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ABSTRACT

Chapter I of this manual for a planning simulation
system for higher education presents some basic outlines to aid in
the planning process, including the "outline of plans"™ as a concrete
aid to systematic planning. This chapter also identifies some of the
tyrical problems and barriers that hamper the planning process, and
conveys the need for a structured planning approach. The second
Chapter discusses simulation and modeling, and the third the modeling
language. Basic elements of PLANTRAN are described in Chapter 4 and
examples of model design are presented in Chapter 5. Chapter 6
discusses generating alternative plans with use of a System Driver,
and Chapter 7 presents a summary. PLANTRAN exercises, a sanmnple
college model, and identification and description of error messages
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PREFACE

American technology seems to thrive on the ‘:olving of problems
so long as these problems are of a purely physical nature. We can mass
produce things in copious quantities. We can senc men « quarter of a mil-
lion miles through space and land them within several hundred yards of a
pinpoint target on the moon. These are prob. i that largely yield to the
laws of mathematics, physics, and chemistry. Weo see.a not to be alLl~ to
cope so well with problems that have a human el: ent.

One of the magnificent tools our techhrnlogy 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 disillusichment 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 desighing 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 a2ugment human capabilities.

Thus there has been an abysmal gap between the 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 technigques 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 exactly 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 .een designed not only to provide the essential
information on the uses of the computerized planning system but also to
serve as & 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 computcrized planning system described in this manual can
be used on nearly all computers. The only reguirement 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 is currently in use by a number of colleges and universities.

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

7;/ Ter e

John McKelvey
Vice President and Dirzctor
Bconomics and Management Science Division

December 31, 1970 (Second Edition)
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CHAPIER 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 countrol 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 shert-range needs--the problems at hand--can be satisfied within the
framework of the long-range needs of the organization. An organization
that has 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.

R

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 bz modified; most surely time schedules will
shift. The end result of these changes, however, will be much better if
& systematic approach has been followed.

The fifth consideration--implementation--concerns execution of
the plan. Responsibilities are assignec and all needed resources are
provided for incorporating the plan into the organizaticn. 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-
it 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.



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 discussioh 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 it%?," "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
emphiasis on various elements, and it must be adaptable and flexible enough
to accommodate change. The payoff of the plan, or che 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 1s 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 systematicaid 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 firss 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-
pronent of the problem.
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The problem statement, in the second column, should be in
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 i1s 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 iicrease their willinghess 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 resilts, 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.




Other barriers to the planning process include l:ck 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 wvalid 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 "eveloping 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 reed for a structured planning
approach. These considerations are the most crucial aspects of the plan-
ning process. TYet the sheer drudgery of assembling, processing, and
analyzing large quantities of data frequently reduces the effectiveness
aiid 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.



CHAPTER IT

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 itemn being
modeled. Model airplanes, cars, trains, and the like are examples of
physical models.

Another type of model nost peopie 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.
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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 scudy 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 methud 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.

. Jracilitate 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 insight 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.



The cohcept 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 perscnnel may be 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




B et ]

———

eme——d ]

——t e

E
E

COMMON MATHEMATICAL MODEL IN COLLEGES
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INSTITUTIONAL MODEL BASED ON BUDGET STRUCTURE

number of students
tuition

alumni

friends

corporations

special activities
investment portfolio

foundations and government

BUDGET

Income Expense

N

Figure 3

12

faculty and staff
departmental expenses
publications

travel

classrooms

square feet

library volumes

maintenance costs



figures on projected enrollment, future tuition, and other relevant factors
and calculate the additional ald 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 innumerasble time-consuming and tedious calculations to
detcrmine the effects of various changes. In addition, the computer can
effcrtlessly and accurately combine the thousands of bits of data that one
change is likely to effect and produce an overall picture.

13
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CHAPTER III

THE MODELING IANGUAGE

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

In the discussion 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 plarning 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 variatles are specified by instruc-
tions in the PIANTRAN language.

