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Candidates may use any calculator permitted by Pearson regulations.

Calculators must not have the facility for algebraic manipulation,

differentiation and integration, or have retrievable mathematical

formulae stored in them.

Instructions 

• 
Use black ink or ball-point pen. 

• 
If pencil is used for diagrams/sketches/graphs it must be dark (HB or B). 

• 
Fill in the boxes at the top of this page with your name, centre number and candidate number. 

• 
Answer all questions and ensure that your answers to parts of questions are clearly labelled. 

• 
You should show sufficient working to make your methods clear.

• 
Answers without working may not gain full credit. 
• 
Answers should be given to three significant figures unless otherwise stated.

Information 

• 
A booklet ‘Mathematical Formulae and Statistical Tables’ is provided.

• 
There are 7 questions in this question paper. The total mark for this paper is 75. 

• 
The marks for each question are shown in brackets

      – use this as a guide as to how much time to spend on each question.

Advice 

• 
Read each question carefully before you start to answer it. 

• 
Try to answer every question. 

• 
Check your answers if you have time at the end.

1. 
(a) 
Explain what it means for two graphs to be isomorphic.

(1)

(b) 
On Diagram 1 in the answer booklet, draw a graph corresponding to the adjacency matrix given below.
	
	A
	B
	C
	D
	E
	F
	G

	A
	2
	1
	1
	1
	0
	1
	1

	B
	1
	0
	1
	1
	1
	0
	1

	C
	1
	1
	0
	1
	0
	1
	0

	D
	1
	1
	1
	0
	1
	1
	0

	E
	0
	1
	0
	1
	0
	1
	1

	F
	1
	0
	1
	1
	1
	0
	0

	G
	1
	1
	0
	0
	1
	0
	0


(2)

(c) 
Determine whether the graph in (b) is Eulerian, semi-Eulerian or neither, giving a reason for your answer.

(2)

(d)
Use the planarity algorithm to determine whether the graph is planar. You must make your working clear.

(4)

(Total for Question 1 is 9 marks)

___________________________________________________________________________

2. 
Esme is constructing a treehouse. The planks of wood she will buy are 13 m long and cost £32 each. She needs to cut the following lengths of wood from these planks in order to carry out her construction.





7 
3 
12 
9 
p 
4 
5

where p is a constant, p ( 13, p ( ℝ.
Esme knows that she will require at least 5 planks of wood.

(a) 
Find the range of possible values for p.

(2)

(b) 
Carry out a bubble sort to produce a list of the required lengths in descending order.


Give the state of the list after each pass.

(4)

(c) 
Apply the first-fit decreasing bin packing algorithm to your ordered list.

(2)

Esme buys the minimum number of planks required to construct the treehouse. She is given all other items required at no cost to her. She sells all the excess wood from the planks to a woodchip manufacturer for 80p per metre. The total cost of the treehouse to Esme is £150.16

(d) 
Determine the value of p.

(3)

(Total for Question 2 is 11 marks)

___________________________________________________________________________

3. 
(a) 
Explain what is meant by a Hamiltonian cycle.

(1)

At a funfair, there are six rides, A, B, C, D, E and F. Barnaby needs to visit each ride at least once, starting and finishing at A.

The table gives the times, in minutes, that it takes Barnaby to walk between each pair of rides, where d > 3.
	
	A
	B
	C
	D
	E
	F

	A
	–
	7.5
	3
	d
	5
	8

	B
	7.5
	–
	5
	4
	9
	6

	C
	3
	5
	–
	6
	5
	7

	D
	d
	4
	6
	–
	8.5
	6

	E
	5
	9
	5
	8.5
	–
	3

	F
	8
	6
	7
	6
	3
	–


Barnaby wants to minimise the total time he spends walking. He finds the following nearest neighbour route starting from A.




A 
C 
E 
F 
D 
B 
A

(b) 
Use this nearest neighbour route to calculate an upper bound for the least total walking time.

(1)

(c) 
(i) 
Find two additional nearest neighbour routes starting from A.


(ii) 
Calculate the corresponding upper bounds for the least total walking time, giving your answer in terms of d where necessary.

(2)

By deleting vertex F and all of its arcs, a residual minimum spanning tree is found.

