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Question 1

A chocolate manufacturer produces two types of chocolate bar:

Blackholes and Asteroids. The contribution to profit that can be obtained is 10p profit
from each Asteroid bar and 20p profit from each Blackhole bar.

Production of an Asteroid bar uses 10g of cocoa and 1 minute of machine time
whereas a Blackhole bar requires 5g of cocoa and 4 minutes of machine time.
Altogether 2000g of cocoa and 480 minutes of machine time are available each day.
No other resources are required.

Required:

a) Arrange the given information into tabular form.
(5 Marks)

b) Translate the problem into a linear programming one, identifying and
writing down the objective function and the constraints.
(4 marks)
c) Use the algebraic method to calculate how many units Asteroid bar and
Blackhole Bar would be produced to maximise profitability.
(8 marks)

d) Calculate the graphical solution and plot the inequalities on a graph
(8 marks)

(Total 25 marks)

End of question 1
Questions continue over the page

Please turn the page
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Question 2

The Table below shows the production level of a manufacturing company over a 40-
week period.

282 | 259 |282 354 |270 |264 |306 |345

254 280 [359 |271 |262 |302 |351 |247

261 | 366 |265 |257 |298 |352 |255 |265

369 | 264 |260 296 |357 |264 |271 |356

267 | 259 294 (360 |272 |265 |337 |346

Required:
a) Produce a grouped frequency distribution (GFD) table for this data.
(5 marks)
b) Draw a histogram of the grouped frequency distribution, and calculate
the mode.
(5 marks)

c) From the GFD calculate the mean deviation
(5 marks)

d) From the GFD calculate the mean production level and Range.
(5 marks)

e) Calculate the corresponding variance and standard deviation.
(5 marks)
(Total 25 marks)
End of question 2
Questions continue over the page

Please turn the page
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Question 3

Ascend Ltd sell a wide variety of Afro-Caribbean products: clothing, foot wares and

snack. The quarterly management accounts for recent quarters show that the
following numbers of items were sold in the four quarters (seasons) of the year:

Quarter 1 Quarter 2 Quarter 3 Quarter 4

2022 3500 4500 5100 7000

2023 3750 4900 5400 7500

2024 4100 5400 5800 8000

2025 4600 6000 6300 8400
Required:

a) Use a 4-point moving average to analyse the data to show the trend.
(10 marks)
b) Calculate the seasonal variations from the trend.

(7 marks)

c) Use the data to forecast the sales for each quarter of 2026.

(8 marks)

(Total 25 marks)
End of question 3
Questions continue over the page

Please turn the page

Question 4
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a) A company will have to spend £900,000 on a new plant in two years from now.
Currently investment rates are at a nominal 10%.

I.  What single sum should now beinvested, if compounding is six-monthly?

ii.  What is the APR?
(7 marks)

b) A mainframe computer whose cost is £600,000 will depreciate to a scrap value of
£25,000 in 5 years.
I. What is the depreciation rate, if reducing balance depreciation is used?
ii. What is the book value of the computer at the end of the third year?
iii. How much more would the book value be at the end of the third year, if
straight-line depreciation were used?
iv. What is the depreciation rate, if straight-line depreciation is used?
(10 marks)

c) If you can afford to make a monthly new repayment on your mortgage of £450 and
wish to take out a 100% 25-year repayment mortgage with UOB Building Society
who are offering a rate of 6% per annum, what price of a house could you afford to
purchase?

(8 marks)

(Total 25 marks)

END OF QUESTIONS
END OF EXAM PAPER

FORMULAS BEGIN OVER THE PAGE

FORMULAE
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STATISTICAL FORMULAE

FREQUENCY DISTRIBUTIONS

Required fractile from a GFD = Lower class limit of fractile class +

Fractile item — cumulative frequency Fractile
up to lower class limit of fractile class x class
LFractile class frequency interval
N sum of values X
Mean x= s
total number of items  n
_ 2(fxMP)
with GFD: x= T MP = class Mid Point

Range = Highest value — Lowest value

Quartile deviation = (Q; - Q,)/2

. Zx-%
Mean deviation = The sign of (x — X) must be ignored
n
2(f x (MP -X))
with GFD: M.D.=———m
>f
T(x-%)
Standard deviation (s) =
n
% 1
If the mean is not a rounded number: s = ||— — % |
yiime =)

=
S(fx MPY)
with GFD: s = —
>f

- 2
Variance: s

s
Coefficient of variation = —x 100
X

3 (Mean — Median)

