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ol
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!| Chapter 8: Advanced Procedures
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wym 8.2 Local Variables wyg Local VariableQ] ;194
B B
] ]
B Static global variable B Local Variable stackg AF20}0{ 1 91%t
= all variables declared in the data segments = EBP(BP)0j| local variableQ] 7| & Q|X|& A %ot
= lifetime: programO] £%WE|E= S QF AL (static) = EBP(BP)Z frame pointergfill = HE
= scope: program A 0IA] A2 7Hs(global) B Local Variable Z7F gkt tack
stac
Ceiof VLAY = K|S HA
(cf) CA0]9] global variable E;EE tlr_'-:p'_;
func() =T =20 T
B Local variables inta,b; — SP —! return addr
=« is created, used, and destroyed within a single procedure oldBP [~ BP
= lifetime/scope: procedure7t 3|0 £%WE|= SO a=10; a
procedure LHOJ| A AtR b=g; b «— SP
» J|ATYAELCIE EE2 IHAIEY 4+ A0AM BEXY y T
(cf) CHOJQ] T4 LHOIA M AHEI local variable B4 a: [BP-4]
H2 b: [BP-8]
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™E Local Variable2 A %t Procedure
] 3

H C20f Assembly 10§
func() func proc
{ push ebp ; ebp Hat
inta, b; mov ebp, esp ; ebp € esp
sub esp, 8 ; esp € esp—8
a=10;
b = a; mov dword ptr [ebp-4], 10 ; a €« 10
- mov eax, [ebp-4]
> mov [ebp-8], eax ;b€<a
mov esp, ebp ; esp € ebp
pop ebp ; ebp B¢
W2 ar [ebp - 4] ret
B4 b [ebp - 8] func endp
AMICHSHM
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| LOCAL directive
13
B [ OCAL varlist
= PROC directive HF2 CH20j| §1X]0t0] local variableS g 4191
= variableg typeill W M A

MySub PROC
LOCAL varl:BYTE, var2:WORD, var3:SDWORD

B Example: array, pointer

LOCAL flagVals[20] :BYTE ; array of bytes

LOCAL pArray:PTR WORD ; pointer to an array

B LOCAL directiveQ] 191
= Assembler local variableE stackg AF2010{ o1t

O M| CH O ul
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e MASM-Generated Code
|

BubbleSort PROC
LOCAL temp:DWORD, SwapFlag:BYTE
ret

BubbleSort ENDP

QI AIH Ot

HARHEHSHY odEsIAN

BubbleSort PROC
push ebp
mov ebp,esp stack
sub esp,8 return addr
R old EBP [~ EBP
mov esp,ebp [EBP — 4] —| a
pop ebp _ 81— . ESP
ret [EBP - 8] b
BubbleSort ENDP

g Example: SumOf
ullF

SumOf PROC
LOCAL tempSum:DWORD

mov tempSum,eax
add tempSum,ebx

add tempSum,ecx ; tempSum = eax + ebx + ecx
mov eax,tempSum
ret

BubbleSort ENDP

LOCAL directiveE AI0}0 local variable2 MAHOIH
local variable2 [EBP — 4]2} Z¢2 H 7| LHA10]|
tempSumilt Z2 B7|& ASY £ JO0{A HE|E
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wym Reserving Stack Space

