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ABSTRACT

A multiple objective fuzzy linear programming approach to the
capital budgeting problem is developed. Since much of the available
data in any capital budgeting decision situation is either of an
imprecise or ill-defined nature, a mathematical optimization technique
is required that is capable of incorporating this inherent uncertainty.
Fuzzy linear programming provides an effective methodology for this
analysis.

Specifically, a mathematical model is developed which utilizes
fuzzy linear programming as a solution technique for the research and
development program or project selection problem. In addition, an
exchange heuristic, a modified form of C. C. Petersen's exchange

algorithm, is presented.
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CHAPTER 1

INTRODUCTION

1.1 Purpose of the Research

The objective of the research doéumented in this thesis is the
application and demonstration of a methéd for analysis of management
decisions involving multiple objectives and constraints which are of a
vague or ill-defined nature.

The traditional capital budgeting problem involves a single
objective deterministic approach to the allocation of limited resources
among available investment opportunities. The selection from among the
various investment possibilities is such that the total return from the
investment is maximized. In contrast to the traditional problem
formulation, real-world capital investment decision analysis invariably
encompasses nondeterministic systems involving multiple and usually
conflicting objectives.

Investment selection or program selection in research and
development planning is a multifaceted decision regularly faced by
decision makers in govermment, industry, and the military. The
constantly expanding nature of technological development necessitates
decisions that involve multiple objectives in the decision criteria.
Simply maximizing total return is an unrealistic and oversimplified
decision criterionm.

The complex selection process of research development programs
may include the consideration of numerous factors, some of which are

monetary while others are nonmonetary in nature. Influencing factors,
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whose primary concern is not income generating, are demonstrated in
safety and environmental considerations, which are inherent in
virtually all business decisions today. The decision maker is clearly
faced with a decision situation which is characterized mathematically
as multiple criteria decision making.

Many mathematical programming techniques have been employed as
a means of solving the capital budgeting problem; and, specifically,
the investment or program selection problem has received a great deal
of attention. A relatively new multiple objective optimization tech-
nique is fuzzy linear programming.

Fuzzy linear programming with its foundation in the theory of
fuzzy sets is an optimization methodology designed for problems that
are either too vague or too ill-defined to allow analysis by classical
mathematical techniques. The inherent uncertainty which is ever
present in any capital investment decision is the motivating influence
in an examination of the applicability of fuzzy linear programming as
a solution technique for the capital budgeting problem.

The design of this study encompasses five main objectives.
These are:

1, Review various mathematical programming methodologies

so as to establish applicability to the capital
budgeting problem,

2, Evaluate the applicability of fuzzy linear programming

as a solution technique for the capital budgeting

problem,




3. Develop a fuzzy linear integer programming algorithm
to solve the capital budgeting problem.

4, Apply the fuzzy linear integer programming algorithm
to a representative problem.

5. Discuss extensions of this study and identify
additional areas to which fuzzy programming

techniques have applicability.

1.2 Organization of the Paper

This paper is organized as follows. Chapter 2 includes a
historical perspective of various methodologies that have been employed
as solution techniques for the capital budgeting problem. In Chapter

3, the basic elements of the theory of fuzzy sets are reviewed.

Decision making in a fuzzy environment is discussed, and the model of
fuzzy linear programming is presented in Chapter 4. In Chapter 5, the
fuzzy capital budgeting model is presented along with the solution
algorithm. Two example problems are solved. The results of the study
are reviewed in Chapter 6, as well as possible extensions, and

additional areas of applicability are suggested.




CHAPTER 2

HISTORICAL PERSPECTIVE OF THE CAPITAL BUDGETING PROBLEM

2.1 General

Decision makers have always sought a means of analyzing
alternative investment possibilities in an efficient manner. The
past twenty-five years have seen the development of analytical
techniques to provide this analysis. The development of numerous
quantitative analysis techniques has provided decision makers with a
framework to more efficiently conduct this analysis. The usefulness
of these quantitative techniques has been greatly extended with the
ever-increasing accessibility of computers. While the computer's
capability to analyze and store data has increased tremendously, the
cost has steadily decreased. Today, the use of computer technology
is widespread. Since the cost of many computers is no longer pro-
hibitive, many small industries are utilizing quantitative analysis
techniques that previously were reserved for government and large
industries.

The classical approach to the analysis of alternate investment
possibilities has been the maximization or minimization of a single
objective function. Traditionmally, this objective has been the
maximization of profits or the minimization of costs. A significant
amount of discussion has been generated concerning the classical
approach and its inapplicability to today's complex decisions [1-11].
The basis of single objective function mathematical modelling is lost

when it is recognized that real decision makers do not attempt to




5

? optimize a single objective function. Rather, a solution is sought
% that satisfies the numerous objective functions that characterize a
% decision process. The solution is a compromise from among the various
; objective functions [5, 10, 12, 13]. The compromise is the result of
?3 the real-world limitations imposed on decision makers.
}j 2.2 Survey of Related Literature
:% The multiple objective function optimization technique of fuzzy

- linear programming is a relatively new approach to multiple criteria

decision making. Zimmsrmann [9, 10, 11] has shown the mathematical
1?1 feasibility of this approach and its application to the media selection
' problem originally posed by Charnes et al. [l4]. Two extensive bibli-
ographies have been published on works related to fuzzy systems
[15, 16]. A search of the literature failed to identify additiomal
works dealing with the application of fuzzy linear programming as a
multiple objective optimization technique. Kickert [17] has recently

published a work detailing the various fuzzy theories and their impact

T

1'5 on decision-making processes. Yager [18] discusses an eigenvector

approach to the multiple objective optimization problem using fuzzy

P

$ sets. There is increasing interest in multiple criteria decision
. making; and, correspondingly, a great deal of literature is available
t related to this work. The following paragraphs summarize a survey of

the current literature on multiple criteria decision making, with an

emphasis toward the capital budgeting problem.

%

A conference proceedings including numerous works on multiple
criteria decision making was published by the University of South
Carolina. A bibliography on multiple criteria decision making is

included [19].

i
] t Ao
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One mathematical programming technique that has been utilized
for years as an optimization technique is linear programming. Charnes
and Cooper [20]} demonstrated an early use of linear programming as a
solution technique for the problem of allocating funds. In recent
years, multiple objective linear programming techmiques have been
developed. Benayoun, Larichev, de Montogolfier, and Tergny [21]
discuss a methodology of using linear programming with multiple
objectives. Belenson and Kapur [22] present an algorithm for solving
nulti-criteria linear programming problems with several examples. A
multi-objective linear programming methodology has been presented by
Evans and Steuer [1].

Goal programming is another robust optimization technique for
dealing with decision problems involving multiple objectives. This
technique was developed by Charnes and Cooper in the early 1950's
[23]. Goal programming is an effective modelling methodology which
affords an analysis of problems involving multiple, and possibly,
conflicting objectives. The methodology requires an assignment of a
priority to each objective. This priority assignment is a preemptive
prioritization of the objectives in accordance with the priorities of
the decision maker. Lee [13] published the first book entirely devoted
to linear goal programming. Ijiri [24] in his work developed the
concept of preemptive prioritization of objectives. Numerous applica-
tions of goal programming are available. These include capital
budgeting optimization (4, 5, 8, 25, 26]; manpower planning [27];
academic planning, financial planning, and economic planning [13];

antenna array design and transportation problem [5]; and media




planning [14]. Survey works of goal programming have been published
by Kornmbluth [28] and Ignizio [3].

Integer and nonlinear goal programming algorithms have been
developed and have realized many successful applications [5, 29].
Research is continuing to extend goal programming into the area of
stochastic analysis. Contini [30] has demonstrated the mathematical
feasibility of such an approach.

Interactive programming is yet another multi-criteria program-
ming approach currently being utilized. The decision maker in this
approach is required to specify trade-offs between the various
objective functions. The process of specifying trade-offs is continued
in a successive manner until no further trade-offs are desired by the
decision maker. Geoffrion, Dyer, and Feinberg [31] demonstrate the
application of interactive programming, while Zionts and Wallenius [32]
present an overview of the interactive programming method as applied
to the multiple criteria problem. Dyer [33] has also proposed an
interactive goal programming technique, while Steuer [34, 35] has
proposed an interactive approach to multiple objective linear
programming.

Numerous other mathematical programming techniques have been
discussed as solution methods for the multiple criteria decision
problem. One technique that has received a great deal of attention
is integer programming. The literature has many examples of the
successful application of integer programming. Seward, Plane, and
Hendrick [36] present an application in the area of allocating
municipal funds for fire protection, Armstrong and Willis [37] discuss

its use in the selection of water projects in California, and Nackel,




Goldman, and Fairman [38] demonstrate the use of integer programming
in an example in the health care field. Chiu and Gear [39] present a
stochastic integer programming approach to the research and development
project selection problem.

A few of the other mathematical programming techniques with
applications in the multiple criteria decision-making area are branch
and bound procedures, dynamic programming and heuristic programming.
Shih [40] has written on a branch and bound method, Kepler and
Blackman [41] have demonstrated the use of dynamic programming in the
selection of research and development projects, and Petersen [42, 43]
has developed heuristic algorithms using exchange operatioms to solve
the capital budgeting problem.

The recognition of the inherent risk and uncertainty in capital

budgeting problems has been presented in many works in the literature.

Hillier [44] presents a basic model for capital budgeting of risky
interrelated projects. Stochastic analysis was initially proposed by
Charnes and Cooper [45]. Their technique was termed chance-constrained
programming. Healy [46] and Armstrong and Balintfy [47] have pre-
sented chance-constrained programming algorithms. Odom and Shannon [48]
and Park and Theusen [49] have recently published works aimed at risk
resolution in the capital budgeting decision analysis. Utility theory
has also been a frequently employed technique in multicriteria decision
making. Recent works in the literature include: Crawford, Huntzinger,
and Kirkwood's [50] use of multiattribute utility theory in the
selection of components of an electrical transmission system, and
Keefer's [51] multiobjective analysis of research and development

projects through the use of a multiattribute utility function.




The increased use of multiple criteria decision analysis is
evident in the literature. Many excellent overviews of multiple
objective optimization techniques are available. MacCrimmon [52] has
analyzed the various techniques that are not mathematical programming
approaches. These approaches involve either weighting factors methods,
sequential elimination methods, or spatial proximity methods. Easton
[2] reviews a variety of multivalued alternative weighting methods.
Ignizio [3] reviews goal programming as a multiple objective optimiza-
tion technique. Plane [53] presents integer programming and network
analysis techniques, and Hax [54] discusses the use of decision
analysis. Two survey papers [55, 56] discuss the use of the various
decision-making techniques as related specifically to the capital
budgeting problem.

The development of new approaches to the multiple criteria
decision problem and the variety of applications of the more estab-
lished techniques indicate a tremendous interest in multiple criteria

optimization methodologies.




CHAPTER 3

BASIC FUZZY SET THEORY

3.1 The Decision-Making Process

The analysis of alternative courses of action culminating in a
decision is an extremely complex process for the human mind. The
complexity of real-world decision problems far exceed the capacity of
the human mind to formulate and subsequently arrive at a reasonable
solution [12]. The essence of a decision is that the decision maker
is able to exercise his prerogative. Obviously, then, the decision
maker must be faced with a situation involving several alternatives
about which information is available. This information may be of a
precise or exact type, or it may be vague or ill-defined. An effective
decision-making process is normally an iterative process with a feed-
back capability so that, at various stages, additional information may
enter into the analysis. The decision-making process with feedback is
shown in Figure 1.

Decision making utilizing the multiple objective optimization
technique of fuzzy linear programming is an effective methodology in
which to employ this feedback process. Prior to any elaboration on
fuzzy linear programming, a brief discussion of the basic principles

of fuzzy set theory is necessary.

3.2 Fuzzy Set Theory

The theory of fuzzy sets was developed in response to a need

for a conceptual framework to deal with problems which were either too
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complex or too ill~defined to allow analysis by classical mathematical
techniques.

Classical mathematics are much too rigid to be utilized in the
optimization of systems that are humanistic in nature. These systems
are composed largely of human perceptions and human judgments. Such
systems are those in the fields of economics, psychology, sociology,
linguistics, management science, medicine, law, philosophy, and others
whose basic tenents are imprecise or fuzzy in nature.

The theory of fuzzy sets is founded on the theory of classes.
Events may be viewed as in a continuum with respect to their membership
or nonmembership in a class. The degree of membership in a class is
the fundamental concept in the theory.

Classical mathematics' precise formulation of decision situa-
tions does not allow for the inclusion of a decision maker's
judgmental capability. The concepts of fuzzy set theory create an
overlap of the decision maker's judgmental ability and his quantitative
analysis capabilities. The judgmental capability of the human mind
analyzes a situation in an imprecise or approximate manner.

This imprecise or approximate analysis is necessitated by the
complexity of today's managerial decision requirements. Real-life
problems present themselves daily in vague or ill-defined ways. Many
phenomena exist such ae '"satisfactory profits,” "adequate return on

investment,"

or "better productivity.”" None of these problems could
be defined in precise mathematical terms. Instead, they would be
twisted so as to conform to a precise mathematical optimization

technique; and, therefore, the derived solution may or may not be

accurate. In our attempts to understand and optimize systems which
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are composed of various humanistic subsystems, the solutions obtained
may pretend a higher degree of preciseness than is actually possible
to achieve in the real system [57].

Fuzzy set theory provides a formal mathematical theory to
analyze systems that are vague or inexact, with the vague or inexact

nature defined by a fuzzy set [58].

3.3 Basic Definitions of the Theory of Fuzzy Sets

Zadeh [57] introduced the theory of fuzzy sets through the
theory of sets, a generally universal mathematical theory. A set is
defined as consisting of a finite or infinite number of elements [59].
The characteristic function of a set enables us to discuss the
membership of the set in terms of functions. To define the character-
istic function of a set, let A be a subset of the universe [60].

