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PART – A(20X1=20 Marks) 

   ANSWER ALL THE QUESTIONS 

 1. Any edge which is not in spanning tree is ___ 

a)Branch b) chord c) tree  d) rank 

2.Each of the largest non separable  subgraphs is _____ 

a)link              b) block c) connected d) disconnected 

3.In adjacency matrix of graph all the entries along the leading  

diagonal are ___ iff the graph has no self-loops. 

a) 1   b) 2  c) 3  d) 0 

4.The determinant of every square sub matrix of an incidence  matrix 

is______ 

a) 1 , -1 or 0   b) 1, 2 or -1   c) 1 or -1 d) 0 or 2 

5.The incidence matrix two elements 0 and 1 is  ---------- 

a) binary matrix  b) path matrix   

c) adjacency matrix  d)sub matrix 

 

6. The incidence matrix A(G) every column has--------two 1’s. 

a) at most   b) at least c) exactly d) more  than  

7. Every _____ edge in a graph is included in every covering of the 

graph. 

a) pendant    b) parallel  c) adjacent d) finite 

8.In a connected graph , any minimal set of edges containing atleast 

one branch of every spanning tree is _____ 

a) cut-set              b) cut-vertex  

c) fundamental cut-set             d) chord 

9.Every cut-set in a ____graph  with more than two vertices contains 

atleast two edges. 

a) Spanning tree  b) separable  

c) nonseparable  d) vertex connectivity 

10. A graph is ___ if there exists some geometric representation of G 

which can be drawn on a plane such that no two of its edges 

intersect. 

a) planar               b) non planar   

c) spanning tree  d) cut-set 

11. A connected planar graph with n vertices and e edges has ____ 

regions. 

a) e-n+2           b) e-n+1    c) n-e+1       d) e-n+3 

12. The rank of incident matrix must be atleast _____ 

a) n-1     b) n+1    c) n+2       d) n-2 

13.In cut-set matrix, a column with all 0’s corresponds to an _____ 

forming a self-loop. 

a)edge             b) vertex     c) rank       d) row         

14.The spherical embedding of every ____ 3-connected graph is 

unique. 

a)planar    b) euler     c) cut-set     d) non planar 



15.Kuratowski’s second graph is _____  

a) nonplanar    b) planar c) cut- set         d) separable  

16. The number of branches in any spanning tree of G is ____ 

a) rank      b) nullity  

c) tree       d) fundamental circuit 

17.The number of 1’s in a row is equal to the number of edges is 

a) circuit          b) path c) incidence  d) adjacency 

18.Complete graph with more than ______vertices is nonplanar 

a)   1      b) 2  c) 3  d) 4 

19. A  ____ in  a graph is a subset of edges in which no two edges are 

adjacent. 

a) matching         b) covering   

c) chromatic                        d) chromatic partition 

20. Centers of given tree are 

 
a) d,h  b) c,h  c) c,k            d)g,b, h, i 

  

 

 

 

 

PART –B(3X10=30 MARKS) 

ANSWER ALL THE QUESTIONS 

21.a) Every connected graph has at least one spanning tree. 

     (OR) 

       b) Define with example. 

 i) planar    ii)non planar    iii)region   iv)infinite region 

22.a) Show that if G is connected simple planar graph with n( ≥3) 

vertices and e is edge then   e ≤ 3n-6.  

      (OR) 

     b) Prove that an  n vertex graph is a tree iff    𝑃𝑛(𝜆) =   𝜆(𝜆 − 1)𝑛−1. 

23.a) Prove that Kuratowski’s second graph is also non planar. 

      (OR) 

      b) Prove that a connected graph with n vertices and e edges has e-

n+2 regions. 
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PART –B(3X10=30 MARKS) 

ANSWER ALL THE QUESTIONS 
21.a) Every connected graph has at least one spanning tree. 

     Proof: The fact that T is a spanning tree of G follows immediately from 

Theorem 9.1(ii). It remains only to show that the total weight of T is 

a minimum. In order to do this, suppose that S is a spanning tree of 

G such that W(S) < W(T). If ek is the first edge in the above 

sequence that does not lie in S, then the subgraph of T formed by 

adding ek to S contains a unique cycle C containing the edge ek. 

Since C contains an edge e lying in S but not in T, the subgraph 

obtained from S on replacing e by ek is a spanning tree 5". But by 

the construction, w(ek) < w(e), and so W(S') < W(S), and S' has one 

more edge in common with T than S. It follows on repeating this 

procedure that we can change S into 7, one step at a time, with the 

total weight decreasing at each stage. Hence W(T) < W(S), giving 

the required contradiction.   

 

(OR) 

       b) Define with example. 

 i) planar  

                     A graph is said to be embeddable in the plane, or planar, if it can 

be drawn in the plane so that its edges intersect':,only at their ends. Such a 

drawing of a planar graph G is called a planar embedding of G.  

       ii)non planar   

 

  iii)region   iv)infinite region 

22.a) Show that if G is connected simple planar graph with n( ≥3) vertices 

and e is edge then   e ≤ 3n-6.  



Proof   : We can assume that we have a plane drawing of G. Since each face 

is bounded by at least three edges, it follows on counting up the 

edges around each face that 3f< 2m; the factor 2 appears since each 

edge bounds two faces. We obtain the required result by combining 

this inequality with Euler's formula, (ii) This part follows in a 

similar way, except that the inequality 3f< 2m is replaced by 4/< 2m  

      (OR) 

     b) Prove that an  n vertex graph is a tree iff    𝑃𝑛(𝜆) =   𝜆(𝜆 − 1)𝑛−1. 

Proof. We use induction on the number of edges of G, and prove that if all but 

one of the edges have been coloured with at most A colours, then there is a 

A-colouring of the edges of G. So suppose that each edge of G has been 

coloured, except for the edge vw. Then there is at least one colour missing at 

the vertex v, and at least one colour missing at the vertex w. If some colour is 

missing from both v and w, then we colour the edge vw with this colour. If 

this is not the case, then let a be a colour missing at v, and p be a colour 

missing at w, and let //ap be the connected subgraph of G consisting of the 

vertex v and those edges and vertices of G that can be reached from v by a 

path consisting entirely of edges coloured a or p 

23.a) Prove that Kuratowski’s second graph is also non planar. 

 

Proof => We may assume that G is a simple connected plane graph. Then its 

geometric dual G* is a map, and the 4-colourability(v) of G follows 

immediately from the fact that this map is 4-colourable(f), by Theorem 19.2. 

<= Conversely, let G be a map and let G* be its geometric dual. Then G* is a 

simple planar graph and is therefore 4-colourable(v). It follows immediately 

that G is 4-colourable(f). // Duality can also be used to prove the following 

theorem. 

      (OR) 
      b) Prove that a connected graph with n vertices and e edges has e-n+2 

regions. 

Proof. The result is trivial if n = 2. We therefore assume that n > 3. If n is 
odd, then we can ^-colour the edges of Kn by placing the vertices of 

Kn in the form of a regular n-gon, colouring the edges around the 

boundary with a different colour for each edge, and then colouring 

each remaining edge with the colour used for the boundary edge 
parallel to it The fact that Kn is not (n - 1)- colourable(e) follows by 

observing that the largest possible number of edges of the same colour 

is (n - l)/2, and so Kn has at most (n - l)/2 x %'(Kn) edges. 

 
 



Scanned by CamScanner



Scanned by CamScanner



Scanned by CamScanner



Scanned by CamScanner



Scanned by CamScanner



Scanned by CamScanner



Scanned by CamScanner



Scanned by CamScanner



-

                                                                                                              

                                   Reg. No---------------- 

(15MMU604A)  

 

KARPAGAM ACADEMY OF HIGHER EDUCATION 

COIMBATORE – 641021 

DEPARTMENT OF MATHEMATICS 

SIXTH SEMESTER 

I INTERNAL TEST- JAN’18 

ADVANCED GRAPH THEORY 

  Date:  20 .01.18(FN )                           Time: 2 Hours 

Class: III B.Sc Mathematics                 Maximum: 50 Marks  

                                                                         

 

PART – A(20X1=20 Marks) 

ANSWER ALL THE QUESTIONS 

 1. An edge having the same vertex as both its end vertices is   

called ____________. 

 a. graph     b. tree  c. self-loop d. trival 

2. A graph with no edges is __________. 

  a. null graph     b. trival  c. empty d. parallel 

3. The maximum number of edges in a simple graph with n  

vertices is _________. 

  a. n    b. (n-2)/2 c. n-1  d. (n-1)/2 

4. A vertex of degree zero is called  an ------------------------- 

      a. null vertex        b. isolated vertex 

 c. pendant vertex       d. null graph 

5. Vertices with which a walk begins or ends are called 

its__________. 

a. end vertex           b. isolated vertex           

c. pendant vertex       d. terminal vertices 

 

6. Edges that have the same end vertices are ______________. 

      a. same  b. parallel c. null graph     d.connected 

7. A graph with no vertices is a  __________. 

      a. null graph  b. trival c. empty d. parallel 

8. A tree with ________ vertices has at least two vertices of 

degree 1. 

      a. 2     b. 3  c. n  d. 0 

9. A ___________ is connected graph without circuit. 

     a. graph   b. directed graph  

     c. undirected graph  d. tree 

10. The sum of the degrees of all vertices of a graph is equal to 

__________ the number of edges. 

     a. twice  b. thrice c. same d. any 

11. A graph is ___________ if  it has no parallel edges or self-

loops. 

     a. simple  b. directed c. adjacent d. self-loop 

12. A graph in which some edges are directed and some are 

undirected is called_______________. 

       a. mixed graph   b. regular graph 

       c. complete graph   d. simple graph 

13. Every graph is its own ______________. 

        a . mixed graph   b. sub graph  

        c . complete graph  d. simple graph 

14. A tree in which one vertex is distinguished from all others is 

called a __________. 

        a. tree    b. rooted tree  

        c. connected    d. pendant vertex 

15. ___________ is also called cycle. 

          a. walk     b. closed walk   

          c. circuit                   d. path 

  



16. If no vertex appears more than once in an open walk then it is 

called a __________. 

         a. walk   b. closed walk c. circuit      d. path 

17. The number of edges in a path is called the __________ of 

the path. 

         a. length   b. same  c. walk       d. circuit 

18. A graph with only one vertex is _________. 

       a. null graph  b. trivial  c.empty     d.parallel 

19. A simple graph G with n vertices is said to be a__________ 

if the degree of every vertex is n-1. 

        a. null graph      b. regular graph 

  c. complete graph  d. simple graph 

20.A walk is also called___________. 

       a. chain   b. edge c. vertex d. graph 

         

PART –B(3X10=30 MARKS) 

ANSWER ALL THE QUESTIONS 

 (OR) 

  21.a) A connected graph G is Eulerian if and only if the degree 

of each vertex of G is even. 

