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Write your answers in the D1 answer book for this paper.

Ae 1 Ae o1
B 2 B 2
C 3 C><03
D 4 De 4
E 5
o,

Figure 1 Figure 2

(a) Define the term ‘bipartite graph’.
2

Figure 1 shows the possible allocations of six people, A, B, C, D, E and F, to six activities, 1, 2, 3,
4,5and 6

Figure 2 shows an initial matching.

(b) Starting from this initial matching, use the maximum matching algorithm to find a complete
matching. You should list the alternating path that you use, and state your complete matching.

€))

(Total 5 marks)
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The network in Figure 3 shows the activities that need to be undertaken by a company to complete
a project. Each activity is represented by an arc and the duration of the activity, in days, is shown
in brackets. Each activity requires exactly one worker. The early event times and late event times
are shown at each vertex.

Given that the total float on activity B is 2 days and the total float on activity F is also 2 days,

(a) find the values of w, X, y and z.

(C))

(b) Draw a cascade (Gantt) chart for this project on Grid 1 in the answer book.
“4)

(c) Use your cascade chart to determine the minimum number of workers needed to complete the
project in the shortest possible time. You must make specific reference to time and activities.
(You do not need to provide a schedule of the activities.)

2)

(Total 10 marks)
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Figure 4

Figure 4 represents a network of train tracks. The number on each edge represents the length, in
kilometres, of the corresponding track. Sally wishes to travel from A to J. She wishes to minimise
the distance she travels.

(a) Use Dijkstra’s algorithm to find the shortest path from A to J. State the path and its length.
()

(b) Find a route of minimal length that goes from D to H via A and state its length.
2

(c¢) Use Prim’s algorithm, starting at E, to find a minimum spanning tree for the network. You must
clearly state the order in which you select the edges of your tree.

A3)

(d) Find the length, in kilometres, of your minimum spanning tree.

(1)

(Total 12 marks)
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Figure 5 shows the constraints of a linear programming problem in X and Yy, where R is the feasible
region.

(a) Determine the inequalities that define the feasible region.

A3)

(b) Find the exact coordinates of the vertices of the feasible region.

A3)
The objective is to maximise P =2x + 3y.

(c) Use point testing at each vertex to find the optimal vertex, V, of the feasible region and state
the corresponding value of P at V.

A3)
The objective is changed to maximise Q = 2x + Ky, where K is a constant.

(d) Find the range of values of k for which the vertex identified in (c) is still optimal.
@)

(Total 11 marks)
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Figure 6
[The total weight of the network is 601]

Figure 6 represents a network of footpaths in a park. The number on each arc is the length, in
metres, of the corresponding footpath. An inspection route of minimum length that traverses each
footpath at least once needs to be found.

(a) Write down the nodes at which the route will start and finish.

(1)

It is now decided to start the inspection route at B and finish the inspection route at D. A route of
minimum length that traverses each footpath at least once needs to be found.

(b) By considering the pairings of all relevant nodes find the arcs that will need to be traversed
twice. You must make your method and working clear.

C))

(c) Write down a possible shortest inspection route, giving its length.

2

(Total 7 marks)
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30 11 21 53 50 39 16 4 60 43

The numbers in the list above represent the lengths, in cm, of some pieces of electrical wire. The
wire is sold in one metre lengths.

(a) Use the first-fit bin packing algorithm to determine how these pieces could be cut from
one metre lengths. You should ignore wastage due to cutting.

3
The list of numbers above is to be sorted into ascending order.
Starting at the left-hand end of the list, after three passes of the bubble sort, the list is
11 21 30 16 4 39 43 50 53 60
(b) (i) Write down the list that results at the end of the fourth pass.
(1)) Write down the number of comparisons and swaps performed during the fourth pass.
3

The original list of numbers is now to be sorted into descending order.

(c) Perform a quick sort to obtain the sorted list. You should show the result of each pass and
identify your pivots clearly.

“)

(d) Use the first-fit decreasing bin packing algorithm to determine how these pieces could be cut
from one metre lengths. You should ignore wastage due to cutting.

3

(Total 13 marks)
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7. Emily is planning to sell three types of milkshake, strawberry, vanilla and chocolate.

Emily has completed some market research and has used this to form the following constraints on
the number of milkshakes that she will sell each week.

e  She will sell fewer than 200 non-vanilla milkshakes in total.
e  She will sell at most 2.5 times as many strawberry milkshakes as vanilla milkshakes.

e At most, 75% of the milkshakes that she will sell will be vanilla.

The profit on each strawberry milkshake sold is £0.75, the profit on each vanilla milkshake sold is
£1.20 and the profit on each chocolate milkshake sold is £1.45

Emily wants to maximise her profit.

