PROJECT SELECTION CONSIDERING DELAYED ACCEPTANCE OF

INVESTMENT PROJECTS

A THESIS
Presented to
The Faculty of the Division of Graduate Studies
by

Javier Bugenioc Martinez.Serna

In Partial Fulfillment
of the Requirement for the Degree

Master of Science in Industrial Engineering

Georgia Institute of Technology

November, 1978



PROJECT SELECTION CONSIDERING DELAYED ACCEPTANCE OF

INVESTMENT PROJECTS

APPROVED:

o -

G.P. Sharp, Chairman
s, /n
oA F)L/

T iRussen
A . ] A

(IF . MeGishis O‘

Date approved by Chairman: 27 Moy 78



ii

ACKNOWLEDGMENTS

It gives me joy to avail of this opportunity to
show my deep appreciation for and express my most sincere
and heartfelt gratitude to Dr. Gunter P. Sharp for all the
assistance rendered to me during the development of this work.
His constant guidance, infinite patience, and deep insight
were indispensable for the completion of this research, and I
will always treasure the bond of friendship existing between
us.

I wish to thank Dr.L.F. McGinnis and Dr.G.J. Thuesen for
serving on my Thesis Advisory Committee and for providing
their valuable professional support.

Special recognition to my parents, whom I always knew were

behind us.

This thesis is dedicated to my wife,Adriana, whose love,
patience and inspiration enabled me to complete not only this

study, but my whole graduate program.



iii

TABLE OF CONTENTS

page
ACKNOWLEDGMENTSIIID IIIIII * & & 8 " & B # & 4 & & F 5 & 8 4 " $F P K PR EEES TSR ii
LIST OF ILLUSTRATIONS...l....OII..‘...l.“....‘....“...‘. V
LIST OF TABLES....l...l.'........I.....l!....l!....l. CCCCC vi
S[JMMARY.IID......l......l.......'.l.I..IIII. .............. Viii
Chapter
T. INTRODUCTION .. :.csessrtorsssncosrssssscnsnsasss ceessae 1
Background
Purpose
Method of Approach
ITI. LITERATURE SURVEY ¢ueeeveoenoscsanesassansnsseonnee I
Deterministic Models
Non-Deterministic Models
Uncertainty Resolution
Product Development
ITI. DESCRIPTION OF THE MODEL.:eevecnncssossovavoonanse 23

Overview

Probabilistic Consideration of the Cash Flow

Present Value of Each Proposal

Case of Complete Independence

Case of Complete Dependence

Case of Partial Dependence

Case of Independence and Partial or Perfect
Correlation

Correlation Between Proijects j and k

Case of Time-Wise and Project-Wise Correlation

IV. SOLUTION PROCEDURE AND COMPUTATIONAL EXPERIENCE..., 41

Project Generation and Input Data
Program Language
Characteristics of the Projects
Flexibility of the Algorithm and Program Runs
Computational Experience '
.Analytical
.Simulation



iv

TABLE OF CONTENTS (Continued)

page

V. CONCLUSIONS AND RECOMMENDATIONS.....cee.aq TR 70
Appendices

A. COMPLETE RESULTS FOR EACH SET (TableS) ......evee..73

B. PROGRAMS USED TO SOLVE THE PROBLEM.....eveeeeaessa.88
C. EFFICIENCY FRONTIERS ...t .eeecnscessanans D i B

BIBLIOGRAPHY . c v vt e vensnnanaanss Sesserasrassarasaterraennns 120



LIST OF ILLUSTRATIONS

Figure page
2-1. Difference Between Variance and Semivariance......... 9
2-2. The Basic Model for Utility of Present Worth......... 14

2-3. The High Risk-Aversion Model for Utility of Present

3 o o o .. 14
2-4. Typical Product Life Cycle...iiveveenscaann cressesas . 21
2-5., Effect of Timing of Entry to the Market........... ees 21
3-1. Flowchart of Analytical Solution......... csvanene eees 24
3-2. Flowchart of Simulation .................. . veves 25
3-3. Probability Functions for a Cash Flow.....ceeveesces . 30
4-1. Project Cash Flow Patterns......... - 1

4-2, Flexibility of the Algorithm......eceieeeecacnncsaas. 48
4-3. Patterns Followed by the Simulation.............. R
4-4. Time Progression of Efficiency Frontiers........ teess 66
4-5. Comparison of Final Efficiency Frontiers............. 68

C-1. Efficiency Frontiers for Set 1,"first year only"
Decision Rule,Budget $6000..........0.... feesasas ceaes 114

C-2. Efficiency Frontiers for Set 1,"second year only"
Decision Rule, Budget $6000....... Cessssasaanae caaane 115

C~3. Efficiency Frontiers for Set 1,"first,second or third
year" Decision Rule,Budget $4000......... caeacas sese. 116

C-4. Efficiency Frontiers for Set 1,"first,second or third
yvear" Decision Rule, Budget $2000....¢cc0evtaveansnes 117

C-5. Efficiency Frontiers for Set 3,"first,second or third
year" Decision Rule, Budget $1500....... eeessssaenaes 118

C-6. Efficiency Frontiers for Set 3,"first year only"
Decision RUlE...itieeeeensrnansoracnncans s hsssvssana . 119



vi

LIST OF TABLES

4~1. Example of Project Cash Flows,Means and Variances.....
4-2. Structure of the Analysis....ccivueevuesns caseasas ceesa
4-3. Selected Results for Project Set 1, Budget $6000......
4-4. Comparison of Selected Results for Project Set 1l......
4-5, Test of Hypothesis.....ceivevaaes . creean
4-6. Comparison of Selected Results for Project Set 3......

A-1, Complete Results for Set 1,"first,second or third
vear" Decision Rule......ceceeeeccsnconcsnesnccnnsens .

A-2. Complete Results for Set 1,"first year only" Decision

Rulel.'.l. ............ . " 8 3" 22 * 2 82 & S " 88 8 F S8 e PTG » o & e

A-3. Complete Results for Set 1, "second year only" Decision

RULE i ivoeeesosnonssssecsssnssanssascsssssenscsnasssssnsnsass

A-4. Complete Results for Set 2,"first, second or third
year" Decision Rule.....c..uu.. casaneans s anasaanaa ceens

A-5. Complete Results for Set 2,"first vear only" Decision
RUlE. iveeeenneensnnsonnonscancassancaa cessstesraeeeneans
Rule..... cerressmreannene cs e aseneasn cerrecaanaan cesasans

A-7. Complete Results for Set 3,"first, second or third
vear" Decision Rule....iciiecsasas Gt et s s areastecnse s

A-B. Complete Results for Set 3,"first year only" Decision
Rule., .. it nannnas cesesnens et esnasans csasesseanes

A-9. Complete Results for Set 3,"second year only" Decision
Rule ............ * & & & B & & b = & A& & & 9 & & & ® & & & & ¢ & & 4 & ¢ 4 & s & s * * o & a

A-10.Simulation Results for Set 1,"first,second or third
year" Decision Rule.....cecreecearanes teassaas cesseneen

A-1l.Simulation Results for Set 1, "first year only"
Decision Rule...viviieinneensnannnnns ceeereosan ceeess ..

49
53
58
60
65

74

75

76

77

78

79

80

8l

82

83

84



vii

A-12.85imulation Results for Set 2,"first,second or third
year" Decision Rule€.....eeeeeeecsccenssscesnsnssssnenes B85

A-13.Simulation Results for Set 2,"first year only"
Decision Rule...vvsereeecenaces s esesens ceteccssssensss B6

A-14.8imulation Results for Set 3....citeescescssns eeeens ... 87



viii

SUMMARY

When a company is planning to enter a new product
market, it is possible to follow one of three basic strategies:

a) Be the first to enter the market.

B) Follow the leader.

C) Wait more time and be "one more" in that product

market.

The firm faces different risk-reward alternatives
as a function of the time to launch a product. This product
market behavior can be extended to many other types of
investment decisions that the company faces year by year.

This research includes the construction of a
project selection process, with the consideration of the
timing effect as the main objective, which combines an
important number of real world characteristicsia stochastic
sequential decision model with new projects every year, those
projects which were not selected can be carried forward to
the next years, correlated cash flows among projects, and
budget and project contingency constraints.

The following pattern is assumed for the projects:
In proportion to the implementation time of the project, the
expected value of the elements in the cash flow stream - -

decrease, and also their variability.



iXx

The selection process is based in the expected
present worth as a me&sure of reward and its variability as
a measure of risk. Different levels of the main parameters,
risk~aversion factor, delaying project acceptance and annual
budget are tested in three project sets.The problem is
solved analytically and simulated.

The most important result of this research effort
is the realization of a model which combines capital
budgeting theory, new-product development theory, and
mathematical and computational tools into a practical and
realistic sequential procedure for project selection. Such a
model would be useful to any decision maker who faces the
problem of allocating limited financial resources of the

firm in a periodic sequential decision making environment.



CHAPTER I

INTRODUCTION

Background

When a company is planning to enter a new product
market, it is possible to follow one of three basic strategies.
A) Be the first to enter the market.
B) Follow the leader (be the second to enter the
market) or
C) Wait more time and be "one more" in that product
market.

The first strategy is the most risky, but also is
the most likely to result in higher payoff. It has been found
that sometimes the second firm to enter the market will achieve
only half the sales of the first firm, and the third firm half
the sales of the second firm (13). It is clear that timing is
important, and rewards from entering a market at an opportune
moment could be substantial. On the other hand, there are more
risks associated with entering a market early: substantial
resource and development (R&D)} cost may not be recovered,
and there 1is more uncertainty regarding product acceptance.

A firm that waits can avoid exessive R&D costs and can
-avoid products that do not sell well. Therefore the firm

faces different risk-reward alternatives as a function of



the time to launch a product.

This product-market behavior can be extended to
many other types of investment decisions that the company
faces year by year: cost-reduction measures, plant and
warehouse location, installation of environmental controls,
etc. Each of these proposals has associated with it a risk-
reward relation depending upon the time at which it is
implemented.

Different models have been proposed in the
literature to solve this problem. Some authors assume certainty
conditions and use deterministic models, others use stochastic
models under uncertainty conditions and make one decision at
one point in time for the planning horizon. Others propose a
sequential decision procedure with new projects considered
every year. No one, however, has developed a project selection
process which combines an important number of real world
characteristics: a stochastic sequential decision model with
new projects considered every yvear, those projects which
were not selected can be carried forward to the next years,
correlated cash flows among projects, ard budget and project

contingency constrains.

Purgose

With the consideration of the timing effect as
the main objective of this work, the purpose of this

research is:



1) To develop a project selection technique
which considers sequential decision points, variability of
the cash flows, and this variability dependent on timing,

2) To obtain computational experience with this
project selection technique,testing the effects of different

project evaluation criteria.

Method of Approach

The approach of the research will be to postulate
a fixed planning period of five years with annual investment
decisions, generate cash flow streams for investment projects,
and apply different project evaluation criteria to select
the projects. The following pattern will be assumed for
investment projects: in proportion to the implementation time
of the project, the expected value of the elements in the
cash flow stream will decrease, and also their variability.
Typical patterns will be based on literature.concerning
marketing of new products(22). Projects which are not selected
one year might be available for selection the following one
or two years. The generation of the streams will be done
using uncertainty conditions for different cases of correlated
cash flows: complete independence, perfect correlation,
partially correlated, and cross-correlated flows. Also, there

will be considered contingency and budget constrains.



In order to structure the project selection
technique it will be necessary to obtain the expected present
worth as a measure of reward and associate the variance of
the present worth as a measure of risk. Then there will be
tested different levels of risk-aversion in order to represent
aggresive and conservative project selection strategies. The
resulting sets of selected projects will then represent
different points on an "efficiency frontier". Also, the model
will give additional information to support the decision
process; ie,the amount of cash every year, the amount of cash
at the horizon, the total cost of each selected decision
alternative, etc.

In order to solve the problem, a sequential
analysis through the planning period will be done. This
process will include the selection of the projects, the
computation of the expected present worth and its variability
for a set of projects, and a simulation to determine project
outcomes for that particular year: A comparison of the
results with and without the option of delaying project
acceptance will also be made

It is expected that the results gained from this
research will yield a more realistic and practical decision
making technique dealing with the variabilities of the cash

flows dependent upon the timing of project acceptance.



CHAPTER I1
LITERATURE SURVEY

In the literature can be found many different
approaches to the problem of allocating limited cash resources
to the proposed alternatives a company faces each period of
time. These approaches range from models considering certainty
conditions (deterministic models) to models considering a
probabilistic future, and models with different kinds of
interrelationships between projects. Depending upon the size
of the firm, the amount of money involved in project selection
and the accuaracy required of the models, each firm attempts

to select a technique or model appropiate for its needs.

Deterministic Models

Among the models assuming certainty conditions,
the most comprehensive treatment of the problem has been by
Weingartner (35) . He uses a mathematical programming approach
that deals with the set of investment alternatives, borrowing
and lending activities, and complex interrelationships among

projects. The form of his Basic Horizon model is:

Max1mlze:§:ajxj+vT~wT (2-1)
Subject :;:aljxj+v1-wléDl (2~2)

J



Zatjxj-(l+r)vt_l+vt+(1+r)wt_l

J

_Wt th t=2’3’4¢--T (2_3)

0£x <1 j=1,2,3,..n (2-4)
J

VW 20 t=1,2,3...T (2-5)

where, atj=cash outflow for project j at time t.
atj=time T value of post-horizon cash flows.
Dy =cash available at time t from other sources.
vy =lending from t to t+l at rate r.
w, =borrowing from t to t+l at rate r,

This linear programming model maximizes the net
value of assets at the horizon. These consist of the funds
available for lending at that time and the discounted streams
of net revenues past the horizon. The model assumes all
interest is payable at the end of the year, and new loans
can be immediately made to cover any cash shortages. To the
four restrictions above it is possible to add others
expressing relationships of complementarity and competitiveness
between projects.

Bernhard(2) made a comprehensive review of the
mathematical programming models, surveying, extending,
criticizing, and building a generalized deterministic model.
He considers various cases and some relationships of other
models proposed in the literature, such as those by Baumol
and Quandt, Weingartner, and lorie and Savage, etc. However,

the principal shortcoming of these approaches is the



assumption of complete information, because in most investment

situations the future is not known with certainty.

Non-Deterministic Models

In a more realistic world, the decisions are based
usually on predictions about the future.The problem then
focuses on the variations in the outcomes of the alternatives.
If it is possible to know or assume some probability
distribution about the outcomes, the decision will be under
risk, on the other hand, if it is not possible to associate
any probability distribution to the project outcomes the

decision will be under uncertainty (30)}.

The Concept of Risk

Usually the variability of the future outcomes is
used as a concept of risk. Some authors, as Markowitz (19)
and Tobin (31), measure this risk by the variance or the
standard deviation of the return. Markowitz discusses the
risk-vs-return problem within the context of securities
investments. The problem is one of determining the optimal
set of securities (a portfolio) from a large number of
prospective investment opportunities. Optimality is based
upon two criteria: expected return (E) , and variance of
return {(o?) . Given the probabilistic estimates of the future
performance of securities,an efficient set of portfolios is
determined. Then from that set a portfolio is selected which

best reflects the decision maker's preferences. Markowitz



selects the variance of return (J*) as a measure of risk.
However, he says that the standard deviation($ ) or the
coefficient of dispersion 6VE) could also be used as
measures of risk, and any of the three measures will result
in the set of efficient portfolios. Mao (16) compares this
concept with an alternative one, the semivariance, which he
defines as:

sp= E [(r-h) 7] 2 (2-6)
where: R=is a random variable with known probability

distribution.
h=is a critical value which R should exceed.
E=is an expectation operator.
and,
(R-h) "=(R~h) if (R~-h) £ 0
(R~h) =0 if (R~h) > 0
Alternativley, it can be expressed as:

S,,=E [min (R-h) 02 (2-7)
The effect is to measure the downside (unfavorable)
variability. Both the variance and semivariance criteria
will pick the same solution for investments involving only
symmetric distributions. However, the two criteria may
indicate different solutions if returns from investments are
asymmetric. Mao illustrated this with a skewed distribution,
figure 2-1(a), and its reflection about the mean figure 2-1(b),
where each point represents one possible investment outcome.

It easy to see that both distributions (a) and (b) have the



' v

-1 1l 2 3 4 5 6 7 8
(a)

E=3 V=4 Sh=3.2 h=3

(b)
E=3 V=4 5,=0.8 h=3

Figure 2-1. Difference between Variance and
Semivariance.
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same means and variances:; therefore the variance criterion

will evaluate the two proposals as equally attractive.
However, an investor interested in reducing losses will
prefer (b) to (a). The semivariance criterion will also pick
(b) because the distribution (a) has an Sh of 3.2; and
distribution (b) has an S of only 0.8. The variance seems
to be too conservative because of the fact that any extreme
(below or above of the expected return) is undesirable.
However, it is a more popular measure of risk than the
semivariance, because of its familiarity and ease of

computation.

Dealing With Risk
There are numerous approaches for compensating
for risk in the project selection process. Among the simplest
ones are:
I) The payback period:number of vears required to
recover the initial cash investment.
II) The risk-adjusted discount rate: the riskless
rate and a premium for risk,ie,
i=i +ir
where i, denotes the incremental return required
to compensate for risk. And,
III) The variation of project life as a measure for
adjusting risk,ie, a very risky ten year
project may be reduced to an eight or seven

year project to compensate for risk.
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The main disadvantage of the payback period is
that this criterion gives equal importance to all cash flows
ocurring before the project recovers its initial investment
and no importance to flows ocurring after that tiﬁe. It has
the virtue of promoting the liquidity of the firm, but at
the same time, some good projects with high returns in the
future may be seriously underrated. On the other hand, Van
Horne (32) shows that the disadvantage of the risk-adjusted
discount rate is the difficulty of determining the appropriate
one for each particular alternative. Also,he discusses(33)
the drawbacks of using project life as a mean for adjusting
for risk.

Robicheck and Myers (26) recommend the concept of
certainty-equivalent,defined as a certain amount equivalent
to the outcome of a risky situation, or, in other words, a
certain amount such that an investor is indifferent between
this amount for certain and a chance on the outcome of the
risky situation. With this method, distibutions of possible
cash flow outcomes are specified pericd by period and a
certainty equivalent is substituted for each of the
distributions. Van Horne(32) explains that the difficulties
of this approach are: a) The specification of the appropriate
certainty~equivalents period by period for an investment
opportunity and b)Being consistent in these specifications
from project to project.

Baumol({l} introduces a modification to the wvariance
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criterion, named Expected Gain Confidence Limit Criterion
(EGCL) . This model involves the calculation of a critical
point on which every alternative decision should be based.
The basic equation in his approach is:

CP=EV- BT (2-8)
where; EV=expected value of return.

U =standard deviation of expected return,

F5=degree of risk aversion (a number of standard

deviations on the low side of EV, below which

values can not be tolerated.
The value of;fis selected by the investor or portfolio
manager based on risk preferences —jiand CP vary inversely.
For example, assuming returns are normally distibuted, if
the investors are willing to accept a 0.25 chance that the
portfolio return is below CP, they should set95=2. If less
chance of a low return is desired, this may be achieved by
setting Q’=3 .

A more elaborate approach which considers the
probability distributions of the project outcomes over time
is the method of Hillier (9). Period by period the project
outcome is treated as a random variable with known mean and
standard deviation. Then the mean and variance of the "figure
of merit" (net present value, equivalent uniform annual cost,
or internal rate of return) are determined analytically.
Thus, Markowitz' method for single-period investments is

extended to multiple periods. Furthermore, Hillier incorporates
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the concepts of perfect independence and perfect and partial
correlation among cash flows. Later in 1971(1ll) Hillier
reexamined the problem from the view point of expected
utility of present worth. His solution procedure consists of
an approximate linear programming approach and an exact
Branch-and~-Bound algorithm. The utility functions considered
are: I) A basic model, (figure 2-2) ,where the expression for
Utility of present worth is given by a hyperbola

U(p)= (2-9)
2
- -2 -
where; Q= Lja1+b1P)+(a2+b2P)§"4P531+b1b2P+32J
ay=d(1-by) a,=a(bz-1)

II) And a high risk aversion model for U(p), (figure 2-3),
which differs from the above only in the behavior of the
utility function as p grows very large in the negative
direction. The algebraic form of the function is:

_[:( l-bl) /al] | &
U(p)= al+blp-a1e (2-10)

Using Hillier's results, many other authors have
extended his ideas and studied wvarious general cases of
investment situations, as Kahak and Owen(l2), Canada and
Wadsworth(5), Mantell(1l5), Young and Contreras{(37), etc. An
important drawback of Hillier's and related methods is the
difficulty of implementing the analytical procedures necessary
to derive the mean and variance of the present worth of the

selected projects. The complexity of some real world problems
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Figure 2-2., The Basic Model for Utility of
present worth, U{(p).
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Figure 2-3.The High Risk-Aversion Model for
Utility of present worth,U(p).
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precludes the use of these methods.

On the other hand, Hertz(8) in 1964 uses Monte
Carlo simulation to deal with the riskiness of an investment.
As in the case of Hillier's models, the objective'of the
computer simulation is to generate a probabilistic distribution
for the present worth. This enables the decision maker to
compare expected returns and their variabilities for two or
more alternatives. Even though Hertz makes a distinction
between "risk of investment" (probability that the project
will result in a loss) and "variability of return on
investment" (dispersion of the probability distribution for
the present worth), most other authors only use the variance
of return as a measure of project risk. A feature of the
Hertz approach is that computer simulation always results in
a distribution for the present worth of the selected projects.
The stochastic models discussed by Hillier do not always
generate directly a probability distribution, but instead
use the means and variances of the cash flows to obtain the
mean and variance of the present worth of the selected
projects.

Lately, in the fall of 1977 Bey and Porter(3)
wrote a paper which deals with the evaluation of capital
budgeting portfolio models by using simulated data. In their
work they point out that while decision rules as payback,
internal rate of return, and net present value may deal

effectively with some of the problems which the decision



16

maker faces,ie, large number of available alternatives,
interrelationships among projects, constraints on capital
resources,etc.,"they have the common shortcoming of
considering projects only on an individual basis and,
therefore, fail to consider the statistical interrelationships
among the set of proposals". They also cited some other
authors who have suggested a portfolio approach to capital
budgeting, Lintner(l14), Naslund{(20), Salazar and Sen(27),

and Quirin(25}).

In their paper Bey and Porter make an empirical
study of the performance of several of the major portfolio
approaches to capital budgeting. The portfolio models studied
were:

1) A modification to the mean-variance model (EV~I) as
adapted to capital budgeting by Weingartner(36).

2) Porter's (23) extension of the Lintner (14) single~period
case (EV-II).

3) A mean-semivariance model(ESh).

4) A chance-constrained model (CCP).