 Proof. => Suppose that P is an Eulerian trail of G. Whenever P 

passes through a vertex, there is a contribution of 2 

towards the degree of that vertex. Since each edge occurs 

exactly once in P, each vertex must have even degree. <= 

The proof is by induction on the number of edges of G. 

Suppose that the degree of each vertex is even. Since G is 

connected, each vertex has degree at least 2 and so, by 

Lemma 6.1, G contains a cycle C. If C contains every edge 

of G, the proof is complete. If not, we remove from G the 

edges of C to form a new, possibly disconnected, graph H 

with fewer edges than G and in which each vertex still has 

even degree. By the induction hypothesis, each component 

of H has an Eulerian trail. Since each component of H has 

at least one vertex in common with C, by connectedness, 

we obtain the required Eulerian trail of G by following the 

edges of C until a non-isolated vertex of H is reached, 

tracing the Eulerian trail of the component ofH that 

contains that vertex, and then continuing along the edges 

of C until we reach a vertex belonging to another 

component of H, and so on. The whole process terminates 

when we return to the initial vertex  

(OR) 

     b)  Show that a simple graph with n vertices and k-

components can   have at most     

Proof : We prove the lower bound m>n-kby induction on the 

number of edges of G, the result being trivial if G is a null 

graph. If G contains as few edges as possible (say mo), 

then the removal of any edge of G must increase the 

number of components by 1, and the graph that remains 

has n vertices, k + 1 components, and m$ - 1 edges. It 

follows from the induction hypothesis that m0 - 1 > n - (k 

+ 1), giving m$> n - k, as required.  

                   To prove the upper bound, we can assume that each 

component of G is a complete graph. Suppose, then, that 



there are two components Q and Cj with nt and rij 

vertices, respectively, where rij > rij^ > 1. If we replace C/ 

and Cj by complete graphs on Uj + 1 and rij - 1 vertices, 

then the total number of vertices remains unchanged, and 

the number of edges is changed by {{n^^n^n^-l^ll-

injinj^^-inj-l^nj-l^ll^n-nj+l, which is positive. It follows 

that, in order to attain the maximum number of edges, G 

must consist of a complete graph onn-k+ 1 vertices and k-\ 

isolated vertices. The result now follows.  

22.a) State and prove the Handshaking theorem. 

      Proof Consider the incidence matrix M. The sum of the 

entries in the row corresponding to vertex v is precisely 

d(v), and therefore L d(v) is just . veV the sum of all 

entries in M. But this sum is also 2£, since each of the e 

column sums of M is 2 0 Corollary 1.1 In any graph, the 

number of vertices of odd degree is even. Proof Let VI and 

Vz be the sets of vertices of odd and even degree iIi G, 

respectively. Then L d(v)+ L d(v) = L d(v) veVl veV2 veV 

is even, by theorem 1.1. Since L d (v) is also even, it 

follows that L d(v) is veV2 veVt even. Thus IVII is even 

    (OR) 

     b) Define graph. Explain the various types of graph with an    

example. 

                A graph is a pair of sets (V, E), where V is the set of 

vertices and E is the set of edges, formed by pairs of 

vertices. E is a multiset, in other words, its elements can 

occur more than once so that every element has a 

multiplicity. Often, we label the vertices with letters (for 

example: a, b, c, . . . or v1, v2, . . .) or numbers 1, 2, . . .  

1. The two vertices u and v are end vertices of the edge (u, v). 

 2. Edges that have the same end vertices are parallel. 

 3. An edge of the form (v, v) is a loop.  

4. A graph is simple if it has no parallel edges or loops. 

 5. A graph with no edges (i.e. E is empty) is empty.  

6. A graph with no vertices (i.e. V and E are empty) is a null 

graph. 

 7. A graph with only one vertex is trivial. 

 8. Edges are adjacent if they share a common end vertex. 

 9. Two vertices u and v are adjacent if they are connected by an 

edge, in other words, (u, v) is an edge.  

10. The degree of the vertex v, written as d(v), is the number of 

edges with v as an end vertex. By convention, we count a 

loop twice and parallel edges contribute separately. 

 11. A pendant vertex is a vertex whose degree is 1.  

12. An edge that has a pendant vertex as an end vertex is a 

pendant edge.  

13. An isolated vertex is a vertex whose degree is 0. 



23.a) Prove that the number of vertices of odd degree in a graph     

is always even. 

Proof: The graph G = (V, E), where V = {v1, . . . , vn} and E 

= {e1, . . . , em}, satisfies Xn i=1 d(vi) = 2m. 

 Corollary. Every graph has an even number of vertices of 

odd degree. 

 Proof. If the vertices v1, . . . , vk have odd degrees and the 

vertices vk+1, . . . , vn have even degrees, then (Theorem 

1.1) d(v1) + · · · + d(vk) = 2m − d(vk+1) − · · · − d(vn) is 

even. Therefore, k is even. 

(OR) 

      b) Prove that the number of pendent vertices of a tree is equal  

to 
𝑛+1 

2
 

Proof. If a tree has n(≥ 2) vertices, then the sum of the 

degrees is 2(n − 1). If every vertex has a degree ≥ 2, then 

the sum will be ≥ 2n ( √ ). On the other hand, if all but one 

vertex have degree ≥ 2, then the sum would be ≥ 1 + 2(n − 

1) = 2n − 1 
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PART – A(20X1=20 Marks) 

ANSWER ALL THE QUESTIONS 

 1. An edge having the same vertex as both its end vertices is   

called ____________. 

 a. graph     b. tree  c. self-loop d. trival 

2. A graph with no edges is __________. 

  a. null graph     b. trival  c. empty d. parallel 

3. The maximum number of edges in a simple graph with n  

vertices is _________. 

  a. n    b. (n-2)/2 c. n-1  d. (n-1)/2 

4. A vertex of degree zero is called  an ------------------------- 

      a. null vertex        b. isolated vertex 

 c. pendant vertex       d. null graph 

5. Vertices with which a walk begins or ends are called 

its__________. 

a. end vertex           b. isolated vertex           

c. pendant vertex       d. terminal vertices 

 

6. Edges that have the same end vertices are ______________. 

      a. same  b. parallel c. null graph     d.connected 

7. A graph with no vertices is a  __________. 

      a. null graph  b. trival c. empty d. parallel 

8. A tree with ________ vertices has at least two vertices of 

degree 1. 

      a. 2     b. 3  c. n  d. 0 

9. A ___________ is connected graph without circuit. 

     a. graph   b. directed graph  

     c. undirected graph  d. tree 

10. The sum of the degrees of all vertices of a graph is equal to 

__________ the number of edges. 

     a. twice  b. thrice c. same d. any 

11. A graph is ___________ if  it has no parallel edges or self-

loops. 

     a. simple  b. directed c. adjacent d. self-loop 

12. A graph in which some edges are directed and some are 

undirected is called_______________. 

       a. mixed graph   b. regular graph 

       c. complete graph   d. simple graph 

13. Every graph is its own ______________. 

        a . mixed graph   b. sub graph  

        c . complete graph  d. simple graph 

14. A tree in which one vertex is distinguished from all others is 

called a __________. 

        a. tree    b. rooted tree  

        c. connected    d. pendant vertex 

15. ___________ is also called cycle. 

          a. walk     b. closed walk   

          c. circuit              d. path 



  

16. If no vertex appears more than once in an open walk then it is 

called a __________. 

         a. walk   b. closed walk c. circuit      d. path 

17. The number of edges in a path is called the __________ of 

the path. 

         a. length   b. same  c. walk       d. circuit 

18. A graph with only one vertex is _________. 

       a. null graph  b. trivial  c.empty     d.parallel 

19. A simple graph G with n vertices is said to be a__________ 

if the degree of every vertex is n-1. 

        a. null graph      b. regular graph 

  c. complete graph  d. simple graph 

20.A  walk is also called___________. 

       a. chain   b. edge c. vertex d. graph 

         

PART –B(3X10=30 MARKS) 

ANSWER ALL THE QUESTIONS 

21.a) Show that a connected graph G is an Euler graph if and only if    

the degree of every  vertex in G is even. 

    (OR) 

 b)Show that a simple graph with n vertices and k-components can  

have at most     

22.a) State and prove the Handshaking theorem. 

    (OR) 

     b) Define graph. Explain the various types of graph with an    

example. 

23.a) Prove that the number of vertices of odd degree in a graph     

is always even. 

