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CHAPTER 1

INTRODUCTION

Of all business decisions taken, none affect the future competitive
strength of a company as much as investment decisions. Present day invest-
ment decisions set the future course of a company and necessarily exclude
the availability of certain strategics in the future. Furthermore, the long
term nature of investment decisions makes possible the burdening of future
generations by those who take these decisions today. In Joel Dean's words,
gy eeeeneeneneenes capital - expenditure . ms form the framework for a company's
future development and arc a major determinant of efficiency and competitive
power. The wisdom of these corporate investment decisions therefore, has
a profound effect upon a company's future earning, and growth."  When one
views the conglomeration of all enterprises, one sees that a nation’s develop-
ment is ultimately also under the dictates of Investment decisions. Merrct
and Sykes state, ".....coee whereas individual firms and individual industries
may escape notice and criticism with an inadequate rate of growth, an indivi-
dual nation is not in this position. Of no important Western nation is this
more true than Britain where criticism and concern over our inadequate rate
of growth has reached significant pi oportions. While this low rate of growth
since the war, and particularly in the last decade, is commonly thought to be
duo primarily to an inadequate amount of investment, the evidence suggests

that it is rather the quality of the investment which is at fault."

If the economic development and viability of a nation can be so adverse-

1. Joel Dean - "Measuring the Productivity of Capital"

The Management of Corporate Capital.,, P* 21,
2. P.E.P. - Growth in the British Economy.
3. A.J]. Mcrret & A. Sykes - The Finance and tralysis.of

Capital Projects, p. xli.



ly affected by the quality of investment decisions, a company must, because
of its size and less diversified nature, be even more sensitive to such influen-
ces. This suggests therefore, that any actions or analyses, that can upgrade
investment quality, should be undertaken  Of particular importance are:

i) Long term planning of Capital Projects in line with company goalo,

11) The effectiveness of the Capital Administration process,

Hi) The quality of data used in appraisals,

iv) The use o. the most meaningful and informative tools of analysis,

and v) "Post-mortems" and feed-back of results actually achieved.

In this paper aspect (iv) above will be covered from an applied research,
South African, point of view, with particular attention being given to a proba-
bilistic simulation technique for the evaluation of tisky investments. The
discussion plan is to review capital budgeting research; to select from this
review the most pertinent and practical measures and analytical tools; to de-
sign a probabilistic simulation model which will Include these measures and
analytical tools; to run a project through the developed model and to examine
the results produced; to assess the efficacy of the model and to makesugges-
tions on possible improvements; to interpret the results of a surveyof South
African capita, budgeting practices; and finally, to develop a scheme for imple-

mentation of the model in the light of the survey's findings.

Before embarking on the main themes of this paper, the purpose of the
dissertation, assumptions made and definitions of common terms should be

communicated and each of these will now be handled In the sequence given.

Purpose of Dissertation

When the writer conducted the survey, he was often perturbed a: -he
reaction that he mis trying to design a panacea for all capital investment pro-
blems and errors. Needless to say this attitude raises two major problems;
some managements may use the probabilistic sirmdati* n model as an 'end' and
not a 'means to an end' while others may discount the usefulne ss of the model

because it Is based on inadequate and ubjectlve data which camo' possibly.



they reason, give one the 'only' true answer. The purpose of this dissertation
is to design a probabilistic simulation model which will serve as a better capi-
tal budgeting tool than those generally employed at present in South Africa. It
is hoped that the tool will be found to be more sensitive, comprehensive and

meaningful, especially in its specific rote of quantifying risk and capital prod-
uctivity. The supremacy J judgement in the final analysis however, must on

no account be relegated.
Assumptions

Are Profits Controlling? : Joel Dean asks the question, "To what degree are
investment decisions actually controlled by profit considerations?” In apprai-
sing an investment one often implicitly assumes that maximisation of capital
productivity is a company's prime objective which of course need not, and is
unlikely to be the case in practice. The question of whether profit adequacy
and not maximisation is more realistic has regularly been raised, while the
multi-purpose nature of a firm has 1Tgested that one cannot talk of one goal
but a scr'es of goals which may even conflict. Nevertheless, the importance
of being able to measure productivity and being able to compare rates of return
with some hurdle rate must not be diluted if a firm’s economic purpose is to be
achieved amongst other things. Thus the assumption in this dissertation is
that capital productivity and its proper measurement are still important ele-

ments to any investment decision.

'Garbage in Garbage Out!' : Tnis famous computer adage equally applies to
this scheme and it will be assumed that the forecasts prepared are well con-
ceived. As the quality of the forecasts will dictate the meaningfulness of the

results, It is strongly recommended that efforts be made to continually improve

4. Joel Dean - op. cit., p. 22.
5. P.F. Drucker - The Practice of Management.
6. H.A. Simon - "On the concept of Organisational Goal"

Business Strategy, edited by H. 1. Ansoff.



the forecast techniques used and, where feasible, that market research be

undertaken.

Annual Compounding Thcie is no theoretical foundation for compounding
quarterly, semi-annually or annually because in most cases cash flows, in
reality, take place continuously and one could argue, therefore, that compoun-
ding should be continuous. Whilst continuous compounding can be used, the
fact that one's cash flow estimates tend to be based on some interval mak»s
the use of discrete interval compounding acceptable for most purposes. In
this dissertation it will be assumed that compounding will inke place seml-

annually.

Definitions

Capital Budgeting : J.C. Van Home suggests that : "Capital Budgeting invol-
ves a current investment in which the benefits are expected to be received be-
yond one years in the future.............. (this) suggests that the investment in any
asset with a life of less than (or equal to) a year falls into the realm of work-
ing-capital management, whereas any asset with a life of more than > year
Involves capital budgeting. Whilst this definition may be considered ade-
quate, theoretically, one may wish for practical reasons to embody also a
qualification as to the amount of the outlay. For instance, one may wish to
have a cut-off point below which outlays are considered expenses; this cut-

off point to vary from company to company.

Risk : One must differentiate between two types of risk, Business risk and

Financial risk. J.C. Van Horne defines these as : " the term 'Business

7. This aspect will be discussed in greater detail in Chapter 2.
8. J.C. Van Horne qualifies this: The use of one year as a line of
demarcation is somewhat arbitrary.’

9. J.C. Van Horne - Financial Management and Policy, p. 45.



ri8ki (means) tiic risk associated with the operation of the firm. Busi-

ness risk exists apart from the risk inherent in the way a firm ie financed.

The latter is known as Financial risk .... "10 In this dissertation our main

concern will be the evaluation of Business risk, although Financial risk will

be considered where applicable.

Cost of Capital : This is defined as the discount rate that should be used in

the capital budgeting process to arrive at the Net Present Value of an invest-

ment. More specific details of this will be covered later.

Cut-off Point ;  ,rM-. is the minimum rate of return required in order to

render an investment acceptable. In theory this is the return by which one

links the effect of an investment decision to share price. It Is minimum re-

turn looked for by investors at the margin.

10. J.C. Van Horne - op. cit., P- 46.



CHAPTER 2

REVIEW OK CAPITAL BUDGETING RESEARCH

This chapter will deal with research into the measurement of capital
productivity and the quantification of risk. The former will cover the differ-
ent methodological approaches highlighting their attributes and weaknesses,
while the latter will enquire into the meaningfulness of present appraisal
techniques in view of the many uncertainties that invnriaoly exist in invest-

ment evaluation. Means of quantifying risk will then tie considered.
Capital Productivity Measurement

The conventional methods of measurement are s 'Book rate of Returnl,
'Payback', 'Degree of Necessity', 'Net Present Value', and 'Internal Rate of

Return'. Each of the will be handled in the order given.
Book Rate of Return

This method has many variations but in order not to overdo the analysts,
the method will he taken as the ratio of an average book profit or initial book
profit over an average capital employed, or an initial book profit ovsr Initial
investment. The survey, conducted into South African practices reveals
that approximately sixty-nine percent of the companies interviewed use this
technique amongst others. This indicates that it is still popular even though

it has many shortcomings.

The ostensible virtue of this method is its simplicity and its use of
readily available accounting information. The use of 'ostensible' is purpose-
ful, because it is the method's very simplicity which eventually destroys its

usefulness. In many analyses between 'Book rate of Return' ami 'Internal



Rate of Return' the inaccuracy of 'Book Return' has been shown. 1 The in-
accuracy partially results from income being measured in accounting terms
and not as cash flows which ara the true transaction vehicle by which a firm
interacts and exploits its cm ironment. Accounting income for instance, can
be significantly distorted by the use of varying depreciation, expensing and
provision policies. The other inadequacy, perhaps even more important, is
that '‘Book Return' ignores the magnitude and timing of cash flows, implying
that benefits received in the last year can be valued at the same rate as those
in the first year. This assumption is unrealistic and becomes more so as the
world experiences higher rates of inflation. 12 Another criticism is that the
risk associated with predicting future receipts is ignored, implying that when
forecasting income one's estimates do not become more uncertain as one

moves more into the future.

If one compares 'Average book return on initial capital' with 'Internal
Rate of Return', the method which we will subsequently substantiate as the
correct capital productivity measure, the inaccuracy of 'Book Return' can bo

well illustrated by figure 13 2 : 1. From this figure one sees that the higher

11. Two particularly good analyses are :
H.G. Hill Jr. - "A New Method of Computing Rate of Return on
Capital Expenditures" p. 35.

>

M.J. Gordon - "The Payoff Period and Rate of Profit" p. 48.,
both of which are in The Management of Corporate”aplttd, edited
by Ezra Solomon.

12. Strictly speaking inflation and the cost of capital would be formu-
lated into a discount factor as follows :

1 /(1 +d)n(l +ke)n
where d - average inflation rate , k™ = cost of capital.
Multiplying out one gets : 1/ (1 +d + +dk*)
Thus the inflation rate increases the importance of discounting.

13. Adapted from A.J. Mo. ret & A. Sykes - op. cit. , p. 224.
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G2
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% Book Return
-10
Fig. 2:1 - Internal Rate of Return and Book Rate of Return

(on initial capital) compared for projects with earnings increa-

sing and decreasing at a constant rate of growth.

the 'Internal Rate of Return'11 the lower the growth rate at which 'Book Return
equals I.LR.O.R. At growth rates greater than G* (for .R.O.R. at twenty-
five percent), the discrepancy between T.R.O.R. and B.R. increases, with
B.R. overestimating return. The converse holds at growth rates below G*
It is interesting to note that the magnitude of the discrepancy between .R.O.R
and B.R. changes relative to the level of .LR.O.R. At a growth rate of
twenty percent, the fifteen percent I.R.O.R. gives a B.R. of approximately
nineteen percent, an error coefficient of twenty-seven percent (4/15) white

the twenty-five percent .LR.O.R. gives a B.R. of approximately forty-three

percent, an error coefficient of seventy-two percent (18/25).

Payback Method

Mcrret and Sykes define the paybackio method as 'the time period it

14. Abbreviated to 1.R.O.R.
15. Abbreviated to B.R.
16. Abbreviated to P. B.



tnke.i for an investment to generate sufficient incremental cash to recovc. its
initial incremental capital outlay in full 117

The popularity 18 of this method rests on its simplicity and its implicit
quantification of risk.  This letter aspect can be best explained in terms of
uncert .nty being a function of time. If two projects with identical initial in-
vestments have different P. B. periods, the one with the shorter P.B. can be
seen to be less risk , because its P. B. is dependent on less prediction. This
is further re-inforced by the knowledge that change is relative to time and there
fore the longer the time period required to achieve P. B. the greater the possi-

bility that competitive advantage may deteriorate.

The limitations of the P. B. method are however, serious. To begin

9
with the P. B. period is not a measure of profitability] because it ignores

17. A.J. Merret & A. Sykes- op. cit. , p.228.

18. Eighty-one percent of the firms interviewedsaid they used P. B.
This response indicates that this method is the moat commonly
used in South Africa at present.

' u should be mentioned that in very special circumstances the P.B.
eriod can be used as aprofitability index by using its reciprocal
k =S/ C where S isa constant annual Net Cash Flow, C is the
cost of the initial aid only investment, and the project's life tends
to infinity.

Proof : I.It. O R. is found by solving for k

c-Y'" S = S + S F o + 8 . 1

w (1 +tkia +k) (1 +k)p2 a +kf
Multiplying 1 by 1/ (1+k) one gets :

C = S + S kR ok 9
(1 +k) (1 +ky2 1 +k)J (1 +k)
Subtracting 2 from 1
C -C/(1+k * S/ (1 +k - =/ (I +kf* wheres / (1 ¢ >
C (I+k - D/ +k) = 8/ (1 ¢k

k = S/C

See also M.J. Gordon - op. cit., pp. 48-49.



cash flows after the P. B. period. This means that a project with a high P. B.

could have a zero or very low L It. O.R.

Other criticisms are that during the P. B. period no weight is given to
the timing and magnitude of cash flows and thz.t knowing the paytock.. of mutu-
ally exclusive projects is not sufficient to make an intelligent choice. Finally,
one must stress the inadequacy of P. B. as a method of risk appraisal, because
it only takes account of investment risk relative to time and this it cs in very

crude terms.

Degree of Necessity

The degree of urgency of a project might be such t* it cannot be post-
poned until more profitable projects have been implemented. Often such pro-
jects may not even be quantifiable as to return and yet their sanction is essen-
tial. Typically, projects of this type are mandatory for political, safety,
health, strategic or other reasons. Thus we can conclude that this type of

appraisal should have a place in any practical capital budgeting scheme.

It has however, the serious disadvantage of not only circumventing
capital productivity measurement but possibly, through its influence, reducing
capital budgeting as a whole into a contest of personalities. Joel Dean states
on this point : "The biggest share of the capital - expenditure money will go
to the division heads who are the most eloquent or most persistent in present-
ing their requests, rather than to those who have taken the time and effort
necessary to make an objective appraisal of the project's economic worth.
Finally, there is the criticism that urgency is not a measurable quantity and
therefore comparison between projects of the necessity type is difficult if not

impossible.

20. Joel Dean - op. cit., p. 25.



Present Value Techniques

In 1953 Horace G. Hill Jr. reported the Following findings of the Phila-
delphia Chapters' investigation in capital appraisal techniques : "The Investors'
Method (I.R.O.R.) made the best showing because it used only the cash trans-
actions and it gave full weight to the time factors on each such transaction.
The Average Book Method showed its Inferiority because it supplemented the
cash transactions by the inclusion of regular book charges and it gave no heed
to the time factor." 21 This statement highlights the two majoi advantages of
present value techniques, (1) the techniques utilise cash flow data and there-
fore distortions caused by different depreciation and expensing policies are
avoided, and (2) the magnitude and time effect of cash flows is adequately
taken account of. The validity of the assumption that cash flows of the same
magnitude received in two different periods have different present values
should now be illustrated. If one were offered an investment which would
yield Rwo at the end of the first year and second year, the first question that
one would pose in one's evaluation is, what is the opportunity cost of my
money ? Assuming that ten percent pet annum is the rate, one would formu-
late the acceptance criterion as 'a minimum of ten percent per annum. > This
latter qualification "per annum" means that money received in a later period
must support a higher finance charge or to put it another way, the same cash
flow received in two succeeding periods will have different present values
because oi their varying finance charge commitment. Thus, in our example,
the finance charge on the first R50 is ten percent, while that for the second
R50 is twenty-one percent. Mathematically the present value will therefore
be:

p.V. > R50 + R50 - Rs6.77

1,10 1,21
Thus one will accept the proposal so long as the amount of the investment is

less than or equal to Rg¢.77. Relating the present value of Rs¢6. 77 to the two



R50 receipts, one finds that R45.45 is the present value of the first R50, while
R41.32 is the present value of the second R50. Therefore the finance charge
burdens22 are respectively R4.55 and Rs.68, and it is these burdens, which
one imposes, that render equal cash flows in succeeding periods unequal in
today's terms. To conclude, "In any economy in which capital has value, the

23
time value cf money is an important concept. "

Looking to some of the limif'tior.s of present value techniques one finds
that its most serious defect is that it only measures capital productivity and
cannot quantify risk. Although one can adjust one’s hurdle rate to allow for
varying risk, this method is oblique, crude and can be misleading because the
compounding effect of variations from expected values is difficult if not imposs-
ible to gauge. Thus one must conclude that present value techniques have
reached the ultimate in capital productivity measurement but are inadeouatc

in the Important area of risk quantification.

On a more practical level one can criticise the use of present value
techniques on the grounds that they arc often tedious to perform and inappro-
priate because of limitations in the basic data. The inappropriateness of
sophistication, in such cases, not only absorbs an unwarranted amount of effort,
but adds credence to data which should , in reality be viewed with great suspi-
cion. Both of these criticisms suggest a prudent selection of appraisal tecn-
niqucs to suit given situations - a factor to be borne in mind when one devises

a capital budgeting scheme.

From the above discussiona it is evident that discounting takes up most
of one’s time in the calculation of present values and therefore tables of dis-
count factors would be extremely useful. Today annual, semi-annual and

quarterly compounded discount factors are in fact freely available but for

22. The writer likes to think of this as a ’service charge’, the longer
the period of use, the higher the service charge.

23. J.C. Var Horne - op. cit., p. 53.



completeness one should cover their derivation.

Starting with a realistic view, one could state that cash flows take place
from minute to minute with an irregular pattern and therefore, the discounting
of cash Hows should be continuous. Utilising the classic compound interest
formula, one can easily derive ti e continuous discounting formula :

Pl +r)" . C 2:1>
where P present value; r = annual rate of interest; n = number of years;
and C * terminal value.

Rearranging (2 : 1) one gets :

(1 +r) - alc/P 2"'2
If one now considers that the elective rate, r p« rcent per annum, is converted

m times per annum such that :

(1 +r) = (@ +j/m)m , one can substitute as follows i
G4 +J/m)m = n/ C/P 2:3)
where J nominal interest rate per year; number of compoundings per year,

In order to simplify (2 :3) let 1/k * j/m therefore :
a+viy’® o/ crp
(1 +1/K)* n)-’ C/P

but a +1/k)

limit k —* ™

therefore e * nj/c/P1
e - C/P .
p o+ cr® or P = Ce " Q2 : 4

where e * 2,71828

Utilising the formula (2 r4)one can now determinecontinuousfactors:

For example, ifj » 10 percent andn« 1, 2 and 3 yearsthe factorsare

. _ o

End of Year 1: o i o E ~ ,00484
_.n °

End of Year 2 : e . e-*2° = 81873

nf Year 3 Jn . e',)3° = ,74082

On the other hand If one wishes to know the compound growth factor in



order to determine the cash now value, one , two nnd three years hence , the

formula (2 :4) P = C/ejn can easily be rearranged to :

pj" = C (2:5)
Thus at a nominal rate j = 10 percent , the effective rates for 1 , 2 and 3
years are :

gl = e’10 =1,10517 10,517 % over one year

gin = e»20 =" 22140 22,140 % over two years

gin = g.30 =1,34986 34,986 % over three years.

On this basis R100 000 invested for three years will yield R134 986
100 OOCe'30). Conversely, R134 986 received at the end of three years will,
t , the basis of continuous compounding, yield a present value of R100 000

(1 ;4 986e~’3"), at a nominal interest rate of ten percent.

From the above one has obtained rn insight <nto the workings of con-
tinuous compounding and one needs to examine its relationship to a manage-
ment's statement of return. Generally speaking, managements do not, the
writer believes, conceptualise return in continuous terms, but on an annual
compounded basis. They normally stipulate a desired return of r percent
per annum, implying that this return Is to be compounded annually. Econo-
mists however, suggest that managements' conceptualisation is an effective
annual rate, which one should use to determine the continuous compounded
rate to be applied to continuous cash flows. An example will help to Ulustrate

this point :

Management of ABC & Co. desire an annual return of fifteen percent
after tax, therefore :

,1 . )/m>m"
Rearranging (2 : 6) one gets :
mn/ (I +r) 1+J/m
Therefore inlereet charge pci chnvorelon period at an effective rale r la
I . mj(l+r) -1

where [ =)/m = interest rate per conversion period.



Taking formula (2 : 7) one can derive the dally compounded rate to achi-
eve an effective annual rate of fifteen percent by letting m = 365,
i =m 365/0',15) -1
= antilog (,0607/365) - 1
N 1,0004 - I
0,0004
TV is to achieve management's effective rate of fifteen percent per -nnum,

daily cash flows must be discounted at a daily compounded rate of 0,04 percent.

Theoretically, cash flows are continuous and therefore the above example should

be extended to infinity. As this extension, however, has little practical pur-

pose the daily compounded example will be taken as the limit for purposes of

this dissertation.

According to the discussion so far, it could be concluded that for realis-

tic purposes daily discounting of cash flows should be undertaken when measur-
ing capital productivity. Whilst this statement cannot be refuted, that is, cash
nows are in fact at least day to day, the inability to produce meaningful cash
How forecasts on a daily basis makes even this approach impractical. The

proponents of daily or continuous discounting m-v counter this argument with

the notion that daily or even continuous cash nows can be simply determined by

dividing by an appropriate number. For example, if cash flows arc prepared

on a yearly basis one could determine an average dally Inttow by dividing by

three hundred and sixty-five. This answer may at first appear feasible but if

reality is the claim for daily and continuous compounding, how realistic is the

assumption of constant daily cash nows? In practice cash Hows are subject

to significant variation txmause of tax payments etc. and therefore, the sugges-

ted averaging of discrete cash now predictions seems untenable.

To sum up. a practical approach to discounting seems to 1* to discount
on the basis of the discrete intervals used in predicting easn Hows; the dura-

tion of the interval to be determined by the accuracy of prediction. If predic-

tion on a nix monthly cycle can be accurately undertaken, then discounting on

a semi-annual basis would be warranted. In the simulation developed in this



dissertation, semi-annual discounting has been used because cf the significant

influence of provisional tax payments and annual tax settlements.

Discussion so far has concentrated on Present Value without reference
to its two major elements. Net Present Value and Internal Rate of Return.
Unfortunately these two techniques are often confused and sometimes they are
even considered to be equivalent. Both measures are in fact very different,
for one is an absolute measure while the other is a relative measure. Not
Present Value24 can be mathematically defined as :

N.P.V. & /d + k/
where C is the net cash flow after tax in period t, and Is the firm's cost
of capital. The acceptance criterion is whether N.P.V. exceeds zero, given
that capital rationing does not apply and that risk is held constant between pro-
posals. Where however, risk varies and rationing does apply, the Profita-
bility Index is used in an attempt to apply limited funds to investments on the
"Efficient Frontier"25. The Profitability Index26 can be defined as :

p. 1 N.P.V. + Initial Cash Outlay

Initial Cash Outlay

Using the P. I. . u can, so to speak, "optimise" the firm’s net worth
by selecting projects that have acceptable Profitability Indices relative to risk
ami if these projects require funds in excess of the available resources, then
one would select, within a given risk level, investments with the highest
weighted average P. L.

Internal Rate of Return can be defined as: " ... the discount rate that

equates the present value of the expected cash outlier- Vi* the present value

of the expected Inflows. Mathematically, it is represented by that rate r,

24. Abbreviated to N.P.V.
25. J.C. Van Horne - op. clt., p. 30.
26. Abbreviated to P. 1.
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y Ct/ (1 + rn = C
where ~“the net cash flow in period L 1lic acceptance criterion is

whether r exceeds the hurdle rate for a given level of risk.

The natural question to be posed at this stage is Do N.P. V. and LR.O.R.

techniques give the same signals and if not which is superior?' The answer

to this question depends on what one is trying to decide. " As a r°rmal
accept or reject criterion, both yield (I.ft.O.R,) and present value (N.P. V.)
would lead to the same selection of projects. All projects which have yield »

in excess of the cost of capital must also have a positive net present value."
However, when one wishes to rank proposals in order to select them subJecUo

a capital rationing constraint, [.R.O.R. is inferior to N.P. V. Table 2 : 1
illustrates this in the extreme, where the ranking by I.R.O.R. is the converse

to that by N.P. V.

Project Annual Net Initial In- Life I.LR.O.R. N.P. V

CashFlows vestment

A R100 R750 30 13 R376
B R200 R1004 10 15 R338
C R100 R502 10 15 R109
D R52 fR259 R259 4 20 R104
E R1oo R259 4 20 R 72

Table 2 :1- Contrasting Ranking of Investments by I.LR.O.R.
N.P.V. and P.L

This anomaly can be explained with cforence to the re-investment rate.

27. J.C. Van Hrme - op. cit., p. 55.
28. A.J. Mecrret & A. Sykes - op. cit. , p. 149.
29. Adapted from A.J. Mcrret 6 A. Sykes - op. cit. , p. 151.



The I.LR.O.R. assumes a re-investment rate equivalent to its internal rate,
which may of course not be realistic, particularly where the internal rate of

return is high. Take for instance Table 2 -2

Year Proposal A Proposal B
0 R - 23 616 R - 23 616
10 000 nil
2 10 000 5 000 Cash Flows
3 10 000 10 000
4 10 000 32 675
R 8 083 R 10 347 N.P.V. @ 10%
5% 22% LR.O.R.
1,34 1,44 P. L
R 46 410 R 49 725 Terminal Value
Table 2 : 2 - Contrasting Selection Criteria lor two Investments.

From the above example, which has two proposals with identical initial
investments, selection by I.R.O.R. would not be optimal at a re-investment

rate of ten percent as is proven by the terminal values for the proposals. If

sole ;tton had been based on N.P. V. or P. 1. the selection would have been

correct. This appears to indicate that selection for mutually exclusive pro-

posals should be based on net present value or the P. 1. This, however, is

only a "half" truth, because if the cost of capital is not equal to the re-invest-

ment rate selection by N. P. V. or P. 1. can be sub-optimal. Examination of

Table 2 : 3 reveals that while two mutually exclusive Proposals A and D both
have the same initial outlay ami term, A has the higher N.P.V. and P. I at

a cost of capital of eight percent. To choose A , however, would not optimise

the firm's net worth as indicated by D's greater terminal value of RIG 599.

30. Adapted from J. C. Van Horne - op. cit. , p. 62.



Proposal Annual Netlnitial In- Life LR.O.R. N P.V. P.I. 24th Yr's

CashFlow vestment (years) @5% T. V21O 18%
A R46 11296 24 15% 11484 2,64 RI13 317
B R150 for R296 24 20% R142 2,49 RI16 599
2 yrs, R20
thereafter.
C R23 R148 24 15% R242 2,64 R 6 658
n R31 R148 12 18% R234 2.58 R 7892

Table 2 : 3 - Illustration that N.P. V. Ranking can be sub-optimal.

Comparing the two mutually exclusive Proposals C and D, one finds that if o' o

chose on the basis of N. P. V. or P.I. , C would be preferred to D, because it

has the greater N. P. V. and P.I.  This of course would also be sub-optimal

as one is comparing two projects of varying duration and therefore they are
not comparable as such. What is required is for one to determine terminal
values for the proposals to a common terminal date. On such a basis one

finds that D, with a terminal value of R7 892, is preferable to C.

From this , the conclusion can be drawn that the ro-invcstmont rate Is
the central issue to taking the optimal decision, and therefore the reliability
of .LR.O.R. or N.P. V. depends not on theoretical elegance but on which"of
these measures uses a discount rate closest to the re-investment rate.