Their study assumed one decision at one point in
time and uses as a standard of comparision the second degree
stochastic dominance model, because of its conceptual
superiority (24). Then they simulated several decision
environments and found that the results of the decision models
are highly dependent upon whether the project cash flows are

positively or negatively correlated. For the positively
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correlated cash flows the mean-semivariance model (ESh)
clearly outperformed all the others. The next best performance
was accomplished by the chance-constrained model (CCP),
follow by the EV~II and EV~I. Even though a direct comparison
of the NPV model with the others is not easy, because this
model selects only one set for the efficiency frontier,
consisting of all those with NPV greater than or equal to
zero, the study clasifies its performance as guite poor. On
other hand, for negatively correlated cash flows the ranking
of the models depends of how the comparison is made. However,
in general the only change in the ranking of performance is
in the EV~II and EV-I models which interchange their places.
Bey and Porter suggest at the end of the study that: a) The
set of projects selected will depend on which portfolic model
was used and b) There is no benefit in attempting to match

decision environments and capital budgeting models.

Uncertainty Resolution

It is possible to find in the literature two
major approaches which deal with the concept of uncertainty
resolution in an explicit manner: the payback period method,
and the certainty-equivalent method. Uncertainty resolution
describes the situation in which information needed to
formulate or assume probability distributions of possible
events is unknown.

Even though uncertainty resolution has been

discussed by several authors, as Robicheck and Myers({26),
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Percival and Westerfield(21l), Bierman and Hansman{4), it has

not been found very useful in the allocation of the firm's
resources among competing alternatives. For example, a major
difficulty in the certainty-equivalent approach is the
development of an appropriate utility function to identify
the time preferences of consumption. In particular, an
individual's time preference for future consumption depends
on what investment opportunities this individual would have
in the future. However, in most real investment situations,
the ocurrence, timing, and characteristics of future
investment opportunities are difficult to predict with
certainty. On other hand, in the use of the payback method
as a basis for measuring uncertainty resolution, it is
difficult to find a meaningful index representing the rate
of the resolution of uncertainty through time, when the cash
flows of a proposal are expressed in terms of a probability
tree. It is possible to compute the expected payback period
and variability about the expectation for a proposal. However,
the interpretation of the statistic in terms of uncertainty

resolution over time is rather vague.

Product Development

Up to now the literature search has dealt with
the problem of allocating limited money resources to different
project proposals. Although the work done in this research
may apply to all types of investment proposals, as cost-
reduction measures, plant and warehouse location, and

installation of environmental controls, the timing in the
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launching of a new product is of particular importance.

Therefore, part of this literature search also treats this
concept. Unfoftunately, the literature in this field is not
as rich as the literature of capital budgeting.

In 1972 Seavoy(28) said that "new—prodﬁct marketing
is an art, a science, a gamble", and classifies the risks in
five areas: risk in the product, risk in production, risk in
the market,risk in distribution, and risk in commercialization.
He really points out the importance of timing,. saying: "if
you're late or early (in the market), the market will pass
you by like a speeding jet".

FitzRoy(7) proposes three basic product strategies:
1) Be the first in the market (or market leadership).

This is a high risk strategy, but the company has the
possibility of high income. In order to be a successful
company of this type, the firm has to be inventive, high
risk oriented, development oriented, and also should have
the resources required te absorb possibles losses.

2) Follow the leader (second in the market}).

In this strategy, the firm chooses to be the second one in
the market. Here the firm takes advantage of the mistakes
made by the leader, and then it may launch a better product.
This kind of behavior is a lower risk strateqgy, but the
potential revenues are lower too.

3) Me-too.

In this strateqgy the company goes into an established market.

This choice has, generally, the lowest risk. But in order to
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generate some profits, the firm requires superior product
positioning and because most of the time those markets have
severe price competition, the company must have production
and distribution strengths.

There are some other aspects the company must
examine before choosing a strateqgy, as: the market
6pportunities (advantage of the firm relative to the
competition), the maximum utilization of resources, and
corporate stability.(overall level of risk).

In 1966 Pessemier (22), combining the product
life cycle concept (figure 2-4) and the timing concept,
shows the effects on investments,sales and profits of two
different companies when they enter the market with similar
products but at different times (fig.2-5). This figure shows
how the success of a product entering the market will depend
on the degree to which its entry leads or follows similar
products. Company A, the first to go into the market, spends
and risks more money than company B, but assuming good
planning and management control, company A will get more
profits, as shown in the figure.

Kotler (13) said that the first firm to enter the
market will enjoy, if its product is perfected, a substantial
advantage over the second one. It is estimated that the
second firm to enter the market will achieve only half the

sales of the first firm,and a third firm entering the market

would achieve only half the sales of the second firm. He also

points out that, when the firm which enters the market first
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Figure 2-4. Typical Product Life Cycle
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Co. B sales

Figure 2-~5. Illustration of the Effect of Timing

of Entry of two Similar New Products
Offered by Competing Companies.
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has a poor version of the product, it may spoil its share
of the market. The gquality and/or suitability of the
product is a function of the passage of time and the money
spent on R&D.

Is clear then, that timing is important and the
rewards from entering a market at an opportune moment can be
substantial. However, it should be said that sometimes
products are placed on the market prematurely and fail,
losing the market leadership, and, sometimes even worse,
going out of the market losing a great deal of money. This
occurred in the Bowmar case: they had the initial advantage
in the hand-held electronic computer market, and they lost
it because of factors related to this "premature concept"({28).

The above covers the literature survey of the two
principal areas upon which this work is based: capital
budgeting and product development. In the next section the

model used in this research will be established.
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CHAPTER ITI
DESCRIPTION OF THE MODEL

Overview

In the evaluation of investment projects, whether
new products or any other kind of investment porposal, the
projected cash flow streams represent the major determinants
of project worth in the evaluation process. Although in the
past many decision makers assumed certainty conditions for
analytic purposes, today many planners recognize that
probabilistic formulations of project outcomes add
considerable guantitative information for project evaluation
and selection. However, this type of formulatioﬁ introduces
some additional problems not found in the deterministic case.

Before presenting the detailed methods related to
this formulation, is necessary to describe the general
model, including the sequential decision process, the linear
programming model, and the assumptions made in the model, in
order to give a clearer idea of the main purpose pursued
throughout this research.

The general model, which is described in a flow
chart in figures 3~1 and 3-2, begins with three cash flow
estimates (the optimistic, most likely, and pessimistic ones),
for each year for each project as principal data. This is

done in the context of a fixed planning period with annual
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investment decisions. Each proposal may be considered for
selection during each of three years, the year in which the
project is proposed for the first time, and the next two. In
general, it is assumed that as the time of implementation is
delayed, the expected value of the elements in the cash flow
steams will decrease, and also their wvariability. This
pattern is based on articles by Kotler(1l3) and Pessemier(22)
about the marketing of new products.

It is convenient to assume a Beta distribution
for each annual cash flow for each project. The mean and
variance of the cash flows are readily calculated using well-
known formulas. Then the expected present worth and the
variance of the expected present worth is obtained for each
project. However, in the calculation of the variance of the
expected present worth, the model includes the different
cases of correlated flows, which are explained in detail in
the next section. The discount factor is assumed constant
through time.

With all of this information a linear programming

(LP) model is used as follows:

N N
Maximize: S EPW,x.- A3 VEPW,x. (3-1)
. 11 . 11
i=1 i=1
N
st: > ¢,; K,  (Budget constraint) (3-2)
i=1 -t
Contingency Constraints (3-3)

& < -
0-xi-l (3-4)
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All Vars:0 (3-5)

where: EPW;=Expected present worth of project i.

VEPWi=Variance of the expected present worth of

project 1i.
A =Risck aversion factor.
K¢ =Budget in year t

From the LP model a set of projects is obtained for the first
year and a value of the variance of present worth for the
set of projects (portfolio) including cross-correlation
effects. As was mentioned earlier, the non-selected projects
are considered then with the projects of the next year and
the sequential process is done through all the planning
period (a project may be selected only once). Because of the
fact that the LP model is not an integer programming algorithm,
the decision process assumes an arbitrary x value, ie; x20.7
for the acceptance of fractional projects. Deviations from
the original budget are carried forward to the next year,
assuming lending or borrowing at some interest rate i, as
necessary. Project returns are assumed to be invested
elsewhere in the company.

The model gives additional useful information for
the decision maker, as: the amount of cash at every year,
the amount of cash at the horizon, the total cost of the
alternatives, etc. The solution procedure can be performed
in two ways: analytically and simulated. Analytically means

that the model will work with the values give by the
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parameters of the Beta distribution, ignore cross-correlation
effects, and assume no budget deviations. Simulated implies
using a Beta random number subroutine to simulate the cash
flow values, including cross—-correlation effects, and
borrowing and lending to adjust for budget deviations.

One of the main advantages of the algorithm is
that the decision maker can "play" with the sequential
process. He can change the budget for every year, the value
of the risk aversion factor (M), and the decision rules for
project acceptance (ie.; the model permits the selection of
projects only in the first year, or the second, or in any
of the first three years after the project is identified).
With this the decision maker ends with a series of different
alternatives, and each set of projects selected (portfolio)
can be represented as a point on an "efficiency frontier".
Therefore, depending upon the specific considerations of
each firm (budget,aggressiveness,etc.) the selection of the
investment alternatives can be made.

It is possible that some of the concepts just
exposed here may not be very clear. The next chapter explains
in detail how the model can be used. The rest of this chapter
is dedicated to describing the theory upon which the

sequential model is based.

Probabilistic Consideration of the Cash Flow

Assuming probabilistic conditions, the net present
value of any project is a random variable. Considering a

stream of random net cash flow increments Atj' generated
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by a project j (j=1,2,3,...n} at times t (t=0,1,2...n) using
ik as a discount rate,; the net present value of the cash

flow stream will be:

n Ay
t
NPV.=2 2 (3-6)
) =0 t
1T'(1+1k)
k=0
where NPVj is the discounted net present value of project j.

A very common assumption in capital budgeting
problems is the assumption of the discount rate i, as constant
over the planning period, and also known with certainty,
reducing equation (3-6) to the form:

NPV =S Y

—— (3-7)
J £=0 (1+i)

This is the formula used throughout the analysis.

Since a random process governs the values taken
by Atj' this can be represented by discrete or continous
density functions such as those illustrated in figure 3-3.
In figure 3~-3 (a) the mass function f(Atj) describes the
relative frequency of each discrete value of outcomes, while

in 3-3 (b) the expression

¥y

gives aproximately the relative frequency over a small range
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f (Atj)

Value of Random Cash Flow

Figure 3-3(a) Probability Function for a Discrete
Random Cash Flow.

G(Atj)

yalue of Random Cash Flow

Figure 3-3(b) Probability Density Function for a |
Continuous Cash Flow.
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of outcomes for a continuously distributed A, ., where G(Atj)

t]
is the probability density function of the random cash flow.
It is convenient to represent each random cash flow using
the mean and variance of a distribution, such as £he Beta
distribution. This approach, proposed by Wagle {(34) and

summarized by Hillier (10} ,has the advantage that it is

patterned after the PERT technique, which has achieved

considerable success in evaluation of research and development

program schedules. Another advantage is that it is very easy
to estimate the Beta distribution parameters. This technique
needs three estimates by the analyst: an optimistic one,
which represents a cash flow if the project goes as well as
reasonably possible, a pessimistic one, assuming the project
goes as poorly as reasonable possible, and a most like
estimate. These three values are assumed to correspond to
the upper bound, lower bound and the mode of the Beta
distribution, respectively. This Beta distribution resembles
a Normal distribution with two principal exceptions:

1) The Beta distribution is truncated at the
tails, while the Normal distribution continues indefinitely.

2) The Beta distribution may be skewed right or
left, instead of being symmetric as the Normal.

The second condition may be present because the
most likely estimate may take any value between the other
two estimates, depending upon the analyst's judgement, and

not necessarily midway between the extreme bounds. Under
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these assumptions the mean and the variance of each cash .
flow element in any period t for a project j can be found
by (10):
and
712
( = - . -
Via ) [(1/6) (0P, 4 PEtJ)‘I (3-10)
vhere: E(Atj)= mean of the cash flow for period t and
project j.

V(Atj)= variance of the cash flow for period t and

project j.

PEtj= pessimistic estimate of cash flow in period t
and project j.

MLtj= most likely estimate of cash flow in period t

and project 3.
OPtj= optimistic estimate of cash flow in period t

and project j.

Present Value Of Each Proposal

The general definition of the present value of a
project is: the sum of the discounted cash flows throughout
the project life. In the non-deterministic case the effect
of randomness can be expressed through the mean and variance
of the distribution of Atj' The summation of these discounted
random outcomes is also a random variable described by the
formula (3-7), where NPVj is the random net present wvalue .
for project j, Atj is the random cash flow in period t for

project j, and i is the discount rate. So for the discrete
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case as well as the continuous one, the random net present
value for the project will have a mean net present value
E(NPVj) and a variance of net present value V(NPVj). This is
very important, because it permits one to relate Ehe unknown
NPVj to the random cash flow elements of the project. The
mean net present value of the project is simply the sum of
the discounted cash flow elements:

n E(A

_ t1
E(NPV,)= > (3-11)
J =0 (1+i)t

On the other hand, the value of the wvariance will
depend on the relationships among the cash flows of the
project. Several kinds of this relationship may exist,ie:
complete independence, complete dependence, partial dependence,

and combinations of these.

Case Of Complete Independence

When the variability of a project outcome is due
to random elements without any causative or consequential
relationship with any other outcome in the cash flow stream,
the cash flow for that project is said to be independent.

For this case the variance of the project net
present value is obtained form the formula for the variance

of the weighted sum of independent random variables (29).

2

Var (axtby)= a Var(x)+b2Var(y) (3-12)

or 2
V(NPVj) =3

t=0_(1+i) 7t (3-13)
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2
whereU ~ = variance of the tth

tJj

cash flow element, project j.

Case Of Complete Dependence

Complete dependence, or perfect correlétion,
exists when the random cash flows have a "one to one"”
relationship among events in succeding periods, ie.: marketing
expenses varying directly with sales.

The mean net present value E(NPVj) is calculated
exacly the same way for the independent case, because the
present value does not depend on the dependence-independence
assumptions. To calculate the variance of the net present
value it is necessary to use the relation:

2Var(x)+b2Var(y)+2abCov(x,Y) (3-14)

Var(ax+by)= a
Considering that:
cOv(x,y)=fXYG;G; (3-15)

the wvariance can be found as follows:

V(A 5) V(Az4)
+

V(NPVj)= V(AO.)+ + . . .

(1+1) 2 (1+i) 4

V(Anj) 2COV(Aoijlj)
+

+
(1+i) 20 (1+i)
. ZCov(Aoj,Azj) N . 2COV(An_1'Anj)
5 cenn Tn-1
(1+1) (1+4i)

(3~16)

. . 2 _
substltutlng(rtj— V(Atj)
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n G n-1 n cos Taes G
V(NPV )._Z_ﬂ_z_ + 2 >3 Pxiy; X%‘HI‘.
t=0 (1+i)2t x=0 y=0 (1+1) *7¥
(3~-17)
where f%y=l because of perfect correlation. Then the
calculation is reduced to:
2
Tt 2
VNPV ) =|Y-a"2emr (3-18)
(1+1)

Case Of Partial Dependence

There are cases when the outcomes of a project
are neither independent nor perfectly correlated. This is

the case of partial correlation. The mean net present value

does not represent any problem, and it is calculated by the

same formula used before. For the calculation of the variance
the formula used is equation (3-17). However, in this case

?XY is not one any more, so the problem is to find a good

way to estimate ?XY' Using two common restrictive assumtions,

this calculations became fairly simple.

Assumption 1l: The random variables are Markov-dependent
through time. In other words, whatever
influences the cash flow in period t, derives
only from the preceding period t-1, so the
partial correlation between lag time periods
of two or more is zero.

Assumption 2: The correlation coefficient for the cash flow

in time t and the cash flow in t-1 is the same
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as for the cash flow in time t+a and the cash
flow in time t+a-1.
Then, using some early work by Mood and Cramer
(18,6), and assuming that Aoj and Alj are partially

correlated, with a given value for Aoj’ then the estimate

of the expected value of Alj given Ag5 is:

Cag -
E(A74] Agi=x) =E(Ags) +Qp . py . (kb —) (x~E(Ags)) (3-19)
31 203 03/ *Sag4a15 %0' 03
J
then
E(A75[Aps=x)-E(A713) x-E(Ag4)
17 03 3 =§7A0j Alj(_??___l_) (3-20)
Alj ! Apy

By obtaining estimates of Alj conditional on AOj' an estimate
of the correlation coefficient can be made. The deviation of
Alj from its unconditional mean is related to the deviation
of the given value x of AOj from the unconditional mean for
Boyr
out that if AOj and Alj are bivariate normal, the procedure

by the correlation coefficient fAOj,Alj' Mood points

gives the best unbiased estimate of f’. Cramer says that
otherwise it gives the best linear estimate according to the
principle of least squares (18,6).

To use the method, it is necessary to select
given values of AOj and then estimate the expected values
of Alj given the Aoj‘s. It is helpful to select the given

values of AOj as being 30 above and below E(Aoj), and then
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use the formula for estimating the mean of a Beta
distribution. It is possible to average all the resulting

values of g's and then construct the correlation matrix.

2 3 ... n_
gz f3 ?n
1l ¢ ? %2

2 KZ ¢ 1 ? e e

t=_0
. |

| SR N

With this correlation matrix, and e@uation (3-17), the
variance of the project net present value for partially

correlated cash flows is obtained.

Case 0Of Independence And Partial Or Perfect Correlation.

Sometimes it is possible to have the initial
investment of a project j independent of the rest of the
cash flows stream, but at the same time, the remaining cash
flow stream may be partially or perfectly correlated itself.
In this case, like in the others, the mean net present wvalue
is found exactly the same way, by adding the discounted cash
flow elements. However,the calculation of the variance of

project net present value has some minor changes.

I) Initial investment independent, and the rest of the cash
flow stream partially correlated.
The only difference in the calculation of the

variance in this case, with respect to the case in which all

F
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the cash flows are partially correlated, is in the values of
the first column and the first row of the correlation matrix.
Here, both the first column and the first row take values of
zero with the exception of the first element, which is 1. The
rest of the calculations are exacly the same.
IT) Initial investment independent and the rest of the cash
flow stream perfectly correlated.

A simple combination of the perfect independence
situation and the perfectly correlated case is used to
obtain the variance of the net present value in this case.

The resulting expression is:

n Ta,
VINPVS) =V(Bg ) H( S — il )2 (3-21)
t=1 (1+i)

Correlation Between Projects j And k.

Sometimes the projects can be affected in their
cash flows by changes in economic or political conditions.
When this happens it is said that the net present value of
projects j and k are cross-correlated. For the projects
which are affected one can pairwise combine the statistical
parameters into one set, {one for the mean and one for the
variance) for each pair.

The calculation of the mean net present value for
such pair is fairly simple; just add the two net present
values of the projects.

E(NPVj k)=E(NPVj)+E(NPVk) (3-22)

’
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In the computation of the variance, the case of independence
or dependence between projects must be considered. The
mathematical calculations for these two cases is not simple.
However, assuming two conditions the computation can be
straightfoward.

Assumption 1l: The economic or political conditions will push
the cash flows up or down simultaneously, rather than in
different time periods. This permits one to assume the
correlation coefficient f&kt to be the same between projects
j and k.

Assumption 2: This correlation coefficient will be the same

through time (?jkt= for t=1,2,3,...n). Thus we need

Pixte1
only to define ?jk-
With these two assumptions, and by methods

analogous to equation 3-17, the variance is expressed as;

2
n J.. n 2 n ]
V(NPV, )= S ~—t1 S Ek—i +2?jk zﬂ' g
J £=0 (1+i)2t =0 (1+i)2t t=0 (1+i)?t

{(3-23)

From this formula, the assumption of independence

or dependence between the projects will just change the last
term of expression 3-23. For cross-correlated projects ?jk
will take values between 0 and 1 depending upon the degree
0f correlation. For projects not cross-correlated ejk will

be equal to zero and the equation 3-23 reduces to:
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2 2
n . - n G‘
t tk
VNPV, )= % —=l—m, + (3-24)
K20 1+t o (1en) 2t

Case Of Time-Wise And Protaect-Wisze Corrclation

In this case the correlations occur nof only
within the cash flow streams of two different projects{auto-
correlation}, but also between the cash flow elements of
the projects {(cross-correlation).

The mean net present value is just the sum of the
mean cash flow elements of both projects, equation 3-22. By
the combination of the formulas used in the preceding cases,
recalling that the auto-correlations are Markovian and the
cross-correlations are zero lagged, the formula for the

computation of the variance of net present value is:

n V(A,.) n V(A .)
J t] k t3
V(NPV- )=Z + ——r— -
T8 (e 2 &0 (141 2t

t=0

+
(l+i)2t

c=1 .
2%2 2?3 _nyrj(f¥j(7;j +

x=0 vy=1 (1+i) Xty
X<y

n~1 n U e

2% Zk ny,k xk M vk (3-25)
=0 y=1 (L+i) ¥FY
XLy

This completes the exposition of the corrélated
model used as a part of the overall decision model developed
in this work. In the next chapter a detailed description of

the solution procedure will be presented.



CHAPTER IV

SOLUTION PROCEDURE AND COMPUTATIONAL EXPERIENCE

Project Generation And Input Data

For testing the solution procedure three sets of
projects were generated. Each one assumed fifteen new
investment alternatives every year, with a project life of
ten years, and a planning period of five years. Based on
marketing literature, the expected return of a project and
its variability were assumed to be decreasing functions of
the delay in acceptance of the project. With this in mind,
three cash flow estimates for each proposal were made. A
complete list of the input data needed for the algorithm,
as well as the parameters used, follows:

A) Pessimistic, most likely and optimistic

estimates of annual project cash flows.

B) Number of projects: |

Fifteen new investments available every year.
C) Time horizon:
The tenth year.

D) Autocorrelation coefficient x:
0<x%1 distributed roughly according to a
uniform distribution. |

E) Initial investment coefficient y:

DomoeToriIeT Ly ITITTT 0T — T

41
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G)

H)

)

J)

42

Parameter used: I) Initial investment
independent of the rest of cash flows: y=0
IT) Initial investment
with the same correlation as the rest of cash
flows: y=1
Decision rules for project selection:
Parameter used: FR=0 Project can be selected
in any of the first three
yvears after becoming available.
FR=1 Project can be selected
only in the first year.
FR=2 Project can be selected
only in the second year.
Analytical or simulated solution:
Parameter used: ANA=0 means analytical solution.
ANA=1 means simulated solution.
Risk-aversion factor:
Parameter used: Lambda value in the objective
function of the LP model.
Delta for lambda values:
A delta of 0.25 was used, which means that the
values range from 1 to 0, ie.: 1.0,0.75,0.5,
0.25,0.0.
Annual investment budget:
Parameter used: $2000,%54000,%6000 for the first

and second project set.
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$500,$1000,$1500 for the third
project set.
K) Discount rate:
10%
L) Cross-correlation index w;
0:w3l distributed roughly according to a
uniform destribution.
M) ContingencyY constraints:

In a matrix form, 5 or 6 constraints per year.

