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Architecture i

deola amanil) dad A cldanall Ciy ol (S Cilbdaral) Gy

« Fivfor initialized data
Define Byte e define directives ;allocates 1 byte

o)z}
DW
DD
DQ
DT

Examples

Define Word ;allocates 2 bytes
Define Doubleword ;allocates 4 bytes
Define Quadword ;allocates 8 bytes

Define Ten bytes ;allocates 10 bytes

data segment éﬂ-ﬁ s Gilbdarall (o yad
DB byte W) o ol (Sa

16 bit Word Cye dalS ]
double Word 32 bit (e
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Pﬁ\ Architecture oL

« 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 0,0,0,0,0,0,0,0

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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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 0 value
sum 0 sum
marks 10 DUP (?) marks
message ‘The grade is:’ ,0 message
charl ? charl

Architecture i
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Architecture oL

 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 gg 8;;
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, OAH
buffer resw 100 « More compactly as

Total resd 1 message DB ’'Bye’ ,0DH, OAl
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The mow Instruction

* Flve types of operand combinations are allowed:
Instruction type Example
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P,:, Architecture ¢

8)liall - Jla
AN galil) A gUadl) aas

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

S immediate move to DS not permitted

size mismatch

IP or eip a8 JSawal/ 98 O (S0 ¥

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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mov al,48 P:‘ Architecture iy
mov bl,4
imul bl ; AX = 00COh, OF=1 mov eax,00128765h

mov ecx,10000h
mul ecx

mov ax,8760h
mov bx,100h
imul bx

EDX = 00000012h, EAX = 87650000h, CF =1

DX = FF87h, AX =6000h, OF =1
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%\7 Architecture ¢

dmola DIV Examples

; clear dividend, high
; dividend, low
; divisor

= 0080h, DX = 3

dandll Ao 280 2 Ax, dx Ol (5 giaa sala 1 Jlia

dx,0087h
ax,6000h
bx,100h
bx

DX = 0000h, AX = 8760h
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Architecture ¢

: : S GE G CDQ Instructions
« The CBW, CWD, and CDQ instructions provide important CBW, CWD, CDQ Instructions
sign-extension operations:

« CBW (convert byte to word) extends AL into AH
« CWD (convert word to doubleword) extends AX into DX

 CDQ (convert doubleword to quadword) extends EAX
Into EDX

« Example:
mov eax, OFFFFFF9Bh ; (-101)

cdqgq ; EDX:EAX = FFFFFFFFFFFFFF9Bh
mov al,-48

Example: 16-bit division of —48 by 5
cbw ; extend AL into AH

; extend AX into DX mov bl,5
idiv bl ; AL = -9, AH = -3

Example: 8-bit division of —-48 by 5

; AX = -9, DX = -3
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2y il
--
deola
0)LliaJl

eax,varl

eax

var2

TooBig ; check for overflow

eax,var3

TooBig ; check for overflow it

; Assume unsigned operands

mov eax,varl

add eax,var2 ; EAX = varl + var2
mul var3 ; EAX = EAX * var3
TooBig ; check for carry
var4,beax ; save product

Example: var4 = (varl * 5) / (var2 - 3)

eax,varl ; left side

ebx, 5

ebx ; EDX:EAX = product
ebx,var?2 ; right side

ebx, 3

ebx ; EAX = quotient
varéd,beax
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. . % i Sl
3 Alslaall ) e Lie i<l Jlia Architecture o4

32 bit (e 3L3 w alaeY

= (ebx * 20) / ecx

Example: var4 = (varl * -5) / (-var2 % var3);

mov eax,20 eax,var2 ; begin right side
imul ebx eax
idiv ecx

sign-extend dividend
var3 ; EDX remainder
ebx,edx ; EBX = right side
eax, -5 ; begin left side

varl ; EDX:EAX = left side
ebx ; final division

varéd , eax ; quotient
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daalaiall bl

%‘\7 Architecture ¢

_ Logical Instructions dihial) ciladei)
o)lial Mnemonics: AND, OR, XOR, TEST, SHR, SHL, RCR, RCL ...

AND A, data
AND AL, data&

AND AX. datal6

(AL) < (AL) & data8

(AX) < (AX) & datal6

01100001b
01000001b

mov al,'a' ; AL
AL

and al,11011111b;

AND reg/mem, data
AND reg, data

AND mem, data

(reg) « (reg) & data

(mem) <— (mem) & data
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OR reg2/mem, regl/mem Dv Architecture oui
OR reg2, regl (reg2) « (reg?) | (regl) A

deola Logical Instructions 4ihiall clagsil
OR reg2, e | (reg2) « treg2) | (mem). | 220 vnemonics: AND, OR, XOR, TEST, SHR, SHL, RCR, RCL ...

