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1.[10] Describe any two (2) of the following ‘case studies’. Include the following:

• A description of the problem.

• A description of the graph used to solve the problem.

• A description of the solution to the problem with respect to the graph.

(a) Dominoes

(b) Gray Codes

(c) Rotating Drum problem

(d) Braced Rectangular Frameworks

(e) Chinese Postman problem
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2.[12] For each of the following, draw a graph (or a digraph) on n vertices that satisfies
the given properties if one exists. If no such graph (or digraph) exists, clearly
show why not.

(a) n = 6; isomorphic to its complement.

(b) n = 7; A complete bipartite graph that is also a tree.

(c) n = 6; Simple, connected, nonplanar, and no cycles of odd length.

(d) n = 7 ; 5-regular.
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3.[8] Solve the following four cube problem. Include the graph of the problem, as well
as the graphs that give the solution to the problem.
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4.[12] (a) Prove that if G is a graph such that there is exactly one path between every
pair of vertices, then G is a tree.

(b) Find the center/bicenter of the following tree.

(c) Find the centroid/bicentroid of the following tree.
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5.[18] Consider the following results of a survey of fruits where the preferred choice is
underlined:

Survey1

Apple - Orange
Orange - Mango
Mango - Banana
Banana - Pineapple
Pineapple - Apple
Apple - Banana
Banana - Orange
Orange - Pineapple
Pineapple - Mango
Mango - Apple

Survey2

Apple - Orange
Orange - Mango

Mango - Banana
Banana - Pineapple

Pineapple - Apple
Apple - Banana
Banana - Orange
Orange - Pineapple

Pineapple - Mango
Mango - Apple

Survey3

Apple - Orange
Orange - Mango
Mango - Banana
Banana - Pineapple

Pineapple - Apple
Apple - Banana
Banana - Orange
Orange - Pineapple

Pineapple - Mango
Mango - Apple

(a) Draw a directed graph for each of the surveys.

i. Survey 1

ii. Survey 2

iii. Survey 3

continued on next page ⇒
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(b) Define a tournament and verify that each of these surveys defines a tourna-
ment.

(c) For each survey:

i. What is the score sequence?

ii. Is it transitive?

iii. Is it strongly connected?

(d) For each survey, if possible, find a ranking of the preferences.
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6.[14] Consider the following weighted graph (weights in table):

A

B

C

D

E

F

A B C D E F

A – 3 5 3 6 2

B 3 – 2 4 4 7

C 5 2 – 6 8 8

D 3 4 6 – 2 7

E 6 4 8 2 – 5

F 2 7 8 7 5 –

(a) Find an lower bound for the solution to the travelling salesman problem by
removing A.

(b) Find an lower bound for the solution to the travelling salesman problem by
removing D.

(c) Which of the bounds found above, in parts (a) and (b), is the better bound?
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(The weighted graph again.)

A

B

C

D

E

F

A B C D E F

A – 3 5 3 6 2

B 3 – 2 4 4 7

C 5 2 – 6 8 8

D 3 4 6 – 2 7

E 6 4 8 2 – 5

F 2 7 8 7 5 –

(d) Find an upper bound for the solution to the travelling salesman problem by
starting at A.

(e) Find an upper bound for the solution to the travelling salesman problem by
starting at D.

(f) Which of the bounds found above, in parts (d) and (e) is the better bound?
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7.[14] In the following weighted digraph:

S

A

B

C

D

E

F

G

T

3

4

2

5

8

3

5

4

5

7

6

3

2

5

2

(a) Find the longest path from S to T

(b) Complete the following table according to scheduling the events represented
in the above graph:

E-Earliest start time L-Latest start time F-Float time

SA SB SC AD AF BD BE CE CG DF DG EF EG FT GT

E

L

F
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8.[8] (a) State Kuratowski’s Theorem.

(b) Use Kuratowski’s Theorem to show that the following graph is not planar.

A B C D

E F G H
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9.[12] (a) State Euler’s formula, and the conditions under which it holds.

(b) Use the above to show that for a simple connected planar graph G having
V -vertices, E-edges and no triangles, then E ≤ 2V − 4.

(c) Show that K3,3 is not planar.

(d) Draw an example of a connected planar graph having 6 vertices and 9 edges
and no triangles (if one exists). How many faces does it have?
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10.[12] Below is a planar drawing of the octahedron graph G .

E

A

F

B C

D

(a) Draw the dual, G∗ of the octahedron graph G. (label the vertices of G∗ with
f1, f2, . . . )

(b) What is the name of G∗

(c) What is the length of the longest cycle in G∗? Give an example of such a
cycle.

(d) List the edges in G which correspond to the edges listed in part (c). What
do these edges form?


