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PREFACE

American technology seems to thrive on the olviug of problems

so long as these problems are of a purely physical nature. We can mass

produce things in copious quantities. We can send men u, quarter of a mil-
lion miles through space and land them within several hundred yards of a

pinpoint target on the moon. These are probe that largely yield to the

laws of mathematics, physics, and chemistry. Wn sead not to be aLM to

cope so well with problems that have a human el( ent.

One of the magnificent too2.s our technology has given us is the

electronic computer. Unfortunately, the prophecies of a "revolution in

management" to be made possible by this new miracle machine have gradually

led to adverse reaction and disillusionment.

It is our thesis that this disillusionment s not due to any

lack of potential or lack of capa.ility of the compute Rather, it is

a human shortcoming--a lack of capability in designing systems that simul-

taneously exploit the power of the computer and executive brain power.

This shortcoming has been characterized by the application of computers to

supplant rather than augment human capabilities.

Thus there has been an abysmal gap between ne immense power of
the electronic computer and some very real and difficult problems. The

planning problem faced by upper level executives, particularly long-range

planning, is one example.

There has been recent interest in the application of computers

and simulation to planning. Early attempts to solve, or at least to work
with, planning problems by using computer planning techniques have been
criticized for a number of reasons, many of them valid. Some techniques

were so simple as to be almost trivial, while others were so complex that

they required too much technical expertise on the part of the users or a

large staff of specialists.

The system presented in this manual is a completely new approach
to planning. With this system, the people who are most affected by the

results of the planning--the administrators, the executives, the faculty

members--become the model builders and can take an active role in the
planning effort.

The system requires no technical expertise--it uses a simple
language that is almost eLactly the same as the clerical instructions that

some planners are using now in manual methods. This simple language is

presented to a computer compiler, which then translates the information
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into computer terms. The information is processed by the computer, and
the results are presented in a format set by the user. This system never
requires the planner to know or to understand any of the technical aspects

of computers.

This manual has ,peen designed not only to provide the essential

information on the uses of the computerized planning system but also to

serve as a primer on planniig. An appendix containing exercises makes the
manual highly self-instructional. We believe that a person will understand
the fundamentals of planning and be able to use the planning system after

only a few hours of studying this manual.

The computerized planning system described in this manual can
be used on nearly all computers. The only requirement is that the computer

facility have FORTRAN and COBOL compilers and sufficient core memory. This

system has been used on the IBM 360, Burroughs B5500, CDC 6400, and other
computers, and i currently in use by a number of colleges and universities.

Richard L. Salmon, Duane Dieckman, and Jeanne Robertson of the
Economics and Management Science Division of Midwest Research Institute,

aided by William D. Sutterfield of Park College, were responsible for

developing this system. Valerie Lee of MRI made major contributions to
the preparation and editing of this manual.

Approved for:

MIDWEST RESEARCH INSTITUTE

John McKelvey

Vice President and Director

Economics and Management Science Division

December 31, 1970 (Second Edition)
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CHAPTER I

A SYSTEM FOR PLANNING

Planning is a decision-making process. It is a way for an
organization or institution to meet expected change, produce desired

change, and prevent undesired change. Today, more than ever before,
educational institutions are subjected to increased pressures, demands,

and constraints. If they are to survive and remain viable, they must

be able to direct and control their own future.

The need for planning, then, is due to the changing environ-
ment, the complexity of operations, the ever-increasing requirements

for funds, the increasing number and complexity of regulations, and the
inadequacy of the old informal planning methods. It is no longer ade-
quate nor wise to focus all the attention on immediate problems and let
the future take care of itself.

Planning provides a systematic means for an organization or

institution to develop a course of action to meet short-range and inter-

mediate goals and needs as well as long-range goals and needs. In addition,

the short-range needs--the problems at hand--can be satisfied within the

framework of the long-range needs of the organization. An organization
that Las a carefully developed plan is in a position to anticipate and
react positively to external events rather than to wait and be controlled.

Finally, proper planning can give an organization a realistic understand-

ing of its capabilities and resources and permit the organization to ex-

periment with its resources to determine what must and can be done,

Lq

THE SYSTEM

The planning simulation system described in this manual is a
powerful and useful tool to answer the characteristic "what if..." kinds

of questions that frequently arise in formal planning. However, this
system is no more than a powerful and useful tool. It must be used in a

systematic way, within a structured context for developing alternatives- -

within a framework appropriate for policy and decision-making. The plan-
ning approach that is the setting for the simulation system is illustrated
in Figure 1. This system consists of six basic steps, reinforced by
analysis and review.
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The first and by far the most fundamental consideration in
planning for any institution or organization is a careful examination of

the philosophy of the organization--the why, the raison d'etre, the mis-

sion. All decisions, plans, and acts must be consistent with the in-

stitutional philosophy.

Objectives are the second consideration in planning and relate

to determining where the institution is now and where it desires to be at
various points in the future. Consideration of objectives also aids in

establishing priorities--deciding what is of immediate concern and what
may be deferred.

Programs, the next consideration, are the logical product of
the establishment of objectives. Programs cover what must be done to
achieve the objectives, and the planners must determine both how and when
the programs will be applied.

The fourth consideration--resources--brings reality into the
planning process. Resources of personnel, facilities, funds, and time

must be examined and matched with what is needed for the programs. Most

often, the natural outcome of this matching will be changes in the pro-
grams and,quite possibly, in the objectives. These changes in the plan
represent a very important step, for they determine what will actually
be placed into operation. These changes may require that priorities be
altered and that programs be modified; most surely time schedules will
shift. The end result of these changes, however, will be much better if

a systematic approach has been followed.

The fifth consideration--implementation--concerns execution of
the plan. Responsibilities are assigneu and all needed resources are

provided for incorporating the plan into the organization. Throughout

the implementation phase, the plan is analyzed, and results are continually

examined, for it is almost certain that at least some small changes must
be made to enhance the actual operation of the plan.

The final consideration--results--concerns accomplishments under
the plan. Measurement of the results permits the planner to observe what

works and--what may be more important--what does not work. The major bene-

fit from evaluation of results is the analysis of the overall performance
of the plan.

The final analysis of the overall plan is converted into changes
that feed back into the planning approach, giving future phases of the
plan a higher probability of success. Thus, this process of continuous

examination and evaluation enhances the operation of the organization.

3



It is in these inner "review" loops (shown in Figure 1) that the simulation
tool can materially assist planners in evaluating, hypothesizing, and exer-

cising alternatives.

This discussion has implied that planning is a rather straight-
forward, simple process. Quite often, however, planning attempts produce

negative responses in those who should be involved. Some common responses
from those who are approached about planning include: "We've survived
without planning this long; who needs itY," "It's too blue sky," "It's

just another job and I don't have the time," "It won't change anything,"

"It's inflexible," and "I know we're not doing as well as we can now,
but if only they would...." These, and similar, responses have been heard

by almost everyone who has attempted to initiate a planning function, and
in some instances, the criticisms have been valid.

To counteract these criticisms and to provide a strong basis for
planning, the plan must incorporate several elementary principles. First,

the planning process must be simple enough to be understood by all those who

should be involved with it. The plan must be selective in placing proper

emphasis on various elements, and it must be adaptable and flexible enough
to accommodate change. The payoff of the plan, or ohe final benefit to be

derived, must be visible and worthwhile to all who are working with the
plan. Fina.ly, the planning process must not involve complicated, tedious
paperwork to convert the desired goals into meaningful programs. The

following section discusses a planning outline that is based on these

principles and is en extremely useful tool in the planning task.

OUTLINE OF PLANS

Planning provides a systematic means for an organization to
develop courses of action to satisfy its needs. A suggested form to be
used in outlining plans is shown in Figure 2. This form, or a similar
form, provides a systematic aid to thinking through the planning process,

from the statement of the problem in specific terms and identification of

measurable goals to the development of clearly expressed, step-by-step

milestones that lead to the achievement of the goals.

The firs-, column of this form contains space for an identifica-
tion and description of the problem. This description should be as com-

plete as possible because most problems are complex, containing many
different elements. Each element should be specifically stated as a com-
ponent of the problem.
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The problem statement, in the second column, should be 1.n

quantified terms insofar as possible. Simply describing the subject

further is not adequate. The problem implied in each element identified

in the first column should be precisely set forth.

The next column provides space for a statement of the long-

range goals for each facet of the planning subject. A specific period
should be identified--10 years, 5 years, 3 years--and precise goals should

be given in measurable, concrete terms. The goals must be defined to a

degree that everyone involved understands fully what is to be accomplished.

The fourth column, entitled Plan of Action, concerns approaches
and strategies. How is each goal to be accomplished? What methods are
most appropriate, most feasible, and most promising? Consideration of

th.se types of questions will provide the answers as to how the planning
is to proceed.

In nearly all planning situations, there are other individuals,

organizations, and agencies that have experience with the subject under
consideration. They can assist in planning, identifying other resources,

and refining strategies. These groups or individuals should be listed in
the fifth column--Resource Identification and Development Plans.

The next column has space for listing other organizations with

experience and responsibility for action in the problem area under scrutiny

These organizations are frequently in a position to share in decision-making,

implementation, and action. Participation by the members of these organi-
zations will create in them a desire for the successful accomplishment

of the objectives and will ii crease their willingness to cooperate.

The last column on the planning form, entitled Objectives and

Milestones by Years, calls for a list of logical, feasible yearly objec-

tives that grow out of the preceding columns and lead to the accomplish-

ment of the long-range goals. The objectives reflect the progress from

where the organization is now to where it wants to be. The objectives

should be stated in quantifiable terms so that they can provide a yard-
stick for measuring progress toward the goals.

Of course, problems will occur in this planning approach.

Probably the most frequently encountered problem will be delay. It seems
that there is always someone or something that is not quite ready. Since

the planning function seldom produces immediate results, other activities
often seem to have higher priorities than planning activities. The im-
portance of the planning must be constantly emphasized to keep the effort

from becoming bogged down and forgotten among day-to-day activities.
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Other barriers to the planning process include lack of top-

level support and participation; trying to do too much, too quickly;

not allowing time for those involved in the planning to learn about

and understand the planning process; and over-emphasizing a specific

portion of the planning task, such as long-range goals, data gathering,

or some technical aspect.

THE DATA PROBLEM

Probably one of the most common arguments given against any

type of quantitative planning is the lack of valid data. While the
data requirements for the planning models considered in this system are

not extensive, the facts are that most institutions find that they do

not have even those data readily available. The argument then is: "Why

plan when we don't have valid data?"

The answer is obvious. Some kind of structured approach to

planning is mandatory. Systematic planning with scant data is prefer-

able to no planning. Doing nothing is the worst possible type of plan-
ning. With planning, an institution can control its own course; with-
out planning, the institution will be like a rudderless ship, controlled
largely by external forces.

In leveloping models for planning, a fundamental question is:
'Which comes first, the model or the data?" Obviously, it is neither

feasible nor even necessary to collect every conceivable item of data

that might at some time bear on institutional planning. The usefulness

of a planning model lies in the fact that the critical data can be pin-

pointed and priorities can be set for data collection and information

systems efforts. In gathering data, the rule should be: important data
first, nice-to-know data later.

This chapter has presented some basic guidelines to aid in the

planning process, including the "outline of plans" as a concrete aid to

systematic planning. This chapter has also identified some of the typical

problems and barriers that hamper the planning process. Most importantly,

this discussion has tried to convey the need for a structured planning

approach. These considerations are the most crucial aspects of the plan-

ning process. Yet the sheer drudgery of assembling, processing, and

analyzing large quantities of data frequently reduces the effectiveness

a411 usefulness of individuals engaged in the planning process. The follow-

ing chapters offer a means of lessening the drudgery and enhancing the

effectiveness of the planning function.

7



CHAPTER II

SIMULATION AND MODELING

With the development of the electronic computer, a new technique,

simulation, has evolved as a practical aid to planning. This technique
employs logic and mathematics in the construction of a computer simulation

model that represents an organization's functions.

The term "model" may be defined as a representation of an object
or a system, which is designed to look like or act like the real thing.

There are several types of models. The type most everyone is familiar
with is a physical model. This type of model looks like the item being
modeled. Model airplanes, cars, trains, and the like are examples of
physical models.

Another type of model most people are familiar with is a schematic
model. These models are representations in pictorial form. They are ab-
stract and their components (lines, symbols, arrows) are not found in the
items they represent. Some examples of schematic models are blueprints,

flow diagrams, organization tables, and wiring or electronic circuit dia-

grams.

