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Topic Chapter # Lectures

Introduction to computers and programming languages Chapter 1 2
Basics of C++ Chapter 2 6

— Data types, variables

— Arithmetic expressions, operators, assignment,

increment, decrement

Input/ Output Basics Chapter 3 2
Quiz
Control Structure | (Selection) Chapter 4 5

— Relational and logical operators

- “if,if ... else”

—  Switch Structure
Control Structure 11 (Repetition) Chapter 5 5

— Loops: “while” Loop, “for” Loop and “do... while”

Loop.

— Nested control structure
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Arrays and strings
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— One dimensional Arrays creation, initialization and
manipulation
— Strings
— Multidimensional Arrays
Homework
User defined functions Chapter 6 8
— Predefined functions, user defined functions
— Value returning functions, void functions
— Value Parameters
— Reference Variables as Parameters
— Value and Reference Parameters and Memory Allocation
— Reference Parameters and Value-Returning Functions
Scope of an Identifier
—  Global Variables, Named Constants, Static and
Automatic Variables
— Function Overloading
— Functions with Default Parameters
— Recursive function
— Arrays as a parameter to function
POINTERS Chapter 12 4
— Pointer Data Type and Pointer Variables
— Address of Operator (&) and dereferencing Operator (*)
— Pointers with arrays
— Pointers as a parameter to functions
In-lab Assignment

Course Policy
Course Website (Moodle): http://www.mlms.hu.edu.jo/. Students are asked to check the
website regularly for announcements.
- Students are responsible for the reading assignments from the text and handouts
Students are responsible for following up the lecture materials
- If you miss class, there won’t be a makeup test, quiz, etc. and you WILL get a zero unless
you have a valid excuse.
- Cheating and plagiarism are completely prohibited.
If you miss more than 15% of classes you will automatically fail the class.
Grading policy:
* Midterm exam: 35%
*  Quiz, homework and in-lab Assignment: 25%
* Final exam: 40%

Midterm Exam will be held in March 11, 2018
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Introduction to computers and programming
languages

outh

ne.

The Language of a Computer

The Evolution of Programming Languages

Processing a C++ Program

Programming with the Problem
Analysis—Coding—Execution Cycle

Basics of a Typical C++

Phases of C++ Programs:

1.

Edit (create .h and .cpp files):
create the source code or file

Preprocess (text replacement,
include other files)

Compile: creates the object code
Link: creates the executable file
Load

Execute

Environment gl e

Preprocessor program
processes the code.
Compiler creates
object code and stores
it on disk.
- Linker links the object

code with the libraries,
creates a.exe and
stores it on disk

Primary

Memao

Loader puts program
in memory.

Primary
Memo:

CPU takes each
instruction and
executes it, possibly
storing new data
values as the program
executes.
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C++ Program

l
*4—
s

Syntax_._
Error
Library —
Loader

e Editor

Use an editor to create a source program in C++.
e Preprocessor

Preprocessor directives begin with #, used to
include other files.

e Compiler

Check that the program obeys the language rules,
Translate into machine language (object program)
e Linker:

Combines object program with other programs
provided by the SDK to create executable code

e Loader:

Loads executable program into main memory

e EXxecute

The last step is to execute the program

» Library: contains prewritten
code you can use
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Program Development Cycle:
Programming is a process of Problem Solving. Three
main steps in good problem solving technique:

1. Analysis: Understanding the problem in depth,
determine the inputs, outputs, and operations. Pin
points the problems in the current system, suggest
solutions and algorithms to solve the problem.

2. Coding: implement the algorithm in a
programming language, including:

a. Editor: writing your programming
instructions in an editor, instructions
should follow c++ syntax rules. The file
saved in extension ".cpp"

b. Preprocessor: process any statement start
with the preprocessor directive # (ex.
#include<iostream>)

c. Compiler: converting (.cpp )code to a
machine language (.obj) code

d. Linker: combine the object file with
library object files. The extension of the
result file is (.exe)

e. Loader: A program that loads an
executable program into main memory.

f. Execution: read and execute instruction by
the CPU and show the result.

3. Execution: while the program deployed in the
environment, maintain the program to solve any
new issues and modify it to accommodate with
any change.

During this process, errors may appear in different

phases. For Examplesyntax errors may appear in the

compilation phase, let us to return to the editor in
order to fix these errors. Symantec errors (logical
errors) may appear during program execution because
of wrong ordering of sum operations or errors in the
implemented algorithm or there may be some wrong
understanding of sub-problem issues and needed to
reanalyze.
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Program development cycle steps:

1. Problem definition.
B To understand the problem is half the solution.
B Describe it by precise, up to the point statements that will make both analyzing and solving the problem
easier and clearer.
2. Problem analysis (understanding).
B Determine the inputs, outputs, and the required operations.
B Explore all possible solutions.
B Pick the easiest, in terms of implementation cost (space, time) one.

3. Algorithm Development
B Algorithm is a procedure that determines the:
B Actions to be executed.
B Order in which these actions are to be executed (which is called program control and in industry it is
called work flow).

B So, it is a plan for solving the given problem.
B You must validate the developed algorithm, i.e. make sure that it solves the correct problem.
B You must verify the developed algorithm, i.e. make sure that it produces correct results.
B You must check the feasibility (in terms of the needed resources, ease of implementation, ease of
understanding and debugging, its expected execution time, etc.) of the developed algorithm.
B Algorithm Representation:
1. Human language
2. Pseudocode.
3. Flowcharts (also called UML activity diagram).
4. Coding

W Writing the source code of your solution that is to convert the developed algorithm into code statements of
the used language, i.e. C++.
B Some useful tips:
B Make sure of using correct syntax.
B Use meaningful identifiers to make your code more readable.
B Add suitable documentation and comments.
B Make your code modular or structured as possible.
5.Execution and Testing
B Compilation and debugging.
B Types of errors:
B Syntax errors (Compile time errors): Errors caught by compiler
B | ogical errors (Runtime errors): Errors which have their effect at execution time
B Non-fatal logic errors: program runs, but has incorrect output
W Fatal logic errors: program exits prematurely
B Tracing to verify your program with different sets of inputs.
6. Maintenance
B Not always applicable in education, i.e. highly required in real world jobs.
B Update your code based on:
B Discovered and reported bugs.
B Customer feedback to make your application more efficient and flexible.
B Upgrade the code
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C++ Basics

Outline:

Introduction to C++ code.
Data types.

Identifiers.

Casting.

C++ keywords.

Sample C++ Program

FIS

ample C++ Program

f* This program prompt the user to enter two integers

and
#in

int

i

return their sum¥*/
clude <iostream.h>
main)

int al, a2, sum;

cout<<Enter the first number:"; /S /this message will appear to the user

cout << endlj;
cin »>>» alj;

cout<<"Enter the second number: "<« endlj;

cin »»> a2;

sum = al + alj;

cout <<"The sum of " << al << " and " << a2 << " = " << sum << "“n";

return &8;

cv "C:\WProgram Files\Microsoft Visual Studio\COM

Entex» the first numbex:
S

Entex» the second number:

6
The sum of 5 and 6 = 11
Press any key to continue

Program Explanation:

Comments:

ffsample C++ Program

f* This program prompt the user to enter bwo integers }

and return their sum*f

You use comments to document programs
Comments should appear in a program to:

o Explain the purpose of the program

o ldentify who wrote it

o Explain the purpose of particular statements

Single line comment:
after //f

& Nulti-line comments:
between /* and */

Note: Comments are not processed by the compiler, feel free

to write anything you want.
Preprocessor directives:
example:
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#include <iostream.h>

or

#include <iostream:
using namespace std;

m .hfile:

Special instructions for the preprocessor.Start with # and
usually come at the beginning of the program.
Tell the preprocessor to perform code substitutions, variables
definitions, or conditional compilation in the source code.
Use iostream header file to receive data from keyboard and
send output to the screen
B Contains definitions of two data types:
M istream: input stream
W ostream: output stream
B Has two variables:
B cin: stands for common input
B cout: stands for common output

Header file which is simply a library that includes the
definitions of the used functions within the program, i.e. the
frequently used ones to avoid repeating the code.

Two types: standard (comes with C++ package) and user
defined.

® int main():

int

i

main()

write your code here

The main part of your program and it represents the entry
point of it.

The compiler will compile all instructions inside the main().
So, place all instruction within the main function, i.e.
between its braces { }.

main executes when a program is run, other functions
execute only when called

m{}

e Braces define a block of code.

e { s the start of this block and } is its end.
W al, a2, sum:

11
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int al, a2, sum;
e Names of variables and they are called identifiers.
H int:
e Define the data type of the used variable.
e int means an integer variable.
H cout:

cout<<"Enter the secand number: "<< endl;

e Function defined in the iostream library.

e An output operator.

e Tells the compiler to display the string or variable value after
the insertion operator << on the screen.

e cout is always followed by <<.

H cin:
cin »» a2;

e An input function defined in the iostream library.

e Get an input usually from the keyboard.

e Followed by the extraction operator >> then the variable
name in which you want to store the input value.

e Input type depends on the variable type in which you store
the input.

W return O:

o Tells the compiler that the main function returns 0 to the
operating system in case of successful execution of the
program.

B Semicolon ; :

int al, a2, su

cout<<"Enter the first number:™[ |

cout << endl[]

cin >> a

cout<<"Enter the second number: "<< end{:]

e Tells the compiler that one instruction line has been
terminated.

e A large set of errors will appear if you forget to put a
semicolon at the end of every code line in your program.

e Any line of code terminated with ; is for the compiler,
preprocessor directives do not end with ;

C++ Versions:
e Visual C++.
e Visual studio

Identifiers (variable):
= memory location whose content may change during execution

12
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= Names of variables, constants, and functions.
= Data must be loaded into main memory before it can be manipulated
= Storing data in memory is a two-step process:

o Instruct computer to allocate memory (define a variable)

o Include statements to put data into memory (set its value)

Variable declaration:

e Avariable is said to be initialized the first time a value is placed into it
e In C++, = is called the assignment operator

Example:

#include <iostream>
using namespace std;
—lint main()

1

int =3

char w;

float =3

double hj;

bool g3

return @;

e To declare a variable you must specify its name and its data type.
int x ; -->variable name is x and its data type is int

= data type :

1. int: Integer Positive and negative integer values (no decimal point is allowed).

2. floot : Floating point numbers include integers, decimal point (fractions) and exponents
(power of 10).

3. double: Same as float but with greater range.

4. char : Character is one byte of memory used to save any symbol, alphabet or digit number
presented on the keyboard, e.g. :,/, @, d, 5.

5. bool : Boolean value is either true or false.

Example:

#include <iostream>
using namespace std;
—lint main()

i
int x;
¥=9;
Error: identifier "y" is undefined
Feturn 9;
¥

o All variables must be declared before they are being used in the program. If you use a
variable not declared the compiler will give you a syntax error.
Example:
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#include <iostream:>
using namespace std;
—lint main()

i
¥=9;
Error: identifier "y" is undefined
int 3}
return 8;
¥

e syntax error - make sure to declare variable before the first usage of the

variables(declare it then use it )

e You can place declarations in any place within your program, but it is preferred to place

them at the beginning of your program.

example:

#include <iostream>
using namespace std;
=lint main()

1
int y, z,f;
float g=9.4,a=5.7;
return @;

h

e Multiple variables of the same data type can be defined using one statement having the

variables name comma separated.
Example:
#include <iostream:
using namespace std;
-lint main()
1
int x;
x=5;
float x;
H return &;

e declare variable twice is Syntax error.

Example:
#include <iostream:
using namespace std;
—lint main()

1
int x=18;
int y =x;
cout<<y<<endl;
cout<<x;
return &; m
} 16
16_

alaa abu srhan --email
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Example:

#include <iostream:
using namespace std;
“lint main()
1
int wx;
Xx=1@;

Error identifier "XX" is undefined

return 8;

}

syntax error -- C++ is case sensitive, i.e. xx is different from Xx and xX.

You can use anything as an identifier with the following restrictions:

1. Do not use any of C++ keywords, e.g. if, for, int, float, cout, ...

#include <iostream: #include <iostream:
using namespace std; using namespace std; using namespace std;
-lint  main() -lint main{) -lint  main()
{ i {

int for; int if;

#include <iostream:

int while

Error: expected an identifier
retu
I I
e syntaxerror

2. Never start your identifier with a digit (number) always start it with alphabet or
underscore.

#include <iostream: #include <iocstream:>

using namespace std; using namespace std; using namespace stdj;
—lint main() —-lint main() —lint main()

i 1

i
int Eﬂ H int _x int x2

Error: expected an identifier
retu

Error: expected an identifier
retu

#include <iostream:

i
rety Erron expected an identifier return @;

return @;
¥ ¥ ¥
variable never start variable can start variable strat with
with number H{syntax with underscore () alphabet and contain
error) (no error) number (no error)

3. Do not use white spaces in your identifier, use underscores instead.

15
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#include <iostream:

#include <iostream:
using namespace std;

using namespace std;

-lint main() -lint main()
{ 1
int x g ; int »x_g
return Error: expecteda ' return B;.|
¥ ¥

Do not use white spaces

(syntax error) (no error)

4. Do not use special symbols in your identifier such as #, $, etc.

use underscores instead of white

spaces

#include <iostream: #include <iostream:

using namespace std; using namespace std;
-lint  main() -lint  main()
{ {

int xfilg ; int #xg

3

Error unrecognized token Error '#' not expected here
retun

retuy

e syntaxerror

etc
#include <iostream:

using namespace std;
-lint main()

#include <iostream:
using namespace std;

-lint main()
1 1
int xtg ; int xgr
retur Error: expected a ') ‘ return Error: expected a ; ‘
h h

e syntaxerror

Naming ldentifiers

e Identifiers can be self-documenting:
B CENTIMETERS PER_INCH
e Avoid run-together words :
B annualsale
B Solution:

#include <iostream:

using namespace std;
-lint  main()

1

int xg! ;

Error: expected a '}’

return

Do not use any of the operators (arithmetic, logical, etc.) in your identifier such as +, =,

#include <iostream:

using namespace std;
-lint main()

{

int =xg ;

Error: identifier "xg" is undefined
retur

B Capitalizing the beginning of each new word: annualSale
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C++ Keywords
e Words reserved by C++.
e Always lower case, should not be used as identifiers.

|TZ++ Keywords

Keywords common to the
C and C++ programming

languages
auto
continue
enum

if
short
switch

volatile

C++ only keywords

asm
delete
inline
private
static_cast
try

wchar_t

cout example:

break
default
extern
int
signed
typedef
while

bool
dynamic_cast
mutable
protected
template
typeid

case
do
float
long
sizeof

union

catch
explicit
namespace
public
this
typename

char
double
for
register
static

unsigned

class

false

new
reinterpret_cast
throw

using

* Prompt lines: executable statements that inform the user what to do

const
else
goto
return
struct

void

const_cast
friend

operator

true

virtual

cout << "Please enter a number between 1 and 10 and " << "press the return key" ;
cout<<endl,
cin >> num;

* Always include prompt lines when input is needed from users

alaa abu srhan --email: alaaa@hu.edu.jo
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Examplel

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

i
int x =5;
int y=9;
cout<<x<<endl; - cout use to output x value and then make new line
cout<<y<<endl; > cout use to output v value and then make new line
cout<ixd<y; cout use to output x value then y value at the

same line

cout<<"hello"<<endl; *  cout use to output hello (hello is string so it
cout<c e "<<xecendl: will output on screen as it is)
return @; — there is no endl between cout<<x<<y; and

} cout<<"hello"; so it will print in one line

»- cout use to ouput "x= "string then value of
X - x= 5

we can use one cout sentence to output
multi things(strings and wvariable viaues)
separated with =<

Example2

#include <iostream>
using namespace std;
-lvoid main()
{
int x;
X=29;
int y=5;
cout<<"expression in cout (x+y)";
cout<<endl;
cout<<endl;
cout<<x+y<<endl;

e when we found cout<<endl; twice this mean empty line
Example3

#include <iostream:>
using namespace std;
—lint main()

{
int x;
cout<<x;
return @;

} 1

858973468
e use any variable before assignment( give the variable value) is logical error

18
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Example5
#include<iostream:
using namespace std;
Flwvoid main()
{ e logical error
double d3;
d3+=4;
cout<<d3;

} n

—2.255%6e+861

Data Types:

1. int:
Examplel:

#include <iostream:
using namespace std;
=lint main()

{

int y= -5;
cout<<x<<endl; = cout: use to output variable value or string
coutd<y; .
s new li
return 8; endl : ne e i
cout followed always with <<

e Positive and negative integer values (no decimal point is allowed).

Example2:
#include <iostream:
using namespace std;
-lint main()

1
int x ; . . )
¥=3; r——  you can assign value to a variable when you declare it, or
int y= 3.5; after declaration
cout<<x<<endl;
cout<<y;
return @; . . . . .
} — > storing 3.5 in int < ignore everything after the decimal

point without rounding

e What will happen if you save a float number in an integer?
result : ignore everything after the decimal point without rounding
Example3

19
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#include <iostream:
using namespace std;
-lint main{)

1
int signed x =-6 ;
int unsigned y= 3;
int leng z=5;
int short h=7;
cout<<x<<endl;
cout<<y<<endl; ]
cout<<z<<endl;
cout<<h<<endl;
cin.get();
return 8;

cal

short: 2 bytes signed integer.

long: 4 bytes signed integer.

signed: 4 bytes the most significant bit is reserved for sign.

unsigned:4 bytes no negative numbers.

o note: The default of int type depends on the used compiler and the operating system

under which this compiler is work:

B inta;// here ‘a’ is by default signed long integer under VC++ (works under
windows).
B inta;// here ‘a’ is by default signed short integer under Turbo C++ (works
under DOS)

Example4
#tinclude <iostream:
using namespace std;
-lint main()

{

int signed long x =-6 ;

int unsigned
coutdex<<endl;
cout<cy<<endl;

return @;

short y= 3;

= -

—b
} 3

e you can combine signed and long or short for the same variable, and you can combine
signed and long or short for the same variable.

Example5
#include <iostream:
using namespace std;
-lint main()

{

x =-6

>

#include <iostream>
using namespace std;

Error: invalid combination of type specifiers

cout<<x<<endl;
cin.get();
return 8;

syntax error

-lint main()

{

int short long x =-6 ;
Error invalid combination of type specifiers

cout<<x<<endl;
cin.get();
return 8;

}

¢ You cannot combine signed and unsigned for the same variable and you cannot combine

long and short for the same variable.
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2. float:
e Floating point numbers include integers, decimal point (fractions) and
exponents (power of 10).

e Memory size: 4 bytes.

Examplel
#include <iostream:
using namespace std;
—lint main()

1
float x=3.5; —— decimal point (fraction )
float y=3; —» integer
cout<<x<<endl;
cout<<y<<endl;
cin.get();
return 8; n

¥ 3.5

£]
Example2

#include <iostream:
using namespace std;
-lint main()

i
float w=-5.6;
coutddx;
return @;
¥

e float Include both positive and negative values.

example3
#include <iostream:
using namespace std;
—lint main()
1
Tloat x=21.34567;
float y=21.34562;
cout<<x<<endl;

cout<<y<<endl; | 5 -
return @;

3 21.3457
21 .3456

o Float has decimal point precision up to 6 digits. What happen if you enter more than
6 digits ? (truncation) 6 digit will store and last digit(in the right) must be rounded.

Example 4

21
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#include <iostream>
using namespace std;
-Iveid main()

i
float x;
XK=2e2:
cout<<x<<endl;
float d;

d=2e-2;
cout<<d;

}

Example6

#include <iostream:>
using namespace std;
—lint main()

{
Tloat x=2.5e2;
cout<<x;
return @;
¥

e 25*100=250
3. double:

e Same as float but with greater range.
e Syntax: double a;
e Itssize is 8 bytes.

Examplel
#include <iostream>
using namespace std;
—lint main()

i
double x=-58;
double y=2e2;
double z=5.6;
double ¥=432.5671;
double ff=432.5677;
cout<<w<<endl;
cout<<y<<endl; m
cout<<z<<endl; -y
cout<<T<<endl; 24515)
cout<<tf<<endl; 355-567

return 'B‘J' 432 ool
¥
Note:

e Maximum number of significant digits (decimal places) for float values: 6 or 7
e Maximum number of significant digits for double: 15
e Precision: maximum number of significant digits

o Float values are called single precision

o Double values are called double precision

22
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4. char:

e Character is one byte of memory used to save any symbol, alphabet or digit number
presented on the keyboard, e.g. :, /, @, d, 5.
Syntax: char a;
e Each character is enclosed in single quotes
B AL, 0, S &
o A blank space is a character written ' ', with a space left between the single quotes

Examplel
#include <iostream>

using namespace std;
-lint main()

{
char x="a';
char y="9";
cout<<x<<endl;
cout<<y<<endl; !
return &;

} 5

e only and only one character can be stored in a char variable

Example2
#include <iocstream:>

using namespace std;
—lint main()

1

char x="abcd';
cout<<x<<endl;

return &; Ej
y 4

¢ only and only one character can be stored in a char variable--> if you initialize char
variable with more than one character, then only the last one will be taken and stored in
your variable.

Example3

#include <iostream:>
using namespace std;
=lvoid main()
i
char d;
cin>>d;
cout<<d;

e if you enter it from the keyboard (using cin) you must enter only one character. If you
enter more than one character for a char variable only the first one will be taken and
stored in your variable.

Example 4

23
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#include <iostream:
using namespace std;
-lint main()

{

char x = “a";

Error identifier "“a"" is undefined

coutT<{x<<endlL;
return @;

e Syntax error since “a” is not only one character (a+null value)
character coding:

B Character coding is used to store the values of characters in char variable in C++
since computers only knows binary numbers.

B Based on this coding every character has a number value.

B Coding types:

e ASCII (American Standard Code for Information Interchange).

e EBCDIC (Extended Binary Coded Decimal Information Code).

e Unicode : used mainly for Internet applications.

e ASCII is the most dominant.

ASCII Table

Dec Hxoct Char Dec Hx ©et Hitml Chr  [Dec Hx Oct Hitml ©hr| Dec Hx Oct Hirnl Chr
0O 0 000 NUL (ruall) 32 20 040 s#3Z; Space| 64 40 100 e#6d; [ 26 60 140 &#96:

1 1 001 530H (start of heading) 33 21 041 =#33: ! 65 41 101 &#65; & 27 61 141 =#97: =&
2 2 002 3TX (start of text) 34 22 04z =#34; 7 66 42 102 «#¥66; B 95 52 14z &#98; b
3 3 003 ETH (end of text) 35 Z3 043 #3357 # 67 43 103 «#67; C 99 53 143 &#99; C
4 4 004 EAT [(end of transmission) 36 24 044 #3675 55 44 104 «#68; D [lo0 64 144 &#l00; d
5 5 005 EMOQ (enquiry) 37 25 045 &#37: = 69 45 105 «#59; E (101 65 145 &#101; &
6 6 006 ACE [acknowledge) 38 26 045 #3837 & 70 46 106 «#70; F [102 66 145 &#l0z2; €
7 7 007 EBEL (hell) 39 27 047 =#39: ' 71 47 107 «#71: G [103 67 147 &#103: o
8 & 010 ES (hackspace]) 40 26 050 &#40; | 72 48 110 «#72Z; H (104 68 150 &#104: h
9 9 011 TAR (horizontal tah) 41 29 051 =#41: ) 73 49 111 «#73; I [105 69 151 &#l05; i
10 & 01Z LF (NL line feed, new line)| 42 ZA 052 &#dZ; * 74 4a 112 «#74; T [106 64 152 &#106; ]
11 B 013 WT (wertical tab) 4% 2B 053 =#43: + 75 4B 113 «#75; K [107 6B 153 «#107: k
12 C 014 FF (NP form feed, new page)| 44 ZC 054 &#d4d; , 76 4C 114 «#76; L [1l0g 6C 154 &#105; 1
13 Ir 015 CR [(carriage return) 45 2D 055 &#45; - 77 4D 115 «#77: M (109 6D 155 &#1l09; o
14 E 0ls 50 [shift out) 45 ZE 056 #4667 . 78 4E 116 «#758: I (110 6E 156 &#110:; 1
15 F 017 4T [shift in) 47 ZF 057 =#47: F 79 4F 117 &#79:; 0 (111 6F 157 &#111: o
16 10 020 DLE [(data link escape) 43 30 060 &#45; 0 80 50 1zZ0 «#50; F |112 70 1le0 &#llz2; p
17 11 021 DC1l (dewvice control 1) 49 31 06l &#49; 1 81 51 121 «#G1; 01 |113 71 1lel &#11353; O
18 12 022 DCZ [(dewvice contraol 2) 50 3Z 06z &#50; = SZ 52 1Zz «#582; B (114 72 16z &#1l4d; ¢
19 13 023 DC3 [(dewvice contraol 3) 51 33 063 =#51; 3 §3 53 123 «#83; 3 (115 73 163 &#115; =
20 14 024 DC4 (dewvice contraol 4) 52 34 064 #5274 §4 54 1zZ4 «#54; T [1le 74 1le4d &#lla; ©
21 15 025 NaAE [(negative acknowledge) 83 35 085 &#53: 5 §5 55 1Z5 «#85; T (117 75 165 &#117;: 1
22 16 026 5Y¥YN [(synchronous idle) 54 36 066 &#547 6 86 56 lzZe «#86; WV |118 76 leg &#118; v
23 17 027 ETE (end of trans. block) 55 37 087 &#55; 7 87 57 127 «#87; W |119 77 167 &#115; w
24 15 030 CAN [(cancel) 56 38 070 &#56; 8 88 58 130 «#G85; X |120 78 170 &#1z20; =
25 19 031 EM  (end of medium) 87 39 071 &#57; 9 89 59 131 «#G9; T |121 79 171 &#12Z1; ¥
26 1ld 032 5UE (substitute) 58 TA 0TZ &#557 @ 90 54 132 «#90; E |122 TA 172 &#lzZ2; =
27 1B 033 E3C [escape) 59 3B 073 &#59; ; 01 5B 133 &#91; [ (123 7B 173 &#123; |
28 1C 034 F3 [file separator) 60 IC 074 &#60; < 02 5C 134 &#92; % [l24 7C 174 &#124; |
29 1D 035 G3  [(group separator) 61 3D 075 &#6l; = 95 5D 135 &#93; ] [125 7D 175 &#125: 1
30 1E 036 R3 [record separator) 62 3E 076 &#6Z; = 294 EE 136 «#94; ~ (126 7E 176 &#l26; ~
31 1F 037 U3  (unit separator) 63 3F 077 &«#63; 7 95 5F 137 «#95;  [127 7F 177 «#127: DEL

Source: www.LookupTables.com
Example5
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#include <iostream>
using namespace std;

—lint main()
{
char x = 'a';
char y=97;
cout<<x<<endl;
cout<<y<<endl;
return @; n
}

5
L

e y has char data type so it will store character, 97 is the value of ‘a’ in ASCI.