™ 8.3 Stack Parameters

ulll ullF
B Stack2 AI2017] UM = stacke |9t 27t S0l oF & B Argument®} parameter
= argument: calling programO| procedure0j| MEt0t= 2
B STACK directive = parameter: called procedure7} dh= ZF
= stack segmente] 37|18 A|H™
_stack 4096 . 4KB ] Proced_ure Parameter calling
= register parameter arqument program
= irvine32.incO]] Z3E|0] Q'S (4KB) = stack parameter 9
register ? stack ?
parameter
called
procedure
o LSt o P ([ feigm
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wym Register vs. Stack Parameters g Stack Parameter 194
ulll ullF
B Register parameters Colof
= ZF parameterE 2|9t registerE K| 0lOF &+ ———— stack
. - func(int x, int y)
= parameter2 AIRE|E register?] 71E LR 2 E0|X0f| A ZH0HOF ot { [EBP+12] y
B Stack parameters ints [EBP+8] X
» Qo2 HQRF0| Y= [EBP+4] return addr |«— ZEZE¥ ESP
S=X+Yy; oldBP [ EBP
Register parameter Al 0| Stack parameterA2 0 , - [EBP- 4] s l— ESP
pushad push OFFSET array
mov esi,OFFSET array push LENGTHOF array
mov ecx,LENGTHOF array push TYPE array
mov ebx,TYPE array call DumpMem
call DumpMem parameter x : [EBP + 8]
popad parameter y : [EBP + 12]
esi, ecx, ebxZ parameter Q 2 At
Zony A AMICH Sl % A MITH Sl
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myp Example
ol

.data

sum DWORD *?

.code
push 6 ; second argument
push 5 ; first argument
call AddTwo ; EAX = sum
add esp, 8
mov sum,eax ; save the sum

AddTwo PROC

push ebp

mov ebp,esp ; base of stack frame
mov eax, [ebp + 12] ; second argument (6)
add eax, [ebp + 8] ; first argument (5)

mov esp,ebp

pop bp

ret
AddTwo ENDP ; EAX contains the sum
Paf (1 fedgm]
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™E RET Instruction
wllE

B StackO]] A ZE]0] 9= return addressZ jump
= EIP (IP) € pop stack

m
= RET ; return
= RETn ; return & stack pointer0j] n2 %t
.data AddTwo PROC
sum DWORD ? push ebp
.code mov ebp,esp
push 6 mov eax, [ebp + 12]
push 5 add eax, [ebp + 8]
call AddTwo ...
—add esp—8— mov esp,ebp
mov sum,eax pop bp
ret 8
AddTwo ENDP

MEEA [yl R ]

14

myp [NVOKE Directive
wll

B INVOKE procedureName [, argumentList]
= CALL instruction0] 02 7lie] argumentE At M of|
push@} calle] CHAI0 A AR 4 Q= directive

push 6 INVOKE AddTwo, 5, 6
push 5
call AddTwo

B Argument?] S

n 2Hp, AL A (ex) 100, OFFSET myList, TYPE array
= register (ex) eax, bl
= variable (ex) myList, array
= address 2! (ex) [myList+2], [ebx+esi]
= ADDR name (ex) ADDR myList
g %.?%‘ﬂig:_glﬂ oS A0 15

e ADDR Operator
ullF

B ADDR variable

= variable0j] L3t EAE return®t

= INVOKEQ] argument& A3t

= memory model0f| Ct2tA F4A0Q| A 7|7t CIE
B memory modelid} ADDR 2}

= Small model: 16-bit offset (near pointer)
= Large model: 32-bit segment/offset (far pointer)
= Flat model: 32-bit offset
® Example:
.data
myWord WORD ?
.code
INVOKE mySub, ADDR myWord

A MICHSul
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wym PROC Directive
|
B label PROC [, paramlist]

label ENDP
= label: procedure 0|2

= paramlist: procedure®| parameter list (A1EH A}SL)

B paramlList
= YAl paramName: type, paramName: type, . . .
=« type2 HZE MASM type (BYTE, SBYTE, WORD §) E&=
0] typed]| Ci ¥t pointer(PTR BYTE, PTR WORD £) typeg A%t

HMICH 2t
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"y Example: AddTwo Procedure
ulll
B procedure AddTwo
= parameters: varl, var2 (stack parameter)
= result: eax € varl + var2

AddTwo PROC, vall:DWORD, val2:DWORD
mov eax,vall
add eax,val2
ret

AddTwo ENDP

PROC directiveE A2 0}0] parameter listE A AH0H
parameterE [EBP+12] QF Z+2 H 7| CHAI0f
vall, val2et ZH2 H7|E ASY £ JO0jA He|E