This can be graphically illustrated for two projects in Table 2:2.  According

to Figure 2 :2: "Whenever the profit profiles of two projects cross one an-

other, the N.P. V. of the one with the lower (I.R.O.R.) will exceed that of the
one with the higher (I. R. O.R.>to the left of the crossover point. Therefore

if the cost of capital is less than the crossover discount rate, the (I.R.O.R.)

31. Abbreviation of Terminal Value.
32. Ezra Solomon makes this and other related points in his article:

"The Arithmetic of Capital Budgeting Decisions" - intoN fonaige”

ment of Corporate Capital.
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N.P.V.
R(000)

, Proposal B.
\ Critical value
x \ v 16,5 %
Proposal A.
I.R.O.R>25 %
10% 20% 30%  Discount Rate

Fig. 2 :2 - [Illustrating N. P. V. as a Function of the Discount Rate.

33
and N.P. V. methods will yield conflicting results. " For the re-investment
rates to the left of the crossover point, N.P. V. gives the correct signals even
though it has used a cost of capital less than the re-investment rate. At re-

investment rates to the right of the crossover point, N.P. V. will give the

wrong signals if the cost of capital is a rate less than the crossover rate.

While this exposition is useful its practical effects are limited and one
therefore requires to develop some practical solution to this dilemma. The
first possibility Is to ignore the cost of capital and to use rather the re-invest-
ment rate for discounting purposes. 34 This has the added advantage that it
obviates the calculation of a firm's cost of capital, an aspect over which much
controversy exists. The disadvantage of this alternative is, however, that

the economic contribution by a project to a firm's net worth is not quantified.

33. J.F. Weston / E. F. Brighton - Managerial Finance, p. 204.
34, Ezra Solomon - op. ciL , p. 77.



The second alternative, the one which the writer favours and has used in his
simulation, is to retain N.P. V. based on cost of capital and to use , for selec-
tion purposes, a new return measure which is based on terminal values.

This new measure which Solomon calls the Overall Rate of Return  quantifies
the overall return on funds employed to a common terminal date. While the

funds are employed in the project, they arc expected to earn the internal rate,

and while they are not employed as such, they are expected to earn income at

the re-investment rate. 37 Tims for major projects one would determine

I.R.O.R. , O.R.O.R. and N.P. V. Calculation of each of those is considered
prudent because they are in reality complementary; each measure gives differ-
ent information about a project. Table 2 : 4 illustrates the calculation of the

suggested measures for a project.

Year Cash N.P.V. LR.O.R. O.R.O.R. - Re-investment @ 10%
Flows @ 8% @20% Funds Income Total P.V. @10%
n R R Re-inv. on Rc-inv. Inflow of Outflow
0 2200 -200 =200 - - 200
1 50 46 42 50 50 -
2 - 25 - 21 - 17 5 55 21
3 100 79 58 100 5,5 160,5 -
4 150 110 72 150 16,0 326,5 -
5 112 76 45 112 32,6 A U
R 90 0 R 221
O.R.O.R. 221 (1 +-r)%_= 471,1 , therefore I - 16,33 percent
O.N.P. V. 38 R100
N.P.V. R 90
I.R.O.R. 20 percent

Table 2:4 - Worksheet for Calculation of I.R.O .R ., N.P. V. L Ol

35. Ezra Solomon - op. clt., p. 77.
36. Abbreviated to O.R. O.R.
37. E. Rcnuhnw in "A Note on the Arithmetic of Capital Budgeting

Decisions" in The Management of Corporate Capital, suggests on



From this example one can draw the following statement :

'The Investment Is expected to employ R221 for five years at an overall
rate of return of 16,3 percent per annum after tax. The terminal va-
lue of the investment is expected to he R471. Furthermore, analysis
of this Investment reveals that the project is expected to yield twenty

percent per annum and an economic contribution of R90, while re-in-
vestment Is expected to contribute ten percent per annum and to raise

the total economic contribution of the investment, by RIO, to R100.’

In the writer's opinion the above statement takes full advantage of all
available data and presents it in a meaningful and enlightening manner which
the businessman can easily appreciate. In the simulation developed in this

dissertation, this approach has been taken.

"Limit D.C.F. in Capital Budgeting"

This very interesting aspect was raised by E. M. Lcrner and A. Rappa-
port39, and deserves special attention in this dissertation. Basically, the
idea is that maximisation of N.P. V. may lead to erratic income patterns
and that this may result in shareholders considering the earnings stream of
the company as poorly managed, unreliable or speculative, an imago which

could well lead to a lowering of the price/earnings ratio for the shares.

37. pp. 82 ami 83 that one should also consider splitting the re-invest-
ment rate into an "Outflow" rate and an "Inflow" rate. He suggests
that in certain situations the "Outflow" rate is likely to be lower
than the "Inflow" rate. Where applicable this refinement is re-
commended.

38. Abbreviation for Overall Net Present Value.

39. E.M. Lcrner and A. Rappaport - "Limit D.C.F. in Capital

Budgeting" , Harvard Business Review, September

October , 1968.



Some contend that the adverse effects of erratic earnings can be mitigated by

a steadily increasing dividend policy. Whilst this may be true for the short

term, erratic earnings will, in the long run, affect share values, particularly

if the erratic earnings stream also affects liquidity. This latter aspect is

clearly Important, for dividend payouts should not undermine the working
capital requirements of the company. Anexample will help to illustrate these
points. A company has two portfolios to select from, Portfolio A yields a net
present value of R315 844 and Portfolio B yields a net present value of

H300 616 at a cost of capital of ten percent. The cash flow data for both

portfolios are given below in Table 2 : 5.

Portfolio A Portfolio B

Profit Deprecia- Net Cash Profit Deprecia- Net Cash

after tax  tion Flows after tax  tion Flows
0 (50 000) 5 000 (45 000) (50 000) 5 000 (45 000)
1 (25 000) 5 000 (20 000) 10 000 5 000 15 000
2 ( 5000) 5 000 - 15 000 5 000 20 000
3 100 000 5000 105 000 25 000 5 000 30 000
4 25 000 5 000 30 000 40 000 5 000 45 000
5 100 000 5 000 105 000 50 000 5 000 55 000
6 25 000 5 000 30 000 60 000 5 000 65 000
7 100 000 5 000 105 000 70 000 5 000 75 000
8 100 000 5 000 105 000 90 000 5 000 95 000
9 100 000 5 000 105 000 110 000 5 000 115 000
10 125 000 5 000 130 000 150 000 5 000 155 000

Table 2 :6 - Contrasting Portfolios' Earnings and Cash Flow Patterns.

If one Is to choose the portfolio which will maximise net worth. Port-

folio A would be selected. TIts earnings and cash How patterns are, however,

not as sourvl as those of Portfolio B. This is effectively shown by figure 2 : 3.

If one is particularly concerned with liquidity and one desires steadily Increa-

sing earnings. Portfolio B might well be chosen In preference to Portfolio A,



Cash Flows

Proposal B.
Earnings
R(000)
100 oo -z Proposal A.
Cash Flows
Earnings
-50

fd Years

Fig. 2 :3 - [Illustrating Cash Flow anti Earnings Patterns lor

two mutually exclusive Portfolios.
notwithstanding the latter's higher N.P. V.

The conclusion to be drawn from this section is that the capital budge-
ting decision should not rest solely on maximisation of N. P. V., but should
also consider the earnings and / or cash flow patterns of available projects
so as to ensure that the selected portfolio of projects yields earnings and cash

nows consistent with the company's long term earnings and dividend goals.
Probability Techniques

'The President of a big International corporation told me recently,
"T can't understand why our investment policy hasn't worked the way we
expected." Some years ago, he explained, the executive committee had de-

ckled that every capital investment, to be acceptable, would have to show an



estimated before-tax average annual return on capital of twenty percent. The
rule had been scrupulously followed, yet actual results had averaged fourteen
percent. "And we've got some of the best analysts in the business," added

the frustrated President."0 This quotation epitomises the reaction of many
disenchanted executives, who are at a loss to explain why their investment
decisions do not pay off. The answer u. /t difficult to find, many investments
arc quoted to yield an average return and as such the actual yield can be ex-
pected to be distributed around this mean rate. The spread of likely results,
being a function of uncertainty, represents in fact the inherent risk of a pro-

posal.  One can distinguish five sources of risk, namely :

' i) Risk from undertaking insufficient numbers of similar investments;
i) Risk from misinterpretation of data;
iii) Risk from bias in the data and in its assessment;
iv) Risk from a changing extern onomlc environmentinvalidating
much of the usefulness of past experience, and

41
v) Risk from errors of analysis.'

From the above it is clear that risk is an essential clement of the cap-
ital budgeting process ami as such its influence must be quantified if meaning-
ful s temcnts of return are to be made. Statements of return that ignore
quantification of risk are quite meaningless; for example, how can one effec-
tively choose between two proposals knowing that they respectively yield
twenty percent and forty percent. If the proposal with the lower yield has a
disproportionately lower risk element, it would be superior to the other pro-
posal. Graphically, one can illustrate this by means of figure 2:4, which
indicates that the former proposal (Proposal 1) is on the "Efficient Frontier"

while the latter (Proposal 2) is not.

40. D.B. Hertz - "Investment Policies that pay off" - Income
Theory and Rate of Return, p. 257. - edited
by J. L. Livingstone & T.J. Burns, 1971.

ai A.J. Merrct &A. Sykes 176 - 177.
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0,
40% Proposal 2

30%
20% o * Proposal 1

,25 ,50 75 1,00
RISK (Coefficient of Variation)
Fig. 2:4 - Illustrating the use of Risk and Yield for Selection

purposes.

Another illustrative way to make the same point is to consider two pro-
posals which are both expected to yield twenty percent per annum, but which

have different distributions, (see figure 2 : 5).

Proposal A
roposal B
20%
Fig. 2 :5- Comparison of two Proposals with identical expected

yields but varying spread (Assuming Normality).

As Proposal A has less spread than Proposal B, one can expect that,
for a given level of probability, Proposal A's yield will actually fall within
limits less than those for Proposal B and thus Proposal A is superior to Pro-
posal B. From this observation, one can state two principles of risk quanti-
fication. one, risk is measured by spread, statistically termed variance and

two, that the relative risk between projects can be established by means of



thoir respective coefficients of variation. 42 Thus if Proposal A and Proposal

B had respectively standard deviations of five percent and ten percent, their

relative risks would be :

Proposal A = 0,05 ~ 0,25
0,20
Proposal B = 0,10 = 0,50

PeturninR to the opening quote, one can now state that the reason why
some investment decisions do not appear to pay off, is that risk has been ig-
nored in determining tfcu limits within which the actual yield can be expected
to fall. In short, investments should not be expressed to earn an expected
yield but rather a yield within limits around the mean at a given level of pro-
bability (see figure 2 : G). In this way the risk inherent in a project is high-

lighted and management is not deceived as to the likely ran,e of results.

Fig. 2:6 - Drawing of normal limits around the mean yield -

assuming /i and Cr are given a priori.

The point concerning the relevance and meaningfulness of risk quanti-
fication has new been made but the methodology of quantification has not been
covered, and this is the next issue that will be taken up. Before we do io,

however, an important qualification must be made :

’ a host of problems make the incorporation of risk into capital

budgeting a difficult matter indeed. Consequently, the methods are

42. Defined as the mean rate of return divided by the standard devia-



for from perfect. Nevertheless, they do provide insist into uie im-
portant dimension of risk. This dimension should not be ignored in
capital budgeting simply because evaluating it is difficult. It has far

too great an influence on the value cf the firm to its shareholders.

Risk-adjusted Rate Approach

One means of adjusting for risk is simply to adjust the discount rate
or the cut-off rate in keeping with the degree of rifk. The former applies to
N.P. V. calculations while the latter applies to I.R.Q.R. calculations. A
example will clarify the use of this method. Assume a proposal has an out-
flow of RIO 000 in year 0, a constant cash inflow of R4 500 per year for

years, and that management sets the risk-adjusted rate at twelve percent

N.P. V. * -10 000 + 4 500 (2,4018) R808
I.LR.O.R. -10 000 + 4 500 (2,2459) = R107
-10 000 + 4 500 (2,2096)

Therefore I.R.O.R. - 0,16 + 107 ~ 16,65 pelcent
164
The decision in Oils case would be to accept the proposal on one of two bases,

because the N.P. V. is positive or because the I.R.O.R. is greater than the

k-adJusted required rate.

The principle criticism of this methodology is that o..e may be able to
dU that one proposal is riskier ‘han another but it is difficult to determine
by 1 nuch. The setting of the risk-adjusted rate is therefore, likely to be

arbitrary and inconsistent; two factors which render the technique too crude

for most purposes.



C ' ilnty-equivalent Approach

This method modifies cash flows to certainty-equivalent amounts, by
mea...s of a factor alpha, alpha being defined as :

cxt = Certain Cash Flow in Period t

Estimated Cash Flow in Period i
Using to modify estimated cash flows one can then calculate the convention

al capital productivity measures as follows :

N.P.V. = « At
t*°(1 + DI
where cx” is the certainty-equivalent factor, is the estimated cash flow

in period t and i is the risk-free rate.

I.LR.O.R.— »V <x At - 0

te (1 + 1)l

where r is the I.R.O.R. to be compared with a risk-free cut-off rate.

Like the Risk-adjusted Rate Approach, this approach suffers from
practical difficulties in quantifying its modifier . Strictly speaking oc”
would have to be calculated for each period because the riskiness of cash
flows can be expeced to vary from period to period. Although the Certainty-
equivalent Approach can > shown to >e superior to the Risk-adjusted Rate

Approach44, It nevertheless is also too crude for most purposes.

Probability Distribution Approach

"Of all the approaches for dealing with risky investment, the use of
45
probability distributi >ns is perhaps the most feasible." The idea under
this approach is, as previously described, to give management not only an ex

pected rate of return or N. P. V. but to also establish the limits of possible re

44. J.C. Van Horne - op. cit., pp. 128 - 131.
45. J.C. Van Horne - op. cit. , p. 131.



suits around this expected value. The method assumes that the distribution
of cash flows in each period is given a priori and that the cash flows arc inde-

pendent from period to period. On this basis the calculation of the relevant

statistics becomes : n >
N.P. V. =\ |
t'0 (1 +i)l
where If> is the expected value of net cash flow in period t, and i is the

risk-free rate.

The standard deviation of the probability distribution of not present
values is :

O—

where 0" is the standard deviation of tne probability distribution of possible

net cash flows in period t.

Once one has these details one can then determine probability limits
for the project at a given level of probability as follows :

N.P.V. = N.P.V. + 770-
where oC is the probability in the tails of the distribution. Alternatively,
one can determine the probability of obtaining a given net present value by
standardising the difference as follows ;

7. . N.P.V. - N.P.V.

obs Q:

where Z ~ is the number of standard deviations of the observed N.P. V.
from the N.P. V. For example, if the N. P. V. is R1173 and & Is It 1827, the

probability of getting a N. P. V. less than or equal to zero Is twenty - six

e Pq

46, At "2 /x tPxt
where A "is the cash flow of the xUipossibility In period t and

Pic the probability frequency for this cashflow.

47. cr, - JA,, - At2 P,



percent. 48

While this approach to captital budgeting for risky investments is supe-
rior to the previously mentioned techniques it suffers from two defects. One,
it relies on the assumption of independency of cash flows, which in many situ-
ations is not realistic and two, it is inadequate in handling uncertainty. F.S.
Hiller49 and others have developed techniques to overcome the first criticism
but unfortunately for complex situations the practical solution is to approximate
the standard deviation by simulation. The aecond criticism is,in the writer's
opinion, even more serious as it points to the inadeqt "y of the technique to quan-
tify risk inherent in the elements of a project. =~ With the technique discussed
above it is assumed that management can obtain an accurate distribution of
cash flows for each period. This appears to undermine the whole role of
risk quantification. Each element of the project is uncertain and therefore
one In practice needs to operate with the basic elements, like market size,
market share, market price, variable costs of production etc. If one has ten
strategic elements 'each with ten possibilities, then one infact has to contend
with ten billion possible combinations, which is an impossible judgemental task.
The solution to this dilemma is to sample at random from the various distri-
butions and to simulate results for each sample. This technique was first

suggested by D.D. Hertz ’1 and in his model he provided for the following

48. Z = 0 - 1173 = -0,642
obs ~ 1873

49. F.S. Hiller - "The Derivation of Probabilistic Information for
the Evaluation of Risky Investments. " -
Management Science, April, 1963.
50. Tty strategic element is meant an element of a project that critic-
ally influences the profit outcome of a project.
s1. d. B. Hertz - "Risk Analysis in Capital Investment." - Harvard
Business Review, 42 Jan. - Fob., 1964 and
"Investment Policies that Pay-off." - Harvard

Business Review, 46 uan. - Feb., 1968.



elements ;

Market Analysis Investment Cost Analysis  Operating and Fixed Cost
1. Market Size 5. Investment Required 7. Operating Costs

2. Selling Price 6. Residual Value of 8. Fixed Costs

3. Market Growth Investment 9. Useful Lite of Facilities
4. Share of Market

The basis of his technique was to sample from each distribution (see

figure 2 : 7) and with this sample data to generate the requires cash flow data.

Market Size Selling Price Market Growth
Market Share Investment Residual value
X
Opporating Gbsts Fixed Costs Useful Life

Fig. 2 :7 - Distributions of Strategic Elements.

For each simulation he then obtained either a N. P. V. or an [.R.O .R. A fter
carrying out this process many times, he then analysed the results to give
him a cumulative probability distribution of return (see figure 2 : 8) or N. P. V.

for the project.

Hertz's simulation technique is a major break-through for it enables

management to vigorously interact with 'he strategic elements of a project



Probability

90 90% chance that return will be>-3%

10 10% chance that return will be > 15%

-10 0 10 20
% Return

Fig. 2 :8 - Prolability Distribution of Project's 1.R.O .R.

together with statements of chance.

without constraint; no longer do managements have to ignore spread around
expected values. To sum up, the simulation technique enables one to quan-
tify risk, to develop risk/profit profiles and to sensitivity test projects against

certain strategic elements.

Two major criticisms have been made of the Hertz type simulation,
one, that the strategic elements are often dependent, while, " the selec-
tion and use of the key input factors (in Hertz' Model) implies that these fac-
tors are independent of each other." and two, that the distributions of the
strategic variables are subjective estimates ; Hertz concedes this point :

"Those profiles for the elements that enter Into an investment project are some-
times determined from historical or other objective data, but they are more
likely to be subjective estimates by those most familiar with the various parts

of the overall proposal.”

52. D. Patrick - "Analysis of investment Policies th »t Pay-off -
Income Theory and Rate of Return, p. 272.

5.1. D.B. Hertz - op. cit., p. 259.



The first criticism can easily be overcome by allowing within the
simulation for conditional statements of dependency. In the s' wulation deve-
loped in this dissertation this refinement has been incorporati The second
criticism is symptomatic of the uncertain situation one is trying to gauge and
is therefore not, in the writer's opinion, n deficiency but rather a qualification
of which one must be aware. In fact, this attitude underlies the whole topic
of capital budgeting, as capital budgeting techniques must be seer as aids to
the decision process. They will never lie comprehensive or 'reality tested
enough to replace judgement as the paramount element of the investment deci-
sion process under conditions of uncertainty. The better the aid, however,
the less the unknowns which judgement must appraise and consider, and there-
fore any techniques which supply insights not previously available should be
employed if their cost does net outweigh their value. This is the approach

that has been taken in this dissertation.

In conclusion, one can state that the need to quantify risk has been
stressed, ami the definition of risk and its unit of measure have been established.
Furthermore, the different techniques at quantifying risk have been discussed
and the Hertz type simulation was highlighted as the technique offering the
beat gauge and scope for the evaluation of risky investments. In the next
chapter a model will be developed taking into account all the points made in this

chapter together with other refinements.



CHAPTER 3

SYSTEMS OKSIGN' FOR A PROBABILISTIC SIMULATION MODEL

This chapter Is divided into three sections, Overview of Capital Expen-

diture Control System, Design Specification for the Probabilistic Simulation

Model, and Principles of Cash Flow Generation.

Overview of Capital Expenditure Control System

The Capital Expenditure Control System is a sub-system of the Manage-

ment Control System (see figure 3 : 1 below).

Objectives

Long

Strategies term Plans

Fig. 3:1-

Invest- \
ment
Opportune
V ties y

Manage ment Control
Capital Expenditure Slack

Control Sjstem Resources

Present

Capital Expenditure Control System as a sub-system

of the Management Control System.

The Capital Expenditure Control System is responsible for developing

investment opportunities and for their appraisal (Capital Budgeting); evalua-

tion against a firm's object./ea, goals, strategics and long term plans; imple-

35



mentation; and post implementation audit. The Probabilistic Simulation Model
developed in this dissertation can be seen as part of the Capital Budgeting pro-
cess, and it is to be used in evaluating large investments of critical importance

to a firm's long term survival.

In the Capital Budgeting process two further categories of investment
are commonly found, one, small investments and replacements; two, strategic
non-quantifiable investments. The former arc normally appraised by means
of N.P.V., .R.O.R. or Payback. It is recommended that these investments
should be appraised by both N.P. V. and 1.R.O.R . for reasons given in Chap-
ter Two. Furthermore, it is recommended that special provision be made to
guard atrainsl all replacements being put into this category, because some may
need i .tification, particularly if they involved products in the maturity

or dec . ges of the product life cycle.

«e investments are normally appraised on some subjective scale
of in order to ensure that such investments are essential and that
they are properly scheduled. Because this category is subjectively assessed
and is open to abuse, stringent controls are recommended to guard against

abuse.
Design Specification for the Probabilistic Simulation Model

The model should provide, for the reasons given in the previous Chap-

ter, for the following :

I) Random sampling of the strategic variable data, in order to deter-
mine the data combination for each simulation.
i) Conditional Statements to cover dependency, if any, between the
strategic variables.
iii) Half-yearly profit and loss factors. The lost, factors are necessary
in order not to truncate the project's probability distribution of

I.R.O.R. at zero.



iv) N.P.V. and I.R.O.R. for each simulation.
v) Mean Cash Flow data for the project as a whole. This will be
used to graph the cash flow pattern of the project.
vi) O.R.O.R. on funds for the project as a whole.
vii) Probability statements of .LR.O.R. and N.P.V. for the project as

u whole.

On a more general basis the model should take into account the follow-

ing additional requirements for the reasons given :

i) Flexible 'weighted average' cost of capital factors - flexibility is
essential as cost of capital can be expected to :hange over time.

11) inflation factors for each monetary variable as each variable may
inflate at different rates. It is often erroneously assumed that
selling prices and costs will inflate commensuratcly with serious
consequences in today's world of high inflation. This can be well

illustrated relative to the product life cycle (see figure 3 : 2).

Total
Unit Sales
"akc-Off M aturity
Stage Stage
Time
Unit
Price L Cost .Unit Sales Value
C-Alnit Cost
Profit Gap

Time
Fig. 3 :2 - [Illustrating that competition in the Maturity Stage of the

Product Life Cycle may cause a profit squeeze, under conditions of

inflation.



iii) Random number generator which will be used to select initial vari-
ables for each simulation.
iv) Growth factors for each variable for each year. These will be
used to generate yearly data for each simulation.
v) Independent parameter Inputs for working capital items, tax allow
ancec, tax rate, salvage values, etc.
vl) Fixed investments during the course of a project
vii) Allowance for Provisional Tax payments on a half-yearly basis,
viil) A mechanism for the generation of cash flow data on a half-yearly
basis.
and ix) Policy risk profiles, against which the project's risk profile will be

compared for evaluation purposes.

Tlie design emphasis must be to keep all Inputs to the minimum as to
quantity and complexity. Where detailed analysis of Inputs or complexity is
required, the simulation should, wherever possible, perform these as an an-

cillary operation.
Principles of Cash Flow Generation

Discounting Term and Cash Flow Placement : For the reasons discussed cur-
lier, cash flow intervals are usually set at that discrete interval which can be
served accurately by one's forecasting facilities. Thus, whilst generation of
continuous or daily cash flow data is theoretically possible, it is often imprac-
tical because one's forecasting cannot meaningfully be reduced to such a time
interval. In this simulation the significant influence of provisional tax payments
suggests that a half-yearly cash flow interval should be used. The next con-
sideration is that of cash flow placement in a period. If one expects to receive
a cash flow of R600 evenly during the six months January to June, one could
argue that to place the flow as at the end of March would lie more correct than
at the beginning of January or the end of June. To piace the flow at the be-
ginning of January would result in the present value of the cash flow being over-

stated while the converse holds if the cash flow is placed at the end of June.



Unfortunately, the assumption of an even cash flow pattern during a perUx! is
often inappropriate and therefore one commonly encounters the conservative
policy of considering cash flows as occuring I itaneously at the end of a
period. The simulation will adopt this conservative practice and therefore
the assumption will be that cash flows occur instantaneously at the end of each

six monthly period.

Incremental Cash Flow Principle : In economics one often encounters the
concept of considering incremental cost (marginal cost) and incremental reve-
nue (marginal revenue) in order to appraise the economic benefits of a giver
action. The soundness of this principle cannot be over estimated when gt
rating cash flows. One must consider the incremental cash flows of a pro,

in the broadest possible sense. This will ensure that a project's contribution

is properly gauged and "Cannibalieation"5* of existing sales is not or looked.

After-Tax Cash Flows : It is sometime erroneously considered that an
investment's worth should be appra'sed before tax. The reason why this
practice is unsound is that it does not appraise a project's net worth in its
purest form, that is, its expected contribution to the firm's shareholders.
Second, it Ignores the tax Implications of different depreciation, inventory
valuation, expensing and capital structure policies. Take for example , the
tax effects of using debenture capital instead ot preference share capital In
financing an investment. The interest on the former is tax deductible wh.lc

dividends to the latter are not. One can, therefore, st-ite that tax should be

54. "Cannibalisation" refers tr the situation where a project's turn-
over .a partially secured from a firm's existing turnover. Thus,
total sales do not change by the total amount of a project's expec-
ted turnover. When evaluating a project one must ensure that
one only takes into account the incremental sales unless the ba-
lance from existing sales will definitely be lost without this new

investment.



considered an exoense5 ’and that it should be treated as a cash outflow v>en

payment Is due.

Net Cash Flow on Total Capital or on Sha.cholders' Funds ?  Strictly speak-
ing, a firm's prime objccllve is to generate profits for its shu- ders and

as such payments made to other providers of long term capital snould be con-
sidered s outflows by the firm. The ultimate test of a project's worth is
therefore, whether or not its net present value is positive after deduction of
interest outflows and after discounting at the firm's equity cost of capital.

This approach has the added refinement that it quantifies the effects o1 differ-
ent "gearing"pollcies. Notwithstanding this, however, this approach is not
commonly employed except in marginal cases because "the primary issue

with many projects will frequently be the toW amount of capital which is at risk
and the return per unit of capital per unit of time that it is at risk." Further-
more, calculation of N. P. V. and 1.R.O.R. on the basis of total capital has

the advantage of simplicity and case of appllcat'm because It does not require
computation of these measures on the equity element alone. In the simulation

developed in this dissertation the "total capital" approach has been adopted.

