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Answer all questions in the spaces provided.

1 The network represents a system of pipes.

3o—1

The number on each arc represents the upper capacity for each pipe in cm

/ NOT
0 INCLUDED

S

The value of the cut {S, A, B} {C, D, E, T} is Vecm3s~1
Find V.

Circle your answer.

25 30 @ 37

[1 mark]

S+ 7+ + 4« \0 = 3|

Turn over for the next question

Turn over p
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Part of an activity network is shown in the diagram below.

ABC is part of the critical path of the activity network.

Circle your answer.

A . B . C
0[10]10] 10| 4 |20] 20]30]50
\ Duration f
Earliest start time Latest finish time
The duration of activity B is d.
Which of the following statements about d is correct?
0<d<10 10 <d < 20
- 0= 10

20-10

“d=\0

critical path So Lloat =0
i-e lote fime — duration - early fime =

O

d=20

[1 mark]
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3 Manon makes apple cakes and banana cakes. box

Each apple cake is made with 3 eggs and 100 grams of flour.
Each banana cake is made with 2 eggs and 150 grams of flour.

Manon has 36 eggs and 1500 grams of flour.
Manon wants to make as many cakes as possible.

Formulate Manon’s situation as a linear programming problem, clearly defining any

variables you introduce.
[4 marks]

et oC = numboerof opplf caues.
Lek Y = numlotr of banone. coles.
Maximse
£~ )
Prox = 3 + U both cakes connbute equally 1o
] J L 4 -
Su\odec,b to . ‘l‘b‘l’ﬁ.\
2 + ?_3 <30
100 + \503 £ 1500
j 7/0. U 7/ o
—J

L, y_are Mtfstr

Turn over for the next question

Turn over p
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4 (a) State the definition of a bipartite graph. box
[1 mark]
g | . L . . :

to o

! i . |

4 (b) A jazz quintet has five musical instruments: bassoon, clarinet, flute, oboe and violin.

Jay, Kay, Lee, Mel and Nish are musicians and each plays a musical instrument in
the jazz quintet.

Jay knows how to play the bassoon and the clarinet.

Kay knows how to play the bassoon, the oboe and the violin.
Lee knows how to play the clarinet and the flute.

Mel knows how to play the clarinet, the oboe and the violin.
Nish knows how to play the flute, the oboe and the violin.

4 (b) (i) Draw a graph to show which musicians know how to play which instruments.
[2 marks]

Jay Bassoon

Koy Clanntt
Flute

lLee

Oboe

Mel
Violun

NSl
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4 (b) (ii) Nish arrives late to a jazz quintet rehearsal.
Each of the other four musicians is already playing an instrument:

Jay is playing the clarinet
Kay is playing the oboe
Lee is playing the flute
Mel is playing the violin.

Explain how the graph in part (b)(i) shows that there is no instrument available that
Nish knows how to play.

[1 mark]
the vevtex For bassoon .

4 (b) (iii) When Nish arrives the rehearsal stops. When they restart the rehearsal, Nish is
playing the flute.

Draw all possible subgraphs of the graph in part (b)(i) that show how Jay, Kay, Lee
and Mel can each be assigned a unique musical instrument they know how to play.

_:)a—j P ® BQSSOOV'\ [2 marks]
Kad Clariner
Flute
(ee
Oboe
Nisi hove 2 instruments

IN common
® 6aus,5¢x>v\__9 Can SWOP

Joy @

K‘\‘ﬂ Clariner
Flute

(eec

Oboe
Mel @— —® \ioluin

NS
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5 (a) Complete the Cayley table in Figure 1 for multiplication modulo 4 o
[2 marks]
Figure 1
X4 0 1 2 3
0 0 ®) o) [0

5 (b) The set S is defined as

S={a, b, c, d}
Figure 2 shows an incomplete Cayley table for S under the commutative binary
operation *
Figure 2

. a b c d

a b a a c

b e 3 c d c

c a d d d

d C C d d

5 (b) (i) Complete the Cayley table in Figure 2.
[1 mark]

0 8
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5 (b) (ii) Determine whether the binary operation ¢ is associative when acting on the elements box

of S.
Fully justify your answer.
[2 marks]
tes or o iiv(b:j :
a-{b-c) = a-d=cC
fCl . b\ = o --C T

o (h c) £ (a-b) -
.. ‘' 18 not as nok stom' \UE

Turn over for the next question

Turn over p
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6 The diagram shows a nature reserve which has its entrance at A, eight information
signs at B, C, ..., I, and fifteen grass paths.

