'| Chapter 5: Procedures (2)

e 04 Stack Operations
sl
B Stack
» LIFO(Last In First Out) ;L Z9] AR L&
= CPUOJ| A Runtime Stack2 2| 0}= instruction0] |2 E
= Runtime Stack£ procedure call, return2 O}= O] AI2EH
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"y Runtime Stack
ulll
B Stacke SS, ESP register0]| 2|0 A &t2|=
= SS (stack segment) : stack segment descriptor register
» ESP (stack pointer) : stack?] top ZAE Hat
(717 Z120]l stackoll X FE datal] 2|%])
= real mode0j| A= ESP L 210]| SPE At

| PUSH Operation
ulll
B 32-bit push operation
» ESP < ESP -4
» M[SS:ESP] € 32-bit value

B 16-bit push operation
=« ESP < ESP-2
= M[SS:ESP] < 16-bit value

(pre-decrement addressing)
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e POP Operation e PUSH and POP Instructions

] ]
B 32-bit pop operation B 16-bit pop operation H PUSH
= r/m32 & M[SS:ESP] = r/ml6 &« M[SS:ESP] =« PUSH r/mi16
= ESP < ESP + 4 s ESP & ESP + 2 = PUSH r/m32
= PUSH /imm32 (real modeOj| M= PUSH imm16)
(post-increment addressing) m POP
BEFORE AFTER » POP //m16
= POP 1/m32
00001000 00000006 00001000 | 00000006
00000FFC | 000000A5 00000FFC | 000000A5
00000FF8 | 00000001 00000FF8 | 00000001 ||-4— ESP
00000FF4 | 00000002 ||4— ESP 00000FF4
00000FFO 00000FFO0
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T Using PUSH and POP T Example: Nested Loop

ulll ulll
B push £ A{Q] HILj &A 2 popE 40 B Push the outer loop counter before entering the inner loop:
h R h ist mov ecx,100 ; outer loop count=100
pusi esi i push registers Ll: ; begin the outer loop
push ecx
h eb push ecx ; save outer loop count
push ebx mov ecx,20 ; inner loop count=20
- ) L2: ; begin the inner loop
mov |esi|, OFFSET dwordVal ; display some memory .
mov |ecx,LENGTHOF dwordVal :
mov |ebx, TYPE dwordval loop L2 ; repeat the inner loop
call DumpMem
pop ecx ; restore outer loop count
] loop L1 ; repeat the outer loop
pop ebx ; restore registers
pop ecx
pop esi
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wmg PUSH, POP Flags
]

m PUSHFD
= push EFLAGS on the stack
» SZh ESP € ESP — 4; M[SS:ESP] < EFLAGS

® POPFD
= pop EFLAGS off the stack
= SZh EFLAGS ¢ M[SS:ESP]; ESP < ESP + 4

B PUSHF, POPF
= 16-bit real mode0j|A] AF20}H FLAGSE push, pop
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whm PUSH, POP Flags (7| 4)

]
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

push saveFlags }—. EFLAGS < saveFlags
popfd

loopne
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" PUSH, POP All Registers
ulll

m PUSHAD
= pushes 32-bit general-purpose registers on the stack
= push &A: EAX, ECX, EDX, EBX, ESP(212Z}), EBP, ESI, EDI

m POPAD
= pops the same registers off the stack
= pop & A{: PUSHADQ] HILH & A

B PUSHA, POPA

= 16-bit real mode0j|Aq] AF20}0{ 16-bit general-purpose register&
push, pop&t

pushad ; save GP registers

mov eax,..
mov ebx,...

popad ; restore GP registers
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wym Example: Reversing a String
ulll
B Reverse a String

» EXEQ| BEAIE 2 B & stack0]| push®t CH20fl popT0] 2l 2]
BRI A get

.data
aName byte "Yonsei University",0
nameSize = $ - aName - 1
.code
mov ecx,nameSize
mov esi,0

Ll: movzx eax, aName[esil] ; zero extension
push eax
inc esi
loop L1 (continue)
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mov ecx, nameSize
mov esi, 0

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

B Q: EXAIE EAXO]| €2 CF20j push¥t O|RE?
= push HAH 0] 16-bit = 32-bit It OF pushPILC}.

