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B AEH(Stack)
= LIFO(Last In First Out) 1 X9| X2 1 X
= CPUOJ|A] Runtime Stack2 2|0} instruction0] M| 2=
= Runtime Stack& procedure call, returng Ot Ol A2 =

C 10 ) <— top
C 9 D)
C 8 )
C 7 )
( 6 D)
C 5 D)
( 4 D)
C 3 D)
C 2 J
C 1 ) <— bottom
o MLt
ﬂngﬂgﬁi oj A E 2| 210]
N AI%H A 7t A EH(Runtime Stack) "y PUSH Operation
ulll ulll
B Runtime Stack® SSQ} ESP register0f] 2] A 2|2 (SS:ESP) B 32-bit push operation B 16-bit push operation
=SS (stack segment) : stack segment descriptor register = ESP < ESP-4 s ESP < ESP -2
= ESP (stack pointer) : stackQ] top F 4 (offset)& Hait = M[SS:ESP] < 32-bit value = M[SS:ESP] < 16-bit value

(717 2201l stackoll M7gE datal] |X])
= real modeOj|Aql= ESP [{A10]| SPE Al

Offset )
High
00001000 | 00000006
TR stackQ]
00000FFC =7} urok
o o o
REHREE (downward)
00000FF4 Low
00000FFO0
1% I MICHSE i
) KR o2 2tof

(pre-decrement addressing)

BEFORE AFTER
00001000 | 00000006 <4 ESP 00001000 | 00000006
00000FFC 00000FFC | 000000A5 ||<— Esp
00000FF8 00000FF8
00000FF4 00000FF4
00000FF0 00000FF0
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™E POP Operation T PUSH and POP H& 0§

ulll |
B 32-bit pop operation B 16-bit pop operation ® PUSH
= 1/m32 & M[SS:ESP] = /m16 €< M[SS:ESP] = PUSH r/m16
= ESP < ESP +4 n ESP < ESP + 2 = PUSH r/m32
_ _ = PUSH imm32 (real modeOj| M= PUSH imm16)
(post-increment addressing) m POP
BEFORE AFTER = POP r/mi16
= POP r/m32
00001000 | 00000006 00001000 | 00000006
00000FFC | 000000A5 00000FFC | 000000A5
00000FF8 00000001 00000FF8 00000001 <— ESP
00000FF4 | 00000002 || «— ESP 00000FF4
00000FF0 00000FF0
HlTHera 0% ™ MICH St
lﬂggm oo 5 ?:1.1,?,1E|1E1;IE%1LI ojgalelof
- PUSHR} POP A2 017] Y 0| M| Nested Loop
[ B
| ulll
® push £AQ] HITH £ME pop2 4% m OhZ 20| S0{77| 0|l HIZ 2ER ECXZE ARHO| HE
push esi ; push registers mov ecx,100 ; outer loop count=100
push ecx L1: ; begin the outer loop
push ebx push ecx ; save outer loop count
mov ecx,20 ; Inner loop count=20
mov |esi,OFFSET dwordval ; display some memory L2: ; begin the inner loop
mov |ecx|,LENGTHOF dwordVal ;
mov |ebx|, TYPE dwordVal ;
call DumpMem loop L2 ; repeat the inner loop
pop ecx ; restore outer loop count
pop ebx ; restore registers loop L1 ; repeat the outer loop
pop ecx
pop esi
3% S AICH O L B STMITH i
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" PUSH, POP Flags
ulll

B PUSHFD
= push EFLAGS on the stack
= ZEZh ESP < ESP —4; M[SS:ESP] < EFLAGS

B POPFD
= pop EFLAGS off the stack
= Z=ZF EFLAGS €< M[SS:ESP]; ESP < ESP + 4

B PUSHF, POPF
= 16-bit real modeOj| A A} 0tH FLAGSE push, pop

D% o1 MICH St il
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wmm PUSH, POP Flags (HI%)

ullE
B Example
cmp [esi],eax
pushfd ; save the flag on stack
popfd ; restore the flag from stack
loopne

cmp [esi],eax

pushfd
pop saveFlags }—» saveFlags € EFLAGS

- Flagel HIE2 2] ZI9] 0| =

Eg§2dsaveFlags }————» EFLAGS < saveFlags

loopne

HEEEEEN o 2| 210] 10

"y PUSH, POP All Registers
nllE

B PUSHAD
« HE 32HIE HE Y AAH UES 2H0| push
= push & A]: EAX, ECX, EDX, EBX, ESP(12liZ}), EBP, ESI, EDI
B POPAD
« AEHO| AM7ZE 32HIE YR ZA|AH ¢SS WY 2IXIAEE pop
= pop & A: PUSHADO| HITH & A
B PUSHA, POPA
= 16-bit real modeOj|A] AF20}0{ 16-bit HHE B|X]AE{E push, pop%t

pushad ; save GP registers
mov eax,..
mov ebx, ..
popad ; restore GP registers
1% AAMILH Ok i
S HTEEBEN Yk Ry | 11

