Online Maths
Questions Teaching

Q1.

Figure 1

Direct roads between seven villages, A, B, C, D, E, F and G, are represented in Figure 1. The weight on
each arc is the time, in minutes, taken to travel along the corresponding road. Three roads, AB, AD and
GE, are one-way, as indicated by the arrow on the corresponding arc.

Floyd's algorithm is to be used to find the complete network of shortest times between the seven villages.

(a) Set up an initial time matrix for this network.

(a) Initial time matrix

o

Q==Y

The time matrix after three iterations of Floyd's algorithm is shown below.
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A B C D E F G
A - 9 49 17 35 44 11
B 00 - 40 8 e 35 87
€ 00 40 - 17 o0 75 47
D e 8 17 - 11 31 64
E 35 44 84 11 - 14 46
F b 35 75 31 14 - 12
G 11 20 47 28 24 12 -

(b) Perform the next two iterations of Floyd's algorithm that follow from the table above.

You should show only the time matrix after each iteration.

(b) Fourth iteration

A B C D E F G
A
B
C
D
E
F
G
Fifth iteration
A B C D E F G
A
B
C
D
E
F
G

)
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The final time matrix after completion of Floyd's algorithm is shown below.

A B
A - 9
B 54 -
(& 58 25
D 46 8
E 35 19
F 23 32
G 11 20

D
17
8
17

E G
23 11
33 45
42 47
25 37
14 26
— 12
12 —

Albert must visit each village. He will start and finish at B and wishes to minimise the total time taken to

visit each village.

(c) (i) Use the nearest neighbour algorithm, starting at B, to find a Hamiltonian cycle in the complete

network of shortest times shown above.
(i) Find the total travel time for this cycle.

(iii) Given that he travels the Hamiltonian cycle found in (c)(i), interpret this cycle in terms of the actual

villages visited by Albert.

(Total for question = 10 marks)
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(Q03 9FMO0/03D, June 2025)

Q2.

The table below represents a network of shortest distances, in miles, to travel between nine castles, A, B,
C,D,E,F,G,Hand J.

A B C D E F | ¢

H J
A - 50 59 | 26 50 40 87 63 59
B 50 — 28 61 79 | 63 45 64 48
C 59 28 - 33 57 35 70 36 45
D 26 61 33 — 24 64 71 37 33
E 50 79 57 24 — 40 64 30 31
F 40 63 35 64 40 - 47 70 71
G 87 45 70 71 64 47 — 34 67
H 63 64 36 37 30 70 | 34 — 33
J 59 48 45 33 31 71 67 33 =

(a) Use Prim's algorithm, starting at D, to find the minimum spanning tree for this network. You must
clearly state the order in which you select the arcs of your tree.

(b) State the weight of the minimum spanning tree found in part (a).

(c) Draw the minimum spanning tree using the vertices given in Diagram 1 in the answer book.
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Ge

e C

Diagram 1

A historian needs to visit all of the castles, starting and finishing at the same castle, and wishes to
minimise the total distance travelled.

(d) Use your answer to part (b) to calculate an initial upper bound for the length of the historian's route.

(e) (i) Use the nearest neighbour algorithm, starting at D, to find an upper bound for the length of the
historian's route.

(i) Write down the route which gives this upper bound.

A B C D E F G H J
A - 50 59 26 50 40 87 63 59
B 50 - 28 61 79 63 45 64 48
C 59 28 - 33 57 35 70 36 45
D 26 6l 33 - 24 64 71 37 33
E 50 79 57 24 - 40 64 30 31
F 40 63 35 64 40 - 47 70 71
G 87 45 70 71 64 47 - 34 67
H 63 64 36 37 30 70 34 - 33
J 59 48 45 33 31 71 67 33 —

Using the nearest neighbour algorithm, starting at F, an upper bound of length 352 miles was found.
(f) State the best upper bound that can be obtained by using this information and your answers from
parts (d) and (e). Give the reason for your answer.

(g) By deleting A and all of its arcs, find a lower bound for the length of the historian's route.

By deleting J and all of its arcs, a lower bound of length 274 miles was found.

