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In developing a policy planning model the contribution
and implication of a certain policy is usually analyzed and
planned in the context of its relationship to the objective
of the system under the study. When it comes to applying a
nathematical programming mcdel to educational policy planning
the multiple dimensions of the objective of educational system
make it difficult to apply those techniques for practical
solution.

The objective of this dissertation was to develop an
educational input policy planning model under the multiple
goal setting policy at ithe national level. Correspondingly,

a goal-~programming model was developed and applied to a
hypothetical planning situation of Korea. |

The related literature was reviewed with regard to
(1) systems analysis in educational planning, (2) educational
planning efforts in Korea and (3) the goal-programming tech-

nique. In order to illustrete the approach for educational



input policy five administrative goals were selected and
defined. Then, four goal-priority situations were designed
by assigning the different priority level to those goals.

Two types of educational input policy were formulated in
terms of (1) étudent/teacher ratio, (2) average teacher's
salary, (3) students per classroom and (4) allocation of
finéncial resources to instructional mgterials and equipment.
One is called labor policy and the other is termed capital
policy.

Each policy was regarded as part of the coeffients
of the goal-programming model. Then, it was tested on the
gecal-programming computer run under the four different goal-
priority situations. The output of goal-programming model
showed the optimal solution and the level of under-achievement
of the goals. The future educational system was forecasted
based on the obtimal solution. The implications of educa-
tional input policy (i.e;, labor and capital), to certain
aspects were evaluated and compared to each other. The
conclusions were based on the applicability of the approach
and the feasible use of the goal-programming model as part

of a policy planning process.
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CHAPTER I
INTRODUCTION

Statement of the Problem

One of the important-purposes of planning in any
organization is to formulate policies for achieving the
goals of the organization in rational and systematic ways.
The purpose of comprehensive educational planning is "to
develop a long-range guide that will use the best available
resources to attain educational objectives and permit
evaluation of the planning process itself."l

In Korea as in other developing countries, educa-
tional planning has been undertaken with a great hope to
gsolve the probléms in the educational system. The results
were that while not all problems were solved, they were
more clearly comprehended. One of the key problems was how to
better allocate the educational resources to achieve the ob-
jectives of the national educational system. Two sets of
long-range policy directions were formulated and suggested:

(1) The gradual improvement of learning environment

lFrank W. Banghart, Educational Planning (New Ybrk:
The Macmillan Company, 1973), p. v.




2
characterized mainly by the reduction of teacher/student
ratio, with other improvements; (2) to apply intensive ﬁse
_of instructional technology such as programmed instruction,
instructional TV and radio, and team-teaching.

In a real situation where the policy has to be de-
cided and implemented by the decision-makers of a national
educational system, as in the case of Korea, the problem of
choosing the direction for managing educational input was
more complicated considering the situation of multiple, in-
compatible goals to be achieved under several constraints.
The review of literature reveals that most systems analysis
in educational planning has been done using a one dimensional
objective function or a weighted objective function whose
meaning can hardly be identified by the decision-makers.
This has brought resistance from the educational decision-
makers in the field who have several administrative goals
in mind.

If the analytical information which can show which
policy direction contributes more to achieving the multiple
goals that the decision-makers have perceived as important
had been available, and the problems could be forecast when
that direction is implemented, then there might be a better
chance to formulate more productive policy to achieve the
multiple goals in a more rational way. 1In order to provide
this information it is needed to develop an approach which
can generate such data on the contribution of policies under

the multiple goal setting.
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Cbjectives of the Study

This study was mainly concerned with the development
of the approach 6f educational policy planning and énalysis
at a national level. For a numerical illustration, this
study attempted to develop an approach for analyzing the
contr bution of two different sets of nat. snal educational
policies in managing the educational ing .ts for achieving the
.multiple, incompatible administrative goals under the given
constraints. |

Assuming that the educational decision-maker could
identify the administrative goals to be achieved, rank them
in the order of importance, and define the two sets of
policy, this study has attempted to achieve the following
specific objectives:

1. To conceptualize the approach for analysis.
2. To develop a goal-programming model for a macro-

national level educational policy planning.2

w
L]

To develop a computerized forecasting system which
can show the behavior of an educational system when
the optimal solution generated by the goal program-

ming model is implemented.

2In this study, goal programming is defined as a
linear mathematical model in which the optimum attainment
of multiple goals is achieved under the given decision-
environment.
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In this study the problem situation that the educa-
tional decision-makers faced was hypothetically described
as follows for the purpose of anaiytical illustration of
this approach.

There are two groups of administrative goals of a
national educational system: (1) the goalé impoéed ex-
ternally on the relationship to the environméqt, and (2)
the goals set internally‘for improving the learning condi-
tions in an educational system.

For the first group, goals such as maximizing the
economic returns to investment in education, the exten-
sion of compulsory education to middle school, and mainte-
nance of at least the current growth rate of enrollment at
high school and university level were dealt with.

The second group concerns the increase in the
average teacher's salary, maintenance of the teacher/student,
classroom/student ratios, and the allocation of resources for
instructional equipment and materials which were specified

by educational input policy.

Significance of the Study -

Particularly in a situation where the national edu-
Cationgl system is planned and controlled by the central
decision unit, as exemplified by the Ministry of Education
(MOE) in Korea, the Planning, decision-making and control

function of such a unit makes a great impact on the operation
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of the educational system. As the educational system grows
in size and becomes more complex, the decision-making becomes
concurrently a more difficult task. This fact represents

the general need for the application of systems approach and
techniques for the problems involved in an educational sys-
tem in the context of operational analysis and policy plan-
ning of an educational system. Specifically, the following
observations contribute to identifying the significant
aspects of this study.

First, one of the predominant difficulties in apply-
ing systems technigques such as a resource allocation tech~
nique in an educational system is the multidjmensional
aspect of the goals of an educational system.

The early stage of mathematical modelling of an edu-
cational system, the economic criterion has been applied as
the objective by economists. This type of linear one-

. dinensional objective function under linear constraints may
be technically simple, but unrealistic and will provide
little help for the practical purpose of policy planning.

As an alternative, the approach to developing a decision
model for multiple objectives is very important to the plan-
ning of an educational system.

Second, educatiocnal planning is first of all a
" rational process. In this process the decision-makers can

be better served if they have a computerized man-machine
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interactive system with which they can experiment with
policy aiternatives and parameters uncertain to them. This
study intended to develop a goal programming simulation
model in which the educational decision-maker could test
the functional relationships among their goal-priority
structure, policy alternatives, resource requirements and
levels of goal attainment.

in Korea, a few attempts were made to use the resources
allocation technique for planning educational systems even
in micro problems.

The combination of the conceptualization of educa-
tional policy planning process as an informationAprocessing.
system and the goal programming model will provide the
simulation model of educational input policies in multiple
goal setting.

This type of attempt will provide an input for the
movement of the "policy science" approach in educational ad-
ministration. The policy science, a field of expert analysis
when new social technologies are applied to problems of
strategic decisions in the central guidance of social sys-
tems, has already emerged from the tradition of rationalism

and systems theory in planning theory.3

l L3

John Friedman and Barclay Hudson, "Knowledge and
Action," Journal of the American Institute of Planner, 40
(January, 1974), p. 3.




7

Third, during the period from 1969 t01197l, two in-
dependent planning efforts had been undertaken.4 There was,
-at least, one difference in formulating the policy direction
for managing the educational inputs. There were a few
reviews of these planning works. However, no significant
effort has been made to review particularly the implication
of input policy recommendation of the two reborts to
achieving some administrative goals.

It was believed that this indicated the need to de-
velop a policy planning approach whereby the general decision-
makers and educational specialists could communicate with

each other.

Organization of the Dissertation

Chapter one introduces the problem, objectives and
the significance of this study. Chapter two, reviews the .
literature, and is divided into three sections: Section one
reviews the systems analysis in educational planning and
Section two, Korean experience of edueational planning.
Section three introduces and reviews goal programming in
order to establish a firm base for developing a goal program-
ming model as a major analytical tool.

In Chapter three, the procedure and method were de-

veloped following these steps: first, to conceptualize

4One was the work of Council of long-range compre-
hensive educaticnal planning (CLEP), within the Ministry of
Education and the other was the ‘work of the Florida State
University research team directed by Dr. Robert M. Morgan.
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the policy planning process as an information processing
system; second, to identify and operationallly define the
major components such as goals, policy alternatives, and
parameters of the functional relationships in the educa-
tional system; and third, to develop a goal programming
decision model; and finally, to develop a computerized
forecasting system which would cémpute the implications of
the solution generated.

Chiapter four, the results section of this disserta-
tion provides the numerical illustration.

Chapter five concludes this study with summary and
conclusions. The computer programs applied and deveiéped

are attached in the appendices.



CHAPTER II
REVIEW OF THE LITERATURE

This chapter is divided into three parts. The first
partlis concerned with the review of literature in systems
analysis for educational policy planning. It was intended
to survey the applications of systems analysis to educa-
tional planning problems in order to indicate their useful-
ness specifically to the purpose of polig¢y planning. The
second part introduces the educational planning efforts in
Korea, focusing on the need of a systems approach to educa-
tional planning. The third part was used to introduce the
goal programming technique and its applications to policy
planning in education.

Section One: Systems Analysis for
Educational Policy Flanning

In recent years there has been significant increas-
ing interest paid to the application of the models mainly
developed in operation research, management science and
econometrics for improving the method and procedures in
various areas of public sector planning and policy analysis.

In the education sector, too, the application of

quantitative models has represented the major activity in

9
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educational planning and policy analysis. Most of the im-
pressive applications had been made by economists and man-
agement scientaists. The scope of their approach and. models
applied are quite diverse and limited to their own specific
objectives of study. In this section, first, the general
relationshié of systems analysis to policy planning problems
was discussed. Then, the application of a systems model to

educational planning problem was reviewed.

Systems Analysis and Policy
Planning

As a good introduction to systems analysis, R. Stone

described some steps in studying any system rather than try-

ing to define it. According to Stone,5 the steps are as

follows:

l. Isolating and defining the system itself according
to the purpose of the .study.

2. Describing the system in such a way that we can
analyze it and so be in a position to draw conclu-
sions about those aspects of it that interest us.

3. Separating the variables that enter into the de-
scription.

4. Formulating the parawmeters that enter into these

relationships.

SRichard Stone, "A View of the Conference," in
Mathematical Models in Educational Planning (Paris: OECD,
I§67)' pp- 8-90 ‘
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5. Specifying the aim in terms of'the variables that
were used to describe the system, and finally
6. Establishing some means of regulating the system so
that its performance come close to the aims

specified.

In systems analysis, policy can be viewed as such a
means of régulating the system to get t»e system's perform-
ance to come close to the aims specified, as described in
the final step.

In order to establish such a policy in step six,
several systems techniques such as econometric modeling,
mathematical programming and simulation have been applied
to generate the information on the policy of regulating the
system conceptualized in the steps described.

This consideration implies two broad sources of con-
tribution of systems analysis to policy planniﬁg: systematic
conceptualization of the system in which policy has an im-
pact, and the application of the systems technique.

J. Tinbergen's interprotation6 of the relationship
of econometric models to the practical formulation of
economic policies seems quite instructive in identifying the
types of variables and functional relationships among them
in order to understand the systematic framework for edpca-

tional policy planning.

6Jan Tinbergen, On the Theory of Economic Policy
(Amsterdam: North-Holland Publishing Co., 1952).
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K. A. Fox summarized the above framework in terms
of its bésic components. According to him,7 the three
basic ingredients of Tinbergen's quantitative economic
policy models are as follows:
1. A welfare function W of the policy maker, which is
a function of I target variables Yi and J instrument
. variables Zy
2. A quantitative model M, which sets up statistical
and empirical relationships essentially between the
I target variaples and J instrument variables, and
3. A set of boundary conditions or constraints on the
targets which are uncontrollable factors Upr and
the side effects or irrelevant variables, Xge
The policy instrument variables Zj and data or non-
controllable factors Uy were treated as exogeneous vari-
ables, while the goals or target variables Y, and side
effects or irrelevant variables Xy were considered as
endoqeneous variables. The model M specifies the set of
relationships among the variables, Zj’ Yi, U , and Xy
Figure 1 illustrates this framework for the policy
planning model and identifies the types of variables in-

volved in policy planning. For the framework of an educa-

tional policy planning model this same structure can be

7Karl A. Fox, "Introduction to Nonmarket System,"
in Economic Analysis for Educational Planning, ed. by Karl
A. Fox (Baltimore: John Hopkins University Press, 1972).
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Endogene:ous Exogeneous
variables MOLEL variables
Policy Instruments Goals or W
Z5 target ‘ welfare
< J variables F—Pfunctior
\ Yy A

Data or uncontrol- é% \N Side effects or
lable variables A ] N irrelevant variablles
Uk Xs

Fig. l.--Framework for policy planning model®

K. A. Fox, p. 4.

applied just by adding the adjective "educational" to the
policy variables, goals or target variables, model and
welfare function. The important contribution that J.
Tinbergen makes is to isolate policy variables and to try
to analyze or optimize them in the context of their con-
tribution to goals or targets, considering the welfare
function and bound conditions.

In establishing some means (policies) of regulating
the system as described in the final step of systems
analysis, J. T. Sengupta distinguished two types of approach:
one is called the policy approach and the other is called
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the foreca;ting approach.8 In the policy planning approach
the goals and objectives provide én optimizing criterion in
terms of the unknown variables of the policy problem which
has to be optimized. 1In thg forecasting approach the goals
and objectives are not explicitly intended. However, the
impacts of the various levels of policy instruments or un-
contfollable factors on the aomain of qoal or target vari-
ables were forecasted. Through such a searching process or
forecasting of the impacts, the educational policy planning
can be improved.

The distinction made by Sengupta seems consistent
with the classification scheme of H. Correa. He classified
the mathematical models in educational planning at the macro
level into two categories: one without choice among the
alternatives, and the other with choice among the alterna-
tives.

In addition to the survey made by H. Correa, several
reviews of the literature concerning the application of the
systems model in educational planning were available else-

where. Fox and Sengupta reviewed extensively the econometric

8Jati K. Sengupta, "Quantitative Models of Planning
for Educational System," in Economic Analysis for Educational
Planning, ed. by Karl A. Fox (Baltimore: John Hopkins Uni-
versity Press, 1972), pp. 38-~79.

9

Hector Correa, "A Survey of Mathematical Models in
Educational Planning," in OECD, Mathematical Models in Edu-
cational Planning (Paris: OECD, 1967), p. 22.
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models for planning educational systems.lo

ﬁater, Sengupta extended their review to recent
works at micro level.ll M. Amora reviewed the literature
regarding the process of educational systems, namely, the
production function of education.l2 R. G. Davis critically
reviewed the mathematical programming models of educational
systems at macro level which were developed at the .Center
for Studies in Education and Development (CSED), Harvard
University.l3 Recently, J. F. McNamara surveyed the mathe-
matical programming applications in educational planning,
focusing on those at micro-school district level.l4

Applications of Systems Analysis
in Educational Policy Planning

As shown in each of the reviews, the increasing num-

ber of publications and the variety in the problems attempted

10karl A. Fox and Jati K. Sengupta, "The Specifica-
tion of Econometric Models for Planning Educational System:
An Appraisal for Alternative Approach," Kylos, 21 (1968),
665~ 94.

llSengupta, op. cit., pp. 38-79.

12Mehar Amora, "Survey of the Literature Regarding
Production Functions of Education and Their Applications

Specially in Educational Planning," Socio-Economic-Planning-
Science, 6 (1972), 507-522.

13Russel G. Davis, "On the Development of Educa-
tional Planning Models at Harvard; CSED: An Algebraic His-
tory of Activity in one Small Place," in Education and
Economic Growth, ed. by Richard H. P. Kraft (Tallahassee:
Educational Systems Development Center, 1668).

14James F. McNamara, "Mathematical Programming Ap-
pllcatlons in Educational Planning," Socio-Economic-Planning-
Science, 7 (1973), 19-35.
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made it difficult to trace the attempts in this area. To
balance this section, a classification scheme was con-
structed, attempting to indicate some possibie—utilization-
rather than providing detailed analysis. |

Most of the applications could be classified into
four main categories according to the purpose of the model
(either policy approach or forecasting appro&ch) and the
level where the application made was either macro or micro.
Table. 1 shows this classification scheme.

TABLE l.--Classification of the Applications of Systems
Analysis in Educational Policy Planning

Purpose of the Model

Level Forecasting Approach Policy Approach
Macro 1. Input-output 4. Optimization model char-
analysis acterized in terms of:
2, Cost-benefit and a) assumption on linearity
cost-effective- of objective and con-
ness analysis straint functions
Micro 3. Simulation b) consideration of
dynamic situation
¢) treatment of multiple
objectives

The input-output type of econometric model and cost-

benefit, cost-effectiveness analysis were considered as the
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techniques used in the forecasting app%oach.ls The simula-
tion technique can be included in this category,16 even
though there have been several significant simulation studies
with optimization models. These three techniques have been
applied to the problems at both the macro and micro level.
In policy approach the optimization model has been used at
both levels too, with some variations in terms of the
assumption on the linearity of objective function and con-
straints, the consideration of the dynamic situation of the

problem, and the treatment of multiple objectives.

Input-output analysis. Input-output analysis at

macro level usually defines the quantitative functional
relationships between the education and non-education
sector. When some exogeneous variables such as the growth
rate of economy were given, then the endogeneous variables
can be solved on the basis of fixed coefficients of the
functional relationships. Tinbergen and Bos's quantita-
tive approach to manpower requirements forecasting is a

good example.17 Stone's model with several sectors based

lSSengupta, op. cit., pp. 38-44.

16picas c. Sanyal, "Systems Approach to Resource
Allocation in Educational Planning," in Economic Analysis
for Educational Planning, ed. by Karl A. Fox (Baltimore:
John Hopkins University Press, 1972), pp. 251-257.

175an Tinbergen and H. C. Bos, "A Planning Model
for the Educational Requireuent of Economic Development,"
in Econometric Models of Education: Some Applications
(Paris: OECD, 1965), pp. 9-27.
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on an open dynamic input~output structure is an extension

18

of a simple input~output model. At micro level the

outputs such as gains in the achievement test were related

19

to the various types of inputs. J. A. Kershaw and

J. Burkhead, et al.20

represent this line of approach.

The interesting point of the input-output type of
model to policy planning is that these models allow the
planner to forecast the impacts of certain policies (which
usually take some form of technical coefficients in the re-
lationship) on the output. For example, the impacts of a
teacher's salary increase can be forecast in terms of its

contribution to the increase of students' achievement test

scores.

Cost-benefit and cost-effectiveness analysis. These

are the techniques applied to evaluate the program or project
through the costs and returns associated with it. M. Blaug
has reviewed the literature on cost-benefit and cost-

effectiveness analysis of education. He made the distinction

18Richard Stone, "A Model of Educational System,"
Minerva, 3 (1965), 1782-86. '

19J. A. Kershaw and R. N. McKeen, Systems Analysis
and Education (Santa Monica: Rand Corporation, 1959).

2oJesse Burkhead, Thomas G. Fox and John W,
Holland, Inputs and Outputs in Large Citv HIgh Schools
(Syracuse University Press, 1967).
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between the two types of analy.is hy stating that:

The former (cost-benefit) is concerned specially with
the economic benefits of rojects, whereas the latter
(cost-effectiveness) necessarily takes account of a
variety of non-economic objectives. This means that
in cost-benzfit analysis we usually end up with a
simple decisive cost-benefit ratio or its equivalent.
Cost~effectiveness analysis, however, may yield a num-
ber of criteria on different definitions of the objec-
tives of the project.?l
G. S. Becker's analysis of rates of return to invest~
ment in education?? is a case of macro-level cost-benefit
analysis. The productivity study done by M. Woodhall and
M. Blaug represents the application of cost-effectiveness
at  the micro-—level.23
In a sense, cost-benefit, cost-effectiveness
analysis are special cases of input-output analysis in terms
of focusing cost components, benefit or effectiveness
aspects of input-output relationships.
By identifying the policy variables and estimating
their impact on costs and benefits or effectiveness, the
policy implications could be determined in the context of

these analyses.

2lMark Blaug, "Cost-benefit and Cost-effectiveness
analysis of Education," Budgeting, Programme Analysis and
Cost-Effectiveness in Educational Planning (Paris: OECD,
1967}, p. 175.

22Gary S. Becker, Human Capital: A Theoretical and
Empirical Analysis with Special Reference to Education (New
York: Columbia University Press, 1964).

23Maureen Woodhall and Mark Blaug, "Productivity
Trends in British University Lducatlon, 1938-62," Minerva,
3 (1965), 483-98. —_—
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Simulation technique. As this technique has been

applied to a wide range of problem settings, it seems more
difficult to define. B. C. Sanyal offered the following
definition of simulation as a
« « «» collection of mathematical expressions that
attempt to interrelate analytically all the parameters
which define the major components of the system.

Such a model is intended to have the same predic-
tive response to a chosen set of values of specified vari-
ables as the actual response of the real system to the
same set of variables. In this sense, the input-output
model can be used as a simulation model if it represents
the real system meaningfully. Lack of facilities for
experimentation with alternative policies .and their imple-
mentation has led to a considerable growth in the interest
in the simulation technique.

B. C. Sanyal indicated three broad groups of needs

25 They are

for application of the simulation technique.

as follows:

1. The need for forecasting the endogeneous variables
of a quantitative dynamic system model and
appraising the consequences of alternative policies

under a gpecified model.

24Sanyal, op. ¢it., p. 252.

251pid., p. 257.
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2, The need for analyzing.the'sensitivity of the model
equations and objective function to variations in
coefficients and control variables around their
equilibrium or desired values.

3. The need for allowing some degree of flexibility
due to uncertainty of information evolving in the
future.

In order to formulate a simulation model, the major
task is usually to identify and quantify all the variables
in logical fashion. In the case where uncertainty surround-
ing some systems parameters are involved, the Monte Calo
technique and sensitivity test are applied as R. W. Judy
has suggested.26

The Asian model for forecasting educational systems
prepared by UNESCO is an example of the need for the first
group.27 C. C. Abt demonstrated an approach to describing
educational systems quantitatively, which may be programmed
as a computer simulation that will produce quantitative in-
dications of the relative impacts of altecnative Title I

projects on a given school, student group, and community for

26Rjchard W. Judy, "Simulation and Rational Alloca-
tion in University," Efficiency in Resource Utilization in
Education (Paris: OECD, 1969), p. 274.

27UNESCO, An Asian Model of Educational Develop-
ment: Perspectives for 1965-1980 (Paris: UNESCO, 1966).
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cost-effectiveness analysis.

Simulation technique seems quite promising for
policy planning and analysis, particularly when the other

analytical model such as optimization model is used as a

component of the simulation model.

Optimization models. For the purpose of policy

optimization, linear programming technique and cost-
utility approach have been mainly applied in this area.
S. Bowles applied the linear programming model to

educational planning in Nigeria, dealing only in the educa-

29

tion sector with given exogeneous variables. I. Adelman

applied the dynamic programming model for educational plan-

ning in Argentina, considering the education sector and

30

economy simultaneously. J. Bernard provided a detailed

28Clark C. Abt, "Design for an Education System
Cost-effectiveness Model," Efficiency in Resource Utiliza-
tion in Education (Paris: OECD, 1969), pp. 65-91.

29Samuel Bowles, Planning Educational Systems for
Economic Growth (Cambridge: Harvard University Press,
1969) . :

30Irma Adelman, "Linear Programming Model of Edu-
cational Planning: A Case Study of Argentina," in The
Theory and Design of Economic Development, ed. by Irma
Adelman and Erik Thornbecke (Baltimore: John Hopkins, 1966),
pp. 385-412.
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analysis of the problems involved and possible ways of
utilization in applying the linear programming model to
educational planning.3l

In recent years, there bave been significant appli-
cations of the linear programming technique to the decision
problems at micro level. These applications cover a wide

range of decision problems such as the following:

1. Allocation of a faculty among alternative teaching

and research assignments
2. Allocation of instructional resources to different

types of instructional activities
3. School menu problem
4 . School bus scheduling
5. Selection of school site for a school district, etc.

Assumption of linearity of the objective function

and constraints, one-dimensional objective function, and
the method of describing the activities with constraints
which we hardly know to be optimal are freguently indicated
as sources 6f problems in applying linear programming tech-
nique. For these reasons, the reviews of literature suggest
its application to the specific problems at micro level

rather than broad problems at macro level.?2 wWith no

3ljean Benard, "General Optimization Model for the
Economy and Education," in Mathematical Models in Educa-
tional Planning (Paris: OECD, 1967 , pp. 207-244.

32McNamara, op. cit., p. 31.
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guestion it would be better to apply the technique to the
problems which have well-defined éechnical relationships.

In dealing with multiple objectives, two different
types of models have been developed. The multiple-criterion
optimization model based on the weighted sum of the objec-
tive function with cardinal measurement represents one line
of development, and the appiication of goal-programming
technique suggests another direction. These aspects were
reviewed in the section entitled goal programming.

In recent years, the Educational Systems and Plan-
ning Center at Florida State Univefsity;.responding to the
need of an optimization model with which systems analysts
and educational administrators can communicate better and
the need to utilize planner's subjective trade-off consider-
ations on educational programs, has contributed to a series
of developmenté in this area.

E. Harris developed a linear programming computer

33 and R. Singh developed a

program in the interactive mode
dynamic programming computer program also in the interactive
mode.34 g, Gonzales modified and developed an interactive

computer program in simulating the planning problem of

33Edward V. Harris, "A Man-machine Interactive Oper-
ations Research Package for Educational Administrators"
(Ph.D. Dissertation, Florida State University, 1971).