(OR) 

      b) Prove that the number of pendent vertices of a tree is equal  

to 
𝑛+1 

2
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11 1 All cut sets in a graph- Theorems T1: Chapter 4; Pg.no:71-73 

12 1 Fundamental circuits and cut sets T1: Chapter 4; Pg.no:73-74 

13 1 Continuation on Fundamental 

circuits and cut sets 

T1: Chapter 4; Pg.no:74-75 

14 1 Connectivity and Separability – 

Theorems 

T1: Chapter 4; Pg.no:75-77 

15 1 Continuation on Theorems on 

Connectivity and Separability  

T1: Chapter 4; Pg.no:77-79 

16 1 Recapitulation and discussion of 

Important questions 

 

Total 16 Hrs   

 

Unit-III 

1 1 Planar graphs: Introduction and 

Definitions 

T1: Chapter5; Pg.no:90 

 

2 1 Theorems on Planar graphs R1: Chapter11;Pg.no:102-106 

3 1  Theorems on Kuratowski’ two 

graphs 

T1: Chapter5; Pg.no:90-93 

 

4 1 Continuation on Theorems on 

Kuratowski’ two graphs 

R1: Chapter11;Pg.no:108-112 

5 1 Different representation of a 

planar graph 

T1: Chapter5; Pg.no:93-96 

 

6 1 Continuation on Different 

representation of a planar graph 

T1: Chapter5; Pg.no:97-99 

 

7 1 Detection of planarity T1: Chapter5; Pg.no:99-103 

8 1 Continuation on Detection of 

planarity 

T1: Chapter5; Pg.no:104-108 

9 1 Thickness and crossings T1: Chapter5; Pg.no:108-109 

10 1 Recapitulation and discussion of 

important questions 

 

Total 10 Hrs   

Unit-IV 

1 1 Colorings ,Covering and  T1: Chapter8; Pg.no:165 
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partitioning: Introduction and 

Definitions 

R1: Chapter9;Pg.no:244-245 

2 1 Chromatic number Theorems T1: Chapter8; Pg.no:165-168 

3 1 Chromatic partitioning T1: Chapter8; Pg.no:169 

4 1 Independent set T1: Chapter8; Pg.no:170 

5 1 Finding a maximal independent set T1: Chapter8; Pg.no:170-171 

6 1 Dominating set T1: Chapter8; Pg.no:171 

7 1 Finding minimal dominating set T1: Chapter8; Pg.no:171-173 

8 1 Chromatic polynomial T1: Chapter8; Pg.no:174-177 

9 1 Coverings: Introduction and 

Definitions 

T1: Chapter8; Pg.no:182-183 

10 1 Theorems on Coverings T1: Chapter8; Pg.no:184-186 

11 1 Four colour problem R2: Chapter11;Pg.no:287-289 

12 1 Five colour Theorem.  

 

 

R1: Chapter12;Pg.no:131 

13 1 Recapitulation and discussion of 

important questions 

 

Total 13Hrs   

Unit-V 

1 1 Directed graph: Introduction and 

Definitions 

T1: Chapter9; Pg.no:194-197 

2 1 Some types of di-graphs T1: Chapter9; Pg.no:197-199 

3 1 Continuation on types of di-graphs T1: Chapter9; Pg.no:199-201 

4 1 Directed path and connectedness T1: Chapter9; Pg.no:201-203 

5 1 Euler di-graphs T1: Chapter9; Pg.no:203-204 

6 1 Continuation on Euler di-graphs T1: Chapter9; Pg.no:204-206 

7 1 Trees with direct edges T1: Chapter9; Pg.no:206-207 

8 1 Continuation on Trees with direct 

edges 

T1: Chapter9; Pg.no:207-209 

9 1 Ordered  trees T1: Chapter9; Pg.no:209-211 

10 1 Matrix representation T1: Chapter9; Pg.no:213 

R1: Chapter13;Pg.no:150 

11 1 Incidence matrix T1: Chapter9; Pg.no:214-216 

12 1 Circuit matrix T1: Chapter9; Pg.no:216-220 

13 1 Adjacency matrix T1: Chapter9; Pg.no:220-222 

14 1 Continuation on Adjacency matrix T1: Chapter9; Pg.no:223-227 

15 1 Tournaments. T1: Chapter9; Pg.no:227-228 

16 1 Continuation on Tournaments. T1: Chapter9; Pg.no:228-230 

17 1 Recapitulation and discussion of 

important questions 

 

18 1 Discussion of previous ESE 

question papers 

 

19 1 Discussion of previous ESE  
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question papers 

20 1 Discussion of previous ESE 

question papers 

 

Total 20 Hrs   

 

TEXT BOOK  

T1.Narsingh Deo., 2007. Graph Theory with Applications to Engineering and Computer 

Science, Prentice Hall of India Pvt. Ltd, New Delhi.  
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PART – A (20 x 1  = 20 marks) 

ANSWER ALL THE QUESTIONS 

1. A vertex of degree one is ____ 

a) pendant vertex               b)  isolated vertex 

 c)  null graph                            d) regular graph  

2. A graph with n vertices and deg(v) = n - 1 equal for all 

vertices is_________ 

a) regular   b) null   

 c) complete   d) disconnected 

3.  A graph must have atleast ____ vertex. 

a) 1          b) 2  c) 0                 d) 3 

4. Every vertex in a null graph is an _______ 

a) isolated vertex  b) pendant vertex  

c)  complete graph  d) null graph 

5. An edge in a spanning tree is called  

a) pendant               b) branch  

 c) chord   d) root 

6. Rank + nullity = number of ______in a graph  

a) edges               b) vertices   

c) cycles   d) odd vertices 

7. A vertex connectivity of a tree is____ 

a) 1          b) 0         c) 2             d) 4 

8. In a degree constrained shortest spanning tree, deg(G) ≤ 

a) 3          b) 1         c) 4   d) 2 

9. Every circuit has an _____number of edges in common with 

any cut set 

a) Eve n      b) odd        c) 3   d) zero 

10.  Cover of a graph is a subset of _______ 

a) vertices   b) edges          

c) both vertices and edges d) neither edge nor vertex 

11. Parallel edges produce identical columns in the ____ matrix. 

a) cut set                b) path  

c) incidence   d) adjacency 

12. A graph consisting of one circuit with n ≥ 3 vertices is 2-

chromatic if n is _____ 

a) even         b)  odd           c) degree   d) link 

13.   A  ____ in  a graph is a subset of edges in which no two 

edges are adjacent. 

a) matching               b) covering  

b)  chromatic                     d) chromatic partition 

14.  A  column of all zeros corresponds to a non circuit edge is 

____ 

a) circuit matrix      b) column matrix             

 c)   path matrix    d) adjacency matrix 

15. Every bipartite graph is ---------chromatic 

a) 2      b)3   c) 1              d) 4 

16.  A digraph that has no self loop or parallel edges is _____ 



a) simple   b) symmetric   

c) complete   d)  asymmetric 

17.  A balanced digraph is _____ 

a) isograph               b) simple graph    

c)   complete digraph    d) anti symmetric  

18. The number of vertices in the largest ______  set of a graph  

a) Independent  b)  dominating set  

c) number             d) digraph 

19. The minimum cardinality of a total dominating set is ____ 

a) domination number   b) dominating set 

c) independent set            d) independent number  

20.   A set of vertices in a graph is independent set if no two 

vertices  in the set are ____ 

a) adjacent    b) independent  

c)  dominate              d) tree 

 

PART – B (5 x 8  = 40 marks )  

ALL THE QUESTIONS CARRY EQUAL MARKS 

21. a)  Define  (i) Bipartite Graph 

                  (ii) Regular Graph 

                        (iii) Complete Graph.  

                  Give an  example for each. 

      (OR) 

      b) Prove that in a complete graph with n vertices there are 
𝑛−1

2
  

edge disjoint Hamiltonian  

             circuits if n is an odd number≥ 3. 

22. a)   Define i) distance between two spanning trees 

              ii) cyclic interchange  

                         iii) rank 

                         iv) nullity  

 (OR) 

      b) Prove that the ring sum of any two cut sets in a graph is either  

a third cut set or an edge   disjoint union of cut sets. 

23. a) Show that if G is connected simple planar graph with n( ≥3) 

vertices and e is edge then  e ≤ 3n-6.  

   (OR) 

      b)  Prove that the vertices of every planar graph can be properly 

colored with five colors  

24. a)  Define chromatic number. Find the chromatic polynomial for 

the cycle of length 4. Hence  find its chromatic number. 

        (OR) 

       b)  Show that every tree with two or more vertices is 2-

chromatic. 

25.  a) Discuss about the digraph. 

      (OR) 

      b) Discuss about the binary relations in a digraph. 
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PART – A (20 x 1  = 20 marks) 

ANSWER ALL THE QUESTIONS 

1. A vertex of degree one is ____ 

a) pendant vertex               b)  isolated vertex 

 c)  null graph                            d) regular graph  

2. A graph with n vertices and deg(v) = n - 1 equal for all 

vertices is_________ 

a) regular   b) null   

 c) complete   d) disconnected 

3.  A graph must have atleast ____ vertex. 

a) 1          b) 2  c) 0                 d) 3 

4. Every vertex in a null graph is an _______ 

a) isolated vertex  b) pendant vertex  

c)  complete graph  d) null graph 

5. An edge in a spanning tree is called  

a) pendant               b) branch  

 c) chord   d) root 

6. Rank + nullity = number of ______in a graph  

a) edges               b) vertices   

c) cycles   d) odd vertices 

7. A vertex connectivity of a tree is____ 

a) 1          b) 0         c) 2             d) 4 

8. In a degree constrained shortest spanning tree, deg(G) ≤ 

a) 3          b) 1         c) 4   d) 2 

9. Every circuit has an _____number of edges in common with 

any cut set 

a) Eve n      b) odd        c) 3   d) zero 

10.  Cover of a graph is a subset of _______ 

a) vertices   b) edges          

c) both vertices and edges d) neither edge nor vertex 

11. Parallel edges produce identical columns in the ____ matrix. 

a) cut set                b) path  

c) incidence   d) adjacency 

12. A graph consisting of one circuit with n ≥ 3 vertices is 2-

chromatic if n is _____ 

a) even         b)  odd           c) degree   d) link 

13.   A  ____ in  a graph is a subset of edges in which no two 

edges are adjacent. 

a) matching               b) covering  

b)  chromatic                     d) chromatic partition 

14.  A  column of all zeros corresponds to a non circuit edge is 

____ 

a) circuit matrix      b) column matrix             

 c)   path matrix    d) adjacency matrix 

15. Every bipartite graph is ---------chromatic 

a) 2      b)3   c) 1              d) 4 



16.  A digraph that has no self loop or parallel edges is _____ 

a) simple   b) symmetric   

c) complete   d)  asymmetric 

17.  A balanced digraph is _____ 

a) isograph               b) simple graph    

c)   complete digraph    d) anti symmetric  

18. The number of vertices in the largest ______  set of a graph  

a) Independent  b)  dominating set  

c) number             d) digraph 

19. The minimum cardinality of a total dominating set is ____ 

a) domination number   b) dominating set 

c) independent set            d) independent number  

20.   A set of vertices in a graph is independent set if no two 

vertices  in the set are ____ 

a) adjacent    b) independent  

c)  dominate              d) tree 

 

PART – B (5 x 8  = 40 marks )  

ALL THE QUESTIONS CARRY EQUAL MARKS 

21. a)  Define  (i) Bipartite Graph 

 A graph can be divided 

                  (ii) Regular Graph 

A graph in which all vertices are of equal degree, is called a 

regular graph. If the degree of each vertex is r, then the graph is 

called a regular graph of degree r 

                        (iii) Complete Graph.  

