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Instructions

® Use black ink or ball-point pen.

® If pencil is used for diagrams/sketches/graphs it must be dark (HB or B).

® Write your answers for this paper in the Decision Mathematics answer book
provided.

@ Fill in the boxes at the top of the answer book with your name,
centre number and candidate number.

® Do not return the question paper with the answer book.

® Answer all questions and ensure that your answers to parts of questions are
clearly labelled.

® Answer the questions in the spaces provided
— there may be more space than you need.

® You should show sufficient working to make your methods clear.
Answers without working may not gain full credit.

® Inexact answers should be given to three significant figures unless
otherwise stated.

Information
® There are 6 questions in this question paper. The total mark for this paper is 75.
® The marks for each question are shown in brackets

— use this as a guide as to how much time to spend on each question.

Advice

® Read each question carefully before you start to answer it.

® Try to answer every question.

® Check your answers if you have time at the end.

® If you change your mind about an answer, cross it out and put your new answer
and any working underneath.
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Write your answers in the D1 answer book for this paper.

The table shows the least distances, in km, between six towns, A, B, C, D, E and F.

A B C D E F

— 122 217 137 109 82
122 — 110 130 128 204
217 110 — 204 238 135
137 130 204 — 98 211
109 128 238 98 — 113
82 204 135 211 113 —

H b | O O |wW | >

Liz must visit each town at least once. She will start and finish at A and wishes to minimise the
total distance she will travel.

(a)

(b)

(©)

(d)

Starting with the minimum spanning tree given in your answer book, use the shortcut method
to find an upper bound below 810km for Liz’s route. You must state the shortcut(s) you use
and the length of your upper bound.

2

Use the nearest neighbour algorithm, starting at A, to find another upper bound for the length
of Liz’s route.

2

Starting by deleting F, and all of its arcs, find a lower bound for the length of Liz’s route.
3

Use your results to write down the smallest interval which you are confident contains the
optimal length of the route.

1)

(Total for Question 1 is 8 marks)
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1.
A B C D E F

o)
A — 122 217 137 109 82 g
B 122 - 110 130 128 204 9|

=
C 217 110 - 204 238 135 :_:l_' :
D 137 130 204 — 98 211 "21 '
E | 109 | 128 | 238 | 98 | — | 113 T

w
F 82 204 135 211 113 - b e

£

(@)
D 98 E 109 A 122 B 110 C
@ L @ @ @
82
[ )
F
a) \ASfﬂg CF and AD as short cwt,
wppey bownd : Q84 169 Y1224 110482 41374135 = 7193 km
y,
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Question 1 continued
(b) O 6 66 O & @
A B C D E F
A — | AT 82
B | L2 Ho | BV | el 204
C 217 (110 - 204 | 238 | 135
D | 137 | 130 [ 204 | — | (O8) | alL.
E |09 | 128 | 23R ag _ @
F @ 204 135 | oy |43
b) AFEDBC A
824 N3+98+130+1104 217 =350 km
(©)
A B C D E F
A - 122 | 217 | 137 | 109 | 82
B 122 - 110 | 130 | 128 | 204
C 217 | 110 - 204 | 238 | 135
D 137 | 130 | 204 - 98 | 211
E 109 | 128 | 238 | 98 - 113
F 82 | 204 | 135 | 211 | 113 -
RMST & 98 + 109 +122 ¥ N0 = 43 K,
Y39+ 32+ N3 = 634 km
d) 634 ¢ optimal length ¢750
Q1

(Total for Question 1 is 8 marks)
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2. Kruskal’s algorithm finds a minimum spanning tree for a connected graph with n vertices.
(a) Explain the terms
(1) connected graph,
(i1) tree,

(ii1) spanning tree.

(&)

(b) Write down, in terms of n, the number of arcs in the minimum spanning tree.

0y

The table below shows the lengths, in km, of a network of roads between seven
villages, A, B, C, D, E, F and G.

A B C D E F G
A — 17 — 19 30 — —
B 17 - 21 23 - — -
C — 21 — 27 29 31 22
D 19 23 27 — - 40 —
E 30 — 29 — — 33 25
F — — 31 40 33 - 39
G - — 22 — 25 39 —

(¢) Complete the drawing of the network on Diagram 1 in the answer book by adding the necessary
arcs from vertex C together with their weights.

2)

(d) Use Kruskal’s algorithm to find a minimum spanning tree for the network. You should list the
arcs in the order that you consider them. In each case, state whether you are adding the arc to
your minimum spanning tree.

3

(e) State the weight of the minimum spanning tree.

