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� C++ character set

� Tokens

o Keywords
o Identifiers
o Literals
o Punctuators
o Operators

� Integrated Development
Environment (IDE)

o Turbo C++ IDE
o Geany IDE

Key concepts

C++ (pronounced "C plus plus") is a powerful,
popular and object oriented programming
(OOP) language developed by Bjarne
Stroustrup. The idea of  C++ comes from the C
increment operator ++, thereby suggesting that
C++ is an added (incremented) version of C
language.
The C++ language can be used to practice various
programming concepts such as sequence,
selection and iteration which we have already
discussed in Chapter 4. In this chapter, we will
have a brief  overview of  the fundamentals of
C++. We will also familiarise different language
processor packages that are used to write C++
programs.
Just like any other language, the learning of C++
language begins with the familiarisation of its
basic symbols called characters. The learning
hierarchy proceeds through words, phrases
(expressions), statements, etc. Let us begin with
the learning of  characters.

5.1 Character set
As we know, the study of  any language, such as
English, Malayalam or Hindi begins with the
alphabet. Similarly, the C++ language also has
its own alphabet. With regard to a programming
language the alphabet is known as character set.
It is a set of  valid symbols, called characters that
a language can recognize. A character represents
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any letter, digit, or any other symbol. The set of valid characters in a language
which is the fundamental units of that language, is collectively known as character
set. The character set of C++ is categorized as follows:
(i) Letters : A B C D E F G H I J K L M N O P Q R S T U V

W X Y Z
a b c d e f g h i j k l m n o p q r s t u v w x y z

(ii) Digits : 0 1 2 3 4 5 6 7 8 9
(iii) Special characters : +  -  * /  ^   \   (   )  [   ]  {  }  =     <    >   .   ’   “  $

,   ;   :   %  !   &  ?      _ (underscore)     #   @
(iv) White spaces : Space bar (Blank space), Horizontal Tab (�),

Carriage Return ( ℵ ) , Newline, Form feed
(v) Other characters : C++ can process any of the 256 ASCII characters

as data or as literals.

Dr. Bjarne Stroustrup developed C++ at AT&T Bell
Laboratories in Murray Hill, New Jersey, USA. Now he
is a visiting Professor at Columbia University and holder
of the College of Engineering Chair in Computer Science

at Texas A&M University. He has received numerous honours. Initial
name of this language was 'C with classes'. Later it was renamed to
C++, in 1983. Bjarne

Stroustrup

5.2 Tokens
After learning the alphabet the second stage is learning words constituted by the
alphabet (or characters). The term ‘token’ in the C++ language is similar to the
term ‘word’ in natural languages. Tokens are the fundamental building blocks of
the program. They are also known as lexical units. C++  has five types of  tokens as
listed below:

1. Keywords
2. Identifiers
3. Literals
4. Punctuators
5. Operators

Spaces, tabs and newlines (line breaks) are called white spaces. White
space is required to separate adjacent words and numbers.



5. Introduction to C++ Programming

133

5.2.1   Keywords
The words (tokens) that convey a specific meaning to the language compiler are
called keywords. These are also known as reserved words as they are reserved by
the language for special purposes and cannot be redefined for any other purposes.
The set of  48 keywords in C++ are listed in Table 5.1. Their meaning will be explained
in due course.

asm continue float new signed try

auto default for operator sizeof typedef

break delete friend private static union

case do goto protected struct unsigned

catch double if public switch virtual

char else inline register template void

class enum int return this volatile

const extern long short throw while

Table 5.1: Keywords of C++

5.2.2  Identifiers
We usually assign names to places, people, objects, etc. in our day to day life, to
identify them from one another. In C++ we use identifiers for this purpose.
Identifiers are the user-defined words that are used to name different program
elements such as memory locations, statements, functions, objects, classes etc. The
identifiers of  memory locations are called variables. The identifiers assigned to
statements are called labels. The identifiers used to refer a set of  statements are
called function names.
While constructing identifiers certain rules are to be strictly followed for their validity
in the program. The rules are as follows:
� Identifier is an arbitrary long sequence of letters, digits and underscores

( _ ).
� The first character must be a letter or underscore (  _  ).
� White space and special characters are not allowed.
� Keywords cannot be used as identifiers.
� Upper and lower case letters are treated differently, i.e. C++ is case sensitive.
Examples for some valid identifiers are Count , Sumof2numbers,
Average_Height, _1stRank, Main, FOR
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The following are some invalid identifiers due to the specified reasons:
Sum of Digits ♦ Blank space is used
1styear ♦ Digit is used as the first character
First.Jan ♦ Special character ( . ) is used
for ♦ It is a keyword

5.2.3 Literals
Consider the case of the Single Window System for the admission of Plus One
students. You may have given your date of  birth in the application form. As an
applicant, your date of birth remains the same throughout your life. Once they are
assigned their initial values, they never change their value. In mathematics, we know
that the value of π  is a constant and the value of gravitational constant ‘g’ never
changes, i.e. it remains 9.8m/s2.  Like that, in C++, we use the type of  tokens called
literals to represent data items that never change their value during the program
run. They are often referred to as constants. Literals can be divided into four types
as follows:

1. Integer literals
2. Floating point literals
3. Character literals
4. String literals

Integer literals

Consider the numbers 1776, 707, -273. They are integer constants that identify integer
decimal values. The tokens constituted only by digits are called integer literals and
they are whole numbers without fractional part. The following are the characteristics
of integer literals:
� An integer constant must have at least one digit and must not contain any

decimal point.
� It may contain either + or – sign as the first character, which indicates whether

the number is positive or negative.
� A number with no sign is treated as positive.
� No other characters are allowed.

Identify invalid identifiers from the following list and give reasons:
Data_rec,  _data,  Idata,  datal,  my.file,  asm,
switch,  goto,  break

Let us do
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Floating point literals

You may have come across numbers like 3.14159, 3.0×108, 1.6×10-19 and 3.0 during
your course of  study. These are four valid numbers. The first number is π (Pi), the
second one is the speed of light in meter/sec, the third is the electric charge of an
electron (an extremely small number) – all of them are approximated, and the last
one is the number three expressed as a floating-point numeric literal.
Floating point literals, also known as real constants are numbers having fractional
parts. These can be written in one of  the two forms called fractional form or
exponential form.
A real constant in fractional form consists of  signed or unsigned digits including a
decimal point between digits. The rules for writing a real constant in fractional
form are given below:
� A real constant in fractional form must have at least one digit and a decimal

point.
� It may also have either + (plus) or – (minus) sign preceding it.
� A real constant with no sign is assumed to be positive.
A real constant in exponential form consists of  two parts: mantissa and exponent.
For instance, 5.8 can be written as 0.58×101 = 0.58E1 where mantissa part is 0.58
(the part appearing before E) and exponential part is 1 (the part appearing after E).
The number E1 represents 101. The rules for writing a real constant in exponential
form are given below:
� A real constant in exponent form has two parts: a mantissa and an exponent.
� The mantissa must be either an integer or a valid fractional form.

Classify the following into valid and invalid integer constants and
give reasons for the ivalidity:

77,000 70 314. -5432 +15346
+23267 -.7563 -02281+0 1234E56 -9999Let us do

In addition to decimal numbers (base 10), C++ allows the use of octal
numbers (base 8) and hexadecimal numbers (base 16) as literals
(constants). To express an octal number we have to precede it with a 0
(zero character) and in order to express a hexadecimal number we have

to precede it with the characters 0x (zero, x). For example, the integer constants
75, 0113 and 0x4B are all equivalent to each other. All of these represent the same
number 75 (seventy-five), expressed as a base-10 numeral, octal numeral and
hexadecimal numeral, respectively.
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� The mantissa is followed by a letter E or e and the exponent.
� The exponent must be an integer.
The following are valid real constants.

52.0 107.5 -713.8 -.00925
453.E-5 1.25E08 .212E04 562.0E09
152E+8 1520E04 -0.573E-7 -.097

Some invalid real constants are given along with the reason:
58,250.262 (Comma is used), 5.8E (No exponent part), 0.58E2.3 (Fractional
number is used as exponent).

Character literals

When we want to store the letter code for gender usually we use ’f ’ or ‘F’ for Female
and ‘m’ or ‘M’  for Male. Similarly we may use the letter ‘y’ or ‘Y’ to indicate Yes and
the letter ‘n’ or ‘N’ to indicate No. These are single characters. When we refer a
single character enclosed in single quotes that never changes its value during the
program run, we call it a character literal or character constant.

Note that x without single quote is an identifier whereas ‘x’ is a character constant.
The value of  a single character constant is the ASCII value of  the character. For
instance, the value of ‘c’ will be 99 which is the ASCII value of ‘c’and the value
of ‘A’ will be the ASCII value 65.

C++ language has certain non-graphic character constants, which cannot be typed
directly from the keyboard. For example, there is no way to express the Carriage
Return or Enter key, Tab key and Backspace key. These non-graphic symbols can
be represented by using escape sequences, which consists of  a backslash (\)
followed by one or more characters. It should be noted that even though escape
sequences contain more than one character enclosed in single quotes, it uses only
one corresponding ASCII code to represent it. That is why they are treated as
character constants. Table 5.2 lists escape sequences and corresponding characters.

Classify the following into valid and invalid real constants and justify
your answer:
77, 00,000 7.0 3.14 -5.0E5.4 +53.45E-6
+532.67. .756E-3 -0.528E10 1234.56789 34,56.24
4353 +34/2 5.6E 4356 0

Let us do
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In Table 5.2, we can also see sequences
representing \', \" and \?. These
characters can be typed from the
keyboard but when used without escape
sequence, they carry a special meaning
and have a special purpose. However,
if these are to be displayed or printed as
it is, then escape sequences should be
used. Examples of some valid character
constants are: 's', 'S', '$', '\n',
'+', '9'

Some invalid character constants are
also given with the reason for invalidity:

A (No single quotes), ‘82’ (More than
one character), “K” (Double quotes
instead of single quotes), ‘\g’ (Invalid
escape sequence or Multiple characters).

Escape Corresponding
Sequence Non-graphic character

\a Audible bell (alert)
\b Back Space
\f Form feed
\n New line or Line feed
\r Carriage Return
\t Horizontal Tab
\v Vertical Tab
\\ Back slash
\' Single quote
\" Double quote
\? Question mark
\0 Null character

Table 5.2 : Escape Sequences

C++ represents Octal Number and Hexadecimal Number with the help of escape
sequences. The \0n and \xHn represent a number in the Octal Number System
and the Hexadecimal Number System respectively.

String literals

Nandana is a student and she lives in Bapuji Nagar. Here, “Nandana” is the name
of a girl and “Bapuji Nagar” is the name of a place. These kinds of data may need
to be processed with the help of  programs. Such data are considered as string
constants and they are enclosed within double quotes. A sequence of  one or more
characters enclosed within a pair of  double quotes is called string constant. For
instance, “Hello friends”, “123”, “C++”, “Baby\’s Day Out”, etc. are
valid string constants.

Classify the following into different categories of literals.

'a' "rita" -124 12.5 -12e-1
"raju\'s pen" 0 -11.999 '\\' 32760

Let us do
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5.2.4 Punctuators
In languages like English, Malayalam, etc. punctuation marks are used for
grammatical perfection of  sentences. Consider the statement: Who developed C++?
Here ‘?’ is the punctuation mark that tells that the statement is a question. Similarly
at the end of each sentence we put a full stop (.). In the same way C++ also has
some special symbols that have syntactic or semantic meaning to the compiler.
These are called punctuators. Examples are:  #  ; ‘ “  ( ) [ ] { }.
The purpose of  each punctuator will be discussed later.

5.2.5 Operators
When we have to add 5 and 3, we express it as 5 + 3. Here + is an operator that
represents the addition operation. Similarly, C++ has a rich collection of  operators.
An operator is a symbol that tells the compiler about a specific operation. They are
the tokens that trigger some kind of  operation. The operator is applied on a set of
data called operands. C++ provides different types of  operators like arithmetic,
relational, logical, assignment, conditional, etc. We will discuss more about operators
in the next chapter.

Classify the following into different categories of tokens.
/ -124 + -12e-1 '"KL01"
Sum "raju\'s pen" if rita '\\'
break  }Let us do

5.3  Integrated Development Environment (IDE)
Now we have learned the basic elements of a C++ program. Before we start writing
C++ programs, we must know where we will type this program. Like other
programming languages, a text editor is used to create a C++ program. The
compilers such as GCC (GNU Compiler Collection), Turbo C++ and Borland
C++ many other similar compilers provide an Integrated Development
Environment (IDE) for developing C++ programs. Many of  these IDEs provide
facilities for typing, editing, searching, compiling, linking and executing a C++
program. We use Geany IDE (IT@School Ubuntu Linux 12.04) and Turbo C++
IDE Version 3.0 (Borland International) for the purpose of  illustrating the procedure
for coding, compiling and executing C++ programs.

5.3.2  Geany IDE

GCC compiler is a free software available with Linux operating system. GCC stands
for GNU Compiler Collection and is one of the popular C++ compilers which
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works with ISO C++ standard. Geany is a cross-platform IDE for writing, compiling
and executing C++ programs.

A. Opening the edit window
The edit window of Geany IDE can be opened from the Applications menu of
Ubuntu Linux by proceding as follows:

Applications �  Programming �  Geany

Geany IDE opens its window as
shown in Figure 5.1. It has a title
bar, menu bar, toolbar, and a
code edit area. We can see a tab
named untitled, which indicates
the file name for the opened edit
area. If we use Geany 1.24 on
Windows operating system, the
opening window will be as
shown in Figure 5.2. We can see
that both of these are quite the
same.

In this window, a file with
the default name untitled
where the program can be
typed. To open a new file,
choose File menu, then
select New option or click
New button   on the
toolbar.
b.  Saving the program

Once a file is opened, enter
the C++ program and save
with suitable file name with
extension .cpp. The extension is a must. GCC being a collection of  compilers, the
extension decides which compiler is to be selected for the compilation of the code.
If we give the file name before typing the program, GCC provides different colours
automatically to distinguish the types of tokens used in the program. It also uses
indentation  to identify the level of  statements in the source code. We will disucss
the concept of  indentation later.

Fig. 5.1: Opening screen of Geany IDE in Ubuntu LInux

Fig. 5.2: Opening screen of Geany IDE 1.24 in Windows OS
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Let us write a simple program given as Program 5.1 and save with the name
welcome.cpp.

Program 5.1: A program to familiarise the IDE

// my first C++ program
#include<iostream>
using namespace std;
int main()
{

cout << "Welcome to the world of C++";
return 0;

}  //end of program

The IDE window after entering Program 5.1 is shown in Figure 5.3. Observe the
diffrence in colours used for the tokens.

Fig. 5.3: Program saved with a name in Geany IDE

To save the program, choose File menu and select Save option or use the keyboard
shortcut Ctrl+S. Alternatively the file can be saved by clicking the Save button in
the toolbar.
It is a good practice to save the program every now and then, just by pressing
Ctrl+S. This helps to avoid the loss of  data due to power failures or due to unexpected
system errors. Once the program typing is completed, it is better to save the file
before compiling or modifying. Copying the files from the temporary volatile
primary memory to permanent non volatile secondary memory for storage is known
as saving the program.
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C.  Compiling and linking the program

The next step is to compile the program and modify it, if errors are detected. The
procedure for compilation is that choose Build menu and then select Compile option.
Otherwise we can use the Compile button .  If  there are some errors, those
errors will be displayed in the compiler status window at the bottom, otherwise the
message Compilation finished successfully will be displayed. (refer Figure 5.3).
After successful compilation, choose Build menu and select Build option for linking
or click the Build button in the toolbar. Now the program is ready for running..

D.  Running/Executing the program

Running the program�is the process by which a�computer�carries out the instructions
of  a�computer program. To run the program, choose Build menu and select Execute

option. The program can also be executed by clicking the Execute button  in
the toollbar. The output will be displayed in a new window as shown in Figure 5.4.

C++ program files should have a proper extension depending
upon the implementation of C++. Different extensions are
followed by different compilers. Examples are  .cpp, .cxx, .cc,
.c++

Fig. 5.4: Output window

E.  Closing the IDE

Once we have executed the program and desired output is obtained, it can be closed
by selecting File menu and Close option from it or by clicking the Close button X in
the active tab or in the title bar. For the next program, a new file can be opened by
the New option from the File menu or by clicking the New button in the tool
bar. The key combination Ctrl+N can also be used for the same.
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After the completion of this chapter the learner will be able to:
� list the C++ character set.
� categorise various tokens.
� identify keywords.
� write valid identifiers.
� classify various literals.
� identify the main components of C++ IDE.
� write, compile and run a simple program.

Learning outcomes

C++ was developed by Bjarne Stroustrup in early 1980s. C++ has its own
character set. Tokens are the smallest unit of  a program and are constituted by
one or more characters in C++. There are five types of  tokens namely keywords,
identifiers, literals, punctuators and operators. Programs are written in computer
with the help of  an editor. Software like GCC and Turbo C++ IDE provide
facilities to enter the source code in the computer, compile it and execute the
object code.

Let us sum up

1. Write a program to print the message "SMOKING IS
INJURIOUS TO HEALTH" on screen.

2. Write a program to display  the message "TOBACCO CAUSES
CANCER" on monitor.Let us do

After programming, we can come out of Geany IDE by choosing File menu and
selecting Quit option. The same can be achieved by clicking the Close button of
the IDE window or by using the key combination Ctrl+Q.
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Sample questions

Very short answer type

1. What are the different types of characters in C++ character set?
2. What is meant by escape sequences?
3. Who developed C++?
4. What is meant by tokens? Name the tokens available in C++.
5. What is a character constant in C++ ?
6. How are non-graphic characters represented in C++? Give an example.
7. Why are the characters \ (slash), ' (single quote), " (double quote) and ? (question

mark) typed using escape sequences?
8. Which escape sequences represent newline character and null character?
9. An escape sequence represents ______ characters.
10. Which of the following are valid character/string constants in C++?

'c'     'anu'     "anu"     mine      'main's'        " "
'char  '\ \'

11. What is a floating point constant? What are the different ways to represent  a
floating point constant?

12. What are string-literals in C++? What is the difference between character
constants and string literals?

13. What is the extension of  C++ program file used for running?
14. Find out the invalid identifiers among the following. Give reason for their

invalidity
a) Principal amount b) Continue c) Area      d) Date-of-join e) 9B

15. A label in C++ is ________.
a) Keyword b) Identifier c) Operator d) Function

16. The following tokens are taken from a C++ program. Fill up the given table
by placing them at the proper places
( int, cin, %, do , = , "break" , 25.7, digit)

     Keywords Identifiers Literals Operators
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Short answer type

1. Write down the rules governing identifiers.
2. What are tokens in C++ ? How many types of tokens are allowed in C++?List

them.
3. Distinguish between identifiers and keywords.
4. How are integer constants represented in C++? Explain with examples.
5. What are character constants in C++? How are they implemented?

Long answer type

1. Briefly describe different types of  tokens.
2. Explain different types of  literals with examples.
3. Briefly describe the C++ IDE and its important features.
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• Concept of data types
• C++ data types
• Fundamental data types
• Type modifiers
• Variables
• Operators

o Arithmetic
o Relational
o Logical
o Input /Output
o Assignment
o Arithmetic assignment
o Increment and decrement
o Conditional
o sizeof
o Precedence of operators

• Expressions
o Arithmetic
o Relational
o Logical

• Type conversion
• Statements

o Declaration
o Assignment
o Input /Output

• Structure of a C++ program
o Pre-processor directives
o Header files
o The main() function
o A sample program

• Guidelines for coding

Key concepts

In the previous chapter we familiarised ourselves
with the IDE used for the development of C++
programs and also learnt the basic building blocks
of  C++ language. As we know, data processing
is the main activity carried out in computers. All
programming languages give importance to data
handling. The input data is arranged and stored
in computers using some structures. C++ has a
predefined template for storing data. The stored
data is further processed using operators. C++
also makes provisions for users to define new data
types, called user-defined data types.
In this chapter, we will explore the main concepts
of  the C++ language like data types, operators,
expressions and statements in detail.

6.1 Concept of data types

Consider the case of preparing the progress card
of  a student after an examination. We need data
like admission number, roll number, name,
address, scores in different subjects, the grades
obtained in each subject, etc. Further, we need to
display the percentage of marks scored by the
student and the attendance in percentage. If we
consider a case of scientific data processing, it
may require data in the form of  numbers
representing the velocity of light (3×108 m/s),
acceleration  due to gravity (9.8 m/s), electric
charge of an electron  (-1.6×10-19) etc.

6
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From these cases, we can infer that data can be of  different types like character,
integer number, real number, string, etc. In the last chapter we saw that any valid
character of C++ enclosed in single quotes represents character data in C++.
Numbers without fractions represent integer data. Numbers with fractions
represent floating point data and anything enclosed in double quotes represents a
string data. Since the data to be dealt with are of  many types, a programming
language must provide ways and facilities to handle all types of data. C++ provides
facilities to handle different types of  data by providing data type names. Data
types are the means to identify the nature of the data and the set of operations that
can be performed on the data. Various data types are defined in C++ to differentiate
these data characteristics.
In Chapter 4, we used variables to refer data in algorithms. Variables are also used
in programs for referencing data. When we write programs in the C++ language,
variables are to be declared before their use. Data types are necessary to declare
these variables.

6.2 C++ data types

C++ provides a rich set of  data types. Based on nature, size and associated
operations, they are classified as shown in Figure 6.1. Basically, they are classified
into fundamental or built-in data types, derived data types and user-defined data
types.

Fig 6.1 : Classification of C++ data types

Fundamental data types

Fundamental data types are defined in C++ compiler. They are also known as built-
in data types. They are atomic in nature and cannot be further decomposed of. The
five fundamental data types in C++ are char, int, float, double and void.
Among these, int and char comes under integral data type as they can handle



6. Data Types and Operators

147

only integers. The numbers with fractions (real numbers) are generally known as
floating type and are further divided into float and double based on precision
and range.
User-defined data types

C++ is flexible enough to allow programmers to define their own data types.
Structure (struct), enumeration (enum), union, class, etc. are examples for such
data types.
Derived data types

Derived data types are constructed from fundamental data types through some
grouping or alteration in the size. Arrays, pointers, functions, etc. are examples of
derived data types.

6.3  Fundamental data types
Fundamental data types are basic in nature. They cannot be further broken into
small units. Since these are defined in compiler, the size (memory space allocated)
depends on the compiler. We use the compiler available in GCC and hence the size
as well as the range of  data supported by the data type are given accordingly. It may
be different if  you use other compilers like Turbo C++ IDE. The five fundamental
data types are described below:

int data type (for integer numbers)
Integers are whole numbers without a fractional part. They can be positive, zero or
negative. The keyword int represents integer numbers within a specific range. C++
allows 4 bytes of memory for integers belonging to int data type. So the range of
values that can be represented by int data type is from -2147483648 to +2147483647.
The data items 6900100, 0, -112, 17, -32768, +32767, etc. are examples of int data
type. The numbers 22000000 and -2147483649 do not belong to int data type as
they are out of the allowed range.

char data type (for character constants)
Characters are the symbols covered by the character set of the C++ language. All
letters, digits, special symbols, punctuations, etc. come under this category. When
these characters are used as data they are considered as char type data in C++. We
can say that the keyword char represents character literals of C++. Each char
type data is allowed one byte of  memory. The data items  ‘A’, ‘+’, ‘\t’,‘0’, etc.
belong to char data type. The char data type is internally treated as integers,
because computer recognises the character through its ASCII code. Character data
is stored in the memory with the corresponding ASCII code. As ASCII codes are
integers and need to be stored in one byte (8 bits), the range of char data type is
from -128 to +127.



148

float data type (for  floating  point numbers)
Numbers with a fractional part are called floating  point numbers. Internally, floating-
point numbers are stored in a manner similar to scientific notation. The number
47281.97 is expressed as 0.4728197×105 in scientific notation. The first part of the
number, 0.4728197 is called the mantissa. The power 5 of 10 is called exponent.
Computers typically use exponent form (E notation) to represent floating-point
values. In E notation, the number 47281.97 would be 0.4728197E5. The part of  the
number before the E is the mantissa, and the part after the E is the exponent. In
C++, the keyword float is used to denote such numbers. GCC allows 4 bytes of
memory for numbers belonging to float data type. The numbers of this data
type has normally a precision of  7 digits.

double  data type (for double precision floating  point numbers)
In some cases, floating point numbers require more precision. Such numbers are
represented by double data type. The range of numbers that can be handled by
float type is extended by this data type, because it consumes double the size of
float data type. In C++, it is assured that the range and precision of double will
be at least as big as float. GCC reserves 8 bytes for storing a double precision
value. The precision of  double data type is generally 15 digits.

void  data type (for null or empty set of values)
The data type void is a keyword and it indicates an empty set of data.  Obviously it
does not require any memory space. The use of this data type will be discussed in
detail in Chapter 10.

The size of fundamental data types decreases in the order double, float, int
and char.

6.4 Type modifiers

Have you ever seen travel bags that can alter its size/volume to include extra bit of
luggage? Usually we don’t use that extra space. But the zipper attached with the bag
helps us to alter its volume either by increasing it or by decreasing. In C++ too, we
need data types that can accommodate data of  slightly bigger/smaller size. C++
provides data type modifiers which help us to alter the size, range or precision.
Modifiers precede the data type name in the variable declaration. It alters the range
of  values permitted to a data type by altering the memory size and sign of  values.
Important modifiers are signed, unsigned, long and short.
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The exact sizes of these data types depend on the compiler and computer you are
using. It is guaranteed that:

•  a double is at least as big as a float.
•  a long double is at least as big as a double.

Each type and their modifiers are listed in Table 6.1 (based on Turbo C++ compiler)
with their features.

6.5 Variables

Memory locations are to be identified to refer data. Variables are the names given
to memory locations. These are identifiers of  C++ by which memory locations are
referenced to store or retrieve data. The size and nature of data stored in a variable
depends on the data type used to declare it. There are three important aspects for a
variable.

The values listed in Table 6.1 are only sample values to
give you a general idea of how the types differ. The
values for any of these entries may be different on your
system.

char

short int
(short)

int

long int
(long)

float

double

long
double

Table 6.1: Data type and type modifiers

Character or small
integer

Short Integer

Integer

Long integer

Floating point number

Double precision
floating point number

Long double precision
floating point number

1 byte

2 bytes

4 bytes

4 bytes

4 bytes

8 bytes

10 bytes

signed: -128 to 127
unsigned: 0 to 255

signed: -32768 to 32767
unsigned: 0 to 65535

signed: -2147483648 to 2147483647
unsigned: 0 to 4294967295

signed: -2147483648 to 2147483647
unsigned: 0 to 4294967295

-3.4×10+/-38 to +3.4 × 10+/-38 with
approximately 7 significant digits

-1.7 × 10+/-308 to +1.7 × 10+/-308 with
approximately 15 significant digits

-3.4 × 10+/-4932 to +3.4 ×10+/-4932 With
approximately 19 significant digits

Name Description Size Range
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i. Variable name

It is a symbolic name (identifier) given to the memory location through which the
content of  the location is referred to.

ii. Memory address

The RAM of a computer consists of collection of cells each of which can store one
byte of data. Every cell (or byte) in RAM will be assigned a unique address to refer
it. All the variables are connected to one or more memory locations in RAM. The
base address of a variable is the starting address of the allocated memory space. In
the normal situation, the address is given implicitly by the compiler. The address is
also called the L-value of a variable. In Figure 6.2 the base address of the variable
Num is 1001.

iii. Content

The value stored in the location is called the content of the variable. This is also
called the R-value of  the variable. Type and size of  the content depends on the data
type of the variable.

Figure 6.2, shows the memory representation of a variable. Here
the variable name is Num and  it consumes 4 bytes of memory at
memory addresses 1001, 1002, 1003 and 1004. The content of
this variable is 18. That is the L-value of Num is 1001 and the
R-value is 18.

6.6 Operators

Operators are tokens constituted by predefined symbols that trigger computer to
carry out operations. The participants of  an operation are called operands. An
operand may be either a constant or a variable.

For example, a+b triggers an arithmetic operation in which + (addition) is the
operator and a, b are operands. Operators in C++ are classified based on various
criteria. Based on number of operands required for the operation, operators are
classified into three. They are unary, binary and ternary.

Unary operators

A unary operator operates on a single operand. Commonly used unary operators
are unary+ (positive) and unary– (negative). These are used to represent the sign of
a number. If  we apply unary+ operator on a signed number, the existing sign will
not change. If we apply unary– operator on a signed number, the sign of the existing

1001 1002 1003 1004

Num
Fig. 6.2 : Memory

representation
of a Variable

18
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number will be negated. Examples of the use
of  unary operators are given in Table 6.2.
Some other examples of unary operators are
increment (++) and decrement (--) operators.
Binary operators

Binary operators operate on two operands.
Arithmetic operators, relational operators,
logical operators, etc. are commonly used binary operators.
Ternary operator

Ternary operator operates on three operands. The typical example is the conditional
operator (?: ).
The operations triggered by the operators mentioned above will be discussed in
detail in the coming sections and some of them will be dealt with in Chapter 7.
Based on the nature of operation, operators are classified into arithmetic, relational,
logical, input/output, assignment, short-hand, increment/decrement, etc.

6.6.1  Arithmetic operators

Arithmetic operators are defined to perform basic arithmetic operations such as
addition, subtraction, multiplication and division. The symbols used for this are +,
– ,* and / respectively. C++ also provides a special operator, % (modulus operator)
for getting remainder during division. All these operators are binary operators.
Note that + and – are used as unary operators too. The operands required for these
operations are numeric data. The result of these operations will also be numeric.
Table 6.3 shows some examples of  binary arithmetic operations.