Working Capital : Cash flow data should take into account all woi ing capi-
tal requirements. Furthermoro, these short term investments should be
made a function of sales, in order that increasing Working Capital require-

ments are not overlooked as the project's turnover increases.

55. H.G. mil Jr. - op. cit., p. 37. and
J. Dean - op. cit., p. 30.

56. A.J. Merrct &A. Sykes - op. cit., p. 125.

57. Where a project is marginal, however, the refinement of calcu-
lating N. P. V. and [.R.C R. on the equity portion aloneshould
be employed - See A.J. Merret itA. Sykes - op.cit. , p. 125.



Cash Outflows and Inflows On, : This principle needs to be stressed, be-
cause one can easily mistake a book receipt or expense as a cash flow. The
most typical expense of this nature is depreciation. It is required for the

calculation of tax liability but it must not be deducted as a cash outflow.

Salvage Values ; Cash flow data should also provide for salvage values at
the end of the project’s life.  Salvage values should be considered not only for
fixed58 assets but also for current58 assets. Furthermore, one invariably
finds that salvage values differ from the "Receiver's" book-values at date of
salvage and therefore one must also provide for the tax effects of this differ-
ence. The difference will lie either a depreciation recoupment or a loss on

sale of asset.

Having now set down the Systems Design for a Probabilistic Simulation
Model, the next chapter will give a detailed account of the actual simulation

suite developed in accord with this design.

58. These terms are to be understood in their accounting context,
namely, current assets = debtors, inventory, etc.
fixed assets = Building, Plant and Equipment,

Furniture , etc.



CHAPTER 4

COMMENTARY ON SIMULATION SUITE

General Overview

Figure 4 : 1 gives a flow chart for the simulation suite. =~ Working
through the diagram from "start" to "end" one secs that the initial steps are
to load the probability data (programme RRJSOI) and to generate random
numbers for each simulation (programme RRJSOU). Next, programme
RRJS02 performs the selection of the strategic variables from the probability
tables set up by programme RRJSOI, according to the random numbers esta-
blished for each simulation by programme RRJS0.3. Next, programme
RRIJSOI processes the output from programme RRJS02 in three respects,
one, it. generates annual data for each simulation by means of growth factors,
two, it applies, where appropriate, inflation factors, and three, it takes into
account any dependency between variables. At this stage the variable data
is complete and is ready for processing by the "master" programme RRJSOS,
which generates all cash flow data and calculates all the statistics specified
in Chapter Three. A detailed commentary will now be given on each of the

above sub-units of the simulation suite.

Toading of Probability Date - Programme RRJSQI

In order to simplify the input requirements, this programme accepts
input in the form given in figure 4 : 2. One notes from this illustration that

the suite provides for the following twelve strategic variables :

Market Information
i) Total Market Size,
ii) Firm's Market Share,
111) Firm's Selling P*ico,

lv) Product's Life.
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Markettng and Distribution Expenses
i) Marketing Costs - Promotions, Advertising, etc.

ii) Total Selling Costs - Salesmen, Warehousing, etc.

Manufacturing Information
i) Variable Production Costs,
ii) Total Fixed Production Costs,
iii) Plant's Life,

iv) Value of Initial Investment.

Other Expenses

1) Other Variable Expenses relative to Unit Sales,

ii) Other Fixed Expenses.

The probabilities quoted against a given value in figure 4 : 2 are used
by the programme to Iterate probability tables for each variable. Thus, in
the case of Market Size the programme will allot the numbers ono to one hun

dred as follows :

170 000 units 1 - 15
190 000 units 16 60
210 000 units 61 — 80
230 000 units 81 - 100

The manner in which this allotment takes place is illustrated in figure
4 . 3 which is n print out of programme RRJSOI.  One sees from these details

that the programme uses separate arrays for each strategic variable and thus

the above data is set up as follows :

ARRAY "A" - MARKET SIZE

170 000 units Al A(15)
190 000 units A(IfD) A(flO)
210 000 units A(61) A(80)

230 000 units A(81) A(100)
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The final output of this programme, which will be used as input Into
programme RRJSQ2 is partially illustrated in figure 4 : 4. One notes from
this that the market size estimate of 170 000 units appears fifteen times,
which checks with the above. One can likewise check the other variables

quoted in figure 4 : 2.

It is interesting to note that the probability distributions supplied 1
priori to this programme can have an infinite "umber of shapes, as is illustra-

ted by the graphs in figure 4:5, which is based un the data in figure 4 : 2.
Random Number Generator - Programme RRJ8Q3

This programme utilises an I. B.M. sub-routine called "Rendu' for the
generation of random numbers. The generated numbers are then arranged
into one array "Irand", which conforms to the specifications set up on pro-
gramme RRJSOI.  Each column of the array "Irand" represents one strategic
variable, while each row represents the random numbers for each simulation.
A detailed print out of programme RRJS03 is given in figure 4 : 6 while its

output Is partially given in figure 4 : 7.
Selection of Strategic Data for each Simulation - Programme RRJbOg.

Having the outputs of programmes RRJSOI1 and RRJ903 available,
programme RRJS02, which is detailed in figure 4 : 8, now selects the strate-
gic da** by matching the random numbers for each simulation with the equiva-
lent variab' ,.i In the probability tables. For instance, simulation "One" has,
according »o figure 4 : 7, the random numbers 1, 1, 3, 11, 41, 47, 14, 62,
47, 23, 15, 83, which result in the selection of the following strategic infor-

mation from the probability tables set up by programme RRJSOI s

Array Element Value
Market Size A (1) 170 000 units
Market Share B (1) 40 %
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Array Element Value
Market Price C @3 R135.00

Manufacturing Variable

Cost 0(11) 11104. 00

Manufacturing Fixed Cost E(41) R550 000. 00
Marketing Costs F(47) 1U4C 000. 00
Selling Costs G(14) R500 000. 00
Other Fixed Costs H(G2) R200 000.00
Other Variable Costs P(47) R2.00

Product Life <3(23) 12 years
Plant Life R(11>) 10 years
Initial Investment S(83) R7 000 000. 00

Partial displays of the output of programme RRJS02 are given In figure 4 : 9

and one notes that the dLta check with the above example.
Build up of Annual Data - Programme RRJSQ4

This programme, a detailed print out of which Is given in figure 4 : 10,
handles the final preparation of the strategic data for a maximum of thirty
years. Using the line numbers given in figure 4 : 10 one can identify the

following major steps in Uie programme :

Lines 1 to 34 establish the required arrays and they set these arrays to zero.
Line 3>reads into the array "Growth" the growth factors to be applied to each
simulation.

Line 36 reads into the array "Escal" the Inflation factors to be applied to each
simulation. The input document used for the growth and Inflation factors Is
shown In figure 4:11, while the graphical illustration of these factors for
ea< h strategic variable is shown in respectively figures 4:12 and 4 : 13. It
is interesting to note that the factors arc applied independently to each strate-

gic variable, and thus total flexibility Is achieved.

Line 38 reads, into the various arrays, data on statements of dependence
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700000. 00
7000CC.00
150000.00
700000.00
150000.00

MARKET PRICE

116.00
150.00
146.00

166

.00

140.00
146.00
146.00
160.00
116.00
160.00
140.10

166

.00

140.00
146.00
166.00
160.00
140.00

CTMfm VA*.C.

7.00
7.40

7.0
Kie)
7.00
7.00
7.00
7.00
7.00
7.00
2.00
7.00
7.40
7.00

SI Hit AT ION

MAH.VAR.C.

104.00
106.CO
106.00
106.00
104.00
106.03
104.00
106.00
108.00
IGF.00
106.00
102.00
106.00
106.00
106.00
106.00
108.00
104.00

PiOOUCT LIFE

12.00
17.00
«2.CO
16.00
12.00
17.00
14.00
16.00
17.00
10.00
14.00
14.00
16.00
10.00
16.00

lgﬂ%

MAN.Ftxfco C.

660000.00
6400CC.VJO
760000.00
460000.00
660000.00
640000.00
660000.00
460000.CO
55000C.0A
640000.00
640000.00
640000.00
540000.00
760000.00
640000.00
>40000.00
5,0000.00
650000.00
440000.%*

11FI

10.00

MARKITINC C«

140000.00
140000.00
140000.00
140000.00
140000.00
140000.00
120000.00
140000.00
10u000.00
1900u0.00
100000.30
140000.00
120000.00
140000.00
120000.00
140000.00
100000.00

INVESTMENT

7000000.00
6000103.00
6000000.20
6000000.00
6000000.03
6CU0000.0V
600000L.03
6000000.00
6000000.00
6 00V000.00
7000000.00
6000000.00
6C35.000.90
[ 000.30
5&% 00 V.00

7000.00.0.00
!
* "VIO.
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r*a mIS

*RI*E4 ACCT Z1 BUSINESS AOMIN. FILE RAJS04 HON 2S/hni <11-1761 M 11,11

1.Cfri CeuLc IF CF WARIFBLI DATA IAT( ARRAIl CCVII IAG I NARINUF CF 1H*1V (tARSI
LOTtf
1.Cr.C1 C CR * I ASIC CN*-
1.LCCCA ¢ II (ONE UNO OOkTh FACTORS*
I.cere C 111 CCACIHCNAt STAI(NFNTS CF FROfcABILITVt
I.sect C 1111 CChFUUNO INFLATICN FACTORS.
l.cer?
THE FROUFAM FUNS EACH CF |M| ABCVf ASFICTS SIFARATILV*IN THE SfCUIKCt GIVEN.
L]
l#cr if.
.CCl11
-ccu CIFINSICN SIMUI 100%* 121 *v.R.CRTHIIl *121 +OATAIOIIl »121»tSCAH 31* 12 I* ROCEIIOCI.INOVIIOO *INOV1<100|*MNOVI100» «VALUE1(1001
CIMENSIL I VALUC2I IOm . 1001
CCVHCN f UE *>0V ,INOV! ,MKtv,vALL61eVALUEZf VALUI3*IIFITI,ITHIT,0ATA301LUMH .
Wy FRAEENT
N 1
. 1 I-LIOC
aar Foul 110
*Lear INCVI 11*0
ivevl <<l
MNCVI 11«0
VALUE 11 I1%c.0
VALUE 21 11'C.C

St (o 18 R o

.cc21 2 u»ui T#FI1*C.C
cef# 3 (CMINLt
ece*l CO 5 I"I,LLIMIT
(C r EC 4 fi*1%12

CRCkKkTML,K#"(.C
2 ASIAREKI L

faA

3§ “HIICFCHIHIL e[ R*1f<I*1elt1IFTU
,ce x:« FIALtS.m IESCAL<U#RleReSeSme*»tl»ITI
D02 MMIs*M 11111 RWIL. VALUI 11. INM< I, VALE2<11 "NINOV111, VALEL 111. I+ LLI*ITIL
¢ » HKRVATISE3.01

€ F RRVATGE

S ET PHAT «l2»F12.2%12#F12.2*%12«F12.21
Dros| MAON, {1
% ic fCRNAim/11

6! RIACIN.ITH 1ST~U +BIfRel.S* tl»lelOOTI
11 FORMA7I1At RI»F12.211
MAOIS#121

OOV 2 B S HMIMUT R ¢To121 flelelOO!

Iiég; n ?20i"»iviili«».'nt,*iuc F»IM cut t, FINU VMIFHI C«T. *0. CM 7~UNOMO si.m »tK M .v«» . **fM M >,
1CCHl 1LKO
I.CI! 1* ' 16 1*let Iml1
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L.CC55
L.ccie
L.6C57

1.(CSSs
L.OfFC
t.Cfl1
L.CCU
i.cceti

L.rt*5
1.CCtfc
L.CCE7
i.ecu
i.tees

1.Ctil
L.CCIf
i.tcre
i.ce?
L.f »
i.

L.CCIC
i.ctei

1.ccp2

L.Ct*4

L.CCSC
1.CCS3
1.CCs4
L.C H
1.CCIt
L.coV
L.Clt1
L.CK S
L.Cl0I
t.tire
L.CK ?

6,6! A
I.CKS

1.f 112
i.cili

ac

21
22

21
24

23

27
21

as

1C
31

CO 15

CAi&3:ii,K#*c.r

ICMIMI

IFISIFLIINN.IOI.LC.SI vIIKK.m.ANO.SIfUI INh.10 ».IT.UMT KCtr 1?
If IFNein AleSIHUI IkAfIOI.AM, SIHUIINN.m.LT.LIFITIGOTO 11
LLMMVLIMXT

6010 IS

H,w*lte|K»tU#iNeici#U

6utn is

ItFMeSIHtIIMIlellHle

6utr IS

CHTAIC<

111i1C11elOI-STI'tIlIlielOl

CO 2C K*1,s

CAIAICU .MetGHCHIHU.M/ICC.MSIfUIIKA .KI
CO U Ksl.s

Co 21 1

CAIA)CU .*1 «(G»CkiTH( I ,F 1/ 100.1 *CATA30I1-1.K 1
CGNTINt]

Ct i* *. *].S

FACIGF«l1.co

CC ; S L"2,IL"FV

I1S<tCkef»CtO**1 6 SCH U e*1/100.
CA!i>CU,K|ef4CICF*DA7A1011.*1

tLMINLF

COMIMtf

(A1l ACJ?

Mnil?t2M If S.IVFFV

1"t «Att///2C*'DATA fCM S1FUIATICN MUfItM tIAMJ IN FMOJICTI *+12/201.311 s=<11

HAIfSIIOAFMI SUt» ++m++FAMIt SHAME«, 6%, 'MAF»tT PMICE' #10*, «MAN. VAM.C .+ .1 *.'IAN.F 1*E0
CC VI 1*1*11111

ILIU-1

MA[T111#2f»iCTelCAtASCIleMIs**1y11

PoewATi ' v«. ++I2.1A.F12.2.5111.P12.211

(CAI IM T

rOM»H/101»» Uktms C.'.TA.'"tTMe PtI.C.*.1l«*rTHIM VAM.C.e.A*,'PMCOUCT LIFI' ,10*.'"PLANT U P

CO 11 LeleLVMPV

1IC1*1-1

»eilt«7, IOHG61tIOATIieilt«l *se'MZI

* 4Alr TM. <+, 12.1»,F 12.2,3H*.P12.;il
UNI iNUt

fM 1AN.il.1COCCTC 12

6010 I*

U:P

INC

SCiFUylINfc ACJf

L

IS

FAM*|TIM

f 10* ,* INVEST

CIMNSICN nr.OIl1COI.INOVIICCI.INCVII1001»NINOVI1001*VALUEMICOI.VAIUC21100|*VALUCSf100k.0ATAICI SI+121

CL** 1 k Jl «Ihrve! «OVl ,NI NOV. VALUE1, VAtUE2+ VHUISfLIKITIell»IT+0%1 ASOeclUFFt
I ICH I-1.11*!11

tMM .ruit.fi.icci n fc icci

Ik 11111.U.IC1 K.CV ICC)
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IcC1
1cC 2

1cc?
ICO*

ifcs
lot

1cc?
irtf

cc*
1cic

irll
(1]
icn
Ul*
"ci!
[f,1t
&C17

Rsp =

[FIf'.(.HLI.H.10*ISCTC IC(<
IFInUCfU ».f S. 10il0OCtO 1011
i»«ikuttui.c<i.le»ir.tTC icn
IM«..:CIKI.:..1971GCtO 1011

CC 1CC2 W .ILfPY

If10*T#3011.1«iOVILIy tT-VFtuEIUHOATAIOIIikINOVU II*VALUHUI
GOTO ICIT

CC ICC* [»2#IM fV . -
[FCC*T*)C11.INOVILIT. Lt-V*IU€EIIIOAT*JOTI.MNOVIill»V*IUiiUl
6UIC 1CW

c; icc* W fUPw X

IFCLATAICI i.INwcLM.IEC.VAIUeillll 0»TA?O0I!,MNOvVUII-V»LUf3UI
tiufu It 17

Cu UCfe 1»2,11ffV .

ifin«tA>0UfiM)VUII<A (- VALUt n i1 0%7%101 IfMNOVK I1-VSLUOUI
GulU It 17

to 1tlCc 1"2,1Lff* R

IFT0ATAICT | INO*UM -fe7-V¥IUFLITTID*7»1C||.kINOVILM*V*LUf 3ILI
6)10 If1?

to uu i"2,iif*7

THCALA101 1. 1KOVItl 1-6C.VAIUEL K1 10*7*101 | ,MMOVUI I-V*IUIIIL1
6010 1C1?

cv ici*

If1,¥7%301 1. INCVU II
611u I1C17

cc icu

IfluAlliOU. INOVU] «+1C.V*IOI Il tI.*kO.D»7*3CI I, INOVIIL I ,¥IUI?2U0U T

CtItINUE
6f 1Uf k
ave

.CC.V*MUIlU 1. **0.0*7*%3011, INOVML 11.17.V*tUt2 III 10*7*301! NINOVILII-V*tU 3111

10¥711011,MNOVU 11+<VALUE 1UI
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GROWTH FACTORS-INPUT FORM RRJSOK/i

aNwWa N'(P"EARS cc/ERED E3 (B-NB YEAR ( COUNTS AS ONE YEAR)

&

6l I

ti

INFLATION FACTORSHNPUT FORM RRJSOI1/2

A T53

INPUT DOCUMENT FOR PROGRAMME RRJ50"

F,Q‘ LAJJ

'



HISTOGRAMS ILLUSTRATING POSITIVE AND NEGATIVE GROWTH FACTORS
CtOWTH GROWTH GROWTH

GROW
ITITTITITTITTN i)
L

MARKET SIZE MARKET SHARE MARKET PR CE MAN. VARIABLE COSTS

MAN. FIXED COSTS + MARKETING COSTS SELLING COSTS OTHER
CROWTH FIXED COSTS
TO-

OTHER VARIABLE COSTS
FIG HISTOGRAMS OF GROWTH FACTORS
A
* [



HISTOGRAMS
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ILLUSTRATING INFLATION FACTORS FOR EACH STRATEGIC VARIABLE
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between two or more variables. This information is supplied in the form

illui ‘rated in figure 4 : 14.

Linos 45 and 49 lead into the arra> "Simu" the data output of the previous
programme RRJS02. At this stage all relevant data are loaded and the pro-
gramme proceeds to process the data.

Lines 59 and 00 test for 'product life' being less than 'plant life' or vice-versa,
in which case the simulation's duration is automatically reduced to the lower
life, if and only it this is less than the expected maximum number of years for
the project as a whole.

Lines 71 and 74 apply the growth factors to the relevant strategic variables for
each simulation, while line 80 applies the inflation factors to the relevant data.
Finally, line 8? calls in sub-routine "ADJT" which is given in lines 105 to 143.
This sub-routine is responsible for the processing of all conditional statements
of dependency. dhe final results of this programme are ti.cn printed out ami
used as input to the "master" programme RRJSQS5. A partial display of

RRIJSOI's output is given in figure 4 : 15.

r;,Uulati m of Cash Flows and Other Statistics - "Mastcr*"Prognmim *
This programme is responsible for the generation of six monthly cash
flows, the calculation of discount factors, the calculation of .LR.O.R. and
N.P. V. for each simulation, the calculation of various overall measures of
capital productivity and for the quantification of risk. Using the lino numbers

given In the programme, which is detailed in figure 4 : 16, one can identify

the following major segments :

Lines 1to 123 define the various variables used In the programme.

Lines 125 ami 126 set up the required arrays.

Line 132 reads into the programme the parameters to be used. This data in-
put is furnished in the form given in figure 4:17, part (a) Paramete. he
balance of the informutton, contained in figure 4 : 17, namely, part (b) Project
Investments during years one to three nnu oart (c) Cost of Capital factors, is

fed into the programme by respectively lines 141 and 145.



CONDITIONAL PROBABILITY INPUT FORM RRJSOI/3

Q T ]( NUMBER 07 CONOftiONAl SIAIEMENIS!

o ANOTHER OIVEN VAIUE VAIiUE 10 BE OiVEN 10
Zit OiVEN VALUE i:OR DOUBLE STATEMENT DEP VARIABLE

FIG infut document FOR programme RRJGO: t



utTAILRU PMINT OUT UF FINAL vAi<IAhlE OAfA F«* CNt HUNDRED SIMULATIONS#

DATA fil* SIHUIATION NUHUER VtARS IN PROJECT % 11

MARKET SIZE MARKET SHARE NAMKET PAICt NAN.VAR.C. NAN.fl1*CQ MARKETING C.
(56 0 0. Uv 0.00 #.60 0.00 0.60 c.cc
VR. 1 lul 796. 7V 0.*o0 13%.03 10*00 5600C0.00 1ACCCO0.CO
Vi, 2 1171 72.LU 0.40 137.70 112.32 56CCC0O.00 1%%199.9C
t<. 1 201959.90 3.*%3 1*5.00 115.69 55C0C0.00 1%*8525.80
V%.  * Jii7)3. 1 0.4U 1%5.00 Hf{g* 577%99.50 152981.*C
v<. s 33)216.07 0.41 1%5.00 .01 577%99.50 1%9692.10
V<. #2878, *0 0.%1 1%5.00 12f. 17 *0611*%.00 1*6*7).ec
V. *.7.97.10 0.%7 1%7.5) 122.7R 636692.20 1810%1.30
VP . 6 **¥3621.%0 0.%2 1%7.59 118.98 *¥3%692.20 167825.20
Voo “us58.2.)0 v.r2 157.59 112.%* *68526.30 155573.80
Y4, v 4390 62 .vO 0.41 1%0.7* 112.82 668526.30 12%192.60
SULI r. C. UTHLR FIX.C. OTHER VA6.6 proDUCT LIFE PLANT LIFE INVESTMENT
Ve 0.90 0.00 .00 12.00 10.00 70CC0C0.00
VR. 1 Uvi. >) 200000.00 2.00 6&) 0.00 0.Co
Vi 2 1CUW*9.90 20)303.00 2.02 0.00 G.oc
VK. 1 17%5171.u0 200 JCO.0M 2.0% 8?)?) 0.00 666

Vi . * 27v*>1 . >C 200v00.LO 2.06 . 0.00 .
VM. 9 Ywv*727.v] 180000.00 2.08 c.cc 0.COo C.CC
Y4. 6 ii)er*9.o00 112900.00 2.10 0.00 0.00 0.00
vrR. 1 3871673 .vO0 61%7% %, 2.1% 0.00 0.00 ?)&))

VK. 8 )*v5) 1*. )0 9281.25 2.19 0.Co 0.00 A
V. 9 )* >9184.V0 0.00 2.21 0.cc 0.COo 0.CO
YU. 10 1*7177).U0 0.00 2.28 0.00 0.00 C.00

DATA FUR SINULATIU NUMBER YEAMS IN PROJECT* 13

MAeMtr SIZE MAMKST SHAKL MARKET Pt KE _VA660 MAN.FHE(bﬁO MARKETING c.

Ye . L. )0 0.00 0.00 A X !
VA+ 1 125 ,99.9)0 0.50 150.00 i06.00 55C0C0.00 1*000?)6?)
VA. 2 IM59t.«0 0.50 151.00 ii*.*e 55CCC0.00 1*%199.2C
Y. ) 4%9% 7,50 0.90 153.00 117.91 55C0C0.CO 1%8925.80
Y o * *116*1.U0 0.90 186.06 119.09 577%99.50 152991.%0
Y«. 5 LEIR D L A 0.51 156.06 123.28 677%99.50 1%¥9692.1C
Vi, 6 4,7.6.)8 0.52 156.06 122.69 *C637*%.00 1%6%71.60
v4. 1 8,1 *JM.)0 0.52 7%0.00 125.1% 6)6692.20 1810%1.30
Vi. 5*W ,1. 1U u.s) 2%0.00 *16%92.20 167829.20
YR 879% )i.1V 0.53 2%0.00 115*0% 669526.30 155573.90
Ya. i 6>41 72 .€0 0.5% 2%0.00 11*.5 66852%.10 128192.60
Ye. 11 61%3*0.70 0.95 2%0.U0 UR.*3 7721%6.60 92%26.CI
Ve 12 6NNV 37. 50 0.96 7%0.00 121.99 7721%6.60 197)19.30
UIKFM F1*.L. PLANT LIFE INVESTMENT
16.00 600CCCC.CC

FIG. I OUTPUT FROM PROGRAMME  RRJSO*-



. THU 21/6/7) 17&-1721 TIME 11.41
>aJVC * ACCT 19 BUSINESS ADNIN. FILE 481508

MASTER PROGRAM USED TO CALCULATE*-

g
2

L.000S
111 | NItBN4L «»Vf OF HEIU.N AND NET FEESENT VALUE FOB EACH SIMULATION.
L0007 C 1111 OVEB ALL NET FBESENT VALUE.

ioon : ANCILLABIES INCLUOEi-

—
&
=

Il SUBBOUTINES TO CALCULATE DISCOUNT FACTOBS 1 -*0* TO #0*1:

L.001S Z ITT NECHANISH TO CBOUP BETUBNS INTO A FBEOUENCY TABLEI

—_—
o
=3
kel

DEFINITIONS!-

« S..AV NATEBIALS AND

A FI.CENTACE OF FINISHED STOCB, BNAT.INVESTMENT IN BAN MATE.IALS TEA. 0,

STBT.F,N,SHED STOCK TUBNI TAKK.NOBMAL TA. BATEI TIN, TA.IN, TIU ALLOWANCE ON FLAN, AND MACHINE.,, TINVA-INVESTMENT

-

o

aQ

o
NN N AN

ALIOW.NCI ON FLAW, AND MACHINEB,I TINVAF I AND UN BUILDINGS! TINVAB, I TA.INCTA.ABLI INCOME

1.002* ., fF.T., BATE OF DEFALCATION UN FLAN! AND MACHINE.,. TBDEFFI .ON BUILDINGS, TBDEF.I.ON MOTO. VEHICLES, T.DEFN,
..C029 C

L.U010 ON FUBNI TUBEITBDEFFIl ,,,0 0 . VALUE OF FIXED ASSETS-FLANT AND M ACHINE.,,BKVFI. BUILDINGS,BKV.I.MOTO. VEHICLES,,...
I.OOH Z

L.001? ,U.N,U.E,.KVF, AOEF.ANNUAW DEFBECIAT,‘IN CH.BGE-FL.NT AND MACHINE.,, AOEFF, .BUILO *NGS, VEHICLE,,ADEFMI.
L.00S1 Z

L.00s4 FUBNITUBEIAOEFFI, OErAN.OEF.ECIA.LE AMOUNT-FLANT AND N.CHINEBV.DEFAMFI.BU,LDINGS,DEFAMB,.MOTOK VEHICLESIOEFAFMI.
L.001S C

L.0016 FUBNITUBE.DEFAME, IFFUCOF.FUBCHASES AS A FE.CENTAGI OF COST OF F«OOUCT,ON,D,BTM»MONTH, T.AOE CBEOITI

L.0017 C

L.OOI# OEBTUA.DEBTOB CULLICIION IN MONTHS, SALVSALVAGE VALUE AS A FEBCINTAGE OF BOOK VALUE. -FLANT AND MACHINE.,, SALV I.
L.OOI* Z

1.00*0 BUILDINGS,SALV,.MOTO. VEH,CLES, SAL,M, .FUBNITUBE, S.LVFI, SALVA.SALVAGE VALUE AS A FE-CENT.GE OF BOOK VALUE OF
L+0041 C

16621‘_21 . SUOBT TEAM ASSETS OTHE. THAN INVENIO.,, SALV,-SALVAGE VALUE AS A FEBCENTAGE OF INVENTOB, .00. VALUE.