A third type of model is a mathematical model. This model con-
sists of a set of equations. The solution to the equations explains or
predicts effects of changes. These models are an analytical effort to
abstract and describe the real world. They are general, subject to manip-

ulation, and precise in terms of the information gained from their use.

These models may use basic mathematical operations--multiplication, divi-

sion, and so forth--or more sophisticated mathematical formulae--regression

analysis, correlation analysis, and the like.

The last type of model is the one we are most concerned with- -
a computer simulation model. A computer simulation model is simply a
mathematical model that is expressed or written according to a particular

set of rules, so that the model may be processed by a computer.

For planning purposes, the ccmputer model will portray real or
expected conditions in the operation of an organization. The representa-
tion will be based upon the planner's experience and observation of how
the organization functions through time. The model will be constructed by
assigning quantitative values and relationships to the elements, or plan-
ning items, that characterize the organization.



We mentioned above that simulation is dependent upon a computer

model to represent an organization's functions. Simulation Ls basically
a technique for conducting experiments. It can be used to study problems

where rules, policies, procedures, and other controlling aspects are under

question and in which the number of variables and the uncertain nature of
input make the problem difficult to analyze by conventional techniques.
The products of simulation models are solutions to problems. Also, these

experiments at problem solving provide a method of determining cause-and-

effect relationships without actually experimenting with the organization.

A simulation model that accurately reflects the complex and
dynamic interrelationships of organizational elements has several sub-
stantial advantages. The simulation model can:

. Stimulate the imagination and improve perspectives.

. Assist in designing, manipulating, and examining various

alternatives.

. Facilitate communication among the people involved in plan-
ning and policy making by presenting a physical point of

reference.

. Clarify and examine issues and focus effort on the major ones.

. Teach the planners and policy-makers how to plan better by
permitting inE;ight into patterns of crisis.

Develop contingency plans and anticipate crises with planned
action.

. Create methodologies, procedures, and frameworks for problem
solving.

The answers that the experiments can provide permit sound policy
decisions to be made with relative ease. As changes are noted, they can
readily be incorporated into the model, keeping it viable and accurate in

representing the organization.

This simulation system represents a unique approach. The approach
itself is not a model but simply a system that planners can use to develop

models. One important contribution to planning success is the capability

to assess a large number of alternatives rapidly and accurately. This

approach is designed to do precisely that.

9



The concept underlying the system is similar in some respects

to that of a conventional mathematical model that has been used by planners

for years: the budget. (See Figure 3.) The computer planning model uses

some of the same line items and adds to them other items--number of students,

number of faculty, and so forth. (See Figure 4.) When the various elements

of this model are projected into future years, the model simulates organi-

zational behavior.

The following example illustrates the kind of situation in which
computer simulation can be extremely helpful in quaatifying and projecting
the effects of change. In this example, the basic problem that the simu-

lation model can be used to solve is: What will be the impact on student
financial aid needs if a college increases its tuition and fees?

A small liberal arts college has forecasted a need to increase
its tuition and fees by $600 over the next 5 years. This increase, of
course, will provide the college with more income, but it will also affect

other parts of the college's operation--particularly student financial aid.

The most obvious effect is that additional funds will be needed simply to
enable the percentage of students who are now receiving aid to meet the

increased tuition and fees.

At present, 20 percent of the students receive some form of
financial aid. As the tuition increases, however, it is quite likely

that a greater proportion of students will be unable to pay the tuition
and fees in full, so that a greater percentage of students will need

financial aid. Simply stated, not only will the amount of aid for each

student increase; the number of students needing aid will also increase.

One result is that additional funds will have to be obtained from federal
and other sources. Another result, however, may be that the size and

the structure of the student financial aid office will have to be changed.
For instance, if the percentage of students needing aid increases from 20
percent to 25 percent, more personnel may b,a needed to administer the
student aid program. After all, for the student aid office the percentage
increase in total number of students needing aid is not 5 percent but
25 percent. If additional personnel are needed, they may need more office

space, and the financial aid operation itself will require additional funds

for salaries, equipment, and expenses.

This simplified example shows how easily one apparently straight-
forward decision can quickly lead to a variety of other changes. It is in
these kinds of rapidly pyramiding, cause-and-effect events that a computer

simulation model can be most helpful. If appropriate information and data
have been incorporated into the model (such as percentage of students

needing aid, average amount of aid given, number of students served per

professional employee), the computer can combine these figures with other

10
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COMMON MATHEMATICAL MODEL IN COLLEGES

College Budget

tuition income instruction

gifts and grants library
endowment administration and
endowment income general

other income physical plant

TOTAL INCOME TOTAL EXPENSE

Figure 2
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INSTITUTIONAL MODEL BASED ON BUDGET STRUCTURE
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figures on projected enrollment, future tuition, and other relevant factors

and calculate the additional aid money and operating expenses at various
points in the future. The computer will also incorporate these figures

into the more general areas of the model, such as total income and total
salary expense.

Such a computer simulation model can free administrators and

planners from innumerable time-consuming and tedious calculations to

determine the effects of various changes. In addition, the computer can

effortlessly and accurately combine the thousands of bits of data that one
change is likely to effect and produce an overall picture.

13



CHAPTER III

THE MODELING LANGUAGE

The projections and interrelationships of planning items are
handled by a simple planning language with a small vocabulary based largely
on standard English. The language is called PLANTRAN, which stands for
PLANning TRANslator. PLANTRAN is the basis of the planning simulator system.

In the discussiar: below, the term "variable" is used. Within this
context variable has a special meaning. A variable is composed of a base

value plus 10 period values, one value for each period of the planning hori-
zon. The term variable is used to designate all the constituents of one
line, or planning item, of the planning matrix. There are no fixed inde-
pendent variables in the system. Variables that are independent in one
model may be dependent in another. In some cases, a planner may insert a
constant value line, or planning item. For our purposes, we shall call
that line a variable also. Thus, all variables are specified by instruc-
tions in the PLANTRAN language.

THE PLANNING MATRIX

It may be useful to think of the planning vehicle as a matrix.
Each row represents the projection of a planning item (variable) over a
10-period planning horizon. These projections may be simple extensions of
a current or base value of aA item, such as current AVERAGE SALARY pro-
jected with a 5-percent appreciation over a 10-year period. These are in-
dependent variables. Projections may also be functions of other planning
items. For example, TOTAL SALARY EXPENSE might be derived and projected
by multiplying AVERAGE SALARY by TOTAL STAFF. This type of projection is
a dependent variable. It is the process of specifying each of these vari-
ables and determining how they are to be projected and how they are related
to other variables that constitutes model building. The ease and simplicity
of specifying each of the planning items belies the extreme complexity that
the completed model may represent. The relatively simple static model is
made complex by dynamic changes in planning items over time and even by

dynamic changes in relationships among items.

Planners can use PLANTRAN to deal with individual planning items
with ease and simplicity. At the same time, they may combine these items
in an almost endless variety of ways to build a model of any desired complexity.

14



INDEPENDENT VARIABLES

Independent variables can be projected in one of four: ways. These

four methods are the most compatible with manual planning techniques:

1. CHANGE BY PERCENTAGE

A variable may be changed (either increased or decreased)

by a specified percentage each period. This projection

is useful for handling variables that historically change
by percentages. Example: Salary; increase 5 percent

per year.

2. CHANGE BY AN INCREMENTAL VALUE

The variable may be changed by a specified, fixed incre-
mental amount each period. Often an item such as num-
ber of personnel is projected in this manner. Example:

Research Assistants; increase 2 per year.

3. CHANGE TO A GOAL VALUE

The variable may be changed to a specified goal value in

a specified number of planning periods. This technique

is useful both in determing and in evaluating goal-
setting alternatives. Example: Fees; decrease to $50
in 4 years.

4. INSERT DATA.

The variable values may be known or follow a particular
pattern. Any or all of the planning period values may
be specified by the planner. This technique permits
the constant value insertion mentioned above. Example:

Reduction of indebtedness; 100000,0,0,10000,0,0,10000,

DEPENDENT VARIABLES

The instructions provided for handling dependent variables are the
basis of the power of the planning system. These dependent variable rela-
tionships may be designated in any one of five ways:

15



1. SUMMARY

The variable may be a simple summary of other useL. This

technique permits totals, sub-totals, sub-sub-totals,

and the like to be pyramided infinitely. Any number of

other variables may enter into a summary variable.

2. FUNCTION OF OTHER VARIABLES

The variable may be a planner-specified function of other

variables. This powerful technique permits the use of

up to four variables, plus constant values, in combina-

tions of addition, subtraction, multiplication,and

division.

3. MAXIMUM OR MINIMUM OF OTHER VARIABLES

The variable may be the maximum (or minimum) of up to four

other variables, period by period, across the planning

horizon. This technique permits limits to be assigned
to appropriate variables.

4. ACCUMULATION

The variable may be the accumulative summation of some

other variable, period by period, across the planning

horizon. This technique permits expenses, for example,

to be accumulated through the planning periods. An
option within this technique allows the variable to
be the accumulative product of some other variables.

5. SHIFT ONE PERIOD

The variable may be a combination of a constant value

times the value of another variable in the last period.

This technique permits the shifting of a variable, or

a constant value times the variable, one period along

the planning horizon. The method can also be used as

the basis for differentiating a variable over time.

16
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HEADINGS

The final instruction in the PLANTRAN language permits headings

to be inserted in order to organize and identify the various parts of the

final computer print-out. In addition to identifying subdivisions, this

capability also provides space for explanatory comments.

The instructions on independent variables, dependent variables,

and headings may be used by the planner in an almost unlimited fashion. A
variable may be built up by intermediate calculations and combinations of

the instructions to produce functions of any desired complexity. By imagina-
1

tive use of the modeling language, the planner is able to construct a wide

variety of models.

PLANTRAN has been designed so that any planner, from the novice

to the experienced professional, can use it easily and profitably at his

awn level. PLANTRAN is useful for the beginning planner; it is powerful

for the experienced one.
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CHAPTER IV

BASIC ELEMENTS OF PLANTRAN

In PLANTRAN, as In most other programming languages, the length

of an individual instruction or statement is limited by the number of

columns on a single punched card. If a statement exceeds the limit of one

card (80 columns), a notation must be made to indicate that the statement

is continued on the following card. In addition, certain characters have

specific meanings and therefore are "reserved" in their use within a type

of instruction. Three basic types of information can be entered into the

model with the PLANTRAN language: identification input, instruction input,

and summary report input.

IDENTIFICATION INPUT

The identification input is the simplest of the three. The pur-

pose of this input is to identify the various parts of the plan. A sample

of the plan identification sheet that is used for the identification input

is shown in Figure 5. The sheet consists of five fields (the sixth field on

the right side of the sheet is not used), each with a certain number of col-

umns. The five fields and the data to be placed in each are:

Field 1--Columns 1-24, INSTITUTION. Contains the name of the
institution.

Field 2--Columns 25-40, DATE. Contains the date of the plan.

Field 3--Columns 41-56, DESCRIPTION. Contains supplementary

information.

Field 4--Columns 57 -60, BASE YEAR. Contains the base year number.

Field 5--Columns 61-63, PLAN. Contains an identifying Aber of
the plan.

The information that is entered on this sheet will provide headings to

identify the plan and specific parts of the plan. In addition, the base

year field provides the year, or period value, froA which the planning

hor....zon is identified. For example, if 1970 is inserted in the base year

field, the planning horizon will reflect yearly values for the next 10 years:

1971, 1972, 1973...1980. If a time period other than a iour-character year

is desired, the value must be "right adjusted"; that is, it must be entered

18
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in the rightmost columns in the base year field. A unit of 1 is added for

each period of the planning horizon.

INSTRUCTION INPUT

The second type of input involves the instructions to be used in

the actual construction of the planning model. There are 10 different

types of instructions and all use the format shown in Figure 6.

The instruction input format is divided into seven sub-sections,

or data fields. The number of columns in each field varies, although all

80 columns are used.

Six of the data fields are basically the same, regardless of the

type of variable, or planning item, that is being specified. The data

fields, the numbers of the columns in each, and the type of data to be

entered in each are:

Field 1--Columns 1-3, LINE NUMBER-(required). This field con-

tains the line number associated with the planning item.

Field 2-- Column 4, CHANGE IDENTIFICATION (optional). This field

contains a number to identify a change associated within a

planning item.

Field 3--Columns 5-32, PLANNING ITEM (optional). This field con-

tains a description of the contents of the variable.

Field 4Columns 33-40, BASE LEVEL (optional). This field con-

tains the value for the base year or time period for the

variable.

