Chapter 4:
Data Transfers, Addressing, and
'| Arithmetic
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wyp 41 Data Transfer Instructions
sl
m Operand types

= Immediate — a constant integer (8, 16, or 32 bits)
« 40| instruction0j] & 8HEl

= Register — the name of a register
= register nameO] instruction0f] 2 S Jtx]0 E =]

= Memory — reference to a location in memory

» 25 EE FAE X %0l register nameO] instruction0]] Z 3=l

(direct memory operand®} indirect memory operand)

m o
= MOV AX, 100 ; AX € 100
= MOV AX, CX : AX € CX

= MOV AX, [100]  ; AX €« M(DS:100), 16-bit
= MOV AX, [SI] ; AX € M(DS:SI), 16-bit
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wyg [nstruction Operand Notation

uliN Operand Description

r8 8-bit general-purpose register: AH. AL, BH. BL, CH, CL, DH. DL
rio 16-bit general-purpose register: AX, BX. CX, DX, SL. DL SP. BP
132 32-bit general-purpose register: EAX. EBX, ECX, EDX. ESL EDI. ESP. EBP
reg any general-purpose register
sreg 16-bit segment register: CS, DS, SS, ES, FS, GS
iman 8-, 16-, or 32-hit immediate value
imm8 8-bit immediate byte value
immlo 16-bit immediate word value
imm32 32-bit immediate doubleword value
m8 8-bit operand which can be an 8-bit general register or memory byte
e 16-bit operand which can be a 16-bit general register or memory word
1/m32 32-bit operand which can be a 32-bit general register or memory doubleword
meim an 8-, 16-, or 32-bit memory operand
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wym Direct Memory Operands
ulll

B Direct memory operand

= instruction0] X = M2 2] F A0 2= memory operand

’ MOV AL, [400] ‘

B Assembly language0j| 4] = data label2 L4l AF23t
= assembler?} data label2 offset T A2 HEI S

MOV AL, varl I=
MOV AL, [varl]

= O
.data
varl BYTE 10h ; B4 (HIOIE)
.code
mov al,varl ; AL = 10h

O MICH St ul
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T MOV Instruction
wllE

B MOV dst, src

= SZh dst € src
W operand At 7%

« E OAMARS 262 37]0]0{0F &

» FOAMAZIRE HR2EY ££ S

= CS, EIP(EE= IP)=dstd 4 g2

= immediateZ}2 segment register2 0| 5% 4 9
B ZE AT

0jo

mov ax, bl x)
mov varl, var2 x) ; varl, var2= data label(tH 4
mov Cs, ax x)

mov ds, 400h x)

& MICH Ot ul
HEEIREEM o= 2l 0]

.data
count BYTE 100
wVal WORD 2
.code
mov bl,count
mov ax,wVal
mov count,al

mov al,wVal
mov ax,count
mov eax,count

BL € count(100)
AX € wvVal(2), lé6-bit
count € AL(2), 8-bit

error (size mismatch)
error
error

A MICHEE

JHOE R EA oS820

.data
bval BYTE 100
bval2 BYTE ?
wVal WORD 2
dval DWORD 5
.code
mov ds, 45
mov esi,wVal
mov eip,dval
mov 25,bval

size mismatch

immediate move to DS not permitted

EIP cannot be the destination
immediate value cannot be destination

mov bVal2,bvVal memory-to-memory move not permitted
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wym Ci21 7EX| MOV e
sl
B H22] 7t O] =
= var2 € varl
mov ax, varl ; AX € varl
mov var2, ax ; var2 € AX

B ZEr2 operandE & operandZ 0| &
= Z2 operandg 2 7|2 ZETE 20 mov HHO| £+ W
= unsigned numberg zero extension(&Q HE 2 002 ) Al
= signed numberE sign extension(&Q HES HI 2 K{2) Al

] 0"
S8H|IE
4H|E -
zero2rxk sign¥rxk

0101 (5) 0000_0101 (5) 0000_0101 (5)