Program Language

Two programs were used to solve the problem, both
coded in Fortran IV for use on the CDC Cyber 74 at the

Georgia Institute of Technology. (Appendix B).

Characteristics Of The Projects

Table 4-1 shows a sample of projects used to test
the solution procedure. Through these two projects it is
shown how the value of the cash flows decrease as the
acceptance of the projects is delayed one or two years.
Equations (3-9) and (3-10) were used to obtain the mean and
variance of the cash flows in each year as follows:

Project 1 t=1

E(Atj)=(1/5)(PEtj+4MLtj+0Ptj)

E(Atj) =(1/6) (-710+4(-700)-600)=-698,33
and

V(B ) =((1/6) (0Py3=PE¢;))°

V(Atj) =[£_(1/6) ((-680)-(710)) ] 2=25



Table 4-1. Example of Project Cash Flows, Means and Variances.

PROJECT 1
Acceptance in:
FIRST YEAR SECOND YEAR THIRD YEAR ~ F.¥. S.Y. T.Y.
t PE ML op PE ML QP PE ML oP E v E \'d E ¥
0 =710 =700 -680 0 0 0 ) 0 0 -698 25 0 0 0 0
1 SBO 600 615 =700 ~690 -685 0 0 0 599 34 -690 6 0 0
2 580 600 615 285 300 310 -653 =650 =640 599 34 299 17 -g48 4
3 430 500 515 285 300 310 145 150 155 499 34 299 i7 150 2
4 480 500 515 235 250 260 170 175 180 499 3 249 17 175 2
5 980 1000 1015 235 250 260 140 150 155 999 34 249 17 149 6
6 880 9200 515 480 500 S10 140 150 155 899 34 498 25 149 6
7 870 900 915 380 400 410 235 250 255 899 56 3980 25 248 11
B 870 900 915 480 500 510 185 200 205 897 56 4939 25 198 11
9 870 900 915 480 500 510 235 250 255 897 56 498 25 248 11
10 870 300 915 480 500 510 235 250 255 8917 56 498 25 248 1l
PROJECT 2
Acceptance in:
FIRST YEAR SECOND YEAR THIRD YEAR F.Y. S5.Y. T.9.

t PE ML OP PE ML  OP PE ML oP E v E v E Vv
0 -220 =200 -130 0 0 0 0 0 0 =201 25 1] 1] 0 (1]
1 430 500 520 =205 -200 ~195 0 0 0 501 25 =200 2 0 4]
2 490 500 520 297 300 305 -203 -200 =196 501 25 300 1 -199 1
3 490 500 520 297 300 305 148 150 152 S0l . 25 300 1 150 4]
4 485 500 52¢ 296 300 306 148 150 152 S00 34 300 2 150 0
5 485 500 520 2%6 300 305 148 150 153 500 34 300 2 150 0
6 485 500 525 2%5 300 305 147 150 153 501 44 3006 2 150 1l
7 485 500 525 295 300 305 ide 150 153 501 44 300 2 149 1
8 480 500 525 293 300 305 145 150 153 500 56 299 4 149 1
9 480 500 525 293 300 105 144 150 153 500 56 299 4 141 2
10 480 500 525 290 300 305 143 150 153 S00 S 299 6 149 2
PE=Pesgimistic value FP.R.=Firat year ‘
ML=Most likely value 8.Y .=Second year

OP= Optimistic value T.Y.=Third year

E=Mean

Vv=Variance

144
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where Atj= Stream of random net cash flows generated by
a project j at the end of present and future
time pericds t.
PEtj=Pessimistic estimate of cash flow in period t

and project j.

.=Most likely estimate of cash flow in period t

MLtj

and project j.
OPtj=Optimistic estimate of cash flow in period t
and proiject j.

Various patterns of project cash flows were made
(figure 4-1): good at the begining, uniform, wvariable, good
at the end, etc., in order to test the procedure under
realistic circumstances.

In order to make clearer the characteristics of
each project set, and to help understand some of the results
obtained in the computational experience, a variability ratio
is defined as:

n

1/n 2 (Variance of total expected present worth
j=1 for project j)

n
1/n = (Total expected present worth for project 3J)
J=1

Thus, for each project set:
Set 1; VR=4973/1131=4.38

Set 2; VR=7154/997=7.17

Set 3; VR=2.75+%1010/1164=2.36%10’
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Time Time Time
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Time Time Time

Figure 4-1 Different Types of Project Cash Flow
Patterns Used.
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These numbers point out clearly the high degree of
variability of project set 2 compared with project sets one

and two.

Flexibility Of The Algorithm And Program Runs

Before going into the details of the analytical
and simulation procedures, it is important to show the
flexibility of the algorithm for changing key values. This
enables the analyst to obtain a wide span of decision
environments. This flexibility is presented in figure 4-2.
After the decision maker has obtained the three basic
estimates of the cash flows, he can easily change the
following items:

A) Decision rules for project selection.

B) Risk-~aversion factor (lambda value).

C) Annual budget.

D) Solve analytically or simulate.

Table 4-2 shows how the analysis was structured,
presented in the format of a fractional design of
experiments, in order to perform the program runs and obtain
meaningful comparative results. Thus, cell 1 represents the
program values obtained when I) The projects may be selected
in their first, second or third year, II) The lambda value
in the objective function of the LP model is 1, III) The
annual budget is $2000 and IV) The first set of projects is

used. The total number of cells obtained is given by:
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- 8et of Projects (1,2 or 3)

Select Budget ($2000,$4000,$6000; set 1,2}
($500,5$1000,$1500; set 3)

Select Lambda (1.0,0.75,0.50,0.25,0.0)

Analytical Solution Simulation
I X

Select in Select in Select Select Select Select
the first the first in the 1in the in the in the
second or year only second first, first second
third year year second year year

only or third only only

year (

*Not done in this work

Figure 4-2. Flexibility of the Algorithm.



Table 4-2. Structure of The Analysis.

Decision Rule 1 Decision Rule 2 Decigsion Rule
. : 3
Projects can be selected in the first, second or "only first year" "only second
Lambda] third year. . ] yearr -
Budget 1 Budge_; 2 Budget 3
1 Set 1l Set 2] Set 3{Set 1l Set 2 Set 3
rell lcell if:en 3¢ell 4fell Scell 6
75
0

6%
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ﬁbecision rule; * |Lambda | * |[Initial| * |[Set of Number of cells
for project values budget project (4-1)
selection(a) (B) (C) (D) )

| thus; |

(3)*(10)*(3)*(3)= 270 cells.
Each cell represents a five-year planning period. Consequgntly
five LP problems are solved per cell. Therefore, the total
number of LP's solved is:

270 cells * 5 LP/cell= 1350 LP's.
For simulated solutions this number is given by equation 4-1
times the 5 LP/cell,times the number of simulations.
Therefore, for set 1:

From 4-1 a=3, B=10, C=3, D=1, simulations =20
thus,

(A) *(B) *(C) *(D) *5*20= 9000 LP's solved
for set 2:

From 4-1 A=3, B=10, C=3, D=1, simulations =20
thus,

(A) *(B) *(C) *(D) *5*%20= 9000 LP's solved
for set 3:

Prom 4-1 A=2, B=3, C=1, D=1, simulations =50
thus,

(2) *(B) *(C) *(D) *5*50= 1500 LP's solved.
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Computational Experience

Changing the values of the parameters mentioned
above according to ficure 4-2 and table 4-2, computational
experience was obtained with the three sets of generated

projects.

Analytical Results

The results obtained from the analytical solution
are summarized in tables A-1 through A-9 (appendix).
Observing these tables and the behavior of the total expected
present worth (TEPW) , its standard deviation(SD), the total
cost of each alternative (TC) and the amount of cash at the
horizon(CH), as a function of each of the parameters, some
major conclusions can be drawn.
I) Effect of Changing the Decision Rules for Project Selection.

For the three sets of projects, the largest
amounts of total expected present worth and cash at the
horizon were obtained when the program is allowed to select
projects in "the first, second or third year", followed by
"only the first year”, and "only the second year" decision
rules, in that order. This result would be expected from an
optimal selection procedure.2lso, it was found that the total
investment cost of each project portfolio is not very sensitive
to changes in the decision rules. Thus, the cost of each
strategy is almost the same for the same values of all other
parameters. Furthermore, in some cases these values were

lower for the "first, second or third year" than for the
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other two decision rules. On the other hand, the values
obtained for the standard deviation behave as expected: the
largest values are for the portfolios with the largest amounts
of money. Generally, the results show that the strategy of
always being the first in the market, or being aggresive

and accepting only projects in the first year, may not give
the highest expected returns. These results are shown in

table 4~3 and tables A-1 through A-3.

II) Effect of Changing the Value of Lambda.

A singular result, obtained only because of the
specific structure of project sets one and two, was the
conclusion that being totally indifferent to risk would
always be the best strateqgy. Comparing the 37 limits of each
possible éhoice, for these two sets, the selection of the 0
lambda  value is in all cases the best strategy. In the first
set of projects, table A-]1 shows that with a budget of
$6000, the total expected present worth for A=0.25 is $180, 300,
with a standard deviation of 257. The corresponfing values
for A=0 are $200,700 total expected present worth with
standard deviation of 1259. Then, according to statistical

principles, the firm might receive withA=0:

Amount Probability Limits
$200,700% 1259 63.3% T
$200,700% 2591 95.0% 2@
$200,700% 3885 99.8% 37

Thus, the worst thing that could happen for the firm is to
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Table 4-3. Selected Results for Project Set 1,
Budget of $6000.

Select in lst, Select in 1st "Select in 2nd
2nd, or 3rd year only year only
year : _ :
TEFPW
A=0.75 156,600 152,600 91,200
A=0.25 180,300 164,900 107,500
CH
A=0.75 492,000 460,700 301,700
A =0.25 532,700 493,300 342,000
TC
A=0,75 29,600 30,700 30,000
A=0.25 30,100 30,200 28,900
SD
A=0.75 149 220 151
A=0.25 256 305 246

TEPW= Total expected present worth
CH = Cash at the horizon

= Total cost

SD = Standard deviation
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receive $196,775 (200,660-30), which is better than the best
value for lambda 0.25, which is 181,100 (180,300+37). This
always happens in projeczt sets I and 2. Therefore, in such
cases the projects selected with ;=0 are always better than
the projects for all other values of lambda.

However, this is not true for project set three.
The projects in this set have a significantly greater
variability in their cash flows than the first two sets.
Therefore, the selection of the strategy will depend on the
degree of risk the decision maker allows in his selection
process. Here, for example, with an annual budget of $1000
and the "first, second or third year" decision rule (table

A-7), the decision maker will have the following alternatives:

Lambda Total expected Limits

values present worth T 2§ 30

1.00 65,464 + 5,275 +10,550 +15,825
.75 68.205 + 5,832 +11,727 +17,590
.50 75,367 +10,681 +21,363 +32,045
.25 75,367 +10,681 +21,363 +32,045
.00 90,027 +2 *10% 45 %108 4+ 8*108

-

One thing can definitely be concluded: the value
of =0 jg not likely to be chosen by any decision maker
because of its high degree of variability,or risk. Also, it
can be observed that for the lambda values of 0.5 and 0.25,
there is no difference in the table values. This kind of

behavior was found also for the other two decision rules,
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"only the first year” and "only the second year", of this
third project set. Furthermore, for these two last ones the
values were also the same for A=0.75, which means that this
project set is not highly sensitive to intermediate values
of lambda.

Another criterion that may help the decision
maker is the amount of cash at the horizon and the total
cost of each project portfolio. In most cases both of them

increase as the lambda value decreases from one to zero.

I1I) Effect of Changing the Annual Budget.

Here, the three project sets behave in the same
way as the annual budget increases, from $2000 to $6000 for
the first and second sets, and from $500 to $1500 for the
third. The total expected present worth and the amount of
cash at the horizon incfease, while keeping the same values
of lambda and the same decision rules for project selection.
This is a logical result, because as the budget increases,
more projects can be selected. Consequently, the increments
in the values of the total expected present worth and cash
at the horizon occur.

However, an important observation is that, even
though the standard deviations change in the same directions
as the expected present worth and cash at the horizon, the
increment in this value (the standard deviation) is by far
smoother than the other values, as shown in the following

example:
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Project Increase Lambda Increase Increase Increase

set in Budget A in CH in TEPW in SD
1 4,000 0 317,900 106,000 78
2 4,000 0 291,600 85,600 600
3 1,000 0.5 106,600 36,800 560

On other hand, the sensitivity of project sets one and
two, measured by changes in the project portfolio, to
changes in the lambda value was found to be higer as the
initial budget increased. In some cases where the budget
was $2000 the projects selected were the same for lambda
values of 1.0,0.75, and 0.5.

This behavior can be explained by the thightness
of the budget at small amounts: it does not easily permit
changes in the projects selected. However, as the budget is
increased, the number of projects eligible for selection
also increases, making the lambda value important in the
selection process. However, this did not happen with the
third project set; this set was always insensitive, as
mentioned earlier, to intermediate values of lambda, despite

the budget amount.

IV) Finally, observing the tables, in can be seen that some
values do not follow the general behavior of the others, ie.:
in table A-5 the lambda value of 0.75 gives lower expected
values than the lambda value of 1.0: 47,500 versus 49,300
for a budget éf 2000, etec., these cases are due to the
approximation made by the linear programming model used

throughout work in the selection process. All project
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variables with value grater than of equal to 0.7 were rounded

to 1, and values less than 0.7 were rounded to zero.

Simulation Results

I) Simulation of Proiect Sets 2

A simulation was performed for two of the decision
rules for project selection, "first, second or third year”
and "first year only", for project sets one and two {see
figure 4-2) . The process was simulated 20 times each for - -
most of the possible selection alternatives (20A,27,303);some
alternatives were excluded because of insensitivity to
parameters.

The complete results obtained from this simulation
are given in tables A~ 9 to A-13, and selected results are
shown in table 4-4. Comparing the values obtained in the
anlytical scolution with those obtained in the simulation,
some differences can be observed. This raises some questions,
as: are the differences significant?,why do they exist?,
which method, analytical or simulation, is better?. Before
trying to answer these guestions some statistical principles
are reviewed.

In the problem formulation both the total expected
present worth and the cash at the horiion are random -
variables which are sums of Beta distributed variables. The
Central Limit Theorem states that if a random variable M may
be represented as the sum of n independent random variables,

then for a sufficiently large n , M is approximately Normally



Table 4-4. Comparison of Selected Results
for Project Set 1, Budaet of
$6000, Select in the lst, 2nd,
or 3rd Year Decision Rule.

Analytical Results

58

Simulation Results

TEPW
A= 1.00 156,600 156,645
A= 0.75 164,900 166,800
A= 0.50 171,500 172,200
A= 0.25 180,300 180,300
A= 0.00 200,600 200,900
CH
A= 1.00 470,700 471,000
A= 0.75 492,000 497,000
= 0.50 509,600 512,100
A= 0.25 532,700 532,900
A= 0.00 585,300 586,500
TEPW= Total expected present worth

CH =

Cash at the horizon
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distributed(37A) . For correlated random variables, M can
also be considered Normally distributed{l1l0). Both the total
expected present worth aznd the cash at the horizon thus
behave as Normally distributed. Assuming that the simulation
provides a sample of size 20, it is possible to perform a
Test of Hypothesis for each case, the TEPW and CH,

Ho: wu=u,

Hp: u%uo
with a t distribution( due to the size of the sample)}. The
results of these tests are in table 4-5.

Now, after the statistical principles have been

reviewed, the comparison between the analytical results and

the simulations can be made.

Analytical Solution Vs. Simulation For Sets 1 And 2

The results obtained from the Hypothesis Tests
show that the differences between the analytical and
simulation procedures are significant in most cases at levels
of «=0.01 or X=0.05 (see table 4-5). There are two major
reasons which explain this type of behavior:

1) During the simulation the variance of the
total expected present worth is calculated including the
cross-correlation between projects. This is not done in the
analytical procedure.

2) During the simulation the amount of money
available for subsequent annual budgets may change according

to the random values obtained from the project cash flows.
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Table 4-5. Hypothesis Tests for the Simulation
of Sets 1 and 2.

Set 1 Projects 1st, 2nd, or 3rd year.

A TEPW CH TEDPW CH TEPW CH
1.00 - = 0.00 12.95%% 0.00 3.52F%

.75 - - 4 . 35%* 3.409%% 6.90** 9 _66**

.50 45.8%%* 12.7%%* 4 ,35%% 3. 43%* 4.67%* g, 35%*

.25 4 . 3*% 3.9%% 4.04*% 3.87** 0.00 6.05%%*

.00 4.4%%* 3.9%* 4, 25%* 0.17 4,35*%* 3_66%*
Set 1 Projects "only the first year"”

1.00 - - 0.08 2.03% 0.00 1.94%
.75 - - 4.37**% 5 77** 4,40%* 1.95%*
.50 4.36%%* 3.52%% 4,36%% 3.47%* 0.00 3.25%%
.25 4,35%* 4 .34%x* 1.45* 1.63 4.36%* (0.72
.00 6.34%*% 11.01** 4.47%* 3.67%* 4,40** 1.15

Set 2 Projects 1lst, 2nd, or 3rd year.

1.00 - - 5.42%* 4.,90%% 3.27%% 16,29%%
.75 - - 3.97** 3.07%%* 3.04*%% 3 84%*%*
.50 0.00 3.72%% 0.00 0.30 7.76%% 1_.40%
.25 0.00 3.27%* 0.27 1.20 4.16%* 3,56**
.00 4 ,20%* §.24** 0.97 2.04%* 18.19%* 18,10%**

Set 2 Projects "only the first year"”

1.00 - - 0.00 1.80%* 0.00 1.94*
.75 - - 0.00 1.06 0.00 2.70%%
.50 4.36*%% 9.88%*%* 4,34%* 2.85%* D.00 6.16%*%
.25 6.77%% 6.34** 0.00 0.87 0.00 0.32
.00 4.36%* 6.70%% 4.39%* J7,.62%*% 4,36 = 3,72%*

H,: u=uo x-1 Critical values:
t=—
Hy: ufug s/yn 5% t=1,753 (*)

1% £=2.600 i(*¥)
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This could change the projects selected and the cash at the
horizon.

A very interesting, and important, result
obtained with these two project sets is the fact that the
project portfolios selected by the analytical procedure are
nearly the same as those chosen by the simulation. As an
example of this behavior tables B-1 and B-2 in the appendix
show in vector form the projects selected by the analytical
procedure for two decision environments:

I) Project set two, budget $6000, A=0.75

II) Project set two, budget $6000, )=0.25
Tables B-3 and B-4 show the results from the simulation for
the same decision environments. It can be observed that even
though the Test of Hypothesis generally reveals significant
differences between the two solutions, the projects selected
by the two solution procedures were the same, except for one
or two projects. This type of behavior is found in all cases
for these two project sets. Therefore, it is possible to say
that in this case both the analytical solution procedure and
the simulation give basically the same result with respect
to project selection. Furthermore, figure 4-3 shows the
patterns followed by the simulation for project set 1,
budget of $6000, and decision rule "first, second or third
year". This gives a very good idea of the changes in the
values of total expected present worth and its wvariance

during the simulation process. As can be seen in the figure,
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Figure 4-3. "patterns Followed by the Simulation"”.
Set 1, Budget $6000 and "lst, 2nd, or 3rd year", Rule.
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the patterns followed from t=1 to t=5 are quite smooth,
indicating that the mean values obtained from the simulations

are reliable for decision making.

Simulation of Set 3

Due to the magnitude of the values of the
variance found in the analytical solutions for project set
three, fifty simulations were performed for each decision
environment tested, instead of twenty. The decision

environments were:

Selection rules Lambda Budget Simulations
"first,second or third year" 1.00 1500 50
"first,second or third year" .75 1500 50
"first,second or third year" 0.50 1500 50
"first,second or third year" 0.25 1500 50
"first,second of third year" 0.00 1500 50
"only the first year"” 1.00 1500 50
"only the first year" 0.75 1500 50
"only the first year" 0.50 1500 50
"only the first year" 0.25 1500 50
"only the first year"” 0.00 1500 50

These alternatives were chosen because of the
fact that they combine two factors relating to decision
environments, five lambda values, and a tighter budget that
forces more comptition among the projects. The results are

presented in table A-14. The differences between the
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analytical solution and the simulation are gquite evident

(see table 4~6) . This is because of the two reasons mentioned
earlier, and because of the high variability of the project
cash flows. Furthermore tables B-5 and B-6 in the appendix
show the differences in portfolios chosen by the two
procedures. There are similarities in portfolios, but there
are enough differences to prevent the decision maker from

simply using the analytical procedure.

Efficiency Frontiers

The values of expected present worth and variance
for different lambda values can be plotted to obtain a
graphical representation of the efficiency frontier. Figure
4-4 shows the efficiency frontiers as time progresses for
one of the situations. Each point represents a specific
portfolio of projects selected by the LP model as a function
of the lambda wvalue. The leftmost curve represents the
values of TEPW and SD after making decision at t=1. The next
curve represents the values cumulative for t=1 and t=2. As
time progresses the cumulative curves shift to the right
and up.

Figure 4-5 shows the final efficiency frontiers
(t=1,2,3,4,5) for the three decision rules for set 1 and a
budget of $6000. It can clearly be seen that "select in the
first, second or third year" dominates "select in first year?

It would also dominate "select in second year" where it not
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Table 4-6. Comparison of Selected Results
for Project Set 3, Budget of
$1500, Select in the 1lst,. 2nd,
or 3rd Year, Decision Rule

Analytical Results Simulation Results

TEPW _
= 1.00 82,600 76,600
= 0.75 86,210 79,200
= 0.50 92,100 82,300
= 0.25 93,600 84,300
= 0.00 109,200 93.800
CH
= 1.00 230,600 218,900
= 0.75 240,300 273,200
= 0.50 255,800 273,900
= 0.25 259,700 274,200
= 0.00 298,900 276,700

TEPW= Total expected present worth

Cash at the horizon
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for the one point at A=1.0. The ovarall frontier is given by
the frontier for "select in first, second or third year"

plus the dashed line in figure 4-5,.

Computational Statistics

The program uses a core memory of 74,000, although
this could be reduced by reprogramming. Also, for the
analytical procedure the "average run" uses 26 sec. of CPU
time (CDC Cyber 74 ); therefore, for each project set the
total computation time is :

26 sec * 45 runs = 1170 sec.

On the other hand, for the simulation, the "average run”
uses 130 sec. of CPU time. Thus, for project sets 1 and 2

the total computation time for each is:

130 sec * 26 runs = 3380 sec.
and for project set 3:
130 sec * 10 runs = 1300 sec.

Summarz

Three project sets were generated to test the
model of chapter 3. This test included an analytical and
"simulation procedure.

