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Lecture 6
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Introduction

*"There are many different types of iteration structures in a
high-level programming language.

= Similarly, assembly language also has the corresponding
iteration structures, such as the pre-test, post-test, and fixed-
iteration loop structures.

" Depending on the circumstances, we should use the best

structure for the task.




Pre-Test Loop Structure

" The count-controlled pre-test while loop is the most versatile
loop.

* A number of tasks can be performed in the body of the loop.

" The basic structure of this loop can be found in C code

segment below:

4 )
i=1;

while(i<=3){




Pre-Test Loop Structure (Cont.)

"In MASM, .while and .endw directives can simplify the

implementation of the while loop structure as shown below:

4 | )
mov 1,1
while i<=3
inc i
.endw
\_ J

" For any number of statements in the body of the loop, the

structure must end with the .endw directive.




Pre-Test Loop Structure (Cont.)

" In another way, the while structure can also be implemented

by using compare statement and jump statements.

[

o

whileO1:

endwO1:

mov i,1
cmpi,3

jg endwO1
inc i

jmp whileO1
nop

\

J

" Notice the inclusion of the unconditional jmp whileO1 at the

bottom of the loop, because without it, the loop would

execute the body of the loop only once.




Pre-Test Loop Structure (Cont.)

" The following C code is an example of the implementation of

while loop structure together with if-then structure.

[ ans=0 N

if(x!=0) {
i=1;
while(i<=y) {
ans=ans+x;
i++;
}




Pre-Test Loop Structure (Cont.)

" The equivalent MASM code segment can be written as follow:

/mov ans,0 :initialize ans to O \
ifx1=0

mov i,1 initializeito 1

mov eax,y ; load eax with y for while
\while i<= eax

mov eax,ans : load eax with ans

add eax,x : add eax to ans

mov ans,eax ; store eax in ans

mov eax,y ; reload eax with y for while
inc i ;incrementiby 1

.endw
kendif / i




Pre-Test Loop Structure (Cont.)

" In the program, i is a loop control variable.

= So, alternatively, an ecx register which is a counter register
can be used instead of i.

" Then, the value in ecx can simply be moved into the variable i

at the end of the segment to get the final value.

10




Pre-Test Loop Structure (Cont.)

" The equivalent MASM code segment using ecx register is as

follow:
mov ans,0 :initialize ans to O \
ifx1=0
mov ecx,1 :initialize ecx to 1

while ecx<=y

Mmov eax,ans : load eax with ans
add eax,x ;add x to ans

MOV ans,eax ; store eax in ans

inc ecx ; increment ecx by one
.endw

MoV I,ecx s store ecx in i
\endif / .




Pre-Test Loop Structure (Cont.)

" To compare the three coding styles: the C code, MASM codes

using high-level

directives and without using high-level

directives for pre-test loop structure, we can see as follows:

/

, N
1=1;

while(i<=3){

g mov i,1 A
while i<=3
inc i
_ .endw y,

-

whileO1:

\endwOl:

~

mov i,1
cmpi,3

jg endwO1
inc i

jmp whileO1

J

nop
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Post-Test Loop Structures

" In C programming language, it has a post-test loop structure
called the do-while.

" The unique feature of post-test loops is that the body of the
loop is executed at least one time.

"In MASM, the post-test loop structure is implemented by

using the .repeat and .until directives.

13




Post-Test Loop Structures (Cont.)

"The C code for do-while loop is given on the left and the

corresponding assembly language appears on the right:

4 i=1; A 4 mov i,1 A
do { .repeat
i++; iNC i
\ }Whlle (i<=3); j \ .until i>3 j

= Note that instead of i<=3, the .until has i>3 in MASM.

" The relation of the jump is reversed from the one in the do-

while.

14




Post-Test Loop Structures (Cont.)

" The implementation of this loop without MASM high-level
directives using compares, jumps, and labels is shown below.

" The relation of the jump is the same as the one in the do-
while loop in C code.

/mov 1,1 \

repeatO1l: nop

INC i

cmpi,3

jle repeat01

\endrpt01: nop / ;




Post-Test Loop Structures (Cont.)

" For the next example, the C code and the equivalent MASM

code segment are as follows: 4 mov ans.0 I
ifyl=0
/ans=0; \
_ mov ecx,1
if (y!=0) {
1 .repeat
i=1;
mov eax,ans
do {
====)  add eax,Xx
ans=ans+x;
, MoV ans,eax
i++; .
o inc ecx
} while (i<=y);

.until ecx>y
\} / MoV I,ecx
\_ -endif A




Post-Test Loop Structures (Cont.)

