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The First Program

" First, we will start from a simple C program called “Hello

World” program.

#include <stdio.h>
int main()

{
printf("Hello World!\n");

return O;




The First Program (Cont.)

= Assembly code for Hello World program is as follows:

.386

.model flat, c

.stack 100h

printf PROTO argl:Ptr Byte
.data

msg1l byte "Hello World!",0Ah,0
.code

main proc

INVOKE printf, ADDR msgl
ret

main endp

end




The First Program (Cont.)

"In assembly language, printf is used to display the output
message.

*The PROTO directive indicates a prototype for the function
printf.

*"The argl:Ptr Byte is a parameter and it specifies that the
argument of the printf will be a pointer to a string of bytes.

" The actual message to be output is in the .data section as
msgl byte "Hello World".

" The string to be displayed must be written in double quotes.




The First Program (Cont.)

= The OAh is a hexadecimal code for a new line, such as \n in C.
*The O is the code to terminate a string used with output.

" The INVOKE directive is used to call the printf function.

" The address of the string to be output which is msgl is given

by the argument ADDR msgl in the INVOKE.




Single String Output
" To output more than one argument, the original C program

could be rewritten as follows:

#include <stdio.h>
int main()

{
printf("%s\n","Hello World!");

return O;

*"The %s indicates that there is a string in the first argument

following the current formatting argument.




Single String Output (Cont.)
= Assembly code is as follows:

.386

.model flat, c

.stack 100h

printf PROTO argl:Ptr Byte, printlist:VARARG
.data

msglfmt byte "%s",0Ah,0

msgl byte "Hello World!",0Ah,0

.code

main proc

INVOKE printf, ADDR msglfmt, ADDR msgl
ret

main endp

end




Single String Output (Cont.)

" An additional argument printlist: VARARG in the PROTO
statement indicates that there will be a variable number of
arguments in the output.

" The msglfmt indicates the data type that will be output.

" Lastly, the first ADDR in the INVOKE directive references the
string format (msglfmt) and the latter references the string to

be output (msgl).
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Multiple Strings Output

.386

.model flat, ¢

.stack 100h

printf PROTO argl:Ptr Byte, printlist:VARARG
.data

msglfmt byte "%s",0Ah,0

msgl byte "Hello!",0Ah,0

msg2fmt byte "%s",0Ah,0

msg2 byte "Welcome to Microprocessor Programming Class",0Ah,0
msg3fmt byte "%s",0Ah,0

msg3 byte "This program is how to display multiple strings",0Ah,0
msg4fmt byte "%s",0Ah,0

msg4 byte "Thank you",0Ah,0

.code

main proc

INVOKE printf, ADDR msglfmt, ADDR msgl
INVOKE printf, ADDR msg2fmt, ADDR msg2
INVOKE printf, ADDR msg3fmt, ADDR msg3
INVOKE printf, ADDR msg4fmt, ADDR msg4
ret

main endp

end
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Integer Output

" In the following C program, the integer 5 is output.

#include <stdio.h>

int main()

{
int number;
number = 5;
printf("%d\n",number);
return O;

}

"Here, %d indicates that there is an integer in the first
argument following the current formatting argument.

12




Integer Output (Cont.)

" The corresponding MASM code is as follows:

.386

.model flat, c

.stack 100h

printf PROTO argl:Ptr Byte, printlist:VARARG
.data

msglfmt byte "%d",0Ah,0

number sdword ?

.code

main proc

mov humber,5

INVOKE printf, ADDR msglfmt, number
ret

main endp

end

13




Integer Output (Cont.)

"In the MASM code, the %d stands for the integer variable
named number and it is declared as a signed double word in
the data section.

" In the code segment, 5 is assigned to number and the variable
number has been added as an argument to the INVOKE
directive.

" As msglfmt and msgl are pointers to the strings, they need
ADDR but number is a simple integer variable and so, ADDR is

not needed.
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String + Integer Output
" To display the output of the combination of a string and an

integer, the C program is as follow.

#include <stdio.h>
int main()
{
int number;
number = 5;
printf("%s%d\n","The number is: ",number);
return O;
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String + Integer Output (Cont.)

" The corresponding MASM code is as follows:

.386

.model flat, c

.stack 100h

printf PROTO argl:Ptr Byte, printlist:VARARG
.data

msglfmt byte "%s%d",0Ah,0

msgl byte "The numberis: ",0

number sdword ?

.code

main proc

mov humber,5

INVOKE printf, ADDR msglfmt, ADDR msgl, number
ret

main endp

end
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Integer + String + Integer Output

"To display the output of the combination of string and

integers, the C program is as follow.

