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Answer all questions.

Answer each question in the space provided for that question.

1 Figure 1 below shows an activity diagram for a project. Each activity requires one

worker. The duration required for each activity is given in hours.

(a) Find the earliest start time and the latest finish time for each activity and insert these

values on Figure 1.

[4 marks]

(b) (i) Find the critical path.

[1 mark]

(ii) Find the float time of activity F.
[1 mark]

(c) Using Figure 2 on page 3, draw a resource histogram to illustrate how the project can

be completed in the minimum time, assuming that each activity is to start as early as

possible.

[3 marks]

(d) (i) Given that there are two workers available for the project, find the minimum

completion time for the project.

[2 marks]

(ii) Write down an allocation of tasks to the two workers that corresponds to your answer

in part (d)(i).

[1 mark]

Answer space for question 1

Figure 1

Duration

Latest finish timeEarliest start time

A

8

B

6

C

22

D

6

E

14

F

5

G

H

13

I

12

J

8

K

9

L

8

7
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Answer space for question 1

Figure 2
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Answer space for question 1
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Answer space for question 1
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2 Alan, Beth, Callum, Diane and Ethan work for a restaurant chain. The costs, in

pounds, for the five people to travel to each of five different restaurants are recorded

in the table below.

Alan cannot travel to restaurant 1 and Beth cannot travel to restaurants 3 and 5, as

indicated by the asterisks in the table.

Alan Beth Callum Diane Ethan

Restaurant 1 *** 10 15 14 11

Restaurant 2 9 8 13 11 10

Restaurant 3 17 *** 20 18 16

Restaurant 4 8 9 12 11 10

Restaurant 5 12 *** 16 15 15

(a) Using the Hungarian algorithm, find all possible ways of allocating the five people

each to a different restaurant, so that the total of their travelling costs is minimised.

[9 marks]

(b) Find the minimum total cost.

[1 mark]

Answer space for question 2
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Answer space for question 2
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Answer space for question 2
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Answer space for question 2
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3

Maximise P ¼ 2x� 3yþ 4z

subject to xþ 2yþ z4 20

x� yþ 3z4 24

3x� 2yþ 2z4 30

and x5 0 , y5 0 , z5 0 :

(a) Display the linear programming problem in a Simplex tableau.

[2 marks]

(b) (i) The first pivot to be chosen is from the z-column. Identify the pivot and explain why

this particular value is chosen.

[2 marks]

(ii) Perform one iteration of the Simplex method.

[3 marks]

(iii) Perform one further iteration.

[3 marks]

(c) Interpret your final tableau and state the values of your slack variables.

[3 marks]

Answer space for question 3
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Answer space for question 3
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Answer space for question 3
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Answer space for question 3
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4 Monica and Vladimir play a zero-sum game. The game is represented by the

following pay-off matrix for Monica.

Vladimir

Strategy D E F

Monica

A �1 �5 0

B �4 1 �5

C �2 4 �3

(a) Explain what is meant by the term ‘zero-sum’ game.

[1 mark]

(b) Determine the play-safe strategy for each player.

[2 marks]

(c) Find the optimal mixed strategy for Monica and show that the value of the game

is �1:4 .

[8 marks]

(d) Find the optimal mixed strategy for Vladimir.

[4 marks]
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Answer space for question 4
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Answer space for question 4
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Answer space for question 4
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5 Robert is planning to renovate four houses, A, B, C and D, at the rate of one per

month. The houses can be renovated in any order but the costs will vary because

some of the materials left over from renovating one house can be used for the next

one. The expected profits, in hundreds of pounds, are given in the table below.

Month
Houses already

renovated

Expected profit (£00s)

A B C D

March – 40 55 60 70

April

A

B

C

D

–

50

47

52

60

–

56

68

71

70

–

68

75

77

79

–

May

A and B

A and C

A and D

B and C

B and D

C and D

–

–

–

56

59

57

–

59

62

–

–

60

75

–

74

–

77

–

81

80

–

85

–

–

June

A, B and C

A, B and D

A, C and D

B, C and D

–

–

–

66

–

–

70

–

–

83

–

–

88

–

–

–

(a) By completing the table opposite, use dynamic programming, working backwards from

June, to find the schedule that maximises the total expected profit.

[10 marks]

(b) State this maximum expected profit.

[1 mark]
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Stage

(Month)

State (houses

renovated)

Action Calculation Profit (£00s)

June A, B, C D 88

A, B, D C 83

A, C, D B 70

B, C, D A 66

May A, B C 75 + 88 163
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Answer space for question 5
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Answer space for question 5
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6 The network shows a system of pipes with lower and upper capacities for each pipe in

litres per second.

Cut X

A
D

B E

C F

G

H

10, 16

1, 3

2, 7

3, 6

3, 6

3, 6

3, 6

8, 9

4, 9 7, 8

2, 8

1, 4

2, 11

5, 12

(a) (i) Find the value of the cut X .

[1 mark]

(ii) Hence state what can be deduced about the maximum flow from A to H .

[1 mark]

(b) Figure 3 shows a partially completed diagram for a feasible flow of 28 litres per

second from A to H .

Indicate, on Figure 3, the flows along the edges BD, BE and CD.

[3 marks]

(c) (i) Using your feasible flow from part (b) as an initial flow, indicate potential increases

and decreases of the flow along each edge on Figure 4.

[3 marks]

(ii) Use flow augmentation on Figure 4 to find the maximum flow from A to H . You

should indicate any flow augmenting paths in the table and modify the potential

increases and decreases of the flow on the network.

[4 marks]

(iii) State the maximum flow and indicate a maximum flow on Figure 5.

[2 marks]
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Answer space for question 6

Figure 3
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H
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3
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Figure 4

Flow Value

A
D

B E

C F

G

H

Figure 5

A
D

B E

C F

G

H
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Answer space for question 6
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