Assembly work sheet
The trace command 
Last we played with Debug, we simply used debug commands to change register values, we dint execute any instructions.
We can execute instructions in two ways using debug, one way to execute a program that at CS:IP, is use the G command. The other way is 

Is use the T instruction, this is the TRACE instruction. This is debugs way of executing one instruction at a time. Trace will execute the instruction that CS:IP is currently pointing at.
The difference between G and T is G will execute the instruction at CS:IP and all instructions after, T is a single step.

Enter debug.
Debug has an internal assembler and it assembles directly into memory, and as you type instructions via the keyboard they are placed in memory one at a time at the location CS:IP. Each instruction that is entered increments the pointer to the next free location in memory.

This is an example for you to try:
Type A at the prompt (A stands for Assemble), debug will respond with current value of CS:IP and waits for you to enter an instruction.
Type MOV AX,1 and press enter, CS:IP will be displayed again, this will continue to be displayed until you press enter without a value.

Press enter:

Then type r at the prompt.

You should see something like:
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Why have the register values not changed?

……………………………………………………………………………..

Why is the value 1527:0100 displayed?

……………………………………………………………………………..

What is the value B80100?

……………………………………………………………………………..

Enter T at the prompt debug will execute the mov instruction and immediately show the registers.

Take a while to put different values into registers.

There are three different types of data that may be used as operands:
a) Immediate Data

b) Register Data

c) Memory Data

Immediate Data
The instruction we used previously MOV AX, 1 was an example of immediate data. Immediate data gets its name from the fact that the data is built right into the machine instruction; it is right inside the instruction being fetched and executed. The data must however be an appropriate size for the operand. E.g. 16 bit immediate value won’t go into an 8 bit register.

Register Data
Data stored inside a CPU register is known as register data. To use register data we simply name the register we want to work with.
Bring up debug if you have shut it down, and assemble the following instructions:

MOV AX, 67FE

MOV BX, AX

MOV CL, BH

MOV CH, BL

Ok reset the IP to 0100 by using the R command, and then execute the instructions by entering T at the prompt.
- r    ( to view contents of registers)

- t

What’s the Value held in AX ……………………….

- t

What’s the Value held in BX ………………………..

- t

What’s the Value held in CL ………………………..

-t

What’s the Value held in CH ………………………..

Ok now try assembling this instruction.

XCHG CL,CH

-t

It’s always good in assembly language to check to see if your code can be better optimised, you may be able to do with one instruction what you have done with a few instructions.

Memory Data

Memory data is obviously data that is stored in our vast 1 Meg of memory (RMSM). Always specified in two parts segment address and offset. Memory values cannot be moved from one memory value to another memory value directly.
Flags 
Assemble these instructions:

MOV AX, FFFF

MOV BX, 002D
INC AX

DEC BX
Step through the program using the T command, take note of the register values as you step through. 
What did we see? Well you should have seen a few things, some perhaps you didn’t notice.

a) The value in AX went from FFFF to 0

b) The value in BX went from 002D to 002C
c) The flags NZ, NA and PO changed to ZR, AC and PE.
Why did they change and what are they?
Well, they are our flags. Or more to the point the flag values, debug uses are not the same as the standard symbols programmers call flags by.

Debug displays the values by having a unique symbol for each state of the flag.

	Flag
	Name
	 
	Set Symbol
	 
	Clear Symbol

	 
	 
	 
	 
	 
	 

	OF
	Overflow Flag
	 
	OV
	 
	NV

	DF
	Direction Flag
	 
	DN
	 
	UP

	IE
	Interrupt Enable Flag
	 
	EI
	 
	DI

	SF
	Sign Flag
	 
	NG
	 
	PL

	ZF
	Zero Flag
	 
	ZR
	 
	NZ

	AF
	Auxiliary Carry Flag
	 
	AC
	 
	NA

	PF
	Parity Flag
	 
	PE
	 
	PO

	CF
	Carry Flag
	 
	CY
	 
	NC


When debug is first run the flags are set to they’re default values, which are:
NV UP EI PLNZ NA PO NC

You can see these are all set to clear except ………………………

Why do you think this flag is set?.....................................................
So back to why the flags changed:
The ZF flag changed from NZ to ZR indicating that the operand with INC went to a zero value as the instruction was executed.