34Ram Singh, "A Dynamic Programming Model for
Allocation of Educational Resources" (Ph.D. Dissertation,
Florida State University, 1973).
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higher education in Columbia.33

In the area of optimization based on subjective
information of the decision-makers on the problem which
F. W. Banghart described as the cost-utility approach,36
the center also contributed a significant development.
L. J. Tuscher developed a computer-based cost-utility optim-
ization model and applied it.to evaluation and resources
allocation of several competing educational programs with
multiple criteria.3? This optimization model has been ap-
plied to several planning problems. D. Kramer applied it to
his computerized simulation model for developing educational
apecifications.38 At macro level, P. Kraprayoon employed it
in developing a simulation model for resources allocation in

Thailand in the computerized graphic display mode. 39

3550se Gonzales, "A Simulation Model for Allocation
of Resources with the Higher Education Sub-system" (Ph.D.
Dissertation, Florida State University, 1972).

36prank W. Banghart, Educational Systems Analysis
(.ondon: The Macmillan Co., 1969), p. 208.

37Leroy J. Tuscher, "Cost-Utility Analysis: An
Evaluation and Resource Allocation Model for Educational
Program" (Ph.D. Dissertation, Florida State University,
1971).

38Dennis L. Kramer, "A Systems Methodology for
Developing Educational Specifications Using a Computerized
Simulation Model" (Ph.D. Dissertation, Florida State
University, 1972).

39Pacharee Kraprayoon, "An Application of Computer
Technology and Graphic Display Techniques for Resources
Allocation Planning for Twelve Educational Districts in
Thailand"” (Ph.D. Dissertation, Harvard University, 1974).
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Section Two: Educational Planning in Korea

During the last decade, several planning projects
have been undertaken by the Ministry of Education (MOE).
Also, the Economic Planning Board (EPB) and the Ministry of
Science and Technology (MOST) have prepared a long range man-
power forecast and nrovided guidelines for educationél plan-
ning. In recent years, two major planning efforts40 have
been initiated by MOE and the project team of the Florida
State University. This study has been interested in particu-
larly these two planning efforts for several reasons: one,
they represent the planning technigues being currently em-
ployed for educational planning in Korea. Second, they con-
tained some administrative goals or targets to be achieved
in the near future and finally, they recommended the policy-
alternative by which the way of using educational inputs
could be greatly affected in the future. Therefore, this
review was focused on introducing the planning techniques ap-
plied, the administrative goals and policy alternatives for

managing educational inputs.

40Council of Long-range Educational Planning, Summary
of Long-Range Comprehensive Educational Plan (Seoul: Minis-
try of Education, 1970) (draft); and Robert M. Morgan and
Clifton B. Chadwick (eds.), Systems Analysis for Educational
Change: the Republic of Korea (Tallahassee: Department of
Educational Researxch, Florida State University, 1971).
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The CLEP's Forecasting Approach

Based on the long-range (1972-1986) forecasting of
population, economy and selected aspects of social development,
CLEP had been more concerned with developing the long-range
guidelines for designing the future educational system which
was hoped to respond better to the needs of the nation with
greater efficiency than before. Under the optimistic fore-
cast of future economy the CLEP formulated a set of basic
guidelines and identified several programs to be implemented
in the planning period. The guidelines seemed to indicate
basically two important directions; one, the increasing
trends of social demand for education has to be gradually
more satisfied than before, and second, the current learning
environment which could be characterized by "the shortage of
everything except students"41 has to be gradually improved
up to the levels specified. More specifically, the follow-
- ing directions were included in the major policy recommenda-
tion..

l. To expand compulsory education from the current six
years to nine years during the first part of the
planning period.

2. To increase enrollment in high school and college/

university at least at their present rate of growth.

41Philip H. Coombs, The World Educational Crisis: A
Systems Analysis (New York: Oxford University Press, 1968),
p. 3.




28
3. To improve the quality of teachers by several means
suggesﬁed in the report and reduce the teacher/
student ratio.
4, To provide more space per student, more learning
materials and use of instructional technology such

as programmed instruction and team-teaching.

The long range guidelines that CLEP proposed could
be summarized in three broad areas: first, the future en-
rollment size should be increased in accordance with the
projected social demand for education. Second, more inputs
have to be allocated than before to gradqally improve the
present learning environment. In this direction more empha-
sis was given to the quality of teachers and application of
instructional technology. Finally, alllthe supportive
functions and input requirements should be prepared to implé-
ment the guidelines recommended. Consequently, the increase
in size and improvement in qualitative aspects resulted in
the accelerated trend of increase in educational cost under
this plan.

CLEP developed a computerized forecasting model;

The financial feasibility of the plan was studied and sev-
eral input requirements were forecast with the model. They
also studied the impacts of certain policy or exogeneous
variables by assigning different values on the model. How-
ever, the policy variables were not directly related to the

administrative goals explicitly. This approach, based on the
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forecasting model, belongs to the category of the planning
model without choice among the alternatives as in H. Correa's

classification.42

The Project Team's Systems Approach

The project team of the Florida State University has
been more concerned with analyzing the present system in
terms of using the educational resources to meet the need of
the nation.

According to their analysis, the future educational
system could better respond to thes: needs if the reordering
of priorities assigned in expanding enrollment size among
the levels of education had been made and the learning out-
comes on the part of students had bheen more oriented to basic
skills, a problem-solving approach, process objectives and
pre-occupational education. The importance of middle school
level of education were indicated by their analysis of the
manpower requirement forecast and the study of the rate of re-
turn to investment in education conducted by the project team.
Except for the emphasis on middle school level and recon-
sideration of the quality aspects of vocational high school,
the project team's proposal on enrollment increase is con-

sidered to follow the direction recommended by CLEP.

42yector Correa, "A Survey of Mathematical Models in
Educational Planning," in OECD, Mathematical Models in Edu-
cational Planning (Paris: OECD, 1967), p. 22.
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However, it might be said that they paid more con-
sideration to the following aspects of the present system
such as: (1) the rising trends of educational input cost,
especially o. teachers; (2) poor quality of present learn-
ing outcome characterized with the rote memorization of
classically academic subjects for severe competitive en-
trance examinations; (3) the need to expand the middle school
level of education as compulsory education and finally, (4)
the limited nature of financial resources available.

These considerations led them to the need to design
an alternative way of using educational inputs.

In designing the proposed new educational model the
project team implied three broad objectives to be achieved:
(1) to provide compulsory education up to middle school
level (nine years); (2) to increase efficiency of the edu-
cational resources, and finally, (3) to improve the learning
outcomes such as the basic s:ills, problem-solving approach,
process objectives, and pre-occupational education. 1In order
to acﬁieve these objectives, the team proposed a new educa-
tional model. The following aspects indicate the main
characteristics of the proposal, especially for the second
and third objectives.

1. Introduction of an individualized instruction system
by means of
a) programmed instruction-learning package

b) differentiation of teaching staff
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c) wuse of instructional TV and Radio delivery

subsystem, and

2. Reorganization of the present vocational high school

in order to respond to the specific manpower need.

This proposal indicates a shift from current trends

of using educational inputs which have relied more on labor

to less use of lahor with more aid

structional materials and media.

from capital such as in-

Under this proposal the possibility of reducing the

unit reducing cost per student was
project team's study, the rates of
systems procedures were applied in
However, the technical feasibility
the new model are still subject to
tion, and a priori analysis of its

need.

illustrated. In the
return analysis and the
designing the new system.
and the effectiveness of
large~scale experimenta-

effectiveness is in great
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Section Three: Goal Programming

Since 1961, only a few introductions to goal
programming (GP) have been offered. In more recent years
goal programming has been applied to a wide range of
decision~making problems mainly in business and government
sectors. The concepts, history, mathematical properties,
major area of application and the limitation of GP were

examined.

Concept and Historical Development

GP is a special extension of linear programming (LP).

A good definition of GP has been offered by Lee.

Goal Programming is a linear mathematical model in which

the optimum attainment of goals is achieved within the

given decision environment.43 .
The concept of GP could be ketter described by listing some
characteristics of the approach, and comparing them to LP.
The following characteristics are derived from the two in-
troductions of books by Lee and Ijiri.44
1. Gf deals with multiple objectives.

In the conventional LP, the objective function is

unidimensional; either to maximize or to minimize

the objective criterion.

43sang M. Lee, Goal Programming for Decision
Analysis (Philadelphia: Auerbach Publishers, Inc., 1972),
p. 23.

44Yuji Ijiri, Management Goals and Accounting for
Control (Chicago: Rand-McNally, 1963).
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2. The objective function may be composed of non-
homogeneous units of measure iﬁ GP. Therefore, it
is possible to handle incommensurable multiple ob-
jectives without combining them.

2. In GP, these multiple, incommensurable goals are
ordered in accordance with a hierarchy of importance
so that the low-order goéls are con;idered only
after the higher order goals are satisfied or have
reached the point beyond which no further improve-
ment is possible.

4. Unlike LP which tries to maximize or minimize the
objective criterion, in GP the deviations between
goals and what can be achieved within the given
set of constraints are to be minimized to get optimum
results which come "as close as possible" to the in-

dicated goals.

These "slack variables" in the simplex algorithm of LP have
a special meaning in GP. They indicate the unattained or
overattained portions in achievement of the specified goals.
In 1961, the concept described in (4) was first
proposed by Charnes and Cooper for the problem of unsolvable
linear programming. They explained:
Closely related to the analysis of contributions in
nonsolvable problems is the issue which will be called
'goal attainment.' Management sometimes sets such
goals, even when they are unattainable within the limit
of available resources for a variety of reasons. . . .

Any constraint incorporated in the functional will be
called a 'goal.' Whether goals are attainable or not,
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an objective may then be stated on which optimization
gives a result which comes "as close as possible" to
the indicated goals.45
They also presented the simplex method for goal attainment
problems.

In 1965, Y. Ijiri studied the detailed techniques
of GP based on the conéept proposed by Charnes and Cooper.
He made a significant contribution to the development of
GP by introducing the concept of "preemptive priority fac-
tors" to treat multiple goals according to their importance,
assigning weight to the goals of the same priority level.
The first three concepts were developed in Ijiri's analyti-
cal frameworks. He also develéped the generalized inverse
approach as well as enriched the concept of GP. Aféer
Ijiri's study, GP developed in two different directions, in
terms of dealing with the measurement of multiple goals.

Jaaskelainen and Lee developed a computer program of
the simplex method of goal programming wased on the ordinal
measure of multiple goals and "preemptive priority factors."
Here, preemptive priority factor simply means that the order
of goals cannot be changed by any arithmetic operations.

In recent years, A. Geofflin, A. Félnberg and J.
Dyer developed an interactive goal programming algorithm

and an interactive time-sharing computer program based on

45A. Charnes, W. W. Cooper, Management Models and
Industrial Applications of Linear Programming (New York:
John Wiley & Sons, Inc., 1961), pp. 215-216.
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the Frank-Wolfe algorithm for the optimization of a non-

linear objective function subject to linear constraints.46
This process requires the cardinal measure of the marginal
rate of substitution (or "tradeoffs") among criteria.4?

The latter direction of development is technically
decent, but is considered a significant departure from the
basic concepts of GP developed by Charnes, Cooper and Ijiri
in dealing with the measurement of multiple criteria.

In this section, the GP approach based on ordinal
measures of objective criteria and the simplex method of
GP were traced and applied for formulating the GP model ap-
pearing in the next chapter. This is mainly due to the con-
ceptual closeness of ordinal measure to real decision prob-
lems and the availability of a computer program of the

simplex method.

Mathematical Properties of GP

The basic components of the GP model are the choice
variable, constraints, and the objective functions. The
identification of these components depends on the problem
situation. However, the relationship among them has to be

well described mathematically.

463ames s. Dyer, "Interactive Goal Programming,"
Management Science, 19 (September, 1973), pp. B, 62-70.

47James S. Dyer, "A Time-Sharing Computer Program
for the Solution of Multiple Criteria Problem,"” Management
Science, Vol. 19 (August, 1973), p. B.1379.
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In the case involving the attainment of
1. a given set of m goals
2. in k levels of priority
3. 1is assumed to be linearly related to m goal variables, G
4. by a set of n choice variables x,
5. under the h linear constraints B, on the choice variables,

the general GP problem can be expressed mathematically as

cecessss(l)

€ B
>0

where G 1is of dimension (mxl), X is (nxl), R is
(mxn), A is (hxn) and B is (hxl).

The corresponding goal programming model is

Minimize 2 dP(d‘,d"’)
Subject to Rx + Id~ - Idt = G
ax $B (2)

x,4a",at 20

where a is a weighting factor, a real number, P is

(kx1l) of priorities, 4 is deviational variables of (2m x 1).

I is an (mxm) identity matrix. Further, in 6rder to resolve
the ambiguity of a possible infinite combination of (d+ - da7),

the necessary condition for optimality

Hyq =
di di 0 (3)
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should be satisfied.4® This can be achieved by using the
simplex algorithm; since the coefficient vectors of di+
and d,  are linearly dependent or complementary to each

i
other, they cannot appear together in the same basic feasible
solution.4?
Ijiri also provided the different forms of GP model

formulation under different situations as follows: >0

1. Single goal with multiple subgoals
2. constraints on subgoals

3. multiple goals

Single goal with multiple subgoals. When a goal,

G, can be achieved by obtaining a set of subgoals X, the
goal problem is formulated as (4).
G = £(X) = RX
(4)
X 7 0
where R is (lxn), X is (nxl).

The corresponding goal programming is

493ames s. Courtney and others, "A Goal Programming
Approach to Urban-Suburban location preferences," Management
Science, 18 (February, 1972), ». B-260.

Soniri, OE. Cit., l-lt)c 34"’50.
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Minimize z = (4 + a*)
Subject to RX + d™-dt = ¢ (5)
x, a,dY, 2o

If there exists a solution for (5), the objective function
always derives the value of 4~ and a* to zero. Then G
will be achieved at the value of X. 1In this case, there
will be an infinite number of "convex combinations" of the

choice variables that will achieve G.

Subgoal constraints. When additional constraints (h)

are imposed on the subgoal X, the problem has more equations

in addition to (4).
AX B (6)

where A is (hxh), B is (hxl). Then this situation is
modeled in which either the goal is attained under the sub-
goal constraints or the minimization process produces a X
vector which satisfied all subgoal constraints in such a
way £o come as close as possible to the goal G. The goal

programming model becomes

minimize 2 = 4~ + a4t

subject to RX + 4~ - at =g

ax £B (7)
x, a-, at 20
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Multiple goals. In the case that there are m goals

expressed by the m component column vector of G,
(Gl, GZ' s s e Gm)' and these goals can be attained by a
linear combination of n choice variables represented by n

component column vectors of x, (xl, o o o xn),

then the problem is stated as follows:

RX = G
(8)
X 20
where R is (mxn), X is (nxl) and G is (mxl). Assuming that

a solution exists for (8), the corresponding GP model is

formulated in (9):

-

minimize 2 = ed; - edi

+

Subject to RX + Id™ - Id¥ =G (9)

.x’ di-’ di+ ) 0

where e is a m component row vector whose elements are all
equal to 1, 47 and at are m component column vectors and I
is the m dimensional identity matrix.

The unique characteristics of GP modeling is de-
rived from its method of defining the objective function.
There are at least three important procedures for formulating

the objective function. They are:
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l. To ideptify the goal functional, i.e., what de-
viational varaibles should bé included in the
objective function?

2. To rank those deviational variables in the order
of importance.

3. To assign different weights (A ) to the deviational
Qariables in the same level of impprtance, to mini-
mize the sum of regret or opportunity cost on one
unit of unsatisfactory deviation from the goal level.

In identifying the goal functional, Ijiri specified eight

variations of GP functional for different types of decision

problems.51 Among them five feasible variations are as
follows: given that the goal attainment problem is formu-

lated by (10) as a case which combines (6) and (8),

RX ~ d~ - dt =g¢

(10)
AX £ B
1. Minimization of (4~ + a%)
The solution obtained minimizes | RX - G |. This

process will search for the X which achieves exactly

RX = G as closely as possible.
If RX » G, then @~ = 0 and d* = RX - G, while
if RX ¢ G, then d* = 0 and 4~ = G - RX

If RX = G, then d” = d* =

Sleiri, op. cit., p. 40.
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Regardless of whether RX > G or RX < G, this process

searches for the X which minimizes 4@~ or d+, whichever is

larger.

2,

Minimization of a*

This process will identify for X's which make

RX > G (d+ = 0) satisfying AX ¢ B, if the solution
exists. If this process cannot minimize d+ to zero,
the solution consists of all X's which minimize

[RX - G] (d+ = RX - G > 0) as fully as possible.

Minimization of 4~

The solution set consists of all X's which make RX < G
(@ = 0) satisfying AX = B, provided that such a solution
exists. Otherwise the solution set will minimize G - RX

(d” = G - RX > 0) to the extent possible.

Minimization of [d~ - a%)

The effect of this functional is to minimize G - RX or
maximize RX. Let d = d~ - d*, then RX + @ = G. Mini-
mizing (d = G - RX) is the same as maximizing RX because
G is constant. This process will produce the same effect

as the minimization of d+.

Minimization of [dt - @)

+

letd=d ~-4d, then RE ~d=Gor d =RX - G. Mini-

mizing d is the same as to minimize RX.
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These five feasible variations of the GP functional
are summarized in Table 2. For the case of incompatible
multiple goals the ordering of goals are necessary.
Ijiri explains:
. . . that is. we first order these incompatible multiple
goals so that goals in a lower rank are satisfied only
after those in a higher rank are satisfied or have
reached the point beyond which no improvements are
possible under the given constraints.>2
In ordering the multiple inccmpatible goals, "the
preemptive priority factor" is assigned to each deviational
variable. These preemptive priority factors, Pj'
(3=1, . . . k) have the relationship of Pysl >>>-Pj
(3=1 . . . k-1) which means that no number n, however
large, can make (n * Pj) greater than or equal to (Pj+1)'
To assign different weights (d ) to the commensurable goals,
Ijiri presents the following prescription:
Postpone weighting by giving an equal weight to each
variable on the same order group and then solve the
problem. If all d; is zero, we don't have to worry
about it. If any of d, is positive, we have to do

careful analgsis of thé problem situation and define
the weights.>3

As a conclusion of the mathematical expression of the
GP model, the general GP model can be expressed as follows:
Assuming that we have m goals, k levels in the

preemptive priority factors,

52rpid., p. 46.
531pbid., pp. 47-48.
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TABLE 2.--Variations of ‘Goal Programming Functional

Choice of X
GP Functional Accord With Resulting Value of d* and @~

1. Minimize [d~ + at] minimize | Rx - G | " =RX -G,d" =0 if RX > G

+

da~=dat=0 if RX = G
2. Minimize g% minimize [RX - G] at = o if possible or
in as far as RX > G min. (dt’O) if not. The same

as max. RX as in (4)

3. Minimize 4 minimize [G - RX] d" = 0 if possible or

in as far as RX < G min. (@ = 0), if not. The
same as min. RX as in (5)

4. Minimize [d~ - @¥]  maximize Rx [a- - a*t1 = 6 - Rx

5. Minimize [-d~ + dt] minimize RX [-&~ + dF] =RXx - G

1% 4
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1, Coefficients (C) in GP goal functional consists
of a combination of preemptive priority factors (le) for
ordering and the factors (o{jl) for weighting. Let C be a
2 m component row vector whose elements are the product of

P and &4 at a given priority level j.

vhere & j's (j = 1,2m) are real numbers and P.

ii (J = 1,k)

are preemptive priority factors with highest priority Pk‘
2. Let d be a 2 m component column vector whose

elements are 4~ and d+, i.e.,
- - + +
d = (dl ¥} . . [ dm‘y dl ’ . O . dm ) (12)

3, Then GP model becomes

Minimize 2 = Cd
Subject to RX + Pd = G (13)
X, d %0

where R is (mxn), P is (mx2m) and G is (mxl). Here C is

(kx2m) and d is (2m x3)

4. When we have a set of constraints on subgoals
such as the equation ih (6); Ax< B, then the GP model is
formulated as in (14)
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Minimize 2 = Cd

Subject to RX + Pd = G
AX £ B (14)
X,d 2z 0

5. It is worthwhile to note that [AX<B] can be

included in the matrix of RX + P4 = G in the form of
ax +d- -d* =18 (15)

with the highest preemptive priority factors attached to
the variables a*. Equation (15) is very helpful for deal-
ing with systems constraints in GP model.

In the mathematical formulation of GP, the differ-
ence between goals and the system's constraints is made
only in the assignment of the preemptive priority factors
as explained aﬁove. Thergfore, equation (13) can be used
as the general form of the GP model.

The major steps in the simplex procedures of GP
are illustrated in Figure 2. ‘

In the simplex method of GP, the criterion (Z2j-Cj)
is expressed as a matrix of priority levels and deviational
variables rather than a row as in LP. The basic idea of
the GP simplex method is to apply the simplex method of LP
from the top level of priority to the lowest level. This
process is done by keeping the rule that even though there

is a positive element at a lower priority level in (zj-C3),



46

————,

Model
Formulation

v
Initial
Tableau

LY
”

4

Determine
new entering
variables

Determine
leaving
variables

Determine
new basic
feasible
solution

Y

Analyze goal
attainment

Ye s->

Solution

—

4

Fig. 2.--Flow Chart of the Simplex Procedures of
Goal Programming

Source: S. M. Lee, p. 106.
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then the variables in that column cannot be introduced into
the solution base as long as there is a negative element at
a higher priority level.4

The final table of (Zj-Ci) matrix of GP, showing
these conflicts among the variables, provide valuable in-
formation about the conflicts among the goal structures. In
other words, this shows that a goal can only be achieved at
the expense of other goals.

Within the limit of this rule, all the criteria of

the simplex method of LP are applied exactly in the same

way.

Applications of Goal Drogrammning

The first application of GP was suggested in 1968 by
Charnes and others for advertising media planning.55 In re-
cent years GP has been applied to a wide range of decision
problems. Most of the studies had been directed to solve
the decision problems in micro-organizational settings such
as production planning for a plant, academic resource alloca-
tion for a department in a university, medical care planning

for a hospital.%®

54The simplex method of GP is well introduced in
SI Ma LBE, ppo 97"'1200

55A. Charnes, W. W. Cooper, et al., "A Goal Program-
ming Model for Media Planning," Management Science, 14
(April, 1968), 423-430.

56por exariple, Sang M. Lee and E. R. Clayton, "A
Goal Programming Model for Academic Resource Allocation,"
Management Scierce, 18 (April, 1972), pp.
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Eor the operational planning of non-profit organiza-
tion such as in public administration, E. Pitkanen applied
GP to public expenditure decision problems. He showed that
GP is a prémising analytical method for fitting objectives
together and can be made to correspond closely to the ad-
ministrative decision-making process.57

For the purpose of macro level national planning,
A. Charnes and others suggested the application of GP for
social development planning and developed a prototype model
for a hypothetical setting.58

In this direction, J. Courtney and others used GP
for policy simulation in urban planning.59 A. Charnes and
others developed a GP model to deal with multi~dimensional

gsocial goals or a national basis and to relate these to each

other in the context of the national economic system.60

5Ty. Jaaskelainer, "A Goal Programming Model of
Aggregate Production Planning," Swedish Journal of Economics,
71 (1969), pp. 14-29.
. Some applications are described with detail in
Sang M. Lee, Good Programming and Decision Analysis (Phil~
adelphia: Auerbach Publishers, Inc., 1972), pp. 191-350.

58p, Charnes, M. Jill Kirby and A. S. Walters,
"Horizon Models for Social Development," Management Science,
17 (December, 1970), pp. B.165-177.

593, F. Courtney; T. D. Klastorin and T. W. Ruefli,
"A Goal Programming Approach to Urban-Suburban Location
Preference," Management Science, 18 (February, 1972), pp.
B258-268.

6OA Charnes, C. Coclanton, W. Cooper and K. Kortanek,
"A Model to Study Revenue Sharing and Account for Regional-
ized Economic Activity and Social Goals," Management Science,
19 (June, 1973), pp. B-1189-1208,
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In reviewing the application of GP, Lee indicated

three types of performance of the CP model and its major
areas of application.61 According to Lee, the GP model
performs the following tasks:
l. To determine the input requirements to achieve a

set of goals
2, Té determine the degree éf attainment of defined

goals with given resources, and
3. To provide the optimal solution under the varying

input and goal structures
These performances could well serve the following types of
problems:
1. Allocation problems
2., Planning and scheduling problems
3. Policy Analysis
Lee also concluded that "the most importanf advantage of GP
is its great flexibility, which allows model simulation with

numerous variations of constraints and goal priorities,"62

Limitations of Goal Programming

Despite the closeness of the conceptual framework of
GP to real decision situations, the GP approach is limited

in its application, maihly due to its technical inferiority.

618. M. Lee' OE‘ Cito, ppo 30-310
621pid., p. 31.
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There are two types of limitation of GP. One is
attributable to the underlying assumptions of LP technique
in general and the other is due to the technical underde-
velopment of GP itself. For the first type of limitation,
there are at least four considerations, as follows:

l. The objective function and constraint should be
linear.

2. Activities should be additive in the objective
function and constraints (no interaction possible).

3. The value of choice variable should be divisible.

4. The model coefficient should be determined or given

as constraint, 63

According to Lee's assessment of the current state of de-
velopment in GP,®4 nonlinear and integer programming are not
developed yet, although in some cases progress is being made.
For instance, B. Contini developed a stochastic approach to
goal programming based on the generalized inverse method
proposed by Ijiri.65 In addition to these limitations, the
dual solution is not developed in the simplex method of GP.
However, in LP these limitations have been overcome

by using particular variations of LP such as nonlinear,

63F, Hiller and . Lieberman, Introduction to Opera-
tions Research (San Francisco: Holden-Day, Inc., 1967), pp.
135-138.

645, M. Lee, op. cit., pp. 185-186.

65g, Contini, "A Stochastic Approach to Goal Program-
ming," Operations Research, 16 (May/June, 1968), pp. 576-586.
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integer and stochastic programming. The dual solution is
also possible in LP.

Despite these limitations involved in GP, the con-
ceptual closeness of GP to real decision situations can be
the major source of justification of applying this approach
at the expense of technical inferiority.