The function Xy the characteristic function, can only take on the
values 0 or 1. If the universe is X = {x} , then Xa is defined by
the following:

xA(x) = 1 if xeA ,

XA(x) = 0 if =x¢A .

Zadeh [57] utilized this concept of the characteristic function
in his development of fuzzy set theory. Instead of the characteristic
function being limited to only taking on the values 0 or 1, it is

generalized to assume an infinite number of values between 0 and 1.

The basic definitions of fuzzy set theory which are important
in the development of fuzzy linear programming will be presented in

the following pages. These definitions are summarized from presenta-

tions by Zimmermann [9, 10, 11, 16] and Kickert [17].
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Fuzzy Set - A class with a continuum of grades of membership.
Let X be a space of points (objects), with a generic
element of X denoted by x, , then, X = {x} . The
fuzzy set A 1in X 1is characterized by a membership
function uA(x) which associated with each point in X
a nonnegative real number whose supremum is finite, with
uA(x) representing the grade of membership of A in X .
This is represented as:

A = {x, uA(x)Ixsx} )

where uA(x) is the membership function of A in X .

Example: In the field of psychology, and specifically
related to learning theory, the concepts of performance,
learning, motivation, and anxiety are critical in the
prediction of the outcome of any learning acquisition task.
Let
X = {0, 10, 20, 30, 40, 50, 60, 70, 80, 90, 100}
be possible scores which an individual may attain om a
learning acquisition task. Fuzzy set A, "Motivation
Levels Affecting Learning Acquisition," may be defined
for a certain individual as:
A = {Qo0, 0.2), (20, 0.4), (30, 0.6), (40, 0.65),
(50, 0.7), (60, 0.75), (70, 0.85),
(80, 1.0), (90, 0.9), (100, 0.8)} .
Fuzzy set B, "Anxiety Levels Affecting Learning
Acquisition,” may be stated in a similar manner for the

same individual as follows:
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B = {(10, 0.1), (20, 0.3), (30, 0.5),
(40, 0.60), (50, 0.65), (60, 0.75),
(70, 0.85), (80, 0.95), (90, 1.0),
(100, 0.85)} .

Graphically, these two fuzzy sets are shown in Figure 2.

"; Intersection - In set theory, the intersection of two sets

{- A and B , written ANB , is the set C containing

all elements common to A and B . In fuzzy set theory,
the membership function of ANB 1is defined as:

u(x) = Min [uA(x), uB(x)] for all xeX .

- Example: In the learning theory example, the fuzzy set

representing the intersection of fuzzy sets A and B

would be the fuzzy set C . Fuzzy set C 1is defined as:
¢ = {@o, 0.1), (20, 0.3), (30, 0.5),

3 (40, 0.60), (50, 0.65), (60, 0.75),

; (70, 0.85), (80, 0.95), (90, 0.90),

i : (100, 0.80)} .

Union - In set theory, the union of two sets A and B ,

NN

written AUB , is the set D containing all elements
in either A or B , or both. In fuzzy set theory,

the membership function of ALUB 1is defined as:

N

H(x) = Max [uA(x), uB(x)] for all xeX .

Example: In the learning theory example, the fuzzy set
representing the union of fuzzy sets A and B would

be the fuzzy set D ., Fuzzy set D 4is defined as:
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Figure 2. Illustration of Fuzzy Sets A and B
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p = {10, 0.2), (20, 0.4), (30, 0.6),

(40, 0.65), (50, 0.7), (60, 0.75),
(70, 0.85), (80, 1.0), (90, 1.0),
(100, 0.85)}
The union of fuzzy sets A and B is displayed in
Figure 3, and the intersection of the two fuzzy sets

is shown in Figure 4.

Equality - Two fuzzy sets are equal if

uA(x) = uB(x) for all xeX

Normality - The definition of the membership function did
not limit the values wu(x) could assume. If the
supremum of the membership function equals 1, then
the fuzzy set is called normal. This is defined as:

Supqu(x) = ] .
A fuzzy set can be normalized by dividing uA(x) by

Supy My (x) .

Algebraic Product - The algebraic product of two fuzzy sets

A and B 1is denoted AB and is defined in terms of
the membership functions of the fuzzy sets A and B .

Wp() = W) g

Algebraic Sum - The algebraic sum of two fuzzy sets A and

B is denoted by (A + B) and is defined in terms of

the membership functions of the fuzzy sets A and B .

u(2+3)(x) = uA(x) + uB(x) - uA(x) . uB(x)

]

l-u
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C(x)

Figure 4. Intersection of Fuzzy Sets A and B
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Containment - The fuzzy set definition of containment is

analogous to the set theory definition of a subset.

Fuzzy set A' {8 contained in fuzzy set B' if the '
membership function of A' is less than or equal to

that of B' everywhere on X .

The basic definitions presented are sufficient for the discussion
of fuzzy linear integer programming; however, there are many more
concepts in the overall theory of fuzzy sets. For a more extensive
treatment of the theory of fuzzy sets, Kaufmann [61] presents a complete

review of the general theory of fuzzy sets.




CHAPTER 4

DECISION MAKING IN A FUZZY ENVIRONMENT

4.1 Fuzzy Decisions

In traditional decision making, the optimal decision is the
selection of the activity or program with the highest desirability.

In fuzzy decision making, the objective function(s) as well as the
constraints may be fuzzy sets, each characterized by their membership
functions. The optimal decision in the fuzzy environment is the fuzzy
set formed by the intersections of the fuzzy sets describing the
objective function(s) and constraints. Figure 5 illustrates the fuzzy
decision process.

The region of intersection is a fuzzy set representing those
activities which simultaneously satisfy the objective function(s) and
the constraints. A solution to this fuzzy situation would be to select
that point in the region of intersection with the greatest desirability
or the highest degree of membership in the fuzzy set formed in the
fuzzy decision. The selection of this solution point is analogous to
the geometric representation of a solution to a linear programming
problem [62]. The determination of the solution to the linear pro-
gramming problem involving the intersection of n fuzzy sets 1s one
of the basic principles in the development of fuzzy linear integer

programming.
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4.2 Fuzzy Linear Programming
The extension of fuzzy set theory into linear programming was
utilized by Zimmermann [9]. The development of the fuzzy linear
programming problem is as follows:
Start with the traditional vector minimization problem.
Minimize Z = Cx
Subject to Ax < b
x >0
The fuzzy version of this same linear programming problem is:
tz < z°
- v —
Ax £ b
x > 0 R
where
C 1is the vector of coefficients of the objective functions,
b 1is the vector of constraints,
A 1s the coefficient matrix, and
Z° 1s the vector of aspiration levels of the fuzzy objectives ﬁ
and constraints.
The membership function u(x) is defined such that it complies with
the definition of a fuzzy set [57), that is, a real number in the
interval (0,1).
S 1 4f Ax<b and C x < Z is satisfied
5 u(x) = { _ .
' - ) 0 if Ax <b and C x < Z 1s strongly violated.
=
;, % ) The concept of an objective function being strongly violated or weakly
;; § violated is an important aspect of the decision-making process in a
f g fuzzy enviromment. The membership function in Figure 6 will be utilized
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to illustrate this principle. Let this membership function be referred
to as u(x) . In the interval CD , the membership function u(x) 1is
completely satisfied. The function describing the fuzzy set in this
interval either achieves the aspiration level or exceeds it. In the
interval BC , the membership function u(x) is weakly violated. In
this interval, the aspiration level is not achieved; however, the
functional evaluation is greater than the lowest admissible value
(Point B). The decision in this interval lies within the range of
acceptable solutions as specified by the decision maker. In the
interval AB , the membership function u(x) 1is strongly violated.

In this interval, any decision would lie wholly outside the acceptable
range of solutions, since the functional evaluation of the fuzzy set
would be less than the lowest admissible value, as specified by the
decision maker.

If we let the fuzzy set B represent the intersection of the
fuzzy sets representing the objective functions and the constraints,
then the membership function of fuzzy set B is:

Mg(x) = u Nug .

The intersection of these two fuzzy sets is defined by the min operator
to be:

u(Bx) = Min My 3 x>0 .
i

The maximizing decision is simply

Max Min [ui(Bx)i] s
x>0 1

which minimizes the maximum violation of the membership function.
If the solution technique is to be linear programming, the

following assumptions are necessary [1ll]:
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1. All objective functions must have a specified ;
aspiration level. The objective functions are

expressed in the form

C.x < 2 1=1,2, ..., n .
i ~ i °? ’

2. If the objective functions are in the same form as
the constraints, then the problem may be formulated
in the following form:

Ax < b ,

ela

where
A 1is the matrix of coefficients, and
b 1is the vector of aspiration levels of the
objectives and the right-hand side values
of the constraints.
3. The functions are assumed to be linear over the
interval of consideration.
Given that assumption number (3) is satisfied, the linear
membership function of fuzzy set B , the solution set of the inter-
section of the fuzzy sets representing the objectives and the con-

straints is:

( L
1 if (Bx)i E_bi
(Bx)i - bi 1
= - ————— | 1]
g (x) 4 {1 3 1f bj < (Bx) <b; +d,;
]
[ 0 if (Bx), > by +d, ,
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where

i indicates the ith row of matrix B or b' ,

B 1is A , the coefficient matrix, augmented by the
2 rows of the objective functions, é
i b' 1is the vector of the right-hand side values augmented §
E by the upper bounds of the objective functions, and
i . di is the subjectively selected value of admissible violation.

By substituting

L E

T Pt

into the function uB(x) , the maximizing decision then becomes:

Max Min [bi' - (B'x)i]
x>0 1

or

Max uD(x) R

z>0
where uD(x) represents the membership function of the fuzzy set

representing the decision set.

It has been shown that the solution to this problem is equivalent

e T e T e S Y e

to the following linear programming problem [9, 10, 11}:

Maximize A

“ e

Subject to A f_bi' - (B'x)i , 1=0,1, ..., n
1

x>0 .

To demonstrate a continuous fuzzy linear programming problem,

,*@ consider the following example:
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Maximize Z = 4x1 + 6x2 + 8x., + 10x4

3

Subject to X + 3x2 + 4x3 + 2x4 < 40
3x1 + 2x2 + 3x3 + 6x4 < 60
bxy + x5 + 2x5 + 3x, < 50 .

Solving this linear programming problem with the IBM MPSX mathematical

programming system, the resulting program :

x = (0, 8.57, 0, 7.14)
and

Z = 122.86 .

The problem when formulated into the fuzzy linear programming
equivalent utilizing the subjectively selected di values follows.
The aspiration levels and the lowest admissible values as well as the

allowable admissible ranges are shown in Table IV.1.

Table IV.l. Selected Values for Fuzzy Transformations

u=40 u=1 i
Objective function 115 140 25
First constraint 50 40 10

where

U= 0 decision maker specified lowest
admissible value,

U= 1 decision maker specified aspiration level,

d, decisfion maker specified range of
acceptable values.

-<<..<,.,--mw>~,...,"v“‘_..
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The resulting fuzzy linear programming formulation is:

Maximize A

Subject to A < -4.6 + 0.16x, + 0.24x, + 0.32x, + 0.4x,
A < 5 - 0.1x1 - 0.3x2 - 0.4x3 - 0.2x4
3x, + 2x2 + 3x, + 6%, < 60
4xy + x, + 2xy + 3x, < 50 .

The solution to the fuzzy linear programming formulation is
compared to the linear programming solution in Table IV.2. The fuzzy
linear programming problem was solved using the IBM MPSX mathematical

programming system.

Table IV.2. Summary of Calculations

Linear Fuzzy Linear
Programming Programming
xl = 0.0 X = 0.0
x, = 8.57 X, 10.59
x3 = 0.0 xg = 0.0
X, = 7.14 X, = 6.47
Z = 122.86 Z = 128.24

The first advantage of fuzzy programming is that the decision
maker is not required to specify in a precise manner the parameters of
a decision gituation. The decision maker is able to specify ranges of
acceptability for those objective and constraint functions represented

by fuzzy sets. In this example problem, the flexibility obtained in
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the use of fuzzy linear programming enabled the decision maker to

realize a greater return.

The second advantage of fuzzy programming is the ease with which
it can be converted into a conventional mathematical programming
problem. This is important due to the current availability of many

mathematical programming techniques and algorithms [17].




CHAPTER 5

ZERO-ONE CAPITAL BUDGETING ALGORITHM

5.1 The Capital Budgeting Problem

The traditional capital budgeting problem involves a single
objective function deterministic approach to the allocation of limited
resources among available investment opportunities. This approach
differs greatly from most real-world capital budgeting problems.
Actual resource allocation distribution procedures involve an analysis
which is by necessity nondeterministic and semsitive to numerous con-
flicting interests. Due in part to this divergence between the
traditional mathematical model of the capital budgeting problem and
the necessities of real-world decision making, a significant amount
of discussion has been generated concerning the traditional approach
and its applicability to today's complex decision-making procedures
[1-11].

The solution to the capital budgeting problem obtained in a
model which seeks a compromise from among the numerous objective
functions which represent the decision situation is a more viable
methodology to characterize today's complex decision-making situations
{5, 10, 12, 13]. Rather than a single objective function model of

the capital budgeting problem, the general multiple objective function

model takes on the following form:
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n
Maximize J r, x k=1,2, ..., K
-1 ki3
j=1
n
Subject to 2 43 %, < bi vi
i=1
xj = (0,1) ,
where the terms are defined as:
f 1 if the jth alternative is selected
X =
3 6 1if the jth alternative 1is not selected,
tkj = return on objective k from alternative j ,
cij = requirement of resource 1 by alternative j , and
bi = limjtation of resource 1 .

