
Lecture 3

University of Mosul

College of Computer Sciences and Mathematics

Department of Artificial Intelligence

Algorithms and Structured Programming (1)

(1)الخوارزميات والبرمجة المهيكلة 

First stage 

بيداء سليمان بهنام. م.أ

Assist.Prof. Baydaa Sulaiman Bahnam



Lecture 3 Outline

1. Operators in C++

2. Types of Operators in C++

3. Arithmetic operators

4. Relational operators

5. Logical operators 

6. Assignment Operators

7. Unary  Operators

8. Bitwise Operator

9. Ternary Operator

10. Other Special Operators

11. Examples 

 

 

A.P. Baydaa Sulaiman



Operators in C++

                             

1. Arithmetic operators
Arithmetic operators perform mathematical calculations. x=10, y=5

C++ provides a wide range of operators, which are the symbols that operate on values to perform specific 
mathematical or logical computations on given values. They are the foundation of any programming language.

Types of Operators in C++
C++ operators are classified into 8 types  as follows::

1.Arithmetic Operators

2.Relational Operators

3.Logical Operators

4.Assignment Operators

5.Unary Operators

6.Bitwise Operators

7.Ternary Operator

8.Special Operators

0
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Write  a C++ program that demonstrates the use of arithmetic operators of two numbers (num1 

and num2) for performing sum, subtraction, multiplication, division, and modulus (remainder) 

operations.

#include <iostream>
using namespace std;
int main() 
{

int num1, num2;
cout << "Enter the first number: ";
cin >> num1;
cout << "Enter the second number: ";
cin >> num2;
// Perform arithmetic operations
int sum = num1 + num2;
int subtraction = num1 - num2;
int multiplication = num1 * num2;
int division = num1 / num2;
int remainder = num1 % num2;

// Display the results
cout << "\nResults of arithmetic operations:\n";
cout << "Sum: " << sum << endl;
cout << "Subtraction: " << subtraction << endl;
cout << "Multiplication: " << multiplication << endl;
cout << "Division: " << division << endl;
cout << "Modulus(Remainder): " << remainder << endl;
return 0;
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2. Relational (Comparison) operators

Ex: Assume a=5, b= 10

These operators compare two values and return a Boolean result (true or false).



Relational (Comparison) operators

Example of Ascii values comparison   
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3. Logical operators 

Logical operators are used to perform logical operations and return Boolean results.

OR ( || ) Table

A B A||B

0 0 0

0 1 1

1 0 1

1 1 1

AND ( && ) Table

A B A&&B

0 0 0

0 1 0

1 0 0

1 1 1

NOT ( ! ) Table

A !A

0 1

1 0

AND ( && ) Table

A B A&&B

false false false

false true false

true false false

true true true

OR ( || ) Table 

A B A||B

false false false

false true true

true false true

true true true

NOT ( ! ) Table

A !A

false true

true false

A.P. Baydaa Sulaiman



Find the result

Ex. What is the final result of variable z after executing all of the following statements?

int x = 9, y = 9;

int d = 4, f = 4;

int z = (x == y) && (d == f); 

z = 1 && 1;  //  z = 1

z = (x == y) && (d == f); 

z=  1&&0  ;      //   z=0

z = (x == y) || (d == f);                                                                

z= 1  || 0           //    z=1                                 

  

Ex. What is the result of variable z after executing each of the following statements step by step?

int x=15, y=6, z;

z= x==y;        //  z=0

z= !(x==y);    //  z=1

z= x>y;         //   z=1

z= !(x>y);      //  z=0

What is the final result of variable z if we change the value of f =4 and d=3?

What is the final result of variable z  if we change the && operator to ||?
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Ex. What is the result of variable z after executing each of the following statements step 

by step?  If you know  x=15 ,  y=6

1.

z=  (x==y)&&(x>y);    z=  0&&1     //   z=0

z=  (x==y)&&(x<y);    z=  0&&0     //   z=0

z=  (x!=y)&&(x<y);    z=  1&&0      //   z=0

z=  (x!=y)&&(x>y);    z=  1&&1      //   z=1

2.

z=  (x==y)||(x>y);    z=  0||1     //   z=1

z=  (x==y)||(x<y);    z=  0||0    //  z=0

z=  (x!=y)||(x<y);    z=  1||0      //  z=1

z=  (x!=y)||(x>y);    z=  1||1      //  z=1

3. 

bool a = true, b = false;

cout << (a && b) << endl; // Output: 0 (false)

cout << (a || b) << endl; // Output: 1 (true)

cout << (!a) << endl;     // Output: 0 (false)
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int x = 10;
x = x + 6;  /* x = 10 + 6 */
cout << x; /* 16 */

: سيكون كالتاليو, )=+( المعامل لكن باستخدامالسابقة الكودنفس 

int x = 10;
x += 6;  /* x = x+6 = 10+6 */
cout << x; /* 16 */

Ex:

int i = 9;
i /= 3; /* i = i/3 = 9/3 = 3 */

These operators assign values to variables.

