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

. The list of numbers shown below represents the masses, in kg, of nine items that are to
be moved from one factory to another.

180 300 250 410 240 120 230 310 190

The items will all be moved, by van, at the same time.
Each van can carry at most 600kg.

(a) Calculate a lower bound for the number of vans required.

(2)

(b) Use the first-fit bin-packing algorithm to allocate the items to vans.
(2)

(Total for Question 1 is 4 marks)
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P  Q | R|S | T | U/|V
P | — | 105| 90 | 195|270 | 95 | 155
Q | 105| — | 195|295 | 370 | 190 | 255
R | 90 | 195 — | 110 | 185 | 180 | 245
S | 195|295 110 | — | 75 | 115 | 170
T [270 | 370 | 185 | 75 | — | 180 | 245
U | 95 | 190 | 180 | 115 | 180 | — | 65
vV | 155 | 255 | 245 | 170 | 245 | 65 | -

The table shows the least distances, in metres, between seven signposts, P, Q, R, S, T, U

and V.

Aisha must visit each signpost to check that it has not been damaged. She needs to find

a route which minimises the distance travelled, starting and finishing at P.

(a) Use Prim’s algorithm, starting at P, to obtain a minimum spanning tree for the
network. You must clearly show the order in which you select arcs.

(b) Use the answer to part (a) to obtain an initial upper bound for the length of

Aisha’s route.

(c) Use the nearest neighbour algorithm, starting at P, to find a second upper bound for
the length of Aisha’s route. You should state both the route and its length.

(d) By deleting T and all of its arcs, and using the answer to part (a), obtain a lower
bound for the length of Aisha’s route.
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(Total for Question 2 is 9 marks)
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(1) A list of twelve numbers is to be sorted into ascending order.
28 18 50 27 48 8 25 12 56 31 33 42

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

“4)
(b) Show how the binary search algorithm is used to try to locate the number 40 in
the list. You must clearly indicate your choice of pivots and which part of the list
you are rejecting.
3)
(i1) A different list of nine distinct integers is to be sorted into descending order.
23 20 x 32 15 8 19 6 22
The list is sorted using bubble sort. The first three passes are
23 20 32 x 15 19 8 22 6
23 32 20 x 19 15 22 8 6
32 23 20 19 x 22 15 8 6
Determine the range of possible values of x
(2)

(Total for Question 3 is 9 marks)
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B 9 E
18 32
8 18
A 7 y H
9 C 22
28 F
5
23 12 14 17
9 ]
b 22 ’
G
Figure 1

Figure 1 represents a network of roads between nine villages, A, B, C, D, E, F, G,
H and J. The number on each arc is the time taken, in minutes, to drive along the
corresponding road.

Liliya must drive from village A to village H.
(a) (1) Use Dijkstra’s algorithm to determine the fastest route from A to H.

(i1) State the fastest time.
(6)

The roads EF and GJ are now closed for maintenance.

(b) Calculate how much more time Liliya’s drive will now take.

(2)
(Total for Question 4 is 8 marks)
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5. A gardener wants to plant some rose bushes. She will use three different colours, red,
yellow and white.
The gardener decides to use linear programming to determine how many of each colour
she will plant.

Let x represent the number of red rose bushes, y represent the number of yellow rose
bushes and z represent the number of white rose bushes.

The gardener wants to maximise the total number of rose bushes she will plant.

(a) Write down the objective for this problem.
(1)

The gardener has a total of £1400 available to spend. Given that
» red rose bushes cost £12.50 each
» yellow rose bushes cost £10 each
* white rose bushes cost £15 each
(b) show that one constraint is given by

S5x+4y+ 6z <560

(2)

The gardener decides that

e the number of red rose bushes must be at least 40% of the total number of
rose bushes

» there must be at least three white rose bushes for every two yellow rose bushes

(c) Use this information to formulate two further constraints, which should be fully
simplified with integer coefficients.

(&)

The gardener decides to plant exactly 30 white rose bushes. This reduces two of the
constraints to

(d) Show that the third constraint can be reduced to

3x-2y > 60
(2)
(e) Draw these three constraints using the axes in the answer book and hence determine

the number of red rose bushes and the number of yellow rose bushes that the
gardener will plant.