L.C-4*

L.oo** : A A

L+ 0046 siiiiiyisins B, C L aN On Ohe. s oo Ny 0, age o . 0e¢,..u.0¢,.,c,a.,e

L.o:4y Z

lL-OC‘:‘ ASSET, TBKV-TOTAL BOOK VALUE TEA, L, EFFECT-NET INVESTMENT IN SHO.T TE.N ASSETS AND LIABILITIES.

%@}? INCLUDING INVINTOBTIVALUE OF EFFECT NEGATIVE WHEN ASSETSFLI.BILI.IESH CASH,.,MIl. CASH FLOW AFT,.

L0012 C FE*100 M, CASH,, ,MI- CASH FLOW AFTE. TA. AND INVESTMENT IN ShOBT TEAM ASSETS AND LIABILITIES,

L.OOIl C

L+0014 C

FIG. 1:16



TAVA-TAI ALLOWANCE ON SCRAPPING ASSETStL1*IfNUNBER Of TEARS IN EACH SINULATIORI11AC EAR 0%*1

LINITI-NONS8ER OF SIX MONTHLY PERIODS IN EACH SIMULATION!INC YEAR 0*1 LIMIT2"NUMSER OF YEARS IN

oA

EACH SIMULATIONIEXCL YEAR 01101SCF1,0ISCF2.01SCF)+ SUBROUTINES USED TO CALCULATE DISCOUNT FACTORS.

OISCFl CALCULATES It TO 401.01SCF2 CALCULATES 411 TO 801,AND 0ISCF1 CALCULATES -11 TO -4011 RATE INI*INTERNAL
RATE OF RETURN FOR SIMULATION N| XSUM-SUM OF CASH FLOWS PERIOD Ml XSQROIMI#SUM OF CASH FLOWS SQUARED

PERIOD '*| XMEAN«(KPICTEO0 CASH FLOW VALUE PERIOD M; STOIMI* STANDARD DEVIATION PERIOD M|

ORGIN  ORIGINAL INVESTMENT; PROFII-PROFITASILITY INOEH PRO81/5 t PR084/6 <LOWER ( UPPER TOLERANCE LIMIT VALUESI

1GKP-ARRAY USED FOR GROUPING RETURNS INTO A FREQUENCY TABLEI CLASS! ANO

e e e e B

L*o00 70
CLASS2" RESPECTIVELY OPENING AND CLOSING CLASS LIMITS* RMEAN* MEAN INTERNAL RATE OF RETURN*
L.ooof) : ASTO* STANDARD DEVIATION OF RETURN DATA* CVCOEFFICIENT OF VARIATION OF RETURN OAT At
1.C076
TINVIM.K* ANO ADEPtR.Rl + RESPECTIVELY BOOK-VALUE AND ANNUAL DEPRECIATION OF ASSETS BOUGHT DURING PROJECT* M« SI*
MONTH* / PERIOD AND K TYPE OF ASSET. M RANGES FROM ) TO 8 AND * RANGES FROM I TO 5.WITH RESPECTIVELY PLANT, BUILDINGS
La 0079,
t.coil : MOTOR VEHICLES,FURNITURE AND OTHER ASSETS BEING REPRESENTED BY R.I THROUGH 51
L.0080
1.0081 C NOCIMI- PERCENTAGE COST OF CAPITAL PERIOD RI PLEASE NOTE NOC HAS A MAXIMUM OF 4011.
L.0061 C SNPV* NET PRESENT VALUE FOR SIMULATION N{ SNPVM AND SNPVSD* RESPECTIVELY MEAN NET PRESENT VALUE ANDSTANDARD

DEVIATION* ASSUMING OEPIMOANCV OF CASH FLOWS*I

1. 00%6

l.oof7 REINV* RE INVESTMENT RATEi XINFLO* PRESENT VALUE OFTOTAL FUNDS USED DURING THE COLASE OF THE PROJECT*
1_’0039 C OUTFLO* TERMINAL VALUE OF TOTAL FUNDS* RATE** YIELD ON TOTAL FLFIOS.
L0010

1
t.9091

ﬂ.%zc&
L.m

i

L3100

16 PLEASF NOTE THAT BY BOOK VALUE AT SALVAGE IS MEANT THAT VALUE IN THE BOOKS AT THEEND OF THE LAST YEAR OF THE PROIJfC

OAiAiilL,UPMARKET SIZE YEAR L,
OATAIIIL.Z*<1AKKIT SHARE YfAR L,

DATAsI*L, )!-MA*KCT PRICE YEAR L.
DATAIML.41-VARIABLE PRODUCTION COSTS EAR L,
OATAIHL,51-TOTAL FIXED PRODUCTION COSTS EAR L,
OATAIIIL.6*«TOTAL FI*FO MARKFT|NG COSTS YEAR I,
DATAIIl.,7T«TOTAL FIXfD SELLING COSTS YEAR L,

oo onohd

Leo101 DATAIl*1,R>*TOTAL OTHFR FIXED COSTS YEAR L,
DATAI*IL,9>*0Hfck VARIABLE COSTS YEAR L. RELATED TO UNIT SALES YEAR I,
E ]18; DATA)1*L+101+PRODUCT LIFE IN YEARS.
0 C DATAHIL, 11 1-PLANT LIFE IN YEARS,

w4lT SALES year 1
TURNOVER YEAR 1
o !TOCK LEVEL YEAR L.

DISPLAY PROGRAMME RRJS05



I 7*17*11.%].MOOUC7IIW UNITS TO IIVENTO*T 0* INVMTOOY UNITS TO
FACTSIL. * ino*oouction in units ye** 1,
7*CTSII.M.*VE«*C6 COST OF STOCK YEA* I.

S*LIS.

I 7tc TS(L!«'m 76071 Tf «tFOIE OEFAfcCUTION *NO TAX YEA* L.
FACTsIIIIoXINYLSTmENT IN SHOAT TE»* ASSETS ANO LIAOILITIES.

Y, R OR,

"""s.ci OATA)II)1.121 .FACTS!)1,121.CASHF11*21 .CASHF2I *2 I*CASHF»1*21*01SCI167.*01.0.SC2IA2.A0I1tOISOI *2. *01 .TINVIIO.SI
*SUNI62 I»X*0*01*2 1. XFEANI »2!tSTOIc21tIG«FI*01fCLASS11*0)*CLASS21*OL.*AT.1100L.TINVIS.*I#ACEFIL..*1. ACC1111
COMMON 01 SCI *0ISC2+DISC)

*14011,11LIM1T
FU*MAT<m

HEEISE!TA,..T,N,TA.TNYA, T,NVA..T,0[F,.T,OEF..T,0,FN.T,OEH.

«MATANS.O N

»<T|..V-*iINV
XLE INV-1 SCAT 11. HXEINVZIOO.il 1-1.
00 172 *»l.s
00 171 K*I.»
IINVIN.71*%3.0
171 ADT *I N.K 1*0.0

111 ALE AOTIHT)) IITINVIH.XIT.K-1.SI.**). «1
111 TO*NATI *712.21
03 17* L'I.LINIT
17* NOCILI'O censn
*1%011.17+1 INOC(LI .1-1.LINITT

%% 17+ 70««ATI)I121

00 * *.1,67
ISUNINI‘0.0
ISU*O1*1.0.0
XNt AKIN) .0 .0
STVIMt-0.0

00 ) X*1.*0

DISCI I*. %1%
circiie *1¥00
0ISC2I*.%1*%0.0
CONTINUE

00 * *1*11*0
IUFINT 1*0
CIASSIINILI‘0.0
CLASS2IN11*0.0
VU 6 1*1.103
SNFVI 1 1*0.0
AATEII 1*0.0

*

=

B

00 7* N-1.100
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Toay ¢ CIE6**NiE (F ARRAYS IN "REFARATION CF WEXT STWUIATION RUN
L.CI72 C

L0172 00 « 1y»l.1IKIT
L.O17* « 1»l.
1.017% 00 <X-1.12
0.0176 OATAIIIL.RI'O.O
L.0177 7 tAcnii.*i*o.0
1.017% * CONTINUE

1.0171 03 i N*i.iiNin
1.01*0 CAOHFHNI-O0.0
1.0161 CASMF2(KI 0.0
1.01%2 CASMF31 M1*0.0
L 1 CONTINUE
i?)i*t% 00 20i Mdi,e
1.01%1 00 200 **1,1

1 01%6 TINVIIM,*1*0.0

1.01*%7 200 AOEEIH,*1*0.0
L.0I*1 201 CONTIN'C
BKI1F*0. 0
OR***0.0
t*V*V*0.0
R*VF*0.0
FACTSILIII-RNAT
*E*OI10.1011U*"Y
10 FIRNA717//T6*.127/1 Lo
REAOI 10.12H COATAIIL*' JF.*1,61, !« 1.1 UN'YI
RIAOI10,111

oo oo o e
Qe eI ===
] e e e i e g™
Sl e T —e—

RtAOIT10.1*11 10ATATIIL, *1,**T,121,1*1,LUNNY I

—_ i e
=
=
—

0201 12 FOAMATIAI**.712.2)1

0202 C CAICI'l ATION OF JNIT SAIES 7NO TURNOVER.
0201 C

0206

0201 00 11 L-2.1TUNNY

0706 FA: Til 1.1 I-0ATAHI1.1HDATA1H1.2)

10207 11 FACTS11.7 1*7 ACTSII. THOATA im . II

*

%730?6 . CAICUIATION OF DATUM STOCK 1EVEl IN UNITS.
. 9.

. C

0711
1.0717 00 16 1*7.1UMIY
10711 FACTSII.II*FACTSII,II/STKT
10716 16 FACTSILL «sFACTS 1 1.11-F»tTSIl-1.11
11(1);%% . FaOOUCTION IN UN!''it ANO CALCULATION OF TOTAL COST OF MOOUCTION.
1.0217 t

1.071*
1.0711 no IS L*IoLUNMY
1.0777 1F;*0.0
10771 F*:IST1,1 I*FACTSI1.61*7ACTSIL.11 ...
10777 7ACTSII .171 *FACriU ,11*011*1 111.61 -DATAIlII. 11
1 0221 ST«**rACTSII.III*FACISII-1.II*F*CTIII-1.»1
10256 FACTSIL.*I*ST«V/irACTSII.SI»FACTSII-1. IT I
10771 F6003S-FACrSII.IIIFACTSII.61

1.0726 FACTSII.T11*11.*FF61%700301
1.0727 IS conTiNuE
1.027%*



tnm

AR 00 21 1"2, 1IN

1.02%1
L.U212 C CALCULATION OF CO>T OF SALff.
t071) :
L.0214
t02)s FACTSIL.7)*FACTILI»*FACTSIL.6»
1.32)6
T1.02)# ASCEATAMMINT (F PROAIT BHCRE TAX
1.02)? C
L.0J40 FACTSIL,81*FF:TS$IL,21-FACTS$IL,7)-DATAIIIL.*1-0ATA)ilL,71-0ATA)|IL,#1-0ATA)IIL,9>*FACTS$ILell
L.0241
(L"(')72442) . OETERMINATION OF CASH FLO* EFFECT OF SHORT TERM ASSETS AND LIABILITIES:
L.0244 C
k. 0249 FACISIk 10SeltPPOCOP*FACTSIkel21)/ 12 >60e#TN-IFACT$tL.21/12.S*OEBTCt
L.0247
1.024#% C OJTERMINATION OF 1AYABLE INCOME:
L.0241 C
IFCL.EU.21 GOTO 16
1.0712 G>)TO 17
LCZM 16 OE74MP-PIpeOATAIIL1.121*11.-TINITAI
1.0294 ADt7P«TRaiF7*0EPAMP
1A075) B* VFGWUEPAWY»-ADEPP
1.0296
1.0297 OEPAMB-PI B*OA7A)1 11.12 1
L0754 AUFPHOI PAMBMMDCP#
L3251 BKVb-OEPAMB-AOEPB
L.C260
1.02*1 OEPAMMePI MV*1)*TA)1 11.12)
V62 ADt PM.OtPA**M*TMO£PM
L.076) B* VMV»DLPAMM- AOEPM
1.0264
L+0269 OEPAMF+P[F*OATA)I11.121
1.0266 AOIPF-OEPA~F* TRDEPF
L0267 B6VF»0EPAMF-AOEPF
076
k707
L+07 70 DEPAMO*PI0*0AT4)111.12)
1.027) ADCPU-OE PA*UeTROfPO
V) 'm «INIT..T ,.0*T . 1U. .
1.02 74 17 IfIL.LE.41COTO 176
1.0274 60TO IB)
1.0276 176 OEPR*0.0
1.0277 00 177 I1"1,7
L.C27# in 1.CO.1 160T0 179
k.02 79 ML *7
L.02%0 P .29
L.OH GOTO 16D
L0262 179 m#L*2-1
1.028) P*. 79
1.02%4 | DfP4MI*IINVIM, 11*11.-TINITAI
1.07%4 Al>fPIM.1 I *TROEPP*r»EP4Mi
1.02%6 T[*¥1IM.l [+Of PAMI- AO|PIM.1)*P
1.0287

FIG. 416 DISPLAY OF PROGRAMME RRjS'L
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40EHIL.II»TIHUtH» TINVt*i2>
IINVII* 2I»riNV(*i21-*DE21*.21»r

INVIX. It
TINV1iNe>I1"fINVI*ell-AOEFIHf)1*2

COB»I1.*)a*DE2>» TINwI* t

TINVIIM#4 1« tINVI*i41-40e41*i*1»2

»0t71* 1I» T«Dt70» TINVI* SI

177
17IL.EO.*>6070 ITS

IF16*V7.1r.A0e7r>40e7P-iKV7
irihKve.v t.*DEPei*otpayBKVB
IMHKVMV. [.T.*0EFIII*0t#*-6*VIW
IFIttPVFstTe AOEPE >ADEPF*BKV P

H (tUKﬂyL)Jk.LLAOEPO)’OtFO»G’VO

cte™ -

00 111 "

?FuXvuL:L.1T.40EF,, KIT*OEP,M.K|.7INVII'. KI
LONTIIUE

CONTINUE

Suvfexvn-ioCPP

8«V8»*«»*-40EPI
H.vevaKVNV-AOEF*

I(«F»»F/F-101FF
e«VO'IKVO-«OEFO

« ..
n -1,t1

Wm s

|11 IINVI[W[*I*7tNVIIN.K)-40EFIM.KI
1»6  CONTINUE

TBKVI'0.0
0 111" 11
00 117 *«1.1

TI*VI«T»KVI»TINVI IN.KI

BtP*1«0.0
%k kek g

I _1*
OCFII'OE 7814 AOfcFI*.4>

CONTINU,
,«,!,ll(\‘.FACTSIlAll-*OEFr-AOEFI-4Oi1»-*OEFF-IOI"FO-OEM-O*Ml-<<Tll.1T4ATINV4ll.mNVU.*-l.ll.TINVIl

SILITFIINVIT*] . *ee
SOTO 11
i m IFITI*«.L1.0.010070 10

|F[1«<I.LT.AOEFF>AOtFF.B*VF

IFI8AV6.LT.AUIFITAOEFB-IAVB
IFITAVNV.IT.AOEFKIAOtFK'TAVIW
IFITAVF.LT.AOEFFIAQEFF.IAIF

I» IIAVO.L T.ADIFUIAOEFC-IAVO

Fie. DISPLAY OF PROGRAMME ._RjyS05



1.0)46
L.C)47

L.Q)49
1.

1.01)1
1.0)4°?

1.3)44
1.0)46

L.0td«
1.0)5?
L.0)60

0).6

L0j64
0)64
.0)66
.0)67
)k
£)6?
)10
L0)71
L0172
L0)7)
.074
L0)7)
L0)76

0178
0)7?
0)80
0)11

b

O

0)84
0186
0)87
0)88
0)80
0)00

0)0?
0)9)
0)*4
0)04
D96

0)17

1.0)11
1.0400
1.0401
1.0402
1.040)
1.0404

186
187

188
181

00 187 M ) 8

DO 186 * 1,4

IF ITINVI <k.KI.LT. ADtPO.KMAOEFIH,* leTINVUH,* >
CONTINUE

CONTINUE

BtVt-eKVP-ADEPP
BKVB-tiKVB-AOEPB
B*VM?"8*VWV-AOEPW
BKVF-8KVF-AOEPF
BWVO«b*VO-AOEPO

00 187 HO .8

00 188 K"I,4
TINVI(M,A)*TINVIIM,*1-AOePIM.HI
CONTINUE

T6KV1"0.0

0 110 k1.8

T8*VI"TBKVUTINVIIH,KI
CONTINUE

OEPMI-0.G

1 113 H.),S

0-3 112 M 1.4

u »*1"OEP*I»AOEP*H,KI
;. .TINUE

1 H\C{')‘FACIS: 1,8 -AOEPP-AnEPB-ADEPH-ADEPB-'"PO-OEPBI
-I\gj“iAHI‘C'OEPH—ITIN TACTINVAP !« ITINVL ), 1) TINM 4, 111-linvaBer TInit) ,214)Invia 21 1

sure i?

11 7ACTSU»BI*%/dINCMAIft
T

20 FACTSILO)s8ACTSIL,S 1<TPS*
21 CONTINUE

SPLIT UP OF ANNUAL PHOFIT DATA INTO SI* HONTHLt DATA*

18*0
22 03 24 L'!' ,LUNHV

0 2) {12

I %]
2) CASHFIl In-FACTSIL.BI/2.
24 CONTINUE

OETEMHINATION OP CASH FLOW AFIEA TAIL.IOELAY TAKEN AT ABOUT SI* WOHTHSH

P*(JV1 SI ONAl TA* PAYMENTS TAKEN AT THE END OP THf FI* ST ANO SECOND SI* MONTHS OP EACH YEA*. THf PINAL »A*
ADJUSTMENT TAKEN AT ONE TO SI* MONTHS AF TEA THE END OF EACH YEA*. PAOVISIGNAL PAYMENTS TAKEN AS 1/2 0~ THf
PUVIOUS YfA*+S TA*.

DO 24 L- L,LUMHI1
2144 T

/2 *L *2

CAS4F H U 1eCASHF11Z1 1-FACTSIL-1.11/2.-IPACTSIL-1el1-PACTSIL-2f111
C4SHFIU?1"CASHF11121-FACTSIL-lei 1/2.

FIG. DISPLAY PROGRAMME RRJS05



Lo4C* 2$ CONTISUC
1.0406
1.0607 oeTersi NAT!ION OF cash FLOW A TEA INVESTMENTS IN SHORT ANO LONG TEAM ASSETS#
1.0408
L.0409 CASHF2I11—0ATA)II1,1219.2%
1.0410 CASMF2<2)--OATA)I11,1219.TS-zACTIIL, 111
U3 194 ), *
L0412 1%4 CASHf HM1¢CASHFIIMI-TINVIM,|)-TINVIM,2)-TINVIM,SI-TINVIM,41-TIMVIM,*)
L.0411 DO 26 L#2,LUMMV
1.0414 £10L 921
Voars DA
0416 EFFEC T«IFACT!IL, 101-FACTS1L-1,1011/2.-IFACTS!6.111-FACTS*6-111)1/2.
1. CASH#? 1f11eCASHFI (M1 >EFFECT
1.0414 C4S-<f2(Z21eCASMFHi2)eEFFECT
L.0419 24 COSTISUc
1.0420
1.0421 OETfAMI NATION OF SALVAGE VALUES AND FINAL TAX ADJUSTMENT#
1.042)
1.0424 t-LUMMY
1.042% 00 199 M#),8
1.047& AAVPeMVF*TINVI [M,1 I
BFVBedKVtteTINVI (M,21
L.042% bAVMVe»KVMV«TINVIIM,SI
“tffeBKVF*TINVI<M,41
L.04])
104yl =9 TA*A-|A** ¢ [1 1" 1SALVP)++*¥*¢11.-SALV» 19#*¥+411.-SALVMI4B*VMV*11.- SALVFIeBAVF¢11.-SALVO)4M«VO*11.-SALVA)41-1141FACTS!LelC
COST. 11* (LuMMri2)e 1C,ASHF?ILUMMVe2 )*SALVP4BXVF»SALVB4BKVB*SALVN4eKVMV*SALVF4eKVFeUIV043AV041-1)41FACTSILeiei4CALVAIeFACTS
L.11)4SA» . VI*TA<A-(FACTSIL,91-FACTS(L-).*) I
1.04)1 FA:TSIL.9[¢eFACTSII,9i-TAXA
4.04)4

L.04)? C CALLING OF SUBROUTINE DISCFl TO CALCULATE DISCOUNT FACfOMS IS TO OS I DISCOUNTING OF CASH FLOWS.

1.04)7

1162")7’2‘. iriOISCI111.11.0T.0.01 GOTO 2?
1.0440 CALL DISCFI

L.0441 27 TOTALIe¢).0

1.0442 00 41 Mel,LIM|T1

1.044) TOTALIeCASHF2 (Ml+ TO ILI
1.0444 If ITOTALI.LT.3.31 GOTO 40
1.044% 1*1 TCUIL.fO.1.01 GOTO *1
1.0444 O 29 isle* 40,*

1.0447 TOTAL-0.0

1.0448 INTRe|NT

1.0449 00 2# Mel, tIM|TI

1.04%0 CA SHF) (MI*CASNF2IMI40ISCI1M,INT I
1.04%1 28 T3TALeCASHF) IMM TOTAL

1.04%2 IF ITOTAL.L(.0.D) GOTO SO
1.044) 2# CONTINUE

1.04%4 GOTO ))

1.24%%* )0 TSTAJe| VTA- ¢

1.04%6 DD )? ISTe|STAB,INTR

6.04%7 TOTAieQ.O

1.04*8 ISTALle|NT

1.04%9 JO *1I Hel,l1MITI

1.0460 CASHF) IMIeCASHF2(M)401SCIIM,INTI
6.0461 TOTALeCASHF)I M1+ TOTAL

FIG. t:1 6 DISPLAY OF PROGRAMME RRJS05



L0442
L.0441
L-0444
L.044S
L.04L4
L.04 47

1.0470
L.0471
L.0472
L.0471
L.0474
L.0475
L0474

L.0471
L.0479

L.04S]|
L.C412
L.046 1
1.0444
L.0415
..0416
L3417

1.0467
L.0470
L.0471

1.0472

L.04 94
L.0495
L0474
L.0497

L.C497
1.0500
L+0501

1.0502

L.0504
L.C5C5

1.0507

L.0510
L.OSIt

1.0515

L.031S
t.0519
L 0520

C CA'WLING OF

c

42

>11

14

19
CALL

40

42

41

44

45

44

47

48

49

SO

IFIT3T4L.LT.0.01 COT3
IT(TOTAL.F0.0.0t GOTO SI
1

€Ul OISCF2
1

TOTAL »0.0

INT»eINT

00 IS M*[tLIMITI
CASHfICMImCASHF21 M1#31 SCIIN»IMTI
T3TAL»f4SHF)1*I»TOTAL

IF* TOTAL.LE.0.01 GOTO 17
EONTI W !

f*0TO SS

INTItes|NTA-4

00 17 1 «T»|,.T*B,|NT*

TOTAL *0.0

INF*I«[NT*A0

PO II N LL1*m
CASHFIf* | -CASHF~INIFDISCJIN, INTI
T3TAL»CASHFIIM)*TOTAL

IFf TOTAL.LT.0.01 COTU SZ

IF* TOTAL.CO.0.01 GOTO S3

(

1

1
IFIOIOCIllell.CT.O.D1 GOTO *?

CALL OISCFz
CO 4S INT*StSOfS

TOTAL-0.0

INTA-INT

30 41 M"lellllTl

€ASAFIINI «CASMFZCNIfoHCIIN, INT |
1

IFI UTAL.Gf.0.01 GOTO 4S

(

GOTO 4#

1

DJ 4J INTeINT*!,INT*

1

INTAI-INT
CaSHib1:CAM

»l-CA. 3
IF* TOTAL.GT.0.01 GOTO 49
IF fTOTAL.EO.0.01 GOTO SO
1
1
FATE IM«A1»,99

SOTO SS
1

1G . ul SPLAY

t JBAOUTINE 01SCFZ TO CALCULATE OIECOUTT FACTOAS 41* TO AO*

PROGRAMME

A 01 LCOUNTINC OF CASH

RRjSOS

FLOWS



1.0521 RATEtN)-*!

1.0522 30
L.C521 51 *AIfE’zf\])"O.O

L.0524 GOTO 55
1.0575
. 52 *1"INT61
L.)s527
L.Qs GOTO 55
I.65§§ 53 #1-INT*1
1.0530 *ATE(NI"*1
GOTO 55
1.05)2 54 AATEiINI-S1.00
L*053)
L.0534
1.05)5
CAICUtATION OF N.F.V, FO* EACH SIMULATION.
1.05)7
L.053B
L.05)'1 55 00 202 1"l,LLUMMY
L.0540 MI-L»2-1
1.0541 M2*1#Z
L0342 SNFVINI»C6$SMF2iM1,*01 SCMMI, NOCtLT)#SNFVINI
PO S P« 100 .NO SIWAATION » E«H » » b
| 0sas C OF CALCULATION OF "FAN] ANO STANDAAO DEVIATIONS.
1.0546
1.0547
1044+ DO SA N.I,LIHITI
1 954+ *SUGNI+ ASNFilN).ASUNINI
. 56 ASQAOI- CASnF2INI»CASHFZINI»XSOKOINI
mtTf T Of NEATINENT DATA I
IFIN.DT.II 0OTO SS 1
L]
. RIwWXioll'NAINT OUT OF NEATINENT OATA t SI. NONTMLT CASE. FLOWS FO. ONE HUNO.IO SINUIAHONS.
® FUANATIZ/IOL.'SINULATION NU-BE, +., ZZ,0..2 0. +++ [ZZ1O.. .COST OF +.A,.-TU.NOVEA+.4. -COST OZ ..4...F.0F,T .EFOAC .» . MA.

FAYABLE + .Z«, « DEBTORS* «iZA. « INVENTORY., l«. ZI 3*.'"CASH FLOW II

. EIT. 601 . v oy 122 SFALOLTORS ETC..Z«..INVESTNENT..)» NIO-VEAR. .SB."YEAB END. -1
60 T34NATIB*.* FROOUCTI ON*.IBA . *SALES «§6K."OEF.C TAX ,1FX. txtDIiUN

6, FORNARiiltOI'.M.ZX.101 LFT,'.', IX.
03 tZ L'I.LLINIT
wXuT.ASILOT.FACTS,L.IZI.FACTS,L.ZI.FACTSIL.TI.FACTSIL.E,.FACTS,L.*,. FACTS,L.IOI.FACTSIUSII.CASMFZIE.Z-1I.CASNFZIL.Z

1 4] r.uNAIIU,.YK...1Z,F1Z.Z.f1Z2.2.F1Z2.2Z.SX.F1Z.Z.1X.F1Z2.Z.JX .F1J.Z.F1Z.Z.F1Z.Z.F1Z.Z

..056)‘1 Z0S K INATIZIOX."NET FRESENT VALUE » «,FW.I1ZSO0X,»>1 "+ »I
|[FIRATE IN1.18.1-41.01 I OOTO TO
ITIRATEINI.I T.0.01 01 TO 66

L.0571 I«IR4TEINI.EO.S1.01 GOTO TZ
1.0572 II.RAUINI-.338

INf.11
L.0574 INTI#RATE INI

L.A9575 ITIINTI.3T.INTI OOTO 66



1.0577
L.057#
1.057%*
L.0580
1.05%1

1.05%2
L.058)
1.0584
L.0585
1.0584
t.0587

1.058*
1.05*%0
1.05*1
1.05*7
L-0S*)
1.05*%4
Le05*5
L-0*4
1.JS*7
t+05*8
Le0§**
L0400
CONT.

