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Data Structures Using C lies in its simple and lucid presentation of the subject which 
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Salient Features of the Book
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Arrays, Linked lists, Stacks, Queues, Trees, Graphs, 
Sorting, and Searching
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over 400 pedagogical aids like 
illustrations, programs, important 
commands in programs, output and 
program analysis,  note, checkpoint,   
key terms,  solved problems, and review 
questions.

What Sets This Book Apart

Chapter Opening Features  
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priorities.

2 Data Structures Using C
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Before we start exploring the different types of data structures and learn how to implement them to solve 
real world problems, we must first get ourselves familiar with the basics of problem solving techniques 
and the C language. Since the early days of programming, problem solving methods, like algorithms 
and flowcharts, and the C programming language have been used to represent and explain the concepts 
of data structures. They provide a simplified method of learning and implementing the different types 
of data structures.

In this chapter, we will explore the different problem solving techniques. We will also get introduced 
to the C language and its various programming constructs. 

�
��  If you are already familiar with problem solving techniques and the C language, then you 
may choose to skip this chapter. 
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A problem is a situation presented to a computer so that its solution can be found. It is associated with a 
well-defined set of inputs and an output that signifies the problem resolution. Problem solving involves 
applying a series of methods to a given problem so that its solution can be achieved in a systematic 
manner. Following are the three problem-solving methods or techniques that are applied in sequence 
to solve a given problem:

1. Developing the algorithm

2. Creating the flowchart

3. Writing the pseudocode

Development of computer program becomes quite easy after we have applied the above techniques 
to a given problem. Let us understand each of these techniques one by one.

1.2.1 ���
�����

An algorithm is a sequence of steps written in simple English phrases to describe the solution to a given 
problem. It basically breaks the solution of a problem into a series of simple descriptive steps. 

�!"�#������� An integer num is given as input. Write an algorithm to find out whether num is 
even or odd.
�
�$��
%� A number is an even number if it is completely divisible by 2; alternatively, it is an odd 
number if it is not completely divisible by 2 and leaves 1 as remainder. Let us apply this logic to develop 
the algorithm for the given problem.

Step 1 Start
Step 2 Accept num as the input
Step 3 Divide num by 2. If the remainder is 0 then go to Step 4 else go to Step 5
Step 4 Show num as is an even number and go to Step 6
Step 5 Show num as is an odd number
Step 6 Stop
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In-chapter Features
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pseudocodes, flowcharts 
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on a point or help teach a 
concept. Commands in bold 
draw students’ attention to 
a particular section in the 
%����	��

Other Significant Features
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related to the content of the chapter.
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Chapter-end Features

Summary reviews the concepts while a list 
��
#
�
�
���
�
�%�
��
�����
��

)��	(��	��

students need to understand the concepts 
presented in the chapter. Students can assess 
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260 Data Structures Using C

 9.3 As per modified Warshall’s algorithm, which of the following is the correct relation for computing 
the shortest path between two vertices in a graph?

 (a) SPi, j = Minimum of (SPi, j, SPi, k + SPk, j)
 (b) SPi, j = Maximum of (SPi, j, SPi, k + SPk, j)
 (c) SPi, j = Minimum of (SPi, k, SPk, j + SPi, j)
 (d) None of the above
 9.4 The number of edges incident on a vertex is referred as ____________.
 (a) Degree
 (b) Indegree
 (c) Order 
 (d) Outdegree
 9.5 Identify the BFS path for the following graph:
 (a) 1–2–3–4–6–5
 (b) 1–4–3–2–6–5
 (c) 1–2–3–4–5–6
 (d) None of the above 
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 9.1 What is a graph? Explain with an example.
 9.2 List and explain any five key terms associated with graphs.
 9.3 What are the different methods of representing a graph?
 9.4 What is an adjacency matrix? How can you derive a path matrix from an adjacency matrix?
 9.5 Explain adjacency list implementation of a graph with the help of an example. 
 9.6 What is the significance of computing the shortest path in a graph? Explain with the help of an 

example.
 9.7 Write the modified Warshall’s algorithm for computing the shortest path between two nodes of 

a graph.
 9.8 What is BFS? Explain with the help of an example.
 9.9 What is DFS? Explain with the help of an example.
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 9.1 Write a C function to deduce the adjacency matrix for a given directed graph G. 
 9.2 Write a C function that takes as input the adjacency matrix and applies Warshall’s algorithm to 

generate the corresponding path matrix.
 9.3 Write a C program to implement a 3-node directed graph using adjacency list.
 9.4 Write a C function that takes as input the path matrix and applies the shortest path algorithm to 

generate the corresponding shortest path matrix.
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 9.1 (b) 9.2 (a) 9.3 (a) 9.4 (b)  9.5 (c)

