'| Chapter 9: Strings and Arrays

e 01 Chapter Overview
sl

B String Primitive Instructions
B Two-Dimensional Arrays
B Searching and Sorting Integer Arrays
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" °-2 String Primitive Instructions

ulll
B String Primitive Instructions

Instructions a9 =a
MOVS(B,W,D) | Move string data | M[EDI] < M[ESI]
CMPS(B,W,D) | Compare strings | M[EDI]Q} M[ESI]E H|ul
SCAS(B,W,D) | Scan string M[EDI]2} AL/AX/EAXQ} H| 1l
STOS(B,W,D) | Store string M[EDI] < AL/AX/EAX
LODS(B,W,D) | Load string AL/AX/EAX €« M[ESI]

=« MOVSB, MOVSW, MOVSD @} Z2 HH
LIEI & B(byte), W(word), D(double word)& At %t

= OperandZE HA|0IX| g2 — Implicit Operand
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™E String Primitive Instructions?| ==t
i

memory
LODS «— ESI (S) |
MOVS
EDI (DI
STOS ~—LEDL(OD)
SCAS
| MOVs, LODS, STOS: O1E(=Ah | | cMps, scas: i |

B ESIQ} EDI= Direction Flag(DF)Q] Zt0jl II2tM 71 E= Z4AE
- String(Hi2) XM2|0f] K&
« DF=0: &71(1,2,4)
« DF=1: Z¥4 (1,24)

B 16-bit @ E 0| A= ESIQ} EDI CjA10f| SIQ} DI7} A=
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Yo MOVSB, MOVSW, MOVSD Instruction
sl
® MQOVSB, MOVSW, MOVSD
«» E3h M[DS:EDI] ¢« M[DS:ESI]
EDIQ}ESI E7t E= ZEA (B: 1, W: 2, D: 4)

.data

source DWORD OFFFFFFFFh

target DWORD ?

.code
mov esi,OFFSET source
mov edi,OFFSET target
movsd ; [edi] € [esil]

; target € source
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e Direction Flage} CLD, STD Instruction
ullE
B Direction Flags (DF) — ESIQ} EDIQ| £7}, Zt4A HIGFS K| 0f
« DF=0: &7}
« DF=1: 24

B CLDQ} STD Instruction

= CLD ; clear DF (0)
= STD ; set DF (1)
3y MLl
SEREREE oraEeEd

mym REP prefix
sl
B REP (repeat prefix)

rep movsb
= MOVSB, MOVSW, MOVSD H210{ 2t0f| At0t0] i
HAO0{Q| HiE £WZ XA 1. .
« ECXO Hre 314 X|H : Ilgg;sLl

B Example: 20 doublewordE source Hi € 0| A target HiE 2 E A}t

.data
source DWORD 20 DUP(?)
target DWORD 20 DUP(?)
.code
cld ; DF=0 (forward)
mov esi,OFFSET source
<{mov edi, OFFSET target

mov ecx, LENGTHOF source ; set REP counter (20)
rep movsd ; 20 dHIE LOH
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e CMPSB, CMPSW, CMPSD Instruction
ulll
m CMPSB, CMPSW, CMPSD
= ZXh M[DS:ESI] — M[DS:EDI] (compare)
EDIQIESI E7t E= A
B Example: if (source > target) goto L1
else goto L2

.data

source DWORD 1234h
target DWORD 5678h
.code

mov esi,OFFSET source
mov edi,OFFSET target

cmpsd ; compare [esi] with [edi]
ja L1 ; if source > target, jump L1
jmp L2 ; else jump L2
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™E REPE, REPNE prefix
]
B conditional REP prefix
= REPE (REPZ)
= REPNE (REPNZ) ; ECX>0, ZF=0¢9l
» HEE T OHOICE ECX7H 14 ZA

s CMPS@Qf SCASQt Z2 string Hlul B 0{ef St

repe cmpsb
[ [
L1: cmpsb L1: scasb
loope L1 loopne
S MICHEE
JUBEHREY oaSEA

; ECX>0, ZF=191 =9t string instruction Ht= 4%
Z Ot string instruction HHE 4

o

H ME

repne scasb

L1

™E Example: compare two arrays
]

.data

COUNT = 10

source DWORD COUNT DUP (?)

target DWORD COUNT DUP(?)

