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Section A (24 marks)

1 A graph is obtained from a solid by producing a vertex for each exterior face. Vertices in the graph are
connected if their corresponding faces in the original solid share an edge. The diagram shows a solid
followed by its graph. The solid is made up of two cubes stacked one on top of the other. This solid has 10
exterior faces, which correspond to the 10 vertices in the graph. (Note that in this question it is the exterior
faces of the cubes that are being counted.)

(i) Draw the graph for a cube. [4]

(i) Obtain the number of vertices and the number of edges for the graph of three cubes stacked on top of
each other. [4]

© OCR 2012 4771 Jan12
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2 The following is called the ‘1089’ algorithm. In steps 1 to 4 numbers are to be written with exactly three
digits; for example 42 is written as 042.

Step 1  Choose a 3-digit number, with no digit being repeated.

Step2  Form a new number by reversing the order of the three digits.

Step3  Subtract the smaller number from the larger and call the difference D. If the two

numbers are the same then D = 000.
Step4  Form a new number by reversing the order of the three digits of D, and call it R.
Step5  Find the sum of D and R.
(i) Apply the algorithm, choosing 427 for your 3-digit number, and showing all of the steps. [4]

(ii) Apply the algorithm to a 3-digit number of your choice, showing all of the steps. 2]
(iii) Investigate what happens if digits may be repeated in the 3-digit number in step 1. 2]

3 Solve the following LP problem graphically.

Maximise 2x+ 3y

subject to

© OCR 2012

x+ y<I11
3x+5y<39
x+6y<309. [8]
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Section B (48 marks)

4  The table defines a network in which the numbers represent lengths.

A B C D E F G
A - 5 2 3 - - -
B 5 - - - 1 1 -
C 2 - - - 4 1 -
D 3 - - - 4 2 -
E - 1 4 4 - - 1
F - 1 1 2 - - 5
G - - - - 1 5 -

(i) Draw the network. 3]

(i) Use Dijkstra’s algorithm to find the shortest paths from A to each of the other vertices. Give the paths
and their lengths. [6]

(iii) Draw a new network containing all of the edges in your shortest paths, and find the total length of the
edges in this network. 2]

(iv) Find a minimum connector for the original network, draw it, and give the total length of its edges. [4]

(v) Explain why the method defined by parts (i), (ii) and (iii) does not always give a minimum connector.

1]

5  Five gifts are to be distributed among five people, A, B, C, D and E. The gifts are labelled from 1 to 5. Each

gift is allocated randomly to one of the five people. A person can receive more than one gift.

(i) Use one-digit random numbers to simulate this process. One-digit random numbers are provided in
your answer book.

Explain how your simulation works.

Produce a table, showing how many gifts each person receives. [6]
(ii) Carry out four more simulations showing, in each case, how many gifts each person receives. 2]
(iii) Use your simulation to estimate the probabilities of a person receiving 0, 1, 2, 3, 4 and 5 gifts. [5]
(iv) Describe what you would have to do differently if there were six people and six gifts. 13]

© OCR 2012 4771 Jan12
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6  The table shows the tasks involved in making a salad, their durations and their precedences.

Task Duration | Immediate
(seconds) | predecessors
B | get out bowl and implements 10 -
I | get out ingredients 10 -
L | chop lettuce 15 B, 1
W | wash tomatoes and celery 25 B, 1
T | chop tomatoes 15 W
C | chop celery 10 \%
P | peel apple 20 B,
A | chop apple 10 P
D | dress salad 10 L, TC A
(i) Draw an activity on arc network for these activities. [5]

(i) Mark on your diagram the early and late times for each event. Give the minimum completion time and
the critical activities. [6]

(iii) Given that each task can only be done by one person, how many people are needed to prepare the salad
in the minimum time?