Many multiple objective optimization techniques have been
employed in the solution of this problem; these were discussed in

Chapter 2.

5.2 Fuzzy Linear Integer Programming/Exchange Heuristic Algorithm

An algorithm is developed which combines the principles of fuzzy
linear programming and Petersen's [42] exchange heuristic to solve the
multiple objective capital budgeting problem. The algorithm is
intended to solve the following capital budgeting problem:

n

Maximize 2 rkj xj k = 1,2, ..., K

i=1
n

Subject to §
i=1

< b vi

€14 %4 i

xj = (091) ’

where the terms are defined previously.
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The algorithm is a three-phase solution technique which
incorporates an interactive process between the analyst and the
decision maker in Phase I. 1In Phase 1I, a fuzzy linear integer problem
is solved. Phase III, the exchange heuristic, is utilized if a 0,1

solution was not obtained in Phase II.

5.3 The Algorithm

5.3.1 Phase I: Determination of aspiration levels and the

lowest admissible values. Phase I of the algorithm is intended to be

an interactive process between the analyst and the decision maker. In
this phase, K successive linear programming problems are solved,
where K 1is the number of fuzzy objectives. The constraint set is to
remain constant throughout the evaluations. In this manner, each
objective function yields the highest attainable value possible. This
value will be referred to as the Aspiration Level.

The lowest admissible value for each function is determined from
the jrograms wﬁich yleld the aspiration levels for the other K-1
functions. The value determined to be the lowest admissible value when
subtracted from the aspiration level yields the allowable tolerance
interval for each objective function.

The calculated values for the aspiration levels, lowest admiss-
ible values, and the tolerance intervals should then be reviewed by the
decision maker. It rests with the decision maker to provide the
analyst with the values to continue the algorithm in Phase II. This
interactive process is critical to the fundamental concept of fuzzy
programming, that the theory of fuzzy sets combines the quantitative

aspects of optimization with the judgmental abilities of decision

makers.
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The programming procedure utilized to complete this phase is
the IBM MPSX Linear Programming technique. Appendix A discusses the

IBM MPSX system in greater detail.

5.3.2 Phase II: Determination of a fuzzy linear integer

programming solution. In Phase II, a fuzzy transformation is carried

out on each fuzzy function, and a linear integer programming problem
is solved to maximize the value of the membership function.

The fuzzy transformation depends on the type of function under
consideration. The three possibilities are shown in Table V.1. The
Ei and di are the selected upper and lower bounds of the tolerance
interval ;;;cified by the decision maker. Graphically, these three

functions are shown in Figures 7, 8, and 9.

Table V.1. Fuzzy Transformations

Type Objective

bi - (Zx)i
I. Equal or exceed bi A< 1- 3
i
(Zx)i - bi
1I. Equal or less than bi A < 1- —
d
i
a. X i 1-

o
>
A
(=]
]

R o S L IR
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Figure 9. Membership Function for Type III Objective
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The fuzzy linear integer programming problem formulation
typically may be expressed as follows:

Maximize A

bi - (Zx)i
Subject to A < l--—d——— , 1i=1, ..., K
i
and (Ax), < b, ,
xj _<_ 1l Vj ’

where (Ax)i is the set of rigid constraint functioms,
and each variable has an upper bound of 1.0 .
If the solution to this linear programming problem is satisfac-
tory to satisfy the 0-1 restrictions, then the algorithm terminates;

otherwise, proceed to Phase III.

5.3.3 Phase III: Determination of an exchange heuristic 0-1

solution. The exchange heuristic, a modified form of Petersen's [42],
is composed of three major steps:
1. Determination of an initial solution.

ii. Determination of a fitback solution.

iii. Utilize exchange operations progressively to
r.» improve the solution so as to finally achieve

at least a local optimum.

; Determination of an Initial Solution - The initial solution is

‘*; obtained after ranking each variable based on the value of

the ratio T,/R, given n variables and m objective

33

functions, where T

T
’

is the summation of the coefficient

3




K-1

values of each variable in the fuzzy objectives, and
: n
R, 1s defined
3 s ned as igl (cij

The variables with the highest values of the ratio

/bi) j=1,2, ..o n .

Tj/Rj are placed at the top of the ranking list.
Variables are rejected from the bottom of the list until
the rejection of the Kth variable causes satisfaction of
c,, <b, for all rigid constraints. The initial

a1 ij — "1

solution is comprised of those variables ranked 1 through

K-1 .

Determination of a Fitback Solution - In general,

following the selection of an initial solution, there
will be some degree of slack for each constraint. The
fitback solution selects from the initially nonselected
variables ranked K+ 1 to n , one or more that can be
included with the selected variables without violating

any constraint,

Exchange Operations - The alternatives in the sets of

selected and nonselected variables are ranked according
to their Tj value. In the set of selected variables,
the variables are ranked starting with the lowest value
first, while in the set of nonselected variables, variables
are ranked with the highest value first.

The search procedure is a two-step process. For

each exchange, it is determined if tb~ exchange under

consideration would cause an improvement in the membership
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function. If an improvement is noted, then the
feasibility of the exchange is examined.

The set of exchanges is divided into two groups.

The first seaféh consists of the 2/1, 1/1, and 1/2
exchanges, while the second search considers 3/1, 3/2,
and 3/3 excﬁanges. In each case, the first number refers
to the number of variables selected from the set of
nonselected variables.

The sequencing of the variables in the sets of
selected and nonselected variables is performed to reduce
the number of searches necessary to obtain a solution.

The sequence allows for the examination of the most profit-
able exchanges first. Then, if an exchange is advantageous,
the search is reduced due to dominance. In ordering the

sets of selected and nonselected variables, the search

proceeds naturally from the most advantageous exchanges to

least advantageous exchanges.

5.4 Example of Three-Phzse Algorithm

The three-phase algorithm is most easily explained via an

example. Consider a problem in which the decision-making situation is
characterized by two fuzzy objective functions and three rigid

constraint functions. Assume this decision has the following problem

formulation:




Maximize z - 3x1 + 5x

+ 5x3 + x

1 2 4
Maximize 22 = %X + X + x,
Subject to 2x1 + x, + 3x3 + %, < 6
X) + 2%, + 4xy + 2%, <5
3x) + 2%, + x5+ X, < 4
x, = (0,1) .

5.4.1 Determine the Aspiration Level and Lowest Admissible

Value for each objective. To calculate the aspiration level of the

objective functions, the optimization technique of linear programming
is utilized. Solving a linear programming problem to maximize each
objective function subject to the same set of constraint functions
yields the highest attainable value of the solution or the aspiration
level. Thus, for the example:

(a) Maximize Z = 3x1 4+ 5x, + x

2 4
<
Subject to 2x1 + Xy + 3x3 + X, 6
<
x, + 2x2 + 4x3 +2x, > 5
<
3% + 2%, + x5+ x, T 4
Solution: Z1 = 9,55
x, = 0.45 X, = 0.64
x, = 1.00 x, = 0.0 .

b e SO SO 55 #1s25050 3.1 5910 SR £ W DAL 37 o™ = i 0«




(b) Maximize 22 = x + X, + x,

Subject to 2x1 + ox, +3x3+ x, < 6

Xy + 2x2 + 4x3 + 2x4 < 5
3xl + 2x2 + X4 + x, < 4
Solution: Z2 = 5.36
x = 0.82 Xy = 0.55
X, = 0.0 X, = 1.00 .

To calculate the lowest admissible value for each of n objec~
tive functions, evaluate each objective function with the other n - 1
linear programming solution programs. Select as the lowest admissible
value for each objective function the minimum resulting evaluationm.
Thus, for the example:

(a) Evaluate objective function Z1 with the program
obtained in Item (b) of the determination of the

agpiration level.

211¢0.82,0,0.55,1.0) ~ 3% * 5%, *+ 5%y +x,

zl(LAV) 6.21 .

(b) Evaluate objective function 22 with the program
obtained in Item (a) of the aspiration level.

221(0.45,1.0,0.64,00 =~ ¥*1 v X3t X%,

zZ(LAV) 1.09 .

The results of Phase I of the algorithm are summarized in

Table V.2.
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Table V.2. Summary of Calculations in Phase I
Objective Lowest Admissible Tolerance
Function Aspiration Level Value Interval
Z1 9.55 6.21 3.34
22 5.36 1.09 4,27

5.4.2 Phase II: Fuzzy linear integer programming formulation.

The initial step in the fuzzy linear integer programming problem
formulation is to detgrmine the type of objective function and transform
the objective function as appropriate. The fuzzy transformations were
shown in Table V.1l. Thus, for the example:

Since both fuzzy functions are Type I functions, the trans-
formations are as follows:

{9.55 - (3x, + 5x, + 5x., + x,)]
Z: A < 1- 1 2 3 4

1 3.34
A< 1~ (2.8 - 0.8982x1 - 1.497x2 - 1.497x3 - O.299x4)
: A < -1.85+ 0.8982x1 + 1.497x2 + 1.497x3 + 0.299x4)
2 h < 1. [5.36 - (x1 + X, + 4x4)]
2° - 4,27
A < 1= (.25 ~ 0.2342x1 - 0.2342x3 - 0.9367x4)
A < =-0.255+ 0.2342x1 + 0.2342x3 + 0.9367x4 .

The formulation as a fuzzy linear integer programming problem is:




Maximize A

Subject to A < - 1.85 + 0.8982xl + 1.497x, + 1.497x, + 0.299x,

2 3

1+ 0.2342x3 + 0.9367xa

2x1 + Xy + 3x3 + X, < 6

A < = 0.255 + 0.2342x

X, + 2x., + 4x3 + Zx4 < 5

1 2
3x1 + 2x2 + Xq + x, < 4
X = (0,1)
. Solution: A = 0.21
X = 1.0 Xy = 1.0
x, = 0.0 X, = 0.0

The solution is in the form (0,1) ; however, Phase III will be

utilized to 1llustrate the exchange heuristic.

5.4.3 Phase III: Exchange Heuristic solution. The first step

in this Exchange Heuristic approach is to set up the problem in the
standard form as described previously (Section 5.2). In the example

under consideration, this formulation is as follows:

Maximize A

Subject to 2x1 + ox, + 3x3 +ox, < 6
x, + 4x3 + 4x3 + 2xa < 5
3x‘.,L + 2x2 + X, + X, < 4
A~ 0.8982x1 - 1.497x, - 1.497x3 - 0.299x, < - 1.85
A - 0.2342x1 - 0.2342x3 - 0.9367x, < - 0.255

xj = (0,1)
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The second step is to determine an initial solution. The
variables comprising the initial solution are determined by ranking
each variable based on the ratio Tj/Rj . Tj is defined as the
summation of the coefficients of each variable in the fuzzy objective

functions. In the example, there are two fuzzy objectives. Thus, in

the example, the calculation of the Tj values is as follows:

Table V.3. Calculation of Tj Values

Fuzzy Fuzzy
Variable Objective 1 Objective 2 T! = ZCiI
X, -0.8982 -0.2342 -1.1324
X, -1.497 0.0 =-1.497
X4 ~1.497 -0.2342 -1.7312
X, -0.2990 -0.9367 -1.2357

The R, values are calculated by evaluating the ratio of the

3
coefficients of both the fuzzy objective functions and the rigid

constraint functions to the appropriate bi values. In the example

problem, the calculation of the R, values is as follows:

3
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Table V.4, Calculation of R, Values

b
i Variable _Ei_ Rj Values
| R I
3
! v,  Eleo+ielsd 1876
a o PeamELL s
o R e AT

The ratio Tj/Rj is calculated from the results obtained in
Table V.3 and Table V.4, In the example problem, the 'rj/Rj values

are:

Table V.5. Calculation of T,/R, Values !

33

Variable _T.‘L _Rj_ E_L/Ei ;

‘ X -1.1324 2.69 -0.420 }

X, -1.497 1.876 -0.798 %
o X, -1.7339 3.27 -0.530
X, -1.2357 4.65 -0.266

The initial solution may be calculated by ranking the n

variables according to their respective Tj/Rj values. Variables with

fﬁ; the highest values of the Tj/Rj ratio are placed at the top of the
. ranking list. Variables are rejected from the bottom of the list until

k-1
the rejection of the g0 variable causes satisfaction of |} ¢

1 <b
I
€ .
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for all rigid constraints.

Table V.6.

variables is as follows:

Variable

those variables ranked 1 through K-1 .

The initial solution is comprised of

47

The initial ranking of the

Initial Ranking of Variables

Initial Ranking

2

4

The initial solution may be determined as follows:

Determination of the Initial Solution

Functional Evaluation

*
Indicates constraint

Table V.7.
Objective
{ Function {4,1,3,2} {4,1,3} {4,1}
‘- 1 7% 6 3
q i 2 9% 7% 3
3 7% 5% 4
' 4 -4,19 -0.269 -1.19
' 5 -1.41 -1.40 -1.17

Initial Solution

Set of Selected
Variables:

Set of Nonselected

Variables:

Value of Membership
Function:

functions that are not satisfied.

{4,1}

{4,1}

{2,3}

0.0




The third step in the exchange heuristic is to determine a
fitback solution. The fitback solution selects from the set of
initially nonselected variables one or more than can be included with
the selected variables without violating any constraint. Table V.8

displays the calculation of the fitback solution.

Table V.8. Determination of Fitback Solution

Functional Evaluation

Objective
Function {4,1,3} {4,1,2}
1 6 4 Since at least one comstraint is
violated in each possible fitback
2 7% 5 solution, therefore, the fitback
solution is the same as the initial
3 5% 6% solution, {4,1}.
4 -2.69 -2.69
5 -1.40 =1.40

*
Indicates constraint functions that are not satisfied.