The length of each grass path is given in metres.

The total length of the grass paths is 1465 metres.

@ % Key: ﬂ Information sign

To cut the grass, Ashley starts at the entrance and drives a mower along every grass
path in the nature reserve.

The mower moves at 7 kilometres per hour.

6 (a) Find the least possible time that it takes for Ashley to cut the grass on all fifteen paths
in the nature reserve and return to the entrance.

Fully justify your answer.
[5 marks]

0dd nodes : odd wodes =»
ho . n (INSpectHion
O)E :19 A :
B(A)H: 110 E(FT)H : 250
G: GH -

fossible pa‘wmqs:
B(D)E + GH = 195 +50 =245 * Shovte)t cute =

B(a)a + E(FT)H=105¢250= 355
&(AH + Ge = | 220 = 340
(L (AH + €EYGr - 110+
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Q [ ¥ Ygute
S + 245= 1 HO m
[HOm = 1000 = |.FI0 K \USed distance
.FIO = Z = O. 244 hours (2sSF€ ) Spee.d
- tirme
6 (b) Brook visits every information sign in the nature reserve to update them, starting and

finishing at the entrance.

For the eight information signs, the minimum connecting distance of the grass paths
is 510 metres.

6 (b) (i) Determine a lower bound for the distance Brook walks to visit every information sign.

Fully justify your answer.
[2 marks]

’_|E-g! ;l:mo Shorteat avcs ggam the Entronce are

AR - 45

LA

AG - O

Min. comector + Shovtestarcs
Llower bound = 510 + 45 + O
= @ol5 m

6 (b) (ii)) Using the nearest neighbour algorithm starting from the entrance, determine an
upper bound for the distance Brook walks to visit every information sign.
[2 marks]

Auc B CooDice Fop FogTos H, G A

Turn over p
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6 (c) Brook takes one minute to update the information at one information sign.
Brook walks on the grass paths at an average speed of 5 kilometres per hour.
Ashley and Brook start from the entrance at the same time.

6 (c) (i) Use your answers from parts (a) and (b) to show that Ashley and Brook will return to
the entrance at approximately the same time.

Fully justify your answer.
[3 marks]

_dlS&Z.QQ_L&QlSm
'hME @ISm * 1000 =0.GI5 Kknn

to ,_,E . g , x—‘-') hme.fbupdafe-&gr\s

Walk. 0.256 hours mnar‘rav&’ro use consistent umfsf

r€
M o z te
6 (c) (ii) State an assumption that you have used in part (c)(i).
[1 mark]
oVl a

with. ne breaks.
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Turn over for the next question
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7 Ali and Bex play a zero-sum game.
The game is represented by the following pay-off matrix for Ali.

Bex
Strategy By B, B3
Ay 2 -1 3
A —4 -2 2
Al 2
Az 0 1 1
Ay -3 2 -2
7 (a) (i) Write down the pay-off matrix for Bex.
Al
Strategy A. A, A A,
8. -2 4 o 3
bex B2 | 2 -1 -2
3, -3 -2 | - 2

7 (a) (ii)) Explain why the pay-off matrix for Bex can be written as

2 0 3
1 —1 ~2

-3<2, -224,—-1<0

and Z €2

[2 marks]

[2 marks]

hence Strategy @i AOMINATRS strobeqy
B

—2<cl, \22 and -3<4£-2  hence Strategy
Ar O\DM\V\M'eS Stra tegy A,
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7 (b) The game does not have a stable solution. ourséf,i e
Bex plays her optimal mixed strategy.
Find the value of the game for Ali.
[6 marks]
| define probability it
variable L&ML&%_&_MMm _ J
2 Cafeulate gains S») 3 =
for B
3 dvow Smpb\ with 'p H,i ]Jpla'gs :
eXpected gains A - expected goin .‘Qv Bex
t find optimal point = 20 + | ( 1=p) = —3p+]
% Valye of p '
S Calowlate game (/ajue
A MWW—
= — | ([1-p) = p—1
| '
A, - expected gain for bex
[ I
- —_ P— — ._2
A A
3 2 A. = AZ
> / > -Sp-rl = p—I
1A, / - Up =2
o / p= L
(o] ¥ Z—
) A; '
-7 =
-2 -A/4 \—-z Yaluc ofaame, for Bex :
"3 - p—- - 3 — ' = ’ - - '_L—-
Hp 2 1 ==
END OF QUESTIONS gome = Zz
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