Example 6
#include <iostream>
using namespace std;
SIlwveid main()

{
char x;
w=97:
cout<<x<<endl; » X is char so it will print a
cout<<xtle<endl; » use any Arithmetic operators(+,-,*,/) with x inside cout
statment will print the result as ASKI
cout<ad;
, cin.get();
» d=d+1 the result will save in d , d has char data
type so d will be b
note: 'a' has the value of 97 in ASCII, 'b' has
the value of 98 in ASCII
5. bool :
e Boolean value is either true or false.
e Size =1 byte.
e Syntax: bool a;
Examplel

#include <iostream:
using namespace std;
—-lint main()}

{
bool x="a'; ) )
bool y=8; . True is any non-zero value or simply true keyword.
bool z="hi"; . By any non-zero value we mean:
bool g=true; [¥g 1 «  Any number other than zero, e g 9, -2, -100, 3 4, efc.
cout<<x<<endl; ) . ! .
cout<<y<<endl; *  Any character (including white spaces) or string.
cout<<z<<endl; string is any thing between ", character put between ' e.g "hello” and 'a’
cout<<g<<endl;
cin.get();
return @3

1

e When you print a bool value on the screen, i.e. using cout statement, it will be either 1
when true or 0 when false.
Example2
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#include <iostream>
using namespace std;
—lint main()

i
bool x=8;
bool y=false; False is only zero value or false keyword
cout<<x<<endl;
cout<<y<<endl;
cin.get();
return @; -

5]
¥ 5]

e When you print a bool value on the screen, i.e. using cout statement, it will be either 1
when true or 0 when false.

Example3
#include <iostream:
using namespace std;
-lint main()

bool y=False;

cout{<y‘ Error: identifier "False" is undefined

return &;

e syntax error --> False is not keyword , also True is not keyword (False and True are
variables)
Example4

#include <iostream:
using namespace std;
-lint main()

{
bocl y=b;
cout<s Error: identifier "b" is undefined
return &;

1

e syntax error--> note that b is not character (character between ') b is undefined variable .

Example5
#include <iostream:
using namespace std;
-lint main()

1
bocl y="false";
cout<<y<<endl;
return @;

} n 1

il
e "false" is string, not false keyword.

Data Types Range

alaa abu srhan --email: alaaa@hu.edu.jo
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Bytes

Name (Compiler dependent) Description Range (depends on number of bytes)
char 1 Character or 8 bit integer. signed: -128 to 127
unsigned: 0 to 255
bool 1 Boolean type. It takes only two values. true or false
short 2 16 bit integer. S|gn_ed: -32768 to 32767
unsigned: 0 to 65535
long 4 32 bit integer. signed:-2147483648 to 2147483647
Integer. Length depends on the size of a
. ‘word’ used by the Operating system. In
int 2/4 MSDOS a word is 2 bytes and 0 an Depends on whether 2/4 bytes.
integer is also 2 bytes.
float 4 Floating point number. --
double 8 double precision floating point number. -

Allocating Memory with Constants and Variables

» Named constant: memory location whose content can’t change during execution
» Syntax to declare a named constant:

| const dataType identifier = value; |
e In C++, const is a reserved word

Example:

const double Conversion=2.54;
const int NoOfStudents = 28;

const char Blank = H

casting:

e Casting is converting the data type of the value of a specified variable to another data type

temporarily.
e Two types of casting:
o Implicit casting: done by the compiler implicitly.
o Explicit casting: need to be coded explicitly by the programmer (to force
casting).

Implicit casting:
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#include <iostream:
using namespace std;
-lint main()

i
int y= 7.5 ——® implicitly the compiler will conwvert 7.5 into
cout<<y<<endl; 7
bool x= 18; —— implicitly the compiler will convert 10 to
cout<d<x;
t 1
cin.get(); ] rue (1)
return 8; 7]
1 1.

o Implicit casting is done when needed by the compiler not when needed by you.
Explicit casting:
B Explicit casting types:
1) C-style explicit casting.

#include <iostream:>
using namespace stdj;
—lint maing )

i

int a = 188;
bool b = (bool)aj;
bool c¢ = boocl{a);
cout<<a<<endl;
cout<<b<<endl;
cout<<c<<endl;

return 8;

}

e Just put the data type name that you want to convert to it before the variable name
(or value) that you want to convert and place the parenthesis correctly.
example:

#include <iostream>
using namespace std;
—lvoid main()

i

float a=7.666;

int b=({int)a;
cout<ca<<endl;
cout<<b<<endl;

} =

S -666
-y

o Note that You cast the type of the value of the variable only. So, you do not change the
original data type of the variable through casting.
e data type of a will stay the same (float data type).
Example:

#include <iostream>
using namespace stdj;
—Iwvoid main()

{

int a=7.666;

float b=({float)a;
cout<<a<<endl;
cout<<b<<endl;
b=b+1.53
cout<<b<<endl;

}
o implicitly the compiler will convert 7.666 into 7.
o b has float data type which contain value of x after casting it to float, and 7 will be
stored in b
Example:
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#include <iostream>
using namespace std;

=lint

{

main()

char x="a"';

cout<<x <<"->"<<int(x)<<endl;
x="b"';

cout<<x <<"->"<<int(x)<<endl;
x="A";

cout<<x <<"->"<<int(x)<<endl;
x="B";

cout<<x <<"->"<<int(x)<<endl;

return ©; a—>97

>98
>65
>66

2) C++ casting operators.

e There are 4 casting operators in C++, we will take only one of them.

Syntax: static_cast <new_type> (expression)
Where:

Examplel

e new_type: is the type you want to convert to.

e expression: is the variable name or the expression that you want to cast its

value.

#include <iostream>
using namespace std;

-lvoid main()

{

int a=7.666;
float be=static_cast<float:»(a);

cout<<a<<endl;
} cout<<b<<endl;
Example2

#include <iostream:
using namespace std;

-lint main()

1

cout<<static_cast<bool:{'b");

Example3

il
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# include <iostream>

using namespace std; =

# include <string>

“void main()

{

cout<<static_cast<int>(7.9)<<endl;

cout
cout
cout
cout
cout
cout
cout

system("pause"”);

<<
<<
<<
<
<<
<<
<<

static_cast<int>(3.3)<<endl;
static_cast<double>(25)<<endl;
static_cast<double>(5+3)<<endl;
static_cast<double>(15)/2<<endl;

static_cast<double>(15/ 2)<<endl;

static_cast<int>(7.8+ static_cast<double>(15) / 2)<<endl;
static_cast<int»(7.8 + static_cast<double>(15 [ 2))<<endl;
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Example: Write a program to perform athematic operations (*,+,-,/) for two numbers

# include <iostream?>

2 using namespace std;

3 —void main()

4 {

5 int x ;

6 int y ;

7 int mult, sum, dev, sub;

8 cout << "please enter first integer number” << endl;

9 cin >> x;
18 cout << "please enter second integer number" << endl;
11 cin >> y;
12 mult = x*y;
13 sub = x - y;
14 sum = X + y;
15 dev = x / y;
16 cout << "sum of " << x << " and " << y << "= " << sum << endl;
17 cout << "mult of " << x << " and " << y << "= " << mult << endl;
18 cout << "dew of "™ << x << " and " << y << "= " << dev << endl;
19 cout << "sub of " << x << " and " << y << "= " << sub << endl;
208 cin>>y;
21 cout << "sum of " << x << M and " << y << "= " << sum << endl;
22 cout << "mult of " << x << " and " << y << "= " << mult << endl;
23 cout << "dev of " << x << " and " << y << "= " << dev << endl;
24 cout << "sub of " << x << " and " << y << "= " << sub << endl;
25 SyStem("pause")ﬂ

6 }

Example: Write a program to compute the area of the rectangle.

# include <iostream>
using namespace std;

W M=

# include <string>
=void main()

i
double length;

double width;
cout << "enter length of the rectangle"<<endl;

W =] oo B

cin >> length;

cout << "enter width of the rectangle"<<endl;

cin >> width;

double area;

area = length*width;

cout << " the area of rectangle that has length= " << length;
cout << " and " << "width= "<<width<<"™ is "<<area<<endl;
system("pause");

, = =k =
Wk =@

=l

B | C\Users\eng\documentsivisual studio 2015\Projects\firstcode\Debug\firstcode.exe

of the rectangle

of rectangle that has length= 12.3 and width= 14.5
y to continue .
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String Type

= Sequence of zero or more characters enclosed in double quotation marks
= Length of a string is number of characters in it
o Example: length of "William Jacob™ is 13
o Position of character “W’ is 0
o Position of character ‘J” is 8
= To use the string type, you need to access its definition from the header file string,
Include the following preprocessor directive:
o #include <string>

Examplel
# include <iostream» 1 # include <iostreamy
using namespace std; 2 using namespace std, . ] ]
# include <S'tl"lg> B C:\Users\eng\dOcuments\vigual studio 2[}15\[} 3 # include {Stl"lg} _ C:\UserS\eng\dofumentS\WSUal studio 2015\")
-void main() alaa srhan 4 Evoid main()
{ alaa 5 { alaa srhan
string name; Press any key to continue . . . _ string name; Press any key to continue . . .

cin >> name; getline(cin, name);

cout << name<<endl; ] cout << name<<endl;

system("pause"); system("pause");

» The function getline reads until end of the current line
» cin skips any leading whitespace characters, reading stops at a whitespace character
Example

# include <iostream>

using namespace std;

# include <string>
-lvoid main()

{

[FE N ]

=l &N s

string FirstName;
string LastName;
int age;

double weight;

[T s ]

cout << "enter first name, last name, age, and weight separated by spaces "<<endl;
cin »>> FirstName>> LastName;
cin »> age >> weight;

I
Ll R

cout << "Name: " << FirstName <<" "<<LastName << endl;
cout << "Age: " << age<<endl;

cout<< " Weight" << weight << endl;

17 system("pause");

J oo

B | C\Users\eng\documentsivisual studio 2015\Projects\firstcode\Debug\firstcode.exe
enter first name, last name, age, and weight separated by spaces
ahmad ali 25 70

: ahmad ali

ey to continue . . .

Arithmetic Operators
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Addition +
Subtraction -
Division /
Multiplication *
B Modulus %
B Arithmetic expressions: contain values and arithmetic operators
B Operands: the number of values on which the operators will work
B Operators can be unary (one operand) or binary (two operands)

Example
#include <iostream>
using namespace std;
=lint main()

{
int a=&;
int b=2;
int c=a+b; » result of adding a and b will store in ¢
cout<<c<<endl; so we call ¢ holder
t<<a*b<<endl; > n : :
Z::tcc:-h~ =" *result of a*b will not store 1in any
(5 C."s,llserﬂ variable, so we call the result
return @; ' Temporary result
1

o the result of any arithmetic operation is either store on variable and we call the variable
holder, or use directly without store it so we call it temporary result .
e Arithmetic operators are binary operators (take two operands).
B Division Operator General Rules:
we have two case:
1. without store the result (temporary result).
e if one of the operands or both has float/ double data type, then the result will be
floating point
o if the two operands has int data type, then the result will be integer.
2. using holder .
o if one of the operands or both has float/ double data type and the holder data type is
int, then the result will be integer.
o if one of the operands or both has float/ double data type and the holder data type is
float/double, then the result will be floating point .
o if the two operands has int data type, then the result will be integer.

examples:
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gincludeciostream>

using namespace std;
-lvoid main()

{

int a=5;

int b=2;

cout<<a/b;

}

#include<iostream>

using namespace std;
=void main()

{

float a=5;

int b=2;

cout<<a/b;

L}

#include<iostream>
using namespace std;

=lvoid main()

{

int a=5;
float b=2;
float c;
c=a/b;
cout<<c;

¥

#include<iostream:>

using namespace std;
Flwoid main()

{

float a=5;

int b=2;

float c;

c=a/b;

cout<<e;

L}

Example

#include<iostream>

using namespace std;
-lvoid main()

{

float a=5;

float b=2;

cout<<a/b;

3

#include<iostream>

using namespace std;
-lvoid main()

{

int a=S;

int b=2;

float c¢;

c=a/b;

cout<<c;

gincludeciostream>
using namespace std;
-ivoid main()
{
int a=S5;
float b=2;
int c;
c=a/b;

cin.get();
}

#include<iostream:

using namespace std;
Flwveid main()

{

float a=5;

float b=2;

int €3

c=a/b;

float d;

d=a/b;

coutcce<<endl;

cout<<d<<endl;

cout<<a/b;

L}

#include<iostream>

using namespace std;
=lvoid main()

{

int a=5;

float b=2;

cout<<a/b;

3

#include<iostream>

using namespace std;
=void main()

{

int a=S;

int b=2;

int c¢;

c=a/b;

cout<<c;

} =

#include<iostream>
using namespace std;
-lvoid main()
{
float a=S;
int b=2;
int c;
c=a/b;
cout<<c;

}

#include <iostream:
using namespace std;
Fint main()

{
double a = 5/2;
cout<<a<<endl;
double b = 5.8/2;
cout<<b<<endl;
double ¢ = 5/2.8;
cout<<c;
return @;

LT
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#include<iostream:
using namespace std;
—[void main()

1

int x=9;
int y=4;
cout<<xBy<<endl;

b

o |

% (modulus which finds the remainder)

Example

#tinclude<iostream:
using namespace std;
—lwoid main()

i

float x=9;
float y=4;
cout<<xiy<<endl;

}

float y

Error: expression must have integral or enum type

syntax error -->modulus is applied for integer values only.

arithmetic operators precedence:

*, %, and / have the same priority which are higher than + and — (+ and — have the same
priority).

If multiple operators are combined which have the same priority you start implementation
from left to right.

Remember that parenthesis forces priority.

For nested parenthesis you start with the most inner parenthesis pair.

For multiple parenthesis start implementation from left to right.

Examplel:
#include<iostream: x=d*a+c%b-b+ d/e’

using namespace std;
—lvoid main()

1

x=35*9+89%30-30+35/3
x=315+89%30-30+35/3

inta =9, b =38, c =89, d = 35, x} X:315+29-30+35/3

double e = 3, vy;

x = d*a + c%b - b + d.-"'Ej. X:315+29'30+116667

cout<<x<<endl; X=325.6667

b

* | C\Users\eng but x is int so output is 325
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Example2

#include<iostream:>
using namespace std;
=lvoid main()

{

inta=9, b=230, c =89, d = 35, x;

double e = 3, y;
y=d*a + c¥b - b + d/fe;
cout<<y<<endl;

}

Example3
#include<iostream>
using namespace std;
—lvoid main()
1
int a =9, b =38, c = 89, d = 35, x}
double e = 3, vy;

cout<< d*a + c¥b - b + d/fe<<endl;

¥
n 1
325.667

Example4

#include<iostream>
using namespace std;
—Jvoid main()

1

int a =9, b =238, c =89, d =35, x;
double e = 3, y;
¥ = d*a + &b - (b + dfe);

cout<< x<<endl;

1 302

Example5
#include<iostream:
using namespace std;
—lvoid main()

{

int a=9, b=238, c =89, d =35, x;
double e = 3, vy;

y =d¥a + c¥b - (b + dfe);

cout<< y<<endl; ]
¥
382 .333

Example6

y =d*a+ c%b - b + d/e;
y=35*9+89%30-30+35/3
y=315+89%30-30+35/3
y=315+29-30+35/3
y=315+29-30+11.6667
y=325.6667

but y is float so output is
325.667

d*a + c%b - b + d/e
35*9+89%30-30+35/3
315+89%30-30+35/3
315+29-30+35/3
315+29-30+11.6667
325.6667

since d is int and e is float so
output will be float

x =d*a+ c%b - (b + d/e);
x=35*9+89%30-(30+35/3);
x=35*9+89%30-(30+11.6667)
x=35*9+89%30-41.6667
x=315+89%30-41.6667
x=315+29-41.6667
x=344-41.6667

x=302.333

but x is int so output is 302

y =d*a+ c%b - (b + d/e);
y=35*9+89%30-(30+35/3);
y=35*9+89%30-(30+11.6667)
y=35*9+89%30-41.6667
y=315+89%30-41.6667
y=315+29-41.6667
y=344-41.6667

y=302.333

but y is float so output is 302.333
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1 # include <iostream>

2 using namespace std;

3 # include <string>

il =void main()}

5 i

6 cout<<4%\2ﬁ.ﬁ'_§<<endl

7 system("ps : :

3 } expression must have integral or unscoped enum type
*  Use % only with integral data types

Assignment

e = assigns the value on the right hand side to what present on the left hand side.

#include <iostream:>
using namespace std;
—lint main()

{
int a;
cout<<a; Ej C
return 8;
} h
Examplel

#include <iostream:
using namespace std;
—lint main()

1

int a=2;

a+=2;

cout<<a;

return @; N |

/ 4
e Assignment expression abbreviations
a=a +2 ; can be abbreviated as a+=2 ; using the addition assignment operator

o Examples of other assignment operators include:
-=4 (d=d-4)
n+=4 (n=n+4)
e*=5 (e=e*5H)
f/I=3 (f=f/3)
g%=9 (9g=9%9)

Example2
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#include<icstream: d=a+=b*c;

using namespace std; d=a+=7*11
“lvoid main() d=a+=77

1 —ae

int a=3,b=7,c=11; d:a—3+77

int d=a+=b*c; a=80

cout<<d<<endl; d=80

cout<<a;

, " EU

]
e Multiple assignments at the same time are allowed where implementation starts from
right to left

Example 3
#irjcludedl:ustr"eaw;d XX:X+:y/Z;
using namespace std; o
—lwoild main() XX=x+=9/2
{ XX=X+=4.5

int x=5, y=9,z=2;
int xx=xt+=y/z;

XX=(X=x+4.5)
XX=(x=9.5)--> xx is int

cout<<xx<<endl;
Kx=x+31.5; XX=9
cout<<xx<<endl; Xx=9

cout<<"y= "<<y<<endl;
cout<<"z= "<<z<<endl;

W o XX=X+4.5

cout<s"xw= "<x; xx=9+4.5=13.5 -->xx isint
T SO
xx=13
Example4

#include <iostream>
using namespace std;
-lint main()

{ [

int x;
int y;
¥=53
am] @y =g

Error: expression must be a modifiable lvalue

coutdd yd<{endl;
return @;

}

e you cannot use arithmetic operators between multiple assignments.
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Increment & Decrement Operators

B Increment operator (++) - can be used instead of ¢ += 1 (unary operator)
B Decrement operator (--) - can be used instead of ¢ -= 1 (unary operator)
B Pre-increment/decrement
B When the operator is used before the variable (++c or --c)
B Variable is changed, then the expression it is in is evaluated.
B Post-increment/decrement
B \When the operator is used after the variable (c++ or c--)
B Expression the variable is in executes, then the variable is changed.

Examplel

#include <iostream:
using namespace std;
-lint main()

{
int %=5; ¥+ == x=x+l =>x=5+1=6
W+
cout<<x<<endl;
A y-- =>y=y-1=>y=9-1=8
cout<<y<<endl;
return @;
} n
6
3]
Example2

#include <iostream>
using namespace std;
-lint main()

{

int x=5;
cout<<x++<<endl; » Prints out 5 (cout is executed before the
inty =5 ; increment. X now has the value of 6)
cout<<++y<<endl; —» prints out 6 (y is changed before cout

is executed)

return 9;

¥

Example3

39

alaa abu srhan --email: alaaa@hu.edu.jo



#include <iostream:
using namespace std;
—lint main()

1
int x=5;
W+
cout<<"result of x++ is "gowcendl;
x=5;
++
cout<<"result of ++x is "gowd<endl;
cout<<"same result"; E' C‘\Llsers\eng,alaa\[}i
return @;
} result of x++ is [

result of ++x dis [
zame result

B When Variable is not in an expression --> Preincrementing and postincrementing have
the same effect.
Example4
#include <iostream:>

using namespace std;
Slint main()

1
int b;
int x=5;
b= xt++;
cout<<b<<endl;
®=53 L
b=++x3 ] CAU
cout<<b<<endl;
return @;
¥
Example5

#include <iostream:

using namespace std;
—lint main()

{

int x = @;

cout << ++ (% + 188);

return @; . -
) ' Error: expression must be a modifiable lvalue

e note that ++ and -- cannot be applied to expressions

Increment and Decrement Operators precedence:

e Post-increment and post-decrement has higher priority than pre-decrement and pre-
increment.

e Post-increment and post-decrement associates from left to right.
e Pre-increment and pre-decrement associates from right to left.

Example6

40

alaa abu srhan --email: alaaa@hu.edu.jo



#include<iostream>
using namespace std;
-lvoid main()

x=a++ +(a-b)
(3-2) start with parenthesis

{ 1
int a=3,b=2,x; x=a++ + 1
x=a++ + (a-b); 3
cout<<"x= "<<x; x=4
} 8
Example7
#include<iostream: . .
using namespace std; y=x++ + b staFt.w1th increment then
Flvoid main() 1 addition
1 int x=1; y=1+b
int b=2;
int y=w++tb; y=1+2
cout<<y<<endl; y=3 now x = 2
cout<<x<<endl;
L1

more Example:

1)
#include <iostream>
using namespace std;
Fwoid main()

1
int x = 18, y = 11;
int z=y * x - ++x;
cout<< x;
cout<< z;
]
L1

2)
#include <iostream:
using namespace std;

Fint main()

1

int x=1;

int y= 1;

int z=ly»x;

cout<<z;
return @,

}
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3)

4)

#include <iostream:>
using namespace std;
-lint main()

1

int x =3 , y=5,z7;
T=xHHY
cout<<z}
return 8;

i

#include <iostream:
using namespace std;
-lint main()

1
int a=3, b=2,c=5;
char x="c';
cout<<x-1<<endl;
X--3
cout<<x<<endl; a8
cout<g--x; h
a
T
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Operators Precedence table

Precedence ?perato Description Associativity
1 " Scoping operator None
0 Grouping operator
2 [ Array aceess left to right
++ Post-increment
- Post-decrement
! Logical negation
~ Bitwise complement
++ Pre-increment
- Pre-decrement
- nary min .
3 Unary minus right to left
+ Unary plus
* Dereference
& Address of
(type) Cast to a given type
sizeof Return size in bytes
* Multiplication
4 / Division left to right
% Modulus
+ Addition
. I igh
° - Subtraction eft toright
<< Bitwise shift left .
6 >> Bitwise shift right left to right
< Comparison less-than
<= ison less-than-or- I- .
; Compar!son ess-than-or-equal-to left to right
> Comparison greater-than
>= Comparison greater-than-or-equal-to
== i I- -
8 Compar!son equal-to left to right
I= Comparison not-equal-to
9 & Bitwise AND left to right
10 A Bitwise exclusive OR left to right
11 | Bitwise inclusive (normal) OR left to right
12 && Logical AND left to right
43
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13 | Logical OR left to right
14 ?: Ternary conditional (if-then-else) right to left
Escape Sequences
B An escape sequence begins with a \ (backslash or called escape character) followed
by an alphanumeric character.
B Note that the two characters of an escape sequence are construed as a single character
and indicates a special output on the screen.
B Also, it is used to allow the usage of some characters within a character constant
which are reserved for C++ (e.g. \, ©).
B Note that the escape sequence is considered as one character by the compiler. So,

writing both of the following is correct:

cout << “\n”;
Or
cout <<‘\n’;
\n new line
\t horizontal tab
\a bell sound (alert)
\\ Backslash
\"* double quotation
\b Backspace (place the cursor one character space back not
deleting characters).
\r Carriage return (place the cursor at the beginning of the
current line not a new one)
\0 Null character (used in strings)
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Examplel

#include <iostream>
using namespace std; " C.‘\Users\mg.alaa\Dow
int main() three
{
cout<<“one\ttwo\tthree\n"; Jorduy
cout << "Jordan\b\b " << endl; vJordan"
cout << "Jordan\b\b"™ << endl; Jordan\
cout << “Jordan\b\byy" << endl; Bye 1o
cout << "\"Jordan\"" << endl;
cout << "\\Jordan\\" << endl;
cout << “Hello" << "\r™ << "Bye" << endl;
}
Example2

#include <1ostream:

using namespace std;
-lbool main()

{char a="c',b="F",c=""t";

cout<<a<<c<<h;
1 e User
}‘ e f
Example3

#include <iostream:
using namespace std;
-lint main()

{

cout<<"jor\@dan™;
cin.get();
return @; = C\Ust

.

Example4
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- void main()

<<
<<
<<
<<
<<
<<
<<

# include <iostream>
using namespace std;
# include <string>

"onelntwo" <<
nel\ttwo" <<

ne' \two" <<
nel 'two" <<

o
o
o
one\rtwo" <<
o
o
one\"two" <<

system("pause");

cout Function

B Ostream class.
B Tied to the standard output device (monitor or screen).
B Candisplay:
B A string.
B A variable value.
B A result of an operation (mathematical, logical, function call, etc.).
B Concatenating or cascading or chaining of stream insertion operators: output
many values using one cout and multiple insertion operators.
B The evaluation of the cascaded expressions starts from right to left but the
printing on the screen starts from left to right

Examplel

#include <iostream:>
using namespace std;

—lint main()

1

int x = 18;
cout €< x €<"\E"< e <<

¥
Example2

neel\btwe" << endl;

B | Ch\Users\eng\documents\visual studio 20

endl;

"ot .
1y r

endl;
endl;
endl;
endl;

"AETCL w4+ << TWET << o w << endl;

©  CAUsers\eng.alaa\DocumentsiVisual Stuc
12 12

14 14
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#include <iostream:
using namespace std;
—lint main()

1

int

cout €< x <<"WE" <L w+l <<
cout €4 z <<\t <g (z4+=1) <«

X

= 18; int z=18;

"hNET w43 <<
"WtV (z4=3) <<

AT

<< W << endl;
<€ Z << endl;

"

1
Example3
Consider the following statements. The output is shown to the right of each statement.
Statement Output
I cout << 29 / 4 << endl; 7
2 cout << "Hello there." << endl; Hello there.
3 cout << 12 << endl; 12
4 cout << "4 + 7" << endl; 4 +7
5 cout << 4 + 7 << endl; 11
6 cout << 'A' << endl; A
7 cout << "4 + 7T = " << 4 + 7 << endl; 4 + 7 =11
8 cout << 2 + 3 * 5 << endl; 17
9 cout << "Hello \nthere." << endl; Hello
there.
cin Function
W |stream class.
B Tied to the standard input device (keyboard).
B When reading a string cin will stop at the first white space encountered in the
string or when you press enter.
Examplel
#include <iostream:
using namespace std;
—lint main()
1
int x=8;
cin»»x;
cout<<x;
return @;
» user enter 5 &
1 cin will stop at the first white
space =o value of x will be 5
B Cascaded extraction operator can be applied to read more than one variable from
the keyboard using one statement (after entering each variable value press enter).
Example2
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#include <icstream:
using namespace std;
Flint main()
1
int x;
float y;
Cinz>x>>y;
cout<<x<<"n" <<y ;

Example3
#include <iostream:
using namespace std;
Flint main()
1
int
char y;
cin>»w>>y;
cout<axss "N Ly

char One printable character except the blank

int An integer, possibly preceded by a + or - sign

A decimal number, possibly preceded by a + or - sign. If the actual
double data input is an integer, the input is converted to a decimal number
with the zero decimal part.