C))
(Total for Question 5 is 12 marks)

6 P76408A
CIEm]



10
14 E 9 15
22 17 22
I 7
L
14 14
A C 19
12 10
F l6 K
15 19
18 17
10 7 8
M
D 16 6
G

[The total length of the network is 338]
Figure 2

Figure 2 represents a network of roads connecting a group of villages. The number on
each arc is the length, in km, of the corresponding road.

Bolin needs to inspect the network in Figure 2. He must travel along each road at least
once, minimising the length of his route.

Bolin’s route must start at A and finish at J.

(a) Determine the length of Bolin’s route. You must make your method clear and state
the roads which need to be repeated.

)
A new road is constructed from F to J which has length 18 km. Bolin must inspect the
changed network, starting at A and finishing at J. He must travel along each road at least
once, minimising the length of his route.
(b) Determine the change to the length of Bolin’s route.

2

(Total for Question 6 is 7 marks)
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D(6) I(7)

N(4)

H(5)

Figure 3

A project is modelled by the activity network shown in Figure 3. The activities are
represented by the arcs. The number in brackets on each arc gives the time, in days,
to complete the corresponding activity. Each activity requires exactly one worker. The
project is to be completed in the shortest possible time.

(a) Complete the precedence table in the answer book to show the immediately
preceding activities for the project.

3)
(b) Complete the diagram in the answer book to show the early event times and the late
event times.
“4)
(c) Calculate a lower bound for the minimum number of workers required to complete
the project in the minimum time.
(2)
(d) Draw a Gantt (cascade) chart on the grid in the answer book.
4)
(e) Use the Gantt chart to determine the minimum number of workers required to
complete the project in the minimum time. You must make specific reference to the
number of workers, activities and times.
3)

(Total for Question 7 is 16 marks)
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30

x +5y=150

20

10

Figure 4
The feasible region, R, of a linear programming problem is shown in Figure 4.

The boundaries form part of the feasible region.
The regions excluded from the feasible region have been shaded.

Given that one of the constraints is
3x+2y >48

(a) state the remaining four constraints.

2

Question 8 continues on page 11
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The five vertices of the feasible region are labelled 4, B, C, D and E

An objective function is of the form
P=ax+by

where a and b are integers.

This objective function has

5

e a minimum value of 202 7 at vertex £
. 2

¢ a maximum value of 576§ at vertex C

(b) Determine the value of @ and the value of b, making your working clear.

“4)
A different objective function is of the form
0=x+hy
where £ is a positive constant.
This objective function has a minimum value at vertex 4 and a maximum value at
vertex C
(c) Determine the range of values of &, making your working clear.
C)

(Total for Question 8 is 10 marks)

TOTAL FOR PAPER IS 75 MARKS
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r N
2.
P Q| R | S T U/|V
P | — | 105| 90 | 195 270 | 95 | 155
Q | 105 — | 195|295 | 370 | 190 | 255
R [ 90 | 195| — | 110 | 185 | 180 | 245
S [ 195|295 | 110 | — | 75 | 115 | 170
T | 270 | 370 | 185 | 75 | — | 180 | 245
U | 95 | 190 | 180 | 115 | 180 | — | 65
V | 155|255 | 245 | 170 | 245 | 65 | -
\_ J
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( )
Question 2 continued
P Q| R | S T U/|V
P - 105 | 90 | 195 | 270 | 95 | 155
Q 105 — 195 | 295 | 370 | 190 | 255
R 90 | 195 - 110 | 185 | 180 | 245
S 195 | 295 | 110 | - 75 | 115 | 170
T 270 | 370 | 185 75 - 180 | 245
U 95 | 190 | 180 | 115 | 180 | - 65
V | 155 | 255 | 245 | 170 | 245 | 65 -
X%
-
K
B vt
g
335 18 (Total for Question 2 is 9 marks) g
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Question 3 continued
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Question 3 continued
23 20 x 32 15 8 19 6 22
23 20 32 x 15 19 8 22 6
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(Total for Question 3 is 9 marks)
\_ J
9
e R T 0 Turn over »