During the analytical solution the main parameters
of the meodel were changed in order to provide the decision
maker with a wide span of decision environments. The key
values values changed were: I) The decision rules for

project selection, II} The risk aversion factor, and III)
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The annual budget. From these changes some major conclusions
were drawn, and then the more interesting decision
environments of each project set were simulated. .

For project sets one and two the analytical and
simulation procedures gave the same results with respect to
project selection. On other hand, for project set three,
there are enough differences to prevent the decision maker

from using only the analytical procedure.
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CHAPTER V

CONCLUSTONS AND RECOMENDATIONS

Conclusions

The objectiééé of this research were:

I} Construct a decision making procedure for selecting
investment projects where the returns and variabilities of
return depend on the timing of project acceptance.

II) Develop a solution algorithm for this procedure,and

I1I) Gain some computational experience with the algorithm.

In chapter three the model was described. Specific
characteristic considered were flexibility of the model,
inclusion of correlated cash flows, and inclusion of a risk-
aversion parameter. The model uses linear programming to solve
periodic selection problems subject to one budget constraint
and several contingency constraints. The solution procedure
was further developed and tested in chapter four with three
sets of projects. Each one assumed fifteen new investment
alternatives every year, with a project life of ten years,
and a planning period of five years. The results show that
the model can give a very good set of different decision
alternatives from which the decision maker can select the one
which fullfills his goals.

The most important result of this research effort is



71

the realization of a model which combines capital budgeting
theory, new-product development theory, and mathematical and
computational tools into a practical and realistic sequential
procedure for project selection. Such a model wouid be useful
to any decision maker who faces the problem of allocating
limited financial resources of the firm in a periodic
sequential decision making environment.

For the first two project sets tested in this work,
the ones with small variability ratio (4.38 and 7.17
respectively), the analytical procedure and the simulation
give basically the same results. This was not the case for
the third project set. Here the large value of the variability
ratio (2.36*107) produces enough differences between the
portfolios selected by the analytical procedure and the
simulation to prevent the decision maker from simply using
the analytical procedure.

The best decisions were achieved with the decision
rule: select in the first, second of third vear. Thus, an
aggressive marketing policy, characterized by market
leadership in every new product, may lead to suboptimal
results. For extremely risk-averse companies, however, other
decision rules may be attractive. The efficiency frontiers
for "select in the first, second or third yvear" do not
dominate completely those for the other decision rules, and
to obtain the best overall frontier, one must usually include

portfolios selected by two decision rules.
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Recommendations

After making basic assumptions about the model and
working with these assumptions, specific recommendations can
be made based on difficulties and successes with developing a
solution procedure and testing it on problems. These
recommendations are:

1} An effort should be made to obtain the most
realistic estimates of the annual project cash flows, because
these are the kasic data upon the model is based.

2) The same effort should be given to obtaining
autocorrelation and cross-correlation indexes, this will
help obtain more realistic solution alternatives.

3) Although the interest rate was considered to
be the same for discounting thé cash flows and for borrowing
and lending small amounts of budget money from one year to
another, the model can easily accomodate the use of different

rates.
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COMPLETE RESULTS FOR EACH SET (Tables)
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Table A-1. Set 1,

Decision Rule,

"first, second or third year"

Budget 2000

Budget 4000

Budget 6000

TEPW= Total Exvected Present Worth.

SD= Standard Deviation.
CH=Cash at the Horizon.
TC=Total Cost.

B= Budget Money at the End of Planning Period.

A TEPW SD CH TEPW SD CH TEPW 8D CH
1.00 76,400 99 219,400 123,200 125 363,000 156,600 149 470,724
0.75 76,400 99 219,400 122,900 127 361,700 164,900 191 492,000
0.590 76,400 99 219,400 133,300 189 388,900 171,500 213 509,600
0.25 80,190 109 230,500 137,900 232 400,700 180,300 256 532,700
0.00 94,600 1,217 267,400 156,600 1,261 449,600 200,600 1,295 585,300

Budget 2000 Budget 4000 Budget 6000

A TC B TC B TC B
1.00 9,800 - 261 20,100 -- 108 29,700 284
0.75 9,800 261 19,900 282 29,600 387
0.50 9,800 261 19,900 104 29,900 140
0.25 10,500 - 545 19,900 85 30,100 ~125
0.00 10,200 - 270 20,000 - 119 320,000 20

vL



Table A-2. Set 1,"only first year"
Decision Rule.

Budget 2000

Budget 4000

Budget 6000

N TEPW SD CH TEPW SD CH TEPW SD CH
1.00 69,900 90 202,500 115,100 152 342,300 148,200 202 499,300
0.75 69,900 90 202,500 117,600 180 347,700 152,600 220 450,700
0.50 76,900 137 221,800 120,500 177 356,400 155,700 225 468,600
0.25 76,900 138 221,500 121,600 201 358,500 164,900 305 493,300
0.00 91,300 1,200 258,500 150,000 1,200 432,600 190,200 1,270 558,500

Budget 2000 Budget 4000 Budget 6000

A TC B TC B TC B
1.00 9,800 226 20,400 - 244 30,700 220
0.75 9,800 226 19,600 357 30,700 - 35
0.50 10,300 - 368 20,200 - 323 30,600 281
0.25 10,000 - 214 19,800 207 30,200 ~266
- 0.00 10,000 - 57 20,000 - 138 30,100 - 61

TEPW= Total Expected Present Worth.

SDh= Standard Deviation.

CH= Cash at the Horizon.

TC= Total Cost.

B= Budget Money at the End of Planning Period.

GL



Table A-3. Set 1,"only second year only"
Decision Rule.

Budget 2000

Budget 4000

Budget 6000

A TEPW SDh CH TEPW SD CH TEPW SD CH
1.00 49,400 71 149,700 73,000 96 233,000 82,500 106 276,000
0.75 49,400 71 150,000 76,400 125 242,000 91,200 151 301,700
0.50 49,400 71 150,000 79,300 148 248,500 103,600 223 331,500
0.25 56,000 154 166,700 87,900 207 271,100 107,500 246 342,000
0.00 61,400 294 181,400 95,600 343 290,900 114,700 358 360,300

Budget 2000 Budget 4000 Budget 6000

A TC B TC B TC B
1.90 9,900 69 20,200 ~155 30,200 1744
0.75 10,000 - 55 20,200 =310 30,000 -131
0.50 10,000 - 55 19,200 313 28,800 1310
0.25 9,800 174 19,800 200 28,900 1146
0.00 10,300 -324 19,700 284 - 28,800 1300
TEPW= Total Expected Present Worth,

SD= Standard Deviation.

CH= Cash at the Horizon.

TC= Total Cost.

B= Budget Money at the End of Planning Period.
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Table A-4.

Set 2,

"first,

Decision Rule.

second or third year”

Budget 2000

Budget 4000

Budget 6000

TEPW= Total Expected Present Worth.

A TEPW SD CH TEPW SD CH TEPW 5D CH
1.00 63,700 99 187,400 102,500 139 310,800 124,500 153 388,200
0.75 65,900 106 193,100 102,300 149 308,300 130,600 183 404,100
0.50 68,000 124 198,700 105,900 159 318,000 139,500 228 427,100
0.25 68,000 124 198,700 113,700 236 337,800 149,600 279 452,400
0.00 83,400 936 237,500 135,500 1,048 395,100 179,000 1,500 529,100

Budget 2000 Budget 4000 Budget 6000

A TC B TC B TC B
1.00 10,300 - 347 20,200 - 314 30,100 - 261
0.75 10,300 - 335 19,800 139 30,200 - 202
0.50 10,300 - 373 20,000 - 74 30,500 - 315
0.25 10,300 - 373 19,900 128 29,600 440
0.00 3,700 291 20,300 - 263 30,200 24

SD= Standard Deviation.

CH= Cash at the Horizon.

TC= Total Cost.

B= Budget Money at the End of Planning Period.
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Tabhle A-5.

Set 2,"only first year"
Decision Rule.

Budget 2000

Budget 4000

Budget 6000

A TEPW 5D CH TEPW SD CH TEPW SD CH
1.00 49,900 105 151,600 73,500 151 230,300 73,500 151 230,300
0.75 47,500 104 144,200 78,200 188 246,300 87,600 199 276,200
0.50 52,200 139 157,300 86,000 208 266,100 100,200 244 314,200
0.25 50,200 144 151,300 95,300 285 290,400 123,200 362 383,400
0.00 77,900 942 233,600 130,800 1,454 382,700 159,500 1,470 479,200

Budget 2000 Budget 4000 Budget 6000

A TC B TC B TC B
1.00 10,200 279 15,000 2,174 19,000 15,605
0.75 9,500 490 20,400 - 45 23,600 9,916
0.50 10,100 -148 20,000 203 25,900 6,703
0.25 9,600 353 20,000 -1 30,200 716
0.00 9,800 168 20,100 - 180 30,000 - 214

TEPW= Total Expected Present Worth.

SD= Standard Deviation.

CH= Cash at the Horizon.

TC= Total Cost.

B= Budget Money at the End of Planning Period.
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Table A-6. Set 2, "only second year"
Decision Rule.

Budget 2000 Budget 4000 Budget 6000
pY TEPW SD CH TEPW SD CH TEPW SD CH
1.00 39,400 74 123,500 57,900 165 191,500 65,700 115 232,200
0.75 39,700 75 125,000 59,300 115 195,400 69,200 133 242,400
0.50 41,500 89 129,400 65,400 151 211,200 87,000 223 292,100
0.25 46,700 144 142,900 74,000 211 233,300 92,400 251 306,400
0.00 52,300 304 157,200 81,400 338 252,500 99, 300 361 323,100
Budget 2000 Budget 4000 Budget 6000
TC B TC B TC B
1.00 9,900 142 19,000 1223 30,000 1982
0.75 106,000 131 19,100 1041 30,600 1217
0.50 9,900 - 3 15,000 1076 30,800 -823
0.25 10,000 - 58 18,800 1359 30,800 -1047
0.00 9,900 42 18,800 © 1232 30,400 ~-389

TEPW= Total Expected Present Worth.

SD= Standard Deviation.

CH= Cash at the Horizon.

TC= Total Cost.

B= Budget Money at the End of Planning Period.
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Table A-7. Set 3, "first, second or third year"
Decision Rule.

Budget 500 Budget 1000 Budget 1500
N TEPW SD CH TEPW SD CH TEPW SD CH

1.00 46,100 4,929 124,300 65,400 5,275 180,400 82,600 5,616 230,500
0.75 50,700 5,490 137,500 68,200 5,830 187,800 86,210 6,230 240,300
G.50 55,300 10,273 149,200 75,300 10,681 206,400 92,100 10,830 255,8C0
0.25 55,300 10,273 149,200 75,300 10,681 206,400 93,600 13,062 259,700
0.00 67,600 3*106 181,100 90,000 3*106 243,900 109,200 3%106 298,900

Budget 500 Budget 1000 Budget 1500

I TC B TC B TC B

1.00 2,033 501 4,959 72 7,529 -85

0.75 2,837 -359 5,059 -60 7,778 -292

0.50 2,727 ~205 5,072 -81 7,902 -472

0.25 2,727 -205 5,072 -81 7,895 -383

0.00 2,735 -238 4,807 - 237 7,139 341

TEPW= Total Expected Present Worth.

SD= Standard Deviation.

CH= Cash at the Horizon.

TC= Total Cost.

B= Budget Money at the End of Planning Period.
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Table A-8., Set3, "only first year"
Decision Rule.

Budget 500 Budget 1000 Budget 1500
A TEPW SD cH TEPW SD CH TEPW SD CH

1.00 27,100 2,411 75,300 50,300 4,965 141,100 66,700 5,217 189,500
0.75 32,000 3,477 89,200 54,700 5,567 153,400 70,600 5,840 200,200
0.590 32,000 3,477 89,200 54,700 5,567 153,400 70,600 5,840 200,200
0.25 32,000 3,47 89,200 54,700 5,56 153,400 70,600 5,84 200,200
0.00 35,800 4*10 98,200 65,000 3*30 179,500 87,300 3*10 243,600

Budget 500 Budget 1000 Budget 1500

A TC B TC B TC B

1.00 2,249 309 4,894 133 7,531 - 66

0.75 2,921 -440 5,236 -322 7,841 -430

0.50 2,921  -440 5,236 -322 7,841 ~430

0.25 2,921  -440 5,236 -322 7,841 -430

0.00 2,465 112 4,892 88 7,942  -482

TEPW= Total Expected Present Worth.

8D= Standard Deviation.

CH= Cash at the Horizon.

TC= Total Cost.

B= Budget Money at the End of Planning Period.
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Table A-2. Set 3, "only second year"
Decision Rule.

Budget 500 Budget 1000 Budget 1500
A TEPW SD CH TEPW SD CH TEPW SDh CH

1.00 26,600 2,051 74,800 38,900 2,992 111,700 18,500 3,208 142,000
0.75 26,200 2,174 73,200 39,900 3,068 114,900 48,500 3,208 142,000
0.50 26,200 2,174 73,200 39,900 3,068 114,900 48,500 3,208 142,000
0.25 26,200 2,174 73,200 39,900 3,068 114,900 47,900 3,238 140,700
0.00 30,700 2%*10°> 84,500 47,000 2*10° 133,000. 59,600  3*10° 171,200

Budget 500 Budget 1000 Budget 1500

A TC B TC B TC B

1.00 2,595 =158 5,047 - 11 7,471 19

0.75 2,459 121 5,234  -242 7,471 19

0.50 2,459 121 5,234  -242 7,471 19

0.25 2,459 121 5,234 -242 7,571 -95

0.00 2,179 336 5,090 - 97 7,709 =149

TEPW= Total Expected Present Worth.

SD= Standard Deviation.

CH= Cash at the Horizon.

TC= Total Cost.

B= Budget Money at the End of Planning Period.
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Table A-10. Simulation Results, Set 1

"first, second or third year"

Decision Rule.

Budget 2000

Budaget 4000

Budget. 6000

A MTEPW 5DD MCH SD MTEPW SDD MCH SD MTEPW SDD MCH SD
1.00 - - - - 123,204 0 303,200 5,600 156,600 0 471,000 360
0.75 - - - - 123,190 2B8 362,780 1,300 166,890 1,260 497,855 2,682
0.50 77,018 58 221,288 657 132,900 450 387,920 1,324 172,200 698 512,148 1,800
0.25 78,790 1,430 226,383 4,662 137,337 558 399,599 1,333 180,300 0 532,963 144
0.00 93,600 990 264,700 3,000 156,600 30 445,700 1,000 200,900 300 586,500 1,430

MTEPW= Mean of the Total Expected Present Worth.
SDD= Standard Deviation of the MTEPW.
MCH= Mean of the Cash at the Horizon.

SD= Standard Deviation of Cash at the Horizon.
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Table A-~11. Simulation Results, Set 1,
"Only first year”
Decision Rule.,

Budget 2000 Budget 4000 Budget 6000
PN MTEPW SDD MCH SD MTEPW SDD MCH 5D MTEPW SbD MCH SD
1.00 = - = - 115,136 164 332,100 403 148,200 0 449%,200 424
0.75 - - - - 117,924 311 349,100 1,038 152,540 62 460,900 384
0.50 76,300 675 219,%00 2,330 119,800 B0oO0 354,300 2,740 155,800 0 468,700 400
0.25 75,500 1,480 217,600 4,080 122,250 1,670 360,400 S,140 164,800 120 493,200 271
0.00 90,680 445 256,640 755 150,000 29 423,900 202 190,200 133 558,300 546

MTEPW= Mean of the Total Expected Present Worth.
SDb= Standard Deviation of the MTEPW. )
MCH= Mean of the Cash at the Horizon.

Sh= Standard Deviation of the Cash at the Horizon.
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Table A-12. Simulation Results, Set 2,
"first,second or third year" -
Decision Rule.

Budget 2000 Budget 4000 Budgst 6000
A MTEPW SDD MCH SD MTEPW SDD MCH SD MTEPW SDD MCH 5D
1.00 - - - - 102,000 980 307,200 3,320 124,550 90 388,300 35
0.75 - - - - 102,500 224 308,900 700 130,250 614 402,900 1,395
0.50 68,000 0 198,700 50 105,900 0 318,000 59 139,400 26 427,000 217
0.25 68,000 0 198,700 50 112,900 795 338,500 2,660 150,120 470 454,400 2,456
0.00 83,950 589 240,000 2,690 135,800 1,520 396,650 3,390 174,550 1,100 519,200 2,450

MTEPW= Mean of the Total Expected Present Worth.
SDD= Standard Deviation of the MTEPW, X
MCH= Mean of the Cash at the Horizon.

SD= Standard Peviation of the Cash at the Horizon.
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Table aA-13.

Simulation Results,Set 2

"only first year"
Decision Rule.

Budget 2000

Budget 4000

Budget 6000

N TEPW SDD MCH SD MTEPW SDD MCH SD MTEPW SDD MCH SD
1.00 - - - - 73,480 0 230,300 96 73,480 0 230,307 100
0.75 - - - - 78, 300 0 246,300 160 87,650 0 276,400 208
0.50 52,170 70 157,100 128 86,150 102 266,550 660 100,250 0 314,550 2490
0.25 53,370 2,900 160,300 6,270 95,290 0 290,400 307 123,250 0 383,451 309
0.00 78,007 B 224,280 403 130,550 223 383,590 221 159, 300 322 480,820 1,900

MTEPW=

Mean of the Total Expected Present Worth.

SDD= Standard Deviation of the MTEPW.

MCH= Mean of the Cash at the Horizon, .
8D= Standard Deviation of the Cash at the Borizon.

98



Table A-14(a}.

Simulation Results for Set 3,
second or third year

"first,

Decision Rule, Budget 1500.

~ MTEPW SDD MCH SD
1.00 76,663 6,780 218,960 7,750
0.75 79,215 5,730 273,170 7,670
0.50 82,325 9,788 273,974 12,363
0.25 84,321 11,585 274,214 13,122
0.00 93,767 487,724 276,753 19,673

87

MTEPW= Mean of the Total Expected
Present Worth.
SDD= Standard Deviation for the MTEPW.
MCH= Mean of the Cash at the Horizon.
SD= Standard Deviation of MCH.

Table A-14(b). Simulation Results for Set 3,
"first year only" Decision Rule,
Budget 1500.

2 MTEPW SDD MCH ES
1.60 62,273 5,910 183,770 788
0.75 60,469 5,538 184,246 7,201
0.50 60,902 5,890 184,318 15,183
0.25 61,753 5,958 184,328 15,250
0.00 74,722 590,129 218,541 21,918

MTEPW= Mean of the Total Expected
Present Worth.
SDD= Standard Deviation for the MTEPW.
MCHE= Mean of the Cash at the Horizon.
SD= Standard Deviation of MCH.
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PROGRAM USED TO SOLVE THE PROBLEM
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Table B-2. Projects Selected, Analytical Solution,
" Set 2, Budget 6000, Lambda 0.75.
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Tablé'B-3. Projects Selected,slmﬁiifloﬁ;
. Bet 2, Budget 6000, Lambda 0.0
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Table B-4. Project Selected, Simulation,

et 2, Budget 6000, Lambda 0.75
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'I‘able B-5. Projects Belected, Analytical Solution,
Set 3 Budget 1500, Lambda 0.25.
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Ta.ble B=6. Projecte Selected, Bimulation,
. . . Bet 3, Budget 1500, Lambda 0.75
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® _
L4 1 PROORAM THESIS ;(Iupur-w‘rru‘r-t»::-'r»:h'r»:c-ou'rru‘r.'rurcs-mmn
z 17
3 REAL INT+ML o
. . L] HTEGER MW -5
5 DIMENSION PE(380,203ML(3I00,20)DP(380y20) +R(3IBO)»IND(IBOI rPHIL
o & 1380 s E{3BC 20} rV(IBO,20) s EPWI B0 pROL20+ 202 v UPW (380D BRGT 104157
7 2ZyNE(10)-EF (360,207
B CIRIIETHIC FROCEAM LOMPUTES THE EXPELTED FRESENT WORTH OF ALL PROJETE
® 9 CHRRNEAND THEIR VARIABILITY(MITH AUTOCORRELATIONS WITHIN EACH PROJECT
- 10 READTS M
11 READ(3¢E}N
® LS READ{S» KYMHT
13 READ (S K)HHN
14 RERD (%, ) C(BDBT (Y J3r Jal - WAT ) v I=T+HANY
Y 15 READ(S-3) (NE{I) rIn1+MM1}
1& LLELTSN
17 H22mHM
[ 15 WRITETS I040VART
19 MRITE{3¢1041)N
20 URITE{ Iy 104ZINZZ
® 21 WRITE{F 10432 (NECT) o InlrNN1D
7 WRITE(3,1044) (BOGTI{L, J7r J=[+RATY
23 1040 FORMAT(IZ)
[ . RATCISY
2% 1042 FORMAT(I3}
Y& I0AS FURMATI(SIS)
® 27 1044 FORMAT(5F10.2)
ZB DO 533 I=isN
. READ(S» XY (PE{I+J)}rJulrMM)
[ ] — JO_WREAMS-IHNL(!-‘JF-JH-MJ
31 RE&D(SrB){OP(IrJ)rimlrHM}
7 ¥I3 CONTINUE
® 33 READ{Ir23INT
— 34 READ(S» 4§ LINDI{IT»T=I,N}
s READ(S 8} (R(I) v Inml N}
® IZ T DO 544 T=1.N
3z PHI{I}=R(I}
] B34 T
® 37 WRITE{&»1000)M
o '40’ WRITE(&+1001N T T T
WRITE(&+1008) INT
L ] "—_IZ—WDG T IsleN
A3 MRITE(4,998) 1
v 277y
[ 45 WRITEL 691022}
445 D0 I J=TeNH
47 = J-1
® T AT WRITETSTIOZEV AN PECL VAL T L T s DR T r JY
47 2 CONTINUE
—_ O raLr f UERr AX - 0N. L. VALUER. TG E0PP. UALUERY

33 1023 FORMAT(SXrI2,4XrFLO.2,4X,FL10.2/4X:,F10.2)
CTTTTTTEZTTTT O UTHRITELEYIO0IRII T

=3 WRITE(Ar1010)PHICT)
® . BT WRITE(&,»1011)IND(L)
55 IF{R(1) .EQ, OOWRITE(&»330)
1.3 TFIR(TY .E0. IJWRITE{&+,331}
& 57 IF(REIY JLT, 13BD TD k44
58 " GO TD 44% T C e sk
59 444 IF(R(IY .O8T. CINRITE(4+332)
- T 0 T RS IFUINDITY LEQ. O)WRITE(S.3I3) . T
'3} IFCINDCIY JEG. 1INRITE(&+334)
a2 1 CONTINUE
63 330 FORMAT(SXrSTHE PRDJECT IB INDEPENDENTS)
“&4 7 7 331 FORMAT(SX,®THE PROJECT I8 PERFECT CORRELATEDS) ~ T

