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3.10 Graph Theory

Question Paper

Course DPIBMaths
Section 3. Geometry & Trigonometry
Topic 3.10 Graph Theory
Difficulty Medium
Time allowed: 80
Score: /66
Percentage: /100
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Questionla
Let G be anunweighted graph with 5 vertices. The adjacency matrix of G is shown below.

A B C D E
A 0 1 0 0 1
B 1 0 2 0 2
C 0 2 0 1 1
D 0 0 1 2 1
E 1 2 1 1 0

(a)
Draw the graph of G.

[3marks]

Question1b

(b)

(i)

Define an Eulerian trail.

(i)

From which vertices in graph G must an Eulerian trail start and finish. Give areason foryouranswer.
(iii)

Write down an Eulerian trailin G.

[4 marks]
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Question 2a

The graph G shown below is a strongly connected, unweighted, directed graph with 5 vertices.

(a)
Explain why the graph is considered to be strongly connected.

[1mark]
Question 2b
(b)
Write down the adjacency matrix M for the graph G.
[3marks]
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Question 2¢c

(c)
Find the totalnumber of walks of length 5 that both start and finish at vertex A.

[2 marks]
Question 2d
(d)
Write down a possible walk of length 5 that starts and finishes at vertex A.
[1mark]
Question 3a
Considerthe weighted graph G below.
A 4 B
11 7
9 6
2 15
D 8 C
(a)
(i)
Define a Hamiltonian cycle.
(if)
Write down a Hamiltonian cycle starting fromvertex A.
[2 marks]
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Question 3b
(b)
UseKruskal’s algorithm to find the minimum spanning tree. Show each step of the algorithm clearly.

[3marks]
Question 3c
(c)
State the totalweight of the minimum spanning tree.

[1mark]
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Question 4a

Celesteis building a model city incorporating 6 main buildings that need to be connected to an electrical supply.

Eachvertexlistedin the table below represents a building and the weighting of each edge is the costin USD of creating a link
to the electrical supply between the given vertices.

A B C D E F
A - 4 9 8 1 3
B 4 - 13 2 5 12
C 9 13 - 7 1 4
D 8 2 7 - 10 3
E n 5 1 10 - 15
F 3 12 4 3 15 _

Celestewants to find thelowest cost solution that links all 6 buildings up to the electricity supply.

a)
Starting fromvertex A, use Prim’s algorithm on the table to find and draw the minimum spanning tree. Show each step of the
process clearly.

[5 marks]

Question 4b

(b)
State thelowest cost of connecting all of the buildings to the electricity supply.

Page 6 of 14

©2015-2023 Save MyExams, Ltd. -Revision Notes, Topic Questions, Past Papers



https://www.savemyexams.co.uk/?utm_source=pdf
https://www.savemyexams.co.uk/

1, SaveMyExams

Headtosavemyexams.co.ukformore awesomeresources

[1mark]

Question 5a
5 scientists each have theirownlaboratory, and each laboratory is connected to otherlaboratories by a series of doors.
Some of the doors can only be opened from one side. The table below lists which otherlaboratories can be accessed from

thelaboratory in the heading.

Anne’s lab Bilal's lab Cariad’slab Diego’s lab Ebele’s lab
Cariad Anne Anne Anne Anne
Cariad Bilal Cariad
Diego Ebele Diego
Ebele

(a)

Show the information from the tablein a directed graph.

[3marks]

Question 5b

(b)
Show thatitis possible to move through the laboratories visiting each laboratory exactly once, and write down a viable path.

[2 marks]

Question 5¢

(c)

Comment on any restrictions that determine the start and finish points of a path that visits each laboratory exactly once.
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Question 6a
Let G bethe graph below.

(a)

Construct the transition matrix forarandomwalk around G.

Question éb

(b)
Determine the probability that a random walk of length 3 starting at A will finish at C.
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Question 6c

(c)

(i)

Findthe steady state probabilities for the graph.

(if)

Hencerank thevertices in terms of importance from highest to lowest.

[2 marks]

Question 7a

The graph G below shows 7 towns and the train tracks that the connect them, with the vertices representing the towns and
the weighting of each edgeindicating the time taken in minutes to walk along the section of track.

Awford 23 Brightside

Gloom

Téwi Clearville

Forest Easyview
Way

(a)

State the degree of each vertex.

[2 marks]
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Question7b

(b)
Explain why (G does not contain an Eulerian circuit.

[1mark]

Question7c

Therailway company in charge of maintaining the track wishes to inspect all sections of the track for defects aftera storm
event.

(c)
Find the minimum time it would take for a railway workerwho was walking to inspect all of the track.

[4 marks]
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The graph below contains 6 vertices representing villages and their connecting bus routes. The weightingindicates the cost

of each bus route in AUD.

(a)

Explain why Gis nota complete graph.

Question 8b

(b)

Complete the table of least weights below.

B C D

A
B -
C 8 -
D 9 9 -
E 10 15
F 5 7 9
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Question 8c
(c)

Startingattown A, use the nearest neighbour algorithm to find an upper bound for the cost of ajourney that will visit each
vertex andreturn to A. Be sure toinclude the precise route of the upperboundjourney.

[5 marks]
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Question 9a

The table of least weight fora graph G of 5 vertices is shown below. Each vertexlistedin the table represents aroomin an art
gallery and the weighting of the graph denotes the distance in metres between therooms.

A|B|C|D|E

A - 1512218 | 25
B |15 | - [13 |17 |24
C|2213] - 30|12
D |18 |17 |30 | - | 21

(a)
Draw the graph G.

[3marks]

Question 9b

(b)

By deleting vertex E and using Prim’s algorithm, find a lower bound for the distance walked to visit every roomin the art
gallery. Show each step of the process clearly.

[4 marks]
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Question 9¢c
(c)

Show that by deleting a different vertex a lowerbound can be found thatis higher than the one foundin part (b).

[2 marks]
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