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REMIDER 1: GPRs (32 bits)

General-Purpose Registers

0
EAX
EBX
ECX
EDX
ESI
EDI
EBP
ESP
Segment Reqgisters
15 0
s
DS
31 1615 B7 0 16-bit 32-bit s
AH AL AX EAX S
BH BL BX EBX FS
CH CL X ECX GS
DH DL DX EDX .
BP EBP 31F"ru::«;|ram Status and Control Register
Sl Esl | EELAGS
DI EDI . _
5p ESp 31 Instruction Pointer 0

| Elp




REMINDER 2: EFLAGS

X
X

X
X
X
X
X
=
C
X
X
S
S
S
=
S
=
C
X

JM3029268272625242322 212019181716 1514131211109 8 7 6 5 4 3 2 1 0

I
DI}DI

W
=3

W
1
F

A
C

W
M

R
=0

M
T

-00—

8]
F

]
F

A
F

Fi
F

i
F

ID Flag (1D}

Virtual Interrupt Pending (VIF)
X Wirtual Interrupt Flag (VIF)

Alignment Check (AC)

=

Virtual-8086 Mode (VM)

Resume Flag (RF)

Nested Task (NT}
I/O Privilege Level (IOPL)

Overflow Flag (OF)

Direction Flag (DF}

Interrupt Enable Flag (IF)

Trap Flag (TF)
Sign Flag (SF)

Zero Flag (ZF)

Auxiliary Carry Flag (AF)

Parity Flag (PF)
Carry Flag (CF)

Indicates a Status Flag
Indicates a Control Flag
Indicates a System Flag




REMINDER 3:Addressing Modes

Typ=

Register

Immediate

Drire=ci

Register |ndirect

Base-plus-indax

Register nelative

Base relative-pius-index

Zcaled indax

Instruction

MOW  AX BX

MOV CH_ aaH

MOV [1238H]AX

MOV [BX),0L

MOV [BX+5I1.BP

MOV CL.[BXs4]

MOV ARRAY[BYL50),0¥

MOV [EBX+2 = ESILAX

Source Address. Generation
Aeglter
BX
Dt
A
e | L DSx1M+DISP
10000H + 12344
F"B'g:‘” L DSxw0HeBN
10000H + 0300H
Pegeler | DSx10H+BX8 _
10000H + 03400H + 0200H
= Iemory
ackdrass 0S = 10H + BX + 4
10304H 10000H + 0300H + 4
“ﬂgg‘w DS« 10H + ARRAY + BX 4 §i
100004 + 1000H + 0300H + 0200H
Pl DS x 10H + EBX + 2 % ES

10000H + DO00C300H + Q0000400H

Motes: EBX = 0:Q000300H, ESI = 00000200H, ARRAY = 1000H, and DS = 1000H

Destination

Regisiar
AX

11500H

Bamaory

TOTOGH




P———

Advantages of Assembly

¢ Full Control

* Understanding the microprocessor

* Appreciating Compilers!!

* Code for tiny microcontrollers (8-bits)

Disadvantages of Assembly

* Complexity
* Mis-optimization!!



Contents of Assembly File

e Statements

e Up to 512 chars (MASM 6.1)

e Can be multiline with ‘\’ added at the end of each
(except last)

* Comments
e Starts with a semicolon % and extends to EOL



P———

Types of Statements

e Instructions

e Translated to machine code by the assembler
e Example: add AX;10

e Directives

e Command to the assembler (not translated)
e Example: NOLIST

* Macros
e Shorthand to a sequence of statements (not directly translated)



Statement Anatomy

* [name| [mnemonic]| [operand(s)]| [; comment]
e Zerocount: mov ecx,0 : initialize counter

e Name
e Ends with colon ’ for instructions but not directives

* Mnemonic
e Indicates what the statement is about

e Operands
e Optional and separated with comas

* Comment
e Optional and starts with a semicolon



ldentifier rules

e Cannot start with a number

) «

» Allowable special characters (‘_, ‘7, ‘s, ‘@)
* Up to 247 characters

e Cannot be a reserved name



Our rules

* A comment EVERY 1 to 2 lines

* All names start at column 1
* All mnemonics start at column 13

* All operands start at column 21



Our First Program

File Header —

Prototypes —

Macros

Data Alloc.

