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Question 1: Define the following terms:

(a) Subgraph

(b) Eulerian Graph

(¢) Spanning Tree

(d) Fundamental cycle

(e) A flow in a network N



Question 2: State the following theorems:

(a) The Friendship Theorem.

(b) Characterization of Eulerian graphs.

(¢) Cayley’s Formula for labelled trees.

(d) Max-Flow Min-Cut Theorem.

(e) Menger’s Theorem (Edge Version).
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Question 3: Given the adjacency matrix A of a graph G
of order n, perform the following:

(a) Calculate the degree sequence of G.

(b) Find the number of triangles of G.
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Question 4: For the given graph G, answer the following:

1. Determine if the graph is bipartite. Justify your answer.

2. Determine if the graph is Hamiltonian. Justify your answer.
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Question 5: Prove or Disprove:

(a) If G is an r-regular connected graph where 7 is even, then G contains no edge-cut.

(b) The following two graphs are isomorphic.
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(c) Let I" be a group, and let S be a set of elements of I" not including the identity element.
Suppose, furthermore, that the inverse of every element of S also belongs to S. The
Cayley graph of ' with respect to S is the grapg CG(T,S) with vertex set ' in which
two vertices z and y are adjacent if and only if 7'y € S. Every vertex transitive graph
is a Cayley graph.

(d) If G is randomly Eulerian from a vertex v, then A(G) = §(G).
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Question 6: Flows in Networks

(a) Define the cycle space and the bond space.

(b) Determine the maximal flow in the network diagram provided:

Source: O
Sink: 5

12

14
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Question 7

Let G be a simple graph with n vertices and m edges. Denote by £(G) the line graph of G.

(a) Prove or Disprove: If £(G) is Eulerian, then G is Eulerian.

(b) Characterize those graphs G which are isomorphic to their line graphs £(G).
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(c) Let m and n be positive integers, where n > 2m. The Kneser graph KG,,, is the
graph whose vertices are the m-subsets of an n-set .S, two such subsets being adjacent
if and only if their intersection is empty. Show that:

(1) KG,,, = K,,, where K,, is the complete graph on n vertices.

(2) KG,,, is isomorphic to the complement of the line graph L(K,), for
n > b.

Prof. Monther R. Alfuraidan
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