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For this paper you must have:
* the blue AQA bookiet of formulae and statistical tables.
You may use a graphics calculator.

Time aliowed
¢ 1 hour 30 minutes

Instructions

» Use black ink or black bhali-point pen. Pencil or coloured pencil
should only be used for drawing.

» Fill in the boxes at the top of this page.

* Answer all questions.

* Write the question part reference (eg (a}, (b){i) etc) in the left-hand
margin.

* You must answer the questions in the space provided. Do not write
outside the box around each page.

+ Show all necessary working; otherwise marks for method may be
lost.

+ Do all rough work in this book. Cross through any work that you do
not want to be marked.

* The final answer to questions requiring the use of calculators should
be given to three significant figures, unless stated otherwise.

Information
* The marks for questions are shown in brackets.
¢ The maximum mark for this paper is 75.
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Answer all questions in the spaces provided.

1 (a) Draw a bipartite graph representing the following adjacency matrix,

1 2 3 4 5 6
A 1 0 1 0 1 0
B 0 i 0 1 0 0
C 0 1 0 0 0 1
D 0 0 0 1 0 0
E 0 0 1 0 1 1
F 0 0 0 1 1 0

{2 marks)

(b} Initially, 4 is matched to 3, B is matched to 4, C is matched to 2, and £ is matched
to 5. Use the maximum matching algorithm, from this initial matching, to find a
complete matching. List your complete matching. (5 marks)
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2 A student is using a shuttle sort to rearrange a set of numbers into ascending order.

Her correct selution is as follows,

Y-
Initial Jist G _® .3 9

4 13 1
After 1st pass 5 ' L9 4 131
After 2nd pass 3 5 4 13 |
After 3rd pass 3 5 6 13 1
After 4th pass 3 4 5 6 @ o |
After 5th pass 3 4 5 6 9
After 6th pass 1 3 4 5 6 9 13

Write down the number of comparisons and swaps on each of the passes. (6 marks)

L



3 (a) (I} State the number of edges in a minimum spanning tree for a network with
10 vertices. {1 mark)

(i) State the number of edges in a minimum spanning tree for a network with » vertices.
(1 mark)

(b) The following network has 10 vertices: 4, B, ..., J. The number on each edge
represents the distance between a pair of adjacent vertices.

¢
™
ty

A 14 QB 8.5 C 22.5

15 8
o o o
J 115 7 18 H 19 G 20.5 F
{i) Use Kruskal’s algorithm to find the minimum spanning tree for the network.

(5 marks)

(ii} State the length of your minimum spanning tree. (1 mark)

(itf} Draw your minimum spanning tree. (2 marks)
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The diagram opposite shows a network of roads on a housing estate. The number on
each edge is the length, in metres, of the road.

Joe is starting a kitchen-fitting business.

) Joe delivers lcaflets advertising his business. He walks along all of the roads at least
once, starting and finishing at C. Find the length of an optimal Chinese postman
route for Joe. marks)

Md%\rﬂr@k—(l'fm‘:j l&eﬂ/}«{rﬂd‘o @) {»u

Joe gets a job fitting a kitchen in a house at 7. Joe starts frony C hnd wishes to drive

to T. Use Dijkstra’s algorithm on the diagram opposite to find tife minimum distance
to drive from C to 7. State the corresponding route. (7 marks)
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(b) A@gj 80 ¢ 210 2o 130 F
=l [
80 250 120 200

90 170 130 150

60 'TE? (O

170

Total length of roads = 2410 mefres
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10
5 Angelo is visiting six famous places in Palermo: 4, B, C, D, E and F. He intends to
travel from one place to the next until he has visited all of the places before
returning to his starting place. Due to the traffic system, the time taken to travel
between two places may be different dependent on the direction travelled.
The table shows the times, in minutes, taken fo travel between the six places.
N ,
To ‘
14 D E i
From
& ?.'\:\
A - 0 0 i 27 2
B 15 0 () | 1d3 30
3 3 -

c ( SD/} 30 - 1 2 19

D 20 45 15) 1 2 110

E 10 30 7) 1 4 (15

F 2% 35 19 G |30 |-

et
(a) Give an exampleiof a Hamil konian cycle in this context, (2 marks)

(b) (i} Show that, if the nearest neighbour algorithm starting from F is used, the total

travelling time for Angelo would be 95 minutes. (3 marks)

(i) Explain why your answer to part (b){i) is an upper bound for the minimum travelling

time for Angelo, (2 marks)
(c) Angelo starts from F and visits £ next. He also visits B before he visits D. Find an
improved upper bound for Angelo’s total travelling time. (3 marks)
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(a)

(b}

Each day, a factory makes three types of widget: basic, standard and luxury. The
widgets produced need three different components: type A4, type B and type C.

Basic widgets need 6 components of type 4, 6 components of type B and

12 components of type C.

Standard widgets need 4 components of type 4, 3 components of type B and
18 components of type C.

Luxury widgets need 2 components of type 4, 9 components of type B and
6 components of type C.

Each day, there are 240 components of type 4 available, 300 of type B and

900 of type C.
Each day, the factory must use at least twice as many components of type C as type B.

Each day, the factory makes x basic widgets, y standard widgets and z luxury
widgets.

In addition to x > 0, y 2 0 and z = 0, find four inequalities in x, y and z that
model the above constraints, simplifying each inequality. (8 marks)

Each day, the factory makes the maximum possible number of widgets. On a
particular day, the factory must make the same number of luxury widgets as basic
widgets,

() Show that your answers in part (a) become

x+y <60, Sx+y<100, x+y<50, y=2x (3 marks)

{ii) Using the axes opposite, draw a suitable diagram to enable the problem to be solved
graphically, indicating the feasible region, (5 marks)

(iti) Find the total number of widgets made on that day. (2 marks)

(iv) Find all possible combinations of the number of each type of widget made that
cotrespond to this maximum number. (3 marks)
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7 (a)

The diagram shows a graph with 16 vertices and 16 edges.

] L]
L]

(i) On Figure 1 below, add the minimum number of edges to make a connected graph.
(1 mark)

(ii} On Figure 2 opposite, add the minimum number of edges to make the graph
Hamiltonian. (2 marks)

(iii} On Figure 3 opposite, add the minimum number of edges to make the graph

Eulerian, (2 marks)
{b) A complete graph has n vertices and is Eulerian,
(i) State the condition that # must satisfy. (1 mark)
(i) The number of edges in a Hamiltonian cycle for the graph is the same as the number
of edges in an Eulerian trail. State the value of ». (2 marks)
qESTION
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(a)(iii) Figure 3

Eulerian Graph
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