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l1a).  The 100 employees of Vennindex plc company are classified according to whether or not
they are: Skilled (S) or unskilled
Male (M) or female
Employed on the production line (P) or not
The following table gives the number of employees which fall into each group identified,

and also the percentage of the total salary bill paid to each group.

Group Number of workforce | % of total salary bill
M 67 63
P 70 87
S 12 13
MNP 51 56
MnS 7 8
SnP 3 4

MAPNS X (unknown) Y (unknown)
_i) From this table calculate the number of people (as a function of X) in each of the eight

disjoint subsets which can be logically identified and produce an appropriate Venn
diagram. Similarly produce a fully annotated Venn diagram for each group’s % of total
salary bill with subset orders as a function of Y. (6 marks)

ii) Assuming that each subset of the above Venn diagrams has positive order determine the
largest possible value for X and the smallest possible integer value for Y. (4 marks)

1i1) Assuming the values of X and Y determined in ii), which one of the eight subsets has the

highest salary per person? (3 marks)

(question continues on next page)

1 PLEASE TURN OVER
UL03/495



b) The same company Vennindex has collected the following data of total salary bill and the
number of workers over six years:

Year 1997 | 1998 | 1999 |2000 |2001 |2002

Number of Workers 50 65 55 80 85 100

Total Salary Bill (in millions of £) 1.2 1.4 1.3 2.0 25 2.8

i)

Determine an index series (Base 2000 = 100) for Salary per person employed by

Vennindex for 1997-2002. (4 marks)

How useful is the above index for determining whether Vennindex was paying its

workforce more generously in some years than in others? (3 marks)

Suppose the consumer demand for a company’s only product line depends upon the price

according to the formula

dp _d’p
=50 -40p - 7 +
q p Tt

and that the supply function is
g=-10+20p

Determine the equilibrium price and quantity if p = 5 and dp/df = 31 when = 0.

(12 marks)
Produce a sketch graph of p against ¢ and describe the behaviour of p.
(4 marks)
Suggest how the above model might be used in practice. Do you foresee any limitations
on its use? (4 marks)
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3a).  The following matrix {F}; | ij = AB...G} depicts the number of rail passengers travelling

A4 B C D E F G
A 0 100 200 0 0 0 0
B 200 0 80 0 0 0 0
C | 100 180 0 0 100 O 0
D 0 0 0 0 10 0 120
E 0 0 100 20 0 60 0
F 0 0 0 10 70 0 30
G 0 0 0 100 0 50 0

on a particular day between stations A,B,C,D,E,F and G on a railway network.

1) Draw a network flow diagram showing the passenger flow between the stations.
(4 marks)

i) Another matrix {My | ij = A,B...G} depicts the fare for travelling between i and j where

A B C D E F G
A 0 60 20 0 0 0 0
B{50 0 50 0 0 0 0
ci10 50 0 0 30 0 0
M,=D| 0 0 0 0 100 130 50
E| 0 0 30 90 0 10 0
F| 0 0 0 120 10 0 10
GyLo 0 0 70 0 15 0

Assuming each stage of a journey has to be paid for separately, use matrix algebra to

determine the total return fares for travelling directly from i to j and back again.

(4 marks)

(question continues on next page)
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3b)i) Describe and solve the general 'Gambler's Ruin' problem. (9 marks)
ii) Assume that:
Each player bets and stands to win $10 on each play;
Initially player A has $40 and player B has $30;
That the odds are biased such that for each play A will win with probability 0.6
and B will win with probability 0.4, and
That the game continues until one of the players is ruined.
What is the probability that A will eventually be ruined? (3 marks)
4a)  Briefly explain the five stages a modeller might go through in producing an econometric
mode! of a company’s sales revenue. (5 marks)
b) The annual sales revenue for a company between 1990 and 2002 is shown in the
following table. (The figures are all in millions of £).
Year 90 |91 92 193 (94 {95 |9 |97 |98 199 |00 |01 02
Sales 83 (82 |97 (7.0 |92 |7.7 |85 |89 |105]13.6 150|175 |14.6
Revenue
1) Using a 5-point simple moving average, produce estimates of the Sales Revenue for each
of the years 1995 to 2003. (4 marks)
i1) Compare these estimates with those obtained using exponential smoothing using a
smoothing constant of 0.3. (5 marks)
iii) Comment upon the two forecasting models used and suggest how you would assess which
is the best model. (3 marks)
iv) Suggest a suitable regression model for forecasting sales revenue. | (3 marks)
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5a)i)

b)

6a)

b)

State Taylor’s theorem for expanding f{x) as a power series, and use it to create

expansions for e ~ and cos x. (6 marks)

Using your answers to i), or otherwise, expand ¢"**™ up to terms in x% and hence

z/6

evaluate j e dx (7 marks)
0

If i = V-1, find the real and imaginary parts of

p 2 ii) log, B (-3 )}

3-2i

and draw an Argand diagram for your answer to i). (7 marks)

For a particular product the daily sales figure for sales, y, follows the following Jogistic

growth curve:

20,000
Y10

where t is the time in months since the product was launched. -

Draw a sketch graph of y against 7. {4 marks)

Use Simpson’s rule with 7 ordinates to evaluate the total sales in the first 6 months after the

product’s launch. (6 months)
If the demand function is
QZ
P=20-Q0—-=
¢ 6
and the supply function is
SP=0Q"+4
find the consumers' surplus and producers” surplus at the market equilibrium
(10 marks)
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1i1)

An industrial company negotiates contracts which may run for up to 3 months or be
cancelled at 1 week's notice. At the end of any given month, 7, there are x(f) contracts less
than 1 month old, y(¢) contracts between 1 and 2 months old and z(7) contracts between 2 and

3 months old.
New contracts arise and some of the existing ones either finish or are cancelled in such a way
that the age and number of contracts at the end of one month are dependent upon the age and

number at the end of the previous month. The following matrix equation best fits the
situation:

(x@+1) ye+1) z¢+D))=(x® »@) z()).P

where P is known as the projection matrix and is defined to be :

02 09 O
P={05 0 0.8
03 0.1 02
Show that Jong-run equilibrium values for x, y and z are possible. (4 marks)

If x(0) = 112, y(0) = 80 and z(0) = 56 determine the number of contracts in each age

category at the end of each of the next two months. (6 marks)

By inverting the matrix P determine x(z), y(£) and z(¢) if x(1+1) = 13, Wr+1)=16 and
z(t+1) = 9. (10 marks)
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8a)i) A partitioning (non-hierarchical clustering) algorithm has identified the centres of three

clusters, defined by three variables, given below.

Variable
A B C
1 3.0 3.5 44
Cluster 2 7.0 4.0 1.5
3 4.0 1.8 2.5

A new observation (2, 1, 3) occurs. If the distance between two points (a,,b,,¢,) and

(ay,b,,¢c,) is \/(al —a,) +(b, =5, +(c, —¢,)’, to which cluster should the new

observation be allocated and why? (4 marks)

, to which cluster should

i) If the distance between two points is lal - az‘ + lbl —b2] + lcl -c,

the new observation be allocated and why? (4 marks)

b) The following table gives the distance between cities 5 cities A,B,C,D and E which are to

be grouped into two clusters:

Distance Between Cities
City B C D E
A 20 50 80 110
B 40 60 100
C 35 60
D 30

Use the above data to demonstrate the way in which single and complete linkage can lead to

different clustering in hierarchical clustering. (12 marks)
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