A simple graph G is said to be complete if every vertex in G is 

connected with every other vertex. i.e., if G contains exactly one 

edge between each pair of distinct vertices. 

                  Give an  example for each. 

      (OR) 

      b) Prove that in a complete graph with n vertices there are 
𝑛−1

2
  

edge disjoint Hamiltonian  

             circuits if n is an odd number≥ 3. 

 

 

Proof : A complete graph with n vertices has ( 1) 2 n n − edges, and 

a hamiltonian circuit consists of n edges. Therefore, the number of 

edge-disjoint hamiltonian circuits in G cannot exceed ( 1) 2 n − . 

This implies there are 1 2 n − edge-disjoint hamiltonian circuits, 

when n is odd it can be shown asby keeping the vertices fixed on a 

circle, rotate the polygonal pattern clockwise by360 ( 1 n − ) , 2.360 

( 1 n − ) , 3.360 ( 1 n − ) , ......, 3 2 n − . 360 ( 1 n − ) degrees. At 

each rotation we get a hamiltonian circuit that has no edge in 

common with any of the previous ones. Thus we have 3 2 n − new 

hamiltonian circuits, all edges disjoint from one and also edge 

disjoint among themselves. Hence the proof. 

 

 

22. a)   Define i) distance between two spanning trees 

In a connected graph G, the distance between the vertices u and v, 

denoted by d(u, v) is the length of the shortest path. 

              ii) cyclic interchange  



                         iii) rank 

                         iv) nullity  

For a graph G with n vertices, m edges and k components we define 

the rank of G and is denoted by ρ(G) and the nullity of G is denoted 

by µ(G) as follows. ρ(G) = Rank of G = n – k µ(G) = Nullity of G = 

m – ρ(G) = m – n + k If G is connected, then we have ρ(G) = n – 1 

and µ(G) = m – n + 1. 

 (OR) 

      b) Prove that the ring sum of any two cut sets in a graph is either  

a third cut set or an edge   disjoint union of cut sets. 

23. a) Show that if G is connected simple planar graph with n( ≥3) 

vertices and e is edge then  e ≤ 3n-6.  

 

Proof. Each region is bounded by atleast three edges (since the 

graphs discussed here are simple graphs, no multiple edges 

that could produce regions of degree 2 or loops that could 

produce regions of degree 1, are permitted) and edges 

belong to exactly two regions. 2e ≥ 3r If we combine this 

with Euler’s formula, n – e + r = 2, we get 3r = 6 – 3n + 3e ≤ 

2e which is equivalent to e ≤ 3n – 6. 

   (OR) 

      b)  Prove that the vertices of every planar graph can be properly 

colored with five colors  

Proof. We proceed by induction on the number P of points. For any 

planar graph having P ≤ 5 points, the result follows trivially 

since the graph is P-colorable. As the inductive hypothesis 

we assume that all planar graphs with P points, P ≥ 5, are 5-

colourable. Let G be a plane graph with P + 1 vertices, G 

contains a vertex v of degree 5 or less. By hypothesis, the 

plane graph G – v is 5-colourable. Consider an assignment 

of colours to the vertices of G – v so that a 5-colouring 

results, when the colours are denoted by Ci , 1 ≤ i ≤ 5. 

Certainly, if some colour, say Cj , is not used in the 

colouring of the vertices adjacent with v, then by assigning 

the colour Cj to v, a 5-colouring of G results. This leaves 

only the case to consider in which deg v = 5 and five colours 

are used for the vertices of G adjacent with v. Permute the 

colours, if necessary, so that the vertices coloured C1, C2, 

C3, C4 and C5 are arranged cyclically about v, Now label 

the vertex adjacent with v and coloured Ci by vi , 1 ≤ i ≤ 5 

(see Figure 2.100) Fig. 2.100. A step in the proof of the five 

colour theorem. Let G13 denote the subgraph of G – v 

induced by those vertices coloured C1 or C3. If v1 and v3 

belong to different components of G13, then a 5-coloring of 

G – v may be accomplished by interchanging the colors of 

the vertices in the component of G13 containing v1. In this 

5-coloring however, no vertex adjacent with v is colored C1, 

so by coloring v with the color C1, a 5-coloring of G results. 

If, on the other hand, v1 and v3 belong to the same 

component of G13, then there exists in G a path between v1 

and v3 all of whose vertices are colored C1 or C3. This path 

together with the path v1 vv3 produces a cycle which 

necessarily encloses the vertex v2 or both the vertices v4 

and v5. In any case, there exists no path joining v2 and v4, 

all of whose vertices are coloured C2 or C4. Hence, if we let 

G24 denote the subgraph of G – v induced by the vertices 



coloured C2 or C4, then v2 and v4 belong to different 

components of G24. Thus if we interchange colors of the 

vertices in the component of G24 containing v2, a 5-

colouring of G – v is produced in which no vertex adjacent 

with v is coloured C2. We may then obtain a 5-coloring of G 

by assigning to v the colour C2. 

 

24. a)  Define chromatic number. Find the chromatic polynomial for 

the cycle of length 4. Hence  find its chromatic number. 

Find the chromatic polynomial and chromatic number for the graph 

K3, 3. Solution. Chromatic polynomial for K3, 3 is given by 

λ(λ – 1)5 . Thus chromatic number of this graph is 2. Since 

λ(λ – 1)5 > 0 first when λ = 2. Here, only two distinct colours 

are required to colour K3, 3. The vertices a, b and c may have 

one colours, as they are not adjacent. Similarly, vertices d, e 

and f can be coloured in proper way using one colour. But a 

vertex from {a, b, c} and a vertex from {d, e, f} both cannot 

have the same colour. In fact every chromatic number of any 

bipartite graph is always 2 

        (OR) 

       b)  Show that every tree with two or more vertices is 2-

chromatic. 

Proof. Since Tree T is a bipartite graph. The vertex set V of G can be 

partitioned into two subsets V1 and V2 such that no two 

vertices of the set V1 are adjacent and two vertices of the set 

V2 are adjacent. Now colour the vertices of the set V1 by the 

colour 1 and the vertices of the set V2 by the colour 2. This 

colouring is a proper colouring. Hence, chromatic number of G ≤ 

2, and since T contains atleast one edge chromatic number of G 

≥ 2. Thus, chromatic number of G is 2. 

25.  a) Discuss about the digraph. 

A digraph D consists of a finite set V of points and a collection of 

ordered pairs of distinct points. Any such pair (u, v) is called an arc 

or directed line and will usually be denoted uv. The arc uv goes from 

u to v and is incident with u and v. We also say that u is adjacent to v 

and v is adjacent from u. The outdegree od(r) of a point v is the 

number ofpoints adjacent from it, and the indegree id(t') is the 

number adjacent to it. A (directed) walk in a digraph is an alternating 

sequence of points and arcs, VQ, .Y,, r,, • • •, x„, v„ in which each 

arc x, is r,_ ,t,. The length of such a walk is n, the number of 

occurrences of arcs in it. A closed walk has the same first and last 

points, and a spanning walk contains all the points. A path is a walk 

in which all points are distinct; a cycle is a nontrivial closed walk 

with all points distinct (except the first and last). If there is a path 

fromM to v. then v is said to be reachablefrom u, ano the distance, 

d{u, r), from u to v is the length of any shortest such path. Each walk 

is directed from the first point p0 to the last v„. We also need a 

concept which does not have this property of direction and is 

analogous to a walk in a graph. A semiwalk is again an alternating 

sequence r0, x„ r,. • • •, xm v„ of points and arcs, but each arc x, may 

be either Oj_1»i or r,t', _,. A semipath, semicycle, and so forth, are 

defined as expected. Whereas a graph is either connected or it is not, 

there are three different ways in which a digraph may be connected, 

and each has its own idiosyncrasies. A digraph is strongly connected, 

or strong, if every two points are mutually reachable; it is unila'erally 

connected, or unilateral, if for any two points at least one is 



reachable from the other; and it is weakly connected, or weak, if 

every two points are joined by a semipath. Clearly, every strong 

digraph is unilateral and every unilateral digraph is weak, but the 

converse statements are not true. A digraph is disconnected if it is 

not even weak. We note that the trivial digraph, consisting of exactly 

one point, is (vacuously) strong since it does not contain two distinct 

points. We may now state necessary and sufficient conditions for a 

digraph to satisfy each of the three kinds of connectedness. 

      (OR) 

      b) Discuss about the binary relations in a digraph. 