1011 (11 £=-5) | 0000_1011 (11) | 1111_1011 (-5)
AMICHE

#ggﬂgﬂ OrAERIA 9

™E MOVZX instruction — zero extension
ullE
B MOVZX reg, r/m
= SZh reg € zero-extension(r/m)

0 10001111 Source

00000000 10001111 Destination

mov bl,10001111b

movzx ax,bl ; zero-extension

TEAMREA o210 10

™ MOVSX instruction — sign extension
|

B MOVSXreg, r/m
= ZZh reg € sign-extension(r/m)

10001111 Source

11111111 10001111 Destination

mov bl,10001111b

movsx ax,bl ; sign extension

d HAMICHSE
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wam XCHG instruction - exchange
ullF

B XCHG dst, src
» S X dstQf srcQ] LIS M2 m st
» HZ2| 70| ng U £ QS

.data
varl WORD 1000h
var2 WORD 2000h
.code
xchg ax,bx ; exchange 16-bit regs
xchg ah,al ; exchange 8-bit regs
xchg varl,bx ; exchange mem, reg
xchg eax,ebx ; exchange 32-bit regs
xchg varl,var2 ; error: two memory operands
mov ax,varl ; MEE] 7o) 8 uEe
xchg ax,var2 ; YAl HIAIAEE AF20[OF
mov varl,ax
o}
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E Direct-Offset Operands
sl

B Direct offset operand

» data_label + constant HEj2 HPE|= memory operand

= assembler0]] 2]0 A offset £ A2 HEIE]
« 2L:array €4 2

.data
arrayB BYTE 10h,20h,30h,40h
.code
mov al,arrayB+1 ; AL = 20h
mov al, [arrayB+1]

; alternative notation

= arrayBQ| £ A7} 100h2fal OtH

mov al, arrayB - mov al, [100h] (cf) a[0]
mov al, arrayB+1 > mov al, [101h] (cf) a[1]
AMICHE
. ﬁ%lﬁgﬂgﬂ o1 EaIA0f
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® word array

» CHS Y40 CHEL offset2 22 7t
B doubleword array

» CHS Y40 CHEL offset2 4% Z7t

.data
arrayW WORD 1000h,2000h,3000h
arrayD DWORD 1,2,3,4

.code
mov ax,arrayW+2 ; AX = 2000h
mov eax,arrayD+4 ; EAX = 00000002h

m HRE 0o

mov ax,arrayW-2 ;2?7
mov eax,arrayD+16 ;o2
Pals (] fedgm
Jazezusy otaEeietof

arrayW([1]
arrayD[1]

arrayW[-1]
arrayD[4]
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2
o

] 3
B At= Q| HiA|E HR7|
« LIS AR E LIS &AM 2 HIRAIR: 3, 1,2
.data

arrayD DWORD 1, 2, 3

= Stepl: arrayDQ} arrayD+49] Z*

= St

| X=J

wngy->2,1,3

mov eax,arrayD
xchg eax,arrayD+4

ep 2: arrayD2} arrayD+89| Z*

xchg eax,arrayD+8
mov arrayD,eax

QI AIH Ot
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™ 4.2 Addition and Subtraction
wllE

B Additon and Subtraction Instructions

U S5 a3

INC dst dst « dst + 1 increment

DEC dst dst < dst-1 decrement

ADD dst, src dst <« dst + src add

SUB dst, src dst < dst —src subtract

NEG dst dst « —dst negate(29] H 4)

= INC, DEC, NEGQ] operand= r/m

= ADD, SUBQ| operand= MOVQ] operand?} Z rule2 X g

m A MICHSul
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mp INC and DEC Examples

