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Introduction to Assembly Language

Obijective:

To be familiar with Assembly Language,

Introduction:

7

Java code

** Machine language can be made directly from java code using interpreter .

\ 4

Machine Langauage

A 4

Interpreter

¢ C,C++ code is executed faster than Java code ,because they transferred to assembly

language before machine language .

I C Program

:
Linker

Object: Library Routine I

Executable: Machine
Program

trit

Memory I




+* Visual Studio 2012
To convert C++ program to assembly language.

1. From File menu >> choose new >> then choose project.
Or from the start page choose new project.

FILE EDIT VIEW DEBUG TEAM TOOLS WINDOW  HELP
3 - & e b Attach... - J| -

Start Page & X

GET STARTED

F" FOTE /01/ Welcome

01 Start

_reate your first LI_.ih'.'_'p'.' tch

Tour the development envirc

Download LightSwitch starte
Watch the LightSwitch "How
2. Then the new project window will appear,
- choose visual C++ and win32 console application
- The project name is welcome:
MNew Project
b Recent MNET Framework45 = Sort by: Default - 5
4 Installed **
h Win32 Console Application Visual C++
4 Templates
LightSwitch L | MFC Application Visual C++
4 Other Languages =
: : ++
b Visual Basic Win32 Project Visual C++
b Visual C#
= 4
4 Visual C++ k I Empty Project Visual C++
ATL
L
CLR D-:I Makefile Project Visual C++
General
MFC
Test
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Nin32 Application Wizard - Welcome_lab

wry Application Settings

CA\_
Overview Application type: Add commaon header files for:
Windows application
Application Settings - — o=
@ Console application MFC
DLL
Static library

Additional options:
Empty project

| Precompiled header
| Security Development Lifecyde (SDL)

3. Write C++ Program that print "Welcome all to our assembly Lab \n”

{Global Scope]) @ _tn

= Welcome lab.cpp : Defines the entry point for the console applicatio

#include "stdafx.h™

int tmain(int argc, _TCHAR* [ 1)

{
printf(“Welcome to Assembly lab ‘n"});
return @;

4. To run the project, do the following two steps in order:
a. From build menu choose build Welcome.
b. From debug menu choose start without debugging.
The output is

BEX C\Windows\system32Xomd.exe o

llelcome to Assemhbhly lahb
Presz any key to continue . . .




5. To convert C++ code to Assembly code we follow these steps:

m Welcome_lab - Microsoft Visual Studio

FILE EDIT VIEW ~ PROJECT BUILD DEBUG TEAM  TOOLS  WINDOW
B - W W AddClass.
g  Class Wizard... Ctrl+Shift+X
Welcome_lab.cpp +
(Global Scope) O Add Mew tem... Ctrl+Shift+ 4
-// Welcome lz 3 Add Existing Item... Shift+Alt+A sole appl
4 B Show All Files
#include "stc Rescan Solution
&  Welcome_lab Properties...
Jint tmain{int argc, _TCHAR* argv[])
printf{“Welcome to Assembly lab “n™});
return @;
Configuration: | Active{Debug) | Platform: |Active(Win32) '] [ Configuration Manager...
4 Common Properties Expand Attributed Source Mo
Framework and References Assembler Output Assembly With Source Code (/FAs) |:
4 Configuration Properties Use Unicode For Assembler Listing
General ASM List Location S(IntDir)
Debugging Object File Name $(IntDir)
VC++ Directories Program Database File Name S{IntDinvcS(PlatformToolsetVersion).pdb
4 C/Crs Generate XML Documentation Files Mo
Gen.erafl ) XML Documentation File Mame S{IntDin)
Optirization
Preprocessor
Code Generation
Language
Precompiled Headers
Output Files
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m Welcome_lab - Microsoft Visual Studio
FILE EDIT WVIEW  PROJECT  BUILD

SR - WM

Welcome_lab.cpp R X
(Global Scope)
—1// Welcome lab.cpp : De
/1 Project Only

DEBUG  TEAM  TOOLS

Run Code Analysis on Solution
Y Build Welcome lab
Rebuild Welcome_lab

Clean Welcome_lab

#include "stdafx.h" Profile Guided Optirnization

Batch Build...

Jint _tmain(int arge, Configuration Manager...

WINDOW  HELP

Alt+F11

1

Tl Compile

Ctrl+F7

@ _tmain(int

lcation.

