Chapter 7
'| Integer Arithmetic

e /1 Chapter Overview
allE
B Shift and Rotate Instructions
B Shift and Rotate Applications
B Multiplication and Division Instructions
B Extended Addition and Subtraction
B ASCII and Packed Decimal Arithmetic
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™ 7.2 Shift and Rotate Instructions
] 3

Instructions ==F e

SHL dst, count shift left logical shift
SHR dst, count shift right

SAL dst, count shift arithmetic left arithmetic shift
SAR dst, count shift arithmetic right

ROL dst, count rotate left rotate

ROR dst, count rotate right

RCL dst, count rotate carry left rotate with carry
RCR dst, count rotate carry right

SHLD dst, src, count | double-precision shift left | double-precision
SHRD dst, src, count | double-precision shift right shift

» dst=r/m
= counts= imm8 E= CL

wym Logical vs Arithmetic Shifts

nllE
W Logical shift vs. Arithmetic shift

= logical shift = unsigned shift

N e e e s .

= arithmetic shift = signed shift (R 2ZbitE HE3})

| EnTTTTET N

H Example 1-bit shift right
= unsigned number: 11110000 (240) > 01111000 (120)
= signed number: 11110000 (-16) - 11111000 (-8)
W Shift left and Shift right

= 1-bit shift left: 28 %t ZAar =2
» 1-bit shift right: 22 L& Ziap 2
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myp SHL and SHR Instruction
]
B logical shift instructions: SHL, SHR
B SHL dst, count

B ORI

B SHR dst, count

N

SHL reg, imm8
SHL mem, imm8
SHL reg, CL
SHL mem, CL
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"y Example
ol

B Fast Multiplication
= n-bit shift left = multiply by 2"
s AX5=A%(22+1)=(A<<2)+A

mov dl,A
mov al,dl ; AL = A
shl di1,2 ; DL = 4*A
add al,dl ; AL = 5*A
B Division
= N-bit shift right = divide by 2"
mov dl, 80
shr d1,1 ; DL = 40
shr d1,2 ; DL = 10
1% A MICHSHu
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e SAL and SAR Instructions
sl
B Arithmetic shift instructions: SAL, SAR
B SAL dst, count = SHL dst, count

B R

B SAR dst, count

| EEnTTTTmET

« BT HZE (MSB)

mov dl,-80 ; 10110000b
sar d1,1 ; DL
sar dl1,2 ; DL

-40 (11011000)
-10 (11110110)
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e ROL and ROR Instruction
=13
B ROL dst, count

B DR e ERIERIEN

CF

B ROR dst, count

R A C T

CF

mov al,11110000b

rol al,2 ; AL = 1100 00l1lb, CF=1

mov dl,3Fh ; 0011 1111

ror dl1,3 ; DL = F3h(1110 0111), CF=1
Pals (] fedgm|
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T RCL and RCR Instruction
ol
B RCL dst, count

e Ll ]

B RCR dst, count

AOCmmmm |0

T SHLD and SHRD Instruction

ullF
B SHLD dst, src, count not affected
= shift dst by count to the left dst src
= filled LSB of dst by MSB of src
= srcis not affected
B SHRD dst, src, count not affected

= shift dst by count to the right Src dst
= filled MSB of dst by LSB of src
= src is not affected

B Operand format

cle i CF=0 SHLD reglé6/32, reglé6/32, imm8/CL
mov bl,88h ; CF,BL = 0 10001000b SHLD meml16/32, reglé/32, imm8/CL
rcl bl,1 ; CF,BL = 1 00010000b
mov ah,10h ; CF,AH = 1 00010000b SHRDE Z'S
rcr ah,1 ; CF,AH = 0 10001000b

R o M| LH 8t il MiCHetm

’a#gl’:‘gﬂ%ﬂ ofas210 9 ?:1%1E|1E°!|E§ﬂ ofaseao 10

T Example e /3 Shift and Rotate Applications
sl ulll
H HZ2 wval2 4H|E 21IZ02 0|50l W Shifting Multiple Doublewords

