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Figure 1

Figure 2
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Weight of the minimum spanning tree:

Diagram 1
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Immediately preceding activities
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A B, C

A B, C

D, EG

D, E

.

p 71 9 8 0 R A0 8 2 0

ELEm

PMT!

LSRR
KRS,
KRS

IR
5%

X QQT; :
oY%
205

oSS

2K
SRS
SIS
e
SSERES
S
b2,

f”
Sl S
B
SIS

B3
Pk

¢
X
45
%dﬁ? i
ova
QO0RIRUEIREIRIKKEL

S
Botesode!

Posore
<

OSSavi,
SOTAYA %)
ITEES

%9,

SER
SRS

XK
S8
]
-
S

KA
X I AX K
PN
St
-
LKL

dovedess

SRR
(90950509
o



PMT

( )

RS

K
XS

RIS
KK

CRRLRKR

QXXX

SRR

s
K

XX
%%
<1
e
&
XX

<
%
bosesess

5
RKIKRKILR

Question 3 continued

QK5
o0
oot
5
RS

SRS
of
GRS
RS
2555s

KL

Please redraw your activity network on this page if you need to do so.

%%
X X
XX
A
&)

%
5

DR
RERKS

KK
X
~
N

5

Q5
355

<
X
KX
NETR
P

4

KL
QLK
R

SRR,
000000
‘5é§‘%$'

2

o
K5
55
CKKS

<535
S
Sogoteseset
RREEKLS

¢
X
5
L5

.::’

%’
5

X

RHK
Steteteds

SRS
X
KK
LA
NN

9%
i
\
N ate
<

7

ORI
£ ootetose
( :
{

7!
NG

<
oK
N

2

S
¥
Roiet
RRRKRLRE

%%
b
92

S

5
5
Sk
T
ptetetels!

CRRLRAKKL

40X
SRS

ORI

0%
000
XK
5

(X
55
So%ss
%

G0
ety

0%

o%
RIRRRKARRAAK AN

X
oo
5555
KL

00
boes
oot
s
ot
ot
5

¢

3
3

0%}

<>

<
LR
po%e

e
5

&5

0%
'
0%
S8

OIS
RSB
Eottstotetestototets!
B CRGLLRIKS
SN
Sototetatetetete!
KRR

>

%

<
2R
b

06K
RRERKS
QLS
X
ot
boses
CXX

o
53
RS

RRERS
fotetetotets
5%

0K
Dosetele’

(RS

2
SERREIER
bl

%
<

RLARKS

Latatote!
020!

(Total 5 marks)
. v,

9

VAL DA A 0 A —
[ | Turn over »
P 71 9 8 0 R A 0 9 2 0

CSRRKAL
ORARRARKAKA

K

%
o%
o%




p 71 9 8 0 R A 01T 0 2 0

ELEm

PMT!

LSRR
KRS,
LRI,
SRR
G,

boteres e8
AL0088
0000:

prosevasiies
SSSITHLS
s

B
o
S5

e
907000,
S
b2,
:o,o
Sl S
GRS
o
PO o 1598

dosorese

<5

S S
PLe

%9,

o
St
90 1%
SIS,
SIS
000 0%

SRR
(90950509
o



PMT

( )

Question 4 continued

10 12 14 16 18 20 22 24 26 28

O
A

QO
0]

355K
S
PN

LN

ZRRLRKL

QIERKKS
SELRRS
YT YA

(505
&S
%
'

5
KE P
I\
KD
35

<
b
%

,.
bostt
9%

9
<R
<R

X
a2’
D
bogsiotenet &
&
S

00
otetoteteteletetets
UL
< <
RS
boso%es
RS

&
p2et

%
XARRKAKAKH

e ssssoonssoses
SRS <K 509
PO

QRIS %

e e e e — — = 00

s
(RS

Grid 1

o~
8
IR
RS
S
%%
R

<
R
20594
XS
55
ot

%
95
SRS
5
255

RS

%5
%
XXX

5
oo

bt
55

o5
o5
5

203000 v ¥ 4
K5
S

<

<

ORIICIRIHK %

A RESARISARIISAR <

<RI RIRICARI LA X

0’0’0’0’0’0’0’0 v
IR

(Total 10 marks)
. J

1

VAV AR OO0 0 T OO —
[ | Turn over »
P71 9 8 0 R A 011 2 0

9%

ORARKARIRAR AR AR

<
0ok
25
53
<

0%
%
b

<

G
S

X

So%s




Figure 4

[The total weight of the network is 82]
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Question 6 continued

(Total 14 marks)
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Question 7 continued
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Question 7 continued

(Total 18 marks)

TOTAL FOR PAPER =75 MARKS
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Write your answers in the D1 answer book for this paper.

17 9 15 8 20 13 28 4 12 5

The numbers in the list shown above are the weights, in kilograms, of ten boxes.
The boxes are to be transported in containers that will each hold a maximum weight of
40 kilograms.

(@) Calculate a lower bound for the number of containers that will be needed to
transport the boxes. You must show your working.

