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Lecture 4

Operators in Assembly Language
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Introduction

" The assembler supports the following operators for use in

expressions.
1. Arithmetic Operators
2. Logical Operators

3. Relational Operators




Basic Operators in Assembly Language

1. Arithmetic Operators

" The arithmetic operations can be performed by using the
arithmetic operators.

*"The arithmetic operators used in assembly language are

shown in Table 1.

Table 1. Arithmetic Operators

Addition add +
Subtraction sub -
Multiplication mul *
Division div /

Modulus mod % 5




Basic Operators in Assembly Language (Cont.)

2. Logical Operators

" The logical operations can be performed by using the logical
operators.

" The logical operators used in assembly language are shown in

Table 2.

Table 2. Logical Operators

logical AND and &&
logical OR or | |
logical NOT not !

logical XOR Xor A




Basic Operators in Assembly Language (Cont.)

3. Relational Operators

" The relational operators used in assembly language are shown

in Table 3.

" The result is only either true or false.

Table 3. Relational Operators

equal to e =
not equal to ne I=
greater than g >
greater than or equal to ge >=
less than I <

less than or equal to le <=




Types of Operators

" As in the high-level language, there are two types of operators
in assembly language.

" They are:
1. Binary Operators and

2. Unary Operators.




Binary Operators

" The operators which not only perform arithmetic on binary
numbers but also have two operands (e.g., x + vy), are called
binary operators.

*The arithmetic operations such as addition, subtraction,
multiplication and division, presented in the previous lecture,

are performed by using the binary operators.




Binary Operators (Cont.)

" For example, to increment a variable x by 1 and decrement a

variable y by 1, we can write in C as follows.
X=X+1;
y=y-1
" The above code segment can be implemented in MASM by

simply using the add and sub instructions:
add x,1

suby,1
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Unary Operators
" However, unary operators have only one operand such as the
negative sign —y.

" In C, to increment a variable x by 1 and decrement a variable y
by 1, the increment and decrement (unary) operators can be

used as follows.
X++; or ++X;
y--; or --y;
" |n a stand-alone statement, it does not matter whether the ++

or -- goes before or after the variable.
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Unary Operators (Cont.)

" In assembly, the designers of Intel processor designed the two
instructions that specifically increase and decrese by only 1.

" The mnemonic used for increment is inc and dec is for
decrement.

* The format of each instruction is shown in Table 4.

Table 4. inc and dec instructions

inc reg
inc mem
dec reg

dec mem
12




Unary Operators (Cont.)

* The implementations of increment x by 1 and decrement y by

1 using unary operators in MASM are as follow:
INC X
decy

" These instructions take up less memory than do add or sub

instructions.
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Unary Operators (Cont.)

" In addition to increment and decrement unary operators,

there exists another unary operator called negation.

" If we need to negate a number (to find the two’s complement
of a number) and store it in another memory location, the

negation operator can be used.

" For example, x =-y; in C.
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Unary Operators (Cont.)

" In assembly language, the instructions that can be used for
negation are shown in Table 5.

" Here, neg is the mnemonic used for negation.

Table 5. neg instructions

neg reg two’s complement of the contents of
the register

neg mem two’s complement of the contents of a
memory location
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Unary Operators (Cont.)

" The equivalent MASM code segment for x=-vy; is as follow.
mov eax,y
neg eax
mov X,eax

*"The neg instruction takes up less memory than does the

corresponding sub instruction.
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Order of Operators

" To understand the order of operation and to improve the skill
of using assembly language arithmetic instructions, slightly
more complicated arithmetic statements will be examined in
this section.

" Here is an example of a high-level instruction:

answer =numl+ 3 - num?2;

17




Order of Operators (Cont.)

= Since addition and subtraction have the same level of
precedence in C, C++, and Java, the order of operation is from
left to right.

= |n this case, the addition should be done first and the

subtraction done second.
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Order of Operators (Cont.)

= For the case of MASM code, first, the contents of the variable
num1 should be loaded into the eax register.

" Then, the number 3 needs to be added to the eax register.

* Note that the number 3 is not in a memory location but rather
is implemented as an immediate value.

= Next, the value in num2 needs to be subtracted from the eax
register.

= Lastly, the contents of the eax register need to be copied into

the variable answer.
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Order of Operators (Cont.)