1.04C
10407
1.0*0)
10404
1.0605
L.0404
1.0607
L.0401
1.040%*
10513
L.0611
4.0612
1.0613
1.0414
w.3415
1 <0614
1.0417
L.0418
4.061%*
4.0*%20

L.0622
L.0471
4.0474
4.0675
4.0624
L0677
0678
062*
06)0
35%1
06*2
L0451
06)4

P

7

71

.2

»T TI*M.TI/10>>"1,TE.NM. .ATE OF .ITU

Of MTU., U .TWEE, m.F7.Z,+ «NC .E.CTNT. +/10. M
00TO 74

., 11 «iFT.1.* Fi.CINT. «/13%i*]|] eeel1l
GOTO 7,

M MI«..TEINI».0OI

7

8

INT-Mt
1,Tle A

IFI lva.ILlTl.llin GOTO 11

ATH-.ATEt W-.A8

s OF MTU., 1l .ETWEE, «.FT.2.* A0 ''FT.2." FE.CT.«/10..1SI —
GOTO 74

11

2w Jlinnn'i,T*.,iL .ATE OF «ETU«, N .ELOW -10.00I F.
GOTO 74

LCI, T.«/10«.I»l**en

FM MnnM .'iNT,.,*. .ate of aetu., n
4 COIUMUE

ove. Ow

1co

00 78 ,+ 1.193

1«lA .il.ATE(NI-1-1t.01[.1E.0.0011 GOTO 71
GOTO 7»

11-1/v1

IFIT2.E9.10IW.ITEIT.1001
wrITt17,771,.i,FVI,I

7T rrjoy»TI I« . I1.4«.»..,MLOW -40.00 I17.1t*. 12.21
G0,71,01

)0 85 1*1.19

CE3«l
»,u,;*-41i.0i* EG

»,1,Z 41.4.EG

(1% Tl <l }:00

ITaniA Tt 1,1-KHU.IL.LE.O.OOLIGOTO 71

GOTO_ 81

12 12%] ..
IFIT12.10.501W.ITEIT,1001
i.TE>>«ATEINI-.1

1 CINTINUC

Ou F4 ,.1.100
If IA*SILATE 1,1-AHUNTI.L1.0.001I1GOTO .2
GOTO 84

T2*12%1

If1[2«E0. 501 WKITCI 7,1001
W<IT1I17.111,.«ATEI,I.S,FVI,I
P fT."ATITH . 11,11, It« .FT.I,« I . 15.,712.21

C4 1, TI, Ul

5 SONTIWUt
JO .9 . .],100
FIA8II*A 1,1-1-0.0111.LE.0.0011GOTO 81
GOTO 81

nn



to

IFtlZ.ea.»31K*ITE«7,I001

CUNTfNUE
DO 95 1-1.S1

*NU*I«iCl-le

3-.99
DO 91 N-1,100 )
[FIABSC**TEI91-KNUHt >#Lie0.0011COTO #9
Gouw. ol
9  SLU*1
IFI1Z.EO.c0IW*ITtIT,5001
THIflir ieiN.KATHfITtSWIfINI
90 FDKXin 39X.1 «.*«+ 121.FT.21" JISXF12.21
91 CONTINUE
00 99 N-1,130
IFIHST *«Ti INI-XNU*21.tE.0.001 ICOTO 92
goto 1
92 11+ 12%1
[r11Z.t0.10IMXITEIT. MO
19TC». **1EINI».9¢
9 b I’,7
94 CONTINUE
91 CONTINUE
DO *8 NeI 100
[FIA»SiaiTEINI-91.01.LE.O.00II60TO 99
1
m0I0 98B
99 Icici
IFIIZ.EO.SIIXXITEIT.JOOI
97 FaxIxM W xInCx'IxI'IKIVE BO.00 ,* eHX.XIt.21
............... LIS
TOTAL 1¢0.0
TOTALZ'0.0
90 209 N-1. 100
TOTAL I"INtvIM eTOTAII
209  TOTAL? +! ".NFVI II e»2 1eTOT ALE
LNA V1" «SAAT*19071/99* 1* SOXTI TOTAL2/ 100.-1SNFVN*92 11
C.LJ LAT.CN OF EAFEUEO CASH FLOA VALUES E STANOAAO OEV.ATIONS F,A FEA.00.EACH COXFXISINO O NE""ECJASH
99 YO 100 8»t.L1"ITI1
<NtAITHI»XSUH< *1/100.
100 STOTHI-SOXTI10)./I1.1»SaXTIIXSOXDI*!/100.1%1 X*
CI9LCULATIUN OF SETJAN DETAILS ON TOTAL FUNDS.
FIG DISPLAY PROGRAMME RRJ505
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amTo <

BME

L<0*33
i.:*%54
L.0*95
1.0%¥9%*
1.0%9 7
1.0%9%
L.V399

L<0701

L.3701
L.0704
L.0103
1.070%
L.0707
L.O OR

1.0710
L.0712
1.0711
L.0714
1.071%

L.C717

%%

L.C71S

L.0719
L.0770
1.0721

L.0722
L.0T21
L.0724

L-0723 C
L.077* ¢

1.0727
Le072%
L0729
L.0710
L.0/11

L.0712
1.0711

1.0714
L.0713
L.Of)*
1.0717
L.0718$

L-0740
L.0741
L.0742
L.0741
L.0744
1.0745
1.0 74%
L.074 7
L.074%

L.0751

AW -

2

TOTAL«0#9

0i) 102 N-|,tI*ITI

TOTAL*X*tANII|I»t0T4L

IF I TOiAL.LT.0.01 GOTO 111

<INFLU»0.0

OuTFLO0*0.0

00 101 N .I.LIMITI

IfIKHCANIHI.LT.0.01 GOTO 305

If <X*; ANIFO.GE.G.0) GOTO 10*

OuTF LO* SHEANT * I« ! T «¢*1111fl¥ »*a!L IWIT 1-* UOUTFtO
S'JTO 301

I1 "LO-1-1.IA*»ItAHmiAOISCIIPI»],MAEIHVI»XINFLO
GOTO 301

CONTIsuf

B-OUTFLC/XIHFLU
CeALOGIOUI
O*LINITI-I

E-:/0

F"10##F

AAIEM*IF AF) -1+
*LrEM.*ATc«*100.

CALCULATION OF TOLERANCE LIMITS.
I ASSUMING DEFENOANCY OF CASH FLOWS*

OASINV-11*€AIM 1*01»CI(I.NOCIIII*X*EANI21IFI-1.1
pinas.s\pvs»1. 7 #sNPiso

PRD6A«SNPVM-3.7 5*SNPVSO

PfiOF I 1-1 SNPV*I»0*1 INWI/CMGIIIV

CVSNPVI SNPVSO/SNPVDPiOO.

GAOUPINS OF INTERNAL RATES ofF RETURN INTO A FREQUENCY TABLE.

00 ISO Nel-100

IF IA6SIRWTEIN) 1-40.0:* *LE.0.0011G0T0 103
IF IABSIRATFIN* 1-15.Dili.LI.0.00ono00oT] 104
IFIAs SIRATEINI i-io.on i.it *0.00IIGOTO 105
iFTABSMATtIN) 1-25.J1II.L1 .0.00nG«3TO 10*
IfIABSIRATEI <1 1-20.0111.L1.0.001IGUTO 107

IFIAdSfRATEIN 1 +1-15.3111.Lt -0.031IGOT3 108
IF.AbSIRATE NI l-n.311 I.LE.O.O00IIGOTO 105
IFIABSIRATEIM 1-S .jl)I.tie O.O0IIGOTO 110

IF IARSIAATEINI -1-0.0n I.LE O.0OIIGOTO 111

| FIRATE INI, LT.5.1 GOTO ilZ
|F I*ATE INI, IT.10. I GOTO 111
IF IRATE INI IT.13.* COrU 114
IPIRATE INI,LT.20. * GOTO 113

IF IRATE INI 1 GOTO 11*
IFI RATE INI * GOTO 117
IF IRATE INI LT.13. * GOTO US
IFIAATfIS) IT.40. 1 GOTO 119
IFIRATCcINI 1 GOTO 120
IFIRATEIN* ,L;i,gé * GuTO 121
|F IRATE INT °LL . * GOTO 122

I*IRATE IN* LT.63. » GOTO m

FIG. DISPLAY PROGRAMME

RRJS05



L.0752
L-0751
G.0754
L-0755
L.U756
L0757
L#075#
L.07M
L.0760
L.0761

0763
0764
0765
0766
0767
0768
0761
0710
0771
0772
0773
07/4
07/5
0776
(777
0771
0771
£>7#3
0781

e-o-coeo-r”

CFQRO R

=

L074)

0785
0786
07*7
07*8
0781
0710
3711
0712
3711
0714
0715
0716
0717
0711
0711
0800
0801

A=

N - N =N N

IF ITHATE if11.LT.t5. *
ifIfcATEiINI.LT.TO.1
If CRATEIN).IT.75.1
IFIKITtINI.LT.10.1

If IRATE(NI.LT.85.)
NZ»IB
GOTO 129
nZ-19
GOTO 121
NZ *70
GOTO 121
t*Z*21
GOTO 121
NZe?2
GOTO 121
NZ *2 3
,0TO 121
MZ *24
GOTO 121
f.z-25
GOTO 12%*
NZ«26
G7TO 121
GOTO 121
NZ "2
GOTO 121
NZ'l
(I]%FO 111
GO0 121
f.2'5
GOTO 121
NZ "t
GOTO 121
NZ-+7
GOTO 121
NZ"#
GO'I’"’O 121
<j.
GQTO, 121
%o
GOTO 121
HI" 11
GOTO 121
Nf"1Z
GOTO, 121
uf\i
GOTO 121
NZ"14
GOTO
N/-15
GOTO 121
N1"l«
GOTO 121
NZ+ 1T

121 1GRPINZ 1"ir.*PINi)»l
110 CONTINUE

FIG.

GOTO
GOTO
GOTO
GOTO
GOTO

124
125
124
127
12#

DISPLAY

OF

k(



CALCULATION OF WEAN INTERNAL RATE OF RETURN* STANDARD DEVIATION AND COEFFICIENT OF VARIATION.

14

1.0*%14 ANEANO«ICAmei4l-4Z.S)HfAIM 191»t-37.S1 ¢IGRF120)61-32.3 “»IGAFt211M-2T.SWIGRFI2Z 161-22.31 ¢I6RM21)M-17.81 ¢IGRFI24 1*1

C3*r. -12.51 HGRPIZS)*!-7. St «IGRHI26)6[-2.S1
R*IANI*IGRF(1162.S»tGRPI12167.S«IGRFI3)612.56ICRFI4)61 7. SAICRPI51622.3»!GRF!61627.361CRFI716)2.S*"IGRFIS16)7.S«IGRF(9 .642

CONT. .3

L.0C16 *NLAN2»19*F(101647.36/GRFmi652,3*IGRFU2)637.361GR8< 1)) 6*2.36/CRF 114)667.$¢ |[6RF 11*1672. )¢ IORF11*1677.56 ICR8C171%**2.S+

S JiT. RMfAN14RNEANO

t .0817

1'0*11 4STOO-|GNPII*1642.3642.36|/ORP1 19)6)7.36)7.36168*1201632.56)2.84|/CR*1211627.3627.56IGRF1221622.3622.StICRR12)1617.3617.8

CONT. 6I3RPC24)el7.361?.$3410**125167.867.341CAP126162.362.3

1. §k *3791-11**111*%?2.862.3%10*%*12)67.367.StICR*I 31612.3612.St10**14)617.3%17.54 ICR*13)622.3622.$4ICRP16)627.362?7.m

L.‘b b,b «STO02-10%*17 )*32.3%32.$41CRPI 8)6)7.56)7.3410R*19)642.3642.84 ICR*C 10)*47.3647.3410%*] &1)652.5652.$410R*(12)657.5637.5

1.9%21 RSTD3-19**1131*%52.3%62. StIC«*1141-67.5%67.StIOR*I 151672.5672.3410R*1161*77.8677.St10**1171*82.3%¥82.34*17014*5T02**$T00

1.0%22

1.082)

1.0%24 RNEAN-8NEAM2/100.

1.082%* ASTO-SOPT(199./99.)+«SORTI IRSTD3/100.1-1RNIAN*RN£AN11

1.0826 CV-IRSTO/RN6 AN)6100.

1.0827

1.0828 C CALCULATION OF 931 TOLER'MCE LIMITS.

1.082*

1.0*%39

L.Otll PRO0O3-FMCAN43.75*RSTO

1.08)2 *RO84-*NEAN-).756RSTO

1.083)

1.0834

L.08 33

1.0*%36 CREATION OF CLASS LIMITS.

L.0837

L.08 3*

1.0839 CLASSH 181 43.J0

1.3640 CLASSI1I191--40.00

1.0%31 CLASSIf201— 33.00

1.0842 CLASSH?! 1 30.00

1.0%43 CIASSI11?2?2! —23.90

L.0*44 CLASS11231--29.00

1.0848% CLASS11241 — 13.03
CLASSII231—10.00

1.0%47 CLASS]I261--3.00

1.0848 C1Ass1in-0.00

1.0849 CLASSK21-5.90

1.0830 CLASS111)+10.00

L.O—él CLASS114)-13.00

1.0%32 CLASS113)-20.09

.083 ) CLASS1161-23.99

.0834 :iASSI17)-)0.00

.0833 CLASSI 18)-33.00

0836 CLASSIC#1-40.03

.0837 CIASS.1t10f43.03

.0838 CLASSH 11 1-30.00

.0*39 CLASSIII?)-$5.00

.0869 CuASSII131-60.00

L0861 CLASSH 141-65.00

0862 CLASSI1151-73.90

) CLAjSI 116)-75.93

9864 CLASSH 171-80.00

0863

FIG. r u 6 DISPLAY OF PROGRAMME RRJS05



Cl*SS7f11+6.99

C66SS8S7171-9.99

C6*SS71)1-16.99
C6AS&T7*4'«19.99
C66SS7t5)"76.97
C6ASS7161m79.99
CL6557171%)6.99
C6ASST7!+1")9.99
CIASS7191"66.91
CIAVi7I101*61.9
C6A5ST7I1il*56.7
C6ASS71171*%59.9
C6ASSTIIILI-66.9
C6ASST7I16 1*69.9
CLASS21151++6,99
CLASS?I 161%79.99
CLASS?!1 71%66.99

ol

EAilol= 8

9
9
9
9
9

:1aSS?!1201 — 30.01
CLAS:?2(21 1—75.01
CLASS?I127++%23.01
Class? i?)»— 15.91

class?! 261 —10.
CLASS?!?51*%%5.0
CLASS21261—0.3

01
1
1

6*INT OUT OF SIMULATIONS TOTAL FINAL RESULTS.

OUT oF .NTt.NU
7AW T«Z/* I.'FKEOUINCr TiBtE OF «TU«NS
28ii{1;i” iT...M Z«IM [ .

iit7rTIMT Trcilssri NTTTCIASSZTN H

"MuitiMMuUsiiNn

kKIU IZ>1 TUCIASSIT IT1.CIASSZI 11+« IOAFIU 1,ASTO

M omodii! il e Cif, Tl Fic:,” Aiju.AL'l..zo

161 ?23iiin9*?M —
NAA!
142 ~ 1 05 M 00 %

FIO.

1y %

%

.CLAsiiewi'.ieoFiNzi.NZ-i.

M AL

, T

9

LICAFINZ I

AND OEFENOANC*

DISPLAY

*VE OF ,«T»N 04U FO.

T.1)1 eel /9% ot

»T.T ISTIC *» /. %,

LNZMS.ZAI

,0 B KKK

OF CASH FLOWS,THERE

PRO3RAMME

TOTAL

.5

con

— >

I 951

RRJS05

ONE NUNO.EO $,NULA,ONS.

e 1/Z.

1 FM W

« TUN

..zo...co,FF,c,,N, o, VAA AT.Q

1 100

MO.A.U.T9

CT,.NT

1"/9R.*1.

THAT THE MTURN

OVAL

"1

Se /Ty R



1 HESS tHAN 0* tsuaL TO < F12.2ZWX. - IDCAEATE* THAN 0* EOLAL TO +.FU.2/1 01.1001 s 1//////1
1AJ fO*MT«MnSU.*MIHT CUT r- ACCAE(ME EXP{CTEO AESUITS.+/SZ1 A0 ++ [/121.A0 (4= LI
»EE //1/]»m . PAINT QUI' Of WAN CASH FE3*$ I STANDARD DEVIATIONS PEA PEAIOO. «/201. A2l <=« II

IAS rOANAJI/ZM.'CASH PEONIL,71,'CASH FVOV ,AX « STOCEV. +, SI+'STO.OEV. +/2il. "NIO-VE At
At (no.'/Zt].SIe.«1.71.S1* *L.TL.SI*.*1.T1, SI*.-1I
3D IAA I>t,LIMIT

|AA H*ITEI7,IA7ILOT, IHEANIL*2-11. IMEANIL*21, STOIL»2-11, STOIL*21
|[A7 FatNATIIL'Vt. «]12,21.AiALF12.211

! ,0» FOtNAM+1 H20I F1,211."ASSUMING OEPENOANCY (F CASH HOWS SAVPLE STATISTICS

i*, FDtMAf1///J21"METAPtfSENTAIIPSCTEO VALUE © . F12.2/121.Al1 s +1//121."PtOF ITASI LI TV INOEI
/121,'STA OAIO DEVIATION * e P12.2/12X Al * T/1

I IA9 AMITI/I'l''COEFFICIENT OF VARIATION  « '".F9.2.' «'/121.A[l se1/I

; z n r

5 ,,, FORMAT"*?*////AT1.'"DETAILS nr EXPECTED .RETURN (N TOIAL FUNDS'/ATI,A.Is+<1/A71.All=.*1///////1

5 E,,C,.0 ,0 GANFRATE ..FS.... PEX(ENT PE. ANNQ WHILST EMPLOVEO/IOL.'.V thE P.C/.CT ano TO «
ENERATE «,FS.1, « PERCENT PER ANNM ON REINVESTMVENT. ' I

:-J E iirE H iE E disi.rur.ssviiiUi.rs ;A R — vomor

2 GOTO 318

1 m  W41T£C?,3131

i UT”nnil'.A S THE SIMIATON YIELDS A NEGATIVE INIERNAL RATE (F RETURN tue SE /1A1."' DETAILS MIL NE SE GENERATED.'T

WAITE OUT OF DISCOUNT FACTORS.

"1l FIRNATI «! HIT1.'SIX MONTHLY DISCOUNT FACTORS FROM -ADS TO SOI."/IRX.AA. «+<I/SSI,AAI =« 1II

ISI FORMATI/IOII'PROFIT FACTORS'/IOT.IATI'.'I//I
ISA rQRATTTTIMIT . AL'TX'. AL H'.AL'AS". AL'AS". ALL'AS' . AA.'TS" . AL'SS" AR, §', 1 1,'IDS',IX,'HE* ,SX,*12S",|1,'L SS, SI,
'lAl'.Sl.'IIS$Si..SIIA'%tS'iSXi‘ ITV.IX'IS* .S1.'ISS", 1*,» W#1

5

136 HelAT+tptress 150014117 7"

LONTI rntMALT//LOL*2,S". SR*22S . SX*2Si* t>».¥2AS'.SX.'2St' ,SX,'2 A", S».'27S'tInt 12iS' >« '»SS'.SX*SOS'. SS.' SIS' .IS. *121',1

FIG. [ DISPLAY PROGRAMME RRJS05
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C:;Nr X,*m«tS*. »14SS1* '"1*SSI* . «Uf 3«4»ST7f,SM,'HSS>*e¢'WtSX,*40f/1
10474 %)I;! 1*1.%2

L.CITS -

L2047 it  wutm .itu* . <OISCIII.KI.*»».*0>

100

1.0971 00 160 I«I,’Q

1.09*%0 . I('I.%. . . .. . .
totei 1to .n 1t 1t, 1tt 1., 101tc211,Mm .«-1.20:
L.O"#/
1.09%*3
CDNT.
L.09*4
1.09*9
L.O9%& 162 »*1T1IT,1ttl«, IOTISC2I1.*%1.*%-21.%01

1.09%7 . .

Looss ¥ i]«IInr*' t* 'LOIt fteiwu.*no*.Ille.e»//!
L.099 1

1.0990

CcosT. IFLUULFTLEL* 1* Lt*RLE CITHIeIHE ] 19% *#21, 20%
L.0991 D3 tti l« 1,62

L9%er 16l Z1L (T IttIMIDItCILKI K -1.201
Tooos 166 FIF#ITI1L,*1t¥ .+e12,201H, ft.211
L.0995

1.0996

:on.

1.0997 DC 16* 1*1,62

L.099*

Coeee  16% .7 11117,1661".IOICIIL*L,**21,*01

it

1*1.M

#x L1 out Of *#xxx111%],

L1007
L.1004

tln ¥ *t* 17 *100.
L1096 “"OCO****Qt0**IQ00.
L.1007 TINLr*.| IMU* 100.

tEINV** tl*<*] _100.
1.1009 TINV*B.T,NVIB*100.
L1010 [*Ut***T*0f ***100.
1011 1*01** [*01**%100.
%. 01/ t,OF“»“t*Mf", 100.
L.1011 1*0t*f +1<Ot*F*100.
L-llooll;lx< TIDE*0*1*01*0*100.
I‘ sEE YRR E Y FHio0.
L1016 RIS K (e
1.1017 I*tVF*4*1Vf *100.
1.1016 Tt, VI-111V 1*133.
L.IOH P¥tV* 1*¥IV"*100.
L.1070 RS A BARE (103,
101 7k ba I
L10/Z |*.*1 .
L.10'1 Flkn* I*e 103.
L.1024 ELUE R IEVE] 30,
L.10/4 *LF **[F *100.
L.1024 *10**10*100.
L.1017 KEGEEFO*100.

FIG. 1 416 DISPLAY OF PROGRAMME RRJSOS



L.10i#
L.1029
1.10)0 WtITC17,)201 o
1 .10)1 W1H 7.)211 S7*1,0CSIO*,0ieiN,*MT
L.IOW WIITCL 7.1221 PF>(i(fr>e,*EI4V,TAXL
[+10)) L 72153 71414
1.10)4 nil 1617,32)1 7INVAP
L.101h werrt 17.3291 TWDEPP.IALVP
1.10)6 Mill 1t 17,3261
Wioy7 i TV,
t.iois WHTU7.1291 m0EPB,SALVS
1.10)4 Mmin
1.1049 M*1 TEI773%91 7*0EPP,SALVF
1.1041 1711
L.1042 Mint i7.1291 mOEPM.SALVM
L.104) 7,1241
1.1044 M«irti 7.1291 TAOCPO,SALVO
1.104) i 7.1201
1.1046 7.1)01 SALVA.SALVI
1.1047 tB[7.3311 P1P.PI6.PI*V PIF.PI0
L.1048 Mtlif 17.1)21 PFO
We 1049
Le19)0 > FA.1//SC».'A
L.1091 '
T ' —> tAI-V 10Le
1.10)2 "
;3)i.
l o v A u » .=«
1.1099 , mu,
1.1097
i.lose
. > e ».!//»

11060 . . tzin.'. euuoiAts — —
A « FS.I/JS*.1* OTHIN ASSitS 1
srti.
11os2 111
L.106) *04%*71/ o ,
1 1064 zO* 71///94X,1111/31* . 'END OF JOB.*/99E, 1 11eee11
1.1069 STOP
1.1066 END
1.1067
1.1061
1.1064
1.1070 . .
o7 OMTf 4S:0N~DI SCI 192,431 ,01SC2162,401,0190162, 401
;.1072 .new,, fa. » T«* U to .0, cucuur.o., .m o o. «t«eT ,«
L107)
11074 JITtS *£,0 St.l -ANNUM CASH FLOWS.
1.1079
1.1976 00 1TO *«I1.AO
1.1077 on |*
1.1071 *i.|*z

*1 . HZ-1
L.1010 1*.11
1IA S iz».z-z
1612 Feo
1.101) R.F/ilO.

FIG t16 DISPLAY OF MME RRJSOS
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10*4 OISCUMItftl-U/MSQftTfI.4%))ee! It
10%S 14+ 011C 1<M2,K 1'1./f#1Q*TIl.»*)1*#121

1064 170 COMT71NUE
1087 *IfUHN
10## END
108+
10+0
10+1
10+7 SUM*OUTIHI 01SCI2 e
1 * 01 *£Nil O DISCI(42,401, 018C2142,401,01 SCII142,401
10+4 COMMON UIVCI1.0ISC2,DISCI
10+S C *#¢(,*AM JSEO TO GENERATE DISCOUNT F4CI0*S 411 TO «O01.
10+4 C
10+7
10+8 DO 1002 X»l,40
MiOOI 1»1,11
nco o<
llll(())l2 MleM2%1
11-M1-

ot 12MD2

04 I"K*40

[ *+e1/100.
1104 D1 SC2 IM1, H1-I./C 150*7 11.¢infill

1107 1001 0:s;2(M2,KIM./T *50%7 11.+* 11**121
L1110+ 1002 CONTINUE

L1110+
11.0 INJ
1111
1 12
BEREI
1114 SU**0UT|NI 0ISCF3
* s 01 MFNSION DISCI(62,401.0ISC2142,401,01SCI142,401
1114 COMMON 01SCI1.PISC2.0fSC*
1117 C PROGRAM USED TO GENERATE DISCOUNT FACTORS -1t TIJ -4C#.
c
+ 30 1004 Kl .40
DU 1001 1*1,*1
M2e1%*2
1112 M«VR-1
4121 11+M1-2
1124 12-M2-2
A12% K ]
W o o
1127 01 -1L/ISO*TTL I #4111

1128 1033 DISC3IM2,K1*1./I1S0*711.+ai>*121

12+ 1004 CUNTINUE
L1110 AETIMN



S

maam

GENERAL INPUT DOCUMENT RRJ505
A) PARAMETERS
punching row no
1 m NUMBER Or* YFARS IN » ACM SIMULATION
MIVI][].]H# /lW I'k ell]l’n]lTWM’l uivnel 1k«i( k < M 10CR Vi ill
fI# d« 1i M1
. # C A
Joflersteod i 12~rTi"%
B) PROJECT INVESTMENTS DURING YEARS 1 TO 3
BUIIOINOS MOTOR VEHICLES FURNITURE OTHER
[ ]
. Adrm T nx m T t:1 HE nrnn "TTTT
pliod 3 ohb dolojo *
" 1p d 1) 5b cilyole
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Lines 147 to 193 handle the clearance of all variables and arrays by setting

them to zero.