We will find the Assembly code on the project folder we save in (Visual Studio
2012\Projects\Welcome\Welcome\Debug), named as Welcome.asm

mv| . » AlzalHaniya » My Documents » Visual Studio 2012 » Projects » Welcome_lab » Welcome_lab » Debug

Organize +

[ Favorites
Bl Desktop
4. Downloads

=l Recent Places

- Libraries
@ Documents

J‘F Music

[=| Pictures

B videos

#&) Homegroup

18 Camputer
&, Local Disk (C:)
ca study (D:)

ca fun (E)

Include in library +

Mame .
| cheemmandl.tlog
|| CL.read.tlog

L] CL.read.2.tlog

|| CL.writel.tlog

|| link.command.1.tlog
| link.read.1.tlog

| link.write.1.tlog

| link-cvtres.read.l.tlog
| link-cvtres,write.l.tlog
| link-re.read.l.tlog

|| link-re.write.1.tlog
|| stdafx

*3 stdafx

iy vello

& vello

| Welcome_lab

Wiclrarmma lah Build maniTlaan

Share with = Burn

Mew folder

Date medified

2/13/2013 %43 PM
2/13/2013 %43 PM
2/13/2013 9:43 PM
2/13/2013 9:43 PM
2/13/2013 9:43 PM
2/13/2013 9:43 PM
2/13/2013 9:43 PM
2/13/2013 9:43 PM
2/13/2013 %43 PM
2/13/2013 %43 PM
2/13/2013 9:43 PM
2/13/2013 9:43 PM
2/13/2013 9:43 PM
2/13/2013 9:43 PM
2/13/2013 9:43 PM
2/13/2013 %43 PM

2M2012 342 DA

Type Size

TLOG File 2k
TLOG File 4k
TLOG File 1k
TLOG File 2k
TLOG File 2k
TLOG File 4k
TLOG File 1k
TLOG File 1k
TLOG File 1k
TLOG File 1k
TLOG File 1k
ASM File 1k
Object File 12k
VC++ Minimum R... 67k
Program Debug D... 140 F
ASM File 2k
L Oy — 2k




Part of the code:

o ka
[Te}

5 ; 10 : printf ("Welcome to Assembly lab \n");

55 mov esi, esp

56 push OFFSET ?7 CE OBKECERIDFJJEWelcome?S5to?SAssembly?5lab?S5?675ALR
57 call DWORD FTE _ imp printf

58 add esp,

59 cmp 31, esp

60 call __RTC CheckEsp

62 11 return 0;

s Assembly Language:
Assembly Language is a programming language that is very similar to machine language, but

Uses symbols instead of binary numbers. It is converted by the assembler (e.g. Tasm and Masm)
Into executable machine-language programs

s Assembly Language Tools:

Software tools are used for editing, assembling, linking, and debugging assembly language

™

programming. You will need an assembler, a linker, a debugger, and an editor. a

N

~

o

1. Assembler g

An assembler is a program that converts source-code programs written in assembly language g

into object files in machine language. Popular assemblers have emerged over the years for the *§

Intel family of processors. These include MASM (Macro Assembler from Microsoft), TASM 8

(Turbo Assembler from Borland), NASM (Netwide Assembler for both Windows and Linux), and £
GNU assembler distributed by the free software foundation.

2. Linker o

3+

A linker is a program that combines your program's object file created by the assembler with §

other object files and link libraries, and produces a single executable program. You need a linker é';n

utility to produce executable files. ‘Eﬁ

e Link.exe creates an .exe file from an .obj file. S

5

I

[}

3

<
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3. Debugger

A debugger is a program that allows you to trace the execution of a program and examine the
content of registers and memory.

4. Editor

You need a text editor to create assembly language source files. MASM®6.15 has its own editor
or you can use for example Notepad++.

*

% Running Hello Program on Tasm assembler:

1- Click Start & (All) Programs B Run then write cmd and click OK.
2- Go to directory C:\Tasm\Bin

3- Type the command C:\Tasm\Bin\edit Hello.asm

4- A blue screen will open.

e CAWINDOWS \system3Zicmd exe

Microsoft Windows HP [Uersion 5.1_26861
¢G> Copyright 1985-2001 Microsoft Corp.