H 2 wvalQ] 0] 4H|E = AXQ] ARJ4HIEZ Al | H H
.data

wval AX
wval WORD 9BAG6h

T Before: 4—F W36 ‘
mov ax,0AC36h After: ‘( AC36 ‘

shld wval,ax, 4
B AXE 4H|E QEZOR 0|01
AXQ| 42| 4H|E = DXQ] 01| 4H|EZ A&

mov ax,234Bh DX AX

mov dx,7654h Before: m @
shrd ax,dx, 4 After: W m
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® Binary Multiplication
m Displaying Binary Bits

(ex) AX = 3Ah - string "00111010"C 2 %t
B Isolating a Bit String

(ex) 01001101 > EMTEZ2 Z2 (001)
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wyg Shifting Multiple Doublewords
|

B 3 doublewordZ 1H|EXl QEZXO0Z 0|Z

.data
array DWORD 3 DUP(9999999%h)
.code

mov esi,offset array
shr [esi + 8],1

rcr [esi + 4],1

; 1001 1001...

; high dword

; middle dword, include Carry
rcr [esi],1 ; low dword, include Carry

memory MSB LSB

array | array+8 | array+4 | array

array+4 shr rcr rer

"y Binary Multiplication
ulll

B EAX < EAX*36 #|AL0}7]
 EAXX(25 + 22)

mov eax,123
mov ebx,eax
add eax,0

shl ebx,2 ; mult by 22
add eax,ebx
shl ebx,3 ; mult by 23

add eax,ebx

B £ memory operandE shiftE Ar010 24 4

array+8 = next slide
B 3 doublewordE 2H|EX QE2Z02Z 0|5 ??7?
o HICHSH A (o D5 []n) feigm]
AREFEE ofgsaieiof 13 AREEEEA ojmzaletof 1
title multiplication using shift
include irvine32.inc . . . -
e -data e Displaying Binary Bits
operand1 dword 25
nlll operand2 dword 2 |
result dword ? i .
message byte ‘Overflow’,8 u Algorlthm'
-code = Repeat 32 times do
main proc i i
mov ebx, operandi ; multiplicand Shift MSB into the Carry flag;
LLLL T L s multiplier If CF = 1, append a "1" character to a string;
mov ecx, 32 ; loop counter otherwise, append a "0" character.
La: test edx, 1 dat
jz L1 .daata
add eax, ebx ; if (1) add value DWORD 1234h
Li: shr edx, 1 buffer BYTE 32 DUP(0),0
jz L2 ; if (edx=8) exit loop code
shl ebx, 1 :
jc L3 ; unsigned overflow mov eax,;glue
loop LB mov ecx,
L2: mov result, eax ; write result mov esi,OFFSET buffer
Caii g"iienec L1l: shl eax,1
E:it r mov BYTE PTR [esi], 'O’ ; default digit O
L3: mov edx, offset message ; write error message jnc L2
call WriteString mov BYTE PTR [esi],'l' ; digit 1
call Crlf L2: inc esi
exit
main endp loop L1
o IS i end main HMICHS
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wym [solating a Bit String
ulll
B MS-DOS file date field
= packs the year, month, and day into 16 bits:

DH DL
\ | |
001001101010
\ | | | | |
Field: Year Month Day
Bit numbers: 9-15 5-8 0-4
= Isolate month field
mov ax,dx ; make a copy of DX
shr ax,5 ; shift right 5 bits
and al,00001111b ; clear bits 4-7
mov month,al ; save in month wvariable
Paf (1 fedgm]
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e /4 Multiplication and Division Instructions
ullF

Instructions | S%F a8

MUL src edst € dst * src unsigned operation
DIV src edst € dst/ src

IMUL src dst € edst * src signed operation
IDIV src dst € edst / src

CBW convert byte to word convert

CWD convert word to dword (with sign extension)
CDQ convert dword to qword

dst2 EX™ YIX|AEE A20IB & instructiondf| E7|0tX] %2
- implied operand

HMICHS
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| MUL and IMUL Instruction
| 3

m MUL src ; unsigned multiplication
m IMUL src ; signed multiplication
Multiplicand Multiplier(src) Product
AL r/m8 AX
AX r/m16 DX:AX
EAX r/m32 EDX:EAX
B MULOIAM CF= Ci22l d<0l 101
= product7t B HA| 2922] multiplicand0f] e & g mj

