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Answer ALL questions in the spaces provided.

1 The table shows some of the outcomes of
performing a modular arithmetic operation.

2 3

2 1

3 1

Which pair are operations that could each be
represented by the table?

Tick (3) one box.

Addition mod 6 and multiplication mod 5

Addition mod 6 and multiplication mod 6

Addition mod 4 and multiplication mod 5

Addition mod 4 and multiplication mod 6

[1 mark]
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2 The binary operation :6 is given by

a:6 b=3a(5+ b) (mod 8)

where a, b 22 ZZ

Given that 2:6 x= 6 , which of the integers
below is a possible value of x?

Circle your answer. [1 mark]

0 1 2 3

[Turn over]
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3 Alex and Sam are playing a zero-sum game.

The game is represented by the pay-off matrix
for Alex.

Sam

Alex

Strategy S1 S2 S3

A1 2 2 3

A2 0 3 5

A3 ��1 2 ��2

3 (a) Explain why the value of the game is 2
[3 marks]

__________________________________________

__________________________________________

__________________________________________

__________________________________________

__________________________________________

__________________________________________

__________________________________________

__________________________________________

__________________________________________
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__________________________________________

__________________________________________

__________________________________________

__________________________________________

3 (b) Identify the play-safe strategy for each player.
[1 mark]

__________________________________________

__________________________________________

__________________________________________

__________________________________________

__________________________________________

[Turn over]
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4 The diagram shows a network of pipes.

Each pipe is labelled with its upper capacity

in cm3 s��1

A
B

C

D

E

F G H

J

12

7

16

1 9
11

4

4
62

7
11

21

22

4 (a) (i) Find the value of the cut given by
{A, B, C, D, F, J } {E, G, H }. [1 mark]

__________________________________________

__________________________________________

__________________________________________

__________________________________________

__________________________________________

8

(08)



4 (a) (ii) State what can be deduced about the maximum
flow through the network. [1 mark]

__________________________________________

__________________________________________

__________________________________________

__________________________________________

__________________________________________

4 (b) (i) List the nodes which are sources of the
network. [1 mark]

__________________________________________

__________________________________________

__________________________________________

__________________________________________

__________________________________________

4 (b) (ii) Add a supersource S to the network. [1 mark]

[Turn over]
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4 (c) (i) List the nodes which are sinks of the network.
[1 mark]

__________________________________________

__________________________________________

__________________________________________

__________________________________________

__________________________________________

4 (c) (ii) Add a supersink T to the network. [1 mark]

[Turn over]

11

(11)



5
A

g
ro
u
p
o
f
fr
ie
n
d
s
w
a
n
t
to

p
re
p
a
re

a
m
e
a
l.

T
h
e
y
s
ta
rt

p
re
p
a
ri
n
g
th
e
m
e
a
l

a
t
6
:3
0
p
m

A
c
ti
v
it
ie
s
to

p
re
p
a
re

th
e
m
e
a
l
a
re

s
h
o
w
n
in

F
ig
u
re

1
b
e
lo
w
.

F
ig
u
re

1

L
a
b
e
l

A
c
ti
v
it
y

D
u
ra
ti
o
n

(m
in
s
)

Im
m
e
d
ia
te

p
re
d
e
c
e
s
s
o
rs

A
W
e
ig
h
ri
c
e

1
��

B
C
o
o
k
ri
c
e

1
8

A

C
D
ra
in

ri
c
e

1
B

D
C
h
o
p
v
e
g
e
ta
b
le
s

1
0

��

E
F
ry

v
e
g
e
ta
b
le
s

1
2

F
C
o
m
b
in
e
fr
ie
d
v
e
g
e
ta
b
le
s
a
n
d
d
ra
in
e
d
ri
c
e

1

G
P
re
p
a
re

s
a
u
c
e
in
g
re
d
ie
n
ts

4
��

H
B
o
il
s
a
u
c
e

1
2

I
S
e
rv
e
m
e
a
l
o
n
p
la
te
s

2

12

(12)



5
(a
)
(i
)
U
s
e
F
ig
u
re

2
s
h
o
w
n
b
e
lo
w

to
c
o
m
p
le
te

F
ig
u
re

1
o
p
p
o
s
it
e
.

