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CHAPTER 1
INTRODUCTION

Economic decisions regarding capital investments involve choosing
between different proposed alternatives. Each of these alternatives
includes events and outcomes that would occur in the future. In making
such decisions, there is always an amount of risk involved regarding the
future outcomes of the different alternatives. The amount of risk
involved is an important consideration in the evaluation of the proposed
investments. Neglecting the risk may result in faulty decisions,
Furthermore, risk infotmation permits management to weigh more precisely

the possible consequences of the proposed investments.
1.1 Research Objectives

The major objective of this research is to develop a simulation
model that can be used for the understanding of the risk inherent in
investment decisions as well as quantifying that risk. The risk'in—
volved in an investment is then included in the selection criteria for
new investment opportunities. 1It. can also be considered iﬁ the ordering
and ranking of competing investments.

In general, some analysts may present the results of their evalu-
ation of an investment opportunity in the form of the net present value
(NPV) of the investment for a given minimum acceptable rate of return

(R/R). Other analysts present their results in the form of a rate of



return that the investment opportunity is expected to realize.

Different decision makers would favor one of these two criteria, or
another one, as a measure of the acceptability of the investment oppor-
tunity. Based on the author's preference, this research utilizes the
net present value as the measurement criterion. Arguments in favor of
one criterion against another are not the subject of this reséarch. The
model, however, can be extended to provide the rate of return and/or
other criteria if so desired.

Estimates of the economic parameters of an investment are not the
only factors that affect the acceptability of the investment:. Other:
factors, quantifiable and non-quantifiable can be more critical to the
extent that economic justifications become unimportant.

Uncertainties about future outcomes of some of the economic param-
eters of an investment can further complicate the decision making
process. The net present value and the rate of return calculations are
based on complex compounding formulae that give the resultant of the
interaction of the different investment components. This complexity
makes it difficult to include uncertainty assumptions about the invest-
ment components in the final estimate of the NPV or R/R in a neat closed
mathematical formula. Research literature was published giving dif-~
ferent formulae or rules for investments under uncertainty for special
cases and/or simplified assumptions (see Chapter II). However,
solutions to special cases cannot be generalized for many of the
practical applications. Simplifying assumptions can result, in most
cases, in changing the characteristics of the original problem

making the results of the simplified model in many cases misleading.



Simulation is an effective technique for generating the convolu-
tions of different probability distributions. This research will
utilize simulation in generating the parameters of the resulting dis-
tribution for the NPV of an investment. The NPV distribution is the
convolution of the investment's components' distributions.

The resultant NPV distribution can be used as the basis for
comparison with other competing investments. The parameters of the
NPV distribution can also be substituted in the utility model of the
investor to obfain the utility measure of the investment. Different
utility models are available in literature and can be used for the
purpose of investment evaluation and selection. The model presented in
this reéearch will include some of these utility models for evaluating

an investment opportunity if so desired.
1,2 Scope of the Investigation

This research is directed toward developing an integrated simu-

lation model that would:

« Determine probability distributions of investment componenfs'
parameters based on empirical data.

+ Simulate the investment's future cash flows to give the distri-
bution of the NPV (which is the convolution of the distributions
of the different components and their mathematical relationships)
as well as its parameters.

» Evaluate the investment's utility based on different utility
models to provide a common risk measurement among competing

investments.



The system presented here, UPFAR (Hﬁility Program For Analysis of
B;sk), is therefore divided into four major parts:

1. Probability Qiﬁtributibn Fitting Program (PRODIP),

2. General Utility Simulation System (GUSS),

3. Investment Problem Model Routine (INMO), and

L.  Routine for Utility Measurement (RUM).

1.2.1 Probability Distribution Fitting Program

(PRODIP)

Determining the probability distribution of an investment parameter
is an important phase of risk analysis. In some cases, empirical data
of previous experiences with similar parameters do not exist. In such
cases, subjective probabilities or distributions may be used. In other
cases, historical data exist. In these cases, these data should be
used to determine the best distribution that fits these data. The
PRODIP module presented in this research generates the distributioen from
the Pearson family that best fits the data. Furthermore, if it is felt
that a particular probability distribution (normal, Weibull, etc.)
should be uéed to represent the parameter, the algorithm, when in-

structed, would give the best fit to the data of that distribution.

1,2.2 General Utility Simulation System (GUSS)

GUSS is a general purpose Monte Carlo simulation system. GUSS
is responsible for sampling from the parameters' distributions, linking
the data to the Investment Problem Model Routine (INMO), performing all
tﬁe necessary housekeeping of data and results, and presenting the final

results with their distributions and parameters. It also, if requested,



would link with the Utility Evaluation Algorithm (RUM) to present a

final pricing of an investment opportunity.

1.2.3 Investment Problem Model Routine (INMO)

INMO is the routine that gives the performance relationships and
model of the investment problem. The routine presented in this research
can be used to solve a wide class of investment problems. However,
special problems may require special réutines that can be developed. -
Linkage of an investment model routine with the Simulation Model is a

simple task, which is a characteristic feature of GUSS,

1.2.4 Routine for Utility Measurement (RUM)

RUM is the routine that includes different utility functions that
may be used to calculate a utility value for the investment under study.
Three utility models are included in RUM. The distribution parameters
of the net present value of an investment are entered into RUM, RUM
generates the different utility indexes. These indixes are used in the
decision making process for determining the acceptability of the

investment.



CHAPTER 1II

RISK ANALYSIS RESEARCH DESCRIPTION

AND LITERATURE REVIEW
2.1 Classification of Risk Analysis Research

Risk in projects was recognized by conventional management in their
decision making process. Lacking the models to account for the risk in
the analysis, investment problems were initially solved as deterministic
to estimate a most likely outcome and then augment the analysis by:

. * Using a shorter payout period for recovering the initial
investment.

* Using a higher rate of return than is normally accepted;

Using conservative estimates of the.uncertain variables.

Such heuristic approaches, however, may be critiqued as being
misleading to the investment decision making process. For example, a
highly optimistic estimate may;be disasterous while a very conservative
one can result in missing a profitable investment opportunity.

Mathematical models and simulation techniques cén be used to
evaluate a measure for the risk in an investment. When considering
investment problems, two types of models are to be differentiated. These
are the investment analysis models and the investment selection models.
Investment analysis models do not include, within their formulation,
criteria for comparisons between the different investments among

themselves or against a standard. They rather evaluate the risk in an



investment. Investment selection models, on the other hand, take the
.risk measurements of the different projects, process them in the
selection criteria for selecting these projects to be included in the
investment portfolio. The research presented in this paper concerns
itself to the investment analysis area.

Risk énalysis models are investment analysis models that deal with
cases where some of the cash flows of the investment are stochastic
rather than deterministic. For risk analysis problems with independent
cash flows, estimating the mean and variance of the NPV of the investment
may be a simple task. However, when the cash flows of the investment are
functionally and/or time dependent, the problem becomes more complex and
would not lend itself to a mathematical model.

Mathematical models have been developed which utilize higher mathe-
matics and theory of probability. Although theoretically sound, these
models have not been widely implemented. This can be attributed to the
assumptions and approximations they included to make the problem mathe-
matically manageable. Such assumptions and approximations resultAin
final solutions that are not representative of the original investment
problem.

Simulation models have been tried by researchers and different
‘simulation models were developed to solve the complex risk analysis
problems. However, available models lack the integration of evaluating
‘the probability distributions of the investment components, the simula-
tion model and common measures of risk that can be used for investment

selection. This is the major thrust of this research.



2.2 Previous Research

The Risk Analysis Library is rich with research. This section
will not give an exhaustive listing of this library but will rather
list important models.

English [1] and Solomon (2] proposed a variable discounting rate
of return function to compensate for risk in investments. Hillier [3,
L, 51 developed an analytical model for risk analysis using,probability
theory. Hillier's model, however, assumes that the cash flows are both
functionally and time independent to generate the expected value and
variance of the investment's NPV, Hillier [3] also proposed an extension
of the modelvfor the case when some of the cash flows are time dependent
but functionélly independent. Canada and Wadsworth [6] developed a
semi-graphical method as a solution to risk analysis problems where some’
of the cash flows are partiaily cﬁrrelated functionally within a period,
but perfectly correlated as to like cash flows among periods. Continuous
compounding is used in this model to get a differentiable NPV funétion.
The assumptions of time-invariant cash flow streams and the restriction
to a one time investment at the beginning of the project life limit the
application of the model. Horowitz [7] developed a model for the same
case but for different cash flows. A major conclusion of the Horowitz's
model is that it showed that the resultant NPV of the project'was not
normally distributed. Other studies either assumed normality directly
or that normality was approached by the addition of the cash‘flow stream.
Hess and Quigley [8] used Monte Carlo simulation to evaluate investments
with independent cash flow. Hertz [9, 10] gives basic considerations
for applying risk analysis in project selection. Bussey [11] used GPSS

to simulate a special problem where the periodic cash flows are not



perfectly correlated, but are time-~related through an exponential growth
function. Bussey [12] also developed a quartic utility function
including the first four moments of the NPV distribution as a general
function describing both risk-averse investors and those who are not
risk-avoiders. Reisman and Roe [13] developed formulae to evaluate

investments for some special stochastic cases.



CHAPTER TIIX
RISK ANALYSES CONCEPTS
3.1 Risk Measurement

When the parameters of an investment are all deterministic, one
can use any of different formulae, developed in engineering economy
references, to evaluate its worthiness. Similar formulae were developed
by Reisman and Rao [13] for some special stochastic vafiations of the
problem. To eva1uate the risk in an investment, the following

general model can be used:

n
= -t
NPV = Yt (1+r) (3.1)
t=1
where:
NPV = Net Present Worth of investments,
n = life of project,
r = company's minimum acceptable rate of return,
Y, = vector of cash flows at period t,
= [y ] , k=1, 2, ..., m, and
k¢
m = number of different types of cash flows.

As an example of cash flow types for model (3.1), y, can be investment

in land, Yo working capital, y_. investment in a certain type of equipment,

5

le revenue from certain sales, etc.

10
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A cash flow, Yo does not necessarily have to be a simple random
Evariable, but can be the resultant of the interactién of different
components, compounded together with simple or complex relationships.
These components can assume deterministic or stochastic variables,
dependent or independent. The life of the project and the rate of
return of the company may also be assumed as random variables. As a
result of these possible stochastic parameters included in the NPV
calculation, model 3.1, the fésulting NPV is also a random variable.
The distribution of the NPV is dependent on the distribution of its
component elements. Assumptions have been made by different researchers
that the NPV distribution is normal. Such aésumptions,can sometimes be
cérrect. However,'the normality assumption is not generally true as in

Horowitz's model [7].
3.2 Investment Selection

After determining the distribution of the NPV of the different
investment opportunities, two major decisions may be involved:

1) To accepf or reject the project.

2) If accepted, to rank those projects that are acceptable.
In the absence of a utility function, against which all projects can
be evaluated, the acceptance or rejection of the project and the ranking
of projects by the decision maker will be subjective in nature. However,
consistent with a rational decision policy, the acceptance or rejection
of a project "A", and the preference of a project "B" over "A" may be
decided according to one or more of the non-exhaustive set of rules

outlined in the following paragraph.
Denoting:

f(x) = probability density function of X,
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mi(x) - i*™M moment of X,

E(x) = expected value of.x,

0(x) = standard deviation of X,
ﬁ; = maximum acceptable ratio.on x,
Ex = minimum acceptable ratio on x,

V = Net Present Value, NPV,
L = Loss,

G = Gain,

|
m

maximum acceptable loss

o
nl

minimum acceptable gain,

D £ odds of gain,

D = minimum acceptable odds in favor of investment,
U = Utility,
U = minimum acceptable utility.

3.2.1 Rejection of an Investment

Investment 'A' may be rejected if one or more of the following
conditions occur:

a) Minimum acceptable NPV

E(V,) <¥ (3.2)
where E(V) = S vV £(V)adv . (3.3)

b) Maximum tolerable variance ratio

o(VA) _
V) > R, (3.4)
( A
where
2w = L v r(wnav . (3.5)
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c) Maximum allowable expected loss

E(L,) >L : (3.6)
where ©
p :
E(L) = |v]swav, (3.7)

d) Maximum allowable loss ratio

E(L,) _
5V Re (3.8)
A
e) Minimum acceptable gain
EG,) <& (3.9)
where ©
E(G) = (\’ vV £(V)av . (3.10)
s v
f) Minimum allowable gain ratio
E(GA)
e
E(VA) BG' (3.11)
g) Minimum odds on gain
D <0 (3.12)
where
_ p(G) ,
D= o (L) (3.13)
and 0
p(L) = * f£(V)av (3.14)
- -]
X
p(G) = ", £(V)av . (3.15)
0

h) Minimum acceptable utility
u, <Uu. (3.16)
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3.2.2 Ranking of Investments

Investment B is preferable than A if one or more of the following

conditions occur:

a) E(VA) < E(VB) (3.17)
o(v.) o(v.)
A B
b) > (3.18)
E(VA) E(VB)
c) E(LA) > E(LB) (3.19)
E(L,) E(LB)
A : ‘
d) > (3.20)
E(VA) E(VB)
e) E(GA) < E(GB) (3.21)
E(G,) E(G.)
A B
f) < (3.22)
E(VA) E(VB)
g) DA <DB (3.23)
h) : u, <uy - (3.24)

3.3 Utility Models

When a utility function that represents the investor's attitude is
available, different investment opportunities are evaluéted against this
function. An investment opportunity is accepted if it scores higher
than a minimum utility measure decided by the investor. Also, aprbjeCt“A?
is preferred to project“B”if the utility of "N is higher than that of*B.

Different utility theorems and models have been developed by
researchers. To discuss these models, let us define the following

nomenclature:

E(U) = expected utility of the return of a particular portfolio,

W

mean return for the portfolio,
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m. = ith moment,
0 = standard deviation of the return for the portfolio,

a,b,c,d = constants, and

U(V) = utility of V.

3.3.1 Hicks and Allen

Hicks and Allen [14] constructed a theory of consumer behavior
without assuming that utility was a measurable quantity. Their ordinal
utility theorem is based on the assumption that a consumer has a scale of

preferences when ranking different collections of goods.

3.3.2 Marshal

The cardinal utility by Marshal [15] recognizes that utility is a

psychic quantitj which is measurable and quantifiable.

3.3.3 Von Neumann and Morgenstern

The utility theorem of Von Neumann and Morgenstern [16] is based on
a series of axioms of rational behavior for assigning utility to monetary
payoffs with varying degrees of risk. According to the theorem, |
a series of gambles is presented to the decision maker and his responses

are then plotted to define his utility function.

3.3.4 Markowitz

In his Security Portfolio Selection model, Markowitz [17] used a

utility function of the form:
E(U) = b -a * a® (3.25)

where 'a here is the coefficient of risk aversion.
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3.3.5 Farrer and Freund

Farrer [18] and Freund [19] used a utility function of the form:

UV) = 1 - 2V | (3.26)

3.3.6 Cramer and Smith

Cramer and Smith [20] used a model of the form:

b
ElU(V)] = p - a0” 1° (3.27)
where I is the amount of investment in the project and

b= E(V),

" 3.3.7 Bussey

Bussey'[llj developed a quartic utility function as a general model
for both risk-averse investors as well as non-risk avoiding ones. His

model includes third and fourth moments as follows:

3. dv4 (3.28)

U(V) = av - bV2 4 ¢V
5 E[U(V)] = aB(V) - bE(VZ) 4 cE(V?) - dE(V)* (3.29)

where A,B,C,D are constants. Substituting for:

E(VZ) = 0% 4+ u2 (3.31)
E(V) = 30% + w0 + m, (3.32)
E(V) = ut .+ 6022 4 bmp + my (3.33)
5Bl = sapt 4 o’ - r6ad?)p?

+(a+3002-4dm3)u

-(b02—0m3+dm4) (3.34)
where

= E(V) (3.35)

E(V-p)? (3.36)

QqQ
n
]
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E(v3)

m

3

(3.37)
A
m, = E(V") . (3.38)

Utility functions have been critiqued for different reasons.

Swalm [21] questions the stability of utility functions over time.
Raiffa [22, 23] and others indicated that utility models are normative,
indicating how the decision—maker;s behavior should be rather than how
his actual behavior is, It should be commented that utility theory
applicationé have not matured and further research is still needed in

this area.
3.4 Probability Distributions

A majorytask in risk analysis is thé assignment of probabilities
and distributions to the different paraﬁeters of the investment problem.
Appropriate considerations should be given to the physical processes that
‘govern the propertiés of a given distribution function before assigningit :
}to a stochastic variable, e.g., continuous, discrete, etc. Three approaches
could bevused for assigning probabilities depending on the probleﬁ:
a) In some cases, the shape of the probability distribution
of the stochastic variable is assumed based on previous
experiences or speculations about the variable. The
statistical parameters of the assumed distribution are also
assumed in.the same manner.,
b) In this case, subjective probabilities may be estimated
or assumed based on previous experiences or speculations about
the variable. These subjective probabilities can be used
discretely, interpolated for simulating the continuous case, or

can be used as the basis for a maximum entropy distribution

assumption.
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c) In cases where empirical or historical data are available,’
these data can be used to determine the frequency or
probability distribution of the stochastic variable under
study.

Three methods are available to generate a distribution for a

stochastic variable based on the available information,

3.4.1 Maximum Entropy Distributions [24]

Based on Jaynes' principle of maximum entropy, the minimally pre-

judiced probability distribution is that which maximizes the function.:
| <
= - ; m . .
¢ /P np, _ (3.39)
i

i
where $ is the entropy and 1 is the probability of outcome i. Now let us
denote: P, = probability of X and E@() = expected value of x. The maximum

entropy formalism gives the different distributions that fit the available

information.

a) Using only the information that
m

EZ P =1
k=0

(3.40)

the uniform distribution would be the minimally prejudiced
distribution for this information.

b) Given the information that

o0
o
L P =1 (3.41)
k=0
and
<

the Exponential distribution is then the minimally

prejudiced distribution for this information.



c) Given the information that

=
o pk =1, (3.43)
k=0
(]
T (3.4k)
k=0
and ©
b % =EGT) (3.45)
=0

The Truncated Gaussian distribution is theminimally prejudiced

for this information. In the case when the range of x is
- ®= x < o the distribution in this case is the Normal
Gaussian.

d) Given the information that

k=0
;_Pk X = E{x) (3.47)
k=0 ’
b dnx_ =Elinx) . (3.48)
k=0

The Gamma distribution is the minimally prejudiced distribution
for this information.

e) Given the information that

o= X =1, (3.49)
1
Cop =1, (3.50)
K=o K
1
. P inx =E{nx) (3.51)

k=0
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[ e

p In(1-x ) =E@n(1-x)) . (3.52)
k=0

The Beta distribution is the minimally prejudiced distribution

for this information.

f) Given the information that

/ P =1 (3.53)
i=1
Voo m (on (3.54)
& Tk =Bl o
L Py xﬁ =E(xi’) . - (3.55)
i=1

This leads to a family of distributions of which the Weibull

distribution is a special case.

3.4.2 Fitting an Assumed Distribution

Having empirical data about a given parameter, one can try to fit
ithese data to one or more of the known statistical distributions.. The
acceptance or rejection of a specific distribution to the data can be
based on statistical tests for '""goodness of fit." Let us denbte:

g(x)

probability density function for continuous distribution,
p(x) = discrete density function,

H(x)

cunulative distribution function, and

.t . . .
m i h moment of the distribution.

i
Following is a list of possible statistical distributions and the

estimation of their parameters from sample data.

a) Uniform Distribution:

1
g(x) = o (3.56)



a<x<hb
b) Exponential Distribution:

g(x) = Xl exp (- Xix)

x>0

A ='_1... >0
m

1
c) Normal Distribution:
2
1 ro (x=p)
glc) = exp|- __2_x_>

2m

O'x 20‘x
- ®S vy < »
- o L <

Ky
. >0
x
d) Lognormal Distribution:
o /y-k 2
1 177"y -
gly) = expg-?\ oy )
27 Oy - -

y = Qflx

x>0
- o <L y < oo

oy > 0

e) Fisher-Tippet I:

g(x) = a expl-y -exp(-y)]
y = o(x = ux)

-~ oy <®

{€11/Sx >0

- o< ux = m, - 0.577216649/q <

Q
I

(3.57)

(3.58)
(3.59)

(3.60)

(3.61)

(3.62)
(3.63)
(3.64)

(3.65)

(3.66)
(3.67)
(3.68)

(3.69)

(3.70)

(3.71)
(3.72)
(3.73)
(3.74)

(3.75)
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f) Fisher-Tippet I1:

o(x) = - xp{:(x/rn'Y (3.76)
Bx/3) 7Y
x ' it (3.77)
=Y
k N L;( nx. )f
Y > 0; where . i (ﬂﬂx )f 2 (3.78)
] . Y ‘,__ k .
i=1 ; xTY £
s B
k
B > 0; where %-— BY—l 2 <Y £, (3.79)
i=1
g) Weibull Distribution:
D o
g(x) = t%/ expm-—]-es—_J - (3.80)
L; Y(@ﬂx.)f K
Ti=1 (A TR -
Y >0; where B K -y WLL (Jlnxi)fi o= 0 (3.82)
XY f. ],::1
i i T
i=1
k
8 > 0; where 0 = ‘ XZ fi/N (3.83)
i=1
h) Beta Distribution:
[ . ) a1 8-1
g(x) =Fo0 (9 * (1-x) (3.84)
c=x<1 (3.85)
(1 - b )
= et [X(1-%) = 2] >0 (3.86)
02 b d
X
xe

1—x



i) Poisson Distribution:

-m X
e m

x!

p(x) =

X = 0,1,2, coe

m = m, >0

J) Truncated Poisson Distribution:

-m X \
p(x) = == B

X = 1,2,3, es e

m >0
where
m/(1-exp(-m)) = m,
k) Binomial Distribution:

(n\ -x

p(x) = \xj pr (1-p)”

X = 0,1,2, eaeqy N
n = 1,‘2,3, coe

0£p51

1) Negative Binomial Distribution:

r?x+k)f?k) k x
p(x) = ———;C-T—-———p (1—p)
x = 0,1,2, ...
m2
1
k = — >0
Mo™My

0S5 p= k/(k+m1) =1

x! \1-exp(-m))'

(3.88)

(3.89)

(3.90)

(3.91)

(3.92)

(3.93)

(3.95)

(3.96)

(3.97)

(3.98)

(3.99)

(3.100)

(3.101)

(3.102)
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m) Truncated Negative Binomial Distribution:
r ar '
p(x) = &;{-k—)- T ‘;i_pk(1-p)x/(1-pk)_! (3.103)
X = 1,2,3, .un (3.10k4)
m N
AN _1.)5
N, = frequency of X =1) (3.106)
k = (pm1 - N1/N)/(1 -p) >0 (3.107)

3.4.3 Pearson System [24, 25, 26]

Pearson showed that a group of distribution families can be
generated as a solution to the differential équation:

d g(x) _ (x-a) glx) (3.108)

— z L ]
dx bo + b1x + bzx + ees

Each family of these distributions can be generated by the proper.
choice of a and bi's, the Pearson Parameters, which are a function of
the sample moments, The solution of Equation (3.108) leads to a large

number of distribution families, including the normal, Beta (Pearson

Type 1), and Gamma distributions (Pearson Type III). The mode of the
Pearson distribution is at the point x = a.
Pearson derived thirteen distribution types representing the

continuous distributions of the statistical theory. These are:

. m ) m
fype T g(x) = k<1 + f-—) ! (1 - f—) : (3.109)
1 2

- < < .1
a, x < a, (3.110)



my, m, > -1

This is the Beta distribution.

Type II: 2
g(x) ( )

[
=
-
|
|

(3.111)

(3.112)

(3.113)

(3.114)

The Rectangular distribution is a special case of Type II.

Type III: Ya
g(x) = k(l + 5) a X
a
-—as xs ©®
Y>o0
a>o0
This is the Gamma distribution.
Type IV: (0 - k(l 'EE)—m - . 1 ‘E\
9xr =R a \a
a
- S xS o
a>o0
>0
Type V:
g(x) =k x ¥ -r/x

(3.115)

(3.116)

(3.117)

(3.118)

(3.119)

(3.120)

(3.121)

(3.122)

(3.123)
(3.124)
(3.125)

(3.126)
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TYPE VI:

Type VII:

The t-distribution is a special case of Type VII.

Type VIII:

Type IX:

Type X:

Type XI:

q
g(x) =k x 11 (x - a) 2

m>%

-~m
= ( X
g(x) = k\l + =)

-—a<x=0

0O m= 1

il
>
0]

g(x)

This is the exponential distribution.

g(x) =k x "

bS x5S ©

m >0

(3.127)

(3.128)

(3.129)

(3.130)

(3.131)

(3.132)

(3.133)

(3.134)

(3.135)

(3.136)

(3.137)

(3.138)

(3.139)
(3.140)

(3.141)

(3.142)
(3.143)

(3.144)

26



Type XII: r -n
atx) = | (1 ;":)/(1 - %)J (3. 145)
- a, = x= a, (3.146)
Type XIII: 2 2
o(x) = k e”X /20 (3.148)
- ®S xS (3.149)
o>0 (3.150)

This is the normal distribution.

The Pearson distribution type is classified according to the

following Pearson parameters as measured from the data's moments:

2
M3
My
0,3 = 'FB: (3_.152)
m
A
B, = —% (3.153)
My
By(B, + 3)°
= Lp, - 38,)(2B, - 3B, - ©)
2 2
L (4B, - 38,)(108, - 128, - 18)" -8 (B, +3)7(88, - 98, - 12)

(38, - 28, + 6)[B, (B, + 3)% + 4(4B, - 38,) (38, - 28, + 6)]
(3.156)
where

mi = sample moment,
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d3 = measures the skewness of the distribution relative to its

degree of spread, called third standard moment,

BZ = relative measure of Kurtosis, and

dh = 82 = fourth standard moment.

The following criteria are used for classifying a Pearson

distribution:

Distribution
Type

I

IT

I1I

v

VI

VII

VIII

IX

XI

XII

XIII

Criteria
k <O
k=0,B1=0, 82<3

k:O, B1=0s 82>3

k <0, A =0, 552 - 681 -9 <0

k <0, A =0, 58,-6B,-9>0, 2B, - 38, - 6 <0
B1=4, Bz=9

k=1, A = 0, 282..351 >0

58, - 68, -9 =0

2

k:O, B1=O, BZ=3

3.4.4 Applications of Statistical Distributions

The following charts are extracted from Hahn and Shapiro [25] (by

28

permission) and give applications of different statistical distributions.



Distribution

Application

Example

Comments ,

Normal

Gamma

Exponential

- Beta

Uniform

Log-normal

Rayleigh

Cauchy

Weibull

Extreme value

A basic distribution of statistics. Many
applications arise from central limit theorem
(average of values of a observations ap-
proaches normal distribution, irrespective of
form of original distribution under quite
general conditions). Consequently, approp-
riate mode! for many—but not all—physical
phenomena.

A basic distribution of statistics for variables
bounded at one side—for example, 0 € =z <
. Gives distribution of time required for
exactly & independent events to occur,
assuming events take place at a constant
rate. Used frequently in queueing theory,
reliability, and other industrial applications.

Gives distribution of time between independ-

ent events occurring at a constant rate.
Equivalently, probability distribution of life,
presuming constant conditional failure (or
hazard) rate. Consequently, applicable in
many-—but not all—reliability situations.

A basic distribution of statistics for variables
bounded at both sides—for example 0 <
+ < 1. Usetul for both theoretical and
applied problems in many areas.

Gives probability that observation wilt occur
within a particular interval when probability
of occurrence within that interval is directly
proportional to interval length.

Permits representation of random variable
whose logarithm follows normat distribution.
Model for a process arising from many smalt
multiplicative errors. Appropriate when the
value of an observed variable is a random
proportion of the previously observed value.

Gives distribution of radial error when the
errors in two mutually perpendicular axes are
independent and normally distributed around
zero with equal variances.

Gives distribution of ratio of two independent
standardized normal variates.

General time-to-failure distribution due to
wide diversity of hazard-rate curves, and
extreme-value distribution for minimumof ¥
values from distribution bounded at left.