"am ADD and SUB Examples
ulll

.data .data
myWord WORD 1000h varl DWORD 10000h
myDword DWORD 10000000h var2 DWORD 20000h
.code .code ; ——--EAX---
inc myWord ; 1001h mov eax,varl ; 00010000h
dec myWord ; 1000h add eax,var2 ; 00030000n
inc myDword ; 10000001nh add ax,0FFFFh ; 0003FFFFh
add eax,1 ; 00040000n
mov ax,00FFh sub ax,1 ; O0004FFFFh
inc ax ; AX = 0100h
mov ax,00FFh
inc al ; AX = 0000h
Paf (1 fedgm] Pals (] fedgm
JUBEPERESL O yELIAY 17 JHOEHHHEA Ol AEE|A0] 18
wmm NEG Example e =S A
sl ulll
m 0] A4t
.data (ex)R==-X+(Y-2)
valB BYTE -1 - WM X @ Y-Z () (X +(Y-2)
valW WORD +32767
.code .data
mov al,valB ; AL = -1 R DWORD ?
neg al ; AL = +1 X DWORD 26
neg valW ; valWw = -32767 Y DWORD 30
Z DWORD 40
.code
mov eax,X
neg eax ; EAX = -26 (-X)
mov ebx,Y
sub ebx,Z ; EBX = -10 (Y-2)
add eax,ebx ; EAX = -36 (-X)+(Y-2)
mov R,eax ; -36
Pal (1 fedgm] Pals (] fedgm|
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g &4t FLAG
sl

m FLAG 3|X]AFE]
. A&/2] AAte] Z0) MELA 2H0] HUE
« MOV OO WS WX| Q2

B 7|E2A9l FLAG bits
= ZF(Zero Flag) — Z1}7} 00|™ 1
= SF(Sign Flag) — ZA1}7t 24 (MSB=1)0|H 1
= CF(Carry Flag) — unsigned value7} B 91t Q] HHO{L}'™H 1
= OF(Overflow Flag) — signed value7} B Q] HHO{L}H 1

) 1 M| CH St
JEREYREN o1EaIof .

" Zc€ro Flag(ZF), Sign Flag(SF)

ullF

m ZF
mov cx,1
sub cx,1 ; CX=0, ZF =1
mov ax,0FFFFh
inc ax ; A X =0, 2ZF =1
inc ax ; A X =1, ZF =0

m SF
mov al,0
sub al,l ; AL = 11111111b(-1), SF =1
add al,2 ; AL = 00000001b, SF = 0

» SF= MSB(HLZ bit)ZHill Ze

A MICHSul
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wm Signed and Unsigned Integer
|

B Signed and Unsigned integer
= signed integer?} unsigned integer @ & 2X14 pattern@ 2 H Y=
= CPUE signedQ} unsigned integerg 1HS £ gl
= signed®} unsigned integerQ| JLE 2 AL 0}= instructiond] 2]0H M
o203

11100000b -> unsigned integer = 224
signed integer = -32

B Signed and Unsigned integer0] C{F & Ak
= Additionil} Subtraction ®14h: & 12 (ZH2 M| ALE)
= Multiply®} Divide ¥4t JLELE] (signed?} unsigned integero]| CHOHA
HIHe] HHOE AE)

) STAMITH Ol
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T Carry Flag (CF), Overflow Flag (OF)
ulll