%, product®] upper half7} 00] op<! mj
B IMULO|A OF2} CF= CH292| ALK 10]=
= product®] upper half7} lower halfQ] sign extensionO] Of%l AL

A MICHS
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e MUL Examples
ulll

® vall * val2 (100h * 2000h), using 16-bit operands

.data

vall WORD 2000h

val2 WORD 100h

.code

mov ax,vall

mul val2 ; DX:AX = 00200000h, CF=1

B 12345h * 1000h, using 32-bit operands

mov eax,12345h
mov ebx,1000h

mul ebx ; EDX:EAX = 0000000012345000h, CF=0
O M| CH o ul
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T IMUL Instruction
| 3

B Multiply 48 * 4, using 8-bit operands

mov al,48

mov Dbl,4
imul bl

; AX = 00COh, OF=1

Multiply 4,823,424 * (- 423):

™ DIV and IDIV Instruction

mov eax, 4823424
mov ebx,-423
imul ebx ;

EDX:EAX = FFFFFFFF86635D80h, OF=0

sl
m DIV src ; unsigned division
m IDIV src ; signed division
Dividend Divisor (src) Quotient Remainder
AX r/m8 AL AH
DX:AX r/m16 AX DX
EDX:EAX r/m32 EAX EDX

21

B LIAlE 07| F 0] dividend?] 2H72H0H0] upper halfE& X ]OF &+

= DIV : zero extension (upper halfoj] 02 X %})

= IDIV : sign extension (upper half0]| lower halfe] 3 & A 7%})

- CBW, CWD, CDQ Instruction Al
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wm DIV Examples
ol
B Divide 8003h by 100h,

using 16-bit operands:

mov ax,8003h
mov dx,0

mov cx,100h
div cx

dividend, low

clear dividend, high
divisor

AX = 0080h, DX = 3

’
’
’
’

B Same division, using 32-bit operands:

mov eax,8003h
mov edx,0
mov ecx,100h

; dividend, low
; clear dividend, high
; divisor

div ecx ; EAX = 00000080h, DX = 3
A AMICHS
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™E CBW, CWD, CDQ Instructions
ulll

m CBW ; AL:AH < sign-extension(AL)
m CWD ; DX:AX € sign-extension(AX)
m CDQ ; EDX:EAX & sign-extension(EAX)
B Example:
mov ax, OFF9Bh ; (-101)
cwd ; DX:AX = FFFF FF9Bh

24




wym DIV Examples
sl
B 16-bit division of —48 by 5

mov ax,-48

cwd ; extend AX into DX
mov bx,5
idiv bx ; A X = -9, DX = -3

B 32-bit division of —48 by 5

T Divide Overflow

ullF
W ChS TRIO| 4% Hipe?
mov dx,0087h
mov ax,6002h ; dividend = 00876002h
mov bx,10h ; divisor = 10h
div bx ; quotient = 87600h

= divide overflow : quotientE AX0]| A& £ g2
B[S TZ3HO| L0 AfpE=?

mov eax,-48 mov ax,0FDFFh ; =513
cdg ; extend EAX into EDX cwd ; dividend (DX:AX) = FFFF FDFF
mov ebx,5 mov bx,100h ; divisor (BX) = 0100h (256)
idiv ebx ; EAX = -9, EDX = -3 idiv bx
= DX = FFFFh (-1), AX = FFFEh (-2)
HAICH Sl o MICH St i
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e Unsigned Arithmetic Expressions T Signed Arithmetic Expressions
sl sl
m var4 = (varl + var2) * var3 ® EAX = (-varl * var2) + var3
; Assume unsigned operands mov eax,varl
mov eax,varl neg eax ; EAX = -varl
add eax,var2 ; EAX = varl + var2 imul var2 ; EAX = -var*var2
mul var3 : EAX = EAX * var3 jo TooBig ; check for overflow
jc tooBig ; check for carry add eax,var3 ; EAX = (-varl*var2)+var3
mov vard,eax ; save product jo TooBig ; check for overflow
jmp next
toobig: m var4 = (varl * 5) / (var2 - 3)
; display error message and exit
next: mov eax,varl ; left side
; continue mov ebx,5
imul ebx ; EDX:EAX = varl*5
mov ebx,var2 ; right side
sub ebx,3 ; EBX = var2-3
idiv ebx ; EAX = (varl*5)/(var2-3)
mov var4,eax
A AMICHS & MICH Sl
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T 7.5 Extended Precision Arithmetic
ull

