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1. A gardener needs the following lengths of string. All lengths are in metres.

4.3 6.1 5.1 4.7 2.5 59 34 1.7 2.1 0.4 1.3

She cuts the lengths from balls of string. Each ball contains 10m of string.

(a) Calculate a lower bound for the number of balls of string the gardener needs.
You must make your method clear.

(2)

(b) Use the first-fit bin packing algorithm to determine how the lengths could be cut
from the balls of string.

(&)

(Total for Question 1 is 5 marks)
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Figure 1

[The total weight of the network is 299]

Figure 1 represents a network of cycle tracks between 10 landmarks, A, B, C, D, E, F,
G, H, J and K. The number on each edge represents the length, in kilometres, of the
corresponding track.

One day, Blanche wishes to cycle from A to K. She wishes to minimise the distance
she travels.

(a) (1) Use Dijkstra’s algorithm to find the shortest path from A to K.

(i1) State the length of the shortest path from A to K.
(6)

The cycle tracks between the landmarks now need to be inspected. Blanche must travel
along each track at least once. She wishes to minimise the length of her inspection
route. Blanche will start her inspection route at D and finish at E.

(b) (1) State the edges that will need to be traversed twice.

(i1) Find the length of Blanche’s route.
(2)

It is now decided to start the inspection route at A and finish at K. Blanche must
minimise the length of her route and travel along each track at least once.

(c) By considering the pairings of all relevant nodes, find the length of Blanche’s new
route. You must make your method and working clear.

)
(Total for Question 2 is 13 marks)
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3. The initial distance matrix (Table 1) shows the lengths, in metres, of the corridors
connecting six classrooms, A, B, C, D, E and F, in a school. For safety reasons, some of
the corridors are one-way only.
A B C D | E|F
A | — 12322429 11
B 12 - 17| 8 | © | «
C 3217 - |4 12| «
D |24 o 4 - o | 13
E o | oo | 12 | 18 | — 12
F |11 o | oo | 1312 -
Table 1
(a) By adding the arcs from vertex A, along with their weights, complete the drawing of
this network on Diagram 1 in the answer book.
(2)
Floyd’s algorithm is to be used to find the complete network of shortest distances
between the six classrooms.
The distance matrix after two iterations of Floyd’s algorithm is shown in Table 2.
A B C D E F
A | — 12129 20|29 | 11
B 12 - 17| 8 |41 23
C 29 17 - | 4 |12 40
D 24|36 4 - |53 13
E | o | o 12|18 — | 12
F | 11 |23 40 13 | 12 | -
Table 2
(b) Perform the next two iterations of Floyd’s algorithm that follow from Table 2. You
should show the distance matrix after each iteration.
C)
. J
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The final distance matrix after completion of Floyd’s algorithm is shown in Table 3.
A B C D E F
A | — 12 24|20 23 11
B 12 - 12| 8 |24 21
cC 28 17 — | 4 |12 17
D |24 |21 4 - |16 | 13
E 23 29 12|16 - | 12
F |11 |23 |17 13 |12 | —
Table 3
Yinka must visit each classroom. He will start and finish at E and wishes to minimise
the total distance travelled.
(c) (1) Use the nearest neighbour algorithm, starting at E, to find two Hamiltonian
cycles in the completed network of shortest distances.
(i1) Find the length of each of the two cycles.
(ii1) State, with a reason, which of the two cycles provides the better upper bound for
the length of Yinka’s route.
“4)
(Total for Question 3 is 10 marks)
L J
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4. A linear programming problem in x, y and z is to be solved using the big-M method.
The initial tableau is shown below.

b.v. X y z Sy S5 S5 a, a, Value
S 2 3 4 1 0 0 0 0 13
a, 1 -2 2 0 -1 0 1 0 8
a, 3 0 —4 0 0 -1 0 1 12
P 2-4M | 3+2M | -1+2M | O M M 0 0 —20M

(a) Using the information in the above tableau, formulate the linear programming
problem. You should

+ list each of the constraints as an inequality

« state the two possible objectives

(C))

(b) Obtain the most efficient pivot for a first iteration of the big-M method. You must
give reasons for your answer.

(2)

(Total for Question 4 is 6 marks)
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The network in Figure 2 shows the activities that need to be completed for a project.
Each activity is represented by an arc and the duration of the activity, in days, is shown
in brackets. The early event times are shown in Figure 2.

(a) Complete Table 1 in the answer book to show the immediately preceding activities

for each activity.

It is given that 4 <x < m

(b) State the largest possible integer value of m.

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

(i1) State the activities that must be critical.

(d) Calculate the total float for activity G.

1(7)
22
K(6)
(2)
1)
3
@
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The resource histogram in Figure 3 shows the number of workers required when each
activity starts at its earliest possible time. The histogram also shows which activities
happen at each time.

number of
workers

3 D |/ H

1 B E G
C H

T T T .
2 4 6 8 10 12 14 16 18 20 22 tme

Figure 3

(e) Complete Table 2 in the answer book to show the number of workers required for
each activity of the project.