TEAMREA o210 18

wm PROC Examples
|

B procedure FillArray
= parameter: BYTE Hj€19] =4, BYTEH{E & AjE 2, HIE 7|

FillArray PROC,
pArray:PTR BYTE,
£illval:BYTE, parameter
arraySize:DWORD

mov ecx,arraySize

mov esi,pArray

mov al,fillval
Ll: mov [esi],al

inc esi
loop L1
ret

FillArray ENDP

® O MICH Sl
EEEEEER o= o] '

wym PROC Examples
ullF

Swap PROC,
pValX:PTR DWORD,
pValY:PTR DWORD

Swap ENDP

ReadFile PROC,
pBuffer:PTR BYTE
LOCAL filel-landle:DWORD~‘\\-$|Ocalvariab|e

__» parameter

ReadFile ENDP

o M|y Bt
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™E PROTO Directive
sl
B label PROTO paramList

= procedure?] prototype M

= procedureZf OIE|7] HOj| AFBEI= B0 2T
(C/C++9] prototype M} 22 8I)

= INVOKE directive2 AI2010] ¥ EEk|= procedure= HIEA|
prototypeg 7% OF &

MySub PROTO ... ; procedure prototype
.code
INVOKE MySub ; procedure call
MySub PROC ... ; procedure implementation
MySub ENDP
U HILH St .
JUBEEREL ofas210 21

T Example: ArraySum
ullE
B Prototype, Invocation

ArraySum PROTO,ptrArray:PTR DWORD, szArray:DWORD
.data
array DWORD 10000h, 20000h, 30000h, 40000h, 50000h
Sum DWORD ?
.code
main PROC
INVOKE ArraySum, ADDR array, LENGTHOF array
mov Sum, eax

main ENDP

O M| CH O ul
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wym Example: ArraySum(A| &)
|
B Implementation

ArraySum PROC,ptrArray:PTR DWORD, szArray:DWORD
mov esi,ptrArray
mov ecx,szArray
cmp ecx,0
je L2
mov eax, 0
Ll: add eax, [esi]

add esi, 4
loop L1
L2: ret
HMICH Sk
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"y Passing by Value or by Reference
ol
W Passing by Value
= 32-bit ZF2 stack0j] push (16-bit modeOj| A= 16-bitZ} push 71%)
.data
myData DWORD 10000h
.code

main PROC ﬂ push myData
INVOKE Subl,myData call Subl

B Passing by Reference
= addressZ stacko0]| push

.data
myData WORD 1000h

.code
main PROC push OFFSET myData

INVOKE Subl,ADDR myData + | call subl

HMICHSt
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E Parameter Classifications

|
parameter Z& | passing by value passing by reference
input 0 6]
(M4 U2 280K 43)
output X o
(M4 TS AR ¥32)
input-output X 0
(B4 2 AFROHH £ E 3

HMICH 2t
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wym Example: Exchanging Two Integers
wl
B Swap procedure

» T 32H|E B4w4o| 32 Ay

Swap PROC USES eax esi edi,
pValX:PTR DWORD, ; pointer to first integer
pValY:PTR DWORD ; pointer to second integer
mov esi,pValX ; get pointers
mov edi,pValY
mov eax, [esi] ; get first integer
xchg eax, [edi] ; exchange with second
mov [esi], eax ; replace first integer
ret

Swap ENDP

pValX, pValY& input-output parameter!

BEIREEY o1 E2I20f 2

" 'rouble-Shooting Tips
|

B Save and restore registers
= procedureOf|A Zt0] £ E Doyl (0§Q]: returnZt 2L register)
B \Wrong operand size
= operand size0f| It2tA BB 42| F 4 AHLHoll F2|oHoF &
[DArray + 1] (x)  [DArray + 4] (0)
B Wrong type of pointer
= assembler= PTR BYTEQ} PTR DWORDE & A2 J1 20X 20lB 2
L2 typeofl CHEt pointerg Q4+ & ZEOLX] gfotoF &
B Passing wrong immediate values
= reference parameter2 %r4 2 FSHOFX] Q40LOF SF