[1
m
a
rk
]

5
(a
)
(i
i)

C
o
m
p
le
te

F
ig
u
re

2
s
h
o
w
in
g
th
e
e
a
rl
ie
s
t
s
ta
rt

ti
m
e
a
n
d
la
te
s
t
fi
n
is
h
in
g

ti
m
e
fo
r
e
a
c
h
a
c
ti
v
it
y
.

[2
m
a
rk
s
]

F
ig
u
re

2

A 1
B 18

C 1

D 10
E 12

F 1
I 2

G 4
H 12

A
ct

iv
ity

D
ur

at
io

n

La
te

st
fin

is
h 

tim
e

Ea
rli

es
t

st
ar

t t
im

e

Q
u
e
s
ti
o
n
5
c
o
n
ti
n
u
e
s
o
n
th
e
n
e
x
t
p
a
g
e

13

(13)



5
(b
)
(i
)
S
ta
te

th
e
a
c
ti
v
it
y
w
h
ic
h
m
u
s
t
b
e
s
ta
rt
e
d
fi
rs
t
s
o
th
a
t
th
e
m
e
a
l
is

s
e
rv
e
d
in

th
e
s
h
o
rt
e
s
t
p
o
s
s
ib
le

ti
m
e
.

F
u
ll
y
ju
s
ti
fy

y
o
u
r
a
n
s
w
e
r.

[2
m
a
rk
s
]

_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_

_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_

_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_

_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_

_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_

_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_

_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_

_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_

14

(14)



5
(b
)
(i
i)

D
e
te
rm

in
e
th
e
e
a
rl
ie
s
t
p
o
s
s
ib
le

ti
m
e
a
t
w
h
ic
h
th
e
p
re
p
a
ra
ti
o
n
o
f
th
e
m
e
a
l

c
a
n
b
e
c
o
m
p
le
te
d
.

[1
m
a
rk
]

_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_

_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_

_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_

_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_

_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_

Q
u
e
s
ti
o
n
5
c
o
n
ti
n
u
e
s
o
n
th
e
n
e
x
t
p
a
g
e

15

(15)



5
(c
)

T
h
e
g
ro
u
p
o
f
fr
ie
n
d
s
w
a
n
t
to

c
o
o
k
s
p
ri
n
g
ro
ll
s
s
o
th
a
t
th
e
y
a
re

s
e
rv
e
d
a
t

th
e
s
a
m
e
ti
m
e
a
s
th
e
re
s
t
o
f
th
e
m
e
a
l.

T
h
is

re
q
u
ir
e
s
th
e
a
d
d
it
io
n
a
l

a
c
ti
v
it
ie
s
s
h
o
w
n
in

F
ig
u
re

3
.

F
ig
u
re

3

L
a
b
e
l

A
c
ti
v
it
y

D
u
ra
ti
o
n

Im
m
e
d
ia
te

p
re
d
e
c
e
s
s
o
rs

J
S
w
it
c
h
o
n
a
n
d
h
e
a
t
o
v
e
n

��

K
P
u
t
s
p
ri
n
g
ro
ll
s
in

o
v
e
n
a
n
d
c
o
o
k

L
T
ra
n
s
fe
r
s
p
ri
n
g
ro
ll
s
to

s
e
rv
in
g
d
is
h

It
ta
k
e
s
1
5
s
e
c
o
n
d
s
to

s
w
it
c
h
o
n
th
e
o
v
e
n
.

T
h
e
o
v
e
n
m
u
s
t
b
e
a
ll
o
w
e
d
to

h
e
a
t
u
p
fo
r
1
0
m
in
u
te
s
b
e
fo
re

th
e
s
p
ri
n
g

ro
ll
s
a
re

p
u
t
in

th
e
o
v
e
n
.

It
ta
k
e
s
1
5
s
e
c
o
n
d
s
to

p
u
t
th
e
s
p
ri
n
g
ro
ll
s
in

th
e
o
v
e
n
.

T
h
e
s
p
ri
n
g
ro
ll
s
m
u
s
t
c
o
o
k
in

th
e
h
o
t
o
v
e
n
fo
r
8
m
in
u
te
s
.

It
ta
k
e
s
3
0
s
e
c
o
n
d
s
to

tr
a
n
s
fe
r
th
e
s
p
ri
n
g
ro
ll
s
to

a
s
e
rv
in
g
d
is
h
.