" To compare the three coding styles: the C code, MASM codes

using high-level directives and without using high-level

~

directives for post-test loop structure, we can see as follows:

~

mov i,1
g i=1; hé mov i,1 A repeat0l: nop
do { .repeat inc i
i++; inc i cmpi,3
\ } while (i<=3);j \ .until i>3 ) jle repeatO1

QndrptOl: nop /

17




Fixed-Iteration Loop Structures

= As in many high-level languages, there usually exists a fixed-
iteration loop structure often called a for loop structure.

" |t can be used when a loop needs to loop only a fixed number
of times.

"In C, an example of such a loop is the for loop, where the

braces are optional when there is only one statement:

-

for(i=1;i<=3;i++)

{
// body of loop

\} ) 18




Fixed-Iteration Loop Structures (Cont.)

= In MASM, the directives that can be used for this task are the
.repeat and .untilcxz directives.
" The .repeat and .untilcxz directives use the ecx register as a
counter.
" The .untilcxz directive performs two tasks. It
1. decrements the ecx register by 1 and then
2. jumps to the .repeat directive when ecx is not equal to 0.

" In other words, it loops until the ecx register equals 0 (cxz).

19




Fixed-Iteration Loop Structures (Cont.)

g mov ecx,3 A
repeat
; body of the loop

\_ .untilcxz )

" In this MASM code segment, first, ecx register is loaded with
the number of times the body of the loop should be executed.

= Then, each time the .untilcxz directive is executed, the value of
the ecx register is decremented by 1 and then compared to 0.

" If the value is not equal to O, the loop repeats.

“If the value is 0, the flow of control is passed onto the

instruction immediately following the .untilcxz directive.




Fixed-Iteration Loop Structures (Cont.)

" To implement the MASM code segment without using high-
level directives, the loop instruction works the same as

.repeat and .untilcxz directives.

4 mov ecx,3 )
forO1: nop
; body of the loop
loop forO1
\_ endfor01: nop )

" The loop instruction decrements ecx register by 1, branches to

the label indicated in the operand field when ecx is not equal

to 0, and falls through otherwise. 21




Fixed-Iteration Loop Structures (Cont.)

" To compare the three coding styles: the C code, MASM codes
using high-level directives and without using high-level

directives for fixed-iteration loop structures, we can see as

follows: / \

4 N\ | mov ecx,3

for(i=1;i<=3;i++) mov ecx,3

forO1: nop
{ .repeat
;body of loop
// body of loop ; body of loop
\ | loop forO1
.untilcxz

\_ VAN _/ | endfor01: nop

N /

22




Post-Test Loop Structure (Cont.)

= As another example, the C code and the equivalent MASM

code segment are as follow: / mov ans.0 \
ify!1=0
/ \ mov ecx,y
ans =0;
| .repeat
if (y 1=0) BN

=== mov eax,ans
for(i=1; i<=y;i++)
add eax, x

ans =ans + x;

\ / MoV ans,eax

.untilcxz

\ endif /23




Loops and Input/Output

" This C code segment is for entering exactly 10 integers and

calculating the sum of the integers and then displaying the

result.
/sum=0; \

for(i=1; i<=10; i++) {

printf("%s","Enter an integer: ");
scanf("%d",&num);
sum=sum-+num,

}
printf("\n%s%d\n\n","The sum is ",sum);

\return 0, / "




Loops and Input/Output (Cont.)

" The equivalent segment in assembly is shown below.

ﬂta \
msg1l byte "Enter an integer: ",0

msg2 byte "The sumis",0

.code

mov sum,0

mov ecx,10

.repeat

mov temp,ecx

INVOKE printf, ADDR msglfmt, ADDR msgl
INVOKE scanf, ADDR in1fmt, ADDR num
movV eax,sum

add eax,num

MoV sum,eax

mov ecx,temp

.untilcxz
WOKE printf, ADDR msg2fmt, ADDR msg2, sum / .




Loops and Input/Output (Cont.)

" Remember that the INVOKE directive can destroy the eax, ecx,
and edx registers.

= Since the .repeat-.untilcxz directive uses the ecx register, it
needs to save and restore its value.

" For this reason, the value of ecx is stored in a memory
location called temp at the top of the loop and then the value

of ecx is restored at the bottom of the loop.

26




Loops and Input/Output (Cont.)

" However, if the user wants to decide how many integers to be
summed, the number of integers to be input may not be
predefined in the program.

= |n such cases, we need to add some statements such as a
prompt for asking the user for the number of integers.

" To do this, we can add those statements before the loop.