Field 5--Column 41, CODE (required). This field contains a

code to indicate the technique to be followed to calculate the

variable.

Field 7--Columns 78-80, SUM (optional). This field contains the

line number of the variable to which variables on this line

are summed.

The remaining field (Field 6) is the method field, or FREEFORM

METHOD OF COMPUTATION. This field, in many respects, is at the heart of

the system, because it is in this field that the planner specifies how the

variable is to be projected. The following three sections discuss the

instructions nor projecting the three types of information: independent

variables, dependent variables, and headings.
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Independent 'Variables

As noted in the previous chapter, there are four basic techniques

for projecting independent variables: change by a percentage, change by an

incremental amount, change to a goal value in a specified number of periods,

and insert constant values into planning periods.

Change by a percentage. To change the variable by a specified

percentage each period, a value must be present in the BASE LEVEL field,

and the CODE field must contain a "2." Depending upon the degree of model

documentation desired, the planner may use any one of a variety of terms

in the METHOD field to generate the projection. For example, any of the
following terms* would increase the base level by 6 percent per period:

CODE

FREEFORM METHOD OF COMPUTATION
45 50 55 60 65 70 75 80

SUM

42 77

int AINekel ,s 1Y. it, I IP if .R., PAR,,PPii,I,,i,
78

c'e SE Ve, +- 0 PERG T P a Peel -P
Z,Th.c.it..6..P7q/P,Iki.,i,,,,I....1,,..1. .

1:1....61,..,,,,.1,,,,I,,I., IIIIII. ,.
2 ,6..1..1,..,I,...1,.1...,1....1, ..

To specify a 6 percent reduction from the base level, any of

the following may be used:

CODE

COMPUTATION
45 50 55

FREEFORM METHOD OF
60 65 70 75 80

SUM

41 42 77 78

1 P.V.-111..E.,A.SiLi ,6, P,Eiltr-# .4.17 , P.S.,P-, IP CR.I PP . . , 1 ,

2 PE,c11,:,.61..01/PRI.,,,,..1.,,.,,.1,
z IN.44,A.s,E1 .'" C. A /P,E,R SOD, , , I I i I I I I I

2 Ili 4 . I I I I I I . I I . 1 I . I 1 . . .... I Th.!, ..I.,,,I,,I.,I,,,,I, ..
* The PLAN RAN language is designed to adapt to an increasing level of compe-

tence of users. Thus, as modelers become more proficient they may wish

to eliminate some of the verbosity, writing instructions in a more cryptic,

yet shorter,format. The examples shown on this and following pages each

demonstrate the capability to increasingly shorten the instructions. The

consequence -' -an increasingly cryptic instruction--is also demonstrated.
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Note that this instruction produces a compounded percentage

change--the value of each period is the given percentage above (or below)

bhe value of the previous period. If the code "2" is used, and the METHOD

field is left blank, zero percent is assumed, and the value for she base

level will be inserted in each period of the planning horizon. The char-

acter "D," standing for decrease, is reserved, and should not be used unless

a decrease is desired.

Change by an incremental amount. The second instruction changes

the variable by a specified, fixed amount. This type of projection also

requires a value in the BASE LEVEL field. The numeral "3" must be present

in the CODE field. The examples below show the variety of terms the planner

may use to increase the base level to be increased by 150 per period:

CODE

45 50 55 60 65 70 75 80
SUM

41

3.-

42 77

."-.R;14(-1C, .g ).! . i 50o. , iPitligi PIE la ,1 IP,
78

, .3 INCIRIE,A,S f- i ,+, I 5:016 . iPpeilei , 0,6,1t3 10,1". iii, , i ,

3 XP,Cil.,15,°/FAII,,Imi.,..1 . I .

3 .1...0./1510 , 1 I , , 1 I , , I, , I .

..3 .4,, PI., . I I .,i I, _I.. , .1.
For a reduction of 150 per period along the planning horizon,

any of these terms could be used:

CODE

45 50 55 60 65 70 75 80
SUM

41

3
42

,14A114616, $ 1Y 1-,152, ,P.6,121 ,P At il 10,D, 1 . , 1

7 7 78

3 IA 67,eig4,5 Ai , /,6A.I/Pie:,201°,0 , I , . I . , I , , ,

3 ,Dgc. I c 0 iP
3 ,I0.°1016,4,.$11P-1 ,, i 01. ,P.6,01t, ,k ,I,ii ,I. . ,

3 .1)..)5.0. ,_. I, , .,i, _..,I i....L.. 1. .

3 -./370,,, , 1.. I, , 1 I , Ail, II , ..
This instruction produces a variable consisting of period values

that are the incremental amount above (or below) the values of the previous

period. If the METHOD field is left blank, the increment is assumed to be

23



zero and the value that has been entered in the base level field will be

inserted in each planning period. The character "D" is reserved, and

should not be used unless a decrease is desired.

Change to a goal value in a specified number of periods. A
planner can use this instruction to insert a goal value and to specify

the planning period in which the goal is to be reached. The variable is

generated by calculating the difference between the base level field and

the goal level, and equally distributing that difference either by adding

it to, or subtracting it from, each intervening period up to the specified

goal period. If the goal value is specified for a period earlier than the

last in thc: planning horizon, the goal value will be retained for the re-

maining periods. The numeral "4" must be present in the CODE field. The

following terms show how this instruction can be reflected in the METHOD

field to cause, for example, an increase to 1500 in the fifth period of
the planning horizon:

CODE

45 50 55
FREEFORM METHOD OF COMPUTATION

60 65 70 75 80
SUM

41 42

CNA E To 1500 IN P 5 PEA/0,
77 78

ir,114CA fAS A T5o, , 05P Pi 11,4 .P, 1 1 , , , 1 ,

niciREA,Sf 1/00 IP, 51,,,,I,_.1 ,I,
I )560 P 5"
/ 4.00 _..,. , . ,..1....1 ,,,.,..1.. al, .,

Note that the period in which the goal is to be achieved must be preceded

by the letter "P," a reserved character.

Insert constant values into planni,q; periods. This instruction

allows the planner to insert values into any or all of the planning periods.

For this instruction, a comma (,) is used as the delimiter to separate
planning periods. If more than the 36 columns of the METHOD field are re-

quired to contain the data, the letter "C" must be used to continue the

data on the method field of a following card. The use of this instruction

requires the numeral "5" to be present in the CODE field. If a planning

period is to be skipped (set to zero), the comma delimiter follows blank

columns, or immediately follows the preceding comma.
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As an example of how constant values can be inserted into

plannLng periods, the numbers below show planning periods and values for

each period.

Planning Period: 1 2: 3 4 5 6 7 8 9 10

Values: 100 125 150.5 0 175 150 150 145.5 170 200

These data would require two cards. On the first card all of the data

fields would be used. On the second card only the METHOD field would have

to be used. The example below shows how the CODE and METHOD field would

appear on the two cards:

Card 1

Card 2

CODE

FREEFORM METHOD OF COMPUTATION
45 50 55 60 65 70 75 80

SUM

41 42h,,,,, 11/Iiilliltillifil.iiii 775 100, 125, ifq f, ' 174.9 16'0) I 5.0,Cr
78

i i

144; C. 1,70. 2,00,.,i.m,_,,1,,1iimi, .,

Since commas are used as delimiters, they cannot be used to

separate thousands or millions. In other words, if a number of four or

more digits is entered it must be written without commas: 10932 not 10,932.

The character "C" is reserved. Finally, the value to be inserted in an in-

dividual planning period has a maximum of eight digits, plus a sign, plus

a decimal point.

Dependent Variables

Instructions for handling dependent variables are the most power-

ful of all the instructions in the planning system. It is this capacity

to interrelate lines in an almost unlimited fashion that permits the con-

struction of a model that represents an organization. There are five basic

instructions for handling dependent variables: summary of other lines,

function of other variables, maximum or minimum of other variables, accu-

mulative sum (or product) of other variables, and constant value times last

period value of another variable.

Summary of other lines. This instruction permits any number of

other variables, regardless of how they were derived, to be summarized.

The summarized line can even be included in another summary line, as long

as there is the capability for generating sub-subtotals, subtotals, and
final totals. There is no limit to the number of variables that can be

included in a summary variable. To indicate a summary variable, the numeral

"1" must be present in the CODE field. The METHOD field is not used in

processing the variable. However, it may be used for comments to aid the
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planner in documenting his model. Line numbers of the variables included
in the summary variable may be shown in the method field. The lines to be

included in the summary must contain the line number of the summary line

iu their SUM field.

CODE

FREEFORM METHOD OF COMPUTATION
45 50 55 60 65 70 75 80

I A0,1, F. ,,,,,,6si ,-. , .. , , , , . , ., ,.. , , 177

76

t t t

Function of other variables. This instruction permits the use

of up to four other variables, constant values, or constant values times

variables in combinations of addition subtraction, division, and multiplica-

tion.

In using this instruction, the numeral "6" must be entered in the

code field. Other symbols and terms that are used in the instruction and

their meanings are:

field as:

( ) indicates the arithmetic operation desired in the

calculation.

+ indicates addition.

- indicates subtraction.

/ indicates division.

* indicates multiplication.

C indicates that the function is continued on the method

field of the next card. This is a reserved character.

Line number is any line number inserted by the planner. Use
of a line number is optional, but if one is used, it must

be preceded by the character "L," which is reserved.

Constant value is any real or integer value inserted by the
planner. Use of this value is optional and the value is
assumed to be 1.0 if left blank.

The function desired for the variable is expressed in the method
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Constant Value]. times Line Number]. ( - ) Constant Value2 times

Line Number2 ( )

Constant Value3 times Line Number3 ( - ) Constant Value4 times

Line Number4.

The following lines provide an example of this instruction:

Period 1 2 3 4 5 6 7 8 9 10

Line No. 1 100 110 120 :L30 140 150 160 170 180 190

Line No. 2 10 20 30 40 50 60 70 70 70 70

Line No. 3 2 2 2 2 3 3 3 3 4 4

In the METHOD field the following term is specified:

CODE

FREEFORM METHOD OF COMPUTATION
45 50 55 60 65 70 75 80

SUM

42

1 L 3 + L 1, III I 1 I I I I I I I I t I

77 78

I

This example means that line number 1 is to be divided by line number 3

plus 0.5 times number 2. The result of the above calculation is:

Period 1 2 3 4 5 6 7 8 9 10

Result 55.0 65.0 75.0 85.0 71.6 80.0 88.3 91.6 80.0 82.5

Maximum or minimum of other variables. This instruction is used

to examine up to four other variables to identify a variable that is either

the maximum or the minimum value in each separate planning period contained

within the variables being examined. The numeral "8" must be entered in the

CODE field. At least two variables must be specified in the METHOD field,

following an indicator to reflect maximum or minimum. The following exam-

ples show these variables and the terms used to obtain both the maximum

and minimum variables.

Period 1 2 3 4 5 6 7 8 9 10

Line No. 1 10 20 30 40 50 60 70 70 70 70

Line No. 2 2 ,.. 4 8 16 32 64 128 156 156 156

Line No. 3 70 60 50 20 20 20 20 20 20 20
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First, to obtain the maximum, the following terms could be used
in the METHOD field:

CODE

REEFORM METHOD OF COMPUTATION
45 50 55 60 65 70 75 80

SUM
41

aPI
42

/rpm
I IFI I I 1 9 12;2131 I i 1 I I 1 1 I 'II it L

77

1 ILA. I III I

78

.

8,14,4111.11.2.1113ii,iim,1,,1,1, ,i
8 A 112 3 ,._,,,, _ I 1 1 II I I I I 1 1 I 1 1 I i I I 1 I 1_. illi_.___I-

The result of any of these terms would be:

Period 1 2 3 4 5 6 7 8 9 10
Result 70 60 50 40 50 64 128 156 156 156

To obtain the minimum of the same three variables, the following
terms could be used:

CODE

FREEFORM METHOD OF COMPUTATION
45 50 55 60 65 70 75 80

SUM

42

l 77

itii4 CitCH 5 11 ° 11 ls tilltitaltilol.ttilt 78

i

111111144(1191211111.,Iiitilt,.11.,t,I.t.,11 ,

h
IV I it293.I..t.I...,Iii..1...,11,.. I ..

The result would be:

Period 1 2 3 4 5 6 7 8 9 10
Result 2 4 8 16 20 20 20 20 20 20

Note that the variables to be examined for maximum or minimum are separated
within the term by the comma delimiter'. Note that the characters "A" and
"I" are both reserved, with "A" standing for maximum and "I" standing for
minimum.

