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1. 37 25 54 19 27 32 31 27 42 20

(a) Use the first-fit bin packing algorithm to determine how the numbers listed above can be
packed into bins of size 8.5
3

The first-fit bin packing algorithm is to be used to pack » numbers into bins. The number of
comparisons is used to measure the order of the first-fit bin packing algorithm.

(b) By considering the worst case, determine the order of the first-fit bin packing algorithm in
terms of n. You must make your method and working clear.

(&)

(Total for Question 1 is 6 marks)
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Figure 1

A project is modelled by the activity network shown in Figure 1. The activities are represented
by the arcs. The number in brackets on each arc gives the time, in hours, to complete the
corresponding activity. Each activity requires one worker. The project is to be completed in the
shortest possible time.

(@)

(b)

(©)

(d)

(e)

®

(2

Complete the precedence table in the answer book.

(2)
Complete Diagram 1 in the answer book to show the early event times and the late event
times.

3)
(1) State the minimum project completion time.
(i1) List the critical activities.

(2)

Calculate the maximum number of hours by which activity H could be delayed without
affecting the shortest possible completion time of the project. You must make the numbers
used in your calculation clear.

1)
Calculate a lower bound for the number of workers needed to complete the project in the
minimum time. You must show your working.

()
Draw a cascade chart for this project on Grid 1 in the answer book.

(&)

Using the answer to (f), explain why it is not possible to complete the project in the shortest
possible time using the number of workers found in (e).

)

(Total for Question 2 is 14 marks)
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2. (a)
Immediately Immediately Immediately
Activity preceding Activity preceding Activity preceding
activities activities activities
A — E A I D
B — F A \ B J Dl E ' g G—l H
C - G A i 6  C K H
D A H A B.C
Key:
b) 5 D(6) I !
Early
Y 13 event
A(5) | E(8) | 1(3) time
Y ‘%’ Late
' ' event.
BG) 5 F(S) 13 J©9) 22| | time
G 13 22
| I
@) Y GG) | <
5 12
© H(7) (3
Diagram 1

ci) Minwwmunm biwe =22 hours

cil) Critlcald ackivities :

AE,T

d) R float =13-F-5= 1 hour
S H wounld be deLOch.ai by 1 howr .

) 543+U+bLTEA5+BF + F+A+0

22

=32 - 9.906
(1

. Lower vound of 3 worleys.
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Question 2 continued

F) 0 2 4 6 8 10 12 14 16 18 20 22 24 26

Grid 1

CZD At hwme $ .5 hows , activines E, D, F, H nmust be
happenms sonot possible  to cmmpltte Wwith only 3
wovlters.

(Total for Question 2 is 14 marks)
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Figure 2

[The weight of the network is 5x + 246]

(a) Explain why it is not possible to draw a graph with an odd number of vertices of
odd valency.

2

Figure 2 represents a network of 14 roads in a town. The expression on each arc gives the time,
in minutes, to travel along the corresponding road.

Prim’s algorithm, starting at A, is applied to the network. The order in which the arcs are
selected is AD, DH, DG, FG, EF, CG, BD. It is given that the order in which the arcs are
selected is unique.

(b) Using this information, find the smallest possible range of values for x, showing your
working clearly.

(&)

A route that minimises the total time taken to traverse each road at least once is required. The
route must start and finish at the same vertex.

Given that the time taken to traverse this route is 318 minutes,

(c) use an appropriate algorithm to determine the value of x, showing your working clearly.

(6)

(Total for Question 3 is 11 marks)
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Figure 2

[The weight of the network is 5x + 246]

o\) The sSum of tme orders of all the nodes = 2 x numbevof arcs.
Ths wvplies that the sSum of thhe ovders of all the node€s
15 even . there must be an even (or zevo) wnumber of nodes

of odd ovder.
(cannot have an odd numwerof wnodes of odd oroer)

by AR >AD Ag > BD
25410 23x-2 2%+ 0 7 20
12>oC 227 10O
X775

C/) odd nedes: C, E F H
Possible pairs:
c(cF)E + F(GDH=37+25= (2

c(c)F + E(FGD)H =25+3%F =62
C(cDYH + EF = 30+t12 =42 *Shortest »

B v 240+ 42=313

5x=3%0
J=b
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Figure 3

Figure 3 shows the constraints of a linear programming problem in x and y, where R is the
feasible region. Figure 3 also shows an objective line for the problem and the optimal vertex,
which is labelled as V.

The value of the objective at V'is 556

Express the linear programming problem in algebraic form. List the constraints as simplified
inequalities with integer coefficients and determine the objective.

®

(Total for Question 4 is 9 marks)

TOTAL FOR DECISION MATHEMATICS 1 IS 40 MARKS
END
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