0y

(Total for Question 2 is 10 marks)
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2.
&i) Every pair of nodes ave connecied by a path
i) A connected graph with no cycies
i) A vee which connects all nodes
b) n-l = aumbber of arcs n the mMimuwn Bpannney bree
(©)
B My C
17 27 22
A
G
30
39
E 33 F
Diagram 1
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Question 2 continued
d) * -AB
\ 1~ AD
21- 8C
22-Cg
23-8D  reect  (compleves o cycle)
25- EG
21- cD  reject ((chnp\cbes a Ccyce)
29- ce  rgect . [@vmpletes o cyae)
B- AL it (compieten o oycle)
3(- CF
53- EFF 1ot (omprees o cyd€)
31- fg reject (COfY\p\?,W) o~ ce
4o~ DF  rejec (Cow\\o\ete)S o CIC))
¢) )7+ 14x 21+ 22+ 154 31 = 135 km
Q2
(Total for Question 2 is 10 marks) T
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12.1 9.3 15.7 10.9 17.4 6.4 20.1 7.9 8.1 14.0

(a) Use the first-fit bin packing algorithm to determine how the numbers listed above can be
packed into bins of size 33

3
The list is to be sorted into descending order.

(b) (1) Starting at the left-hand end of the list, perform two passes through the list using a bubble
sort. Write down the state of the list that results at the end of each pass.

(i1)) Write down the total number of comparisons and the total number of swaps performed
during your two passes.

(C))

(c) Use a quick sort on the original list to obtain a fully sorted list in descending order. You must
make your pivots clear.

(C))

(d) Use the first-fit decreasing bin packing algorithm to determine how the numbers listed can be
packed into bins of size 33

(&)

(e) Determine whether your answer to (d) uses the minimum number of bins. You must justify
your answer.

0y

(Total for Question 3 is 15 marks)
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12.1 93 15.7 10.9 17.4 6.4 20.1 7.9 8.1 14.0

a) Bin1: 12.1 9.3 109
Bin2° 157 64 19
Bin 3: 1.4 8.

Bin 4: 20.|
BinS: 4.0

bi) 2.0 157 1049 1714 9.3 20.) 19 3. %0 64
157 121 M.% 1093 201 43 g.) 1.0 7.9 6.y
i) No. of comparisons: 943 =1]
No. of Swaps: 7135:12

¢) 12.0 4.3 151 1049 174‘2“7‘1 8.1 14.0
12.1 9.3 181 109 @Y 20\ 73 81 M0 [6
zo\;ﬂ 121 93 \ST E],Hl
20.) {iI1.9) n\@mo [03] °!3‘

20 T4 @B7) 71 &9 iog 43 (D @
101 [19) [57) (89 12 @Al 1 D

sovi complete

d) Binl: 20.1 12
Bin 2° 17.% 130
Bin 3° 151 109 6-4%
Bn%: 9.3 8.1 74

e) (201 +17.341S. 74140 +12.1 +10+ 9.3 +8.1+7.946.4)+ 33
= 121.9+33

3.61

B

4 bing is the minimum

(s
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Figure 1

[The total weight of the network is 196 ]

Figure 1 models a network of roads. The number on each edge gives the time, in minutes, taken to
travel along that road. Oliver wishes to travel by road from A to K as quickly as possible.

(a) Use Dijkstra’s algorithm to find the shortest time needed to travel from A to K. State the
quickest route.

()
On a particular day Oliver must travel from B to K via A.

(b) Find a route of minimal time from B to K that includes A, and state its length.

2

Oliver needs to travel along each road to check that it is in good repair. He wishes to minimise the
total time required to traverse the network.

(c) Use the route inspection algorithm to find the shortest time needed. You must state all
combinations of edges that Oliver could repeat, making your method and working clear.

(7

(Total for Question 4 is 15 marks)
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Oh = (L+2+T) + bt : 49 +HY

(30}

IEYLOUS he = (s+s) + 90 - HE+ 4V

O

20 3EIPOUS Re = (S+01) +bl : Hi+ BV

Q)

H'179'V :sapov PPO (>

gutw (G = ¢g+ bl
A HDY 309 (4

panunuod $ uonsand)

(Total for Question 4 is 15 marks)
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5. A linear programming problem in x and y is described as follows.
Maximise P = 5x + 3y
subject to: x > 3
x+y<9
15x + 22y < 165
26x — 50y < 325
(a) Add lines and shading to Diagram 2 in the answer book to represent these constraints. Hence
determine the feasible region and label it R.
“)
(b) Use the objective line method to find the optimal vertex, V, of the feasible region. You must
draw and label your objective line and label vertex V clearly.
(2)
(c) Calculate the exact coordinates of vertex V and hence calculate the corresponding value
of PatV.
3
The objective is now to minimise 5x + 3y, where x and y are integers.
(d) Write down the minimum value of 5x + 3y and the corresponding value of x and corresponding
value of y.
(2)
(Total for Question 5 is 11 marks)
562 Pearson Edexcel International Advanced Subsidiary/Advanced Level in Mathematics, Further Mathematics and

