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Instructions that are used to transfer data/ address in to registers, memory locations and 1/0
ports.

.same size aaall (sl Liagll g Source iaall gia two operands (s sA als S Ciagtial)
.immediate data 458 <ULy gl 5 813 aBga g Jaua: :Source Jiaqll

B5S1 adga gl Jasa: :Destination i)

.byte or a word 4alS ) culy aaay

CBlawa ) 16-bit adas @bl g aaal) (udly 8813 28 gay aday Clasa ) 8-bit  aday clily Jii Lia
paall (udiy P éLAJ
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« Fivfor initialized data
DB
DW
DD
DQ
DT

Examples

Py

Architecture oLl

deola il dad A cilldarall iy ad Sy Cilbidaral) iy

Define Byte e define directives ;allocates 1 byte

Define Word
Define Doubleword
Define Quadword

Define Ten bytes

;allocates 2 bytes
;allocates 4 bytes
;allocates 8 bytes
;allocates 10 bytes

data segment éag-o (st Gilbdarall (o yad
DB byte Ll <o =i ol (Say

16 bit Word e dalS |
double Word 32 bit O
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ool alic 8 (e el Apalal 48 shiae B y2]

« Multiple definitions can be cumbersome to initialize
data structures such as arrays

Example
To declare and initialize an integer array of 8 elements
marks DW 0,0,0,0,0,0,0,0
« What if we want to declare and initialize to zero an

*  Examples

» Previous marks array

marks DW 9,0,0,0,0,0,0,0

array of 200 elements?

* There IS a better way of doing this than repeating
zero 200 times in the above statement

can be compactly declared as

marks TIMES 8 DW O

» Assembler provides a directive to do this (DUP
directive)
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Architecture oLl

Symbol Table

% Assembler builds a symbol table so we can refer to the
allocated storage space by the associated label

Example

.DATA name offset
value DW O value

sum DD O sum

marks DW 10 DUP (?) marks

message DB ‘The grade is:’,0 message

charl DB *? charl
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Architecture ¢

 Directives for uninitialized data « Multiple definitions can be abbreviated
* Five reserve directives Example
RESB Reserve a Byte ;allocates 1 byte message DB "B’
RESW Reserve a Word ;allocates 2 bytes DB 'y’
RESD Reserve a Doubleword ;allocates 4 bytes g: 6;;
RESQ Reserve a Quadword ;allocates 8 bytes DB OAH
REST Reserve a Ten bytes ;allocates 10 bytes can be written as
Examples message DB
response resb 1 ‘B’ ,'y’,’"e’ ,0DH,O0AH
buffer resw 100 « More compactly as

Total resd 1 message DB ’'Bye’ ,0DH, OAl
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MOV reg2/ mem, regl/ mem
MOV reg2, regl

MOV mem, regl
MOV reg2, mem

MOV reg/ mem, data

MOV reg, data
MOV mem, data

XCHG reg2/ mem, regl

XCHG reg2, regl
XCHG mem, regl

(reg2) « (regl)
(mem) « (regl)
(reg2) « (mem)

(reg) « data
(mem) « data

(reg2) ©& (regl)
(mem) & (regl)

[> clibud) (85 cilaatas
A Data Transfer Instructions
deola
6jliall
Mnemonics: MOV, XCHG, PUSH, POP, IN, OUT ...
Mov daxs
DA e (A daiss (0 Jus
3)5\.3 LA‘ d;.um C dm
Jase 5,803 (e Jis
Mov daas
5813 adge ) ilidane Ji

XCHG Jaas daglas
A Jaie s Jaie (5 53a0 Joad
BSIY alga (5 ginar Jasa (5 gina o
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The mov Instruction

* Flve types of operand combinations are allowed:
Instruction type Example
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8)liall - Jlia
AN galipll & gUadY) aaa

.data
bval BYTE 100
bval2 BYTE ?
wVal WORD 2
dval DWORD 5

= immediate move to DS not permitted

size mismatch
IP or eip < Jawall (48 Of S ¥

immediate value cannot be destination

mov ds, 45
mov esi,wVal
mov eip,dVal

mov 25,bVal
mov bVal2,bval memory-to-memory move not permitted
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Zero Extansion IZLV Slgn extension

'EIJLI_uJI The MOVSX instruction fills the upper half
B of the destination with a copy of the source
operand's sign Dbit.