For the justificatioﬁ of applying GP in this study,
the following considerations are assumed to be a valid de-
scription of the problem situation with which this study
deals.

l. "Multiple goals are created as an approximation for
a single 'real' goal that can hardly be measured in

w66

practice. In this context, planning can be

viewed as "a process of decomposing given manage-
ment goals into a set of subgoals [means] which are
more operational and controllable by management or
their subordinates than goals."67
2. "The compression of multiple, uncommensurable goals
into a single, composite one reduces their informa-

w68

tion content. Without proper measurement of

663, s. Emery, Organizational Planning and'Control
Systems; Theory and Technology (New York: The Macmillan
Co., 1969), p. 115.

67Ijiri, op. cit., p. 5.
68J. So EmerYI OEo Citcp po 1150
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utility and methodology to develop a utility function,
this process, as E. Bartee indicated,
. « « may lead either to fabricate and distort the
measurement of utility or ignore some of the more
significant Broblems that are to confront man in
the future.6
3. The primary purpose of planning is to formulate and
decide on alternative sets of goals and to design
the policy for the attainment of given sets of goals.
For this purpose it is vital to generate the information on
the relationships among goal-priority structure, policy,

constraints and the degree of goal-attainment. This can be

achieved by goal programming.

69E. M. Bartee, "Problem Solving with Ordinal
Measurement," Management Science, 17 (June, 1971),
ppo B623-625 .




CHAPTER III
PROCEDURES AND METHOD

The purpose of this chapter was fourfold. The first
part was concerned with the éevelopment of the conceptual
framework of a policy simulation model based on a goal pro-
gramming approach. In the second part, the components of the
framework (i.e., goals, goal functions, the constraints of
the system and policy alternatives) were defined. The third
part was concerred with the development of a goal program-
ming model. Finally, the computer program was developed to
compute the input information for the goal programming model.
This program was also used for forecasting the various in-
dices such as tﬁe cost/bepefit, teacher/student, classroom/
student ratios and the distribution of students, and finan-
cial resources requirements in the educational system when

the solution was assumed to be implemented.

Section One: Conceptual Framework

In order to construct a simulation model for evalu-
ating the policy alternatives to achieve the specified ad-
ministrative goals, the policy planning process is viewed as

an information processing system. The combination of

53
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conceptualizing the policy planning process as an information
processing system and applying thé mathematical programmihg
model to the system will facilitate the tool of policy
planning.

J. Tinbergen's policy planning model as reviewed in
Chapter II shows a method for devising a policy planning
fram;work. His framework coksists of policy variables, un-
controllable variables as exogeneous variables, and the goal
or target variables, side effects or irrelevant variables
as endogeneous variables. These variables are related to-
gether on the model which quantifies the .relationship. For
optimization purposes the welfare function is introduced.

The model of a cybernetic system7° suggests an in-
formation flow within any cybernetic system which is
structured with input, output, sensing mechanism, control
unit and effecéing mechanism.

R. Amara proposed a cybernetic policy formation
framework which indicates the values, goals, attainment
level and policies as inputs. 1In his framework, these ;n-
puts have to be converted to the output which are reflected

on the social indicators.7l

70william A. Shrode and Dan Voich, Jr., Organization
and Management (Homewood: Richard D. Irwin, Inc., 1974),
p. 430.

71Roy C. Amara, "Toward a Framework for National
Goals and Policy Research," Policy Science, 3 (1972), pp.
59_690 :
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Following these lines of consideration, the policy
planning framework as an information processing system was

conceptualized as illustrated in Figure 3.

INPUT (Information) PROCESSOR OUTPUT (Solution)
I. Uncontrollable Decision-making Solution:
(constraints, 3 subsystem:
uncertainty) Optimal policy
Goal programming
2. Parameters of model
ed. system

3. Controllable
(Policy, goals)

SENSOR SUBSYSTEM

A
control Communication
EVALUATION INDICATORS
&
Group of ‘ Analysis of the
decision- | implication of
makers | the solution
T Y
CRITERIA:
(Perceived
value, goals)
attainment
level)

Fig. 3.--Conceptual Model of Policy Planning
Process as an Information Processing System
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In this system, six elements are related to each
other in the following manner:

l. Input: This is information for policy planning.
Two types of information were considered. The first involves
the information regarding the exogeneous variables of the
educational system which are beyond the control of the edu-
catioi.al decision-maker. The second involves the information
regarding the administrative goals, their ériorities and
policy alternatives perceived by the educational decision-
maker to be required to manage the educational system.

2. Decision-making process: This process generates the
optimal solution to achieve the given goais under the defined
constraints. This process simulates the factors relevant to
the decision-making process under the goal programming model.
It ie assumed that this process is intentionally rational and
technically deterministic.

3. Output: The output is the information derived from
the optimal solution generated by the decision-making process
assumed to be simulated by the goal programming model. This
output is fod to the sensor subsystem.

4, Sensor subsystem: This subsystem is designed to
analyze the implication of the output in some aspects that
the policy planners might be concerned with; for instance,
resource requirement, goal attainment level, pattern of
resource allocation or efficiency of the resource used, de-
pending on the problem situation. The outcome of this

sensor subsystem was called Indicators.
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5. Evaluation: The outcome of the sensor subsystem
will be fed to the evaluation subsystem where a group of
policy planners can compare the implication of the optimal
solution to the predetermined criteria in managing the edu-
cational system. If the solution is not satisfactory they
can fued back this analysis and try another set of informa-
tion on the controllable variables. When éhe policy plan-
ners want to test the significance of the variation from
the specified level of the exogeneous variables, they can
do this by trying another set of information on the uncon-
trollable variables. .

6. Predetermined criteria: This is a set of criteria
that the policy planner might perceive as important objectives
for managing the educational systeu.

The following considerations are taken to justify
this conceptual model.

1. Policy planning is not a one-shot trial. It is
a continuing process tc search for the better solution
"incrementally."72

2. In the searching process, the satisfying criteria

are applied rather than the optimizing criteria only.

72C. Lindbloom, "The Science of 'Muddling Through',"
public Administrative Review (Spring, 1959), pp. 79-88.
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73 the

Because of the nature of "bounded rationality,"
forecasting of some other variables are also needed in
addition to the optimizing process.

3. It is assumed that as more information on the
impacts on certain aspects of the.policy become available,
the better the search process will be.

4, In developing the policy planning system, it is
advisable to facilitate the man-machine interactive mode
where human judgment can be entered as input in the
computer~based planning model.

Section Two: Identification of Input

Information: Goals, Policy and
Uncontrollable Variables

In this section goals, policy alternatives and the
uncontrollable variables were identified and defined for
numerical illustration. This identification process will
take several fofms in the real planning situation. However,
it is assumed that a set of goals and policy alternatives

are given to the policy planning unit.

Seven goals were taken from the two planning reports
reviewed in chapter two. The following criteria were applied

to choose these goals from the reports:

73H. A. Simon, "Theories of Decision-Making in
Economics and Behavioral Science," The American Economic
Review, XLIX (June, 1959).
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l. The goal should be operationally defined. Other-
wise it cannot be handled in the mathematical model.
2. The goal should represent the external relationships
between the educational system and the environment.
3. The goals should also represent the internal relation-
ships between the educational input and output.

The rationale for applying the criteria (2) and (3)
is based on the notion that the educational system can be
made more productive by improving its external productivity
and internal efficiency.

These seven goals are listed below:

l. To maximize the economic benefits of social invest-
ment in education.

2. To meet the social demand for education to high
schools and colleges and universities.

3. To extend compulsory schooling from the current
six years to nine years of educatior., in terms of
increasing the rate of entry to middle school.

4. To improve the teacher's salary.

5. and 6. To improve instruction by changing
(1) teacher-students ratio and (2) claséroom-
students ratio.

7« To increase the instructional budget for facilita-
ting educational technology such as programmed in-

struction and instructional TV and radio.
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1. Economic goal: The maximization of economic
benefits of social investment in education is called the
economic goal. The social investment (c) consists of two
major parts: the direct public and private expenditure on
education (Cl) such as tuition and the government's subsidies
to education and the opportunity costs foregone by society (Cz).
The opportunity costs are the earnings foregone by the stu-
dents who are in the educational system. The economic bene-
fits of social investment are defined as the net present
value of marginal benefits incurred by getting that level
of education (NPB). The NPB is defined by [3.1].

n

. A
NPB (J) = }_ [(E% DL Y G R eI 4 )+ 1+ rﬂ
i=m+1 J J k=1 ]

*Alpha (jﬂ ---(3.1)

Where NPB(3)

net present value of marginal benefit

of j level of education.

Ei : BEarning stream of those who got j level
of education at age i

o ¢ Social discount rate

my ¢ the no. of school years in j level of
education

Cg ' : direct cost of education in j level in

year i
Alpha (j) : the coefficient of contribution of j

level of education to earning power.
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Thgpretically, the goal of maximizing net present
value of marginal benefit of educétion is the same as con-
tinuing the investment in education up to the point where
NPB becomes zero. This relationship is well explained in
human capital theory.74

Figure 4 explains this relationship. As long as
the curve mei is above the géi, we can increase NPB. Beyond
the point p, NPB will be decreased. The point g indicates

the case of constant discount rate over the different level

of investment.

mei
mcf mcf
’he ‘l

-------- mcf (constant case)

[}
1
(
C
! "
| (
| |
| :

K* Kl Amount in Investment

Fig. 4.--Relationships Among the Marginal Efficiency
of Investment (mei), Marginal Cost of Funding (mcf) and the
Optimal Amount of Investment.

74Gary S. Becker and Barry R. Chiswick, "The
Economics of Education: Education and the Digtribution of
Barning," American Economic Review, 56 (May, 1966), 358-369.
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By trying to achieve the economic goal the re-
gources will be allocated up to the point k* as far as
possible through the levels of education, subject to the
constraints imposed on the system. The economic goal is

defined as follows:

T J
Max z2 = ¢ . WD sy % : - - -
té-l JE-I[NPB (3)* X (3,%) ] (3.2)

where X (j,t): No. of students in j level of
education in year t.
NPB's by level are assumed to be constant over

time during the planning period.

2. Goal for social demand for education: The goal
to increase the rate of entry to high schools, and colleges
and universities is considered to reflect the view of social

demand for education. This goal is defined as follows:

6 > sgg) + ()] -- e

For j = indicate high school and college and university.
Fort =1, . « ¢+ ., T
Where xj ¢ The no. of new entering students for j - th.
level of education in year t. 1 indicates

the first grade.
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x@'; : The no. of students graduated from the j-1

level of education which is the feeder to j

level of education. g indicates the graduates.

Pd?) The entry rate to the j level of education.
J

T The last year in planning period.

3. Goal of the extension of compulsory schooling
from present six years to nine years: More than 95 percen-
tage of the corresponding school age population has been
enrolled in elementary school since 1961. The goal is to
increase the entering rate of elementary school graduates
to middle school from 72 percent in 1973 up to at least 80

percent by 1978, This goal is defined in equation (3.4).

l’t q,t
X" * t - - - =(3.4
X, 2 | % rs( )] (3.4)
fthere x;'t : No. of students who are entering

the first grade of middle school
in year t

x9't ¢ No. of graduates from elementary
school in year t.

rs(t) : Goal level in terms of the rate of
entry of elementary school graudates

to middle school.
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The goal levels of improving the average teacher's
salary, éroviding appropriate number of teachers and class-
rooms and improving the share for instructional budget in
the recurring cost were specifically defined by the educa-
tional input policy. The educational input policy was de-

scribed in the next section.

4. Goal of improving the average teacher's salary:
This goal will be operationally defined by specifying the
policy regarding the average salary level in the base year

and the annual rate of increase.
ATS (j,t) = ATS (j,1) * [1 + ra (§)1° (3.5)

Where ATS (j,t): Average teachers' salary at
j school level in year t
ra(j) ¢ Annual rate of increase in

j school level

These specified average salary levels and annual
rateé of increase are considered as part of the policy-
alternatives. When the conditions expressed in (3.6) are
satisfied this goal will be evaluated to be achieved.

:E. [ATS(j:t) *y (j.t)] £ Bs(t) (3.6)
Fort=1,., .., T
Where Y (j,t) : No. of teachers in j school level

in t year.
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Bs (t) ¢ Budget limit assigned to
teacher's salary. This budget
limit will be internally de-

termined in the solution process.

5. and 6. Goal of improving the teacher-student
ratios and the classroom student ratios to the desirable

level: The desirable level of these ratios will depend on

the instructional technology to be applied. Equation (3.8)
defines these goals. These goals simply state that the
requirement of teachers and classroom specified by policy

such as Ts, Tc should be met.

v, > [x(3,0)  1s(3,0) (3.7)
Fe(iit) 3 (x(3,0) 7 1oy, ]

For j=1p e o oy j ) t=l, e o oy T

Where Y(j,t) defined in (3.6)

Fc(j,t) : No. of classrooms available in j
school level in year t.

X(3,t) : No. of students in j school level in
year t.

Ts(j,t) ¢ No. of students per teacher.

Tc(j,t) t No. of students per classroom.
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7. Goal of improving the share for instructional
budget in the recurring cost: The recurring cost is assumed
to consist of two major parts: teachers' salaries and cost
for instruction. The cost of maintenance and operation of
the school buildings is considered as part of the facility
cost. This goal is defined by specifying the ratio (PI) of
instruction cost to the teachers' salary.

Let PI = (Instructional cost/teachers' salary), then
this goal is considered to be achieved when equation (3.8)
is satisfied.

% [[ [ATS(j,t) * Y(3,t)] 1*[1. + PI(j:t)]] &Br(t) (3.8)
Where ATS, Y are defined in (3.6)

PI(j,t) : The ratio of instructional cost
to teachers' salary in j school
level and t year.

Br(t) : Budget limit assigned to recurring

cost in year t.

The level of PI will be made by target-setting and
be given as a component of policy-alternatives.

So far, seven goals are defined by specifying the
policy alternatives related to the goals. Table 3 summarizes

this relationship.
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TABLE 3.--Summary of the Goals and Policy Alternatives

Components of Policy Altern-

Other Factors

Goal atives Defining the Goals Related

1. Economic a) salary level (ATS) a) life time
Max., income
NPB b) annual rate of increase stream (E)

(Ra)
b) social dis-
c) teacher-students ratio (Ts) count rate
(r)
d) ratio of instructional
budget to teachers' salary ¢) cost stream
(C)
d) ALPHA (A )

2. Social a) target rate

demand of entering
to upper
school level
(Pr)

3. Extension of a) target level
compulsory schooling of entering

rate (rs)

4. Improving a) average salary level (ATS) a) budget limit
the assigned to
teachers' b) annual rate of increase (Ra) teachers'
salary salary (Bs)

5. Improving a) desirable level of teacher/ a) No. of
teacher- students ratio (Ts) teachers
students available (Y)
ratio and b) level of classroom/students
class- ratio (Tc) b) No. of class-
room/ rooms avail-
students able (Fc)
ratio

6. Improving a) average salary level (ATS) a) Budget limit

the in-

struction- b)

al cost

ratio of instructional
cost to teachers' salary
(PI)

assigned to
recurring
cost (Br)
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Policy Alternatives

In the policy area of how to manage the educational
inputs (teacher, classroom, financial resources) to achieve
the administrative goals of a national educational system,
two policy alternatives were chosen from the two planning
reports reviewed in Chapter II. .

It should be noted that these two policy alternatives
are not the policy directives recommended by the reports.
These alternatives represent only one aspect of the set of
recommendations of the reports. For the purpose of numeri-
cal illustration two policy alternatives were defined by the
researcher.

The educational input policy was defined and formu-
lated by specifying four components:

1. Student/teacher ratio

2. Average teachers' salary

3. Students per classroom

4. Allocation of the financial resources to the
instructional materials and equipment.

One policy alternative was called "labor policy"
which was characterized by the intensive use of more
teachers paid less than in the case of the other policy,
named "capital policy." These two policies were compared

to each other in Table 4.
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TABLE 4.--Comparison of Labor Policy to Capital Policy

Components of Educational Labor Capital
Input Policy Alternatives Policy Policy
No. students per teacher less more

Average teacher's salary lower higher
Space per student smaller larger

Expenditure for instructional
materials and equipment less more

In the case of capital policy compared to that of labor
policy, a team of teachers will convey more to students with
the aid of more instructional materials and equipment in the
larger space. They will be involved in more professional
work such as instructional planning, designing and select-
ing the materials and assessing the progress of each student.
Therefore, they will be paid higher rates of salaries.

It is worthwhile to note that this type of comparison
of policy alternatives is only concerned with the input side
in the input-output context of the educational production
process.

The cost implications of the differences between the
two policies were estimated in terms of unit recurring cost

per student by the equation (3.9).
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URC(],t) .= ATS(J,t) * [1l. + Ra(3)]% / Ts(j,t) *
[1./70.-p1(5,e0)] (3.9)

where URC(j,t) : Unit recurring cost per student in j

school level in year t

ATS(j,t) : Average annual teacher's salary in j
school level in base year.

Ra(j) ¢ Annual rate of salary increase.

Ts ¢ No. of the students per teacher.

PI ¢ The ratio of instructional cost to

teacher's salary.
The first three components on the right hand side compute
the teachers' salary per student. The last component com-
putes unit recurring cost, inflating teachers' salary with

PI factor.

The Uncontrollable Variables

This group of variables is considered in terms of
the variables which are beyond the control of the educa-
tional decision-maker. The identification of whether a
variable is exogeneous or not depends on the purpose of the
study of the system. In this study, three variables are
considered as the variables externally given to the educa-

tional system.
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l. Compulsory school age population (6 years old) to
be admitted to elementary school. Therefore, the
enrollment level in elementary school is not sub-
ject to the optimization process. It is considered
as given and has to be forecast.
2. The financial resources input available, which were
forecast. .
3. The stock of students, teachers, and classrooms in
the educational system in the base year.
By trying the different levels of these variables, we could
test the impacts of these variations on the optimal solution
and the indicators to be specified.

The information identified in INPUT is not ready to
be fed into the decision-making system. This information
should be transformed to the coefficients in the goal pro-
gramming model.' .

For this purpose, the BDATA, PDATA and SENSOR sub-
systems were developed. All the basic data considered were
stored in the BDATA subsystem. PDATA storees all the policy
information defined. All the basic data and policy informa=-
tion stored in BDATA and PDATA were called and transformed to
the coefficients for the goal programming model by the SENSOR
subsystem, |

Ideally, these four subsystems (BDATA, PDATA, éENSOR
and goal programming decision system) should be integrated

into the automatically related information processing system.
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But, in order to handle the decision problem of this study,
even a g&al programming computer program required more than
120 K memory storage which is the limit to the usual users
of the CDC 6500 computer system at Florida State University.
As a more critical limitation, no more than 70 K were avail-
able in using the time-sharing computer terminal which is a
very convenient channel for a man-machine communication
system. Therefore, the researcher, was forced to design a
policy planning system in which the information was not
entirely automatically fed into another subsystem. The
information flow in these subsystems is illustrated in

Figure 5.

Section Three: Goal Programming Model

Decision-making in the policy planning process will
be simulated by the goal programming model, simply assuming
that the decision will be rationally mmade as a solution pro-
" cess of goal programming. The goal programming model is de-
velopnd in the following way.

1. The administrative goal is described as a set of
constraints. This means that the level of the de-
cision variables is determined to achieve the goal
level specified by the constraint. Then, the goal
function is to minimize the undesirable deviation
from the goal, (di)' in either direction, negative

(di-) or positive (di+)' depending on the goal.
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2. In addition to the goals as constraints, the other
constraints under which the educational system is
operated are considered. For these systems' con-
straints, four constraints are taken into account:
a) teacher constraint
b) classroom constraints in elementary, middle

school and high schools

¢) students flow constraints
d) financial resources constraints

3. The objective function is the minimizing function of
all the undesirable deviations from the goals ar-
ranged by the priority levels in which the different

weights can be assigned accordingly.

Goals as constraints

1. Economic goal:

% %:. [ NPB(j,t) * X(3,£) ] + d,>Big M (3.10)

(For definition see (3.2))

By minimizing the negative deviation, this equation
will maximize the sum of the net prescent value of benefit in
educational investment. This sum should be subtracted from
the present value of the capital investment. However, due to
lack of data, the nresent value of capital cost is lgnored.

Capital M indicates arbitrary target level.
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2. Goal for social demand:

x(X e - x, &) *pr (5.8) +aB 0 (3.11)
J+l j i

jJ = 1 middle school
j = 2 high schools
J = 3 college & university

(For definition see: 3.3)

By minimizing the negative deviations, these equa-
tions will achieve at least those target levels of the
graduates in j school level to be admitted to j + I school
level, if possible. 1In crder to reduce the size of the
problem, the number of graduates is defined in terms of the

number of entering students and drop-out ratio as in (3.12).

Where X(g,t) ¢ No. of graduates in j school
level in year t.
X(;, t-r) : No. of entering students to 3
school level in year t-r.
r ¢ No. of grades in j school level.
dr(j) : Drop-out ratio of students in j

school level. dr is assumed to be

constant over the planning period.
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3., Goal of extension of compulsory schooling:

1
R(jypr®) * 85 & x(g,t) * rs(t) (3.13)

(For definicion see: (3.4))

By minimizing the positive deviations, these
equations will increase the number of students admitted
to middle school up to the number of graduates from ele~

mentary school to the extent possible.

4. Goal of improving the teacher's salary:

J

& AST (3,t) * ¥ (j,t) + di = Bs(t) (3.14)
i=1

(For definition see (3.6))

In the computing process, Bs is constrained in
another equaticn and ATS is given coefficients. Therefore,
these equations will search the value of Y by minimizing
the negative deviations. This will minimize [Bs - ATS * Y]
to the extent possible.

In the computing process, ¥ (j,t) is defined in
terms of initial stock of teachers, the teﬁchers remaining

in the planning period and the new entering teachers as in

equation (3.15).
t-1 £ g
Y(j,t) = ¥Ys(j)*[1. - Pdr(})] + E X(k:ti)*

ti=2
(Pa(k,k))* (1, - pdr(j))t"*ﬂ (3.15)



are not specified.

limited.

Where Y(j,t)
¥s(3j)

pdr (j)
x(:.t)

Pa(k,t)

77
No. of teachers available
The initial No. of teacher stock
in base year.
Drop-out: ratio of teachers.
No. of graduates who get the
teacher's certificate.
for j=I, k=6 (teacher's college for
elementary school
teacher
for j=2,3,4, k=7 (college & univer-
sity for middle and
high schools)
Participation rate of k level of

education for supply of teachers

The second part on the right hand side in (3.15)

annual drop-out, too.

indicates the cumulated sum of new entering teachers minus

For the level of junior college, teacher's college,

and college and univereity, the sources of supply of teachers

Instead, the variables of new entering

teachers (W2) are introduced, assuming those sources are not

t
¥(3,t) = ¥s(§)*[1. - pdr(§)1*"! +t£a,2[w2 (3rt,)*

(. - Pdr(j)]t'ti] (3.16)
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The drop-out ratio of teachers is assumed to be
the same in both cases of initial stock and the new entering
teachers. The total cost for teacher's salary is to be

determined internally in the solution process.

5. Goal of improving teacher-students ratio:
Y(j,t) - [x(j,t) / is(j,tﬂ + di »0 (3.17)

For definition, see 3.7, 3.15 and 3.16.
The equation (3.17) indicates that the enrollment level X
cannot be increased unl%ss there are enough teachers avail-
able specified by the policy, Ts. The sulution process will
seek either to increase Y or decrease X. .
Whenever these constraints are satisfied, the goal
level of Ts is evaluated as having been achieved. As in

the case of these goals, the goal of improving the

classroom-students ratio is similarly defined.

6. Improving the classroom-students ratio:

t
t-1
Fes(§)*[1. - Fdr(j)] + & [WI(j,ti)- X(§,t) *
ti=2
Fc(j,t)]+ d; 20 (3.18)
Fox definition see 3.7 and
Where Fes(j) : the initial stock of the classroom
in base year.
Fdr(j) : the rate of depreciation of the
superannuated classroom to be repiaced.

Wl ¢ the new classroom to be built.
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The first term in left side of (3.18) will be given as
constant. The solution process will seek to increase WI
or decrease X in order to satisfy the equation (3.18). If
the positive deviation d* is not minimized to zero, then
these d+ will indicate the unattained portion from the

2
goal level specified by policy, Fc.

7. Improving the instructionaus cést:
Bs(t) * [1. + PI (j,t)] - Br(t) + di =0 (3.19)

Where Bs(t) = E,iAST(j,t) * [Ys(j)*(l. - pdr(j)t'l]
3 .

t t-t
g .. _ i
+ 5 [xGepma. - par(in) ]]}
£=2

for j=1,2,3

Bs(t) = & fasd,e) *vs @)t - parcd)®h
3

£, [w20, e rarg) Y]

t

for j=4, junior teachers' college

~ 3=5, college and universities.

For definition see: (3.6, (3.8), (3.15), (3.16)

The equation (3.19) states that the teacher's salary
and expenditure for instructional purposes such as cost of

instructional materials and equipment cannot exceed the



80

total financial resource as assigned as recurring cost. As
far as these equations are satisfied, the goals specified
by PI are evaluated as having been achieved. Br, the total
recurring expenditure, was constrained with the financial
resources available to the educational system, which were

forecast. The next part explains the systems constraints.

Systems Constraints

It should be noted that the constraints of teacher
requirement and the requirement of the classrooms are already
built up when the goal of teacher-students ratio and
classroom~students ratio are specified. Therefore, the other

two constraints will be formulated.

1. Constraints on students-flow:

These constraints specify that the number of enter-
ing students from j school level to J+1 level cannot exce=zd
the number of graduates from j school level. In accordance
with the possible students flow of the current educational
aystém, the following paths are taken into account.

l. From elementary to middle school.

2. From middle to academic high school.

3. From middle to vocational high school.

4. From academic and vocational high schools *o
junior college.

5. From academic and vocational high schools to

college and university.
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The path to teacher's college is ignored by assuming
that the new entering students are determined from the demand

for new teachers at the elementary school level.

