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

1. Use the binary search algorithm to try to locate the word “Parallelogram” in the following
alphabetical list. Clearly indicate how you choose your pivots and which part of the list you are

rejecting at each stage.

Arc
Centre
Chord
Circle

Circumference
Diameter
Radius
Sector
Segment

Tangent

(Total 4 marks)
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2. A restaurant sells two sizes of pizza, small and large. The restaurant owner knows that, each
evening, she needs to make

e atleast 85 pizzas in total
* at least twice as many large pizzas as small pizzas

In addition, at most 80% of the pizzas must be large.
Each small pizza costs £2 to make and each large pizza costs £3 to make.
The restaurant owner wants to minimise her costs.

Let x represent the number of small pizzas made each evening and let y represent the number of
large pizzas made each evening.

Formulate the information above as a linear programming problem. State the objective and list the
constraints as simplified inequalities with integer coefficients. You should not attempt to solve the
problem.

(Total 5 marks)
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3. 26 08 21 12 09 17 23 03 18 27
(@) Use the first-fit bin packing algorithm to determine how the numbers listed above can be
packed into bins of size 5
®)
The list is to be sorted into descending order.

(b) (i) Starting at the left-hand end of the above list, perform two passes through the list using a
bubble sort. Write down the lists that result at the end of the first pass and the second pass.

(if) Write down, in the table in the answer book, the number of comparisons and the number
of swaps performed during each of these two passes.
@
After a third pass using this bubble sort, the updated list is
26 21 17 23 12 18 27 09 08 03
(c) Use a quick sort on this updated list to obtain the fully sorted list. You must make your

pivots clear.
3)

(d) Apply the first-fit decreasing bin packing algorithm to the fully sorted list to pack the numbers
into bins of size 5

3)

(Total 13 marks)
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4. (a) Explain the difference between the classical and the practical travelling salesperson problems.

)

The table below shows the distances, in km, between seven museums, A, B, C, D, E, F and G.

A B C D E F G
A - 25 31 28 35 30 32
B 25 - 34 24 27 32 39
C 31 34 - 40 35 27 29
D 28 24 40 - 37 35 36
E 35 27 35 37 - 28 31
F 30 32 27 35 28 - 33
G 32 39 29 36 31 33 -

Fran must visit each museum. She will start and finish at A and wishes to minimise the total
distance travelled.

(b) Starting at A, use the nearest neighbour algorithm to obtain an upper bound for the length of
Fran’s route. Make your method clear.

)
Starting at D, a second upper bound of 203km was found.

(c) State whether this is a better upper bound than the answer to (b), giving a reason for your
answer.

1)
A reduced network is formed by deleting G and all the arcs that are directly joined to G.

(d) (i) Use Prim’s algorithm, starting at A, 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.

(i) Hence calculate a lower bound for the length of Fran’s route.

(4)
By deleting A, a second lower bound was found to be 188 km.

(e) State whether this is a better lower bound than the answer to (d)(ii), giving a reason for
your answer.

1)

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

(@)

(Total 12 marks)
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13

22

Figure 1
[The total weight of the network is 253]

Figure 1 represents a network of roads between 10 cities, A, B, C, D, E, F, G, H, J and K.
The number on each edge represents the length, in miles, of the corresponding road.

One day, Mabintou wishes to travel from Ato H. She wishes to minimise the distance she travels.

(a) Use Dijkstra’s algorithm to find the shortest path from A to H. State your path and its length.
(6)

On another day, Mabintou wishes to travel from F to K via A.

(b) Find a route of minimum length from F to K via A and state its length.

(2)

The roads between the cities need to be inspected. James must travel along each road at least once.
He wishes to minimise the length of his inspection route. James will start his inspection route at A
and finish at J.

(c) By considering the pairings of all relevant nodes, find the length of James’ route. State the arcs
that will need to be traversed twice. You must make your method and working clear.

(6)

(d) State the number of times that James will pass through F.