(h) State the best lower bound that can be obtained by using this information and your answer to part (g).
Give the reason for your answer.
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(Total for question = 13 marks)

(Q02 9FMO0/03D, June 2024)

Q3.

E

Figure 2

The network in Figure 2 shows the direct roads linking five villages, A, B, C, D and E.
The number on each arc represents the length, in miles, of the corresponding road.
The roads from A to E and from C to B are one-way, as indicated by the arrows.

(a) Complete the initial distance and route tables for the network provided in the answer book.
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@ Initial distance table Initial route table
A/ B | C | D E A ' B |C | D|E
A A
B B
C C
D D
E E

(b) Perform the first three iterations of Floyd's algorithm. You should show the distance table and the
route table after each of the three iterations.
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(b) 1st iteration
Distance table Route table

A B  C | D|E A B C|D|E

H S| nl=m | e
oI = e B =~ O

2nd iteration
Distance table Route table

A B  C | D|E A B  C | D)|E

H 2 0 = e
H 2 0 =

3rd 1teration
Distance table Route table

A B  C|D|E A B  C|D|E

=S| O = e
= S| O = e

)

www.onlinemathsteaching.co.uk



Online Maths
Teaching

After five iterations of Floyd's algorithm the final distance table and partially completed
final route table are shown below.

Distance table Route table
A B Cc D E A B C D E
A - 12 7 6 3 A A
B 15 - 22 | 21 18 B A B
€ 7 5 - 4 7 C A B C
D 11 9 4 - 3 D C C & D
E 14 | 12 7 3 - E D D D D E

(c) (i) Explain how the partially completed final route table can be used to find the shortest route from E
to A.

(ii) State this route.

Mabintou decides to use the distance table to try to find the shortest cycle that passes through each
vertex. Starting at D, she applies the nearest neighbour algorithm to the final distance table.

(d) (i) State the cycle obtained using the nearest neighbour algorithm.

(ii) State the length of this cycle.
(iii) Interpret the cycle in terms of the actual villages visited.
(iv) Prove that Mabintou's cycle is not optimal.

(Total for question = 14 marks)
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Q4.

(a) Explain clearly the difference between the classical travelling salesperson problem and the practical
travelling salesperson problem.

A B C D E F G
A - 17 24 16 21 18 41
B 17 - 35 25 30 31 X
C 24 35 - 28 20 35 32
D 16 25 28 - 29 19 45
E 21 30 20 29 - 22 35
F 18 31 35 19 22 - 37
G 41 X 32 45 35 37 -

The table shows the least distances, in km, by road between seven towns, A, B, C, D, E, F and G. The
least distance between B and G is x km, where x > 25

Preety needs to visit each town at least once, starting and finishing at A. She wishes to minimise the
total distance she travels.

(b) Starting by deleting B and all of its arcs, find a lower bound for Preety's route.

Preety found the nearest neighbour routes from each of A and C. Given that the sum of the lengths of
these routes is 331 km,

(c) find x, making your method clear.

(d) Write down the smallest interval that you can be confident contains the optimal length of Preety's
route. Give your answer as an inequality.

(Total for question = 11 marks)
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(Q03 9FMO0/3D-4D, Specimen papers )

Q5.

A B C D E F
A —_ 83 75 82 69 97
B 83 = 94 103 77 109
C 75 94 - 97 120 115
D 82 103 97 % 105 125
E 69 77 120 105 - 88
F 97 109 115 125 88 -

The table above shows the least distances, in km, between six towns, A, B, C, D, E and F.

(a) Starting at A, and making your working clear, find an initial upper bound for the travelling salesperson
problem for this network, using

(i) the minimum spanning tree method,
(i) the nearest neighbour algorithm.

By deleting A, and all of its arcs, a lower bound for the travelling salesperson problem for this network is
found to be 500 km.

By deleting B, and all of its arcs, the corresponding lower bound is found to be 474 km.

(b) Using the results from (a) and the given lower bounds, write down the smallest interval that you can
be confident contains the solution to the travelling salesperson problem for this network.
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(Total for question = 7 marks)

(Q07 6690/01, June 2017)
Q6.