Lines 195 to 201 handle the input of all data prepared by programme RRJS04

and at the conclusion of this operation all data inputs arc complete. Pro-

gramme RR.JS05 Is now ready to generate cash Hows tor each simulation.

Lines 202 to 207 calculate Unit Sales and Turnover value on the basis :

Unit Sales” Total Market Size® x Firm's Market Share®
Turnover® = Unit Salcs® x Firm's Average Selling Price”

Lines 209 to 214 calculate Datum Stock levels in units using the basis :
Finished Datum Stock lovely = Unit Sales” 4 Finished Stock turn”
Finished St. k Units required or released” Datum Stock level® -

Datum Stock level.t_I
Lines 216 to 222 calculate required production in units and value on the basis :
Production In Units( Unit Sales™ + Units required by or released
from Stockt
Total Cost of Production (Production In unitn® x Variable Cost of
Production) + Total Fixed Production
Expenses

Lines 223 to 227 calculate the average cost of finished goods, and the value of

datum inventory on the basis :

Total Value of Finished Goods" Total Cost of Production® + (Fini-
shed Datum Stock lovely / x Average cost of Finished Goods”")

Average Cost of Finished Goods® = Total value of Finished Goods" 4
(Production in Units® * Finished Datum Stock lovely)

Value of Finished Datum Stocky Average cost of Finished Gooda® x
Finished Datum Stock level®

Value of all Datum Stock Value of Finished Datum Stocky x (1 + PFG)
whore PFG Raw Materials mod VZ 1. P. Stocks as a decimal
fraction of Finished Datum Stock value.

Lines 232 to 235 handle the determination of cost of sales on the basis :

Cost of Snlest = Unit Sales, x Average Cost ot Finished Gooda”

Lines 238 to 241 determine the not profit before depreciation and tax on the

basis e



Turnovit XXX

Less Cost of Sales XXX
Less Total Marketing Costs XXX
Less Total Selling Costs XXX
Less Total Other Fixed Costs XXX

Less Total Other Variable Costs
(Variable Rate x Unit Sales) XXX

Net Profit before Depreciation and Tax XXX

Lines 243 to £ 16 handle the cash flow effect of short term investments on the
basis :
Value of short term Investments® = (Total Cost of Production T
12 x P x C) - (Annual Turnover 4 12 x D)
where P = Purchases as a decimal fraction of cost of Pro-
duction; C = Trade Credit Months; D ™ Debtor Months.
Linos 248 to 382 handle the taxation effects on cash flows and they provide for
the following :
i) An Investment Allowance and an Initial Allowance on Plant and
Equlpmint,
il) An Investment Allowance on Building,
and ill) Wear and Tear Allowances on Buildings, Plant and Equipment,
Motor Vehicles, Furniture and Other Assets.
Taxable income is derived bv deduction of the above from profit and then
tax payable is determined as follows i
Tax Payablef ® Taxable Income x Tax Rate
Linos 384 to 405 split the annual profit estimates into six monthly estirv ties
and they determine the half-yearly cash flow balance after tax payments.
The final adjustment, between tax payable for a given year and the amounts
provisionally paid, is assumed to take place in the six months following the

year end. Thus, for a given period the tax effects would be taken as follows:



Six Monthly Period -11—

- 12— -JiL-
Profit before Depreciation and Tax R500 R500 R600
Loss Provisional Tax Payments
based on previous year's Tax (160) (160) (200)
Final adjustment for previous year [€]1) I —— —i§51
Net Cash Flow EEL.

Lines 407 to 419 take into account the cash flow effects of changes in working
capital requirements and the cash flow effects of long term investments.

Lines 421 to 434 handle the Salvage Value effects on cash flows at the end of a
project and the resultant tax adjusunent caused by the salvaging of investments.
Lines 435 to 543 handle the calculation of discount factors via sub-routines
"DISCFI", "DISCF2", and "DISCF3" (see lines 1070 to 1130) and the calcu-
lation of I.R.O.R. and N. P. V. for each simulation.

Lines 551 to 597 handle the print out of all data on each simulation , that is,
each simulation's cash flow details, .R.O.R. and N. P. V.

Lines 599 to 672 handle the sorting of the simulations according to ascending
I.R.O.R. and the listing of these results.

Lines 674 to 683 handle the calculation of the mean and standard deviation lor
the N. P. V. results " bile lines 685 to 689 determine the mean and standard
deviation for the cash flow data per period.

Lines 691 to 714 are responsible for the calculation of the overall rate of return.
Lines 716 to 723 calculate the tolerance limits for the distribution of N. P. V.
The use of tolerance limits is theoretically correct because one is not interes-
ted in the population's NTPTv. but the limits for any one outcome at a given
probability level. 60

Lines 725 to 810 handle the grouping of the [.R.O.R. results into a frequency
table, while lines 811 to 832 calculate the mean, standard deviation and coeffi-
cient of variation for this data , and the tolerance limits for an individual re-

sult at the ninety-five percent level.

59. Based on Tax rate of forty percent and extra taxable income of

R200 from year to year - therefore taxable 'ncomc for periods

7/8 - R600 5 9/10 * RS800.



Lines 836 to 1064 handle the tabulation of all relevant data, namely, overall
project statistics, discount factors ano parameter Inputs. Finally, the
programme has, from linos 1070 to 1130, three sub-routines to calculate the

necessary discount factors.

The commentary is now complete and in the next chapter the final re-
suits of the simulation suite will be considered. It should bo noted that in

Appendix I full details are given of the simulation suite's input requirements.

60. Graphically one can illustrate the range of Individual outcomes

as the shaded area in the following diagram :

Contrasting Confidence and Tolerance Limits, one finds mat the

latter exceed the former in range.

NPV o

where of * 0,025



CHAPTER 5

A SPECIMEN UUN"MI11IH : INTERPRETATION THEREOF

In many of the illustrations given in Chapter Four, the input data used
for the specimen run and some of the preliminary outputs were given. In this
chapter, therefore, the outputs of programmes RRIJISCM and RRJS05 will only
be discussed. Although the output of programme RRIJSOI was previously
given, it will be repeated in this chapter for case of exposition and complete-

ness.

Figure 5 : 1 illustrates the variable data for simulation number 1, and
one sees from this that in this case the project is expected to run for eleven
yearn, including year zero. This checks with the details given for 'Product
Life' and 'Plant Life', and the fact that the maximum period for any simulation
is sixteen years, including year zero. In this case the 'Plant Lif-' is ten
years and therefore the inclusion of year zero extends the project to eleven
years. A further point to be noted is the effect of the following three conditio-

nal statements, which have been fed into the process :

1) If market size is greater than or equal to 200 000 units and market
price is less than HI45. 00, then market price must be increased
to R145. 00.
i) If market share is less than or equal to fifty percent and market
price is greater than R245.00, then market price must be reduced
to Rf:45. 00
Hi) if market size is greater than or equal to 500 000 units and market

price is less than R240. 00, then market price must be increased to

R240. 00.

Examination of the data for Emulation number 1 reveals that *he auovo

conditional state, .cats ha\c been complied with. The (ir.t statement applies



wuEUUfcU PHINT UUT OF FINAL VAAIAfILE DATA FO» r « HUNDRED SIFULAIKN;,

:2]9 FJ& El |ATL >#NUMBER YEARS IN PROJECT* II
M) #&;

MAKFET SIZE MARKET SHAKE MAKKET PRICE NAN.VAR.C« feN.rirco w. MARKETING C.
YR. U 0.00 0.00 0.00 0.00 o.cn G.CO
1 111 >79.90 0.40 1)5.00 10A.CO §5C0CC.00 14CCC0.CO
ve. 2 112197.00 1.40 137.70 LLf. 12 55CCC0.00 144199.9C
Y4. 1 /J1IT>4.5G 0.4) 145.00 11551 55C0C0.CC 148429.¢C
Y4. 4 Ji)/33. 10 0.40 149.00 116.¢s 57749 1.50 152981.4C
Y<o 5 333218.00 0.41 145.CO 118.01 577499.50 149692.10
V4. 4u2374.50 0.41 145.00 uc.jr 606)74.00 146471.10
Ve 7 4<2417.10 0.42 147.9 7 122.1* 616692.20 111041.30
VP. 6 441621.60 0.42 157.59 lie.9» 616692.20 167825.20
va. 4u55v2.3) 0.42 157.59 112.86 668526.10 155571.80
va. 40%7092.00 0.4) 160.74 112.(2 661526.30 128192.60
SILL 1 r* C. UTMCK FIX.C. OTHtR VAR.C. PRODUCT LIFE PLANT LIFE INVESTMENT
ty. 0. .0 0.wC 0.00 12.00 10.00 70CCC00.00
YA. 1 +>0U>00.00 200000.00 2.00 . Cc.yo 0.00
Y4. 2 1G09999.00 200003.0) 2.02 . 0.00 c.co
VK. > 17%9121.00 2u0vUU.UL 2.04 . 0.00 .CO
V8. 4 27,4 )0. >0 200)00.V0 2.06 . 0.00
VP. 3uvdT2 7.v0 110u00.0U 2.Vi c.cc c.cc
VE. 6 )135245.00 11250).00 2.10 8 0. 0.00
VA. 7 337162).u0 61)74.># 2.14 A . 9.cC
Vo 1 >4%5134. ji) 9281.25 2.19 0.co %% 0.00
VA. 3430 ¥ 4.U0 0.06 2.21 6&) . 0.co
VA. 10 3473 773.00 o.uo 2.28 A 0.00 0.00

oaT1 Fem simuration NOMER YEARS IN PROJECT* II

prpaegrhg

SIZE MARK.".I SHA.tt MAKALT PI ICE *VAR.C. MAN.FIXEIb((jO MARKETING C.
0.00 0.00 C.0J 5 c.co
VE. 128> en. *0 0.50 150.00 106.0 58CCC0.00 140C00.00
VA. 0.50 191.00 IIA'XI 95CCCC.CO 144199.<C
VA. ~4n4 77 50 0.50 133.00 111.91 550GCO. CO 146525.80
VA. 411641.J0 V.5u 156.06 119.0) 977494.50 152901.4C
VA. 4/1187.30 V.51 156.06 120.28 577499.40 149692.1C
VA. 497056.00 0.52 156.06 122.69 6C6174.00 146471.6C
VA. 52i #:».J0 0.52 240.00 125.14 636642.20 111041.10
Vi.. 548Vv)3. 1A 6.5) 240.00 121.26 6)6692.20 167829.20
va. 5/ >4 1.13 3.53 240.00 115.01 668526.10 155573.90
VA. 6%4172 .CO 0.54 240.00 114.98 668426.10 126192.60
VA. 634) 'i0. VO 0.55 240.00 HR.4i 772146.60 92426.81
Va. 6«6k #). 50 0.66 240.00 121.99 772146.60 152319.10
iillitR I im.C. PLANT LIFE INVESTMENT
16.00 600CCCC.CO

VARIABLE NUMBEE



fIS 8oon as market size exceeds 200 000 units as is evident from market price

increasing to R145. 00 for years three, four, five and six. In year seven,

the condition does not apply as price exceeds R145. 00. The second and third

statements do not apply at any stage to simulation number one, as market

price never exceeds R245. 00 and market size never equals or exceeds

500 000 units. Before leaving figure 5:1, it should be mentioned that all the

data in this example have been manually audited and that this audit can be found

in Appendix IV.

Figure 5 : 2 gives the results for simulation number one. From this

one observes that the project is expected to yield a loss before depreciation
and tux in the years one, two, three, four and six, that the project's losses

will reduce tax liability "or the company as a whole int-' firs, six years and
that the project will rcc,u e substantial outflows in the years ero, one, three,
four, five and six. The net present value for the project is exp", ted to yield

-R7 638 184 and that the I.R.O.R. is expected to be in the xegion of -V.Ot to

-0,99 percent per annum. In short, this simulation indicates that the project

could yield a loss, and that earnings may not cover the fir n's cost of capital.
Once again mention should be made that these results have been checked and

that the details of the manual audit are in Appendix IV.

Having repeat- d the simulation process one hundred times, the final
results of each simulation are then summarised in ascending order of .LR.O.R.

For the specimen run the results are given in figure 5 : 3. From this list

one observes that simulations 1, 73, 70, 83, and 48 are expected to yield less

Uun the cost of capital, while simulations 11 and 98 are expected to earn a

yield in excess of forty-five percent per annum. Figure 5 : 4 groups these re-

sults into a frequency table and show i that the simulation has an expected

I.R.O.R. of twenty-six percent per annum, a standard deviation of 10,7 per-

cent and a coefficient of variation of 41,1 percent. The ninety-five percent

tolerance limits for the project indicate the return could be an great as 60,11

percent or as low as -14.11 percent. Figure 5, 5 gives mean and standard devia

tlon cash flow statistics per period for the project as a whole. Figure 5 : S indi-
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SUMMARY Uf INTERNAL RATES Of RETURN (MO MET PRESENT VALUES.

SIIIUL AT ION RETURN [ST]- MET PRESENT VALUE*
NUMSIE*."

1 -0.94% -0.01*
78 2.011 2.991
76 7.01% 7.54%*
»S 7.01%* 7.59%*
AS 9.01%* 9 95%*

11.01% 11.59%
17 13.0W 13.994
49 19.1)11 13.59*
71 11.0u 11.59%
84 11.01% 13.99*
25 14.0,t 14.594
28 14.01%* 14.641
11 14.01* 14.99*
42 14.01% 14.49%*
34 15.C1* 15.64%
90 15.01% 15.44%*
66 16.011 16.44%
72 16.01* ¥ 14>
75 16.018 14.991
16 17.01%* 17.541
94 17.01%* 17.591
19 18.01* 18.55%
57 18.011 18.541

9 19.01% 19.99*
26 19.01%* 15.591
54 19.01% 19.65%
64 14.C1* 19.69*
70 14.C1* 14.49%*
21 20.01%* 2C.441
10 20.014 2C€.99*
15 20.C1* 7C.99*
9? 20.01%* 2C.94%*
74 20.01%* 2C.95%*
81 20.01%* 2C.45%
95 20.011 2C.591

6 21.01* 21.44%*
24 21.011 71.49%
89 21.011 21.95%*
22 22.01%* 72.94%
59 22.018 22.95*
51 22.01% 27.44%
77 27.< 1% 72.54%*
86 22.01%* 27.44%*
88 22.¢;% 72.49%*
100 72.cl* 27.55%
52 2i.CU i3.541
65 23.01% 73.54%
62 23.01% 23.94%
46 21.01%* 23.94%

ncooa
FIG. 53 SUMMARY OF RESULTS,



SIFULAIIQN MAUKN ist-

lunetei

24.01%
24.Cl*
24.01%
24.ji;
25.01%
25.011
25.01%*
25.Cl*
26.01%
26.011
26.01%
26.01%
27.011
27.011
27.Cl*
27.Cl1*
26.01%
29.01%
29.01%

10.011
31.011
11.01%
34.01%
34.014
15.Cl*
1S.01*
35.CM
36.01%
36.011
36.01*
30.011
36.01%
36.0[111'
llg.'Oll
40.01%
4i

1.CM
1.01*
{011
1.cn
42.011
42.CM
47.01%
47.011
41.CM
43.01%
45.01 1
4F.cn

FIG. 53 SUMMARY

44. M*

36.451
26.941
36.44*
16.49%
36.99*
16.991
35.551
4C.941
41.441
41.411
41.14%*
41.19%*
41.541
42.94%*
42.951
*2.94%*
42.11*
41.14%*
41.491

46.441

RESULTS

St!

PAl StM  VAIUH



l-ﬁS.Ou y/
1-40.CO 1
I»1S.00 10
1- lo.oo iii
1-28. V.0 Jt
I-4u.no To
I- IS. 00 T
[-J'].CU

.CO !-

10.CO TO
15.00 It
.*o.co to
.S_.00 Til
>> u to
I 15.00 1L

4U.C0 TC

48.t0 fu
* SO,0H 1
55.00 TO

15.00 1L

!
I
{ 1i.CO TO
|
1
1

—— = et

JIAL

.o

>(m
miss

= GeEsa-——occoccocoo0

=

>41

Hi

. >l

L
L

o oo oo o

“»> ui.tNu*ncr of

THAN OH EG6UAI

1 fKtQUIHCtI

TO

TANLAHO DEVIATION .

CASH flO<S,1Mi*1l

AA.T

IS A As*

FAUOATLIIITt

10.70

THAI

«#CENT

TMI

AtTUAN Will

»S>-



L 4

FIG.

CASH r.ov
Kla-i’EAA

147710 *.

11017460
1111367..00
147104% %0
12 #* A1*.00
1711* .0.3.%
KR 114.10
417.7.111.00
1911733.03
111 431.30
4110111.30
V,142*%7.10
1116162.03
1117*%01.00
1141211.00
*TE1*3 .10

CASH riuw
YU 6% til)

4112440.00
11*¥0174.00
221110.10

22+1210.00
1%41762.00
421*%041.CO
441106'.00
*10*1*7.0C
114436*%0.00
6760120.CC
121*%4110.00
174146*.C3
*%21%24.00
*047110.CO

FLOW

DE¥IATIONS
CETHCe oo

Ial.(_)AOCV

164726.10
11881*.1C
1%,169.1C
218C61.2C
41%471.1C
4076412.C0
744260.1C
14442%1.CC
1J11616.CC
1422%21+CC
4161. 2.CO
4231 1U.CC
46101%2.00
4418C66.CC
411%411.CC
261%227.CC

STATISTICS.

E* PE*WO,
CXTTIT TR XY 3

Ss—ntv.
11 f10.

< 10
i*tv  1.40
leoiis.io
(STI*A.10
Aill TO. rc
42011 14.00
1420416.CC
1664214.CO
1TO;142.0U
1SB2144.cn
*>020*T0.CO
47 **>%66.00
lucono.oo
4776142.CO
14462%10. 00
1C74 742C.00



cates that the project's expected N.P. V. is R28,16 million, that its profitabi-
lity index is 5,30, that its standard deviation is high at R21,2 million and that
its coefficient of variation is 75,27 percent. The ninety-five percent tolerance
limits suggest that the project could earn a N.P. V. between -R51,32 million
and R107.65 million. Finally, figure 5: 7 summarises the project's total

expected potential, namely 'funds of R11.OO million can be Invested for 15,5

years it an estimated overall return of 2) ,2 percent per annum.

For completeness of exposition figures 5 : 8 and 5 : 9, which give a
partial illustration of the discount factors used In the simulation, and figure

5: 10, which records parameters used by the simulation, arc also furnished.

Turning now to the interpretation of the results produced by the simu-
lation, one can draw the following observations ami co elusions. The graphic
illustrations of the simulation's results in figure 5 : 11 (i) indicate there is a
ninety percent chance that [.LR.O.R. may exceed eighteen percent per annum,
while there is a ten percent chance that I.R.O .R. may exceed forty-two per-
cent per annum. In the case of N. P. V. there is a ninety percent chance that
N.P. V. may exceed RIO million, while there is a ton percent chance that it
may exceed R62.5 million. The cash flow pattern of the project, given in
figure 5 : 11 (iii), indicates, i -wcver, that cash outflows arc quite demanding
with inflows only being ¢ .pectcd from the fifth year onwards i The volatility
of cash flews, indicated by the shaded area of figure 5 : 11 (iii), Is also possi-
bly a serious consideration. Turning now to the tolerance limits in figure
5:12 (1), one observes that statistically speaking one could get an I.R.O.R.
as low as -14,11 percent and as high as f>G,ll percent at 0,025. As the
range of these statistics is far greater than that indicated by the simulation
results, one should view the tolerance limits as the theoretical extreme, with
more weight being given to the simulation results as one Increases one's sam -

ple size. hl Thus, on a sample of many thousands of simulations, one might

61. Strictly speaking, as the sample size increases the tolerance
limits and the sample distribution of results should move toward

one another.
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choose to rely heavily on the distribution of simulation results rather than on
tolerance limits. Another interesting consideration is skewness, as the tole-
rance limits have been established under the assumption of normality. Fig-
ure 5 s 12 'Il) indicates that the distribution of possible results could he slight-
ly skewed to the left, which implies that the minimum return of -14,11 percent
established with central limits may be too low. Having considered the range
of likely returns, one is now interested in appraising this relative to the Policy
Risk Profiles62 given in figure 5 : 12 (iv). These selected profiles indicate

the acceptable maximum risk standards for given expected values of .R.O .R .,

and as such can be used to plot an "efficient frontier".

Project .LR. O.R

20% -
y
io %
,10 ,20 ,20 ,40 ,50 ,60 ,70 ,80 ,90 1,00
Coefficient of Variation
Fig. 5:13 - Efficient Frontier and the Expected Value of .R.O.R.

for the Project.

From the above It Is clear that, while the project is expected to earn
a substantial return, this return Is inadequate relative to the project's risk
profile. According to the "efficient frontier" projects yielding the same re-

turn are available at a coefficient of variation of only approximately twenty-

62. These arc established by top management with due cognizance
to the firm's objectives and task and potential environment. They

are set on the bases of <pected sample values of .R.O.R.



two percent Another way of highlighting the same fact is to compare the
Probability Distribution of I.R.O.R. for the project against the policy profile
as shown in figure 5 : 12 (iii). Because the policy profile is inside the pro-
ject's profile, the project should be dismissed as its return is inadequate

relative to risk.

From the above the conclusion that should be drawn is that the project
should not be approved as it has an inadequate return relative to risk. If,
however, new information makes it possible to reduce some 0i the uncertainty
over certain strategic elements, the simulation should be rerun in order to
rcquantify return and risk. Even if, however, return relative to risk had
been satisfactory, the adverse cash flow pattern for the project may have still

rendered the project unfeasible. This conclusion highlights the point raised

by Lerner & Rappaport in "Limit D.C. F. in Capital Budgeting."

Before closing this chapter, advantage can be taken of the simulation's
results to illustrate the point made previously that yield on an investment is
meaningless and deceptive without the quantification of risk. In this case the
mean yield is expected to be twenty-six percent and yet when one quantifies
the project's risk one finds that the yield is inadequate. In fact, the ' Efficient
Frontier" in figure 5 : 13 indicates that for the same risk level, the firm can
undertake investments with a mean yield of at least thirty-five pcicent per
annum. The spread of likely results thus becomes a key Issue in evaluating

any project.



CHAPTER 6

SUGGESTED IMPROVEMENTS TO THE PROBABILISTIC

SIMULATION MODEL

Before handling the improvements, two corrections should be mentton-

i. one involves the over statem« :'t of the maximum number of years in the
p.. jetby one year (see figure 5 . L and the other involve a spelling error
in the "Parameter Control" tabulation (see figure 5 : 10). Both of 'hesc will

naturally be corrected at the time of including any improvements.

Initial Investment Variable

This strategic variable is included as one globu.ar amount and is sub-
sequently broken down by means of a percentage analysis. This approach
may be considered restrictive because the elemon s of the investment are
fixed, whereas in pracV* Ssome uncertainty may exist over the elements of
the total investment. Thus, one could have an Initial investment with possibly

two or more feasible break downs relative to the elements t

1) Buildings,

2) Plant and Equipment,
3) Vehicles,

4) Furniture,

5) Other.

This suggests therefore, that one improvement would be to allow for
each category of investment to be a separate strategic variable instead of one

globular amount, which is subsequently broken down according to a percentage

analysis.



Kandom Number Generator

At one atiigo in the development of the simulation suite, the random

number generator was suspect, but a chi-squared test ultimately proved that

the random numbers were satisfactory. The chi-squared test, which is in-

cluded in Appendix III, gave the following results

2 * 7,02
observed

X2 16,90 at - 0,05
expected

Growth and Inflation Factors,

These are treated as con.tant for all simulations, and therefore the

Inherent uncertainty involved in these estimates of g-owin and inflation is not

quantified. One can easily conceive of management wishing to express these

factors by means of probability statements, as was done with the other strate-

gic variables. In short, the suite coaid ba Improves by providing for random

sampling of the growth and inflation factor distributions. The one comp’ica-

tion is, however, whether one could use the same distributions throughout

the life of the project. Because of the product life cycle effects this may not

be feasible in which case one would have to consider different distributions

for different periods. This would become an unfeasible modification as one
would have to increase the probability distributions to be sampled by several
hundred. Possibly one solution would be to provide only for distributions
per time period for selected variables, for instance market size, market

share, market price , variable cost of production etc.
The tentative conclusion to be drawn Is that some form of sampling

of the growth and inflation factor distributions seems Justifiable, particularly

on a selective basis.

113



Parameter Inputs

These are fed Into the simulation once, and arc treated as constant
for all periods. It is possible that a change in parameters can be forecast
from time to time in which case the ability to change certain parameters is
desirable. Take for Instance the tax rate, one could predict, in five yearly
cycles, that the rate will change. This suggests that an improvement can bj

obtained by allowing for parameters to change.

Project Budget

Although this aspect is not really part of the simulation suite, it is an
addition which could have much practical value. Onewould use the simula-
tion data to project a budget for the project, so that actual performance can
be monitored for effectiveness. By means of this budget, management should
be able to efficiently and effectively control the project's implementation and

its contribution to the firm's worth.

Finally, it should be mentioned that the above improvements are in

the main feasible and should not pose any major programming difficulty.



CHAPTER 7

SURVEY INTO SOUTH AFRICAN CAPITAL BUDGETING

PRACTICES

The sixty-seven companies, given in Appendix II, were drawn from the
opulation of South A frican firms situated in Johannesburg. The selection
was token from toe Business School's'] mailing list, with due cognizance being
given to obtaining a good cross-section of firms. Of the sixty-seven fitms
requested for n interview, thirty-nine percent granted an interview and were
interviewed, sixteen percent refused interviews, thirty-three percent did not
reply, and twelve percent agreed to be interviewed but for practical reasons,

wore not. M Appendix II contains full details of the firms include in the survey.

The survey questionnaire, a specimen of which is also included in
Appendix II, was administered at interviews conducted by the writer with a
finaneial executive of each firm. The detailed results rf the survey are given
in Appendix II and in this chapter a summary of these will be furnished and

discussed. In too discussion, perspective Will be drawn on toe implications

of the survey, as to :

1) the reality of toe model's assumptions, Its practicability and its
usefulness,
2) possible barriers to implementation of the model,
aixl 3)

the need for educational programmes in order to render the simu-

lation technique effective.

(S3. University of the VVitwatersrand.

64. For instance, the reply was either received too late or the inter

view was granted outside the Johannesburg aica.