Let X represent the number of strawberry milkshakes sold, let y represent the number of vanilla
milkshakes sold and let z represent the number of chocolate milkshakes sold.

(a) Formulate this as a linear programming problem, stating the objective and listing the constraints
as simplified inequalities with integer coefficients.

(6
In week 1, Emily sells 100 strawberry milkshakes and 25 chocolate milkshakes.

(b) Calculate the maximum possible profit and minimum possible profit, in pounds, for the sale of
all milkshakes in week 1. You must show your working.

©))

(Total 9 marks)
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Activity | Immediately preceding activities

A _
B _
C A
D A
E B
F B
G B,D
H B,D
I E, H
J C, G, 1
K E,F,H

(a) Draw the activity network described in the precedence table, using activity on arc. Your
activity network must contain only the minimum number of dummies.

(C))
The earliest start time for activity G is 12 and the latest finish time for activity E is 25
Given that the duration of activity H is 10
(b) find the total float of activity H.

(1)
(c) State whether the path ADHIJ is a critical path. Justify your answer.

2

(Total 8 marks)
TOTAL FOR PAPER: 75 MARKS

END

P51509A 9



PMT

BLANK PAGE

P51509A 10



PMT

BLANK PAGE

P51509A 11



PMT

BLANK PAGE

P51509A 12



PMT

[ ~
Write your name here
(Surname Other names )
J
Centre Number Candidate Number
Pearson Edexcel
International
Advanced Level
'Decision Mathematics D1
Advanced/Advanced Subsidiary
Thursday 18 January 2018 — Afternoon Paper Reference
Jime:1 hour 30 minutes WDMO']/O'L
q\nswer Book Total Marks
Do not return the question paper with the answer book.
\_
. y
Turn over

©2018 Pearson Education Ltd.
P 51 5 0 9 A 01 2 0

iy Pearson



Figure 1

Figure 2

N
Leave

blank

P 51 5 0 9 A0 2 2 0

MK
poasitetatet

S5 -
XIS
SLTES
s
PP

SRS
AL

o2
<
o

o%
N
SRS

GSELRREERKE
RRRRKEHRKLLLRKS

COXAXAR
O
BILE

SHRRLHRS

R XS
9 YN

) W
T %
ERRKLRRRGEEKL.

1
( ~ ¥
WA e
QLR

%

%
%
ez

X

B
30
8%
1S
P
P
SRS
292
<
5
25
92

KRS
IR ALR I A ‘:"

<
555
<5
3
258
X

<
<
XA

%%
<X

XA

X560
LS otatotetotototetettotoretets
K
oot tet et tetetete e
KRR

QORI
RRELRS

X
SRR
CRRIILKILS

RILIRLR
%

<
X
6%



PMT

N
gsgzgzg: Leave
S

blank
KBS Question 1 continued

basesese!
g Ae ol Ae o1

S
S

TS

QLKL

o Be o2 Be o2
=

E e ®5 Ee ®5

0K
0

RN

9,
0592

%

(XK
o
i
%

%%
s
0

X

%%
Qf

CEXAK
20355
e
N
K

%
x5
<Y
2
%%

o

P
XXX J

ALK

RRRIEKS

(%
X

&

botess

%

oot
L
P00 e %

5
KR!
&
S5
%

S
>
<N
)
K

%

P
2l

5
090009000000 00000000 %

ORI AR IAK AR XA

<
5

<5
0o
X

OO
58
s

"l

RE
%!

QCARRLEIIRILRA

RRELRS

KK

REERKLLRS

IR
SRR
potstetetetotoloteietotorel
S
XA

(Total 5 marks)

0%
%

6%

<
X
6%
<
<
XA

3

ﬁ[\l]‘ll r
I 5 I 5 0 9 l\ 0 3 2 O



A(5)

B(2)

D)

18

E(7)

12

F(x)

G(7)

K(5)

L(6)

Key:

Early
event
time

Late
event
time

27

C(6)

~

H4)

16

J(4)

M(7)

27 |,

1(10)

16

Figure 3

NQ)

27

~
Leave

blank

P 5 1 5 0 9 A 0 4 2 0

MK
poasitetatet

S5 -
SIS
SOSTTES
s
PP

SRS
R

KX
000 Sotot
Bo%ey: - 308
RETKL
(OIS
o Setetee!
93

o>
%els

O
ORI
0‘0
0020209

0%
%%
%%
%
KL

%

%
SRR

RERRRIIER

0
ol
LS

Q8

00000000909,
SIRNELRREE
Eoadotetotetetotetetotete!
HRILARLLRKIHIRRK,

:.0’00000000000000000
<

%

3%

%S

MR <
%
X

IR ISR
RS X
DN

SIS

CRRKIHALLILLS

ol Sivartotet
=
e200:9,948
bosoe-—to%et
Josoratols

& <
KREEK
PO o
peogereLidst
& s’
KPP
KIS
Badoreteled
K

X

B
30
2%
1S
P
P
L%
292
<
5
25
92

R
%
o !

