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3.10 Graph Theory

Question Paper

Course DPIBMaths
Section 3. Geometry & Trigonometry
Topic 3.10 Graph Theory
Difficulty Very Hard
Time allowed: 90
Score: 173
Percentage: /100
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Questionla

The diagram below shows the plan of a school building.

Cupboard

English Art

Science Hall

Maths Histo

ry ' Spanish
Geography

a)
Construct a graph torepresent this information, using vertices to represent rooms and edges to represent the connecting
doors.

[2 marks]

Question1b

Fora prank, a student releases a monkey into the English classroom at 8:30 pm on Thursday.

b)
Given that the monkey wanders through the rooms at random, find the probability that the 7" room it wanders into (after
leaving the English classroom) is the Geography classroom.

[3marks]
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Question1c

The monkey continues to wander at random through the school building all night until the cleaner arrives at 6 am on Friday
morning

c)
By inspecting the steady state probabilities, write down the roomin which the cleaneris most likely to discover the monkey.

[2 marks]

Question1d

d)
Stating clearly any assumptions you have made, find an approximation for the total length of time the monkey is likely to have
spentinthe Maths classroom before the cleanerarrives.

[3marks]

Page 3 of 14

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



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

1, SaveMyExams

Headtosavemyexams.co.ukformore awesomeresources

Question 2a

Consider the weighted graph G below. Vertex Arepresents a water source and the remaining vertices represent water
featuresin a park. The edges represent pipes that could beinstalled to connect the features to the water source, with the
weightings being theirlengths in metres.

a)
Explain, with areason, which of the two relevant algorithms would be most efficient for finding the minimum length of pipe
neededto connectall of the features to the water supply.

[2 marks]

Question 2b

a)
Find the minimum length of pipe required to connect all of the water features to the water source using the algorithm stated
in part (a). Show each step of the algorithm clearly.

[4 marks]
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Question 2¢

Afterthe minimum-length system from part (b) has been installed, a fault with the feature at vertex G is discovered such that
the feature and all pipes directly connected to it must be disconnected from the water system. Any features that had been

connectedto the system via vertex G must now bere-connected, using new pipes, by the shortest possible route that does
not go through vertex G.

C)

Given that the cost of the pipingis £3.80 per metre, find the amount of money that would have been savedif the system was
initially designed without the feature at vertex G.

[6 marks]
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Min Sonisinstalling 8 lamps in her garden and wishes to connect them together so that she will ultimately only need to
connectone of thelamps directly to the electrical supply. Each lampis setin a hole and the electrical cables run underground
fromthe base of eachlamp.

Eachvertexlistedin the table below represents alamp and the weighting of each edgeis the horizontal distance in metres
between each pair of lamps.

a)

Find the minimum length of electrical cable required to connect all of the lamps together.

A B C D E F G H

- 7 10.2 10.5 15.4 13.1 9.3 6.5

7 - 6.5 9.3 13.1 15.4 10.5 10.2
10.2 6.5 - 3.8 6.7 1.3 6.8 8.9
10.5 9.3 3.8 - 4.9 7.5 3.5 6.7
15.4 13.1 6.7 4.9 - 9.2 7.5 1.3
13.1 15.4 1.3 7.5 9.2 - 4.9 6.7
9.3 10.5 6.8 3.5 7.5 4.9 - 3.8
6.5 10.2 8.9 6.7 1.3 6.7 3.8 -
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Question 3b

b)
State two assumptions that have been made.

[2 marks]

Question4

Inatown there are 8 local attractions and each attraction has its own website that it maintains. Some of the websites contain
links to the otherwebsites as shown in the adjacency table below.

A/B|C/ D E|F|G|H
AlO[T]O0]1T|O0|0|0]|1
B/OjO|/O|O|O|O|T]|O
c|ojO0|O0|T]O|1T 0|0
D|O|O|T1T|O0O]O0O|0|0O|O
E|O|1]O|1T]O0|T|0|O
FIO|O|1]0|1|0|0]|O0
GI1|{1|{0|O0O|T|1]0]|1
H 1/0]0O]O0O|O0O|0|0O0|O

Onitsresults page, the search engine Beegle ranks the websites in the following order from highesttolowest: C,E,H,F, D, G,
A, B.