(2)

(f) Draw a Gantt chart on Grid 1 in the answer book to represent the activity network.

(5)
(Total for Question 5 is 14 marks)
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r6. The following algorithm determines the number of comparisons made when Prim’s :
algorithm is applied to K,
Step 1 Start
Step 2 Input the value of n
Step 3 Leta=1
Step 4 Letb=n-2
Step 5 Letc=5b
Step 6 Leta=a+1
Step 7 Letb=b-1
Step 8 Letc=c+(axb)+(a-1)
Step 9 If 5> 0 goto Step 6
Step 10 Output ¢
Step 11 Stop
(a) For Ks, complete the table in the answer book to show the results obtained at each
step of the algorithm.
3)
. J
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17 19
A C
24 ’ ‘ 20
P
Figure 4

The weights of the ten arcs in Figure 4 are
17 21 24 14 23 13 15 19 28 20

(b) (i) Starting at the left-hand end of the above list, sort the list into ascending order
using bubble sort. You need only write down the state of the list at the end of
each pass.

(i1) Find the total number of comparisons performed during the sort.

C))

(c) Find the maximum total number of comparisons required to sort the weights of the
10 arcs of K into ascending order using bubble sort.

0y

It is given that the maximum total number of comparisons required to sort the weights
of the arcs of K,, into ascending order using bubble sort is

An(n—1)(n+ 1)(n-2)

where A is a constant.

(d) Determine the maximum total number of comparisons required to sort the weights
of the arcs of K;, into ascending order using bubble sort. You must make your
method and working clear.

3)
(Total for Question 6 is 12 marks)
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Y y=2x+1

x+2y=12

Tx+2y=46 x+y=38§

Figure 5

Figure 5 shows the constraints of a linear programming problem in x and y where R is
the feasible region.

The objective is to maximise P = x + ky, where k is a positive constant.
The optimal vertex of R is to be found using the Simplex algorithm.

(a) Set up an initial tableau for solving this linear programming problem using the
Simplex algorithm.

©))

J
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( )
After two iterations of the Simplex algorithm a possible tableau 7 is
b.v. S S5 K3 Sy Value
3 1
S 1 —— 0 - 1
5
1
X 0 - 0 - 2
5 5
11 12
S5 0 -— 1 — 22
5 5
0 2 0 1 5
d 5 5
1
P 0 3 + 0 -—+ Sk+2
(b) State the value of each variable after the second iteration.
@)
It is given that 7 does not give an optimal solution to the linear programming problem.
After a third iteration of the Simplex algorithm the resulting tableau does give an
optimal solution to the problem.
(c) Perform the third iteration of the Simplex algorithm and hence determine the range
of possible values for P. You should state the row operations you use and make your
method and working clear.
)
(Total for Question 7 is 15 marks)
TOTAL FOR PAPER IS 75 MARKS
L J
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4.7 2.5 59 34 1.7 2.1 0.4 1.3

(Total for Question 1 is 5 marks)
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Question 2 continued
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Question 2 continued

(Total for Question 2 is 13 marks)
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(a)

(b)

12

12
F

Diagram 1

There are spare copies of these tables, if required, on Page 9.

3rd iteration

A| B C D E|F

ST B — R e T A - - B
|

4th iteration

A|B C D E|F

ST B — I e T A - - B
|
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Question 3 continued
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Question 3 continued

(b)

Spare copy for 3rd iteration

A| B C|D|E F

- = | 2 A W e
|

Spare copy for 4th iteration

A| B C|D|E  F

=SB > B I~ O A - - B
|

(Total for Question 3 is 10 marks)
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b.v.
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By

S3

a,

a,

Value

S 2 3 4 1 0 0 0 0 13
a, 1 -2 2 0 -1 0 1 0 8
a, 3 0 —4 0 0 -1 0 1 12

-3 +2M -1+2M

—20M

10

P 7 2 0 9 4 A 01 0 2 O

R o
2
SR

¢
%
2L
RRXN
RS

X
&
Poge.
&

o
098

R IIKIKIKK

X
3
RRLS
%0
20!
00

090%%:%%
ooeetelet
RRRXXKS

RRRRRRRLLLLLLLLLS

QIREIRLLELIKK

1000 0 00000000,
ototetotetotetetotetotels

oo tetetotetetetetoteteotete!

%

[950696%%
DeSototetes
o

oS>
oo

5
K
atuled
Do%scenr 058
xms
XS

%
RO

G S
PLOTaYal %!