IR ALR I A

%%
<X

oooooooooooozoztzg’
IRLIE,
LIRSS

LXK IA XKL A %

950
9%
S5
o
558

<>
ot tetotetetetebotetote tes

QORI
RRELRS

8
SSotetototesotetetotess

09000 900.009.009:0:%

%



PMT

-
N
(5]
Vv
Le:nk
bl
3]
8 |
2 T |
|
6 ] | |
2l T | | |
] | | | |
214 T | | | | |
1 | | | | | |
212 T | | | | | | |
I | | | | | | | |
210 T | | | | | | | | |
2 I | | | | | | | | | |
1l T | | | | | | | | | | |
] | | | | | | | | | | | |
6
1l T | | | | | | | | | | | | |
I | | | | | | | | | | | | | |
114 T | | | | | | | | | | | | | | |
I | | | | | | | | | | | | | | | |
112 T | | | | | | | | | | | | | | | | |
0 I | | | | | | | | | | | | | | | | | |
1l T | | | | | | | | | | | | | | | | | | |
] | | | | | | | | | | | | | | | | | | | |
d 8
ue - | | | | | | | | | | | | | | | | | | | | |
tin I | | | | | | | | | | | | | | | | | | | | | |
on ? T | | | | | | | | | | | | | | | | | | | | | | |
2¢ T | | | | | | | | | | | | | | | | | | | | | | | |
ion ‘l‘ T | | | | | | | | | | | | | | | | | | | | | | | | |
ti T | | | | | | | | | | | | | | | | | | | | | | | | | |
es
( u % T | | | | | | | | | | | | | | | | | | | | | | | | | | |
Q ] | | | | | | | | | | | | | | | | | | | | | | | | | | | |
(1) T | | | | | | | | | | | | | | | | | | | | | | | | | | | | |
[ | | | | | | | | | | | | | | | | | | | | | | | | | | | | | |
| | | | | | | | | | | | | | | | | | | | | | | | | | | | | | |
| | | | | | | | | | | | | | | | | | | | | | | | | | | | | | |
| | | | | | | | | | | | | | | | | | | | | | | | | | | | | | |
| | | | | | | | | | | | | | | | | | | | | | | | | | | | | | |
S | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | |
“g‘.;‘,é | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | |
‘?v
§§§1z" | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | !
(93
3 | | | | | | | | | | | | | | | | | | | | | | | | | | | | | !
| | | | | | | | | | | | | | | | | | | | | | | | | | | | !
| | | | | | | | | | | | | | | | | | | | | | | | | | | I
| | | | | | | | | | | | | | | | | | | | | | | | | | I
| | | | | | | | | | | | | | | | | | | | | | | | | I
| | | | | | | | | | | | | | | | | | | | | | | | 1
| | | | | | | | | | | | | | | | | | | | | | | 1
| | | | | | | | | | | | | | | | | | | | | | 1
| | | | | | | | | | | | | | | | | | | | | 1 2
| | | | | | | | | | | | | | | | | | | | I Q
| | | | | | | | | | | | | | | | | | | I »
| | | | | | | | | | | | | | | | | | 1
- | | | | | | | | | | | | | | | | | 1
::\.' | | | | | | | | | | | | | | | | 1 ) 5
"?’iii‘ ! ! ! ! ! ! | ! | | | | | | - rks
‘«v’
53?":%‘ ! I ! ! | ! ! ! ! ! ! ! ! ! ! id 1 a
25:‘;‘.3:33’ ! ! ! ! ! ! ! ! ! ! ! ! - ri 10 m
<3 | | | | | | | | | | | | ! G 1
| | | | | | | | | | | ! ota
| | | | | | | | | | ! (T
| | | | | | | | | 1
| | | | | | | | I
| | | | | | | I
| | | | | | 1
| | | | | 1
5 | | | | 1
»t.::iiii I I I '
00%««
o |
zziszziszz o
zzizszzzz: |
“‘00’.«:
:&t::::“
00
t:t::::’“
»..o..:::
::t::::z:’*
“‘&%«:
“‘o’o«»
::t:::?:tzo
3331'.,"3::
23:«;.««’*‘0
00‘«‘13::’
:::gt«fv‘.
N 5
::01;5::
3‘0’:%:?22.
00%.;«4..
»%o:"'»
:::«.-‘
::t:t‘:::‘
o%‘l,/.:
::::'“’o
m;?;:z:
23:&’:’%3.
::::”;*,:*
’0‘0)-1;0:
0‘0,‘0»0.
00‘«:«»
"’o%w»
:::::::0»
000.0«:::’
"’0‘«0»
:::::::wo
000.0«:::’
“’0‘«0»
"‘o’o«w
:2’.::::::%