« Entering a char value into an int or double variable causes serious errors, called input
failure
* When reading data into a char variable
» >>skips leading whitespace, finds and stores only the next character
» Reading stops after a single character
+ Toread data into an int or double variable
»  >>skips leading whitespace, reads + or - sign (if any), reads the digits (including
decimal)
» Reading stops on whitespace non-digit character

Example:
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Suppose you have the following variable declarations:
int a, b;
double z;
char ch;

The following statements show how the extracton operator >> works.

Statement Input Value Stored in Memory

1 cin >> ch; A ch = MY

2 cin >> ch; AB ch = *'A', '"B' is held for
later input

3 cin >> a; 48 a = 48

4 cin >> a; 46 .35 a = 46, .35 is held for
later input

5 cin >> =z; 74 .35 z = 74.35

6 cin >> =zZ; 39 z = 39.0

74 cin >> =z >> a; 65.78 38 z = 65.78, a = 38

Suppose you have the following variable declarations:
Iint az

double z;

char ch;

The following statements show how the extraction operator >> works.

Statement Input Value Stored in Memory
1 cin >> a >> ch >> z; 57 A 26.9 a =57, ch = 'A",
z = 26.9
2 cin >> a >> ch >> z; 57 A a = 5S7, ch = *'A°",
26.9 z = 26.9
3 cin >> a >> ch >> z; 57 a = 57, ch = 'A"',
A z = 26.9
26.9
4 cin >> a >> ch >> z; 57A26.9 a = 57, ch = 'A"',
z = 26.9
Example:

Suppose you have the following variable declarations:
int a, b;

double z;

char ch, chl, ch2;

The following statements show how the extraction operator >> works.

Statement Input Value Stored in Memory
1 cin >> zZz >> ch >> a: 36.78B34 z = 36.78, ch = 'B',
a = 34
2 cin >> z >> ch >> a; 36.78 z = 36.78, ch = 'B',
B34 a = 34
3 cin >> a>> b >> Z: 11 34 a =11, b = 34,
- computer waits for the next
number
4 cin >> a >> =23 78 .49 a = 78, z = 0.49
5 cin >> ch >> a; 256 ch = "2', a = 56
6 cin >> a >> ch; 256 a = 256, computer waits for
the input value for ch
7 cin >> chl >> ch2; A B chl = 'A', ch2 = 'B"'

Using Predefined Functions in a Program
e Header file may contain several functions
e To use a predefined function, you need the name of the appropriate header file
o You also need to know:
= Function name

alaa abu srhan --email: alaaa@hu.edu.jo
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= Number of parameters required
= Type of each parameter
= What the function is going to do

Example:
1 # include <iostream>
2 using namespace std;
3 - # include <string>
4 #include<cmath>
5 = void main()
6 |t
7 const double PI=3.1416;
8 double SphareRadius;
9 double SphareVolume;
18 double Pointlx, Point2x, Pointly, Point2y;
11 cout << "Enter the raduis of the sphare: " << endl;
12 cin »> SphareRadius;
13 SphareVolume = (4 / 3)*PI*pow(SphareRadius,3);
14 cout << "the volume of the sphare is : " << SphareVolume << endl;
15 cout << endl;
16 cout << "enter the coordinates of two points int the X-Y plane(x1,y1,x2,y2)" << endl;
17 cout << "pointl --» x1,yl, spearted by space” << endl;
18 cin »> Pointlx >> Pointly;
19 cout << "pointl --> x2,y2, spearted by space" << endl;
20 cin>>Point2x>> Point2y;
21 double distance =sqrt(pow(Point2x-Pointlx,2)+pow(Point2y-Pointly,2)} ;
22 cout << "the distance between points" << "( " << Pointlx << " , " << Point2x << ") and ";
23 cout << " " << Pointly << " , " << Pointly << ") is :"<<distance<<endl;
24 cout << endl;
25 string str;
26 getline(cin, str);
27 cout << "the number of characters, including blanks in \"str\"" << str.length() << endl;
28 system("pause");
29 X

e To use pow (power), include cmath
o Two numeric parameters
e Syntax: pow(X,y)
o =xY
o X andy are the arguments or parameters

e To use sqrt include cmath
o Two numeric parameters
e Syntax: sqrt(x,y)
o X andy are the arguments or parameters

Code Lines Breakage:

B You can split a long line of code among multiple lines by pressing enter. However, you
must be careful when selecting the break locations of the line of code:
B After or before an operator.
B After acomma in a comma separated list.
B After the end of a string (do not break at the middle of a string).
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#include <icstream:
using namespace std;
—lint main()

1
cout << THello
World\n®;
Error: expected a ;'
return ;]
b

Syntax Error Example
» Errors in syntax are found in compilation
int X; /[Line 1
inty /[Line 2: error
double z;  //Line 3

y=w+X; //Line 4: error

alaa abu srhan --email: alaaa@hu.edu.jo
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Chapter 4
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Control Structure

Selection control

Outline :
B Control Structure Introduction.
W if statement.
W if/else statement.
B Nested if/else statements.

Control Structure Introduction.
B Sequential execution: Statements executed one after the other in the order
written
B Transfer of control: When the next statement executed is not the next one in
sequence
B All programs written in terms of 3 control structures:
1. Sequence structure: Built into C++, programs executed sequentially by
default.
2. Selection structures: C++ has three types - if, if/else, and switch
3. Repetition structures: C++ has three types - while, do/while, and for

T
l [

. false—— true
statement? 17 —l — RS statement |
|

statement2 statement1 false
Y

|
|

|
®

a. Sequence b. Selection c. Repetition
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Equality and Relational Operators

B Relational Operators:

Greater than > Operator Operation Performed
Less than < N : or than v
Greater than or equal >= =y > X greater fhan y:
Less than or equal <= X<y Is x less than y?
W Equality operators: x>=y Is x greater than or equal to y?
Equal to ==
Not equal to != X<=y Is x less than or equal to y?
X== Is x equal to y?
xl=y Is x not equal to y?
Examplel
using namespace std; e=a>h
7 ;““ main() mean is a>b and store result
inta=09,b=30 c=38, d=235 one->9>30no0so its false
bool e, f; then e = false, and the output
e =a > b; .
cout <<"e = a > b is "<< e << endl; will then O
}

e Equality and relational operators are binary operators, used for comparison between two
operands.

e Their result is either “true” --> output will be 1 or “false” --> output will be 0, i.e. boolean
data type.

Example2
using namespace std; f=d==b -->
—lvoid main() d==b meanis dequal tob --
1 >false
int a =9, b =38, c =89, d =35 f=false --> will print as 0

bool e , T3
T =d==nbh;
e =d == d;
cout <<"f = d == b is "¢ T << endl;
cout <<"e = d == d is "¢ B << endl;
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Relational and equality Operators precedence:
o Relational operators have the same priority which is higher than the equality operators.
o If relational operators are associated, precedence is implemented from left to right.
o If equality operators are associated, precedence is implemented from left to right.
e Again, parenthesis forces priority.

Example3
using namespace std; e=a>=b==d;
—veid main() note that Relational operators have
{ . the same priority which is higher
hmi”z 3 ;9* b =30, ¢ =89, d =35 than the equality operators
oo so start with a>=b it's false then 0
e = a»=b == d; .
cout<<e = ax=h == is "<<e<<endl; we get e:0::d; then e = 0 since d
f = a<=b!=a>=d; 1=0
cout <<"f = a<=b!=a>=d is "<<fe<endl; f = a<=bl=a>=d;
} start with Relational operators from
il left to right then with equality from
left to right

a<=b -->true then 1--> f=1=la>=d
a>=d false then 0--> f=11=0
1!=0 true then 1 --> f=1

Ivalues and rvalues:

e |values or I-values(left value): What can appear on the left side of an

equation
e rvalues or r-values(right value): What can appear on the right side of an
equation

e lvalues can be just variable but rvalues Can be Constants, such as numbers,
Variables,Or expressions

e note Ivalues can be used as rvalues, but not vice versa

Example4
using namespace std; X+5= 10
void main()
{ /
int x; eft(Ivalue)
®+5=18;
- (rvalue)
int x
Error: expression must be a modifiable hvalue
¥

e syntax error --> lvalues can be just variable (expressions cannot be used as I-values)
Example5
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#include <iostream:>
using namespace std;
int maind)

i
int y;
5=y
Error: expression must be a modifiable value

Coutd< y<dendl;

return 8;
".
]

e syntax error --> lvalues can be just variable (constant cannot be used as I-values)

¢ Relational Operators and thestring Type
e Relational operators can be applied to strings

o Strings are compared character by character, starting with the first
character

o Comparison continues until either a mismatch is found or all
characters are found equal

o If two strings of different lengths are compared and the comparison is
equal to the last character of the shorter string

= The shorter string is less than the larger string

Example
- #include <string>
#include<iostream:>
using namespace std;

- void main() _
{ B chusers\eng\documentsivisual studio 2

string strl = "Hello";
string str2 = "Hi";
string str3 = "Air";
string str4 = "Bill";
string str5 = "Big";

cout << (strl < str2)<<endl;
cout<< (strl >"Hen" )<<endl;

cout << (str3 <"An")<<endl;

cout << (strl == "hello")<<endl;
cout << (str3<=strd4)<<endl;

cout << (str2 > strd4) << endl;
cout << (strd4 >= "Billy") << end.,
cout << (str5 <= "Bigger") << endl;

system("puse");
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Expression

Value /Explanation

strl < str2

true

strl = "Hello" and str2 = "Hi". The first characters
of strl and str2 are the same, but the second character 'e'
of strl is less than the second character "1 " of str2.
Therefore, strl < str2 is true.

strl > "Hen"

false
strl = "Hello". The first two characters of strl and
"Hen™ are the same, but the third character "1" of strl is

less than the third character "n" of "Hen". Therefore,
strl > "Hen" is false.

str3 < "An"

true

str3 = "Air". The first characters of str3 and "An" are
the same, but the second character 1" of "Air" is less than
the second character 'n' of "An". Therefore, str3 < "An"
is true.

strl == "hello"™

false

strl = "Hello". The first character "H" of strl is less
than the first character "h' of "hello" because the ASCII
value of "H' is 72, and the ASCII value of "h"' is 104.

Therefore, strl == "hello" is false.
str3 <= str4 true
str3 = "Air" and str4 = "Bill". The first character

"A" of str3 is less than the first character "B"' of str4.
Therefore, str3 <= strd is true.

str2 > str4

true

str2 = "Hi" and str4 = "Bill". The first character
"H" of str2 is greater than the first character "B" of str4.
Therefore, str2 > strd is true.

Expression

strd >= "Billy"

Value/Explanation

false

strd = "Bill"™. It has four characters, and "Billy™ has
five characters. Therefore, str4 is the shorter string. All four
characters of str4 are the same as the corresponding first
four characters of "Billy", and "Billy" is the larger
string. Therefore, strd4 >= "Billy" is false.

str5 <= "Bigger"

true

str5 = "Big". It has three characters, and "Bigger"
has six characters. Therefore, str5 is the shorter string.
All three characters of str5 are the same as the
corresponding first three characters of "Bigger",

and "Bigger" is the larger string. Therefore,
str5 <= "Bigger" is true.
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e Logical Operators

Logical operators allows the programmer to combine more than one condition with each other to
form more complex conditions.
B && (logical AND)
B Itis a binary operator.
B Returns true if both conditions are true.
B || (logical OR)
B Itis a binary operator.
B Returns true if either of its conditions is true.
B ! (logical NOT or logical negation)
B Reverses the truth/falsity of its condition (reverse the meaning of a condition).
B Returns true when its condition is false.
B Itis aunary operator, only takes one condition.
W Logical operators used as conditions in loops, e.g. for and while, and conditional
statements, e.g. if/else.
Truth tables

A B A&&&B A B AllB
true true true true true true
true false false true false true
false true false false true true
false false false false false false

A 1A

true false

false true

e Logical (Boolean) Operators and Logical Expressions

1. Not ()
Expression !(Expression)
true (nonzero) false (0)
false (0) true (1)
Expression Value Explanation
1 (%A > 'YBY) true Because 'A' > '"B'isfalse, ! ('A' > 'B') s true.
1(6 <= 7) false Because 6 <= 7 1s true, ! (6 <= 7) 1s false.
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2. AND(&&)

true (nonzero) true (nonzero) true (1)
true (nonzero) false (0) false (0)
false (0) true (nonzero) false (0)
false (0) false (0) false (0)
Expression Value Explanation
(14 >= 5) && ('A' < 'B') true Because (14 >= 5) istrue, ('A' <

'B') is true, and true && trueis
true, the expression evaluates to true.
Because (24 >= 35) is false, ('A'
<'B') is true, and false && trueis
false, the expression evaluates to £false.

(24 >= 35) && ('A' < °'B') false

3. OR(])

true (nonzero) true (nonzero) txue (1)

true (nonzero) false (0) true (1)

false (0) true (nonzero) true (1)

false (0) false (0) false (0)

Expression Value Explanation

(14>=35) || ("A'"> "B") txrue Because (14 >= 5) is true, ("A' >

'B') is false, and true || £false s
true, the expression evaluates to true.

(24>=35) || ("A*" > "B"') false Because (24 >= 35) is false, (A" >
*‘B') is false, and false || £false is
false, the expression evaluates to false.

(A" <= "a") || (7!'=7) txrue Because ("A' <= 'a') s true,

(7 '= 7) 1s false, and true | | false

is true, the expression evaluates to true.

Examplel

#include <iostream:
using namespace std;
Fint main()
1
int a=9%; int b=1l; int d=8;bool c;
c= adfb; cout<<c<<endl;
c=a||b; cout<<c<<endl;
c=lb; cout<<c;
return @;

Example2
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#tinclude <iostream:
using namespace std;
Flint main()
1
int a=9, b=0, d=0, c;
c= affb; cout<<c<<endl;
c=a||b; cout<<c<<endl;
c=lb; cout<<c;
return @;
i 0]
- il
il
¢ Note that logical operators are applied to Boolean values only, if other types are given as

operands implicit casting will work to convert them to Boolean.

Logical Operators precedence:
B ! has the highest priority followed by && and then || (i.e. || has the lowest
priority).
B When any of these operators are combined, implementation starts from left to
right.

e Order of Precedence

!, +, — (unary operators) first
Dl A second
s third
<, <=, >=, > fourth
==, I= fifth
&& sixth
| seventh
= (assignment operator) last
Example3
#include<iostream> asslc||assa l——> &&——>1 1
using namespace std;
E void main() start with ! g —> 10——> 1
¢ bool a=true;bool b=false; bool c=false; then && from left to right

boocl result = aBl!c ||a8Ra;

cout<<"the result of al&!c ||a8&a is "<<result; L&ll Iﬁ

]
} lasl lasl
=1 —
-
1111 =
Example4
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#include<iostream> . .
=1 1 1
using namespace std; d=las&!lb||!c&es(a||b) start with parenthesis()

-Eﬂid rein®) 3|10 note true is any non-zero
int a=3,b=@,c=108: =1 value so 3 is true(l)
E:ilf?l d=lasa!bl|!cssl then ! from left to right
d=!a8R!b| | !cB&(a]|b);
cout<<"the result of !aB&!b||!cB&(a||b) is “"<<d<<endl; 13=0 10=1 1100=0

} = T ; : d=0&&l]|0&&l then && from left to right
the result of ¥ HH —
i} a
d=0110 then ||

Example5
#include <iostream: - : :
using namespace std; Logn@l » Relational » Equality _, g& =]
. . Negative operator ===}
-lint main() :
{ ) c=a>=b 11 bl=b
int a=9, b=1, d=@;
bool c;
c= a>=b||b!=b; )
cout<<c<<endl; startwith a>=b
. & ;
} retumn 83 . isa>=b?? 9>=1_—» true
c=1]|] bl=b then b!=b
11=1 —» false (0)
c=1]]0=1
Cc=1
Example6

#include <iostream>

using namespace std; c=!(agsb<d) start with parenthesis

—lint main() \ .
{ (a&&b<d) start with relational operator
int a=9, b=1, d=@; then &&

bool c; is b<d 27 1<0 false(0)
c= !({afib<d); (a&&0)
cout<<c<<endl;

return @; W Ses0 ——>1&&0 =0

}
il c=10 =1
c=1

Example7
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#include<iostream> Logical _y Arithmetic — Relational —» Equality _, g8 —»|]

us%ng namespace std; Negative operators operators ==,l=)
Fwoid main() (1)
o d=lat2 start with | then addition (+)
int a=3,b=2,c=188;
int d; d=1342
int T; —
d=la+2; 0
f=!{a+2}; d=0+2=2
cout<<"the result of !a+2 1is "<<d<<endl; d=2
cout<<"the result of !(a+2) is “<<f<gendl;
3 m f=l{a+2)  start with parenthesis ()
_ the result of ta+2 is 2 _—
the result of *Ca+2) iz @ 3425 |
f=15=0 then !
Example8
#include<iostream: . i ] . :
using namespace std; Logical ___p Arithmetic — Relational —» Equality _, g&& — ||
void main() Negative operatars operators ==,1=)
{ (4
int a=3,b=8,c=188;
int d; d=a&&b+2  start with addition then &&
int f; —
d=alkib+2; +2=2
d=a&&2
cout<<"the result of affb+2 is “"<<d<<endl; 3882 31
n 1 d=1
¥ the result of ak&b+2 iz 1
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Exapmle

1 —#include <string>

2 #include<iostream>

3 using namespace std;

4 = wvoid main()

5 I ® | chusers\eng\doc
[ bool found = true;

7 int age = 28;

8 double hours = 45.38;

] double owvertime = 15.88;

La int count = 28;

L1 char ch = 'B";

L2 cout << !found << endl;

L3 cout << (hours>4@) << endl;

L4 cout << (lage) << endl;

LS cout << (!found&&(age>=18)) << endl;

L& cout << (!{found &% (age >»= 18)})) << endl;
L7 cout << (hours+overtime<=75.088) << endl;
L8 cout << ((count>=0)&&(count<=188)) << endl;
L9 cout << ("A' <= ch&&ch <= 'Z') << endl;

20 system("puse”);

21 1

Expression

! found

hours > 40.00

lage

!found && (age >= 18)

! {found && (age >= 18))

hours + overTime <= 75.00

(count >= 0) &&
(count <= 100)

('A*" <= ch && ch <= '2")

Value / Explanation

false

Because found s true, ! found is false.

true

Because hours 1s 45.30 and 45.30 > 40.00 s
true. the expression hours > 40.00 evaluates to
txrue.

false

age is 20, which i1s nonzero, so age is true.
Therefore, !age is false.

false
!found s false; age > 181s 20 > 18 is true.

Therefore, ! found && (age >= 18) is false &&
true, which evaluates to false.

false

Now, found && {(age >= 18) 5 true && true,

which evahiates to true. Therefore, ! (found &&
(age >= 18)) is !true, which evaluates to false.

true
Becausc hours + overTimes 45.30 + 15.00 =

60.30 and 60.30 <= 75. 00 s true, it follows that
hours + overTime <= 75.00 evaluates to true.

true

Now, count is 20. Because 20 >= 0 is true,
count >= 0is true. Ako, 20 <= 100 is true, so
count <= 100 is true. Thercfore, (count >=
0) && (count <= 100) is true && true,
which evaluates to true

cCrue

Here, ch 1s "B'. Because "A' <= 'B' 1s true,
*A' <= ch cvaluates to true. Ako, because "B*
<= 'Z' s true,ch <= 'Z°' cvaluates o true
Ilhercfore, ("A' <= ch && ch <= 'Z"') is true
&& true, which cvaluates to true

e Two types of control structures combination:
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a. Control structure stacking: use them one after the other.

b. Control structure nesting: use one control structure inside the body of another control
structure.

= Stacking control structure = Nesting control structure
int main() i{"“'“ai"'c'
int grade=1
£ cout< <"enter grade";
. . cin= >grada;
Inf, grade=0; # [grada<30)
cout=<"enter grade”; {
cin=>grade; i (gradz<60]
if{grade=90) iflgrade<50)
{ ug_ e
cout<<"high grade”; ) sou<fail’s
zls=
else { L
cout= <" pass’;
}
cout<<"low grade"; }
1 ¥
3 ¥

Selection structure

used to choose among alternative courses of action
If the condition is true: print statement executed and program goes on to next statement

o If the condition is false: print statement is ignored and the program goes onto the next
statement

o Indenting makes programs easier to read
B C++ ignores white-space characters

if and if...else statement

e if and if...else statements can be used to create:
— One-way selection

1f (expression)
statement

» Statement is executed if the value of the expression is true

» Statement is bypassed if the value is false; program goes to the next
statement

» Expression is called a decision maker
*  Only performs an action if the condition is true (single selection structure)

— Two-way selection
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if (expression)
statementl
aelsae
statement2

» If expression is true, statementl is executed; otherwise, statement2 is
executed
B statementl and statement2 are any C++ statements
— Multiple selections(nested if)
. Nesting: one control statement is located within another
. An else is associated with the most recent if that has not been
paired with an else

@ @
! .

—true s statement r false _ true ‘l

}
& | o |

one way selection two way selection

Examplel

#include <iocstream>
using namespace std;
—lwvodid main()

{ * condition: is =<5 27

int x=2 ;

if (x<3) the body of if is between barces

{ )=+ - If there are braces, then the body
cout<<xc<endl; will ke the compound statement.

3 if the condition is true then execute

cout<<”good”<<endl; the body and then continue reading the

code
¥

e A decision can be made on any expression(zero - false, nonzero - true).
Example2
#include <iostream:>
using namespace std;
—lint main()

1

int grade=6@; )

if (grade>se) # is grade >5077? true then

cout<<“pass”; execute the body of if

} If no braces after if then
the body will be only the first
statement after it

Example3

65

alaa abu srhan --email: alaaa@hu.edu.jo



#include <iostream:
using namespace std;
Flint main()

1
int grade=4@; if the condition is true then
if (grade>58) execute body of 1f
cout<<"pass";
else if fal=e then execute body of else
cout<<"fail™;
|
¥
fail_
Example4
#include <iostream> #include <iostream>
us%ng namespace std; using namespace std;
-lvoid main() —lvoid main()
i body of else is just i
int x=6; int x=3;
. one sentence . *
if (x<5) if (x<5)
i {
wma+d X=x+1;
cout<<x<<endl; cout<ox<cendl;
} }
else else
cout<<x+leacendl; cout<<x+le<endl;
:uut<<"5aad"<<=nd1; cout<<”good" <<endl;
¥ }

!

this sentence would be automatically executed
and the body of the else will be the first
statement after it only
o If no braces after else then the body will be only the first statement after it .
Example5

#include <iostream>
using namespace std;
=lint main()

i

int grade=48;

if (grade>5@)
cout<<"pass";

cout<<™ what then";

Error: expected a statement

cout<<"fail™;

¥
e Placing lines of codes between else and the body of its if is syntax error.

Example6
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#tinclude <iocstream:>

uzing namespace std;
—lint main()

i

int grade=48;

if ()

Error: expected an expression

cout<<"pass™;
else
cout<<"fail™;

}
e Leaving the parenthesis after the if empty (you have not put an expression for the

condition) is syntax error.

Example?

#include «iostream:
using namespace std;
—lvoid main()

#include <iostream:
using namespace std;
—1void main()

1 1
int x=7; int x=7;
if (x<5) if (w<5)
if (x==5) “l i  (xes)
. i ==
Ei‘;:t‘-{x"‘l‘-‘-e”le body of if(x<5) cout<<x+l<<endl; body of if
cout<<"good"<<end1;__J’— 1

else
cout<<"good"” <<endl;

e What about if x =3 ??
¢ What about if x=5 ??
Example8

#include <iostream:
using namespace std;
—Jwvoid main()
1
int w=7;
if (x«5)
cout<<n<<endl; — g body of if(x<5)
else

if (x==5)
cout<<x+l<<endl;
else
cout<<"good”<<endl;

1 E

e Nested if/else structures:
Test for multiple cases by placing if/else selection structures inside if/else selection
structures.
e What about if x =3 ??
e what about if x=5 ??

Example

body of else
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1 #include <iostream>
2 using namespace std;
3 —void main()
4 {
5 double creditCardBalance;
6 double payment;
7 double balance;
8 double penalty = 8;
9 cout << "Enter credit card balance: "<<endl;
18 cin >» creditCardBalance;
11 cout << "enter the payment: " << endl;
12 cin >> payment;
13 balance = creditCardBalance - payment;
14 if (balance > @)
15 penalty = balance*8.5;
16 cout << "the balance is : " << balance<<endl;
17 cout << "the penalty to be added to your next month bill is : " << penalty << endl;
18 system("puse");
19 3
Example
1 I #include <iocstream>
2 I using namespace std;
3 IEZvoid main()
4 {
5 int grade;
G cin >> grade;
7 if (grade »>= 98)
8 cout << "the grade is A" << endl;
9 else if (grade >= 88)
18 cout << "the grade is B" << endl;
11 else if (grade »>= 78)
12 cout << "the grade is C" << endl;
13 else if (grade>=60)
14 cout << "the grade is D" << endl;
15 else
16 cout << "the grade is F" << endl;
17 I system("puse"};
18 ||}
Example
if (gender == 'M') //Line 1
if (age < 21 ) //Line 2
policyRate = 0.05; //Line 3
else //Line 4
policyRate = 0.035; //Line 5
else if (gender == 'F') //Line 6
if (age < 21 ) //Line 7
policyRate = 0.04; //Line 8
else //Line 9
policyRate = 0.03; //Line 10

In this code, the else in Line 4 is paired with the i £ in Line 2. Note that for the else in
Line 4, the most recent incomplete if is the if in Line 2. The else in Line 6 is paired
with the if in Line 1. The else in Line 9 is paired with the if in Line 7. Once again,
the indentation does not determine the pairing, but it communicates the pairing.