" The following MASM code segment is the implementation of

answer = numl + 3 — num?2.

mov eax,num1l : load eax with the content of num1
add eax,3 »add 3 to eax
sub eax,num?2 : subtract num2 from eax

MOV answer,eax : store the result in answer

20




Order of Operators (Cont.)

= Again, the following C statement will be considered to

illustrate the rules concerning order of operation:

answer = numl + 3 * hum?2;

21




Order of Operators (Cont.)

= Multiplication has a higher precedence over addition.

= So, the value 3 must be loaded into the eax register first.
" Next, it is multiplied by the value in num2.

= Then, the value in num1 must be added to eax.

= Lastly, the value in eax should be stored in answer as follows:

mov eax,3 : load eax with the number 3
imul num2 ; multiply eax by num?2
add eax,num1l » add the content of num1 to eax

MoV answer,eax : store the content of eax in answer
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Order of Operators (Cont.)

= As another example, consider the following C statement:

result = num3 / (hum4 - 2);

"In this case, the expression in parentheses should be
evaluated first although division has a higher precedence over

subtraction.
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Order of Operators (Cont.)

= So, the subtraction must be performed prior to the division.
" Then, the value in num3 is divided by subtraction result.

" Lastly, the value in eax should be stored in result.

mov ebx,num4 : load ebx with num4

sub ebx,2 : subtract 2 from ebx

mov eax,num3 : load eax with the content of num3

cdqg ; propagate sign bit into the edx register
idiv ebx ; divide edx:eax by ebx

mov result,eax : store the contents of eax in result
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Order of Operators (Cont.)

* Combining the unary instructions and the binary instructions,

consider the following C statement:

V=-W+X*y-z++
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Order of Operators (Cont.)

" The order of operation is as follow.

" Firstly, the value in w should be negated.

= Secondly, perform the multiplication of x and y.

" Thirdly, perform the addition of the negated value of w and
multiplication result.

= Next, perform the subtraction of z.

" Then, assign the result to v.

" Finally, the value of z should be incremented since it is a

postfix ++.
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Order of Operators (Cont.)

" The MASM code segment implementation is as:

mov ebx,w
neg ebx
MoV eax,X
imul y

add eax,ebx
sub eax,z

MoV V,eax

inc z
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Summary

" Follow the order of operations when implementing arithmetic
statements:
= Parentheses first with the most nested first.
= Unary minus sign has precedence over multiplication and
division.
= Multiplication and division prior to addition and
subtraction.

" |n a tie, go left to right.

28




Summary

= Be careful with increment and decrement ( ++ and -- )
operators:
* When stand-alone, there is no difference between prefix
and postfix.
" In an assignment statement, prefix is performed first prior

to an assignment and postfix is performed after an

assignment.
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Exercises
Using Operators
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Exercise 1

" Using order of operations from C, convert the following
arithmetic statements into the equivalent assembly language
statements.

" Be sure not to destroy the contents of any of the variables
that appear only to the right of the assignment symbol:

A.X=X*y+2Zx*2;
B.a=b-c/3;

C. total = num1 / num2 - (hum3 * num4);

D.r=-s+t++

E.m=nx*((i-]j) * k);
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Exercise 1(A)

“The C code and the equivalent assembly language code

segment is as follows:
mov eax, X

imul y

MoV ecx,eax
X=Xxy+zH2; | mm— MoV eax,z

mov ebx,2

imul ebx

add ecx,eax

MOV X,ecx
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Exercise 1(B)

“The C code and the equivalent assembly language code

segment is as follows:
mov eax,C

mov ebx,3
a=b-c/3; ) cdg

idiv ebx

mov edx,b

sub edx,eax

mov a,edx
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Exercise 1(C)

“The C code and the equivalent assembly language code

segment is as follows:
mov eax,num3

imul num4

mov ebx,eax
total = num1 / num2 - (hum3 * num4); | ) mov eax,num1
cdqg

idiv num?2

sub eax,ebx

mov total,eax
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Exercise 1(D)

“The C code and the equivalent assembly language code

segment is as follows:

MoV eax,s
neg eax

r=-s+t++; | =) | 3qd eaxt
MOV r,eax

inct
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Exercise 1(E)

“The C code and the equivalent assembly language code

segment is as follows:

m =n* ((i - j) * k);

—>

mov eax,i
sub eax,j
imul k
imul n

mov m,eax
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Exercise 2

" Using the order of operations from C, convert the following
arithmetic statements into the equivalent assembly language
code segment.

