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1. Four workers, A, B, C and D, are to be assigned to four tasks, 1, 2, 3 and 4. Each task
must be assigned to just one worker and each worker must do only one task.

The cost of assigning each worker to each task is shown in the table below.

The total cost is to be minimised.

1 2 3 4

32 | 45 | 34 | 48
37 | 39 | 50 | 46
46 | 44 | 40 | 42

o o w| >

43 45 48 52

(a) Reducing rows first, use the Hungarian algorithm to obtain an allocation that
minimises the total cost. You must make your method clear and show the table after
each stage.

C))

(b) State the minimum total cost.

(1)
(Total for Question 1 is 6 marks)
2. The general solution of the second order recurrence relation
U,r t ki, + kou,=0 n=0
is given by
u,= (4 + Bn)(-3)"
where 4 and B are arbitrary non-zero constants.

(a) Find the value of k, and the value of £,
(2)

Given that u,=u, =1

(b) find the value of 4 and the value of B.
(2)

(Total for Question 2 is 4 marks)
(Click here to go to the answer space for Question 1 in the Answer Book.)

(Click here to go to the answer space for Question 2 in the Answer Book.)
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3. The table below shows the transport options, usual travel times, possible delay times
and corresponding probabilities of delay for a journey. All times are in minutes.

Transport option | Usual travel time | Possible delay time | Probability of delay
10 0.10
Car 52
25 0.02
15 0.05
Train 45
25 0.03
5 0.05
Coach 55
15 0.01

(a) Draw a decision tree to model the transport options and the possible outcomes.

C))
(b) State the minimum expected travel time and the corresponding transport option

indicated by the decision tree.

(2)

(Total for Question 3 is 7 marks)

(Click here to go to the answer space for Question 3 in the Answer Book.)
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Figure 1

Figure 1 shows a capacitated, directed network of pipes. The uncircled number on each
arc represents the capacity of the corresponding pipe. The numbers in circles represent
an initial flow.

(a) List the saturated arcs.

(1)
(b) State the value of the initial flow.
(1)
(c) Explain why arc FT cannot be full to capacity.
(1)
(d) State the capacity of cut C, and the capacity of cut C,
(2)
(e) By inspection find one flow-augmenting route to increase the flow by three units.
You must state your route.
(1)
(f) Prove that, once the flow-augmenting route found in part (e) has been applied, the
flow is maximal.
3)

(Total for Question 4 is 9 marks)

(Click here to go to the answer space for Question 4 in the Answer Book.)
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5. A standard transportation problem is described in the linear programming
formulation below.

Let x; be the number of units transported from i to j
where i € {A, B, C, D}
je{R, S, T} and x,; > 0
Minimise P = 23x,z + 17xag + 24x40 + 15x5x + 29x55 + 32Xp1
+ 25xcr + 25xcs + 27xcr + 19xpr + 20xps + 25xpt

subject to

Given that the problem is balanced,

(a) state the value of £.
(1)

(b) Explain precisely what the constraint Zx,-R > 44 means in the

transportation problem.

(2

(c) Use the north-west corner method to obtain the cost of an initial solution to this
transportation problem.

2)

(d) Perform one iteration of the stepping-stone method to obtain an improved solution.
You must make your method clear by showing the route and the

¢ shadow costs
* improvement indices

» entering cell and exiting cell.

4)
(Total for Question 5 is 9 marks)

(Click here to go to the answer space for Question 5 in the Answer Book.)
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6. Bernie makes garden sheds. He can build up to four sheds each month.

If he builds more than two sheds in any one month, he must hire an additional worker at
a cost of £250 for that month.

In any month in which sheds are made, the overhead costs are £35 for each shed made
that month.

A maximum of three sheds can be held in storage at the end of any one month, at a cost
of £80 per shed per month.

Sheds must be delivered at the end of the month.

The order schedule for sheds is

Month January | February | March | April | May

Number ordered 1 3 3 5 2

There are no sheds in storage at the beginning of January and Bernie plans to have no
sheds left in storage after the May delivery.