For case 1. X (;+l't) < X (g: t) J=1

For case 2,3 X(§+l,t) + X (%+21t) s x(d,¢) J=2

1 1 1
For case 3,4,5 X(j+2,t) + x(j+3,t) + x(j+4,t).$

X(§et) + 8(5,).t)

j=3 e o« .« (3.20)

2. Constraints on the total financial resources availabla:

These constraints specify the limit that the totsal
financial resources requirement cannot exceed the limit of

resources available.

?1: {aTs(3,6)% ¥s(§)*(1.-par(3) 711 + 2 [xep
= t:=
1

(1. - Pdr(j))t'ti]} * [1. + PI(j,t)] +
WI(§,t) * cc(j,t) ] + ij"é [{[ATS(j,t)*
£

¥s(j) * (1. - pr(3))t-1] + éE;z [ (e *
ts=
i

(1. - Pdr(j)t'ti]} * 51. + PI(3,t) f »

{1. + Pc(3,t) } ] £ BL(t)
* o o o (3021)
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where cc(j,t): construction cost per classrrom in
j school level and year t.
Pc(j,t): the ratio of facility cost to the
recurring cost.
BL(t) : limit of financial resources in year t.

All other terms: as defined elsewhere.

The equation (3.21) says that the sum of teachers'
salaries and cost for instruction and facilities through
the school levels cannot exceed the total resources avail-

able in each planning period,

The Objective Function:

The objective function is the minimizing function
of all the undesirable deviations from the goals. The co-
efficients (P*W) are those leveled by the priority and

weighted in the same priority level.

Minimize Z = é?‘ [wji * dji] (3.22)

for the order of i=1, . . ., I

where Pi : is the level of priority and I indicates
the lowest priority level.

s is the weights assigned to j deviational

variable in i priority level

is the j-th deviational variable in i-th

priority level


http:dji(3.22
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Section Four: Sensor Subsystem

The goal programming model in section three generates

the optimal solution based on the specified goals, priorities,

constraints and policy alternatives.

The optimal solution was computed mainly in terms of
the number of new entering students into upper levels of
the educational subsystem, number of new teachers and class-
rooms required, and the amount of teacher's salary in each
school level.

In order to compute the implications of the optimal
solution when it is to be implemented, the sensor subsystem
was developed to compute some indicators which the policy-
planner may be concerned with. For this purpose, the
sensor subsystem, computer program, was composed of five

gsub~routines:

1. Eco: To compute the present value cf marginal benefit,
cost and net benefits.

2. Ucost: To forecast the teacher's salary and unit
recurring cost per student based on policy alternatives.

3. Emat: To forecast the student enrollment matrix, distri-
bution of students, wverall enrollment ratio of school-age

population and the ratio of student-flow movement to upper

school level.
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4. Tmat: To forecast the matrix of teacher stock change
with new enterihg teachers and its corresponding
teacher/student ratio.

5. Cmat: To forecast the matrix of classroom stock change
with new classrooms to be constructed and its corres-
ponding classroom/student ratio.

6. CB: To forecast the pattern of financial resource
allocation and resource requirement and expected
benefit/cost ratio.

As a measure of the efficiency of investment in
education, the ratio of the net present value of benefit
to the total financial resources allocated in each year
were computed by eguation (3.23).

CB (t) = [ & [NPB(j,t) * X(j,t)]] / BL(t) (3.23)
3

where CB(t) : cost/benefit ratio in year t.

all other terms as defined elsewhere.



CHAPTER 1V
ILLUSTRATION OF RESULTS

This chapter illustrates the results obtained. After
a brief description of the hypothetical policy planning situ-
ation, the results are presented in the following order.
l. Input of basic data
2. Input of policy alternatives
3. Solution of goal programming decision-model
4. Indicators generated by the SENSOR subsystem.
The planning situation was perceived as follows:
For school levels, the main stream of student flow movement
in the Korean educational system was illustrated in Table 5.
After the high school level, the graduates either from aca-
demic or vocational schools have four options: to partici-
" pate in the labor force, to go to two years of junior col-
lege,” two years of junior teacher's college for elementary
school teachers, or to go to the colleges and/or the univer-
sities. Traditionally, the two main streams had been the
movement to the labor force and to colleges and universities.
In this study, the two types of high schools were not
separated as Table 5 shows. They were grouped into the high

school and the junior college was ignored in order to reduce

85



TABLE 5.--Possible Path of Student Flow Movement

(1) (2) (3) (4) (5) (6) (7) (8) (9)

(1) Six year old school age

population @ +
(2) Elementary O] +
(3) Middle @ +
(4) Academic High School + + +
(5) Vocational High School + + @ +
(6) Junior College + +
(7) Junior Teachers' College + +
(8) College and

Universities +
(9) Labor force + + + + + +
Note: + indicates possible path from levels in first column to levels in first

Yow.

The path circled ® indicates the path taken into account in this study.

98
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the size of the goal programming decision problem under
limit to the users.

The following five school levels were considered
in the planning situation.

l. Elementary school

2. Middle school

3. High school

4. Junior teacher's college
5. Colleges and university

The year 1973 was considered as the base year for
five planning periods from 1974 to 1978.

The five administrative goals for managing the edu-
cational system were divided into twc groups: one is the
set of goals assumed to be more expected from the environ-
ment of the educational system, and the other is the set of
goals assumed to be more expected within the educational
system itself. For the first group, the following three
goals were determined:

l. To extend the compulsory education from elementary to
middle school.

2. To satisfy the social demand for education at the high
school and college and university levels.

3. To maximize the econcomic return to investment in
education.

For the second group, the following two goals

were considered:



4. To provide the teachers required.

88

5. To provide the classrooms required at the elementary,

middle and high schuol levels as specified by the

input policy.

instructional technology were treated as constraints.

The goals to improve teachers' salaries and cost for

There-

fore, flve goals were treated in this illustration. The

first set of goals was called external goals and the latter

was called internal goals.

The different priority levels

assigned to cach goal were shown in Table 6 for four goal

priority structures.

TABLE 6.--Goal-Priority Situations

Priority
Level I IX III Iv
1l compulsory social supply supply
demand teacher classrooms
2 social economic supply supply
demand classrooms teachers
3 economic compulsory compulsory social
demand
4 supply supply economic compulsory
teachers teachers
5 supply supply social economic
classrooms classrooms demand

characterized as follows:

These four goal=-priority situations couvld be briefly
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Situation I: Trying to expand the middle school

level first, then high school and universities, while adjust-
ing these expansions according to their contributijoin to the
growth of the total present value of educational benefit

as much as possible. Then, trying to supply the teachers

and classrooms required by the educational input policy

under the given constraints.

Situation II: Trying to expand the high school
and university level first, while adjusting these expan-
sions according to the economic criteria, and then to expand
the middle school level, if possible. Next, trying to pro-

vide the teachers and classrooms required.

Situation III and IV: First, make sure that enough
teachers and classrooms were fully provided, then try to
expand the enrollments of each school level according to
their priority level. 1In case of three, provision of teachers
was considered fire: among internal goals, and expansion of
middle school was tried with more importance among external
goals. In case four, the supply of classrooms was considered
first among internal goals, while expansion of enrollment in
high school and university come first among external goals.
Table 7 illustrates the target levels for three external
goals. The target level for the goal of providinc class-
rooms under different policy alternatives was illustrated in
Table 8. The target level for the goal of providing teachers

3
was shown in the summary of policy information.



TABLE 7.--Trends of Enrollments and Goal Levels of Expanding Compulsory Education and
Social Demand for High Schools and Universities

————

Actual Rate of Intake
and Application (Percent) 68 69 70 71 72 73 74 75 76 77 78

From elementary to
middle scheol
Actual 58.5 61.8 66.1 69.5 70.4 70.5 As much as possible up
Application 61.4 65.3 69.3 70.8 72.3 72.0 to 100% (Target for ex-
panding middle school)

From middle to high
school
Actual 68.6 70.2 70.0 69.3 68.2 70.6 71.0 72.0 73.0 74.0 75.0
Applicatiocn 78.4 80.3 80.4 79.9 81.0 72.5 (Targets for social de-
mand of high school)

From high school to
college and university
Actual ) 29.6 26.2 27.1 28.9 28.2 24.3 25.0 26.0 27.0 28.0 29.0
Application 52.0 41.8 45.3 47.0 49.9 49.9 (Targets for social de-
mand of college and
university)

06
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TABLE 8.--Goal Level for Number of Students per Classroom

Labor Policy Capital Policy
School
Level 1973 During the Planning Periods (1974-78)
Elementary 58.8 60.0 50.0
Middle 63.9 60.0 50.0
High 61.5 60.0 ' 60.0

Irsut of Basic Data

As a basic data for the policy planning model the
following items were considered:
1. No. of school level (five school levels)
2. Name of the school level

3. Planning periods and the base year (5 years and
1973 as the base year)

4. Earning stream by age and education levell
5. Unit recurring cost in base year2

6. Projegtion of school age population by education
lavel

lpata was taken from the income survey by Korean
Development Institute (KDI), A Study on the Rate of Return
to Investment in Education (Seoul: KDI, 1973).

2From the Statistic Yearbook of Education (1972,
1973) , Ministry of Education.

3From the projection prepared by Council of long-
range educational planning (CLEP). CLEP, Projection of
School Age Population: 1968-86 (Seoul: Ministry of Educa-
tion, 1968). :
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7. No. of grades in each level

8. Stock of students in each grade by school level.
These data were entered and stored in the data

file called DATA 5. The subsystem BDATA performed these

functions. The following pages illustrate a sample of

input and output of BDATA.
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74708713, 00.32.07.
KRONGS TIME SHARING SYSTEM = YER. 2.0-1€
ISER NIMAER:
ysseRIEsOERAANEN
TERMINALS 71,TTY
RECAVER/SYSTEM: CAT

CATALOR @F B797005 74/08/13« 00.32.4R.

FILE NAME(S)

HeNG PDATA DATA? DATAJ BDATA SENS2R
LEE LABZR DATAI
10 FILE(S)
READY.

23.37.13. VARNING
GJULD PLATTER 1S DgwN,

FARTRAN, 3L D, BDATA
READY.
RNH,MA=60000

B!SJTER NOe. AF SCH3JL LEVEL

7

ENTER NAME @F THE SCHOOL LEVEL
LEVEL 1=

? ELEMENTARY

LEVEL 2=

TMIDDLE

LEVEL 3=

THIGH

LEVEL 4=

?7E.TEACHER

LEVEL 5=

7C NIV,

ENTER N23. OF YEARS 3F PLANNING PER1GDS
76

ENTER THE BASE YEAR

773

ENTER THE BEGINNING AND RETIRING AGE
?7L4 =DFLw»

14,64

ENTER INGCIME STREAYS
EDUCATIZ2N LEVEL ELFMENTARY
AGE 1a

?272. 6

AGE 15

77246

AGE 16

1T89.6 «DEL%

80,2

AGE 17

789.2

AGE 18

?105.4

CAPITAL


http:23.37.13
http:00.32.48
http:00.32.07

ENTER FILE
- TDATAS

NAME

DO YAY WANT TO PRINT QUT BASIC INPUT?

?YES

AGE 14
AGE 15
ARE 16
AGE 17
AGE 18
AGE 19
AGE 20
AGE 2}
AGE 22
AGE 23
AGE 24
AGE 25
AGE 26
AGE 27
AGE 28
AGE 29
AGE J0
AGE 31
AGE 32
AGE 33
AGE 34
AGE 235
AGE 36
AGE 37
AGE 38
AGE 39
AGE 40
AGE Al
AGE 42
AGE 43
ABE a4
AGE 45

AGE 47
AGE 48
AGE 49
AGE 50
AGE 51
AGE S2

AGE 54
AGE S5
AGE 56
AGE 57
AGE 58
AGE 59
AGE 60
AGE 61
AGE 62
ARE 62
AGE * 64

UNIT COST
ELPMENTARY
MIDILE
H10H4
E.TEACHER
CetNIV,

INCOME STRFAM 1 AGE BY FDUCATION
ELEMFNTARY MIDDLE

72.6
7246
A9,2
89,2

105,1
105. )
122,7
122,7
1a1.0
141.0
141.0
200.4
209.4
209,4
209.4
209. 4
251, 6
251.6
251.6
251.6
251.6
288.3
238, 3
28,3
288,3
233,3
288, 3
294,3
288,23
28R, 3
238,3
328,2
328, 2
328.2
328, 2
328,.2
329,2
328, 2
328.2
328.2
328, 2
214, 5
284, 5
284, 5
284, 5
284, 5
244,5
PR4.S
284, 5
284,5
PRAL S

1IN BARE

YEAR
14.8
29.5
Ja.8
0.2

149.8

HIRH
0.
0.
0.
0.
204.2
204.2
238.0
238.0
268.2
268.2
268.2
312.7
312.7
3127
312.7
312.7
J63. 1
363e1
J63.1
363.1
363.1
440. 4
440.4
440.4
440.4
440.4
44044
44044
440. 4
440.4
440.4
649.0
649,0
649.0
649,0
640,0
649,0
649.0
649,0
649.0
649,0
567.0
567.0
567.0
567.0
567.0
$67.0
567.0
567.0
S67.0
567.0

94

FEe TEACHER
O.
Ne
O
[/
0.
0

2RN.0
280.0
312.1
312,
3121
390.1
390, 1
390.1!
39001
300.1
462,
462, 1
Q62,1
4621
46241
5804 1
580.1
S804 1
580.1
58041
SR0. |
S540.1
580,11
S80. 1
580. 1
78041
78061
780. )
7801
7041
TR0 1
780.1
78061
T80,
73041
0.1
700,14
700,.1
700, 1
700.1
700.1
00,1
0.1
mo,.l
mnn.

C.IINTV,
0.
(11
(+ 18
O
0.
O.
Ne
0.

372.1
372.1
372. 1
372. 1)
462.2
480,.2
4RB0.2
480N,2
580, 0
580.,0
580.0
580.,0
580.0
724.R
724, 8
72448
724,.8
724.8
734.8
734.%
734.8
734.8
734.8
903.9
903.9
903.9
Q03.9
903.9
903.9
903.9
aN3.Q
903.9
903.9
930.0
930.0
930.0
Q3nN. N
Q30.0
Q90.0
Q90,0
930.0
Q30,0
930.0



SCHO2L AGE PIPULATION -
LEVFL1 LEVEL2 LFVEL3 LEVELA4

YEAR 173 5408.9 2677.4 2413.,2 2759, 6
YEAR 74 5307.1 2671.3 254048 2908,1
YEAR 75 53A5.9 2665, 1 2668.,4 3056.4
YEAR 76 5373.6 265%.9 2795.9 3294,7
YEAR 77 544043 2662, 1 2765.9 32R 44
YEAR 78 550649 2665.3 2736.0 3368.0

M@+ OF STUDENT IN BASE YEAR

ELEMENTARY

GRADE NUMBER
| 95647
2 91642
3 933.1
4 985,2
S 952,23
6 948,.8
7 948,.1

MIDDLE

GRADE NUMBER
] 668.2
2 595.4
3 568.5
A a467.7

HIGH

GRADE NUMBER
1 340.0
e 272.,3
J 237.0
4q 205.6

FE+TEACHER

GRADE NUMRER
1 6.3
-] 65
3 5.9

C.UN1vV,

ARADE NUMBER
{ $0,.°
2 47,3
3 42,3
| aR.4
5 28.8

THE LAST GRADE INDICATE GRADIATES
STOP
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Input of Policy Alternatives

The information on the two types of educational
input policy was entered in terms of the five components
of the policy:
1. Average monthly teacher's salary in each school

level

2. Annual rate of increase in teacher's salary
3. Teacher/students ratio
4., Classroom/students ratio
5. Ratio of teacher's salary to recurring cost

This information was stored by the PDATA subsystem
in each policy information file: labor and capital. 1In
addition to the information of the components of policy
alternatives, the other parameters such as social discount
rate, the alpha coefficient to determine educational con-
tribution to earning power and the drop-out ratios of student,
teacher, classroom were also entered in the PDATA subsystem.

The following pages illustrate the procedures and
summary of policy information for labor and capital policy.

The same procedure was also performed by the PDATA
subsystem for capital policy. Only the printout of policy

information was presented in the case of capital policy.
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74708712, 20.21.51.
KREN?2S TIME SHARING SYSTEM « UER. 2.0-15
USER MIIMBER:
gegusIsTRENYERNNE
TERMINAL: 64, TTY
S ECJVER/SYSTEM: FJRTRAN,2LD,PDATA
READY.
RNH,MA=60000

ENTER FILE NAME @F BASIC DATA
? DATA2

WHAT DATA DO Y21l WANT T3 LOAD
S8Cl1AL====F3R SOCIAL DISCOINT RATE
ALPHA-===«FOR ALPHA FACT2RS

SALARVY=<«=-AUVERARE TEACHERS SALARY IN BASE VEAR

. INCREASE~-=ANNIIAL, RATF AF SALARY INCREASE
DROPecaw-=DRAP ~21T RATIZ AF STUDENT, TEACHERS, CLASSR22M
SAVE=we=«=SAVE THE DATA AN NEW FILE
RAT!Qw==e«STIJDENT/TEACHER, STUDENT/CILASSRZ0OM RATIO

ENTER YOUR QPTION==«
?80C1AL

ENTER SGCIAL DISGC3INT RATE , WITH DECIMAL
78.5

ENTER Y3UR GPTIONew=

?ALPHA

ENTER ALPHA: EDICATIINAL CINTRIRUTICM T3
EARNING PQVER, WITY DECIMAL P2INT--

ELEMENTARY

?65,

MIDDLE

?65.

HIGH

?65.

E+TEACHER

? 65,

C.UN1V,

765,

ENTER Y2UR QPTION~==
? SALARY

ENTER AVERAfGE TEACHERWS SALARY IN BASE YEAR
ELEMENTARY

?49.3

M1DDLE

?64.4

HIGH

772.3

E+TEACHER

7101.6

C.INIV,

14444
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ENTER YJUR GPT!ONwwa
? INCREASF,

ENTER ANNIJAL, RATE @F INCREASE IN SALARY, WITH DECIMAL
ELEMENTARY

4.5

MIDDLE

4.5

HIGH

74.

E«.TEACHFR

74.

cC.uN1V,

?DROP %=DEL =

Q,

ENTER YGUR OPTION==~
? DR2P
ENTER AVERARE RATE OF FOLLAWING VARIABLES:
1« DPOP OUT RATE OF STUDENT
2« DRIP QUT RATE 9F TEACHERS
3. DE®RECIATION RATE 3F CLASSRAIM
ELEMENTARY
22.53.5,4,
MIDDLE
122456454.,
HIGH
224550044,
E.TEACHER
? l‘.'z. 5’2. »
C.UNTV,
14,%655e3,24,

ENTER YOUR 2PT17INew-
?RATIO '
ENTER FCLLGVYING RATIAS F2R EACY LEVEL aND YEAR
1+ N2, OF STUDENTS/TEACHER
2. RATE 3F SALARY T@ RECIRRING CAST, WITH DECIMAL

IN ELEMENTARY
YEAR 73=
7536569,
YEAR 74=
?53.,68.,
YEAR 765=
1524,67..,
YEAR 76=
506,67,
YEAR 77=
5060674,
YEAR 7A=
?50.,664,



IN MIDDLE
YEAax 73=
2426454046
YEAR 74=
7400 s400
YEAR 75=
723845804,
YEAR T76=
?37. '80.’
YEAR 177=
?237+430.,
YEAR 178=
7374800,

IN HIGH
YEAR 73=
230.2,80,
YEAR 74=
1264,80..,
YEAR 75=
2264580,
YEAR 76=
12602804,
YEAR 77=
7264,80.,
YEAR 178=
72644800,

-

IN E.TEACHER
YEAR 73=
721569,800,
YEAR 74=
7164,804,
YEAR 75=
2164,800,
YEAR 76=
716¢,80..,
YEAR 77s
2164,80..,
YEAR 178=
71665800,

IN C,UNIV,
YEAR 173=
719.2,80.,
YEAR 74=
71964K04,
YEAR 75s=
719.,80..,
YEAR 76=
218.6,8004,
YEAR 177=
21847 ,80..,
YEAR 74=
718+6,800,
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ENTER YOIR GPTION==-

7 SAVE

ENTER FILE NAME FOR POLICY INFORMATION
TLABIR

D@ Y3l VANT T@ CHANGE ANY INPUT? YES €R NO
Ne

D@ Y3U WANT TGO PRINT ZUT POLICY INFORMATION
?YES

$444444PILICY INFERMATIIN 4444+t bbttts s

THE SOCIAL DISCAUNT RATE 1S 8.5

AVG. TEACHERS SALARY ANNUAL RATE OF INCREASE

ELEMENTARY 49,3 4.5
M1 DDLE 64. 4 4e¢ 5
HIGH 72.3 4.0
E+TEACHER 101.6 4.0
beUNTV, 144. 4 4,0

DRAP-ANT RAT!IAS

STUDENTS TEACHERS CLASSRZ2M
ELEMENTARY 2.0 3.5 4,0
MIDDLE 2.0 6.0 4.0
HIGH 2.0 5.0 4.0
E.TEACHER 4.0 2.5 2.0
C.UNTV, 4.0 5.3 2.0

73 74 75 76 77 18
ELEMENTARY 5§3.00 53,00 52.00 50.00 S0.00 50,00
M1DDLE 42,40 40,N0 3%.0n0 37.00 37.00 37.00
HIGH 30620 26,00 24.00 26.00 26,00 26.00
E«TEACHER 15,90 1600 14,00 15,00 14,00 15,00
C.UNLV, 19.20 19.00 19.00 18,60 18,60 13.60

RATI@ OF SALARY TO RECURRING COST

73 74 75 76 177 14
ELEMENTARY 69,00 69,00 67.00 K7.00 67.00 65,00
M IDDLE 90.00 A8N.00 AO.N0 AN.00 80.00 R0O,00
HIGH R0.00 80.00 A4n.NN ARO0.0N RH,O0N K80.00
E+TEACHER 80.00 A0.00 AN.00 ARO0.00 A0.,00 ADNDLO0
CelNIV, A0.00 A0D.,00 HRO0.00 R0.00 ANOD.D0N 80.00

RATIG @F RECURRING CAST IN TERMS OF SALARY

73 74 75 76 77 78
ELEMENTARY 1.45 1.47 1e49 le49 1.49 1,52
MIDDLE 1.25 1.25 1425 1.25 1.25 1.25
HIAGH 1.25 1.25 1625 1.25 1.25 1.29
E« TEACHER 1.25 1.25 125 1.25 1.25 1.25

C.UNIV, 1.25 1.25 1.285 1.25 125 1.25
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ENTER YOUR CPTION==«

7SAVE

ENTER FILE NAME F@QR POLICY INFORMATION
7CAPITAL

D& YGU WANT T@ CHANGE ANY INPUT? YES GR NG
NG

D@ YOU WANT T@ PRINT @UT PELICY INFORMATION
1YES

4444+ +++++POLICY INFORMATION ++4+4+4444444344

THE SOCIAL DISC@UNT RATE 1S 8e5

AVGe TEACHERS SALARY ANNUAL RATE @ FINCREASE
ELEMENTARY 52.5 S5¢5
MIDDLE 64.4 Se5
HIGH 723 4.0
E«TEACHER 101.6 4.0
C.UNIV, 144.4 4.0

DR@P QUT RATIQS

STUDENTS TEACHERS CLASSR22M
ELEMENTARY 2.0 35 440
MIDDLE 2.0 640 4.0
hIGH 2.0 5.0 4.0
E« TEACHER 4.0 2.5 2.0
C.UNIV, 4.0 563 2.0

TEACHER= STUDENTS RAT!2

73 74 75 76 77 18
ELEMENTARY 53.00 70.00 70.00 70.00 70.00 70.00
MIDDLE 7000 70,00 70.00 70.00 70.00 70.00
HIGH 3020 26400 26400 26400 26400 26400
E«TEACHER 15490 1600 16400 16400 16,00 16400

RATI@ OF SALARY T@ RECURRING C@ST

73 74 75 76 71 78
ELEMENTARY 70.00 65.00 65.00 6 """ 65.00 65.00
MIDDLE 70.00 70.00 70,00 70,00 7ue." 70.00
HIGH 80.00 80.00 80.00 80.00 B80.00 80.00
E.TEACHER B0.00 H0e400 80.00 B0.00 80.00 80.00
C.UNIV. 80.00 80400 80.00 80.00 ¢0.00 80.00

RAT106 3F RECURRING COST IN TSRMS OF SALARY

73 74 75 76 77 78
ELEMENTARY 1443 154 1454 1454 1454 1454
MIDDLE 1443 1443 1,43 1443  1.43 143
HIGH . 1425 1425 1425 1425 1.25 1.25
E«TEACHER 1425 1425 1425 1425 1.25 1425

CeUN1V, 1¢25 1625 1.25 125 125 125
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1. Some figures such as drop-out ratio of student,
teacher and classroom were usea in determining
the coefficients of the goal programming model.

2. The components of pclicy alternatives were used
in forecasting the unit recurring cost per student,
and they were also used as the coefficients of such
gbal levels to provide tﬁe proper quantity of
teachers and classrooms.

3. The other variables such as the social discount
rate, teacher's salary level, and rate of increase
were also used for forecasting unit recurring cost
per student and estimating the present value of

benefit and cost with the basic data in BDATA.

