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1
· Full marks will be awarded for complete, correct answers to a total of three questions. Each question carries 25 marks. The marks for each part of a question are indicated at the end of the part in [.] brackets. There are 75 marks available on this paper.

· No calculators should be used.
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2
Question 1.:

a. Briefly describe the five stages in the modelling process.

[10]

b. You have been asked to develop a model that can be used to make decisions about purchasing ingredients for a restaurant.

i. What data should you collect and how can you use it?                            

[5]

ii. Describe two different objective functions for your model.

[5]

iii. Describe two constraints needed for your model. 

[5]

Question 2:

a. Mrs Miniver is opening a tea trolly.  She believes her fixed costs will be 50 pounds per week. She thinks that she can sell 300 cups per week at 50 pence a cup. The variable (marginal) cost of producing a cup are 20 pence.

i. What level of sales does Mrs Miniver need to break even

ii. How will a change in sales volume affect profits

(An Anglicisation of Albright& Winston, Chapter 2 exercise 16)

b.  Consider a project with the following cash flows: year 1  -$400,  year 2 $200, year 3 $600, year 4  -$900, year 5 $1000, year 6 $250, year 7 $230. Assume a discount rate of 15% per year.

i. Compute the projects NPV is cash flow occurs at the end of the respective years

ii. Compute the projects NPV is cash flow occurs at the beginning of the respective years

(Albright& Winston, Chapter 2 exercise 25)

Question 3.

a. Explain by way of a geometric picture the role played by each of the following in an optimisation problem:

i. constraints

ii. the feasible region

iii. target or objective function

[6]

A company makes lighting sets to be sold to stores for use during the Christmas period. Asthe product is only required at this time of year, all manufacturing takes place during September, October and November.The sets are delivered to stores at the end of each of these months. Any sets that have been made but do not need to be delivered at the end of each of September and October are put into storage which the company must pay for.

Let x, y and z be the number of sets manufactured in September, October and November respectively. The demand for lighting sets and the relevant costs are shown in the table below.

	Month
	September
	October
	November

	Manufacturing costs per

set during each month (£)
	500
	800
	600

	Demand for sets at the end

of each month 
	800 
	1000 
	700

	Cost of storing sets during

each month (£)
	---
	100
	150


b. The company must be able to meet the demand at the end of each month and there must be no unsold articles at the end of November.

 (i) Express z in terms of x and y.

(ii) Hence, find an expression for the total costs incurred in
c. What are the constraints and the target function for this problem?

d. Draw a graph describing the feasible region

e. Use your graph to help find the optimal solution

Question 4.
a. Define the notions of a network and a flow on that network. What properties does a flow have to satisfy to be legal.

[4]

Water flows through a series of pipes between water stations on the way to getting water from source S to Target T. The capacities on the pipes are givn below: 

S to A has capacity 18

S to B has capacity 16 
S to C has capacity 16    

A to C has capacity 8

A to D has capacity 20

B to C has capacity  2

B to E has capacity  4

C to D has capacity 2

C to E has capacity 4

D to T has capacity 15

E to T has capacity 18 
C to T has capacity 20  

b. Draw a network that represents this situation.

[4]

c. Use the Ford-Fulkerson algorithm to solve the company’s problem.

[8]

d. Prove that your answer is optimal

[4]

e. Discuss how you could lay out the problem on an Excel spreadsheet and use the solver plug-in to solve it.

[5]

Question 5.

Consider the following chart of road distances

	
	Lvrpool
	Preston
	Chester
	Manch
	Sheffield
	Leeds
	York
	Doncas
	Hull
	Midlboro

	Liverpool
	xxxxxx
	29
	22
	35
	
	
	
	
	
	

	Preston
	xxxxxx
	xxxxxx
	
	29
	
	53
	80
	
	
	94

	Chester
	xxxxxx
	xxxxxx
	xxxxxx
	36
	73
	
	
	
	
	

	Manch
	xxxxxx
	xxxxxx
	xxxxxx
	xxxxxx
	38
	40
	
	
	
	

	Sheffield
	xxxxxx
	xxxxxx
	xxxxxx
	xxxxxx
	xxxxxx
	33
	
	18
	
	

	Leeds
	xxxxxx
	xxxxxx
	xxxxxx
	xxxxxx
	xxxxxx
	xxxxxx
	23
	29
	
	

	York
	xxxxxx
	xxxxxx
	xxxxxx
	xxxxxx
	xxxxxx
	xxxxxx
	xxxxxx
	34
	37
	46

	Doncas
	xxxxxx
	xxxxxx
	xxxxxx
	xxxxxx
	xxxxxx
	xxxxxx
	xxxxxx
	xxxxxx
	46
	

	Hull
	xxxxxx
	xxxxxx
	xxxxxx
	xxxxxx
	xxxxxx
	xxxxxx
	xxxxxx
	xxxxxx
	xxxxxx
	73

	Middleboro
	xxxxxx
	xxxxxx
	xxxxxx
	xxxxxx
	xxxxxx
	xxxxxx
	xxxxxx
	xxxxxx
	xxxxxx
	xxxxxx


a. Draw a graph that represents this information  

b. Use Dijkstra’s algorithm to determine the shortest route, and its length, between Liverpool and Hull. You must indicate clearly:

(i) the order in which you labelled the vertices,

(ii) how you used your labelled diagram to find the shortest route. 

c. Discuss how to implement graphs in excel and how you could use the solver to help solve graph problems.
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