUp;

    

    push(eax);

    ret();

    

    endMessedUp;
  


  At the point the program encounters the ret instruction, the 80x86 stack takes the form shown in Figure5-1.
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    Figure5-1.Stack contents before ret in MessedUp procedure
  


  The ret instruction isn't aware that the value on the top of stack is not a valid address. It simply pops whatever value is on the top of the stack and jumps to that location. In this example, the top of stack contains the saved EAX value. Because it is very unlikely that EAX contains the proper return address (indeed, there is about a one in four billion chance it is correct), this program will probably crash or exhibit some other undefined behavior. Therefore, you must take care when pushing data onto the stack within a procedure that you properly pop that data prior to returning from the procedure.


  
    Note
  


  
    If you do not specify the @noframe option when writing a procedure, HLA automatically generates code at the beginning of the procedure that pushes some data onto the stack. Therefore, unless you understand exactly what is going on and you've taken care of this data HLA pushes on the stack, you should never execute the bare ret instruction inside a procedure that does not have the @noframe option. Doing so will attempt to return to the location specified by this data (which is not a return address) rather than properly returning to the caller. In procedures that do not have the @noframe option, use the exit or exitif statement to return from the procedure.
  


  Popping extra data off the stack prior to executing the ret statement can also create havoc in your programs. Consider the following defective procedure:


  


  
    proceduremessedUpToo;@noframe;@nodisplay;

    beginmessedUpToo;

    

    pop(eax);

    ret();

    

    endmessedUpToo;
  


  Upon reaching the ret instruction in this procedure, the 80x86 stack looks something like that shown in Figure5-2.
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    Figure5-2.Stack contents before ret in messedUpToo
  


  Once again, the ret instruction blindly pops whatever data happens to be on the top of the stack and attempts to return to that address. Unlike the previous example, where it was very unlikely that the top of stack contained a valid return address (because it contained the value in EAX), there is a small possibility that the top of stack in this example actually does contain a return address. However, this will not be the proper return address for the messedUpToo procedure; instead, it will be the return address for the procedure that called messedUpToo. To understand the effect of this code, consider the program in Example5-11.


  


  Example5-11.Effect of popping too much data off the stack


  
    programextraPop;

    #include("stdlib.hhf");

    

    

    //Notethatthefollowingprocedurepops

    //excessdataoffthestack(inthiscase,

    //itpopsmessedUpToo'sreturnaddress).

    

    proceduremessedUpToo;@noframe;@nodisplay;

    beginmessedUpToo;

    

    stdout.put("EnteredmessedUpToo"nl);

    pop(eax);

    ret();

    

    endmessedUpToo;

    

    

    

    procedurecallsMU2;@noframe;@nodisplay;

    begincallsMU2;

    

    stdout.put("callingmessedUpToo"nl);

    messedUpToo();

    

    //BecausemessedUpToopopsextradata

    //offthestack,thefollowingcode

    //neverexecutes(becausethedatapopped

    //offthestackisthereturnaddressthat

    //pointsatthefollowingcode).

    

    stdout.put("ReturnedfrommessedUpToo"nl);

    ret();

    

    endcallsMU2;

    

    

    beginextraPop;

    

    stdout.put("CallingcallsMU2"nl);

    callsMU2();

    stdout.put("ReturnedfromcallsMU2"nl);

    

    endextraPop;
  


  Because a valid return address is sitting on the top of the stack, you might think that this program will actually work (properly). However, note that when returning from the messedUpToo procedure, this code returns directly to the main program rather than to the proper return address in the callsMU2 procedure. Therefore, all code in the callsMU2 procedure that follows the call to messedUpToo does not execute. When reading the source code, it may be very difficult to figure out why those statements are not executing because they immediately follow the call to the messedUpToo procedure. It isn't clear, unless you look very closely, that the program is popping an extra return address off the stack and therefore doesn't return to callsMU2 but rather returns directly to whoever calls callsMU2. Of course, in this example it's fairly easy to see what is going on (because this example is a demonstration of this problem). In real programs, however, determining that a procedure has accidentally popped too much data off the stack can be much more difficult. Therefore, you should always be careful about pushing and popping data in a procedure. You should always verify that there is a one-to-one relationship between the pushes in your procedures and the corresponding pops.


  


  5.13 Activation Records


  Whenever you call a procedure, there is certain information the program associates with that procedure call. The return address is a good example of some information the program maintains for a specific procedure call. Parameters and automatic local variables (that is, those you declare in the var section) are additional examples of information the program maintains for each procedure call. Activation record is the term we'll use to describe the information the program associates with a specific call to a procedure.[83]


  Activation record is an appropriate name for this data structure. The program creates an activation record when calling (activating) a procedure and the data in the structure is organized in a manner identical to records. Perhaps the only thing unusual about an activation record (when comparing it to a standard record) is that the base address of the record is in the middle of the data structure, so you must access fields of the record at positive and negative offsets.


  Construction of an activation record begins in the code that calls a procedure. The caller pushes the parameter data (if any) onto the stack. Then the execution of the call instruction pushes the return address onto the stack. At this point, construction of the activation record continues within the procedure itself. The procedure pushes registers and other important state information and then makes room in the activation record for local variables. The procedure must also update the EBP register so that it points at the base address of the activation record.


  To see what a typical activation record looks like, consider the following HLA procedure declaration:


  


  
    procedureARDemo(i:uns32;j:int32;k:dword);@nodisplay;

    var

    a:int32;

    r:real32;

    c:char;

    b:boolean;

    w:word;

    beginARDemo;

    .

    .

    .

    endARDemo;
  


  Whenever an HLA program calls this ARDemo procedure, it begins by pushing the data for the parameters onto the stack. The calling code will push the parameters onto the stack in the order they appear in the parameter list, from left to right. Therefore, the calling code first pushes the value for the i parameter, then it pushes the value for the j parameter, and it finally pushes the data for the k parameter. After pushing the parameters, the program calls the ARDemo procedure. Immediately upon entry into the ARDemo procedure, the stack contains these four items arranged as shown in Figure5-3.


  The first few instructions in ARDemo (note that it does not have the @noframe option) will push the current value of EBP onto the stack and then copy the value of ESP into EBP. Next, the code drops the stack pointer down in memory to make room for the local variables. This produces the stack organization shown in Figure5-4.
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    Figure5-3.Stack organization immediately upon entry into ARDemo
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    Figure5-4.Activation record for ARDemo
  


  To access objects in the activation record you must use offsets from the EBP register to the desired object. The two items of immediate interest to you are the parameters and the local variables. You can access the parameters at positive offsets from the EBP register; you can access the local variables at negative offsets from the EBP register, as Figure5-5 shows.


  Intel specifically reserves the EBP (Extended Base Pointer) register for use as a pointer to the base of the activation record. This is why you should never use the EBP register for general calculations. If you arbitrarily change the value in the EBP register, you will lose access to the current procedure's parameters and local variables.
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    Figure5-5.Offsets of objects in the ARDemo activation record
  


  

  


  [83] Stack frame is another term many people use to describe the activation record.


  


  5.14 The Standard Entry Sequence


  The caller of a procedure is responsible for pushing the parameters onto the stack. Of course, the call instruction pushes the return address onto the stack. It is the procedure's responsibility to construct the rest of the activation record. You can accomplish this by using the following "standard entry sequence" code:


  


  
    push(ebp);//Saveacopyoftheoldebpvalue.

    mov(esp,ebp);//Getpointertobaseofactivationrecordintoebp.

    sub(NumVars,esp);//Allocatestorageforlocalvariables.
  


  If the procedure doesn't have any local variables, the third instruction above, sub( NumVars, esp );, isn't necessary. NumVars represents the number of bytes of local variables needed by the procedure. This is a constant that should be a multiple of 4 (so the ESP register remains aligned on a double-word boundary). If the number of bytes of local variables in the procedure is not a multiple of 4, you should round the value up to the next higher multiple of 4 before subtracting this constant from ESP. Doing so will slightly increase the amount of storage the procedure uses for local variables but will not otherwise affect the operation of the procedure.


  
    Warning
  


  
    If the NumVars constant is not a multiple of 4, subtracting this value from ESP (which, presumably, contains a double-word-aligned pointer) will virtually guarantee that all future stack accesses are misaligned because the program almost always pushes and pops double-word values. This will have a very negative performance impact on the program. Worse still, many OS API calls will fail if the stack is not double-word aligned upon entry into the operating system. Therefore, you must always ensure that your local variable allocation value is a multiple of 4.
  


  Because of the problems with a misaligned stack, by default HLA will also emit a fourth instruction as part of the standard entry sequence. The HLA compiler actually emits the following standard entry sequence for the ARDemo procedure defined earlier:


  


  
    push(ebp);

    mov(esp,ebp);

    sub(12,esp);//MakeroomforARDemo'slocalvariables.

    and($FFFF_FFFC,esp);//Forcedwordstackalignment.
  


  The and instruction at the end of this sequence forces the stack to be aligned on a 4-byte boundary (it reduces the value in the stack pointer by 1, 2, or 3 if the value in ESP is not a multiple of 4). Although the ARDemo entry code correctly subtracts 12 from ESP for the local variables (12 is both a multiple of 4 and the number of bytes of local variables), this leaves ESP double-word aligned only if it was double-word aligned immediately upon entry into the procedure. Had the caller messed with the stack and left ESP containing a value that was not a multiple of 4, subtracting 12 from ESP would leave ESP containing an unaligned value. The and instruction in the sequence above, however, guarantees that ESP is dword aligned regardless of ESP's value upon entry into the procedure. The few bytes and CPU cycles needed to execute this instruction would pay off handsomely if ESP was not double-word aligned.


  Although it is always safe to execute the and instruction in the standard entry sequence, it might not be necessary. If you always ensure that ESP contains a double-word-aligned value, the and instruction in the standard entry sequence above is unnecessary. Therefore, if you've specified the @noframe procedure option, you don't have to include that instruction as part of the entry sequence.


  If you haven't specified the @noframe option (that is, you're letting HLA emit the instructions to construct the standard entry sequence for you), you can still tell HLA not to emit the extra and instruction if you're sure the stack will be double-word aligned whenever someone calls the procedure. To do this, use the @noalignstack procedure option. For example:


  


  
    procedureNASDemo(i:uns32;j:int32;k:dword);@noalignstack;

    var

    LocalVar:int32;

    beginNASDemo;

    .

    .

    .

    endNASDemo;
  


  HLA emits the following entry sequence for the procedure above:


  


  
    push(ebp);

    mov(esp,ebp);

    sub(4,esp);
  


  


  5.15 The Standard Exit Sequence


  Before a procedure returns to its caller, it needs to clean up the activation record. Although it is possible to share the cleanup duties between the procedure and the procedure's caller, Intel has included some features in the instruction set that allows the procedure to efficiently handle all the cleanup chores itself. Standard HLA procedures and procedure calls, therefore, assume that it is the procedure's responsibility to clean up the activation record (including the parameters) when the procedure returns to its caller.


  If a procedure does not have any parameters, the exit sequence is very simple. It requires only three instructions:


  


  
    mov(ebp,esp);//Deallocatelocalsandcleanupstack.

    pop(ebp);//Restorepointertocaller'sactivationrecord.

    ret();//Returntothecaller.
  


  If the procedure has some parameters, then a slight modification to the standard exit sequence is necessary in order to remove the parameter data from the stack. Procedures with parameters use the following standard exit sequence:


  


  
    mov(ebp,esp);//Deallocatelocalsandcleanupstack.

    pop(ebp);//Restorepointertocaller'sactivationrecord.

    ret(ParmBytes);//Returntothecallerandpoptheparameters.
  


  The ParmBytes operand of the ret instruction is a constant that specifies the number of bytes of parameter data to remove from the stack after the return instruction pops the return address. For example, the ARDemo example code in the previous sections has three double-word parameters. Therefore, the standard exit sequence would take the following form:


  


  
    mov(ebp,esp);

    pop(ebp);

    ret(12);
  


  If you've declared your parameters using HLA syntax (that is, a parameter list follows the procedure declaration), then HLA automatically creates a local constant in the procedure, _parms_, that is equal to the number of bytes of parameters in that procedure. Therefore, rather than counting the number of parameter bytes yourself, you can use the following standard exit sequence for any procedure that has parameters:


  


  
    mov(ebp,esp);

    pop(ebp);

    ret(_parms_);
  


  Note that if you do not specify a byte constant operand to the ret instruction, the 80x86 will not pop the parameters off the stack upon return. Those parameters will still be sitting on the stack when you execute the first instruction following the call to the procedure. Similarly, if you specify a value that is too small, some of the parameters will be left on the stack upon return from the procedure. If the ret operand you specify is too large, the ret instruction will actually pop some of the caller's data off the stack, usually with disastrous consequences.


  If you wish to return early from a procedure that doesn't have the @noframe option, and you don't particularly want to use the exit or exitif statement, you must execute the standard exit sequence to return to the caller. A simple ret instruction is insufficient because local variables and the old EBP value are probably sitting on the top of the stack.


  


  5.16 Low-Level Implementation of Automatic (Local) Variables


  Your program accesses local variables in a procedure using negative offsets from the activation record base address (EBP). Consider the following HLA procedure (which admittedly doesn't do much other than demonstrate the use of local variables):


  


  
    procedureLocalVars;@nodisplay;

    var

    a:int32;

    b:int32;

    beginLocalVars;

    

    mov(0,a);

    mov(a,eax);

    mov(eax,b);

    

    endLocalVars;
  


  The activation record for LocalVars appears in Figure5-6.
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    Figure5-6.Activation record for the LocalVars procedure
  


  The HLA compiler emits code that is roughly equivalent to the following for the body of this procedure:[84]


  


  
    mov(0,(typedword[ebp-4]));

    mov([ebp-4],eax);

    mov(eax,[ebp-8]);
  


  You could actually type these statements into the procedure yourself and they would work. Of course, using memory references like [ebp-4] and [ebp-8] rather than a or b makes your programs very difficult to read and understand. Therefore, you should always declare and use HLA symbolic names rather than offsets from EBP.


  The standard entry sequence for this LocalVars procedure will be:[85]


  


  
    push(ebp);

    mov(esp,ebp);

    sub(8,esp);
  


  This code subtracts 8 from the stack pointer because there are 8 bytes of local variables (two double-word objects) in this procedure. Unfortunately, as the number of local variables increases, especially if those variables have different types, computing the number of bytes of local variables becomes rather tedious. Fortunately, for those who wish to write the standard entry sequence themselves, HLA automatically computes this value for you and creates a constant, _vars_, that specifies the number of bytes of local variables.[86] Therefore, if you intend to write the standard entry sequence yourself, you should use the _vars_ constant in the sub instruction when allocating storage for the local variables:


  


  
    push(ebp);

    mov(esp,ebp);

    sub(_vars_,esp);
  


  Now that you've seen how assembly language allocates and deallocates storage for local variables, it's easy to understand why automatic (var) variables do not maintain their values between two calls to the same procedure. Because the memory associated with these automatic variables is on the stack, when a procedure returns to its caller the caller can push other data onto the stack, obliterating the values previously held on the stack. Furthermore, intervening calls to other procedures (with their own local variables) may wipe out the values on the stack. Also, upon reentry into a procedure, the procedure's local variables may correspond to different physical memory locations; hence the values of the local variables would not be in their proper locations.


  One big advantage to automatic storage is that it efficiently shares a fixed pool of memory among several procedures. For example, if you call three procedures in a row, like so:


  


  
    ProcA();

    ProcB();

    ProcC();
  


  the first procedure (ProcA in the code above) allocates its local variables on the stack. Upon return, ProcA deallocates that stack storage. Upon entry into ProcB, the program allocates storage for ProcB's local variables using the same memory locations just freed by ProcA. Likewise, when ProcB returns and the program calls ProcC, ProcC uses the same stack space for its local variables that ProcB recently freed up. This memory reuse makes efficient use of the system resources and is probably the greatest advantage to using automatic (var) variables.


  

  


  [84] This ignores the code associated with the standard entry and exit sequences.


  [85] This code assumes that ESP is dword aligned upon entry so the and( $FFFF_FFFC, esp ); instruction is unnecessary.


  [86] HLA even rounds this constant up to the next even multiple of 4 so you don't have to worry about stack alignment.


  


  5.17 Low-Level Parameter Implementation


  Earlier, when discussing HLA's high-level parameter passing mechanism, there were several questions concerning parameters. Some important questions are:


  
    
  


  
    	
      
        
          Where is the data coming from?
        

      

    


    	
      
        
          What mechanism do you use to pass and return data?
        

      

    


    	
      
        
          How much data are you passing?
        

      

    

  


  In this section we will take another look at the two most common parameter-passing mechanisms: pass by value and pass by reference. We will discuss three popular places to pass parameters by reference or by value: in the registers, on the stack, and in the code stream. The amount of parameter data has a direct bearing on where and how to pass it. The following sections take up these issues.


  5.17.1 Passing Parameters in Registers


  Having touched on how to pass parameters to a procedure in Section 5.6, the next thing to discuss is where to pass parameters. Where you pass parameters depends on the size and number of those parameters. If you are passing a small number of bytes to a procedure, then the registers are an excellent place to pass parameters to a procedure. If you are passing a single parameter to a procedure, you should use the following registers for the accompanying data types.


  


  
    DataSizePassinthisRegister

    Byte:al

    Word:ax

    DoubleWord:eax

    QuadWord:edx:eax
  


  This is not a hard-and-fast rule. If you find it more convenient to pass 16-bit values in the SI or BX register, then do so. However, most programmers use the registers above to pass parameters.


  If you are passing several parameters to a procedure in the 80x86's registers, you should probably use up the registers in the following order:


  


  
    FirstLast

    eax,edx,ecx,esi,edi,ebx
  


  In general, you should avoid using the EBP register. If you need more than six double words, perhaps you should pass your values elsewhere. This choice of priorities is not completely arbitrary. Many high-level languages will attempt to pass parameters in the EAX, EDX, and ECX registers (generally in that order). Furthermore, the Intel ABI (application binary interface) allows high-level language procedures to use EAX, EDX, and ECX without preserving their values. Hence, these three registers are a great place to pass parameters because a lot of code assumes their values are modified across procedure calls.


  As an example, consider the following strfill( s,c ); procedure that copies the character c (passed by value in AL) to each character position in s (passed by reference in EDI) up to a zero-terminating byte:


  


  
    //strfill-Overwritesthedatainastringwithacharacter.

    //

    //EDI-Pointertozero-terminatedstring(e.g.,anHLAstring)

    //AL-Charactertostoreintothestring

    

    procedurestrfill;@nodisplay;

    beginstrfill;

    

    push(edi);//Preservethisbecauseitwillbemodified.

    while((typechar[edi])<>#0)do

    

    mov(al,[edi]);

    inc(edi);

    

    endwhile;

    pop(edi);

    

    endstrfill;
  


  To call the strfill procedure you would load the address of the string data into EDI and the character value into AL prior to the call. The following code fragment demonstrates a typical call to strfill.


  


  
    mov(s,edi);//Getptrtostringdataintoedi(assumess:string).

    mov('',al);

    strfill();
  


  Don't forget that HLA string variables are pointers. This example assumes that s is an HLA string variable and therefore contains a pointer to a zero-terminated string. Thus, the mov( s, edi ); instruction loads the address of the zero-terminated string into the EDI register (hence this code passes the address of the string data to strfill, that is, it passes the string by reference).


  One way to pass parameters in the registers is to simply load them with the appropriate values prior to a call and then reference those registers within the procedure. This is the traditional mechanism for passing parameters in registers in an assembly language program. HLA, being somewhat more high-level than traditional assembly language, provides a formal parameter declaration syntax that lets you tell HLA you're passing certain parameters in the general-purpose registers. This declaration syntax is the following:


  


  
    parmName:parmTypeinreg
  


  Where parmName is the parameter's name, parmType is the type of the object, and reg is one of the 80x86's general-purpose 8-, 16-, or 32-bit registers. The size of the parameter's type must be equal to the size of the register or HLA will report an error. Here is a concrete example:


  


  
    procedureHasRegParms(count:uns32inecx;charVal:charinal);
  


  One nice feature to this syntax is that you can call a procedure that has register parameters exactly like any other procedure in HLA using the high-level syntax. For example:


  


  
    HasRegParms(ecx,bl);
  


  If you specify the same register as an actual parameter that you've declared for the formal parameter, HLA does not emit any extra code; it assumes that the parameter's value is already in the appropriate register. For example, in the call above, the first actual parameter is the value in ECX; because the procedure's declaration specifies that first parameter is in ECX, HLA will not emit any code. On the other hand, the second actual parameter is in BL, but the procedure will expect this parameter value in AL. Therefore, HLA will emit a mov( bl, al ); instruction prior to calling the procedure so that the value is in the proper register upon entry to the procedure.


  You can also pass parameters by reference in a register. Consider the following declaration:


  


  
    procedureHasRefRegParm(varmyPtr:uns32inedi);
  


  A call to this procedure always requires some memory operand as the actual parameter. HLA will emit the code to load the address of that memory object into the parameter's register (EDI in this case). Note that when passing reference parameters, the register must be a 32-bit general-purpose register because addresses are 32 bits long. Here's an example of a call to HasRefRegParm:


  


  
    HasRefRegParm(x);
  


  HLA will emit either a mov( &x, edi); or lea( edi, x); instruction to load the address of x into the EDI registers prior to the call instruction.[87]


  If you pass an anonymous memory object (for example, [edi] or [ecx]) as a parameter to HasRefRegParm, HLA will not emit any code if the memory reference uses the same register that you declare for the parameter (i.e., [edi]). It will use a simple mov instruction to copy the actual address into EDI if you specify an indirect addressing mode using a register other than EDI (e.g., [ecx]). It will use a lea instruction to compute the effective address of the anonymous memory operand if you use a more complex addressing mode like [edi+ecx*4+2].


  Within the procedure's code, HLA creates text equates for those register parameters that map their names to the appropriate register. In the HasRegParms example, any time you reference the count parameter, HLA substitutes ecx for count. Likewise, HLA substitutes al for charVal throughout the procedure's body. Because these names are aliases for the registers, you should take care to always remember that you cannot use ECX and AL independently of these parameters. It would be a good idea to place a comment next to each use of these parameters to remind the reader that count is equivalent to ECX and charVal is equivalent to AL.


  5.17.2 Passing Parameters in the Code Stream


  Another place where you can pass parameters is in the code stream immediately after the call instruction. Consider the following print routine that prints a literal string constant to the standard output device:


  


  
    callprint;

    byte"Thisparameterisinthecodestream.",0;
  


  Normally, a subroutine returns control to the first instruction immediately following the call instruction. Were that to happen here, the 80x86 would attempt to interpret the ASCII codes for "This . . . ." as an instruction. This would produce undesirable results. Fortunately, you can skip over this string when returning from the subroutine.


  So how do you gain access to these parameters? Easy. The return address on the stack points at them. Consider the implementation of print appearing in Example5-12.


  


  Example5-12.Print procedure implementation (using code stream parameters)


  
    programprintDemo;

    #include("stdlib.hhf");

    

    //print-

    //

    //Thisprocedurewritestheliteralstring

    //immediatelyfollowingthecalltothe

    //standardoutputdevice.Theliteralstring

    //mustbeasequenceofcharactersendingwith

    //azerobyte(i.e.,aCstring,notanHLA

    //string).

    

    procedureprint;@noframe;@nodisplay;

    const

    

    //RtnAdrsistheoffsetofthisprocedure's

    //returnaddressintheactivationrecord.

    

    RtnAdrs:text:="(typedword[ebp+4])";

    

    beginprint;

    

    //Buildtheactivationrecord(notethe

    //@noframeoptionabove).

    

    push(ebp);

    mov(esp,ebp);

    

    //Preservetheregistersthisfunctionuses.

    

    push(eax);

    push(ebx);

    

    //Copythereturnaddressintotheebx

    //register.Becausethereturnaddresspoints

    //atthestartofthestringtoprint,this

    //instructionloadsebxwiththeaddressof

    //thestringtoprint.

    

    mov(RtnAdrs,ebx);

    

    //Untilweencounterazerobyte,printthe

    //charactersinthestring.

    

    forever

    

    mov([ebx],al);//Getthenextcharacter.

    breakif(!al);//Quitifit'szero.

    stdout.putc(al);//Printit.

    inc(ebx);//Moveontothenextchar.

    

    endfor;

    

    //Skippastthezerobyteandstoretheresulting

    //addressoverthetopofthereturnaddressso

    //we'llreturntothelocationthatisonebyte

    //beyondthezero-terminatingbyteofthestring.

    

    inc(ebx);

    mov(ebx,RtnAdrs);

    

    //Restoreeaxandebx.

    

    pop(ebx);

    pop(eax);

    

    //Cleanuptheactivationrecordandreturn.

    

    pop(ebp);

    ret();

    

    endprint;

    

    

    beginprintDemo;

    

    //Simpletestoftheprintprocedure

    

    callprint;

    byte"HelloWorld!",13,10,0;

    

    endprintDemo;
  


  Besides showing how to pass parameters in the code stream, the print routine also exhibits another concept: variable-length parameters. The string following the call can be any practical length. The zero terminating byte marks the end of the parameter list. There are two easy ways to handle variable-length parameters: Either use some special terminating value (like 0) or pass a special length value that tells the subroutine how many parameters you are passing. Both methods have their advantages and disadvantages. Using a special value to terminate a parameter list requires that you choose a value that never appears in the list. For example, print uses 0 as the terminating value, so it cannot print the NUL character (whose ASCII code is 0). Sometimes this isn't a limitation. Specifying a special-length parameter is another mechanism you can use to pass a variable-length parameter list. While this doesn't require any special codes or limit the range of possible values that can be passed to a subroutine, setting up the length parameter and maintaining the resulting code can be a real nightmare.[88]


  Despite the convenience afforded by passing parameters in the code stream, there are some disadvantages to passing parameters there. First, if you fail to provide the exact number of parameters the procedure requires, the subroutine will get confused. Consider the print example. It prints a string of characters up to a zero-terminating byte and then returns control to the first instruction following the zero-terminating byte. If you leave off the zero-terminating byte, the print routine happily prints the following opcode bytes as ASCII characters until it finds a zero byte. Because zero bytes often appear in the middle of an instruction, the print routine might return control into the middle of some other instruction. This will probably crash the machine. Inserting an extra 0, which occurs more often than you might think, is another problem programmers have with the print routine. In such a case, the print routine would return upon encountering the first zero byte and attempt to execute the following ASCII characters as machine code. Once again, this usually crashes the machine. These are the some of the reasons why the HLA stdout.put code does not pass its parameters in the code stream. Problems notwithstanding, however, the code stream is an efficient place to pass parameters whose values do not change.


  5.17.3 Passing Parameters on the Stack


  Most high-level languages use the stack to pass parameters because this method is fairly efficient. By default, HLA also passes parameters on the stack. Although passing parameters on the stack is slightly less efficient than passing those parameters in registers, the register set is very limited and you can pass only a few value or reference parameters through registers. The stack, on the other hand, allows you to pass a large amount of parameter data without any difficulty. This is the principal reason that most programs pass their parameters on the stack.


  HLA typically passes parameters you specify using the high-level procedure call syntax on the stack. For example, suppose you define strfill from earlier as follows:


  


  
    procedurestrfill(s:string;chr:char);
  


  Calls of the form strfill( s, ' ' ); will pass the value of s (which is an address) and a space character on the 80x86 stack. When you specify a call to strfill in this manner, HLA automatically pushes the parameters for you, so you don't have to push them onto the stack yourself. Of course, if you choose to do so, HLA will let you manually push the parameters onto the stack prior to the call.


  To manually pass parameters on the stack, push them immediately before calling the subroutine. The subroutine then reads this data from the stack memory and operates on it appropriately. Consider the following HLA procedure call:


  


  
    CallProc(i,j,k);
  


  HLA pushes parameters onto the stack in the order that they appear in the parameter list.[89] Therefore, the 80x86 code that HLA emits for this subroutine call (assuming you're passing the parameters by value) is:


  


  
    push(i);

    push(j);

    push(k);

    callCallProc;
  


  Upon entry into CallProc, the 80x86's stack looks like that shown in Figure5-7.
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    Figure5-7.Stack layout upon entry into CallProc
  


  You could gain access to the parameters passed on the stack by removing the data from the stack, as the following code fragment demonstrates:


  


  
    //Note:Toextractparametersoffthestackbypopping,itisveryimportant

    //tospecifyboththe@nodisplayand@noframeprocedureoptions.

    

    static

    RtnAdrs:dword;

    p1Parm:dword;

    p2Parm:dword;

    p3Parm:dword;

    

    procedureCallProc(p1:dword;p2:dword;p3:dword);@nodisplay;@noframe;

    beginCallProc;

    

    pop(RtnAdrs);

    pop(p3Parm);

    pop(p2Parm);

    pop(p1Parm);

    push(RtnAdrs);

    .

    .

    .

    ret();

    

    endCallProc;
  


  As you can see from this code, it first pops the return address off the stack and into the RtnAdrs variable; then it pops (in reverse order) the values of the p1, p2, and p3 parameters; finally, it pushes the return address back onto the stack (so the ret instruction will operate properly). Within the CallProc procedure, you may access the p1Parm, p2Parm, and p3Parm variables to use the p1, p2, and p3 parameter values.


  There is, however, a better way to access procedure parameters. If your procedure includes the standard entry and exit sequences, then you may directly access the parameter values in the activation record by indexing off the EBP register. Consider the layout of the activation record for CallProc that uses the following declaration:


  


  
    procedureCallProc(p1:dword;p2:dword;p3:dword);@nodisplay;@noframe;

    beginCallProc;

    

    push(ebp);//Thisisthestandardentrysequence.

    mov(esp,ebp);//GetbaseaddressofA.R.intoebp.

    .

    .

    .
  


  Take a look at the stack immediately after the execution of mov( esp, ebp ); in CallProc. Assuming you've pushed three double-word parameters onto the stack, it should look something like that shown in Figure5-8.
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    Figure5-8.Activation record for CallProc after standard entry sequence execution
  


  Now you can access the parameters by indexing off the EBP register:


  


  
    mov([ebp+16],eax);//Accessesthefirstparameter.

    mov([ebp+12],ebx);//Accessesthesecondparameter.

    mov([ebp+8],ecx);//Accessesthethirdparameter.
  


  Of course, as with local variables, you'd never really access the parameters in this way. You can use the formal parameter names (p1, p2, and p3), and HLA will substitute a suitable [ebp+displacement] memory address. Even though you shouldn't actually access parameters using address expressions like [ebp+12], it's important to understand their relationship to the parameters in your procedures.


  Other items that often appear in the activation record are register values that your procedure preserves. The most rational place to preserve registers in a procedure is in the code immediately following the standard entry sequence. In a standard HLA procedure (one where you do not specify the @noframe option), this simply means that the code that preserves the registers should appear first in the procedure's body. Likewise, the code to restore those register values should appear immediately before the end clause for the procedure.[90]


  5.17.3.1 Accessing Value Parameters on the Stack


  Accessing parameters passed by value is no different from accessing a local var object. As long as you've declared the parameter in a formal parameter list and the procedure executes the standard entry sequence upon entry into the program, all you need do is specify the parameter's name to reference the value of that parameter. Example5-13 provides an example program whose procedure accesses a parameter the main program passes to it by value.


  


  Example5-13.Demonstration of value parameters


  
    programAccessingValueParameters;

    #include("stdlib.hhf")

    

    procedureValueParm(theParameter:uns32);@nodisplay;

    beginValueParm;

    

    mov(theParameter,eax);

    add(2,eax);

    stdout.put

    (

    "theParameter+2=",

    (typeuns32eax),

    nl

    );

    

    endValueParm;

    

    

    beginAccessingValueParameters;

    

    ValueParm(10);

    ValueParm(135);

    

    endAccessingValueParameters;
  


  Although you could access the value of theParameter using the anonymous address [EBP+8] within your code, there is absolutely no good reason for doing so. If you declare the parameter list using the HLA high-level language syntax, you can access the value parameter by specifying its name within the procedure.


  5.17.3.2 Passing Value Parameters on the Stack


  As Example5-13 demonstrates, passing a value parameter to a procedure is very easy. Just specify the value in the actual parameter list as you would for a high-level language call. Actually, the situation is a little more complicated than this. Passing value parameters is easy if you're passing constant, register, or variable values. It gets a little more complex if you need to pass the result of some expression. This section deals with the different ways you can pass a parameter by value to a procedure.


  Of course, you do not have to use the HLA high-level syntax to pass value parameters to a procedure. You can push these values on the stack yourself. Because many times it is more convenient or more efficient to manually pass the parameters, describing how to do this is a good place to start.


  As noted earlier in this chapter, when passing parameters on the stack you push the objects in the order they appear in the formal parameter list (from left to right). When passing parameters by value, you should push the values of the actual parameters onto the stack. The program in Example5-14 demonstrates how to do this.


  


  Example5-14.Manually passing parameters on the stack


  
    programManuallyPassingValueParameters;

    #include("stdlib.hhf")

    

    procedureThreeValueParms(p1:uns32;p2:uns32;p3:uns32);@nodisplay;

    beginThreeValueParms;

    

    mov(p1,eax);

    add(p2,eax);

    add(p3,eax);

    stdout.put

    (

    "p1+p2+p3=",

    (typeuns32eax),

    nl

    );

    

    endThreeValueParms;

    

    

    static

    SecondParmValue:uns32:=25;

    

    beginManuallyPassingValueParameters;

    

    pushd(10);//Valueassociatedwithp1

    pushd(SecondParmValue);//Valueassociatedwithp2

    pushd(15);//Valueassociatedwithp3

    callThreeValueParms;

    

    endManuallyPassingValueParameters;
  


  Note that if you manually push the parameters onto the stack as this example does, you must use the call instruction to call the procedure. If you attempt to use a procedure invocation of the form ThreeValueParms();, then HLA will complain about a mismatched parameter list. HLA won't realize that you've manually pushed the parameters (as far as HLA is concerned, those pushes appear to preserve some other data).


  Generally, there is little reason to manually push a parameter onto the stack if the actual parameter is a constant, a register value, or a variable. HLA's high-level syntax handles most such parameters for you. There are several instances, however, where HLA's high-level syntax won't work. The first such example is passing the result of an arithmetic expression as a value parameter. Because runtime arithmetic expressions don't exist in HLA, you will have to manually compute the result of the expression and pass that value yourself. There are two possible ways to do this: calculate the result of the expression and manually push that result onto the stack, or compute the result of the expression into a register and pass the register as a parameter to the procedure. The program in Example5-15 demonstrates these two mechanisms.


  


  Example5-15.Passing the result of some arithmetic expression as a parameter


  
    programPassingExpressions;

    #include("stdlib.hhf")

    

    procedureExprParm(exprValue:uns32);@nodisplay;

    beginExprParm;

    

    stdout.put("exprValue=",exprValue,nl);

    

    endExprParm;

    

    

    static

    Operand1:uns32:=5;

    Operand2:uns32:=20;

    

    beginPassingExpressions;

    

    //ExprParm(Operand1+Operand2);

    //

    //Methodone:Computethesumandmanually

    //pushthesumontothestack.

    

    mov(Operand1,eax);

    add(Operand2,eax);

    push(eax);

    callExprParm;

    

    //Methodtwo:Computethesuminaregisterand

    //passtheregisterusingtheHLAhigh-level

    //languagesyntax.

    

    mov(Operand1,eax);

    add(Operand2,eax);

    ExprParm(eax);

    

    endPassingExpressions;
  


  The examples up to this point in this section have made an important assumption: that the parameter you are passing is a double-word value. The calling sequence changes somewhat if you're passing parameters that are not 4-byte objects. Because HLA can generate relatively inefficient code when passing objects that are not 4 bytes long, manually passing such objects is a good idea if you want to have the fastest possible code.


  HLA requires that all value parameters be a multiple of 4 bytes long.[91] If you pass an object that is less than 4 bytes long, HLA requires that you pad the parameter data with extra bytes so that you always pass an object that is at least 4 bytes in length. For parameters that are larger than 4 bytes, you must ensure that you pass a multiple of 4 bytes as the parameter value, adding extra bytes at the high-order end of the object to pad it, as necessary.


  Consider the following procedure prototype:


  


  
    procedureOneByteParm(b:byte);
  


  The activation record for this procedure appears in Figure5-9.
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    Figure5-9.OneByteParm activation record
  


  As you can see, there are 4 bytes on the stack associated with the b parameter, but only 1 of the 4 bytes contains valid data (the L.O. byte). The remaining 3 bytes are just padding, and the procedure should ignore these bytes. In particular, you should never assume that these extra bytes contain 0s or some other consistent value. Depending on the type of parameter you pass, HLA's automatic code generation may or may not push 0 bytes as the extra data on the stack.


  When passing a byte parameter to a procedure, HLA will automatically emit code that pushes 4 bytes onto the stack. Because HLA's parameter-passing mechanism guarantees not to disturb any register or other values, HLA sometimes generates more code than is actually needed to pass a byte parameter. For example, if you decide to pass the AL register as the byte parameter, HLA will emit code that pushes the EAX register onto the stack. This single push instruction is a very efficient way to pass AL as a 4-byte parameter object. On the other hand, if you decide to pass the AH register as the byte parameter, pushing EAX won't work because this would leave the value in AH at offset EBP+9 in the activation record shown in Figure5-9. Unfortunately, the procedure expects this value at offset EBP+8, so simply pushing EAX won't do the job. If you pass AH, BH, CH, or DH as a byte parameter, HLA emits code like the following:


  


  
    sub(4,esp);//Makeroomfortheparameteronthestack.

    mov(ah,[esp]);//StoreahintotheL.O.byteoftheparameter.
  


  As you can clearly see, passing one of the H registers as a byte parameter is less efficient than passing one of the L registers. So you should attempt to use the L registers whenever possible if passing an 8-bit register as a parameter.[92] Note, by the way, that there is very little you can do about the efficiency issue, even if you manually pass the parameters.


  If the byte parameter you decide to pass is a variable rather than a register, HLA generates decidedly worse code. For example, suppose you call OneByteParm as follows:


  


  
    OneByteParm(uns8Var);
  


  For this call, HLA will emit code similar to the following to push this single-byte parameter:


  


  
    push(eax);

    push(eax);

    mov(uns8Var,al);

    mov(al,[esp+4]);

    pop(eax);
  


  As you can plainly see, this is a lot of code to pass a single byte onto the stack! HLA emits this much code because (1) it guarantees not to disturb any registers, and (2) it doesn't know whether uns8Var is the last variable in allocated memory. You can generate much better code if you don't have to enforce either of these two constraints.


  If you have a spare 32-bit register lying around (especially one of EAX, EBX, ECX, or EDX), then you can pass a byte parameter onto the stack using only two instructions. Move (or move with zero/sign extension) the byte value into the register and then push the register onto the stack. For the current call to OneByteParm, the calling sequence would look like the following if EAX is available:


  


  
    mov(uns8Var,al);

    push(eax);

    callOneByteParm;
  


  If only ESI or EDI is available, you could use code like this:


  


  
    movzx(uns8Var,esi);

    push(esi);

    callOneByteParm;
  


  Another trick you can use to pass the parameter with only a single push instruction is to coerce the byte variable to a double-word object. For example:


  


  
    push((typedworduns8Var));

    callOneByteParm;
  


  This last example is very efficient. Note that it pushes the first 3 bytes of whatever value happens to follow uns8Var in memory as the padding bytes. HLA doesn't use this technique because there is a (very tiny) chance that using this scheme will cause the program to fail. If it turns out that the uns8Var object is the last byte of a given page in memory and the next page of memory is unreadable, the push instruction will cause a memory access exception. To be on the safe side, the HLA compiler does not use this scheme. However, if you always ensure that the actual parameter you pass in this fashion is not the last variable you declare in a static section, then you can get away with code that uses this technique. Because it is nearly impossible for the byte object to appear at the last accessible address on the stack, it is probably safe to use this technique with var objects.


  When passing word parameters on the stack, you must also ensure that you include padding bytes so that each parameter consumes a multiple of 4 bytes. You can use the same techniques we use to pass bytes, except, of course, there are two valid bytes of data to pass instead of one. For example, you could use either of the following two schemes to pass a word object w to a OneWordParm procedure:


  


  
    mov(w,ax);

    push(eax);

    callOneWordParm;

    

    

    push((typedwordw));

    callOneWordParm;
  


  When passing large objects by value on the stack (e.g., records and arrays), you do not have to ensure that each element or field of the object consumes a multiple of 4 bytes; all you need to do is ensure that the entire data structure consumes a multiple of 4 bytes on the stack. For example, if you have an array of ten 3-byte elements, the entire array will need 2 bytes of padding (10 * 3 is 30 bytes, which is not divisible by 4, but 10 * 3 + 2 is 32, which is divisible by 4). HLA does a fairly good job of passing large data objects by value to a procedure. For larger objects, you should use the HLA high-level language procedure invocation syntax unless you have some special requirements. Of course, if you want efficient operation, you should try to avoid passing large data structures by value.


  By default, HLA guarantees that it won't disturb the values of any registers when it emits code to pass parameters to a procedure. Sometimes this guarantee isn't necessary. For example, if you are returning a function result in EAX and you are not passing a parameter to a procedure in EAX, there really is no reason to preserve EAX upon entry into the procedure. Rather than generating some crazy code like the following to pass a byte parameter,


  


  
    push(eax);

    push(eax);

    mov(uns8Var,al);

    mov(al,[esp+4]);

    pop(eax);
  


  HLA could generate much better code if it knows that it can use EAX (or some other register) as follows.


  


  
    mov(uns8Var,al);

    push(eax);
  


  You can use the @use procedure option to tell HLA that it can modify a register's value if doing so would improve the code it generates when passing parameters. The syntax for this option is:


  


  
    @usereg32;
  


  The reg32 operand can be EAX, EBX, ECX, EDX, ESI, or EDI. You'll obtain the best results if this register is one of EAX, EBX, ECX, or EDX. You should note that you cannot specify EBP or ESP here (because the procedure already uses those registers).


  The @use procedure option tells HLA that it's okay to modify the value of the register you specify as an operand. Therefore, if HLA can generate better code by not preserving that register's value, it will do so. For example, when the @use eax; option is provided for the OneByteParm procedure given earlier, HLA will only emit the two instructions immediately above rather than the five-instruction sequence that preserves EAX.


  You must exercise care when specifying the @use procedure option. In particular, you should not be passing any parameters in the same register you specify in the @use option (because HLA may inadvertently scramble the parameter's value if you do this). Likewise, you must ensure that it's really okay for the procedure to change the register's value. As noted above, the best choice for an @use register is EAX when the procedure is returning a function result in EAX (because, clearly, the caller will not expect the procedure to preserve EAX).


  If your procedure has a forward or external declaration (see 5.24 Units and the external Directive), the @use option must appear only in the forward or external definition, not in the actual procedure declaration. If no such procedure prototype appears, then you must attach the @use option to the procedure declaration.


  Here's an example:


  


  
    procedureOneByteParm(b:byte);@nodisplay;@useEAX;

    beginOneByteParm;

    

    <<Dosomethingwithb.>>

    

    endOneByteParm;

    .

    .

    .

    static

    byteVar:byte;

    .

    .

    .

    OneByteParm(byteVar);
  


  This call to OneByteParm emits the following instructions:


  


  
    mov(uns8Var,al);

    push(eax);

    callOneByteParm;
  


  5.17.3.3 Accessing Reference Parameters on the Stack


  Because HLA passes the address for reference parameters, accessing the reference parameters within a procedure is slightly more difficult than accessing value parameters because you have to dereference the pointers to the reference parameters. Unfortunately, HLA's high-level syntax for procedure declarations and invocations does not (and cannot) abstract this detail away for you. You will have to manually dereference these pointers yourself. This section reviews how you do this.


  In Example5-16 the RefParm procedure has a single pass-by-reference parameter. A pass-by-reference parameter is always a pointer to an object of the type specified by the parameter's declaration. Therefore, theParameter is actually an object of type pointer to uns32 rather than an uns32 value. In order to access the value associated with theParameter, this code has to load that double-word address into a 32-bit register and access the data indirectly. The mov( theParameter, eax ); instruction in Example5-16 fetches this pointer into the EAX register, and then procedure RefParm uses the [eax] addressing mode to access the actual value of theParameter.


  


  Example5-16.Accessing a reference parameter


  
    programAccessingReferenceParameters;

    #include("stdlib.hhf")

    

    procedureRefParm(vartheParameter:uns32);@nodisplay;

    beginRefParm;

    

    //Add2directlytotheparameterpassedby

    //referencetothisprocedure.

    

    mov(theParameter,eax);

    add(2,(typeuns32[eax]));

    

    //Fetchthevalueofthereferenceparameter

    //andprintitsvalue.

    

    mov([eax],eax);

    stdout.put

    (

    "theParameternowequals",

    (typeuns32eax),

    nl

    );

    

    endRefParm;

    

    

    static

    p1:uns32:=10;

    p2:uns32:=15;

    

    beginAccessingReferenceParameters;

    

    RefParm(p1);

    RefParm(p2);

    

    stdout.put("Onreturn,p1=",p1,"andp2=",p2,nl);

    

    endAccessingReferenceParameters;
  


  Because this procedure accesses the data of the actual parameter, adding 2 to this data affects the values of the variables passed to the RefParm procedure from the main program. Of course, this should come as no surprise because these are the standard semantics for pass-by-reference parameters.


  As you can see, accessing (small) pass-by-reference parameters is a little less efficient than accessing value parameters because you need an extra instruction to load the address into a 32-bit pointer register (not to mention you have to reserve a 32-bit register for this purpose). If you access reference parameters frequently, these extra instructions can really begin to add up, reducing the efficiency of your program. Furthermore, it's easy to forget to dereference a reference parameter and use the address of the value in your calculations (this is especially true when passing double-word parameters, like the uns32 parameter in the example above, to your procedures). Therefore, unless you really need to affect the value of the actual parameter, you should use pass by value to pass small objects to a procedure.


  Passing large objects, like arrays and records, is where using reference parameters becomes efficient. When passing these objects by value, the calling code has to make a copy of the actual parameter; if the actual parameter is a large object, the copy process can be very inefficient. Because computing the address of a large object is just as efficient as computing the address of a small scalar object, there is no efficiency loss when passing large objects by reference. Within the procedure, you must still dereference the pointer to access the object, but the efficiency loss due to indirection is minimal when you contrast this with the cost of copying that large object. The program in Example5-17 demonstrates how to use pass by reference to initialize an array of records.


  


  Example5-17.Passing an array of records by referencing


  
    programaccessingRefArrayParameters;

    #include("stdlib.hhf")

    

    const

    NumElements:=64;

    

    type

    Pt:record

    

    x:uns8;

    y:uns8;

    

    endrecord;

    

    Pts:Pt[NumElements];

    

    

    procedureRefArrayParm(varptArray:Pts);@nodisplay;

    beginRefArrayParm;

    

    push(eax);

    push(ecx);

    push(edx);

    

    mov(ptArray,edx);//Getaddressofparameterintoedx.

    

    for(mov(0,ecx);ecx<NumElements;inc(ecx))do

    

    //Foreachelementofthearray,setthexfield

    //to(ecxdiv8)andsettheyfieldto(ecxmod8).

    

    mov(cl,al);

    shr(3,al);//ecxdiv8.

    mov(al,(typePt[edx+ecx*2]).x);

    

    mov(cl,al);

    and(%111,al);//ecxmod8.

    mov(al,(typePt[edx+ecx*2]).y);

    

    endfor;

    pop(edx);

    pop(ecx);

    pop(eax);

    

    endRefArrayParm;

    

    

    static

    MyPts:Pts;

    

    beginaccessingRefArrayParameters;

    

    //Initializetheelementsofthearray.

    

    RefArrayParm(MyPts);

    

    

    //Displaytheelementsofthearray.

    

    for(mov(0,ebx);ebx<NumElements;inc(ebx))do

    

    stdout.put

    (

    "RefArrayParm[",

    (typeuns32ebx):2,

    "].x=",

    MyPts.x[ebx*2],

    

    "RefArrayParm[",

    (typeuns32ebx):2,

    "].y=",

    MyPts.y[ebx*2],

    nl

    );

    

    endfor;

    

    endaccessingRefArrayParameters;
  


  As you can see from this example, passing large objects by reference is relatively efficient. Other than tying up the EDX register throughout the RefArrayParm procedure, plus a single instruction to load EDX with the address of the reference parameter, the RefArrayParm procedure doesn't require many more instructions than the same procedure where you would pass the parameter by value.


  5.17.3.4 Passing Reference Parameters on the Stack


  HLA's high-level syntax often makes passing reference parameters a breeze. All you need to do is specify the name of the actual parameter you wish to pass in the procedure's parameter list. HLA will automatically emit some code that will compute the address of the specified actual parameter and push this address onto the stack. However, like the code HLA emits for value parameters, the code HLA generates to pass the address of the actual parameter on the stack may not be the most efficient possible. Therefore, if you want to write fast code, you may want to manually write the code to pass reference parameters to a procedure. This section discusses how to do exactly that.


  Whenever you pass a static object as a reference parameter, HLA generates very efficient code to pass the address of that parameter to the procedure. As an example, consider the following code fragment:


  


  
    procedureHasRefParm(vard:dword);

    .

    .

    .

    static

    FourBytes:dword;

    

    var

    v:dword[2];

    .

    .

    .

    HasRefParm(FourBytes);

    .

    .

    .
  


  For the call to the HasRefParm procedure, HLA emits the following instruction sequence:


  


  
    pushd(&FourBytes);

    callHasRefParm;
  


  You really aren't going to be able to do substantially better than this if you are passing your reference parameters on the stack. So if you're passing static objects as reference parameters, HLA generates fairly good code, and you should stick with the high-level syntax for the procedure call.


  Unfortunately, when passing automatic (var) objects or indexed variables as reference parameters, HLA needs to compute the address of the object at runtime. This may require the use of the lea instruction. Unfortunately, the lea instruction requires a 32-bit register, and HLA promises not to disturb the values in any registers when it automatically generates code for you.[93] Therefore, HLA needs to preserve the value in whatever register it uses when it computes an address via lea to pass a parameter by reference. The following example shows you the code that HLA actually emits:


  


  
    //CalltotheHasRefParmprocedure:

    

    HasRefParm(v[ebx*4]);

    

    //HLAactuallyemitsthefollowingcodefortheabovecall:

    

    push(eax);

    push(eax);

    lea(eax,v[ebx*4]);

    mov(eax,[esp+4]);

    pop(eax);

    callHasRefParm;
  


  As you can see, this is quite a bit of code, especially if you have a 32-bit register available and you don't need to preserve that register's value. The following is a better code sequence given the availability of EAX.


  


  
    lea(eax,v[ebx*4]);

    push(eax);

    callHasRefParm;
  


  Remember, when passing an actual parameter by reference, you must compute the address of that object and push the address onto the stack. For simple static objects you can use the address-of operator (&) to easily compute the address of the object and push it onto the stack; however, for indexed and automatic objects, you will probably need to use the lea instruction to compute the address of the object. Here are some examples that demonstrate this using the HasRefParm procedure from the previous examples:


  


  
    static

    i:int32;

    Ary:int32[16];

    iptr:pointertoint32:=&i;

    

    var

    v:int32;

    AV:int32[10];

    vptr:pointertoint32;

    .

    .

    .

    lea(eax,v);

    mov(eax,vptr);

    .

    .

    .

    //HasRefParm(i);

    

    push(&i);//Simplestaticobject,sojustuse&.

    callHasRefParm;

    

    //HasRefParm(Ary[ebx]);//PasselementofArybyreference.

    

    lea(eax,Ary[ebx*4]);//Mustuseleaforindexedaddresses.

    push(eax);

    callHasRefParm;

    

    //HasRefParm(*iptr);--Passobjectpointedatbyiptr

    

    push(iptr);//Passaddress(iptr'svalue)onstack.

    callHasRefParm;

    

    //HasRefParm(v);

    

    lea(eax,v);//Mustuseleatocomputetheaddress

    push(eax);//ofautomaticvarspassedonstack.

    callHasRefParm;

    

    //HasRefParm(AV[esi]);--PasselementofAVbyreference.

    

    lea(eax,AV[esi*4]);//Mustuseleatocomputeaddressofthe

    push(eax);//desiredelement.

    callHasRefParm;

    

    //HasRefParm(*vptr);--Passaddressheldbyvptr...

    

    push(vptr);//Justpassvptr'svalueasthespecified

    callHasRefParm;//address.
  


  If you have an extra register to spare, you can tell HLA to use that register when computing the address-of reference parameters (without emitting the code to preserve that register's value). The @use option will tell HLA that it's okay to use the specified register without preserving its value. As noted in the section on value parameters, the syntax for this procedure option is:


  


  
    @usereg32;
  


  where reg32 may be any of EAX, EBX, ECX, EDX, ESI, or EDI. Because reference parameters always pass a 32-bit value, all of these registers are equivalent as far as HLA is concerned (unlike value parameters that may prefer the EAX, EBX, ECX, or EDX register). Your best choice would be EAX if the procedure is not passing a parameter in the EAX register and the procedure is returning a function result in EAX; otherwise, any currently unused register will work fine.


  With the @use eax; option, HLA emits the shorter code given in the previous examples. It does not emit all the extra instructions needed to preserve EAX's value. This makes your code much more efficient, especially when passing several parameters by reference or when calling procedures with reference parameters several times.


  5.17.3.5 Passing Formal Parameters as Actual Parameters


  The examples in the previous two sections show how to pass static and automatic variables as parameters to a procedure, either by value or by reference. There is one situation that these examples don't handle properly: the case when you are passing a formal parameter in one procedure as an actual parameter to another procedure. The following simple example demonstrates the different cases that can occur for pass-by-value and pass-by-reference parameters:


  


  
    procedurep1(valv:dword;varr:dword);

    beginp1;

    .

    .

    .

    endp1;

    

    procedurep2(valv2:dword;varr2:dword);

    beginp2;

    

    p1(v2,r2);//(1)Firstcalltop1

    p1(r2,v2);//(2)Secondcalltop1

    

    endp2;
  


  In the statement labeled (1) above, procedure p2 calls procedure p1 and passes its two formal parameters as parameters to p1. Note that this code passes the first parameter of both procedures by value, and it passes the second parameter of both procedures by reference. Therefore, in statement (1), the program passes the v2 parameter into p2 by value and passes it on to p1 by value; likewise, the program passes r2 in by reference and it passes the value onto p1 by reference.


  Because p2's caller passes v2 in by value and p2 passes this parameter to p1 by value, all the code needs to do is make a copy of v2's value and pass this on to p1. The code to do this is nothing more than a single push instruction. For example:


  


  
    push(v2);

    <<Codetohandler2>>

    callp1;
  


  As you can see, this code is identical to passing an automatic variable by value. Indeed, it turns out that the code you need to write to pass a value parameter to another procedure is identical to the code you would write to pass a local automatic variable to that other procedure.


  Passing r2 in statement (1) above requires a little more thought. You do not take the address of r2 using the lea instruction as you would a value parameter or an automatic variable. When passing r2 on through to p1, the author of this code probably expects the r formal parameter to contain the address of the variable whose address p2's caller passed into p2. In plain English, this means that p2 must pass the address of r2's actual parameter on through to p1. Because the r2 parameter is a double-word value containing the address of the corresponding actual parameter, this means that the code must pass the double-word value of r2 on to p1. The complete code for statement (1) above looks like the following:


  


  
    push(v2);//Passthevaluepassedinthroughv2top1.

    push(r2);//Passtheaddresspassedinthroughr2top1.

    callp1;
  


  The important thing to note in this example is that passing a formal reference parameter (r2) as an actual reference parameter (r) does not involve taking the address of the formal parameter (r2). p2's caller has already done this; p2 simply passes this address on through to p1.


  In the second call to p1 in the example above (2), the code swaps the actual parameters so that the call to p1 passes r2 by value and v2 by reference. Specifically, p1 expects p2 to pass it the value of the double-word object associated with r2; likewise, it expects p2 to pass it the address of the value associated with v2.


  To pass the value of the object associated with r2, your code must dereference the pointer associated with r2 and directly pass the value. Here is the code HLA automatically generates to pass r2 as the first parameter to p1 in statement (2):


  


  
    sub(4,esp);//Makeroomonstackforparameter.

    push(eax);//Preserveeax'svalue.

    mov(r2,eax);//Getaddress-ofobjectpassedintop2.

    mov([eax],eax);//Dereferencetogetthevalueofthisobject.

    mov(eax,[esp+4]);//Putvalue-ofparameterintoitslocationonstack.

    pop(eax);//Restoreoriginaleaxvalue.
  


  As usual, HLA generates a little more code than may be necessary because it won't destroy the value in the EAX register (you may use the @use procedure option to tell HLA that it's okay to use EAX's value, thereby reducing the code it generates). You can write more efficient code if a register is available to use in this sequence. If EAX is unused, you could trim this down to the following:


  


  
    mov(r2,eax);//Getthepointertotheactualobject.

    pushd([eax]);//Pushthevalueoftheobjectontothestack.
  


  Because you can treat value parameters exactly like local (automatic) variables, you use the same code to pass v2 by reference to p1 as you would to pass a local variable in p2 to p1. Specifically, you use the lea instruction to compute the address of the value in the v2. The code HLA automatically emits for statement (2) above preserves all registers and takes the following form (same as passing an automatic variable by reference):


  


  
    push(eax);//Makeroomfortheparameter.

    push(eax);//Preserveeax'svalue.

    lea(eax,v2);//Computeaddressofv2'svalue.

    mov(eax,[esp+4]);//Storeawayaddressasparametervalue.

    pop(eax);//Restoreeax'svalue.
  


  Of course, if you have a register available, you can improve on this code. Here's the complete code that corresponds to statement (2) above:


  


  
    mov(r2,eax);//Getthepointertotheactualobject.

    pushd([eax]);//Pushthevalueoftheobjectontothestack.

    lea(eax,v2);//Pushtheaddressofv2ontothestack.

    push(eax);

    callp1;
  


  5.17.3.6 HLA Hybrid Parameter-Passing Facilities


  Like control structures, HLA provides a high-level language syntax for procedure calls that is convenient to use and easy to read. However, this high-level language syntax is sometimes inefficient and may not provide the capabilities you need (for example, you cannot specify an arithmetic expression as a value parameter as you can in high-level languages). HLA lets you overcome these limitations by writing low-level ("pure") assembly language code. Unfortunately, low-level code is harder to read and maintain than procedure calls that use high-level syntax. Furthermore, it's quite possible that HLA generates perfectly fine code for certain parameters, while only one or two parameters present a problem. Fortunately, HLA provides a hybrid syntax for procedure calls that allows you to use both high-level and low-level syntax as appropriate for a given actual parameter. This lets you use high-level syntax where appropriate and then drop down into pure assembly language to pass those special parameters that HLA's high-level language syntax cannot handle efficiently (if at all).


  Within an actual parameter list (using the high-level language syntax), if HLA encounters #{ followed by a sequence of statements and a closing }#, HLA will substitute the instructions between the braces in place of the code it would normally generate for that parameter. For example, consider the following code fragment:


  


  
    procedureHybridCall(i:uns32;j:uns32);

    beginHybridCall;

    .

    .

    .

    endHybridCall;

    .

    .

    .

    

    //EquivalenttoHybridCall(5,i+j);

    

    HybridCall

    (

    5,

    #{

    mov(i,eax);

    add(j,eax);

    push(eax);

    }#

    );
  


  The call to HybridCall immediately above is equivalent to the following "pure" assembly language code.


  


  
    pushd(5);

    mov(i,eax);

    add(j,eax);

    push(eax);

    callHybridCall;
  


  As a second example, consider the example from the previous section:


  


  
    procedurep2(valv2:dword;varr2:dword);

    beginp2;

    

    p1(v2,r2);//(1)Firstcalltop1

    p1(r2,v2);//(2)Secondcalltop1

    

    endp2;
  


  HLA generates exceedingly mediocre code for the second call to p1 in this example. If efficiency is important in the context of this procedure call, and you have a free register available, you might want to rewrite this code as follows:[94]


  


  
    procedurep2(valv2:dword;varr2:dword);

    beginp2;

    

    p1(v2,r2);//(1)Firstcalltop1

    p1//(2)Secondcalltop1

    (//Thiscodeassumeseaxisfree.

    #{

    mov(r2,eax);

    pushd([eax]);

    }#,

    

    #{

    lea(eax,v2);

    push(eax);

    }#

    );

    

    endp2;
  


  Note that specifying the @use reg; option tells HLA that the register is always available for use wherever you call a procedure. If there is one case where the procedure's invocation must preserve the specified register, then you cannot use the @use option to generate better code. However, you may use the hybrid parameter-passing mechanism on a case-by-base basis to improve the performance of those particular calls.


  5.17.3.7 Mixing Register and Stack-Based Parameters


  You can mix register parameters and standard (stack-based) parameters in the same high-level procedure declaration. For example:


  


  
    procedureHasBothRegAndStack(vardest:dwordinedi;count:un32);
  


  When constructing the activation record, HLA ignores the parameters you pass in registers and processes only those parameters you pass on the stack. Therefore, a call to the HasBothRegAndStack procedure will push only a single parameter onto the stack (count). It will pass the dest parameter in the EDI register. When this procedure returns to its caller, it will remove only 4 bytes of parameter data from the stack.


  Note that when you pass a parameter in a register, you should avoid specifying that same register in the @use procedure option. In the example above, HLA might not generate any code whatsoever at all for the dest parameter (because the value is already in EDI). Had you specified @use edi; and HLA decided it was okay to disturb EDI's value, this would destroy the parameter value in EDI; that won't actually happen in this particular example (because HLA never uses a register to pass a double-word value parameter like count), but keep this issue in mind.


  

  


  [87] The choice of instructions is dictated by whether x is a static variable (mov for static objects, lea for other objects).


  [88] This is especially true if the parameter list changes frequently.


  [89] This assumes, of course, that you don't instruct HLA otherwise. It is possible to tell HLA to reverse the order of the parameters on the stack. See the electronic edition for more details.


  [90] Note that if you use the exit statement to exit a procedure, you must duplicate the code to pop the register values and place this code immediately before the exit clause. This is a good example of a maintenance nightmare and is also a good reason why you should have only one exit point in your program.


  [91] This applies only if you use the HLA high-level-language syntax to declare and access parameters in your procedures. Of course, if you manually push the parameters yourself and you access the parameters inside the procedure using an addressing mode like [ebp+8], then you can pass any size object you choose. Of course, keep in mind that most operating systems expect the stack to be dword aligned, so parameters you push should be a multiple of 4 bytes long.


  [92] Or better yet, pass the parameter directly in the register if you are writing the procedure yourself.


  [93] This isn't entirely true. You'll see the exception in Chapter12. Also, using the @use procedure option tells HLA that it's okay to modify the value in one of the registers.


  [94] Of course, you could also use the @use eax; procedure option to achieve the same effect in this example.


  


  5.18 Procedure Pointers


  The 80x86 call instruction allows three basic forms: direct calls (via a procedure name), indirect calls through a 32-bit general-purpose register, and indirect calls through a double-word pointer variable. The call instruction supports the following (low-level) syntax:


  


  
    callProcname;//DirectcalltoprocedureProcname(orStmtlabel).

    call(Reg32);//Indirectcalltoprocedurewhoseaddressappears

    //intheReg32general-purpose32-bitregister.

    call(dwordVar);//Indirectcalltotheprocedurewhoseaddress

    //appearsinthedwordVardoublewordvariable.
  


  The first form we've been using throughout this chapter, so there is little need to discuss it here. The second form, the register indirect call, calls the procedure whose address is held in the specified 32-bit register. The address of a procedure is the byte address of the first instruction to execute within that procedure. Remember, on a Von Neumann architecture machine (like the 80x86), the system stores machine instructions in memory along with other data. The CPU fetches the instruction opcode values from memory prior to executing them. When you execute the register indirect call instruction, the 80x86 first pushes the return address onto the stack and then begins fetching the next opcode byte (instruction) from the address specified by the register's value.


  The third form of the call instruction above fetches the address of some procedure's first instruction from a double-word variable in memory. Although this instruction suggests that the call uses the displacement-only addressing mode, you should realize that any legal memory addressing mode is legal here; for example, call( procPtrTable[ebx*4] ); is perfectly legitimate; this statement fetches the double word from the array of double words (procPtrTable) and calls the procedure whose address is the value contained within that double word.


  HLA treats procedure names like static objects. Therefore, you can compute the address of a procedure by using the address-of (&) operator along with the procedure's name or by using the lea instruction. For example, &Procname is the address of the very first instruction of the Procname procedure. So all three of the following code sequences wind up calling the Procname procedure:


  


  
    callProcname;

    .

    .

    .

    mov(&Procname,eax);

    call(eax);

    .

    .

    .

    lea(eax,Procname);

    call(eax);
  


  Because the address of a procedure fits in a 32-bit object, you can store such an address into a double-word variable; in fact, you can initialize a double-word variable with the address of a procedure using code like the following:


  


  
    procedurep;

    beginp;

    endp;

    .

    .

    .

    static

    ptrToP:dword:=&p;

    .

    .

    .

    call(ptrToP);//CallsthepprocedureifptrToPhasnotchanged.
  


  Because the use of procedure pointers occurs frequently in assembly language programs, HLA provides a special syntax for declaring procedure pointer variables and for calling procedures indirectly through such pointer variables. To declare a procedure pointer in an HLA program, you can use a variable declaration like the following:


  


  
    static

    procPtr:procedure;
  


  Note that this syntax uses the keyword procedure as a data type. It follows the variable name and a colon in one of the variable declaration sections (static, readonly, storage, or var). This sets aside exactly 4 bytes of storage for the procPtr variable. To call the procedure whose address is held by procPtr, you can use either of the following two forms:


  


  
    call(procPtr);//Low-levelsyntax

    procPtr();//High-levellanguagesyntax
  


  Note that the high-level syntax for an indirect procedure call is identical to the high-level syntax for a direct procedure call. HLA can figure out whether to use a direct call or an indirect call by the type of the identifier. If you've specified a variable name, HLA assumes it needs to use an indirect call; if you specify a procedure name, HLA uses a direct call.


  Like all pointer objects, you should not attempt to indirectly call a procedure through a pointer variable unless you've initialized that variable with an appropriate address. There are two ways to initialize a procedure pointer variable: static and readonly objects allow an initializer, or you can compute the address of a routine (as a 32-bit value) and store that 32-bit address directly into the procedure pointer at runtime. The following code fragment demonstrates both ways you can initialize a procedure pointer:


  


  
    static

    ProcPointer:procedure:=&p;//InitializeProcPointerwith

    //theaddressofp.

    .

    .

    .

    ProcPointer();//Firstinvocationcallsp.

    

    mov(&q,ProcPointer);//ReloadProcPointerwiththeaddressofq.

    .

    .

    .

    ProcPointer();//Thisinvocationcallstheqprocedure.
  


  Procedure pointer variable declarations also allow the declaration of parameters. To declare a procedure pointer with parameters, you must use a declaration like the following:


  


  
    static

    p:procedure(i:int32;c:char);
  


  This declaration states that p is a 32-bit pointer that contains the address of a procedure requiring two parameters. If desired, you could also initialize this variable p with the address of some procedure by using a static initializer. For example:


  


  
    static

    p:procedure(i:int32;c:char):=&SomeProcedure;
  


  Note that SomeProcedure must be a procedure whose parameter list exactly matches p's parameter list (i.e., two value parameters, the first is an int32 parameter and the second is a char parameter). To indirectly call this procedure, you could use either of the following sequences:


  


  
    push(Value_for_i);

    push(Value_for_c);

    call(p);
  


  or


  


  
    p(Value_for_i,Value_for_c);
  


  The high-level language syntax has the same features and restrictions as the high-level syntax for a direct procedure call. The only difference is the actual call instruction HLA emits at the end of the calling sequence.


  Although all the examples in this section use static variable declarations, don't get the idea that you can declare simple procedure pointers only in the static or other variable declaration sections. You can also declare procedure pointer types in the type section, and you can declare procedure pointers as fields of a record or a union. Assuming you create a type name for a procedure pointer in the type section, you can even create arrays of procedure pointers. The following code fragments demonstrate some of the possibilities:


  


  
    type

    pptr:procedure;

    prec:record

    p:pptr;

    <<Otherfields>>

    endrecord;

    static

    p1:pptr;

    p2:pptr[2]

    p3:prec;

    .

    .

    .

    p1();

    p2[ebx*4]();

    p3.p();
  


  One very important thing to keep in mind when using procedure pointers is that HLA does not (and cannot) enforce strict type checking on the pointer values you assign to a procedure pointer variable. In particular, if the parameter lists do not agree between the declarations of the pointer variable and the procedure whose address you assign to the pointer variable, the program will probably crash when you attempt to call the mismatched procedure indirectly through the pointer using the high-level syntax. Like the low-level "pure" procedure calls, it is your responsibility to ensure that the proper number and types of parameters are on the stack prior to the call.


  


  5.19 Procedural Parameters


  One place where procedure pointers are quite invaluable is in parameter lists. Selecting one of several procedures to call by passing the address of some procedure is a common operation. Therefore, HLA lets you declare procedure pointers as parameters.


  There is nothing special about a procedure parameter declaration. It looks exactly like a procedure variable declaration except it appears within a parameter list rather than within a variable declaration section. The following are some typical procedure prototypes that demonstrate how to declare such parameters:


  


  
    procedurep1(procparm:procedure);forward;

    procedurep2(procparm:procedure(i:int32));forward;

    procedurep3(valprocparm:procedure);forward;
  


  The last example above is identical to the first. It does point out, though, that you generally pass procedural parameters by value. This may seem counterintuitive because procedure pointers are addresses and you will need to pass an address as the actual parameter; however, a pass-by-reference procedure parameter means something else entirely. Consider the following (legal!) declaration:


  


  
    procedurep4(varprocPtr:procedure);forward;
  


  This declaration tells HLA that you are passing a procedure variable by reference to p4. The address HLA expects must be the address of a procedure pointer variable, not a procedure.


  When passing a procedure pointer by value, you may specify either a procedure variable (whose value HLA passes to the actual procedure) or a procedure pointer constant. A procedure pointer constant consists of the address-of operator (&) immediately followed by a procedure name. Passing procedure constants is probably the most convenient way to pass procedural parameters. For example, the following calls to the Plot routine might plot out the function passed as a parameter from −2 to +2.


  


  
    Plot(&sineFunc);

    Plot(&cosFunc);

    Plot(&tanFunc);
  


  Note that you cannot pass a procedure as a parameter by simply specifying the procedure's name. That is, Plot( sineFunc ); will not work. Simply specifying the procedure name doesn't work because HLA will attempt to directly call the procedure whose name you specify (remember, a procedure name inside a parameter list invokes instruction composition). If you did not specify a parameter list—or at least an empty pair of parentheses—after the parameter/procedure's name, HLA would generate a syntax error message. Moral of the story: Don't forget to preface procedure parameter constant names with the address-of operator (&).


  


  5.20 Untyped Reference Parameters


  Sometimes you will want to write a procedure to which you pass a generic memory object by reference without regard to the type of that memory object. A classic example is a procedure that zeros out some data structure. Such a procedure might have the following prototype:


  


  
    procedureZeroMem(varmem:byte;count:uns32);
  


  This procedure would zero out count bytes starting at the address the first parameter specifies. The problem with this procedure prototype is that HLA will complain if you attempt to pass anything other than a byte object as the first parameter. Of course, you can overcome this problem using type coercion like the following, but if you call this procedure several times with a lot of different data types, then the following coercion operator is rather tedious to use:


  


  
    ZeroMem((typebyteMyDataObject),@size(MyDataObject));
  


  Of course, you can always use hybrid parameter passing or manually push the parameters yourself, but these solutions are even more tedious than using the type coercion operation. Fortunately, HLA provides a convenient solution: untyped reference parameters.


  Untyped reference parameters are exactly that—pass-by-reference parameters for which HLA doesn't bother to compare the type of the actual parameter against the type of the formal parameter. With an untyped reference parameter, the call to ZeroMem above would take the following form:


  


  
    ZeroMem(MyDataObject,@size(MyDataObject));
  


  MyDataObject could be any type, and multiple calls to ZeroMem could pass different typed objects without any objections from HLA.


  To declare an untyped reference parameter, you specify the parameter using the normal syntax except that you use the reserved word var in place of the parameter's type. This var keyword tells HLA that any variable object is legal for that parameter. Note that you must pass untyped reference parameters by reference, so the var keyword must precede the parameter's declaration as well. Here's the correct declaration for the ZeroMem procedure using an untyped reference parameter:


  


  
    procedureZeroMem(varmem:var;count:uns32);
  


  With this declaration, HLA will compute the address of whatever memory object you pass as an actual parameter to ZeroMem and pass this on the stack.


  


  5.21 Managing Large Programs


  Most assembly language source files are not standalone programs. In general, you will call various standard library or other routines that are not defined in your main program. For example, you've probably noticed by now that the 80x86 doesn't provide any machine instructions like read, write, or put for doing I/O operations. Of course, you can write your own procedures to accomplish this. Unfortunately, writing such routines is a complex task, and beginning assembly language programmers are not ready for such tasks. That's where the HLA Standard Library comes in. This is a package of procedures you can call to perform simple I/O operations like stdout.put.


  The HLA Standard Library contains hundreds of thousands of lines of source code. Imagine how difficult programming would be if you had to merge these hundreds of thousands of lines of code into your simple programs! Imagine how slow compiling your programs would be if you had to compile those hundreds of thousands of lines with each program you write. Fortunately, you don't have to do this.


  For small programs, working with a single source file is fine. For large programs, this gets very cumbersome (consider the example above of having to include the entire HLA Standard Library into each of your programs). Furthermore, once you've debugged and tested a large section of your code, continuing to assemble that same code when you make a small change to some other part of your program is a waste of time. The HLA Standard Library, for example, takes several minutes to assemble, even on a fast machine. Imagine having to wait 20 or 30 minutes on a fast PC to assemble a program to which you've made a one-line change!


  As for high-level languages, the solution is separate compilation. First, you break up your large source files into manageable chunks. Then you compile the separate files into object code modules. Finally, you link the object modules together to form a complete program. If you need to make a small change to one of the modules, you only need to reassemble that one module; you do not need to reassemble the entire program.


  The HLA Standard Library works in precisely this way. The Standard Library is already compiled and ready to use. You simply call routines in the Standard Library and link your code with the Standard Library using a linker program. This saves considerable time when developing a program that uses the Standard Library code. Of course, you can easily create your own object modules and link them together with your code. You could even add new routines to the Standard Library so they will be available for use in future programs you write.


  "Programming in the large" is the term software engineers have coined to describe the processes, methodologies, and tools for handling the development of large software projects. While everyone has their own idea of what "large" is, separate compilation is one of the more popular techniques that support "programming in the large." The following sections describe the tools HLA provides for separate compilation and how to effectively employ these tools in your programs.


  


  5.22 The #include Directive


  The #include directive, when encountered in a source file, switches program input from the current file to the file specified in the parameter list of the #include directive. This allows you to construct text files containing common constants, types, source code, and other HLA items and include such files into the assembly of several separate programs. The syntax for the #include directive is:


  


  
    #include("Filename")
  


  Filename must be a valid filename. HLA merges the specified file into the compilation at the point of the #include directive. Note that you can nest #include statements inside files you include. That is, a file being included into another file during assembly may itself include a third file. In fact, the stdlib.hhf header file you see in most example programs is really nothing more than a bunch of #include statements (see Example5-18 for the original stdlib.hhf source code; note that this file is considerably different today, but the concept is still the same).


  


  Example5-18.The original stdlib.hhf header file


  
    #include("hla.hhf")

    #include("x86.hhf")

    #include("misctypes.hhf")

    #include("hll.hhf")

    

    #include("excepts.hhf")

    #include("memory.hhf")

    

    #include("args.hhf")

    #include("conv.hhf")

    #include("strings.hhf")

    #include("cset.hhf")

    #include("patterns.hhf")

    #include("tables.hhf")

    #include("arrays.hhf")

    #include("chars.hhf")

    

    #include("math.hhf")

    #include("rand.hhf")

    

    #include("stdio.hhf")

    #include("stdin.hhf")

    #include("stdout.hhf")
  


  By including stdlib.hhf in your source code, you automatically include all the HLA library modules. It's often more efficient (in terms of compile time and size of code generated) to provide only those #include statements for the modules you actually need in your program. However, including stdlib.hhf is extremely convenient and takes up less space in this text, which is why most programs appearing in this text use stdlib.hhf.


  Note that the #include directive does not need to end with a semicolon. If you put a semicolon after the #include, that semicolon becomes part of the source file and is the first character following the included source during compilation. HLA generally allows spare semicolons in various parts of the program, so you will sometimes see an #include statement ending with a semicolon. In general, though, you should not get in the habit of putting semicolons after #include statements because there is the slight possibility this could create a syntax error in certain circumstances.


  Using the #include directive by itself does not provide separate compilation. You could use the #include directive to break up a large source file into separate modules and join these modules together when you compile your file. The following example would include the printf.hla and putc.hla files during the compilation of your program:


  


  
    #include("printf.hla")

    #include("putc.hla")
  


  Now your program will benefit from the modularity gained by this approach. Alas, you will not save any development time. The #include directive inserts the source file at the point of the #include during compilation, exactly as though you had typed that code yourself. HLA still has to compile the code, and that takes time. Were you to include all the files for the Standard Library routines in this manner, your compilations would take forever.


  In general, you should not use the #include directive to include source code as shown above.[95] Instead, you should use the #include directive to insert a common set of constants, types, external procedure declarations, and other such items into a program. Typically an assembly language include file does not contain any machine code (outside of a macro; see Chapter9 for details). The purpose of using #include files in this manner will become clearer after you see how the external declarations work.


  

  


  [95] There is nothing wrong with this, other than the fact that it does not take advantage of separate compilation.


  


  5.23 Ignoring Duplicate #include Operations


  As you begin to develop sophisticated modules and libraries, you eventually discover a big problem: Some header files will need to include other header files (e.g., the stdlib.hhf header file includes all the other Standard Library header files). Well, this isn't actually a big problem, but a problem will occur when one header file includes another, and that second header file includes another, and that third header file includes another, and . . . that last header file includes the first header file. Now this is a big problem.


  There are two problems with a header file indirectly including itself. First, this creates an infinite loop in the compiler. The compiler will happily go on about its business including all these files over and over again until it runs out of memory or some other error occurs. Clearly this is not a good thing. The second problem that occurs (usually before the first problem) is that the second time HLA includes a header file, it starts complaining bitterly about duplicate symbol definitions. After all, the first time it reads the header file it processes all the declarations in that file; the second time around it views all those symbols as duplicate symbols.


  HLA provides a special include directive that eliminates this problem: #includeonce. You use this directive exactly like you use the #include directive. For example:


  


  
    #includeonce("myHeaderFile.hhf")
  


  If myHeaderFile.hhf directly or indirectly includes itself (with a #includeonce directive), then HLA will ignore the new request to include the file. Note, however, that if you use the #include directive, rather than #includeonce, HLA will include the file a second time. This was done in case you really do need to include a header file twice.


  The bottom line is this: You should always use the #includeonce directive to include header files you've created. In fact, you should get in the habit of always using #includeonce, even for header files created by others (the HLA Standard Library already has provisions to prevent recursive includes, so you don't have to worry about using #includeonce with the Standard Library header files).


  There is another technique you can use to prevent recursive includes—using conditional compilation. Chapter9, the chapter on macros and the HLA Compile-Time Language, discusses this option.


  


  5.24 Units and the external Directive


  Technically, the #include directive provides you with all the facilities you need to create modular programs. You can create several modules, each containing some specific routine, and include those modules, as necessary, in your assembly language programs using #include. However, HLA provides a better way: external and public symbols.


  One major problem with the #include mechanism is that once you've debugged a routine, including it into a compilation still wastes time because HLA must recompile bug-free code every time you assemble the main program. A much better solution would be to preassemble the debugged modules and link the object code modules together. This is what the external directive allows you to do.


  To use the external facilities, you must create at least two source files. One file contains a set of variables and procedures used by the second. The second file uses those variables and procedures without knowing how they're implemented. The only problem is that if you create two separate HLA programs, the linker will get confused when you try to combine them. This is because both HLA programs have their own main program. Which main program does the OS run when it loads the program into memory? To resolve this problem, HLA uses a different type of compilation module, the unit, to compile programs without a main program. The syntax for an HLA unit is actually simpler than that for an HLA program; it takes the following form:


  


  
    unitunitname;

    

    <<declarations>>

    

    endunitname;
  


  With one exception (the var section), anything that can go in the declaration section of an HLA program can go into the declaration section of an HLA unit. Notice that a unit does not have a begin clause and there are no program statements in the unit;[96] a unit contains only declarations.


  In addition to the fact that a unit does not contain a main program section, there is one other difference between units and programs. Units cannot have a var section. This is because the var section declares automatic variables that are local to the main program's source code. Because there is no "main program" associated with a unit, var sections are illegal.[97]


  To demonstrate, consider the two modules in Example5-19 and Example5-20.


  


  Example5-19.Example of a simple HLA unit


  
    unitNumber1;

    

    static

    Var1:uns32;

    Var2:uns32;

    

    procedureAdd1and2;

    beginAdd1and2;

    

    push(eax);

    mov(Var2,eax);

    add(eax,Var1);

    

    endAdd1and2;

    

    endNumber1;
  


  


  Example5-20.Main program that references external objects


  
    programmain;

    #include("stdlib.hhf");

    

    beginmain;

    

    mov(2,Var2);

    mov(3,Var1);

    Add1and2();

    stdout.put("Var1=",Var1,nl);

    

    endmain;
  


  The main program references Var1, Var2, and Add1and2, yet these symbols are external to this program (they appear in unit Number1). If you attempt to compile the main program as it stands, HLA will complain that these three symbols are undefined.


  Therefore, you must declare them external with the external option. An external procedure declaration looks just like a forward declaration except you use the reserved word external rather than forward. To declare external static variables, simply follow those variables' declarations with the reserved word external. The program in Example5-21 is a modification to the program in Example5-20 that includes the external declarations.


  


  Example5-21.Modified main program with external declarations


  
    programmain;

    #include("stdlib.hhf");

    

    procedureAdd1and2;external;

    

    static

    Var1:uns32;external;

    Var2:uns32;external;

    

    beginmain;

    

    mov(2,Var2);

    mov(3,Var1);

    Add1and2();

    stdout.put("Var1=",Var1,nl);

    

    endmain;
  


  If you attempt to compile this second version of main using the typical HLA compilation command HLA main2.hla, you will be somewhat disappointed. This program will actually compile without error. However, when HLA attempts to link this code it will report that the symbols Var1, Var2, and Add1and2 are undefined. This happens because you haven't compiled and linked in the associated unit with this main program. Before you try that and discover that it still doesn't work, you should know that all symbols in a unit, by default, are private to that unit. This means that those symbols are inaccessible in code outside that unit unless you explicitly declare those symbols as public symbols. To declare symbols as public, you simply put external declarations for those symbols in the unit before the actual symbol declarations. If an external declaration appears in the same source file as the actual declaration of a symbol, HLA assumes that the name is needed externally and makes that symbol a public (rather than private) symbol. The unit in Example5-22 is a correction to the Number1 unit that properly declares the external objects.


  


  Example5-22.Correct Number1 unit with external declarations


  
    unitNumber1;

    

    static

    Var1:uns32;external;

    Var2:uns32;external;

    

    procedureAdd1and2;external;

    

    static

    Var1:uns32;

    Var2:uns32;

    

    

    procedureAdd1and2;

    beginAdd1and2;

    

    push(eax);

    mov(Var2,eax);

    add(eax,Var1);

    

    endAdd1and2;

    

    endNumber1;
  


  It may seem redundant declaring these symbols twice as occurs in Example5-21 and Example5-22, but you'll soon see that you don't normally write the code this way.


  If you attempt to compile the main program or the Number1 unit using the typical HLA statement, that is,


  


  
    HLAmain2.hla

    HLAunit2.hla
  


  you'll quickly discover that the linker still returns errors. It returns an error on the compilation of main2.hla because you still haven't told HLA to link in the object code associated with unit2.hla. Likewise, the linker complains if you attempt to compile unit2.hla by itself because it can't find a main program. The simple solution is to compile both of these modules together with the following single command:


  


  
    HLAmain2.hlaunit2.hla
  


  This command will properly compile both modules and link together their object code.


  Unfortunately, the command above defeats one of the major benefits of separate compilation. When you issue this command it will compile both main2 and unit2 prior to linking them together. Remember, a major reason for separate compilation is to reduce compilation time on large projects. While the above command is convenient, it doesn't achieve this goal.


  To separately compile the two modules you must run HLA separately on them. Of course, you saw earlier that attempting to compile these modules separately produced linker errors. To get around this problem, you need to compile the modules without linking them. The -c (compile-only) HLA command-line option achieves this. To compile the two source files without running the linker, you would use the following commands:


  


  
    HLA-cmain2.hla

    HLA-cunit2.hla
  


  This produces two object code files, main2.obj and unit2.obj, that you can link together to produce a single executable. You could run the linker program directly, but an easier way is to use the HLA compiler to link the object modules together for you:


  


  
    HLAmain2.objunit2.obj
  


  Under Windows, this command produces an executable file named main2.exe;[98] under Linux, Mac OS X, and FreeBSD this command produces a file named main2. You could also type the following command to compile the main program and link it with a previously compiled unit2 object module:


  


  
    HLAmain2.hlaunit2.obj
  


  In general, HLA looks at the suffixes of the filenames following the HLA commands. If the filename doesn't have a suffix, HLA assumes it to be .HLA. If the filename has a suffix, then HLA will do the following with the file:


  
    
  


  
    	
      
        
          If the suffix is .HLA, HLA will compile the file with the HLA compiler.
        

      

    


    	
      
        
          If the suffix is .ASM, HLA will assemble the file with MASM (or some other default assembler such as FASM, NASM, or TASM under Windows) or Gas (Linux/Mac OS X/FreeBSD).
        

      

    


    	
      
        
          If the suffix is .OBJ or .LIB (Windows), or .o or .a (Linux/Mac OS X/FreeBSD), then HLA will link that module with the rest of the compilation.
        

      

    

  


  5.24.1 Behavior of the external Directive


  Whenever you declare a symbol using the external directive, keep in mind several limitations of external objects:


  
    
  


  
    	
      
        
          Only one external declaration of an object may appear in a given source file. That is, you cannot define the same symbol twice as an external object.
        

      

    


    	
      
        
          Only procedure, static, readonly, and storage variable objects can be external. var, type, const, and parameter objects cannot be external.
        

      

    


    	
      
        
          external objects must appear at the global declaration level. You cannot declare external objects within a procedure or other nested structure.[99]
        

      

    


    	
      
        
          external objects publish their name globally. Therefore, you must carefully choose the names of your external objects so they do not conflict with other symbols.
        

      

    

  


  This last point is especially important to keep in mind. HLA links your modules using a linker. At each step in this process, your choice of external names could create problems for you.


  Consider the following HLA external/public declaration:


  


  
    static

    extObj:uns32;external;

    extObj:uns32;

    localObject:uns32;
  


  When you compile a program containing these declarations, HLA automatically generates a "munged" name for the localObject variable that probably won't ever have any conflicts with system-global external symbols.[100] Whenever you declare an external symbol, however, HLA uses the object's name as the default external name. This can create some problems if you inadvertently use some global name as your variable name.


  To get around the problem of conflicting external names, HLA supports an additional syntax for the external option that lets you explicitly specify the external name. The following example demonstrates this extended syntax:


  


  
    static

    c:char;external("var_c");

    c:char;
  


  If you follow the external keyword with a string constant enclosed by parentheses, HLA will continue to use the declared name (c in this example) as the identifier within your HLA source code. Externally (i.e., in the assembly code) HLA will substitute the name var_c whenever you reference c. This feature helps you avoid problems with the misuse of assembler reserved words, or other global symbols, in your HLA programs.


  You should also note that this feature of the external option lets you create aliases. For example, you may want to refer to an object by the name StudentCount in one module while referring to the object as PersonCount in another module (you might do this because you have a general library module that deals with counting people and you want to use the object in a program that deals only with students). Using a declaration like the following lets you do this:


  


  
    static

    StudentCount:uns32;external("PersonCount");
  


  Of course, you've already seen some of the problems you might encounter when you start creating aliases. So you should use this capability sparingly in your programs. Perhaps a more reasonable use of this feature is to simplify certain OS APIs. For example, the Win32 API uses some really long names for certain procedure calls. You can use the external directive to provide a more meaningful name than the standard one the operating system specifies.