&8 R & stack0]| push®t C}S0f| popUt0] ¢1z22]
F

.data
aName byte "Yonsei University",0
nameSize = $ - aName — 1
.code
mov ecx,nameSize
mov esi,0
L1: movzx eax, aName[esi] ; zero extension
push eax
inc esi
loop L1 (continue)

0% &1 MICH St il
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mov ecx, nameSize
mov esi, O

L2: pop eax
mov aName[esi], al
inc esi
loop L2

B Q: EAIE EAXOl '§2 CI20| pusht O]R &7
= push HAA 0] 16-bit = 32-bit ZF Ot pushPLL}.

D% o1 MICH St il
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"y 5-5 Procedure o9t At
ulll
m PROC C|AIE|E
= procedureE FHO|0t= Ol AL

= C/C++9] functionQ] assembly equivalent
. YA

main PROC

main ENDP

sample PROC

ret
sample ENDP

S HMICHS
JARE RN ol elof 14

i ZEAIXEL label
ullE

B 72X QOE label2 Z2 ZEAX L HIof Ar87Is
procA proc
jmp label
label:
procA endp

B A label2 122 BA|OIH CIE ZRAN 2] HI0 AE7ts

procA proc procB proc
Jge label label:: ...
procA endp procB endp
1% o1 M| CH Skl
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e ZEAF 2AL

B DI=S O[O0 HEE EMY

; Calculates and returns the sum of three 32-bit integers.
; Receives: EAX, EBX, ECX, the three integers. May be

; signed or unsigned.

; Returns: EAX = sum, and the status flags (Carry,

; Overflow, etc.) are changed.

; Requires: nothing

add eax,ebx
add eax,ecx
ret

SumOFf ENDP

0% &1 MICH St il
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wng CALLIF RET H0f
]

e CALL, RET KAl (1 of 2)
ol

B CALL label EE CALL r/m main PROC
= call procedure 00000020 call MySub
» =k push stack € EIP (next instruction2] = 4); 00000025 mov eax,ebx
EIP € labelQ] £24 &= r/m offset
® RET main ENDP
= procedureZ callPt 2O Z return
« E=k EIP € pop stack MySub PROC
00000040 mov eax,edx
sub proc
ret
call sub MySub ENDP
MICHSE A =on% O A CH kil
lﬂggm oEa 0] 17 g%l'éﬂg%ﬂ odEe A0 18
™E CALL, RET OIA| 2 of 2) T ] SHE DZIA|N T=
| ] )
- main PROC
CALL 77
00000025 -«— ESP I ca11 Subl
| t
EIP L maisx;m)P A) return
r Subl PROC ZIE}“'
(ret to main)
Step 1: ul
RET p—- - ::tl Sub2 (ret to Sub1)
L Subl ENDP
ESP—>| 00000025 00000025 (ret to Sub2) < ESP
r Sub2 PROC
call
call Sub3 -i-}\'l
ret
Step 2: — Sub2 ENDP )
ESP—| 777 [ Sub3 PROC
ret
- Sub3 ENDP
3% S AICH O L B STMITH i
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mp ZEAA A TE

B £ HLAE A0 22 HHEEIOHR] Y3
B register L= stack2 AIR010] Q142 FEtot

.data

theSum DWORD ?

.code

main PROC
mov eax, 1000h
mov ebx, 2000h }
mov ecx, 3000h

parameter A7 (EAX, EBX, ECX)

call SumOf procedure ¥ =
mov theSum, eax A XMz
SumOf ENDP
MICHSEul
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wyp CIF: HHSE 92 JO0Hs TR A
sl
B ArraySum procedure 39|

ArraySum PROC
; Receives: ESI address of doubleword array
; ECX number of array elements.
; Returns: EAX sum
mov eax,0 ; set the sum to zero
L1: add eax,[esi] ; add each integer to sum
add esi,4 ; point to next integer
loop L1 ; repeat for array size
ret
ArraySum ENDP

0% o1 M| CH 2t
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nlll
B ArraySum procedure ¥ =

.data
array DWORD 1000h, 2000h, 3000h, 4000h, 5000h
theSum DWORD ?
.code
main PROC
mov esi,OFFSET array
mov ecx,LENGTHOF array
call ArraySum
mov theSum,eax
main ENDP

0% o1 M| St il

FHEEHYERE od=EIAo
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"y ArraySum procedure 2| (CHE2 H7)
ol

B I 2 AIX0|A 20| HOt= register§ AP0 AB40]| X7
> OZA|X TZ= B0 = registerz}0o] HZEE

