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

1. The following list of eleven numbers is to be packed into bins of size 55

26 19 31 10 14 30 33 18 3 28 5
(a) Use the first-fit bin packing algorithm to pack the numbers into bins of size 55
®3)
(b) Use quick sort to sort the list into descending order, showing the result after each
pass. You must clearly identify the pivots used.
(4)
(c) Apply the first-fit decreasing bin packing algorithm to pack the numbers into bins
of size 55
)
(Total for Question 1 is 9 marks)
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B 147 F

D 154 H

Figure 1

[The total weight of the network is 1960 m]

The network shown in Figure 1 represents the paths between nine attractions in a
theme park.

The number on each edge is the length, in metres, of the corresponding path.
(@) (i) Use Dijkstra’s algorithm to find the shortest path from A to J.

(if) State the length of the shortest path from A to J in metres.
(6)

Sarita needs to inspect the paths between the attractions. She must travel along each
path at least once.

Sarita decides to start and finish her inspection route at A. She wishes to minimise the
length of her route.

(b) By considering the pairings of all relevant nodes, find the length of Sarita’s route.

(4)

Sarita now decides to start her inspection route at A, but finish at a different attraction.
She must still minimise the length of her route and travel along each path at least once.

(c) (i) Determine where Sarita should finish her route. You must justify your answer.

(if) Calculate the difference between the lengths of the two inspection routes.

©)
(Total for Question 2 is 13 marks)
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(  Start )

Inputa, b

Letc=ab

a
Let d=2
o=y

Lete = INT(d)

C
0? —>—1 Leth:E

Output h

( Stop )

Letb=g

Figure 2

Figure 2 shows the flowchart for an algorithm.
The input for the algorithm is two positive integers.
The function INT(X) is the largest integer less than or equal to X

(a) Complete the table in the answer book, with a = 1980 and b = 462, showing the
results at each step of the algorithm.

(4)
(b) Explain how the output, h, relates to the inputs, a and b
(1)

(Total for Question 3 is 5 marks)
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4.
Activity Immediately preceding activities
A -
B -
C -
D A
E A B,C
F A B,C
G C
H D,EF
I F
J F G
K F G
(@) Draw the activity network described in the precedence table above, using activity on
arc and the minimum number of dummies.
)
Given that
» activity D has a duration of 2 hours
* activity | has a duration of 2 hours
* every other activity has a duration of 1 hour
» D and I are critical activities
(b) determine which other activities are critical.
1)
(Total for Question 4 is 6 marks)
. v,
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5. A manufacturer makes three flavours of ice cream, vanilla, strawberry and chocolate.
All flavours are supplied in the same size tubs.

The profit from selling each tub of vanilla ice cream is £1.50, each tub of strawberry
ice cream is £2.00 and each tub of chocolate ice cream is £1.80

The manufacturer wishes to maximise their profit.
This needs to be formulated as a linear programming problem.

Let x be the number of tubs of vanilla ice cream made.
Let y be the number of tubs of strawberry ice cream made.
Let z be the number of tubs of chocolate ice cream made.

(a) State the objective, giving the objective function in terms of x, y and z

(2)

There are sufficient ingredients to make 400 tubs of vanilla ice cream or 240 tubs of
strawberry ice cream or 300 tubs of chocolate ice cream.

(b) Show that this constraint can be written as
3x + 5y + 4z < 1200
(@)
The manufacturer must also meet the following three conditions
» at least 40% of the total ice cream made must be vanilla
» at most 25% of the total ice cream made must be strawberry

» for every 2 tubs of strawberry ice cream made, the manufacturer must make at least
3 tubs of chocolate ice cream

(c) Use this information to form three further constraints, giving these as simplified
inequalities with integer coefficients.