Given that this tree contains AD,

(d)
calculate a corresponding lower bound, in terms of d, for the total walking time. You must make your method clear.

(3)

(e)
By considering the upper and lower bounds obtained, write down the shortest interval that must contain d, justifying your answer.

(3)

(Total for Question 3 is 10 marks)

___________________________________________________________________________

4.
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Figure 1

[The total weight of the network is 1459]

The network in Figure 1 represents the passageways through a farmers’ market. The number on each arc represents the length, in metres, of the corresponding passageway.

A customer wants to walk along each passageway, at least once, to see all the stalls that are set up in the market. He must start and finish at the same vertex.

(a) 
Use an appropriate algorithm to find the length of a shortest route. You must make your method and working clear, stating any arcs that must be repeated.

(5)

The customer discovers that if he finishes his walk at K then he can take a tractor ride from K back to any starting vertex.

(b) 
Find the maximum reduction in walking distance that the customer can achieve by taking the tractor ride from K back to his starting vertex. You must make your reasoning clear.

(3)

(Total for Question 4 is 8 marks)

___________________________________________________________________________

5. 
A linear programming problem in x and y is described as follows.



Maximise P = 2x – y



Subject to: 
3x – 2y ( 100





  x + 3y ( 60





      x, y ( 0

(a) 
Explain why the Simplex algorithm cannot be used to solve this linear programming problem.

(1)

The big-M method is to be used to solve this linear programming problem.

(b) 
Rewrite the first two constraints using slack, surplus and artificial variables as appropriate.

(2)

(c) 
Set up the initial tableau for this linear programming problem so it can be solved using the big-M method.

(4)

(d)
(i) 
Perform one iteration of the big-M method, making your row operations clear.


(ii) 
Determine whether the resulting tableau represents an optimal solution, justifying your answer.

(4)

(Total for Question 5 is 11 marks)

___________________________________________________________________________

6.
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Figure 2

Some volunteers are preparing for a fundraising event. The activity network in Figure 2 represents the activities required to prepare for the fundraising event. The number in brackets on each arc represents the time, in hours, to complete the corresponding activity. Each activity must be completed by exactly one volunteer.

Given that C is a critical activity,

(a)
(i) 
write down the values of t, u and v,


(ii) 

state the minimum length of time, in hours, needed to prepare for the fundraising event.

(3)

(b)
(i) Explain how critical activities may be identified.


(ii) Write down two critical paths for the network given in Figure 2.

(2)

(c)
Draw a Gantt chart on Grid 1 in the answer book to represent the activity network.

(3)

The preparation for the fundraising event must be completed in the minimum possible time.

Assuming that preparation for the fundraising event begins at 11 a.m.,

(d)
identify the earliest time from which only two volunteers are needed to finish the preparation. Justify your answer by referring to times and activities.

(3)

(Total for Question 6 is 11 marks)

___________________________________________________________________________

7. 
(i)
Ishi raises money for charity by selling tickets for a school talent show.


Golden tickets will be sold for £6 each and Platinum tickets will be sold for £10 each. Let g be the number of Golden tickets sold and let p be the number of Platinum tickets sold.


Ishi will sell at most 250 tickets.


Based on past experience, she knows that at most 30% of the tickets sold will be Platinum tickets.


The number of Platinum tickets sold must be at least one sixth of the number of Golden tickets sold.


Ishi wants to maximise the amount raised from ticket sales.


By modelling the constraints as simplified inequalities with integer coefficients, formulate this situation as a linear programming problem. You must not solve this problem.

(5)

(ii)
The following month Ishi will sell tickets for a school concert.


She will sell x tickets of type A and y tickets of type B. She will sell type A tickets for £2 each and type B tickets for £5 each. Ishi formulates the following linear programme to model ticket sales.


Maximise 
P = 2x + 5y

Subject to: 
x + y ( 250






    7x ( 13y






      x ( 5y

(a) 
Using Grid 2 in the answer booklet and a graphical approach, solve this linear programming problem and hence determine the number of each type of ticket that should be sold to maximise the amount raised. You must make your method and working clear.

(b) 
Find the maximum possible amount raised.

(10)

(Total for Question 7 is 15 marks)
___________________________________________________________________________

TOTAL FOR PAPER IS 75 MARKS
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