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DEPARTMENT OF COMPUTER SCIENCE AND ENGINEERING 

COURSE MATERIALS 

 

MAT 206 GRAPH THEORY 

VISION OF THE INSTITUTION 

To mould true citizens who are millennium leaders and catalysts of change through excellence in 

education. 

 

MISSION OF THE INSTITUTION  

NCERC is committed to transform itself into a center of excellence in Learning and Research in 

Engineering and Frontier Technology and to impart quality education to mould technically competent 

citizens with moral integrity, social commitment and ethical values. 

We intend to facilitate our students to assimilate the latest technological know-how and to imbibe 

discipline, culture and spiritually, and to mould them in to technological giants, dedicated research 

scientists and intellectual leaders of the country who can spread the beams of light and happiness among 

the poor and the underprivileged. 
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DEPARTMENT VISION 

Producing Highly Competent, Innovative and Ethical Computer Science and Engineering professionals 

to facilitate continuous technological advancement. 

DEPARTMENT MISSION 

 To Impart Quality Education by creative Teaching Learning Process. 

 To promote cutting-edge Research and Development Process to solve real world problems with 

emerging technologies. 

 To Inculcate Entrepreneurship Skills among Students. 

 To cultivate Moral and Ethical Values in their Profession. 

PROGRAMME EDUCATIONAL OBJECTIVES 

PEO1: Graduates will be able to Work and Contribute in the domains of Computer Science and Engineering 

through lifelong learning. 

PEO2: Graduates will be able to Analyse, design and development of novel Software Packages, 

Web Services, System Tools and Components as per needs and specifications. 

PEO3: Graduates will be able to demonstrate their ability to adapt to a rapidly changing environment by 

learning and applying new technologies. 

PEO4: Graduates will be able to adopt ethical attitudes, exhibit effective communication skills, 

Teamworkand leadership qualities. 

 

PROGRAM OUTCOMES (POS) 

Engineering Graduates will be able to: 

1. Engineering knowledge: Apply the knowledge of mathematics, science, engineering 

fundamentals, and an engineering specialization to the solution of complex engineering 

problems. 

2. Problem analysis: Identify, formulate, review research literature, and analyze complex 

engineering problems reaching substantiated conclusions using first principles of 

mathematics, natural sciences, and engineering sciences. 

3. Design/development of solutions: Design solutions for complex engineering problems and 

design system components or processes that meet the specified needs with appropriate 

consideration for the public health and safety, and the cultural, societal, and environmental 

considerations. 

4. Conduct investigations of complex problems: Use research-based knowledge and research 

methods including design of experiments, analysis and interpretation of data, and synthesis of 

the information to provide valid conclusions. 

5. Modern tool usage: Create, select, and apply appropriate techniques, resources, and modern 

engineering and IT tools including prediction and modeling to complex engineering activities 
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with an understanding of the limitations. 

6. The engineer and society: Apply reasoning informed by the contextual knowledge to assess 

societal, health, safety, legal and cultural issues and the consequent responsibilities relevant 

to the professional engineering practice. 

7. Environment and sustainability: Understand the impact of the professional engineering 

solutions in societal and environmental contexts, and demonstrate the knowledge of, and need 

for sustainable development. 

8. Ethics: Apply ethical principles and commit to professional ethics and responsibilities and 

norms of the engineering practice. 

9. Individual and team work: Function effectively as an individual, and as a member or leader 

in diverse teams, and in multidisciplinary settings. 

10. Communication: Communicate effectively on complex engineering activities with the 

engineering community and with society at large, such as, being able to comprehend and 

write effective reports and design documentation, make effective presentations, and give and 

receive clear instructions. 

11. Project management and finance: Demonstrate knowledge and understanding of the 

engineering and management principles and apply these to one’s own work, as a member and 

leader in a team, to manage projects and in multidisciplinary environments. 

12. Life-long learning: Recognize the need for, and have the preparation and ability to engage in 

independent and life-long learning in the broadest context of technological change. 

PROGRAM SPECIFIC OUTCOMES (PSO) 

 PSO1: Ability to Formulate and Simulate Innovative Ideas to provide software solutions for Real-time 

Problems and to investigate for its future scope. 

PSO2: Ability to learn and apply various methodologies for facilitating development of high quality 

System Software Tools and Efficient Web Design Models with a focus on performance optimization. 

PSO3: Ability to inculcate the Knowledge for developing Codes and integrating hardware/software 

products in the domains of Big Data Analytics, Web Applications and Mobile Apps to create innovative 

career path and for the socially relevant issues. 