(3)

(Total for Question 5 is 7 marks)
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A B|C|D E F G H|J K

Al - 16|26 19 22 34|30 |41 45 36
B|16 - |10 15 38 33 40|25 29 20
CcCl26 10 - 12|39/|30 31 15 19 10
D|19 15 12 - |33 /18 25 28|31 | 22
E 2238 39 33 - |15 8 |33|20 29
F 34|33 /30 18 15| - | 7 24 19 28
G|30|40 31 25, 8 | 7| - 2512 21
H |41 |25 15|28 |33 24|25 - 13| 5

J (4529 /19 31|20/19 12 13| - | 9

K136 20|10 22|29 28 21 5 9 | -

(a) Explain the difference between the classical Travelling Salesman Problem and the
practical Travelling Salesman Problem.

(2)

The table shows the shortest distances, in miles, between ten towns, A, B, C, D, E, F, G,
H, J and K.

Kenzo must visit each town at least once, starting and finishing at A. Kenzo wishes to
minimise the total distance travelled.

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

©)

(c) Use your answer to part (b) to determine an initial upper bound for the length of
Kenzo’s route.

1)

(d) Use the nearest neighbour algorithm, starting at A, to find another upper bound for
the length of Kenzo’s route. Write down the route that gives this upper bound.

©)

Using the answer to part (d), and given that the length of the nearest neighbour route
starting at G is 145 miles,

(e) state which of these two nearest neighbour routes gives the better upper bound.
Give a reason for your answer.

1)

(f) By deleting A and all of its arcs, obtain a lower bound for the length of
Kenzo’s route.

)

(g) State the smallest interval that must contain the optimal length of Kenzo’s route.

(1)
(Total for Question 6 is 13 marks)

P76012A 7
EmCO Turn over



D(17)

A8)

1(10)

5
. J(11)
;
®
H(6) K(12)
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 activity. Each activity requires exactly one worker. The project is to be
completed in the shortest possible time.

(@) Explain the purpose of the dummy between event 10 and event 11

(1)
(b) Complete Diagram 1 in the answer book to show the early event times and the late
event times.
(4)
(c) State the critical activities.
(1)
(d) Calculate the maximum number of days by which activity K could be delayed
without lengthening the completion time of the project. You must make the numbers
used in your calculation clear.
(2)
(e) Draw a Gantt (cascade) chart on the grid in the answer book.
(4)
(F) Use the Gantt chart to determine a lower bound for 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.
(2)

(Total for Question 7 is 14 marks)
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2x + 5y =100

Figure 4

Figure 4 shows the constraints of a linear programming problem in x and y
The unshaded area, including its boundaries, forms the feasible region R
An objective line has been drawn and labelled on the graph.

(a) State the four inequalities that define the feasible region.

@)
- N .. 628
The maximum value of the objective function is 5
- " .. 260
The minimum value of the objective function is —
(b) Determine the objective function, showing your working clearly.
(5)
The practical solution to the linear programming problem requires integer values.
(c) State the minimum integer solution for this problem.
(1)

(Total for Question 8 is 8 marks)

TOTAL FOR PAPER IS 75 MARKS
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P 7 6 06 1 2 A 0 6 2 0

|l

PMT!

LSRR
S
CRRKS

09%8S
[909696%%
IR

IR
De%e%e

Batotosesss
G

QIR

IRLLLES

KRS
258

SR
50K

[909696%%

DoSetatetets

598

KPP
SIS

SR



<
%

SRS

X
5%
s

%o
SRR
9
&5

CRERKRAL

ool

096202000 2626 % %%

X

%

%%
KB N SRR
CRORLXSS

%
ptetetele!