.واحدوقتفياسنادمعرياضيةحسابيةبعمليةتقومأنهاالمعاملاتهذهوظيفة

Ex:

4. Assignment Operators

a = 10

a =  a + 5

a =  a - 3

a =  a * 2

a =  a / 2

a =  a % 2
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5. Unary  Operators

.Unary operators operate on a single operand.    لإجراء عملية معينة عليها( أو متغير واحد)تسُتخدم مع قيمة واحدة فقط المعاملاتأن هذه 

I. Unary  plus (positive sign) Operators         معامل الجمع الاحادي
The symbol (+) represents the unary plus operator in C++, which explicitly specifies the positive value of 
its operand. It doesn’t change the sign of x if it’s already positive, but it can be used for clarity in 
expressions.

موجبة سالبة اوإذا كانت( مثلا x)المتغيرولا يغير هذا الرمز علامة. الأحادي والذي يحدد بوضوح القيمة الموجبة لمعاملهمعامل الجمع)+( يمثل الرمز 

.بالفعل، ولكن يمكن استخدامه للتوضيح في التعبيرات
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#include <iostream>
using namespace std;  // Use the standard namespace
void main()
{

// Unary plus (positive sign)
int x = -5;
int y = +x;  // Unary plus, y stays as -5, because + doesn't change the sign 

of a negative number
cout << "Unary plus (negative): " << y << endl;  // Output: -5

x = 5;
y = +x;  // Unary plus, y stays as 5, because it's already positive
cout << "Unary plus (positive): " << y << endl;  // Output: 5

}

II. Unary Minus (-) Operator         معامل الطرح الأحادي(-)
The unary minus operator is used to change the sign of an operand. It changes a positive operand to 

negative and a negative operand to positive. For example:

Ex1.// Unary minus (negate value)
x = 5;
y = -x;  // Unary minus, y becomes -5
cout << "Unary minus: " << y << endl;  // Output: -5

Find the inverse ( or negate ) value of x. 
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Ex2.// Unary minus (negate value)
x = -10;
y = -x;  // Unary minus, y becomes 10
cout << "Unary minus: " << y << endl;  // Output: 10



Difference between minus(-) unary operator and minus(-) arithmetic operator:

The minus (-) unary operator and minus(-) arithmetic operator look same, however they are completely 

different. The unary – operator works on a single operand while the arithmetic – operator works on two 

operands. For example:

int num1 = 10, num2 = 5, num3 = 100, sub; 

//this is minus(-) arithmetic operator

//working on two operands num1 and num2

sub = num1 - num2;

//this is minus (-) unary operator

//working on a single operand 

int inverseNum3 = -num3;       //value of inverseNum3 is -100

III. Logical NOT (negate Boolean) Operator

The logical NOT operator (!) negates a Boolean expression. If the value is true, it becomes false, and vice versa.

#include <iostream>
using namespace std;
int main() 
{

bool z = false; // Variable z is initialized to false
cout << "Original value of z: " << z << endl;
cout << "Negated value of z: " << !z  << endl;
return 0;

}
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 a ++ نستخدمتعنيaالحسابيالتعبيرفيالاستخدامبعدبواحدالزياداي.بواحدزيادهايتمثمالحسابيالتعبيرفي.

b---  نستخدمتعنيbالحسابيالتعبيرفيالاستخدامبعدبواحدالنقصاناي.بواحدنقصانهايتمثمالحسابيالتعبيرفي.

++a تعني زيادةaاي الزيادة  بواحد قبل الاستخدام في التعبير الحسابي. في التعبير الحسابيبواحد  ثم استخدامها.

--b تعني نقصانbاي النقصان  بواحد قبل الاستخدام في التعبير الحسابي. في التعبير الحسابيبواحد  ثم استخدامها.

      

IV. Increment Operators               V. Decrement Operators 
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Increment and decrement operators 

Assume    a=10 , find the values of a and result  in the following: 



         

Ex

Ex

  النقصان او الزيادة استخدام حالةفي الناتجفي الفرقنلاحظلاهنا :ملاحظة

  بنفسالناتجوضععند(a++,b--,++a,--b) من واحدة لكل واحد بمقدار

(اخرىلمتغيراتحسابي تعبير اي بدونو) واحد سطر وعلى المتغير اسم
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Ex 1. Postfix Increment (a++)

int a = 5;

int result = a++; // result is assigned 5, then a is incremented to 6 

2. Postfix Decrement (b--)

int b = 5; 

int result = b--; // result is assigned 5, then b is decremented to 4 

3. Prefix Increment (++a)

int a = 5;

int result = ++a; // a is incremented to 6, then result is assigned 6 

4. Prefix Decrement (--b)

int b = 5;

int result = --b; // b is decremented to 4, then result is assigned 4 

  او دةالزيا استخدام دحالةفيالناتجفي الفرق نلاحظهنا :ملاحظة

(a++,b--,++a,--b) من واحدة لكل واحد بمقدار النقصان

حسابي تعبير يوجداي ) اخرمتغير سمباالناتجوضععندما

.(اخرىلمتغيرات

/* result في قيمته يضع ثم أولاً بواحد a يزيد */

/* result في قيمته يضع ثم أولاً بواحد b ينقص */

/* بواحد a يزيد ثم a يساوي  result يجعل */

/* بواحد b ينقص ثم b يساوي  result يجعل */
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Ex. Find the value of a and b :
  1). If  a=5 , b=a++        