The subroutine ECO and UCOST of SENSOR subsystem
performed these computations for each policy alternative.
The average teachers' salary is a monthly figure (unit =
1000 Won). The unit recurring cost is a yearly figure with
a unit of 1000 Won. As shown in the output of UCOST sub-
routine, there are some differences between the two policies
in teacher's salary and unit recurring cost per student. 1In
both of the policies the net present value of educational
benefit is the same, because the difference of unit recurring
cost was not reflected in estimating the future cost of

education. The next pages illustrate these figures.
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RUN,MA=70000

74/708/16. 15.30.25.
PRIGRAM SEMS3R

EMTER FILE MAME OF BASIC DATA?
7 DATAS

ENTER FILE MAME 2F PALICY INPUT?
7CAPITAL

THIS PRIGRAM ALLINW FILLTYWING JPTIINS:

ECTmmmunnnaa =CIMPUTE ORAZZE YALYUZ 3 F Ma=25INAaL
BEMEFIT,LIST aMD NZT BRMNEFIT

UCSSTwommmmame FURECAST UNIT RICHRRIMA CIST
EfAT e e cma e FIRECAST STUDINT DIRJLLANT MATRIX
TMATwe~=- «===FIRECAST TZACHER-STIC! MATRIY
CHATe e nmmawa FIRECAST CLASSRIIVW-STICK MATRIX
CBewecommnaca CIMPUTE THZ MEASURE 7F SINEFIT/O2ST RATIZ
EMDemceccwaweaTERMINATE THIS EXEZRCISE,

MI%, EMTER YOSUR JPTIIM?

?ECY
THE PRESEMNT YALUE IF weceea
BEMEFIT C25T NET BENEFIT
‘11DMLE 3N3.33 75,34 223443
{16H 751.29% EETYL] 662,40
2. TEACHER 337.75 152,75 17%.20

SeiNIV, 633.77 40N, 64 143.09


http:S-IEFIT/r.ST
http:FJECA.ST
http:BEIEFIT,C.3T
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N34, EMTER YOUR 29TIgM?

2UCasT .
AVERAGE TZACHEZRS SALARY
73 74 75
SLEMENTARY 52.5 55.4 59,4
MIDDLE . __.68:8 __ _ 87.9 __ 11.7
LI LE! 72.3 78.%2 73,2
% .TEACHER 101.6 105.7 109.9
C.UNIV. 144.4 150.2 156,2
UNIT RECURRING C3IST PER STUDENT
73 74 75
ELEMEMNTARY 17.0 14.6 15.4
MIDDLE 15.8 15.6 17.6
H1GH 35.9 43.4 45,1
E. TEACHER 95.8 99.1 103.0
C.UNIV, 112.8 118.6 123.3

vgY, ENTER YIUR ZPTION?

F2ZRTRAN, 91.D, SENSAR
READY.
RUM,MA267000

74708716+ NAR. 59,32,
PRIGRANM SENS3R

ENTER FILE MAME 3F BASIC DATA?
? DATAS )

ENTER FILE NAME QF PILICY INPUT?
7LABIR

16.3
18.5
46.9
107.1
i28.2

77
65.0
79.%
Ra.6

113.9

168.9

77
17.2
19,5
43.8
111.4
136.2

(i
63. 6
84.2
83.0
123. 6
175.7

78
18.1
20.6
50.7

115.9

141,7


http:ng.59.32
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THIS DRIGRAM ALLIW FILLIWING NPTIOMS:
ECG----------C?WDUTF PRESEM VALUE 3 F MaRGIVAL

BEMEFIT, CIST AND MET BEVEFIT

UCASTwwmam~aeFIREICAST
5T
TMAT===ms===sFIRECAST
CMAT===wee==sFIPECAST

B‘AT---------?GQECA

YN ET RECURRING CIST
STHUREMT =MRILLMEMNT MATRIX
TTACHER-STICK MATRIX
CLASSRMYIM-STINY MATRIX

CRecwccnceawCIMPITE THE MEASHAE JF RENEFIT/CIST RATIZ
ENDeecneee=ec=TEARMIMATE THIS EXERCISE.

w2, ENTER YVaIUR 3°TIOMN?
? ECO

THE PRESENT VALUE JF ecxvowas

REMEFIT
MIDDLE 3N3.93
4154 751.28
=+ TFACHER 337.95
C.IN1Y, A433.77

N3, ENTER YJUR 3OTION?
?1C3ST

c1ST
75.34
33,83
159.75
49N, 49

AYERARE TEACHERS SALARY

73
ELEVYENTaRY 40,3
MIDDLE 64,4
HIGRYH 72.3
E+.TEACHER 10t .6
C.timvu, 144.4

INIT RECURRING CIST PER STUDENT

73
ELEMENTARY 16.2
4 1DDLE 22.4
HIGH 35.9
€+ TEACHER 95,8
C.UNIV, 112.8

NQY, ENTER YIUR QPTIIM?

74
51.5
67.3
75,2

105.7

150.2

74
17.2
25.2
43.4
99.1

11R.4

75
53.8
70.3
71R.2

109,90

156.2

75
18.5
27.8
45. 1

103.0

123.3

MET BEVEFIT
22%.63
662.40
178.20
143.09

76
55.3
73.5
91.3

114.3

162.4

75
20.2
29.9
46,9

107.1

13t.0

77

58 .8
76.8
84,6
113.9
163 .9

717
21,1
dl.1
48 .9

111.4

136.2

78
61.“
0.3
88.0

123. 4

1757

7R

22.3
J2.5
SN. 7
115.9
141.7


http:MAI-P.AL

106

Solution of Goal Programming Model

The decision variables of the goal programming model
were defined in terms of the four following variables in
each of five years of planning periods.

1. The number of new entering students to be admitted

¢

to middle and high school) junior teacher's college,
and college/university;
2. The number of new entering teachers to be supplied
in elementary, middle and high schools;
3. The number of new classrooms tc be constructed in
elementary, middle and high schools;
4. The amount of financial resources required for the
teacher's salary in each school level.
This goal programming model which had 75 decision variables
and 91 equationé was run on the CDC6400 of the Computing
Center at the Florida Staée University and the solution was
obtained in each of the eight planning situations combined
with four goal-priority situations, two policy levels, and
one resource level. Each computer run provided two typés
of information: one was information on the optimal solu-
tion for the decision variables, and the other was informa-
tion showing the level of under-achievement of the goals

specified.
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1. The optimal solution

The optimal solutions were fed into the SENSOR sub-
system in order to compute their implications as explained
in chapter three. However, the overall enrollment ratios
of school age population were presented to give the over-
all picture of the size of each educational sﬁbsystem.

These trends reflect the optimal solution on the new
entering students to be admitted. They were shown in
Figure 7.

The enrollment size at the elementary school level
was identical to each of eight cases because it was com-
pulsory, requiring admission of all the projected six-
year-old school age population regardless of the goal-
priority situation. It was observed that there was little
difference in enrollment size at the college and university
level among the situations. Therefore, only the main differ-
ence in enrollment size was observed in middle and high
school levels among the four goal-priority situations and
two types of policy. In order to serve these enrollment
sizes, the following quantity of new teachers and classrooms
were required during the five planning periods in elementary,
middle and high schools only where the teacher and classroom
constraints were imposed. These requirements are shown in

Tables 9 and 10.
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TABLE 9.--Input Requirement of New Teachers (Unit: 1000
) teachers)

Goal-~ I IT III IV

Priority Cap~ Cap~ Cap~ Cap~-
Situation Labor ital Labor ital Labor ital Labor ital

Elementary 22.8 0.0 23.7 0.0 23.4 0.0 22.9 0.0
Middle 20.8 5.3 7.5 0.5 20.8 0.9 7.3 0.9
High 4.4 19.7 17.5 19.2 17.5 21.5 17.5 22.4

TABLE 10.--Input Requirements of lew Classrooms (Unit: 1000
classrooms)

Goal- I I1 IIT Iv
Priority Cap- Cap- Cap- Cap-
Situation Labor ital Labor ital Labor ital Labor ital

Elementary 17.7 23.5 17.7 33.2 17.7 33.2 17.7 15.4
Middle 7.8 27.7 0.2 21.4 7.7 56.9 0.0 22.0
High 0.0 6.2 5.5 3.5 0.0 9.9 5.5 6.1

2. The leval of under-achievement of the goals

The level of under-achievement of the goals was sum-
marized in Table 1l1. Most of the goals were not fully
achieved under the given situation. These under-achievements
were the difference between the simulated achievement with
' optimal solution and the specified goal levels. This analy-
sis was made by investigating the portion of negative or
positive slack of the constraints in the output of the goal-

programming model.



TABLE ll.--Under-achievement of the Goals

Gcal Type I Goai Type

IT

Goal Type III Goal Type IV

Labor Capital

Labor Capital Labor Capital Labor Capital

Max. Economic return
from arbitrary 3,000.
(Gnit: billion Wen) 1,536

Extend cocrpulsory
schooling
(Unit: 1,000 stu.) 1,543.1

Meet social demand

for high school

education

(Unit: 1000 Stu.) 845.8

Meet social demand
for col. & Univ.

(Unit: 1000 Stu.) a
Supply teachers needed

1) elementary 3.0
2) middle : a

3) high a

(Unit: 1000 Teachers)

Supply classroom needed
l) elementary a
2) middle 2
3) high 4
(Unit: 1000 Classrooms)

(2]

Total expenditure required

(Unit: Million Won) 1,364,545

841 1,405 1,284 1,536 931 1,407 933
a 1,479.1 292.5

2,064.4 1,543.1 2,073.6 292.5
920.8 428.3 267.0 845.8 955.2 428.3 955.2
a a a a a a a
a 3.0 a 3.0 a 3.0 a
a a a a a a a
a a a a a a a
a a a a a 0.2 a
22.7 a 15.0 6.7 a a 64.9
ll.6 11.8 8.0 4.2 9.5 6.6 9.5

1,485,013 1,479,034 1,539,139 1,437,499
1,367,036 1,366,309 1,366,309

@Achieved.

01T
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Forecasting the Planned Educational System

The outlooks of future educational systems based on
the optimal solutions were forecast in each of eight situa-
tions with the SENSOR subsystem. These forecasting programs
considered mainly the following aspects:

l. For the movement of student flow
a) No. of students in each grade by school level
b) Patterns in the distribution of students among

school levels

¢) Overall enrollment ratio of school age population
d) The ratio of students entering the upper school
level to the graduates from lower school level

2. The stock of teachers and students/teacher ratio in
elementary, middle and high school.

3. The stock of classroom and students/classroom ratio.

4. The pattern of resource allocation among the school
levels, the total resource requirement for the plan-
ning period, and expected benefit/cost ratio.

. As a sample illustration of the output, only the
case of goal-priority situation III with labor and capital

policy was presented.
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F2RTRAN, JLD, SENSAR
READY.
RUN,MAB67000

747087164 0N3.59.32,
PRIGRAM SENS3R

ENTER FILE saME JF BASIC DATA?
? DATAS

ENTER FILE MAME 3F PILICY TVPUT?
?7LAR3R

THIS PRAGRAM ALLOW FALLIWIMNG TPTICNMS:
ECOew==mn=e=e(CIMOYTI PRESEY VALUE 2 F

Ma3GIVAL

BEMEFIT, CIST AMD MZT 3ENEFIT
UCOSTwmwm===e=FIRTCAST "iNIT RECHRIING CIST
EMATmwweaee==FIRECAST STUDENT DIAZLILMEMT MQATAIYC

TMATe========FIRECAST TEACHER=-STICY

“aTRIX

CMAT-==c=====F2RECAST CLASSAIIM-ST2CYX MATIX

CHe=e==c==e=eCIMDITE THE MEASHIZ A7

HENEFFIT/CIST RATI

EMDe=w-=====-TERMIMATE THIS EXERCISE.

NM@YW, ENTER YCZ'IR 22TIIN?

7 ECS
THE PRESFNT VALUE OF wemeoe-
BEMFEFIT C25T
MIDDLE 303.9%3 75.34
InY ’ 751.23 RHA,. 99
£ «TEACHER 337.95 1§9.75

C.1NtY, h33.77 490,44

MET HEMEFIT
224,A3
662 .40
1738.20
143.02
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g4, ENTER YJUR JPTION?
TUC3ST
AYYERAGE TEACHERS SALARY
73 74 75
ELEYENTARY 49,3 S1e5S 53.8
MIDCLE 64.4 67.3 70.3
HIGRH 72.3 75.2 73.2
E.TEACHER INt.6 105.7 109.9
C.intv, lag4.4 150.2 156.2
UNIT RECIHRRIMG C3IST PER STUDENT
73 74 75
ELEMENTARY 16.2 17.2 19.5
MIDDLE 22.8 25.2 27.8
HIGH 3s5.09 43. 4 4541
E.TEACHER Q5.8 99.1 103.0
C. M1V, 112.8 113.4 123.3
N qW, EMTER YIUR JOTIN?
?EMAT
ENTER M, OF ENTERIMG STIIDEMTS IN O ANMIMA
OERLIID. WMITY DECIVAL, PIIMT AMD SEPARATE NITH
FROM SECTMD PERIAD T7 LAST PE213D.
ELEMFNTARYV
?7989,3,083,9,070,4,987,9,997, 1
M1DDLE
2414.7,596.5,7N0N.5,493.,9,706,9,
1649
?2101.4,251.3,295.R,173.56,21%.0,
E.TEACHER
24,4,9.2,10,9,0.,0.,
Caliniyy,
?58.1,H83,4,-"++«62,1,43,9,50.4,469,56,
FAIRECASTIVG 2F THE STIDEVTS FLIW
ELEVMENTARY
73 74 75 176
1 956.7 9549, 3 233, 9 Q79,4
2 91h.2 937. 4 950, 5 Qj4,2
4 085, 2 Qla. 4 R79,9 99N.y
S 952,31 9455, 8§ 334, 1 462,73
4 948 .9 033.3 Q48,2 RT7R,2
7 Qn3, | 029,49 Qlden Q27,3
3 o SHY 56422,3 5437.2 5524,5% 58%4.7

76
5%.3
73.5
A1.3

114.3

162.4

75
20.2
29.9
46.9

107.1

131.0

CarMug

5

77

Q97,9
0580, 4
Q44,9
¥32,4
R“S.l
AAHN, 7
591.3

77
58,8
7%.8
84:6

118.9

163.9

77
21.1
31.1
48 .93

t1l.4

136.2

9

7R

0a7,.1
Q48, |
aun,., A
Q').“.n
Q12,5
R464,8
423,272
4N9,2

78
6l.4
AG.3
8%.0

123.6

175.7

;)
22.3
32.5
S0.7

115.9

1al.7
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" MIDDLE .
73 74 75 76
i 668.2 414.7 5Q04.5 700.5
2 595,4 654.58 ans . 4 S8d.6H
_3 _ 5A3.5 _ 883.5 AlUleT 393,3
4 PYY B AR ¥ S Sy T A D R Y- 1 - M
S o SlM 1332.1 1853.0 164446 1683.3 1
HIGH
73 74 75 75
1 340.0 191.6 251.3 205,A
‘2 272.3 333.2 187.8 246,.3
3 237.0 246.9 325.5 184.0
a 205. 6 232.3 261.5 32r.0
S +S1M 349,3 791,.7 7555 726 1
E.TEACHER
73 74 75 74
l 60 4." 002 ‘OIQ
2 6e5 6.0 4.2 8 +R
3 5.9 6,2 5.3 4,1
S.SUM 12,8 10.4 13.4 19,7
C. NIV,
73 74 75 74
1 50,1 58. 1 5% .1 33.9
2 47.3 49,1 55,9 65 4
3 42,3 45.4 44,2 53.5
4 33.4 40. 6 © 43.5% 44,3
5 23,8 356.9 39,0 41.8"
$ .51 178, 1 192.2 213.6 247,
TATAL B564.6 R28S,3 8231.3 8211.0 A
DISTRISHTIZY OF THE STHDEMTS
73 74 75 74
ELLEMENTARY 6he 4k 43.05 A7.94 57,41
MIDDLE 21.39 19.95 19.98 20. 50
4164 9.02 9. 55 9.30 2,84
E.TFACHER .15 ' 13 .16 .24
C.inmigy, 2,08 2,32 2.60 3.01
AVERALL FMRILLMFMT RATII °F SCHIL
ARE PASNLATIANG
73 74 75 76
L E'TFL 1 105.24 104, 44 1n3.37 103.00
L RVEL 2 6%.43 61.84 Ale7t 63.31
1, EVEL 3 35.19 31.16 23, 60 25.97
1, TUEL 4 6.02 6.Q7 7.43 .10

77

493,09
ARHe5
572.9

30n.3

753.3

7

173.5
289.9
241.3
180.3
704.8

77
0.
10.5
A.5
10.5

77
SN.4
80.5
62.%
Sl.4
42. 6

245. 1

7

7
1

1

78

706,9
484,.0
672.8
S5A1.4
363.7

73

218.0
170.1
2R84.1
23%5.5
672.2

73
0.
n.
10.0
0.

73
68,6
4%, 4
77.3
60.3
40,3

254.6

3394.6

7
57.17
21.21
.53
«13
2.97

7
02.04

7

7
1

AS.R4.

25. 48
T.73%

b

65.7R

22.19
3.00

3.03

]
01.8%
69.92
24,57

7.54
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THE RATIA OF STUDEMTS-FL3W MAVEMEMT

FRZY ELEMEMTARYTA MIDDLE
73 74 7% 74 77
70.478 44,600 65.221 75. 545 57.3854

FR3M MIDDLE T3 HIGH
73 74 75 76 77
72.396  34.301  43.947 47,034 44,477

FRE® HIGH T3 E.TEACHER
73 74 75 76 77
3.064  1.894  3.518  3.406 0.
FROM HIGH T3 C.UNIV.
73 74 75 76 77

24,36R 25.015 24,040 26.213 27.948

M@y, EMTER VIUR 3PTIIV?
? TMAT

ENTER FILLOWINGS----
l. THE ST3CKX IF TEACHERS IM B8ASE YEAR
2. MEW ENTERIVG TEACHERS IV 2LaMNIVA ©EALYDS
WITH DECIMAL P2IMT AMD SEPARATE ITH €3wMa,

ELEMEMTARY
7210743,209,449,3.7,7.0,4.9,

M1DDLE
?4302)00710.4) 500) 0.7,5.‘3,

HIRH
?27.9;3.790.3)0.)0.“10.,

MATRIX BF STICK CYAMGE

ELEMEMTARY
- 173 74 75 76 77

73 107.3 2.9 4.0 3.7 7.0
74 0. 103.5 2.7 4.7 3.5
75 0. 0. 92,9 2.7 4ok
76 0. N. n. 24,4 2.4

17 0. 0. 0. n. 93,0
73 nl 0. n. nl ".

SuM 107.3 106.4 IN?7.4 1N7. 6 11n.9

73

73
85.357

74
3R.8330

(L
0.

73
29.004

4,9
hed
3.4
Gedtt
2.5
%o,
tited



MIDDLE
73 T4 75
73 43,2 o7 4.4
74 0. 40. 6 .7
15 0. 0. 38,2
76 0. 0. 0.
77 e 0. 0.
78 0. 0. 0.
SUM 43,2 41,3 43.2
HI6GKH
73 74 75
73 27.9 3.7 «3
74 0. 26+ 5 3.5
75 0. 0. 25.2
76 Q. 0. 0.
77 O. 0. 0.
78 a. 0. 0.
EUL | ?7.9 ) 3N.2 29.0
STUDENTS/TEACHER RAT!2
73 74 75
ELEMENTARY §3.05 52,07 51,93
v IDDLE 42.41 40,02 a8.04
HIGH 30.44 26.21 24 .40
N34, EMTER Y3UR 9PTIZN?

7CMAT

ENTER FILLIWINGS:

116

7% ,
5.0
4.1

35.9
0.

45.6

76 .
Sleué
36.89
26.36

1e STACK 2F THE CLASSR3IIM 1M 3ASE YEAR
2.NEW CLASSRIIM T3 RZ CINSTRUCTED IM DLANNINMG

PER13DS.

ELEMENTARY

296.9,4.2,3:.0,2.5,3.7,4.3,

MIDOLE
723.7,0.51.,

0.,

TLLEGAL C3IMMAMD,
2065647,

Tlesleslesteslestlerla,
M 7 ABZUT LIME MIMSER N3090,
??3-710."00000001607l

1144
? 130 qlo.)n.’o.l“.)o.‘

77

77
o4
0.

3.2
22.7
0.
26.6

77
SO.11
35.34
26.53

HITH DECIMAL AMD SEPARATE WITH CIMMA,

78

78

Ne.
o4

O.
«d
3.0
21.56
25.2

7R
50.17
35,37
26.53

M2RE DATA THAM LIST-REEMTAER DATA.
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MATRIX 3F STICK CHANMGE

ELEMENTARY

M!DDLE

HIGH

73
74
75
76
77
78
SuM

73
74
75
76
77

SUM

73

73

73

13.5
0.
Ne
0.
0.
0.

13.8

T4
4.2
93.0
0'
0.
0.
0.
97.2

74

27.6
0.
0.
O«
0.

27.6

13.2

75
0.
0.
12.7
0.
0.
0.
12.7

STUDENTS/CLASSRIIM RATIZ

73

ELEMEMTARY
“wWIDDLE

HIGH

NIV,
780

53,74
63.94
61.54

74

57.99
60.0N
59.76

EVTER YJUR (J°TI19M7?

ENTRY ERRJR~===TRY AGQLY

M au,
7CcB

EMTER YZUR 2PTIZV?

75

58.07
59,0]
60. 20

76

76

76

76

53.217
53.33
59.47

77

77

77

717

0.
0.
O.

11.7
0.
11.7

53.51
69.31
50413

78

78

8

58,80
5N.15
59.74



ENTER TEACHERS SALARY PRGJECTED---

THE BASE YEAR TJ LAST PERIJD

$LEMENTARY

118

FROM

743861.,55740.,69421.,72366.,78022,.,32422.,

M IDDLE

7 33342.,33375.,36481.,40250..,43784.,48655.,

YIGH

728133.,27148N.,27148.,26773.,25907.,26624.,

E«TEACHER

297S.,842.,1109.,1692.,933.,0.,

C.UNIV,

?16030.,1£232.,21080.,25395, ,26714.,28861.,

PATTERN OF RESGURCES ALL3ICATION

ELEMENTARY
MIDOLE ..
H1IGH
E.TEACHER
C.W1v.

THE TYITAL RESBURCES =

B/C RATIG
73 3.378
74 2.692
78 2.458
76 2.297
7 2. 147
78 1905

M9V, ENTER YOUR GPTIGN?

?7END
STaP

cp 4.945 SECS.

RUN COMPLETE.

73
49.73
22.5%0
16.29
66
10.82

74
51.47
20.35
16058
«S1
11.12

BEMEF1T
625604.5
551741.9
539094.2
S31711.9
$30561.3
5297%4.3

75
S0.12
21.75
15.48
«63
12.02

13563

T

76
48.9%2
21.73
14,45
91
13.98

09

RESAURCES

135217.4
204984.0
219235.9
231521.5
247143,2
278156.8

17
50.26
22.15
13. 61
«a7
13.31

3

48.14
26,92
11.96

12.97

=
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RUN,MA=T0000

74/08/158. 15.30.26.
PR2GRAM SENS2R

ENTER FILE NAME @F BASIC DATA?
? DATAS

"ENTER FILE NAME QF PAOLICY INPUT?
?7CAPITAL

THIS PRIGRAM ALLIW FILLIVING IPTIINS: .
ECFmwcmnnn -==CZMPUTE PRE5IV HALUZ 7 F “ARGINMAL

BENEFIT,0ZST AVD VET BEMEFIT
UCSTemcomewe F2ORECAST UMIT REZCURAINAG CIST

IMAT=vew=ee=aFIRECAST STUDDMT ENRILLUEMT MATRX
TMAT==c======FIRECAST TZACHER-STICX MATRIX
CUAT=ece==e=eaeFIRECAST CLASSRZIM=S5TICK MATRIX
CBrececewwawaCIMPUTE THE MEASHURE 2F SEVEFIT/C2ST RATIA
EMDewmccmenw— TERMIVATE THIS EXERCISE.

199, EMTER YZUR gPTIIN?

7 ECT
THE PRESEMT '"ALUE JF w-wcax
BEMEFIT casT NET AEVEFIT
Y I1DOLE N3 .93 75.34 223,53
H1GH 751.23 4,39 662,40
£+ TEACHER 337.95 159,75 175,20

C.lLiNIV, 633.717 4n0. 68 143.03


http:15.30.26

139, ENMTER YAUR GPTIGN?

120

2UCasT
AVZRAGE TEACHERS SALARY
73 74 75
SLEMENTARY 52.5 S5.4 58.4
MIDDLE = _ . ___B4,4 __ 67.9 _____ 71.7
1164 72.3 78.2 73,2
£ .TEACHER 101.6 105.7 109.9
C.UNIV. 144.4 150.2 156.2
UNIT RECURRIMG C3ST PER STUDEMT
73 74 75
ELEMENTARY 17.0 14. 6 15.4
MIDCLE 15.8 16.6 17.6
H16H 35.9 43.4 45.1
E+TEACHER 95.8 99.1 103.0
C.UNIV, 112.8 118.6 123.3

V@aw, ENTER YJUR GPTIIN?
? EMAT

ENTER M3. JF ENTERING STUDENTS IM PLAMMIMG
RATE WITH CIMMA.

PERIAD. WITH DECIMAL PIINT AMND SERA
FR2YM SECIMD PERIJID T3 LAST PZRIFD.
ELEMENTARY
7989,3,933.9,97944,997.9,997.1,
*A1{DDLE
1929.8,014.6,724.,1,771.4,%28.2,
HIGH
2201.,7,364.5,%24.3,1¢8.6,4844.7,
E+TEACHER

78¢15,9.1,10:9,0.,124,

C.Utv.