#include <stdio.h>

int main()

{
intnuml=5, num2=7;
printf("\n%d%s%d\n\n",num1," is not equal to ",num?2);
return O;
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Integer + String + Integer Output (Cont.)

" The corresponding MASM code is as follows:

.386

.model flat, c

.stack 100h

printf PROTO argl:Ptr Byte, printlist:VARARG
.data

msglfmt byte OAh,"%d%s%d",0Ah,0Ah,0
msgl byte " is not equal to ",0

num1 sdword 5

num?2 sdword 7

.code

main proc

INVOKE printf, ADDR msglfmt, num1, ADDR msgl, num2
ret

main endp

end
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User Input

" scanf is used for user input.

“In C, the ampersand (&) passes the address of user input
number to scanf for reading the value from the keyboard.

" For the case of assembly, ADDR is needed to precede the
variable number in the invoking of scanf.

" Because, ADDR serves the same function as the ampersand

(&) in C.
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Integer Input
" To prompt the user for the type of input needed as shown in

the C program below.

#include <stdio.h>

int main()

{
int number;
printf("\n%s","Enter an integer: ");
scanf("%d",&number);
printf("\n%s%d\n\n","The integer is: ",number);
return O;

20




Integer Input (Cont.)

" The corresponding assembly code is given as follows:

.386

.model flat, c

.stack 100h

printf PROTO argl:Ptr Byte, printlist:VARARG
scanf PROTO arg2:Ptr Byte, inputlist:VARARG
.data

in1fmt byte "%d",0

msg0fmt byte 0Ah,"%s",0

msglfmt byte 0Ah,"%s%d",0Ah,0Ah,0

msg0 byte "Enter an integer: ",0

msgl byte "The integeris: ",0

number sdword ?

.code

main proc

INVOKE printf, ADDR msgOfmt, ADDR msg0
INVOKE scanf, ADDR in1fmt, ADDR number

INVOKE printf, ADDR msglfmt, ADDR msgl, number Note: ADDR is not necessary
ret for integer output.
main endp

end 21




Character Input

" The assembly code for character input is as follows:

.386

.model flat, c

.stack 100h

printf PROTO argl:Ptr Byte, printlist:VARARG
scanf PROTO arg2:Ptr Byte, inputlist:VARARG
.data

in1fmt byte "%s",0

msg0fmt byte 0Ah,"%s",0

msglfmt byte 0Ah,"%s%s",0Ah,0Ah,0

msg0 byte "Enter a character: ",0

msgl byte "The character you entered is: ",0
character byte ?

.code

main proc

INVOKE printf, ADDR msgOfmt, ADDR msg0
INVOKE scanf, ADDR in1fmt, ADDR character
INVOKE printf, ADDR msglfmt, ADDR msgl, ADDR character Note: ADDR is necessary

ret for character/string

main endp output.
end 22




Complete Program: Using Input, Data Transfer,
and Output

" The following program prompts for and inputs an integer into
numl, copies it to num2, and then outputs the contents of

num?2.

#include <stdio.h>

int main(){
int numl1, num2;
printf("\n%s","Enter an integer for num1:");
scanf("%d",&num1);
num2=num1l;
printf("\n%s%d\n\n","The integer in num2 is: ",num?2);
return O;
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Complete Program: Using Input, Data Transfer,
and Output (Cont.)

= This program is implemented in assembly language as follows:

.386
.model flat, c
.stack 100h
printf PROTO argl:Ptr Byte, printlist:VARARGC
scant PROTO arg2:Ptr Byte, inputlist:VARARG
.data
inlfmt byte "%d4d",0

msg0fmt byvte 0Ah, "%s",0
msglfmt byvte 0Ah, "%s%d4d",04&h, 02K, 0

msg0 byte "Enter an integer for numl: ",0
msgl byte "The integer in num2 is: ",0
numl sdword ? ; first number
numz2 sdword ? ; second number

.code
main proc

INVOKE printf, ADDR msgOfmt, ADDR msgl
INVOKE scanf, ADDR inlfmt, ADDR numl

mov eax,numl ; load eax with the content of numl
mov num?2, eax ; store the contents of eax in num2
INVOKE printf, ADDR msglfmt, ADDR msgl, num?2
ret

main endp

24
end




Summary

= Use the PROTO and INVOKE directives to implement the C
functions scanf and printf.

= The OAh in assembly language is like a \n in C.