Use dynamic programming to determine the production schedule that minimises the
costs given above. Complete the working in the table provided in the answer book and
state the minimum cost.
(14

(Total for Question 6 is 14 marks)

(Click here to go to the answer space for Question 6 in the Answer Book.)
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Player B

Option W Option X Option Y Option Z

Option Q 4 3 -1 -2
Player A Option R -3 5 —4 k
Option S -1 6 3 -3

A two person zero-sum game is represented by the pay-off matrix for player A shown
above. It is given that £ is an integer.

(a) Show that Q is the play-safe option for player A regardless of the value of k.
(2)

Given that Z is the play-safe option for player B,

(b) determine the range of possible values of k. You must make your working clear.

2

(c) Explain why player B should never play option X. You must make your
reasoning clear.

(2

Player A intends to make a random choice between options Q, R and S, choosing
option Q with probability p,;, option R with probability p, and option S with
probability p;

Player A wants to find the optimal values of p,, p, and p; using the Simplex algorithm.

Given that k£ > —4, player A formulates the following objective function for the
corresponding linear program.

Maximise P = V, where V = the value of the original game + 4

(d) (i) Formulate the constraints of the linear programming problem for player A. You
should write the constraints as equations.

(1)) Write down an initial Simplex tableau, making your variables clear.
(7)
The Simplex algorithm is used to solve the linear programming problem. It is given that

in the final Simplex tableau the optimal value of p, = % , the optimal value of p, = T

37
and all the slack variables are zero.

(e) Determine the value of k, making your method clear.

“4)
(Total for Question 7 is 17 marks)

(Click here to go to the answer space for Question 7 in the Answer Book.)
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8. The owner of a new company models the number of customers that the company will
have at the end of each month. The owner assumes that

* a constant proportion, p (where 0 < p < 1), of the previous month’s customers
will be retained for the next month

e a constant number of new customers, k&, will be added each month.

Let u, (where n > 1) represent the number of customers that the company will have at
the end of n» months.

The company has 5000 customers at the end of the first month.

(a) By setting up a first order recurrence relation for u,., in terms of u,, determine an
expression for u, in terms of n, p and k.

(6)
The owner believes that 95% of the previous month’s customers will be retained each
month and that there will be 10000 new customers each month.
According to the model, the company will first have at least 135000 customers by the
end of the mth month.
(b) Using logarithms, determine the value of m.

3)

(Click here to go to the answer space for Question 8 in the Answer Book.)
(Total for Question 8 is 9 marks)

TOTAL FOR PAPER IS 75 MARKS
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(Click here to go to Question 1 in the Question Paper.)

7

1.
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(Click here to go to Question 2 in the Question Paper.)
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(Click here to go to Question 3 in the Question Paper.)

$050505 SSeteterets
SRR SRLLXS
( ) SRR SEK
0K Reseseseses
Jolototototo R otototesese
BesesesesstoqiiRetotototote
SRHLLRS LXK
CREXRS SRXLXS
KHHRRK KEXRRK
RHHHLL RILLL
3 HERHLL ZRHLLK
° KLLLRR
KHHRRR KELXRRK
AR KXKKK
HERHLL LRHLLK
SRELLLS IS
SRHXRRS LXK
SXTIRS SRS
05s 1088 X s
OIS R

Y @ %

oY%

0%
STENOYN
X

bo%;