Example
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#include <iostream> The output of this program is :

using namespace std;

int main() X is greater than y.
1
int x =86, y=2; If we assign the values of x & y as
i (x>y) Lo . follow: int x =2; inty = 6;
cout << "x is greater than y\n"; .
else if (y > x) then the output is:
cout << "y is greater than x\n"; Yy IS greater than x.
else

cout << "x and y are equalin";

return 0; If we assign the values of x & y as
} follow: int x = 2; inty = 2;
then the output is:
x and y are equal.

Short-circuit evaluation
« Short-circuit evaluation: evaluation of a logical expression
stops as soon as the value of the expression is known

Consider the following expressions:

(age >= 21) | ( X == p) //Line 1
(grade == 'A') && (x >= 7) //Line 2

For the expression in Line 1, suppose that the value of age 1s 25. Because (25 >=21)
true and the logcal operator used in the expression i | |, the expression evaluates to true.

Due to short-arcuit evaluation, the computer does not evaluate the expression (x == 5).

Simulady, for the expression in Line 2, suppose that the value of grade i1s 'B'. Because

('B' == "'A") is false and the logical operator used in the expression is &&, the expression
evaluates to false. The computer does not evaluate (x >= 7).

Comparing Floating-Point Numbers for Equality: A

Precaution
» Comparison of floating-point numbers for equality may not behave as
you would expect
— Example:
 1.0==3.0/7.0 + 2.0/7.0 + 2.0/7.0 evaluates to false
* Why? 3.0/7.0+2.0/7.0 + 2.0/7.0 =
0.99999999999999989
 Solution: use a tolerance value
— Example: if fabs(x —y) < 0.000001
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Associativity of Relational Operators: A Precaution

#finclude <iostream>
using namespace std;

int main()

{
int num;
cout << "Enter an integer: ";
cin >> num;
cout << endl;
if (0 <= num <= 10)
cout << num << " is within 0 and 10." << endl;
else
cout << num << " is not within 0 and 10." << endl;
return 0;
}
* DM = 9
0 <= num <= 10 = 0<=5<= 10
Because relational operators
= (0 <= 5) <= 10 ( A P
are evaluated from left to right)
Because 0 <= 515 true, 0 <=
=1 <= 10 (
5 evaluates to 1)
=1 (true)
* num. = 20

0 <= 20 <= 10

0 <= num <= 10

(Because relational operators are

(0 <= 20) <= 10 evaluated from left to right)

(Because 0 <= 20 is true, 0

1 <= 10 <= 20 evaluates to 1)

1k (true)

Ternary conditional operator (?:)
» Conditional operator (?:)
— Ternary operator: takes 3 arguments
» Syntax for the conditional operator:

Expressionl ? Expression2 : expression3
» If expressionl is true, the result of the conditional expression is expression2

— Otherwise, the result is expression3
 Example:max=(a>=b)?a:b;

Examplel
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#include <iostream:
using namespace std;
—lint main()

i

int grade;

grade=5@;

cout<<(grade>=68 ? "Passed" : "failed");
} n

failed
#include <iostream:
using namespace std;
-lint main()

1

int grade;

grade=7@;

grade »= 68 ? cout << "Passed" : cout << "Failed";
¥

e Ternary conditional operator (?:) (the only C++ ternary operator)
o Takes three arguments (condition, value if true, value if false)
Example2

#include <iostream:
using namespace std;
-lint main()

1
int grade;
grade=58;
cout<<grade>=6@ ? "Passed"” : "failed";
} Error: no operator "»>=" matches these operands

e omitting () is syntax error

e Remember that the precedence of ?: is low, so do not forget the parenthesis that is
used to force its priority

Example3
#include <iostream:
using namespace std;

—lwvoid main()
1
int x=7;
¥ =B P N o w--3
cout<<x;

¥
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Example4
#include <iostream:
using namespace std;

—Ibool main()

1

int x=5;

(x>=68 ? cout<<“pased";

¥

Error: expected a '

e You can't use ? without :

Example5

Conditional Operator

Equivalent if else

Output

intA=15B=2;
cout<<(A>B?A:B)
<< ™ is greater \n";

intA=15B=2;

if(A>B)
cout << A << ' is greater \n*; else
cout<<B<<<< " is greater\n"';

15 is greater

intx,y=15; intx,y=15; value of x: -40
x = (y <10) ? 100 : -40; if (y <10)
cout << "value of x; " << X ; x=100;
else
x= -40;

cout << "value of x: "' << X;

intn; intn;

cout << "Enter a number : '*; cout << "Enter a number : '*;
cin >>n; cin >>n;

(N% 2 ==0) ? cout << n << if(n% 2 ==0)

“:Even number\n"' : cout << n <<
“:0dd number\n'";

cout<<n<<* :Even number\n"" ;
else
cout<<n<<* :0dd number\n'’;

More Example
Example 1

alaa abu srhan --email: alaaa@hu.edu.jo

72




#include <iostream> lc]|!bssa I——> &8 ——2> ||

using namespace std; 0 0
Fint main()
{ 0l 0&s&a
int a=3, b=3,c=5; 3
if (!c||!b&&a) Ol 10&&3
cout<<"true";
else 0l IDD s 0
cout<<"false";
0 or false mean dont
3 n execute if body
falze
Example2
#include <iostream:
using namespace std;
Fint main()
1
int a=3 ;
if (a=2) » Sets a to 2 so the
cout<<"you are great "; condition is always true
else
cout<<"you have to do better";
m
L1 you are great

#include <iostream:
using namespace std;
Fwoid main()

1

int a=3;

if (a==2) » is a=2 2? —--> false
cout<<"you are great ";

else
cout<<"you have to do better";

5 =

you have to do bhetter

+ C++allows you to use any expression that can be evaluated to either true or false as an
expression in the if statement:
if (x =5)
cout << "The value is five." << endl;
* The appearance of = in place of == resembles a silent killer
— Itis not a syntax error
— ltisalogical error

Example3
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#include <iostream:
using namespace std;
Flveid main()

1
int a=3,b=2;
if (a==b++)
cout<<"value of a : "<<a;
else
cout<<"value of b : "<<b;
(n
L1
walue of b = 3
Example4

#include <icstream>
using namespace std;
Fwoid main()

1
int a=3,b=2;
if (--a==b)
cout<<"wvalue of a : "<<a;
else
cout<<"value of b : "<<b;
1
T
walue of a = 2
Exampleb

#include <iostream>
using namespace std;
Hbool maing)
{int x=1;
if (=)
1

i

cout<<"ok";

]
1 ok

b=2 a=3
is a= b++?? (b++ --> post increment )
3 =277 false

Now after we get the result b will be
incremented by one

Is --a=b ???
2=27??7true -->now a=2
Then Execute if body

e A decision can be made on any expression(zero - false, nonzero - true).
e ifx=5 then it mean true --> printok , if x=2 then it mean false ---> print nothing

Example6

#include <iostream>
using namespace stdj;
= bocl main()
1int x=8;
it ()
i

}

else
cout<<"no";

-} _

Example?

cout<<"ok™;
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#include <iostream>
using namespace std;
Flbool main()
1int =x=8;
int v =23
if (x>5|| w<3)
i

b

else
cout<<™no™;

cout<<"ok™;

Example8
#include <iostream:
Using namespace std;
Elbool main()
{int x=8;
int y =2;
if (sizeof('a’)})

if (sizeof ym=a)
cout<ox+S;

else

cout<d{x+2;

Example9: what is the output of the following code ?7?
#include <iostream>
using namespace std;
Fbool main()
I | {int a=8;
coutdcat++Cc " WE  CC++accendl;
if (++a==2)

{
¥

elze
cout<<a+l;

cout<<aj;

}
Examplel0

#include <iostream:
using namespace std;
Elboocl maing)
l | {char a="a";
char c="'c';
if (a-c==2)

1
cout<<Tok™;
}
else
cout<<™no™ ;
L}
Note that a-c = 97-99=-2
Examplell
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#include <iostream:
using namespace std;
Fbocl main()

{
int x=3.5; ——— & implicitly the compiler will convert
if(x==3) 3.5 into 3
cout<ax®n;
B
Examplel2

#include <iostream>
using namespace std;
Flbool main()
1
float x=3.5;
if(wh2==3)

float x

Error: expression must have integral or enum type

cout<<n®x;

¥

e syntax error --> x must be int
Examplel3
#include <iostream> Int(x)%3 --> 3%3 = 0
using namespace std; But

Hbool main{) X will stay 3.5
{
float x=3.5;

if{int(x)¥3==0)
cout<x®n;

|
) 12.25_

Examplel4
#include <iostream>
using namespace std;
Fwoid main()

{ no body for else and

int x=5; T -

: the condition is

if(x<4) : !
cout<<x; fa]_-SE 50 J.-t will

else print nothing

L1

Examplel5
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#include <iostream:
using namespace std;
—Jvoid main()

i

int a=0,b=2,c=3;

if (laxb)

i
C++3
cout<scc<endl ;
cout<<bd+t;

}

else

{
++i
cout<<c<<endl;
cout<sttb;

Examplel6

#include <iostream:>
using namespace std;
—Ibool main()
1
int x=5;
if(x%2==0)
cout<<"even™;
else
cout<<"odd"™ ;

} m
Examplel7

#include <iostream>
using namespace std;

-lbool main()
{
int x=5;
if (x++==0
cout<ax;
}

e if we put ; after () of if this mean that if sentence is end (no body for if ), but the
compiler will read the condition of if; x++==0 so x will be 6 not 5. cout<<x ;
will be executed always

Examplel8

#include <iostream:
using namespace std;

o thereis; after () of if

-bool main() e syntax error -->if statement
{ has been ended so else now
int x=5; . .
if (xsrm=0)f] without if
coutddn;
elsze

Error: expected a staterment

} cout<<x+l;

Examplel9
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#include <iostream:
using namespace std;
-Ibool main()

1
int x=5;
if (x++==5)
cout<<x<<endl;
else;
cout<dn+l;
¥

e cou<<x+1 will be executed always, since else statement has been ended (else;
mean that else ended , and it has no body).

Example20
#include <iocstream:
using namespace std;

—lbocl main()

1
if (false)
cout<<"true”;
else
cout<<"false";
} o -
The switch Multiple-Selection Structure
switch:

Useful when variable or expression is tested for multiple values.

Consists of a series of case labels and an optional default case.

Used instead of nested if/else statements to make the code more readable and easier to trace.
switch (integral) expression is evaluated first

Value of the expression determines which corresponding action is taken

Expression is sometimes called the selector
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Syntax:

switch (variable or expression) ©
'

{ expression

case valuel: //do something; !

break; < EE1-E-

case value2: //do something;

|
false

break;

case value3: //do something; true — -
break; false

case value4: //do something;

break; :

default: // do something faise

e < - Em-E-

false

< mEI -

¢
o

'
»  One or more statements may follow a case label
* Braces are not needed to turn multiple statements into a single compound statement
* When a case value is matched, all statements after it execute until a break is encountered
* The break statement may or may not appear after each statement
e switch, case, break, and default are reserved words
Examplel

#include <iostream>
using namespace std;
wold maing)

i

int x=7;
switch(x)
i
case 7 3
cout<axttccendl;
break;
case B:
cout<astxccendl;

break;
L
¥

e In this Examplevariable x is called the controlling expression.
x will determine which case will be executed
e break determine the end of the case code block
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Example2

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

int x=7;
switch{x)
{
cazs F o3
cout<<ix++i<endl;
case 8
cout<<++uc<andl ;
¥
¥

e [f no break statement is included, all case statements will be implemented once a
match has been found.

e Forgetting break statement is logical error.
Example3
#include <iostream>
using namespace std;
-lvoid main()

{
int x=7;
switch(x)
{
case 8 :
cout<<x<<endl;
case 7 :
cout<<++x<<endl;
}
}
Example4

#include <iostream>
using namespace std;
“lvoild main()

{
int x=1;
switch(x)
{
casel:
cout<<x<<endl;
break;
case 2
cout<<x<<endl;
b
¥

B Forgetting white space between case and the value to test against it. logical
error
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Example5
#include <iostream>
using namespace std;
—vold main()

1
char x="a'";
switch(x)
{
case 'a’:
case "A":
cout<<int(x)<<endl;
}
}

e what about if x ='A' 7?7

Example6
#include <iostream> X=1
using namespace std; .
Svodd meint) X++--> mean case 1 then x will be 2
{ Case 1 will print value of x which is 12
int x=1;
switch(x++)
{
case 1:
cout<<x<<endl;
break;
case 2:
cout<<--x;
break;

e what about if switch( ++x)???
Example7

#include <iostream>
using namespace std;
—lwoid main(}
i
int x=1;
switch { x+ddxt+)

i
case 1@
coutccxccandl 3
break;
case 1:
Errorn case label value has already appeared in this switch
coutdd--K3
break;
¥
¥

e Identical case labels in switch is a syntax error.

Example8
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#include <iostream>

: - X++ + X++;
using namespace std;
—‘voidgmain( )p 1 + 1=2-->case?2
Rt There is no case 2 so nothing will appear on
int x=1;
switch(x+++x++) screen
{
case 1:
cout<<x<<endl;
break;
case 3:
cout<<-=~x;
break:
3
¥
Example9

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

]

{
int x=1;
switch(x+++x++)
{
case 1:
cout<<x<<endl;
break;
case 3:
cout<<--x;
break;
default
cout<<"there is no case value”;
}
}
e if no case matches then default statement will be executed
o default statement is optional in switch
Examplel0
#include <iostream: #include <iostream> #include <icstream:
using namespace std; _ using namespace std; using namespace std;
Flwoid main() -lveid main() =lwoid main()
{ { {
int x=1; A int x=4; int  x=1;
switch(x) zthch(x) switch(x)
1 i
default : defamly = default
w_ cout<<"ok"<<endl; w_pm
cout<<"ok™; ks cout<<“ok"<<endl;
case 1: R i case 3: cout<<x;
dl: 3 break;
cout<<x<<endl; cout<<x<<endl; :
break; break; case 4 : cout<<x;
case 2 : case 2 .= break;
cout<<xd<endl; cout<<x<<endl; }
L
) } =
3 1 | } ok }

e default and case statements can be placed in any order inside the switch structure

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

Placing case 80: cout<<"hi”; is
syntax error (never place similar

ch mmla. AN [ B PO | DN | TN P s

vrmis mmbkan DN B P T T P | I e N S VY

-{ —0- If you enter 50 , the program will display 607080
Int grade—O, If you enter 60 , the program will display 7080

cin>>grade; If you enter 10 , the program will display no
switch (grade+¥0)

{ [T — s — s — —

default: cout<<"no . Remember that writing the switch or the break like |
matching found"; - this Switch, Break will give a syntax error J
case 50: cout<<"50"; | T T T T T T T T T T T
break;
case 40: cout<<"40";
break;

case 60: cout<<"60";
case 70: cout<<"70";
case 80: cout<<"80";

}

return 0;
Examplel2
#include <iostream> #include <icstream:
using namespace std; using namespace std;
—lwold main() —lvoid main()
1 1
int x=1; int w=1;
int y=1; int y=1;
switch (x]} switch (x)
! {
case x+5 : cout<<x; case y : cout<<x;
¥ int x h int y
} . .
Error: expression must have a constant value ¥ Error: expression rmust have a constant value

Syntax error Syntax error
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#include <iostream:
using namespace std;
—Jwvoid main()

1

int x=1;

switch (x)

1

case 1.2 @ cout<dx;

¥ Error: expression must be an integral constant expression
1

Syntax error

e For case statements only constants integer values are allowed (either integer or single
characters). No expressions, float/double values, and variables are allowed.

Examplel3
#include <iostream: #include <iostream:
using namespace std; using namespace std;
—Jvoid main() —Jwvoid main()
1 1
int x=1; float x=1;
int y=1; int y=1;
switch ("x" switch [ﬂ}
{ . . 1
case 1 |: Error: expression must have integral or enum type case 1 float x
¥ ¥ Error expression must have integral or enum type
b 1
Syntax error Syntax error
#include <iostream:
using namespace std; #include <iostream:
-lvoid main() using namespace std;
I —[void main()
int x=1; {
Float v=1: int x=2;
?a y=2i float y=2;
switch (x/y) switch (x+y)
i : {
int x i
case 1 : case 1 : int x
i i brea i .
} Error: expression must have integral or enum type case @ Error: expression must have integral or enum type
1 1
1

Syntax error Syntax error
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#include <iostream:

using namespace std;
—lwold main()

1

int wx=2;

int y=2;

switch (x/y)

1

case 1 @ cout<dx;

break;
case B @ cout<dxSy;

1

1
x and y have int data type --> no error

W switch is used for testing constant integral expressions only, i.e. float, arrays, strings are
not allowed. Only integer values or single character values. These values can be the result
of an expression, variable, or a constant value.

Exampleld

#include <iostream:>
using namespace std;
=lvoid main()}

{ -

®=13
SWitch{xIEI
{

default
cout<<"ok"<<endl;

e putting ; after switch is syntax error
Examplel5

#include <iostream:
using namespace std;
=lwvold main()

i
int x=5;

switch(xB2m=d)

i

case @:
cout<<"false™;
break;

case 1:
cout<< true”;
break;

¥

¥

Examplel6
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#include <iostream>
~ using namespace std;
=lwvoid maing)

i

int x=3;
switch({=x%5)
i

caze 3:
cout<<" 3" ;

case @:
cout<c™a";
break;

case 1:
cout<sg™1™:
break;

Examplel7
#include <iostream:
using namespace std;
Hwveid main()
{// cout<ox;
char x ="abc';
switch(x)
{
case 'c'
cout<<x;

¥
Examplel8

#include <iostream:
using namespace std;
Flwveid main()

1
char 3
int y;

cin »urry;
switch (%)
{
case '9': cout<<x; break;
case 9 : cout<<y; break;

b
|

Examplel9
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What will be happened if we didn't put braces between body of switch ??

#include <iostream: #include <iostream:>
using namespace std; using namespace std;
J—mid main() -lvoid main()
{ it
) int x=4; int x=4;
detals © switch(x)
| cout<<“ok"<<endl; case 5 : I
breaks cout<<"ock"<<endl;
case 4

‘ Error: a break statemnent may only be used within a loop or switch ‘
Error: a case label may only be used within a switch

#include <iostream>
using namespace std;
=lvoid main()
|| {int A=4;
switch (A)
case 4 :
cout<<A;

Example 20
#include <iostream> #include <iostream> #include <iostream>
using namespace std; using namespace std; using namespace std;
Fwoid main() Elvoid main() Fwoid main()
{ { i
char x=97; char x=97; int x='a';
switch (x) switch (x) switch (x)
t - { {
case a case 97 - case 97 :
cout<dx; cout-cox: cout<<x;
L}
3 L}
#include <iostream>
using mamespace std;
| Elvoid maing)
i
char x=QF
switch{x)
i
Case 97 SO OO
| break;
case ‘&' Coutsan;
Errorn case label value has already appeared in this switch
break;
¥
1Ly
Syntax error
e case 97 ==case 'a', case 98 ==case 'b' and so on
Example2l
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#include <iostreams> #include <iostream:>
using namespace std;

using namespace std; Svoid main()

Flvoid main() 1
{ int w =1;
bool x =1; switch (=)
switch (x) 1
{ case true: cout<<x; break;
case 1 : cout <<x; break;
case true: cout<<x; break; }
} Error: case label value has already appeared in this switch
n 3
L} i syntax error
#include <icstream> #include <iostream>
using namespace std; using namespace std;
Elwvoid maing) Elvoid main()
{ {
. int X =8;
1”? x =6; switch (%)
switch (%) I
1 case Talse: cout<<x; break;
case Talse: cout <<x; break; case @: cout <<x; break;
¥ ¥ Error: case label value has already appeared in this switch
} L}

Syntax error
e case true ==case 1, case false = case 0

Example22
#include <iostream> #include <iostream>
using namespace std; using namespace std;
Elwoid main() Elwvoid main()
{int x=1; {int ==1;
char y = 'a'; char y = 'a';
switch (x+y) switch (xty)
1
case 98 : case 97:
cout<<x<<endl; cout<<x<<endl;
cout<<y; coutdly; ———— this sentence doesn't
¥ (] belong to switch
|} il L}
oL -
e note that there are no braces for switch statement
Example23

#include<iostream:>
using namespace std;
Fwoid main()
1
int x=1;
int y="a";
switch(x+y)
i
case 97
cout<<x<<endl;
cout<<y<<endl;

* case 97 has two statements, and switch doesn't match this case. so it will print
nothing.

88

alaa abu srhan --email: alaaa@hu.edu.jo



Example24
#include<iostream:
using namespace std;

I Fwvoeid main()

{

int x=1;

switch(x)

1

cout<<w<<endl;
b
L1

There is no case 1 so it will print nothing

More Example
Example

switch [(grade)

{

casga "A':
count <<
break ;
"B':
count <<
brealk ;
1{: L] s
cout <<
brealk ;
"Dt
cout <<
brealk ;
"F';
count <<
brealk ;
dafault:

cout <<

cCaga

cCaga

=

=

}

Example

"The grade

"The grade
"The grade

"The grade

"The grade

"The grade

point

point

point

point

point

iz 4.0.%;

ig 3.0.%;

ig 2.0.%;

is

11 EIJ "J.

ig 0.0.%;

ig inwalid.™;
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switch (score S 10}

{

cazse O3
cazse 13
case 23
case 33

cazse 43
case 53
grads
brealk :
case o3
grade
break ;
cazse 73
grads
break ;
case &3
grads
braalk ;
cazse 93
case 1073
grads
break ;
defaunlt:

[t | B

}
Example

1F1;

'ID'I;

'IE'I;

'IE'I;

'IA_'I;

"ITnwalid test score.™ << endl;

Switch statement Equivalent nested if else

int 1, n;
cin >> 1ij;
switch (i
case O:

case 1: n

)

break;

case 2: n

break;

default:n

break;

¥

int i, n;
cin >> 1i;

if (i ==0 || 1 == 1)
n = 10;
= 19; else if (i == 2)
n = 500;
- 500; else
n = 0;
cout << n << endl;
= 6;

cout << n << endl;

90

alaa abu srhan --email: alaaa@hu.edu.jo



Chapter 5
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Control Structure

(Repetition)

M In this chapter, you will study:

Why Is Repetition Needed?
while Repetition Structure.

for Repetition Structure.
do/while Repetition Structure.
continue and break Statements.
Nested Control Structures
Debugging loops

B \Why Is Repetition Needed?

* Repetition allows efficient use of variables

« Can input, add, and average multiple numbers using a limited
number of variables

» For example, to add five numbers:

— Declare a variable for each number, input the numbers

and add the variables together

— Create a loop that reads a number into a variable and

adds it to a variable that contains the sum of the
numbers

B Repetition (or looping) control structures:
1. while.
2. for.
3. do/while.

B Two types of repetition or looping exist:
1. Sentinel-Controlled Repetition.
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M In this type you do not know the number of times the
body of the loop must be repeated, i.e. do not know
the number of loop iterations.

B Mainly you use while, and do/while control structures
for this type of looping.

2. Counter-Controlled Repetition.

B In this type you know the number of times the body
of the loop must be repeated, i.e. the number of loop
iterations is defined in advance.

B Mainly you use for control structures for this type of
looping.

B while Repetition Structure:
* Programmer specifies an action to be repeated while some
condition remains true.
« Also called looping or simply loop.
syntax :

while ( condition ) i: ‘
... body of while — Uy Statement
|
false

1 .

« statement can be simple or compound

* expression acts as a decision maker and is usually a logical
expression

 statement is called the body of the loop

» The parentheses are part of the syntax

Examplel
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#include <iostream: counter
using namespace std; 1
-lveid main() )
( 1 Use 3
int  counter =1 ; il 1
while (counter<=18) 2
{ f >
cout<<counter<<endl; [ 6
counter++; b 7
7
} 0 a8
0 ?
h 10
11

while loop repeated until condition becom
next line of code after while loop will be executed

condition
1<=10 ?? yes
2<=10 7?7 yes
3<=10 7?7 yes
4<=10 ?? yes
5<=10 ?? yes
6<=10 ?? yes
1<=10 27 yes
8<=10 ?? yes
9<=10 ?? yes
10<=10 ?? yes
11<=10 2?2

no -»stop
es false where the

output

W00 =] o N LD b e

ek
=

counter in the Exampleis called the loop control variable

LCV

Example2

#include <iostream:
using namespace std;
veld main()

i

int  counter =1 ;
while ({counter<=18)
i
cout<<counter<<endl;
counter++;

]
h

#include <iostream:
using namespace std;

-lvoid main()

{

int  counter =1 ;
while (counter<=18)

cout<<counter++<<endl;

cout<<"ok"<<endl;

}

1
2
3
4
)
b
7
g
7
il
0

e The body of the while loop is the code block contained within

the braces after the while, otherwise it is the first statement

after the while only.

