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Course Objectives 

This course enables the students to learn 

 The fundamental concepts in Graph Theory and some of its modern applications.  

 The use of these methods in subsequent courses in the design and analysis of 

algorithms, computability theory, software engineering, and computer systems. 

Course Outcomes (COs) 

1. Understanding the basic concepts of graphs, directed graphs, and weighted graphs and 

able to present a graph by matrices. 

2. Overview of properties of trees and a minimal spanning tree for a given weighted 

graph. 

3. Understand Eulerian and Hamiltonian graphs. 

4. Applied the knowledge of graphs to solve the real-life problem. 

UNIT I  

GRAPHS 

Graphs – Introduction – Isomorphism – Sub graphs – Walks, Paths, Circuits – Connectedness – 

Components – Euler Graphs – Hamiltonian Paths and Circuits – Trees – Properties of trees – 

Distance and Centers in Tree – Rooted and Binary Trees - Spanning trees – Fundamental 

Circuits.  

 

UNIT II  

SPANNING TREES 

Spanning Trees in a Weighted Graph – Cut Sets – Properties of Cut Set – All Cut Sets – 

Fundamental Circuits and Cut Sets – Connectivity and separability – Network flows – 1-

Isomorphism – 2-Isomorphism – Combinational versus  Geometric Graphs – Planer Graphs – 

Different Representation of a Planer Graph.  

 

UNIT III  

MATRIX REPRESENTATION OF A  GRAPH 
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Incidence matrix – Sub matrices – Circuit Matrix – Path Matrix – Adjacency Matrix – Chromatic 

Number – Chromatic partitioning – Chromatic polynomial - Matching - Covering – Four Color 

Problem. 

  

UNIT IV  

COUNTING TREE 

Directed Graphs – Types of Directed Graphs - Types of enumeration, counting labeled trees, 

counting unlabelled trees, Polya’s counting theorem, graph enumeration with   Polya’s theorem. 

 

UNIT V  

DOMINATION IN GRAPHS 

 Introduction – Terminology and concepts – Applications – Dominating set and domination 

number – Independent set and independence number – History of domination in graphs.  

 

SUGGESTED READINGS 

 

1. Deo N, (2007). Graph Theory with Applications to Engineering and Computer Science,  

     Prentice Hall  of India Pvt Ltd, New Delhi. 

2. Teresa W. Haynes, Stephen T. Hedetniemi and Peter J.Slater, (1998), Fundamentals of  

    Domination in Graphs,  Marcel Dekker, New York. 

3. Jonathan L Gross, Jay Yellen, (2014). Handbook of Graph Theory, CRC Press LLC. Taylor    

    &Francis Group,Boca Rotan. 

4. Diestel. R Springer-Verlag, (2012). Graph Theory. Springer-Verleg,New York. 

5. Jensen.TR and Toft.B., (1995). Graph Coloring Problems.  Wiley-Interscience , , New York.  

6. Fred Buckley and Frank Harary,  (1990). Distance in Graphs, Addison - Wesley Publications.  

    Redwood City, California. 

7. Flouds C. R., (2009). Graph Theory Applications, Narosa Publishing House. New Delhi,India. 

8. Arumugam. S, Ramachandran. S ,(2006). Invitation to graph theory, Scitech publications,  

    Chennai.  

9. Harary F, (2001).Graph Theory, Addison- Wesley Publishing Company Inc USA 
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KARPAGAM ACADEMY OF HIGHER EDUCATION 

(Deemed to be University Established Under Section 3 of UGC Act 1956) 

Coimbatore – 641 021. 

 
LECTURE PLAN 

DEPARTMENT OF MATHEMATICS 

 
Staff name: U. R. Ramakrishnan  

Subject Name: Graph Theory and its Applications     Sub.Code: 18MMP205A 

Semester: II       Class: I M.Sc Mathematics 

S.No Lecture 

Duration 

Period 

Topics to be Covered Support Material/Page 

Nos 

UNIT-I 

1.  1 Isomorphism of graphs and sub 

graphs 

R1:Chap:2.1:Pg.No:14- 16 

2.  1 Walks, Paths, Circuits R4:Chap:1.3:Pg.No:6-9 

3.  1 Connected , connectedness of 

graphs and components of graphs 

R1:Chap:2.5:Pg.No:19- 21 

4.  1 Euler graphs and Euler graphs 

based on theorems 

R1:Chap:2.6:Pg.No:21- 23 

5.  1 Hamiltonian paths and circuits R3:Chap:4.5:Pg.No:314- 

316 

6.  1 Theorems on some properties of 

trees 

R6:Chap:3:Pg.No:39-41 

7.  1 Distance and centers in tree R1:Chap:3.4:Pg.No:43- 45 

8.  1 Rooted and binary trees and 

spanning trees, Fundamentals 

Circuits 

R1:Chap:3.5:Pg.No:45- 57 

9.  1 Recapitulation and Discussion  of possible questions 

Total No of  Hours Planned  For  Unit I=9 

R1: Deo N, (2007). Graph Theory with Applications to Engineering and Computer Science,  

