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CPU - Mimarisi

e X86 (1978) dan Pentium ve multicore
* Bilgisayar: Donanim + Yazilim.

* Veri analitigi 2010’h yillarin basindan itibaren yapay zekaya
donustda.












Intel Assembly



Assembly Programming

* Machine Language
* binary
 hexadecimal
« machine code or object code

« Assembly Language
* MNemonics
* assembler

» High-Level Language
 Python, Java Script, C++, Matlab
« compiler



32-bit Instructions

* Instructions are represented in memory by a series of
“opcode bytes.”

* A variance in instruction size means that disassembly is
position specific.

* Most instructions take zero, one, or two arguments:
instruction destination, source

For example: add eax, ebx
IS equivalent to the expression eax = eax + ebx



Program Segments

« Asegment is an area of memory that includes up to 64K bytes

« Begins on an address evenly divisible by 16

» 8088/86 stayed compatible with 8085
- Range of 1MB of memory, it has 20 address pins (22° =1 MB)
- Can handle 64KB of code, 64KB of data, 64KB of stack

 Atypical Assembly language program consist of three segments:
« Code segments
« Data segment
o Stack segment
« Extra Segment



Program Segments

The 8086 fetches the instructions (opcodes and operands) from the code segments.

The 8086 address types:
— Physical address
— Offset address
— Logical address

 Physical address
— Segment register icerigi 16 bit.
— 20-bit address that is actually put on the address pins of 8086
— Decoded by the memory interfacing circuitry
— Arange of 00000H to FFFFFH
— It 1s the actual physical location in RAM or ROM within 1 MB mem. range

 Offset address (indis)
— Alocation within a 64KB segment range
— Arange of 0000H to FFFFH

 Logical address
— consist of a segment value and an offset address



Program Segments...example

Define the addresses for the 8086 when it fetches the instructions (opcodes and operands) from the code
segments.

» Logical address.
— Consist of a CS (code segment) and an IP (instruction pointer)
formatis CS:IP

e Offset address
— |P contains the offset address

 Physical address
— generated by shifting the CS left one hex digit and then adding it to the IP

— the resulting 20-bit address is called the physical address



Program Segments...example

Suppose we have:
CS 2500
IP 95F3

 Logical address:
— Consist of a CS (code segment) and an IP (instruction pointer)
formatis CS:IP 2500:95F3H

« Offset address
— |P contains the offset address which is O5F3H

 Physical address
— generated by shifting the CS left one hex digit and then adding it to the IP
25000 + 95F3 = 2E5F3H



Example:
Add 5 bytes of data: 25H, 12H, 15H, 1FH,
2BH

Not using data segment

= ‘ N ‘ I » ST
Org 100h Load reload step back single step run step delay ms: 0
MOV AL,00H .clear AL L | 1o700: 6100 | 0700:0100
_ 4 |88 |e@ : BA 176 &

ADD AL,25H ,add 25H to AL ox [00 [0 |[OFTETNBITETS ADD AL. B12h

o [00 [oc || 0710a: 84 004 o ADD AL, OLFh
ADD— AL 12H e [oufon | S8: £ 818 3 458 A G2
ADD AL 1sH e (B ERDE

IP -
ADD AL.IFH o foreo | oo ghed: || M
ADD AL,2BH
ret

Format:
CS:IP; 0700:0100

Fiziksel adres: 07100h (07000+0100)
Fiziksel adres hesaplanirken sag tarafa Oh ya da (0000)b, 4 bit O eklenir.



Program Segments

Data segment

Example: Once 25h, 12h, 15h, 1 'th, 2bh degerlerini DS: 4000h olan indis baslangi¢ adresi ise 200h
olan bellek gozlerine yaziniz.

Add 5 bytes of data: 25H, 12H, 15H, 1FH, 2BH

using data segment with a constant offset

Data location in memory:

Mov ax,1000h

Mov ds,ax

MOV [020h], 25h
MOV [021h], 12h
MOV [022h], 15h
MOV [023h], 1Fh
MOV [024h], 2Bh




Program Segments

Data segment
Example:

Add 5 bytes of data: 25H, 12H, 15H, 1FH, 2BH

org 100h

Mov ax,1000h
Mov ds,ax

MOV [020h], 25h
MOV [021h], 12h
MOV [022h], 15h
MOV [023h], 1Fh
MOV [024h], 2Bh

mov al,00h
add al, [20h]
add al, [21h]
add al, [22h]
add al, [23h]
add al, [24h]
ret



Program Segments

Data segment

Example: Once 1234h, 5678h, 9abch, Odefh, Oabcdh degerlerini DS: 4000h olan indis baslangi¢ adresi ise
200h olan bellek gozlerine yaziniz. Bellek goziiniin fiziksel adresi 40200h den baslar. Neden? DS:4000h,
DS register 16bit. Indis 200h. Fiziksel adres hesaplanir Segment register icerigi 10h ile carpilir

. 01 =
Yazilim ekraninda aaaa:bbbb 27  org 100h |
] 0= Mov Ax , 4000h 8 crmulator: noname.com_ — O X
aaaa: Segment reglster %g MOﬂOEB%%éh%T 1234h file debug view virtual devices virtual drive help
o o5 MOV [@202h1, S5678h LOAD | O | di 12 » o
bbbb' Indls a0 MOV [Q204h] ’ Sabch reload step back single step run step delay ms: 0
- 25 MOV [R206h 1, QOdefh .
i . 22 MOV [B208h1, Babcdh R | 4000:0200h | e708:011D |
using data segment with a constant offset {18 | o a8 00 [40200: 34 057 4<][ MOV AX, O4000R <
12 ex [00 [00 40201: 12 018 MOV DS, AX
13 40202: 78 120 x MOV .
Data location in memory: o Jou [ 38%835 Eg ?88 s Hgg ES%%%EE]'
02001, 125 <o |32 B0 || BRY B iR
MOV[0200n], 1234 P v | 40207: OD 015 O A m—
MOV 0202h, 5678h 2:' |a?nn %Egg% %% ggz EIJ Hgg .
] ] [FFFE :
MOV [0204h], 9abch o [ooos || 4920B: @@ 022 NI || NOP
MOV [0206h1. Odefh o [ | 40505: 68 660 NI || NOp
: 1, UAe o [eees | 4020E: @@ 002 NI | NOP
MOV _0208h_, Oabcdh 0s 4000 4020F : ©0 00O N'j st R
23 0700 screenl suurcel reset | ELI% | Vars | debugl stack | flags |

1 o7




Program Segments Example:

Stack segment Add 5 bytes of data: 25H, 12H, 15H, 1FH, 2BH

using stacak segment with an offset reqister

Program regi&ter&H ] 10680:200
org 100h MOV  ALO PR P2 || feeen: 12 mis 3
B= (B8 |88 18282: 15 621 §
Mov AX, 1000h Mov BP, 200h = oo s || ioi0s: B 83T
MOV 55,AX ADD - ALS5:(BP] ox [o0 [0 | 1zac: 56 {50 g
inc BP cs  |azee 1A2@8: @@ GBA NULL
Mov BF, 200h DD ALSS:[bP] P [ora || 10200: o0 ubo L
MOV SS:[BP], 25h . s 55 [1000 || 1p50C: 08 008 NULL
inc BP Inc BP sp [Frre || 10200: 0@ oua NULL
VOV Ss:[8, 12 o, AL =N 15
. , INC | veu6 1@212§ AA @PA NULL
inc BP ADD  AL,SS:[BP] ol 19000 1l 18514: OB 008 NULL
MOV SS[BP] 15h inc BP D5 a7808 18215: 88 U8 WULL
. y ES a708
inC BP ADD AL’SS:[BP] ZCIeen | EIIIL-III:E!| rezel |

MOV SS:[BP], 1Fh
Inc BP
MOV SS:[BP], 2Bh

MOV SS:[BP+2], AL



Program Segments

Stack segment

Stack

A section of RAM memory used by the CPU to store information temporarily.

« Registers: SS (Stack Segment) and SP (stack Pointer)

» QOperations: PUSH and POP
— PUSH — the storing of a CPU register in the stack
— POP — loading the contents of the stack back into the CPU

 Logical and offset address format: SS:SP



Flag Register

Flag Register (status register)

— 16-Dbit register

— Conditional flags: CF, PF, AF, ZF, SF, OF
— Control flags: TF, IF, DF

I1s 14 13 12 11 100 9@ 8 7 6 5 4 5 2 1 0O
[R]r[r]r[ODH ] e[S Tularuer]u o]
ZF
R = reserved SF = sign flag
Ll = undetimed 7F = vero 1]mi
OF = overtlow tlag Al = auvxahiary carry flag
2 = direction tlag PF = parity flag
I = mterrupt flag (F = :;urr‘:' ﬂag

1T = trap flag



Assembly Komutlar



Instructions

\
Operations
/
l |
| N
ALU operations Data move Branch
- Add - Move - Compare
- Mul - Push - Jump
- Not - Pop - Loop




ONOUIAWNH

Instruction Set

Data Transfer Instructions

. Arithmetic Instructions

Logical Instructions

. Shift and Rotate Instructions
. Flow of Control
. String manipulation Instructions

Process Control Instructions

. Control Transfer Instructions

22



Data Transfer Instructions

e MOV dest, source dest €< source

e Stack instructions
PUSH byte ;increment stack poilnter,

ymove byte on stack

POP byte ;ymove from stack to byte,
;decrement stack pointer






Section B.1: The 8086 Instruction Set
Page 865

MOV Move

Flags: Unchanged
Format: MOV dest, source ; copy source to dest

Function: Copy a word or byte from a register,
memory location, or immediate number to a register
or memory location. Source and destination must be
of the same size and cannot both be memory
locations.




