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labelled.
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1. A gardener needs the following lengths of string. All lengths are in metres.
4.3 6.1 51 4.7 2.5 5.9 3.4 1.7 2.1 0.4 1.3

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

(3)

(Total for Question 1 is 5 marks)
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[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, Jand 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.

(@) (i) Use Dijkstra’s algorithm to find the shortest path from A to K.
(if) 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) (i) State the edges that will need to be traversed twice.
(if) Find the length of Blanche’s route.
)
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.

Al - 1232 24|29 11
B |12 - |17 8 | ® | o
c 32 17| - 4 |12 | o
D | 24| o | 4 - | o | 13
E| o | o |12 18| - | 12

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.

()
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
Al - 112 29|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. "
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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

Al - 112 24|20 |23 11
B |12 - 12 8 |24 | 21
c 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) (i) Use the nearest neighbour algorithm, starting at E, to find two Hamiltonian
cycles in the completed network of shortest distances.

(it) Find the length of each of the two cycles.

(iii) 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)
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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 S, S, Ss 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 0 M M 0 0 —20M
(@) 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
4)
(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)
\ y,
6 P72094A
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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.
(@) Complete Table 1 in the answer book to show the immediately preceding activities
for each activity.
(2)
Itisgiventhat 4 <x<m
(b) State the largest possible integer value of m.
(1)
(c) (i) Complete Diagram 1 in the answer book to show the late event times.
(ii) State the activities that must be critical.
®3)
(d) Calculate the total float for activity G.
1)

P72094A
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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

=
2 4 6 8 10 12 14 16 18 20 22 time

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.

()
(Total for Question 5 is 14 marks)
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PMT
6. 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=Db
Step 6 Leta=a+1
Step 7 Letb=b-1
Step 8 Letc=c+ (axb)+(@a-1)
Step 9 If b > 0goto Step 6
Step 10  OQutput ¢
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)

10 P72094A
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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.

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

(5)

(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.

1)

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

n(n=21)(n+1)(n-2)

where 1 is a constant.

(d) Determine the maximum total number of comparisons required to sort the weights
of the arcs of Ks, 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
7X + 2y = 46 X+y=8 X+2y=12
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

12
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4 )
After two iterations of the Simplex algorithm a possible tableau T is
b.v. X y S, S, S5 Sy Value
3 1
5
1
X 1 0 0 - 0 - 2
5 5
11 12
S 0 0 0 -— 1 — 22
5 )
2 1
y 0 1 0 — 0 - 5
5 5
1
P 0 0 0 —+-k 0 -—+—-k | 5k+2
5 5
(b) State the value of each variable after the second iteration.
(1)
It is given that T 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.
9)
(Total for Question 7 is 15 marks)
TOTAL FOR PAPER IS 75 MARKS
. J
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6.1

5.1

4.7 2.5 5.9 3.4 1.7 2.1 0.4 1.3

(Total for Question 1 is 5 marks)

P 7 2 0 9 4 A 0 2 2 0

PMT!

LSRR
KRS,
LRI,
SRR
G,

boteres e8
AL0088
0000:

prosevasiies
SSSITHLS
s

B
o
KE

e
SIS,
S
&

fg
S
KBRS
KLeS
PO o 1598

dosorese

<5

S S
PLe

i,

< IR X
5

K

OB <
X <
0% 01958

5%
SR

RIS
G

ULRIK



PMT

OO0
285

SRS

KERIKL

S ot setotedetese!
R

O
S,
505
K
55

IS
258

%!
SKERE

SRR
S

<
XSS
S
5
K55

%
<

<K
<X
5

955

L

205
WY

3058

RS

%
S A<
2%

33

botetete’s
TES
k)
%%
<

88K
SATE
LYK
RS

COCEREES
D1

%
X
]

25

23
10

ZRRRRS

o
.ﬁsf'
EESIEL

ot
255
8

O O
s
X XXX

S
2K
X

X

K5
55
CKKS

<535
S
Sogoteseset
totetetets

¢
X
5
L5

0 o%
KA
RS
QKRN
R

S
R
RRK

16
31
10

17

25

0%
Q

R0
A

K
L

ORI
550 ootetose
¥ :

g
L3

%
28
N
LEANRS
OO

%%
P
92
<

<

2R
K<)

N
KRR
QXL

<]
by
0%

CRSLIKIRELIAR

10
14

LOKHS

SRR
Sosesesere!

