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Section A

1 A simple graph is one in which there are no loops, and in which there is no more than one edge
connecting any pair of vertices. A simple connected graph is drawn. It has 5 vertices and 7 edges,
and the order of each vertex is either 2, 3 or 4.

(i) Explain why the sum of the orders of the vertices is 14.

(2]

(ii) Copy and complete Table 1 to show two of the possibilities for the numbers of vertices of each

Number of | Number of | Number of | Number of Sum of
vertices order 2 order 3 order 4 orders
5 _ 14
5 14 [2]
Table 1
(iii) Draw a diagram for each of your possibilities from part (ii) [2]

[Total 6]

2  The following algorithm counts the number of complete days from the beginning of the year 2000
to a date given in the form dfm/[y, where d is the day number, m is the month number and y is the
year number, y = 2000.

o start withd — 1
¢ add on 365 X (y — 2000)
if m > 2 add on the integer part of %0’ — 1996),

otherwise add on the integer part of } (y - 1997)
if m = 2 then add on 31

[ )
e if m =3 then add on 59
e if m = 4 then add on 90
e if m = 5 then add on 120
e if m = 6 then add on 151
o if m =7 then add on 181
e if m = 8 then add on 212
e if m =9 then add on 243
e if m = 10 then add on 273
e if m = 11 then add on 304
e if m = 12 then add on 334
Apply the algorithm to 27/11/2010. (4]
[Total 4]
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3

Use the matrix form of Prim’s algorithm, starting at A, to find a minimum connector for the
network defined by the arc weights given in Table 3.

A B C D E
A - 12 8 7 9
B 12 - 10 - 9
C 8 10 - 4 5
D 7 - 4 - 3
E 9 9 5 3 -
Table 3
Draw your minimum connector and give its total weight. [5]
[Total 5]
Section B
The tasks involved in decorating a room are given in Table 4.1.
Task Immediate predecessor(s)
A | strip old paper -
B | rub down wooden surfaces -
C | paint ceiling A
D | apply undercoat A,B
E | apply gloss paint D
F | paper walls CE
Table 4.1
(i) Draw an activity on arc network to illustrate this information. 3]

The duration of each task is shown in Table 4.2.

Task A|B|C|[DJ|E|F
Duration (days) 1 10.25]0.75] 1 1 1

Table 4.2

(ii) Complete forward and backward passes to find early and late event times. Give the critical
activities and the minimum duration of the project. (6]

(iii) Produce a resource histogram, given that each task requires one person.

Fred is decorating the room on his own. How long will it take him? [3]

(iv) Fred asks Alice to help him. Show that together they could decorate three rooms within eight
days. [3]
[Total 15]
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5 Two products, X and Y, require three ingredients, A, B and C, for their manufacture. Table 5
summarises the amounts required and how much of each is available.

Resource A | Resource B | Resource C
Amount required | Product X 15 10 8
per unit of product | ProductY 5 7 12
Amount available 600 560 768
Table 5

It is required to maximise the total output of the two products subject to the amounts available.

(i) Identify variables and formulate an appropriate linear programming (LP) problem. [51
(ii) Solve your LP problem graphically, and interpret the solution. [71
(iii) The amount of B available is increased by 16. Show that the total output can be increased by
1 unit. [2]

(iv) The amount of B available is increased by a further 16. Show that the total output cannot be
increased any further. [1]
[Total 15]

6 In a manufacturing process parts arrive at a machine for polishing. The time intervals between
arrivals follow the distribution given in Table 6.1.

Arrival intervals Interval (minutes) 1 2 3
- | Probability 0510302

Table 6.1

(i) Give a rule for using one-digit random numbers to simulate time intervals between part
arrivals. [2]

Polishing times follow the distribution given in Table 6.2.

Polishing times Time (minutes) | 1 2
Probability % %
Table 6.2

(if) Give a rule for using one-digit random numbers to simulate polishing times. [3]
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(iii) Use the random numbers from Table 6.3 to simulate arrival intervals and polishing times for
5 parts arriving at the machine. 31

O

Random numbers for arrivalintervals { 4 | 8 { 1 [ 0| 8 | 4| 5[0} 3
Random numbers for polishingtimes | 8 | 519 |0 | 1]3|5|23]0

Table 6.3

When parts arrive at the machine they are placed in a stack until the machine is ready to polish
them. Parts arriving later are placed on top of parts arriving earlier. When the machine has finished
polishing a part the operator has to take the next part to be polished. If a part is just arriving he
takes that part. Otherwise he takes the part from the top of the stack.

A simulation is begun as shown in Table 6.4.

Part

Arrival interval

Arrival time

Polishing time

Time when polishing starts
Time when polishing ends

i RV SR S
B

AN

Table 6.4
(iv) Continue the simulation, using your simulated inter-arrival and polishing times.