. | ol
OR mem. reg! (mem) « (mem) | (regl) | mov al,6 ; 00000110b

or al,00110000b; 00110110b

OR reg/mem, data

OR reg, data (reg) « (reg) | data

OR mem. data (mem) « (mem) | data
OR A, data
OR AL. data® (AL) « (AL) | data8
OR AX, datal6 (AX) « (AX) | datalo6
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Architecture i

Logical Instructions 4ihiall ciledsil)

Y

6)jliaJl

XOR reg2/mem, regl/mem
XOR reg2, regl
XOR reg2. mem
XOR mem, regl

(reg2) <— (reg2) ™ (regl)
(reg?) < (reg2) ™ (mem)

(mem) < (mem) " (regl)

XOR reg/mem, data

XOR reg, data
XOR mem, data

(reg) « (reg) " data
(mem) « (mem) " data

XOR A, data
XOR AL, data8
XOR AX, datal6

(AL) « (AL) " data8
(AX) « (AX) " datalb
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Mnemonics

STC
CLC
cMC
STD
CLD
STI
CLI
NOP
HLT
WAIT

ESC opcode mem/ reg

LOCK

deola
6)ligall
Explanation -
SetCF«1
Clear CF <0

Complement carry CF « CF/

Set direction flag DF « 1

Clear direction flag DF < 0

Set interrupt enable flag IF < 1

Clear interrupt enable flag IF< 0

No operation

Halt after interrupt is set

Wait for TEST pin active

Used to pass instruction to a coprocessor which

shares the address and data bus with the 8086

Lock bus during next instruction

Architecture i

Instruction Set <ilalxill dc jana

Processor Control 4dal asail) ciladss

Instructions
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Mnemonics

CALL reg/ mem/ disp16
RET

JMP reg/ mem/ disp8/ disp16

>y

6)jliaJl

Architecture i

Control Transfer Instructions aSaill Jai cilagls

Transfer the control to a specific destination or target instruction s juas gl 3aaa i dagdei ) aSasl) 83 g

Explanation

Call subroutine
Return from subroutine

Unconditional jump

.Do not affect flags el e Jjsi¥ m

8086 Unconditional transfers by < & J& O
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Architecture ¢
LEY) e a gt i) cilagdes (O PA “
(] 8086 signed conditional branch instructions ieola Control Transfer Instructions asaill Jii Clalss

&)Ll
B LAY (99 dag pdiall an Al Cilaylas (]
(1 8086 signed conditional branch instructions

Checks flags ey L) m

Ul (i B SIA (B aaa adga ) el jally aSadl) (85 (g oy Aflaa g pdd) (S 1Y) m
AP s s Jaaad YA (1
m If conditions are true, the program control is transferred to the new
memory location in the same segment by modifying the content of IP
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L il &l claled conditional JUMP [>ﬁ\7 Architecture oL

s

TEST Instruction

” : . : ZF sl ale o g5 A 33 Y S5 AND &l 53 das Jan
« A conditional jump instruction branches to a label

when specific register or flag conditions are met

test al,00000011b
jnz ValueFound

« Examples:

JB, JC jump to a label if the Carry flag is set
JE, JZ jJump to a label if the Zero flag is set
JS jumps to a label if the Sign flag is set

JNE, JNZ jump to a label if the Zero flag
IS clear

JECXZ jumps to a label if ECX equals O
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Architecture i
BLEY) (99 dag pdiall gl cilagdas O

BLEY) aa o g pdial) ag il cilaylas O PAY/

[ 8086 signed conditional branch instructions

deol o

&jliall 1 8086 signed conditional branch instructions
Name Alternate name Name Alternate name
JE disp8 JZ disp8 JE disp8 JZ disp8

Jump if equal

JNE disp8
Jump if not equal

JG disp8
Jump if greater

JGE disp8
Jump if greater than or equal

JL disp8
Jump if less than

JLE disp8
Jump if less than or equal

Jump if resultis 0

JNZ disp8
Jump if not zero

JNLE disp8
Jump if not less or equal

JNL disp8
Jump if not less

JNGE disp8
Jump if not greater than or
equal

JNG disp8
Jump if not greater

Jump if equal

JNE disp8
Jump if not equal

JA disp8
Jump if above

JAE disp8
Jump if above or equal

JB disp8
Jump if below

JBE disp8
Jump if below or equal

Jump if resultis 0

JNZ disp8
Jump if not zero

JNBE disp8
Jump if not below or equal

JNB disp8
Jump if not below

JNAE disp8
Jump if not above or equal

JNA disp8
Jump if not above
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%\7 Architecture ¢