The fourth step consists of utilizing exchange operations
progressively to improve the solution. After each exchange, the
feasibility of the exchange is examined. If the exchange is feasible,
the possible improvement in the membership function is examined. If an
improvement is not noted, then proceed to the next exchange possibility.
Table V.9. displays the search procedure examining the possible

exchanges.




Table V.9. First Search Exchange Procedure

First Search

Nonselected Variables: {2,3}
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List of List of
Selected Variables: {4,1}
Attempted
Exchange A A max
2/1 0.0
(2,3) for 4 1Infeasible - 0.0
Exchange
(2,3) for 1 Infecsible - 0.0
Exchange
(1/1)
(2) for 4 Infeasible -— 0.0
Exchange .
(2) for 1 Infeasible — 0.0
Exchange
(3) for 4 Advantageous/ 0.21 0.21
Feasible
Repeat First Search
List of Selected Variables: {3,1}

List of Nonselected Variables: {2,4}

Variables

Selected

{4,1}
{4,1}

(4,1}

{4,1}

{4,1}

{3,1}
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The algorithm utilizes a second pass through the list of non-
selected variables once a favorable exchange has been noted. In the
example problem, the second search produced no exchange advantageous
to the membership function. Therefore, the final solution to the

example is:

Set of Selected Variables: {3,1}

Value of Membership Function: A = 0.21

5.5 Example Number 2, Project Selection Example

In order to illustrate a capital budgeting problem in which the
decision situation is program or project selection, the following
example is presented. In this example, the decision maker has specified
firm values for the aspiration levels and acceptable ranges of admiss-
ibility for each fuzzy function [6].

A systems engineer has to design an integrated system composed

of three subsystems, designated A, B, and C. Three systems have been

PRSP SN AT MPESIIBINPESSY S4 1 AL L 4

proposed for Subsystem A, four for Subsystem B, and three for Subsystem
C. Four attributes were established by management to guide in the
selection of the subsystems. These are weight, development costs,
estimated reliability, and power requirements. Table V.10 summarizes
the attribute characteristics for each proposed candidate.

Design incompatibilities exist between Candidates A-2 and C-9.
Also, due to design features, if Candidate B-7 is selected, then
Candidate C-10 must be selected.

Management has established firm values for the aspiration levels

and allowable ranges of admissibility. Table V.1l summarizes this

information for each attribute.
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A a.».‘.

Aspiration Lowest Highest
Attribute Level Admissible Value Admissible Value
Weight (1b.) 150 120 165
Cost ($10%) 195 260 - -
Power (watts) 100 70 110

linear

linear

Table V.1l. Management Specified Attribute Data

Mathematically, this problem may be formulated as a system of
equations. The reliability constraint may be transformed to a

equation via the transformation 2Z = (Y)x = Z4nY :

2. = 32x

1 1 + 57x, + 19x, + 95x, + 107x_. + 61x. + 48x

2 3 4 5 6 7

3 + 10x9 + lelo

22 - lZOx1 + 95x2 + 160x3 + 64x4 + 67x5 + 96x%

+ 23x

+ 119x

6 7

+ 42x8 + 36x%

Z3 = 21x1 + 35x2 + 10x

+ 12x8 + 7x9

9 + 70x10

+ 60x4 + 83x. + 27x, + 50x

3 5 6 7

+ 16x10

T T T 0 AU PNty e e S 1 Yo b4 AL 31 RN 1o e rEr e ecre ra e e on s st

Subject to
X X X X X X
(0.97) 1(0.94) 2(0.99) 3(0.89) %(0.90) >(0.94) °

X X

7 x
(0.96) " (0.98)

X
8(0.97) %¢0.99) 1 > o.85
Xy + Xy + xy = 1
x, + Xg + Xg + x, = 1

88 + x9 + xlO = ]

Xy + X, = 1

x7 - xlO = 0

xj = (0,1)
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Transforming the problem into its fuzzy equivalent, the problem
formulation is as follows:
Maximize A

Subject to

A+ 1.84x1 + 1.461:2 + 2.46x3 + 0.98x4 + 1.03x5 + 1.47x

+ 0.64:;8 + 0.55x9 + 1.08x10 < 4.0

6

1. 83x7

A - 1.067x1 - 1.9x2 - 0.64::3 - 3.17x4 - 3.561:5 - 2.031:6

- - 1l.6x, - 0.76x%, - 0.33x, - 0.5x1 < =4.0

7 8 9 0

A+ 2.13xl + 3.8x2 + 1.26x3 + 6.34x4 + 7.13%x. + 4.06x6

5

+ 3.2x, + 1.53x5 + 0.67xg + 1.0x,, < 11.0

10

9 = 0.34::3 - 2.0x4

- 1.66::7 - 0.10x8 - 0.23x9 - 0.53x10 < =2.33

] A= 0.70:::L - 1.16x% - 2.771:S - 0.9x

6

A+ 2.1x1 + 3.5x2 + 1.Ox3 + 6.0x, + 8.3x,. + 2.7x6 + 5.0x7

4
< 11.0

5

+ 1.2x_ + 0.7x9 + 1.6x1

8 0

‘ b -0.032x1— 0.062:;2 - O.le3 - 0.117x4 - 0.105x5 - 0.0621:6
' - 0.041}:7 - 0.020x8 - 0.0301:9 - 0.01x10 > -0.1625
P
. 1.0x2 + l.Ox5 = 1.0
l.Oxl + l.Ox2 + l.Ox3 = 1.0
1.0x4 + l.Ox5 + 1.0x6 + 1.0x7 = 1.0

v l.Ox8 + l.Ox9 + l.Oxlo = 1.0
EA 1.01:7 - 1.0::10 = 0

o % = (0,1)




The solution to the fuzzy linear programming problem is:

A = 0.1344

x, = 0.0 X, = 1.0

x, = 1.0 x, = 0.0

X, = 0.0 Xg = 1.0

x, = 0.0 Xy = 0.0

X, = 0.0 X0 © 0.0 .

The solution is in the required 0-1 form, the exchange

heuristic or Phase III is not necessary. Therefore the decision is

summarized as follows:

A = 0.1334
List of Selected Projects: {2,6,8}

List of Nonselected Projects: {1,3,4,5,7,9,10}

The rigid constraints were all satisfied. The fuzzy objectives

were calculated as follows:

Table V.12. Example 2, Attribute Satisfaction

Attribute Calculated Value
Weight (1b.) 141
Cost ($10%) $233

Power (watts) 74
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5.6 Analysis and Discussion of Results

The decision problem presented in Section 5.5 was originally
solved via a "multirisk" programming model [6]. This analysis concept
is based on the determination of the alternative decision solutions
which minimize the probabilities that the decision maker's objectives
and constraints will not be satisfied. The "best'" subset of m
decision alternatives from a possible set of n candidates is selected
such that the problem's objectives and constraints are satisfied with
minimum risk.

The multirisk programming model is designed to solve multiple
criteria decision problems, assuming that decision makers strive to
achieve or satisfy goals rather than attempting to optimize them. The
decision maker may incorporate the concept of "fuzziness" [66] into the
analysis by specifying a range of deviation allowable for the goals and
constraints of the problem.

The multirisk programming model is a stochastic analysis tech-
nique for solving multiple criteria decision problems. Problem
formulation may include both rigid and stochastic goals and constraints.
The rigid goals and constraints have deterministic coefficients, while
the stochastic goals and constraints have stochastic coefficients. The
model assumes that the range of deviation is a random variable, while
the stochastic parameters of the objectives and constraints are normaily
distributed independent random variables. The "best' solution to the
multirisk programming model is the program which minimizes the risk of
not achieving the goals and constraints of the problem, or maximizes

the probability that the goals and constraints are achieved.
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In the multirisk programming analysis of the project selection
example (Section 5.5), uncertainties were incorporated for each
coefficient. The attribute data for the proposed candidates is
shown in Table V.13.

The multirisk programming model employs an enumerative search
to identify the "best" solution. Table V.14 displays the results of

the multirisk programming model and the fuzzy linear integer pro-

gramming/exchange heuristic model. Bcth fuzzy linear integer
programming/exchange heuristic model and the multirisk programming
model of multiple criteria decision making provide effective mathemat-
ical modeling techniques for the analysis of management decisions
which are fuzzy in nature.

The problem formulation of the fuzzy linear programming/exchange
heuristic model was presented in Section 5.2. This multiple objective
analysis provides the decision maker "leeway" in modeling phenomena
of a vague or ill-defined nature. This "leeway" in the model is a
result of utilizing fuzzy sets to describe those objective functions
and constraints that are imprecisely defined. Through the use of a
fuzzy set operator, the "min" operator, an optimal decision in the
fuzzy environment is obtained. This optimal decision is defined as the
point which maximizes the membership function of the fuzzy set formed
through the intersection of those fuzzy sets representing the various
objective functions and constraints. The exchange heuristic in the
model seeks to obtain the best attainable integer solution given that

the optimal point defined above is not integer valued.
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One practical advantage of modeling with either of these
techniques is that the decision situation does not have to be defined
in a precise manner. In the fuzzy programming approach, the decision
maker specifies ranges of acceptability for those objective functions
and constraints represented by fuzzy sets. In the multirisk program-
ming model, the decision maker specifies ranges of deviation. In both
models, the decision maker is given greater flexibility than would be
available in a classical mathematics approach.

A major advantage of fuzzy linear programming is the ease with
which it can be formulated and solved on numerous mathematical program-
ming systems. The exchange heuristic and the multirisk programming
techniques both require utilizing a specific computer program which
may not be readily available.

The major advantage of the multirisk programming model is its
ability to analyze multiple criteria decision problems which are
characterized by nondeterministic coefficients for the various objective
functions. This model provides the decision maker leeway in defining
his aspiration levels, as well as in stating precisely the terms of the
objective functions.

The enumerative search technique employed in the multirisk
programming model is impractical for large scale problems both in
computer storage requirements and necessary CPU time [6]. The fuzzy
linear programming model utilizes whatever mathematical programming
system that is available to the user to solve mixed integer linear
programming problems. The computer storage requirement is, therefore,

programming package dependent, as is the CPU time necessitated.

ey ey
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5.7 Computer Program

A computer program implementing the fuzzy linear integer j
programming and the exchange heuristic phases of the algorithm was
developed in FORTRAN IV for the IBM 370/3033 computer system. Standard
FORTRAN language was employed to permit relative ease of adaptation of
the computer model for use on other c#mputer systems. The amount of
internal storage necessitated on the IBM 370/3033 was 280,000 bytes.

" The amount of storage necessary is due to the requirements of the MPSX
system. The computer program is currently dimensioned for the compar-
ison of twenty-five altermatives. This program size could be enlarged
by redimensioning the program not to exceed the MPSX variable limit.
The exchange heuristic program is capable of solving problems of size ]
one hundred and fifty constraints with one hundred and fifty decision
variables with 280,000 bytes of storage. The CPU time to execute
Example 1 was 2 seconds, while 3 seconds of CPU time was required for

Example 2.

5.8 Computer Code Description

The fuzzy linear integer programming computer code and the
exchange heuristic computer code are listed in Appendix B along with

the definition of all input data. The computer codes will be described

in three sections: |

i. Puzzy Linear Programming Transformation program.

ii. 1IBM MPSX/Mixed Integer Programming Control program.
iii{. Exchange Heuristic program.
The fuzzy linear integer programming transformation program is

composed of a single main program. This program reads the input data
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and transforms the objective functions into their fuzzy transformation
as appropriate. Temporary data sets are created to be used as data

input for the MPSX/Mixed Integer Programming Optimization Technique or

the exchange heuristic program as appropriate.

The MPSX/Mixed Integer Programming Control program is an
advanced usage example [63] of the IBM MPSX/MIP technique. This
control program optimizes the continuous problem, then solves the
mixed integer problem. A more in-~depth discussion of the MPSX
mathematical programming system is presented in Appendix A.

The exchange heuristic code consists of a main program and
seven subroutines. The code is a modified version of Petersen's [42]
heuristic algorithm, with subsequent modifications by Bouillot and
Smith [64, 65]. The description of this code is as follows:

Main Program. The main program reads the input data from

the temporary data set created in the fuzzy linear program-

ming transformation program. This program calculates the

Rj values and the ratio Tj/Rj for each variable. It

maintains the list of gelected and nonselected variables

and determines those exchanges to be executed. It calls
the various subroutines in the proper sequence required

to conduct the exchange operations. It formats and writes

all output data as required.

Subroutine Rank. This subroutine initially ranks the variables

in both the sets of selected and nonselected variables.

Subroutine Impvmt. This subroutine maintains the best

solution achieved that is both advantageous and feasible.




Subroutine Feasbl. This subroutine examines the

feasibility of the exchange under consideration.

Subroutine Exchge. This subroutine executes the

exchange operations.

Subroutine Achvmt. This subroutine calculates the gain

in the membership function as a result of an exchange.

Subroutine OBJ. This subroutine evaluates the various

fuzzy objective functions to determine the lambda value.

Subroutine FTOBJ. This subroutine calculates the fitback

solution.




CHAPTER 6

SUMMARY, CONCLUSIONS, AND SUGGESTIONS FOR FURTHER RESEARCH

In this chapter, the work presented in this thesis is summarized,
and a few conclusions are drawn about the fuzzy capital budgeting model

and the general applicability of fuzzy programming.