  5.24.2 Header Files in HLA


  HLA's technique of using the same external declaration to define public as well as external symbols may seem somewhat counterintuitive. Why not use a public reserved word for public symbols and the external keyword for external definitions? Well, as counterintuitive as HLA's external declarations may seem, they are founded on decades of solid experience with the C/C++ programming language that uses a similar approach to public and external symbols.[101] Combined with a header file, HLA's external declarations make large-program maintenance a breeze.


  An important benefit of the external directive (versus separate public and external directives) is that it lets you minimize duplication of effort in your source files. Suppose, for example, you want to create a module with a bunch of support routines and variables for use in several different programs (e.g., the HLA Standard Library). In addition to sharing some routines and some variables, suppose you want to share constants, types, and other items as well.


  The #include file mechanism provides a perfect way to handle this. You simply create a #include file containing the constants, macros, and external definitions and include this file in the module that implements your routines and in the modules that use those routines (see Figure5-10).


  


  
    [image: ]
  


  
    Figure5-10.Using header files in HLA programs
  


  A typical header file contains only const, val, type, static, readonly, storage, and procedure prototypes (plus a few others we haven't look at yet, like macros). Objects in the static, readonly, and storage sections, as well as all procedure declarations, are always external objects. In particular, you should not put any var objects in a header file, nor should you put any nonexternal variables or procedure bodies in a header file. If you do, HLA will make duplicate copies of these objects in the different source files that include the header file. Not only will this make your programs larger, but it will cause them to fail under certain circumstances. For example, you generally put a variable in a header file so you can share the value of that variable among several different modules. However, if you fail to declare that symbol as external in the header file and just put a standard variable declaration there, each module that includes the source file will get its own separate variable—the modules will not share a common variable.


  If you create a standard header file, containing const, val, and type declarations and external objects, you should always be sure to include that file in the declaration section of all modules that need the definitions in the header file. Generally, HLA programs include all their header files in the first few statements after the program or unit header.


  This text adopts the HLA Standard Library convention of using an .hhf suffix for HLA header files (hhf stands for HLA header file).


  

  


  [96] Of course, units may contain procedures and those procedures may have statements, but the unit itself does not have any executable instructions associated with it.


  [97] Procedures in the unit may have their own var sections, but the procedure's declaration section is separate from the unit's declaration section.


  [98] If you want to explicitly specify the name of the output file, HLA provides a command-line option to achieve this. You can get a menu of all legal command-line options by entering the command HLA -?.


  [99] There are a few exceptions, but you cannot declare external procedures or variables except at the global level.


  [100] Typically, HLA creates a name like 001A_localObject out of localObject. This is a legal MASM identifier, but it is not likely it will conflict with any other global symbols when HLA compiles the program with MASM.


  [101] Actually, C/C++ is a little different. All global symbols in a module are assumed to be public unless explicitly declared private. HLA's approach (forcing the declaration of public items via external) is a little safer.


  


  5.25 Namespace Pollution


  One problem with creating libraries with a lot of different modules is namespace pollution. A typical library module will have a #include file associated with it that provides external definitions for all the routines, constants, variables, and other symbols provided in the library. Whenever you want to use some routines or other objects from the library, you would typically #include the library's header file in your project. As your libraries get larger and you add declarations in the header file, it becomes likely that the names you've chosen for your library's identifiers will conflict with names you want to use in your current project. This is known as namespace pollution: library header files pollute the namespace with names you typically don't need in order to gain easy access to the few routines in the library you actually use. Most of the time those names don't harm anything—unless you want to use those names for your own purposes.


  HLA requires that you declare all external symbols at the global (program/unit) level. You cannot, therefore, include a header file with external declarations within a procedure. Thus, there will be no naming conflicts between external library symbols and symbols you declare locally within a procedure; the conflicts will occur only between the external symbols and your global symbols. While this is a good argument for avoiding global symbols as much as possible in your program, the fact remains that most symbols in an assembly language program will have global scope. So another solution is necessary.


  HLA's solution is to put most of the library names in a namespace declaration section. A namespace declaration encapsulates all declarations and exposes only a single name (the namespace identifier) at the global level. You access the names within the namespace by using the familiar dot notation (see the discussion of namespaces in 4.34 Namespaces). This reduces the effect of namespace pollution from many dozens or hundreds of names down to a single name.


  Of course, one disadvantage of using a namespace declaration is that you have to type a longer name in order to reference a particular identifier in that namespace (that is, you have to type the namespace identifier, a period, and then the specific identifier you wish to use). For a few identifiers you use frequently, you might elect to leave those identifiers outside of any namespace declaration. For example, the HLA Standard Library does not define the symbol nl within a namespace. However, you want to minimize such declarations in your libraries to avoid conflicts with names in your own programs. Often, you can choose a namespace identifier to complement your routine names. For example, the HLA Standard Library's string copy routine was named after the equivalent C Standard Library function, strcpy. HLA's version is str.cpy. The actual function name is cpy; it happens to be a member of the str namespace, hence the full name str.cpy, which is very similar to the comparable C function. The HLA Standard Library contains several examples of this convention. The arg.c and arg.v functions are another pair of such identifiers (corresponding to the C identifiers argc and argv).


  Using a namespace in a header file is no different than using a namespace in a program or unit, though you do not normally put actual procedure bodies in a namespace. Here's an example of a typical header file containing a namespace declaration:


  


  
    //myHeader.hhf-

    //

    //RoutinessupportedinthemyLibrary.libfile

    

    namespacemyLib;

    

    procedurefunc1;external;

    procedurefunc2;external;

    procedurefunc3;external;

    

    endmyLib;
  


  Typically, you would compile each of the functions (func1..func3) as separate units (so each has its own object file and linking in one function doesn't link them all). Here's a sample unit declaration for one of these functions:


  


  
    unitfunc1Unit;

    #includeonce("myHeader.hhf")

    

    proceduremyLib.func1;

    beginfunc1;

    

    <<Codeforfunc1>>

    

    endfunc1;

    

    endfunc1Unit;
  


  You should notice two important things about this unit. First, you do not put the actual func1 procedure code within a namespace declaration block. By using the identifier myLib.func1 as the procedure's name, HLA automatically realizes that this procedure declaration belongs in a namespace. The second thing to note is that you do not preface func1 with myLib. after the begin and end clauses in the procedure. HLA automatically associates the begin and end identifiers with the procedure declaration, so it knows that these identifiers are part of the myLib namespace and it doesn't make you type the whole name again.


  Important note: When you declare external names within a namespace, as was done in func1Unit previously, HLA uses only the function name (func1 in this example) as the external name. This creates a namespace pollution problem in the external namespace. For example, if you have two different namespaces, myLib and yourLib, and they both define a func1 procedure, the linker will complain about a duplicate definition for func1 if you attempt to use functions from both these library modules. There is an easy workaround to this problem: Use the extended form of the external directive to explicitly supply an external name for all external identifiers appearing in a namespace declaration. For example, you could solve this problem with the following simple modification to the myHeader.hhf file above:


  


  
    //myHeader.hhf-

    //

    //RoutinessupportedinthemyLibrary.libfile

    

    namespacemyLib;

    

    procedurefunc1;external("myLib_func1");

    procedurefunc2;external("myLib_func2");

    procedurefunc3;external("myLib_func3");

    

    endmyLib;
  


  This example demonstrates an excellent convention you should adopt: When exporting names from a namespace, always supply an explicit external name and construct that name by concatenating the namespace identifier with an underscore and the object's internal name.


  The use of namespace declarations does not completely eliminate the problems of namespace pollution (after all, the namespace identifier is still a global object, as anyone who has included stdlib.hhf and attempted to define a cs variable can attest), but namespace declarations come pretty close to eliminating this problem. Therefore, you should use namespace everywhere practical when creating your own libraries.


  


  5.26 For More Information


  The electronic edition of this book found at http://www.artofasm.com/ or http://webster.cs.ucr.edu/ contains a whole "volume" on advanced and intermediate procedures. The information in this chapter was taken from the introductory and intermediate chapters in the electronic edition. While the information appearing in this chapter covers 99 percent of the material assembly programmers typically use, there is additional information on procedures and parameters that you may find interesting. In particular, the electronic edition covers additional parameter-passing mechanisms (pass by value/result, pass by result, pass by name, and pass by lazy evaluation) and goes into greater detail about the places you can pass parameters. The electronic version of this text also covers iterators, thunks, and other advanced procedure types. You should also check out the HLA documentation for more details on HLA's procedure facilities. Finally, a good compiler construction textbook will cover additional details about runtime support for procedures.


  This chapter discussed only 32-bit near procedures (appropriate for operating systems like Windows, Mac OS X, FreeBSD, and Linux). For information about procedures in 16-bit code (including near and far procedures), check out the 16-bit edition of this book, also found at http://webster.cs.ucr.edu/ or http://www.artofasm.com/.


  HLA supports the ability to nest procedures; that is, you can declare a procedure in the declaration section of some other procedure and use displays and static links to access automatic variables in the enclosing procedures. HLA also supports advanced parameter-pointer facilities. This text does not discuss these features because they're somewhat advanced and very few assembly language programmers take advantage of these facilities in their programs. However, these features are very handy in certain situations. Once you're comfortable with procedures and assembly language programming in general, you should read about HLA's facilities for nested procedures in the HLA documentation and in the chapters on intermediate and advanced procedures in the electronic version of this book found at http://webster.cs.ucr.edu/ or http://www.artofasm.com/.


  Finally, the examples given for the code that HLA generates when passing parameters using the high-level syntax are incomplete. Over time, HLA has improved the quality of the code it generates when passing parameters on the stack. If you would like to see the type of code HLA generates for a particular parameter call sequence, you should supply the -sourcemode, -h, and -s command-line parameters to HLA and view the corresponding assembly language file that HLA emits (which will be a pseudo-HLA source file showing you the low-level code that HLA produces).


  


  Chapter6.ARITHMETIC


  [image: ]


  This chapter discusses arithmetic computation in assembly language. By the end of this chapter you should be able to translate arithmetic expressions and assignment statements from high-level languages like Pascal and C/C++ into 80x86 assembly language.


  6.1 80x86 Integer Arithmetic Instructions


  Before describing how to encode arithmetic expressions in assembly language, it would be a good idea to first discuss the remaining arithmetic instructions in the 80x86 instruction set. Previous chapters have covered most of the arithmetic and logical instructions, so this section covers the few remaining instructions you'll need.


  6.1.1 The mul and imul Instructions


  The multiplication instructions provide you with another taste of irregularity in the 80x86's instruction set. Instructions like add, sub, and many others in the 80x86 instruction set support two operands, just like the mov instruction. Unfortunately, there weren't enough bits in the 80x86's opcode byte to support all instructions, so the 80x86 treats the mul (unsigned multiply) and imul (signed integer multiply) instructions as single-operand instructions, just like the inc, dec, and neg instructions.


  Of course, multiplication is a two-operand function. To work around this fact, the 80x86 always assumes the accumulator (AL, AX, or EAX) is the destination operand. This irregularity makes using multiplication on the 80x86 a little more difficult than other instructions because one operand has to be in the accumulator. Intel adopted this unorthogonal approach because it felt that programmers would use multiplication far less often than instructions like add and sub.


  Another problem with the mul and imul instructions is that you cannot multiply the accumulator by a constant using these instructions. Intel quickly discovered the need to support multiplication by a constant and added the intmul instruction to overcome this problem. Nevertheless, you must be aware that the basic mul and imul instructions do not support the full range of operands as intmul.


  There are two forms of the multiply instruction: unsigned multiplication (mul) and signed multiplication (imul). Unlike addition and subtraction, you need separate instructions for signed and unsigned operations.


  The multiply instructions take the following forms:


  Unsigned multiplication:


  
    

  


  
    
      
        mul(reg8);//returns"ax"

        mul(reg16);//returns"dx:ax"

        mul(reg32);//returns"edx:eax"

        

        mul(mem8);//returns"ax"

        mul(mem16);//returns"dx:ax"

        

        mul(mem32);//returns"edx:eax"
      

    

  


  Signed (integer) multiplication:


  
    

  


  
    
      
        imul(reg8);//returns"ax"

        imul(reg16);//returns"dx:ax"

        imul(reg32);//returns"edx:eax"

        

        imul(mem8);//returns"ax"

        imul(mem16);//returns"dx:ax"

        

        imul(mem32);//returns"edx:eax"
      

    

  


  The returns values above are the strings these instructions return for use with instruction composition in HLA. (i)mul, available on all 80x86 processors, multiplies 8-, 16-, or 32-bit operands.


  When multiplying two n-bit values, the result may require as many as 2 * n bits. Therefore, if the operand is an 8-bit quantity, the result could require 16 bits. Likewise, a 16-bit operand produces a 32-bit result and a 32-bit operand requires 64 bits to hold the result.


  The (i)mul instruction, with an 8-bit operand, multiplies AL by the operand and leaves the 16-bit product in AX. So


  


  
    mul(operand8);
  


  or


  


  
    imul(operand8);
  


  computes


  


  
    ax:=al*operand8
  


  * represents an unsigned multiplication for mul and a signed multiplication for imul.


  If you specify a 16-bit operand, then mul and imul compute


  


  
    dx:ax:=ax*operand16
  


  * has the same meanings as above, and dx:ax means that DX contains the H.O. word of the 32-bit result and AX contains the L.O. word of the 32-bit result. If you're wondering why Intel didn't put the 32-bit result in EAX, just note that Intel introduced the mul and imul instructions in the earliest 80x86 processors, before the advent of 32-bit registers in the 80386 CPU.


  If you specify a 32-bit operand, then mul and imul compute the following:


  


  
    edx:eax:=eax*operand32
  


  * has the same meanings as above, and edx:eax means that EDX contains the H.O. double word of the 64-bit result and EAX contains the L.O. double word of the 64-bit result.


  If an 8×8-, 16×16-, or 32×32-bit product requires more than 8, 16, or 32 bits (respectively), the mul and imul instructions set the carry and overflow flags. mul and imul scramble the sign and zero flags.


  
    Note
  


  
    Especially note that the sign and zero flags do not contain meaningful values after the execution of these two instructions.
  


  To help reduce some of the syntax irregularities with the use of the mul and imul instructions, HLA provides an extended syntax that allows the following two-operand forms:


  Unsigned multiplication:


  
    

  


  
    
      
        mul(reg8,al);

        mul(reg16,ax);

        mul(reg32,eax);

        

        mul(mem8,al);

        mul(mem16,ax);

        mul(mem32,eax);

        

        mul(constant8,al);

        mul(constant16,ax);

        

        mul(constant32,eax);
      

    

  


  Signed (integer) multiplication:


  
    

  


  
    
      
        imul(reg8,al);

        imul(reg16,ax);

        imul(reg32,eax);

        

        imul(mem8,al);

        imul(mem16,ax);

        imul(mem32,eax);

        

        imul(constant8,al);

        imul(constant16,ax);

        

        imul(constant32,eax);
      

    

  


  The two-operand forms let you specify the (L.O.) destination register as the second operand. By specifying the destination register you can make your programs easier to read. Note that just because HLA allows two operands here, you can't specify an arbitrary register. The destination operand must always be AL, AX, or EAX, depending on the source operand.


  HLA provides a form that lets you specify a constant. The 80x86 doesn't actually support a mul or imul instruction that has a constant operand. HLA will take the constant you specify and create a variable in a read-only segment in memory and initialize that variable with this value. Then HLA converts the instruction to the (i)mul( memory ); instruction. Note that when you specify a constant as the source operand, the instruction requires two operands (because HLA uses the second operand to determine whether the multiplication is 8, 16, or 32 bits).


  You'll use the mul and imul instructions quite a lot when you learn about extended-precision arithmetic in Chapter8. Unless you're doing multiprecision work, however, you'll probably just want to use the intmul instruction in place of the mul or imul because it is more general. However, intmul is not a complete replacement for these two instructions. Besides the number of operands, there are several differences between the intmul and the mul/imul instructions. The following rules apply specifically to the intmul instruction:


  
    
  


  
    	
      
        
          There isn't an 8×8-bit intmul instruction available.
        

      

    


    	
      
        
          The intmul instruction does not produce a 2×n-bit result. That is, a 16×16-bit multiply produces a 16-bit result. Likewise, a 32×32-bit multiply produces a 32-bit result. These instructions set the carry and overflow flags if the result does not fit into the destination register.
        

      

    

  


  6.1.2 The div and idiv Instructions


  The 80x86 divide instructions perform a 64/32-bit division, a 32/16-bit division, or a 16/8-bit division. These instructions take the following forms:


  


  
    div(reg8);//returns"al"

    div(reg16);//returns"ax"

    div(reg32);//returns"eax"

    

    div(reg8,ax);//returns"al"

    div(reg16,dx:ax);//returns"ax"

    div(reg32,edx:eax);//returns"eax"

    

    div(mem8);//returns"al"

    div(mem16);//returns"ax"

    div(mem32);//returns"eax"

    

    div(mem8,ax);//returns"al"

    div(mem16,dx:ax);//returns"ax"

    div(mem32,edx:eax);//returns"eax"

    

    div(constant8,ax);//returns"al"

    div(constant16,dx:ax);//returns"ax"

    div(constant32,edx:eax);//returns"eax"

    

    idiv(reg8);//returns"al"

    idiv(reg16);//returns"ax"

    idiv(reg32);//returns"eax"

    

    idiv(reg8,ax);//returns"al"

    idiv(reg16,dx:ax);//returns"ax"

    idiv(reg32,edx:eax);//returns"eax"

    

    idiv(mem8);//returns"al"

    idiv(mem16);//returns"ax"

    idiv(mem32);//returns"eax"

    

    idiv(mem8,ax);//returns"al"

    idiv(mem16,dx:ax);//returns"ax"

    idiv(mem32,edx:eax);//returns"eax"

    

    idiv(constant8,ax);//returns"al"

    idiv(constant16,dx:ax);//returns"ax"

    idiv(constant32,edx:eax);//returns"eax"
  


  The div instruction is an unsigned division operation. If the operand is an 8-bit operand, div divides the AX register by the operand leaving the quotient in AL and the remainder (modulo) in AH. If the operand is a 16-bit quantity, then the div instruction divides the 32-bit quantity in dx:ax by the operand, leaving the quotient in AX and the remainder in DX. With 32-bit operands div divides the 64-bit value in edx:eax by the operand, leaving the quotient in EAX and the remainder in EDX.


  Like mul and imul, HLA provides special syntax to allow the use of constant operands even though the low-level machine instructions don't actually support them. See the previous list of div instructions for these extensions.


  The idiv instruction computes a signed quotient and remainder. The syntax for the idiv instruction is identical to div (except for the use of the idiv mnemonic), though creating signed operands for idiv may require a different sequence of instructions prior to executing idiv than for div.


  You cannot, on the 80x86, simply divide one unsigned 8-bit value by another. If the denominator is an 8-bit value, the numerator must be a 16-bit value. If you need to divide one unsigned 8-bit value by another, you must zero extend the numerator to 16 bits. You can accomplish this by loading the numerator into the AL register and then moving 0 into the AH register. Then you can divide AX by the denominator operand to produce the correct result. Failing to zero extend AL before executing div may cause the 80x86 to produce incorrect results! When you need to divide two 16-bit unsigned values, you must zero extend the AX register (which contains the numerator) into the DX register. To do this, just load 0 into the DX register. If you need to divide one 32-bit value by another, you must zero extend the EAX register into EDX (by loading a 0 into EDX) before the division.


  When dealing with signed integer values, you will need to sign extend AL into AX, AX into DX, or EAX into EDX before executing idiv. To do so, use the cbw, cwd, cdq, or movsx instruction. If the H.O. byte, word, or double word does not already contain significant bits, then you must sign extend the value in the accumulator (AL/AX/EAX) before doing the idiv operation. Failure to do so may produce incorrect results.


  There is one other issue with the 80x86's divide instructions: You can get a fatal error when using this instruction. First, of course, you can attempt to divide a value by 0. Another problem is that the quotient may be too large to fit into the EAX, AX, or AL register. For example, the 16/8-bit division $8000/2 produces the quotient $4000 with a remainder of 0. $4000 will not fit into 8 bits. If this happens, or you attempt to divide by 0, the 80x86 will generate an ex.DivisionError exception or integer overflow error (ex.IntoInstr). This usually means your program will display the appropriate dialog and abort. If this happens to you, chances are you didn't sign or zero extend your numerator before executing the division operation. Because this error may cause your program to crash, you should be very careful about the values you select when using division. Of course, you can use the try..endtry block with ex.DivisionError and ex.IntoInstr to trap this problem in your program.


  The 80x86 leaves the carry, overflow, sign, and zero flags undefined after a division operation. Therefore, you cannot test for problems after a division operation by checking the flag bits.


  The 80x86 does not provide a separate instruction to compute the remainder of one number divided by another. The div and idiv instructions automatically compute the remainder at the same time they compute the quotient. HLA, however, provides mnemonics (instructions) for the mod and imod instructions. These special HLA instructions compile into the exact same code as their div and idiv counterparts. The only difference is the returns value for the instruction (because these instructions return the remainder in a different location than the quotient). The mod and imod instructions that HLA supports are as follows:


  


  
    mod(reg8);//returns"ah"

    mod(reg16);//returns"dx"

    mod(reg32);//returns"edx"

    

    mod(reg8,ax);//returns"ah"

    mod(reg16,dx:ax);//returns"dx"

    mod(reg32,edx:eax);//returns"edx"

    

    mod(mem8);//returns"ah"

    mod(mem16);//returns"dx"

    mod(mem32);//returns"edx"

    

    mod(mem8,ax);//returns"ah"

    mod(mem16,dx:ax);//returns"dx"

    mod(mem32,edx:eax);//returns"edx"

    

    mod(constant8,ax);//returns"ah"

    mod(constant16,dx:ax);//returns"dx"

    mod(constant32,edx:eax);//returns"edx"

    

    imod(reg8);//returns"ah"

    imod(reg16);//returns"dx"

    imod(reg32);//returns"edx"

    

    imod(reg8,ax);//returns"ah"

    imod(reg16,dx:ax);//returns"dx"

    imod(reg32,edx:eax);//returns"edx"

    

    imod(mem8);//returns"ah"

    imod(mem16);//returns"dx"

    imod(mem32);//returns"edx"

    

    imod(mem8,ax);//returns"ah"

    imod(mem16,dx:ax);//returns"dx"

    imod(mem32,edx:eax);//returns"edx"

    

    imod(constant8,ax);//returns"ah"

    imod(constant16,dx:ax);//returns"dx"

    imod(constant32,edx:eax);//returns"edx"
  


  6.1.3 The cmp Instruction


  The cmp (compare) instruction is identical to the sub instruction with one crucial semantic difference—it does not retain the difference it computes; it just sets the condition code bits in the flags register. The syntax for the cmp instruction is similar to that of sub (though the operands are reversed so it reads better); the generic form is:


  


  
    cmp(LeftOperand,RightOperand);
  


  This instruction computes LeftOperand - RightOperand (note the reversal from sub). The specific forms are:


  


  
    cmp(reg,reg);//Registersmustbethesamesize.

    cmp(reg,mem);//Sizesmustmatch.

    cmp(reg,constant);

    cmp(mem,constant);
  


  The cmp instruction updates the 80x86's flags according to the result of the subtraction operation (LeftOperand - RightOperand). The 80x86 sets the flags in an appropriate fashion so that we can read this instruction as "compare LeftOperand to RightOperand." You can test the result of the comparison by checking the appropriate flags in the flags register using the conditional set instructions (see 6.1.4 The setcc Instructions) or the conditional jump instructions (see Chapter7).


  Probably the first place to start when exploring the cmp instruction is to look at exactly how the cmp instruction affects the flags. Consider the following cmp instruction:


  


  
    cmp(ax,bx);
  


  This instruction performs the computation AX - BX and sets the flags depending upon the result of the computation. The flags are set as follows (also see Table6-1):


  Z


  
    
      The zero flag is set if and only if AX = BX. This is the only time AX - BX produces a zero result. Hence, you can use the zero flag to test for equality or inequality.
    

  


  S


  
    
      The sign flag is set to 1 if the result is negative. At first glance, you might think that this flag would be set if AX is less than BX, but this isn't always the case. If AX = $7FFF and BX = −1 ($FFFF), then subtracting AX from BX produces $8000, which is negative (and so the sign flag will be set). So, for signed comparisons anyway, the sign flag doesn't contain the proper status. For unsigned operands, consider AX = $FFFF and BX = 1. AX is greater than BX but their difference is $FFFE, which is still negative. As it turns out, the sign flag and the overflow flag, taken together, can be used for comparing two signed values.
    

  


  O


  
    
      The overflow flag is set after a cmp operation if the difference of AX and BX produced an overflow or underflow. As mentioned above, the sign flag and the overflow flag are both used when performing signed comparisons.
    

  


  C


  
    
      The carry flag is set after a cmp operation if subtracting BX from AX requires a borrow. This occurs only when AX is less than BX where AX and BX are both unsigned values.
    

  


  Given that the cmp instruction sets the flags in this fashion, you can test the comparison of the two operands with the following flags:


  


  
    cmp(Left,Right);
  


  


  Table6-1.Condition Code Settings After cmp


  


  
    
      	
        

        Unsigned Operands

      

      	
        

        Signed Operands

      
    


    
      	
        

        Z: Equality/inequality

      

      	
        

        Z: Equality/inequality

      
    


    
      	
        

        C: Left < Right (C = 1)


        Left >= Right (C = 0)

      

      	
        

        C: No meaning

      
    


    
      	
        

        S: No meaning

      

      	
        

        S: See discussion in this section

      
    


    
      	
        

        O: No meaning

      

      	
        

        O: See discussion in this section

      
    

  


  For signed comparisons, the S (sign) and O (overflow) flags, taken together, have the following meaning:


  
    
  


  
    	
      
        
          If [(S = 0) and (O = 1)] or [(S = 1) and (O = 0)] then Left < Right for a signed comparison.
        

      

    


    	
      
        
          If [(S = 0) and (O = 0)] or [(S = 1) and (O = 1)] then Left >= Right for a signed comparison.
        

      

    

  


  Note that (S xor O) is 1 if the left operand is less than the right operand. Conversely, (S xor O) is 0 if the left operand is greater or equal to the right operand.


  To understand why these flags are set in this manner, consider the following examples:


  


  
    LeftminusRightSO

    --------------

    

    $FFFF(-1)-$FFFE(-2)00

    $8000-$000101

    $FFFE(-2)-$FFFF(-1)10

    $7FFF(32767)-$FFFF(-1)11
  


  Remember, the cmp operation is really a subtraction; therefore, the first example above computes (−1) - (−2), which is (+1). The result is positive and an overflow did not occur, so both the S and O flags are 0. Because (S xor O) is 0, Left is greater than or equal to Right.


  In the second example, the cmp instruction would compute (−32,768) - (+1), which is (−32,769). Because a 16-bit signed integer cannot represent this value, the value wraps around to $7FFF (+32,767) and sets the overflow flag. The result is positive (at least as a 16-bit value), so the CPU clears the sign flag. (S xor O) is 1 here, so Left is less than Right.


  In the third example above, cmp computes (−2) - (−1), which produces (−1). No overflow occurred, so the O flag is 0, the result is negative, so the sign flag is 1. Because (S xor O) is 1, Left is less than Right.


  In the fourth (and final) example, cmp computes (+32,767) - (−1). This produces (+32,768), setting the overflow flag. Furthermore, the value wraps around to $8000 (−32,768), so the sign flag is set as well. Because (S xor O) is 0, Left is greater than or equal to Right.


  You may test the flags after a cmp instruction using HLA high-level control statements and the boolean flag expressions (e.g., @c, @nc, @z, @nz, @o, @no, @s, @ns, and so on). Table6-2 lists the boolean expressions HLA supports that let you check various conditions after a compare instruction.


  


  Table6-2.HLA Condition Code Boolean Expressions


  


  
    
      	
        

        HLA Syntax

      

      	
        

        Condition

      

      	
        

        Comment

      
    


    
      	
        

        @c

      

      	
        

        Carry set

      

      	
        

        Carry flag is set if the first operand is less than the second operand (unsigned). Same condition as @b and @nae.

      
    


    
      	
        

        @nc

      

      	
        

        Carry clear (no carry)

      

      	
        

        Carry flag is clear if the first operand is greater than or equal to the second (using an unsigned comparison). Same condition as @nb and @ae.

      
    


    
      	
        

        @z

      

      	
        

        Zero flag set

      

      	
        

        Zero flag is set if the first operand equals the second operand. Same condition as @e.

      
    


    
      	
        

        @nz

      

      	
        

        Zero flag clear (no zero)

      

      	
        

        Zero flag is clear if the first operand is not equal to the second. Same condition as @ne.

      
    


    
      	
        

        @o

      

      	
        

        Overflow flag set

      

      	
        

        This flag is set if there was a signed arithmetic overflow as a result of the comparison operation.

      
    


    
      	
        

        @no

      

      	
        

        Overflow flag clear (no overflow)

      

      	
        

        The overflow flag is clear if there was no signed arithmetic overflow during the compare operation.

      
    


    
      	
        

        @s

      

      	
        

        Sign flag set

      

      	
        

        The sign flag is set if the result of the compare (subtraction) produces a negative result.

      
    


    
      	
        

        @ns

      

      	
        

        Sign flag clear (no sign)

      

      	
        

        The sign flag is clear if the compare operation produces a nonnegative (zero or positive) result.

      
    


    
      	
        

        @a

      

      	
        

        Above (unsigned greater than)

      

      	
        

        The @a condition checks the carry and zero flags to see if @c = 0 and @z = 0. This condition exists if the first (unsigned) operand is greater than the second (unsigned) operand. This is the same condition as @nbe.

      
    


    
      	
        

        @na

      

      	
        

        Not above

      

      	
        

        The @na condition checks to see if the carry flag is set (@c) or the zero flag is set (@z). This is equivalent to an unsigned "not greater than" condition. Note that this condition is the same as @be.

      
    


    
      	
        

        @ae

      

      	
        

        Above or equal (unsigned greater than or equal)

      

      	
        

        The @ae condition is true if the first operand is greater than or equal to the second using an unsigned comparison. This is equivalent to the @nb and @nc conditions.

      
    


    
      	
        

        @nae

      

      	
        

        Not above or equal

      

      	
        

        The @nae condition is true if the first operand is not greater than or equal to the second using an unsigned comparison. This is equivalent to the @b and @c conditions.

      
    


    
      	
        

        @b

      

      	
        

        Below (unsigned less than)

      

      	
        

        The @b condition is true if the first operand is less than the second using an unsigned comparison. This is equivalent to the @nae and @c conditions.

      
    


    
      	
        

        @nb

      

      	
        

        Not below

      

      	
        

        This condition is true if the first operand is not less than the second using an unsigned comparison. This condition is equivalent to the @nc and @ae conditions.

      
    


    
      	
        

        @be

      

      	
        

        Below or equal (unsigned less than or equal)

      

      	
        

        The @be condition is true when the first operand is less than or equal to the second using an unsigned comparison. This condition is equivalent to @na.

      
    


    
      	
        

        @nbe

      

      	
        

        Not below or equal

      

      	
        

        The @be condition is true when the first operand is not less than or equal to the second using an unsigned comparison. This condition is equivalent to @a.

      
    


    
      	
        

        @g

      

      	
        

        Greater (signed greater than)

      

      	
        

        The @g condition is true if the first operand is greater than the second using a signed comparison. This is equivalent to the @nle condition.

      
    


    
      	
        

        @ng

      

      	
        

        Not greater

      

      	
        

        The @ng condition is true if the first operand is not greater than the second using a signed comparison. This is equivalent to the @le condition.

      
    


    
      	
        

        @ge

      

      	
        

        Greater or equal (signed greater than or equal)

      

      	
        

        The @ge condition is true if the first operand is greater than or equal to the second using a signed comparison. This is equivalent to the @nl condition.

      
    


    
      	
        

        @nge

      

      	
        

        Not greater or equal

      

      	
        

        The @nge condition is true if the first operand is not greater than or equal to the second using a signed comparison. This is equivalent to the @l condition.

      
    


    
      	
        

        @l

      

      	
        

        Less than (signed less than)

      

      	
        

        The @l condition is true if the first operand is less than the second using a signed comparison. This is equivalent to the @nge condition.

      
    


    
      	
        

        @nl

      

      	
        

        Not less than

      

      	
        

        The @ng condition is true if the first operand is not less than the second using a signed comparison. This is equivalent to the @ge condition.

      
    


    
      	
        

        @le

      

      	
        

        Less than or equal (signed)

      

      	
        

        The @le condition is true if the first operand is less than or equal to the second using a signed comparison. This is equivalent to the @ng condition.

      
    


    
      	
        

        @nle

      

      	
        

        Not less than or equal

      

      	
        

        The @nle condition is true if the first operand is not less than or equal to the second using a signed comparison. This is equivalent to the @g condition.

      
    


    
      	
        

        @e

      

      	
        

        Equal (signed or unsigned)

      

      	
        

        This condition is true if the first operand equals the second. The @e condition is equivalent to the @z condition.

      
    


    
      	
        

        @ne

      

      	
        

        Not equal (signed or unsigned)

      

      	
        

        @ne is true if the first operand does not equal the second. This condition is equivalent to @nz.

      
    

  


  You may use the boolean conditions appearing in Table6-2 within an if statement, while statement, or any other HLA high-level control statement that allows boolean expressions. Immediately after the execution of a cmp instruction, you would typically use one of these conditions in an if statement. For example:


  


  
    cmp(eax,ebx);

    if(@e)then

    

    <<Dosomethingifeax=ebx.>>

    

    endif;
  


  Note that the example above is equivalent to the following:


  


  
    if(eax=ebx)then

    

    <<Dosomethingifeax=ebx.>>

    

    endif;
  


  6.1.4 The setcc Instructions


  The set on condition (or setcc) instructions set a single-byte operand (register or memory) to 0 or 1 depending on the values in the flags register. The general formats for the setcc instructions are:


  


  
    setcc(reg8);

    setcc(mem8);
  


  setcc represents a mnemonic appearing in Table6-3, Table6-4, and Table6-5. These instructions store a 0 into the corresponding operand if the condition is false, and they store a 1 into the 8-bit operand if the condition is true.


  


  Table6-3.setcc Instructions That Test Flags


  


  
    
      	
        

        Instruction

      

      	
        

        Description

      

      	
        

        Condition

      

      	
        

        Comments

      
    


    
      	
        

        setc

      

      	
        

        Set if carry

      

      	
        

        Carry = 1

      

      	
        

        Same as setb, setnae

      
    


    
      	
        

        setnc

      

      	
        

        Set if no carry

      

      	
        

        Carry = 0

      

      	
        

        Same as setnb, setae

      
    


    
      	
        

        setz

      

      	
        

        Set if zero

      

      	
        

        Zero = 1

      

      	
        

        Same as sete

      
    


    
      	
        

        setnz

      

      	
        

        Set if not zero

      

      	
        

        Zero = 0

      

      	
        

        Same as setne

      
    


    
      	
        

        sets

      

      	
        

        Set if sign

      

      	
        

        Sign = 1

      

      	
    


    
      	
        

        setns

      

      	
        

        Set if no sign

      

      	
        

        Sign = 0

      

      	
    


    
      	
        

        seto

      

      	
        

        Set if overflow

      

      	
        

        Overflow = 1

      

      	
    


    
      	
        

        setno

      

      	
        

        Set if no overflow

      

      	
        

        Overflow = 0

      

      	
    


    
      	
        

        setp

      

      	
        

        Set if parity

      

      	
        

        Parity = 1

      

      	
        

        Same as setpe

      
    


    
      	
        

        setpe

      

      	
        

        Set if parity even

      

      	
        

        Parity = 1

      

      	
        

        Same as setp

      
    


    
      	
        

        setnp

      

      	
        

        Set if no parity

      

      	
        

        Parity = 0

      

      	
        

        Same as setpo

      
    


    
      	
        

        setpo

      

      	
        

        Set if parity odd

      

      	
        

        Parity = 0

      

      	
        

        Same as setnp

      
    

  


  The setcc instructions above simply test the flags without any other meaning attached to the operation. You could, for example, use setc to check the carry flag after a shift, rotate, bit test, or arithmetic operation. You might notice the setp, setpe, and setnp instructions above. They check the parity flag. These instructions appear here for completeness, but this text will not spend too much time discussing the parity flag (its use is somewhat obsolete).


  The cmp instruction works synergistically with the setcc instructions. Immediately after a cmp operation the processor flags provide information concerning the relative values of those operands. They allow you to see if one operand is less than, equal to, or greater than the other.


  Two additional groups of setcc instructions are very useful after a cmp operation. The first group deals with the result of an unsigned comparison; the second group deals with the result of a signed comparison.


  


  Table6-4.setcc Instructions for Unsigned Comparisons


  


  
    
      	
        

        Instruction

      

      	
        

        Description

      

      	
        

        Condition

      

      	
        

        Comments

      
    


    
      	
        

        seta

      

      	
        

        Set if above (>)

      

      	
        

        Carry = 0, Zero = 0

      

      	
        

        Same as setnbe

      
    


    
      	
        

        setnbe

      

      	
        

        Set if not below or equal (not <=)

      

      	
        

        Carry = 0, Zero = 0

      

      	
        

        Same as seta

      
    


    
      	
        

        setae

      

      	
        

        Set if above or equal (>=)

      

      	
        

        Carry = 0

      

      	
        

        Same as setnc, setnb

      
    


    
      	
        

        setnb

      

      	
        

        Set if not below (not <)

      

      	
        

        Carry = 0

      

      	
        

        Same as setnc, setae

      
    


    
      	
        

        setb

      

      	
        

        Set if below (<)

      

      	
        

        Carry = 1

      

      	
        

        Same as setc, setna

      
    


    
      	
        

        setnae

      

      	
        

        Set if not above or equal (not >=)

      

      	
        

        Carry = 1

      

      	
        

        Same as setc, setb

      
    


    
      	
        

        setbe

      

      	
        

        Set if below or equal (<=)

      

      	
        

        Carry = 1 or Zero = 1

      

      	
        

        Same as setna

      
    


    
      	
        

        setna

      

      	
        

        Set if not above (not >)

      

      	
        

        Carry = 1 or Zero = 1

      

      	
        

        Same as setbe

      
    


    
      	
        

        sete

      

      	
        

        Set if equal (=)

      

      	
        

        Zero = 1

      

      	
        

        Same as setz

      
    


    
      	
        

        setne

      

      	
        

        Set if not equal (¦)

      

      	
        

        Zero = 0

      

      	
        

        Same as setnz

      
    

  


  Table6-5 lists the corresponding signed comparisons.


  


  Table6-5.setcc Instructions for Signed Comparisons


  


  
    
      	
        

        Instruction

      

      	
        

        Description

      

      	
        

        Condition

      

      	
        

        Comments

      
    


    
      	
        

        setg

      

      	
        

        Set if greater (>)

      

      	
        

        Sign = Overflow and Zero = 0

      

      	
        

        Same as setnle

      
    


    
      	
        

        setnle

      

      	
        

        Set if not less than or equal (not <=)

      

      	
        

        Sign = Overflow or Zero = 0

      

      	
        

        Same as setg

      
    


    
      	
        

        setge

      

      	
        

        Set if greater than or equal (>=)

      

      	
        

        Sign = Overflow

      

      	
        

        Same as setnl

      
    


    
      	
        

        setnl

      

      	
        

        Set if not less than (not <)

      

      	
        

        Sign = Overflow

      

      	
        

        Same as setge

      
    


    
      	
        

        setl

      

      	
        

        Set if less than (<)

      

      	
        

        Sign ¦ Overflow

      

      	
        

        Same as setnge

      
    


    
      	
        

        setnge

      

      	
        

        Set if not greater or equal (not >=)

      

      	
        

        Sign ¦ Overflow

      

      	
        

        Same as setl

      
    


    
      	
        

        setl

      

      	
        

        Set if less than or equal (<=)

      

      	
        

        Sign ¦ Overflow or Zero = 1

      

      	
        

        Same as setng

      
    


    
      	
        

        setng

      

      	
        

        Set if not greater than (not >)

      

      	
        

        Sign ¦ Overflow or Zero = 1

      

      	
        

        Same as setle

      
    


    
      	
        

        sete

      

      	
        

        Set if equal (=)

      

      	
        

        Zero = 1

      

      	
        

        Same as setz

      
    


    
      	
        

        setne

      

      	
        

        Set if not equal (¦)

      

      	
        

        Zero = 0

      

      	
        

        Same as setnz

      
    

  


  Note the correspondence between the setcc instructions and the HLA flag conditions that may appear in boolean instructions.


  The setcc instructions are particularly valuable because they can convert the result of a comparison to a boolean value (false/true or 0/1). This is especially important when translating statements from a high-level language like Pascal or C/C++ into assembly language. The following example shows how to use these instructions in this manner:


  


  
    //bool:=a<=b

    

    mov(a,eax);

    cmp(eax,b);

    setle(bool);//boolisabooleanorbytevariable.
  


  Because the setcc instructions always produce 0 or 1, you can use the results with the and and or instructions to compute complex boolean values:


  


  
    //bool:=((a<=b)and(d=e))

    

    mov(a,eax);

    cmp(eax,b);

    setle(bl);

    mov(d,eax);

    cmp(eax,e);

    sete(bh);

    and(bl,bh);

    mov(bh,bool);
  


  6.1.5 The test Instruction


  The 80x86 test instruction is to the and instruction what the cmp instruction is to sub. That is, the test instruction computes the logical and of its two operands and sets the condition code flags based on the result; it does not, however, store the result of the logical and back into the destination operand. The syntax for the test instruction is similar to and:


  


  
    test(operand1,operand2);
  


  The test instruction sets the zero flag if the result of the logical and operation is 0. It sets the sign flag if the H.O. bit of the result contains a 1. The test instruction always clears the carry and overflow flags.


  The primary use of the test instruction is to check to see if an individual bit contains a 0 or a 1. Consider the instruction test( 1, al);. This instruction logically ands AL with the value 1; if bit 1 of AL contains 0, the result will be 0 (setting the zero flag) because all the other bits in the constant 1 are 0. Conversely, if bit 1 of AL contains 1, then the result is not 0, so test clears the zero flag. Therefore, you can test the zero flag after this test instruction to see if bit 0 contains a 0 or a 1 (e.g., using a setz or setnz instruction).


  The test instruction can also check to see if all the bits in a specified set of bits contain 0. The instruction test( $F, al); sets the zero flag if and only if the L.O. 4 bits of AL all contain 0.


  One very important use of the test instruction is to check whether a register contains 0. The instruction test( reg, reg ); where both operands are the same register will logically and that register with itself. If the register contains 0, then the result is 0 and the CPU will set the zero flag. However, if the register contains a nonzero value, logically anding that value with itself produces that same nonzero value, so the CPU clears the zero flag. Therefore, you can check the zero flag immediately after the execution of this instruction (e.g., using the setz or setnz instructions or the @z and @nz boolean conditions) to see if the register contains 0. Here are some examples:


  


  
    test(eax,eax);

    setz(bl);//blissetto1ifeaxcontains0.

    .

    .

    .

    test(bx,bx);

    if(@nz)then

    

    <<Dosomethingifbx<>0.>>

    

    endif;
  


  


  6.2 Arithmetic Expressions


  Probably the biggest shock to beginners facing assembly language for the very first time is the lack of familiar arithmetic expressions. Arithmetic expressions, in most high-level languages, look similar to their algebraic equivalents. For example:


  


  
    x:=y*z;
  


  In assembly language, you'll need several statements to accomplish this same task:


  


  
    mov(y,eax);

    intmul(z,eax);

    mov(eax,x);
  


  Obviously the HLL version is much easier to type, read, and understand. This point, more than any other, is responsible for scaring people away from assembly language. Although there is a lot of typing involved, converting an arithmetic expression into assembly language isn't difficult at all. By attacking the problem in steps, the same way you would solve the problem by hand, you can easily break down any arithmetic expression into an equivalent sequence of assembly language statements. By learning how to convert such expressions to assembly language in three steps, you'll discover there is little difficulty to this task.


  6.2.1 Simple Assignments


  The easiest expressions to convert to assembly language are simple assignments. Simple assignments copy a single value into a variable and take one of two forms:


  


  
    variable:=constant
  


  or


  


  
    var1:=var2
  


  Converting the first form to assembly language is simple—just use the assembly language statement:


  


  
    mov(constant,variable);
  


  This mov instruction copies the constant into the variable.


  The second assignment above is slightly more complicated because the 80x86 doesn't provide a memory-to-memory mov instruction. Therefore, to copy one memory variable into another, you must move the data through a register. By convention (and for slight efficiency reasons), most programmers tend to favor AL/AX/EAX for this purpose. For example:


  


  
    var1:=var2;
  


  becomes


  


  
    mov(var2,eax);

    mov(eax,var1);
  


  This is assuming, of course, that var1 and var2 are 32-bit variables. Use AL if they are 8-bit variables; use AX if they are 16-bit variables.


  Of course, if you're already using AL, AX, or EAX for something else, one of the other registers will suffice. Regardless, you will generally use a register to transfer one memory location to another.


  6.2.2 Simple Expressions


  The next level of complexity is a simple expression. A simple expression takes the following form:


  


  
    var1:=term1opterm2;
  


  var1 is a variable, term1 and term2 are variables or constants, and op is some arithmetic operator (addition, subtraction, multiplication, and so on). Most expressions take this form. It should come as no surprise, then, that the 80x86 architecture was optimized for just this type of expression.


  A typical conversion for this type of expression takes the following form:


  


  
    mov(term1,eax);

    op(term2,eax);

    mov(eax,var1)
  


  op is the mnemonic that corresponds to the specified operation (e.g., + is add, − is sub, etc.).


  Note that the simple expression var1 := const1 op const2; is easily handled with a compile-time expression and a single mov instruction. For example, to compute var1 := 5+3;, just use the single instruction mov( 5+3, var1 );.


  There are a few inconsistencies you need to be aware of. When dealing with the (i)mul, (i)div, and (i)mod instructions on the 80x86, you must use the AL/AX/EAX and DX/EDX registers. You cannot use arbitrary registers as you can with other operations. Also, don't forget the sign extension instructions if you're performing a division operation and you're dividing one 16/32-bit number by another. Finally, don't forget that some instructions may cause overflow. You may want to check for an overflow (or underflow) condition after an arithmetic operation.


  Here are some examples of common simple expressions:


  


  
    x:=y+z;

    

    mov(y,eax);

    add(z,eax);

    mov(eax,x);

    

    x:=y-z;

    

    mov(y,eax);

    sub(z,eax);

    mov(eax,x);

    

    x:=y*z;{unsigned}

    

    mov(y,eax);

    mul(z,eax);//Don'tforgetthiswipesoutedx.

    mov(eax,x);

    

    x:=y*z;{signed}

    

    mov(y,eax);

    intmul(z,eax);//Doesnotaffectedx!

    mov(eax,x);

    

    x:=ydivz;{unsigneddiv}

    

    mov(y,eax);

    mov(0,edx);//Zeroextendeaxintoedx.

    div(z,edx:eax);

    mov(eax,x);

    

    x:=yidivz;{signeddiv}

    

    mov(y,eax);

    cdq();//Signextendeaxintoedx.

    idiv(z,edx:eax);

    mov(eax,z);

    

    x:=ymodz;{unsignedremainder}

    

    mov(y,eax);

    mov(0,edx);//Zeroextendeaxintoedx.

    mod(z,edx:eax);

    mov(edx,x);//Notethatremainderisinedx.

    

    x:=yimodz;{signedremainder}

    

    mov(y,eax);

    cdq();//Signextendeaxintoedx.

    imod(z,edx:eax);

    mov(edx,x);//Remainderisinedx.
  


  Certain unary operations also qualify as simple expressions, producing additional inconsistencies in the general rule. A good example of a unary operation is negation. In a high-level language, negation takes one of two possible forms:


  


  
    var:=-var
  


  or


  


  
    var1:=-var2
  


  Note that var := -constant is really a simple assignment, not a simple expression. You can specify a negative constant as an operand to the mov instruction:


  


  
    mov(−14,var);
  


  To handle var1 = -var1;, use this single assembly language statement:


  


  
    //var1=-var1;

    

    neg(var1);
  


  If two different variables are involved, then use the following.


  


  
    //var1=-var2;

    

    mov(var2,eax);

    neg(eax);

    mov(eax,var1);
  


  6.2.3 Complex Expressions


  A complex expression is any arithmetic expression involving more than two terms and one operator. Such expressions are commonly found in programs written in a high-level language. Complex expressions may include parentheses to override operator precedence, function calls, array accesses, and so on. While the conversion of many complex expressions to assembly language is fairly straightforward, other conversions require some effort. This section outlines the rules you use to convert such expressions.


  A complex expression that is easy to convert to assembly language is one that involves three terms and two operators. For example:


  


  
    w:=w-y-z;
  


  Clearly the straightforward assembly language conversion of this statement will require two sub instructions. However, even with an expression as simple as this one, the conversion is not trivial. There are actually two ways to convert this from the statement above into assembly language:


  


  
    mov(w,eax);

    sub(y,eax);

    sub(z,eax);

    mov(eax,w);
  


  and


  


  
    mov(y,eax);

    sub(z,eax);

    sub(eax,w);
  


  The second conversion, because it is shorter, looks better. However, it produces an incorrect result (assuming Pascal-like semantics for the original statement). Associativity is the problem. The second sequence above computes w := w - (y - z), which is not the same as w := (w - y) - z. How we place the parentheses around the subexpressions can affect the result. Note that if you are interested in a shorter form, you can use the following sequence:


  


  
    mov(y,eax);

    add(z,eax);

    sub(eax,w);
  


  This computes w := w - (y + z). This is equivalent to w := (w - y) - z.


  Precedence is another issue. Consider this Pascal expression:


  


  
    x:=w*y+z;
  


  Once again there are two ways we can evaluate this expression:


  


  
    x:=(w*y)+z;
  


  or


  


  
    x:=w*(y+z);
  


  By now, you're probably thinking that this text is crazy. Everyone knows the correct way to evaluate these expressions is by the second form. However, you're wrong to think that way. The APL programming language, for example, evaluates expressions solely from right to left and does not give one operator precedence over another. Which way is "correct" depends entirely on how you define precedence in your arithmetic system.


  Most high-level languages use a fixed set of precedence rules to describe the order of evaluation in an expression involving two or more different operators. Such programming languages usually compute multiplication and division before addition and subtraction. Those that support exponentiation (for example, FORTRAN and BASIC) usually compute that before multiplication and division. These rules are intuitive because almost everyone learns them before high school. Consider the expression


  


  
    xop1yop2z
  


  If op1 takes precedence over op2, then this evaluates to (x op1 y) op2 z; otherwise, if op2 takes precedence over op1, then this evaluates to x op1 (y op2 z). Depending upon the operators and operands involved, these two computations could produce different results. When converting an expression of this form into assembly language, you must be sure to compute the subexpression with the highest precedence first. The following example demonstrates this technique:


  


  
    //w:=x+y*z;

    

    mov(x,ebx);

    mov(y,eax);//Mustcomputey*zfirstbecause"*"

    intmul(z,eax);//hashigherprecedencethan"+".

    add(ebx,eax);

    mov(eax,w);
  


  If two operators appearing within an expression have the same precedence, then you determine the order of evaluation using associativity rules. Most operators are left associative, meaning that they evaluate from left to right. Addition, subtraction, multiplication, and division are all left associative. A right-associative operator evaluates from right to left. The exponentiation operator in FORTRAN and BASIC is a good example of a right-associative operator:


  


  
    2^2^3isequalto2^(2^3)not(2^2)^3
  


  The precedence and associativity rules determine the order of evaluation. Indirectly, these rules tell you where to place parentheses in an expression to determine the order of evaluation. Of course, you can always use parentheses to override the default precedence and associativity. However, the ultimate point is that your assembly code must complete certain operations before others to correctly compute the value of a given expression. The following examples demonstrate this principle:


  


  
    //w:=x-y-z

    

    mov(x,eax);//Allthesameoperator,soweneed

    sub(y,eax);//toevaluatefromlefttoright

    sub(z,eax);//becausetheyallhavethesame

    mov(eax,w);//precedenceandareleftassociative.

    

    //w:=x+y*z

    

    mov(y,eax);//Mustcomputey*zfirstbecause

    intmul(z,eax);//multiplicationhasahigher

    add(x,eax);//precedencethanaddition.

    mov(eax,w);

    

    

    //w:=x/y-z

    

    mov(x,eax);//Hereweneedtocomputedivision

    cdq();//firstbecauseithasthehighest

    idiv(y,edx:eax);//precedence.

    sub(z,eax);

    mov(eax,w);

    

    //w:=x*y*z

    

    mov(y,eax);//Additionandmultiplicationare

    intmul(z,eax);//commutative;thereforetheorder

    intmul(x,eax);//ofevaluationdoesnotmatter.

    mov(eax,w);
  


  There is one exception to the associativity rule. If an expression involves multiplication and division, it is generally better to perform the multiplication first. For example, given an expression of the form


  


  
    w:=x/y*z//Note:Thisis(x*z)/y,notx/(y*z).
  


  it is usually better to compute x * z and then divide the result by y rather than divide x by y and multiply the quotient by z. There are two reasons why this approach is better. First, remember that the imul instruction always produces a 64-bit result (assuming 32-bit operands). By doing the multiplication first, you automatically sign extend the product into the EDX register so you do not have to sign extend EAX prior to the division. A second reason for doing the multiplication first is to increase the accuracy of the computation. Remember, (integer) division often produces an inexact result. For example, if you compute 5/2 you will get the value 2, not 2.5. Computing (5 / 2) * 3 produces 6. However, if you compute (5 * 3) / 2 you get the value 7, which is a little closer to the real quotient (7.5). Therefore, if you encounter an expression of the form


  


  
    w:=x/y*z;
  


  you can usually convert it to the following assembly code:


  


  
    mov(x,eax);

    imul(z,eax);//Notetheuseofimul,notintmul!

    idiv(y,edx:eax);

    mov(eax,w);
  


  Of course, if the algorithm you're encoding depends on the truncation effect of the division operation, you cannot use this trick to improve the algorithm. Moral of the story: Always make sure you fully understand any expression you are converting to assembly language. Obviously, if the semantics dictate that you must perform the division first, then do so.


  Consider the following Pascal statement:


  


  
    w:=x-y*x;
  


  This is similar to a previous example except it uses subtraction rather than addition. Because subtraction is not commutative, you cannot compute y * x and then subtract x from this result. This tends to complicate the conversion a tiny amount. Rather than use a straightforward multiplication-and-addition sequence, you'll have to load x into a register, multiply y and x leaving their product in a different register, and then subtract this product from x. For example:


  


  
    mov(x,ebx);

    mov(y,eax);

    intmul(x,eax);

    sub(eax,ebx);

    mov(ebx,w);
  


  This is a trivial example that demonstrates the need for temporary variables in an expression. This code uses the EBX register to temporarily hold a copy of x until it computes the product of y and x. As your expressions increase in complexity, the need for temporaries grows. Consider the following Pascal statement:


  


  
    w:=(a+b)*(y+z);
  


  Following the normal rules of algebraic evaluation, you compute the subexpressions inside the parentheses (that is, the two subexpressions with the highest precedence) first and set their values aside. When you've computed the values for both subexpressions, you can compute their sum. One way to deal with a complex expression like this one is to reduce it to a sequence of simple expressions whose results wind up in temporary variables. For example, you can convert the single expression above into the following sequence:


  


  
    temp1:=a+b;

    temp2:=y+z;

    w:=temp1*temp2;
  


  Because converting simple expressions to assembly language is quite easy, it's now a snap to compute the former complex expression in assembly. The code is:


  


  
    mov(a,eax);

    add(b,eax);

    mov(eax,temp1);

    mov(y,eax);

    add(z,eax);

    mov(eax,temp2);

    mov(temp1,eax);

    intmul(temp2,eax);

    mov(eax,w);
  


  Of course, this code is grossly inefficient, and it requires that you declare a couple of temporary variables in your data segment. However, it is very easy to optimize this code by keeping temporary variables, as much as possible, in 80x86 registers. By using 80x86 registers to hold the temporary results, this code becomes:


  


  
    mov(a,eax);

    add(b,eax);

    mov(y,ebx);

    add(z,ebx);

    intmul(ebx,eax);

    mov(eax,w);
  


  Here's yet another example:


  


  
    x:=(y+z)*(a-b)/10;
  


  This can be converted to a set of four simple expressions:


  


  
    temp1:=(y+z)

    temp2:=(a-b)

    temp1:=temp1*temp2

    X:=temp1/10
  


  You can convert these four simple expressions into the following assembly language statements:


  


  
    mov(y,eax);//Computeeax=y+z

    add(z,eax);

    mov(a,ebx);//Computeebx=a-b

    sub(b,ebx);

    imul(ebx,eax);//Thisalsosignextendseaxintoedx.

    idiv(10,edx:eax);

    mov(eax,x);
  


  The most important thing to keep in mind is that you should attempt to keep temporary values in registers. Remember, accessing an 80x86 register is much more efficient than accessing a memory location. Use memory locations to hold temporaries only if you've run out of registers.


  Ultimately, converting a complex expression to assembly language is little different than solving the expression by hand. Instead of actually computing the result at each stage of the computation, you simply write the assembly code that computes the result. Because you were probably taught to compute only one operation at a time, this means that manual computation works on "simple expressions" that exist in a complex expression. Of course, converting those simple expressions to assembly is fairly simple. Therefore, anyone who can solve a complex expression by hand can convert it to assembly language following the rules for simple expressions.


  6.2.4 Commutative Operators


  If op represents some operator, that operator is commutative if the following relationship is always true:


  


  
    (AopB)=(BopA)
  


  As you saw in the previous section, commutative operators are nice because the order of their operands is immaterial, and this lets you rearrange a computation, often making that computation easier or more efficient. Often, rearranging a computation allows you to use fewer temporary variables. Whenever you encounter a commutative operator in an expression, you should always check to see if there is a better sequence you can use to improve the size or speed of your code. Table6-6 and Table6-7, respectively, list the commutative and noncommutative operators you typically find in high-level languages.


  


  Table6-6.Some Common Commutative Binary Operators


  


  
    
      	
        

        Pascal

      

      	
        

        C/C++

      

      	
        

        Description

      
    


    
      	
        

        +

      

      	
        

        +

      

      	
        

        Addition

      
    


    
      	
        

        *

      

      	
        

        *

      

      	
        

        Multiplication

      
    


    
      	
        

        and

      

      	
        

        && or &

      

      	
        

        Logical or bitwise and

      
    


    
      	
        

        or

      

      	
        

        || or |

      

      	
        

        Logical or bitwise or

      
    


    
      	
        

        xor

      

      	
        

        ^

      

      	
        

        (Logical or) bitwise exclusive-or

      
    


    
      	
        

        =

      

      	
        

        ==

      

      	
        

        Equality

      
    


    
      	
        

        <>

      

      	
        

        !=

      

      	
        

        Inequality

      
    

  


  


  Table6-7.Some Common Noncommutative Binary Operators


  


  
    
      	
        

        Pascal

      

      	
        

        C/C++

      

      	
        

        Description

      
    


    
      	
        

        -

      

      	
        

        -

      

      	
        

        Subtraction

      
    


    
      	
        

        / or div

      

      	
        

        /

      

      	
        

        Division

      
    


    
      	
        

        mod

      

      	
        

        %

      

      	
        

        Modulo or remainder

      
    


    
      	
        

        <

      

      	
        

        <

      

      	
        

        Less than

      
    


    
      	
        

        <=

      

      	
        

        <=

      

      	
        

        Less than or equal

      
    


    
      	
        

        >

      

      	
        

        >

      

      	
        

        Greater than

      
    


    
      	
        

        >=

      

      	
        

        >=

      

      	
        

        Greater than or equal

      
    

  


  


  6.3 Logical (Boolean) Expressions


  Consider the following expression from a Pascal program:


  


  
    b:=((x=y)and(a<=c))or((z-a)<>5);
  


  b is a boolean variable and the remaining variables are all integers.


  How do we represent boolean variables in assembly language? Although it takes only a single bit to represent a boolean value, most assembly language programmers allocate a whole byte or word for this purpose (thus, HLA also allocates a whole byte for a boolean variable). With a byte, there are 256 possible values we can use to represent the two values true and false. So which two values (or which two sets of values) do we use to represent these boolean values? Because of the machine's architecture, it's much easier to test for conditions like zero or not zero and positive or negative rather than to test for one of two particular boolean values. Most programmers (and, indeed, some programming languages like C) choose 0 to represent false and anything else to represent true. Some people prefer to represent true and false with 1 and 0 (respectively) and not allow any other values. Others select all 1 bits ($FFFF_FFFF, $FFFF, or $FF) for true and 0 for false. You could also use a positive value for true and a negative value for false. All these mechanisms have their advantages and drawbacks.


  Using only 0 and 1 to represent false and true offers two very big advantages: (1) The setcc instructions produce these results, so this scheme is compatible with those instructions; (2) the 80x86 logical instructions (and, or, xor, and, to a lesser extent, not) operate on these values exactly as you would expect. That is, if you have two boolean variables A and B, then the following instructions perform the basic logical operations on these two variables:


  


  
    //c=aANDb;

    

    mov(a,al);

    and(b,al);

    mov(al,c);

    

    //c=aORb;

    

    mov(a,al);

    or(b,al);

    mov(al,c);

    

    //c=aXORb;

    

    mov(a,al);

    xor(b,al);

    mov(al,c);

    

    //b=NOTa;

    

    mov(a,al);//NotethattheNOTinstructiondoesnot

    not(al);//properlycomputeal=NOTalbyitself.

    and(1,al);//I.e.,(NOT0)doesnotequalone.TheAND

    mov(al,b);//instructioncorrectsthisproblem.

    

    mov(a,al);//Anotherwaytodob=NOTa;

    xor(1,al);//Invertsbit0.

    mov(al,b);
  


  Note, as pointed out above, that the not instruction will not properly compute logical negation. The bitwise not of 0 is $FF and the bitwise not of 1 is $FE. Neither result is 0 or 1. However, by anding the result with 1 you get the proper result. Note that you can implement the not operation more efficiently using the xor( 1, ax ); instruction because it affects only the L.O. bit.


  As it turns out, using 0 for false and anything else for true has a lot of subtle advantages. Specifically, the test for true or false is often implicit in the execution of any logical instruction. However, this mechanism suffers from a very big disadvantage: You cannot use the 80x86 and, or, xor, and not instructions to implement the boolean operations of the same name. Consider the two values $55 and $AA. They're both nonzero so they both represent the value true. However, if you logically and $55 and $AA together using the 80x86 and instruction, the result is 0. True and true should produce true, not false. Although you can account for situations like this, it usually requires a few extra instructions and is somewhat less efficient when computing boolean operations.


  A system that uses nonzero values to represent true and 0 to represent false is an arithmetic logical system. A system that uses the two distinct values like 0 and 1 to represent false and true is called a boolean logical system, or simply a boolean system. You can use either system, as convenient. Consider again the boolean expression


  


  
    b:=((x=y)and(a<=d))or((z-a)<>5);
  


  The simple expressions resulting from this expression might be:


  


  
    mov(x,eax);

    cmp(y,eax);

    sete(al);//al:=x=y;

    

    mov(a,ebx);

    cmp(ebx,d);

    setle(bl);//bl:=a<=d;

    and(al,bl);//bl:=(x=y)and(a<=d);

    

    mov(z,eax);

    sub(a,eax);

    cmp(eax,5);

    setne(al);

    or(bl,al);//al:=((x=y)and(a<=d))or((z-a)<>5);

    mov(al,b);
  


  When working with boolean expressions don't forget that you might be able to optimize your code by simplifying those boolean expressions. You can use algebraic transformations to help reduce the complexity of an expression. In the chapter on control structures, you'll also see how to use control flow to calculate a boolean result. This is generally quite a bit more efficient than using complete boolean evaluation as the examples in this section teach.


  


  6.4 Machine and Arithmetic Idioms


  An idiom is an idiosyncrasy. Several arithmetic operations and 80x86 instructions have idiosyncrasies that you can take advantage of when writing assembly language code. Some people refer to the use of machine and arithmetic idioms as "tricky programming" that you should always avoid in well-written programs. While it is wise to avoid tricks just for the sake of tricks, many machine and arithmetic idioms are well known and commonly found in assembly language programs. Some of them are little more than tricks, but a good number of them are simply "tricks of the trade." This text cannot even begin to present all of the idioms in common use today; they are too numerous and the list is constantly changing. Nevertheless, there are some very important idioms that you will see all the time, so it makes sense to discuss those.


  6.4.1 Multiplying without mul, imul, or intmul


  When multiplying by a constant, you can sometimes write faster code by using shifts, additions, and subtractions in place of multiplication instructions.


  Remember, a shl instruction computes the same result as multiplying the specified operand by 2. Shifting to the left two bit positions multiplies the operand by 4. Shifting to the left three bit positions multiplies the operand by 8. In general, shifting an operand to the left n bits multiplies it by 2n. You can multiply any value by some constant using a series of shifts and additions or shifts and subtractions. For example, to multiply the AX register by 10, you need only multiply it by 8 and then add in two times the original value. That is, 10 * ax = 8 * ax + 2 * ax. The code to accomplish this is:


  


  
    shl(1,ax);//Multiplyaxbytwo.

    mov(ax,bx);//Save2*axforlater.

    shl(2,ax);//Multiplyaxbyeight(*4really,

    //butaxcontains*2).

    add(bx,ax);//Addinax*2toax*8togetax*10.
  


  Many x86 processors can multiply the AX register (or just about any register, for that matter) by various constant values much faster by using shl than by using the mul instruction. This may seem hard to believe because it takes only one instruction to compute this product:


  


  
    intmul(10,ax);
  


  However, if you look at the instruction timings, the shift and add example above requires fewer clock cycles on many processors in the 80x86 family than the mul instruction. Of course, the code is somewhat larger (by a few bytes), but the performance improvement is usually worth it.


  You can also use subtraction with shifts to perform a multiplication operation. Consider the following multiplication by 7:


  


  
    mov(eax,ebx);//Saveeax*1

    shl(3,eax);//eax=eax*8

    sub(ebx,eax);//eax*8-eax*1iseax*7
  


  A common error beginning assembly language programmers make is subtracting or adding 1 or 2 rather than eax * 1 or eax * 2. The following does not compute eax * 7:


  


  
    shl(3,eax);

    sub(1,eax);
  


  It computes (8 * eax) - 1, something entirely different (unless, of course, EAX = 1). Beware of this pitfall when using shifts, additions, and subtractions to perform multiplication operations.


  You can also use the lea instruction to compute certain products. The trick is to use the scaled index addressing modes. The following examples demonstrate some simple cases:


  


  
    lea(eax,[ecx][ecx]);//eax:=ecx*2

    lea(eax,[eax][eax*2]);//eax:=eax*3

    lea(eax,[eax*4]);//eax:=eax*4

    lea(eax,[ebx][ebx*4]);//eax:=ebx*5

    lea(eax,[eax*8]);//eax:=eax*8

    lea(eax,[edx][edx*8]);//eax:=edx*9
  


  6.4.2 Division Without div or idiv


  Just as the shl instruction is useful for simulating a multiplication by a power of 2, the shr and sar instructions can simulate a division by a power of 2. Unfortunately, you cannot easily use shifts, additions, and subtractions to perform a division by an arbitrary constant. Therefore, keep in mind that this trick is useful only when dividing by powers of 2. Also, don't forget that the sar instruction rounds towards negative infinity rather than toward 0; this is not the way the idiv instruction operates (it rounds toward 0).


  Another way to perform division is to use the multiply instructions. You can divide by some value by multiplying by its reciprocal. Because the multiply instruction is faster than the divide instruction, multiplying by a reciprocal is usually faster than division.


  Now you're probably wondering, "How does one multiply by a reciprocal when the values we're dealing with are all integers?" The answer, of course, is that we must cheat to do this. If you want to multiply by 1/10, there is no way you can load the value 1/10 into an 80x86 integer register prior to performing the multiplication. However, we could multiply 1/10 by 10, perform the multiplication, and then divide the result by 10 to get the final result. Of course, this wouldn't buy you anything; in fact, it would make things worse because you're now doing a multiplication by 10 as well as a division by 10. However, suppose you multiply 1/10 by 65,536 (6,553), perform the multiplication, and then divide by 65,536. This would still perform the correct operation, and, as it turns out, if you set up the problem correctly, you can get the division operation for free. Consider the following code that divides AX by 10:


  


  
    mov(6554,dx);//6,554=round(65,536/10)

    mul(dx,ax);
  


  This code leaves AX/10 in the DX register.


  To understand how this works, consider what happens when you multiply AX by 65,536 ($1_0000). This simply moves AX into DX and sets AX to 0 (a multiply by $1_0000 is equivalent to a shift left by 16 bits). Multiplying by 6,554 (65,536 divided by 10) puts AX divided by 10 into the DX register. Because mul is faster than div, this technique runs a little faster than using a division.


  Multiplying by a reciprocal works well when you need to divide by a constant. You could even use it to divide by a variable, but the overhead to compute the reciprocal pays off only if you perform the division many, many times (by the same value).


  6.4.3 Implementing Modulo-N Counters with and


  If you want to implement a counter variable that counts up to 2n - 1 and then resets to 0, simply use the following code:


  


  
    inc(CounterVar);

    and(nBits,CounterVar);
  


  where nBits is a binary value containing n bits containing ones right justified in the number. For example, to create a counter that cycles between 0 and 15 (24 − 1), you could use the following:


  


  
    inc(CounterVar);

    and(%00001111,CounterVar);
  


  


  6.5 Floating-Point Arithmetic


  When the 8086 CPU first appeared in the late 1970s, semiconductor technology was not to the point where Intel could put floating-point instructions directly on the 8086 CPU. Therefore, Intel devised a scheme whereby it could use a second chip to perform the floating-point calculations—the floating-point unit (or FPU).[102] By the release of the Intel Pentium chip, semiconductor technology had advanced to the point that the FPU was fully integrated onto the 80x86 CPU. Therefore, almost all modern 80x86 CPU devices fully support floating-point arithmetic directly on the CPU.


  6.5.1 FPU Registers


  The 80x86 FPUs add 13 registers to the 80x86: eight floating-point data registers, a control register, a status register, a tag register, an instruction pointer, and a data pointer. The data registers are similar to the 80x86's general-purpose register set insofar as all floating-point calculations take place in these registers. The control register contains bits that let you decide how the FPU handles certain degenerate cases like rounding of inaccurate computations; it also contains bits that control precision and so on. The status register is similar to the 80x86's flags register; it contains the condition code bits and several other floating-point flags that describe the state of the FPU. The tag register contains several groups of bits that determine the state of the value in each of the eight floating-point data registers. The instruction and data pointer registers contain certain state information about the last floating-point instruction executed. We will not consider the last three registers here; see the Intel documentation for more details.


  6.5.1.1 FPU Data Registers


  The FPUs provide eight 80-bit data registers organized as a stack. This is a significant departure from the organization of the general-purpose registers on the 80x86 CPU. HLA refers to these registers as ST0, ST1, . . . ST7.


  The biggest difference between the FPU register set and the 80x86 register set is the stack organization. On the 80x86 CPU, the AX register is always the AX register, no matter what happens. On the FPU, however, the register set is an eight-element stack of 80-bit floating-point values (see Figure6-1).
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    Figure6-1.FPU floating-point register stack
  


  ST0 refers to the item on the top of the stack, ST1 refers to the next item on the stack, and so on. Many floating-point instructions push and pop items on the stack; therefore, ST1 will refer to the previous contents of ST0 after you push something onto the stack. It will take some thought and practice to get used to the fact that the register numbers change, but this is an easy problem to overcome.


  6.5.1.2 The FPU Control Register


  When Intel designed the 80x87 (and, essentially, the IEEE floating-point standard), there were no standards in floating-point hardware. Different (mainframe and mini) computer manufacturers all had different and incompatible floating-point formats. Unfortunately, several applications had been written taking into account the idiosyncrasies of these different floating-point formats. Intel wanted to design an FPU that could work with the majority of the software out there (keep in mind that the IBM-PC was three to four years away when Intel began designing the 8087, so Intel couldn't rely on that "mountain" of software available for the PC to make its chip popular). Unfortunately, many of the features found in these older floating-point formats were mutually incompatible. For example, in some floating-point systems rounding would occur when there was insufficient precision; in others, truncation would occur. Some applications would work with one floating-point system but not with the other. Intel wanted as many applications as possible to work with as few changes as possible on its 80x87 FPUs, so it added a special register, the FPU control register, that lets the user choose one of several possible operating modes for the FPU.


  The 80x87 control register contains 16 bits organized as shown in Figure6-2.


  


  
    [image: ]
  


  
    Figure6-2.FPU control register
  


  Bits 10 and 11 of the FPU control register provide rounding control according to the values appearing in Table6-8.


  


  Table6-8.Rounding Control


  


  
    
      	
        

        Bits 10 & 11

      

      	
        

        Function

      
    


    
      	
        

        00

      

      	
        

        To nearest or even

      
    


    
      	
        

        01

      

      	
        

        Round down

      
    


    
      	
        

        10

      

      	
        

        Round up

      
    


    
      	
        

        11

      

      	
        

        Truncate

      
    

  


  The 00 setting is the default. The FPU rounds up values above one-half of the least significant bit. It rounds down values below one-half of the least significant bit. If the value below the least significant bit is exactly one-half of the least significant bit, then the FPU rounds the value toward the value whose least significant bit is 0. For long strings of computations, this provides a reasonable, automatic way to maintain maximum precision.


  The round-up and round-down options are present for those computations where it is important to keep track of the accuracy during a computation. By setting the rounding control to round down and performing the operation, then repeating the operation with the rounding control set to round up, you can determine the minimum and maximum ranges between which the true result will fall.


  The truncate option forces all computations to truncate any excess bits during the computation. You will rarely use this option if accuracy is important to you. However, if you are porting older software to the FPU, you might use this option to help when porting the software. One place where this option is extremely useful is when converting a floating-point value to an integer. Because most software expects floating-point-to-integer conversions to truncate the result, you will need to use the truncation/rounding mode to achieve this.


  Bits 8 and 9 of the control register specify the precision during computation. This capability is provided to allow compatibility with older software as required by the IEEE 754 standard. The precision control bits use the values in Table6-9.


  


  Table6-9.Mantissa Precision Control Bits


  


  
    
      	
        

        Bits 8 & 9

      

      	
        

        Precision Control

      
    


    
      	
        

        00

      

      	
        

        24 bits

      
    


    
      	
        

        01

      

      	
        

        Reserved

      
    


    
      	
        

        10

      

      	
        

        53 bits

      
    


    
      	
        

        11

      

      	
        

        64 bits

      
    

  


  Some CPUs may operate faster with floating-point values whose precision is 53 bits (i.e., 64-bit floating-point format) rather than 64 bits (i.e., 80-bit floating-point format). Please see the documentation for your specific processor for details. Generally, the CPU defaults these bits to %11 to select the 64-bit mantissa precision.


  Bits 0..5 are the exception masks. These are similar to the interrupt enable bit in the 80x86's flags register. If these bits contain a 1, the corresponding condition is ignored by the FPU. However, if any bit contains 0, and the corresponding condition occurs, then the FPU immediately generates an interrupt so the program can handle the degenerate condition (typically, this would wind up raising an HLA exception; see the excepts.hhf header file for the exception values).


  Bit 0 corresponds to an invalid operation error. This generally occurs as the result of a programming error. Situations that raise the invalid operation exception (ex.fInvalidOperation) include pushing more than eight items onto the stack or attempting to pop an item off an empty stack, taking the square root of a negative number, or loading a nonempty register.


  Bit 1 masks the denormalized interrupt that occurs whenever you try to manipulate denormalized values. Denormalized exceptions occur when you load arbitrary extended-precision values into the FPU or work with very small numbers just beyond the range of the FPU's capabilities. Normally, you would probably not enable this exception. If you enable this exception and the FPU generates this interrupt, the HLA runtime system raises the ex.fDenormal exception.


  Bit 2 masks the zero divide exception. If this bit contains 0, the FPU will generate an interrupt if you attempt to divide a nonzero value by 0. If you do not enable the zero division exception, the FPU will produce NaN (not a number) whenever you perform a zero division. It's probably a good idea to enable this exception by programming a 0 into this bit. Note that if your program generates this interrupt, the HLA runtime system will raise the ex.fDivByZero exception.


  Bit 3 masks the overflow exception. The FPU will raise the overflow exception if a calculation overflows or if you attempt to store a value that is too large to fit into the destination operand (for example, storing a large extended-precision value into a single-precision variable). If you enable this exception and the FPU generates this interrupt, the HLA runtime system raises the ex.fOverflow exception.


  Bit 4, if set, masks the underflow exception. Underflow occurs when the result is too small to fit in the destination operand. Like overflow, this exception can occur whenever you store a small extended-precision value into a smaller variable (single or double precision) or when the result of a computation is too small for extended precision. If you enable this exception and the FPU generates this interrupt, the HLA runtime system raises the ex.fUnderflow exception.


  Bit 5 controls whether the precision exception can occur. A precision exception occurs whenever the FPU produces an imprecise result, generally the result of an internal rounding operation. Although many operations will produce an exact result, many more will not. For example, dividing 1 by 10 will produce an inexact result. Therefore, this bit is usually 1 because inexact results are very common. If you enable this exception and the FPU generates this interrupt, the HLA runtime system raises the ex.InexactResult exception.


  Bits 6..7 and 12..15 in the control register are currently undefined and reserved for future use (bits 7 and 12 were valid on older FPUs but are no longer used).


  The FPU provides two instructions, fldcw (load control word) and fstcw (store control word), that let you load and store the contents of the control register. The single operand to these instructions must be a 16-bit memory location. The fldcw instruction loads the control register from the specified memory location. fstcw stores the control register into the specified memory location. The syntax for these instructions is:


  


  
    fldcw(mem16);

    fstcw(mem16);
  


  Here's some example code that sets the rounding control to "truncate result" and sets the rounding precision to 24 bits:


  


  
    static

    fcw16:word;

    .

    .

    .

    fstcw(fcw16);

    mov(fcw16,ax);

    and($f0ff,ax);//Clearsbits8-11.

    or($0c00,ax);//Roundingcontrol=%11,Precision=%00.

    mov(ax,fcw16);

    fldcw(fcw16);
  


  6.5.1.3 The FPU Status Register


  The FPU status register provides the status of the FPU at the instant you read it. The fstsw instruction stores the16-bit floating-point status register into a word variable. The status register is a 16-bit register; its layout appears in Figure6-3.
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    Figure6-3.The FPU status register
  


  Bits 0 through 5 are the exception flags. These bits appear in the same order as the exception masks in the control register. If the corresponding condition exists, then the bit is set. These bits are independent of the exception masks in the control register. The FPU sets and clears these bits regardless of the corresponding mask setting.


  Bit 6 indicates a stack fault. A stack fault occurs whenever there is a stack overflow or underflow. When this bit is set, the C1 condition code bit determines whether there was a stack overflow (C1 = 1) or stack underflow (C1 = 0) condition.


  Bit 7 of the status register is set if any error condition bit is set. It is the logical or of bits 0 through 5. A program can test this bit to quickly determine if an error condition exists.


  Bits 8, 9, 10, and 14 are the coprocessor condition code bits. Various instructions set the condition code bits, as shown in Table6-10 and Table6-11, respectively.


  


  Table6-10.FPU Condition Code Bits (X = "Don't care")


  


  
    
      	
        

        Instruction

      

      	
        

        Condition Code Bits

      

      	
        

        Condition

      
    


    
      	

      	
        

        C3

      

      	
        

        C2

      

      	
        

        C1

      

      	
        

        C0

      

      	
    


    
      	
        

        fcom


        fcomp


        fcompp


        ficom


        ficomp

      

      	
        

        0


        0


        1


        1

      

      	
        

        0


        0


        0


        1

      

      	
        

        X


        X


        X


        X

      

      	
        

        0


        1


        0


        1

      

      	
        

        ST > source


        ST < source


        ST = source


        ST or source undefined

      
    


    
      	
        

        ftst

      

      	
        

        0


        0


        1


        1

      

      	
        

        0


        0


        0


        1

      

      	
        

        X


        X


        X


        X

      

      	
        

        0


        1


        0


        1

      

      	
        

        ST is positive


        ST is negative


        ST is 0 (+ or −)


        ST is uncomparable

      
    


    
      	
        

        fxam

      

      	
        

        0


        0


        0


        0


        1


        1


        1


        1


        0


        0


        0


        0


        1

      

      	
        

        0


        0


        1


        1


        0


        0


        1


        1


        0


        0


        1


        1


        X

      

      	
        

        0


        1


        0


        1


        0


        1


        0


        1


        0


        1


        0


        1


        X

      

      	
        

        


        0


        0


        0


        0


        0


        0


        0


        1


        1


        1


        1


        1

      

      	
        

        + Unnormalized


        − Unnormalized


        + Normalized


        − Normalized


        + 0


        − 0


        + Denormalized


        − Denormalized


        + NaN


        − NaN


        + Infinity


        − Infinity


        Empty register

      
    


    
      	
        

        fucom


        fucomp


        fucompp

      

      	
        

        0


        0


        1


        1

      

      	
        

        0


        0


        0


        1

      

      	
        

        X


        X


        X


        X

      

      	
        

        0


        1


        0


        1

      

      	
        

        ST > source


        ST < source


        ST = source


        Unordered

      
    

  


  


  Table6-11.Condition Code Interpretations (X = "Don't care")


  


  
    
      	
        

        Instruction

      

      	
        

        Condition Code Bits

      

      	
        

        Condition

      
    


    
      	

      	
        

        C3

      

      	
        

        C2

      

      	
        

        C1

      

      	
        

        C0

      

      	
    


    
      	
        

        fcom


        fcomp


        fcompp


        ficom


        ficomp

      

      	
        

        0


        0


        1


        1

      

      	
        

        0


        0


        0


        1

      

      	
        

        X


        X


        X


        X

      

      	
        

        0


        1


        0


        1

      

      	
        

        ST > source


        ST < source


        ST = source


        ST or source undefined

      
    


    
      	
        

        ftst

      

      	
        

        0


        0


        1


        1

      

      	
        

        0


        0


        0


        1

      

      	
        

        X


        X


        X


        X

      

      	
        

        0


        1


        0


        1

      

      	
        

        ST is positive


        ST is negative


        ST is 0 (+ or −)


        ST is uncomparable

      
    


    
      	
        

        fxam

      

      	
        

        0


        0


        0


        0


        1


        1


        1


        1


        0


        0


        0


        0


        1

      

      	
        

        0


        0


        1


        1


        0


        0


        1


        1


        0


        0


        1


        1


        X

      

      	
        

        0


        1


        0


        1


        0


        1


        0


        1


        0


        1


        0


        1


        X

      

      	
        

        1


        0


        0


        0


        0


        0


        0


        0


        1


        1


        1


        1


        1

      

      	
        

        + Unnormalized


        − Unnormalized


        + Normalized


        − Normalized


        + 0


        − 0


        + Denormalized


        − Denormalized


        + NaN


        − NaN


        + Infinity


        − Infinity


        Empty register

      
    


    
      	
        

        fucom


        fucomp


        fucompp

      

      	
        

        0


        0


        1


        1

      

      	
        

        0


        0


        0


        1

      

      	
        

        X


        X


        X


        X

      

      	
        

        0


        1


        0


        1

      

      	
        

        ST > source


        ST < source


        ST = source


        Unordered

      
    

  


  Bits 11–13 of the FPU status register provide the register number of the top of stack. During computations, the FPU adds (modulo-8) the logical register numbers supplied by the programmer to these three bits to determine the physical register number at runtime.


  Bit 15 of the status register is the busy bit. It is set whenever the FPU is busy. This bit is a historical artifact from the days when the FPU was a separate chip; most programs will have little reason to access this bit.


  6.5.2 FPU Data Types


  The FPU supports seven different data types: three integer types, a packed decimal type, and three floating-point types. The integer type supports 64-bit integers, although it is often faster to do the 64-bit arithmetic using the integer unit of the CPU (see Chapter8). Certainly it is faster to do 16-bit and 32-bit integer arithmetic using the standard integer registers. The packed decimal type provides a 17-digit signed decimal (BCD) integer. The primary purpose of the BCD format is to convert between strings and floating-point values. The remaining three data types are the 32-bit, 64-bit, and 80-bit floating-point data types. The 80x87 data types appear in Figure6-4, Figure6-5, and Figure6-6.
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    Figure6-4.FPU floating-point formats
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    Figure6-5.FPU integer formats
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    Figure6-6.FPU packed decimal format
  


  The FPU generally stores values in a normalized format. When a floating-point number is normalized, the H.O. bit of the mantissa is always 1. In the 32- and 64-bit floating-point formats, the FPU does not actually store this bit; the FPU always assumes that it is 1. Therefore, 32- and 64-bit floating-point numbers are always normalized. In the extended-precision 80-bit floating-point format, the FPU does not assume that the H.O. bit of the mantissa is 1; the H.O. bit of the mantissa appears as part of the string of bits.


  Normalized values provide the greatest precision for a given number of bits. However, there are a large number of nonnormalized values that we cannot represent with the 80-bit format. These values are very close to 0 and represent the set of values whose mantissa H.O. bit is not 0. The FPUs support a special 80-bit form known as denormalized values. Denormalized values allow the FPU to encode very small values it cannot encode using normalized values, but denormalized values offer fewer bits of precision than normalized values. Therefore, using denormalized values in a computation may introduce some slight inaccuracy into a computation. Of course, this is always better than underflowing the denormalized value to 0 (which could make the computation even less accurate), but you must keep in mind that if you work with very small values you may lose some accuracy in your computations. Note that the FPU status register contains a bit you can use to detect when the FPU uses a denormalized value in a computation.


  6.5.3 The FPU Instruction Set


  The FPU adds many instructions to the 80x86 instruction set. We can classify these instructions as data movement instructions, conversions, arithmetic instructions, comparisons, constant instructions, transcendental instructions, and miscellaneous instructions. The following sections describe each of the instructions in these categories.


  6.5.4 FPU Data Movement Instructions


  The data movement instructions transfer data between the internal FPU registers and memory. The instructions in this category are fld, fst, fstp, and fxch. The fld instruction always pushes its operand onto the floating-point stack. The fstp instruction always pops the top of stack after storing the top of stack (TOS). The remaining instructions do not affect the number of items on the stack.


  6.5.4.1 The fld Instruction


  The fld instruction loads a 32-bit, 64-bit, or 80-bit floating-point value onto the stack. This instruction converts 32- and 64-bit operands to an 80-bit extended-precision value before pushing the value onto the floating-point stack.


  The fld instruction first decrements the TOS pointer (bits 11–13 of the status register) and then stores the 80-bit value in the physical register specified by the new TOS pointer. If the source operand of the FLD instruction is a floating-point data register, sti, then the actual register the FPU uses for the load operation is the register number before decrementing the TOS pointer. Therefore, fld( st0 ); duplicates the value on the top of the stack.


  The fld instruction sets the stack fault bit if stack overflow occurs. It sets the denormalized exception bit if you load an 80-bit denormalized value. It sets the invalid operation bit if you attempt to load an empty floating-point register onto the top of stack (or perform some other invalid operation).


  Here are some examples:


  


  
    fld(st1);

    fld(real32_variable);

    fld(real64_variable);

    fld(real80_variable);

    fld((typereal64[ebx]));

    fld(real_constant);
  


  Note that there is no way to directly load a 32-bit integer register onto the floating-point stack, even if that register contains a real32 value. To accomplish this, you must first store the integer register into a memory location; then you can push that memory location onto the FPU stack using the fld instruction. For example:


  


  
    mov(eax,tempReal32);//Savereal32valueineaxtomemory.

    fld(tempReal32);//PushthatrealvalueontotheFPUstack.
  


  Note that loading a constant via fld is actually an HLA extension. The FPU doesn't support this instruction type. HLA creates a real80 object in the constants segment and uses the address of this memory object as the true operand for fld.


  6.5.4.2 The fst and fstp Instructions


  The fst and fstp instructions copy the value on the top of the floating-point stack to another floating-point register or to a 32-, 64 -, or 80-bit memory variable. When copying data to a 32- or 64-bit memory variable, the FPU rounds the 80-bit extended-precision value on the top of stack to the smaller format as specified by the rounding control bits in the FPU control register.


  The fstp instruction pops the value off the top of the stack when moving it to the destination location. It does this by incrementing the TOS pointer in the status register after accessing the data in ST0. If the destination operand is a floating-point register, the FPU stores the value at the specified register number before popping the data off the top of the stack.