Accumulative sum, or product, of another variable. This instruc-
tion produces an accumulative summation of a variable, period by period
across the entire planning horizon. The first period value is added to the
second period variable, which is then added to the third period variable,
and so on. It also provides for the accumulative product of period values
of a variable in which each value is multiplied by the value of the pre-
ceding period. The use of the BASE LEVEL field is optional. The CODE
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field must contain the numeral "9." To provide an example of both uses

of this instruction, we will use the following variables:

Period 1 2 3 4 5 6 7 8 9 10

Line No. 1 1 2 3 4 2 1 1 1 0 2

To generate the accumulative sum, one of the following terms could be used

in the METHOD field:

CODE

FREEFORM METHOD OF COMPUTATION
45 50 55 60 65 70 75 80

SUM

41

9
44 77

iS,i141,0,F,X-70.6,,111,,,,11,..,1,,..IL
78

.,
i ,59,11 1 0, IR 111 m . 1 111111111 1 'Ili ill. t

9 .59114111111,1iii 11,1111 ill al111111.
9 ,, ,.5.. I.,,,,,i,,,ii.,,iiiii.",,,,I. .,
The result of any of the above terms would be:

Period 1 2 3 4 5 6 7 8 9 10

Result 1 3 6 10 12 13 14 15 15 17

To generate the accumulative product, any of the following terms could be

used:

CODE

FREEFORM METHOD OF COMPUTATION
45 50 55 60 65 70 75

SUM
80

41

9
42 77

ii),RAD, ,AF, L :IPA, 1 I.,,,I.,1 1.,1, 78

.,
i I I,P,Ilkcittiof,,,,i, ,111,mi,

ItiltPiTA II 1 I i 1 I I I I i 1 - .,

11 1).9.11 1 1 , I I . 1 . ir I 1 t 1 1 I I I 1 I 1 1 . . I i 1 1 I . .

The result of any of the above terms would be:

Period 1 2 3 4 5 6 7 8 9 10

Result 1 2 6 24 48 48 48 48 0 0

When using the accumulative product option, if a period of the

variable being accumulated contains a zero, that period and all following

periods of the accumulative product variable will contain a zero. The

characters "S" and "P" are both reserved, with "S" standing for summary,

and "P" standing for product.
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Constant value times last period's value of another variable.

This instruction permits a variable to be shifted one period to the right,

as when taking a constant value times the variable and moving it one period

toward the planning horizon. Use of the instruction requires that a value

be present in the BASE LEVEL field of the variable being shifted, or zero

will be used. The BASE LEVEL is optional in the result variable. The CODE

field must contain the numeral "7 in the result variable. If a constant

value times the variable being shifted is desired, it must be shown in the

term. If no constant factor is given, 1 is assumed. For an example of

bon uses of this instruction we will use the following variables:

Base level Period
100 1 2 3 4 5 6 7 8 9 10

Line No. 1 110 120 130 140 150 160 170 180 190 200

To shift the exact values of the above variable, any of the following terms

could be used in the method field;

CODE

FREEFORM METHOD OF COMPUTATION
45 50 55 60 65 70 75 80

41 42 777 p,I,Allop,A,L ,RFL ,1,,IIii1.,1, 78

7, 5, li,I IFT,, Lil Ii1 .,11 ,I1 mi.,,,,,i, ..
71..r. "i ...,...,...,,,,,,..,..L,,,, .,

The result of any of the above terms would be:

Period 1 2 3 4 5 6 7 3 9 10

100 110 120 130 140 150 160 170 180 190

To shift the variable times a constant value, one of the following terms

could be used:

CODE

FREEFORM METHOD OF COMPUTATION
45 50 55 60 65 70 75 80

41

7
42 77Stixcr CIO rpifiS VXIA4W,Ail.of,II, ...,.. 78

7 .50,1.1ZIF.T, . 50 IL. ill 1 I I I I 1 i t i I I I i 1 1 I I i I 1 I

7 .4. ,c4 .11 .1.....,...,,i..1, . ,
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The result of any of the above terms would be:

Period 1 2 3 4 5 6 7 8 9 10
50 55 60 65 70 75 80 85 90 95

Note that in either option, the line number of the variable being shifted

is preceded by the character "L". This character is required and is a
reserved character.

The above description completes the instructions for the depend-

ent variables. There is one more instruction in the PLANTRAN language set.

It provides for the division of sections of the model, and inserting of

comments, by the use of headings.

Headings

The final type of instruction input the PLANTRAN language
concerns the use of headings. The use of headings permits the model to

be divided into sections and the insertion of explanatory and other com-
ments.

To include a heading or comment in the model printout, the LINE
NUMBER and PLANNING ITEM fields are used. The LINE NUMBER field is re-
quired, just as in any other instruction. The heading or comment is placed
in the PLANNING ITEM field. The CODE field must be left blank. The absence

of characters in the CODE field causes the data that have been entered in
the PLANNING ITEM field to be printed to the left of other planning item

information in the analysis of planning matrix, and in the center of the
summary report output.

SUMMARY REPORT INPUT

The third type input format for PLANTRAN is the summary report

input. This input permits the planner to title and specify the content of

summary reports. The format that is used for this input is shown in Figure
7. The data fields on the summary report input sheet are:

Field 1--Columns 1-24, TITLE. This space is for the title

that is to appear on the report.

Field 2--Columns 25-79, FREEFORM REPORT LINES. This space

should contain the line numbers of the planning items, or
variables, that are to be included in the summary report.
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Field 3--Column 80, CONTINUE. This field indicates the

presence of additional cards (or additional lines' that

are to be included in the report. Specification of what

a summary report is to be called and what it is to con-

tain is accommodated within the format of this card.

This specification may extend to two or more cards.

The TITLE field allows the planner to give a unique name to the

report that will logically identify the content of the report. Up to 24

columns of data are permitted in this field.

The FREEFORM REPORT LINES field is used to specify the variables

or planning items to be included in the report. Variables may be uniquely

identified by specifying the actual line number, or they may be included in

a sequence of line numbers. Individual line numbers are separated by com-

mas (,). Sequences are denoted by specifying the first line number in the

sequence, followed by a dash or hyphen, and then the last line number in

the sequence. To continue the report lines field to another card, the

character C should be inserted in the CONTINUE field. There is no limit

to the number of times a line number may be specified, nor is there any

limit to the number of cards to be used in specifying a summary report.

Blanks may be present in the report lines field. For an example, Figure 8

shows the input format required to create a summary report titled Financial

Report, and containing line numbers 1, 3, 5 through 11, 14, 16 through 22,

27, 29, 31, 30, 46, 48, 50 through 61, 70 through 82, 85, 87, 91, and lon

The lines will appear on the summary report in the sequences indicabqd , we.
For additional summary reports having a different title and other line Hum -

ber content, the above process is repeated on another line of the summary
report data sheet.

This chapter has described the basic elements of PLANTRAN. The

next chapter discusses the design of a planning model, using the various

kinds of instructions in the modeling language.
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CHAPTER V

EXAMPLES OF MODEL DESIGN

At this point, we are ready to use the modeling language to
structure specific information relating to an organization. This struc-
turing process will build the planning model. In developing the model,
there are several important considerations:

1. Data about the detailed characteristics of the

organization must be available.

2. The known and assumed facts that influence the
operation of the organization through time should

have quantifiable interrelationships.

3. The ability to assess accurately the overall

relationships among components of the organization

is less reliable than the knowledge of the
individual components.

4. Construction of a model and observation of the
interaction of the factors contained within it

provide greater understanding of the operation of
the organization.

5. The results do not have to be perfect to be helpful.

As the planner begins to construct the model, he should keep these
considerations in mind. Of course, in actually designing the model, a
systematic approach is important. The following guide, "Steps in Model
Design," is one way to approach the model building task.

Steps in Model Design

1. Specify the planning objectives: The choice of significant

objectives depends on the planner's knowledge of his organi-

zation and on his ability to relate that knowledge to causes
and effects. The final value to be derived from the model

can be enhanced by the clarity of those objectives or goals.

2. Relate boundaries to the objectives: There are limits to the
objectives, and these should be determined or at least taken

into account if a realistic model is to be constructed.
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3. Identify items to be contained within the model: These

items, or variables, must be the elements of which the

organization is comprised. They must be identified at

a level of detail to accommodate the model objectives.

4. Determine relationships between interconnected elements:

The interacting items, or dependent variables, must reflect

the relationship of the interconnected elements of the

organization. This must be done in a manner that permits

examination of the effects of the variables under study.

5. Set item values at realistic levels: The values of the

variable must be set at levels that are valid, or if not

known, are at least within reason.

In designing a model, the normal procedure is to build upward
from available knowledge about the individual planning items. In some

cases, it may be desirable, or even necessary, to construct a variable

by working backward from the known results. The following two examples

demonstrate the flexibility of the modeling language in relation to these

two design approaches and show how elements of planning information may be

obtained.

The first example, illustrated in Figures 9, 10, and 11, consists

of determining two result variables--one for Line 12, Fees/Student, and

the other for Line 13, Endowment, Gift, and Grant Income. These elements
are being examined at this particular run.

Figure 9 shows the line number, the planning item, the base level

(where applicable), and the method of computation used to generate the

variable. Figure 10 shows the instruction data sheet input. Figure 11

shows the model program output for each variable through the entire planning

horizon. Note that in this model the given elements, or independent variables

of Faculty, Student-Faculty Ratio, Average Faculty Compensation, Departmental

Expense, Administration and General Expense, and Percent G & E from Fees

were used to derive, through interline relationships, all the remaining

dependent variables. The interline relationships remain the same for these

dependent variables across the planning horizon. The values differ due to

changes in the independent variables.

The second example, shown in Figures 12, 13, and 14, determines

four result variable s - -Total Fee, Income, Faculty, Total Faculty Compensa-

tion and To.al Department Expense. Note that Fees/Student, which was a

dependent or result variable in the first 3xample, is an independent vari-

able in this example. Figure 12 shows the line number, the planning item,

the base level, and the method of computation. Figure 13 shows the instruc-
tion data sheet input. Figure 14 shows the results of the model.
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These two examples show that unknown, or effect,elements, can

be derived from known, or cause, elements, whether the unknown elements are

general or specific. What is required is that the relationships between
elements are known and that they can be expressed in mathematical terms.

The above examples are rather simple and broad in scope in order
to demonstrate the design concept from different points of view. The

following example is one of a much more detailed model. The identification
of the level of detail required is a crucial aspect in model design. This

particular example concerns a faculty salary analysis.

Figure 15 shows the "outline of plans" worksheet associated with
the example. The Planning Subject is divided into several categories of
faculty quality and satisfaction. The one we will deal with is 1.1, Salary.
The Long Range Program Goal is "to upgrade quality and satisfaction of

professors by increasing the average compensation, changing the distribution

of faculty by rank, and increasing the student-to-faculty ratio." The

Problem Statement column contains information on the current status of

factors relating to the goals; in the Long Range Program Goals column is

similar information relating to where salaries should be in 5 years. The
following is a breakout of the information.

1. Average Faculty Salary

Rank Current Salary 5-Year Goal Salary

Professor $11,500 $22,571

Associate 10,970 15,233

Assistant 10,090 14,076

Instructor 8,100 11,196

2. Distribution of Faculty by Rank

Rank Current Percentage 5-Year Goal Percentage

Professor 35 20

Associate 25 30

Assistant 20 30

Instructor 20 20

3. Student-to-Faculty Ratio

Current Ratio

12:1

43

5-Year Goal Ratio

20:1
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FTE Student Enrollment

Current Status

Constant at 800

5-Year Goal Status

Increase 30 Ier year from 800

5. Salary Distribution by Rank

Rank Current Percentage 5-Year Goal Percentage

Professor 142 220

Associate 135 157

Assistant 124 125

Instructor 100 100

It is quickly apparent that these variables have significant
relationships, and that to analyze individually each of the alternatives
concerning the variables would be tedious and time consuming.

Conversion of this salary analysis and related data to the format

of the planning language provides the basis for analysis of the effects of

varying distributions of faculty by rank, distributions of salaries by rank,

and average salaries--all within the framework of changes in the FTE enroll-
ment and student-to-faculty ratio variables.

Conversion of the information to the planning language is rather
simple. Figure 16 shows the line number, base data, and method of computa-

tion required for the task. Figures 17 and 18 show the instruction data
sheet input to be used to generate the model. Figures 19 and 20 show the

summary report output.