Example3
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#include <iostream» iteration counter output

using namespace std; 1 1 1<=10 ?2? true 1
-lvoid main() 9 1 1<=10 ?2? true 1
i 3 1 1<=10 ?? true 1

int counter =1 ;
while (counter<=18)
cout<<counter<<endl;
counter ++;

h

e The body of the while loop is the first statement after the while only.

e The condition of the while is always true, i.e. the body of the while
loop does not modify the condition value.

e the execution will not finish (the condition is always true ) --->Infinite
loop

e Infinite loop is Logical error in the while structure.

e Infinite loop: continues to execute endlessly

e Avoided by including statements in loop body that assure the
exit condition is eventually false

Exampled

#include <iostream>
using namespace std;
—lwvoid maing)

1
int x =1;

while{ [)
i

Errorn: expected an expression

cout<sx <<endl;

¥
¥

e Leaving the parenthesis after the while empty (i.e. you do not
specify any condition) is syntax error

Example5
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#:i_r:lclude <i05tr‘eartnz iteration x I:}'l.'.ltp'l.'.lt
Using namespace s ¥
Hwoid main() 1 1 1<3 yes *
{ 2 2 2<3 yes *
int w =1 3
while (x<3) 3 3 3<3 no——>stop
i
W+

cout<<"* " ccendl;

¥
-
Example6

#include <iostream>

using namespace std; iteration x z
-;Did main() 1 1 1<=3 ?7? yes 2+(1-2)=1
int % = 1; 2 2 2<=3 ?? wes 3+(1-2)=2
i =]
it o 3 3  3<=3 ?? yes 4+(1-2)=3
while(x<=3) 4 d<=3 7?7 no stop
{
zm(++x)+(y=2);
cout<<zI<<endl;
¥
¥
Example?
#include <iostream> Finclude <iostream>
using namespace std; using mamespace std;
=lwoid main() Slwoid main()
{ i
int x =5; int x =5;
int y=2; int y=2;
int z=1; int ze=1;
while (1 {!x|]!'y)}) while (!x||!y)
i
wW=m-1; xmx=1;
y=y-1; -1
cout<<z+iccendl ; yoy=-ta

coutL{z++<cendl;

} }
} S
Example8

#include <iostream:>

3 d c sum output
us I'IE_ name_'.puce 5 H _
Svoid main() 1 1<=5H 7?7 true 0+1=1
{ 2 2<=H 7?7 true 1+2=3
int ¢ = 1, sum = @; 3 3<=h 7?7 true 3+3=6
while (c <= §) 4  4<=5 ?? true 6+4=10
ium:sum{; 5 E<=5 2?7 true 10+5=15k
C++} 6 6<=5 7?7 no stop 15
H
cout<<sum<<endl;
}

Example9
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#include <iostream: o output
us%ng n.?mespace std; 1 1<=3 27 true
Jvoid main() 1%2 1=0 true 1
fe s 2 2<=3 22 true
while (x<=3) 2%2 1=0 false
i 3 3<=3 ?7? true

if (x&2 1=0) 3%2 1=0 true 3

x++;c':'“t{{x{{end15 4 3<=3 ?? false stop
} = | CAUsers\ent

il

} 3

Examplel0

#include <iostream:
using namespace std;

—lwvodld main)

i

int z=2;

int i=8,c=2;
while(i<18)
fi+=z;
switch (i}
1
case 2: c=c+l;
cout<<”add 1"<<endl;
break:
case 4: c=c+2;
cout<<"add 2"<<endl;
default : c=c+3;
cout<<"add 3"<<endl;
¥
¥

cout<<"result: "<<c;

¥

Examplell

#include <iostream:
using namespace std;
Slvoid main()

i
int x =5;
int y=2;
int z=1;

while (Ix]||!y);

x=x-1;
y=y-1;
cout<<z++<<endl;

¥ .

IX||ly

15|12

0|0 --> 0 false stop while
X=4

Y=1

Will print z++ --> 1

Z=2

* | CAUs

¥

putting ; after while mean no body for while

Examplel?2
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#includesiostrean:

u=ing namespace =td;

void main()

{int ==1;
while{x++<3);
cout < <x<{<endl;

1<3 true do nothing
2<3 true  do nothing
3<3 false stop loop

H WO N - X

Examplel3
tinclude<iostrean: ) .
R e o “C:\Program Files\icrosof
void main()

{int ==1;
while(z++:3);
cout<<x{{endl;

Examplel4
#include <iostream:
using namespace std;
vold main()

{
int  ff=5;
while (ff¢=10);

{
T+

cout<<ffH<<endl;

}
* Infinite loop-->logical error
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B \While has three cases:

e Case 1 :Counter-Controlled while Loops
o When you know exactly how many times the
statements need to be executed
o Use a counter-controlled while loop

counter = 0; //initialize the loop control variable

while (counter < N) //test the loop control variable

{

counter++; //update the loop control variable

}
Example(test your self )

+ 10 Students at a local middle school volunteered to sell fresh baked
cookies to raise funds to increase the number of computers for the
computer lab. Each student reported the number of boxes he/she sold.
We will write a program that will do the following:

— Ask each student about the total number of boxes of cookies
he/she sold
— Output the total number of boxes of cookies sold
— Output the total revenue generated by selling the cookies
— Output the average number of boxes sold by each student
» Assume the cost of each box of cookies = 5$.
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o Case 2: Sentinel-Controlled while Loops
o Sentinel variable is tested in the condition
o Loop ends when sentinel is encountered

cin >> variable; //initialize the loop control variable
while (variable != sentinel) //test the loop control variable
{

cin >> variable; //update the loop control variable

Case 3: Flag-Controlled while Loops
o Flag-controlled while loop: uses a bool variable to control the

o loop
found = false; //initialize the loop control variable
while (!found) //test the loop control variable

{

if (expression)
found = true; //update the loop control variable

}
Example(Number Guessing Game)
« implementing a number guessing game using a flag-controlled while

loop
+ Uses the function rand of the header file cstdlib to generate a random

number
— rand() returns an int value between 0 and 32767

— To convert to an integer >= 0 and < 100:
* rand() % 100

100
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# include <iostream>

using namespace std;
—#include <stdlib.h>

#include<ctime>
=void main()

{
int num;
int guess;
srand(time(8));
num = rand() % 180;
bool isGuessed = fTalse;
- while (!isGuessed)
{
cout << "enter an integer greater than or equal @ and less than 1688 "
cin »> guess;
- if (guess == num)
{
cout << "you guessed the correct number" << endl;
isGuessed = true;
¥
= else if (guess < num)
{
cout << "your guess is lower than the number" << endl;
cout << "guess again!” << endl;
¥
= else
{
cout << "your guess is higher than the number" << endl;
cout << "guess again!" << endl;
¥
¥
¥
Example

e Consider the following sequence of numbers:
01,1,23,5,8,13,21, 34, ...
e Called the Fibonacci sequence
e Given the first two numbers of the sequence (say, al
and a2)
o n" number an, n >= 3, of this sequence is given
by: a, = an-1 + an2 Fibonacci sequence
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nth Fibonacci number
oa=1
oar=1
o Determine the n™ number a,, n >= 3
Supposea;=6anda; =3
oazs=a+a;1=6+3=9
oau=az+ta=9+6=15
Write a program that determines the n' Fibonacci
number, given the first two numbers

Algorithm:
— Get the first two Fibonacci numbers
— Get the desired Fibonacci number
(et the position, n, of the number in the
sequence
— Calculate the next Fibonacci number
* Add the previous two elements of the
sequence
— Repeat Step 3 until the n Fibonacci number is
found
— Output the n™ Fibonacci number
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B do while repetition structure
The do/while repetition structure is similar to the while structure except
that Condition for repetition tested after the body of the loop is executed.

Syntax:

do
statement
while (expression);

!
l

expression — true

false

&
!

» The statement executes first, and then the expression is
evaluated
— As long as expression is true, loop continues
» To avoid an infinite loop, body must contain a statement that
makes the expression false
« Loop always iterates at least once
Examplel

#include <iostream>
using namespace std;
—lvoid main()

1
int w =1 ;
do

. 1
body of while { cout<<w<<endl; w++; Zl CA
=

will execunte onc * é
before condition for |while (x<=3});

repetition has been cout<<"the end”; [ RTECRT]
tested

h
e All actions are performed at least once.
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Example2

#include <iostream:
using namespace std;

#include <iostream:
using namespace std;

—Jvoid main() —lwold main()

1 i
int i=2,x =2 ; int i=2,%x =2 ;
do do
{ =) c {
if (x<5) x-=1; | if if (x<5) x-=1;
= =7 A = =7
else w+=2; 4 else wt+=2; " T
cout<<x<<endl; cout<<x<<endl;
while (++i<4); while (it++<4); é
cout<<is cout<<i; )
} ¥ =
Example3

#include <iocstream>
using namespace std;
—Ivoid main()

1

int w =5 ;

do

1
if (w+5<18) x+=5;
elzse x+=18;

fwhile  (+4+x<4); u
cout<<x<<endl; 6

}

Example4

#include <iostream>
using namespace std;
—Iwvold main()

1

int =17 ;

do

{cout<<z<<endl;

z--3 ]

jwhile (z%5!=8);
cout<<"ok"<<endl; ig

h ok

Example5

#include <iostream:
using namespace std;
—lwoid main()

{

int x=4,y=7;
do
{

cout<<x<<endl;
¥

while {(x--,y--3);

104

alaa abu srhan --email: alaaa@hu.edu.jo



Example6

= Always be careful with the pre or post
condition when applied to the while or

do/while repetition

int num=3;
while(++num<7)
cout<<"loop"<<endl; //

int num=3;
while(num++<7)
cout<<"loop"<<endl;

cout<<"loop“<<endl;

twhile(count++);//
loop will be
printed 4 times on
the screen

loop will be printed // loop will be
3 times on the printed 4 times on
screen the screen

int count=-3; int count=-3;

do{ do {

cout<<"loop“<<endl

twhile(++count);//
loop will be
printed 3 times on

-I—L\f\ Pl el laYal e
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W for repetition structure
B Handles all the details of counter-controlled repetition in a
concise way.
syntax :

for (initial statement; loop condition; update statement)
statement

initial
statement

-

loop update
— true —— EEEEICIUT N [

|
false

Examplel
#include <iostream: steps:
using namespace std; 1. initialization
Clvoid main() 2. condition
1 [4] 3. body of for

for (int i =0 ;i<=4; i++)

{cout<<ice" -

4, increment or decrement
repeat from step 2

i
B 1 2 3 4 o
} stop when the condition become
false
Example2
#include <iostream>
using namespace std; .
-lvoid main() increment/
{ initialization conditions decrement

for (int 1 =@, j=8; Jj+ i <= 18; j++, i++)
cout << J + 1 << endl;

}
M for loop has three part separated by semicolon.
106
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Example3
#include <iostream:
using namespace std;
—Jwvoid main()
1
int 1 =8;
for ( ;i<=4; i++)

#include <icstream:
using namespace std;
—void main()

1

for ( ;i<=4; i++)

{oout<<igge™ ™

}, L

ChUsers\eng }

w1 2 3 4
) R

t
{eout<< Error: identifier "i* is undefined

Syntax error

M The three parts of the for loop are optional , don't omit ; inside

for if you omit any part.

B we have to declare variable i outside for in this case , otherwise

its syntax error.
Example4

#include <iostream:>

using namespace std;
—lwoild main()

1

for (int 1 =8 ; ; i++)

{cout<<ig<<endl;

¥
¥

Example5
#include <iostream:
using namespace std;
—lvoid main()

1

for (int 1 = @8 ;i<=4; )
{cout<gicg™ M

i++;

} [ CAUsers\eng.a

1 2 3 4
h

°
] ChUsershy

The three parts of the for loop are
optional, if the condition is omitted
this will create an infinite loop since
the compiler assumes that the for
condition is true.

Infinite loop -->logical error

#include <iostream:
using namespace std;
—Ivoid main()

1

for (int 1 = @ ;i<=4:
{cout<<i<<endl;

h

¥

infinite loop-->logical error

e if you omit increment or decrement from for sentence don't
forget to put it inside the for body, otherwise it will give you

infinite loop.
Example6
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#include <iostream>
using namespace std;
—1void main()
{
for (int h=5; h<l@)
{

cout<<h<<endl;

}

Error: expecteda ;'

}
e omitting any part of the three parts of for doesn't mean to omit
any ; . omitting ; give us syntax error.

Example7
#include <iostream> #include <lostream>
using namespace std; __E;iggm;z:?;pace std;
—lvoid main() I
1
for (int i = 97 ;i<1@8; )
for (int i = 97 ;i<lee; ) 1 .
{i++i ?Dut<< char({ij)<<endl;
cout<< char{i)<<endl; _ } A
h
¥
¥
e Dbe careful where you put increment or decrement of for .
Example8
¥include<1ostrean:

n=ing nansspace std;
finclude <math. by

vold nainf )

{for (int 1 =0 ;1¢5 ;14+4)
cout¢{1<<endl;
cont<{1¢{endl;

}

e The body of the for loop is the code block contained within the
braces after the while, otherwise it is the first statement after the
for only.

e the second cout sentence will execute once since it is outside
for body .

e Vvariable i can used inside and outside for body.

[ P Ly =y, ] III%!II
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Example9

#include <iostream:>

using namespace std; [
—lvoid main() L

b

{ H
181

for(int i = 97; i<186 ;i++)

cout<<char(i)<<endl;

i+

cout<<i;

h

Examplel0

#include <iostream: |

using namespace std;

—Jvoid main() OUtpUt
{ -21
for (int i = -21 ;i<3;i*=-2 )

1
cout<<"hi"<<endl; | hi
i++; -
} o
} -20*-2=40

is 40<3 ??--> false stop

Examplell
#include <iostream:>
using namespace std;

—Jvoid main()

1

for (int z = 8 ;z»B;z-=3 ) o CAUse
cout<<z<<endl;
cout<<"thank you™;

h

Examplel?2
#include <iostream>
using namespace std; o |

—lvoid main()

1 ok
for (int ok = 5;ok>=S&8ck<18;ok++ ) | i

cout<< ok " <<endl;

h
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Examplel3

#include <iostream:
using namespace std;
-lvoid main()

{

for (int counter = 38;counter:»®;counter/=2 )

cout<<counter<<endl;

}
Examplel4

#include <iostream:
using namespace std;
—Jwoid main()

| B L] =
3y -

#include <iostream:
using namespace std;
—Jwvoid main()

1
for{int i=1;i<5;i++)
cout<<"loop"<<endl;

1
for(int i=1;i<5;++1)
cout<<"loop"<<endl;

} b

e The two for loops above will print loop 4 times. There is no difference if
the increment/decrement is pre or post inside the third part of the for
loop statement.

Examplel5

#include <iostream:
using namespace std;
—lwoid main()

i
char com="a';

for (char i = 'a’";i<’'c’;iH+ )

i
cout<<com<<™ Wt "<<i<<endl;
com+=23 ® | ChUsers\e
switch(com) - a

case 'c’ vou get c
cout<<"you get c"<<endl; | &
}_ —
¥
Examplel6

#include <iostream:
using namespace std; us%ng n?mespace std;
=lwoid main{) —[void main()
{ {

for {int e = lj;e<=3;cout<<t++e<<endl ) for (int e = 1;e<=3;cout<<et++<<endl )

#include <iostream:

" Use # | CAUsers

cout<<e<<endl; cout<<e<<endl;
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Examplel7

#include <iostream:>

using namespace std;
—lvoid main()

1

for (int e = lj;e<=3;cout<<e<<endl )}

cout<<e<<endl;

¢ infinite loop --> logical error
Examplel8

#include <iostream:
using namespace std;
-lvoid main()

i

int 1, c=0;
for(i=12;1i>5;1-=3)
i

c++; )

cout<<c;

Examplel9
#include <iostream>
using namespace std;
-lvoid main()
{
for(int e =1; e<=3,cout<<e<<endl)

cout<<e<<endl; e
} Error: expected a '

e syntax error

Examplel9

tinclude<iostrean: e
using namnespace std; e "C:\Program

- - #include< io=tream:
void mainf)

using nanespace std; e "C:\Program File
vold main()
fori{int ==1;2<5 =2++);
cout{{=x{<{endl; foriint ==1;2¢5; 5++);
e+
cout¢ <= {endl;

e putting ; after for mean no body for for
111
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Example20
#include <iostream:
using namespace std;
—lvoid main()

1
int e =7;
for (int e = 1;e<=3;e++ )
cout<<e<<endl;
}

e syntax error, if we declare variable outside and inside for sentence

Example21
#include <iostream:
using namespace std;
—Jwoid main()

1

for(i=1;i++<12; i*=2 )

cout<<i<<endl; |
cout<<i<<endl;

2
11
¥ 23
Example22

how many time cout<<e<<endl; will execute??

#include <iostream:
using namespace std;
—Jvoid main()
1
for (int e = 1;e<=38;e4+=5 )
cout<<e<<endl;

T
answer : 6

# | CAUsersy

Example23
what this code do ??
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#include <iostream:
using namespace std;
—lvold main()
1
for (int e = 1je<led;eh+ )
if (e¥2=-=8)
cout<<e<<endl;

0 L7
answer: print even numbers between 1 and 99 on screen .
Example24

#include <iostream:

using namespace std;
—lwoid main()

{

for(float i=5.5;i<1@;i++)

cout<<i<<endl;

}

Note that even if variable i is float but it is used as integer counter in the for loop,
however it’s value is printed as float inside the body.

B Choosing the Right Looping Structure
B All three loops have their place in C++
o If you know or can determine in advance the
number of repetitions needed, the for loop is the
correct choice
o If you do not know and cannot determine in
advance the number of repetitions needed, and it
could be zero, use a while loop
o If you do not know and cannot determine in
advance the number of repetitions needed, and it
Is at least one, use a do...while loop

B break and continue Statements
break:

B Causes immediate exit from a while, for, do/while or switch structure
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B Program execution continues with the first statement after the

structure

B Common uses of the break statement:

B Escape early from a loop

B Skip the remainder of a switch structure
B break statement is used for two purposes:

B To exit early from a loop

B Can eliminate the use of certain (flag) variables
B To skip the remainder of a switch structure
W After break executes, the program continues with the first statement

after the structure

Examplel
#include <iostream>
using namespace std;
—lvoid main()

i

for (int x=1;x<1@;x++)

1
cout<<x;
break;

i | Ch\Use

) -

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

1
for (int w=1;x<l@;x++)
i
cout<ex<<aendl ;
break;
}
cout<<"ok": il
o
}

o break mean exit loop and continue with the first statement after loop(loop: for, while, do

while)
Example2
#include <iostream>
using namespace std;
-lwoid main()

r
1

int x=1;
while(x<=7)
i
if(xx2==0)
break;
X4+
cout<cok”;

B | CAUsers\y

} o ke

Example3
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#include <iostream:
using namespace std;
—Jvoid main()

{
int w=-2;
while(x<2)
1
if(!x)
break;
cout<<xt+;
I = C\Users\
1 —2-1
Example4
#include <iostream:>

using namespace std;

vold main()

i

for (int x=l;x<3;x++)
cout<<x<<endl;

..... ]

Error: a break staterment may only be used within a loop or switch |

e Using break outside a loop or switch (e.g. inside if/else) statement is a syntax error.

Example5
#include <iostream> #include <iostreams>
using namespace std; using namespace std;
—lvoid main() —Jvoid main()
1 1
int x=1: © C\Users\eng.alaa\dot for ( 3 3 )
for (55 ) 111111111111111111111 break; [MEBCN
cout<<x; d1114444444441431131311 }
d1114444444441431131311 -
} d1114444444441431131311
continue:

B Skips the remaining statements in the body of a while, for or do/while structure and
proceeds with the next iteration of the loop. Also, can be used with switch.

B In while and do/while, the loop-continuation test is evaluated immediately after the
continue statement is executed.

B In the for structure, the increment/decrement expression is executed, then the loop-
continuation test is evaluated.

Examplel
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#include <iostream:
using namespace std;

“lvoid main()

r

1

for (int x=l;x<3;x++)

{
cout<cx<<endl ;
continue;
cout<<"no™;

1
:-

Example2

#include <iostream:
using namespace std;

-lvoid main()

o

1

for (int x=1;x<18;%+H)
{

if (x¥2==8)

continue;
cout<<x<<endl;

}

}

In the for structure,

the increment/decrement expression is executed, then the loop-

continuation test is evaluated
Example3

#include <iostream:
using namespace std;

—lvoid main()

1

int x=1;
while(x<18)
1
if (x¥2==8)
continue;
®++;
cout<<x<<endl;
¥
¥

C

infinate loop --> logical error
In while and do/while, the loop-continuation test is evaluated immediately after the continue

statement is executed

Example3
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#include <iostream:
using namespace std;
—lvoid main()

{

for (char e="a'je<="d" je+t)

{

if (e=="c') .

continue;
cout<<e<<endl;

¥
¥

Example4

#include <iostream:
using namespace std;
—lvoid main()

{

for (int x=1;%<3;)
1

cout<<x<<endl;
continue;

)+

}

}

Ch\Usen

e infinite loop-->logical error

Example 5

what this C++ code do?

#include <iostream:

using namespace std;
—lvoid main()

1

int ¢ = 2, sum = @;

while (c <= 18)

{
c++;
if (c¥2==8)
continue;
sum += C}
}
cout<<sum<<endl;
}

answer : sum of odd numbers between 3 and 11 [3,11]
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Example6
#include <iostream:
using namespace std;
—lwodid main()
i
for (int x=1;%x<3;x++)
i
cout<ax<<endl;
cout<<"no™;

¥

contihue;

Error: a continue staterment may only be used within a loop

e Using continue outside a loop or switch (e.g. inside if/else) statement is a syntax

error.
Example:

Write the pseudocode to create the following multiplication table:

1 2 3 4 5 & 7 B 9
2 4 6 B 10 12 14 16 1B
3 & 9 12 15 1B 21 24 27
4 B 12 16 20 24 2B 32 36
5 10 15 20 25 30 35 40 45
Example:
» To create the following pattern:

» We can use the following code:
for(i=1;i<=5;i++)

{
forj=1;j<=1; j++)
cout << "*":
cout << endl;
}
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The Hashemite University

Computer Programming (C++)

Part 2

For Faculty of Engineering

(110400102)

Lecturer: Alaa Abu-Srhan
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Course Syllabus
Hashemite University
College of Engineering

(3 Credit Hours/Fac. Compulsory)

Course Name: Computer Programming

Course 110400102

Number:

Prerequisite: 110108099

Textbook: C++ Programming: From Problem Analysis to Program D.S. Malik, 6™
Edition

References C++ How to Program, Paul J. Deitel and Harvey Deitel, Pearson, 4
edition.

Course This course covers main topics of C++ programming including C++

Description: fundamentals, operations, elements, structured methods, variables,

assignment, Input/Output, control structures, functions, arrays, pointer,
strings and classes.

Course CLO1: understand basic programming structures. (a, c)
Learning
Outcomes CLO2: design C++ program to perform predefined task (c, k).
(CLOs): CLO3: analyze written C++ program to predict output (c, k).
CLO4: develop, debug and run C++ programs on Visual Studio
(k)
Important - Lecture notes
material
- References

- Internet resources

Major Topics Covered and Schedule:

Topic Chapter # Lectures

Introduction to computers and programming languages Chapter 1 2
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Basics of C++

Data types, variables

Arithmetic expressions, operators, assignment,
increment, decrement

Input/ Output Basics

Quiz

Control Structure | (Selection)

Relational and logical operators
“if, if ... else”

Switch Structure

Control Structure Il (Repetition)

Loops: “while” Loop, “for” Loop and “do... while”
Loop.

Nested control structure

Midterm Exam

Arrays and strings

One dimensional Arrays creation, initialization and
manipulation

Strings

Multidimensional Arrays

Homework

User defined functions

Predefined functions, user defined functions
Value returning functions, void functions
Value Parameters

Reference Variables as Parameters

Value and Reference Parameters and Memory Allocation
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Chapter 2

Chapter 3

Chapter 4

Chapter 5

March 11, 2019

Chapter 7,8 4

Chapter 6

8



— Reference Parameters and Value-Returning Functions
Scope of an Identifier

— Global Variables, Named Constants, Static and
Automatic Variables

— Function Overloading

— Functions with Default Parameters
— Recursive function

— Arrays as a parameter to function

POINTERS Chapter 12 4

Pointer Data Type and Pointer Variables

Address of Operator (&) and dereferencing Operator (*)

Pointers with arrays

Pointers as a parameter to functions

In-lab Assignment

Course Policy

- Course Website (Moodle): http://www.mlms.hu.edu.jo/. Students are asked to check the
website regularly for announcements.

Students are responsible for the reading assignments from the text and handouts
Students are responsible for following up the lecture materials

- If you miss class, there won’t be a makeup test, quiz, etc. and you WILL get a zero unless
you have a valid excuse.

Cheating and plagiarism are completely prohibited.
If you miss more than 15% of classes you will automatically fail the class.
Grading policy:

=  Midterm exam: 35%

®=  Quiz, homework and in-lab Assignment: 25%
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=  Final exam: 40%

- Midterm Exam will be held in March 11, 2018
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Chapter 8
Array



Outline:
— Arrays
— Searching an Array for a Specific Item
— C-Strings (Character Arrays)
— Parallel Arrays
— Two- and Multidimensional Arrays
e Simple data type: variables of these types can store only one value at a time

e Structured data type: a data type in which each data item is a collection of
other data items

e An array is a series of elements of the same type placed in contiguous memory
locations that can be individually referenced by adding an index to a unique
identifier.

e That means that, for example, five values of type int can be declared as an array
without having to declare 5 different variables (each with its own identifier). Instead,
using an array.

e Format:

dataType arrayName[intExp]:;

* intExp: any constant expression that evaluates to a positive integer

Examplel:

#include <iostream:
using namespace std;
—lwvoid main()

{
int a[1e];
i
e we have array a that has 10 element

o First element at position 0
o last element at position n-1. where n is number of elements
o al[0] :first element, a[l] :is 2nd element ... a[9] : last element.

Example 2
int num[5];
* declares an array num of five components. Each component

is of type int. The components are num[0], num[1], num([2], mamo)]

num[3], and num[4]. numi[1]

* Basic operations on a one-dimensional array: numi2]
* |Initializing

* Inputting data num{3]

* Outputting data stored in an array numi4]
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* Finding the largest and/or smallest element

e Declaring arrays - specify: Name, Type of array, Number of elements
Example 1

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

i
int a[1@], b[5];
}

e Declaring multiple arrays of same type
Example 2

int 1ist[10];

[0l (1] [2] (31 [4] [51 [el [7] [8] [9]
=s
FIGURE8-3 Array list

list[5] = 34;

(ol [1] (2] [31 [4]1 ([51 I[e]l [7]1 [8] [9]
list[3] 10;

list[6] 35;
list[5] list[3] + list[6]1;

(o] (1] (2] (3] [4] (5] [e6] [7] [8] I[9]

list

° Value of the index is the position of the item in the array
. []: array subscripting operator
° Array index always starts at 0

Example3:
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#include <iostream>
using namespace std;
=lvoid main()

{
int b[E]-{ 1: 21 3: 4: 5 };

e initialize an array (b) Using an initializers list.

e Arrays can be initialized during declaration

e Values are placed between curly braces

e Size determined by the number of initial values in the braces

Example 4

#include <iostream>
using namespace std;
—lvoid main()

int b[S]={ 1, 2, 3, 4, 5,6 };

} Error: too many initializer values

e If too many initializers, a syntax error is generated
Example 5

#include <iostream:>
using namespace std;
—lveid main()

1
int b[5]={ 1, 2, 3, 4};
cout<<b[4];

e If not enough initializers, rightmost elements become 0.
e Cout<<b[4]; = array element that have index = 4.

Example 6

#include <iostream:
using namespace std;

=lvolid main()
{
int b[5];
for (int i=B;i<=3;i++)
b[i]=1i*2;
for (int i=8;i<=3;i++)
cout<<b[i]<<" “;
¥

e We caninitialize an array Using a loop.