What is the minimum time required to prepare the salad if only one person is available? [2]

(iv) Show how two people can prepare the salad as quickly as possible. 13]

© OCR 2012 4771 Jan12



A spare copy of this graph paper can be found on page 5.
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Section B (48 marks)
4 ()
& (i) A® oB
GO oC
F@® @D
L
E
4 (iii)
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L
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Total length of edges:
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4 (iv)
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One-digit random numbers:

3 3 75 2 9 3 0 6 2 4 90 6 2 7 2 2 1 6
8 2 3 6 4 8 0 2 9 1 7 5 2 3 0 8 7 0 6 7
5@
5 (ii)

5 (i)
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1 [q)

M1
Al
Al
Al

[4]

6 vertices
8 faces

12 edges
all correct

1| (i)

14 vertices

28 edges

M1
Al
M1
Al

[4]

13-15

24-32 or 56

427
724
297
792
1089

Bl
Bl
Bl
Bl

[4]

2 2

Cao

2| (i)

steps as above

Al
[2]

all steps attempted

2| (i)

XXy or yxx — 1089
xyx — 0and/or xxx — 0

Bl
Bl

[2]

wrong work —1
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3
y

11 Bl Lines (+/-0.1 vertically at x=0 and x=8)
Bl
B1
Bl shading
M1 Optimisation - either profit line or evaluating at

7.8 vertices
Al comparing values at his 3 points (3,6), (8,3) and

6.5 24 ’

T 11
(0,6.5)
195
A
(8.3)
A 25
H
(11,0)
22
X
Solution is x=8 and y=3 (+/-0.25) with objective=25 (23.75 to 26.25) Bl cao

Bl cao
[8]
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4 | ()&
(ii)
M1 Network - at least one weighted arc
Al Arcs - count an omission as one error
Al lengths
[3]
716 2 M1 Dijkstra (check wv’s at B)
Al working values allow legitimate later and
86 Bl order of labelling larger wv’s which are listed,
Bl Labels but not used
Order of labelling for D and F could be reversed.
4|3 3
3
ACFB 4 M1 M1 for ACFB or ACFBE or ACFBEG
AC 2 Al cao
AD 3
ACFBE 5
ACF 3
ACFBEG 6
[6]
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4 | (iii)
Bl tree, cao
total length =9 Bl cao
[2]




4771 Mark Scheme January 2012
Question Answer Marks Guidance
4 | (iv)
M1 | 6 arc tree drawn
A2 correct arcs (-1 each error)
E
total length =8 B1 cao
[4]
4 | (v) To connect a vertex in may be cheaper than to provide the Bl Focus on individual vertex
shortest connection from it to A.
eg if AB=AC=2, and BC=1, then min connectors are of length
3, but the arcs in the shortest routes sum to 4.
[1]
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5 () using single-digit random numbers Bl
explanation M1 | allocates RN(s) to people
Al correct proportions
Al efficient
Al RN—person=winner (x 5) ... or BBDCB or equivalent
who got how many Bl no requirement to identify which prize was which
[6]
5 | (ii) repetitions B1 simulations
B1 results — distributions of 5 prizes
[2]
5 | (iii) analysis M1 | Award M only if prob. dist. of 0, 1, 2, 3, 4, 5 gifts attempted, probs
with denominators of 25 or 20
expectation is binomial (5, 0.2) ... A4 | —1 each error, checking against results from (i) and (ii) if
denominator of 25, or against (ii) only if denominator of 20.
0 1 2 3 4 5
0.33 0.41 0.20 0.05 0.01 0.00
[5]
5 | (iv) new rule needed with rejections M1 | RN(s) rejected
reject 4 Al
1 RN for each person ... Al
... or 2-digit RNs done similarly
[3]
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6 | ()&
(i) M1 activity on arc
10 \ 10 L Al single start and end
15 Al precedences for B, I, W, L and P (inc dummy)
B/ Al precedences for T and C plus dummy
10 P Al rest
0 o] 10 | 10 {35 | 35 =] 50 | 50]-2[ 60 | 60 [5]
< 25 10 10
10' \ A M1 forward pass
/ 20 10 Al N
10[ 10 30 | 40
M1 backward pass
Al \/
Minimum completion time = 60 secs B1 cao
Critical activities ... B, I, W, T, D B1 cao
[6]
(iii) 3 people B1 cao
125 seconds Bl cao
[2]
(iv) eg M1 cascade ... length must be proportional to time
B10 W25 C10 L15 | D10
Al Person 1 cao
70 Al Person 2 cao
110 P20 Al0| T15
N 55
... or schedule with timings
[3]
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