  Executing an fstp( st0 ); instruction effectively pops the data off the top of stack with no data transfer. Here are some examples:


  


  
    fst(real32_variable);

    fst(real64_variable);

    fst(realArray[ebx*8]);

    fst(st2);

    fstp(st1);
  


  The last example above effectively pops ST1 while leaving ST0 on the top of stack.


  The fst and fstp instructions will set the stack exception bit if a stack underflow occurs (attempting to store a value from an empty register stack). They will set the precision bit if there is a loss of precision during the store operation (this will occur, for example, when storing an 80-bit extended-precision value into a 32- or 64-bit memory variable and some bits are lost during conversion). They will set the underflow exception bit when storing an 80-bit value into a 32- or 64-bit memory variable, but the value is too small to fit into the destination operand. Likewise, these instructions will set the overflow exception bit if the value on the top of stack is too big to fit into a 32- or 64-bit memory variable. The fst and fstp instructions set the denormalized flag when you try to store a denormalized value into an 80-bit register or variable.[103] They set the invalid operation flag if an invalid operation (such as storing into an empty register) occurs. Finally, these instructions set the C1 condition bit if rounding occurs during the store operation (this occurs only when storing into a 32- or 64-bit memory variable and you have to round the mantissa to fit into the destination).


  
    Note
  


  
    Because of an idiosyncrasy in the FPU instruction set related to the encoding of the instructions, you cannot use the fst instruction to store data into a real80 memory variable. You may, however, store 80-bit data using the fstp instruction.
  


  6.5.4.3 The fxch Instruction


  The fxch instruction exchanges the value on the top of stack with one of the other FPU registers. This instruction takes two forms: one with a single FPU register as an operand and the second without any operands. The first form exchanges the top of stack with the specified register. The second form of fxch swaps the top of stack with ST1.


  Many FPU instructions, for example, fsqrt, operate only on the top of the register stack. If you want to perform such an operation on a value that is not on the top of stack, you can use the fxch instruction to swap that register with TOS, perform the desired operation, and then use the fxch to swap the TOS with the original register. The following example takes the square root of ST2:


  


  
    fxch(st2);

    fsqrt();

    fxch(st2);
  


  The fxch instruction sets the stack exception bit if the stack is empty. It sets the invalid operation bit if you specify an empty register as the operand. This instruction always clears the C1 condition code bit.


  6.5.5 Conversions


  The FPU performs all arithmetic operations on 80-bit real quantities. In a sense, the fld and fst/fstp instructions are conversion instructions because they automatically convert between the internal 80-bit real format and the 32- and 64-bit memory formats. Nonetheless, we'll simply classify them as data movement operations, rather than conversions, because they are moving real values to and from memory. The FPU provides six other instructions that convert to or from integer or binary-coded decimal (BCD) format when moving data. These instructions are fild, fist, fistp, fisttp, fbld, and fbstp.


  6.5.5.1 The fild Instruction


  The fild (integer load) instruction converts a 16-, 32-, or 64-bit two's complement integer to the 80-bit extended-precision format and pushes the result onto the stack. This instruction always expects a single operand. This operand must be the address of a word, double-word, or quad-word integer variable. You cannot specify one of the 80x86's 16- or 32-bit general-purpose registers. If you want to push the value of an 80x86 general-purpose register onto the FPU stack, you must first store it into a memory variable and then use fild to push that memory variable.


  The fild instruction sets the stack exception bit and C1 (accordingly) if stack overflow occurs while pushing the converted value. Look at these examples:


  


  
    fild(word_variable);

    fild(dword_val[ecx*4]);

    fild(qword_variable);

    fild((typeint64[ebx]));
  


  6.5.5.2 The fist, fistp, and fisttp Instructions


  The fist, fistp, and fisttp instructions convert the 80-bit extended-precision variable on the top of stack to a 16-, 32-, or 64-bit integer and store the result away into the memory variable specified by the single operand. The fist and fistp instructions convert the value on TOS to an integer according to the rounding setting in the FPU control register (bits 10 and 11). The fisttp instruction always does the conversion using the truncation mode. As for the fild instruction, the fist, fistp, and fisttp instructions will not let you specify one of the 80x86's general-purpose 16- or 32-bit registers as the destination operand.


  The fist instruction converts the value on the top of stack to an integer and then stores the result; it does not otherwise affect the floating-point register stack. The fistp and fisttp instructions pop the value off the floating-point register stack after storing the converted value.


  These instructions set the stack exception bit if the floating-point register stack is empty (this will also clear C1). They set the precision (imprecise operation) and C1 bits if rounding occurs (that is, if there is any fractional component to the value in ST0). These instructions set the underflow exception bit if the result is too small (that is, less than 1 but greater than 0 or less than 0 but greater than −1). Here are some examples:


  


  
    fist(word_var[ebx*2]);

    fist(qword_var);

    fisttp(dword_var);

    fistp(dword_var);
  


  Don't forget that the fist and fistp instructions use the rounding control settings to determine how they will convert the floating-point data to an integer during the store operation. Be default, the rounding control is usually set to "round" mode; yet most programmers expect fist/fistp to truncate the decimal portion during conversion. If you want fist/fistp to truncate floating-point values when converting them to an integer, you will need to set the rounding control bits appropriately in the floating-point control register (or use the fisttp instruction to truncate the result regardless of the rounding control bits). Here's an example:


  


  
    static

    fcw16:word;

    fcw16_2:word;

    IntResult:int32;

    .

    .

    .

    fstcw(fcw16);

    mov(fcw16,ax);

    or($0c00,ax);//Roundingcontrol=%11(truncate).

    mov(ax,fcw16_2);//Storeintomemoryandreloadthectrlword.

    fldcw(fcw16_2);

    

    fistp(IntResult);//TruncateST0andstoreasint32object.

    

    fldcw(fcw16);//Restoreoriginalroundingcontrol.
  


  6.5.5.3 The fbld and fbstp Instructions


  The fbld and fbstp instructions load and store 80-bit BCD values. The fbld instruction converts a BCD value to its 80-bit extended-precision equivalent and pushes the result onto the stack. The fbstp instruction pops the extended-precision real value on TOS, converts it to an 80-bit BCD value (rounding according to the bits in the floating-point control register), and stores the converted result at the address specified by the destination memory operand. Note that there is no fbst instruction.


  The fbld instruction sets the stack exception bit and C1 if stack overflow occurs. It sets the invalid operation bit if you attempt to load an invalid BCD value. The fbstp instruction sets the stack exception bit and clears C1 if stack underflow occurs (the stack is empty). It sets the underflow flag under the same conditions as fist and fistp. Look at these examples:


  


  
    //Assumingfewerthan8itemsonthestack,thefollowing

    //codesequenceisequivalenttoanfbstinstruction:

    

    fld(st0);

    fbstp(tbyte_var);

    

    //Thefollowingexampleeasilyconvertsan80-bitBCDvalueto

    //a64-bitinteger:

    

    fbld(tbyte_var);

    fist(qword_var);
  


  These two instructions are especially useful for converting between string and floating-point formats. See the floating-point-to-string and string-to-floating-point conversion routines in the HLA Standard Library for more details.


  6.5.6 Arithmetic Instructions


  The arithmetic instructions make up a small but important subset of the FPU's instruction set. These instructions fall into two general categories: those that operate on real values and those that operate on a real and an integer value.


  6.5.6.1 The fadd and faddp Instructions


  These two instructions take the following forms:


  


  
    fadd()

    faddp()

    fadd(st0,sti);

    fadd(sti,st0);

    faddp(st0,sti);

    fadd(mem_32_64);

    fadd(real_constant);
  


  The fadd instruction, with no operands, adds the value in ST0 to the value in ST1 and stores the result into ST1. The faddp instruction (with no operands) pops the two values on the top of stack, adds them, and pushes their sum back onto the stack.


  The next two forms of the fadd instruction, those with two FPU register operands, behave like the 80x86's add instruction. They add the value in the source register operand to the value in the destination register operand. Note that one of the register operands must be ST0.


  The faddp instruction with two operands adds ST0 (which must always be the source operand) to the destination operand and then pops ST0. The destination operand must be one of the other FPU registers.


  The last form above, fadd with a memory operand, adds a 32- or 64-bit floating-point variable to the value in ST0. This instruction will convert the 32- or 64-bit operands to an 80-bit extended-precision value before performing the addition. Note that this instruction does not allow an 80-bit memory operand.


  These instructions can raise the stack, precision, underflow, overflow, denormalized, and illegal operation exceptions, as appropriate. If a stack fault exception occurs, C1 denotes stack overflow or underflow.


  Like fld( real_constant), the fadd( real_constant ) instruction is an HLA extension. Note that it creates a 64-bit variable holding the constant value and emits the fadd( mem64 ) instruction, specifying the read-only object it creates in the constants segment.


  6.5.6.2 The fsub, fsubp, fsubr, and fsurpb Instructions


  These four instructions take the following forms:


  


  
    fsub()

    fsubp()

    fsubr()

    fsubrp()

    

    fsub(st0,sti)

    fsub(sti,st0);

    fsubp(st0,sti);

    fsub(mem_32_64);

    fsub(real_constant);

    

    fsubr(st0,sti)

    fsubr(sti,st0);

    fsubrp(st0,sti);

    fsubr(mem_32_64);

    fsubr(real_constant);
  


  With no operands, the fsub instruction subtracts ST0 from ST1 and leaves the result in ST1. With no operands the fsubp instruction pops ST0 and ST1 from the register stack, computes st1 - st0 and then pushes the difference back onto the stack. The fsubr and fsubrp instructions (reverse subtraction) operate in an almost identical fashion except they compute st0 - st1.


  With two register operands (source, destination) the fsub instruction computes destination := destination - source. One of the two registers must be ST0. With two registers as operands, the fsubp also computes destination := destination - source, and then it pops ST0 off the stack after computing the difference. For the fsubp instruction, the source operand must be ST0.


  With two register operands, the fsubr and fsubrp instructions work in a similar fashion to fsub and fsubp, except they compute destination := source - destination.


  The fsub( mem ) and fsubr( mem ) instructions accept a 32- or 64-bit memory operand. They convert the memory operand to an 80-bit extended-precision value and subtract this from ST0 (fsub) or subtract ST0 from this value (fsubr) and store the result back into ST0.


  These instructions can raise the stack, precision, underflow, overflow, denormalized, and illegal operation exceptions, as appropriate. If a stack fault exception occurs, C1 denotes stack overflow or underflow.


  
    Note
  


  
    The instructions that have real constants as operands aren't true FPU instructions. These are extensions provided by HLA. HLA generates a constant segment memory object initialized with the constant's value.
  


  6.5.6.3 The fmul and fmulp Instructions


  The fmul and fmulp instructions multiply two floating-point values. These instructions allow the following forms:


  


  
    fmul()

    fmulp()

    

    fmul(sti,st0);

    fmul(st0,sti);

    fmul(mem_32_64);

    fmul(real_constant);

    

    fmulp(st0,sti);
  


  With no operands, fmul will compute st0 * st1 and store the product into ST1. The fmulp instruction, with no operands, will pop ST0 and ST1, multiply these values, and push their product back onto the stack. The fmul instructions with two register operands compute destination := destination * source. One of the registers (source or destination) must be ST0.


  The fmulp( st0, sti ) instruction computes sti := sti * st0 and then pops ST0. This instruction uses the value for STi before popping ST0. The fmul( mem ) instruction requires a 32- or 64-bit memory operand. It converts the specified memory variable to an 80-bit extended-precision value and then multiplies ST0 by this value.


  These instructions can raise the stack, precision, underflow, overflow, denormalized, and illegal operation exceptions, as appropriate. If rounding occurs during the computation, these instructions set the C1 condition code bit. If a stack fault exception occurs, C1 denotes stack overflow or underflow.


  
    Note
  


  
    The instruction that has a real constant as its operand isn't a true FPU instruction. It is an extension provided by HLA (see the note at the end of 6.5.6.2 The fsub, fsubp, fsubr, and fsurpb Instructions for details).
  


  6.5.6.4 The fdiv, fdivp, fdivr, and fdivrp Instructions


  These four instructions allow the following forms:


  


  
    fdiv()

    fdivp()

    fdivr()

    fdivrp()

    

    fdiv(sti,st0);

    fdiv(st0,sti);

    fdivp(st0,sti);

    

    fdivr(sti,st0);

    fdivr(st0,sti);

    fdivrp(st0,sti);

    

    fdiv(mem_32_64);

    fdivr(mem_32_64);

    fdiv(real_constant);

    fdivr(real_constant);
  


  With no operands, the fdivp instruction pops ST0 and ST1, computes st1/st0, and pushes the result back onto the stack. The fdiv instruction with no operands computes st1 := st1/st0. The fdivr and fdivrp instructions work in a similar fashion to fdiv and fdivp except that they compute st0/st1 rather than st1/st0.


  With two register operands, these instructions compute the following quotients:


  


  
    fdiv(sti,st0);//st0:=st0/sti

    fdiv(st0,sti);//sti:=sti/st0

    fdivp(st0,sti);//sti:=sti/st0thenpopst0

    fdivr(st0,sti);//st0:=st0/sti

    fdivrp(st0,sti);//sti:=st0/stithenpopst0
  


  The fdivp and fdivrp instructions also pop ST0 after performing the division operation. The value for i in these two instructions is computed before popping ST0.


  These instructions can raise the stack, precision, underflow, overflow, denormalized, zero divide, and illegal operation exceptions, as appropriate. If rounding occurs during the computation, these instructions set the C1 condition code bit. If a stack fault exception occurs, C1 denotes stack overflow or underflow.


  Note that the instructions that have real constants as operands aren't true FPU instructions. These are extensions provided by HLA.


  6.5.6.5 The fsqrt Instruction


  The fsqrt routine does not allow any operands. It computes the square root of the value on top of stack (TOS) and replaces ST0 with this result. The value on TOS must be 0 or positive; otherwise fsqrt will generate an invalid operation exception.


  This instruction can raise the stack, precision, denormalized, and invalid operation exceptions, as appropriate. If rounding occurs during the computation, fsqrt sets the C1 condition code bit. If a stack fault exception occurs, C1 denotes stack overflow or underflow.


  Here's an example:


  


  
    //Computez:=sqrt(x**2+y**2);

    

    fld(x);//Loadx.

    fld(st0);//DuplicatexonTOS.

    fmulp();//Computex**2.

    

    fld(y);//Loady.

    fld(st0);//Duplicatey.

    fmul();//Computey**2.

    

    faddp();//Computex**2+y**2.

    fsqrt();//Computesqrt(x**2+y**2).

    fstp(z);//Storeresultawayintoz.
  


  6.5.6.6 The fprem and fprem1 Instructions


  The fprem and fprem1 instructions compute a partial remainder. Intel designed the fprem instruction before the IEEE finalized its floating-point standard. In the final draft of the IEEE floating-point standard, the definition of fprem was a little different than Intel's original design. Unfortunately, Intel needed to maintain compatibility with the existing software that used the fprem instruction, so it designed a new version to handle the IEEE partial remainder operation, fprem1. You should always use fprem1 in new software; therefore we will discuss only fprem1 here, although you use fprem in an identical fashion.


  fprem1 computes the partial remainder of st0/st1. If the difference between the exponents of ST0 and ST1 is less than 64, fprem1 can compute the exact remainder in one operation. Otherwise you will have to execute the fprem1 two or more times to get the correct remainder value. The C2 condition code bit determines when the computation is complete. Note that fprem1 does not pop the two operands off the stack; it leaves the partial remainder in ST0 and the original divisor in ST1 in case you need to compute another partial product to complete the result.


  The fprem1 instruction sets the stack exception flag if there aren't two values on the top of stack. It sets the underflow and denormal exception bits if the result is too small. It sets the invalid operation bit if the values on TOS are inappropriate for this operation. It sets the C2 condition code bit if the partial remainder operation is not complete. Finally, it loads C3, C1, and C0 with bits 0, 1, and 2 of the quotient, respectively.


  An example follows:


  


  
    //Computez:=xmody

    

    fld(y);

    fld(x);

    repeat

    

    fprem1();

    fstsw(ax);//Getconditioncodebitsintoax.

    and(1,ah);//SeeifC2isset.

    

    until(@z);//RepeatuntilC2isclear.

    fstp(z);//Storeawaytheremainder.

    fstp(st0);//Popoldyvalue.
  


  6.5.6.7 The frndint Instruction


  The frndint instruction rounds the value on the top of stack (TOS) to the nearest integer using the rounding algorithm specified in the control register.


  This instruction sets the stack exception flag if there is no value on the TOS (it will also clear C1 in this case). It sets the precision and denormal exception bits if there was a loss of precision. It sets the invalid operation flag if the value on the TOS is not a valid number. Note that the result on TOS is still a floating-point value; it simply does not have a fractional component.


  6.5.6.8 The fabs Instruction


  fabs computes the absolute value of ST0 by clearing the mantissa sign bit of ST0. It sets the stack exception bit and invalid operation bits if the stack is empty.


  Here's an example:


  


  
    //Computex:=sqrt(abs(x));

    

    fld(x);

    fabs();

    fsqrt();

    fstp(x);
  


  6.5.6.9 The fchs Instruction


  fchs changes the sign of ST0's value by inverting the mantissa sign bit (that is, this is the floating-point negation instruction). It sets the stack exception bit and invalid operation bits if the stack is empty.


  Look at this example:


  


  
    //Computex:=-xifxispositive,x:=xifxisnegative.

    //Thatis,forcextobeanegativevalue.

    

    fld(x);

    fabs();

    fchs();

    fstp(x);
  


  6.5.7 Comparison Instructions


  The FPU provides several instructions for comparing real values. The fcom, fcomp, and fcompp instructions compare the two values on the top of stack and set the condition codes appropriately. The ftst instruction compares the value on the top of stack with 0.


  Generally, most programs test the condition code bits immediately after a comparison. Unfortunately, there are no FPU instructions that test the FPU condition codes. Instead, you use the fstsw instruction to copy the floating-point status register into the AX register; then you can use the sahf instruction to copy the AH register into the 80x86's condition code bits. After doing this, you can test the standard 80x86 flags to check for some condition. This technique copies C0 into the carry flag, C2 into the parity flag, and C3 into the zero flag. The sahf instruction does not copy C1 into any of the 80x86's flag bits.


  Because the sahf instruction does not copy any FPU status bits into the sign or overflow flags, you cannot use signed comparison instructions. Instead, use unsigned operations (e.g., seta, setb) when testing the results of a floating-point comparison. Yes, these instructions normally test unsigned values, and floating-point numbers are signed values. However, use the unsigned operations anyway; the fstsw and sahf instructions set the 80x86 flags register as though you had compared unsigned values with the cmp instruction.


  The Pentium II and (upward) compatible processors provide an extra set of floating-point comparison instructions that directly affect the 80x86 condition code flags. These instructions circumvent having to use fstsw and sahf to copy the FPU status into the 80x86 condition codes. These instructions include fcomi and fcomip. You use them just like the fcom and fcomp instructions, except, of course, you do not have to manually copy the status bits to the FLAGS register.


  6.5.7.1 The fcom, fcomp, and fcompp Instructions


  The fcom, fcomp, and fcompp instructions compare ST0 to the specified operand and set the corresponding FPU condition code bits based on the result of the comparison. The legal forms for these instructions are:


  


  
    fcom()

    fcomp()

    fcompp()

    

    fcom(sti)

    fcomp(sti)

    

    fcom(mem_32_64)

    fcomp(mem_32_64)

    fcom(real_constant)

    fcomp(real_constant)
  


  With no operands, fcom, fcomp, and fcompp compare ST0 against ST1 and set the FPU flags accordingly. In addition, fcomp pops ST0 off the stack and fcompp pops both ST0 and ST1 off the stack.


  With a single-register operand, fcom and fcomp compare ST0 against the specified register. fcomp also pops ST0 after the comparison.


  With a 32- or 64-bit memory operand, the fcom and fcomp instructions convert the memory variable to an 80-bit extended-precision value and then compare ST0 against this value, setting the condition code bits accordingly. fcomp also pops ST0 after the comparison.


  These instructions set C2 (which winds up in the parity flag) if the two operands are not comparable (e.g., NaN). If it is possible for an illegal floating-point value to wind up in a comparison, you should check the parity flag for an error before checking the desired condition (e.g., using HLA's @p and @np conditions, or by using the setp/setnp instructions).


  These instructions set the stack fault bit if there aren't two items on the top of the register stack. They set the denormalized exception bit if either or both operands are denormalized. They set the invalid operation flag if either or both operands are quiet NaNs. These instructions always clear the C1 condition code.


  Note that the instructions that have real constants as operands aren't true FPU instructions. These are extensions provided by HLA. When HLA encounters such an instruction, it creates a real64 read-only variable in the constants segment and initializes this variable with the specified constant. Then HLA translates the instruction to one that specifies a real64 memory operand.


  
    Note
  


  
    Because of the precision differences (64 bits versus 80 bits), if you use a constant operand in a floating-point instruction you may not get results that are as precise as you would expect.
  


  Let's look at an example of a floating-point comparison:


  


  
    fcompp();

    fstsw(ax);

    sahf();

    setb(al);//al=trueifst1<st0.

    .

    .

    .
  


  Note that you cannot compare floating-point values in an HLA runtime boolean expression (e.g., within an if statement). You may, however, test the conditions in such statements after a floating-point comparison like the sequence above. For example:


  


  
    fcompp();

    fstsw(ax);

    sahf();

    if(@b)then

    

    <<Codethatexecutesifst1<st0>>

    

    endif;
  


  6.5.7.2 The fcomi and fcomip Instructions


  The fcomi and fcomip instructions compare ST0 to the specified operand and set the corresponding EFLAG condition code bits based on the result of the comparison. You use these instructions in a similar manner to fcom and fcomp except you can test the CPU's flag bits directly after the execution of these instructions without first moving the FPU status bits into the EFLAGS register. The legal forms for these instructions are as follows:


  


  
    fcomi()

    fcomip()

    fcomi(sti)

    fcomip(sti)

    

    fcomi(mem_32_64)

    fcomip(mem_32_64)

    fcomi(real_constant)

    fcomip(real_constant)
  


  6.5.7.3 The ftst Instruction


  The ftst instruction compares the value in ST0 against 0.0. It behaves just like the fcom instruction would if ST1 contained 0.0. Note that this instruction does not differentiate −0.0 from +0.0. If the value in ST0 is either of these values, ftst will set C3 to denote equality. This instruction does not pop ST0 off the stack.


  Here's an example:


  


  
    ftst();

    fstsw(ax);

    sahf();

    sete(al);//Setalto1ifTOS=0.0
  


  6.5.8 Constant Instructions


  The FPU provides several instructions that let you load commonly used constants onto the FPU's register stack. These instructions set the stack fault, invalid operation, and C1 flags if a stack overflow occurs; they do not otherwise affect the FPU flags. The specific instructions in this category include the following:


  


  
    fldz()//Pushes+0.0.

    fld1()//Pushes+1.0.

    fldpi()//Pushespi.

    fldl2t()//Pusheslog2(10).

    fldl2e()//Pusheslog2(e).

    fldlg2()//Pusheslog10(2).

    fldln2()//Pushesln(2).
  


  6.5.9 Transcendental Instructions


  The FPU provides eight transcendental (logarithmic and trigonometric) instructions to compute sine, cosine, partial tangent, partial arctangent, 2x - 1, y * log2(x), and y * log2(x + 1). Using various algebraic identities, it is easy to compute most of the other common transcendental functions using these instructions.


  6.5.9.1 The f2xm1 Instruction


  f2xm1 computes 2ST0 - 1. The value in ST0 must be in the range −1.0..ST0..+1.0. If ST0 is out of range, f2xm1 generates an undefined result but raises no exceptions. The computed value replaces the value in ST0.


  Here's an example computing 10x using the identity 10x = 2x *log2(10). This is only useful for a small range of x that doesn't put ST0 outside of the previously mentioned valid range.


  


  
    fld(x);

    fldl2t();

    fmul();

    f2xm1();

    fld1();

    fadd();
  


  Note that f2xm1 computes 2x - 1, which is why the code above adds 1.0 to the result at the end of the computation.


  6.5.9.2 The fsin, fcos, and fsincos Instructions


  These instructions pop the value off the top of the register stack and compute the sine, cosine, or both and push the result(s) back onto the stack. The fsincos instruction pushes the sine followed by the cosine of the original operand; hence it leaves cos(ST0) in ST0 and sin(ST0) in ST1.


  These instructions assume ST0 specifies an angle in radians and this angle must be in the range −263 < ST0 < +263. If the original operand is out of range, these instructions set the C2 flag and leave ST0 unchanged. You can use the fprem1 instruction, with a divisor of 2π, to reduce the operand to a reasonable range.


  These instructions set the stack fault/C1, precision, underflow, denormalized, and invalid operation flags according to the result of the computation.


  6.5.9.3 The fptan Instruction


  fptan computes the tangent of ST0 and pushes this value, and then it pushes 1.0 onto the stack. Like the fsin and fcos instructions, the value of ST0 must be in radians and in the range −263 < ST0 < +263. If the value is outside this range, fptan sets C2 to indicate that the conversion did not take place. As with the fsin, fcos, and fsincos instructions, you can use the fprem1 instruction to reduce this operand to a reasonable range using a divisor of 2π.


  If the argument is invalid (i.e., zero or π radians, which causes a division by 0), the result is undefined and this instruction raises no exceptions. fptan will set the stack fault, precision, underflow, denormal, invalid operation, C2, and C1 bits as required by the operation.


  6.5.9.4 The fpatan Instruction


  This instruction expects two values on the top of stack. It pops them and computes ST0 = tan−1(ST1/ST0).


  The resulting value is the arctangent of the ratio on the stack expressed in radians. If you have a value you wish to compute the tangent of, use fld1 to create the appropriate ratio and then execute the fpatan instruction.


  This instruction affects the stack fault/C1, precision, underflow, denormal, and invalid operation bits if a problem occurs during the computation. It sets the C1 condition code bit if it has to round the result.


  6.5.9.5 The fyl2x Instruction


  This instruction expects two operands on the FPU stack: y is found in ST1 and x is found in ST0. This function computes ST0 = ST1 * log2(ST0).


  This instruction has no operands (to the instruction itself ). The instruction uses the following syntax:


  


  
    fyl2x();
  


  Note that this instruction computes the base-2 logarithm. Of course, it is a trivial matter to compute the log of any other base by multiplying by the appropriate constant.


  6.5.9.6 The fyl2xp1 Instruction


  This instruction expects two operands on the FPU stack: y is found in ST1 and x is found in ST0. This function computes ST0 = ST1 * log2(ST0 + 1.0).


  The syntax for this instruction is:


  


  
    fyl2xp1();
  


  Otherwise, the instruction is identical to fyl2x.


  6.5.10 Miscellaneous Instructions


  The FPU includes several additional instructions that control the FPU, synchronize operations, and let you test or set various status bits. These instructions include finit/fninit, fldcw, fstcw, fclex/fnclex, and fstsw.


  6.5.10.1 The finit and fninit Instructions


  The finit instruction initializes the FPU for proper operation. Your applications should execute this instruction before executing any other FPU instructions. This instruction initializes the control register to $37F, the status register to 0, and the tag word to $FFFF. The other registers are unaffected.


  Here are some examples:


  


  
    finit();

    fninit();
  


  The difference between finit and fninit is that finit first checks for any pending floating-point exceptions before initializing the FPU; fninit does not.


  6.5.10.2 The fldcw and fstcw Instructions


  The fldcw and fstcw instructions require a single 16-bit memory operand:


  


  
    fldcw(mem16);

    fstcw(mem16);
  


  These two instructions load the control register from a memory location (fldcw) or store the control word to a 16-bit memory location (fstcw).


  When using the fldcw instruction to turn on one of the exceptions, if the corresponding exception flag is set when you enable that exception, the FPU will generate an immediate interrupt before the CPU executes the next instruction. Therefore, you should use the fclex instruction to clear any pending interrupts before changing the FPU exception enable bits.


  6.5.10.3 The fclex and fnclex Instructions


  The fclex and fnclex instructions clear all exception bits, the stack fault bit, and the busy flag in the FPU status register.


  Here are some examples:


  


  
    fclex();

    fnclex();
  


  The difference between these instructions is the same as between finit and fninit.


  6.5.10.4 The fstsw and fnstsw Instructions


  These instructions store the FPU status register into a 16-bit memory location or the AX register.


  


  
    fstsw(ax);

    fnstsw(ax);

    fstsw(mem16);

    fnstsw(mem16);
  


  These instructions are unusual in the sense that they can copy an FPU value into one of the 80x86 general-purpose registers (specifically, AX). Of course, the whole purpose behind allowing the transfer of the status register into AX is to allow the CPU to easily test the condition code register with the sahf instruction. The difference between fstsw and fnstsw is the same as for fclex and fnclex.


  6.5.11 Integer Operations


  The FPU provides special instructions that combine integer-to-extended-precision conversion with various arithmetic and comparison operations. These instructions are the following:


  


  
    fiadd(int_16_32);

    fisub(int_16_32);

    fisubr(int_16_32);

    fimul(int_16_32);

    fidiv(int_16_32);

    fidivr(int_16_32);

    

    ficom(int_16_32);

    ficomp(int_16_32);
  


  These instructions convert their 16- or 32-bit integer operands to an 80-bit extended-precision floating-point value and then use this value as the source operand for the specified operation. These instructions use ST0 as the destination operand.


  

  


  [102] Intel has also referred to this device as the Numeric Data Processor (NDP), Numeric Processor Extension (NPX), and math coprocessor.


  [103] Storing a denormalized value into a 32- or 64-bit memory variable will always set the underflow exception bit.


  


  6.6 Converting Floating-Point Expressions to Assembly Language


  Because the FPU register organization is different than the 80x86 integer register set, translating arithmetic expressions involving floating-point operands is a little different than the techniques for translating integer expressions. Therefore, it makes sense to spend some time discussing how to manually translate floating-point expressions into assembly language.


  In one respect, it's actually easier to translate floating-point expressions into assembly language. The stack architecture of the Intel FPU eases the translation of arithmetic expressions into assembly language. If you've ever used a Hewlett-Packard calculator, you'll be right at home on the FPU because, like the HP calculator, the FPU uses postfix notation (also called Reverse Polish notation, or RPN ), for arithmetic operations. Once you get used to using postfix notation, it's actually a bit more convenient for translating expressions because you don't have to worry about allocating temporary variables—they always wind up on the FPU stack.


  Postfix notation, as opposed to standard infix notation, places the operands before the operator. The following examples give some simple examples of infix notation and the corresponding postfix notation:


  


  
    infixnotationpostfixnotation

    5+656+

    7−272−

    x*yxy*

    a/bab/
  


  A postfix expression like 5 6 + says, "push 5 onto the stack, push 6 onto the stack, and then pop the value off the top of stack (6) and add it to the new top of stack." Sound familiar? This is exactly what the fld and fadd instructions do. In fact, you can calculate this using the following code:


  


  
    fld(5.0);

    fld(6.0);

    fadd();//11.0isnowonthetopoftheFPUstack.
  


  As you can see, postfix is a convenient notation because it's very easy to translate this code into FPU instructions.


  One advantage to postfix notation is that it doesn't require any parentheses. The following examples demonstrate some slightly more complex infix-to-postfix conversions:


  


  
    infixnotationpostfixnotation

    (x+y)*2xy+2*

    x*2−(a+b)x2*ab+−

    (a+b)*(c+d)ab+cd+*
  


  The postfix expression x y + 2 * says, "Push x, then push y; next, add those values on the stack (producing x + y on the stack). Next, push 2 and then multiply the two values (2 and x + y) on the stack to produce two times the quantity x + y." Once again, we can translate these postfix expressions directly into assembly language. The following code demonstrates the conversion for each of the above expressions:


  


  
    //xy+2*

    

    fld(x);

    fld(y);

    fadd();

    fld(2.0);

    fmul();

    

    //x2*ab+−

    

    fld(x);

    fld(2.0);

    fmul();

    fld(a);

    fld(b);

    fadd();

    fsub();

    

    //ab+cd+*

    

    fld(a);

    fld(b);

    fadd();

    fld(c);

    fld(d);

    fadd();

    fmul();
  


  6.6.1 Converting Arithmetic Expressions to Postfix Notation


  Because the process of translating arithmetic expressions into assembly language involves postfix notation (RPN), converting arithmetic expressions into postfix notation seems like a good place to begin our discussion of floating-point expression conversion. This section will concentrate on postfix conversion.


  For simple expressions, those involving two operands and a single expression, the translation is trivial. Simply move the operator from the infix position to the postfix position (that is, move the operator from between the operands to after the second operand). For example, 5 + 6 becomes 5 6 +. Other than separating your operands so you don't confuse them (i.e., is it 5 and 6 or 56?), converting simple infix expressions into postfix notation is straightforward.


  For complex expressions, the idea is to convert the simple subexpressions into postfix notation and then treat each converted subexpression as a single operand in the remaining expression. The following discussion surrounds completed conversions with square brackets so it is easy to see which text needs to be treated as a single operand in the conversion.


  As for integer expression conversion, the best place to start is in the innermost parenthetical subexpression and then work your way outward considering precedence, associativity, and other parenthetical subexpressions. As a concrete working example, consider the following expression:


  


  
    x=((y-z)*a)-(a+b*c)/3.14159
  


  A possible first translation is to convert the subexpression (y - z) into postfix notation:


  


  
    x=([yz-]*a)-(a+b*c)/3.14159
  


  Square brackets surround the converted postfix code just to separate it from the infix code. These exist only to make the partial translations more readable. Remember, for the purposes of conversion we will treat the text inside the square brackets as a single operand. Therefore, you would treat [y z -] as though it were a single variable name or constant.


  The next step is to translate the subexpression ([y z -] * a ) into postfix form. This yields the following:


  


  
    x=[yz-a*]-(a+b*c)/3.14159
  


  Next, we work on the parenthetical expression ( a + b * c ). Because multiplication has higher precedence than addition, we convert b * c first:


  


  
    x=[yz-a*]-(a+[bc*])/3.14159
  


  After converting b * c we finish the parenthetical expression:


  


  
    x=[yz-a*]-[abc*+]/3.14159
  


  This leaves only two infix operators: subtraction and division. Because division has the higher precedence, we'll convert that first:


  


  
    x=[yz-a*]-[abc*+3.14159/]
  


  Finally, we convert the entire expression into postfix notation by dealing with the last infix operation, subtraction:


  


  
    x=[yz-a*][abc*+3.14159/]-
  


  Removing the square brackets to give us true postfix notation yields the following postfix expression:


  


  
    x=yz-a*abc*+3.14159/-
  


  The following steps demonstrate another infix-to-postfix conversion for the expression:


  


  
    a=(x*y-z+t)/2.0
  


  
    
  


  
    	
      
        
          Work inside the parentheses. Because multiplication has the highest precedence, convert that first:
        

      


      
        

      


      
        
          
            a=([xy*]-z+t)/2.0
          

        

      

    


    	
      
        
          Still working inside the parentheses, we note that addition and subtraction have the same precedence, so we rely on associativity to determine what to do next. These operators are left associative, so we must translate the expressions in a left-to-right order. This means translate the subtraction operator first:
        

      


      
        

      


      
        
          
            a=([xy*z-]+t)/2.0
          

        

      

    


    	
      
        
          Now translate the addition operator inside the parentheses. Because this finishes the parenthetical operators, we can drop the parentheses:
        

      


      
        

      


      
        
          
            a=[xy*z-t+]/2.0
          

        

      

    


    	
      
        
          Translate the final infix operator (division). This yields the following:
        

      


      
        

      


      
        
          
            a=[xy*z-t+2.0/]
          

        

      

    


    	
      
        
          Drop the square brackets and we're done:
        

      


      
        

      


      
        
          
            a=xy*z-t+2.0/
          

        

      

    

  


  6.6.2 Converting Postfix Notation to Assembly Language


  Once you've translated an arithmetic expression into postfix notation, finishing the conversion to assembly language is easy. All you have to do is issue an fld instruction whenever you encounter an operand and issue an appropriate arithmetic instruction when you encounter an operator. This section uses the completed examples from the previous section to demonstrate how little there is to this process.


  


  
    x=yz-a*abc*+3.14159/-
  


  
    
  


  
    	
      
        
          Convert y to fld(y).
        

      

    


    	
      
        
          Convert z to fld(z).
        

      

    


    	
      
        
          Convert - to fsub().
        

      

    


    	
      
        
          Convert a to fld(a).
        

      

    


    	
      
        
          Convert * to fmul().
        

      

    


    	
      
        
          Continuing in a left-to-right fashion, generate the following code for the expression:
        

      


      
        

      


      
        
          
            fld(y);

            fld(z);

            fsub();

            fld(a);

            fmul();

            fld(a);

            fld(b);

            fld(c);

            fmul();

            fadd();

            fldpi();//Loadspi(3.14159)

            fdiv();

            fsub();

            

            fstp(x);//Storeresultawayintox.
          

        

      


      
        
          Here's the translation for the second example in the previous section:
        

      


      
        

      


      
        
          
            a=xy*z-t+2.0/

            fld(x);

            fld(y);

            fmul();

            fld(z);

            fsub();

            fld(t);

            fadd();

            fld(2.0);

            fdiv();

            

            fstp(a);//Storeresultawayintoa.
          

        

      

    

  


  As you can see, the translation is fairly simple once you've converted the infix notation to postfix notation. Also note that, unlike integer expression conversion, you don't need any explicit temporaries. It turns out that the FPU stack provides the temporaries for you.[104] For these reasons, conversion of floating-point expressions into assembly language is actually easier than converting integer expressions.


  

  


  [104] This assumes, of course, that your calculations aren't so complex that you exceed the eight-element limitation of the FPU stack.


  


  6.7 HLA Standard Library Support for Floating-Point Arithmetic


  Chapter2 briefly mentioned the stdin.getf function. What it left out of that discussion is where stdin.getf returns the floating-point value is reads from the standard input. Now that you've seen the floating-point extensions to the 80x86, it's possible to finish the discussion of that standard library function. The stdin.getf function reads a string of characters from the standard input, converts those characters to an 80-bit floating-point number, and leaves the result sitting on the FPU stack (in ST0).


  The HLA Standard Library also provides the math.hhf module that includes several mathematical functions that the FPU doesn't directly support as well as support for various functions (like sine and cosine) that the FPU partially supports. Some of the functions that the math.hhf module provides are acos, acot, acsc, asec, asin, cot, csc, sec, 2x, 10x, yx, ex, log, and ln. Please consult the HLA standard library documentation for more information about these functions and other mathematical functions the HLA standard library supports.


  


  6.8 For More Information


  The Intel/AMD processor manuals fully describe the operation of each of the integer and floating-point arithmetic instructions, including a detailed description of how these instructions affect the condition code bits and other flags in the EFLAGS and FPU status registers. To write the best possible assembly language code, you need to be intimately familiar with how the arithmetic instructions affect the execution environment, so spending time with the Intel/AMD manuals is a good idea.


  The HLA Standard Library provides a large number of floating-point functions for which there are no individual machine instructions. The HLA Standard Library also provides functions like math.sin and math.cos that overcome limitations of the native machine instructions. See the HLA Standard Library reference manual for more details. Also, the HLA Standard Library is available in source code form, so you can look at the implementation of these mathematical functions for more examples of floating-point coding.


  Chapter8 discusses multiprecision integer arithmetic. See that chapter for details on handling integer operands that are greater than 32 bits in size.


  The 80x86 SSE instruction set found on later members of the CPU provides support for floating-point arithmetic using the SSE register set. Consult http://webster.cs.ucr.edu/ or the Intel/AMD documentation for details concerning the SSE floating-point instruction set.


  


  Chapter7.LOW-LEVEL CONTROL STRUCTURES


  [image: ]


  This chapter discusses "pure" assembly language control statements. You'll need to master these low-level control structures before you can claim to be an assembly language programmer. By the time you finish this chapter, you should be able to stop using HLA's high-level control statements and synthesize them using low-level 80x86 machine instructions.


  The last section of this chapter discusses hybrid control structures that combine the features of HLA's high-level control statements with the 80x86 control instructions. These combine the power and efficiency of the low-level control statements with the readability of high-level control statements. Advanced assembly programmers may want to use these hybrid statements to improve their programs' readability without sacrificing efficiency.


  7.1 Low-Level Control Structures


  Until now, most of the control structures you've seen and have used in your programs are similar to the control structures found in high-level languages like Pascal, C++, and Ada. While these control structures make learning assembly language easy, they are not true assembly language statements. Instead, the HLA compiler translates these control structures into a sequence of "pure" machine instructions that achieve the same result as the high-level control structures. This text uses the high-level control structures to allow you to learn assembly language without having to learn everything all at once. Now, however, it's time to put aside these high-level control structures and learn how to write your programs in real assembly language, using low-level control structures.


  


  7.2 Statement Labels


  Assembly language low-level control structures make extensive use of labels within your source code. A low-level control structure usually transfers control between two points in your program. You typically specify the destination of such a transfer using a statement label. A statement label consists of a valid (unique) HLA identifier and a colon. For example:


  


  
    aLabel:
  


  Of course, as for procedure, variable, and constant identifiers, you should attempt to choose descriptive and meaningful names for your labels. The example identifier above, aLabel, is hardly descriptive or meaningful.


  Statement labels have one important attribute that differentiates them from most other identifiers in HLA: You don't have to declare a label before you use it. This is important, because low-level control structures must often transfer control to some point later in the code; therefore the label may not be defined by the time you reference it.


  You can do three things with labels: transfer control to a label via a jump (goto) instruction, call a label via the call instruction, and take the address of a label. There is very little else you can directly do with a label (of course, there is very little else you would want to do with a label, so this is hardly a restriction). The program in Example7-1 demonstrates two ways to take the address of a label in your program and print out the address (using the lea instruction and using the & address-of operator):


  


  Example7-1.Displaying the address of statement labels in a program


  
    programlabelDemo;

    #include("stdlib.hhf");

    

    beginlabelDemo;

    

    lbl1:

    

    lea(ebx,lbl1);

    mov(&lbl2,eax);

    stdout.put("&lbl1=$",ebx,"&lbl2=",eax,nl);

    lbl2:

    

    endlabelDemo;
  


  HLA also allows you to initialize double-word variables with the addresses of statement labels. However, there are some restrictions on labels that appear in the initialization portions of variable declarations. The most important restriction is that you must define the statement label at the same lexical level as the variable declaration. That is, if you reference a statement label in the initializer of a variable declaration appearing in the main program, the statement label must also be in the main program. Conversely, if you take the address of a statement label in a local variable declaration, that symbol must appear in the same procedure as the local variable. Example7-2 demonstrates the use of statement labels in variable initialization:


  


  Example7-2.Initializing dword variables with the address of statement labels


  
    programlabelArrays;

    #include("stdlib.hhf");

    

    static

    labels:dword[2]:=[&lbl1,&lbl2];

    

    procedurehasLabels;

    static

    stmtLbls:dword[2]:=[&label1,&label2];

    

    beginhasLabels;

    

    label1:

    

    stdout.put

    (

    "stmtLbls[0]=$",stmtLbls[0],nl,

    "stmtLbls[1]=$",stmtLbls[4],nl

    );

    

    label2:

    

    endhasLabels;

    

    beginlabelArrays;

    

    hasLabels();

    lbl1:

    

    stdout.put("labels[0]=$",labels[0],"labels[1]=",labels[4],nl);

    

    lbl2:

    

    endlabelArrays;
  


  Once in a while, you'll need to refer to a label that is not within the current procedure. The need for this is sufficiently rare that this text will not describe all the details. See the HLA documentation for more details should you ever need to do this.


  


  7.3 Unconditional Transfer of Control (jmp)


  The jmp ( jump) instruction unconditionally transfers control to another point in the program. There are three forms of this instruction: a direct jump and two indirect jumps. These instructions take the following forms:


  


  
    jmplabel;

    jmp(reg32);

    jmp(mem32);
  


  The first instruction is a direct jump above. For direct jumps you normally specify the target address using a statement label. The label appears either on the same line as an executable machine instruction or by itself on a line preceding an executable machine instruction. The direct jump is completely equivalent to a goto statement in a high-level language.[105]


  Here's an example:


  


  
    <<statements>>

    jmplaterInPgm;

    .

    .

    .

    laterInPgm:

    <<statements>>
  


  The second form of the jmp instruction given earlier—jmp( reg32 );—is a register indirect jump instruction. This instruction transfers control to the instruction whose address appears in the specified 32-bit general-purpose register. To use this form of the jmp instruction, you must load a 32-bit register with the address of some machine instruction prior to the execution of the jmp. You could use this instruction to implement a state machine by loading a register with the address of some label at various points throughout your program and then use a single indirect jump at a common point to transfer control to one of those labels. The short sample program in Example7-3 demonstrates how you could use the jmp in this manner.


  


  Example7-3.Using register-indirect jmp instructions


  
    programregIndJmp;

    #include("stdlib.hhf");

    

    static

    i:int32;

    

    beginregIndJmp;

    

    //Readanintegerfromtheuserandsetebxto

    //denotethesuccessorfailureoftheinput.

    

    try

    

    stdout.put("Enteranintegervaluebetween1and10:");

    stdin.get(i);

    mov(i,eax);

    if(eaxin1..10)then

    

    mov(&GoodInput,ebx);

    

    else

    

    mov(&valRange,ebx);

    

    endif;

    

    exception(ex.ConversionError)

    

    mov(&convError,ebx);

    

    exception(ex.ValueOutOfRange)

    

    mov(&valRange,ebx);

    

    endtry;

    

    //Okay,transfercontroltotheappropriate

    //sectionoftheprogramthatdealswith

    //theinput.

    

    jmp(ebx);

    

    valRange:

    stdout.put("Youenteredavalueoutsidetherange1..10"nl);

    jmpDone;

    

    convError:

    stdout.put("Yourinputcontainedillegalcharacters"nl);

    jmpDone;

    

    GoodInput:

    stdout.put("Youenteredthevalue",i,nl);

    

    Done:

    

    

    endregIndJmp;
  


  The third form of the jmp instruction given earlier is a memory-indirect jmp. This form of the jmp instruction fetches the double-word value from the memory location and jumps to that address. This is similar to the register-indirect jmp except the address appears in a memory location rather than in a register. Example7-4 demonstrates a rather trivial use of this form of the jmp instruction.


  


  Example7-4.Using memory-indirect jmp instructions


  
    programmemIndJmp;

    #include("stdlib.hhf");

    

    static

    LabelPtr:dword:=&stmtLabel;

    

    beginmemIndJmp;

    

    stdout.put("BeforetheJMPinstruction"nl);

    jmp(LabelPtr);

    

    stdout.put("Thisshouldnotexecute"nl);

    

    stmtLabel:

    

    stdout.put("AftertheLabelPtrlabelintheprogram"nl);

    

    endmemIndJmp;
  


  
    Warning
  


  
    Unlike the HLA high-level control structures, the low-level jmp instructions can cause you a lot of trouble. In particular, if you do not initialize a register with the address of a valid instruction and you jump indirectly through that register, the results are undefined (though this will usually cause a general protection fault). Similarly, if you do not initialize a double-word variable with the address of a legal instruction, jumping indirectly through that memory location will probably crash your program.
  


  

  


  [105] Unlike high-level languages, where your instructors usually forbid you to use goto statements, you will find that the use of the jmp instruction in assembly language is essential.


  


  7.4 The Conditional Jump Instructions


  Although the jmp instruction provides transfer of control, it is inconvenient to use when making decisions such as those you'll need to implement statements like if and while. The 80x86's conditional jump instructions handle this task.


  The conditional jumps test one or more CPU flags to see if they match some particular pattern. If the flag settings match the condition, the conditional jump instruction transfers control to the target location. If the match fails, the CPU ignores the conditional jump and execution continues with the instruction following the conditional jump. Some conditional jump instructions simply test the setting of the sign, carry, overflow, and zero flags. For example, after the execution of a shl instruction, you could test the carry flag to determine if the shl shifted a 1 out of the H.O. bit of its operand. Likewise, you could test the zero flag after a test instruction to check if the result was 0. Most of the time, however, you will probably execute a conditional jump after a cmp instruction. The cmp instruction sets the flags so that you can test for less than, greater than, equality, and so on.


  The conditional jmp instructions take the following form:


  


  
    jcclabel;
  


  The cc in jcc indicates that you must substitute some character sequence that specifies the type of condition to test. These are the same characters the setcc instruction uses. For example, js stands for jump if the sign flag is set. A typical js instruction is:


  


  
    jsValueIsNegative;
  


  In this example, the js instruction transfers control to the ValueIsNegative label if the sign flag is currently set; control falls through to the next instruction following the js instruction if the sign flag is clear.


  Unlike the unconditional jmp instruction, the conditional jump instructions do not provide an indirect form. They only allow a branch to a statement label in your program.


  
    Note
  


  
    Intel's documentation defines various synonyms or instruction aliases for many conditional jump instructions.
  


  Table7-1, Table7-2, and Table7-3 list all the aliases for a particular instruction. These tables also list the opposite branches. You'll soon see the purpose of the opposite branches.


  


  Table7-1.jcc Instructions That Test Flags


  


  
    
      	
        

        Instruction

      

      	
        

        Description

      

      	
        

        Condition

      

      	
        

        Aliases

      

      	
        

        Opposite

      
    


    
      	
        

        jc

      

      	
        

        Jump if carry

      

      	
        

        Carry = 1

      

      	
        

        jb, jnae

      

      	
        

        jnc

      
    


    
      	
        

        jnc

      

      	
        

        Jump if no carry

      

      	
        

        Carry = 0

      

      	
        

        jnb, jae

      

      	
        

        jc

      
    


    
      	
        

        jz

      

      	
        

        Jump if zero

      

      	
        

        Zero = 1

      

      	
        

        je

      

      	
        

        jnz

      
    


    
      	
        

        jnz

      

      	
        

        Jump if not zero

      

      	
        

        Zero = 0

      

      	
        

        jne

      

      	
        

        jz

      
    


    
      	
        

        js

      

      	
        

        Jump if sign

      

      	
        

        Sign = 1

      

      	

      	
        

        jns

      
    


    
      	
        

        jns

      

      	
        

        Jump if no sign

      

      	
        

        Sign = 0

      

      	

      	
        

        js

      
    


    
      	
        

        jo

      

      	
        

        Jump if overflow

      

      	
        

        Overflow = 1

      

      	

      	
        

        jno

      
    


    
      	
        

        jno

      

      	
        

        Jump if no overflow

      

      	
        

        Overflow = 0

      

      	

      	
        

        jo

      
    


    
      	
        

        jp

      

      	
        

        Jump if parity

      

      	
        

        Parity = 1

      

      	
        

        jpe

      

      	
        

        jnp

      
    


    
      	
        

        jpe

      

      	
        

        Jump if parity even

      

      	
        

        Parity = 1

      

      	
        

        jp

      

      	
        

        jpo

      
    


    
      	
        

        jnp

      

      	
        

        Jump if no parity

      

      	
        

        Parity = 0

      

      	
        

        jpo

      

      	
        

        jp

      
    


    
      	
        

        jpo

      

      	
        

        Jump if parity odd

      

      	
        

        Parity = 0

      

      	
        

        jnp

      

      	
        

        jpe

      
    

  


  


  Table7-2.jcc Instructions for Unsigned Comparisons


  


  
    
      	
        

        Instruction

      

      	
        

        Description

      

      	
        

        Condition

      

      	
        

        Aliases

      

      	
        

        Opposite

      
    


    
      	
        

        ja

      

      	
        

        Jump if above (>)

      

      	
        

        Carry = 0, Zero = 0

      

      	
        

        jnbe

      

      	
        

        jna

      
    


    
      	
        

        jnbe

      

      	
        

        Jump if not below or equal (not <=)

      

      	
        

        Carry = 0, Zero = 0

      

      	
        

        ja

      

      	
        

        jbe

      
    


    
      	
        

        jae

      

      	
        

        Jump if above or equal (>=)

      

      	
        

        Carry = 0

      

      	
        

        jnc, jnb

      

      	
        

        jnae

      
    


    
      	
        

        jnb

      

      	
        

        Jump if not below (not <)

      

      	
        

        Carry = 0

      

      	
        

        jnc, jae

      

      	
        

        jb

      
    


    
      	
        

        jb

      

      	
        

        Jump if below (<)

      

      	
        

        Carry = 1

      

      	
        

        jc, jnae

      

      	
        

        jnb

      
    


    
      	
        

        jnae

      

      	
        

        Jump if not above or equal (not >=)

      

      	
        

        Carry = 1

      

      	
        

        jc, jb

      

      	
        

        jae

      
    


    
      	
        

        jbe

      

      	
        

        Jump if below or equal (<=)

      

      	
        

        Carry = 1 or Zero = 1

      

      	
        

        jna

      

      	
        

        jnbe

      
    


    
      	
        

        jna

      

      	
        

        Jump if not above (not >)

      

      	
        

        Carry = 1 or Zero = 1

      

      	
        

        jbe

      

      	
        

        ja

      
    


    
      	
        

        je

      

      	
        

        Jump if equal (=)

      

      	
        

        Zero = 1

      

      	
        

        jz

      

      	
        

        jne

      
    


    
      	
        

        jne

      

      	
        

        Jump if not equal (¦)

      

      	
        

        Zero = 0

      

      	
        

        jnz

      

      	
        

        je

      
    

  


  


  Table7-3.jcc Instructions for Signed Comparisons


  


  
    
      	
        

        Instruction

      

      	
        

        Description

      

      	
        

        Condition

      

      	
        

        Aliases

      

      	
        

        Opposite

      
    


    
      	
        

        jg

      

      	
        

        Jump if greater (>)

      

      	
        

        Sign = Overflow or Zero = 0

      

      	
        

        jnle

      

      	
        

        jng

      
    


    
      	
        

        jnle

      

      	
        

        Jump if not less than or equal (not <=)

      

      	
        

        Sign = Overflow or Zero = 0

      

      	
        

        jg

      

      	
        

        jle

      
    


    
      	
        

        jge

      

      	
        

        Jump if greater than or equal (>=)

      

      	
        

        Sign = Overflow

      

      	
        

        jnl

      

      	
        

        jge

      
    


    
      	
        

        jnl

      

      	
        

        Jump if not less than (not <)

      

      	
        

        Sign = Overflow

      

      	
        

        jge

      

      	
        

        jl

      
    


    
      	
        

        jl

      

      	
        

        Jump if less than (<)

      

      	
        

        Sign <> Overflow

      

      	
        

        jnge

      

      	
        

        jnl

      
    


    
      	
        

        jnge

      

      	
        

        Jump if not greater or equal (not >=)

      

      	
        

        Sign <> Overflow

      

      	
        

        jl

      

      	
        

        jge

      
    


    
      	
        

        jle

      

      	
        

        Jump if less than or equal (<=)

      

      	
        

        Sign <> Overflow or Zero = 1

      

      	
        

        jng

      

      	
        

        jnle

      
    


    
      	
        

        jng

      

      	
        

        Jump if not greater than (not >)

      

      	
        

        Sign <> Overflow or Zero = 1

      

      	
        

        jle

      

      	
        

        jg

      
    


    
      	
        

        je

      

      	
        

        Jump if equal (=)

      

      	
        

        Zero = 1

      

      	
        

        jz

      

      	
        

        jne

      
    


    
      	
        

        jne

      

      	
        

        Jump if not equal (¦)

      

      	
        

        Zero = 0

      

      	
        

        jnz

      

      	
        

        je

      
    

  


  One brief comment about the Opposite column is in order. In many instances you will need to be able to generate the opposite of a specific branch instruction (examples appear later in this section). With only two exceptions, a very simple rule completely describes how to generate an opposite branch:


  
    
  


  
    	
      
        
          If the second letter of the jcc instruction is not an n, insert an n after the j. For example, je becomes jne and jl becomes jnl.
        

      

    


    	
      
        
          If the second letter of the jcc instruction is an n, then remove that n from the instruction. For example, jng becomes jg and jne becomes je.
        

      

    

  


  The two exceptions to this rule are jpe ( jump if parity is even) and jpo (jump if parity is odd). These exceptions cause few problems because (1) you'll hardly ever need to test the parity flag, and (2) you can use the aliases jp and jnp as synonyms for jpe and jpo. The "N/No N" rule applies to jp and jnp.


  Though you know that jge is the opposite of jl, get in the habit of using jnl rather than jge as the opposite jump instruction for jl. It's too easy in an important situation to start thinking "greater is the opposite of less" and substitute jg instead. You can avoid this confusion by always using the "N/No N" rule.


  The 80x86 conditional jump instructions give you the ability to split program flow into one of two paths depending on some condition. Suppose you want to increment the AX register if BX is equal to CX. You can accomplish this with the following code:


  


  
    cmp(bx,cx);

    jneSkipStmts;

    inc(ax);

    SkipStmts:
  


  The trick is to use the opposite branch to skip over the instructions you want to execute if the condition is true. Always use the "opposite branch (N/No N)" rule given earlier to select the opposite branch.


  You can also use the conditional jump instructions to synthesize loops. For example, the following code sequence reads a sequence of characters from the user and stores each character in successive elements of an array until the user presses the enter key (carriage return):


  


  
    mov(0,edi);

    RdLnLoop:

    stdin.getc();//Readacharacterintothealregister.

    mov(al,Input[edi]);//Storeawaythecharacter.

    inc(edi);//Moveontothenextcharacter.

    cmp(al,stdio.cr);//SeeiftheuserpressedEnter.

    jneRdLnLoop;
  


  Like the setcc instructions, the conditional jump instructions come in two basic categories: those that test specific processor flags (e.g., jz, jc, jno) and those that test some condition (less than, greater than, etc.). When testing a condition, the conditional jump instructions almost always follow a cmp instruction. The cmp instruction sets the flags so that you can use a ja, jae, jb, jbe, je, or jne instruction to test for unsigned less than, less than or equal, equal, unequal, greater than, or greater than or equal. Simultaneously, the cmp instruction sets the flags so that you can also do a signed comparison using the jl, jle, je, jne, jg, and jge instructions.


  The conditional jump instructions only test the 80x86 flags; they do not affect any of them.


  


  7.5 "Medium-Level" Control Structures: jt and jf


  HLA provides two special conditional jump instructions: jt ( jump if true) and jf ( jump if false). These instructions take the following syntax:


  


  
    jt(boolean_expression)target_label;

    jf(boolean_expression)target_label;
  


  The boolean_expression is the standard HLA boolean expression allowed by if..endif and other HLA high-level language statements. These instructions evaluate the boolean expression and jump to the specified label if the expression evaluates true (jt) or false (jf).


  These are not real 80x86 instructions. HLA compiles them into a sequence of one or more 80x86 machine instructions that achieve the same result. In general, you should not use these two instructions in your main code; they offer few benefits over using an if..endif statement and they are no more readable than the pure assembly language sequences they compile into. HLA provides these "medium-level" instructions so that you may create your own high-level control structures using macros (see Chapter9 and the HLA reference manual for more details).


  


  7.6 Implementing Common Control Structures in Assembly Language


  Because a primary goal of this chapter is to teach you how to use the low-level machine instructions to implement decisions, loops, and other control constructs, it would be wise to show you how to implement these high-level statements using pure assembly language. The following sections provide this information.


  


  7.7 Introduction to Decisions


  In its most basic form, a decision is some sort of branch within the code that switches between two possible execution paths based on some condition. Normally (though not always), conditional instruction sequences are implemented with the conditional jump instructions. Conditional instructions correspond to the if..then..endif statement in HLA:


  


  
    if(expression)then

    <<statements>>

    endif;
  


  Assembly language, as usual, offers much more flexibility when dealing with conditional statements. Consider the following C/C++ statement:


  


  
    if(((x<y)&&(z>t))||(a!=b))

    stmt1;
  


  A "brute force" approach to converting this statement into assembly language might produce the following:


  


  
    mov(x,eax);

    cmp(eax,y);

    setl(bl);//Storex<yinbl.

    mov(z,eax);

    cmp(eax,t);

    setg(bh);//Storez>tinbh.

    and(bh,bl);//Put(x<y)&&(z>t)intobl.

    mov(a,eax);

    cmp(eax,b);

    setne(bh);//Storea!=bintobh.

    or(bh,bl);//Put(x<y)&&(z>t)||(a!=b)intobl

    jeSkipStmt1;//Branchifresultisfalse.

    

    <<CodeforStmt1goeshere.>>

    

    SkipStmt1:
  


  As you can see, it takes a considerable number of conditional statements just to process the expression in the example above. This roughly corresponds to the (equivalent) C/C++ statements:


  


  
    bl=x<y;

    bh=z>t;

    bl=bl&&bh;

    bh=a!=b;

    bl=bl||bh;

    if(bl)

    <<Stmt1>>;
  


  Now compare this with the following "improved" code:


  


  
    mov(a,eax);

    cmp(eax,b);

    jneDoStmt;

    mov(x,eax);

    cmp(eax,y);

    jnlSkipStmt;

    mov(z,eax);

    cmp(eax,t);

    jngSkipStmt;

    DoStmt:

    <<PlacecodeforStmt1here.>>

    SkipStmt:
  


  Two things should be apparent from the code sequences above: First, a single conditional statement in C/C++ (or some other HLL) may require several conditional jumps in assembly language; second, organization of complex expressions in a conditional sequence can affect the efficiency of the code. Therefore, you should exercise care when dealing with conditional sequences in assembly language.


  Conditional statements may be broken down into three basic categories: if statements, switch/case statements, and indirect jumps. The following sections describe these program structures, how to use them, and how to write them in assembly language.


  7.7.1 if..then..else Sequences


  The most common conditional statements are the if..then..endif and if..then..else..endif statements. These two statements take the form shown in Figure7-1.


  


  
    [image: ]
  


  
    Figure7-1.if..then..else..endif and if..then..endif statement flow
  


  The if..then..endif statement is just a special case of the if..then..else..endif statement (with an empty else block). Therefore, we'll consider only the more general if..then..else..endif form. The basic implementation of an if..then..else..endif statement in 80x86 assembly language looks something like this:


  


  
    <<Sequenceofstatementstotestsomecondition>>

    jccElseCode;

    <<SequenceofstatementscorrespondingtotheTHENblock>>

    

    jmpEndOfIf;

    

    ElseCode:

    <<SequenceofstatementscorrespondingtotheELSEblock>>

    

    EndOfIf:
  


  Note that jcc represents some conditional jump instruction. For example, to convert the C/C++ statement


  


  
    if(a==b)

    c=d;

    else

    b=b+1;
  


  to assembly language, you could use the following 80x86 code:


  


  
    mov(a,eax);

    cmp(eax,b);

    jneElsePart;

    mov(d,c);

    jmpEndOfIf;

    

    ElseBlk:

    inc(b);

    

    EndOfIf:
  


  For simple expressions like ( a == b ) generating the proper code for an if..then..else..endif statement is almost trivial. Should the expression become more complex, the code complexity increases as well. Consider the following C/C++ if statement presented earlier:


  


  
    if(((x>y)&&(z<t))||(a!=b))

    c=d;
  


  When processing complex if statements such as this one, you'll find the conversion task easier if you break the if statement into a sequence of three different if statements as follows:


  


  
    if(a!=b)c=d;

    elseif(x>y)

    if(z<t)

    c=d;
  


  This conversion comes from the following C/C++ equivalents:


  


  
    if(expr1&&expr2)stmt;
  


  is equivalent to


  


  
    if(expr1)if(expr2)stmt;
  


  and


  


  
    if(expr1||expr2)stmt;
  


  is equivalent to


  


  
    if(expr1)stmt;

    elseif(expr2)stmt;
  


  In assembly language, the former if statement becomes


  


  
    //if(((x>y)&&(z<t))||(a!=b))

    //c=d;

    

    mov(a,eax);

    cmp(eax,b);

    jneDoIF;

    mov(x,eax);

    cmp(eax,y);

    jngEndOfIF;

    mov(z,eax);

    cmp(eax,t);

    jnlEndOfIf;

    DoIf:

    mov(d,eax);

    mov(eax,c);

    EndOfIf:
  


  As you can see, testing a condition can easily become more complex than the statements appearing in the else and then blocks. Although it seems somewhat paradoxical that it may take more effort to test a condition than to act on the results of that condition, it happens all the time. Therefore, you should be prepared to accept this.


  Probably the biggest problem with complex conditional statements in assembly language is trying to figure out what you've done after you've written the code. A big advantage high-level languages offer over assembly language is that expressions are much easier to read and comprehend. The high-level version is (more) self-documenting, whereas assembly language tends to hide the true nature of the code. Therefore, well-written comments are an essential ingredient to assembly language implementations of if..then..else..endif statements. An elegant implementation of the example above is as follows:


  


  
    //if((x>y)&&(z<t))or(a!=b)c=d;

    //Implementedas:

    //if(a!=b)thengotoDoIf;

    

    mov(a,eax);

    cmp(eax,b);

    jneDoIf;

    

    //ifnot(x>t)thengotoEndOfIf;

    

    mov(x,eax);

    cmp(eax,y);

    jngEndOfIf;

    

    //ifnot(z<t)thengotoEndOfIf;

    

    mov(z,eax);

    cmp(eax,t);

    jnlEndOfIf;

    

    //thenblock:

    

    DoIf:

    mov(d,eax);

    mov(eax,c);

    

    //Endofifstatement

    

    EndOfIf:
  


  Admittedly, this appears to be going overboard for such a simple example. The following would probably suffice:


  


  
    //if(((x>y)&&(z<t))||(a!=b))c=d;

    //Testthebooleanexpression:

    

    mov(a,eax);

    cmp(eax,b);

    jneDoIf;

    mov(x,eax);

    cmp(eax,y);

    jngEndOfIf;

    mov(z,eax);

    cmp(eax,t);

    jnlEndOfIf;

    

    //thenblock:

    

    DoIf:

    mov(d,eax);

    mov(eax,c);

    

    //Endofifstatement

    

    EndOfIf:
  


  However, as your if statements become complex, the density (and quality) of your comments become more and more important.


  7.7.2 Translating HLA if Statements into Pure Assembly Language


  Translating HLA if statements into pure assembly language is very easy. The boolean expressions that the HLA if statement supports were specifically chosen to expand into a few simple machine instructions. The following paragraphs discuss the conversion of each supported boolean expression into pure machine code.


  if( flag_specification ) then stmts endif;


  This form is, perhaps, the easiest HLA if statement to convert. To execute the code immediately following the then keyword if a particular flag is set (or clear), all you need do is skip over the code if the flag is clear (set). This requires only a single conditional jump instruction for implementation, as the following examples demonstrate:


  


  
    //if(@c)theninc(eax);endif;

    

    jncSkipTheInc;

    

    inc(eax);

    

    SkipTheInc:

    

    //if(@ns)thenneg(eax);endif;

    

    jsSkipTheNeg;

    

    neg(eax);

    

    SkipTheNeg:
  


  if( register ) then stmts endif;


  This form uses the test instruction to check the specified register for 0. If the register contains 0 (false), then the program jumps around the statements after the then clause with a jz instruction. Converting this statement to assembly language requires a test instruction and a jz instruction, as the following examples demonstrate:


  


  
    //if(eax)thenmov(false,eax);endif;

    

    test(eax,eax);

    jzDontSetFalse;

    

    mov(false,eax);

    

    DontSetFalse:

    

    //if(al)thenmov(bl,cl);endif;

    

    test(al,al);

    jznoMove;

    

    mov(bl,cl);

    

    noMove:
  


  if( !register ) then stmts endif;


  This form of the if statement uses the test instruction to check the specified register to see if it is 0. If the register is not 0 (true), then the program jumps around the statements after the then clause with a jnz instruction. Converting this statement to assembly language requires a test instruction and a jnz instruction in a manner identical to the previous examples.


  if( boolean_variable ) then stmts endif;


  This form of the if statement compares the boolean variable against 0 (false) and branches around the statements if the variable contains false. HLA implements this statement by using the cmp instruction to compare the boolean variable to 0, and then it uses a jz (je) instruction to jump around the statements if the variable is false. The following example demonstrates the conversion:


  


  
    //if(bool)thenmov(0,al);endif;

    

    cmp(bool,false);

    jeSkipZeroAL;

    

    mov(0,al);

    

    SkipZeroAL:
  


  if( !boolean_variable ) then stmts endif;


  This form of the if statement compares the boolean variable against 0 (false) and branches around the statements if the variable contains true (the opposite condition of the previous example). HLA implements this statement by using the cmp instruction to compare the boolean variable to 0 and then it uses a jnz (jne) instruction to jump around the statements if the variable contains true. The following example demonstrates the conversion:


  


  
    //if(!bool)thenmov(0,al);endif;

    

    cmp(bool,false);

    jneSkipZeroAL;

    

    mov(0,al);

    

    SkipZeroAL:
  


  if( mem_reg relop mem_reg_const ) then stmts endif;


  HLA translates this form of the if statement into a cmp instruction and a conditional jump that skips over the statements on the opposite condition specified by the relop operator. Table7-4 lists the correspondence between operators and conditional jump instructions.


  


  Table7-4.if Statement Conditional Jump Instructions


  


  
    
      	
        

        Relational operation

      

      	
        

        Conditional jump instruction if both operands are unsigned

      

      	
        

        Conditional jump instruction if either operand is signed

      
    


    
      	
        

        = or ==

      

      	
        

        jne

      

      	
        

        jne

      
    


    
      	
        

        <> or !=

      

      	
        

        je

      

      	
        

        je

      
    


    
      	
        

        <

      

      	
        

        jnb

      

      	
        

        jnl

      
    


    
      	
        

        <=

      

      	
        

        jnbe

      

      	
        

        jnle

      
    


    
      	
        

        >

      

      	
        

        jna

      

      	
        

        jng

      
    


    
      	
        

        >=

      

      	
        

        jnae

      

      	
        

        jnge

      
    

  


  Here are a few examples of if statements translated into pure assembly language that use expressions involving relational operators:


  


  
    //if(al==ch)theninc(cl);endif;

    

    cmp(al,ch);

    jneSkipIncCL;

    

    inc(cl);

    

    SkipIncCL:

    

    //if(ch>='a')thenand($5f,ch);endif;

    

    cmp(ch,'a');

    jnaeNotLowerCase

    

    and($5f,ch);

    

    NotLowerCase:

    

    //if((typeint32eax)<−5)thenmov(−5,eax);endif;

    

    cmp(eax,−5);

    jnlDontClipEAX;

    

    mov(−5,eax);

    

    DontClipEAX:

    

    //if(si<>di)theninc(si);endif;

    

    cmp(si,di);

    jeDontIncSI;

    

    inc(si);

    

    DontIncSI:
  


  if( reg/mem in LowConst..HiConst ) then stmts endif;


  HLA translates this if statement into a pair of cmp instructions and a pair of conditional jump instructions. It compares the register or memory location against the lower-valued constant and jumps if less than (signed) or below (unsigned) past the statements after the then clause. If the register or memory location's value is greater than or equal to LowConst, the code falls through to the second cmp and conditional jump pair that compares the register or memory location against the higher constant. If the value is greater than (above) this constant, a conditional jump instruction skips the statements in the then clause.


  Here's an example:


  


  
    //if(eaxin1000..125_000)thensub(1000,eax);endif;

    

    cmp(eax,1000);

    jbDontSub1000;

    cmp(eax,125_000);

    jaDontSub1000;

    

    sub(1000,eax);

    

    DontSub1000:

    

    //if(i32in−5..5)thenadd(5,i32);endif;

    

    cmp(i32,−5);

    jlNoAdd5;

    cmp(i32,5);

    jgNoAdd5;

    

    add(5,i32);

    

    NoAdd5:
  


  if( reg/mem not in LowConst..HiConst ) then stmts endif;


  This form of the HLA if statement tests a register or memory location to see if its value is outside a specified range. The implementation is very similar to the previous code except you branch to the then clause if the value is less than the LowConst value or greater than the HiConst value, and you branch over the code in the then clause if the value is within the range specified by the two constants. The following examples demonstrate how to do this conversion:


  


  
    //if(eaxnotin1000..125_000)thenadd(1000,eax);endif;

    

    cmp(eax,1000);

    jbAdd1000;

    cmp(eax,125_000);

    jbeSkipAdd1000;

    

    Add1000:

    add(1000,eax);

    

    SkipAdd1000:

    

    //if(i32notin−5..5)thenmov(0,i32);endif;

    

    cmp(i32,−5);

    jlZeroi32;

    cmp(i32,5);

    jleSkipZero;

    

    Zeroi32:

    mov(0,i32);

    

    SkipZero:
  


  7.7.3 Implementing Complex if Statements Using Complete Boolean Evaluation


  Many boolean expressions involve conjunction (and) or disjunction (or) operations. This section describes how to convert boolean expressions into assembly language. There are two different ways to convert complex boolean expressions involving conjunction and disjunction into assembly language: using complete boolean evaluation or using short-circuit boolean evaluation. This section discusses complete boolean evaluation. The next section discusses short-circuit boolean evaluation.


  Conversion via complete boolean evaluation is almost identical to converting arithmetic expressions into assembly language. Indeed, the previous chapter on arithmetic covers this conversion process. About the only thing worth noting about that process is that you do not need to store the result in some variable; once the evaluation of the expression is complete, you check to see if you have a false (0) or true (1, or nonzero) result to take whatever action the boolean expression dictates. As you can see in the examples in the preceding sections, you can often use the fact that the last logical instruction (and/or) sets the zero flag if the result is false and clears the zero flag if the result is true. This lets you avoid explicitly testing for the result. Consider the following if statement and its conversion to assembly language using complete boolean evaluation:


  


  
    //if(((x<y)&&(z>t))||(a!=b))

    //<<Stmt1>>;

    

    mov(x,eax);

    cmp(eax,y);

    setl(bl);//Storex<yinbl.

    mov(z,eax);

    cmp(eax,t);

    setg(bh);//Storez>tinbh.

    and(bh,bl);//Put(x<y)&&(z>t)intobl.

    mov(a,eax);

    cmp(eax,b);

    setne(bh);//Storea!=bintobh.

    or(bh,bl);//Put(x<y)&&(z>t)||(a!=b)intobl.

    jeSkipStmt1;//Branchifresultisfalse.

    

    <<CodeforStmt1goeshere.>>

    

    SkipStmt1:
  


  This code computes a boolean result in the BL register and then, at the end of the computation, tests this value to see if it contains true or false. If the result is false, this sequence skips over the code associated with Stmt1. The important thing to note in this example is that the program will execute each and every instruction that computes this boolean result (up to the je instruction).


  7.7.4 Short-Circuit Boolean Evaluation


  If you are willing to expend a little more effort, you can usually convert a boolean expression to a much shorter and faster sequence of assembly language instructions using short-circuit boolean evaluation. Short-circuit boolean evaluation attempts to determine whether an expression is true or false by executing only some of the instructions that would compute the complete expression. For this reason, plus the fact that short-circuit boolean evaluation doesn't require the use of any temporary registers, HLA uses short-circuit evaluation when translating complex boolean expressions into assembly language.


  Consider the expression a && b. Once we determine that a is false, there is no need to evaluate b because there is no way the expression can be true. If and b represent subexpressions rather than simple variables, the savings possible with short-circuit boolean evaluation are apparent. As a concrete example, consider the subexpression ((x<y) && (z>t)) from the previous section. Once you determine that x is not less than y, there is no need to check to see if z is greater than t because the expression will be false regardless of z and t's values. The following code fragment shows how you can implement short-circuit boolean evaluation for this expression:


  


  
    //if((x<y)&&(z>t))then...

    

    mov(x,eax);

    cmp(eax,y);

    jnlTestFails;

    mov(z,eax);

    cmp(eax,t);

    jngTestFails;

    

    <<CodeforTHENclauseofIFstatement>>

    

    TestFails:
  


  Notice how the code skips any further testing once it determines that x is not less than y. Of course, if x is less than y, then the program has to test z to see if it is greater than t; if not, the program skips over the then clause. Only if the program satisfies both conditions does the code fall through to the then clause.


  For the logical or operation the technique is similar. If the first subexpression evaluates to true, then there is no need to test the second operand. Whatever the second operand's value is at that point, the full expression still evaluates to true. The following example demonstrates the use of short-circuit evaluation with disjunction (or):


  


  
    //if(ch<'A'||ch>'Z')

    //thenstdout.put("Notanuppercasechar");

    //endif;

    

    cmp(ch,'A');

    jbItsNotUC

    cmp(ch,'Z');

    jnaItWasUC;

    

    ItsNotUC:

    stdout.put("Notanuppercasechar");

    

    ItWasUC:
  


  Because the conjunction and disjunction operators are commutative, you can evaluate the left or right operand first if it is more convenient to do so.[106] As one last example in this section, consider the full boolean expression from the previous section:


  


  
    //if(((x<y)&&(z>t))||(a!=b))<<Stmt1>>;

    

    mov(a,eax);

    cmp(eax,b);

    jneDoStmt1;

    mov(x,eax);

    cmp(eax,y);

    jnlSkipStmt1;

    mov(z,eax);

    cmp(eax,t);

    jngSkipStmt1;

    

    DoStmt1:

    <<CodeforStmt1goeshere.>>

    

    SkipStmt1:
  


  Notice how the code in this example chose to evaluate a != b first and the remaining subexpression last. This is a common technique assembly language programmers use to write better code.


  7.7.5 Short-Circuit vs. Complete Boolean Evaluation


  When using complete boolean evaluation, every statement in the sequence for that expression will execute; short-circuit boolean evaluation, on the other hand, may not require the execution of every statement associated with the boolean expression. As you've seen in the previous two sections, code based on short-circuit evaluation is usually shorter and faster. So it would seem that short-circuit evaluation is the technique of choice when converting complex boolean expressions to assembly language.


  Sometimes, unfortunately, short-circuit boolean evaluation may not produce the correct result. In the presence of side effects in an expression, short-circuit boolean evaluation will produce a different result than complete boolean evaluation. Consider the following C/C++ example:


  


  
    if((x==y)&&(++z!=0))<<Stmt>>;
  


  Using complete boolean evaluation, you might generate the following code:


  


  
    mov(x,eax);//Seeifx==y.

    cmp(eax,y);

    sete(bl);

    inc(z);//++z

    cmp(z,0);//Seeifincrementedzis0.

    setne(bh);

    and(bh,bl);//Testx==y&&++z!=0.

    jzSkipStmt;

    

    <<CodeforStmtgoeshere.>>

    

    SkipStmt:
  


  Using short-circuit boolean evaluation, you might generate the following code:


  


  
    mov(x,eax);//Seeifx==y.

    cmp(eax,y);

    jneSkipStmt;

    inc(z);//++z

    cmp(z,0);//Seeifincrementedzis0.

    jeSkipStmt;

    

    <<CodeforStmtgoeshere.>>

    

    SkipStmt:
  


  Notice a very subtle but important difference between these two conversions: If x is equal to y, then the first version above still increments z and compares it to 0 before it executes the code associated with Stmt; the short-circuit version, on the other hand, skips the code that increments z if it turns out that x is equal to y. Therefore, the behavior of these two code fragments is different if x is equal to y. Neither implementation is particularly wrong; depending on the circumstances you may or may not want the code to increment z if x is equal to y. However, it is important that you realize that these two schemes produce different results, so you can choose an appropriate implementation if the effect of this code on z matters to your program.


  Many programs take advantage of short-circuit boolean evaluation and rely on the fact that the program may not evaluate certain components of the expression. The following C/C++ code fragment demonstrates what is probably the most common example that requires short-circuit boolean evaluation:


  


  
    if(Ptr!=NULL&&*Ptr=='a')<<Stmt>>;
  


  If it turns out that Ptr is NULL, then the expression is false and there is no need to evaluate the remainder of the expression (and, therefore, code that uses short-circuit boolean evaluation will not evaluate the remainder of this expression). This statement relies on the semantics of short-circuit boolean evaluation for correct operation. Were C/C++ to use complete boolean evaluation, and the variable Ptr contained NULL, then the second half of the expression would attempt to dereference a NULL pointer (which tends to crash most programs). Consider the translation of this statement using complete and short-circuit boolean evaluation:


  


  
    //Completebooleanevaluation:

    

    mov(Ptr,eax);

    test(eax,eax);//Checktoseeifeaxis0(NULLis0).

    setne(bl);

    mov([eax],al);//Get*Ptrintoal.

    cmp(al,'a');

    sete(bh);

    and(bh,bl);

    jzSkipStmt;

    

    <<CodeforStmtgoeshere.>>

    

    SkipStmt:
  


  Notice in this example that if Ptr contains NULL (0), then this program will attempt to access the data at location 0 in memory via the mov( [eax], al ); instruction. Under most operating systems this will cause a memory access fault (general protection fault).


  Now consider the short-circuit boolean conversion:


  


  
    //Short-circuitbooleanevaluation

    

    mov(Ptr,eax);//SeeifPtrcontainsNULL(0)and

    test(eax,eax);//immediatelyskippastStmtifthis

    jzSkipStmt;//isthecase.

    

    mov([eax],al);//Ifwegettothispoint,Ptrcontains

    cmp(al,'a');//anon-NULLvalue,soseeifitpoints

    jneSkipStmt;//atthecharacter'a'.

    

    <<CodeforStmtgoeshere.>>

    

    SkipStmt:
  


  As you can see in this example, the problem with dereferencing the NULL pointer doesn't exist. If Ptr contains NULL, this code skips over the statements that attempt to access the memory address Ptr contains.


  7.7.6 Efficient Implementation of if Statements in Assembly Language


  Encoding if statements efficiently in assembly language takes a bit more thought than simply choosing short-circuit evaluation over complete boolean evaluation. To write code that executes as quickly as possible in assembly language, you must carefully analyze the situation and generate the code appropriately. The following paragraphs provide some suggestions you can apply to your programs to improve their performance.


  7.7.6.1 Know Your Data!


  A mistake programmers often make is the assumption that data is random. In reality, data is rarely random, and if you know the types of values that your program commonly uses, you can use this knowledge to write better code. To see how, consider the following C/C++ statement:


  


  
    if((a==b)&&(c<d))++i;
  


  Because C/C++ uses short-circuit evaluation, this code will test to see if a is equal to b. If so, then it will test to see if c is less than d. If you expect a to be equal to b most of the time but don't expect c to be less than d most of the time, this statement will execute slower than it should. Consider the following HLA implementation of this code:


  


  
    mov(a,eax);

    cmp(eax,b);

    jneDontIncI;

    

    mov(c,eax);

    cmp(eax,d);

    jnlDontIncI;

    

    inc(i);

    

    DontIncI:
  


  As you can see in this code, if a is equal to b most of the time and c is not less than d most of the time, you will have to execute all six instructions nearly every time in order to determine that the expression is false. Now consider the following implementation of the above C/C++ statement that takes advantage of this knowledge and the fact that the && operator is commutative:


  


  
    mov(c,eax);

    cmp(eax,d);

    jnlDontIncI;

    

    mov(a,eax);

    cmp(eax,b);

    jneDontIncI;

    

    inc(i);

    

    DontIncI:
  


  In this example the code first checks to see if c is less than d. If most of the time c is less than d, then this code determines that it has to skip to the label DontIncI after executing only three instructions in the typical case (compared with six instructions in the previous example). This fact is much more obvious in assembly language than in a high-level language; this is one of the main reasons why assembly programs are often faster than their high-level language counterparts: optimizations are more obvious in assembly language than in a high-level language. Of course, the key here is to understand the behavior of your data so you can make intelligent decisions such as the one above.


  7.7.6.2 Rearranging Expressions


  Even if your data is random (or you can't determine how the input values will affect your decisions), there may still be some benefit to rearranging the terms in your expressions. Some calculations take far longer to compute than others. For example, the div instruction is much slower than a simple cmp instruction. Therefore, if you have a statement like the following, you may want to rearrange the expression so that the cmp comes first:


  


  
    if((x%10=0)&&(x!=y)++x;
  


  Converted to assembly code, this if statement becomes:


  


  
    mov(x,eax);//ComputeX%10.

    cdq();//Mustsignextendeax->edx:eax.

    imod(10,edx:eax);//Remember,remaindergoesintoedx.

    test(edx,edx);//Seeifedxis0.

    jnzSkipIf;

    

    mov(x,eax);

    cmp(eax,y);

    jeSkipIf;

    

    inc(x);

    

    SkipIf:
  


  The imod instruction is very expensive (often 50–100 times slower than most of the other instructions in this example). Unless it is 50–100 times more likely that the remainder is 0 rather than x is equal to y, it would be better to do the comparison first and the remainder calculation afterward:


  


  
    mov(x,eax);

    cmp(eax,y);

    jeSkipIf;

    

    mov(x,eax);//ComputeX%10.

    cdq();//Mustsignextendeax->edx:eax.

    imod(10,edx:eax);//Remember,remaindergoesintoedx.

    test(edx,edx);//Seeifedxis0.

    jnzSkipIf;

    

    inc(x);

    

    SkipIf:
  


  Of course, in order to rearrange the expression in this manner, the code must not assume the use of short-circuit evaluation semantics (because the && and || operators are not commutative if the code must compute one subexpression before another).


  7.7.6.3 Destructuring Your Code


  Although there are many good things to be said about structured programming techniques, there are some drawbacks to writing structured code. Specifically, structured code is sometimes less efficient than unstructured code. Most of the time this is tolerable because unstructured code is difficult to read and maintain; it is often acceptable to sacrifice some performance in exchange for maintainable code. In certain instances, however, you may need all the performance you can get. In those rare instances you might choose to compromise the readability of your code in order to gain some additional performance.


  One classic way to do this is to use code movement to move code your program rarely uses out of the way of code that executes most of the time. For example, consider the following pseudo C/C++ statement:


  


  
    if(See_If_an_Error_Has_Occurred)

    {

    <<Statementstoexecuteifnoerror>>

    }

    else

    {

    <<Errorhandlingstatements>>

    }
  


  In normal code, one does not expect errors to be frequent. Therefore, you would normally expect the then section of the above if to execute far more often than the else clause. The code above could translate into the following assembly code:


  


  
    cmp(See_If_an_Error_Has_Occurred,true);

    jeHandleTheError;

    

    <<Statementstoexecuteifnoerror>>

    jmpEndOfIF;

    

    HandleTheError:

    <<Errorhandlingstatements>>

    EndOfIf:
  


  Notice that if the expression is false, this code falls through to the normal statements and then jumps over the error-handling statements. Instructions that transfer control from one point in your program to another (for example, jmp instructions) tend to be slow. It is much faster to execute a sequential set of instructions rather than jump all over the place in your program. Unfortunately, the code above doesn't allow this. One way to rectify this problem is to move the else clause of the code somewhere else in your program. That is, you could rewrite the code as follows:


  


  
    cmp(See_If_an_Error_Has_Occurred,true);

    jeHandleTheError;

    

    <<Statementstoexecuteifnoerror>>

    

    EndOfIf:
  


  At some other point in your program (typically after a jmp instruction) you would insert the following code:


  


  
    HandleTheError:

    <<Errorhandlingstatements>>

    jmpEndOfIf;
  


  Note that the program isn't any shorter. The jmp you removed from the original sequence winds up at the end of the else clause. However, because the else clause rarely executes, moving the jmp instruction from the then clause (which executes frequently) to the else clause is a big performance win because the then clause executes using only straight-line code. This technique is surprisingly effective in many time-critical code segments.


  There is a difference between writing destructured code and writing unstructured code. Unstructured code is written in an unstructured way to begin with. It is generally hard to read, difficult to maintain, and often contains defects. Destructured code, on the other hand, starts out as structured code, and you make a conscious decision to eliminate the structure in order to gain a small performance boost. Generally, you've already tested the code in its structured form before destructuring it. Therefore, destructured code is often easier to work with than unstructured code.


  7.7.6.4 Calculation Rather Than Branching


  On many processors in the 80x86 family, branches ( jumps) are very expensive compared to many other instructions. For this reason it is sometimes better to execute more instructions in a sequence than fewer instructions that involve branching. For example, consider the simple assignment eax = abs( eax );. Unfortunately, there is no 80x86 instruction that computes the absolute value of an integer. The obvious way to handle this is with an instruction sequence like the following:


  


  
    test(eax,eax);

    jnsItsPositive;

    

    neg(eax);

    

    ItsPositive:
  


  However, as you can plainly see in this example, it uses a conditional jump to skip over the neg instruction (that creates a positive value in EAX if EAX was negative). Now consider the following sequence that will also do the job:


  


  
    //Setedxto$FFFF_FFFFifeaxisnegative,$0000_0000ifeaxis

    //0orpositive:

    

    cdq();

    

    //Ifeaxwasnegative,thefollowingcodeinvertsallthebitsineax;

    //otherwiseithasnoeffectoneax.

    

    xor(edx,eax);

    

    //Ifeaxwasnegative,thefollowingcodeadds1toeax;otherwise

    //itdoesn'tmodifyeax'svalue.