Pearson’s Coefficient of Skewness (Sk) =
Standard Deviation

Formulas continue over the page

Formulas continued
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CORRELATION

Regression line of “y on x”: y=a+bx

nx TXy—XXx Xy Yy-bx2x
= a=—_’_“—'

where b= z n = number of pairs
n x Ox2 - (Tx) n
Regression line of “x on y”: x=a+by
nxTyx— Xy X 2X Yx-bxXy
where b= - = g=—
nx Xy —(Zy) n

Pearson produci-moment Coefficient of Correlation (r)

nxYXy—2X X LY
-
(ax X -7 ) @x 2y - )

Coefficient of determination = byx % by => r =" byx x byy

Tx-XY-VY) r = Cov (X,y)
Covariance: Cov (X,y) =——— = -
s (sx % sy)

6xd’
Spearman’s Coefficient of Rank Correlation:  r’=1-—
n(n2 -1)

where d = the difference between the rankings of the same item in each series

PROBABILITY

Multiplication rule: the prob. of a sequential event is the product of all its elementary events
P(ANBACA...)=P(A) xPB) x P(C) ...

Addition rule: the prob. of one of a number of mutually exclusive events occurring is the sum of the
probabilities of the events PXUYUZuU..)=PX)+ P(Y)+P(Z) ...

P(E) x P(S|E)
Ti(P(E) x P(S|E)

where S is the subsequent event and there are n prior events, E.

Bayes’ Theorem P(E | S) =

Formulas continue over the page

Formulas continued
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PROBABILITY DISTRIBUTIONS

1
Binomial distribution P{x)= "C;f) P q""  where p = constant probability of a success
q =1 — p = probability of a failure
Mean = np
= Standard deviation =V npg
Poisson distribution Px)=¢"— where e=2.718 isaconstant
52 Mean = a = np _
Standard deviation = a
Simplified Poisson Px+1)=Px) x
x+1
L 2B
Normal distribution: standardised value z=
o3

where prand o are the mean and standard deviation of the actal distribution

ESTIMATION & CONFIDENCE INTERVALS

© X, 5 p-—sample mean, standard deviation, proportion/percentage
©  p o, 7—- population mean, standard deviation, proportion/percentage

=> X isapoint estimate of u
515 a point estimate of o
pis a point estimate of x

Confidence intervals for a population percentage or proportion

=p+ )i, p(100—p) fora percentage T=ptz ]Et 1—p) foraproportion
n n

When using normal tables: ]g=100 — confidence levell

Estimation of population mean (1) when o is known

H=Xtzohn (normal tables for z)

Estimation of population mean () for large sample size and o unknown

u=x+tzsihn (normal tables for z)

Estimation of population mean () for smalil sample size and o unknown
p=xxtshNn (z-tables for 1)

When using t-tables:

Formulas continue over the page
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TINANCIAL MATEEMATICS

= m ) - i
Simple interest  An P(l -+ 106 ¥ 'n)
4 Fi ol
Compound interest « A== P(‘i -+ m)

’ L%
Effective APR = ((1 '*T:Eﬁ -1) x 100%.

Straight line depreciation A,=P(1-—1—;—0 x»n)
T . i- "M

Depreciation A= P[1— —
preciation ( "100)-

i

"
The foture.valne of an initial investment .4; is given by 4 =.4; (1 +—) and the

100
preseat value of an accumulated investment 4, is given by .4y = A: % OF
iy ”zaa)
A (-1 +'136)

Loan account

imp:gnoﬁ? ::P; pl;rmchr-:ﬁc‘i for 2 sum of Ap at a mte of % compounded cach period then
A=

and the prescat value of the annuity 4 (the loas) 1s
Ag=R x % or qmmﬂyﬂn;w

Savings account

A savings plan/sinking fand invested for # periods at & nominal rte of /% compounded
each period with s pediodic investment of L matures to f where _

' 144 =1\,
S=P1+)x (—-—r*-}—'“—'—)

Formulas continue over the page
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Table 1 Areas under the standard normal curve
(area m body of table)
Q
[

z 0.00 0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09
00 | 00000 0.0040 00080 0.0120 0.0160 0.0193 00238 0.0279 00318  0.0359
0.1 0.0368 0.0438 0.0478 00517 0.0557 0.0596 0.0836 0.0875 0.0714 0.0753