10001111

MOVZX instruction fills (extends) the upper
half of the destination with zeros.

10001111

00000000 | 10001111

movzx ax,bl ; zero-extension

mov bl,10001111b
The destination must be a register. movsx ax,bl ; sign extension

Jame Gangl) (5685 o)) oy Adiadla
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XCHG Instruction

XCHG exchanges the values of two
operands. At least one operand must s
be a register. No immediate operands
are permitted.

xchg varl,6var2 ;

.data error: two memory operands

varl WORD 1000h
var2 WORD 2000h

.code

xchg ax,bx ; exchange 16-bit regs
xchg ah,al ; exchange 8-bit regs
xchg varl, bx ; exchange mem, reg

xchg eax,ebx ; exchange 32-bit regs
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PUSH regl6/ mem

PUSH regl6

PUSH mem

POP regl6/ mem

POP regl6

POP mem

e

(SP) « (SP) -2
MA § =(SS) x 16,, + SP
(MA ; MA ( + 1) « (regl6)

(SP) « (SP) -2
MA § =(SS) x 16,, + SP
(MA §; MA ( +1) « (mem)

MA ¢ = (SS) x 16,, + SP
(regl6) « (MA ; MA  +1)
(SP) « (SP) + 2

MA ¢ = (SS) x 16, + SP
(mem) « (MA; MA  +1)
(SP) « (SP) + 2

Gl Jai Gilagles
1. Data Transfer Instructions
Mnemonics: MOV, XCHG, PUSH, POP, IN, OUT ...

AX =3FC4 =&
SS=0050 ,SP=1234 <Oy
PUSH AX;
push 21ABH - Jaldl
STACK  3_SIA1 AL 38l o) giall cueas
SS:SP
00500
1234 +
01734

O sid) Cast Il 3 S0 2 21AB 4wl ado
01734
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6jliall

Architecture oLl

STACK 5813 (& ade) Jaua a3 -1
PUSHFD and POPFD
« pushfw and popfw for 16-bit flags (FLAGS)
pushfd (push 32-bit flags)
popfd (pop 32-bit flags)
Stack 216 bit 3l 8 ady dadat -2
PUSHA and POPA
AX, CX, DX, BX, SP, BP, SI, DI
Stack 3813 4 32 bit <laie 8 ads daulai -3

PUSHAD pushes the 32-bit general-purpose
registers on the stack
order: EAX, ECX, EDX, EBX, ESP, EBP,
ESI, EDI
POPAD pops the same registers off the stack in
reverse order
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[Z Instruction Set ilalxill de gana
deol

6)liadl

Mnemonics: MOV, XCHG, PUSH, POP, |N, OuT ...

IN A, [DX]

IN AL, [DX]

IN AX, [DX]

IN A, addr8
IN AL, addr8

IN AX, addr8

PORT,,,, = (DX)
(AL) « (PORT)

PORT,,. = (DX)
(AX) « (PORT)

(AL) « (addr8)

(AX) < (addr8)

OUT [DX], A

OUT [DX], AL

OUT [DX], AX

OUT addrS8, A
OUT addrs, AL

OUT addr8, AX

PORT,,,, = (DX)
(PORT) « (AL)

PORT,,,, = (DX)
(PORT) « (AX)

(addr8) « (AL)

(addr8) « (AX)
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ADD reg/mem, data P V
ADD reg, data 4 h

ADD mem, data (reg) < (reg)+ data deola 2. Arithmetic Instructions dulual) clahdl) 2
(mem) « (mem)+data 6)liaJl
o " Mnemonics: ADD, ADC, SUB, SBB, INC, DEC, MUL, DIV, CMP
ADD A, data
éAAﬂELuhﬁ
ADD AL, data8 (AL) « (AL) + data8 ADD : N
ADD AX, datal6 (AX) <« (AX) +datal6