General format

Assembly Instruction format

mnemonic

operand(s) ||;comments

MOV destination,source ;copy source operand to destination
Example: AH AL
MOV DX,CX BH BL.

CH CL

DH DL

org 100h

Mov cl
Mov d
Mov a
Mov a

,55h
Jcl
n,dl
,ah

Mov b

n, cl

Mov ch, bh



What 1t ...

MOV AL,DX
Rule #1:
moving a value that i1s too large into a register will cause an error
MOV  BL,7F2H legal: 7F2H is larger than 8 bits
MOV  AX,2FE456H ;lllegal
Rule #2:

Data can be moved directly into nonsegment registers only
(Values cannot be loaded directly into any segment register.
To load a value into a segment register, first load it to a
nonsegment register and then move it to the segment register.)

MOV  AX,2345H MOV  DI,1400H
MOV DSAX MOV  ES,DI

Rule #3:
If a value less than FFH is moved into a 16-bit register, the rest of the

bits are assumed to be all zeros.

MOV BX, 5 BX =0005
BH =00, BL=05






Arithmetic instructions



Add

Subtract
Increment
Decrement
Multiply
Divide

Decimal adjust

Arithmetic Instructions



ADD ve SUB instructions

Flag Register that may be affected
Conditional flags: CF, PF, AF, ZF, SF, OF
ADD - add second operand to first.
SUB - Subtract second operand to first.



Arithmetic Instructions

Mnemonic Description

ADD A, byte add A to byte, put result in A
ADDC A, byte add with carry

SUBB A, byte subtract with borrow

INC A increment A

INC byte increment byte in memory

INC DPTR increment data pointer

DEC A decrement accumulator

DEC byte decrement byte

MUL AB multiply accumulator by b register
DIV AB divide accumulator by b register
DA A decimal adjust the accumulator




There are 3 groups of instructions. First Group

First group: ADD, SUB

These types of operands are supported: Add Varis, Kaynak; Varis=Varis+Kaynak
* REG, memory

* memory, REG

* REG, REG

* memory, immediate

* REG, immediate

 REG: AX, BX, CX, DX, AH, AL, BL, BH, CH, CL, DH, DL, DI, SI, BP, SP.

* DS, ES; ofset registers are Bx, DI, SI

e SS: offset registers are BP, DP

e Memory: [ ], If you see square bracket, this is memory address.

e ES:[...] thisis extra segnet

e memory: [BX], ES:[BX+SI+7]

* immediate: 5, -24, 3Fh, OFAh, 10001101b, etc...

 Islenenler arasindaki islemden sonra, sonuc her zaman ilk islenende saklanir.

e CMP ve TEST komutlari yalnizca bayraklari etkiler ve bir sonucu saklamaz (bu komutlar programin
ylratilmesi sirasinda karar vermek icin kullanilir).



ADD Signed or Unsigned ADD

Flags: Affected: OF,.SF.,ZF,AF,PF,CF
Format: ADD dest, source ; dest=dest+source

Function: Adds source operand to destination
operand and places the result in destination. Both
source and destination operands must match
(e.g..both byte size or word size) and only one of
them can be 1n memory.




ADD

ADD Operandl, Operand?2

Operandl, Operand?2

Algorithm:
EEG, memory
memory. REG operand] = operandl + operand2
EEG, REG
mMEemory, Example:
immediate MOV AL.5 :AL=5
REG. ADD AL, -3 ; AL=2
immediate

clzslopR
FEErer



Add destination, source
destination=destination+source

Org 100h

* Org 100h
Mov al, 25h * Mov dh, 25h
Mov bl, 34h e Add dh, 34h
Add al, bl e ret

ret



ADD

Soru-1
+ (-5)d=(?)b
« ADD Operandl, Operand2 e (5)d=(00000101)b

Indis: 76543210
e (00000101)bifadesinde 1’lerin yerine 0; O’larin

Operandl, Operand2: yerine 1 konur.

e memory, REG e (11111011)b=(FB)h

 REG, REG
* memory, immediate
* REG, immediate

e Algorithm: operandl = operandl + operand2

Soru-2
e (FD)h=(-?)d

* Example: . (FD)h=(11111101)b
Org 100h o «  (11111101)b-(1)b=(11111100)b
MOVb,?L,SS ;AL=5 e (1111 1100)bifadesinde 1’'lerin yerine 0; O’larin
MoV DI, -

yerine 1 konur.
e (00000011)b
* Indis:76543210
e (00000011)b=(-3)d (3=271+270)

ADD AL, -3;AL=2
add al,bl ; AL=-3
RET



Simple arithmetic instructions

* Both types of overflow occur independently and are signaled separately by CF

* Ornek:
Org 100h
mov al, OFFh
add al,l1 ; AL=00h, OF=0, CF=1

Ornek:
Org 100h
mov ax,0OFFh

add ax, 1

Sonug¢: ax=(0100)h= (0000 0001 0000 0000)b=(278)d=256d

38



Simple arithmetic instructions

* Both types of overflow occur independently and are signaled separately by CF
and OF

Ornek:

mov al,7Fh

add al, 1 ; AL=80h, OF=1, CF=0
mov al,b80h

add al, 80h ; AL=00h, OF=1, CF=1

 Hence: we can have either type of overflow or both of them at the same time

39



ADC:Add with Carry.

e ADC Operandl, Operand2
* Algorithm: operandl = operandl + operand2 + CF

Operandl, Operand2: Al:254d x
* REG, memory Bl: 6d
Add al, bl

* memory, REG , . : . .. y :
Al:260 olmasi gerekirken al 8bitlik register oldugu icin 4d deger geldi; fakat

* REGREG CF: 1 oldugu icin
* memory, immediate Sonuc: 104h
* REG, immediate (0001 0000 0100)b=(272+278)d=(4+256)d=(260)d

e Example:

Org 100h ; registerlar 8bitlik yerine 16bit alinirsa CF'e gerek kalmadan toplama yapilir.
Mov al, 254 Org 100h
mov ax, 254
mov bl, 6 mov bx, 6
add al, bl add ax,bx

RET RET



ADC Operanl, Operand?2

Algorithm:
REG, memory _ L
memory, REG | OPerandl =operandl + operand2 + CF
REG. REG | org 100h
. Example:
MEemory, Mov al,01h
immediate STC .setCF=1 tc
REG MOV AL.S> ; AL=5 109
immedi ADCAL. 1 ;AL=7 ,
immediate RET e
CIZ|IS|O|PA

ririrriijgr



SUB

SUB Operanl,

EEG, memory
memory, REG
REG. REG
memory.
immediate
REG.
immediate

Subtract.

Algorithm:
operand1 = operandl - operand2
Example:

MOV AL. 5
SUB AL. 1 s AL

I
-

CEERFR
aaaEG

Operand?



SUB: Subtract

e SUB Operandl, Operand?2
e Algorithm: operandl = operandl - operand?

Operandl, Operand2:
* REG, memory

* memory, REG

* REG, REG

* memory, immediate
e REG, immediate

 Example:
Org 100h
MOV AL, 5
Mov BL, -20h
SUB AL, BL; AL=AL-BL
RET



SBB

SBB Operandl, Operand?2

EEG. memory
memory. REG
REG. REG
Memory.
immediate
REG.
immediate

Subtract with Borrow.