COURSE OUTCOMES 

 

C209.1 K2 Understand graph, its elements and their properties, types of paths, 

classification of graphs. 

C209.2 K2 Demonstrate the fundamental theorems on Eulerian and Hamiltonian 

graphs. 

C209.3 K4 Illustrate the working of Prim’s and Kruskal’s algorithms for finding 

minimum cost spanning tree and Dijkstra’s and Floyd-Warshall algorithms 

for finding shortest Paths. 

C209.4 K3 Apply the concept of graph connectivity, planar graphs and their properties 

on various theorems.  

C209.5 K4 Illustrate the different graph representation and vertex color problem. 
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MAPPING OF COURSE OUTCOMES WITH PROGRAM OUTCOMES 
CO Vs PO’S  Mapping 

CO’S PO1 PO2 PO3 PO4 PO5 PO6 PO7 PO8 PO9 PO10 PO11 PO12 

C209.1 3 2 3 2 - - - - - - - - 

C209.2 3 3 3 3 - - - - - - - 3 

C209.3 3 3 3 3 - - - - - - - 3 

C209.4 3 2 2  - - - - - - - - 

C209.5 3 3 3 3 - - - - - - - 3 

C209 3 2.6 2.8 2.75 - - - - - - - 3 

 

CO PSO’S Mapping 

CO’S PSO1 PSO2 PSO3 

C209.1 3 2 2 

C209.2 3 3 - 

C209.3 3 3 - 

C209.4 3 2 3 

C209.5 3 - 3 

C209 3 2.5 2.67 

 

Note: H-Highly correlated=3, M-Medium correlated=2, L-Less correlated=1 
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SYLLABUS 

 

 

       

 



CSE DEPARTMENT, NCERC PAMPADY Page 6 
 

 

      

 

    

 



CSE DEPARTMENT, NCERC PAMPADY Page 7 
 

 

 



CSE DEPARTMENT, NCERC PAMPADY Page 8 
 

QUESTION  BANK 

MODULE I 

 QUESTIONS CO KL 

1 Define pendant vertex, isolated vertex and null graph with an 
example each. 

CO1 K1 

2 Discuss   isomorphism of graphs. Show that the graphs are 

isomorphic.   

 
 

CO1 K2 

3 Explain about Walk and Path with examples.                  

 

CO1 K2 

4 Write and explain Edge Disjoint and Vertex Disjoint Sub graphs with 

Example.    

 

CO1 K3 

5 Differentiate Circuit and Cycle With Example. 

 

CO1 K4 

6 Define isomorphism of graphs. Show that the graphs are isomorphic.  

 
      

CO1 K1 

7 Prove that a simple graph with n vertices and k components can have CO1 K5 
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at most    (n-k)(n-k+1)/2 edges 
8 Write and explain 4 Different applications of Graphs.   CO1 K3 

9 Consider a graph G with 5 vertices: v1,v2, v3, v4 and v5 and the 

degrees of  vertices are 5,4,3,1 and 2 respectively. Is it possible to 

construct such a graph G? Justify your answer. 

CO1 K3 

10 Define isomorphism of graphs. Show that the graphs are isomorphic.  

 

CO1 K1 

11 Explain about Isolated Vertices and Pendant Vertices of  a  Graph in 

detail.  

 

CO1 K2 

12 Define sub graphs. What are edge disjoint and vertex disjoint sub 
graphs? Construct two edge disjoint sub graphs of the graph G. 

 

CO1 K1 

MODULE II 
1. Test whether the given graph is an Euler graph and if yes, give the 

Euler line. Justify your answer.  

CO2 K4 
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2. Define Hamiltonian Graph. Show that the given graph is Hamiltonian 

or not?     

 

CO2 K1 

3. Illustrate travelling salesman problem. Print a travelling salesman’s 

tour on the graph below.  

 

CO2 K3 

4. Explain about digraphs and its types with neat diagrams. 

 

CO2 K2 

5. Prove that a given connected graph G is an Euler Graph if and only if 

all vertices of G are of even degree SIC Assembler Algorithm      

CO2 K5 

6. 
 

Give Hamiltonian circuit of the following graph. CO2 K2 
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7 Illustrate Digraphs with example. 

 

CO2 K3 

8 Explain about Operations of Graph-Union, Intersection, Ring sum, 

Decomposition and deletion with examples. 