THE PLIANNING 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 SATARY pro-
Jjected with a 5-percent appreciation over a 10~year period. These are in-~
dependent variables. Projections may also be functions of other planning
items. TFor example, TOTAL SAILARY EXPENSE might be derived and projected
by multiplying AVERAGE SATARY 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.,

Plamners 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 S 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: TFees; 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 indebtedress; 100000,0,0,10000,0,0,10000,...

DEPENDENT VARTABLES

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

15
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1. SUMMARY

© The variable may be a simple summary of other uses. This
technigue 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 VARTABLES

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. MAXTMUM OR MINIMUM OF OTHER VARTABLES

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. ACCUMULATTION

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. BSHIFT 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 PIANTRAN language permits headings
to be inserted in order to organize and identify the various parts of the
final computer print-out. 1In 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-
tive use of the modeling language., the planner is able to construct a wide
variety of models.

PIANTRAN has been designed so that any planner, from the novice
to the experienced professional, can use it easily and profitably at his
own level., PILANTRAN is useful for the beginning planner; it is powerful
for the experienced one.

17



CHAPTER IV

BASIC ELEMENTS OF PLANTRAN

In PLANTRAN, as wn most other Programming languages, the length
of an individual instruction or statement is limited by the number of
colums 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.

IDENTTFICATION 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 l--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 41-586, 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 .nber of
the plan.

The information that is entered on this sheet will provide headings to
identify the plan and specific parts of the \Pplan. In addition, the base
year field provides the year, or period value, fro.n which the planning
horizon 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 Ifour-character year

is desired, the value must be "right adjusted"; that is, it must be entered
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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 plamning 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 1l--Columns 1-3, LINE NUMBER-(required). This field con-
tains the line humber associated with the plamning item.

Field ©--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 4--Columis 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 iz in this field that the planner specifies how the
variable is to be projected. The following three sections discuss the
instructions for projecting the three Gtypes of information: independent
variables, dependent variables, and hesadings.
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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 velue 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. TFor example, any of the
following terms¥* would increase the base level by 6 percent per period:

CODE

55 60 65 70 75 80

45 50
FREEFORM METHOD OF COMPUTATION sy

MFZ.CHAIMG\E. BY LZPER PERAPD, . ...
Y INCREASE, BY +6.0 PERCENT PER PERIOD
J% IIINI%*Iél. .017'/?1&[ N ST W TS (N SN R Y WS O SR S S N S M SR S N
1.I.Inellllnl..llln:l:l;|||l||nula|||l

R E

77|78

" Ll

l#‘llll‘lllLlllllllll-llll A

To specify a 6 percent reduction from the base level, any of
the following may be used:

;ZZZFORM S crvon OFCSLPUW“WONSS 40 65 70 75 “ 80

2 CHANGE BY — 62 PER PERIOD ... .. ... ..

Y DECREASE 6 PERCENT PER PERIOD |
JZ‘ECNE,.GH‘.CZ’zI(?a‘z TSI B T SRR AU N S S N

d INCREMSE —6 A /PERtOD |
JQI.QAL. PR R URTE B RSO U SN SR RN U RN SRR BT T

1.".é.'l...l.|..”|....|....|....L,...u.4

¥ The PLANTRAN 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 puges each
demonstrate the capability to increasingly shorten the instructions. The
consequence~-an increasingly cryptic instruction--is also demonstrated.

ERIC =




Note that this instruction produces a compounded percentage
change--tlie value of each period is the given percentage above (or below)
the 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 ghe 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

YA 55 60 65 70 75 80
FREEFORM METHOD OF_COMPUTATION suM

Ja1] 22 77|78

— »

5| CHAREE ,:EEL,I',{LO,., PER PER)OD |
3 ThCREASE, +.150., PE@ PERIDD. ..\, .. .. .|,
Iﬂclg. .,nguol/P.& [ DR TR ST Y DU SR TR YUY U TN T NS N SN S U N 3
3.II.'I‘.DP..l...Jl..:.I...nl.;..l...-l. i

[
gl_l!lrlll'|LIIIJ¥'|L]IIIIIII|A|:|. LIIlI A

For a reduction of 150 per period along the planning horizon,
any of these terms could be used:

CODE

/ 5 5 55 60 65 70 75 80
LFREEFORM METHOD OF COMPUTATION SUM
N |a1142 T8

3 ICHAMGI .BIY| 1-|'1 lon lPlelel IPlelal‘ IGIaL IR I A B A L

3 DECREASE 150. /PERIOD
| Deer 150/°8 .,
INCREASE, —150. PER PR
D,)50

A e TR T T SR N RSN RPN N S0 ST SO U A N SN RNTSNT U (NP SO U N N

3 - 150.

