[

wos Instruction Set Olaaleil) e gana
J

https://manara.edu.sy/



PA Instruction Set <iladaill dc gana
O)liol
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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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PA Architecture ¢l

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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The mov Instruction

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

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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MUL reg/ mem

MUL reg

MUL mem

IMUL reg/ mem

IMUL reg

IMUL mem

P:, Architecture b

deogla  Mnemonics: ADD, ADC, SUB, SBB, INC, DEC, MUL, DIV, CMP...

8ylioJl : y
e At MUL 3,L3) g0 mdde @ pia danled

mul source

For byte : (AX) « (AL) x (reg8)
For word : (DX)(AX) < (AX) x (reg16)

8-bit
For byte : (AX) « (AL) x (memS8)
For word : (DX)(AX) < (AX) x (mem16)
16-bit
source
. 32-bit
For byte : (AX) « (AL) x (reg8)
For word : (DX)(AX) < (AX) x (reg16) source

For byte : (AX) « (AX) x (memS8)
For word : (DX)(AX) < (AX) x (mem16)

— IMUL 3Ll (pade o yua dalas
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P:, Architecture b

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

&)Ll
DIV reg/ mem  Dividend is twice the size of the divisor
DIV reg For 16-bit :- 8-bit : . e - -
) T o (] Gl Dividend Is assumed to be In
(AH) < (AX) MOD(reg8) Remainder % AX (8-b|t diViSOI’)
For 32-bit :- 16-bit : * DX:AX (16-bit divisor)
(AX) < (DX)(AX) :- (regl6) Quotient . .
(DX) < (DX)(AX) MOD(reg16) Remainder * EDX:EAX (32-bit divisor)
DIV mem For 16-bit :- 8-bit : 16-bit dividend
(AL) « (AX) :- (mem8) Quotient Quotient Remaind
(AH) « (AX) MOD(mem8) Remainder AX Hotien emainder
For 32-bit :- 16-bit : — AL and AH
(AX) < (DX)(AX) :- (mem16) Quotient 8-bit
(DX) « (DX)(AX) MOD(mem16) Remainder source
Divisor
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%\7 Architecture ¢

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

deola
* Some additional related instructions
IDIV reg/ mem
IDIV reg ::[)15-'::;; 8-'(0" =8) a cwde converts word to doubleword
<« :- (reg uotient -

(AH) < (AX) MOD(reg8) Remainder (eXtendS AX Into EAX)

For 32-bit :- 16-bit :

(AX) < (DX)(AX) :- (regl6) Quotient mov AL,-95

(DX) « (DX)(AX) MOD(reg16) Remainder cbw

mov CL,12

IDIV mem For 16-bit :- 8-bit : . idiv CL

AL) « (AX) :- tient _ . .

{AH))((__((AX)) ,\,fQS(’I'ne’mg,” ;’e':,‘;i,,der produces —7D in AL and —-11D as remainder in AH

For 32-bit :- 16-bit : ’ Example

(AX) < (DX)(AX) :- (mem16) Quotient mov AX,-5147

(DX) « (DX)(AX) MOD(mem16) Remainder cwd ; DX =
mov CX, 300
idiv CX
produces —17D in AX and —47D as remainder in DX
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P:, Architecture b

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

0jligJl
CMP reg2/mem, regl/ mem
; Zero flag set

CMP reg2, regl Modify flags < (reg2) — (regl)

If (reg2) > (regl) then CF=0, ZF=0, SF=0
If (reg2) < (regl) then CF=1, ZF=0, SF=1 ; Zero flag set
If (reg2) = (regl) then CF=0, ZF=1, SF=0

’

If (reg2) > (mem) then CF=0, ZF=0, SF=0
If (reg2) < (mem) then CF=1, ZF=0, SF=1
If (reg2) = (mem) then CF=0, ZF=1, SF=0

mov al, 6
cmp al,5

CMP mem, regl Modify flags <~ (mem) — (regl)

If (mem) > (regl) then CF=0, ZF=0, SF=0
If (mem) < (regl) then CF=1, ZF=0, SF=1
If (mem) = (regl) then CF=0, ZF=1, SF=0

Example: destination > source

performed with signed integers.

mov al,5

cmp al,-2; Sign flag == Overflow flag
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%Y/ Architecture ¢

dcal A Mnemonics: ADD, ADC, SUB, SBB, INC, DEC, MUL, DIV, CMP...
diliall
CMP reg/mem, data

CMP reg, data Modify flags <« (reg) — (data)
If (reg) > data then CF=0, ZF=0, SF=0

If (reg) < data then CF=1, ZF=0, SF=1
If (reg) = data then CF=0, ZF=1, SF=0

CMP mem, data Modify flags <~ (mem) — (mem)
If (mem) > data then CF=0, ZF=0, SF=0

If (mem) < data then CF=1, ZF=0, SF=1
If (mem) = data then CF=0, ZF=1, SF=0
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%\7 Architecture ¢

_ Logical Instructions 4ihial) ciladai)
o)liall 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
and al,11011111b; 01000001b

mov al,'a' ;

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

OR reg?, regl
OR reg2, mem

OR nicm. regt

(reg2) « (reg?) | (regl)

| (rég2) « (reg2) | (mem) |

(mem) « (mem) | (regl)

or

OR reg/mem, data
OR reg. data
OR mem. data

(reg) «— (reg) | data

(mem) « (mem) | data

OR A, data

OR AL, data®
OR AX, datalé

-~

(AL) « (AL} | data®
(AX) « (AX) | datal6

Architecture oLl

Logical Instructions 4ihidl cilagil)

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

; = 00000110b

al,00110000b; 00110110b
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6)jliaJl

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

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

(mem) < (mem) " (regl)

XOR reg/mefn, 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) " datal6

Architecture oLl

Logical Instructions 4ihidl cilagail)

mnemonics: AND, OR, XOR, TEST, SHR, SHL, RCR, RCL ...
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[>f Architecture ok

deola Logical Instructions 4ihial) clesdl
¥ it Mnemonics: AND, OR, XOR, TEST, SHR, SHL, RCR, RCL ...