    

    and(1,edx);//edx=0or1(1ifeaxwasnegative).

    add(edx,eax);
  


  This code will invert all the bits in EAX and then add 1 to EAX if EAX was negative prior to the sequence; that is, it negates the value in EAX. If EAX was 0 or positive, then this code does not change the value in EAX.


  Note that this sequence takes four instructions rather than the three the previous example requires. However, because there are no transfer-of-control instructions in this sequence, it may execute faster on many CPUs in the 80x86 family.


  7.7.7 switch/case Statements


  The HLA switch statement takes the following form:


  


  
    switch(reg32)

    case(const1)

    <<Stmts1:codetoexecuteifreg32equalsconst1>>

    

    case(const2)

    <<Stmts2:codetoexecuteifreg32equalsconst2>>

    .

    .

    .

    case(constn)

    <<Stmtsn:codetoexecuteifreg32equalsconstn>>

    

    default//Notethatthedefaultsectionisoptional.

    <<Stmts_default:codetoexecuteifreg32

    doesnotequalanyofthecasevalues>>

    

    endswitch;
  


  When this statement executes, it checks the value of the register against the constants const1..constn. If a match is found, then the corresponding statements execute. HLA places a few restrictions on the switch statement. First, the HLA switch statement allows only a 32-bit register as the switch expression. Second, all the constants in the case clauses must be unique. The reason for these restrictions will become clear in a moment.


  Most introductory programming texts introduce the switch/case statement by explaining it as a sequence of if..then..elseif..else..endif statements. They might claim that the following two pieces of HLA code are equivalent:


  


  
    switch(eax)

    case(0)stdout.put("i=0");

    case(1)stdout.put("i=1");

    case(2)stdout.put("i=2");

    endswitch;

    

    if(eax=0)then

    stdout.put("i=0")

    elseif(eax=1)then

    stdout.put("i=1")

    elseif(eax=2)then

    stdout.put("i=2");

    endif;
  


  While semantically these two code segments may be the same, their implementation is usually different. Whereas the if..then..elseif..else..endif chain does a comparison for each conditional statement in the sequence, the switch statement normally uses an indirect jump to transfer control to any one of several statements with a single computation. Consider the two examples presented above; they could be written in assembly language with the following code:


  


  
    //if..then..else..endifform:

    

    mov(i,eax);

    test(eax,eax);//Checkfor0.

    jnzNot0;

    stdout.put("i=0");

    jmpEndCase;

    

    Not0:

    cmp(eax,1);

    jneNot1;

    stdou.put("i=1");

    jmpEndCase;

    

    Not1:

    cmp(eax,2);

    jneEndCase;

    stdout.put("i=2");

    EndCase:

    

    

    //IndirectJumpVersion

    

    readonly

    JmpTbl:dword[3]:=[&Stmt0,&Stmt1,&Stmt2];

    .

    .

    .

    mov(i,eax);

    jmp(JmpTbl[eax*4]);

    

    Stmt0:

    stdout.put("i=0");

    jmpEndCase;

    

    Stmt1:

    stdout.put("I=1");

    jmpEndCase;

    

    Stmt2:

    stdout.put("I=2");

    

    EndCase:
  


  The implementation of the if..then..elseif..else..endif version is fairly obvious and needs little in the way of explanation. The indirect jump version, however, is probably quite mysterious to you, so let's consider how this particular implementation of the switch statement works.


  Remember that there are three common forms of the jmp instruction. The standard unconditional jmp instruction, like the jmp EndCase; instruction in the previous examples, transfers control directly to the statement label specified as the jmp operand. The second form of the jmp instruction—jmp( reg32 );— transfers control to the memory location specified by the address found in a 32-bit register. The third form of the jmp instruction, the one the previous example uses, transfers control to the instruction specified by the contents of a double-word memory location. As this example clearly illustrates, that memory location can use any addressing mode. You are not limited to the displacement-only addressing mode. Now let's consider exactly how this second implementation of the switch statement works.


  To begin with, a switch statement requires that you create an array of pointers with each element containing the address of a statement label in your code (those labels must be attached to the sequence of instructions to execute for each case in the switch statement). In the example above, the JmpTbl array serves this purpose. Note that this code initializes JmpTbl with the address of the statement labels Stmt0, Stmt1, and Stmt2. The program places this array in the readonly section because the program should never change these values during execution.


  
    Warning
  


  
    Whenever you initialize an array with a set of addresses of statement labels as in this example, the declaration section in which you declare the array (e.g., readonly in this case) must be in the same procedure that contains the statement labels.[107]
  


  During the execution of this code sequence, the program loads the EAX register with i's value. Then the program uses this value as an index into the JmpTbl array and transfers control to the 4-byte address found at the specified location. For example, if EAX contains 0, the jmp( JmpTbl[eax*4] ); instruction will fetch the double word at address JmpTbl+0 ( eax*4=0 ). Because the first double word in the table contains the address of Stmt0, the jmp instruction transfers control to the first instruction following the Stmt0 label. Likewise, if i (and therefore, EAX) contains 1, then the indirect jmp instruction fetches the double word at offset 4 from the table and transfers control to the first instruction following the Stmt1 label (because the address of Stmt1 appears at offset 4 in the table). Finally, if i/EAX contains 2, then this code fragment transfers control to the statements following the Stmt2 label because it appears at offset 8 in the JmpTbl table.


  You should note that as you add more (consecutive) cases, the jump table implementation becomes more efficient (in terms of both space and speed) than the if/elseif form. Except for simple cases, the switch statement is almost always faster and usually by a large margin. As long as the case values are consecutive, the switch statement version is usually smaller as well.


  What happens if you need to include nonconsecutive case labels or you cannot be sure that the switch value doesn't go out of range? With the HLA switch statement, such an occurrence will transfer control to the first statement after the endswitch clause (or to a default case, if one is present in the switch). However, this doesn't happen in the example above. If variable i does not contain 0, 1, or 2, executing the code above produces undefined results. For example, if i contains 5 when you execute the code in the previous example, the indirect jmp instruction will fetch the dword at offset 20 (5 * 4) in JmpTbl and transfer control to that address. Unfortunately, JmpTbl doesn't have six entries; so the program will wind up fetching the value of the third double word following JmpTbl and use that as the target address. This will often crash your program or transfer control to an unexpected location.


  The solution is to place a few instructions before the indirect jmp to verify that the switch selection value is within some reasonable range. In the previous example, we'd probably want to verify that i's value is in the range 0..2 before executing the jmp instruction. If i's value is outside this range, the program should simply jump to the endcase label (this corresponds to dropping down to the first statement after the endswitch clause). The following code provides this modification:


  


  
    readonly

    JmpTbl:dword[3]:=[&Stmt0,&Stmt1,&Stmt2];

    .

    .

    .

    mov(i,eax);

    cmp(eax,2);//Verifythatiisintherange

    jaEndCase;//0..2beforetheindirectjmp.

    jmp(JmpTbl[eax*4]);

    

    

    Stmt0:

    stdout.put("i=0");

    jmpEndCase;

    

    Stmt1:

    stdout.put("i=1");

    jmpEndCase;

    

    Stmt2:

    stdout.put("i=2");

    

    EndCase:
  


  Although the example above handles the problem of selection values being outside the range 0..2, it still suffers from a couple of severe restrictions:


  
    
  


  
    	
      
        
          The cases must start with the value 0. That is, the minimum case constant has to be 0 in this example.
        

      

    


    	
      
        
          The case values must be contiguous.
        

      

    

  


  Solving the first problem is easy, and you deal with it in two steps. First, you must compare the case selection value against a lower and upper bounds before determining if the case value is legal. For example:


  


  
    //SWITCHstatementspecifyingcases5,6,and7:

    //WARNING:Thiscodedoes*NOT*work.Keepreadingtofindoutwhy.

    

    mov(i,eax);

    cmp(eax,5);

    jbEndCase

    cmp(eax,7);//Verifythatiisintherange

    jaEndCase;//5..7beforetheindirectjmp.

    jmp(JmpTbl[eax*4]);

    

    

    Stmt5:

    stdout.put("i=5");

    jmpEndCase;

    

    Stmt6:

    stdout.put("i=6");

    jmpEndCase;

    

    Stmt7:

    stdout.put("i=7");

    

    EndCase:
  


  As you can see, this code adds a pair of extra instructions, cmp and jb, to test the selection value to ensure it is in the range 5..7. If not, control drops down to the EndCase label; otherwise control transfers via the indirect jmp instruction. Unfortunately, as the comments point out, this code is broken. Consider what happens if variable i contains the value 5: the code will verify that 5 is in the range 5..7 and then it will fetch the dword at offset 20 (5*@size(dword)) and jump to that address. As before, however, this loads 4 bytes outside the bounds of the table and does not transfer control to a defined location. One solution is to subtract the smallest case selection value from EAX before executing the jmp instruction, as shown in the following example.


  


  
    //SWITCHstatementspecifyingcases5,6,and7:

    //WARNING:Thereisabetterwaytodothis.Keepreading.

    

    readonly

    JmpTbl:dword[3]:=[&Stmt5,&Stmt6,&Stmt7];

    .

    .

    .

    mov(i,eax);

    cmp(eax,5);

    jbEndCase

    cmp(eax,7);//Verifythatiisintherange

    jaEndCase;//5..7beforetheindirectjmp.

    sub(5,eax);//5->0,6->1,7->2.

    jmp(JmpTbl[eax*4]);

    

    

    Stmt5:

    stdout.put("i=5");

    jmpEndCase;

    

    Stmt6:

    stdout.put("i=6");

    jmpEndCase;

    

    Stmt7:

    stdout.put("i=7");

    

    EndCase:
  


  By subtracting 5 from the value in EAX, this code forces EAX to take on the value 0, 1, or 2 prior to the jmp instruction. Therefore, case-selection value 5 jumps to Stmt5, case-selection value 6 transfers control to Stmt6, and case-selection value 7 jumps to Stmt7.


  There is a sneaky way to improve the code above. You can eliminate the sub instruction by merging this subtraction into the jmp instruction's address expression. Consider the following code that does this:


  


  
    //SWITCHstatementspecifyingcases5,6,and7:

    

    readonly

    JmpTbl:dword[3]:=[&Stmt5,&Stmt6,&Stmt7];

    .

    .

    .

    mov(i,eax);

    cmp(eax,5);

    jbEndCase

    cmp(eax,7);//Verifythatiisintherange

    jaEndCase;//5..7beforetheindirectjmp.

    jmp(JmpTbl[eax*4-5*@size(dword)]);

    

    

    Stmt5:

    stdout.put("i=5");

    jmpEndCase;

    

    Stmt6:

    stdout.put("i=6");

    jmpEndCase;

    

    Stmt7:

    stdout.put("i=7");

    

    EndCase:
  


  The HLA switch statement provides a default clause that executes if the case-selection value doesn't match any of the case values. For example:


  


  
    switch(ebx)

    

    case(5)stdout.put("ebx=5");

    case(6)stdout.put("ebx=6");

    case(7)stdout.put("ebx=7");

    default

    stdout.put("ebxdoesnotequal5,6,or7");

    

    endswitch;
  


  Implementing the equivalent of the default clause in pure assembly language is very easy. Just use a different target label in the jb and ja instructions at the beginning of the code. The following example implements an HLA switch statement similar to the one immediately above:


  


  
    //SWITCHstatementspecifyingcases5,6,and7withaDEFAULTclause:

    

    readonly

    JmpTbl:dword[3]:=[&Stmt5,&Stmt6,&Stmt7];

    .

    .

    .

    mov(i,eax);

    cmp(eax,5);

    jbDefaultCase;

    cmp(eax,7);//Verifythatiisintherange

    jaDefaultCase;//5..7beforetheindirectjmp.

    jmp(JmpTbl[eax*4-5*@size(dword)]);

    

    

    Stmt5:

    stdout.put("i=5");

    jmpEndCase;

    

    Stmt6:

    stdout.put("i=6");

    jmpEndCase;

    

    Stmt7:

    stdout.put("i=7");

    jmpEndCase;

    

    DefaultCase:

    stdout.put("idoesnotequal5,6,or7");

    EndCase:
  


  The second restriction noted earlier, that the case values need to be contiguous, is easy to handle by inserting extra entries into the jump table. Consider the following HLA switch statement:


  


  
    switch(ebx)

    

    case(1)stdout.put("ebx=1");

    case(2)stdout.put("ebx=2");

    case(4)stdout.put("ebx=4");

    case(8)stdout.put("ebx=8");

    default

    stdout.put("ebxisnot1,2,4,or8");

    

    endswitch;
  


  The minimum switch value is 1 and the maximum value is 8. Therefore, the code before the indirect jmp instruction needs to compare the value in EBX against 1 and 8. If the value is between 1 and 8, it's still possible that EBX might not contain a legal case-selection value. However, because the jmp instruction indexes into a table of double words using the case-selection table, the table must have eight double-word entries. To handle the values between 1 and 8 that are not case-selection values, simply put the statement label of the default clause (or the label specifying the first instruction after the endswitch if there is no default clause) in each of the jump table entries that don't have a corresponding case clause. The following code demonstrates this technique:


  


  
    readonly

    JmpTbl2:dword:=

    [

    &Case1,&Case2,&dfltCase,&Case4,

    &dfltCase,&dfltCase,&dfltCase,&Case8

    ];

    .

    .

    .

    cmp(ebx,1);

    jbdfltCase;

    cmp(ebx,8);

    jadfltCase;

    jmp(JmpTbl2[ebx*4-1*@size(dword)]);

    

    Case1:

    stdout.put("ebx=1");

    jmpEndOfSwitch;

    

    Case2:

    stdout.put("ebx=2");

    jmpEndOfSwitch;

    

    Case4:

    stdout.put("ebx=4");

    jmpEndOfSwitch;

    

    Case8:

    stdout.put("ebx=8");

    jmpEndOfSwitch;

    

    dfltCase:

    stdout.put("ebxisnot1,2,4,or8");

    

    EndOfSwitch:
  


  There is a problem with this implementation of the switch statement. If the case values contain nonconsecutive entries that are widely spaced, the jump table could become exceedingly large. The following switch statement would generate an extremely large code file:


  


  
    switch(ebx)

    

    case(1)<<Stmt1>>;

    case(100)<<Stmt2>>;

    case(1_000)<<Stmt3>>;

    case(10_000)<<Stmt4>>;

    default<<Stmt5>>;

    

    endswitch;
  


  In this situation, your program will be much smaller if you implement the switch statement with a sequence of if statements rather than using an indirect jump statement. However, keep one thing in mind—the size of the jump table does not normally affect the execution speed of the program. If the jump table contains two entries or two thousand, the switch statement will execute the multiway branch in a constant amount of time. The if statement implementation requires a linearly increasing amount of time for each case label appearing in the case statement.


  Probably the biggest advantage to using assembly language over an HLL like Pascal or C/C++ is that you get to choose the actual implementation of statements like switch. In some instances you can implement a switch statement as a sequence of if..then..elseif statements, or you can implement it as a jump table, or you can use a hybrid of the two:


  


  
    switch(eax)

    

    case(0)<<Stmt0>>;

    case(1)<<Stmt1>>;

    case(2)<<Stmt2>>;

    case(100)<<Stmt3>>;

    default<<Stmt4>>;

    

    endswitch;
  


  This could become


  


  
    cmp(eax,100);

    jeDoStmt3;

    cmp(eax,2);

    jaTheDefaultCase;

    jmp(JmpTbl[eax*4]);

    ...
  


  Of course, HLA supports the following code high-level control structures:


  


  
    if(ebx=100)then

    <<Stmt3>>;

    else

    switch(eax)

    case(0)<<Stmt0>>;

    case(1)<<Stmt1>>;

    case(2)<<Stmt2>>;

    Otherwise<<Stmt4>>;

    endswitch;

    endif;
  


  But this tends to destroy the readability of the program. On the other hand, the extra code to test for 100 in the assembly language code doesn't adversely affect the readability of the program (perhaps because it's so hard to read already). Therefore, most people will add the extra code to make their program more efficient.


  The C/C++ switch statement is very similar to the HLA switch statement. There is only one major semantic difference: The programmer must explicitly place a break statement in each case clause to transfer control to the first statement beyond the switch. This break corresponds to the jmp instruction at the end of each case sequence in the assembly code above. If the corresponding break is not present, C/C++ transfers control into the code of the following case. This is equivalent to leaving off the jmp at the end of the case's sequence:


  


  
    switch(i)

    {

    case0:<<Stmt1>>;

    case1:<<Stmt2>>;

    case2:<<Stmt3>>;

    break;

    case3:<<Stmt4>>;

    break;

    default:<<Stmt5>>;

    }
  


  This translates into the following 80x86 code:


  


  
    readonly

    JmpTbl:dword[4]:=[&case0,&case1,&case2,&case3];

    .

    .

    .

    mov(i,ebx);

    cmp(ebx,3);

    jaDefaultCase;

    jmp(JmpTbl[ebx*4]);

    

    case0:

    Stmt1;

    

    case1:

    Stmt2;

    

    case2:

    Stmt3;

    jmpEndCase;//Emittedforthebreakstmt.

    

    case3:

    Stmt4;

    jmpEndCase;//Emittedforthebreakstmt.

    

    DefaultCase:

    Stmt5;

    

    EndCase:
  


  

  


  [106] However, be aware of the fact that some expressions depend on the leftmost subexpression evaluating one way in order for the rightmost subexpression to be valid; for example, a common test in C/C++ is if( x != NULL && x->y )...


  [107] If the switch statement appears in your main program, you must declare the array in the declaration section of your main program.


  


  7.8 State Machines and Indirect Jumps


  Another control structure commonly found in assembly language programs is the state machine. A state machine uses a state variable to control program flow. The FORTRAN programming language provides this capability with the assigned goto statement. Certain variants of C (for example, GNU's GCC from the Free Software Foundation) provide similar features. In assembly language, the indirect jump can implement state machines.


  So what is a state machine? In very basic terms, it is a piece of code that keeps track of its execution history by entering and leaving certain "states." For the purposes of this chapter, we'll just assume that a state machine is a piece of code that (somehow) remembers the history of its execution (its state) and executes sections of code based on that history.


  In a very real sense, all programs are state machines. The CPU registers and values in memory constitute the state of that machine. However, we'll use a much more constrained view. Indeed, for most purposes only a single variable (or the value in the EIP register) will denote the current state.


  Now let's consider a concrete example. Suppose you have a procedure that you want to perform one operation the first time you call it, a different operation the second time you call it, yet something else the third time you call it, and then something new again on the fourth call. After the fourth call it repeats these four different operations in order. For example, suppose you want the procedure to add EAX and EBX the first time, subtract them on the second call, multiply them on the third, and divide them on the fourth. You could implement this procedure as follows:


  


  
    procedureStateMachine;

    static

    State:byte:=0;

    beginStateMachine;

    

    cmp(State,0);

    jneTryState1;

    

    //State0:AddebxtoeaxandswitchtoState1:

    

    add(ebx,eax);

    inc(State);

    exitStateMachine;

    

    TryState1:

    cmp(State,1);

    jneTryState2;

    

    //State1:SubtractebxfromeaxandswitchtoState2:

    

    sub(ebx,eax);

    inc(State);//State1becomesState2.

    exitStateMachine;

    

    TryState2:

    cmp(State,2);

    jneMustBeState3;

    

    //IfthisisState2,multiplyebxbyeaxandswitchtoState3:

    

    intmul(ebx,eax);

    inc(State);//State2becomesState3.

    exitStateMachine;

    

    //Ifitisn'toneoftheabovestates,wemustbeinState3,

    //sodivideeaxbyebxandswitchbacktoState0.

    

    MustBeState3:

    push(edx);//Preservethis'causeitgetswhackedbydiv.

    xor(edx,edx);//Zeroextendeaxintoedx.

    div(ebx,edx:eax);

    pop(edx);//Restoreedx'svaluepreservedabove.

    mov(0,State);//Resetthestatebackto0.

    

    endStateMachine;
  


  Technically, this procedure is not the state machine. Instead, it is the variable State and the cmp/jne instructions that constitute the state machine.


  There is nothing particularly special about this code. It's little more than a switch statement implemented via the if..then..elseif construct. The only thing unique about this procedure is that it remembers how many times it has been called[108] and behaves differently depending upon the number of calls. While this is a correct implementation of the desired state machine, it is not particularly efficient. The astute reader, of course, would recognize that this code could be made a little faster using an actual switch statement rather than the if..then..elseif implementation. However, there is an even better solution.


  A common implementation of a state machine in assembly language is to use an indirect jump. Rather than having a state variable that contains a value like 0, 1, 2, or 3, we could load the state variable with the address of the code to execute upon entry into the procedure. By simply jumping to that address, the state machine could save the tests needed to select the proper code fragment. Consider the following implementation using the indirect jump:


  


  
    procedureStateMachine;

    static

    State:dword:=&State0;

    beginStateMachine;

    

    jmp(State);

    

    //State0:AddebxtoeaxandswitchtoState1:

    

    State0:

    add(ebx,eax);

    mov(&State1,State);

    exitStateMachine;

    

    State1:

    

    //State1:SubtractebxfromeaxandswitchtoState2:

    

    sub(ebx,eax);

    mov(&State2,State);//State1becomesState2.

    exitStateMachine;

    

    State2:

    

    //IfthisisState2,multiplyebxbyeaxandswitchtoState3:

    

    intmul(ebx,eax);

    mov(&State3,State);//State2becomesState3.

    exitStateMachine;

    

    //State3:DivideeaxbyebxandswitchbacktoState0.

    

    State3:

    push(edx);//Preservethis'causeitgetswhackedbydiv.

    xor(edx,edx);//Zeroextendeaxintoedx.

    div(ebx,edx:eax);

    pop(edx);//Restoreedx'svaluepreservedabove.

    mov(&State0,State);//Resetthestatebackto0.

    

    endStateMachine;
  


  The jmp instruction at the beginning of the StateMachine procedure transfers control to the location pointed at by the State variable. The first time you call StateMachine it points at the State0 label. Thereafter, each subsection of code sets the State variable to point at the appropriate successor code.


  

  


  [108] Actually, it remembers how many times, modulo 4, that it has been called.


  


  7.9 Spaghetti Code


  One major problem with assembly language is that it takes several statements to realize a simple idea encapsulated by a single high-level language statement. All too often an assembly language programmer will notice that she or he can save a few bytes or cycles by jumping into the middle of some program structure. After a few such observations (and corresponding modifications) the code contains a whole sequence of jumps in and out of portions of the code. If you were to draw a line from each jump to its destination, the resulting listing would end up looking like someone dumped a bowl of spaghetti on your code, hence the term spaghetti code.


  Spaghetti code suffers from one major drawback—it's difficult (at best) to read such a program and figure out what it does. Most programs start out in a "structured" form only to become spaghetti code when sacrificed at the altar of efficiency. Alas, spaghetti code is rarely efficient. Because it's difficult to figure out exactly what's going on, it's very difficult to determine if you can use a better algorithm to improve the system. Hence, spaghetti code may wind up less efficient than structured code.


  While it's true that producing some spaghetti code in your programs may improve its efficiency, doing so should always be a last resort after you've tried everything else and you still haven't achieved what you need. Always start out writing your programs with straightforward if and switch statements. Start combining sections of code (via jmp instructions) once everything is working and well understood. Of course, you should never obliterate the structure of your code unless the gains are worth it.


  A famous saying in structured programming circles is, "After gotos, pointers are the next most dangerous element in a programming language." A similar saying is "Pointers are to data structures what gotos are to control structures." In other words, avoid excessive use of pointers. If pointers and gotos are bad, then the indirect jump must be the worst construct of all because it involves both gotos and pointers! Seriously, though, the indirect jump instruction should be avoided for casual use. Its use tends to make a program harder to read. After all, an indirect jump can (theoretically) transfer control to any point within a program. Imagine how hard it would be to follow the flow through a program if you have no idea what a pointer contains and you come across an indirect jump using that pointer. Therefore, you should always exercise care when using jump indirect instructions.


  


  7.10 Loops


  Loops represent the final basic control structure (sequences, decisions, and loops) that make up a typical program. Like so many other structures in assembly language, you'll find yourself using loops in places you've never dreamed of using loops. Most high-level languages have implied loop structures hidden away. For example, consider the BASIC statement if A$ = B$ then 100. This if statement compares two strings and jumps to statement 100 if they are equal. In assembly language, you would need to write a loop to compare each character in A$ to the corresponding character in B$ and then jump to statement 100 if and only if all the characters matched. In BASIC, there is no loop to be seen in the program. Assembly language requires a loop to compare the individual characters in the string.[109] This is but a small example that shows how loops seem to pop up everywhere.


  Program loops consist of three components: an optional initialization component, an optional loop termination test, and the body of the loop. The order in which you assemble these components can dramatically affect the loop's operation. Three permutations of these components appear frequently in programs. Because of their frequency, these loop structures are given special names in high-level languages: while loops, repeat..until loops (do..while in C/C++), and infinite loops (e.g., forever..endfor in HLA).


  7.10.1 while Loops


  The most general loop is the while loop. In HLA's high-level syntax it takes the following form:


  


  
    while(expression)dostatementsendwhile;
  


  There are two important points to note about the while loop. First, the test for termination appears at the beginning of the loop. Second, as a direct consequence of the position of the termination test, the body of the loop may never execute if the boolean expression is always false.


  Consider the following HLA while loop:


  


  
    mov(0,i);

    while(i<100)do

    

    inc(i);

    

    endwhile;
  


  The mov( 0, i ); instruction is the initialization code for this loop. i is a loop-control variable, because it controls the execution of the body of the loop. i < 100 is the loop termination condition. That is, the loop will not terminate as long as i is less than 100. The single instruction inc( i ); is the loop body that executes on each loop iteration.


  Note that an HLA while loop can be easily synthesized using if and jmp statements. For example, you may replace the previous HLA while loop with the following HLA code:


  


  
    mov(0,i);

    WhileLp:

    if(i<100)then

    

    inc(i);

    jmpWhileLp;

    

    endif;
  


  More generally, you can construct any while loop as follows:


  


  
    <<Optionalinitializationcode>>

    

    UniqueLabel:

    if(not_termination_condition)then

    

    <<Loopbody>>

    jmpUniqueLabel;

    

    endif;
  


  Therefore, you can use the techniques from earlier in this chapter to convert if statements to assembly language and add a single jmp instruction to produce a while loop. The example we've been looking at in this section translates to the following pure 80x86 assembly code:[110]


  


  
    mov(0,i);

    WhileLp:

    cmp(i,100);

    jnlWhileDone;

    inc(i);

    jmpWhileLp;

    

    WhileDone:
  


  7.10.2 repeat..until Loops


  The repeat..until (do..while) loop tests for the termination condition at the end of the loop rather than at the beginning. In HLA high-level syntax, the repeat..until loop takes the following form:


  


  
    <<Optionalinitializationcode>>

    repeat

    

    <<Loopbody>>

    

    until(termination_condition);
  


  This sequence executes the initialization code, then executes the loop body, and finally tests some condition to see if the loop should repeat. If the boolean expression evaluates to false, the loop repeats; otherwise the loop terminates. The two things you should note about the repeat..until loop are that the termination test appears at the end of the loop and, as a direct consequence of this, the loop body always executes at least once.


  Like the while loop, the repeat..until loop can be synthesized with an if statement and a jmp. You could use the following:


  


  
    <<Initializationcode>>

    SomeUniqueLabel:

    

    <<Loopbody>>

    

    if(not_the_termination_condition)thenjmpSomeUniqueLabel;endif;
  


  Based on the material presented in the previous sections, you can easily synthesize repeat..until loops in assembly language. The following is a simple example:


  


  
    repeat

    

    stdout.put("Enteranumbergreaterthan100:");

    stdin.get(i);

    

    until(i>100);

    

    //Thistranslatestothefollowingif/jmpcode:

    

    RepeatLabel:

    

    stdout.put("Enteranumbergreaterthan100:");

    stdin.get(i);

    

    if(i<=100)thenjmpRepeatLabel;endif;

    

    //Italsotranslatesintothefollowing"pure"assemblycode:

    

    RepeatLabel:

    

    stdout.put("Enteranumbergreaterthan100:");

    stdin.get(i);

    

    cmp(i,100);

    jngRepeatLabel;
  


  7.10.3 forever..endfor Loops


  If while loops test for termination at the beginning of the loop and repeat..until loops check for termination at the end of the loop, the only place left to test for termination is in the middle of the loop. The HLA high-level forever..endfor loop, combined with the break and breakif statements, provides this capability. The forever..endfor loop takes the following form:


  


  
    forever

    

    <<Loopbody>>

    

    endfor;
  


  Note that there is no explicit termination condition. Unless otherwise provided for, the forever..endfor construct forms an infinite loop. A breakif statement usually handles loop termination. Consider the following HLA code that employs a forever..endfor construct:


  


  
    forever

    

    stdin.get(character);

    breakif(character='.');

    stdout.put(character);

    

    endfor;
  


  Converting a forever loop to pure assembly language is easy. All you need is a label and a jmp instruction. The breakif statement in this example is really nothing more than an if and a jmp instruction. The pure assembly language version of the code above looks something like the following:


  


  
    foreverLabel:

    

    stdin.get(character);

    cmp(character,'.');

    jeForIsDone;

    stdout.put(character);

    jmpforeverLabel;

    

    ForIsDone:
  


  7.10.4 for Loops


  The for loop is a special form of the while loop that repeats the loop body a specific number of times. In HLA, the for loop takes the following form:


  


  
    for(Initialization_Stmt;Termination_Expression;inc_Stmt)do

    

    <<statements>>

    

    endfor;
  


  This is completely equivalent to the following:


  


  
    Initialization_Stmt;

    while(Termination_Expression)do

    

    <<statements>>

    

    inc_Stmt;

    

    endwhile;
  


  Traditionally, programs use the for loop to process arrays and other objects accessed in sequential order. One normally initializes a loop-control variable with the initialization statement and then uses the loop-control variable as an index into the array (or other data type). For example:


  


  
    for(mov(0,esi);esi<7;inc(esi))do

    

    stdout.put("ArrayElement=",SomeArray[esi*4],nl);

    

    endfor;
  


  To convert this to pure assembly language, begin by translating the for loop into an equivalent while loop:


  


  
    mov(0,esi);

    while(esi<7)do

    

    stdout.put("ArrayElement=",SomeArray[esi*4],nl);

    

    inc(esi);

    endwhile;
  


  Now, using the techniques from the section on while loops, translate the code into pure assembly language:


  


  
    mov(0,esi);

    WhileLp:

    cmp(esi,7);

    jnlEndWhileLp;

    

    stdout.put("ArrayElement=",SomeArray[esi*4],nl);

    

    inc(esi);

    jmpWhileLp;

    

    EndWhileLp:
  


  7.10.5 The break and continue Statements


  The HLA break and continue statements both translate into a single jmp instruction. The break instruction exits the loop that immediately contains the break statement; the continue statement restarts the loop that immediately contains the continue statement.


  Converting a break statement to pure assembly language is very easy. Just emit a jmp instruction that transfers control to the first statement following the endxxxx (or until) clause of the loop to exit. You can do this by placing a label after the associated endxxxx clause and jumping to that label. The following code fragments demonstrate this technique for the various loops.


  


  
    //BreakingoutofaFOREVERloop:

    

    forever

    <<stmts>>

    //break;

    jmpBreakFromForever;

    <<stmts>>

    endfor;

    BreakFromForever:

    

    //BreakingoutofaFORloop;

    for(initStmt;expr;incStmt)do

    <<stmts>>

    //break;

    jmpBrkFromFor;

    <<stmts>>

    endfor;

    BrkFromFor:

    

    //BreakingoutofaWHILEloop:

    

    while(expr)do

    <<stmts>>

    //break;

    jmpBrkFromWhile;

    <<stmts>>

    endwhile;

    BrkFromWhile:

    

    //BreakingoutofaREPEAT..UNTILloop:

    

    repeat

    <<stmts>>

    //20break;

    jmpBrkFromRpt;

    <<stmts>>

    until(expr);

    BrkFromRpt:
  


  The continue statement is slightly more complex than the break statement. The implementation is still a single jmp instruction; however, the target label doesn't wind up going in the same spot for each of the different loops. Figure7-2, Figure7-3, Figure7-4, and Figure7-5 show where the continue statement transfers control for each of the HLA loops.
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    Figure7-2.continue destination for the forever loop
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    Figure7-3.continue destination and the while loop
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    Figure7-4.continue destination and the for loop
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    Figure7-5.continue destination and the repeat..until loop
  


  The following code fragments demonstrate how to convert the continue statement into an appropriate jmp instruction for each of these loop types.


  forever..continue..endfor


  


  
    //Conversionofforeverloopwithcontinue

    //topureassembly:

    forever

    <<stmts>>

    continue;

    <<stmts>>

    endfor;

    

    //Convertedcode:

    

    foreverLbl:

    <<stmts>>

    //continue;

    jmpforeverLbl;

    <<stmts>>

    jmpforeverLbl;
  


  while..continue..endwhile


  


  
    //Conversionofwhileloopwithcontinue

    //intopureassembly:

    

    while(expr)do

    <<stmts>>

    continue;

    <<stmts>>

    endwhile;

    

    //Convertedcode:

    

    whlLabel:

    <<Codetoevaluateexpr>>

    jccEndOfWhile;//Skiplooponexprfailure.

    <<stmts>>

    //continue;

    jmpwhlLabel;//Jumptostartoflooponcontinue.

    <<stmts>>

    jmpwhlLabel;//Repeatthecode.

    EndOfwhile:
  


  for..continue..endfor


  


  
    //Conversionforaforloopwithcontinue

    //intopureassembly:

    

    for(initStmt;expr;incStmt)do

    <<stmts>>

    continue;

    <<stmts>>

    endfor;

    

    //Convertedcode:

    
 initStmt

    ForLpLbl:

    <<Codetoevaluateexpr>>

    jccEndOfFor;//Branchifexpressionfails.

    <<stmts>>

    //continue;

    jmpContFor;//BranchtoincStmtoncontinue.

    <<stmts>>

    

    ContFor:

    incStmt

    jmpForLpLbl;

    EndOfFor:
  


  repeat..continue..until


  


  
    repeat

    <<stmts>>

    continue;

    <<stmts>>

    until(expr);

    

    //Convertedcode:

    

    RptLpLbl:

    <<stmts>>

    //continue;

    jmpContRpt;//Continuebranchestoloopterminationtest.

    <<stmts>>

    ContRpt:

    <<Codetotestexpr>>

    jccRptLpLbl;//Jumpsifexpressionevaluatesfalse.
  


  7.10.6 Register Usage and Loops


  Given that the 80x86 accesses registers more efficiently than memory locations, registers are the ideal spot to place loop-control variables (especially for small loops). However, there are some problems associated with using registers within a loop. The primary problem with using registers as loop-control variables is that registers are a limited resource. The following will not work properly because it attempts to reuse a register (CX) that is already in use:


  


  
    mov(8,cx);

    loop1:

    mov(4,cx);

    loop2:

    <<stmts>>

    dec(cx);

    jnzloop2;

    dec(cx);

    jnzloop1;
  


  The intent here, of course, was to create a set of nested loops, that is, one loop inside another. The inner loop (loop2) should repeat four times for each of the eight executions of the outer loop (loop1). Unfortunately, both loops use the same register as a loop-control variable. Therefore, this will form an infinite loop because CX will contain 0 at the end of the first loop. Because CX is always 0 upon encountering the second dec instruction, control will always transfer to the loop1 label (because decrementing 0 produces a nonzero result). The solution here is to save and restore the CX register or to use a different register in place of CX for the outer loop:


  


  
    mov(8,cx);

    loop1:

    push(cx);

    mov(4,cx);

    loop2:

    <<stmts>>

    dec(cx);

    jnzloop2;

    

    pop(cx);

    dec(cx);

    jnzloop1;
  


  or


  


  
    mov(8,dx);

    loop1:

    mov(4,cx);

    loop2:

    <<stmts>>

    dec(cx);

    jnzloop2;

    

    dec(dx);

    jnzloop1;
  


  Register corruption is one of the primary sources of bugs in loops in assembly language programs, so always keep an eye out for this problem.


  

  


  [109] Of course, the HLA Standard Library provides the str.eq routine that compares the strings for you, effectively hiding the loop even in an assembly language program.


  [110] Note that HLA will actually convert most while statements to different 80x86 code than this section presents. The reason for the difference appears in 7.11 Performance Improvements, when we explore how to write more efficient loop code.


  


  7.11 Performance Improvements


  The 80x86 microprocessors execute sequences of instructions at blinding speed. Therefore, you'll rarely encounter a slow program that doesn't contain any loops. Because loops are the primary source of performance problems within a program, they are the place to look when attempting to speed up your software. While a treatise on how to write efficient programs is beyond the scope of this chapter, there are some things you should be aware of when designing loops in your programs. They're all aimed at removing unnecessary instructions from your loops in order to reduce the time it takes to execute a single iteration of the loop.


  7.11.1 Moving the Termination Condition to the End of a Loop


  Consider the following flow graphs for the three types of loops presented earlier:


  


  
    repeat..untilloop:

    Initializationcode

    Loopbody

    Testfortermination

    Codefollowingtheloop

    

    whileloop:

    Initializationcode

    Loopterminationtest

    Loopbody

    Jumpbacktotest

    Codefollowingtheloop

    

    forever..endforloop:

    Initializationcode

    Loopbodypartone

    Loopterminationtest

    Loopbodyparttwo

    JumpbacktoLoopbodypartone

    Codefollowingtheloop
  


  As you can see, the repeat..until loop is the simplest of the bunch. This is reflected in the assembly language implementation of these loops. Consider the following repeat..until and while loops that are semantically identical:


  


  
    //ExampleinvolvingaWHILEloop:

    

    mov(edi,esi);

    sub(20,esi);

    while(esi<=edi)do

    

    <<stmts>>

    inc(esi);

    

    endwhile;

    

    //Conversionofthecodeaboveintopureassemblylanguage:

    

    mov(edi,esi);

    sub(20,esi);

    whlLbl:

    cmp(esi,edi);

    jnleEndOfWhile;

    

    <<stmts>>

    inc(esi);

    <<stmts>>

    jmpwhlLbl;

    

    EndOfWhile:

    

    

    //ExampleinvolvingaREPEAT..UNTILloop:

    

    mov(edi,esi);

    sub(20,esi);

    repeat

    

    <<stmts>>

    inc(esi);

    

    until(esi>edi);

    

    //ConversionoftheREPEAT..UNTILloopintopureassembly:

    

    rptLabel:

    <<stmts>>

    inc(esi);

    cmp(esi,edi);

    jngrptLabel;
  


  As you can see by carefully studying the conversion to pure assembly language, testing for the termination condition at the end of the loop allowed us to remove a jmp instruction from the loop. This can be significant if this loop is nested inside other loops. In the preceding example there wasn't a problem with executing the body at least once. Given the definition of the loop, you can easily see that the loop will be executed exactly 20 times. This suggests that the conversion to a repeat..until loop is trivial and always possible. Unfortunately, it's not always quite this easy. Consider the following HLA code:


  


  
    while(esi<=edi)do

    <<stmts>>

    inc(esi);

    endwhile;
  


  In this particular example, we haven't the slightest idea what ESI contains upon entry into the loop. Therefore, we cannot assume that the loop body will execute at least once. So we must test for loop termination before executing the body of the loop. The test can be placed at the end of the loop with the inclusion of a single jmp instruction:


  


  
    jmpWhlTest;

    TopOfLoop:

    <<stmts>>

    inc(esi);

    WhlTest:

    cmp(esi,edi);

    jleTopOfLoop;
  


  Although the code is as long as the original while loop, the jmp instruction executes only once rather than on each repetition of the loop. Note that this slight gain in efficiency is obtained via a slight loss in readability. The second code sequence above is closer to spaghetti code than the original implementation. Such is often the price of a small performance gain. Therefore, you should carefully analyze your code to ensure that the performance boost is worth the loss of clarity. More often than not, assembly language programmers sacrifice clarity for dubious gains in performance, producing impossible-to-understand programs.


  Note, by the way, that HLA translates its high-level while statement into a sequence of instructions that test the loop termination condition at the bottom of the loop using exactly the technique this section describes.


  7.11.2 Executing the Loop Backwards


  Because of the nature of the flags on the 80x86, loops that repeat from some number down to (or up to) 0 are more efficient than loops that execute from 0 to some other value. Compare the following HLA for loop and the code it generates:


  


  
    for(mov(1,j);j<=8;inc(j))do

    <<stmts>>

    endfor;

    

    //Conversiontopureassembly(aswellasusingaREPEAT..UNTILform):

    

    mov(1,j);

    ForLp:

    <<stmts>>

    inc(j);

    cmp(j,8);

    jngeForLp;
  


  Now consider another loop that also has eight iterations but runs its loop-control variable from 8 down to 1 rather than 1 up to 8:


  


  
    mov(8,j);

    LoopLbl:

    <<stmts>>

    dec(j);

    jnzLoopLbl;
  


  Note that by running the loop from 8 down to 1 we saved a comparison on each repetition of the loop.


  Unfortunately, you cannot force all loops to run backward. However, with a little effort and some coercion you should be able to write many for loops so that they operate backward. Saving the execution time of the cmp instruction on each iteration of the loop may result in faster code.


  The example above worked out well because the loop ran from 8 down to 1. The loop terminated when the loop-control variable became 0. What happens if you need to execute the loop when the loop-control variable goes to 0? For example, suppose that the loop above needed to range from 7 down to 0. As long as the upper bound is positive, you can substitute the jns instruction in place of the jnz instruction in the earlier code:


  


  
    mov(7,j);

    LoopLbl:

    <<stmts>>

    dec(j);

    jnsLoopLbl;
  


  This loop will repeat eight times, with j taking on the values 7..0. When it decrements 0 to −1, it sets the sign flag and the loop terminates.


  Keep in mind that some values may look positive but are actually negative. If the loop-control variable is a byte, then values in the range 128..255 are negative in the two's complement system. Therefore, initializing the loop-control variable with any 8-bit value in the range 129..255 (or, of course, 0) terminates the loop after a single execution. This can get you into trouble if you're not careful.


  7.11.3 Loop-Invariant Computations


  A loop-invariant computation is some calculation that appears within a loop that always yields the same result. You needn't do such computations inside the loop. You can compute them outside the loop and reference the value of the computations inside the loop. The following HLA code demonstrates an invariant computation:


  


  
    for(mov(0,eax);eax<n;inc(eax))do

    

    mov(eax,edx);

    add(j,edx);

    sub(2,edx);

    add(edx,k);

    

    endfor;
  


  Because j never changes throughout the execution of this loop, the subexpression j-2 can be computed outside the loop:


  


  
    mov(j,ecx);

    sub(2,ecx);

    for(mov(0,eax);eax<n;inc(eax))do

    

    mov(eax,edx);

    add(ecx,edx);

    add(edx,k);

    

    endfor;
  


  Although we've eliminated a single instruction by computing the subexpression j-2 outside the loop, there is still an invariant component to this calculation. Note that this invariant component executes n times in the loop; this means that we can translate the previous code to the following:


  


  
    mov(j,ecx);

    sub(2,ecx);

    intmul(n,ecx);//Computen*(j-2)andaddthisintokoutside

    add(ecx,k);//theloop.

    for(mov(0,eax);eax<n;inc(eax))do

    

    add(eax,k);

    

    endfor;
  


  As you can see, we've shrunk the loop body from four instructions down to one. Of course, if you're really interested in improving the efficiency of this particular loop, you can compute the result without using a loop at all (there is a formula that corresponds to the iterative calculation above). Still, this simple example demonstrates elimination of loop-invariant calculations from a loop.


  7.11.4 Unraveling Loops


  For small loops, that is, those whose body is only a few statements, the overhead required to process a loop may constitute a significant percentage of the total processing time. For example, look at the following Pascal code and its associated 80x86 assembly language code:


  


  
    fori:=3downto0doA[i]:=0;

    

    mov(3,i);

    LoopLbl:

    mov(i,ebx);

    mov(0,A[ebx*4]);

    dec(i);

    jnsLoopLbl;
  


  Four instructions execute on each repetition of the loop. Only one instruction is doing the desired operation (moving a 0 into an element of A). The remaining three instructions control the loop. Therefore, it takes 16 instructions to do the operation logically required by 4.


  While there are many improvements we could make to this loop based on the information presented thus far, consider carefully exactly what it is that this loop is doing—it's storing four 0s into A[0] through A[3]. A more efficient approach is to use four mov instructions to accomplish the same task. For example, if A is an array of double words, then the following code initializes A much faster than the code above:


  


  
    mov(0,A[0]);

    mov(0,A[4]);

    mov(0,A[8]);

    mov(0,A[12]);
  


  Although this is a simple example, it shows the benefit of loop unraveling (also known as loop unrolling). If this simple loop appeared buried inside a set of nested loops, the 4:1 instruction reduction could possibly double the performance of that section of your program.


  Of course, you cannot unravel all loops. Loops that execute a variable number of times are difficult to unravel because there is rarely a way to determine (at assembly time) the number of loop iterations. Therefore, unraveling a loop is a process best applied to loops that execute a known number of times (and the number of times is known at assembly time).


  Even if you repeat a loop some fixed number of iterations, it may not be a good candidate for loop unraveling. Loop unraveling produces impressive performance improvements when the number of instructions controlling the loop (and handling other overhead operations) represents a significant percentage of the total number of instructions in the loop. Had the previous loop contained 36 instructions in the body (exclusive of the 4 overhead instructions), then the performance improvement would be, at best, only 10 percent (compared with the 300–400 percent it now enjoys). Therefore, the costs of unraveling a loop, that is, all the extra code that must be inserted into your program, quickly reach a point of diminishing returns as the body of the loop grows larger or as the number of iterations increases. Furthermore, entering that code into your program can become quite a chore. Therefore, loop unraveling is a technique best applied to small loops.


  Note that the superscalar 80x86 chips (Pentium and later) have branch-prediction hardware and use other techniques to improve performance. Loop unrolling on such systems may actually slow down the code because these processors are optimized to execute short loops.


  7.11.5 Induction Variables


  Consider the following loop:


  


  
    fori:=0to255docsetVar[i]:={};
  


  Here the program is initializing each element of an array of character sets to the empty set. The straightforward code to achieve this is the following:


  


  
    mov(0,i);

    FLp:

    

    //Computetheindexintothearray(notethateachelement

    //ofaCSETarraycontains16bytes).

    

    mov(i,ebx);

    shl(4,ebx);

    

    //Setthiselementtotheemptyset(all0bits).

    

    mov(0,csetVar[ebx]);

    mov(0,csetVar[ebx+4]);

    mov(0,csetVar[ebx+8]);

    mov(0,csetVar[ebx+12]);

    

    inc(i);

    cmp(i,256);

    jbFLp;
  


  Although unraveling this code will still produce a performance improvement, it will take 1,024 instructions to accomplish this task, too many for all but the most time-critical applications. However, you can reduce the execution time of the body of the loop using induction variables. An induction variable is one whose value depends entirely on the value of some other variable. In the example above, the index into the array csetVar tracks the loop-control variable (it's always equal to the value of the loop-control variable times 16). Because i doesn't appear anywhere else in the loop, there is no sense in performing the computations on i. Why not operate directly on the array index value? The following code demonstrates this technique:


  


  
    mov(0,ebx);

    FLp:

    mov(0,csetVar[ebx]);

    mov(0,csetVar[ebx+4]);

    mov(0,csetVar[ebx+8]);

    mov(0,csetVar[ebx+12]);

    

    add(16,ebx);

    cmp(ebx,256*16);

    jbFLp;
  


  The induction that takes place in this example occurs when the code increments the loop-control variable (moved into EBX for efficiency reasons) by 16 on each iteration of the loop rather than by 1. Multiplying the loop-control variable by 16 (and also the final loop-termination constant value) allows the code to eliminate multiplying the loop-control variable by 16 on each iteration of the loop (that is, this allows us to remove the shl instruction from the previous code). Further, because this code no longer refers to the original loop-control variable (i), the code can maintain the loop-control variable strictly in the EBX register.


  


  7.12 Hybrid Control Structures in HLA


  The HLA high-level language control structures have a few drawbacks: (1) they're not true assembly language instructions, (2) complex boolean expressions support only short-circuit evaluation, and (3) they often introduce inefficient coding practices into a language that most people use only when they need to write high-performance code. On the other hand, while the 80x86 low-level control structures let you write efficient code, the resulting code is very difficult to read and maintain. HLA provides a set of hybrid control structures that allow you to use pure assembly language statements to evaluate boolean expressions while using the high-level control structures to delineate the statements controlled by the boolean expressions. The result is code that is much more readable than pure assembly language without being a whole lot less efficient.


  HLA provides hybrid forms of the if..elseif..else..endif, while..endwhile, repeat..until, breakif, exitif, and continueif statements (that is, those that involve a boolean expression). For example, a hybrid if statement takes the following form:


  


  
    if(#{instructions}#)thenstatementsendif;
  


  Note the use of #{ and }# operators to surround a sequence of instructions within this statement. This is what differentiates the hybrid control structures from the standard high-level language control structures. The remaining hybrid control structures take the following forms:


  


  
    while(#{statements}#)statementsendwhile;

    repeatstatementsuntil(#{statements}#);

    breakif(#{statements}#);

    exitif(#{statements}#);

    continueif(#{statements}#);
  


  The statements within the curly braces replace the normal boolean expression in an HLA high-level control structure. These particular statements are special insofar as HLA defines two pseudo-labels, true and false, within their context. HLA associates the label true with the code that would normally execute if a boolean expression were present and that expression's result was true. Similarly, HLA associates the label false with the code that would execute if a boolean expression in one of these statements evaluated false. As a simple example, consider the following two (equivalent) if statements:


  


  
    if(eax<ebx)theninc(eax);endif;

    

    if

    (#{

    cmp(eax,ebx);

    jnbfalse;

    }#)then

    inc(eax);

    

    endif;
  


  The jnb that transfers control to the false label in this latter example will skip over the inc instruction if EAX is not less than EBX. Note that if EAX is less than EBX, then control falls through to the inc instruction. This is roughly equivalent to the following pure assembly code:


  


  
    cmp(eax,ebx);

    jnbfalseLabel;

    inc(eax);

    falseLabel:
  


  As a slightly more complex example, consider the statement


  


  
    if(eax>=j&&eax<=k)thensub(j,eax);endif;
  


  The following hybrid if statement accomplishes the above:


  


  
    if

    (#{

    cmp(eax,j);

    jnaefalse;

    cmp(eax,k);

    jnaefalse;

    }#)then

    sub(j,eax);

    

    endif;
  


  As one final example of the hybrid if statement, consider the following:


  


  
    //if(((eax>ebx)&&(eax<ecx))||(eax=edx))then

    //mov(ebx,eax);

    //endif;

    

    if

    (#{

    cmp(eax,edx);

    jetrue;

    cmp(eax,ebx);

    jngfalse;

    cmp(eax,ecx);

    jnbfalse;

    }#)then

    mov(ebx,eax);

    

    endif;
  


  Because these examples are rather trivial, they don't really demonstrate how much more readable the code can be when using hybrid statements rather than pure assembly code. However, one thing you should notice is that using hybrid statements eliminates the need to insert labels throughout your code. This can make your programs easier to read and understand.


  For the if statement, the true label corresponds to the then clause of the statement; the false label corresponds to the elseif, else, or endif clause (whichever follows the then clause). For the while loop, the true label corresponds to the body of the loop, whereas the false label is attached to the first statement following the corresponding endwhile. For the repeat..until statement, the true label is attached to the code following the until clause, whereas the false label is attached to the first statement of the body of the loop. The breakif, exitif, and continueif statements associate the false label with the statement immediately following one of these statements; they associate the true label with the code normally associated with a break, exit, or continue statement.


  


  7.13 For More Information


  HLA contains a few additional high-level control structures beyond those this chapter describes. Examples include the try..endtry block and the foreach statement. A discussion of these statements does not appear in this chapter because these are advanced control structures and their implementation is too complex to describe this early in the text. For more information on their implementation, see the electronic edition at http://www.artofasm.com/ (or http://webster.cs.ucr.edu/) or the HLA reference manual.


  


  Chapter8.ADVANCED ARITHMETIC


  [image: ]


  This chapter deals with those arithmetic operations for which assembly language is especially well suited. It covers four main topics: extended-precision arithmetic, arithmetic on operands whose sizes are different, decimal arithmetic, and computation via table lookup.


  By far, the most extensive subject this chapter covers is multiprecision arithmetic. By the conclusion of this chapter you will know how to apply arithmetic and logical operations to integer operands of any size. If you need to work with integer values outside the range ±2 billion (or with unsigned values beyond 4 billion), no sweat; this chapter shows you how to get the job done.


  Different-size operands also present some special problems. For example, you may want to add a 64-bit unsigned integer to a 128-bit signed integer value. This chapter discusses how to convert these two operands to a compatible format.


  This chapter also discusses decimal arithmetic using the 80x86 BCD (binary-coded decimal) instructions and the FPU (floating-point unit). This lets you use decimal arithmetic in those few applications that absolutely require base-10 operations.


  Finally, this chapter concludes by discussing how to speed up complex computations using table lookups.


  8.1 Multiprecision Operations


  One big advantage of assembly language over high-level languages is that assembly language does not limit the size of integer operations. For example, the standard C programming language defines three different integer sizes: short int, int, and long int.[111] On the PC, these are often 16- and 32-bit integers. Although the 80x86 machine instructions limit you to processing 8-, 16-, or 32-bit integers with a single instruction, you can always use multiple instructions to process integers of any size. If you want to add 256-bit integer values together, no problem; it's relatively easy to accomplish this in assembly language. The following sections describe how to extend various arithmetic and logical operations from 16 or 32 bits to as many bits as you please.


  8.1.1 HLA Standard Library Support for Extended-Precision Operations


  Although it is important for you to understand how to do extended-precision arithmetic yourself, you should note that the HLA Standard Library provides a full set of 64-bit and 128-bit arithmetic and logical functions that you can use. These routines are general purpose and very convenient to use. This section briefly describes the HLA Standard Library support for extended-precision arithmetic.


  As noted in earlier chapters, the HLA compiler supports several different 64-bit and 128-bit data types. These extended data types are:


  
    
  


  
    	
      
        
          uns64: 64-bit unsigned integers
        

      

    


    	
      
        
          int64: 64-bit signed integers
        

      

    


    	
      
        
          qword: 64-bit untyped values
        

      

    


    	
      
        
          uns128: 128-bit unsigned integers
        

      

    


    	
      
        
          int128: 128-bit signed integers
        

      

    


    	
      
        
          lword: 128-bit untyped values
        

      

    

  


  HLA also provides a tbyte type, but we will not consider that here (see 8.2 Operating on Different-Size Operands).


  HLA fully supports 64-bit and 128-bit literal constants and constant arithmetic. This allows you to initialize 64- and 128-bit static objects using standard decimal, hexadecimal, or binary notation. For example:


  


  
    static

    u128:uns128:=123456789012345678901233567890;

    i64:int64:=−12345678901234567890;

    lw:lword:=$1234_5678_90ab_cdef_0000_ffff;
  


  In order to easily manipulate 64-bit and 128-bit values, the HLA Standard Library's math.hhf module provides a set of functions that handle most of the standard arithmetic and logical operations. You use these functions in a manner similar to the 32-bit arithmetic and logical instructions. For example, consider the math.addq (qword) and math.addl (lword) functions:


  


  
    math.addq(left64,right64,dest64);

    math.addl(left128,right128,dest128);
  


  These functions compute the following:


  


  
    dest64:=left64+right64;//dest64,left64,andright64

    //mustbe8-byteoperands
dest128:=left128+right128;//dest128,left128,andright128

    //mustbe16-byteoperands
  


  These functions set the 80x86 flags the same way you'd expect after the execution of an add instruction. Specifically, these functions set the zero flag if the (full) result is 0, they set the carry flag if there is a carry from the H.O. bit, they set the overflow flag if there is a signed overflow, and they set the sign flag if the H.O. bit of the result contains 1.


  Most of the remaining arithmetic and logical routines use the same calling sequence as math.addq and math.addl. Briefly, here are those functions:


  


  
    math.andq(left64,right64,dest64);

    math.andl(left128,right128,dest128);

    math.divq(left64,right64,dest64);

    math.divl(left128,right128,dest128);

    math.idivq(left64,right64,dest64);

    math.idivl(left128,right128,dest128);

    math.modq(left64,right64,dest64);

    math.modl(left128,right128,dest128);

    math.imodq(left64,right64,dest64);

    math.imodl(left128,right128,dest128);

    math.mulq(left64,right64,dest64);

    math.mull(left128,right128,dest128);

    math.imulq(left64,right64,dest64);

    math.imull(left128,right128,dest128);

    math.orq(left64,right64,dest64);

    math.orl(left128,right128,dest128);

    math.subq(left64,right64,dest64);

    math.subl(left128,right128,dest128);

    math.xorq(left64,right64,dest64);

    math.xorl(left128,right128,dest128);
  


  These functions set the flags the same way as the corresponding 32-bit machine instructions and, in the case of the division and remainder (modulo) functions, raise the same exceptions. Note that the multiplication functions do not produce an extended-precision result. The destination value is the same size as the source operands. These functions set the overflow and carry flags if the result does not fit into the destination operand. All of these functions compute the following:


  


  
    dest64:=left64opright64;
dest128:=left128opright128;
  


  where op represents the specific operation.


  In addition to these functions, the HLA Standard Library's math module also provides a few additional functions whose syntax is slightly different from math.addq and math.addl. These functions include math.negq, math.negl, math.notq, math.notl, math.shlq, math.shll, math.shrq, and math.shrl. Note that there are no rotates or arithmetic shift-right functions. However, you'll soon see that these operations are easy to synthesize using standard instructions. Here are the prototypes for these additional functions:


  


  
    math.negq(source:qword;vardest:qword);

    math.negl(source:lword;vardest:lword);

    math.notq(source:qword;vardest:qword);

    math.notl(source:lword;vardest:lword);

    math.shlq(count:uns32;source:qword;vardest:qword);

    math.shll(count:uns32;source:lword;vardest:lword);

    math.shrq(count:uns32;source:qword;vardest:qword);

    math.shrl(count:uns32;source:lword;vardest:lword);
  


  Again, all these functions set the flags exactly the same way the corresponding machine instructions would set the flags were they to support 64-bit or 128-bit operands.


  The HLA Standard Library also provides a full complement of I/O and conversion routines for 64-bit and 128-bit values. For example, you can use stdout.put to display 64- and 128-bit values, you may use stdin.get to read these values, and there is a set of routines in the HLA conversions module that convert between these values and their string equivalents. In general, anything you can do with a 32-bit value can be done with a 64-bit or 128-bit value as well. See the HLA Standard Library documentation for more details.


  8.1.2 Multiprecision Addition Operations


  The 80x86 add instruction adds two 8-, 16-, or 32- bit numbers. After the execution of the add instruction, the 80x86 carry flag is set if there is an overflow out of the H.O. bit of the sum. You can use this information to do multiprecision addition operations. Consider the way you manually perform a multidigit (multiprecision) addition operation:


  


  
    Step1:Addtheleastsignificantdigitstogether:

    

    289289

    +456produces+456

    --------

    5withcarry1.

    

    Step2:Addthenextsignificantdigitsplusthecarry:

    

    1(previouscarry)

    289289

    +456produces+456

    --------

    545withcarry1.

    

    Step3:Addthemostsignificantdigitsplusthecarry:

    

    1(previouscarry)

    289289

    +456produces+456

    --------

    45745
  


  The 80x86 handles extended-precision arithmetic in an identical fashion, except instead of adding the numbers a digit at a time, it adds them together a byte, word, or double word at a time. Consider the three double-word (96-bit) addition operation in Figure8-1.


  


  
    [image: ]
  


  
    Figure8-1.Adding two 96-bit objects together
  


  As you can see from this figure, the idea is to break up a larger operation into a sequence of smaller operations. Since the x86 processor family is capable of adding together, at most, 32 bits at a time, the operation must proceed in blocks of 32 bits or less. So the first step is to add the two L.O. double words together just as you would add the two L.O. digits of a decimal number together in the manual algorithm. There is nothing special about this operation; you can use the add instruction to achieve this.


  The second step involves adding together the second pair of double words in the two 96-bit values. Note that in step 2, the calculation must also add in the carry out of the previous addition (if any). If there is a carry out of the L.O. addition, the add instruction sets the carry flag to 1; conversely, if there is no carry out of the L.O. addition, the earlier add instruction clears the carry flag. Therefore, in this second addition, we really need to compute the sum of the two double words plus the carry out of the first instruction. Fortunately, the x86 CPUs provide an instruction that does exactly this: the adc (add with carry) instruction. The adc instruction uses the same syntax as the add instruction and performs almost the same operation:


  


  
    adc(source,dest);//dest:=dest+source+C
  


  As you can see, the only difference between the add and adc instructions is that the adc instruction adds in the value of the carry flag along with the source and destination operands. It also sets the flags the same way the add instruction does (including setting the carry flag if there is an unsigned overflow). This is exactly what we need to add together the middle two double words of our 96-bit sum.


  In step 3 of Figure8-1, the algorithm adds together the H.O. double words of the 96-bit value. This addition operation must also incorporate the carry out of the sum of the middle two double words; hence the adc instruction is needed here as well. To sum it up, the add instruction adds the L.O. double words together. The adc (add with carry) instruction adds all other double word pairs together. At the end of the extended-precision addition sequence, the carry flag indicates unsigned overflow (if set), a set overflow flag indicates signed overflow, and the sign flag indicates the sign of the result. The zero flag doesn't have any real meaning at the end of the extended-precision addition (it simply means that the sum of the two H.O. double words is 0 and does not indicate that the whole result is 0). If you want to see how to check for an extended-precision zero result, see the source code for the HLA Standard Library math.addq or math.addl function.


  For example, suppose that you have two 64-bit values you wish to add together, defined as follows:


  


  
    static

    X:qword;

    Y:qword;
  


  Suppose also that you want to store the sum in a third variable, Z, which is also a qword. The following 80x86 code will accomplish this task:


  


  
    mov((typedwordX),eax);//AddtogethertheL.O.32bits

    add((typedwordY),eax);//ofthenumbersandstorethe

    mov(eax,(typedwordZ));//resultintotheL.O.dwordofZ.

    

    mov((typedwordX[4]),eax);//Addtogether(withcarry)the

    adc((typedwordY[4]),eax);//H.O.32bitsandstoretheresult

    mov(eax,(typedwordZ[4]));//intotheH.O.dwordofZ.
  


  Remember, these variables are qword objects. Therefore the compiler will not accept an instruction of the form mov( X, eax ); because this instruction would attempt to load a 64-bit value into a 32-bit register. This code uses the coercion operator to coerce symbols X, Y, and Z to 32 bits. The first three instructions add the L.O. double words of X and Y together and store the result at the L.O. double word of Z. The last three instructions add the H.O. double words of X and Y together, along with the carry from the L.O. word, and store the result in the H.O. double word of Z. Remember, address expressions of the form X[4] access the H.O. double word of a 64-bit entity. This is because the x86 memory space addresses bytes, and it takes 4 consecutive bytes to form a double word.


  You can extend this to any number of bits by using the adc instruction to add in the higher-order values. For example, to add together two 128-bit values, you could use code like the following:


  


  
    type

    tBig:dword[4];//Storageforfourdwordsis128bits.

    

    static

    BigVal1:tBig;

    BigVal2:tBig;

    BigVal3:tBig;

    .

    .

    .

    mov(BigVal1[0],eax);//Notethereisnoneedfor(typedwordBigValx)

    add(BigVal2[0],eax);//becausethebasetypeofBitValxisdword.

    mov(eax,BigVal3[0]);

    

    mov(BigVal1[4],eax);

    adc(BigVal2[4],eax);

    mov(eax,BigVal3[4]);

    

    mov(BigVal1[8],eax);

    adc(BigVal2[8],eax);

    mov(eax,BigVal3[8]);

    

    mov(BigVal1[12],eax);

    adc(BigVal2[12],eax);

    mov(eax,BigVal3[12]);
  


  8.1.3 Multiprecision Subtraction Operations


  The 80x86 performs multibyte subtraction, just as it does addition, the same way you would manually, except it subtracts whole bytes, words, or double words at a time rather than decimal digits. The mechanism is similar to that for the add operation. You use the sub instruction on the L.O. byte/word/double word and the sbb (subtract with borrow) instruction on the high-order values.


  The following example demonstrates a 64-bit subtraction using the 32-bit registers on the 80x86:


  


  
    static

    Left:qword;

    Right:qword;

    Diff:qword;

    .

    .

    .

    mov((typedwordLeft),eax);

    sub((typedwordRight),eax);

    mov(eax,(typedwordDiff));

    

    mov((typedwordLeft[4]),eax);

    sbb((typedwordRight[4]),eax);

    mov((typedwordDiff[4]),eax);
  


  The following example demonstrates a 128-bit subtraction:


  


  
    type

    tBig:dword[4];//Storageforfourdwordsis128bits.

    

    static

    BigVal1:tBig;

    BigVal2:tBig;

    BigVal3:tBig;

    .

    .

    .

    

    //ComputeBigVal3:=BigVal1-BigVal2

    

    mov(BigVal1[0],eax);//Notethereisnoneedfor(typedwordBigValx)

    sub(BigVal2[0],eax);//becausethebasetypeofBitValxisdword.

    mov(eax,BigVal3[0]);

    

    mov(BigVal1[4],eax);

    sbb(BigVal2[4],eax);

    mov(eax,BigVal3[4]);

    

    mov(BigVal1[8],eax);

    sbb(BigVal2[8],eax);

    mov(eax,BigVal3[8]);

    

    mov(BigVal1[12],eax);

    sbb(BigVal2[12],eax);

    mov(eax,BigVal3[12]);
  


  8.1.4 Extended-Precision Comparisons


  Unfortunately, there isn't a "compare with borrow" instruction that you can use to perform extended-precision comparisons. Since the cmp and sub instructions perform the same operation, at least as far as the flags are concerned, you'd probably guess that you could use the sbb instruction to synthesize an extended-precision comparison; however, that approach won't always work. Fortunately, there is a better solution.


  Consider the two unsigned values $2157 and $1293. The L.O. bytes of these two values do not affect the outcome of the comparison. Simply comparing the H.O. bytes, $21 with $12, tells us that the first value is greater than the second. In fact, the only time you ever need to look at both bytes of these values is if the H.O. bytes are equal. In all other cases comparing the H.O. bytes tells you everything you need to know about the values. Of course, this is true for any number of bytes, not just 2. The following code compares two signed 64-bit integers by comparing their H.O. double words first and comparing their L.O. double words only if the H.O. double words are equal:


  


  
    //Thissequencetransferscontroltolocation"IsGreater"if

    //QwordValue>QwordValue2.Ittransferscontrolto"IsLess"if

    //QwordValue<QwordValue2.Itfallsthroughtotheinstruction

    //followingthissequenceifQwordValue=QwordValue2.Totestfor

    //inequality,changethe"IsGreater"and"IsLess"operandsto"NotEqual"

    //inthiscode.

    

    mov((typedwordQWordValue[4]),eax);//GetH.O.dword.

    cmp(eax,(typedwordQWordValue2[4]));

    jgIsGreater;

    jlIsLess;

    

    mov((typedwordQWordValue[0]),eax);//IfH.O.dwordswereequal,

    cmp(eax,(typedwordQWordValue2[0]));//thenwemustcomparethe

    jgIsGreater;//L.O.dwords.

    jlIsLess;

    

    //Fallthroughtothispointifthetwovalueswereequal.
  


  To compare unsigned values, simply use the ja and jb instructions in place of jg and jl.


  You can easily synthesize any possible comparison from the preceding sequence. The following examples show how to do this. These examples demonstrate signed comparisons; just substitute ja, jae, jb, and jbe for jg, jge, jl, and jle (respectively) if you want unsigned comparisons. Each of the following examples assumes these declarations:


  


  
    static

    QW1:qword;

    QW2:qword;

    

    const

    QW1d:text:="(typedwordQW1)";

    QW2d:text:="(typedwordQW2)";
  


  The following code implements a 64-bit test to see if QW1 < QW2 (signed). Control transfers to IsLess label if QW1 < QW2. Control falls through to the next statement if this is not true.


  


  
    mov(QW1d[4],eax);//GetH.O.dword.

    cmp(eax,QW2d[4]);

    jgNotLess;

    jlIsLess;

    

    mov(QW1d[0],eax);//FallthroughtohereiftheH.O.dwordsareequal.

    cmp(eax,QW2d[0]);

    jlIsLess;

    NotLess:
  


  Here is a 64-bit test to see if QW1 <= QW2 (signed). This code jumps to IsLessEq if the condition is true.


  


  
    mov(QW1d[4],eax);//GetH.O.dword.

    cmp(eax,QW2d[4]);

    jgNotLessEQ;

    jlIsLessEQ;

    

    mov(QW1d[0],eax);//FallthroughtohereiftheH.O.dwordsareequal.

    cmp(eax,QW2d[0]);

    jleIsLessEQ;

    NotLessEQ:
  


  This is a 64-bit test to see if QW1 > QW2 (signed). It jumps to IsGtr if this condition is true.


  


  
    mov(QW1d[4],eax);//GetH.O.dword.

    cmp(eax,QW2d[4]);

    jgIsGtr;

    jlNotGtr;

    

    mov(QW1d[0],eax);//FallthroughtohereiftheH.O.dwordsareequal.

    cmp(eax,QW2d[0]);

    jgIsGtr;

    NotGtr:
  


  The following is a 64-bit test to see if QW1 >= QW2 (signed). This code jumps to label IsGtrEQ if this is the case.


  


  
    mov(QW1d[4],eax);//GetH.O.dword.

    cmp(eax,QW2d[4]);

    jgIsGtrEQ;

    jlNotGtrEQ;

    

    mov(QW1d[0],eax);//FallthroughtohereiftheH.O.dwordsareequal.

    cmp(eax,QW2d[0]);

    jgeIsGtrEQ;

    NotGtrEQ:
  


  Here is a 64-bit test to see if QW1 = QW2 (signed or unsigned). This code branches to the label IsEqual if QW1 = QW2. It falls through to the next instruction if they are not equal.


  


  
    mov(QW1d[4],eax);//GetH.O.dword.

    cmp(eax,QW2d[4]);

    jneNotEqual;

    

    mov(QW1d[0],eax);//FallthroughtohereiftheH.O.dwordsareequal.

    cmp(eax,QW2d[0]);

    jeIsEqual;

    NotEqual:
  


  The following is a 64-bit test to see if QW1 <> QW2 (signed or unsigned). This code branches to the label NotEqual if QW1 <> QW2. It falls through to the next instruction if they are equal.


  


  
    mov(QW1d[4],eax);//GetH.O.dword.

    cmp(eax,QW2d[4]);

    jneIsNotEqual;

    

    mov(QW1d[0],eax);//FallthroughtohereiftheH.O.dwordsareequal.

    cmp(eax,QW2d[0]);

    jneIsNotEqual;

    

    //Fallthroughtothispointiftheyareequal.
  


  You cannot directly use the HLA high-level control structures if you need to perform an extended-precision comparison. However, you may use the HLA hybrid control structures and bury the appropriate comparison in the boolean expression. Doing so may produce easier to read code. For example, the following if..then..else..endif statement checks to see if QW1 > QW2 using a 64-bit extended-precision unsigned comparison:


  


  
    if

    (#{

    mov(QW1d[4],eax);

    cmp(eax,QW2d[4]);

    jgtrue;

    

    mov(QW1d[0],eax);

    cmp(eax,QW2d[0]);

    jngfalse;

    }#)then

    

    <<CodetoexecuteifQW1>QW2>>

    

    else

    

    <<CodetoexecuteifQW1<=QW2>>

    

    endif;
  


  If you need to compare objects that are larger than 64 bits, it is very easy to generalize the code given above for 64-bit operands. Always start the comparison with the H.O. double words of the objects and work your way down to the L.O. double words of the objects as long as the corresponding double words are equal. The following example compares two 128-bit values to see if the first is less than or equal (unsigned) to the second:


  


  
    static

    Big1:uns128;

    Big2:uns128;

    .

    .

    .

    if

    (#{

    mov(Big1[12],eax);

    cmp(eax,Big2[12]);

    jbtrue;

    jafalse;

    mov(Big1[8],eax);

    cmp(eax,Big2[8]);

    jbtrue;

    jafalse;

    mov(Big1[4],eax);

    cmp(eax,Big2[4]);

    jbtrue;

    jafalse;

    mov(Big1[0],eax);

    cmp(eax,Big2[0]);

    jnbefalse;

    }#)then

    

    <<CodetoexecuteifBig1<=Big2>>

    

    else

    

    <<CodetoexecuteifBig1>Big2>>

    

    endif;
  


  8.1.5 Extended-Precision Multiplication


  Although an 8×8-bit, 16×16-bit, or 32×32-bit multiplication is usually sufficient, there are times when you may want to multiply larger values. You will use the x86 single operand mul and imul instructions for extended-precision multiplication operations.


  Not surprisingly (in view of how we achieved extended-precision addition using adc and sbb), you use the same techniques to perform extended-precision multiplication on the 80x86 that you employ when manually multiplying two values. Consider a simplified form of the way you perform multidigit multiplication by hand:


  


  
    1)Multiplythefirsttwo2)Multiply5*2:

    digitstogether(5*3):

    

    123123

    4545

    ------

    1515

    10

    

    

    3)Multiply5*1:4)Multiply4*3:

    

    123123

    4545

    ------

    1515

    1010

    55

    12

    

    

    5)Multiply4*2:6)Multiply4*1:

    

    123123

    4545

    ------

    1515

    1010

    55

    1212

    88

    4

    

    7)Addallthepartialproductstogether:

    

    123

    45

    ---

    15

    10

    5

    12

    8

    4

    ------

    5535
  


  The 80x86 does extended-precision multiplication in the same manner except that it works with bytes, words, and double words rather than digits. Figure8-2 shows how this works.


  


  
    [image: ]
  


  
    Figure8-2.Extended-precision multiplication
  


  Probably the most important thing to remember when performing an extended-precision multiplication is that you must also perform a multiple-precision addition at the same time. Adding up all the partial products requires several additions that will produce the result. Example8-1 demonstrates the proper way to multiply two 64-bit values on a 32-bit processor.


  


  Example8-1.Extended-precision multiplication


  
    programtestMUL64;

    #include("stdlib.hhf")

    

    

    procedureMUL64(Multiplier:qword;Multiplicand:qword;varProduct:lword);

    const

    mp:text:="(typedwordMultiplier)";

    mc:text:="(typedwordMultiplicand)";

    prd:text:="(typedword[edi])";

    

    beginMUL64;

    

    mov(Product,edi);

    

    //MultiplytheL.O.dwordofMultipliertimesMultiplicand.

    

    mov(mp,eax);

    mul(mc,eax);//MultiplyL.O.dwords.

    mov(eax,prd);//SaveL.O.dwordofproduct.

    mov(edx,ecx);//SaveH.O.dwordofpartialproductresult.

    

    mov(mp,eax);

    mul(mc[4],eax);//Multiplymp(L.O.)*mc(H.O.)

    add(ecx,eax);//Addtothepartialproduct.

    adc(0,edx);//Don'tforgetthecarry!

    mov(eax,ebx);//Savepartialproductfornow.

    mov(edx,ecx);

    

    //MultiplytheH.O.wordofMultiplierwithMultiplicand.

    

    mov(mp[4],eax);//GetH.O.dwordofMultiplier.

    mul(mc,eax);//MultiplybyL.O.wordofMultiplicand.

    add(ebx,eax);//Addtothepartialproduct.

    mov(eax,prd[4]);//Savethepartialproduct.

    adc(edx,ecx);//Addinthecarry!

    

    mov(mp[4],eax);//MultiplythetwoH.O.dwordstogether.

    mul(mc[4],eax);

    add(ecx,eax);//Addinpartialproduct.

    adc(0,edx);//Don'tforgetthecarry!

    mov(eax,prd[8]);//Savethepartialproduct.

    mov(edx,prd[12]);

    

    endMUL64;

    

    static

    op1:qword;

    op2:qword;

    rslt:lword;

    

    

    begintestMUL64;

    

    //Initializetheqwordvalues(notethatstaticobjects

    //areinitializedwith0bits).

    

    mov(1234,(typedwordop1));

    mov(5678,(typedwordop2));

    MUL64(op1,op2,rslt);

    

    //ThefollowingonlyprintstheL.O.qword,but

    //weknowtheH.O.qwordis0sothisisokay.

    

    stdout.put("rslt=");

    stdout.putu64((typeqwordrslt));

    

    endtestMUL64;
  


  One thing you must keep in mind concerning this code is that it works only for unsigned operands. To multiply two signed values you must note the signs of the operands before the multiplication, take the absolute value of the two operands, do an unsigned multiplication, and then adjust the sign of the resulting product based on the signs of the original operands. Multiplication of signed operands is left as an exercise to the reader (or you could just check out the source code in the HLA Standard Library).


  The example in Example8-1 was fairly straightforward because it was possible to keep the partial products in various registers. If you need to multiply larger values together, you will need to maintain the partial products in temporary (memory) variables. Other than that, the algorithm that Example8-1 uses generalizes to any number of double words.


  8.1.6 Extended-Precision Division


  You cannot synthesize a general n-bit/m-bit division operation using the div and idiv instructions. Extended-precision division requires a sequence of shift and subtract instructions and is extremely messy. However, a less-general operation, dividing an n-bit quantity by a 32-bit quantity, is easily synthesized using the div instruction. This section presents both methods for extended-precision division.


  Before we describe how to perform a multiprecision division operation, you should note that some operations require an extended-precision division even though they may look calculable with a single div or idiv instruction. Dividing a 64-bit quantity by a 32-bit quantity is easy, as long as the resulting quotient fits into 32 bits. The div and idiv instructions will handle this directly. However, if the quotient does not fit into 32 bits, then you have to handle this problem as an extended-precision division. The trick here is to divide the (zero- or sign-extended) H.O. double word of the dividend by the divisor and then repeat the process with the remainder and the L.O. dword of the dividend. The following sequence demonstrates this.


  


  
    static

    dividend:dword[2]:=[$1234,4];//=$4_0000_1234.

    divisor:dword:=2;//dividend/divisor=$2_0000_091A

    quotient:dword[2];

    remainder:dword;

    .

    .

    .

    mov(divisor,ebx);

    mov(dividend[4],eax);

    xor(edx,edx);//Zeroextendforunsigneddivision.

    div(ebx,edx:eax);

    mov(eax,quotient[4]);//SaveH.O.dwordofthequotient(2).

    mov(dividend[0],eax);//Notethatthiscodedoes*NOT*zeroextend

    div(ebx,edx:eax);//eaxintoedxbeforethisdivinstr.

    mov(eax,quotient[0]);//SaveL.O.dwordofthequotient($91a).

    mov(edx,remainder);//Saveawaytheremainder.
  


  Since it is perfectly legal to divide a value by 1, it is possible that the resulting quotient could require as many bits as the dividend. That is why the quotient variable in this example is the same size (64 bits) as the dividend variable (note the use of an array of two double words rather than a qword type; this spares the code from having to coerce the operands to double words). Regardless of the size of the dividend and divisor operands, the remainder is always no larger than the size of the division operation (32 bits in this case). Hence the remainder variable in this example is just a double word.


  Before analyzing this code to see how it works, let's take a brief look at why a single 64/32 division will not work for this particular example even though the div instruction does indeed calculate the result for a 64/32 division. The naive approach, assuming that the x86 were capable of this operation, would look something like the following:


  


  
    //Thiscodedoes*NOT*work!

    

    mov(dividend[0],eax);//Getdividendintoedx:eax

    mov(dividend[4],edx);

    div(divisor,edx:eax);//Divideedx:eaxbydivisor.
  


  Although this code is syntactically correct and will compile, if you attempt to run this code it will raise an ex.DivideError[112] exception. The reason is that the quotient must fit into 32 bits. Because the quotient turns out to be $2_0000_091A, it will not fit into the EAX register, hence the resulting exception.


  Now let's take another look at the former code that correctly computes the 64/32 quotient. This code begins by computing the 32/32 quotient of dividend[4]/divisor. The quotient from this division (2) becomes the H.O. double word of the final quotient. The remainder from this division (0) becomes the extension in EDX for the second half of the division operation. The second half of the code divides edx:dividend[0] by divisor to produce the L.O. double word of the quotient and the remainder from the division. Note that the code does not zero extend EAX into EDX prior to the second div instruction. EDX already contains valid bits, and this code must not disturb them.


  The 64/32 division operation above is actually just a special case of the general division operation that lets you divide an arbitrary size value by a 32-bit divisor. To achieve this, you begin by moving the H.O. double word of the dividend into EAX and zero extending this into EDX. Next, you divide this value by the divisor. Then, without modifying EDX along the way, you store away the partial quotients, load EAX with the next-lower double word in the dividend, and divide it by the divisor. You repeat this operation until you've processed all the double words in the dividend. At that time the EDX register will contain the remainder. The program in Example8-2 demonstrates how to divide a 128-bit quantity by a 32-bit divisor, producing a 128-bit quotient and a 32-bit remainder.


  


  Example8-2.Unsigned 128/32-bit extended-precision division


  
    programtestDiv128;

    #include("stdlib.hhf")

    

    procedurediv128

    (

    Dividend:lword;

    Divisor:dword;

    varQuotAdrs:lword;

    varRemainder:dword

    );@nodisplay;

    

    const

    Quotient:text:="(typedword[edi])";

    

    begindiv128;

    

    push(eax);

    push(edx);

    push(edi);

    

    mov(QuotAdrs,edi);//Pointertoquotientstorage.

    

    mov((typedwordDividend[12]),eax);//BegindivisionwiththeH.O.dword.

    xor(edx,edx);//Zeroextendintoedx.

    div(Divisor,edx:eax);//DivideH.O.dword.

    mov(eax,Quotient[12]);//StoreawayH.O.dwordofquotient.

    

    mov((typedwordDividend[8]),eax);//Getdword#2fromthedividend.

    div(Divisor,edx:eax);//Continuethedivision.

    mov(eax,Quotient[8]);//Storeawaydword#2ofthequotient.

    

    mov((typedwordDividend[4]),eax);//Getdword#1fromthedividend.

    div(Divisor,edx:eax);//Continuethedivision.

    mov(eax,Quotient[4]);//Storeawaydword#1ofthequotient.

    

    mov((typedwordDividend[0]),eax);//GettheL.O.dwordofthe

    //dividend.

    div(Divisor,edx:eax);//Finishthedivision.

    mov(eax,Quotient[0]);//StoreawaytheL.O.dwordofthequotient.

    

    mov(Remainder,edi);//Getthepointertotheremainder'svalue.

    mov(edx,[edi]);//Storeawaytheremaindervalue.

    

    pop(edi);

    pop(edx);

    pop(eax);

    

    enddiv128;

    

    static

    op1:lword:=$8888_8888_6666_6666_4444_4444_2222_2221;

    op2:dword:=2;

    quo:lword;

    rmndr:dword;

    

    

    begintestDiv128;

    

    div128(op1,op2,quo,rmndr);

    

    stdout.put

    (

    nl

    nl

    "Afterthedivision:"nl

    nl

    "Quotient=$",

    quo[12],"_",

    quo[8],"_",

    quo[4],"_",

    quo[0],nl

    

    "Remainder=",(typeuns32rmndr)

    );

    

    endtestDiv128;
  


  You can extend this code to any number of bits by simply adding additional mov/div/mov instructions to the sequence. Like the extended-precision multiplication the previous section presents, this extended-precision division algorithm works only for unsigned operands. If you need to divide two signed quantities, you must note their signs, take their absolute values, do the unsigned division, and then set the sign of the result based on the signs of the operands.


  If you need to use a divisor larger than 32 bits, you're going to have to implement the division using a shift-and-subtract strategy. Unfortunately, such algorithms are very slow. In this section we'll develop two division algorithms that operate on an arbitrary number of bits. The first is slow but easier to understand; the second is quite a bit faster (in the average case).


  As for multiplication, the best way to understand how the computer performs division is to study how you were taught to do long division by hand. Consider the operation 3,456/12 and the steps you would take to manually perform this operation, as shown in Figure8-3.


  


  
    [image: ]
  


  
    Figure8-3.Manual digit-by-digit division operation
  


  This algorithm is actually easier in binary because at each step you do not have to guess how many times 12 goes into the remainder, nor do you have to multiply 12 by your guess to obtain the amount to subtract. At each step in the binary algorithm the divisor goes into the remainder exactly zero or one times. As an example, consider the division of 27 (11011) by 3 (11) that is shown in Figure8-4.


  There is a novel way to implement this binary division algorithm that computes the quotient and the remainder at the same time. The algorithm is the following:


  


  
    Quotient:=Dividend;

    Remainder:=0;

    fori:=1toNumberBitsdo

    

    Remainder:Quotient:=Remainder:QuotientSHL1;

    ifRemainder>=Divisorthen

    

    Remainder:=Remainder-Divisor;

    Quotient:=Quotient+1;

    

    endif

    endfor
  


  


  
    [image: ]
  


  
    Figure8-4.Longhand division in binary
  


  NumberBits is the number of bits in the Remainder, Quotient, Divisor, and Dividend variables. Note that the Quotient := Quotient + 1; statement sets the L.O. bit of Quotient to 1 because this algorithm previously shifts Quotient 1 bit to the left. The program in Example8-3 implements this algorithm.


  


  Example8-3.Extended-precision division


  
    programtestDiv128b;

    #include("stdlib.hhf")

    

    

    

    //div128-

    //

    //Thisproceduredoesageneral128/128divisionoperationusingthe

    //followingalgorithm(allvariablesareassumedtobe128-bitobjects):

    //

    //Quotient:=Dividend;

    //Remainder:=0;

    //fori:=1toNumberBitsdo

    //

    //Remainder:Quotient:=Remainder:QuotientSHL1;

    //ifRemainder>=Divisorthen

    //

    //Remainder:=Remainder-Divisor;

    //Quotient:=Quotient+1;

    //

    //endif

    //endfor

    //

    

    procedurediv128

    (

    Dividend:lword;

    Divisor:lword;

    varQuotAdrs:lword;

    varRmndrAdrs:lword

    );@nodisplay;

    

    const

    Quotient:text:="Dividend";//UsetheDividendastheQuotient.

    

    var

    Remainder:lword;

    

    begindiv128;

    

    push(eax);

    push(ecx);

    push(edi);

    

    mov(0,eax);//Settheremainderto0.

    mov(eax,(typedwordRemainder[0]));

    mov(eax,(typedwordRemainder[4]));

    mov(eax,(typedwordRemainder[8]));

    mov(eax,(typedwordRemainder[12]));

    

    mov(128,ecx);//Countoff128bitsinecx.

    repeat

    

    //ComputeRemainder:Quotient:=Remainder:QuotientSHL1:

    

    shl(1,(typedwordDividend[0]));//SeeSection8.1.12tosee

    rcl(1,(typedwordDividend[4]));//howthiscodeshifts256

    rcl(1,(typedwordDividend[8]));//bitstotheleftby1bit.

    rcl(1,(typedwordDividend[12]));

    rcl(1,(typedwordRemainder[0]));

    rcl(1,(typedwordRemainder[4]));

    rcl(1,(typedwordRemainder[8]));

    rcl(1,(typedwordRemainder[12]));

    

    //Doa128-bitcomparisontoseeiftheremainder

    //isgreaterthanorequaltothedivisor.

    

    if

    (#{

    mov((typedwordRemainder[12]),eax);

    cmp(eax,(typedwordDivisor[12]));

    jatrue;

    jbfalse;

    

    mov((typedwordRemainder[8]),eax);

    cmp(eax,(typedwordDivisor[8]));

    jatrue;

    jbfalse;

    

    mov((typedwordRemainder[4]),eax);

    cmp(eax,(typedwordDivisor[4]));

    jatrue;

    jbfalse;

    

    mov((typedwordRemainder[0]),eax);

    cmp(eax,(typedwordDivisor[0]));

    jbfalse;

    }#)then

    

    //Remainder:=Remainder-Divisor

    

    mov((typedwordDivisor[0]),eax);

    sub(eax,(typedwordRemainder[0]));

    

    mov((typedwordDivisor[4]),eax);

    sbb(eax,(typedwordRemainder[4]));

    

    mov((typedwordDivisor[8]),eax);

    sbb(eax,(typedwordRemainder[8]));

    

    mov((typedwordDivisor[12]),eax);

    sbb(eax,(typedwordRemainder[12]));

    

    //Quotient:=Quotient+1;

    

    add(1,(typedwordQuotient[0]));

    adc(0,(typedwordQuotient[4]));

    adc(0,(typedwordQuotient[8]));

    adc(0,(typedwordQuotient[12]));

    

    endif;

    dec(ecx);

    

    until(@z);

    

    

    //Okay,copythequotient(leftintheDividendvariable)

    //andtheremaindertotheirreturnlocations.