Modulus operator (%)

The modulus operator, also called as mod operator, gives the remainder value
during arithmetic division. This operator can only be applied over integer operands.

Table 6.2 : Unary operators

Variable Unary + Unary-

x +x -x

8 8 -8

0 0 0

-9 -9 9

10 5 15 5 50 2

-11 3 -8 -14 -33 -3.66667

11 -3 8 14 -33 -3.66667

-50 -10 -60 -40 500 5
Table 6.3 : Arithmetic operators

Variable Variable Addition Subtraction Multiplication Division

x y x + y x - y x * y x / y
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Table 6.4 shows some examples of  modulus operation. Note that the sign of  the
result is the sign of the first operand. Here in the table the first operand is x.

6.6.2 Relational operators

Relational operators are used for comparing numeric data. These are binary
operators. The result of  any relational operation will  be either True or False. In
C++, True is represented by l and False is represented by 0. There are six relational
operators in C++. They are < (less than), > (greater than), <= (less than or equal to), >=
(greater than or equal to), == (equal to) and != (not equal to). Note that equality checking
requires two equal symbols (==). Some examples for the use of various relational
operators and their results are shown in Table 6.5.

1. Arrange the fundamental data types in ascending order of size.
2. The name given to a storage location is known as ___________.
3. Name a ternary operator in C++.
4. Predict the output of the following operations if x = -5 and y = 3

initially:

a. –x f. x + y
b. –y g. x % y

c. –x + -y h. x / y

d. –x – y i. x  * –y

e. x % –11 j. –x % -5

Check yourself

10 5 0 100 100 0

5 10 5 32 11 10

-5 11 -5 11 -5 1

5 -11 5 -11 5 -1

-11 -5 -1 -5 -11 -5

Table 6.4 : Operations using Modulus operator

Variable Variable Modulus Variable Variable Modulus

x y Operation x y Operation

x % y x % y
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6.6.3  Logical operators

Using relational operators, we can compare values. Examples are 3<5, num!=10,
etc. These comparison operations are called relational expressions in C++. In some
cases, two or more comparisons may need to be combined. In Mathematics we
may use expressions like a>b>c. But in C++ it is not possible. We have to separate
this into two, as a>b and b>c and these are to be combined using the logical operator
&&, i.e. (a>b)&&(b>c). The result of such logical combinations will also be either
True or False (i.e. 1 or 0). The logical operators are && (logical AND), || (logical
OR) and ! (logical NOT).

Logical AND (&&) operator

If two relational expressions El and E2 are
combined using logical AND (&&) operator, the
result will be 1 (True) only if  both E1 and E2
have values 1 (True). In all other cases the result
will be 0 (False). The results of evaluation of &&
operation for different possible combination of
inputs are shown in Table 6.6.
Examples: 10>5 && 15<25 evaluates to 1 (True)

      10>5 && 100<25 evaluates to 0 (False)

Logical OR (||) operator

If two relational expressions El and E2 are
combined using logical OR (||) operator, the
result will be 0 (False) only if both El and E2 are
having value 0 (False). In all other cases the result
will be 1 (True). The results of  evaluation of  ||
operation for different possible combination of
inputs are shown in Table 6.7.
Examples: 10>5 || 100<25  evaluates to 1(True)

      10> 15 || 100<90  evaluates to 0 (False)

12 5 0 1 0 1 1 0

-7 2 1 0 1 0 1 0

4 4 0 0 1 1 0 1

Table 6.5 : Operations using Relational operators

m n m<n m>n m<=n m>=n m!=n m==n

Table 6.6 : Logical AND

E1 E2 E1&&E2
0 0 0

0 1 0

1 0 0

1 1 1

Table 6.7 : Logical OR

E1 E2 E1 E2
0 0 0

0 1 1

1 0 1

1 1 1
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Logical NOT operator (!)

This operator is used to negate the result of a relational
expression. This is a unary operation. The results of
evaluation of ! operator for different possible inputs are
shown in Table 6.8.
Example: !(100<2) evaluates to 1 (True)

!(100>2) evaluates to 0 (False)

6.6.4  Input / Output  operators

Usually input operation requires user’s intervention. In the process of  input
operation, the data given through the keyboard is stored in a memory location.
C++ provides >> operator for this operation. This operator is known as get from
or extraction operator. This symbol is constituted by two greater than symbols.
Similarly in output operation, data is transferred from RAM to an output device.
Usually the monitor is the standard output device to get the results directly. The
operator << is used for output operation and is called put to or insertion operator.
It is constituted by two less than symbols.

6.6.5  Assignment operator (=)

When we have to store a value in a memory location, assignment operator (=) is
used. This is a binary operator and hence two operands are required. The first
operand should be a variable where the value of the second operand is to be stored.
Some examples are shown in table 6.9.

Item Description

a=b  The value of variable b is stored in a
a=3  The constant 3 is stored in variable a

Table 6.9 : Assignment operator

We discussed the usage of  the relational operator == in Section 6.6.2. See the
difference between these two operators. The = symbol assigns a value to a variable,
whereas == symbol compares two values and gives True or False as the result.

6.6.6  Arithmetic assignment operators

A simple arithmetic statement can be expressed in a more condensed form using
arithmetic assignment operators. For example,  a=a+10 can be represented as
a+=10. Here += is an arithmetic assignment operator. This method is applicable

Table 6.8 :
Logical NOT

E1 !E1
0 1

1 0
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to all arithmetic operators and they are
shown in Table 6.10. The arithmetic
assignment operators in C++ are +=, -=,
*=, /=, %=. These are also known as C++
short-hands. These are all binary operators
and the first operand should be a variable.
The use of these operators makes the two
operations (arithmetic and assignment)
faster than the usual method.

6.6.7 Increment (++) and
Decrement (--) operators

Increment and decrement operators are two special operators in C++. These are
unary operators and the operand should be a variable. These operators help keeping
the source code compact.
Increment operator (++)

This operator is used for incrementing the content of an integer variable by one.
This can be written in two ways: ++x (pre increment) and x++ (post increment).
Both are equivalent to x=x+1 as well as  x+=1.
Decrement operator (-- )

As a counterpart of increment operator, there is a decrement operator which
decrements the content of an integer variable by one. This operator is also used in
two ways: --x (pre decrement) and x-- (post decrement). These are equivalent to
x=x-1 and x-=1.
The two usages of  these operators are called prefix form and postfix form of
increment/decrement operation. Both the forms make the same effect on the
operand variable, but the mode of operation will be different when these are used
with other operators.
Prefix form of  increment/decrement operators

In the prefix form, the operator is placed before the operand and the increment/
decrement operation is carried out first. The incremented/decremented value is
used for the other operations. So, this method is often called change, then use
method.
Consider the variables a, b, c and d with values a=10, b=5. If  an operation is
specified as c=++a, the value of a will be 11 and that of c will also be 11. Here the
value of a is incremented by 1 at first and then the changed value of a is assigned

Table 6.10 : C++ short hands

Arithmetic Equivalent
assigment arithmetic
operation operation

x += 10 x = x + 10

x -= 10 x = x - 10

x *= 10 x = x * 10

x /= 10 x = x / 10

x %= 10 x = x % 10
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to c. That is why both the variables get the same value. Similarly, after the execution
of  d=--b the value of d and b will be 4.
Postfix form of  increment/decrement operators

When increment/decrement operation is performed in postfix form, the operator
is placed after the operand. The current value of the variable is used for the remaining
operations and after that the increment/decrement operation is carried out. So,
this method is often called use, then change method.
Consider the same variables used above with the same initial values. After the
operation performed with c=a++, the value of  a will be 11, but that of  c will be
10. Here the value of a is assigned to c at first and then a is incremented by 1. That
is, before changing the value of  a it is used to assign to c. Similarly, after the execution
of d=b-- the value of d will be 5 but that of  b will be 4.

6.6.8  Conditional operator (?:)

This is a ternary operator applied over three operands. The first operand will be a
logical expression (condition) and the remaining two are values. They can be
constants, variables or expressions. The condition will be checked first and if  it is
True, the second operand will be selected to get the value, otherwise the third
operand will be selected. Its syntax is:

Expression1? Expression2: Expression3

Let us see the operation in the following:
result = score>50 ? 'p' : 'f'

If the value of score is greater than 50 then the value 'p' is assigned to the
variable result, else value 'f' is assigned to result. More about this operator
will be discussed in Chapter 7.

6.6.9  sizeof  operator

The operator sizeof is a unary compile-time operator that returns the amount
of memory space in bytes allocated for the operand. The operand can be  constant,
variable or data type. The syntax followed is given below:

〈 sizeof (data_type)

〈 sizeof variable_name

〈 sizeof constant

It is to be noted that when data type is used as the operand for sizeof operator,
it should be given within a pair of  parentheses. For the other operands parentheses
are not compulsory. Table 6.11 shows different forms of  usages of  sizeof operator.
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Item Description

 sizeof(int) Gives the value 4 (Assuming the size in bytes for an integer is 4 bytes)

sizeof 3.2 Returns 8 (A floating point constant will be taken as double type data)

sizeof p; If p is float type variable, it gives the value 4.

Table 6.11: Various usages of sizeof operator

6.6.10  Precedence of operators

Let us consider the case where different operators are used with the required
operands. We should know in which order the operations will be carried out. C++
gives priority to the operators for execution. During evaluation, pair of parentheses
is given the first priority. If  the expression is not parenthesised, it is evaluated
according to the predefined precedence order. The order of  precedence for the
operators is given in Table 6.12. In an expression, if  the operators of  the same
priority level occur, the precedence of execution will be from left to right in most
of  the cases.ority Operators

1 ( )     parentheses

2 ++, --, ! , Unary+ , Unary –, sizeof

3 * (multiplication), / (division), % (Modulus)

4 + (addition), - (subtraction)

5 < (less than), <= (less than or equal to), > (greater than), >= (greater than or
equal to)

6 == (equal to), != (not equal to)

7 && (logical AND)

8 || (logical OR)

9 ? : (Conditional expression)

10 = (Assignment operator), *=, /=, %=, +=, -= (arithmetic assignment operators)

11 , (Comma)

Table 6.12: Precedence of operators

Consider the variables with values:   a=3, b=5, c=4, d=2, x
After the operations specified in x = a + b * c – d, the value in x will be 21.
Here * (multiplication) has higher priority than + (addition) and - (subtraction).
Therefore the variables b and c are multiplied, then that result is added to a. From
that result, d is subtracted to get the final result.

Priority Operations
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It is important to note that the operator priority can be changed in an expression as
per the need of  the programmer by using parentheses ( ). For example, if  a=5,
b=4, c=3, d=2 then the result of a+b-c*d will be 3. Suppose the programmer
wants to perform subtraction first and then the addition and multiplication, you
need to use proper parentheses as (a+(b-c))*d. Now the output will be 12. For
changing operator priority, brackets [] and braces {} cannot be used.

6.7 Expressions

An expression is composed of  operators and operands. The operands may be
either constants or variables. All expressions can be evaluated to get a result. This
result is known as the value returned by the expression. On the basis of the operators
used, expressions are mainly classified into arithmetic expressions, relational
expressions and logical expressions.

6.7.1  Arithmetic expressions

An expression in which only arithmetic operators are used is called arithmetic
expression. The operands are numeric data and they may be variables or constants.
The value returned by these expressions is also numeric. Arithmetic expressions
are further classified into integer expressions, floating point (real) expressions and
constant expressions.
Integer expressions

If  an arithmetic expression contains only integer operands, it is called integer
expression and it produces an integer result after performing all the operations
given in the expression. For example, if  x and y are integer variables, some integer
expressions and their results are shown in Table 6.13. Note that all the above
expressions produce integer values as the results.

The operator precedence may be different for different types
of compilers. Turbo C++ gives higher precedence to prefix
increment / decrement than its postfix form.
For example, if a is initially 5, the values of b and a after b=a++ +

++a are 12 and 7 respectively. This is equivalent to the set of statements
a=a+1 (prefix expansion), b=a+a, and a=a+1 (postfix expansion).

5 2 7 2 5 7 1

6 3 9 2 12 7 0

Table 6.13: Integer expressions and their results

x y x + y x / y -x + x * y 5 + x / y x % y
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Floating point expressions (Real expressions)

An arithmetic expression that is composed of only floating point data is called
floating point or real expression and it returns a floating point result after performing
all the operations given in the expression. Table 6.14 shows some real expressions
and their results, assuming that x and y are floating point variables.
x + y x / y  + x * y 5 + x

It can be seen that all the above expressions produce floating point values as the
results.
In an arithmetic expression, if  all the operands are constant values, then it is called
constant expression. The expression 20+5/2.0 is an example. The constants like
15, 3.14, 'A' are also known as constant expressions.

6.7.2 Relational expressions

When relational operators are used in an expression, it is called relational expression
and it produces Boolean type results like True (1) or False (0). In these expressions,
the operands are numeric data. Let us see some examples of relational expressions
in Table 6.15.

We know that arithmetic operators have higher priority than relational operators.
So when arithmetic expressions are used on either side of a relational operator,
arithmetic operations will be carried out first and then the results are compared.
The table contains some expressions in which both arithmetic and relational operators
are involved. Though they contain mixed type of  operators, they are called relational
expressions since the final result will be either True or False.

6.7.3 Logical expressions

Logical expressions combine two or more relational expressions with logical
operators and produce either True or False as the result. A logical expression may
contain constants, variables, logical operators and relational operators. Let us see
some examples in Table 6.16.

5.0 2.0 7.0 2.5 5.0 7.5 12.5

6.0 3.0 9.0 2.0 12.0 7.0 12.0

Table 6.14: Floating point expressions and their results

x y x + y x / y -x + x * y 5 + x / y x * x / y

5.0 2.0 1 (True) 0 (False) 1 (True) 1 (True) 0 (False)

6 13 0 (False) 0 (False) 1 (True) 0 (False) 1 (True)

Table 6.15: Relational expressions and their results

x y x > y x == y x+y !=y x-2 == y+1 x*y == 6*y
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As seen in Table 6.16, though some expressions consist of  arithmetic and relational
operators in addition to logical operators, the expressions are considered as logical
expressions. This is because the operation carried out at last will be the logical
operation and the result will be either True or False.

6.8 Type conversion
As discussed earlier arithmetic expressions are of  two types, integer expressions
and real expressions. In both cases, the operands involved in the arithmetic operation
are of the same data type. But there are situations where different types of numeric
data may be involved. For example in C++, the integer expression 5 /2 gives 2 and
the real expression 5.0/2.0 gives 2.5. But what will the result of 5/2.0 or 5.0/2 be?
Conversion techniques are applied in such situations. The data type of  one operand
will be converted to another. It is called type conversion and can be done in two
ways: implicitly and explicitly.

6.8.1  Implicit type conversion (Type promotion)

Implicit type conversion is performed by C++ compiler internally. In expressions
where different types of data are involved, C++ converts the lower sized operands
to the data type of highest sized operand. Since the conversion is always from
lower type to higher, it is also known as type promotion. Data types in the decreasing
order of size are as follows: long double, double, float, unsigned long,
long int and unsigned int / short int. The type of the result will also
be the type of the highest sized operand.

Check yourself

1. Predict the output of the following operations if x=5 and y=3.

a. x>=10 && y>=4 c. x>=1 || y>=4
b. x>=1 && y>=3 d. x>=1 || y>=3

2. Predict the output if p=5, q=3, r=2

a. ++p-q*r/2 c. p-q-r*2+p
b. p*q--+r d. p+=5*q+r*r/2

5.0 2.0 0 (False) 1 (True) 0 (False) 1 (True)

20 13 1 (True) 0 (False) 0 (False) 1 (True)

Table 6.16: Logical expressions and their results

x y x>=y && x==20 x==5||y==0 x==y && y+2==0 !(x==y)
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For example, the expression 5 / 2 * 3 + 2.5 which gives the result 8.5. The evaluation
steps are as follows:

Step 1: 5 / 2 ♦   2 (Integer division)
Step 2: 2 * 3 ♦  6 (Integer multiplication)
Step 3: 6 + 2.5 ♦  8.5 (Floating point addition, 6 is converted into 6.0)

6.8.2  Explicit type conversion (Type casting)

Unlike implicit type conversion, sometimes the programmer may decide the data
type of the result of evaluation. This is done by the programmer by specifying the
data type within parentheses to the left of the operand. Since the programmer
explicitly casts a data to the desired type, it is known as explicit type conversion or
type casting. Usually, type casting is applied on the variables in the expressions.
More examples will be discussed in Section 6.9.2.

6.9 Statements
Can you recollect the learning hierarchy of  a natural language? Alphabet, words,
phrases, sentences, paragraphs and so on. In the learning process of  C++ language
we have covered character set, tokens and expressions. Now we have come to the
stage where we start communication with the computer sensibly and meaningfully
with the help of  statements. Statements are the smallest executable unit of  a
programming language. C++ uses the symbol semicolon ( ; ) as the delimiter of a
statement. Different types of  statements used in C++ are declaration statements,
assignment statements, input statements, output statements, control statements etc.
Each statement has its own purpose in a C++ program. All these statements except
declaration statements are executable statements as they possess some operations
to be done by the computer. Executable statements are the instructions to the
computer. The execution of  control statements will be discussed in Chapter 7. Let
us dicuss the other statements.

6.9.1 Declaration statements

Every user-defined word should be defined in the program before it is used. We
have seen that a variable is a user-defined word and it is an identifier of a memory
location. It must be declared in the program before its use. When we declare a
variable, we tell the compiler about the type of data that will be stored in it. The
syntax of variable declaration is:
    data_type <variable1>[, <variable2>, <variable3>,...];

The data_type in the syntax should be any valid data type of C++. The syntax
shows that when there are more than one variables in the declaration, they are
separated by comma. The declaration statement ends with a semicolon. Typically,
variables are declared either just before they are used or at the beginning of the
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program. In the syntax, everything given inside the symbols [ and ] are optional.
The following statements are examples for variable declaration:

int rollnumber;
double wgpa, avg_score;

The first statement declares the variable rollnumber as int type so that it will be
allocated four bytes of memory (as per GCC) and it can hold an integer number
within the range from -2147483648 to +2147483647. The second statement defines
the identifiers wgpa and avg_score as variables to hold data of double type.
Each of  them will be allocated 8 bytes of  memory. The memory is allocated to the
variables during the compilation of the program.
Variable initialisation

We saw, in Section 6.5, that a variable is associated with two values: L-value (its
address) and R-value (its content).  When a variable is declared, a memory location
with an address will be allocated for it. What will its content be? It is not blank or 0
or space! If the variable is declared with int data type, the content or R-value will
be any integer within the allowed range. But this number cannot be predicted or
will not always be the same. So we call it garbage value. When we store a value into the
variable, the existing content will be replaced by the new one. The value can be
stored in the variable either at the time of compilation or execution. Supplying
value to a variable at the time of its declaration is called variable initialisation.
This value will be stored in the respective memory location during compile-time.
The assignment operator (=) is used for this. It can be done in two ways as given
below:

data_type variable = value;

OR

data_type variable(value)

The statements: int xyz =120;  and int xyz(120); are examples of variable
initialisation statements. Both of  these statements declare an integer variable xyz
and store the value 120 in it as shown in Figure 6.3.
More examples are:

float val=0.12, b=5.234;
char k=’A’;

A variable can also be initialised during the execution of the
program and is known as dynamic initialisation. This is done by
assigning an expression to a variable as shown in the following statements:

float product =  x * y;

float interest = p*n*r/100.0;

120

xyz
Fig. 6.3: Variable

initialisation
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In the first statement, the variable product is initialised with the product of the
values stored in x and y at runtime. In the second case, the expression
p*n*r/100.0 is evaluated and the value returned by it will be stored in the variable
interest.
Note that during dynamic initialisation, the variables included in the expression at
the right of assignment operator should have valid data. Otherwise it will produce
unexpected results.
const – The access modifier

It is a good practice to use symbolic constants rather than using numeric constants
directly. For example, we can use symbolic names like Pi  instead of  using 22.0/7.0
or 3.14. The keyword const is used to create such symbolic constants whose value
can never be changed during execution. Consider the following statement:

float pi=3.14;

The floating point variable pi is initialised with the value 3.14. The content of pi
can be changed during the execution of the program. But if we modify the declaration
as: const float pi=3.14;
the value of pi remains constant (unaltered) throughout the execution of the
program. The read/write accessibility of  the variable is modified as read only. Thus,
the const acts as an access modifier.

During software development, larger programs are developed
using collaborative effort. Several people may work together on
different portions of the same program. They may share the same
variable. In these situations, there may be occasions where one

may modify the content of the variable which will adversely affect other
person's coding. In these situations we have to keep the content of variables
unaffected by the activity of others.  This can be done by using 'const'.

6.9.2 Assignment statements

When the assignment operator (=) is used to assign a value to a variable, it forms an
assignment statement. It can take any of the following syntax:

variable = constant;
variable1 = variable2;
variable = expression;

variable = function();

In the third case, the result of  the expression is stored in the variable. Similarly, in
the fourth case, the value returned by the function is stored. The concept of functions
will be discussed in Chapter 10. Some examples of assignment statements are given.
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A = 15; b = 5.8;
c = a + b; c = a * b;

d = (a + b)*(c + d); r = sqrt(25);

In the last example, sqrt() is a function that assigns the square root of 25 to the
variable r.
The left hand side (LHS) of an assignment statement must be a variable. During
execution, the expression at the right hand side (RHS) is evaluated first. The result
is then assigned (stored) to the variable at LHS.
Assignment statement can be chained for doing multiple assignments at a time. For
instance, the statement x=y=z=13; assigns the value 13 in three variables in the
order of z, y and x. The variables should be declared before this assignment. If we
assign a value to a variable, the previous value in it, if  any, will be replaced by the
new value.
Type compatibility

During the execution of an assignment statement, if the data type of the RHS
expression is different from that of  the LHS variable, there are two possibilities.
� The size of the data type of the variable at LHS is higher than that of the

variable or expression at RHS. In this case data type of  the value at RHS is
promoted (type promotion) to that of  the variable at LHS. Consider the
following code snippet:

int a=5, b=2;
float p, q;
p = b;

q = a / p;
Here the data type of  b is promoted to float and 2.0 is stored in p. When
the expression a/p is evaluated, the result will be 2.5 due to the type promotion
of  a. So, q will be assigned with 2.5.

� The second possibility is that the size of the data type of LHS variable is
smaller than the size of RHS value. In this case, the higher order bits of the
result will be truncated to fit in the variable location of  LHS. The following
code illustrates this.

float a=2.6;
int p, q;
p = a;

q = a * 4;

Here the value of p will be 2 and that of q will be 10.  The expression a*4 is
evaluated to 10.4, but q being int type it will hold only 10.
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Programmer can apply the explicit conversion technique to get the desired results
when there are mismatches in the data types of  operands. Consider the following
code segment.

int p=5, q=2;

float x, y;
x = p/q;
y = (x+p)/q;

After executing the above code, the value of x will be 2.0 and that of y will be 3.5.
The expression p/q being an integer expression gives 2 as the result and is stored in
x as floating point value. In the last statement, the pair of parentheses gives priority
to x+p and the result will be 7.0 due to the type promotion of  p. Then the result
7.0 will be the first operand for the division operation and hence the result will be
3.5 since q is converted into float. If we have to get the floating point result from
p/q to store in x, the statement should be modified as x=(float)p/q; or x=p/
(float)q; by applying type casting.

6.9.3 Input  statements

Input statement is a means that allows the user to store data in the memory during
the execution of  the program. We saw that the get from or extraction operator
(>>) specifies the input operation. The operands required for this operator are the
input device and a location in RAM where data is to be stored. Keyboard being a
standard console device, the stream (sequence) of data is extracted from the
keyboard and stored in memory locations identified by variables. Since C++ is an
object oriented language, keyboard is considered as the standard input stream device
and is identified as an object by the name cin (pronounced as ‘see in’). The simplest
form of  an input statement is:

streamobject >> variable;

Since we use keyboard as the input device, the streamobject in the syntax will
be substituted by cin. The operand after the >> operator should strictly be a
variable. For example, the following statement reads data from the keyboard and
stores in the variable num.
 cin >> num;

Figure 6.4 shows how
data is extracted from
keyboard and stored in
the variable.

Fig 6.4 : Input procedure in C++
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6.9.2  Output  statements

Output statements make the results available to users through any output device.
The put to or insertion operator (<<) is used to specify this operation. The operands
in this case are the output device and the data for the output. The syntax of an
output statement is:

streamobject << data;

The streamobject may be any output device and the data may be a constant, a
variable or an expression. We use monitor as the commonly used output device
and C++ identifies it as an object by the name cout (pronounced as ‘see out’).
The following are some examples of output statement with monitor as the output
device:

cout << num;
cout << “hello friends”;

cout << num+12;

The first statement displays
the content of the variable
num. The second statement
displays the string constant
"hello friends" and the
last statement shows the value
returned by the expression
num+12 (assuming that num
contains numeric value). Figure 6.5 shows how data is inserted into the output stream
object (monitor) from the memory location num.

Fig. 6.5: Output procedure in C++

The tokens cin and cout are not keywords. They are predefined
words that are not part of the core C++ language, and you are
allowed to redefine them. They are defined in libraries required
by the C++ language standard. Needless to say, using a

predefined identifier for anything other than its standard meaning can
be confusing and dangerous and such practice should be avoided. The
safest and easiest practice is to treat all predefined identifiers as if
they were keywords.

Cascading of I/O operators

Suppose you want to input three values to different variables, say x, y, and z. You
may use the following statements:

cin>>x;
cin>>y;

cin>>z;
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But these three statements can be combined to form a single statement as given
below:

cin>>x>>y>>z;

The multiple use of input or output operators in a single statement is called
cascading of  I/O operators. In the use of  cascading of  input operators, the values
input are assigned to the variables from left to right. In the example cin>>x>>y>>z;
the first value is assigned to x, the second to y and the third to z. While entering
values to the variables x, y and z during execution the values should be separated
by space bar, tab, or carriage return.

Similarly, if  you want to display the contents of  different variables (say x, y, z), use
the following statement:

cout<<x<<y<<z;

If  variables, constants and expressions appear together for output operations, the
above technique can be applied as in the following example:

cout<<"The number is "<<z;

While cascading output operators, the values for the output will be retrieved from
right to left. Consider the code fragment given below:

int x=5;

cout<<x<<'\t'<<++x;

The output of this code will be: 6       6
It will not be:   5        6

It is to be noted that both << and >> operators cannot be used in a single statement.

In the statement x=y=z=5; the = operator is cascaded. Here also the cascading is
from right to left.

6.10  Structure of a C++ program

We are now in a position to solve simple problems by using the statements we
discussed so far. But a set of  statements alone does not constitute a program. A
C++ program has a typical structure. It is a collection of  one or more functions. A
function means the set of  instructions to perform a particular task referred to by a
name. Since there can be many functions in a C++ program, they are usually
identified by unique names. The most essential function needed for every C++
program is the main() function.
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The structure of  a simple C+ + program is given below:
#include <header file>
using namespace std;
int main()
{

statements;
:
:
:

return 0;

}

The first line is called preprocessor directive.and the second line is the namespace
statement. The third line is the function header which is followed by a set of
statements enclosed by a pair of  braces. Let us discuss each of  these parts of  the
program.

6.10.1  Preprocessor directives

A C++ program starts with pre-processor directives. Preprocessors are the compiler
directive statements which give instruction to the compiler to process the
information provided before actual compilation starts. Preprocessor directives are
lines included in the code that are not program statements. These lines always start
with a # (hash) symbol. The pre-processor directive #include is used to link the
header files available in the C++ library by which the facilities required in the
program can be obtained. No semicolon (;) is needed at the end of  such lines.
Separate #include statements should be used for different header files. There are
some other pre-processor directives such as #define, #undef, etc.

6.10.2  Header files

Header files contain the information about functions, objects and predefined derived
data types and they are available along with compiler. There are a number of  such
files to support C++ programs and they are kept in the standard library. Whichever
program requires the support of  any of  these resources, the concerned header file
is to be included. For example, if  we want to use the predefined objects cin and
cout, we have to use the following statement at the beginning of the program.

#include<iostream>

The header file iostream contains the information about the objects cin and cout.
Eventhough header files have the extension .h, it should not be specified for GCC.
But the extension is essential for some other compilers like Turbo C++ IDE.
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6.10.3  Concept of namespace

A program cannot have the same name for more than one identifier (variables or
functions) in the same scope. For example, in our home two or more persons (or
even living beings) will not have the same name. If there are, it will surely make
conflicts in the identity within the home. So, within the scope of  our home, a name
should be unique. But our neighbouring home may have a person (or any living
being) with the same name as that of  one of  us. It will not make any confusion of
identity within the respective scopes. But an outsider cannot access a particular
person by simply using the name; but the house name is also to be mentioned.
The concept of namespace is similar to a house name. Different identifiers are
associated to a particular namespace. It is actually a group name in which each item
is unique in its name. User is allowed to create own namespaces for variables and
functions. The keyword using technically tells the compiler about a namespace
where it should search for the elements used in the program. In C++, std is an
abbreviation of 'standard' and it is the standard namespace in which cout, cin
and a lot of  other things are defined. So, when we want to use them in a program,
we need to follow the format std::cout and std::cin. This kind of  explicit
referencing can be avoided with the statement using namespace std; in the
program. In such a case, the compiler searches this namespace for the elements
cin, cout, endl, etc. So whenever the computer comes across cin, cout, endl
or anything of that matter in the program, it will read it as std::cout, std::cin
or std::endl.
The statement using namespace std; doesn't really add a function, it is the
include <iostream> that "loads" cin, cout, endl and all the like.