&5 332 FORMAT{SX&THE PRDJECT I8 PARTIAL CODRRELATEDE)

46 T 333 FORMAT(SX,SANP THE INITIAL CASH FLDW I8 INDEPENDENT OF THE REST

e ®2  ADF CASH FLOWS®,///Y
—~ [ 334 FORMAT(SX 2AND THE TRITIAL CABH FLDW HAS THE SANE RELATION OF THE
34 1REST OF CASH FLOWS¥»///)

70 1000 FORMAT(10X:STIME HORIZONTE:IS./) -
71 1001 FORMAT(10X)ENUNEER OF PROJECTE®:IS»/)

72 1008 FORMAT(1OX»$HINTEREET®»2XeFA0.2s/)
. 73 100% FDRﬂhTtEX-QAUTDCDRFELATIDN INDEX®,2X+F10.2)

74 1010 FORMAT{SXsRAUTOCORRELATION VALUES:2X¢F10.2)
75 1011 FORAAT(3X,SINDEPENDENCE INDEX INITIAL L.F @19

74 HH=N+2
77 DO 10 I=isM e
?8 T T WRITE(&e20R0YY T Tt )
WRITEL4+109)
" 'io REPW=D.
&1 bO 11 J=2WM N
a2 T LmdeyT — h Tt T -
83 LL=J=2
e T Rt 3 IR WP/ S LA R LRESTRTY. 13 £ 1 T
} [ EE{TsL)®1. /6. 8(PECI L Y44 AMLITLI40P{TsL))
T oesT VilsLdwid /4. 2¢OP LI yL)-PECLrL) ) 002
87 WRITECA»BOLILLIECTILY »W(2sL)
o8 TTEPR(I)=REPRH((ECI L) )A{INTERLLYY 0 T T T T
1] REPWEFW(L} o
90 " " 11 CONTINUE T o N

w1 EPR(]I)I=REPH

V2 T EoNt INUE
93 n22emM-1

[g 3 ) " T WRITE(Ir 1049 CCELHMKUT ) o KWT o1+ HZ2) oKW1, MY 7 T
MRITE{Ar1049)((EE(KM /KWZ) rKiWIm]M22} rKidal e N)

7 104% FORMATI2X+11F10.2)

bd:l T¥=d

l- T URITE (41049 { (VCKWrRNZ ) [KHZ=11RZ2) KD 1)
9 DO 4%0 TeteM

95
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WHLIL\Sp VAT SV ACE A AP (yea s o o “we
® &"'_"—‘URITIT?-IMO)‘(T\HEU-KHD-KHI-!-NZZ:-KW!-H) "
7 1049 FORMAT(2Xr11F10.2)
¥d TT=0
® Lad DD 690 Iwi/N
o0 BRITET& B0 I EPUCT)
101 TTeTT4EPW(L}
.—‘—IDI—SWBDNTINUF
103 TTA=TT/N
104 ORYTE( & 76381 T1X
[ ] 105 654 FORMAT(2Xr BAVERADE EPWR,F20.3r//}
—"—[b RITECI 1050 ) LEPW(KLY KL= sNY
WRITE(4» 1050 {EPW(KL) s KL=l N}
[ ID!’_IWFDRHATT“rITFID.z
109 RR=0
TID TU [Z I=1+W
1131 RUPWED .
o TI7 il .1
113 LwJ-1
[} TIX IFIPETISLY -Ed. U) GO 10 777
118 6o TO 889
T8 TrF IF(HCII,L7 JEW. OF W& TO 779
® 117 60 TD 880
FTI LY E@- O B0 1O 1IF
119 886 LL=J-2
Y e 120 TFIRTIT NE: O,F OO 7O 100
3121 VPWLE)eRVPES{{VITsL3}/(INTRE(2RLLY))
122 RUPW=UPW(T]
® 123 G0 TO 13

124 TUU TF(RIIY .NE. 1I+) B TUTIOf

125 IFCIND{IY .MNE. @) 6O TO 102
' 128 VPET LT sRVFEFI{T L TRET
127 IND{I)m}
- 12& AL Lt L% 3
@ 12% 90 TP 13 L
T30 102 VPWI DI=RUPUHTIVITLLIAE0. B0/ (INTSILL))
13 RUPWSVEWLL)
[ Y 132 GO 1O 13
133 101 RR®ABS(R(I}}
134 “TF(RR .GE+ 1} WRITE(&+BDU)
® . 135 DO 18 KKw2sHMH
T 1% WakK-17"
137 DO 15 KKL=2¢MM
e 139 KLaKKE=1 -
139 KLLsKL-K
- -
® 141 Rum-n;-rnunnx:n
© T 42— IS5 TONTIRUE T - o
143 14 CONTINUE

® T4 VWP e RVPRR TTVTT LY/ TTNTRE (2000777

145 RUPWEVPWIT?
144 13 CONTINUE
® 147 VPR (L) aRVPY -
ua IF(R(IY JEQ, 0) 60 0 104
IF(R{I} +NE. 1.) 0D TO 104
® " ‘:50_" TTURW (L e UPR T TR VPN
151 90 TC 108
- 152 104 SUN=0.0
) 153 IFCINDCI) .NE. ©) BO 70 103
T 154 DO I6 KNS B
13% ROCKK1)=0
Y TTT 184 TZ CONTINUE . -
157 D0 17 KKL=ZeMM
) 155 ROUL/KKLYS0
® 139 37 COMTINUE
180T IND(I)md - Tt
. 141 103 MWML1mH+1
® T 0 18 KKeZyHHIT
143 K=KK-1
123 =T
® 165 KLT=KL-K
T 166 T8 kit LLE. GF 40 TO'1¥
187 IF(NKLT .EQ. ©0) B0 TD 1¢
® T e KRaKIKL-2
169 BUM=ELINH RO KL IZV (T v IO B8O, IRV (T o ML) 280 5) /(INTEL(KR) D )
170 Iy CONTINUE
® 171 18 CONTIMUE
- TR T UPWITI=WETTTIT. M T
173 104 WRITE(4¢B0T)T VPBII}
[} T 17X T12 CONTINUE -
173 DO 2211 I=1sH
N - I3
& 177 2231 CONTINUE
— T RASRR7N
179 WRITE (499874 YRAX
® 180 ~ FETS FORNAT(2X+SAUERADE VAR EPWR,F20.35 ~ " — -
181 uﬁltst:.:o:l>tupu(:r).11-:.u:
T WTT s TTs L, N¥ 1
® 183 unx‘rsu.ms:)uPEu..:).J-i-n:z)-!-l-u)
T 184 WRITE(As10S1)((MLITe ) e Jud  N22) e Imds M) -
185 MRITE (4210513 (0P (T i) s mlv T2} rIn) sk}
Y . 188 - 10ST FORMAT{2X+11F10,2) T e -
187 800 FORNAT(10Xs21HCHECK DATA CORR INDEX)
— HATTA T, S FIR . 2,50, F20,.2Y 7
169 1091 FORMAT(IX:3T8,3Xs8EXP. CABH FLOWSrSXrIENP, VARIANCE C.FLOWS)

YU TYOVY FORMAT (7 +SX.#PROKECT W1, 8,150 s

191 B02 FORMAT(SX+BHPROJECT=r2Xr [ 45 2Xs AHEPU=,2X2F20.2}

. T T ASZ T BOF FORMAT(SX BHPRDJECTe s Id 02X S0VPHa,F20.2) T
193 ENDFILE 4
194 ENDFILE 3

r 1935 REWIMD 4

197

1967 REWIND 3

STOP
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REAL INT+MLsLEM:LAMMT

PROGRAM TESIS{INPUT :DUTPUT » TAPE4r TAPEA=DUTPUT + TAPES=INPUT)

INTEGER MArMNA

By U Gl e

DIMENSTON XLEM(IC) s NEISO) rB{A0) » XSTARDP(J0¢ I} »EPW(I7Y) y VPHITTS)

i

® Z4CCR{4%5, 451 5)» TEPP20) » TUPP{20) oML (379,122 ¢ PECI73412) s 0P (37341200
ICASH(ES) sEYCASHI1S) sACS0s 10T ) 1 BOBT(A) 1 BDOTT ) o
412 rINFIXCB) pTOL CAT P KOUT (7 vERR (P » DM{60) v X{&QT ¥
® SKE(101)rEt40+40) s PSELEC{4Sr53) sPPSEL(A% 3} s XXTCH(20) o
- H1S PROGRAM SBXSR¥ENIF FR=1 MEANS THE PROJETS ONLY ACCEPTED IN THE FIRST T
10 € YEARSSEEXEIETIF FR=2 MEANS THE PRDJECTS QMY ACCEPTED IM THE SECOND YEAR
o AMD IF FR=0 MEANS THE PROJECTS MAY BE ACCEPTED IN THE FIRST,SECOND AND
12 C THIRD YEARKEERRXEEEXNINANAARITIRERARRRXRNIRISSNNERRERIRINSR
13 € WHEN ANASD MEANS THE PROGRAM WILL SIMULATE rAND WHEN ANA EOQ 1 THEN
® 14 C_THE PROGRAM WILL TAKE THE MEAN OF EACH YEARCANALITICAL BOLUTION).
xs FR-D
e _—'_lﬂiﬂiiillltii‘t‘ii“fffﬂftttililii!iﬁntﬁiﬁliiitttttfiiiffiiﬁim
10 IF(FR EQ, OIWRITE (4r5400)
19 TF(FE .EG. 1IWRITE(8,54061)
® _ IF(FR .EQ. DIWRITE(&r%402)
ﬂi—'ﬁ’(hwtﬁ TIRRITE (s 54077
22 IFCANA EQ. OYWRITE(S 5404 _
o “FORMAT {2X+BTHIS RUN ALLOWS THE PROBAAN TO SELECT PROJECTE IN
24 1YHE FIRST,SECOWDs OR TMIRD YEAR OF THEIR LIFES.///)
'__!!"'"'.'F‘o'i_o'imanzx.imls RUM ALLOMS THE PROGRAN TO BELECT PROJECTE IN
Y 1 ONLY THE FIRST YEAR OF THEIR LIFER+/4/)
—2?_—5402 FORMAT (2X+RTHIS RUM ALLOWS THE PRDURAM TGO BELECT PROJECTS IN
. 28 1 OMLY THE SECOND YEAR DF THEIR LIFER+///) }
[ T 2977 %403 FORMAT(2X,3THIS RUN SOLVES THE PROBLEM ANALITICALLY®77/7)
30 5404 FORMAT(2X»ATHIS RUN BOLVES AND SIMULATE &:///)
31 READ(5»337
® 32 WRITECS, BB . . _ _
T T 33T 686 FORMAT(2X:NUMBER OF SIMULATIONSE F10.3./7) -
34 READ(Sy#ILSTR
® T T3S T READ(S/MIM
34 READ(Se2)N
7 TH=RFT
® 38 READ(SrE)MM1 o
30 7 READ{A+B87) ((EECT e SY o tul M) pInd o) T
40 READ (4, 4433) ((W(Ted)rdul MR} rImisN) o
o - u—kznn(s.tuuzﬂtu-L-I-Lﬁ‘rm ’ -

READ(Sv 8> (NE(J) s iw2 s MH1Y
__ﬂ_ READCS. &) (RODTTI S v Jmi v HATY

READ{4:BB7Y(EPM{T ) pI=1sN)

44 4433 FORMATI(2%,11F10.3)

READ{ 44433 (VPW{I)rImieNy ~——~ 77 7

A7 T READIWagINT T T 7T TR
A8 READ(4,807 H{(PE(I¢ ) rJ=1 MM} e IndsN)
AV REATH 49073 T IRLILsr JT e Jo Lo HA T Iw1 7N
50 READ{ 4,BB7)(LDPtIed) e Jml s NN} s Io) s N}
133 007 FORNATLIZX:11F10.2)
52 DO 181 JJ=]rHN1
5% "T7 DO 1@ LTef,44 - TTTTT 77 -
54 IPTaLI$1
I AD S BT TECRILY» JT+ JJ7+ JTSIPT, 433
54 18 CONTINUE

57 181 CONTINMUE ™~ "~ 7

58 L=
39 [2I4T4733CHOOSING A VALUE OF LANMNDA
&0 HA=H$2
"_‘“11"‘"'!,1‘ LWLFL T e e
DO 4973 KuA=isWMi

n T DO 4974 Kiweieds T T - -
64 ___ _ PSELEC(XWNKHA)SD e e e
&3 PPSEL (Kulkd 5 KidA ) m0
&8 6974 CONTINUE i
Z7 " 4¥73 CONTINCE
&8 RA=0.469319 e e _
YT T REeOLASTTE
70 B8ey . e
717 2851 Jei
72 TTCOST=0
T DO 6971 KWA=1:RR1
74 DO 4972 KWw=1r30

P XRTARCP (K KA~ T T
74 6972 CONTINUE

77 4971 CONTIRUE

78 DD 3 LI2=1,MM3
Tt T BAGTILIZ =EBOTTILIEY
Bo 3 CONTINUE [
el T WRITE(&»9204) (BDGT{IU)r IUsL rHHL) ot
82 9284 FORMAT(ZX SINITIAL BUDGET EVERY YEARS:SF10.2} e e e
e: DD 20 I=1sMM°
EYCASH(I)=D,
ns 28 CONTINUGE
XLAM=XLEM(L} ;
; 31 T T WRITE (b e 804 Y ALAN - - - T
ep XWEXBUD=0,

B9 CErsessatETTTING TINE ™  AND BIMULATIOMEEEEEEES

¥0 CEesxsPARAHETERS FOR THE 1.P.

¥1 I0F WaA=NETTY
¥2 DD $0% LF=1,8

L& TNF I OLT yals I

4 POF CONTIMUE .
TTT 95 DU PID LFeXed T T T

% DO 711 Limir101
= 97 ATLF LLY=FF =T
e Are AARTTLL W




Lr ] TLON FUNRITY ) L AATSAMAI S Srustwe s =mvewr: rumi e Wy o v
] By DD 26 I=i /AN
B84 EYCASH{I)w0,
NTINUE
Y B4 XLAMSXLEMILY
87 BRITETE DOATHLAN
NEXBUD=O.
.——B"Eit‘it}ttsm‘" ING TINE ND BIMULATIONRZIRES
90 CAESEIPARAMETERS FOR THE I.P. 98
¥1 IOV RASHETJY
® 92 DD 90% LF=1s8
73 INFIXTLF =0
. va P0% CONTINUE
® 75 U IO LF=T &0
L0 DO 11 Liw1r101
v7 RILF . LDV
® 8 11 CONTINUE
NTINUE
100 DD 912 LF=1,57
® 1471 FILFY=0
102 912 CONTINUE
0% U 914 LF=1,7
o 104 KOUT(LF) =)
T I0%  ¥Id4 CONTINUE
106 DO i3 LF=i:4
® —1 ERR{LFT=0
100 13 CONTINUE
10V TO Y15 LF=1+57
® 110 JHILF ymly
Tt M1y FILFT=U
112 X(LF)=O
.' 113 YILFI=0
114 15 CONTINUE
TIY TO ¥I5 LF=1,101
) 116 KB (LF)=0
B ¥ Y AR T
- 118 DO 717 LF=1,57
® . Yy T IO YIE L= —
120 E(LFsLL)=D
® 122 P17 CONTIMUE
- o1a3 PO T LI=I7IUTY
124 IF(J EQ. 1)LJa=lJ
. 1 CE@.TZTLJASL 44D — T T Tt
128 IF(D LEf. 3ILJA=LI+133
127 IF() EQ. 4)LJA=L 4229
® 126 IFtJ (EQ. SILJA=LI4I30
129 IFtiJ .07 4% GO TO 2 - -
.. 130 AlLrLJ) == CEPRILIA)I ~(XLENCLISVPUILIAD } }
- Tin B0 TOL - -
132 2 AlsLS)=O
- 139 1 CONTINUE
134 bD B3 LJwir101
. . ’ 133 IF{J WER. DILIARLY ™ T Tt T T T
134 IFLJ EQ: _2ILJArL 4D e
- 137 IF() .EQ. FILJA=LH1ZS T - -
138 _ IFCJ (EQ. 4)LJAL 4223
T 1A IFTT .0, )LJasL J4+3310
- 140 __IF(LD .DT. 4SIRD TO 4
142 IFCANA (EO. 1)G0 TD 7989 — — T e
142 1F(J HE. 1700 TO 4783
- H.‘!"' 7989 A(2+L)=—EE(LIAPD) T - —
60 _T0_83
lqs_z?mﬁrnnuumj) -
P _ ATePEL(LIALD)
147 BT=0F (LA JT T T ST e
148 CALL RUALUE (MT+ATBTsRAsRD» BETA)
- T 149 A(27LJ)1=-BETA T T
150 80 70 83
- 1 -EO. |1
- 152 Al2sLd)m0
- 153 B To B3
154 5 AC2sLJIml
- 188 — 83 LONTINUE Tttt =TT I
156 B0 50 Lle=3e12
- 157 DO ST LLT=1,101
- 158 ACLLILLYY=D
1%¢ 51 CONTINUE T T T T T e e e
. 140 50 CONTINUE
- 1607 IF(D LEG, TT0U Y #61 T ST e e T
142 IF{J .EQ. 2700 70 %02

1837 IF(J JEG. 3Y00 TO 903

- 164 IF(J .EG. 4)00 TO P04 .
163 IF(J .E0, S)00 TO OS5 ~ ~~ T T T B T Tt T
166 P04 AtIrlie=y
- 147 777 T MZemdaT T T T T T
148 Al3sa7)m)
149 ATETTE-Y T
- 170 Al4r15)m)
o FYLTY 117 U - rrm— e = e
172 ASr18)m-]
- 173 A5 30mL "
174 MSra®)mt
Y - . T L ) i
- 176 AlsrIS)my
177 BlésSOVES o T - Tt T e -
178 A7 4T =1
® 17y - [TEAT 10 e Tt T T
180 Al7151)ed
- 18T &0 10 Vo
- 182 P02 ALSrB)m-1
T T Aed 2 M3 157ST ST
182

— MBan=1,

98



|
b

250

T 2sf LJXisl J-5§

TTTTTRAY T 0 IO 14 LESY DY . -

] 182 02 » Tym=3
“ 18T = A 1Ee
194 L1 AL}
.. T8 [ A b §
184 Ala J)m)
187 ®3 7Y
Py 188 ACS. HYm=3
T8Y wCS, o¥eT
19¢ A(Tee m)
® T¥Y (1T IEARL L §
192 Albra =}
) vy NIRYD - T - - [ S
® 174 80 70 Y0k
i 195 P07 AC3e3)~-] "
194 ACFeT)m]
'y 197 A (3, a77m1
1%8 AlA,I3)m=]
b L1CTFY-10 8
® . 00 Ala,48)m)
— 200 RS, 25Ye-T
202 A(S,29)m]
[ ] 203 AlS rafi=l
204 A{grI5)mr]
208 A6, 10 )=l
[ 206 ALSr50)=]
207
208 P04 Al3s10)m=)
® T 20W ACEe XA0=T
210 AT r47)=1
F13 AA 281
[ ] 212 AlS,249)m)
13 Aldrdd)=s]
214 ACSe 31 )w=]
[ ) £ }-] (14T 300
218 A(SeaTIm]
217 Al&rdl) -] ‘ »
® 218 Alhras)el .
o 29 EIE -1 Y
220 BO TO P0s
@ 2T YOF ARl
222 A(Iri0)m)
233 A7 )=]
® 224 Aldrlb)m—]
T 239 AT, 20 =1
. 226 Al4r4B)e]
Py ~—217 A(STZEFe=T
229 ALS5,30)wm]
Fid &TSr4V)s]
e 230 s
o 23 A& rdTTmT
232 Aldr»30)m]
® T 2 TNIE
234 DO 7 LI=13,57
] T F LJ=174%
® 236 LJzeiI-12
—a237? IFILS .Ea@. LEOGT T0°F
238 AtLI+LJ)=O .
® -+ 2 GO YO @ T T T - e
240 * ACLIsL 1w}
Z43 [ K~
[ ] 242 7 CONTINUE
T 2aT DU IO TISIS» 57
244 DO 11 LJ=4d+54
@ ~ T 24T ATLT LYl - T mTm s -
244 11 CONTINUE
[ 248 DD 12 L1=13.37

LJ22alLI-12

IF(LJ3T EG. LJ22)B0 TO 1Y

252
=T AL LI
254 GO TO 14
T T Zss T TS AILTLIVST
256 14 CONTINUE
© 7 2857 12 CONTINUE
258 Dtlred
239 B(2)=BDBTLI)
- 260 DO 14 L1=3,12 R
241 | TIRTY) - - - -
242 14 CONTINUE
[ 243 908 CONTINUE TTTTTTT -
_ 244 PO 17 LI=13,57
245 BiLDIwd
- & 284 _ 17 CONTIME o
247 INFIX(1ymg h T - T T
288 INFIX(Yedoy I .
- 259 INFIX(I)mg0 T T
. 270 INFIX(A)=SY e
271 INFIX TSy a2 i
- 272 INFIXCEImL .
273 INFINE? )=100
274 INFIXIBInD
- 27% T TOLU11)=0.000017 - T
274 TOL(2)=0,00001
277 ToLT3ra-5. 001 ST
~ . 279 TOL (4} md, GOCO000001
’ 279 PRE=O o ’ T TT
280 IF(S EQ. 1)00 TP 10731
- - § TTALL ANYPRO{HAS I XSTARDPrAeDY 77 7 Tt -
L 202 1071 IF(FR .EQ., 1)00 70 107
28 F(FR .Ea. Dyeo T6 10¥1

99



o ~ BT CALLTANYPRO(HAr JrXGTARDP A+ B)
282 107t IF(FR .EG. 1)00 TO 107
263 TF(FR .EO. 2160 10 10FL
® 284 o0 YD 104
'2'8_5 TOF b0 1060 NT=1:30
ACLeKT)ImO
® ‘—_‘237 T0BE CONTINUE
288 DO 1099 KT=13,42
787 BIRTI=&
® 290 1099 CONTINUE
291 6 To 164
. 292 1091 DO 1118 KT=1.13
e 25y ATIRY =0
294 1118 CONTINUE
—_— 9% D0 111V KT=31i¢45
® 296 ALeKTImD
297 111¥ CONTINUE
298 DO 13120 KT=13,27 .
o 299 BKTY=0
300 1120 CONTINUE
309 B0 1123 KT+43+57
® 302 B(KT)}mO
303 1127 CONPYMUE
304 104 CALL BIMPLX{INFIXohoBe TOL - PRMrKDUT s ERRs o XePr Yo KB -ED
® 308 IF(KOUT(1} JEG. #)URITE(S,1000)
308 IFCKDLI‘I'(I.) «EG. $IWRITE{4r1001)
NFEASIBLE BOLUTIONE)
® 308 1001 FDRHAT(ZK-IITERM’IUN LIMIT EXXB)
- J09 T T IF(KOUTIL} .EQ. 4)ISTDP T
310 1F(ANA .EG. ©)00 TO 5777
[} T k3 8 RITE{&: 87487
312 8748 FORMAT(1H1)
313 [ 7t
® 314 5777 CONTINUE
IS DO 2T NHLI=I,4%
316 LVi=KB(MHL1)
[ Ty IFINTVIT BT, ITWRITET /IGO0
318 1002 FORNAT(2Xs8SOLUTION OR THAN 18}
T 13 + +S100 7D 277
® 320 G0 T0 21
- 12 | — 22 WSTARUPIRALIvJ¥wI T

322

‘3237 7000 FORMATIZ//v10%«%. v YEMR OF ANALYSIG=R.13.8..