Once the model output is obtained, the planner, by examination
and evaluation, determines which variables he wants to alter. This process
of "exercising the model," noting the various effects on a check line, such

as total faculty salaries, provides a basis for determining the most realistic

course of action to follow. This type of planning information, for instance,

can be helpful to colleges that want to achieve higher AAUP ratings, since

importance is placed not only on raising overall average salaries, but also
on adjusting the distribution of salaries among the ranks.

The end products of the model program, the reports, are designed

for maximum flexibility--again the planner designs his own reports and may

even change the format of the repo..t for each run. The information contained
in any line of the planning model can be printed any number of times, and

45



LI
N

E
 N

O
.

IT
E

M
B

A
S

E
M

E
T

H
O

D
 O

F
 C

O
M

P
U

T
A

T
IO

N

i
A

V
E

R
A

G
E

 F
A

C
U

LT
Y

 S
A

LA
R

Y
H

E
A

D
IN

G
2

P
R

O
F

E
S

S
O

R
11

50
0.

C
H

A
N

G
E

 T
O

 2
25

71
. I

N
 5

 Y
E

A
R

S
.

3
A

S
S

O
C

IA
T

E
10

97
0.

C
H

A
N

G
E

 T
O

 1
52

33
. I

N
 5

 Y
E

A
R

S
.

4
A

S
S

IS
T

A
N

T
10

09
0.

C
H

A
N

G
E

 T
O

 1
40

76
. I

N
 5

 Y
E

A
R

S
.

5
IN

S
T

R
U

C
T

O
R

81
00

.
C

H
A

N
G

E
 T

O
 1

11
96

.
IN

 5
 Y

E
A

R
S

.
6 7

D
IS

T
R

IB
U

T
IO

N
 O

F
 F

A
C

U
LT

Y
 R

A
N

K
H

E
A

D
IN

G
8

P
R

O
F

E
S

S
O

R
35

.
C

H
A

N
G

E
 T

O
 2

0.
 IN

 5
 Y

E
A

R
S

.
9

A
S

S
O

C
IA

T
E

25
.

C
H

A
N

G
E

 T
O

 3
0.

 IN
 5

 Y
E

A
R

S
.

10
A

S
S

IS
T

A
N

T
20

.
C

H
A

N
G

E
 T

O
 3

0.
 IN

 5
 Y

E
A

R
S

.
11

IN
S

T
R

U
C

T
O

R
20

.
N

O
 C

H
A

N
G

E
12 13

S
T

U
D

E
N

T
 F

A
C

U
LT

Y
 R

A
T

IO
12

.
IN

C
R

E
A

S
E

 B
Y

 1
.6

 P
E

R
 Y

E
A

R
.

14
F

T
E

 S
T

U
D

E
N

T
 E

N
R

O
LL

M
E

N
T

80
0.

IN
C

R
E

A
S

E
 B

Y
 3

0.
 P

E
R

 Y
E

A
R

.
15 16

T
O

T
A

L 
N

U
M

B
E

R
 O

F
 F

T
E

 F
A

C
U

LT
Y

66
.6

LI
N

E
 1

4 
D

IV
ID

E
D

 B
Y

 L
IN

E
 1

3.
17

N
U

M
B

E
R

 P
R

O
F

E
S

S
O

R
S

23
.3

.0
1 

T
IM

E
S

 L
IN

E
 1

6 
T

IM
E

S
 L

IN
E

 8
.

18
N

U
M

B
E

R
 A

S
S

O
C

IA
T

E
S

16
.6

.0
1 

T
IM

E
S

 L
IN

E
 1

6 
T

IM
E

S
 L

IN
E

 9
.

19
N

U
M

B
E

R
 A

S
S

IS
T

A
N

T
S

13
.3

.0
1 

T
IM

E
S

 L
IN

E
 1

6 
T

IM
E

S
 L

IN
E

 1
0.

20
N

U
M

B
E

R
 IN

S
T

R
U

C
T

O
R

S
13

.3
LI

N
E

 1
6 

M
IN

U
S

 L
IN

E
 1

7 
M

IN
U

S
 L

IN
E

 1
8 

M
IN

U
S

LI
N

E
 1

9.
21 22

T
O

T
A

L 
F

A
C

U
LT

Y
 S

A
LA

R
Y

69
19

79
.

S
U

M
 O

F
 L

IN
E

S
 2

3,
 2

4,
 2

5,
 2

6.
23

T
O

T
A

L 
P

R
O

F
E

S
S

O
R

S
 S

A
LA

R
Y

26
79

50
.

LI
N

E
 1

7 
T

IM
E

S
 L

IN
E

 2
, S

U
M

 O
N

 2
2.

24
T

O
T

A
L 

A
S

S
O

C
IA

T
E

S
 S

A
LA

R
Y

18
21

02
.

LI
N

E
 1

8 
T

IM
E

S
 L

IN
E

 3
, S

U
M

 O
N

 2
2.

25
T

O
T

A
L 

A
S

S
IS

T
A

N
T

S
 S

A
LA

R
Y

13
41

97
.

LI
N

E
 1

9 
T

IM
E

S
 L

IN
E

 4
, S

U
M

 O
N

 2
2.

26
T

O
T

A
L 

IN
S

T
R

U
C

T
O

R
S

 S
A

LA
R

Y
10

77
30

LI
N

E
 2

0 
T

IM
E

S
 L

IN
E

 5
, S

U
M

 O
N

 2
2.

27
A

V
E

R
A

G
E

 F
A

C
U

LT
Y

 S
A

LA
R

Y
10

40
0.

LI
N

E
 2

2 
D

IV
ID

E
D

 B
Y

 L
IN

E
 1

6.
28

D
IS

T
R

IB
U

T
IO

N
 O

F
 S

A
LA

R
Y

 -
 R

A
N

K
H

E
A

D
IN

G
29

P
R

O
F

E
S

S
O

R
14

2.
0

10
0.

 T
IM

E
S

 L
IN

E
 2

 D
IV

ID
E

D
 B

Y
 L

IN
E

 5
.

30
A

S
S

O
C

IA
T

E
13

5.
0

10
0.

 T
IM

E
S

 L
IN

E
 3

 D
IV

ID
E

D
 B

Y
 L

IN
E

 5
.

31
A

S
S

IS
T

A
N

T
12

4.
0

10
0.

 T
IM

E
S

 L
IN

E
 4

 D
IV

ID
E

D
 B

Y
 L

IN
E

 5
.

32
IN

S
T

R
U

C
T

O
R

10
0.

0
10

0.
 T

IM
E

S
 L

IN
E

 5
 D

IV
ID

E
D

 B
Y

 L
IN

E
 5

.

F
ig

ur
e 

16



LI
N

E

N
a
m
e

P
r
o
j
e
c
t

C
H

A
N

G
E P
LA

N
N

IN
G

5
IT

E
M

10
15

20

IN
ST

R
U

C
T

IO
N

 D
A

T
A

 S
H

E
E

T

25
30

35
B
A
S
E
L
Y

C
O

D
E

45
59

55
R

E
E

F
O

R
M

 M
E

T
H

O
D

 O
F

 C
O

M
P

U
T

A
T

IO
N

60
65

70
75

M
R

IO

SU
M

3

,

4 
5

32

A
N

 ,G
I,

,F
P

IC
P

,L
iT

,Y
1 

,S
A

,L
 A

tX
1

I
1

I
1

y

33
40

1
I

I
I

1

42

.
1

1
I

1

77
78

a
Pi

ko
,F

,E
s,

5,
19

k.
,

1
4/

50
.,

cR
A

P
A

E
 ,T

 D
,

a.
).

51
7 

I I
.

IN
.P

 C
 Y

E
A

R
A

13
3.

' S
S

 o
c.

I.J
,E

,
,

,
.

.
.

.
,

.
.

,
.

.1
0°

17
0.

C
N

A
a 

T
o 

/ r
IN

 P
 4

- 
Y

eA
k

S
S

IS
T

;im
r

/0
io

.
2 

C
 I

I 
41

E
 T

o 
/4

07
6.

14
 P

S
 Y

IA
A

N
S

T
R

U
C

T
O

R
C

00
.

1
co

4
T

o 
/1

0 
6

,
t4

 P
c 

Y
E

A
R

D
i S

T
R

 Is
t,1

1 
i

O
F

 F
A

cu
 T

y-
4

P,
R

,O
,F

,E
,5

,S
,O

,K
,

,
,

,
,

.3
,5

.
,

.

25
.

ir
4,

14
A

PA
E

,T
10

,
,2

fi
.1

.;P
fi

i7
'O

A
R

S
IT

C
14

.
T

O
30

.
11

) 
P

r 
Y

E
A

 s
.

q
,1

55
 0

c.
.Z

 T
A

,
I

I,
'

A
s.

SX
,C

,V
H

T
,

,
,

,
.

,
.

1
,

,
I

.
,

,
.

,
I

A
O

,.
.

P
I i

,4
44

14
4k

 7
10

, .
3P

.1
.T

!,)
.

A
f 

Y
.E

 A
L

A
S.

.
,

,
.

.

1,
1

IA
S

I,R
ug

.T
ro

,R
,

I
,

,
I

,
I

I
,

.2
,4

.
.

,

i 13
S

T
uD

E
A

JT
 F

i u
LT

Y
 R

A
T

_ 
a

IT
E

N
III

IN
E

A
S

B
Y

.'
.

G
A

P
Y

E
 A

Ir
e

FT
E

 s
T

uD
ow

 E
la

t,L
L

A
.

a
9 

0.
/4

 R
E

A
S

SY
 3

0.
PE

R
Y

E
A

R
M

IE E
r

T
O

T
A

L
(0

$
'

O
F 

FT
FI

C
U

Ir
T

Y
6

.
 
h
i

L
 
i

/
L 

13
u 

b
D
t
 
D
C
E
S
S

°I
t S

'2
33

.0
1 

LI
 6

 *
 L

8
19

.,1
0.

.,B
E

.
4 

SS
.

T
 s

1 
61

. 6
,

.
01

I 
to

 it
-

.

14
In

iB
e 

'
/1

,S
,S

,W
IA

41
,S

,
m

m
5

.0
1 

11
6

jc
 L

i.

F
i
g
u
r
e
 
1
7



N
am

e

P
ro

je
ct

C
H

A
N

G
E

LI
N

E
5

IN
S

T
R

U
C

T
IO

N
 D

A
T

A
 S

H
E

E
T

10
15

20
25

30
35

C
O

D
E

45
50

60
65

70
75

PA
R

I

80
51

.1
11

.
S

O
,

m
ar

sr
ai

r.
III

N
I

...
..6

6.
6

75
I

34
5

2
32

m
ge

e.
S

T
. u

cr
i ,

33
40

41
 4

2
77

6 
LI

 -
L 

I 7
 -

 L
 I 

el
,

,1
,1

1
I

.
,

1
,

,
1

,
.

.
.

1
,

,
,

i
i

,
.

t
.

I
t

1
1

1
1

1
1

.
,

u
i

l
.

.
I

I
t

t
i

,
I

.
.

h
i

l
t

,
I
LI

 ..
..I

.
I

I
.1

,
21

,
.

T
O

T
A

L,
 ,F

,A
,c

uA
rr

:
sA

x.
A

,R
y,

1
,

.
, ,

1
,

69
11

gr
7i

i,.
.

I 
P 

s 
r 

s 
.0

,F
,

1-
,IP

E
,S

1
,c

1
2 110

.
,

.2
,1

23
T

io
.r

M
., 

IP
,A

.0
T

.E
is

.S
.o

fx
,5

1 
.S

A
.L

,A
kr

,
.

1
.

26
. 1

9C
O

...
.1

,1
.7

1 
.1

e.
 .L

,a
.

1
.

.
.

.
1
, .

.,"
...

t..
,.,

.
70

71
4.

1-
. i

A
sS

A
.4

r.
A

1$
52

, .
s.

A
I-

A
P

X
.

.
.

.
I !

a1
,1

0,
a,

.,

1.
31

11
7.

.
.5

Li
 8

, l
e 

,L
,3

1
4

41
,9

1.
1,

1.
11

41
,
I 

--
1,

.1
. .

I.
...

 1
12

.

N
I,

21

__
_,

1,
4

,2
5

T
P

T
A

I.,
 ii

i5
,5

.5
11

:1
11

4,
r5

, .
5A

,L
A

P
.

,
,

2(
T

O
T

A
t.,

 7
11

is
T

R
uc

T
04

 S
, $

 f
l.t

-A
P:

'%
".

_L
..

10
71

73
0.

.1
 t 

i

lo
4.

0,
0,

.. 
k

.L
.1

,9
1 

,*
,1 

1 
- 

5 1
1
, ,

..1
, .

1.
 .I

. ,
..i

.
42

1 
./ 

A
I*

.
.