Illllll!lll il

PUREPURPUEPIES U SN T WA S ' —

PO SN ST TR WU G S W WU N Y L1

PN TR T VU T W [N VO NN T PO SN S SN T NN S S SN [ ST S S S B 1

This instruction produces a variable consisting of period values
g 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
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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
planmer 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 the 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:

-C::EEEFORMA.QETHOD oF (‘:S(S)MPUTATIONSS 60 65 70 75 som 80
A Cchange To 1500 NP5 PEeIOD |
4 INCREASE, To +1500 /8 P 5 . . |. .
4 Tncperse /500 P 5 |
4;I,ISO.D lPllql|lllllllullll;llllllgl;lllx; 11
y .'.5012,3 5L|..|I..;—4I.Inal....l.4_1Ll.

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 plann.ig 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 plamming
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
planning periods, the numbers below show planning periods and values for
each period.

Planning Period: _1  2° 3 4 5 6 7 8 9 1o
Values: 100 125 150.5 O 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 METHCOD field would have
to be used. The example below shows how the CODE and METHCD field would
appear on the two cards:

CODE

55 60 65 70 75

%REEFORM METHOD OF COMPUTATION

lafaz

cora 1 181”1 08y 1255, 150,50, 3 1750 150 .150,C .

Card 2 .'a‘kgl'|{9~ 1'|710|’- gloool TR

llll!lllilll#ll -}

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

25
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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
ia their SUM field.

CODE

60 65 70 75 80

5
%REEFORM METHOD OF COMPUTATION sum

42 77178
|5lul’1 IDIFI nl—llluleusn [ CoC | l

TR U N I T U S0 TS N SN N WA WS ATV N T

- D

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:

( ) 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
pe 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
field as:

26



Constant Value, times Line Number, ( - ) Constant Valuep times

kX N1+

+
Line Numbero, ( - )
.X.

Constant Values times Line Numbersz ( ) Constant Value, times

Xx ~1 +

Line Mmmﬂ4.

The following lines provide an example of this instruction:

Period 1 2 3 & 5 8 1 8 8 1
Line No. 1 100 110 120 130 140 150 160 170 180 190
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

55 60 65 70 75 80

%REEFORM METHOD OF COMPUTATION Sum
a\ 77|78

'ILJ!/ILII3ll+|.LgllL111[I‘|Illllllll_Lll_llll A

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 1 &8 2 10
Result 55.0 65.0 75.0 85.0 71.8 80.0 88.3 91.86 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 followlng exam-
ples show these variables and the terms used to obtain both the maximm
and minimum variables.

Perid 1 2 3 & 5 & 1 8 2 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

27
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First, to obtain the maximum, the following terms could be used
in the METHOD field:

CODE
60 65 70 75 80
FREEFORM METHOD OF COMPUTATION SUM
41142 77|78
ab 1’1’529 lca‘a “l’l:¥’lji l [ i1 1 ’ i 1 1 ‘ | 11411 it 1 |41 1
‘\}‘l 3 II’ :2 9 ?E RTINS ST S N SRR U SR UN AR TSN ST ST "
8 Al 'l,n 1, 3 ) P I U S N S SR ST SR U A S S I

The result of any of ‘these terms would be:

Perid 1 2 3 4 5 & 1 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

60 65 70 75 80

FREEFORM METHOD OF CSOMPUTA'”ON SUM
lailaz 77i78
|M|Inq |o|F1 2 ' l’lal’ |3L | T W SN T N MY N W N ST RN NS U ST N N I O
EB {'1]:.4 l,l’l:zl’|?5