X

AR
WK KRS
KKK KX
SRR KR,
RS KKK,
35 e Setotetel
KRR SRR
oSSl TR S otete%e%s
355 e Setoteel
KRR
KKK
e Setotetel
KRR
KRR
Do Sototetets
o Setotetel
KRR
KRR
DeSototetels
o Setotete!
KRAILHL
prosesetete’
SRLLIX
DR 7%
D%l %8
RS
SRERERS
D000 w500
RIS
SRS
0%« a%e?
plodesem-ded
PIOSL = 9595
Jo%e;
&
<X
b2t
25
potia
250
Do
oo
25
S
5
%
&
25
KRS
po
poo
poo
PO
poo%e
oo
poo
poo%
88
%
poo
KL
pooX
&
25
plote:
:’:‘/A
‘:’
fotel @
LR
&
Dooive
%07,
XK
2
KRR
SRRXXK
SR,
K
ERKKK
SR
KL
S tetotete!
SRKKKK
SRS
255 SRS
SRR SRIRREL
o Sototete! dSetotete!
LRLRKKR RS
QIR SRRREL
o Sootete! dSetotetel
LILRKKR RS
QRKKKK LEKXKL
oSotoes S Setotetel
QRLEAXK %eteds
5SS
% .0.( - 9%
KL
Doy
&
ﬁ% S
25 S
Kt
ST
SR
SXRIXS

(x>
2K
PR
s
K

[95%+"-%
SR




SR pstatosor ¢ \
2RIKS 25K
SRR RHKK
URALREL RS
RKKKK KKK
2R Sotetotoe!
2RI 3RS
%5
SRALLRS  SLLRS u i i u
ootetels SRKKKK 1 1
2R Sotetotode!
KERREK LKL
URAULRL LR
ORKKKK KKK
2K Sotetotote!
e 3RS
a 55
. e
J e
S 55 ITGKS
KX KWK
o o ¥
SR S
>, s
dogeTetedes
IR
0.0‘4‘0’0
RIS

pfetetotetese’
c

RIKAKAKZ

K
XK
LS

N

o

o
XX
5

000
IO

OO
QR
¥

i
X
& ’VAVA :
U
LR

o
G ITRARKR
G RRRRRIIILLRRS

K
096%%%
03009
9%
K8
IIEL
(00,000,
KRR
IKKEL
9% XX
KRR
SRS
9% XX
KRR
QKL
00,0099
9% <
KRR
KKK

XXX
3
%%
500 (6 N
XX,
55

0% /0:0
&
)&

%
%
%%
SRR
XA
%00 S
%
SRS %
Bo%ai %%
SSRIERK KXW
0SS B
030200 T 020 1% %059
oS S5
KA s
SIS oSt
SRLRL LOPR
SRR SRS
TR oS
@S e R oo %%
N RS
R3S
S
X
SRTRRS
S5558
JRRRKS
SRR

QL

%
%5

%
oot

o2

o2

12052 0%
hodotetels!

%5

S0RREL 28RS
SR SR
2RI 250K
355 25K5
SRR S8
LRI SRR
2GR 250K
<5 255
SIS K
SR SR
SR 255
KERRXK KX
SRS &K
SR 255
KERREK X
SRR Dosoes
RS 255
p0%%08 SRR
>
w
& T
%0 ~0%8} X2
O8NS &
295 @ )59 ]
S !
o%07¢
XSy X D% s
S S
Z e
5 S B ]
QoM SRS
<5 SIS
g & 4%
- N
o ¢
2
3l 9%
o 9% &%
05057 0 o TR o= 0%
<3 XS b5 g,
) -
SIS SRS
QSRS 5 B
S eSS PSS! roa:
gy 5 S
s o 3o S5
gadald
QS %ot
Sl KGR
RS &
%8 TS
5 KRR
SXIIAS bases < & ok
SRPEEES
&
S
P
0 2 oo
oS
SIS
SRS
&8
RHERKS
Bove; ate!

¢
5
1]
]
55
oot

Jo? 0% 4
X
o KRE
S
(A’A.:‘. :‘:"“‘:’:
o< %8, & o2e)
25 T S XS
P SN
bo%e!
SRXRLKS AT
Sototetels QKKK
e Setoteel Sotetotote!
KIRREK LRI
Sototetels SREEKK
2K Sotetotoe!
KRR RRERIK
SRLLEE SRS otal for uestion 3 is 7 marks
Setetetes Pt I J/

Turn over »



(Click here to go to Question 4 in the Question Paper.)
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Figure 1
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(Total for Question 8 is 9 marks)

TOTAL FOR PAPER IS 75 MARKS
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