1
.

,
I

.
.

1
...

,
27 ,

.
A

v.
*.

itA
,4

4 
.F

A
0L

.d
re

. ,
s.

A
.L

A
R

Y

2.
9

A
1.

T
ki

it 
T

ic
s)

 o
F 

is
A

L
A

A
Y

-R
A

.4
4

.
2

it
11

11
11

1

11
P

A
P

F
16

1S
1$

10
11

21
11

11
11

1t
11

11
12

11
IIM

A
.1

1.
16

1 
11

1°
A

.1
11

41
1/

1L
57

11
1

/R
11

11
11

2 
11

11
al

la
l.

./
3P

A
s.

s.
o.

cI
A

T
E

,..
i..

.."
,..

,..
"

13
1-

6
so

oi
.

I.3
,/ 

Lc
,

,
,

J
...

...
ii.

,_
.1

...
1.

A
S

.s
,V

,T
rC

IH
r

1.
14

.,.
.4

.1
1.

0A
,..

.7
./.

.1
-1

71
...

_.
.._

..,
1.

..,
...

...
.

.

11
IA

C
T

O
r-

17
0.

10
1.

1
.

.
.

.
1

.
.. 

, 1
.

.
_.

, 1
.

6 
.1

,0
,0

1.
 )

..c
.

/1
1
lia

_l
 il

it
'Is

 e
l.I

.I
.J

.
11

.q
..

.
,

i"
,

3:
55

P.
P9

4,
A

L
Y

,..
I.

,..
I.

...
.1

..1
II

I.
..I

...
..

.
.

21
11

1
t

I
1

2
I

2
1

t1
.1

11
J

.

I
11

,1
11

11
11

1_
11

11
, 1

1.
11

11
11

2
1

2
2

t
11

11
1,

11
12

11
12

12
1.

11
 1

1A
1.

11
.2

1)
.1

.
I.

1 
1

1
1

1
1

1
_2

11
11

.
ll

1
1

1
I

1
ill

.
II

I 1
21

11
/ 2

12
11

11
11

11
i1

11
11

,1
1

11
1_

11
11

11
11

1/
11

11
11

11
12

11
11

11
11

2l
11

1 
III

n

I
11

11
.1

_1
1,

1.
 l_

in
. k

no
lo

.t,
i.

n.
11

1,
t

III
In

_n
tn

tr
itl

ik
tn

itl
itl

Itt
ll

11

--
I-

4
1

1
i

.

F
i
g
u
r
e
 
1
8



F
A
C
U
L
T
Y
 
S
A
L
A
R
Y
 
A
N
A
L
Y
S
I
S
 
R
E
P
O
R
T

F
A
C
U
L
T
Y
 
S
A
L
A
R
Y
 
A
N
A
L
Y
S
I
S

S
A
M
P
L
E
 
C
O
L
L
E
G
E

-
1

J
A
N
U
A
R
Y
 
2
1

1
9
7
0

P
L
A
N
N
I
N
G
 
I
T
E
M

1
9
6
9

1
9
7
0

1
9
7
1

1
9
7
2

1
9
7
3

1
9
7
4

1
9
7
5

1
9
7
6

1
9
7
7

1
9
7
8

1
9
7
9

S
U
M
M
A
R
Y

1
4
 
F
T
E
 
S
T
U
D
E
N
T
 
E
N
R
O
L
L
M
E
N
T

8
0
0

8
3
0

8
6
0

8
9
0

9
2
0

9
5
0

9
8
0

1
0
1
0

1
0
4
0

1
0
7
0

1
1
0
0

1
6
 
T
O
T
A
L
 
N
U
M
B
E
R
 
O
F
 
F
T
E
 
F
A
C
U
L
T
Y

6
6
.
6

6
1
.
0

5
6
.
6

5
3
.
0

5
0
.
0

4
7
.
5

4
5
.
4

4
3
.
5

4
1
.
9

4
0
.
5

3
9
.
3

1
3
 
S
T
U
D
E
N
T
 
F
A
C
U
L
T
Y
 
R
A
T
I
O

1
2
.
0

1
3
.
6

1
5
.
2

1
6
.
8

1
8
.
4

2
0
.
0

2
1
.
6

2
3
.
2

2
4
.
8

2
6
.
4

2
8
.
0

A
V
G
 
F
A
C
U
L
T
Y
 
S
A
L
A
R
Y
 
B
Y
 
R
A
N
K

2
 
P
R
O
F
E
S
S
O
R

1
1
5
0
0

1
3
7
1
4

1
5
9
2
8

1
8
1
4
2

2
0
3
5
6

2
2
5
7
1

2
2
5
7
1

2
2
5
7
1

2
2
5
7
1

2
2
5
7
1

2
2
5
7
1

3
 
A
S
S
O
C
I
A
T
E

1
0
9
7
0

1
1
8
2
2

1
2
6
7
5

1
3
5
2
7

1
4
3
8
0

1
5
2
3
3

1
5
2
3
,

1
5
2
3
3

1
5
2
3
3

1
5
2
3
3

1
5
2
3
3

4
 
A
S
S
I
S
T
A
N
T

1
0
0
9
0

1
0
8
8
7

1
1
6
8
4

1
2
4
8
.

1
3
2
7
8

1
4
0
7
6

1
4
0
7
6

1
4
0
7
6

1
4
0
7
6

1
4
0
7
6

1
4
0
7
6

5
 
I
N
S
T
R
U
C
T
O
R

8
1
0
0

8
7
1
9

9
3
3
8

9
9
5
7

1
0
5
7
6

1
1
1
9
6

1
1
1
9
6

1
1
1
9
6

1
1
1
9
6

1
1
1
9
6

1
1
1
9
6

D
I
S
T
R
I
B
U
T
I
O
N
 
O
F
 
F
A
C
U
L
T
Y
-
R
A
N
K

8
 
P
R
O
F
E
S
S
O
R

3
5
.
0

3
2
.
0

2
9
.
0

2
6
.
0

2
3
.
0

2
0
.
0

2
0
.
0

2
0
.
0

2
0
.
0

2
0
.
0

2
0
.
0

9
 
A
S
S
O
C
I
A
T
E

2
5
.
0

2
6
.
0

2
7
.
0

2
8
.
0

2
9
.
0

3
0
.
0

3
0
.
0

3
0
.
0

3
0
.
0

3
0
.
0

3
0
.
0

1
0
 
A
S
S
I
S
T
A
N
T

2
0
.
0

2
2
.
0

2
4
.
0

2
6
.
0

2
8
.
0

3
0
.
0

3
0
.
0

3
0
.
0

3
0
.
0

3
0
.
0

3
0
.
0

1
1
 
I
N
S
T
R
U
C
T
O
R

2
0
.
0

2
0
.
0

2
0
.
0

2
0
.
0

2
0
.
0

2
0
.
0

2
0
.
0

2
0
.
0

2
0
.
0

2
0
.
0

2
0
.
0

1
6
 
T
O
T
A
L
 
N
U
M
B
E
R
 
O
F
 
F
T
E
 
F
A
C
U
L
T
Y

6
6
.
6

6
1
.
0

5
6
.
6

5
3
.
0

5
0
.
0

4
7
.
5

4
5
.
4

4
3
.
5

4
1
.
9

4
0
.
5

3
9
.
3

1
7
 
N
U
M
B
E
R
 
P
R
O
F
E
S
S
O
R
S

2
3
.
3

1
9
.
5

1
6
.
4

1
3
.
8

1
1
.
5

9
.
5

9
.
1

8
.
7

8
.
4

8
.
1

7
.
9

1
8
 
N
U
M
B
E
R
 
A
S
S
O
C
I
A
T
E
S

1
6
.
6

1
5
.
9

1
5
.
3

1
4
.
8

1
4
.
5

1
4
.
3

1
3
.
6

1
3
.
1

1
2
.
6

1
2
,
2

1
1
.
8

1
9
 
N
U
M
B
E
R
 
A
S
S
I
S
T
A
N
T
S

1
3
.
3

1
3
.
4

1
3
.
6

1
3
.
8

1
4
.
0

1
4
.
3

1
3
.
6

1
3
.
1

1
2
.
6

1
2
.
2

1
1
.
8

2
0
 
N
U
M
B
E
R
 
I
N
S
T
R
U
C
T
O
R
S

1
3
.
3

1
2
.
2

1
1
.
3

1
0
.
6

1
0
.
0

9
.
5

9
.
1

8
.
7

8
.
4

8
.
1

7
.
9

F
i
g
u
r
e
 
1
9



F
A
C
U
L
T
Y
 
S
A
L
A
R
Y
 
A
N
A
L
Y
S
I
S
 
R
E
P
O
R
T

F
A
C
U
L
T
Y
 
S
A
L
A
R
Y
 
A
N
A
L
Y
S
I
S

S
A
M
P
L
E
 
C
O
L
L
E
G
E

1
J
A
N
U
A
R
Y

2
1
 
1
9
7
0

P
L
A
N
N
I
N
G
 
I
T
E
M

1
9
6
9

1
9
7
0

1
9
7
1

1
9
7
2

1
9
7
3

1
9
7
4

1
1
7
5

1
9
7
6

1
9
7
7

1
9
7
8

1
9
7
9

2
2
 
T
O
T
A
L
 
F
A
C
U
L
T
Y
 
S
A
L
A
R
Y

6
9
1
9
7
9

7
0
8
0
2
9

7
1
9
3
1
5

7
2
7
9
7
7

7
3
4
2
9
0

7
3
8
4
3
9

7
0
5
3
3
2

6
7
6
7
9
1

6
5
1
9
3
3

6
3
0
0
8
8

6
1
0
7
3
9

2
3
 
T
O
T
A
L
 
P
R
O
F
E
S
S
O
R
S
 
S
A
L
A
R
Y

2
6
7
9
5
0

2
6
7
8
3
0

2
6
1
3
5
1

2
4
9
8
9
2

2
3
4
1
0
3

2
1
4
4
2
4

2
0
4
8
1
0

1
9
6
5
2
3

1
8
5
3
0
5

1
8
2
9
6
1

1
7
7
3
4
3

2
4
 
T
O
T
A
L
 
A
S
S
O
C
I
A
T
E
S
 
S
A
L
A
R
Y

1
8
2
1
0
2

1
8
7
5
9
6

1
9
3
6
3
0

2
0
0
6
6
2

2
0
8
5
1
5

2
1
7
0
7
0

2
0
7
3
3
8

1
9
8
9
4
8

1
9
1
6
4
0

1
8
5
2
1
9

1
7
9
5
3
1

2
5
 
T
O
T
A
L
 
A
S
S
I
S
T
A
N
T
S
 
S
A
L
A
R
Y

1
3
4
1
9
7

1
4
6
1
7
6

1
5
8
6
6
1

1
7
1
9
1
9

1
8
5
9
0
3

2
0
0
5
8
3

1
9
1
5
9
0

1
8
3
8
3
7

1
7
7
0
8
5

1
7
1
1
5
1

1
6
5
8
9
5

2
6
 
T
O
T
A
L
 
I
N
S
T
R
U
C
T
O
R
S
 
S
A
L
A
R
Y

1
0
7
7
3
0

1
0
6
4
2
5

1
0
5
6
7
1

1
0
5
5
0
3

1
0
5
7
6
7

1
0
6
3
6
2

1
0
1
5
9
3

9
7
4
8
2

9
3
9
0
1

9
0
7
5
5

8
7
9
6
8

2
7
 
A
V
E
R
A
G
E
 
F
A
C
U
L
T
Y
 
S
A
L
A
R
Y

1
0
4
0
0

1
1
6
0
1

1
2
7
1
3

1
3
7
4
1

1
4
6
8
5

1
5
5
4
6

1
5
5
4
6

1
5
5
4
6

1
5
5
4
6

1
5
5
4
6

1
5
5
4
6

D
I
S
T
R
I
B
U
T
I
O
N
 
O
F
 
S
A
L
A
R
Y
 
-
R
A
N
K

c
n a

2
9
 
P
R
O
F
E
S
S
O
R

1
4
2
.
0

1
5
7
.
3

.
7
0
.
6

1
8
2
.
2

1
9
2
.
5

2
0
1
.
6

2
0
1
.
6

2
0
1
.
6

2
0
1
.
6

2
0
1
.
6

2
0
1
.
6

3
0
 
A
S
S
O
C
I
A
T
E

1
3
5
.
0

1
3
5
.
6

.
.
.
r
.
L
.
7

1
3
5
.
9

1
3
6
.
0

1
3
6
.
1

1
3
6
.
1

1
3
6
.
1

1
3
6
.
1

1
3
6
.
1

1
3
6
.
1

3
1
 
A
S
S
T
S
T
A
N
T

1
2
4
.
0

1
2
4
.
9

)
e
.
-
,
-
.
1

1
2
5
.
3

1
2
5
.
5

1
2
5
.
7

1
2
5
.
7

1
2
5
.
7

1
2
5
.
7

1
2
5
.
7

1
2
5
.
7

3
2
 
I
N
S
T
R
U
C
T
O
R

1
:
4
.
0

1
0
0
.
0

1
0
0
.
0

1
0
0
.
0

1
0
0
.
0

1
0
0
.
0

1
0
0
.
0

1
0
0
.
0

1
0
0
.
0

1
0
0
.
0

1
0
0
.
0

F
i
g
u
r
e
 
2
0



in any sequence. This flexibility allows the planner to create reports in
the format that is suitable both to his specific planning needE and to

the overall needs of his institution.