B Dhas) clael) 8 a5y dag il il
Jump Instructions 2e Yl (an

Conditional Jump

# Conditional jJump Instructions can also test values of the
Individual flags

* jz IS synonymous for je
* jnz IS Synonymous for jne
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Architecture i

Jump Instructions
Conditional Jump

* Some conditional jump instructions
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_ _ l 2 Architecture ¢
What will be the final value of AX? AV N

Y L OOP Instruction

mov ax, 6

mov ecx,4 The LOOP instruction creates a counting loop

ine ax Ax =10 Syntax: LOOP target
loop L1 Logic:
« ECX« ECX-1
« if ECX =0, jump to target

Implementation:

« The assembler calculates the distance, in bytes, between
the offset of the following instruction and the offset of the
target label. It is called the relative offset.

 The relative offset is added to EIP.
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Architecture i
LOOPZand LOOPE kW chite
- JMIP Instruction

A jJump outside the current procedure must be

to a special type of label called a global label JMP iIs an unconditional jump to a label that

IS usually within the same procedure.

Syntax: JMP target
Logic: IP « target

Example:

https://manara.edu.sy/
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Architecture i

Glala) iladas

L_oop Instruction
LOQP Instruction

* Format:

* Semantics:

« Example: Executes loop body 50 times

https://manara.edu.sy/
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LOOPNZ and LOOPNE %\7 Architecture g
j LOOPZ and LOOPE
Syntax:
LOOPE destination

LOOPZ destination
Logic:

LOOPNZ (LOOPNE) is a conditional loop
Instruction

Syntax:
LOOPNZ destination
LOOPNE destination

Logic:
« ECX « ECX-1;
« IfECX >0 and ZF=0, jump to destination

Useful when scanning an array for the first
element that matches a given value.

« ECX <« ECX-1

 If ECX >0 and ZF=1, jump to destination

Useful when scanning an array for the first
element that does not match a given value.
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if( ebx <= ecx ) | A

{

A8l (380 gl e ) adaiall

Architecture ¢

A ALl 380 sl ma sl el €I Ui

cmp eax,op2
jne L1

mov X,1

jmp L2

Ll: mov X,62
L2:
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%\7 Architecture ¢

i ga aie Jgl @ ga alagy iy €I Jla

8yLiadl Al Aalal 48 sina 8

LILEE PSS et

array SWORD -3,-6,-1,-10,10,30,40,4

sentinel SWORD O

. code

ov esi,OFFSET array

ov ecx, LENGTHOF array
ext:

est WORD PTR [esi],8000h

add esi,TYPE array

sub esi,TYPE array
it:

Gl 2 2=l e Jas Llad) 45l 28000 Haaall

test sign bit

; push flags on stack

; pop flags from stack

continue loop

; none found
; ESI points to value

https://manara.edu.sy/
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if (al > bl) AND (bl > cl)

[

6jliall

Architecture ¢

if( varl

var3 =

else

{

var3

var4

mov
cmp
jle
mov
mov

Jmp

eax,varl
eax,var?2
Ll
var3, 6
vard,’7
L2

Ll: mov var3,10

L2:
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if (al > bl) AND (bl > Architecture ¢ui
X =1; if( ebx <= ecx
&& ecx > edx )

first expression...
quit if false
second expression...
quit if false

; both are true

while( ebx <= wvall) ebx,vall; check loop condition
{ next; false? exit loop

ebx + 5; ebx,5; body of loop

vall

ebx =

vall = vall - 1
top; repeat the loop

https://manara.edu.sy/



https://manara.edu.sy/

Y

6)jliaJl

SHR reg/mem
SHR reg
1) SHR reg. |

1) SHR reg, CL

SHR mem
1) SHR mem. 1
11) SHR mem, CL

CF « B[.S‘D : Bn < Bn o B\N) <0
reg 8/ mem 8
MSD LsD

0> |B.iB |B B BB |B]|B[CF

fy

LA LA L LA LA LA A LA

reglo-memlo
NSD L.SD

Architecture i

Shift Instructions )Y clahil
Mnemonics:, SHR, SHL, RCR, RCL ...