Limiting mode! for the distribution of the
maximum or minimum of N values selected
from an “‘exponential-type™ distribution, such
as the normal, gammu, or exponential.

Distribution of physical measurements

* on living organisms, intelligence test

scores, product dimensions, average
temperatures, and so on.

Distribution of time between recalibra-
tions of instrument that needs recali-
bration after k uses; time between
inventory restocking, time to failure
for a system with standby components.

Distribution of time between arrival
of particles at a counter. Also life
distribution of complex nonredundant
systems, and usage life of some com-
ponents—in particuldar, when these are
exposed to initial burn-in, and pre-
ventive maintenance eliminates parts
before wear-out.

Distribution of proportion of popula-
tion located between lowest and high-
est value in sample; distribution of
daily per cent yield in a manufacturing
process; description of elapsed times
to task completion (PERT).

Used to generate random values,

Distribution of sizes from a breakage
process; distribution of income size,
inheritances and bank deposits; dis
tribution of various biological phe-
nomena; life distribution of some
transistor types.

Bomb-sighting problems; amptlitude of
noise-envelope when a linear detector
is used.

Distribution of ratio of standardized
noise readings; distribution of tan 0
when 0 is uniformly distributed.

Life distribution for some capacitors,
ball bearings, relays, and so on.

Distribution of breaking strength of
some materials, capacitor breakdown
voltage, gust velocities encountered by
airplanes, bacteria extinction times.

Tabulation of cumulative values
of standardized normal distri-
bution readily available, Many
methods of statistical analysis
presume normal distribution.

Cumulative distribution values
havebeentabulated, Erlangian,
exponential, and  chi-square
distributions are special cases.

Special case of both Weibull
und gamma distributions.

Cumulative distribution values
have been tabulated. Uniform,
right triangular, and parabolic
distributions are special cases.

Special case of beta distri-
bution.

Special case of Weibull distri-
bution.

Has no moments.

Rayleigh and exponential dis-
tributions are special cases.

Cumulative distribution has
been tabulated.

Figure 1.

Summary:
Distributions

Applications of Continuous Statistical
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Distribution

Application

Example

Comments

Binomial

Multinomial

Hypergeometric

Geonictric

Pascal

Negative
Binomial

Poisson

Gives probability of exactly  successes in # independent
trials, when probability of success p on single trial is a
constant. Used {requently in quality control, reliability,
survey sampling, and other industrial problems.

Gives probability of exactly 2, outcomes of event i, for
i=1,2,...,kinnindependent trials when the proba-
bility p; of event i in a single trial is a constant.
Uscd frequently in quality controi and other industrial
probiems.

Gives probability of picking exactly » good units in a
sample of n units from a population of N units when
therc are k bad units in the population. Used in
quality control and related applications.

Gives probability of requiring exactly x binomial trials
before the first success is achieved. Used in quality
control, reliability, and other industriai situations.

Gives probability of exactly = failures preceding the sth
success.

Gives probanility similar to Poisson distribution (see
below) when events do not occur at a constant rate and
occurrence rate is a random variable that follows a
gamma distribution.

Gives probability of exactly « independent occurrences
during a given period of time if events take place
independently and at a constant rate. May also re-
present number of occurrences over constant areas
or volumes. Used frequently in quality control, relia-
bility, queueing theory, and so on.

What is the probability of 7 or
more *‘heads” in 10 tosses of @
fair coin?

Four companies are bidding for
each of three contracts, with
specified success probabilities.
What is the probability that a
single contpany will receive all
the orders?

Given a lot with 21 good units
and four defectives. What is the
probability that a sample of
five will yield not more than
one defective?

Determination of probability
of requiring exactly five test
firings before first success is
achicved.

What is the probability that the
third success takes place on the
10th trial?

Distribution of number of
cavities for a group of dental
patients.

Used to represent distribution of
number of defects in a piece of
material, customer arrivals,
insurance claims, incoming
telephone calls, alpha particles
emitted, and so on.

Can sometimes be approxi-
mated by normal or by
Poisson distribution.

Generalization of binomial
distribution for more than
2 outcomes.

May be approximated by
binomial distribution when
n is small relative to N.

Generalization of Pascal
distribution when s is not
an integer. Many authors
do not distinguish between
Pascal and negative bi-
nomial distributions.

Frequently used as approxi-
mation to binomial distri-
bution.

Figure 2,

Summary:
Distributions

Applications of Discrete Statistical



CHAPTER 1V
SYSTEM CONSTRUCTION AND VALIDATION
4.1 Preliminary Considerations

In general, a risk analysis problem is too complex to lend itself
to an analytical model. The model developed here uses Monte Carlo
simulation technique and FORTRAN IV, Simulation, with the availability
of high speed computers and low cost of computation, hés become an
effective technique in solving problems where analytical solutions are
untenable. Monte Carlo technique can be easily understood and imposes no
restrictions. FORTRAN IV is familiar to most analysts and its compilers
are standard software in most computer installations. These were
important factors in the choice of the simulation model presented .here.

Flexibility of the system is also an important factor, especially
in our case here where wide variatiohs exist among possible investment
alternatives. Modular design is therefore a major feature of UPFAR,
the system presented here. Another necessary flexibility that was taken
into consideration is the ease of interaction among the different

modules of the system.
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4.2 UPFAR: Utility Program For Analysis

of Risk —- Basic System Structure

The UPFAR package consists of four major modules serving the four

basic functions in a risk analysis study:

1) Probability distribution fitting: Empirical data that are
compiled from historical experiences are run through the
program PRODIP (Probability Distribution Program) to get the
best fit of a predecided distribution or, to get the best
probability distribution that fits the data.

2) Simulation: GUSS (gpneral Utility Simulation §ystem) samples.
from the different distributions, links with.the problem's
model, and performs housekeeping operations for inputs and
outputs.

3) Investment model: INMO (Investment Eggel) includes the
different mathematical relationships between the variables
of the problem under study. ' .

L) Utility Evaluation and Measurement: RUM (Bputine for Utility
Measurement) translates the probability distributions of the
output parameters into utility measures.

The functional relationships between the UPFAR modules is given

in Figure 3. In general, a risk analysis study goes through the

following procedure:

1) Collect data related to the different parameters to the problem.

2) Run PRODIP on these data to determine the best probability
distribution that fits these data.
3) Enter probabilities obtained from PRODIP, together with other

probabilities that may be estimated on a subjective basis



UPFAR

Stochastic, deterministiclvariables
and controls

Empirical '
Data '
Probability '
Distributions '
=z i
PRODIP
-‘rN/PV_ Samp}es
. . S
Utility Model GUS INMO

Coefficients Results
Utility |
Measurement ‘
RUM :
Output '
Distributions '
'y

Figure 3. Utility Program For Analysis of Risk (UPFAR)--Flow Chart
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into GUSS,

5) Run GUSS together with INMO (or any other special subroutine
representing the relationships between the investment
parameters) for simulation.

6) Enter the results obtained from GUSS, in the form of a
frequency distribution of the investment's NPV into PRODIP
to determine the best fit for these output data.

7) Run the distribution parameters of the NPV, as obtained
in step 6, in RUM to obtain a measure of the investment's
utility.

8) Make final decisions of whether or not to accept the invest-
ment on the basis of the above results and other relevant

information.

4,2.1 PRODIP: Probability Distribution

Fitting Program

PRODIP is a program that tries to find the best fit from a family
of statistical distributions to historical or empirical data. PRODIP
is a modified version of a UNIVAC 1108 program that was developed by
NAsSA [24].

PRODIP offers two options, one for fitting continuous distributions
to the data, and the other option fits discrete distributions (see
Figure 4).

Option A: This option of PRODIP tries to find the best fit out of
five of the Pearson family of distributions mentioned in section 3.4.3.
These five distributions are Pearson distributions types I, III, IV, VI,

and XIII based on the different moments of the data.



START

Calculate
Moments

YES

..

Pearson System

Find Best "Type" to Fit Data

i

OPTION A

Exponential

OPTION B

Fisher~
Tippett II

Weibul

Fisher-
Tippett II

OPB7=0

OPB4=0

Binomial

: Truncated
Poisson -
Poisson
OPTION C
Trunciated Negative
Negative Binomial
Binomial

Figure 4.

(PRODIP) ~- Flow Chart

Probability Distribution Fitting Program
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Option B: This option of PRODIP tries to fit empirical data to
one or more of the following seven continuous distributions, discussed
in section 3.4.2, as requested:

1)  Exponential

2)  Normal

3) Lognormal

L) Fisher-Tippett I

5) Fisher-Tippett II

6) Weibull

7) Beta

Option C: This option of PRODIP tries to fi£ empirical data to
one or more of the following five discrete distributions discussed in
section 3.4.2 as requested:

1)  Poisson

2)  Truncated Poisson

3) Binomial

4) Negative Binomial

5) Truncated Negative Binomial

While PRODIP offers these options to the users, it should be
reminded that the choice of any given distribution to the data should
be dependent on the nature of the variable and the physical properties
of the distributions. For example, if the variable can only assume
discrete values, it would be inappropriate to fit to it any of the
continuous distributions that are offered in Option B, or a Pearson
distribution, offered in Option A, which is also continuous. On the
other hand, if the variable can be satisfied with any one of the con-

tinuous distributions offered in Option B, one would then select the
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distribution that best fits the data as measured by the X2 or the

Kolmogorov-Smirnov tests provided in the program.

L.2.2 GUSS: General Utility Simulation System

GUSS is a general utility simulation system that uses Monte Carlo

technique.

GUSS is designed in a way that makes it easy to use as a

general purpose simulator for risk analysis studies as well as other

simulation problems. GUSS has the following responsibilities:

1)

2)

3)

k)

5)

6)

Accepts input data about the problem's constants, determinis-
tic variables, and probability distributions of the stochastic
variables as well as sorting and reporting controls;

Generates samples from the different probability distributions.
Links with INMO to calculate the resultant NPV (or other
parameters that are of interest) of the generated sample.

Each time the link is made with INMO is a one simulation
iteration.

Repeats steps 2 and 3 until the total number of desired
iterationé as given to the program have been completed.

Sorts the output results of the simulation and orders them in
a descending order, giving the probability distribution of the
output NPV measure.

Calculates different statistics about the output distribution

as well as a distribution summary.

GUSS is characterized by its simple linkage with a‘subroutine

representing the model of the investment problem (or any other simu-

lation problem). Figure 5 gives a flow diagram of GUSS.
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General Utility Simulation System (GUSS --
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has the capability of handling simulation problems having the

characteristics:

to

to

to

to

to

to

to

50 integer constants.

50 deterministic variables.

50 stochastic variables, continuous or discrete.
25 testing and acceptability criteria.

10 counters.

7 output parameters,

10 reports with 40 footnotes each, 20 of these footnotes may

have values calculated in the simulation.

- Up
- Up
- Up

« Up

to

to

to

to

1000 simulation iterations.
" 10 output reports on the simulation results.
10 sorts per output report.

5 output devices, disks and/or tapes for output parameters

detailed distributions.

4,2,3 INMO:

lgyestment Eggel

The variations between different investment problems is so great

that no one model can encompass all these variations. This was a major

factor in designing INMO as an independent module (a subroutine) that

links with GUSS through general names for the input and output variables.

The INMO model presented here is applicable to a wide range of invest-

§

ment problems that may have any subset or all of the following variables:

1)

Capital Investments:

a)
b)

c)

Working Capital.
Land.

Equipment and other depreciable investment items.

The following is allowed in the model:
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a) Investment items can be owned or leased.
b) A time lag can be assumed before the investment item
is installed.
c) INMO automatically replaces items that retire during the
life of the project with the same items.
d) Three depreciation methods are available: Straight Line,
Sum of the Years Digits, and Double Rate Declining Balance.
2) Sales and Revenues:
The following is allowed for each product:
a) A time lag until the product is introduced to the market.
b) A growth period to maturity volumes (1inear growth rate).
c) A price per unit for each product.
d) | A direct cost per unit for each product.
3) Overhead Expenses:
The following is allowed for each expense item:
a) A time lag until the expense is to be incurred.
b) A growth period to maturity of overhead.
L) Tax Rate:
The calculations of cash flows are made on an after-tax basis.
5) Net Present Value:
The program can calculate and present the distributions of up
to seven NPV's calculated for up to seven rate ofvreturn
assumptions.
Modifications can be made to the program to enable it to. handle
variations to the above, The degree of ease or difficulty
of such changes are dependent on the variance of the characteristics of

the new problem to what the present INMO model can handle. For example,
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INMO can be easily expanded to allow a growth-function of the maturity

volumes, etc. Figure 6 gives a flow diagram of INMO.

L.2.4 RUM: Routine for Utility Measurement

This modnle includes different utility models presented in
section 3.3. The utility models included are:

1)  Farrer model, section 3.3.5.

2) Cramer's and Smith's model, section 3.3.6.

3) Bussey's model, section 3.3.7.

Data about the NPV distribution statistics are entered to RUM for _
evaluation and making investment decisions. The constants and parameters
of the desired utility model are supplied by the user. Figure 7

gives a flow diagram of RUM.
4.3 System Validation

Validation of UPFAR was performed at two different levels:

1)  Validation of each module separately to ascertain the

module is error free.

2) Validntion of the integrity of the System as a whole to

ensure the proper functioning of the whole system and that
no interaction problems would be encountered.

The first level of validation was accomplished during the development
of the module. The different situations that the module would encounter
were enumerated and tested by comparing computer runs against hand
calculations.

The second level of validation was performed by trial runs of

different possible interactions between the four modules and comparing
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‘the results with hand calculations. A comment should be made, however,
‘that no matter how strong the claims about the thoroughness of the.
validation tests, a 100% error free system may not be guaranteed.

Remote and peculiar errors,for practical reasons, would be corrected

if encountered in the future.

4,4 Notes on UPFAR

The use of the UPFAR system is a simple task as a result of its
modular design, flexibility, and ease of input/output procedures. The
major attention in a risk analysis or other simulation problems should
be directed to the conceptual aspects of the problem under study while
preparing the input, choosing certain options of the model, and to the
analysis of the output. Verification that a chosen distribution, the
INMO model, and the chosen utility model, do represent the real life
problem is essential. Otherwise, the 6utput results, regardless of how
good they look, become of no value.

To use the UPFAR modules, the following procedure is recommeﬁded:

1) Identify the different variables and parameters that are
pertinent to the problem.

2) Ascertain that the input data are representative of the variable
under study and that no extraneous observations or extreme
cases are included.

3) Identify the characteristics of the variable under study and
ascertain that the variable is not being misrepresented by a
chosen distribution.

L) Validate that the resultant distribution that best fits the

data agrees with real life situations.
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6)

7)

8)

k5

data agrees with real life situations.

Ensure that you are using the appropriate INMO subroutine and

that your problem is being represented by that model.

Choose the number of simulation iterations that would provide

the desired accuracy.

Ascertain that the chosen utility model and its parameters

répresent the investor's attitudes.

When presenting the results of the study, make the decision

maker aware that:

a) There is no assurance that the outcome of a recommended
decision is guaranteed.

b) Risk analysis does not eliminate uncertainty. It rather
leads to a clearer understanding of the result of the

interaction between the decision elements.



CHAPTER V

SAMPLE CASE STUDY -- ANALYSIS OF

INVESTMENT IN OUTLET DEPOTS

The purpose of this chapter is to illustrate how to use UPFAR in the
analysis of investments involving risk using a sample case study. The

data used for this case study are for illustrative purpose.
5.1 The INCO Company Investment Problem

The INCO (Egyestment ggppany) company has an investment prospective
to enter a given market with its two major products: Prodone and Prodtwo.
An an alternative to this investment, INCO can lend resources to its

subsidiaries at a 10% return.

5.2 Analysis of the Investment

Opportunity -- Data Collection

INCO starts getting the information necessary to analyze the invest-
ment opportunity. This information is the subjective feelings of experts
in the field, results from analyzing empirical data, using PRODIP, or
are the results of similar experiences. This information is given as
follows:

1) Capital Items

a) Land: INCO has an option to lease the land required for

the depot. The leasing company is asking for a leasing
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b)

c)

d)

cost of $20,000 per year on a twenty year lease basis.
However, INCO feels that they may be able to negotiate

a lower lease. The experts at INCO, after some dis-
cussion, felt that the probabilities given in Table I
represent the chances of different lease values. If the
investment is accepted, the land will be leased at the
start of the investment life to allow for building
construction and installations.

Working Capital: After the land has been leased, working
capital will be needed during the two phases of the proje
its build-up stage, and its operational period. INCO
accordingly assumes that the working capital will be
recovered after the twenty-year period of project life.
From INCO's previous experiences, the distribution of
working capital was constructed as given in Table II.
Buildings: After the land has been leased, building
constructions are to start and the buildings can be
assumed to be ready in two years. INCO would have to pay
the cost of the buildings after one year from the start.
The distribution of the investments in buildings, based
on INCO's previous experiences, is given in Table III.
Equipment: As for equipment, the distributions of the.
investments in heavy and light equipment are given in
Tables IV and V, respectively. The service life, the
salvage value, and the depreciation methods, as allowed
by tax regulations, are given in Table VI for each ofvthe

capital items.

b7

ct,
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TABLE I

LEASE VALUE FOR LAND NECESSARY FOR
THE INCO COMPANY PROJECT

Cumulative
Lease Value Probability % Probability
$ for £ Value %
12,000 0 0
15,000 20 20
18,000 70 50
20,000 100 30
TABLE II

WORKING CAPITAL NEEDED FOR THE
INCO COMPANY PROJECT

Working$Capital prﬁﬁﬁﬁiiziieea Proba;ility
for = Value
50,000 0 0
60,000 30 30
70,000 75 . 45
80,000 90 _ 15
90,000 100 10

100,000 100 0




TABLE III

INVESTMENTS IN BUILDINGS NEEDED
FOR THE INCO COMPANY PROJECT

kg

Build;ng Value Prﬁ;ﬁgi;:i;e% Proba;ility
for & Value
10,000 0 0
12,000 50 20
14,000 70 50
16,000 85 15
18,000 100 15
TABLE IV
INVESTMENT IN HEAVY EQUIPMENT NEEDED
FOR THE INCO COMPANY PROJECT
Heav‘);all'lgzigment Prgg:gi;;i;e % Proba;zil ity
for = Value
5,000 o )
10,000 5 5
20,000 25 20
30,000 75 50
40,000 90 15
50,000 100 10
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TABLE V

INVESTMENT IN LIGHT EQUIPMENT NEEDED
FOR THE INCO COMPANY PROJECT

Ligh‘t/a}i)guigment Pr‘;gzsﬁ;i;’e % Proba;ility
¢ for £ Value
5,000 0 0
10,000 5 5
20,000 15 10
25,000 25 10
30,000 85 60
40,000 95 10
50,000 100 5
TABLE VI
ALLOﬁED DEPRECIATION FOR INVESTMENT ITEMS
InV§:Z$ent Service Life % Salvage Dep;z:i:ﬁion
Buildings 25 30 Sum of the
Years Digits
Heavy Equipment 10 20 Double Rate
Declining
Balance
Light Equipment ‘ 5 10 Straight

Line
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Sales and Gross Margins

Based on INCO's marketing strategy, INCO expects to start
selling Prodone at the beginning of the third year from the
start. INCO expects to introduce Prodtwo at the beginning of
the fourth year. However, these target dates are subject to
the completion of construction and equipment installation.
Accordingly, the probability of the starting time to sell

each of the two products is given in Tables VII and VIII,
based on INCO's experience. After a market study of the
location, INCO's marketing experts also provided the distribu-
tions of the maturity volumes for each of the two products as
well as the growth period required for their maturities. These
are given in Tables IX through XII, As for prices and direct
costs, these are estimated based on economic forecasts by the
economic research department as well as considerations from
the marketing and technical groups. These are given in Tables
XIITI through XVI,

Overhead Expenses

INCO classifies its overhead expenses into two categories:
advertising and fixed expenses. Based on INCO's estimates,
overhead expenses would start with the opening of the depot
after the second year and would grow over the next period of
two years until it reaches maturity. Advertising expenses
would start one year before the first product is introduced.
It would grow over the next five years until it reaches its
maturity value. The distributions of the fixed and advertising

expenses and their scheduling is given in Tables XVII through XXII.



TABLE VII

START OF SELLING FOR PRODUCT PRODONE
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Cumulative

Time $:ZTSStart Probability % Proba;ility
for = Value
1.50 0O 0
1.75 50 50
2.00 75 25
2.25 85 10
2.50 95 10
2.75 100 5
TABLE VII
START OF SELLING FOR PRODUCT PRODTWO
Timelirom Start Prggzgi?:i;e% Proba;ility
ears for £ Value
2.25 0 0
2.50 20 20
2.75 45 25
3.00 70 25
3.50 95 25
3.75 100 5
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TABLE IX

MATURITY SALES VOLUME FOR PRODUCT PRODONE

Cumulative

S v . : ili
ales $olume Probability % Proba;111ty
for = Value
50,000 (0] 0
60,000 10 10
7C,000 20 10
80,000 v 4o 20
90,000 90 50
100,000 100 10
TABLE X
MATURITY SALES VOLUME FOR PRODUCT PRODTWO
Cumulative o
. t
Sales ;olume Probability % Proba;111 v
for = Value
20,000 (0] 0
25,000 10 ' 10
30,000 60 50
Lc, 000 80 20
50,000 90 10

60,000 100 10
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TABLE XI

GROWTH PERIOD TO MATURITY FOR PRODUCT PRODONE

i
Growth Period Cumulative Probability
Year Probability % %

ears for = Value
0.50 0 0
1.00 20 20
1,50 60 4o
2.00 90 30
2.50 100 10
TABLE XII
GROWTH PERIOD TO MATURITY FOR PRODUCT PRODTIWO
Growth Period Cumu%aFlve Probability
Yoar Probability % %
ears for = Value
2.25 0 0
" 2.50 25 25
2.75 50 25
3.00 75 25

3.25 100 25
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TABLE XIIT

SELLING PRICE PER UNIT OF PRODONE

Cumulative
S . . ] e s
elllngﬁprlce Probability % Probaglllty
. for = Value

2.20 (0] (0]
2.50 10 10
2.70 30 20
3.00 70 Lo
3.20 90 20
3.50 100 10

TABLE XIV

SELLING PRICE PER UNIT OF PRODIWO
Cumulative U
i 1 Prob t
Selllng$Pr1ce Probability % ro a;111 v

for = Value
2.50 (0] (0]
2.75 10 10
3.00 30 20
3.25 70 ko
3.50 90 20

k.00 100 10
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TABLE XV

DIRECT COST PER UNIT OF PRODONE

Direct Cost Cumulative o
Per Unit Probability % Probaglllty
$ for £ Value
1.50 0 | o
1.70 15 15
1.90 55 40
2.10 75 20
2.30 - 95 20
2.50 100 o 5
TABLE XVI
DIRECT COST PER UNIT OF PRODTWO
Direcs Com imstive —
$ for £ Value
1.70 0 0O
1.80 15 15
2.00 40 25
2.20 60 20
2.50 70 10
2.75 90 20

3.00 100 10
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TABLE XVII

MATURITY LEVEL OF FIXED EXPENSES PER YEAR
FOR THE INCO PROJECT

Cumulative

Fi : .o
ixed gxpenses Probability % Probability
for = Value
20,000 o o
22,000 10 10
24,000 20 10
26,000 60 4o
28,000 80 20
30,000 85 5
32,000 90 5
34,000 95 5
36,000 - 100 5
TABLE XVIII
MATURITY LEVEL OF ADVERTISING EXPENSES PER YEAR
FOR THE INCO PROJECT
< . Cumulative s
Advertising Expenses Probability % Proba;(:lllty
for = Value
8,000 0 0
9,000 50 50
10,000 70 20
11,000 90 20

12,000 95
15,000 100
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TABLE XIX

STARTING TIME FOR FIXED EXPENSES

Cumulative

StartYZf Expense Probability % Proba;ility
ar for = Value
0.50 (0] (0]
1.00 10 10
1.25 60 50
1.50 8o 20
2.00 90 10
2.50 95 5
3.00 100 5
TABLE XX
STARTING TIME FOR ADVERTISING EXPENSES
StartYZf Expense PrzzZEiizi;e% Proba;ility
ar for = Value '
1.25 0] 0
1,50 5 5
1.75 55 50
1.90 70 25
2.00 90 15
2.20 95 5

2,50 100 5
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TABLE XXI

GROWTH PERIOD TO MATURITY FOR FIXED EXPENSES

Growth Period Cumulative Probability
Yoars Probaggllty % %
for Value

1.00 0 0

1.50 50 50

2.00 75 25

2.50 85 10
3.00 90

3.50 95

4,00 100

TABLE XXII

GROWTH PERIOD TO MATURITY FOR ADVERTISING EXPENSES

Growzzaizriod Prgzzgiizi;e% Proba;ility
for < Value
2.75 0 0
3.00 15 15
3.50 4o 25
4,00 60 20
Lk_50 85 15
5.00 90
5.50 95

6.00 100
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L) Tax
The distribution of the tax rates are again estimated by the

economic research department and is given in Table XXIII,
5.3 Preparation of Input for INMO

The information given in Tables I through XXIII is encoded on the
forms for INMO's data sheets given in Section A.3 and following the
instructions in that section. Thé filled forms are given in Appendix B,
pp. 182-199, After data key punching, the investment is simulated in

INMO, giving the results shown in Appendix B, pp. 200-213.

5.4 Preparing the Information for an

UPFAR Run

The information collected about the different investment parameters
is encoded on INMO data sheets following the procedures given in
Section A.3.2. For the input distributions, interpolation is made to
arrive to the five percentile points of the distribution where missing.
The inpﬁt sheets for the UPFAR run are given in Appendix B, pp. 182-199,

The competitive alternative to our prospective investment, the
lending to subsidiaries, offers a return of 10%. Using this rate and
not considering other factors such as intangibles, for example, for
the comparison between these two alternatives, is normally sufficient.
However, different rates, in addition to the competitor's may be
included. This may be sometimes favorable since it allows answers to
"what if'" conditions that may be asked when presenting the results.
Furthermore, including other rates lower and higher than the one we are

to use, would help answer the question of "what is the rate of return on
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TABLE XXIII
.TAX RATE
4 o priamintive probabiity

for < Value
Lo 0 0
45 10 10
50 70 60
55 90 20
60 95 5
65 100 5




62

the project?" For the INCO company case, six additional interest rates
were used in addition to the 10%. These rates are 5%, 9%, 12%, 15%, 20%,
and 25%. -

For the number of simulation iterations, 200 iterations is chosen
for practical considerations of accuracy and computer cost. The detailed
distribution output is also requested on the printer for analysis for
possible run on PRODIP,

One output report is requested for this study,. This output report
gives the distribution of the NPV for the seven discounting rates. The
distribution for the NPV of any of the discounting rates is obtained by

sorting its output column and printing the entire column. This explains

the output report's control cards.
5.5 Analysis of the Simulation Resulis

From the output report, Appendix B, pp. 207-2%13, one concludes the
following results:
1)  For the 10% rate:
a) A net present value of $47,477 gain is expected from the
investment with a standard deviation éf $139, 140.
b) There is a probability of 37.5% that the project incurs
a loss.
c) The highest probable gain in NPV is $535,500 and the
lowest probable NPV loss is $326,030.
d) The expected gain is approximately $86,600 and the ex-
pected loss is $36,500 (calculated from the dis£ribution

of NPV, pp. 209-212).
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The above information provides the following additional
measures, see section 3.2.1, pp. 12-13:
a) Variance Ration = @(V)/E(V) = 2.93.

b) Loss Ratio = E(L)/E(V)

i

0.77.

¢) Gain Ratio = E(G)/E(V) = 1.82,

. ‘probability of gain
d 0dd = = = 1.66.
) S oh gain probability of loss 6

5.6 Distribution of the Net Present Value

of the Investment at 10% Rate

A diagram of the probability distribution of the NPV of the invest-
ment at a 10% discounting rate is given in Figure 8. Having the data
for the detailed distribution, it is interesting to run them in the
PRODIP program. PRODIP would try to select the best fit to the data out
of the Pearson system of distributions as well as standard statistical
distributions. Furthermore, PRODIP gives the different moments,
necessary for the different utility models.