E—
over
n
r
Tu
I
Il
i
I 0
i}



( Leave\
blank
3.
B 4 C
10 18
24
G 33 Al 1]0
10
11 27 35
14
» H 24\ F E D
12 20
34
8
31
26
J
Order of | Final
Vertex labelling | value
Working values
Shortest path:
Length of shortest path:
.

P 5 1 5 0 9 A 0 6 2 0

SSavave 10es
S5

b
=
(005 %
< AIS
=
e i
PP

S,
boterarale!
SRS

=
%S
s 4

RS
05, S0
SIS,
SRS
AL

000’0.0.9’.00

SRS

Q8

L
55
QLR

LK
092
QX

%
%%
RRKLRRS
RRLERS
SRR

0
ol
0

R RIEEIREEARRIIR
CGCIKLICRIRL

<
35
525
<

:’:’:
i IS99
‘:""
b2

o
v
d
oI

€KL KRKA R

Q9SIREILIIIKE

IR IR IR HEIIHKAIR KA
USRI

AL LLELLER

SO
LYK
GKS
e 200
SodeTi%0%¢
:‘“':"
LKL
‘:‘ :‘:
POseat et
BB,
SRR

R
S
KRR

11
= ¥
e
G2

0
o
L

N
o

X

B
30
2%
1S
P
P
20
<
5
25
92

R
%
o !

IR ALR I A

%%
<X

oooooooooooozoztzg’
IRLIE,
LIRSS

LXK IA XKL A %

950
9%
S5
o
558

<>
ot tetotetetetebotetote tes

QORI
RRELRS

8
SSotetototesotetetotess

09000 900.009.009:0:%

%



PMT

N
gsgzgzg: Leave
S

blank
L3858 Question 3 continued C

R
Pve

KPR
ca
Sopme

Figure 4

AR
LRSS
AN
FAS
5%

%%
7S
£

X

%%
Qf

X
20355
R
N
S

¢
%
8

DO

SRR

<
S
>

(%
X

&

botess

2

oot
L
DeSo! %8

%
G
{x

X
=

o
o
%
X
5

S8
)
IR0

P
2l

5
090009000000 00000000 %

ORI AR IAK AR XA

<
5
<5
0o
X
\U

OO
58
RO

el

R
%!

QCARRLEIIRILRA

RRELRS

KK

Q3

6%

IR
SRR
potstetetetotoloteietotorel

KRR

(Total 12 marks)

0%
%

6%

<
X
6%
<
<
XA

7

ﬁ[\l]‘ll r



Figure 5

N
Leave

blank

P 5 1 5 0 9 A 0 8 2 0

SSavave 10es
poasitetatet

S5 -
XIS
SLTES
s
PP

IR

o2
<
o

o%
N
SRS

GSELRREERKE
RRRRKEHRKLLLRKS

COXAXAR
O
BILE

SHRRLHRS

R XS
9 YN

) W
T %
ERRKLRRRGEEKL.

1
( ~ ¥
WA e
QLR

%

%
%
ez

X

B
30
8%
1S
P
P
SRS
292
<
5
25
92

KRS
IR ALR I A ‘:"

<
555
<5
3
258
X

<
<
XA

%%
<X

XA

X560
LS otatotetotototetettotoretets
K
oot tet et tetetete e
KRR

QORI
RRELRS

X
SRR
CRRIILKILS

RILIRLR
%

<
X
6%



PMT

& )
o Leave
SR8

0% blank

S5 Question 4 continued

R
Pve

KPR
ca
Sopme

9%
XKL

X

AR

0505
phogesels
O 1
R

o
£
v

%%
0.‘0

CEXAK
20355
e
N
K

¢
%
R

DO

SRR

<
S
>

(%
X

&

botess

%

S

5
KR!
&
S5
%

S
>
<N
)
K

%

P
2l

55

090009000000 00000000 %

XA
USRS
x5

RS
%

%!

<

GRRRIILEES
KK

ST

potstetetetotoloteietotorel

<
5
<5
0o
X
-
|\

<
XA

IS
Lol ototatetotetetetotetes

0%

%

<
X
6%
<

9



Question 4 continued
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Figure 6
[The total weight of the network is 601]
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