1)

P66161A 6
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It is now decided to start the inspection route at D. James must minimise the length of his route.
He must travel along each road at least once but may finish at any vertex.

(e) State the vertex where the new inspection route will finish.

1)

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

1)

(Total 17 marks)

P66161A 7 Turn over



- Duration Immediqtely

Activity (days) prege_d!ng
activities

A 4 -

B 7 -

C 6 -

D 10 A

E 5 A

F 7 C

G 6 B,C E

H 6 B,CE

I 7 B,C E

J 9 D,H

K 8 B,CE

L 4 F G, K

M 6 F, G, K

N 7 F G

P 5 M, N

The table above shows the activities required for the completion of a building project. For each
activity the table shows the duration, in days, and the immediately preceding activities. Each
activity requires one worker. The project is to be completed in the shortest possible time.

D(10) J(9)
@
A(4) E®)
L(4)
P(5)
K(8)
M(6)
@
F(7) N(7)
Figure 2

Figure 2 shows a partially completed activity network used to model the project. The activities
are represented by the arcs and the numbers in brackets on the arcs are the times taken, in days, to
complete each activity.

P66161A 8
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(b)

(©)

(d)

(€)

Complete the network in Diagram 1 in the answer book by adding activities G, H and I and the
minimum number of dummies.

©)
Add the early event times and the late event times to Diagram 1 in the answer book.

(4)
State the critical activities.

@)

Calculate a lower bound for the number of workers needed to complete the project in the
shortest possible time. You must show your working.

)

Schedule the activities on Grid 1 in the answer book, using the minimum number of workers,
so that the project is completed in the minimum time.
®)

(Total 13 marks)
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7.
yA
8
S5y=x+k
0 \ 4 N\ %

Figure 3

Figure 3 shows the constraints of a linear programming problem in x and y, where R is the feasible
region. The equations of two of the lines have been shown in Figure 3.

Given that k is a positive constant,

(a) determine, in terms of k where necessary, the inequalities that define R.

(4)
The objective is to maximise P = 5x + ky
Given that the value of P is 38 at the optimal vertex of R,
(b) determine the possible value(s) of k. You must show algebraic working and make your

method clear.
(7)

(Total 11 marks)
TOTAL FOR PAPER: 75 MARKS

END
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C 31 34 - 40 35 27 29
D 28 24 40 - 37 35 36
E 35 27 35 37 - 28 31
F 30 32 27 35 28 - 33
G 32 39 29 36 31 33 -

J

P 6 6 1 6 1 A 0 8 2 0

PMT!

HIKS
doseseseses
oesees

X
D%t
0% =
PP

‘
SRS
% > 9%
SRS

RERRS

ARG
RRHIRRRLLRLLLRLLRLENKEED
R O SRR

0%
t..’
%

X SEERRLEEILRRLELLLLILLELKL

R
RIS KLLEIRKLLRKL

0
29
R IIIIRIEIK

begstesee
N4
<O
I ore
RREHRRIALS

%
<58

%

AR
MRS
AL D
RIS

bady

%%

X KK
X KK
S
030003
S

<X
5%

o

SR
(S
QKRS

>
55
%5
2
55
55

%
Q

QRHRRRASS
RRRIARKS

%
&
%



PMT

~
Bosesssesess

$?$§:§$ Leave
Jonsiteton blank

s Question 4 continued

55&
A Hostetete
KR

=3
>
09)
@)
O
m
M
@

O
%
5
¥
.t
X

e
Y AN
R

%%

ploge!
0.,’:
L

ogds

‘)

000
23388
c
S

X
i \
%%

31 34 - 40 35 27 29
28 24 40 - 37 35 36
35 27 35 37 - 28 31
30 32 27 35 28 - 33
32 39 29 36 31 33 -

QMM OO || >

pelete!
]

o

RN
ASIAEXE
CIRKIHLLS

Jotes
X
Jo%
S
&
9
x5
X
25
(029, vivy
SO
(9%
&

%
K
e
Y
XK

5

<>
28
ofk
&
e
L

o
o
%

-

N

<
(oK
<)
B
sve’s
2K

L
<
QLKL
1e%6%%
QLR
%% %
QR

%
QR

o%
RRLARLSS
RRRLARK,
SRS
$RRKE

0‘:‘00000
GRS
badeietotels!

KRKKKLARRL

R R RIIERRE
LRSS

R ERREEEELEIILELR

SRR

9002029902
SRR

L
0%

6
2%
09288
5

ottt st etetetete!

%%

5
30K
Potetodet
degotete!

GO
SO
K<
A
%%

R
Y pretdd

2
KRR

XKL AN
P
AR
X
5

1902000 0.0.9.0
poteSetedetese
ig
XY
XS

&
.~
%
%

O
HIS
ABCY
XA
55X

¥
~
kil
&
S

X

AN
AN
KK

X

H%
K\
<
A

REERKE
L)
b
RS

ot
E
o
o

=4
0%

5
o
%
!
o

<X
Ry
K\
0%

e

%

o
Wi

2058
RIN

KS

o0

ORI
GBS
]
u
X

%Q&ﬁ%

5558

0

03

%,
K

5
XL

oteted ®
%0006 I AN
R LA HRHIRRIARS

%
X

0
X
0SS
88

9o
XXX
Sote%s
’:’:
5

%0
o
.:
X

0
8
<%
35
5

3RS
X KK
0205
.:.:.
XSG

>
S
X XK
2%
255
RS
(
\

9

T



Question 4 continued

Leave\
blank

10

P 6 6 1 6 1 A 01 0 2 0

PMT!

HIKS
doseseseses
oesees

&
D%t
0% =
PP

]
X505
% > 9%
KB

QKRR
RERRS

RIS RICIISRIIRL
X SEERRLEEILRRLELLLLILLELKL

K SIARR K IEIES K IILIL K IRLIL KKK RX K KAM

b3

RIS

0%
t..’
9

KGR IR IR I AR IR
<

ggg&uwvwwa&s«vw&a&uwvw&a&
AR ARSI ALK
SR LR

<
beg
gqn
5
00K

v
R
RREHRS

%
<58

%

X5
20054
%

195%%
o
KL
5
XS

XX
It
)
R

%%

X
%
%%

bady

K
KK

9%
%
SR

o

L
o%%

>
55
%5
2
55
55

X
SR88%
LS

S

SRLEK

N
2000}
58
K
%

00>
S5
55
38
258

0
54
LKL
P
%5



PMT

-
Leave
s blank

L3858 Question 4 continued

0
2

é&%
dosess

<
S
5
A
5
oo

<
%!
<]
4
0

5>
olotels
D
Al

S

%%
(%%
A E
Al
cSote
XXX

)
R

L
=
SRERLR

et

KKK
SRS
<

<
(oK

<SP
P
R

XX
o%
S
CRS
9%

9%

<>
X
2%

(RS
%

28

%
QR

o%
SRLLLRLLS
CRRRLLRK,
SRS
$RRKE

SRR
S
badeietotels!

0%

KGRI
ORI,

SRR ICISR K
GE00RRRK

X
bt
oS

<

<%

5%
35
005

CRRRKARR

SR
degotete!

<
hote
SRR HRIHHRRIHIHRS

22
55
P
kS
5

9090
S
\REA
SR eetdy
X XK
<IS0IRS

0Ky
IR
N 9
0%

QSRR

p3e%e%%
FRE
§
24

QEARK

%%
LR
le w18
e,
oS

%
i

<
0
XL

190%%
3
X

LER)
AN N
X

%
Y
S

R
&%ﬁ&‘
<P

LN

5558

0

03

%,
K

<

<
K

55 IS
R RRIIIRIARKLARS

Q4

%
X

0
195%%
RIS
0SS
88

XK
K
s

0
8
<%
35
5

(Total 12 marks)

3RS
X KK
0205
.:.:.
XSG

%
%
QR

<
&8
%
5
%
RS
(
-

X
ol
<

1



P 6 6 1 6 1 A 01 2 2 0

N
Leave
blank

To)
-
o
\'d
)
O
o~
N o ©
o~
—
o
To)
O —/—
— o
N
L LL I
o
©
o~
~ > —
r~ @)
—- o
g:
m = T
N e
~ 3
S
— =
™ .| B2 S
— =
(<5} <5} > > ..
Y | B8 = =
oOs| X o
s = <3
E: +—
<
5 £
L ..
o = <
< > S 2
O 4=
o )
8 <
£ D
o <
. c o
Lo [7p] -
Y,
12

PMT!

HIKS
doseseseses
oesees

&
D%t
0% =
PP

]
X505
% > 9%
KB

QKRR
RERRS

RIS RICIISRIIRL
X SEERRLEEILRRLELLLLILLELKL

K SIARR K IEIES K IILIL K IRLIL KKK RX K KAM

b3

RIS

0%
%’0
9

KGR IR IR I AR IR
<

S S RIS
L 0 IR ZRKS
RS RRLIIINRRS

090505 %%
,0:020:%
O
+Od

e
CORKS

%

0
000
S
S
2]
0%

195%%
o
KL
5
XS

<
%S

i
¢ 4
o %,
2SS

x>

<
%

ke
X

X KK
%%
S
030003
S

%

o

¢
25
3
%
0205,
255

2059594
SR
S

%5

RIS
CIRLEEIRLLEIKR

0
54
LKL
P
%5

%
&
%



PMT

N
Leave
s blank

L3858 Question 5 continued

0
2

é&%
dosess

<
S
5
A
5
oo

<
%!
<]
4
0

5>
olotels
D
Al

S

%%
(%%
A E
Al
cSote
XXX

)
R

L
=
SRERLR

et

KKK
SRS
<

<
(oK

<SP
P
R

XX
o%
S
CRS
9%

9%

<>
X
2%

(RS
%

28

%
QR

o%
SRLLLRLLS
CRRRLLRK,
SRS
$RRKE

SRR
S
badeietotels!

0%

KGRI
ORI,

6
2%
09288
5

0900050090 %
GE00RRRK

bt
oS

OR
35

IRILREILILRIILRKL

¢!

%%

005
SRS

0555

WS
%)

%
S8
<,

X
RS P
AREA
IR
LR

<
bes
o
KL
RIERS

X
%

P
"%

COREIERE
»
)
R
5

090%0:%:%%
e
R 6
TR,

X XK

X
-+
]
S AN
K5

0
N
\
XKL
SSRRKLRRS

GOEKIEEKS
QL
I\
NS
SRR

8
DRe%etets
'TE
KK
QRER

! .
K
S

e

235558
»,1'

X
i
\)
KY
%3

ORI
GBS
]
u
X

fotesetes

5558

0

03

%,
K

<

<
K

G558 8 0%
R RRIIIRIARKLARS

%
X

0
195%%
RIS
0SS
88

XK
K
s

0
8
<%
35
5

3RS
X KK
0205
.:.:.
XSG

%
%
QR

<
&8
%
5
%
RS
(
\.

X
ol
<

13

R 0 R0 0 0 0 Turn over
P 6 6 1 6 1 A 01 3 2 0



Question 5 continued

Leave\
blank

14

P 6 6 1 6 1 A 01 4 2 0

PMT!