® CF - unsigned overflow, OF — signed overflow

mov al,OFFh ; 255 EE -1
add al,1l ; CF =1, OF = 0, AL = 00
mov al,0 ;0
sub al,l ; CF =1, OF = 0, AL = FF
mov al,7Fh ; 127
add al,1 ; CF =0, OF =1, AL = 80h
; (128 = -128)
.data
valB BYTE 0,1
valC SBYTE -128 ; 80h
.code
neg valB ; CF=0, OF =0 (00h)
neg valB+1 ; CF=1, OF = 0 (FFh)
neg valC ; CF=1, OF =1 (80h)
Pals (] fedgm|
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mym 4.3 Data-Related Operators and Directives wym OFFSET Operator
sl sl
B OFFSET Operator B OFFSET label
®m PTR Operator » M|O™ME A|ZTEE label7tX| Q] offsetF A HFgE
® TYPE Operator = Protected mode: 32 bits
B LENGTHOF Operator = Real mode: 16 bits
B SIZEOF Operator .data ; start at 00404000
. . bval BYTE ?
B |LABEL Directive wv:1 WORD 2
dval DWORD ?
dval2 DWORD ?
.code
mov esi,OFFSET bval ; ESI = 00404000
mov esi,OFFSET wVal ; ESI = 00404001
mov esi,OFFSET dval ; ESI = 00404003
mov esi,OFFSET dval2 ; ESI = 00404007
HMICH Skl & MICH Ot ul
¢ ’.:*.%ELE‘EE%{‘_I ola=eo 25 JUREIREEA o120 2
mym C/C++219| 27| mum PTR Operator
sl sl
B OFFSETE WH4£9| = A(pointer)E A O AT m type PTR label
» labelO] 7}2]7|& operand?] A 7|E Aot
;hC++ ver51;gao - .data ; little endian
char array[1000], *p; myDouble DWORD 12345678h ;78 56 34 12 &M2 K&
int a, *q; code
_ . mov ax, myDouble ; error - size mismatch
P - eray, mov ax, WORD PTR myDouble ; loads 5678h
q= s mov WORD PTR myDouble,4321h ; saves 4321h
il mov bl, BYTE PTR myDouble ; loads 78h
; assembly language mov bl, BYTE PTR [myDouble+l] ; loads 56h
.data data
array BYTE 1000 DUP(?) )
a BYTE ? myBytes BYTE 12h,34h,56h,78h
.code code
. . ESI i .
223 :Zi'ggizgg :rray ’ EEI iz P mov ax, WORD PTR myBytes ; AX = 3412h
' ’ d mov eax, DWORD PTR myBytes ; EAX = 78563412h
HMICH Sk & MICH Ot 1l
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™ TYPE Operator

sl
E TYPE label
= labelO] 7I2|7]&= dataQ] A 7|E uret (T byte)
.data

varl BYTE ?

e LENGTHOF Operator
ulll
B LENGTHOF label

- labeld 22 0l MAE HAQ| Tj4E Ui
- commaZ FEE AL (1S FE Y

var2 WORD ? .data LENGTHOF
var3 DWORD ? bytel BYTE 10,20,30 ;3
vard OWORD ? arrayl WORD 30 DUP(?),0,0 ; 32
’ array2 WORD 5 DUP (3 DUP(?)) ; 15
code array3 DWORD 1,2,3,4 ; 4
mov eax TYPE varl - digitStr BYTE "12345678",0 ;9
mov eax,TYPE var2 ; 2 mword WORD 10,20,30, i 6
mov eax,TYPE var3 ;4 40,50, 60
mov eax,TYPE var4d ; 8 mword2 WORD 10,20,30 ;3
- - WORD 40,50, 60
(cf) sizeof(a) .code
mov ecx,LENGTHOF arrayl ; 32
JUEEHPHE] o AE2|A0] 29 JHBEHHEA ol dge|aof 30
™ SIZEOF Operator ™ LABEL Directive
sl sl
B SIZEOF label W label LABEL type
= LENGTHOFQ} TYPEQ| &2 gt « 7|Z labelo] Q1X]0]l CI2 typeil} label nameg H0{8t
» YAEO| X0t A 7] (THR byte) » PTR operatorE A% TQ 7} Y2 3t
n 7|AFAO FIEQI TH2 QS
.data SIZEOF
bytel BYTE 10,20,30 ;3 .data
arrayl WORD 30 DUP(?),0,0 ; 64=32%2 delst_: LABEL DWORD
array2 WORD 5 DUP(3 DUP(?)) ; 30=15%2 wordList LABEL WORD
array3 DWORD 1,2,3,4 ; 16=4%*4 intList BYTE 00h,10h,00h,20h
digitStr BYTE "12345678",0 ;9 .code
mov eax,dwList ; 20001000h
.code mov cx,wordList ; 1000h
mov ecx,SIZEOF arrayl ; 64 mov dl,intList ; 00h
(cf) sizeof(array)
Pal (1 fedgm] Pals (] fedgm|
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w44 Indirect Addressing
|
B Indirect Addressing
= BYO{0] operand?| 24 E A7 X U= 2 THA O
operand?| FAE Xt QX E ZY