Algorithm:

operandl = operandl - operand2 - CF

Example:

STC

MOV AL, 5

SBBAL.3 :AL=5-3-1=1
RET

CIZISIOIPIA

rijrr|r |r|r



SBB: Subtract with Borrow

 SBB Operandl, Operand?2
e Algorithm: operandl = operandl - operand2 — CF

Operandl, Operand2:
* REG, memory

* memory, REG

* REG, REG

* memory, immediate
* REG, immediate

 Example:
STC
MOV AL, 5
SBBAL 3;AL=5-3-1=1
RET



Examples

org 100h
mov al,5
mov bl, -3
mov cl, 10
sub bl,al
add cl, bl
ret



Dizi toplamini ve ortalamasini bulan assembly program

Loop komutu CL register’in
icerigi sifir olana dek
aradaki islemleri yapar.

org 100h CLl'nin icerigi her donglde
lea bx, vecl ; dizinin baslamgic adresini bx'e aktarir. 1 azalir.
mov cl, N ; dizideki eleman sayisi
mov al, O
sum: org 100h

add al, [bx] ; Segment register: DS, ofset reg bx,
bellek cell: ds*10h+bx; bellek gozundeki deger ile al
icerigini toplar

incbx ; bx=bx+1

loop sum ; cl=cl-1

mov cl, 6 ; dizideki eleman sayisi
mov al,0
sum:

inc al ; al=al+1

divN ; al=al/n loop sum ; cl=cl-1
ret
mov bh, 55h
vecldb 2,4,6,8 ,10 mov bl, Occh
Ndb5

ret



Fiziksel adres=Segment adres * 10h + Ofset adres

Segment(16bit): Ofset (16 bit)

# cmulator: noname.com_ pd
{ debug wview wvirtual devices wvirtual drive help
> ) dal > o
1 reload step back single run step delay ms: 0
| feg"“e‘l\ | n?nn:nﬂa/ | 8780:0113
ax |00 [o8 [ P7113: 02 002 & -] ADD AL, [SI] -
{ e o1 @ | ©7114: @4 994 ¢ | PUSH ES
B7115: 06 QRE 4 OR [BP + SI], CL
4 X |88 |19 B7116: 08 QB8 B. ADD AX, @9290h .
o |88 |ee B7117: GA @10 NI NOP |
z 07118: @5 QS & NOP -
= L[5 |0700 07119: 90 144 E NOP t
A ) ey R r
5 55 |9700 | 5711C: 99 144 E | NOP J:
= SP |FFFE ©711D: 90 144 E NOP
- EBP pa@s B711E: 980 144 E NOP '
. B711F: 90 144 E NOP '
5| |8000 07120: 90 144 E NOP '
DI |ee00 07121: 99 144 E NOP |
1 DS 8788 B/1227: 9@ 144 Ej - j'
ES 6700 SCIeern | suumel reset | ALY | Vars | debug| stack | flags | .




Dizi ortalamasini bulan assembly program

ORG 100h
mov cl,N
lea dx,a
mov bx, offset a
mov al,0
mov si,0

don:
add al,a[si]
iNC Si

loop don

div N
ret

adb5,6,3,2,7,8,5,4,5
Ndb9



org 100h
lea bx, vecl ; vecl dizisinin baslangic adresini bx'e aktarir.
lea si, vec2; vec2 dizisinin baslangic adresini si'e aktarir.
mov cl, N ; dizideki eleman sayisi
mov al, O

sum:
add al, [si] ; Segment register: DS, ofset reg si, bellek cell fiziksel adresi: ds*10h+si;
INnc si ; Si=si+]
loop sum ; cl=cl-1
div N s al=al/n
ret

vecldb 2,4,6,8 ,10; vecl[0]=2, vecl[1]=4,
vec2 db 5, 15, 16, 18 ,20
Ndb5



INC, DEC

These types of operands are supported: REG, memory

REG: AX, BX, CX, DX, AH, AL, BL, BH, CH, CL, DH, DL, DI, SI, BP, SP.
memory: [BX], [BX+SI+7], variable, etc...

INC, DEC instructions affect these flags only: ZF, SF, OF, PF, AF.



INC & DEC Instructions

INC AX legal
DEC BL legal
INC [BX] illegal
INC Byte PTR [BX] legal
DEC | legal

INC DS illegal



DEC

INC

Memory

memory

operand = operand + 1

Example:
MOV AL. 4
INC AL DAL =5

ZEGFR
BAAGT

CF - unchanged!

operand = operand - 1

Example:

MOV AL, 255 ; AL =0FFh (255 or -1)
DEC AL : AL = 0FEh (254 or -2)
RET

z[s[o[p[a
|r_r r r|r

CF - unchanged!



INC Operand (Increment)

 INC Operand
* Algorithm: operand = operand + 1

Operand:
* REG
* Memory

Example:
ORG 100h
MOV AL, 4
INCAL; AL=5
RET



INC

REG
memory

INC

Increment.
Algorithm:
operand = operand + 1

Example:
MOV AL. 4

INC AL ;AL =35

ZERFR

rlelrirlr

CF - unchanged!



DEC Operand (Decrement)

 DEC Operand
* Algorithm: operand = operand - 1

Operand:
* REG
* Memory

 Example:
MOV AL, 255 : AL = OFFh (255 or -1)
DEC AL ; AL = OFEh (254 or -2)
RET



Add

Subtract
Increment
Decrement
Multiply
Divide

Decimal adjust

Arithmetic Instructions



Second group: MUL, IMUL, DIV, IDIV

These types of operands are supported: REG, memory

REG: AX, BX, CX, DX, AH, AL, BL, BH, CH, CL, DH, DL, DI, SI, BP, SP.
memory: [BX], [BX+SI+7], variable, etc...

MUL and IMUL instructions affect these flags only: CF, OF

When result is over operand size these flags are set to 1, when
result fits in operand size these flags are set to 0.




MUL / IMUL - DIV - IDIV

MUL - Unsigned multiply: «Mul operand»
— when operand is a byte: AX = AL * operand.
— when operand is a word: (DX AX) = AX * operand.
IMUL - Signed multiply: Imul operand
— when operand is a byte: AX = AL * operand.
— when operand is a word: (DX AX) = AX * operand.
DIV - Unsigned divide: Div Operand
— when operand is a byte: AL = AX / operand; AH = remainder (modulus). .
— when operand is a word: AX = (DX AX) / operand; DX = remainder (modulus).
IDIV - Signed divide:
— when operand is a byte: AL = AX / operand; AH = remainder (modulus). .
— when operand is a word: AX = (DX AX) / operand; DX = remainder (modulus). .



MUL Operand (Unsigned multiply)

e MUL Operand
Algorithm:
 when operand is a byte: AX = AL * Operand.

(320)h=(0011 0010 0000)b

 when operand is a word: (DX AX) = AX * Operand. =(275+2/78+279)d=(32+256+512)d
=(32+768)d=(800)d

Operand: Flags: CF, OF degisir.

* REG
*  memory

 Example:
ORG 100h
MOV Ax, 8000h
MOV Bx, 1000h
MUL Bx ; DX, AX = BX*AX, DX:0800, AX:0000, Sonuc¢=(800 0000)h
RET

Example:
Org 100h
Mov al,10h
Mov bl,12h
Mul bl

ret



IMUL Operand (Signed multiply)

 IMUL Operand

Algorithm:

 when operand is a byte: AX = AL * operand.
 when operand is a word: (DX AX) = AX * operand.

Operand:
* REG
*  memory

 Example:
Org 100h
MOV AL, -2
MOV BL, -4
IMUL BL; AX=8
RET



|MUL instruction

* IMUL (signed integer multiply) multiplies an 8-, 16-, or 32-bit signed
operand by either AL, AX, or EAX (there are one/two/three operand

format)
* Preserves the sign of the product by sigh-extending it into the upper

half of the destination register

Example: multiply 48 * 4, using 8-bit operands:

mov al, 48

mov bl,k4
imul bl ; AX = 00COh, OF=1

OF=1 because AH is not a sign extension of AL.



Ornek

when operand is a word: (DX AX) = AX * operand.
In this example, Operand is Bx

Org 100h

Mov Bx, 2000h
Mov Ax, 3000h
Mul Bx

Sonuc= DxAx: (06 00 00 00)h

B

[,
L5

53

SF
EF

=1
Dl

D5
ES

H

L

28

a8

a6

a780
a188
8788
FFFE
a888
S1S1E 1S
S1S1E 1S
87808

87088

a7188: BB 187/ §
@181 : B8 U8B NULL
A/182: 28 B3I2 SPA
A7183: B8 184 3
@/184: B8 G488 NULL
A7185: 38 B48 B
B186: F? 247 &
ai87: E3 227 1T
#/188: 780 14
g//18n: 780 144
A/188B: 780 144
a/1ac: 28 144
A//18D: 728 144
A/18E: 780 144
A/18F: 728 144
A/118: 728 144
g/111: 728 144
A/112: 728 144
A/113: 78 144
g/114: 78 144
@/115%: 78 144

[Th, [Th, [Th, [Th, [Th [T [T [T, [Th, [Th, [Th [Th,

ECMeen ‘ EIIIL-ITDE!‘ resel ‘



Ornek

when operand is a byte: AX = AL * operand.
In this example, Operand is Bl

Org 100h
Mov Bl, 20h
Mov Al, 30h
Mul B

Sonuc= Ax:(06 00)h

A7808:8186

reqizters

H L
Aw |86 |89
B |BB |28
C= (B8 |86
D |88 |64
Lo a708a
IF 8186
53 a7084a
sF  |FFFE
EF afaa
] agaa
DI aaaa
D3 a708a
ES a708a

A718d: B3 179
a7181: 28 BA32 SPA
A7i@A2: BA 176 #
A7183: 38 A48 @
A7184: F6 246 =+
A185: E3 227 1

F

K F

]

g/186: 78 144

¥

A7iB8: 90 144

a71687: 78 144
a718Aa: 78 144
a718B: 78 144
a18Cc: 28 144
a718D: 728 144
A718E: 28 144
A718F: 78 144
A71168: 78 144
g111: 28 144
a112: 28 144
A7113: 78 144
g7114: 78 144
a7115: 78 144
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DIV Operand

Unsigned divide.