TR W S N S S S N SR ST N U NN W W VAT S A L1

|I| I"!I_aL’IBI PO WS WA T SN VT WA T SN G A WA WU TSNV SUN ST S [ SN SH SN —
The result would be:
Perid 1L 2 3 4 s & 1 8 8 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
Line No. 1 1

2 s & 5 8 7 g8 8 10
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

60 65 70 75 80

5
/é;EEFORM METHOD OF COMPUTATION : SUM
77|78

BSUM OF LINE N i T
L SUMOF b i e
VIRV
94 S0,

N T Y U S T ST S (S S S WA G NS S G S U S S ST S B N

.||x|.||n|l|lnn||l|.|||l|alnl;;nn

The result of any of the above terms would be:

Period 1

2 3 L S S
Result 1 3 6

10 12 13

Hlﬂ
S
I__l
o
I__l
o

17

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

CODE
/ 55 60 65 70 75 80
ﬁ.FREEFORM METHOD OF COMPUTATION SUM
Ialaa l 77|78
IPI“IDB lolF ] LII Nl& l 1 1 1 1 I 1 1 1 1 l 11 11 l D B B l 1 L1
1| 1P|R| un |°|F| | '1 [T TR (N WO TR S N (N TR ST SR SN ST S VN S A S SN S S S B P
'9]] .P.g.olp. 1‘ 'ERE AR N TR U U U NS YT S U NN NN WA T TN WY NN SR S N S SR N S G N
1l nPn ,. ' | T AT NS YT WA N NN ST S S N S SN ST W S S SN WU N SN N SN N R Ft
The result of any of the above terms would be:
Period 1 2 3 & 5 6 1. 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 "8" 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 planniag 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
botl uses of this instruction we will use the following variables:

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

—— — e e e e e

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

To shift the exact values of the above variable, any of the following terms
could be used in the method field:

CODE

/ 55 60 65 70 75 80
FREEFORM METHOD OF COMPUTATION SUM

41|42 77i78

7 lDlIlAéolNlAlLl ID|F| lLI || 1 SR ST B N ST MU T AR N S R L1

7' ISIHIIIFITI ILI l!l PRV W T WY VR S U A S ST ST SN N M SN S N N S R G I L

7lLl'lllIlllllllll#lllllJngllLllllll i

The result of any of the above terms would be:

Period 1 2 3 4 5 6 7 3 g 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:

7:EEEFORM METHOD OF COMPUTATIONS5 60 bb 70 75 SUM 80

7 SHIET L 50 TIMES DIAGONAL OF L | .. |
llelIlFlTl i Slou aLl n'l PR VR SRS W (R ST WY WU N ST NS AT W N SNN N U S DA L

7 .'.an Jﬁ J. 1 T SRS B ISR P B S SR -
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The result of any of the above terms would be:
Period 1 3 4 5 6

1L 2 7. 8 8 1o
50 55 60 65 70 75 80 8 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 'n the PLANTRAN language
concerns the use of headings. The use of headings permits the model to
be divided intn 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 swmmary 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 wvariables
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 nurber 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 100
The lines will appear on the summary report in the sequences indicated . >ve.
For additional summary reports having a different title and other line .um-
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

EXAMPIES 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
orgenization 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. BSpecify 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 boundariez 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 detall to accommodate the model objectives.

4. Determine relationships between interconnected elements:
T2e interacting items, or dependent variables, must ref'lect
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 availlable 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 1ll, consists
of determining two result variables--one for Line 12, Fees/Student, and
the other for ILine 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 1l
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 variables--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 =>xample, 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 satisfactior. 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 5-Year Goal Ratio

12:1 20:1
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&, TFTE Student Enrollment

Current Status S=Year Goal Status

Constant at 800 Increase 30 prer year from 800

5. Salary Distribution by Rank i

Rank Current Percentage 5-Year Goal Percentage
Professor 142 220
Assoclate 135 157
Assistant 124 125
Instructor 100 100

It is quickly apparent that these wvariables 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 FIE 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 varilables 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
Iimportance 1s placed not only on raising overall average salariles, 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
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in any sequence. This flexiblility allows the plamner to create reports in
the format that is suitable both to his specific planning needs and to
the overall needs of hils institution.