\

$

-

Date:

.3286

Author :

reviaed T7/97

-MODEL FLAT

ExitProcess PROTO MEAR3IZ stdcoall,

INCLUODE

cx
LE

- STACK

.DATE
numb=rl
numb=1r2
promptl
prompt2
string
labell
sum

. CODE
atart:

io.h

EQU
EQU

409&

DWORD
DWORD
BYTE
BYTE
BYTE
BYTE
BYTE
BYTE

output
Anput
At

cutput
Ainput
atod

add
dtoa
output

INVOEKE

PUBLIC _=tart

Example assembly language program adds two numbers=
RE. Detmexr

Directives

s
~

dwExitCode : DWORD

Inclusion

header file for imnput/foutput %

Odh ; carriage return character
0ah ; lins f=ed
v

; reasrve 4096-byte stack <
: reserve storage for data

7

iy

"Entcr firot mumbcor: L S

"Enter second number: L S | |

40 DUP (7?)

cr, LEf, ~The sum i=s =~

11 DOP (7)
er, LE, O

promptl
string, 40
atring
numberl, =ax

Prompetl2 f
atring, 40

string

numbery, =ax

eax, mumberl
eax, nmumber2
sum, e&x

labell

ExitProcess, 0O

start of main program cods
prompt for first mmber
read ASCII characters
comwart to integer

store in memory

repeat for second number

firast number toc EAX
add second number

conwvert to ASCII characters
ocutput label and sum
exit with return code 0

make entry point public

miad ol oouroe code

Stack Alloc.

— CODE




Instruction Set Selection

e Default
e 8086/8088

* 386
e Until 80386 without privileged instructions

* 386P
e 80386 with privileged instructions

° .486
e Until 80486

* 586
e Until Pentium



Model

.MODEL memorymodel [[, langtype]] [[, stackoption]]

Memorymodel:
TINY

SMALL
COMPACT
MEDIUM
LARGE

HUGE

FLAT

Langtype:
e C, BASIC, FORTRAN, PASCAL, SYSCALL, or STDCALL

Stackoption:
e NEARSTACK or FARSTACK (not allowed with FLAT)



p————_

How To Assemble, Run, and Debug

* In the section!!!



LST file

Microzoft

(R] Macro Asgembler Verslion 6.11

example . agsm

e Assemble
using /F1
switch

ooooooono
oooooooon
ooooooo4
Q00000 0s

Q000 a00Dn
Q000 000A

oooooooon
ooooooon

45 6E 74 &5 T2
20 66 69 T2 73
74 Z0 6E 75 &D
62 65 72 3A 20
20 0O

3 71 O 0 00

08,/04/97 21:21:16
Page 1 - 1

Example assembly language program - - adds twoe numb=rs

i

; Author: R. Detmer

; Date reviged 7497
-386

.MODEL FLAT

ExitProcess PROTD NEARIZ gtdeall, AWExitCode: DWORD
INCLUDE io.h
; IOH -- header file for I/0 macros
po32-bit version for fLlat memory medel
F

; header file for input/output

E. Detmer July 1957
-HMOLIST ; turn off listing
+LIST i bagin listing
or EQU 0dh ; carriage return character
LE EQU Oah ; line feed
SBTACK 4056 ; reserve 4096-byte stack
.DATA j regerve agtorage for data
numb=arl DWORD F
numser2 DWCRD 7
promptl BYTE "Enter first number: ", 0



ODDDDO1E 45 6E 74 65 72 prompt2 BYTE "Enter gecond number: iRy i
20 73 &5 83 &F
6E 64 20 6E 75

(]
6D 62 &5 72 3A
20 20 00
0ooo0035  o000OD28 | atring EYTE 40 DUP (7)
oo
]
DD ODOOSD OD DA 54 BB &5 labell BYTE cr, Lf, "The gum ig "
20 73 75 &D 20
68 73 20
0000006A  OOOOOODOE | aum BYTE 11 oJr (7)
0o
]
oooDOOTS  OD DA DO BYTE er, LE, O
00000000 . CODE ; gtart of main program code
aoaooooa _atart:
output promptl i prompt for first number
input atring, 40 ; read ASCII characters
atod atring ; convert to integer
ODODOO2E A3 0O00OQOOO0 R Mo numberl, eax ; atore in memory
cubput prompbz i repeat for second number
input gbring, 40
ated atbring
00000061 A3 Q00000004 R mow numbers, eax
nooooo&s AL QOODOOOOO0 R mow eax, nunberl ; firat number to EAX
0DOOOO&EE 03 05 QOOOODO4 R add eax, nunber2 ; add gecond number
dtoa gum, eax ; convert bto ASCII character
cubput  laksell ioeubput lakel and sum
INVOFE ExitProcess, 0 ; exit with return code 0
PUEBLIC _atart ; make entry point public

EMD ; end of zsource code



Microsoft (R)

example .asm

Macroe:

atod .
atol

dtoa .
input
itoa .
cutput

Macro Assembler Version 6.11

Hame

Segments and Groups:

FLAT .
STACK

_DATR
_TEXT

Procedures,

ExitProcess

Hame

parameters and locals:

Hame

Type

Froc

Proo
Broc

Froc

Size

GROTP
32 Bit

32 Bit
iz Bit

P Hear

OB/04 /97 21:21:16
gymbola 2 - 1

Length  Aligm Combine Class

00001000 Dword Stack 'STACK'

00000078 Dword  Public 'DATA'
0oooo0ST Dword  Public  'CODE!

Value ALtr

A0000000 PLAT Length= 00000000 Bxternal

STDCAL




gymbola:

@CodeSize
#hataSize

#lnterface

EMadal
@ocode
&data .
@fardatar’

gfardata .

datack
LE

_atart

"

atodproc .
atodiprog .