6.1 Summary and Conclusions

The model of the capital budgeting problem explored in this work

is a combined application of the models developed by Zimmermann [11]

and Petersen [42]. The fuzzy linear integer programming approach to
management decisions is designed to study decision problems involving
multiple goals and constraints, some of which are of a vague or ill-
defined nature. The method is founded on the theory of fuzzy sets.
Fuzzy sets are utilized to model phenomena of an ill-defined nature
which cannot be described adequately in classical mathematical terms.
The analysis seeks to permit the human mind to utilize its capabilities

to the fullest extent, while utilizing the computational efficiency of

the computer to perform those operations which the human mind cannot
adequately accomplish. This analvsis allows the individual decision
maker to make small judgmental decisions (what the human mind does best),
while allowing the computer to solve large linear programming problems
incorporating these judgmental decisions. Since the solution to the
fuzzy linear integer programming problem may not be in the form (0,1),

a modified form of Petersen's exchange heuristic for the capital
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budgeting problem was employed. This exchange heuristic seeks the
"best" attainable solution, given that no integer solution exists.

The model is designed to solve the general problem in which the
"best" subset of m alternatives is selected from a candidate set of
n possible decision alternatives, such that the membership fumnction
of the fuzzy set of the decision is maximized. The model provides a
great deal of flexibility to the user in formulating problems for
b~ N analysis. The availability of solution algorithms and computer solution
systems which are readily compatible with the fuzzy linear integer
programming problem formulation allows the user to realize a computa-
tional solution with ease.
E This analysis has applicability for a broad range of decision
; . problems involving the selection of entities from among numerous
alternative possibilities, such as equipment purchases, route selection,
or investment selection. The example presented in Chapter 5 success-
fully analyzed the selection of alternative subsystems in achieving

!
'E i system design requirements, while satisfying stated cost restrictioms.
'

6.2 Suggestions for Further Research

The work described in this thesis can be extended in several
- different directions. The integer solution technique utilized in this
work was the MPSX/Mixed Integer Programming System. Although this

mathematical programming system readily yields a solution to the

N,

problem, the availability of MPSX is not universal. The development
and use of an integer programming computer code in standard FORTRAN

would greatly enhance the ease with which the model could be adapted to

other computers.

vy
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The popularity of multiple objective analysis via goal
programming could be the catalyst of another extension. The formu-
lation of the fuzzy objectives and constraints into a goal programming
analysis would be an extremely interesting development. Goal
programming is an extremely robust optimization technique, which is
viewed as a practical and natural representation of a wide variety of
real-world problems. In combining the fuzzy programming approach of
optimizing humanistic systems which are by nature vague and ill-defined,
with the practicality of goal programming, an optimization methodology
may result which presents a realistic perspective of management decision
making.

Field experimentation with fuzzy programming models of management
decision making would be desirable. Zimmermann [58] has conducted
numerous experiments to analyze the viability of modeling decision
makers via the concepts inherent in fuzzy programming. Applications of
fuzzy programming include personnel management and determination of
credit worthiness in the banking industry (58], media selection [11],
and the sizing of a truck fleet [9].

The fuzzy set operator used in the fuzzy linear integer pro-
gramming model is the "min" operator. Zimmermann and Hamacher [58]
have experimented on the applicability of other operators in the
optimization of management decisions. These operators include the
product operator, the algebraic sum operator, the max operator, both
the arithmetic and geometric mean operators, and the gamma operator.

Certainly, many other areas for further research exist. However,
these few are listed to provide the reader some idea as to where

additional research might begin.
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As in most integer programming techniques, long computational time is
necessary to determine the optimal integer solution.
% The IBM program descriptions [63] provide an in-depth discussion
: of the MPSX system. In addition, numerous sample problems are presented.
The examples are detailed from data input through sample outputs. The
Mixed Integer Programming program description is especially instructive.
It provides sample MPSX control programs and presents an excellent

discussion of the mixed integer programming procedure.
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In this appendix, the IBM Mathematical Programming System
Extended (MPSX), linear programming and mixed integer programming

capabilities are summarized.

A.l MPSX System

Mathematical Programming System Extended (MPSX) is composed of
a set of procedures all operating under the direction of a user
specified MPSX control program. Through the MPSX control program,
the user specifies the sequence of steps to be executed in solving a
mathermatical programming problem.

The user is able to augment MPSX with procedures written in the
FORTRAN language through the use of the Read Communications Format
(READCOMM) feature of MPSX. Through the use of FORTRAN CALL statements,
the READCOMM subroutine is accessed. This subroutine acts as an
interface between the MPSX control program and the FORTRAN procedures.

The user is capable of executing all of the MPSX capabilities

through the use of the MPSX control programs and the READCOMM procedures.

A.2 Linear Programming Procedure

The MPSX strategy for solving a linear programming problem is
the ordered execution of a series of the MPSX procedures. The user
specifies the solution strategy to MPSX, via the MPSX control language.

The linear programming procedures of MPSX use the bounded
variable/product form of the inverse/revised simplex. The simplex
method is based upon the fact that if there are m constraints which
are linearly independent, then there is a set of m columns (variables)
which are also linearly independent. The right-hand side values can be

expressed in terms of the m columns called a basis. The simplex
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method employs these basic solutions by exchanging one column from the

ae

basis with one column not in the basis on each iteration, until a
solution is realized that satisfies the feasibility criteria.
2

This
solution is termed a basic feasible solution.

The simplex method proceeds by examining the basic feasible
F)

solutions, to find one that satisfies the requirement that the objective
function value be maximized or minimized.

A.3

Mixed Integer Programming Procedure

The Mixed Integer Programming capability of MPSX is an extension
of the linear programming procedure of MPSX.

It provides the user the
capability to solve linear programming problems composed of both integer
and continuous variables.

This analysis is appropriate for the fuzzy
linear programming approach to the capital budgeting problem.

Since
the solution must be of the form (0,1), the variables representing the

investment possibilities must be integer values, while the value of the
. membership function is a continuous variable.
| :

The MPSX mixed integer linear programming problem is performed
in two stages. First, the problem is solved considering all integer
variables as being continuous.

The problem is solved by the linear
programming capability of MPSX.

The solution to this problem is termed
the optimal continuous solutiom.

%

The second stage 18 to solve the problem for the optimal integer
solution.

The search for an integer solution starts from the optimal

continuous solution and proceeds using the branch and bound technique.

The search continues until the optimal integer solution is determined.
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APPENDIX B

Fuzzy Linear Integer Programming Via
MPSX/MIP Computer Code, Variable

Definition Guide, User's Guide,

and Sample Output




77

N0 SO0 MO8Z NIYW DIASLu*00 HIUO ID KEGLLLOO8 JdOLs / VLYG/ dals Iheeddr

neGl “Le 008 LYV LS / YIVA/ dudS I€L€441

0000 JGOD CHOD - QI4nIIXHE SV Gids - Ighlddl

(413 TAGAT0) =dSIA ‘SARYNLI=NSYT VUASAS=LINN d¢ IudNI*VIVU//

30 S31 M08Z NIYM DIS0L°00 {INQ 042 HEGLTLLOOB  d01S 7/  A2400S/ dddS Infgddl

€E€G1 "LL0O08 LUV LS / IDINOS/ Jd3lS TEL€ddl

U000 AdoD dNOD - IALRI3AXL SYM dudS - IZHLddI

ASSTHE 1 OHON HUAO'IIN Iexs

% GU LOJNTI®3ID400S//

al Jdxd //

b 4] ST M0BZ KIVE DISLL*00 NIHO ndd €€sL°LL008 dOLs / YLVU/ dudsS IHL€3dl

CEGLLLOOE I8VIS / VIVYG/ dddS 1628341

0000 JUOI UNOND = G4IL0IZXZT SVA ¢dds - 1Zntdil

* JU LAdRI*Tivu//

Hcoam *bHuxa:.om 101481° 4= z;bm<~| I2C¢?/ (SSYa’naN) =ds1¢ //

$((5705) ‘002€) =dDVAS *SAHYNII=NSA*VUSAS=LINN A0 1004iShLI VLV A/ /

*« U0 NISKS//

9and Ddxa //

A0 $D1 N8 NI¥W D4S€0°00 NIWO 034D EESL°LLO08 A0S /  JdVWLIIS/ dilS IWeEddl

EEGE"LL008 LUV IS / dVALLAS/ Jils TI€Ltddl

0000 Q0D dHOND =~ GHLODIXYT SYM dHIS - IgnLJdsil

AVAOIS 1 QHEW HANTOR Ixx#

gL =SHR04° NI=NI VIl *4 ¥V LLIAS DEXd //

SAINSTTIN xex

vy . W AIQVdtie! Y082=5%00SL0=1°0600=1" 1LL 0D, GOL LhE62ZdNx%

90 1 K3 l3 kS d SY B 074 L/€0 JIVQ LTEESL AKIL

W ORIAVIE S """ " LHRRZZIN " "RLLL UOC IHULS " "**="*“xx2I11-dSVH *° W ATCVdH

WoORTAVIU """t ho6ZedU " ""gl Ll JOC LIVLS* """ ****axxll-dC%L °° k L1GVJH
EoREL T g T s LT T oy ) AT Ty i

I46LG°LU RIAO 0dD HEGL LLUVE  dOLS JLERATEAN/ wol  19(% T4l
CLGL“LLGoY AN LT Jlhoubdcitnys Jor [Geedal

SR 5273




g e . e e e

78

L £ ]
L 3
%
.k
%
*xxk
*k
2%
%
*%
%
*%
*h
%
%
T
xa
>
%
%
=%
%
*%
%
"%
¥ %k
*
2%
%
e
%
*x
E 2

HOHYISTY TYHOILYI4d0 dHL 40 TYMALOL 4007 SN LR H VD034

QYINIT AZZ0d ONY NOL LIS YIAAWe /O’ NHYwadin 17 (¢

*GG=Gn*dd’ L6l LT TOA  uSHALSAS NV SI4dS
A220d 40 TYNHOOL TYROILUNIJLNT *wSNOLLONGS 3AL1D4030

TVEAATS HLIA YN 1AW VEO0Nd KZ2ZUHda’ Lo u’NNVWHAKRKIZ (Z

*GLZ-602 *dd 9 Lol *Z “TIOA’SHELSAS

TVHENEY JO TYHE60L TVNOLAVNYILNI wSHALSAS XZzZnd

30 NOIIVZIWILAD OGNY NOIJIIUDSTGe * L HINVAZIUN1Z
SIONFITITT ONINOTIOI AHEL RI GAVIVIHD 49 kY

ONIRWYHEOOHd AZ70F SNINYIINOD HOILVRHO4ANI TUNOTLICUY

ATAVIH 9 TE¥HOIW °“LdD K9 QdivV¥dida
dIW/XSdH ¥TA WITHOdd HNILIONCAT TYIIAVD
FALLOICHOTLTNN dHL T01 T INHDIL NOLLB1OS

ONIWAVUOOMA IVARIT (1-0) 1394LNL KZZDd

e
o
* &
%
Fap
* ¥
* &
%
¥
%%
Py
*%
%
*%
ek
%
%
ok
W
*k
*%
ek
%
2
*k
*k
%
A%
* %
*2
x3
*k
%

ARk AR R R kAR AR A kAR ko e ko ko kak kR AR Rk AR Rk R K ED
AR R KRR UK R A AR R AR Ak h ok Rk Rtk kg Rk kb bk Rk K kxRt o

P,
s -

CLUDVVLOLUYUDLDULLUUUULLUZBLRDLLULDUL DDLU

24 i A




79

*¥
* ¥
%
T
*x
2
e
%
3
e
e

(3L 8dXl SLETVNISHOD dINN 0 TTOHAd 1 dd A4
SATUYVINYA 40 43dW0k THYAN
I EEEE T F ISR LY

STV IdYA LGdNI

Aok K Ak LRk ok kR Kk Rk Rk
IdTUHY NOLLIYIddd 4T18YIHVA

%%
%k
* %
*
*%
¥
*ok
*
%%
*¥
%
*¥

AR R AR TR R RN xR Rk ok R kR Ak ok Ak R kR kR KRR ARy kS

Aok ek ok ok R okok ok o ok Aol ok alok B R ok ok b doakok ook b A kR Ak b e ook ofe ol ek e o e ol g e ok s o ook ok ok ok Tk sk ok
e o e Aol ke o ok ok ok ok o ok Rl ook ok ok sk ok sk ok ke ok sk odokok ko dkakokok R kol sk skokk ok ok k ke k ok ok

¥
e
-k
X%
24
x¥
T
*%¥
*¥
* %
%
E 2 ]
**
x%
%

“€L61 LSA90V’1-8060~0ZHS TVIANYW ADHIIILIY WVHO0dd
*NOILATIISAC K¥I20dd (JIK)ORINHVINOId YINDAINI JIX IK

? (XSAW) QLaNILXd HALSAS ONTWRYAODIL TYDILVHAHL UM

SIMIIAIEY SHIMOTTOL HIL NI GAHIYLAO IQ AVH

dIR/XSdk ONINYADNOD HOLLYWIOIHI TUNOT LIUAV

“HEOL- 17003 '8LH5L 1L CON 62 TOAN  WEKLHIDOS

%
*%
%
ey
ek
*
%
*%
%
R
%
"R
%
*%
*k

oL uuLL

.
¢

LWL

SEIRIR I SR RIS

VULLLRUULY

1)

SRR

PR




80

*%
%
*%
*k
xk
*%
*%
A%
*%
%
Aok
%
*%
%
*k
X
*%
*ok
*%
%
%
*%
*k
*%
%
%
2%
%
*%
*¥
*k
*x
xx
*x
'