Algorithm:
REG

memory when operand is a byte:
AL = AX / operand

AH = remainder {modulus)
when operand is a word:
AX = (DX AX) / operand

DX = remainder (modulus)

Example:

MOV AX 2053 ; AX=00CBh
MOV BL. 4

DIV BL AL =50(32h), AH=3
RET

clzlslolpla
2R R




IDIV Operand

REG
IDIV memory

Signed divide.

Algorithm:

when operand is a byte:
AL = AX / operand

AH =remainder (modulus)
when operand is a word:
AX = (DX AX) / operand

DX =remainder (modulus)
Example:

MOV AX. -203 : AX = 0FF35h
MOV BL. 4

IDIVBL :AL=-50(0CEh). AH=-3 (0FDh)
RET

CZ|SIOP|A
212121717217



Ornek

when operand is a word: AX = (DX AX) / operand;
DX = remainder (modulus). .

In this example, Operand is Bx

Org 100h

Mov Bx, 2000h
Mov Ax, 8000h
Div Bx

Sonuc= Ax:(00 004)h



DIV Operand

Algorithm:
 when operand is a byte: AL = AX / operand, AH =remainder (modulus)
 when operand is a word: AX = (DX AX) / operand, DX = remainder (modulus)

Operand

* REG

*  memory

* Unsigned divide.

 Example:
Org 100h
MOV AX, 255d ;
MOV BL, 10d
DIV BL; Bolum: AL, Kalan:AH
RET



DIV Operand

Algorithm:
 when operand is a byte: AL = AX / operand, AH =remainder (modulus)
 when operand is a word: AX = (DX AX) / operand, DX = remainder (modulus)

Operand

* REG

*  memory

* Unsigned divide.

 Example:
Org 100h ; DXAX/BX
Mov DX, 20000d
MOV AX, 10011d;
MOV BX, 1000d
DIV BX ;
RET



IDIV Operand (Signed divide)

IDIV Operand

Algorithm:

 when operand is a byte: AL = AX / operand; AH = remainder (modulus)
 when operand is a word: AX = (DX AX) / operand; DX = remainder (modulus)

Operand:
* REG,
*  memory

 Example:
Org 100h
MOV AX, -203 ; AX = OFF35h
MOV BL, 4
IDIV BL ; AL = -50 (OCEh), AH = -3 (OFDh)
RET



IDIV Operand

* |IDIV (signed divide) performs signed integer division
* Uses same operands as DIV

Example: 8-bit division of —48 by 5

mov al,-48
cbw ; extend AL into AH

mov bl,5
idiv bl ; AL = -9, AH = -3




Logical Operations



Sayisal Mantigin Temelleri

Sayisal mantik degerlerini temsil etmek icin ikili sayi sistemi kullanilir,
Bit:1/0 (Dogru /Yanls, lyi /Ko6tl, Gece/Glindiiz, OV /5V)
Sayisal mantik degerlerinin matematiksel islemleri, Boole cebirinin kurallarinda belirtilen yasalara tabidir.

Boole cebirinin kurallarinda belirtilen yasalarin matematiksel girdileri ve ciktilari ikili sayi (1/0) sistemi ile
temsil edilir.

Her turlt aritmetiksel islemlerin girdileri ve ciktilari ya 1 ya da O’dir.
Bilgisayar sistemlerinin donanimini olusturan mantiksal kapilarinin girisler, 1/0; cikislari: 1/0
 AND, OR, NOT, NAND, NOR, XOR, XNOR.
Mantik kapilari, transistorler kullanilarak olusturulur.
* NOT gate can be implemented by a single transistor
* AND gate requires 3 transistors
Transistorler bilgisayar sistemlerinin temel devre elemanlaridir.
* Pentium consists of 3 million transistors
 Compagqg Alpha consists of 9 million transistors
* Now we can build chips with more than 100 million transistors



Boole Cebri Teoremleri

L 8.a) a+a =1 Sabit Ozelligi - The 12 Rules of Boolean Algebra
1. a) a+b=b+a Degisme Ozelligi _
b) a-a =0 cA+0=A
b) a'b=b'a L. .o Lo - A + 1 - 1
2. a) a+b+c=a+(b+c) Birlesme Ozelligi 9.a) O+a=a Etkisizlik Ozelligi "
B *A-0=0
b) a-b-c=a-(b-c) b) 1-a=a SR
3. a) a+b-c= (a+b) -(a+c) Dagilma Ozelligi 10. a) 1+a=1 Yutan Sabit Ozelligi A TA = A
b) a- (b+c) =UC_l-1k9 +C;-C e Gell b) 0-a=0 * A+A=1
4. a) a+a=a Degiskende Fazlalik Ozelligi 11. a) (a+b )-b=b o A A=A
b) a-a=a « A-A=0
5. a) a+a.b=a Yutma Ozelligi b) a-b +b=b « A=A
b) a-(a+b)=a *A+AB=A
6. a) (a)*n =a islemde Fazlalik Ozelligi -A+AB=A+B
b) (a x n) =a ~ * (A+B)A+C)=A+BC
7.3) (a + b)=a-b De Morgan Kurali

=
Q
S5

\—’/
T
S
+
Sy

Mantiksal islemlerde ti degiskenler 1/0 iki sayi sisteminde calisir.
Giris ya da cikislar: 1/0



Boole Cebirinin Kurallari ve Yasalari

Tek degiskenli temel kurallar:

* Boole Cebirinin Kurallarinin ve Yasalarinin her birinin bir kaniti, degiskenin yalnizca iki
bit(0/1) degere sahip olabilecegi gerceginden yararlanilarak kolayca ispat edilebilir.

* Not: A=0vyada 1l olur.

e A+tA+A+A+A....+A+1=1;0R kapisinda girislerden herhangi biri 1 ise cikis birdir.
Diger ispat etme yontemi, 1 ve O degerleri verilerek dogruluk aranir.

e A+A+A+..+A=A (Neden? Iki degiskenli O ya da 1 girisler mevcuttur)

e (a+b) x b=axb+bxb= axb+b= (a+1)xb=b; bxb=b, a+1=1

e 1+1+1+1+1=1

¢« AAA..A=A AT
—IfA=0then0+1=1 A+A=A
—IfA=1thenl1+1=1

A+A=1

It should be noted that A=A




Boole Cebirinin Kurallari ve Yasalari

Mantiksal matematigi ikili (0/1) sayi sisteminde hesaplama yapllir.
Soru: Boole cebrini kullanarak asagidaki islemi yapiniz. A+1+1+1=?
a) 0b)lc)10d) 8 A+3

Soru: Boole cebrinde A hangi degerlerialir?a) 0 b)1 c) 0/1d)0,1,2, ..., 9 d)Her degeri
e)hicbir degeri

Soru: Boole cebrinde A=1 ise, A+A+A+A+A=? A)1 B)O C)A D)5 D)5A E) Hicbiri
Soru: Boole Cebrinde A*A*A*A=? A)A B) AM4

Soru: 1+a+b+c+ ... + z=?



Mantik Kapilari icin semboller ve islevsel davranis

NOT NAND NOR AND OR
A A A A
Ao X ]t ) DX | ) ) >
B | B B | B
Al X AlB]X AlB]X AlB] X AlB] X
0| 1 olol1 olol1 ololo ololo
1o 011 ol1]o0 ol1o ol 1][1
1 1ol1 1lolo 1lo]o 1 [o]1
11110 11110 1111 11111

(@) (b) (c) (d) (€)

AND Kapisi: Girislerden herhangi biri Oise cikis O dir. Girislerin tumu 1 ise c¢ikis 1 dir.

OR Kapisi: Girislerden herhangi biri 1ise cikis 1 dir. Girislerin timu 0 ise ¢ikis O dir.
NOT Kapisi: girisin evrigini alir,

Mantik kapisi, bir Boole islevini uygulayan ideallestirilmis veya fiziksel bir devredir, yani bir veya daha
fazla mantik girisinde mantiksal bir islem gerceklestirir ve tek bir mantik cikisi Uretir.



