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MULTIPLE CRITERIA DECISION
MAKING AND GOAL PROGRAMMING

Boo Ho Rho*

Modern decision making process involves not just single objective of
profit maximization but multiple conflicting objectives which encompass
production, marketing, and others. The incompletion of single objective
criterion and the importance of multiple objectives criterion in today's
dynamic environment are emphasized both through normative and em-
pirical studies. In this connection goal programming is introduced as
one of the most effective techniques for multiple criteria decision ma-
king problems. A simple case is illustrated for the formulation of a goal
programming model. Finally, historical background and application

studies of goal programming are presented.
I. MULTIPLE CRITERIA DECISION MAKING

The purpose ol this paper is to discuss the importance of multiple
criteria decision making both normatively and empirically and introduce
the concept of goal programming which is widely accepted as one of
the most cffective techniques for multiple criteria decision making
problems. Also discussed is areas where goal programming is applied.

The process of decision making always involves a set of objectives.
The classical economic theory advocates profit maximization as the
sole objective of a firm. The theory rests upon the idea that the only

dependable human motive is self-interest and individuals or corporations
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engage in business with the avowed purpose of making profits. Appe-
aling as it might be, the theory of profit maximization as the firm’s
sole objective raises many serious questions. First, profit maximization
must be viewed in a long term perspective if it is to have any
realistic meaning. However, a precise determination of long term
profit is extremely difficult, if at all possible, in business operations
where uncertdinties and risks are pervasive. Thus, a number of variab-
les which are important for long term profit can be treated as remot-
e surrogates to long term profit and accepted as goals. These variables
include market share, image of the firm, employees’ attitude, and the like.

It is also argued that the profit maximization is not the only goal of
a firm but merely one among several goals. Especially when the separ-
ation of management and ownership is prevalent, this is likely to be
the case. Management is not enly interested in profit per se but also
interested in power, and social responsibility, and survival on the job,
to name a few, which are called “psychic income” by Simon (30).

Drucker (10) mentioned along this line that “to manage a business
is to balance a variety of needs and goals” and pointed out eight areas
where goals have to be set. The eight areas are market standing, inno-
vation, physical and financial resources, profitability, manager perfor-
mance and attitude, and public responsiblity. White (31) also made an
observation that profit maximization is in reality a heterogencous colle-
ction of multiple goals and identified two types of goals: market goals,
image goals and power goals as external gouls; and production goals
and fincial goals internal goals. Cyert and March (9) defining goals
as a series of less of more or less independent constraints imposed on
the organization, identified five major goals in the areas of produ-
ction, inventory, sales, market share, and profit.

Another line of criticism against profit maximization has been made
by Simon (30). He argues that profit maximization is indeterminate,
and that the entrepreneur may not care to maximize but may simply
want to earn a return that is regarded as satisfactory. Thus, he concl-
udes that the firm’s goal is not to maximize proflit, but to attain a

certain share of market or certain level of sales. In other words,
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the {irm would try to “satisf{ice” rather than to “maximize”. This concept
of “satisficing” is based on the_behavioral theory which substitutes “aspi-
ration level” for traditional economic motivation. Aspiration level acts
as a psychological force which drives people to act, and is adjusted
upward or downward on the basis of experience. When performance
falls short of the level of aspiration, search for new alternative is ind-
uced.

In addition to the above normative theories, there are also a number
of empirical studies that support the existence of multiple objectives in
the firm. Johnsen (14) 1made empirical observations in Danish firms
and confirmed that the overwhelming majority of firms were manag-
ed in accordance with multiple objectives. Kaplan, Dirlam, and Lanzill-
ottt (15) studied pricing policy in American big business and noted that
most of the companies surveyed follow different goals for different pr-
oducts.

The study made by Shubik (29) showed some of the difficulties in
defining the goals of the {irm and the existence of multiple objectives in
the {irm. The primary goal of the firm includes a wide range of political,
social, economic, and ethical aspects and the profit-as a primary goal is
preceded by social responsibility and public relations with employees,
customers, and stock holders. Ackoff (1) also made an observation that
the multiple objectives problem is simply accepted and thus the general
principle of the solutions is to convert several objectives into utility
function of some sort and then maximize the utility function. Cyert
and March (9) presented four case studies that involved multiple goals
and where the decisions took the form of satisfactory soluions which
met some minimum requirements laid down by the organization.

There are not many effective techniques that can handle problems
with multiple objecives. The problems become more complicated when
these multiple objectives are in conllict. The following techniques are
identified as tools to analyze multiple-objective decision problems:

1) systems models

2) utility models

3) simulation models
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4) goal programming models.