)
(b) Use the first-fit bin packing algorithm to allocate the boxes to the containers.
©)
(c) Using the list provided, carry out a quick sort to produce a list of the weights in
ascending order. You must make your pivots clear.
®3)
(d) Use the binary search algorithm to try to locate the weight of 9 in the sorted list.
Clearly indicate how you choose your pivots and which part of the list is being
rejected at each stage.
©)

(Total 11 marks)
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Figure 1

Figure 1 shows a graph, T.

(@) Write down an example of a path from AtoJon T.

(1)
(b) State, with a reason, whether A—-B-C-D-E-G-F-H-1Jis an example of a
tour on T.
1)
Figure 2
The numbers on the 15 arcs in Figure 2 represent the distances, in km, between nine
vertices, A, B, C, D, E, F, G, H and J, in a network.
(c) Use Kruskal’s algorithm to find the minimum spanning tree for the network.
You should list the arcs in the order in which you consider them. In each case,
state whether or not you are adding the arc to the minimum spanning tree.
®3)
(d) Draw the minimum spanning tree using the vertices given in Diagram 1 in the
answer book.
1)
(e) State the weight of the minimum spanning tree.
(1)

(Total 7 marks)
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Activity | Immediately preceding activities
A -
B -
C —
D A B, C
E A B, C
F C
G F
H D
I D,EG
J D, E
Draw the activity network described in the precedence table above, using activity on arc
and exactly 4 dummies.
(5)
(Total 5 marks)
v,
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4.
8 F(y) 22 L(4) 26
8 22|\, 26
ABLL D) y
\ M(3)

0/ B® |3 G6) 19) \\ 22

0 5 23

C(4) H(8) ©) A

4 13 2|1

E(7) 13 K(8) 23

Figure 3

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. The duration of the activity,
in days, is shown in brackets. Each activity requires exactly one worker. The early event
times and the late event times are shown at the vertices.

It is given that the total float on activity F is twice the total float on activity D.

It is also given that the total duration of the activities on the path BDFM is 10 days less
than the duration of the critical path.

(a) Determine the value of x and the value of y. You must make your method and
working clear.

(4)
(b) Draw a cascade 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.)
@)

(Total 10 marks)
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Figure 4

[The total weight of the network is 82]

Figure 4 represents a network of 16 roads in a city. The number on each arc represents
the time taken, in minutes, to travel along the corresponding road.

Chan needs to check that the roads are in good repair. He must travel along each road at
least once. Chan will start and finish at his office at G and must minimise the total time
taken for his inspection route.

For this inspection route,

(a) find the time taken and state a possible route. You must make your method and
reasoning clear.

(3)

Chan wonders if he can reduce his travel time by starting from his home at B,
travelling along each road at least once and finishing at his office at G.

(b) By considering the pairings of all relevant nodes, find any arcs that would need to
be traversed twice in the minimum inspection route from B to G. You must make
your method clear, showing your working.

()

(c) Determine which of the two routes ending at G is quicker, the one starting at G or
the one starting at B. You must justify your answer.

(2)
(Total 10 marks)
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Figure 5

Figure 5 models a network of roads. The number on each edge gives the length, in km,
of the corresponding road. The vertices, A, B, C, D, E, F, G and H, represent eight
towns. Bronwen needs to visit each town. She will start and finish at A and wishes to
minimise the total distance travelled.

(a) By applying Dijkstra’s algorithm, starting at A, complete the table of least distances
in the answer book.

(6)

(b) Starting at A, use the nearest neighbour algorithm to find an upper bound for the
length of Bronwen’s route. Write down the route that gives this upper bound.

(2)
A reduced network is formed by deleting A and all arcs that are directly joined to A.

(c) (i) Use Prim’s algorithm, starting at C, to construct a minimum spanning tree for
the reduced network. You must clearly state the order in which you select the
arcs of your tree.

(if) Hence, calculate a lower bound for the length of Bronwen’s route.

(4)

(d) Using only the results from (b) and (c), write down the smallest interval that you can
be confident contains the length of Bronwen’s optimal route.

(2)
(Total 14 marks)
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7. A company makes three types of storage container, small, medium and large.
The company owner knows that each week she should make

» at least 40 containers in total
» at least twice as many large containers as medium containers
e at most 60% small containers

Each small container requires 1 hour to make, each medium container requires 1.5 hours
to make, and each large container requires 2.5 hours to make. The company has a total
of 75 hours per week available to make all the containers.

Each small container costs £9 to make, each medium container costs £12 to make and
each large container costs £16 to make.

The company owner wants to minimise her total cost.

» Let x represent the number of small containers made
» Lety represent the number of medium containers made
» Let z represent the number of large containers made

(a) Formulate this information as a linear programming problem. State the objective and
list the constraints as simplified inequalities with integer coefficients.

(7)
The company owner now decides to make exactly 45 containers.
(b) Explain why the minimum total cost is achieved when 7x + 4y is maximised.
3)
The requirement to make exactly 45 containers reduces the constraints of the problem to
the following:
X+ 3y <45
0<xg<27
X+2y > 75
y=>0
(c) Represent these constraints on Diagram 1 in the answer book. Hence determine, and
label, the feasible region, R.
(4)
(d) Use the objective line method to find the optimal vertex, V, of the feasible region.
You must make your objective line clear and label V.
)
(e) Write down the number of each type of container the company should make.
Calculate the corresponding total cost.
)

(Total 18 marks)
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