Toplama Logic Gates

Karsilastirma
The EXCLUSIVE OR Truth Table The EXCLUSIVE NOR Truth Table

A|B|f= A XOR B

The XOR Gate

AD f= A®B
B

Karsilastirma ve Aritmetik toplama islemlerinde XOR kapilari kullanilir.
Girislerin timu birbirine esit (0 ya da 1) cikis sifir ise XOR, ¢ikis 1 ise XNOR kapisidir.




Logic Instructions

J Bitwise logic operations
< (AND, OR, XOR, NOT)

d Clear

J Rotate

d  Swap

Logic instructions do NOT affect the flags in PSW



Bitwise Logic

Examples:
AND = AND
OR = OR AND
XOR =2 XOR
CP = Complement
OR
XOR
CP

00001111
10101100

00001100

00001111
10101100

10101111

00001111
10101100

10100011

10101100

01010011



Boolean Operation Instructions

NOT
AND
OR

XOR

Example: OR EAX, EBX



These instructions affect these flags only:
CF, ZF, SF, OF, PF, AF.

AND - Logical AND between all bits of two operands.

These rules apply: 1AND 1=1; 1ANDO=0;0AND 1=0; 0 AND 0 =0. As you see
we get 1 only when both bits are 1.

TEST - The same as AND but for flags only.

OR - Logical OR between all bits of two operands. These rules apply: 1OR1=1;1
OR0=1;00R1=1;,00R0=0

XOR - LogiAs you see we get 1 every time when at least one of the bits is 1.cal XOR
(exclusive OR) between all bits of two operands. These rules apply: 1 XOR1=0; 1
XOR0=1;0XOR1=1;0XOR0=0.As you see we get 1 every time when bits are
different from each other.



AND Operandl, Operand2 (Operand1=Operandl and Operand?2)

AND REG, memory Logical AND between all bits of two operands. Result is stored in
memorv, REG operandl.
REG. REG
IMEMmory. These rules apply:
immediate
REG. 1AND1=1
immediate 1AND0=0
0AND 1=0
0ANDO=0
Example:
MOV AL, '8 - AL =01100001b
AND AL 110111110 ; AL =01000001b (AN
RET

clzislo
ol o




AND: Logical AND between all bits of two operands.

AND Operand1, Operand?2

Operandl, Operand2:

Not: Logical AND between all bits of two operands. Result is

REG, memory
memory, REG

REG, REG

memory, immediate
REG, immediate

stored in operand].

These rules apply:
1AND1=1
1ANDO=0
OAND1=0
OANDO=0

Example:

org 100h
MOV AL, 01100001b
Mov Ah, 01000000b

Mov Bh, 00111000b
Mov BL, 00001010b

AND AL,AH
OR BH,BL

NOT BH

RET

org 100h
MOV AL, 27h
Mov Ah, Occh
or AL,Ah

RET



OR operandl, operand?

Logical OR between all bits of two operands. Result is stored
in first operand.

These rules apply:

10R1=1
REG. memory 10R0=1
memory, REG OOR1=1

EEG. REG 0OR0=0
ll'lElIlGl’}’.
immediate
REG. Example:
immediate MOV AL.'A' AL =01000001b
OR AL. 00100000b : AL =01100001b ("a")
RET
CZSIOPIA
Oir |r|0|r|?




OR: Logical OR

OR Operand1l, Operand?

Operand:

Not: Logical OR between all bits of two
operands. Result is stored in first operand.

REG, memory
memory, REG

REG, REG

memory, immediate
REG, immediate

These rules apply:

10R1=1
10R0=1
OOR1=1

OORO=0

Example:

MOV AL, 'A'; AL = 01000001b

OR AL, 00100000b ; AL = 01100001b ('a'")
RET



XOR (Aritmetik Toplama)

Logical XOR (Exclusive OR) between all bits of two
operands. Result is stored in first operand.

These rules apply:
1 XOR1=10

REG. memory 1 XORO0=1
memory. REG 0XOR1=1

REG. REG 0XOR0=0
XOFR mMemory.
immediate
REG. Example:
immediate MOV AL. 00000111b
XOR AL, 00000010b : AL =00000101b
RET

clzlslolp|a
olrfriolr|?




XOR: Logical XOR (Exclusive OR) between all bits of two
operands.

e XOR Operandl, Operand2

Operandl, Operand2:

* REG, memory

* memory, REG

* REG, REG

* memory, immediate
* REG, immediate

Not: Logical XOR (Exclusive OR) between all bits of two operands. Result is stored in first operand.
These rules apply:

1XOR1=0

1XOR0=1

OXOR1=1

OXOR0=0

*  Example:
MOV AL, 00000111b
XOR AL, 00000010b ; AL =00000101b
RET



NOT, NEG

These types of operands are supported: REG, memory

REG: AX, BX, CX, DX, AH, AL, BL, BH, CH, CL, DH, DL, DI, Sl, BP, SP.
memory: [BX], [BX+SI+7], variable, etc...

NOT instruction does not affect any flags!

NEG instruction affects these flags only: CF, ZF, SF, OF, PF, AF.
NOT - Reverse each bit of operand.

NEG - Make operand negative (two's complement). Actually it
reverses each bit of operand and then adds 1 to it. For example 5 will
become -5, and -2 will become 2.



NOT

REG
Memory

NOT Operand

Invert each bit of the operand.

Algorithm:

e 1fbitis 1 turn it to 0.
e ifbitisOtumnitto 1.

Example:

MOWV AL. 00011011b
NOT AL : AL=11100100b
RET

ClZISIOPI|A
unchanged

org 100h

MOV AL, 'a' ; AL=01100001b
Mov Ah, 'A'

Mov Bh, '8'

Mov BL, 8

NOT AL
NOT AH
NOT BL
NOT BH

RET

AL: (61)h=(0110 0001)b
NOT AL= (1001 1110)b=(9E)h



NOT: Invert each bit of the operand.

* NOT Operand
Algorithm:

e ifbitislturnittoO.
e ifbitisOturnitto 1.

Operand:
* REG
*  memory

 Example:
MOV AL, 00011011b
NOT AL ; AL=11100100b
RET



NEG

Negate. Makes operand negative (two's complement).

Algorithm:

e Invert all bits of the operand
e Add 1 to inverted operand

REG

NEG Mmemory Example:

MOV AL. 5 : AL=05h
NEG AL : AL = 0FBLh (-5)
NEG AL :AL=05h(5)
RET

CIZIS|OPA
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TEST

Logical AND between all bits of two operands for flags only.
These flags are effected: ZF, SF, PF. Result is not stored
anywhere,

These rules apply:
1AND 1=1

REG. memory 1ANDO=20
memory. REG OAND 1=0

REG. REG 0ANDO=0
TEST mMemory,

immediate

REG. Example:

immediate MOV AL. 00000101b
TEST AL. 1 . ZF = 0.
TEST AL. 10b ZF=1.
RET
CIZ|ISIO|P

Oirir|0ir



Mantiksal islemlere ait ornek

* Asagida kodu yazilmig assemble « Asagida kodu yazilmis assemble  * Asagida kodu yazilmig assemble

programin sonucunda AL programin sonucunda AL programin sonucunda AL
register igerigi ne olur? register icerigi ne olur? register icerigi ne olur?

MOV AL, 10 MOV AL, 12 MOV AL, 12

MOV BL, 8 NOT AL MOV BL, 9

OR AL, BL AND AL,BL

(12)d=(1100)b
(10)d=(1010)b NOT(1100)b=(0011)b=(3)d (12)d=(1100)b
(8)d=(1000)b (9)d=(1001)b

(1010)b OR (1000)b =(1010)b=(10)d (1100)B AND (1001)b =(1000)b=(8)d



Shift and Rotate
(Carpma ve BOlme)
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Shift and Rotate Instructions
Logical vs Arithmetic Shifts

SHL Instruction
SHR Instruction
SAL and SAR Instructions
ROL Instruction
ROR Instruction
RCL and RCR Instructions
SHLD/SHRD Instructions



Shift instruction
1 TABLE 10-5

Typical Shift Instructions

Name Mnemonic Diagram

Logical shift right SHR () = ===m—ee—eeeee=a- —
Logical shift left SHL g P [ —— =0
Arithmetic shift right SHR A Er ________________ |_,_ C
Arithmetic shift left SHLA el P - =0
Rotate right ROR L commmemmee e oo C
Rotate left ROL C _J. ................ J
Rotate right with carry RORC L. S | J

Rotate left with carry ROLC L L .J




ROL: Rotate operandl left

* ROL Operandl, Operand2

e Algorithm: Tum bitleri sola kaydirilir, giden bit CF'ye ayarlanir ve
ayni bit en sagdaki konuma eklenir.