.code
mov esi,OFFSET source

{ mov edi,OFFSET target
mov ecx, COUNT ; repetition count
cld ; direction = forward
repe cmpsd ; repeat while equal

A MICH OF 1l
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™ Example: compare two strings
]
B S 22X sourcel} destE AR Al H|nl
» Hlnl Zaroj oo CHS HIAIX] &3
Source is smaller E = Source is not smaller

.data
source BYTE "MARTIN "
dest BYTE "MARTINEZ"

strl BYTE "Source is smaller",0dh,0ah,0
str2 BYTE "Source is not smaller",0dh,0Oah,0 (AI&)

Before After
sosce [ [ [ [ v [+ ([ [ | [alnfv [ [w] [ ]
Eg Eg

Before After
oes [ # [« [+ [+ [ e [z] [w[aln][v][ v c]7]
E:DI EI‘Z)I
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e Example: Comparing Two Strings (2 of 3)
]

.code
main PROC
cld ; direction = forward
mov esi,OFFSET source
mov edi, OFFSET dest
mov ecx,LENGTHOF source
repe cmpsb
jb smaller
mov edx,OFFSET str2
jmp done
smaller:
mov edx,OFFSET strl ; "source is smaller"
done:
call WriteString
exit
main ENDP
END main

if below, goto smaller
"source is not smaller"
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E Exercise
] 3

B 5 UHO| BAIES 2 HORA HI@ ZAtE YL

Mo

B Sample output:

Input first string: ABCDEFG
Input second string: ABCDDG

The first string is not smaller.

A MICH OF 1l

e SCASB, SCASW, SCASD Instruction
=1
B SCASB, SCASW, SCASD
» SZEh AL/AX/EAX — M[DS:EDI] (compare)
EDI Z7t E= ZtA

m 25
- HHZOIM S 32 TM
- HHZOIA SO ZH0] OFd HAE A
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™E Example: 2AIL A EE EXF M ™ STOSB, STOSW, STOSD Instruction
sl sl

data m STOSB, STOSW, STOSD

alpha BYTE "ABCDEFGH",0 « SZh M[DS:EDI] < AL/AX/EAX (store)

.code EDI E7I = Zt4A

mov al,'F' ; search for 'F!'
' ' B Example: H{E S OFFh 2 {2

mov edi,OFFSET alpha ampie HEE 0 EME

mov ecx,LENGTHOF alpha .data

cld str BYTE 100 DUP(?)

repne scasb ; repeat while not equal .code

—> jnz quit mov al,OFFh ; value to be stored
dec edi ; EDI points to 'F' mov edi,OFFSET str ; ES:DI points to target

B repeat’t ZRE|E AL
. ZF=1: ZM MA(EDIZ ZAAHM HMEX} QK| HE)
» ZF=0, ECX=0 : Z4*H Al
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mov ecx, LENGTHOF str
cld
rep stosb

character count
direction = forward
£fill with contents of AL

Ne Ne Ne
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Yo LODSB, LODSW, LODSD Instruction
ol
®m LODSB, LODSW, LODSD
« £xh  AL/AX/EAX < M[DS:EDI] (load)
ESI Z7t B U4
B Example: £Xt= ASCII A E 2 HEIOI0] =2

.data
array BYTE 1,2,3,4,5,6,7,8,9
.code
mov esi,OFFSET array
mov ecx,LENGTHOF array

cld

Ll: 1lodsb ; load byte into AL
or al,30h ; convert to ASCII
call WriteChar ; display it
loop L1

= LODSE REPQ} 200 ALROt= 242 Q|0|7} ¢S

= AL

A MICH OF 1l
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" Example: Array Multiplication
ol
B doubleword HfE Q| ZF 1A 0| EXTI ZH2 D 0H0] A%

.data

array DWORD 1,2,3,4,5,6,7,8,9,10

multiplier DWORD 10

.code
cld ; direction = up
mov esi,OFFSET array ; source index
mov edi,esi ; destination index
mov ecx,LENGTHOF array ; loop counter

Ll: lodsd ; copy [ESI] into EAX
mul multiplier ; multiply by a value
stosd ; store EAX at [EDI]
loop L1

NI CH Sl
EAEHEA =20
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™ Exercise
=1 3

m unpacked BCD7} &Sl byte Hi Y $414 = ASCIIZ B EHOL0]
M=Z2 byte HHE 0| A0t T2 =1

.data
array BYTE 1,2,3,4,5,6,7,8,9
dest BYTE (LENGTHOF array) DUP(?)