6.10.4  The main() function

Every C++ program consists of a function named main(). The execution starts at
main() and ends within main(). If we use any other function in the program, it is
called (or invoked) from main().  Usually a data type precedes the main() and in
GCC, it should be int.
The function header main() is followed by its body, which is a set of  one or more
statements within a pair of  braces { }. This structure is known as the definition of
the main() function. Each statement is delimited by a semicolon (;). The statements
may be executable and non-executable. The executable statements represent
instructions to be carried out by the computer. The non-executable statements are
intended for compiler or programmer. They are informative statements. The last
statement in the body of main() is return 0;. Even though we do not use this
statement, it will not make any error. Its relavance will be discussed in Chapter 10.
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C++ is a free form language in the sense that it is not necessary to write each statement
in new lines. Also a single statement can take more than one line.

6.10.4  A sample program

Let us look at a complete program and familiarise ourselves with its features, in
detail. This program on execution will display a text on the screen.

#include <iostream>

using namespace std;

int main()

{

cout<<"Hello, Welcome to C++";

return 0;

}

The program has seven lines as detailed below:

Line 1: The preprocessor directive #include is used to link the header file
iostream with the program.

Line 2: The using namespace statement makes available the identifier cout in
the program.

Line 3: The header of the essential function for a C++ program, i.e., int main().

Line 4: An opening brace { that marks the beginning of  the instruction set
(program).

Line 5: An output statement, which will be executed when we run the program, to
display the text "Hello, Welcome to C++" on the monitor. The header
file iostream is included in this program to use cout in this statement.

Line 6: The return statement stops the execution of the main() function. This
statement is optioanl as far as main() is concerned.

Line 7: A closing brace } that marks the end of the program.

6.11  Guidelines for coding

A source code looks good when the coding is legible, logic is communicative and
errors if any are easily detectable. These features can be experienced if certain styles
are followed while writing programs. Some guidelines are discussed in this section
to write stylistic programs.
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Use suitable naming convention for identifiers

Suppose we have to calculate the salary for an employee after deductions. We may
code it as: A = B – C;

where A is the net salary, B the total salary and C total deduction. The variable
names A, B and C do not reflect the quantities they denote. If  the same instruction
is expressed as follows, it would be better:

Net_salary = Gross_salary – Deduction;

The variable names used in this case help us to remember the quantity they possess.
They readily reflect their purpose. These kinds of identifiers are called mnemonic
names. The following points are to be remembered in the choice of  names:
� Choose good mnemonic names for all variables, functions and procedures.

e.g. avg_hgt, Roll_No, emp_code, SumOfDigits, etc.
� Use standardized prefixes and suffixes for related variables.

 e.g. num1, num2, num3 for three numbers
� Assign names to constants in the beginning of the program.

e.g. float PI = 3.14;

Use clear and simple expressions

Some people have a tendency to reduce the execution time by sacrificing simplicity.
This should be avoided. Consider the following example. To find out the remainder
after division of x by n, we can code as:    y = x-(x/n)*n;
The same thing is achieved by a simpler and more elegant piece of code as shown
below:

y = x % n;
So it is better to use simpler codes in programming to make the program more
simple and clear.
Use comments wherever needed

Comments play a very important role as they provide internal documentation of a
program. They are lines in code that are added to describe the program. They are
ignored by the compiler. There are two ways to write comments in C++:
Single line comment: The characters // (two slashes) is used to write single line
comments.  The text appearing after // in a line is treated as a comment by the
C++ compiler.
Multiline comments: Anything written within /* and */ is treated as comment
so that the comment can take any number of  lines.
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Single line comment

Multiline comment

Indentation

But care should be taken that no relevant code of the program is included accidently
inside the comment. The following points are to be noted while commenting:
� Always insert prologues, the comments in the beginning of  a program that

summarises the purpose of the program.
� Comment each variable and constant declaration.
� Use comments to explain complex program steps.
� It is better to include comments while writing the program itself.
� Write short  and clear comments.

Relevance of indentation

In computer programming, an indent style is a convention governing the indentation
of  blocks of  code to convey the program’s structure, for good visibility and better
clarity. An indentation makes the statements clear and readable. It shows the levels
of statements in the program.
The usage of  these guidelines can be observed in the programs given in the next
section.

Program gallery

Let us now write programs to solve some problems following the coding guidelines.
The call-outs given are not part of the program. Program 6.1 displays a message.

Program 6.1: To display a message

/* This program displays the message
        "Smoking is injurious to health"

        on the monitor */

#include <iostreamh>  // To use the cout object

using namespace std; // To access cout

int main() //program begins here

{ //The following output statement displays a message

cout << "Smoking is injurious to health";

return 0;

} //end of the program

On executing Program 6.1, the output will be as follows:
Smoking is injurious to health

More illustrations on the usage of indentation can be seen in the examples given in
Chapter 7.
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Program 6.2 accepts two integer numbers from the user, finds its sum and displays
the result.

Program 6.2: To find the sum of two integer numbers

#include <iostream>
using namespace std;
int main()
{ //Program begins
/* Two variables are declared to read user inputs and the
variable sum is declared to store the result
*/

int num1, num2, sum;
cout<<"Enter two numbers: "; //Prompt for input
cin>>num1>>num2;   //Cascading to get two numbers
sum=num1+num2;  //Assignment statement to find the sum
cout<<"Sum of the entered numbers = "<<sum;

/* The result is displayed with proper message.
Cascading of output operator is utilized     */
return 0;

}

A sample output of Program 6.2 is given below:
Enter two numbers: 5   7

Sum of the entered numbers = 12

Let us consider another problem. A student is awarded with three scores obtained
in three Continuous Evaluation (CE) activities. The maximum score of  an activity
is 20. Find the average score of the student.
Program 6.3: To find the average of three CE scores

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

int score_1, score_2, score_3;
float avg;

//Average of 3 numbers can be a floating point value
cout << "Enter the three CE scores: ";
cin >> score_1 >> score_2 >> score_3;
avg = (score_1 + score_2 + score_3) / 3.0;

User inputs
separated by spaces
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/* The result of addition will be an integer value. If 3
is written instead of 3.0, integer division will be
performed and will not get the correct result  */

cout << "Average CE score is: " << avg;
return 0;

}

Program 6.3 gives the following output for the CE scores 17, 19 and 20.
Enter the three CE scores: 17   19   20

Average CE score is: 18.666666

The assignment statement to find the average value uses an expression to the right
of  assignment operator (=). This expression has two + operators and one / operator.
The precedence of / over + is changed by using parentheses for addition. The
operands for the addition operators are all int type data and hence the result will
be an integer. When this integer result is divided by 3, the output will again be an
integer. If  it was so, the output of  Program 6.3 would have been 18, which is not
accurate. Hence floating point constant 3.0 is used as the second operand for /
operator. It makes the integer numerator float by type promotion.
Suppose the radius of a circle 'r' is given and you are requested to compute its area
and the perimeter. As you know, area of  a circle is calculated using the formula
π r2 and perimeter by 2 π r, where π  = 3.14. Program 6.4 solves this problem.

Program 6.4: To find the area and perimeter of a circle for a given radius

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

const float PI = 22.0/7; //Use of const access modifier
float radius, area, perimeter;
cout<<"Enter the radius of the circle: ";
cin>>radius;
area = PI * radius * radius;
perimeter = 2 * PI * radius;
cout<<"Area of the circle = "<<area<<"\n";
cout<<"Perimeter of the circle = "<<perimeter;
return 0;

}

A sample output of Program 6.4 is as follows:

Escape sequence
‘\n’ prints a new
line after displaying
the value of Area
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Enter the radius of the circle: 2.5
Area of the circle = 19.642857

Perimeter of the circle = 15.714285

The last two output statements of Program 6.4 displays both the results in separate
lines. The escape sequence character '\n' brings the cursor to the new line before
the last output statement gets executed.
Let us develop another program to find simple interest. As you know, principal
amount, rate of interest and period are to be given as input to get the result.

Program 6.5: To find the simple interest

#include <iostream>
using namespace std;

int main()

{

float p_Amount, n_Year, i_Rate, int_Amount;

cout<<"Enter the principal amount in Rupees: ";

cin>>p_Amount;

cout<<"Enter the number of years for the deposit: ";

cin>>n_Year;

cout<<"Enter the rate of interest in percentage: ";

cin>>i_Rate;

int_Amount = p_Amount * n_Year * i_Rate /100;

cout << "Simple interest for the principal amount "
<< p_Amount<<" Rupees for a period of "<<n_Year

<< " years at the rate of interest "<<i_rate

<< " is "<<int_Amount<<" Rupees";

return 0;

}

A sample output of Program 6.5 is given below:

Enter the principal amount in Rupees: 100
Enter the number of years for the deposit: 2

Enter the rate of interest in percentage: 10

Simple interest for the principal amount 100 Rupees for a
period of 2 years at the rate of interest 10 is 20 Rupees
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The last statement in Program 6.5 is the output statement and it spans over four
lines. Note that there is no semi colon at the end of  each line and so it is considered
a single statement. On execution of the program the result may be displayed in
multiple lines depending on the size and resolution of  the monitor of  your computer.
Program 6.6 solves a temperature conversion problem. The temperature in degree
celsius will be given as input and the output will be its equivalent in fahrenheit.

Program 6.6: To convert temperature from Celsius to Fahrenheit

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

float celsius, fahrenheit;
cout<<"Enter the Temperature in Celsius: ";
cin>>celsius;
fahrenheit=1.8*celsius+32;
cout<< celsius<<" Degree Celsius = "

<< fahrenheit<<" Degree Fahrenheit";
return 0;

}

Program 6.6 gives a sample output as follows:
Enter the Temperature in Celsius: 37

37 Degree Celsius = 98.599998 Degree Fahrenheit

We know that each character literal in C++ has a unique value called its ASCII
code. These values are integers. Let us write a program to find the ASCII code of  a
given character.
Program 6.7: To find the ASCII value of a character

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

char ch;
int asc;
cout << "Enter the character: ";
cin >> ch;
asc = ch;
cout << "ASCII value of "<<ch<<"  = " << asc;
return 0;

}
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A sampler output of Program 6.7 is given below:

Enter the character: A

ASCII value of A = 65

Data types are means to identify the type of data and associated operations handling
it. Each data type has a specific size and a range of data. Data types are used to
declare variables. Type modifiers help handling a higher range of  data and are used
with data types to declare variables. Different types of  operators are available in
C++ for various operations.  When operators are combined with operands (data),
expressions are formed. There are mainly three types of  expressions - arithmetic,
relational and logical. Type conversion methods are used to get desired results
from arithmetic expressions. Statements are the smallest executable unit of  a
program. Variable declaration statements define the variables in the program and
they will be allocated memory space. The executable statements like assignment
statements, input statements, output statements, etc. help giving instructions to the
computer. Some special operators like arithmetic assignment, increment, decrement,
etc. make the expressions and statements compact and the execution faster. C++
program has a typical structure and it must be followed while writing programs.
Stylistic guidelines shall be followed to make the program attractive and
communicative among humans.

Let us sum up

After the completion of this chapter the learner will be able to
� identify the various data types in C++.
� list and choose appropriate data type modifiers.
� choose appropriate variables.
� experiment with various operators.
� apply the various I/O operators.
� write various expressions and statements.
� identify the structure of  a simple C++ program.
� identify the need for stylistic guidelines while writing a program.
� write simple programs using C++.

Learning outcomes
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Sample questions

Very short answer type

1. What are data types? List all predefined data types in C++.
2. What is a constant?
3. What is dynamic initialisation of variables?
4. What is type casting?
5. Write the purpose of  declaration statement?
6. Name the header file to be included to use cin and cout in programs?
7. What is the input operator ">>" and output operator "<<" called ?
8. What will be the result of a = 5/3 if a is (i) float and (ii) int ?

Lab activity

1. Write a program that asks the user to enter the weight in grams, and then
display the equivalent in Kilograms.

2. Write a program to generate the following table
2013 100%
2012 99.9%
2011 95.5%
2010 90.81%
2009 85%

Use a single cout statement for output. (Hint: Make use of \n and \t)
4. Write a short program that asks for your height in Meter and Centimeter and

converts it to Feet and inches. (1 foot = 12 inches, 1 inch = 2.54 cm).
5. Write a program to compute simple interest and compound interest.
6. Write a program to : (i) print ASCII code for a given digit, (ii) print ASCII

code for backspace. (Hint : Store escape sequence for backspace in an integer
variable).

7. Write a program to accept a time in seconds and convert into hrs: mins: secs
format. For example, if  3700 seconds is the input, the output should be 1hr: 1
min: 40 secs.
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9. What will be the value of P= P++ + ++i  where i is 22 and P= 3 initially?
10. Find the value given by the following expression if  j =5 initially.

(i)  (5*++j)%6 (ii)  (5*j++)%6
11. What will be the order of evaluation for following expressions?

(i) i+5>=j-6 (ii) s+10<p-2+2*q
12. What will be the result of the following if ans is 6 initially?

(i) cout <<ans = 8 ; (ii) cout << ans == 8

Short answer type

1. What is a variable? List the two values associated with it.
2. In how many ways can a variable be declared in C++?
3. Explain the impact of type modifiers of C++ in variable declaration.
5. What is the role of the keyword  'const'?
6. Explain how prefix form of  increment operation differs from postfix form.
8. Write down the operation performed by sizeof  operator.
9. Explain the two methods of  type conversions.
10. What would happen if main() is not present in a program?

11. Identify the errors in the following code segments:
(a) int main()

{ cout << "Enter two numbers"
cin >> num >> auto

float area = Length * breadth ; }

(b) #include <iostream>

using namespace std
void Main()
{ int a, b
cin <<a <<b
max=(a > b) a:b
cout>max

}

12. Find out the errors, if  any, in the following + + statements:
(i) cout<< "a=" a; (v) cin >> "\n" >> y ;

(ii) m=5,n=l2;015 (vi) cout >> \n "abc"
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(iii) cout << "x" ; <<x; (vii) a = b + c

(iv) cin >> y (viii) break = x

13. What is the role of relational operators? Distinguish between  == and  =.
14. Comments are useful to enhance readability and understandability of a

program. Justify this statement with examples.

Long answer type

1. Explain the operators of C++ in detail.
2. Explain the different types of expressions in C++ and the methods of type

conversions in detail.
3. Write the working of  arithmetic assignment operator? Explain all  arithmetic

assignment operators with the help of  examples.
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� Decision making statements

o if statement

o if … else statement

o Nested if

o else if ladder

o switch statement

o Conditional operator

� Iteration statements

o while statement

o for statement

o do ... while statement

o Nesting of loops

� Jump statements

o goto

o break

o continue

Key Concepts

In the previous chapters we discussed some
executable statements of  C++ to perform
operations such as input, output and assignment.
We know how to write simple programs. The
execution of these programs is sequential in
nature, that is, the statements constituting the
program are executed one by one. In this chapter,
we discuss C++ statements used for altering the
default flow of execution. As we discussed in
Chapter 4, selection, skipping or repeated
execution of some statements may be required
for solving problems. Usually this decision will
be based on some condition(s). C++ provides
statements to facilitate this requirement with the
help of  control statements. These statements are
used for altering the normal flow of  program
execution. Control statements are classified into
two: (i) decision making/selection statements and
(ii) iteration statements. Let us discuss these
statements, their syntax and mode of  execution.

7.1 Decision making statements
At times, it so happens that the computer may
not execute all statements while solving problems.
Some statements may be executed in a situation,
while they may not be executed in another
situation. The computer has to take the required
decision in this respect. For this, we have to
provide appropriate conditions which will be
evaluated by the computer. It will then take a

7
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decision on the basis of  the result. The decision will be in the form of  selecting a
particular statement for execution or skipping some statement from being executed.
The statements provided by C++ for the selected execution are called decision making
statements or selection statements. if and switch are the two types of  selection
statements in C++.

7.1.1  if statement

The if statement is used to select a set of statements for execution based on a condition.
In C++, conditions (otherwise known as test expressions) are provided by relational
or logical expressions.  The syntax (general form) of  if statement is as follows:

if (test expression)
    {

statement block;
}

Here the test expression represents a condition which is either a relational
expression or logical expression. If  the test expression evaluates to True (non-zero
value), a statement or a block of statements associated with if is executed. Otherwise,
the control moves to the statement following the  if construct. Figure  7.1 shows the
mode of execution of if statement. While using if, certain points are to be
remembered.

� The test expression is always enclosed in
parentheses.

� The expression may be a simple expression
constituted by relational expression or a
compound expression constituted by logical
expression.

� The statement block may contain a single statement
or multiple statements. If  there is a single
statement, then it is not mandatory to enclose it in
curly braces {  }.  If  there are multiple statements,
they must be enclosed in curly braces.

Program 7.1 accepts the score of  a student and displays the text "You have Passed"
only if he/she has passed. (Assume that 18 is the minimum score for pass).

Body of
if  statement that consists

of the statement(s) to be
executed when the

condition is true

Fig. 7.1 : Working  of
 if statement

False
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Program 7.1: To display 'You have passed' if score is 18 or more

#include<iostream>

using namespace std;
int main()
{

int score ;
cout << "Enter your score: ";
cin >> score;
if (score >= 18)

cout << "You have passed";
return 0;

}

The following is a sample output of program 7.1:
Enter your score: 25
You have passed

In Program 7.1, the score of a student is entered and stored in the variable score.
The test expression compares the value of score with 18. The body of if will be
executed only if  the test expression evaluates to True.  That means, when the score is
greater than or equal to 18, the output You have Passed  will be displayed  on the
screen. Otherwise, there will be no output.
Note that the statement block associated with if is written after a tab space. We call it
indentation. This is a style of coding which enhances the readability of the source
code.  Indentation helps the debugging process greatly. But it has no impact on the
execution of the program.
Consider the following C++ program segment. It checks whether a given character is
an alphabet or a digit.

char ch;

cin >> ch;

if (ch >= 'a' && ch <= 'z')

cout << "You entered an alphabet";

if (ch >= '0' && ch <= '9')

{

cout << “You entered a digit\n”;

cout << “It is a decimal number “;

}

Logical expression
is evaluated

Only a single
statement;  No need

of braces { }

More than  one
statement;  Must be

enclosed in  braces { }

Body of  if
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7.1.2  if...else statement

Consider the if statement in Program 7.1:

if (score >= 18)

cout << “You have passed”;

Here, the output is obtained only if the score is greater than or equal to 18. What will
happen if the score entered is less than 18? It is clear that there will be no output.
Actually we don't  have the option of selecting another set of statements if the test
expression evaluates to False. If we want to execute some actions when the condition
becomes False, we introduce another form of  if statement, if...else.  The syntax
is:

if (test expression)
{

statement block 1;
}
else
{

statement block 2;

}
If the test expression

evaluates to True, only the
statement block 1 is
executed. If the te st

expression evaluates to
False statement block 2
is executed. The flowchart
shown in Figure 7.2 explains
the execution of if...else
statement.

The following code segment
illustrates the working of
if...else statement.

if (score >= 18)

    cout << "Passed";

else

    cout << "Failed";

Let us write a program to input the heights of  two students and find the taller.

This statement is executed only when score is less
than 18 (i.e. when Test expression returns False)

This statement is executed only when score is 18 or
more (i.e. when Test expression returns True)

Fig 7.2 : Flowchart of  if - else statement

Statement block 1 Statement block 2

Test
Expression

False
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Program 7.2: To find the taller student by comparing their heights

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

int ht1, ht2;
cout << "Enter heights of the two students: ";
cin >> ht1 >> ht2;
if (ht1 > ht2) //decision making based on condition

cout<<"Student with height "<<ht1<<" is taller";
else

cout<<"Student with height "<<ht2<<" is taller";
return 0;

}

When Program 7.2 is executed, one of the output statements will be displayed. The
selection depends upon the relational expression ht1>ht2. The following are sample
outputs:
Output 1: Enter heights of the two students: 170   165

Student with height 170 is taller

Output 2: Enter heights of the two students: 160   171
Student with height 171 is taller

In the first output, we input 170 for ht1 and 165 for ht2. So, the test expression,
(ht1>ht2) is evaluated to True and hence the statement block of  if is selected and
executed. In the second output, we input 160 for ht1 and 171 for ht2. The test
expression, (ht1>ht2) is evaluated and found False. Hence the statement block of
else is selected and executed.
In if...else statement, either the code associated with if (statement block 1) or
the code associated with else (statement block 2 ) is executed.
Let us see another program that uses an arithmetic expression as one of the operands
in the test expression. Program 7.3 uses this concept to check whether an input number
is even or odd.

Program 7.3: To check whether a given number is even or odd

#include <iostream>
using namespace std;
int main()
{
    int num;
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cout << "Enter the number: ";
cin >> num;
if (num%2 == 0)

cout << "The given number is Even";
else

cout << "The given number is Odd";
return 0;

}

Some sample outputs of Program 7.3 are shown below:
Output 1:

Enter the number: 7
The given number is Odd

Output 2:
Enter the number: 10
The given number is Even

In this program, the expression (num%2) finds the remainder when num is divided
by 2 and compares it with the value 0. If they are equal, the if block is executed,
otherwise the else block is executed.

7.1.3  Nested if
In some situations there may arise the need to take a decision within if block. When
we write an if statement inside another if block, it is called nesting. Nested means
one inside another. Consider the following program segment:

if (score >= 60)
{

if(age >= 18)
cout<<"You are selected for the course!";

}

In this code fragment, if the value of score is greater than or equal to 60, the flow of
control enters the statement block of outer if. Then the test expression of the inner
if is evaluated (i.e. whether the value of age is greater than or equal to 18). If it is

outer if

inner if

1. Write a program to check whether a given number is a non-zero
integer number and is positive or negative.

2. Write a program to enter a single character for sex and display the
gender. If the input is 'M' display "Male" and if the input is 'F', display
"Female".

3. Write a program to input your age and check whether you are eligible
to cast vote (the eligibility is 18 years and above).

Let us do
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evaluated to True, the code displays the message, "You are selected for the
course!". Then the program continues to execute the statement following the outer
if statement. An if statement, inside another if statement is termed as a nested
if statement. The following is an expanded form of  nested if.

if (test expression 1)
{

if (test expression 2)
statement 1;

else
statement 2;

}
else
{

body of else ;
}

The important point to remember about nested if is that an else statement always
refers to the nearest if statement within the same block.  Let us discuss this case with
an example. Consider the following program segment:

cout<<"Enter your score in Computer Science exam: ";
cin>>score;
if (score >= 18)

cout<<"You have passed";
if(score >= 54)

cout<<" with A+ grade !";
else

cout<<"\nYou have failed";

If we input the value 45 for score, the output will be as follows:
You have passed

You have failed

We know that this is logically not correct. Though the indentation of  the code is proper,
that doesn’t matter in execution. The second if statement will not be considered as
nested if, rather it is counted as an independent if with an else block.  So, when
the first if statement is executed, the if block is selected for execution since the test
expression is evaluated to True. It causes the first line in the output. After that, while
considering the second if statement, the test expression is evaluated to False and
hence the second line in the output is obtained.  So to get the correct output, the code
should be modified as follows:

It will be
executed if both the test

expressions are True.

It will be executed if test expression 1 is
False. The test expression 2 is not evaluated.

It will be executed if test
expression 1 is True, but
test expression 2 is

False.
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cout<<"Enter your score in Computer Science exam: ";

cin>>score;
if (score >= 18)
{

cout<<"You have passed";
if(score >= 54)

cout<<" with A+ grade !";
}
else

cout<<"\nYou have failed";

If we input the same value 45 as in the case of previous example, the output will be as
follows:

 You have passed
Program 7.4 uses nested if to find the largest among three given numbers. In this
program, if statement is used in both the if block and else block.

Program 7.4: To find the largest among three numbers

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

int x, y, z;
cout << "Enter three different numbers: ";
cin >> x >> y >> z ;
if (x > y)
{

if (x > z)
cout << "The largest number is: " << x;

else
cout << "The largest number is: " << z;

}
else

    {
if (y > z)

cout << "The largest number is: " << y;
else

cout << "The largest number is: " << z;
}
return 0;

}

Nesting is enforced
by putting a pair of

braces

The else is now
associated with the

outer if
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A sample output of Program 7.4 is given below:
Enter three different numbers: 6   2   7
The largest number is: 7

As per the input given above, the test expression (x>y) in the outer if is evaluated
to True and hence the control enters the inner if. Here the test expression (x>z) is
evaluated to False and so its else block is executed. Thus the value of z is displayed
as the output.

7.1.4  The else if  ladder

There are situations where an if statement is used within an else block. It is used in
programs when multiple branching is required. Different conditions will be given and
each condition will decide which statement is to be selected for execution. A common
programming construct based on if statement is the else if ladder, also referred
to as the else if staircase because of its appearance. It is also known as
if...else if statement. The general form of  else if ladder is:

if (test expression 1)
statement block 1;

else if (test expression 2)
statement block 2;

else if (test expression 3)
statement block 3;

...............
else

statement block n;

At first, the test expression 1  is evaluated and if  it is True, the statement
block 1  is executed and the control comes out of  the ladder. That means, the rest of
the ladder is bypassed. If test expression 1 evaluates to False, then the test
expression 2 is evaluated and so on. If any one of the test expressions evaluates
to True, the corresponding statement block is executed and control comes out of  the
ladder. If  all the test expressions are evaluated to False, the statement block n

1. Write a program to input an integer and check whether it is positive,
negative or zero.

2. Write a program to input three numbers and print the smallest one.

Check yourself
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after the final else is executed. Observe the indentation provided in the syntax and
follow this style to use else if ladder.
Let us illustrate the working of the else if ladder by using a program to find the
grade of a student in a subject when the score out of 100 is given. The grade is found
out by the criteria given in the following table:

Scores Grade

80 or more A

From 60 to 79 B

From 40 to 59 C

From 30 to 39 D

Below 30 E

Program 7.5: To find the grade of a student for a given score

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

int score;
cout << "Enter your score: ";
cin >> score;
if (score >= 80)

cout << "A Grade";
else if (score >= 60)

cout << "B Grade ";
else if (score >= 40)

cout << "C grade";
else if (score >= 30)

cout << "D grade";
else

cout << "E Grade";
return 0;

}

The following are the sample outputs of Program 7.5:
Output 1:

Enter your score: 73
B Grade

Output 2:
Enter your score: 25

E Grade
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In Program 7.5, initially the test expression score>=80 is evaluated. Since the input is
73 in Output 1, the test expression is evaluated to False, and the next test expression
score>=60 is evaluated. Here it is True, and hence "B Grade" is displayed and the
remaining part of the else if ladder is bypassed.  But in  the case of Output 2, all
the test expressions are evaluated to False and so the final else block is executed
which makes "E Grade" as the output.
Let us write a program to check whether the given year is a leap year or not. The input
value should be checked to know whether it is century year (year divisible by 100). If it
is a century year, it becomes a leap year only if  it is divisible by 400 also. If  the input
value is not a century year, then we have to check whether it is divisible by 4. If it is
divisible the given year is a leap year, otherwise it is not a leap year.

Program 7.6: To check whether the given year is leap year or not
#include <iostream>
using namespace std;
void main()
{

int year ;
cout << "Enter the year (in 4-digits): ";
cin >> year;
if (year%100 == 0) // Checks for century year
{

if (year%400 == 0)
cout << "Leap year\n";

else
cout<< "Not a leap year\n";

}
else if (year%4 == 0)

cout << "Leap year\n";
else

cout<< "Not a leap year\n";
return 0;

}

Let us see some sample outputs of Program 7.6:
Output 1:

Enter the year (in 4-digits): 2000
Leap year

Output 2:
Enter the year (in 4-digits): 2014
Not a leap year

Non - century year
is leap year only if it

is divisible by 4
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Output 3:
Enter the year (in 4-digits): 2100
Not a leap year

Output 4:
Enter the year (in 4-digits): 2004

Leap year

Let us write one more program to illustrate the use of  else if ladder. Program 7.7
allows to input a number between 1 and 7 to denote the day of a week and display the
name of  the corresponding day. The input 1 will give you “Sunday” as output, 2 will
give “Monday” and so on. If the input is outside the range 1 to 7, the output will be
“Wrong input”.

Program 7.7: To display the name of the day for a given day number

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

int day;
cout << "Enter the day number (1-7): ";
cin >> day;
if (day == 1)

cout << "Sunday";
else if (day == 2)

cout << "Monday";
else if (day == 3)

cout << "Tuesday";
else if (day == 4)

cout << "Wednesday";
else if (day == 5)

cout << "Thursday";
else if (day == 6)

cout << "Friday";
else if (day == 7)

cout << "Saturday";
else

cout << "Wrong input";
return 0;

}
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The following are some sample outputs of Program 7.7:

Output 1:
Enter the day number (1-7): 5
Thursday

Output 2:
Enter day number (1-7): 9

Wrong input

1. Write a program to input an integer number and check whether it is
positive, negative or zero using if ... else if statement.

2. Write a program to input a character (a, b, c or d) and print as follows:

a - abacus, b - boolean, c - computer, d - debugging.

3. Write a program to input a character and print whether it is an alphabet,
digit or any other character.

Check yourself

7.1.5  switch statement

We have seen the concept of  multiple branching with the help of  else if ladder.
Some of  these programs can be written using another construct of  C++ known as
switch statement. This selection statement successively tests the value of a variable
or an expression against a list of  integers or character constants. The syntax of  switch
statement is as follows:

switch(expression)
{

case constant_1 : statement block 1;
break;

case constant_2 : statement block 2;
break;

case constant_3 : statement block 3;
break;

:
:

case constant_n-1 : statement block n-1;
break;

default : statement block n;

}
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In the syntax switch, case, break and default are keywords. The expression
is evaluated to get an integer or character constant and it is matched against the constants
specified in the case statements. When a match is found, the statement block associated
with that case is executed until the break statement or the end of switch statement
is reached. If no match is found, the statements in the default block get executed.
The default statement is optional and if it is missing, no action takes place when all
matches fail.
The break statement, used inside switch, is one of the jump statements in C++. When
a break statement is encountered, the program control goes to the statements following
the switch statement. We will discuss break statement in detail in Section 7.3.2.
Program 7.7 can be written using switch statement. It enhances the readability and
effectiveness of  the code. Observe the modification in Program 7.8.