    

    mov(QuotAdrs,edi);

    mov((typedwordQuotient[0]),eax);

    mov(eax,[edi]);

    mov((typedwordQuotient[4]),eax);

    mov(eax,[edi+4]);

    mov((typedwordQuotient[8]),eax);

    mov(eax,[edi+8]);

    mov((typedwordQuotient[12]),eax);

    mov(eax,[edi+12]);

    

    mov(RmndrAdrs,edi);

    mov((typedwordRemainder[0]),eax);

    mov(eax,[edi]);

    mov((typedwordRemainder[4]),eax);

    mov(eax,[edi+4]);

    mov((typedwordRemainder[8]),eax);

    mov(eax,[edi+8]);

    mov((typedwordRemainder[12]),eax);

    mov(eax,[edi+12]);

    

    

    pop(edi);

    pop(ecx);

    pop(eax);

    

    enddiv128;

    

    

    

    //Somesimplecodetotestoutthedivisionoperation:

    

    static

    op1:lword:=$8888_8888_6666_6666_4444_4444_2222_2221;

    op2:lword:=2;

    quo:lword;

    rmndr:lword;

    

    

    begintestDiv128b;

    

    div128(op1,op2,quo,rmndr);

    

    stdout.put

    (

    nl

    nl

    "Afterthedivision:"nl

    nl

    "Quotient=$",

    (typedwordquo[12]),"_",

    (typedwordquo[8]),"_",

    (typedwordquo[4]),"_",

    (typedwordquo[0]),nl

    

    "Remainder=",(typeuns32rmndr)

    );

    

    endtestDiv128b;
  


  This code looks simple but there are a few problems with it: It does not check for division by 0 (it will produce the value $FFFF_FFFF_FFFF_FFFF if you attempt to divide by 0), it handles only unsigned values, and it is very slow. Handling division by 0 is very simple; just check the divisor against 0 prior to running this code and return an appropriate error code if the divisor is 0 (or raise the ex.DivisionError exception). Dealing with signed values is the same as the earlier division algorithm: Note the signs, take the operands' absolute values, do the unsigned division, and then fix the sign afterward. The performance of this algorithm, however, leaves a lot to be desired. It's around an order of magnitude or two worse than the div/idiv instructions on the 80x86, and they are among the slowest instructions on the CPU.


  There is a technique you can use to boost the performance of this division by a fair amount: Check to see if the divisor variable uses only 32 bits. Often, even though the divisor is a 128-bit variable, the value itself fits just fine into 32 bits (that is, the H.O. double words of Divisor are 0). In this special case, which occurs frequently, you can use the div instruction, which is much faster. The algorithm is a bit more complex because you have to first compare the H.O. double words for 0, but on the average it runs much faster while remaining capable of dividing any two pairs of values.


  8.1.7 Extended-Precision neg Operations


  Although there are several ways to negate an extended-precision value, the shortest way for smaller values (96 bits or less) is to use a combination of neg and sbb instructions. This technique uses the fact that neg subtracts its operand from 0. In particular, it sets the flags the same way the sub instruction would if you subtracted the destination value from 0. This code takes the following form (assuming you want to negate the 64-bit value in EDX:EAX):


  


  
    neg(edx);

    neg(eax);

    sbb(0,edx);
  


  The sbb instruction decrements EDX if there is a borrow out of the L.O. word of the negation operation (which always occurs unless EAX is 0).


  Extending this operation to additional bytes, words, or double words is easy; all you have to do is start with the H.O. memory location of the object you want to negate and work toward the L.O. byte. The following code computes a 128-bit negation.


  


  
    static

    Value:dword[4];

    .

    .

    .

    neg(Value[12]);//NegatetheH.O.doubleword.

    neg(Value[8]);//Negpreviousdwordinmemory.

    sbb(0,Value[12]);//AdjustH.O.dword.

    

    neg(Value[4]);//Negatetheseconddwordintheobject.

    sbb(0,Value[8]);//Adjustthirddwordinobject.

    sbb(0,Value[12]);//AdjusttheH.O.dword.

    

    neg(Value);//NegatetheL.O.dword.

    sbb(0,Value[4]);//Adjustseconddwordinobject.

    sbb(0,Value[8]);//Adjustthirddwordinobject.

    sbb(0,Value[12]);//AdjusttheH.O.dword.
  


  Unfortunately, this code tends to get really large and slow because you need to propagate the carry through all the H.O. words after each negation operation. A simpler way to negate larger values is to simply subtract that value from 0:


  


  
    static

    Value:dword[5];//160-bitvalue.

    .

    .

    .

    mov(0,eax);

    sub(Value,eax);

    mov(eax,Value);

    

    mov(0,eax);

    sbb(Value[4],eax);

    mov(eax,Value[4]);

    

    mov(0,eax);

    sbb(Value[8],eax);

    mov(eax,Value[8]);

    

    mov(0,eax);

    sbb(Value[12],eax);

    mov(eax,Value[12]);

    

    mov(0,eax);

    sbb(Value[16],eax);

    mov(eax,Value[16]);
  


  8.1.8 Extended-Precision and Operations


  Performing an n-byte and operation is very easy: Simply and the corresponding bytes between the two operands, saving the result. For example, to perform the and operation where all operands are 64 bits long, you could use the following code:


  


  
    mov((typedwordsource1),eax);

    and((typedwordsource2),eax);

    mov(eax,(typedworddest));

    

    mov((typedwordsource1[4]),eax);

    and((typedwordsource2[4]),eax);

    mov(eax,(typedworddest[4]));
  


  This technique easily extends to any number of words; all you need to do is logically and the corresponding bytes, words, or double words together in the operands. Note that this sequence sets the flags according to the value of the last and operation. If you and the H.O. double words last, this sets all but the zero flag correctly. If you need to test the zero flag after this sequence, you will need to logically or the two resulting double words together (or otherwise compare them both against 0).


  8.1.9 Extended-Precision or Operations


  Multibyte logical or operations are performed in the same way as multibyte and operations. You simply or the corresponding bytes in the two operands together. For example, to logically or two 96-bit values, use the following code:


  


  
    mov((typedwordsource1),eax);

    or((typedwordsource2),eax);

    mov(eax,(typedworddest));

    

    mov((typedwordsource1[4]),eax);

    or((typedwordsource2[4]),eax);

    mov(eax,(typedworddest[4]));

    

    mov((typedwordsource1[8]),eax);

    or((typedwordsource2[8]),eax);

    mov(eax,(typedworddest[8]));
  


  As for the previous example, this does not set the zero flag properly for the entire operation. If you need to test the zero flag after a multiprecision or, you must logically or all the resulting double words together.


  8.1.10 Extended-Precision xor Operations


  Extended-precision xor operations are performed in a manner identical to and/or—simply xor the corresponding bytes in the two operands to obtain the extended-precision result. The following code sequence operates on two 64-bit operands, computes their exclusive-or, and stores the result into a 64-bit variable:


  


  
    mov((typedwordsource1),eax);

    xor((typedwordsource2),eax);

    mov(eax,(typedworddest));

    

    mov((typedwordsource1[4]),eax);

    xor((typedwordsource2[4]),eax);

    mov(eax,(typedworddest[4]));
  


  The comment about the zero flag in the previous two sections applies here.


  8.1.11 Extended-Precision not Operations


  The not instruction inverts all the bits in the specified operand. An extended-precision not is performed by simply executing the not instruction on all the affected operands. For example, to perform a 64-bit not operation on the value in (edx:eax), all you need to do is execute the following instructions:


  


  
    not(eax);

    not(edx);
  


  Keep in mind that if you execute the not instruction twice, you wind up with the original value. Also note that exclusive-oring a value with all 1s ($FF, $FFFF, or $FFFF_FFFF) performs the same operation as the not instruction.


  8.1.12 Extended-Precision Shift Operations


  Extended-precision shift operations require a shift and a rotate instruction. Consider what must happen to implement a 64-bit shl using 32-bit operations (see Figure8-5):


  
    
  


  
    	
      
        
          A 0 must be shifted into bit 0.
        

      

    


    	
      
        
          Bits 0 through 30 are shifted into the next-higher bit.
        

      

    


    	
      
        
          Bit 31 is shifted into bit 32.
        

      

    


    	
      
        
          Bits 32 through 62 must be shifted into the next-higher bit.
        

      

    


    	
      
        
          Bit 63 is shifted into the carry flag.
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    Figure8-5.64-bit shift-left operation
  


  The two instructions you can use to implement this 64-bit shift are shl and rcl. For example, to shift the 64-bit quantity in (EDX:EAX) one position to the left, you'd use the following instructions:


  


  
    shl(1,eax);

    rcl(1,eax);
  


  Note that using this technique you can shift an extended-precision value only 1 bit at a time. You cannot shift an extended-precision operand several bits using the CL register. Nor can you specify a constant value greater than 1 using this technique.


  To understand how this instruction sequence works, consider the operation of the individual instructions. The shl instruction shifts a 0 into bit 0 of the 64-bit operand and shifts bit 31 into the carry flag. The rcl instruction then shifts the carry flag into bit 32 and then shifts bit 63 into the carry flag. The result is exactly what we want.


  To perform a shift left on an operand larger than 64 bits, you simply use additional rcl instructions. An extended-precision shift-left operation always starts with the least-significant double word, and each succeeding rcl instruction operates on the next-most-significant double word. For example, to perform a 96-bit shift-left operation on a memory location, you could use the following instructions:


  


  
    shl(1,(typedwordOperand[0]));

    rcl(1,(typedwordOperand[4]));

    rcl(1,(typedwordOperand[8]));
  


  If you need to shift your data by 2 or more bits, you can either repeat the above sequence the desired number of times (for a constant number of shifts) or you can place the instructions in a loop to repeat them some number of times. For example, the following code shifts the 96-bit value Operand to the left the number of bits specified in ECX:


  


  
    ShiftLoop:

    shl(1,(typedwordOperand[0]));

    rcl(1,(typedwordOperand[4]));

    rcl(1,(typedwordOperand[8]));

    dec(ecx);

    jnzShiftLoop;
  


  You implement shr and sar in a similar way, except you must start at the H.O. word of the operand and work your way down to the L.O. word:


  


  
    //Extended-precisionSAR:

    

    sar(1,(typedwordOperand[8]));

    rcr(1,(typedwordOperand[4]));

    rcr(1,(typedwordOperand[0]));

    

    //Double-precisionSHR:

    

    shr(1,(typedwordOperand[8]));

    rcr(1,(typedwordOperand[4]));

    rcr(1,(typedwordOperand[0]));
  


  There is one major difference between the extended-precision shifts described here and their 8/16/32-bit counterparts—the extended-precision shifts set the flags differently than the single-precision operations. This is because the rotate instructions affect the flags differently than the shift instructions. Fortunately, the carry flag is the one you'll test most often after a shift operation, and the extended-precision shift operations (i.e., rotate instructions) properly set this flag.


  The shld and shrd instructions let you efficiently implement multiprecision shifts of several bits. These instructions have the following syntax:


  


  
    shld(constant,Operand1,Operand2);

    shld(cl,Operand1,Operand2);

    shrd(constant,Operand1,Operand2);

    shrd(cl,Operand1,Operand2);
  


  The shld instruction works as shown in Figure8-6.
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    Figure8-6.shld operation
  


  Operand1 must be a 16- or 32-bit register. Operand2 can be a register or a memory location. Both operands must be the same size. The immediate operand can be a value in the range 0 through n−1, where n is the number of bits in the two operands; this operand specifies the number of bits to shift.


  The shld instruction shifts bits in Operand2 to the left. The H.O. bits shift into the carry flag, and the H.O. bits of Operand1 shift into the L.O. bits of Operand2. Note that this instruction does not modify the value of Operand1; it uses a temporary copy of Operand1 during the shift. The immediate operand specifies the number of bits to shift. If the count is n, then shld shifts bit n−1 into the carry flag. It also shifts the H.O. n bits of Operand1 into the L.O. n bits of Operand2. The shld instruction sets the flag bits as follows:


  
    
  


  
    	
      
        
          If the shift count is 0, the shld instruction doesn't affect any flags.
        

      

    


    	
      
        
          The carry flag contains the last bit shifted out of the H.O. bit of the Operand2.
        

      

    


    	
      
        
          If the shift count is 1, the overflow flag will contain 1 if the sign bit of Operand2 changes during the shift. If the count is not 1, the overflow flag is undefined.
        

      

    


    	
      
        
          The zero flag will be 1 if the shift produces a 0 result.
        

      

    


    	
      
        
          The sign flag will contain the H.O. bit of the result.
        

      

    

  


  The shrd instruction is similar to shld except, of course, it shifts its bits right rather than left. To get a clear picture of the shrd instruction, consider Figure8-7.
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    Figure8-7.shrd operation
  


  The shrd instruction sets the flag bits as follows:


  
    
  


  
    	
      
        
          If the shift count is 0, the shrd instruction doesn't affect any flags.
        

      

    


    	
      
        
          The carry flag contains the last bit shifted out of the L.O. bit of the Operand2.
        

      

    


    	
      
        
          If the shift count is 1, the overflow flag will contain 1 if the H.O. bit of Operand2 changes. If the count is not 1, the overflow flag is undefined.
        

      

    


    	
      
        
          The zero flag will be 1 if the shift produces a 0 result.
        

      

    


    	
      
        
          The sign flag will contain the H.O. bit of the result.
        

      

    

  


  Consider the following code sequence:


  


  
    static

    ShiftMe:dword[3]:=[$1234,$5678,$9012];

    .

    .

    .

    mov(ShiftMe[4],eax)

    shld(6,eax,ShiftMe[8]);

    mov(ShiftMe[0],eax);

    shld(6,eax,ShiftMe[4]);

    shl(6,ShiftMe[0]);
  


  The first shld instruction above shifts the bits from ShiftMe[4] into ShiftMe[8] without affecting the value in ShiftMe[4]. The second shld instruction shifts the bits from ShiftMe into ShiftMe[4]. Finally, the shl instruction shifts the L.O. double word the appropriate amount. There are two important things to note about this code. First, unlike the other extended-precision shift-left operations, this sequence works from the H.O. double word down to the L.O. double word. Second, the carry flag does not contain the carry from the H.O. shift operation. If you need to preserve the carry flag at that point, you will need to push the flags after the first shld instruction and pop the flags after the shl instruction.


  You can do an extended-precision shift-right operation using the shrd instruction. It works almost the same way as the code sequence above, except you work from the L.O. double word to the H.O. double word. The solution is left as an exercise for the reader.


  8.1.13 Extended-Precision Rotate Operations


  The rcl and rcr operations extend in a manner almost identical to shl and shr. For example, to perform 96-bit rcl and rcr operations, use the following instructions:


  


  
    rcl(1,(typedwordOperand[0]));

    rcl(1,(typedwordOperand[4]));

    rcl(1,(typedwordOperand[8]));

    

    rcr(1,(typedwordOperand[8]));

    rcr(1,(typedwordOperand[4]));

    rcr(1,(typedwordOperand[0]));
  


  The only difference between this code and the code for the extended-precision shift operations is that the first instruction is a rcl or rcr rather than a shl or shr instruction.


  Performing an extended-precision rol or ror operation isn't quite as simple. You can use the bt, shld, and shrd instructions to implement an extended-precision rol or ror instruction. The following code shows how to use the shld instruction to do an extended-precision rol:


  


  
    //Computerol(4,edx:eax);

    

    mov(edx,ebx);

    shld,4,eax,edx);

    shld(4,ebx,eax);

    bt(0,eax);//Setcarryflag,ifdesired.
  


  An extended-precision ror instruction is similar; just keep in mind that you work on the L.O. end of the object first and the H.O. end last.


  8.1.14 Extended-Precision I/O


  Once you can do extended-precision arithmetic, the next problem is how to get those extended-precision values into your program and how to display their values to the user. HLA's Standard Library provides routines for unsigned decimal, signed decimal, and hexadecimal I/O for values that are 8, 16, 32, 64, or 128 bits in length. So as long as you're working with values whose size is less than or equal to 128 bits in length, you can use the Standard Library code. If you need to input or output values that are greater than 128 bits in length, you will need to write your own procedures to handle the operation. This section discusses the strategies you will need to write such routines.


  The examples in this section work specifically with 128-bit values. The algorithms are perfectly general and extend to any number of bits (indeed, the 128-bit algorithms in this section are really nothing more than the algorithms the HLA Standard Library uses for 128-bit values). Of course, if you need a set of 128-bit unsigned I/O routines, you can use the Standard Library code as is. If you need to handle larger values, simple modifications to the following code are all that should be necessary.


  The sections that follow use a common set of 128-bit data types in order to avoid having to coerce lword/uns128/int128 values in each instruction. Here are these types:


  


  
    type

    h128:dword[4];

    u128:dword[4];

    i128:dword[4];
  


  8.1.14.1 Extended-Precision Hexadecimal Output


  Extended-precision hexadecimal output is very easy. All you have to do is output each double-word component of the extended-precision value from the H.O. double word to the L.O. double word using a call to the stdout.puth32 routine. The following procedure does exactly this to output an lword value:


  


  
    procedureputh128(b128:h128);@nodisplay;

    beginputh128;

    

    stdout.puth32(b128[12]);

    stdout.puth32(b128[8]);

    stdout.puth32(b128[4]);

    stdout.puth32(b128[0]);

    

    endputh128;
  


  Of course, the HLA Standard Library supplies a stdout.puth128 procedure that directly writes lword values, so you can call stdout.puth128 multiple times when outputting larger values (e.g., a 256-bit value). As it turns out, the implementation of the HLA stdlib.puth128 routine is very similar to puth128, above.


  8.1.14.2 Extended-Precision Unsigned Decimal Output


  Decimal output is a little more complicated than hexadecimal output because the H.O. bits of a binary number affect the L.O. digits of the decimal representation (this was not true for hexadecimal values, which is why hexadecimal output is so easy). Therefore, we will have to create the decimal representation for a binary number by extracting one decimal digit at a time from the number.


  The most common solution for unsigned decimal output is to successively divide the value by 10 until the result becomes 0. The remainder after the first division is a value in the range 0..9, and this value corresponds to the L.O. digit of the decimal number. Successive divisions by 10 (and their corresponding remainder) extract successive digits from the number.


  Iterative solutions to this problem generally allocate storage for a string of characters large enough to hold the entire number. Then the code extracts the decimal digits in a loop and places them in the string one by one. At the end of the conversion process, the routine prints the characters in the string in reverse order (remember, the divide algorithm extracts the L.O. digits first and the H.O. digits last, the opposite of the way you need to print them).


  In this section, we employ a recursive solution because it is a little more elegant. The recursive solution begins by dividing the value by 10 and saving the remainder in a local variable. If the quotient is not 0, the routine recursively calls itself to print any leading digits first. On return from the recursive call (which prints all the leading digits), the recursive algorithm prints the digit associated with the remainder to complete the operation. Here's how the operation works when printing the decimal value 789:


  
    
  


  
    	
      
        
          Divide 789 by 10. Quotient is 78, and remainder is 9.
        

      

    


    	
      
        
          Save the remainder (9) in a local variable and recursively call the routine with the quotient.
        

      

    


    	
      
        
          [Recursive entry 1] Divide 78 by 10. Quotient is 7, and remainder is 8.
        

      

    


    	
      
        
          Save the remainder (8) in a local variable and recursively call the routine with the quotient.
        

      

    


    	
      
        
          [Recursive entry 2] Divide 7 by 10. Quotient is 0, and remainder is 7.
        

      

    


    	
      
        
          Save the remainder (7) in a local variable. Because the quotient is 0, don't call the routine recursively.
        

      

    


    	
      
        
          Output the remainder value saved in the local variable (7). Return to the caller (recursive entry 1).
        

      

    


    	
      
        
          [Return to recursive entry 1] Output the remainder value saved in the local variable in recursive entry 1 (8). Return to the caller (original invocation of the procedure).
        

      

    


    	
      
        
          [Original invocation] Output the remainder value saved in the local variable in the original call (9). Return to the original caller of the output routine.
        

      

    

  


  The only operation that requires extended-precision calculation through this entire algorithm is the "divide by 10" statement. Everything else is simple and straightforwar. We are in luck with this algorithm, because we are dividing an extended-precision value by a value that easily fits into a double word, and we can use the fast (and easy) extended-precision division algorithm that uses the div instruction. The program in Example8-4 implements a 128-bit decimal output routine utilizing this technique.


  


  Example8-4.128-bit extended-precision decimal output routine


  
    programout128;

    

    #include("stdlib.hhf");

    

    //128-bitunsignedintegerdatatype:

    

    type

    u128:dword[4];

    

    

    

    //DivideBy10-

    //

    //Divides"divisor"by10usingfast

    //extended-precisiondivisionalgorithm

    //thatemploysthedivinstruction.

    //

    //Returnsquotientin"quotient".

    //Returnsremainderineax.

    //Trashesebx,edx,andedi.

    

    procedureDivideBy10(dividend:u128;varquotient:u128);@nodisplay;

    beginDivideBy10;

    

    mov(quotient,edi);

    xor(edx,edx);

    mov(dividend[12],eax);

    mov(10,ebx);

    div(ebx,edx:eax);

    mov(eax,[edi+12]);

    

    mov(dividend[8],eax);

    div(ebx,edx:eax);

    mov(eax,[edi+8]);

    

    mov(dividend[4],eax);

    div(ebx,edx:eax);

    mov(eax,[edi+4]);

    

    mov(dividend[0],eax);

    div(ebx,edx:eax);

    mov(eax,[edi+0]);

    mov(edx,eax);

    

    endDivideBy10;

    

    

    

    //Recursiveversionofputu128.

    //Aseparate"shell"procedurecallsthissothat

    //thiscodedoesnothavetopreservealltheregisters

    //ituses(andDivideBy10uses)oneachrecursivecall.

    

    procedurerecursivePutu128(b128:u128);@nodisplay;

    var

    remainder:byte;

    

    beginrecursivePutu128;

    

    //Divideby10andgettheremainder(thechartoprint).

    

    DivideBy10(b128,b128);

    mov(al,remainder);//Saveawaytheremainder(0..9).

    

    //Ifthequotient(leftinb128)isnot0,recursively

    //callthisroutinetoprinttheH.O.digits.

    

    mov(b128[0],eax);//IfwelogicallyORallthedwords

    or(b128[4],eax);//together,theresultis0ifand

    or(b128[8],eax);//onlyiftheentirenumberis0.

    or(b128[12],eax);

    if(@nz)then

    

    recursivePutu128(b128);

    

    endif;

    

    //Okay,nowprintthecurrentdigit.

    

    mov(remainder,al);

    or('0',al);//Converts0..9->'0'..'9'.

    stdout.putc(al);

    

    endrecursivePutu128;

    

    

    //Nonrecursiveshelltotheaboveroutinesowedon'tbother

    //savingalltheregistersoneachrecursivecall.

    

    procedureputu128(b128:u128);@nodisplay;

    beginputu128;

    

    push(eax);

    push(ebx);

    push(edx);

    push(edi);

    

    recursivePutu128(b128);

    

    pop(edi);

    pop(edx);

    pop(ebx);

    pop(eax);

    

    endputu128;

    

    

    

    //Codetotesttheroutinesabove:

    

    static

    b0:u128:=[0,0,0,0];//decimal=0

    b1:u128:=[1234567890,0,0,0];//decimal=1234567890

    b2:u128:=[$8000_0000,0,0,0];//decimal=2147483648

    b3:u128:=[0,1,0,0];//decimal=4294967296

    

    //Largestuns128value

    //(decimal=340,282,366,920,938,463,463,374,607,431,768,211,455):

    

    b4:u128:=[$FFFF_FFFF,$FFFF_FFFF,$FFFF_FFFF,$FFFF_FFFF];

    

    beginout128;

    

    stdout.put("b0=");

    putu128(b0);

    stdout.newln();

    

    stdout.put("b1=");

    putu128(b1);

    stdout.newln();

    

    stdout.put("b2=");

    putu128(b2);

    stdout.newln();

    

    stdout.put("b3=");

    putu128(b3);

    stdout.newln();

    

    stdout.put("b4=");

    putu128(b4);

    stdout.newln();

    

    endout128;
  


  8.1.14.3 Extended-Precision Signed Decimal Output


  Once you have an extended-precision unsigned decimal output routine, writing an extended-precision signed decimal output routine is very easy. The basic algorithm takes the following form:


  
    
  


  
    	
      
        
          Check the sign of the number.
        

      

    


    	
      
        
          If it is positive, call the unsigned output routine to print it. If the number is negative, print a minus sign. Then negate the number and call the unsigned output routine to print it.
        

      

    

  


  To check the sign of an extended-precision integer, of course, you simply test the H.O. bit of the number. To negate a large value, the best solution is probably to subtract that value from 0. Here's a quick version of puti128 that uses the putu128 routine from the previous section:


  


  
    procedureputi128(i128:u128);@nodisplay;

    beginputi128;

    

    if((typeint32i128[12])<0)then

    

    stdout.put('-');

    

    //Extended-precisionNegation:

    

    push(eax);

    mov(0,eax);

    sub(i128[0],eax);

    mov(eax,i128[0]);

    

    mov(0,eax);

    sbb(i128[4],eax);

    mov(eax,i128[4]);

    

    mov(0,eax);

    sbb(i128[8],eax);

    mov(eax,i128[8]);

    

    mov(0,eax);

    sbb(i128[12],eax);

    mov(eax,i128[12]);

    pop(eax);

    

    endif;

    putu128(i128);

    

    endputi128;
  


  8.1.14.4 Extended-Precision Formatted Output


  The code in the previous two sections prints signed and unsigned integers using the minimum number of necessary print positions. To create nicely formatted tables of values you will need the equivalent of a puti128Size or putu128Size routine. Once you have the "unformatted" versions of these routines, implementing the formatted versions is very easy.


  The first step is to write i128Size and u128Size routines that compute the minimum number of digits needed to display the value. The algorithm to accomplish this is very similar to the numeric output routines. In fact, the only difference is that you initialize a counter to 0 upon entry into the routine (for example, the nonrecursive shell routine), and you increment this counter rather than outputting a digit on each recursive call. (Don't forget to increment the counter inside i128Size if the number is negative; you must allow for the output of the minus sign.) After the calculation is complete, these routines should return the size of the operand in the EAX register.


  Once you have the i128Size and u128Size routines, writing the formatted output routines is easy. Upon initial entry into puti128Size or putu128Size, these routines call the corresponding size routine to determine the number of print positions for the number to display. If the value that the size routine returns is greater than the absolute value of the minimum size parameter (passed into puti128Size or putu128Size), all you need to do is call the put routine to print the value; no other formatting is necessary. If the absolute value of the parameter size is greater than the value i128Size or u128Size returns, then the program must compute the difference between these two values and print that many spaces (or other filler characters) before printing the number (if the parameter size value is positive) or after printing the number (if the parameter size value is negative). The actual implementation of these two routines is left as an exercise to the reader (or just check out the source code in the HLA Standard Library for the stdout.putiSize128 and stdout.putuSize128 routines).


  The HLA Standard Library implements the i128Size and u128Size by doing a set of successive extended-precision comparisons to determine the number of digits in the values. Interested readers may want to look at the source code for these routines as well as the source code for the stdout.puti128 and stdout.putu128 procedures (this source code appears on Webster at http://webster.cs.ucr.edu/ or http://www.artofasm.com/).


  8.1.14.5 Extended-Precision Input Routines


  There are a couple of fundamental differences between the extended-precision output routines and the extended-precision input routines. First of all, numeric output generally occurs without possibility of error;[113] numeric input, on the other hand, must handle the very real possibility of an input error such as illegal characters and numeric overflow. Also, HLA's Standard Library and runtime system encourage a slightly different approach to input conversion. This section discusses those issues that differentiate input conversion from output conversion.


  Perhaps the biggest difference between input and output conversion is the fact that output conversion is not bracketed. That is, when converting a numeric value to a string of characters for output, the output routine does not concern itself with characters preceding the output string, nor is it concerned with the characters following the numeric value in the output stream. Numeric output routines convert their data to a string and print that string without considering the context (that is, the characters before and after the string representation of the numeric value). Numeric input routines cannot be so cavalier; the contextual information surrounding the numeric string is very important.


  A typical numeric input operation consists of reading a string of characters from the user and then translating this string of characters into an internal numeric representation. For example, a statement like stdin.get(i32); typically reads a line of text from the user and converts a sequence of digits appearing at the beginning of that line of text into a 32-bit signed integer (assuming i32 is an int32 object). Note, however, that the stdin.get routine skips over certain characters in the string that may appear before the actual numeric characters. For example, stdin.get automatically skips any leading spaces in the string. Likewise, the input string may contain additional data beyond the end of the numeric input (for example, it is possible to read two integer values from the same input line), and therefore the input conversion routine must somehow determine where the numeric data ends in the input stream. Fortunately, HLA provides a simple mechanism that lets you easily determine the start and end of the input data: the Delimiters character set.


  The Delimiters character set is a variable, internal to the HLA Standard Library, that contains the set of legal characters that may precede or follow a legal numeric value. By default, this character set includes the end-of-string marker (a 0 byte), a tab character, a line-feed character, a carriage-return character, a space, a comma, a colon, and a semicolon. Therefore, HLA's numeric input routines will automatically ignore any characters in this set that occur on input before a numeric string. Likewise, characters from this set may legally follow a numeric string on input (conversely, if any non-delimiter character follows the numeric string, HLA will raise an ex.ConversionError exception).


  The Delimiters character set is a private variable inside the HLA Standard Library. Although you do not have direct access to this object, the HLA Standard Library does provide two accessor functions, conv.setDelimiters and conv.getDelimiters, that let you access and modify the value of this character set. These two functions have the following prototypes (found in the conv.hhf header file):


  


  
    procedureconv.setDelimiters(Delims:cset);

    procedureconv.getDelimiters(varDelims:cset);
  


  The conv.setDelimiters procedure will copy the value of the Delims parameter into the internal Delimiters character set. Therefore, you can use this procedure to change the character set if you want to use a different set of delimiters for numeric input. The conv.getDelimiters call returns a copy of the internal Delimiters character set in the variable you pass as a parameter to the conv.getDelimiters procedure. We will use the value returned by conv.getDelimiters to determine the end of numeric input when writing our own extended-precision numeric input routines.


  When reading a numeric value from the user, the first step is to get a copy of the Delimiters character set. The second step is to read and discard input characters from the user as long as those characters are members of the Delimiters character set. Once a character is found that is not in the Delimiters set, the input routine must check this character and verify that it is a legal numeric character. If not, the program should raise an ex.IllegalChar exception if the character's value is outside the range $00..$7F, or it should raise the ex.ConversionError exception if the character is not a legal numeric character. Once the routine encounters a numeric character, it should continue reading characters as long as they are valid numeric characters; while reading the characters, the conversion routine should be translating them to the internal representation of the numeric data. If, during conversion, an overflow occurs, the procedure should raise the ex.ValueOutOfRange exception.


  Conversion to numeric representation should end when the procedure encounters the first delimiter character at the end of the string of digits. However, it is very important that the procedure does not consume the delimiter character that ends the string. That is, the following is incorrect:


  


  
    static

    Delimiters:cset;

    .

    .

    .

    conv.getDelimiters(Delimiters);

    

    //Skipoverleadingdelimitersinthestring:

    

    while(stdin.getc()inDelimiters)do/*getcdidthework*/endwhile;

    while(alin'0'..'9')do

    

    //Convertcharacterinaltonumericrepresentationand

    //accumulateresult...

    

    stdin.getc();

    

    endwhile;

    if(alnotinDelimiters)then

    

    raise(ex.ConversionError);

    

    endif;
  


  The first while loop reads a sequence of delimiter characters. When this first while loop ends, the character in AL is not a delimiter character. The second while loop processes a sequence of decimal digits. First, it checks the character read in the previous while loop to see if it is a decimal digit; if so, it processes that digit and reads the next character. This process continues until the call to stdin.getc (at the bottom of the loop) reads a nondigit character. After the second while loop, the program checks the last character read to ensure that it is a legal delimiter character for a numeric input value.


  The problem with this algorithm is that it consumes the delimiter character after the numeric string. For example, the colon symbol is a legal delimiter in the default Delimiters character set. If the user types the input 123:456 and executes the code above, this code will properly convert 123 to the numeric value 123. However, the very next character read from the input stream will be the character 4, not the colon character (:). While this may be acceptable in certain circumstances, most programmers expect numeric input routines to consume only leading delimiter characters and the numeric digit characters. They do not expect the input routine to consume any trailing delimiter characters (for example, many programs will read the next character and expect a colon as input if presented with the string 123:456). Because stdin.getc consumes an input character, and there is no way to put the character back onto the input stream, some other way of reading input characters from the user that doesn't consume those characters is needed.[114]


  The HLA Standard Library comes to the rescue by providing the stdin.peekc function. Like stdin.getc, the stdin.peekc routine reads the next input character from HLA's internal buffer. There are two major differences between stdin.peekc and stdin.getc. First, stdin.peekc will not force the input of a new line of text from the user if the current input line is empty (or you've already read all the text from the input line). Instead, stdin.peekc simply returns 0 in the AL register to indicate that there are no more characters on the input line. Because #0 (the NUL character) is (by default) a legal delimiter character for numeric values, and the end of line is certainly a legal way to terminate numeric input, this works out rather well. The second difference between stdin.getc and stdin.peekc is that stdin.peekc does not consume the character read from the input buffer. If you call stdin.peekc several times in a row, it will always return the same character; likewise, if you call stdin.getc immediately after stdin.peekc, the call to stdin.getc will generally return the same character as returned by stdin.peekc (the only exception being the end-of-line condition). So, although we cannot put characters back onto the input stream after we've read them with stdin.getc, we can peek ahead at the next character on the input stream and base our logic on that character's value. A corrected version of the previous algorithm might be the following:


  


  
    static

    Delimiters:cset;

    .

    .

    .

    conv.getDelimiters(Delimiters);

    

    //Skipoverleadingdelimitersinthestring:

    

    while(stdin.peekc()inDelimiters)do

    

    //Ifattheendoftheinputbuffer,wemustexplicitlyreada

    //newlineoftextfromtheuser.stdin.peekcdoesnotdothis

    //forus.

    

    if(al=#0)then

    

    stdin.ReadLn();

    

    else

    

    stdin.getc();//Removedelimiterfromtheinputstream.

    

    endif;

    

    endwhile;

    while(stdin.peekcin'0'..'9')do

    

    stdin.getc();//Removetheinputcharacterfromtheinputstream.

    

    //Convertcharacterinaltonumericrepresentationand

    //accumulateresult...

    

    endwhile;

    if(alnotinDelimiters)then

    

    raise(ex.ConversionError);

    

    endif;
  


  Note that the call to stdin.peekc in the second while does not consume the delimiter character when the expression evaluates false. Hence, the delimiter character will be the next character read after this algorithm finishes.


  The only remaining comment to make about numeric input is to point out that the HLA Standard Library input routines allow arbitrary underscores to appear within a numeric string. The input routines ignore these underscore characters. This allows the user to input strings like FFFF_F012 and 1_023_596, which are a little more readable than FFFFF012 and 1023596. Allowing underscores (or any other symbol you choose) within a numeric input routine is quite simple; just modify the second while loop above as follows:


  


  
    while(stdin.peekcin{'0'..'9','_'})do

    

    stdin.getc();//Readthecharacterfromtheinputstream.

    

    //Ignoreunderscoreswhileprocessingnumericinput.

    

    if(al<>'_')then

    

    //Convertcharacterinaltonumericrepresentationand

    //accumulateresult...

    

    endif;

    

    endwhile;
  


  8.1.14.6 Extended-Precision Hexadecimal Input


  As was the case for numeric output, hexadecimal input is the easiest numeric input routine to write. The basic algorithm for hexadecimal-string-to-numeric conversion is the following:


  
    
  


  
    	
      
        
          Initialize the extended-precision value to 0.
        

      

    


    	
      
        
          For each input character that is a valid hexadecimal digit, do the following:
        

      


      
        
      


      
        	
          
            
              
                
                  Convert the hexadecimal character to a value in the range 0..15 ($0..$F).
                

              

            

          

        


        	
          
            
              
                
                  If the H.O. 4 bits of the extended-precision value are nonzero, raise an exception.
                

              

            

          

        


        	
          
            
              
                
                  Multiply the current extended-precision value by 16 (i.e., shift left 4 bits).
                

              

            

          

        


        	
          
            
              
                
                  Add the converted hexadecimal digit value to the accumulator.
                

              

            

          

        


        	
          
            
              
                
                  Check the last input character to ensure it is a valid delimiter. Raise an exception if it is not.
                

              

            

          

        

      

    

  


  The program in Example8-5 implements this extended-precision hexadecimal input routine for 128-bit values.


  


  Example8-5.Extended-precision hexadecimal input


  
    programXin128;

    

    #include("stdlib.hhf");

    

    //128-bitunsignedintegerdatatype:

    

    type

    b128:dword[4];

    

    

    

    

    proceduregetb128(varinValue:b128);@nodisplay;

    const

    HexChars:={'0'..'9','a'..'f','A'..'F','_'};

    var

    Delimiters:cset;

    LocalValue:b128;

    

    begingetb128;

    

    push(eax);

    push(ebx);

    

    //GetacopyoftheHLAstandardnumericinputdelimiters:

    

    conv.getDelimiters(Delimiters);

    

    //Initializethenumericinputvalueto0:

    

    xor(eax,eax);

    mov(eax,LocalValue[0]);

    mov(eax,LocalValue[4]);

    mov(eax,LocalValue[8]);

    mov(eax,LocalValue[12]);

    

    //Bydefault,#0isamemberoftheHLADelimiters

    //characterset.However,someonemayhavecalled

    //conv.setDelimitersandremovedthischaracter

    //fromtheinternalDelimiterscharacterset.This

    //algorithmdependsupon#0beingintheDelimiters

    //characterset,solet'saddthatcharacterin

    //atthispointjusttobesure.

    

    cs.unionChar(#0,Delimiters);

    

    

    //Ifwe'reattheendofthecurrentinput

    //line(ortheprogramhasyettoreadanyinput),

    //fortheinputofanactualcharacter.

    

    if(stdin.peekc()=#0)then

    

    stdin.readLn();

    

    endif;

    

    

    

    //Skipthedelimitersfoundoninput.Thiscodeis

    //somewhatconvolutedbecausestdin.peekcdoesnot

    //forcetheinputofanewlineoftextifthecurrent

    //inputbufferisempty.Wehavetoforcethatinput

    //ourselvesintheeventtheinputbufferisempty.

    

    while(stdin.peekc()inDelimiters)do

    

    //Ifwe'reattheendoftheline,readanewline

    //oftextfromtheuser;otherwise,removethe

    //delimitercharacterfromtheinputstream.

    

    if(al=#0)then

    

    stdin.readLn();//Forceanewinputline.

    

    else

    

    stdin.getc();//Removethedelimiterfromtheinputbuffer.

    

    endif;

    

    endwhile;

    

    //Readthehexadecimalinputcharactersandconvert

    //themtotheinternalrepresentation:

    

    while(stdin.peekc()inHexChars)do

    

    //Actuallyreadthecharactertoremoveitfromthe

    //inputbuffer.

    

    stdin.getc();

    

    //Ignoreunderscores,processeverythingelse.

    

    if(al<>'_')then

    

    if(alin'0'..'9')then

    

    and($f,al);//'0'..'9'->0..9

    

    else

    

    and($f,al);//'a'/'A'..'f'/'F'->1..6

    add(9,al);//1..6->10..15

    

    endif;

    

    //Conversionalgorithmisthefollowing:

    //

    //(1)LocalValue:=LocalValue*16.

    //(2)LocalValue:=LocalValue+al

    //

    //Notethat"*16"iseasilyaccomplishedby

    //shiftingLocalValuetotheleft4bits.

    //

    //OverflowoccursiftheH.O.4bitsofLocalValue

    //containanonzerovaluepriortothisoperation.

    

    //First,checkforoverflow:

    

    test($F0,(typebyteLocalValue[15]));

    if(@nz)then

    

    raise(ex.ValueOutOfRange);

    

    endif;

    

    //NowmultiplyLocalValueby16andaddin

    //thecurrenthexadecimaldigit(ineax).

    

    mov(LocalValue[8],ebx);

    shld(4,ebx,LocalValue[12]);

    mov(LocalValue[4],ebx);

    shld(4,ebx,LocalValue[8]);

    mov(LocalValue[0],ebx);

    shld(4,ebx,LocalValue[4]);

    shl(4,ebx);

    add(eax,ebx);

    mov(ebx,LocalValue[0]);

    

    endif;

    

    endwhile;

    

    //Okay,we'veencounteredanon-hexadecimalcharacter.

    //Let'smakesureit'savaliddelimitercharacter.

    //Raisetheex.ConversionErrorexceptionifit'sinvalid.

    

    if(alnotinDelimiters)then

    

    raise(ex.ConversionError);

    

    endif;

    

    //Okay,thisconversionhasbeenasuccess.Let'sstore

    //awaytheconvertedvalueintotheoutputparameter.

    

    mov(inValue,ebx);

    mov(LocalValue[0],eax);

    mov(eax,[ebx]);

    

    mov(LocalValue[4],eax);

    mov(eax,[ebx+4]);

    

    mov(LocalValue[8],eax);

    mov(eax,[ebx+8]);

    

    mov(LocalValue[12],eax);

    mov(eax,[ebx+12]);

    

    pop(ebx);

    pop(eax);

    

    endgetb128;

    

    

    

    //Codetotesttheroutinesabove:

    

    static

    b1:b128;

    

    beginXin128;

    

    stdout.put("Inputa128-bithexadecimalvalue:");

    getb128(b1);

    stdout.put

    (

    "Thevalueis:$",

    b1[12],'_',

    b1[8],'_',

    b1[4],'_',

    b1[0],

    nl

    );

    

    endXin128;
  


  Extending this code to handle objects that are greater than 128 bits long is very easy. There are only three changes necessary: You must zero out the whole object at the beginning of the getb128 routine; when checking for overflow (the test( $F, (type byte LocalValue[15]) ); instruction), you must test the H.O. 4 bits of the new object you're processing; and you must modify the code that multiplies LocalValue by 16 (via shld) so that it multiplies your object by 16 (i.e., shifts it to the left 4 bits).


  8.1.14.7 Extended-Precision Unsigned Decimal Input


  The algorithm for extended-precision unsigned decimal input is nearly identical to that for hexadecimal input. In fact, the only difference (beyond only accepting decimal digits) is that you multiply the extended-precision value by 10 rather than 16 for each input character (in general, the algorithm is the same for any base; just multiply the accumulating value by the input base). The code in Example8-6 demonstrates how to write a 128-bit unsigned decimal input routine.


  


  Example8-6.Extended-precision unsigned decimal input


  
    programUin128;

    

    #include("stdlib.hhf");

    

    //128-bitunsignedintegerdatatype:

    

    type

    u128:dword[4];

    

    

    

    proceduregetu128(varinValue:u128);@nodisplay;

    var

    Delimiters:cset;

    LocalValue:u128;

    PartialSum:u128;

    

    begingetu128;

    

    push(eax);

    push(ebx);

    push(ecx);

    push(edx);

    

    //GetacopyoftheHLAstandardnumericinputdelimiters:

    

    conv.getDelimiters(Delimiters);

    

    //Initializethenumericinputvalueto0:

    

    xor(eax,eax);

    mov(eax,LocalValue[0]);

    mov(eax,LocalValue[4]);

    mov(eax,LocalValue[8]);

    mov(eax,LocalValue[12]);

    

    //Bydefault,#0isamemberoftheHLADelimiters

    //characterset.However,someonemayhavecalled

    //conv.setDelimitersandremovedthischaracter

    //fromtheinternalDelimiterscharacterset.This

    //algorithmdependsupon#0beingintheDelimiters

    //characterset,solet'saddthatcharacterin

    //atthispointjusttobesure.

    

    cs.unionChar(#0,Delimiters);

    

    

    //Ifwe'reattheendofthecurrentinput

    //line(ortheprogramhasyettoreadanyinput),

    //waitfortheinputofanactualcharacter.

    

    if(stdin.peekc()=#0)then

    

    stdin.readLn();

    

    endif;

    

    

    

    //Skipthedelimitersfoundoninput.Thiscodeis

    //somewhatconvolutedbecausestdin.peekcdoesnot

    //forcetheinputofanewlineoftextifthecurrent

    //inputbufferisempty.Wehavetoforcethatinput

    //ourselvesintheeventtheinputbufferisempty.

    

    while(stdin.peekc()inDelimiters)do

    

    //Ifwe'reattheendoftheline,readanewline

    //oftextfromtheuser;otherwise,removethe

    //delimitercharacterfromtheinputstream.

    

    if(al=#0)then

    

    stdin.readLn();//Forceanewinputline.

    

    else

    

    stdin.getc();//Removethedelimiterfromtheinputbuffer.

    

    endif;

    

    endwhile;

    

    //Readthedecimalinputcharactersandconvert

    //themtotheinternalrepresentation:

    

    while(stdin.peekc()in'0'..'9')do

    

    //Actuallyreadthecharactertoremoveitfromthe

    //inputbuffer.

    

    stdin.getc();

    

    //Ignoreunderscores,processeverythingelse.

    

    if(al<>'_')then

    

    and($f,al);//'0'..'9'->0..9

    mov(eax,PartialSum[0]);//Savetoaddinlater.

    

    //Conversionalgorithmisthefollowing:

    //

    //(1)LocalValue:=LocalValue*10.

    //(2)LocalValue:=LocalValue+al

    //

    //First,multiplyLocalValueby10:

    

    mov(10,eax);

    mul(LocalValue[0],eax);

    mov(eax,LocalValue[0]);

    mov(edx,PartialSum[4]);

    

    mov(10,eax);

    mul(LocalValue[4],eax);

    mov(eax,LocalValue[4]);

    mov(edx,PartialSum[8]);

    

    mov(10,eax);

    mul(LocalValue[8],eax);

    mov(eax,LocalValue[8]);

    mov(edx,PartialSum[12]);

    

    mov(10,eax);

    mul(LocalValue[12],eax);

    mov(eax,LocalValue[12]);

    

    //Checkforoverflow.Thisoccursifedx

    //containsanonzerovalue.

    

    if(edx/*<>0*/)then

    

    raise(ex.ValueOutOfRange);

    

    endif;

    

    //Addinthepartialsums(includingthe

    //mostrecentlyconvertedcharacter).

    

    mov(PartialSum[0],eax);

    add(eax,LocalValue[0]);

    

    mov(PartialSum[4],eax);

    adc(eax,LocalValue[4]);

    

    mov(PartialSum[8],eax);

    adc(eax,LocalValue[8]);

    

    mov(PartialSum[12],eax);

    adc(eax,LocalValue[12]);

    

    //Anothercheckforoverflow.Ifthere

    //wasacarryoutoftheextended-precision

    //additionabove,we'vegotoverflow.

    

    if(@c)then

    

    raise(ex.ValueOutOfRange);

    

    endif;

    

    endif;

    

    endwhile;

    

    //Okay,we'veencounteredanon-decimalcharacter.

    //Let'smakesureit'savaliddelimitercharacter.

    //Raisetheex.ConversionErrorexceptionifit'sinvalid.

    

    if(alnotinDelimiters)then

    

    raise(ex.ConversionError);

    

    endif;

    

    //Okay,thisconversionhasbeenasuccess.Let'sstore

    //awaytheconvertedvalueintotheoutputparameter.

    

    mov(inValue,ebx);

    mov(LocalValue[0],eax);

    mov(eax,[ebx]);

    

    mov(LocalValue[4],eax);

    mov(eax,[ebx+4]);

    

    mov(LocalValue[8],eax);

    mov(eax,[ebx+8]);

    

    mov(LocalValue[12],eax);

    mov(eax,[ebx+12]);

    

    pop(edx);

    pop(ecx);

    pop(ebx);

    pop(eax);

    

    endgetu128;

    

    

    

    //Codetotesttheroutinesabove:

    

    static

    b1:u128;

    

    beginUin128;

    

    stdout.put("Inputa128-bitdecimalvalue:");

    getu128(b1);

    stdout.put

    (

    "Thevalueis:$",

    b1[12],'_',

    b1[8],'_',

    b1[4],'_',

    b1[0],

    nl

    );

    

    endUin128;
  


  As for hexadecimal input, extending this decimal input to some number of bits beyond 128 is fairly easy. All you need do is modify the code that zeros out the LocalValue variable and the code that multiplies LocalValue by 10 (overflow checking is done in this same code, so there are only two spots in this code that require modification).


  8.1.14.8 Extended-Precision Signed Decimal Input


  Once you have an unsigned decimal input routine, writing a signed decimal input routine is easy. The following algorithm describes how to accomplish this:


  
    
  


  
    	
      
        
          Consume any delimiter characters at the beginning of the input stream.
        

      

    


    	
      
        
          If the next input character is a minus sign, consume this character and set a flag noting that the number is negative.
        

      

    


    	
      
        
          Call the unsigned decimal input routine to convert the rest of the string to an integer.
        

      

    


    	
      
        
          Check the return result to make sure its H.O. bit is clear. Raise the ex.ValueOutOfRange exception if the H.O. bit of the result is set.
        

      

    


    	
      
        
          If the code encountered a minus sign in step 2, negate the result.
        

      

    

  


  The actual code is left as a programming exercise for the reader (or see the conversion routines in the HLA Standard Library for concrete examples).


  

  


  [111] Newer C standards also provide for a long long int, which is usually a 64-bit integer.


  [112] Windows may translate this to an ex.IntoInstr exception.


  [113] Technically speaking, this isn't entirely true. It is possible for a device error (e.g., disk full) to occur. The likelihood of this is so low that we can effectively ignore this possibility.


  [114] The HLA Standard Library routines actually buffer up input lines in a string and process characters out of the string. This makes it easy to "peek" ahead one character when looking for a delimiter to end the input value. Your code can also do this; however, the code in this chapter uses a different approach.


  


  8.2 Operating on Different-Size Operands


  Occasionally you may need to do some computation on a pair of operands that are not the same size. For example, you may need to add a word and a double word together or subtract a byte value from a word value. The solution is simple: just extend the smaller operand to the size of the larger operand and then do the operation on two similarly sized operands. For signed operands, you would sign extend the smaller operand to the same size as the larger operand; for unsigned values, you zero extend the smaller operand. This works for any operation, although the following examples demonstrate this for the addition operation.


  To extend the smaller operand to the size of the larger operand, use a sign extension or zero extension operation (depending upon whether you're adding signed or unsigned values). Once you've extended the smaller value to the size of the larger, the addition can proceed. Consider the following code that adds a byte value to a word value:


  


  
    static

    var1:byte;

    var2:word;

    .

    .

    .

    //Unsignedaddition:

    

    movzx(var1,ax);

    add(var2,ax);

    

    //Signedaddition:

    

    movsx(var1,ax);

    add(var2,ax);
  


  In both cases, the byte variable was loaded into the AL register, extended to 16 bits, and then added to the word operand. This code works out really well if you can choose the order of the operations (for example, adding the 8-bit value to the 16-bit value). Sometimes, you cannot specify the order of the operations. Perhaps the 16-bit value is already in the AX register and you want to add an 8-bit value to it. For unsigned addition, you could use the following code:


  


  
    mov(var2,ax);//Load16-bitvalueintoax.

    .//Dosomeotheroperationsleaving

    .//a16-bitquantityinax.

    add(var1,al);//Addinthe8-bitvalue.

    adc(0,ah);//AddcarryintotheH.O.word.
  


  The first add instruction in this example adds the byte at var1 to the L.O. byte of the value in the accumulator. The adc instruction above adds the carry from the addition of the L.O. bytes into the H.O. byte of the accumulator. You must take care to ensure that this adc instruction is present. If you leave it out, you may not get the correct result.


  Adding an 8-bit signed operand to a 16-bit signed value is a little more difficult. Unfortunately, you cannot add an immediate value (as above) to the H.O. word of AX. This is because the H.O. extension byte can be either $00 or $FF. If a register is available, the best thing to do is the following:


  


  
    mov(ax,bx);//bxistheavailableregister.

    movsx(var1,ax);

    add(bx,ax);
  


  If an extra register is not available, you might try the following code:


  


  
    push(ax);//Savewordvalue.

    movsx(var1,ax);//Signextend8-bitoperandto16bits.

    add([esp],ax);//Addinpreviouswordvalue.

    add(2,esp);//Popjunkfromstack.
  


  Another alternative is to store the 16-bit value in the accumulator into a memory location and then proceed as before:


  


  
    mov(ax,temp);

    movsx(var1,ax);

    add(temp,ax);
  


  All the examples above added a byte value to a word value. By zero or sign extending the smaller operand to the size of the larger operand, you can easily add any two different-size variables together.


  As a last example, consider adding an 8-bit signed value to a quadword (64-bit) value:


  


  
    static

    QVal:qword;

    BVal:int8;

    .

    .

    .

    movsx(BVal,eax);

    cdq();

    add((typedwordQVal),eax);

    adc((typedwordQVal[4]),edx);
  


  


  8.3 Decimal Arithmetic


  The 80x86 CPUs use the binary numbering system for their native internal representation. The binary numbering system is, by far, the most common numbering system in use in computer systems today. In the early days, however, there were computer systems that were based on the decimal (base 10) numbering system instead of the binary numbering system. Consequently, their arithmetic system was decimal based rather than binary. Such computer systems were very popular in systems targeted for business/commercial systems.[115] Although systems designers have discovered that binary arithmetic is almost always better than decimal arithmetic for general calculations, the myth still persists that decimal arithmetic is better for money calculations than binary arithmetic. Therefore, many software systems still specify the use of decimal arithmetic in their calculations (not to mention that there is lots of legacy code out there whose algorithms are stable only if they use decimal arithmetic). Therefore, despite the fact that decimal arithmetic is generally inferior to binary arithmetic, the need for decimal arithmetic persists.


  Of course, the 80x86 is not a decimal computer; therefore, we have to play tricks in order to represent decimal numbers using the native binary format. The most common technique, even employed by most so-called decimal computers, is to use the binary-coded decimal, or BCD, representation. The BCD representation uses 4 bits to represent the 10 possible decimal digits (see Table8-1). The binary value of those 4 bits is equal to the corresponding decimal value in the range 0..9. Of course, with 4 bits we can actually represent 16 different values; the BCD format ignores the remaining six bit combinations.


  Because each BCD digit requires 4 bits, we can represent a 2-digit BCD value with a single byte. This means that we can represent the decimal values in the range 0..99 using a single byte (versus 0..255 if we treat the value as an unsigned binary number). Clearly it takes more memory to represent the same value in BCD than it does to represent the same value in binary. For example, with a 32-bit value you can represent BCD values in the range 0..99,999,999 (eight significant digits). However, you can represent values in the range 0..4,294,967,295 (more than nine significant digits) by using binary representation.


  Not only does the BCD format waste memory on a binary computer (because it uses more bits to represent a given integer value), decimal arithmetic is also slower. For these reasons, you should avoid the use of decimal arithmetic unless it is absolutely mandated for a given application.


  Binary-coded decimal representation does offer one big advantage over binary representation: It is fairly simple to convert between the string representation of a decimal number and the BCD representation. This feature is particularly beneficial when working with fractional values because fixed and floating-point binary representations cannot exactly represent many commonly used values between 0 and 1 (e.g., 1/10). Therefore, BCD operations can be efficient when reading from a BCD device, doing a simple arithmetic operation (for example, a single addition), and then writing the BCD value to some other device.


  


  Table8-1.Binary-Coded Decimal (BCD) Representation


  


  
    
      	
        

        BCD Representation

      

      	
        

        Decimal Equivalent

      
    


    
      	
        

        0000

      

      	
        

        0

      
    


    
      	
        

        0001

      

      	
        

        1

      
    


    
      	
        

        0010

      

      	
        

        2

      
    


    
      	
        

        0011

      

      	
        

        3

      
    


    
      	
        

        0100

      

      	
        

        4

      
    


    
      	
        

        0101

      

      	
        

        5

      
    


    
      	
        

        0110

      

      	
        

        6

      
    


    
      	
        

        0111

      

      	
        

        7

      
    


    
      	
        

        1000

      

      	
        

        8

      
    


    
      	
        

        1001

      

      	
        

        9

      
    


    
      	
        

        1010

      

      	
        

        Illegal

      
    


    
      	
        

        1011

      

      	
        

        Illegal

      
    


    
      	
        

        1100

      

      	
        

        Illegal

      
    


    
      	
        

        1101

      

      	
        

        Illegal

      
    


    
      	
        

        1110

      

      	
        

        Illegal

      
    


    
      	
        

        1111

      

      	
        

        Illegal

      
    

  


  8.3.1 Literal BCD Constants


  HLA does not provide, nor do you need, a special literal BCD constant. Because BCD is just a special form of hexadecimal notation that does not allow the values $A..$F, you can easily create BCD constants using HLA's hexadecimal notation. Of course, you must take care not to include the symbols A..F in a BCD constant because they are illegal BCD values. As an example, consider the following mov instruction that copies the BCD value 99 into the AL register:


  


  
    mov($99,al);
  


  The important thing to keep in mind is that you must not use HLA literal decimal constants for BCD values. That is, mov( 95, al ); does not load the BCD representation for 95 into the AL register. Instead, it loads $5F into AL, and that's an illegal BCD value. Any computations you attempt with illegal BCD values will produce garbage results. Always remember that, even though it seems counterintuitive, you use hexadecimal literal constants to represent literal BCD values.


  8.3.2 The 80x86 daa and das Instructions


  The integer unit on the 80x86 does not directly support BCD arithmetic. Instead, the 80x86 requires that you perform the computation using binary arithmetic and use some auxiliary instructions to convert the binary result to BCD. To support packed BCD addition and subtraction with two digits per byte, the 80x86 provides two instructions: decimal adjust after addition (daa) and decimal adjust after subtraction (das). You would execute these two instructions immediately after an add/adc or sub/sbb instruction to correct the binary result in the AL register.


  To add a pair of two-digit (i.e., single-byte) BCD values together, you would use the following sequence:


  


  
    mov(bcd_1,al);//Assumethatbcd_1andbcd_2bothcontain

    add(bcd_2,al);//validBCDvalues.

    daa();
  


  The first two instructions above add the 2-byte values together using standard binary arithmetic. This may not produce a correct BCD result. For example, if bcd_1 contains $9 and bcd_2 contains $1, then the first two instructions above will produce the binary sum $A instead of the correct BCD result $10. The daa instruction corrects this invalid result. It checks to see if there was a carry out of the low-order BCD digit and adjusts the value (by adding 6 to it) if there was an overflow. After adjusting for overflow out of the L.O. digit, the daa instruction repeats this process for the H.O. digit. daa sets the carry flag if there was a (decimal) carry out of the H.O. digit of the operation.


  The daa instruction operates only on the AL register. It will not adjust (properly) for a decimal addition if you attempt to add a value to AX, EAX, or any other register. Specifically note that daa limits you to adding two decimal digits (a single byte) at a time. This means that for the purposes of computing decimal sums, you have to treat the 80x86 as though it were an 8-bit processor, capable of adding only 8 bits at a time. If you wish to add more than two digits together, you must treat this as a multiprecision operation. For example, to add four decimal digits together (using daa), you must execute a sequence like the following:


  


  
    //Assume"bcd_1:byte[2];","bcd_2:byte[2];",and"bcd_3:byte[2];"

    

    mov(bcd_1[0],al);

    add(bcd_2[0],al);

    daa();

    mov(al,bcd_3[0]);

    mov(bcd_1[1],al);

    adc(bcd_2[1],al);

    daa();

    mov(al,bcd_3[1],al);

    

    //Carryissetatthispointiftherewasunsignedoverflow.
  


  Because a binary addition of two words (producing a word result) requires only three instructions, you can see that decimal arithmetic is expensive.[116]


  The das (decimal adjust after subtraction) instruction adjusts the decimal result after a binary sub or sbb instruction. You use it the same way you use the daa instruction. Here are some examples:


  


  
    //Two-digit(1-byte)decimalsubtraction:

    

    mov(bcd_1,al);//Assumethatbcd_1andbcd_2bothcontain

    sub(bcd_2,al);//validBCDvalues.

    das();

    

    //Four-digit(2-byte)decimalsubtraction.

    //Assume"bcd_1:byte[2];","bcd_2:byte[2];",and"bcd_3:byte[2];"

    

    mov(bcd_1[0],al);

    sub(bcd_2[0],al);

    das();

    mov(al,bcd_3[0]);

    mov(bcd_1[1],al);

    sbb(bcd_2[1],al);

    das();

    mov(al,bcd_3[1],al);

    

    //Carryissetatthispointiftherewasunsignedoverflow.
  


  Unfortunately, the 80x86 provides support only for addition and subtraction of packed BCD values using the daa and das instructions. It does not support multiplication, division, or any other arithmetic operations. Because decimal arithmetic using these instructions is so limited, you'll rarely see any programs use these instructions.


  8.3.3 The 80x86 aaa, aas, aam, and aad Instructions


  In addition to the packed decimal instructions (daa and das), the 80x86 CPUs support four unpacked decimal adjustment instructions. Unpacked decimal numbers store only one digit per 8-bit byte. As you can imagine, this data representation scheme wastes a considerable amount of memory. However, the unpacked decimal adjustment instructions support the multiplication and division operations, so they are marginally more useful.


  The instruction mnemonics aaa, aas, aam, and aad stand for "ASCII adjust for Addition, Subtraction, Multiplication, and Division" (respectively). Despite their names, these instructions do not process ASCII characters. Instead, they support an unpacked decimal value in AL whose L.O. 4 bits contain the decimal digit and the H.O. 4 bits contain 0. Note, though, that you can easily convert an ASCII decimal digit character to an unpacked decimal number by simply anding AL with the value $0F.


  The aaa instruction adjusts the result of a binary addition of two unpacked decimal numbers. If the addition of those two values exceeds 10, then aaa will subtract 10 from AL and increment AH by 1 (as well as set the carry flag). aaa assumes that the two values you add together are legal unpacked decimal values. Other than the fact that aaa works with only one decimal digit at a time (rather than two), you use it the same way you use the daa instruction. Of course, if you need to add together a string of decimal digits, using unpacked decimal arithmetic will require twice as many operations and, therefore, twice the execution time.


  You use the aas instruction the same way you use the das instruction except, of course, it operates on unpacked decimal values rather than packed decimal values. As for aaa, aas will require twice the number of operations to add the same number of decimal digits as the das instruction. If you're wondering why anyone would want to use the aaa or aas instruction, keep in mind that the unpacked format supports multiplication and division, while the packed format does not. Since packing and unpacking the data is usually more expensive than working on the data a digit at a time, the aaa and aas instructions are more efficient if you have to work with unpacked data (because of the need for multiplication and division).


  The aam instruction modifies the result in the AX register to produce a correct unpacked decimal result after multiplying two unpacked decimal digits using the mul instruction. Because the largest product you may obtain is 81 (9 * 9 produces the largest possible product of two single-digit values), the result will fit in the AL register. aam unpacks the binary result by dividing it by 10, leaving the quotient (H.O. digit) in AH and the remainder (L.O. digit) in AL. Note that aam leaves the quotient and remainder in different registers than a standard 8-bit div operation.


  Technically, you do not have to use the aam instruction for BCD multiplication operations. aam simply divides AL by 10 and leaves the quotient and remainder in AH and AL (respectively). If you have need of this particular operation, you may use the aam instruction for this purpose (indeed, that's about the only use for aam in most programs these days).


  If you need to multiply more than two unpacked decimal digits together using mul and aam, you will need to devise a multiprecision multiplication that uses the manual algorithm from earlier in this chapter. Since that is a lot of work, this section will not present that algorithm. If you need a multiprecision decimal multiplication, see 8.3.4 Packed Decimal Arithmetic Using the FPU; it presents a better solution.


  The aad instruction, as you might expect, adjusts a value for unpacked decimal division. The unusual thing about this instruction is that you must execute it before a div operation. It assumes that AL contains the least-significant digit of a two-digit value and AH contains the most-significant digit of a two-digit unpacked decimal value. It converts these two numbers to binary so that a standard div instruction will produce the correct unpacked decimal result. Like aam, this instruction is nearly useless for its intended purpose because extended-precision operations (for example, division of more than one or two digits) are extremely inefficient. However, this instruction is actually quite useful in its own right. It computes AX = AH * 10 + AL (assuming that AH and AL contain single-digit decimal values). You can use this instruction to convert a two-character string containing the ASCII representation of a value in the range 0..99 to a binary value. For example:


  


  
    mov('9',al);

    mov('9',ah);//"99"isinah:al.

    and($0F0F,ax);//ConvertfromASCIItounpackeddecimal.

    aad();//Afterthis,axcontains99.
  


  The decimal and ASCII adjust instructions provide an extremely poor implementation of decimal arithmetic. To better support decimal arithmetic on 80x86 systems, Intel incorporated decimal operations into the FPU. The next section discusses how to use the FPU for this purpose. However, even with FPU support, decimal arithmetic is inefficient and less precise than binary arithmetic. Therefore, you should consider carefully if you really need to use decimal arithmetic before incorporating it into your programs.


  8.3.4 Packed Decimal Arithmetic Using the FPU


  To improve the performance of applications that rely on decimal arithmetic, Intel incorporated support for decimal arithmetic directly into the FPU. Unlike the packed and unpacked decimal formats of the previous sections, the FPU easily supports values with up to 18 decimal digits of precision, all at FPU speeds. Furthermore, all the arithmetic capabilities of the FPU (for example, transcendental operations) are available in addition to addition, subtraction, multiplication, and division. Assuming you can live with only 18 digits of precision and a few other restrictions, decimal arithmetic on the FPU is the right way to go if you must use decimal arithmetic in your programs.


  The first fact you must note when using the FPU is that it doesn't really support decimal arithmetic. Instead, the FPU provides two instructions, fbld and fbstp, that convert between packed decimal and binary floating-point formats when moving data to and from the FPU. The fbld (float/BCD load) instruction loads an 80-bit packed BCD value unto the top of the FPU stack after converting that BCD value to the IEEE binary floating-point format. Likewise, the fbstp (float/BCD store and pop) instruction pops the floating-point value off the top of stack, converts it to a packed BCD value, and stores the BCD value into the destination memory location.


  Once you load a packed BCD value into the FPU, it is no longer BCD. It's just a floating-point value. This presents the first restriction on the use of the FPU as a decimal integer processor: Calculations are done using binary arithmetic. If you have an algorithm that absolutely positively depends on the use of decimal arithmetic, it may fail if you use the FPU to implement it.[117]


  The second limitation is that the FPU supports only one BCD data type: a 10-byte 18-digit packed decimal value. It will not support smaller values, nor will it support larger values. Since 18 digits are usually sufficient and memory is cheap, this isn't a big restriction.


  A third consideration is that the conversion between packed BCD and the floating-point format is not a cheap operation. The fbld and fbstp instructions can be quite slow (more than two orders of magnitude slower than fld and fstp, for example). Therefore, these instructions can be costly if you're doing simple additions or subtractions; the cost of conversion far outweighs the time spent adding the values a byte at a time using the daa and das instructions (multiplication and division, however, are going to be faster on the FPU).


  You may be wondering why the FPU's packed decimal format supports only 18 digits. After all, with 10 bytes it should be possible to represent 20 BCD digits. As it turns out, the FPU's packed decimal format uses the first 9 bytes to hold the packed BCD value in a standard packed decimal format (the first byte contains the two L.O. digits and the ninth byte holds the two H.O. digits). The H.O. bit of the tenth byte holds the sign bit, and the FPU ignores the remaining bits in the tenth byte. If you're wondering why Intel didn't squeeze in one more digit (that is, use the L.O. 4 bits of the tenth byte to allow for 19 digits of precision), just keep in mind that doing so would create some possible BCD values that the FPU could not exactly represent in the native floating-point format. Hence, you have the limitation of 18 digits.


  The FPU uses a one's complement notation for negative BCD values. That is, the sign bit contains a 1 if the number is negative or 0 and it contains a 0 if the number is positive or 0 (like the binary one's complement format, there are two distinct representations for 0).


  HLA's tbyte type is the standard data type you would use to define packed BCD variables. The fbld and fbstp instructions require a tbyte operand (which you can initialize with a hexadecimal/BCD value).


  Because the FPU converts packed decimal values to the internal floating-point format, you can mix packed decimal, floating point, and (binary) integer formats in the same calculation. The program in Example8-7 demonstrates how you might achieve this.


  


  Example8-7.Mixed-mode FPU arithmetic


  
    programMixedArithmetic;

    #include("stdlib.hhf")

    

    static

    tb:tbyte:=$654321;

    

    beginMixedArithmetic;

    

    fbld(tb);

    fmul(2.0);

    fiadd(1);

    fbstp(tb);

    stdout.put("bcdvalueis");

    stdout.puth80(tb);

    stdout.newln();

    

    endMixedArithmetic;
  


  The FPU treats packed decimal values as integer values. Therefore, if your calculations produce fractional results, the fbstp instruction will round the result according to the current FPU rounding mode. If you need to work with fractional values, you need to stick with floating-point results.


  

  


  [115] In fact, until the release of the IBM 360 in the mid-1960s, most scientific computer systems were binary based, whereas most commercial/business systems were decimal based. IBM pushed its system\360 as a single-purpose solution for both business and scientific applications. Indeed, the model designation (360) was derived from the 360 degrees on a compass so as to suggest that the system\360 was suitable for computations "at all points of the compass" (i.e., business and scientific).


  [116] You'll also soon see that it's rare to find decimal arithmetic done this way. So it hardly matters.


  [117] An example of such an algorithm might be a multiplication by 10 by shifting the number one digit to the left. However, such operations are not possible within the FPU itself, so algorithms that misbehave inside the FPU are actually quite rare.


  


  8.4 Tables


  The term table has different meanings to different programmers. To most assembly language programmers, a table is nothing more than an array that is initialized with some data. The assembly language programmer often uses tables to compute complex or otherwise slow functions. Many very-high-level languages (for example, SNOBOL4 and Icon) directly support a table data type. Tables in these languages are essentially associative arrays whose elements you can access with a noninteger index (for example, floating point, string, or any other data type). HLA provides a table module that lets you index an array using a string. However, in this chapter we will adopt the assembly language programmer's view of tables.


  A table is an array containing initialized values that do not change during the execution of the program. In assembly language, you can use tables for a variety of purposes: computing functions, controlling program flow, or simply looking things up. In general, tables provide a fast mechanism for performing some operation at the expense of some space in your program (the extra space holds the tabular data). In the following sections we'll explore some of the many possible uses of tables in an assembly language program.


  Note that because tables typically contain initialized data that does not change during program execution, the readonly section is a good place to put your table objects.


  8.4.1 Function Computation via Table Lookup


  Tables can do all kinds of things in assembly language. In high-level languages like Pascal, it's easy to create a formula that computes some value. A simple-looking high-level-language arithmetic expression can be equivalent to a considerable amount of 80x86 assembly language code and, therefore, could be expensive to compute. Assembly language programmers often precompute many values and use a table lookup of those values to speed up their programs. This has the advantage of being easier, and it's often more efficient as well. Consider the following Pascal statement:


  


  
    if(character>='a')and(character<='z')thencharacter:=

    chr(ord(character)-32);
  


  This Pascal if statement converts the character variable's value from lowercase to uppercase if character is in the range a..z. The HLA code that does the same thing follows:


  


  
    mov(character,al);

    if(alin'a'..'z')then

    

    and($5f,al);//Sameassub(32,al)inthiscode.

    

    endif;

    mov(al,character);
  


  Note that HLA's high-level if statement translates into four machine instructions in this particular example. Hence, this code requires a total of seven machine instructions.


  Had you buried this code in a nested loop, you'd be hard pressed to reduce the size of this code without using a table lookup. Using a table lookup, however, allows you to reduce this sequence of instructions to just four instructions:


  


  
    mov(character,al);

    lea(ebx,CnvrtLower);

    xlat

    mov(al,character);
  


  You're probably wondering how this code works and asking, "What is this new instruction, xlat?" The xlat, or translate, instruction does the following:


  


  
    mov([ebx+al*1],al);
  


  That is, it uses the current value of the AL register as an index into the array whose base address is found in EBX. It fetches the byte at that index in the array and copies that byte into the AL register. Intel calls this instruction translate because programmers typically use it to translate characters from one form to another using a lookup table. That's exactly how we are using it here.


  In the previous example, CnvrtLower is a 256-byte table that contains the values 0..$60 at indices 0..$60, $41..$5A at indices $61..$7A, and $7B..$FF at indices $7Bh..0FF. Therefore, if AL contains a value in the range $0..$60, the xlat instruction returns the value $0..$60, effectively leaving AL unchanged. However, if AL contains a value in the range $61..$7A (the ASCII codes for a..z), then the xlat instruction replaces the value in AL with a value in the range $41..$5A. The values $41..$5A just happen to be the ASCII codes for A..Z. Therefore, if AL originally contains a lowercase character ($61..$7A), the xlat instruction replaces the value in AL with a corresponding value in the range $61..$7A, effectively converting the original lowercase character ($61..$7A) to an uppercase character ($41..$5A). The remaining entries in the table, like entries $0..$60, simply contain the index into the table of their particular element. Therefore, if AL originally contains a value in the range $7A..$FF, the xlat instruction will return the corresponding table entry that also contains $7A..$FF.


  As the complexity of the function increases, the performance benefits of the table lookup method increase dramatically. While you would almost never use a lookup table to convert lowercase to uppercase, consider what happens if you want to swap cases, for example, via computation:


  


  
    mov(character,al);

    if(alin'a'..'z')then

    

    and($5f,al);

    

    elseif(alin'A'..'Z')then

    

    or($20,al);

    

    endif;

    mov(al,character):
  


  The if and elseif statements generate 4 and 5 actual machine instructions, respectively, so this code is equivalent to 13 actual machine instructions.


  The table lookup code to compute this same function is:


  


  
    mov(character,al);

    lea(ebx,SwapUL);

    xlat();

    mov(al,character);
  


  As you can see, when using a table lookup to compute a function, only the table changes; the code remains the same.


  Table lookups suffer from one major problem—functions computed via table lookup have a limited domain. The domain of a function is the set of possible input values (parameters) it will accept. For example, the uppercase/lowercase conversion functions above have the 256-character ASCII character set as their domain.


  A function such as SIN or COS accepts the set of real numbers as possible input values. Clearly the domain for SIN and COS is much larger than for the upper/lowercase conversion function. If you are going to do computations via table lookup, you must limit the domain of a function to a small set. This is because each element in the domain of a function requires an entry in the lookup table. You won't find it very practical to implement a function via table lookup whose domain is the set of real numbers.


  Most lookup tables are quite small, usually 10 to 256 entries. Rarely do lookup tables grow beyond 1,000 entries. Most programmers don't have the patience to create (and verify the correctness) of a 1,000-entry table.


  Another limitation of functions based on lookup tables is that the elements in the domain of the function must be fairly contiguous. Table lookups take the input value for a function, use this input value as an index into the table, and return the value at that entry in the table. If you do not pass a function any values other than 0, 100, 1,000, and 10,000, it would seem an ideal candidate for implementation via table lookup; its domain consists of only four items. However, the table would actually require 10,001 different elements due to the range of the input values. Therefore, you cannot efficiently create such a function via a table lookup. Throughout this section on tables, we'll assume that the domain of the function is a fairly contiguous set of values.


  The best functions you can implement via table lookups are those whose domain and range are always 0..255 (or some subset of this range). You can efficiently implement such functions on the 80x86 via the xlat instruction. The uppercase/lowercase conversion routines presented earlier are good examples of such a function. Any function in this class (those whose domain and range take on the values 0..255) can be computed using the same two instructions: lea( table, ebx ); and xlat();. The only thing that ever changes is the lookup table.


  You cannot (conveniently) use the xlat instruction to compute a function value once the range or domain of the function takes on values outside 0..255. There are three situations to consider:


  
    
  


  
    	
      
        
          The domain is outside 0..255 but the range is within 0..255.
        

      

    


    	
      
        
          The domain is inside 0..255 but the range is outside 0..255.
        

      

    


    	
      
        
          Both the domain and range of the function take on values outside 0..255.
        

      

    

  


  We will consider each of these cases separately.


  If the domain of a function is outside 0..255, but the range of the function falls within this set of values, our lookup table will require more than 256 entries, but we can represent each entry with a single byte. Therefore, the lookup table can be an array of bytes. Other than those lookups that can use the xlat instruction, functions falling into this class are the most efficient. The following Pascal function invocation


  


  
    B:=Func(X);
  


  where Func is


  


  
    functionFunc(X:dword):byte;
  


  is easily converted to the following HLA code:


  


  
    mov(X,ebx);

    mov(FuncTable[ebx],al);

    mov(al,B);
  


  This code loads the function parameter into ebx, uses this value (in the range 0..??) as an index into the FuncTable table, fetches the byte at that location, and stores the result into B. Obviously, the table must contain a valid entry for each possible value of X. For example, suppose you wanted to map a cursor position on the video screen in the range 0..1,999 (there are 2,000 character positions on an 80×25 video display) to its X or Y coordinate on the screen. You could easily compute the X coordinate via the function


  


  
    X:=Posnmod80
  


  and the Y coordinate with the formula


  


  
    Y:=Posndiv80
  


  (where Posn is the cursor position on the screen). This can be easily computed using the 80x86 code:


  


  
    mov(Posn,ax);

    div(80,ax);

    

    //Xisnowinah,Yisnowinal
  


  However, the div instruction on the 80x86 is very slow. If you need to do this computation for every character you write to the screen, you will seriously degrade the speed of your video display code. The following code, which realizes these two functions via table lookup, may improve the performance of your code considerably:


  


  
    movzx(Posn,ebx);//UseaplainmovinstrifPosnis

    mov(YCoord[ebx],al);//uns32ratherthananuns16value.

    mov(XCoord[ebx],ah);
  


  If the domain of a function is within 0..255 but the range is outside this set, the lookup table will contain 256 or fewer entries, but each entry will require 2 or more bytes. If both the range and domains of the function are outside 0..255, each entry will require 2 or more bytes and the table will contain more than 256 entries.


  Recall from the chapter on arrays that the formula for indexing into a single-dimensional array (of which a table is a special case) is:


  


  
    Address:=Base+index*size
  


  If elements in the range of the function require 2 bytes, then you must multiply the index by 2 before indexing into the table. Likewise, if each entry requires 3, 4, or more bytes, the index must be multiplied by the size of each table entry before being used as an index into the table. For example, suppose you have a function, F(x), defined by the following (pseudo) Pascal declaration:


  


  
    functionF(x:dword):word;
  


  You can easily create this function using the following 80x86 code (and, of course, the appropriate table named F):


  


  
    mov(X,ebx);

    mov(F[ebx*2],ax);
  


  Any function whose domain is small and mostly contiguous is a good candidate for computation via table lookup. In some cases, noncontiguous domains are acceptable as well, as long as the domain can be coerced into an appropriate set of values. Such operations are called conditioning and are the subject of the next section.


  8.4.2 Domain Conditioning


  Domain conditioning is taking a set of values in the domain of a function and massaging them so that they are more acceptable as inputs to that function. Consider the following function:


  [image: ]


  This says that the (computer) function sin(x) is equivalent to the (mathematical) function sin x where


  [image: ]


  As we all know, sine is a circular function, which will accept any real valued input. The formula used to compute sine, however, accepts only a small set of these values.


  This range limitation doesn't present any real problems; by simply computing sin(X mod (2*pi)) we can compute the sine of any input value. Modifying an input value so that we can easily compute a function is called conditioning the input. In the example above we computed X mod 2*pi and used the result as the input to the sin function. This truncates X to the domain sin needs without affecting the result. We can apply input conditioning to table lookups as well. In fact, scaling the index to handle word entries is a form of input conditioning. Consider the following Pascal function:


  


  
    functionval(x:word):word;begin

    casexof

    0:val:=1;

    1:val:=1;

    2:val:=4;

    3:val:=27;

    4:val:=256;

    otherwiseval:=0;

    end;

    end;
  


  This function computes some value for x in the range 0..4 and it returns 0 if x is outside this range. Since x can take on 65,536 different values (being a 16-bit word), creating a table containing 65,536 words where only the first five entries are nonzero seems to be quite wasteful. However, we can still compute this function using a table lookup if we use input conditioning. The following assembly language code presents this principle:


  


  
    mov(0,ax);//ax=0,assumex>4.

    movzx(x,ebx);//NotethatH.O.bitsofebxmustbe0!

    if(bx<=4)then

    

    mov(val[ebx*2],ax);

    

    endif;
  


  This code checks to see if x is outside the range 0..4. If so, it manually sets AX to 0; otherwise it looks up the function value through the val table. With input conditioning, you can implement several functions that would otherwise be impractical to do via table lookup.


  8.4.3 Generating Tables


  One big problem with using table lookups is creating the table in the first place. This is particularly true if there is a large number of entries in the table. Figuring out the data to place in the table, then laboriously entering the data, and, finally, checking that data to make sure it is valid is a very time-consuming and boring process. For many tables, there is no way around this process. For other tables, there is a better way—using the computer to generate the table for you. An example is probably the best way to describe this. Consider the following modification to the sine function:


  [image: ]


  This states that x is an integer in the range 0..359 and r must be an integer. The computer can easily compute this with the following code:


  


  
    movzx(x,ebx);

    mov(Sines[ebx*2],eax);//Getsin(X)*1000

    imul(r,eax);//Notethatthisextendseaxintoedx.

    idiv(1000,edx:eax);//Compute(r*(sin(X)*1000))/1000
  


  Note that integer multiplication and division are not associative. You cannot remove the multiplication by 1,000 and the division by 1,000 because they appear to cancel one another out. Furthermore, this code must compute this function in exactly this order. All that we need to complete this function is a table containing 360 different values corresponding to the sine of the angle (in degrees) times 1,000. Entering such a table into an assembly language program containing such values is extremely boring and you'd probably make several mistakes entering and verifying this data. However, you can have the program generate this table for you. Consider the HLA program in Example8-8.


  


  Example8-8.An HLA program that generates a table of sines


  
    programGenerateSines;

    #include("stdlib.hhf");

    

    var

    outFile:dword;

    angle:int32;

    r:int32;

    

    readonly

    RoundMode:uns16:=$23f;

    

    

    

    beginGenerateSines;

    

    //Openthefile:

    

    mov(fileio.openNew("sines.hla"),outFile);

    

    //Emittheinitialpartofthedeclarationtotheoutputfile:

    

    fileio.put

    (

    outFile,

    stdio.tab,

    "sines:int32[360]:="nl,

    stdio.tab,stdio.tab,stdio.tab,"["nl);

    

    //Enableroundingcontrol(roundtothenearestinteger).

    

    fldcw(RoundMode);

    

    //Emitthesinestable:

    

    for(mov(0,angle);angle<359;inc(angle))do

    

    //Convertangleindegreestoanangleinradiansusing

    //radians:=angle*2.0*pi/360.0;

    

    fild(angle);

    fld(2.0);

    fmulp();

    fldpi();

    fmulp();

    fld(360.0);

    fdivp();

    

    //Okay,computethesineofst0.

    

    fsin();

    

    //Multiplyby1000andstoretheroundedresultinto

    //theintegervariabler.

    

    fld(1000.0);

    fmulp();

    fistp(r);

    

    //Writeouttheintegerseightperlinetothesourcefile.

    //Note:If(angleAND%111)is0,thenangleisevenly

    //divisibleby8andweshouldoutputanewlinefirst.

    

    test(%111,angle);

    if(@z)then

    

    fileio.put

    (

    outFile,

    nl,

    stdio.tab,

    stdio.tab,

    stdio.tab,

    stdio.tab,

    r:5,

    ','

    );

    

    else

    

    fileio.put(outFile,r:5,',');

    

    endif;

    

    endfor;

    

    //Outputsine(359)asaspecialcase(nocommafollowingit).

    //Note:Thisvaluewascomputedmanuallywithacalculator.

    

    fileio.put

    (

    outFile,

    "−17",

    nl,

    stdio.tab,

    stdio.tab,

    stdio.tab,

    "];",

    nl

    );

    fileio.close(outFile);

    

    endGenerateSines;
  


  The program above produces the following output (truncated for brevity):


  


  
    sines:int32[360]:=

    [

    

    0,17,35,52,70,87,105,122,

    139,156,174,191,208,225,242,259,

    276,292,309,326,342,358,375,391,

    407,423,438,454,469,485,500,515,

    530,545,559,574,588,602,616,629,

    643,656,669,682,695,707,719,731,

    .

    .

    .

    −643,−629,−616,−602,−588,−574,−559,−545,

    −530,−515,−500,−485,−469,−454,−438,−423,

    −407,−391,−375,−358,−342,−326,−309,−292,

    −276,−259,−242,−225,−208,−191,−174,−156,

    −139,−122,−105,−87,−70,−52,−35,−17

    ];
  


  Obviously it's much easier to write the HLA program that generated this data than to enter (and verify) this data by hand. Of course, you don't even have to write the table-generation program in HLA. If you prefer, you might find it easier to write the program in Pascal/Delphi, C/C++, or some other high-level language. Because the program will only execute once, the performance of the table-generation program is not an issue. If it's easier to write the table-generation program in a high-level language, by all means do so. Note also that HLA has a built-in interpreter that allows you to easily create tables without having to use an external program. For more details, see Chapter9.


  Once you run your table-generation program, all that remains to be done is to cut and paste the table from the file (sines.hla in this example) into the program that will actually use the table.


  8.4.4 Table Lookup Performance


  In the early days of PCs, table lookups were a preferred way to do high-performance computations. However, as the speed of new CPUs vastly outpaces the speed of memory, the advantages of lookup tables have been waning. Today, it is not uncommon for a CPU to be 10 to 100 times faster than main memory. As a result, using a table lookup may not be faster than doing the same calculation with machine instructions. So it's worthwhile to briefly discuss when table lookups offer a big advantage.


  Although the CPU is much faster than main memory, the on-chip CPU cache memory subsystems operate at near CPU speeds. Therefore, table lookups can be cost effective if your table resides in cache memory on the CPU. This means that the way to get good performance using table lookups is to use small tables (because there's only so much room on the cache) and use tables whose entries you reference frequently (so the tables stay in the cache). See Write Great Code, Volume 1 (No Starch Press) or the electronic version of The Art of Assembly Language at http://webster.cs.ucr.edu/ or http://www.artofasm.com/ for details concerning the operation of cache memory and how you can optimize your use of cache memory.


  


  8.5 For More Information


  The HLA Standard Library reference manual contains lots of information about the HLA Standard Library's extended-precision arithmetic capabilities. You'll also want to check out the source code for several of the HLA Standard Library routines to see how to do various extended-precision operations (that properly set the flags once the computation is complete). The HLA Standard Library source code also covers the extended-precision I/O operations that do not appear in this chapter.


  Donald Knuth's The Art of Computer Programming, Volume Two: Seminumerical Algorithms contains a lot of useful information about decimal arithmetic and extended-precision arithmetic, though that text is generic and doesn't describe how to do this in x86 assembly language.


  


  Chapter9.MACROS AND THE HLA COMPILE-TIME LANGUAGE


  [image: ]


  This chapter discusses the HLA compile-time language. This discussion includes what is perhaps the most important component of the HLA compile-time language, macros. Many people judge the power of an assembler by the power of its macro processing capabilities. If you happen to be one of these people, you'll probably agree that HLA is one of the more powerful assemblers on the planet after reading this chapter, because HLA has one of the most powerful macro processing facilities of any computer language processing system.


  9.1 Introduction to the Compile-Time Language (CTL)


  HLA is actually two languages rolled into a single program. The runtime language is the standard 80x86/HLA assembly language you've been reading about in all the previous chapters. This is called the runtime language because the programs you write execute when you run the executable file. HLA contains an interpreter for a second language, the HLA compile-time language (CTL), which executes programs while HLA is compiling a program. The source code for the CTL program is embedded in an HLA assembly language source file; that is, HLA source files contain instructions for both the HLA CTL and the runtime program. HLA executes the CTL program during compilation. Once HLA completes compilation, the CTL program terminates; the CTL application is not a part of the runtime executable that HLA emits, although the CTL application can write part of the runtime program for you, and, in fact, this is the major purpose of the CTL (see Figure9-1).