C:sDocuments and Settingssreviallcd C:sTasm“Bin
C:~TASM~BIH>edit Hello.asm




e CAWINDOWSAsystem32icmd exe - edit Hello.asm

File Edit Search Uiew Options Help

C:~TASH~BIN~Hello.azm

Fi=Help

5- Write the following Hello program

e C:AWINDOWS\system 3 2\command.com

File FEdit Search VYiew Options Help
C:\TASMABINAHello.asm [

Dosseg
.model small
.data
message db "Hello to My first Assembly Lab™,"$"
.code
main:
mov ax,[@data
mov ds,ax
mov ah,9
mov dx, offset message
int 21h
mov ah,4ch
int 21h

end main_
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6- Write C:\Tasm\Bin\tasm hello.asm to create the file hello.obj This file is the machine
language for the program.

7- Write C:\Tasm\Bin\ tlink hello.obj to create the file hello.exe This file is executable
program.

8- Finally, write C:\Tasm\Bin \hello.exe You will show the message hello, world on DOS
screen

CAWINDOWShsystem32icemd. exe - tlink Hello

Microsoft Windows HP [Uersion 5.1.26H001
CC>» Copyright 1985-2001 Microsoft Corp.

C:sDocuments and SettingssrevialXed C:sTasm~Bin
C=~TASM~BIN>edit Hello.a=zm

C=~TASM~BIN>tazm Hello
Turboe Assembhler VUersion 4.1 Copuyright <¢c> 1988, 1996 Borland International

Azsembhling file: Hello.ASH
Error messages: Mone
Warning messages: Mone
Pazzes: 1
Remaining memory: 452k

C:~TASM~BIN>t1link Hello

Turho Link Wersion 7.1.38.1. Copyright <(c> 1987, 19?6 Borland International
Warning: DOSSEG directive ignored in module HELLO.ASH

Warning: Mo stack

C=~TASM~BIN>Hello
hello
C=~TASM~BIN




How to Debugging Assembly Language programs:

%o

S

Using Tasm Turbo Debugger:

The Turbo Debugger is a program that allows you to single-step your program (that means

run it line-by-line while you watch what happens). You can observe the registers, the

flags, and the code as you trace through your program.

’

memory dump, individual variables

Also it is used to debug errors that have to be made by logic reasons.

After you write your program you can use assembly turbo debugger by follow the following:

C:\Tasm\Bin\td Hello

f

¢4 /Command Prompt - td Hello

— 7 = =
S
& 722

7
=
_

cs : B8BgrB8CD42

CPU 80386

\»\.R,.“\\
5555555

72 72

7

7

7 Z
T 0%

o

745557
2

77

=
T @

-
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Number

10

Description

Indicate to the region contain Code pane

Indicate to the region contain Data pane

Indicate to the region contain Stack pane

Indicate to Code register that have value of (42CC) and we get it from register

pane.

This statement tell the assembler to put (@data) default offset address in AX and
this value from figure equal to (42CD)

12

This column is the values of Registers.




+» Debugging Assembly Language programs

For Debugging you can use:

code and store in memory

Debug hello.exe
COMMAND SYNTAX FUNCTION EXAMPLE
Examine or modify the
Register R [Register Name] contents of an internal E]_f‘ ;R{}(t}:r;eﬁj
register of the CPU g
Display the contents of 100 A
Dump I} [Start Addr] [End Addr] | memory locations -D DS:100 200
L -I» start-add end-add
specified by Address
Enter or modify the 3
N ) ] o o Lo -E DS:100 22 33
Enter E [Address] [Data] contents of t.he specified "E address data data
memory locations
Fill F [Start Addr] [End Addr] F1_I1 a block of memory _FDS:100 120 22
[Data] with data
) _ _C::rnvenl assfembly lang. A CS:100
Assemble A [Starting address] mstructions into machine

-A start-address

Un-assemble

U [Starting Address]

Display the assembly
instructions and its
equivalent machine codes

-UCS:100 105
-U start-add end-add

Line by line execution of

[Breakpoint Add.]

Breakpoint address

. ] specific number of | -T=CS:100
Trace T [Address][Number] assembly lang. | -T=starting-address
instructions
. . Execution of assembly .
. G [Starting Address| . | -G=CS 100 117
Go language nstructions until

-G=start-add end-add
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 Invoking Debug

To invoke the DEBUG program, a user opens command promote window and enters the
following:

= C:AWINDOWS\system 32\cmd.exe - debug

zsoft Windows HP [Version 5.1 Baal
opyright 1985-2801 Microsoft Cowrp.