Jlia

.data

varl DWORD 10000h

var2 DWORD 20000h

.code ; ———-EAX---
mov eax,varl ; 00010000h

.data
varl DWORD 10000h
var2 DWORD 20000h

.code
mov eax,varl ; EAX = 10000h

add eax,var2 ; 00030000h
add eax,var2 ; EAX = 30000h

mov ax,0FFFFh : O0O3FFFFh
add eax,1l ; 00040000h
sub ax,1 ; 0003FFFFh
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ADC reg2/ mem, regl/mem
ADC reg2, regl

ADC reg2, mem
ADC mem, regl

ADC reg/mem, data
ADC reg, data

ADC mem, data
ADDC A, data

ADD AL, data8
ADD AX, datal6

(reg2) « (regl) + (reg2)+CF
(reg2) « (reg2) + (mem)+CF
(mem) < (mem)+(regl)+CF

(reg) « (reg)+ data+CF
(mem) < (mem)+data+CF

(AL) « (AL) + data8+CF
(AX) < (AX) +datal6+CF

Y

6)jliaJl

Architecture oLl

Arithmetic Instructions autual) cilalil

mMnemonics: ADD, ADC, SUB, SBB, INC, DEC,
MUL, DIV, CMP...
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SUB reg2/ mem, regl/mem
SUB reg2, regl

SUB reg2, mem
SUB mem, regl

SUB reg/mem, data
SUB reg, data

SUB mem, data
SUB A, data

SUB AL, data8
SUB AX, datal6

[>f Architecture ok

deola mnemonics: ADD, ADC, SUB, SBB, INC, DEC, MUL, DIV, CMP...

aili all

(reg2) <« (regl) - (reg2)
(reg2) « (reg2) - (mem)
(mem) < (mem) - (regl)

(reg) < (reg) - data
(mem) < (mem) - data

(AL) < (AL) - data8
(AX) < (AX) - data16
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SBB reg2/ mem, regl/mem
SBB reg2, regl

SBB reg2, mem
SBB mem, regl

SBB reg/mem, data
SBB reg, data

SBB mem, data
SBB A, data

SBB AL, data8
SBB AX, datal6

>y

6)jliaJl

(reg2) « (regl) - (reg2) - CF
(reg2) « (reg2) - (mem)- CF
(mem) <« (mem) - (regl) —CF

(reg) « (reg) — data - CF
(mem) <« (mem) - data - CF

(AL) « (AL) - data8 - CF
(AX) « (AX) - datal6 - CF

Mnemonics: ADD, ADC,

Architecture oLl

, SBB, INC, DEC, MUL, DIV,
CMP...
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INC reg/ mem . .
:,\7 Architecture ¢
INC reg8 (reg8) < (reg8) +1
- Mnemonics: ADD, ADC, SUB, SBB, INC, DEC, MUL, DIV, CMP...

deola
INC regl6 (regl6) < (regl6) + 1 5 1L
INC mem (mem) < (mem) +1 myWord WORD 1000h
myDword DWORD 10000000h

DEC reg/ mem .code

inc myWord ; 1001h
DEC reg8 (reg8) « (reg8) - 1 dec myWord . 1000h
DEC regl6 (regl6) « (regl6) - 1 inc mwaord ; 10000001h
DEC mem (mem) < (mem) -1 ax, 00FFh

ax
.data ax,00FFh
myByte BYTE OFFh, O ] al
.code
mov al,myByte

mov ah, [myByte+1]
dec ah
inc al
dec ah
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NEG (negate) Instruction

) ) ) dalaall dal mal p i) e
The NEG (negate) instruction reverses the sign of d=l Assembly 4l gabi 2 91 J

a number by converting the number to its two’s Rval = -Xval + (Yval - Zval)

complement 32 bit : AUl @l paial) o Eua
Rval ,Xval ,¥val , Zval

.data

valB BYTE -1
valW WORD +32767

.code
mov al,valB : AL = -1 Rval DWORD ?
neg al : AL = +1 Xval DWORD 26
neg valW ; valw = -32767 [| Yval DWORD 30

Zval DWORD 40
.code
mov eax,Xval

Example neg eax ; EAX

-26

mov ebx,Yval
mov al,-128 ; AL = 10000000b sub ebx,Zval . EBX = -10
neg al ; AL = 10000000b, OF =1 add eax,ebx

mov Rval, eax ; —36
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&jliall

AR A LN Y
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