(a) Explain the difference between the classical travelling salesperson problem and the practical
travelling salesperson problem.

A B C D E F G
A — 31 15 12 24 17 22
B 31 - 20 20 14 25 50
C 15 20 — 16 24 19 21
D 12 25 16 - 21 32 17
E 24 14 24 21 — 28 41
F 17 25 19 32 28 - 25
G 22 50 21 17 -l 25 -

The table above shows the least direct distances, in miles, between seven towns, A, B, C, D, E, F and G.
Yiyi needs to visit each town, starting and finishing at A, and wishes to minimise the total distance she will
travel.

(b) Show that there are two nearest neighbour routes that start from A. State these routes and their
lengths.

(c) Starting by deleting A, and all of its arcs, find a lower bound for the length of Yiyi's route.

(d) Use your results to write down the smallest interval which you can be confident contains the optimal
length of Yiyi's route.
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(Total for question = 10 marks)

(Q08 6690/01, June 2016)

Q7.

A B C D E F G
A — X 41 43 38 21 30
B X - 27 38 19 29 51
C 41 27 - 24 37 35 40
D 43 38 24 — e 52 25
E 38 19 37 44 — 20 28
F 21 29 35 52 20 - 49
G 30 51 40 25 28 49 —

The network represented by the table shows the least distances, in km, between seven theatres, A,
B,C,D, E,FandG.

Jasmine needs to visit each theatre at least once starting and finishing at A. She wishes to minimise
the total distance she travels. The least distance between A and B, is x km, where 21 < x < 27

(a) Using Prim's algorithm, starting at A, obtain a minimum spanning tree for the network.
You should list the arcs in the order in which you consider them.

(b) Use your answer to (a) to determine an initial upper bound for the length of Jasmine's route.
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(c) Use the nearest neighbour algorithm, starting at A, to find a second upper bound for the len Teaching
of the route.

The nearest neighbour algorithm starting at F gives a route of F-E-B-A-G-D-C-F.

(d) State which of these two nearest neighbour routes gives the better upper bound. Give a reason
for your answer.

Starting by deleting A, and all of its arcs, a lower bound of 159 km for the length of the route is
found.

(e) Find x, making your method clear.

(f) Write down the smallest interval that you can be confident contains the optimal length of
Jasmine's route. Give your answer as an inequality.

(Total for question = 12 marks)

(Q07 6690/01, June 2015)
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Q8.

(a) Explain the difference between the classical and the practical travelling salesperson problem.

A B C D E F
A - 65 48 15 30 40
B 65 - 50 51 35 26
C 48 50 — 37 20 34
D 15 51 37 - 17 25
E 30 35 20 17 - 14
F 40 26 34 25 14 -

The table above shows the least distances, in km, between six towns, A, B, C, D, E and F. Keith needs to
visit each town, starting and finishing at A, and wishes to minimise the total distance he will travel.

(b) Starting at A, use the nearest neighbour algorithm to obtain an upper bound. You must state your
route and its length.

(c) Starting by deleting A, and all of its arcs, find a lower bound for the route length.
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(d) Use your results to write down the smallest interval which you are confident contains the optimal

length of the route.

Q9.

(Total 10 marks)

(Q08 6690/01/R, June 2014)

The table shows the least times, in seconds, that it takes a robot to travel between six points in an
automated warehouse. These six points are an entrance, A, and five storage bins, B, C, D, E and F. The
robot will start at A, visit each bin, and return to A. The total time taken for the robot's route is to be

minimised.

A B 8 D E F
A - 90 | 130 | 85 35 125
B 90 - 80 | 100 | 83 88
C 130 | 80 = 108 | 106 | 105
D 85 100 | 108 — 110 | 88
B 35 83 106 | 110 — 75
F 125 | 88 | 105 | 88 75 —

(a) Show that there are two nearest neighbour routes that start from A. You must make the routes and

their lengths clear.

(b) Starting by deleting F, and all of its arcs, find a lower bound for the time taken for the robot's route.
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(c) Use your results to write down the smallest interval which you are confident contains the optimal time
for the robot's route.