" Be sure to terminate a string for output in assembly language
with a 0.

" For input, an ADDR is included for all variables.

" For output, an ADDR is included for only strings.

25
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Practical Works

Implementing Input and Output



The First Program

= This Implementation is the Hello World program in C.

y 2008 Express Edition - o
File Edit View Project Build Debug Tools Window Help

1- -G @ ] b Debug - Win32 ) G = e o 1 o R

v 1 X | Hello World.cpp | Start Page — #

AWINDOWS\system32\cmd.exe — O X

d!
key to comtinue . . .
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The First Program (Cont.)

= This Implementation is the Hello World program in MASM.

v & X StatPage’ Hello World.asm
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Single String Output

= This is the implementation of single string output in MASM.

y 2008 Express Edition - o
File Edit View Project Build Debug Tools Window Help

1- -G @ ] b Debug - Win32 ) G = e o 1 o R

w 11 X | single string outputasm | Start Page ==

CAWINDOWS\system32\cmd.exe — O X
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Multiple Strings Output

" This is the implementation of multiple strings

MASM.

ew Project Build Debug Tools Window Help
N-Ed-Sda i b Debug ) A B e [l 1 om R

& H

« 1 x muitiple string outputasm | Start Page

output in

Bl C\WINDOWS\system32\cmd.exe
Hello

Welcome to Micr ramming Class

Build succeeded




Integer Output

= This is the implementation of integer output in MASM.
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String + Integer Output

" This is the implementation of one string and one integer

output in MASM.

View Project I s Window
1-cd-Gd @ a b Debug > Win32 - M e e o8 o R

v I X | stingand integerasm | Start Page




Integer + String + Integer Output

" This is the implementation of one string and two integers

output in MASM.

eeeeeeeeee

Source Files

BN C\WINDOWS\system32\cmd.exe — O X

Build succeeded




Integer Input

= This is the implementation of getting user’s integer input in

MASM.

% Lecture 2 - Visual C++ 2008 Express Edition - o X
File Edit View Project Build Debug Tools Window Help
-G d @ 42 b Debug > Win32 - | o R EREO-T
x
BN C\WINDOWS\system32\cmd.exe — ] x

Enter an integer: 12

The integer is: 12

cey to continue . . .




Character Input

= This is the implementation of getting user’s character input in

MASM.

¥ = o
File Edit View Project Buld Debug Tools Window Help
1-cl-Gd @ 2 b Debug =) R FAX B
« X character inputasm Start Page - x erties I X »
BN C\WINDOWS\system32\cmd.exe — O x

Enter a character: a

The character you entered is: a

Press any key to continue . . .




Complete Program: Using Input, Data Transfer,
and Output

" This is the implementation of how to write a complete
assembly program including getting user input, data

movement and displaying the output.

A wld- g

BN CA\WINDOWS\system32\cmd.exe — O X

3l Header Files

Build succeeded
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Assighment 1

= Given the following MASM program, what will be output to

the screen?

.386
.model flat, c
.stack 100h
printf PROTO argl:Ptr Byte, printlist:VARARG
.data

msglfmt byvte "%s%d4d", 0
msg2fmt byte "%s%d",0Ah,02h, 0Ah,0
msg3fmt byte "%s%d",0Ah,0

msgl byte "x = ",0
msg?2 byte " v = ",0
msg3 byte "z=",0
numl sdword 1
numa2 sdword 2
num3 sdword 3

. code
maln proc

INVOKE printf, ADDR msglfmt, ADDR msgl, numl
INVOKE printf, ADDR msg2fmt, ADDR msg2, num?
INVOKE printf, ADDR msg3fmt, ADDR msg3, num3

ret

main endp
38
end




Assighment 2

= Given the following MASM program, what will be output to

the screen?

.386
.model flat, c
.stack 100h
printf PROTO argl:Ptr Byte, printlist:VARARG
.data

msglfmt byte 0Ah, "%s%d%s%d%s",0Ah, 0
msg2fmt byte 0Ah, "%s%d", 0Ah, 0Ah, 0

msgll byte "The first number is ",0
msgl2 byte ", but the second number is ",0
msgl3 byte ",",0
msg2 byte "while the third number is ",0
numl sdword 5
nums2 sdword 7
nums3 sdword 11
.code
main proc

INVOEKE printf, ADDR msglfmt, ADDR msgll, numl,
ADDR msglZ2, numZ, ADDE msgl3

INVOKE printf, ADDR msgZ2fmt, ADDR msg2, num3

ret

main endp

39
end




Assighment 3

" Implement the following C program in MASM. Be sure to use
proper spacing on all output.