 Graphs 259

C
�
a
#
�
�
�

��
�
%
�

�$��"�,

 � A graph G(V, E) consists of the following elements:
  o A set V of vertices or nodes where V = {v1, v2, v3, ...., vn}
  o A set E of edges also called arcs where E = {e1, e2, e3, ...., en} 
 � A graph can be implemented in three ways: adjacency matrix, path matrix, and adjacency list.
 � Adjacency matrix and path matrix are the sequential methods of representing a graph. Adjacency 

matrix signifies whether there is an edge between any two vertices of the graph. Path matrix 
signifies whether there is a path between any two vertices of the graph.

 � Adjacency list is a linked representation of a graph. It consists of a list of graph nodes with each 
node itself consisting of a linked list of its neighboring nodes.

 � Breadth First Search or BFS is the method of traversing a graph in such a manner that all the 
vertices at a particular level are visited first before proceeding onto the next level. 

 � Depth First Search or DFS is the method of traversing a graph in such a manner that all the 
vertices in a given path (starting from the first node) are visited first before proceeding onto the 
next path.

-�,�����)

 � Weighted graph It signifies that all the edges of the graph are assigned an integer number called 
weight.

 � Directed It signifies that each edge of the graph is a pointed arrow that points from one vertex 
to the other.

 � Adjacency matrix It is an N ¥ N matrix containing 1s for all the direct edges of the graph and 
containing 0s for all the non-edges.

 � Path matrix It is an N ¥ N matrix containing 1s for all the existing paths in a graph and containing 
0s otherwise.

 � Adjacency list It a list of graph nodes with each node itself consisting of a linked list of its 
neighboring nodes.
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 9.1 Which of the following is not true for graph?
 (a) It is a set of vertices and edges.
 (b) All of its vertices are reachable from any other vertex
 (c) It can be represented with the help of an N ¥ N matrix.
 (d) All of the above are true
 9.2 As per Warshall’s method, which of the following is the correct relation for computing the path 

matrix?
 (a) Pi, j = Pi, j OR ( Pi, k AND Pk, j)
 (b) Pi, j = Pi, j AND ( Pi, k OR Pk, j)
 (c) Pi, j = Pi, k AND ( Pk, j OR Pi, j)
 (d) None of the above
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http://www.mhhe.com/balagurusamy/dsuc 
� PowerPoint slides
� Computer programs for labs
� Links for additional resources

Acknowledgements

�
&����
��#

��
��	�#
��

�����&���
�
)�
&
��
���
��
��
����
������
��
��%��)���
��

����%�>
Shashank Dwivedi UCER, Allahabad, Uttar Pradesh 
Rajiv Pandey Amity University Lucknow Campus, Lucknow, Uttar Pradesh 
Mahua Banerjee Xavier Institute of Social Service, Ranchi, Jharkhand 
Sameer Bhave Indore Professional Studies Academy, Indore, Madhya Pradesh 
D Lakshmi, Adithya Institute of Technology, Coimbatore, Tamil Nadu 
A Sharada G Narayanamma Institute of Technology and Science, Hyderabad, 
 Andhra Pradesh 
����
�

��	�#�
��
��


������	�
�
	�
��
��0�	&
����
����	����
�����	�
���
��
��
��%%���
	��
���%
�	�����

Publisher’s Note

����
������
	��
����������)

���������
	�&	��
��
	
����
&	�
��

��	�����
	��

��
	)���
+

�
Q�
��

	��
 �
	�
��
 ��
 
�	��
 ��
 ��
��
 )	��	(�

 ����
����)�
&���

�(	�#
 ���
 ��

 (
��
��
��
 ��
 ��

 (��#
 	�
 
tmh.csefeedback@gmail.com
�
��������
��

����

	��
��

	�����-�
�	�

��
��

��(]
��
���
�

Please report any piracy spotted by you as well!

xii� �������


