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

52 4.7 6.5 4.5 3.1 5.1 1.8 2.9 3.4 3.8 1.2

(a) Use the first-fit bin packing algorithm to determine how the eleven numbers listed
above can be packed into bins of size 14

3)
(b) The list of numbers is to be sorted into ascending order. Use a quick sort to
obtain the sorted list. You should show the result of each pass and identify your
pivots clearly.
“4)
(c) Apply the first-fit decreasing bin packing algorithm to the sorted list to pack the
numbers into bins of size 14
3)
(d) Explain why the number of bins used in part (c) is optimal.
(1)
(e) Use the binary search algorithm to try to locate 3.0 in the list of numbers.
Clearly indicate how you choose your pivots and which part of the list is rejected at
each stage.
3)

(Total for Question 1 is 14 marks)
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G(2)

K(7)
Figure 1
[The sum of the durations of all the activities is 59 days.]

The network in Figure 1 shows the activities that need to be undertaken to complete
a project. Each activity is represented by an arc and the duration, in days, of the
corresponding activity is shown in brackets. Each activity requires one worker.

The project is to be completed in the shortest possible time.

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

(i1) State the minimum completion time of the project.

©))

(b) Calculate a lower bound for the number of workers needed to complete the project
in the minimum time. You must show your working.

(1)

(c) Schedule the activities using the minimum number of workers so that the project is
completed in the minimum time.

“4)
(Total for Question 2 is 10 marks)
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Figure 2

Figure 2 models a network of tracks between nine ranger stations,

A,B,C,D,E, F, G, H and J, in a forest. The number on each edge gives the time, in
minutes, to travel along the corresponding track. The forest ranger wishes to travel from
A to J as quickly as possible.

(a) Use Dijkstra’s algorithm to find the shortest time needed to travel from A to J.

State the quickest route.

(6)

(b) Hence determine the weight of the minimum spanning tree for the network given in
Figure 2. Give a reason for your answer.

You do not need to find the minimum spanning tree.

2

(Total for Question 3 is 8 marks)
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Figure 3

[The total weight of the network is 494]

Direct roads between nine factories, A, B, C, D, E, F, G, H and J, are represented in

Figure 3.

The number on each arc represents the lengths, in kilometres, of the corresponding road.

The table below shows the shortest distances, in kilometres, between the nine factories.

A|B | C D|E|F | G H J
A - 15 7 |25 15 42 | 64 | 51 | 46
B |15 - |22|40 30 57 49 | 36 31
C 7 022 - 32|22 ,49 71 | 58 | 53
D |25 40 | 32 - 10 1 17 | 57 | 70 | 71
E |15 30 |22|10 - |27 |67 |66 61
F |42 57 49 |17 27 - |40 | 53 | 72
G |64 49 71 |57 67 40 - 13 | 32
H |51 3658 70 66 53 | 13 | - 19
J 46 31 |53 71 61 72|32 |19 -

(a) Starting at A, use Prim’s algorithm to find a minimum spanning tree for the table of
shortest distances. You must state the order in which you select the arcs of your tree.

Table of shortest distances

(b) State the weight of the minimum spanning tree.
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A route is needed that minimises the total distance to traverse each road at least once.
The route must start at E and finish at F.

(c) Determine the length of this route. You must give a reason for your answer.

2)

It is now decided to start the route at C and finish the route at A. The route must include
every road at least once and must still minimise the total distance travelled.

(d) By considering the pairings of all relevant nodes, find the roads that need to be
traversed twice.

C))

Naoko needs to visit all nine factories, starting and finishing at the same factory, and
wishes to minimise the total distance travelled.

(e) Starting at B, use the nearest neighbour algorithm on the table of shortest distances
to find an upper bound for the length of Naoko’s route. Write down the cycle,
obtained from the table of shortest distances, which gives this upper bound.

2)

(f) By deleting C and all of its arcs, use the values in the table of shortest distances to
find a lower bound for the length of Naoko’s route.

(2)
(Total for Question 4 is 14 marks)
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5. The head of a Mathematics department needs to order three types of paper. The three
types of paper are plain, lined and graph.

All three types of paper are sold in reams. (A ream is 500 sheets of paper.)

Based on the last academic year the head of department formed the
following constraints.

* At least half the paper must be lined
* No more than 15% of the paper must be graph paper
* The ratio of plain paper to graph paper must be 5 : 2

The cost of each ream of plain, lined and graph paper is £5, £12 and £15 respectively.
The head of department has at most £834 to spend on paper.

The head of department wants to maximise the total number of reams of paper ordered.

Let x, y and z represent the number of reams of plain paper, lined paper and graph paper
ordered respectively.

(a) Formulate this information as a linear programming problem in x and y only,
stating the objective and listing the constraints as simplified inequalities with
integer coefficients.

(7)
The head of department decides to order exactly 42 reams of lined paper and still wishes
to maximise the total number of reams of paper ordered.
(b) Determine
(1) the total number of reams of paper to be ordered,
(i1) the number of reams of graph paper to be ordered.
3)

(Total for Question 5 is 10 marks)
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(a) Draw the activity network for the project described in the precedence table, using

activity on arc and the minimum number of dummies.
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A cascade chart for all the activities of the project, except activity L, is shown on
Grid 1.

The time taken to complete each activity is given in hours and each activity requires
one worker.

The project is to be completed in the minimum time using as few workers as possible.

(b) State the critical activities of the project.

(1)
(c) Use the 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.)
(2)
The duration of activity L is x hours. Given that the total float of activity L is at most
7 hours,
(d) determine the range of possible values for x.
(2)

(Total for Question 6 is 10 marks)
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7.
VA
D
A
R —2x+5y=15
C
B
o) 2x+y=15 2x+y=27 ¥
Figure 4

Figure 4 shows the constraints of a linear programming problem in x and y, where R is
the feasible region.

The equations of three of the lines, and the four intersection points, 4, B, C and D,

are shown.
9 21 27 27]

The four vertices of R are A[Z’?]’ B(5,5),C(10,7) and D[I,7

(a) Determine the inequalities that define R.

“4)
The objective function, P, is given by
P=2x+ky
where £ is a positive constant.
Given that the minimum value of P is at least half of the maximum value of P,
(b) determine the range of possible values of £.
)

(Total for Question 7 is 9 marks)

TOTAL FOR PAPER IS 75 MARKS
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Question 1 continued
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Question 4 continued
A | B C D E F G | H J
A - 15 7 25 | 15 | 42 | 64 | 51 | 46
B 15 - 22 | 40 | 30 | 57 | 49 | 36 | 31
C 7 22 - 32 122149 | 71 | 58 | 53
D |25 | 40 | 32 - 10 | 17 | 57 | 70 | 71
E 15|30 22 | 10 - 27 | 67 | 66 | 61
F |42 | 57| 49 | 17 | 27 - 40 | 53 | 72
G |64 |49 71 | 57 | 67 | 40 - 13 | 32
H |51 36 58|70 66 | 53 | 13 - 19
J 46 | 31 | 53 ' 71 | 61 | 72 | 32 | 19 -
q J &

— NN Y0 0 A
EOEOm
P 7 4 3 06 6 A 0 1 2 2 0



Mathematics - 2024 - May/Jun - D1 - QP

e P . P
RIS I KRR IR R IR I IR KRR KK RKRKS R CRRRKRRRXHRRXK OKIHRRRIRRXK SKRRK, RIS K II IR E R R R R X I I R R R KR I IR
'Rﬁ N 157 0050 D O N T W R EEE NS HIS AR B A 88 sisss i i : Potetetateteteteteteteteteted
RO OO0 OO oo OO 00O e OO OO0 g O OO OO A OO OO0 e Sooaooaooaosatosasooatooy
0000000004040 040404040y g 0 e e e e e T T T T T 0 0400004000 04 0 0 0 0y g g P B e R R e e e e e T T T o T 2 0 04 0 04 04004 040404 00y 0 B e R R R R e e T T T T T T %% %0904 0404040404040 04 04 0o Lo Lo P PP Lo R e R o R IO 0000506040406 06%6 %50ttt %s

RS

St

S A

GradeMax

- | Question 4 continued

15

25

15

42

64

51

46

15

22

40

30

57

49

36

31

22

32

22

49

71

58

53

25

40

32

10

17

57

70

71

15

30

22

10

27

67

66

61

42

57

49

17

27

40

53

72

64

49

71

57

67

40

13

32

51

36

58

70

66

53

13

19

— DT Qoo O @ >

46

31

53

71

61

72

32

19

(Total for Question 4 is 14 marks)

o5
855 N\

.

BOEw

P 7 4 3 0 6 A 0 1 3 2 0

13

Turn over »



Mathematics - 2024 - May/Jun - D1 - QP
I

4 )

5.

%
)

XX e%
SO
X K

$00%o% %%

%%

2
Potiva- ¢
Do e 1%
oSy
DeoZe %
DeSorae %
999 5 1 1999

oot
SKRRKE,

:‘z’
0%
XK
09%%
de%eds

X
oo0ratess
L
SRS
25

0
B
K

SEIKE
o20%8!
QLK

555
0‘.
X

%
000!
S
2K

i

5
Dossie wiet
oS8 w9
AP

\ J 855
14

— MY 0 R
EOEOm
P 7 4 3 0 6 A 0 1 4 2 0




Mathematics - 2024 - May/Jun - D1 - QP

X " '

oSt otetetotetetetetotetetetets

DO NOT!
Pototess 5

5
So202e%e%

QO
355

SRRKS
SIS
X

%%
5
XS

000,00 0.0,
Pt ototetese!
tatelototete!
R RRRLEE
s “ﬁskx
‘¥;§§w0

o~
SR

O
%6%2e%
4] 1"4 e

A
;%b

<
.

o%

X

A

XN
RRRRRS

s

4
o
&

XXX
KRR
S
<R
KRS

O
<
X
1
oo
X
X

<KX

YRS
000%

X
%%
"1:

A
5%
2

XX
RRRK

%
XX

<
KL

SR
GRS
ﬁ&%@v
LR

%
&

QLRI
GRRL:

RS

LR

3
CRXKS

o
)OI WV R
BRI NS
fq‘ ’%,qupqp% %

<p)
5

o
5
%0
5

090088
CRKAX

55555

o
2

ke
0%

GradeMax

~ ™
Question 5 continued
(Total for Question 5 is 10 marks)
- v,

BOEw

| ; 4 3 0 6 A 0 1 5 2 0



Mathematics - 2024 - May/Jun - D1 - QP
I

r

6.