C:sDocuments and Settingsss joudarecds

ehug

A (Assemble)

Assemble a program into machine language. Command formats:

A

A address

If only the offset portion of address is supplied. it 1s assumed to be an offset from CS.
Here are examples:

Example Description
& 100 Assemble at CS:100h.
\ Assemble from the current location.

L DS:2000 Assemble at DS:2000h.

When you press Enter at the end of each line, Debug prompts you for the next line of
mput. Each input line starts with a segment-offset address. To termunate mput. press the
Enter key on a blank line. For example:

-a 100

5514:0100 mowv ah, 2
5514:0102 mov 4dl,41
5514:0104 int 21
5514:0106




D (Dump)

The D command displays memory on the screen as single bytes in both hexadecimal and
ASCIL Command formats:

D
D address
D range

I no address or range 15 given, the location begins where the last D comumand left
orf, or at locaton DS:0 if the command 15 bemg typed for the first tune. IF address 15
specitied. 1t consists ot either a segment-offset eddress or just a 16-ut otfset. Range
consists of the begmnning end ending addresses to dump
Examplec Deseription
D FOC00:C  Scgment-offsct
D 05:10C  Segment register-offset

D 100 Sifset

Q (Quit)

The Q command quits Debug and retuuns to DOS.

R (Register)

The R command may be uscd to do any of the tollowmng: display the contents of onc
register, allowing it to be changed: display reaisters, flags. and the next instruction about
to be executed: display all eight flag sertings. allowing sny or 2ll of them to be changed.
There are mwo command formate:

B
R registar
Here are sinne examnples:

Example Description
R Display the contents ot all rezisters
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T (Trace)

The T command exceutes one or more instructions \'rm'ting at cither the current CS: P

location or at an nphmnal address

I'he contents of the registers are ¢hown after 2ach

mstruction 1s executed, The comunand formats are;

T
T s2aount

T =address count

Where ecount is the number of instructions 1o trace. and address is the starting

the trace. Examples:
Example

T Tiave Uie

L - Trace te

T =105 10

BH DOSBox 0.74, Cpu speed:

E:s>debug hello.exe

-1

AX=FFFF BX=0000 CX=0016 DX=0000

D3=0734 E5=0734 33=-0743 C35=0744

744 : G000 BR4507 MOy

—t

AX=0745 BX=0000 CX=0016 DX=0000

D3=0734 E5=0734 35=0743 C5=0744

7744 : G003 8EDS Moy

—t

AX=0745 BX=0000 CX=-0016 DX=-0000

D3=0745 E5=0734 33=0743 C3=0744
(0005 B4G9 Moy

+ MGG
EE10
EO20
1EE30
DA
1EE50
1EE60
1EO70

68
3B
EB
o8
2R
ool
Cc3
Zb

65
Ed
9
BF
DB
Zb
Ed
Az

6C
75
EE
oA
SF
89
1)
&6

6C
3B
2b

6F
E8
c?
EB
8E
ac
E8
33

24
B4
06
o3
c3
0.0
o5
Cco

o8]
3B
o
BF
53
c3
ZE
Z6

3000 cycles, Frameskip 0, Program: DOSBOX

address for

Description
ucal wstiuction,
nexr five instrucrions.

Trace 16 mnstructions starting ar CS:105,

SP=0000 BP=0000 S1=0000 DI=0000
IP=0060 NU UP EI PL ZR HA PE NC
Ax, 0745

SP=0000 BP=0000 S1=0000 DI=0000
IP=006E3 NU UP EI PL ZR NA PE NC
D5, AX

SP=0000 BP=0000 31=-00060 DI=0000
IP=00E5 NU UP EI PL ZR NAa PE NC
fH, @9

FC-Z6
E9-E3
00-01
CE-@<
FF-D?
Z6—89
Zb—A1
A3-0<

80
o4
00
57
5B
1E
on
0o

GE
BF
EB
a8
o7
06
00
26

05
3c
13
D8
72
o0
E8
A3

oe]
01
BF
E8
o6
E8
6E
oe]

01
57
69
Sb
Z2b
D5
A
20

E8
g8
01
EE
A3
06
ac
FD

........