= register indirect addressing
= memory indirect addressing — IA320j| X R|10}IX| ¢S

s C/C++9] pointer@} LA =

mov ax, [100] ; direct addressing

mov si, 100
mov ax, [si] ; indirect addressing
memory
instruction direct
100
SI indirect
SI| 100
AMICHE
. ’a#gl’:‘gﬂ%ﬂ o1 EaIA0f

100
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™ Indirect Operands
ollE
B Operand effective address(EA) = reg
B Indirect operand — operand £ AE Zt1l Q)= register
B Indirect operand2 Al 7}5 ¥t register
= 32-bit mode: general purpose registers
= 16-bit mode: SI, DI, BX, BP (cf) SS:BP

.data
vall BYTE 10h,20h,30h
.code
mov esi,OFFSET vall
mov al, [esi] ; AL = M[DS:SI] (10h)
inc esi
mov al, [esi] ; AL = 20h
inc esi
mov al, [esi] ; AL = 30h

Pals (] fedgm

JHURHBEEN [yl R ] 34

T Indirect Operands2} PTR operator
|

B operand?| 37| A| ™

= indirect operand7} X|A|Ot= operand?] A 71= HEIOA 0171 0HA]

PTR operatorAt£

.data
myCount WORD 0

UREEEEY ofaEEAo

.code
mov esi,OFFSET myCount
inc [esi] ; error: ambiguous size
inc WORD PTR [esi] ; ok
add ax, [esi] ; ok
add [esi], 20 ; error: ambiguous size
add BYTE PTR [esi], 20 ; ok
Nl (1 fedgm]
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T Indirect operand®} Array
ullF

B H{Y ¥AE CI2 = |0 indirect operand7} S 28t
B 0: HHEQl &

.data
arrayW WORD 1000h,2000h,3000h
.code

mov esi,OFFSET arrayW

mov ax, [esi]

add

add esi,2

; 204410l TYPE arrayW AMEItsS

; AX = sum of the array

% A MICHO W
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E Indexed Operands
sl

B operand effective address = reg + const
YAl [reg + const] @E+= const[reg]
[const + reg]

.data
arrayW WORD 1000h,2000h,3000h
.code

mov esi,O

mov ax, [arrayW + esi]

mov ax,arrayW[esi]

add esi,2

add ax, [arrayW + esi]

; AX = 1000h
; alternate format

B indexed operand2 A} 0= register

= 32-bit mode: general purpose registers (cf) SS:EBP
= 16-bit mode: SI, DI, BX, BP (cf) SS:BP
AMICHE
ﬁ%lﬁgﬂgﬂ oEEEAo
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"y [ndex Scaling
wl

B operand effective address = const + reg*scale
YAl const[reg*scale] ;scale: 1, 2, 4
= scale2 TYPE operatorE AI20I0] g2 4 AUS

.data

arrayB BYTE 0,1,2,3,4,5
arrayWw WORD 0,1,2,3,4,5
arrayD DWORD 0,1,2,3,4,5

.code
mov esi,4

mov al,arrayB[esi*TYPE arrayB] ; 04
mov bx,arrayW[esi*TYPE arrayW] ; 0004
mov edx,arrayD[esi*TYPE arrayD] ; 00000004

38

e Pointers
] 3

B Pointer variable
» CIEHAO RAE JHX|L U= HL

.data
arrayW WORD 1000h,2000h,3000h
ptrW DWORD arrayW ; pointer variable

ptrW2 DWORD OFFSET arrayW ; 9|9 Ze 2}
.code

mov esi,ptrW

mov ax, [esi] ; AX = 1000h

mov ptrW, OFFSET arrayW
mov ptrW, arrayW ; Error

A MICHEE

UREEEEY ofaEEAo

g/
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wm NEAR and FAR pointers
ullF