* Not: Operandl'i sola dondurulir. Dondirme sayisi Operand?2
tarafindan belirlenir.

org 100h
Operand: MOV AL, 80h
* memory, immediate ROLAL1
* REG, immediate MOV BL, 11110000b
* memory, CL ROLBL,1
* REG, CL

RET
* Example:

MOV AL, 1Ch ; AL=00011100b
ROLAL, 1; AL=00111000b, CF=0.
RET
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ROL instruction

ROL (rotate) shifts each bit to the left
The highest bit is copied into both the Carry flag and into the lowest bit
No bits are lost

mov al,11110000b
rol al,l; AL = 11100001b

mov dl,3Fh
rol dl,4; DL = F3h




100

ROR instruction

ROR (rotate right) shifts each bit to the right
The lowest bit is copied into both the Carry flag and into the highest bit
No bits are lost

mov al,11110000b
ror al,l ; AL

01111000b

mov dl, 3Fh
ror dl, 4 ; DL = F3h




ROR: Rotate operandl right

* ROR Operandl, Operand2

e Algorithm: Tum bitleri saga kaydirilir, giden bit CF'ye ayarlanir ve ayni bit en soldaki konuma
eklenir.

 Not: Operandl'i saga dondurulur. Dondirme sayisi Operand?2 tarafindan belirlenir.

Operandl, Operand2:

* memory, immediate
e REG, immediate

*  memory, CL

* REG,CL

 Example:
MOV AL, 1Ch ; AL=00011100b
ROR AL, 1; AL=00001110b, CF=0.
RET



SAL and SAR instructions

e SAL (shift arithmetic left) is identical to SHL.
* SAR (shift arithmetic right) performs a right arithmetic shift on the destination operand.

7——».——»0——»0——».——». > &> o

An arithmetic shift preserves the number’s sign.

mov dl,-80
sar dl,1; DL = -40
sar dl,2; DL = -10
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SAL: Shift Arithmetic operandl Left.

 SAL Operandl, Operand2

* Algorithm: Tum bitleri sola kaydirin, giden bit CF'ye ayarlanir. Sifir biti en sagdaki konuma
eklenir.

* Not: Aritmetik olarak Operand1 Sola kaydirilir. Kaydirma sayisi Operand?2 tarafindan
belirlenir

Operandl, Operand2:
* memory, immediate
e REG, immediate

* memory, CL

* REG, CL

 Example:
MOV AL, OEOh ; AL = 11100000b
SAL AL, 1; AL =11000000b, CF=1.
RET



SAR: Shift Arithmetic operandl Right

* SAR Operandl, Operand2
e Algorithm: Tum bitleri saga kaydirilir, giden bit CF'ye ayarlanir. Sifir biti en soldaki konuma eklenir.
* Not: Aritmetik olarak Operand1 saga kaydirilir. Kaydirma sayisi Operand2 tarafindan belirlenir

Operandl, Operand2

* memory, immediate
* REG, immediate

* memory, CL

* REG, CL

e Example:
MOV AL, OEOh ; AL=11100000b
SAR AL, 1; AL=11110000b, CF=0.
MOV BL, 4Ch ; BL=01001100b
SAR BL, 1; BL=00100110b, CF=0.
RET



SHL instruction

 The SHL (shift left) instruction performs a logical left shift on the destination operand, filling the
lowest bit with 0.

Operand types: SHL Ornek:
destination, count MOV AL, 8
SHL reg, imm8 SHLAL 1
SHL. mem, imm8 (8)d=(0000 1000)b
SHL reqg,CL

SHL (0000 1000)b= (0001 0000)b=(16)d
SHL mem,CL
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SHL: Shift operandl Left.

 SHL Operandl, Operand2

* Algorithm: Shift all bits left, the bit that goes off is set to CF. Zero bit is inserted to
the right-most position.

* Not: Shift operand1 Left. The number of shifts is set by operand?2.

Operandl, Operand2:
* memory, immediate
 REG, immediate

* memory, CL

* REG, CL

 Example:
MOV AL, 11100000b
SHL AL, 1; AL=11000000b, CF=1.
RET



SHR: Shift operand1 Right.

SHR Operandl, Operand2

Algorithm: Shift all bits right, the bit that goes off is set to CF. Zero bit is inserted to
the left-most position.

Not: Shift operandl Right. The number of shifts is set by operand?2.

Operandl, Operand:
memory, immediate
REG, immediate
memory, CL

REG, CL

Example:
MOV AL, 00000111b
SHR AL, 1 ; AL =00000011b, CF=1.
RET



SHR instruction

 The SHR (shift right) instruction performs a logical right shift on the destination operand. The highest
bit position is filled with a zero.

Shifting right n bits divides the operand by 2" Ornek:
MOV AL, 8
SHR AL,1
mov dl, 80

(8)d=(0000 1000)b
SHR (0000 1000)b= (0000 0100)b=(4)d

shr dl,1; DL 40
shr dl1,2; DL = 10
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Fast multiplication

Shifting left 1 bit multiplies a number by 2

0O0000101
00001010

mov dl,5
shl dl,1

Shifting left n bits multiplies the operand by 27

For example, 5 * 22 =20

mov dl,b5
shl dl,2 ; DL

20

109



110

RCL instruction

RCL (rotate carry left) shifts each bit to the left
Copies the Carry flag to the least significant bit
Copies the most significant bit to the Carry flag

clc ;s CF =0
mov bl,b 88h ; CF,BL = 0 10001000b
rcl bl,1 ; CF,BL =1 00010000b

rcl bl,1 ; CF,BL 0 00100001b




RCR instruction

* RCR (rotate carry right) shifts each bit to the right
* Copies the Carry flag to the most significant bit
* Copies the least significant bit to the Carry flag

A
stc s CF =1

mov ah,10h ; CF,AH = 00010000 1
rcr ah,l1l ; CF,AH = 10001000 O
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Comparison Instructions
Program Flow Control
(CMP)



CMP Operandl, Opernad?2

Sadece bayraklar etkilenir. Bir sonraki komut bayrak
karsilastirma islemidir.

operandl - operand?2

REG, memory result 1s not stored anvwhere, flags are set (OF. SF, ZF. AF. PF. CF) according to
memory. REG recult
REG, REG '
Memory.,
: : Example:
immediat
re o MOV AL 5
immediate MOV BL, 5
CMP AL, BL : AL=5. ZF = 1 (so equal!)
RET

clzlslopa
rrrrlr-lr-




Short Conditional Jumps

Instruction Description Flags
JO Jump if overflow OF=1
JNO Jump if not overflow OF=0
JS Jump if sign SF=1
JNS Jump if not sign SF=0
JE Jump if equal ZF=1
JZ Jump if zero

JNE Jump if not equal ZF=0
JNZ Jump if not zero

JB Jump if below CF=1
JNAE Jump if not above or equal

JC Jump if carry

JNB Jump if not below CF=0
JAE Jump if above or equal

JNC Jump if not carry

JBE Jump if below or equal CF=1lorZF=1
JNA Jump if not above




Short Conditional Jumps

Instruction Description Flags

JA Jump if above CF=0andZF=0
JNBE Jump if not below or equal

JL Jump if less SF <> OF

JNGE Jump if not greater or equal

JGE Jump if greater or equal SF = OF

JNL Jump if not less

JLE Jump if less or equal ZF =1 or SF <> OF
JNG Jump if not greater

JG Jump if greater ZF =0 and SF = OF
JNLE Jump if not less or equal

JP Jump if parity PF=1

JPE Jump if parity even

JNP Jump if not parity PF=0

JPO Jump if parity odd

JCXZ Jump if CX register is O CX=0

JECXZ Jump if ECX register is O ECX=0




CMP: Compare

CMP Operandl, Operand2
Algorithm: operandl - operand?2

Not: result is not stored anywhere, flags are set (OF, SF, ZF, AF, PF, CF) according to result. Bu komuttan sonra JMp ya daj..
(JE, JNE, ...) Komutlarindan biri gelir.

Operandl, Operandl:
REG, memory
memory, REG

REG, REG

memory, immediate
REG, immediate

Example:
Org 100h
MOV AL, 5
MOV BL, 5
CMP AL, BL; AL=5, ZF = 1 (so equal!)
RET



Ornek: JE - JG
Ekrana yazl yazma
Kalibi

ORG 100h
MOV AL, 5
MOV BL,6

CMP AL, BL

JE labell
callml

JMP exit
labell: call m2
exit:

RET

m1 PROC

mov dx, offset msgl
mov ah, 9

int 21h

ret

m1 ENDP

m2 PROC

mov dx, offset msg2
mov ah, 9

int 21h

ret

m2 ENDP

msgl db "AL is not equal to
BL SII

msg2 db "AL is equal to BL
S'l
END



Jump instructions for signed numbers

* JE, JZ

* JNE, JNZ

* JA, INBE

* JB, JNAE, JC
* JAE, INB, INC
* JBE, INA



Jump instructions for unsigned numbers

* JE, JZ

* JNE, JNZ
* JG, JNLE
* JL, INGE
* JGE, JNL
* JLE, ING



Ornek: Dizi Toplamini Bulan Yazilim

ORG 100h
mov si,Oh
mov cXx,0h

atla: cmpsi,12
je stop

add cl, dizi[si]

Inc si
jmp atla
stop: ret

dizi db 1h, 2h, 3h, 4h, 5h,4h,7h,8h,4h,0ah,0bh, Och, Odh



Set



STC, CLC

* STC No operands * CLC No operands

 Set Carry flag. * Clear Carry flag.