SHR reg/mem | CFH<« B, :B - B :B,,<0

[.SD boe MSD
SHR ree reg 8/ mems
1) SHR reg. 1 MSD LSD
O—=>|B B B B BB |B|BICkH
- 1]) SHR ]‘Cg’ CL LA LA A LA A A A A

SHR mem

1) SHR mem, 1

reglo-memlin
MSD L.SD

0 >[B.B.B.. . . B B B ||CF

i) SHR mem. CL - o
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%Y/ Architecture ¢

doola Logical Instructions &ihiall cileai)
ﬂju_ﬂ'” mnemonics: AND, OR, XOR, TEST, SHR, SHL, RCR, RCL ...
SHL reg/mem or SAL reg/mem CF«B,,:B,. «<B B <0

SHL reg or SAL reg

reg 8/ mems

i) SHL reg, 1 or SAL reg, | MSD LSD
CFIiB B B IB |B B IB|B/|«0
11) SHL reg, CL or SAL reg, CL ROORS RS RS R R R R

SHL me;n or SAL mem

1) SHL mem, I or SAL mem, 1 _ Meh , [SD

11) SHL mem, CL or SAL mem, CL N R R KD R R
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%Y/ Architecture ¢

g Logical Instructions 4ihiall ciladsil)
deol o

o)lioll Mnemonics: AND, OR, XOR, TEST, SHR, SHL, RCR, RCL ...

RCR reg/n R . o
g/mem B, < B :B,, < CF.CF«B
RCR reg [
MSD &£~ reg8-mem8 [SD—

1) R(:R ree. 1 BIiB |B B |B|B |B|B||CF
1) RCRreg, CL 0 : o By By

A LA LA A L A LA A

T T ——

RCR mem MSD & reg lormem 16 ESD ™ -
1) RCR mem, | BB, B.. ... ... BB |B {[CF
11) RCR mein, CL LA A A LA A LA A
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6)jliaJl

ROL reg/mem
ROL reg

1) ROL reg. 1
1) ROL reg. CL

ROL mem
1) ROL mem. |

11) ROL mem. CL

B < B :CFeB, :B_ «B

NMSD T LSD MSD

MSD 'rcgﬁ-’ mem§ --;'“"”“31'-‘”"1)
crFl|B {8 |8 B |B|B|B]|B

MSD - reg 16 mem 10 S[ S
CrB B IB.1.. .. B 1B |B,
K/ KoL R [N O N

Architecture oLl
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Mnemonics

STC
CLC
cMmC
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 oLl

Instruction Set Clalxil) de jana

Processor Control el asail) ciladss

Instructions
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Mnemonics

CALL reg/ mem/ disp16
RET

JMP reg/ mem/ disp8/ disp16

>y

6)jliaJl

Architecture oLl

Control Transfer Instructions asaill Jai clagss

Transfer the control to a specific destination or target instruction 23aa juaa gl 3aaa i dagdai ) aSadl) Jiii g

Explanation

Call subroutine
Return from subroutine

Unconditional jump

.Do not affect flags =¥ Ao S5Y m

8086 Unconditional transfers by £ Jii O
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[ g\ ey
BLAY) pa Jag pdiall o ) Cilasias O PA Architecture ¢t
(] 8086 signed conditional branch instructions ieola Control Transfer Instructions asail) Jii cladss

&)Ll
S LAY (g0 g petall ) cilaglai
(] 8086 signed conditional branch instructions

Checks flags Sy Al m

gURRY Gl B B SIA B ayaa aBga ) el sally aSatl) J& gy Al JagHdl) S 1))
AP s i Jaaad YA (1
B 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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Architecture oLl

5 ) G199 da g pdiall @Jﬁﬂ\ GSlaalas ]
(] 8086 signed conditional branch instructions

5y &A.EJJM\ o A0 Claalas (]
L 8086 signed conditional branch instructions

>y

6)jliaJl

Name
JE 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

Alternate name

JZ disp8
Jump if result is 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

Name
JE disp8

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

Alternate name
JZ disp8

Jump if result is 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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mov al,48 Pj Architecture ¢
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 = 87650000n, CF =1

DX = FF87h, AX =6000h, OF =1
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%‘Q’ Architecture ¢

o DIV Exarnples

; clear dividend, high
; dividend, low
; divisor

= 0080h, DX = 3

Aendl) Adee 285 2y A, dX Oalasall (5 ine sala 1 Jla

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

DX = 0000h, AX = 8760h
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Architecture oL

. . _ CBW. CWD. CDQ Instructions
+ The CBW, CWD, and CDQ instructions provide important CBW, CWD, CDQ Instructions
sigh-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 s
--
deola
0)liaJl

eax,varl

eax

var2

TooBig ; check for overflow

eax,var3

TooBig ; check for overflow Je

; 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,var2 ; right side

ebx, 3

ebx ; EAX = quotient
vard ,h eax
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. . . . % i Ll
A Alslaall ) g Lie Sl Jlia Architecture ¢

32 bit (s L8 @ dacy

= (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
var4,beax ; quotient
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