HIKS
doseseseses
oesees

&
D%t
0% =
PP

]
X505
% > 9%
KB

QKRR
RERRS

RIS RICIISRIIRL
X SEERRLEEILRRLELLLLILLELKL

K SIARR K IEIES K IILIL K IRLIL KKK RX K KAM

b3

RIS

0%
t..’
9

KGR IR IR I AR IR
<

ggg&uwvwwa&s«vw&a&uwvw&a&
AR ARSI ALK
SR LR

<
beg
gqn
5
00K

v
R
RREHRS

%
<58

%

X5
20054
%

195%%
o
KL
5
XS

XX
It
)
R

%%

X
%
%%

bady

K
KK

9%
%
SR

o

L
o%%

>
55
%5
2
55
55

X
SR88%
LS

S

SRLEK

N
2000}
58
K
%

00>
S5
55
38
258

0
54
LKL
P
%5



PMT

-
Leave
s blank

L3858 Question 5 continued

0
2

é&%
dosess

<
S
5
A
5
oo

<
%!
<]
4
0

5>
olotels
D
Al

S

%%
(%%
A E
Al
cSote
XXX

)
R

L
=
SRERLR

et

KKK
SRS
<

<
(oK

<SP
P
R

XX
o%
S
CRS
9%

9%

<>
X
2%

(RS
%

28

%
QR

o%
SRLLLRLLS
CRRRLLRK,
SRS
$RRKE

SRR
S
badeietotels!

0%

KGRI
ORI,

SRR ICISR K
GE00RRRK

X
bt
oS

<

<%

5%
35
005

CRRRKARR

SR
degotete!

<
hote
SRR HRIHHRRIHIHRS

22
55
P
kS
5

9090
S
\REA
SR eetdy
X XK
<IS0IRS

0Ky
IR
N 9
0%

QSRR

p3e%e%%
FRE
§
24

QEARK

%%
LR
le w18
e,
oS

%
i

<
0
XL

190%%
3
X

LER)
AN N
X

%
Y
S

R
&%ﬁ&‘
<P

LN

5558

0

03

%,
K

<

<
K

55 IS
R RRIIIRIARKLARS

Q5

%
X

0
195%%
RIS
0SS
88

XK
K
s

0
8
<%
35
5

(Total 17 marks)

3RS
X KK
0205
.:.:.
XSG

%
%
QR

<
&8
%
5
%
RS
'd
\.

X
ol
<

15

R P 0 R0 O 0 Turn over
P 6 6 1 6 1 A 01 5 2 0



6. (a)and (b)

D(10)

J(9)

A4)

B(7)

E(5)

L(4)

C(6)
Key:

Early
event

K(8)

M(6)

P(5)

time
Late

event
time

F(7)

Diagram 1

N(7)

Leave\
blank

16

P 6 6 1 6 1 A 01 6 2 0

PMT!

HIKS
doseseseses
oesees

&
D%t
0% =
PP

]
X505
% > 9%
KB

QKRR
RERRS

RIS RICIISRIIRL
X SEERRLEEILRRLELLLLILLELKL

K SIARR K IEIES K IILIL K IRLIL KKK RX K KAM

b3

RIS

0%
t..’
9

KGR IR IR I AR IR
<

qeggﬁﬂ#ﬁ%%&&ﬂﬁ#&%%&&ﬁﬂ##ﬁ%%&&ﬁﬁfb
AR ARSI ALK
SR LR

GRS
£
K)
J S
R
RS

%

0
000
S
S
2]
0%

195%%
o
KL
5
XS

XX
It
)
R

%%

%
%
3

bady

<>
%
ke

X KK
%%
S
030003
S

%

o

¢
25
3
%
0205,
255

2059594
SR
S

%5

RIS
CIRLEEIRLLEIKR

0
54
LKL
P
%5

%
&
%



PMT

& S N
s Leave
58 blank

855 Question 6 continued

AR
XK KKK
AREA
(RE]
S8

o
o

"

»
g
S8

X0
S
HIS A

QRRS

L
m_—

S

roTeded
BES
< S

10 1|2 1|4 1|6 1|8 20 2|2 2|4 2|6 2|8 30 3,'2
Tttt ittt i rrtrrrrrrrrrd

SSEERS
S
S omaks
SKEZE

18
=
SRS

Q>
5
L
L
L

%

0‘. D <
2000t
S

fatotele!

pogets
IS

SRR

<

Gri Q6

35
RS
5%
29309

SRR d 1

doSeteselet
RS

%5
%o

(Total 13 marks)

0
5
0.0
pose
0000
25000
(
|\

<
XA

6%
<

17

T



Leave\
blank

18

P 6 6 1 6 1 A 01 8 2 0

PMT!