X
VR LN
RIS

3 \.V a
st

!

KL
o

A
bt

. J

— NN Y0 00 R A
EOEOm
P 7 4 3 06 6 A0 1 6 2 0




Mathematics - 2024 - May/Jun - D1 - QP

X " '

oSt otetetotetetetetotetetetets

DO NOT!
Pototess 5

5
So202e%e%

QO
355

SRRKS
SIS
X

%%
5
XS

000,00 0.0,
Pt ototetese!
tatelototete!
R RRRLEE
s “ﬁskx
‘¥;§§w0

o~
SR

O
%6%2e%
41"4-:

A
;%b

<
.

o%

X

A

XN
RRRRRS

s

4
o
&

XXX
KRR
S
<R
KRS

O
<
X
1
oo
X
X

<KX

YRS
000%

X
%%
"1:

A
5%
2

XX
RRRK

%
XX

<
KL

SR
GRS
ﬁ&%@v
LR

%
&

QLRI
GRRL:

RS

LR

3
CRXKS

o
)OI WV R
BRI NS
fq‘ ’%,qupqp% %

<p)
5

o
5
%0
5

090088
CRKAX

55555

o
2

ke
0%

GradeMax

~ ™
Question 6 continued
(Total for Question 6 is 10 marks)
- v,

BOEw

17
MY Y0 0 —
>
P 7 4 3 0 6 A 0 1 7 2 0 Turn over



Mathematics - 2024 - May/Jun - D1 - QP
E—

XX
<

<

28

( )

SRR
09000900:909:%%
090%6%%%
096%%%
KRR
botoseses

%
S
R
3

oo
fotet

7.

IS
XXX
0.0.0.0
X KKK
SRR
KK

KRR
LR
) &

—2x+5y=15

doSetetetetete!
S tototatese!
o otetetetoteteds o
o totetetetotete! ; 4
SRR M
pSotetetetotets

DR85S
(00,0 0.0 0.0,
(00,0 0000
(000,00 0.0,
SRR
SRR

&
X%
35
botes
oSoks
ok

200%e!
o20%e!
ot0de!
ool
ool
deloe!
KR

2x+y=15 2x+y=27 x

8
X X
X
<X
XX
5
K

o2
%S
%
%
o
%

o%
XX
o%%
o
XX

8
N
&p
Qp
3K

¢
58
~
.\‘4
X
3R

Figure 4 o

s
oo e %
KK

oM
O.QAQYQ”
SO w0
0 vt
s
TP

2
.
LRXHR
53882
KRR

0888
O 000,
X KKK
KKK
KKK
R
K58

S tetotetete!
S teotetets!
Soodetototeds
SRR

XX
555
XXX
XX
o%0%
L
X

XX
O

3%%%%
X XK KX
KKK
X KKK
93RS
3RS

6
o208

X
3R

KRS
XK
25

090

K
XK
%5

202
290959

18

— MY 0 0
EOEOm
P 7 4 3 0 6 A 0 1 8 2 0



Mathematics - 2024 - May/Jun - D1 - QP

GradeMax

7

5 SR
RIS
CHRHKS
3RS

255

Question 7 continued

00
K

%

otodetedes

& o

o 2
SRR
ZRRRRZRRRRLRKS

-

XX

4
4
!

"4
SRRRRR

o

o9%e%

o

XX RK
SRS
Xm0

e
o
SR

I
IRRIIZLIEIZES,
et eeeten

¢
02

o9e%%
o%
28

<
st0ge%e

R

XX
%%

X
°r
X K2
o’

%a%

09588

5%
o
Rotototets

4%&
SRS
000.
KRS

b
X
<
9%
S

000
X%
%
X

o
s
o

e
XXX
53

dodeses

335
5%

&
5%
255

<
%
KRR

O
XX
XL

00
159505989
89

\
P
X
R

..’00
T
B
3”%%%%
CRRH
KRR

XL

ézs
150
55

32?.2:%
i35

Q}
0::
fle%e

X
5
g%

BOEw

P 7 4 3 06 6 A 0 1 9 2 0

19

Turn over »



Mathematics - 2024 - May/Jun - D1 - QP
I

a N

Question 7 continued

e %% %%t %
R RRIRLRRRLS
PROoetetesens - b A% A
RS
RRXXXS

%
X
905
%%

R
Q’
S

5%
KR
X 0""
R

oS
oo

AR

X
X XK KKK
S
XX
XX

XXX

XX

3
év

&
S

0 v 1%
IS
prog-ates
X
-
oo o 5 88

(Total for Question 7 is 9 marks)
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