         

  

 

 



Question Choice 1 Choice 2 Choice 3 Choice 4 Answer

The degree of the leaf is 1 2 n n-1 1

A graph in which all vertices are of equal degree is complete graph regular graph null graph both complete and regular graphcomplete graph

A graph is a finite number of vertices and finite number of edges are called ___finite graph star graph isolated graph infinite graph finite graph

A isolated vertex having no ____ incident edges edges series adjancent edges incident edge

Every edge of a ___ is cutset tree graph incident edges adjacent edge tree

The degree of every vertex n-1 is complete graph regular graph null graph subgraph complete graph

A pendent vertex of degree is 1 2 3 1

Possible Questions                               

KARPAGAM ACADEMY OF HIGHER EDUCATION
(Deemed to be University Established Under Section 3 of UGC Act 1956)

Pollachi Main Road, Eachanari (Po),
Coimbatore –641 021                                                                                                                                                                                            

        Subject: Advanced Graph Theory                                                                                         Subject Code: 15MMU604A
        Class   : III - B.Sc. Mathematics-B                                                                                                Semester      : VI

   (Question Nos. 1 to 20 Online Examinations)

UNIT -I         Undirected graph     

PART A (20x1=20 Marks)



A regular graph with n vertices and their degree is n-1 n-2 n+1 n+2 n-1

Atleast one vertex is graph incident vertex degree pendent graph

Isolated vertex is null graph pendent graph complete graph regular graph null graph

A null graph containing only isolated vertex regular graph complete graph simple graph isolated vertex

All the edges of a graph is euler line euler  edge euler graph euler trail euler line

G is a subgraph of G then G-g G∩g G+g G/g G-g

A connected graph G is Hamiltonian circuit hamiltonian graph hamiltonian path circuit hamiltonian circuit

The number of edges incident on a vertex with self-loop counted twice isdegree adjacent link block degree

In any tree there __ two pendent vertices atleast atmost some sum of atleast

The length of a hamiltonian path of a ____ with n vertices n-1 connected graph star graph simple graph complete graph connected graph

A valency is degree of vertex edges series link vertex

Two adjacent edges are series if their common vertex is of degree one two three zero two

A single vertex in a graph G is subgraph regular graph component series subgraph



A walk is ___ alternating sequence of vertices and edges beginning and ending vertices such that each edge is incident with the verticesfinite infinte atmost some of finite

Each connected subgraph is ____ component star graph series link component

even odd 2 6 odd

vertices edges isolated  vertices pendant vertices edges

even vertices odd vertices isolated  vertices pendant vertices isolated  vertices

n n-1 n-1

n n-1 1 1

n n-1 1 n-1

null graph star graph null graph

 G



is connected is not connected  with  2 components with pendeant vertices is connected

is connected is not connected  with  2 components with pendeant vertices is connected

n n-1 n-1

A graph is a infinte number of vertices and infinite number of edges isinfinite graph finite graph link regular graph infinite graph

0 1 2 3 1

pendant vertex isolated vertex centre odd vertex centre

0 1 2 3 1

n n-1 n-2 n-3 n











Question Choice 1 Choice 2 Choice 3 Choice 4 Answer

all vertices of G all edges of G
some vertices of 
G some edges of G all vertices of G

complete graph connected graph
disconnected 
graph star graph connected graph

k-3 k-1 k-2 k k

tree spanning tree star graph complete graph spanning tree

tree spanning tree star graph complete graph spanning tree

n n-1 n-2 n-3 n-1

4851 4850 4852 4853 4851

k=0 k=1 k=2 k=3 k=1
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n-k n+k n/k n n-k

e-n+k e+n+k e+n e-k e-n+k

number of branches number of chords number of edges number of vertices
number of 
branches

number of branches number of chords number of edges number of vertices number of chords

number of branches number of chords number of edges number of vertices number of edges

exactly one atmost one atleast one no exactly one

cycle
fundamental 
circuit elementary circuit circuit

fundamental 
circuit

If δ(G) and Δ(G) are the minimum and maximum degree in a 
graph G then the edge connectivity of G is δ(G) Δ(G) 2 δ(G)

The number of branches in any ____ of G is rank spanning tree tree
shortest spanning 
tree

minimal spanning 
tree spanning tree

n n-1 n-2 n-3 n-1

3n 3(n-1) 3(n-2) 3(n-3) 3(n-1)



A graph in which all nodes are of equal degree is called complete graph regular graph null graph multi graph regular graph

Two ismoephic graphs must have
Equal number of 
vertices

equal number of 
edges

an equal number 
of vertices with a 
given degree all of the above all of the above

In a separable graph, a vertex whose removal disconnects the 
graph _____ cut vertex cut edge

cut- vertex

1 2 3 4 1

Each of the largest ___ subgraph is block nonseparable1 separable tree cut-set nonseparable

1 2 3 4 1

1 2 3 4 1

A separable graph consists of two or more non separable _____ subgraph tree spanning tree complete graph subgraph

cut set not cut set may cut set  empty set cut set

4 3 2 1 1

4 3 2 1 1
A graph is planar if there exists some geometric representation 
of G which can be drawn on a plane such that no two of its ____ 
intersect edges vertices link block edges

1 2 3 4 1



Every cut-set in a nonseparable graph with more than two 
vertices contains ___ two edges. atleast atmost exactly graph atleast

Any edge which is not spanning tree is _____ branch chord tree rank chord

A tree in which ___ vertex is distinguished from all others is 
called rooted tree 1 3 2 4 1

A connected ___ graph with n vertices and e edges has e - n + 2 
regions planar non planar complete graph cut-set planar

The distance between____ of a connected graph is eccentricity edges vertices self loop loop vertices

in a ___ graph, any minimal set of edges containing atleast one 
branch of every spanning tree is cut-set connected graph

disconnected 
graph complete graph tree connected graph

4 5 6 7 4

diameter is length of the longest path in the ____ tree spanning tree
shortest spanning 
tree euler graph tree

In a degree constrained shortest spanning tree deg(G)≤ 3 4 5 2 3

Every circuit has an ___ number of edges in common with any 
cut set even odd zero three even

A ___ is separable if its vertex connectivity is one. connected graph simple graph planar graph non planar graph connected graph

A _____is a connected graph without any circuit. tree spanning tree
weighted 
spanning tree

hamiltonian 
circuit tree

Any connected graph with n vertices and n-1 edges is ____ tree spanning tree
fundamental 
circuit

fundamental 
circuit tree





Question Choice 1 Choice 2 Choice 3 Choice 4 Answer

Every ___ edge in a graph G is included in every covering of G. pendant isolated link block pendant

The complete graph of 5 vertices is _______ planar nonplanar embedding complete   nonplanar

1 0 2 3 1

 an isolated vertex pendeant vertex odd vetrex even vertex an isolated vertex

Every degree of a vertex v equals the number of ____ in the correspondingrow or column of x(G)circuit vertex edge singular circuit

n n-1 n-2 n-3 n-1

____ produce identical columns in the cut set matrix parallel edges parallel vertex vertex edge parallel edge 

Cover of a graph is a _____ of vertices subset set matrix singular subset

square matrix rectangular matrixcolumn matrix row matrix rectangular matrix

Possible Questions                               
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square matrix rectangular matrixcolumn matrix row matrix square matrix

n n-1 n-2 n-3 n-1

singular nonsingular cannot be determinedof 1 determinant nonsingular

A matching in a graph is a subset of edges in which no ___ edges are adjacent 2 4 3 1 2

Every ____ is 2 - chromatic bipartite graph null graph simple graph complete graphs bipartite graph

If A(G) is the adjacency matrix of a graph with 0's in ____ then G is completediagonal non diagonal matrix tree diagonal

A column of all ___ corresponds to a non circuit edge is circuit matrix 0's 1's n n+1 0's

Every degree of a vertex v equals the number of ____ in the correspondingrow or column of x(G)1's 0's diagonal matrix 1's

connected disconnected simple graph  complete disconnected

X(G) =In, identity matrix if G has _____ and disconnected with k=n self loop connected loop link self loop

n n-1 0 1 n

1 0 0 or 1 2 0

edge vertex both vertex and edgeneither edge nor vertexedge

The incidence matrix A(G) every column has ____ two 1's atmost atleast exactly more than exactly

number of vertices in Gnumber of edges in Gnumber of odd verticesnumber of even verticesnumber of edges



The ______ matrix two elements 0 and 1 is binary matirx incidence adjacence cut set circuit incidence

n e 1 e-n+1 e-n+1

1 0 2 3 0

In A(G), the _______ matrix, a row with all 0's represents isolated vertex adjacent path circuit incident incident

any some no exactly one any

any some no exactly one any

0 1 2 3 0

self loop no self loop parallel edges isolated vertex self loop

row only column only both row and columneither row or column

1-chromatic 2-chromatic 3 -chromatic 4-chromatic 1-chromatic

1-chromatic 2-chromatic 3 -chromatic 4-chromatic 2-chromatic

exactly one atmost  atleast not atleast

The number of edges in a largest maximal matching is ____ matching matching number maximal matchingminimal matching matching number

A graph that cannot be drawn on a plane without a cross over between its edges is called _______planar nonplanar embedding graph planar

Complete graph with more than one vertices is _____ planar nonplanar embedding graph nonplanar



The determinant of every square submatrix of an ___ matrix is 1,-1 or 0 incidence adjacence circuit cut set incidence

_______ discovered nonplanar graph unique property Kasimir KuratoaswskiRowan Hamilton Euler Fermat Kasimir Kuratoaswski

The complete graph of ________ vertices is nonplanar four six seven five five

A pentagon divide the plane of the paper into two regions is called _______Jordan curve Kuratowski Euler Konigsberg bridgesJordan curve

In adjacency matrix of graph all the entries along the leading diagonal are 0 if and only if the graph has no _____self loop loop block link self loop

The number of ___ in a minimal covering of the smallest size is covering number of the graphedges vertices loop block edges

In ____ matrix, a colum with all 0's corresponds to an edge forming a self -loopcut-set circuit path adjacency cut-set

The rank of ____ matrix must be atleast n-1 incident path circuit cut-set incident

A _____ in which every vertex is of degree one is dimer covering covering minimal covering maximal covering matching covering

A  hamiltonian ____ in a graph is covering circuit path vertex edge circuit

A graph with ___ or more edges is atleast 2 - chromatic 1 2 3 4 1



Question Choice 1 Choice 2 Choice 3 Choice 4 Answer

A ____  that has no self loop or parallel edges is simple digraph graph tree spanning tree digraph

A balanced digraph is__________ isograph simple graph complete digraph digraph isograph

A ____ oriented graph. digraph complete graph simple graph Euler graph digraph

In any graph, we have α(G)=β(G) α(G)≤β(G) α(G)<β(G) α(G)≥β(G) α(G)≤β(G)