  


  
    [image: ]
  


  
    Figure9-1.Compile-time versus runtime execution
  


  It may seem confusing to have two separate languages built into the same compiler. Perhaps you're even questioning why anyone would need a compile-time language. To understand the benefits of a compile-time language, consider the following statement that you should be very comfortable with at this point:


  


  
    stdout.put("i32=",i32,"strVar=",strVar,"charVar=",charVar,nl);
  


  This statement is neither a statement in the HLA language nor a call to some HLA Standard Library procedure. Instead, stdout.put is actually a statement in a CTL application provided by the HLA Standard Library. The stdout.put "application" processes the parameter list and generates calls to various other Standard Library procedures; it chooses the procedure to call based on the type of the parameter it is currently processing. For example, the stdout.put "application" above will emit the following statements to the runtime executable:


  


  
    stdout.puts("i32=");

    stdout.puti32(i32);

    stdout.puts("strVar=");

    stdout.puts(strVar);

    stdout.puts("charVar=");

    stdout.putc(charVar);

    stdout.newln();
  


  Clearly the stdout.put statement is much easier to read and write than the sequence of statements that stdout.put emits in response to its parameter list. This is one of the more powerful capabilities of the HLA programming language: the ability to modify the language to simplify common programming tasks. Printing different data objects in a sequential fashion is a common task; the stdout.put "application" greatly simplifies this process.


  The HLA Standard Library is loaded with many HLA CTL examples. In addition to Standard Library usage, the HLA CTL is quite adept at handling "one-use" applications. A classic example is filling in the data for a lookup table. Chapter8 noted that it is possible to construct lookup tables using the HLA CTL. Not only is this possible, but it is often far less work to use the HLA CTL to construct these tables.


  Although the CTL itself is relatively inefficient and you would not normally use it to write end-user applications, it does maximize the use of your time. By learning how to use the HLA CTL and applying it properly, you can develop assembly language applications as rapidly as high-level language applications (even faster because HLA's CTL lets you create very high-level-language constructs).


  


  9.2 The #print and #error Statements


  You may recall that Chapter1 began with the typical first program most people write when learning a new language, the "Hello, world!" program. It is only fitting for this chapter to present that same program when discussing the second language of this book. Example9-1 provides the basic "Hello, world!" program written in the HLA compile-time language.


  


  Example9-1.The CTL "Hello, world!" program


  
    programctlHelloWorld;

    beginctlHelloWorld;

    

    #print("Hello,WorldofHLA/CTL")

    

    endctlHelloWorld;
  


  The only CTL statement in this program is the #print statement. The remaining lines are needed just to keep the compiler happy (though we could have reduced the overhead to two lines by using a unit rather than a program declaration).


  The #print statement displays the textual representation of its argument list during the compilation of an HLA program. Therefore, if you compile the program above with the command hla ctlHW.hla, the HLA compiler will immediately print the text:


  


  
    Hello,WorldofHLA/CTL
  


  Note that there is a big difference between the following two statements in an HLA source file:


  


  
    #print("HelloWorld")

    stdout.puts("HelloWorld"nl);
  


  The first statement prints Hello World (and a new line) during the compilation process. This first statement does not have any effect on the executable program. The second line doesn't affect the compilation process (other than the emission of code to the executable file). However, when you run the executable file, the second statement prints the string Hello World followed by a newline sequence.


  The HLA/CTL #print statement uses the following basic syntax:


  


  
    #print(list_of_comma_separated_constants)
  


  Note that a semicolon does not terminate this statement. Semicolons terminate runtime statements; they generally do not terminate compile-time statements (there is one big exception, as you will see a little later).


  The #print statement must have at least one operand; if multiple operands appear in the parameter list, you must separate each operand with a comma ( just like stdout.put). If a particular operand is not a string constant, HLA will translate that constant to its corresponding string representation and print that string. Here's an example:


  


  
    #print("AstringConstant",45,'',54.9,'',true)
  


  You may specify named symbolic constants and constant expressions. However, all #print operands must be constants (either literal constants or constants you define in the const or val sections), and those constants must be defined before you use them in the #print statement. For example:


  


  
    const

    pi:=3.14159;

    charConst:='c';

    

    #print("PI=",pi,"CharVal=",charConst)
  


  The HLA #print statement is particularly invaluable for debugging CTL programs. This statement is also useful for displaying the progress of the compilation and displaying assumptions and default actions that take place during compilation. Other than displaying the text associated with the #print parameter list, the #print statement has no effect on the compilation of the program.


  The #error statement allows a single-string constant operand. Like #print, this statement will display the string to the console during compilation. However, the #error statement treats the string as an error message and displays the string as part of an HLA error diagnostic. Further, the #error statement increments the error count, and this will cause HLA to stop the compilation (without assembling or linking) after processing the current source file. You would normally use the #error statement to display an error message during compilation if your CTL code discovers something that prevents it from creating valid code. For example:


  


  
    #error("Statementmusthaveexactlyoneoperand")
  


  Like the #print statement, the #error statement does not end with a semicolon. Although #error allows only a single-string operand, it's very easy to print other values by using the compile-time string concatenation operator and several of the HLA built-in compile-time functions. You'll learn about these a little later in this chapter.


  


  9.3 Compile-Time Constants and Variables


  Just as the runtime language does, the compile-time language supports constants and variables. You declare compile-time constants in the const section, just as you would with the runtime language. You declare compile-time variables in the val section. Objects you declare in the val section are constants to the runtime language, but remember that you can change the value of an object you declare in the val section throughout the source file. Hence the term "compile-time variable." See Chapter4 for more details.


  The CTL assignment statement (?) computes the value of the constant expression to the right of the assignment operator (:=) and stores the result into the val object name appearing immediately to the left of the assignment operator.[118] This example code may appear anywhere in your HLA source file, not just in the val section of the program.


  


  
    ?ConstToPrint:=25;

    #print("ConstToPrint=",ConstToPrint)

    ?ConstToPrint:=ConstToPrint+5;

    #print("NowConstToPrint=",ConstToPrint)
  


  

  


  [118] If the identifier to the left of the assignment operator is undefined, HLA will automatically declare this object at the current scope level.


  


  9.4 Compile-Time Expressions and Operators


  The HLA CTL supports constant expressions in the CTL assignment statement. Unlike the runtime language (where you have to translate algebraic notation into a sequence of machine instructions), the HLA CTL allows a full set of arithmetic operations using familiar expression syntax. This gives the HLA CTL considerable power, especially when combined with the built-in compile-time functions the next section discusses.


  Table9-1 and Table9-2 list operators that the HLA CTL supports in compile-time expressions.


  


  Table9-1.Compile-Time Operators


  


  
    
      	
        

        Operator(s)

      

      	
        

        Operand Types[a]

      

      	
        

        Description

      
    


    
      	
        

        - (unary)

      

      	
        

        numeric

      

      	
        

        Negates the specific numeric value (int, uns, real).

      
    


    
      	

      	
        

        cset

      

      	
        

        Returns the complement of the specified character set.

      
    


    
      	
        

        ! (unary)

      

      	
        

        integer

      

      	
        

        Inverts all the bits in the operand (bitwise not).

      
    


    
      	

      	
        

        boolean

      

      	
        

        Boolean not of the operand.

      
    


    
      	
        

        *

      

      	
        

        numericL * numericR

      

      	
        

        Multiplies the two operands.

      
    


    
      	

      	
        

        csetL * csetR

      

      	
        

        Computes the intersection of the two sets.

      
    


    
      	
        

        div

      

      	
        

        integerL divintegerR

      

      	
        

        Computes the integer quotient of the two integer (int/uns/dword) operands.

      
    


    
      	
        

        mod

      

      	
        

        integerL modintegerR

      

      	
        

        Computes the remainder of the division of the two integer (int/uns/dword) operands.

      
    


    
      	
        

        /

      

      	
        

        numericL / numericR

      

      	
        

        Computes the real quotient of the two numeric operands. Returns a real result even if both operands are integers.

      
    


    
      	
        

        <<

      

      	
        

        integerL << integerR

      

      	
        

        Shifts integerL operand to the left the number of bits specified by the integerR operand.

      
    


    
      	
        

        >>

      

      	
        

        integerL >> integerR

      

      	
        

        Shifts integerL operand to the right the number of bits specified by the integerR operand.

      
    


    
      	
        

        +

      

      	
        

        numericL + numericR

      

      	
        

        Adds the two numeric operands.

      
    


    
      	

      	
        

        csetL + csetR

      

      	
        

        Computes the union of the two sets.

      
    


    
      	

      	
        

        strL + strR

      

      	
        

        Concatenates the two strings.

      
    


    
      	
        

        -

      

      	
        

        numericL numericR

      

      	
        

        Computes the difference between numericL and numericR.

      
    


    
      	

      	
        

        csetL - csetR

      

      	
        

        Computes the set difference of csetL - csetR.

      
    


    
      	
        

        = or ==

      

      	
        

        numericL = numericR

      

      	
        

        Returns true if the two operands have the same value.

      
    


    
      	

      	
        

        csetL = csetR

      

      	
        

        Returns true if the two sets are equal.

      
    


    
      	

      	
        

        strL = strR

      

      	
        

        Returns true if the two strings/chars are equal.

      
    


    
      	

      	
        

        typeL = typeR

      

      	
        

        Returns true if the two values are equal. They must be the same type.

      
    


    
      	
        

        <> or !=

      

      	
        

        typeL <> typeR (sameas !=)

      

      	
        

        Returns false if the two (compatible) operands are not equal to one another (numeric, cset, or string).

      
    


    
      	
        

        <

      

      	
        

        numericL < numericR

      

      	
        

        Returns true if numericL is less than numericR.

      
    


    
      	

      	
        

        csetL < csetR

      

      	
        

        Returns true if csetL is a proper subset of csetR.

      
    


    
      	

      	
        

        strL < strR

      

      	
        

        Returns true if strL is less than strR.

      
    


    
      	

      	
        

        booleanL < booleanR

      

      	
        

        Returns true if the left operand is less than the right operand (note: false < true).

      
    


    
      	

      	
        

        enumL < enumR

      

      	
        

        Returns true if enumL appears in the same enumlist as enumR and enumL appears first.

      
    


    
      	
        

        <=

      

      	
        

        Same as <

      

      	
        

        Returns true if the left operand is less than or equal to the right operand. For character sets, this means that the left operand is a subset of the right operand.

      
    


    
      	
        

        >

      

      	
        

        Same as <

      

      	
        

        Returns true if the left operand is greater than the right operand. For character sets, this means that the left operand is a proper superset of the right operand.

      
    


    
      	
        

        >=

      

      	
        

        Same as <=

      

      	
        

        Returns true if the left operand is greater than or equal to the right operand. For character sets, this means that the left operand is a superset of the right operand.

      
    


    
      	
        

        &

      

      	
        

        integerL & integerR

      

      	
        

        Computes the bitwise and of the two operands.

      
    


    
      	

      	
        

        booleanL & booleanR

      

      	
        

        Computes the logical and of the two operands.

      
    


    
      	
        

        |

      

      	
        

        integerL | integerR

      

      	
        

        Computes the bitwise or of the two operands.

      
    


    
      	

      	
        

        booleanL | booleanR

      

      	
        

        Computes the logical or of the two operands.

      
    


    
      	
        

        ^

      

      	
        

        integerL ^ integerR

      

      	
        

        Computes the bitwise xor of the two operands.

      
    


    
      	

      	
        

        booleanL ^ booleanR

      

      	
        

        Computes the logical xor of the two operands. Note that this is equivalent to booleanL <> booleanR.

      
    


    
      	
        

        in

      

      	
        

        charL in csetR

      

      	
        

        Returns true if charL is a member of csetR.

      
    


    
      	
        

        


        [a] Type numeric is {intXX, unsXX, byte, word, dword, and realXX} values. Type cset is a character set operand. Type integer is {intXX, unsXX, byte, word, dword}. Type str is any string or character value. Type indicates an arbitrary HLA type. Other types specify an explicit HLA data type.

      
    

  


  


  Table9-2.Operator Precedence and Associativity


  


  
    
      	
        

        Associativity

      

      	
        

        Precedence (Highest to Lowest)

      

      	
        

        Operator

      
    


    
      	
        

        Right to left

      

      	
        

        6

      

      	
        

        ! (unary)

      
    


    
      	

      	

      	
        

        - (unary)

      
    


    
      	
        

        Left to right

      

      	
        

        5

      

      	
        

        *

      
    


    
      	

      	

      	
        

        div

      
    


    
      	

      	

      	
        

        mod

      
    


    
      	

      	

      	
        

        /

      
    


    
      	

      	

      	
        

        >>

      
    


    
      	

      	

      	
        

        <<

      
    


    
      	
        

        Left to right

      

      	
        

        4

      

      	
        

        +

      
    


    
      	

      	

      	
        

        -

      
    


    
      	
        

        Left to right

      

      	
        

        3

      

      	
        

        = or ==

      
    


    
      	

      	

      	
        

        <> or !=

      
    


    
      	

      	

      	
        

        <

      
    


    
      	

      	

      	
        

        <=

      
    


    
      	

      	

      	
        

        >

      
    


    
      	

      	

      	
        

        >=

      
    


    
      	
        

        Left to right

      

      	
        

        2

      

      	
        

        &

      
    


    
      	

      	

      	
        

        |

      
    


    
      	

      	

      	
        

        ^

      
    


    
      	
        

        Nonassociative

      

      	
        

        1

      

      	
        

        in

      
    

  


  Of course, you can always override the default precedence and associativity of an operator by using parentheses in an expression.


  


  9.5 Compile-Time Functions


  HLA provides a wide range of compile-time functions you can use. These functions compute values during compilation the same way a high-level-language function computes values at runtime. The HLA compile-time language includes a wide variety of numeric, string, and symbol table functions that help you write sophisticated compile-time programs.


  Most of the names of the built-in compile-time functions begin with the special symbol @ and have names like @sin or @length. The use of these special identifiers prevents conflicts with common names you might want to use in your own programs (like length). The remaining compile-time functions (those that do not begin with @) are typically data conversion functions that use type names like int8 and real64. You can even create your own compile-time functions using macros (which is discussed in 9.8 Macros (Compile-Time Procedures)).


  HLA organizes the compile-time functions into various classes depending on the type of operation. For example, there are functions that convert constants from one form to another (such as string-to-integer conversion), there are many useful string functions, and HLA provides a full set of compile-time numeric functions.


  The complete list of HLA compile-time functions is too lengthy to present here. Instead, a complete description of each of the compile-time objects and functions appears in the HLA reference manual (found at http://webster.cs.ucr.edu/ or http://www.artofasm.com/); this section highlights a few of the functions in order to demonstrate their use. Later sections in this chapter, as well as future chapters, make extensive use of the various compile-time functions.


  Perhaps the most important concept to understand about the compile-time functions is that they are equivalent to constants in your assembly language code (i.e., the runtime program). For example, the compile-time function invocation @sin(3.1415265358979328) is roughly equivalent to specifying 0.0 at that point in your program.[119] A function invocation like @sin( x ) is legal only if x is a constant with a previous declaration at the point of the function call in the source file. In particular, x cannot be a runtime variable or other object whose value exists at runtime rather than compile time. Because HLA replaces compile-time function calls with their constant result, you may ask why you should even bother with compile-time functions. After all, it's probably more convenient to type 0.0 than it is to type @sin(3.1415265358979328) in your program. However, compile-time functions are handy for generating lookup tables and other mathematical results that may change whenever you change a const value in your program. 9.9 Writing Compile-Time "Programs" will explore this idea further.


  9.5.1 Type-Conversion Compile-Time Functions


  Probably the most commonly used compile-time functions are the type-conversion functions. These functions take a single parameter of one type and convert that information to some specified type. These functions use several of the HLA built-in data type names as the function names. Functions in this category are the following:


  
    
  


  
    	
      
        
          boolean
        

      

    


    	
      
        
          int8, int16, int32, int64, and int128
        

      

    


    	
      
        
          uns8, uns16, uns32, uns64, and uns128
        

      

    


    	
      
        
          byte, word, dword, qword, and lword (these are effectively equivalent to uns8, uns16, uns32, uns64, and uns128, respectively)
        

      

    


    	
      
        
          real32, real64, and real80
        

      

    


    	
      
        
          char
        

      

    


    	
      
        
          string
        

      

    


    	
      
        
          cset
        

      

    


    	
      
        
          text
        

      

    

  


  These functions accept a single constant expression parameter and, if at all reasonable, convert that expression's value to the type specified by the type name. For example, the following function call returns the value −128 because it converts the string constant to the corresponding integer value:


  


  
    int8("-128")
  


  Certain conversions don't make sense or have restrictions associated with them. For example, the boolean function will accept a string parameter, but that string must be "true" or "false" or the function will generate a compile-time error. Likewise, the numeric conversion functions (e.g., int8) allow a string operand, but the string operand must represent a legal numeric value. Some conversions (for example, int8 with a character set parameter) simply don't make sense and are always illegal.


  One of the most useful functions in this category is the string function. This function accepts nearly all the constant expression types, and it generates a string that represents the parameter's data. For example, the invocation string( 128 ) produces the string 128 as the return result. This function is handy when you have a value that you wish to use where HLA requires a string. For example, the #error compile-time statement allows only a single-string operand. You can use the string function and the string concatenation operator (+) to easily get around this limitation. For example:


  


  
    #error("theValue("+string(theValue)+")isoutofrange")
  


  Note that these type functions actually perform a conversion. This means that the bit pattern these functions return may be considerably different than the bit pattern you pass as an argument. For example, consider the following invocation of the real32 function:


  


  
    real32($3F80_0000)
  


  Now it turns out that $3F80_0000 is the hexadecimal equivalent of the real32 value 1.0. However, the preceding function invocation does not return 1.0; instead it attempts to convert the integer value $3F80_0000 (1,065,353,216) to a real32 value but fails because the value is too large to exactly represent using a real32 object. Contrast this with the following constant function:


  


  
    char(65)
  


  This CTL function invocation returns the character A (because 65 is the ASCII code for A). Notice how the char function simply uses the bit pattern of the integer argument you pass it as an ASCII code, whereas the real32 function attempts to translate the integer argument to a floating-point value. Although the semantics are quite different between these two functions, the bottom line is that they tend to do the intuitive operation, even at the expense of consistency.


  Sometimes, however, you might not want these functions to do the "intuitive" thing. For example, you might want the real32 function to simply treat the bit pattern you pass it as a real32 value. To handle this situation, HLA provides a second set of type functions, which are simply the type names with an @ prefix that treat the argument as a bit pattern of the final type. So if you really want to produce 1.0 from $3F80_0000, then you could use the following function invocation:


  


  
    @real32($3F80_0000)
  


  Generally, type coercion of this form is somewhat advanced in the compile-time language, so you'll probably not use it very often. However, when it is needed, it's nice to have around.


  9.5.2 Numeric Compile-Time Functions


  The functions in this category perform standard mathematical operations at compile time. These functions are handy for generating lookup tables and "parameterizing" your source code by recalculating functions on constants defined at the beginning of your program. Functions in this category include the following:


  


  
    
      	
        

        


        
          
        


        
          	
            
              
                @abs( n )
              

            

          

        

      

      	
        

        Absolute value of numeric argument

      
    


    
      	
        

        


        
          
        


        
          	
            
              
                @ceil( r ), @floor( r )
              

            

          

        

      

      	
        

        Extract integer component of floating-point value

      
    


    
      	
        

        


        
          
        


        
          	
            
              
                @sin( r ), @cos( r ), @tan( r )
              

            

          

        

      

      	
        

        Standard trig functions

      
    


    
      	
        

        


        
          
        


        
          	
            
              
                @exp( r ), @log( r ), @log10( r )
              

            

          

        

      

      	
        

        Standard log/exponent functions

      
    


    
      	
        

        


        
          
        


        
          	
            
              
                @min( list ), @max( list )
              

            

          

        

      

      	
        

        Return min/max value from a list of values

      
    


    
      	
        

        


        
          
        


        
          	
            
              
                @random, @randomize
              

            

          

        

      

      	
        

        Return a pseudo-random int32 value

      
    


    
      	
        

        


        
          
        


        
          	
            
              
                @sqrt( n )
              

            

          

        

      

      	
        

        Computes the square root of its numeric argument (real result)

      
    

  


  See the HLA reference manual at http://webster.cs.ucr.edu/ or http://www.artofasm.com/ for more details on these functions.


  9.5.3 Character-Classification Compile-Time Functions


  The functions in this group all return a boolean result. They test a character (or all the characters in a string) to see if it belongs to a certain class of characters. The functions in this category include the following:


  
    
  


  
    	
      
        
          @isAlpha( c ), @isAlphanum( c )
        

      

    


    	
      
        
          @isDigit( c ), @isxDigit( c )
        

      

    


    	
      
        
          @isLower( c ), @isUpper( c )
        

      

    


    	
      
        
          @isSpace( c )
        

      

    

  


  In addition to these character-classification functions, the HLA language provides a set of pattern-matching functions that you can also use to classify character and string data. See the HLA reference manual at for the discussion of these routines.


  9.5.4 Compile-Time String Functions


  The functions in this category operate on string parameters. Most return a string result, although a few (for example, @length and @index) return integer results. These functions do not directly affect the values of their parameters; instead, they return an appropriate result that you can assign back to the parameter if you wish to do so.


  
    
  


  
    	
      
        
          @delete, @insert
        

      

    


    	
      
        
          @index, @rindex
        

      

    


    	
      
        
          @length
        

      

    


    	
      
        
          @lowercase, @uppercase
        

      

    


    	
      
        
          @strbrk, @strspan
        

      

    


    	
      
        
          @strset
        

      

    


    	
      
        
          @substr, @tokenize, @trim
        

      

    

  


  For specific details concerning these functions, their parameters, and their types, see the HLA reference manual. Note that these are the compile-time equivalents of many of the string functions found in the HLA Standard Library.


  The @length function deserves a special discussion because it is probably the most popular function in this category. It returns an uns32 constant specifying the number of characters found in its string parameter. The syntax is the following:


  


  
    @length(string_expression)
  


  where string_expression represents any compile-time string expression. As noted, this function returns the length, in characters, of the specified expression.


  9.5.5 Compile-Time Symbol Information


  During compilation HLA maintains an internal database known as the symbol table. The symbol table contains lots of useful information concerning all the identifiers you've defined up to a given point in the program. In order to generate machine code output, HLA needs to query this database to determine how to treat certain symbols. In your compile-time programs, it is often necessary to query the symbol table to determine how to handle an identifier or expression in your code. The HLA compile-time symbol-information functions handle this task.


  Many of the compile-time symbol-information functions are well beyond the scope of this text. This chapter will present a few of the functions. For a complete list of the compile-time symbol-table functions, see the HLA reference manual. The functions we will consider in this chapter include the following:


  
    
  


  
    	
      
        
          @size
        

      

    


    	
      
        
          @defined
        

      

    


    	
      
        
          @typeName
        

      

    


    	
      
        
          @elements
        

      

    


    	
      
        
          @elementSize
        

      

    

  


  Without question, the @size function is probably the most important function in this group. Indeed, previous chapters have made use of this function already. The @size function requires a single HLA identifier or constant expression as a parameter. It returns the size, in bytes, of the data type of that object (or expression). If you supply an identifier, it can be a constant, type, or variable identifier. As you've seen in previous chapters, this function is invaluable for allocating storage via mem.alloc and allocating storage for arrays.


  Another very useful function in this group is the @defined function. This function accepts a single HLA identifier as a parameter. For example:


  


  
    @defined(MyIdentifier)
  


  This function returns true if the identifier is defined at that point in the program; it returns false otherwise.


  The @typeName function returns a string specifying the type name of the identifier or expression you supply as a parameter. For example, if i32 is an int32 object, then @typeName( i32 ) returns the string int32. This function is useful for testing the types of objects you are processing in your compile-time programs.


  The @elements function requires an array identifier or expression. It returns the total number of array elements as the function result. Note that for multidimensional arrays this function returns the product of all the array dimensions.[120]


  The @elementSize function returns the size, in bytes, of an element of an array whose name you pass as a parameter. This function is extremely valuable for computing indices into an array (that is, this function computes the element_size component of the array index calculation; see Chapter4 for more details).


  9.5.6 Miscellaneous Compile-Time Functions


  The HLA compile-time language contains several additional functions that don't fall into one of the categories above. Some of the more useful miscellaneous functions include the following:


  
    
  


  
    	
      
        
          @odd
        

      

    


    	
      
        
          @lineNumber
        

      

    


    	
      
        
          @text
        

      

    

  


  The @odd function takes an ordinal value (i.e., nonreal numeric or character) as a parameter and returns true if the value is odd, false if it is even. The @lineNumber function requires no parameters; it returns the current line number in the source file. This function is quite useful for debugging compile-time (and runtime!) programs.


  The @text function is probably the most useful function in this group. It requires a single-string parameter. It expands that string as text in place of the @text function call. This function is quite useful in conjunction with the compile-time string-processing functions. You can build an instruction (or a portion of an instruction) using the string-manipulation functions and then convert that string to program source code using the @text function. The following is a trivial example of this function in operation:


  


  
    ?id1:string:="eax";

    ?id2:string:="i32";

    @text("mov("+id1+","+id2+");")
  


  The preceding sequence compiles to


  


  
    mov(eax,i32);
  


  9.5.7 Compile-Time Type Conversions of Text Objects


  Once you create a text constant in your program, it's difficult to manipulate that object. The following example demonstrates a programmer's desire to change the definition of a text symbol within a program:


  


  
    val

    t:text:="stdout.put";

    .

    .

    .

    ?t:text:="fileio.put";
  


  The basic idea in this example is that the symbol t expands to stdout.put in the first half of the code, and it expands to fileio.put in the second half of the program. Unfortunately, this simple example will not work. The problem is that HLA will expand a text symbol in place almost anywhere it finds that symbol. This includes occurrences of t within a ? statement. Therefore, the previous code expands to the following (incorrect) text:


  


  
    val

    t:text:="stdout.put";

    .

    .

    .

    ?stdout.put:text:="fileio.put";
  


  HLA doesn't know how to deal with this ? statement, so it generates a syntax error.


  At times you may not want HLA to expand a text object. Your code may want to process the string data held by the text object. HLA provides a couple of ways to deal with these two problems:


  
    
  


  
    	
      
        
          @string( identifier )
        

      

    


    	
      
        
          @toString:identifier
        

      

    

  


  For @string( identifier ), HLA returns a string constant corresponding to the text data associated with the text object. In other words, this operator lets you treat a text object as though it were a string constant within an expression.


  Unfortunately, the @string function converts a text object to a string constant, not a string identifier. Therefore, you cannot say something like


  


  
    ?@string(t):="Hello"
  


  This doesn't work because @string(t) replaces itself with the string constant associated with the text object t. Given the former assignment to t, this statement expands to


  


  
    ?"stdout.put":="Hello";
  


  This statement is still illegal.


  The @toString:identifier operator comes to the rescue in this case. The @toString: operator requires a text object as the associated identifier. It converts this text object to a string object (still maintaining the same string data) and then returns the identifier. Because the identifier is now a string object, you can assign a value to it (and change its type to something else, for example, text, if that's what you need). To achieve the original goal, therefore, you'd use code like the following:


  


  
    val

    t:text:="stdout.put";

    .

    .

    .

    ?@toString:t:text:="fileio.put";
  


  

  


  [119] Actually, because @sin's parameter in this example is not exactly pi, you will get a small positive number instead of zero as the function result, but in theory you should get zero.


  [120] There is an @dim function that returns an array specifying the bounds on each dimension of a multidimensional array. See the documentation at http://webster.cs.ucr.edu/ or http://www.artofasm.com/ for more details if you're interested in this function.


  


  9.6 Conditional Compilation (Compile-Time Decisions)


  HLA's compile-time language provides an if statement, #if, that lets you make decisions at compile time. The #if statement has two main purposes: The traditional use of #if is to support conditional compilation (or conditional assembly), allowing you to include or exclude code during a compilation depending on the status of various symbols or constant values in your program. The second use of this statement is to support the standard if statement decision-making process in the HLA compile-time language. This section discusses these two uses for the HLA #if statement.


  The simplest form of the HLA compile-time #if statement uses the following syntax:


  


  
    #if(constant_boolean_expression)

    <<text>>

    #endif
  


  Note that you do not place semicolons after the #endif clause. If you place a semicolon after the #endif, it becomes part of the source code, and this would be identical to inserting that semicolon immediately before the next item in the program.


  At compile time, HLA evaluates the expression in the parentheses after the #if. This must be a constant expression, and its type must be boolean. If the expression evaluates true, HLA continues to process the text in the source file as though the #if statement was not present. However, if the expression evaluates false, HLA treats all the text between the #if and the corresponding #endif clause as though it were a comment (that is, it ignores this text), as shown in Figure9-2.


  


  
    [image: ]
  


  
    Figure9-2.Operation of an HLA compile-time #if statement
  


  Keep in mind that HLA's constant expressions support a full expression syntax like you'd find in a high-level language like C or Pascal. The #if expression syntax is not limited to the syntax allowed by expressions in the HLA if statement. Therefore, it is perfectly reasonable to write fancy expressions like the following:


  


  
    #if(@length(someStrConst)<10*i&((MaxItems*2+2)<100|MinItems-5<10))

    <<text>>

    #endif
  


  Also keep in mind that the identifiers in a compile-time expression must all be const or val identifiers or an HLA compile-time function call (with appropriate parameters). In particular, remember that HLA evaluates these expressions at compile time so they cannot contain runtime variables.[121] HLA's compile-time language uses complete boolean evaluation, so any side effects that occur in the expression may produce undesired results.


  The HLA #if statement supports optional #elseif and #else clauses that behave in the intuitive fashion. The complete syntax for the #if statement looks like the following:


  


  
    #if(constant_boolean_expression_1)

    <<text>>

    #elseif(constant_boolean_expression_2)

    <<text>>

    #else

    <<text>>

    #endif
  


  If the first boolean expression evaluates true, then HLA processes the text up to the #elseif clause. It then skips all text (that is, treats it like a comment) until it encounters the #endif clause. HLA continues processing the text after the #endif clause in the normal fashion.


  If the first boolean expression above evaluates false, then HLA skips all the text until it encounters a #elseif, #else, or #endif clause. If it encounters a #elseif clause (as above), then HLA evaluates the boolean expression associated with that clause. If it evaluates true, HLA processes the text between the #elseif and the #else clauses (or to the #endif clause if the #else clause is not present). If, during the processing of this text, HLA encounters another #elseif or, as above, a #else clause, then HLA ignores all further text until it finds the corresponding #endif.


  If both the first and second boolean expressions in the previous example evaluate false, HLA skips their associated text and begins processing the text in the #else clause. As you can see, the #if statement behaves in a relatively intuitive fashion once you understand how HLA "executes" the body of these statements; the #if statement processes the text or treats it as a comment, depending on the state of the boolean expression. Of course, you can create a nearly infinite variety of different #if statement sequences by including zero or more #elseif clauses and optionally supplying the #else clause. Because the construction is identical to the HLA if..then..elseif..else..endif statement, there is no need to elaborate further here.


  A very traditional use of conditional compilation is to develop software that you can easily configure for several different environments. For example, the fcomip instruction makes floating-point comparisons very easy, but this instruction is available only on Pentium Pro and later processors. If you want to use this instruction on the processors that support it and fall back to the standard floating-point comparison on the older processors, you would normally have to write two versions of the program—one with the fcomip instruction and one with the traditional floating-point comparison sequence. Unfortunately, maintaining two different source files (one for newer processors and one for older processors) is very difficult. Most engineers prefer to use conditional compilation to embed the separate sequences in the same source file. The following example demonstrates how to do this:


  


  
    const

    //SettruetouseFCOMIxxinstrs.

    PentProOrLater:boolean:=false;

    .

    .

    .

    #if(PentProOrLater)

    

    fcomip();//Comparest1tost0andsetflags.

    #else

    fcomp();//Comparest1tost0.

    fstsw(ax);//MovetheFPUconditioncodebits

    sahf();//intotheflagsregister.

    

    #endif
  


  As currently written, this code fragment will compile the three-instruction sequence in the #else clause and ignore the code between the #if and #else clauses (because the constant PentProOrLater is false). By changing the value of PentProOrLater to true, you can tell HLA to compile the single fcomip instruction rather than the three-instruction sequence. Of course, you can use the PentProOrLater constant in other #if statements throughout your program to control how HLA compiles your code.


  Note that conditional compilation does not let you create a single executable that runs efficiently on all processors. When using this technique you will still have to create two executable programs (one for Pentium Pro and later processors, one for the earlier processors) by compiling your source file twice: During the first compilation you must set the PentProOrLater constant to false; during the second compilation you must set this constant to true. Although you must create two separate executables, you need only maintain a single source file.


  If you are familiar with conditional compilation in other languages, such as the C/C++ language, you may be wondering if HLA supports a statement like C's #ifdef statement. The answer is no, it does not. However, you can use the HLA compile-time function @defined to easily test to see if a symbol has been defined earlier in the source file. Consider the following modification to the preceding code that uses this technique:


  


  
    const

    //Note:Uncommentthefollowinglineifyouarecompilingthis

    //codeforaPentiumProorlaterCPU.

    

    //PentProOrLater:=0;//Valueandtypeareirrelevant.

    .

    .

    .

    #if(@defined(PentProOrLater))

    

    fcomip();//Comparest1tost0andsetflags.

    

    #else

    

    fcomp();//Comparest1tost0.

    fstsw(ax);//MovetheFPUconditioncodebits

    sahf();//intotheflagsregister.

    

    #endif
  


  Another common use of conditional compilation is to introduce debugging and testing code into your programs. A typical debugging technique that many HLA programmers use is to insert "print" statements at strategic points throughout their code; this enables them to trace through their code and display important values at various checkpoints. A big problem with this technique, however, is that they must remove the debugging code prior to completing the project. The software's customer (or a student's instructor) probably doesn't want to see debugging output in the middle of a report the program produces. Therefore, programmers who use this technique tend to insert code temporarily and then remove the code once they run the program and determine what is wrong. There are at least two problems with this technique:


  
    
  


  
    	
      
        
          Programmers often forget to remove some debugging statements, and this creates defects in the final program.
        

      

    


    	
      
        
          After removing a debugging statement, these programmers often discover that they need that same statement to debug some different problem at a later time. Hence they are constantly inserting and removing the same statements over and over again.
        

      

    

  


  Conditional compilation can provide a solution to this problem. By defining a symbol (say, debug) to control debug output in your program, you can easily activate or deactivate all debugging output by simply modifying a single line of source code. The following code fragment demonstrates this:


  


  
    const

    //Settotruetoactivatedebugoutput.

    debug:boolean:=false;

    .

    .

    .

    #if(debug)

    

    stdout.put("Atline",@lineNumber,"i=",i,nl);

    

    #endif
  


  As long as you surround all debugging output statements with an #if statement like the preceding, you don't have to worry about debug output accidentally appearing in your final application. By setting the debug symbol to false, you can automatically disable all such output. Likewise, you don't have to remove all your debugging statements from your programs once they've served their immediate purpose. By using conditional compilation, you can leave these statements in your code because they are so easy to deactivate. Later, if you decide you need to view this same debugging information during a compilation, you won't have to reenter the debugging statement; you simply reactivate it by setting the debug symbol to true.


  Although program configuration and debugging control are two of the more common, traditional uses for conditional compilation, don't forget that the #if statement provides the basic conditional statement in the HLA compile-time language. You will use the #if statement in your compile-time programs the same way you would use an if statement in HLA or some other language. Later sections in this text will present lots of examples of using the #if statement in this capacity.


  

  


  [121] Except, of course, as parameters to certain HLA compile-time functions like @size or @typeName.


  


  9.7 Repetitive Compilation (Compile-Time Loops)


  HLA's #while..#endwhile and #for..#endfor statements provide compile-time loop constructs. The #while statement tells HLA to process the same sequence of statements repetitively during compilation. This is very handy for constructing data tables as well as providing a traditional looping structure for compile-time programs. Although you will not employ the #while statement anywhere near as often as the #if statement, this compile-time control structure is very important when you write advanced HLA programs.


  The #while statement uses the following syntax:


  


  
    #while(constant_boolean_expression)

    <<text>>

    #endwhile
  


  When HLA encounters the #while statement during compilation, it will evaluate the constant boolean expression. If the expression evaluates false, HLA will skip over the text between the #while and the #endwhile clauses (the behavior is similar to the #if statement if the expression evaluates false). If the expression evaluates true, then HLA will process the statements between the #while and #endwhile clauses and then "jump back" to the start of the #while statement in the source file and repeat this process, as shown in Figure9-3.


  


  
    [image: ]
  


  
    Figure9-3.HLA compile-time #while statement operation
  


  To understand how this process works, consider the program in Example9-2.


  


  Example9-2.#while..#endwhile demonstration


  
    programctWhile;

    #include("stdlib.hhf")

    

    static

    ary:uns32[5]:=[2,3,5,8,13];

    

    beginctWhile;

    

    ?i:=0;

    #while(i<5)

    

    stdout.put("array[",i,"]=",ary[i*4],nl);

    ?i:=i+1;

    

    #endwhile

    

    endctWhile;
  


  As you can probably surmise, the output from this program is the following:


  


  
    array[0]=2

    array[1]=3

    array[2]=4

    array[3]=5

    array[4]=13
  


  What is not quite obvious is how this program generates this output. Remember, the #while..#endwhile construct is a compile-time language feature, not a runtime control construct. Therefore, the previous #while loop repeats five times during compilation. On each repetition of the loop, the HLA compiler processes the statements between the #while and #endwhile clauses. Therefore, the preceding program is really equivalent to the code that is shown in Example9-3.


  


  Example9-3.Program equivalent to the code in Example9-2


  
    programctWhile;

    #include("stdlib.hhf")

    

    static

    ary:uns32[5]:=[2,3,5,8,13];

    

    beginctWhile;

    

    stdout.put("array[",0,"]=",ary[0*4],nl);

    stdout.put("array[",1,"]=",ary[1*4],nl);

    stdout.put("array[",2,"]=",ary[2*4],nl);

    stdout.put("array[",3,"]=",ary[3*4],nl);

    stdout.put("array[",4,"]=",ary[4*4],nl);

    

    endctWhile;
  


  As you can see in this example, the #while statement is very convenient for constructing repetitive-code sequences. This is especially invaluable for unrolling loops.


  HLA provides three forms of the #for..#endfor loop. These three loops take the following general form:


  


  Example9-4.HLA #for loops


  
    #for(valObject:=startExprtoendExpr)

    

    .

    .

    #endfor

    

    #for(valObject:=startExprdowntoendExpr)

    .

    .

    .

    #endfor

    

    #for(valObjectincomposite_expr)

    .

    .

    .

    #endfor
  


  As its name suggests, valObject must be an object you've defined in a val declaration.


  For the first two forms of the #for loop above, the startExpr and endExpr components can be any HLA constant expression that yields an integer value. The first of these #for loops is semantically equivalent to the following #while code:


  


  
    ?valObject:=startExpr;

    #while(valObject<=endExpr)

    .

    .

    .

    ?valObject:=valObject+1;

    #endwhile
  


  The second of these #for loops is semantically equivalent to the #while loop:


  


  
    ?valObject:=startExpr;

    #while(valObject>=endExpr)

    .

    .

    .

    ?valObject:=valObject-1;

    #endwhile
  


  The third of these #for loops (the one using the in keyword) is especially useful for processing individual items from some composite data type. This loop repeats once for each element, field, character, and so on of the composite value you specify for composite_expr. This can be an array, string, record, or character set expression. For arrays, this #for loop repeats once for each element of the array and on each iteration of the loop; the loop control variable contains the current element's value. For example, the following compile-time loop displays the values 1, 10, 100, and 1,000:


  


  
    #for(iin[1,10,100,1000])

    #print(i)

    #endfor
  


  If the composite_expr constant is a string constant, the #for loop repeats once for each character in the string and sets the value of the loop control variable to the current character. If the composite_expr constant expression is a record constant, then the loop will repeat once for each field of the record, and for each iteration the loop control variable will take on the type and value of the current field. If the composite_expr expression is a character set, the loop will repeat once for each character in the set, and the loop control variable will be assigned that character.


  The #for loop actually turns out to be more useful than the #while loop because the larger number of compile-time loops you encounter repeat a fixed number of times (for example, processing a fixed number of array elements, macro parameters, and so on).


  


  9.8 Macros (Compile-Time Procedures)


  Macros are objects that a language processor replaces with other text during compilation. Macros are great devices for replacing long, repetitive sequences of text with much shorter sequences of text. In additional to the traditional role that macros play (e.g., #define in C/C++), HLA's macros also serve as the equivalent of a compile-time language procedure or function. Therefore, macros are very important in HLA's compile-time language—just as important as functions and procedures are in other high-level languages.


  Although macros are nothing new, HLA's implementation of macros far exceeds the macro-processing capabilities of most other programming languages (high level or low level). The following sections explore HLA's macro-processing facilities and the relationship between macros and other HLA CTL control constructs.


  9.8.1 Standard Macros


  HLA supports a straightforward macro facility that lets you define macros in a manner that is similar to declaring a procedure. A typical, simple macro declaration takes the following form:


  


  
    #macromacroname;

    <<Macrobody>>

    #endmacro
  


  Although macro and procedure declarations are similar, there are several immediate differences between the two that are obvious from this example. First, of course, macro declarations use the reserved word #macro rather than procedure. Second, you do not begin the body of the macro with a begin macroname; clause. Finally, you will note that macros end with the #endmacro clause rather than end macroname;. The following code is a concrete example of a macro declaration:


  


  
    #macroneg64;

    

    neg(edx);

    neg(eax);

    sbb(0,edx);

    

    #endmacro
  


  Execution of this macro's code will compute the two's complement of the 64-bit value in EDX:EAX (see the description of extended-precision neg in 8.1.7 Extended-Precision neg Operations).


  To execute the code associated with neg64, you simply specify the macro's name at the point you want to execute these instructions. For example:


  


  
    mov((typedwordi64),eax);

    mov((typedwordi64[4]),edx);

    neg64;
  


  Note that you do not follow the macro's name with a pair of empty parentheses as you would a procedure call (the reason for this will become clear a little later).


  Other than the lack of parentheses following neg64's invocation,[122] this looks just like a procedure call. You could implement this simple macro as a procedure using the following procedure declaration:


  


  
    procedureneg64p;

    beginneg64p;

    

    neg(edx);

    neg(eax);

    sbb(0,edx);

    

    endneg64p;
  


  Note that the following two statements will both negate the value in EDX:EAX:


  


  
    neg64;neg64p();
  


  The difference between these two (the macro invocation versus the procedure call) is the fact that macros expand their text inline, whereas a procedure call emits a call to the corresponding procedure elsewhere in the text. That is, HLA replaces the invocation neg64; directly with the following text:


  


  
    neg(edx);

    neg(eax);

    sbb(0,edx);
  


  On the other hand, HLA replaces the procedure call neg64p(); with the single call instruction:


  


  
    callneg64p;
  


  Presumably, you've defined the neg64p procedure earlier in the program.


  You should make the choice of macro versus procedure call on the basis of efficiency. Macros are slightly faster than procedure calls because you don't execute the call and corresponding ret instructions. On the other hand, the use of macros can make your program larger because a macro invocation expands to the text of the macro's body on each invocation. Procedure calls jump to a single instance of the procedure's body. Therefore, if the macro body is large and you invoke the macro several times throughout your program, it will make your final executable much larger. Also, if the body of your macro executes more than a few simple instructions, the overhead of a call/ret sequence has little impact on the overall execution time of the code, so the execution time savings are nearly negligible. On the other hand, if the body of a procedure is very short (like the neg64 example above), you'll discover that the macro implementation is much faster and doesn't expand the size of your program by much. A good rule of thumb is:


  
    Note
  


  
    Use macros for short, time-critical program units. Use procedures for longer blocks of code and when execution time is not as critical.
  


  Macros have many other disadvantages over procedures. Macros cannot have local (automatic) variables, macro parameters work differently than procedure parameters, macros don't support (runtime) recursion, and macros are a little more difficult to debug than procedures (just to name a few disadvantages). Therefore, you shouldn't really use macros as a substitute for procedures except in cases where performance is absolutely critical.


  9.8.2 Macro Parameters


  Like procedures, macros allow you to define parameters that let you supply different data on each macro invocation. This lets you write generic macros whose behavior can vary depending on the parameters you supply. By processing these macro parameters at compile time, you can write very sophisticated macros.


  Macro parameter declaration syntax is very straightforward. You simply supply a list of parameter names within parentheses in a macro declaration:


  


  
    #macroneg64(reg32HO,reg32LO);

    

    neg(reg32HO);

    neg(reg32LO);

    sbb(0,reg32HO);

    

    #endmacro;
  


  Note that you do not associate a data type with a macro parameter as you do for procedural parameters. This is because HLA macros are generally text objects.


  When you invoke a macro, you simply supply the actual parameters the same way you would for a procedure call:


  


  
    neg64(edx,eax);
  


  Note that a macro invocation that requires parameters expects you to enclose the parameter list within parentheses.


  9.8.2.1 Standard Macro Parameter Expansion


  As the previous section explains, HLA automatically associates the type text with macro parameters. This means that during a macro expansion, HLA substitutes the text you supply as the actual parameter everywhere the formal parameter name appears. The semantics of "pass by textual substitution" are a little different than "pass by value" or "pass by reference," so it is worthwhile exploring those differences here.


  Consider the following macro invocations, using the neg64 macro from the previous section:


  


  
    neg64(edx,eax);

    neg64(ebx,ecx);
  


  These two invocations expand into the following code:


  


  
    //neg64(edx,eax);

    

    neg(edx);

    neg(eax);

    sbb(0,edx);

    

    //neg64(ebx,ecx);

    

    neg(ebx);

    neg(ecx);

    sbb(0,ebx);
  


  Note that macro invocations do not make a local copy of the parameters (as "pass by value" does), nor do they pass the address of the actual parameter to the macro. Instead, a macro invocation of the form neg64( edx, eax ); is equivalent to the following:


  


  
    ?reg32HO:text:="edx";

    ?reg32LO:text:="eax";

    

    neg(reg32HO);

    neg(reg32LO);

    sbb(0,reg32HO);
  


  Of course, the text objects immediately expand their string values inline, producing the former expansion for neg64( edx, eax );.


  Note that macro parameters are not limited to memory, register, or constant operands as are instruction or procedure operands. Any text is fine as long as its expansion is legal wherever you use the formal parameter. Similarly, formal parameters may appear anywhere in the macro body, not just where memory, register, or constant operands are legal. Consider the following macro declaration and sample invocations:


  


  
    #macrochkError(instr,jump,target);

    

    instr;

    jumptarget;

    

    #endmacro;

    

    chkError(cmp(eax,0),jnl,RangeError);//Example1

    ...

    chkError(test(1,bl),jnz,ParityError);//Example2

    

    //Example1expandsto

    

    cmp(eax,0);

    jnlRangeError;

    

    //Example2expandsto

    

    test(1,bl);

    jnzParityError;
  


  In general, HLA assumes that all text between commas constitutes a single macro parameter. If HLA encounters any opening bracketing symbols (left parentheses, left braces, or left brackets), then it will include all text up to the appropriate closing symbol, ignoring any commas that may appear within the bracketing symbols. This is why the chkError invocations above treat cmp( eax, 0 ) and test( 1, bl ) as single parameters rather than as a pair of parameters. Of course, HLA does not consider commas (and bracketing symbols) within a string constant as the end of an actual parameter. So the following macro and invocation are perfectly legal:


  


  
    #macroprint(strToPrint);

    

    stdout.out(strToPrint);

    

    #endmacro;

    .

    .

    .

    print("Hello,world!");
  


  HLA treats the string Hello, world! as a single parameter because the comma appears inside a literal string constant, just as your intuition suggests.


  If you are unfamiliar with textual macro parameter expansion in other languages, you should be aware that there are some problems you can run into when HLA expands your actual macro parameters. Consider the following macro declaration and invocation:


  


  
    #macroEcho2nTimes(n,theStr);

    #for(echoCnt:=1ton*2)

    #print(theStr)

    #endfor

    #endmacro;

    

    .

    .

    .

    Echo2nTimes(3+1,"Hello");
  


  This example displays Hello five times during compilation rather than the eight times you might intuitively expect. This is because the #for statement above expands to


  


  
    #for(echoCnt:=1to3+1*2)
  


  The actual parameter for n is 3+1; because HLA expands this text directly in place of n, you get an erroneous text expansion. Of course, at compile time HLA computes 3+1*2 as the value 5 rather than as the value 8 (which you would get had HLA passed this parameter by value rather than by textual substitution).


  The common solution to this problem when passing numeric parameters that may contain compile-time expressions is to surround the formal parameter in the macro with parentheses; for example, you would rewrite the macro above as follows:


  


  
    #macroEcho2nTimes(n,theStr);

    

    #for(echoCnt:=1to(n)*2)

    

    #print(theStr)

    

    #endfor

    

    #endmacro;
  


  The earlier invocation would expand to the following code:


  


  
    #for(echoCnt:=1to(3+1)*2)

    #print(theStr)

    #endfor
  


  This version of the macro produces the intuitive result.


  If the number of actual parameters does not match the number of formal parameters, HLA will generate a diagnostic message during compilation. As with procedures, the number of actual parameters must agree with the number of formal parameters. If you would like to have optional macro parameters, then keep reading.


  9.8.2.2 Macros with a Variable Number of Parameters


  You may have noticed by now that some HLA macros don't require a fixed number of parameters. For example, the stdout.put macro in the HLA Standard Library allows one or more actual parameters. HLA uses a special array syntax to tell the compiler that you wish to allow a variable number of parameters in a macro parameter list. If you follow the last macro parameter in the formal parameter list with [ ], then HLA will allow a variable number of actual parameters (zero or more) in place of that formal parameter. For example:


  


  
    #macrovarParms(varying[]);

    

    <<Macrobody>>

    

    #endmacro;

    .

    .

    .

    varParms(1);

    varParms(1,2);

    varParms(1,2,3);

    varParms();
  


  Note the last invocation especially. If a macro has any formal parameters, you must supply parentheses with the macro list after the macro invocation. This is true even if you supply zero actual parameters to a macro with a varying parameter list. Keep in mind this important difference between a macro with no parameters and a macro with a varying parameter list but no actual parameters.


  When HLA encounters a formal macro parameter with the [ ] suffix (which must be the last parameter in the formal parameter list), HLA creates a constant string array and initializes that array with the text associated with the remaining actual parameters in the macro invocation. You can determine the number of actual parameters assigned to this array using the @elements compile-time function. For example, @elements( varying ) will return some value, 0 or greater, that specifies the total number of parameters associated with that parameter. The following declaration for varParms demonstrates how you might use this:


  


  
    #macrovarParms(varying[]);

    

    #for(vpCnt:=0to@elements(varying)-1)

    

    #print(varying[vpCnt])

    

    #endfor

    

    #endmacro;

    .

    .

    .

    varParms(1);//Prints"1"duringcompilation.

    varParms(1,2);//Prints"1"and"2"onseparatelines.

    varParms(1,2,3);//Prints"1","2",and"3"onseparatelines.

    varParms();//Doesn'tprintanything.
  


  Because HLA doesn't allow arrays of text objects, the varying parameter must be an array of strings. This, unfortunately, means you must treat the varying parameters differently than you handle standard macro parameters. If you want some element of the varying string array to expand as text within the macro body, you can always use the @text function to achieve this. Conversely, if you want to use a nonvarying formal parameter as a string object, you can always use the @string( name ) function. The following example demonstrates this:


  


  
    #macroReqAndOpt(Required,optional[]);

    ?@text(optional[0]):=@string(ReqAndOpt);

    #print(@text(optional[0]))

    

    #endmacro;

    .

    .

    .

    ReqAndOpt(i,j);

    

    //Themacroinvocationaboveexpandsto

    

    ?@text("j"):=@string(i);

    #print("j")

    

    //Theabovefurtherexpandsto

    

    j:="i";

    #print(j)

    

    //Theabovesimplyprints"i"duringcompilation.
  


  Of course, it would be a good idea, in a macro like the above, to verify that there are at least two parameters before attempting to reference element zero of the optional parameter. You can easily do this as follows:


  


  
    #macroReqAndOpt(Required,optional[]);

    

    #if(@elements(optional)>0)

    

    ?@text(optional[0]):=@string(ReqAndOpt);

    #print(@text(optional[0]))

    

    #else

    

    #error("ReqAndOptmusthaveatleasttwoparameters")

    

    #endif

    

    #endmacro;
  


  9.8.2.3 Required vs. Optional Macro Parameters


  As the previous section notes, HLA requires exactly one actual parameter for each nonvarying formal macro parameter. If there is no varying macro parameter (and there can be at most one), then the number of actual parameters must exactly match the number of formal parameters. If a varying formal parameter is present, then there must be at least as many actual macro parameters as there are nonvarying (or required) formal macro parameters. If there is a single, varying actual parameter, then a macro invocation may have zero or more actual parameters.


  There is one big difference between a macro invocation of a macro with no parameters and a macro invocation of a macro with a single, varying parameter that has no actual parameters: The macro with the varying parameter list must have an empty set of parentheses after it, while the macro invocation of the macro without any parameters does not allow this. You can use this fact to your advantage if you wish to write a macro that doesn't have any parameters but you want to follow the macro invocation with ( ) so that it matches the syntax of a procedure call with no parameters. Consider the following macro:


  


  
    #macroneg64(JustForTheParens[]);

    

    #if(@elements(JustForTheParens)=0)

    

    neg(edx);

    neg(eax);

    sbb(0,edx);

    

    #else

    

    #error("Unexpectedoperand(s)")

    

    #endif

    

    #endmacro;
  


  The preceding macro requires invocations of the form neg64(); to use the same syntax you would use for a procedure call. This feature is useful if you want the syntax of your parameterless macro invocations to match the syntax of a parameterless procedure call. It's not a bad idea to do this, just in the off chance you need to convert the macro to a procedure at some point (or vice versa, for that matter).


  9.8.3 Local Symbols in a Macro


  Consider the following macro declaration:


  


  
    macroJZC(target);

    

    jnzNotTarget;

    jctarget;

    NotTarget:

    

    endmacro;
  


  The purpose of this macro is to simulate an instruction that jumps to the specified target location if the zero flag is set and the carry flag is set. Conversely, if either the zero flag is clear or the carry flag is clear, this macro transfers control to the instruction immediately following the macro invocation.


  There is a serious problem with this macro. Consider what happens if you use this macro more than once in your program:


  


  
    JZC(Dest1);

    .

    .

    .

    JZC(Dest2);

    .

    .

    .
  


  The preceding macro invocations expand to the following code:


  


  
    jnzNotTarget;

    jcDest1;

    NotTarget:

    .

    .

    .

    jnzNotTarget;

    jcDest2;

    NotTarget:

    .

    .

    .
  


  The problem with the expansion of these two macro invocations is that they both emit the same label, NotTarget, during macro expansion. When HLA processes this code it will complain about a duplicate symbol definition. Therefore, you must take care when defining symbols inside a macro because multiple invocations of that macro may lead to multiple definitions of that symbol.


  HLA's solution to this problem is to allow the use of local symbols within a macro. Local macro symbols are unique to a specific invocation of a macro. For example, had NotTarget been a local symbol in the preceding JZC macro invocations, the program would have compiled properly because HLA treats each occurrence of NotTarget as a unique symbol.


  HLA does not automatically make internal macro symbol definitions local to that macro.[123] Instead, you must explicitly tell HLA which symbols must be local. You do this in a macro declaration using the following generic syntax:


  


  
    #macromacroname(optional_parameters):optional_list_of_local_names;

    <<Macrobody>>

    #endmacro;
  


  The list of local names is a sequence of one or more HLA identifiers separated by commas. Whenever HLA encounters this name in a particular macro invocation, it automatically substitutes some unique name for that identifier. For each macro invocation, HLA substitutes a different name for the local symbol.


  You can correct the problem with the JZC macro by using the following macro code:


  


  
    #macroJZC(target):NotTarget;

    

    jnzNotTarget;

    jctarget;

    NotTarget:

    

    #endmacro;
  


  Now whenever HLA processes this macro it will automatically associate a unique symbol with each occurrence of NotTarget. This will prevent the duplicate-symbol error that occurs if you do not declare NotTarget as a local symbol.


  HLA implements local symbols by substituting a symbol like _nnnn_ (where nnnn is a four-digit hexadecimal number) wherever the local symbol appears in a macro invocation. For example, a macro invocation of the form JZC( SomeLabel ); might expand to


  


  
    jnz_010A_;

    jcSomeLabel;

    _010A_:
  


  For each local symbol appearing within a macro expansion, HLA will generate a unique temporary identifier by simply incrementing this numeric value for each new local symbol it needs. As long as you do not explicitly create labels of the form _nnnn_Text_ (where nnnn is a hexadecimal value), there will never be a conflict in your program. HLA explicitly reserves all symbols that begin and end with a single underscore for its own private use (and for use by the HLA Standard Library). As long as you honor this restriction, there should be no conflicts between HLA local symbol generation and labels in your own programs because all HLA-generated symbols begin and end with a single underscore.


  HLA implements local symbols by effectively converting that local symbol to a text constant that expands to the unique symbol HLA generates for the local label. That is, HLA effectively treats local symbol declarations as indicated by the following example:


  


  
    #macroJZC(target);

    ?NotTarget:text:="_010A_Text_";

    

    jnzNotTarget;

    jctarget;

    

    NotTarget:

    

    #endmacro;
  


  Whenever HLA expands this macro it will substitute _010A_Text_ for each occurrence of NotTarget it encounters in the expansion. This analogy isn't perfect because the text symbol NotTarget in this example is still accessible after the macro expansion, whereas this is not the case when defining local symbols within a macro. But this does give you an idea of how HLA implements local symbols.


  9.8.4 Macros as Compile-Time Procedures


  Although programmers typically use macros to expand to some sequence of machine instructions, there is absolutely no requirement that a macro body contain any executable instructions. Indeed, many macros contain only compile-time language statements (for example, #if, #while, #for, ? assignments, and the like). By placing only compile-time language statements in the body of a macro, you can effectively write compile-time procedures and functions using macros.


  The following unique macro is a good example of a compile-time function that returns a string result. Consider the definition of this macro:


  


  
    #macrounique:theSym;

    @string(theSym)

    #endmacro;
  


  Whenever your code references this macro, HLA replaces the macro invocation with the text @string(theSym), which, of course, expands to some string like _021F_Text_. Therefore, you can think of this macro as a compile-time function that returns a string result.


  Be careful that you don't take the function analogy too far. Remember, macros always expand to their body text at the point of invocation. Some expansions may not be legal at any arbitrary point in your programs. Fortunately, most compile-time statements are legal anywhere whitespace is legal in your programs. Therefore, macros behave as you would expect functions or procedures to behave during the execution of your compile-time programs.


  Of course, the only difference between a procedure and a function is that a function returns some explicit value, while procedures simply do some activity. There is no special syntax for specifying a compile-time function return value. As the example above indicates, simply specifying the value you wish to return as a statement in the macro body suffices. A compile-time procedure, on the other hand, would not contain any non-compile-time language statements that expand into some sort of data during macro invocation.


  9.8.5 Simulating Function Overloading with Macros


  The C++ language supports a nifty feature known as function overloading. Function overloading lets you write several different functions or procedures that all have the same name. The difference between these functions is the types of their parameters or the number of parameters. A procedure declaration is unique in C++ if it has a different number of parameters than other functions with the same name or if the types of its parameters differ from other functions with the same name. HLA does not directly support procedure overloading, but you can use macros to achieve the same result. This section explains how to use HLA's macros and the compile-time language to achieve function/procedure overloading.


  One good use for procedure overloading is to reduce the number of Standard Library routines you must remember how to use. For example, the HLA Standard Library provides five different "puti" routines that output an integer value: stdout.puti128, stdout.puti64, stdout.puti32, stdout.puti16, and stdout.puti8. The different routines, as their names suggest, output integer values according to the size of their integer parameter. In the C++ language (or another other language supporting procedure/function overloading) the engineer designing the input routines would probably have chosen to name them all stdout.puti and leave it up to the compiler to select the appropriate one based on the operand size.[124] The macro in Example9-5 demonstrates how to do this in HLA using the compile-time language to figure out the size of the parameter operand.


  


  Example9-5.Simple procedure overloading based on operand size


  
    //Puti.hla

    //

    //Thisprogramdemonstratesprocedureoverloadingviamacros.

    //

    //Itdefinesa"puti"macrothatcallsstdout.puti8,stdout.puti16,

    //stdout.puti32,orstdout.puti64,dependingonthesizeof

    //theoperand.

    

    programputiDemo;

    #include("stdlib.hhf")

    

    

    //puti-

    //

    //Automaticallydecideswhetherwehavea64-,32-,16-,or8-bit

    //operandandcallstheappropriatestdout.putiXroutineto

    //outputthisvalue.

    

    #macroputi(operand);

    

    //Ifwehavean8-byteoperand,callputi64:

    

    #if(@size(operand)=8)

    

    stdout.puti64(operand);

    

    

    //Ifwehavea5-byteoperand,callputi32:

    

    #elseif(@size(operand)=4)

    

    stdout.puti32(operand);

    

    

    //Ifwehavea2-byteoperand,callputi16:

    

    #elseif(@size(operand)=2)

    

    stdout.puti16(operand);

    

    

    //Ifwehavea1-byteoperand,callputi8:

    

    #elseif(@size(operand)=1)

    

    stdout.puti8(operand);

    

    

    //Ifit'snotan8-,4-,2-,or1-byteoperand,

    //thenprintanerrormessage:

    

    #else

    

    #error("Expecteda64-,32-,16-,or8-bitoperand")

    

    #endif

    

    #endmacro;

    

    

    //Somesamplevariabledeclarationssowecantestthemacroabove:

    

    static

    i8:int8:=−8;

    i16:int16:=−16;

    i32:int32:=−32;

    i64:qword;

    

    

    beginputiDemo;

    

    //Initializei64becausewecan'tdothisinthestaticsection.

    

    mov(−64,(typedwordi64));

    mov($FFFF_FFFF,(typedwordi64[4]));

    

    //Demotheputimacro:

    

    puti(i8);stdout.newln();

    puti(i16);stdout.newln();

    puti(i32);stdout.newln();

    puti(i64);stdout.newln();

    

    endputiDemo;
  


  The example above simply tests the size of the operand to determine which output routine to use. You can use other HLA compile-time functions, such as @typename, to do more sophisticated processing. Consider the program in Example9-6, which demonstrates a macro that overloads stdout.puti32, stdout.putu32, and stdout.putd depending on the type of the operand.


  


  Example9-6.Procedure overloading based on operand type


  
    //put32.hla

    //

    //Thisprogramdemonstratesprocedureoverloadingviamacros.

    //

    //Itdefinesaput32macrothatcallsstdout.puti32,stdout.putu32,

    //orstdout.putdwdependingonthetypeoftheoperand.

    

    

    programput32Demo;

    #include("stdlib.hhf")

    

    

    //put32-

    //

    //Automaticallydecideswhetherwehaveanint32,uns32,ordword

    //operandandcallstheappropriatestdout.putXroutineto

    //outputthisvalue.

    

    #macroput32(operand);

    

    //Ifwehaveanint32operand,callputi32:

    

    #if(@typename(operand)="int32")

    

    stdout.puti32(operand);

    

    

    //Ifwehaveanuns32operand,callputu32:

    

    #elseif(@typename(operand)="uns32")

    

    stdout.putu32(operand);

    

    

    //Ifwehaveadwordoperand,callputh32:

    

    #elseif(@typename(operand)="dword")

    

    stdout.puth32(operand);

    

    //Ifit'snota32-bitintegervalue,reportanerror:

    

    #else

    

    #error("Expectedanint32,uns32,ordwordoperand")

    

    #endif

    

    #endmacro;

    

    

    //Somesamplevariabledeclarationssowecantestthemacroabove:

    

    static

    i32:int32:=−32;

    u32:uns32:=32;

    d32:dword:=$32;

    

    beginput32Demo;

    

    

    //Demotheput32macro:

    

    put32(d32);stdout.newln();

    put32(u32);stdout.newln();

    put32(i32);stdout.newln();

    

    endput32Demo;
  


  You can easily extend this macro to output 8- and 16-bit operands as well as 32-bit operands. That is left as an exercise for the reader.


  The number of actual parameters is another way to resolve which overloaded procedure to call. If you specify a variable number of macro parameters (using the [ ] syntax; see the discussion in 9.8.2.2 Macros with a Variable Number of Parameters), you can use the @elements compile-time function to determine exactly how many parameters are present and call the appropriate routine. The sample in Example9-7 uses this trick to determine whether it should call stdout.puti32 or stdout.puti32Size.


  


  Example9-7.Using the number of parameters to resolve overloaded procedures


  
    //puti32.hla

    //

    //Thisprogramdemonstratesprocedureoverloadingviamacros.

    //

    //Itdefinesaputi32macrothatcalls

    //stdout.puti32orstdout.puti32size

    //dependingonthenumberofparameterspresent.

    

    

    programputi32Demo;

    #include("stdlib.hhf")

    

    

    //puti32-

    //

    //Automaticallydecideswhetherwehaveanint32,uns32,ordword

    //operandandcallstheappropriatestdout.putXroutineto

    //outputthisvalue.

    

    #macroputi32(operand[]);

    

    //Ifwehaveasingleoperand,callstdout.puti32:

    

    #if(@elements(operand)=1)

    

    stdout.puti32(@text(operand[0]));

    

    

    //Ifwehavetwooperands,callstdout.puti32sizeand

    //supplyadefaultvalueof''forthepaddingcharacter:

    

    #elseif(@elements(operand)=2)

    

    stdout.puti32Size

    (

    @text(operand[0]),

    @text(operand[1]),

    ''

    );

    

    

    //Ifwehavethreeparameters,thenpassallthreeofthem

    //alongtoputi32size:

    

    #elseif(@elements(operand)=3)

    

    stdout.puti32Size

    (

    @text(operand[0]),

    @text(operand[1]),

    @text(operand[2])

    );

    

    

    //Ifwedon'thaveone,two,orthreeoperands,reportanerror:

    

    #else

    

    #error("Expectedone,two,orthreeoperands")

    

    #endif

    

    #endmacro;

    

    

    //Asamplevariabledeclarationsowecantestthemacroabove:

    

    Static

    i32:int32:=−32;

    

    beginputi32Demo;

    

    

    //Demotheput32macro:

    

    puti32(i32);stdout.newln();

    puti32(i32,5);stdout.newln();

    puti32(i32,5,'*');stdout.newln();

    

    endputi32Demo;
  


  All the examples up to this point provide procedure overloading for Standard Library routines (specifically, the integer output routines). Of course, you are not limited to overloading procedures in the HLA Standard Library. You can create your own overloaded procedures as well. All you have to do is write a set of procedures, all with unique names, and then use a single macro to decide which routine to actually call based on the macro's parameters. Rather than call the individual routines, invoke the common macro and let it decide which procedure to actually call.


  

  


  [122] To differentiate between macros and procedures, this text will use the term invocation when describing the use of a macro and call when describing the use of a procedure.


  [123] Sometimes you actually want the symbols to be global.


  [124] By the way, the HLA Standard Library does this as well. Although it doesn't provide stdout.puti, it does provide stdout.put, which will choose an appropriate output routine based upon the parameter's type. This is a bit more flexible than a puti routine.


  


  9.9 Writing Compile-Time "Programs"


  The HLA compile-time language provides a powerful facility with which to write "programs" that execute while HLA is compiling your assembly language programs. Although it is possible to write some general-purpose programs using the HLA compile-time language, the real purpose of the HLA compile-time language is to allow you to write short programs that write other programs. In particular, the primary purpose of the HLA compile-time language is to automate the creation of large or complex assembly language sequences. The following subsections provide some simple examples of such compile-time programs.


  9.9.1 Constructing Data Tables at Compile Time


  Earlier, this book suggested that you could write programs to generate large, complex lookup tables for your assembly language programs (see the discussion of tables in 8.4.3 Generating Tables). Chapter8 provides examples in HLA but suggests that writing a separate program is unnecessary. This is true; you can generate most lookup tables you'll need using nothing more than the HLA compile-time language facilities. Indeed, filling in table entries is one of the principle uses of the HLA compile-time language. In this section we will take a look at using the HLA compile-time language to construct data tables during compilation.


  In 8.4.3 Generating Tables, you saw an example of an HLA program that writes a text file containing a lookup table for the trigonometric sine function. The table contains 360 entries with the index into the table specifying an angle in degrees. Each int32 entry in the table contains the value sin(angle )*1,000 where angle is equal to the index into the table. 8.4.3 Generating Tables suggests running this program and then including the text output from that program into the actual program that used the resulting table. You can avoid much of this work by using the compile-time language. The HLA program in Example9-8 includes a short compile-time code fragment that constructs this table of sines directly.


  


  Example9-8.Generating a sine lookup table with the compile-time language


  
    //demoSines.hla

    //

    //Thisprogramdemonstrateshowtocreatealookuptable

    //ofsinevaluesusingtheHLAcompile-timelanguage.

    

    programdemoSines;

    #include("stdlib.hhf")

    

    const

    pi:real80:=3.1415926535897;

    

    readonly

    sines:int32[360]:=

    [

    //Thefollowingcompile-timeprogramgenerates

    //359entries(outof360).Foreachentry

    //itcomputesthesineoftheindexintothe

    //tableandmultipliesthisresultby1000

    //inordertogetareasonableintegervalue.

    

    ?angle:=0;

    #while(angle<359)

    

    //Note:HLA's@sinfunctionexpectsangles

    //inradians.radians=degrees*pi/180.

    //Theint32functiontruncatesitsresult,

    //sothisfunctionadds1/2asaweakattempt

    //toroundthevalueup.

    

    int32(@sin(angle*pi/180.0)*1000+0.5),

    ?angle:=angle+1;

    

    #endwhile

    

    //Here'sthe360thentryinthetable.Thiscode

    //handlesthelastentryspeciallybecauseacomma

    //doesnotfollowthisentryinthetable.

    

    int32(@sin(359*pi/180.0)*1000+0.5)

    ];

    begindemoSines;

    

    //Simpledemoprogramthatdisplaysallthevaluesinthetable:

    

    for(mov(0,ebx);ebx<360;inc(ebx))do

    

    mov(sines[ebx*4],eax);

    stdout.put

    (

    "sin(",

    (typeuns32ebx),

    ")*1000=",

    (typeint32eax),

    nl

    );

    

    endfor;

    

    

    enddemoSines;
  


  Another common use for the compile-time language is to build ASCII character lookup tables for use by the xlat instruction at runtime. Common examples include lookup tables for alphabetic case manipulation. The program in Example9-9 demonstrates how to construct an uppercase conversion table and a lowercase conversion table.[125] Note the use of a macro as a compile-time procedure to reduce the complexity of the table-generating code:


  


  Example9-9.Generating case-conversion tables with the compile-time language


  
    //demoCase.hla

    //

    //Thisprogramdemonstrateshowtocreatealookuptable

    //ofalphabeticcaseconversionvaluesusingtheHLA

    //compile-timelanguage.

    

    programdemoCase;

    #include("stdlib.hhf")

    

    const

    

    //emitCharRange

    //

    //Thismacroemitsasetofcharacterentries

    //foranarrayofcharacters.Itemitsalist

    //ofvalues(withacommasuffixoneachvalue)

    //fromthestartingvalueupto,butnotincluding,

    //theendingvalue.

    

    #macroemitCharRange(start,last):index;

    

    ?index:uns8:=start;

    #while(index<last)

    

    char(index),

    ?index:=index+1;

    

    #endwhile

    

    #endmacro;

    

    readonly

    

    //toUC:

    //Theentriesinthistablecontainthevalueoftheindex

    //intothetableexceptforindices#$61..#$7A(thoseentries

    //whoseindicesaretheASCIIcodesforthelowercase

    //characters).Thoseparticulartableentriescontainthe

    //codesforthecorrespondinguppercasealphabeticcharacters.

    //IfyouuseanASCIIcharacterasanindexintothistableand

    //fetchthespecifiedbyteatthatlocation,youwilleffectively

    //translatelowercasecharacterstouppercasecharactersand

    //leaveallothercharactersunaffected.

    

    toUC:char[256]:=

    [

    //Thefollowingcompile-timeprogramgenerates

    //255entries(outof256).Foreachentry

    //itcomputestoupper(index)whereindexis

    //thecharacterwhoseASCIIcodeisanindex

    //intothetable.

    

    emitCharRange(0,uns8('a'))

    

    //Okay,we'vegeneratedalltheentriesupto

    //thestartofthelowercasecharacters.Output

    //uppercasecharactersinplaceofthelowercase

    //charactershere.

    

    emitCharRange(uns8('A'),uns8('Z')+1)

    

    //Okay,emitthenonalphabeticcharacters

    //throughtobytecode#$FE:

    

    emitCharRange(uns8('z')+1,$FF)

    

    //Here'sthelastentryinthetable.Thiscode

    //handlesthelastentryspeciallybecauseacomma

    //doesnotfollowthisentryinthetable.

    

    #$FF

    

    ];

    

    

    //Thefollowingtableisverysimilartotheoneabove.

    //Youwouldusethisone,however,totranslateuppercase

    //characterstolowercasewhileleavingeverythingelsealone.

    //Seethecommentsintheprevioustableformoredetails.

    

    TOlc:char[256]:=

    [

    

    emitCharRange(0,uns8('A'))

    emitCharRange(uns8('a'),uns8('z')+1)

    emitCharRange(uns8('Z')+1,$FF)

    

    #$FF

    ];

    

    

    begindemoCase;

    for(mov(uns32(''),eax);eax<=$FF;inc(eax))do

    

    mov(toUC[eax],bl);

    mov(TOlc[eax],bh);

    stdout.put

    (

    "toupper('",

    (typecharal),

    "')='",

    (typecharbl),

    "'tolower('",

    (typecharal),

    "')='",

    (typecharbh),

    "'",

    nl

    );

    

    endfor;

    

    enddemoCase;
  


  One important thing to note about this example is the fact that a semicolon does not follow the emitCharRange macro invocations. Macro invocations do not require a closing semicolon. Often, it is legal to go ahead and add one to the end of the macro invocation because HLA is normally very forgiving about having extra semicolons inserted into the code. In this case, however, the extra semicolons are illegal because they would appear between adjacent entries in the TOlc and toUC tables. Keep in mind that macro invocations don't require a semicolon, especially when using macro invocations as compile-time procedures.


  9.9.2 Unrolling Loops


  In the chapter on low-level control structures, this text points out that you can unravel loops to improve the performance of certain assembly language programs. One problem with unraveling, or unrolling, loops is that you may need to do a lot of extra typing, especially if there are many loop iterations. Fortunately, HLA's compile-time language facilities, especially the #while and #for loops, come to the rescue. With a small amount of extra typing plus one copy of the loop body, you can unroll a loop as many times as you please.


  If you simply want to repeat the same exact code sequence some number of times, unrolling the code is especially trivial. All you have to do is wrap an HLA #for..#endfor loop around the sequence and count off a val object the specified number of times. For example, if you wanted to print Hello World 10 times, you could encode this as follows.


  


  
    #for(count:=1to10)

    stdout.put("HelloWorld",nl);

    #endfor
  


  Although the code above looks very similar to an HLA for loop you could write in your program, remember the fundamental difference: The preceding code simply consists of 10 straight stdout.put calls in the program. Were you to encode this using an HLA for loop, there would be only one call to stdout.put and lots of additional logic to loop back and execute that single call 10 times.


  Unrolling loops becomes slightly more complicated if any instructions in that loop refer to the value of a loop control variable or another value, which changes with each iteration of the loop. A typical example is a loop that zeros the elements of an integer array:


  


  
    mov(0,eax);

    for(mov(0,ebx);ebx<20;inc(ebx))do

    

    mov(eax,array[ebx*4]);

    

    endfor;
  


  In this code fragment the loop uses the value of the loop control variable (in EBX) to index into array. Simply copying mov( eax, array[ ebx*4 ]); 20 times is not the proper way to unroll this loop. You must substitute an appropriate constant index in the range 0..76 (the corresponding loop indices, times 4) in place of ebx*4 in this example. Correctly unrolling this loop should produce the following code sequence:


  


  
    mov(eax,array[0*4]);

    mov(eax,array[1*4]);

    mov(eax,array[2*4]);

    mov(eax,array[3*4]);

    mov(eax,array[4*4]);

    mov(eax,array[5*4]);

    mov(eax,array[6*4]);

    mov(eax,array[7*4]);

    mov(eax,array[8*4]);

    mov(eax,array[9*4]);

    mov(eax,array[10*4]);

    mov(eax,array[11*4]);

    mov(eax,array[12*4]);

    mov(eax,array[13*4]);

    mov(eax,array[14*4]);

    mov(eax,array[15*4]);

    mov(eax,array[16*4]);

    mov(eax,array[17*4]);

    mov(eax,array[18*4]);

    mov(eax,array[19*4]);
  


  You can easily do this using the following compile-time code sequence:


  


  
    #for(iteration:=0to19)

    mov(eax,array[iteration*4]);

    #endfor
  


  If the statements in a loop make use of the loop control variable's value, it is only possible to unroll such loops if those values are known at compile-time. You cannot unroll loops when user input (or other runtime information) controls the number of iterations.


  

  


  [125] Note that on modern processors, using a lookup table is probably not the most efficient way to convert between alphabetic cases. However, this is just an example of filling in the table using the compile-time language. The principles are correct, even if the code is not exactly the best it could be.


  


  9.10 Using Macros in Different Source Files


  Unlike procedures, macros do not have a fixed piece of code at some address in memory. Therefore, you cannot create external macros and link them with other modules in your program. However, it is very easy to share macros with different source files: Just put the macros you wish to reuse in a header file and include that file using the #include directive. You can make the macro available to any source file you choose using this simple trick.


  


  9.11 For More Information


  Although this chapter has spent a considerable amount of time describing various features of HLA's macro support and compile-time language features, the truth is this chapter has barely described what's possible with HLA. Indeed, this chapter made the claim that HLA's macro facilities are far more powerful than those provided by other assemblers; however, this chapter doesn't do HLA's macros justice. If you've ever used a language with decent macro facilities, you're probably wondering, "What's the big deal?" Well, the really sophisticated stuff is beyond the scope of this chapter. If you're interested in learning more about HLA's powerful macro facilities, please consult the HLA reference manual and the electronic editions of The Art of Assembly Language at http://webster.cs.ucr.edu/ or http://www.artofasm.com/. You'll discover that it's actually possible to create your own high-level languages using HLA's macro facilities. However, this chapter does not assume the reader has the prerequisite knowledge to do that type of programming (yet!), so this chapter defers that discussion to the material that you'll also find on the websites.


  


  Chapter10.BIT MANIPULATION


  [image: ]


  Manipulating bits in memory is, perhaps, the feature for which assembly language is most famous. Indeed, one of the reasons people claim that the C programming language is a medium-level language rather than a high-level language is because of the vast array of bit-manipulation operators that C provides. Even with this wide array of bit-manipulation operations, the C programming language doesn't provide as complete a set of bit-manipulation operations as assembly language.


  This chapter discusses how to manipulate strings of bits in memory and registers using 80x86 assembly language. It begins with a review of the bit-manipulation instructions covered thus far, and it also introduces a few new instructions. This chapter reviews information on packing and unpacking bit strings in memory because this is the basis for many bit-manipulation operations. Finally, this chapter discusses several bit-centric algorithms and their implementation in assembly language.


  10.1 What Is Bit Data, Anyway?


  Before describing how to manipulate bits, it might not be a bad idea to define exactly what this text means by bit data. Most readers probably assume that bit-manipulation programs twiddle individual bits in memory. While programs that do this are definitely bit-manipulation programs, we're not going to limit our definition to just those programs. For our purposes, bit manipulation refers to working with data types that consist of strings of bits that are noncontiguous or are not a multiple of 8 bits long. Generally, such bit objects will not represent numeric integers, although we will not place this restriction on our bit strings.


  A bit string is some contiguous sequence of one or more bits. Note that a bit string does not have to start or end at any special point. For example, a bit string could start in bit 7 of one byte in memory and continue through to bit 6 of the next byte in memory. Likewise, a bit string could begin in bit 30 of EAX, consume the upper 2 bits of EAX, and then continue from bit 0 through bit 17 of EBX. In memory, the bits must be physically contiguous (that is, the bit numbers are always increasing except when crossing a byte boundary, and at byte boundaries the memory address increases by 1 byte). In registers, if a bit string crosses a register boundary, the application defines the continuation register, but the bit string always continues in bit 0 of that second register.


  A bit set is a collection of bits, not necessarily contiguous, within some larger data structure. For example, bits 0..3, 7, 12, 24, and 31 from some double word form a set of bits. Usually, we will limit bit sets to some reasonably sized container object (the data structure that encapsulates the bit set), but the definition doesn't specifically limit the size. Normally, we will deal with bit sets that are part of an object no more than about 32 or 64 bits in size, though this limit is completely artificial. Note that bit strings are special cases of bit sets.


  A bit run is a sequence of bits with all the same value. A run of zeros is a bit string that contains all zeros, and a run of ones is a bit string containing all ones. The first set bit in a bit string is the bit position of the first bit containing a 1 in a bit string, that is, the first 1 bit following a possible run of zeros. A similar definition exists for the first clear bit. The last set bit is the last bit position in a bit string that contains 1; the remainder of the string forms an uninterrupted run of zeros. A similar definition exists for the last clear bit.


  A bit offset is the number of bits from some boundary position (usually a byte boundary) to the specified bit. As noted in Chapter2, we number the bits starting from 0 at the boundary location.


  A mask is a sequence of bits that we'll use to manipulate certain bits in another value. For example, the bit string %0000_1111_0000, when it's used with the and instruction, can mask away (clear) all the bits except bits 4 through 7. Likewise, if you use the same value with the or instruction, it can force bits 4 through 7 to ones in the destination operand. The term mask comes from the use of these bit strings with the and instruction; in those situations the 1 and 0 bits behave like masking tape when you're painting something; they pass through certain bits unchanged while masking out (clearing) the other bits.


  Armed with these definitions, we're ready to start manipulating some bits!


  


  10.2 Instructions That Manipulate Bits


  Bit manipulation generally consists of six activities: setting bits, clearing bits, inverting bits, testing and comparing bits, extracting bits from a bit string, and inserting bits into a bit string. By now you should be familiar with most of the instructions we'll use to perform these operations; their introduction started way back in the earliest chapters of this text. Nevertheless, it's worthwhile to review the old instructions here as well as present the few bit-manipulation instructions we've yet to consider.


  The most basic bit-manipulation instructions are the and, or, xor, not, test, and shift and rotate instructions. Indeed, on the earliest 80x86 processors, these were the only instructions available for bit manipulation. The following paragraphs review these instructions, concentrating on how you could use them to manipulate bits in memory or registers.


  The and instruction provides the ability to strip away unwanted bits from some bit sequence, replacing the unwanted bits with zeros. This instruction is especially useful for isolating a bit string or a bit set that is merged with other, unrelated data (or, at least, data that is not part of the bit string or bit set). For example, suppose that a bit string consumes bit positions 12 through 24 of the EAX register; we can isolate this bit string by setting all other bits in EAX to 0 by using the following instruction:


  


  
    and(%1_1111_1111_1111_0000_0000_0000,eax);
  


  Most programs use the and instruction to clear bits that are not part of the desired bit string. In theory, you could use the or instruction to mask all unwanted bits to ones rather than zeros, but later comparisons and operations are often easier if the unneeded bit positions contain 0 (see Figure10-1).
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    Figure10-1.Isolating a bit string using the and instruction
  


  Once you've cleared the unneeded bits in a set of bits, you can often operate on the bit set in place. For example, to see if the string of bits in positions 12 through 24 of EAX contains $12F3, you could use the following code:


  


  
    and(%1_1111_1111_1111_0000_0000_0000,eax);

    cmp(eax,%1_0010_1111_0011_0000_0000_0000);
  


  Here's another solution, using constant expressions, that's a little easier to digest:


  


  
    and(%1_1111_1111_1111_0000_0000_0000,eax);

    cmp(eax,$12F3<<12);//"<<12"shifts$12F3totheleft12bits.
  


  Most of the time, however, you'll want (or need) the bit string aligned with bit 0 in EAX prior to any operations you would want to perform. Of course, you can use the shr instruction to properly align the value after you've masked it, like this:


  


  
    and(%1_1111_1111_1111_0000_0000_0000,eax);

    shr(12,eax);

    cmp(eax,$12F3);

    <<Otheroperationsthatrequirethebitstringatbit#0>>
  


  Now that the bit string is aligned to bit 0, the constants and other values you use in conjunction with this value are easier to deal with.


  You can also use the or instruction to mask unwanted bits. However, the or instruction does not let you clear bits; it allows you to set bits to ones. In some instances setting all the bits around your bit set may be desirable; most software, however, is easier to write if you clear the surrounding bits rather than set them.


  The or instruction is especially useful for inserting a bit set into some other bit string. To do this, there are several steps you must go through:


  
    
  


  
    	
      
        
          Clear all the bits surrounding your bit set in the source operand.
        

      

    


    	
      
        
          Clear all the bits in the destination operand where you wish to insert the bit set.
        

      

    


    	
      
        
          or the bit set and destination operand together.
        

      

    

  


  For example, suppose you have a value in bits 0..12 of EAX that you wish to insert into bits 12..24 of EBX without affecting any of the other bits in EBX. You would begin by stripping out bits 13 and above from EAX; then you would strip out bits 12..24 in EBX. Next, you would shift the bits in EAX so the bit string occupies bits 12..24 of EAX. Finally, you would or the value in EAX into EBX (see Figure10-2), as shown here:


  


  
    and($1FFF,eax);//Stripallbutbits0..12fromeax.

    and($FE00_0FFF,ebx);//Clearbits12..24inebx.

    shl(12,eax);//Movebits0..12to12..24ineax.

    or(eax,ebx);//Mergethebitsintoebx.
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    Figure10-2.Inserting bits 0..12 of EAX into bits 12..24 of EBX
  


  In this figure the desired bits (AAAAAAAAAAAAA) formed a bit string. However, this algorithm still works fine even if you're manipulating a noncontiguous set of bits. All you have to do is to create an appropriate bit mask you can use for anding that has ones in the appropriate places.


  When working with bit masks, it is incredibly poor programming style to use literal numeric constants as in the past few examples. You should always create symbolic constants in the HLA const (or val) section for your bit masks. Combined with some constant expressions, you can produce code that is much easier to read and maintain. The current example code is more properly written as the following:


  


  
    const

    StartPosn:=12;

    BitMask:dword:=$1FFF<<StartPosn;//Maskoccupiesbits12..24.

    .

    .

    .

    shl(StartPosn,eax);//Moveintoposition.

    and(BitMask,eax);//Stripallbutbits12..24fromeax.

    and(!BitMask,ebx);//Clearbits12..24inebx.

    or(eax,ebx);//Mergethebitsintoebx.
  


  Notice the use of the compile time not operator (!) to invert the bit mask in order to clear the bit positions in EBX where the code inserts the bits from EAX. This saves having to create another constant in the program that has to be changed anytime you modify the BitMask constant. Having to maintain two separate symbols whose values are dependent on one another is not a good thing in a program.


  Of course, in addition to merging one bit set with another, the or instruction is also useful for forcing bits to 1 in a bit string. By setting various bits in a source operand to 1, you can force the corresponding bits in the destination operand to 1 by using the or instruction.


  The xor instruction allows you to invert selected bits in a bit set. Although inverting bits isn't as common as setting or clearing them, the xor instruction often appears in bit-manipulation programs. Of course, if you want to invert all the bits in some destination operand, the not instruction is probably more appropriate than the xor instruction; however, to invert selected bits while not affecting others, the xor is the way to go.


  One interesting fact about xor's operation is that it lets you manipulate known data in just about any way imaginable. For example, if you know that a field contains %1010, you can force that field to 0 by xoring it with %1010. Similarly, you can force it to %1111 by xoring it with %0101. Although this might seem like a waste, because you can easily force this 4-bit string to 0 or all ones using and/or, the xor instruction has two advantages: (1) You are not limited to forcing the field to all zeros or all ones; you can actually set these bits to any of the 16 valid combinations via xor; and (2) if you need to manipulate other bits in the destination operand at the same time, and/or may not be able to accommodate you. For example, suppose that you know that one field contains %1010 that you want to force to 0 and another field contains %1000 and you wish to increment that field by 1 (i.e., set the field to %1001). You cannot accomplish both operations with a single and or or instruction, but you can do this with a single xor instruction; just xor the first field with %1010 and the second field with %0001. Remember, however, that this trick works only if you know the current value of a bit set within the destination operand. Of course, while you're adjusting the values of bit fields containing known values, you can invert bits in other fields simultaneously.


  In addition to setting, clearing, and inverting bits in some destination operand, the and, or, and xor instructions also affect various condition codes in the flags register. These instructions affect the flags as follows:


  
    
  


  
    	
      
        
          These instructions always clear the carry and overflow flags.
        