mov esi,OFFSET array
mov edi,OFFSET dest
mov ecx,LENGTHOF array

cld

Ll: lodsb ; load into AL
or al,30h ; convert to ASCII
stosb ; store into memory
loop L1
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e 9.4 Two-Dimensional Arrays
ol
B Base-Index Addressing
= operand £ A =reg + reg
s "2 [reg + reqg]
= 0f: mov al, [ebx+esi] ; al € M[ds:ebx+esi]
B Base-Index Displacement Addressing
» operand £A = reg + reg + constant
= WAl [reg + reg + constant] = constant[reg + reg]

= 0Of]: mov al, table[ebx+esi] ; al € M[ds:ebx+esi+table]

= constantZ displacementgtil B E

A MICHStul
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™E Base-Index Operand
ol
B Base-Index Operand:

’ Al [reg + reg] ‘

’ operandZ 4 = reg + reg

= protected mode0j| A &= general purpose register A2 7t
= real modeOj| A &= bx, bpQt si, die] Ao Z AT

(bpk stack segmentZ AIR)

base
reél >

index
reg2

o) Rl ekt

e Base-Index-Displacement Operand
ol
B Base-Index-Displacement Operand

B Al [reg + reg + disp]

A= i
disp[reg + reg] ’ operandF reg + reg + disp

= AI27}5 9t registeri= base-index operand2} Ze

base

regl >

index

re§2

displacement

MITH S il
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Array — 1-dimension Array — 2-dimension
[ y [
ulll ulll
B 1-dimensional array: int tab[10]; B 2-dimensional array: int tab[4][5];
tab[2] ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ mov eax, [tab+8] logical organization
tab [tab+8] j
tab[k] ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ mov eax, tab[esi] tab[j][k] ?
tab tab[esi] H, esi € 4%
tab[k] ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ mov eax, [ebx-+esi] physical organization
o s b€ DA 400 OO
=ta
tab tab[ebx] tab[ebx+esi]
CH ebx & 4%j*5
esi € 4*k
X E;l@;—!;l s 23 %?;1@3%% ofEeIAof 24




™ Structure
]
B structure
struct misc {

" Array of Structure
]

W array of structure: struct misc sarray[4];

int a; ’ a | b IC‘
. a b c‘
or 2 [o]d]
’ sdata [sdata+4] [sdata+6]
} sdata; a b ‘c‘
L a [b ]
sdata.b =ax ——— mov [sdata+4], ax
p=&sd_ata; mov ebx, offset sdata sarray[k].b = ax ———  mov [esi+sarray+4], ax
p->b = ax mov [ebx+4], ax mov sarray[esi+4], ax
EE mov [ebx + esi + 4], ax
mov ebx, offset sdata CH esi € k¥ Z M2 7]
mov esi, 4 ebx € sarray A|ZtZE A
mov [ebx+esi], ax
% CLAICHOFul o HICHTH L
WSS UREYREY ordEEI Ao 25 HREYEEY ordEEI a0 26
T Example: 2-Dimensional Table T 9.5 Searching and Sorting Integer Arrays
ol lE ol lE
B Table with 3 x 5 array data B Bubble Sort
table BYTE 10h, 20h, 30h, 40h, 50h » QWYL HIWR B &M7tOILIH M2 uUCHHAM Z2Y
BYTE 60h, 70h, 80h, 90h, OAOh H| @
BYTE 0BOh, 0COh, ODOh, OEOh, OFOh = En-1H =
NumCols = 5 « pass 1: n-1H Hlu LT T T T TTTTT ]
epass2: n2eiHlm [T T T T T T T T T7]
Row = 1 T
Col = 2 = pass n-2: 2 H|ul [T T T TTTTT T
mov ebx,NumCols * Row = passn-1: 1H H|ul LT T T T T T T T T]
mov esi,Col -
mov al,table[ebx + esil] ] CEE 9L
paluls feigm] AMITH ot il
%l@ﬂ%ﬂ s 27 ﬁ%’ryi%iﬂ%ﬂ s 28