     Prentice Hall  of India Pvt Ltd, New Delhi.. 

R3: Jonathan L Gross, Jay Yellen, (2014). Handbook of Graph Theory, CRC Press LLC. Taylor    

&Francis Group,Boca Rotan. 

R4: Diestel. R Springer-Verlag, (2012). Graph Theory. Springer-Verleg,New York. 

R6: Fred Buckley and Frank Harary,  (1990). Distance in Graphs, Addison - Wesley Publications 
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Redwood City, California. 

UNIT-II 

1.  1 Spanning trees in a Weights Grap R8:Chap:3.10:Pg.No:58- 61 

2.  1 Theorems on some properties of 

Cut Sets and all Cut Sets 

R1:Chap:4.2:Pg.No:68- 71 

3.  1 Fundamental Circuits and Cut Sets R1:Chap:4.5:Pg.No:73- 75 

4.  1 Connectivity and separability R1:Chap:4.5:Pg.No:73- 75 

5.  1 Network flows R3:Chap:11:Pg.No:1377- 

1380 

6.  1 Theorems on some 1- Isomorphism R1:Chap:4.7:Pg.No:80- 82 

7.  1 Theorems on some 2- Isomorphism R1:Chap:4.5:Pg.No:73- 75 

8.  1 Combinational versus Geometric 

Graphs 

R1:Chap:5.1:Pg.No:88- 89 

9.  1 Different Representation of a Planar 

Graph 

R1:Chap:5.4:Pg.No:90-99 

10.  1 Recapitulation and Discussion  of possible questions 

 

Total No of  Hours Planned  For  Unit II=10 

R1: Deo N, (2007). Graph Theory with Applications to Engineering and Computer Science,  

       Prentice Hall  of India Pvt Ltd, New Delhi.. 

R3: Jonathan L Gross, Jay Yellen, (2014). Handbook of Graph Theory, CRC Press LLC. Taylor    

&Francis Group,Boca Rotan. 

R8: Arumugam. S, Ramachandran. S ,(2006). Invitation to graph theory, Scitech publications,  

      Chennai. 
UNIT-III 

1.  1 Introduction and definition of a 

incidence matrix 

R1:Chap:7.1:Pg.No:137- 

139 

2.  1 Sub matrix and Circuits matrix 

based on problems 

R1:Chap:7.3:Pg.No:142- 

146 

3.  1 Path matrix and adjacency matrix 

based on problems 

R1:Chap:7.8:Pg.No:156- 

161 

4.  1 Chromatic Number theorems R5:Chap:1.12:Pg.No:257 -

258 

5.  1 Chromatic partitioning R5:Chap:16.14:Pg.No:25 8-

259 

6.  1 Chromatic polynomial, Matching, 

covering 

R1:Chap:8.5:Pg.No:174- 

190 

7.  1 Four color problem R5:Chap:2.1:Pg.No:31- 35 
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8.  1 Recapitulation and Discussion  of possible questions 

Total No of  Hours Planned  For  Unit III=8 

R1: Deo N, (2007). Graph Theory with Applications to Engineering and Computer Science,  

       Prentice Hall  of India Pvt Ltd, New Delhi.. 

R5: Jensen.TR and Toft.B., (1995). Graph Coloring Problems.  Wiley-Interscience , , New York. 

UNIT-IV 

1.  1 Introduction and definition of 

Directed Graphs 

R9:Chap:3.1:Pg.No:163- 

165 

2.  1 Some types of Directed Graphs R1:Chap:9.2:Pg.No:197- 

198 

3.  1 Types of enumeration R1:Chap:10.1:Pg.No:238 -

240 

4.  1 Counting labeled trees R1:Chap:10.2:Pg.No:240 -

241 

5.  1 Counting unlabeled trees R1:Chap:10.3:Pg.No:241 -

250 

6.  1 Polya’s counting theorem R1:Chap:10.4:Pg.No:250 -

260 

7.  1 Graph enumeration with Polya’s 

theorem 

R1:Chap:10.5:Pg.No:260 -

264 

8.  1 Recapitulation and Discussion  of possible questions 

Total No of  Hours Planned  For  Unit IV=8 

R1: Deo N, (2007). Graph Theory with Applications to Engineering and Computer Science,  

       Prentice Hall  of India Pvt Ltd, New Delhi.. 