The AF flag went from NA to AC, indicating a carry (We won’t go into that here).
The PF has gone from PO to PE this means the number of bits in the low part of the BX register went from an odd value to an even value.
You should note that even though a flag does not change in some operations, the flag is still affected. Even though there is no change the state is effectively asserted.

A Simple Program
;  Source name     
: DSP.ASM

;  Executable name : Assembly.COM

;  Code model:     
: Real mode flat model

;  Created date 
: 6/4/2007
;  Author          
: Your Name
;  Description     
: A simple  DOS .COM file programmed using

;  Written for
: NASM-IDE 1.1 and NASM 0.98.

[BITS 16]                    
; Set 16 bit code generation

[ORG 0100H]               
; Set start address to 100h (COM file)

[SECTION .text]              ; Section containing code

START:


; Not really necessary but good practise
    mov    dx, dismsg        ; Mem data ref without []loads the location
    mov    ah,9              
; Function 9 displays text to standard output.

    int    21H              
; INT 21H makes the call into DOS.

    mov    ax, 04C00H       ; This DOS function exits the program

    int    21H              
; and returns control to DOS.

[SECTION .data]              ; Section containing initialised data

dismsg     db "Assembly is Great!", 13, 10, "$"  ;the message to display
Write this program into NASM-IDE

This is how:

Start NASM-IDE, go to the file menu then new blank file, or use the asm assistant. If using the assistant select 16 bit, new .COM file and text section.
To assemble the code, go to the Assemble menu and select Assemble.

If you assemble with no errors present run the code.

Ok so that bit of code was simple, you would have noticed a lack of references to segments, and segment registers.
This is because the program was written for Real Mode Flat Model. You will remember that that model was designed inside a single segment 64K.
Ok what was all that stuff we typed in.

The top bit was:

;  Source name     
: DSP.ASM

;  Executable name : Assembly.COM
;  Code model:     
: Real mode flat model

;  Created date 
: 6/4/2007
;  Author          
: Your Name
;  Description     
: A simple  DOS .COM file programmed using

;  Written for
: NASM-IDE 1.1 and NASM 0.98.

This is simply the comment block; it is there for your use and for anyone else that will need to look at your code. You can put here anything you want, but try keep it relevant 
Under that bit
[BITS 16]                    
; Set 16 bit code generation
This part tells NASM that the program is to be assembled for 16 bit real mode. Using BITS 32 would put us in protected mode and allowed us to use all the functionality of that mode. The problem there is of course DOS does not run in 32 bit mode so it is not extremely useful, and would achieve nothing.
[ORG 0100H]               
; Set start address to 100h (COM file)
ORG = Origin, this is the starting place of the code. So for this program code execution begins at 0100H in memory. The value 0100H is loaded into the IP, so that when DOS hands control over to your program yikes! The first instruction executed is the one at IP.
Ok a question why are we starting at 0100H

…………………………………………………………………………......
[SECTION .text]              ; Section containing code

NASM divides our code into sections, not so important in RMFM. In RMSM sections map to segments. Effectively the SECTION instruction tells in NASM where to look for certain things in .text section NASM expects to find code.
.data section NASM is looking for initialized variables.

.bss section defines uninitialized data.
Next bit

START:
This is what’s known as a label, this one (START) is not actually necessary but its good practice, it’s nice to see where it all begins.

Labels are used in jump (JMP) instructions. They are the place where the instruction should jump to.
Three points should be made here:

1) Labels can begin with a letter, an underscore, a period or a question mark. The underscore, period, and question mark have special meanings so don’t use them at the mo.