Show the times at which parts are taken for polishing and the times when polishing is finished.
Stop your simulation when the part which arrived second is taken to be polished.  [4]

(v) Give the total time for which the second part waited to be polished. [1]
(vi) Your answer to part (v) is an estimate of how long a part has to wait to be polished. Describe
two ways to improve the process of obtaining an estimate of this time. [2]
[Total 15]
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(1) 14=2x7 M1 Al
() 3,0,2 2,2,1 1,4,0 B1 B1
(i)  eg.:
Bl B1
(i) 26 Bl
+ 3650 Bl
+3 Bl
+ 304 = 3983 Bl
1 5 4 2 3
A B C D E
A —102 38 7 9
B 12 - 10 —- (9 %11 ot
C ——A(H—5- serecting
D @ _ 4 — 3 Al deleting
E 4 9 5 @__T

total weight =23

B1 B1
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(i) & (i1)
1 c M1
A Al dummy
Al rest

[°]9] ]

(111)
2
'BE
1
A D E F
1 2 4
5 days

(iv) This is an obvious solution, though it can be done-in 7.5
days:

2
Clas A o3 HC|C| E3|F3
1 2 2

Al | D1 El | F1 | A2 | D2 | E2 | F2

M1 Al forward
M1 Al backward

B1 B1

Ml
Al

Bl

Ml 1&2 side by side
Al 3 slotted in
Al B3 correct
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(1)  Let x be the number of units of X produced ... BT
max x+y Bl
st 15x + 5y < 600 B1
10x + 7y < 560 Bl
Bl

8x + 12y < 768

)y
120

20 B (24, 48) 72

(25.45..,43.63..) 69

21 of X and 50 of Y

(111) Second constraint becomes 10x + 7y < 576, making

(24,48) feasible.

(iv) Any further increase in availability of B irrelevant since

the constraint is now not active.

B1 axes labelled

and scaled
B3 lines
Bl shading

MI Al

MI Al

Bl
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@ 04 57 89 M1
1 2 3 Al
(i) 0-2 3-8 9 Mi missing some
1 2 ignore Al 1 missed
Al rest OK
(i11) arrival intervals: 1 3 1 1 3 Ml
Al arrival intervals
polishing times: 2 2 1 1 2 Al polishing times
(iv) part 1 2 3 4 5 Bl arrival times
arrival interval 2 1 1 1 3 (parts 4, 5, ...)
arrival time 2 3 4 5 8 M1 Al start service
polishing time 2 1 1 2 2 Al end service
polishing starts 2 7 4 5
polishing ends 4 5 7
(v) 4 minutes Bl
(vi) Repeated runs + averaging Bl
B1

Settllng in — looking at a later part (if indeed equlhbnum
is achieved!)
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2620 Decision and Discrete Mathematics I

General Comments

Candidates found one or two of the grade A marks to be challenging, and there were few really high scores.
There were occasions when candidates had clearly allowed themselves to lose too much time on these part
questions. Conversely, there were many relatively easy marks to be had.

Comments on Individual Questions

Question 1 (Graphs)

This question was disappointingly done. Only a minority of candidates were able to come up with 2 x edges
in part (i). More managed correct entries in part (ii) and correct diagrams in part (iii), although many non-
simple graphs were seen.

Question 2 (Algorithms)

Relatively few completely correct answers were seen. Commonly, fractional answers were seen following

“the integer part of ...”.
Arithmetic errors were common, particularly 26+365 x (2010—2000) = 391 x 10.

3983 days

Question 3 (Networks)

A very large number of candidates did not know the matrix form of Prim’s algorithm. A common score
was 2 out of 5, for getting the correct minimum connector and total weight, but not by using the required

algorithm.
AD, BE, CD and DE — total weight = 23

Question 4 (CPA)

Candidates did well with the basic CPA work in parts (i) and (it). They did less well with the resource
histogram in part (iii), many producing just a cascade chart. Part (iv) was more difficult.

(ii) Critical activities: A, D, E and F; minimum duration = 4 days
(iii) Fred would take 5 days on his own.

Question 5 (LP)

As ever, candidates were weak in identifying their variables. Surprisingly, many also failed correctly to
identify the objective function — many accumulated the left-hand sides of the inequalities to get 33x+24y.
The graphs were generally well done in part (ii), but a substantial majority did not demonstrate any
methodology in performing the maximisation. Parts (iii) and (iv) were intended to be more challenging.

Note that accurate answers read from a clear graph are perfectly acceptable. Many candidates solve
simultaneous equations to ensure accuracy. This too is perfectly acceptable, but not required, and some lose
much time doing it for little reward. This was particularly evident in the final part of this question where all
that was required was to note that any further increase in resource availability makes the constraint
redundant — the line moves into the infeasible region.

(ii) Max of 71units at (21, 50)
(iii) New max of 72 at (24, 48)
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Question 6 (Simulation)

Parts (i), (ii) and (iii) were generally well done. The simulation of a top-down stack was difficult, but was
surprisingly well done. Only a very few candidates noted that the waiting time for the second component is
not a good indicator of the efficiency of the system.
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