Example 7
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#include <iostream>
using namespace std;
Flwveid main()

int b[5]={ 1, 2, 3, &4, 5};
for (int i=@8;i<=4;i4++)
cout<<b[i]<<™ ™;

e to output all array elements use loop (for or while)

Example 8
#include <iostream:
using namespace std;
Flwveid main()
1
int b[5]={@};
for (int i=8;i<=4;i++)
cout<<b[i]<<™ ;

} i

e Sets all the elements to 0 since the first element is initialized to 0 and the rest are
implicitly initialized to O.

Example 9
#include <iostream>

using namespace std;
=void main()

int b[S]={1};
for (int ie=@;i<=4;i++)
cout<<b[i]<<" ";

o the first element is initialized to 1 and the rest are implicitly initialized to 0.
Example 10
#include <iostream>

using namespace std;
Flweid main()

i
int b[]={e,1,2,3};
for (int i=@;i<=3;i++)
cout<<b[i]<<” *;
L}

e If size omitted, the initializers determine it
e 4initializers, therefore b is a 4 elements array

10
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Example 11
#include <iostream>
using namespace std;
-lvoid main()

int b[4] = {1,2,,9};
cout<<b[@]; :
Error expected an expression
e syntax error
Example 12
#include <iostream:> m
using namespace std; "_l CﬂUSETS\EﬂgJ
Slvold main() element
1 7] a
int b[S5]: : 2
for (int i=@;i<=3;i++) 5 6
b[i]=i*2;
cout<<"index"<<" "<<"element"<<" "<<endl;
for (int i=B;i<m3;i++)
cout<gice” "eb[i]ec” "¢eendl;
}

e " elementin an array has the index (or subscript) of i — 1.
e The subscript must be an integer value, where it could be: Constant, Variable,
Expression, and A result of a function call.

Subscript is always int variable or value

Example 13
#include <iostream>
using namespace std;
—lvoid main()

1
int b[e]={@} ;
Inr(int i=B;i<6;i4+4+) Ej
if (i%2==8) 7]
b[i]=i*2; 2
cout<<b[i]<<endl; | '
h 8
A
} =
More Examples
Example 1

¢ Write the required code to do the following:
1. Define an array sales of 10 components of type double.

double sales[10];
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2.

4,

b

initializes every component of the array sales to 0.0

for (int index = 0; index <
10, index++)
sales[index] = 0.0;

Reading data from user into an array:

for (index = 0; index < 10;
index++)
cin >> sales[index];

Printing an array

for (index = 0; index < 10;
index++)

cout << sales[index] << " ";

4

Finding the sum and average of an array

double sum = 0;
for (index = 0; 1ndex < 10;
index++)

sum = sum + sales[index];
double average = sum / 10;

6. Largest element in the array:
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double maxIndex = 0;
for (index = 1; index < 10;
index++)
1f (sales[maxIndex] <
sales[index])

maxIndex = 1ndex;
largestSale = sales[maxIndex];
* Example:

int myList[5] = {0, 4, 8, 12, 16}; //Line 1
int yourList[5]; //Line 2

yourList = myList; //illegal

cin >> yourlist; //illegal
e Solution:

for (int index = 0; index < 5; index ++)
yourList[index] = myList[index];

e Aggregate operation: any operation that manipulates the entire array as a single unit is
Not allowed on arrays in C++

13
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Example 2
#include <iostream>
using namespace std;
-lvold main()

1
int b[6]={1} ;
for{int 1=0;1<5;1i++)
{
b[i+1]=b[i]; A
cout<<b[i]<<endl;
}
}
Example 3

#include <iocstream:

using namespace std;
—lwvoid main()

{ const int x=18;

cout<{dx;

i

e const: also called named constants or read-only variables, mean that x has fixed value
Example 14
#include <iostream>
using namespace std;
=lvoid main()
{ const int x=1@;
x=5;

const intx = 10

Error: expression must be a modifiable hvalue

}
e constant variable cannot be modified throughout the program after it is being declared.
e modified it is syntax error.

Example 15

#include <iostream:

using namespace std;
—lwvoid main()

{ const int x=3;

int z[x]={1,2,3};

for (int i=8 ;i<3 ;i++)

cout<<z[i]e<™ 5
1 |
1 2 3

e Arrays sizes are usually declared with type const since they are static (fixed).
Example 16

14
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#include <iostream:>

uzing namespace std;
—void main()

1 int x=3;

int z[x]={1,2,3};

int x

Error: expression must have a constant value

for (int 1=0 ;i<3 ;i+H)
} cout<<z[i]<<™ 73

B [f you want to declare the size of an array using a variable this variable must be declared
const, otherwise you will get a syntax error.
Example 17
#include <iostream:

using namespace std;
—[void main()

{
int x[1]={1}; -
For(int 1 —@;ica;its) | o CAUSERS
cout<<x[i]<<endl;

}

e Going outside the range of an array is a logical error in C++.

e Index of an array is in bounds if the index is >=0 and <= ARRAY_SIZE-1 Otherwise, the
index is out of bounds

e |n C++, there is no guard against indices that are out of bounds

Example 18
—#include <iostream:
using namespace std;

—lwoid main()

i

double x[]={5.2,4.5,5.2,6.3,7.5};

cout<<x[2.8];

| Error: expression must have integral or enum type
¥

e syntax error (index is always positive integer number)

Base Address of an Array and Array in Computer Memory

* Base address of an array: address (memory location) of the first array component
*  Example:

— Iflist is a one-dimensional array, its base address is the address of list[0]

15
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What is the output of the Memory
following statements? addresses

int myList[4]={1,5,3,2}; - ’/
cout << mylList[0]; _ Address of
List [0] DS 1000 ——-———————— )
cout<< myList; m o] I 1001 myList [0]
List [1] D 1004 -——-——————— )
st ) 1005 myList [1]
I i
- Address of
List [2] DN 1008 -——-——————— -
1 S ) — 1009 myList [2]
1000 | | }gﬁ
List [3] DS 1012 ——-——————————— X
st B 1013 myList [3]
| | Address of
List [4] DN 1016 —-—a————— .
st Y — 1017 myList [4]
| Bk
I 1019
Size of Array
example 1
#include <iostream>
using namespace std;
Fwvoid main()
{
int myArray[18];
cout << sizeof(myArray);
}
e For arrays, sizeof returns
( the size of 1 element ) * ( number of elements )
example 2
#include<iostream>
using namespace std;
Flveid main()
i
int x[3][4];
cout<<sizeot(x);
1 n
| 48 _
e number of element =3*4 =12, size of one element =4, so result will be 4*12=48
16
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example3
#include <iostream»
using namespace std;
-lvoid main()
{
int myArray[]={1,2,3};
cout << sizeof(myArray);

\ o
note that : number of element = 3
example 4

#include <iostream>
using namespace std;
“lwoid main()
{
int myArray[]={1,2,3};
int d= sizeof(myArray);
int f = sizeof (int);

cout<<d/T; EJ C\Us

)

e To get the size of an array (number of elements) using sizeof operator do the following:
number of element = sizeof(myArray)/ sizeof(int);

Searching an Array for a Specific Item
» Sequential search (or linear search):

— Searching a list for a given item, starting from the first

array element

— Compare each element in the array with value being

searched for

— Continue the search until item is found or no more
data is left in the list

alaa abu srhan --email: alaaa@hu.edu.jo
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1 #include <iostream>

2 using namespace std;

3 —# include<cstdlib>

a L#include<ctime>

5 =wvoid main()

& {

7 int list[1@];

8 int searchitem;

9 cout << "please enter a number between 8 to 58 you want to search for it" << endl;
18 cin >»> searchitem;

11 int listlength = sizeof(list)/sizeof(int);
12 srand(time(8));

13 = for (int i=0;i<=9;i++)

14 il

15 list[i] =rand()%50;

16 ¥

17 I int leoc = @;

18 bool found = false;

19 = while (loc < listlength && !found)

20 {

21 if (list[lec] == searchitem)

22 found = true;

23 else

24 loc++;

25 if (found)

26 cout <<"the location of your search item is : " <<loc << endl;
27 else cout << "not found"<<endl;
28 ¥

29 system("pause”);

30 }

Selection Sort
Selection sort: rearrange the list by selecting an element and moving

it to its proper position

Steps:

Find the smallest element in the unsorted portion of the list
Move it to the top of the unsorted portion by swapping with

the element currently there
Start again with the rest of the list

list
4 (0]
& g
unsorted
list unsorted
list
_!_[7] smallest v
(a) (b) (c)
18
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#include <iostream>
using namespace std;
—void main()
{
int list[18];
int listlength = sizeof(list)/sizeof(int);
= for (int i=@;i<listlength;i++)

[
[sn e R s |

=
[

13

{
cout << "enter the "<<i+l <<" element"<<endl;
cin »> list[i];

¥

int index;

int smallestindex;

int location;

int temp;

for (index = @; index < listlength; index++)

{
smallestindex =
for (location = index + 1; location < listlength; location++)

if (list[location] < list[smallestindex])
smallestindex = location;

temp = list[smallestindex];
list[smallestindex] = list[index];
list[index] = temp;

¥

for (int x = ©@; x<listlength

{
cout << list[x] << "\t";

I

system("pause");
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C-Strings (Character Arrays)

B Character array: an array whose components are of type char
B Strings is the same as array of characters.
B C-strings are null-terminated ('\0‘) character arrays
Example:
e 'A'isthe character A
e "A"isthe C-string A
e "A"represents two characters, 'A' and '\0*
Example:

char name[16];

* Since C-strings are null terminated and name has 16 components, the largest string it
can store has 15 characters
* If you store a string whose length is less than the array size, the last components are
unused
Example:

1 #include <iostream:>
using namespace std;
-void main()
{
char name[] = "john";
for (int i = @; 1 < 4; i++)
cout << name[i] << endl;

system("pause");
10

* Size of an array can be omitted if the array is initialized during declaration
* Declares an array of length 5 and stores the C-string "John" in it.

Useful string manipulation functions
e strcpy, strcmp, and strlen

Function Effect

Copies the string s2 into the string variable s1

strcpy(sl, s2)
The lengthof s1 should be at least as large as s2

U}

Retums avalue< 0 if s1 is less than s2
strcmp (sl, s2) Returns 0 if s1 and s2 are the same

Returns a value > 0 if s1 is greater than s2

Returns the length of the string s, excluding the null

strlen(s) character

20
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Example

#include <iostream>
using namespace std;

W N =

—void main()
i
char studentname[21];
char myname[16];

S s RN B 9

char yourname[16&];
strcpy_s(myname, "john Robinson™);

o oo

9 cout<<strlen("john Robinson")<<endl;

1@ strcpy_s(yourname, "Lisa Miller");
strcpy_s(studentname, yourname);

12 cout << strecmp("Bill", "lisa") << endl;

13 cout << strcmp("Air", "Boat") << endl;

14 cout << strcmp(“Air" , "An" )<< endl;

5 cout << strcmp("Bill" , "Billy") << endl;
16 cout << strcmp("Hello" , "hello") << endl;

17 cout << studentname<<endl;

m chusers\engh\documentshvisual studio 201

18 cout << myname << endl;

19 cout << yourname << endl; Lisa Miller

20 john Robinson

21 system("pause"); Lisa Miller

22 ¥ Press any key to continue . .

String Input
Example:

#include <iostream>

[

using namespace std;

()

—void main()

- 1

5 char name[5@]; B | c\users\eng\documents\visual studio 2015\P
& cin.get(name, 58); ahmad ali

7 cout << name << endl; NSRS

5 system("pause”); Press any key to continue . . . g

.3‘ }

cin >> name;
— Stores the next input C-string into name
* To read strings with blanks, use get function:
cin.get(str, m+1);
— Stores the next m characters into str but the newline character is not stored in
str
— If input string has fewer than m characters, reading stops at the newline
character

String Output
Example:
cout << name;
— Outputs the content of name on the screen
— << continues to write the contents of name until it finds the null character
21
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— If name does not contain the null character, then strange output may occur

<< continues to output data from memory adjacent to name until a '\0'

is found

String VS character array

String

Character array

string n1="ahmad";
string n2="ali";

char n1[10]={'a','h','m','a’,'d"};
char n2[10]="ali";

string n3; char n3[10];

n3=n2; strcpy(n3,n2);

If(n1<n2) if(strcmp(n1,n2)<0)

cout<<nl.length(); cout<<strlen(nl)

else{ else

n3=nl+n2; {

cout<<n3;} strcpy(n3,nl);
strcat(n3,n2);
cout<<n3

cin>>n1l; cin>>n1l;

getline(cin,n2);

getline(n2);
cin.get(n6,10);

Parallel Arrays

* Two (or more) arrays are called parallel if their corresponding components hold related

information

22

alaa abu srhan --email: alaaa@hu.edu.jo




Example

* Example:
int studentId[50];

char courseGrade[50];

#include <iostream:
using namespace std;

{

for

Flweid main()

char z[5]={"h','e","'1",'1","a'};

(int i=8 ;i<5 ;i++)

cout<<z[i]<<™ ™3

h e 110

e Character array initialization With initializers

Example

#include <icstream>
using namespace std;

1

for

Fweid main()

char z[B]="hel";

(int i=8 ;i<5 ;i)

cout<<z[i]<<™ M

]
h e 1

23456 A
86723 B
22356 C
92733 B
11892 D

e If youinitialize a string with smaller size than the array size it will automatically add
spaces at the end of the string within the array .
e inthe example size = 6 and we enter 3 char so the output will be hel and three spaces

#inc

usin
Flwoid
i

lude <iostream>
g namespace std;
maing)

char b[8]="hella™;
for(int i=8;i<8;i++)

cout<<b[i];
cout<<"hello™;

he1lo hello

alaa abu srhan --email: alaaa@hu.edu.jo
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Example

#include <icstream:>
using namespace std;

=lvoid main()

{

char z[6]="hello™;

cout<<z[1l]<<endl;

cout<<z[3];

}

Example

#include <iostream>
using namespace std;

—lwolid main()

{

char z[6]="hello";

for (int i=0 ;z[i]!="'0";i++)

cout<<z[1i];

e cout stop printing an array of character when it reaches the ‘\0'.

Multiple-Subscripted Arrays

* Two-dimensional array: collection of a fixed number of components (of the same type)

arranged in two dimensions

Sometimes called matrices or tables

Row 0
Row 1
Row 2

e Multiple subscripts - tables with rows, columns, Like matrices: specify row, then column.

Column 0O Column 1 Column 2 Column 3
al 0]1[ 0 (al O1[1 (af O1[ 2 |al 01 3
a[l 1 1[0 |al 111 |al 11[ 2 |(al 1 1[ 3
a[l 2 1[0 |al 2 1[1 |al 2 1[ 2 |al 2 1[ 3

]— Column subscript

Array name

e Declaration syntax:

dataType

o intExpl and intExp2 are expressions with positive integer values specifying the

Row subscript

number of rows and columns in the array

e Accessing components in a two-dimensional array:

alaa abu srhan --email: alaaa@hu.edu.jo

arrayName[intExpl][intExp2];
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arrayName[ indexExpl][indexExp2]

o Where indexExpl and indexExp2 are expressions with positive integer values, and
specify the row and column position
e Processing Two-Dimensional Arrays
o Ways to process a two-dimensional array:
=  Process entire array
= Row processing: process a single row at a time
=  Column processing: process a single column at a time

o Each row and each column of a two-dimensional array is a one-dimensional array
= To process, use algorithms similar to processing one-dimensional arrays

e Example:
sales[5][3] = 25.75;
sales (0]

(1] [2] [3] (4]
o) | I I
o | A I B
B | EXE

o) | I I I A

Example

#include <iostream:

using namespace std;
FHwoid main()
i
intbf2][2]={{1, 2} {3 4} 5
cout<<b[@][@]<<"\t"<<b[®][1]<<endl;
cout<<b[1][@]<<™\t"<<b[1][1]<<endl;

L}

il 2
3 4

e Using initializers list: Initializers grouped by row in braces

25
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Example

int board[41[3] = {{2, 3, 1},
{15, 25, 13},
{20, 4, 7},
{11, 18, 14}};

Example
#include <iocstream:>

using namespace stdj
Flwvoid maing)

{

int B[ 2 ][ 3 ] =
Tfor(int i=@;i<2;it+)

Initialzation:

for(int J=8;§<3;5++)
Using two nested for loops to

b[i][j]=di+1;

show output:

for{int FJ=0;F<3;J++)

i Using two nested for

cout<<b[i][F]<c™\t™;

1 loops.
cout<<endl;
Example
#include <iostream> #include <iostream:
using namespace std; using namespace std;
Fwoid main() Flwvoid main()
1 {
int b[ 2 ][ 3] ; int b[ 2 ] ;
cout<<b[1][1]; cout<<b[1];
}
} o
858993460,

e If you declare an array (onesubscript or multisubscript) and don’t initialize it the

elements will have garbage numbers.
26
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Example

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

i
int b[ 2 1[ 3 ] ={{2,2},{3}};

for{int i=8;i<2;i++)

¢ for(int j=8;j<3;j++)
cout<<b[i][§]<<" \t";

couti{endl;

¥

¥

e If you declare an array (onesubscript or multisubscript) and initialize some elements and
leave the others uninitialized , the uninitialized elements will be given the value 0 if it is
a integer array and assigned a space if it is an character array.

Example

#include <iostream>
using namespace std;
' [=lvoid main()

int b[ 2 J[ 3 ] ={{2,2,7,4},{3}};

for(int i=0;i<2;i++) Error: too many initializer values

A for(int §=0;j<3;j++)
! cout<<b[i][j]<<"\t";
couti<endl;
}
}

e If you try to fill a location (using initializer list) that is outside the array boundary syntax
error will be generated

Example

board [0] [1] 12]

oy 2 | 3 | 1 |
(1)
(2 | N I

e To find the sum of each individual column

27
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#include <iostream>

2 using namespace std;

3 - wvoid main()

- {

5 int bound[31[3] = { {2,3,1},{15,25,13},{20,4,7} };

6 int sum;

7 = for (int col = 8; col < 3; col++)

: {

9 sum = @;

18 for (int row = 8; row < 3; rowt+) B | chusers\eng\documents\visual studio 2015\P
11 sum = sum + bound[row][col]; of column °

12 cout << "sum of column " << col + 1 << " =" << sum<<endl; 5 of column 2

13 } 5 of 3

14 system("pause™); ress any y to continue . . .
15 }

e To find the sum of each individual row
1 #include <iostream?>
2 using namespace std;

3 —void main()

4 {

5 int bound[3][3] = { {2,3,1},{15,25,13},{20,4,7} };
6 int sum;

= for (int row = 8; row < 3; rowt+)

{

9 sum = @;

10 for (int col = @; col < 3; col++)

11 sum = sum + bound[row][ceol];

12 cout << "sum of row " << row + 1 << " = " << sum<<endl;

:: iystem("pause"); B | c\users\eng\documents\visual studio 20
15 H

o continue .

e To find the largest element in each row:

#include <iostream>

2 using namespace std;

3 —void main()

! 1

5 int bound[3][3] = { {2,3,1},{15,25,13},{20,4,7} };

6 int max;

7 - for (int row = @; row < 3; rowt+)

8 1

9 max= bound[row][8];

18 for (int col = 8; col < 3; col++)

11 if (max<bound[row][col]}

12 max=bound[row][col];

13 cout << "the largest elements in row " << row + 1 << " =" << max<<endl;

:; iystem("pause"); H] chusers\eng\documentsivisual studio 2015\Pro
16 T he largest elements in row

largest elements in

st elements in row
Press any key to continue .

Example

28
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1} sinclude ciostream: 2] pinclude <iostream>

using nasespace swvd: using namespace std;
—woid main() -woid main()
i
int B[ 2 J[0 = { 1. 2, 5 }; int B[J[] = {1, 2, 5 }i]
Error: too many initializer values ¥ Error an amay may not have elerments of this type
}
3} #include <iostreams wirclude <icstreass

using namespace std; 4 using namespace std;
vold main() —lwaid main()

int B[ 2 J[] = { 1. 2. 5 }i _ it B[ 21[] =2 2. 5} ]=f2,2, 5}

Erron an array may not have elements of this type | | Errar an array may not have slements of this type

} }

e Note that only the first subscript (or dimension size) is allowed to be empty.
Example 7

#include <iostream>
using namespace std;
=lwvoid main()

i
int b[1[3] = {{-1,1,2,4}};

Error: too many initializer values

e If you try to fill a location (using initializer list) that is outside the array boundary syntax
error will be generated( we have 3 columns and we fill 4 111)

Example 8

correct initializations examples :

1. int b[][3] = {{-1,1,2},{4}};

2.intb[2][2]1={1, 2,5 };--> we have two rows and two columns, in this case we start read the
elements and put 1 and 2 at the first row (since we have 2 columns) and 5 in the first column of
second row, and since there are no more elements so it will be 0 in b[1][1](second row,
second column).

Example 9
#include <iostream> #include <iostream>
using namespace std; using namespace std;
lwoid main() -lvoid main()

{ {
intb[ J[2]={1,2,5]}; intb[31[2]1={1,2,51;
IGF{int 1=0;1<2;344) for(int i=@;i<3;i++)

for(int j=0;j<2;j++) ¢ for(int je=@;j<2;j++)

cout<<b[i][j]<<" "; cout<<b[i][§]<<" ";
cout<<endl; cout<<endl;
; }

}

Arrays of Strings

29

alaa abu srhan --email: alaaa@hu.edu.jo



W R =

00 o~ o s

Strings in C++ can be manipulated using either the data type
string or character arrays (C-strings)

On some compilers, the data type string may not be
available in Standard C++ (i.e., non-ANSI/ISO Standard C++)
To declare an array of 100 components of type string:

#include <iostream>

using namespace std;

#include<string.h>
—void main()

{
string list[188];
system("pause");

¥

Basic operations, such as assighnment, comparison, and
input/output, can be performed on values of the string type
The data in list can be processed just like any one-
dimensional array

Example

(SR N

W00 = v

#include <iostream>

using namespace std;

#include<string.h>
—void main()

{
char list[1e@][16];
strcpy(list[1], "snow white");
system("pause");

30
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list
list[0]
list[1]
list[2]
list[3]

»

~—+
—
=N
(@)
e

Sieey [ [ [ [ [ [ [ [ [ [[ ]
listt99] I HIHNEEEEEEEEEEEEE

The following for loop is used to read and store string in

each row:

1 I #include <iostream>

2 I using namespace std;

3 I #include<string.h>

4 =wvoid main()

5 {

s | char list[1@8][16];

7 |

8 for (int j = ©; j < 108; j++)
9 I cin.get(list[j], 16);
10 I system("pause");

11 |

12 [ |3}

The following for loop outputs the string in each row:

1 #include <iostream>

2 using namespace std;

3 #include<string.h>

4 =wvoid main()

. i

6 char list[186][16];

7

8 for (int j = @; j < 1@8; Jj++)
9 cin.ﬁet{list[j], 16} ;

10 for (int j = @; j < 100; Jj++)
11 cout<<list[j]<<endl;

12 system("pause™);

13

14 |7
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Chapter 6
Function



In this chapter, you will study:

— Predefined Functions

— User-Defined Functions

— Value-Returning Functions

— Void Functions

— Value Parameters

— Reference Variables as Parameters

— Value and Reference Parameters and Memory Allocation
— Reference Parameters and Value-Returning Functions
— Scope of an Identifier

— Global Variables, Named Constants, and Side Effects
— Static and Automatic Variables

— Function Overloading: An Introduction

— Functions with Default Parameters

Function

e Functions are often called modules

e They are like miniature programs that can be combined to form larger
programs

e They allow complicated programs to be divided into manageable
pieces

e used when the same code block is used many times within the
program.

e int main() is function (main function tells the compiler that you have
to start here ).

function definition :

functionType functionName (formal parameter list)

{
}

statements

Where:
* -functionType also called the data type or return type: is the type of the value returned

by the function.

33

alaa abu srhan --email: alaaa@hu.edu.jo



- functionName is the identifier by which the function can be called.
- Formal parameter list (as many as needed):

e Each parameter consists of a type followed by an identifier, with each
parameter being separated from the next by a comma.

e Each parameter looks very much like a regular variable declaration (for
example:int x), and in fact acts within the function as a regular variable which is
local to the function.

e The purpose of parameters is to allow passing arguments to the function from
the location where it is called from.

-Syntax:

dataType identifier, dataType identifier, ...

- Statements is the function's body. It is a block of statements surrounded by braces { } that

specify what the function actually does.

Note: Functions are invoked by a function call
e A function call specifies the function name and provides information
(as arguments) that the called function needs.
Example:
Function return type  Function name  Formal parameter

e

Function heading —»[_int abs (int number) ,
[ I |« Formal parameter list

{
if (number < 0 )
Function body number = -number;
return number;
L}

34
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Call the function inside main() :
* Syntax to call a value-returning function:

functionName (actual parameter list)

* Syntax of the actual parameter list:

expression or variable, expression or variable, ...
* Formal parameter list can be empty:
functionType functionName ()

¢ Acall to a value-returning function with an empty formal parameter list is:

functionName ()

¢ Function returns its value via the return statement
— It passes this value outside the function

return expr;

¢ In C++, return is a reserved word
*  When a return statement executes
— Function immediately terminates

— Control goes back to the caller
*  When a return statement executes in the function main, the program terminates
Local variables
» Known only in the function in which they are defined.
> All variables declared in function definitions are local variables.