HIKS
doseseseses
oesees

6
o’

<
9%
e
5

%

<<
)
&
I
X
¢!

%

X
<X}

)
5

Q
<
3
K
UKL

RIS
RIS

€L IR IIRELIRELIIRELIRIK
KRR EIR R KIGERKIHKRKL

2
KL

SRR LRI

IR

>

%
dogese’s
IR IR LLARKLRRKLAK

S8
oy
<O
FEILN
KRR

%
<58

%

QR
0%
€
"0:« :
7%
s

XX
It
)
R

%%

X
%
?%

bady

O
KA
e
XX
8

<
55
%
2
5
20598

o

SN
%
L

<
X
%

<
%
b
0950
o

<
XA

RIRILRS
RRIRLLSEK

950
9%
S5
o
558



PMT

N
Leave
s blank

L3858 Question 7 continued

0
2

é&%
dosess

<
S
5
A
5
oo

<
%!
<]
4
0

5>
olotels
D
Al

S

%%
(%%
A E
Al
cSote
XXX

)
R

L
=
SRERLR

et

KKK
SRS
<

<
(oK

<SP
P
R

XX
o%
S
CRS
9%

9%

<>
X
2%

(RS
%

28

%
QR

o%
SRLLLRLLS
CRRRLLRK,
SRS
$RRKE

SRR
S
badeietotels!

0%

KGRI
ORI,

6
2%
09288
5

0900050090 %
GE00RRRK

bt
oS

OR
35

IRILREILILRIILRKL

¢!

%%

005
SRS

0555

WS
%)

%
S8
<,

X
RS P
AREA
IR
LR

<
bes
o
KL
RIERS

X
%

P
"%

COREIERE
»
)
R
5

090%0:%:%%
e
R 6
TR,

X XK

X
-+
]
S AN
K5

0
N
\
XKL
SSRRKLRRS

GOEKIEEKS
QL
I\
NS
SRR

8
DRe%etets
'TE
KK
QRER

! .
K
S

e

235558
»,1'

X
i
\)
KY
%3

ORI
GBS
]
u
X

fotesetes

5558

0

03

%,
K

<

<
K

G558 8 0%
R RRIIIRIARKLARS

%
X

0
195%%
RIS
0SS
88

XK
K
s

0
8
<%
35
5

3RS
X KK
0205
.:.:.
XSG

%
%
QR

<
&8
%
5
%
RS
(
\.

X
ol
<

19

R 0 0 IR0 O 0 Turn over
P 6 6 1 6 1 A 01 9 2 0



Question 7 continued

(Total 11 marks)

Leave\
blank

Q7

TOTAL FOR PAPER: 75 MARKS
END

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

PMT!

HIKS
doseseseses
oesees

QL
< o
ALK
LKL
P05, - 1093

%
%
5
%v
X

Q>
X PRI IR IAK KX AKX AN

IR
bt

QKRR
KRS

< S OSRRREIES RIS RIS SRR K
X SEERRLEEILRRLELLLLILLELKL

€L IR IIRELIRELIIRELIRIK
< SGIKELEILIKIELEIRILISKIILIKKKKRL XKL

2
KL

S ORKHIRIHSIRILLIRKLLRK,

>

0
29
e ERIIKILINK,

S8
oy
<O
FEILN
KRR

%
<58

%

R
S
%o
o 11 oSe
RRRRES

CRRILR

X
X
S5

x>

O
300008
G
28
M
CERREK,

<
20594
55
e

!

o

SN
%
L

L
o%%

>
55
%5
2
55
55

%
Q

QRHRRRASS
RRRIARKS

%
&
%



	P66161A_QP_WDM11_01
	P66161A_AB_WDM11_01