To analyze the NPV distribution data on PRODIP, a change of scale
and transfer of axes is necessary to maintain the positivity conditions
on the data required for some of the statistical distribution. The
change of scale is necessary to eliminate an overflow or an underflow
that may occur when using exponents in some distributions. For this
reason, a value of $500,000 is added to each observation to eliminate

> to

negative observations. Observations are also multiplied by 10
eliminate overflows.

The input to PRODIP is given in Appendix B, pp. 214-216, and the

results of running PRODIP on the data is given in Appendix B, pp. 217-230
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(see Appendix A.1 for detailed information of how to run PRODIP)., The
results of running PRODIP indicate that Pearson distribution #3 (Gamma)
is the best fit out of the Pearson system (Option A of PRODIP). Out of
the standard statistical distributions allowed in Option B, the Beta

distribution is found to be the best fit having the lowest X2 test and

the K-S test.
5.7 Utility of the Investment

INCO measures the utility of its investment opportunities using the
Bussey's model., 1INCO's parameters for the Bussey's utility model are
given as follows:

U=a .V, =b «V_ + ¢V, - dv

1 2 3 L
a = 48
b= 8
c= 2.75
d= 0.12

where (for the three models):

U = expected utility,

V = expected NPV X 10'5,

V1 = 1st non—pentral moment of NPV X 10—5,

V2 = 2nd non-central moment of NPV X 10_5,

V3 = 3rd non~central moment of NPV X 10_5, and
V4 = 4th non-central moment of NPV X 10_5.

PRODIP, in addition to fitting a distribution to the data, it also
provides information about the central and non-central moments of the
NPV distribution. From the PRODIP output, Appendix B, pp. 217-230, the

following information is calculated from the four distribution moments
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for Bussey's model:

v, = 0.50125,
V2 = 2.53910,
V3 = 4,63680, and
v, = 21.63940.

The above information is fed into the program RUM to evaluate the
different utilities. Th- input sheets for RUM are shown in Appendix B,
pp. 231-232. The output results are given in Appendix B, p. 233. These
utility results can be analysed for making the investment decisions

using the rules in Sections 3.2.1 and 3.2.2.



CHAPTER VI

CONCLUSIONS AND RECOMMENDAT IONS

This research provides a basic model and a tool for analyzing
investments under risk. The four computer modules of the UPFAR
(Utility Program For the Analysis of Risk) system developed in this
research can be used separately to provide a basic function needed for
research other than risk analysis as well. The four modules that UPFAR
offers are: 1) a Probability Distribution Fitting Program (PRODIP),

2) a General Utility Simulation System (GUSS), 3) an Egyestment Model
Subroutine (INMO), and 4) a Routine for Utility Measurement (RUM).

The Probability Distribution Fitting Program (PRODIP) fits prob-—
ability distributions to empirical stochastic data. PRODIP offers three
main options. Option A of PRODIP generates the best distribution from
the Pearson family that fits the data. Option B of PRODIP gives the
best fit to the data to one or more of seven continuoﬁs distributions
as requested. These distributions are the Exponential, Normal,
Lognormal, Fisher-Tippett I, Fisher-Tippett II, Weibull, and the Beta.
Option C of PRODIP gives the best fit to the data to one or more of
five discrete distributions as requested. These distributions are the
Poisson, Truncated Poisson, Binomial, Truncated Binomial, and the
Truncated Negative Binomial. In addition to giving the first eight
central and non-central moments of the data, PRODIP gives the parameters

for each fitted distribution. Furthermore, PRODIP gives the values for
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the X2 and the Kolmogorov-Smirnov (K-S) tests. These tests indicate the
acceptability of the hypothesis that a fitted distribution represents
the data. The X2 and the K~S tests can also be used as the basis for
choosing the best fit to the data (the one with minimum X2 and/or K-S
value) out of the tested distributions.

The General Utility Simulation System (GUSS) can be used as a
general purpose simulator for analyzing different problems by linking
it with a subroutine giving the problem's model relationships. GUSS
uses the Monte Carlo simulation techniques. Of its mean features are
its flexibilityiand its being easy to use. To simulate a given problem,
the analyst writes a subroutine representing a model of the problem
under study. GUSS assumes the responsibility of receiving the input
data, sampling from the different input distributions, housekeeping
of the output results, and giving the requested reports and statistics.
GUSS links with a problem subroutine through the use of variables with
common names and defined in the common storage area.

The Investment Model {INMO) can be used to analyze a wide range of
investment problems to study the risk of investment prospects. INMO
includes the mathematical relationships necessary to calculate the cash
flows from the different components of an investment. INMO also cal-
culates the net present value of the investment for up to seven dis-
counting rates, INMO has the capability of analyzing capital assets and
calculating depreciation according to the Straight Line, Double Rate
Declining Balance or the Sum of the Years Digits method of depreciation.
INMO automatically replaces equipment after their service life with

\
identical pieces until the end of the project's life. For the revenues

and expenses, INMO allows a time lag before generating the revenue or
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incurring the expense, and a growth period to their maturity levels.
INMO calculates the net present value and passes information to GUSS
for housekeeping.

The RUM module, a Routine for Utility Measurement, can be used to
evaluate an investment's utility based on different utility models.
Three utility models are included in RUM at the present time. These
utility models are the Farrer's model, the Cramer and Smith's model; and
the Bussey's model. RUM uses a utility model's coefficients and the
investment's distribution parameters to calculate the utility of the
investment.

A major value of the UPFAR system is in the area of analyzing in-
vestments under risk. Instead of looking at a single estimate of a net
present value of an investment opportunity, UPFAR allows the analyst to
look at a whole range of possible outcomes with their associated like-
lihood of occurrence. This would give the analyst further insights into
the investment opportunity by explicitly introducing the uncertainties
into the analyses. UPFAR can also be used for management training
giving them a feeling and understanding of the concepts of risk analysis
and how the uncertainty about some of the elements of the investment can
affect their decisions.

The analyst should be aware that risk analysis would not eliminate
uncertainty and would not guarantee that a specific decision is best.
Rather, risk analysis recognizes the magnitude of uncertainty in the
different variables together with their likelihoods. This would give a
clearer understanding of the elements affecting an investment decision.

Extension to this research can be done in four areas. The first

suggested area is to increase the degree of generality of the INMO
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module to enable it to handle a wider range of investment problems. For
example, INMO can be expanded to 1) allow other depreciation methods in
addition to the three already available, 2) allow replacement of
equipment that retire during the life of the project with non-identical
ones, 3) allow a non-linear growth to maturity for revenues and
expenses, and 4) aliow a variable function for the maturity period.

A second area for research is to develop other INMO modules that
can be applicable to special types of investment problems that the
present INMO cannot handle. These INMO modules can be used to analyze
different investment problems giving more insights into the investment
process.,

A third area for research is using PRODIP to identify and evaluate
the probability distributions of common investment parameters as well as
other parameters based on empirical data.

A fourth area which needs further research is the ar=a of utility
functions. Research can be directed toward evaluating the different
parameters that can fit a given utility model and represent an

investor's attitude, both on an individual and corporate basis.
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The use of the UPFAR system is a simple task as a result of its
modular design, flexibility, and ease of its input/output procedures.
The major attention in a risk analysis or other simulation problems
should be directed to the conceptual aspects of the problem under study
while preparing the input, choosing certain options of the model, and
to the analysis of the output. Verification that a chosen distribution,
the INMO model, and the chosen utility model, do represent the real life
problem is essential. Otherwise, the output results, regardless of how
good they look, become of no value.

To use the UPFAR modules, the following procedure is recommended:

1) Identify the different variables and parameters that are

pertinent to the problem.

2) Ascertain that the input data are representative of the

variable under study and that no extraneous observations
or extreme caseé are included.

3) Identify the characteristics of the variable under study

and ascertain that the variable is not being misrepresented
by a chosen distribution.

4) Validate that the resultant distribution that best fits the

data agrees with real life situations.

5) Ensure that you are using the appropriate INMO and that your

problem is being represented by the model.

6) Choose the number of simulation iterations that would provide

the desired accuracy.

7) Agcertain that the chosen utility model and its parameters

represent the investor's attitudes.
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8) When presenting the results of the study, make the decision
maker aware that:
a) There is no assurance that the outcome of a recommended
decision is guaranteed.
b) Risk analysis does not eliminate uncertainty. It rather
leads to a clearer understanding of the result of the
interaction betwéen the decision elements.

Figure 9 gives the flow chart of UPFAR.
A.1 PRODIP User's Guide

PRODIP offers efficient procedures to fit statistical distributions
to empirical data. The program calculates the central and non-central
moments, appropriate variances and standard errors of theoretical
parameters, and the cumulative probability function.

PRODIP offers three alternative options. Option A gives the best
distribution out of the Pearson System of frequency distributions.
Option B provides seven alternative standard continuous distributions.
Option C provides five alternative standard discrete distributions.
PRODIP also provides statistical tests for "goodness of fit" for making
objective decisions about the acceptance of the fitted distribution.

Figure 10 gives the flow chart of PRODIP,

A.1.,1 Input Data Preparation

The input can be classified into three main parts:
1) Request identification title.
2) Required options A, B, and/or C.

3) Frequency data.
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Appendix B, pp. 122-124, gives the input sheets for PRODIP,

a)

b)

c)

Card # 1: Recuest Identification Title:

FORMAT (20A4)
This is simply a title for the run identification. The full
length of the card (80 characters) is allowed for the run ID.
The title should be centered about the middle of the card
(column # 40) for better appearance on the program output,
Card # 2: Option A

FORMAT (9X,I1)
Enter "1" in column 1 of this card if Option A, the Pearson
distributions, is desired and "O" otherwise., . PRODIP selects
the best fit out of the Pearson System of distributions.
Card # 3: Option B

FORMAT (8(9X.I1))
Enter "1" in column 1 of this card if any of the continuous
distributions is desired, "O" otherwise, If "1" is entered
in column 10, indicate which of the continuous distributions
is desired by entering '"1" in the appropriate column as

indicated below, and "O" if not requested:

Column # Distribution
20 Exponential
30 Normal
4o Lognormal
50 Fisher-Tippett I
60 Fisher-Tippett II
70 Weibull

80 Beta
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d) Card # 4: Option C
FORMAT (8(9X,11))
Enter "1" in column 10 of this card if any of the discrete
distributions is desired, "O" otherwise. If "1" is entered
in column 10, indicate which of the discrete distributions is
desired by entering '"1" in the appropriate column as indicated

below, and "O" if not requested:

Column # : Distribution
20 Poisson
30 Truncated Poisson
Lo Binomial
50 Negative Binomial
60 Truncated Negative
Binomial

e) Card # 5: Data Controls
FORMAT (2110,4E10.0,110)

This card has the different controls about the data as follows:

Field Columns DescriEtion
1~-10 N = Total number of observations

(sample size)
11-20 . NV = Number of observation groups

21-30 H = Length of observations class
intervals for Sheppard's
correction when calculating
the relative measures of
skewness and Kurtosis, '0' if
not needed.

31-40 SMFE = Smallest frequency for
Chi-Square test. SMFE can
be assumed = 5.0 unless user
specifies otherwise.

L1-50 HY = Length of class interval
used for the lognormal dis-
tribution. If HY=0.0, the
sample standard deviation is
computed the normal way. If
HY > 0.0, otherwise it will
be computed using Sheppard's
correction on M2,
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51-60 P =

61-70 LR =

f) Cards # 6, 7, etc: Sample Informati
FORMAT (4(15E2/))
Cards from the 6th up, until the end

will include the information about e

86

used with the binomial
distribution. When
binomial is requested,

P must be greater than zero.

Highest outcome for the
binomial distribution if

the binomial is requested.

on:

of data for this run,

ach observation class

or group, each point on a separate card in an ascending order

by XB and XT, as follows:

Field Columns Descrigtion

1-15 XB = Bottom value of class

16-30 XT =
3 1_45 XI =
L6-60 FI =

g) Multiple Runs:
The program allows multiple runs for
different parameters of interest. S
of data,.in the same order as before

of interest.,

A.1.2 PRODIP Sample Run

Appendix B, pp. 125-127, shows the input

interval
Top value of class interval

Class mark, or value of
observation

Frequency of the observation

fitting distribhutions to

imply add additional decks

, for the other parameters

for a sample run using

PRODIP to check all its available options. Appendix B, pp. 128-146,

shows the output giving the different distribu

tions.
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The example given here is merely an illustration of using PRODIP,
Since no significance is placed on the nature of the appropriate type of
distribution to fit the data, a request to run all options is used here.
The reader is reminded that a particular distribution, or a class of
.distributions, e.g., continuous or discrete, should be requested depending

on the nature of the variable that the data represent,

A.1,3 Remarks on Using PRODIP

The user of PRODIP should be aware that it is only a tool to fit
probability distributions to the data. It is the responsibility of the
ﬁser then to make the decisions of whether or not certain distributions
should or should not be considered. For examples:

1) If the variable under consideration is discrete in nature, it
would be inappropriate to run options A and B. On the other
hand if the variable is continuous, options A and B are the
ones to be tried.

2) If the user is grouping the data into classes rather thén using
their actual values, the use of Sheppard's correction factor
[27, 28 ] may be appropriate.

3) When choosing among the different eligible distributions for
a best fit, the appropriate test of goodness fit should be
used, Two tests are given here, the X2 test and the Kolmogorov--
Smirnov (K-S) test‘which uses the maximum absolute difference

(MAD).

. 2
L) When using the X~ test, the user should be aware that

. 2
theoretical aspects of the X~ distribution require that the



5)

6)

88

number of classes be 2 5 and that each expected class frequency
be = 5., Therefore, when an expected class frequency is < 5,
then expected frequencies of adjacent classes should be combined
together. Selection between the different distribitidns can be
decided according to which distribution fit gives the minimum
Xz value. The Xz value is also tested against the Xz distri-
bution index for the given number of degrees of freedom in
order to accept or reject the hypothesis that the distribution
provides a good fit for the data.
The K-S test is restricted to continuous distributions.
However, in cases where the Xz test cannot be used because of
small number of classes or negative degrees of freedom for
example, the K-S test may be used as a guide.

When comparing different fits on the K-S test, the best
fit is the one with minimum MAD,
The user is referred to.Hahn and Shapiro [25], or other
references regarding the choice of the form or type of

distribution to use in a given situation.

A.1,4 PRODIP Dictionary

Following is list of variables and their meanings as used in the

input to, and output of, PRODIP,

a)

Input:

PID = Problem Identification Title.,

OPA = Selector for option A; O = skip, 1 & desired,

OPB = Selector for option B; O £ skip, 1 Z any of the con-

tinuous distributions is desired.



OPB1

OPB2
OPB3

OPB4

OPB5

OPB6

OPB7

oPC

orPC1

OPC2

OPC3

OPCL

OPC5

NV

Selector for Exponential distribition; O = skip,
1 = desired,

Selector for Normal distribution; O = skip, 1 =. desired.,

Selector for Logpormal distribution; O = skip, 1 ¥ desired.

Selector for Fisher-Tippett I distribution; O = skip,

1 = desired.

Selector for Fjisher-Tippett II distribution; O = skip,

1 = desired.

desired.

i

Selector for Weibull distribution; O = skip, 1
Selector for Beta distribution; O = skip, 1  desired.
Selector for option C; O = skip, 1 = any of the discrete

distributions is desired.
Selector for Pgisson distribution; O = skip, 1 = desired,

Selector for ITruncated Poisson distribution; O = skip,
1 = desired.

Selector for Binomial distribution; O = skip, 1 = desired.

Selector for Negative Binomial distribution; O = skip,

1 = desired.

Selector for Truncated Negative Binomialj; O = skip,

1 = desired.

Total number of observations in the sample.

Number of observation groups.

Length of observat.ons class intervals used for
Sheppard's correction when calculating B1 and B2; the
relative measures of skewness and Kurtosis (see nomen-
clature). If H is zero, Bl and B2 will be computed using

uncorrected moments,
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SMFE = Smallest frequency for Chi-Square test., SMFE can be
assumed = 5,0 in the program unless user desires
otherwise.

HY = Length of class interval, used for the Lognormal distri-
bution, If HY = 0,0, S is computed the normal way.

If HY > 0.0, S will be computed using Sheppard's
correction on M2 (see nomenclature).

P = Used with the Binomial distribution. When Binomial is
requested, P > 0 and all the observations must be
integers.

LR = Highest outcome for the Binomial distribution when
requested.

XI = Value of observation, class mark.

F1 = Frequency of a given XI.

XB = Bottom of class interval.

XT = Top of class interval.

Output:

PM1 ... PM8 = 1st ... 8th non-central moments of the sample

(my <ee mg).
M1 ... M8 = 1st ... 8th sample's central moments
(m; vos mg).

S = Sx = Sample's standard deviation.

BE1 = Mi/MZ ({];Eﬂl‘ measures skewness relative to degree of spread).

BE2 = MQ/Mz (BE2 = relative measure of Kurtosis).

L

BE3 = (M3 . MS)/MZ
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3
BE4 =
b= MM
L
BE6 = M8/M2
2
K= B,(B,+3)/[4(B,-38,) (2B,-38,-6) ]
Mi
B1 = BE1 = —3— (yB1 measures skewness relative to degree of spread).
M
2
My
B2 = BE2 = — (B2 relative measure of Kurtosis).
M
2

LAMBDA = A = {(48,-3B,)(108,-128,-18)% - B, (B,+3)%(88,-98,-12)]

/1(38,-28,+6) L (B, (B,+3)% + 4(48,-38,) (38,-28,+6) ]}

SIGB1 = GB
1
SIGB2 = GB
2
SIGL = O
A
SI =0
GK K
A = 482 - 3B,
B = 1062 - 1261 - 18
C =Bz+3
D = 882 - 981 - 12
E = 351 - 252 + 6
F = 282 - 361 -6
Cc1 = 552 - 651 -9
cz = 252 - 351 -6
SGC1 = 0O
C1
SGC2 =0
C2
CFI = Cumulative frequency.
DFO = Observed distribution function.

H(X) = Expected distribution function.
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FE = Expected frequency.
MAX ABS DIFF = Maximum absolute difference.
CHISQ = Sample Xz index.

NG(CHISQ) = Number of classes after grouping for Xz test.

DF = Number of degrees of freedom for Xz test.
A.2 GUSS User's Guide

GUSS is a general utility simulation system that uses Monte Carlo
techniques. The program provides the user with an easy way to apply
simulation for the analysis of problems.

In order to simulate a given problem, the analyst.writes a sub-
r§utine representing the model of the problem. This model would in-
clude all thé equations representing all the relationships between the
different variables and their interactions. GUSS assumes the respon-
sibility of receiving the input data for all the constants, determin-
istic variables, and the distributions of the stochastic variables.
GUSS also receives all the controls regarding the housekeeping and
specifications of the output reports. After receiving the input data,
GUSS starts the simulation iterations and recycles from one iteration
to the other until all the number of requested iterations, which is an
input to GUSS, have been completed. In each iteration, GUSS samples
from the different distributions of the stochastic variables, connects
with the problem's model in the subroutine, receives the results of
the output parameters, and tabulates the results of the simulation.
After all the simulation iterations have been completed, GUSS sorts
the results, calculates the distribution statistics for each output
parameter, and presents the requested output reports. Figure 11

gives a flow chart of GUSS,
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A.2.1 GUSS's Capabilities

GUSS has the capability of handling simulation problems with

~following
- Up

- Up

- Up

.« Up

- Up

- Up

-Up

characteristics:

to 50 integer constants.

to 50 deterministic variables.

to 50 stochastic variables; continuous or discrete.
to 25 testing and acceptability criteria.

to 1000 simulation iterations.

to 7 output parameters.

to 5 output devices for the output parameters' detailed

distributions which can be supressed from the pfintouts.

oUp

to 10 counters that can be used during the simulation.
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the

* Up to 10 reports that can be tailored by sorting and/or suppressing

part of the simulation results according to the user's needs,

* Up to 10 different block sorts allowed with each report.

= Up to 40 footnotes can be stored in GUSS, of which a selected

subset, or the whole set, can be printed as requested with the

different reports.

opposite to 20 footnotes.

Twenty values can be calculated and printed

* A summary of each report including the 10% distribution values of

the different output parameters togetherwith its mean and variance.

One of GUSS's main features is its ease and flexibility.

This is

demonstrated in the data input stage, linkage with the problem's model

subroutine, the report tailoring capabilities, and the organized report

format.

matrix tableau (output variables x simulation iterationms).

The simulation results are reported in the form of a final

This tableau

can be manipulated in too many different ways, as can be meaningful to
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the problem at hand, by sorting the output results and tailoring the

desired report. GUSS allows up to 10 tailored output reports. Each

report can have up to 10 different sorts that may be necessary for

that report.

A.2.2 Input Data Preparation

The input can be classified into the following main parts:

1)
2)
3)
L)
5)
6)

7)

Problem identification title.
Input and output controls.
Problem constants.
Deterministic variables.
Stochastic variables.
Acceptability criteria.

Output controls.

Appendix B, pp. 147-152, gives the input sheets for GUSS.

a)

b)

Card # 1: Problem Identification Title:

FORMAT (20Ak4)
This simply is a title for the run identification. The titie
is written on the full 80 columns of this card and should be
centered about column # 40 for better appearance on the
program output.
Card # 2: Input/Output and Simulation Controls:

FORMAT (10I5)
This card includes the count number of input/output variables,
simulation, and controls for results' manipulation. The data

are structured as follows:
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Column # Control Description
2-5 number of simulation iterations

-= maximum 1000,

9-10 number of integer constants used
in the problem model -- minimum
0, maximum 50.

14-15 number of deterministic (floating
point) variables (and/or constants)
used in the problem model --
minimum O, maximum 50,

19-20 number of stochastic variables
used in the problem model --
minimum 1, maximum 50.

24-25 number of acceptability criteria
used in model -- minimum O,
maximum 25.

29-30 number of output parameters
requested by problem model --

minimum 1, maximum 7.

34-35 number of printout reports
requested -- minimum 1, maximum 10.

39-40 number of footnotes‘to be printed
below the output reports --
minimum O, maximum 40.
Card # 3: Output Devices:
FORMAT (615)
Five optional output devices are allowed for the detailed
simulation output distributions. These devices can be the high
speed printer, disk files, magnetic tapes and/or the card punch.
The high speed printer is given the code # 6 and the card punch
is given code # 7. The code key for other devices, exqept for
the numbers 5, 6, and 7 (card reader, high speed printer, and
card punch), is arbitrary and is specified by the use; in the JCL

cards. The following are examples of JCL for a disk file, a

magnetic tape, and the card punch, respectively.
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DISK FILE:

//GO.FTO1F001 DD UNIT=2314,VOL=SER=DISKO5,
// DSN=0SU,ACTnnnnn.name,DISP=(NEW,KEEP),

// DCB=(LRECL=36,BLKSIzws1092;RECFM=VBc),

// SPACE=(%40,1000)

MAGNETIC TAPE:
//G0.FT03F001 DD UNIT=TAPE,VOL=SER=Tnnnn,
// DSN=0SU.SCTnnnnn.name,DISP=(NEW,KEEP),
// DCB=(LRECL=36,BLKSIZE=1092,RECFM=VBS),

// LABEL=(1,SL)

CARD PUNCH (CODE #7):
//GO.SYSPUNCH DD SYSOUT=B
The following units are available now by GUSS according to the

following code:

Unit Code Unit Specification
1 2314 disk file
2 optional disk file
3 magnetic tape 7 track 800 BPI
4 magnetic tape 9 track 80CG BPI

High speed printer, 132 columns
7 card punch
A summary of the output is élways printed on the high speed printer
irrespective of whether or not the detailed outpﬁt is requested.

To specify the requested output devices, card # 3 should be filled

as follows:
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Column # Description
5 number of output devices for

detailed output, maximum 5.

If O is entered, the detailed
distributions will not be given
and only the summary output will
be given on the high speed
printer.

10 Optional -- key code for 1ist
output device.

15 Optional -- key code for 2nd
output device.

20 Uptional -- key code for 3rd
output device.

25 Optional -~ key code for 4th
output device.

.30 Optional -~ key code for 5th
: output device.

N.B. The detailed output is written in a binary unformatted form when

requested on tape, disk, or punched on cards.

d)

e)

Card(s) # 4: 1Integer Constants (Optional)
FORMAT (I10,2X,15AL)
If the number of integer constants entered on card # 2, columns
9-10, is zero, no cards are to be inserted here. Otherwise,
a card is inserted for each integer constant (up to 50 maximum)

that is used., The data on each of these cards are entered as follows:

Column # Description
1-10 Value of the integer constant.
13-72 Constant identification title.

Card(s) # 5: Deterministic Variables (Optional)
FORMAT(E10.,0,2X, 15A4)
If the number of deterministic variables entered on card # 2,

columns 14-15, is zero, no cards are to be inserted here.
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Otherwise a card is inserted for each deterministic variable
(up to 50 maximum) that is used. The data on each of this set

of cards are entered as follows:

Column # Descrigtion
1-10 Value of the deterministic
variable.
13-72 ) Variable identification title.

Card(s) # 6: Stochastic Variables:
FORMAT (F1.0,9X,15A4/3(7E10.0,10X))

Four cards are needed for each stochastic variable. The first
of these four cards include the type of its distribution, whether:
it is discrete (code=0) or continuous (code=1); on the first
coluﬁn of the card. The identificaﬁion title of the variable
is written on columns 11 through 70 of this first card of the
set, This title, when written on the output report, is broken
into five fields; i.e., twelve characters on each line.
Accordingly, it is recommended that this title be broken into
five logical parts. Each part should be centered in each of
tﬁe five consecutive fields of twelve columns each.

The next three cards of this set include the values of the
variable at the different 5% interval percentile points: 0%,
5%, ee., 100% of its cumulative distribution function, seven

values per card. The data are entered on the three cards as

follows:
1st Card:
Column # Description

1 Distribution type: O= discrete,
1 = continuous.

10-70 Variable identification.
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2nd Card:
Column # Description

1-10 Value at 0% CDF,
11-20 Value at 5% CDF.
21-30 Value at 10% CDF,
31-40 Value at 15% CDF.
41-50 ’ Value at 20% CDF.
51-60 Value at 25% CDF,
61-70 Value at 30% CDF.

3rd Card:

1-10 Value at 35% CDF,
11-20 Value at 40% CDF.
21-30 Value at 45% CDF,
31-40 Value at 50% CDF.
41-50 Value at 55% CDF.
51-60 Value at 60% CDF.
61-70 Value at 65% CDF,

Lth Card:

1-10 . Value at 70% CDF,
11-20 Value at 75% CDF.
21-30 Value at 80% CDF.
31-40 Value at 85% CDF,

- 41-50 Value at 90% CDF.
51-60 Value at 95% CDF.
61-70 Value at 100% CDF.

g) Card(s) # 7: Acceptability Criteria:
FORMAT (E10,0,2X,15A4)

Twenty-five acceptability criteria are allowed by GUSS for
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discriminations that may be needed on the simulation data. "It
the number of acceptability criteria entered on card # 2, columns
24-25, is zero, no cards are to be inserted here. Otherwise,

a card is inserted for each acceptability criterion (up to 25
maximum) that is needed. The data in each of these criteria

are entered on a separate card as follows:

Column # ) Description
1-10 Value of the criterion.
13-72 Criterion identification title.

Card(s) # 8: Column Titles:

FORMAT (15A%4)
A card is needed for the title of each of the output variables
(up to 7). The title of each column can be up to 60 characters
long and starts at the first column of the card.
Card(s) # 9: Footnotes:

FORMAT (15Ak4)
These cards include all the footnotes to be printed after the
output reports, one footnote per card starting at column # 1
and up to 60 characters long.
Cards # 10: Output Identification and Controls:
Up to 10 output reports can be.generated by GUSS through
different manipulation of the simulation results. Each of
the requested reports will have a set of four kinds of control
cards, followed by the set for the next report, etc.
First Card: FORMAT (2I5,2X,15A%4)

This card includes the first line printed in the

report, the last line printed, and the identification
title of the report.



102

A block of output is specified for print in the report by
specifying the outline of this block out of the whole
results matrix which is printed with iterations as rows
and output parameters as columns.

