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1 In the network below, the arcs represent the roads in Ayton, the vertices represent roundabouts, and
the arc weights show the number of traffic lights on each road. Sam is an evening class student at
Ayton Academy (A). She wants to drive from the academy to her home (H). Sam hates waiting at
traffic lights so she wants to find the route for which the number of traffic lights is a minimum.
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(i) Apply Dijkstra’s algorithm to find the route that Sam should use to travel from A to H. At each
vertex, show the temporary labels, the permanent label and the order of permanent labelling.

[3]
In the daytime, Sam works for the highways department. After an electrical storm, the highways
department wants to check that all the traffic lights are working. Sam is sent from the depot (D) to
drive along every road and return to the depot. Sam needs to pass every traffic light, but wants to
repeat as few as possible.

(ii) Find the minimum number of traffic lights that must be repeated. Show your working. [4]

Suppose, instead, that Sam wants to start at the depot, drive along every road and end at her home,
passing every traffic light but repeating as few as possible.

(iii) Find a route on which the minimum number of traffic lights must be repeated. Explain your
reasoning. [3]
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2 Fiverooms, A, B, C, D, E, in a building need to be connected to a computer network using expensive
cabling. Rob wants to find the cheapest way to connect the rooms by finding a minimum spanning
tree for the cable lengths. The length of cable, in metres, needed to connect each pair of rooms is
given in the table below.

Room

A B C D E

A - 12 30 15 22
B 12 - 24 16 30

Room C 30 24 - 20 25
D 15 16 20 - 10
E

22 30 25 10 -

(i) Apply Prim’s algorithm in matrix (table) form, starting at vertex A and showing all your working.
Write down the order in which arcs were added to the tree. Draw the resulting tree and state the
length of cable needed. [4]

A sixth room, F, is added to the computer network. The distances from F to each of the other rooms
are AF =32, BF =29, CF =31, DF =35, EF = 30.

(i) Use your answer to part (i) to write down a lower bound for the length of the minimum tour

that visits every vertex of the extended network, finishing where it starts. Apply the nearest
neighbour method, starting from vertex A, to find an upper bound for the length of this tour. [4]

3 (i) Explain why it is impossible to draw a graph with exactly four vertices of orders 1, 2, 3 and 3.

(1]

A simple graph is one in which any two vertices are directly connected by at most one arc and no
vertex is directly connected to itself.

A connected graph is one in which every vertex is joined, directly or indirectly, to every other vertex.
A simply connected graph is one that is both simple and connected.

(ii) Explain why there is no simply connected graph with exactly four vertices of orders 1, 1, 2 and
4. [1]

(iii) A connected graph has four vertices A, B, C and D, in which A, B and C have order 2 and D has
order 4. Explain how you know that the graph is Eulerian. Draw an example of such a graph
and write down an Eulerian trail for your graph. [3]

A graph has three vertices, A, B and C of orders a, b and c, respectively.

(iv) What restrictions on the values of a, b and ¢ follow from the graph being
(a) simple,
(b) connected,

(¢) semi-Eulerian? [3]
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4 (i) Describe carefully how to carry out the first pass through bubble sort when we are using it to sort
a list of n numbers into increasing order. State which value is guaranteed to be in its correct final
position after the first pass and hence explain how to carry out the second pass on a reduced list.
Write down the stopping condition for bubble sort. [5]

(i) Show the list of six values that results at the end of each pass when we use bubble sort to sort
this list into increasing order.

3 10 8 2 6 11

You do not need to count the number of comparisons and the number of swaps that are used.

[3]

Zack wants to cut lengths of wood from planks that are 20 feet long. The following lengths, in feet,
are required.

3 10 8 2 6 11

(iii) Use the first-fit method to find a way to cut the pieces. [2]

(iv) Use the first-fit decreasing method to find a way to cut the pieces. Give a reason why this might
be a more useful cutting plan than that from part (iii). [2]

(v) Find a more efficient way to cut the pieces. How many planks will Zack need with this cutting
plan and how many cuts will he need to make? [2]
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An online shopping company selects some of its parcels to be checked before posting them. Each
selected parcel must pass through three checks, which may be carried out in any order. One person
must check the contents, another must check the postage and a third person must check the address.

The parcels are classified according to the type of customer as ‘new’, ‘occasional’ or ‘regular’. The
table shows the time taken, in minutes, for each check on each type of parcel.

Check contents | Check postage | Check address
New 3 4 3
Occasional 5 3 4
Regular 2 3 3

© OCR 2011

The manager in charge of checking at the company has allocated each type of parcel a ‘value’ to
represent how useful it is for generating additional income. In suitable units, these values are as
follows.

new = 8 points occasional = 7 points regular = 4 points

The manager wants to find out how many parcels of each type her department should check each hour,
on average, to maximise the total value. She models this objective as

Maximise P = 8x + 7y + 4z.
(i) What do the variables x, y and z represent? [1]
(i) Write down the constraints on the values of x, y and z. [4]
The manager changes the value of parcels for regular customers to O points.
(iii) Explain what effect this has on the objective and simplify the constraints. [2]
(iv) Use a graphical method to represent the feasible region for the manager’s new problem. You
should choose scales so that the feasible region can be clearly seen. Hence determine the optimal
strategy. [6]
Now suppose that there is exactly one hour available for checking and the manager wants to find out
how many parcels of each type her department should check in that hour to maximise the total value.
The value of parcels for regular customers is still O points.