ArraySum PROC
; Receives: ESI = address of doubleword array
; ECX = number of array elements.
; Returns: EAX = sum
push esi
push ecx
mov eax,0 ; set the sum to zero
L1: add eax,[esi] ; add each integer to sum
add esi,4 ; point to next integer
loop L1 ; repeat for array size
pop ecx
pop esi
ret
ArraySum ENDP
\ oF
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T USES Operator
ulll
B USE operator
= procedure 5% SOt ZH0| £ ™ K| &= registerE S0 A T2 EH Z0[0F
Ol registerE8 HA|SH

ArraySum PROC USES esi ecx

mov eax,0 ; set the sum to zero
L1: add eax,[esi]

add esi,4

loop L1

ret

ArraySum ENDP

= Assemblery 0] register 2 save 8! restore0}7] 01 A{
procedure®] 2t} H Ol push®l pop BHOE &

2
0x
e
]
re
2

25

" YSES Operator A=)
=1
B OjMER7E HAEY AL

ArraySum PROC
push esi
push ecx
mov eax,0
L1: add eax,[esi]
add esi,4
loop L1
pop ecx
pop esi
ret
ArraySum ENDP

€0 1 AICH S il

SUBEHEEN oa=21do 26

™E 56 IZA|XNE ATt T2 A7
ullE
B Top-Down Design (functional decomposition)

B oA 49 e AL
2

. XA Ol
oT H=A

- ASRHIA M4 U oH{R S FIB
- YO WASS 32H|E WA HHHO M
.- A HHEOl U A

= S OHHO 2

yh 21 HITH Ot i
CEER Y ojE2 0] 27

e ZEAF A
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B Specification

Main
Clrscr ; Clear screen
PromptForintegers
WriteString ; display string
ReadInt ; input integer
ArraySum ; sum the integers
DisplaySum
WriteString ; display string
Writelnt ; display integer
3 AMICHSE
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Stub Program

TITLE Integer Summation Program (Suml.asm} ArraySum FROC

; This program prompts the user for three integers,
Summation ; stores them in an array, calculates the sum of the

Program (main)

Calculates the sum of an array of 32-bit integers.
Receives: ESI points to the array, ECK = array size
Returns: EAX = sum of the array elements

array, and displays the sum.

INCLUDE Irvine3Z.inc

.code
main PROC
Main program control procedure.

ret
ArraySum ENDP

; Calls: Clrscr, PromptForIntegers, H
. ; ArraySum, DisplaySum DisplaySum PROC
PromptForintegers ArraySum DisplaySum

exit

. Displays the sum on the screen.
main ENDP

Receives: EAX = the sum
Returns: nothing
Calls: WriteString, WriteInt

PromptForIntegers PROC

Prompts the user for three integers, inserts ret
them in an array. DisplaySum ENDP
Receives: ESI points to an array of END main

doubleword integers, ECX = array size.
Returns: nothing
Calls: ReadInt, WriteString

B stub program (textbook 2 ZX) gray indicates .

B complete program (textbook ZX) library Promptrorintegers ENDE
procedure

X MICH ol O M| CH Ot ul
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TITLE Integer Summation Program (Sum2.asm)

This program prompts the user for three integers,

,
; stores them in an array, calculates the sum of the
| st rtubeivitin Complete Program
INCLUDE Irvine32.inc
INTEGER_CQUNT = 3
.data
strl BYTE "Enter a signed integer: ",0
str2 BYTE "The sum of the integers is: ",0
array DWORD INTEGER_COUNT DUP(?)

.code ArraySum PROC USES esi ecx
main PROC ;
call cClrscxr ; Calculates the sum of an array of 32-bit integers.
mov  esi,OFFSET array ; Receives: ESI points to the array, ECX = number
mov  ecx, INTEGER_COUNT of array elements
call PromptForlIntegers Returns: BAX - sum of the array clements
call ArraySum

call DisplaySum mov  eax,0 ; set the sum to zero
exit add  eax, [esi] ; add each integer to sum
main ENDP add esi,TYPE DWORD ; point to next integer
. loop L1 ; repeat for array size

PromptForIntegers PROC USES ecx edx esi Tet ; sum is in EAX

ArraySum ENDP

Prompts the user for an arbitrary number of integers |

and inserts the integers into an array. DisplaySum PROC USES odx
Receives: ESI points to the array, ECX = array size

Returns: nothing Displays the sum on the screen
Receives: EAX = the sum

Returns: nothing

mov  edx,OFFSET strl "Enter a signed intege,
Ll: call WriteString display string

call ReadInt ; read integer into EAX mov  edx,OFFSET str2 ; "The sum of the..."
call Crilf ; go to next output line call WriteString
mov [esi], eax store in array call WriteInt ; display EAX
add esi, TYPE DWORD ; next integer call crlf
loop L1 ret
ret DisplaySun ENDP
PromptForIntegers ENDP END main

A MITH 2t il
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