(Total 10 marks)

(Q08 6690/01, June 2014)

c'Il'::::-.table shows the least distances, in km, between six towns, A, B, C, D, E and F.

A B & D E F

A — 122 | 217 | 137 | 109 | 82

B 122 - 110 | 130 | 128 | 204

C 217 | 110 — 204 | 238 | 135

D 137 | 130 | 204 - 98 | 211

E 109 | 128 | 238 | 98 - 113

F 82 | 204 | 135 | 211 | 113 —

Liz must visit each town at least once. She will start and finish at A and wishes to minimise the total
distance she will travel.

(a) Starting with the minimum spanning tree given in your answer book, use the shortcut method to find
an upper bound below 810 km for Liz's route. You must state the shortcut(s) you use and the length of
your upper bound.

(b) Use the nearest neighbour algorithm, starting at A, to find another upper bound for the length of Liz's
route.
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(c) Starting by deleting F, and all of its arcs, find a lower bound for the length of Liz's route.

(d) Use your results to write down the smallest interval which you are confident contains the optimal
length of the route.

(Total 8 marks)

(Q07 6690/01/R, June 2013)

Q11.
A B € D E
A - 15 19 25 20
B 15 — 15 15 25
C 19 15 — 22 11
D 25 15 22 — 18
E 20 25 11 18 —

The table shows the least distances, in km, between five hiding places, A, B, C, D and E.
Agent Goodie has to leave a secret message in each of the hiding places. He will start and finish at A,

and wishes to minimise the total distance travelled.

(a) Use Prim's algorithm to find a minimum spanning tree for this network. Make your order of arc
selection clear.

(b) Use your answer to part (a) to determine an initial upper bound for the length of Agent Goodie's route.
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(c) Show that there are two nearest neighbour routes which start from A. State these routes andRBSHGELS
lengths.

(d) State the better upper bound from your answers to (b) and (c).

(e) Starting by deleting B, and all of its arcs, find a lower bound for the length of Agent Goodie's route.

(f) Consider your answers to (d) and (e) and hence state an optimal route.

(Total 12 marks)

(Q07 6690/01, June 2013)
Q12.

The table shows the least distances, in km, between six towns, A, B, C, D, E and F.

A B ( D E F
A - 16 25 21 12 15
B 16 - 24 22 21 12
C 25 24 - 18 30 27
D 21 22 18 - 15 12
E 12 21 30 15 - 18
F 15 12 27 12 18 -

Toby must visit each town at least once. He will start and finish at A and wishes to minimise the total
distance.

(a) Use the nearest neighbour algorithm, starting at A, to find an upper bound for the length of Toby's
route.
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(b) Starting by deleting A, and all of its arcs, find a lower bound for the route length.

(Total 7 marks)
(Q07 6690/01, June 2012)

Q13.

Figure 1

The network in Figure 1 shows the distances, in km, between six towns, A, B, C, D, E and F.
Mabintou needs to visit each town. She will start and finish at A and wishes to minimise the total distance
travelled.
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(a) By inspection, complete the two copies of the table of least distances in your answer book. Teaching

(b) Starting at A, use the nearest neighbour algorithm to find an upper bound for the length of Mabintou's
route. Write down the route which gives this upper bound.

(c) Starting by deleting A, and all of its arcs, find a lower bound for the route length.
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(Total 10 marks)
(Q07 6690/01, June 2011)

Q14.
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Figure 1
The network in Figure 1 shows the distances, in miles, between seven gift shops, A, B, C, D, E, Fand G.

The area manager needs to visit each shop. She will start and finish at shop A and wishes to minimise the
total distance travelled.

(a) By inspection, complete the two copies of the table of least distances in your answer book.
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(b) Starting at A, and making your method clear, find an upper bound for the route length, usiniECEaaL4
nearest neighbour algorithm.

(c) By deleting A, and all of its arcs, find a lower bound for the route length.

(Total 11 marks)
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(Q06 6690/01,
Q15.

Explain what is meant, in a network, by

(a) awalk,
(b) atour.
(Total 4 marks)
(Q07 6690/01, June 2008)
Q16.