#include <stdio.h>
int main() {

int x, v, Z;

x = 1;
Yy = 2;
z = 3;
printf (%\n%d%s%dtstd\n\n", x, " + ", v, " =", z);

return 0;

40




Assighment 4

" Implement the following C program in MASM. Be sure to use
proper spacing on all output.

#include <stdio.h>
int main() {
int numl, num?2;
printf ("\n%s", "Enter a value for numl: ");
scanf ("%d", &numl) ;
printf("\n%s", "Enter a value for num2: ");
scanf ("%d4d", &num?) ;
printf ("\n%s\n\n", "numl num2 ") ;
printf ("%$s%d%s%d\n\n"," ",numl, " ", num2) ;

return 0;

41




Assighment 5
= Given the following input and output, write both the C and
assembly code necessary to make it look exactly as below. Pay

careful attention to spacing and the blank lines:

Input and Output

Enter a number: 1
Enter a larger number: 3

Enter an even larger number: 5
1 <= 2 < 5

5 > 3 > 1

42




Practical Assignments (Report)
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Assighment 1
" The implementation of assembly program and its output are

as follows.




Assighment 2

" The implementation of assembly program and its output are

shown in the following figures.

Es = o
File Edit View Project Build Debug Tools Window Hel

1-cl-Gd @ 2 b Debug =) R FAX B

v 1 X Test2asm| StatPage > X @

CAWINDOWS\system32\cmd.exe — O X

B The first number is 5, but the second number is 7,

while the third number is 11

Press any key to continue . . .

Output




Assighment 3

" The implementation of assembly program is as follow.

% Lecture_2 - Visual C++ 2008 Express Edition X
File Edit View Project Build Debug Tools Window Help
e R R - AT = O - b Debug - Win32 - =R P s R
o 3 - w3 s
Solution Explorer - Solution *... wv 1 X Test 3.asm | Start Page v X 4
T =l ©
ad | (@ ~
o Solution ‘Lecture_2' (1 project) @
T Lecture 2 »;
_J Header Files 5
l Resource Files :
¥ Source Files )
15 Test 3.asm %
y, ADDR msg2, z
v
& Solution... T3 Class V A Propert < >
Output v X
Show output from: Build v . % |3
N
manifest
was saved at 2008 Express\Lab l\lLecture 2\Lecture 2\Debug\BuildLog hem"
_2 - 0 exrox(s),
Build: 1 succeeded, 0 failed, 0 up-to-date, 0 skipped =====m==e=
v
Ch1 INS

ndow 221Call Browser ] Output
Ln9 Col 1

Build succeeded

46




Assignment 3 (Cont.)

" The output for the above assembly program is as follow.

CAWINDOWS\system32\cmd.exe - O X

47



Assighment 4

" The implementation of assembly program is as follow.

%, Lecture_2 - Visual C++ 2008 Express Edition
File Edit View Project Build Debug Toeols Window Help

R-iE-5da Ea AP =R » Debug - Win32 - | RO
Iy =iE|= 2O 103 @

Solution Explorer - Solution '... » 1 3 Test d.asm | Start Page

= | @ .386

(& Solution 'Lecture_2' (1 project) 'm:dfi flat’ ¢

5 4 Lecture 2 sSEack —buR

printf PROTO argl:Ptr Byte, printlist:VARARG

scanf PROTO arg2:Ptr Byte, inputlist:VARARG
.data

msglfmt byte OAh,"%s",0

msg3fmt byte OAh,"%s",0Ah,0AR,0

msg4fmt byte "$stdisid”,0Ah,0Ah,0

inlfmt byte "%d",0

[ Header Files

1 Resource Files

|7 Source Files
asn| Test 4.asm

msgl byte "Enter a value for numl: ",0
msg2 byte "Enter a value for ", 0
msg3 byte "numl num2",0
msg4l byte " ",0
msgé2 byte " ",0
numl sdword ?
num2 sdword ?
.code
main proc

INVOKE printf, ADDR msglfmt, ADDR msgl

INVOKE scanf, ADDR inlfmt, ADDR numl

INVOKE printf, ADDR msglfmt, ADDR msg2

INVOKE scanf, ADDR inlfmt, ADDR num2

INV printf, ADDR msg3fmt, ADDR msg3

printf, ADDR msg4fmt, ADDR msg4l, numl, ADDR msg42, num2

X

main
v

& Solution... T3 . [ Propetty... |[< >
Output * 1 x
Show output from: Build - < % | =1

1>Linking. .. A
1>Embedding manifest. ..