The data are entered on this card as follows:

Column # Description
3- 5 1st row of printed block.
8-10 last row of printed block.
13-72 title of report, centered about

column # 37 for better
appearance on output report,

Second Card: FORMAT (2I5)

This card includes the number of different sorts required
for this report and the number of footnotes to appear at
its bottom. The data are entered as follows:

Column # Description
Lo 5 number of sorts (0-10).
9-10 number of footnotes (0-40).

Third Card Set: FORMAT (5I10)

These cards include the controls for performing the
different sorts, one card for each sart. The different
controls for each sort is entered on the respective card
card as follows: '

Column # Description
7-10 The output variable used as the
sort key.
17-20 The first output variable in the

sorted block.

27-30 The last output variable in the
sorted block.

37-40 The first iteration row where
sorting starts.

L47-50 The last iteration row where
sorting ends.
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GUSS allows up to 10 block sorts, descending ordei, Tor
each output report. The results tableau can be sorted

on any of the output parameters and for any requested
length or number of iterations. If the block is to be
printed as is without sorting, zero is entered on card # 2,
columns 34-35, and no cards are to be inserted here.

Fourth Card Set: FORMAT (10I5)

These cards (0-4 cards) include the numbers of the
footnotes to be printed at the bottom of the report.

The numbers of the footnotes correspond to those

desired from the list of footnotes as given in card(s) # 9.
These numbers are entered 10 per card in columns 4-5,

9-10, etc., up to four cards. If no footnotes are desired
(second card of cards # 10 has zero in second field), no
cards are to be inserted here.

A.2.3 Linkage with "Model" Subroutine

Communication between GUSS and the problem model subroutine is made

through the common storage area as follows:

1)

Insert the following "COMMON!" statement at the beginning of
the subroutine:

COMMON/GUSS/KLAPS , LAPNUM ,KONST (50) ,

VECTOR(50) ,SAMPLE (50) ,ACCEPT(25),

EXIT(7),RUN(10,20),KOUNT(10)

where:

KLAPS = total number of simulation iterations, read by GUSS. .

LAPNUM = the iteration number at the time GUSS is passing
the information to the subroutine.

KONST(I) = the vector of integer constants as read by GUSS
(0 up to 50).

VECTOR(I) = the vector of deterministic variables and/or
floating point constants as read by GUSS (0O up
to 50).

SAMPLE(I) = the value of the ith random variable (in the order

of their distributions as read by GUSS) generated
by GUSS for that iteration and passed to the
subroutine (1 to 50).
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ACCEPT(I) = the ith acceptability criterion as read by GUSS
(0 to 25).
EXIT(I) = the value of the ith output parameter calculated

in the subroutine and passed to GUSS (1 to 7).

RUN(I,J) = the value calculated in the subroutine to be
printed next to the jth footnote of the ith report
(J=0 to 20 and I=1 to 10).

KOUNT(I) = the value of the ith counter as calculated in the
subroutine (O to 10).

2) Each time GUSS passes information to the subroutine of the
problem model, values will have been generated for each of the
problem's random variables out of their distributions, and
passed to the subroutine in the variables SAMPLE(I).

3) The subroutine will generate the output parameters, EXIT(I),
which are the interaction, according to the problem's model,
of the random values, deférministic variables and constants,
and then passed to GUSS.

k)  After the total number of iterations have been completed, GUSS
will automatically tabulate the results, sorts, and produce

them according to the output reports specifications as requested,

A.2.4 Sample Run

Figure 12 shows the subroutine for a simple investment model. This

model allows for:

. One investment (stochastic) that is made at the beginning of the
project period. This investment is depreciated according to a
straight line depreciation method.

» One type of annual revenue (stochastic).

+ One type of annual expenses (stochastic),

« A stochastic tax rate.
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Appendix B, pp. 155-163, shows the input data to the program. AppendixB,
pp. 164-171, shows the output results. Four more dummy stochastic variables

are put in the input data to demonstrate the output blocks produced by GUSS.

A.3 INMO User's Guide

INMO is a general investment analysis model that can be used, in
conjunction with GUSS, to study the risk of an investment prospect. The
INMO routine includes the mathematical relationships necessary to calculate
the cash flows from the different components of an investment. It
calculates the net present value of the investment for up to seven
discounting rates of return per run.

The interaction between INMO and GUSS is made through the use of the
variables: SAMPLE, KONST, etc., that are allowed by GUSS for input,

and through the variable EXIT for the resultant net present values.,

A.3.1 INMO's Capabilities

INMO can be applied to the study of a wide range of investment
problems that may have any subset or all of the following variables:
1) Capital Investments:
a) Working Capital,
b) Land, and
c) Equipment and other depreciable items.
The following is allowed in the model:
a) Investment items can be owned or leased.
b) A time lag can be assumed before the investment item is
installed--deterministic.

c) A service life for owned items -- deterministic.



d)

e)

f)

g)

h)

2)

3)

107

A salvage value (as a percent of the original investment) at

the end of its service life -- deterministic.

INMO automatically replaces items that retire during the life

of the project with the same kind items.

INMO offers three depreciation methods., Straight line, Sum of

the Year's Digits, and Double Rate Declining Balance.

INMO accounts for tax credits resulting from depreciating the

items,

INMO assumes a recoVery of a salvage value equal to the book

value of the equipment at the end of its service life or the

project's iife, whichever occurs first.

Revenpes from Sales:

INMO allows the following for each saleable product:

a) A time lag until the product is introduced to the market
-~ stochastic.

b) A growth period to maturity volumes (linear growth rates)
-- stochastic.

c) Maturity volume -~ stochastic.

d) A price per unit for each product -- stochastic.

e) A direct cost per unit for each product -- stochastic.

Overhead Expenses:

The following is allowed for each expense item:

a) A time lag until the expense is to be incurred -- stochastic.

b) A growth period to the maturity value of the expense --
stochastic.

c) Maturity value of the overhead expense -- stochastic.
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k) Tax Rate:
A stochastic tax rate is allowed by INMO. All calculations
for cash flows, and consequently the ﬁet present values; are
made on an after tax basis.
5) Net Present Value:
INMO calculates and presents the distributions of up to seven
NPV's calculated for up to seven discounting rates of return.
The current capabilities of INMO is constrained to a limited number
of variables that are reasonable for most practical applications. These
restrictions are imposed by the number of variables allowed by GUSS for
computer core considerations. The constraints on the number of investment

items, the number of products, and the number of overhead expenses are

given by:
1) Vv s 23
2)  3*V4I < 49

3)  V+5*P+3*E S 49
where:

V = number of investment items,

I = number of discounting rates of retgrn,

P = number of saleable products, and

E = number of overhead expenses.
Modifications can be made to the program to enable it to handle larger
size problems as well as variations to the different assumptions in the
model. The degree of ease or difficulty of such changes are-dependent
on the variance between the new problem and what INMO presently offers.

Figure 13 gives a flow diagram of INMO.
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' GUSS I

I SAMPLES I

NO
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Set GUSS's Controls

Evaluate Capital
Costs Cash Flows
After Depreciation and Tax

Evaluate Revenues
After Tax
Add to Cash Flows

Evaluate Expenses
After Tax
Add to Cash Flows

!

Calculate NPV's

Figure 13. Investment Model (INMO) --
Flow Chart
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Input Data Preparation

Appendix B, pp.172-179, gives the input sheets for INMO. The

input is prepared as follows:

a)

b)

Card # 1: Problem Identification Title

FORMAT (20AL)
This is the title of the investment problem under study. The
title is written on the full 80 columns of the card and should
be centered about column # 40 for better appearance on the
program output.
Card # 2: Problem Controls

FORMAT (10I5)
Tﬁis card includes the count number of the problem controls

as follows:

Column # Description
2- 5 Number of simulation iterations

-~ maximum 1000,

9-10 Number of integer constants
= 4 + 2 * number of investments.

14-15 Number of deterministic
variables = 1 + number of
discounting rates =
+ 3 * number of investments.

19-20 Number of stochastic variables
= number of investment items
+ 5 * number of products
+ 3 * number of overhead
expenses.,

29-30 Number of discounting rates
of return. )

34-35 Number of print out reports.

39-4L0 Total number of footnotes.
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Card # 3: Output Devices

FORMAT (6I5)
These are the optional output devices for the detailed distri-
butions of the resultant net present values. This card is

filled as follows:

Column # Description
5 : Number of optional output

devices to be used.

10 Code for 1st optional device
used.
15 Code for 2nd optional output

device used.

20 Code for 3rd optional output
device used.

25 Code for 4th optional output
device used.

30 Code for 5th optional output
device used. '

Available optional devices have the following codes:

Code Device
1,2 disk files
3,4 tape files
6 printer
7 card punch

The detailed distribution output ié written in a binary
unformatted form when requested on tape, disk, or punched
cards.
Cards 4-7: Investment Problem Parameters

FORMAT (I10,2X,15Ak)

These cards are presented as follows:
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Card # Column # Description
L 9-10 Number of investment items,
5 9-10 Number of products.
6 9-10 Number of overhead expenses.
7 9-10 Number of interest rates.

Columns 13-72 are prefilled on this sheet and are to be punched
on the cards.
Cards Set # 8: Investment Parameters
FORMAT (I10,2X,15Ak)

Two cards are needed for each investment item. The first card_
includes the code, in column 10, for whethef the item is lease&,
code = 1, owned but not depreciable such as land and working ;
capital, code = 2, or owned and depreciation allowed, code = 3;
The second card indicates the code for the depreciation method
to be used. Code "1" on this card indicates Sfraight Line
Depreciation, code "2" indicates Double Rate Declining Balance,
and code "3" indicates Sum of the‘Years Digits. If the first
card has a code other than "3", the second card information
about the depreciation method is redundant.
Card # 9: Life of Project

FORMAT (E10.0,2X,15A4)
This card includes the life of the project'in columns 9 and 10.
Columns 13-72 are prefilled and should be key-punched.
Cards Set # 10: Discounting Rates of Return

FORMAT (E10.0,2X,15Ak)
These cards include the discounting rates of return, one per

card, The value of the discounting rate of return, in
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percentage, is filled in columns 1 through 10. Columns 13
through 72 are prefilled and are to be keypunched.
Card Set # 11: Investment Parémeters

FORMAT (E10.,0,2X,15A4)
This set of cards is composed of three card subsets, one
subset for each investment. Each subset of three cards are
filled as follows:

1) 1st card includes the time lag before investing, in
columns 1 through 10.

2) 2nd card includes the service life of the investment
item, in columns 1 through 10,

3) 3rd card includes the percentage salvage value at the

end of the service life of the investment item, in

columns 1 through 10.
Columns 13 through 72 of these three cards are prefilled and
are to be keypunched.
Cards Set # 12: Tax

FORMAT (I1,§x,3(7E1o.o,1ox))

This set is composed of four cards about the distribution of
the applicable tax rate. The first column of the first card of
this set has the distribution code ("0O" for dis;rete, nin for |
continuous). Columns 11 through 70, divided into five fields
of 12 columns each, include the tax title., This is prefilled
and is to be keypunched. Each of the next three cards is
divided into seven fields, ten columns each, to include the
value of the tax at the different 5% intervals from O to 100%.
The tax is entered in the field as a percéntage value.

Cards Set # 13: Investments, Sales, and Overhead Expenses

FORMAT (I1,9X,15A4,3(7E10.0,10X))
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This set of cards is divided into three major subsets.

1) The first one includes the distributions of the
values of thé different items.

2) The second subset has the distributions of the five
parameters concerning the sales from each of the different
products. These five parameters are:

a) Selling price per unit of product.

b) Direct cost per unit of product.

c) Maturity volume of product sales.

d) Time lag before selling starts.

e) Sales growth period to maturity.

These groups are repeated for each of the different products.

3) The third subset has the distributions of the three
parameters concerning overhead expenses as follows:

a) Value of the expense at maturity.

b) Time lag before incurring the expense.

c) Growth period for the expense to mature.

The data for each of the above parameters are entered on four:
cards. The first card has information about the distribution
code in column 1, ("0" for discrete and "1" for continuous),
and the distribution title in columns 11 through 70, divided
into five fields, 12 columns each, which is printed in five
lines in the output report. The next three cards have the
five percentile values of the distribution, seven per card,
in the first seven fields of ten columns each.

Cards Set # 14: Output Column Titles

FORMAT (15A4).
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This set of cards includes the titles of the different
output columns, one pér card, in the fields one through
60.

1) Cards Set # 15: Footnotes

FORMAT (15A%4)

This set of cards includeé the footnotes to be printed at the
bottom of the different output reports, one per card, in the
fields one through 60.

m) Cards Set # 16: Output Report Controls
Up to ten output reports are allowed by INMO, This set of cardé
include the different controls and information for each of
these reports. Each set of cards for a report are ordered as
follows:
1) 1st Card: Report Controls and Titles

FORMAT (2I5,2X,15A4)

Column # Description
2- 5 1st line to be printed in
report,
7-10 Last line to be printed in
report.
13-72 Title of report, centered

about column #41 for better
appearance in output report.

2) 2nd Card: Number of Sorts and Footnotes

FORMAT (2I5)

Column # Description
L- 5 Number of sorts required

for report,

9-10 Number of footnotes to be
printed at the end of the
report.
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3) 3rd Card Set: Sorts Controls

FORMAT (5I10)

Column # Description
1-10 , Output column used as sort key.
11-20 First output row for the start

of sorting.

21-30 Last output row to end the
sorting.

31-40 First output column in the
sorted block.

Lk1-50 Last output column in the sorted
block.

A card, punched as above, is needed for each'requested sort
of those needed for a given report,

4) Lth Card Set: Report's Footnotes
The sequence numbers of the footnotes requested for the
report are entered on these cards, ten per card, in the

orter they are to appear.

A.3.3 Sample Run

Refer to Chapter V, pp. 46-66, for a sample run.
A.L RUM User's Guide

RUM is a program that calculates the utility of an investment
according to the Farrer, Cramer and Smith, and/or Bussey's utility
models, see section 3.3. The flow chart of RUM is given in Figure 14,

The coefficients of a requested utility model are entered to RUM
together with other information necessary for the model, on the input

form, Appendix B, p. 180. RUM gives the utility measure of the invest-

ment for the requested models,
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A.4.1 Input Data Preparation

A maximum of five cards are used to eﬁter the data to RUM. The
first card is the problem identification title. The second card is a
control card indicating which of the three utility models is desired.

&he next three cards, one for each utility model, include the information
heeded for the model. If a model is not requested, the respective
information card is npt needed. RUM data cardé are filled as follows:

a) Card # 1: Problem Identification Title

FORMAT (20A%4)
This is the title of the run. The title is written on the
full 80 coiumns of the card. It should be centered about
calumn # 4O for better appearance on the program output,

b) Card # 2: Utility Model Control Card

FORMAT (3(I1,9X))
This ca;d indicates whether or not a utility model is to run.
This is indicated by entering "1'" if the model is requested,
and "O" otherwise. If the entered code is "1, a card with the
utility model's data is to be inserted, but it should not
be included otherwise. The fields on this card are divided

as follows:

Column # : Description
1 Code for Farrer's model.
11 Code for Cramer and Smith's
model.
12 Code for Bussey's model.

¢c) Card # 3: Information for Farrer's Model

FORMAT (10E10.3)

Farrer's utility model is as follows:
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where:

)
il

utility value,

#

a constant, and

v

Net Present Value.

The information for a énd V are entered on the card as follows:

Column # Description
1-10 Value of "a'l,
11-20 Value of "V',

This card is inserted only if column # 1 on the control card
has "1" in it.
d) Card # 4k: Information for Cramer and Smith's Model
FORMAT (10E10.3)
The Cramer and Smith's model is given as follows:

b_c

u b - a0d P

where:
u = utility value,
a = constant parameter,
b = constant parameter,
¢ = constant parameter,
4 = expected net present value,
0 = standard deviation of net present value, and
P = amount of investment.

The above data are entered on the card as follows:

Column # Description
1-10 Value of "a'l.

11-20 Value of "b'".
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21-30 Value of "c'".
31-40 Value of "u'",
41-50 Value of "o",
5160 Value of "P",

This card is inserted only if the Cramer and Smith's model is
required, omit otherwise,
Card # 5: Information for Bussey's Model
The Bussey's model is giyen as follows:
u=asm - b m, + C-* m3 - d- m,
where
u = utility value,
a,b,c,d = constant parameters, and
m, = the itﬁ moment of the net present value
distribution.

The above data are entered on the card as follows:

Column # Description
1-10 Value of "a',
11-20 Value of "b'l,
21-30 Value of 'c'",
31-40 Value of "d",
41-50 Value of "ml".
51-60 Value of "mz".
61-70 Value of "m3".
71-80 Value of "m4".

This card is inserted only if the Bussey's model is requested,

omit otherwise.
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B.1 PRODIP Input Data Sheets



IBM DATA SHEET e PROBLEM _ PAGE [T - ‘DATE WRITTEN

0.2 2lealaslosiaiorioatos] 1ot u fi2fisfia Jislis fiz]is]is [20] 21 25]26271; 31(32{33|34{35!38}37|38[39, 42143 4 52 7 6216 €8(69170171 |72173[74{75{76{7 778

W
O

PROBEEM IDENTIFICATION QITLE

1 Postred OI=E =R p

SONENTIAL NGRMAL LQGNORMAY RTISHER-TEPFERT IF ISIHR-IL TRPHTT| 13 WE axLu,. PEFA

Tl Dejirga TJ= Skip
PO S SO? ‘TRUKCATED BOLSSDN BEINCGMTAL NEGRTIVE! BINGMIAL TRULCATED HEG. BINOMEAI

— t-fegirpd O =Fkip

£€at



1IBM  DATA SHEET PROBLEM : - PAGE of DATE WRITIEN

5
|

a7l slceasizsorieaosnio] 1 [i2] 13 ]ishie 171819720 21122 2 2829]30{ 31[32[3334]35]38]37]38]

55(67168169{70| 71 [72173j74{75]|76|77173 73 20

0% IP BE KE¥PUNC,

NOFE] [Llasses| sijouldibd entdreg |n lan)

"t
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B.2 PRODIP Sample Run Input



IBM DATA SHEET " \ PROBLEM PRopP - Sggvn_& P ot 1 or_ 2 oame__10]20}93 wernen S

o:1o2 o3les aeioci0]osfessof n i2fiz)iafis[ie {17 tia]ia 20} 2 4{25)2 7128129130131 |32{33!34]35]|36|37|38{39|20]41 |42[43]44)4: 7| 52]|53154]55|38)5 62[63(54]/65|66]67{€31€3 7071 {72]73(T4(75{76,777E:7 9 20

ENITER TILTLE WROUND CENTERLINE

1= Pesired o= Skip "~
XPONENTIAL NORMAL LOGNORYAL RISHER-TIPLERT {F ISIER-{T IRPETT 13 WEIRULLL FECA
y 2 ~7
(XA AL 4 WALLX LY AL ALY VV VALYV LAY 1 AALL
T3 Pasiipgn U= Sk{p
PO 5SSO ’1‘RL \CA1ED POLSSDHN ) BINOGMIAL . NEGATIVE! BINOMIAL .Rl‘ \CAIED NEG. BI) (N[A.i
7 y V4 2 7 7
NAL YW VALY ]2 A ANV VALAANT Y] i
1~ r-Bogirpd Oi=—Ekip
NV H SHFL Y| | P LR
8 0 5] 0 o lo

921
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IBM - DATA SHEET ,.// ‘,-) PROBLEM _____ERQ.DJ_f—_\Q ,nﬁg L. pace__ 2 __or_ 2 ko_lo./_zal_7_3_ v:nnrr:uf_g:,*__

Q¢ 2 sosToslagorlesoohic i iz 1aliafisfie ]iz|ie]is j20] 21{22{23|24]25[26|27]|28,29]30] 31|32|33{34[35|36{37]38! A0141142]|43 7| 054 152|53]54|55{56I57 0[61]€2163,64/C 6 ea{cajralni|ra|r2r4| 151757778 15 20

= XT IXT FI REMARKS K07 TP BE PUNCHE.
0 4 2 £
4 8 6 4
. 3 I2 1o S1 PofE{ Elasses|stoupaltd chigrep In fan)
B IZ 16 Ilf 2 seeriding lorflef df XBlanfd T
Ile 2i0 118 112
2jo 24 22 19
2|4 23 2/ 8
2|8 3| 3o 6
=
o 1 . _
A1
AT
L+ ’ BER
A r// — ]
] -
1 e
— e
1
S OO R N O I // .
||
1
1
A
//
,/
/

L2t
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B.3 PRODIP Sample Run Output

3 et e o vk 4 3k g et o e ool e oo ke ok sk ke o e o el el ol e ool ol ek ol ok b kb ok ok ok ok Rk
* *
* *
x *
* PRODIP == SAMPLE RUN *
% *
* #
* *
% %

ok ok i X oo 3ok Ak sk ok o e ok e Aol e e ik X 3 e e ik ol o e ok 3 e e ok o g o e ol ek R de ke ol ok ek Nk ok
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35 e o o o 3 ok ok o o 3 sk ok o ook 3 o oo ok ok ok S Sk ok o e ofe S ok ofe ofe S o e oje e e ok 3k sl o ae e e e o ak o e alkof e ool kol ok ke ol ol o ek ek ok sk X Rk R Rk ek ko

*
*
*
W3 1SAS NOS¥v3d Vv N211dD *
NAY 3TdWNVS -- dI00YUd *

*

X

*

*

# W % % % # % *

e o o 3 e o 3 e ok e e ek xRk ek xRk X ok ko kxR R R Kk ok koo x ok kX ook & & Kok & ok ik dooXok R oo ko ok ok sk ok



LX)

" BE6

= 0.18733333C
= 0415032657C
= Co121C75440
= C.2€ECE2829C
= 04384216460
= Ce€7C162310

=-0414246865C

c2
09
c1l
09
02
C1
01

PM2 = 0,40293333C
PMT = (0.4C1£84EEC
MZ ==(.16C65126LC
BEl = 0.18359870C

SIGB1= 0.1£C73571D
8 = 04542736350

cl = 04271368170

PRODIP —-= SAMPLE RUN

PEARSCN SYSTEM

DISTRIBUTION TYPE

1

K =-0.10277359C 00
B1 = C.1835687CD OC
B2 = 0.256305480 01
LAMBDA= 0.28417515C 01
H = 0.0 ‘
A = 60
03 FM3 = 00933572230 04 PMG =
1¢ PME = (.1CG5€179D 12 (3] =
c3 F4 = 0.69293155C 04 M5 =
00 EEZ = 0.2563C5480 01 BEZ =
co SIGB2= 0.35747700D 00 SIGL=
01 C = 0.55630548D 01 b =
01 C2 =-0,142468650 Ol $GC1 =
XI FI
0.2C00CCCOD 01 0. 2C000G0CD
C«60000000D 01 0.40G00000D
€.100CCCCOD 02 0. 5CC00000D
0.14006000D 02 0. 8CCCCCOOD
€.180000000 02 0.12000000D
C.22CGCCCOD 02 C.15CC0G0CD
0.26000000C 02 0.800C000CD
C.3C0000000 02 0.60000000D

0.22753173D
0.18733333¢
~0.496490770
0.1G912655D
0.835302550D
0.6852050CD

0.203097020

o1
01
ol
0l
02
02
ol
01

06
02
05
01
01
01
o1

PM5 =

M2 =

BE4 =
S IGK=

SGC2=

0.57610677D 07
0.51995556D 02
0.12788734D 07
0.90976429D 01
0.780998800-01
04142468650 01
04862370530 00

oft



Xg

CeC

€.400000D
C.ECCCCOD
0.1200000
€.1600000
€.206000D
042400000
C.28CCOCD

01
cl
02
02
02
02
c2

XT

C+400000D
€.8000000
t.1260G0C
C.1600000
C.200000C
(. 24C000D
C.280000D
Ce320000C

SAMPLE STATISTICS

xI

€. 2C000CD
0.€000C0D
G.100000C
Qe 1400000
J.1800000
0. 2200000
0. 2600000
042000000

FI

0.200000D
0. 4C0C00D
0.5000000
0.8000000
0. 120GCCD
0.150000C
C. 8C0G00L
0.600CCCD

01
o1
01
o1
c2
02
01
01

CF1

0.2000000
C+ 6000000
g.110CC0D
01900000
0.3100000
0.4600000
05400000
0.6C0C00D

o1
0l
02

02
02
02
02

DFO

0.333333D0-01

041000000
0.183333D
0.316667D
0.5166670
0. 7666670
0.900000D
0.100000D

00
00
00
00
00
00
o1

TE€T
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* *
* *
* %
* %
* NNY 3 TdWVS -~ d4100dd *
* *
* *
* *
* *
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PRODIP —- SAMPLE RLN
EXPUNENTIAL CISTRIBUTICN
DENSITY FUNCTION G(X)}=LAMBDA1 EXP(-LAMBDAI X)y X=0Cy LAMBDAL =0
DISTRIBUTION FUNCTICN h(X)=1-EXP(-LANMBCALl XT)

L AMBCAl1=1/M1

H{X) FE
Cel9226652L 00 0.11535991D 02
Ca34715€€63D 00 Ce 63180C650 01
04473007730 00 0. 782€465¢D 01
Ce574330G70D 0O 0.60793783D 01
Ce£5€1726€D 0C €. 4G51C51740 01
0722279150 00 0.36€€3€520 01
Ce775€1i55T0 0OC 0.320378540 01
0.8188C565D QC Ce25€878047D 01

MAX ABS DIFF (DFO-H(X))= C.285674390 00

LAMBOALl= 0.533807682D~C1

CHISC = 0.610065%65C 02

NGI(CHISQ)= 6 SMFE= 0.,5C0CC00CC 01
P{EXCEEDING CHISQ)= 0.178217160~11 DF= 4

594



PRCDIP -- SAMPLE RUN
NORMAL DISTRIBUTION
DENSITY FUNMTICN GAX)=1/3%3CRT{2PI) EXP(-o5(X-M/S)*%2]),
~INFINITY+X+INFINITY, —INFINITY+M+INFINITY, S=C
CISTRIBUTION FUNCTION H{X)=1/S*SURT(Z2PIV*INTEGRAL(EXP{-{(T-M)%*%2/2%S%x%2)CT)

F=NEAN, S=STANCARLC CEVIATICN

l H{X) FE
-0.2042232300 (1 C.2C£148150~-Cl1 0.12308889D 01
-0.14885091C 01 0.68308231D0-01 0.28676C500 01
-0.6237£5240 CC 0.17520745C 00 0.64139530C 01
0379061330 CC C.252321C32D0 CC Ce1C626815D 02

0.17566257C CO 0.569720420 00 0.13043564D 02
0.7203E€47D (C 0.76742290D0 CC 0.11862149D 02
Jo12851104C 01 C.900€2326D 0OC C. 769202120 01
C.18366343D0 (1 0.96710362C 00 0.398882180 01

MAX ABS CIFF {(CFC-h{X)}= 0.530537550-01

M= 0.,18723323D 02 S= 0.72107944C 01
CHISQ= C.1925817¢C C1
NG(CHISC)= 5 SFMFE= 0,50000000D0 01
P{EXCEEDING CHISQ)= 0.38178074D 0OC CF= 2

feT



YT

0.138626D
04207944D
Ce 24E4S1D
0.,27725SD
€Ce2965730
Ge21TECED
0.333220D
Ce346574D

ol
Cl
Cl
01
Gl
01
Cl

SAFPLE STATISTICS

YI

0+ €S2147D
0.179176D
€.230259D
0.263506D
02890370
0. 2091C4D
C.225€8100
Ce340120C

cC
01
01
cl
g1
c1
01
01

Fl

0.200000D
0.400000D
0.500000¢C
C. 8CCCCCD
0.1200060D
0.150000C
C.8CCCCCD
0.6000006C

PRODIP —=- SAMPLE RLN

01

01
01
01
02
02
01
01

LCGNCRMAL CISTRIBUT ION

CFI

0.2000000
0. 6600C0D
0.1100000
0.190000D
0. 3100C00
0.4600000
0.5400000
0.6000C0D

01
01
02
02
c2
02
02
g2

DFQO

0.3333330-01

0.10000600
0.183323D
0.316667D
05166670
0.766667D
0.900000C
0.1000C0D

00
00
00
00

00 -

00
0l

LT



PRODIP -~ SAMPLE RUN
LGGNORMAL CISTRIBUTION
DENSITY FUNCTION GUY)=1/5*%SQRT{2PI) EXP(-o5(Y-M/S)%%x2},
“INFINITY+Y+INFINITY, ~INFINITY#MSINFINITY, S=0
CISTRIBUTION FUNCTION F{(X)}=1/S*SQRT(ZPI)*INTEGRAL(EXP(-{T-M)%%2/2%S%%2)DT)
YI=ULN(XI), YB=LN{XB}, YT=LNIXT)