27




Loops and Input/Output (Cont.)

" The following implementation includes the required actions

mentioned in the previous section.

.data
ﬂnsgo byte "Enter the number of integers to input: ",0 \

msgl byte "Enter an integer: ",0

msg2 byte "The sumis",0

.code

mov sum,0

INVOKE printf, ADDR msglfmt, ADDR msg0
INVOKE scanf, ADDR in1fmt, ADDR count
mov ecx,1

.while ecx<=count

mov temp,ecx

INVOKE printf, ADDR msglfmt, ADDR msgl
INVOKE scanf, ADDR in1fmt, ADDR num
mov eax,sum

add eax,num

mov sum,eax

mov ecx,temp

inc ecx

.endw s
INVOKE printf, ADDR msg2fmt, ADDR msg2, sum




Nested Loops

* An example for nested loops by the C code segment is below

on the left and by the assembly code using high-level

directives is on the right:

ie1

™ )

; mov i,1
while(i<=2) { while i<=2
=1; mov j,1
while(j<=3) { | .while j<=3
j++; - INC |
} .endw
i++; INC

\} / \ .endw /29




Nested Loops (Cont.)

" The equivalent assembly code segment without using high-

level directives is as follow.

/movi ~

while01: cmpi,2

jg endwhile01

mov j,1
while02: cmp j,3

jg endwhile02

INC |

jmp while02
endwhile02: nop

INC |

jmp while01

KendwhileOl: nop / 30




Complete Program: Implementing Power Function

" Consider the implementation of the power function (x"),

where an iterative definition of the power function is as

follows:

X" =

If x <0 orn<0, then negative message
Else if x=0and n =0, then undefined message
Elseifn=0, then 1

Otherwise 1 * x * x * ... * x (n times)

31




Complete Program: Implementing Power Function

" The following C program implements the above definition:

#include <stdio.h>
int main() {
int x,n,i,ans;
printf ("%s", "Enter x: ");
scanf ("%d", &x) ;
printf ("%s", "Enter n: ");
scanf ("%d", &n) ;
if (x<0 || n<0)
printf ("\n%s\n\n", "Error: Negative x and/or y");
else
1if (x==0 && n==0)
printf ("\n%s\n\n", "Error: Undefined answer") ;
else {
i=1;
ans=1;
while(i<=n) {
ans—ans’ x;
1++ ;
}

printf ("\n%s%d\n\n", "The answer is: ",ans);

}

return 0;
32




Complete Program: Implementing Power Function
=" This MASM program also implements the power function.

= Note that high-level directives are used in this program.

Ptr Byte,
princt PROTO argl:Ptr Byte,

g
2 8
b
rt
0

o
<
"

o3
<
rt
) O O O

-
HUh

x and/or y".0
answer~, 0

000 ¢
HH

B

[

Q
o2
<
o

U
b
nnM
D O

main

Pr ADDR msgl
sSce DR X
pri ADDR msg2
sca DR n
I

INVOKE printf, ADDR erxrfmt, ADDR errmsgl

.else

if

INVOK

1lse

ADDR

33




Summary

" For pre-test while loop structure, .while and .endw directives
can be used to implement.

" For post-test do-while loop structures, the .repeat and .until
directives can be used.

" For fixed iteration for loop structures, the .repeat and .untilcxz
directives can be used.

" It is important to include the unconditional jump (jmp) or loop

at the bottom of the loop to repeat the corresponding loop.

34
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Practical Works

Implementing Loops and 1/0 and

Power Function



Implementing Loops and 1/0O

" The given MASM code segment is implemented as a complete

program described below:

% Lecture_6 - Visual C++

xpress Edition

5 x
File Edit View Project Buld Debug Tools Window Help
D-E-SH P4 R 9 . & - b Debug =) IF WX B C
&
v X Loops and 10_1.asm _Start Page. 2t
ack 100n ]
ect
5
BN C\WINDOWS\system32\cmd.exe — O X
Enter an in A
The sum is 110
Jookon... B 4 Prope < any key to continue .
utput from: Build . % | 3
3 tput
Build succeeded
W

36




Implementing Loops and 1/0 (Cont.)

" Given MASM code segment is implemented as a complete

program as follow:

+ I X Loops and 10_2.asm _ Start Page

BN C\WINDOWS\system32\cmd.exe — O X

Enter the number of integers to input: 5

Enter an integer: 10

Enter an intege

Enter an intege

The sum is 150

Press any key to continue . . .




Implementing Power Function

" For a given complete C program, we implement and describe

its output below.

rrrrr

ans=ans*x:

Build succeeded




Implementing Power Function (Cont.)