1>Build log was saved at "file://d:\Visual 2002 Express\lab l\Lecture_2\Lecture_2\Debug\BuildLog.htm"™

l>Lecture_2 - 0 error(s), 0 warningl(s)

====—===— Build: 1 succeeded, 0 failed, 0 up-tc-date, 0 skipped ==

I v
(Za Code Definition Window 3 Call Browser [=] Output

Build succeeded Ln9 Col1 Ch1 INS

48




Assignment 4 (Cont.)

" The output for the above assembly program is as follow.

CAWINDOWS\system32\cmd.exe - O X

49



Assighment 5

" The implementation of C program is as follow.

% Lecture_2 - Visual C++ 2008 Express Edition

File Edit View Project Build Debug Tools Window Help

s RgtE R W~ 7 b Debug - Win32 ) | R ERR PO
EE(=2(0 # 5
Solution Explorer - Solution .. v I X Test 5.cpp | Start Page
e | (Global Scope)
o Solution ‘Lecture_2' (1 project) 1

7 Lecture 2
_J Header Files
dl Resource Files

¥ Source Files
€ Test S.cpp

X

v
&3 Solution... I L Prope < >
Output v 1 x
Show output from: Build - &3 =% =
1 W 1.€723.1 A
i\Lecture 2\Lecture 2\Debug\BuildlLog htm"
0 failed, 0 skipped ========== v
< >
(73 Code Definition ow 23 Call Browser (3] Output
Rebuild All succeeded Ln 18 Col 1 Ch1 INS

50




Assignment 5 (Cont.)

" The output for the above C program is as follow.

CAWINDOWS\system32\cmd.exe - O X

Enter a number:1
Enter a larger number:3

Enter an even larger number:5s

ess any key to continue . . .

51



Assignment 5 (Cont.)

" The implementation of assembly program is as follow.

%4 Lecture_2 - Visual C++ 2008 Express Edition =i X
File Edit View Project Build Debug Tools Window Help
B-E-2da Ea R b Debug - Win32 ) v | QA E R B
Y E=EiEE S| 7| & —
Solution Explorer - Solution ... w TR Test 5.asm | Start Page - X 7
= [ @ .stack 100h o
> ) argl: yte rintl g MIS
[&A Solution 'Lecture_2' (1 project) printf PRVzO u!?- Pz Byte; print fsc easiil o
L :E Loctars 2 scanf PROTO arg2:Ptr sdword, inputlist:VARARG -
h Fay .data m
[ Header Files inlfmt byte "%d",0 =
| Rescurcg Files msglfmt byte OAh,"$s",0 @
I Source Files msg2fmt byte 2, "ES", 0 §
usr] Test 5.asm msg3fmt byte OAh,"$s",0 i
msg4fmt byte OAh,"%$s",0 %

msg5fmt byte OAh,"%s",0

msgéfmt byte OAh, "$d¥sidss%d",0Anh,0
msgl byte "Enter a number: ",0

msg2 byte "Enter a larger number: ",0
msg3 "En
msg4 byte "<",0

msg5 byte ">",0

numl sdword ? ; first number

num2 sdword ? ; second number
num3 sdword ? ; third number
.code

main proc
INVOKE printf, ADDR msglfmt, ADDR msgl

INY E scanf, ADDR inlfmt, ADDR numl

INVOKE printf, ADDR msg2fmt, ADDR msg2

INVOKE scanf, ADDR inlfmt, ADDR n 2

printf, ADDR msg3fmt, ADDR msg3

scanf, ADDR inlfmt, ADDR num3

printf, ADDR msgéfmt, numl, ADDR msg4,
printf, ADDR msgéfmt, num3, ADDR msgS5,

ADDR msg4,
ADDR msg5,

v
dySolution... % Class Vi.. [ Property... || < >
Output v I X
Show output from: Build v = | =

1>Embedding manifest... N
1>Build log was saved at
1>Lecture, zis),

: 1 succeeded, 0 failed, 0 up-to-date, 0 skipped =

v
(T3 Code Definition Window $3 Call Browser [5] Output

Lng Col 1 Ch1 INS

Build succeeded

52




Assignment 5 (Cont.)

" The output for the above assembly program is as follow.

CAWINDOWS\system32\cmd.exe - O X

ess any key to continue . . .

53



Next Lecture

" Introduction to Arithmetic Instructions
= Addition

= Subtraction

= Multiplication

= Division

54




Thank You
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