PSELEC(MMLL» J)=XSTARG® (MHL Y v JI+PSELEC(MMLL » J)

€77y

324 IF(ANR .ED. ©)}GO TD 21
C TS T WRITE (R P IMMUL XTLVYY T T T T
t 32¢ 77 FORMAT(2X+¥PROJECT BELECTEDS I4)20:#UALUE OF THE PROJECTS:F19.3)
T 3zr T 21 CONTINUE o

328 CEEsxsCOMPUTATION OF THE EXPECTED PRESENT MORTH VALUE OF THE BER

327 Crx:xa0F PROJECYS AND THETR VARTJABILITY (WITH CROSE-CORRELATIONS}.

330 CALL EXPECT{MM+XSTARDP s HArJrYrCCRrEPMs VP, INT » TEPY, TVPU)
331 TEPP(SS)wTEPWITEPP (S8}
332 TUPP (55 )}=TUPW+ TVPP (88)
T 335 TEPPP=TEPW+TEPPP T
334 TVUPPP= TUPH4TUPPP
33% CREsssSINULATION OF THE CASH FLOWS sasssasesseszsesse T
335 Caxsaag
337 HANN=M+1
338 855 FORMAT{2Xs3F10.2)
33977 T IF(ANA LED. 0)GO TD 4743 Tt T -oemr T T -
340 CALL ANAL (Jr MM NAs XETAROP 1 EE » CABH» TCORT)
341 77777 GO TO 6744 ToTTTTT T T o
342 6743 CALL SIMULCJrMMoNArXSTARDP »RAsRE MLy PEDF sCARN, TEOST)
343 4744 CALL NYB(XSTAROP+NA» JoBDOTTCOBT» INT» XNEXMUD)
a4 TTCOST=TTCOST4TCOST
T 345 T WRITE(&,EB15)XNEXBUD Tt T - T
X46  B15 FORMAT(10X,SADDITION OR SUBSTACTION TO THE REXT YEAR BUDGET=Ry
347 1F20.2} T
348 JT=J41
345 CIEERTvERSURNATION OF CABH TN EVERY YEAR FOR ALL PROJECTY °
350 DO 29 JCA=JTrHA
351 JC=JCA-] T T -
152 EYCASH( JCYSEYCARH{JC ) $CARH{ICY

353 7§ CONTINUE

334 IF(J .EG. WM1) OO TO 108
- - T=J¥T -
asé o0 TO 109 .
N 3577777748 WRITE(S,»8431) -
1se 8431 FORMATC(IHL) ~
- 35y WRITE{&¢8432)TTCOEY — ~°—°°° 7 - ST T T e e e
340 B432 FORMAT(///»SXeSTOTAL COST OF THE PROJECTS=8+F10.2)
361 T wRITEVG 1T (EYCARMUIC ) v JCo L o M) -
382 TCHAT =0,
343 CRE2R4CASH TN THE RORIZONT ErRrakk o
DO 30 MHS=1»HNNN
345" MHSS=pMMM-NNS T T T T T ot o Tmm T e e
386 TCHHT=TCHHT + {EYCASN(MNS ) 8 { INTRENNTS) )
T T '3&7  I0 CONTINUE o
348 AXTCHISE }=TCHHT
349 XTCH=XTCH¢TOHNT = T o e CoooT -
370 WRITE{4,B13) TCHHT
[ n T IF(55 .EQ. I) 80 YD 280 Tt T T
az2 A8a564)
: 37T GO TO =Y —_—
[ ) 374 250 WRITE(4:,7090)
T IS T 7090 FORAMATULHY o777 +Ble@evscaneeses s s BTATIBTICE OF THE BIMULATION,, -
374 IS I el
® 377 T 77T PXTCH=XTCH/6% ~
e WRITE(4»6488)PXTEN
+¥HEAN OF THE CASH IN TRE MORTZONTR:F20.77
® 380 AXELIM=0
T T 38T T MSG=88 T - - - T I -
Je2 DO 4783 KXal:NEE
- - wew

HARES -AREMPYTMU TP ERYY . P

100



101

® 174 2%06 WRITE(é+7090) )
—————37% OV FORMAT (IR 777+ X W s v sasaenrre o DTATIRTICE OF THE SIMULATION: s crverrosns
374 L. 80270 7)
Y 77 “PFXTCH=XTCH/BE
are WRITE(4+6600PXTCH
v Ozilt i
o 380 XXSLHA=O
TET MES+5F
382 DO 4785 KXwl,MS8
o e JIET UABS = ABRS (FXTCR-XXTLHINESTY
384 XXSUM=XXSU (VADSIRZ)
® 364 B55w55-1
= 387 TFTANA T EW, 1JSEBaY -
g8 X% 22=XX5EUM/ESS
. == 3I8Y RAXXZZsTXZZEE v
390 WRITE(br 4706 )RXN22
JH 4784 FORMAT(//rSX EVARIANCE OF THE CASH IN THE HORIIONTS,F20.1)
® WRITE(6r709L)
- 393 FOFL FORMAT(Z7/7»SX+SPERC. OF THE TINE® EACH PROJECT I8 SELECTED IN BIND
a4 1LATIONSr// )
® 5 ho 7oor “KY=T:HHT
198 DO 7002 XYAw1,43
397 PPSEL (KYA?KY )n{PRELECIKYAKY) 70618100
e . dve__ 7003 CONTIMUE
"WRITE(6rFOISINY
400 7015 FORMAT(///7+SX+ SYEARS v 149 /)
® 401 WRITE (4357003} (PPSEL{KYAIKY}KTAe1+48)
402 7003 FORMAT(2Xs10F10,2)
- 407 001 CONTLINUE
e 404 TTTPU=TEPPP/8S
T 405 TIVPWeTVPFP/EE
0 WRITE(&»7020) TTTPUs TTOFW
® “""“V'do7—70‘2'6 FORMAT{//»ZXrEMEAN DF THE P.W,3:F20,2,3X.GHEAN OF THE VARIANCE OF THE
408 3 P.M.8/F20.20//)
ab% DD JGI10 K¥wi N5E
® 4310 WABS=AES(TTTPU-TEFP (MBS} )
TTTT a1 T VUABSI=ABSTTTVUPE-TVPPIMSE)}
412 YXSUML=YXSUML 4 (VVARESRZ)
® I— % 1 TXSUK2=YXSUMZ4 (VUABS 18T} h
414 7030 CONTINUE
41% YYI=¥XSUl
) axs YY2uYX5UM2/858 o R .
T a7 RYYisvyiss.d T oo - -
418 RYYZ=YY223.3 L
1 419 TMRITE{&»7011RYYERYY2 ~ = T -
420 7011 FORMAT(ZX+BVAR P.4W.%8,F20.2:2X/BVAR V.P.W.8,F20.2)
- AZT TF{L .EG, LBTRY GO YO 136
I 422 8o TO 131
T § 135 CONTIMUE
[ 424 STOP
t 42% T HOA FORBAT (SN NLAMaR,F10.3,/) ~ o T T T T T e

424 B0 FORNAT (3X o EMAwN I8 2X s SNARR s T4+ 2X r SNBuR+ 14+ 2X e NTO=S+ T4+ 2X s 8I0m8 ¢ ]
327 T4 T R IPETwd s TA 20 SNSC=R o [40 2X ) RIRD=K) J 41 2K 81AUG=R ¢ 1 47 /T
¢ 428 B04 FORMAT(SXs358=3,2X,F20.3:/}
429 B0? FORMAT(SX+SCor2X+F20.3e/) — T T -
430 BOB FORMAT(SX)BA=R, 2K, BF10.2)
( 431 809 FORMAT(SX+3XSTAROP=3)2X+F20.3¢/) o T T T T e
432 810 FORMAT (SN B s r T4 2 BTEPPSE L 2XsF20 B 2N s STVPPuE, 2%sF20.3: /)
T XY BIT PORMAT(SXrSEYCASHRS2XeF20.3¢7) 7
I 434 B812 FORMAT{SX+SEYCASHEUNSE»2XF20.3¢/)
T 435 77 B13 FORMAT(SX+ETCHHTaRr 2XsF20.3+/) TooTTmm T .
436 B14 FORAAT(SXrRJeRs14:47//)

¢ a37 ET0P ) ) e
438 END
43 EUBRDUTIRE EXPECTINN: XETARDP:NA7 JrV s ECR 1 EPY VS INTV TEPW: TOPRT
L a40 REAL INT
a4y T DINENSTON XETARDPUS0:8) sCCR(AS45:8) (EPW(ITE) ,UPMIT?S)U(378,42)  ~~ ~ = ==
442 TEPW=0.
C 443 T T TUPWeG, T : T -
a4 CRF=0,
‘44— DU 3T TEI;RA
. ard IF(XSTARDPIT+J} o+ £0, 1.) 90 TO 310 _
4T GO TD 3IX T - -
asn 116 IF(J .EQ. 1)Iwgsl
449 T T IFUT LEQ.T 23 IN0eT440 - - - -
as0 IF(S LEZ. 3)IN0=I+13S
T ARSI IFUT RN, 43 1Ma=122%
a5z IF() .EQ. S)IWGmI4230
AST T T TEPURTEPWAERM(INGY T TT0 T Tt e =
a4 TUPHRTUPUIVPUCING)
455 " F1 CONTINUE AR - o Bt -
454 TULPU=TUPM

- CART T WRTTE CAvS43) TEPU - TV
458 543 FORMAT(// v 1LOX+XTEPWR+F10. 2o 200 STVPHE ) F0. 20 /7)

439 WNA=NA=L : - a
440 DD 32 ImtiNns R
461 TF (XSTARDP (Ir) <EQ@. 1)80 TO 113

442 80 TO 32 e
T T as¥ T Yu=T41

454 DD I3 JAsIUsNA - _
45 IF(XSTARQP(INrJ) .EG. 1)00 TO 112 .
466 0G0 TD 33 - = e i e e
447 112 IF(J .EQ. 1INTJ=T :
448 IF(J .EG. 1INTJd=Jd

T MY !FTJ_'EB—_!WTJ-HLO T

470 IF() LEQ. 2)NTII=Jitdd
I ) ‘IFYJ VEQ. JIMTJmIs4gas T 7 o e
472 IF(J JEQ. IINTJI=JAITS
TTATYT T TUIFTY LED AINTUm14228 o I o -t T
474 IF{J .EQ. AINTJi=Jni22%

A¥E TETT LED; BNTie14T0 T
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448 IF(J JEQ. IINTJIwJA
AEY YFTT . EU, ZINTI=THT
® 470 IF(J JED. 2INTLI=JA+E0
a7y IF1J LED. 3INTU=IH133
472 IF(J JE@. JINTII= 4133
e 47T YF{T ED. 4)NTIm]4225 ° -
474 1F¢J LEG. 4INTIJ=Jad223
T IF(I EG. SINTJ=T+330
& A74 IF(J +E@. SINTIJ=JA+330
477 IF{CCR(IeTWr Y JEQ. 000 TO XF
478 PO 34 K=2¢HM
o Y KiwK-1
480 KIwk=2
461 RVI=VIRTRITES.S
® 482 RYZ=VINTII K1) 08, S

—— a3~ LCFSCTF#T (RVISRVIT/TINTRELIKTIT)

44 34 _CONTINUE
@ s TCFaZ3CCRTNTITRT RIr JIRCCF
435 TUVPeTUUPNALEF
] TCF =0
Y 488 33 CONTINUE

WRITECArS44) TVVRY

e m‘_Aﬁ—WTDRNATﬂW-'WUmm-IIF!GoZI

492 RETURN
7y END
- a4 SUBROUTINE GIMUL ( JriM s NAXETARDP s RArRE ¢ NL s PE+OP fCASN» TCORT)
- 495 REAL ML T T
494 DIMENSION XETAROP(50¢5) ¢ (3754123 rPE(I7S5¢12)s0P(375¢12) 1CASHC
® 97 TISI,ESTRIZI7S/ LD
498 DO & I=irMM
Lidd CAGRTI =0,
® 500 & CONTINUVE
-} ) YLDET=0,
502 DD 700 II=17,NA
e ®03 . CDSYPRY=D.
304 IF(XSTARQPCITJ) .e&. 1) 80 Y0 701
- T 50% GO 10 700
Y 504 701 IF(J JEQ. 1)NR=0
T 507 F{J EG. 2)NA=iT
So@ IF{) +EQ. FINRap3S
@ T US0v T IFUJ LED. A)NRa=22%
510 IF(J .EQ. 3)NRw3IJ0
331 T=TT¥RR
® B12 DO 702 JAi=2rWN
- = T ) 3 S )
514 KoMl (e 1)
'S . B~ 1 tx RAPETT LT
Sié B=DP(LvJi)
. . . TV 4§
518 G0 TO 450
319 — WAX IFTA EW. U7 OO TU #%
s20 GO TO 450
—= WU O RO YO 70T - —
S22 450 CONTINUE
323 CALL RVALUE(M¢ArDeRA/RDPETA)
. ) 524 333 FORMAT(SX»BETA=R¢F10.2)
T 8287 T ESTX(IeJ1)=BETA Tt T
824 1F(J1 JE@. J) BO YO 703
. T 527 EASHTJL Y mCAEN T Y HEBTR (TP JTT
528 6o Tp 702
os2g FEE CASHII1 =0,
' ' 836 702 CONTINUE .
331 COSTPRY=COSTPRY4ESTX{I, ) ~ o . Tt T T oo
532 . TCOST=TCOST4EBTX(I.d» = _ | o
4 533 200 CONTIMUE T oo T T e -
534 WRITE (4e 707)5¢ TCORT
ERE] RE TURN
. S35 704 FORMAT(SX+811=8, T4s2Xe SCABH(J1 w8+ F20. 3¢ /) - B
237 7 703 FORMAT(SX+X11=8:Jas2XoSCOSTPRY=EF20,F0/) " TTTTtT Tt T n
B38 206 FORMAT(SKs 31158, 14s2X¢BCABH(L)nBF20.30/)
'] T 8397 707 FORMAT(SKeNJu3sI14s2XeXTLOSTeF20.307) T -
40 RETURN
T 5aT ENT
™ 542 SUBROUTINE RUALUE [WrirBoRAIREDETA)
) 8437 REAL W T7C 0 T
544 Xnu=(4nniatB) /4.0
e BAS T T XvaR= IR-AIR(D=A) ) /EALY T
S48 RAEAN= ( XMU~A) / (B-~A)Y
T SAY T BUARRXUARZ L B-A TS TI-RTY
] 348 XK1=BHEANRIBREANRL L. O~BNEAN) /BVAR-1.0)
E7T T XKZmXK1{{1.0-HHEAN) /BMEAN) Tt T T T T -
550 _ CALL DAMMARN(XKL +RA+RD» BANT )
'} 881 7T CALL BANSARN(XKZeRARD»BANZ)
_ 582 BETA=(GANL/ {QANTHBANZ I E(B-A) A
- TURN
[ ., _ E5a END
. ) sunw‘mc TANIMARN { T r A s B BAN) T
sS4 BARNASL
. [T7 KTk~ 77T T T T T T T
558 TH1=K1

559 Lall RAWNDU(RA:RBR1S et o rmmTmon T o mTm e

- 540 IFIRI=(TE~TK1}) 10¢10020
T AT 10 KiskidLT e - VU D G
. Se2 20 DO 303 Juei,X1
. Y- T CALL RANDUCRA(RB.RLY —~ =77 77 - -7 == ===~ -
Sd4 30T OANRA=CANHARR L
13- BARS ~AL TN {GANRRY
- Séé RETURN
547 END e e e e R
548 SUBROUTINE RANDU (RA+RS» YFL)
. S4% T TEWP=RARR ’ oo
Lyl

TEITEMP LLF, t 3 "4 v ewe
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® e— RSy KieTK

s5@ TK1wK1
==Y “TALL WANDUTRA,NE.NIJ
® 540 IF(R1-{TR=TK1}} 30+10,20
=41 10 Ki#K1¥%
542 20 DO 303 Tuwi,K1
® =47 EALL™ RANDUZRA-RE+RTT
54 303 GAMMA=GANMATR]
A= —ALOGIGARRAY
@ 34é KETURN
’557 END
BUBROUTINE RANDULRA,RE: YFL) ..
® 367 ——TEAPaRARD
570 IFCTENMP JLE. 3.) 80 TD 353
w71 TERP=TERP-1.T
® 572 5553 YFL=TEWP
373 RA=RD
=74 RB=TEMNP
® 575 RETURN
574 END
T4 * rdr r r L
® 578 REAL INT
— %7y DINERSION XSTARDFUSOZS7T FIT(#7
580 XYI=RBS(TCLOST)
® e—sar—"mxxfalnutm—
582 IF{XXT .LE. 02 lm'r:u.n'n
o 584 xx‘n-xx‘nuu'r
T XgE J12= 4T
JBé BDOT(J12)=RDOTCJ12) $NXTT
® KXTY
S89 RETURM
ey TR
® 550 BUBROUTINE ANYPRO(NAr Js XETARDE » &
571 BINEHSION XBTARDP (50,3} rA (40,1087 »B{EE)
592 DO 23 MTA=2.)
® 593 MT1eMTA=1
594 DO 24 MT2e14rNA
Al HTZeM EU. T0 107
® . 0D TD 28
397 107 WTT3=NTZ=-15
598 ACLMTTA)=0
o T T seF RIT2anTTI4IZ
400 B(NT22)m0
01 2& CONTINUE
o 602 2% CONTINGE
403 “RETURN
S04 END
o T 0% SUBRUUTIRE VER U Ar ¥y JHv Xr Ev Ky Y+ Ne RE+ Wr W INUCr
404 1 NUMURr NUMPY, INFBs LAr TPIVe TECOL: W2 )
&07 L
408 ( bl l il b fa3zRFATIRIRSNRIERAOY b
- &0 C R o T )
810_C VER TAKES THE BASIS SET OF COLUMNS (AS INDICATED BY
® - 11— T KBy ALONG WITH WHATEVER ARTIFICIAL COLUWNS ARE
412 € NECESSARYs AND FORMS AN IMVERSE (E). OTHER QUTPYT
iy € INCLUDEST VALUE OF BASILC VARIABLEB (X)s CHANGES TD
® 414 C BASIS SET OF COLUMNG (KB)» AND THE ITERATION STATISTICE
- 415 € (NURVR: NUREY, INFS: INMUC). IT MAY HAPPEN THAT
416 € SDME OF THE REAL COLUMME (AS INDICATED BY KB)
[ S 417 C T CANKDT BE PIVDTEDR INTO THE BASIS: IN WHICH CARE TREY —
618 C ARE REPLACED BY AN ARTIFICIAL COLUNN,
svyc . __ __ ___ ______ T/
o 420 C THE BUBROUTINE 18 USED By BINPLX AMD OUTPUT RETURNED
"""" a2 C 1D EIMPLX. BUBRDUTINES CALLED BY THIS SUBROUTINE ARE ”
o 422 C JHY (UPDATE OF ENTERING COLUWM) AND PIV (PERFORMS
® T a2y T — ACTUAL PIVOTILT "
424 C
8§25 T “IRPITT Ar B IR o HE W RE s RURUR s RURPFU - X Y
e 626 €
T 27 € — DUTPOTT YoE«RF TR - NUNUR - HUNPY, INFiE N
é28 €
® 429 TR IV R EERNERERERRRRFRERR it fidnnt i sk is i At N AR R R AR TN N AN 2iTY
&30 C
- 37 DTRERSIDN JHUYYy X{X¥r E{IY¥r KB{IFr YIXITs¢ ACLTy WIXT
® 632
43377 ITIATE ™ T T - i -
634 IF (LAY 1121, 2121, 1122
[ ] A TTITIVIRNG & O - T
636 1122 NUNVR = NURVR  +1
T RIS o0 110% I = I RZ T
[ 438 1101 E(I}=0.0
&3F T 7T WNSE - - -
440 DO 1143 T = dr M
[ &AT T ETMMY =1.0 - - T -
442 X{I) = BiX)
- - + N+
e ren DO 1116 1 = W
445 IF {MHII)) 1114 H.I.Or 1118777 Tt
446 1111 JMCI) = 12348
® . © 7T 4471110 CONTIME -
48 INFE = |
AV
® &350 : DO 1102 Jwir ¥
T ASYT YR UKBUSY T 400 571102 ¢ 400 - s
32 00 TALL JNY & Jr Ar Er Ne Yo HE )
. T 433 T CHOOSE PIVOY -~~~ T T T T T T
34 1114 TY = 0.0
435 DO 1104 1 = WFr N
- 54 IF (JH(I) = 12343 ) 1104, 1105, 1104