DO NOTWRITE IN - THIS AREA

DO NOT WRITEINTHIS AREA

DO NOT WRITE INTHIS AREA

oy ysdyse] (1r)

H 031 v woij 9noa 3saiseq (1)

sonjeA SunIop

onfea | Surpoqe|
[eut{ | JO I9pIO A
HE) |
0 (44
6
[
L1 a
14! €
S
1 cl
8¢
(44
H 6 v
J
81 Q
43 81
6 q

L]

7 6 4 06 8 A 0 1 0 2 0

P



00 %
s
Sodesodeds

2555
LRLRRLRLRRK

4&?&'
XX
%
OeSotetotetetotetotet

d‘
0%6%%
19%%
qﬁf

5

-

2
S
s
<

(‘

XXX
%2’

~

¢
%
5
25
5

K
290IILLIIIIKL oo

RO IBEKKBLKKBLLKK,
et otetetetetetatototesetetet
‘%spQé%bgﬁk
OSREISISROSIISKOsHsos

QKA
o
k¢

XS

000,00,
S8tetetets
NOT
Dol

00020200,
QKR

XX
LKL

0

x
<

o8

O
35
'0‘1‘
2,
000

$9%6%%
%ﬂﬁg
XX

o
XX
e

o7

KK

£599%
55
9959,
X
XXX

55
KL
K
RRRL

oS
5%
%
09t

o
2K
SRR
oSotetetoteds
RRRRK

2

350
000
o%!

%
%

X
QL

ZRLRK

SRS
S Sototetete!
SRRRERRS
o2e%s S

XX
XX
s

o96%%

QR

7

Question 4 continued

(Total for Question 4 is 8 marks)

e

NN R A ,
P76 408A0T11 2 0 Turn over



12

P 7 6 4 06 8 A 0 1 2 2 0

L]

QXHXXK
KRR
CHRXRS
GRRXRS
RRRS
KRRHES
HRKS
poososetees
CHRXRS
GHRXRS
RRRS
XK
QRRRS
KK
RS
CHHXRS
KLRRES
RKLRHES
ZHXRA

555
boss vz
9>

¢
<55
&’

et
%S

%
%
X ;:‘;
5

0% %%

2% %

SRXSM
SRR

000009000 %000 0% 0
030%%% %% v
RIS
ISR

9
0
(0.0 00000000,
SRR
O 00000090,

IS
XX KKK
KKK KX
(00,000,
R8BS
S5,

.Y
0% %
Dose%0%
Joss & Js

<X
NS

%
o5

%
XK
o%

GG

potetototototototoroseseseses

2959593 ettty
ooteh Vot e b
oSetetoreds
0RERTRRD

dtetoete%!
LR
o20teteloete%e%

ol ot tetetetetese!

(%
0908
295959

OO
RS
030!
XX
5

0
%
4@@%
55
35S

6%
o208
5
oS etotetotetetotetotetetote!

X8
RRRRRKKS

o%
%% %%
SRR

X
55
X5
35
3RS

PO 4
00029 9208
-

o
S
QX 5

X
X%



2

%
35
doss

2 M

0
bo%es
R
2
o0’

850 coconcec
.~ DONOTV
St

XX
0%

o96%% %%
0902090002090 %0%6%9%4%%
Jototetotototoretet s te’

oY
o9e%
o5
%
%

0.0....
0.0‘0.0
Satosetets

S8
S

¢
%
5

9.0
SRKL
35555
XS

w&&%&
RRRKKS

%%
%%
0% %
‘ﬁ%

o%

%
0%
0ed%

o5
3353

Y088

XXX
B
AR

XX
0“0

0.0 0%

RREXK
o
%!

D

o
%
RRRKKS

%%
K
XX
ol

35S
]
)

oS

095 < W
SIS
SRS
LXK
BO%8 V' 008

0 00009999,
$9:0.0.0,9.9.9.9.9, XX
e

2NN
CXIHK I I K
SRR

0>
%!
J
*
039

ol

RN
ORI
3 %

A
000

oo%%
D
3

OO0
S8
oSoteteteted
RKEL
SRR

oo
LY

X XXX

SRS

P6%6%%!

