Assembly Work Sheet 
Intro
Assembly Language is really one of the best and most efficient ways to optimize programs. Assembly programming is essentially similar to higher level language programming techniques.

Using Assembly language we can effectively rid ourselves of redundant program code.  This is due to the fact that assembly code is a lot more compact than its high level competitors. This can easily be seen by looking at, and comparing a disassembled listing of the same program written in both assembly language and a higher level language.
Generally as a rule an assembly language program has a higher performance than a program written in a higher level language, due to the fact there will be a smaller amount of commands.
Two Approaches 
The fist method is to basically include into your program a separate module of assembly language. This can be developed separately in a stand alone assembler such as NASM, TASM, or MASM. The result from this is a object file with the extension .OBJ. you then can include this into your project of a C++ application. You can then using the conventional calling functions use the functions of your compiled module. This offer certain advantages such as:
a) Once you have developed this once you can use it in many different applications.

b) There is no need to develop specific function interface (as with DLL libraries)
c) It can be easier to debug these modules separately.
The second method is to use the built in assembler. This is effectively placing your code directly into your project space; you simply develop your procedure directly into the body of the code.
One disadvantage is that the code you find certain limitations of the operation of assembly modules imposed by the development environment.

The Main Optimization Areas 

Loops 

Conditional jumps

Maths

Loops and Conditional Jumps
These are structures such as: Do….While, While, If Else, and Switch….case. These are easily replaced by they’re assembly counterparts. It is very beneficial if there is a series of calculation loops, by sparing a few instructions each time you will gain a considerable performance. If you are using only a few assembly commands to implement a loop block then it is best to use in built in assembler, as calling separate modules could possibly even slow down your program. (This is due to the fact that calling a separate module will require performing the prologue and epilogue associated with the module every time you call them)
Maths
The optimization potentials for C++ applications lie in improving the mathematical operations. In loop calculations, the repeated code can easily be implemented in assembly language. There is usually more than one way to do this. For example integer operations are pretty easy to convert but the floating point operations are a bit trickier. 
An important role in optimizing mathematical operations is the FPU or Floating Point Unit. This unit performs the floating point operations.
This unit does not replace the CPU commands but supplies additional mathematical calculation power.
Optimizing Loop Calculations
A loop is basically a set of instructions and a label. The label is where the loop begins and returns to after a sequence of commands has been performed.

In assembly a loop looks something like this:
Label:


<Set of commands>


JMP Label

Ok let’s look at a basic example.


mov EDX, 0  


\\ Puts 0 into EDX

Loop:



Inc
EDX


cmp
EDX, 100


je
Outloop


jmp 
Loop

OutLoop:


This simple example is increasing the value in EDX for 0 to 100, when 100 is reached we jump to the OutLoop label.
Although this code looks fine it’s not optimal. As you can see it uses several commands to analyze the exit condition for the loop. To improve this for a loop with a fixed number of iterations we can do the following:

mov EDX,
100  


\\ Puts 100 into EDX

Loop:



…………..


…………..


dec
EDX


jnz 
Loop

…………..
You can see from this listing that the value 100 is placed in the EDX, and the value is decremented to 0. The decrementing command set the zf flag when the counter turns to 0 and we exit the loop. 
It’s obvious that this listing has fewer operations and therefore performs faster than the previous listing.

There are however different types `of loop depending on task, so we cant really say there is one solid way of optimizing. If for example you are reliant on some sort of conversion of a byte of data stored in an array, and you need to increment the byte address in each iteration of the loop. We could store the source address in ESI and destination address in EDI (Remember the registers bit). The byte counter we place in ECX.
The example that follows is a demonstration on how this could be achieved.

mov ESI, src

//places source address into ESI
mov EDI, dst

//places destination add into EDI
mov ECX, count

//places byte counter in ECX 
add ECX, ESI
//adds ESI add to ECX to get loop exit condition
 

label:


mov AL, [ESI]

//places the value from ESI in AL

inc ESI


//increments ESI
<The commands you are using to process your byte>

Mov   [EDI], AL           //writes the result to the destination
inc EDI


cmp ECX, ESI
      //checks loop exit condition

jne label

    //if condition is not satisfied repeat loop

Optimizing Mathematical Calculations
Virtually all applications use mathematical calculations, ranging from the simplest ones such as add and subtract, to solving systems of equations. The mathematical calculations can use the ordinary CPU ones, such as add, sub, mul, div, xor, and the specialised FPU Floating-Point Unit ones.
Integer Data

Integer data can be optimized reasonable easily. You can select any of the GPR to place the data in, but the return value should be left in the EAX register as Microsoft's C++ uses the EAX register to return ints to the calling function. 
Instructions:

ADD

SUB 

MUL
DIV

The binary logical operations are:
AND
NOT

OR 

XOR

The MUL command is slightly different from the others as when we multiply two numbers there is a good chance the amount of space required to store the result will be bigger than either of the operands.  For example, 1111B multiplied by 1111B = 1110 0001B. Notice that twice the number of digits are required to represent the result. This makes multiplication a little more complicated.  The 80x86 processors dealt with this as follows:

The instruction 



MUL BX

Multiplies the contents of BX by the contents of AX and the result in stored between DX and AX.  The result can be up to 32 bits with the high 16 bits stored in DX and the low 16 bits in AX.  If 32 bit words (double words) are used as the source operand, in other words, you are using the EBX, etc. registers, then the other operand is assumed to be stored in  EAX and the result is stored in the same way as previously described, that is the upper double word of the result is stored in EDX and the lower double word in EAX
Try the following piece of code, and then alter it to allow:

· 2 numbers to be divided

· 2 numbers to be multiplied 
· 3 numbers to be added together

· 2  numbers to be subtracted 

· Use a logical operator such as XOR or AND against 2 values.
(You may need to alter the code slightly to work with visual studio 2005)
#include <iostream.h> 

int main (void);

int myadd(int a,int b);

int main(void)

{


int num1,num2;


cout<<"enter a number"<<endl;


cin>>num1;

    cout<<"enter another number"<<endl;


cin>>num2;


cout<<"sum is "<<myadd(num1,num2)<<endl;


return 0;

}

int myadd(int number1,int number2)

// uses the eax and ecx registers to add two numbers in assembler

// Microsoft's C++ uses the eax register to return ints to the calling function.

// hence no need for a return.

// push and pop other registers to ensure integrity of calling functions

// if fast call compile option is used. 

{

   _asm

   {

      mov eax, number1    ; Get first argument

      mov ecx, number2  ; Get second argument

      add eax, ecx     ; EAX = EAX +ECX

   }

   /* Return with result in EAX */

   /*compiler will issue harmless warning:- no return value  -ignore it */

}

The FPU Program Model
The FPU program model can be described as a combination of registers which can basically fall into the following groups.

1 FPU stack registers. There are 8 of these called ST(0), ST(1),…….ST(7).floating point numbers are stored as 80 bit numbers. The stack operates as LIFO as we well know.
2 Control/Status registers. These include the information reflecting on the processor status, the controlling register (for controlling the FPU operation) and the tag status register to reflect the status of the ST(0)… ST(7)
3 The data point register and instruction point register. These are intended for processing exceptions.
Any of the above registers can be accessed by the program either directly or indirectly. In FPU programming the FPU registers act as an ordinary stack of the CPU. This stack however has a limited number of positions, eight to be precise. The FPU has one more register that’s very tricky for the programmer to use. This contains the “labels” of each stack position, allowing the FPU to keep an eye on what stack positions are in use and which are free. 
To place data into the stack the program uses the load command, this places the data on top of the stack.
Similarly, the write command takes values from the stack and places them in memory.
FPU Commands

All the commands start with the letter F, this is distinguish them from the CPU commands. They can essentially be arranged into groups.
· Data transfer (read/write) commands

· Addition and subtraction commands
· Multiplication and division commands

· Transcendental function commands

· Control flow commands

Data Transfer Commands
Write

There are basically two types of write commands.
One type will move a value from the top of the stack and write it to a memory cell. These types of commands are fst and fist. 
The second type write the data together with shifting the stack pointer, these commands are fstp, fistp and fbstp.
Read / Load
The read or load commands loads the data to the top of the stack. To load integer data, use the fild modification.
Addition and Subtraction
Each of these instructions finds the sum or difference between the st(0) register value and another operand. The result of this operation is always placed in a FPU register.
The commands are as follows:
fadd
 
ST(0), ST(1)

fadd
 
ST(0), ST(2)

fadd
 
ST(2), ST(0)

fiadd

Word_Interger

fiadd

Short_ Interger

fadd

Short_Real

fadd

Long_Real
faddp

ST(2), ST(0)

fsub

ST(0), ST(2)
fisub

Word_Interger

fsubp

ST(2), ST(0)
fsubr

ST(0), ST(2)
fisubr

Short_Interger
fsubrp
ST(2), ST(0)
The operands for these commands can be either FPU stack registers or one stack register and one memory cell.

Here is an example of how to use FPU commands to add two floating point values together.

Try the following code in visual studio. Try altering it using different mathematical equations and more operands. 
#include "stdafx.h"

int _tmain(int argc, _TCHAR* argv[])

{


float f1,f2,fsum;


while (true)


{


 printf("\nEnter float 1: ");


 scanf("%f", &f1);


 printf("Enter float 2: ");


 scanf("%f", &f2);


  _asm {



   finit

           fld
 DWORD PTR f1



 fadd  DWORD PTR f2

           fstp  DWORD PTR fsum

           fwait


      };


 printf("f1 + f2 = %6.3f\n", fsum);


}

 return 0;

}

What’s going on there?
The command fld loads the f1 number from memory to the top register of the FPU stack. The fadd command calculates the sum of the values of the top of the stack register ST(0) and the f2 variable in the memory. The result then is stored at the top of the FPU stack. Lastly the command fstp saves the result to the fsum variable, and also clears the top of the stack. Finit clears the condition registers.  
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