Yosegetetetesss

%
K RIRRKRK AKX AN

%

25

< KA

5 SRS

A REIRIEE,
CXELRS
SRRRHALS

R
2
ED
f
)

B

Q5

9
R
A

9%
58

SRS

SRR

'
258

X
(RS
0‘0‘0'0‘0
odedslodel
255

%
BRI

' K&
UGS
LRLRIRRKRIRLRKRRS

35S

I Etstie
25
&
oo

<
ot
2%

!

a8
U8 crt e’
S
00 = % fg%S

2
00‘;'00 2 ENALE Y
PO teszetoedoleteret
RRRLRIRRL oS

0%
X XA]
KRR
PISNNgosel
RRRKL

o
5

X

04 COGIIERIIIHRIA
o it
%% % ¥
LS
S

28

LRI
BB

00 KRRN

LKL
SRS

SR

%
XA

7

Output

3. You may not need all the rows in this table.

a

b

c d e f g h

(Total for Question 3 is 5 marks)

EmCE

T 0 0 7
P 7 6 0 1 2 A 0 7 2 0 Turn over >

PMT



J

P 7 6 06 1 2 A 06 8 2 0

|l

PMT!

LSRR
0%
2
foseses
oSadesess
oo
SRS
R
KRR
K5
<5
K
SRR
R
LGRS

boSr~
N
% 2%
Ko

25

o 0300
BO%% crited
-0



SGISBEIEE,

RS
pPotetetotoletetotodet

RLRLRRLRLLS

093
o teleds

o2 %% %%
St etetetetetetarotesoset
IRIRRRHIAIKLS,

'¢
LRILHRLRRRRIRRL

o2
KK

25
%
KK
K5
etetetet

o

hess%es
QS

QK
oot
58S

<

0%
K5
X
oot

<
<X

S
dedeletetedetet

oS0l

p0ds

KL

o
%%
X5
s

2558
=

0.9 %%
9% % %%
OO0
05000902

X
o0l

2RI SIINRI NV I
R0 osetoeleisteeietel
EERRRELIRES X

QL
0055
S
SRR

000

XS
Sotatetetetelets!

r

Question 4 continued

(Total for Question 4 is 6 marks)

oo
55
R
SR
XXX

.

.

EmCE

9

NN OO A -
P76 @1 2A®29 2 0 Turn over

PMT



10

P 7 6 0 1 2 A 0 1 0 2 0

|l

PMT!

LSRR
S
CRRKS

09%8S
[909696%%
IR

IR
De%e%e

Batotosesss
G

QIR

IRLLLES

KRS
258

SR
50K

[909696%%

DoSetatetets

y 9%
RS
SIS
SRBLL



<
%

SRS

X
5%
s

%o
SRR
9
&5

CRERKRAL

ool

096202000 2626 % %%

X

%

%%
KB N SRR
CRORLXSS

%
ptetetele!

Yosegetetetesss

%
K RIRRKRK AKX AN

%

25

< KA

5 SRS

A REIRIEE,
CXELRS

A SRRRHALS

R
2
ED
f
)

B

Q5

9
R
A

9%
58

SRS

SRR

'
258

X
(RS
0‘0‘0'0‘0
odedslodel
255

%
BRI

' K&
UGS
LRLRIRRKRIRLRKRRS

35S

I Etstie
25
&
oo

<
ot
2%

!

%
S
SEETESS
SR

2
AN NN X
RO leuzatoedoieteretetel
SRR K

0%
X XA]
KRR
PISNNgosel
RRRKL

o
5

X

£ RIIERIIIHKIIA
oS X QSRR
SRS S S REEY
LS K \
KL

28

LRI
BB

00 KRRN

LKL
SRS

SR

%
XA

7

Question 5 continued

(Total for Question 5 is 7 marks)

EmCE

0000 ) O D O R R O A )
P 76 06 1 2 A0 11 2 0 Turn over »

PMT



( )
6.
A|/B C D|E F |G H J|K
Al - 116|126 19 22 34 30|41 45 36
B|116 - | 10|15 38 33 40 25|29 20
C|26|10 - |12|39 30|31 15 1910
D|19|15 12| - 33 18|25 28 |31 22
E 22|38 3 33| - 15| 8 3320 29
F 3433 30|18 15| - | 7 24|19 28
G |30 4031 25 8|7 -1|25]12 21
H |41 |25 15|28 |33 24|25 - 13| 5
J 145|129 19 /31,20 19|12 13 - 9
K36 |20 102229 28|21 5 9 | -
. .
12
NN R D —_
P 7 6 0 1 2 A 0 1 2 2 0

PMT!