" Be careful to implement the unary minus sign, increment, and
decrement operators carefully:

A. --i;
B.j=++k-m;
C.z=-(x+vy);

D. a = ++b - c++;

E.Xx=-y+2z-;

37




Exercise 2(A)

“The C code and the equivalent assembly language code

segment is as follows:

—j; | mmm) | dec |
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Exercise 2(B)

“The C code and the equivalent assembly language code

segment is as follows:

mov eax,k
INC eax
j=+tk-m; | )

sub eax,m

mov j,eax
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Exercise 2(C)

“The C code and the equivalent assembly language code

segment is as follows:

MoV eax,X
add eax,
z=-(Xx+y); y

neg eax

mov z,eax
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Exercise 2(D)

“The C code and the equivalent assembly language code

segment is as follows:

mov eax,b

INC eax
a=++b-c++; | mEmEEE) | gyb eax,c

mov a,eax

iNnCc C
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Exercise 2(E)

“The C code and the equivalent assembly language code

segment is as follows:

mov eax,y

neg eax
X=-y+z--; )

add eax,z

MoV X,eax

decz

42
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Assighment 1

" Write the complete assembly programs for each assembly

code segment from Exercise 1 and display the outputs.

44




Assighment 2

" Write the complete assembly programs for each assembly

code segment from Exercise 2 and display the outputs.
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Practical Assignments (Report)

0]
k=
£
£
(1Y)
-
o]
(@
-
o
-
O
7))
(7))
Q
O
o
-
Q.
(@
-
—
=



Assignment 1(A)

" A complete assembly program for the given MASM code

segment and its output are as follows:

d-Gd @ a b Debug + Win32 ) BRI =

CAWINDOWS\system32\cmd.exe — O X

1y key to continue . .
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Assignment 1(B)

" A complete assembly program for the given MASM code

segment and its output are as follows:

d-Gd@ s K3 &~ b Debug ) BRI =

BN C\WINDOWS\system32\cmd.exe — O X
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Assignment 1(C)

" A complete assembly program for the given MASM code

segment and its output are as follows:

d-Gd@ s b Debug ) BRI =

BN C\WINDOWS\system32\cmd.exe — O X

Enter numl: 16
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Assignment 1(D)

" A complete assembly program for the given MASM code

segment and its output are as follows:

A5 d @ a b Debug + Win32 ) BRI =

BN C\WINDOWS\system32\cmd.exe — O X

ess any key to continue . .
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Assignment 1(E)

" A complete assembly program for the given MASM code

segment and its output are as follows:

d-Gd@ s K3 &~ b Debug ) BRI =

BN C\WINDOWS\system32\cmd.exe — O X
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Assignment 2(A)

" A complete assembly program for the given MASM code

segment and its output are as follows:

Hrd- G e @ {2 b Debug - Win32 - | Qe mema-]

lution .. w 0 X assignment2A.asm | Start Page

CAWINDOWS\system32\cmd.exe — O X

1y key to continue . . .

Build succeeded
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Assignment 2(B)

" A complete assembly program for the given MASM code

segment and its output are as follows:

isual C++ 2008 Express Edition - =} X

et Build Debug Tools Window Help

ol

now X assignment2Basm | Start Page - x

nter m: 8

j= 3

Press any key to continue . . .
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Assignment 2(C)

" A complete assembly program for the given MASM code

segment and its output are as follows:

isual C++ 2008 Express Edition - =} X

et Build Debug Tools Window Help

&
now X assignment2Casm | Start Page - x
model flac,c

Press any key to continue . . .
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Assignment 2(D)

" A complete assembly program for the given MASM code

segment and its output are as follows:

d-Gd @ a b Debug ) BRI =

BN C\WINDOWS\system32\cmd.exe — O X

v key to continue . . .
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Assignment 2(E)

" A complete assembly program for the given MASM code

segment and its output are as follows:
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Next Lecture

" Introduction to Structures

= Selection Structures
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Thank You
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