A MICH OF 1l

SELRT ogE2|210] 3

" O-5 Defining and Using Procedures
ul
B PROC directive
= procedureE HO|0t= 0| AR

= C/C++9] function?] assembly equivalent
Tl Al
LS 2o |

main PROC

main ENDP

sample PROC

ret
sample ENDP
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wyg Documenting Procedures
mlll
B OI2HES 0|00 HEE EAL

SumOf PROC
; 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

SumOf ENDP
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T CALL and RET Instructions
ulll

B CALL label EE CALLr/m
= call procedure
» S 2k push stack € EIP (next instruction®] £ 4);

EIP & label?] 24 E = r/m

B RET
= procedureZ call¥t 2O 2 return
» S Zh EIP € pop stack

sub proc
call sub
\ ret
:gg&lj;—!gl oj=aloo
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] CALL, RET Example (1 of 2)
=1

main PROC
00000020 call MySub
00000025 mov eax,ebx

offset “ | :

main ENDP

MySub PROC
00000040 mov eax,edx

.

™E CALL-RET Example (2 of 2)
=1

00000025 <4— ESP

CALL

00000040 .

) U
EIP

wer [ oosetors |«

00000025 .

ret N~ N
MySub ENDP EIP
1 KILH Ot AHITHSE
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wp Nested Procedure Calls wy Local and Global Labels
‘- — main PROC ‘-
B |ocal label

call subl = Z+2 procedure LHO| A Ot AR 7t (" A!) local_label:
exit

L main ENDP return | glOba| |abe|

_ el EEE &M » = procedurel|M AL 7ts (¥4 glob_label::

(ret to main)

cat subz (ret to Subl) maliﬂiﬁi; - error

L subl ENDP !

(ret to Sub2) <— ESP PLl:: ; global label

r Sub2 PROC exit
. call main ENDP Error
call Sub3 &AM OK

L Sub:e;N'DP sub2 PROC

L2: ; local label

[ Sub3 PROC
. —— jmp L1 ; ok
° ret
ret

L sub3 ENDP sub2 ENDP
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T Procedure Parameters

ol
B Procedure2 9] parameter 71 2F HitH
» EY HAE AIB0E 22 HIEHEIOR] &8

= HA|AEH ELE= stack2 A20t0] parameter& oot

.data

theSum DWORD ?

.code

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

parameter A7 (EAX, EBX, ECX)

" Example Procedure: Sum of Array

nllE
B ArraySum procedure 49|

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

call SumOf procedure ¥ =
mov theSum, eax Al 7%
SumOf ENDP
HMICH S ul HMICH S ul
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Y "y USES Operator
sl ]
B ArraySum procedure ¥ = m USE operator
.data = procedure % SOt 30| +BE| = registers SO0IM Zt= B Z0H0F
array DWORD 1000h, 2000h, 3000h, 4000h, 5000h Ot registerE2 HAIE
theSum DWORD ?
.code ArraySum PROC USES esi ecx
main PROC mov eax,0 ; set the sum to zero
mov esi,OFFSET array Ll: add eax, [esi]
mov ecx, LENGTHOF array add esi,4
call ArraySum loop L1
mov theSum, eax ret
main ENDP ArraySum ENDP
= Assembleri= 0] register 2} save 3l restore0t7] 2|04 A
procedure®| bt £|0]| pushQ} pop HHAHE &Y
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E USES Operator (A1£)
]
B Code generated by Assembler

ArraySum PROC
push esi
push ecx
mov eax,0
L1l: add eax, [esi]
add esi,4
loop L1
pop ecx
pop esi
ret
ArraySum ENDP
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" °-6 Program Design Using Procedures
]
B Top-Down Design (functional decomposition)

B Example: A4 E9| &
n P4 U™
« ARZAHOIA 4 ™ QHHES M3
« AUV MAES 32H|IE M4 HIQO| A7
» B HIEO| B2 AL

= US OIHN =Y

fifo

Al
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NEEHHEA Y Ry 26

wyg Procedure Design

sl
B Specification
Main

Clrscr ; Clear screen

PromptForIntegers
WriteString ; display string
ReadInt ; input integer

ArraySum ; sum the integers

DisplaySum
WriteString ; display string
WriteInt ; display integer
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™ Structure Chart
] 3

Summation
Program (main)

Clrscr PromptForintegers ArraySum DisplaySum

WriteString ReadInt WriteString WriteInt
*

W stub program (textbook %#X) gray indicates

. XK library
complete program (textbook &%) procedure
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