XX
335
X XK
XX

XS
8%

% ﬁ%&
o

Question 5 continued

60

40

20

>
20 40 60 80 x

(Total for Question 5 is 12 marks)

e

R0 0 O I 0 ,
P76 408A01 3 2 0 Turn over



14

P 7 6 4 06 8 A 0 1 4 2 0

L]

QXHXXK
KRR
CHRXRS
GRRXRS
RRRS
KRRHES
HRKS
poososetees
CHRXRS
GHRXRS
RRRS
XK
QRRRS
KK
RS
CHHXRS
KLRRES
RKLRHES
ZHXRA

555
boss vz
9>

¢
<55
&’

et
%S

%
%
X ;:‘;
5

0% %%

2% %

SRXSM
SRR

000009000 %000 0% 0
030%%% %% v
RIS
ISR

9
0
(0.0 00000000,
SRR
O 00000090,

IS
XX KKK
KKK KX
(00,000,
R8BS
S5,

.Y
0% %
Dose%0%
Joss & Js

<X
NS

%
o5

%
XK
o%

GG

potetototototototoroseseseses

2959593 ettty
ooteh Vot e b
oSetetoreds
0RERTRRD

dtetoete%!
LR
o20teteloete%e%

ol ot tetetetetese!

(%
0908
295959

OO
RS
030!
XX
5

0
%
4@@%
55
35S

6%
o208
5
oS etotetotetetotetotetetote!

X8
RRRRRKKS

o%
%% %%
SRR

X
55
X5
35
3RS

PO 4
00029 9208
-

o
S
QX 5

X
X%



00 %
s
Sodesodeds

2555
LRLRRLRLRRK

4&?&'
XX
%
OeSotetotetetotetotet

d‘
0%6%%
19%%
qﬁf

5

-

2
S
s
<

(‘

XXX
%2’

~

¢
%
5
25
5

K
290IILLIIIIKL oo

RO IBEKKBLKKBLLKK,
et otetetetetetatototesetetet
‘%spQé%bgﬁk
OSREISISROSIISKOsHsos

QKA
o
k¢

XS

000,00,
S8tetetets
NOT
Dol

00020200,
QKR

XX
LKL

0

x
<

o8

O
35
'0‘1‘
2,
000

$9%6%%
%ﬂﬁg
XX

o
XX
e

o7

KK

£599%
55
9959,
X
XXX

55
KL
K
RRRL

oS
5%
%
09t

o
2K
SRR
oSotetetoteds
RRRRK

2

350
000
o%!

%
%

X
QL

ZRLRK

SRS
S Sototetete!
SRRRERRS
o2e%s S

XX
XX
s

o96%%

QR

7

Question 6 continued

(Total for Question 6 is 7 marks)

e

R0 0 O I ,
P76 48A01 5 2 0 Turn over



.. Immediately .. Immediately
Activity preceding activities Activity preceding activities
A - H
B - I
C — J
D K
E L
F M
G N
D(6) 1(7)
A(8) ' M(6)
A E(4) 1)
l
B(12) F(8) K(6) N(#4)
| |
| |
! G(®) ¢ Key:
Y Y
C(14) | | L(6) carly
! ! event
time
late
event
HE) time

| vawsmiNawmionod

16

P 7 6 4 06 8 A 06 1 6 2 0

RSB




Question 7 continued

\.

17

Turn over »

2 0

(Total for Question 7 is 16 marks)
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Question 8 continued
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Question 8 continued

(Total for Question 8 is 10 marks)

TOTAL FOR PAPER IS 75 MARKS

20

P 7 6 4 06 8 A 0 2 0 2 0

L]

-eales
o
KL
AR
SIS
KPR
c=

KO

%
S
SRS
[96%7071%
RS
oSS
DosereTLiet
Sme
poovetatetet

B
kS
R
%
5%
X5

(>
o5

RN
e

5L

<)
< XY
%
5

25
%
K5
boses
Doses
Posess
Botees
2%
3K
SRR
3
35
SRR
255
00
355
%
35

dedotetetotetote?

Nave 9
)
SR RIEX
R
7%

SRXXXS
550508



	P76408A_QP_IAL_Decision_Mathematics_WDM11_01
	P76408A_AB_IAL_Decision_Mathematics_WDM11_01