M=MEAN(YI), S=STANCARD DEVIATIGNI(YI)

L H{X) FE
-0.249415¢70 Q1 0.63127732D-C2 0.378766390 00
~0.128127910 01 0.,100047710 CQ 0.56240360D0 01
-C.57175123D 90 0.28373169D 00 0.11021039D 02
-0.68401554D-C1 0.472713312D CC 0.11340086C 02

032205781C Q0 0.6262656¢€D CC 0.92137524D C1
0. €410E€34D QCC 0739266670 00 0.677826040 01
0.91082112D CC C.818€(5CTD GC 04177230420 01
06114447600 01 ) 0.87378690D0 00 0.32985Cs8D 01

MAX AES CIFF (DFC-+(X))= 0.156C€6450 CC

M= 0.,281167650 01 S= 0.57148982D 00 M2= 0,32660061D0 00 H{Y)= 0.0
CHISQ= (Ge1944242¢D C2
NGICHISC)I= 6 SMFE= 0.,500000000 01 ,

PIEXCEEDING CHISQ)= 0.221468950-03 DF= 3

9¢1



PRODIP -- SAMPLE RLN
FISFER-TIFPETT TYPE 1 DISTRIBUTION
CENSITY FUNCTION G(X)=ALPHA EXP(=Y-EXP(-Y))WHERE
Y=ALPHA(X=U) o=INFINITY+ X+ INFINITY JALPHA=0,~INFINITYHUCINFINITY
CISTRIBUTION FUNCTION kR(X)I=EXP(-EXP(-Y))

U=MODE yALPHA=SCALE PARAMETER

H(X) FE
0.13195275D-01 0. 79165€470 0O
Ce78926440D-01 0.39426299C 01
€e225362420 OC C. 878795870 01
0.41718973D 00 0.115C7835D 02
Ce.598726770 00 0.10892222D0 932
C.74005542D 0OC C. 848211850 01
0.83811547C 00 0.5€812C2¢D 01
CeS5C015€723D0 00 0.38071060C 01

MeX ABS CIFF (DFC-k(X))= 0.10052307C 00

ALPHA= (0.1332861790 (C U= 0.14991424D 02

CHISQ= 0.85802215D0 01

NG(CHISC)= 5 SMFE= 0.,50000000C 01
P(EXCEEDING CHISQ)= 0.137C34C8D~-01 OF= 2

LEL



PRODIP =~-= SAMPLE RUN
FISHER-TIPPETTY TYPE 2 DISTRIBUTICN
DENSITY FUNCTICN GUX)=GAMMA/BI(X/B)*¥(~GAMMA—1) EXP{(=-{X/B)¥¥{-GAMMA))
X=(98=(yGAMMA=C
DISTRIBUTICN FUNCTICN H{X)I=EXP{=(X/B)%x(~-CAMMA))

CAMMA=SLOPE,B=SCALE PARAMETER

H{X) FE
0.20030020D0-01 0.12018012D0 01
Ce15202471D O0OC 0.10320282D 02
C.369318C1D 0O Ce 1C62¢€SSED C2
Ue498443430 00 . 04774752520 01
Ce56C13847D 00 ‘ 0.550170280 01
0.65684196D 00 0.4C022C8SD 01
0.7G6858960 00 0.30010204D 01
Ce7454251SD 0C 0.231421350 01

NMAX ABS DIFF (DFO-R{X))= 0.,25457081D 0O

CAMMA= C.124482€4D C1 B= C.11962363D G2

CHISE= Ue54895704C 02

NG{CHI Q)= 5 SMFE= 0.50C€C00C0C 01
P(EXCEECING CFHISQ)= C.12010115D0-11 DF= 2

€T



PROCIP -~ SAMPLE RUN
WEIBULL DISTRIBUTICN
DENSITY FURNCTICN GI{X) =(GAMNA/THETA)X*% (GAMMA=1) EXP(~X%*GAMMA/THETA)
X GREATER THAN OR=0UyGAMMA GREATER THAN C,THETA GREATER THAN G
OISTRIBUTION FUNCTICON H(X)=1-EXP(=X**xGANNA/THETA)

GAMMA=SHAFE PARAMETER, THETA=SCALE PARAMETER

H{X) FE
CeB89660201D-02 . 0453796121D 00
0.€27254€2D-C1 Ce322€1665D 01
0.185751840 00 0.73809825D 01
Ce372541340 GO 0.112073700 02
0.585063¢€5D CC 0. 127521020 Q2
G.77195977C 00 0411212004D 02
Ce £G58G6346D 00 0.762202130 01
0965014440 00 Ce 3G€125E5D Q1

MAX ABS DIFF (DFC-H(X))= Ce68426379D-01

GAMMA= 0.28467332C 01 THETA= 0.5745795SD 04
CHISQ= C.,27482630D0 01
NC(CRISQ)= S SMFE= Q. 50CCCOCCD (€1

P(EXCEECING CHISQ)= 0.25305929D 00 cF= 2

6¢€T



Xeg

C.0

0.1250000
(.25CCCCD
C.3750CCD
0.5000000
(e 625CCCO
€C.75CCCCD
C.£7150C0D

XP1

. 6250000~

0., 1875000
0.3125000
Ce 4375(CD
Ce562500D
0.6875000D
Coe E1250CD
0.9375000

ol

SAMPLE STATISTICS BETA DISTRIBUTION

xXPT

G.1250000D
(.25CC0CD
0.375000D
C.50C0C0OC
0.6250000
0.750000C
C.875CCCD
C.1CCC0O0D

PROCIP -~ SAMPLE RUN

£l

0.2000000
0.400000C
C.50GCCCD
0.890000C
C.120C0CD
0.15000CD
0.800000C
Ce60GCCCD

01
0l
¢1
01
02
02
01
01

CFI

0, 2C000CD
0.6000000
0.1100C00
0.1900000
0.3100000
0. 4€C0CCD
0.5400000
0.6C0000CD

gl

02
02
02
02
02
02

OFO0

0.3333330-

0.1000000
0.1833330D
0. 3166€7D
0.516667D
07666670
0.%000000
0.100000D

ol
00
00
00
00
00
a0
01

ot



PROCIP —- SAMPLE RUN
BETA DISTRIBUTION
DENSETY FUNCTION GUX)=(GANMMA(LAMBDA+THETA)/ (GAMMA(LANEDA)I*(GAFMA(THETA)) JxX*%(LAMBDA=L)*(1-X) **x{(THETA~1)}
X GREATER DOR=0 ANC X LESS THAN OR =1,LAMBDA GREATER THAN C,THETA GREATER THAN O
CISTRIBUT ION FUNCT ICN H(X)={GAMMA{LAMBDA+THETA) /(GAMMA(LAMBDA) )*(GAMMA(THETA)))  INTEGRAL {X** (L AMBDA-1)*(1-X)**(THETA-1)DX)
LAMBCA ,THETA=SFAFE FARANMETERS
F{X) FE

0.1999€7450-01
C.876C(S730~-0C1

0.119980490 01
Ce 405625350 01

0.20168752C 00 0.684516250 01
Ce354743280 0C 0.918335210 01
0.£3462136D0 0C 0. 167532810 02
0.723939550 00 04113584900 02
C.85¢62C18D OC 0.103608380 02
C.1CCCCO00D O1 0, £2C278S10 01

THETA= 0.156704630 01 LAMBDA= C.221276€390 Cl Ml= 0,58541667D 00
: MAX ABS CIFF (LCFO-F(X))l= 0.427271120-01

CHISC= C.26C212310 0O}

NG(CFHISQiI= 7 SMFE= 0.500C0CCCD Cl

PIEXCEECING ChHISQ)= U.62644706C Q0 DF= 4

M2= 0.507769100-01

%1



142

2 e el e e oo o 2 o ook ke sk ok ool ok sl i ke kot ok ofe e o o ok st el Sl ede o o ok o ale ok st ok o sl ool o e e o ool sl afe sl s o o o o o o sl el g e ook ok sk o okl ok

*
*
: ¥
SNOILNBIYLISIQ 313¥3S1TJ 2 NOILdD *
NOY 37dWVS -- d100%d %

X

*

*

*

* % H % N *

3k 3 3k ok s o ak K 3 ok sl e 3 sk sk s dedoole ik ok sk sk Ak el Sk el Jesle ok 3k ok ok ok kol ok ko ok ek ok ke xRk Rk kkk k ok ok hkoker kX kkkokkk



PRCDIF =-- SAMPLE RUN

PGISSCN DISTRIBUTICA
DENSITY FUNCTION PI{X)=EXP{=-M}(M*2X/X FACTORIAL) X=0,1y 2,%*x%x
DISTR IBUTICN FUNCTION H{X)=EXP(=M)*SUMMATICN(M=xX/X FACTCRIAL)
F=NMEAN

F(X) FE

M=Q

1578



PRCDIF -- SANMPLE RUN
NEGATIVE BINOMIAL ODISTRIBUTION
(ESTIMATICON OF PARAMETERS BY FIRST TwO MOMENT METHCD)
DENSITY FUNCTICN P(X)=(GANMA(X+KL)I/X FACTCRIAL GAMMA(K1) )*P**K1*(1-P ) #%xX
X=0y9 1y 2g%kkik
K GREATER O P GREATER CR =0 AND P LESS 1 GR =1

OISTRIEBUTION FUNCTION H{X)=SUMMAT ION(GAMMA(X+K1)/X FACTOR IAL*GAMMA( K1) )*pP**K1*(1-P)*%xX)

H{ X) FE
0.523824650-03 0.31429479C-01
C.59011675D~-02 0. 562640570 00
0.42727107D-01 0.16€¢5564D0 01
C.965450310~01 0.32293154D 01
G.1528¢5E5D CC G, 337600890 01
0.19655403D 00 0.2€2126C<D 01
C.2235C770C 00 0.16412202C 01
0.2284€282D0 (C 0. 874507350 00

MAX ABS DIFF (DFO-H(X))= C.76151718D0 00

K = 04105506410 02 P= C,3€0287200 0O

CHISQ= 0.154018690D 03

NGICHI Q)= 2 SMFE= 0.50C0C0COC 01
PUEXCEED ING CHISQJ)=NO TEST DF= -1

e



PROCIP -—- SAMPLE RUN
TRUNCATEL NEGATIVE BINOMIAL DISTRIBUTICN
(ESTIMATICN GF PARAMETERS BY BRASS METHCD)
DENSITY FUNCTICN PUX)=(GIMMA(K+X)/X FACTORIAL GAMMA(K))*(P**K*( 1-P)*%xX/( 1-P%%K)
X=1 92 93 g%k
K GREATER O P GREATE# CR =0 ANC P LESS 1 OR =1

CISTRIBUT ION FUNCT ION H{X)=SUMMATION{GAMMA(K+X) /X FACTORIAL GAMMA(K) ) *(PExK¥(1~F) %% X/ (1 -P%*K)

HiX) FE
0.63504717D-03 0.3€1C282CD-01
0.1093€254D-01 0.61807482D 00
0.44922275D-01 C.2C351589D 01
0.98755473C-01 0.322999150 01
0.1541C512D 0C 0.33209788D 01
0.156823C70 ©C 0. 2562C16€D 01
0.22368483C 00 0.,16117060D 01
C.2381€7C4D 0OC C, 868532170 00

MAX ABS DIFF (DFC-t(X))= 0.76183296C 00

K = 0,69598662D 01 = 0434827763D 00

CHISC= 0.156178640 03

NG(CHI Q)= 2 SMFE= 0.500000000 01
P(EXCEEDING CHISQ)=NO TEST DF= -1

SHY



PRODIP —- SAMPLE RUN
TRUNCATED POISSCN DISTRIBUTICN
(MAXIMUM L IKEL IFOOD ESTIMAT ION)
DENS ITY FUNCTION P(X)=EXP(~M)*M*%X/X FACTORIAL(1=EXP(-M))
X=192 y%%%% M GREATER THAN 0
DISTRIBUTION FUNCT ICN h(X)=EXP(~M)*SUMMATION M¥¥X/X FACTORIAL*{1-EXP(-M) )

H{X) ' FE

9%t
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B.4 GUSS Input Data Sheets



DATA SHEET PROBLEM _.__. CPAGE_.___ .. OF _ DATE . WRITTEN

[oloz[caloatozjosforjosionlte | i [z 13ia [15i6 |7 [16] 15 J20} z1]22] - s[za 25 |2 6]o7]2a]2 9] z0] 31 [32]33]54]35[36[37]38]35 4041 |a2|4 3| 2 c|43] 26| 47| 431491 50] 51 |52] 3| 545 5]56]57 cletic2l6 €8|69}70{71 [72{73{74{75]76]77(78{79/80
- -
1P TIFICATIOY NI
EE® S RTH
ABOUT CERTERUIN
VARTABLE  CONTROLS
AL
KONS' XDET KRANB | KAXEST KEXT KBLK KNOTE Tr
=14
OPTIMAL QUEPUr DEVICES FOR RETAILEN DISTRIBUTIQNS| - 17 . . 4
_ 1 # o REMARKS NOT! KEYPLINGITED J. T
DEVICES 1st 2r r Lt 5t CODES 1}2 L prsks W4 4 ThPES ¥ 4 PUNGH
L e st B AL bty o : LI s 12 -
RN | [
S . JON SR .| S S,
e bt T - _.1”_«-—- e -’- - .
S0 L S - § rd '
VRS S8 0 L O U O O R U O P O O L O O 00 O O L B RN O U 0 O I O OO S O S

8%t



DATA SHEET PROBLEM ... _.. _ — e e e e e .. PAGE —_OF . ____DATE WRITTEN

02}04{0510€/07[08,09(10} I}

S

13[iafis]is [irfialie joc] 21 j22 26[arlz8[2s[20]31[32]23]34[35]38[27[asss[a0]ar[az]a3]4 47, s 4i5sl56]s7] 62[8. s8le9iroln {72[73]r4l7s]7e]77

73179

Iﬁ’lﬁi(lﬁfﬁ“l-é_ FLOK' I!\L‘1 EJETJ(HH&‘ C~ VARTABI [ACCERTABT ﬂ!f CRITERT:

6%1



WRITTEN

e OF o DATE __

. PAGE

PROBLEM __

DATA SHEET

2 \\ YA A. K14 V \.\\ “= L\ “Al /T _\\‘\
» \\\ i/ . mly < ) "4 ] |/ 7 N \< by 8
3 v “ L\ et A /i ANE V\ . / - d AL
S A ALY AV ANAA A A AA T 7 ‘A
3 / A / 54 ) . N1/ A/ 7 W \ 7 V-
g /| ' V. il dr4'® A : V' /A \ 4 & y * 7 7 \
L /] - - \\ f \ v/ \\. . ] \\s\,\
dIVe & AAAN X7 ¥ ANV K \Q\_A 474 74 \\\
8 NAALE L YA TV / N LN AW A7 y
3 s y 7 4 \\\5 A Y7V 4 {4 dAVAys
3 B f
3 i \] H
2 Y / ’ ]
> ’ N 5 8 YR I
! : TSI -
"y 3
A \o s DJ ] WM WM vln m
: w : -
o .
0 X o
o ¢ 1
2 1 : ;
F /S i j
2 Vs ; _
5 , : L
-.w £ %v /;\ : R [y Rt j
F o 2 Iy T i 18 Ay
B - —
“v e |
b N/ - |
z g
3 N/ - .l
/N R
N\ A i
~
. e,
3 ﬁ ST Iag — R —
C 4 1 I A ] g -
< N/ .I
< A —
N . -
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g T AR
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& T
3 1 _ o
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F LY - 1R A ..I o 54 w
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EHIE Dvlmx ]
i g m I
2 S &
IR N1 2 g
& /s T i
&R INALE H “
% 5 = & 3 N/ m ® ® b _k
RIRE . z = @
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s 2 i
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3 N _
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® K
= A .
© B 5 Bl INA # % R
2 N b \ =¥ A
S N i s
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- N/ 1
e Y / N\ /] Y A 7 —
3 A ;
3 / N/ pd !
sill 32 _ /N A | ;
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3 /. A N : i
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DATA SHEET PROBLEM _ _ RO e L s

o _DATE _ _  ___ __WRITEN

26]2a]30] 31|25 :[34]35]3u|37 2 a5 a2las]a

a7 s2[ss[s4ls s]se[s7[sa]ssleo]ei[e2[s3]sales[6E 67 7l

T2 |T3[T4 TS| TSITT(TE|TH 80|

COLUNN (TITLES f FOOTROTES) 7

|
:
|
| I
t
L-A‘lﬂ}' bol (¥l IS
I 3

16T



DATA SHEET PROELE A

e o WRITEN e

S - e S . . cemeem o PAGE .. OF. . __ __ DATE ..

46147148| 5t152{53)54(55|56/57|58|59l60{ 6| [62}63{64{65{66{67[68{69| 70|71 |72{73]74|75;76(7?}76{79180

3 RBU\RKS NOT 9;1_ U H@I i B L.
hrbedx ' Maxbed
o'} INRO!
—T o i
bl .
(UL, UL SR Y SRR S U SO SR SOV SR D U O dorb o 5] 3, ]
C
b
= . . ]
ke
” MAXROI
2]
T
e h 1 %“1 AXE Lhe hrobo
L L ‘ .
1= i
* H
8
! i [ A1 TG M 11
N A N . :
1 2 3 4 5 6 7 8 Tol | 10 i REMARKS INOT_KEYPUNC =L Tt N l '»
; ) T'— NN EEE] 1T T
_ FOOINQTES | 1 through
1 lllgomtrrs\; thh‘m‘"gﬁ j
Foo_;lms let rough
NOTES 31 ugh 4

cst
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B.5 GUSS -- Sample Model Subroutine



OOCO

AROOOOOODNCOGO

SUSRCUTINE INMO
INMC1- SINMPLE INVESTMENT ANALYSIS MCOCEL

COMMONZCUSS/KLAPSyLAPNUM,KONSTIE0 ) VECTORISC) s SANPLE(SO0)
1 ACCEPT(25) yEXIT(T)4&UN(1G,20) »KCUNT (10)

STCFE MUMBER CF INTEREST RATES IN KONST(1)

[R= BPUMBER CF INTEREST RATES

STCRE INTEREST RATES IN VECTGR(1) +es VECTICROIFR)

STCKE LIFE CF PRCJECT IN VECTCRUIR+]1)

STICRE TAX LIFE CF EGUIFMENT IN VECTCR({IR42)

STCFRE SALVAGE VALULE IN VECTCRUIR+3)

SAMFLELL)I=TINVESTMENT

SAMPLE(Z)=REVENLES

SAMPLE{3)=EXPENSES

SAMELEL4)=TAX KATE

FXTT{1) oo EXIT{IR}) = DISTRIBUTICN FCR EACH GIVEN INTEREST RATE
NFT PRESENT VALLE

IR=KCNST (1)

LIFE=VECTCR(IR+]1)

CEPN= (SAMPLE(L1)-VECTCRI{IR+2)) /VECTCR(IR+2)
£EC 1560 I=1, 1R

ExIT(l)=C

CO zCC NLIFE=1,LIFE

2CO0 EXITUIDI=EXITAI )40 (1e—-SAMPLE(4)}*(SAMPLE(Z2)~SAMPLE(3)-DEPN)+DEPN)

1 *(le+VECTCRII )V #% (=NLIFE)

06 EXITOIISEXTITOLI=-SAMPLE(Y)

Cardd ek ol R o % oo of e o e dedbe e ok oo o o o o b o o o 3 o ofe 0% oo o ale o o o o ok o o o e o o o 3 ok ofr ok e e ok ok e e e e v o e ok ok Kk X

C

RETURN
ENC

7AT
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B.6 GUSS —-- Sample Model Subroutine Input



[ diim—

DATA SHEET rrosiem __CHUS S - SA Igﬁo @‘ - moe_ A or_ & oax ,__/p[za/_7_3__ VIRITTEN 5.

oics creaziserjociespie | u [iz[iafiafisfie fir{ialio 20§ 21 4123 7|28|29]30] 31|32]33/34{35]36]37(38[30'40] 41 |42] 43 7 52153[54ls5]58]57 52163]¢ calsolrol7i [72]73i74 |72 ]7ei77lre e 20
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2
N
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. DATA SHEET PROBLEM ___QM_SS__’_&,*M_??A A . : racE__Re__of & oaie ....._LQJZQ_/_’),B_ WRITTEN __gé‘?_‘____.__
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Qo0 ol

w2 _l | - P P J
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o1 1110
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0|. 2151
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N W

™~ b
=
)
M
m

LST



DATA SHEET

PROBLEM

GUSS. Sewpls Rm

PAGE

3
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foil-2T Tleasios;or e " 14115116 19]20] 21]22]23]24}25]26]27]28[29]30] 31]32]33 m s1[52l53l5 55156167 Seeales S TealesTra) E D BT RS
—r—i‘ - LAV AT
TYVR VARIABLE PITLE Spread!in \\\ \ \K
e e \ NN
OOz My lels TIMEe uiT] NANNRANNN
NI M N
e 1 N N
Zolololol. 7 N
L L
[lololo'dlol /
NN
L i
!
i

(1S)

T

f

AT

b !

;l“:_:‘! ol

|/ Slaldol. 1510 '
Nii |
RNRES el T T T s R
[6Seal 1T liToog:I 117840l 111|118 SEGFZARNEENSNGANN

1]

v
W __
O !
o
Q-r

al ! |2J3LsTolo..l | 1l I214iolotd (NN

Adodal 71 [ la430

8« re

8t
]

/4

n\\\\\| \

SisioaigL 1SRN

219



N po
DATA SHEET PROBLEM -éLLS_S;&_.\@ZL__@._—__h PAGE _ ) _OF __ & __DATE _10/24/_7 3 WRITTEN % N
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DATA SHEET . eroBlem _GUSS . Sa i\p Q (Pl' -; et L or 8 one _J_Q,Lia.l9=3—- wRTEN ——St————
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B.7 GUSS Sample Run Output

#**###****##*###**#***r*********#****#****####****#***********

x *
% *
% *
* GUSS -- SAMPLE RLUN *
* : *
* *
% *
* %

%R o ook Fx % % o o A oh ol b % ok of dh o o ok db ok ok ok ol ok ok ook o A e de Xtk d ok ke o ol e ok ok 3k ook ok koo ok ok



M MEER OF INTEREST RATES

INTEREST RATES

LIFE OF PROJECT
14X LIFE

S2LVACE VALUE

INTEGER CCASTANTS & INCEXES

CETERMINISTIC VARIABLES

G.50C00E-01

C.S0C00E-

0. 10000E
0.15000E
0.20000E
C. 25G00E
0.20000E
C.20GOCE

G.C

01
00
00
00
ao
2
c2

9t



CUM.PCT

O
5e
10.
e
2C.,
25.
3C.
- 35,
40
4%
50.
55
6Co
65.
€.
15,
8C.
€€,
90.
95,
1GC.

DIsT.

TYPE

INVESTMEN

0.70000€
Ce 7CCUCE
0.80000E
C.8CCOCE
C.8C00CE
0.80000E
C.8GC00CE
0+10000E
0.10000E
C.1C00CE
0.10000E
0.11CG0E
C.11CCCE
0.11000E
C.12000E
Ce12CCCE
0.12000€E
C.12500E
0.12500¢E
0+14000E
C.14C0CE

l.

T

INPUT RANCOM VARIABLES

REVENUES

0415000€E
Ge150(CE

- 0e152CCF

0415300¢E
0.154(CE
0.,155C0¢E
Je16000E
0.1€2CCE
0.17000E
0.178CCE
0.1ESCCE
0.19500E
C.2COCLE
0.2250CE
0.23000E
0.2250CE
0.24000E
0+24000E
Q. 243CCE
0.247COE
Gs250CCE

l.

EXPENSES

05 0.30000E 04
G5 0.30000E 04
C5 Ce 3COCOE C4
05 0.30000E 04
c5 0.30000E 04
Cc5 Cos3CGCOE (4
05 0.30000E 04
Cc5 Ce3COCOE 04
Cc5 0+3COCOE 04
Cc5 0+30000E 04
cs Ce 30000E C4
05 0.30000E 04
Cc5 0.30000E 04
05 Ce 3COCOE Co
05 0«300C0E 04
Cc5 0+.300C0E 04
05 C+3COCCE C4
(1 U+30000E 04

< C+30000E 04
¢S5 0.30000€ 04
C5 C+30000E 04

0.

0=0ISCRETE, 1=CONTINUOUS

TAX RATE

0.50CGCE
0.50000¢E
0.50GCGE

«S0CCCE
0.+50000€E
0«50GC0OCE
0.50000E
0.50000€E
0.50COCE
0.50000E
0.50C00CE
0, S0CGCE
0.50000E
0.50C0CE
0.50C00E
0.50000¢E
0.50CGCE
0.50000E
0.50000€&
0.50C0CE
0.50000E

Q.

DUMMY1

0. 70000E
0.70000E
0.80000E
0.80C00€E
0.80000€E
0.80000E
0. 8GC00GE
0.10000E
0.10000E
0.10C00E
0.10000E
0.11000€
0.11000E
0.11000€E
0.120C0€
0.12000€
0.12000E
0.12500E
0.14000E
0.12500€
0.14000E

1.

DUMMY 2

0.15000€E
0. 15000
0.15200E
0.15300E
0.15400E
0.15500€
Ge 16000E
0.16500E
0.17000E
0.17800€
0.18500€
0.19500€
0. 20000
0.22500E
0.23000€E
0.23500€
0.24000€
0. 24000
0.+24300€
0.24T00E
0. 25000€

1.

991



CUMJECT

‘e

1C.

[
-e

20.

aC.
35,
4Ce
45.
5C.

- - ®

60.
€5,
1Ce.
5.
ECe.
£S5,
9C.

I )

1CC.

DIST,

TYPE

CUMMY3

C.3CCCGE
0+.30000E
(+3C000E
C.3CCGGE
C.30000¢E
C.30000E
C.3CCOCE
0.30000E
€.3C0C0E
0.30000E
0+30000E
G.3CCOCE
0.30000€
0.30000€E
C.3CCCCE
0.30000€
C.300C0E
C.3(CCCGCE
0.30000E
C.3C000E
C+3CCCCE

Ce

INFLT FANCCM VARIABLES

DUMNMY 4

Ge5GOCCE
0+5C0CCE
0.50000E
C«5COCCE
0.500CCE
0.50000E
0. 5COCGE
0.5000CCE
0.50CCCE
0.500CCE
0.500CCE
C.500CCE
0.500CCE
0.50000€E
C.5C0CCE
0.800CCE
0+50000¢E
0.5C0CCE
0.5000CE
0.50000E
C. 5CO0CE

Ce

O=CISCRETE,

1=CONT INUOUS

L9T
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3k 3 3l o 3 o 3 o A 2k o ook o ok ok ok ok ol o ok o ok ok e sk ok ok o ol o ok ok ok kool o ol e o e 3 e e o ol ke o ok o gk ok o e ok e ok o o o ok ok o ok ok e e Aol ke dkskok e ool ek ko
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CCLUMN TITLES :

CCLUMN
CCLUMN
CCLUMN
CGLUMN
CCLUMN

CTLUNMN

SHOWS
SHOWS
SHCWS
SHOWS
SHOKS

SEOWS

TFHE
THE
TFHE
THE
THE

THE

NPV

NPV

NPV

NPV

NPV

NPV

AT

AT

AT

AT

AT

AY

AR

PERCENT
PERCENMTY
PERCENT
PERCENT
PERCENT

PERCENT

INTEREST
INTEREST
INTEREST
INTEREST
INTEREST

INTEREST

RATE
RATE
RATE
RATE
RATE

RATE

691



PCT.