          Solution:  b=5      a=6

      

  2). If a=5  and b=++a                             

           Solution : b=6   a=6

Ex. Find value of i and j :
   1). If  i=7 ,   j=4+ --i;             Solution :i=6        j=4+6=10

   2). If  i=7 ,   j=4+ i--;              Solution: j=11     i=6

Ex:  What is the result of variables x,y,z after executing each of the following 
statements step by step?

 main()

   {

           int x ,y ,z;

          x=y=z=0;

          x= ++y   +  ++z;           //     x=2 ,  y=1 ,  z=1 

          x=y++  +  z++;             //     x=2  ,  y=2  , z=2

          x=++y  +  z++;            //      x=5  ,  y=3 , z=3

          x= y-- +  --z;           //       x=5  , y=2  , z=2

cout << "x= " << x << "; y= " << y << "; z= " << z;

     }

                  Solution : x=5; y=2; z=2;

VI. Address-of                                                            VII. Dereference



6. Bitwise Operator
Bitwise operators perform operations at the bit level.
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(Logical Operators)المنطقيةالعمليات.1

(Boolean values)المنطقيةالقيممعتُستخدم•

توى مسعلىوليسالكاملة،القيمةمستوى علىتُطبق•
(Bits) البتات

بينالعلاقةعلىبناءً false أو true دائمًاالناتج•
المدخلات

Bitwise Operatorsباستخدامالعمليات.2

(integer types)الصحيحةالأعدادداخل(Bits) البتاتمستوى علىتعمل•
(Binary representation)الثنائيالتمثيلمعوتتعامل

ديداجرقماوتنتجمستقلبشكلالرقمينفي (bit) بتكلعلىالعملياتتُطبق•
.البتمستوى علىالنتيجةيمثل

:Bitwise Operators باستخدامالعملياتوLogical Operatorsالمنطقيةالعملياتفي NOTو XOR و OR  و AND بينالفرق 

|| Bitwise OR a | b



#include <iostream>
using namespace std;
int main() 
{

int a = 5, b = 3;
cout << "Values: a = " << a << ", b = " << b << endl;

// Bitwise AND
cout << "Bitwise AND (a & b): " << (a & b) << endl;

// Bitwise OR
cout << "Bitwise OR (a | b): " << (a | b) << endl;

// Bitwise XOR
cout << "Bitwise XOR (a ^ b): " << (a ^ b) << endl;

// Bitwise NOT
cout << "Bitwise NOT (~a): " << (~a) << endl;

// Left Shift
cout << "Left Shift (a << 1): " << (a << 1) << endl;

// Right Shift
cout << "Right Shift (a >> 1): " << (a >> 1) << endl;

return 0;
}

A.P. Baydaa Sulaiman



A.P. Baydaa Sulaiman

a|b

a^b

:(a^b)

bitsعلى  الـ  bitwiseتوضيح نتائج  البرنامج عند  تنفيذ  عمليات 



A.P. Baydaa Sulaiman

:(~a)

~a-6

a<<1

:(a<<1)

:(a>>1)

(a>>1)



The syntax is:

                           variable = (condition ) ? result1 : result2 ;

 falseاي يكون جواب الشرط  result2والا فيتم تنفيذ النتيجة الثانية trueعندما يكون جواب الشرط  result1معناها انه يتم تنفيذ النتيجة الاولى 

if(condition)

   result1;

else

   result2;

Ex 1:  

int main() 
{

int a = 5, b;
b = a > 1 ? 10 : 20; // Ternary operator
cout << b << endl;  // The output b = 10
return 0;

}

7. Ternary Operator(Conditional Operator) :?اداة الشرط 

The ternary operator is a shorthand for an if-else statement.
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Ex2:

int main()

{

int x, y;

cin >> x;

y = x >= 0 ? x : -x;

cout << y << endl;

return 0;

}

If you enter x=4 then y=4, but if you enter x= -7 then y=7

8. Other Special Operators

Ex.
int a = 5;
cout << "Size of int: " << sizeof(a) << " bytes" << endl;
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The sizeof operator in C++ is used to determine the size (in bytes) of a data type or object in 

memory. It is a compile-time operator, meaning it evaluates the size of the data type or variable 

during the compilation phase.

sizeof

#include <iostream>
using namespace std;
void main() 
{

int x = 42;
double y = 3.14;
char z = 'A';
cout << "Size of int: " << sizeof(int) << " bytes" << endl;  // Size of int data type
cout << "Size of x: " << sizeof(x) << " bytes" << endl;      // Size of variable x
cout << "Size of double: " << sizeof(double) << " bytes" << endl;
cout << "Size of y: " << sizeof(y) << " bytes" << endl;
cout << "Size of char: " << sizeof(char) << " bytes" << endl;
cout << "Size of z: " << sizeof(z) << " bytes" << endl;

}
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