B Extended Precision Arithmetic
= 7|40 9iF{ 32H|E Lr& AL ZER T K28
» FLCIEF 3 7]2] operanddj] L%t At&H A2 32H|E ALt

Mg B2 00
ALZOHO] £ WTHs
= OF2l Xt2| A4te] CF A7 $AXE] AL AL EH
m CarryQt S 5, Wil £ WOt Instruction X2
ADC ADD SBB SUB
| | | | | | | |
+ | | | | - | | |
| ] | | | |
!
32H|E ¢4t}
of M|CHTH
) Bt ojEa| 0] -

T ADC and SBB Instruction
wllE

m ADC dst, src ; add with carry
» T Zh dst € dst + src + CF

W SBB dst, src ; subtract with carry(borrow)
» T Zh dst € dst—src - CF

B Example
= Add two 32-bit integers (FFFFFFFFh + FFFFFFFFh), producing a 64-bit
sum in EDX:EAX:
mov eax,OFFFFFFFFh ; lower half
mov edx,0 ; upper half
add eax,0FFFFFFFFh ; add lower half
adc edx,0 ; add upper half
EDX:EAX = 00000001FFFFFFFEh

HMHEA o Ea|2of 30

wym Example
|

B EDX:EAX -1
= Starting value of EDX:EAX: 00000001 00000000h

mov edx,1 ; set upper half

mov eax,0 ; set lower half

sub eax,1l ; subtract lower half

sbb edx,0 ; subtract upper half
EDX:EAX = 00000000 FFFFFFFF

HMITH 2t
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g/

T Extended Addition Example
i

.data
valuel QWORD 123456789abcdefOh
value2 QWORD 9abcdef012345678h
result DWORD 3 dup (?)
.code
mov esi,OFFSET valuel
mov edi,OFFSET value2
mov ebx,OFFSET result
mov ecx,2
clc ; clear the Carry flag
Ll:mov eax, [esi] get the first integer
adc eax, [edi] add the second integer

Ne Ne o Ne o Ne NN

pushfd save the Carry flag

mov [ebx], eax store partial sum

add esi, 4 advance all 3 pointers

add edi,4

add ebx,4

popfd ; restore the Carry flag

loop L1 ; repeat the loop

adc word ptr[ebx],0 ; add any leftover carry
& MICH Ot 1l
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"y /-6 ASCII and Packed Decimal Arithmetic
ulll
B Binary-Coded Decimal (BCD) — Packed Decimal
» 10714 1A}2| 2 4-bit 2X142 BN
B Unpacked decimal
» 10714 1A}2| 2 8-bit 2X142 BN
B ASCII Decimal
» 10714 1X}2| 2 8-bit ASCII AE=Z H¥
B Example
=« 10714 56789°] A