NEAR pointer FAR pointer
o Z2 MAMHE Q] |CHE MOHE
o|0j =i A0t B A

- 4= == T
B offset segment:offset

16-bit mode 16-bit 32-bit (16 + 16)

32-bit mode 32-bit 48-bit (16 + 32)

A MICHSul
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™ 4.5 JMP and LOOP Instructions

T JMP Instruction

] 3 =1 3
B Unconditional transfer B JMP label
= (ex) JMP =« SZh label 2JX]Q] WA O 2 jumpdt (EIP < labelF: 4)
B Conditional transfer = QZH procedure HPZQ & jumpO}2{™ labelO] global2 A =]0{OF Bt
= (ex) LOOP, Jcc ... label:: ... global label
L2: ... local label
m o
top: ; code label
jmp top
1% I ] o ei g1} A MICHS
) ggyﬁgggﬂ o E2|20f 4 Rl CEEEEL 2
LOOP Instruction LOOP
wyg LOOP Instructio e LOOP O
] 3 =1 3
m LOOP label B P 5+4+3+2+18 ALt
« I EYOI B4 E HiE LWOF(ECX EE CX: HIEZIA :
e R SU EXE=C =) offset machine code source code
ECX <« ECX -1
. 1= 0)1 to label 00000000 66 B8 0000 mov ax,0
if (ECX!=0) jump to labe 00000004 B9 00000005 mov ecx,5
= assembler= label2 relative offset© 2 HFILO{ A 7]7|0{ 0] tH 2t
00000009 66 03 C1 Ll: add ax,cx
- _ 0000000C E2(FB) loop L1
m — A —[tS2mEaI]= A
relative offset = labelF A& - CI2HANHF A 0000000 f
label relative offset/= 9 — E(14) = -5 (FBh)
relative offset
loop B relative offsetQ] H 2|
= relative offset2 byte 7] > -128 HE 127
% I ] o e g1} % o MICHSul
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i)

e
mlll

B AXQ| ZAi}?

mov ax,6
mov ecx,4

e Nested Loop
] 3
B AR
= HZt loopQ] loop countZt ECXZ X A0t ECXE OH= loop?] loop
countzto 2 A 7|9H0HOF T

Ll: .data
inc ax 10 count DWORD °?
loop L1 .code
mov ecx,100 ; set outer loop count
m HhE gl Li:
mov count,ecx ; save outer loop count
mov ecx, 0 mov ecx,20 ; set inner loop count
X2: L2: .
inc ax 232 = 4,294,967,296 .
loop X2 loop L2 ; repeat the inner loop
mov ecx,count ; restore outer loop count
loop L1 ; repeat the outer loop
1 ALK ot il I AICH Sl
FEHBESY ola=eo 45 HEEYHEM o120 46

e S+ HIEQ
]

B 16HIE P4 HIEO &

.data
intarray WORD 100h,200h,300h,400h
.code
mov edi,OFFSET intarray ; address of intarray
mov ecx,LENGTHOF intarray ; loop counter (4)
mov ax,0 ; zero the accumulator
Ll:
add ax, [edi] ; add an integer
add edi,TYPE intarray ; point to next integer (+2)
loop L1 ; repeat until ECX = 0
mAg

TR EAl ol dEE|20] 47

ullF
B source ZAIE 2 targetQ 2 EHA}
.data
source BYTE "This is the source string",0 good use of
target BYTE SIZEOF source DUP(0) SIZEOF
.code
mov esi,0 ; index register
mov ecx,SIZEOF source ; loop counter
Ll:
mov al,sourcelesi] ; get char from source
mov target[esi], al ; store it in the target
inc esi ; move to next character
loop L1 ; repeat for entire string
B s

= indexed addressingCl210]| indirect addressing2 At0t0] £

HAMITH 2t
BEEREN ofd=a| ol 48