The systemes model is included because a set of goals may be repr-
csented as a system. The main decision criteria in systems analysis is
benefit-cost analysis. Systems models are basically conceptual models.
The utility models transform various goals into cardinal utility scales.
However this process of transformation of goals into utility is not easy
and thus the utility models have not been practical techniques. Simulation
produces information that can be interpretated as a set of goals. Simulation
produces a more satisfactory soluion than analytic approaches when there
are numerous goals and many combinations of solutions must be compared,
extension on models are descriptive models. Goal programming is special
simulation of linear programming and considered the most powerful tool
in handling multicriteria decision making problems (2), (12), (17). Fo-

llowing sections will be devoted to the discussion of goal programming.
II. GOAL PROGRAMMING

The general goal programming model can be expressed as:

&
Minimize Z=3 3 Pi(w'" d; + w!* d})
i
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where d and d  are negative and postive deviational variables about
goals respectively; w: and p. are, respectively, numerical and preemp-
tive priority weights attached to these deviational variables; A.; is the
substitution rates; and &, is the level of the i** goal.

As shown above, the goal programming model includes deviational
variables. Each deviational variable represents the amount of deviation
from the desired goal level. The objective function of goal programm-
ing is to minimize these deviations according to the preemptive prior-
ity and numerical weights attached to them. Often, goals are achievable

only at the expense of other goals. Furthermore, these goals may be
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incommensurable. Thus, goal programming utilizes an ordinal solution
approach based on the preemptive priority factors so that low order
goals are considered only after higher order goals are achieved as close
as possible to the desired level. When goals are commensurable, they-
may be on the same priority level but numerical weights may be uti-
lized to differentiate their importance to the organization.

In order to illustrate how to formulate a goal programming model,
the following problem is presented:

The Seoul Electronics Company produces two  tvpes of television
sets: color and black and-white. The production ol a color set requires
10 man hr. of shilled labor and 100 man he. ol unskilled labor. The
production of a black and white set, on the other hands, requires
Sman hr. of skilled labor and 150 man hr. of unskilled labor.

The company has 100 man-hr. of skilled labor and 1500 man-hr. of
unskilled labor normally available per month for the production of
television sets. It is confirmed from the market study that the estim-
ated number ¢f color and black-and-white sets that can be sold are 70
units and 45 units per mcnth respectively. The profit margin from
the sale of a color set is W10, 000, whereas it is W73,000 from a
black-and-white set.

The company has set the following goals in the order of their im-
portance:

1. Avoid the overutilization of skilled labor since skilled labor is hard

to obtain in the labor market.

H. Minimize the underutilization of unskilled labor.

III. Maximize the sales of color and black-and-white sets (assign wei-
ghts according to the unit profit of each product)
IV. Limit overutilization of unskilled labor to 100 man-hr.
The above problem is [ormulated as follows':
Min Z— Didy | Pud. i APsd, § 5Dsdy + Puds
10N, 1 3Ne -+ " —dy =100

100X, | 150X:4 de™  —d,y =1500

1. For detailed explanation ofthe mode!, refer to Lee (17)
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- dy —dy =100

- +
where X;,, d , d 0
J 7
X,=number of color sets produced per week,

Xs=number of black-and-white sets produced per week.

. HISTORICAL BACKGROUND AND APPLICATION
STUDIES OF GOAL PROGRAMMING

Charnes and Cooper (2) introduced the concept of goal programming
in connection with unsolvable linear programming problems. Raising
the issue of “goal attainment,” they state that “. . . any constraint
incorporated in the functional will be called a goal. Whether goals are
attainable or not, an objective may then be stated in which optimizati-
on gives a result which comes as close as possible to the indicated
goals.”

Ljiri (12) made further development of goal programming based on
the foundation laid by Charnes and Cooper. He presented the definit-
jon of “preemptive priority factors” to treat multiple conflicting object-
ives according to their importance and suggested the generalized inverse
approachas a solution method. His study was, however, primarily cen-
cerned with accounting and management control.

Although Ijiri reinforced and refined the concept of goal progrumming
and developed it as a distinct mathematical programming technique, it
was with the modified simplex method and the computer program
developed by Lee (17), (19) that goal progarmming became a full-
fledged management tool of decision science. Since then, goul program-
ming model has been applied to a wide range of planning  situations,
resource allocation problems, and various functional areas of munsgem-

ent including production, [inance, and marketing.
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The first application study of goal programming was made by Cha-
rnes, et al. (3) for adverting media planning. The model was an ext-
ension of previous linear programming models by accounting for cum-
ulative duplicating audiences over a variety of time periods. In a subs-
equent paper (4), and illustrative example was provided. Charnes, et
al. (6) also presented a goal programming model for manpower planning.
This study was conducted in cooperation with staff members of the
Office of Civilian Manpower Management, Department of the Navy.

