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Candidates may use any calculator permitted by Pearson regulations.
Calculators must not have the facility for symbolic algebra manipulation,
differentiation and integration, or have retrievable mathematical
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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 answer book 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

A booklet ‘Mathematical Formulae and Statistical Tables’ is provided.

There are 7 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

P62678A

©2020 Pearson Education Ltd.

mnnnnn;/

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.
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. The table below shows the lengths, in km, of the roads in a network connecting seven towns,
A,B,C,D,E, FandG.
A | B C D E F G
A - 24 — | 22| 35 — —
B |24 | - |25 27 - — —
C - 25 — | 33 | 31 | 36 | 26
D | 22 27 | 33 - - 42 -
E | 35 - | 31 — - 137 | 29
F — — 36 | 42 | 37 | — | 40
G — - 126 — |29 | 40 | -
(a) By adding the arcs from vertex D along with their weights, complete the drawing of
the network on Diagram 1 in the answer book.
(2)
(b) 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)
(c) State the weight of the minimum spanning tree.
(1)
(Total for Question 1 is 6 marks)
J
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A — 24 — 22 | 35 — —
B | 24 — 25 | 27 — — —
C — 25 — 33 | 31 | 36 | 26
D | 22 | 27 | 33 — — 42 —
E 35 — 31 — — 37 | 29
F — — 36 | 42 | 37 — 40
G — — 26 — 29 | 40 —

Diagram 1

vy AD-22 V
AR- 248 V
gC -25 V
CG -2 V
gD - 2% reject (mauesa cycie)
EG - 29
CE -3 x reject .
cO —33% x rejec “
AE 35/< reject ™

EF 3T x rejece
G - 4o ¥ rejece v
OF - 42 x reject. ™

C) Wetgnt = 22124 425+26 429136
= 162 Fmn

P 62 6 7 8 A 0 2 2 0
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D(4) K(5)

H(3)
Figure 1

The network in Figure 1 shows the activities that need to be undertaken to complete
a project. Each activity is represented by an arc and the duration, in hours, of the
corresponding activity is shown in brackets.

(a) Explain why each of the dummy activities is required.

2

(b) Complete the table in the answer book to show the immediately preceding activities
for each activity.

2)

(c) (1) Complete Diagram 1 in the answer book to show the early event times and the
late event times.

(i1) State the minimum completion time for the project.

(i11) State the critical activities.

(6)

Each activity requires one worker. Each worker is able to do any of the activities. Once
an activity is started it must be completed without interruption.

(d) On Grid 1 in the answer book, draw a resource histogram to show the number of workers
required at each time when each activity begins at its earliest possible start time.

3)

(e) Determine whether or not the project can be completed in the minimum possible time
using fewer workers than the number indicated by the resource histogram in (d). You
must justify your answer with reference to the resource histogram and the completed
Diagram 1.

2

(Total for Question 2 is 15 marks)

3
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2. (a)

The dummy at the endl of octivity & s wquired as F
ond Gr ore depondent on °“‘3 ao\:wﬂa R, but acuvnts (2]
1S dependent on actwmties 8 and C.

The dummy ot the end of oﬂiwi% V. 5 requwed as
2 acovties” cannot Start at the some ecvent and
finisn at the some event.

(b)
Immediately Immediately Immediately
Activity preceding Activity preceding Activity preceding
activities activities activities
A -— E A I E \ F
B - F J
8 G, H
C - G 8 K Dc I—
P A H 8.c L 0,T
c L)
(3 D(4) IS K(5) 20
G 5 2
E(5) |
I
A(6) 14) FORE
I
B(7) =) F(3) ¥ 21
8 I 2)
T
I
| G(4)
v Key:
J(6
) : ©) Early
: event
-:,. " time
Late
H(3) event
\ 2 | 5 time
Diagram 1