Program 7.8: To display the day of a week using switch statement

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

cout << "Enter a number between 1 and 7: ";
cin >> day ;
switch (day)
{

case 1: cout << "Sunday";
break;

case 2: cout << "Monday";
break;

case 3: cout << "Tuesday";
break;

case 4: cout << "Wednesday";
break;

case 5: cout << "Thursday";
break;

case 6: cout << "Friday";
break;

case 7: cout << "Saturday";
break;

default: cout << "Wrong input";
}
return 0;

}
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The output of Program 7.8 will be the same as in Program 7.7. The following are
some samples:
Output 1:

Enter a number between 1 and 7: 5
Thursday

Output 2:
Enter a number between 1 and 7: 8
Wrong input

In Program 7.8, value of the variable day is compared against the constants specified
in the case statements. When a match is found, the output statement associated with
that case is executed.  If  we input the value 5 for the variable day, then the match
occurs for the fifth case statement and the statement cout << "Thursday"; is
executed. If the input is 8 then no match occurs and hence the default block is executed.
Can you predict the output of Program 7.8, if all the break statements are omitted?
The value returned by day is compared with the case constants. When the first match
is found the associated statements will be executed and the following statements will
also be executed irrespective of  the remaining constants. There are situations where
we omit the break statements purposefully. If  the statements associated with all the
case in a switch are the same,  we only need to write the statement against the last
case.  Program 7.9 illustrates this concept.

Program 7.9: To check whether the given character is a vowel or not

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

char ch;
cout<<"Enter the character to check: ";
cin>>ch;
switch(ch)
{

case 'A' :
case 'a' :
case 'E' :
case 'e' :
case 'I' :
case 'i' :
case 'O' :
case 'o' :
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case 'U' :
case 'u' : cout<<"The given character is a vowel";

   break;
default  : cout<<"The given character is not a vowel";

}
return 0;

}

Some of the outputs given by Program 7.9 are shown below:
Output 1:

Enter the character to check: E
The given character is a vowel

Output 2:
Enter the character to check: k
The given character is not a vowel

Suitability and requirements for using switch
Though switch statement and else if ladder cause multiple branching, they do
not work in the same fashion. In C++ all switch statements can be replaced by else
if ladders, but all else if ladders cannot be substituted by switch. The following
are the requirements to implement a multi branching using switch statement:

• Conditions involve only equality checking. In other cases, it should be converted
into equality expression.

• The first operand in all the equality expressions should be the same variable or
expression.

• The second operand in these expressions should be integer or character constants.
Among the programs we have discussed so far in this chapter, only the branching in
Programs 7.3 and 7.7 can be replaced by switch. In Program 7.5, we can use switch
if we modify the test expressions as score/10==10, score/10==9, score/10==8,
and so on. So the following program fragment may be used instead of  else if ladder.

switch(score/10)
{

case 10:
case 9: case 8: cout<< "A Grade"; break;
case 7: case 6: cout<< "B Grade"; break;
case 5: case 4: cout<< "C Grade"; break;
case 3:  cout<< "D Grade"; break;
default: cout<< "E Grade";

}

Score being int type, the expression
returns only integer values
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Let us have a comparison between switch and else if ladder as indicated in Table
7.1.

7.1.6  The conditional operator  (?:)

As we mentioned in Chapter 6, C++ has a ternary operator. It is the conditional
operator (?:) consisting of the symbols ? and : (a question mark and a colon). It
requires three operands to operate upon. It can be used as an alternative to if...else
statement. Its general form is:

Test expression ? True_case code : False_case code;
Test expression can be any relational or logical expression and True_case code
and False_case code can be constants, variables, expressions or statement. The
operation performed by this operator is shown below with the help of  an if  statement.

if (Test expression)
{

True_case code;
}
else
{

False_case code;

}

The conditional operator works in the same way as if...else works. It evaluates
the test expression and if  it is true, the True_case code is executed. Otherwise,
False_case code is executed. Program 7.10 illustrates the working of conditional
operator.

switch statement else if  ladder

Table 7.1: Comparison between switch and else if ladder

• Permits multiple branching

• Evaluates conditions with equality operator only

• Case constant must be an  integer or a character
type value

• When no match is found, default statement is
executed

• break statement is required to exit from
switch statement

• More efficient when the same variable or
expression is compared against a set of values
for equality

• Permits multiple branching

• Evaluates any relational or logical
expression

• Condition may include range of values
and floating point constants

• When no expression evaluates to True,
else block is executed

• Program control automatically goes out
after the completion of a block

• More flexible and versatile compared
to switch
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Program 7.10: To find the larger number using the conditional operator

#include <iostream>
using namespace std;
int main()
{
int num1, num2;
cout << "Enter two numbers: ";
cin>> num1 >> num2 ;
(num1>num2)? cout<<num1<<" is larger" : cout<<num2<<" is larger";
return 0;

}

The last statement of this program is called conditional statement as it uses conditional
operator. This statement may be replaced by the following code segment:

int big = (num1>num2)? num1 : num2;

cout<< big << "is larger";

If  the test expression evaluates to True, the value of  num1 will be assigned to big,
otherwise that of  num2. Here conditional operator is used to construct a conditional
expression. The value returned by this expression will be assigned to big. The following
is a complex form of  conditional expression. It gives the largest among three numbers.
If  n1, n2, n3 and big are integer variables,
big = (n1>n2) ? ( (n1>n3)?n1:n3 ) : ( (n2>n3)?n2:n3);

Refer to program 7.4 and see how the above conditional expression replaces the  nesting
of if.
Check yourself

1. Write a program to input a number in the range 1 to 12 and display the
corresponding month of the year (January for the value 1, February for 2,
and so on).

2. Write a program to perform arithmetic operations using switch statement.
Accept two operands and a binary arithmetic  operator as input.

3. What is the significance of break statement within a switch statement?

4. Write a program to enter a digit (0 to 9) and display it in words using switch
statement.

5. Write a program to input a number and check whether it is a multiple of 5
using selection statements and conditional operator.

6. Rewrite the following statement using if...else statement

result= mark>30 ? 'p' :' f';
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7.2  Iteration statements

In Chapter 4, we discussed some problems for which the solution contains some tasks
that were executed repeatedly. While writing programs, we use some specific constructs
of  the language to perform the repeated execution of  a set of  one or more statements.
Such constructs are called iteration statements or looping statements. In C++, we
have three iteration statements and all of  them allow a set of  instructions to be executed
repeatedly when a condition is True.

We use the concept of  loop in everyday life. Let us consider a situation. Suppose your
class teacher has announced a gift for every student securing A+ grade in an examination.
You are assigned the duty of  wrapping the gifts. The teacher has explained the procedure
for wrapping the gifts as follows:

Step 1 : Take the gift
Step 2 : Cut the wrapping paper
Step 3 : Wrap the gift
Step 4 : Tie the cover with a ribbon
Step 5 : Fill up a name card and paste it on the gift pack

If there are 30 students with A+ grade in the examination, you have to repeat the same
procedure 30 times. To repeat the wrapping process 30 times, the instructions can be
restructured in the following way.

Repeat the following steps 30 times
{  Take the next gift

Cut the wrapping paper
Wrap the gift
Tie the cover with a ribbon
Fill up a name card and paste on the gift pack

}
Let us take another example. Suppose we want to find the class average of scores
obtained in Computer Science. The following steps are to be performed:

Initially Total_Score has no value
Repeat the following steps starting from the first student till the last

{  Add Score of the student to the Total_Score
Take the Score of the next student

}

Average = Total_Score /No. of students in the class
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In both the examples, we perform certain steps for a number of  times. We use a counter
to know how many times the process is executed. The value of this counter decides
whether to continue the execution or not. Since loops work on the basis of such
conditions, a variable like the counter will be used to construct a loop.  This variable is
generally known as loop control variable because it actually controls the execution of
the loop. In Chapter 4, we discussed four elements of  a loop. Let us refresh them:
1. Initialisation: Before entering a loop, its control variable must be initialized.

During initialisation, the loop control variable gets its first value. The initialisation
statement is executed only once, at the beginning of  the loop.

2. Test expression:  It is a relational or logical expression whose value is either
True or False. It decides whether the loop-body will be executed or not. If  the
test expression evaluates to True, the loop-body gets executed, otherwise it will
not be executed.

3. Update statement: The update statement modifies the loop control variable by
changing its value. The update statement is executed before the next iteration.

4. Body of the loop: The statements that need to be executed repeatedly constitute
the body of  the loop. It may be a simple statement or a compound statement.

We learnt in Chapter 4 that loops are generally classified into entry-controlled loops
and exit-controlled loops. C++ provides three loop statements: while loop, for
loop and do-while loop. Let us discuss the working of  each one in detail.

7.2.1  while statement

while loop is an entry-controlled loop. The condition is checked first and if  it is
found True the body of  the loop will be executed. That is the body will be executed as
long as the condition is True. The syntax of  while loop is:

initialisation of loop control variable;

while(test expression)

{

body of the loop;

updation of loop control variable;

}
Here, test expression defines the condition which controls the loop. The body
of the loop may be a single statement or a compound statement or without any
statement. The body is the set of statements for repeated execution. Update
expression refers to a statement that changes the value of the loop control variable.
In a while loop, a loop control variable should be initialised before the loop begins
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and it should be updated inside the body of the
loop. The flowchart in Figure 7.3 illustrates the
working of  a while loop.

The initialisation of the loop control variable takes
place first. Then the test expression is
evaluated. If  it returns True the body of  the loop
is executed. That is why while loop is called an
entry controlled loop. Along with the loop body,
the loop control variable is updated. After
completing the execution of  the loop body, test
expression is again evaluated. The process is
continued as long as the condition is True. Now,
let us consider a code segment to illustrate the
execution of   while loop.

int k=1;

while(k<=3)

{

cout << k << '\t';

++k;

}

In this code segment, the value 1 is assigned to the variable k (loop control variable) at
first. Then the test expression k<=3 is evaluated. Since it is True, the body of  the loop
is executed. That is the value of k is printed as 1 on the screen. After that the update
statement ++k is executed and the value of k becomes 2. The condition k<=3 is checked
again and found to be True. Program control enters the body of  the loop and prints
the value of k as 2 on the screen. Again the update statement is executed and the value
of  k is changed to 3. Since the condition is still True, body is executed and 3 is displayed
on the screen. The value of k is again updated to 4 and now the test expression is
evaluated to False. The control comes out of the loop and executes the next statement
after the while loop. In short, the output of  the code will be:

1 2 3

Fig. 7.3: Working of while loop

Test
expression

Body of loop

Initialisation
before loop

Updation inside
the loop body

 

F a l s e

True
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Imagine what will happen if the initial value of k is 5? The test expression is evaluated
to False in the first evaluation and the loop body will not be executed. This clearly
shows that while loop controls the entry into the body of  the loop.
Let us see a program that uses while loop to print the first 10 natural numbers.

Program 7.11: To print the first 10 natural numbers
#include<iostream>
using namespace std;
int main()
{

int n = 1;
while(n <= 10)

   {
     cout<< n << "  ";
     ++n;

   }
return 0;

}

The output of Program 7.11 will be as follows:
1  2  3  4  5  6  7  8  9  10

Program 7.12 uses while loop to find the sum of even numbers upto 20. This program
shows that the loop control variable can be updated using any operation.

Program 7.12: To find the sum of even numbers upto 20
#include<iostream>
using namespace std;
int main()
{

int i, sum = 0;
i = 2;
while( i<= 20)
{
     sum = sum + i;
     i = i + 2;
}
cout<<"\nThe sum of even numbers up to 20 is: "<<sum;
return 0;

}

The output of Program 7.12 is given below:
The sum of even numbers up to 20 is: 110

Test expression

Body of loop

Initialisation of loop
variable

 

Updating of loop
variable

Loop control variable is
updated by adding 2 to

the current value



7. Control Statements

209

7.2.2  for  statement

for loop is also an entry-controlled loop in C++. All the three loop elements
(initialisation, test expression and update statement) are placed together in for
statement. So it makes the program compact. The syntax is:

for (initialisation; test expression; update statement)

{

body-of-the-loop;

}

The execution of for loop is the same as that of while
loop. The flowchart used for while can explain the
working of  for loop. Since the three elements come
together this statement is more suitable in situations
where counting is involved. The flowchart given in
Figure 7.4 is commonly used to show the execution of
for statement. At first, the initialisation takes place and then the test
expression is evaluated. If  its result is True, body-of-the-loop is executed,
otherwise the program control goes out of  the for loop. After the execution of  the
loop body, update expression is executed and again test expression is
evaluated. These three steps (test, body, update) are continued until the test
expression is evaluated to False.
The loop segment used in Program 7.11 can be replaced with a for loop as follows:

for (n=1; n<=10; ++n)
          cout << n << "  ";
This code is executed in the same way as in the case of  while loop.

If we put a semi colon (;) after the test expression of while
statement, there will not be any syntax error. But the statements
within the following pair of braces will not be considered as loop
body. The worst situation is that, if the test expression is evaluated

to be True, neither the code after the while loop will be executed nor the
program will be terminated.  It is a case of infinite loop.

1. Modify the Program 7.11 to display all odd numbers between 100
and 200.

2. Modify the Program 7.12 to find the average of the first N natural
numbers.Let us do

Fig. 7.4: Execution of for loop

False

True
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Let us write a program using for loop to find the factorial of  a number. Factorial of
a number, say N, represented as N!, is the product of  the first N natural numbers. For
example, factorial of 5 (5!) is calculated by 1 × 2 × 3 × 4 × 5 = 120.

Program 7.13: To find the factorial of a number using for loop
#include <iostream>
using namespace std;
int main()
{ int n, i;

long fact=1;
cout<<"Enter the number: ";
cin>>n;
for (i=1; i<=n; ++i)
    fact = fact * i;
cout << "Factorial of " << n << " is " << fact;
return 0;

}

The following is a sample output of program 7.13
Enter the number:  6

Factorial of 6 is 720

Another program is given below which gives the class average of scores obtained in
Computer Science. Program 7.14 accepts the value for n as the number of  students,
then reads the scores of each student and prints the average score.

Program 7.14: To find the average score of n students

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

int i, sum, score, n;
float avg;
cout << "How many students? ";
cin >> n ;

The steps 1 and 2 in the execution sequence of the for loop just
mentioned before are given below. Write down the remaining steps.
Step 1: n =1, Condition is True, 1 is displayed, n becomes 2
Step 2: Condition is True, 2 is displayed, n becomes 3
Step 3: ……………

Let us do

Initialisation; Test
Expression; Updation

Loop body
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for( i=1, sum=0;  i<=n; ++i)
{

cout << "Enter the score of student " << i << ": ";
cin >> score;
sum = sum + score;

}
avg = (float)sum / n;
cout << "Class Average: " << avg;
return 0;

}

The following is a sample output of Program 7.14 for 5 students
How many students? 5
Enter the score of student 1: 45
Enter the score of student 2: 50
Enter the score of student 3: 52
Enter the score of student 4: 34
Enter the score of student 5: 55

Class Average: 47.2

In Program 7.14, the initialisation contains two expressions  i=1 and sum=0 separated
by comma. The initialisation part may contain more than one expression, but they
should be separated by comma. Both the variables i and sum get their first values 1
and 0, respectively. Then, the test expression i<=n is evaluated to be True and body
of the loop is executed. After the execution of the body of the loop the update
expression ++i is executed. Again the test expression  i<=n is evaluated, and body of
the loop is executed since the condition is True. This process continues till the test
expression returns False. It has occurred in the sample output when the value of i
becomes 6.

While using for loops certain points are to be noted. The given four code segments
explain these special cases. Assume that all the variables used in the codes are declared
with int data type.

Write a program to display the multiplication table of a given number.
Assume that the number will be the input to the variable n. The body of
the loop is given below:
cout<<i<<" x "<<n<<" = "<< i * n <<"\n";
 Give the output also.

Let us do

Initialisation contains
two expressions

Explicit  type
conversion
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Code segment 1: for (n=1; n<5; n++);
    cout<<n;

A semicolon appears after the parentheses of  for statement. It is not a syntax error.
Can you predict the output? If  it is 5, you are correct. This loop has no body. But its
process will be completed as usual. The initialisation assigns 1 to n and the condition
is evaluated to True. Since there is no loop body update takes place and the process
continues till n becomes 5. At that point, condition is evaluated to be False and the
program control comes out of  the loop. The output  statement then displays 5 on the
screen.
Code segment 2: for (n=1; n<5; )

    cout<<n;
In this code, update expression is not present. It does not make any syntax error in the
code. But on execution, the loop will never be terminated. The number 1 will be
displayed infinitely. We call this an infinite loop.
Code segment 3: for ( ; n<5; n++)

    cout<<n;
The output of this code cannot be predicted. Since there is no initialisation, the control
variable n gets some integer value. If it is smaller than 5, the body will be executed
until the condition becomes False. If the default value of n is greater than or equal to
5, the loop will be terminated without executing the loop body.
Code segment 4: for (n=1; ; n++)

    cout<<n;
The test expression is missing in this code. C++ takes this absence as True and obviously
the loop becomes an infinite loop.
The four code segments given above reveal that all the elements of a for loop are
optional. But this is not the case for while and do...while statements. Test expression
is compulsory for these two loops. Other elements are optional, but be cautious about
the output.
Another aspect to be noted is that we can provide a number instead of the test
expression. If  it is zero it will be treated as False, otherwise True.
Check yourself

1. Write a program to find the sum and average of all even numbers between
1 and 49.

2. Write a program to print the numbers between 10 and 50 which are divisible
by both 3 and 5.

3. Predict the output of the following code
for(int i=1; i<=10; ++i);
   cout << i+2;
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7.2.3  do...while  statement

In the case of  for loop and while loop, the test
expression is evaluated before executing the body of the
loop. If  the test expression evaluates to False for the first
time itself, the body is never executed. But in some
situations, it is necessary to execute the loop body at least
once, without considering the result of the test expression.
In that case the do...while loop is the best choice. Its
syntax is :
initialisation of loop control variable;
do
{

body of the loop;
updation of loop control variable;

} while(test expression);

Figure 7.5 shows the order of  execution of  this loop.
Here, the test expression is evaluated only after
executing body of the loop. So do...while loop
is an exit controlled loop. If the test expression
evaluates to False, the loop will be terminated. Otherwise, the execution process will
be continued. It means that in do...while loop the body will be executed at least
once irrespective of the result of the condition.
Let us consider the following program segment to illustrate the execution of
do...while loop.

int k=1;
do
{

cout << k << '\t';

++k;
} while(k<=3);

At first, the value 1 is assigned to the variable k. Then body of the loop is executed
and the value of k is printed as 1. After that the k is incremented by 1 (now k=2). Then
it checks the condition k<=3. Since it is found True the body of  the loop is executed
to print the value of k, i.e. 2 on the screen. Again the updation process is carried out,

Fig. 7.5: Execution of
do..while loop

Initialisation before
the  loop

Body of loop

Updation inside
the loop body

Test expression

 

Fa lse

True
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which makes value of  k as 3 and the condition k<=3 is checked again. As it is True, the
body of the loop is executed to print the value 3. The variable k is again updated to 4
and now the condition is evaluated to be False. It causes the program control to come
out of  the loop and executes the next statement after the loop body. Thus the output
of the code will be:

1 2 3

Now let us see how this loop differs from the other two. Imagine that the initial value
of k is 5. What will happen? The body of the loop is executed and the value of k will
be printed on the screen as 5. After that the variable k will be updated by incrementing
it by 1 and k becomes 6. On checking the condition k<=3, the test expression is
evaluated to False and the control comes out of  the loop. This clearly shows that in
do...while loop there is no restriction to enter the loop body for the first time. So
if  we want the body to be executed based on the True value of  the condition, use
while or for loops.

Let us see an interactive program in the sense that some part of the code will be
executed on user’s choice. The simplest form of  such programs provides facility to
accept user’s response for executing a code segment repeatedly. Program 7.15 illustrates
the use of do...while loop to write an interactive program to find the area of
rectangles by accepting the length and breadth of  each rectangle  from the user.

Program 7.15: To find the area of rectangles

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

float length, breadth, area;
char ch;
do
{

cout << "Enter length and breadth: ";
cin >> length >> breadth;
area = length * breadth;
cout << "Area = " << area;
cout << "Any more rectangle (Y/N)? ";
cin >> ch;

} while (ch == 'Y' || ch == 'y');
return 0;

}
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A sample output of Program7.15 is given below:
Enter length and breadth: 3.5     7
Area = 24.5
Any more rectangle (Y/N)? Y
Enter length and breadth: 6     4.5
Area = 27
Any more rectangle (Y/N)? N

We have discussed all the three looping statements of  C++. Table 7.2 shows a
comparison between these statements.

Entry controlled loop
Initialization along with loop
definition
No guarantee to execute the
loop body at least once

Exit controlled loop
Initial ization before loop
definition
Will execute the loop body at
least once even though the
condition is False

Entry controlled loop
Initialization before loop
definition
No guarantee to execute the
loop body at least once

for loop while loop do...while loop

Table 7.2: Comparison between the looping statements of C++

7.2.4  Nesting of loops

Placing a loop inside the body of  another loop is called nesting of  a loop.� When we
nest two loops, the outer loop counts the number of  completed repetitions of  the
inner loop. Here the loop control variables for the two loops should be different.

Let us observe how a nested loop works. Take the case of  a minute-hand and second-
hand of a clock. Have you noticed the working of a clock?.  While the minute-hand
stands still at a position, the second-hand  moves to complete one full rotation (say 1
to 60). The minute hand moves to the next position (that is, the next minute) only after
the second hand completes one full rotation. Then the second-hand again completes
another full rotation corresponding to the minute-hand’s current position. For each
position of the minute-hand, second-hand completes one full rotation and the process
goes on. Here the second hand movement can be treated as the execution of the inner
loop and the minute-hand’s movement can be treated as the execution of  the outer
loop.

All types of  loops in C++ allow nesting. An example is given to show the working
procedure of  a nested for loop.

User Input

User Input

User Input
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for( i=1; i<=2; ++i)
{

for(j=1; j<=3; ++j)
{

cout<< "\n" << i << " and " << j;
}

}
Initially value 1 is assigned to the outer loop variable i. Its test expression is evaluated
to be True and hence the body of  the loop is executed. The body contains the inner
loop  with the control variable j and it begins to execute by assigning the initial value
1 to j. The inner loop is executed 3 times, for j =1, j=2, j=3.  Each time it evaluates
the test expression j<=3  and displays the output since it is True.

1 and 1

1 and 2

1 and 3

When the test expression j<=3 is False, the program control comes out of the inner
loop. Now the update statement of  the outer loop is executed which makes i=2.
Then the test expression i<=2 is evaluated to True and once again the loop body (i.e.
the inner loop) is executed.  Inner loop is  again executed 3 times, for j=1, j=2, j=3
and displays the output.

2 and 1

2 and 2

2 and 3

After completing the execution of  the inner loop, the control again goes back to the
update expression of  the outer loop. Value of  i is incremented by 1 (Now  i=3) and
the test expression i<=2 is now evaluated to be False. Hence  the loop terminates its
execution. Table 7.3 illustrates the execution of  the above given program segment:

Table 7.3: Execution of a nested loop

Outer loop

Inner loop

The first 1 is of i
and the second 1 is

of  j

Iterations  Outer loop Inner loop Output

1 1 1 1 and 1

2 1 2 1 and 2

3 1 3 1 and 3

4 2 1 2 and 1

5 2 2 2 and 2

6 2 3 2 and 3
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When working with nested loops, the control variable of  the outer loop changes its
value only after the inner loop is terminated. Let us write a program to display the
following triangle using nested loop:

*
* *
* * *
* * * *
* * * * *

Program 7.16 : To display a triangle of stars

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

char ch = '*';
for(i=1; i<=5; ++i) //outer loop
{

cout<< "\n" ;
for(j=1; j<=i; ++j) // inner loop

cout<<ch;
}
return 0;

}

1. Predict the output of the following program segment:
sum = 0;
for (i=1; i<3; ++i)
{

for (j=1; j<3; ++j)
    sum = sum +   i * j ;

}
cout<<sum;

2. Write C++ programs to display the following triangles:
1 1
2 2 1    2
3 3    3 1    2    3
4 4    4 1    2    3    4
5 5    5     5 1    2    3    4    5

Let us do
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7.2.5 Nesting of control statements

We have discussed nesting of  if and nesting of  loops. Any control statement can be
nested with another control statement. A loop can contain a selection statement such
as if or switch. Similarly, a selection statement can contain a loop such as while,
for or do...while. Program 7.17 contains a loop and its body includes a switch
statement. It is the usual style of a menu driven program.
Program 7.17: To input two numbers and perform an arithmetic operation based

on user’s choice
#include<iostream>
using namespace std;
int main()
  {

char ch;
float n1, n2;
cout<<"Enter two numbers: ";
cin>>n1>>n2;
do
{

cout<<"\nNumber 1: “<<n1<<“\tNumber 2: "<<n2;
cout<<"\n\t\tOperator Menu";
cout<<"\n\t1. Addition (+)";
cout<<"\n\t2. Subtraction (–)";
cout<<"\n\t3. Multiplication (*)";
cout<<"\n\t4. Division (/)";
cout<<"\n\t5. Exit (E)";
cout<<"\nEnter Option number or operator: ";
cin>>ch;
switch(ch)
{

case '1' :
case '+' : cout<<n1<<" + "<<n2<<" = "<<n1+n2;

 break;
case '2' :
case '-' : cout<<n1<<" - "<<n2<<" = "<<n1-n2;

 break;
case '3' :
case '*' : cout<<n1<<" * "<<n2<<" = "<<n1*n2;

 break;
case '4' :
case '/' : cout<<n1<<" / "<<n2<<" = "<<n1/n2;

 break;
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case '5' :
case 'E' :
case 'e' : cout<<"Thank You for using the program";

 break;
default : cout<<"Invalid Choice!!";

}
} while (ch!='5' && ch!='E' && ch!='e');
return 0;

}

The following is a sample output of Program 7.17:
Enter two numbers: 25   4
Number 1: 25    Number 2: 4

Operator Menu
1. Addition (+)
2. Subtraction (–)
3. Multiplication (*)
4. Division (/)
5. Exit (E)

Enter Option number or operator: 1
25 + 4 = 29

Number 1: 25    Number 2: 4
Operator Menu

1. Addition (+)
2. Subtraction (–)
3. Multiplication (*)
4. Division (/)
5. Exit (E)

Enter Option number or operator: /
25 / 4 = 6.25

Number 1: 25    Number 2: 4
Operator Menu

1. Addition (+)
2. Subtraction (–)
3. Multiplication (*)
4. Division (/)
5. Exit (E)

Enter Option number or operator: 5

Thank You for using the program

User Input

User Input

User Input
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We will discuss more programs using various combinations of  nesting of  control
statements in the Program gallery section.

7.3 Jump statements
The statements that facilitate the transfer of program control from one place to another
are called jump statements. C++ provides four types of jump statements that perform
unconditional branching in a program. They are return, goto, break and continue
statements. In addition, C++ provides a standard library function exit()that helps
us to terminate a program.
The return statement is used to transfer control back to the calling program or to
come out of  a function. It will be explained in detail later in Chapter 10. Now, we will
discuss the other  jump statements.

7.3.1  goto statement

The  goto statement can transfer  the  program control to anywhere in the function.
The target destination of a goto statement is marked by a label, which is an identifier.
The syntax of  goto statement is:

goto label;
............;
............;

label: ..........;

............;
where the label can appear in the program  either before or after goto statement.
The label is  followed by a  colon (:) symbol. For example, consider the following
code fragment which prints numbers from 1 to 50.

 int i=1;
start:

 cout<<i;
 ++i;
 if (i<=50)

      goto start;

Here, the cout statement  prints the value 1. After that i  is incremented  by 1 (now
i=2), then the test expression i<=50 is evaluated. Since it is True the control is transferred
to the statement marked with the label start. When the test expression evaluates to
False, the process terminates and transfers the program control following the if
statement.
Let us see another example. Here a number is accepted and tested with a pre-defined
value. If  it matches, the program continues, otherwise it terminates.

Label
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  int p;

  cout<<"Enter the Code: ";
  cin>>p;
  if(p!=7755)

goto end;
  cout<<"Enter the details";
  .........................;
  .........................;
end:
  cout<<"Sorry, the code number is wrong. Try again!";

Here the program validates the user input. The program accepts other details only if
it is a valid code, otherwise the control goes to the label end. It is to be noted that the
usage of  goto is not encouraged in structured programming.

7.3.2  break statement

When a break statement is encountered in a program, it takes the program control
outside the immediate enclosing loop (for, while, do...while) or switch
statement. Execution continues from the statement immediately after the control
structure. We have already discussed the impact of  break in switch statement.
Let us see how it affects the execution of  loops. Consider the following two program
segments.
Code segment 1:

i=1;
while(i<=10)
{

cin>>num;
if (num==0)

break;
cout<<"Entered number is: "<<num;
cout<<"\nInside the loop";
++i;

}

cout<<"\nComes out of the loop";

The above code fragment allows to input 10 different numbers. During the input if
any number happens to be 0, the program control comes out of the loop by skipping
the rest of the statements within the loop-body and displays the message “Comes
out of the loop” on the screen. Let us consider another code segment that uses
break within a nested loop.