Example
Function Function Formal
return type name parameters
Function < l , l g /\
. —— double larger (double x, double y)
heading — l |
i le max; Formal parameters list
if (x >= y) Local variable
Function max = X;
body else
max = Y; Function return value
recurn max;
[}
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Example

#include <iostream>

using namespace std; main addition

—-lint addition (int a,int b .
{ ( ' ) variables z a b r

int r ; ;aE“tklﬂiE:?} 5 3 B
r=a+h; E l

return r ;

1 pass 5toa
—Jvoid main() and 3toh
{ int z ; return r —-=8
r=addition(5,3);
cout<<z;

© CA\User

/ P-_______

e This program is divided in two functions: addition and main. Remember that no
matter the order in which they are defined, a C++ program always starts by
calling main function.

e the program started from main()

e Infact, main is the only function called automatically.

e the code in any other function is only executed if its function is called from main
or another function (directly or indirectly).

e addition(5,3); --> function call (call function addition and pass 5 and as
parameters or arguments addition ), call by value

int addition {(int a, int h)

1

z = addition {( & , 3
* Ina function call, you specify only the actual parameter, not its data type.
Example
* Once a function is written, you can use it anywhere in the program. Even as a parameter
to another function

double compareThree (double x, double y, double z)
{

return larger (x, larger(y, z));
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Example
#include <iostream:

using namespace std; . main addition
Slint addition (int a,int b) variables  x y 1 a b r
I 4 6 addition{x,y)
int r ; addition(4,6)
r=atb; passd4toaand 6tob 4 6 10
return r ;
) (call by value)
—Jwvoid main() aw
7 Il[} I
int z ; A
int x=4;
int y=6;
-
z=addition(x,y); return r--> 10
cout<<z; m
|
b 1@
Example
#include <iostream: — % char what (int x,float y, int z)
using namespace std; return data type
-Ichar what (int x,float y, int z) what output
[ X y z
cout<ex<e”  “egyed” " <<ze<endl; int  float int
t r 3 . castin
rerurn what({3.2,5,'c"); 3 5 99 g
} 3.9 3 5 99
—lvoid main{) © | C\Use pass 3.2fox
{ pass5toy
cout<<what(3.2,5,'c'); g > 99 pass 'c'toz
cout{{hw c
}‘ 1
return z --> 99 as char so it will return ¢
Example
#include <iostream> e Print Function has void return data
using namespace std; t
—Jvoid print{ )} ype
{ e void : function return nothing.
cout<<"I'am function”; e don't use return inside print
?.r . function, since this function return
—lint main()
nothing .
print(}; © | CA\Users\en e return 0; : the function returns

return 8; ['am function_
¥

nothing.

e we can use return; : the function

returns nothing.
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Example
#include <icstream:
using namespace std;
Slveid print( )

1
cout<<"I"am function™;
b
-lint main()
1
cout<<print();
Error: no operator "< <" matches these operands
retu
b

#include <iostream:
using namespace std;
Sveid print( )

{
cout<<"I"am function";
}
Jint main()
{
int x=print(});
return void print{)
)

Error: a value of type "void" cannot be used to initialize an entity of type "int"

e C(Calling a function that does not return any value inside cout statement or stored in a variable
is syntax error (cout<<print() =» syntax error)

void printer1 () function that return nothing (data type is void ) so when we call it from main()
we can't put printerl(); in cout statement or store it in variable.

Example

#include <iostream:
using namespace std;
—lvoid print( )

Error: return value type does not match the function type

i
cout<<"I'am function™;
return 8;

}

—-lint main()

1
print(};
return @;

h

e syntax error; we can't use return inside function that return nothing (its data type is void)

Example

#include <iostream:>
using namespace std;
—lint sub(int =, int vy )

1
return x-y;

y

—lint main()

1
cout<<sub(5,6)<<endl;
int z=sub(l1@,4);
int x=3;
int y=1;
cout<<sub(x,y)<<endl;
cout<<z;
return @;

hy

38

alaa abu srhan --email: alaaa@hu.edu.jo



e A function can actually be called multiple times within a program, and its argument is
naturally not limited just to literals.

1. store result of function call in variable then use cout to output this variable.

2. callinside cout statement, The arguments passed to sub are numbers (value not
variable).

3. callinside cout statement, The arguments passed to sub are variables That is also valid,
and works fine. The function is called with the values x and y have at the moment of the
call: 3 and 1 respectively, returning 2 as result.

4. use function as operand of any arithmetic operations
cout<<sub(4,5)+sub(x,y)+4 ; (whatis the output ??)

Example

#include <iostream:

using namespace std;
—/1NT maln
1
cout <<"addition is "<« add (28,4) << '\n';
cin.get();

return 8;

¥

—lint add (int a, int b=2)
{
int r;
r=a+h;
return (r);
}

e function prototype :Used by the compiler to check the validity of the function
call within the main program (function name, its return data type, number of
arguments, their data types, and their order).

e Function prototype: function heading without the body of the function

e int add(intx, inty); is prototype (same as function but end with ;)

e Function prototype is Only needed if function definition comes after the

function call in the program (after the main()).

e Function prototype can used to define default value for function variable (will
discuss later !!)

o Syntax:
functionType functionName (parameter list);

o Not necessary to specify the variable name in the parameter list
o Data type of each parameter must be specified
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#include <iostream:
using namespace std;
-lint main()
{
cout <<"addition is "¢< add (28,4) << "\n';
cin.get();
return @;
h
-lint add (int a, int b=2)
{
int r; .
return (r); JCCESSTUT Hul:

}

e if function definition comes after the function call in the program (after the
main()) then you have to use prototype.
e error because main() come before add function so we have to use prototype
and there is no prototype in this code .
Example
What is the function prototype for the following function:
1)

-lint sub{int %, int y )

1
¥

answer :
int sub(int ,int);
or

return x-y;

int sub(int x,int y);
or
int sub(int x1, int z1); we can use any variable
2)
-lint add{int x,int z,int y)
{ int g=wty+z;
return g;

}

answer:

int add(int ,int,int);

or

int add(int x,int z, inty );

or

int add (int x1, int y, int z); we can use any variable
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3)
-Ifloat mult (float x, float z)

{
return x*z;
b
answer:

float mult(float ,float);

or

float mult(float x, float z);

or

float mult(float x1, float z1); we can use any variable

Example
#tinclude <iostream:
using namespace std;
-lint sub{int %, int y )

1
¥

-lint add{int x,int z,int y)
{ int g=x+y+z;
return g;

return x-y;

¥
-lint main()
i
cout<<sub(5,6)<<endl;
cout<<add(4,5,6)<<endl;

return @; i
1 —1
1
Example
#include <iostream:

using namespace std;
—lint fun{int =, int y )

1
return 'c';

1

—lint main()

1
cout<<fun(5,6)<<endl;
return @;

¥

e remember that fun return data type is int.
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Example

#include <iostream> main first end

US%”E namespace std; first(8) --> call function first

:atde:;ziﬂ;?tj; and send 8 to this function X

—lwoid main() 8

{ x< 1077 yes

first(8); g
. -i-:-id First (int x) cout<<end(x}<<end|;

{ send value of x (9) to ; ieeh) >switch(S
iF (x<18) 343 end and wait until end switch{x)->switch(9)
cout<<end(x)<<endl; return something and 10 from case 9

} then print it 11 from case 8 (no break)

“lint end{int y ) w v return y --> return 11
{ n cout{éw«:endl;
switchi(y) { 1 11
case 91 +y;
case 8: ++y;
return y ;
¥
Example
#include <iostream> main test

using namespace std;
-lint test (int first, int end )}

{ )
first=Ffirst+2; 5 9
end=first+end; cout{w{endl;
return end; test(5,9) first end
—lwvoid main() pass 5 to first 2 9
{ and 9 to end 7 first =first+2

int x=5, y=9; 16 end=first+end=9+7
cout<<test({x,y)<<endl;

= return end > return 16
} ] C\Use cout::s:t};kms:«:endl;
16

Example
#include <iostream: . .
using namespace std; main While
Swoild While (int x, int v )
1 X
X++; g
cout<<xty s .
! 4 While(x,x)
Slwvoeid main() VUh“E{E,E} Xy
t 5 5
int x=5; 6
While(x,x);

v = | CA\Users\eng.alz Cout<=x+y; "}

e we can pass the same variable more than one time

e Do not use any of C++ keywords(while ,do, for,...) as function name
e  While is not C++ keywords While =! while
42
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Example
#include <iostream>
using namespace std;

vold while (int %, int y )
{ Error: expected an identifier
coUt<<xFy;
¥
Slvoid main()
1
int x=5;
while(x,x);
cin.get();
¥

e Syntax error -- function name has the same rule as identifier.

Example

Finclude<io=strean:
u=ing namespace =td:

wolid While {(int =.
i

cout << =E+y<< endl;

wolid maing)

int ¥ = §&;
while(=xz—1>;
cout<<x<<endl:

¥

int )

e you can write function without any need to use it --> While will not be called from main !!

Example
#include<iostream>
using namespace std;

char ok ( int ff )
if( ff == 99)
{
ff+=5;
return ff+1;
}
else
return ff;

}

-lvoid main()

{
int x=97;
int y = x+++41;
cout << ok (x) << endl;

Example

main ok
X b
a7
99
ok{x)
ok(98) Tt
98

ff==99 77 no

cnut{w

b

char)
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—j#include<iostream>
using namespace stdj

“lchar ok { int ff )

{

if{ ff == 99)
ff+-5;

return ff+l;

else

Error: expected a staternent

return ff;
=lwold main()

i
int x=97;
int y = x+++1l;
cout << ok (x) << endl;

}

e syntax error
Example
#include <iostream:
using namespace std;
-lint = (int =, int y )

1

return x+y;

—lvold main()

1

int y=5;
cout<<x(y,6)<<endl;
1 |

11

e name of function could be the same name of one of its parameters

Example
#include <iostream:
using namespace std;
—lint For (int a )

1
for { ;a<S;a++)
cout<<a<<endl;
return 'a';
;
—lwveld main()
1
int y=5; ]
cout<<For(3)<<endl; i
77
;
Example
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Ifleat Switch(int a)

1
return at++;
h 13
Jwoid main()
1
int x = 13;
switch(x#¥4)
1
case 1:
cout << Switch(x++) << endl; break;
case 2:
cout << Switch(x+2) << endl; break;
default:
cout << Switch(x) << endl;
h
h
Example

#include<iostrean)
finclude <math.h>
using namnespace std;
float S (int a)

{

return a:

H

void main()
{

int x= §5;

cout<<S{++x)<<endl;

#include<io=stream:>
#include <math.h> c
using namespace std:
float S (int a)

{

return ++a;

vold main()

int == §5:
cout<<S(x)<<endl;

s 5]
& “1 o
! -

Example

finclude<iostreamn?
#include <math.h>
using namespace std;
float S {(int a)

{

return a;

o

void main()

[1g]

int x= 5;
cout<<S(x++)<<endl;

¥includediostrean:
Finclude <math.h>
using namespace std;
float S (int a)

1

return a++;

¥
volid main() n
1

int x= 5;
cout<<S{=)<<endl;
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Fl#include <iostream>
uzing namespace 2td;

int integer()

i
¥

Elehar character(){
return "7’

return 16;

»

Flwoid main()}{
int x=1;
x = integer()=5;
char a=character();
cout<<a<<endl;
if(a == "7")
cout<dxn;

¥

Example

F#include <iostream:>
using namespace std;

Eint bar{int a , int b)
{if (a»b) return b;
else return a;

¥
=lchar foo(int n)
{
switchi{n)
i
case @ : return 'b';
case 1 : return 'a';
case 2 : return ‘'d’;
case 3 : return "!°;
case &4 : return "G ;
case 5 : return 'J1';
casze & : return "o’}
default : return "*°';
}
=lveid main()
{
int x;
for{x=4;x!=6;x={x+3)%11)
cout<<foo(bar(x,6));
L}

Value-Returning Functions: Some Peculiarities

1)

int secret(int x)
{
if (x > 5) //Line 1

return 2 * x; //Line 2

46
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A correct definition of the function secret is:

int secret(int x)

{
1L (x > 5) //Line 1
return 2 * x; //Line 2
return x; //Line 3
}
2)
return x, y; //only the value of y will be returned
3)
int funcRetl ()
{
int x = 45;
return 23, x; //only the value of x is returned
}
int funcRet2 (int z)
{
int a = 2;
int b = 3;
return 2 * a + b, z + by //only the value of z + b is returned
}

Predefined Functions
Math Library Functions

e Allow the programmer to perform common mathematical calculations
e Are used by including the header file <cmath> or <math.h>
e Functions called by writing functionName (argument)
e All math library functions return double values (as a result).
math functions:
e gcos(x) inverse cosine, -1 <= x <= +1, returns value in radians in range 0 to PI
e asin(x) inverse sine, -1 <= x <= +1, returns value in radians in range 0 to PI
e atan(x) inverse tangent, returns value in radians in range -P1/2 to PI/2
e cos(x) returns cosine of x, x in radians
e sin(x) returns sine of x, x in radians
e tan(x) returns tangent of x, x in radians
e exp(x) exponential function, e to power x
e Jog(x) natural log of x (base e), x>0
e sqrt(x) square root of x, x >= 0
47
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e fabs(x) absolute value of x

o floor(x) largest integer not greater than x

e ceil(x) smallest integer not less than x.

e pow(x, y) returns x".

e fmod(x, y) computes the modulus of floating point numbers.

Returns the absolute value int int

2L () SETIIETS of its argument: abs(-7) =7 (double) (double)

Returns the smallest whole
ceil (x) <cmath> number that is not less than double double
x: ceil(56.34) = 57.0

Returns 1 (true) if xis a
lowercase letter; otherwise,

islower (x) <cctype> e (0 T e int int
islower ('h') is 1 (true)
Returns 1 (true) if x is an

e () FamEEEs uppercase letter; otherwise, int int

it returns O (false);
isupper ('K') is 1 (true)

Returns x¥; if x is negative, y
pow (x, y) <cmath> must be a whole number: double double
pow(0.16, 0.5) =0.4

Returns the nonnegative
square root of x; x must be

sqrt (x) <cmath> nonnegative: sqrt (4.0) = double double
2.0
Example 1

#includec<i

using hamsspace sed: e 10g10(10)=1,l0g10(100)=2,

#include <math.h: =

void main() log10(1000)=3

{double Fooarriler e pow(2,2)-->2 to the power 2 =4
ggﬂfi‘f?f;sigf? 0(1000): e sqrt(36) -->square root of 36 =6
cout<<fabs(-2. 3)+pow(2,2)<<endl: e fabs(-1)=|-1|=1

return :}

Example 2

Fincludesiostresm:

uzing namespace std:

#Finclude <math. h>

wolid maing )

{double x=fmod{ 36 . 4_2)
cout<<x<<eandl ;

cout<<flooxr{l3d . Si<<"t"<<floox{ld 2)<< "t "<<floox(l3l<<andl.;

cout<<ocmil{l? Bl "t "Lcomil {13 2)<<c "t " Cdomil {13 )< <candl
return o} - = ;

“C:WProgram FilesWMicrosoft Vis
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Example 3
finclude<iostrean:
u=ing hamespace =td;
#include <math. h»
vold main() c
fint ==fab={36.4}; 36 G
int w=powi(2.5, 2); 36 .4 6.25

cout{<Es "ty <endl ;
cout<<fabs{3d6 4"t "<¢pow(2. .5, 2 <<endl;
return

Example 4

#includes iostrean: E
u=ilng namnespace =td:
#include <math . h:

wold maini)

{int ===grt(-25):

cout <<z <endl ;

return 1}

e logical error
Example 5

#include<iostreamns

using namespace std: n

#include <math h:

wold mainl)

{int w=ceili{-2.5):
cout<<ws<endl ;

F

Example 6

Finclude<io=stream:>
Finclude <math h:
u=ing namespace =td:

wold mainf )

i
double 1= pow(fab=s{(fab={-103).2)+pow({l1l0,.1li+ce1l (0.3
cout<<ig<endl ;

1

Example 7
#include<iostreamn:
#include <math . h:
uzing namnsspacs =td;

vold main()

double i= =grt(25)+pow(5. floor(0.32);
cout< <1< <endl ;

¥
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Example 8

#include <io=trean:
using namespace s=td;
#include<math h:
vold main )
{
int ==2:
svitchi=sizeof (atani{-131)
{
casze 2
cout<<powi{x,. 2)<<endl;
breal
caze 4 . cout<<E<<endl: brealk:
caze 8
cout<<fab=(x)<<endl; breal:
default
cot<<powi(=. 31<<endl
T

¥

Example 9

-|#include <iostream>
using namespace std;
#include <cstdlib

oid main()

<

-

int y = ceil(-5.4);
switch(y)
r

n

-5: y=-=-; break;
~4: y++; break;

as
s

a

N ne
n

cout<<y;

()

Example 10

()]

—lvoid main()

{

char x;
x = "'a';
cout << islower(x) << endl;
cout << isupper(x) << endl;

[ IR - 4]

B | Ch\Users\eng\documentsivisual studio 2015\F

I

x = 'A";
cout << islower(x) << endl;
14 cout << isupper(x) << endl;

}
WY Ry =Y

=Y

il
Press any key to continue . . .

system("pause"); -

~l T 1

ca

e islower returns non zero value if xis lowercase letter.
e Isupper returns nonzero value if x is uppercase letter.
50
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Random Number

rand() function:

is used in C++ to generate random integer numbers between 0 and a maximum
specified value.

rand() function takes nothing (i.e. void) as its arguments and returns an unsigned
integer.

In order to use this function you must Load <cstdlib> or <stdlib.h>

rand function syntax:

inti=rand();

Generates a pseudorandom number between 0 and RAND_MAX (usually 32767)
RAND_MAX is a symbolic constant defined in the stdlib header file.

0 <=rand() <= RAND_MAX.

A pseudorandom number is a preset sequence of "random" numbers.

The same sequence is generated upon every program execution, is this preferred?.
This repeated behavior is essentially in programming debug and verification in

simulation and other random-based applications.
#include <iostream:

finclude<c=tdlib:
u=ing namnespace =td:
wvoid main ()

for{int i1=0:1<10;1i++)

cout<<rand(i<<endl;

¥

e the sequence is repeated every time

srand function:

e Jumps to a seeded location in a "random" sequence.

e Similar to rand() function, srand function is defined in the <stdlib.h> library.

e Takes an unsigned integer as a seed (i.e. as an argument).

e |t does not return any value (returns void), it just change the random sequence

(randomizing the rand() function).

e Can be called more than once within the same program.
e Still you need to use the rand() function to get the random numbers.
e srand syntax:

srand( seed );

e seed can be any unsigned integer entered manually be the user or initialized

through the program.

o |f the same seed is used every time the program is run we will get the same

random sequence (i.e. the same without seed).
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¥include <iostream:
finclude<c=stdlib:
u=ing hamespace =td:

woid main [

1
srand(3):;
for{int 1=0:1<10:14+4)
cout<<rand( )< <endl ;

h

e The random sequence is changed , however if you run this code more than
one time, the same set of random numbers will be displayed every time

So that...

41 48

18467 7196
6334 9294
26500 9091
19169

The sequence before calling 'Sl'gij(e)quence after calling
srand()

Thus, calling srand() will change the sequence of random numbers
given that you change the seed value passed ti it, otherwise if the same
seed value the same random numbers will appear over and over again.

e Toinitialize seed value automatically use the following syntax:

srand( time( 0) );

e time(0)
B Returns the current calendar time in seconds.
B time() function takes a pointer as an argument and returns unsigned

integer.
e Changes the seed every time the program is run, thereby allowing rand() to
generate random numbers. So, it is much better than manual seeding.
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Need to include the <ctime> or <time.h> library to use the time() function.
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Reduces random number to a certain range:

Number = offset (shift value) + rand() % scaling_factor

Lets assume the range is [min, max], then:

min=offset .

max =scaling factor +min-1

[min, max]=(min-1,max+1) =[min,max+1]=(min-1,max]

example 1
what is the output of the following program:

finclude <iostream:
u=ing hamespace =td:
#include <cstdlib:
wold main()

for (int i=2 ; 1<=5 [i++)

i

cout<<{1l + rand{) = 6);:

cout<<endl ;

offset =1

scalling factor = 6

[min, max]

min =offset =1

max =scalling factor +min-1=6+1-1=6

the program will print 4 random number [1,6] so the answer is (2)
example 2
—#include <iostream:
using namespace std;

#include <math.h>
—lvoid main()

1
for ( int i = 1; i <= 5; i++ )
1
cout << (1 + rand() % &6 );
¥
¥

syntax error ( where <csdlib> or <stdlib.h>??)
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example 3

what is the output of the following program:

Finclude <iostream:
u=ing hamespace =s=td;
#include <c=tdlib:
vold main()

for {(int 1=5 ; 1:=1 ;1—
cout<<{1l + rand({) % 4);

cout<<endl ;

1)24321

2)2432

3)24325

4)2435

solution:

offset =1

scalling factor =4

[min, max]

min =offset =1

max =scalling factor +min-1=4+1-1=4

The program will print 5 random number [1,4] so the answer is (1)

example 4

what is the output of the following program:

$include <iostream:
u=ing namespace =s=td;
finclude <c=tdlib:
vold main()

L
int ==1:
while(=x<3)
1

cout<<{2 + rand{) ¥ &3
E++;

cout<<endl ;

1)78

2)743

3)77

4)783

solution:

offset =2

scalling factor = 6
[min, max]
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min =offset =2

max =scalling factor +min-1=6+2-1=7

the program will print 2 random number [2,7] so the answer is (3)
example 5

what is the range that the following rand equation generate?
return 8+rand()%17;

offset =8

scalling factor = 17

[min, max]

min =offset =8

max =scalling factor +min-1=17+8-1=24

[8,24] or (7,25) or [8,25) or (7,24]

example 6

what is the range that the following rand equation generate?
(6+ rand()%12)*.01

offset =6

scalling factor = 12

[min, max]

min =offset =6

max =scalling factor +min-1=12+6-1=17

[6,17] or (5,18) or [6,18) or (5,17]

then multiply it with 0.01

[0.06,0.17] or (0.05,0.18) or [0.06,0.18) or (0.05,0.17]

example 7

what is the range that the following rand equation generate?
(3+ rand() %3)

offset =3

scalling factor =3

[min, max]

min =offset =3

max =scalling factor +min-1=3+3-1=5

[3,5] or (2,6) or [3,6) or (2,5]

example 8

what is the range that the following rand equation generate?
rand () %3
answer : [0, 2]

example 9

Generate random numbers in the following ranges:
B 100 <=n<=200- intn =100 + rand()%101
B 100 <=n<500- int n =100 + rand()%400
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50 < n <=200 - int n = 51 + rand()%150
100 < n <200 = int n = 101 + rand()%99
0.01<=n<=0.08 >

B double n = (1 +rand()%8)/100 -- with step width = 0.01
Or double n = (10+rand()%71)/1000

B 0.02<=n<=09->
double n = (20 + rand()%881)/1000 -- with step width = 0.001

example 9
what is the output of the following program:
—l#include <iostream:>
using namespace std;
#include <cstdlib:
—[void main()

{

for ( int 1 = 1; 1 «3; i++ )

1
h

cin.get();

cout << (3 + rand() ¥ 28)*%.81;

1)37

2)0.1 0.04
3)0.40.50.6
4) 0.02 0.22

the program will print 2 random number [0.03,0.22] so the answer is (2)
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Reference Variables

e Reference variable is an alias to some variable.

B & (ampersand) is used to signify a reference

example 1
#include <iostream: x
using namespace std; 10 y

—lvoid main() 10

{
int x=18;
int &y=x;
cout<<x<<endl;
cout<<y<<endl;

} il

e Hereyis an alias to the variable x since the address of y is equal to the address of x
e xandy have the same value, since the address of y is equal to the address of x.

example 2
#include <icstream: w
using namespace std; 10 v
—lvoeid main() 10
1
int x=18; 15
int &y=x; 15
W=w+5; 18
cout<<x<< "\t " <<y<<endl; 18
y=y+3;
cout<<xd< "\t <<y <<endl;
) = | C\Users\e
15 15
18 is8

e modifying either x or y both variables will have the same modified value since both of
them refer to the same memory location or address.
example 3

#include <iostream:

using namespace std;
-lwveld main()

1

int x=18;

int &y;

¥=x5 . . I
cout<< Error: reference variable "y" requires an initializer

cout<<y<<endl;

h
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e Reference variables must be initialized within the same statement that defines them, if not
it will be a syntax error (reference must be initialized).

example 4
#include <iostream> #include <iostream:
using namespace std; using namespace std;
—lveid main() —lvoid main()
{ i
int x=18; int x=18;
int &y=1; int &y=x+1;
cout<< Error: initial value of reference to non-const must be an lvalue cout<< int x
cout<<y<<endl; cout<s Error: initial value of refer
i }

e Reference variables must be initialized with a variable only, constants and allowed

-> syntax error.
example 5
#include<iostream:
using namespace std;
-lint main()
I int x;
double & y=x;

int x
}

Error: a reference of type "double 8" (not const-qualified) cannot be initialized with a value of type "int"

e syntax error >>>>x and &y must have the same data type

example 6
#include<iostream:
using namespace std;

-lint main()
i int x=;
int &x=x;

¥

e syntax error >>>> we can't use the same name for the reference variable and what the
variable refer to.
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example 7

#include <iostream:>
using namespace std;
—lwoid main() . .
{ ¢ You cannot reassign the reference variable to another
int x=1@; variable since you simply copy the value of the new variable
int Rv= H . . . ..
o in the old one and you still working on the old one and this is
y=73 considered as a logical error.
y++;
cout<<x<<endl;
cout<<y<<endl;
cout<<z<<endl;

Im**t

h

Call By Reference

e Two types of function call:
o Call by value
= Copy of data passed to function.
= Changes to copy do not change the original found in the caller.
= Used to prevent unwanted side effects.
o Call by reference
= Function can directly access data.
= Changes affect the original found in the caller.
= No copy exist (reduce overhead), however, it is dangerous
since the original value is overwritten.
e Reference parameters are useful in three situations:
o Returning more than one value
o Changing the actual parameter
o When passing the address would save memory space and time

Example 1

#include <iostream> . .
using namespace std; main function
int bywvalue(int J};
vold byref(int & x); ¥ z X

—lwvoid main() byvalue(y) & 5
1 10 x will be
int y=5;
int z=bywalue(y); E 0 removed
cout<<"z= "<<z<<endl;
cout<< " y aftter call by wvalue: "<<y<<endl; byref {}r] 5
byref{y); 10
cout<< ™ y after call by ref : "<<y<<endl;
}
EZLSTUEIUE“M * = ChUsers\eng.alaatdocumer

return x; + == 16

Svotd byrer(ine 2 | [ S E A

{ x*=2; 1} B
e Function arguments can be passed by reference.
60
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e In both the function header and prototype you must proceed the reference variable by &.
e In the function call just type the name of the variable that you want to pass.
e Inside the function body use the reference variable by its name without &.

example 2
#include <iostream:

. . main byref
using namespace std;
Slwold byref(int &x) X
1 x™=2; ] 5 X
“lwoid main() byref (x) =
i 10 x will be
int x=5;
byref(x); removed
cout<< ™ x after call by ref lst time : "<<x<<endl;
byref(x);
cout<< " x after call by ref 1st time @ "<<x<<endl; byref (x) b4
} - 10
- 20
» after call by ref 1st time

¥ after call by vef 1=t time

example 3

#include <iostream>
using namespace std;
—Iwvoeid change(int &wvar)
{ wvar+=3; L

“lwvoid main()
1
int x=5;
change(3);

cout<s Error: initial value of reference to non-const must be an lvalue

b

#include <iostream:>
using namespace stdj;
—lwvoid change(int &wvar)

{ war+=3; ¥
—wvoid main()
i

int x=5;
change(x+3) ;|
cout<<

¥

int x

Error: initial walue of reference to non-const must be an hvalue

e the reference argument must be a variable (constants or expressions are not

allowed - syntax error

example 4

#include <iostream:>
using namespace std;

Slwold  change(int &var)
1 war+=3; T

Slwoild main()
1
int x=5;
change (x+=3);

cout<< w= "<<m<<endl;

¥
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Example 5
#include <iostream>

using namespace std;
-lwvoid fsalary(int &sal)
{ int y=18;
sal=sal+sal*18/106-y;
¥
-lwoid main()
1
int salary=588@;
fsalary(salary);
cout<<salary<<endl;

i - CA\Usersy
540
Example 6

#include <iostream:
using namespace =td;

finclude<math. h: “
woid ;Eilfun(dnuhle B oy
{y=ceiliy):

woid maini)

double x=-5.9;
cellfuni=);
cout<<x<s<caendl

¥

Example 7
#include <iostream>
using namespace std;
—lvoid switchfun{int &num)

1
switch({num)
1
case -4: num=num+le;
break;
case -2: num=num+=28;
break;
h
I

—lvoid main()
1int %= 2;
int v = x-3%x;
switchfun (y);
cout << y << endl;
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Write a program example
Write a program that takes a course score (a value between 0 and 100) and

determines a student’s course grade. This program has three functions: main,

getScore, and printGrade, as follows:

main

Get the course score.
Print the course grade.

getScore

Prompt the user for the input.
Get the input.
Print the course score.

printGrade

Calculate the course grade.