™ Bubble Sort Pseudocode

N HEA S

—

CX1l = N

esi
CX2 =
while

{

-1

while (cx1 > 0) {

array?| A|EIZE A
CX1
(cx2 > 0) {

if( [esi+4] < [esi] )
exchange [esi] with [esi+4]
add esi,4
dec CX2
}
dec CX1

// AFAAL Hlud

™ Bubble Sort Implementation

title Bubble Sort
INCLUDE irvine3d2.inc

.data
array sdword 1@, 268, 28, 868, 78, 98, 25, 88
.code
main proc
mov ecxX, lengthof array array size
dec ecx decrement count by 1
L1: push ecx save outer loop count

mov esi, offset array
L2: mov eax, [esi]
cmp [esi+h],eax

jge L3

¥chg eax, [esi+4]

moy [esi], eax

point to first value

get array wvalue

compare a pair of values
if [esi+4] <= [esi], skip
else exchange the pair

} L3: add esi,h ; increment pointer
loop L2 ; inner loop
pop ecx ; retrieve outer loop count
loop L1 ; else repeat outer loop
SAHIH 5 o < H|LH Ot .
REIEREY oaseAo 29 HEEEEEA ofEalol 30
wyg Bubble Sort Implementation (Al %) wyg Binary Search
] |
R O ;sort 241t &2 = Binary Search
’ N S MAUE Y FAES HAMOI= O =
L4: mov eax, [esi] » EMIZ 1 H 1458 A0 YilelE
call WriteDec = Divide and conquer HitH A2
mov al, " *
call WriteChar » M HOIS HIOZ FO|HA M £% > O(log n) LuE|E
add esi, &4 L I-ILH H] ul %J_}lz
loop L4
. dexj-t Array Size (n) Maximum Number of ]
main endp . .
— Comparisons: (logy n) +1 |
64 7 2 _"m
3 —
1,024 11 m
1 ]
65,536 (216) 17
1,048,576 (220) 21
4,294,967,296 (232) 33
NI TSl 2 HMICHSE
ATE NS A CEEELT 31 ¥ CEEET 2




"y Binary Search Pseudocode

B values: HIE, N: HiE4A

—

first = 0;
last = count - 1;

mid =
if (values[mid]

while( first <= last ){
(last + first) / 2;
< sVal)

first = mid + 1;

sVal: Z4 i}k
HAH QL A}
Ardel
AIZ>E O|H B8

last = mid - 1; Z7t7I<sValo|t™H ZAAH < 0e &
else
"success" e B, B pen
llfailll
g bl 33

"yg Binary Search Implementation

title Binary Search
include irvined2._inc

.data
values dword 18, 25, 33, 42, 55, 68, 72, 88, 24, 111,
125, 133, 145, 167, 2088, 222, 236
sval dword ?
first duword ?
last dword ?
mid duword ?
prompt byte ‘Input a number: °',8
success byte *Search Success, Index = ',8
fail byte ‘Search Failure *,8
.code
main proc
mov edx, offset prompt
call WriteString MY KXt
call ReadInt
mov swal, eax
I MICH S il
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L1:

mov first,0

movy eax, lengthof values
dec eax

mov last,eax

mov edi,sval

mov ebx,offset values

mov eax,first
cmp eax,last
jg LS

mov eax,first
add eax,last
shr eax,1

mov mid,eax

mov esi,mid

shl esi,?
mov edx,[ebx+esi]

A MICH Sl

Binary Search Implementation (Al&)

; First = @8

; last = {(H - 1}

; EDI = swal

; EBX = array pointer

if

; mid

ESI
EDX

{first » last) exit search

= {first + last) 7 2

= Y=mid
values[mid]

35

e Binary Search Implementation (A& )

ulll

cmp edx,edi
jge L2
mov eax,mid
inc eax
mov fFirst,eax
jmp L1

L2: jle L3
mov eax,mid
dec eax
mov last,eax
jmp L1

L3: mov edx, offset success

call WriteString
mov eax, mid
call WriteDec
call Crlf

A MICHStul
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now EDX = values[mid], EDI = sUal

; if { values[mid] < sUal)

H First = mid + 1

; continue the loop

if ( values[mid] > sUal)
last = mid - 1

; continue the loop

; search success

36




™E Binary Search Implementation (A &)
]

LG: mov edx, offset Fail ; search fFailure
call WriteString
call Crlf

L9: exit

main endp
end main

% & MICH 2t

JHBEEREY oraEeEA

37