A vertex v ia called pendant vertex if d+(v)+d-(v)= 1 2 3 4 1

A graph G is an Euler graph if d+(v) is odd then d-(v)= odd even 3 5 even

A graph with one or more edges is  atleast 4-chromatic 3-chromatic 2-chromatic 1-chromatic 2-chromatic

A complete  graph with n vertices is-------------- 4-chromatic 3-chromatic 2-chromatic n-chromatic n-chromatic
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Every graph having ----------- is atleast 3-chromatic triangle square odd vertices even vertices triangle

Every graph having  triangle is atleast ------------------ 4-chromatic 3-chromatic 2-chromatic n-chromatic 3-chromatic

A complete  graph with 5 vertices is-------------- 4-chromatic 3-chromatic 2-chromatic 5-chromatic 5-chromatic

Every tree with two or more vertices is------------ 4-chromatic 3-chromatic 2-chromatic 5-chromatic 2-chromatic

Every --------with 2 or more vertics is 2-chromatic tree complete connected disconnected tree

A graph consisting of simply one circuit with greater than or equal to 3 vertices is ------------- if n is  even4-chromatic 3-chromatic 2-chromatic 5-chromatic 2-chromatic

A graph consisting of simply one circuit with greater than or equal to 3 vertices is  2-chromatic if n is ----------even odd 3 0 even

A graph consisting of simply one circuit with greater than or equal to 3 vertices is ------------- if n is   odd4-chromatic 3-chromatic 2-chromatic 5-chromatic 3-chromatic

A graph consisting of simply one circuit with greater than or equal to 3 vertices is  3-chromatic  if n is  ---------even odd 3 0 odd

A graph with ------- one edge is 2-chromatic if it has no circuits of odd lengthatleast atmost exactly 3 atleast

A graph with  atleast   ---------- edge is 2-chromatic if it has no circuits of odd length 1 2 3 4 1

A graph with  atleast    one  edge is 2-chromatic if it has no circuits of  -------- lengthodd even 0 4 odd

A graph with  atleast    one  edge is 2-chromatic if it has   ---------- circuits of   odd  length0 1 2 3 0

A graph with  atleast   one edge is ------------- if it has no circuits of odd length4-chromatic 3-chromatic 2-chromatic 5-chromatic 2-chromatic



A star graph is ---------------- 4-chromatic 3-chromatic 2-chromatic 5-chromatic 2-chromatic

Every  tree    with -------------- vertics is 2-chromatic greater than 2 less than 2 equal to 2 greater than or equal to 2greater than or equal to 2

Every ------------ graph is 2-chromatic bipartiate complete regular connected bipartiate

Every     biparitate  graph is ------------------ 4-chromatic 3-chromatic 2-chromatic 5-chromatic 2-chromatic

Two regions are said to be adjacent if they have a common -----------between themedge vertex edge and vertex neither edge nor vertexedge

Two ---------------------- are said to be adjacent if they have a common   egde  between themfaces regions egdes vertices regions

Proper coloring of ---------------- is called map coloring faces regions egdes vertices regions

A covering exists for a graph if the graph has no ------------------------isolated vertex odd vertex even vertex pendant vertex isolated vertex

Every ------------------ in a graph included in  every covering of  the graphpendant edge odd vertex even vertex pendant vertex pendant edge

Every    pendant edge     in a graph included in ---------- covering of  the graphno some all finite number of all

Cover of a graph is a sub set of ---------------------- edges both vertices and edgesneither edge nor vertexvertices

A complete graph with _______ vertices is one  of the 2 graphs of Kuratowski. 2 3 5 1 5

The second graph of Kuratowski is a regular connected graph with _______ vertices and _______ edgessix,seven six,nine six,five five,six six,nine

The two common geometric representations in Kuratowski graph it is fairly easy to see that the graphs are ________homeomorphics planar representationinfinite region isomorphic isomorphic



A graph in which all vertices are of equal degree is called a _______complete graph regular graph planar graph nonplanar graph regular graph

Removal of one edge or a vertex makes each a _______ graph. complete   planar nonplanar  Euler planar

The complete graph of 5 vertices is _______ planar nonplanar embedding complete   nonplanar

The rank of an ____ of a digraph with n vertices is n-1 incidence matrix cutset matrix path matrix circuit matrix incidence matrix

A _______ in which there is exactly one edge directed from every vertex to every other vertex is complete symmetric digraphsimple digraph complete digraph regular digraph symmetric digraph simple digraph

atleast two atmost two exactly no atleast two 

0 1 2 3 0

0 1 2 3 1

pendant vertex isolated vertex centre odd vertex centre

0 1 2 3 1

n n-1 n-2 n-3 n





Question Choice 1 Choice 2 Choice 3 Choice 4 Answer

The isolated vertex in degree and out degree are equal to 0 1 2 3 0

The  minimum cardinality of a _____ is equal to domination number set graph cutset vertex set

The dominating set N[S] is _____ v 1 0 2 v

Suppose G is a complete graph wiyh n vertices. Then number of independent set of vertices is n n-1 n+1 n+2 n

Every dominating set contain ___ one minmal dominating set atleast atmost equal every atleast

The number of ____ in the largest independent set of a graph vertices edges links blocks vertices

The minimum cardinality of a total dominating set is dominating set is _______ domination number independent set dominating set independent numberdomination number

A set of vertices in a graph is ______ if no two vertices in the set are adjacent independent set independent numberdominating set dominating numberindependent set

The number of ___ incident out of a vertex is out degree edges vertices links blocks edges

The minimum cardinality of an independent  dominating set G is _______ domination number independent set dominating set independent domination numberindependent domination number

A _____ dominating set from which no vertex can be removed without destroying its dominance property.minimal maximal independent independent numberminimal

A ______  dominating set may or may not be independent minimal maximal independent independent numberminimal
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A_______ contains atleast one minimal dominating set. domination number independent set dominating set independent numberdominating set

The set of all _____ is trivially a dominating set in graph vertices edges cutset blocks vertices

An _____ has the dominance property only if it is a maximal independent set domination number independent set dominating set independent numberindependent set

A graph may have many ______ and of different sizes. minimal dominating setindependent set dominating set independent numberminimal dominating set

The number of ___ in a minimal covering of the smallest size is covering number of the graph edges vertices loop block edges

In ____ matrix, a colum with all 0's corresponds to an edge forming a self -loop cut-set circuit path adjacency cut-set

The rank of ____ matrix must be atleast n-1 incident path circuit cut-set incident

A _____ in which every vertex is of degree one is dimer covering covering minimal covering maximal covering matching covering

A  hamiltonian ____ in a graph is covering circuit path vertex edge circuit

A graph with ___ or more edges is atleast 2 - chromatic 1 2 3 4 1

A pendent vertex of degree is 1 2 3 1

A regular graph with n vertices and their degree is n-1 n-2 n+1 n+2 n-1

Atleast one vertex is graph incident vertex degree pendent graph

Isolated vertex is null graph pendent graph complete graph regular graph null graph

A graph is a infinte number of vertices and infinite number of edges is infinite graph finite graph link regular graph infinite graph

The number of edges in a largest maximal matching is ____ matching matching number maximal matching minimal matching matching number

A graph that cannot be drawn on a plane without a cross over between its edges is called _______ planar nonplanar embedding graph planar

Complete graph with more than one vertices is _____ planar nonplanar embedding graph nonplanar



The determinant of every square submatrix of an ___ matrix is 1,-1 or 0 incidence adjacence circuit cut set incidence

_______ discovered nonplanar graph unique property Kasimir KuratoaswskiRowan Hamilton Euler Fermat Kasimir Kuratoaswski

The complete graph of ________ vertices is nonplanar four six seven five five

A pentagon divide the plane of the paper into two regions is called _______ Jordan curve Kuratowski Euler Konigsberg bridgesJordan curve

In adjacency matrix of graph all the entries along the leading diagonal are 0 if and only if the graph has no _____self loop loop block link self loop

A star graph is ---------------- 4-chromatic 3-chromatic 2-chromatic 5-chromatic 2-chromatic

Every  tree    with -------------- vertics is 2-chromatic greater than 2 less than 2 equal to 2 greater than or equal to 2greater than or equal to 2

Every ------------ graph is 2-chromatic bipartiate complete regular connected bipartiate

Every     biparitate  graph is ------------------ 4-chromatic 3-chromatic 2-chromatic 5-chromatic 2-chromatic

Two regions are said to be adjacent if they have a common -----------between them edge vertex edge and vertex neither edge nor vertexedge

Two ---------------------- are said to be adjacent if they have a common   egde  between them faces regions egdes vertices regions

Proper coloring of ---------------- is called map coloring faces regions egdes vertices regions

A covering exists for a graph if the graph has no ------------------------ isolated vertex odd vertex even vertex pendant vertex isolated vertex

Every ------------------ in a graph included in  every covering of  the graph pendant edge odd vertex even vertex pendant vertex pendant edge

Every    pendant edge     in a graph included in ---------- covering of  the graph no some all finite number of all

Cover of a graph is a sub set of ---------------------- vertices edges both vertices and edgesneither edge nor vertexvertices

In a degree constrained shortest spanning tree deg(G)≤ 3 4 5 2 3

Every circuit has an ___ number of edges in common with any cut set even odd zero three even



A ___ is separable if its vertex connectivity is one. connected graph simple graph planar graph non planar graph connected graph

A _____is a connected graph without any circuit. tree spanning tree weighted spanning treehamiltonian circuit tree

Any connected graph with n vertices and n-1 edges is ____ tree spanning tree fundamental circuitfundamental circuittree

The number of edges incident on a vertex with self-loop counted twice is degree adjacent link block degree

In any tree there __ two pendent vertices atleast atmost some sum of atleast

The length of a hamiltonian path of a ____ with n vertices n-1 connected graph star graph simple graph complete graph connected graph



ADVANCED GRAPH THEORY                             Syllabus  2015-2018 

 

Bachelor of Science, Mathematics, 2017, KAHE Page 1 
 

KARPAGAM ACADEMY OF HIGHER EDUCATION 

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

Coimbatore – 641 021.  