Print the course grade.

vold getScore(int& score);
vold printGrade (int score);

int main()

{

int courseScore;

cout << "Line l1: Based on the course score, \n"

o " this program computes the "
<< "ecourse grade."™ << endl;

getScore(coursaeScore);
printGrade (courseScore);

return 0;

}

wvold getScore (int& score)
i
cout << "Line 4: Enter course score: ";
cin >> score;
cout << endl << "Line 6: Course score is "
<< score << endl;

¥
wold printGrade (int cScore)
i

cout << "Line 7: Your grade for the course is

if (cScore >= 90)

cout << "A." << endl;
else if (cScore >= B0QO)

cout << "B." << endl;
else if (cScore >= 7T0)

cout << "C."™ << endl;
else if [(cScore >= 60)

cout << "D." << endl;
aelsea

cout << "F." << endl;
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Identifiers

The main attributes attached with any variable or identifier include:

1. Name, type, size, value (as taken before).

2. Storage class: Determines the period during which the variable exists in memory

storage class types

Types : Automatic storage Static storage

Keywords: auto register extern static mutable

3. Scope: Where the identifier can be referenced in program
Scope Types:
1. File scope:
B Defined outside a function, known in all functions
B Known in all functions from the point at which the identifier is
declared until the end of the file
B Examples include, global variables, function definitions and
functions prototypes
2. Function scope:
B Can only be referenced inside a function body
3. Block scope:
B Declared inside a block. Begins at declaration, ends at }.
B Includes variables, function parameters (local variables of function).
B If two nested blocks have the same variable, outer blocks “hidden”
from inner blocks.
4. Function prototype scope:
B |dentifiers in parameter list
Names in function prototype optional, and can be used anywhere

64
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Identifiers scope
e Scope of an identifier:where in the program the identifier is
accessible.
e Local identifier: identifiers declared within a function (or block)
e Global identifier: identifiers declared outside of every function
definition
e C++ does not allow nested functions
o Definition of one function cannot be included in the body of
another function
e Rules when an identifier is accessed:
o Global identifiers are accessible by a function or block if:
= Declared before function definition
= Function name different from identifier
= Parameters to the function have different names
= All local identifiers have different names
o Nested block
= |dentifier accessible from declaration to end of block
in which it is declared
= Within nested blocks if no identifier with same name
exists
o Scope of function name similar to scope of identifier
declared outside any block
= j.e., function name scope = global variable scope

Example 1:
#include <iostream:
using namespace std;
-lint out (int x )

1
return x*5;
¥
—lveid main()
1
int y=-5;
cout<<out(y)<<endl;

e xcan be accessed only by calling out function or by using default value (will
discuss later !!)

e xis local variable within (out) function so it just used inside this function, z is
local variable within main function so it just used inside main function .
e we have two block (anything between {}is called block ).
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Example 2

#include <iostream:
using namespace std;
“lwvoid main()

/_ {
int z=-5;
cout<<z<<endl;
outer I
block int z=5;
inner bloc cout<<z<<endl;
hy
cout<<zr<<endl; Ej

}
—t a

inner
z

5

used only in
inner block

e we have two nested blocks (inner and outer block )
e If two nested blocks have the same variable, outer blocks “hidden” from inner

blocks.
Example 3

#include <iostream>
using namespace stdj;
—lwvoid main()

i
int z=-5;
cout<<z<<endl;
i
cout<<z<<endl;
¥
cout<<z<<endl; =
¥
Example 4

#include <iostream:
using namespace std;
—lwoid main()

i
i
int z=-5;
cout<<z<<endl;
¥
cout<<z<<endl;
y

Error: identifier "z" is undefined

outer
z
-5
used in outer block,

can be used in inner
block if it's not
declare in it

e syntax error--> z declare in inner block, it is only used within this block

Example 5

#include <iocstream:>
using namespace stdj;

int z=5; » global wvariable

=lwoid main()
i
cout<<z<<endl;
i
cout<<z<<endl;
¥ ]
int z=3; - !

cout<<z<<endl;
¥

= it

variable =

——>» can be used
anywhere in the code

(under it)

will print the
value of global

e If a global variable and a local variable share the same name then local value will

used.

66

alaa abu srhan --email: alaaa@hu.edu.jo

it



Example 6

#1rl'|c1ude <iostreams> global #irjclude <iostream: gloabal inner
using namespace std; using namespace std; - -
int z=5; z int z=5; 5 3
-lwvedid main() = —lvoid main()
{ 3 {
1 1
int z;
cout<<z<<endl; n ] cout<<z<<endl; — local wvalue used
} } -
cout<<z<<endl; g cout<<z<<endl; =]
h } 3
5]
global wvalue used
global value used glokbal walue used

Example 7
#include <iocstream:
using namespace std;
vold funl (int x);
—lwvoid main()

1
funl(s);

}

—lwoid funl{ int =1}
{ cout<xd;
X=5;

}

Error: identifier "x" is undefined

e syntax error --> x has a prototype scope, you can't use it from main or any function .
e function name is file scope you can access it anywhere in your code after the prototype.

e Inside any scope (function scope or block scope) you can't define two variables with the
same names.

Example 8
#include <io=stream: #include <io=stream:
uz=ing namespace =td: u=ing hnamespace =td;
wvold maini) woid main)
int ==5; int ==5;
for{ int i=3:i<4;i++) for({ int i=3;i<4;i++)

i int ==7;
int ==7: H cout<<Es<endl ; n
cout <<z <endl ; =

} } i
T
e we have two block main block and for block, so we can define x in both blocks.(block
scope)
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Example 9
#include <iostream:
using namespace std;
vold funl (int x);
—lvoid main()
{
funl(s);
cuut{{xlh

Error: identifier "x1" is undefined

¥

—lwoeid funl( int =1)
1 cout<<xl;

¥
e x1 has function scope, it just used in funl
Example 10

#include <iostream:

using namespace std;

int x=1;

vold funl{veid );
-lint main ()

i
funl( );
return @8;

b

-lwvoid funl{wvoid)

{
K=5;

cout<<{x;

}

Example 11

#include <iocstream:

using namespace std;

int w=1;

vold funl({int };
—lint main ()

1
cout<<xw<<endl ;
funl(s);
return 8;

1

Slwoid funl{int x)

1

cout<dn;

)

il
o

e Global variables are always accessible. Function funl references the global x.
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e To access a global variable declared after the definition of a function, the function
must not contain any identifier with the same name
o Reserved word extern indicates that a global variable has been declared
elsewhere

Storage class
Storage class: Determines the period during which the variable exists in memory

storage class types
Types : Automatic storage Static storage

Keywords: auto register extern static mutable

1. Automatic storage:
B Variables created and destroyed within its block (created when entering the
block and destroyed when leaving this block).
B Can only be used with local variables and parameters of a specified function.
auto :Default for local variables.
2. Static Storage:
B Variables exist from the point of declaration for entire program execution.
B Static variables are created and initialized once when the program begins execution.
B Numeric variables are initialized to 0 by default unless the programmer initialize them
explicitly
static:
B Usually, used with local variables defined in functions
B Permanent storage for the static variable is allocated, so that it is not
removed from memory when leaving the block it is defined on.
B Keep value after function ends
B Only known in their own function (known inside its function like auto and
register but it is not removed from memory when the function exit).

static dataType identifier;

Example 1
#include <iostream:
using namespace std;
-lveid main()

{
static int a;
a+=23
cout<<a<<endl;

1 E |
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e static Numeric variables are initialized to 0 by default unless the programmer initialize
them explicitly.
Example 2
#include <iostream:>
using namespace std;
—lwvoid main()

i
register static int aj
at=2s E th st | t be specified
cout<eace rror more an one storage class may no £ specitie
I
e syntax error -->Do not use multiple storage specifiers at the same time.
Example 3

#tinclude <iostream:
using namespace std;

—lbacel fun()
i
static int wvar=-1; //line 3
;
-lint main()
i
cout<<var;
}

| Error: identifier "var" is undefined

e syntax error var is local to fun()
e var is static so it will be stored in memory from line 3 to the end of the code, but you can't
print it outside fun().

Example 4
#include <iostream:
using namespace std;
static int var=-1; //line 1

—lwvoid  fun()
1
cout<<var;// print -1
¥
—lvoid main()
1

cout<<var; //print -1

e var is static and global so it will be stored in memory from line 1 to the end of the code, and
you can print it anywhere in your code.
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Example 5

#include <iostream:
using namespace stdj;

lwoid fun()
1
cout<{{var;
¥
static int wvar=-1; //line 5
int main()
1
cout<<var;//print -1}
¥

e syntax error (var inside fun() is not defined yet)

e var is static so it will be stored in memory from line 5 to the end of the code, and you can
print it from line 5 to the end of the code.

e Local static variables are not destroyed when the function ends.

notes:
e Global variables are by default static
e Local variable are by default auto
e You can't reference (print/modify) local variable outside its scope
Example 6
#include <iostream:> #include <iostream:
using namespace std; using namespace std;
Slwoid twice() —Ilwvoid twice()
1 1
static int x=2; int x=2;
wt=5; Wt=5;
cout<ax<<endl; cout<<x<<endl;
h h
—lwvoid main() —lvoid maing)
1 1
twice(); N twice(); =
twice(); | g twice(); 7
1 4
¥ }~ B

e Permanent storage for the static variable is allocated, so that it is not removed from
memory when leaving the block it is defined on.

e each time you call the function it will print last value of x +5 (not 2+5=7)--> because x is

static , if we use int x=2 then its auto so every time you call the function it will print 7.

Example 7

#include <io=stream:
u=ing namnespace =td;
volid staticfun():

int ==5;

wold main() 4

int ==1;

for {(int i=1;1<=3:1i4+)
=taticfun):

cout <

cout<<endl ;

T il

wold s=taticfun() 4 =
static int test=1: &
cout<<test++<<endl ;
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Unary Scope Resolution Operator

e Unary scope resolution operator (::)

e |f a global variable and a local variable share the same name, unary scope
resolution operator is used to access the global variables.

e Not needed if names are different

e Instead of variable use ::variable

e Veryimportant = Cannot be used to access a local variable of the same name in

an outer block.

Example 1
using namespace std;
int var = 7;
Slvoid unary(int wvar)

1
var++;
cout << var<<endl;
}
=lvoid main()
1
unary(7);
cout << ::wvar << endl;
}
Example 2
using namespace std; #include<iostream>
int var = 7; using namespace std;
=lvoid unary() int wvar =7;
—lvold fun()
int var=6; I
VEr=VRnES] var+=3;
cout << wvar<<endl; cout<<;ar<<endl'
} ! !
-lvoid main() -lveid main()
{ int vars=é&; 1
unary(); int var=e6;
unary(); fun();
cout << ::var << endl; fun(); ®
cout<<::var<<endl;
iK5]
} 13
I 13

e Global variables are by default static
e Local variable are by default auto
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Example 3

using namespace std;
int z = 5;

—int main()
i
int z = 63
cout<s ::z<<endl;
cout << z<<endl;

return @;

}

Example 4

using namespace std
int z = 53

—lint main()
i
int = = 63
cout<< :i;z<<endl;
int z= 2;

cout << z<<endl;

return @;

L}

e syntax error -->z declare twice within the same block
Example 5

using namespace std;
int v = 53

=lint main()

{
int =z = 5;
if(z==5)
i

int =z = 11;
cout<< ::z<<endl;

} =

Error: the global scope has no "z

return 8;

}
e syntax error--> z undefined as a global variable.
Example 6

Sl#include <iostream>
using namespace std;
#include <cstdlib>

—lwvolid main()

{
int z= =53
cout<<z<<endl;
i
int z=5;
cout<<:i:z;
¥ Error: the global scope has no "z"
i
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e unary operator Cannot be used to access a local variable of the same name in an
outer block.

Functions with empty parameter lists

Example 1

#include <iostream:

using namespace std;

vold wvoidfun(void);
—Jwvold main() {

voldfun();
¥
—lvoid veidfun(void) { 5 g
int a=1;
cout<<a; 1.
¥

e Either writing void or leaving a parameter list empty indicates that the function takes no
arguments.
e Function print takes no arguments and returns no value.

Example 2

#include <iostream>
using namespace std;
void voidfun{wveid);
—lvoid main() 1
voidfunil);

Error: too many arguments in function call

h

—lvoid woidTun({void) 1
int a=1;
cout<<a;

e Passing parameter to a function that does not take any parameter is syntax error.
Example 3

#include <iostream:
using namespace std;
voild woidfun(void);
—lvoid main() {
cout<<voidfun();

Error: no operator "< <" matches these cperands

h
—lvoid Tvordtun(void) {
int a=1;
coutd<a;
h
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Functions with default arguments

Example 1

#include <iostream>
using namespace std;
vold Default{int a);
—lvoid main() {
Default();

} ‘ Error: too few arguments in function call

-lveid DefTaulf(int a) 4
cout<<a;

b

e syntax error, Default function has one argument, so when we call it we have to pass
value to this function. We can solve the problem using default argument(see next

example).

Example 2

#include <iostream>
using namespace std;
vold Default(int a=1);

—lwvoid main() {
Default();

}
—lwvoid Default(int a) {
cout<<a;

}-

e In the function prototype give all or some of the arguments default values
When you call the function, you can omit one or more of the arguments values. The
omitted arguments will take their values from the default values in the function

prototype.

Example 3

#include <iostream>
using namespace std;
vold Default(int );
int a=1;

—lwvoid main() {
Default();

}

-lwoid Default(int a) {
cout<<as

}
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e Set defaults in function prototype (only) where the variables names are provided just for
readability

Example 4

#include <iostream>
using namespace std;
void Default{int a ,int b=1);
int a=1;
—lvoid main() 1
Default();

} Error: too few arguments in function call

-lvoid DefaulT({ Int a ,int B) 1
cout<<a;

b
e In a function call you can omit the parameters that have default values only.
e syntax error because a does not have value in the prototype
Example 5

#include <iostream>
using namespace std;

int a . ' .
. ::id void Default(int a = 1, int b)
Defau Error: default argument not at end of parameter list
¥
“lwvaid Default{ int a ,int b) {
cout<<a;
}

—|#include <iostream>
using namespace std;

int a| _ .
Error: default argument not at end of parameter list

Slwoid main() {
Default(l,2,3);

¥
-lvaid Default( int a ,int b,int c) {
cout<<a;
cout<<h;
cout<<c;

o Not setting all the rightmost parameters after a default arguments to default is a syntax
error.

e This means that no argument can take a default value unless the one on its right has a default
value.
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Example 6

El#include <iostream:
using namespace std;
void Default(int a=1 ,int b=2, int c=9);
int a=1;
Elveid main() {
Default();

1
slwoid Default( int a ,int b,int c) {
cout<<aj
cout<<b;
cout<<c;

L}

Example 7

Fl#include <iostream:

using namespace std;

void Default(int a=1 ,int b=2, int c=9};
int a=1;

Flweid main) {

Default(3);

Default(3,3);

Default(3,3,3);

LY
Flweid Default( int a ,int b,int c) {
cout<<a*b*c<<endl;

o

} L4
81
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Functions overloading

e Function overloading means having functions with same name and different parameters

(different number of parameters, or different data types, or different order, or all of

these issues at the same time, different name of arguments is not function overloading )

#include<iostream> #include<iostream> #include<iostream> #include<iostream>
using namespace std; using namespace using namespace using hamespace
int funi(int ,float ,char std; std; std;
); int funlﬂnt float int funlﬂnt float int funlgnt float
int funi(int , float, char ); char ); char );
char); float funl(int , float, int funl(float, int, int funl(int , float);
int main() char); char); int main()
{ int main() int main() {
cout<<funi(5,3. { { cout<<fun1(5
3,'a'); cout<<funl(5 cout<<funl(5 ,3.3,'a'");
return 0, ,3.3,'a"); ,3.3,'a"); return 0;
} return 0; return 0O; 3
int funi(int x1,float } b int fun1(int x1,float
vl,charz1) int funl(int x1,float int funl(int x1,float yl,char z1)
Syntax error.  Syntax error. Parameters # of
Two functions changing return order is parameters is
are the same  type is not different so it  different so it
enough is ok is ok

B Overloading a function with another version that have the same parameters numbers,
types, and order with just the return result data type is different is a syntax error.

B The parameter list supplied in a call to an overloaded function determines which
function is executed

B Two functions are said to have different formal parameter lists if both functions have

either:
B A different number of formal parameters
B [f the number of formal parameters is the same, but the data type of the formal
parameters differs in at least one position
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Example 1

#include <iostream:>
using namespace std;

#include <iostream>
using namespace std;

int funl(int x ,int y , int z); %n: ffu:iiin;lx ,inz ybi int zg; o -
double funl(double x ,double y , double z); int funl({double x ,double y , double z};
=lvoid main() Elvoid main()
{ i
cout<<funl(2,3,1)<<endl; cout<<funl(2,3,1)<<endl;
cout<<funl(2.5,3.8,1.4)<<endl; cout<<funl(2.5,3.8,1.4)<<endl;
: J=int funi(d 1,4 1, i
—lint funl(int x ,int y , int z) —::.nt unl{int x1 ,int y1 , int z1)
¢ return x*y*z; return x1*yl*zl;
>
-ldouble funl(double x ,double y , double z) L’;"t funi{double x ,double y , double z)
{
return x+y+z; return x+y+z;
¥ ¥

e Program chooses function by signature: signature is determined by function name and
parameter types.

e Can have the same return types.

Example 2
#include <iostream>
using namespace std;
int funl(int x1=1 ,int yl=2,int y3=4);
int funl( );
-ivoid main()

{
cout<<funli(2,3,1)<<endl;
cout<<funl()<<endl;
]
} funl

Error: more than one instance of overloaded function "fun1” matches the argument list:

[=int funl(int x1,int yi1,int z1)

1

return x1*yl1%z1;
¥

[=int funl( )
{
int r =1;

return r;

)

e You cannot overload a function with default arguments with another version that takes no
arguments > syntax error.
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Example 3

i
i

d

=W

{

I
{
=F1
{
=ld
{

nt funl{int x1=1 ,int wl=2,int y3=4);
nt funl{double x, double y };
ouble funl(int x, double vy );:

oid maing)

cout<<funl(2,3,1)<<endl;
int x=1;

double z=59;
cout<<funl(z,z)<<endl;
cout<<funl(x,z)<<endl;

nt funl{int x1,int vyl,int z1)
return x1*yl*zl;}

nt funl{double x,double v }
return x*y;}

ouble funl{int x,double ¥ )}
return x+y;}

Example 4
H#include <icstream:>
uzing namespace =td;

d

=l w

1

=i
1
=d
L1

int funl{double x, doubles v )3

ouble funl{int x, double w )

oid maind)

int »x=1;

double z=9:
cout<<funl(z,z)<<endl;
cout<<funl(x)<<endl;

Errcr too few arguments in functicn call

nt funl{double X,doublc ¥ )
return x*y;}
ouble funl{int x,double v )
return X+y;if

example 5

Finclude <io=tream:>
u=ing namnespace =td:;

int

funli{int =1=1 .int =2 . 1int ==3):

vold maini)

{

int

{

cout<<funl J<<endl; IHIH

funli{int =1 .int w1 . 1int =1)

return =l*ylx=l:

name of parameters in prototype is not necessary to be the same as name of parameters
on the corresponding function

x1 will take its default value from the first variable on prototype whatever its name,
y1 will take its default value from the first variable on prototype (y).
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Example 6

#include <iostream:

using namespace stdj;

int Ffunl{int x1l,int ¥l ;, int zl);
int fuml (int x ,int ¥y , int z);
vold main()

i
cout<<funl({l,2,3)<<endl;
¥
—lint  Ffunl{int x1 ,int w1 , int zl1)}
i
return x1*yl*zl;
¥
=lint funl (int x ,int y , int z)
{
return x®y+z;
¥

e syntax error

e change the name of parameters is not function overloading. remember ---> different
parameters (different number of parameters, or different data types, or different order, or
all of these issues at the same time) is ok.

Example 7

#include <iostream:

using namespace std;

int funl {int x1=7,int y1=5 , int zl=6);

int funl (deouble x=8,int y=4 , int z=9);
—lvoid main()

1
cout<<funl{ )<<endl;
fun
| Error: more than one instance of overloaded function "fun1" matches the argument list:
h
-lint funl(int =1 ,int y1 , int z1)
1
return x1%yl*zl;
¥
-lint funl {double x ,int y , int z)
1
return x*y+z;
¥

e syntax error >>>> which one will be used when we call the function
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Example 8

#include <iostream:

using namespace std;

int funl (int =x1=7,int y1=5 , int zl=8);

double funl (double x,int vy, int z);
Fwold main()

1
cout<<funl{ 1.2,1.5,1.6)<<endl;
L}
Fint funl{int =1 ,int w1 , int z1)
1
return x1¥yl¥zl;
L}
Fdouble funl (double = ,int y , int z)
1
return xty+z; i
L} 3.2

all the parameters passed to function are double so the suitable function is fun(double ,int
,int)

Example 9

#include <iostream:

using namespace std;

int funl (float x1=7,int y1=5 , int zl=6);

double funl (double x,int vy, int z);
Fwvoid main()

1
cout<<funl{ 1.2,1.5,1.6)<<endl;
cin.get();
|}
FHint funl{fleat %1 ,int y1 , int z1)
1
return x1%y1%¥z1;
L}
Fldouble funl (double x ,int v , int z) _
1
return x+y+z;
L}
1.2 is double
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Example 10

#include <iostream:

using namespace std;

int funl (float x1=7,int y1=5 , int zl1=6);

double funl (double x,int vy, int z);
Fwoid main()

{
cout<<funi{ 1,1,1fj<<endl;
funi
Error: more than cne instance of overloaded function “fun1” matches the argument list:
L}
Eint funl{fleoat x1 ,int yl1 , int zl)
{
return x1%yl*zl;
¥
=double funl (double x ,int y , int z)
{
return x4y+I;
L}

e ambiguous call to overloaded function ; 1 is integer so which function we will use !!!
Example 11

#include <iostream:
using namespace std;
int fun{int x=3,int y=4);
int fun{int ,int };

Fint fun{int x,int y)

1
return x;
LY
Fint main()
1
cout<<fun(2,5);
return 8;
¥
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Passing Arrays to Functions

Example 1
—l#include <iostreams -l#include <iostream:
ing Nanesnace d using namespace std;
wold Arrayi int » 1nt :
=%Wold maln
1 {
int b[1@]; int b[1@];
i ¥
—lwvoid Array(int b[] ,int arraySize) -lveid Array(int b[] ,int arraySize)
{ i
h h
B Function prototype: B Parameter names optional in prototype
void Array( int b[], int arraySize ); e int b[] could be simply int []

e int arraysize could be simply int.
B If the size of the array is passed as, e.g. int b[5], the compiler will ignore it.

Example 2
—#include <icstream:
using namespace std;
vold Array( int [], int )3
—lwvoid main()

1
int a[3]=1{1,2,3};
Array(a,3);

}

Slvoid Array(int b[] ,int arraySize)
{ o
cout<<h[1]; N -
} 2
e Function Call:
e Specify the name without any brackets

e Array size is usually passed to the function to allow correct processing of the
array elements.

Example 3
#include <iostreams>
uzing namezpace =td;

void Array( int []. int )i
wold main()

r

L

int a[3])={1,2,2};
Array(a,3);
for (int i = @ ; i<3 ;i++)
cout<<ali]<<endl;

}

wordd Array{int b[] ,int arraySize)
{
for (int i = @ ; i<arraySize ;i++)
Bl[i]l=b[i]™2;
}
e Arrays are passed as call-by-reference by default
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Example 4

#include <iostream>

using namespace std;

vold Array ( int ,int & );

“lvaid main()

i
int a[3]={1.2,3};

Array(a[l], a[2] );

for (int 1 = @ ; i<3 ;i++)
cout<<a[i]<<endl;

hy

“lvoid Array(int b,int & c)
{ b=5;
c=c*2;

}

e Individual array elements are passed by call-by-value

Example 5
—#include <iostream:>

—#include <iostream:
using namespace std;

using namespace std;
_:gi: 2:;:?;‘ conct int  [l.imt ) veld Array ( const int [],int };
{ —lvoid main()
int a[3]={1,2,3}; {

Array;a,3_}; ) ) int a[3]={1,2,3};

for (int i = @& ; i<3 ;i++) Arra {E 3 }
cout<<a[i]<<endl; y. 7.

cin.get(); for (int 1

¥
=8 ; 1<3 ;i)
cout<<a[i]

<<endl;
—lvaid Array({const int b[],int size)

{ bl1]+=1; 1

H

const int *b -lwvoid Array(const int b[],int size)
I  cout<<b[1]<<endl;

}

Error: expression must be a modifiable hvalue

e To prevent a function from modifying an array declare the parameter array within
both the function definition and the function prototype as a const (i.e. pass it as
read-only variable).

e 50, any modification will be reported as a syntax error.
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