The mean score and standard deviation to question one are respec-
tively 6,15 and 1,12. This indicates that most financial executives are aware
of the importance cf capital investment decisions to the overall long term
success of their firms. Notwithstanding this however, the mean score on
question two”' was lower at 5,61, which implies that investment analysis is
found to be important but some scepticism possibly exists on how meaningful
and effective analysis is. One recalls on this point the statement made by
the president of a large international company, reported in Chapter two. The
mean score of 4,35 for question three67 indicates that the above conclusion of
scepticism may be valid, as most financial executives find their appraisal
techniques inadequate to some degree. When questioned on the ad quacy

of their present appraisal techniques, the lack of risk quantification was high-

lighted as significant. The responses were as follows :
Mean Standard Dev.
i) Consistency in application of techniques 5,3 1,7
li) uvse of Discounting techniques 4,6 2,1
lii) Inclusion of Risk Considerations 3,7 2,1
iv) Quantification of Risk 2,1 1,4

B s

From the above score it is interesting to observe that present value

techniques arc not as widely used as might be expected. The high standard

65. What is the importance of Capital Investment decisions to the
overall long term success of your company ? (Scale 1 - 7);
7 - Extremely important.

66. How Important is Investment Analysis to proper appraisal of your
capital projects ? (Scale 1- 7); 7 = Extremely important

67. How adequate do you find your present methods of Investment
Analysis ? (Scale 1 - 7); 7 Highly adequate.

68. In what areas do you find your present methods inadequate (if any) ?

(Scale 1 - 7); 7 High/Good.



deviation suggests that some firms never utilise present value techniques,

while others only utilise them occassionally. Question five indicates that
while most firms are aware of "Book return", "Payback", "Present Value
Techniques", "Degree of Necessity", only sixty-two percent know of the

"Profitability Index" and only fifty-four percent know of "Probabilistic
Discounted Cash Flow Techniques". Responses to question five (part a) in-
dicate that all the firms use two or more capital productivity measures, with
"Payback", "Present Value", "Book return" and "Degree of Necessity" being
the most popular with respectively eighty-one percent, seventy-seven percent,
sixty-nine percent and sixty-five percent of the firms interviewed. The res-
ponse to the "Probabilistic Discounted Cash r'low Techniques" was most dis-
appointing, with only eight percent of those interviewed having ever used some

approach at quantifying risk. Of those that did, most of them used the tech--

nique of the "W orst. Expected and Best" estimates of return.

Question six70 queried the feasibility of allocating probabilities to key
variables, and the affirmative response was ninety-six percent. This is

heartening as one of the major criticisms raised against the probabilistic

69. a) What are your present methods of appraisal (Blocks A) ?

b) What other mcthexls of appraisal are known by you (Blocks B) ?

70. Do you think it is practically feasible to allocate probabilities to
estim ates of key factors such as :

Total Market Size

M arket Share

Selling Price

M arketing Costs (except Selling)

Selling Costs (including Dist. Costs)

Fixed Manufacturing Costs

Variable Maiufacturing Costs

Investment Costs

Life of Product

Life of Plant



simulation techV.que is that firms would find this task impossible.

71
Question seven indicates,

The sur-

vey indicates that this criticism is unfounded.

with a mean score of 5,3, that the quantification of risk by means of probability

limits would be useful. The low score suggests, however, that the®cxact

meaning of this information may not be understood. Question eight pro-

duced some surprises. The mean score to part (a) was b, I which suggests
that most firms arc aware of the importance of inflation and yet only forty-

six percent do anything about it. Of these, most of them employ inflation

factors to the various components of cost. The response to part (b) suggests

that the major portion of the firms interviewed do not know how to provide for

the "inflation" contingency. The response to question nine ' reveals that

most firms do take into account, where appropriate, an initial period of low

profitability. Question ten?l reveals that most firms use [.R.O.R. or the

71. 1If the results of the simulation were discounted on a present value
basis and risk was quantified, would you find it useful /
Example of what is meant : You will be told that the Internal
Rate of Return at 95 % probability lim its, will be less than x %
but greacer than, %, with an expected rate of z %. (scale 1-7);
7 = Very useful.

72.

a) Do you consider inflation an important clement when evaluating
capital projects ? (Scale 1- 7): 7 = Very important,

b) If so, how do you provide for it 7

73. When evaluating a project do you allow for an initial perioc of pro-
duct establishment ? For example, do you allow for sales to
build up over a period of say 6 - 2 4 months ?

74. When selecting between alternative projects, whicn are at accep-

table levels of profitability, do you choose the one which has ?

The higher rate of return ,

The one with the longer life,

The one which, although lower in return, has more constant

annual cash flows.

The one which, although lower In return, has a quicker payback,

Other (please snecify)
113



duration of a project when selecting between mutually exclusive alternatives.

This response was, however, quite academic because most firms admit that

they rarely generate alternatives. This practice must surely be sub-optimal

to a country like South A frica, where investment plays such an important part

in its econo, lie development. Question eleven70 highlighted the confusion

which exists > -tween N. P. V. and I.R.O .R. as selection measures. Thirty-

eight percent of the firms were not sure of the complication caused by the
"re-investment rate" while sixty-two percent implied that they did. Oe no
occassion, however, did any financial executive query the relationship between
the firm's cost of capital and its re-investment rale, before answering this

question. This suggests that this issue is not well understood. Eighty-five

percent of the firms stated , in response to question twelve , that they use a

"Cut-off" rate to appraise the suitability of an investment. The determination

of this rate was, however, in many instances intuitive. Fortunately, some

enlightenment on the part of the larger firms did exist and it was interesting
to note that in these cases it was quite common to relate the "Cut-off" rate to

the firm's long term earnings and growth objectives, whether they be explicit

or implicit. Another interesting point raised by this question was that some
companies use the cost of capital as the "Cut-off" rate which implies that

funding of all Investment opportunities is possible. This attitude concerning

availability of funds is quite rife with South A frican business as Is conveyed

by the response to question thirteen77. Forty-two percent of the firms con-

sider that they do not have a capital rationing constraint. One questions the

75. When appraising projects do you think it is more correct to use
the N.P. V. + Profitability Index than the Internal Rate of Return

because of the complication caused by the "e-investment rate ?

76. Does your company use a "Cut-off" rate of return and if so, how

does it determine this rate ?

77. Does your company fix an annual amount for capital expenditure ?



realism of this assumption and its possible adverse effects on the investment

decision. Of the firms that do recognise the capital rationing constraint,

most of these allocate funds in one of two ways One, replacements then

expansions or two, according to a subjective scale of necessity. The first

approach has one serious defect, it does not recognise the decline stage of a

product line. There is no reason, in the writer’s opinion, to assume that a

viable business will continue to be so, and therefore economic appraisal of

replacements should not be considered an unnecessary task. The inadequacy

of the "degree of necessity" approach has previously been dealt with, and it

suffices to state that it should be dispensed with. The use of a ranking

system according to "terminal value" should be used for rationing purposes
for all projects that can he economically quantified.

should

"Degree ot necessity"
only he used for those investments that cannot be economically quanti-

fied. Question fifteen79 raised the important issue of management's recep-

tion to the designed probabilistic simulation model. Thirty-one percent of

the firms believed their directors would Is? "sceptical ", fifty-four percent

believed their directors would be'lm pressed", while fifteen percent thought

their directors would be "very impressed". This favourable response could

78. Question 14 : If your company does fix an annual Capital Budget,

how does it ration out this amount ?
7'i. How do you think your Board of Directors will react to a Probabi-
listic Capital Budgeting technique, once they are well Informed on
the technique ?
Will your Directors be : i) Sceptical
II) Impressed
Hi) Very Impressed.
and will they find the technique
> too sophisticated and practically unfeasible,
ii) O.K. t/Ut still not as meaningful as the present techniques
used by y company,
ill) a worthwhile improvement,
iv) a very significant Improvement which will go a long way to

assist management in making sound investment decisions.



be interpreted to mean that most firms are conscious of their inadequacy at

quantifying risk and that they would welcome any new tecnniques that may

help in this area. The sceptical thirty-one percent, however, cannot be ig-

nored, for ticy signal the need for an educational programme as part of the

implementation scheme.

At the end of every interview each respondent was requested to comment

on any aspect which no considered fundamentally important to successful capi-

tal budgeting. The comments were most enlightening and the following were

the most significant, in the writer's opinion.

The Group Financial Manager o lai ge firm stated : " .... one of the

greatest problems is the starting point of a pi qection. A person too easily

assumes that growth will take place from the present level. Perhaps the

present level is artificially too high and therefore a drop must be expected

before growth will bo achieved." Dlagrammatically, the question posed by

this individual was

Y ears
Fig. 7:1 - [Illustrating the Base Year Dilemma.

The Group Controller of a large firm made the following scathing

comments : "Many investment appraisals arc a farce because data Is built

up to support a decision already taken. Alternatively, emotional involvement

in trying to please the 'Boss' readers many appraisals suspect. " When
questioned on how to overcome these difficulties, the individual replied

"Somehow one must get to know the people Involved in making ecasts and



the basis of their estimates. In this way one can make allowance where

necessary. Ideally, of course, objectivity should be striven for; possibly

one should consider employing outside investment analysts. This will also

assist in doing away with pro-conceived opinions." Finally, this individual

spoke on the lack of exposure of mistakes "Unless a big blunder is made,

silence reigns on the actual results achieved by an investment. With big
blunders, however, we spend considerable effort and money trying to convert

them into profitable investments."

The Chief Accountant of a large investment firm stated : "One of the
greatest obetaclM to objective nsscM mont of investment opportunities is the

lack of business statistics in South A frica."

The Financial Manager of n large manufacturing firm anld : "One of

our dilemma, la obtaining Information about our market envtroament and It,

future needs."

The Financial Director of a large merchandising organisation admitted :
Jf one is truthful, one of the major obstacles to good investment decisions is
simply ignorance.

Too many executives are taking investment decisions with-

out really understanding the economics of an investment opportunity."

The survey has given some Insights into South A frican Capital Budget-

In, practice, and it. major deficiencies. It ha, confirmed that the generation

of probability distributions for strategic variables is fcasibo and that manage-
ment would find probability limits of LR.O.R. and N.P.V. useful. It has

also raised the "human side" of the capital budgeting process as a major ob-
stacle on three fronts, subjectivity, scepticism and ignorance. With the.;

insights one can now proceed to devise an implementation scheme for the

simulation model.



CHAPTER 8

DESIGN OF AN IMPLEMENTATION SCHEME FOR THE

PROBABILISTIC SIMUt-ATIONJ*K)DEL

Although this simulation model may be considered well designed and

effective in the academic sense, its practical success will be measured by

its usefulness to management. If the model assists management to better

evaluate an investment opportunity and thus reduces the number of wrong

decisions made, then the model will be both academically and practically

successful. Much of the practical success will depend on how well the model

is implemented. For implementation to be effective it must inform the "Users"

of why this approach is preferable to others presently used, what facilities
this approach offers, how the model operates and what inputs are required,

and finally, the limitations of the model. The need for a sound educational

programme is quite obvious from the abo communication specification. A

major consideration in the Implementation scheme is therefore one of educa-
tion. The next consideration is how this model is to be fitted into the Capital

Expenditure Control process of a firm. The final consideration is u technical

one, the installation of and testing of the simulation suite.
Educational Programme”

Owing to the general confusion that appears to exist over capital pro-
ductivity measurement, the educational programme should include a general
run through both capital productivity measurement and risk quantification.
The review given in Chapter Two could serve this purpose, with appropriate-
ly selected cases being used to emphasise the various points made in the
chapter. Once a firm grasp has been obtained of this area, the Probabilistic

Simulation Model developed in this dissertation should be discussed at length.

Particular attention should be given to what facilities and advantages this

model offers and what are its limitations. The one limitation that must be
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stressed Is that the model Is an Information tool aml not a panacea to all capi-

tal Investment problems and errors. Nor can it replace judgement as the

paramount element in investment decision making.

When understanding has reached a reasonable level, the executives
must be given an opportunity to experiment individually or in groups with the

simulation technique. This should not only obtain deeper understanding but

also commitment to the simulation technique. Furthermore, during these

experiments improvements might be forthcoming. Finally, the educational
programme must be seen as an on-going process and a contact point must be

established in the Management Services Department for all queries on the

scheme.

The scheduling of the educational programme should be. in the writer's
opinion, over a period oi a week or two, in order to allow participants suffi-
cient time to interact over the points raised at the seminars.

The programme

could be arranged to cover the pertinent aspects as follows :

1) Seminar I - "Review of Capital Hudgeting Techniques Part I"
(90 minutes) - Question Time (30minutes)
2) Seminar II - "Review of Capital Budgeting Techniques Part II"
(90 minutes) - Question Time (30 minutes)
3) Seminar III _ "The Importance of Risk Quantification’
(60 minutes) - Question Time (30 minutes)
4) Seminar IV - "Methods of Risk Quantification"
(90 minutes) - Question Time (30 minutes)
5) Seminar V - "The Probabilistic Simulation Technique"
(90 minutes) - Question Time (30 minutes)
6) Group Exercise I - "An Experience in Running the Simulation
Part I" (Loading the data) (45 minutes)
7) Group Exercise II - "An Experience in Running the Simulation
Part II" (Discussion of results with each

group) (45 minutes)



The Simulation Model as a sub-system of the Capital Expenditure Control

Process

The Capital Ex] nditure Control process is responsible for devoljplug
investment oppovtijnities and for tiieir evaluation, implementation ard control.
As part ot the evaluation process, investments must be appraised and it is to
this activity, technically termed Capital Budgeting, that the Simulation Model
belongs. Naturally, the simulation model will only suit a certain category
of investments, namely large investments of critical Importance to a firm's
long term survival. Fat new investments and replacements which are small
in value, a simpler appraisal technique ie recommended, namely the use of
N.P.V. and I.R. O.R. In the case of non-quantifiablc strategic investments,
economic justification will not lie possible and therefore a subjective scale of
"necessity" will have to lie developed to ensure that such investments are
essential and properly scheduled. Schematically, this Capital Budgeting

System can lie represented as follows :

Proposals

Large Risky Small Strategic
Investments Investments Investments

Simulation
Model I.R.O.R.

Fig. 8 : 1 - Capital Budgeting System.

In order to give effect to the above Capital Budgeting System, manage-
ment should send out a directive defining each category of Investment and it
should instruct the Capital Expenditure Committee to ensure that all proposals

are evaluated according to this system, except under extenuating circun. 'tes.



Installation and Testing of Simulation Suite

The installation of the simulation suite should not pose any major
difficulty as it has been written in Fortran IV, which is common to most com-
puters. Naturally, minor changes will be necessary as each computer
installation has its own idiosyncrasies. Once installation has been effected,
two tests will be necessary. A chi-squared test to check the randomness
of the random number generator and a specimen run to test the functioning of
the suite.

The specimen run can be verified by comparison with the run

given in this dissertation as the latter has been manually audited.



CHAPTER 9

SUMMARY AND CONCLUSION

The dissertation 1x3gan by stressing the importance of sound Investment
decisions with the point that bad investment decisions con not only cripple a
firm but hamper a nation's economic development. Britain is a case in point*,
evidence80 suggests that its low growth rate since the war is not due to the

lack of investments but to their quality. This perspective on capital invest-

ment gave one a sense of urgency to develop tools by which to make better

decisions. In quest of these tools, much research has taken place and in

Chapter Two the research was reviewed in order to draw insight into the pre-

sent state of the "art". The different capital productivity measures were

examined and most of them were found to be deficient in at least one major

respect, the time value of money. The use of present value techniques like

N.P. V. and I.R.O .R. were found to be superior and they were endorsed as
the most effective yardsticks of capital productivity. The confusion between

N.P.V. and I.R.O .R. was clarified and the complementary nature of the two

measures was stressed. In fact the two measures were still found to lack
in one important dimension, the "re-investment consideration" and therefore

a new measure was introduced to quantify the effects of re-investment, the

measure Was defined as the Overall Rate of Return. At that stage of the re-

view it was clear that all the academic standards for capital productivity
measurement had been satisfied and that further developments In this area

were unnecessary. One had reached the ultimate for practical purposes.

Notwithstanding this however, one became despondent because presidents

of large firms were unhappy about the actual pay off of their Investment deci-

sions. The problem became quite clear, risk was not being quantified and

80. P.E.P. - e cit.

127



therefore a given return was quite meaningless. The question posed was how

to quantify ri*k. A review , of the important developments in this area, took
place. Mav.y of the approaches were dismissed as either impractical or in-
adequate. The "Hertz type" simulation was, however, one exception and it
was substantiated as affording much of the needed information in the area of
risk quantification. The approach appeared to make a major break-through
and it was adopted as the best approach available so far, and as such, the

dissertation settled on applying, with modification, the simulation technique

for the quantification of risk under South African conditions.

In Chapter Three a systems design was developed for a model to
evaluate risky investments which would incorporate the best techniques raised
in the previous chapter. Chapter Three also discussed the principles of
cash How generation. In the following chapter the designed simulation suite
was discussed and full displays of the programmes were given. A specimen
run of the suite was then examined and an interpretation of the results was given.
The results showed that notwithstanding a mean I.R.O .R. of twenty-six per-

cent, the project was not acceptable because its return was too low for the

risk involved. The project's cash How pattern was also criticised.

Chapter Six suggested possible improvements to the simulation suite.
Chapter Seven reported the findings of the survey into "South A frican Capital
Budgeting Practices", and drew from these findings important conclusions
for the implementation scheme discussed in the following chapter. The pro-
posed implementation scheme was then examined, and the educational pro-

gramme was found to be the most Important element to successful implemen-

tation.

By way of conclusion to this dissertation, one might find it appropriate

to ask : "And where to from here?" In the writer's opinion, the proper
measurement of return and a means of quantifying risk are now both possible.

W hat is now required is concentration on improving, not technology as such

but data inputs and the spreading of education on the sound practices of



capital budgeting. While the latter is not easy, it can be achieved by con-
certed effort. The former, however, is extremely difficult because it deals
with the ultimate challenge "the future". Undoubtedly one will never be able
to remove the uncertainty caused by the future, but as accurate information
or >ast and present trends is man's major clue to the future, it is important
that this information at least be available. In South Africa this is perhaps
the major deficiency. Many of the financial executives interviewed raised
the lack of business statistics as a very real problem. They contrasted the
a' iilability of Information in South A frica to that available in the U.S.A.
Although this comparison is possibly unfair, it docs highlight the inadequacy
of business statistics in South A frica. One reason for this appears to rest
on the belief that secrecy is a wiser course to disclosure. One questions the
validity of this in view of the results obtained in the U.S.A. under a system
of disclosure. In future one can expect, in the writer's opinion, greater
emphasis being placed on obtaining business statistics be it on a routine basis
or by means of special research conducted locally or overseas. The quality

of input data will ultimately dictate how effective investment analysis will be.

Another significant development in investment policy will be, in the
' opinion, the more conscious attention given to investment as a strate-
dderation. As firms become more conscious of strategy and business

, so they will view investment opportunities and their appraisal as fun-
damenuil to long term survival. Concommitant with this will be their dcslie
to reduce the area of speculation by adopting schemes similar to that developed
in this dissertation. Any analysis which aids in reducing the unknowns, or
quantifying the sensitivity of a proposal's return to different variables, will be

exploited to the full, particularly now that computers afford many man years

of calculation to tie performed in a few hours.
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APPENDIX I

DETAILS OF INPUT REQUIREMENTS

CONTENT S :

1. Input Document for Programme RRJSOI
- Probability Data.
z. Input to Random Number Generator.
3. Input Documents for Programme RRJS04
- Growth Factors,
- Inflation Factors,
- Conditional Statements of Probability.
4. Input Documents for Programme RRJSOS
- Parameters,
- Investments during years one to three,

- Cost of Capital Factors.



PROBABILITY DATA INPUT DOCUMENT - PROGRAMME RRJSCH

COMPLETING FORMS

a)

b)

9

Each block of data (e. g. Market Size) comprises twelve fields for fig-
ures, and three fields for the probability estimate. The first two
fields from the extreme right of the twelve field block are understood
decimals. Example : it m arxet size of 100 000,11 units is estimated
to have a probability of fifteen percent, one would fill in the block as
indicated in figure AI/l1. Note,probability is quoted without decimals
or percentage sign.

If any block is not used, the block must be filled with a zero and 100

as Indicated under 'Other Fixed Expenses'.

On completion of the form, one should find that each probability set has

a combined probability of 1,00.

PUNCHING DATA

a)

Please note that one must punch the data on sheet RRJSO1/2 immediate-
ly after completing all the data on RRJSO1/1, no space must be left
between the end of the data on sheet RRJSOI1/1 and the beginning of

the data on RRJSO1/2. Furthermore, column 1 of RRJSOI/2 must be

aligned with column 1 of RRJSOI/1.

RUNNING PROGRAMME

To action programme RRJSOI , one carries out the following :

/Input
/Include RRJSOI
/D ata

edetail data - Two rows of six blocks (each block has fifteen fields)’



STORAGE OF OUTPUT OF RRIJSOI1

Once the computer has completed the programme run, one must store

the output file. This file will be subsequently used when processing

programme RRJS02.



PROBABILITY DATA- INPUT DOCUMENT
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RANDOM NUMBER GENERATOR INP T

Li order to action thi random number programme, one must fe'd in
V»o integers in the first two fields. It is suggested that the selected integers
be taken from a book of random two figure tables. For example, to run pro-

gramme RRJSO03 one instructs as follows :

/Input

/Include RRJS03

/D ata

'detail any two digit integer'

/end run.

Once the computer has finished the programme run, the output/ ie
must be stored as this file will subsequently bo used when processhq. p >

gramme RRJS02.



COMPOUND GROWTH AND INFLATION FACTORS AND CONDITIONAL

STATEMENTS OF PROBABILITY - PROGRAMME RRJSQ4

1. COMPLETING FORMS

a)

b)

O

Growth Factors : Growth factors are used to create projections for

the clliferent variables. They are compounded and therefore they are
applied to the previously determined value in series. If there is no
growth, one must still fill in the form RRJS04/1 with '100' for the

number of years the simulation is to be run. For example, if market

size is expected to grow at two percent for five years and five percent
for another five years; market share is expected to increase by three
percent per annum for the years two to ten; and market price Is expec-
ted to remain constant for the ten year duration, one would fill in the
form RRT304/1 as indicated in figure A1/2. Please note that in this
case the filling in of growth factors for only ten years implies that the

project is expected to last for ten years,

Inflation Factors : So often capital appraisals ignore the very impor-

tant aspect 01 nfl ition and thus im ly that all future price trends will

bear the same relationships as exist at the present time. Clearly,

this assumption is wanting and for this reason the simulation provides

for inflation factors for each variable. Onre again if Inflation is not

expected lor any one variable the column must be filled in with '100".
For example, if we ex,wet market price to inflate for ten years at one
percent, and we do not expect selling costs to inflate for the first three
years and after that, to inflate at two percent, we would fill In form

RRJS04/2 as indicated in figure Al/2.

Conditional Statements s By means of this facility one can change cer

tain data on file, after the file has been extended by the growth factors

but before the inflation factors have been applied. The conditional

statements specify exactly the changes needed and add great flexibility

to the suite of programmes.

Form RRJS04/3 must be complete with strict observance of the con-
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ditional statement and variable codes given on the next page 'utJSCM/B.

For example, if one wished to put into effect the following statements,

one could fill in the form RRJS04/3 as indicated in figure Al/3 :

a) If market size is less than or equal to 50 000 units and greater than
40 000 units, market price will be R1. 00.

b) If market price is equal to R1. 00, then marketing costs will be

R100 000.
PUNCHING DATA

Please punch data in the following seqv "ce :
1) Growth factors,

ii  inflation factors,

ill) Conditional statements.

Please note that the first line of both the Growth and Inflation data must

be filled with zeros (see forms RRJS04/1 & 2). Also the control limits

for the factors and statements must be tilled in.
RUNNING PROGRAMME

To run the programme one must bring together programme RRJSCM

and the above data :

/Input

/Include RRJSCM

/D ata

*Growth Factors'
*Inflation Factors'
*Conditional Statements'

*Output of Programme RRJ802'



SUtemont Code

CONDITIONAL STATEMENTS -

Single

If independent variable

dependent variable =

If independent variable

dependent variable *

If independent variable

dependent variable =

RRJISQ4/B

Conditional Statements

less than a given value,

less than or equal to a given value,

equal to a given value,

If independent variable not equal to a given value,

dependent variable =

If independent variable greater than a given value,
dependent variable m

If independent variable greater than or equal to a given value,

dependent variable m
nonhle Conditional Statements

If independent variable 'one' is greater than or equal to a
given value and independent variable 'two' is less than an-
other given value, dependent variable =

If Independent variable 'one' is less than or equal to a given
value and indci>cndent variable 'two' is greater than another

given value, dependent variable *

Varinbles Code Variables

M arket Size 02 M arket Share

M arket Price 04 Manufacturing
Variable Costs

Manufacturing 06 M arketing Costs

Fixed Colts

Selling Costs 08 Other Fixed

Other Variable
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CONDITIONAL PROBABILITY INPUT FORM

1i? fn <NUMBER OF CONC:1IONAI STAIEKENIS)

A NOIHER GIVEN VALUE

GIVEN VALUE FOR DOUBLE STAIEMEM

INPUT DOCUMENT FOR PROGRAMME

RRJSO
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INPUT DOCUMENT FOR PARAMETERS, PROJECT INVESTMENTS

nirRmr, YEARS ONE TO THREE ETC. - PROGRAMME RRJ.SOS_
COMPLETING FORM

The first item to be filled in is the maximum life of the project, year

zero being counted is one year. The parameters come next with

understood decimals as indicated on the document (see figure A1/4).
Take for instance "Stock turn", this is a four figure field with two

decimal places. Decimal points arc understood and must not, there-

fore, be filled in. Next come the Investments during the years one to

three for each category of investment. The field specification is

twelve figures with two uixicrstood decimals. Finally, one has to fill
in the Cost of Capital factors, which comprise two fields both of which

are understood decimals.
PUNCHING DATA

Please punch data, icglnnlng in column 1 as follows :
a) Maximum number of years in simulation,

b) Parameters,

c¢) Project Investments,

d) Cost of Capital Factors.
RUNNING PROGRAMME

To run this programme the following are required in the order given :

/Input

/Include Programme RRJSOS

/Data

edata from Input document described above'

soutput from programme RRJSOV



GENERAL INPUT DOCUMENT RRJ805

A) PARAMETERS
punching row no

1 [j1 NUMBER OF YEARS IN EACH SIMULATION

\-M\l tM H % « KX MUI

m w t/ m
Y Y "% tL ' -A" K | 'mCir

understood
decimots

8) PROJECT INVESTMENTS DURING YEARS 1 TO 3

PLANT BUILDINGS MOTOR VEHICLES FURNITURE OTHER

period 3

C) COST OF CAPITAL FACTORS
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SURVEY DETAILS

CONTENTS

1. Survey Documents

2. List of Companies Included In the Sample

3. Schedule of Results
a) Summary

b) Details.
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SURVEY DOCUMENTS

QUESTIONNAIRE

What is the importance of Capital Investment decisions to the overall long

term success of your company ?

Not important 1 2 3 4 5 6 7 Extremely important

How important is Investment Analysic to proper appraisal of your capital

projects ?