® O MICH Sl
EEEEEER o= o] »7

™ 8.4 Stack Frames
wllE

B Stack Frame
= activation record2tl = Tt
= procedure®| C}2 AStE A %Pt stack &
= return address
= passed parameter
= saved register
= local variable

HI

stack

parameter 2
parameter 1
return addr

BP — old BP stack
frame

save reg 1

save reg 2

local var 1

SP —{ |ocal var 2

o M|y Bt
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wym Construction of Stack Frame
ulll
B Stack Frame /4 13
= push arguments on the stack
= call procedure
= push EBP on the stack and set EBP to ESP

wym Memory Models
ollE
B Memory Model
= codeQ} data segmentQ] 74 37|15 AHEE
B Real mode?] memory model

o ) tiny 1 segment (code, data R &= E3}), COM X 2 ]34
= push modified registers on the stack
= a constant is subtracted from ESP to make room on the stack for small 1 code segment, 1 data segment
local variable medium multiple code segments, 1 data segment
compact 1 code segment, multiple data segments
push para? /' push ebp large multiple code, data segments
push paral mov ebp, esp huge single data segmentE C} & data Al 7t
call func push regi
push reg2 B Protected mode?] memory model
sub esp, 8 = flat model : 32-bit offset AR (%|CH 4GB)
single segment0]| B = data} code7} X 3=
o §CHSt A ol jICHS A
. ’a#gl’:‘gﬂ%ﬂ o1 g0 29 Jasar o= 2l 0] 30
e .MODEL Directive E LEA Instruction
] sl
B .MODEL model [, modeloptions) ® LEA reg, mem (load effective address)

= program's memory modelid} model options x|
= modeloptions € language specifierS I 8t
B Language Specifiers
= procedure naming scheme, parameter passing conventions X| 7

specifier | argument push order clean up argument stack
C reverse order calling program
pascal forward order called procedure\
stdcall reverse order called procedure \
= irvine32.inco| M = stdcall2 At / \
ret 8 add sp, 8
%.?%‘ﬂig:_glﬂ oas210 31

= SZh reg € mem?Q] offset
B LEA instructionid} OFFSET operator
= OFFSET operators= direct operand0]| CHJt offset@t AR 7t
= LEA instruction2 directQ} indirect operand2 & Al 7t
(local variable, stack parameter & & indirect operand)

B LEA instruction local variable, stack parameter?] £2AE LWQR 2
o Off Ar20HOF &

CopyString PROC, count:DWORD
LOCAL temp[20] :BYTE

mov edi,OFFSET count ; invalid operand
mov esi,OFFSET temp ; invalid operand
lea edi,count ; ok
lea esi,temp ; ok

% GMITH S
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™E ENTER and LEAVE Instructions
] 3

B ENTER localbytes, nestinglevel
= procedureg Q|%t stack frameg Ut=
= localbytes: local variableO] A} 0t= stack&7tQ| 3 7] (byte)
= nestinglevel: X 11 2HOO|A A 0t= nesting level
(assembler, FORTRAN, C S0j|A = A 0LA] &, 0)
B LEAVE
= stack frameg ¢ioH, ENTERQ] HIL§ S Xt

MySub PROC, arg:BYTE MySub PROC, arg:BYTE

enter 8,0 — | push ebp
\{ mov ebp,esp

leave sub esp, 8
ret 4 \ .

wyp \esting Leveli} Block Structured Language
ulll

Main (Lexical Level 1)

Procedure A (Lexical Level 2)

| Procedure B (Lexical Level 3) |

Procedure C (Lexical Level 3)
| Procedure D (Lexical Level 4) |

= procedure A: MainQ| stack frame Al27ts
= procedure B: Main, AQ] stack frame Al 7t