10C.0000
$8.60C0
96.0000
$4.00C0
$2.0000
$0.0000
§8.C0C0
86.C0C0
84.0000
82.0CC0O
86.00C0
78.0000
76.CCCC
7440000
72,0060
7G.0060
68,0000
€6.CCCO
64,0000
6240000
6C.00C0
58,0060
56.0000
£4.CGCC
52.0000
5C.0000
48,00C0
46,0000
44,0CCC
42,0000
4C.CCCO
38.6GCC0
36.0000
34,4C0CO
32.€CCC
30,0000
28.€0C0
26.0000
24.0000
22.0CC0
2G.C0CO
18.0000
16. €000
14.0000
12.00¢0
16.00C0
8.0000
£.CCCO
4.0000
240000

0.81713€
-0e 75C14E
0.75778E
0. 73560E
0. 73449E

0.69244E

Ce 66829E
0.63€€7E
0.59561FE
0. 52449E
0.51792E
0.51385€
0e4S741E
0.48378E
0.46146E
0.42745E
0.40212E
0.3645CE
0. 3€345E
0.34265E
0.3244 EE
0.30268E
0.28758E
0. 28€44E
0.28229€
0.27937E
0.27181E
0.23326E
Ce156G8E
0e1G247E
0.17314E
Ce 14854E
0.11219€
0.90140E
0.8800€E
0.77663E
0.6T76S6E
0.67481E
0.,66703E
0.56293E
0.21021€

0,12671E°

0.12CE&SE

0435713E
-0.26898E
-0,48176E
-0.61501E
~0.64229E
-0.19349E
-0.,21608E

05
05
05
05
-]
05
0s
ce
05
05
05
0s
05
05
05
cs
05
05
¢
05
05
05
05
0c
05
05
GE
05
05
Ccs
05
05
05
04
04
04
04
04
04
04
G4
04
04
03
04
G4
04
04
1}
05

0.38454E
0.364T7E
0. 35157€E
0.34107E
0.31413E
0.29320E
0.27552E
C.15885E
0.14153E
0.80548E
0. €09325E
0.58373E
0.55389E
0. 52592E
0.49176E
0. 431763E
0.33361E
0.20239E
Ce 15S83E

- =0e93644E

-0.21273E
~0. 2982 4E
-0.69713E
-0, E641 GE
~0.8747SE
-0.96639E
=Ce 59292E
-0.12352€E
~0.14068E
=00 15327E
=0.17541E
-0.18533E
-0.20148E
=0.,20304E
-C. 21C62E
-0.21220E
~0.21792E
-0.22407E
~0.24482E
-0.24752E
~Cs 26€98E
-0,28541E
-0.31172E
-0.3183SE
-0.34392E
-0.3536EE
-0+36605E
-0+36990E
-0.51624E
~0.53279€

0.30474E

0.28630E

Ce2ECT3E
0426420E

0.23659E

0. 21S56E
0.20306E
0. 1180GE

0.577€0E
0.21226E
-0+ 441738E
-0.24580E
-0.26405E
-C.2SC7SE
-0.29171€
~C.2S187E
~0.33252E
-0.33514E
~0.49732E
-0.62€30E
-0.95185E
~0. 104CSE
-0.1186S1E
-0.15569E
~0.15750E
~0.16941E
-0e17345E
-0.19¢ECS7E
-0.20551E
-0.21 7C5E
-C. 24C21E
~0.25527E
-0.25€73E
-0.25791E
-0.26380E
-0.27060E
~0427634E
-0.27874E
=00 30244E
-0.30548E
-Ce32(C10E
-0424C29E

-0.37157€

-0,37778E

~0440240E -

~Ce41003E
~0s42223E
~0.42629€
-0.57578E
-0.59121E

cs
05
5
05
05
c5
05
05
04
04
03

04
[
04
04
C4
04
04
c4
04
05
05
05
c5
05
05
c5
05
a5
C5
05
05

05

05
05
05
05
G5
05
05
¢S5
05
05
05
05
¢5
05
05
c5

Cs21C48E
0.12224E
-0.13331E
-0.17583E
~0.47658E
=0. 504 C6E
=0.62524E
~0.,17797E
-Ce19622E
-0.20935E
~0.20986E
-Ce21511E
=0.24929E
~0.25787E
-0e29925E
-0.31574€E
-0s33476E
~0.336¢1E
-0.33715E
-04338C4E
-0.33920E
-0.35430E
-G.38058E
~0.40573E
-0.40748E
-0.41077€
~0444139¢E
-0044526E
-0.45084E
-0.45246E
-0.45353E
~045873E
-0.46374E
=04 46795E
-0.47362E
=0. 51362E
-0.51485E
-0451796€
=C.52268E
~0e52474E
-0.54145E
~C.56032E
-0.59092E
~0.59549E
-0s.61661E
“0.61677E
-0. 6281 7E
-0.63299E
-0.79402E
-C.80536E

C4
04
03
Ccé4
04
o4
C4
05
cs
05
05
c5
05
05
G5
05
c5
C5
05
c5
05
05
G5
05
G5
cs5
05
G5
G5
05

(3

05
05
c5
05
G5
c5
05
G5
05
05
05
05
05
05
05
a5
(4]
05
G5

-C. 13604E
~0.16811E
~0.1 7866E
-0.16130E
-0.21684E
-0.22290E
-0.22627€
-0432043E
-0.32131E
-0.33028E
=0e34498E
-Ce36C48E
-0.37824E
-0.41043E
-0, 4385S€E
-0.48247TE
-0.48987¢
-C.51811E
-0.5234TE
-0.52873E
-0.53032€
-0,53129E
-G 5416CE
-0.54207€
-0.55988E
~GCe5€542E
~0457403E
-0.57487E
-0,57891E
-0.58280E
=0. 5E609E
~0e59454E
~0+59497E
-0. 61283E
-0.63491E
~0.64381 E
~0e 64895E
-0,66116E
-0. 66546E
-0, 67306E
-0.71907E
-G 72615E
-0.72971E
-0.74397E
-0, 74675E
-0.74893E
-0.75514E
-Co 76042E
-0.92856E
-0.93739€

05
05
05
05
05
05
05
05
05
05
05
05
05
05
05
05
05
05
05
05
05
05
0%
05
05
05
05
05
05
05
05
05
05
05
05
05
o5
05
05
05
05
05
05
05
05
05
05
05
05
05

~0424453E
-0.28654E
-0.29550€F
=0.30577E
~0.22650E
~0.33416F
-0, 23836E
=0+ 29362E
-0.39475¢E
~C. 41861E
-0.43054E
-0.45755€E
-Ce4E0T4E
~0.48369E
~0s56331F
-0.57979E
-0.60460E
~0. ¢C8T3E
-0,62780E
-0.64659€E
~GCe €4T1 4E
-0.65413E
~0.65481€E
= 0. ¢54S6E
-0.65625E
-0. 65809E
-0.€65862E
-0.66125E
=0. 661 44E
~0.66292E
-0.66579¢E
~ Ce 6B994E
~0.71402F
-0.71780E
-0.72325E
-0.72960E
~0.73526E

-0.747T18E
- =0.77215E

~0. 78473E
-0.81526F
-0.81815E
-0.82789E
-0.83602E
~0,83879E
~0.84438E
-0.84711E
-0. 86959E
-0,10172E
~0.10244E

05
05
05

05
05
05
05
05
05
05
05
c5
05
05
05
05
Qo5
05
05
05
05
05
a5
05
05
05
05
05
05
05
05
05
05
05
05
05
05
05
o5
a5
05
05
a5
05
05
05
05

06

0l1



CISTRIBUT ION SUMMARY

PCT.

100.0000
9C.0000
EC.CLCC
70,0000
6C.0000
50.0CCO
40.0000
3C.60CO
20,0000
1€.0000
2.0CCC

0.81713€ 05
0«69244E 05
0.517G2E C¢
0 +42745E 0S5
003244 €E 05
0.27637€ C°=
0.17314E 05
Q. TT€63E 04
0.21021E 04
-0.48l76E 04
-0.21608E €S

CISTRIBUTICN PARAMETERS

MEAN

ST. CEV.

0.28748E 05

0.27026E 05

NeB

0. 38454E
029320E
Ce €CS35E
0.437632E
-0.21273E
~Ce S663SE
-0.17541E
-0.212290E
=06 266S8E
-0.35368E
-0.53279E

-0.71299E

0. 2c2728E

SUMNMARY STATISTICS

04

3 4
0.30474E C5 0.21048E
0.21956E 05 ~0.504C6E

-0,44738E 03 -0.20986E

-G.2S187E 04 -0.31574E

-0.95185E 04 -0.33920€

-0.16541E C5 -0.,41077E

-Ge24C21E C5 - 0o 45353E

-0.27060E 05 -0,51362E

-C.32C10E 05 ~0.54145E

~C.41CC3E 05 -0.61677TE

-0.59121¢ 05 -0 .80536E

-0,13749€ 05 -0.38010E
€. 22C61E 05 0.20066E

FOOINOTES

NeB. EACH COLUMN IS SORTED TO GIVE COF

04
G4
0s
cs
Cc5
05
cs
05
05
G5
05

G5

05

-0.13904E
=~0. 22290E
-0+34498E
-0.48247TE
=-Ce 53032E
=0.56542E
~0.58609E
-0.64381E
-0.71907E
~Cs T4893E
=0.93739E

~0.52967E

0.19257¢€

05
05
05
05
05
05
05
05
05

05

05

0s

~0.24453E
-0.33416E
= 0643054E
=0.57979E
~0. €4T714E
~0.€5809E
-0,66579E
~ 0. 72960E
-0.81526E
-0.84438E
=~ 0. 1C244F

-0.62822E

0.18926E

0S
05
05
05
05
05
05
05
05
05

05

05
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B.8 INMO Input Data Sheets



DATA SHEET PROSIEM . .

e e = - - — s e PAGE .. .. OF __ . _OAVE.._ . o WRIITEN
2103104105|06]07 (061091104 11 1211314 |t5}16 11718119 [20] 21 j22: 4125126{27128(23|30] 31|32[33)34]35|36{37|38139]40]41112]|43 3|46/4 7] 52]53|584|55 T 62(63 68169170 71{72]73{74|75]{76{77
ROBI, ENTIFECATTON—TETLE
KEEIA ERRICA
ABOYT CENTERLINE
viRasLES qonTrdy,
o -
KLABS ikoks: KDET XRAN] KAKEBT KEXTT kBl KNDTES
! - - .
¢ 3 [~}
OPTIQ! AL QUIPNT DEVICES FORIDETAILED DISTRIBUTION o
#OF | _REMARKS NOT' KEYPUNCHED : )
DEVICES § | us bn r ¢ Ft chods T },4 Jpisks | 4,4] = |TaPE} | 6] = [PRENTER |7} pujcH L
kX
e el u
MBER OF ES¢RIPTEO)
] H 1 h
N{MBER; OF [NVESTMERT ; ITEM, v B l I I_[ l I I
N{MBER] OF PRODUCTS l I l ' | , II
] LIS,
NUMBER' OF OVERHEAD. EXPENSE: | _II I '
] [
NUMBER: OF 1 'TERéST R.A’[l%
e = o

€Ly



DATA SHEET PROBLEM _._ .. e e e e i e . JPAGE L OF .. ___DATE. .. . __ . _ __NRITEN _._ .

oijoz|o3loslosioslor|oslosli0f 1 f12] 13114 {15)i6}17]18] 19 {20 21 |22[23]24 25 26{27|26129{20] 31 [32|33|34(35]38|37]s5]30]a0] 41 {42]43|44]45]46]47| 52]53154155 7 )j61|62163|64585 7168{69(7047 [72]73|74]75{76{77{76{7S

INVESTHENTS o L[ASE‘: W D:p;ﬁzu 0N mfo%m LION

Lobe DESCRINTION S| NGT
1ES
LEASE/OWN Lt
1 1 (3
: - U L
PREGTATION -
LEASE/ZOWN || P41
DEPIECTATION ’ I -
LEASE/JOWN | L | |
DEPRECTATION . l 11 .
LEASE/OWK RN ) 1 ] J_
DEPRECTATION s i L _i_“
A

DEPRECEATION ~

i ]
i LEASED {OR! OWNE, L ND DEPRECIAME. | ' T Y 18 ¢ LI . S
] Pt S [T i
b 1 DEPRECIATIOY METION: R RO L I
| HE H ' i
I O » ! L I T 500 L O O L S A 0 S
IR NN L

UINARAEN

7l



DATA SHEET PROBUEM . .. .. il e e e e e W PAGE L OF . DATE .. ... ... WRITIEN

o3loajosjosjor[osloglio] u J121i3]ia[15]16 |17}18}15 |20] 21| 22|23]24[25]26{27]28l20l30] 31{32{33]34]35]38{37|38]39 40l at [a2]a3]aa[an]4c]4 7]aa]as]s05) [52]s3]5 4[5 5[se]s7 62[63|64|65 686917071 |72]73|74|75|76|77{78[79180)

PROJECT LIFE AND DiSCOUNT |RATE:

VALVE DESCRIPTLON

1st DISCOUNT RATH

¥ ISCOUN Ti

-
th DISCOYNT RATH
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Fth DISCOUNT RATH

GL1
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INVEST IT PARAMETERS
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B.9 RUM Input Data Sheet
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B.10 The INCO Company Investment Problem--

GUSS Input



DATA SHEET PROBLEM _-:C_M_CQ.A__G_US s — PAGE / ol 7 DATE __/OMOJ— WRITTEN -&;—_—___

-l -::’::I;#!’.)i €97 GE‘OS 101 [12}13{14{15]16(17]18]19(20] 21{22{23|24{25|26]27]28]29{30(31{3233]34|35|36|37[38[39|40] 41 |42[43|44]43]|46[47 0]5152{53/54)55(5 7 61[62{63164/65/66(57[68|ES|PC|T1{72{73;74{75[76(77

ROBHEMIDENTIF EGAT ION—TETLE:

ER_SYMMETRICA

BOYT CENTERLINI

P VARTABIEs CONFROL

KUET KRAN. KAREDT REN1 KBLK KNP TS

EVISES FORILETATLED DISIRIDLTION !
- - HEMARKS NOT KEYPUNCHED j ~{
En r Lty BU chods T 3,4 -/ 'iskS | 4,4f= (TaPES | 6] PRINTER {7 [= puycH | T TF

DESCRLITT O}

PN

1 H
ALMIER) OF INVESTMEAE |1 124 ' I

shokel of 1hobudes i ;' R
\!'\HER' (ﬂ! ()'\'F.LHF!-\D EXPENSES I ] I l_ .
_’__' ;I__‘ 7 .\"N? Y".R' l)FI' 1 fg'lf_l_ill _R"!'IIS ' ! ' T
___',_ _l | w
RARA o D bu\@,@_g&

€31



PAGE Z -or ‘7 DATE _,._LQ/ _25_/,73_ VIRITTEN _ S 5

t4

PROBLEM

DATA SHEET

TINCE . Zuss

g ; R N ) R A S —_ U !

o T . _|| ll_llm e ll_ B | \

I o) S A N T S i I : I ' H

= AL N — £ e —_l . ]

g 3 I I T = —

R E1EH N JNG ON QRL  3 _

1 o I

s ; N | m

s ; ] ! i

2 ! i [

3 ! i —

3 T

i !

F \ 1 L

: -~ - e

2 (S i HW i —

® w \j_ m ul“ _ L

5 : ! G5 & 1
i _ N
* g

3 W < : a Yy 1

5 9 11y \ i A

: N =\ i

2 \ S

8 = Ty \ i u

5 Q| U !

W M_ i

] 9 H & \ BT

2 £ T \ by :

3 S, w18 \ of i

k ; Ly, \ 2 -

E 2| W s Sl

: e (i

: B T —— 3

s ; [ ) ! : wl_o

3 =] W= (141 : f 7 [

g K¥] AN ! A IS PO

E W Ao e | : \ -

5 ad o 18U w 1Y _ \ o s _

5 %8 /! m v S I

3 J WA Twl]] f AG g5

5 =] J W 2 Q| ; o

E 2 QA_ | LRG| P b5 8 .

8 = O R EEVE AW ) _

R Q2 HUQ QO J o \ el o ' i

g W [ T i

& 1K % i A

b =| S J b i i / Rl H

N = S YW ROl e ! AN T

8 e < < o SWRER A al Z

8 fE A wdw i IR

5 R AW W [ H M = W

8 2 sl jeinlua | 16 1o LW —

Y = ol I € ] << | SR, Vi~

] = ] Jd oyl W B n D ST T \ . :

g . 320 Rae g ; “

e 2 W SW F1 _

B 3 Z 2 Uda s @ - GG T

= A HH AVFANEY ol & H

@ >4 MivAa o TS I I (4

2 9 8 Wioli2l W [ |\ s ol 1)

5 =N R ESENEVIEIS) ul % i

7 U EIRC I I = P I,

ST | m %=

s s Y BRI G WG s (A T

m ,I 1.7 “ | v

2 PR A M-

i A i e

o }0] [} w I 5] w o]

g S

) Q EENNTE ML SRS IS

B b T it

:m _

184



DATA SHEET

PROBLEM _;C&C.Q ‘.__6,!-(,&3_ ———

PacE B _or X7 one __-,VIDI.._ZO{,O,S,_ WRITTEN _.SE‘%___

01 o210334'03/06,07]05)

09}10

|12

13]14115]16 }17]18{19 |20} 21| 22{23|24{25[26{27}22}29{30] 3!|32{33{34|35

36{37|38[30'40]41

42

3146[47]A8] 0[51152}53{54{55]58{57 s1lc2[e3i04/65]65i57|6n|eo[ro[m]r2{73]7a]7e[re[7 7 70 73 T80

PROJECT LIFE

NIt D,

FLOATING 'DETE

O INT

TIC

"ARTABLES

PHSCRIPTEON

L1FE [OF| PROJECT

4

— | — p
%.)G’V\N Q0 Io

31



DATA SHEET PROBUEM _ L ACD SL(SS - PAGE _.‘4__ oF __1_7_ DAYE _10/22/%__ WRITTEN ___&_,_‘______

oTs TralaaloslocTorlocioolio ] 1t [12]v3 |1 1s 16 17} 18] Jzo] 2t alzs]2c]27]20]20]30] 31 [32 3}, 34[35]38[37[a830]40]a1]a2[a3]4alas]acla7]an]an]s o] 51 [s2]s3]54l5 5]52[57 [ 6t]62]s3[6a[cs]s6l67]68]65]70]71 [72]72]74 72 Te 77| E T 165
INVES NMENT PANMMETERS
FLOATING DETESMINISTIC YARIABLES
|
:_— ALLE PESCRIPTT QN 2l I_I Pl
(] TIME LAG FOR INVESIMENT] TavEsTuERT s | |\ oﬂKI 1 -
210 SERVICE LIFE £ -
ligio SfL\—'I\GI AT EXD OF SERVICE|(AS % INVESTMENT At
(s} TIng Lic IFoR sy INVESTMENT|Z LA‘L\J oD
1l SERVICE KIFE At A
{100 S{LVAGE AT EXD QF BERVICE|{(AS % INVESTMENT S L 0
| :.L o e lrok {ndeshuing ] rwesterr(s | ¢ IS YDILIDTINIGIS] L
s 25____ SERVICE iliFk | - . O O T _.(I
3 O 5 L\J,-\G At End oF Service (AS % INVESTMENT \ﬂ R N
2 T .‘1!1 1dg FoR .\'\F_._S“l}j_!‘]..\"l‘ rovestiekele | IHIEN VY___E@QIP 0T
RN [ |0 SERVICE yirk | |- l__ |t ) RisENS
| 20, svack AT bng o Sedvibe|iss & {avbstuent é _ 1
3 TIME LAG FOR .\'_\'r:s:mhxr ) (BEG HF‘C ¢
<]
I /lo | g:
p
i
B ey
;
i
1
]

98T



WRITTEN _éé__,._—_

otz salcaosice 7 cseai ot ie]i3{1a 15161171 10]19 [20] 21 [22l23]24]25 26|27 20[20]30] 31 [32]33]3435{30 37|38 39{a 0{ 412} 3[4 4] a4 c]a ] as]a: 52153154155 7 [ei[ealsasaloslse[s7[ea ool ro]ri [Ta e Tia e T 717 e]s oe
! —e1

DATA SHEET PROBLEM _GULSS_‘-_EK)C,@ ract S oF _1_7_ DATE _ZQ/LOZQS .

i IyP8 VARIABLE TITLE {(Sgread{in 5| fields l ‘\\‘l \“\\X\{\\
ENNANNNNN 1A DOUR NN
N N )
= 5 19 5% 2% 25 P :\t \:\\| _%
4. 411 42l e AP sl A<, B DO
|
)

N

S R

ARARRAL. T AR
|| sig.B | lélol.] | | AOCSNDNOVNN
IR KKK K KX txxyxﬁ'

/’é

Sl i3, doloobl. XN N
[ 0]
S8 | 1 b6lelez] | 11 [6l7h 78,1 (T\\"‘ KK
L ! | LI
NN EERE RN | SN NN
T e T RS
|

| 1 180ldodl T 111 5icoioiol. LT 1,1

Jai0ioda. ) T TSN

LgT



DATA SHEET

. PROBL;A;\ _TTACG QL{,S \

PAGE __é_ or 17 oare 40./2@7/_7_3; WRITTEN __%:.__.

oo s o sodorjeecofio] nJre[i3[rais]ie iz [1a]io ol 2 3j2a]2s|26]27j20|29]30| 31{32]33]34(35]36]37|32 azla3]44 7]48[49]50]51 }52{53]54[55]86]57]33[59]60] ct62]63[6a[6s]s6l67|66 [ca 7l Ti [72|73[74 |78 7E T 7 7R 75 10
AN AN IR
T1Pq VARL\BLE RILE  {Sifrdad|if 5| r{etps 3 NN
DOONNNNRY T IR el Tivlel T DOUR NG
N 5%) 10} 15%
| 2cool, 1 Ri7ISTa 113Sl0a, 14121STa,
'"'l_ )ls'\ T 1 5% 50%”
I 591do. 1 blalddl. llélstdol. lelgold.
1 -
4 - B O ERNENEE i
al . R 5: | | 8 S“‘é
[Bood.! (813313 | Bleld4.l 111
D 1

T _t i ] ; i ir} WT Hi'uﬂl'l"__‘____,__
7; \;‘__ (AN NNANR IR \\R \BLE| Illu:, 1 ', cu(f in eld:f | .
LN Byl duplzingd | J:mwasmmwr a
b - _

T T T
| | :_’ i || 5 e || il 15%
Loodo L [ Bédal.

! !GLA IG;ﬁ : &i&%&l\&z\z

%
/]
é.

SRR RTINS

1119333, 1| | lligcoe.l 11 L\\\\\\\l

8371



DATA SHEET V rrootem _ JAIC O e SUSSs race 7. or_l 7 DATE _,_/.O_LZQJQ_S__ WRITTEN _%___*—

T esegorjogicefiol n iz]saf1s[1sie fir] 8o Jec] 21 Tez232a]25) 262 7[2 ]2 0]30] 313 233 3425 3]s 72 30]a0] 41 [a2]a3]a ] as]ac]a7]az[a0]50] s [s2]s 3 s als s[se]s7 ofe1]s2]e3 sslerlealealtal T [rz[ 7z 74] 72767 7] 75179 20
S AVABICEARRY,
) 1 rﬁ VARIABLE IFTTLY  (Sgrend|in 5[ f{elds N \\ \,‘\{\{ %
A0ONNNOOG [ [ [HiIaNIM gl daaMeldT [ 1 Nyl drivelor NS
= 5%) 10t 13% 24% 274
odl.| | (ldolol, (RIsldlel, (ISl dola. ([Agad.| [dolaloal,
i xl 1 | oc‘— i u 5 : 7117 ' s T 55% [,

iy
ey
A |
Q¢
()
(e
i
(8]
o
A
%)
. :(" '
] Qi
Q
S
»
A)
N
o
8]
Q)
3
L)

b ., 0 O O - _
[ FES Scl P | oGk | 958
V2000 | Bogdd.] L1 | Biaazhl ] 1 BEIGET.] 111 |odold | 111 lesidoid.] 1] 1 kioldolal
X XXX DX I NI X DX XIS
T T T M B O O
,'=_]_l_‘i“1-. l P i__-_ l CpsiiE Ty TITLE ‘(b,x ar i ﬁ“ldﬁj—:l.._L_,.' | !.-...- !
LONNOCNNNYG LIS HT] _,@_@QI‘P MENTL ] TN € SITHEWIT
JEREER é
!(w E i 13 2 44
0d.| 1lddolo. LIslelolel .l 11 T l5lolgloldl. | Bidgtod. ddlod.
L I _ NN
T HEEEN T . T
IR K= ji BENES | N 2 AoNSOUONNNY
25833l X651, Sl6¢7. bl7033. 11| b7se! | 79 | HgR=3. N ”\\” I.
N AR RN
e A T e ok L b e RSO
8756, 11| 19/67.1 11| IRqis83,l | |1 sdddad 1] .35—005 T oiddd 111 K eada LT RNSCRNN

681



OF lq DATE .JO_I_Z.O_/_QS

WRITTEN __ZS_?——*

DATA SHEET romen __ LNCQ=SUSS race &
o2 Toarzsioeprlegoaliof u [:2[ 13 [iaTisTis [ir[ra 19 Jeo] 21]22]23zales]26]27]2efeol20] 31|32 [e3[afas[3e]a7[30as so| ar[az]43]a 7 o]t {s2[s3]54[ss s6]57[38s0s0]s1]s2]63]s aes]s 5|6 7]e|eof70] 71 {r2]72|va 75 76 v 7 [re 2 15
—— : NN ARATICAIRY
| Tryed VARLABLE TMITLE (Sfrcad!id 5| fiells N ‘\‘I\{—“ \:E
= X VIR
ERNNSNNNN BERRERENE GRERE P lel Nl NN \“\\i\f&

X NN
i 5% 108 4% 2% 25 3% :\i‘w \1\‘\ Qk\‘
TR 2 Blst al.Islo 5] [sTs . lelol 2. lglg hle NOOOANNNCH
i |
- KO Wt 0% 55% (553 65%

iz
;n

/l/
/
.-//’
7

38
N

ul NN

; R

<

ENNSUNNG
00

A AsIT

ERRNRE RN ERRAC AR T 3 o OORRTRR
1. Isio | | 1.5h 63l T 1T T T e T 11 L3 (. blgt 1.7 LONNNOANNY
1 ] 1 HEENE
;; 3% ,_’;,;,-J;’ :_ _‘ 1 :[557.; N - ";.‘ul_s.;“' ” . ;;r-i‘ 1608 G5 ;}C‘\X:’\_;I:
[l-184 1| Haolgist 1 1111 1l.188 | L /L Gl | /.. led [T R el T T TRNNDUONNNN

L] N N T TI1] RN
T T N NNARRE - - i NSO GNARN
T T i AR RAR ARRRLIARER \\\X\\

o L L Rl 1 i, .m T bl T TSt T B LT el NN

061



DATA SHEET - PROB[E:I\.\ _.'.CBQ@—_G‘(.(SS : PAGE CI of __lz_ DATE _ZO_{.ZQI D2 vemes __S/&_______

selocorfosicaniefn hzfislialisfis i7fis] w020} 21]22 4125126{27(2D[{29|30131|32|33[34{35]36|37|30{39,40[41|42[43]|44]45]46/47] 0151{52(53]54{55[%0|57 C{61]62]63]64/65156)57{62|69|70}71 |72]72 Ta(Te [7 [77[ BJ

- - < <3
TP VARIABLE [FITLE (Sgircad|id 5] fields \\
N
\

ASRERE MAMURITTY VigiUuMEl yINETS | DOUORN \\\

<)

=y
4R
% ]
/l [3
7

A

/4

=

< 5% 10% 15% 2% 2% %

Sicloldlo] . Sisid dd 6oldold. aslddd. 7oldda. 72islob Zsidool.
11

“i ) i hon]” | 55t ] th% BT 5, ‘67:

3n
\af
Qi1
1]
ASAY
Q|
0
Q-
‘oY
u
00
0
o
)
1
=Y
N
Q
o
C_
L 2
0.
'
e
Q
D
[V
<,
o
0
Q
’
0
th
o
be)
Q.

i T AL I 1
) i

_J_:I.I_?; N eV | Bc, ERERECIRNRREN 9% L 0% ot |
geoool- LI L BZood.] 1] | 58d | Bldda. | ||| Kdadd.| LI | 719ddd.: | | | l/ledddal,
XX XXX DX XXX |><1><J><t><|>ga XXX KKK XXX DX XXX XX
""; ! -:.‘s;!'l ! :Jl = R \TLF ks ru:. ( In lll'o_]d) - ! l l b

[ RSN | i 1 f ! 111

ONNC NI / NEARE T 1]

]
i
|

b
%
%

4
%
5
R b 1=2 4
i:S h
-3 !
L
n
3
>
biv]
=
o
—n
¢
M
=
P
H
<
=z

25% 3% l

_,\__._

=

-
o)

ES

™

3

K

T

i

_‘5|
|-
&
=Y
Cat
'1'7_1
—q
0
&
S
[+ Y
w
N
V\

]
J.
|
|
-
|
)
{

ArE
1L

60% 6%

N ;mm

L-qsT L1 Rl.bld | LB \S'd NN AN L\\\\\\\Wt

16T



DATA SHEET pzoaléu _J}Q_Cs - C's uss PAGE _[O__ of _,_7_ DATE ~_10l7.0/ _Oj____ WRITTEN __82_7________

5

S oass ceorjesiosiof i [iefiafishisiie izfisfislacl 2l 3l24{25]25]27]{28[29]30] 21[32{23)34]35]36|37]38[39]40[41]42{43{4a[a3 7148[a9]50]51 [52]53]54155]58]57 oJei[e2]53 64165]6667168]02 70] 7t [72|75 TA]7 5' I PREIER)

1y°g VARIABLE TITLE  Sircaa}id 5| cicibs ] ] ) ( }\ N \\\{\

7

NNSONNN BREEERENES Saug ELERAl N

’/

S

-
a

]
]

"

19 |

ol
o
S

[

-
YT
@
W

M

N

w

a

- L
NN

31.|7Jrl|l!|ld 'oolllll'\\\\\\\

co6T



DATA SHEET . PROBL;M _:M,Cﬁ-_g_é_t(._gs______.___ PAGE_.I I

oF __!_7_ DATE _LOJ@/DB_ WRITTEN _SZ_._____.

c:‘:z‘:ff:_.:_fig‘:v;'w capaeiio] 1 121311518 i7]i8] 10 [ocl 21 |22 2al2a 25|26 272812 9]30  3t]32]33]34]35 365 7] 36[30]ac] 41 [42]43[44]5[ac]a7] 5 7[38]s3]50] 51]s2]63]6 476 5]65]67[s3]60 70T 71 72]7 74 r,!n; 77]7e73}30
ir pﬁ VARIABLE I'ITLE 8y read i 5| fields i .\\\_\l\\\\‘\‘{q\
RN | [Plelst Dl DR ElAT colsiTl AREINE T \L\k\\\\ NN
|
\. | 0% 9% 2 25% 3% '
Il.12d [87) [ 8 Il |8 TAE Il- [gl ll.g¢l
[
'——'_; 1% s L5 50% % 6 5%
/.18 3 .blo 3. oist ENITS RERNL Lo A ldd [

A L] ERERE | _

T EA e AR T S sETTITT o U1 :\‘K’
RI-5d 1L ReIg LTRGBS | 201 1] 1L &l.IAsT 2.184 | 3.0l | DOUCR NN
PO C OOV OO CT OO TV T OO TO XXX |><1 ><><><

o Iz d S errrrrrrv it reriy bbb | Ll _Lh _,______
. ' | ! | VAREATILE, n(m.': {SoTead ip [ |)" I ' ] I

\\
i

.__,‘ -

3
S
Q
9
s
A
o
S
\ 7Y
A\
Q.
Q
Q
Q
)
Q
Q
L8]
©
NS
Q
Q
]

'y
5
Q.
%
|
Q
Q
S
=
?
o0
LA

. 55% &3 | !?;'5,‘
| 29icola ) 3lolool. aewal L TTRN S
_ 11 A_,Li?ljjillia
L e ATHTTH Tt T RSRRNE
[§3d80. 1 Kisesal 11 16o0ea.] | i L\\\ \\

£61



DATA SHEET | l;RDBL;M _IMC@ — é‘(\ss PAGE _,/_Ze.ﬂ OF _/_7___ DATE JOJZO_LQS__ WRITTEN S é '

oz aznearieccelio] w refishafisTis lirlia] s [ec] 21 [eal23]za 252 6]27[2 0]z 0l30] T3z 3334l 5]36 3725 30 kol at [a2]a3]aa[as 647 52]53]54155153157 2T50l61 lo2]63]6ales]56/7]63 160170171 -,2!73 7al7e] 75["7!7 T3lee
i TYPR VARLABLE [FITLE (Spread|if 5| £{etds . i {l—w“ \L\\\\\\
RO | P2BIDITleds Eirale lole | [15el]dring VERESNNERNNNNNAN
B oy %) 1 19% 2q% 0% 3
2isT . Blol L3S 2. Mo . kdd s A ldo
e '3| o [ e 1 A5 S0k 55% 73 3
Al 3. 1lo S-St b Bo ENCE 2.9/
P 1l
T e . - o N
|_| |29 oh 955 | rp
ool LI BLIo . [40 3.l || [ I BLIEsTI I
XX XXX DXXD M!)‘_Q){(JXJ_ PO 000 _><
USRI o | R T 'f"‘
RRLSANNA NENR ERANRNAN HanNN L\\\
NN L PREDT] < L &eigwr] AR T TR
RERNERENANE
__-.;jj_;% A o 25% 3c% || _‘E' )
2l LLTLLRBo 2By =B\ L. S BN 3\_\\\\\5
AR AN
St I N NN
____Il J__’f-?\" | | l__‘ 55% G0 K3 \\\
X 6y7 1111 RL7D =3 R.99 ER:CARERNE NSO
ERRN | NN EEERER
TR R aR SRR AR Taaaa A TAREE SONNNAY
3. 00 | ||1(|3|.l(o|_ 3. idg LI 1] 3. ts"éi L B RSONSNNNG

76T



DATA SHEET PROSLEM _JM,%SS mmce_[B_or 17 oare_ tol20 {!)_3_ WRITTEN jé.___———_

s aaaaoriespahol nreisfalislis[iz]is] 19 [2c] 21]22]23]24]25]26]27]20]29[30] 31]32]33]34[35]36] 37 [38[30lacla1 | 42]a3]a 4] a5[46]a7]4 ofst[52]s3]54]5 5]s5]s7]58]50T6c] 61 c2le3]e ajes]o € 67]6a ]9 70) n]rz[ﬁu 75175177'75]

;
| ryeq VARIABLE FITLH [Sirda

I5

if 5|t elu‘; ] N \t:\\\\éti

il =
o
MF‘
~C.
o
°

SO AV EERITH ST EvlpiEinS

/

5 I AIRLS \\L\t\ AN

#

SO
5% 10% 19% 24% 255 3% \N

N N N
| _._;Ia: B BERREER -1 : 17 8ot 85% : 9% | 95 ""‘l"‘&};a_ - \ﬁ”x\\’\",N\\
10000l |11 iokldd.] ||| Volsioell | |1 ibtistd | |1 | |iiielod.] | f2ddd.| | || |ilstdelal, \\\\\\\\
XIS DK t\<|\<z><|\<u>zl><l\<l KKK KIS O
' IR T T O T I | “1"";“{‘[‘]"Jf" ENERNNEEE ]
n:m@lll__u [ERARA T 1 | (ig S p e T

I

o
{4
o)
o
1=
Ly
2
\
7
o4

=T &

\\\\\&\

AR

I IEERNE
.: - "| IR P T BRREE 1 T AH_\\\\\X
TTTTe3 L i | 1 i |n 951 T 1,93 1T R L BeEe s T RSSRESEG

c61



DATA SHEET | PROBL;M _INCE SL(S S PAGE _Iq__ of _/,7_,_ oare__[O / 20 /_’_73__ WRITTEN ___ L

¥ =:acorjesoofiofu hizftshatishie ir]ie] 10 |20] 21}22|23]24{25[26]27]28[20]30] 31{32]33|34]35|36]37]28]3040}41 |42]4 3 7|48(49[50|51 [52]53]54l55|56]57|58|59[80161{62[63 sleslerienlnolrol7 172 73}74 75l7si771791’19}a:
+ Tt
AN RAYAAY

- o X N -
15: VARIABLE [FITLE (Spread)in 5| fielgs N \\J\‘ \J\‘{\\(R

PR
{4

LN ARV EIRTISTEING |1 ebd AEiNS T AT TGP REE NN
) 5 10% 15%35 P i
;‘_323/ B L83 Taz 15. b 3. 1o R d
|
. 1 | | % [v;4 Ls% Bo% 5 -

T T 5 ] if e I o

.20 LTI INBOLILILIY1¢d L LILIMSId || L)L lolgl LI 1] 1BTIstg LI

NS KIS ISR SIS S KIK KIS

i " __:_rj'ijl ; i-i i ; \,\n Al'EE i;n_,{h (%1 f ! :l“mlr):— ERER : i
. - | EXPENS|ES PEiR_IYEAL

;- gz};a

)

1
g
¥od
g

i

i ' :
RS
rd

0
K
8
0
)

EENENNEN

| ----- \\\\\\\,
l L?aow.| | I 13 L RSONSNNY

S .,._ ...... J

l,n

961



DATA SHEET | Pnoau;;sl« : t& C(g — S,QSS PAGE _IL_ OF __LL DATE _/0(201_?3___ WRITTEN _&______

zine ooze evariesosfiof i pafislalislielirfio} e Joo| 21| a2]23l24]2s|2627]28{29]3 0] 3]s 2]33]34[35)38[37[38]30]u0f a1 az]4z] 4 4] 45]ac[a7]aclas 5051 |s2]s3 5450 57 osifea]ez|salos]esler]eafez[ro[ri]rz[7a[ra 75 Te T TiTE 75 5T
e - + : t
i . . < _\ _Q
| | ryed vARTABNE FITLE  [Shrchalid 5| £{eihs NN N
NN = N AN
AN 1A ix EXIPENSES Sirlaelt gle Expleiaisla T 1T ROURNNNON)

il

20

- %)
o

~)

A
]

O

(=]
Hilo
o

[ —

o

A

¢

Oy

Q

3
|
Q
)

=
€,
O
S a
_!_..
[#3]
o
NIy

X
;—<\‘
X
K
X
X
Xt
>
X
Xl
X
>
>
4
}n
>
%
S

it
31
s

AN

TTRORR

NS

L61



DATA SHEET PROBLEM _:EN_CG__‘_G_LLSS ' ‘ PAGE __16__ OF _1_7_ DATE ~/O/20L73.__ WRITTEN _&________

aaaesiceioriogioshofu frzhishiafisitedizfiefiaj20f 21 4[25i26(27128|20130]31{32{33134}35}38|37|38)33{10]41]42[43]|44 7]48149150]5!1 152 7|sa]s3lcolstiez]e3leasslsslierleeles|reinijrairalralrsirsirelreioios

coLLRN (FITLES ¥ [roorhotEs|

ESCRIPEIC

g

b it AERERE

( [jra _| 4

) s INEREAR

( blo IRREERE]
« ;s‘ i _

L]
| L1
_ RRRRREE c
il ///T/ i 1 1179 <+1" “’G_LL

861



DATA SHEET B PROBLEM _I_OLQ.__GL(SSM________ PAGE ___l_'7.__ OF ___I_'j_ DATE _/_GI_Z—G_I_7_’>_ WRITTEN %___%

[ehe sJosics veorloepslio] nli2]is]iais[16]i7]18] 1o [eo] a1]22]23]ea o5 26T2 7]26]20]30] 31 [s2]a3l34]3538 57 36]a0 aclaol 41 2[4 3[4 ala5TacTa 7[48]sc]s0l5t [s2]53]545 5]50]57 61]62[63]64[65166/67125(C5,70]71{72]7 2|74 | 75[76177[78 73120
'i%;ni*zz'r,c'os‘r.aéga_;\@ nifk
T
T
LK AARLK TUTETLE onnn'o RT ]
il | 2ldo N [P, [V NINLYSTIS
CENJER THTUTLE Mf‘)’” D CENTERLINE
QOTNOTES CONTROL 3
|
CONTROLS,
B
MINRIW MAXRO! {INCOL T MA 'EfL th2 vC!lED' I 1 ”
{ { { 210|0] Modd
2 4 I 2010 | | RN
13 2 | WLOO] | o MINROW s
X ? I I OO 1 &
b \ {1 Al R00] |5 .
S S i { ] ’ Q 1 EvRoY |4
6 é { 2004 | = l 4
7 1 l D00y |5 | _{ omof B
N LAP 1 MINCOL MAXCOL LAP Jirdy:
- mad
SO T S O O O O T OO OO BV W g T T -
Ly 2 3 4 s ] 6 71 8] || 9 1% P measxs xor imwinaimny | R
| EERRER AN TIITLIT
e B ! ! FOUTNOTES |1 through 10
L FouTx0TES_41 Hnroban 2
1} ! H 1
AR ~ e 1 1L ] 1 PoornozeEs 21 ithronah 3 ——
T 1lnnr\rlm:ls 41 ﬂ'.lrn_x_mb Y

661



200

B.11 The INCO Company Investment Problem—-
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INTEGER CCANSTANTS & INCEXES

MUMBER OF INVESTMENT ITEMS
MNUMBER OF PROCLCTS
NUMBER CF CVERREAL EXFENSES
NUMBER OF INTEREST RATES
PCRKING CAPITAL - Cwh CCDE
WCRKING CAPITAL - NO CEPRECIATICN CCDE
LAND - LEASEC CCGDE
LAND - NC CEPRECIATICN COCE
BEUILC INGS - CwNt[ CGCE
SLM OF THE YEAKS DIGITS DEFRECIETICN CCCE
FEAVY EQUIPMENT - OWNEC CCDE
COUBLE RATE UECLINING BALANCE CEPRECIATICN COCE
LIGHT EQUIPMENT - CwNEL CCLE

STRAIGKT LINE DEPRECIATION COOE

10¢



LIFE CF PROJECT

% ULSCCUMNY RATE @

2 DISCCUNT RATE " #

2 DISCULLNTY RATE »

* UISCCUNT FRATE &

2 CISCCUNT RATE &

& NVSCCLNT RATE &

e ({~CCUNT RATE &

WORKING CAPITAL --

WCRKING CRRITAL --

WORK ING CAPITAL ~-

LAND

LANC

LAND

BUITLDINGS --

BUILDINGS -

BLILLINGS -

FEAVY
FEAVY
FEAVY
LI1GHT
LIGHT

LIGHT

EwU IPMENT -~
ECUIPVMENT —-
ECUTPMENT -~
EQUIPMENT -~
EQLIPMENT —-

EQUIPMENT --

DETERMINISTIC VARIABLES

n

w

N

1
TIVME LAG FCFR
SERVICE LIFE
% SALVAGE AT
TIME LAG FCE
SERVICE L IFE
% SALVAGE AT
TIME L2C FCR
SERVICE LIFE
t SALVAGE AT
(ME LAC FOC¥
SERVICE LIFE
% SALVACE AT
TIME LAG FOR
SERVICE LIFE

% SALVAGE AT

INVESTMENT

END CF SERVICE

INVESTMENT®

ENC CF SERVICE

INVESTMENT

ENT CF SERVICE

INVESTMENT

ENC OF SERVICE

INVESTMENY

END OF SERVICE

0420000E
«SCLCCE
C.90000¢
0.100UUE
Ce 12CO0CE
0.15000E
Ue20GO0E
0.250605
0.0
Ce 20COO0E
0.10000E
G.C
G+20000E
0.10000E
C. 1GCGOE
0+25000E
0.20000€E
C.20000¢
0.10000E
Ce 2CCGCE
0.30000¢
0. 5C00CE

C.1C000E

02
01
01
02
c2
02
g2

Q2

02

03

02
03
0l
Q2

[}
02
c2
01
g1

02

c0¢



CLMFCT

=Ze

80.
90.

1¢C.

DIST.

TYPE

TAX

0.4C0CCE
Ce41CCCE
C.42000E
C.4300CE
Le44lCCE
Ce4500UE
C.455CCE
0+46900E
Je46500E
Ce47CCCE
0.47500¢
C.48CGCE
Ce485(CE
G+49000E
Ce4G50UE
C+50000E
0.52500¢
C.55CLCE
0.56700E
0.5830GE
Ce €CCCCE

1.

INPLTY

WORK ING
CAPITAL

U.500U0E
CeS5116€7E
J.52333E
0.55000¢E
CaSEECETE
J.58333¢E
0.6CuClE
Ce€l111E
J.62222¢E
C.€3332F
J.64444F
Je65556E
Ce€666TE
D.6T7T778E
J«68889E
Ce TCOCCE
0.72333¢
Ce T66€ETE
C.&COCCE
J+85000¢E
CeSCUCCE

1.

RANDOM VARIABLES

LAND
INVESTMENT
05 0.12000€ G5
05 Je12750E 05
s 0.135CCE (%
05 0.14250E 05
ce 0.150C0E Q5
C5 0«153C0OE C5
< 0.15600E 05
ce C.153C0& 05
05 0.16200E 05
C5 0.16500E 05
¢ O« 1€8CCE C5
05 0.17100E C5
G5 U.17400E 05
(¢3 Cs177CCE (5
05 0.18000F 35
ce C.18333E 05
cs O.186€¢7E (5
G5 Us190U0E 05
ce C.19333E (5
05 0.19667E G5
C5 0e20JU0E 05

1'

0=CISCRETE, 1=CONT INUQUS

BUILDINGS
INVESTMENT

0. 10CCGCE
0.10200E
0e104CCE
0106G0E
0.10800€E
GCe 11CO0E
0.11200€F
9.11400€
Oe 11€CCE
0.11800E
0.12CC0OE
Q.12ECCE
0.13000€
0e135GCCE
0.14000E
D.1466TE
0615332
0.16C00E
0.16€E67E
0.173233E
0.18000E

1.

HEA VY

EQUIPMENT
INVESTMENT

0.5C000¢E
0.10000€
0.12500¢€
0. 15000E
0.17500¢
0. 2C000E
0. 21C0CE
0.22000¢
0. 230C0E
0.24000E

© 0.25000€E

0. 2€CC0OE
0.27000E
0.28000E
0. 25000E
0.30000E
0. 33333E
0.36667E
0.40000€E
0.45000CE
0.50000E

l.

LIGHT
EQUIPMENT
INVESTMENT

0.50000E 04
0410000 05
0.15000E 05
0.20000E 05
0.22500E 05
0.25000E 05
0,25417E 05
0+25833E 05
0.26250E 05
0. 26667E 05
0.27083E 05
0.27500E 05
0.27917E 05
0.28333E 05
0.28T50E 05
0429167 05
0.29583E 05
0. 30000E 05
0.35000€ 05
0.40000E 05
0. 50000 0%

1'

€03



INPLY RANDCM VARIABLES

CUNGFCT PRGECCNE PROLCCNE PRODONE FRCDCNE PRCDCNE PRODTWO

PRICE DIRECT FATURITY ST ART CF SALES PRICE

PER CoSsT VOLUME SELLING GROWTH PER

UNIT PER UNIT UNITS YEAR S YEARS UNIT
Qe 0.22000E 01 0.150CGE C1 U« SCOCCE CS5 G.15CCCE 01 0.5C000E 0O 0.25000E 01
Se G«2350CE C1 0.157CCE Cl 0.55000€ 05 0.15200F 01 0. 68000E 00 0.26800E 01
10. 0.25000E C1 0.163CGCE C1 C.6COCOE 05 J.15500E 01 0.75000¢& 00 0.27500E O1
15. 0.25500E 01 0.170080F 01 0.65000E 05 0.15€CCE (1 0. 88000E 00 0.28100E 01
2L Ce2€CGCE (1 Cel73CCE 01 U«TOUO0E 05 J.16000E 01 0.1CCO0E 01 0, 28800€ 01
25 0.2€6500E C1 Qe175CCE Cl 0.725CCE CS5 0.163CCE 01 0.10600E 01 0.29400E& 01
3C. Ce27COCE Cl 0.17800E 01 0750008 05 0.1¢5CCE C1 0.11300E 01 0.30000E 01
3. Ce274CCE (1 C.180CCE C1 0.77500E 05 0.16800€ 01 0.11880EF 01 Qe 302C0F 01
40 0.27800€ 01 0.1830CE Cl C. 8G0C0E (€5 0.17C00E 01 0.12500E 01 0.30600E 01
4%, C.281C0E C1 0.18500€ 01 0.81000E 05 0.17300E 01 0.12130E C1 €. 30900E 01
5Ce Ce2E5CCE (1 0.18&8C0E C1 C.82000E 05 0.17500E 01 0.13750E 01 0.31300E 01
55, 0.28900E 01 J.190CCE C1 0.83000E 05 0.18CCOE C1 0.14380F 01 0.31600E 01
€C. C.293CCE (1 Ge1G65(CE Ol 0.84000E 05 0.18500E 01 0.15000 01 0. 31900 O1
65, 0.29600E Cl 0.2C0CCE C1 C.85000E 05 0.19G00E 01 0.15800E 01 0.32200E 01
TCe. 0.30000E Cl 0.20500E 01 0.86000E 05 0,16¢COE Cl 0.16700E 01 0.32500€E 01
1%. C.3CSCCE (1 G.210CCE 01 0.87000E 05 0.20000E 01 0.,17500E 01 033100 01
80. 0.31000€ 01 0.215C0€ 01 0.88CCOE (5 0.213COE Ol 0.18400E 01 0.33800E 01
Se Ce3150GE Cl J.22000E 01 0.89000E 05 0.225GCE 01 0. 15200E 01 0.34400E 01
GCe C.22C0CE (1 0.225CCE Cl 0.S0000E 05 0.23800€ 01 0,20000€ 01 0.35000E 01
95. 0.33500€ 01 0.230C0E 01 0.980C0E (5 0.25CC0E 01 0.22500E 01 0.37500E 01
1CC. C.35000E Ol 0.25000€ 01 0.10000E 06 0.27500F 01 0.2500GE 01 0.40000E 01

DIST. TYPE 1. l. l. te 1. 1.

O0=CISCRETE, 1=CONTINLOUS

50T



CUMPCT

NN OWMOWMO
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1
Y
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D
o
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un
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VOWO MmO N AW e
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1CC.

DIST,.

TYPE

PRCDTWO

DIRECT
CosST
PER UNI

0.17000¢E
Cel75CCE
0.17800E
0.18000E
C.l82CCE
0.18400E
C.186CCE
C.1EBGCE
0.20000E
C.2C50CE
Ce21CCCE
0e2150ut
C.22GCCE
0.24000¢E
0.25000€E
Ce 2E6CCCE
0.26500€
Cs27CCGE
Ce278CCE
C.28000E
C.3C000E

l.

T

(633

INFUT

PRCOTWC

MATUFRITY
VOL UME
UNIT

J+2U0C3E
U.22500E
0. 250CCE
0+2550CE
Ce260CTE
0.2¢5CCE
JeZ2TUOUE
Ge 275CLE
J+2800C0CE
0.85000€
0. 250CCE
0.295CGE
0.3C0CCE
Ce225CCE
Je35000E
Ce375CCE
J+4000CE
U+45000E
0. 5GC0CCE
U.550CCE
0.60000E

1.

RANCCM VARIABLES

FRCDTWC
START OF
SELLING
S YEARS
C5 0.225CCE Cl
05 Je230V0E 01
cs 0.235C0E 01
c5 J+24000E 01
Cc5 U«25000E 01
[9-] 0.255CCE C1
05 0.26000F 01
c5 U«26500E 01
g C.€7GCCE C1
05 0.27500¢€ 01
ce C.28000E 01
cS 0.285CCE Cl1
cs 0.29000€ 01
cs C. 29500E 01
05 0.30000€ Ol
G5 0«31000E 01
G5 Ce320C0E (1
05 0.33000E 01
Cc5 0.340C0E 01
05 O« 32E8CCLE (C1
G5 0+37500E 01
1.

C=CISCRETE, 1=CONTINLOUS

PRCCTWC

SALES
GRCWTH
YEAR €

Je225CCE
0.23000€
0.23500E
0e24CCCE
0+24500E
0.25CCCE
0.255CCE
7+26000€
0.265G0E
0.27000E
0.27500E
0. 28C00E
0.28500E
0.29C00E
Oe 295CCE
J30000¢
Ue305COE
0.31CO0E
0.31500€
0+ 22C0CE
0.32500E

l.

ADVERTISING
EXPENSES
PER YEAR

DOLLARS

0.8C000E 04

0.81000E 04
0.82000E 04
0.83000€ 04
0.84CCCE 04
0.85000E 04
C.86000E 04
0.87000E 04
0.88000€ 04
0.B8900CE 04
0.90000E 04
0.52500€ 04
0. 95CCCE 04
0.97500E 04
0.1G000E 05
0.10250E 05
0.10500E 05
0.1C750E 05
0.11000€ 05
0.12000€ 05
0.,150C0E 05

1.

ADVERTISI

NG

EXPENSES

START O

EXPENSE

0.12500€
0.15000€E
0.15300E
0.15500€E
G. 15800E
0.16000E
0.16300E
0.16500E
0.16800E
0.17C00E
0.17300E
0.17500€
0.18000E
0.18500€
0.19000E
0. 19300€
0.19500€
0.19800E
0.20000E
0.22000E
0.25000E

|

F

01
01
(13
01
o1
01
01
ol
01
01
01
01
0l
01
01

<0g



Cur PCT

e

1¢.

[
- &

2C.
¢t
3C.

A€

43.
45,
€C.
£%.
(X
[
7C.
i
80 .
ES,
€C.
35,
1CC,

CisT.

TYFE

ACVERTISING
EXPENSES

GROWTHE

INFUT RANCCM VARIABLES

FIXED
EXPENSES
FER YEAR

FIXEC
EXPENSES

STARY CF

FIXEC
EXPENSES

CROWTH

PERICLC

0427E5Q0E
0e283CCE
Ce 262CCE
0«30000F
C+31CGQE
Le22CCLE
0«33000¢E
Ce34CCCE
V+35200€E
Ue3632C0E
G.278CLE
0.38800¢E
L.aCCCOE
Ce41CCCE
Ue42000€
(.43CCCE
C+44000E
Ce45000F
C.5CCCC(CE
C+55000¢€
0.6CC00E

l.

ct
Cl
1
Cl
Cl
(1
Cl
Cl
Cl
Cl
(1

Cl
1
01
Cl
c1
cl
(1
Cl
Ul

CCLLARS

JesecQCCE
J.21000E
ve 22CCCE
U.230CCE
0.,24U00¢E
Qe c4280E
Ue245C0OE
Ve 24750E
Je 2S0CGE
0.25250F
C.255CCE
0.25750€
D+26000E
Ce ¢€ECCE
0.27000E
J«27500E
0. 280CGE
U.300CCE
Ue320CCE
Ue 240CCE
J«36000¢

1.