   SYLLABUS 

Semester -VI 

                         L   T   P   C 

15MMU604A                                     ELECTIVE-II    5    0    0    5 

 

          

ADVANCED GRAPH THEORY  

______________________________________________________________________________ 

 

Scope: This course is intended to introduce the area of structural graph theory to the learners. 

Basic principles underlying this theory and algorithmic applications are also surveyed.  

 

Objectives: To enable the students to understand the basic concepts of Graph Theory and its 

applications.  

 

UNIT I  

Undirected graph- Basic concepts- incidence and Degree of vertices- isolated vertex – pendant 

vertex – Path and Circuits: Isomorphism – Sub graphs – Walks, Paths and Circuits – Connected 

graphs and concepts – Euler graphs – Hamilton graph – Complete graph – Traveling Salesman 

problem.  

 

UNIT II  

Trees – Definition – some properties of trees – Theorems – Rooted and Binary trees – Spanning 

trees. Cut set and cut vertices – some properties of a cut set – sets in a graph – Theorems – 

Fundamental circuits and cut sets – Connectivity and Separability – Theorems.  

 

UNIT III  

Planar graphs – Kuratowski‟s two graphs – Theorems – Different representation of a planar 

graph – Detection of planarity – Thickness and crossings.  

 

UNIT IV  
Colourings – Covering partitioning – Chromatic number Theorems –Chromatic partitioning – 

Independent set – Finding a maximal independent set – Dominating set – Finding minimal 

dominating set – Chromatic polynomial – Theorems. Coverings – Theorems – Four colour 

problem - Five colour Theorem.  

 

UNIT V  
Directed graph – Definition – Some types of di-graphs – Directed path and connectedness – 

Euler di-graphs – Theorems – Trees with direct edges - Theorems – odded trees – Matrix 

representation – incidence matrix – Theorems – Circuit matrix – Adjacency matrix – 

Tournaments.  

 



ADVANCED GRAPH THEORY                             Syllabus  2015-2018 

 

Bachelor of Science, Mathematics, 2017, KAHE Page 2 
 

TEXT BOOK  
1.Narsingh Deo., 2007. Graph Theory with Applications to Engineering and Computer Science, 

Prentice Hall of India Pvt. Ltd, New Delhi.  

REFERENCES  

1. Harary F., 1969. Graph Theory, Addision-Wesley publishing company,Inc., Amsterdam.  

2. Bondy.J.A., and U.S.R.Murty., 2008. Graph theory and applications, Springer.  

3. Balakrishnan, 2011, Graph theory, Springer publications.  

4. West D.B., 2011. Introduction to Graph Theory, Prentice Hall, New Delhi. 

___________________________________________________________________________. 



KARPAGAM ACADEMY OF HIGHER EDUCATION 
      CLASS: IIIB.Sc MATHEMATICS-B                         COURSE NAME: Advanced Graph Theory 

COURSE CODE: 15MMU604A          UNIT: I(Undirected Graphs)       BATCH-2015-2018 
 

Prepared by A. NEERAJAH, Asst Prof, Department of Mathematics, KAHE                                   Page 1/26 
 

UNIT-I 

SYLLABUS 

Basic concepts- incidence and Degree of vertices- isolated vertex – pendant vertex – Path and Circuits: 

Isomorphism – Sub graphs – Walks, Paths and Circuits – Connected graphs and concepts – Euler 

graphs – Hamilton graph – Complete graph – Traveling Salesman problem.   

 



KARPAGAM ACADEMY OF HIGHER EDUCATION 
      CLASS: IIIB.Sc MATHEMATICS-B                         COURSE NAME: Advanced Graph Theory 

COURSE CODE: 15MMU604A          UNIT: I(Undirected Graphs)       BATCH-2015-2018 
 

Prepared by A. NEERAJAH, Asst Prof, Department of Mathematics, KAHE                                   Page 2/26 
 

 



KARPAGAM ACADEMY OF HIGHER EDUCATION 
      CLASS: IIIB.Sc MATHEMATICS-B                         COURSE NAME: Advanced Graph Theory 

COURSE CODE: 15MMU604A          UNIT: I(Undirected Graphs)       BATCH-2015-2018 
 

Prepared by A. NEERAJAH, Asst Prof, Department of Mathematics, KAHE                                   Page 3/26 
 



KARPAGAM ACADEMY OF HIGHER EDUCATION 
      CLASS: IIIB.Sc MATHEMATICS-B                         COURSE NAME: Advanced Graph Theory 

COURSE CODE: 15MMU604A          UNIT: I(Undirected Graphs)       BATCH-2015-2018 
 

Prepared by A. NEERAJAH, Asst Prof, Department of Mathematics, KAHE                                   Page 4/26 
 

 



KARPAGAM ACADEMY OF HIGHER EDUCATION 
      CLASS: IIIB.Sc MATHEMATICS-B                         COURSE NAME: Advanced Graph Theory 

COURSE CODE: 15MMU604A          UNIT: I(Undirected Graphs)       BATCH-2015-2018 
 

Prepared by A. NEERAJAH, Asst Prof, Department of Mathematics, KAHE                                   Page 5/26 
 

                          

 



KARPAGAM ACADEMY OF HIGHER EDUCATION 
      CLASS: IIIB.Sc MATHEMATICS-B                         COURSE NAME: Advanced Graph Theory 

COURSE CODE: 15MMU604A          UNIT: I(Undirected Graphs)       BATCH-2015-2018 
 

Prepared by A. NEERAJAH, Asst Prof, Department of Mathematics, KAHE                                   Page 6/26 
 

 



KARPAGAM ACADEMY OF HIGHER EDUCATION 
      CLASS: IIIB.Sc MATHEMATICS-B                         COURSE NAME: Advanced Graph Theory 

COURSE CODE: 15MMU604A          UNIT: I(Undirected Graphs)       BATCH-2015-2018 
 

Prepared by A. NEERAJAH, Asst Prof, Department of Mathematics, KAHE                                   Page 7/26 
 

 

 

 

 



KARPAGAM ACADEMY OF HIGHER EDUCATION 
      CLASS: IIIB.Sc MATHEMATICS-B                         COURSE NAME: Advanced Graph Theory 

COURSE CODE: 15MMU604A          UNIT: I(Undirected Graphs)       BATCH-2015-2018 
 

Prepared by A. NEERAJAH, Asst Prof, Department of Mathematics, KAHE                                   Page 8/26 
 

 

 

 

 

 



KARPAGAM ACADEMY OF HIGHER EDUCATION 
      CLASS: IIIB.Sc MATHEMATICS-B                         COURSE NAME: Advanced Graph Theory 

COURSE CODE: 15MMU604A          UNIT: I(Undirected Graphs)       BATCH-2015-2018 
 

Prepared by A. NEERAJAH, Asst Prof, Department of Mathematics, KAHE                                   Page 9/26 
 

 

 



KARPAGAM ACADEMY OF HIGHER EDUCATION 
      CLASS: IIIB.Sc MATHEMATICS-B                         COURSE NAME: Advanced Graph Theory 

COURSE CODE: 15MMU604A          UNIT: I(Undirected Graphs)       BATCH-2015-2018 
 

Prepared by A. NEERAJAH, Asst Prof, Department of Mathematics, KAHE                                   Page 10/26 
 



KARPAGAM ACADEMY OF HIGHER EDUCATION 
      CLASS: IIIB.Sc MATHEMATICS-B                         COURSE NAME: Advanced Graph Theory 

COURSE CODE: 15MMU604A          UNIT: I(Undirected Graphs)       BATCH-2015-2018 
 

Prepared by A. NEERAJAH, Asst Prof, Department of Mathematics, KAHE                                   Page 11/26 
 

 

 



KARPAGAM ACADEMY OF HIGHER EDUCATION 
      CLASS: IIIB.Sc MATHEMATICS-B                         COURSE NAME: Advanced Graph Theory 

COURSE CODE: 15MMU604A          UNIT: I(Undirected Graphs)       BATCH-2015-2018 
 

Prepared by A. NEERAJAH, Asst Prof, Department of Mathematics, KAHE                                   Page 12/26 
 

 

 

 

 

 

 



KARPAGAM ACADEMY OF HIGHER EDUCATION 
      CLASS: IIIB.Sc MATHEMATICS-B                         COURSE NAME: Advanced Graph Theory 

COURSE CODE: 15MMU604A          UNIT: I(Undirected Graphs)       BATCH-2015-2018 
 

Prepared by A. NEERAJAH, Asst Prof, Department of Mathematics, KAHE                                   Page 13/26 
 



KARPAGAM ACADEMY OF HIGHER EDUCATION 
      CLASS: IIIB.Sc MATHEMATICS-B                         COURSE NAME: Advanced Graph Theory 

COURSE CODE: 15MMU604A          UNIT: I(Undirected Graphs)       BATCH-2015-2018 
 

Prepared by A. NEERAJAH, Asst Prof, Department of Mathematics, KAHE                                   Page 14/26 
 



KARPAGAM ACADEMY OF HIGHER EDUCATION 
      CLASS: IIIB.Sc MATHEMATICS-B                         COURSE NAME: Advanced Graph Theory 

COURSE CODE: 15MMU604A          UNIT: I(Undirected Graphs)       BATCH-2015-2018 
 

Prepared by A. NEERAJAH, Asst Prof, Department of Mathematics, KAHE                                   Page 15/26 
 

 



KARPAGAM ACADEMY OF HIGHER EDUCATION 
      CLASS: IIIB.Sc MATHEMATICS-B                         COURSE NAME: Advanced Graph Theory 

COURSE CODE: 15MMU604A          UNIT: I(Undirected Graphs)       BATCH-2015-2018 
 

Prepared by A. NEERAJAH, Asst Prof, Department of Mathematics, KAHE                                   Page 16/26 
 

 

 



KARPAGAM ACADEMY OF HIGHER EDUCATION 
      CLASS: IIIB.Sc MATHEMATICS-B                         COURSE NAME: Advanced Graph Theory 