R9: Harary F, (2001).Graph Theory, Addison- Wesley Publishing Company Inc USA 

UNIT-V 

1.  1 Introduction Terminology and 

concepts 

R1:Chap:1.1:Pg.No:15- 16 

2.  1 Applications of Domination in 

graphs 

R7:Chap:5.1:Pg.No:71-73 

3.  1 Dominating set and Domination 

number 

R2:Chap:1.2:Pg.No:16- 18 

4.  1 Independent set and Independent 

number 

R2:Chap:1.3:Pg.No:19- 20 

5.  1 History of domination in graphs R2:Chap:1.13:Pg.No:36- 37 

6.  1 Recapitulation and Discussion  of possible questions 

7.  1 Discuss on Previous  ESE Question 

Papers 

 

8.  1 Discuss on Previous  ESE Question 

Papers 
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9.  1 Discuss on Previous  ESE Question 

Papers 

 

Total No of  Hours Planned  for  unit V=9 

R1: Deo N, (2007). Graph Theory with Applications to Engineering and Computer Science,  

       Prentice Hall  of India Pvt Ltd, New Delhi.. 

R2: Teresa W. Haynes, Stephen T. Hedetniemi and Peter J.Slater, (1998), Fundamentals of  

Domination in Graphs,  Marcel Dekker, New York. 

R7: Flouds C. R., (2009). Graph Theory Applications, Narosa Publishing House. New 

Delhi,India. 

Total Planned Hours 44 
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Possible Questions 
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2 Mark Questions: 

1. Define divisible with example. 

2. Prove that if ba and ca ,then )( cybxa  for arbitrary integers x and y. 

3. Define greatest common divisor with example. 

4. What is relatively prime. 

5. Discuss about Diophantine equation. 

6. Prove that if p is a prime and ,abp then ap or bp . 

7. State Euclid theorem. 

8. Define Linear congruence. 

9. Prove if ,1),gcd( na then the linear congruence )(mod nbax  has a unique solution modulo 

n. 

10. State Chinese Remainder theorem. 

 8 Mark Questions: 

1.  Prove that the linear Diophantine equation cbyax   has a solution if and only if cd

,where ),gcd( bad  . If 00, yx is any particular solution of this equation then all other 

solutions are given by 

,)/(0 tdbxx   tdayy )/(0   

for varying integers t. 

2. Determine all the solutions in the integers of each of the following Diophantine equations: 

a) ;407256  yx  

b) ;1813824  yx  

c) ;11791221  yx  

d) .15643884  yx  
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3. Determine all the solutions in the Positive integers of each of the following Diophantine 

equations: 

a) ;3001730  yx  

b) 906;=21y+54x  

c) ;99360123  yx  

4. State and prove fundamental theorem of Arithmetic. 

5. State and prove Euclid Lemma. 

6. Prove that if np is the nth prime number, then .2
12 


n

np  

7. Prove that there are infinite number of primes of the form 34 n . 

8. Prove that the linear congruence )(mod nbax  has a solution if and only if ,bd where 

).,gcd( nad   if ,bd then it has d mutually in-congruent solutions modulo n. 

9. State and Prove Chinese Remainder theorem. 

10. Solve the following linear congruence: 

a) )29(mod1525 x   b) )26(mod25 x  
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SYLLABUS 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fermat’s Little theorem, Wilson’s theorem. Number theoretic functions, sum and number of divisors, 

 Totally multiplicative functions , Definition and properties of the Dirichlet product. 
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Possible Questions 

2 Mark Questions: 

1. What is Fermat’s Factorization method. 

2. Prove that if p is a prime, then )(mod paa p  for any integer a. 

3. Verify that )7(mod1186 k for .3,2,1k  

4. Find the remainder when !15  is divided by 17 . 

5. Write about )(n and )(n with example. 

6. What is multiplicative function. 

7. Prove that if f is a multiplicative function and F is defined by  


nd

dfnF )()( , 

then F is also multiplicative. 