P 6 2 6 7 8 A 0 4 2 0



PhysicsAndMathsTutor.com

Question 2 continued

CiL)  Mw. completion tirme @ 2\ hows

ci) Critical activities: A g, T L

A
number of ¢
workers 5

;_ ElIF ¢ ¢ 1
1 DIEEEGT T T T ]
AnAAAR||DDODETTT TN T .,

| | | |
1 23 45 6 7 8 91011121314151617181920212223

time

(hours)

Grid 1

€) Between T and 10 (hours) + tnere are curventt
5 wovkers To reduce the amount OoF wovkers

we con move oneof e non- tritaiced gt

DiF,Gor K untd ofiey e 10

(Total for Question 2 is 15 marks)

5

MR 0 Turn over
P 6 2 6 7 8 A 0 5 2 0



Direct roads between five villages, A, B, C, D and E, are shown in Figure 2. The weight
on each arc is the time, in minutes, it takes to travel along the corresponding road. The
road from D to C is one-way as indicated by the arrow on the corresponding arc.

Floyd’s algorithm is to be used to find the complete network of shortest times between

the five villages.

(a) Set up initial time and route matrices.

Figure 2

The matrices after two iterations of Floyd’s algorithm are shown below.

Time matrix

A B C
A — 8 4
B 8 — 3
C 4 3 —
D 7 15 1
E 18 | 10 6

15
11

18
10

=0 AW >

@ > |

Route matrix

B

Wi W ww
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C

ellelioliele!

S|T|»|» 0O C

(b) Perform the next two iterations of Floyd’s algorithm that follow from the tables
above. You should show the time and route matrices after each iteration.

The final time matrix after completion of Floyd’s algorithm is shown below.

= T O R >

Final time matrix

A

ANk

B

~

(U RN SN OS]

D
7
10
7

— N O 0 =

2

esilesHiesRlesRilve Rl o

(C))
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3. (a)

Initial time matrix Initial route matrix

A B C D E A B C D E
Al- &€ 4 F o0 A A B c D £
B g -3 o0 16 B A R C 0O E
C ¢ 3 = 00 é cC'A 8 C DO E
D '3 oo |\ - ! D A B8 C D E
E o0 l6 & 1 - E'A 8 ¢ 0 FE

(b)
Time matrix Route matrix

A B C D E A B C D E
Al -[#¥ 4 3 0o AAC cDdD | C
8 [3] - 2 C)La) Bt 8B C c c
cly 3 - 16 c'A 8 C A E
D [s}[43 1 - D ¢ € c p E
E Gojfa) & | ¢ | - E C Clc O E

Time matrix Route matrix

A B C D E A B C D E
Al 3 4 3 (€] A A C € D D
B 3 - 3 14 9 B c B C ¢c ¢
c 4 3 /- n 6 c A B8 C AE
D g |4 ) - |1 b ¢ € € D E
E Celrsifal v | = Ep Do O FE

If you make an error there are spare copies of these matrices on Page 9.
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(c) (1) Use the nearest neighbour algorithm, starting at A, to find a Hamiltonian cycle in
the complete network of shortest times.

(i1) Find the time taken for this cycle.

(i11) Interpret the cycle in terms of the actual villages visited.

&)

(Total for Question 3 is 9 marks)

c"') All CSBqE..Ds A
CL) 443494145 =22 vutes

1) ——————

5
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\
| 2y =5x
£ y=x+1
£ : . i
1 2 3 4 5 X
6x + 5y =30
Figure 3

Figure 3 shows the constraints of a linear programming problem in x and y, where R is
the feasible region.
(a) Write down the inequalities that define R.

(2)
The objective is to maximise P, where P =3x + y
(b) Obtain the exact value of P at each of the three vertices of R and hence find the

optimal vertex, V.

)
The objective is changed to maximise O, where Q = 3x + ay. Given that a is a constant
and the optimal vertex is still V,
(c) find the range of possible values of a.