dal Y Glaales
r) Aa) Y Glalad o

0 > |B.B.IB. . . BB [B||CF

A LA WA LA LA LA LA

A

el ) dualaia 4 3 cladas SHR -

https://manara.edu.sy/



https://manara.edu.sy/

Py

=1t

i

SHquymmnorSAquymmﬁ
SHL reg or SAL reg

t) SHL reg, 1 or SAL reg, |

1) SHL reg, CL or SAL reg, CL

SHLJnénorSALrnmn
1) SHL mem, 1 or SAL mem, 1

11) SHL mem, CL or SAL mem, CL

CF « BMSD ; Bm < Bn ; ‘BLSD «0

reg8/mem8
MSD

L.SD

Cr

B.|B BB, |B

1B B

{

JORJ OKR R R OKRL

R/ R

Architecture i

Shift Instructions 4s)}¥) cilahs
. IMnemonics: SHR, SHL, RCR, RCL ...

A

Sl M dilaia dat 31 lladad SHL

Before shift

" After shift

Instruction AL or AX AL or AX CF
shl AL,1 1010 1110 0101 1100 I
shr AL,1 1010 1110 01010111 0
mov CL,3
shl AL,CL 01101101 0110 1000 I
mov CL,5
shr AX,CL | 101111010101 1001 | 00000101 1110 1010 | 1
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>y

Architecture i

Logical Instructions 4ihiall ciledsil)

mnemonics: AND, OR, XOR, TEST, SHR, SHL, RCR, RCL ...

Gl &l 53 ikaia dal ) cilats RCR

6)jliaJl

RCR reg/mem B «B B, ¢« CF:CF« B,
RCR reg T T e
, MSD &7 reg8 mem38 LS
1) RCRreg. 1 , ,
B . B |B,|B.|B,|B.B,|B|B|CF
1) RCR reg, CL '

A LA LA A LA A LA LA
RCR mem MSD K//-( reg l6/mem 16 I\\\ﬁ‘\
1) RCR mem, 1 B.B,|B, BB, |B {{CF

i) RCR mem, CL

LA LA LA LA
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>y

0)liaJl

ROL reg/mem B, < B :CF« B, B, < B,
ROL reg
i) ROL reg-l MSD .- régﬂr"nwméﬁ%'\'\,;[‘SD
) } CF||B.{B |B.|B,|B |B,|B|B,
i1) ROL reg. CL - I

. rJORS O RJORY R RS ORLORY
ROL mem
1) ROL mem. 1 MSD .- reg 16 mem 1o S[ SD

CF||B.|B |B B |B |B

1) ROL mem. CL R TR R T TR

Architecture i

Dbl Al 0 dahaia dal ) Claal=d ROL

Before execution After execution

[nstruction AL or AX AL or AX CF
rol AL,1 1010 1110 0101 1101 1
ror AL,1 1010 1110 0101 0111 0
mov  CL,3
rol AL,CL 0110 1101 0110 1011 1
mov  CL,5
ror AX,CL | 101111010101 1001 | 1100 1101 11101010 | 1
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.data

bytel BYTE 10,20,30
arrayl WORD 30 DUP(?),0,0
array2 WORD 5 DUP (3 DUP(?))
array3 DWORD 1,2,3,4
digitStr BYTE "12345678",0

.code
mov ecx,SIZEOF arrayl

Architecture ¢
W .

SIZEOF Operator

The SIZEOF operator returns a value that is
equivalent to multiplying LENGTHOF by TYPE.

SIZEOF
;3

64

30

16
9
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Surnming an Integer Array DA

Architecture i

: Lol :
The following code calculates the sum L dagnall A Y8 gias jalic & sanae aluad iy S|
of an array of 16-bit integers. (=16 bit

.data

intarray WORD 100h,200h,300h,400h

.code

mov edi,OFFSET intarray ; address of intarray
mov ecx,LENGTHOF intarray ; loop counter

mov ax,0 ; zero the accumulator
L1:

add ax, [edi] ; add an integer

add edi,TYPE intarray ; point to next integer

loop L1 ; repeat until ECX =
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5 Architecture i
Jia DA

TR LENGTHOF Operator

.
.data
srrey Ll el ptlgelg B The LENGTHOF operator counts the number of
mov eax, LENGTHOF array ;6 elements in a single data declaration.
mov ebx,SIZEOF array ; 12

.data LENGTHOF
bytel BYTE 10,20,30 -

arrayl WORD 30 DUP(?),0,0
array2 WORD 5 DUP (3 DUP(?))
array3 DWORD 1,2,3,4
digitStr BYTE "12345678",0

.code
mov ecx,LENGTHOF arrayl
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