%
R
boSor
SRR

X
X X
6%
9%
o%e%.
Yo%
3RS

X

X

S
X X KRR
(000 00 00 0
RS

<

&
3RS
XK

35S

2
o
Tty

o~

33X
Oove

Z5RIKKEE

X

O EIAIIIAAAA
SRR
NG ARARI O
02020 %%
S RRRLLEIIRRK:

bogeses =
M

SRR
Sasesoteses
oSt

RRLIZZZK
KRRKKRKL

2K
%
Sotesatotetotesatoretotet

>
QXL
2
pasess
K&
<

::
::
%



SR
X

P~ %%

obavavy
DSt
et
SRIBES
Bosel 16 oo0)

XS,

RAITTX
S

"%
s
SIS
ER

o
3
%K

090

S
%
5

P90
S
00

"
X
RRE
bo% hoe
sE

N 3
D55

X
£
2
N
X
‘0

%%~ a%%
S M0
o%

PP 0%
(%% o %%
EP
fotet—to%s

o

X

o2
X
b

o
K
X5
%!

0%0%8:;
RRKS

XXX
9505900,
]
305

oo’

023
oSetototedodet
otototetetete!
&

&

bt
%
25
S

62
0K
205059
QL
55

s
ool
KK
%5
’0’0‘0

SO 0000
8%
28
2R
%!
55
RS

X
5
K
XX

53
%5 dﬁk
Dosotese%

o20te

%!

%

XX
:*‘

7

Question 4 continued

(Total for Question 4 is 6 marks)
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5.
Immediately Immediately
Activity preceding Activity preceding
activity activity
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(b)
(c)(@)
4 D(x) 14
\
\
\
N i
\\ :
A(4 N G@3 |
) 5 3) : o
\ |
\ I
\\ |
B(5) Rt !
|
M 22
|
|
|
C(7) E(4) H(5) i
Key: ! K(6)
Early :
event 7 16
time
Late F@)
event
time
Diagram 1
(c)(ii)
.
12




( )
~
R
NN -
“ £
||||||||||||||||||||||||| =
o o
N 2
S e S S W
c 2 g
o
s S b <
g5l | | | | | heemm e S
s o
z e r
S
|||||||||||||||||||| =
=+ 2
° p—( - --""-""-"=-"=-"="-"=- - - —-—-—-=—-—==-=-"=-"'—-' -7/ -7/ -7/ -/~
Z |l = 0oz - | =)
S R e i A s [ S
< N
[g\] -1 " "=-=-="=--="=-=—=-="=-=-=-==-=== =7 =7 =7 /7~ y—
D
e £
<
- ol &)
—
S
=} . 00" """"=-""-="-"-"-"""=-"=--=-"=-"=-=-"=-=-=—-—-—=-=-=—=— - =
[
o Y
i, [
.m =
- I T I I e E L E LR LR
Z
6 IIIIIIIIIIIIIIIIIIIIIIIIII
-1 I 1 ! 1!  r-=-—-—-"=-"=-"=-"=—=—=—=—=—————"
~
.w G4 — - = - e e e -
= <|lm O A M@
QL L
<
2 IIIIIIIIIIIIIIIIIIIIIIIIII
o4 — — — - - e — -
~
L
J
L S s Bt
1L le/.vw:(lrﬁ%v 0%9’/; SRR Wo«wu&«“&%&«ﬁ%? g
RS S RS ES RIS

13

Turn over »

9 4 A 0O 1 3 2 O

0

P 7 2



Output:

You may not need to use all the rows in this table.

1t may not be necessary to complete all the boxes in each row.

14

P 7 2 0 9 4 A 0 1 4 2 0

Doge a9t
DOS rerates
25

<55
SRXARRIK
SEEPRLS
X a5

s
o
A

&
KX

%

KKK
K 120%0%%%
SIS
RSEKIIRREEKS
SORHKRRKKKK,

2%
!
doode!

3
S8
1%

%

20l

46
5
XX,
%

B



33535
%505
%
5%

09
o9

oS
XS
XK

e
Q’
KRKIKHKAKHKAKK

XX
olz

203!
S

55
3
Q’

sseso
$909%
XX

o
5
28
255
RS

023.4.
0%
295!

R
XL

A

¥ % -

R K XKY &
SR KRRRRRE
SRR

QA
0900000200090 % %% 150050 %%
0900000 %0 %0026 % % %%

,:,N,‘,::“,‘,:: RIS

SRS

000

$Sa SO

% 5%
WRIE
ey otecodel
RRRLIRKR

(0 0.0, 0.0,
potogetogetets
A

4

KR

%!

>
by

090%0%:%%
RS

195%%
ete%es

0
0%
<
o

X
XX
%%

090 %%
Sosesosete!
jogoses 3 @

$%% -«

<
0:‘00
b9

%
%

dtetodes

00,000, %

0620% 2% %% %%

0
<
0%
S
9%
KK
000,

o%e%%
o2
555
55

0
%o‘:‘
QLS
0!
%

K
%

7

Question 6 continued

17

21

24 14 23 13 15 19 28

20

p 7 2 0 9 4 A 01 5 2 0

15

Turn over »



7
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Question 6 continued

(Total for Question 6 is 12 marks)
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Question 7 continued
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Question 7 continued
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