C)

(Total for Question 4 is 10 marks)
J
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4.
g 2y = 5x
y=x+1
6,
5
4
3 R
2 ]
(
14
0 1 : : ; I
6x + 5y =30
Figure 3
0) 2y 6x
7 xt)
Gx+ 5‘3530
b) 2.$= 5x 2(6 =523
2(x*V) =5x 6+ Sy =30
3x=2 x=00 , y=150

Y=t
62t 5y = 30

- 25 =
x=22, y=32

— R0 K000 0 0
P 6 2 6 7 8 A 0 1 0 2 O



Question 4 continued

= =5
when x =%, y=5

]

P = 3(%)-!-_5—,_”—

3 3
when X = .:: ' 3:__'32_:_
P-3(55) 4% -3
when x=2%  y= 3&
=3 .ﬁ‘) + ?:f’ - '.'.' (wargest value)

"« Optamnod vertex 1S ( L, .3.‘92-

) O = %x+ ay

() (1) 3(8)- (3

25 4+ 3ca > 150 150a
" 39 '3'7-

> ac¢S
Z

(3) e (5> (D) = (35)

35 36“ > 2+ 5 50‘
(1]

2 a>-3

P 6 2 6 7 8 A0 1 1 2 0
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5. The nine distinct numbers-in the following list are to be packed into bins of size 50
23 17 19 X 24 8 18 10 21

When the first-fit bin packing algorithm is applied to the numbers in the list it results in
the following allocation.

Bin1: 23 17 8
Bin2: 19 X 10
Bin 3: 24 18

Bin 4: 21

(a) Explain why 13 < x < 21
3)

The same list of numbers is to be sorted into descending order. A bubble sort, starting at
the left-hand end of the list, is to be used to obtain the sorted list. After the first complete
pass the list is

23 19 17 24 X 18 10 21 8

(b) Using this information, write down the smallest interval that must contain x, giving
your answer as an inequality.

(2)

When the first-fit decreasing bin packing algorithm is applied to the nine distinct
numbers it results in the following allocation.

Bin 1: 24 23
Bin 2: 21 19 10
Bin 3: 18 17 X
Bin4: 8
Given that only one of the bins is full and that x is an integer,

(c) calculate the value of x. You must give reasons for your answer.

(2)

(Total for Question 5 is 7 marks)

7
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S. 23 17 19 X 24 8 18 10 21

o) If x hos been placed v Bin2 then (O <X € 3)
As, Bn | ot this Stoge only (ontaiins #O ond be{om.
2 has been placed . Bin2 pbonl;\) contained

As the I3 nas been placed m Bin3  this imphies fhab
A >50- (1a+18) so X 7 13.

As the 10' has been placed m Bin2 offer the x hen
% £50-(19110) so xg£2.

However | the number ave at distnct ... 13< X <21,

b) 13<¢<\3

c) As x s placedin 8in 3, then X s 50-(1F118)
P AL IS,

Only 1 b is ful , wnon 1s 8in 2 (21419+410= 50).
s X Cannot be eguad to 15.

x connot be onything l€ss or equod ‘o 13,

o X =Y

14
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19 X

y

Figure 4

[The total weight of the network is 320 + x + y]

(a) State, with justification, whether the graph in Figure 4 is Eulerian, semi-Eulerian or neither.

2

The weights on the arcs in Figure 4 represent distances. The weight on arc EF is x where
12 < x < 26 and the weight on arc DG is y where 0 < y < 10

An inspection route of minimum length that traverses each arc at least once is found.
The inspection route starts and finishes at A and has a length of 409

It is also given that the length of the shortest route from F to G via A is 140

(b) Using appropriate algorithms, find the value of x and the value of y.
)

(Total for Question 6 is 11 marks)
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F |F |58+

84, Sg+x

G| 6 |ty
q'ol &O-l-\.\

45

5|4 |58

58

19

3

13|39

4?2 39

15

2 |24
21

3 o

= R ]

e w
S g

S
O

< z

>

)
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Final
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Order of
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Vertex

Working values




b Conhnueo\)

Sorteot patih from A o F: 68+
Shortest patn. from A +o G 601’3

58+x+cgo+3 = 140
xty=22 — ©

Odd nodes . A.CJI’

AGr = Ot t}
AG 'S tranSvevsed +tuwice

W&th of new rowte:
(320 1txt+y) + (LOty) = 409
X +2y= 29 —

®-@:

xty-(x 125) = 2229
_(d:-. -3

(5::'7- x= |15

)
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7. A maximisation linear programming problem in x, y and z is to be solved using the
two-stage simplex method.