* Algorithm:
* CF=1

* Algorithm:
* CF=0



Kesme



Kesme

Kesme geldigine

AX, BX, CX, DX, SI, DI, SP, BP, CS, SS, DS, ES, IP, Flags register’larin
iceriklere SS bellege kaydedilir.

Kesme istegine iliskin alt programini calistirir.

Islev tamamlandiginda, bellege kayit edilen degerler yeniden
register’lara aktarilr.

CPU kaldigi yerden calismasina devam eder.



Loop



Loop: CX=0 olana dek cevrimsel islemleri yapar.

e Example:
* LOOP label; Decrease CX, jump to label if CX
not zero.

ORG 100h
MOV CX, 5
Algorithm: label1:
CX=CX-1
mov dx, offset msg

if CX <> 0 then
_ mov ah, 9
”:mp int 21h
cise LOOP labell

no jump, continue

RET
msg db "Esenyurt University S"
END



1’den N’e kadar sayilarin toplamini bulan assembly
program, TOP= N*(N+1)/2

ORG 100h
mov cx,20
mov ax,0

dongu: add ax,cx
loop dongu
ret



Ornek: Dizide benzer sayinin bulunmasi

org 100h

lea bx, vecl
mov cl,7
mov dl,39h

ali: mov al,[bx]
cmp dl,al
je TIK
inc bx
loop ali

TIK: ret

vecl db 23h, 26h, 22h, 35h, 39h, Oach,0bch



LLooping using zero flag

« The zero flag is set (ZF=1), when the counter becomes zero (CX=0)

« Example: add 5 bytes of data

MOV CX,05 ;CX holds the loop count
MOV BX,0200H ;BX holds the offset data address
MOV AL,00 Jinitialize AL

ADD LP: ADD AL,[BX] ,add the next byte to AL
INC BX ;increment the data pointer
DEC CX ,decrement the loop counter
CMP CX,0
JNZ ADD LP jump to next iteration If counter

;not zero



instruction

LOOP

LOOPE

LOOPNE

LOOPNZ

LOOPZ

JCXZ

The loop instruction

operation and jump condition
decrease CX, jump to label if CX not zero.
decrease cx, jump to label if cx not zero and equal (zf = 1).

decrease cx, jump to label if cx not zero and not equal (zf =
0).

decrease cx, jump to label if cx not zero and zf = 0.
decrease cx, jump to label if cx not zero and zf = 1.

jump to label if cx is zero.

opposite instruction
DEC CX and JCXZ

LOOPNE

LOOPE

LOOPZ
LOOPNZ

OR CX, CX and JNZ



Example

org 100h; Finds the array ORG 100h ; TOP= N*(N+1)/2
lea bx, vecl mov cx,20
mov cx, 4 mov ax,0
mov al, 0 dongu: add ax,cx
. loop dongu
sum: ot
add al, [bx]
inc bx
loop sum
ret

vecldb 3,6,1,5



FOR LOOP

Example:
For 80 times DO
Display “*’
END _IF

Assemly :

MOV CX, 80
MOV AH, 2
MOV DL, “*’
Next: INT 21H
Loop Next



While Loop

Example:
Initialize count to O
Read a character
While character <> Carriage Return DO
Count =Count +1
Read a character
END_While

Assembly:
MOV DX, O
MOV AH, 1
INT 21H
While_: CMP AL, ODH
JE End_While
INC DX
INT 21H
JMP While_
End_While:



Repeat Loop

Example:

Repeat

Read a character

Until character is blank

Assembly:

MOV AH, 1
Repeat:
INT 21H
: until
CMP AL, ¢
JNE Repeat



Application of Loope

 Example: Search for a number in a Table

Table DB 1,2,3,4,5,6,7,8,9
XOR S|, SI
MOV CX, 9

Next: INCSI
CMP Table[SI-1], 7
Loopne Next



org 100h ; Is there same number in the given

array?
lea bx, vecl
mov cl,7
mov dl,39h

ali: mov al,[bx]
cmp dl,al
je TIK
inc bx
loop ali

TIK: ret

vecl db 23h, 26h, 22h, 35h, 39h, Oach,0bch

Example

org 100h; Is there number in the given array?
lea bx, vecl
mov cl,7
mov dl,39h
ali: mov al,[bx]
cmp dl,al
je TIK
inc bx
loop ali
TIK:  ret
vecl db 23h, 26h, 22h, 35h, 39h, Oach,0Obch



Example

ORG 100h; teletype function number.
LEA SI, msg ; DS: aaaal + Si

next_char:
CMP [SI], O
JE stop
MOV AL, [SI] ; next get ASCII char.
MOV AH, OEh ; teletype function number.

INT 10h ; using interrupt to print a char in AL.
inc Sl

JMP next_char
stop: ENDP
msg DB "Hello World!", O



Examples

org 100h; Find the big element in the array
ORG 100h; Average program

mov cl,1 :
mov ch,N ; dizi uzunlugu mov C.X,
lea bx,vec ; dizinini baslangic adresi (rjnov ?I,CX
mov dh,[bx] ; max=vec[1] ec sl
' mov ax,0
L3: inccl
i mov dx,0
inc bx | § |
t: ,
mov dl,[bx] gl rT:j(:Iv da[5|]
cmp dh,dl ; max > vec|i] a a>.<,0x
jall .cm|c->k5|,
mov dh,d| Jde Cl |
L1: ' ec SI.
t
cmp ch,cl y Jdmp z;%l
jne L3 cik: iV C
ret
W db 5,6,3,2,7,8,5,4,5
N db 8 a It A B A M B |

vec db 43h, 1h, 3h,75h, 9h,7h,2h,66h



String Instructions



String Instructions String Instructions — Cont.

m Five categories = MOVSB
* MOVS, MOVSB, MOVSW * ES[DI] € DS:[SI]
* CMPS, CMPSB, CMPSW ®* DI € DI+1; Sl €Sl+1 (if DF=0)
* SCAS, SCASB, SCASW * DI €« DI-1; Sl €SI-1 (if DF=1)
* LODS, LODSB, LODSW = MOVSW
* STOS, STOSB, STOSW * ES:[DI+1:DIl] €« DS:[SI+1:S1]

®* DI € DI+2; Sl <Sl+2 (if DF=0)
* DI €« DI-2; Sl €Sl-2 (if DF=1)
m Destination is always in ES:[DI] a MOVS destination. source

m If DF=0, Sl and DI are incremented * Replaced by either MOVSB or MOVSW depending on
operands size

m Source is always in DS:[SI]]

m If DF=1, Sl and DI are decremented
m To clear direction flag: CLD
m To set direction flag: STD



String Instructions — Cont. String Instructions — Cont.

= CMPSB = SCASB
* DS:[SI] - ES:[DI] * AL - ES:[DI]
¢* DI € DI+1; SI €SlI+1 (if DF=0) * DI € DI+1; (if DF=0)
* DI €« DI-1; SI €«3SI-1 (if DF=1) * DI < DI-1 (if DF=1)
m CMPSW m SCASW
* DS[SI+1:S1] - ES:[DI+1:Dl] * AX-ES:[DI+1:Dl]
* DI € DI+2; S| €<SI+2 (if DF=0) * DI < DI+2; (if DF=0)
* DI € DI-2; SI «31-2 (if DF=1) * DI < DI-2; (if DF=1)
m CMPS destination, source m SCAS destination
* Replaced by either CMPSB or CMPSW depending on * Replaced by either SCASB or SCASW depending on

operands size operands size



String Instructions — Cont. String Instructions — Cont.

m LODSB m STOSB
* AL < DS:[SI] * ES:[DI] € AL
* S| ¢« SI+1; (if DF=0) * DI < DI+1; (if DF=0)
* S| < SI-1 (if DF=1) * DI € DI-1 (if DF=1)

* ES[DI+1:Dl] € AX
* DI € DI+2; (if DF=0)
* DI €« DI-2 (if DF=1)

m STOS destination

= LODS destination * Replaced by either STOSB or STOSW depending on
* Replaced by either LODSB or LODSW depending on operands size

operands size

* AX & DS:[SI+1:SI]
* S| & SI+2; (if DF=0)
* 3| < SI-2; (if DF=1)



Copying a String to another in

Copying a String to another Reverse Order

.DATA .DATA
String1 DB “Hello” String1 DB “Hello”
String2 DB 5 dup(?) String2 DB 5 dup(?)
.CODE .CODE
MOV AX, @DATA MOV AX, @DATA
MOV DS, AX MOV DS, AX
MOV ES, AX MOV ES, AX
CLD STD
MOV CX, 5 MOV CX, 5
LEA S, String1 LEA SI, String1+4
LEA DI, String2 LEA DI, String2
REP MOVSB Next. MOVSB

