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1. Let G be an edge-maximal non-hamiltonian graph on ¢ vertices. Show that deg(z) +
deg(y) < ¥ — 1 for any two non-adjacent vertices x,y of G. [15]

2. For n > 3, let G,, be the graph whose vertices are n? coins arranged in an n x n square

grid. Two vertices are adjacent iff they are on the same row or same column of this
grid.

(a) Show that G,, is strongly regular and compute its parameters.

(b) Compute the distinct eigenvalues and their multiplicities in the adjacency matrix
of Gh. [8+12 = 20]

3. A matchstick graph is a finite graph which may be drawn on the plane in such a way
that the vertices are represented by distinct points and the edges are represented by
straight line segments of unit length. Show that if any two adjacent vertices of a graph
G have two common neighbors then G is not a matchstick graph. [15]

4. Let G be a vertex-minimal imperfect graph with coclique number « and clique number
w. Put n = 14 aw. Then show that G has n cocliques Ay, ..., 4, and n cliques
. . 0 ifi=y
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B, ..., By, such that, for all 1 <1i,j <n, #(AiN B)) { | ifidt [20]
5. Let G be a graph with vertex set V. For A C V let G\ A be the induced subgraph of G
with vertex set V'\ A, and let £(A) denote the number of connected components K of
G\ A such that #(K) is odd. If G has a perfect matching (a set of edges partitioning
V') then show that ¢(A) < #(A) forall AC V. [15]

6. A Moore graph is a finite connected graph whose girth is one more than twice its
diameter. Show that any Moore graph is regular, and find a formula for its number
of vertices in terms of its diameter and degree. [15]