437 T 110% IF (ADEIYLIN)=TY) 1104+1104¢1104 ) oo
458 __1104 IR =

1
- T oama TrmapEiviTvy T T Toovmmm ot TUTo
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— . v ssva u = ur m
| Jp— ST *——IF T KB(JY T 400 i 1107 7 SR
432 400 CALL Y 4 b e Er W Yr NE D)
. [ 2 gl - FIVaY
54 1314 TY = 0.0
653 DO 1104 I w MFr W
® 554 IF (JW(E) = 172345 » 1104 uos- 1104
857 13108 IF (ABSIY(I-1¥Y 1104,1104, 5104
658 1108 IR = I
) =1 TY=APG(Y{ITY
460 1104 CONTINVE
YY) TEST PIVOT
® . b2 IFCTY-TPIV} 1107+3108,1108
&63 C BAD PIVOTy ROW IRy COLUNN J
464 1107 KBLJ) = O
® 645 B0 TH 1ieF
b4 PIVET
u? uos Jm:rn =]
Y = IR o
665 ¥od N_L PIV T IR Yr He Er X NUNPY, TECDL )
470 1102 CONTINUE
e 3T T RESET ARTIFICTALW
472 DD 1109 I = 1s W
73 TF ¢ JH(IJ - 12343 | 1109 Lilds 110F
o 474 1112 JH(I) » O
378 110%  CONTINUE
76 RETURN
® 77 ERD
&78 SUBROQUTIME MEW CMeNe JHe KBr Ay By WFe RE )
67? c (1 'y Es |
&80 L (Tt sass -
g [} N T
92 C MEW SCANS "A® DF THE INITIALLY FORMULATER TABLEAU OF A
® 48Y € NEW PROBLEM TG BEE IF THERE ARE ANY COLUMNS THAT CaN BE
484 € USED INSTEAT OF ARTIFICIAL COLUMNE IN THE INITIAL BASIS.
355 € YO BE ELTGIBEEr A COLUMN MUST WAVE ONLY ONE NOWR-ZERD
® 466 C ELEMENTs AND IT HUST WAVE THE SAME 516N AS THE CORRE-
L~ e87 L EPDNLING RIDHT HAND SIDE ELEMENT. (THI§ MEANS THAT ANY
. 486 _C NEGATIVE BASIC YARIABLE MUST BE ARTIFICIAL.}
P{: L
* 490 L THE BUPROUTINE 18 USED BY BIMPLX AND OUTPUT RETURNED
T T TO ETHFLY.
Y 692 C B
A 1 < S -4 TNPUTT NN Rr D WF o HE
é7¢ C
[ 69?5 C — OUTPUTY JHe KF
é96 C
IR AT O R EIN I A S RN TN
® 6%8 C ]
= A9F -
700 DIMENSION JH(1)» KB(13s A(3)e D1}
® TTTT 700 T IADEGT DO 1401 & 4r M
702 1401 JH{I} = 0
703 T THETALL WYROLETONY
® 704 XK1 =
T T 708 ‘Do noz—:r”’r'a T T T T .
708 Kb{J) = O
® M T T KAERTEFW 7 i s T
708 KTH = KT + M
- LA TALLY ENTRIER IN CONYTRAIRTY
® 710 KD = &
B ¥ A |- B IIOTL_T'KTHIKTIM'"“ T
712 IF (ALY} 1404+ 1403¢ 21404
@ S SR
714 LO = L
- 71
® 714 € CHECK MMETHER J IS CANDIDATE
- M | = A0ZT31A0%,1402 o T s
718 1405 1D - LO- KT
9 Iy T TF U MUIQY T 1407 T4bés 1407
720 uoa IF (A{LOYEB{ID)) 1402, 1407, 1807
72T J IR TANDIDATE. TNETALL
» 7221407 SMUI0) = 4
T2 XBOIY = 10
724 1402 KT = KY_ & ME
) 725 RETURM
724 END

GBT7 YRe TPIVs Ve JIN J

Cxid ARAERRRAE 1 TxE ici
.73 L S e e
» L MIN SELECTR THE TOLUMN 7D ENTER THE BAGIS. 1T RECECTE
i v32 ¢ THE COLUMN WITH THE MOST NEGATIVE REDUCED COST (A%
: IT T LOAMPLTED IN BUBRDUTINE DEL). THE COLUNM NUWRER SELETTED
» ‘__;;u c €JT) 18 RETURNED TO THE CALLING SUBROUTINME.
3% i -
L 734 ¢ THE BUBRDUTINE 1B USED BY SINFLX AND QUTPFUT IS
. BINPLY. BUBROUTINE DEL I8 CALLED TQ COMPUTE THE =~
: P C REBUCED CHST OF EACH COLUMN.
[ 7IFT "—
_ 740 C INPUTS NsModsPrieBeBE TCOST» IR+ TPIV,Y
T Tt o T o e -
B 42 € DUTPUTE STy JIN
7A3°T - R
7a4 [ LERRRAR
L L - e
_ 744 DIMENGION P{1)» KB{1ds Yil)s A(1)
?IQB L] T
- DA = YLOE
749 03 d -
733 FIv = —TFiy
IR ; R+ (Y
-, T L Bl

AR L -
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o FAB N e —ewcim W e eMte s
17 TFIKG =TT 1302, 1M 1402
718 1403 IO » LO- KT _ _
—— 1% —— IF U WUILY 3 1407, 14037 TADZ
o 720 1404 IF (AILQIEBLIO)) 1402y 1407, 1407
21T JIW TANDIDATE. "IwSTALL
® 722 1407 MUIQY = J
7% KB{Jy = 18
24 1402 KT = KT ¢ NE
® RETURN
726 END
ri-4d GUBRDUTIRE HIN U JT» Nr Hr &7 Fo KBy REr TLUBTs IR: TFIV: Y JIN ¥
L e P N
® 31 c WIR GELECTE THE EOLUMN TD ENTER THE Bas!8ITY SECECYS
732 € THE COLURN WITH THE HMOST WEGATIVE REDUCED COST CAS
7T T TOMFUTED IN SUBROUTINE DELY. TME COLUMN MUMBER BELECTED
® 734 C (JT) IS RETURNED TO THE CALLING SUBROUTINE.
735 C
738 G THE SUBRDUTINE 18 USED BY SIMPLX AND OUTPUT I8 RETURNED
@ 7IT T T SIMFLX. SUBROUTINE DEL™ IS CALLED TO CONPUTE THE
739 C REDUCED COST OF EACH COLUMN.
7IF L
® 74¢ C INPUT? NeMeAePeKrBerME»TCOBT IR TPIV,Y
AT €
742 C BUTPUTT JTe 1IN
® FLE
744 C¥x¥ X SEFENTAEENN! XN L8
735 C
® 748 DIMENEION P{1)r KB{L1}r ¥ilde AL1)
P47 700 JT = &
748 DA = TCOBT
® T 7A 180
750 PIV = =TPLY
7EL JIN =0 y
® 752 PING & =TPIV
T 753 AR = -1.0EF20
@ i
[ ] = Tr N
754 C SKIPF COLUMNS IN BAGIS
- v 3007 707
. 758 300 CALL DEL { JMe DTy Me Ar Py BEs IR: PPy ¥ )
— 73941?‘(‘11—1—!—7“.7“.27» -
746 DUALS  RATID TEST
® 741 —zvos'rr“r“ilslbnT‘rcosr )T 2706¢2708,2708 -
782 C IERD RATID = USE WOST WEGATIVE PIVOT ELEMENT
T 74T 2L IF U P - PIV Y 2707203702
® 764 2707 PIV = BP
— 74857 T = N
754 15 = 1
® Bttt % B0 TO 707 - T
748 C HONIERD RATID
T 78¥ ZYOE IF U IN T 70Z:270V.702
® 770 € IF DUAL INFEAGIMLE: SET JIN AND EXIT
CFIT EFUY IF U DT T O 2710.2711.2711 - o
772 27106 JY = am
® L) JIN = 1 —Tt T tTm e T T
774 GO TD 2702
- F7a
® 774 2711 IF ¢ DP + 'rnv 3 2712.702.702
T T ??F 2717 RATID = DT/DP Tt -
778 € SAVE HINIHUW RATID
® o i ATIO = AA T 702,2711,371% :
780 € 1F RATIO TIE, USE WOAT MEGATIVE PIVOT ELEMENT
76T 7T T T P - PIVO ¥ 714, 704 702
e 782 2714 PIVD = DP .
783" 2Z7IT AA = RATIO
784 JT = m
® C eSS YO 702 - -
788 C PRINALS bo TEST
787 705 IF ( DT ~ DA ) 708 702 P02
. 788 708 DA = DY L
78% Jt = N
7%0 202 CouTim®E L e
- 791 2702 CONTINUE :
792 RETLMM
- 793 EnD
» . 794  GBUBROUTINE JNY (JTr A¢ Evr Mr Yr NE 3 o - -
o793 C
794 CEIEXEXERERRY R ENEk _
. 797 L
798 C JHY UPDATER COLUMN JT OF THE ORIGIMAL CONSTRAINT-SET
¥ € BY PREMULTIPLYING IT BY THME CURREWNT INVERSE. TME
. 8000 C UPDATED COLUMN IS RETURNED AS Y. THE HULTIPLICATION
Boy C 18 DONE IN COLUMN RATHER THaW KOW ORDER.
po2 ¢
- T 7T 803 T TRETBUBRDUTINE IN USED BY BINPLY AND VERs AAD RETURNE —  ~ — — '~ 777
BG4 C OUTPUT TO CALLING SUBRDUTINE, . .
805~ C
- 806 C IMPUTLE JTohvEvieE
#? € o T T
B0B C DUTPYT: ¥
- 8oy Tt o - - T
416 C
61T L T -
- B12 DIRENBION E(1)s ¥il)e AC1) e
nitT - -
914 a0 DO 410 Im A.N o
F— B T3 TS T L ¢ 20 7 e T
Bl LP = JTHE - W e
\ — ef7 C=
-

L3} ™ L0603 I= 18
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s €
® 804 C IMPUTE JTshrErMenE
— 807 C
OB _C ouUTPUTS Y
[ -1
810 Cx¥ 111 ANRANEARE 113131 EERRRER
CER A
® 812 . DIMENSION E(1}r Yi3)r &l3)
iy T
14 400 DO 410 1= A/M
® —"‘—niﬂ YI(F3 =0.0
816 LP = JTSME - ME
B17 IC = ¥
® a8 DG 403 Iw-1rM
a1y F>LF¥1
Q 820 IF  CAWLP))  &01s 402y 401
® 821 &CI OO 804 J = 1+W
622 LL = LL +1
623 E5E V() = VI3 ¥ AlLFT & E(LLY
[ ] vz4 G0 TD 403
§2% 02 LL = LL * N

824 40% CONTINUE

e 8z &9F RETURW

828 END
87V SUBRDUTINE FIV U IN: Y5 Rr Ev X7 NUMPU, TECOL ¥
[ ] 830 € PP ) o
T 831 TR 1124 seskriseniiagg
B32
@ T BT — FIV, USING AN UPDATED COLUMNY ¥y PIVOTS THE COLUMN
B34 C INTO THE BABISs PIVOTING OM ROMIIR (ESTABLISHED IM
BI5 T BUBRUUTTIRE ROW). AFTER PIVOTINGY THE BABIT VARIABLER
® 83s C MRE UPDATED.
R - & A + - T
838 € THE BUBRDUTINE IS USED BY BINPLX AND VERs AND RETURMS
® B3y T GUTPUT TO CTALLIMNG GUBROUTINE. &
B840 C
;L. 3 B 4 } 4 rTrRrEr Ay t
® B4z €
''''' BAa3 T OUTPOTT Er X NUMPY
944 C
[ ° T H4S  TRIZXITFEER e et et X E2 XL EEEREENANE
g4 C
T E&Y T DIRERRION YUITr ETIVy XUIY
® B4B C
T 8AY T T VOU ROWPY & WPV F 3 T = - T
850 © . .
® : T T2 & =TUINY g - s T T T e e
852 YIIR) » =1,0
sy T T
. 8ss € TRANSFORN INVERSE
85 905 DO VO& F= 1r A
__ 8% ULl IR - : _ :
) w57 IF(ARSTE(L)?=TECOL) ¥14:714,905
BB P14 Lt = LL + 9
: CELd B0 YO 904
® . P50 POS T mECL) £ T2 ) R —
91 By m0L 0
B62 DO POs_1 = 1y W
® T 843 LCa Ll #E
a4 906 E(LL) = ECLL) 4738 YI(I)
- 843 #04 CONTINUE
0 _ Wsbé € TRAMNBFORA X ==~ . -
Bs7 T = X(ik¥ 7 Y2 TTT T T
888 XCIR) = 0.0
® ToT o essT . DO e YT aTLi W - =
870 P00 X(I} = X(1) 4T3% ¥Y(I)
87l € RESTORE Vi1K)
® ar2 YUIRY = -T2
T BIS T N
874 999 RETURN
@ T 8% END
azs SUBRDUTINE DEL { JMr BT Mr Ar Po NE: IRy DPe Y )
- Y
878 Cx x L2y
. e ¢ T T~ I
ego € DEL COMPUTES THE REPUCED COST FDR THE COLLMN .
[T - -
* Bz € THIS BUBROUTINE I8 USED BY NIN AND OUTPUT IS RETURNED
el T TG KIN.
® 8e4 €
B - rHr A ME IRy Y T T T - - -
. 886 C
° - poy e e e e ———— e
88 T
TTTOBRY T THE WRCUWENT VIERTANCEY UBET IN THATE BURRIKITTHE ARE &¥
e 8%0 C FOLLOWS [
%1 C 77T DY¥s REDUCED COBY ~ T . T -
arz € Pe BINPLEX MATIPLIERE (PI1)
[ ) e - U T T T T e T T
BYP4A [« r
T UR9E T - T T e
® B94 DIMENSIDN P{13s ¥iL)r AiL)
887 7 X00 DT = 3.D Tt T T
%8 bral. O
® Bey——  KDEL & {N -~ IJ & ME '~ 7 77T TmTToo T
?00 C
- 90T ST O X TIEL s I} W T
® 902 KDEL »kDEL + 1
TTOTTTT 03T T XIF U A(KDEL))304» 303 304 00 T
04 304 JF ¢ PCIDEL) ) B30Z,2303e 302
@ TS TTTI0I UT e BT § P(IDEL) & A(KDEL}Y : - S — e

Yoe € DO BECOMD PRICING VECTOR (IF MONZERD COEFFR)
e

T e 1 Ry waAw mm
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i ll -t 503,303, 2507

. 270 vt s WY Y AmeF v e .- B
T EY7 300 BY s 0.0
L1 DPw0.0
e Byy RDEC & TN = IF B WE
900 €
= Ir N
® o2 KDEL&KDEL#1
VYOI IF U A 3 Xy 30&
04 304 IF ( PCIDELY 3 302,2303, 302
® vOT 07 DT & PY ¥ PITDELY B AIKDELY
voe C DD SECOND PRICING VECTOR (IF NONZERD COEFFR)
= v e T304
® 908 2304 IF (Y(IDEL))  2305,303,230%
oy ZI05 DP=UPFYTIDELTWATKDEL ¥
10 303 CONTINUE \
® . YII— T
912 399 RETURN
iy ERD
Y 14 BUBROUTINE ERR { My Ar Be TERRr JHr Ne Pa Yo HEs LA Y
vIS T -
P14 Caax i s e
. yIir L T o -
ne € ERR CALCLAATES THE SOLUTION ERROR ACCUMULATED AND
e C STORES IY 50 THAT IT MAY BE PRINTED IN THE QUTPUT,
@ 20 C IF DEEIRED.
217 C
022 t THE SUBRDUTIME 18 USED BY BINPLX AND_ OUTPUT RETURNED
- $z3 € 10 BImPLx.
924 €
25 C T L1 1] v X P Ve RE LA
® . P24 _C e
92?7 C — OUTPUTE TERK
920 _C —
® 929 C THE ARGUMENT TERK T8 EQUIVALENCED TO ERR IN THE
v30 € SIMPLY BUBRDUT INE .
93; t [Frtsdd
3 C x BERNE 123Ex2
L 933 g T T " b
DIMENSIDN JH(1)s X{1)e PC12r Y(1)r TERR(E}s, A(1)s BC1)
® T 935_‘_.30 401’ T "I B
9?34 401 Y(I) ==B(])
o 937 — D3 Az I v Lv R
® ¥30 JA m JHED)
»I®T " IF (JR) 40%r #0T+ A0F
940 401  IA=MENCJA-1)
[ TTUTT va) DO AT TIT = Iv N
vz Iaw 1A 4 34
. f4%  IF(ALIAY ¥ &I3s 403+ IS
Y a4 A15 YOIT) wYOIT) 4XCX) & AGIMY
77T pas T #0S CONTINOE T
LLT) 402 CONMTIMUE
® a7 T - FIND SUN AND RAXIMUM OF ERRORS ~—
P48 DO 481 I = 1r M
iy YT = Y(IY
® Y50 IF ¢ JHCI) ) 472y 471» 47 .
T T sy 4717 1S YL ¥ XD ) o
- 952 472 TERR(LA+1YaTERRC(LA+1)$ABS{YI}
e #5377 IF(ABSITERRILA42))I-ARS(YI}) 482,481,401 coroTT -
34 482 TERR(LA#2) = YI
I - L3} EOWTY
. 936 € - o STORE P TINES BANIS AT DT _ L
?37 T IR =Y - B
58 DO 411 1 = 14 N D o . ]
e T opsETTT e MOy T T —
P40 IF C Jn ) JOO s 411 » FOD
TTTUTTTRAT T CALL BEL U JN» DTe Me Ar Pe MEe IRe DO, Y §
® P42 410 TERR(LA+II=TERRILAD) +tABR(DT)
T PAY T T IF(ABS{TERR{LA+4}I-ADSI(DT)) 41Fe4ddrad)y T T
vo4 413 TERRULA44; = BY
. P45 AL CONTIMUE — 7=~ TTTT T T T mmmmemo o e e e e
L RETURN
VES ERD
[ 48 BUBROUTINE DET ( We BCr WFe JHs Xe Y Py E» IRs PHIX )
L Rkt - ToTT T T e
76 C sREEE %
@ L 27 SO - - e —
#72 C GET DOBYAING THE VECTOR OF BIMPLEX WULTIPLIERS TO BE
T eTY T USED TO TALCULATE REDUCED CDETS. IN A NORMAL, PHASE T
Y »74 C ITERATION, THIS IS JUSY YHE FIRST ROW OF THE CURRENT
7S € INVERSE. 1IN PHABE 1. HOWEVER» BPECIAL PROCEDURES ARE
e € USED T0 AVOID EXPLICITLY BYATINO THE INFEASIBILITY FORM.
- L £7 400 A -
o $78 C THE SUBROUTIME IR USED BY SINPLX AND OUTPUT RETURNED
) ¥y € 10 BINFLX, T
® s80 C .
PE1 T T T ITWRUTT NeMCrMF » Mo X0 E» IR PHIX ' oo o — T
82 C
g 83 C T T OUTRUTT YR P T T T T -
v84 €
- ”s
e 84 . N
B | -7 BIMENEION T35 X0037 Poxde £1ys Yead' — 7 777 -
958 300 WAN = NC . e
e %9 I s IN
80 PE » 1.0 _
Lid T HUIEY 7 S02: 2507, 362
e 992 2502 PB = ~1.0 . . ~
TTUeet T IR T KUIRY V502,502,302 - t T
94 3302 PR = 1.0 .
[ T eesTTT T PRINAL PRICES . I
red 802 DO S03 4 s de N
T 797_'_'_" PI'JT“"EI‘MHT__"" Tt o TmEe T o TrrrTmTT
B
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102% 7T FICIAL VARTABLES ARE MOM-TEROD, IN TWE SECOND TEEBTe
1030 C THE ROM INDEX OF THE MON-IERD ARTIFICIAL VARIABLE (JIN)
103T €  IBE RETURNED YO THE CALLINO SUBROUTIME AS AN INDICATION

_— w7 P} = ELAM)
- 98 IF IR - 1) 303,303, 2503
T ¥R 2303 YUJY & PEREUANT?
1000 MMI = MMI + M
.“'_—_IOOI TOT WHR =FHd ¥ R
1002 IF ( IR = 1 } SPPs501,399
1663 C COMPDSTTE PRICES
® 1004 501 DO 504 J = ise W
1605 504 F(J) = F{E PATX
1006 DO 908 I = MFy M
® 1007 HHN =Y
1008 IF  ( X(1) ) 50:. 507 S07
{907 B0& DO S0 J = Iy
Y 1010 P(J) = #{J) & tuwn
h i - L2, |
1012 GO TO S0S
Y 1047 907 IF TJHIIIT 505, S0V, 509
1014 B09 DO 310 J = 1r N
015 FU{JV = PUJY — E(RARY-
o 1016 S10 M = MR 4
- 1017 E5%  CONTINUE
. 12;3 [
® 1020 EHD
ITZT BUBROUTINE XTK { Wr NF» My Xi¢ TIERGy JIN J
o 1022 C
C T 10T CEERETEERRSIRNIRLNNERREENE 11 2 AT
1024 C
® 1025~ TTHE TUMRENT BASIC BOLUTION IX) FOWM TWO
1026 € TESTB, FIRST, IT LOOKS FOR ANY VARTABLEE THAT CAN BE
027 ¢ EET YO ZERD EY COMPARING TO YHE ESTABLIEHED ZERD
e 1028 € TOLERANCE (TZERD?: BECONDG: IT DETERMINES IF ANY ARTI-
L ]
[
L
®

1032 € GF THE PHASE THE ALUORITHM IB IN.
0TI T
1034 C THIS BUPROUTIME 19 USED II‘ IIHFLX m WTPU'I’ RETURNED
TTTI03T U - TU SINFLX
1036 €
TTTARIT T IR Ry My K TIERD
1038 €
- 03V L UITFUTT JIN
1040 €
© 10817 TEXHETIRERETIRENRRRARAR L ¢ sERRsdaRs®

1042 C

Y . 1043 -~ DIMENEIUW JRATYYe X(IF — — T
1044 C

- 1035 € RESET X NP THECK FUR TWFEASIFILITIEY
[ 1046 1212 JIN = @
"""" 1047 XI = TZERD

1048 DO 1201 1 = MFy W

a I Ll TF{ABS (XTITI=TZERUF T20Z,1203+120F
1050 1202 X(I) = 0.0
10351 60 TO 1201

1052 1203 IF ( X(I' ) 1204s 1201s 1203 L
1053 1205 IF ( M1} ) 1201» 1204r 1201
1054 1206 IF ¢ XI = ABSIX(1)) » 1207,3207+1201

10338 1207 xF = apdicr)y’

1056 JIW = 1
1087 1201 CONTINUE
1058 _ _ RETURN i
1089 END
1040 _BUBROUTINE ROM ( IR: Wr BF: M Xo ¥y TPIV ) e e
1041 €
1082 13131 ' FEEEREEERRNNRNATIRIANY
1043 €
1044 € ROM PERFDRMS THE DPERATIDN FDR THE EXIT CRITERION OF
1045 € THE PRIMAL SINFLX DNLY. THE ROW CHOBEN I8 DETERMIMED o
1064 C IN THE FOLLDWING ORDER? . .
1067 € 1} XtiR)=G: ARTIFICIAL . - T N
1068 C 2) X(IR)=0r REAL Y(IR)>>Q

1067 € 30 XCIR)=NON-ZERD, XC(IRI/YUINY™ mINCTIFOR

167¢ € EXCD YOI OXCEI/7Y(12330)
1071 € - - -
1072 ¢ THE BUBROUTINE I9 USED BY BIWPLX AND OUTMUT 18 RETURNED
1073 € 10 GINFLX. .
1074 € )
10757 C  INPUTT KRR L VTPV
1074 ¢ __ o B B
1077 €T T uTAUT) TR T
1078 € o o e
1079 € THE ARGURENT YR I8 THE INDEX OF THE ROW SELECTED TO
jo80 € E€XIT THE BABIS, o
10017 €
1082 CR2REBLIRRLNLILNS sEeENs : ESERRNREREE _

- 1083 € \ w

1084 DIMENSION JH{1)s X(1)s Y(1) o :
108% 1000 IR = O e s =
1084 s 0.0
1687 fh = O T
1088 B0 1050 I = WFy M R i
1089 T T IR (ONCIF) L0BGe 10415 1036 C s s o e -
1090 1041 YI=ABS(Y(I}) —