      

    


    	
      
        
          These instructions set the sign flag if the result has a 1 in the H.O. bit; they clear it otherwise. That is, these instructions copy the H.O. bit of the result into the sign flag.
        

      

    


    	
      
        
          These instructions set/clear the zero flag if the result is 0.
        

      

    


    	
      
        
          These instructions set the parity flag if there is an even number of set bits in the L.O. byte of the destination operand; they clear the parity flag if there is an odd number of 1 bits in the L.O. byte of the destination operand.
        

      

    

  


  The first thing to note is that these instructions always clear the carry and overflow flags. This means that you cannot expect the system to preserve the state of these two flags across the execution of these instructions. A very common mistake in many assembly language programs is the assumption that these instructions do not affect the carry flag. Many people will execute an instruction that sets/clears the carry flag, execute an and/or/xor instruction, and then attempt to test the state of the carry from the previous instruction. This simply will not work.


  One of the more interesting aspects to these instructions is that they copy the H.O. bit of their result into the sign flag. This means that you can easily test the setting of the H.O. bit of the result by testing the sign flag (using sets/setns or js/jns instructions, or using the @s/@ns flags in a boolean expression). For this reason, many assembly language programmers will often place an important boolean variable in the H.O. bit of some operand so they can easily test the state of that bit using the sign flag after a logical operation.


  We haven't talked much about the parity flag in this text. We're not going to get into a big discussion of this flag and what you use it for because the primary purpose for this flag has been taken over by hardware.[126] However, because this is a chapter on bit manipulation, and parity computation is a bit-manipulation operation, it seems only fitting to provide a brief discussion of the parity flag at this time.


  Parity is a very simple error-detection scheme originally employed by telegraphs and other serial communication protocols. The idea was to count the number of set bits in a character and include an extra bit in the transmission to indicate whether that character contained an even or odd number of set bits. The receiving end of the transmission would also count the bits and verify that the extra "parity" bit indicated a successful transmission. We're not going to explore the information-theory aspects of this error-checking scheme at this point other than to point out that the purpose of the parity flag is to help compute the value of this extra bit.


  The 80x86 and, or, and xor instructions set the parity bit if the L.O. byte of their operand contains an even number of set bits. An important fact bears repeating here: The parity flag reflects only the number of set bits in the L.O. byte of the destination operand; it does not include the H.O. bytes in a word, double-word, or other-sized operand. The instruction set uses the L.O. byte only to compute the parity because communication programs that use parity are typically character-oriented transmission systems (there are better error-checking schemes if you transmit more than 8 bits at a time).


  The zero flag setting is one of the more important results the and/or/xor instructions produce. Indeed, programs reference this flag so often after the and instruction that Intel added a separate instruction, test, whose main purpose is to logically and two results and set the flags without otherwise affecting either instruction operand.


  There are three main uses of the zero flag after the execution of an and or test instruction: (1) checking to see if a particular bit in an operand is set, (2) checking to see if at least one of several bits in a bit set is 1, and (3) checking to see if an operand is 0. Using (1) is actually a special case of (2) in which the bit set contains only a single bit. We'll explore each of these uses in the following paragraphs.


  A common use for the and instruction, and also the original reason for the inclusion of the test instruction in the 80x86 instruction set, is to test to see if a particular bit is set in a given operand. To perform this type of test, you would normally and/test a constant value containing a single set bit with the operand you wish to test. This clears all the other bits in the second operand, leaving a 0 in the bit position under test if the operand contains a 0 in that bit position. anding with a 1 leaves a 1 in that position if it originally contained a 1. Because all of the other bits in the result are 0, the entire result will be 0 if that particular bit is 0; the entire result will be nonzero if that bit position contains a 1. The 80x86 reflects this status in the zero flag (Z = 1 indicates a 0 bit; Z = 0 indicates a 1 bit). The following instruction sequence demonstrates how to test to see if bit 4 is set in EAX:


  


  
    test(%1_0000,eax);//Checkbit#4toseeifitis0/1.

    if(@nz)then

    

    <<Dothisifthebitisset.>>

    

    else

    

    <<Dothisifthebitisclear.>>

    

    endif;
  


  You can also use the and/test instructions to see if any one of several bits is set. Simply supply a constant that has a 1 in all the positions you want to test (and zeros everywhere else). anding such a value with an unknown quantity will produce a nonzero value if one or more of the bits in the operand under test contain a 1. The following example tests to see if the value in EAX contains a 1 in bit positions 1, 2, 4, and 7:


  


  
    test(%1001_0110,eax);

    if(@nz)then//Atleastoneofthebitsisset.

    

    <<Dowhateverneedstobedoneifoneofthebitsisset.>>

    

    endif;
  


  Note that you cannot use a single and or test instruction to see if all the corresponding bits in the bit set are equal to 1. To accomplish this, you must first mask out the bits that are not in the set and then compare the result against the mask itself. If the result is equal to the mask, then all the bits in the bit set contain ones. You must use the and instruction for this operation because the test instruction does not mask out any bits. The following example checks to see if all the bits in a bit set (bitMask) are equal to 1:


  


  
    and(bitMask,eax);

    cmp(eax,bitMask);

    if(@e)then

    

    //Allthebitpositionsineaxcorrespondingtotheset

    //bitsinbitMaskareequalto1ifwegethere.

    

    <<Dowhateverneedstobedoneifthebitsmatch.>>

    

    endif;
  


  Of course, once we stick the cmp instruction in there, we don't really have to check to see if all the bits in the bit set contain ones. We can check for any combination of values by specifying the appropriate value as the operand to the cmp instruction.


  Note that the test/and instructions will set the zero flag in the above code sequences only if all the bits in EAX (or other destination operand) have zeros in the positions where ones appear in the constant operand. This suggests another way to check for all ones in the bit set: Invert the value in EAX prior to using the and or test instruction. Then if the zero flag is set, you know that there were all ones in the (original) bit set. For example:


  


  
    not(eax);

    test(bitMask,eax);

    if(@z)then

    //Atthispoint,eaxcontainedallonesinthebitpositions

    //occupiedbyonesinthebitMaskconstant.

    

    <<Dowhateverneedstobedoneatthispoint.>>

    

    endif;
  


  The previous paragraphs all suggest that the bitMask (the source operand) is a constant. This was for purposes of example only. In fact, you can use a variable or other register here, if you prefer. Simply load that variable or register with the appropriate bit mask before you execute the test, and, or cmp instructions in the examples above.


  Another set of instructions we've already seen that we can use to manipulate bits are the bit test instructions. These instructions include bt (bit test), bts (bit test and set), btc (bit test and complement), and btr (bit test and reset). We've used these instructions to manipulate bits in HLA character-set variables; we can also use them to manipulate bits in general. The btx instructions allow the following syntactical forms:


  


  
    btx(BitNumber,BitsToTest);

    btx(reg16,reg16);

    btx(reg32,reg32);

    btx(constant,reg16);

    btx(constant,reg32);

    btx(reg16,mem16);

    btx(reg32,mem32);

    btx(constant,mem16);

    btx(constant,mem32);
  


  The btx instruction's first operand is a bit number that specifies which bit to check in the second operand. If the second operand is a register, then the first operand must contain a value between 0 and the size of the register (in bits) minus 1; because the 80x86's largest registers are 32 bits, this value has the maximum value 31 (for 32-bit registers). If the second operand is a memory location, then the bit count is not limited to values in the range 0..31. If the first operand is a constant, it can be any 8-bit value in the range 0..255. If the first operand is a register, it has no limitation.


  The bt instruction copies the specified bit from the second operand into the carry flag. For example, the bt( 8, eax ); instruction copies bit 8 of the EAX register into the carry flag. You can test the carry flag after this instruction to determine whether bit 8 was set or clear in EAX.


  The bts, btc, and btr instructions manipulate the bit they test while they are testing it. These instructions may be slow (depending on the processor you're using), and you should avoid them if performance is your primary concern and you're using an older CPU. If performance (versus convenience) is an issue, you should always try two different algorithms—one that uses these instructions, one that uses and/or instructions—and measure the performance difference; then choose the best of the two approaches.


  The shift and rotate instructions are another group of instructions you can use to manipulate and test bits. These instructions move the H.O. (left shift/rotate) or L.O. (right shift/rotate) bits into the carry flag. Therefore, you can test the carry flag after you execute one of these instructions to determine the original setting of the operand's H.O. or L.O. bit. The shift and rotate instructions are invaluable for aligning bit strings and packing and unpacking data. Chapter2 has several examples of this, and some earlier examples in this chapter also use the shift instructions for this purpose.


  

  


  [126] Serial communications chips and other communications hardware that use parity for error checking normally compute the parity in hardware; you don't have to use software for this purpose.


  


  10.3 The Carry Flag as a Bit Accumulator


  The btx, shift, and rotate instructions set or clear the carry flag depending on the operation and selected bit. Because these instructions place their "bit result" in the carry flag, it is often convenient to think of the carry flag as a 1-bit register or accumulator for bit operations. In this section we will explore some of the operations possible with this bit result in the carry flag.


  Instructions that will be useful for manipulating bit results in the carry flag are those that use the carry flag as some sort of input value. The following is a sampling of such instructions:


  
    
  


  
    	
      
        
          adc, sbb
        

      

    


    	
      
        
          rcl, rcr
        

      

    


    	
      
        
          cmc (We'll throw in clc and stc even though they don't use the carry as input.)
        

      

    


    	
      
        
          jc, jnc
        

      

    


    	
      
        
          setc, setnc
        

      

    

  


  The adc and sbb instructions add or subtract their operands along with the carry flag. So if you've computed some bit result into the carry flag, you can figure that result into an addition or subtraction using these instructions.


  To merge a bit result into the carry flag, you most often use the rotate through carry instructions (rcl and rcr). These instructions move the carry flag into the L.O. or H.O. bits of their destination operand. These instructions are very useful for packing a set of bit results into a byte, word, or double-word value.


  The cmc (complement carry) instruction lets you easily invert the result of some bit operation. You can also use the clc and stc instructions to initialize the carry flag prior to some string of bit operations involving the carry flag.


  Instructions that test the carry flag are going to be very popular after a calculation that leaves a bit result in the carry flag. The jc, jnc, setc, and setnc instructions are quite useful here. You can also use the HLA @c and @nc operands in a boolean expression to test the result in the carry flag.


  If you have a sequence of bit calculations and you would like to test to see if the calculations produce a specific set of 1-bit results, the easiest way to do this is to clear a register or memory location and use the rcl or rcr instruction to shift each result into that location. Once the bit operations are complete, then you can compare the register or memory location holding the result against a constant value. If you want to test a sequence of results involving conjunction and disjunction (that is, strings of results involving ands and ors), then you could use the setc and setnc instruction to set a register to 0 or 1 and then use the and/or instructions to merge the results.


  


  10.4 Packing and Unpacking Bit Strings


  A common bit operation is inserting a bit string into an operand or extracting a bit string from an operand. Chapter2 provided simple examples of packing and unpacking such data; now it is time to formally describe how to do this.


  For our purposes we will assume that we're dealing with bit strings—that is, a contiguous sequence of bits. In 10.11 Extracting Bit Strings we'll look at how to extract and insert bit sets. Another simplification we'll make is that the bit string completely fits within a byte, word, or double-word operand. Large bit strings that cross object boundaries require additional processing; a discussion of bit strings that cross double-word boundaries appears later in this section.


  A bit string has two attributes that we must consider when packing and unpacking that bit string: a starting bit position and a length. The starting bit position is the bit number of the L.O. bit of the string in the larger operand. The length is the number of bits in the operand. To insert (pack) data into a destination operand, you start with a bit string of the appropriate length that is right justified (that is, starts in bit position 0) and is zero extended to 8, 16, or 32 bits. The task is to insert this data at the appropriate starting position in some other operand that is 8-, 16-, or 32-bits wide. There is no guarantee that the destination bit positions contain any particular value.


  The first two steps (which can occur in any order) are to clear out the corresponding bits in the destination operand and to shift (a copy of) the bit string so that the L.O. bit begins at the appropriate bit position. The third step is to or the shifted result with the destination operand. This inserts the bit string into the destination operand (see Figure10-3).


  


  
    [image: ]
  


  
    Figure10-3.Inserting a bit string into a destination operand
  


  It takes only three instructions to insert a bit string of known length into a destination operand. The following three instructions demonstrate how to handle the insertion operation in Figure10-3. These instructions assume that the source operand is in BX and the destination operand is AX:


  


  
    shl(5,bx);

    and(%111111000011111,ax);

    or(bx,ax);
  


  If the length and the starting position aren't known when you're writing the program (that is, you have to calculate them at runtime), then bit-string insertion is a little more difficult. However, with the use of a lookup table it's still an easy operation to accomplish. Let's assume that we have two 8-bit values: a starting bit position for the field we're inserting and a nonzero 8-bit length value. Also assume that the source operand is in EBX and the destination operand is in EAX. The code to insert one operand into another could take the following form:


  


  
    readonly

    //Theindexintothefollowingtablespecifiesthelength

    //ofthebitstringateachposition:

    

    MaskByLen:dword[33]:=

    [

    0,$1,$3,$7,$f,$1f,$3f,$7f,

    $ff,$1ff,$3ff,$7ff,$fff,$1fff,$3fff,$7fff,$ffff,

    $1_ffff,$3_ffff,$7_ffff,$f_ffff,

    $1f_ffff,$3f_ffff,$7f_ffff,$ff_ffff,

    $1ff_ffff,$3ff_ffff,$7ff_ffff,$fff_ffff,

    $1fff_ffff,$3fff_ffff,$7fff_ffff,$ffff_ffff

    ];

    .

    .

    .

    movzx(Length,edx);

    mov(MaskByLen[edx*4],edx);

    mov(StartingPosition,cl);

    shl(cl,edx);

    not(edx);

    shl(cl,ebx);

    and(edx,eax);

    or(ebx,eax);
  


  Each entry in the MaskByLen table contains the number of 1 bits specified by the index into the table. Using the Length value as an index into this table fetches a value that has as many 1 bits as the Length value. The code above fetches an appropriate mask, shifts it to the left so that the L.O. bit of this run of ones matches the starting position of the field into which we want to insert the data, and then inverts the mask and uses the inverted value to clear the appropriate bits in the destination operand.


  Extracting a bit string from a larger operand is just as easy as inserting a bit string into some larger operand. All you have to do is mask out the unwanted bits and then shift the result until the L.O. bit of the bit string is in bit 0 of the destination operand. For example, to extract the 4-bit field starting at bit position 5 in EBX and leave the result in EAX, you could use the following code:


  


  
    mov(ebx,eax);//Copydatatodestination.

    and(%1_1110_0000,eax);//Stripunwantedbits.

    shr(5,eax);//Rightjustifytobitposition0.
  


  If you do not know the bit string's length and starting position when you're writing the program, you can still extract the desired bit string. The code is very similar to insertion (though a little simpler). Assuming you have the Length and StartingPosition values we used when inserting a bit string, you can extract the corresponding bit string using the following code (assuming source = EBX and dest = EAX):


  


  
    movzx(Length,edx);

    mov(MaskByLen[edx*4],edx);

    mov(StartingPosition,cl);

    mov(ebx,eax);

    shr(cl,eax);

    and(edx,eax);
  


  The examples up to this point all assume that the bit string appears completely within a double-word (or smaller) object. This will always be the case if the bit string is less than or equal to 32 bits in length. However, if the length of the bit string plus its starting position (modulo 8) within an object is greater than 32, then the bit string will cross a double-word boundary within the object. Extracting such bit strings requires up to three operations: one operation to extract the start of the bit string (up to the first double-word boundary), an operation that copies whole double words (assuming the bit string is so long that it consumes several double words), and a final operation that copies leftover bits in the last double word at the end of the bit string. The actual implementation of this operation is left as an exercise for the reader.


  


  10.5 Coalescing Bit Sets and Distributing Bit Strings


  Inserting and extracting bit sets is little different than inserting and extract bit strings if the "shape" of the bit set you're inserting (or resulting bit set you're extracting) is the same as the bit set in the main object. The shape of a bit set is the distribution of the bits in the set, ignoring the starting bit position of the set. So a bit set that includes bits 0, 4, 5, 6, and 7 has the same shape as a bit set that includes bits 12, 16, 17, 18, and 19 because the distribution of the bits is the same. The code to insert or extract this bit set is nearly identical to that of the previous section; the only difference is the mask value you use. For example, to insert this bit set starting at bit 0 in EAX into the corresponding bit set starting at position 12 in EBX, you could use the following code:


  


  
    and(!%1111_0001_0000_0000_0000,ebx);//Maskoutdestinationbits.

    shl(12,eax);//Movesourcebitsintoposition.

    or(eax,ebx);//Mergethebitsetintoebx.
  


  However, suppose you have 5 bits in bit positions 0 through 4 in EAX and you want to merge them into bits 12, 16, 17, 18, and 19 in EBX. Somehow you have to distribute the bits in EAX prior to logically oring the values into EBX. Given the fact that this particular bit set has only two runs of 1 bits, the process is somewhat simplified. The following code achieves this in a somewhat sneaky fashion:


  


  
    and(!%1111_0001_0000_0000_0000,ebx);

    shl(3,eax);//Spreadoutthebits:1-4goesto4-7and0to3.

    btr(3,eax);//Bit3->carryandthenclearbit3.

    rcl(12,eax);//Shiftincarryandputbitsintofinalposition.

    or(eax,ebx);//Mergethebitsetintoebx.
  


  This trick with the btr (bit test and reset) instruction worked well because we had only 1 bit out of place in the original source operand. Alas, had the bits all been in the wrong location relative to one another, this scheme might not have worked quite as well. We'll see a more general solution in just a moment.


  Extracting this bit set and collecting ("coalescing") the bits into a bit string is not quite as easy. However, there are still some sneaky tricks we can pull. Consider the following code that extracts the bit set from EBX and places the result into bits 0..4 of EAX:


  


  
    mov(ebx,eax);

    and(%1111_0001_0000_0000_0000,eax);//Stripunwantedbits.

    shr(5,eax);//Putbit12intobit7,etc.

    shr(3,ah);//Movebits11..14to8..11.

    shr(7,eax);//Movedowntobit0.
  


  This code moves (original) bit 12 into bit position 7, the H.O. bit of AL. At the same time it moves bits 16..19 down to bits 11..14 (bits 3..6 of AH). Then the code shifts bits 3..6 in AH down to bit 0. This positions the H.O. bits of the bit set so that they are adjacent to the bit left in AL. Finally, the code shifts all the bits down to bit 0. Again, this is not a general solution, but it shows a clever way to attack this problem if you think about it carefully.


  The problem with the coalescing and distribution algorithms above is that they are not general. They apply only to their specific bit sets. Usually specific solutions will provide the most efficient solution. A generalized solution (perhaps one that lets you specify a mask, and the code distributes or coalesces the bits accordingly) is going to be a bit more difficult. The following code demonstrates how to distribute the bits in a bit string according to the values in a bit mask:


  


  
    //eax-Originallycontainssomevalueintowhichwe

    //insertbitsfromebx.

    //ebx-L.O.bitscontainthevaluestoinsertintoeax.

    //edx-Bitmapwithonesindicatingthebitpositionsineaxtoinsert.

    //cl-Scratchpadregister.

    

    mov(32,cl);//Countnumberofbitswerotate.

    jmpDistLoop;

    

    CopyToEAX:rcr(1,ebx);//Don'tuseSHRhere,mustpreserveZ-flag.

    rcr(1,eax);

    jzDone;

    DistLoop:dec(cl);

    shr(1,edx);

    jcCopyToEAX;

    ror(1,eax);//Keepcurrentbitineax.

    jnzDistLoop;

    

    Done:ror(cl,eax);//Repositionremainingbits.
  


  In the code above, if we load EDX with %1100_1001, then this code will copy bits 0..3 to bits 0, 3, 6, and 7 in EAX. Notice the short-circuit test that checks to see if we've exhausted the values in EDX (by checking for a 0 in EDX). Note that the rotate instructions do not affect the zero flag but the shift instructions do. Hence the shr instruction above will set the zero flag when there are no more bits to distribute (when EDX becomes 0).


  The general algorithm for coalescing bits is a tad more efficient than distribution. Here's the code that will extract bits from EBX via the bit mask in EDX and leave the result in EAX:


  


  
    //eax-Destinationregister.

    //ebx-Sourceregister.

    //edx-Bitmapwithonesrepresentingbitstocopytoeax.

    //ebxandedxarenotpreserved.

    sub(eax,eax);//Cleardestinationregister.

    jmpShiftLoop;

    

    ShiftInEAX:

    rcl(1,ebx);//Uphereweneedtocopyabitfrom

    rcl(1,eax);//ebxtoeax.

    ShiftLoop:

    shl(1,edx);//Checkmasktoseeifweneedtocopyabit.

    jcShiftInEAX;//Ifcarryset,gocopythebit.

    rcl(1,ebx);//Currentbitisuninteresting,skipit.

    jnzShiftLoop;//Repeataslongastherearebitsinedx.
  


  This sequence takes advantage of a sneaky trait of the shift and rotate instructions: the shift instructions affect the zero flag, whereas the rotate instructions do not. Therefore, the shl( 1, edx ); instruction sets the zero flag when EDX becomes 0 (after the shift). If the carry flag was also set, the code will make one additional pass through the loop in order to shift a bit into EAX, but the next time the code shifts EDX 1 bit to the left, EDX is still 0 and so the carry will be clear. On this iteration, the code falls out of the loop.


  Another way to coalesce bits is via table lookup. By grabbing a byte of data at a time (so your tables don't get too large), you can use that byte's value as an index into a lookup table that coalesces all the bits down to bit 0. Finally, you can merge the bits at the low end of each byte together. This might produce a more efficient coalescing algorithm in certain cases. The implementation is left to the reader.


  


  10.6 Packed Arrays of Bit Strings


  Although it is far more efficient to create arrays whose elements have an integral number of bytes, it is quite possible to create arrays of elements whose size is not a multiple of 8 bits. The drawback is that calculating the "address" of an array element and manipulating that array element involves a lot of extra work. In this section we'll take a look at a few examples of packing and unpacking array elements in an array whose elements are an arbitrary number of bits long.


  Before proceeding, it's probably worthwhile to discuss why you would want to bother with arrays of bit objects. The answer is simple: space. If an object consumes only 3 bits, you can get 2.67 times as many elements into the same space if you pack the data rather than allocating a whole byte for each object. For very large arrays, this can be a substantial savings. Of course, the cost of this space savings is speed: You have to execute extra instructions to pack and unpack the data, thus slowing down access to the data.


  The calculation for locating the bit offset of an array element in a large block of bits is almost identical to the standard array access; it is:


  


  
    Element_Address_in_bits=

    Base_address_in_bits+index*element_size_in_bits
  


  Once you calculate the element's address in bits, you need to convert it to a byte address (because we have to use byte addresses when accessing memory) and extract the specified element. Because the base address of an array element (almost) always starts on a byte boundary, we can use the following equations to simplify this task:


  


  
    Byte_of_1st_bit=

    Base_Address+(index*element_size_in_bits)/8

    
 Offset_to_1st_bit=

    (index*element_size_in_bits)%8(note"%"=MOD)
  


  For example, suppose we have an array of 200 3-bit objects that we declare as follows:


  


  
    static

    AO3Bobjects:byte[int32((200*3)/8+2)];//"+2"handles

    //truncation.
  


  The constant expression in the dimension above reserves space for enough bytes to hold 600 bits (200 elements, each 3 bits long). As the comment notes, the expression adds 2 extra bytes at the end to ensure we don't lose any odd bits (that won't happen in this example because 600 is evenly divisible by 8, but in general you can't count on this; one extra byte usually won't hurt things) and also to allow us to access 1 byte beyond the end of the array (when storing data to the array).


  Now suppose you want to access the ith 3-bit element of this array. You can extract these bits by using the following code:


  


  
    //Extracttheithgroupof3bitsinAO3Bobjects

    //andleavethisvalueineax.

    

    sub(ecx,ecx);//Puti/8remainderhere.

    mov(i,eax);//Gettheindexintothearray.

    lea(eax,[eax+eax*2]);//eax:=eax*3(3bits/element).

    shrd(3,eax,ecx);//eax/8->eaxandeaxmod8->ecx

    //(H.O.bits).

    shr(3,eax);//Remember,shrddoesn'tmodifyeax.

    rol(3,ecx);//PutremainderintoL.O.3

    //bitsofecx.

    

    //Okay,fetchthewordcontainingthe3bitswewantto

    //extract.Wehavetofetchawordbecausethelastbitortwo

    //couldwindupcrossingthebyteboundary(i.e.,bitoffset6

    //and7inthebyte).

    

    mov((typewordAO3Bobjects[eax]),ax);

    shr(cl,ax);//Movebitsdowntobit0.

    and(%111,eax);//Removetheotherbits.
  


  Inserting an element into the array is a bit more difficult. In addition to computing the base address and bit offset of the array element, you also have to create a mask to clear out the bits in the destination where you're going to insert the new data. The following code inserts the L.O. 3 bits of EAX into the ith element of the AO3Bobjects array.


  


  
    //InserttheL.O.3bitsofaxintotheithelement

    //ofAO3Bobjects:

    

    readonly

    Masks:

    word[8]:=

    [

    !%0111,!%0011_1000,

    !%0001_1100_0000,!%1110,

    !%0111_0000,!%0011_1000_0000,

    !%0001_1100,!%1110_0000

    ];

    .

    .

    .

    

    mov(i,ebx);//Gettheindexintothearray.

    mov(ebx,ecx);//UseL.O.3bitsasindex

    and(%111,ecx);//intoMaskstable.

    mov(Masks[ecx*2],dx);//Getbitmask.

    

    //Convertindexintothearrayintoabitindex.

    //Todothis,multiplytheindexby3:

    

    lea(ebx,[ebx+ebx*2]);

    

    //Divideby8togetthebyteindexintoebx

    //andthebitindex(theremainder)intoecx:

    

    shrd(3,ebx,ecx);

    shr(3,ebx);

    rol(3,ecx);

    

    //Grabthebitsandclearthosewe'reinserting.

    

    and((typewordAO3Bobjects[ebx]),dx);

    

    //Putour3bitsintheirproperlocation.

    

    shl(cl,ax);

    

    //Mergebitsintodestination.

    

    or(ax,dx);

    

    //Storebackintomemory.

    

    mov(dx,(typewordAO3Bobjects[ebx]));
  


  Notice the use of a lookup table to generate the masks needed to clear out the appropriate position in the array. Each element of this array contains all ones except for three zeros in the position we need to clear for a given bit offset (note the use of the ! operator to invert the constants in the table).


  


  10.7 Searching for a Bit


  A very common bit operation is to locate the end of some run of bits. A special case of this operation is to locate the first (or last) set or clear bit in a 16- or 32-bit value. In this section we'll explore ways to accomplish this.


  Before describing how to search for the first or last bit of a given value, perhaps it's wise to discuss exactly what the terms first and last mean in this context. The term first set bit means the first bit in a value, scanning from bit 0 toward the high-order bit, which contains a 1. A similar definition exists for the first clear bit. The last set bit is the first bit in a value, scanning from the high-order bit toward bit 0, which contains a 1. A similar definition exists for the last clear bit.


  One obvious way to scan for the first or last bit is to use a shift instruction in a loop and count the number of iterations before you shift out a 1 (or 0) into the carry flag. The number of iterations specifies the position. Here's some sample code that checks for the first set bit in EAX and returns that bit position in ECX:


  


  
    mov(−32,ecx);//Countoffthebitpositionsinecx.

    TstLp:shr(1,eax);//Checktoseeifcurrentbit

    //positioncontainsa1.

    jcDone;//Exitloopifitdoes.

    inc(ecx);//Bumpupourbitcounterby1.

    jnzTstLp;//Exitifweexecutethisloop32times.

    

    Done:add(32,cl);//Adjustloopcountersoitholds

    //thebitposition.

    

    //Atthispoint,ecxcontainsthebitpositionofthefirstsetbit.

    //ecxcontains32ifeaxoriginallycontained0(nosetbits).
  


  The only thing tricky about this code is the fact that it runs the loop counter from −32 up to 0 rather than 32 down to 0. This makes it slightly easier to calculate the bit position once the loop terminates.


  The drawback to this particular loop is that it's expensive. This loop repeats as many as 32 times depending on the original value in EAX. If the values you're checking often have lots of zeros in the L.O. bits of EAX, this code runs rather slowly.


  Searching for the first (or last) set bit is such a common operation that Intel added a couple of instructions on the 80386 specifically to accelerate this process. These instructions are bsf (bit scan forward) and bsr (bit scan reverse). Their syntax is as follows:


  


  
    bsr(source,destReg);

    bsf(source,destReg);
  


  The source and destinations operands must be the same size, and they must both be 16- or 32-bit objects. The destination operand has to be a register. The source operand can be a register or a memory location.


  The bsf instruction scans for the first set bit (starting from bit position 0) in the source operand. The bsr instruction scans for the last set bit in the source operand by scanning from the H.O. bit toward the L.O. bit. If these instructions find a bit that is set in the source operand, then they clear the zero flag and put the bit position into the destination register. If the source register contains 0 (that is, there are no set bits), then these instructions set the zero flag and leave an indeterminate value in the destination register. Note that you should test the zero flag immediately after the execution of these instructions to validate the destination register's value. Here's an example:


  


  
    mov(SomeValue,ebx);//Valuewhosebitswewanttocheck.

    bsf(ebx,eax);//Putpositionoffirstsetbitineax.

    jzNoBitsSet;//BranchifSomeValuecontains0.

    mov(eax,FirstBit);//Savelocationoffirstsetbit.

    .

    .

    .
  


  You use the bsr instruction in an identical fashion except that it computes the bit position of the last set bit in an operand (that is, the first set bit it finds when scanning from the H.O. bit toward the L.O. bit).


  The 80x86 CPUs do not provide instructions to locate the first bit containing a 0. However, you can easily scan for a 0 bit by first inverting the source operand (or a copy of the source operand if you must preserve the source operand's value) and then search for the first 1 bit; this corresponds to the first 0 bit in the original operand value.


  The bsf and bsr instructions are very complex 80x86 instructions. Therefore, these instructions may be slower than other instructions. Indeed, in some circumstances it may be faster to locate the first set bit using discrete instructions. However, because the execution time of these instructions varies widely from CPU to CPU, you should test the performance of these instructions prior to using them in time-critical code.


  Note that the bsf and bsr instructions do not affect the source operand. A common operation is to extract the first (or last) set bit you find in some operand. That is, you might want to clear the bit once you find it. If the source operand is a register (or you can easily move it into a register), then you can use the btr (or btc) instruction to clear the bit once you've found it. Here's some code that achieves this result:


  


  
    bsf(eax,ecx);//Locatefirstsetbitineax.

    if(@nz)then//Ifwefoundabit,clearit.

    

    btr(ecx,eax);//Clearthebitwejustfound.

    

    endif;
  


  At the end of this sequence, the zero flag indicates whether we found a bit (note that btr does not affect the zero flag). Alternately, you could add an else section to the if statement above that handles the case when the source operand (EAX) contains 0 at the beginning of this instruction sequence.


  Because the bsf and bsr instructions support only 16- and 32-bit operands, you will have to compute the first bit position of an 8-bit operand a little differently. There are a couple of reasonable approaches. First, of course, you can usually zero extend an 8-bit operand to 16 or 32 bits and then use the bsf or bsr instruction on this operand. Another alternative is to create a lookup table where each entry in the table contains the number of bits in the value you use as an index into the table; then you can use the xlat instruction to "compute" the first bit position in the value (note that you will have to handle the value 0 as a special case). Another solution is to use the shift algorithm appearing at the beginning of this section; for an 8-bit operand, this is not an entirely inefficient solution.


  One interesting use of the bsf and bsr instructions is to fill in a character set with all the values from the lowest valued character in the set through the highest valued character. For example, suppose a character set contains the values {'A', 'M', 'a'..'n', 'z'}; if we filled in the gaps in this character set we would have the values {'A'..'z'}. To compute this new set we can use bsf to determine the ASCII code of the first character in the set and bsr to determine the ASCII code of the last character in the set. After doing this, we can feed those two ASCII codes to the HLA Standard Library cs.rangeChar function to compute the new set.


  You can also use the bsf and bsr instructions to determine the size of a run of bits, assuming that you have a single run of bits in your operand. Simply locate the first and last bits in the run (as above) and then compute the difference (plus 1) of the two values. Of course, this scheme is valid only if there are no intervening zeros between the first and last set bits in the value.


  


  10.8 Counting Bits


  The last example in the previous section demonstrates a specific case of a very general problem: counting bits. Unfortunately, that example has a severe limitation: It only counts a single run of 1 bits appearing in the source operand. This section discusses a more general solution to this problem.


  Hardly a week goes by that someone doesn't ask on one of the Internet newsgroups how to count the number of bits in a register operand. This is a common request, undoubtedly, because many assembly language course instructors assign this task as a project to their students as a way to teach them about the shift and rotate instructions. Undoubtedly, the solution these instructors expect is something like the following:


  


  
    //BitCount1:

    //

    //Countsthebitsintheeaxregister,returningthecountinebx.

    

    mov(32,cl);//Countthe32bitsineax.

    sub(ebx,ebx);//Accumulatethecounthere.

    CntLoop:shr(1,eax);//ShiftnextbitoutofeaxandintoCarry.

    adc(0,bl);//Addthecarryintotheebxregister.

    dec(cl);//Repeat32times.

    jnzCntLoop;
  


  The "trick" worth noting here is that this code uses the adc instruction to add the value of the carry flag into the BL register. Because the count is going to be less than 32, the result will fit comfortably into BL.


  Tricky code or not, this instruction sequence is not particularly fast. As you can tell with just a small amount of analysis, the loop above always executes 32 times, so this code sequence executes 130 instructions (4 instructions per iteration plus 2 extra instructions). You might ask if there is a more efficient solution; the answer is yes. The following code, taken from the AMD Athlon optimization guide, provides a faster solution (see the comments for a description of the algorithm):


  


  
    //bitCount

    //

    //Countsthenumberof"1"bitsinadwordvalue.

    //Thisfunctionreturnsthedwordcountvalueineax.

    

    procedurebitCount(BitsToCnt:dword);@nodisplay;

    

    const

    EveryOtherBit:=$5555_5555;

    EveryAlternatePair:=$3333_3333;

    EvenNibbles:=$0f0f_0f0f;

    

    beginbitCount;

    

    push(edx);

    mov(BitsToCnt,eax);

    mov(eax,edx);

    

    //Computesumofeachpairofbits

    //ineax.Thealgorithmtreats

    //eachpairofbitsineaxasa

    //2-bitnumberandcalculatesthe

    //numberofbitsasfollows(description

    //isforbits0and1,itgeneralizes

    //toeachpair):

    //

    //edx=Bit1Bit0

    //eax=0Bit1

    //

    //edx-eax=00ifbothbitswere0.

    //01ifBit0=1andBit1=0.

    //01ifBit0=0andBit1=1.

    //10ifBit0=1andBit1=1.

    //

    //Notethattheresultisleftinedx.

    

    shr(1,eax);

    and(EveryOtherBit,eax);

    sub(eax,edx);

    

    //Nowsumupthegroupsof2bitsto

    //producessumsof4bits.Thisworks

    //asfollows:

    //

    //edx=bits2,3,6,7,10,11,14,15,...,30,31

    //inbitpositions0,1,4,5,...,28,29with

    //zerosintheotherpositions.

    //

    //eax=bits0,1,4,5,8,9,...28,29withzeros

    //intheotherpositions.

    //

    //edx+eaxproducesthesumsofthesepairsofbits.

    

    //Thesumsconsumebits0,1,2,4,5,6,8,9,10,...28,29,30

    //ineaxwiththeremainingbitsallcontaining0.

    

    mov(edx,eax);

    shr(2,edx);

    and(EveryAlternatePair,eax);

    and(EveryAlternatePair,edx);

    add(edx,eax);

    

    //Nowcomputethesumsoftheevenandoddnibblesinthe

    //number.Becausebits3,7,11,etc.ineaxallcontain

    //0fromtheabovecalculation,wedon'tneedtoAND

    //anythingfirst,justshiftandaddthetwovalues.

    //Thiscomputesthesumofthebitsinthe4bytes

    //asfourseparatevaluesineax(alcontainsnumberof

    //bitsinoriginalal,ahcontainsnumberofbitsin

    //originalah,etc.)

    

    mov(eax,edx);

    shr(4,eax);

    add(edx,eax);

    and(EvenNibbles,eax);

    

    //Nowforthetrickypart.

    //Wewanttocomputethesumofthe4bytes

    //andreturntheresultineax.Thefollowing

    //multiplicationachievesthis.Itworks

    //asfollows:

    //(1)the$01componentleavesbits24..31

    //inbits24..31.

    //

    //(2)the$100componentaddsbits17..23

    //intobits24..31.

    //

    //(3)the$1_0000componentaddsbits8..15

    //intobits24..31.

    //

    //(4)the$1000_0000componentaddsbits0..7

    //intobits24..31.

    //

    //Bits0..23arefilledwithgarbage,butbits

    //24..31containtheactualsumofthebits

    //ineax'soriginalvalue.Theshrinstruction

    //movesthisvalueintobits0..7andzeros

    //outtheH.O.bitsofeax.

    

    intmul($0101_0101,eax);

    shr(24,eax);

    

    pop(edx);

    

    endbitCount;
  


  


  10.9 Reversing a Bit String


  Another common programming project instructors assign, and a useful function in its own right, is a program that reverses the bits in an operand. That is, it swaps the L.O. bit with the H.O. bit, bit 1 with the next-to-H.O. bit, and so on. The typical solution an instructor probably expects for this assignment is the following:


  


  
    //Reversethe32-bitsineax,leavingtheresultinebx:

    

    mov(32,cl);

    RvsLoop:shr(1,eax);//Movecurrentbitineaxto

    //thecarryflag.

    rcl(1,ebx);//Shiftthebitbackinto

    //ebx,backwards.

    dec(cl);

    jnzRvsLoop;
  


  As with the previous examples, this code suffers from the fact that it repeats the loop 32 times, for a grand total of 129 instructions. By unrolling the loop you can get it down to 64 instructions, but this is still somewhat expensive.


  As usual, the best solution to an optimization problem is often a better algorithm rather than attempting to tweak your code by trying to choose faster instructions to speed up some code. However, a little intelligence goes a long way when manipulating bits. In the last section, for example, we were able to speed up counting the bits in a string by substituting a more complex algorithm for the simplistic "shift and count" algorithm. In the example above, we are once again faced with a very simple algorithm with a loop that repeats for 1 bit in each number. The question is "Can we discover an algorithm that doesn't execute 129 instructions to reverse the bits in a 32-bit register?" The answer is yes, and the trick is to do as much work as possible in parallel.


  Suppose that all we wanted to do was swap the even and odd bits in a 32-bit value. We can easily swap the even and odd bits in EAX using the following code:


  


  
    mov(eax,edx);//Makeacopyoftheoddbits.

    shr(1,eax);//Moveevenbitstotheoddpositions.

    and($5555_5555,edx);//Isolatetheoddbits.

    and($5555_5555,eax);//Isolatetheevenbits.

    shl(1,edx);//Moveoddbitstoevenpositions.

    or(edx,eax);//Mergethebitsandcompletetheswap.
  


  Of course, swapping the even and odd bits, while somewhat interesting, does not solve our larger problem of reversing all the bits in the number. But it does take us part of the way there. For example, if after executing the preceding code sequence you swap adjacent pairs of bits, you've managed to swap the bits in all the nibbles in the 32-bit value. Swapping adjacent pairs of bits is done in a manner very similar to the above; the code is:


  


  
    mov(eax,edx);//Makeacopyoftheodd-numberedbitpairs.

    shr(2,eax);//Movetheevenbitpairstotheoddposition.

    and($3333_3333,edx);//Isolatetheoddpairs.

    and($3333_3333,eax);//Isolatetheevenpairs.

    shl(2,edx);//Movetheoddpairstotheevenpositions.

    or(edx,eax);//Mergethebitsandcompletetheswap.
  


  After completing the preceding sequence, you swap the adjacent nibbles in the 32-bit register. Again, the only difference is the bit mask and the length of the shifts. Here's the code:


  


  
    mov(eax,edx);//Makeacopyoftheodd-numberednibbles.

    shr(4,eax);//Movetheevennibblestotheoddposition.

    and($0f0f_0f0f,edx);//Isolatetheoddnibbles.

    and($0f0f_0f0f,eax);//Isolatetheevennibbles.

    shl(4,edx);//Movetheoddpairstotheevenpositions.

    or(edx,eax);//Mergethebitsandcompletetheswap.
  


  You can probably see the pattern developing and can figure out that in the next two steps you have to swap the bytes and then the words in this object. You can use code like the above, but there is a better way: Use the bswap instruction. The bswap (byte swap) instruction uses the following syntax:


  


  
    bswap(reg32);
  


  This instruction swaps bytes 0 and 3, and it swaps bytes 1 and 2 in the specified 32-bit register. The principle use of this instruction is to convert data between the so-called little-endian and big-endian data formats.[127] Although you don't specifically use this instruction for this purpose here, the bswap instruction does swap the bytes and words in a 32-bit object exactly the way you want them when reversing bits. Rather than sticking in another 12 instructions to swap the bytes and then the words, you can simply use a bswap( eax ); instruction to complete the job after the instructions above. The final code sequence is:


  


  
    mov(eax,edx);//Makeacopyoftheoddbitsinthedata.

    shr(1,eax);//Movetheevenbitstotheoddpositions.

    and($5555_5555,edx);//Isolatetheoddbits.

    and($5555_5555,eax);//Isolatetheevenbits.

    shl(1,edx);//Movetheoddbitstotheevenpositions.

    or(edx,eax);//Mergethebitsandcompletetheswap.

    

    mov(eax,edx);//Makeacopyoftheoddnumberedbitpairs.

    shr(2,eax);//Movetheevenbitpairstotheoddposition.

    and($3333_3333,edx);//Isolatetheoddpairs.

    and($3333_3333,eax);//Isolatetheevenpairs.

    shl(2,edx);//Movetheoddpairstotheevenpositions.

    or(edx,eax);//Mergethebitsandcompletetheswap.

    

    mov(eax,edx);//Makeacopyoftheoddnumberednibbles.

    shr(4,eax);//Movetheevennibblestotheoddposition.

    and($0f0f_0f0f,edx);//Isolatetheoddnibbles.

    and($0f0f_0f0f,eax);//Isolatetheevennibbles.

    shl(4,edx);//Movetheoddpairstotheevenpositions.

    or(edx,eax);//Mergethebitsandcompletetheswap.

    

    bswap(eax);//Swapthebytesandwords.
  


  This algorithm requires only 19 instructions, and it executes much faster than the bit-shifting loop appearing earlier. Of course, this sequence does consume a little more memory. If you're trying to save memory rather than clock cycles, the loop is probably a better solution.


  

  


  [127] In the little-endian system, which is the native 80x86 format, the L.O. byte of an object appears at the lowest address in memory. In the big-endian system, which various RISC processors use, the H.O. byte of an object appears at the lowest address in memory. The bswap instruction converts between these two data formats.


  


  10.10 Merging Bit Strings


  Another common bit string operation is producing a single bit string by merging, or interleaving, bits from two different sources. The following example code sequence creates a 32-bit string by merging alternate bits from two 16-bit strings:


  


  
    //Mergetwo16-bitstringsintoasingle32-bitstring.

    //ax-Sourceforevennumberedbits.

    //bx-Sourceforoddnumberedbits.

    //cl-Scratchregister.

    //edx-Destinationregister.

    

    mov(16,cl);

    MergeLp:shrd(1,eax,edx);//Shiftabitfromeaxintoedx.

    shrd(1,ebx,edx);//Shiftabitfromebxintoedx.

    dec(cl);

    jneMergeLp;
  


  This particular example merged two 16-bit values together, alternating their bits in the result value. For a faster implementation of this code, unrolling the loop is probably your best bet because this eliminates half the instructions.


  With a few slight modifications, we could also have merged four 8-bit values together, or we could have generated the result using other bit sequences. For example, the following code copies bits 0..5 from EAX, then bits 0..4 from EBX, then bits 6..11 from EAX, then bits 5..15 from EBX, and finally bits 12..15 from EAX:


  


  
    shrd(6,eax,edx);

    shrd(5,ebx,edx);

    shrd(6,eax,edx);

    shrd(11,ebx,edx);

    shrd(4,eax,edx);
  


  


  10.11 Extracting Bit Strings


  Of course, we can easily accomplish the converse of merging two bit streams; that is, we can extract and distribute bits in a bit string among multiple destinations. The following code takes the 32-bit value in EAX and distributes alternate bits among the BX and DX registers:


  


  
    mov(16,cl);//Counttheloopiterations.

    ExtractLp:shr(1,eax);//Extractevenbitsto(e)bx.

    rcr(1,ebx);

    shr(1,eax);//Extractoddbitsto(e)dx.

    rcr(1,edx);

    dec(cl);//Repeat16times.

    jnzExtractLp;

    shr(16,ebx);//NeedtomovetheresultsfromtheH.O.

    shr(16,edx);//bytesofebx/edxtotheL.O.bytes.
  


  This sequence executes 99 instructions. This isn't terrible, but we can probably do a little better by using an algorithm that extracts bits in parallel. Employing the technique we used to reverse bits in a register, we can come up with the following algorithm that relocates all the even bits to the L.O. word of EAX and all the odd bits to the H.O. word of EAX.


  


  
    //Swapbitsatpositions(1,2),(5,6),(9,10),(13,14),(17,18),

    //(21,22),(25,26),and(29,30).

    

    mov(eax,edx);

    and($9999_9999,eax);//Maskoutthebitswe'llkeepfornow.

    mov(edx,ecx);

    shr(1,edx);//Move1stbitsintupleabovetothe

    and($2222_2222,ecx);//correctpositionandmaskoutthe

    and($2222_2222,edx);//unneededbits.

    shl(1,ecx);//Move2ndbitsintuplesabove.

    or(edx,ecx);//Mergeallthebitsbacktogether.

    or(ecx,eax);

    

    //Swapbitpairsatpositions((2,3),(4,5)),

    //((10,11),(12,13)),etc.

    

    mov(eax,edx);

    and($c3c3_c3c3,eax);//Thebitswe'llleavealone.

    mov(edx,ecx);

    shr(2,edx);

    and($0c0c_0c0c,ecx);

    and($0c0c_0c0c,edx);

    shl(2,ecx);

    or(edx,ecx);

    or(ecx,eax);

    

    //Swapnibblesatnibblepositions(1,2),(5,6),(9,10),etc.

    

    mov(eax,edx);

    and($f00f_f00f,eax);

    mov(edx,ecx);

    shr(4,edx);

    and($0f0f_0f0f,ecx);

    and($0f0f_0f0f,ecx);

    shl(4,ecx);

    or(edx,ecx);

    or(ecx,eax);

    

    //Swapbitsatpositions1and2.

    

    ror(8,eax);

    xchg(al,ah);

    rol(8,eax);
  


  This sequence requires 30 instructions. At first blush it looks like a winner because the original loop executes 64 instructions. However, this code isn't quite as good as it looks. After all, if we're willing to write this much code, why not unroll the loop above 16 times? That sequence requires only 64 instructions. So the complexity of the previous algorithm may not gain much on instruction count. As to which sequence is faster, well, you'll have to time them to figure this out. However, the shrd instructions are not particularly fast on all processors and neither are the instructions in the other sequence. This example appears here not to show you a better algorithm but rather to demonstrate that writing really tricky code doesn't always provide a big performance boost.


  Extracting other bit combinations is left as an exercise for the reader.


  


  10.12 Searching for a Bit Pattern


  Another bit-related operation you may need is the ability to search for a particular bit pattern in a string of bits. For example, you might want to locate the bit index of the first occurrence of %1011 starting at some particular position in a bit string. In this section we'll explore some simple algorithms to accomplish this task.


  To search for a particular bit pattern we're going to need to know four things: (1) the pattern to search for (the pattern), (2) the length of the pattern we're searching for, (3) the bit string that we're going to search through (the source), and (4) the length of the bit string to search through. The basic idea behind the search is to create a mask based on the length of the pattern and mask a copy of the source with this value. Then we can directly compare the pattern with the masked source for equality. If they are equal, you're finished; if they're not equal, then increment a bit position counter, shift the source one position to the right, and try again. You repeat this operation length(source) - length(pattern) times. The algorithm fails if it does not detect the bit pattern after this many attempts (because we will have exhausted all the bits in the source operand that could match the pattern's length). Here's a simple algorithm that searches for a 4-bit pattern throughout the EBX register:


  


  
    mov(28,cl);//28attemptsbecause32−4=28

    //(len(src)-len(pat)).

    mov(%1111,ch);//Maskforthecomparison.

    mov(pattern,al);//Patterntosearchfor.

    and(ch,al);//Maskunnecessarybitsinal.

    mov(source,ebx);//Getthesourcevalue.

    ScanLp:mov(bl,dl);//CopytheL.O.4bitsofebx

    and(ch,dl);//Maskunwantedbits.

    cmp(dl,al);//Seeifwematchthepattern.

    jzMatched;

    dec(cl);//Repeatthespecifiednumberoftimes.

    shl(1,ebx);

    jnzScanLp;

    

    //Dowhateverneedstobedoneifwefailedtomatchthebitstring.

    

    jmpDone;

    

    Matched:

    

    //Ifwegettothispoint,wematchedthebitstring.Wecancompute

    //thepositionintheoriginalsourceas28-cl.

    

    Done:
  


  Bit-string scanning is a special case of string matching. String matching is a well-studied problem in computer science, and many of the algorithms you can use for string matching are applicable to bit-string matching as well. Such algorithms are beyond the scope of this chapter, but to give you a preview of how this works, you compute some function (like xor or sub) between the pattern and the current source bits and use the result as an index into a lookup table to determine how many bits you can skip. Such algorithms let you skip several bits rather than shifting only once for each iteration of the scanning loop (as is done by the previous algorithm).


  


  10.13 The HLA Standard Library Bits Module


  The HLA Standard Library provides the bits.hhf module that provides several bit-related functions, including built-in functions for many of the algorithms we've studied in this chapter. This section describes some of the functions available in the HLA Standard Library.


  


  
    procedurebits.cnt(b:dword);@returns("eax");
  


  This procedure returns the number of 1 bits present in the b parameter. It returns the count in the EAX register. To count the number of 0 bits in the parameter value, invert the value of the parameter before passing it to bits.cnt. If you want to count the number of bits in a 16-bit operand, simply zero extend it to 32 bits prior to calling this function. Here are a couple of examples:


  


  
    //Computethenumberofbitsina16-bitregister:

    

    pushw(0);

    push(ax);

    callbits.cnt;

    

    //Ifyouprefertouseahigher-levelsyntax,trythefollowing:

    

    bits.cnt(#{pushw(0);push(ax);}#);

    

    //Computethenumberofbitsina16-bitmemorylocation:

    

    pushw(0);

    push(mem16);

    callbits.cnt;
  


  If you want to compute the number of bits in an 8-bit operand, it's probably faster to write a simple loop that rotates all the bits in the source operand and adds the carry into the accumulating sum. Of course, if performance isn't an issue, you can zero extend the byte to 32 bits and call the bits.cnt procedure.


  


  
    procedurebits.distribute(source:dword;mask:dword;dest:dword);

    @returns("eax");
  


  This function takes the L.O. n bits of source, where n is the number of 1 bits in mask, and inserts these bits into dest at the bit positions specified by the 1 bits in mask (that is, the same as the distribute algorithm appearing earlier in this chapter). This function does not change the bits in dest that correspond to the zeros in the mask value. This function does not affect the value of the actual dest parameter; it returns the new value in the EAX register.


  


  
    procedurebits.coalesce(source:dword;mask:dword);

    @returns("eax");
  


  This function is the converse of bits.distribute. It extracts all the bits in source whose corresponding positions in mask contain a 1. This function coalesces (right justifies) these bits in the L.O. bit positions of the result and returns the result in EAX.


  


  
    procedurebits.extract(vard:dword);

    @returns("eax");//Reallyamacro.
  


  This function extracts the first set bit in d searching from bit 0 and returns the index of this bit in the EAX register; the function also returns the zero flag clear in this case. This function also clears that bit in the operand. If d contains 0, then this function returns the zero flag set and EAX will contain −1.


  Note that HLA actually implements this function as a macro, not a procedure. This means that you can pass any double-word operand as a parameter (a memory or a register operand). However, the results are undefined if you pass EAX as the parameter (because this function computes the bit number in EAX).


  


  
    procedurebits.reverse32(d:dword);@returns("eax");

    procedurebits.reverse16(w:word);@returns("ax");

    procedurebits.reverse8(b:byte);@returns("al");
  


  These three routines return their parameter value with its bits reversed in the accumulator register (AL/AX/EAX). Call the routine appropriate for your data size.


  


  
    procedurebits.merge32(even:dword;odd:dword);@returns("edx:eax");

    procedurebits.merge16(even:word;odd:word);@returns("eax");

    procedurebits.merge8(even:byte;odd:byte);@returns("ax");
  


  These routines merge two streams of bits to produce a value whose size is the combination of the two parameters. The bits from the even parameter occupy the even bit positions in the result; the bits from the odd parameter occupy the odd bit positions in the result. Notice that these functions return 16, 32, or 64 bits based on byte, word, and double-word parameter values.


  


  
    procedurebits.nibbles32(d:dword);@returns("edx:eax");

    procedurebits.nibbles16(w:word);@returns("eax");

    procedurebits.nibbles8(b:byte);@returns("ax");
  


  These routines extract each nibble from the parameter and place those nibbles into individual bytes. The bits.nibbles8 function extracts the two nibbles from the b parameter and places the L.O. nibble in AL and the H.O. nibble in AH. The bits.nibbles16 function extracts the four nibbles in w and places them in each of the 4 bytes of EAX. You can use the bswap or rox instructions to gain access to the nibbles in the H.O. word of EAX. The bits.nibbles32 function extracts the eight nibbles in EAX and distributes them through the 8 bytes in EDX:EAX. Nibble 0 winds up in AL and nibble 7 winds up in the H.O. byte of EDX. Again, you can use bswap or the rotate instructions to access the upper bytes of EAX and EDX.


  


  10.14 For More Information


  The electronic edition of The Art of Assembly Language at http://webster.cs.ucr.edu/ and http://www.artofasm.com/ contains some additional information you may find useful when developing bit-manipulation algorithms. In particular, the chapter on digital design discusses boolean algebra, a subject that you will find essential when working with bits. The HLA Standard Library reference manual contains more information about the HLA Standard Library bit-manipulation routines. See that documentation on the website for more information about those functions. As noted in the section on bit counting, the AMD Athlon optimization guide contains some useful algorithms for bit-based computations. Finally, to learn more about bit searching algorithms, you should pick up a textbook on data structures and algorithms and study the section on string-matching algorithms.


  


  Chapter11.THE STRING INSTRUCTIONS
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  A string is a collection of values stored in contiguous memory locations. Strings are usually arrays of bytes, words, or (on 80386 and later processors) double words. The 80x86 microprocessor family supports several instructions specifically designed to cope with strings. This chapter explores some of the uses of these string instructions.


  The 80x86 CPUs can process three types of strings: byte strings, word strings, and double-word strings. They can move strings, compare strings, search for a specific value within a string, initialize a string to a fixed value, and do other primitive operations on strings. The 80x86's string instructions are also useful for manipulating arrays, tables, and records. You can easily assign or compare such data structures using the string instructions. Using string instructions may speed up your array-manipulation code considerably.


  11.1 The 80x86 String Instructions


  All members of the 80x86 family support five different string instructions: movsx, cmpsx, scasx, lodsx, and stosx.[128] (x = b, w, or d for byte, word, or double word, respectively; this text will generally drop the x suffix when talking about these string instructions in a general sense.) They are the string primitives on which you can build most other string operations. How you use these five instructions is the topic of the sections that follow.


  


  
    ForMOVS:

    movsb();

    movsw();

    movsd();

    

    ForCMPS:

    cmpsb();

    cmpsw();

    cmpsd();

    

    ForSCAS:

    scasb();

    scasw();

    scasd();

    

    ForSTOS:

    stosb();

    stosw();

    stosd();

    

    ForLODS:

    lodsb();

    lodsw();

    lodsd();
  


  11.1.1 How the String Instructions Operate


  The string instructions operate on blocks (contiguous linear arrays) of memory. For example, the movs instruction moves a sequence of bytes from one memory location to another. The cmps instruction compares two blocks of memory. The scas instruction scans a block of memory for a particular value. These string instructions often require three operands: a destination block address, a source block address, and (optionally) an element count. For example, when using the movs instruction to copy a string, you need a source address, a destination address, and a count (the number of string elements to move).


  Unlike other instructions, which operate on memory, the string instructions don't have any explicit operands. The operands for the string instructions are as follows:


  
    
  


  
    	
      
        
          ESI (source index) register
        

      

    


    	
      
        
          EDI (destination index) register
        

      

    


    	
      
        
          ECX (count) register
        

      

    


    	
      
        
          AL/AX/EAX register
        

      

    


    	
      
        
          The direction flag in the FLAGS register
        

      

    

  


  For example, one variant of the movs (move string) instruction copies ECX elements from the source address specified by ESI to the destination address specified by EDI. Likewise, the cmps instruction compares the string pointed at by ESI, of length ECX, to the string pointed at by EDI.


  Not all string instructions have source and destination memory operands (only movs and cmps support them). For example, the scas instruction (scan a string) compares the value in the accumulator (AL, AX, or EAX) to values in memory.


  11.1.2 The rep/repe/repz and repnz/repne Prefixes


  The string instructions, by themselves, do not operate on strings of data. The movs instruction, for example, will only copy a single byte, word, or double word. When the movs instruction executes, it ignores the value in the ECX register. The repeat prefixes tell the 80x86 to do a multibyte string operation. The syntax for the repeat prefix is as follows:


  


  
    ForMOVS:

    rep.movsb();

    rep.movsw();

    rep.movsd();

    

    ForCMPS:

    repe.cmpsb();//Note:repzisasynonymforrepe.

    repe.cmpsw();

    repe.cmpsd();

    

    repne.cmpsb();//Note:repnzisasynonymforrepne.

    repne.cmpsw();

    repne.cmpsd();

    

    ForSCAS:

    repe.scasb();//Note:repzisasynonymforrepe.

    repe.scasw();

    repe.scasd();

    

    repne.scasb();//Note:repnzisasynonymforrepne.

    repne.scasw();

    repne.scasd();

    

    ForSTOS:

    rep.stosb();

    rep.stosw();

    rep.stosd();
  


  You don't normally use the repeat prefixes with the lods instruction.


  When specifying the repeat prefix before a string instruction, the string instruction repeats its operation ECX times.[129] Without the repeat prefix, the instruction operates only on a single element (byte, word, or double word).


  You can use repeat prefixes to process entire strings with a single instruction. You can use the string instructions, without the repeat prefix, as string primitive operations to synthesize more powerful string operations.


  11.1.3 The Direction Flag


  In addition to the ESI, EDI, ECX, and AL/AX/EAX registers, one other register controls the operation of the 80x86's string instructions—the EFLAGs register. Specifically, the direction flag in the flags register controls how the CPU processes strings.


  If the direction flag is clear, the CPU increments ESI and EDI after operating on each string element. For example, executing movs will move the byte, word, or double word at ESI to EDI and will then increment ESI and EDI by 1, 2, or 4. When specifying the rep prefix before this instruction, the CPU increments ESI and EDI for each element in the string (the count in ECX specifies the number of elements). At completion, the ESI and EDI registers will be pointing at the first item beyond the strings.


  If the direction flag is set, the 80x86 decrements ESI and EDI after it processes each string element (again, ECX specifies the number of string elements). After a repeated string operation, the ESI and EDI registers will be pointing at the first byte, word, or double word before the strings if the direction flag was set.


  You can change the direction flag's value using the cld (clear direction flag) and std (set direction flag) instructions. When using these instructions inside a procedure, keep in mind that they modify the machine state. Therefore, you may need to save the direction flag during the execution of that procedure. The following example exhibits the kinds of problems you might encounter.


  


  
    procedureStr2;@nodisplay;

    beginStr2;

    

    std();

    <<Dosomestringoperations.>>

    .

    .

    .

    endStr2;

    .

    .

    .

    cld();

    <<Dosomeoperations.>>

    Str2();

    <<DosomestringoperationsrequiringD=0.>>
  


  This code will not work properly. The calling code assumes that the direction flag is clear after Str2 returns. However, this isn't true. Therefore, the string operations executed after the call to Str2 will not function properly.


  There are a couple of ways to handle this problem. The first, and probably the most obvious, is always to insert the cld or std instructions immediately before executing a sequence of one or more string instructions. This ensures that the direction flag is always set properly for your code. The other alternative is to save and restore the direction flag using the pushfd and popfd instructions. Using these two techniques, the code above would look like the following examples.


  Always issuing cld or std before a string instruction:


  


  
    procedureStr2;@nodisplay;

    beginStr2;

    

    std();

    <<Dosomestringoperations.>>

    .

    .

    .

    

    endStr2;

    .

    .

    .

    cld();

    <<Dosomeoperations.>>

    Str2();

    cld();

    <<DosomestringoperationsrequiringD=0.>>
  


  Saving and restoring the flags register:


  


  
    procedureStr2;@nodisplay;

    beginStr2;

    

    pushfd();

    std();

    <<Dosomestringoperations.>>

    .

    .

    .

    popfd();

    endStr2;

    .

    

    .

    cld();

    <<Dosomeoperations.>>

    Str2();

    <<DosomestringoperationsrequiringD=0.>>
  


  If you use the pushfd and popfd instructions to save and restore the flags register, keep in mind that you're saving and restoring all the flags. This makes it somewhat difficult to return information in other flag bits. For example, it's a bit of work to return an error condition in the carry flag if you use pushfd and popfd to preserve the direction flag in the procedure.


  A third solution is to always ensure that the direction flag is clear except for the execution of a particular sequence that requires it to be set. For example, many library calls and some operating systems always assume that the direction flag is clear when you call them. Most standard C library functions work this way, for example. You can follow this convention by always assuming that the direction flag is clear, and then make sure you clear it immediately after a sequence that requires the use of std.


  11.1.4 The movs Instruction


  The movs instruction uses the following syntax:


  


  
    movsb()

    movsw()

    movsd()

    rep.movsb()

    rep.movsw()

    rep.movsd()
  


  The movsb (move string, bytes) instruction fetches the byte at address ESI, stores it at address EDI, and then increments or decrements the ESI and EDI registers by 1. If the rep prefix is present, the CPU checks ECX to see if it contains 0. If not, then it moves the byte from ESI to EDI and decrements the ECX register. This process repeats until ECX becomes 0. If ECX contains 0 upon initial execution, the movs instruction will not copy any data bytes.


  The movsw (move string, words) instruction fetches the word at address ESI, stores it at address EDI, and then increments or decrements ESI and EDI by 2. If there is a rep prefix, then the CPU repeats this procedure ECX times.


  The movsd instruction operates in a similar fashion on double words. It increments or decrements ESI and EDI by 4 after each data movement.


  When you use the rep prefix, the movsb instruction moves the number of bytes you specify in the ECX register. The following code segment copies 384 bytes from CharArray1 to CharArray2:


  


  
    CharArray1:byte[384];

    CharArray2:byte[384];

    .

    .

    .

    cld();

    lea(esi,CharArray1);

    lea(edi,CharArray2);

    mov(384,ecx);

    rep.movsb();
  


  If you substitute movsw for movsb, then the preceding code will move 384 words (768 bytes) rather than 384 bytes:


  


  
    WordArray1:word[384];

    WordArray2:word[384];

    .

    .

    .

    cld();

    lea(esi,WordArray1);

    lea(edi,WordArray2);

    mov(384,ecx);

    rep.movsw();
  


  Remember, the ECX register contains the element count, not the byte count. When using the movsw instruction, the CPU moves the number of words specified in the ECX register. Similarly, movsd moves the number of double words you specify in the ECX register, not the number of bytes.


  If you've set the direction flag before executing a movsb/movsw/movsd instruction, the CPU decrements the ESI and EDI registers after moving each string element. This means that the ESI and EDI registers must point at the last element of their respective strings before executing a movsb, movsw, or movsd instruction. For example:


  


  
    CharArray1:byte[384];

    CharArray2:byte[384];

    .

    .

    .

    cld();

    lea(esi,CharArray1[383]);

    lea(edi,CharArray2[383]);

    mov(384,ecx);

    rep.movsb();
  


  Although there are times when processing a string from tail to head is useful (see the cmps description in 11.1.5 The cmps Instruction), generally you'll process strings in the forward direction because that's more straightforward. There is one class of string operations where being able to process strings in both directions is absolutely mandatory: moving strings when the source and destination blocks overlap. Consider what happens in the following code:


  


  
    CharArray1:byte;

    CharArray2:byte[384];

    .

    .

    .

    cld();

    lea(esi,CharArray1);

    lea(edi,CharArray2);

    mov(384,ecx);

    rep.movsb();
  


  This sequence of instructions treats CharArray1 and CharArray2 as a pair of 384-byte strings. However, the last 383 bytes in the CharArray1 array overlap the first 383 bytes in the CharArray2 array. Let's trace the operation of this code byte by byte.


  When the CPU executes the movsb instruction, it copies the byte at ESI (CharArray1) to the byte pointed at by EDI (CharArray2). Then it increments ESI and EDI, decrements ECX by 1, and repeats this process. Now the ESI register points at CharArray1+1 (which is the address of CharArray2), and the EDI register points at CharArray2+1. The movsb instruction copies the byte pointed at by ESI to the byte pointed at by EDI. However, this is the byte originally copied from location CharArray1. So the movsb instruction copies the value originally in location CharArray1 to both locations CharArray2 and CharArray2+1. Again, the CPU increments ESI and EDI, decrements ECX, and repeats this operation. Now the movsb instruction copies the byte from location CharArray1+2 (CharArray2+1) to location CharArray2+2. But once again, this is the value that originally appeared in location CharArray1. Each repetition of the loop copies the next element in CharArray1[0] to the next available location in the CharArray2 array. Pictorially, it looks something like Figure11-1.


  The end result is that the movsb instruction replicates X throughout the string. The movsb instruction copies the source operand into the memory location, which will become the source operand for the very next move operation, which causes the replication.


  


  
    [image: ]
  


  
    Figure11-1.Copying data between two overlapping arrays (forward direction)
  


  If you really want to move one array into another when they overlap like this, you should move each element of the source string to the destination string starting at the end of the two strings, as shown in Figure11-2.


  Setting the direction flag and pointing ESI and EDI at the end of the strings will allow you to (correctly) move one string to another when the two strings overlap and the source string begins at a lower address than the destination string. If the two strings overlap and the source string begins at a higher address than the destination string, then clear the direction flag and point ESI and EDI at the beginning of the two strings.


  If the two strings do not overlap, then you can use either technique to move the strings around in memory. Generally, operating with the direction flag clear is the easiest, so that makes the most sense.


  


  
    [image: ]
  


  
    Figure11-2.Using a backward copy to copy data in overlapping arrays
  


  You shouldn't use the movsx instruction to fill an array with a single byte, word, or double-word value. Another string instruction, stos, is much better for this purpose. However, for arrays whose elements are 1, 2, or 4 bytes, you can use the movs instruction to initialize the entire array to the content of the first element.


  The movs instruction is sometimes more efficient when copying double words than it is copying bytes or words. On some systems, it typically takes the same amount of time to copy a byte using movsb as it does to copy a double word using movsd. Therefore, if you are moving a large number of bytes from one array to another, the copy operation will be faster if you can use the movsd instruction rather than the movsb instruction. If the number of bytes you wish to move is an even multiple of 4, this is a trivial change; just divide the number of bytes to copy by 4, load this value into ECX, and then use the movsb instruction. If the number of bytes is not evenly divisible by 4, then you can use the movsd instruction to copy all but the last 1, 2, or 3 bytes of the array (that is, the remainder after you divide the byte count by 4). For example, if you want to efficiently move 4,099 bytes, you can do so with the following instruction sequence.


  


  
    lea(esi,Source);

    lea(edi,Destination);

    mov(1024,ecx);//Copy1024dwords=4096bytes.

    rep.movsd();

    movsw();//Copybytes4097and4098.

    movsb();//Copythelastbyte.
  


  Using this technique to copy data never requires more than three movsx instructions because you can copy 1, 2, or 3 bytes with no more than two movsb and movsw instructions. The scheme above is most efficient if the two arrays are aligned on double-word boundaries. If not, you might want to move the movsb or movsw instruction (or both) before the movsd so that the movsd instruction works with double-word-aligned data.


  If you do not know the size of the block you are copying until the program executes, you can still use code like the following to improve the performance of a block move of bytes:


  


  
    lea(esi,Source);

    lea(edi,Dest);

    mov(Length,ecx);

    shr(2,ecx);//Divideby4.

    if(@nz)then//Onlyexecutemovsdif4ormorebytes.

    

    rep.movsd();//Copythedwords.

    

    endif;

    mov(Length,ecx);

    and(%11,ecx);//Compute(Lengthmod4).

    if(@nz)then//Onlyexecutemovsbif#bytes/4<>0.

    

    rep.movsb();//Copytheremaining1,2,or3bytes.

    

    endif;
  


  On many computer systems, the movsd instruction provides about the fastest way to copy bulk data from one location to another. While there are, arguably, faster ways to copy the data on certain CPUs, ultimately the memory bus performance is the limiting factor, and the CPUs are generally much faster than the memory bus. Therefore, unless you have a special system, writing fancy code to improve memory-to-memory transfers is probably a waste of time. Also note that Intel has improved the performance of the movsx instructions on later processors so that movsb operates almost as efficiently as movsw and movsd when copying the same number of bytes. Therefore, when working on a later 80x86 processor, it may be more efficient to simply use movsb to copy the specified number of bytes rather than go through all the complexity outlined above. The bottom line is this: If the speed of a block move matters to you, try it several different ways and pick the fastest (or the simplest, if they all run the same speed, which is likely).


  11.1.5 The cmps Instruction


  The cmps instruction compares two strings. The CPU compares the string referenced by EDI to the string pointed at by ESI. ECX contains the length of the two strings (when using the repe or repne prefix). Like the movs instruction, HLA allows several different forms of this instruction:


  


  
    cmpsb();

    cmpsw();

    cmpsd();

    

    repe.cmpsb();

    repe.cmpsw();

    repe.cmpsd();

    

    repne.cmpsb();

    repne.cmpsw();

    repne.cmpsd();
  


  As for the movs instruction, you specify the actual operand addresses in the ESI and EDI registers.


  Without a repeat prefix, the cmps instruction subtracts the value at location EDI from the value at ESI and updates the flags. Other than updating the flags, the CPU doesn't use the difference produced by this subtraction. After comparing the two locations, cmps increments or decrements the ESI and EDI registers by 1, 2, or 4 (for cmpsb/cmpsw/cmpsd, respectively). cmps increments the ESI and EDI registers if the direction flag is clear and decrements them otherwise.


  Of course, you will not tap the real power of the cmps instruction using it to compare single bytes, words, or double words in memory. This instruction shines when you use it to compare whole strings. With cmps, you can compare consecutive elements in a string until you find a match or until consecutive elements do not match.


  To compare two strings to see if they are equal or not equal, you must compare corresponding elements in a string until they don't match. Consider the following strings:


  


  
    "String1"

    "String1"
  


  The only way to determine that these two strings are equal is to compare each character in the first string to the corresponding character in the second. After all, the second string could have been String2, which definitely is not equal to String1. Once you encounter a character in the destination string that does not equal the corresponding character in the source string, the comparison can stop. You needn't compare any other characters in the two strings.


  The repe prefix accomplishes this operation. It will compare successive elements in a string as long as they are equal and ECX is greater than 0. We could compare the two strings above using the following 80x86 assembly language code:


  


  
    cld();

    mov(AdrsString1,esi);

    mov(AdrsString2,edi);

    mov(7,ecx);

    repe.cmpsb();
  


  After the execution of the cmpsb instruction, you can test the flags using the standard (unsigned) conditional jump instructions. This lets you check for equality, inequality, less than, greater than, and so on.


  Character strings are usually compared using lexicographical ordering. In lexicographical ordering, the least significant element of a string carries the most weight. This is in direct contrast to standard integer comparisons, where the most significant portion of the number carries the most weight. Furthermore, the length of a string affects the comparison only if the two strings are identical up to the length of the shorter string. For example, Zebra is less than Zebras because it is the shorter of the two strings; however, Zebra is greater than AAAAAAAAAAH! even though Zebra is shorter. Lexicographical comparisons compare corresponding elements until encountering a character that doesn't match or until encountering the end of the shorter string. If a pair of corresponding characters do not match, then this algorithm compares the two strings based on that single character. If the two strings match up to the length of the shorter string, we must compare their length. The two strings are equal if and only if their lengths are equal and each corresponding pair of characters in the two strings are identical. Lexicographical ordering is the standard alphabetical ordering you've grown up with.


  For character strings, use the cmps instruction in the following manner:


  
    
  


  
    	
      
        
          The direction flag must be cleared before comparing the strings.
        

      

    


    	
      
        
          Use the cmpsb instruction to compare the strings on a byte-by-byte basis. Even if the strings contain an even number of characters, you cannot use the cmpsw or cmpsd instructions. They do not compare strings in lexicographical order.
        

      

    


    	
      
        
          You must load the ECX register with the length of the smaller string.
        

      

    


    	
      
        
          Use the repe prefix.
        

      

    


    	
      
        
          The ESI and EDI registers must point at the very first character in the two strings you want to compare.
        

      

    

  


  After the execution of the cmps instruction, if the two strings were equal, their lengths must be compared in order to finish the comparison. The following code compares a couple of character strings:


  


  
    mov(AdrsStr1,esi);

    mov(AdrsStr2,edi);

    mov(LengthSrc,ecx);

    if(ecx>LengthDest)then//Putthelengthofthe

    //shorterstringinecx.

    mov(LengthDest,ecx);

    

    endif;

    repe.cmpsb();

    if(@z)then//Ifequaltothelengthofthe

    //shorterstring,cmplengths.

    mov(LengthSrc,ecx);

    cmp(ecx,LengthDest);

    

    endif;
  


  If you're using bytes to hold the string lengths, you should adjust this code appropriately (that is, use a movzx instruction to load the lengths into ECX). HLA strings use a double word to hold the current length value, so this isn't an issue when using HLA strings.


  You can also use the cmps instruction to compare multiword integer values (that is, extended-precision integer values). Because of the amount of setup required for a string comparison, this isn't practical for integer values less than six or eight double words in length, but for large integer values, it's an excellent way to compare such values. Unlike for character strings, we cannot compare integer strings using lexicographical ordering. When comparing strings, we compare the characters from the least significant byte to the most significant byte. When comparing integers, we must compare the values from the most significant byte (or word/double word) down to the least significant byte, word, or double word. So, to compare two 32-byte (256-bit) integer values, use the following code on the 80x86:


  


  
    std();

    lea(esi,SourceInteger[28]);

    lea(edi,DestInteger[28]);

    mov(8,ecx);

    rep.cmpsd();
  


  This code compares the integers from their most significant dword down to the least significant dword. The cmpsd instruction finishes when the two values are unequal or upon decrementing ECX to 0 (implying that the two values are equal). Once again, the flags provide the result of the comparison.


  The repne prefix will instruct the cmps instruction to compare successive string elements as long as they do not match. The 80x86 flags are of little use after the execution of this instruction. Either the ECX register is 0 (in which case the two strings are totally different), or it contains the number of elements compared in the two strings until a match is found. While this form of the cmps instruction isn't particularly useful for comparing strings, it is useful for locating the first pair of matching items in a couple of byte, word, or double-word arrays. In general, though, you'll rarely use the repne prefix with cmps.


  One last thing to keep in mind with using the cmps instruction: The value in the ECX register determines the number of elements to process, not the number of bytes. Therefore, when using cmpsw, ECX specifies the number of words to compare. Likewise, for cmpsd, ECX contains the number of double words to process.


  11.1.6 The scas Instruction


  The cmps instruction compares two strings against each other. You do not use it to search for a particular element within a string. For example, you could not use the cmps instruction to quickly scan for a 0 throughout some other string. You can use the scas (scan string) instruction for this task.


  Unlike the movs and cmps instructions, the scas instruction requires only a destination string (pointed at by EDI) rather than both a source and destination string. The source operand is the value in the AL (scasb), AX (scasw), or EAX (scasd) register. The scas instruction compares the value in the accumulator (AL, AX, or EAX) against the value pointed at by EDI and then increments (or decrements) EDI by 1, 2, or 4. The CPU sets the flags according to the result of the comparison. While this might be useful on occasion, scas is a lot more useful when using the repe and repne prefixes.


  With the repe prefix (repeat while equal), scas scans the string searching for an element that does not match the value in the accumulator. When using the repne prefix (repeat while not equal), scas scans the string, searching for the first string element that is equal to the value in the accumulator.


  You're probably wondering, "Why do these prefixes do exactly the opposite of what they ought to do?" The preceding paragraphs haven't quite phrased the operation of the scas instruction properly. When using the repe prefix with scas, the 80x86 scans through the string while the value in the accumulator is equal to the string operand. This is equivalent to searching through the string for the first element that does not match the value in the accumulator. The scas instruction with repne scans through the string while the accumulator is not equal to the string operand. Of course, this form searches for the first value in the string that matches the value in the accumulator register. The scas instructions take the following forms:


  


  
    scasb()

    scasw()

    scasd()

    

    repe.scasb()

    repe.scasw()

    repe.scasd()

    

    repne.scasb()

    repne.scasw()

    repne.scasd()
  


  Like the cmps and movs instructions, the value in the ECX register specifies the number of elements, not bytes, to process when using a repeat prefix.


  11.1.7 The stos Instruction


  The stos instruction stores the value in the accumulator at the location specified by EDI. After storing the value, the CPU increments or decrements EDI depending on the state of the direction flag. Although the stos instruction has many uses, its primary use is to initialize arrays and strings to a constant value. For example, if you have a 256-byte array you want to clear out with zeros, use the following code:


  


  
    cld();

    lea(edi,DestArray);

    mov(64,ecx);//64doublewords=256bytes.

    xor(eax,eax);//Zeroouteax.

    rep.stosd();
  


  This code writes 64 double words rather than 256 bytes because a single stosd operation is faster than four stosb operations.


  The stos instructions take six forms. They are:


  


  
    stosb();

    stosw();

    stosd();

    

    rep.stosb();

    rep.stosw();

    rep.stosd();
  


  The stosb instruction stores the value in the AL register into the specified memory location(s), the stosw instruction stores the AX register into the specified memory location(s), and the stosd instruction stores EAX into the specified location(s).


  Keep in mind that the stos instruction is useful only for initializing a byte, word, or double-word array to a constant value. If you need to initialize an array with elements that have different values, you cannot use the stos instruction.


  11.1.8 The lods Instruction


  The lods instruction is unique among the string instructions. You will probably never use a repeat prefix with this instruction. The lods instruction copies the byte, word, or double word pointed at by ESI into the AL, AX, or EAX register, after which it increments or decrements the ESI register by 1, 2, or 4. Repeating this instruction via the repeat prefix would serve almost no purpose whatsoever because the accumulator register will be overwritten each time the lods instruction repeats. At the end of the repeat operation, the accumulator will contain the last value read from memory.


  Instead, use the lods instruction to fetch bytes (lodsb), words (lodsw), or double words (lodsd) from memory for further processing. By using the lods and stos instructions, you can synthesize powerful string operations.


  Like the stos instruction, the lods instructions take six forms:


  


  
    lodsb();

    lodsw();

    lodsd();

    

    rep.lodsb();

    rep.lodsw();

    rep.lodsd();
  


  As mentioned earlier, you'll rarely, if ever, use the rep prefixes with these instructions.[130] The 80x86 increments or decrements ESI by 1, 2, or 4 depending on the direction flag and whether you're using the lodsb, lodsw, or lodsd instruction.


  11.1.9 Building Complex String Functions from lods and stos


  The 80x86 supports only five different string instructions: movs, cmps, scas, lods, and stos.[131] These certainly aren't the only string operations you'll ever want to use. However, you can use the lods and stos instructions to easily generate any particular string operation you like. For example, suppose you wanted a string operation that converts all the uppercase characters in a string to lowercase. You could use the following code:


  


  
    mov(StringAddress,esi);//Loadstringaddressintoesi.

    mov(esi,edi);//Alsopointedihere.

    mov((typestr.strRec[esi]).length,ecx);

    

    repeat

    

    lodsb();//Getthenextcharacterinthestring.

    if(alin'A'..'Z')then

    

    or($20,al);//Convertuppercasetolowercase.

    

    endif;

    stosb();//Storeconvertedcharintostring.

    dec(ecx);

    

    until(@z);//Zeroflagissetwhenecxis0.
  


  Because the lods and stos instructions use the accumulator as an intermediary location, you can use any accumulator operation to quickly manipulate string elements.


  

  


  [128] The 80x86 processor support two additional string instructions, ins and outs, which input strings of data from an input port or output strings of data to an output port. We will not consider these instructions because they are privileged instructions, and you cannot execute them in a standard 32-bit OS application.


  [129] Except for the cmps instruction, which repeats at most the number of times specified in the ECX register.


  [130] They appear here simply because they are allowed. They're not very useful, but they are allowed. About the only use for this form of the instruction is to "touch" items in the cache so they are preloaded into the cache. However, there are better ways to accomplish this.


  [131] Not counting ins and outs, which we're ignoring here.


  


  11.2 Performance of the 80x86 String Instructions


  In the early 80x86 processors, the string instructions provided the most efficient way to manipulate strings and blocks of data. However, these instructions are not part of Intel's RISC Core instruction set, and as such, they can be slower than doing the same operations using discrete instructions. Intel has optimized the movs instruction on later processors so that it operates about as rapidly as possible, but the other string instructions can be fairly slow. As always, it's a good idea to implement performance-critical algorithms using different algorithms (with and without the string instructions) and compare their performance to determine which solution to use.


  Keep in mind that the string instructions run at different speeds relative to other instructions depending on which processor you're using. Therefore, it's a good idea to try your experiments on the processors where you expect your code to run. Note that on most processors, the movs instruction is faster than the corresponding discrete instructions. Intel has worked hard to keep movs optimized because so much performance-critical code uses it.


  Although the string instructions can be slower than discrete instructions, there is no question that the string instructions are generally more compact than the discrete code that achieves the same result.


  


  11.3 For More Information


  The HLA Standard Library contains hundreds of string and pattern-matching functions you may find useful. All of this appears in source form at http://www.artofasm.com/ or http://webster.cs.ucr.edu/; you should check out some of that source code if you want to see some examples of string instructions in action. Note also that some of the HLA Standard Library routines use discrete instructions to implement certain high-performance algorithms. You may want to look at that code as an example of such code. The 16-bit edition of this book (which appears on the website) discusses the implementation of several character-string functions using the 80x86 string instructions. Check out that edition for additional examples (those examples do not appear here because of the performance problems with the string instructions). Finally, for general information about string functions, check out the HLA Standard Library reference manual. It explains the operation of the string and pattern-matching functions found in the HLA Standard Library.


  


  Chapter12.CLASSES AND OBJECTS


  [image: ]


  Many modern high-level languages support the notion of classes and objects. C++ (an object-oriented version of C), Java, and Delphi (an object-oriented version of Pascal) are good examples. Of course, these high-level language compilers translate their source code into low-level machine code, so it should be pretty obvious that some mechanism exists in machine code for implementing classes and objects.


  Although it has always been possible to implement classes and objects in machine code, most assemblers provide poor support for writing object-oriented assembly language programs. HLA does not suffer from this drawback because it provides good support for writing object-oriented assembly language programs. This chapter discusses the general principles behind object-oriented programming (OOP) and how HLA supports OOP.


  12.1 General Principles


  Before discussing the mechanisms behind OOP, it is probably a good idea to take a step back and explore the benefits of using OOP (especially in assembly language programs). Most texts that describe the benefits of OOP will use buzzwords like code reuse, abstract data types, improved development efficiency, and so on. While all of these features are nice and are good attributes for a programming paradigm, a good software engineer would question the use of assembly language in an environment where "improved development efficiency" is an important goal. After all, you can probably obtain far better efficiency by using a high-level language (even in a non-OOP fashion) than you can by using objects in assembly language. If the purported features of OOP don't seem to apply to assembly language programming, then why bother using OOP in assembly? This section will explore some of those reasons.


  The first thing you should realize is that the use of assembly language does not negate the aforementioned OOP benefits. OOP in assembly language does promote code reuse. It provides a good method for implementing abstract data types, and it can improve development efficiency in assembly language. In other words, if you're dead set on using assembly language, there are benefits to using OOP.


  To understand one of the principle benefits of OOP, consider the concept of a global variable. Most programming texts strongly recommend against the use of global variables in a program (as does this text). Interprocedural communication through global variables is dangerous because it is difficult to keep track of all the possible places in a large program that modify a given global object. Worse, it is very easy when making enhancements to accidentally reuse a global object for something other than its intended purpose; this tends to introduce defects into the system.


  Despite the well-understood problems with global variables, the semantics of global objects (extended lifetimes and accessibility from different procedures) are absolutely necessary in various situations. Objects solve this problem by letting the programmer determine the lifetime of an object[132] as well as allowing access to data fields from different procedures. Objects have several advantages over simple global variables insofar as objects can control access to their data fields (making it difficult for procedures to accidentally access the data), and you can also create multiple instances of an object, allowing separate sections of your program to use their own unique "global" object without interference from other sections.


  Of course, objects have many other valuable attributes. One could write several volumes on the benefits of objects and OOP; this single chapter cannot do the subject justice. This chapter presents objects with an eye toward using them in HLA/assembly programs. However, if you are new to OOP or wish more information about the object-oriented paradigm, you should consult other texts on this subject.


  An important use for classes and objects is to create abstract data types (ADTs). An abstract data type is a collection of data objects and the functions (which we'll call methods) that operate on the data. In a pure abstract data type, the ADT's methods are the only code that has access to the data fields of the ADT; external code may access the data only by using function calls to get or set data field values (these are the ADT's accessor methods). In real life, for efficiency reasons, most languages that support ADTs allow at least limited access to the data fields of an ADT by external code.


  Assembly language is not a language most people associate with ADTs. Nevertheless, HLA provides several features to allow the creation of rudimentary ADTs. While some might argue that HLA's facilities are not as complete as those in a language such as C++ or Java, keep in mind that these differences exist because HLA is an assembly language.


  True ADTs should support information hiding. This means that the ADT does not allow the user of an ADT access to internal data structures and routines that manipulate those structures. In essence, information hiding restricts ADT access to the ADT's accessor methods. Assembly language, of course, provides very few restrictions. If you are dead set on accessing an object directly, there is very little HLA can do to prevent you from doing this. However, HLA has some facilities that will provide a limited form of information hiding. Combining these with some care on your part, you will be able to enjoy many of the benefits of information hiding within your programs.


  The primary facilities HLA provides to support information hiding are separate compilation, linkable modules, and the #include/#includeonce directives. For our purposes, an abstract data type definition will consist of two sections: an interface section and an implementation section.


  The interface section contains the definitions that must be visible to the application program. In general, it should not contain any specific information that would allow the application program to violate the information-hiding principle, but this is often impossible given the nature of assembly language. Nevertheless, you should attempt to reveal only what is absolutely necessary within the interface section.


  The implementation section contains the code, data structures, and so on to actually implement the ADT. While some of the methods and data types appearing in the implementation section may be public (by virtue of appearance within the interface section), many of the subroutines, data items, and so on will be private to the implementation code. The implementation section is where you hide all the details from the application program.


  If you wish to modify the abstract data type at some point in the future, you will only have to change the interface and implementation sections. Unless you delete some previously visible object that the applications use, there will be no need to modify the applications at all.


  Although you could place the interface and implementation sections directly in an application program, this would not promote information hiding or maintainability, especially if you have to include the code in several different applications. The best approach is to place the implementation section in an include file that any interested application reads using the HLA #include directive and to place the implementation section in a separate module that you link with your applications.


  The include file would contain external directives, any necessary macros, and other definitions you want made public. It generally would not contain 80x86 code except, perhaps, in some macros. When an application wants to make use of an ADT, it would include this file.


  The separate assembly file containing the implementation section would contain all the procedures, functions, data objects, and so on to actually implement the ADT. Those names that you want to be public should appear in the interface include file and have the external attribute. You should also include the interface include file in the implementation file so you do not have to maintain two sets of external directives.