Label
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Code segment 2:

for(i=1; i<=5; ++i) //outer loop
{

cout<<"\n";
for(j=1; j<=i; ++j) //inner loop
{

cout<<"* ";
if (j==3)

break;
}

}

This code segment will display the following pattern:
*
* *
* * *
* * *
* * *
The nested loop executes normally for the value of   i=1, i=2, i=3. For each value
of i, the variable j takes  values from 1 to i. When the value of i becomes 4, the
inner loop executes for the value of  j = 1, j=2, j=3  and comes out from the inner
loop on executing the break statement.

7.3.3  continue statement

continue statement is another jump statement used for skipping  over a part of the
code within the loop-body and forcing the next iteration. The break statement forces
termination of  the loop, but continue statement forces next iteration of  the loop.
The following program segment explains the working of continue statement:

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

if (i==6)
continue;

cout<<i<<"\t";

}

This code gives the following output:
1 2 3 4 5 7 8 9 10

Note that 6 is not in the list. When the value of i becomes 6 the continue statement
is executed. As a result, the output statement is skipped and program control goes to
the update expression for next iteration.

Whenever j
becomes 3, the inner

loop terminates
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A break statement inside a loop will abort the loop and transfer control to the
statement following the loop. A continue statement will just abandon the current
iteration and let the loop start next iteration. When continue statement is used within
while and do...while loops, care should be taken to avoid infinite execution. Table
7.4 shows a comparison between break and continue statements.

• Used with switch and loops.
• Brings the program control outside

the switch or loop by skipping
the rest of the statements within
the block.

• Program control goes out of the
loop even though the test
expression is True.

• Used only with loops.
• Brings the program control to the

beginning of the loop by skipping
the rest of the statements within
the block.

• Program control goes out of the
loop only when the test expression
becomes False.

Table 7.4: Comparison between the break and continue statements

break statement continue statement

C++ provides a built-in function exit() which terminates the program itself. The
exit() function can be used in a program only if we include the header file  cstdlib
(process.h.in Turbo C++). Program 7.18 illustrates the working of  this function.

Program 7.18: To check whether the given number is prime or not

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

int i, num;
cout<<"Enter the number: ";
cin>>num;
for(i=2; i<=num/2; ++i)
{

if(num%i == 0)
{

cout<<"Not a Prime Number";
exit(0);

}

}

cout<<"Prime Number";

return 0;

}
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Program gallery
This section contains a collection of programs which use different control statements
for solving various problems. The sample outputs of  the programs are also given
after each program.
Program 7.19 accepts the three coefficients of  a quadratic equation of  the form ax2 +
bx + c = 0 and calculates its roots. The value of  a should not be 0 (zero). To solve this
problem, the discrminent value of  the quadratic equation is to be determined using
the formula (b2 – 4ac), to identify the nature of  the roots. Formula is also available to
find the roots. In this program we use the function sqrt() to get the square root of  a
number. The header file math.h is to be included in the program to use this function.

The test expression in the for loop of Program 7.18 can be replaced
by i<=sqrt(num), where sqrt() is a function which gives the
square root of the given number. If a number has no factors from
2 to its squrae root, the number will be a prime number. To use
sqrt(), we have to include the statement #include<cmath>

Check yourself
1. The goto statement causes control to go to

(a) an operator    (b) a Label    (c) a variable   (d) a function
2. A break statement causes an exit

(a) only from the innermost loop.
(b) only from the innermost switch.
(c) from all loops and switches.
(d) from the innermost loop or switch.

3. The exit( ) function takes the control out of
(a) the function it appears in.
(b) the loop it appears in.
(c) the block it appears in.
(d) the program it appears in.

4. Name the header file to be included for using exit( ) function.

Some sample outputs of program 7.18 are shown below:
Output 1:

Enter the number: 17
Prime Number

Output 2:
Enter the number: 18

Not a Prime Number
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Program 7.19: To find the roots of a quadratic equation

#include <iostream>
#include <cmath> // to use sqrt()function
using namespace std;
int main()
{

float a, b, c, root1, root2, d;
cout<< "Enter the three coefficients: ";
cin >> a >> b >> c ;
if (!a) // equivalent to if (a == 0)

cout<<"Value of \'a \' should not be zero\n"
    <<"Aborting!!!!!\n";

else
{

d =b*b-4*a*c; //beginning of else block
if (d > 0)
{

root1 = (-b + sqrt(d))/(2*a);
root2 = (-b - sqrt(d))/(2*a);
cout<<"Roots are REAL and UNEQUAL\n";
cout<<"Root1 = "<<root1<<"\tRoot2 = "<<root2;

}
else if (d == 0)
{

root1 = -b/(2*a);
cout<<"Roots are REAL and EQUAL\n";
cout<<"Root1 =" <<root1;

}
else

cout<<"Roots are COMPLEX and IMAGINARY";
}// end of else block of outer if
return 0;

}

Output 1:
Enter the three coefficients: 2 3 4
Roots are COMPLEX and IMAGINARY

Output 2:
Enter the three coefficients: 3 5 1
Roots are REAL and UNEQUAL

Root1 =  -0.232408   Root2 = -1.434259



226

Program 7.20 displays the first N terms of  the Fibonacci series. This series begins
with terms 0 and 1. The next term onwards will be the sum of  the last two terms. The
series is  0,  1,  1,  2,  3,  5,  8,  13,  ……

Program 7.20: To print n terms of the Fibonacci series
#include <iostream>
using namespace std;
int main()
{

int first=0, second=1, third, n;
cout<<"\nEnter number of terms in the series: ";
cin>>n;
cout<<first<<"\t"<<second;
for(int i=3; i<=n; ++i)
{

third = first + second;
cout<<"\t"<<third;
first = second;
second = third;

}
return 0;

}

Output:

Enter number of terms in the series: 10

0 1 1 2 3 5 8 13 21 34

Program  7.21 reads a number and checks whether it is palindrome or not. A number
is said to be palindrome if  it is equal to its image. By the term image, we mean a
number  obtained by reversing the digits of  the original number. That is, the image of
163 is 361. Since these two are not equal the number 163 is not palindrome. The
number 232 is a palindrome number.

Program 7.21: To check whether the given number is palindrome or not

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

int num, copy, digit, rev=0;
cout<<"Enter the number: ";
cin>>num;
copy=num;

The value of num will
be 0 after the completion of
loop. That is why the original
value is copied into another

variable

If the variables first and second
are initialised with the values -1 and
+1 respectively, we can avoid the
cout statement for displaying the
first two terms.
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while(num != 0)
{

digit = num % 10;
rev = (rev * 10)+ digit;
num = num/10;

}
cout<<"The reverse of the number is: "<<rev;
if (rev == copy)

cout<<"\nThe given number is a palindrome.";
else

cout<<"\nThe given number is not a palindrome.";
return 0;

}

Output 1:
Enter the number: 363
The reverse of the number is: 363
The given number is a palindrome.

Output 2:
Enter the number: 257
The reverse of the number is: 752
The given number is not a palindrome.

Program 7.22: To accept n integers and print the largest among them

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

int num, big, count;
cout<<"How many Numbers in the list? ";
cin >> count;
cout<<"\nEnter first number: ";
cin >> num;
big = num;
for(int i=2; i<=count; i++)
{

cout<<"\nEnter next number: ";
cin >> num;
if(num > big) big = num;

}
cout<<"\nThe largest number is " << big;
return 0;

}



228

Output:

How many Numbers in the list? 5
Enter first number: 23
Enter next number: 12
Enter next number: -18
Enter next number: 35
Enter next number: 18
The largest number is 35

Learning outcomes

After the completion of this chapter the learner will be able to
• use control statements in C++ for problem solving.
• identify the situation where control statements are used in a program.
• use correct control statements  suitable for the situations.
• categorise different types of  control statements.
• identify different types of jump statements in C++.
• write C++ programs using control statements.

 Sample questions

Very short answer type

1. Write the significance of  break statement in switch statement. What is the effect
of absence of break in a switch statement?

2. What will the output of the following code fragment be?
for(i=1;i<=10;++i) ;

cout<<i+5;

The statements providing facilities for taking decisions or for performing
repetitive actions in a program are known as control statements. The control
statements are the backbones of a computer program. In this chapter we
covered the different types of control statements such as selection statements
(if, if…else, if…else if, switch), iteration statements (for, while,
do…while) and also jump statements (goto, break, continue, exit()
function). All these control statements will help us in writing efficient C++
programs.

Let us sum up
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3. Rewrite the following statement using while and do while loops.
for (i=1; i<=10; i++) cout<<i;

4. How many times will the following loop execute?
int  s=0, i=0;
while(i++<5)

s+=i;

5. Write the name of  the header file which contains the exit() function.
6.  Which statement in C++ can transfer control of the program to a named label?

7. Write the purpose of  default statement in switch statement.

Short answer type

1. Consider  two program fragments  given below.
//  version 1 //version 2
cin>>mark; cin>>mark;
if (mark > = 90) if (mark>=90)
cout<<“ A+”; cout<<“ A+”;
if (mark > = 80 && mark <90) else if (mark>=80 && mark <90)
cout<<“ A”; cout<<“ A”;
if (mark > = 70 && mark <80) else if (mark>=70 && mark <80)
cout<<“ B+”; cout<<“ B+”;
if (mark > = 60 && mark <70) else if (mark>=60 && mark <70)
cout<<“ B”; cout<<“ B”;
Discuss the advantages of version 2 over version 1.

2. Briefly explain the working of a for loop along with its syntax. Give an example
of  for loop to support your answer.

3. Compare and discuss the suitability of  three loops in different situations.
4. Consider the following if else if statement. Rewrite it with switch statement.

if (a==1)
cout << “One”;

else if (a==0)
cout << “Zero”;

else
cout << “Not a binary digit”;

5. What is wrong with the following while statement if the value of z = 3?
while(z>=0)
     sum+=z;
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6. What will the output of the  following code fragments be?
for (outer=10; outer > 5; --outer)
{

for (inner=1; inner<4; ++inner)
cout<<outer <<"\t"<<inner <<endl;

}

7. What will the output of the  given code fragments be? Explain.
for (n = 1; n <= 10; ++n)
{

for ( m=1; m <= 5 ; ++m)
num = n*m;

cout<<num <<endl;
}

8. Write the importance of  a loop control variable. Briefly explain the different
parts of  a loop.

Long answer type

1. What output will be produced by the following code fragment?
int val, res, n=1000;
cin>>val;
res = n+val > 1750 ? 400 : 200;

(a) If the input is 2000
(b) If the input is 500

2. Write a program to find the sum of  digits of  a number using
(a) Entry controlled loop.
(b) Exit controlled loop.

3. Write a program to print Armstrong numbers less than 1000. (An Armstrong
number is a number which is equal to the sum of  cubes of  its digits. Eg. 153 =
13+53+33)

4. Explain the different jump statements available in C++.
5. Write a program to produce the following output using nested loop:

A
A B
A B C
A B C D
A B C D E

8. Suppose you forgot to write the word else in an if…else statement.  Discuss
how it will affect the output of your program?
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Key Concepts We used variables in programs to refer data. If
the quantity of data is large, more variables are
to be used. This will cause difficulty in accessing
the required data. We learned the concept of  data
types in Chapter 6 and we used basic data types
to declare variables and perform type
conversion. In this chapter, a derived data type
in C++, named 'array' is introduced. The word
‘array’ is not a data type name, rather it is a kind
of data type derived from fundamental data
types to handle large number of  data easily. We
will discuss the creation and initialization of
arrays, and some operations like traversal,
sorting, and searching. We will also discuss two
dimensional arrays and their operations for
processing matrices.

8.1 Array and its need
An array is a collection of  elements of  the same
type placed in contiguous memory locations.
Arrays are used to store a set of values of the
same type under a single variable name. Each
element in an array can be accessed using its
position in the list, called index number or
subscript.
Why do we need arrays? We will illustrate this
with the help of an example. Let us consider a
situation where we need to store the scores of
20 students in a class and has to find their class
average. If we try to solve this problem by
making use of  variables, we will need 20
variables to store students’ scores. Remembering

8
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and managing these 20 variables is not an easy task and the program may become
complex and difficult to understand.
int a,b,c,d,e,f,g,h,i,j,k,l,m,n,o,p,q,r,s,t;
float avg;
cin>>a>>b>>c>>d>>e>>f>>g>>h>>i>>j>>k>>l>>m>>n>>o>>p>>q>>r>>s>>t;
avg = (a+b+c+d+e+f+g+h+i+j+k+l+m+n+o+p+q+r+s+t)/20.0;

As it is, this code is fine. However, if  you want to modify it to deal with the scores
of  a large number of  students, say 1000, you have a very long and repetitive task at
hand. We have to find a way to reduce the complexity of  this task.
The concept of  array comes as a boon in such situations. As it is a collection of
elements, memory locations are to be allocated. We know that declaration statement
is needed for memory allocation. So, let us see how arrays are declared and used.

8.1.1  Declaring arrays

Just like the ordinary variable, the array is to be declared properly before it is used.
The syntax for declaring an array in C++ is as follows.

data_type array_name[size];

In the syntax, data_type is the type of data that the array variable can store,
array_name is an identifier for naming the array and the size is a positive integer
number that specifies the number of  elements in the array. The following is an
example:

int num[10];

The above statement declares an array named num that can store 10 integer numbers.
Each item in an array is called an element of  the array. The elements in the array
are stored sequentially as shown in Figure 8.1. The first element is stored in the first
location; the second element is stored in the second location and so on.

num[0] num[1] num[2] num[3] num[4] num[5] num[6] num[7] num[8] num[9]

Index♦ 0 1 2 3 4 5 6 7 8 9

Fig. 8.1: Arrangement of elements in an array

Since the elements in the array are stored sequentially, any element can be accessed
by giving the array’s name and the element’s position. This position is called the
index or subscript value. In C++, the array index starts with zero. If  an array is
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declared as int num[10]; then the possible index values are from 0 to 9. In this
array, the first element can be referenced as num[0] and the last element as num[9].
The subscripted variable, num[0], is read as “num of  zero” or “num zero”. It’s a
shortened way of  saying “the num array subscripted by zero”.  So, the problem of
referring to the scores of 1000 students can be resolved by the following statement:

int score[1000];

The array, named score, can store the scores of  1000 students. The score of  the
first student is referenced by score[0] and that of the last by score[999].

8.1.2  Memory allocation for arrays

The amount of storage required to hold an array is directly related to its type and
size. Figure 8.2 shows the memory allocation for the first five elements of array
num, assuming 1000 as the address of the first element. Since num  is an integer type
array, size of  each element is 4 bytes (in a system with 32 bit integer representation
using GCC) and it will be represented in memory as shown in Figure 2.2.

For a single dimensional array, the total size allocated can be computed using the
following formula:

total_bytes = sizeof(array_type) × size_of_array
For example, total bytes allocated for the array declared as float a[10]; will be
4 × 10 = 40 bytes.

8.1.3  Array initialisation

Array elements can be initialised in their declaration statements in the same manner
as in the case of  variables, except that the values must be included in braces, as
shown in the following examples:
int score[5] = {98, 87, 92, 79, 85};
char code[6] = {‘s’, ‘a’, ‘m’, ‘p’, ‘l’, ‘e’};

float wgpa[7] = {9.60, 6.43, 8.50, 8.65, 5.89, 7.56, 8.22};

Initial values are stored in the order they are written, with the first value used to
initialize element 0, the second value used to initialize element 1, and so on. In the
first example, score[0] is initialized to 98, score[1] is initialized to 87, score[2]
is initialized to 92, score[3] is initialized to 79, and score[4] is initialized to 85.

Fig. 8.2: Memory allocation for an integer array
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If  the number of  initial values is less than the size of  the array, they will be stored in
the elements starting from the first position and the remaining positions will be
initialized with zero, in the case of  numeric data types. For char type array, such
positions will be initialised with ' ' (space bar) character. When an array is initialized
with values, the size can be omitted. For example, the following declaration statement
will reserve memory for five elements:

int num[] = {16, 12, 10, 14, 11};

8. 1.4  Accessing elements of arrays

The array elements can be used anywhere in a program as we do in the case of
normal variables. We have seen that array is accessed element-wise. That is, only
one element can be accessed at a time. The element is specified by the array name
with the subscript. The following are some examples of using the elements of the
score array:
score[0] = 95;
score[1] = score[0] - 11;
cin >> score[2];
score[3] = 79;
cout << score[2];

sum = score[0] + score[1] + score[2] + score[3] + score[4];

The subscript in brackets can be a variable, a constant or an expression that evaluates
to an integer. In each case, the value of  the expression must be within the valid
subscript range of  the array.  An important advantage of  using variable and integer
expressions as subscripts is that, it allows sequencing through an array by using a
loop. This makes statements more structured keeping away from the inappropriate
usage as follows:

sum = score[0] + score[1] + score[2] + score[3] + score[4];

The subscript values in the above statement can be replaced by the control
variable of  for loop to access each element in the array sequentially. The following
code segment illustrates this concept:

sum = 0;
for (i=0; i<5; i++)

sum = sum + score[i];

An array element can be assigned a value interactively by using an input statement,
as shown below:

for(int i=0; i<5; i++)

    cin>>score[i];
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When this loop is executed, the first value read is stored in the array element
score[0], the second in score[1] and the last in score[4].

Program 8.1 shows how to read 5 numbers and display them in the reverse order.
The program includes two for loops. The first one, allows the user to input array
values. After five values have been entered, the second for loop is used to display
the stored values from the last to the first.

Program 8.1: To input the scores of 5 students and display them in
reverse order

#include <iostream>
using namespace std;
int main()
{
int i, score[5];
for(i=0; i<5; i++)  //  Reads  the  scores
{

cout<<"Enter a score: ";
cin>>score[i];

}
for(i=4; i>=0; i--)  //  Prints  the  scores

cout<<"score[" << i << "] is " << score[i]<<endl;
return 0;

}

The following is a sample output of program 8.1:

Enter a score: 55

Enter a score: 80

Enter a score: 78

Enter a score: 75

Enter a score: 92

score[4] is 92

score[3] is 75

score[2] is 78

score[1] is 80

score[0] is 55
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8.2 Array operations
The operations performed on arrays include traversal, searching, insertion, deletion,
sorting and merging. Different logics are applied to perform these operations. Let
us discuss some of them.

8.2.1  Traversal

Basically traversal means accessing each element of  the array at least once. We can
use this operation to check the correctness of operations during operations like
insertion, deletion etc. Displaying all the elements of an array is an example of
traversal. If  any operation is performed on all the elements in an array, it is a case of
traversal. The following program shows how traversal is performed in an array.

 Program 8.2: Traversal of an array

#include <iostream>
using namespace std;
int main()
{
int a[10], i;
cout<<"Enter the elements of the array :";
for(i=0; i<10; i++)
     cin >> a[i];    

1. Write array declarations for the following:
(a) Scores of 100 students
(b) English letters
(c) A list of 10 years
(d) A list of 30 real numbers

2.  Write array initialization statements for the following:
(a) An array of 10 scores: 89, 75, 82, 93, 78, 95, 81, 88, 77, and 82
(b) A list of five amounts: 10.62, 13.98, 18.45, 12.68, and 14.76
(c) A list of 100 interest rates, with the first six rates being 6.29,

6.95, 7.25, 7.35, 7.40 and 7.42.
(d) An array of 10 marks with value 0.
(e) An array with the letters of VIBGYOR.
(f) An array with number of days in each month.

3. Write C++ code segment to input values into the array: int ar[50];
4. Write C++ code fragment to display the elements in the even positions

of the array:  float val[100];

Let us do

Reading array elements
from the user
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2 23 10 32 30

2 23 10 32 30
In Pass 2 excluding the first element,
the smallest element 10 is selected and
exchanged with the second element.

Pass 2

After Pass 1

for(i=0; i<10; i++)
     a[i] = a[i] + 1;
cout<<"\nEntered elements of the array are...\n";
for(i=0; i<10; i++)
    cout<< a[i]<< "\t";
return 0;
}  

8.2.2  Sorting

Sorting is the process of  arranging the elements of  the array in some logical order.
This logical order may be ascending or descending in case of numeric values or
dictionary order in case of strings. There are many algorithms to do this task
efficiently. But at this stage, we will discuss two of  the algorithms, known as “selection
sort” and “bubble sort”.
a.  Selection sort
One of  the simplest sorting techniques is the selection sort. To sort an array in
ascending order, the selection sort algorithm starts by finding the minimum value
in the array and moving it to the first position. At the same time, the element at the
first position is shifted to the position of the smallest element. This step is then
repeated for the second lowest value by moving it to the second position, and so
on until the array is sorted. The process of finding the smallest element and
exchanging it with the element at the respective position is known as a pass. For ‘n’
number of  elements there will be ‘n – 1’ passes. For example, take a look at the list
of  numbers given below.

32 23 10 2 30

32 23 10 2 30
In Pass 1, the smallest element 2 is
selected from the list. It is then
exchanged with the first element.

Pass 1

Initial list

A case of traversal

Another case of
traversal
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2 10 23 32 30

2 10 23 32 30
In Pass 3 ignoring the first and second
elements, the smallest element 23 is
selected and exchanged with the third
element.

Pass 3

After Pass 2

2 10 23 32 30

In Pass 4 ignoring the 1st, 2nd and 3rd
elements, the smallest element 30 is
selected and exchanged with the fourth
element.

Pass 4

After Pass 3

2 10 23 32 30

2 10 23 30 32After Pass 4

Though each pass is intended for an exchange, no exchange is made in a pass if the
smallest value was already in the correct location.This situation is happened in the
Pass 3.

Algorithm for selection sort

Step 1. Start

Step 2. Accept a value in N as the number of elements of the array

Step 3. Accept N elements into the array AR

Step 4. Repeat Steps 5 to 9,  (N – 1) times

Step 5. Assume the first element in the list as the smallest and store it in MIN
and its position in POS

Step 6. Repeat Step 7 until the last element of the list

Step 7. Compare the next element in  the list with the value of MIN. If it is found
smaller, store it in MIN and its position in POS

Step 8. If the first element in the list and the value in MIN are not the same, then
swap the first element with the element at position POS

Step 9. Revise the list by excluding the first element in the current list
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Step 10. Print the sorted array AR

Step 11. Stop

Program 8.3 uses AR as an integer array which can store maximum of  25 numbers,
N as the number of elements to be sorted, MIN as the minimum value and POS as
the position or index of the minimum value.

Program 8.3:  Selection sort for arranging elements in ascending order

#include <iostream>
using namespace std;
int main()
{ int AR[25], N, I, J, MIN, POS;

cout<<"How many elements? ";
cin>>N;
cout<<"Enter the array elements: ";
for(I=0; I<N; I++)
cin>>AR[I];
for(I=0; I < N-1; i++)
{

MIN=AR[I];
POS=I;
for(J = I+1; J < N; J++)

if(AR[J]<MIN)
{

MIN=AR[J];
POS=J;

}
if(POS != I)
{

AR[POS]=AR[I];
AR[I]=MIN;

}
}
cout<<"Sorted array is: ";
for(I=0; I<N; I++)

cout<<AR[I]<<"\t";
return 0;

}

A sample output of Program 8.3 is given below:
How many elements? 5
Enter the array elements: 12 3 6 1 8
Sorted array is: 1    3    6 8 12
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b.  Bubble sort
Bubble sort is a sorting algorithm that works by repeatedly stepping through lists
that need to be sorted, comparing each pair of adjacent items and swapping them
if  they are in the wrong order. This passing procedure is repeated until no swaps
are required, indicating that the list is sorted. Bubble sort gets its name because
larger element bubbles towards the top of the list. To see a specific example,
examine the list of numbers.

23 12 7 11 4

23 12 7 11 4
The first comparison results in
exchanging the first two elements, 23
and 12.

Pass 1

Initial list

12 23 7 11 4
The second comparison results in
exchanging the second and third
elements 23 and 7 in the revised
list.

12 7 23 11 4
The third comparison results in
exchanging the third and fourth
elements 23 and 11 in the revised
list.

12 7 11 23 4
The fourth comparison results in
exchanging the fourth and fifth
elements 23 and 4 in the revised
list.

12 7 11 4 23
After the end of  the first pass, the
largest element 23 is bubbled to the
last position of the list.
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7 11 4 12 23
In the third pass, we consider only
the three elements of the list,
excluding 23 and12.  The same
process is continued as in the
above pass and as a result of it '11'
is bubbled to the 3rd   position.

7 11 4 12 23

7 4 11 12 23

Pass 3

7 4 11 12 23

In the last pass we consider only
the two elements of the list,
excluding 23, 12 and 11.  The same
process is continued as in the
above pass and as a result of it 7 is
bubbled to 2nd position and
eventually 4 is placed in the first
position.

4 7 11 12 23

Pass 4

12 7 11 4 23
In the second pass, we consider
only the four elements of the list,
excluding 23. The same process is
continued as in Pass 1 and as a
result of it 12 is bubbled to fourth
position, which is the second
largest element in the list.7 12 11 4 23

7 11 12 4 23

7 11 4 12 23

Pass 2
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Now we get the sorted list of  elements. In bubble sort, to sort a list of  ‘N’ elements
we require (N-1) passes. In each pass the size of  the revised list will be reduced by
one.
Algorithm for bubble sort

Step 1. Start
Step 2. Accept a value in N as the number of elements of the array
Step 3. Accept N elements into the array AR
Step 4. Repeat Steps 5 to 7,  (N - 1) times
Step 5. Repeat Step 6 until the second last element of the list
Step 6. Starting from the first position, compare two adjacent elements in the

list. If they are not in proper order, swap the elements.
Step 7. Revise the list by excluding the last element in the current list.
Step 8. Print the sorted array AR
Step 9. Stop

Program 8.4 uses AR as an integer array to store maximum of  25 numbers, N as
the number of elements to be sorted.
Program 8.4: Bubble sort for arranging elements in ascending order

#include <iostream>
using namespace atd;
int main()
{ int AR[25],N;

int I, J, TEMP;
cout<<"How many elements? ";
cin>>N;
cout<<"Enter the array elements: ";
for(I=0; I<N; I++)

cin>>AR[I];
for(I=1; I<N; I++)

for(J=0; J<N–I; J++)
if(AR[J] > AR[J+1])
{

TEMP = AR[J];
AR[J] = AR[J+1];
AR[J+1] = TEMP;

}
cout<<"Sorted array is: ";
for(I=0; I<N; I++)

cout<<AR[I]<<"\t";

}
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The following is a sample output of Program 8.4.
How many elements? 5
Enter the array elements: 23  10  -3  7   11

Sorted array is: -3    7    10    11    23

8.2.3  Searching

Searching is the process of  finding the location of  the given element in the array.
The search is said to be successful if the given element is found, that is the element
exists in the array; otherwise unsuccessful. There are basically two approaches to
search operation:  linear search and binary Search.
The algorithm that one chooses generally depends on organization of the array
elements. If  the elements are in random order, the linear search technique is used,
and if the array elements are sorted, it is preferable to use the binary search technique.
These two search techniques are described below:
a.  Linear search
Linear search or sequential search is a method for finding a particular value in a list.
Linear search consists of checking each element in the list, one at a time in sequence
starting from the first element, until the desired one is found or the end of the list is
reached.
Assume that the element ‘45’ is to be searched from a sequence of elements 50, 18,
48, 35, 45, 26, 12. Linear search starts from the first element 50, comparing each
element until it reaches the 5th position where it finds 45 as shown in Figure 8.3.

Index List Comparison

0 50 50 == 45 : False

1 18 18 == 45 : False

2 48 48 == 45 : False

3 35 35 ==45 : False

4 45 45 ==45 : True

5 26

6 12

Algorithm for Linear Search

Step 1. Start
Step 2. Accept a value in N as the number of elements of the array
Step 3. Accept N elements into the array AR

Fig. 8.3: Linear search
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Step 4. Accept the value to be searched in the variable ITEM
Step 5. Set LOC = -1
Step 6. Starting from the first position, repeat Step 7 until the last element
Step 7. Check whether the value in ITEM is found in the current position. If

found then store the position in LOC and Go to Step 8, else move to the
next position.

Step 8.  If the value of LOC is less than 0 then display "Not Found", else display
the value of LOC + 1 as the position of the search value.

Step 9. Stop

Program 8.5 uses AR as an integer array to store maximum of  25 numbers, N as
the number of  elements in the array, ITEM as the element to be searched and LOC
as the position or index of the search element.
Program 8.5: Linear search to find an item in the array

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

int AR[25], N;
int I, ITEM, LOC=-1;
cout<<"How many elements? ";
cin>>N;
cout<<"Enter the array elements: ";
for(I=0; I<n; I++)

      cin>>AR[I];
   cout<<"Enter the item you are searching for: ";

cin>>ITEM;
for(I=0; I<N; I++)

if(AR[I] == ITEM)
{

LOC=I;
break;

}
if(LOC!=-1)

cout<<"The item is found at position "<<LOC+1;
else

cout<<"The item is not found in the array";
return 0;

}
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A sample output of program 8.5 is given below:
How many Elements?  7
Enter the array elements: 12 18 26 35 45 48 50
Enter the item you are searching for: 35

The item is found at position 4

The following output shows the other side:
How many Elements? 7
Enter the array elements: 12 18 26 35 45 48 50
Enter the item you are searching for: 25

The item is not found in the array

As noted previously, an advantage of  the linear search method is that the list need
not be in sorted order to perform the search operation. If  the search item is towards
the front of the list, only a few comparisons are enough. The worst case occurs
when the search item is at the end of  the list. For example, for a list of  10,000
elements, maximum number of  comparisons needed is 10,000.

b.  Binary search
The linear search algorithm which we have seen is the most simple and convenient
for small arrays. But when the array is large and requires many repeated searches, it
makes good sense to have a more efficient algorithm. If the array contains a sorted
list then we can use a more efficient search algorithm called Binary Search which can
reduce the search time.