2) Labels must be followed by a colon; it is the identifier that NASM needs to understand it is a label.
3) Labels are case sensitive.
The bottom bit (we will come back to the code)
Ok so what the hell is all that stuff?
dismsg     db "Assembly is Great!", 13, 10, "$"  ;the message to display

dismsg = defining a variable (initialized data). In this case a string.
Db = Define Byte, sets aside one byte in memory for data storage.
MyByte 
= DB 07H



; 8 bits in size
MyWord 
= DW 0FFFFH


; 16 bits in size

MyDouble
= DD 0B8000000H

; 32 bits in size

Strings however are special, they don’t follow the rule. As you see from the table the DB sets aside one byte for storage. But with strings they can be as long as you like as long as they stay on the same line of the source code file. The DB is specifying the starting point. The number of characters in the string tells the assembler how much room to set aside.
To delineate the string you can use either(“) double or (‘) single its your choice. Unless of course you have one or more quote characters inside the string. The you must use the other quote character.  E.G
‘He said “I hate this assembler” and left the class’

“So where’s the party”

See the differences?

The second has one quote in where’s, so we need to delineate with double quote. 

The first has double quotes inside so we need single to delineate.
Cool what’s with the 13,10 then

Well I glad you were wondering. They are carriage return and line feed, left over from Teletype machines, these pieces of mechanical doom needed two operations at the end of a line. One to return the typing carriage to the left of the margin (carriage return), and another to feed the paper up one line (line feed). So we kept that with DOS for some mental reason known only to a select few. (LINUX uses only line feed).
So with this bit of knowledge in mind we can see that by using this at the end of a line if there were more text, then it would begin at the left margin of a new line.
One thing perhaps should be mentioned.

There is a difference between directives and instruction Mnemonics. Directives are only for the assembler program they are instructions to that. Take for example the directives DB, DW, DD, when the assembler is assembling the program as it scans through it comes across DW 0B800H. this tells the assembler to set aside two bytes of memory right here for what follows. So effectively we are reserving two bytes and putting 0B800H into the memory space. 
Oh yeah the “$”, well that “$” marks the end of the string.
The Instructions
MOV DX, dismsg
Ok the main thing you should be aware of is that we are not moving the string into DX, we are moving the location of the string into DX.
If we had set the instruction out like so:

MOV DX, [dismsg]

We would have moved the data into DX, which as you would have worked out is too big.

A DOS Call?

What we do when we run this little program is call DOS and tell it to display a string that’s held in a particular place in memory.
    mov    dx, dismsg        ; Mem data ref without [] loads the location
    mov    ah,9              
; Function 9 displays text to standard output.

    int    21H              
; INT 21H makes the call into DOS.

So looking at our code, we know what our first line does, what about the rest. Well loading 09H into AH tells DOS we want to display a string; this is called a DOS call. DOS has certain requirements that must be set up before a call is made. Using this call DOS expects to see an address of data in register DX. If both these are present, you can make a DOS software interrupt call, and it’s 021H. This will interrupt and display your text on screen. 
Job done, ish.

We need to hand control back to DOS

    mov    ax, 04C00H       ; This DOS function exits the program

    int    21H              
; and returns control to DOS.

The DOS service 04CH is the terminate process, the 00 are appended as this process effectively throws into the variable ERRORLEVEL DOS, anything it finds in the AL register. So we chuck in a zero just to give it something safe to play with. (you can use ERRORLEVEL DOS to test and branch).
.COM file?

Right that’s all good and well but what’s a .com file.

DOS treats the two kinds of executable files differently, the .com and .exe. The .com is the simpler of the two, they are effectively an image of the instructions and the data assembled from the source code. .exe we will go over again.

When a .com file is executed from the command line this is what happens.
a) DOS chooses where in memory to load the file, the file is not altered it is loaded exactly as it was when it was saved to disc by the assembler.

b) AX, BX, DX, BP, SI and DI are set to 0.
c) IP is set to 0100H.

d) The number of bytes loaded from disk and loaded into memory is stored in CX.

e) The stack pointer is set to the highest address in the programs segment minus one.

f) All four segment registers are set to the same value: this is the single segment that the .com file will run in, DOS chooses that.
g) DOS transfers control to the instruction at CS:IP, and your program is off and running. 
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