COURSE CODE: 15MMU604A          UNIT: I(Undirected Graphs)       BATCH-2015-2018 
 

Prepared by A. NEERAJAH, Asst Prof, Department of Mathematics, KAHE                                   Page 17/26 
 

 

 

 

 

 



KARPAGAM ACADEMY OF HIGHER EDUCATION 
      CLASS: IIIB.Sc MATHEMATICS-B                         COURSE NAME: Advanced Graph Theory 

COURSE CODE: 15MMU604A          UNIT: I(Undirected Graphs)       BATCH-2015-2018 
 

Prepared by A. NEERAJAH, Asst Prof, Department of Mathematics, KAHE                                   Page 18/26 
 

 



KARPAGAM ACADEMY OF HIGHER EDUCATION 
      CLASS: IIIB.Sc MATHEMATICS-B                         COURSE NAME: Advanced Graph Theory 

COURSE CODE: 15MMU604A          UNIT: I(Undirected Graphs)       BATCH-2015-2018 
 

Prepared by A. NEERAJAH, Asst Prof, Department of Mathematics, KAHE                                   Page 19/26 
 



KARPAGAM ACADEMY OF HIGHER EDUCATION 
      CLASS: IIIB.Sc MATHEMATICS-B                         COURSE NAME: Advanced Graph Theory 

COURSE CODE: 15MMU604A          UNIT: I(Undirected Graphs)       BATCH-2015-2018 
 

Prepared by A. NEERAJAH, Asst Prof, Department of Mathematics, KAHE                                   Page 20/26 
 

 

 

 

 

 



KARPAGAM ACADEMY OF HIGHER EDUCATION 
      CLASS: IIIB.Sc MATHEMATICS-B                         COURSE NAME: Advanced Graph Theory 

COURSE CODE: 15MMU604A          UNIT: I(Undirected Graphs)       BATCH-2015-2018 
 

Prepared by A. NEERAJAH, Asst Prof, Department of Mathematics, KAHE                                   Page 21/26 
 

 

 

 

 

 

 

 

 



KARPAGAM ACADEMY OF HIGHER EDUCATION 
      CLASS: IIIB.Sc MATHEMATICS-B                         COURSE NAME: Advanced Graph Theory 

COURSE CODE: 15MMU604A          UNIT: I(Undirected Graphs)       BATCH-2015-2018 
 

Prepared by A. NEERAJAH, Asst Prof, Department of Mathematics, KAHE                                   Page 22/26 
 

 

 

 

 

 

 



KARPAGAM ACADEMY OF HIGHER EDUCATION 
      CLASS: IIIB.Sc MATHEMATICS-B                         COURSE NAME: Advanced Graph Theory 

COURSE CODE: 15MMU604A          UNIT: I(Undirected Graphs)       BATCH-2015-2018 
 

Prepared by A. NEERAJAH, Asst Prof, Department of Mathematics, KAHE                                   Page 23/26 
 

 

 

 

 



KARPAGAM ACADEMY OF HIGHER EDUCATION 
      CLASS: IIIB.Sc MATHEMATICS-B                         COURSE NAME: Advanced Graph Theory 

COURSE CODE: 15MMU604A          UNIT: I(Undirected Graphs)       BATCH-2015-2018 
 

Prepared by A. NEERAJAH, Asst Prof, Department of Mathematics, KAHE                                   Page 24/26 
 

 

 

 

 



KARPAGAM ACADEMY OF HIGHER EDUCATION 
      CLASS: IIIB.Sc MATHEMATICS-B                         COURSE NAME: Advanced Graph Theory 

COURSE CODE: 15MMU604A          UNIT: I(Undirected Graphs)       BATCH-2015-2018 
 

Prepared by A. NEERAJAH, Asst Prof, Department of Mathematics, KAHE                                   Page 25/26 
 

 

 

 

 

 

 

 

 

 

 

 

 

POSSIBLE QUESTIONS 

    Answer All The Questions(5 X 8=40 Marks) 

1)  Define isomorphism and isomorphic graphs. Determine the following graphs are  

                isomorphic are not?  

 
 

2)  State and prove the Handshaking theorem. 

3)  Prove that a  connected graph 𝐺 is an Euler graph iff it can be decomposed into circuits. 
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4) Prove that in a complete graph with n vertices there are 
𝑛−1

2
  edge disjoint Hamiltonian  

             circuits if n is an odd number≥ 3. 

5) Prove that the number of vertices of odd degree in a graph is always even. 

6) Define graph. Explain the various types of graph with an example. 

7) Show that the sum of the degree of all vertices in a graph equal to twice in a number of  

           edges incidence in G. 

8) Show that if a graph G has exactly two vertices of odd  degree  there is a path joining  

             these two vertices. 

 9) Show that a simple graph with n vertices and k-components can have at most  

  
(𝑛−𝑘)(𝑛−𝑘+1)

𝟐
 edges. 

10) Define  (i) Bipartite Graph 

                       (ii) Regular Graph 

                             (iii) Complete Graph.  

                  Give an  example for each. 
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UNIT-II 

SYLLABUS 

Definition – some properties of trees – Theorems – Rooted and Binary trees – Spanning trees. Cut set 

and cut vertices – some properties of a cut set – sets in a graph – Theorems – Fundamental circuits and 

cut sets – Connectivity and Separability – Theorems.  
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POSSIBLE QUESTIONS 

    Answer All The Questions(5 X 8=40 Marks) 

 

1)  Define i) distance between two spanning trees 

           ii) cyclic interchange  

                      iii) rank 

                      iv) nullity  

2) Prove that the ring sum of any two cut sets in a graph is either a third cut set or an edge   

            disjoint union of cut sets. 

3) Every connected graph has at least one spanning tree. 

4) Prove that every circuit has even number of edges in common with any cut-set. 

5)  Prove that the number of pendent vertices of a tree is equal  to 
𝑛+1 

2
 

6)Define i) edge connectivity ii) vertex connectivity and iii) minimally connected. Give an   

               example for each. 

7) State and prove necessary and sufficient condition for  a shortest spanning tree  

8)Show that a graph G is a tree if and only if there is one and only one path between any    

             two vertices of G      

9) If G is a tree with n vertices then prove that G has  n-1 edges. 

10) Prove that every cut-set in a connected graph G must contain atleast one branch of every                   

spanning tree of G.  
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UNIT-III 

SYLLABUS 

Kuratowski‟s two graphs – Theorems – Different representation of a planar graph – Detection of 

planarity – Thickness and crossings.  
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POSSIBLE QUESTIONS 

    Answer All The Questions(5 X 8=40 Marks) 

 

1) Prove that a graph can be embedded in the surface of a sphere if and only if it can be     embedded 

in a plane. 

2) Define with example. 

 i) planar  ii)non planar  iii)region   iv)infinite region 

3) Prove that the spherical embedding of every planar 3- connected graph is unique. 

4) Show that if G is connected simple planar graph with n( ≥3) vertices and e is edge then e               ≤ 

3n-6. 

5) Prove that Kuratowski’s second graph is also non planar. 

6) Prove that a connected graph with n vertices and e edges has e-n+2 regions. 

7) Show that a planar graph can be embedded in a plane such that any specified region can  be  made 

the infinite region. 

 8) Show that if G is connected simple planar graph with n( ≥3) vertices and e is edge then  

            e ≤ 3n-6.  

9) Prove that the vertices of every planar graph can be properly colored with five colors. 
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UNIT-IV 

SYLLABUS 

Covering partitioning – Chromatic number Theorems –Chromatic partitioning – Independent set – 

Finding a maximal independent set – Dominating set – Finding minimal dominating set – Chromatic 

polynomial – Theorems. Coverings – Theorems – Four colour problem - Five colour Theorem.  
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POSSIBLE QUESTIONS 
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    Answer All The Questions(5 X 8=40 Marks) 

 

 

1)Prove that the complete graph of five vertices is non planar 

2) Prove that a covering g of a graph is minimal if and only if g contains no paths of length        three 

or more.  

3)  State and prove five color theorem 

 

4) Prove that an  n vertex graph is a tree iff𝑃𝑛(𝜆) = 𝜆(𝜆 − 1)𝑛−1. 

5)  State and prove four color problem. 

6)  Prove that the vertices of every planar graph can be properly colored with five colors.                                                                

 7) Prove that  a covering of a graph is minimal iff  graph contains no paths of length three or                   

more  

8) Prove that a graph of 𝑛 vertices is a complete graph iff its chromatic polynomial               𝑃𝑛(𝜆) =

           𝜆(𝜆 − 1)(𝜆 − 2) … (𝜆 − 𝑛 + 1) 

 9) Define chromatic number. Find the chromatic polynomial for the cycle of length 4. Hence  

          find its chromatic number. 

10) Show that every tree with two or more vertices is 2-chromatic. 
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UNIT-V 

SYLLABUS 

Definition – Some types of di-graphs – Directed path and connectedness – Euler di-graphs – Theorems 

– Trees with direct edges - Theorems – odded trees – Matrix representation – incidence matrix – 

Theorems – Circuit matrix – Adjacency matrix – Tournaments.  
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POSSIBLE QUESTIONS 

    Answer All The Questions(5 X 8=40 Marks) 

1)Discuss about the digraph. 

2)Discuss about the binary relations in a digraph. 

 

 

3)Prove that the determinant of every square submatrix of A , the incidence matrix of a  digraph is  1, -

1 or 0. 

4)Prove that an arboresence is a tree in which every vertex other than the root has an in-               

degree of exactly one 

5) Explain some types of digraphs with example. 

6) Explain in detail of incidence matrix.     

7) Explain circuit matrix of a digraph. 

8) If A(G) is an incidence matrix of a connected graph G with n vertices then prove that  the        

              rank of A(G) is (n-1).  

9)Prove that an arboresence is a tree in which every vertex other than the root has an in-               

degree of exactly one 

10) Explain in detail: i) number of  arboresence   ii)connectedness and adjacency matrix  
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