2759.1,6841,33:9,55.4,99,5,

FCGRECASTING OQF THE STUDFEMTS FLIW

ELEMEMTARY
73 74 75
| 9567 989,3 983.9
2 016.2 Q37. 6 969, 5
3 n33.1 807.9 913.9
4 9885.2 0l4.4 3790.9
5 952.3 Q65,5 RA”. |
6 Q0L4.8 033.3 0hhe?2
7 YL 090, % N4 &
A . Gt 5692.,3 SAN7.0 5804, 9

74
979.4
944.2
a350. 1
900, 4
832, 3
R73,2
097. 13
5534,7

76
615
75. 6

“ e memmw s o - oo

$1.3
114.3
162.4

16,3
18.5
46,9
107.1
123.2

11

0R7,9
9590.9
QL6 Q
9d1.1t
R42. 4
A48, ¢
AN, 7
RE IR ]

77
65.0
79.9
B4.6

118.9

168.9

77
17.2
19,5
48.8

111.4

136.2

S

73

997.1
058 .1
QAN .H
02h,)
912.5
(" 6”4 ..'-‘
£,

e DU

K4
65. 6
84.2
58.0
123.6
175.7

78
1S8.1
20.56
50. 7

1159

141.7
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MIDDLE
73 74 75 75
1 66H.2 220,18 914,86 T24,.1
2 595.4 654.8 911.2 A93.3
3 553.5 583. 5 417 293.0
4 467.7 557.1 571.8 62R.9
S o SUM 1832, 1 2168. 1 2467.5 2513. 4 2
HIGH
73 74 75 76
| 340.0 201.7 364.5 424.3
2 272.3 333.2 197.7 357.2
3 237.0 256.9 325.5 133.7
4 205,86 232,3 261.5 320.0
S.SUM 849.3 801.8 388.7 978.2
E+. TEACHER
73 74 75 76
1 6.3 R.1 Q.1 10.9
2 6.5 6.0 7.9 3.7
3 5.9 6.2 5.8 7.5
S .St 12.9 14,1 169 19.6
CeUMIV,
73 74 75 16
1 50.1 S8.1 63.1 R3.9
2 47.3 49.1 55.5% $55.4
3 42.3 45.4 46,2 53.5
4 33.4 40. 6 43. 6 44,3
S 23.8 36.9 39.0 41.8
S.5uUM 173. 1 192, 2 213.56 247.1
TITAL B564.6 R314.2 91%1.2 9290.1! 9
DISTRIBITIIN JF THE STUDDITS
73 74 7% 76
SLEVMEMNTARY 66045 63,05 69,03 59,53
MIDDLE 21,39 24, 60 24.,R% 27.03
HIGY 9.92 Q.10 Q. 5% 10,50
£+« TEACHER 15 16 18 21
C.INTY, 2.08 2.12 2.33 2.46
@VERALL ENROLLMEMT RATIZ 2F SCi72L
AGE D22ULATIZ?M:
73 T4 75 T4
LEVFL 1 105.24 104, 44 1n3.87 103,00
LIVEL 2 68.43 q1.14 N2, 53 Q4L,8]
t, @, 3 35. 109 31,84 a3.an 4,23
1, %019, 4 5072 7619 7454 .10

77 78
771 .4 329.2
mM.6 756.0
B73.4 595, 4
875.1 860.9
3590,4 2279,.6
7 74
168.6 444,17
415.8 1565.2
350. | 407, 5
189.8 343. 1
934.5 1017.4
17 73
0. 12.0
10.5 0.
8.4 10,0
10.5 12.0
77 73
55.4 Q9,5
0.5 53.2
62.8 77.3
Sl.a 6N.3
42, 6 49,3
250.1 29N.3
105.7 920%, 5
77 79
Ay 345 50, 91
25,01 24,76
19.25 11.05
ol .13
2.735 J.15
77 7%
1n2.,94 Int.2%
%3453 35,53
I3 7 37.10
7,90 <, 07
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THE RATIO @F STUDENTS-FLIW MAVEMENT

TRIW  ELTMENTARYTI MIDOLE
73 74 75 75 77
70.478 99.907 (n0.001 73090 29.45209

FR3M MIDDLE T4 HIGK
73 74 75 76 77
72.696 36.203 63.744 67.457 19.266

FRZM HIGH T0 E.TEACHER
73 74 75 76 - 77
3.064  3.487  3.480  3.406 0.

FRZM HIGH T3 C.UNIV.
73 74 75 76 77
24,363 25.015 26.040 26.218 20,183

N9W, ENTER YIUR 3°TION?
? TMAT

ENTER FILLOWINGS=w--
le THE ST3ICK 37 TEACH=RS 1M B2ASE YEAR
2. NEW EMTERIMG TEACHERS IM SLAMMING DER1JIDS
WITH DECIMAL 2GINT AMD SEZPARATE WITH CIMMA.

ELEMEMTARY
72107¢3,0050e50.,0.,0.,

41DDLE
743:2500500506504,0.9,

HIGH
727¢9,4.1,4.7,5.0,3:8,4.9,

MATRTIX JF STICK CHAMGE

ALEMENTARY

73, 74 75 . 76 77
73 107.3 Do 0. 0. 0,
74 Q. 103.5 Ne 0. 0.
78 0. 0. 99,0 0. 0.
76 0. Q. 0. Q3.4 0.
77 Ne Ne N Qe 293.Nn
79 0. N. 0. 0. 0,

S1M 1n7.3 1035 Q2.9 CL Y] Q3.0

74

KA}
10Nn.003

74
51640

73
3. 498

75
29,003

0.
0.
n.
n,
9

49,73

A0,
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‘{IDDLE
73 74 75 16 77
73 43.2 0. 0. 0. 0.
74 o. 40. 6 0. 0. 0.
75 0. 0. J9.2 0. Ne.
76 0. 0. 0. 35.9 e
77 0. o. 0. 0. 33.7
18 0. s 0. 0. 0.
SuM 43.2 4n. 6 38.2 35.9 33.7
HIGH .
73 T4 75 76 17
73 27.9 4.1 4.7 5.0 3.8
74 0. 2645 3.9 4.5 4.7
75 0. Ne 25.2 3.7 4,2
76 0. 0. o. 23.9 J.5
™ 0. 0. o. 0. 22.7
78 0. o. 0. 0. 0.
SuUM 27.9 30.6 33.8 37: 1 36.0
STUDENTS/TEACHER RATI3
73 T4 g 76 77
ELEMEMTARY 53.08 54.45 58.99 $7.40 59,606
4 {DDLE 42,41 53.39 64. 64 M.05 69.935
dIGH 3N.44 26.20 26.31 256.30 23.94

q84Y, BEMTER YJUR IPT1W?

7 CMAT

EMTER FOLLIYWINGS:

1. STICKX JF THE CLASSRJIM IV BASE VEAR
2.MEY CLASSRIZM T7J 2E CANSTRUCTED IV PLAMMIMG

PERIZDS.

TLEMENTARY

11T DECIMAL AMD SEPARATE

79609,19:8,243,2.4,347,445,

11DDLE

723e7,15:8,742,149,22.0,0.,

a4

213e3,Ne152:.0,2: 1,540,117,

YWITH CoOvva,

78

Ne—~LdDPLWS
¢ ¢ o o o o o
SrwOoOLITrO

o)

7R
62.47
63,92
24.24



ELEMENTARY

73
74
75
76
77
73
siM

MIDDLE

H1GH

73
74
75
76
17
74
S

ZLEMENTARY
MUIDDLE
11IGH

124

MATRIX JF ST3ICK CHAMGE

73
96.9
0.

0.

0

0.
96.9

73

13.9

o.

'Oo

0.

o.

0.
13.8

STUDENTS/CLASSRIIM

73

53.774
63.84
61.54

74

19.8
93.0

o.

0.

0.

0.
112.8

74

15.8

27.6
e
0.
0.
0.

43.4

74

ol
13.2

0.

0.

O,

0.
13.3

74
49,97
50.01
60.07

75
2.9
19.0
89.3
0.

0.
111.1

75
7.2
15.2
28.4
o.
O.

48.3

75

2.0
ol
12.7

O.

0.

0.
14,8

RAT13

75
50.35
50. 55
59,99

76
2.4
2.7
13.2
B85.7
0. .
" 0.
109.1

76
1.9
6.9
14.8
25.4

0.

48.8

76
50.75
5t.54
59.75

77

.77

77
5t.21
J4.29
47.51

78

_
fa IR

WO GO WS
'l L] [ ] [ ] . o L]
O IO N

ke

21.1
1.3
6.4

13.4

23.4

66.1

73



4gW, ENTER Y3UR GPTIZN?
736

ENTRY ERRZRe--=TRY AGAIN

you,, ENTER YGUR BPTIGON?
7CB
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ENTER TEACHEZRS SALARY PRZ.JECTED--- FAGM
THE BASE YEAR T3 LAST PERIZD

ELEMENTARY

? ¢3560.,63807+,70009.,71259.,72504.,74006.,

M 1DDLE

233342.,33081.,32867.,32563.,32271.,32900.,

HIGH

724133.,2748%.,31585.,36027.,35604.,40441..,

E.TEACHER

79075e5,1133.,1399.,1692.5933.51118.,

C.UN1IV.

?216030.,18233.,21080.,25394.,27001.,32655.,

PATTERN 3F RESZURCES ALL3CATIIN

73
ELEMEMTARY 47.33
MIDDLE 25.09
HIGH 15.89
E. TEACHER . 84
C.UNIV. 10.55

THE T3TAL RESGURCES =

B/C RAT13
73 3.2905
74 2.361
75 3.271
76 3.539
77 . 2.745
78 3.228

M, ENTER Y3UR GPTION?
? FMD
STAP

cp 4,958 5%ECS.
PUN CYMPLETE.

74
51.43
28.06
12.06
« 49
7,95

BIMEFI
625604.5
675361.2
809392.9
836499,3
821973.5
860797.0

75
45.90
25.09
17.55
« 71
10.45

15391

T

76
45,03
20.28
19.35
85
12,99

39

REZSJURCES

159353.9
2356553.0
247433.0
249111.2
209433. 5
265642.0

77
39.85
30.32
17.67
39
11.27

73
45,24
17.83
20.30
«52
15.31

-
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Analysis of the Results

when it comes to considering the hypothetical plan-

ning situation and crude formulation of the goal-programming
model of the problem caused by the limit of computer memory
storage available to users,4 the detailed analysis seems
almost unnecessary. Under the planning situations described,
it was possible to observe the following general tendencies.
1. When the two types of educational input policies,

Labor and Capital, were compared with each other in

their impacts on unit recurring cost, the gradual

increase was estimated under the labor policy, while

the reduction in the beginning and less gradual in-

crease, later, was expected under the capital policy.

In capital policy, the base and annual rates of in-

crease of teacher's salary were higher than those in

labor policy. However, the larger students/teacher

ratio in capital policy made a significant effect in

reducing unit recurring cost.
2. Under the given resource constraints, the capital

policy can be evaluated to be more contributive in

achieving the goal of extending compulséry education

and the social demand for high school and college and

4In order to develop a goal-programming model under
the limit of 120k memory storage, the socio-cultural con-
straints on student flow movement (meaning that the rate of
entering students should be on a trend within a certain
range) were omitted. Consequently, part of the solutions do
not follow recent trends.
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university education than the labor policy. This
achievement is attributable to two effects brought
about in capital policy: First, the lesser unit
recurring cost and less tight constraints on teacher
level made it possible to increase enrollment size
in the middle school particularly as its primary
effect. As a secondary effect, the resources saved
in elementary and middle school levels can be trans-
ferred for expanding the high school level.

It is very interesting o note that the social
demand for college of education was easily achieved
in any of the eight cases. Neither teacher nor
classroom constraints were imposed on the college
level in this study.

With no surprise, more new teachers were required
under the labor policy, while a lot of new class-
rooms were required under the capital policy.

Under the given situation defined with the con-
straints on sources of supply for new teachers and
constraints on financial resources, it was more dif-
ficult to provide the guantity of classrooms required
rather than the right quantity of teachers. This
migh£ imply that the market cost of educational in-
puts such as labor and material capital should be
carefully considered in formulating the educational

input policy. The trends in the ratio of students to
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classrooms indicate that the goal of providing the
fight quantity of classrooms made a neggtive impact
on expanding enrollment size in middle and high
schools as a major constraint.
The cost/benefit ratio indicates that the capital
policy is more effective in achieving the enroll-
ment mix which would bring higher economic benefit.
Generally, the cost-benefit ratio in capital policy
was higher than that of labor policy. These results
can be explained with two facts: One is its lesser
recurring unit cost and the other is its effective~-
ness in expanding the enrollment of the high school
level which has the highest coefficient of net
present value of economic benefit.
Under the given situation it was certain that there
is a conflict between the goals of expanding enroll-
ment of middle school level and that of high school
level. The more the enrollment of middle school in-
crease, the more difficult the increase in enrollment
of high schools would become. This may be the situa-
tion where the highest priority is given to the goal
of expanding which fosters some political ambitions.

‘In the case of compuslory education to the mid-
dle school level, the political goal can only be
achieved at the cost of slowing down the normal

growth of enrollment of the high school level. And
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it would be possible only by following the mass-
production mechanism such as described in the case
of capital policy.

In this simplified experiment, it was noticed that
the external goals generate the demand-push effects
on the capacity of the system. There exists an ob-
vious conflict between the two sets of goals. How-
ever, when some exogeneous variables such as the
six-year-old school age population and the financial
resources level available were given to the goal
programming model as environmental limits for the
growth of the educational system, the demand-push

effects were bounded by the quality control effects.



CHAPTER IV

SUMMARY AND CONCLUSION

Summary

In this study the application of systems analysis in
educational policy planning was classified into two groups:
forecasting approach and policy approach. The multidimen-
sional aspect of the objectives in managing educational sys-
tem was perceived as one of the most difficult problems
involved in the policy optimization approach.

This study was primarily concerned with developing
an educational input policy planning model at the national
level which can deal with policy alternative as a con-
trollable input for achieving multiple administrative goals
under the given planning situation. It was also intended
to develop a man-machine interactive policy planning system.
The e&ucational policy planning system was conceptualized as
an information processing system which transforms the in-
puts (policy-alternatives, goals, priority and exogeneous
variables) to the optimal solution, and a forecast of the
future educational system based on this optimal solution.
The goal-programming decision-model was formulated to search
for the optimal solution under multiple goal-setting.

130



131

For numerical illustration, this policy planning
model was applied to the case of Korea where two recent
planning reports were available as sources of information
from which to formulate hypothetical administrative goals
and different types of educational input policy.

In the second chapter, the applications of systems
analysis in educational policy planning were reviewed. Also,
the two educational planning reports in Korea were briefly
introduced. Focusing on the need of a decision model for
multiple goal-setting, goal-programming was introduced in
detail with basic concepts, mathematical properties, major
applications and limitations.

The third chapter proposed the conceptual framework
of a man-machine interactive educational input policy plan-
ning system. The inputs to this system (administrative
goals, educational input policy~alternatives) were opera-
tionally defined. Then, the goal-programming policy plan-
ning model was formulated. Finally, the forecasting sub-
systeﬁ, a computer program, was developed. In order to
illustrate this approach five administrative goals were se-
lected. They were: (1) to extend the compulsory education
from elementary to middle school as much as possible, (2)
to satisfy the social demand for education at the high school
and college/university level up to the targets specified by
the goals, (3) to maximize the economic return to investment

in education, (4) to provide the number of teachers needed,
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and (5) to provide the classrooms required at the elementary,
middle and high school level as specified by the input
policy.

Two types of educational input policy were formulated
in terms of (1) student/teachers ratio, (2) average teachers'
salary, (3) students per classroom, and (4) allocaticn of
financial resources to instructional materials and equipment.

One was called labor policy which was characterized by the

intensive use of more teachers paid less in smaller learning
space with the aid of less instructional materials and equip-

ment than the other policy, termed capital policy.

The fourth chapter illustrated the procedures and
results. This policy planning system performed three main
functions: (1) to store basic data and policy alternatives,
(2) to generate the optimal solution and (3) forecast some
indicators of the future educational system based on the
. optimal solution.

Under the hypothetical planning situation described,
two types of educational input policy were compared to each
other in terms of achieving the goals. The comparisons were
made under the four different goals-priority situations.

The simulatiqn runs indicated the following tendencies:

1. The goals, such as (1) to extend compulsory education
from elementary to middle school level, and (2) to
maximize the economic return on investment in educa-
tion, would be better achieved by following the

capital policy than the labor policy.
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2. The goals such as (1) to provide the teachers and

(2) classrooms required as speEified with input

policy, could not be fully achieved. The shortage

of teachers in the case of labor policy and the

shortage of classrooms in the case of capital policy

were anticipated.
3. The contributive aspects.of capital_policy, as

opposed to labor policy, was explained by its im-

pact on the unit recurring cost and the relaxation

of the teacher constraint.

In capital policy, the base and annual rates of in-

crease of teachers' salary were higher than those in labor
policy. However, the larger students/teacher ratio made a

significant effect in reducing unit recurring cost.

Conclusion
The conclusion was reached on the basis of the ap-
plicability of the approach and goal-programming model. The
illustration indicated that the approach developed in this
study would be applicable to the following needs of the policy
planning approach.

l. Policy-orientation: the policy-variables were sepa-
rated and related to the goals. Its contribution to
achieving the goals can be analyzed.

2. Multiple goal setting: By applying the goal-
programming model, the optimization of the decision
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variables for multiple goals can be attempted with
ordinal measurements of the imbortance'of goals.

3. Utilization of decision-makers' subjective judgement:

In the process of identifying and ordering the goals,
the subjective judgement of the decision-makers' can
be utilized. Thereby, the communication between the
décision-makers and systems analyst can be improved.

4. Tool of policy-experimentation: Policy alternatives
and some exogeneous variables uncertain to decision-
makers can be studied with the computerized policy
planning system.

The goal-programming model was applied to the policy
planning approach which deals with multiple goals. The goal-
programming model provided both the optimal solution and the.
necessary information about conflicts among the goals. In
order to apply £he goal-p;ogramming model for policy planning.
under the multiple goal setting, the following requirements
had to be prepared.

1. Defining the goals operationally and ordering them
according to their importance. For a successful ap-
plication of the goal-programming model, the educa-
tional decision-makers would be challenged to define
their perception of goals operationally.

2. Describing the educational activities in terms of

well-defined technical relationships.
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Unless these two requirements were accomplished the appli-
cation of goal programming model would be meaningless.

In this simplified hypothetical planning situation
the indicators of the future educational system seemed to
be more sensitive to the types of educational input policy
than to the types of goal-priority situations. This might
imply that either the type of input policy would be a very
significant factor in achieving the goals or that the goal-
priority situation is not well formulated to represent
multiple dimensions of administrative objectives.

I'he goal-programming model usually requires more com-
puter memory storage because of the multiple objectives and
additional dimensions of priority. A huge amount of memory
storage would be required to formulate the planning problems
more realistically. A realistic interpreta.ion of the solu-
tion would be jeopardized by the simplification of tke
planning problem. For this reason, the decomposition method
of programming should be better attempted in modellirg the

planning problem.
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COMPUTER PROGRAM CF GOAL PROGRAMMING



GOAL PROGRAMMING COMPUTER PROGRAM

21
20
15

12
13

25

50
A0

32

31
39
0
35
190
110

120
110

140
150

160
170

FROGRAM ALLO(IHPUT,DUTPUT'TAPE5=INPUT,TAP56=OUTPUT)
DIMEMSION KEPT(93),3HS1(96) , VALY {9649),Y(96)

DIMENSI IN PRDT(QG),QMT(96),ZVAL(Q),C(GG,ZZU),VALX(Q.ZZO)
DIMENSIION X(220),RVLX(9,220)

DIMENSION D1(22))

ODIMENSION 02(36)

COMMON C

GOAL FFROGRAMMING

CALL START(N,MyL,CyVALX,VALY,PPDTyRHS1yKPCK,KEPT,TEST)
00 21 J=1,M

X¢J)=u

00 20 I=1,N

Y(I)=1

FORMAT((3,F12.1)

FOPMAT(LLFE.,1)

FORMAT(3F3.0)

VALY (I,K)=VALX(K,I)
CONTINUE

ITAB=0

ITER=(

Li1=0

K3=L-L1

IF(K3=1) 800,40,40

00 E0 K=1,K3

D0 69 J=1,M

SuMP=0.

00 50 1=1,N
F=VALY(I,K)?C(T,J)
SUMF=SU4P +P

CONTIMUE
RVLX(Ky J) =SUMP=VALX(K,J)
CONTINMN'E

ITEF=ITER®L

ZMAX=(C.

00 €0 J=1,M

IF(K3I-L) 82,77,7]
Kz K3 +1

0O ©1 K=Kb&,\
IF(RVLX(KyJ)) 30,941,912
CONTINVE
TF(CEVLX (K3, J)~2Z4\X) G0,99,8¢
ZMAX2RVLX (K3, J)

K2=J

CONTItUF

IF(ZMAX) 790,739,139

DO 1650 I=1,Y
IF(FRLT(I)) 112,120,120
WRITE(E,13) P20T(I)

60 YO £3C

IF(C(Iy42)) 130,130,140
AMT(I)==1.

GO0 T0 150
AMT(I)=PROTCIN/C(I,K2)

COMTIMNE

I=4

IFCAMT(I) ) 177,283,210
I=1+1

IF(I=N) 160,153,130

138



139

140 WRITE(E,13) AMT (D)
GO 70 81C
210 ZMIN=AFT(T)
Kisl
220 I=Ie1
IF(Z-N) 230,2%),3310
230 IFC(AMT(TY)) 22),2439240
240 IF(ZMiN=LMT(I)) 220,220,210
330 Y(K1)=X{(K2)
00 31GC K=1,L
310 CONTINUE
DO 400 I=1,d
PROT(I)=PROT(I) -ZYIN*C(I,K2)
490 CONTINGE
PRDT (K1) =ZMIN
00 499 i=1,M
439 D2(1) C(I,4K2)
00 LB88 J=1,M
438 D1(J)=C(K1, )
D3=C(K1,K2)
L0 S0GCG J=14M
D0 S5QC I=1,N
C(I,Jd)=35(T,J)=01(N*(D2(I)/C3)
530 COMNTINVE
D0 510 J=1,4
C(K1,J)=D1(J) /723
510 CONTIMUE
IF(ITAR) LOyL)yH1D
630 00 610 I=1,N
WNRITE(6513) Y(I),PRIT(I)
610 CONTINUE
DO 62C I=14N
WRITE(EL12) (ZS(Iy4)yJd=1,M)
620 CONTINUE
G0 TO &I
730 Li=L1+1
60 10 32
830 WRITE(E,1014)ITER
WRITE(6,1015)
1015 FORMAT(1IH )
10164 FORMAT(LOX)y2ITERATIONS e enco s sy 1I5)
WRITE(e,5007)
5030 FORMAT(55X,2THE 3IMPLEX SOLUTIONZ,25X,2PAGE 52
WRAITE(F,L,50C1)
5031 FOSMAT(// /5%, 2THE RIGHT HANC SIJER)
811 DO 310 T=1,uM
WRITE(B,13) Y(I),PROT(I)
810 CONTINULE
WRITE(E,5002)
50)2 FOFPMAT(//7/5%,2THE SUBSTITUTION RATES?)
811 L0 512 I=1,M .
WRITE(E 42 (C(IyN) g =iy M)
Bi2 CONTINUT
WRITE (¢ ,53C7?)
5013 FOF“AT(// /65X, 2THE 2J=CJ YATRIX?)
813 PO b1L <=1,L
WRITE(B,12) (WLX(KyJ)yJz14yV)
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814 CONTINUE
00 620 K=1,L
- IVAL(K)Y=0.
DO 82C I[=1,N
ZVRAL(K) = ZVAL(K)&PRDT(I)‘VALY(I K)
820 CONTINUE
WRITE(A,51006L)
50)4% FORMAT(///5%,2 Al EVALUATION OF THE OBJECTIVE FUNCTIONZ)
D0 321 K=1,L
KK=sL=K
IF(TEST.EQe1.7) 30 TO 89
KK=KK *1
39 WRITE(6,15) KKyZVAL(K)
CONTINUE
o2 CALL FlJIISH(RHS1,PROT,VALY))LyKPCKyYyN, KEPT, TEST)
830 STOP
END

SUBROUTINE START(NROWS, NVARJNPRT.,CyVALX s VALY, RHS,RHS1, KFCK,KEPT,TE

$sST)

OIMENSIION PHS(36) 4 VALY (96,9),C(46,227)4VALX(9,220)

DIMENSION EQUILS(35) yRVLX(9,220) yKEPT (36) ,RHE1(96)

REAL NMES

PEAL L

DATA POS, NEG/ 3HP)S,IHNEG/

DATA CETA/LHODATA/

DATA 06J/3H0BJ/

DATA 8/1KH3/

DATA E,G,L/1HT, 14G,1HL/

DATA RGUT 74HFSHT/

My=25C

NR=100

TEST=0.0
10 RCAD(5, 1) ANAHE, NOWS g NVAR, NFRT
1 FORMAT(24,21T3)

LISF=NPT#}

IF(NVARLLELD) GO TO 1023

IF(NPRT.LE.D) 6O TD 1020

IF(NROKSL.LE.D) G) TU 1022)

IF(ANAME NE,LKPR]I3) GO TJ 901

FEAD(S,11) (ECUALI(I) y I=14NROHS)
11 FORMAT(3CAL)

NART=(

NFLDS=C

DO 12 I=1,KRP0OA3

IF(ECULLS(I)«FQIINFLOS=HNFLCS ¢+
12 TF(ECLELS(I) «EQW3INFLDSSUFLLS +4

NSIZE=FFLNS+MTIWI+NVAR

IF(NROWS.GT.N ) 30 TO 914

IF(NSIZELGTLHY) 30 TO 314

KOUD=NFAT ¢+1

00 16 1=14N0nS

KEPT (i) =0

00 16 J=1,HSIZC

C(I, =1,

IF(I.EQ.J) C(I, =1,
1t CONTINUE
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Do 161 X=1,KDU0D
00 161 J=1,"MSIZE
RYLX(Ky J) =0,
VALX (Ky J) =0,

161 CONTINUE
D0 162 I=1,MRINS
00 162 X=1,KDYJ
VALY (I,K)=C.

162 CONTINMNUE
KPCK=(
K=KCUC
00 13 I=1,NR0OHS
IF(ECULLS (1) .FQ.E) O TO L&
IF(ECLELS(I) EQ,.3) 50 TO 15
IF(ECUPLS(I).FQ.L) 50 TO 13
IF(EQLALS(I) .FQ.3) GO TO 18
GO TO 910 -

