Introduction to Assembly Language using Debug
Dr. Abraham

For my CSCI 6303 students.

In order to fully understand the inner workings of a CPU, one must learn either machine language or assembly language and use the instruction set and registers of a given CPU.   An assembly language allows you to work with the registers and CPU directly.  It is used to program computers, microcontrollers and embedded processors.   It is essentially machine language replacing tedious binary code with human readable symbols known as mnemonics.  A program called assembler converts the assembly code into machine language.  Some assemblers are available free, others come  bundled with programming languages.
Fortunately, we are provided with a utility along with the DOS and Windows operating systems, DEBUG, which enables us to write simple assembly programs, execute and examine the processor registers.


Launch Debug by clicking on the start button and run,  typing in debug in the text box, and click OK.  It will give you a console screen (black background with a _ symbol where you can start typing).  Just type a question mark (?) and press enter.  You will see a list of debug commands such as A, C, D, E, F, G…. and their meaning.

One thing to keep in mind while using Debug is not to write to the first 256 bytes (100 hex bytes) of the work area set up by debug.  Always use offset 100.  This will become clear as we continue to work with debug.  
For a complete tutorial I refer you to Debug/Assembly tutorial by Fran Golden:  http://www.armory.com/~rstevew/Public/Tutor/Debug/debug1.htm 

Dr. Abraham or his TA will demonstrate the use of Debug and show how to write a small assembly language program.
Here is an example of adding two numbers using one register called ax.  Follow these steps:

1. Enter debug by Clicking Start, Run and type debug.

2. You will be given a black screen with a – prompt.  Type a and press return.

3. You will be given some address and given space to type.  Type mov ax, 5.  This instruction means place a 5 in the ax register.
4. Type add ax,3 on the next line.  This instruction means add a 3 to the contents of ax and place the result in ax.

5.  On the next line just press enter, indicating you are finished.

6. You now will be given a – prompt.  Type r and press enter.  This will display the registers.

7.  You will see the registers we are interested will have zeros I them (ax, bx).  Others may have zeros such as the cx, dx, bp, si, di, ip, etc.

8.  Now we will run the program one line at a time by pressing t.  (t for trace).

9. You will see that the 5 was moved to ax register.

10.  Press the t again, you will see that 3 was added to 5 and now ax has 8.

11.  You can quit the program by entering q.

Now let us use two registers, ax and bx.  Do the following

-a

17C0:0100 mov ax,5

17C0:0103 mov bx,3

17C0:0106 add ax,bx

17C0:0108

-r

AX=0000  BX=0000  CX=0000  DX=0000  SP=FFEE  BP=0000  SI=0000  DI=0000

DS=17C0  ES=17C0  SS=17C0  CS=17C0  IP=0100   NV UP EI PL NZ NA PO NC

17C0:0100 B80500        MOV     AX,0005

-t

AX=0005  BX=0000  CX=0000  DX=0000  SP=FFEE  BP=0000  SI=0000  DI=0000

DS=17C0  ES=17C0  SS=17C0  CS=17C0  IP=0103   NV UP EI PL NZ NA PO NC

17C0:0103 BB0300        MOV     BX,0003

-t

AX=0005  BX=0003  CX=0000  DX=0000  SP=FFEE  BP=0000  SI=0000  DI=0000

DS=17C0  ES=17C0  SS=17C0  CS=17C0  IP=0106   NV UP EI PL NZ NA PO NC

17C0:0106 01D8          ADD     AX,BX

-t

AX=0008  BX=0003  CX=0000  DX=0000  SP=FFEE  BP=0000  SI=0000  DI=0000

DS=17C0  ES=17C0  SS=17C0  CS=17C0  IP=0108   NV UP EI PL NZ NA PO NC

17C0:0108 0000          ADD     [BX+SI],AL                         DS:0003=9F

-

1 -- registers

debug

-a






(a is for assemble)

0B42:0100 mov ax,5




(debug only uses 16 bit registers)

0B42:0103 add ax,3

0B42:0106





(blank line is for end)

-r






(r displays the registers)

AX=0000  BX=0000  CX=0000  DX=0000  SP=FFEE  BP=0000  SI=0000  DI=0000

DS=0B42  ES=0B42  SS=0B42  CS=0B42  IP=0100   NV UP EI PL NZ NA PO NC

0B42:0100 B80500        MOV     AX,0005

-t






(t is for trace)