Pure Mathematics - Sample Assessment Materials (SAMs) - Issue 3 - June 2018 © Pearson Education Limited 2018



PhysicsAndMathsTutor.com

12

10

-10

Leave
blank

/
4
\
N
d
N\
/
l'
/
4
/ Cdl
-
" A

\ / , , v
/| \ P
A
N \
/ \
/ N\ M
v'
\ 4 \ »
7 »
- N\ \ 1 1 X
< S Ve | | |
AN
\
4
\ /
/ L
4
A y N
| \
\ \ N\
”

/ g lS'n,-t?.'Zj

PN

7
N\

Diagram 2

576

Pearson Edexcel International Advanced Subsidiary/Advanced Level in Mathematics, Further Mathematics and
Pure Mathematics - Sample Assessment Materials (SAMs) - Issue 3 - June 2018 © Pearson Education Limited 2018

so

e

-

SIS

5
%5
‘po
o2

.....
e
55
<%

S5
Sogogesetet
33888

R
8%
355

%
%

8
255
5

R
XXX

X
RS
3%

0%~
SO
3@&1&5
3RX IS
XX

<
bogoses

Sototetes
boge%es
PSSR 1
ho%s

X
KK KIERLIIKRLIIKRLK
O

%5
KRS
CRRRRS

KRR

KK
G IRIKKIILEE
SRR

35
boses

Sodetetototoletetetete% 2o %0 % %!

<>

0%l

<K

<
QRIS

CRRRRIKS

R

::
’:
S

%% %

QRS

%% %%

KRRKKS
botetels
%

A
-

Do%eiosr 0%
il
[elere %
SRRTE
9% 1. 08%
prosoteioses
it

K
X

<
)
‘9

patetetototototototoresese, s

%

PaSatetetetetetetetototel
CRRRRIILLLL:

0205
R

9%
o5

oo
%%



DONOTWRITEIN THIS AREA DO NOT WRITE IN THIS AREA

DONOTWRITEIN THIS AREA

PhysicsAndMathsTutor.com

ok
Question 5 continued
€) mt Y= q
y=q9-n - Q@
2n-50y:325 —@
26 - (9-n) 50 =325
Tbwv = 115
= 1S
T8
P
T
T
16
P= 5 (2 )+3 ()
= 180
38
= 4.4
d) =3
26m-50y = 325
26(3)-503=325
Y = -4.94 358 an_integer 30 Y= -4 or y=-5
when y=-% | 26M-50y = 27% ¢315
Y= "o, QC%"SO‘.’% 328 >318 nle
n:-l{ , ME 3
min value : 5(3)+3(-4) =3
Q5
(Total for Question 5 is 11 marks) |
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H(6)

Figure 2

A project is modelled by the activity network shown in Figure 2. The activities are represented
by the arcs. The number in brackets on each arc gives the time required, in hours, to complete the
activity. The numbers in circles are the event numbers. Each activity requires one worker.

(a)

(b)

(©)

(d)

(e)

Q)

Explain the significance of the dummy activity
(1) from event 5 to event 6

(i) from event 7 to event 9.

(2)
Complete Diagram 3 in the answer book to show the early event times and the late event times.

“)
State the minimum project completion time.

ey

Calculate a lower bound for the minimum number of workers required to complete the project
in the minimum time. You must show your working.

2

On Grid 1 in your answer book, draw a cascade (Gantt) chart for this project.

(C))

On Grid 2 in your answer book, construct a scheduling diagram to show that this project can
be completed with three workers in just one more hour than the minimum project completion
time.

(€))

(Total for Question 6 is 16 marks)

TOTAL FOR PAPER IS 75 MARKS
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6. (a)
i) To show that J only dependS on F but 1 depends on D ,Eand F.
W) To describe G and H um’q,uela in ferms of evenis at each end.
(b)
5 D (4) 13112 |15
10 4 16
i
A(S) E (7) A K (5)
|
0 B (4) Y 13 J(8) 2]
0 4| FO |3 gl
//
/
,/ Key:
c G ///4 Early
,/ event
1 13 /// ‘Errie
‘ ate
" H (6) ) event
time
Diagram 3
C) 21 hours
) (5+347+44749+714 6424 84 5) =21 642
= 3.047%
lower bound = Y4 wovker$
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Question 6 continued
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