16

(16)



5
(c
)
(i
)
C
o
m
p
le
te

F
ig
u
re

3
a
b
o
v
e
.

[1
m
a
rk
]

5
(c
)
(i
i)

D
e
te
rm

in
e
th
e
la
te
s
t
ti
m
e
a
t
w
h
ic
h
th
e
o
v
e
n
c
a
n
b
e
s
w
it
c
h
e
d
o
n
in

o
rd
e
r

fo
r
th
e
s
p
ri
n
g
ro
ll
s
to

b
e
s
e
rv
e
d
a
t
th
e
s
a
m
e
ti
m
e
a
s
th
e
re
s
t
o
f
th
e
m
e
a
l.

[2
m
a
rk
s
]

_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_

_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_

_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_

_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_

_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_

_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_

[T
u
rn

o
v
e
r]

17

(17)



6 An animal sanctuary has a rainwater collection
site.

The manager of the sanctuary is installing a
pipe system to connect the rainwater collection
site to five other sites in the sanctuary.

Each site does not need to be connected
directly to the rainwater collection site.

There are nine possible routes between the sites
that are suitable for water pipes.

The distances, in metres, of the nine possible
routes are given in the table below.

From/To
Henhouse
(H)

Goatshed
(G)

Kennels
(K)

Cattery
(C)

Rainwater
collection site (R)

840 810 520 370

Cattery (C) �� 680 610

Duckpond (D) 480 310

Goatshed (G) 150

Water pipe costs 60 pence per metre.

Find the minimum cost of connecting all the
sites to the rainwater collection site.

Fully justify your answer. [5 marks]

__________________________________________

__________________________________________
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__________________________________________

__________________________________________

__________________________________________

__________________________________________

__________________________________________

__________________________________________

__________________________________________

__________________________________________

__________________________________________

__________________________________________

__________________________________________

__________________________________________

__________________________________________

__________________________________________

__________________________________________

__________________________________________

__________________________________________

[Turn over]
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__________________________________________
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[Turn over]
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7 A linear programming problem has the
constraints

1 ��� x ��� 6

1 ��� y ��� 6

y ��� x

x + y ��� 11

7 (a) (i) Complete Figure 4 to identify the feasible region
for the problem. [2 marks]

Figure 4

10 15 20 x

y

0
0

5

10

15

20

5
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7 (a) (ii) Determine the maximum value of 5x+4y
subject to the constraints. [2 marks]

__________________________________________

__________________________________________

__________________________________________

__________________________________________

__________________________________________

__________________________________________

__________________________________________

__________________________________________

__________________________________________

[Turn over]
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7 (b) The simple-connected graph G has seven
vertices.

The vertices of G have degree 1, 2, 3, v, w, x
and y

7 (b) (i) Explain why x ��� 1 and y ��� 1 [1 mark]

__________________________________________

__________________________________________

__________________________________________

__________________________________________

__________________________________________

__________________________________________

7 (b) (ii) Explain why x ��� 6 and y ��� 6 [1 mark]

__________________________________________

__________________________________________

__________________________________________

__________________________________________

__________________________________________

__________________________________________
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7 (b)(iii) Explain why x+ y ��� 11 [2 marks]

__________________________________________

__________________________________________

__________________________________________

__________________________________________

__________________________________________

__________________________________________

__________________________________________

__________________________________________

__________________________________________

7 (b)(iv) State an additional constraint that applies to the
values of x and y in this context. [1 mark]

__________________________________________

__________________________________________

__________________________________________

__________________________________________

__________________________________________

[Turn over]
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7 (c) The graph G also has eight edges. The
inequalities used in part (a)(i) apply to the
graph G.

7 (c) (i) Given that v+w=4 , find all the feasible values
of x and y. [3 marks]

__________________________________________

__________________________________________

__________________________________________

__________________________________________

__________________________________________

__________________________________________

__________________________________________

__________________________________________

__________________________________________

__________________________________________

__________________________________________

__________________________________________

__________________________________________

__________________________________________
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7 (c) (ii) It is also given that the graph G is
semi-Eulerian.

On Figure 5, draw G. [2 marks]

Figure 5

END OF QUESTIONS
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