To illustrate the technique for designing a report, we will use

the information presented in the second example, shown in Figure 14. To

generate the first report, we enter the report title, "STUDENTS," and

then specify lines 1, 2, and 4. For the second report, we enter the title,

° "FACULTY," and specify lines 5 through 8. The third report is called

"INCOME" and includes lines 3 and 14. The last report, "EXPENSES," con-

sists of lines 7, 9, 10, 13, and 12. Figure 21 shows how this report

design input should be entered on the Summary Report Data Sheet. This

design would produce each report on a separate page. Figure 22, for ease

of examination, shows all of the output on a single page.

The ease of report design and the almost unlimited flexibility

provided by the system enable the planner to produce reports ranging from

broad general summaries of the entire planning model to detailed analyses
o:' specific elements of particular concern. Because the report design

is flexible, the planner can adapt the format to the unique requirements

of his organization and he can change the emphasis of the report at any time,

thus giving the report maximum usefulness in planning for the future.
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CHAPTER VI

GENERATING ALTERNATIVE PLANE: USE OF THE SYSTEM DRIVER

We have stated that the main advantage of simulation is that it

permits planners to experiment, to answer the "what if...?" questions with-
out actually manipulating the organization. Simulation enables the planner
to examine various alternatives or combinations of alternatives and then to

select the ones that appear best, or most likely, for actual implementation.

With simulation, for example, the planners can see the results of a change
in the student-faculty ratio without actually hiring (or firing) faculty mem-

bers. In many such experiments it is often useful to consider precise

values for iertain items. For instance, what happens if the student-faculty
ratio is 10to 1, 12 to 1, 15 to 1, 18 to 1, or 20 to 1? In other cases,

due to lackiof precise data, it may not only be desirable but necessary to

examine a range of values for certain planning items. For example, the

interest ori a loan that a college is considering taking out in 5 years may

be anywherd from 5 to 8 percent; the planners have no way of knowing exactly

what the 4rterest rates will 1)e in 5 years. In all cases there is a need
.

for an effawrent means for producing plans that incorporate the various

alternatives.

To satisfy this need simply and effectively, the PLANTRAN system
uses a "system driver." It is called a system driver because it drives, or

steps, the system through successive, planner-specified .alternatives. This

system capability works as follows: The base plan is entered and executed,

generating the projections necessary to balance the total simulation equa-
tion. Next, the system reads change cards representing a different or

alternative projection of a set of one or more planning items. The entire

planning matrix is recomputed to bring the simulation equation back into

balance, and the alternative plan is generated.

The computer handles each set of changes sequentially, and computes

the associated plan. Since there is no limit to the number of changes that

may be initiated, the planner may design an experiment to sweep through
literally hundreds of alternatives, thus examining a large solution space
for feasible alternatives.

Table I and Figure 23 illustrate the uses and benefits of the
system driver. Table I shows the dollar values for the base period and

each year of the 10-year planning horizon. The dollar values are given
for the goal and for three alternative plans. Figure 23 is a graphical

illustration relating dollars and time; the plotted lines show the values

of each of the three alternative plans and the goal, or objective, values.
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TABLE I

Base
($)

Yr. 1
($)

Yr. 2
($)

Yr. 3
($)

Yr. 4
()

Yr. 5
($)

Yr. 6
($)

Yr. 7
($)

Yr. 8
($)

Ya . 9

($)
Yr. 10

GOAL VALUE 60,000 60,600 61,200 61,800 62,400 83,000 63,600 64,200 64,800 65,400 66,000

ALTERNATIVE A 37,500 39,950 42,300 44,750 47,200 49,650 52,100 54,550 57,000 59,450 61,900

ALTERNATIVE B 64,500 65,050 65,600 66,150 66,700 67,250 67,800 68,350 68,900 69,450 70,000

ALTERNATIVE C 81,500 83,375 85,250 87,125 89,000 92,250 95,750 99,500 103,000 109,750 116,500
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(It should be noted that the normal system output is numeric; the graph
here is for illustration.)

The graph in Figure 23 highlights the comparison process that

the planner would follow in evaluating alternative plans. The goal line
reflects the planner's knowledge of y t can be realistically accommodated
by the organization. The alternative lines show the computed effects of
each of the alternatives. The planner may have changed several planning
items to create an alternative. Such a technique enables the planner to
learn more about the relationships between various planning components,

experiment with several planning values to provide alternative solutions,
and, then, ompare the results with known objectives.

Use of the system driver in the PLANTRAN system is quite simple.

The planner simply inserts cards reflecting his desired changes (the format
is the same as the basic instruction input), and these cards replace the

equivalent planning item line in the base model. Each instruction card that
alters the plan must be followed by a "999" card (999 in card columns 1-3),

and a card, or cards, denoting the desired report output (the format is the

same as the sunrry report input). Next follows another "999" card, and, if
desired, more change cards, a "999" card, report output cards, a "999" card,
and so forth. Figure 24 shows the proper sequence of the data deck setup.

In using the system driver, it is important to note several things.

First, the sequence of the change cards, a "999" card, the report output
cards, a "999" card, etc., must be explicitly followed. Second, it must

be kept in mind that from iteration to iteration the basic plan reflects

the latest changes rather than the original plan values. If the planner

desires the original value of a planning item rather than the current

(latest) value, he must insert a change card restoring the original value.

Third, the last "999" card must be followed by another "999" card denoting

the end of the system run. Finally, the sequence of the computer printout

must be understood. For the basic plan, a report titled "ANALYSIS OF

PLANNING MATRIX" is printed. This report shows the line numbers, planning

items, base values, code, method of computation, and total line, as well

as the associated values for the entire planning horizon. Next comes the
summary report, or reports, noting the planner-specified title, line num-

bers, base values, and planning horizon values. Then follows a descrip-

tion of the changes associated with the first iteration--ITERATION (n),

a message, "THIS RUN CONTAINS CHANGES IN THE FOLLOWING INPUT LINES," a

heading describing "LINE, CHANGE, BASE, CODE, METHOD OF COMPUTATION, ADD

TO." Beneath this heading are printed the contents of the change cards.

The following pages will contain the summary reports requested

and specified with the iteration. (Note that no "ANALYSIS OF PLANNING
MATRIX" report is provided with the iterations.) The sequence of iteration

information and summary report output is repeated until the end of the sys-

tem run.
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DATA DECK f;ETUP

a
.1

4F II/
11 / I

I
II 1 1

1 1

1 }REPORT DATA #Nd... I

§-§§. -1 I

I

//REPORT DATA #2

}REPLACEMENT CARDS FOR
2ND ITERATION

}REPORT DATA #1

REPLACEMENT CARDS FOR
1ST ITERATION

}SUMMARY KE'PORT DATA

1/BASE DATA

Figure 24
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In summary, the system driver provides the planner with a simple

method of designing experiments to evaluate alternatives. This capability

enhances the benefit to be derived from the simulation activity by facili-

tating the generation of alternative plans.
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CHAPTER VII

SUMMARY

The planner can use the planning system we have described to

experiment with virtually every aspect of the organization. Such experi-

mentation will enable him to see the consequences of various alternative

actions. Figure 25 shows the concept of a "plan refining cycle"--the itera-

tive process that would be logically associated with the development of a

long-range plan. By examination and evaluation of the system output, the

elements indicating need for changes are identified, and modifications can

be made to independent variable values or dependent variable relationships.

Thus, by changing the base plan, making a computer run, and reviewing the

output, the effects of a certain decision can be noted quickly and efficiently.

The use of the planning system provides the planner with an almost

infinite number of alternatives in designing a model to represent his organi-

zation. However, the high degree of freedom in both model and report design

requires that the objectives of the organization be used as a basis for the

planning process. It is for that reason that a systematic means of applying

knowledge of the organization- -such as use of the outline of plans worksheet- -

must be used to insure inclusion of the desired objectives, knowledge, and

level of detail and to define the operation of the organization most accurately.

Planning is a dynamic process; it must be responsive to frequent

change. The current trends of growth and complexity in the administration

of education demand that today's planning be more accurate, rapid, and ex-

tensive than ever before. This computerized planning system provides a

tool to meet that need.
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APPENDIX A

PLANTRAN EXERCISES
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SAMPLE COLLEGE MODEL

This appendix is provided to give an example of a model for an

institution. The brief description of "Sample College" is followed by the

Planning Simulator System input statements. The Summary Report output

follows, and finally, the Analysis of Planning Matrix Report.

A review of this appendix should give the planner an understand-

ing of the levels of detail associated with model design.

SAMPLE COLLEGE

Sample College was founded in 1864. From its early beginning

of four teachers and nine students, Sample College has grown to its pres-

ent faculty of 50 and a total enrollment of 779. It is the intent of the

faculty and administration to continue to grow to about 1,000 students in
the next 6 years, and onward at about that same rate. This growth will be

accomplished by increasing the size of the entering freshman class by 15

students each year, a goal which appears reasonable to the Admissions office.

Dormitory residents now number 615, or 79 percent of the total

head count. Due to the increasing tendency of Sample College students

to provide their own housing off campus, and due to the decreasing popu-

larity of dormitory-living, the college anticipates that as the enrollment

increases, the percentage of students who will be living in dormitories

will decrease to 70 percent over the 10-year period. The present ratio

of 60 percent men, 40 percent women residents is expected to continue.

Since the college now has residence hall capacity of about 650, there will

be a need for additional dormitory facilities in about 5 years.

The costs of operating the college will continue to rise, though

the college cannot say exactly how much. However, the college tentatively

anticipates raising the tuition charge from its present level of $1,000

per year to a level of $2,000 per year over the 10-year period, going up

in increments of $100 each year. Some of the faculty point out that

Sample College is a good college, which has traditionally served the youth
from its state, "Midwest," and that it is cruel to raise the charges so

steeply. The Trustees claim that if the college is as good as it thinks

it is, the college should charge as much as other schools of the same cali-

ber, some of which are already at $2,000 per year. The present anticipated

increase of $100 per year is a tentative compromise figure. An increase

in room and board of $50 per year and an increase of books and supplies of

8 percent a year are considered sufficient to keep up with market conditions.
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The 50 faculty members are distributed among the ranks with 16
(32 percent) as instructors, 14 (28 percent) as assistant professors, 9

(18 percent) as associate professors, and 11 (22 percent) as full professors.

As the student body increases, the college anticipates changing from its

present 14.2 students per faculty member to 16.0 over a period of 3 years.

This will cause a slight drop in the total number of faculty positions in

the next 2 years, but then will increase to 66 positions in the 10th year.

The levels of faculty compensation are adequate for the area,
the overall average now being $9,400. The college plans on increasing
this figure to $16,500 over the 10-year period. Fringe benefits now repre-

sent 8.5 percent of salaries and are expected to increase to 15 percent in
the 10-year period.

The average credit-hour load per faculty member is currently
14.0 hours per semester. In response to repeated suggestions from a

faculty committee, the college hopes to drop this credit hour load to a
10-hour load over a period of 6 years. The combined effect of reducing
teaching loads over a period of 6 years and increasing the student-faculty

ratio over a period of 3 years is indicated in the resulting average class

size. That figure is currently 15.2 students per class, will increase to

20.0 in 3 years, then will continue to increase, at a somewhat slower rate,

to 24.0 over the following 3 years.