CENOIJDNNL AALIDIACED 172701 ¢ idAL I 498N a1k
JAIEDILA0 X708 ZACKL ULT T4ATE NOLLVITASY & (I)zdsy

CNULLINUL JATIDELAD AZZ0d Z2IRE AT
dAL NT ATUYIAYA HLL dLb JO LRxIDIILI0D :(r’I)sX

*SNOIEONNd FALEDILO0 RZZikd ZAAAL 10 HACHON 2CIdREL
AATLOACCO K42ZNd LHEdAL HLT TJAAT NOLIVHIASY : (L)1 dSv

*NOTLOROd JALLDIL SO AZZ6d LAaAL HII
4HL NI HTIVIUVA HLC dHL 10 LNGIDIZ130D :(rfI)nxX

*SNOILDONNA JAILDACAO RZZ2604 1 ddAL 49 43¢d08 L34R41
*LNIVYYLSKOD €ddAL HLI q0L {0 1918 ANVH LHEId s (I)ESEn

*LNIVYILSNOD dIDIY €4dAdb HLI
AHL NI 4TOVI4VA HLL JHLE J0 LRAIDIL430D (r°rjex

(=)€ddAL SINIVILSNOD dIDIY 40 HAAKON €IdXIY
*INIVEISNDD TddAd HIT 4HL 10 20IS UavH Luvriyg :(1)csus

*LHIVILSHOD A19TY ZAdAae HOII
dHE N{ J4TaVINVA HED 4HE 40 IMGIDILL4DD (0’ 1) 2K

(<) TAdAL STLKIVYUISNDD CIVIY 40 JUIWAN :CAIRLA

*INIVILSNOD |46AL HLI AHL 10 IAL1S CNYH LHOIH s (X)isny

*LHTIVELENOD QIOTIY (2dR1 Hif
AHS, NI &TIVIAYA HLE AHL 40 LE4IDIII4I0D :(C’1)tY

» ¥
P
w
X
%
%
ik
&%
% %
ok
s
¥
* ¥
*%
%
K
ok
* ¥
%k
%
%
%k
Ak
*%
%
ok
Xk
& %
*%
ey
* &
ok
o
%
s

B R T o T e

VLDV C LY

v vLuwLwoLoLoLLL UYL

sw

o LLLL Y




I o
[. -]
J
Ll RS 3R A R R IR RIS R SRR R 2 22 R PR SR E ALY EEE LI ETTE SRS RS T I SR LI T PR J)
&k %% )
% E 33 D
% *QAQEHOT 48% IVHI SITHYIMEA ASOHL {0 dN8n0¢g 84441 e o] A
m *x JHL SHHSTTEVISE HDIHM GKVRGOD ASdW SJINLOHJN % o]
4 * %k 4 J
] £k TAZONTVA YA94LNT T9 LSOR HIIHA SJITAVINYA e ]
: *% JSONL AJTLNACAT HOTHHM SUNVHROD XSdW SUNIL W1 UKV YHOINL o o]
* % *% D
y * % o kkok kkkk Ik dkkkk % % J
‘ Ak SUNYRADD LNGNT XSdNW *% o]
. * & %% D
: *x *% o)
h *x *XSdW OLNI LOJINI 04 QAR INRYDI FAILDIIdO % o}
M *% ZLNIVIISNOD HLT HHJL JO dUI¥YA TAIS GRVH-TLHOEIN (1) sHY % o}
! * %k p 2 o
i =% *XSAW OINI LOdNT 404 QIIVTaNd0od FJAILDACHG/LNIVEISNOD ¥ o)
£ HIT dHL NI STGYEMYA L0 4HL d0 IN4DII43DD : (0’1) 10y ke 2
1 . * ok %k ]
X%k Ak ahE Ak bk dkk Rk * % D
“ * % . SALIVIMYA CIVNAL LNI %% )
* % % 2
* % ok D
% ~ *dA1LD40TD RZZ04 €IdRE ¥ o]
ok HLI 4HEL 40 d07T%A ATAVSSIKAY LS4LVIuy = (1) LNILO W 3
ET 3 ¥ % D
% *IALILDArID XZZ0d €4dATL % D
e PLT IHL 40 dRTIVA T'IOYSCINAY LS4MCT :(L)LuILS . )
¥ *% D
2% AA1L03090 A2Z204 €AJdAY BIT T4A57T NOILVHIASY :(1)cdsy e o]
*% %o N
e NOLLONOL IATILOACE0 AZZnd €AdXI HII *% s}
Ak JUT NI AT9VILAYA HUL AHL 39 EGNAIDTII99D (0’ 1) 9X » % o)




82

*k
%
%3
%
%%
x®
*%
*%
%
xR
*%
x%
%
K
*h
*%
%
x%
*k
*x
%
%
%
ok
oy
%
*%
e
* %
*k
&
*h
2
x*
*%
*n

LRI I S L R LA LY.
IVH404d LOJHL WV .LYG

(cadrbLyN’y=r’ (avaxi=1°(1’)gx))
£ 4 HdAL LHIYALSNOD dIVId
LyEddALY 7 LS NI STdVD 40 d3ITWIN

h°8d6 & LIS GIVO

(cadhLd’1=1* {1} zsny)
(Caariu’1=0’ (avan’1 =1 (1) Z2X))
Z % ddhka INIVILSNDD CIOIY
14ZddR LY ¢ L&S NI SIUYD 40 NIAGUWON

h*84d6 t # LAS Q4v¥D

(tadiex’t=r° (1) 15Hd)
(LudAny’t=p* (uvAl ‘1 =1 (')t X))

I 4 3481 LNIVALSNOD JLD14
LetddRid ¢ 138 KI STUVD 30 HAURON

h*ygd6 ¢ # 4d4S UdYV¥O

E4dALTY
CddAJd I
TIPS
€iadiEd
CIdAINA
LadF oY

IV AR

I 21lds NI STY¥D a0 UHARON

h°Bub L # LdS THEND

LR RS L E L 2
LIS 4dyYvd

ARk bk kK Kk
JULUD S4350

A
%%
¥
%
*k
Ak
* %
%
ot
k%
*#
2%
%
%
%
* %
¥
Kok
ok
ok
*%
Ao
*k
Ak
*%
Xk
*%
Aok
*%
%%
s
%
L
%
**
* 5

EERRE R EER Rk Rk xRk KRk ok ok ke ek k ok ke k ke kkkxh ok Xk ok hhxkk kR k kR hk xody

(IR

LVveeLoLvLLLLDLVLVDLULLLLDLDDODVLDOLOL Y

(SRGRFRVRSNE

5}




v R

;
{2
|
k3
<
N

[P T s

sy
~ -

\

o
..:w&******#***********#***********%***&:w****e*»***»&********w**#*** D
*% * ¥ D !
X%k EES J
o (¢2dRL L’ 1=17 (D) LHTLN* (D) LuIss “ (1)edsy) % o)
% (cddRal’t=0’ (4UAN‘L=I" (1°0) 9X)) . R)
% € ¥ ddAd LNIVHLISNOD RZZ21M4 . o)
Ek 1afddALI ¢ L4AS RI SI5¥D 10 J3WAN X% R}
- 846 L # LdS udvd A4 )
*% *¥ o]
% (ZAdAL I’ =T* (D) ZLNIL’ (L) T dSY) 4 o)
% (Z4dALT* L =0’ (VAN ‘=1’ (1C) GX)) *x )
- C % adh)l LHRIVNLSNOD R7.ZiMd % R}
% 1+23dA2I ° 145 NI S14vD 40 HJ4WNN % )
FEY f* 846 9 & 1l1S J48YD A o)
% *% J
. (W HdALT’ =1 (D) ILNTL (1)1 asy) % )
2 (LdadReI®L=0* CrvaR =1’ (1°0) nX)) A% B
=% 1 ¢ adikl LELVMISNOD X722 e )
% L+t3dALI ¢ @IS H1 ST4VD 40 HA9HUR rore 0
* ok Hhegdo G % LIS ad¥D . >
xr (¢ ddAT¥ L=1* (1) Esuy) T4 )




84

(<) T 3daL INIVELEND D dlYia s+
&gk

%* ¥k

LI1dAiy=p

dUNILNOD

AT LHOD

(1) tsnu=(K) sij1

()i x={r*4) pou

HVAN’L=C (G0Z od

{ +4=W

VIdRIN L =1 o0t od
WaddKLA 4 =T (1)1 SHY) *C qvyy
OIVAN L=T(1*01) LX) *7 cvyg
LASZEN L =2T 06 uq

0€ 0L 2% (004 tudAil) it

EE T

* gk

() | AdAL LNIVYLSNOD FIOTy =K%
k%

L3 3

o=W

CAJAL A4 ZAdATA+ L AdALN+ XZZ0I 0 =S I
Cx CIIRL L4ZAIRLI+L AR LI =KZZ 0 oL

mmm»au.mwm>aw..ma»aH.mmaaaz.mma>em~_u&»&z.m<>=._ avay

‘(s2)z¢

Ammybzhhs.Ammuazaam.anmummmc_

"(SZ)ZUNIL’ (SZ)Zds¥’ (G7 )| THIL? schidasv (gl g sy
:m.amm.ﬁm:x.Amm.mmuacu‘Ammumzm.AmN.mm.ox..mm.mmumx_
NSZSTI X’ (5752 ex’ Geisz) 2%’ (G2°G6Z) L% NOISKAWIQ

*************************44***;3************

*% TANILODY FIW/XSAW HHL d04 43
* ok LOGRI SV adSu SI IVl 13S VIva %
% KiVAOIHAL IHE ST 6h 19S ¥LVC *k

R S Y T R L L T L Ty

ot
oot
ooc

04y

SHESES:

oL

SRSESRERTN




85

AR

B3

g A
% %k %

I J31KL LNIVHASHDD RZ7UT1  #%#
*

LR

FRIRERAMSN)

SHNTLRED

(D)esna=(w) sun
(c’1)ex=(c’u) Ko

dYAl’l = Q02 04

L+bh=W

EAAXLAL =I 00Y ud

(cd38 1N’ L=1° (1) £sun) *c dv-
(1dan’t=1*(1’a1)ex) ’C avadl
€IdRLA’L=021 ¢4 Od

2t 04 09 (0"0d*fadidy)aI
TAIALA+LT3R ud=H

% ¥k %

*¥%

(=) € 4dAL LHIVALSNOD dIOTY 2%
L 23 4

¥ kK

AURTILRID

1T LNOD

(1) zsna= (W) shy
(e'1)cr=(r*n) roY

MUYAH L= 00t OC

| +h=l

TAJALA®L=T GOE OC
(ZaaaLN’t=1’(1)zsua) ’c dgvay
(uvaN’1=1°(1’v1)zx) ¢ dva
CALALA L =N 1§ aqa

1T b 09 (0°03*C3adaly)dn

* ok

* &k

009
0o

~
-

00E
00h

LG




AD=AO0B83 792  ARMY MILITARY PERSONNEL CENTER ALEXANDRIA VA
AN ANALYSIS OF THE MULTIPLE OBJECTIVE CAPITAL BUDGETING PROBLEH--ETC(U)

MAY 80 M 6 HEADLY

UNCLASSIFIED

a;
e,
\

d

. END
are

nmm

oTic




i M[j'g?

::' li3s m“2§2

g i

oL - = j22
= 18
) (N
lL2s is s
' ;

L] .
. .
MICROCOPY RESOLUTION TEST CHART
NATIONAL BUREAU OF STmDARDS-I963-,1
B

-




CAIRLIM A GALE+ CLudAaN+Cad KIN4l i =
* ¥k

LR 33

€ AdAL LA IYSLISNDD RA2Z04  #%xx

% %%

L 23 4

dUHNTINOD

dONIL NGO

()L NI/ (1)zdcv+ (1) INTT) =(¥) iy
(ryzunrrz(e’r) sx=(r’i) Moy

TVANYL=0 00GL od

L +n=W

CAddkLI’L=1 gU6 0OC

(CAIRLL 4 =I* (1) ZIRTIL’ (I)2Zasy) %z avaN
(qvaN‘1=i’(1°41)6X}) 2 Jyu
CAdALI L =al €4 04

h€ 0L 29 (0°03°THIKLIYal

VAJALI e €EAdRIN4CId AT+ LU AL A =n

¥

*

2 43KL LN IVELSNDD R7Z07  2%s

L 33 3

% kX

TJONTLNOD

SORILEOD

(D) tantL/ ((r)edsv=- (i)t INI T} =(u) si4
(DLINIL/ (0 I} X =-=(r’ L) nod
GYAN’L = 008 CU

L+ W=

LAIRLLL=1 Q0L o1

(MdaAET "1 =1°(L) 1 INT L (L)1 dSY) °Z avay
(AN’ 1=I’(1°C¢)nX) % avid
LddATT 1 =01 09 Ou

€f 2L 29 (0 04 taaxn1) il
CAIRLN4Z4I RN+ adAid=0

ISR
-

(O

006
oopt

Do

)

0oL
008

09

c

Loan -




87

O=4
(o003 KL 2 e N PAC) IV LG
(OL’Sn) 4L o i
(5005 ¢) i WHDI

(6°Gn) 4414

G XEHOYOLY s SRV ) LYY d0d
(@’GH) 411N

Ty

CANTLGOOd dIN/XSdW IHL  #x#

k%

OLKI LOJNT ¥0d LAS YAV AdVHOdWIL JUL s
% % %

OLAI SNOILSNAL JIKHOISNVHE HUL  xes

L2 2 4

SILIUM WYNOOMG AL 10 S4ANIVHIY HUL e
L3 3 3

A ONITNOD

0=1"MN4

RIS PEIG L

LAHGCOR=0YN

AUNTENOD

{ -W=k

0021 01 09 (YVAN<OT1°r)dl

(1) INLILGZC(E) €dSv+(X) LRILA) = (W) SN
(D)Iin1e/(et)ox=(r’w) som

L +hi=H

(1}Lnzas/ (1) LRIDS~ (1) Edsy) -=(w) <y
(1) LNILS/(r’T1) 9Xx-=(1’y) Oy

AV AN ‘L =1 g0zl W

W=LNOOJi

i +k=h

€AdAITI’t=I 00LL O¢

(CAdRLI’t =1’ (D)L RIIN* (L) In1is? (XD EdSY) ‘2 Uvdd
(Jvan’t=1’ (1’910 9%) ’C avay

CIdALI’t =9T hg O

g€ 23 29 (0 04 €ddqan1l 1T

ol

m.