1 1091 IF ¢ ¥1 « TPIV. b 1050+ 1050, 1042 B

1092 1042 IF ¢ JH(IY ) 1043, 1044y 104D
. I IF(IAD T

)50, 1048+ 1050
1094 1048 IF ¢ Y(I) ) 1030y 1030, 1043

TTA044 IF TIAD 7T 1043: 1044 1045
1096 1043 IF 41 I i) } 1030+ 1030, j047

[ ] 1097 1043 TIAw I T T O TT T ot . -
1oy 1047 A = Y1
M Eall Tt w1 -
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109

N 10ve 104/ Aam = 14
107% IR = T
e 1100 1030 CONTINUE
11 IOV T TOGY  JUVY
1102 1001 AA = 1.0E+20
Y 1183 T FIND WIN. PIVOT ANDNG POUTTIVE EQUATIONTE
1104 DO 1010 1T = #F » M

® 1106
- 11

- ¥ I Z
1002 IF ¢ X(IT} } 1010, 1020r 100)

1108 IF ( XY - AA 7 LOb4r 1005s 1010
P .—n TTIHTUITTY  I0L0F 1008y T3V
1110 1004 AA = XY
TI1Y TR=TIT
® 1112 31010 CONTINUE
FIVDT ANUOND WEGATIVE EUUATIONS: IN WHICH XY IS5 LEES THAN THE
13114 C WMINIWMUM X707 1M THE POBITIVE EQUATIOWD, THAT MAS THE LARGEST ABSF{Y} N
@ T msTos ER = = TPIV T T
1114 DO 1030 I = MF » M
Iy IF TXCITF 1012+ 1030y 10630~~~ ~—
® 1118 1012 IF  { Y(I} - BB ) 1022s 1030: 1030
T 11§ 10227 IF @ Y{IY ¥ AR - X(ID ¥ 1024
1120 CHRESERsaasssaasinisssaisny e LARRAN, LEERERRERAIIBENNRRRLY
@& 1121 » 1024r 1030
1122 1024 BF_ = Y(1}
Tizy Ik = 1
o 1124 1030 CONTINUE
T 11297 10Y¥ RETURN
1126 END - o
® 1127 BUBRDUTINE BINPLX (INFING ArB e TOL rPRHKOUTVERE: JHr X e P Y+ KErEsKPFRNTY
1128 €
TR N ETIO  a  F  erRrr e R s na s F R R AR R d RA R as AR ¥
® 113¢ € ~
T 413 T SBINPLY IS5 THE FRINCIPAL CONTROLLING SUBROUTINE FOR
1132 © THE SOLUTIOW DF THE SIMPLEX ALGURITHM. ONLY THE PRIMAL
Y TIT3 T BOLUTION CaW BE DBTAINED BY UBING SIAPLX IN I1TS PRESENT
1134 C FORM. MODIFICATION CAN BE MADE TO FIND THE DUAL
1135 € SOLUTIDN,
® 1136 € ~ . o
1137 € THE GUBROUTINE RECEIVEE AND OUTPUTH DATA AB INSTRUCTED
1138_C BY AN EXTERNAL INPUT/GUTPUT PROGRAM. BUBROUTINES USED
™Y 1139~ € TN SOLVING THE EIMPLEX ALGDRITHM ARE AS FOLLOWST
1140 € . 1) NEW
Tia1 € 27 VER
® 1142 C 3) XCK
T 1143 B A0 GEY
1144_C 3) MIN
® — wvas"C &Y JHY
1146 C 7) ROW
1147 C ¥ FIV
@ 1148 € ¥) ERR
. T 11497 €
. 1130 € INPUTE INFIXrArD«TOLPRA
® TTTsiT € T
1152 ¢ INTERHEDIATED PsY.E
nsyr ¢
® 1154 € DUTPUTS KOUTERRrMs X KB
11557 € —
1154 € ARGUBENTE WHICH HUST BE INITIALLZED ARE AS FOLLOUST
— e 18T BE ED r
® 1138 ¢ 13 INFIXs AN INTEQER VECTOR CONTAINING 8 INPUT QUANTITIES
IIS¥ © REFRESERTIHGE YHE FOLLOWING QALUEST
® 1160 C (1) INFLAGm INPUT CONDITIONI O OR 4 MEANS NEW PROBLEN.
1168 “E {2} N= THE NUMBER OF COLUMNS IN THE *A* HATRIN,
1142 C (3) WE= THE LENGTH DF ONE COLUAN EM THE "A* NATRIX.
[ 11637 E7 " 7 {THE FIRST DIMEWSION OF THE *A* MATRIX) ~~ -
1164 C {4) H= THE ROW NUMEER OF THE FINAL CONSTRAINTS IN
ITES € THE "AY RatRIX TH<DR=HED,
[ 1144 € (5) MF= THE ROW NUMBER OF THE FIRST GONSTRAINT IN
T TTIeT T THE "A® MATRIX (MF<OR=M), ~—
1168 € [4) WC= THE RDW WUMRER DF THE OBJECTIVE FORN (COETS)
[ ] 1167 © TN THE *A" WATRIX (MFOHC>O), -~ . -
1170 € [7) NCUT= THE MAXIWUM NUMBER OF ITERATIONS® THAT
- II7T € WITL BE ALLOWED TO SOLVE THE FROBLEN,
® 1172 C t8) WUERs THE REINVERSIDN FREQUEWCY (NUERsO MEANS
1173 T TO NOT REINVERTS. -
1174 € 2% A= REAM VALUED CDEFFICIEMT MATRIX., STORED IN
® . T yL¥S- T COLUMN ORDER, ~ = T T T T
1176 € 3} 3= REAL VALUED VALUES OF RIGHT HAND S1LE.
TI7 T AT TUCE & VECTOR CONTAINING THE 4 ALLOWABLE REAL
] 1178 € VALUED TOLLERANCES AS FOLLOMS!
U TIIFY T XIT YRIVe PIVOT THLERANCE,T T T
1180 € {2) TIERDs TOLERANCE FOR SETTINO *X* TD ZERD.
& —- 1198 C TIY TLOST= REDUCED COST 15 COMSIDERED T0O BE NEGATIVE
1182 € DNLY IF IT I8 BELOW THIS QUANTITY.
1183 € t4) TECOL= DUANTITIES I THE PIVAT ROW OF THE LWVERSE
- 1184 C _.___ ARE ASSUMED IERD IF MAONITUDE BELOM THIS .
1185 C T GUANTITY (USED QHLY IN VERSION 2 OF THE
118 € SUBRDUTINE) . o e, -
- 1187 € S5 PRA= REAL VALUED MIXED PRICING COEFFICIENT. T
1 C ) —
119% € INTERREDIATE ARGUMENTE LSED ARE A8 FOLLOWET
1v0 € -
- 1y £ 1) Ps REAL VALUED CONSTRAINY PRICES (PI), TooTm e
L1192 € @) Y= REAL VALUED TEWMPORARY WORKINO AMD STORAOE VECTOR. -
- 1193 C 3) E= REAL VALLED VECTOR CONTAIMING THE CURRENT
- 1174 € INVERSE IN COLUMN ORDER.
1195 €
. 1196 € MROURENTS RETURWED AR DUTPUT TO INITIATING PROGRAN

o 1¥F € ARE AB FDLLOWS | o

1198

1200

c

119# T I KDUTe AN INTEDER VECTDR CONTAINING 7 OUTPUT CUANTITIES 0

c REPRESFNTING TU™ £7 = "nn UALUESL




1195 C
® 1194 C ARTUMENTS RETURNED AS DUTPUT TD IRITIATING PROGRAM
1197 € ARE“AS FOLLOWS!
98_C
Py ——-—-Hvr—:—'—'n—m—w TINTEGER VECTOR CORYATHYNG 7 OUTPUT DUANTITIES
1200 T REPRESENTING THE FOLLOWING VALUES!
130y € T1) K= DUF¥L'7 CONDITIONE
P 1202 € F= FEnSIBLE AND OPTIMAL.
120 € 4% ND FEASTELE SOLUTION:
1204 € %= ND PIVOT PERECRNED, INFINITE SDLUTION.
® 1205 T &= ITFRATION LINIT EXCEEDED.
1204 C 7» ILLEGAL IMPUT QUANTITY,
» WURBER OF ITERATIORE TAREW.
e 1208 C (3)_INUC® NUMBER OF ITERATIONS SINCE LAST INVERBIGN.
I%0¥% TAY WUMVR= NUABER OF INVERSIOME PERFORMED,
1210 € C(INCLUDING INITIAL AND FINAL INVERSIONSE.)
e 1211 T TS} MUMPU= NUMBER OF PIVOTSE PERFORMED,
1212 € {4) INFBa INFEASIBILITY FLADI
TZI3 € T INFEASTELE
e 1214 € O= FEASIBLE.
=T 24! YWAL PIVOT COLUMN BELECTED.
. 1216 C 2) ERR= A REAL VALUED VECTDR CONTAINING 8 DUTPUT OUANTITIES
® 1217 T OF TFHE CALCULATED ERRORB ACCUMULATED INTHE
1218_C OPERATIDNS REPRESENTING THE FOLLUOWING YALUES!
1Z1% E 11> EUM DF THE r:nslamn ERRORE .
® 1220 (2) RAXIMUM FEASIBILITY ERROR. e
1221 € X7 5uit OF THE REDUCED cos1‘s IN THE BASIS,
1222 ¢ (4) MAXIMUM REDUCED COST (IN ABSOLUTE VALUE) IN THE BASIS.
® - 122X U IF A FINAL INVERSIDN I8 PERFORMED: THEN THE PARAKETERS
1224 C (1) THRU (4> WILL BE ERRORS BEFQRE THE INVERSION AND
1278 T T PARBNRETERS (5) THRU (8) WILL BE THE CORHESPONDING
® 1224 © _ERRDRS AFTER THE INVERSION, L -
) 12277 C — ¥Y JH= AN "M® ELEMEMT INTEGER VECTOR CONTAINING THE
1220 € REAL INDEX GF THE PASIC VARIABLES. EXAMPLE!JM(3)m2?
e 1225 C KEANS THAT THE IRD BASIC VARIABLE IS THE 27TH
1230 C VARIABLE IM THE CONSTRAINT MATRIX. IF JH(I)aQ,
TZIT ¢ TREW THE "I°TH BASIC UARIABLE I8 ARTIFICIAL.
® 1232 € 4) X= REAL VALUED BOLUTION VECTOR.
T T 13T T W7 K@= AN TNY ELEMENT INTEGER VECTOR COMTAINING THE
1234 C BASIS INDEX OF THE REAL VARIABLES. EXAMPLE:KB{27)w3
@ ~TwEIw T MEANS THAT THE 27TH VARIABLE IN THE CONSTRAINT
1236 € MATRIX IS YHE THIRD BASIC VARIARLE. IF KB(J)mD/s
237 C THEN THE "J"TH VARIABLE 18 NON-BASIT.
Y 1238 €
- 123V CYSYEYERRRETNTNTINEEAER ¥
1240 €
® . 1243 - T - -
1242 INTEGER XXAUX»OUTPUT,TITI
- 174 DIMEN ' TU7yr ERGUUY, ZI{ATy TOFIX(L&)y TERR(ETr T
® 1244 1oui4)
ST 1245 _ DIMENSIDON ACT)s B(I¥s JHTIY, XUITS FUETy YLDy EB{IYr ELIY
1246 EQUIVALENCE C(INFLAG, IOFIX{1)) s (Ns1OFIX(2))s
o T 124 T AMETIOFIXAIY My (MeJOPTX(A) ), {MF,TOFIX{SITS
1249 2 (MC» JOFIX(S) )¢ { MCUT, IDFIXC(7) ) ¢ ¢ NVER, IOFIN(®) )a
e IRy UK IDFIXTYY T CITERS IDFTX(10) ¥i™ CIWMUC 7 TOFIXC(IIT ) »
® 1250 4 (NUMUR, IOFIX{12} 3y { NUMPV, JOFIX{(L3} ) .
1251 5 TCINFS, IOFIXC14) Yo 4 JTr TOFEX(15) ) ot LA s IOFIXKCidY Do
L1282 SUTPIVHZICEN) » ITIERGZZE2) s CTCOST 2 IT(II )2 CTECOLIZT(4))
® 1253 DUTPUTSE
1254 DO 1340 I= 1, 8
— T 1r5% TERR (I} = 0.0

® . 1234 1OFIX(148) = O i .
T 12857 134G IDFIXCIY =  INFIXCEY et
. 1258 DO 1308 Isled e o
e 1259 ° TZZULy=TOLLL)
1240
124
¢ 1252 PHIX = PRM .
T 12837 TCOBTE—ARS{TCOETY -
1244 IPRNT = 1 o o
- - 124% - ¥ t - T
1246 INFE = 1
B ¥ LA ] [-]
' 1248 C B CHECK FOR ILLEOAL WPyt
1249 NI =HE-H
1270 WRITEi{as24) WIL ~ __
[ 127977 24" TFORMAT(IB)
1272 IF i) 1304, 1304¢ 1374
- 127 164y 1372, 1372
'y 1274 1372 IF mr -~ AC) 1304, 1304r 1373
- 1275 1373 IF ¢ RC Y 1304+ 1304 1374
1274 1374 IF (ME ~ M ) 1304+ 1373+ 31373 _
® 1277 " TL30A W w T g
1278 B0 TO 1392
T 1A -
® 1280 41 FORHAT{1SH OK TD 1375 SI )
128177 IFC RDDUXXAUX: 4 ) =71 ) L1400 31320, 100
. 1282 1400 CALL NEW (MeNr JHr KBe Av 3v WFe NE )
o T 1283 77 1320 IF{KPRANT. BT . 2)WRITE (45000}
1204 42 FORNAT(20H OK TD 1320 SIMPLX )
ST 1208 SOUT FORSAT 1 TOIWVERTTY T -
[ 1284 IPRNTal
—Ti2e7 TaLl™ VER T Ay B e X Er KB Yo He NEs W WE» THVE,
1288 1 MmIYRe NUMPVr INFS: LA+ TPIV, TECOLs M2 )
Y T 128% FERFORM OWE ITERATION
1290 100 TA = TZERD
1291 IF U IRFLAG = W T 381s2101:2101
® 1292 2101 TA » TCOSY
TTTTTTI2%F T OIOT CALLT T RXCK U We WRe M My TAe IR Y T T
1294 IF { IMFLAD - B ) 102,2102,2102 _ _
@ 1295 ITGT IF T IRT  2103,2103.300 T

1294
1

2103 CALL BET { He HCr WFe JHr X+ Yo Pr Ev IRy PUIX 3
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111

® 1292 2101 TA = TCOBY :
. I AL — ¥CR T Wy MFy B Xr TAy IR Y
1294 IF { INFLAD - 8 ) 102,2102,2102
® 2 TR T 210,210,500
1294 2103 CaLL GET ( Me HCr MFr JMe Xe ¥r Pr Er IR, PMIX )
12597 B0 TD
® 1298 102 JIN = (!Rﬂ!)l!hh.)
1297 W= "IIF -
1300 €
[ I301 U THECK CRAFTE '™ PRATE.. U BATK TO TWERT IF GUNE INFEAS.
1302 IF (INFS - JIN ) 1320, 300+ 200
1303 FFASIBLE
® 1304 200 INFE = O
TI0% IR » U
1304 201 PHIX = 0.0 .
.. Wy WCT W My Xe Y3 Py Er IR PATX )
1308 CALL MIN ( JT+ Nr Br Ar Pe KBy ME: TCOSTs IRs TRIVe Yo JIN }
T30V B I |
[ 1310 4 =
TI¥IT IF VIR = 1 7 20Ty a2ve
1312 202 IF (M) 203r 203 222
. R § NON-NEGATIVE. . K ¥ J OW' ¥
1314 203 X = 3 &+ INFS
1313 oo YO Z37
. 1316 2202 IF _{ INFE - JIN ) 13302 2204+ 2203
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Figure C-1. Efficiency Frontiers for Set 1, Budget $6000,
"first year only" Decision Rule.
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Figure C-3. Efficiency Frontiers for Set 1, Budget $4000,
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Rule.



119

Variance*lo6
140 t
120 |
t=1,2,3,4
‘b 4} L ]
100
t=1,2,3,4,5
80
60
40
>=.75,.50,.25
) / A=1
o J . t=1,2,3
t=1
30 20 60 80 100 TEPW*10°3

Figure C-6. Efficiency Frontiers for Set 3, Budget
$1500, "only first year" Decision Rule.



120

BIBLIOGRAPHY

1. Baumol,W.J.,"An Expected Gain-Confidence Limit Criterion
for Portfolio Selection”,Management Science,Vol. 10,No.l1,
October 1963,pp. 174-182.

2. Bernhard,R.H.,"Mathematical Programming Models for
Capital Budgeting—--A Survey, Generalization, and Critique"
Journal of Financial and Ouantitative Analysis,Vol. 4,
1969 ,pp. 111-158.

3. Bey,R.P. and Porter R.B.," An Evaluation of Capital
Budgeting Portfolio Models Using Simulated Data", The
Engineering Economist,Vol. 23,No.l, Fall 18977.

4. Bierman,H.J. and W.H. Hausman, "The Resolution of
Investment Uncertainty Through Time", Management Science,
Vol. 18,No. 12, August 1972,pp. 654-662.

5. Canada,J.R.and H.M. Wadsworth, "Methods for Quantifying
Risk in Economic Analysis of Capital Projects", The
Journal of Industrial Engineering,vVol.1l9, No. 1, Jan. 1
1968,pp.32-37.

6. Cramer,H., "Mathematical Methods of Statistics,Princeton
University Press. 1946.

7. FitzRoy,P.T., Analytical Methods for Marketing Management,
1976 ,McGraw-Hill,pp.251~-257.

8. Hertz,D.B.,"Risk Analysis in Capital Investment] Harvard
Business Review,January-Rebruary 1964,pp.95-105.

9. Hillier,F.S.,"The Derivation of Probabilistic Information
for the Evaluation of Risky Investments",Management Sci
Science, Vol. 9 ¥No.44,April 1963,pp.443-457.

10. Hillier,F.S, The Evaluation of Risky Iterrelated Invest
Investments, Amsterdam, North Holland, 1969.

11. Hillier,F.S.," A Basic Model for Capital Budgeting of
Risky Interrelated Projects", The Engineering Economist,
Vol. 17,No.1l, Fall 1971,pp.1-30.

11A.Hines,W.W. and D.C. Montgomery, Probability and Statistics,

In Engineering and Management Science, The Ronald Press Co.
1972.




121

12. Kahak,I.W. and J. Owen, "Random Variables, The Time Value
of Money and Capital Expenditures",Management Science,
vol. 17, No. 3, November 1970,pp. 142-145.

13. Kotler,P., Marketing Management, Analysis, Planning,and
Control, 2nd. Ed., Prentice-Hall, 1972,pp.229-270.

14. Lintner,J.,"The Valuation of Risk Assets and the Selection
of Risky Investment in Stock Portfolios and Capital
Budgets", The Review of Economics and Statistics, XLVII
February 1965,pp.13-37.

15, Mantell, E.H., "A Central Limit Theorem for Present
Values of Discounted Cash Flows", Management Science,
Vol.l9,No. 3, November 1972,pp.314-318.

l16. Mao,J.T., "Models of Capital Budgeting E-V Vs. E-S",
Journal of Financial and Quantitative Analysis, 1969
pPp. 657-675.

17. Mao,J.T.,"Survey of Capital Budgeting: Theory and
Practice", Journal of Finance, May 1970,pp.349-360.

18. Mood,A., Introduction to the Theory of Statistics, 1lst.
BEd., McGraw-Hill, 1950.

19. Markowitz,H.M.,Portfolio Selection,New-York,John Wiley
and Sons, 1954.

20. Naslund,B.,"A Mcdel of Capital Budgeting Under Risk",
Journal of Business,Vol. 24,April 1966,pp.257-271.

20A.Parra~Vasguez and 0. Oakford, "Simulation as a Technique
for Comparing Decision Procedures," The Engineering
Economist,Vol. 21, No.4,Summer 1976,pp.221-236.

21. Percival,J.and R. Westerfield, "Uncertainty Resolution
and Multiperiod Investment Decision",Decision Sciences,
VOl. 7’ 1976Ipp-343_357-

22. Pessemier,E.A.,New Product Decision, An Analytical
Approach, 1966, McGraw-Hill.

23. Porter,R.B., Capital Budgeting, Unpublished Manuscript,
The Pennsylvania State University,1973.

24, Porter,R.B.," An Empirical Comparison of Stochastic
Dominance and Mean-Variance Portfolio Choice Criteria",
Journal of Finance and Quantitative Analysis, Vol 8,
Sept. 1973,pp. 565-586.




122

25. Quirin,G.D., The Capital Expenditure Decision,Homewood,
Illincis: Richard D. Irwin, Inc. 1967.

26. Robichek,A. and C. Myers, "Conceptual Problems in the Use
of Risk-Adjusted Discount Rates",Journal of Finance,Vol.
21, May 1966,pp.161-179.

27. Salazar,R.C.and S.K. Sen,"A Simulation Model of Capital
Budgeting Under Uncertainty" ,Management Science,Vol. 15
Dec. 1968,pp.161-179.

28. Seavoy,G.E.,"An Art, A Science or a Gamble" in Splitz
A. Edward, Product Planning, Averbach Publishers Ind,
1972,

29. Sharp G.P., "Dealing with Correlated Cash Flows" Class
Notes,Spring 1978, Georgia Institute of Technology.

30. Thuesen H.G., Fabrycky W.J., Thuesen G.J., Engineering
Economy, 5th, Ed., Prentce-Hall, 1977,Chapter 1l7.

30A.Thuesen,G.J., "Decision Techniques for Capital Budgeting
Problems", Unpublished Ph.D. Dissertation, Shool of
Industrial Engineering, Stanford University, 18%67.

31. Tobin,J., "Ligquidity Preferences as Behavior Towards
Risk",Review of Economic Studies. 25,1957-1958,pp.65-68.

32. Van Horne,J,C.,Financial Management and Policy, 2nd.
Edition, Englewood Cliffs,Prentice-Hall,1971.

33. Van Horne.J.C.,"The Variation of Project Life as a Means
for Adiusting for Risk", The Engineering Economist, Vol.
21,No. 3, Spring 1976.

34. Wagle,B.,"A Statistical Analysis of Risk in Investment
Projects", Operational Research Quarterely,Vol.8, March
1967,pp.13-33.

35. Weingartner,H.M., Mathematical Programming and Analysis
of Capital Budgeting Problems,Englewood Cliffs,New Jersey
Prentice~Hall,1963.

36. Weingartner,H.M., "Capital Budgeting of Interrelated .
Projects:Survey and Synthesis", Management Science,Vol.
12, March 1966,pp.485-516.

37. Young,D. and L. Contreras, "Expected Present Worths of
Cash Flows Under Uncertain Timing", The Engineering
Economist, Vol. 20, No. 4, Summer 1975.