CRKLR

QIR K
o = 150
SRR



PMT

( )

0L

CLEIIRLIARL

Question 6 continued

Jososetetetetetetess

<
%

<

I
ZRIRRLKIKS,
CRRIELIRELLEN,

<

A 5t
XK

4 %%
oracihts
KRR

2%
>
vy}
O
O
m
T
0]
T
o
~

O
SR

16 - 10 15|38 |33 40 25 29| 20
26 10| - 112 /39,30 31|15 19 10
19 15 12| - 33|18 |25 28|31 22
2213839 33| - |15 8 3320 29
34 133/30 18 15| - | 7 |24 19 28
30 40|31 25,8 7 - 25 12|21
41 1251|1528 |33 24 25| - 13| 5
45129119 31,20 19 12|13 - |9
36 1 2010 22 29 28 21|59 -

Soetetete!
IR

LRIRHRRKS

XX
S
<K

5
X

RS
S
S0 00 00,
SR
Soiesteseses
RS

R0
XK
ool
SIS

R

35S
0

ot
5

Nl T O M M OO W >»

55

X2
AL

(K
Sotolores
25

X
o deSe%e%
SREARKES
X

SRR

%%
(
TSR
ety
KR

<X

S5
R

e
SRR

o0
&
“v

%
<

0&%&&§$ %
RIS

<RI
KRRRKRKARRAK AR AR

00K
otesels

AR
5

0%
%

QO
RIS
{SRREHRRIGERS
posesetes
S

5
‘ T
YELA
e o
R
XXX

<
<X

s
PAL
5

R
XX

. .

13
I
e NN YR D A A -
P76 6 12A1 320 Turn over

0%




( )
Question 6 continued
A B C| D E F G|H|]J K
Al - |16|26 19 22|34 |30 41 45| 36
B|l16| - |10 15 38|33 |40 25 29| 20
C|26 10 - 12|39 3031 15|19 10
D|19 15 12| - |33 /18 25|28 |31 22
E|122,38|39 33, - 15| 8 3320 29
F |34 /33,3 |18 |15| - | 7 | 24|19 28
G|3/40 |31 25 8 | 7| - 2512 21
H |41 25 15|28 |33 /24 25| - |13 | 5
J[45/29 19 31|20 19 12 13| - | 9
K36 20 10(22|29 28 /21|5 |9 | -
. J
14
R e
P76 0 1 2 A 0 1 4 2 0

PMT!

CRKLR

QIR K
o = 150
SRR



<
%

SRS

X
5%
s

%o
SRR
9
&5

CRERKRAL

ool

096202000 2626 % %%

X

%

%%
KB N SRR
CRORLXSS

%
ptetetele!

Yosegetetetesss

%
K RIRRKRK AKX AN

%

25

< KA

5 SRS

A REIRIEE,
CXELRS

A SRRRHALS

R
2
ED
f
)

B

Q5

9
R
A

9%
58

SRS

SRR

'
258

X
(RS
0‘0‘0'0‘0
odedslodel
255

%
BRI

' K&
UGS
LRLRIRRKRIRLRKRRS

35S

I Etstie
25
&
oo

<
ot
2%

!

%
S
SEETESS
SR

2
AN NN X
RO leuzatoedoieteretetel
SRR K

0%
X XA]
KRR
PISNNgosel
RRRKL

o
5

X

£ RIIERIIIHKIIA
oS X QSRR
SRS S S REEY
LS K \
KL

28

LRI
BB

00 KRRN

LKL
SRS

SR

%
XA

7

Question 6 continued

(Total for Question 6 is 13 marks)

EmCE

MY OO 0 R .,
P76 @1 2A®0125 20 Turn over >

PMT



A(8)

B(6)

D(17)

Key:

Early
event

E(5)

F(9)

1(10)

time
Late

event
L(5) N(11) | time

P(9)

C(7)

G(8)

.___>.___.

