
CS60047: Advanced Graph Theory
Midterm Examination, Autumn 2016 (out of 30 marks)

(15 Sep 2016, Timing: 9:00 A.M. to 11:00 A.M.)

Instruction

• Unless mentioned explicitly, all graphs that we consider here are undirected, simple,
and finite.

Problems

1. TRUE or FALSE (no need to give reasons)?

(a) (/'1,(G) > k) ===> (G is k-vertex connected)
Note: /'1,(G) denotes the vertex connectivity of G.

(b) Every 2-edge connected graph is 2-vertex connected.

(c) (G is a 3-vertex connected graph on 4 vertices) ===> (G is the complete graph on
4 vertices).

3 x 1= 3 marks

2. Let Hk denote the number of different independent sets in a path of k vertices. For
example, HI = 1, H2 = 2, H3 = 4, H4 = 7,.... Show that, when k > 2, Hi; =

Hk-I + Hk-2 + 1. 5 marks.

3. Let G be a connected graph on n vertices, where n > 1. Prove that there exist two
distinct vertices x and y such that both G - x and G - yare connected.
(Notation: For any vertex v E V(G), we use G - v to denote the graph obtained from
G by removing the vertex v and the edges incident on v.) 5 marks

4. Let G be a bipartite graph with bipartition {A, B} that has a matching that matches
all the vertices in A. Let 5, T ~ A such that 151 = IN(5)1 and ITI = IN(T)I. Prove
that ISnTI = IN(5 nT)I·
(Notation: N(5) := {v E V( G) \ 5 I v is a neighbour of some vertex in 5}) 7marks

(

5. Definition: A latin square is an N x N array of integers where each element is from
the set {I, ... ,N} and in no row or column does the same integer appear more than
once.

Let k be a positive integer such that k < N. Prove that if you have a k x N array
of integers from 1 to N obeying the same condition (that is, no integer appears more
than once in any row or column), then you can complete the missing rows to make a
latin square. 10 marks

*** THA K YOU ***
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