Beegle states that it ranks websites based on therelative number of clicks each onereceives, with those pages that are
clicked on more oftenranking higherin the search results.

An experimentis conducted to test Beegle’s claim, whereby a volunteerrandomly clicks on the links between the different
websites 1000 times.

By investigating the probabilities of clicking on the different websites, determine whether Beegle’s statementiis likely to be
true. State any assumptions you makein reachingyour conclusion.

[5 marks]
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Question 5a
Considerthe graph R below.

a)
Find the number of walks of length 4 orless that start at vertexD and finish at vertex G.

[3 marks]
Question 5b
b)
Determine the starting position of the random walk of length 7 that is least likely to finish at G.

[3marks]
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Question 5¢

c)
Without doing any further calculations, write down the steady state probabilities forthe graph. Be sure to justify youranswer.

[1mark]

Question 5d

The directional arrow on the edge AG is removed, so that edge AGis now traversable in both directions.

d)
Forarandom walk with a very large number of steps, determine the order, from most to least likely, of the vertices upon which
thewalkis likely to finish.

[3marks]
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Question 6a
The table below shows the length of track, in kilometres, between 8 local train stations.
A B C D E F G H
A -
B 9 -
C 7 - -
D - 2 16 }
E - - 5 - -
F - - 8 - 6 -
G 18 - - - 19 - -
H 6 - 15 - - 21 _ B

Arailway engineer must walk all thelengths of track between the stations, in either direction, in order to inspect them. Whilst
inspecting trackit takes the engineeran average of 1.8 minutes to walk a distance of 100 metres, butif sheis walking back
overtrack she has already inspected she walks at arate of 4 km/h.

a)
Explain why theinspector cannot return to the same station she starts at without walking along some lengths of track more
thanonce.

[Tmark]

Question 6b

b)
Findtheleastamount of time that theinspectorrequires to inspect all of the lengths of track if she starts and finishes at
station A.

[5 marks]
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Question 6c

C)
Given the context of the question, explain why the solution in (b) is not optimal.

[1mark]

Question 7a

The table of least weights fora complete graph of 5 vertices is shown below. Each vertexin the table represents a house that
Angelina must visit to make a delivery. The weightings represent the time taken, in minutes, to travel between the houses.
Angelina wants to find the quickest route she can take that visits all of the houses exactly once.

A B C D E
A - n 16 n 7
B N - 6 12 5
C 16 6 - 9 1
D n 12 9 - 8
E 7 5 1 8 -

a)
By deleting each vertexin turn, find a best lowerbound for the shortest route Angelina can take.

[4 marks]
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Question7b

b)
Starting at vertex Aand using the nearest neighbour algorithm, find an upperbound for the shortest route Angelina can take.

[4 marks]

Question7c

c)
Hence determine the total time of the shortest route that Angelina can take. Give a reason foryouranswer.

[1mark]

Question7d

d)
Write down a possible route of shortestlength, given that Angelina starts and finishes athouse A.

[1mark]
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Question 8a

The graph below shows 6 treasures (vertices) hidden in a maze and the tunnels (edges) that connect them. The weights on
the edges indicate the lengths of the tunnels in metres. Some of the tunnels can only be travelled alongin one direction as
indicated on the graph.

A L 10 B
L4
11 c ]
23 9/ |a\9 13
70z i g
E 14 F

a)
Construct a table showing the shortest distance between each pair of treasures.

[5 marks]

Question 8b

Ankunda wants to findthe shortest distance he willhave to travel to collect each of the treasures, starting and finishing at the
samelocation.

b)

Find a best upperbound forthe shortest route Ankunda can take, given that
i)

he must start and finish at the location of treasure C

ii)

he can startandfinish at the location of any treasure.
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[8 marks]
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