MySub ENDP ™ { mov esp,ebp = procedure C: Main, AQ| stack frame Al 7}
pop ebp = procedure D: Main, A, COJ stack frame Al 7ts
ret 4
MySub ENDP
o MICH T HAMICH S
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™E 8.5 Recursion ™ Recursively Calculating a Sum
ullE il
B What is Recursion? m CalcSum procedure: 49| 3t2 RO 2 A4t
= procedureZt A1, E= 7RO R XA BEIE= A = Receives: ECX = count. Returns: EAX = sum)

m Call graph
= recursion2 cycleg &M%t

A MICHS
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Vo

CalcSum PROC
cmp ecx,0 ; check counter value
jz L2 ; quit if zero

add eax,ecx ; otherwise, add to sum

dec ecx decrement counter
call CalcSum recursive call
—r L2: ret
CalcSum ENDP Pushed On
Stack ECX EAX -
L1 5 0
L2 4 5
L2 3 9
Stack frame:
L2 2 12
L2 1 14
L2 0 15
HMICH Sl
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myp Calculating a Factorial
|

int factorial (int n)

{

if(n == 0)
return 1;
else
return n * factorial (n-1);
}
call path —

factorial(5) - factorial(4) > factorial(3) > factorial(2) - factorial(1) = factorial(0)
541 &« 4*31 & 3¥21 &« 2¥11 ¢« 1*0! €« 1
«— return path

JUREIREEN Ol eI 37

wyg Calculating a Factorial

Factorial PROC
push ebp
mov ebp,esp
mov eax, [ebp+8] ; get n
cmp eax,0 ; n < 0?
ja Ll ; yes: continue
mov eax,l ; no: return 1
jmp L2

Ll: dec eax
push eax ; Factorial (n-1)
call Factorial

; Instructions from this point on execute when each
; recursive call returns.

ReturnFact:
mov ebx, [ebp+8] ; get n
mul ebx ; eax = eax * ebx
L2: mov esp,ebp ; A0 &
pop ebp ; return EAX
ret 4 ; clean up stack
Factorial ENDP
of o]
kIEIE!;I_'ﬂ ojJ=a19i0]
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myp Calculating a Factorial
|

12 n
H 12! 7|48 Of 9] stack .
. ReturnMain
= Ztrecursive call2 12byte
O] stackZ7t2 At ebp,
11 n-1
ReturnFact
ebp,
10 n-2
ReturnFact
ebp,
9 n-3
ReturnFact
ebp,
(etc...)
Pal (1 fedgm]
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wym 8.6 Creating Multimodule Programs
ullF

B A multimodule program
= sourceAE7} 642 7HQ] O}YU(module)2 LI A BHEE T2 ]2
B Z! module E2|El OB] file2 ({AlE T &= ZAOIYUE
B I E OBJfileE& LINK utilityE AFR010] OfLtQ] EXE file2 linkEl
(static linking)
m A

» LCP2F Z2O3O| 2y, RAIES4, [IHZ 0]

HMICHSt
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e Multimodule ProgramQ] 3174
] 3

B Multimodule program?| 14
= main module 24 — main procedure I 3t
= procedure &= related procedure?| ZigtS
H - O] source code module2 =t
= PROTO directiveE A} 9t procedure?] prototype A S
T OH0}= include file Xt

e Example: ArraySum Program
=1
B ArraySum program@| 1 X &

Summation
Program (main)

» include ﬁ|e% INCLUDE directive% }\I-gm-o;' !E?; Clrscr PromptForintegers ArraySum DisplaySum
WriteString ReadInt WriteString Writelnt
HMICH Skl & MICH Ot ul
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wyp [NCLUDE File wyg [ndividual Modules
sl sl
B Include file "sum.inc" E Main
INCLUDE Irvine32.inc ® PromptForintegers
B ArraySum
PromptForIntegers PROTO, u Displa}{Sum
ptrPrompt:PTR BYTE, ; prompt string
ptrArray:PTR DWORD, ; points to the array )
arraySize:DWORD ; size of the array (textbook?] source file £ Zx)
Arralfcs‘;m PRO'I:rfR WORD ts to th m Assemble and Link
ptrArray: , ; points to e array . . .
count : DHORD : size of the array » Custom bat(.:h file AF2 (textbookZZ) _
= Make32%& single module programe 2|%t batch fileQ!
DisplaySum PROTO,
ptrPrompt:PTR BYTE, ; prompt string
theSum: DWORD ; sum of the array
HMICH Sk & MICH Ot 1l
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