QIR

0
2K
B930S
94

G
5
S5
Ko

RIS
botatetetototet

KL

CRLLRLZRRLRLRRRS

6
S

9909

¢

%
<RI
% %&

258

<

25

S
bo3ss

KRS
RXR
B!
LK

K

<
o

<
%
25
e
5
&5

&
5

SR
%

5

2o

<

K
XK
b
5%
h5%!

00
25
e
5
&5

S
35
K5
2525

<
9300,
4%‘ <

o
EA

X
KOS

SRR

00>
285
g

6%

D

8
18
14
Final
value

Order of
labelling

Working value

<
58
%
500
S
oSote%

OO %

020!

00K
IR
sosototets

%

S
S 0000
Vertex

Length of shortest path from A to K

Shortest path from Ato K

ORIHR

0992

SHERES

CREALRXKL

2.
Key

CSRRKAL
ORARRARKAKA

K

O

%

28
55
95

\. J
3

R0 A O 0 —
Turn over »
P 7 2 0 9 4 A 0 3 2 0 urnove

%
0%
o%
X2
%
<




7

Question 2 continued

P 7 2 0 9 4 A 0 4 2 0

PMT!

LSRR
KRS,
LRI,
SRR
G,

boteres e8
AL0088
0000:

prosevasiies
SSSITHLS
s

B
o
S5

e
SSERES
S
b2,

fg
Sl S
GRS
oNTets
PO o 1598

Podezexc
0%«

KPP

PLe

o9,

< IR X
5

K
QIR <
D00 %
1959 4,0

5
SR8

RS
SRKK

ULRIK



PMT

4 )

<

R
RSB
000

6
Sototelel
otetete?
S
IR

25

RRKAKARA KN

Question 2 continued

0%

IR
X
K
29

%%
KR

<
QL

0
SRS
=

S,
RS
s
K&K
00K

%

o%

4
KL
odeseteteted

R

%

ot
255
8

O O
s
X XXX

S
2K
X

X

K5
55
CKKS

<535
S
Sogoteseset
totetetets

¢
X
5
L5

QO
I
A0S
PN RRLK
LKL
Sotetee

SR
otetes

KD
SSEIGEIRK

S
poteteselotets?
<

o &)

%
35

S Al
‘0

£
1

XA
GBS

2R
bl
XA

0%

svavy
-

XA

R
AT AR
JBY

0%
£
{
Q

5
o
»
X
<X

QR
>
oo

P
)

o209
¥
CTERE
RS

GRS
%
%
KRRKAKARRAKARARA AR

QI

OG0
2
58
%

5
SRBKE
IR

IR

2%
XS
g%
‘0”‘::

<5

%
¢S
2K

6K
230500030
Sodetetetele!
2L
258

KRS
RXR
B!
LK

K

<
o

<
%
25
e
5
&5

<
o008
S5

KL

55
el

&
5

SR
%

5

2o

8
XL

008
bo%e!
RN
A
R
P00

£

<
58
%
500
S
oSote%

OO %

020!

GO
RIS
XKL

RRERK
fotetetotets
KX

(Total for Question 2 is 13 marks)

AR 0 A 0 L,
Turn over »
P 7 2 0 9 4 A 0 5 2 0 urnove

0K

0992

SHERES

CSRRKAL
CRRX
CREALRXKL
ORARRARKAKA

K

O

%

28
55
95

%
0%
o%
X2
%
<




PMT!

\ SLRRK
( BRI
SRR
Bosessseses

0.0

(@)

X QQT; :
oY%
205

12
F

Diagram 1

(b)

There are spare copies of these tables, if required, on Page 9.
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Immediately
preceding Activity
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Immediately
preceding
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(b)
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You may not need to use all the rows in this table.

It may not be necessary to complete all the boxes in each row.
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Question 6 continued
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Question 7 continued

(Total for Question 7 is 15 marks)

TOTAL FOR PAPER IS 75 MARKS
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