Figure 2

The network in figure 2 shows the distances, in km, between eight weather data collection points. Starting
and finishing at A, Alice needs to visit each collection point at least once, in a minimum distance.

(a) Obtain a minimum spanning tree for the network using Kruskal's algorithm, stating the order in which
you select the arcs.
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(b) Use your answer to part (a) to determine an initial upper bound for the length of the route.

(c) Starting from your initial upper bound use short cuts to find an upper bound, which is below 630km.
State the corresponding route.

(d) Use the nearest neighbour algorithm starting at B to find a second upper bound for the length of the

route.

(e) By deleting C, and all of its arcs, find a lower bound for the length of the route.

(f) Use your results to write down the smallest interval which you are confident contains the optimal
length of the route.
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(Q08 6690/01, June 2008)

Q17.
(a) Explain the difference between the classical and the practical travelling salesperson

problems.

(2)
The table below shows the distances, in km, between six data collection points, A, B, C, D, E, and F.
A B (& D E F
A - 77 34 56 67 21
B 77 - 58 58 36 74
C 34 58 - 73 70 42
D 56 58 73 - 68 38
E 67 36 70 68 - 71
F 21 74 42 38 T4 -
Rachel must visit each collection point. She will start and finish at A and wishes to minimise the
total distance travelled.
(b) Starting at A, use the nearest neighbour algorithm to obtain an upper bound. Make your
method clear.
(3)
Starting at B, a second upper bound of 293 km was found.
(c) State the better upper bound of these two, giving a reason for your answer.
(1)

By deleting A, a lower bound was found to be 245 km.

(d) By deleting B, find a second lower bound. Make your method clear.
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(4)

(e) State the better lower bound of these two, giving a reason for your answer.

(1)

(f) Taking your answers to (c) and (e), use inequalities to write down an interval that must contain
the length of Rachel's optimal route.

(1)
(Total 12 marks)

(Q07 6690/01, June 2009)
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The table below shows the least costs, in pounds, of travelling between six cities, A, B, C, D, E and F.

A B |C|D|E|E
A| - |36|18 (28|24 |22
B |36] - (5422|2027
C |18 (54| - |42 |27 |24
D (28 (22|42 - |20 30
E |24 (2027120 - |13
F (2227124 |30 (13| -

Vicky must visit each city at least once. She will start and finish at A and wishes to minimise the
total cost.

(a) Use Prim's algorithm, starting at A, to find a minimum spanning tree for this network.

(2)

(b) Use your answer to part (a) to help you calculate an initial upper bound for the length of
Vicky's route.

(1)

(c) Show that there are two nearest neighbour routes that start from A. You must make your routes
and their lengths clear.
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(d) State the best upper bound from your answers to (b) and (c).

(1)

(e) Starting by deleting A, and all of its arcs, find a lower bound for the route length.

(4)
(Total 11 marks)

(Q07 6690/01, June 2010)
Q19.

Figure 3

The network in Figure 3 shows the roads linking a depot, D, and three collection points A, B and C. The
number on each arc represents the length, in miles, of the corresponding road. The road fromBto D is a
one-way road, as indicated by the arrow.

(a) Explain clearly if Dijkstra's algorithm can be used to find a route from D to A.

The initial distance and route tables for the network are given in the answer book.

(b) Use Floyd's algorithm to find a table of least distances. You should show both the distance table and
the route table after each iteration.
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(c) Explain how the final route table can be used

to find the shortest route from D to B. State this route.

There are items to collect at A, B and C. A van will leave D to make these collections in any order and
then return to D. A minimum route is required.
Using the final distance table and the Nearest Neighbour algorithm starting at D,

(d) find a minimum route and state its length.

Floyd's algorithm and Dijkstra's algorithm are applied to a network. Each will find the shortest distance
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between vertices of the network. SR

(e) Describe how the results of these algorithms differ.

(Total for question = 14 marks)

(Q04 9FMO0/3D-4D, Specimen papers )

(Q04 9FMO0/3D-4D, Specimen papers )
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