J(11)

M(4)

Q(12)

H(6)

K(12)

Diagram 1

R(10)

J

NN R D —_
P 7 6 06 1 2 A 0 1 6 2 0

PMT!

LSRR
0%
2
25050
L
oo
SRS
R
KRR
K5
<5
K
SRR
R
LGRS

boSr~
N
% 2%
Ko

25

o 0300
BO%% crited
-0



CRRIHUSIKLK

COGERICIGERIC
RRLLALLGS

XRIHEIRKLLRS

ZRLLILRKL
SERRIHRKRKR

5%

55
baSo%

KRS

3

OGO
foiatesesstotetetotot
0%
5

XL

<5
XX

X
2%
8
55
boses

<

2
20

5%

SRR
XK ICHK KX
Sototedetels
sroseserets
QLRI

SRS
oo,
KL
RS

IRRSELRRES

RRELLKL
%% o
S5
o%
%%

190%%
S
(EHRKS

K
%%
2%
KRRKAKAKH

2K
XK
oS0l
2K
2%
555

o2
KA

%
QLKL

N
Sosadedoleleesete!
RRLRRLRRKLS

p%e?
LY
K,
(KRS

19a9% %
AN
A \

o

AL
IR,
R R LIRS
3 20%ede%e%%%e%
BEK
SRS
XL

of
\REZ
%
2

Q%
0%
5
5
poiels
kot

53

%

%%
LK
SRR

S
oo
5K

KKK
KRS
RS
KRR

5
(S
55
5

Sedetotededes

o%
3555
X5

IR,
ORISR
SeSol0teteteodet
ZRRRRKRKRE:

R
5
§<
<&&
CKKS

vty
05
botetetels

X
NEIRLLS
I

0%

r

Question 7 continued

10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40 42 44

(Total for Question 7 is 14 marks)

.

.

EmCE

P 7 6 0 1 2 A 0 1 7 2 0

17

Turn over »

PMT



Figure 4

18

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

|l

PMT!

S5
SR8
L8825
IR
IR
S
K
IRLLLES
KRS
KRS
G
%
KRS,
2R
6
o ede!
SRS

0w %
0“‘ AQ)Q’
-
9% oz« %%
KXY
<N
ploseer 08!
355&%@
MBS,

2% X
X -
S
(9595707 %

R )‘0

0005 okl
S
S
SIS
SN



<
%

SRS

X
5%
s

%o
SRR
9
&5

CRERKRAL

ool

096202000 2626 % %%

X

k-

o
R B R XS
CRORLXSS

%
ptetetele!

Yosegetetetesss

%
K RIRRKRK AKX AN

%

25

< KA

5 SRS

RS EIRE
CXELRS

A SRRRHALS

K
QS
~

)

B

Q5

9
R
A

9%
58

SRS

SRR

'
258

X
(RS
0‘0‘0'0‘0
odedslodel
255

%
BRI

' K&
UGS
LRLRIRRKRIRLRKRRS

35S
SRR
25
&
oo

<
ot
2%

!

%
S
SEETESS
SR

2
AN NN X
RO leuzatoedoieteretetel
SRR K

0%
X XA]
KRR
NI
RRRKL

o
5

X

£ RIIERIIIHKIIA
oS X QSRR
SRS S S REEY
LS K !
KL

28

LRI
BB

00 KRRN

LKL
SRS

SR

%
XA

4 N\
Question 8 continued
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Question 8 continued

(Total for Question 8 is 8 marks)

TOTAL FOR PAPER IS 75 MARKS
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