ADD DI, 2
LOOP Next



String Instructions String Example

Simple Byte Transfers org 0x100

section .data

Pyte SI ¢ ST+1 v 1 times 11 db 0
STOSE Store String [DI] ¢« AL section .text
Byte DI ¢ DI+1 MOV SI, s 1  ; SI 4 pointer to s 1
MOV DI, v 1 ; DI 4 pointer to v 1
Simple Word Transfers Ll: LODSB ;AL € [51]
» 51 « 51 + 1
. AL + [S5I] CMP AL. 0O
Load String d
LODSW Hord AH 4+ [SI+1] JZ end
SI & SI+2 SUB AL, 30 : AL 4 AL - 30 = numerical value of ASCII char
DI AL :
Store String (DI] < STOSB ; [DI] + AL
STOSW Hord [DI+1] ¢« RH » DI - DI + 1
DI 4+ DI+2 JMP L1 r loop
end: STOSB : store \null

mov ax,4C00h
int 21h



Processor Control Instructions



Mnemonics

STC
CLC
CMC
STD
CLD
STI
CLI
NOP
HLT
WAIT

ESC opcode mem/ reg

LOCK

Processor Control Instructions

Explanation

Set CF <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



ALT Programlama



Control Transfer Instructions

B Transfer the control to a specific destination or target instruction

B Do not affect flags

Mnemonics

CALL reg/ mem/ disp16
RET
JMP reg/ mem/ disp8/ disp16

Explanation

Call subroutine
Return from subroutine

Unconditional jump

149



Procedures

ORG 100h

MOV AL, 1

MOV BL, 2

CALL m2

CALL m2

CALL m2

CALL m2

RET ; return to operating system.

m2 PROC

MUL BL ; AX = AL * BL.
RET ; return to caller.
m2 ENDP

END



Ornek: Call

. Ornek-2:
Ornek-1: ORG 100h
ORG 100h MOV AL, 1
CALL ml MOV BL, 2
MOV AX, 2 gﬁtt m;
m
ADD AX, BX | CALL m2
RET ; return to operating system. CALL m?
RET ; return to operating system.

ml PROC

MOV BX, 5 m2 PROC

. — *
RET ; return to caller. MULBL; AX=AL " BL.
RET ; return to caller.

m1 ENDP 19 ENDP
END END



Ornek: Call and Loop

ORG 100h
MOV AL, 1
MOV BL, 2
Mov CX,4

don:

CALL m?2

LOOP don

RET ; return to operating system.
m2 PROC

MUL BL ; AX = AL * BL.

RET ; return to caller.

m2 ENDP

END



Applications



Ornek: Ekrana Mesaj Yazma

org 100h ; write msg3

; write msgl mov dx, offset a3
mov dx, offset al mov ah, 9
mov ah, 9 int 21h
int 21h ret

; write msg?2 al db " Cahit Karakus", ODh,0Ah, "S"

mov dx, offset a2 a2 db " Computer Engineering" , 0Dh,0Ah,
mov ah, 9 "S"

int 21h a3 db " Esenyurt University" , 0Dh,0Ah, "S"



Ornek: Ekrandan Karakter Okunmasi

org 100h
; Write msgl
mov dx, offset al
mov ah, 9
int 21h
; read character in al:
mov ah, 1
int 21h
ret
; yazilan karekter AL icerisindedir.

al db " Bir Tusa Basiniz", ODh,0Ah, "S"



Ornek: Ekrandan 0 ile 99 arasinda sayi girilmesi

org 100h ; read character in al:
; write msgl git2: mov ah, 1
mov dx, offset al int 21h
mov ah, 9 cmp al, 30h
int 21h jb git2
: read character in al: cmp al, 39h
gitl: mov ah, 1 ja git2
int 21h mov bl, al
cmp al, 30h sub bh, 30h
jb gitl sub bl, 30h
cmp al, 39h mov al, bh
ja gitl mov cl,10
mov bh, al mul cl
; write msgl
mov dx, offset al add al,bl
mov ah, 9
int 21h ret

al db " 0ile 99 arasinda bir sayi giriniz: $"



Example: the sum of a vector with; another vector and saves result in third vector.

org 100h
jmp start
vecldb1l,2,56 DS:7000
vec2db3,5,6,1
vec3db? 7?7 7?
s
1
start: lea si, vecl g
lea bx, vec2 6
lea di, vec3 v )
mov cx, 4 g
sum: o !
mov al, [si] v :
add al, [bx] L
mov [di], al !
inc si
inc bx
inc di
loop sum

ret



Example: add al, [bx]

1- AA: [indis] ifadesinde AA: segment register tanimlar: CS, DS,
SS, ES. 16 bittir: (YYYY)h. Eger AA yok ise default olarak DS
tanimlar. 20 bit fiziksel adrese donisir: (YYYYO). indis ,16 bitlik
register tanimlar: BX, Sl, DI, BP, SP.

2- datanin yeri: (YYYYO)+indis

3- Al olmasindan dolayi 1 byte veri okunacak ve AL registerine
transfer edilecektir.

DS:7000

Dl

Sl

||k =

= || LN L

~|

11




Example: counts the number of characters of a zero terminated string.

name "counter"

org 100h
jmp start

strl db " Cahit Karakus — Computer Engineering — Esenyut University ", O
start: lea bx, strl ; load address of string.

mov ax, 0 ; reset counter.
compare: cmp [bx], O ; is it end of string?
je done ; if zero, then it's the end.
inc ax ; count char.
inc bx ; next memory position in string.
jmp compare

done: ret



Example: 1 den N’e kadar sayilarin toplanmasi

name "calc-sum"

org 100h ; directive make tiny com file.

mov cl, 15 ; number of elements:

mov al, 0 ; al will store the sum:
next: add al, cl ; sum elements:

loop next ; loop until cx=0:

mov bh, al ; store result in bl:

ret



Example: Dizideki sayilarin toplanmasi ve ortalamaninin bulunmasi

ORG 100h
mov cl,N
lea dx,a
mov bx, offset a
mov al,0
mov si,0
don:
add al,a[si]
inc si
loop don

div N
ret

adb5,6,3,2,7,8,5,4,5
N db 9



Example: O dan 99 kadar iki basamakli sayi okunmasi

git2: mov ah, 1

org 100h
' int 21h
; write msgl | h
mov dx, offset al CI:\IO E;, 30
mov ah, 9 Jb git o
int 21h cmp z;, 39
: read character in al: Ja git
gitl: mov ah, 1 S
int 21h sub ZI,BOh
cmp al, 30h SUh ,I3EI
jb gitl Xchg a| ,1
cmp al, 39h mov cl,10
i3 o mul cl
ja gitl
add al,bl
mov bl, al
ret

al db " Oile 9 arasinda bir sayi giriniz: S"



Example: Mantiksal Islemler

Org 100h
MOV AL, 01010101b
MOV CL, AL

MOV BL, 10101010b
AND AL, BL

MOV CH, BL
OR CL, CH

NOT AL
NOT BL
RET



Example: Dizide ayni olan sayiyl bulma

org 100h

lea bx, vecl
mov cl,7
mov dl,39h

donl: mov al,[bx]
cmp dl,al
je git
inc bx
loop donl

git: ret

vecl db 23h, 26h, 22h, 35h, 39h, Oach,0Obch



Example: Dizide buyuk elamani bulma

org 100h

mov cl,N ; dizi uzunlugu

dec cl

lea bx, vec ; dizinini baslangic adresi
mov al, [bx] ; max=vec[1]

L3: inc bx
mov ah, [bx]
cmp al, ah ; max > vec]i]
jae L1
mov al, ah
L1: loop L3
ret

N db8
vec db 43h, 1h, 3h,75h, 9h,7h,0AAh,66h
end



Arrays

Arrays can be seen as chains of variables. A text string is an
example of a byte array, each character is presented as an ASCI|
code value (0..255).

Here are some array definition examples:

a DB 48h, 65h, 6Ch, 6Ch, 6Fh, 00h

b DB 'Hello’, O

b is an exact copy of the a array, when compiler sees a string inside
guotes it automatically converts it to set of bytes. This chart shows
a part of the memory where these arrays are declared:



Usage Notes

A lot of slides are adopted from the presentations and documents published on internet by
experts who know the subject very well.

| would like to thank who prepared slides and documents.
Also, these slides are made publicly available on the web for anyone to use

If you choose to use them, | ask that you alert me of any mistakes which were made and allow me
the option of incorporating such changes (with an acknowledgment) in my set of slides.

Sincerely,
Dr. Cahit Karakus
cahitkarakus@esenyurt.edu. tr