16 J=1
VALX(Ky J) =1.0
NART=NERT +1
TEST=4.3
GO 70 13

15 KPCK=KFZK+1

J=NRORS +KPCK

C(I,J)==1.0
KEPT(I)=J
J=1

VALY (KyJ) =1,
NART=NART +1
TEST=1.2
GO TO 13

18 KPCK=KP2K+1
JEKPCKENROKS
C(I,J)=-1.C
KEPT(I)=J

13 CONTINUE
FEAD(5y21)ENAIE

19 I=0 .
IF(ANLMELNE,N2Y) GO TO 92)

20 READ(5,21)ENAME 4[4, TEYP
IF(LNAME L EQ.DATS 37 TO 33
1F(M.LE.C) GO TO 11022
K=L1SF=4

21 FORMAT(Au,2IC,FL3.3)
IF(JeLELC) GO TI 1322
IF(K.GT «HPRTY GIJ TO 1024
IF(ANAYELECLHZ3) GO TO 26
IFC(ANAME . EC.,PI3) GO TO 25
G0 T0 27

26 J=lI
VAL X (Ky J) =TEMO
G0 T0 23

25 J=KEPT(?)
IF (KEPT(I).EN.Y) GI TO 1026
VALX(Ky J) STEM?P
GO0 T0 29

27 IF(TEMP) 926,271,925

30 FEAD(S,21)AMNEVE 41y JyTEMP
IF(ANAMELEC,254T) G TO &9
IF(I1.LF.0) GO T2 1330
IF(J.EQ.C) GN TO 1030
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JEKPCKEMNRONS ¢ J
C(I,yJIsTENMP
GO 10 39
60 FEAD(S,yul) (BHS(]1) yI=1,NROKS)
bl FORMAT(3FILC.0)
WRITE(6,51315)
5015 FORMAT(1H1,55K, 2 THE RIGHT #HAND SIDE INPUTZ2,33X,2PAGE 01%)
D0 &1 I=1,MR0WS
IF(FPHS(? ))051 h2,063
42 PHS(I)=,200N1
43 PHS1(I) =RHS(T)
WRITE(E,1111) 2, 4S(T)
1111 FORMAT(10Xy1342X%XyF15.1)
¢4 CONTINUE
WRITE(Rh,62C)
620 FOPMAT(1H1)
NRTTE(6,571A)
8816 FORMAT(SSX,2THE SU3STITUTION RATFS INPUT2,18X%,2PAGE 02%)
00 1112 I=1,N3I)H3
WRITE(E,2519)
2519 FOURMAT(//7/71Xy,2 )d2,15)
1412 WRATTE(E L1111 (C(LyJ) 9 I L ,NSIZE)
4443 FOPMAT(1CF8. 1)
WRITE(6,62C)
WRITE(6,5017)
5017 FORMAT(SSX,2THE )3 JSCTIVE FUNCTION INPUT:,iQX,:PAGE 032)
DO 111t K=1,N2RT
M=l ISF-X
WRITE(6,2157) 9
2150 FOFPMAT(//7/71%,2PT3RITYL,I15)
1416 WRITE(G, L1113 (VALX(KyJ) yJBL4NSIZE)
VPRITE(L,620)
WRITE(6,591)
5918 FORMAT(S55X, 2SU4M3~Y OF INPUT iNFORMATIONZ2,1SX,2PLGE C&42)
MNVBP=NS IZE
WRITE(E,2017) *IIASyNVARSNPRT,,NART
2017 FOFRMAT(LC Xy 2MUM3IZI2 JF ROAS e eecceeee?2915,/7,10X, 2NUMBER OF VARILBLES
Baeee?r HI15,/717%X5321UI3ER UF FRICRITYeeoe?2y9I597910X,2A0CED PRIORITIES
‘..Q....b.x’rs)
IF(HNART «GToQ) NPITzNPRT 4
PETURN

910 WRITE(E,21L)

916 FOFMAT(2PR0GPAM TONTAINS AN EFROR EITHER IN THE NUMSER OF RONS PUN
SCHED CF IN THE SISN CARDSTHE VELUE IS SOMETHING OTHER THAN (E(, (G
®(40R (L(2)

G0N 70 9139

1030 WRITE (5,1091)

10)1 FOPYAT(2 IMPPIPEY DATA COLUME OR ROW DEFINITION:)
60 10 939

Q20 WRITE (6,921)

Q24 FORMAT(2 AN NI JICTIVE CARD WITH THE VALUEZ2,F16.3, 21
®€ FCUND BUT I37T2CTION AS TO WHICH DEVIATION HAS BEEM NEGLECTED.
SEXAMINE YOUR NATY )

60 T0o 939

1020 WJITE(H,1021)

1021 FOPMHAT(# “U43EL 9F ROWS, VA~IASLES, OR PRIOQITIES CANNOT BE EQUA
L YO ZE90 UMDZR AY CIRCUMSTANCES?®)

GO 10 <39

1022 RITE (5,1C2)

1023 FORMAT(2 COLU{IY VALUE OR PRIORITIY VALUE IS EQUAL TO OR LESS THEN
*2€eR0 2)
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GO0 10 999
911 WATE(E,912) :
912 FORMAT(2 THE ‘IUY3E] OF VARIABLES NEEOED TO COMPUTE THIS FROGRAMZ/
_®21S TCU PIG UWDER PR]ESENT DIMEN3IONS2/2SEE YOUR PROGFAMMERFOR AL

STERING THIS RESTUICTION TO MEET YOUR NEEODS?®)
GO Y0 @39
1026 WITTE(6,1127)
1027 FORMAT(2 ATTE T IS MAJE TO MINIMIZE NON EXISTANT POSITIVEC OEVIATI
SONZ)
GO0 10 939
1924 WRITE(6,1025)
1025 FOSMAT(20IJECTIVE FUCTION PRIGRITY EXCEEDS STATED NUMBER OR PRIORI

*YIES?)
60 10 939

978 NRITE (5,902) >

902 FOPMAT(2PROBLEY SARD MISSING OR MISPUNCHED?)
GO 70 99

926 WRITE(E. 32T)

927 FOKMAT(«A CARD IM THE J3JECTIVE FUNCTION OEFINED SOMEZ/#

SYALUE FOR THE O3JECTIVE FUNCTION 3UT FAILED TO OEFINF WHMETHERZ2/2
STMIS WES TO A2PLY TO THE POSITIVE OR NEGATIVE OEVITIONZ)

941 WNRITE(6,942)

942 FOOFAT(Z NEGATIVZ JALUES ARE NOT ALLOWEND ON THE RIGHT HANO SIDE.
SCOPKECT PROBLEY 3IY MULTIPLING ENTIRE CONSTRAINT THORUGH BY MINUS
SONE.2)

G0 T0 999

939 STOP

END
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SUBSROUTINE FIlISI(RNSi,?HS,VALY.NPRY.KPCK,Y.NROHS.KEPT,TEST)
DIMENSION VILY(39,9) yZVAL(9) ,RHS(96) y KEPT(96)
OIMENSION Y(35h),WS1(96)
FEAL NEGSLK
HWRITE (+,21)
21 FOOMAT(1M1,12)X42PAGE 162/7,50X,2SLACK ANALYSIS?)
1 FOPMAT(//77)
HRITE(6,1)
WRITE(6,8)
8 FORMAT(10X,2RIW2,6X,2AVATILABLER®, 12X2PCS-SLK#2,12XZNEG-SLK#)
WRITE(6,1)
D0 19 I31,NRONS
NEGSLKE). 0
00 11 Jz1,NROWS
MaY (J)
IF(I=-¥#) G,10,9
9 IF(M=KEPT(IV) 11,22,12
11 CONTINUE
GO 70 13
10 NEGSLK=RHS(J)
GO TC 13
12 POSSLr=2HS(J)
13 WRITE(E, 1) I, HASLII) ,POSSLK,NEGSLK
16 FORMAT(1CX,I3,3F20.1)
19 CONTINUF
43 FORMAT(10X,13,3X%X,F15.1)
HRITE (Bybb)
o FOPHMAT(1H1,121X,2PASE 072/7 453Xy 2VALTABLE ANALYSIS?)
WRITE (€6,45)
45 FORMAT(/77/747%, 2¢ALIABLE AMOUNTY2,/7/7)
00 &1 I=1,HR0n3
NCHCKZY (1) =KPTK=130WS
IF(NCHLK) slytly 2
42 WRITE (6,4 3)HNCHSK,RHS (1)
Ll CONTINUZ
NRITE(6,72)
72 FORMAT(LIHT)
WRITE(6,517)
60 FORMAT(//,55X,2AILYSIS OF THE O3JECTIVE 2,23X,2PAGE 8%,////,50X,2P
SPIOFITYZ, 10X, 2UNIER-ACHIEVEPENTE,/"
DO 52 Ksi,MPR"7
ZVAL(K)=0,0
00 51 Iz231,K0mWS
64 ZVALIK)ZZVAL(X) eVALY (I ,K)®RHS(I)
LISP=znF T4}
KKzL1SP-K
IFCTESTEQ.N4Y) 39 T0 S2
¥ Kz NERT =K
IF(KK.6Te2) G T) 52
NRITE(E,78) 2vALIK)
78 FOKMAT(/,45%, 2ATIFICIALZ,)5X,F23,5)
GO 10 77
32 WRITE(H,53) KX, ZVaAL(K)
63 FORMAT(LIHO,52Xs1295%yF29.1)

77 CONTINUE
STO0P
END
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COMPUTER PROGRAM OF BDATA, PDATA AND SENSOR



COMPUTER PROGRAM OF BDATA, PDATA AND SENSOR

GET,BDATA
READY.
LNH, FesBDATA

00100 PRIGRAM BDATAC INPUT, TAPEG,QUTPUT)
00130 DIMENSION NSCI10),E(10,60),CC(10),X¢10,10,10),106¢10),SAPC10,10)
00160 PRINT 10

00193 10 FORMAT(eENTER NO., BF SCHAOL LEVELe)
00220 RFAD, XX

002%0 PRINT 20

00280 20 FAIRMAT(SENTER NAME GF THE SCHOOL LEVELe)
00310 D0 60 1s1,4X

00340 PRINT 20,1

00370 30 FORMAT(eLEUFLe,2X,1],eve)

00400 READ 40,NSC(1)

00430 40 FIRMAT(AI10)

00460 60 CANTIMUE

00490 PRINT RO

00520 8N FORMAT(SENTER NO. OF YEARS 3F PLANNING PERIQGDSe)
00550 READ,. T

00580 °NIMT 90

00610 90 FCRYMAT(eENTER THE BASE YEARe)

00640 READ,JB

00670 PRINT 1IN0

G0700 100 FIRMAT(CENTER THE BEGINNING AND RETIRING AGEe)
00730 READ,%R,XR

00760 VRITE(6,1NS) KK,.IT,JB,KB,XR

00790 10S FIRMAT(211,312)

O0R20 WRITE(6,110) (NS(1),1m],KXXK)

00RSO 110 FAP“AT(AIOD)

00880 PRINT 120

00910 120 FARMAT(«ENTER INCSME STREAMSe)

00940 DG 180 131,KX

00970 PRINT 140, *SCI)

01000 140 FIRMAT(«FDIICATIIN LFVELe,S%,A10)

01030 D, 1RO .1.1~?R,KR

01060 PRINT 150,.1.1

01090 150 Fi'"MAT(eAGEe,2X,12)

01120 Js.l.1-Re |

01150 REAN 14N, ECT,.1)

01180 VRITE(H, 140)ECT,.1)

01210 160 FYIPHAT(FA.1)

012420 180 CANTINUE

01270 PRINT 2n0

01300 200 FORMATC(SENTE? UNIT C3ST 1IN BASE YEARe)
01330 DY 22N te=),¥x

01360 PRINT a4n,NSC(1)

01390 RFAD 170,CC1)

01420 VRITF(A,170) CC1)

01450 170 FYO1rT(FA. L)

03140 2720 CANTIMUE

01810 PRIMT 25N

01540 250 FIRMAT(ENTFER NO., OF CLASSIFICATION F3R SCHOOL AGOCF e,
01570¢ePIPILATINNG)

01600 READ 260,KS

146
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01630
01660
01690
oi720
01750
01780
01810
01840
01870
01900
019230
01960
01990
02020
02050
02080
02110
02140
02170
02200
02230
02260
02290
02320
02350
02380
02410
02440
02470
02500
02530
02560
02590
02620
02650
02680
02710
02740
02770
02800
0283(
02860
02890
02920
02950
02980
03010
03040
03070
03100
03130
03160
03190
03220
03250
03280
03310
03340
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VRITE(6,260) KS

260 FORMAT(11)

PRINT 268

269 FORMAT(//+ENTER SCHOOL AGE POPULATIONs)
D3 292 1ml,KS

262 FZRMAT(sFOR EDUCATIGNAL LEVEL#,S5X,11)
KuJR4,)T=1

D3 290 JJzJRK

PRINT 280 , JJ

Ju.).J=.JBe ]

280 FORMAT(*YEAR%,2X, 2, s=s)

READ 285, SAP(1,J)

285 FZRMAT(F6.1)

290 CAMTINUE

292 CONTINUE

PRINT 600

600 FARMAT(ENTER NO. OF GRADE FAR EACH SCHAGL LEVEL#)
D3 620 1=],¥K

PRINT 610,NS(1)

610 FORMAT(=IN«,2X,Al0)

READ 295, 1G(1)

VRITE(A,295) IG(1)

295 FORMAT(I1)

620 CINTINUE

PRINT 630

630 FORMAT(«ENTER STACK GF STUDENTS IN BASE YEAR=®)
D3 660 I=m),¥XK :
PRINT 640,NS(1)

640 FORMAT(x14s,2X,Al10)

KG=IG(l)+)

D3 660 K=1,%G

PRIMT 650, K

650 FORMAT(=3RADE#,2X,11)

READ 265,X(X,1,1)

VRITE(6,265) X(K,1,1)

265 FIPMAT(F6.1)

660 CIONTINUE

CALL SABR

PRINT 300

300 FURVMAT(xDJ YZU WANT TG PRINT QUT BASIC INPUT?e)
CALL RFPLY(IR)

1IFCIR.EN. 1) RT T3 305

1FCIR.EN,2) 60 T3 550

305 PRINT 310 .

310 FORMAT(//7,10%,«INCOME STREAM 1 AGE BY EDUCATION =)
PRINT 320, €t1S5C1),1=1,XK)

320 FIBMAT(I0X,S(A10,3X))

330 CZMTINUE

PRINT 4l0

410 FIRMAT(//7/,=UNIT COST IN BASE YEAR#)

D3 440 t=1,K%

PRINT 420,%5(1),C(1)

429 FOIRMATC(ALO, SX,F10.1)

440 COMNTINUE

PRIMNT S00

500 FORMAT(///, 10X, *SCHBEL AGE POPULATIOMe)

PRIMT 505

5§05 FIRMAT(BX, s LEVELI LEVELR LEVELJ] LEVEL4w)
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03370

03400,

03430
03460
03490
03520
03550
03580
03610
03640
03670
03700
03730
03760
03790
03820
03850
03850
03910
03940
03970
04000
04030
04060
04090
04120
04150
04180
04210
04240
64270
04300
04330
04360
04390
04420
04450
04480
04510

cpP
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K= B+ JT=1

DB 520 JJ=B,K

Jd2eJJ=dBel

PRINT 510,00, (SAPC1,.0), 1=1,KS)

510 FORMAT(*YEAR*:QXJlapa(FIOQl:sx”

520 CONTIMNUE

PRINT 700 :
700 FORMAT(C///,10X,%*N0. OF STUDENT IN BASE YEARX)
D3 740 1=1,KK

PRINT T10,NSCI)

710 FQRMAT(//9A|OJ/*GRADE*Jlax:*NUMBER*)
KG=1GC1)+]

Dy 731 K=1,%6

PRINT 720,KsX(Ks1,51)

720 FORMAT(3X,11,12X,F6e1)

730 CONTINUE

740 CONTINUE

PRINT 800 o

800 FORMAT(//,*THE LAST GRADE INDICATE GRADUATES»)
550 ST3P :
END

SUBRZUTINE SAB

1 PRINT 10

10 FORMATC(*ENTER FILE NAME#)

READ 20, XFILE

20 FORMAT(AL10)

REWIND 6

CALL SAVE( SHTAPE6,XFILE,0,0,0)

RETURN

END

SUBRZUTIME REPLY(IR)

41=3HVES

A2=3HMT

READ 20,XTEST

20 FEPMAT(AIO0)

1F(XTEST.EN.Al) IR=l

IF(XTEST.EN«A2) IR=2

RETURN

END

0.011 SECS.

READY.
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FORTRAN,OLD,PDATA
READY.
‘LNH

00100 PROGRAM PDATA(TAPEA, INPIIT, TAPEQ, JUTPUT)

00130 DIMENSIIN NSCIN),APCINY, ATSC10, 10),RSCINI,DRSCI0Y, DRTCINY,
00160+DRCC10)Y,TSCI0,10),53¢C10,10)

00190 DIMFNSIGN PIC10,10)

00220 PRINT 10

00250 10 FIRMAT(*EMTER FILE NAME GF BASIC DATA#)

00280 READ 20,XFILE

00310 20 FIRMATCALIND)

00340 CALL GETC(SHTAREA,XFILE,N,0)

00370 REVIND 6

00400 READ(6,105) KX, T,.18,XB,XR

00430 105 FER41AT(211,312)

00460 READ(6,110) (NSC1),1I=1,KK)

00490 110 F3RYAaTC(A10)

00520 PRIMT 600

00550 600 F3RYAT(//7/%WHAT DATA D3I Y31l WANT T3 LOAD®
00580+/% SCClAL====F3R SICIAL DISCIINT RATEx%

00610+/% ALPHA=««=eF3R ALPHA FACTIRSx

00640+/% SALARY=~-=AVUFRAGE TEACHERS SALARY [\ SASE YEAR«
00670+/* IMCREASE=-=ANMUAL, RATE 7F SALARY IMGRIFASE®
00700+/% DROP=w-==-DRJIP -41JT RATI?D OF STUDENT, TEACHERS, CLASSRIJ0%x
00730+ /% SAVE~=====SAYE TYF DATA IV NEW FILE=x

00760+ /% RATIQe====STUDENT/TEACHER, STUDENT/CLASSRA3IM RATIO%)
00790 S99 PRINMT 610

008320 610 FIRMAT(//*ENTER YOUR OPTIONeawk)

00R50 Al=104SaCtAlL

00380 A2=10/{ALPHA

00910 A3=104SAr,4aRY

00940 A4=104IMCREASE

00970 AS=10YDRAP

01000 A6=1NHRATIA

01030 A7=104HSAVE

01060 READ 110,A

01090 IFCA.EA.Al)Y (337 TJ 799

01120 tFCA.EN.A2) 7 T3 F11

01150 IFCA.FN.A3)Y (7 T3 ]41

01180 IFCA.FR.A4) G7 T3 871

01210 1FCA.EN,AS) 371 Tnanl

01240 IFCAL.EN.AS) (T T3 911

01270 IFCA.EN.A7)Y 37 T3 Q71

01300 PRINT QOn

01330 990 FIRMAT(XENTRY ERRJR=««TRY ARAIN. *)

01335 33 T3 S99

01400 799 ORINT 800

01410 800 FIRMAT(///,%EMTER SACIAL DISCIUNT RATE , WITH DECIMALw%)
01415 RFAD,R

01418 WYRITE(9,20Nn0) R

01420 2000 FIRMAT(F4.1)

01450 G T3 S99

01430 A11 PRINT A1n0

01510 R10 FIRMAT(*ENTER ALPHAt EDUCATIOMAL CONTRIBUTIAN T3,
015404+ /% EARNING PIWER. WITH DECIMAL POINTamx)

01870 DI R3N 1=1,¥K

01600 PRINT B20,MS(1)

01630 READ,AP(T)
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01640 YRITF(9,2010) AP(1)

01660 830 CINTIMNUE

01690 GO T@ 590

01720 841 PRINT /40

01750 840 FIRMAT(*ENTER AVERAGE TEACHERWS SALARY IN BASE YEARw)
01780 D3 R60 I=a],%K

01810 PRIMT 820, NS(I)

01840 READ,ATS(I1,1)

01870 WRITE(Q,2020) ATS(I,1)

019N0 R&60 CAMTINUE

01930 G2 T7 599

01960 R71 PRINT 870

01990 870 FIRMAT(XENTER ANNUAL RATE OF INCREASE IN SALARY, VWITH DECI®
02020 D3 RO0 [=1,KY

02050 PRINT R20,MS(1)

02080 READ,RSCI)

02110 VRITE(9,2010) RS(I)

02140 890 CANTINUE

02170 G3 TO 5499

02200 901! PRIMT 900

02230 900 FARMAT(*FMTER AVERARE RATE OF FILLOWVING VARIABLES:*,

02260+ /% le DRAP @GUT RATE JF STUDENT=,
02290+/% 2. DRIP CUT RATE OF TEACHERS»,
02320+ /% 3. DEPRECIATIIN RATE @F -CLASSRZAMx%}

02350 DY 905 I=1,¥Y¥

02380 PRINT 820,NS(C1)

02410 READ, DRS(C1), DRTC1)Y,DRCC1)

02440 WRITE(9,2030) DRS(1), DRTC1),DRCCI)

02470 905 CONTINVUE

02500 G3 T3 S99

02530 911 ®RIMT 910

02560 910 FARMAT(=EMTER FILLOVWING RATIOS FZR EACH LEVEL AND YEARw,
02590+ /% le M. 3F STUDENTS/TEACHER %,

02620+/% 2+ WATE 9F SALARY T3 RECURRING C7ST, YITH DECIMAL%)
02650 D3 970 I=1,XK

02680 PRINT 920, NS(I1)

02710 K=.J8+,T=1

G2740 920 FIMATC///,%IN%, 2X,A10)

02770 DZ 9S50 JJ=JR,¥%

02800 PRINT 930,.1.]

02830 J=il=d8+1

02R60 930 FORMAT(xYEAR%,2X, 12, %3%)

02890 READ, TSC1,.1),SRC1,.1)

02920 WRITEC9,2030) TSC1,.0),SRC1,d)

02950 PICl,.0)=100,/5R(1,.1)

02980 950 CIMTIMUE

03010 970 CANTIM..C

03040 G3 TJ 599

03070 971 CALI, SAR ~

03100 PRIMT 985

03130 985 FIRMAT(//,%D3 YOU WANT T@ CHANGE ANY INPUT? YES OR NOx)
03160 CALl, REPLY(IR)

03190 IFCIR.FA.1) GO TI 599

03220 PRINT 9RQ

03250 930 FOPMAT(//,%D3 YO WANT TO PRINT GUT POLICY INFORMATIOV%)
03280 CALL REPLYCIR)

03310 IFCIRLENL 1) 67 TJ 1000

03340 IF(IR.EN.2) G T 1200

03370 1000 PRINT 1040

03400 1010 FARMAT(///, %44++444BALICY INFORMATION 4444t bdtdsdbbdbtn)
03430 PRINT 1020, R
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03460 1020 FORMAT(//,2X,= THE SOCIAlL DISCOUNT RATE [Sw=,2X,Fd.l)
03490 PRINT 1030

03520 103N FIRMAT(//, 10X, «AVQ. TEACHERS SALARY AMNITIAL, RATE OF =,
-03550+«IMCRFASE®)

03880 DI 1NSN 1=1,4X%

03A10 PRINT 1040, NSC(1),ATS¢I,1),RSCI)

N3640 1040 FIRMATCAIN,SX,FR.1,8X,F6e1)

03670 105N CINTINIF

03700 ®PRINT 1060 ‘

03730 1060 FAIRMAT(//,10X, DRIP=-QUT RATLIA3S =,
037604/, 15X, xSTUDEMTS TEACHFERS CLASSRIOM =)
03790 DO 1065 I=},4X

03820 104S PRINT 1070, MSC1),DRSCIILDRTC(I)Y,NRC(])
038SN 1070 FARMATCAIN, 5K, FTlelsS5XsFTe1s5%sFT7e1,5%,FTe1)
03”8830 °RI:IT 1080

03910 1080 FIRMAT(/7, 10X, «TEACHER=-STIIDENTS RAT10=)
03940 K=.J3+.JT=1

03970 108S PRIMT 1090, (.1,.1=.18,K)

04000 1NAN FIRMATC(I16X,R(12,5%X))

04030 DI 1150 1=1,%<

04060 110N PRIIMNT 1120, MSCII,(TSCl,0)5.081,.0T)

04090 1120 FIRATCAIN,2X,AR(F7.2))

04120 11517 CINTIVUE

04150 PRIMT 1170 :

04180 117N FIRMAT(//,10%X,=RATIJ GOF SALARY T3 RECURRING C3STs)
04210 K=.18+.1T=1

042480 1180 ORIIT 1naN,(.1,.1s,1R,K)

04270 D3 1125 1=],¥¥

0&300 PRINT 120, NS(I)O(Sq(!)a,)pt’.lpo"r’

04330 1125 CIMTINUE

04360 PRIMNT 140

04390 1450 FIRMAT(/7,+«RATIT 3F RECURRING COST IN TERMS 3F SALARVa)
04420 PRIYT 1090,(.1,.1=.18,%)

04435N DY 14nn t3],4¥

04480 PRIMT 1120, NSCI)o(P1CT,.71)5:8m],.T)

04510 1400 C?ITINUE

04540 PRINT 1500

04570 1500 FYIMAT(//«D] YO3U WAMT MORE PRINT NlTe=YES OR NNs)
04600 CALL REPLY(1R)

04630 IF(IR.FI. 1) G2 TY 1000

04660 PPINT Q%5

04690 CALL REPL“(IR)

04720 IF(IRP,FN 1) 73 T3 590

04750 2010 FZ=“AT(F4.))

0A4TR0 R20 FHIMATCALD)

04RI10 2020 FARIATC(F7.1)

04840 2030 FIPMAT(FA.))