AX=0005  BX=0000  CX=0000  DX=0000  SP=FFEE  BP=0000  SI=0000  DI=0000

DS=0B42  ES=0B42  SS=0B42  CS=0B42  IP=0103   NV UP EI PL NZ NA PO NC

0B42:0103 050300        ADD     AX,0003

-t

AX=0008  BX=0000  CX=0000  DX=0000  SP=FFEE  BP=0000  SI=0000  DI=0000

DS=0B42  ES=0B42  SS=0B42  CS=0B42  IP=0106   NV UP EI PL NZ NA PO NC

0B42:0106 D1E0          SHL     AX,1

-

2 -- memory

(here the problem is in setting up the locations; set up the values a byte

at a time)

-e ds:0




(e is for enter; ds is the data seg)

0B42:0000  CD.05

-e ds:1

0B42:0001  20.00


(this enters the value 0005 in location 0)

-e ds:2

0B42:0002  FF.08

-e ds:3

0B42:0003  9F.00


(and 0008 in location 2)

-d ds:0




(d is for dump)

0B42:0000  05 00 08 00 00 9A EE FE-1D F0 4F 03 A6 05 8A 03   ..........O.....

0B42:0010  A6 05 17 03 A6 05 23 04-01 01 01 00 02 FF FF FF   ......#.........

0B42:0020  FF FF FF FF FF FF FF FF-FF FF FF FF 38 05 4E 01   ............8.N.

0B42:0030  66 0A 14 00 18 00 42 0B-FF FF FF FF 00 00 00 00   f.....B.........

0B42:0040  05 00 00 00 00 00 00 00-00 00 00 00 00 00 00 00   ................

0B42:0050  CD 21 CB 00 00 00 00 00-00 00 00 00 00 20 20 20   .!...........

0B42:0060  20 20 20 20 20 20 20 20-00 00 00 00 00 20 20 20           .....

0B42:0070  20 20 20 20 20 20 20 20-00 00 00 00 00 00 00 00           ........

-a

0B42:0100 mov ax,[0]

0B42:0103 add ax,[2]

0B42:0107

-r

AX=0000  BX=0000  CX=0000  DX=0000  SP=FFEE  BP=0000  SI=0000  DI=0000

DS=0B42  ES=0B42  SS=0B42  CS=0B42  IP=0100   NV UP EI PL NZ NA PO NC

0B42:0100 A10000        MOV     AX,[0000]                          DS:0000=0005

-t

AX=0005  BX=0000  CX=0000  DX=0000  SP=FFEE  BP=0000  SI=0000  DI=0000

DS=0B42  ES=0B42  SS=0B42  CS=0B42  IP=0103   NV UP EI PL NZ NA PO NC

0B42:0103 03060200      ADD     AX,[0002]                          DS:0002=0008

-t

AX=000D  BX=0000  CX=0000  DX=0000  SP=FFEE  BP=0000  SI=0000  DI=0000

DS=0B42  ES=0B42  SS=0B42  CS=0B42  IP=0107   NV UP EI PL NZ NA PO NC

0B42:0107 E043          LOOPNZ  014C

-
Here is another example of how to write and compile a program using Debug and save it to the hard disk drive.  After saving it as a .com program, it can be executed any time from the DOS prompt.

Assembly using Debug

“Hello World” Program

Steps:

· A 100



// Start to Assemble at memory location 100
OC82:100
jump 112
// Program memory span from 100 to 112

OC82:102


// Next memory location is 102. Press Enter

· E 102 ‘Hello World!$’

// Enter program at memory location 102
· D 102 



// Dump at memory location 102 to see program 
· A 112



// Assemble at memory location 112
· OC82:112
mov dx,102
// Move program at memory location 102 to register dx
· OC82:115
mov ah,09
// Start interrupt to exit program
· OC82:117
int 21

// Interrupt
· OC82:119
int 20

// Interrupt
· OC82:11B


// Press Enter
· U 100



// Un-assemble at memory location 100 to view memory span
· G



// To run program
· N HelloWorld.com

// To name the program
· H 11B 100


// To get the length of the program (from 100 to 11B)
· R cx



// Access register CX
CX 0000

: 001B



// Store program 001B in register CX

· R 



// To view registers
· W



// To Write program to hard drive
· Q 



// To Quit Debug
· Dir HelloWorld.com

// Program Directory
· HelloWorld.com

// To run program from hard drive