  One problem with using procedures for data access methods is the fact that many accessor methods are especially trivial (e.g., just a mov instruction), and the overhead of the call and return instructions is expensive for such trivial operations. For example, suppose you have an ADT whose data object is a structure, but you do not want to make the field names visible to the application and you really do not want to allow the application to access the fields of the data structure directly (because the data structure may change in the future). The normal way to handle this is to supply a GetField method that returns the value of the desired field. However, as pointed out above, this can be very slow. An alternative for simple access methods is to use a macro to emit the code to access the desired field. Although code to directly access the data object appears in the application program (via macro expansion), a recompile will automatically update it if you ever change the macro in the interface section.


  Although it is quite possible to create ADTs using nothing more than separate compilation and, perhaps, records, HLA does provide a better solution: the class. Read on to find out about HLA's support for classes and objects as well as how to use these to create ADTs.


  

  


  [132] Lifetime means the time during which the system allocates memory for an object.


  


  12.2 Classes in HLA


  Fundamentally, a class is a record declaration that allows the definition of non-data fields (e.g., procedures, constants, and macros). The inclusion of other objects in the class definition dramatically expands the capabilities of a class. For example, with a class it is now possible to easily define an ADT because classes may include data and methods (procedures) that operate on that data.


  The principle way to create an abstract data type in HLA is to declare a class data type. Classes in HLA always appear in the type section and use the following syntax:


  


  
    classname:class

    

    <<Classdeclarationsection>>

    

    endclass;
  


  The class declaration section is very similar to the local declaration section for a procedure insofar as it allows const, val, var, storage, readonly, static, and proc variable declaration sections. Classes also let you define macros and specify procedure, iterator,[133] and method prototypes (method declarations are legal only in classes). Conspicuously absent from this list is the type declaration section. You cannot declare new types within a class.


  A method is a special type of procedure that appears only within a class. A little later you will see the difference between procedures and methods; for now you can treat them as being the same. Other than a few subtle details regarding class initialization and the use of pointers to classes, their semantics are identical.[134] Generally, if you don't know whether to use a procedure or method in a class, the safest bet is to use a method.


  You do not place procedure/iterator/method code within a class. Instead you simply supply prototypes for these routines. A routine prototype consists of the procedure, iterator, or method reserved word, the routine name, any parameters, and a couple of optional procedure attributes (@use, @returns, and external). The actual routine definition (the body of the routine and any local declarations it needs) appears outside the class.


  The following example demonstrates a typical class declaration appearing in the type section:


  


  
    TYPE

    TypicalClass:class

    

    Const

    TCconst:=5;

    

    Val

    TCval:=6;

    

    var

    TCvar:uns32;//PrivatefieldusedonlybyTCproc.

    

    static

    TCstatic:int32;

    

    procedureTCproc(u:uns32);@returns("eax");

    iteratorTCiter(i:int32);external;

    

    methodTCmethod(c:char);

    

    endclass;
  


  As you can see, classes are very similar to records in HLA. Indeed, you can think of a record as being a class that allows only var declarations. HLA implements classes in a fashion quite similar to records insofar as it allocates sequential data fields in sequential memory locations. In fact, with only one minor exception, there is almost no difference between a record declaration and a class declaration that has only a var declaration section. Later you'll see exactly how HLA implements classes, but for now you can assume that HLA implements them the same as it does records, and you won't be too far off the mark.


  You can access the TCvar and TCstatic fields (in the class above) just like a record's fields. You access the const and val fields in a similar manner. If a variable of type TypicalClass has the name obj, you can access the fields of obj as follows:


  


  
    mov(obj.TCconst,eax);

    mov(obj.TCval,ebx);

    add(obj.TCvar,eax);

    add(obj.TCstatic,ebx);

    obj.TCproc(20);//CallstheTCprocprocedureinTypicalClass.

    etc.
  


  If an application program includes the class declaration above, it can create variables using the TypicalClass type and perform operations using the mentioned methods. Unfortunately, the application program can also access the fields of the ADT with impunity. For example, if a program created a variable MyClass of type TypicalClass, then it could easily execute instructions like mov( MyClass.TCvar, eax ); even though this field might be private to the implementation section. Unfortunately, if you are going to allow an application to declare a variable of type TypicalClass, the field names will have to be visible. While there are some tricks we could play with HLA's class definitions to help hide the private fields, the best solution is to thoroughly comment the private fields and then exercise some restraint when accessing the fields of that class. Specifically, this means that ADTs you create using HLA's classes cannot be "pure" ADTs because HLA allows direct access to the data fields. However, with a little discipline, you can simulate a pure ADT by simply electing not to access such fields outside the class's methods, procedures, and iterators.


  Prototypes appearing in a class are effectively forward declarations. Like normal forward declarations, all procedures, iterators, and methods you define in a class must have an actual implementation later in the code. Alternately, you may attach the external option to the end of a procedure, iterator, or method declaration within a class to inform HLA that the actual code appears in a separate module. As a general rule, class declarations appear in header files and represent the interface section of an ADT. The procedure, iterator, and method bodies appear in the implementation section, which is usually a separate source file that you compile separately and link with the modules that use the class.


  The following is an example of a sample class procedure implementation:


  


  
    procedureTypicalClass.TCproc(u:uns32);@nodisplay;

    <<Localdeclarationsforthisprocedure>>

    beginTCproc;

    

    <<Codetoimplementwhateverthisproceduredoes>>

    

    endTCProc;
  


  There are several differences between a standard procedure declaration and a class procedure declaration. First, and most obvious, the procedure name includes the class name (e.g., TypicalClass.TCproc). This differentiates this class procedure definition from a regular procedure that just happens to have the name TCproc. Note, however, that you do not have to repeat the class name before the procedure name in the begin and end clauses of the procedure (this is similar to procedures you define in HLA namespaces).


  A second difference between class procedures and nonclass procedures is not obvious. Some procedure attributes (@use, external, @returns, @cdecl, @pascal, and @stdcall) are legal only in the prototype declaration appearing within the class, while other attributes (@noframe, @nodisplay, @noalignstack, and @align) are legal only within the procedure definition and not within the class. Fortunately, HLA provides helpful error messages if you stick the option in the wrong place, so you don't have to memorize this rule.


  If a class routine's prototype does not have the external option, the compilation unit (that is, the program or unit) containing the class declaration must also contain the routine's definition or HLA will generate an error at the end of the compilation. For small, local classes (that is, when you're embedding the class declaration and routine definitions in the same compilation unit) the convention is to place the class's procedure, iterator, and method definitions in the source file shortly after the class declaration. For larger systems (that is, when separately compiling a class's routines), the convention is to place the class declaration in a header file by itself and place all the procedure, iterator, and method definitions in a separate HLA unit and compile them by themselves.


  

  


  [133] This text does not discuss iterators. See the HLA reference manual for details on this type of function.


  [134] Note, however, that the difference between procedures and methods makes all the difference in the world to the object-oriented programming paradigm, hence the inclusion of methods in HLA's class definitions.


  


  12.3 Objects


  Remember, a class definition is just a type. Therefore, when you declare a class type you haven't created a variable whose fields you can manipulate. An object is an instance of a class; that is, an object is a variable whose type is some class. You declare objects (i.e., class variables) the same way you declare other variables: in a var, static, or storage section.[135] Here is a pair of sample object declarations:


  


  
    var

    T1:TypicalClass;

    T2:TypicalClass;
  


  For a given class object, HLA allocates storage for each variable appearing in the var section of the class declaration. If you have two objects, T1 and T2, of type TypicalClass, then T1.TCvar is unique, as is T2.TCvar. This is the intuitive result (similar to record declarations); most data fields you define in a class will appear in the var declaration section of the class.


  Static data objects (for example, those you declare in the static or storage sections of a class declaration) are not unique among the objects of that class; that is, HLA allocates only a single static variable that all variables of that class share. For example, consider the following (partial) class declaration and object declarations:


  


  
    type

    sc:class

    

    var

    i:int32;

    

    static

    s:int32;

    .

    .

    .

    endclass;

    

    var

    s1:sc;

    s2:sc;
  


  In this example, s1.i and s2.i are different variables. However, s1.s and s2.s are aliases of one another. Therefore, an instruction like mov(5, s1.s); also stores 5 into s2.s. Generally you use static class variables to maintain information about the whole class, while you use class var objects to maintain information about the specific object. Because keeping track of class information is relatively rare, you will probably declare most class data fields in a var section.


  You can also create dynamic instances of a class and refer to those dynamic objects via pointers. In fact, this is probably the most common form of object storage and access. The following code shows how to create pointers to objects and how you can dynamically allocate storage for an object:


  


  
    var

    pSC:pointertosc;

    .

    .

    .

    mem.alloc(@size(sc));

    mov(eax,pSC);

    .

    .

    .

    mov(pSC,ebx);

    mov((typesc[ebx]).i,eax);
  


  Note the use of type coercion to cast the pointer in EBX as type sc.


  

  


  [135] Technically, you could also declare an object in a readonly section, but HLA does not allow you to define class constants, so there is little utility in declaring class objects in the readonly section.


  


  12.4 Inheritance


  Inheritance is one of the most fundamental ideas behind object-oriented programming. The basic idea is that a class inherits, or copies, all the fields from some class and then possibly expands the number of fields in the new data type. For example, suppose you created a data type point that describes a point in the planar (two-dimensional) space. The class for this point might look like the following:


  


  
    type

    point:class

    

    var

    x:int32;

    y:int32;

    

    methoddistance;

    

    endclass;
  


  Suppose you want to create a point in 3D space rather than 2D space. You can easily build such a data type as follows:


  


  
    type

    point3D:classinherits(point)

    

    var

    z:int32;

    

    endclass;
  


  The inherits option on the class declaration tells HLA to insert the fields of point at the beginning of the class. In this case, point3D inherits the fields of point. HLA always places the inherited fields at the beginning of a class object. The reason for this will become clear a little later. If you have an instance of point3D, which you call P3, then the following 80x86 instructions are all legal:


  


  
    mov(P3.x,eax);

    add(P3.y,eax);

    mov(eax,P3.z);

    P3.distance();
  


  Note that the p3.distance method invocation in this example calls the point.distance method. You do not have to write a separate distance method for the point3D class unless you really want to do so (see the next section for details). Just like the x and y fields, point3D objects inherit point's methods.


  


  12.5 Overriding


  Overriding is the process of replacing an existing method in an inherited class with one more suitable for the new class. In the point and point3D examples appearing in the previous section, the distance method (presumably) computes the distance from the origin to the specified point. For a point on a two-dimensional plane, you can compute the distance using the following function:


  
    
      	d = √ x2 + y2
    

  


  However, the distance for a point in 3D space is given by this equation:


  
    
      	d = √ x2 + y2 + z2
    

  


  Clearly, if you call the distance function for point for a point3D object, you will get an incorrect answer. In the previous section, however, you saw that the P3 object calls the distance function inherited from the point class. Therefore, this would produce an incorrect result.


  In this situation the point3D data type must override the distance method with one that computes the correct value. You cannot simply redefine the point3D class by adding a distance method prototype:


  


  
    type

    point3D:classinherits(point)

    

    var

    z:int32;

    methoddistance;//Thisdoesn'twork!

    endclass;
  


  The problem with the distance method declaration above is that point3D already has a distance method—the one that it inherits from the point class. HLA will complain because it doesn't like two methods with the same name in a single class.


  To solve this problem, we need some mechanism by which we can override the declaration of point.distance and replace it with a declaration for point3D.distance. To do this, you use the override keyword before the method declaration:


  


  
    type

    point3D:classinherits(point)

    

    var

    z:int32;

    

    overridemethoddistance;//Thiswillwork!

    

    endclass;
  


  The override prefix tells HLA to ignore the fact that point3D inherits a method named distance from the point class. Now, any call to the distance method via a point3D object will call the point3D.distance method rather than point.distance. Of course, once you override a method using the override prefix, you must supply the method in the implementation section of your code. For example:


  


  
    methodpoint3D.distance;@nodisplay;

    

    <<Localdeclarationsforthedistancefunction>>

    

    begindistance;

    

    <<Codetoimplementthedistancefunction>>

    

    enddistance;
  


  


  12.6 Virtual Methods vs. Static Procedures


  A little earlier, this chapter suggested that you could treat class methods and class procedures the same. There are, in fact, some major differences between the two (after all, why have methods if they're the same as procedures?). As it turns out, the differences between methods and procedures are crucial if you want to develop object-oriented programs. Methods provide the second feature necessary to support true polymorphism: virtual procedure calls.[136] A virtual procedure call is just a fancy name for an indirect procedure call (using a pointer associated with the object). The key benefit of virtual procedures is that the system automatically calls the right method when using pointers to generic objects.


  Consider the following declarations using the point class from the previous sections:


  


  
    var

    P2:point;

    P:pointertopoint;
  


  Given the declarations above, the following assembly statements are all legal:


  


  
    mov(P2.x,eax);

    mov(P2.y,ecx);

    P2.distance();//Callspoint3D.distance.

    

    lea(ebx,P2);//StoreaddressofP2intoP.

    mov(ebx,P);

    P.distance();//Callspoint.distance.
  


  Note that HLA lets you call a method via a pointer to an object rather than directly via an object variable. This is a crucial feature of objects in HLA and a key to implementing virtual method calls.


  The magic behind polymorphism and inheritance is that object pointers are generic. In general, when your program references data indirectly through a pointer, the value of the pointer should be the address of some value of the underlying data type associated with that pointer. For example, if you have a pointer to a 16-bit unsigned integer, you wouldn't normally use that pointer to access a 32-bit signed integer value. Similarly, if you have a pointer to some record, you would not normally cast that pointer to some other record type and access the fields of that other type.[137] With pointers to class objects, however, we can lift this restriction a little. Pointers to objects may legally contain the address of the object's type or the address of any object that inherits the fields of that type. Consider the following declarations that use the point and point3D types from the previous examples:


  


  
    var

    P2:point;

    P3:point3D;

    p:pointertopoint;

    .

    .

    .

    

    lea(ebx,P2);

    mov(ebx,p);

    p.distance();//Callsthepoint.distancemethod.

    .

    .

    .

    lea(ebx,P3);

    mov(ebx,p);//Yes,thisissemanticallylegal.

    p.distance();//Surprise,thiscallspoint3D.distance.
  


  Because p is a pointer to a point object, it might seem intuitive for p.distance to call the point.distance method. However, methods are polymorphic. If you have a pointer to an object and you call a method associated with that object, the system will call the actual (overridden) method associated with the object, not the method specifically associated with the pointer's class type.


  Class procedures behave differently than methods with respect to overridden procedures. When you call a class procedure indirectly through an object pointer, the system will always call the procedure associated with the underlying class. So had distance been a procedure rather than a method in the previous examples, the p.distance(); invocation would always call point.distance, even if p were pointing at a point3D object. 12.9 Constructors and Object Initialization explains why methods and procedures are different.


  

  


  [136] Polymorphism literally means "many-faced." In the context of object-oriented programming, polymorphism means that the same method name, for example, distance, refers to one of several different methods.


  [137] Of course, assembly language programmers break rules like this all the time. For now, let's assume we're playing by the rules and access the data using only the data type associated with the pointer.


  


  12.7 Writing Class Methods and Procedures


  For each class procedure and method prototype appearing in a class definition, there must be a corresponding procedure or method appearing within the program (for the sake of brevity, this section will use the term routine to mean procedure or method from this point forward). If the prototype does not contain the external option, then the code must appear in the same compilation unit as the class declaration. If the external option does follow the prototype, then the code may appear in the same compilation unit or a different compilation unit (as long as you link the resulting object file with the code containing the class declaration). Like external (non-class) procedures, if you fail to provide the code, the linker will complain when you attempt to create an executable file. To reduce the size of the following examples, they will all define their routines in the same source file as the class declaration.


  HLA class routines must always follow the class declaration in a compilation unit. If you are compiling your routines in a separate unit, the class declarations must still precede the implementation of the routines from the class (usually via an #include file). If you haven't defined the class by the time you define a routine like point.distance, HLA doesn't know that point is a class and, therefore, doesn't know how to handle the routine's definition.


  Consider the following declarations for a point2D class:


  


  
    type

    point2D:class

    const

    UnitDistance:real32:=1.0;

    

    var

    x:real32;

    y:real32;

    

    static

    LastDistance:real32;

    

    methoddistance

    (

    fromX:real32;

    fromY:real32

    );@returns("st0");

    procedureInitLastDistance;

    

    endclass;
  


  The distance function for this class should compute the distance from the object's point to (fromX,fromY). The following formula describes this computation:


  [image: ]


  A first pass at writing the distance method might produce the following code:


  


  
    methodpoint2D.distance(fromX:real32;fromY:real32);@nodisplay;

    begindistance;

    

    fld(x);//Note:thisdoesn'twork!

    fld(fromX);//Compute(x-fromX)

    fsubp();

    fld(st0);//DuplicatevalueonTOS.

    fmulp();//Computesquareofdifference.

    

    fld(y);//Thisdoesn'tworkeither.

    fld(fromY);//Compute(y-fromY)

    fsubp();

    fld(st0);//Computethesquareofthedifference.

    fmulp();

    faddp();

    fsqrt();

    

    enddistance;
  


  This code probably looks like it should work to someone who is familiar with an object-oriented programming language like C++ or Delphi. However, as the comments indicate, the instructions that push the x and y variables onto the FPU stack don't work; HLA doesn't automatically define the symbols associated with the data fields of a class within that class's routines.


  To learn how to access the data fields of a class within that class's routines, we need to back up a moment and discuss some very important implementation details concerning HLA's classes. To do this, consider the following variable declarations:


  


  
    var

    Origin:point2D;

    PtInSpace:point2D;
  


  Remember, whenever you create two objects like Origin and PtInSpace, HLA reserves storage for the x and y data fields for both of these objects. However, there is only one copy of the point2D.distance method in memory. Therefore, were you to call Origin.distance and PtInSpace.distance, the system would call the same routine for both method invocations. Once inside that method, one has to wonder what an instruction like fld( x ); would do. How does it associate x with Origin.x or PtInSpace.x? Worse still, how would this code differentiate between the data field x and a global object x? In HLA, the answer is, it doesn't. You do not specify the data field names within a class routine by simply using their names as though they were common variables.


  To differentiate Origin.x from PtInSpace.x within class routines, HLA automatically passes a pointer to an object's data fields whenever you call a class routine. Therefore, you can reference the data fields indirectly off this pointer. HLA passes this object pointer in the ESI register. This is one of the few places where HLA-generated code will modify one of the 80x86 registers behind your back: Anytime you call a class routine, HLA automatically loads the ESI register with the object's address. Obviously, you cannot count on ESI's value being preserved across class routine calls, nor can you pass parameters to the class routine in the ESI register (though it is perfectly reasonable to specify @use esi; to allow HLA to use the ESI register when setting up other parameters). For class methods (but not procedures), HLA will also load the EDI register with the address of the classes' virtual method table. While the virtual method table address isn't as interesting as the object address, keep in mind that HLA-generated code will overwrite any value in the EDI register when you call a class method or an iterator. Again, "EDI" is a good choice for the @use operand for methods because HLA will wipe out the value in EDI anyway.


  Upon entry into a class routine, ESI contains a pointer to the (nonstatic) data fields associated with the class. Therefore, to access fields like x and y (in our point2D example), you could use an address expression like the following:


  


  
    (typepoint2D[esi]).x
  


  Because you use ESI as the base address of the object's data fields, it's a good idea not to disturb ESI's value within the class routines (or, at least, preserve ESI's value across the code where you must use ESI for some other purpose). Note that within a method you do not have to preserve EDI (unless, for some reason, you need access to the virtual method table, which is unlikely).


  Accessing the fields of a data object within a class's routines is such a common operation that HLA provides a shorthand notation for casting ESI as a pointer to the class object: this. Within a class in HLA, the reserved word this automatically expands to a string of the form (type classname [esi]), substituting, of course, the appropriate class name for classname. Using the this keyword, we can (correctly) rewrite the previous distance method as follows:


  


  
    methodpoint2D.distance(fromX:real32;fromY:real32);@nodisplay;

    begindistance;

    

    fld(this.x);

    fld(fromX);//Compute(x-fromX).

    fsubp();

    fld(st0);//DuplicatevalueonTOS.

    fmulp();//Computesquareofdifference.

    

    fld(this.y);

    fld(fromY);//Compute(y-fromY).

    fsubp();

    fld(st0);//Computethesquareofthedifference.

    fmulp();

    faddp();

    fsqrt();

    

    enddistance;
  


  Don't forget that calling a class routine wipes out the value in the ESI register. This isn't obvious from the syntax of the routine's invocation. It is especially easy to forget this when calling some class routine from inside some other class routine; remember that if you do this, the internal call wipes out the value in ESI and on return from that call ESI no longer points at the original object. Always push and pop ESI (or otherwise preserve ESI's value) in this situation. For example:


  


  
    .

    .

    .

    fld(this.x);//esipointsatcurrentobject.

    .

    .

    .

    push(esi);//Preserveesiacrossthismethodcall.

    SomeObject.SomeMethod();

    pop(esi);

    .

    .

    .

    lea(ebx,this.x);//esipointsatoriginalobjecthere.
  


  The this keyword provides access to the class variables you declare in the var section of a class. You can also use this to call other class routines associated with the current object. For example:


  


  
    this.distance(5.0,6.0);
  


  To access class constants and static data fields, you generally do not use the this pointer. HLA associates constant and static data fields with the whole class, not a specific object ( just like static fields in a class). To access these class members, use the class name in place of the object name. For example, to access the UnitDistance constant in the point2d class you could use a statement like the following:


  


  
    fld(point2D.UnitDistance);
  


  As another example, if you wanted to update the LastDistance field in the point2D class each time you computed a distance, you could rewrite the point2D.distance method as follows:


  


  
    methodpoint2D.distance(fromX:real32;fromY:real32);@nodisplay;

    begindistance;

    

    fld(this.x);

    fld(fromX);//Compute(x-fromX).

    fsubp();

    fld(st0);//DuplicatevalueonTOS.

    fmulp();//Computesquareofdifference.

    

    fld(this.y);

    fld(fromY);//Compute(y-fromY).

    fsubp();

    fld(st0);//Computethesquareofthedifference.

    fmulp();

    faddp();

    fsqrt();

    

    fst(point2D.LastDistance);//Updateshared(STATIC)field.

    

    enddistance;
  


  The next section will explain why you use the class name when referring to constants and static objects but you use this to access var objects.


  Class procedures are also static objects, so it is possible to call a class procedure by specifying the class name rather than an object name in the procedure invocation; for example, both of the following are legal:


  


  
    Origin.InitLastDistance();

    point2D.InitLastDistance();
  


  There is, however, a subtle difference between these two class procedure calls. The first call above loads ESI with the address of the origin object prior to actually calling the InitLastDistance procedure. The second call, however, is a direct call to the class procedure without referencing an object; therefore, HLA doesn't know what object address to load into the ESI register. In this case, HLA loads NULL (0) into ESI prior to calling the InitLastDistance procedure. Because you can call class procedures in this manner, it's always a good idea to check the value in ESI within your class procedures to verify that HLA contains a valid object address. Checking the value in ESI is a good way to determine which calling mechanism is in use. 12.9 Constructors and Object Initialization discusses constructors and object initialization; then you will see a good use for static procedures and calling those procedures directly (rather than through the use of an object).


  


  12.8 Object Implementation


  In a high-level object-oriented language like C++ or Delphi, it is quite possible to master the use of objects without really understanding how the machine implements them. One of the reasons for learning assembly language programming is to fully comprehend low-level implementation details so you can make educated decisions concerning the use of programming constructs like objects. Further, because assembly language allows you to poke around with data structures at a very low level, knowing how HLA implements objects can help you create certain algorithms that would not be possible without a detailed knowledge of object implementation. Therefore, this section and its corresponding subsections explain the low-level implementation details you will need to know in order to write object-oriented HLA programs.


  HLA implements objects in a manner quite similar to records. In particular, HLA allocates storage for all var objects in a class in a sequential fashion, just like records. Indeed, if a class consists of only var data fields, the memory representation of that class is nearly identical to that of a corresponding record declaration. Consider the student record declaration taken from Chapter4 and the corresponding class (see Figure12-1 and Figure12-2, respectively).


  


  
    type

    student:record

    Name:char[65];

    Major:int16;

    SSN:char[12];

    Midterm1:int16;

    Midterm2:int16;

    Final:int16;

    Homework:int16;

    Projects:int16;

    endrecord;

    student2:class

    var

    Name:char[65];

    Major:int16;

    SSN:char[12];

    Midterm1:int16;

    Midterm2:int16;

    Final:int16;

    Homework:int16;

    Projects:int16;

    endclass;
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    Figure12-1.student record implementation in memory
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    Figure12-2.student class implementation in memory
  


  If you look carefully at Figure12-1 and Figure12-2, you'll discover that the only difference between the class and the record implementations is the inclusion of the VMT (virtual method table) pointer field at the beginning of the class object. This field, which is always present in a class, contains the address of the class's virtual method table that, in turn, contains the addresses of all the class's methods and iterators. The VMT field, by the way, is present even if a class doesn't contain any methods or iterators.


  As pointed out in previous sections, HLA does not allocate storage for static objects within the object. Instead, HLA allocates a single instance of each static data field that all objects share. As an example, consider the following class and object declarations:


  


  
    type

    tHasStatic:class

    

    

    var

    i:int32;

    j:int32;

    r:real32;

    

    static

    c:char[2];

    b:byte;

    

    endclass;

    

    var

    hs1:tHasStatic;

    hs2:tHasStatic;
  


  Figure12-3 shows the storage allocation for these two objects in memory.
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    Figure12-3.Object allocation with static data fields
  


  Of course, const, val, and #macro objects do not have any runtime memory requirements associated with them, so HLA does not allocate any storage for these fields. Like the static data fields, you may access const, val, and #macro fields using the class name as well as an object name. Hence, even if tHasStatic has these types of fields, the memory organization for tHasStatic objects would still be the same as shown in Figure12-3.


  Other than the presence of the virtual method table (VMT) pointer, the presence of methods and procedures has no impact on the storage allocation of an object. Of course, the machine instructions associated with these routines do appear somewhere in memory. So in a sense the code for the routines is quite similar to static data fields insofar as all the objects share a single instance of the routine.


  12.8.1 Virtual Method Tables


  When HLA calls a class procedure, it directly calls that procedure using a call instruction, just like any normal procedure call. Methods are another story altogether. Each object in the system carries a pointer to a virtual method table, which is an array of pointers to all the methods and iterators appearing within the object's class (see Figure12-4).
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    Figure12-4.Virtual method table organization
  


  Each iterator or method you declare in a class has a corresponding entry in the virtual method table. That double-word entry contains the address of the first instruction of that iterator or method. Calling a class method or iterator is a bit more work than calling a class procedure (it requires one additional instruction plus the use of the EDI register). Here is a typical calling sequence for a method:


  


  
    mov(ObjectAdrs,ESI);//Allclassroutinesdothis.

    mov([esi],edi);//GettheaddressoftheVMTintoedi

    call((typedword[edi+n]));//"n"istheoffsetofthemethod's

    //entryintheVMT.
  


  For a given class there is only one copy of the virtual method table in memory. This is a static object, so all objects of a given class type share the same virtual method table. This is reasonable because all objects of the same class type have exactly the same methods and iterators (see Figure12-5).


  Although HLA builds the VMT record structure as it encounters methods and iterators within a class, HLA does not automatically create the virtual method table for you. You must explicitly declare this table in your program. To do this, you include a statement like the following in a static or readonly declaration section of your program. For example:


  


  
    readonly

    VMT(classname);
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    Figure12-5.All objects that are the same class type share the same VMT.
  


  Because the addresses in a virtual method table should never change during program execution, the readonly section is probably the best choice for declaring virtual method tables. It should go without saying that changing the pointers in a virtual method table is, in general, a really bad idea. So putting VMTs in a static section is usually not a good idea.


  A declaration like the one above defines the variable classname._VMT_. In 12.9 Constructors and Object Initialization, you will see that you need this name when initializing object variables. The class declaration automatically defines the classname._VMT_ symbol as an external static variable. The declaration above just provides the actual definition for this external symbol.


  The declaration of a VMT uses a somewhat strange syntax because you aren't actually declaring a new symbol with this declaration; you're simply supplying the data for a symbol that you previously declared implicitly by defining a class. That is, the class declaration defines the static table variable classname._VMT_; all you're doing with the VMT declaration is telling HLA to emit the actual data for the table. If, for some reason, you would like to refer to this table using a name other than classname._VMT_, HLA does allow you to prefix the declaration above with a variable name. For example:


  


  
    readonly

    myVMT:VMT(classname);
  


  In this declaration, myVMT is an alias of classname._VMT_. As a general rule, you should avoid using aliases in a program because they make the program more difficult to read and understand. Therefore, it is unlikely that you would ever need to use this type of declaration.


  As with any other global static variable, there should be only one instance of a virtual method table for a given class in a program. The best place to put the VMT declaration is in the same source file as the class's method, iterator, and procedure code (assuming they all appear in a single file). This way you will automatically link in the virtual method table whenever you link in the routines for a given class.


  12.8.2 Object Representation with Inheritance


  Up to this point, the discussion of the implementation of class objects has ignored the possibility of inheritance. Inheritance affects the memory representation of an object only by adding fields that are not explicitly stated in the class declaration.


  Adding inherited fields from a base class to another class must be done carefully. Remember, an important attribute of a class that inherits fields from a base class is that you can use a pointer to the base class to access the inherited fields from that base class, even if the pointer contains the address of some other class (that inherits the fields from the base class). As an example, consider the following classes:


  


  
    type

    tBaseClass:class

    var

    i:uns32;

    j:uns32;

    r:real32;

    

    methodmBase;

    endclass;

    

    tChildClassA:classinherits(tBaseClass)

    var

    c:char;

    b:boolean;

    w:word;

    

    methodmA;

    endclass;

    

    tChildClassB:classinherits(tBaseClass)

    var

    d:dword;

    c:char;

    a:byte[3];

    

    endclass;
  


  Because both tChildClassA and tChildClassB inherit the fields of tBaseClass, these two child classes include the i, j, and r fields as well as their own specific fields. Furthermore, whenever you have a pointer variable whose base type is tBaseClass, it is legal to load this pointer with the address of any child class of tBaseClass; therefore, it is perfectly reasonable to load such a pointer with the address of a tChildClassA or tChildClassB variable. For example:


  


  
    var

    B1:tBaseClass;

    CA:tChildClassA;

    CB:tChildClassB;

    ptr:pointertotBaseClass;

    .

    .

    .

    lea(ebx,B1);

    mov(ebx,ptr);

    <<Useptr>>

    .

    .

    .

    lea(eax,CA);

    mov(ebx,ptr);

    <<Useptr>>

    .

    .

    .

    lea(eax,CB);

    mov(eax,ptr);

    <<Useptr>>
  


  Because ptr points at an object of type tBaseClass, you may legally (from a semantic sense) access the i, j, and r fields of the object where ptr is pointing. It is not legal to access the c, b, w, or d field of the tChildClassA or tChildClassB objects because at any one given moment the program may not know exactly what object type ptr references.


  In order for inheritance to work properly, the i, j, and r fields must appear at the same offsets in all child classes as they do in tBaseClass. This way, an instruction of the form mov((type tBaseClass [ebx]).i, eax); will correctly access the i field even if EBX points at an object of type tChildClassA or tChildClassB. Figure12-6 shows the layout of the child and base classes.


  Note that the new fields in the two child classes bear no relation to one another, even if they have the same name (for example, the c fields in the two child classes do not lie at the same offset). Although the two child classes share the fields they inherit from their common base class, any new fields they add are unique and separate. Two fields in different classes share the same offset only by coincidence if those fields are not inherited from a common base class.
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    Figure12-6.Layout of base and child class objects in memory
  


  All classes (even those that aren't related to one another) place the pointer to the virtual method table at offset 0 within the object. There is a single virtual method table associated with each class in a program; even classes that inherit fields from some base class have a virtual method table that is (generally) different than the base class's table. Figure12-7 shows how objects of type tBaseClass, tChildClassA, and tChildClassB point at their specific virtual method tables.
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    Figure12-7.Virtual method table references from objects
  


  A virtual method table is nothing more than an array of pointers to the methods and iterators associated with a class. The address of the first method or iterator that appears in a class is at offset 0, the address of the second appears at offset 4, and so on. You can determine the offset value for a given iterator or method by using the @offset function. If you want to call a method directly (using 80x86 syntax rather than HLA's high-level syntax), you could use code like the following:


  


  
    var

    sc:tBaseClass;

    .

    .

    .

    lea(esi,sc);//Gettheaddressoftheobject(&VMT).

    mov([esi],edi);//PutaddressofVMTintoedi.

    call((typedword[edi+@offset(tBaseClass.mBase)]);
  


  Of course, if the method has any parameters, you must push them onto the stack before executing the code above. Don't forget when making direct calls to a method, you must load ESI with the address of the object. Any field references within the method will probably depend on ESI containing this address. The choice of EDI to contain the VMT address is nearly arbitrary. Unless you're doing something tricky (like using EDI to obtain runtime type information), you could use any register you please here. As a general rule, you should use EDI when simulating class method calls because this is the convention that HLA employs, and most programmers will expect this usage.


  Whenever a child class inherits fields from some base class, the child class's virtual method table also inherits entries from the base class's table. For example, the virtual method table for class tBaseClass contains only a single entry—a pointer to method tBaseClass.mBase. The virtual method table for class tChildClassA contains two entries: a pointer to tBaseClass.mBase and tChildClassA.mA. Because tChildClassB doesn't define any new methods or iterators, tChildClassB's virtual method table contains only a single entry, a pointer to the tBaseClass.mBase method. Note that tChildClassB's virtual method table is identical to tBaseclass's table. Nevertheless, HLA produces two distinct virtual method tables. This is a critical fact that we will make use of a little later. Figure12-8 shows the relationship between these virtual method tables.
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    Figure12-8.Virtual method tables for inherited classes
  


  Although the virtual method table pointer always appears at offset 0 in an object (and, therefore, you can access the pointer using the address expression [ESI] if ESI points at an object), HLA actually inserts a symbol into the symbol table so you may refer to the virtual method table pointer symbolically. The symbol _pVMT_ (pointer to virtual method table) provides this capability. So a more readable way to access the pointer (as in the previous code example) is:


  


  
    lea(esi,sc);

    mov((typetBaseClass[esi])._pVMT_,edi);

    call((typedword[edi+@offset(tBaseClass.mBase)]);
  


  If you need to access the virtual method table directly, there are a couple of ways to do this. Whenever you declare a class object, HLA automatically includes a field named _VMT_ as part of that class. _VMT_ is a static array of double-word objects. Therefore, you may refer to the virtual method table using an identifier of the form classname._VMT_. Generally, you shouldn't access the virtual method table directly, but as you'll see shortly, there are some good reasons why you need to know the address of this object in memory.


  


  12.9 Constructors and Object Initialization


  If you've tried to get a little ahead of the game and write a program that uses objects prior to this point, you've probably discovered that the program inexplicably crashes whenever you attempt to run it. We've covered a lot of material in this chapter thus far, but you are still missing one crucial piece of information—how to properly initialize objects prior to use. This section will put the final piece into the puzzle and allow you to begin writing programs that use classes.


  Consider the following object declaration and code fragment:


  


  
    var

    bc:tBaseClass;

    .

    .

    .

    bc.mBase();
  


  Remember that variables you declare in the var section are uninitialized at runtime. Therefore, when the program containing these statements gets around to executing bc.mBase, it executes the three-statement sequence you've seen several times already:


  


  
    lea(esi,bc);

    mov([esi],edi);

    call((typedword[edi+@offset(tBaseClass.mBase)]);
  


  The problem with this sequence is that it loads EDI with an undefined value assuming you haven't previously initialized the bc object. Because EDI contains a garbage value, attempting to call a subroutine at address [EDI+@offset(tBaseClass.mBase)] will likely crash the system. Therefore, before using an object, you must initialize the _pVMT_ field with the address of that object's virtual method table. One easy way to do this is with the following statement:


  


  
    mov(&tBaseClass._VMT_,bc._pVMT_);
  


  Always remember, before using an object, be sure to initialize the virtual method table pointer for that object.


  Although you must initialize the virtual method table pointer for all objects you use, this may not be the only field you need to initialize in those objects. Each specific class may have its own application-specific initialization. Although the initialization may vary by class, you need to perform the same initialization on each object of a specific class that you use. If you ever create more than a single object from a given class, it is probably a good idea to create a procedure to do this initialization for you. This is such a common operation that object-oriented programmers have given these initialization procedures a special name: constructors.


  Some object-oriented languages (e.g., C++) use a special syntax to declare a constructor. Others (e.g., Delphi) simply use existing procedure declarations to define a constructor. One advantage to employing a special syntax is that the language knows when you define a constructor and can automatically generate code to call that constructor for you (whenever you declare an object). Languages like Delphi require that you explicitly call the constructor; this can be a minor inconvenience and a source of defects in your programs. HLA does not use a special syntax to declare constructors: you define constructors using standard class procedures. Thus, you will need to explicitly call the constructors in your program; however, you'll see an easy method for automating this in 12.11 HLA's _initialize_ and _finalize_ Strings.


  Perhaps the most important fact you must remember is that constructors must be class procedures. You must not define constructors as methods. The reason is quite simple: one of the tasks of the constructor is to initialize the pointer to the virtual method table, and you cannot call a class method or iterator until after you've initialized the VMT pointer. Because class procedures don't use the virtual method table, you can call a class procedure prior to initializing the VMT pointer for an object.


  By convention, HLA programmers use the name create for the class constructor. There is no requirement that you use this name, but by doing so you will make your programs easier to read and follow by other programmers.


  As you may recall, you can call a class procedure via an object reference or a class reference. For example, if clsProc is a class procedure of class tClass and Obj is an object of type tClass, then the following two class procedure invocations are both legal.


  


  
    tClass.clsProc();

    Obj.clsProc();
  


  There is a big difference between these two calls. The first one calls clsProc with ESI containing 0 (NULL), while the second invocation loads the address of Obj into ESI before the call. We can use this fact to determine within a method the particular calling mechanism.


  12.9.1 Dynamic Object Allocation Within the Constructor


  As it turns out, most programs allocate objects dynamically using mem.alloc and refer to those objects indirectly using pointers. This adds one more step to the initialization process—allocating storage for the object. The constructor is the perfect place to allocate this storage. Because you probably won't need to allocate all objects dynamically, you'll need two types of constructors: one that allocates storage and then initializes the object, and another that simply initializes an object that already has storage.


  Another constructor convention is to merge these two constructors into a single constructor and differentiate the type of constructor call by the value in ESI. On entry into the class's create procedure, the program checks the value in ESI to see if it contains NULL (0). If so, the constructor calls mem.alloc to allocate storage for the object and returns a pointer to the object in ESI. If ESI does not contain NULL upon entry into the procedure, then the constructor assumes that ESI points at a valid object and skips over the memory allocation statements. At the very least, a constructor initializes the pointer to the virtual method table; therefore, the minimalist constructor will look like the following:


  


  
    proceduretBaseClass.create;@nodisplay;

    begincreate;

    

    if(ESI=0)then

    

    push(eax);//mem.allocreturnsitsresulthere,sosaveit.

    mem.alloc(@size(tBaseClass));

    mov(eax,esi);//Putpointerintoesi.

    pop(eax);

    

    endif;

    

    //InitializethepointertotheVMT:

    //Remember,"this"isshorthandfor"(typetBaseClass[esi])".

    

    mov(&tBaseClass._VMT_,this._pVMT_);

    

    //Otherclassinitializationwouldgohere.

    

    endcreate;
  


  After you write a constructor like the preceding, you choose an appropriate calling mechanism based on whether your object's storage is already allocated. For preallocated objects (such as those you've declared in var, static, or storage sections[138] or those you've previously allocated storage for via mem.alloc), you simply load the address of the object into ESI and call the constructor. For those objects you declare as a variable, this is very easy; just call the appropriate create constructor:


  


  
    var

    bc0:tBaseClass;

    bcp:pointertotBaseClass;

    .

    .

    .

    bc0.create();//Initializespreallocatedbc0object.

    .

    .

    .

    //Allocatestorageforbcpobject.

    

    mem.alloc(@size(tBaseClass));

    mov(eax,bcp);

    .

    .

    .

    bcp.create();//Initializespreallocatedbcpobject.
  


  Note that although bcp is a pointer to a tBaseClass object, the create method does not automatically allocate storage for this object. The program already allocated the storage earlier. Therefore, when the program calls bcp.create, it loads ESI with the address contained within bcp; because this is not NULL, the tBaseClass.create procedure does not allocate storage for a new object. By the way, the call to bcp.create emits the following sequence of machine instructions:


  


  
    mov(bcp,esi);

    calltBaseClass.create;
  


  Until now, the code examples for a class procedure call always began with an lea instruction. This is because all the examples to this point have used object variables rather than pointers to object variables. Remember, a class procedure (method) call passes the address of the object in the ESI register. For object variables HLA emits an lea instruction to obtain this address. For pointers to objects, however, the actual object address is the value of the pointer variable; therefore, to load the address of the object into ESI, HLA emits a mov instruction that copies the value of the pointer into the ESI register.


  In the preceding example, the program preallocates the storage for an object prior to calling the object constructor. While there are several reasons for preallocating object storage (for example, you're creating a dynamic array of objects), you can achieve most simple object allocations like the one above by calling a standard create procedure (such as one that allocates storage for an object if ESI contains NULL). The following example demonstrates this:


  


  
    var

    bcp2:pointertotBaseClass;

    .

    .

    .

    tBaseClass.create();//Callscreatewithesi=NULL.

    mov(esi,bcp2);//Savepointertonewclassobjectinbcp2.
  


  Remember, a call to a tBaseClass.create constructor returns a pointer to the new object in the ESI register. It is the caller's responsibility to save the pointer this function returns into the appropriate pointer variable; the constructor does not automatically do this for you. Likewise, it is the caller's responsibility to free the storage associated with this object when the application has finished using the object (see the discussion of destructors in 12.10 Destructors).


  12.9.2 Constructors and Inheritance


  Constructors for derived (child) classes that inherit fields from a base class represent a special case. Each class must have its own constructor but needs the ability to call the base class constructor. This section explains the reasons for this and how to do it.


  A derived class inherits the create procedure from its base class. However, you must override this procedure in a derived class because the derived class probably requires more storage than the base class, and therefore you will probably need to use a different call to mem.alloc to allocate storage for a dynamic object. Hence, it is very unusual for a derived class not to override the definition of the create procedure.


  However, overriding a base class's create procedure has problems of its own. When you override the base class's create procedure, you take the full responsibility of initializing the (entire) object, including all the initialization required by the base class. At the very least, this involves putting duplicate code in the overridden procedure to handle the initialization usually done by the base class constructor. In addition to making your program larger (by duplicating code already present in the base class constructor), this also violates information-hiding principles because the derived class must be aware of all the fields in the base class (including those that are logically private to the base class). What we need here is the ability to call a base class's constructor from within the derived class's constructor and let that call do the lower-level initialization of the base class's fields. Fortunately, this is an easy thing to do in HLA.


  Consider the following class declarations (which do things the hard way):


  


  
    type

    tBase:class

    var

    i:uns32;

    j:int32;

    

    procedurecreate();@returns("esi");

    endclass;

    

    tDerived:classinherits(tBase);

    var

    r:real64;

    overrideprocedurecreate();@returns("esi");

    endclass;

    

    proceduretBase.create;@nodisplay;

    begincreate;

    

    if(esi=0)then

    

    push(eax);

    mov(mem.alloc(@size(tBase)),esi);

    pop(eax);

    

    endif;

    mov(&tBase._VMT_,this._pVMT_);

    mov(0,this.i);

    mov(−1,this.j);

    

    endcreate;

    

    proceduretDerived.create;@nodisplay;

    begincreate;

    

    if(esi=0)then

    

    push(eax);

    mov(mem.alloc(@size(tDerived)),esi);

    pop(eax);

    

    endif;

    

    //InitializetheVMTpointerforthisobject:

    

    mov(&tDerived._VMT_,this._pVMT_);

    

    //Initializethe"r"fieldofthisparticularobject:

    

    fldz();

    fstp(this.r);

    

    //DuplicatetheinitializationrequiredbytBase.create:

    

    mov(0,this.i);

    mov(−1,this.j);

    

    endcreate;
  


  Let's take a closer look at the tDerived.create procedure above. Like a conventional constructor, it begins by checking ESI and allocates storage for a new object if ESI contains NULL. Note that the size of a tDerived object includes the size required by the inherited fields, so this properly allocates the necessary storage for all fields in a tDerived object.


  Next, the tDerived.create procedure initializes the VMT pointer field of the object. Remember, each class has its own virtual method table and, specifically, derived classes do not use the virtual method table of their base class. Therefore, this constructor must initialize the _pVMT_ field with the address of the tDerived virtual method table.


  After initializing the virtual method table pointer, the tDerived constructor initializes the value of the r field to 0.0 (remember, fldz loads 0 onto the FPU stack). This concludes the tDerived-specific initialization.


  The remaining instructions in tDerived.create are the problem. These statements duplicate some of the code appearing in the tBase.create procedure. The problem with code duplication becomes apparent when you decide to modify the initial values of these fields; if you've duplicated the initialization code in derived classes, you will need to change the initialization code in more than one create procedure. More often than not, however, this results in defects in the derived class create procedures, especially if those derived classes appear in different source files than the base class.


  Another problem with burying base class initialization in derived class constructors is the violation of the information-hiding principle. Some fields of the base class may be logically private. Although HLA does not explicitly support the concept of public and private fields in a class (as, say, C++ does), well-disciplined programmers will still partition the fields as private or public and then use the private fields only in class routines belonging to that class. Initializing these private fields in derived classes is not acceptable to such programmers. Doing so will make it very difficult to change the definition and implementation of some base class at a later date.


  Fortunately, HLA provides an easy mechanism for calling the inherited constructor within a derived class's constructor. All you have to do is call the base constructor using the class name syntax; for example, you could call tBase.create directly from within tDerived.create. By calling the base class constructor, your derived class constructors can initialize the base class fields without worrying about the exact implementation (or initial values) of the base class.


  Unfortunately, there are two types of initialization that every (conventional) constructor does that will affect the way you call a base class constructor: All conventional constructors allocate memory for the class if ESI contains 0, and all conventional constructors initialize the VMT pointer. Fortunately, it is very easy to deal with these two problems.


  The memory required by an object of some base class is usually less than the memory required for an object of a class you derive from that base class (because the derived classes usually add more fields). Therefore, you cannot allow the base class constructor to allocate the storage when you call it from inside the derived class's constructor. You can easily solve this problem by checking ESI within the derived class constructor and allocating any necessary storage for the object before calling the base class constructor.


  The second problem is the initialization of the VMT pointer. When you call the base class's constructor, it will initialize the VMT pointer with the address of the base class's virtual method table. A derived class object's _pVMT_ field, however, must point at the virtual method table for the derived class. Calling the base class constructor will always initialize the _pVMT_ field with the wrong pointer. To properly initialize the _pVMT_ field with the appropriate value, the derived class constructor must store the address of the derived class's virtual method table into the _pVMT_ field after the call to the base class constructor (so that it overwrites the value written by the base class constructor).


  The tDerived.create constructor, rewritten to call the tBase.create constructors, follows:


  


  
    proceduretDerived.create;@nodisplay;

    begincreate;

    

    if(esi=0)then

    

    push(eax);

    mov(mem.alloc(@size(tDerived)),esi);

    pop(eax);

    

    endif;

    

    //Callthebaseclassconstructortodoanyinitialization

    //neededbythebaseclass.Notethatthiscallmustfollow

    //theobjectallocationcodeabove(soesiwillalwayscontain

    //apointertoanobjectatthispointandtBase.createwill

    //neverallocatestorage).

    

    (typetBase[esi]).create();

    

    //InitializetheVMTpointerforthisobject.Thiscode

    //mustalwaysfollowthecalltothebaseclassconstructor

    //becausethebaseclassconstructoralsoinitializesthis

    //fieldandwedon'twanttheinitialvaluesuppliedby

    //tBase.create.

    

    mov(&tDerived._VMT_,this._pVMT_);

    

    //Initializethe"r"fieldofthisparticularobject:

    

    fldz();

    fstp(this.r);

    

    endcreate;
  


  This solution solves all the above concerns with derived class constructors. Note that the call to the base constructor uses the syntax (type tBase [esi]).create(); rather than tBase.create();. The problem with calling tBase.create directly is that it will load NULL into ESI and overwrite the pointer to the storage allocated in tDerived.create. The scheme above uses the existing value in ESI when calling tBase.create.


  12.9.3 Constructor Parameters and Procedure Overloading


  None of the constructor examples to this point have had any parameters. However, there is nothing special about constructors that prevents the use of parameters. Constructors are procedures; therefore, you can specify any number and any type of parameters you choose. You can use these parameter values to initialize certain fields or control how the constructor initializes the fields. Of course, you may use constructor parameters for any purpose you'd use parameters for in any other procedure. In fact, about the only issue you need concern yourself with is the use of parameters whenever you have a derived class. This section deals with those issues.


  The first, and probably most important, problem with parameters in derived class constructors actually applies to all overridden procedures and methods: The parameter list of an overridden routine must exactly match the parameter list of the corresponding routine in the base class. In fact, HLA doesn't even give you the chance to violate this rule because override routine prototypes don't allow parameter list declarations: They automatically inherit the parameter list of the base routine. Therefore, you cannot use a special parameter list in the constructor prototype for one class and a different parameter list for the constructors appearing in base or derived classes. Sometimes it would be nice if this weren't the case, but there are some sound and logical reasons why HLA does not support this.[139]


  HLA supports a special overloads declaration that lets you call one of several different procedures, methods, or iterators using a single identifier (with the number of types of parameters specifying which function to call). This would allow you, for example, to create multiple constructors for a given class (or derived class) and invoke the desired constructor using a matching parameter list for that constructor. Interested readers should consult the chapter on procedures in the HLA documentation for more details concerning the overloads declaration.


  

  


  [138] You generally do not declare objects in readonly sections because you cannot initialize them.


  [139] Calling virtual methods and iterators would be a real problem because you don't really know which routine a pointer references. Therefore, you couldn't know the proper parameter list. While the problems with procedures aren't quite as drastic, there are some subtle problems that could creep into your code if base or derived classes allowed overridden procedures with different parameter lists.


  


  12.10 Destructors


  A destructor is a class routine that cleans up an object once a program finishes using that object. As for constructors, HLA does not provide a special syntax for creating destructors, nor does HLA automatically call a destructor. Unlike constructors, a destructor is usually a method rather than a procedure (because virtual destructors make a lot of sense, whereas virtual constructors do not).


  A typical destructor might close any files opened by the object, free the memory allocated during the use of the object, and, finally, free the object itself if it was created dynamically. The destructor also handles any other cleanup chores the object may require before it ceases to exist.


  By convention, most HLA programmers name their destructors destroy. About the only code that most destructors have in common is the code to free the storage associated with the object. The following destructor demonstrates how to do this:


  


  
    proceduretBase.destroy;@nodisplay;

    begindestroy;

    

    push(eax);//isInHeapusesthis.

    

    //Placeanyothercleanupcodehere.

    //Thecodetofreedynamicobjectsshouldalwaysappearlast

    //inthedestructor.

    

    /*************/

    

    //Thefollowingcodeassumesthatesistillcontainstheaddress

    //oftheobject.

    

    if(mem.isInHeap(esi))then

    

    free(esi);

    

    endif;

    pop(eax);

    

    enddestroy;
  


  The HLA Standard Library routine mem.isInHeap returns true if its parameter is an address that mem.alloc returned. Therefore, this code automatically frees the storage associated with the object if the program originally allocated storage for the object by calling mem.alloc. Obviously, on return from this method call, ESI will no longer point at a legal object in memory if you allocated it dynamically. Note that this code will not affect the value in ESI nor will it modify the object if the object wasn't one you've previously allocated via a call to mem.alloc.


  


  12.11 HLA's _initialize_ and _finalize_ Strings


  Although HLA does not automatically call constructors and destructors associated with your classes, HLA does provide a mechanism whereby you can force HLA to automatically emit these calls: by using the _initialize_ and _finalize_ compile-time string variables (i.e., val constants) that HLA automatically declares in every procedure.


  Whenever you write a procedure, iterator, or method, HLA automatically declares several local symbols in that routine. Two such symbols are _initialize_ and _finalize_. HLA declares these symbols as follows:


  


  
    val

    _initialize_:string:="";

    _finalize_:string:="";
  


  HLA emits the _initialize_ string as text at the very beginning of the routine's body, that is, immediately after the routine's begin clause.[140] Similarly, HLA emits the _finalize_ string at the very end of the routine's body, just before the end clause. This is comparable to the following:


  


  
    procedureSomeProc;

    <<declarations>>

    beginSomeProc;

    

    @text(_initialize_);

    

    <<Procedurebody>>

    

    @text(_finalize_);

    

    endSomeProc;
  


  Because _initialize_ and _finalize_ initially contain the empty string, these expansions have no effect on the code that HLA generates unless you explicitly modify the value of _initialize_ prior to the begin clause or you modify _finalize_ prior to the end clause of the procedure. So if you modify either of these string objects to contain a machine instruction, HLA will compile that instruction at the beginning or end of the procedure. The following example demonstrates how to use this technique:


  


  
    procedureSomeProc;

    ?_initialize_:="mov(0,eax);";

    ?_finalize_:="stdout.put(eax);";

    beginSomeProc;

    

    //HLAemits"mov(0,eax);"hereinresponsetothe_initialize_

    //stringconstant.

    

    add(5,eax);

    

    //HLAemits"stdout.put(eax);"here.

    

    endSomeProc;
  


  Of course, these examples don't save you much. It would be easier to type the actual statements at the beginning and end of the procedure than to assign a string containing these statements to the _initialize_ and _finalize_ compile-time variables. However, if we could automate the assignment of some string to these variables, so that we don't have to explicitly assign them in each procedure, then this feature might be useful. In a moment, you'll see how we can automate the assignment of values to the _initialize_ and _finalize_ strings. For the time being, consider the case where we load the name of a constructor into the _initialize_ string and we load the name of a destructor in to the _finalize_ string. By doing this, the routine will "automatically" call the constructor and destructor for that particular object.


  The previous example has a minor problem. If we can automate the assignment of some value to _initialize_ or _finalize_, what happens if these variables already contain some value? For example, suppose we have two objects we use in a routine, and the first one loads the name of its constructor into the _initialize_ string; what happens when the second object attempts to do the same thing? The solution is simple: Don't directly assign any string to the _initialize_ or _finalize_ compile-time variables; instead, always concatenate your strings to the end of the existing string in these variables. The following is a modification to the above example that demonstrates how to do this:


  


  
    procedureSomeProc;

    ?_initialize_:=_initialize_+"mov(0,eax);";

    ?_finalize_:=_finalize_+"stdout.put(eax);";

    beginSomeProc;

    

    //HLAemits"mov(0,eax);"hereinresponsetothe_initialize_

    //stringconstant.

    

    add(5,eax);

    

    //HLAemits"stdout.put(eax);"here.

    

    endSomeProc;
  


  When you assign values to the _initialize_ and _finalize_ strings, HLA guarantees that the _initialize_ sequence will execute upon entry into the routine. Sadly, the same is not true for the _finalize_ string upon exit. HLA simply emits the code for the _finalize_ string at the end of the routine, immediately before the code that cleans up the activation record and returns. Unfortunately, "falling off the end of the routine" is not the only way that you could return from that routine. You could explicitly return from somewhere in the middle of the code by executing a ret instruction. Because HLA emits the _finalize_ string only at the very end of the routine, returning from that routine in this manner bypasses the _finalize_ code. Unfortunately, other than manually emitting the _finalize_ code, there is nothing you can do about this.[141] Fortunately, this mechanism for exiting a routine is completely under your control. If you never exit a routine except by "falling off the end," then you won't have to worry about this problem (note that you can use the exit control structure to transfer control to the end of a routine if you really want to return from that routine from somewhere in the middle of the code).


  Another way to prematurely exit a routine, over which, unfortunately, you don't have any control, is by raising an exception. Your routine could call some other routine (e.g., a Standard Library routine) that raises an exception and then transfers control immediately to whomever called your routine. Fortunately, you can easily trap and handle exceptions by putting a try..endtry block in your procedure. Here is an example that demonstrates this:


  


  
    procedureSomeProc;

    <<Declarationsthatmodify_initialize_and_finalize_>>

    beginSomeProc;

    

    <<HLAemitsthecodeforthe_initialize_stringhere.>>

    

    try//Catchanyexceptionsthatoccur:

    

    <<Procedurebodygoeshere.>>

    

    anyexception

    

    push(eax);//Savetheexception#.

    @text(_finalize_);//Executethe_finalize_codehere.

    pop(eax);//Restoretheexception#.

    raise(eax);//Reraisetheexception.

    

    endtry;

    

    <<HLAautomaticallyemitsthe_finalize_codehere.>>

    

    endSomeProc;
  


  Although the previous code handles some problems that exist with _finalize_, by no means does it handle every possible case. Always be on the lookout for ways your program could inadvertently exit a routine without executing the code found in the _finalize_ string. You should explicitly expand _finalize_ if you encounter such a situation.


  There is one important place you can get into trouble with respect to exceptions: within the code the routine emits for the _initialize_ string. If you modify the _initialize_ string so that it contains a constructor call and the execution of that constructor raises an exception, this will probably force an exit from that routine without executing the corresponding _finalize_ code. You could bury the try..endtry statement directly into the _initialize_ and _finalize_ strings, but this approach has several problems, not the least of which is the fact that one of the first constructors you call might raise an exception that transfers control to the exception handler that calls the destructors for all objects in that routine (including those objects whose constructors you have yet to call). Although no single solution that handles all problems exists, probably the best approach is to put a try..endtry block within each constructor call if it is possible for that constructor to raise some exception that is possible to handle (that is, doesn't require the immediate termination of the program).


  Thus far this discussion of _initialize_ and _finalize_ has failed to address one important point: Why use this feature to implement the "automatic" calling of constructors and destructors, because it apparently involves more work than simply calling the constructors and destructors directly? Clearly there must be a way to automate the assignment of the _initialize_ and _finalize_ strings or this section wouldn't exist. The way to accomplish this is by using a macro to define the class type. So now it's time to take a look at another HLA feature that makes it possible to automate this activity: the forward keyword.


  You've seen how to use the forward reserved word to create procedure prototypes (see the discussion in 5.9 Forward Procedures); it turns out that you can declare forward const, val, type, and variable declarations as well. The syntax for such declarations takes the following form:


  


  
    ForwardSymbolName:forward(undefinedID);
  


  This declaration is completely equivalent to the following:


  


  
    ?undefinedID:text:="ForwardSymbolName";
  


  Especially note that this expansion does not actually define the symbol ForwardSymbolName. It just converts this symbol to a string and assigns this string to the specified text object undefinedID.


  Now you're probably wondering how something like the above is equivalent to a forward declaration. The truth is, it isn't. However, forward declarations let you create macros that simulate type names by allowing you to defer the actual declaration of an object's type until some later point in the code. Consider the following example:


  


  
    type

    myClass:class

    var

    i:int32;

    

    procedurecreate;@returns("esi");

    proceduredestroy;

    endclass;

    

    #macro_myClass:varID;

    forward(varID);

    ?_initialize_:=_initialize_+@string:varID+".create();";

    ?_finalize_:=_finalize_+@string:varID+".destroy();";

    varID:myClass

    #endmacro;
  


  Note, and this is very important, that a semicolon does not follow the varID: myClass declaration at the end of this macro. You'll find out why this semicolon is missing in a little while.


  If you have the above class and macro declarations in your program, you can now declare variables of type _myClass that automatically invoke the constructor and destructor upon entry and exit of the routine containing the variable declarations. To see how, take a look at the following procedure shell:


  


  
    procedureHasmyClassObject;

    var

    mco:_myClass;

    beginHasmyClassObject;

    

    <<Dostuffwithmcohere.>>

    

    endHasmyClassObject;
  


  Because _myClass is a macro, the procedure above expands to the following text during compilation:


  


  
    procedureHasmyClassObject;

    var

    mco://Expansionofthe_myClassmacro:

    forward(_0103_);//_0103_symbolisanHLA-suppliedtext

    //symbolthatexpandsto"mco".

    

    ?_initialize_:=_initialize_+"mco"+".create();";

    ?_finalize_:=_finalize_+"mco"+".destroy();";

    mco:myClass;

    

    beginHasmyClassObject;

    

    mco.create();//Expansionofthe_initialize_string.

    

    <<Dostuffwithmcohere.>>

    

    mco.destroy();//Expansionofthe_finalize_string.

    

    endHasmyClassObject;
  


  You might notice that a semicolon appears after the mco: myClass declaration in the example above. This semicolon is not actually a part of the macro; instead it is the semicolon that follows the mco: _myClass; declaration in the original code.


  If you want to create an array of objects, you could legally declare that array as follows:


  


  
    var

    mcoArray:_myClass[10];
  


  Because the last statement in the _myClass macro doesn't end with a semicolon, the declaration above will expand to something like the following (almost correct) code:


  


  
    mcoArray://Expansionofthe_myClassmacro:

    forward(_0103_);//_0103_symbolisanHLA-suppliedtext

    //symbolthatexpandsto"mcoArray".

    

    ?_initialize_:=_initialize_+"mcoArray"+".create();";

    ?_finalize_:=_finalize_+"mcoArray"+".Destroy();";

    mcoArray:myClass[10];
  


  The only problem with this expansion is that it calls the constructor only for the first object of the array. There are several ways to solve this problem; one is to append a macro name to the end of _initialize_ and _finalize_ rather than the constructor name. That macro would check the object's name (mcoArray in this example) to determine if it is an array. If so, that macro could expand to a loop that calls the constructor for each element of the array.


  Another solution to this problem is to use a macro parameter to specify the dimensions for arrays of myClass. This scheme is easier to implement than the one above, but it does have the drawback of requiring a different syntax for declaring object arrays (you have to use parentheses rather than square brackets around the array dimension).


  The forward directive is quite powerful and lets you achieve all kinds of tricks. However, there are a few problems of which you should be aware. First, because HLA emits the _initialize_ and _finalize_ code transparently, you can be easily confused if there are any errors in the code appearing within these strings. If you start getting error messages associated with the begin or end statements in a routine, you might want to take a look at the _initialize_ and _finalize_ strings within that routine. The best defense here is to always append very simple statements to these strings so that you reduce the likelihood of an error.


  Fundamentally, HLA doesn't support automatic constructor and destructor calls. This section has presented several tricks to attempt to automate the calls to these routines. However, the automation isn't perfect and, indeed, the aforementioned problems with the _finalize_ strings limit the applicability of this approach. The mechanism this section presents is probably fine for simple classes and simple programs. One piece of advice is probably worth following: If your code is complex or correctness is critical, it's probably a good idea to explicitly call the constructors and destructors manually.


  

  


  [140] If the routine automatically emits code to construct the activation record, HLA emits _initialize_'s text after the code that builds the activation record.


  [141] Note that you can manually emit the _finalize_ code using the statement @text( _finalize_ );.


  


  12.12 Abstract Methods


  An abstract base class is one that exists solely to supply a set of common fields to its derived classes. You never declare variables whose type is an abstract base class; you always use one of the derived classes. The purpose of an abstract base class is to provide a template for creating other classes, nothing more. As it turns out, the only difference in syntax between a standard base class and an abstract base class is the presence of at least one abstract method declaration. An abstract method is a special method that does not have an actual implementation in the abstract base class. Any attempt to call that method will raise an exception. If you're wondering what possible good an abstract method could be, keep on reading.


  Suppose you want to create a set of classes to hold numeric values. One class could represent unsigned integers, another class could represent signed integers, a third could implement BCD values, and a fourth could support real64 values. While you could create four separate classes that function independently of one another, doing so passes up an opportunity to make this set of classes more convenient to use. To understand why, consider the following possible class declarations:


  


  
    type

    uint:class

    var

    TheValue:dword;

    

    methodput;

    <<Othermethodsforthisclass>>

    endclass;

    

    sint:class

    var

    TheValue:dword;

    

    methodput;

    <<Othermethodsforthisclass>>

    endclass;

    

    r64:class

    var

    TheValue:real64;

    

    methodput;

    <<Othermethodsforthisclass>>

    endclass;
  


  The implementation of these classes is not unreasonable. They have fields for the data and they have a put method (which, presumably, writes the data to the standard output device). They probably have other methods and procedures to implement various operations on the data. There are, however, two problems with these classes, one minor and one major, both occurring because these classes do not inherit any fields from a common base class.


  The first problem, which is relatively minor, is that you have to repeat the declaration of several common fields in these classes. For example, the put method declaration appears in each of these classes.[142] This duplication of effort results in a harder-to-maintain program because it doesn't encourage you to use a common name for a common function since it's easy to use a different name in each of the classes.


  A bigger problem with this approach is that it is not generic. That is, you can't create a generic pointer to a "numeric" object and perform operations like addition, subtraction, and output on that value (regardless of the underlying numeric representation).


  We can easily solve these two problems by turning the previous class declarations into a set of derived classes. The following code demonstrates an easy way to do this:


  


  
    type

    numeric:class

    methodput;

    <<Othercommonmethodssharedbyalltheclasses>>

    endclass;

    

    uint:classinherits(numeric)

    var

    TheValue:dword;

    

    overridemethodput;

    <<Othermethodsforthisclass>>

    endclass;

    

    sint:classinherits(numeric)

    var

    TheValue:dword;

    

    overridemethodput;

    <<Othermethodsforthisclass>>

    endclass;

    

    r64:classinherits(numeric)

    var

    TheValue:real64;

    

    overridemethodput;

    <<Othermethodsforthisclass>>

    endclass;
  


  This scheme solves both the problems. First, by inheriting the put method from numeric, this code encourages the derived classes to always use the name put, thereby making the program easier to maintain. Second, because this example uses derived classes, it's possible to create a pointer to the numeric type and load this pointer with the address of a uint, sint, or r64 object. That pointer can invoke the methods found in the numeric class to do functions like addition, subtraction, or numeric output. Therefore, the application that uses this pointer doesn't need to know the exact data type; it deals with numeric values only in a generic fashion.


  One problem with this scheme is that it's possible to declare and use variables of type numeric. Unfortunately, such numeric variables don't have the ability to represent any type of number (notice that the data storage for the numeric fields actually appears in the derived classes). Worse, because you've declared the put method in the numeric class, you actually have to write some code to implement that method even though you should never really call it; the actual implementation should occur only in the derived classes. While you could write a dummy method that prints an error message (or, better yet, raises an exception), there shouldn't be any need to write "dummy" procedures like this. Fortunately, there is no reason to do so—if you use abstract methods.


  The abstract keyword, when it follows a method declaration, tells HLA that you are not going to provide an implementation of the method for this class. Instead, it is the responsibility of all derived classes to provide a concrete implementation for the abstract method. HLA will raise an exception if you attempt to call an abstract method directly. The following is the modification to the numeric class to convert put to an abstract method:


  


  
    type

    numeric:class

    methodput;abstract;

    <<Othercommonmethodssharedbyalltheclasses>>

    endclass;
  


  An abstract base class is a class that has at least one abstract method. Note that you don't have to make all methods abstract in an abstract base class; it is perfectly legal to declare some standard methods (and, of course, provide their implementation) within the abstract base class.


  Abstract method declarations provide a mechanism by which a base class can specify some generic methods that the derived classes must implement. In theory, all derived classes must provide concrete implementations of all abstract methods, or those derived classes are themselves abstract base classes. In practice, it's possible to bend the rules a little and use abstract methods for a slightly different purpose.


  A little earlier, you read that you should never create variables whose type is an abstract base class. If you attempt to execute an abstract method, the program would immediately raise an exception to complain about this illegal method call. In practice, you actually can declare variables of an abstract base type and get away with this as long as you don't call any abstract methods in that class.


  

  


  [142] Note, by the way, that TheValue is not a common field because this field has a different type in the r64 class.


  


  12.13 Runtime Type Information


  When working with an object variable (as opposed to a pointer to an object), the type of that object is obvious: It's the variable's declared type. Therefore, at both compile time and runtime the program knows the type of the object. When working with pointers to objects you cannot, in the general case, determine the type of an object a pointer references. However, at runtime it is possible to determine the object's actual type. This section discusses how to detect the underlying object's type and how to use this information.


  If you have a pointer to an object and that pointer's type is some base class, at runtime the pointer could point at an object of the base class or any derived type. At compile time it is not possible to determine the exact type of an object at any instant. To see why, consider the following short example:


  


  
    ReturnSomeObject();//Returnsapointertosomeclassinesi.

    mov(esi,ptrToObject);
  


  The routine ReturnSomeObject returns a pointer to an object in ESI. This could be the address of some base class object or a derived class object. At compile time there is no way for the program to know what type of object this function returns. For example, ReturnSomeObject could ask the user what value to return so the exact type could not be determined until the program actually runs and the user makes a selection.


  In a perfectly designed program, there probably is no need to know a generic object's actual type. After all, the whole purpose of object-oriented programming and inheritance is to produce general programs that work with lots of different objects without having to make substantial changes to the program. In the real world, however, programs may not have a perfect design, and sometimes it's nice to know the exact object type a pointer references. Runtime type information, or RTTI, gives you the capability of determining an object's type at runtime, even if you are referencing that object using a pointer to some base class of that object.


  Perhaps the most fundamental RTTI operation you need is the ability to ask if a pointer contains the address of some specific object type. Many object-oriented languages (e.g., Delphi) provide an is operator that provides this functionality. is is a boolean operator that returns true if its left operand (a pointer) points at an object whose type matches the right operand (which must be a type identifier). The typical syntax is generally the following:


  


  
    ObjectPointerOrVarisClassType
  


  This operator returns true if the variable is of the specified class; it returns false otherwise. Here is a typical use of this operator (in the Delphi language):


  


  
    if(ptrToNumericisuint)thenbegin

    .

    .

    .

    end;
  


  It's actually quite simple to implement this functionality in HLA. As you may recall, each class is given its own virtual method table. Whenever you create an object, you must initialize the pointer to the virtual method table with the address of that class's virtual method table. Therefore, the VMT pointer field of all objects of a given class type contains the same pointer value, and this pointer value is different from the VMT pointer field of all other classes. We can use this fact to see if an object is some specific type. The following code demonstrates how to implement the Delphi statement above in HLA:


  


  
    mov(ptrToNumeric,esi);

    if((typeuint[esi])._pVMT_=&uint._VMT_)then

    .

    .

    .

    endif;
  


  This if statement simply compares the object's _pVMT_ field (the pointer to the virtual method table) against the address of the desired classes' virtual method table. If they are equal, then the ptrToNumeric variable points at an object of type uint.


  Within the body of a class method or iterator, there is a slightly easier way to see if the object is a certain class. Remember, upon entry into a method or an iterator, the EDI register contains the address of the virtual method table. Therefore, assuming you haven't modified EDI's value, you can easily test to see if the method or iterator is a specific class type using an if statement like the following:


  


  
    if(edi=&uint._VMT_)then

    .

    .

    .

    endif;
  


  Remember, however, that EDI will contain a pointer to the virtual method table only when you call a class method. This is not the case when calling a class procedure.


  


  12.14 Calling Base Class Methods


  In the section on constructors you saw that it is possible to call an ancestor class's procedure within the derived class's overridden procedure. To do this, all you need to do is to invoke the procedure using the call (type classname [esi]).procedureName( parameters );. On occasion you may want to do this same operation with a class's methods as well as its procedures (that is, have an overridden method call the corresponding base class method in order to do some computation you'd rather not repeat in the derived class's method). Unfortunately, HLA does not let you directly call methods as it does procedures. You will need to use an indirect mechanism to achieve this; specifically, you will have to call the method using the address in the base class's virtual method table. This section describes how to do this.


  Whenever your program calls a method it does so indirectly, using the address found in the virtual method table for the method's class. The virtual method table is nothing more than an array of 32-bit pointers, with each entry containing the address of one of that class's methods. So to call a method, all you need is the index into this array (or, more properly, the offset into the array) of the address of the method you wish to call. The HLA compile-time function @offset comes to the rescue: It will return the offset into the virtual method table of the method whose name you supply as a parameter. Combined with the call instruction, you can easily call any method associated with a class. Here's an example of how you would do this:


  


  
    type

    myCls:class

    .

    .

    .

    methodm;

    .

    .

    .

    endclass;

    .

    .

    .

    call(myCls._VMT_[@offset(myCls.m)]);
  


  The call instruction above calls the method whose address appears at the specified entry in the virtual method table for myCls. The @offset function call returns the offset (i.e., index times 4) of the address of myCls.m within the virtual method table. Hence, this code indirectly calls the m method by using the virtual method table entry for m.


  There is one major drawback to calling methods using this scheme: You don't get to use the high-level syntax for procedure/method calls. Instead, you must use the low-level call instruction. In the example above, this isn't much of an issue because the m procedure doesn't have any parameters. If it did have parameters, you would have to manually push those parameters onto the stack yourself. Fortunately, you'll rarely need to call ancestor class methods from a derived class, so this won't be much of an issue in real-world programs.


  


  12.15 For More Information


  The HLA reference manual at http://webster.cs.ucr.edu/ or http://www.artofasm.com/ contains additional information about HLA's class implementation. Check out this document for additional low-level implementation features. This chapter hasn't really attempted to teach the object-oriented programming paradigm. See a generic text on object-oriented design for more details about this subject.


  


  AppendixA.ASCII CHARACTER SET


  


  
    
      	
        

        Binary

      

      	
        

        Hex

      

      	
        

        Decimal

      

      	
        

        Character

      
    


    
      	
        

        0000_0000

      

      	
        

        00

      

      	
        

        0

      

      	
        

        NUL

      
    


    
      	
        

        0000_0001

      

      	
        

        01

      

      	
        

        1

      

      	
        

        ctrl A

      
    


    
      	
        

        0000_0010

      

      	
        

        02

      

      	
        

        2

      

      	
        

        ctrl B

      
    


    
      	
        

        0000_0011

      

      	
        

        03

      

      	
        

        3

      

      	
        

        ctrl C

      
    


    
      	
        

        0000_0100

      

      	
        

        04

      

      	
        

        4

      

      	
        

        ctrl D

      
    


    
      	
        

        0000_0101

      

      	
        

        05

      

      	
        

        5

      

      	
        

        ctrl E

      
    


    
      	
        

        0000_0110

      

      	
        

        06

      

      	
        

        6

      

      	
        

        ctrl F

      
    


    
      	
        

        0000_0111

      

      	
        

        07

      

      	
        

        7

      

      	
        

        bell

      
    


    
      	
        

        0000_1000

      

      	
        

        08

      

      	
        

        8

      

      	
        

        backspace

      
    


    
      	
        

        0000_1001

      

      	
        

        09

      

      	
        

        9

      

      	
        

        tab

      
    


    
      	
        

        0000_1010

      

      	
        

        0A

      

      	
        

        10

      

      	
        

        line feed

      
    


    
      	
        

        0000_1011

      

      	
        

        0B

      

      	
        

        11

      

      	
        

        ctrl K

      
    


    
      	
        

        0000_1100

      

      	
        

        0C

      

      	
        

        12

      

      	
        

        form feed

      
    


    
      	
        

        0000_1101

      

      	
        

        0D

      

      	
        

        13

      

      	
        

        return

      
    


    
      	
        

        0000_1110

      

      	
        

        0E

      

      	
        

        14

      

      	
        

        ctrl N

      
    


    
      	
        

        0000_1111

      

      	
        

        0F

      

      	
        

        15

      

      	
        

        ctrl O

      
    


    
      	
        

        0001_0000

      

      	
        

        10

      

      	
        

        16

      

      	
        

        ctrl P

      
    


    
      	
        

        0001_0001

      

      	
        

        11

      

      	
        

        17

      

      	
        

        ctrl Q

      
    


    
      	
        

        0001_0010

      

      	
        

        12

      

      	
        

        18

      

      	
        

        ctrl R

      
    


    
      	
        

        0001_0011

      

      	
        

        13

      

      	
        

        19

      

      	
        

        ctrl S

      
    


    
      	
        

        0001_0100

      

      	
        

        14

      

      	
        

        20

      

      	
        

        ctrl T

      
    


    
      	
        

        0001_0101

      

      	
        

        15

      

      	
        

        21

      

      	
        

        ctrl U

      
    


    
      	
        

        0001_0110

      

      	
        

        16

      

      	
        

        22

      

      	
        

        ctrl V

      
    


    
      	
        

        0001_0111

      

      	
        

        17

      

      	
        

        23

      

      	
        

        ctrl W

      
    


    
      	
        

        0001_1000

      

      	
        

        18

      

      	
        

        24

      

      	
        

        ctrl X

      
    


    
      	
        

        0001_1001

      

      	
        

        19

      

      	
        

        25

      

      	
        

        ctrl Y

      
    


    
      	
        

        0001_1010

      

      	
        

        1A

      

      	
        

        26

      

      	
        

        ctrl Z

      
    


    
      	
        

        0001_1011

      

      	
        

        1B

      

      	
        

        27

      

      	
        

        ctrl [

      
    


    
      	
        

        0001_1100

      

      	
        

        1C

      

      	
        

        28

      

      	
        

        ctrl \

      
    


    
      	
        

        0001_1101

      

      	
        

        1D

      

      	
        

        29

      

      	
        

        esc

      
    


    
      	
        

        0001_1110

      

      	
        

        1E

      

      	
        

        30

      

      	
        

        ctrl ^

      
    


    
      	
        

        0001_1111

      

      	
        

        1F

      

      	
        

        31

      

      	
        

        ctrl _

      
    


    
      	
        

        0010_0000

      

      	
        

        20

      

      	
        

        32

      

      	
        

        space

      
    


    
      	
        

        0010_0001

      

      	
        

        21

      

      	
        

        33

      

      	
        

        !

      
    


    
      	
        

        0010_0010

      

      	
        

        22

      

      	
        

        34

      

      	
        

        "

      
    


    
      	
        

        0010_0011

      

      	
        

        23

      

      	
        

        35

      

      	
        

        #

      
    


    
      	
        

        0010_0100

      

      	
        

        24

      

      	
        

        36

      

      	
        

        $

      
    


    
      	
        

        0010_0101

      

      	
        

        25

      

      	
        

        37

      

      	
        

        %

      
    


    
      	
        

        0010_0110

      

      	
        

        26

      

      	
        

        38

      

      	
        

        &

      
    


    
      	
        

        0010_0111

      

      	
        

        27

      

      	
        

        39

      

      	
        

        '

      
    


    
      	
        

        0010_1000

      

      	
        

        28

      

      	
        

        40

      

      	
        

        (

      
    


    
      	
        

        0010_1001

      

      	
        

        29

      

      	
        

        41

      

      	
        

        )

      
    


    
      	
        

        0010_1010

      

      	
        

        2A

      

      	
        

        42

      

      	
        

        *

      
    


    
      	
        

        0010_1011

      

      	
        

        2B

      

      	
        

        43

      

      	
        

        +

      
    


    
      	
        

        0010_1100

      

      	
        

        2C

      

      	
        

        44

      

      	
        

        ,

      
    


    
      	
        

        0010_1101

      

      	
        

        2D

      

      	
        

        45

      

      	
        

        -

      
    


    
      	
        

        0010_1110

      

      	
        

        2E

      

      	
        

        46

      

      	
        

        .

      
    


    
      	
        

        0010_1111

      

      	
        

        2F

      

      	
        

        47

      

      	
        

        /

      
    


    
      	
        

        0011_0000

      

      	
        

        30

      

      	
        

        48

      

      	
        

        0

      
    


    
      	
        

        0011_0001

      

      	
        

        31

      

      	
        

        49

      

      	
        

        1

      
    


    
      	
        

        0011_0010

      

      	
        

        32

      

      	
        

        50

      

      	
        

        2

      
    


    
      	
        

        0011_0011

      

      	
        

        33

      

      	
        

        51

      

      	
        

        3

      
    


    
      	
        

        0011_0100

      

      	
        

        34

      

      	
        

        52

      

      	
        

        4

      
    


    
      	
        

        0011_0101

      

      	
        

        35

      

      	
        

        53

      

      	
        

        5

      
    


    
      	
        

        0011_0110

      

      	
        

        36

      

      	
        

        54

      

      	
        

        6

      
    


    
      	
        

        0011_0111

      

      	
        

        37

      

      	
        

        55

      

      	
        

        7

      
    


    
      	
        

        0011_1000

      

      	
        

        38

      

      	
        

        56

      

      	
        

        8

      
    


    
      	
        

        0011_1001

      

      	
        

        39

      

      	
        

        57

      

      	
        

        9

      
    


    
      	
        

        0011_1010

      

      	
        

        3A

      

      	
        

        58

      

      	
        

        :

      
    


    
      	
        

        0011_1011

      

      	
        

        3B

      

      	
        

        59

      

      	
        

        ;

      
    


    
      	
        

        0011_1100

      

      	
        

        3C

      

      	
        

        60

      

      	
        

        <

      
    


    
      	
        

        0011_1101

      

      	
        

        3D

      

      	
        

        61

      

      	
        

        =

      
    


    
      	
        

        0011_1110

      

      	
        

        3E

      

      	
        

        62

      

      	
        

        >

      
    


    
      	
        

        0011_1111

      

      	
        

        3F

      

      	
        

        63

      

      	
        

        ?

      
    


    
      	
        

        0100_0000

      

      	
        

        40

      

      	
        

        64

      

      	
        

        @

      
    


    
      	
        

        0100_0001

      

      	
        

        41

      

      	
        

        65

      

      	
        

        A

      
    


    
      	
        

        0100_0010

      

      	
        

        42

      

      	
        

        66

      

      	
        

        B

      
    


    
      	
        

        0100_0011

      

      	
        

        43

      

      	
        

        67

      

      	
        

        C

      
    


    
      	
        

        0100_0100

      

      	
        

        44

      

      	
        

        68

      

      	
        

        D

      
    


    
      	
        

        0100_0101

      

      	
        

        45

      

      	
        

        69

      

      	
        

        E

      
    


    
      	
        

        0100_0110

      

      	
        

        46

      

      	
        

        70

      

      	
        

        F

      
    


    
      	
        

        0100_0111

      

      	
        

        47

      

      	
        

        71

      

      	
        

        G

      
    


    
      	
        

        0100_1000

      

      	
        

        48

      

      	
        

        72

      

      	
        

        H

      
    


    
      	
        

        0100_1001

      

      	
        

        49

      

      	
        

        73

      

      	
        

        I

      
    


    
      	
        

        0100_1010

      

      	
        

        4A

      

      	
        

        74

      

      	
        

        J

      
    


    
      	
        

        0100_1011

      

      	
        

        4B

      

      	
        

        75

      

      	
        

        K

      
    


    
      	
        

        0100_1100

      

      	
        

        4C

      

      	
        

        76

      

      	
        

        L

      
    


    
      	
        

        0100_1101

      

      	
        

        4D

      

      	
        

        77

      

      	
        

        M

      
    


    
      	
        

        0100_1110

      

      	
        

        4E

      

      	
        

        78

      

      	
        

        N

      
    


    
      	
        

        0100_1111

      

      	
        

        4F

      

      	
        

        79

      

      	
        

        O

      
    


    
      	
        

        0101_0000

      

      	
        

        50

      

      	
        

        80

      

      	
        

        P

      
    


    
      	
        

        0101_0001

      

      	
        

        51

      

      	
        

        81

      

      	
        

        Q

      
    


    
      	
        

        0101_0010

      

      	
        

        52

      

      	
        

        82

      

      	
        

        R

      
    


    
      	
        

        0101_0011

      

      	
        

        53

      

      	
        

        83

      

      	
        

        S

      
    


    
      	
        

        0101_0100

      

      	
        

        54

      

      	
        

        84

      

      	
        

        T

      
    


    
      	
        

        0101_0101

      

      	
        

        55

      

      	
        

        85

      

      	
        

        U

      
    


    
      	
        

        0101_0110

      

      	
        

        56

      

      	
        

        86

      

      	
        

        V

      
    


    
      	
        

        0101_0111

      

      	
        

        57

      

      	
        

        87

      

      	
        

        W

      
    


    
      	
        

        0101_1000

      

      	
        

        58

      

      	
        

        88

      

      	
        

        X

      
    


    
      	
        

        0101_1001

      

      	
        

        59

      

      	
        

        89

      

      	
        

        Y

      
    


    
      	
        

        0101_1010

      

      	
        

        5A

      

      	
        

        90

      

      	
        

        Z

      
    


    
      	
        

        0101_1011

      

      	
        

        5B

      

      	
        

        91

      

      	
        

        [

      
    


    
      	
        

        0101_1100

      

      	
        

        5C

      

      	
        

        92

      

      	
        

        \

      
    


    
      	
        

        0101_1101

      

      	
        

        5D

      

      	
        

        93

      

      	
        

        ]

      
    


    
      	
        

        0101_1110

      

      	
        

        5E

      

      	
        

        94

      

      	
        

        ^

      
    


    
      	
        

        0101_1111

      

      	
        

        5F

      

      	
        

        95

      

      	
        

        _

      
    


    
      	
        

        0110_0000

      

      	
        

        60

      

      	
        

        96

      

      	
        

        `

      
    


    
      	
        

        0110_0001

      

      	
        

        61

      

      	
        

        97

      

      	
        

        a

      
    


    
      	
        

        0110_0010

      

      	
        

        62

      

      	
        

        98

      

      	
        

        b

      
    


    
      	
        

        0110_0011

      

      	
        

        63

      

      	
        

        99

      

      	
        

        c

      
    


    
      	
        

        0110_0100

      

      	
        

        64

      

      	
        

        100

      

      	
        

        d

      
    


    
      	
        

        0110_0101

      

      	
        

        65

      

      	
        

        101

      

      	
        

        e

      
    


    
      	
        

        0110_0110

      

      	
        

        66

      

      	
        

        102

      

      	
        

        f

      
    


    
      	
        

        0110_0111

      

      	
        

        67

      

      	
        

        103

      

      	
        

        g

      
    


    
      	
        

        0110_1000

      

      	
        

        68

      

      	
        

        104

      

      	
        

        h

      
    


    
      	
        

        0110_1001

      

      	
        

        69

      

      	
        

        105

      

      	
        

        i

      
    


    
      	
        

        0110_1010

      

      	
        

        6A

      

      	
        

        106

      

      	
        

        j

      
    


    
      	
        

        0110_1011

      

      	
        

        6B

      

      	
        

        107

      

      	
        

        k

      
    


    
      	
        

        0110_1100

      

      	
        

        6C

      

      	
        

        108

      

      	
        

        l

      
    


    
      	
        

        0110_1101

      

      	
        

        6D

      

      	
        

        109

      

      	
        

        m

      
    


    
      	
        

        0110_1110

      

      	
        

        6E

      

      	
        

        110

      

      	
        

        n

      
    


    
      	
        

        0110_1111

      

      	
        

        6F

      

      	
        

        111

      

      	
        

        o

      
    


    
      	
        

        0111_0000

      

      	
        

        70

      

      	
        

        112

      

      	
        

        p

      
    


    
      	
        

        0111_0001

      

      	
        

        71

      

      	
        

        113

      

      	
        

        q

      
    


    
      	
        

        0111_0010

      

      	
        

        72

      

      	
        

        114

      

      	
        

        r

      
    


    
      	
        

        0111_0011

      

      	
        

        73

      

      	
        

        115

      

      	
        

        s

      
    


    
      	
        

        0111_0100

      

      	
        

        74

      

      	
        

        116

      

      	
        

        t

      
    


    
      	
        

        0111_0101

      

      	
        

        75

      

      	
        

        117

      

      	
        

        u

      
    


    
      	
        

        0111_0110

      

      	
        

        76

      

      	
        

        118

      

      	
        

        v

      
    


    
      	
        

        0111_0111

      

      	
        

        77

      

      	
        

        119

      

      	
        

        w

      
    


    
      	
        

        0111_1000

      

      	
        

        78

      

      	
        

        120

      

      	
        

        x

      
    


    
      	
        

        0111_1001

      

      	
        

        79

      

      	
        

        121

      

      	
        

        y

      
    


    
      	
        

        0111_1010

      

      	
        

        7A

      

      	
        

        122

      

      	
        

        z

      
    


    
      	
        

        0111_1011

      

      	
        

        7B

      

      	
        

        123

      

      	
        

        {

      
    


    
      	
        

        0111_1100

      

      	
        

        7C

      

      	
        

        124

      

      	
        

        |

      
    


    
      	
        

        0111_1101

      

      	
        

        7D

      

      	
        

        125

      

      	
        

        }

      
    


    
      	
        

        0111_1110

      

      	
        

        7E

      

      	
        

        126

      

      	
        

        ~

      
    


    
      	
        

        0111_1111

      

      	
        

        7F

      

      	
        

        127
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