 

CO2 K2 

9 Explain  Euler Graphs with example 

 

CO2 K2 

10 Explain about unicursal graphs with example 

 

CO2 K2 

11 Explain about Arbitrarily Traceable Graph in detail.  

 

CO2 K2 

12 Explain digraphs and binary relation on digraphs.   

 

CO2 K2 

MODULE III 
1 Explain Eccentricity of a tree CO3 K2 

2 Illustrate about Spanning tree. Find any two spanning trees T1, T2 of 

the graph G given below. Also find the branch set, chord set, rank and 

nullity. 

 

CO3 K3 

3 Explain Kruskal’s Algorithm with an example. 

 

CO3 K2 
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4 Explain Center of a tree and how to find the center. 

 

CO3 K2 

5 Explain the concept of Rooted Tree and Binary Tree in detail.                 CO3 K2 

6 Prove that every tree has either one or two centers.     

Sketch all spanning trees of the given graph      

 

CO3 K5 

7 Prove that in a graph G, if there is exactly one path between every 
pair of vertices, then G is a tree.  
 

CO3 K5 

8 Write note on minimum and maximum levels of a tree. Sketch two 

different binary trees on 13 vertices, one having maximum height and 

other having minimum height.    

 

CO3 K3 

9 Prove that there  are n
n-2   

labeled trees  with n vertices (n>=2) 
                                                                                       
 

 

CO3 K5 

10 Discuss Kruskal’s algorithm used to find minimum cost spanning tree 

of a graph. Find a minimum spanning tree in the graph below.  

 

CO3 K2 

11 Define Rank and Nullity of a Graph 

 

CO3 K1 

12 Illustrate about Fundamental Circuits. 

 

CO3 K3 

13 Write Dijkstra’s Shortest path algorithm and apply this algorithm to 

find the shortest path 

CO3 K3 
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MODULE IV 
1 Define Planar Graph with example CO4 K1 

2 Give the fundamental cutset ,edge connectivity and vertex 

connectivity of the following graph      

 

CO4 K2 

3 Prove that Kuratowiskis first graph and second graph is non planar    CO4 K5 

4 Find out the geometrical dual of the given graph 

 
 

CO4 K1 

5 Differentiate Fundmental Circuits and fundamental cutsets with an 

example                                                                 

 

CO4 K4 

6 Explain about Geometric dual .Find out the dual of the given graph 

 

CO4 K5 
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7 Compare Vertex connectivity and Edge connectivity 

 

CO4 K4 

8 Describe  fundamental circuit  and cutsets of the following graph 

 

CO4 K2 

9 Prove that a Connected Planar Graph with n vertices and e edges has 
e-n+2 regions        

CO4 K5 

MODULE  V 
1 Explain Incidence Matrix with an example CO5 K2 

2 Illustrate Adjacency Matrix and Incidence Matrix. Find out the 

adjacency matrix and incidence matrix of the given graph. 

 
 

CO5 K3 

3 Explain  in detail about  Graph colouring and chromatic number with 

examples 

CO5 K2 

4 Explain chromatic number of planar graphs and complete graphs with 

example 

 

CO5 K2 

5 Prove that Every Tree with two or more vertices is 2 Chromatic  and 

A graph with atleast one edge is 2 chromatic if and only if it has no 

circuits of add length 

CO5 K5 

6 Discuss the chromatic polynomial of graph with 5 vertices . 

 

CO5 K2 

7 Illustrate Circuit Matrix with an example   

 

CO5 K3 

8 Write note on Chromatic polynomial with an example. CO5 K3 
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9 Give the incidence matrix of the graph G. Also write the properties of 

incidence matrix    

 
 

CO5 K2 
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APPENDIX 1 

CONTENT BEYOND  THE SYLLABUS 

SL NO TOPIC 

1 Application of graphs in solving various Engineering problems 

2 Importance of graph theoretic algorithms in different fields of 

our society 
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    MODULE NOTES 
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CONTENT BEYOND THE SYLLABUS 

Application of graphs in solving various Engineering problems 

 

 



 

 

 



 

 

 



 



 



 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



APPLICATIONS OF GRAPH THEORY IN HUMAN LIFE 

 

 

 

Applications of GSM and Time Table Scheduling :  

 
Graph theoretical concepts are widely used to study and model various applications, in different 

areas. They include, study of molecules, construction of bonds in chemistry and the study of atoms. 