(v) Find the optimal strategy in this situation. [3]

(vi) Give areason why, even if all the timings and values are correct, the total value may be less than
this maximum. 1]

Question 6 is printed overleaf.
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6  Consider the following LP problem.

Minimise 2a - 4b+ 5¢ - 30,
subject to 3a+2b-c > 10,
—2a +4c <€ 35,
4a - b < 20,
and a<6, b<8, ¢c<10.

(i) Since a < 6 it follows that 6 — a > 0, and similarly for » and c¢. Let 6 — a = x (so that a is replaced by
6 —x), 8 —b =yand 10 — ¢ = z to show that the problem can be expressed as

Maximise 2x -4y + 5z,
subject to 3x+2y-z<14,
2x -4z <7,
—4x +y <4,
and x20,y20, z=0. [3]

(ii) Represent the problem as an initial Simplex tableau. Perform two iterations of the Simplex
algorithm, showing how each row was obtained. Hence write down the values of a, b and c after
two iterations. Find the value of the objective for the original problem at this stage. [10]

© OCR 2011 4736 Jan11



7

BLANK PAGE

© OCR 2011 4736 Jan11



OCRY

RECOGNISING ACHIEVEMENT

Copyright Information

OCR is committed to seeking permission to reproduce all third-party content that it uses in its assessment materials. OCR has attempted to identify and contact all copyright holders
whose work is used in this paper. To avoid the issue of disclosure of answer-related information to candidates, all copyright acknowledgements are reproduced in the OCR Copyright
Acknowledgements Booklet. This is produced for each series of examinations and is freely available to download from our public website (www.ocr.org.uk) after the live examination series.

If OCR has unwittingly failed to correctly acknowledge or clear any third-party content in this assessment material, OCR will be happy to correct its mistake at the earliest possible opportunity.
For queries or further information please contact the Copyright Team, First Floor, 9 Hills Road, Cambridge CB2 1GE.

OCRiis part of the Cambridge Assessment Group; Cambridge Assessment is the brand name of University of Cambridge Local Examinations Syndicate (UCLES), which is itself a department
of the University of Cambridge.

© OCR 2011 4736 Jan11



OCR¥

RECOGNISING ACHIEVEMENT

ADVANCED SUBSIDIARY GCE
MATHEMATICS

Decision Mathematics 1

PRINTED ANSWER BOOK

Candidates answer on this printed answer book.

OCR supplied materials:
e Question paper 4736 (inserted)
e List of Formulae (MF1)

Other materials required:
e Scientific or graphical calculator

4736

Monday 24 January 2011
Morning

Duration: 1 hour 30 minutes

hal 4 7 =3 s el

Candidate
forename

Candidate
surname

Centre number

Candidate number

INSTRUCTIONS TO CANDIDATES
These instructions are the same on the printed answer book and the question paper.

The question paper will be found in the centre of the printed answer book.

Write your name, centre number and candidate number in the spaces provided on the printed

answer book. Please write clearly and in capital letters.

Write your answer to each question in the space provided in the printed answer book.
Additional paper may be used if necessary but you must clearly show your candidate number,

centre number and question number(s).

Use black ink. Pencil may be used for graphs and diagrams only.

Read each question carefully. Make sure you know what you have to do before starting your

answer.
Answer all the questions.
Do not write in the bar codes.

You are permitted to use a scientific or graphical calculator in this paper.

Give non-exact numerical answers correct to 3 significant figures unless a different degree of
accuracy is specified in the question or is clearly appropriate.

INFORMATION FOR CANDIDATES
This information is the same on the printed answer book and the question paper.

© OCR 2011 [M/102/2697]

The number of marks is given in brackets [ ] at the end of each question or part question on the

question paper.

You are reminded of the need for clear presentation in your answers.

The total number of marks for this paper is 72.
The printed answer book consists of 12 pages. The question paper consists of 8 pages. Any blank

pages are indicated.

RP-0108

OCR is an exempt Charity

Turn over




13)

Order of becoming
permanent
Key:

__—— Permanent label

T Temporary labels

Do not cross out your working values (temporary labels)
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1 (ii)
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2 (i)

Room

A B C D E
A — 12 30 15 22
B 12 — 24 16 30
Room C 30 24 — 20 25
D 15 16 20 — 10
E 22 30 25 10 —
A B
[ [
° ° °
C D E

2 (ii)
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3 (i)

3 (i)

3(@v)(a)

3(@1v)(b)

3(iv)(c)
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4 (i)

4 (ii)
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4 (iii)

4 (iv)

4 (v)

© OCR 2011 Turn over




5 ()

5 (ii)

5 (iii)

S (@iv)
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5 (iv) | (continued)

5(v)

5 (vi)
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6 (i)

6 (ii)
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6 (ii)

(continued)
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6 (ii) | (continued)
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