04870 1200 ST3IP

04900 ™MD

04930 SURRIUTIVF SAB

04960 | PRIMT 10

04990 |1N FIFMAT(«FNTFR FILE NAME FOR POLICY INFIRPMATION)
05N20 RFAD 20, NYFILE

05050 20 FIRMATCALN)

0S0%0 PT'IND Q

05110 CALL SAYE(SHYTAPEQ,XFILE,0,0,0)

05140 RETUNY

08170 FND

05200 SIARIUTINE REPLY(IR)

05230 Al=3'{YFS

05260 A”2=34v)
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05290 READ 20,XTEST

05320 20 FORMAT(AL10)
05350 IF(XTEST.ER.Al) IRal
05380 IF(XTESTeER.A2) I1R=2
05410 RETURN

05440 ™ND

READY.

74/0R/17¢ 22453457,
KXRINAS TIMFE SHYARIMG SYSTEM « VER, 2.0-15
USER NUM3FR:
suuseRgIsR AN
TERVINAL?S 50, TTY
RECAVER/SYSTEM: FORTRAN,dLD, SFNS@R

READY.
LNH

00100 PRZGRAM SENSIRCTAPES, TAPEQ, INPUT, JUTPNIT)
0011N DIMFMSIANM R2¢10,1N),83¢10,10)

00130 DIMEYSI?TMN FEC10,60),CC1NY,aR(10),I1GC1IN),
00160+PEMCIN, ANH,SPECIN),DRCIN),OVRCIN),
00190+ATSCIN, 10, R3CIN)I,URCCIN, 1N),TSC10,10),
00220+52¢1N, 10),YC1N,10,10), DRSCIN)Y, TSXCLIN)Y,SX (1IN, 1N),
0025N4+SSXC1INY, DY 1IN, 10), 3W4(1IN,10),5aR(5,10),
00280+73% (5, 1N), TC(3,5,4), DRT(INI,TVX(3,8),
0:03l0+CX(5,’4,ﬂ),D?C(lO),C"\‘((B;‘?),'JS(10),
0034N+TMRCIN),RHSCINY, CRACINY,PCCLN)

00345 DIMEMSINN FM(IN, AN, 11N, 10)

00346 DIMFMSICN MSCIN,10),PICIN, 10),RHS1(5,10),CX2(¢(5,10)
00347 DIMFMSIAM RHS2(¢(5,1n),R4(10,10)

00350 CAMMIN/ZA/P]

00355 CAe1/3/75%

00356 COM10M/C/CX

00357 RFAl MS

00370 | PRAINMT 10

00400 10 FARMAT(//7/%«ENTER FILE NAME 2F RASIC DATA? x)
00430 RFAN 27,<XFILFE

00460 20 FIR1ATCALN)

0N49n €ALY, RETC(SHTAPES,%XFILF,0,0)

00520 REYIVMD 6

00550 25 "RINT 30

00550 3N FIRMATC(//=«NTER FILE NAME 3F PILICY INPHT?%)
00610 RFAD 20,”FILE

00640 CALY, BFET(SHTAPRPEI,XFILE,0,0)

00K70 REMIMND Q

00700 RFEADCA, I1N5) KY,. 0T, 18,KXR,KR

00730 RFANCA, 11N) (MS(T1),1=]1,KK)

00760 ¥1l=R=(44+]

00790 READCA, 1AN)Y ((FCT,0),.031,K1), In],%¥Y)

0NR2N RFEANCA,ITNY (CC1),1a],KY)

00350 READ(4L,2AN) (5

0NN RFEADCA,238) ((SAPCT,d0),.081,0T),1u1,KR)

00910 RFAD(A,295) C(IGCL),T12],KY)

noagn M 40 1=t ,¥¢

00970 KA=1i3(1)+1

01000 RFEANCH,265) (X(K,1,1),Ksl,KR)
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01030
01060
01090
01120
olLise
01180
01190
ot210
01240

012704/%

40 CANTINUE
RFAND(9,2NnN0N)
REAN(9,2010)
READ(9,2020)
READ(9,2010)
REAI(Q,2630)
RFAD(9,2030)
PRIMT 400

153

R

CADCL), I=1,KK)

CATSCTI, 1), 1=1,KK)

(RSI1Y, I1=1,4K)
CCDRSCTILPRTCIY,DRC(LI I, I, KK
CCCTSCT,0)oSRCT LYY 500m1,0T), 12l ,¥X¥)

400 FARMAT(///% THIS PR3IGRAYM ALLAV FOLLIVING JPTIJNS:=,

01300+/%

01330+/%
01360+/%
01300+/%
01420+/%
01450+ /%
01540+/%

0ts70
01600
01630
01660
01690
01720
01150
01780
otid10
0184bh
01870
01900
01930
01940
01990
02020
N2050
02080
02110
02140
namwon
02200
02230
02260
02290
02320
02350
02330
02410
02440
g2470
02500
02530
02560
02590
02620
02650
02480
02710
02740
02770
02A800
02130
02860

FlewnecacaeaaGIMPITE PRESFN VYALUF 2 F MARGIMNALX,

RAFNEFIT,C3ST AND MET BFMFFITx

UICASTewmaeeaa FARFECAST INMIT DFOCIRIATNNG CUISTH,
FMATecemae=e=FIRFCAST STUDFMNT = RTLLMFNMT MATRIXW,
TMATeemranesFIRELAST TEACHFR-%: X MATR[XxX,
CMAT==~=eae==FARECAST CLASSRTIIM-STICY MATRIVK,
CHemmcmacweeaCIMPITE THE MEASIRE 3F BEMEFIT/COST RATION,
EMDewnmeaneesTERMINATE THIS EXERCISE.%)

410 OPRIMT 420
420 FIRMAT(//%N3YW, ENTER Y3UR GPTIZN? %)

READ 20,A
al=104-cn
A2=10HIICTST
A3=]10DHEMAT
A4=1NYT™MAT
AS=1N4HCMAT
AS=10HCH
AR= | NYEND
IF(A. FNe Al
1F(Nn. FRe A2)
IF(A. Fl. Ad)
IF(A«F. AL)
IF(A.ENe AS)
IFCA. FNeAR)
IF(A.¥0, 4%)
PRINT 430

G2 T3 440
3 TC 450
G T3 440
67 T2 470
R T3 480
G T 4a4an
57 T3 K10

430 FIRIAT(*MTRY ERVIReassTRY ARAINW)

69 T3 410

aan CALl, ECT(KY,.JT,.1B, KR, KR,NS5,F,16,C,R, AP)

69 T2 410

450 AL, UCTISTIKY,dT,.1A,M5,ATS,RS, TS, SR)

63 T3 410

460 CNALY, FEMAT(KK,JT,.1R,%, 13, DRAS,N8, SAR)

G T 410

470 CALL THMAT(.IT,.1R,NS, DRT)

63 T2 410

480 CALYL CHMATC.1T,.J8,NS, LRC)

G2 T7 410

490 CALL INDSX(KK,.13,.0T, SK,MNS)

67 T9 4in

105 FTHMAT(?211,312)

110 FARMATC4A10)

160 FIRMATIF6.1)
170 FPMAT(FALL)
260 FYIAT(T L)
2000 FIIMAT(Fa. 1)
2010 FAIWANT(F4.1)
2020 FARMAT(FT. 1)
2030 FIRMAT(F441)
2050 FORYMATC(FIOL))
P2RY FARMAT(FAL L)
265 FORMAT(FA. 1)
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02A90 295 FIRMAT(I!)

02920 510 STAP

02950 END

02980 SUBRAUTINE FCG(KKJJT"BJKB’KRJMq)F.IGICJRJAP)
03010 DIMENSIAN NSCINLFC10,60),CC10),APC10),IGC10),
03040+PEMC10,60), SPECI0),DRCIN),ONR(10)

03070 DIMFNSIAN PCI10)

Q03071 DIMFENSIZNM FNC(10,60)

03072 CAMT'I/A/PNR

03075 J1=KR=KB+I

03077 R=R.5

03080 N3 100 .1=l,.01

03000 1ND ENCL,.0)=ECL,.])

03100 D3 550 1=2,4

03110 D7 56N .1=1,.11

03120 EMNC1,J)=EC(T,0)=E{l=l,.1)

03200 DRC.II=1./C1.+R/Z1004 ) %%x(.])

03230 560 COIMNTINUE

03260 550 CINTINUE

03290 D@ 50 .1=1,.11

03320 50 EM(S,J)=EC(S,.0)=EC3,40)

03350 D7 200 1=2,K¥

03380 DO 200 .I=1,.11

03410 PEM(I,.D= FV(I:J)/(!.#R/IOO.)**(J)

03440 200 CANMTIMNUFE

03470 DO ST0 1=1,KK

03500 SWE(1)=0.0

03530 Df’ S70 c’=|50’l

03560 57N SPE(1)=SPECI)+PEN(1,J)

03590 D3 SRO 1=]1,%X

03620 K=1R(1)

03650 D=N.0

03710 DO 600 .J0=1,%

03740 A00 D=D+DR(.1)

03770 PCCTI=DxC( 1)

03800 PNB(1)=SPE(1)=PGC(1)

03330 580 CINTINUE

03840 RFETIISN

03%40 ORIMT AN

03890 610 FARMATC(/7/7,10€, % THE PRESFNT VALI'E JF eecece-x,
N3920+4//,1587,%x RPISFIT CnsT NET BEMEFIT %)
03950 D% A20 1=2,KX

039R0 PRIMT A17,(MS5CT),SPRCI),POCTII,PMACL))

04010 617 FA*RMATC(ALID,3F15.2)

04040 620 CAMTINUE

04070 RETIIRY

44100 END

04130 SURRANTIMF UCASTCKY,.1T,.18,NS,ATS, RS, TS, S5R)
04160 NDIMENSIZN ATSCIN, 10),RSCINILIRGCCLI0,10),TSC10,10),
04190+S8RC10, 1N ,MSC10)

04220 50 FARMAT(14)

04250 DA 650 1=],KK

04280 DI 650 .0=1,.1T

04310 ATSCI,.1)=ATSCI,1)%C(1+RS(1I/Z7 1NN I un(.1=1)
04340 URCCT,I)=aTSCI,03/TSC1,.03%C000s/5RCL,.1))»]2
04370 A5N CINTINUFE

04380 RETURN

04400 PRINT AKD

04430 650 FARMATC//7, 10X, AYFRAARF, TFACHERS SALARY%)
04460 K3=.1R+.T=|

04490 PRINT 675, (1.0,,hI8.13,%3)

04520 675 FIRMAT(I Y, Q(lﬂp6Y)$

04550 D3 645 lm|,¥K
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04%80 PRIMT AROL,MSCTII,CATS(,:01),081,.’T)

NAa6InN 680 FARMATCAIN,SFIN. 1)

0asan K65 GCINTIMIE

0AaASH RETHON

04670 ORIMT 690

04700 Q0 FCAMAT(///7,10¢,=IN 1T RECURRING COST PER STUDENT#)
04?30 DRIMT 675)(-"')"0'.0'q"(3)

04760 D2 695 1I=m1,KK

04790 PRINT 6B0O,MNSC19,C(URC(I,:0),d81,.0T)

04820 1K0 FORMAT(FA. 1)

04850 695 CAMTIMIE

048RN RETUK

04910 =9D

04940 SURBRIUTIME EMAT(KK,.T,.1R,X,16,DRS,NS, SAP)

04970 DIMFISINY X(10,10,10),M8C10),D?SC10),1GC1N)Y,TSXCIN),
05000+SXC¢10,10),SEXC10Y,PSY(10,10),S58X(C10,10),SAP(S5,10),IRX(5,10)
0SOIN DIMFNSIIM KICIN, 10

05030 CaIMMON/9/SX -

05060 PRIMT 710 ’

05090 710 FrPeaT(//7=xFTER NI, 4F FPMTFRING STIIDANTS 1IN PLAMNIMGs,
0S12N+/a®ERI?D, ""ITH DECIMAL P3INT AMD SEPARATE UITH CIMMA.w,
05S150+/aF>%1 SEC2MD PERIJID TT LAST PEF10Dew)

0SI1R0 D) 730 !=l,¥K

05210 PRINT 20,MS(CID)

05240 20 FORIMATCALN)

085270 730 RFAD,(X(1,1,.1),.122,4T)

05300 16N FAPMAT(FE. 1)

05330 3 750 1=1,4K

05350 L=16G(1)+]1

085390 D2 750 .1=2,7

0S4zZN D) 75N *a=2,1,

05450 X(‘(.I,J)=V.('/.-l.!n}-l)*(l.-DRS(l)/lOO.)

05480 750 C3NTIIUE

0S4R2 D2 100 1=31,3

05486 DO INO .13),dT

05482 L=a1n(1)+])

05490 RIC1,.1I=VC1,141,.0)/XCL,1,J)e100.

NS4Qy4 100 CONTINLE

05496 1,24

08497 D 112 .1e],aT

0S49R R3ICU,.1)=(1,5,.0)/¥(1,3,.1)=]00,

05499 112 CMITInv

N0S510 D? TAN [=],Kw

08540 LI=tn(l)

NSSTN TSX(.1HY=20,0

0SANN DY 760 Jzl,.IT

08630 SX(1,.1)20,0

NSALO DN TAO Hal,l,])

05690 SYCL,.1)aS%CL,1)+X (K, 1,.1)

08720 76N CINTINMUE

05750 DY 762 .031,.0T

NS79N SSK(.1)=N,N

05810 DY 770 13,4

05340 770 SSN(.1Y=3SY(.1)+SX(1,.1)

0SA7N 762 CANMNTLIIIE

0S48N R T 235

05900 850 PRINT 460 .
05930 %60 FINIAT(//7/10X,» FORFECASTING AF THE STUDFMTS F1.0Ye)
0 &04N DI Q20 Tul,(¢

0 &0GN DHIMT H7N,M8(1)

N6020 RTD FYHAAT(//7,12Y,A10)

06050 N=.1H+.T=1
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06080 PRINT Q95, (.J.1,.1.1=.18,N)

06110 995 FIRMAT(RX,7(14a, 6X))

06140 KimIG(T)+1

06170 DY RAS K=|,i|

06200 RAS PHINT RAN, K, (X(K,1,.1),.=1,4T)

06230 490 FIQMATCAX,[1,7F10.1)

06260 PRINT Q25, (SX(1,.0),.1s1,,IT)

06290 925 FARMAT(=S. N1 Mw,7F10.1)

06320 920 C2NMTINUF

06350 PRINT 930, (SSXC.1),.nl,JdT)

06380 930 FYIYMAT(//,sTITAL=,TFI10.1])

06410 935 DY Q42 1.],K%

06440 D3 Q40 .J=1,dT

N6470N SRX(1,.1)aSXC1,.0)75S5X¢.1y%]100,

06500 Q40 CANTIMNFE

06530 942 IMNTIMUFE

06560 D3 Q50 .J=1,.aT

06590 ORX(1,.1)35%C1,.1)/7SAPC],.1)=lNN,

06620 ARX(2,.1)=25X(2,.0)78SAPC2,.71)=100.

06650 ARX(3,.1)25%X(3,.0)/SAPC,.1)=x100,.

06680 IRXC4U,.1IB(SX(4,.1)+37(5,.1))/85AP(4,.1)%]100.
06710 Q5N CMTINNE

06720 RFETHRY

06740 PRINT Q4N

NE770 96N FIRVAT(/7/71NV, = DISTRIBUTION OF THE STUDENTS=)
D6R00 PRINT Q63, (.1.1,.1.1=.93,)

06830 963 FIRMAT(I12X,7C14, 6X))

06R60 07T Q45 1=),¥K .
06890 965 PRINT 97N, NSCI1),(SRXC1,.0),.0m},JT)
06920 97N FIRMAT(ALIN,7F10.2)

06950 PRINT 9%0

C 6980 QAR FRUAT(//, 10X, aCVUERALL ENROLILMENT RATII CGF SCHAOCLs,
0701047, 154, =aRLE DPILLLATIZ ")

07040 PRINT 963, (.1.1,.1.12.18,)

07070 DI 98S t=1,4

07100 98S PRIIT Q90), 1, (IRX(1,.1),./=],JT)

07130 990 FIRMAT(=I."'EL%«,4X,11,7F10.2)

07132 PRINT 200

07136 200 FrMAT(/7,1NX,=THE RATII 7T STIHUD'*MNTS=FL, O MIUFMENTS)
07140 D7 150 1al,3

07144 PUINT 220,15¢1),MNSC1+1)

07148 220 FIRMAT(//,=FR74%,2%X,A10,=xTAx,2%,AlN)
07152 PRINT 963, (.1.1,.1.13.12,1)

07156 DRIMT 240, (23(1,.1),.181,.0T)

071460 240 FINMAT(12X,7(F9.3))

07164 1S5S0 CoTIMNHE

07159 ORIMT 220, *MSCI), 1SCH)

07172 PRIMT QAJ, (.1.7,.1.1=.1R,:1)

07176 PRIMT 240, (3C4,.0),.151,.3T)

07180 RETHRY

07190 END

NT7220 SURKRNITIIF TMQTC.IT,. 03,5, DRT)

0728N NIMFASTIA MSCINY, TXCS,4,7),DRT(10), TXX(3,3)
07260 DIMFIASTITI W2CIN,10),5¥C1N,10)

07270 Crwavny /78X

QT280 PRIMT 1000

07310 1000 FATIAT(//7/%EMTER FAL1,3UIAIRSecaax,

073404 /% le THF STTCC IF TFAGHAFRS IM PASY YFAR =,
073704/ 2¢ MFM FUTERIMA TEACHFHS [N YLAMNIMG DERISNSe,
074004/« UITH DFCtr4al, “IINT AMD SEPARATE UITY CIrMa, )

07430 Gar, MATCIT,. 10, TX,MS, DRT, TVX)
07432 MY 10 t=},3
07436 mM i l"'.o,T
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07440
07444
07452
N7454
07454
07458
07459
07460
07462
07464
07468
07470
07490
07520
07550
07560
07570
07576
07540
07610
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R2CT,1)=SYC1,. 09/ TXXC1,.0)

10 COMTINUE

N=,1B+.JT=1

PRINT 30

30 FARMATC//, 107, *STHDFNTS/TFACHER RATIO %)
PRINT 1N65, (.1.1,0.12.18,M)

DZ 20 1=1,1

PRINT 40, NSC1),(R2¢1,0),031,JT)

20 CONTIMIE

1065 FORMATC10X,7C¢14,5X))

40 FARMATC(ALIO,7(F9.2))

RETIHAN

END

SUBRJIITIME CMATCJT,d8,NS5, DRC)

DIMFNSIAN CX(S,H,89,DHEC10),CXX(3,8),N5(10)
DIMENSION R1€C10,10),5€C10,10) ’
CoMMON/ZRB/SX

CAMMEN /7 C/CX

DRIMNT 10N2

1002 FARMATC///*ENTER FOLLIWINGS: %,

NT7640+/% 1. STECKX 7F THFE CLASSRICM IN RBASF YEAR #,
07670+/% 2 MFW CLASSRIT™ T3 BE COMSTRUCTED IM BLANMINEX,
07700+ /% PERIZDS, WITY DEGCIMAL AND SEPARATE WITH COMMAL )

07730
07732
N7734
07736
07739
07739
07740
07742
07743
071744
07745
07743
07750
07754
07760
017790
07320
07350
07880
07910
07940
Q17970
0a0N0
08030
08060
08090
0R120
08150
03140
08210
0R240
0R270
0aa3nn
0A330
0A3&0
0”30
0oA4n0
08420

CALYL MAT(.JT,JR,CX,NS, DRC, CXX)

pJ 10 1=1,3

10 J=1,aT
RICI,0)=S%C1,.0)/CXX (L, ])

10 CANTINIF

N=.13+.1T=1

PRIMT AN

80 FARMAT(/710%, % STUDEMTS/CLASSRIIV RATIT %)
PRINT 1065, (J.d,.0.1=08,N)

NI 20 1=1,3

ORINT 30, NSCI)s(RIC1,0),0=21,4T)
30 FPRIAT(ALIN, T(FQ.2))

20 CANTIHIE

1065 FIVIATCLI0%, 7C14,5%))

RETURY

™D

SURRAUTINE MATC(JIT,.19, TY,NS, D, TXX?
DIMFIST ™ NMSCINY, TX(S,3,%),NDCLN),TXX(I,R)
D3 1nNNS 1=1,3

D7 1005 K=1,.1T

D3 1nnSs 21,07

1005 TLC1,%,.)=ND

D7 1010 1=4,3

PRIVT 25,4S(C1)

25 FARMAT(//7a4iM)

1010 RFAD, (TNCI, 1,.1),.021,.1T)

2000 FIRMAT(F4. 1)

D3 1030 1=1,3

D3 1A3N ¥=2,4T

NI 1030 J9=X,.dT

1030 TX(!:"‘TJJ)"T'{.(Io‘("ll»"’l"(ln"D(!)/lnn-)
DI 1040 [=1,3

Py 1040 Ja=1,.0T

TAXC(1,.1)=20.0

P 1N40 w=1,.]

1040 TIXCL, 08T, 1) 4TXC,K,e1)
RETHRY

PRINT 1050
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08450
08490
0RS10
08540
0R 570
03 6N0
08630
08660
08 690
08720
08750
08730
04810
08840
08R70
0RANO
08930
08960
08990
08995
08997
09020
09050
09055
09060
09090
ool1n
09140
09170
09200
0923n
09530
09560
09590
09620
09650
09630
049710
09740
09770
098300
09900
09905
09910
09912
09913
00914
09915
09920
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1050 FORMATC//710X,« MATRIX 2F STACK CHANGEH)
D3 1100 1=1,3

N=.JR+.]T=1

PRINT 1060,MNS(1)

1060 FIRMAT(//A1D)

PRIMT 1045, (J.1,.1.1=.13,M)

1065 FINMATCINY, 7C 14, 5¥))

D3 1200 X=1,JT

‘(L="n*‘("l

DRIMT 1070,%0L, (TXC1,%X,.0)5:021,T)

1070 FIPMAT(6%,14,7F90. 1)

1200 CAITIMIE

PRINT 1040, (TXXC1,:)5031,0T)

1080 FAIMAT(TX, *SUM%, TFO, 1)

1100 CINTIMUE

RETIN

END

SURRAUTINE INDEX(KKX,.JB,.JT, SR,NS)

DIMEMSIAV TNBC10),5%XC10,103,PNRCIN),RHSCINI,CRCIN)
DIMFNSTIN MSCIN, 10),21C1N,103,SRCIN,10),0X(5,4,8)
DIMFHISTAN MSCIN),RYS1(5,10),CX2¢5,10),R452(5,10),R4(5,10)
CAMMIN/A/PNB '

CAMMSN/ZR/SX

C?4MIN/C/CX

RFEAI, MS

D7 1140 J=1,4T

T™RC.I)=N. 0

D1 1150 1=1,KY

115N TARGII=TMR(II+SX(1,J)%PNB(L)

1140 CIVTIMUE

CALL ALLAIKY,.IR,.I1T,SR,NS,RHS)

D2 1185 o’=l)0'T

1185 CRCDH=TIYBCII /RIS

PRINT 1209

1200 FIRMAT(//10%,% B/C RATI1D BENEFIT RESGURCES%)
D7 1190 J=1,.0T

JoI=. 08+, 0=1

1100 2197 1300, 101, C8¢.1), TIRC.1Y,RHSC.))

1300 FIRMAT(S5X,12,3X,F9¢3,F13.1,F13.1)

RETIR

D

SUBYIUTINE ALLI(KY,.B,.1T,SR,NS,RHS)

DIMFISTA MSCIN, IN), 211N, 1N)Y,SR(L0,10),0%(5,8,8)
DIMENSTIZN NSCIM,RHSIC(S, 10),042(5,10),8452(5,10)
DIMFISTIIN RHSCINILRAC10,10)

Ca47/C/CX

REAI vS

PRINT 10

10 FIRIAT(//,%*FMTFR TEACHFRS SALARY PRIJIECTED=we FROV¥,

09925+ /%THE BASE YFAR T3 LAST PERIZ2D »)

09930
09935
09940
09945
09950
0Q955
09940
09964
00968
09970
09972
09976

DY 20 1=1,YX

PRINT 30, MSCI)

REAN, (M3(1,.19,.131,.0T)
20 CIMNTIINUE

30 FIRMATCALN)

DT 40 1=1,%X

NI 40 g=1,.47
PICL,.")=100,/75R(1,.)
RYSIC(T,0)=2MS5C T, 0)%PI(1,.0)
Cx2C1,03=Na0

40 CATIMUE

m sN I=l,3
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095980
09985
09989
09992
09994
09995
09998
10002
10008
10010
10012
10020
10023
10025
10030
10035
1 0040
10045
10050
1 0051
10052
10053
10054
10055
10060
10065
10070
10075
100480
10085
10090
10091
10062
10093
10094
10096
READY,
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DG 50 J=2,.JT

50 CX2(C1,.1)=2100.%CX(1y1,5.0)

D7 60 1=34,5

D3 60 J=21,dT

C"(2(I,J)=0.ﬂ

60 COMNTIMNUE

D3 70 1=1,KX

N 70 -l=l,-l‘l‘
RHS?(I:J)=RHS|(I:J)+CX2(Y:J)

70 COMTINUE

DI RO JI=1,dT

RHS(.JY=0.0

DI RO 1=1,XK
RHSC.J)=RHSCII+RHS2(1,)

H0 CINTINIIE

DA 90 I=1,HX

D3 90 .4=1,4T
Rﬂ(IaJ)=RqSZ(I;J)/RHS(J)*!OO.

90 CINTINUE

TIT=0N.

D3 92 J=1,.T

TAT=TIT+RHSCN

92 COMTIMUE

PRINT 100 _
100 FARMAT(///,%PATTERN AF RESZURCES ALL3CATIAN®)
N=,JB+IT=1

PRINT 110, (.11,.1.1=.J8,N)

110 FORMAT(12%,7C14,5%))

D3 160 1=1,X¥

ORINT 130, MSCT1), CRACT, I 5 02150T)
130 FIRMATCALN,T(FQ.2))

160 COVTINUE

PRINT 190, TIT

120 FARATC(//% THE T3TAL RESAURCES = *,F15.N)
RETIURN

EMND
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