Charnes, et al. (5) recently provided an extension to the theory of
goal programming by exhibiting explicit solutions to convex goal pro-
gramming. The study also indicated that the proposed computational
technique is useful for other classes of problems such as interval pro-
gramming. Contini (7) presented the goal programming model under
conditions of uncertainty. The objective function of the model was to
maximize the probability that a realization will lie in a confidence region
of predetermined size. Dyer (11) presented interactive goal program-
ming which provided a bridege between goal programming and intera-
ctive strategies for the optimization of the multiple criteria problem,.

Jaaskelainen (13) applied goal programming to aggregate producticn
planning. The model involves three separate and incompatible goals: the
levels of production, employment, and inventories. Lee and Jaaskelai-
nen (22) also presented a goal programming model for the aggregate
production planning. Lee and Moore (27) developed a multiperiod pro-
duction problem incorporating gouls regarding inventory levels, delivery
schedules, employment levels, and production costs. Lee and Moore
(26) utilized the goal prograinming approach to the transportation
problem. The model was a departure from a conventional type of
transportation models where the only objective is to minimize total
transportaion costs. The goals included in the model were guaranteed
delivery, union agreement, and cost minimization.

L.ee and Clayton (21) applied goal programming to the resource all-
ocation problem in an institution of higher learning. The goals were
defined in terms of faculty qualifications, faculty/student ratio, faculty

/staff ratio, minimization of cost, etc. Solutions obtained under diffe-
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rent assumptions were also presented. Lee (18) presented a goal prog-
ramming model for an aggregative resource allocation in hospital ad-
ministraton. The goals include securing adequate service level, adequate
pay increase, and the like. Solutions obtained under simple and expanded
models were presented. Courtney, Klastorin, and Ruefli (8) used goal
programming in housing location preferences of students. The possible
usefulness of their approach to urban planning, real estate development,
and transportation systems design was illustrated.

Lee and Nicely (28) presented a goal programming model for mark-
eting palnning through a case study. The model analyzed the effects of
promotion expenditures on rate of return, the number of television
sets leased, and personnel policies. Lee and Bird (20) applied goal
programming to a sales effort allocation problem. The model dem-
onstrated the advantage of using goal programming in“marketing prob-
lems by employing stable empoyment level as one of its goals.

Lee and Lerro (25) presented a goal programming model for the
problem of capital budgeting under capital rationing. The model consists
of eight distinguishable objectives with four different priority structu-
res. The model illustrated the divergence in goal achievement and pro-
ject acceptance depending on some variations of a basic model. With
these variations in mind, the model suggested that management could
select the optimal solution that best suits the organizational objectives.
Lee and Lerro (24) suggested a goal programming model for portfolio
theory which has the effectiveness of the full covariance model of M-
arkowitz as well as the simplified linear model of Sharpe. Furthermore,
the goal programining model incorporatcd three other goals which are
not used by Markowitz and Sharpe. They were the covariance goal, the
current income goal with low risk, and the managerial goal. In the
final analysis, the model demonstrated the tradeoffs between financial
risk and inflation risk. It also allowed some changes in priority levels
of certain goals to provide portlolio recommendations for a variety of
conditions. The application of goal programming to the finaneial plann-
ing is made by Lee and Jaaskelainen (23). The model is designed to

formulate decisions on capital structure and dividend policy with emp-
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hasis cn earnings growth.

V. CONCLUSION

In today’s dynamic business environment, profit maximization is
not always the enly objective of a firm. Firms often place great em-
phasis cn sccial responsibility, industrial and public relatiens, etc. as
surrogates to long term profit and scek power and prestige which are
called psychic income. Simon (30} slso argues that profit maximization
is indeterminate and advocates sutizficing theory of firms, behavior
where firms try to reach satisfactory levels of various goals such as
preduction, market share, profit, end the like.

If we grant that management has multiple geals to achieve, the
decision criteria  should also be  multidimensicnal. For this reason,
linear programming has limited value for prollems involving multiple
goals. The primary difficulty with lincar pregremiming is its inability
to reflect complex reality due to the unidimensionality of its objective
function.

The goal programming mcdel overcomes the basic limitation of lin-
ear programming—the existence cf single objective. Ccncurrently,
as Kornbluth (16) pointed cut, it restores the complexity asscciated
with management’s choice smong alternative planns to  its natural
level. Goal programming dces have limitations. As Lee and Jaacke-
lainen (22) explained, the mest  apparent one is  that goal progra-
mming model simply provides the hest soluticn under the given const-
raints and priority structure. Thus, the coundness of optimum soluti-
on depends primarily on that of the priority structure for goals. How-
ever, through the soluticn derived by the model, the decision maker
has an opportunity to review the soundness of his priority structure
and modify it as desired. Perhaps the most important advantage of
the goal programming model is its great flexibility which allows

medel simulation with numerous variations of constraints and goals.
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