BCD ]0101 011001111000

””p"’!°ked]ooooo1o1 00000110 | 00000111 00001000\
decimal

ASCII 100110101 00110110 | 00110111 00111000‘

% S MICH S il
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e ASCII Decimal Arithmetic
ol
B Example: '8' + '2'

unpacked decimal

= 00111000 + 00110010 = 01101010 ->[Adjust]-> 00000001 00000000

->[ASCII]-> 00110001 00110000
l1l lOl
B ASCII Adjust Instructions

1 0

Instructions =7t

AAA ASCII adjust after addition

AAS ASCII adjust after subtraction

AAM ASCII adjust after multiplication

AAD ASCII adjust before division

implicit operand: AX

HREHZEEN o210
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E AAA Instructions

ulll
B AAA
= GMI(ADD, ADC) 20f| AL > 9 O]™ adjust, AH=AH+1
» ALO| %] 4H|E=0
B Add '8'and '2'
mov ah,0
mov al, '8’ ; AX = 0038h
add al,'2' ; AX = 006Ah
aaa ; AX = 0100h
or ax,3030h ; AX = 3130h = '10'
B Add '9'and '8'
mov ah,0
mov al,'8' ; AX = 0038h
add al,'9’ ; AX = 0071h
aaa ; AX = 0107h
or al,30h ; AL = '17"
ol dEE|20]
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mm AAS Example
ulll
H AAS
« HHAMI(SUB, SBB) 20j| AL < 00]™ adjust, AH = AH-1
« ALO| AQ| 4H|E=0
m Subtract '9' from '8'

mov ah,0
mov al,'8' ; AX = 0038h
sub al,'9’ ; AX = 00FFh (AL<O)
aas ; AX = FFO%h, CF=1
or al,30h ; AL = '9'
28—9=19
, M| CHE L
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™ AAM Instruction
sl
E AAM
= unpacked decimal number0j| CH?t 4! Z1}E adjustment
E Multiply 5 by 6

mov bl,'S' ; first operand
mov al,'é6' ; second operand
and bl,0fh ; BL=5 (unpacked decimal)
and al,O0fh ; AL=6 (unpacked decimal)
mul bl ; AX = 00lEh
aam ; AX = 0300h
or ax,3030h ; AX = 3330h = '30'
1Eh = 30
A AMICHS
REEEEXN ofas210 37

™ AAD Instruction
|
m AAD

= LI=A0}7] H0of| AXO| A &l unpacked decimal2 B ¥ El dividend&

adjustment (16H|E 27142 HEL)

.data
quotient BYTE ?
remainder BYTE ?
.code
mov ax,3337h ; dividend '37'
and ax,0£f0fh ; 0307h (unpacked decimal)
aad ; AX = 0025h
mov bl,'5’ ; divisor
and bl,0fh ; 05h (unpacked decimal)
div bl ; AX = 0207h
mov quotient,al ; quotient=07h
mov remainder,ah ; remainder=02h
O}
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™E Packed Decimal Arithmetic
] 3

B Example: 18 + 22 = 40
= 0001 1000 + 0010 0010 = 0011 1010 >[Adjust]> 0100 0000

B Decimal Adjust Instruction

Instructions ==k
DAA Decimal adjust after addition
DAS Decimal adjust after subtraction

implicit operand: AL

d HAMICHSE
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™E DAA Instruction
|

B DAA
=« GiIMI(ADD, ADC) 2 0f| packed BCD % £10] £| £ £ adjust
=« CF: ArQ|4H| E Q| 7}i2], AF: O}QI4H|E 2] 742]

B Examples
35 + 48 | mov al,35h
add al,48h ; AL = 7Dh
daa ; AL = 83h, CF = 0, AF 0
35+ 65 | mov al,35h
add al,65h ; AL = 9Ah,
daa ; AL = 00h, CF = 1, AF 1
35+ 26 | mov al,35h
add al,26h ; AL = 5Bh,
daa ; AL = 61h, CF = 0, AF 1
Pals (] fedgm|
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™ DAS Instruction
] 3

B DAS

= HWHAI(SUB, SBB) £0]| packed BCD ¥ £10] E| = £ adjust

= CF: 2I2Q|4H| E Q] borrow, AF: UI]4H| E2| borrow

B Examples
48 — 35 | mov al,48h

sub al,35h ; AL = 13h

das ; AL = 13h, CF = 0, AF 0
62 -35 | mov al,62h

sub al,35h ; AL = 2Dh,

das ; AL = 27h, CF = 0, AF 1
32-39 | mov al,32h

sub al,3%% ; AL = F%,

das ; AL = 93h, CF = 1, AF 1
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