For example, suppose you want to find the meaning of  the term ‘modem’ in a
dictionary. Obviously, we don’t search page by page. We open the dictionary in the
middle (roughly) to determine which half  contains the term being sought. Then for
subsequent search one half is discarded and we search in the other half. This process
is continued till we locate the required term or it results in unsuccessful search. The
second case concludes that the term is not found in the dictionary. This search
method is possible in a dictionary because the words are in sorted order.

Binary search is an algorithm which uses minimum number of searches for locating
the position of an element in a sorted list, by checking the middle, eliminating half
of  the list from consideration, and then performing the search on the remaining
half. If the middle element is equal to the searched value, then the position has been
found; otherwise the upper half or lower half is chosen for search, based on whether
the element is greater than or less than the middle element.
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Algorithm for binary search

Step 1. Start

Step 2. Accept a value in MAX as the number of elements of the array

Step 3. Accept MAX elements into the array LIST

Step 4. Accept the value to be searched in the variable ITEM

Step 5. Store the position of the first element of the list in FIRST and that of the
last in LAST

Step 6. Repeat Steps 7 to 11 While (FIRST <= LAST)

Step 7. Find the middle position using the formula (FIRST + LAST)/2 and store it
in MIDDLE

Step 8. Compare the search value in ITEM with the element at the MIDDLE of
the list

Step 9. If the MIDDLE element contains the search value in ITEM then stop
search, display the position and go to Step 12.

Step 10. If the search value is smaller than the MIDDLE element

Then set LAST = MIDDLE - 1

Step 11. If the search value is larger than the MIDDLE element

Then set FIRST = MIDDLE + 1

Step 12. Stop

In Program 8.6, LIST is used as an integer array to store maximum of  25 numbers,
MAX as the number of  elements in the array, ITEM as the element to be searched
and LOC as the position number or index of  the search element. FIRST, LAST
and MIDDLE are used to the refer the first, last and middle positions respectively
of the list under consideration.

Program 8.6: Binary search to find an item in the sorted array

#include <iostream>
using namespace std;
int main()
{ int LIST[25],MAX;

int FIRST, LAST, MIDDLE, I, ITEM, LOC=-1;
cout<<"How many elements? ";
cin>>MAX;
cout<<"Enter array elements in ascending order: ";
for(I=0; I<MAX; I++)

cin>>LIST[I];
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cout<<"Enter the item to be searched: ";
cin>>ITEM;
FIRST=0;
LAST=MAX-1;
while(FIRST<=LAST)
{

MIDDLE=(FIRST+LAST)/2;
if(ITEM == LIST[MIDDLE])
{

LOC = MIDDLE;
break;

}
if(ITEM < LIST[MIDDLE])

LAST = MIDDLE-1;
else

FIRST = MIDDLE+1;
}
if(LOC != -1)

cout<<"The item is found at position "<<LOC+1;
else

cout<<"The item is not found in the array";
return 0;

 }

The following is a sample output of Program 8.6
How many elements? 7
Enter array elements in ascending order: 21 28 33 35 45 58 61
Enter the item to be searched: 35

The item is found at position 4

Let us consider the following sorted array with 7 elements to illustrate the working
of the binary search technique. Assume that the element to be searched is 45.

0 1 2 3 4 5 6

21 28 33 35 45 58 61
FIRST = 0

LAST = 6

0 1 2 3 4 5 6

21 28 33 35 45 58 61

MIDDLE =  (FIRST+LAST)/2 = (0+6)/2 = 3
Here LIST[3] is not equal to 45 and
LIST[3] is less than search element
therefore, we take
FIRST = MIDDLE + 1 = 3 + 1 = 4, LAST = 6

As FIRST<=LAST, let’s start iteration
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0 1 2 3 4 5 6

21 28 33 35 45 58 61

MIDDLE =  (FIRST+LAST)/2 = (4+6)/2= 5
Here LIST[5] is not equal to 45 and
LIST[5] is greater than the search
element therefore, we take
FIRST = 4, LAST =  MIDDLE - 1=5 -1 = 4,

As FIRST<=LAST, we start next iteration.

0 1 2 3 4 5 6

21 28 33 35 45 58 61
MIDDLE = (FIRST+LAST)/2 = (4+4)/2 = 4
Here LIST[4] is equal to 45 and the
search terminates successfully.

As FIRST<=LAST, we start next iteration

In Binary search, an array of 100,00,00,000 (hundred crores) elements requires a
maximum of only 30 comparisons to search an element.  If the number of elements
in the array is doubled, only one more comparison is needed.
Table 8.1 shows how linear search method differs from binary search:

Linear search method Binary search method

〈 The elements need not be in any order 〈 The elements should be in sorted order

〈 Takes more time for the process 〈 Takes very less time for the process

〈 May need to visit all the elements 〈 All the elements are never visited

〈 Suitable when the array is small 〈 Suitable when the array is large

8. 3  Two dimensional (2D) arrays
Suppose we have to store marks of  50 students in six different subjects. Here we
can use six single dimensional arrays with 50 elements each. But managing these
data with this arrangement is not an easy task.  In this situation we can use an array
of  arrays or two dimensional arrays.
A two dimensional array is an array in which each element itself  is an array. For
instance, an array AR[m][n] is a 2D array, which contains m single dimensional
arrays, each of  which has n elements. Otherwise we can say that AR[m][n] is a table
containing m rows and n columns.

8.3.1  Declaring 2D arrays

The general form of  a two dimensional array declaration in C+ + is as follows :

data_type array_name[rows][columns];

where data_type is any valid data type of C++ and elements of this 2D array will
be of this type. The rows refers to the number of rows in the array and columns

Table 8.1: Comparison of  linear and binary search methods
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refers to the number of  columns in the array. The indices (subscripts) of  rows and
columns, start at 0 and ends at (rows–1) and (columns–1) respectively. The
following declaration declares an array named marks of size 5 × 4 (5 rows and 4
columns) of  type integer.

int marks[5][4];

The elements of this array are referred to as marks[0][0], marks[0][1],
marks[0][2], marks[0][3], marks[1][0], marks[1][1], ...,  marks[4][3]
as shown in Figure 8.4.

Columns
0 1 2 3

0

1

2

3

4

R
ow

s

marks [1][2]

marks [4] [1]

Fig. 8.4:Structuire of a 2D array

The amount of storage required to hold a two dimensional array depends upon its
base type, number of  rows and number of  columns. The formula to calculate total
number of bytes required for a 2D array is as follows:

total_bytes = sizeof(base type) × number of rows × number of columns

For instance, the above declared array marks[5][4] requires 4×5×4=80 bytes.

8.3.2  Matrices as 2D arrays

Matrix is a useful concept in mathematics. We know that a matrix is a set of  m × n
numbers arranged in the form of  a table with m rows and n columns. Matrices can
be represented through 2D arrays. The following program illustrates some
operations on matrices. To process a 2D array, you need to use nested loops. One
loop processes the rows and other the columns. Normally outer loop is for rows
and inner loop is for columns. Program 8.7 creates a matrix mat with m rows and n
columns.
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Program 8.7: To create a matrix with m rows and n columns

#include <iostream>
using namespace std;
void main()
{ int m, n, row, col, mat[10][10];

cout<< "Enter the order of matrix: ";
cin>> m >> n;
cout<<"Enter the elements of matrix\n";
for (row=0; row<m; row++)

for (col=0; col<n; col++)
cin>>mat[row][col];

cout<<"The given matrix is:";
for (row=0; row<m; row++)
{

cout<<endl;
for (col=0; col<n; col++)

cout<<mat[row][col]<<"\t";
}
return 0;

}

A sample output of Program 8.7 is given below:
Enter the order of matrix: 3  4
Enter the elements of matrix
1  2  3  4  2  3  4   5   3  4  5  6
The given matrix is:
1   2   3   4
2   3   4   5

3   4   5   6

Let us see a program that accepts the order and elements of two matrices and
displays their sum. Two matrices can be added only if  their order is the same. The
elements of the sum matrix are obtained by adding the corresponding elements of
the operand matrices. If  A and B are two operand matrices, each element in the
sum matrix C will be of  the form C[i][j] = A[i][j] + B[i][j], where i indicates the row
position and j the column position.

Note that the elements of the matrix
are entered sequentially but the
output is given with the specified
matrix format.

Display the elements
in matrix format

Creation of the
matrix
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Program 8.8: To find the sum of two matrices if conformable

#include <iostream>
#include <cstdlib>
using namespace std;
int main()
{ int m1, n1, m2, n2, row, col;

int A[10][10], B[10][10], C[10][10];
cout<<"Enter the order of first matrix: ";
cin>>m1>>n1;
cout<<"Enter the order of second matrix: ";
cin>>m2>>n2;
if(m1!=m2 || n1!=n2)
{

cout<<"Addition is not possible";
exit(0);

}
cout<<"Enter the elements of first matrix\n";
for (row=0; row<m1; row++)

for (col=0; col<n1; col++)
cin>>A[row][col];

cout<<"Enter the elements of second matrix\n";
for (row=0; row<m2; row++)

for (col=0; col<n2; col++)
cin>>B[row][col];

for (row=0; row<m1; row++)
for (col=0; col<n1; col++)

C[row][col] = A[row][col] + B[row][col];
cout<<"Sum of the matrices:\n";
for(row=0; row<m1; row++)
{

cout<<endl;
for (col=0; col<n1; col++)

cout<<C[row][col]<<"\t";
}

}

A sample output of Program 8.8 is given below:
Enter the order of first matrix: 3   4
Enter the order of second matrix: 3   4
Enter the elements of first matrix
2 5 -3 7
5 12 4 9
-3 0 6 -5

To use exit()
function

Creation of  first
matrix

Creation of
second matrix

Here the elements are
entered in matrix form.
But it is not essential

Program terminates

Matrix addition process.
Instead of m1 and n1, we

can use m2 and n2.
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Enter the elements of second matrix
1 4 3 5
4 -5 7 13
3 -4 7 9
Sum of the matrices:
3 9 0 12
9 7 11 22

0 -4 13 4

The subtraction operation on matrices can be performed in the same fashion as in
Program 8.8 except that the formula is  C[i][j] = A[i][j] – B[i][j].
Now, let us write a program to find the sum of  the diagonal elements of  a square
matrix. A matrix is said to be a square matrix, if the number of rows and columns
are the same. Though there are two diagonals for a square, here we mean the elements
mat[0][0], mat[1][1], mat[2][2], ..., mat[n–1][n–1], where mat
is the 2D array. These diagonal elements are called leading or major diagonal
elements. Program 8.9 can be used to find the sum of  the major diagonal elements.

Program 8.9:  To find the sum of major diagonal elements of a matrix

#include <iostream>
using namespace std;
int main()
{ int mat[10][10], n, i, j, s=0;

cout<<"Enter the rows/columns of square matrix: ";
cin>>n;
cout<<"Enter the elements\n";
for(i=0; i<n; i++)

for(j=0; j<n; j++)
cin>>mat[i][j];

cout<<"Major diagonal elements are\n";
for(i=0; i<n; i++)
{

cout<<mat[i][i]<<"\t";
s = s + mat[i][i];

}
cout<<"\nSum of major diagonal elements is: ";
cout<<s;
return 0;

}

Accesses only the
diagonal elements to

find the sum
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When Program 8.9 is executed the following output is obtained:
Enter the rows/columns of square matrix: 3
Enter the elements
3 5 -2
7 4 0
2 8 -1
Major diagonal elements are
3 4 -1

Sum of major diagonal elements is: 6

Each matrix has a transpose. It is obtained by converting row elements into column
elements or vice versa. Program 8.10 shows this process.

Program 8.10: To find the transpose of a matrix

#include <iostream>
using namespace std;
int main()
{ int ar[10][10], m, n, row, col;

cout<<"Enter the order of matrix: ";
cin>>m>>n;
cout<<"Enter the elements\n";
for(row=0; row<m; row++)

for(col=0; col<n; col++)
cin>>ar[row][col];

cout<<"Original matrix is\n";
for(row=0; row<m; row++)
{

cout<<"\n";
for(col=0; col<n; col++)

cout<<ar[row][col]<<"\t";
}
cout<<"\nTranspose of the entered matrix is\n";
for(row=0; row<n; row++)
{

cout<<"\n";
for(col=0; col<m; col++)

cout<<ar[col][row]<<"\t";
}
return 0;

}

Note that the
positions of row size
and column size are

changed in loops

Subscripts also changed
their positions
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A sample output of Program 8.10 is given below:
Enter the order of matrix: 4 3
Enter the elements
3 5 -1
2 12 0
6 8 4
7 -5 6
Original matrix is
3 5 -1
2 12 0
6 8 4
7 -5 6
Transpose of the entered matrix is
3 2 6 7
5 12 8 -5

-1 0 4 6

When data is arranged in tabular form, in some situations, we may need sum of
elements of each row as well as each column. Program 8.11 helps the computer to
perform this task.
Program 8.11: To find the row sum and column sum of a matrix

#include <iostream>
using namespace std;
int main()
{
int ar[10][10], rsum[10]={0}, csum[10]={0};
int m, n, row, col;
cout<<"Enter the number of rows & columns in the array: ";
cin>>m>>n;
cout<<"Enter the elements\n";
for(row=0; row<m; row++)

for(col=0; col<n; col++)
cin>>ar[row][col];

for(row=0; row<m; row++)
for(col=0; col<n; col++)
{

rsum[row] += ar[row][col];
csum[col] += ar[row][col];

}
cout<<"Row sum of the 2D array is\n";

Row elements
and column elements are

added separately and each
sum is stored in respective

locations of the arrays
concerned

These elements can
be entered in a

single line
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for(row=0; row<m; row++)
cout<<rsum[row]<<"\t";

cout<<"\nColumn sum of the 2D array is\n";
for(col=0; col<n; col++)

cout<<csum[col]<<"\t";
return 0;
}
A sample output of Program 8.11 is given below:

Enter the number of rows & columns in the array: 3   4
Enter the elements
3 12 5 0
4 -6 2 1
5 7 -6 2
Row sum of the 2D array is
20 1 8
Column sum of 2D array is

12 13 1 3

8.4 Multi-dimensional arrays
Each element of  a 2D array may be another array. Such an array is called 3D (Three
Dimensional) array. Its declaration is as follows:

data_type array_name[size_1][size_2][size_3];

The elements of  a 3D array are accessed using three subscripts. If  ar[10][5][3] is
declared as a 3D array in C++, the first element is referenced by ar[0][0][0] and the
last element by ar[9][4][2]. This array can contain 150 (10 × 5 × 3) elements. Similarly
more sizes can be specified while declaring arrays so that multi-dimensional arrays
are formed.

Array is a collection of elements placed in contiguous memory locations
identified by a common name. Each element in an array is referenced by
specifying its subscript with the array name. Array elements are accessed easily
with the help of  for loop. Operations like traversing, sorting and searching
are performed on arrays. Bubble sort and selection sort methods are used to
sort the elements. Linear search and binary search techniques are applied to
search an element in an array. Two dimensional arrays are used to solve matrix
related problems. We need two subscripts to refer to an element of  2D array.
Besides 2D arrays, it is possible to create multidimensional arrays in C++.

Let us sum up
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After the completion of this chapter learner will be able to
� identify scenarios where an array can be used.
� declare and initialize single dimensional and 2D arrays.
� develop logic to perform various operations on arrays like sorting and

searching.
� solve matrix related problems with the help of  2D arrays.

1. Write a C++ program to input the amount of  sales for 12 months into an
array named SalesAmt. After all the input, find the total and average amount
of  sales.

2. Write a C++ program to create an array of N numbers, find the average
and display those numbers greater than the average.

3. Write a C++ program that specifies three one-dimensional arrays named price,
quantity and amount. Each array should be capable of  holding 10 elements.
Use a for loop to input values to the arrays price and quantity. The entries in
the array amount should be the product of the corresponding values in the
arrays price and quantity (i.e. amount[i] = price[i] ×quantity[i]). After all the
data has been entered, display the following output, with the corresponding
value under each column heading as follows:

Price Quantity Amount
——— ——— ———
——— ——— ———

4. Write a C++ program to input 10 integer numbers into an array and determine
the maximum and minimum values among them.

5. Write a C++ program which reads a square matrix of  order n and prints the
upper triangular elements. For example, if  the matrix is

2 3 1
7 1 5
2 5 1

The output should be ���  �      2 3 1
1 5

1

Lab activity

Learning outcomes
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Sample questions

Very short answer type
1. All the elements in an array must be _______ data type.
2. The elements of an array with ten elements are numbered from ____ to ____.
3. An array element is accessed using _____.
4. If  AR is an array, which element will be referenced using AR[7]?
5. Consider the array declaration int a[3]={2,3,4}; What is the value of

a[1]?
6. Consider the array declaration int a[ ]={1,2,4}; What is the value of

a[1]?
7. Consider the array declaration int a[5]={1,2,4}; What is the value of

a[4]?
8. Write array initialization statements for an array of  6 scores: 89, 75, 82, 93, 78,

95.
9. Printing all the elements of an array is an example for _____ operation.
10. How many bytes are required to store the array int a[2][3];?
11. In an array of  m elements, Binary search required maximum of  n search for

finding an element. How many search required if the number of elements is
doubled?

6. Write a program which reads a square matrix of  order n and prints the lower
triangular elements. For instance, if  the matrix is

2 3 1 �
7 1 5
2  5 7  �

The output will be 2
7 1
2 5  7

7. Write a C++program to find the sum of  leading diagonal elements of  a matrix.
8. Write a C++ program to find the sum of  off  diagonal elements of  a matrix.
9. Write a program to print the Pascal’s triangle as shown below:

1
1 2 1
1 3 3 1
1 4 6 4 1
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12. Write the statement to initialize an array of  10 marks with value 0.
13. State True or false: The compiler will complain if  you try to access array element

16 in a ten-element array.
Short answer type

1. Define an Array.
2. What does the declaration  int studlist[1000]; mean?
3. How is memory allocated for a single dimensional array?
4. Write C++ statements to accept an array of  10 elements and display the count

of even and odd numbers in it.
5. Write the initialization statement for an array num with values 2, 3, 4, 5.
6. What is meant by traversal?
7. Define sorting.
8. What is searching?
9. What is bubble sort?
10. What is binary search?
11. Define a 2D array.
12. How is memory allocated for a 2D array?
Long answer type

1. An array AR contains the elements 25, 81, 36, 15, 45, 58, 70.  Illustrate the
working of binary search technique for searching an element 45.

2. Write C++ statements to accept two single dimensional array of  equal length
and find the difference between corresponding elements.

3. Illustrate the working of bubble sort method for sorting the elements 32, 25,
44, 16, 37, 12.

4. If  24, 45, 98, 56, 76, 24, 15 are the elements of  an array, illustrate the working
of  selection sort for sorting.

5. Write a program to find the difference between two matrices.
6. Write a program to find the sum and average of  elements in a 2D array.
7. Write a program to find the largest element in a 2D array.
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� String handling using arrays
� Memory allocation for

strings
� Input/output operations on

strings
� Console functions for

Character I/O
o getchar()
o putchar()

� Stream functions for I/O
operations
o Input functions - get(),

getline()
o Output functions - put(),

write()

Key Concepts

We have learnt that array is the effective
mechanism to handle large number of
homogeneous type of data. Most of the
programs that we discussed are used to process
numeric type data. We know that there are
string type data also. In this chapter we will see
how string data are stored and processed. Also
we will discuss some built-in functions to
perform input/output operations on string
and character data.

9.1  String handling using arrays
We know that string is a kind of  literal in C++
language. It appears in programs as a sequence
of  characters within a pair of  double quotes.
Imagine that you are asked to write a program
to store your name and display it. You have
learned that variables are required to store data.
Let us take the identifier my_name as the
variable. Remember that in C++, a variable is
to be declared before it is used. A declaration
statement is required for this and it begins with
a data type. Which data type should be used to
declare a variable to hold string data? There is
no basic data type to represent string data. You
may think of char data type. But note that the
variable declared using char can hold only one
character. Here we have to input string which
is a sequence of  characters.

9
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Let us consider a name “Niketh”. It is a string consisting of  six characters. So it
cannot be stored in a variable of char type. But we know that an array of char
type can hold more than one character. So, we declare an array as follows:

char my_name[10];

It is sure that ten contiguous locations, each with one byte size, will be allocated for
the array named my_name. If we follow the usual array initialization method, we
can store the characters in the string “Niketh” as follows:

char my_name[10]={'N', 'i', 'k', 'e', 't', 'h'};

Figure 9.1 shows the memory allocation for the above declared character array.
Note that we store the letters in the string, separated by commas.  If  we want to
input the same data, the following C++ statement can be used:

for (int i=0; i<6; i++)

    cin >> my_name[i];

During the execution of this statement, we have to input six letters of “Niketh”
one after the other separated by Space bar, Tab or Enter key. The memory allocation
in both of these cases may be shown as follows:

So, let us conclude that a character array can be used to store a string, since it is a
sequence of  characters. However, it is true that we do not get the feel of  inputting
a string. Instead, we input the characters constituting the string one by one.
In C++, character arrays have some privileges over other arrays. Once we declare a
character array, the array name can be considered as an ordinary variable that can
hold string data. Let’s say that a character array name is equivalent to a string variable.
Thus your name can be stored in the variable my_name (the array name) using the
following statement:

cin >> my_name;

It is important to note that this kind of usage is wrong in the case of arrays of other
data types. Now let us complete the program. It will be like the one given in Program
9.1.

Fig. 9.1 : Memory allocation for the character array

my_name

N i k e t h

0 1 2 3 4 5 6 7 8 9

Subscripts

Elements

Array Name
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Program 9.1: To input a string and display

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

char my_name[10];
cout << "Enter your name: ";
cin >> my_name;
cout << "Hello " << my_name;

}

On executing this program you will get the output as shown below.
Enter your name: Niketh
Hello Niketh

Note that the string constant is not "Hello", but "Hello " (a white space is
given after the letter o).

Note that a null character '\0' is stored at the end of  the string. This character is
used as the string terminator and added at the end automatically. Thus we can say
that memory required to store a string will be equal to the number of characters in
the string plus one byte for null character. In the above case, the memory used to
store the string Niketh is seven bytes, but the number of  characters in the string is
only six.

Run Program 9.1 and input your full name by expanding the initials
if any, and check whether the output is correct or not. If your name
contains more than 10 characters, increase the size of the array as
needed.Let us do

9.2  Memory allocation for strings
We have seen how memory is allocated for an array of  characters. As Figure 9.1
shows, the memory required depends upon the number of  characters stored. But if
we input a string in a character array, the scene will be different. If  we run Program
9.1 and input the string Niketh, the memory allocation will be as shown in Figure
9.2.

Null character '\0' is stored
at the end of the string

Fig. 9.2 : Memory allocation for the character array

my_name

N i k e t h \0

0 1 2 3 4 5 6 7 8 9

Array Name
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As in the case of variable initialization, we can initialize a character array with a
string as follows:

char my_name[10] = "Niketh";
char str[] = "Hello World";

In the first statement 10 memory locations will be allocated and the string will be
stored with null character as the delimiter. The last three bytes will be left unused.
But for the second statement, size of the array is not specified and hence only 12
bytes will be allocated (11 bytes for the string and 1 for '\0').

9.3  Input/Output operations on strings
Program 9.1 contains input and output statements for string data. Let us modify
the declaration statement by changing the size of  the array to 20. If  we run the
program by entering the name Maya Mohan, the output will be as follows:

Enter your name: Maya Mohan
Hello Maya

Note that though there is enough size for the array, we get only the word "Maya"
as the output. Why does this happen?
Let us have a close look at the input statement: cin>>my_name;. We have
experienced that only one data item can be input using this statement. A white
space is treated as a separator of  data. Thus, the input Maya Mohan is treated as
two data items, Maya and Mohan separated by white space. Since there is only one
input operator (>>) followed by a variable, the first data (i.e., Maya) is stored. The
white space after "Maya" is treated as the delimiter.
So, the problem is that we are unable to input strings containing white spaces. C++
language gives a solution to this problem by a function, named gets(). The function
gets() is a console input function used to accept a string of characters including
white spaces from the standard input device (keyboard) and store it in a character
array.
The string variable (character array name) should be provided to this function as
shown below:

gets(character_array_name);

When we use this function, we have to include the library file stdio.h in the
program. Let us modify Program 9.1, by including the statement
#include<cstdio>, and replacing the statement cin>>my_name; by
gets(my_name);. After executing the modified program, the output will be as follows:

Enter your name: Maya Mohan

Hello Maya Mohan
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Header file for
using gets( )

function

Condition will be true as
long as the null character is

not retrieved

Each character in the array will
be compared with the constants

for matching

The output shows the entire string that we input. See the difference between gets()
and cin.
Though we are not using the concept of subscripted variable for the input and
output of  strings, any element in the array can be accessed by specifying its subscript
along with the array name. We can access the first character of  the string by
my_name[0], fifth character by my_name[4] and so on. We can even access the
null character ('\0') by its subscript. The following program illustrates this idea.

Program 9.2: To input a string and count the vowels in a string

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

  char str[20];
  int vow=0;
  cout<<"Enter a string: ";
  gets(str);
  for(int i=0; str[i]!='\0'; i++)

switch(str[i])
     {

case 'a':
case 'e':
case 'i':
case 'o':
case 'u': vow++;

}
  cout<<"No. of vowels in the string "<<str<<" is "<<vow;
  return 0;

}

If  we run Program 9.2 by inputting the string “hello guys”, the following output
can be seen:

Enter a string: hello guys
No. of vowels in the string hello guys is 3

Now, let us analyse the program and see how it works to give this output.
� In the beginning, the gets() function is used and so we can input the string

"hello guys".
� The body of  the for loop will be executed as long as the element in the array,

referenced by the subscript i, is not the null character ('\0'). That is, the
body of the loop will be executed till the null character is referenced.
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� The body of the loop contains only a switch statement. Note that, no statements
are given against the first four cases of the switch. In the last case, the variable
vow is incremented by 1. You may think that this is required for all the cases.
Yes, you are right. But you should use the break statement for each case to
exit the switch after a match. In this program the action for all the cases are
the same and that is why we use this style of code.

� While the for loop iterates, the characters will be retrieved one by one for
matching against the constants attached to the cases. Whenever a match is found,
the variable vow is incremented by 1.

� As per the input string, matches occur when the value of i becomes 1, 4 and 7.
Thus, the variable vow is incremented by 1 three times and we get the correct
output.

We have seen how gets() function facilitates input of  strings. Just like the other
side of a coin, C++ gives a console function named puts() to output string data.
The function puts() is a console output function used to display a string data on
the standard output device (monitor). Its syntax is:

puts(string_data);

The string constant or variable (character array name) to be displayed should be
provided to this function. Observe the following C++ code fragment:

char str[10] = "friends";
puts("hello");
puts(str);

The output of the above code will be as follows:
hello
friends

Note that the string "friends" in the character array str[10] is displayed in a
new line. Try this code using cout<<“hello”; and cout<<str; instead of  the
puts() functions and see the difference. The output will be in the same line without
a space in between them in the case of cout statement.

Predict the output, if the input is “HELLO GUYS” in Program 9.2.
Execute the program with this input and check whether you get
correct output. Find out the reason for difference in output. Modify
the program to get the correct output for any given string.Let us do
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9.4  Console functions for character I/O
We have discussed functions for input/output operations on strings. C++ also
provides some functions for performing input/ouput operations on characters.
These functions require the inclusion of  header file cstdio (stdio.h in Turbo
C++ IDE) in the program.
getchar()
This function returns the character that is input through the keyboard. The character
can be stored in a variable as shown in the example given below:

char ch = getchar();

We have seen puts() function and its advantage in string output. Let us have a
look at a function used to output character data.
putchar()
This function displays the character given as the argument on the standard output
unit (monitor). The argument may be a character constant or a variable. If an integer
value is given as the argument, it will be considered as an ASCII value and the
corresponding character will be displayed. The following code segment illustrates
the use of putchar() function.

char ch = 'B'; //assigns 'B' to the variable ch

putchar(ch); //displays 'B' on the screen

putchar('c'); //displays 'c' on the screen

putchar(97); //displays 'a' on the screen

Program 9.3 illustrates the working of  these functions. This program allows inputting
a string and a character to be searched. It displays the number of occurrences of a
character in the string.

Program 9.3: To search for a character in a string using console functions

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

char str[20], ch;
int i, num=0;
puts("Enter a string:"); //To print '\n' after the string
gets(str);//To accept a string with white spaces
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1. Which character is used to delimit the string in memory?
2. Write the statement to declare a variable for storing "Save  Earth".
3. Name the header file required for using console I/O functions.
4. How many bytes are required to store the string "Be  Positive"?
5. How does puts("hello"); differ from cout<<"hello";?

Check yourself

cout<<"Enter the character to be searched: ";
ch=getchar(); //To input the character to be searched
/* A loop to search for the character and count its

occurrences in the string. Search will be
terminated when a null character is found   */

for(i=0; str[i]!='\0'; i++)
if (str[i]==ch)

num++;
cout<<"The string \'"<<str<<"\' uses the character \'";
putchar(ch);
cout<<"\' ")<<num<<" times";
return 0;

}

Program 9.3 uses all the console functions we have discussed. The following is a
sample output of this program:
Enter a string:
I have a Dream
Enter the character to be searched: a
The string 'I have a Dream' uses the character 'a' 3 times

9.5  Stream functions for I/O operations
C++ provides another facility to perform input/output operations on character
and strings. It is in the form of  functions that are available in the header file iostream.
These functions are generally called stream functions since they allow a stream of
bytes (data) to flow between memory and objects. Devices like the keyboard and
the monitor are referenced as objects in C++. Let us discuss some of  these functions.