" For a given complete MASM program, we implemented as

follow:

BN C\WINDOWS\system32\cmd.exe — O X

ris:
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Assighment 1
" Implement a complete MASM program for the given segment

with compares, jumps, and appropriate labels. Also, display its

output.
P ﬂta \
msg1l byte "Enter an integer:",0

msg2 byte "The sumis",0

.code

mov sum,0

mov ecx,10

.repeat

mov temp,ecx

INVOKE printf, ADDR msglfmt, ADDR msgl
INVOKE scanf, ADDR in1fmt, ADDR num
mov eax,sum

add eax,num

MoV sum,eax

mov ecx,temp

.untilcxz
WOKE printf, ADDR msg2fmt, ADDR msg2, sunj "




Assighment 2
" Implement a complete MASM program for the given segment

without using high-level directives. Also, display its output.

.data
/msgo byte "Enter the number of integers to input: ",0 \

msgl byte "Enter an integer: ",0

msg2 byte "The sumis ",0

.code

mov sum,0

INVOKE printf, ADDR msgl1fmt, ADDR msg0
INVOKE scanf, ADDR in1fmt, ADDR count
mov ecx,1

.while ecx<=count

mov temp,ecx

INVOKE printf, ADDR msglfmt, ADDR msgl
INVOKE scanf, ADDR in1fmt, ADDR num
mov eax,sum

add eax,num

MoV sum,eax

mov ecx,temp

inc ecx

.endw
\NVOKE printf, ADDR msg2fmt, ADDR msg2, sum / .




Assighment 3

" Rewrite a complete MASM code without using high-level

directives. Also, display its outputs.

-listall

.386

-model flact,c
.stack 100h

PROTO arg2:Ptrxr Byte, inputlist
PROTO argl:Ptrxr Byte, printlistc

.data
inlfmtc byte =%d4d-.0
msglfmt byte "%s".,0
msg3 fmt byte *“Sssd-,

errfmc byte "$s*"
errmsgl byte OAnh,
errmsg2
msgl
msg2
msg3

gative x and/or y".0
defined answer~.,0

x

ans

main proc
INVOKE
INVOKE
INVOKE
INVOKE
.1if x<O0
INVOKE

-else

intf, ADDR msglfmt, ADDR msgl
anf, ADDR inlfmt, ADDR X
intf, ADDR msglfmt, ADDR msg2
anf

| n

- !

W'

. ADDR inlfmt, ADDR n

W'y
H—0OHKOK

'

ADDR erxrfmt, ADDR errmsgl
-1f X==0 && n==0

INVOKE printf, ADDR errfmt, ADDR errmsg2
.else

mov ecx, 1

mov ans.1

.while ecx <= n

mov eax,ans

imal x

mov ans, eax

inc ecx

. endw

mov 1i,ecx

INVOKE printf, ADDR msg3fmt, ADDR msg3, ans
.endif

ndif

€
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Practical Assignments (Report)
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Assighment 1

“A complete assembly program without using high-level
directives, with only compares, jumps and labels is

implemented and its output is as follow:

- 08 Express Edition = =]
File Edit View Project Build Debug Tools Window Help

1-d-Gdd 2 b Debug =) R FAX B

v 1 X assignment_1.asm | Start Page

" The sum is 165

Press any key to continue . . .

45




Assighment 2

“A complete assembly program without using high-level
directives, with only compares, jumps and labels is

implemented as follow:

- xpress Edition = =]
File Edit View Project Build Debug Tools Window Help
l-E-Gdd@ s A 9 - & - b Debug 1) M e e o8 o R

CAWINDOWS\system32\cmd.exe — O X

er the number of integers to input: 5
nter an integ
nter an integer: 10

nter an integer: 15

is 75

Press any key to continue . . .

46




Assighment 3

=" A complete assembly program without using high-level

directives, with only compares,

implemented as follow:

jumps

and

labels

ML R e ol s RRS

47
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Assignment 3 (Cont.)

" The followings show some outputs of the implementation of

power function:

CAWINDOWS\system32\cmd.exe — O X

Enter n: -9

Error: Negative x and/or y CA\WINDOWS\system32\cmd.exe

Enter x: @

Press any key to continue . . -
Enter n: @

r: Undefined answer CAWINDOWS\system32\cmd.exe

. Enter x: 7
Press any key to continue

Press any key to continue . . .




Next Lecture

= Logic Instructions
= Logical Shift Instructions
= Arithmetic Shift Instructions

= Rotate Instructions
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Thank You
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