The partially completed initial tableau is shown below.

Vfreili)cle X Y z 5 5, S, a, a, Value
s, 1 3 1 0 0 0 0 45
a, 3 2 0 0 1 0 1 0
a, -1 0 4 0 0 -1 0 1 4
P -2 -1 -3 0 0 0 0 0 0
Y

a) Using the information in the above tableau, formulate the linear programmin
g prog g
problem. State the objective and list the constraints as inequalities.

“4)
(b) Complete the bottom row of Table 1 in the answer book. You should make your
method and working clear.
(2)
The following tableau is obtained after two iterations of the first stage of the two-stage
simplex method.
Basic z s Ry s Value
variable o Y ! 2 3 % % 4
5 7 3 7 3 147
Sy 0 6 0 1 B 4 ) 3 3
2 1 1
X 1 3 0 0 -3 0 3 0 3
1 1 1 1 1 7
z 0 6 1 0 F K 5] 1 7
5 11 3 11 3 45
0 6 0 0 1 ~3 B 1 T
A 0 0 0 0 0 0 1 1 0
(c) (i) Explain how the above tableau shows that a basic feasible solution has been
found for the original linear programming problem.
(i1)) Write down the basic feasible solution for the second stage.
3)
(d) Taking the most negative number in the profit row to indicate the pivot column,
perform one complete iteration of the second stage of the two-stage simplex method,
to obtain a new tableau, 7. Make your method clear by stating the row operations
you use.
3)
9
P62678A
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~\
(e) () Explain, using 7, whether or not an optimal solution to the original linear
programming problem has been found.
(i1)) Write down the value of the objective function.
(i11) State the values of the basic variables.
3)
(Total for Question 7 is 17 marks)
TOTAL FOR PAPER IS 75 MARKS
J
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7

OL\ pmom = 2x+ Yr 3z

. 1*23*37. < s
. 33:.-&237,‘1
s =X+ Z22 4

b) x +2y+3z2+5,=us
342y - Sz ta=Q 2a,=A-3x-24y+S;
— X442 -Sztaz=4 D o= &4ak-Lz435;3
A=-(a+a,) = —(Q-Sx—?—a-rSz. + 44X —l24S;)
= = \13-2x -2y4y-4Z+5,+53)

V?r?eslli)ie X Y z S, S, S, a, a, Value
s, 1 2 3 I 0 0 0 0 45
a, 3 2 0 0 - 0 1 0
a, -1 0 4 0 0 1 0 1 4
P -2 -1 3 0 0 0 0 0
4 -2 -2 -4 ) | ' () o -13
Table 1

ct) In e tovleau, the valus of the objective

A equals to zevo, "meWing  that the  basc
f cosivte solution  Wos been found.

18

P 6 2 6 7 8 A 0 1 8 2 0



PhysicsAndMathsTutor.com

Question 7 continued

b.v. X v z s, s, S, Value
x 1 < 0 0 -1 0 3
EEEEEEEREEE I

b.v. X y z s, s, S, Value | Row Ops

S2 |lo '>2 0 (V3 4 W7 |63 |RI+ ’74_2

x '\ %2 o (% o 34 |4 |e2+4p

2 |lo 273 YVa o 4% | F |r3 L
rlo e | © Wp o (%4 |69 |eurise

Spare copy
b.v. X y z S, s, S, Value | Row Ops

P

e.) An optimad Solutwon has been found as there
1S no Negotwve volued in the opjectave P row.

ew) P= 69

19
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Question 7 continued
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e
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(Total for Question 7 is 17 marks) i

oS
%
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TOTAL FOR PAPER IS 75 MARKS s
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