Similarly, graph theory is used in sociology for example to measure actors prestige or to explore 

diffusion mechanisms. Graph theory is used in biology and conservation efforts where a vertex 

represents regions where certain species exist and the edges represent migration path or movement 

between the regions. This information is important when looking at breeding patterns or tracking the 

spread of disease, parasites and to study the impact of migration that affect other species. Graph 

theoretical concepts are widely used in Operations Research. For example, the traveling salesman 

problem, the shortest spanning tree in a weighted graph, obtaining an optimal match of jobs and men 

and locating the shortest path between two vertices in a graph. It is also used in modeling transport 

networks, activity networks and theory of games. The network activity is used to solve large number 

of combinatorial problems. The most popular and successful applications of networks in OR is the 

planning and scheduling of large complicated projects. The best well known problems are 

PERT(Project Evaluation Review Technique) and CPM (Critical Path Method). Next, Game theory 

is applied to the problems in engineering, economics and war science to find optimal way to perform 

certain tasks in competitive environments. To represent the method of finite game a digraph is used. 

Here, the vertices represent the positions and the edges represent the moves.  



 

Map coloring and GSM mobile phone networks: 

 Groups Special Mobile (GSM) is a mobile phone network where the geographical area of this 

network is divided into hexagonal regions or cells. Each cell has a communication tower which 

connects with mobile phones within the cell. All mobile phones connect to the GSM network by 

searching for cells in the neighbours. Since GSM operate only in four different frequency ranges, it is 

clear by the concept of graph theory that only four colors can be used to color the cellular regions. 

These four different colors are used for proper coloring of the regions. Therefore, the vertex coloring 

algorithm may be used to assign at most four different frequencies for any GSM mobile phone 

network. The authors have given the concept as follows:  

Given a map drawn on the plane or on the surface of a sphere, the four color theorem assets that it is 

always possible to color the regions of a map properly using at most four distinct colors such that no 

two adjacent regions are assigned the same color. Now, a dual graph is constructed by putting a 

vertex inside each region of the map and connect two distinct vertices by an edge iff their respective 

regions share a whole segment of their boundaries in common. Then proper coloring of the dual 

graph gives proper coloring of the original map. Since, coloring the regions of a planar graph G is 

equivalent to coloring the vertices of its dual graph and vice versa. By coloring the map regions using 

four color theorem, the four frequencies can be assigned to the regions accordingly. 
  
Time table scheduling: Allocation of classes and subjects to the Teachers is one of the major issues 

if the constraints are complex. Graph theory plays an important role in this problem. For „t‟ Teachers 

with „n‟ subjects the available number of „p‟ periods timetable has to be prepared. This is done as 

follows. A bipartite graph (or bigraph is a graph whose vertices can be divided into two disjoint sets 

U and V such that every edge connects a vertex in U to one in V; that is, U and V are independent 

sets) G where the vertices are the number of Faculty say t1, t2, t3, t4, ……. tk and n number of 

subjects say n1, n2, n3, n4, ……. nm such that the vertices are connected by „pi‟ edges. It is 

presumed that at any one period each Teacher can teach at most one subject and that each subject can 

be taught by maximum one Teacher. Consider the first period. The timetable for this single period 

corresponds to a matching in the graph and conversely, each matching corresponds to a possible 

assignment of Teacher to subjects taught during that period. So, the solution for the timetabling 

problem will be obtained by partitioning the edges of graph G into minimum number of matching. 

Also the edges have to be colored with minimum number of colors. This problem can also be solved 

by vertex coloring algorithm. “ The line graph L(G) of G has equal number of vertices and edges of 

G and two vertices in L(G) are connected by an edge iff the corresponding edges of G have a vertex 

in common. The line graph L(G) is a simple graph and a proper vertex coloring of L(G) gives a 

proper edge coloring of G by the same number of colors. So, the problem can be solved by finding 

minimum proper vertex coloring of L(G).” For example, Consider there are 4 Teachers namely t1, 

t2, t3, t4,. and 5 subjects say n1, n2, n3, n4, n5 to be taught. The teaching requirement matrix p = 

[pij] is given as.  



 
Figure – a: The teaching requirement matrix for four Teachers and five subjects The bipartite graph 
is constructed as follows. 

 
Figure – b: Bipartite graph with 4 Teachers and 5 subjects 
 

Finally, the authors found that proper coloring of the above mentioned graph can be done by 4 colors 

using the vertex coloring algorithm which leads to the edge coloring of the bipartite multigraph G. 

Four colors are interpreted to four periods 

 
Figure – c: The schedule for the four subjects 

 