A. Input functions
These functions allow the input of character and string data. The input functions
such as get() and getline() allow a stream of bytes to flow from input object
into the memory.  The object cin is used to refer to keyboard and hence whenever
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we input data using keyboard, these functions are called or invoked using this object
as cin.get() and cin.getline(). Note that a period symbol (.), called dot
operator is used between the object cin and the function.
i. get()
It can accept a single character or multiple characters (string) through the keyboard.
To accept a string, an array name and size are to be given as arguments. Following
code segment illustrates the usage of this function.

char ch, str[10];
ch=cin.get(ch); //accepts a character and stores in ch
cin.get(ch);   //equivalent to the above statement
cin.get(str,10); //accepts a string of maximum 10 characters

ii. getline()
It accepts a string through the keyboard. The delimiter will be Enter key, the number
of  characters or a specified character. This function uses two syntaxes as shown in
the code segment given below.

char ch, str[10];
int len;
cin.getline(str,len); // With 2 arguments
cin.getline(str,len,ch); // With 3 arguments

In the first usage, getline() function has two arguments - a character array (here
it is, str) and an integer (len) that represents maximum number of  characters that
can be stored. In the second usage, a delimiting character (content of ch) can also
be given along with the number of  characters. While inputting the string, only
(len–1) characters, or characters upto the specified delimiting character, whichever
occurs first will be stored in the array.

B. Output functions
Output functions like put() and write() allow a stream of bytes to flow from
memory into an output object. The object cout is used with these functions since
we use the monitor for the output.
i. put()
It is used to display a character constant or the content of a character variable given
as argument.

char ch='c';
cout.put(ch); //character 'c' is displayed
cout.put('B'); //character 'B' is printed
cout.put(65); //character 'A' is printed
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ii. write()
This function displays the string contained in the argument. For illustration see the
example given below.

char str[10]="hello";
cout.write(str,10);

The above code segment will dispaly the string hello followed by 5 white spaces,
since the second argument is 10 and the number of characters in the string is 5.

Program 9.4: To illustrate the working of stream input/output functions

#include <iostream>
#include <cstring> //To use strlen() function
using namespace std;
int main()
{

char ch, str[20];
cout<<"Enter a character: ";
cin.get(ch); //To input a character to the variable ch
cout<<"Enter a string: ";
cin.getline(str,10,'.'); //To input the string
cout<<"Entered character is:\t";
cout.put(ch); //To display the character
cout.write("\nEntered string is:",20);
cout.write(str,strlen(str));
return 0;

}

On executing Program 9.4, the following output will be obtained:
Enter a character: p
Enter a string: hello world
Entered character is:     p
Entered string is:
hello wo

Let us discuss what happens when the program is executed. In the beginning, get()
function allows to input a character, say p. When the function getline() is
executed, we can input a string, say hello world. The put() function is then
executed to display the character p. Observe that the write() function displays
only hello wo in a new line. In the getline() function, we specified the integer
10 as the maximum number of  characters to be stored in the array str. Usually 9
characters will be stored, since one byte is reserved for '\0' character as the string
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terminator. But the output shows only 8 characters including white space. This is
because, the Enter key followed by the character input (p) for the get() function,
is stored as the '\n' character in the first location of  str. That is why, the string,
hello wo is displayed in a new line.
If  we run the program, by giving the input hello.world, the output will be as
follows: Observe the change in the content of  str.

Enter a character: a
Enter a string: hello.world
Entered character is:     a
Entered string is:
hello

The change has occurred because the getline() function accepts only the
characters that appear before the dot symbol.

Be careful while using these functions, because pressing of any
key does matter a lot in the input operation. So you may not get
the outputs as you desire. Another point you have to notice is
that, strlen() function is used in the write() function. Instead

of using this function, you can provide a number like 10 or 20. But the output
will be the string you input, followed by some ASCII characters, if the
number of characters is less than the given number. When you use strlen(),
you are actually specifying the exact number of characters in the string.
More about this function will be discussed in chapter 10. You can use this
function only if you include cstring file.

Let us do
Comparison Aspect Console Functions Stream Functions

Header file required

Usage format

Device reference

Examples

.............................. ..............................

Mention the function name
with required data or variable
within parentheses

Use object name followed by
dot operator and function name
with required data or variable.

Keyboard or monitor is not
mentioned

..............................

.............................. ..............................

The following table compares the stream functions. But it is not
complete. Fill up the table and check whether your entries are correct
by comparing with that of your friends.

Note the dot
character (.)
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1. Write a program to input a string and find the number of  uppercase letters,
lowercase letters, digits, special characters and white spaces.

2. Write a program to count the number of  words in a sentence.
3. Write a program to input a string and replace all lowercase vowels by the

corresponding uppercase letters.
4. Write a program to input a string and display its reversed string using console

I/O functions only. For example, if  the input is "AND", the output should be
"DNA".

Lab activity

After the completion of this chapter the learner will be able to
� use character arrays for string handling.
� use various built-in functions for I/O operations on character and string data.
� compare console functions and stream functions.

Array of  characters is used to handle strings in C++ programs. While
allocating memory for string, a null character ('\0') is placed as the delimiter.
Different console functions are available to perform input/output operations
on strings. These functions are available in the header file cstdio. The header
file iostream provides some stream function for the input and output of
strings.

Let us sum up

Learning outcomes

1. Name the stream function to input a character data.
2. Write a C++ statement to display the string "Smoking is injurious to

health" using write() function.
3. Name the header file required for using stream I/O functions.
4. Write down the syntax of getline() function.

Check yourself
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Sample questions

Very short answer type

1. What will the output of the statement: putchar(97); be?
2. Distinguish between console functions and stream functions.
3. Write a C++ statement to input the string “Computer” using get() function.
4. Write down the output of  the following code segment:

puts(“hello”);

puts(“friends”);

Short answer type

1. Predict the output of the following code segment:
char str[] = “Program”;
for (int i=0; str[i] != ‘\0’; ++i)

{
putchar(str[i]);
putchar(‘–’);
}

5. Write a program to input a word (say COMPUTER) and create a triangle as
follows:
C
C O
C O M
C O M P
C O M P U
C O M P U T
C O M P U T E
C O M P U T E R

6. Write a program to input a line of  text and display the first characters of  each
word. Use only console I/O functions. For example, if  the input is "Save Water,
Save Nature", the output should be "SWSN"

7. Write a program to check whether a string is palindrome or not. (A string is
said to be plaindrome if it is the same as the string constituted by reversing the
characters of  the original string. eg. "MALAYALAM")
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2. Identify the errors in the following program and give reason for each.
#include<iostream>
using namespace std;
int main()
{

char ch, str[10];
write(“Enter a character”);
ch=getchar();
puts(“Enter a string”);
cin.getline(str);
cout<< “The data entered are “ <<ch;
putchar(str);

}

3. Observe the following functions. If  the statement is valid, explain what happens
when they are executed. If invalid, state reasons for it. (Assume that the variables
are valid)

(a) getchar(ch); (b) gets(str[5]);

(c) putchar(“hello”); (d) cin.getline(name, 20, ‘,’);

   (e) cout.write(“hello world”, 10);

4. Read the following statements:
char name[20];

cin>>name;

cout<<name;

What will be the output if  you input the string “Sachin Tendulkar”? Justify
your answer. Modify the code to get the entered string as the output.

Long answer type

1. Explain the console I/O functions with examples.
2. Briefly describe the stream I/O functions with examples.
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Key Concepts We discussed some simple programs in the
previous chapters. But to solve complex
problems, larger programs running into
thousands of lines of code are required. As
discussed in Chapter 4, complex problems are
divided into smaller ones and programs to solve
each of these sub problems are written.  In other
words, we break the larger programs into
smaller sub programs. In C++, function is a way
to divide large programs into smaller sub
programs. We have already seen functions like
main(), sqrt(), gets(), getchar(), etc.
The functions, except main(), are assigned
specific tasks and readily available for use. So,
these functions are known as built-in functions
or predefined functions. Besides such functions,
we can define functions for a specific task. These
are called user-defined functions. In this chapter
we will discuss more predefined functions and
learn how to define our own functions. Before
going into these, let us familiarise ourselves with
a style of programming called modular
programming.

10.1 Concept of modular
programming

Let us consider the case of a school management
software. It is a very large and complex software
which may contain many programs for different
tasks. The complex task of  school management
can be divided into smaller tasks or modules
and developed in parallel, and later integrated
to build the complete software as shown in
Figure 10.1.

10
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In programming, the entire problem will be divided into small sub problems that
can be solved by writing separate programs. This kind of  approach is known as
modular programming. Each sub task will be considered a module and we write
programs for each module. The process of breaking large programs into smaller
sub programs is called modularisation. Computer programming languages have
different methods to implement modularization. The sub programs are generally
called functions. C++ also facilitates modular programming with functions.
Merits of modular programming
The modular style of  programming has several advantages. It reduces the complexity
and size of the program, makes the program more readable, improves re-usability
and makes the debugging process easy. Let us discuss these features in detail:
Reduces the size of the program: In some cases, certain instructions in a program
may be repeated at different points of the program. Consider the expression

yx

yx

+
+ 75

. To evaluate this expression for the given values of  x and y, we have to

use instructions for the following:
1. find the 5th power of x
2. find the 7th power of y
3. add the results obtained in steps 1 and 2
4. find the square root of x
5. find the square root of y
6. add the results obtained in steps 4 and 5
7.  divide the result obtained in step 3 by that in step 6
We know that separate loops are needed to find the results of  step 1 and 2. Can you
imagine the complexity of the logic to find the square root of a number? It is clear
that the program requires the same instructions to process different data at different

Fig. 10.1: Modular programming style
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points. The modular approach helps to isolate the repeating task and write
instructions for this. We can assign a name to this set of  instructions and this can be
invoked by using that name. Thus program size is reduced.
Less chances of error: When the size of  the program is reduced, naturally syntax
errors will be less in number. The chances of  logical error will also be minimized.
While solving complex problems we have to consider all the aspects of the problem,
and hence the logic of the solution will also be complex.  But in a modularized
program, we need to concentrate only on one module at a time. If any error is
identified in the output, we can identify the module concerned and rectify the error
in that module only.
Reduces programming complexity: The net result of the two advantages
discovered above is reducing programming complexity.  If  we properly divide the
problem into smaller conceptual units, the development of  logic for the solution
will be simpler. Thus modularization reduces the programming complexity by
bringing down our mind to a simplified task at a time, reducing the program size
and making the debugging process easy.
Improves reusability: A function written once may be used later in many other
programs, instead of  starting from scratch. This reduces the time taken for program
development.

Demerits of modular programming
Though there are significant merits in modular programming, proper breaking down
of the problem is a challenging task. Each sub problem must be independent of
the others. Utmost care should be taken while setting the hierarchy of  the execution
of  the modules.

10.2 Functions in C++

Let us consider the case of a coffee making machine and
discuss its functioning based on Figure 10.2. Water, milk,
sugar and coffee powder are supplied to the machine. The
machine processes it according to a set of predefined
instructions stored in it and returns the coffee which is
collected in a cup. The instruction-set may be as follows:
1. Get 60 ml milk, 120 ml water, 5 gm coffee powder and

20 gm sugar from the storage of the machine.
2. Boil the mixture
3. Pass it to the outlet.

Fig. 10.2 : Functioning of
a coffee making machine
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Usually there will be a button in the machine to invoke this procedure. Let us name
the button with the word “MakeCoffee”. Symbolically we can represent the
invocation as:

Cup = MakeCoffee (Water, Milk, Sugar, Coffee Powder)

We can compare all these aspects with functions in programs. The word
“MakeCoffee” is the name of  the function, “Water”, “milk”, “sugar” and “coffee
powder” are parameters for the function and “coffee” is the result returned. It is
stored in a “Cup”. Instead of  cup, we can use a glass, tumbler or any other container.
Similarly, a C++ function accepts parameters, processes it and
returns the result. Figure 10.3 can be viewed as a function Add
that accepts 3, 5, 2 and 6 as parameters, adds them and returns
the value which is stored in the variable C. It can be written as:

C = Add (3, 5, 2, 6)

We can say that function is a named unit of  statements in a
program to perform a specific task as part of  the solution. It is
not necessary that all the functions require some parameters and
all of them return some value. C++ provides a rich collection
of  functions ready to use for various tasks. The functions clrscr(), getch(),
sqrt(), etc. are some of  them. The tasks to be performed by each of  these are
already written, debugged and compiled, their definitions alone are grouped and
stored in files called header files. Such ready-to-use sub programs are called
predefined functions or built-in functions.
While writing large programs, the predefined functions may not suffice to apply
modularization. C++ provides the facility to create our own functions for some
specific tasks. Everything related to a function such as the task to be carried out, the
name and data required are decided by the user and hence they are known as user-
defined functions.
What is the role of main() function then? It may be considered as user-defined in
the sense that the task will be defined by the user. We have learnt that it is an essential
function in a C++ program because the execution of a program begins in main().
Without main(), C++ program will not run. All other functions will be executed
when they are called or invoked (or used) in a statement.

10.3 Predefined functions

C++ provides a number of  functions for various tasks. We will discuss only the
most commonly used functions. While using these functions, some of  them require
data for performing the task assigned to it. We call them parameters or arguments

Fig. 10.3. Addition
function

C
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and are provided within the pair of parentheses of the function name. There are
certain functions which give results after performing the task. This result is known
as value returned by the function. Some functions do not return any value, rather
they perform the specified task. In the following sections, we discuss functions for
manipulating strings, performing mathematical operations and processing character
data. While using these functions the concerned header files are to be included in
the program.

10.3.1  String Functions

Several string functions are available in C++ for the manipulation of  strings. As
discussed in Chapter 9, C++ does not have a string data type and hence an array of
characters is used to handle strings. So, in the following discussion, wherever the
word string comes, assume that it is a character array. Following are the commonly
used string functions. We should include the header file cstring (string.h in
Turbo C++) in our C++ program to use these functions.
a. strlen()
This function is used to find the length of  a string. Length of  a string means the
number of  characters in the string.  Its syntax is:

int strlen(string);

This function takes a string as the argument and gives the length of the string as the
result. The following code segment illustrates this.

char str[] = "Welcome";
int n;
n = strlen(str);

cout << n;

Here, the argument for the strlen() function is a string variable and it returns the
number of characters in the string, i.e. 7 to the variable n. Hence the program code
will display 7 as the value of the variable n. The output will be the same even
though the array declaration is as follows.

char str[10] = "Welcome";

Note that the array size is specified in the declaration. The argument may be a string
constant as shown below:

n = strlen("Computer");

The above statement returns 8 and it will be stored in n.

b. strcpy()
This function is used to copy one string into another. The syntax of  the function is:

strcpy(string1, string2);
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The function will copy string2 to string1. Here string1 and string2 are
array of  characters or string constants. These are the arguments for the execution
of the function. The following code illustrates its working:

char s1[10], s2[10] = "Welcome";
strcpy(s1,s2);

cout << s1;

The string "Welcome" contained in  the string variable s1 will be displayed on
the screen. The second argument may be a string constant as follows:

strcpy(str,"Welcome");

Here, the string constant "Welcome" will be stored in the variable str. The
assignment statement, str = "Welcome"; is wrong. But we can directly assign
value to a character array at the time of declaration as:

char str[10] = "Welcome";

c. strcat()
This function is used to append one string to another string. The length of  the
resultant string is the total length of  the two strings. The syntax of  the functions is:

strcat(string1, string2);

Here string1 and string2 are array of  characters or string constants. string2
is appended to string1. So, the size of  the first argument should be able to
accommodate both the strings together. Let us see an example showing the usage
of this function:

char s1[20] = "Welcome", s2[10] = " to C++";
strcat(s1,s2);

cout << s1;

The above program code will display "Welcome to C++" as the value of the
variable s1. Note that the string in s2 begins with a white space.

d. strcmp()
This function is used to compare two strings. In this comparison, the alphabetical
order of characters in the strings is considered. The syntax of the function is:

strcmp(string1, string2)

The function returns any of  the following values in three different situations.
• Returns 0 if string1 and string2 are same.
• Returns a –ve value if string1 is alphabetically lower than string2.
• Returns a +ve value if string1 is alphabetically higher than string2.
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Header file essential
for using string

manipulating functions

The following code fragment shows the working of this function.
char s1[]="Deepthi", s2[]="Divya";
int n;
n = strcmp(s1,s2);
if(n==0)

cout<<"Both the strings are same";
else if(n < 0)

cout<<"s1 < s2";
else

cout<<"s1 > s2";

It is clear that the above program code will display "s1 < s2" as the output.

e. strcmpi()
This function is used to compare two strings ignoring cases. That is, the function
will treat both the upper case and lower case letters as the same for comparison.
The syntax and working of the function are the same as that of strcmp() except
that strcmpi() is not case sensitive. This function also returns values as in the
case of strcmp(). Consider the following code segment:

char s1[]="SANIL", s2[]="sanil";
int n;
n = strcmpi(s1,s2);
if(n==0)

cout<<"strings are same";
else if(n < 0)

cout<<"s1 < s2";
else

cout<<"s1 > s2";

The above program code will display "strings are same" as the output because
the uppercase and lowercase letters will be treated as the same during the comparison.
Program 10.1 compares and concatenates two strings. The length of  the newly
formed string is also displayed.
Program 10.1: To combine two strings if they are different and find its length

#include <iostream>
#include <cstring>
using namespace std;
int main()
{
char s1[20], s2[20], s3[20];
cout<<"Enter two strings: ";
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cin>>s1>>s2;
int n=strcmp(s1, s2);
if (n==0)

cout<<"\nThe input strings are same";
else
{

cout<<"\nThe input strings are not same";
strcpy(s3, s1);//Copies the string in s1 into s3
strcat(s3, s2); //Appends the string in s2 to that in s3
cout<<"\nString after concatenation is: "<<s3;
cout<<"\nLength of the new string is: "<<strlen(s3);

}
return 0;

}

10.3.2  Mathematical functions

Now, let us discuss the commonly used mathematical functions available in C++.
We should include the header file math.h (cmath in Geany) to use these functions
in the program.
a.  abs()
It is used to find the absolute value of  an integer. It takes an integer as the argument
(+ve or –ve) and returns the absolute value. Its syntax is:

int abs(int)

The following is an example to show the output of this function:
int n = -25;

cout << abs(n);

The above program code will display 25. If we want to find the absolute value of a
floating point number, we can use fabs() function as used above. It will return the
floating  point value.
b.  sqrt()
It is used to find the square root of  a number. The argument to this function can be
of type int, float or double. The function returns the non-negative square
root of the argument. Its syntax is:

double sqrt(double)

The following code snippet is an example. This code will display 5.
int n = 25;
float b = sqrt(n);
cout << b;
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c.  pow()
This function is used to find the power of  a number. It takes two arguments x and
y. The argument x and y are of  type int, float or double. The function
returns the value of  xy. Its syntax is:

double pow(double, int)

The following example shows the working of this function.
int x = 5, y = 4, z;
z = pow(x, y);
cout << z;

The above program code will display 625.
d.  sin()
It is a trigonometric function and it finds the sine value of an angle. The argument
to this function is double type data and it returns the sine value of the argument.
The angle must be given in radian measure. Its syntax is:

double sin(double)

The sine value of � 30° (angle 30 degree) can be found out by the following code.
float x = 30*3.14/180; //To convert angle into radians
cout << sin(x);

The above program code will display 0.4999770

e.  cos()
The function is used to find the cosine value of an angle. The argument to this
function is double type data and it returns the cosine value of the argument. In
this case also, the angle must be given in radian measure. The syntax is:

double cos(double)

The cosine value of � 30° (angle 30 degree)  can be found out by the following code.
double x = cos(30*3.14/180);

cout << x;

Note that the argument provided is an expression that converts angle in degree
into radians. The above code will display 0.866158.
Program 10.2 uses different mathematical functions to find the length of the sides
of  a right angled triangle, if  an angle and length of  one side is given. We use the
following formula for solving this problem.

Sin θ = 
Oppositeside

Hypotenuse
 ,   Cos θ = 

Adjacentside

Hypotenuse
 ,   Tan θ = 

Oppositeside

Adjacentside
(Hypotenuse)2 = (Base)2 + (Altitude)2
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Program 10.2: To find the length of the sides of a right angled triangle
using mathematical functions

#include<iostream>
#include<cmath>
using namespace std;
int main()
{
const float pi=22.0/7;
int angle, side;
float radians, length, opp_side, adj_side, hyp;
cout<<"Enter the angle in degree: ";
cin>>angle;
radians=angle*pi/180;
cout <<"\n1. Opposite Side"

 <<"\n2. Adjacent Side"
 <<"\n3. Hypotenuse";

cout <<"\nInput 1, 2 or 3 to specify the side: ";
cin>>side;
cout<<"Enter the length: ";
cin>>length;
switch(side)
{

case 1: opp_side=length;
adj_side=opp_side / tan(radians);
hyp= sqrt(pow(opp_side,2) + pow(adj_side,2));
break;

case 2: adj_side=length;
hyp=adj_side / cos(radians);
opp_side=sqrt(pow(hyp,2) - pow(adj_side,2));
break;

case 3: hyp=length;
opp_side=hyp * sin(radians);
adj_side=sqrt(pow(hyp,2) - pow(opp_side,2));

}
cout<<"Angle in degree = "<<angle;
cout<<"\nOpposite Side = "<<opp_side;
cout<<"\nAdjacent Side = "<<adj_side;
cout<<"\nHypotenuse    = "<<hyp;
return 0;
}

Conversion
of angle in degree

into radians

Header file essential
for using mathematical

functions



10. Functions

283

The following is a sample output of the above program:
Enter the angle in degree: 30
1. Opposite Side
2. Adjacent Side
3. Hypotenuse
Input 1, 2 or 3 to specify the side: 1
Enter the length: 6
Angle in degree = 30
Opposite Side   = 6
Adjacent Side   = 10.38725

Hypotenuse      = 11.995623

10.3.3  Character functions

These functions are used to perform various operations of  characters.  The following
are the various character functions available in C++. The header file cctype
(cctype.h for Turbo C++) is to be included to use these functions in a program.

a.  isupper()
This function is used to check whether a character is in the upper case or not.  The
syntax of the function is:

int isupper(char c)

The function returns 1 if the given character is in the uppercase, and 0 otherwise.
The following statement assigns 0 to the variable n.

int n = isupper('x');

Consider the following statements:
char c = 'A';

int n = isupper(c);

The value of the variable n, after the execution of the above statements will be 1,
since the given character is in upper case.
b.  islower()
This function is used to check whether a character is in the lower case or not.  The
syntax of the function is:

int islower(char c)

The function returns 1 if the given character is in the lower case, and 0 otherwise.
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After executing the following statements, the value of  the variable n will be 1 since
the given character is in the lower case.

char ch = 'x';
int n = islower(ch);

But the statement given below assigns 0 to the variable n, since the given character
is in the uppercase.

int n = islower('A');

c.  isalpha()
This function is used to check whether the given character is an alphabet or not.
The syntax of the function is:

int isalpha(char c)

The function returns 1 if the given character is an alphabet, and 0 otherwise.
The following statement assigns 0 to the variable n, since the given character is not
an alphabet.

int n = isalpha('3');

But the statement given below displays 1, since the given character is an alphabet.
cout << isalpha('a');

d. isdigit()
This function is used to check whether the given character is a digit or not.  The
syntax of the function is:

int isdigit(char c)

The function returns 1 if the given character is a digit, and 0 otherwise.
After executing the following statement, the value of the variable n will be 1 since
the given character is a digit.

n = isdigit('3');

When the following statements are executed, the value of the variable n will be 0,
since the given character is not a digit.

char c = 'b';

int n = isdigit(c);

e. isalnum()
This function is used to check whether a character is an alphanumeric or not.  The
syntax of the function is:

int isalnum (char c)
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The function returns 1 if the given character is an alphanumeric, and  0 otherwise.
Each of the following statements returns 1 after the execution.

n = isalnum('3');
cout << isalnum('A');

But the statements given below assigns 0 to the variable n, since the given character
is neither an alphabet nor a digit.

char c = '-';
int n = isalnum(c);

f.  toupper()
This function is used to convert the given character into its uppercase.  The syntax
of the function is:

char toupper(char c)

The function returns the upper case of  the given character. If  the given character is
in the upper case, the output will be the same.
The following statement assigns the character constant 'A' to the variable c.

char c = toupper('a');

But the output of the statement given below will be 'A' itself.
cout << (char)toupper('A');

Note that type conversion using (char)  is used in this statement. If conversion
method is not used, the output will be 65, which is the ASCII code of 'A'.

g.  tolower()
This function is used to convert the given character into its lower case.  The syntax
of the function is:

char tolower(char c)

The function returns the lower case of  the given character. If  the given character is
in the lowercase, the output will be the same.
Consider the statement: c = tolower('A');

After executing the above statement, the value of the variable c will be 'a'.  But
when the following statements are executed, the value of the variable c will be 'a'.

char x = ‘a’;
char c = tolower(x) ;

In the case of functions tolower() and toupper(), if the argument is other
than an alphabet, the given character itself will be returned on execution.
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Program 10.3 illustrates the use of  character functions. This program accepts a line
of  text and counts the lowercase letters, uppercase letters and digits in the string. It
also displays the entire string both in the upper and lower cases.

Program 10.3: To count different types of characters in the given string

#include <iostream>
#include <cstdio>
#include <cctype>
using namespace std;
int main()
{
char text[80];
int Ucase=0, Lcase=0, Digit=0, i;
cout << "Enter a line of text: ";
gets(text);
for(i=0; text[i]!='\0'; i++)

if (isupper(text[i])) Ucase++;
else if (islower(text[i])) Lcase++;

else if (isdigit(text[i])) Digit++;
cout << "\nNo. of uppercase letters = " << Ucase;
cout << "\nNo. of lowercase letters = " << Lcase;
cout << "\nNo. of digits = " << Digit;
cout << "\nThe string in uppercase form is\n";
i=0;
while (text[i]!='\0')
{

putchar(toupper(text[i]));
i++;

}
cout << "\nThe string in lowercase form is\n";
i=0;
do
{

putchar(tolower(text[i]));
i++;

} while(text[i]!='\0');
return 0;
}

Loop will be
terminated when the

value of i points to the
null character is

reached

If cout<< is used
 instead of putchar(),

the ASCII code of the
characters will be

displayed
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A sample output is given below:
Enter a line of text : The vehicle ID is KL01 AB101
No. of uppercase letters = 7
No. of lowercase letters = 11
No. of digits = 5
The string in uppercase form is
THE VEHICLE ID IS KL01 AB101
The string in lowercase form is
the vehicle id is kl01 ab101

10.3.4  Conversion functions

These functions are used to convert a string to integer and an integer to string.
Following are the different conversion functions available in C++. The header file
cstdlib (stdlib.h in Turbo C++) is to be included to use these functions in a program.
a.  itoa()
This function is used to convert an integer value to string type.  The syntax of the
function is:

itoa(int n, char c[], int len)

From the syntax, we can see that the function requires three arguments. The first
one is the number to be converted.  The second argument is the character array
where the converted string value is to be stored and the last argument is the size of
the character array. The following code segment illustrates this function:

int n = 2345;
char c[10];
itoa(n, c, 10);
cout << c;

The above program code will display "2345" on the screen.
b.  atoi()
This function is used to convert a string value to integer.  The syntax of  the function
is:

int atoi(char c[]);

The function takes a string as argument returns the integer value of  the string. The
following code converts the string "2345" into integer number 2345.

int n;
char c[10] = "2345";
n = atoi(c);
cout << n;

The input by
the user
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If  the string consists of  characters other than digits, the output will be 0. But if  the
string begins with digits, only that part will be converted into integer. Some usages
of this function and their outputs are given below:

(i)  atoi("Computer") returns 0

(ii)  atoi("12.56") returns 12

(iii)  atoi("a2b") returns 0

(iv)  atoi("2ab") returns 2

(v)  atoi(".25") returns 0

(vi)  atoi("5+3") returns 5

Program 10.4 illustrates the use of  these functions in problem solving. It accepts
the three parts (day, month and year) of  a date of  birth and displays it in date
format.

 Program 10.4: To display date of birth in date format

#include <iostream>
#include <cstring>
#include <cstdlib>
using namespace std;
int main()
{
char dd[10], mm[10], yy[10], dob[30];
int d, m, y;
cout<<"Enter day, month and year in your Date of Birth: ";
cin>>d>>m>>y;
itoa(d, dd, 10);
itoa(m, mm, 10);
itoa(y, yy, 10);
strcpy(dob, dd);
strcat(dob, "-");
strcat(dob, mm);
strcat(dob, "-");
strcat(dob, yy);
cout<<"Your Date of Birth is "<<dob;
return 0;
}

A sample output of Program10.4 is given below:
Enter day, month and year in your Date of Birth: 26  11  1999
Your Date of Birth is 26-11-1999
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10.3.5   I/O Manipulating function

These functions are used to manipulate the input and output operations in C++.
The header file ciomanip is to be included to use these functions in a program.
setw()
This function is used to set the width for the subsequent string. The following code
shows its impact in the output:

char s[]="hello";
cout<<setw(10)<<s<<setw(10)<<"friends";

The output of the above code will be as follows:
     hello   friends
The word hello will be displayed right aligned within a span of 10 character
positions. Similarly, the word friends will also be displayed right aligned within
a span of  10 character positions.

Prepare a chart in the following format and fill up the columns with
all predefined functions we have discussed so far.