8. Define Dirichlet Product. 

9. Find the remainder when 511 is divided by 7. 

10. Use Fermat’s method to factor 23449. 

 

8 Mark Questions: 

1. State and prove Fermat’s Little theorem. 

2. Prove that if p and q are distinct primes such that )(mod qaa p  and ),(mod paaq  then 

)(mod pqaa pq  . 

3. State and prove Wilson’s theorem. 

4. Prove that the quadratic congruence ),(mod012 px  where p is an odd prime, has a 

solution if and only if ).4(mod1p  
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5. Prove that if rk

r

kk
pppn ...21

21 is the prime factorization of ,1n then the positive 

divisors of n are precisely those integers d of the form 

,...21

21
ra

r

aa
pppd   

where ).,...,2,1(0 rika ii   

6. Prove that if rk

r

kk
pppn ...21

21 is the prime factorization of ,1n then  

a) ),1)...(1)(1()( 21  rkkkn and 

b) .
1

1
...

1

1

1

1
)(

1

2

1

2

1

1

1
21
















r

k

r

kk

p

p

p

p

p

p
n

r

  

7. Prove that the function  and  are both multiplicative functions.  

8. Prove that if ,1),gcd( nm then the set of positive divisors of mn consists of all products 

,21dd where mdnd 21 ,  and ;1),gcd( 21 dd  furthermore, these products are all distinct. 

9. Discuss about Dirichlet Product. 

10. Find the remainder when 100172  is divisible by 31. 

11. Prove that the quadratic congruence )(mod12 px  , p  is a prime, has a solution if and 

only if )4(mod1p . 
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UNIT-III 

SYLLABUS 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Incidence matrix – Sub matrices – Circuit Matrix – Path Matrix – Adjacency Matrix – Chromatic Number – 

Chromatic partitioning – Chromatic polynomial - Matching - Covering – Four Color Problem. 
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POSSIBLE QUESTIONS 

2 Mark Questions: 

1. Define Mobius Inversion Formula. 

2. Prove that the function   is a multiplicative function. 

3. Define greatest positive integer. 
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4. If N is a positive integer, then .]/[)(
11





N

n

N

n

nNn   

5. Define Euler Phi function with example. 

6. Find the value of )36000( . 

7. Prove that for 2n , )(n is an even integer. 

8. Prove that for any positive integer ,n  ./)()( ddnn
nd

   

9. State Gauss lemma. 

10. Prove that if p is a prime and p does not divides a ,then )(mod11 pa p  . 

8 Mark Questions: 

1. State and prove Mobius inverse formula. 

2. Prove that if F is multiplicative function 

,)()( 
nd

dfnF  

Then f is also multiplicative. 

3. Prove that if n is a positive integer and p is a prime, then the exponent of the highest 

power of p that divides n! is 




1

]/[
n

pkn  

(That is an infinite series, since ]/[ kpn = 0 for kp >n.) 

4. Prove if n and r are positive integers with ,1 nr  then the binomial coefficient 

)!(!

!

rnr

n

r

n











 

is also an integer. 

5. Let f and F  be number-theoretic function such that  

,)()( 
nd

dfnF    

then, prove for any positive integer N , 

.]/)[()(
1 1

 
 


N

k

N

k

kNkfnF  

6. Prove that the function   is a multiplicative function. 

7. Prove that if the integer 1n has the prime factorization ,...21

21
rk

r

kk
pppn  then 

))...()(()(
11

22

1

11
2211 

 rr k

r

k

r

kkkk
ppppppn  

)./11)...(/11)(/11( 21 rpppn   
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8. Let 1n and .1),gcd( na  If )(21 ,...,, naaa   are the positive integer less than n and 

relatively prime to n, then  

)(21 ,...,, naaaaaa   

are congruent modulo n  to )(21 ,...,, naaa   in some order. 

9. State and prove Euler theorem. 

10. Prove that for each positive integer ,1n  

,)(
nd

dn   

the sum being extended over all positive divisor of n. 
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UNIT-IV 

SYLLABUS 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 Directed Graphs – Types of Directed Graphs - Types of enumeration, counting labeled trees, 

counting unlabelled trees, Polya’s counting theorem, graph enumeration with   Polya’s theorem.      
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UNIT-V 

SYLLABUS 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

DOMINATION IN GRAPHS 

 Introduction – Terminology and concepts – Applications – Dominating set and domination number 

– Independent set and independence number – History of domination in graphs.  
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