8 g

7% S AICH S

SO/ LB

o = Al A (2)

™E 8.4 INVOKE, ADDR, PROC, PROTO*
sl
B [NVOKE directive
B ADDR operator
B PROC directive — parameter list L3}
B PROTO directive
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™ INVOKE Directive
ol

B INVOKE procedureName [, argumentList]
= CALL instructionO] 0§2] 7§2] argumentE At Tt I} of|
push@} calle] CHAI0| A At2E 4 Q1= directive

push 6
push 5
call AddTwo

INVOKE AddTwo, 5, 6

T ADDR Operator
=1

B ADDR variable
= variable0]] ¥t 2 A E return¥t
= INVOKEQ] argument2 H4L0| A S FEHS I0f] Al
= memory model0f] D}2tA F 42| A7|7} CHE

B Argument?] S

s ARA AFA AL
oT oT

= register

= Vvariable

= address 2!
= ADDR name
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(ex) 100, OFFSET myList, TYPE array
(ex) eax, bl

(ex) myList, array

(ex) [myList+2], [ebx+esi]

(ex) ADDR myList

ojgalof

= Small model:
= Large model:
= Flat model:

B Example:

16-bit offset (near pointer)
32-bit segment/offset (far pointer)
32-bit offset

.data
myWord WORD ?
.code

INVOKE mySub, ADDR myWord
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T PROC Directive
]
B [abel PROC [, paramlist]

label ENDP
= label: procedure 0|2
= paramlist: procedure®] parameter list (A1EH A2

B paramlList
= YAl paramName: type, paramName: type, . . .
= type2 HZF MASM type (BYTE, SBYTE, WORD &) E=
0| type0j| CH¥t pointer type (PTR BYTE, PTR WORD )& A%t
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" Example: AddTwo Procedure
ullE
B procedure AddTwo
= parameters: varl, var2 (stack parameter)
= result: eax € varl + var2

AddTwo PROC, vall:DWORD, wval2:DWORD
mov eax,vall
add eax,val2
ret

AddTwo ENDP

PROC directiveE A2 0}0] parameter listE MATIH
parameterS [EBP+12] F Z+2 H 7| Ll ;10|
vall, val2et Z2 H7|E A8 £ A0{A He|st

mp PROC Examples
=1

B procedure FillArray
= parameter: BYTE HE€O| £ 4, BYTEH E S A& Z HHE A 7]

FillArray PROC,
pArray:PTR BYTE,
Ffillval:BYTE, ]» parameter
arraySize :DWORD

mov ecx,arraySize
mov esi,pArray
mov al,fillval
L1: mov [esi],al
inc esi
loop L1
ret
FillArray ENDP
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mmp PROC Examples
wl

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

Swap ENDP

ReadFile PROC, .
pBuffer:PTR BYTE —~ Parameter
LOCAL fileHandle:DWORD — local variable

ReadFile ENDP
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wyg PROTO Directive
ulll
B [abel PROTO paramList

= procedureQ] prototype M A

= procedure?t GLE|7] HOj| ABEI= FR0| LY
(C/C++2] prototype Mt 22 k)

= INVOKE directiveE AI2010{ ¥ =E|&= proceduret= HIEA]
prototype2 71X Of &t

)

MySub PROTO ... ; procedure prototype
.code
INVOKE MySub ; procedure call
MySub PROC ... ; procedure implementation
MySub ENDP
£ o piH oL L
3,Qﬁ#ggﬂéﬂ O =20

"y Example: ArraySum

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
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T Example: ArraySum(Al &)
=1

B Implementation

ArraySum PROC,ptrArray:PTR DWORD,szArray:DWORD
mov esi,ptrArray
mov ecx,SzArray
cmp ecx,0
je L2
mov eax, O
L1: add eax,[esi]
add esi, 4
loop L1
L2: ret
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T Passing by Value or by Reference
1

B Passing by Value
= 32-bit ZFZ stack0f] push (16-bit modeOj| A= 16-bitg} push 7}5)

.data

myData DWORD 10000h

.code S

main PROC MASM | push myData
INVOKE Subl,myData + | call Subil

B Passing by Reference
= addressE stack0j| push

.data

myData WORD 1000h

.code

main PROC push OFFSET myData
INVOKE Subl,ADDR myData+— | call Subl
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™ Parameter Classifications

|
parameter £& | passing by value passing by reference
input 0 0
(H4 32 2HO 242)
output X (0]
(H4 S AEOHX ¢32)
input-output X 0O
(e S AMBOIH £HE 8
Fren A MY St
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" Example: Exchanging Two Integers

1
B Swap procedure

« F32H|E MAM20| b2 A%

Swap PROC USES eax esi edi,
pValX:PTR DWORD,
pvalY:PTR DWORD

mov esi,pValX
mov edi,pValY
mov eax, [esi]
xchg eax, [edi]
mov [esi],eax
ret

Swap ENDP

pointer to Ffirst integer
pointer to second integer

get pointers
get first integer

exchange with second
replace first integer

pValX, pValY= input-output parameter@!
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" 'rouble-Shooting Tips
=1

B Save and restore registers
= procedureOj| A Z}0] £7dE DO (KI]: returng}t A& register)
B \Wrong operand size
= operand size0f| It2tA HHE 42 F 4 HILHo Fo|0HOF &
[DArray + 1] (x)  [DArray + 4] (0)
B Wrong type of pointer
= assembler= PTR BYTEQ} PTR DWORDE S A2 JLEOIX| 2022
L2 typeOf CHE pointerg QU4 2 T EOLA] fOFOF T
B Passing wrong immediate values
= reference parameter2 4t4&E ZSHOFA] 94OLOF SF
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T 8S5LCzRE =14
ullE

BLCEREOT="]=N

ArAM
-1 O

= sourcedE7} 0421 719 OtYU(module) 2 LIE=O{A] ZHd=El T2 =4
= ZFmodule2 22|El OBl file2 O{lE F = ANIYUL|H, 2 E OBJ
fileE& LINK utilityE A2 010 OfLI2] EXE file2 link®! (static linking)

m 2y

1. EXTERN CIE|E A0t g
ArE

2. INVOKE, PROTO LC|HIE|H
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e Multimodule ProgramQ] -1/d
ul

B Multimodule program@] 14
= main module Zt4 — main procedure X8t
= procedure &= related procedure?] &S
H - 9] source code module2 =Hd
= PROTO directiveE At 3t procedure?] prototype M A S
I BH0t= include file ZHd
= include fileg INCLUDE directiveZ AI2010{ Xt

P
O/ EE LR o=zl etof .

T Example: ArraySum Program
ol
B ArraySum program@| 1AL

Summation
Program (main)

Clrscr PromptForintegers ArraySum DisplaySum
WriteString ReadInt WriteString Writelnt
b O AILH 2t i g
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wp NCLUDE File
nllE

B [nclude file "sum.inc"

INCLUDE Irvine32.inc

PromptForintegers PROTO,

ptrPrompt:PTR BYTE, ; prompt string
ptrArray:PTR DWORD, ; points to the array
arraySize:DWORD ; size of the array

ArraySum PROTO,
ptrArray:PTR DWORD, ; points to the array
count:DWORD ; size of the array

DisplaySum PROTO,

ptrPrompt:PTR BYTE, ; prompt string
theSum:DWORD ; sum of the array
3% 2 MICH 2t il
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T Individual Modules

Main
PromptForlntegers
ArraySum
DisplaySum

(textbook?] source file & X)

B Assemble and Link
= Custom batch file Al (textbook®EX) k= ETIZZA Al
= asm32% single module programe 2|%t batch file!
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