Not Important 1 2 3 4 5 6 7 Extremely important

Kow adequate do you find your present methods of Investment Analysis 7

Inadequate 1 23 4 5 6 7 Highly adequate

in what areas do you find your present methods inadequate (if any) ?

low/poor high/good
In their lack of consistency 12345 6 7 Consistency

In their exclusion of the Time Value of Money 1 2 3 4 5 6 7 1 ime Value

In their exclusion of Risk considerations 12 3 4 5 6 7 Risk considerations
In their inability to quantify risk 1'2 3 4 56 7 Quantification of
Risk

Others (please specify)

a) What are yrur present methods of appraisal (Blocks A) 7

b) What other methods of appraisal are known by you (Blocks B) 7



Average Book Return

Payback Period

Internal Rate of Return

Net Present Value

Net Present Value + Profitability Index
Degree of Necessity

Probabilistic D. C. F.

Other (please specify)

Do you think it is practically feasible to allocate probabilities to estimates

of key factors such as ?

YES
Total Market Size
M arket Share
Selling Price
Marketing Costs (except Selling)
Selling Costs (Including DIsL Costs)
Fixed Manufacturing Costs
Variable Manufacturing Costs
Investment Costs
Life of Product

Life of Plant

NO

EXAMPLE : M arket Size: 100 000 tons

220 000 tons

270 000 tons

NOT SURE

10 %
55%

35 %

If the results of the simulation were discounted on a present value basis and

risk was quantified, would you find It useful ?

Example of what is meant t You will be told that the Internal Rate of Re-
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10.

turn at 95 % probability lim its, will be less than x % but greater thany %

with an expected rate of z %.
Not useful 1 2 3 4 5 6 7 Very useful

a) Do you consider inflation an important element when evaluating capital

projects ?
Not im portant 1 2 3 4 5 6 7 Very important
b) If so, how do you provide for it 7

Do not provide T

Remarks :

When evaluating a project do you allow for an initial period of product

establishment 7 For example, do you allow for sales to build up over

period of say 6 - 3 4 months ?

YES NO

When neloc.Ing between alternative project., which are at acceptable level,

of profitability, do you choose the one which has 7

The higher rate of return
The one with the longer life

The one which, although lower in return,

has more constant annual cash flows n
The one which, although lower In return,
has a quicker payback D

Other (please specify)



11. When appraising projects do you think it is more correct to use the N.P. V.

+ profitability Index than the Internal Rate of Return because of the com-

plication caused by the re-investment rate ?

YESj~ j l«>no NOT SURE o

12. Doe. your company u»e a "Cut - oil" rate ol return and If so, how doe.

it determine this rate ?

YES [ J NO L ]

13. Does your company fix an annual amount for capital expenditure ?

| X

14. If your company does fix an annual Capital Budget, how does it ration cut

YES

this amount ?

IS. How do you think your Hoard of Director, will react to. Prob.blll.tlc

Capital Budnetlng technique, once they are well Inform ed., the technique?

Will your Directors be : i) Sceptical
1) Impressed

ill)  Very Impressed

and will they find the technique : D

i) too sophisticated and practically unfeasible



ii) O.K. but still not as meaningful as the present
techniques used by your company

iii) a worthwhile Improvement

iv) a very significant improvement which will go a

long way to assist management in making sound

investment decisions

16. Other Remarks :



INTERVIEW

NAME OF COMPANY :

ADDRESS :

PERSON INTERVIEWED

NAME :

POSITION :

DATE AND TIME

OF INTERVIEW :

DURATION OF

INTERVIEW :

REMARKS (If any) :

DETAILS



LIST OF COMPANIES INCLUDED IN SAMPLE

A ffirmative
Abercom Investments Ltd.
Acrow Engineers (Pty) Ltd.
A E & C1Ltd.
A frican Cables Ltd.
A frican Cons. Investment Corp. Ltd.
A frican Oxygen Group
Amalgamated Hotels Ltd.
Am L*d.
A frw 11 Steel Furniture Manufacturers
Anglo - Alpha Cement
Anglo - Tvl. Cv.i. Inv. Co. Ltd.
Automotive Products
Baird & Tatlock Manu. Co.
Barlow - Rand
Edward L. Bateman
Bencor
Bradlows Stores
Bruynzeel Plywood
Carborundum, Universal S.A.
Claude Neon Lights
C.N.A. Investments
Coca Cola Bottling Co.
Consolidated Glass W orks
The Corner House Investment Co.
Diesel - Electric
Dorman Long
Dryden Engincering
Dunswart Iron & Steel

Edgars Stores

Type of Response

Refusal

None

Other



Everite Ltd.

Fibreglass S.A.

General Mining & Finance Corp.
Greatcrmana Stores

Gundle Plastics

Hume Ltd.

Hunts, Leuchars & Hepburn
Industrial Development Corp.
International Harvestor Co.
Johannesburg Consolidated Invest.
Litemaster Industries
Malcomess Ltd.

McKinnon Chain

Marley S.A.

Metal Box Co.

Midas Chemicals

Minnesota Mining & Manufacto ing
Murray & Roberts Holdings
National Amalgamated Packaging
National Bolts & Rivets

O.K. Bazaars

Pfizer Laboratories

Plascon & Evans Paints
Premier Milling

Reunert & Lenz

Russell Holdings

Schlesir.ger Organisation

Shoe Corp. of A frica

8.A. Breweries

Southern Cross Steel Co.

Southern Sun Hotel Corp.

A ffirmative



A ffirm ative

Tiger Oats & National Milling
Toyota S. A.

Union Steel Corporation
United Tobacco Co.

W hitehall Products

Wispeco Holdings

Wit Industrial

Type of Response

Refusal

None

Other



SUMMARY OF RESULTS

Question Number Mean Standard Deviation % Positive Reply

1 6,154 1,1202

2 5,615 1,2672

3 4,346 1,5476

4 (1) 5,346 1,7082

4@ 4,577 2,0874

40 3,654 2,0773

4@ 2,077 1,3543

5 (A

| 69,23

2 80,77

3 53,85 76.9

4 57,69

5 26,92

g 65,38

7 7,69

5 (D)

) 100,00

2 88,46

3 84,62
96,15

g 92,31
53,85

y.. 96as

No

Not Sure

7 5,308 1,4758

8 (a) 6,077 1,5473
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Question Number Mean Standard Deviation 1 Positive Reply

8 (b)
Provides 46,15
Does Not Provide 53,85
9
Yes 100,00
No 0,00
10
| 45,83
2 37,50
3 25,00
4 16,67
11
Yes 61,54
No 0,00
Not Sure 38,46
12
Yes 84,62
No 15.38
13
Yes 57,69
42,31
No -3
15
' 30,77
®
53,85
(1D
15.38
(lit)
23,08
Q)
11,54
(ID
38,46
(111)
26,92
(Iv)
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DETArLEP SURVEY RESULTS

Question Number

41) 4@2) 403) 4@

Company



Compan

Code

38
31
54

9
62
45
39
14

67
50

%
69
60
47
36
25
42

55
35

Question Number

y 5 (b)
123456738
X X X X X
X X XX X X X
X X X X X
X X X X X
X X X X X XX
X X X X X XX
X X X X X
X X X X X X
X X X X X X X
X X X X X
X X X X X XX
X X X X X X
X X X X X X
XX X
X X X X X X
X X X X X X X
X X X
X XX X X X X
X XX X X X X
X XX X X X X
X X X X
X X X X X X
X X X X
XX XXX
X XX X X X X
X XX X X X

Notes ! 1. Not sure

2. Does Not Provide

156

6

Yes No

N. S

< w w» =

[9)}

OV T |

P T - - N RS R R B O N A e

8(a)

Score

N WS

2

\]\]Ul\]\]\l\lc\\lﬁ\\]\]\l\l\l\]

a 9 w»w s

8(b)

P. DNP
X
X
X

X

X

X

X
X
X
X

X

X
X
X
X
X
X




Question Number
8

Remarks

Inflation factor used

Inflation factors used on limited variables
Overall % used - sometimes economic forecasts

Variable Cost of Capital

Inflation factors used
Inflation factors used
Inflation factors used

Inflation factors used

Inflation factors used

Inflation factors used

Build in inflation factors

Only in respect of replacements

Expect all items to move in sympathy

Overall factor applied

Inflation factors used

Yes

No



Question Number

Company
Code



Question Number
12

R emarks

17j % before tax (Book return).

Profit target based on growth objective.
15 % before tax - intuitively.

Return based on economic conditions etc.

15,4 % after tax.

25 % before tax (merchandising); 20 % before tax (steel)
25 % before tax - experience.

Profit objective determines return.

Risk adjusted rate.

Not defined.

Cost of capital + Premium (intuitive).
Intuitively.

A rate to which we have become accustomed.
Intuitive growth rate.

Intuitive.

20 % - intuitive.

Weighted cost of capital.

15 % after tax.

Modigliani & Miller.

15 % before tax - instructions from overseas.
Intuitive ( based on present hrading results).

Positive N. P. V. accepted

Compare with rate of similar industries.

Target rate - long term lorn interest rates.



Question Number

14

Return or motivation.

Replacements, then expansions relative to return.

Replacements, Improved operations, social requirements,
and new activities.

Replacements, then new projects (return and size of project
used on new project).

Good long term return - cash flow pattern.

Degree of necessity once company is fully established.

Necessity, return and risk.

Machine replacements, then degree of necessity.
Degree of necessity.

Replacements, then I.R.O.R.

[.LR.O.R. and dcgi of necessity.
Cash flow pattern.
Degree of necessity.

Degree of .necessity.

National spread and best return in shortest time.



Question Number

Company



Question Number
16
Other Remarks

Planning is inadequate.

Education for new system important.

Important to examine base year and government spending.
Lack of statistics a problem.

Sceptical until usefulness experienced.

Have used discounted cash flows since 193t

Old and tested techniques still the best.

Alternatives always a problem.

Input data a ptoblem.

Serious problems concerning the human side of investments.

Education poor!



APPENDIX III

CHI - SQUARED TEST ON
RANDOM NUMBER GENERATOR

CONTENTS:

Chi - squared test on Random Numbers

Generated by Programme RRJS03.

PAGE



Chi-souared Test on Random Numbers Generated by Programme RRJSO®

ass Interval

1-10
11 - 20
21 - 30
31 - 40
41 - 50
51 - 60
61 - 70
71 - 80
81 - 90
91 -100

17 13 13
6 13 5
515 8

14 6 15
910 7

12 12 8
8 9 12

5 5 7

9 8 12

15 9

13

Prob.

0,50

CONCLUSION : Randomm is la Satisfactory

Tallv Stroke Totals

8 210
12 9 7
10 15 13

6 7 8
10 15 13
11 7 12
10 10 7

6 17 11
15 9 4
12 9 15

( ~

Prob.

Q) fe
63 60
52 60
66 60
56 60
64 60
62 60
56 60
51 60
57 60
73 60

600 600
16,9 ) 0,95
<xL

169

Input Integer 33

9 )<

0,90

X2
Observed



APP-vIDLX IV

AUDIT OF SPECIMEN RUN

CONTENTS.: PAGE

1.  Manual Audit of Simulation Number One. 166
2. Check on Calculation of N. P. V. and [.R.O .R.

for Simulation Number Two. 172
3. Validation of Expected Return on Total Funds. 173
4. Chock on Project's Mean I.R.O.R. and

Standard Deviation. 174
5. Check on Project's Mean N.P.V. and

Standard Deviation. 175
8. Check on Mean Cash Flow and Standard Deviation

for Period Five. 176



AUDIT or SIMULATION WVMgXB_-3gg

i, Sdle[n—St Arkw. ily  M.rfet *»r, M.rk,. Price MM. V.r. Mu. Flwd MIrtotl** Sellln, Other Fixed Other V.r. Product PI..I Mr— M
Co.t» Co»t» Co«t» Coate ..Cqate_____ SSSU---mmr | O PR ' —
Riini’ am Number#
ex RnJfOJ i 1 3 11 41 47 14 62 47 18 93
Variable* Selected
ex ilRJISOa 170 000 0,40v0 135.00 104.00 550 000 140 000 — — = 000 2.00

1. Annual VafUMr D#W

Applying Orewtb rectors

Year

U ii iec T ooo otto
I 102 000 0,4000 133.00 104.00 350 000 140 000 500 000 200 000 2.00
1 111 100 0.4000 135.00 104.00 580 000 140 000 1000 000 200 000 2.00
3 201 900 0,4000 133.00 104.00 550 000 140 000 1750 000 200 000 2 00
4 333 234 0.4040 138.00 104.00 577 500 140 000 2623 QOC 200 000 2.00
5 383 219 0,4040 135.00 104.00 577 500 133 000 28*7 300 150 000 1.00
6 402 3#0 0,4121 138.00 104.00 877 300 126 350 3176 250 112 500 2.00
7 423 499 0,4162 149 50 104.00 606 375 151 630 3176 350 61 675 1.00
I *43 (024 0,4204 149.50 99.90 606 373 136 456 3176 260 9 281 2.00
t 405 903 0.4216 149.80 91.98 636 6% 122 912 3176 850 - 1.00
IS 449 095 04.131 118.50 90. 05 616 694 98 250 3176 250 . 2.00

Applvtng InfiaUon Factor#

Year

e . - - - - 11
1 0,40 lift. 00 104 00 350 000 140 ooo 500 000 200 000 2.00
2 0,40 137. 70 112.32 550 000 144 200 —— .~ = 000 2.02
3 At 0,40 137. 70 115. 09 650 000 148 124 1713 115 200 000 204
4 0.40 140.43 116. 85 377 500 152 962 2704 540 200 ot-o 2.06
ﬁ Abort 0.41 140.45 118.01 677 800 149 693 3004 744 170 000 9.09
# 0,41 140 45 120.37 606 378 146 474 3339 271 112 800 2.10

0,12 157. 89 122.78 636 694 1*1 0il 3371 653 61 75 2 14
0,42 137. 39 11% e 616 601 167 826 2405 370 9 281 2.19

9 0,11 117.39 112.86 66* 528 163 575 3439 423 - 2.23
10 9.43 160. 7a 112.H 668 32+ 128 194 3473 816 129



SKS J

Cud* " al Matrment*

Year

o D bW

> Caeh''naw Dete
Ilaete Oat*

Yeftr

E)Fhoo\'Fb”“U)l\)v—‘O

Forrrv’e*

MheMHee Market Ahare Market Price Men. Var.

Ae Ae

Above Abme

Unit Seles  Unite for

4ft *00 ft 500
44 880 ft 350
*0 764 16 *30
113 2M 27 770
137 120 32 733
184 871t 34 370
177 44ft 36 869
16ft 322 38 617
185 63* 40 788
fift 311 43 *15

Mkt.S«nr  U.tll fetes

MKL Share 8tk. Turn

Coete Costs
135.00
137. 70
145.00 As Ae
145.00
145.00 Above Above
145. 00
157. 5ft
157. 5ft
15,.ftft
160. 74
Production Turnover  Cost of
In units (0001 PrM uctM Cost
4ft 100 5 506 5 67? 300 115.1ft
48 730 ft 180 5 666 383 122. 81
88 264 11 714 10 781 262 122.02
144 234 19 12% 17 431 242 120. 96
162 0%3 22 7%2 1ft 704 1.4 121.49
166 613 23 922 20 861 661 123.60
180 048 2? ftM 21 742 866 125. 88
16* 170 2ft 361 23 025 15ft 122.84
1ft? 571t 30 831 22 96? 293 117 54
*B Jiss- P Tiv#  _J1<US5_
Unit Nsteeb_ Unit *&- P w un- (opening etk.
units for Bth. lee % i Ay, c- value ¢cost
- upentng etk. Mkt. Price « M.P.C.  of prod. 11
Mpentng stk.
units * units

Costs _

Men. Fixed Msrket.n, Selling Other Fixed

Coflft,

Above

Average Unit Total Other

Ver. EaPi,

81 *00
90 656
184 7fift
174 5%5
326 810
346 450
371t 741
406 845
436 275
JIILWF—

other Ver.
rosu a
unit sales

P. %»

Other Ver. rmduct Plant Investment
Irgte GSfits-——-—--W 6_ _kilt
Above Above
TnveibnCT?
Credjjnre
L ONO)
1 305 Ofift 1 00ft HOC m wm
1 532 Ift« 1 *32 flOS Mm
2 738 030 1 147 50ft mm
4 47ft 313 3 543 3fift in Mi
5 302 100 4 171t 773 25ft
ft 663 ftd3 4 385 613 1 033 OVit
ft 204 677 ft lift 7«7 I 137 14ft
ft 362 91* I 383 121 1 181 250
ft 376 *M 5653 275
6jyL«i t injKi
Unite lot etk. Tureo”et C'el of kreft
* syveriK * i 12 i Punch. %
unit cost x * Dt liUir
(r m. ¢W. 1L Period Creditor e



OTnwe srrf Caleulatlmt of Internal Rate of R.turn .nd Net Present Value for Simulation Kurnber. £

Cost of Coat of Profit before Ts* Debtors Inventory
XtSi PrpfiKrto* Fair* Deo. If Tarn Payable Creditor* Etr. Investment Yewr-Kiri
0 0 0 0 0 0 0 500 ooo 1 780 000 6 750 000
i 5677 200 6 506 0i)0 4 69* 363 .11 %1 - 1 448 418 725 840 1 305 069 1 831 *87 1 131 487
2 i 660 393 6 179 976 6 516 021 - 7*0 803 - 793 916 846 675 1 532 196 1 887 141.8 158 625.8
3 iv 761 in 11 713 6*0 9 85% 941 . 441 761 663 003 1 609 445 2 738 030 -1 481 734.8 807 234.5
4 IT 131 242 19 327 653 16 123 141 - 129 718 528 1%4 2 671 *36 4 479 313 - 1381 107.5 1 140 184.8
6 19 704 914 22 712 400 18 067 890 63 273 480 989 3 191 527 6 302 100 800 326.5 375 608.5
6 20 661 561 23 921 520 20 390 209 - 412 383 - 530 584 3 352 533 5 663 949 311 331.5 242 124.8
7 22 742 9%¢ 27 961 16a 22 337 2*0 1 632 GOC 630 846 3 969 618 6 204 877 571 183.5 482 5%6.6
6 23 025 159 29 362 4*3 22 904 613 2 465 348 8*0 631 4 231 *63 6 362 918 444 335 717 107
9 22 867 293 30 *30 592 22 956 749 3 %12 572 I 531 521 4 503 910 6 376 904 838 171 1 287 884
10 24 740 703 33 80S 390  :4 433 090 5 280 780 63 466 4 960 619 6 786 991 8W5 341.8 18 067 415
5. Prtrrml'.v.tton C,*h  Flow r 8% monthlv Pecrt«< LHrackof 7T:Qrt*vM InTlggD
EEIi<8 5 6 7 6 8
Rrnflt <s+ ebnve) 55 9%2.5 55 8%2.5 380 461.8 380451.5  220660.5 220660.8 64858.0 64 658.0 (31 630.5*%
Prmtshmal T*t <724 208.0) (714206.0) (386 856.0)<386866.0) (316501.5) (316 SOL 5) (264 083.0)
Ts* Adtuetmrnts (1 448 416.0) 684 500 140 813 14 K
Istil 55 9%2.5 (I 762 172.5) (333 756.«& 476 422.5 1176 077.6) (120 729.5, (261 642.5)(170 812.5)
Trrmu
Detv.ore/CreilUori 362 870 362 870 61 367.5 61 367.9 380 3%*5 360 368 531 186.6 531 186.8 258 648.6
Imenlory 500 000 402 5343 402 534.3 113 563.5 113 563.5 602 817 602 *17 670 641.6 670 641.6 411 383.5
Issti 821 487 607 241.5) (16* 825.6) 1 461 714.5 807 214.5 1 161 107.5 1 140 184.6 600 326.6
¢ THhm AMrt> 1 750 000 5 250 000 1 010 000 510 000 50 000
Termliwl Sah acr Value
IShil 750 000 5 750 000 1 831 4*7 1 331 4x7  Tf»>ST MLSMIM 1TufTM .S 107 224.» 1 2*1 :07.1 1 140 1%4.2 50% 11*. 2
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Termlnel B.K.V

Httlvac* Value# end T»»
Allowance «o LkiuWeiloo

of A#tte-»

Went 4 Equlpmeoi Hulid Inc*
BK.V. AHowenw B.K.V.  Allo»*Bce
* M1 000 I MI 111 e»i »oe M 100
1 100 000 MO 150 11 010
SO 000 I IM lit 11 010
1It* > 1
1 174 170
1 It* 170
0il 131
Building* Motor Vehicle*

Motor Vehicle*

Debtor*/’Creditor*



158
-1 481
- 807
-1 2%
«1 140

175
- 310
242
572
492

717
038
12%7
*93

g W7

241.5
*20.1
724.5
221.5
107.5
1M.S
320.5
500.5
3215
124.5
101.5
5*8.5
335
107
171
904
341.5

m —

- 54% 003

. V. Factor#

1,030
1,000
0.962
0.%26
0,*91
0,857
0.906
0,772
0,740
0.70*
0.670
6,850
0.623
0,596
0,538
0,513
0,490
0,467
0.445
0,424
0.404
0.3%6

8%

1%

10%

PV,

11*
TO
761
232
3*7
136
17*
623
048
607
330
244
198
144
307
232
217
334
417
546

361

3 "k

9

633

rw. the hast* of the ihote cslcolstlon# one c*n etete :

The reeulte prodoeed 1+ the Profprnmme were t

Net Present Value fai - 7 83*

250
000

*00

020
258
721
0*1
037
306
*40
69*
290
8%0
4%6
092
716
0%3

66*

Set Preeent Vtlue 10 »- 7 033 08*

1%4

-11

internal Rate of Returnla hetween i-0,01%

factor

0.00

1.04
1.05
1.05

1.06

1.07

1.06
1,00
1.0#

and -0,00%

Present Value

732
750
840
344
58%*
162
606
831

332

336
$<6
612

527

174

723

inionwl ItLte of ReturnI* grvter than -1%#mu !<e« then eero%

600
000
802
602
3*6
002
576
441

*02
343

2%6

652
247
070
682
476
606
670
876
830

445

-4% rector
0,0075
1,0800
1,0825
1,0050
1.0675
1,0108
1.0126
1,8151
1,3:76
1.0202
1.0227
1.0253
1.6278
1.6304
1,0330
1.0356
1.03*%2
1.0406
1.0414
1.8460
1.04%6

1.0512

Present Valot

-1 745 030

w

750 000
-1 840 006
-1 338 144
1 36*% 021

160 414
-1 400 141
- 810 414
-1 303 655

-1 163 226
- 3*%5 010

140 4*3
591 076
510 125

746 365
076 0*0

1 347 200
03* 655

I* M-gg*

_m £6

nmm



telsl Caah Dow
i -1 300 000
0 3 CM 000
1 -1 7%0 372
) «1 2%6 372
3 1001 213
3*3 3%7

5 -1 344 204
# #03 2
7 -1 %03 13
- 734 510
s - 327 <37.
10 455 220
1 $70 053.
12 042 333
3 900* 61+
14 0 021 597
13 540 003
10 # 761 1*1
17 a *20 003
13 10 031 *30
10 0 0%0 734
20 10 427 (40
21 9 334 070
22 10 300 710
s 00 10
34 31 387 020

PrWw «t

o» n,«r!l._j?r_»lnn.t,ttoa

Wop.v, r*pttn
1,030
I 000
0062 &6
0.J26
0801
0,837
036"
0.772
0.740
0,708
0,679 0%
0,630
0,623
0.3%6
0,330
0,513
0,4%0
0,467
0.44E 10%
0.424
0,404
C 3%
0,334
0,317 11%
0.301

02*

On the bealt of the above ratculatiofie »"* r*n *¥kxx |

Il tn’rrl.1 JU* m H.rur. I. CTMler Ihmr 111 »nd
H Siverwit Miw - #5 »4y *e

W.E;

-1

5

1

1

3

55"
000
690
172
IM*
336
0*3
620
742
320
222
205
234
3%2
363
089
2%9
063
923
253
*72
024
124

9

*46
216
448
501

13*

033
330
993

656

301
496
2%1

*37
560

723

363/ Kt

80766*8

Irt

Nun,ber_

321

11

31% factor Pr*#*nl V*IQf
-1 23 300 1.145 -1 717 300
5000 000 1.000 -8 000 000
1 536 916 0.874 -1 343 9%4
- 060 062 0,713 966 394
701 316 0,667 700 831
221 327 0**3 224 70?
- 672 147 0,500 . *84 346
© 349 430 0.445 - 337 463
- 370 187 0.3*%0 - 300 221
- 241 634 0.340 - 210 733
33 178 0.207 - 07 249
113 805 0.250 117 902
81 734 0.226 $r t/4
121 405 0,10* 127 196
1 644 822 0,173 1 724 571
1 41* 76* ..<81 1 49*% 161
<3 *63 0,112 - 77 990
039 75% 0.113 1 000 661
*29 163 0,101 800 Oil
*23 *10 0,0%8 8%2 *01
654 '62 0,077 600 911
646 476 0,067 608 612
B 18 0.050 331 043
4%3 533 0,051 535 536
413 710 0,945 434 072
0,030 *m]M
341 330
1>. r*»'M prmduc?l by Uw Prepim m . wer, :
Intern.] Ry»lr ml Krbirii I. Iwlwwe 111 Md 11.tA

r

N.l Prreent V.lu. I

M M1 11®



BKi

Villd.uloo
SssM
-i
0

i

22
£4
24
24
2#
21
2#

30

it fXMfW# R«*»r»

I»% factor*
1.000
0.933
0.170
0.311

»i .07233)

0,03#
0.013
0.572
0.533

0.4.12

«m

Toni

Cash Flows

497
992
#90
390
111
221
473
912

350
109
010
540
034
700

190

*36
753
349
92%
979
061

500
450

119

905
5%9
21#
g
143
1*0

rw *f..

*1 497

-4 667

M1

- 50

235 043 470

300
936

99

? 756

059

970

#2.

where i ».V. - ihrewet v«l*

T.V. - Termlnrl Velu*
oemf - Kiaajta c -1
il 1*37400

(1em) <+ 81 I»S«7T34

01wy 400 log (14 m) - L1014 ; L.
© 0,0416851
4% mi o+ 1,1007
m - 0,1007

r < 11,11%

At per Computer Program mo :
1| Initial Invettment i 11 000 ISO
SI Terminal Vehie | *16 041 500

11 E mected Return on Total Funda i 11,1 %per I

Therefore. with the reception of rminding error#

Computer Output ValMaled —



MANUAL AUDIT OF I.R.O.R. STATISTICS

Mean 1.R.O .R.

Coefficient cf

Variation

2 600 / 100

26.00 percent

1
114,39

10,695 percent

10,695 / 26,00

x 100



MANUAL AUDIT OF N.P. v.

Mean N.P. V.

Standard Deviation

Coefficient of

Variation

Profitability Index

STATISTICS

-V.C.

kS

28

28

16 197 500 / 1ICO

161 975

929,97

211,96690

21

21

75.27 percent

28

196 690

10

196 690 / 28 161 975 x 100

161 975 +
1,039(1

1.039(1 497 500) + 4 992~ 450
497 500) + 4 992 450



MANUAL AUDIT OF CASH FLOW STATISTICS

Proof for Period 5

Mean 111 307 334
100
= 1 113 073,34
Standard Deviation /N - x2) N

>1

8
11l 372 866,58 - 1 238 931.5) 10
90

10 J 342,7777

185 142

"With the exception of Rounding Errors, Results agree with
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