Function Usage Syntax Example Output
Let us do

1. What is modular programming?
2. What is a function in C++?
3. Name the header file required for using character functions.
4. Name the function that displays the subsequent data in the specified width.
5. Pick the odd one out and give reason:

(a) strlen()     (b) itoa()      (c) strcpy()       (d) strcat()

Check yourself

10.4 User-defined functions

All the programs that we have discussed so far contain a function named main().
We know that the first line is a pre-processor directive statement. The remaining
part is actually the definition of a function. The void main() in the programs
is called function header (or function heading) of the function and the statements
within the pair of  braces immediately after the header is called its body.
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The syntax of a function definition is given below:
data_type function_name(argument_list)
{

statements in the body;
}

The data_type is any valid data type of C++. The function_name is a user-
defined word (identifier). The argument_list, which is optional, is a list of
parameters, i.e. a list of  variables preceded by data types and separated by commas.
The body comprises C++ statements required to perform the task assigned to the
function. Once we have decided to create a function, we have to answer certain
questions.
(i) Which data type will be used in the function header?
(ii) How many arguments are required and what should be the preceding data

type of each?
Let us recollect how we have used the predefined functions getchar(), strcpy()
and sqrt(). We have seen that these functions will be executed when they are
called (or used) in a C++ statement. The function getchar() does not take any
argument. But for strcpy(), two strings are provided as arguments or parameters.
Without these arguments this function will not work, because it is defined with two
string (character array) arguments.  In the case of  sqrt(), it requires a numeric
data as argument and gives a result (of  double type) after performing the predefined
operations on the given argument. This result, as mentioned earlier, is called the
return-value of  the function. The data type of  a function depends on this value. In
other words, we can say that the function should return a value which is of  the same
data type of  the function. So, the data type of  a function is also known as the return
type of the function. Note that we use return 0; statement in main() function,
since it is defined with int data type as per the requirement of GCC.
The number and type of arguments depend upon the data required by the function
for processing. But some functions like setw() and gets() do not return any
value. The header of such functions uses void as the return type. A function either
returns one value or nothing at all.

10.4.1  Creating user-defined functions

Based on the syntax discussed above, let us create some functions. The following is
a function to display a message.

void saywelcome()
{

cout<<"Welcome to the world of functions";
}
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The name of the function is saywelcome(), its data type (return type) is void
and it does not have any argument. The body contains only one statement.
Now, let us define a function to find the sum of  two numbers. Four different types
of definitions are given for the same task, but they vary in definition style and hence
the usage of  each is different from others.

Table 10.1 : Analysis of functions

Name Arguments Return value

sum1() No arguments Does not return any value
sum2() No arguments Returns an integer value
sum3() Two integer arguments Does not return any value
sum4() Two integer arguments Returns an integer value

Let us analyse these functions and see how they are different. The task is the same in
all these functions, but they differ in the number of  parameters and return type.
Table 10.1 shows that the function defined with a data type other than void should
return a value in accordance with the data type. The return statement is used for
this purpose (Refer functions 2 and 4). The return statement returns a value to
the calling function and transfers the program control back to the calling function.
So, remember that if  a return statement is executed in a function, the remaining
statements within that function will not be executed. In most of  the functions,

void sum1()
{

int a, b, s;
cout<<"Enter 2 numbers: ";
cin>>a>>b;
s=a+b;
cout<<"Sum="<<s;

}

int sum2()
{

int a, b, s;
cout<<"Enter 2 numbers: ";
cin>>a>>b;
s=a+b;
return s;

}

Function 1 Function 2

void sum3(int a, int b)
{

int s;
s=a+b;
cout<<"Sum="<<s;

}

int sum4(int a, int b)
{

int s;
s=a+b;
return s;

}

Function 3 Function 4
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return is placed at the end of the function. The functions defined with void data
type may have a return statement within the body, but we cannot provide any
value to it. The return type of main() function is either void or int.
Now, let us see how these functions are to be called and how they are executed. We
know that no function other than main()is executed automatically. The sub
functions, either predefined or user-defined, will be executed only when they are
called from main() function or other user-defined function. The code segments
within the rectangles of  the following program shows the function calls. Here the
main() is the calling function and sum1(), sum2(), sum3(), and sum4()are the
called functions.
int main()
{

int x, y, z=5, result;
cout << "\nCalling the first function\n";
sum1();
cout << "\nCalling the second function\n";
result = sum2();
cout << "Sum given by function 2 is " << result;
cout << "\nEnter values for x and y : ";
cin >> x >> y;
cout << "\nCalling the third function\n";
sum3(x,y);
cout << "\nCalling the fourth function\n";
result = sum4(z,12);
cout << "Sum given by function 4 is " << result;
cout << "\nEnd of main function"

}

The output of the program is as follows:
Calling the first function
Enter 2 numbers: 10  25
Sum=35
Calling the second function
Enter 2 numbers: 5   7
Sum given by function 2 is 12
Enter values for x and y : 8   13
Calling the third function
Sum=21
Calling the fourth function
Sum given by function 4 is 17
End of main function

Input for a and b
of sum1()

Input for a and b
of sum2()

Input for x and y
of main()
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Function before main() Function after main()

#include<iostream>
using namespace std;
int sumfact(int N)
{ int i, s = 0;

for(i=1; i<=N/2; i++)
 if (N%i == 0)

  s = s + i;
return s;

}
//Definition above main()
int main()
{
  int num;

cout<<"Enter the Number: ";
cin>>num;
if (num==sumfact(num))

 cout<<"Perfect number";
else

 cout<<"Not Perfect";
return 0;

}

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

int num;
cout<<"Enter the Number: ";
cin>>num;
if (num==sumfact(num))

 cout<<"Perfect number";
else

 cout<<"Not Perfect";
return 0;

}
//Definition below main()
int sumfact(int N)
{ int i, s = 0;

for(i=1; i<=N/2; i++)
 if (N%i == 0)

  s = s + i;
return s;

}

Program 10.5                   - Perfect number checking -                Program 10.6

Function 4 requires two numbers for the task assigned and hence we provide two
arguments. The function performs some calculations and gives a result. As there is
only one result, it can be returned. Comparatively this function is a better option to
find the sum of  any two numbers.
Now, let us write a complete C++ program to check whether a given number is
perfect or not. A number is said to be perfect if it is equal to the sum of its factors
other than the number itself. For example, 28 is a perfect number, because the
factors other than 28 are 1, 2, 4, 7 and 14. Sum of  these factors is 28. For solving
this problem,  let us define a function that accepts a number as argument and returns
the sum of  its factors. Using this function, we will write the program. But where do
we write the user-defined function in a C++ program? The following table shows
two styles to place the user-defined function:

When we compile Program 10.5, there will be no error and we will get the following
output on execution:

     Enter the Number: 28
     Perfect number
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If we compile Program 10.6, there will be an error 'sumfact was not declared
in this scope'. Let us see what this error means.

10.4.2  Prototype of functions

We have seen that a C++ program can contain any number of  functions.  But it
must have a main() function to begin the execution.  We can write the definitions
of  functions in any order as we wish.  We can define the main() function first and
all other functions after that or vice versa. Program 10.5 contains the main()
function after the user-defined function, but in Program 10.6, the main() is defined
before the user-defined function. When we compile this program, it will give an
error -   "sumfact was not declared in this scope". This is because the
function sumfact() is called in the program, before it is defined. During the
compilation of the main() function, when the compiler encounters the function
call sumfact(), it is not aware of such a function. Compiler is unable to check
whether there is such a function and whether its usage is correct or not. So it reports
an error arising out of the absence of the function prototype. A function prototype
is the declaration of  a function by which compiler is provided with the information
about the function such as the name of the function, its return type, the number and
type of  arguments, and its accessibility. This information is essential for the compiler
to verify the correctness of  the function call in the program. This information is
available in the function header and hence the header alone will be written as a
statement before the function call. The following is the format:

data_type function_name(argument_list);

In the prototype, the argument names need not be specified.

So, the error in Program 10.6 can be rectified by inserting the following statement
before the function call in the main() function.

int sumfact(int);

Like a variable declaration, a function must be declared before it is used in the
program. If a function is defined before it is used in the program, there is no need
to declare the function separately. The declaration statement may be given outside
the main() function. The position of the prototype differs in the accessibility of
the function. We will discuss this later in this chapter. Wherever be the position of
the function definition, execution of the program begins in main().
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10.4.3  Arguments of functions

We have seen that functions have arguments or parameters for getting data for
processing. Let us see the role of  arguments in function call.

Consider the function given below:
float SimpleInterest(long P, int N, float R)
{

float amt;
amt = P * N * R / 100;
return amt;

}

This function gives the simple interest of a given principal amount for a given period
at a given rate of interest.
The following code segment illustrates different function calls:

cout << SimpleInterest(1000,3,2);//Function call 1
int x, y; float z=3.5, a;
cin >> x >> y;
a = SimpleInterest(x, y, z); //Function call 2

When the first statement is executed, the values 1000, 3 and 2 are passed to the
argument list in the function definition. The arguments P, N and R get the values
1000, 3 and 2 respectively. Similarly, when the last statement is executed, the values
of the variables x, y and z are passed to the arguments P, N and R.
The variables x, y and z are called actual (original) arguments or actual parameters
since they are the actual data passed to the function for processing. The variables
P, N and R used in the function header are known as formal arguments or formal
parameters. These arguments are intended to receive data from the calling function.
Arguments or parameters are the means to pass values from the calling function
to the called function. The variables used in the function definition as arguments are
known as formal arguments. The constants, variables or expressions used in the
function call are known as actual (original) arguments. If  variables are used in
function prototype, they are known as dummy arguments.
Now, let us write a program that uses a function fact() that returns the factorial
of  a given number to find the value of  nCr. As we know, factorial of  a number N is
the product of  the first N natural numbers. The value of  nCr is calculated by the

formula )!(!
!

rnr
n
−  where n! denotes the factorial of  n.
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Program 10.7: To find the value of  nCr

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

int n,r;
int ncr;
cout<<"Enter the values of n and r : ";
cin>>n>>r;
ncr=fact(n)/(fact(r)*fact(n-r));
cout<<n<<"C"<<r<<" = "<<ncr;
return 0;

}
int fact(int N)
{

int f;
for(f=1; N>0; N--)

f=f*N;
return f;

}

The following is a sample output:
Enter the values of n and r : 5    2

5C2 = 10

10.4.4 Functions with default arguments

Let us consider a function TimeSec() with the argument list as follows. This function
accepts three numbers that represent time in hours, minutes and seconds. The
function converts this into seconds.

long TimeSec(int H, int M=0, int S=0)
{

long sec = H * 3600 + M * 60 + S;
return sec;

}

Note that the two arguments M and S are given default value 0. So, this function can
be invoked in the following ways.

long s1 = TimeSec(2,10,40);
long s2 = TimeSec(1,30);
long s3 = TimeSec(3);

Function call
according to the

formula

Actual
argumentsFormal

argument

Function
header

Function
prototype

Factorial
is returned

User inputs
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It is important to note that all the default arguments must be placed from the right
to the left in the argument list. When a function is called, actual arguments are
passed to the formal arguments from left onwards.

When the first statement is executed, the function is called by passing the values 2,
10 and 40 to the formal parameters H, M and S respectively. The initial values of  M
and S are over-written by the actual arguments. During the function call in the
second statement, H and M get values from actual arguments, but S works with its
default value 0. Similarly, when the third statement is executed, H gets the value
from calling function, but M and S use the default values. So, after the function calls,
the values of s1, s2 and s3 will be 7840, 5400 and 10800 respectively.

We have seen that functions can be defined with arguments assigned with initial
values. The initialized formal arguments are called default arguments which allow
the programmer to call a function with different number of  arguments. That is, we
can call the function with or without giving values to the default arguments.

10.4.5  Methods of calling functions

Suppose your teacher asks you to prepare invitation letters for the parents of all
students in your class, requesting them to attend a function in your school.  The
teacher can give you a blank format of  the invitation letter and also a list containing
the names of  all the parents.  The teacher can give you the list of  names in two ways.
She can take a photocopy of the list and give it to you. Otherwise, she can give the
original list itself.  What difference would you feel in getting the name list in these
two ways? If the teacher gives the original name list, you will be careful not to mark
or write anything in the name list because the teacher may want the same name list
for future use. But if you are given a photocopy of the list, you can mark or write in
the list, because the change will not affect the original name list.

Let us consider the task of preparing the invitation letter as a function.  The name
list is an argument for the function.  The argument can be passed to the function in
two ways.  One is to pass a copy of  the name list and the other is to pass the original
name list. If the original name list is passed, the changes made in the name list, while
preparing the invitation letter, will affect the original name list. Similarly, in C++,
an argument can be passed to a function in two ways. Based on the method of
passing the arguments, the function calling methods can be classified as  Call by
Value method and Call by Reference method. The following section describes the
methods of argument passing in detail.
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a.  Call by value (Pass by value) method
In this method, the value contained in the actual argument is passed to the formal
argument. In other words, a copy of  the actual argument is passed to the function.
Hence, if  the formal argument is modified within the function, the change is not
reflected in the actual argument at the calling place.  In all previous functions, we
passed the argument by value only.  See the following example:
void change(int n)
{

n = n + 1;
cout << "n = " << n << '\n';

}
int main()

{
int x = 20;
change(x);
cout << "x = " << x;
}

When we pass an argument as specified in the above program segement, only a
copy of  the variable x is passed to the function. In other words, we can say that only
the value of  the variable x is passed to the function. Thus the formal parameter n in
the function will get the value 20.  When we increase the value of n, it will not affect
the value of the variable x. The following will be the output of the above code:

n = 21

x = 20

Table 10.2 shows what happens to the arguments when a function is called using
call-by-value method:

The parameter n has its
own memory location to

store the value 20 in
change().

The value of x is
passed to n in

change()

main()          x
{
.......
.......
}

change(int n)
{
........
}

20

n

main()          x
{
.......
.......
}

change(int n)
{
........
}

20

n
20

main()          x
{
.......
.......
}

change(int n)
{
........
}

20

n
21

Before function call After function call      After function execution

Table 10.2: Call by value procedure
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b.  Call by reference (Pass by reference) method
When an argument is passed by reference, the reference of the actual argument is
passed to the function.  As a result, the memory location allocated to the actual
argument will be shared by the formal argument.  So, if  the formal argument is
modified within the function, the change will be reflected in the actual argument at
the calling place. In C++, to pass an argument by reference we use reference variable
as formal parameter. A reference variable is an alias name of  another variable.
An ampersand symbol (&) is placed in between the data type and the variable in
the function header. Reference variables will not be allocated memory exclusively
like the other variables. Instead, it will share the memory allocated to the actual
arguments. The following function uses reference variable as formal parameter and
hence call by reference method is implemented for function call.
void change(int & n)
{

n = n + 1;
cout << "n = " << n << '\n';

}
int main()
{

int x=20;
change(x);
cout << "x = " << x;

}

Note that the only change in the change()  function is  in the function header. The
& symbol in the declaration of the parameter n means that the argument is a reference
variable and hence the function will be called by passing reference. Hence when the
argument x is passed to the change() function, the variable n gets the address of
x so that the location will be shared. In other words, the variables x and n refer to
the same memory location.  We use the name x in the main() function, and the
name n in the change() function to refer the same storage location. So, when we
change the value of  n, we are actually changing the value of  x.  If  we run the above
program, we will get the following output:

n = 21

x = 21

Table 10.3 depicts the changes in the arguments when call-by-reference is applied
for the function call.

The parameter n is a
reference variable and hence
there is no exclusive memory

allocation for it

The reference of x will be
passed to n of the change()
function, which results into

the sharing of memory.



300

These two methods of  function call differ as shown in Table 10.4.

Table 10.4 : Call by value v/s Call by reference

Let us discuss a typical example for call by reference method. This program uses a
function that can be called by reference method for exchanging the values of the
two variables in the main() function. The process of exchanging values of two
variables is known as swapping.

Program 10.8: To swap the values of two variables

#include <iostream>
using namespace std;
void swap(int & x, int & y)
{

int t = x;
x = y;
y = t;

}

Call by Reference Method

• Reference variables are used as
formal parameters.

• Actual parameters will be variables
only.

• The changes made in the formal
arguments are reflected in actual
arguments.

• Memory of actual arguments is
shared by formal arguments.

Call by Value Method

• Ordinary variables are used as formal
parameters.

• Actual parameters may be constants,
variables or expressions.

• The changes made in the formal
arguments are not reflected in actual
arguments.

• Exclusive memory allocation is
required for the formal arguments.

main()          x
{
.......
.......
}

change(int &n)
{
........
}

20
main()          x
{
.......
.......
}

change(int &n)
{
........
}

20
n

main()          x
{
.......
.......
}

change(int &n)
{
........
}

21
n

Before function call After function call      After function execution

Table 10.3: Call by reference procedure
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int main()
{

int m, n;
m = 10;
n = 20;
cout<<"Before swapping m= "<< m <<" and n= "<<n;
swap(m, n);
cout<<"\nAfter swapping m= "<< m <<" and n= "<<n;
return 0;

}

Let us go through the statements in Program 10.8. The actual arguments m  and  n
are passed to the function by reference. Within the swap() function, the values of
x and y are interchanged.  When the values of x and y are changed, actually the
change takes place in m and n.  Therefore the output of the above program code is:

Before swapping m= 10 and n= 20

After swapping m= 20 and n= 10

Modify the above program by replacing the formal arguments with ordinary
variables and predict the output. Check your answer by executing the code in the
lab.

1. Identify  the most essential function in C++ programs.
2. List the three elements of a function header.
3. What is function prototype?
4. Which component is used for data transfer from calling function to

called function?
5. What are the two parameter passing techniques used in C++?

Check yourself

10.5 Scope and life of variables and functions

We have discussed C++ programs consisting of  more than one function. Predefined
functions are used by including the header file concerned. User-defined functions
are placed before or after the main() function. We have seen the relevance of
function prototypes while defining functions. We have also used variables in the
function body and as arguments. Now, let us discuss the availability or accessibility
of the variables and functions throughout the program. Program 10.9 illustrates
the accessibility of local variables in a program.
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Program 10.9: To illustrate the scope and life of variables

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

int cb;
cout<< "The value of x passed to n is " << x;
cb = n * n * n;
return cb;

}
int main()
{

int x, result;
cout << "Enter a number : ";
cin >> x;
result = cube(x);
cout << "Cube = " << result;
cout << "\nCube = "<<cb;

}

When we compile the program, there will be two errors because of the reasons
shown in the call-outs. The concept of  availability or accessibility of  variables and
functions is termed as their scope and life time. Scope of  a variable is that part of
the program in which it is used. In the above program, scope of the variable cb is
in the cube() function because it is declared within that function. Hence this
variable cannot be used outside the function. This scope is known as local scope.
On completing the execution of a function, memory allocated for all the variables
within a function is freed. In other words, we can say that the life of  a variable,
declared within a function, ends with the execution of  the last instruction of  the
function. So, if  we use a variable n within the main(), that will be different from
the argument n of a called function or a variable n within the called function. The
variables used as formal arguments and/or declared within a function have local
scope.
Just like variables, functions also have scope. A function can be used within the
function where it is declared. That is the function is said to have local scope. If it is
declared before the main() function and not within any other function, the scope
of the function is the entire program. That is the function can be used at any place
in the program. This scope is known as global scope. Variables can also be declared
with global scope. Such declarations will be outside all the functions in the program.
Look at Program 10.10 to get more clarity on the scope and life of variables and
functions throughout the program.

This is an error because
the variable cb is declared

within the cube() function.
So it cannot be used in other

functions.

This is an error because the
variable x is declared within the
main() function. So it cannot

be used in other functions.
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Program 10.10 : To illustrate the scope and life of variables and functions

#include <iostream>
using namespace std;
int cb; //global variable
void test()//global function since defined above other functions
{

int cube(int n); //It is a local function
cb=cube(x); //Invalid call. x is local to main()
cout<<cb;

}
int main() // beginning of main() function
{

int x=5; //local variable
test(); //valid call since test() is a global function
cb=cube(x); //Invalid call. cube() is local to test()
cout<<cb;

}
int cube(int n)//Argument n is local variable
{

int val= n*n*n; //val is local variable
return val;

}

Variables

Functions

• Declared within a function or a
block of  statements.

• Available only within that
function or block.

• Memory is allocated when the
function or block is active and
freed when the execution of the
function or block is completed.

• Declared within a function or a
block of statements and defined
after the calling function.

• Accessible only within that
function or the block.

• Declared outside al l the
functions.

• Available to all the functions of
the program.

• Memory is allocated just before
the execution of the program and
freed when the program stops
execution.

• Declared or defined outside all
other functions.

• Accessible by all the functions
in the program

Table 10.5 : Scope and life of variables and functions

Scope &
life

Local Global



304

The given call-outs explain the scope and life of  functions. A function which is
declared inside the function body of another function is called a local function as
it can be used within that function only. A function declared outside the function
body of any other function is called a global function. A global function can be
used throughout the program. In other words, the scope of  a global function is the
entire program and that of a local function is only the function where it is declared.
Table 10.5 summarises the scope and life time of  variables and functions.

10.6 Recursive functions

Usually a function is called by another function. Now let us define a function that
calls itself. The process of calling a function by itself is known as recursion and the
function is known as recursive function. Some of the complex algorithms can be
easily simplified by using the method of recursion. A typical recursive function will
be as follows:

int function1()
{

............

............
int n = function1(); //calling itself
............
............

}

In recursive functions, the function is usually called based on some condition only.
Following is an example for recursive function by which the factorial of  a number
can be found. Note that factorial of a negative number is not defined. Therefore 'n'
can take the value either zero or a positive integer.

int factorial(int n)
{

if((n==1)||(n==0))
return 1;

else if (n>1)
return (n * factorial(n-1));

else
return 0;

}

Let us discuss how this function is executed when the user calls this function as:
f = factorial(3);

When the function is called for the first time, the value of the parameter n is 3. The
condition in the if statement is evaluated to be false. So, the else block is executed.
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When the value of  n is 3, the instruction in the else block becomes
return (3 * factorial(3-1));

which is simplified as:   return (3 * factorial(2)); ………….  (i)

In order to find 3 * factorial(2), it needs to find the value of factorial(2).
The factorial() function is called again with 2 as the argument. The function is
called within the same function. When the factorial() function is executed with
2 as the value of the parameter n, the condition in the if block becomes false. So
only the else block is executed. The instruction in the else block is:

return (2 * factorial(2-1));

which is simplified as:   return (2 * factorial(1)); …………. (ii)

In order to find this returning value, it calls the factorial() function again with
1 as the value of  the parameter n. Now, the condition in the if statement becomes
true, hence it will return 1 as the value of  the function call factorial(1);

Now, the program can find the return value in the instruction numbered (ii). The
instruction (ii) will become:   return 2 * 1;
which is same as:    return 2;

That is, the value 2 is returned as the value of  the function call factorial(2) in
the instruction numbered (i). Thus the instruction (i) becomes: return 3 * 2;
which is same as:     return 6;

Now the value 6 is returned as the value of the function call factorial(3);.

The execution of  the instruction f=factorial(3); is summarised in Figure 10.4.

The execution of the function call factorial(3) is delayed till it gets the value
of the function factorial(2). The execution of this function is delayed till it
gets the value of the function factorial(1). Once this function call gets 1 as its
return value, it returns the value to the previous function calls. Figure 10.4 shows
what happens to the arguments and return value on each call of the function.

Fig. 10.4: Control flow in a recursive function call

( ( (
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;

; ;

;

;

;
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Note that if we call the function factorial()with a negative integer as argument,
the function will return 0. It doesn't mean that the factorial of a negative number is
0. In mathematics the factorial of  a negative number is undefined. So, for example,
the value returned by the function call factorial(-3) should be interpreted as
an invalid call in  the calling function.
The procedure that takes place when the function factorial() is called with 5 is
shown in Figure 10.5.

Fig. 10.5: Recursion process for factorial(5)

A function to find the factorial of  a number can also be defined as follows, without
using recursion.
int factorial(int n)
{

int f=1;
/* The formula n×(n-1)×(n-2)× ... ×2×1 is appliled
instead of 1 × 2 × 3× ... ×(n-1)×n to find the factorial
*/
for(int i=n; i>1; i--)

f *= i;
return f;

}

We can compare the difference between the two functions – the one that uses
recursion and the other that does not use recursion. Every function that uses
recursion can also be written without using recursion. Then why do we use recursion?
Some programmers find the use of  recursion much simpler than the other. The
recursion method cannot be used in all the functions. How do we understand whether
recursion can be applied to a function or not? If we can express a function by
performing some operation on the output of  the same function, we can use recursion
for that. For example, to find the sum of  first n natural numbers, we can write the
sum(n) as:

sum(n) = n + sum(n-1)

Let us discuss a program that converts a given decimal number into its equivalent
binary number. We discussed the conversion procedure in Chapter 2.
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Program 10.11:  To display the binary equivalent of a decimal number

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

int decimal;
cout<<"Enter an integer number: ";
cin>>decimal;
cout<<"Binary equivalent of "<<decimal<<" is ";
Binary(decimal);
return 0;

}

void Binary(int n)   //Definition of a recursive function
{

if (n>1)
Binary(n/2);

cout<<n%2;

}

A sample output of Program 10.11 is given below:
Enter an integer number: 19

Binary equivalent of 19 is 10011

10.7 Creation of header files

All of us know that we always use #include <iostream> in the beginning of
all the programs that we have discussed so far. Why do we use this statement?
Actually iostream is a header file that contains the declarations and definitions
of  so many variables or objects that we use in C++ programs. The objects cout
and cin that we use in the program are declared in this header file. So when we
include this header file in a program, the definitions and declarations of objects
and functions are available to the compiler during compilation. Then the executable
code of these functions and objects will be linked with the program and will be
executed when and where they are called. We can create similar header files containing
our own variables and functions. Suppose we want to write a function to find the
factorial of  a number and use this function in a number of  programs. Instead of
defining the factorial function in all the programs, we can place the function in a
header file and then include this header file in all other programs.
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The following example shows how we can create a header file. Enter the following
program code in any IDE editor.

int factorial(int n)
{

int f=1;
for (int i=1; i<=n; i++)

f *= i;
return f;

}

Save this in a file with the name factorial.h and then create a C++ program as
follows:
#include <iostream>
#include "factorial.h"//includes user-defined headerfile
using namespace std;
int main()
{

int n;
cout<<"Enter a number : ";
cin >> n;
cout<<"Factorial : " << factorial(n);

}

We can compile and run the program successfully. Note that the statement #include
"factorial.h" uses double quotes instead of angular brackets < >. This is
because, when we use angular brackets for including a file, the compiler will search
for the file in the include directory. But if  we use double quotes, the compiler will
search for the file in the current working directory only. Usually when we save the
factorial.h file, it will be saved in the working directory, where the main C++
program is saved. So, we must use double quotes to include the file. Now, whenever
we want to include factorial function in any C++ program, we only need to include
header file factorial.h in the program by using the statement #include
"factorial.h". In the same way we can place any number of functions in a single
header file and include that header file in any program to make use of  these functions.

1. If the prototype of a function is given immediately after the
preprocessor directive, its scope will be _______.

2. What is recursion?
3. What is the scope of predefined functions in C++?
4. The arguments of a function have ______ scope.

Check yourself
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1. Define a function to accept a number and return 1 if it is prime, 0 otherwise.
Using this function write a program to display all prime numbers between 100
and 200.

2. Write a program to find the smallest of  three or two given numbers using a
function (use the concept of default arguments).

3. With the help of  a user-defined function find the sum of  digits of  a number.
That is, if  the given number is 3245, the result should be 3+2+ 4+5 = 14.

4. Using a function, write a program to find the LCM of  two given numbers.
5. Write a program to display all palindrome numbers between a given range

using a function. The function should accept number and return 1 if it is
palindrome, 0 otherwise.

After completing this chapter the learner will be able to
� recognise modular programming style and its merits.
� use predefined functions for problem solving.
� define sub functions for performing particular tasks involved in problem

solving.
� use the sub functions defined by the user.
� define the recursive functions and use them for problem solving.

Learning outcomes

Modular programming is an approach to make programming simpler.
C++ facilitates modularization with functions. Function is a named unit of  program
to perform a specific task. There are two types of  functions in C++: predefined
functions and user-defined functions. Predefined functions can be used in a program
only if we include the header file concerned in the program. User-defined functions
may need to be declared if the definition appears after the calling function. During
function call, data may be transferred from calling function to the called function
through arguments. Arguments may be classified as actual arguments and formal
arguments. Either call by value method or call by reference method can be used to
invoke functions. The variables and functions in a program have scope and life
depending on the place of their declaration. Though a function is called by another
function, C++ allows recursion which is a process of calling a function by itself.
New header files can be created to store the user-defined functions so that these
functions can be used in any program.

Lab activity

Let us sum up
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Sample questions

Very short answer type

1. How do top down design and bottom up design differ in programming?
2. What is a function in C++?
3. The ability of a function to call itself is _________.
4. Write down the role of  header files in C++ programs.
5. When will you use void data type for function definition?
Short answer type

1. Distinguish between actual parameters and formal parameters.
2. Construct the function prototypes for the following functions

(a) Total() takes two double arguments and returns a double
(b) Math() takes no arguments and has no return value

3. Distinguish between exit() function and return statement.
4. Discuss the scope of  global and local variables with examples.
5. Distinguish between Call-by-value method and Call-by-reference method used

for function calls.
6. In C++, function can be invoked without specifying all its arguments. How?
7. Write down the process involved in recursion.
Long answer type

1. Look at the following functions:
int sum(int a,int b=0,int c=0)

{ return (a + b + c); }

(a) What is the speciality of the function regarding the parameter list?
(b) Give the outputs of the following function calls by explaining its working

and give reason if  the function call is wrong.
(i) cout<<sum(1, 2, 3); (ii) cout<<sum(5, 2);

(iii) cout<<sum(); (iv) cout<<sum(0);

2. The prototype of a function is: int fun(int, int);

The following function calls are invalid. Give reason for each.
(a) fun(2,4); (b) cout<<fun(); (c) val=fun(2.5, 3.3);
(d) cin>>fun(a, b); (e) z=fun(3);