"
~

-0 VL LY

001

UL

[ TSN AV




LAdRLT4 Cad ALY #74dR LA+ 4dA L Y=l
2 NI LE 0D

000001 =li=}

W oL 'sh)at1ar

00GOOL +U=¥

| +W=i

LddRALL’L=1 ou0s 0¢

6 UL OY (0T *tdaFil)dT
C3dALY+TAIALN 4L IR L M=}

A ANT EROD

00000L-W=U

(o HON Gy *GLPIL %01 %03 ¢ XC) LY HHOS
P S o XD Bl A

000001 +H =¥

L+ H=K

EdaALY‘L=1 0COh OG

8€ 0L 29 (0°0J°€CddALN) 4T
CAAALN+ L HdRI N =W

SuNILNOD

000001 -k =K

ST FREAT AL b S RATITRS ¢4 A A E L
NI FARE ) RS |

000001 ¥ =

L+ k=¥

24dA1Y L =1 000 od

LE 0L 29 (Q°04°Zs5aRIN} AT
lddALY=H

SANTLHOD

00060l =KW=k

(V204 GL2TX L s Ty’ XT) LYK A0
W ol ’Gh)dLTdn

000001 +1.=1

1=k

LYdALY t=1 0007 06

93¢ 0L 09 (0*Oa*tAJANA)IT

1233
000h

£l

Lt
000¢

4

of
0ooe

i

g T




89

2 AdAL I AdJAL 4l A AL T E SR LA+ TAdRLASL I a =T
0=1

0 =H

(oo aSUOINT oo XL v addDIURs o0 X824 LEOLN T XN} LVHCOL
(Gn'cun) in1un

SNHILHOD

000001 -k =H

(b0 L XL o000 GLE 9L’ X 0’ o NUTHY T X 0) LYH YOS
K (91 ‘o) 10140

00000t + k=Y

U=y

T%1=[ 0008 94

EAdXLN+CHIALA+ I G AN =k
CEAdRLI4ZAIRIT4LddRLT="T

(0L X6 0dDy "5 oYUM V'L XH) LVKNOS
(GL’h) LN

(s SNHATDDW) LYNEOd

{hi GH) 11I4A

Zh 0L 09 (M AN} 1

000001 —k =¥

W oe’sy) dn1et

L+ k=l

W o(Lr’ghn)artict

000001 +Kk=Y

1 +H=i

ZeC4aRLI+ k=N

th 0L 09(p*0d*€4drL i) dl

CHidAL T4l LdALTAETdAIN4ZAJAIH 4L dd ALY =N
INNLILNOD

000001 ~K=¥

W (L1’gh)intan

000001 +¥H=H

L +H=H

ZHARLI’L=1 0009 Cd

on 0L 09 W*0I°CTHIX11) 4T

Gh

EAEN

000

91

Gl

LA
Lt

7

0h
coey




90

OOt ==

GO Lo 0L X s’ SLL L X UKD UG L AL “ad g P K1) AV e
bo(gh’sn) LN

0001+ ="

=il

JUAN‘L =L GL06 NG

(b0t s *XF 2 JYAARY T "X E? oGNODISN o XL 0d D * XL ) IV AHOS
teh’Gn) uLIan

(JSINNOT o) IV 40O

(Lhlah) 4L an

AUNIINUD

00G00L -N=t

(h"BI'XL’ M0 /SIL L KL 4SHE X)) LYKI04

(L) SHY 'R (6l ‘Sh)dATUN

000001 +i=N

L=

T’1=1 0506 o4
CxCdAALI4ZAJAL I 1T ARLIPEAdALA4ZIIRIY 41 Td X LH =1
(sSHT ) QVHADS

(BLGN) duTun

Con s ONALNT su o' XLU o0 e TANAVH 4 00 *Xb* GUNTINI + *A8) IV N HOT
(9h76H) WL i

FONT LNUD

ANRILROD

000001 -3=¥

0001 -K=R

(84’ XL’ 104 'GLE 9T X6 % X ¢’GL I X0) LV HEO4
(C°R) N0 NN (LL°Gh) AL TN

000001 +3d=X

0001 + k=N

W=i

r=1

1=RU+T°0du)d1
L=k

1°1=0L 0005 Od
HMYAN“L=0 0408 Od

4|..
o)t

Hh

6

Lt

<06

6l

31}
a
0608
0006

Lt




e

s

| ’D1S 8070 =4k IL NOILNDEAXI DU 2T°0 =
{

w “ =SNCISKILX3 J0 H3gHon ‘0 =GCONINUYN JO dI¢WON ‘0 =GHONNE 40 YTSKON

! 9L 8Ll =TIIVIIVAY Vamy 'MNLOL'SILRY 0094l =9V AYMIVYISHLAY gh0Gt =1q0) LDirgo

S

YA 2Ca Ll

ani
JUdLs
(h g4ie) LV a40d
(GIL) LYK YO
A GUERIEADY STE T4
(oot} 4L 1
duNLLHUY GLO6K

.

-

- . . R .o L S E e e ety ek ORI

Ty




L TIATT

UNid
(0)D1

ANNTLNOD
(¢OX8°5°02°12) dI
L4LD=1LD

0°0=d04d XHX

NOILRIOS

LI X4

(4 STYON L) SLYILSXIW

(el 2UL 4 IKVN )T AVSXIN
AOTJX IW
(LNI‘LNINJOAX)HAVAR
0=LD

0°0=dOMI XWX

(s LS0De) LYVLSXINH

XIWINL

(4213247 43KYN ) HAYS
KO1L1n10S

2ZIW14do
(oSHI'STUX) 3 AOW

(a2 rgox) 3a0u

(WX VW’ eQRNOTAN,? 4AHNOTW ) ANTAS
L¥IANDD
(«1d9aNT 6 *IWYRTIX) T AOW
(P XUH "YLVAX) TAOA
ZTIVILINI

K Y¥soud

oW | dSVITdY  XSdW  *JA'1IdWOD

N

LNI

JOLS

HYyoond TOTLk0D

4910
hatig
€940
29ty
LIto
09Ih0
6sho
G0
Lst0
96t 0
qGhou
HGHo
£EGho
csho
16H0
€L no
cLho
L1 ko
coLo
1210
00L0
6600
6600
Lo00
96C0
000
1000

CCLKLA-XSdH*"




usseavircis. T nsass -

93

S UL 46t A b bl o r—— hatic s T —

pacy

gy

20T

*SHOd4d JOLVA Q ‘Sd0dda JONIK U
MOY HOVA H0d ATJVIMVA NOVTS 4NJ NIVIHOD SOILSLaVLS 4GHIL
SJT1avIdva dd9ILNT ot
= XLISHAG ‘SLNINATE dT Zb

SATOVTUV A £7 o 0} I s |

SOILSILULS Wa'l6OHd
*(S)youyd "orvk ¢ -~ (S)dN¥4d HONTH ©
CNROUG 1L

*NO 14iD4S SURpLd ~¢

*(S)E0INT HOLVH © - ($}905¥5 BONIK O

*KOIJIES Safiid ~€

(SYunuud ¥OLVW © - (S)y4o048a YORIRK O

“KOILDYUS SNEOTOD -7

{s)yody¥1 s0rY¥YW © -~ (S)4oddd YONIW ©

*NOLLD4S ShCd -t
000 = dRIL
Ld0dnd 0l XVH Sd42ARDD

L T4AdT JId | ASVATIY XSdW  “HOLUDAXIT *"LWLA-X5dH**




Lt

0

GAANNOY ddXT4

0 0 O tt
5 l Y 74

Lh9 hotd
00ut c09

o801 uct

0zl

£961

L

KE MR dZ LS

L 13 ISSOT WHNAINVW - dddinedd &oH

{*ay

(*4v
1484 TVEMON 1% 401

Shem ™

Ta9b N

Ad0MAIWN O dvl

AU L) SKEwirlon
AT UL) v rod

Sdd Id it Viad
S 418 X IJLVK
SKOIY5 | dio4
HOLO4A dNnog
SETUVL 44904 NT
dVh SHIU~-Eod
$100d

UNTITIRD ON

ORIDIES WRWEZVH

9ISSY NYOHMX IW

CHOLYUDS Ol (IHYISSY CHOINUDS
tHILVUIS OL UdAN

OISSY LHOLYWYOS

LVLd OL GIN9.SSY L Vdd

CAIMIVR OL (TN
LXITLYE Ob QEROISSY  LXINLWK

L1 AIT 324 1 ASVATTId XSGda

R o o . 4. s AT et o s

anNGogdn

S 1OLNJUXA

i

PRTES - -
1.
X B

D1S5Y X IML VW

dTVIS

XV

= annot
00U = 4WIY
Ldndung  <NLds

“*LWLA-XSIU®®

-~

z‘.AWJ.Irlllv‘

PPN -




-gocao i = R Iv0s

L ONTOTL A TSN IV L0t = dl1L
SHY = SHd reo = pac TVhito
*Shin 00°0 = dWllk
LdOdN

ATdISVd L

g8 SS¥d J4Ldv 0

L°°°°* SINIMA'IE  1°°""° SHOLDAA=-¥ LI  0°°°"° QA4 ID{SNVUL  0°*°°°"°°° SGiluk -- JSUIART
ZVoo e SINAWATL  0°°°°* STVANLDULS  ZL°°°°°°° SIVDIDOT ¢l °° "% SHOM 4D "IN —=-— SI5VY

{*°°°° SINIWATd L°°°"° SIOEDIIA-VLd —--- USYIANT INJNYOD  00°0  UNIL 04 I'T¥D LdiANd

¥ Ss¥d YdLiV 8
JUVLS IV ¥ SITLITLAIS VAL NI
*SHNIK 00°0 AW I L HUv4D
g4 TIYD OUDVW KHLSAS JZIHILdY
00°0 = JdhIL

daId N

(SsSHd TOOHIIM) SA¥O0IY XIALYR € ~ EETFEE = RL1ISNOU -~ SINAKITH To

HYOELRT GdY SNARNTOD O

'R

e e

v e b Qs,_xﬁ.ulllfibﬂ




LS = Sty {50 = 10 ve {1d
CURIV Q00 = aWLld

doan

Go***® SINIWITH hL**"° SHOLIIA-Via %" dQAUYO4SHY 4L yres st SNATION -= dSuiaNl
Za***° SINdWATH ge*e*® SIVALIONYGLS peeceetst STIVRILOY L% SN0 JdD°ON -=-= $[5V4

Gg*"*°® SIN4AWETI LE®°°® SUOLIIA-YLAd =~-—- ISHAANT INAHYAD 000 akIl GITTIVD L1ANL

TOY O] H4D2271D = SROIZVIELL 4ONIV G /10C0YW S HALAV UACNVRIU wuu ANL

1 £336° -hiohg* (x4 0c i o1 W

tLOBG® 6G719° Gt 8 L 6t b

GhH05° -16h05°C £Z oc { ti W

2 G664 ¢ d A WAVE B gL 9 L £l 2

| Shp0s* -gtiun* il 7 | ct b
ALLYA LSND KI +no LdONORN YL dkiiN

KOILONDA J4o04d48 JOLD4A HOUIIEA 84Uk O adll

-00000°1 = d¥0s
L ONIJINd st 00°0 = dW1l

SHU = SHN £g0 = PO Vb Lad
[ “SCNIW 00°0 = LWL

=
1Cudn

9€°°°° SINIWATT  9°°°*° SHOLDYA-VLI  0°°°°° C4WHOISHVIAL  0°°°°*°*° €adTOaN -- ASULANI
gneecc SINIWATA  G°°"°° YIVANLOAALS  £°°°°°°°" ST¥IIB0T  ZL*°°° SHO¥ dU°0d ---- SISty
tht - SINIWI'E  L°"°°° SYOIDIA-VLIE ---- ISYUANT LEA4UGD 0070 &Kl Qi TV 1L AKI

, T28LROD AD0TD - SNCLMVUALI YORIW 01 /4OCY# 01 HdLdV GIAORVLId IMLANI
oneEelL” ~ZRLEE" i 91 l (N3 n
ontet: -00000°1 £l il l ol ¥
I01YA Ls0D Nt Lac¢ LJOHOR  wd Gt A
NOILOND A J400U18  JOLDa A JOIDTA HAHE Altl

T R AN s i e =

[ N R T L E ¢




X AL A

97

-LL6G6 "
-L2L62"
-3¢L60°
cee608”"
o0L99%6 "1
S6080°¢
S69hh 6
000600°t

ALIATILOY TVnQ*®

1 e s i = -

0000011 4NON
i (2 3 3 J 4 dANOH
00000 "Lt INON
=00000°H ANON
00000 "N INOK
00000 °1 cooo0-°L
00000°1 00000°t
00000°1 00000°1
00000°1 00000°L
4 HON -06291 °
4 KON ANONR
SLIKYTT y3dde**  °“LIWTIT 444501°°

qluodin
SHd
rdo

SY duh1d3Id

{ TLALT 30V 1

L TdAaT 10k

GELLnl
A4t
JEREG®

-LLOBS®

ALTALILOY XDVIS

LT3ad1 adw o

LL0BSG®

STC*ALIALLDYCCC

i = HJHH N

15V4 TTIM

L ONIODT 1d

dSVaTId

XGdW

PR

R YA T gt LLona
-0LEes °¢ TH 0L0HON
gL0Lt3°0l S4 600156
-9EREG Y Sy HOOAM
00000 ‘1M1 LOUIIOY
® Un FCO0M0Y