= T
dtoaproc
inproc .
itoaproc
laball
numberl
numberz
ocutproc
prompt 1
prompt2
string

2um )

Warnings
Errore

Type

Humber
Humber
Number
Number
Text
Text
Text
Text
Text
HNumber
L MHear
L Near
L Hear
Humber
L Hear
L Hear
L Hear
BEyte
Dword
Drword
L MHear
Byte
Byte
Byte
Byte

Valus Attr

000000 0oh
0o0o0oRonh
00000000h
0000000 Th
_TBXT

FLAT

FLAT

FLAT

FLAT

oooooo0oAL
00000000 TEXT
LoDooDODD FLAT
Q0000000 FLAT
NooOooODhE
00000000 FLAT
ooOOOGO0 FLAT
00000000 FLAT
COCODOSD  DATA
Q0000000 _DATR
00000004 _DATA
Q0000000 FLAT
00000008 _DARTA
0000001E _DATA
00000035 _DATA
0000006k  DATA

rublic
External
External

External

External
External

External



Constants

Suffix Base Number System
H 16 hexadecimal

= 2 binary

ooroQ 8 octal

none 10 decimal
‘A means the ASCII code of A



e

Data Reservation

®* name STORAGE_SIZE [value | n DUP(init)]
[,value | n DUP(init) ...]
* Name

e Identifier

* STORAGE_SIZE

e BYTE, WORD, DWORD, QWORD, TBYTE, REAL4, REALS,
REAL1o

* DUP = duplicate n times and initialize to init

e “abc”is a shorthand to @)b’c’



Macros in |IO.H

Name

dtoa

atod

itoa

atoi

output

input

Parameter(s)

destination,
source

destination,
source

sSource

SQUIce

destination,

lsngth

Action

Converts the doubleword at source (regis-
ter or memory) to an eleven-byte-long
ASCI string at destination.

Scans the string starting at source for + or
7 followed by digits, interpreting these
characters as an integer. The correspon-
ding 2's complement number is put in
EAX. The offset of the terminating
nondigit character is put in ESL For input
error, 0 is put in EAX. Input error occurs if
the number has no digits or is out of the
range 7 2,147 483 647 to 2,147 483,647.

Converts the word at source (register or
memory) to a six-byte-long ASCII string at
destination.

Similar to atod, except that the resulting

number is placed in AX. The range
accepted is w32, 768 to 32,767,

Displays the string starting at source. The
string must be null-terminated.

Inputs a string up to length characters
long and stores it at destination.

Flags affected

MNone

OF =1 for input error; OF =0
otherwise. Other flag values
correspond to the result in
EAX.

MNeone

similar to ated

Neone

MNeone




MOV

* mov destination, source

e Immediate:
e mov EAX, 5

* Direct:
1. mov EAX [5]
>. mov EAX,numi ; numi DWORD °?



MOV Times

Destination
Operand

register 8

register 16

register 32

register 8

register 16

register 32

AL

AX

EAX

memory byte
memory word
memaory doubleword
direct memory byte
direct word

direct doubleword
segment register
register 16
segment register

memory word

Source Operand

Tegister B

register 16

Tegister 32

memory byte
memory word
memory doubleword
direct memory byte
direct word

direct doubleword
register 8

register 16

register 32

AL

AX

EAX

register 16
segment register
memory word

segment register

386

e e O e L e L e I L L e B - T T Y Y S o Y e T e

Pentium

Clock Cycles
486
1 1
1 1
1 1
1 1
1 i
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
3 1
3 1
3+ 2+
3 1

Number
of Bytes

27
2-7
27

27
2-7




e

MOVs not allowed

* Source and destination in memory

* To and from FLAG register

* To and from IP

* Source and destination are segment registers
* Immediate to segment register

* Operands are not same size



XCHG

* xchg sourcei,source2
* Exchange the two values
* Equals 3 moves

Operand1

register 8

register 8
EAX/AX

register 32/16
register 32/16

Operand2

register 8
memory byte
register 32/16
ECX/CX
EDX/DX
EBX/BX
ESP/SP
EBP/EP
ESI/SI

EDI/DI
register 32/16
memory 32/16

Clock Cycles
386 486 Pentium
3 3
5
3 3
3 3 3
5

Number
of Bytes

2-7

Opcode

86
86

91
92
a3
94
95
96
97
a7
g7