0=DISCRETE,

EXPENSE

. Ce 50000E

0.75000F
Ue 1 UUOOE
C.1C3CCE
0.10500¢F
C.1C8GCE
Ce110CQE
Uel1300E
0.115CG0E
O0.11800E
Jel2000E
0« 123CCE
U.12500E
Ce131COE
0.128CCE
Jela&O0E
Ce150COQF
0.17500F
Je20000E
Ce 25000E
0«300G0E

|

cc
GcC
01
€1
1
01
€1
01
01
01
g1
Cl
01
01
Cl
vl
01
C1
01

01

1=CONTINUOUS

PERICGE

C.1CCCOE
J. 1GECCE
0.11000E
0.115CCE
0.12CCCE
0.12500E
0.13CCCE
0.132500E
0+14000E
Oe14ECCE
0.15000¢
0.16CCCE
0.17CGCE
0.18000E
0.19CCOE
0.20000¢
D.22500E
0.28CCCE
030000E
0.35C00E
04 40CCQE

|

Cl
Cl
01
Cl
01
01
o1l
C1
o1
C1
01
Cl
01
01
01
01
21
Cl
01
ol
c1

902
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CCLUMN TITLES =

NET
NET
NET

hET

PRE SENT
FRESENT
PRESENT
FRESENT
PRESENT
PRESENT

FRESENT

VALLE
VALUE
VALUE
VALUE
VALUE
VALLE

VALUE

{INeFPoVel
(NeFoVal
(NePoVs)
(NeFoVa)
(NePoVel
(NeFeVe)

{NeP oV el

AT

AT

AT

AT

FERCENT
PERCENT
PERCENT
PERCENT
PERCENT
FERCENT

PERCENT

CISCCUNT
CISCOUNT
CISCCUNT
CISCCUNT
DISCCUNT
CISCGUNT

CISCOUNT

RATE
RATE
RATE
RATE
RATE
RAfE

RATE

802



PCT.

1¢c.0CCC
§9.5000
$9.0CCC
S8e50CU
980000
€1.5C(C
$7.0CC0
9£45000
S6.CCCO
6545000
95.000u
S4.5CCC
94,0009
G3.5CCC
$3.000Cu
525000
62.CCCT
51.50CC
$1.00C0
SC.5CCC
50.0000
89.5CCv
85,0050
88.5099
88.,00C0
87.5000
87.0000
Ee.5CCC
86.CCCO
25.5CC0
EE.CCCC
8445000
84.0000
83.,5CL0
83.0009
£2.5C(C
82.00CY
81.50€0
El.CCCC
8C.5000
8C.00C0
7<45CC0
79 .0000
78.50C0
7840000
17.5000
77.0GCY
7€.50C0
76.0000
15.5CC0
750000
T4.5CCC
T4.00C0
73.5000
T2.6CCC
72.50CC
T2.0CC0
Tl.6CC0

Ge G6471E
0+64090E
0.61229¢E
Je 6CTB6E
9607 T0E
Ce5812CE
U«e57E1CE
0.55483E
Ce53744E
Je52378E
0.51110&
CeSCEESE
0449858%
Ue49094E
Us 4BSB4E
0e48T744E
Co & 764 5E
U.47201E
Je47214E
0.45415E
Je45388E
0.45370E
Qs 652G8E
0.44999¢
Ce44TESE
Je447C3E
0444254€
Ge43727€
Je4354SE
0e431'7E
Ce421C1E
0.41844E
0.41741E
0. 41€€1E
0.40910F
0. 3648¢E
0.3852¢E
0.38669€
C.37738E
0e36438E
0.36425E
Je 2€114E
0,36095E
Cs35746E
0.24235E
0.33301E
0e3273¢E
0.32425E
0.31700E
0.316S¢E
0.31600E
Qe30761E
0.3C752¢
0.30679¢
C.28590E
0.28512€
0.2B150E
0.27682E

Q. 60081E
0, 39895€
0.328680€F
G. 27286E
0, 2721%E
0.35953E
Co 36652E
0.34389E
0.33511E
Qe 2166 EE
Us 212562€
Co 26€84E
Ue 28E21E
0.28206¢E
Q. 28198E
0.281175E
Ue278b7E
e 27669E
04+27494E
Q. 271 74E
Je ZES1EE
0.266U9E
Co 264 8SE
0.263¢€4E
Qe26344FE
Ce 2576CE
0+25631E
0.25296F
0. 24S8¢E
0.24981E
Ce24788E
04 2442¢E
Ue23947E
Ce23868E
0.23170E
0.22553€E
C.22522E
0.21868F
0.21308E
0. 2C672E
0419491E
Ce16378E
0. 162€2E
0.19030E
C.1B8G3E
J.18628E
0.18233¢€
0, 17€668E
0.17429E
0. 1651 4E
0. 16781E
0.16086¢
0. 15836GE
0.1567CE
0.14926E
Co 14873E
Q.14679E
0. 13604E

Je53550€E
Ce 36C21E
Je.34501E
0.33652E
Ca232CC3E
Je31548E
Qe 30655E
Je 20£€3€
Je29590E
C.28(83E
0e27716E
0.25621 €
Le245S3E
024 784E
0424735E
0. 24CS€7E
0. 24561E
Je 24134E
0.23810¢
Ue2360C1E
J.23E50E
Je23264E
J.23238E
€. 2267%¢
0422568E
Je 22 442F
Co.22385E
0.22006E
Ce 21 7€EE
C.217€5SE
J.21538E
Q.21 250E
J.20709E
Je20450E
C.20C13E
Ue19€59E
0. 1L5S665E
JelBEGEE
J.18398¢
0.17¢E€0E
Jel6615E
J.16599E
O.16281E
0el6024F
Je 16016E
Q. 15€72E
U.15840F
Ce15CC2E
0e.14187E
0.14482E
Qe 14150E
Je13498E
Je13084E
Q0.13C28E
Je12671E
Je12445€
Q. 12242E
J.11472E

06
c6
06
06
[*1-}
[e13

ce
06
Co
c6
06

06
06
Co6
06
06
o133
J6
[+
06
o6
Q6
06
06
co
06
06
cé
[*]-}
Q96
06
06
ce
Q6
06
ce
Jbs
[+1.3
d6
06
cé
[+1}
06
cé
0o
cé

06
cé
06
06
ce
06
06
Ccoé
J6

0.42637€
0429497E
0.27364E
0.27045E
C.25980%
0.25184E
0.24216E
G.23665€
0.23057€
0.21801E
04216225
0.19669E
0.16386E
0419128
0.18976E
C.18648E
0.18619€
0.18533¢
C.1765CE
J.17820E
0417693E
0e 17667E
0417364E
C.17339E
0.17129€
0.17034€
Co L7C25E
0.16780E
0.16423E
0416240
0.16139E
0.15928E
0.154C9€E
0.14901E
Cal4755€
0.14654E
0.14634E
C.12827€
0.13575E
0.13247€
0.12189¢
0.11858€
C.11847E
0.116STE
0.11432E
Co11G26E
0.10882E
0.10581€
Co10451E
0.10417€
0.97932E
0.921¢6F
049G 207E
Ce E6TCCE
0.855C0E
0.864857E
CoB3334E
U.79428€

[}
06

06
)
()
06
4]
vé
06
ce
06
Cé
(13
06
ce
06
06

g6

J,203332¢
2.22039E
Ce 20286E
0.1 €69CE
0.18606E
C. 1ECB8E
Jel6026E
0.15974E
0.1€726E
J.15147E
0.14360€
0.12547E
0.12810¢
Ca1275¢€E
J.12683E
0.12443€
J.12284E
2.11828E
C.11730€
0. 1144¢E
Je11435E
Ce112C5E
JelllleE
0.11082¢€
C.11C41E
0.11039E
Ue 10532E
0.10521F
J.10463E
0. 1C105€
0.97980E
0.95885€
Ce G4E36E
0.94649E
0,90807E
G. 88540E
0.82226E
Q. 821GSE
0.82020E
3.89809E
0., 73886E
0.72857E
0.68581 €
Ce €543 5E
0.59660E
0. 59612€
Oe5€EL16E
0.55743¢
0, 54658E
0.52€1CE
7.49567¢
C. 45461E
0.44730E
0.42248¢€
Ce 418S7€
J.40248E
0. 38648E
0. 37579€

Ge 16837
0.13657¢E
0.12366F
0.11229F
0.96232E
Ue §47CCE
J.78572F
0.77379¢
Ce 7€088E
0.71810F
0.71303F
e €5577F
0.62915F
0.59208F
«£33C4E
0.52860F
Ca S1316F
0.51161E
0.52672E
0.47716E
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~0.13244E
-0.13262E
-0.13760E
-0e 13824E
-0.,13889€
-Js13969¢F
~ 0 14064E

95
a5
as

e
2¢é
06

ce
06

0¢
J6
06
26
ce
26
€
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540000
4e5CCO
44.00C0
3.5000
3.CCCC
205000
2400€0
1.5000
1.0000
C.5CCO

“0+16365E
~0s16430E
~0.16544E
“0.17492E
-Ce167C5E
=-0.21899€
-0.23003E

=0+ 2€386E

~J+30015E
=Ge41321E

06
06
ce
06
o6
06
06
cé6
06
06

-0.1557¢E
=0.16113E
-0.1€4] €E
~0+16604E
-0.18757€
-0+ 20336E
~0.20628E
-C.229C7E
~0e25434E
~0434036€

06
06
06
06
06
oe
06
06
Q6
06

=0e15€22E
-0.15572E
-3« 16139E
~0.16527€
-0.18481E
-0.16171€
~0420290E
-0.22187E
=0.24%15E
-0432603€

06
06
06
06
06
[+
06
Q06
ceé
Q06

=0s156C4E
~0e15662E
~0.15909€
~Ce16318E
~0.17925E
~0e.18741€E
-0.19622E
-0.20897¢€
-0.22863€
-0420094E

c6
06
06
+]
06
co
Ccé6
06

cée

~0.15180E
-0.15191€
-0.15538¢€
=0. 16051E
-0.17118€
=0e17434E
=0e LEGTSE
-0.19289€
~0.20903E
-0 27053E

06
06
06
06
Q¢
Q6
(1}
06
06
0e

~0.14579€
-0.15275E
-0e15543€
~0415754¢E
=Ce 155CCE
-0.15924E
=0 17270F
-0.17308E
~0+18449€E
~00 23355€

=014267E
-0414522E
-0414671E
-0+14935E
-0.15531F
~0.15563E
~0415826¢E
-0.16187¢
-0416718%
-0.20778¢E
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CISTRIEUT ION SUMMARY

FCT.

10C.0000
9C.0000
EC.CCCO
73.0000
6C. 0000
5C.00C0
40.0000
3C.0cCCo
2C.C0CO
1¢.00C0Q
C.5CCC

CISTRIEUT ICN PARAMETERS

FEAN

ST. DEV.

0.56471E
0.45388E
0. 2€42%€
0426644E
0.19489E
Ce 14279€
0.97113E
Ce45989E
-0.25417€
-0.11883¢
-0.41321E

Q.16513E

0.21874€

06
06
ce
06
06
Ccé
05
05
c5
o6
o6

06

cé6

J. 60081E
0.26916E
Ce 16491F
0.12192E
C.91072€
Ce 43202€
0.18873F
-0.18850€
~0.,67157€
-0.13182E
-0, 3403¢E

0.64860E

0.15138E

SUMMARY STATISTICS

o€
06
1
0¢
05
05
05

cs

06
o0&

0s

06

0. 5355CE
04235508
0.16615E
Ce 10€19E
0071499
e 26559E
Ce4€C21E
-0.29771E
-0+ 764224E
-0.13230€
-0.32603E

0.47477€

Oe 13914E

06

cs

G6

0.42637E
0017693
0.12189¢
0. 69975E
0.39213€
0428906 E
-0.16555¢€
=0.46741E
-0.84333E
-0.13620E
-0.30094E

0.18963E

0.11854E

G5

06

0.30333¢
Ce11435E
0.72886E
0.29119E
Ge5157CE
~0.23937E
~0.39724E
=0 64684E
-0.57351E
=Ce 13444E
-0.27053E

-0.12198E

0.95090E

06
06
05
05
04
0%
05
us
05
06
Ge6

05

05

0.16837E

0.46849E

0.202€3E
-0.11722E
=04 31154E
~0.53967¢
~0.65950E
-0, 8244CE
-0.10992¢
-0.13386¢F
-0e23355€

~Q0.46731F

0.€8982E

Q96
05
05
05
05

05
Js

06
Cé

05

0,84973F
0.55381F
~0s1€061E
-0.38126E
-0.53728E
~ 0. 68562E
-0.81271F
-0,91971€
-0.11181E
=0e13046F
-Q.20778E

-0.63557E

0.52560E

s

95
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B.12 The INCO Company Investment Problem-—-

PRODIP Input
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B.13 The INCO Company Investment Problem——

PRODIP Output
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PM1

PME

tn

L]

BE€

= 0.55012500C
= C.7C07231110
= 0151255110
= 0.17259775C
= 04 €314E0C47D
= 0.11925824L

=-0., 160655000

01
05
o1
04
02
02
00

THE INCO COMPANY

PEARSON SYSTEM

DISTRIBUTICN TYPE

3

INVESTMENT FRCBLEWN

0.137085970
0.55C12506CD
C.18061416D
0706974240
0.335165650
0.115645140D

0.109336700

K =-0.406949060 00

8l = 0.957111890-01

82 = €.305222392D0 01

L AMBDA= 0.687055260 03

H = 0.0

N = 200
PM2 = 0.32551563D 02 PM3 = 0.205316480 03 PMs =
PMT = (.53658188SC 06 FFM8 = 0.425644940C 07 M1l =
r3 = 0.10705613C 01 M4 = 04159808950 02 ME =
BEl = 0.95711186D-C1 BE2 = 0.305323930 01 BE3 =
SIGBl= 0478146263D-01 SI1GB2= 0.19754545D0 00 SIGL=
8 = 0.113838560 02 c = (. 605323930 C1 D =
C1l = («56519293D 01 c2 =-0.18065500D 00 SGCl=

xI FI

C.2500CC000 O1
0.375000000 01
0.425000000 01
C.4750CCC0D 01
0.52500000C 01
0.5750C0000 01
0.€25CC0C00 01
0.,67500000C 01
C.7250C0C00 01
¢.5C00CCC0D 01

0.110000000
0. 220C00CCD
0.150000000
0. 270C0000D
0.240C0CCCD
0.230000000
0.,2C€0G600000
0.130C006CD
0.230000000
0. 12C€C00000

02

02
02
02
02
02
02
92
02

04
1
02
00
04
02
01

PMS =
M2 =
M6 =
B8E4 =

SIGK=

SGC 2=

0.962916470
0.228781CS0
0.157293480D
04131356130
0.90920662D
0.180655000

0.45941089D

04

01

03~

02
00
00

00

612



x8

0.150000L
Ce325CCO0D
0.4000000
0.4500000
C+.5CC000D
0.5500000
€. €CC000D
0.65CC00D
0.7000000
C.75C000D

01
Cl
01
o1
(13
01
o1
o1
01
cl

xT

G.3500000
C. 4000000
C.450000D
0.5000000D
€. 5500000
€.6000000
C.650000C
C. 70CC00D
0.750000D
C.1050000

o1
01
o1
o1
01
()]
0l
Cl
o1
02

SAMPLE STATISTICS

X1

C.25000CD
063750000
C. 4250CCD
0.475000D
0+525000D
0. £75000D
0.€250000
0. 6750000
Ce 7250GCD
0.9000000

Ci
01
o1
o1
(0]
01
01
01
01
01

Fl

C. 110CCOD
0.2200000
0.1500000
0. 270CC0D
0.340000¢C
C. 2300000
0.2€0CCCD
0.130000C
0.230CC0D
0.1200000

02
02
02
02
02
02
c2
02
02
02

CFI

0.1100000
0.330000D
0.4800000
0. 7500000
0.109000D
0.1320000
0.1520CCD
0.165000D0
0.1880000
0.2000000

02
G2
02
02
03
03
03

03
c3

DFE

0.5500000-01

0.1650000
0.2400000
0.3750000
0. 5450000
0.660000D0
0. 7600000
0.825000D
0.9400000
0.100000D

00
00
00
00
00
00
[e]o]
00
01

0ce
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THE INCO COMPANY INVESTMENT PROBLEM
EXPONENTIAL DISTRIBUTION

DENSITY FUNCTION G(X)=LAMBDAl EXP(-LAMBDAl X), X=0, LAMBECAL=0
CISTRIBUTION FUNCTION H{(X)=1-EXP(-LAMBDA1l XT)

LAMBDAl=1/M1

H(X) FE
C.47C71C130 00 0. G414202€D 02
0.51665506D 00 0.51969854D 01
0.5586E480D 0OC C. 839794750 01
0.597026450 00 0. 7€€€E23C2D C1
0.63203696D 00 0.70021025D 01
0.6640CE74D 0OC C. 635375650 01
0.693187070 00 0.58382646D 01
Ce7168£223D0 0C 0533103370 01
C.74415159D CC 0. 4€678712D 01
C.85172063C 00 0.21505807D 02

>MAX ABS CIFF (CFO-H(X))= 0.41571013D CC
LAVMBDAl= 0,18177687C 00

CHISQ = 0.34060668D (3
NG(CHISC)= 9 SMFE= 0.50000000D 01

PLEXCEEDING CHISQ)=NO TEST CF= 7

(A4«



THE INCO'COEPAAY INVESTMENT PRCELEN
NORMAL CISTR IBUT ICN
CENSITY FUNCTION G(X)=1/S%*SQRT{2PI) EXP(=e5(X=-M/S)%%x2},
~INFINITY#X+INFINITY , —INFINITY+M+INFINITY, S=0
CISTRIBUTICN FUNCTICN hH(X)=1/S*SQRT(ZPI)I*INTEGRAL(EXP{~(T-M)%x%2/2%S%%x2)DT)

M=MEAN, S=STANDARD DEVIATICN

14 H{X) FE
-0.13230958C 01 0.92901641D0-01 0.1858C0228D 02
-0.99252€43D CQ 0.16046998D 00 0.13513668C 02
-0.6€19€61C90 QO C.253%6814D CC C. 187056310 02
~0.33139375C 00 0.37017343D 0O 0.,23235058D0 02
-0.82641¢€324D-03 0.49%67031D 00 0.25899377C 02

0.329740920 00 0.62920225D0 0C 0259063870 02
0.66030825C 00 0.74547193D 0O C.23253636D 02
0.950€£758sD (C _ C. 839126760 CO 0.18730967C 02
0.132144290 01 0.90682327 CC - C.135363C1D 02
Ce33048469%D 01 0.999524820 00 0.185403120 02

MAX ABS CIFF (CFG-H(X))= 0.45329630C-01

M= 0.55C125CCD Ol S= 0.15125511C 0Ol
CHISQ= 0.237524220 02
NG(CHISQ) =10 SMFE= 0.50000000D O1
P{EXCEEDING CHISQ)= C.125%$329SD~-(C2 cF= 7

€22



YT

0.12527¢€D
0.138629D
Ce 15C4CED
0.1609440
0.170475D
0.17617¢D
0.187180D
0.194%561D
0.201490D
0.2351380

THE INCC COMPANY
SAMPLE STATISTICS

Y1

Ce 5162510
0.132176D
€.144692D
0.155814D
0.165823D
Ce 1745200
0.1832£8D
€.190954C
C.1S81C00

0.2197220

£l

0.110000D
0. 2200000
0.150000C
€.27CC0OCD
0. 3400000
0.230000C
C. 20CC00D
0.1300000
0. 2300000
0.120000D

INVESTMENT PROBLEM
LCGNORMAL CISTRIBUT ION

CFI

0.1100000D
0.3300C0D
0.480000D
0.7500000D
0.1090C0D
0.1320000
0.1520C00D
0.1650C0D
0.1880000D
0.2000G0D

DFO

0.550000D0~-

0.165000D
0. 2400000
0.375000C
C. 545G00C
0+€60000D
0.760000C
C. 8250C0D
0.9400000
0.100000C

01
00
00
00
GO
00
00
00
00
103§

{49



_THE INCO COMPANY INVESTMENT PROBLEM
LOGNORMAL DISTRIBUTION

DENSITY FUNCTION G(Y)=1/S%SQRT(2PI) EXP(=e5(Y-M/S)%%2),
~INFINITY*Y+INFINITY, - INFINITY+M+INFINITY, S=0
DISTRIBUTION FUNCTION H{X)=1/S*SQRT(2PI)*INTEGRAL(EXP{—(T-M)*%2/2%5%%2)DT)
YI=LN(XI),y YB=ULN(XB),y, YT=ELNIXT)

M=MEAN(YI), S=STANDARD DEVIATION(YI)

L H(X) FE
-0.141393C4D 01 0.78691039D0~01 0.15738208D 02
-0.95564404D 00 Ce1€962614D 0C 0.18187021D 02
-0.55140681C 00 0.29067738D 00 Ce2421C24€D 02
-0.18980428D 0C 0.42473129C 00 0.268107830 02

0.137305CCD €O Ce5546C5C04D 0O 0. 259747500 02
0.43593237C Q0 0.66855722D0 00 062279C437D0 02
0. 710642520 CC 0.76134714D 00 0.18557983C 02
0.96498517C 00 0832723790 CO 0.14275331D0 02
0.12C17721C 01 0.885274160 00 0.1051CG075D 02
0.225€5¢1¢D Q1 0se SSCT7774SD 0O - 0.21100665D 02

MAX ABS DIFF (DFC-HI(X))= 0.547258350-01

M= 0.16647414D 01 S= 0.291371C70 GC M2= 0.8485S7100D-01 H{Y)= 0.0
CHISG= 0.272C6327C 02
NG(CHISQ)=1C SMFE= 0.,500000000 Ol

P(EXCEEDING CHISQ)= 0.305961630-02 DF= 7

age



THE INCC CCMPANY INVESTMENY PRCBLEN
FISHER~-TFIPPETT TYPE 1 DISTRIBUTICN
CENSITY FUMNCTICN G(X)=ALPHA EXP(-Y-EXP(-Y) IWHERE
Y=ALPFRA(X~U)y— INFINITY+X+INFINITY  ALPHA=C,~INFINITY+U+INFINITY
CISTRIBUTICN FUNCTICN HIX)=EXF(-EXP(-Y )}

U=MOCEy) ALPHA=SCALE PARAMETER

H{ X} FE
0.34385015C-01 0.16877003D0 02
Ce.1775C2CCD 00 0.186233687D 02
0.298547820 QO 0. 242CS1650 02
0.42944688D 00 0.261798100 02

«£537£302D CC 0.,24861225D 02
0.661479980 00 0.21545363D 02
0. 74502851D 00 0.175097050 02
0.817042C3D QC 0.136C2704D 02
0.86823621C 00 0.10228836éD 02

C.58362101D QO 0. 230769590 02

MAX ABS DIFF (DFC-H(X))= 0.717637920-61

ALPHA= 0, 71552€42D CGC U= C.4T7650481D 01

ChISG= 0.312478330 02 :

NG(CHI £C) =10 SMFE= 0.500000000 01
PIEXCEEDING CHISQ)= 0.556€2123D-C4 oF= 7

922



THE INCO COMPANY INVESTMENT PROBLEM
FISHER-TIPPETT TYPE 2 DISTRIBUTICN

DENSITY FUNCTICN G(X)=GAMMA/B(X/B)**(=GAMMA=1) EXP(—(X/B)**(~-GAMMA))
X=CyB=CyGAMMA=C
DISTRIBUTICN FUNCTICN H{X)=EXP(=-(X/B)*#(~CAMMA) )

CAMMA=SLOPE yB=SCALE PARAMETER

H{X) -FE
0.11007046D 00 0.22014093D 02
C.2307¢€551D 0C 0.24143010D 02
G.3597¢1¢€20 OC 0. 257672210 02
0.47684340D 00 0.234243570 02
C.51512388D 00 0.19656097D 02
G«65452943D 00 C. 156€31CsD Q2
C.71768604D 00 0.126293210 02
Ce 76766852D 0C Ce $S9€5777D 01
0.80729955D 00 0. 7162€125sD 01

0.92642358D 00 0.23824806D 02

M2aX ABS CIFF {(DFO-F{X))= 0.132700450 00

GAMMA= 0.30610715D 01 B= 0.,45327203D 01

CHISQ= 0.64155743D 02

NG(CKHISG)=10 SMFE= 0.,50000000C 01
PIEXCEEDING CHISQ)= 0.22228275D0-1C CF= 7

222



THE INCC COMPANY  INVESTMENT PROBL EW
WEIBULL DISTRIBUTIGN
DENSITY FUNCTION G(X)=(GAMMA/THETA)X#*(GAMMA-1) EXP (- X*xGAMMA / THE TA)
X GREATER THAN OR=C,GAMMA GREATER THAN 0,THETA GREATER THAN O
DISTRIBUTICN FUNCTION K(X)=1-EXP (~X**GAMMA/THETA)

CAMMA=SHAPE PARAMETER, THETA=SCALE PARAMETER

H{X) FE
0.10972223D0 00 0. 215444450 02
0.17791933D 00 0.136394210 02
0. 266544700 OC C.178C50740 02
0.37428851D 00 0.214¢€8843D 02
€.4637(5190 00 0.238840560 02
0.€1577443D 0C 0. 24413047D 02
0.72966417C 00 0227779490 02
0.82584884D 00 0.19236934D 22
C.89864740D CC Oe 145%5S711D G2

0.999803220 00 0.20231165D 02

MAX ABS CIFF (DFO-K(X))= 0.54722227-01

GAMMA= 0.391061410 01 THETA= 0.,11543904D 04
CHISQ= (C.274161C7D 02
NG(CHISC)=10 SMFE= 0.50000000D0 01

P(EXCEEDING CHISQ)= 0.280083020-03 CF= 7

gcc



THE INCC COMPANY INVESTMENT PROBLEF
SAMPLE STATISTICS BETA DISTRIBUTION

XePe XxP 1 XPT FI CFI DFO
C.0 G.111111D CGC 002222220 00 0.110000C 02 0.1100000 02 0. 5500000-01
0.222222D 00 0.250000D0 00 0.2717780 0OC 0.220C0CD 02 0.3300000 02 01650000 00
(.297778D OC C.3C055560 00 0.333333C 00 0.15000C0 02 0.4800CCD G2 0.240000D Q0
0.222223D CC C.2611110 00 C.38€889D 00 0.2700000 02 0.7500000 02 0.3750000 00
C.3888890 00 0.4166670 00 06444444D 0C 0. 340000D 02 0.109000D0 03 0.5450000 00
Ce444444D 0OC 0. 4722220 CC G.500000C 00 0.2300000 02 0.1220000 03 0. 6600000 00
0.5000000 00 0.527778D 00 C. £55556D 00 0.200000C 02 0.152000C 03 0.7600000 00
0.5555560 00 0.583333D0 00 0.6111110 00 0.1300000 02 0.1650000 03 0.8250000 00
0.€111110 OC C. €288ESD CO 0.666667C 00 0.230000C 02 0.1880000 03 09400000 00

0.666667D 00 0.833333D 00 0.10C0C0D 01 C.120000D0 02 0.2000000 03 0.1000000 01
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THE INCO COMPANY INVESTMEAT PRCBLEM
BETA DISTRIBUTICN

DENSITY FUNCTICN G(X)={GAMMA(LAMEBCA+THETA)/ (GAMMA(LAMBOA) }*{GAMMA(THETA)) b X**(LAMBDA-1)*{ 1~ X)**({ THETA-1}

X CREATER OR=0 ANC X LESS THAN OR =1,LAMBDA GREATER THAN C,THETA GREATER THAN 0

CISTRIBUTION FUNCTION H(X)=(GAMMA{LAMBDA+THETA)/(GAMMA(LANMBDA) )*(GAMMA(THETA)) ) INTEGRAL {X**(L AMBDA-1)*(1-X)*%{ THETA-1}DX)

THE TA=

Ceo 43C0328€40D 01

LAMBCAyTHETA=SHAPE PARAMETERS

H{ X) FE
0.96635409C-01 0.19327082D0 02
Csa 175812620 00 ) 0.15835443D 02
0.275990040 00 0. 200254840 02
0«39036675D 00 04228753410 02
Ce51052548D 0C 0.24031746D 02
0.62780049C 00 0.23455CC20 02
0734441630 00 04213282280 02
C.82456%340 0C 0.18031543D 02
0.894889550 00 " 0.14058041D0 02
C.1000CCCOD 01 0.,210220910 02

LAMBCA= 0.34421984D 01 Ml= 0.44458333C 00 M2= (0.282445790-01

MAX ABS DIFF (DFO-H{X})= 0.4511C4530-01

CHISQ= 0.23186910D0 02

NG(CHISC) =10 SKFE= 0.50000000C O1
P{EXCEEDING CHISQ)= 0.15814618D0-02 DF= 7

0£g
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B.14 The INCO Company Investment Problem--

RUM Input
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B.15 The INCO Company Investment Problem --

RUM Output
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