00000 °L 03 SOUKUT
00000°1L gl 00 NOY
00000°1 04 fO0MUY
00000°t 0= 2001504
-0GZ9l * T LOORUA
LLOBS® 1 g HY]
CECALIALILOYS"” IV ML 051 Bl
SHON -

15V4 144 SSd N SHOTLDaan AN |

s et esaNnoYg
SHERIVHELGEY
TYNO ILONDA

STrHRYNCCC

NOLLVYA LT °SNIK 0070

CIViba0)
SOLUDARA
NOT.LL 10%
000001
*SIIN COTC

SAOLuDIXG

= bl

ROLe0iae

SV LA-XSdW®

VL LdO
= & TVIS
= 4bhld

StLwlA-X5Ck*

S UVES A NI o N

P




000 = dbTee = NOL42T

L5500

00°0 = AbklL - LHVILSAIW

L LiAd'T JOW 1 ISY4° 148 XSdh THOLPNOIXE **LLlA-KSdh°"

00000°1 * * - $a 010X €7
00000 "1t - ° ° sd €00 2¢
00000°1 ¢ y 00000t 16 00X 1<
00000 *t * - * Tl Lo0x oc
00000 "1 * * gLotao* ) 900X 61
00000 °1L < ° ZLL190° s So0X el
000c0 "1 ° * (VT N s¢ ho0X L)
00000 °L - * ¢ T1 £00X 9t
oooco° i * * BZYEL® S 00X Gl
00000°1 - * cLEI0” Xt 100X i
00000 "1 “ goeoooTt LLO8G " St YGUWYT €L

*LIRIT Mdddn** C“LIRTIT HIMOT®°®  °°LSOD LUAKI®®  ** RLIATIJOVY*°° L¥  “ild01TOD" HJUWLN

SNWLTOD - Z HOLLOAS

L OLdAAT IO 1 3SVITIT ASdk THORUOENTY SELNLA=-XSIET T

| ST SRR




rl\ v s e

56L23°
ZL9p9°

I SAIJLIAILIOV HdddD
i 86065° = HOTJLVRILSA
] 1 """ 3311 L68LE® = NOLLYWILGY

LLGGG®
8lEoL

1
H NN.‘I."

5dLI 8GUGS " = KOLJUHILST

- —————— - A D e WS WP W A A A - - T . - W YD S - o= S -

thiZoe”
051L9°

- . - . ot W - A G A SR M M ML e S G W T A S e

I SIITIALILOV 4an0T SAYVEOL Uadyod

1 LL08G° = NOLJAVRHI&SH

1608G6"
tLzoe s
oI87E "
oL8cy”
4071Y4
AYyYAd

gEinhsge
0465066°

204%°
oelLe”

- - - - — > " ==~ —— " O G e O e - - - -

c9zEs”
BGUCG”

LeLce e
-10650°

L9649 =

"

tcLos”
LLSre®

L969* =

B50G65°

Hes”

LEN0G”
1L08G"

LOBSG®

ANCLE”
8IG9I6°
LLous”
LLORS®
JNIVA

ROILONDA

t
e

hi

91
<

it
LOR

ol
nt

-— - - - - - - - . - — - - o W - T W Wn D s S SRS o - —— i S ——— — ——— —— . - - -— - - -

SEIVANS d10404

A TAVTHY A

TYNO LI ONO Y - €
TYNROLIONNL —- ¢

- E AR = Y G Y W S h S M M Y e TR R AR b S Sn e oTe

ti
nt

ATV L AVA
S1

= TYNOILOUHY - ¢

06L€0°
-Le6lo0”

it
Lz

L

¢
L\

4 TUV L4V A

= TUNDILONOYE - L

36C60°
LR6EL"
-2eset -t
(asic”
LS00

aionnddy

at
Lt
17z
Oc
KE

HO LA

ol

6l

Z¢

[

©{i0
HOLITA

U tJOUG HOMY BY

0
0

~ WONV48
SLOR
JUON

0

0

- HIRVHE

400N

0

0

- HONYYE
K {H

.-N
“Z

- - - - -

UROD4S 1

IH0LSEY

Hovad I

W
W

Wi W

€£C

- ——— —— g W - - o G - - - — - - W P = e S e e S ——— -~ e o = m- e . — . W SRS G S MR A e T

I SHILIATLOY HifDT SIIVINL 40404

LSdld 1

HOTINTI0S ATUILS0d £S4T 1

Hovad I

- —— - — - ——— - A W - -

7
1 %4

— - — - —— - - — - - V= - - e W e WP W T e D m s Ssem R dn e S S S

tgce =

dr0oJds L

adNLsEe I

—— o —— - S S A . = T e - S - e = o oS e o~ o —— e - — . ——— W . - - A% A T e s e S e e S -

3ddoic HOUY M

0

0

¢

y
LJONON
BER I

0¢

&L

gl

Lt
d o dH N
Gdal

—— .- - e e Y S R S W - e .l.l.'.ll"lllll.nl"""l""--"""""‘all"l-l""'nl" - -, e -

i SHILTALILDY ddddp STHVAOL GAJHOL

H 5—..'...
I
I

2341 1£0A6" = NOLAMWLLSY

LO8S"

-94+200000L"

Rk =

(A

JTIVIAVA

= TYNOILLORMZ - L

* JdHOR4dd
dROA LD

'-fl--'lv"""""-cl'"'l"I.'"""‘.ll-l...!l-'ll.‘ll""'c)"‘-l'--'

TYNOT LN U
AOILVRILS A

41

- HONYAH
da0H

LSI1d 1
Haveds

adddOdn Sddon 1

I QIROGIS0d

sqaon 1t

——— - D St e w WV S an G e

"

W

L

W
]

4




3

100

aad dgd NN 4
tuLsl- BGLOC® 0o840n° L i Y] e W .
oneot” 90hp” 38LE0° 2 6l 0 1€ W <
TUTIVA d6LIVA 550D Ry L9 ddUtON dd Bl
HYyvd NOTLOENA Q400340 MOIDITA  4OIIIA AJgk N Uad bl

Go*0 = dAWLd - NOTSYIMW

Jo4e ge**** SINAWATS €1°°°° S¥OLIOdA-{LY 1°°°°° daW40dsHvVdL Gesosoees CNIIDNN -- dASUGANL

9G6°**** SINJWITH LT STVHALON ILS Gt eset SIVIINOG Cl**°® sPOY 4D *OR -=--- €15V
MR ER:| BEE"°° SINIWITA L% SEOLDAA-Y LT —=--- aSG4JANT LHIIND 00°0 JHIL GaTI¥D L4aAkL

- — . ——— - T - - S R - S - e M N L AR D R . - . G = e e e A - e - -

I SITIIATELDY YA AOT STUVADG AIDHOA 9cen = 6l dTUYTAVA - HONVLE  &SIT4d 1
I IDhYL " fod S NOTLOTIUS JTAIS50d Lsal [ i
e """ J3i11 IOH8T " = NOILLUWILST (H8C* = TVHOLLONUL - % AC¢ON HOvVdu 1

—— - —— " — — ——— Tan - —— W S e S W S G ——- - . o — G W = A R T e A e - e - e = - . -

£eces” 669LE" -t8cf0” Lz Z 0 ot K

tgcce GEILE" £¢L60° oc 1c 0 6l k

066D LosLe” -49200" %4 Gl 0 8l I
1 SETLTALLOV ¥dddil STUVAOL dADUDI 1649° = Gl ATOVIHEA - HOdVsd JL0048 1
I L6BLIE® = NOITLVWILSL OolE" = TYNOILIIONNL ~ € JdeT #HOLsdy

UJdddOUU HONY 4
Leont * Lonte” LLLee” it Gt 0 Lz k
I SILIIALLOY 43 10T CIYVHOL daddddld 1669° = G| JIO¥IGVA - HOHVEIY  L5HId T
L L581lf* = NOIKUWILGY O6lE*® = TVHOI&ONNS - ¢ dUON HYOLSHd I
[ L581¢€° HON S1 MOLEGT10S S T6LISSOd LSia L

- - — - - - —— . - ———— e = - = e e = e
-—— - - —— - — - - G . W . - g e = - S A G D e S - e W - - o




L

B

101

1 (INTRES I
sdd
CED)

SV danidia

te

GhevtL®

STCALLATAOY * "

= SAUWIIN

NO LT VNI

et

MR N BV
SANIVULSHY
TYHOLLORLd

.!'L..~=<n oo e

CSHIW 00°0 =

dhid

HO LLT1OS

T

H m.-ﬁ!l'.l' ‘m

- . - -

1
1

L CTIAIT JIOXd L ASYATIY  XSEW  “JOLNDIXI LKL A-ASCH®T®

NOT LOTOS udDidiNI = = = = = = = |
TYNOLLOR{1 S Hd¥da 1

-5 JGONR

€LI OhegeLt s = NOTIVHILSA teet” =

- - —— - - — - - - - - - - - - - - —— - . e - - 0 W . ea M N S G S G G G SO e e S S

07¢g8”° auhne* L668L" L b i 0 te |3

- - — o i . T > S - 4 " WS - s - S SR AL W M a6 SR S S e S G em e e S A5 e A e e e S -

SGILTALIDV Hddan STUVAOL diddd8dd azZep* = b6l dTavIuvVAa - HONY 1O dNOOJUS i
048Z° = LOILVRILSd (hel® = TYNOTEDHUE - & Juuk dd0LSdn 1

o e e > . — ————  ———————— - T s Am e A G e - S WM R SR e e S TS e en - En A R e s S ES S S - - - -




RIS R AP P R R . <

102

" 00000 "Lt
-00000°1 -0tEer-z
* 00000°LL
* -00000°h
* 00000 °h
oteet © *
-0L996 ° 000001t
-00o00n"* 00000 °1
-00008 "1 coo00°“t
-0geeEe” 00000°1
° 2 HON
00000°1 ANON

KLIALLOVY ¥nd*  “LIWIT Huddn°*-®

IHON
aNON
AHON
dANON
400N
00000t
000001
00000 "L
00000°1

-0GzoL "
ANON

SLIFMIT Mym0f*-

0999t

0994ah*1L

ggeaag*
cocyes

-0L8L0"
-ohtet ”

ALIALILOV

Y18

onvYesL* L
-0tfEEE °C
OHEES "6
=0999G
oo8LL e

oouveo°t
00000°1
00000°1
00200°1
-08¢ntL *
oweel *

I ———— v e ———

[ 4]
TH
St
QY
Sil
0l
(926}
0d
Qa
04
S

sy

TTCALIATIEOE T 0%

LLonnod
0100
600303
HOO0N Y
L0 MO
960304
GO AN
H00KUL
£U0 108
2000
LGOI

10

0.3.\,420.0




ey v e

T
(=]
~

4 NOILLIIOS HI93IN1 T ¥V A 1 1L 40 |

1 OhEEL S = HOLJVWILSY hegl* = TUNDLLONOG - € G SHOLSSn ]

I oheelr ® MGl ST 0L LTS 4791SS0d 1546 1 )

00°0 = dhIé - AOT4XIE

" e VT

L TALT I3 L ESYLTITD XSdk  "UCLADYRY "L A=4Sdh”*

00000°1 ¢ ® ¢ Al 0102 f£¢

00000 °1L * o ¢ Al 6UD¥Y ¢

00000°1 ® ¢ 00000°¢ Al 00X Ic

00000 "t . . . Al LOUX 0z

00000°1 * * 00000°L Al a00X 61

00000 "1 * ¢ M Al SOOX  wiL

00000°1 . * b I 00X (L1

00000°t * * © Al €O0CX ot

00000°1 * * 00000°1 Al c00¥Y Gi |

000001t * ¢ * Al 100X 1l R
: 00000"1 * 00003°1L ohEEL * LY YAd HYT €1t _

LIKIT ¥dddn©®®  °LINTIT 444071°°  *°LS0D LUdNI®* “*ALIATLOV""° LY °“NWLIO2" dACAON

SNWLTCD - 2 KD1JJ3dS

L TAALT JOR U 4SYITAY  XSdW  “dCLODIXI  **( kL A-XSGK"* 1




...

\

3 TRy (A4 SAVIY SIMV)  CROE/GLE SGT *Z~asVd #°L 7 -S0 b
~ SO I SAR0D3Y IVI0L 0061 $5aAMODAY WIAWIX YU ¥y INOLLVN] LSId o
0 SAIHINNd SAYYD  GO8 PU4LdIdd SIdI b RTAVAH SudSa i
6t SARIL WAESKAS OIS 0°7 ORIAAIDNT AU IL TR 0Y SNACL 0R/LL/EC fadNa 1
F4 ${24€) ndd Lan 0% $OIS) HARTL WALV Lern SN0 dV j

R i L T pupuppu §

1 1 {

I ° { Otux =t¢ I

1 . I 600X =2¢ 1

I VTR 1 600Y =L 1
I . I LO0X =0¢ 1 |
1 0000°1L 1 Q00x =61 1 w

I . 1 S00X =yl I _

I . I nooX =Lt i

I . i £00X =91 I

I 0euoTt i Z0Ux =61 1

I . 1 LOOX =nt 1

I 1 1

| R e e |

1 I 1

1 YA9HINT i NO Tw¥W LLSE I

I 1 1

| e e ey {

I 1 1

I 8eEfFL” 1 TYNULLONNS 1

) I 1 1

| G il ST P s

I 1 1

1 G I JUON 1
I I I

| R Ty |

STION MAVFINT J47 INILIVA

L TAA3T JOR | asviaT1dd OdE TUOLHIEXE TCLHLA-YSdak**

L s S N VR




105

i

APPENDIX C

Fuzzy Linear Integer Programming
Via an Exchange Heuristic, Variable
Definition Guide, User's Guide

and Sample Output
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