. 0.2 0.0783 0.0832 0.0871 0.0810 0.0848 0.0887 0.1026 0.1064 0.1103 0.1141
0.3 01179 01217 01288 0.1283  0.1331 0.1368 01408  0.1443 0.1480 0.1517
0.4 0.1554  0.1591 0.1628 0.1664 0.1700 01736 01772 0.1808 01844 0.1879
0.5 01915 ' 0.1950 0.1985 0.2019 02054 0.2088 02128 02157 02190 "0.2224
0.6 02257 0.2291 0.2324 0.2357 02389 0.2422 02454 02486 02517 0.2549
0.7 0.2580 0.2611 0.2642 02673 0.2704 02734 02784 02704 0.2823 0.2852
0.6 02881 02910 02639 02967 0.2995 0.3023 0.3051 0.3078 0.3106 0.3133
0.8 03159 03186 0.3212 03238 0.3284 03289 0.3315 0.3340 0.3365 0.3389
1.0 03413  0.3438  0.3451 03485 0.3508 0.3531 0.3554 0.3577 0.3588 0.3621
11 0.3643 03685 0.3688 03708 0.8729 0.3748 03770 0.3780 0.3810 0.3830
12 03849 0.3869 0.3888 0.3907 0.3%25 0.9944 0.3862 0.83880 0.3967 0.4015
1.2 04032 04048 0.4065 04082 04008 04115 0.4131 0.4147 04182 04177
1.4 04192 04207 04222 0.4238 04251 04265 04275 0.4202 0.4308 0.4319
1.5 0.4332 04345 (04357 04370 04382 0.4334 04408 04418 04429 0.4441
1.6 04452 04483 04474 04424 04495 04505 04515 04525 0.4535 0.4545
1.7 0.4554 04564 0.4573 0.4582 0.4561 0.4599 04608 0.4618 0.4625 04833
1.8 04841 04840 0.4656 0.4864  0.4671 04678 0.4688 04683 04699 0.4706
1.8 04713 04718 04726 04732 0.4738 04744 0.4750 0.4756 - 0.4761 0.4767
20 04772 04778 0.4783 04788 0.4793 0.4798 04803 0.4808 04812 0.4817
21 0.4821 0.4826 04830 0.4834 04838 04842 (0.4845 0.4850 0.4854 (04857
2.2 04861 0.4864 (0.4868 0.4871 0.4875 04878 0.4881 0.4884  0.4887 0.4890
23 04863 04896 0.4898 0.4801  0.4904 0.4906 04909  0.4911 04913 0.4916
24 04818 04920 0.4822 04925 0.4927 0.4920 0.4831 04932 0.4934 0.4936
25 04938 04940 0.4941 0.4943 0.4945 0.4945 04948 04949 0.4551 0.4952
2.6 0.4853  0.4955 0.4958 0.4957 04959 0.4960 0.49561 0.4962 04963 0.4984

k 2.7 04965 04966 0.4967 0.4868 04969 0.4970 0.4971 04972 04973 (04974
1 238 0.4974 04975 0.4976 0.4977 04877 0.4978 04879 04979 0.4980 0.4881
29 0.4981 04982 (.4982 04983 04984 0.4984 04885 0.4985 0.4988 0.4888
3.0 0.4987 0.4587 0.4987 04988 04988 0.498% 0.4889  0.4989 0.499_0 0.4890
31 04990 0.4991 0.4991  (0.4991 04992 04992 0.4952 04992 04993 (04983
3.2 04993 04993 0.4994 0.4994 04984 0.4594 0.4984 0.4995 04995 0.4895
3.3 | 04585 04995 04995 0.4996 0.4996 04996 0.4996 (04998 04996  0.4997
34 | 04967 04997 04997 04597 04997 04997 049597 0.4597 04897  0.4998

Formulas continued

Formulas continue over the page
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Additional Formulae

Financial Mathematics

Compound Interest
S=P@+r)"n

Changes in the rate of interest
S=P(Q+rl)y (1+r2)n-y

Effective rate of interest APR
(A+R)=(@ +r)n

SUM OF GEOMETRIC PROGRESSION

n
S=AR 1)
R-1

Discounting
X=Sx_1

(2+r)™n
Straight Line depreciation
NBV=C(1-i)*n
Dispersion and Averages

Mean deviation = Zf( x-x )
n
Standard deviation for grouped data

Variance 0% = Xfx? - (Xfx)?

if if
Standard deviation = VEfx2 - (X fx)?
f If

END OF FORMULAS

END OF EXAM