The average class size, incidentally, is calculated by relating

four other figures: the average student load, the full-time equivalent

number of students, the average faculty load, and the full-time equivalent
faculty. The formula is:

students X load hours earned
average class size

faculty X load hours taught

The Sale College Library presently holds 43,000 volumes. The

college is assuming that these holdings will increase approximately

three volumes per FI'E student each year. This will result in library
holding of slightly more than 69,000 volumes at the end of the 10-year

period. The 200 periodical subscriptions are considered to be inadequate,

so the college anticipates increasing the periodical list to 500 titles

over the next 7 years. The cost of books now averages $8 per volume, but
appears to be increasing at -tout 6 percent per year. The periodical cost
is now $14 per title, and is expected to increase by about 10 percent per

year. A cost figure for administration and services of the library appears

to equal 75 cents per volume held plus $5 per student. This is the basis
for calculating the library budget.
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Income Budget

To account for attrition between semesters and other variations

and changes, the fee income is calculated by multiplying annual fees times
fall FTE enrollment, then taking 96 percent of the resulting figure. This

formula has been fairly consistent over the past 3 years.

Endowment income is presently only $3,750, but with a new and ener-

getic staff man in the development office, the college believes that this

income can be increased to $100,000 per year. This means that the endowment

portfolio will have to increase from its present $75,000 to $2,000,000.

Gifts and grants for general operations currently amount to

$112,049, and can reasonably be expected to increase by 10 percent per year.

Other income is anticipated to increase at a modest 5 percent per year.

Residence hall income is calculated by taking residence hall fee
times the number of resident students. Although'there is some attrition be-
tween semesters, this is generally balanced by guest charges and the use of

residence halls for some summer conferences.

Bookstore income results from books end supplies times the number
of FTE students. Although not all of the students' money for books and

supplies is spent at the bookstore, neither is all the bookstore income
generated by students. Faculty purchases, some office supplies, and alumni

and visitor souvenir purchases make up the difference.

The student aid income has two sources, one being the endowed aid,
which can be expected to increase by 10 percent per year, and the second

being the special gifts, which, through special appeals, are expected to

increase by 15 percent per year. The endowment portfolio for student aid

currently stands at $1,074,200 and will have to be increased to $2,786,198

if the 10 percent per year income increase is reasonable.

Expense Budget

At present the expense figures for college-wide operations are ex-

pected to increase at the following rates:

Percent Increase

General administration 4

Student services 7

Public relations 6

General institutional expense 3

Plant operation and maintenance 5
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The budgets for instruction and the library were calculated on specific

program data, detailed above.

Expenses for residence halls and the bookstore are expected to

represent 90 percent and 83 percent of the income for those items, showing
an operating surplus.

The income for financial aid is added to the operating surplus

for auxiliary enterprises to make up the amount available for student

financial aid expense.

Analyses,

The most obvious analysis is to compare the total current income

with the total current expense. This currently yields a loss of $534,454,

expressed as a negative surplus. To learn the long-range effects of the

projections and assumptions detailed above, the figures for operating sur-
plus are accumulated throughout the 10-year period to a total of -$5,918,281.

Another type of analysis is to indicate the percent of the educa-

tional and general budget represented by the various components. Thus, we

can see that based on the projections, instruction can be expected to climb

from its present 38.5 percent to an eventual 59.4 percent of a total budget.

The library will go from its present 3.5 percent to a high-of 4.1 percent

then drop to 4.0 percent. At no time, however, would the library be re-

ceiving the level of support recommended by the National Library Association

or the accrediting agencies.

Student fees are currently supplying just half the total educa-

tional and general budget; according to the assumptions and projections,

they will be paying two-thirds of the budget in the 10th year.

The calculations also show that financial aid expense represents

22.6 percent of student fees, but will decrease to about 19 or 20 percent

over the planning period. This means that even though the college is in-

creasing both the costs per student and the number of students, financial

aid is keeping about even with its present level of support.

The figures for general and financial aid endowment funds are

based on the desired results, indicated above, and the assumption that they

represent a 5 percent income.
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APPENDIX C

ERROR MESSAGES AND COMMON DATA ERRORS
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ERROR MESSAGES AND COMMON DATA ERRORS

The planning system concept permits the planner great flexi-

bility in the development of models. Since the ability to establish

relationships between planning items is generalized and almost unlimited,

the chance for making errors also exists.

This appendix explains the error messages that the planning

system will generate if errors are made. This appendix also identifies

common errors and describes the techniques that will correct the errors.

Error Messages

1. "WARNING, WE HAVE GONE THROUGH 100 ITERATIONS AND HAVE BEEN

FORCED."

This message appears when the model contains flaws in logic.

These flaws usually result in the inability of the system to calculate

certain planning item lines. To correct these errors, you should keep

in mind that the system cannot generate or project any planning item that

depends upon other planning items until all those other planning items have

been projected. For example, if Line 7 "Student-Faculty Ratio" depends on

Line 18 "Total Students" and Line 22 "Total Faculty," Line 7 cannot be

projected until both Line 18 and Line 22 have been projected. Therefore,

it may be helpful to look through the Analysis of Planning Matrix (the

reports may not contain the critical lines) If a planning item is found
with zeros projected across the planning horizon, check the instruction

for the generation of that planning item to be certain that the instruction

is correct, in the proper format, and that the lines upon which this line

depends, if any, are present and correct.

This process of tracing through the relationships of the planning

items, both to the lines they are dependent upon and to the lines that de-

pend on them should identify the source of the error. Correct the error

and resubmit the job.

2. "THERE IS A ONE LINE COMPARISON ERROR IN LINE
It

This message occurs when a Code 8 (maximum or minimum of other

lines) is used, but only one line is specified. The system will continue

as best it can. To correct, examine R11 planning items that use a Code 8

and identify the one that exhibits only a single line. Insert the other

line, or lines, to be examined. Resubmit the run.
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3. "LINE HAS BEEN DROPPED. THE NUMBER ASSIGNED TO THE LINE
ITEM MUST NOT EXCEED7nn). PLEASE RENAME."

This message is self-explanatory. It is a reminder that a line

number has been encountered that exceeds the upper limit (nnn) for the
particular computer being used. The limit of lines is dependent upon
the version of the planning system that has been installed on a particular
computer. To correct this error, examine the specified line number identi-
fied by the message. Either the line must be renumbered, or the model must be

reduced to the maximum size permitted. In many cases, this error message
is the result of the incorrect placement of the line number in the line

number field; that is, if the line number has not been right-adjusted,

this error message will be printed, because blanks in the fields are read
as zeros. For example, if the line number field, Columns 1-3, contains
"85 blank," the line number is read as 850. Changing the field to read
"blank 85" would correct this error.

Common Errors

1. Logical loop error: If no obvious errors can be found by
examining the individual planning items, search through the chain of

dependency of the zero value lines to ensure that there is not a logical
loop among the planning items. For example, a condition in which Line 1

depends on Lines 2 and 3; and Line 2 depends on Lines 10, 11, and 12; and
Line 12 depends on Line 1 is a logical loop error because it is a logically
impossible condition. To correct this error, restructure the model so that
the loop is eliminated.

2. Summary error: A difficult error to spot is one involving
a Code 1 (summary of other lines). If a line has zero values and is de-

pendent on a Code 1 planning item that has values in the planning horizon,

examine the Code 1 planning item to ensure that all specified lines have
been totaled. The Code 1 planning item may reflect values in the planning
horizon, and still not be completed. The most 'requent cause of this error
is that a heading line has been specified as being included in the summary

line, or that other lines have been summed into a planning item that does
not reflect a Code 1. To correct this error, make changes in the planning
items to reflect the correct relationship.

3. Generating a planning item reflecting zero values: The
planning system has no way of knowing whether a line is completed other

than checking whether or not any value in the planning horizon is nonzero
(Code 1, "Summary" excepted). Therefore, if you want a particular planning
item to appear on the report with zero values for the planning horizon, you

must insert a small value (0.0001) in at least one period of the planning
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horizon. Various codes could be used, and so long as at least one period

contains a nonzero value, the line will be generated, and can lie used in

other dependent relationships. For example, this technique might be used

if you desire a planning item to appear on the report, but there are not

any values for the planning item at this time. The 0.0001 value will be

printed on the report as a zero because of rounding. The small size of

the 0.0001 eliminates its effect when used in dependent relationships

with other planning items.

4. A planning item shows only the line number and the planning

item name, with no values in the planning matrix: This error is caused by

the code field being left blank. The blank causes the system to treat

the planning item as a heading. To correct, insert the proper code and
resubmit the job.

5. A planning item is not reflected in the planning matrix:

This error is often caused by the duplication of the line number. The

planning system will accept only one of duplicate line numbers. The other

line numbers are disregarded. This problem can often be solved by listing

the model input and eliminating duplication of line numbers.
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Accumulative sum

GLOSSARY OF WORDS AND TERMINOLOGY

The horizontal summation of the annual values taken

on by one planning item in each year of the 10-year

planning horizon. Thus, if annual values for a

given planning item are: 1, 1, 1, 1, 1, 1, 1, 1, 1, 1;

then the accumulative sum is: 1, 2, 3, 4, 5, 6, 7, 8,

9, 10.

Accumulative product Similar to accumulative sum described above. Annual
values taken on by a given planning item are multi-
plied horizontally across the 10-year planning hori-
zon. Thus, if annual values are: 1, 2, 3, 4, 5, 6,,

7, 8, 9, 10; the accumulative product is: 1, 3, 9,

36, 180, 1260, 10080, 90720, 907200. This cap.bility

is useful in evaluating such phenomena as growth

rate'expressed as compound percentage increases.

Base level

Code

Constant value

Delimiter

The beginning or current level of a given planning
item. The numeric value that is assigned to that

item now.

The one-character or one-digit symbol assigned to a
particular method of projection of a planning item.

The code associated with the instruction to project
faculty salary by a percentage increase is--2. The

computer system keys off these code indications to

look for certain indicators in the following verbiage.

A value that remains fixed throughout the time span

of the planning horizon. Constant values are often

used as multiplying factors in equations, i.e.,

Code 6 projections. Constant values may also be

projected across the planning horizon as bounding

values, for example.

In writing an instruction for a projection--a portion
of the instruction is "freeform." To compensate for

that lack of structure, some character must be used
to separate the several parts of the instruction.

For example, Code 5--the insertion of data--requires

'that the individual data points be separated by commas.

These commas serve to delimit the fields--thus they are

called delimiters.
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Exercising the model The processing of the model in computer runs. The

examination of model results under various and varied

alternative assumptions.

Field

Freeform method

of computation

Input

Line number

Model

A data processing term. A field is a collection of

one or more contiguous characters usually in a

machine sensible form and considered as one data item.

Example--the Planning Item field is the collection
of alphabetic, numeric, and special characters

(including blanks) between card columns 5 and 32 of

an instruction.

This portion of the instruction is called freeform

becauoe the system accommodates a variety of verbiage

describing how the item is to be projected. This

information is unformated; that is, the model builder
is not restricted to certain columns for data entry.

Data, information,and instructions put into a format

assembled in an appropriate fashion to be applied to

the computer for processing.

A nonsymbolic number assigned to a planning item for

ease in identification and internal manipulation.

The line number concept is analogous to the budget

line numbers.

In the BELP/PLANTRAN system, a collection of planning

items, identified with a verbal description as well

as a unique line number and each with an associated

instruction for projection of values through time.

The model is a vehicle or analytic tool that aids

in the prediction of how an institution or organiza-

tion would react or perform under a given, hypothe-

sized set of conditions.

Output The product or result of a computer run usually in
the form of a pre-designated report or tabulation.

Planning horizon

129

That period of time of interest to uhe planner. Ten
years seems to be a common period of interest in
long-range planning, although many institutions

characteristically use a shorter period and for
some purposes a longer period may be necessary.
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PIANTRAN An acronym for PLANning TRANslator. An English-like

language in which a planner may instruct the computer

to perfcrm calculations in order to project values

of a given planning item through time.

Printout The physical product of a computer run. A tabulation.

See Output above.

Reserved character

Right adjusted

System driver

Variable

Within the rules of the PLANTRAN language, certain

characters in the "freeform method of computation"
have special meaning and cause the computer to per-

form special calculations. Since the computer can-

not perceive the context in which these characters

are used, they are reserved and are not to be used

except as defined in the rules of the language. See

Chapter IV for a discussion of these rules.

To place the rightmost character of a data item in

the rightmost position in the field designated for

that item. No space is left in that field following

the information entered.

The facility within the HELP/PLANTRAN system to
automatically step through a series of pre-designated

iterations or runs examining several sets of hypotheses

at one time. This capability permits the design

of experiments to examine multiple alternatives

simultaneously.

One planning item. Mathematically the planning items

or variables are considered to be a matrix of row

vectors that are either auto-generated or are func-

tions of other row vectors. The description of a

planning item along with its 10 projected values is

considered to be one variable.
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