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Section A (24 marks)

1 (a) Vertices of the graph shown in Fig.1 represent objects.
Some arcs have been drawn to connect vertices representing objects which are the same colour.

(i) Copy Fig.1 and draw in whichever arcs you can be sure should be added. [2]

(ii) How many arcs would be needed in total if you were also told that the objects
represented by B and F were the same colour? [2]

(b) (i) Give two properties that a graph must have for it to be a tree. [2]

(ii) Draw three different trees each containing 5 vertices and 4 edges. [2]

2 The following six steps define an algorithm:

Step 1: Think of a positive whole number and call it X.
Step 2: Write X out in words (i.e. using letters, not numbers).
Step 3: Let Y be the number of letters used.
Step 4: If Y = X then stop.
Step 5: Replace X by Y.
Step 6: Go to step 2.

(i) Apply the algorithm with X = 62. [4]

(ii) Show that for all values of X between 1 and 99 the algorithm produces the same answer.
(You may use the fact that, when written out, numbers between 1 and 99 all have twelve or
fewer letters.) [4]
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3 (i) Use the matrix form of Prim's algorithm, starting at A, to find a minimum connector for the
network defined by the arc weights given in Table 4.

A B C D E
A − 12 8 7 9

B 12 − 10 − 9

C 8 10 − 4 5

D 7 − 4 − 3

E 9 9 5 3 −
Table 4 [4]

(ii) Draw your minimum connector and give its total weight. [2]

(iii) Give the order in which arcs would be included when using Kruskal�s algorithm. [2]
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Section B (48 marks)

4 Claire wants to prepare and eat her breakfast in the minimum time.
The activities involved, their immediate predecessors and their durations are shown in Table 5.

Activity Immediate Predecessors Duration (mins)
F
I

W
G
D
O
M
B
E
T
C

Fill kettle
Put instant coffee in cup
Boil water
Grill toast
Dish out cereal
Fetch and open milk
Make coffee
Butter toast
Eat cereal and milk
Eat toast
Drink coffee

−
−
F
−
−
−

I, W
G

D, O
E, B
M, T

0.5
0.5
10
7

0.5
0.5
0.5
0.5
3
5
3

Table 5

(i) Draw an activity-on-arc network for these activities.
Do not take account of the fact that Claire can do only one thing at a time. [5]

(ii) Show on your network the early time and the late time for each event. [4]

(iii) Give the critical activities and the minimum time needed for Claire to complete her breakfast,
again taking no account of the fact that she can do only one thing at a time. [2]

(iv) Activities W and G do not require Claire's attention.  For all the other activities Claire can do
only one thing at a time.
Starting at 7 am, at what time can Claire actually finish her breakfast, and when would she start
eating her cereal and start eating her toast? [5]
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5 A vet is treating a farm animal.  He must provide minimum daily requirements of an antibiotic, a
vitamin and a nutrient.
He has two types of medicine available, tablets and liquid.
Table 6 summarises what the medicines contain and the requirements.

Antibiotic Vitamin Nutrient
Tablets (units per tablet) 3 2 10
Liquid (units per dose) 2 4 50

Daily requirement (units) 18 16 100
Table 6

(i) If x is the number of tablets which the vet prescribes per day, and y is the number of doses of
liquid medicine, explain why 3 2x y+  must not be less than 18.
Draw the inequality 3 2 18x y+ ≥  on a graph, with each axis labelled from 0 to 10. [5]

(ii) Construct inequalities in terms of x and y relating to daily vitamin and nutrient requirements.
Draw these two inequalities on your graph. [6]

The tablets cost £0.38 each and liquid medicine costs £1 per dose.  The vet wants to find the cheapest
way to treat the animal.

(iii) Solve the linear programming (LP) problem, allowing x and y to take any values. [2]

(iv) Solve the problem when x and y must be integers. [2]

(v) Which solution should the vet adopt and why? [1]
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6 [There is an insert for use in part (v) of this question.  It can be found at the back of this paper.]

During peak periods passengers arrive to buy tickets at a station at intervals modelled by the
distribution shown in Table 6.1.

Arrival interval (seconds) 5 10 15 20
Probability 0.7 0.15 0.1 0.05

Table 6.1:  Passenger inter-arrival times

The distribution of the time taken to serve a passenger is modelled by the distribution in Table 6.2.

Service time (seconds) 10 15 20 25

Probability
1
3

5
12

1
6

1
12

Table 6.2:  Passenger service times

(i) Give an efficient rule for using two-digit random numbers beginning with 00 to simulate
passenger inter-arrival times. [2]

(ii) Use random digits from the list below to construct simulated arrival times for 10 passengers.
(Your first passenger should arrive at the time given by your first inter-arrival time.)

29  76  01  16  56  23  96  86  56  52  29  34  10  44  34  09 [2]

(iii) Give an efficient rule for using two-digit random numbers beginning with 00 to simulate
passenger service times. [2]

(iv) Use random digits from the list below to construct simulated service times for 10 passengers.

98  74  53  90  43  42  03  13  39  58  22  92  29  36  84  97 [1]

The station manager wants to know whether or not it will be sufficient to have two servers operating.

(v) Using Table 6.3 on the insert, simulate the arrival, service and departure of 10 passengers with
two servers operating.  Assume that both servers are available when the first passenger arrives,
and that there is a single queue.
(If both servers are available then server 1 should be chosen in preference to server 2.) [5]

(vi) Calculate for your 10 passengers the mean time they wait before being served.
Find also the greatest length of queue for your 10 passengers. [3]

(vii) Give your advice to the manager. [1]
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Table 6.3  [Insert for Question 6(v)]

Passenger
number

Arrival
time Server

Start time
(server 1)

Start time
(server 2)

Service
time

End time
(server 1)

End time
(server 2)

1

2

3

4

5

6

7

8

9

10

Spare copy of the table for question 6(v).  (You do not need to use this.)

Passenger
number

Arrival
time Server

Start time
(server 1)

Start time
(server 2)

Service
time

End time
(server 1)

End time
(server 2)

1

2

3

4

5

6

7

8

9

10