To illustrate the technique for designing a report, we will use
the information presented in the second ekample, shown in Figure 1l4. 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 l2. 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 rauging from
broad general summaries of the entire planning model to detailed analyses
o:? specifilc 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 1n planning for the future.
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CHAPTER VI

GENERATING ALTERNATIVE PLANS: USE O THE SYSTEM DRIVER

Woe have stated that the main advantage of simulation iz that it
permits planners to experiment, to answer the "what if...%?" questions with-
out actually manipulating the organization. Simulation enables the planher
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) Ffaculty mem-
bers. In many such experiments it is often useful to consider precise
values for rertain items. TFor instance, what happens if the student-faculty
ratio is lOEto 1, 12 to 1, 15 to 1, 18 to 1, or 20 to 1? In other cases,
due to lack{of precise data, it may not only be desirable but necessary to
examine a range of values for certain planniag items. For example, the
interest 04 a loan that a college is considering taking out in S years may
be anywherd from 5 to 8 percent; the planners have no way of knowing exaztly
what the nterest rates will e in 5 years. 1In all cases there is a need
for an eff%cient means for producing plans that incorporate the various
alternatives.

To satisfy this need simply and etfectively, the PLANTRAN system
uses a ''system driver." It is called a system driver because it drives, or
steps, the system through successive, plammer-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. DNext, 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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ALTERNATIVE A

ALTERNATIVE B

ALTERNATIVE C

DOLLARS (Income in Thousands)

—

—
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TABLE I

120

Base Yr. 1 Yr. 2 Yr. 3 Yr. 4 Yr. 5 Yr. 6 Yr. 7 Yr. 8
(3) {3) ($) ($) ($) ($) ($) ($) ($)
60,000 60,600 61,200 61,800 62,400 63,000 63,600 64,200 64,800
37,500 39,950 42,300 44,750 47,200 49,650 52,100 54,550 57,000
64,500 65,050 65,600 66,150 66,700 67,250 67,800 68,350 68,900
81,500 83,375 85,250 87,125 89,000 92,250 95,750 99,500 103,000

) .
PR
-9 -
100 ——=
I T
I Tl
——

S
-
——

PLAN Co—— "J

80

p

— e = §
S TS r,—AE—'d

—— pa———L
PLAN BlL—"——"—’—::—- 1 A e\ 0’,’1 -
. ”
60 | GOAL St —
" ”’
’/
-
-
40 4=
PLAN A¢— "
20
BASE 1 2 3 4 5 6 7 8 9
TIME

GRAPH RELATING ALTERNATIVE PLAN VS, GOAL VALUES

Figure 23

55

¥r, 10

%)
66,000
61,900

70,000

116,500



(It should be noted that the normal system output is numeric; the graph
here 1s for illustration.)

The graph in Figure 23 highlights the comparison yrocess that
the planner would follow in evaluating alternative plans. The goal line
reflects the planner's knowledge of v .t can be realistically accommodated
by the organization. The alternative lines show the computed effects of
each of the alternatives. The plahner may have changed several planning
ltems to create an alternative. Such a technique enables the planner to
learn more about the relatlonships 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 plahning item line in the base model. Rach instruction card that
alters the plan must be followed by a "999" card (999 in card columns 1-3),
and a card, or vards, denoting the desired report output (the format is the
same as the surmary report input). Next follows another "999" card, and, if
desired, more chunge 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 sequerce of the change cards, a "999" card, the report output
cards, a "999" card, etc., must be eyplicitly 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 wvalue 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 plamner-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
T0." 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 QQ_"ANAEYSIS 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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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 usc 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. Figurc 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 efficicntly.

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

6l



*sxomnstue oTdwes oYY Uresusq Popraoid ST 9STOISXD 91 01 SUIBTdI

andqno weiSoxd sTdues ® ‘UOTLTIPPER UT °*UOTLBUIOFUT 2J0dal JO ‘UOTAONILSUT ‘UOTLBOTITAUSPT 109II0D

oY 92BISUSE TTIA 1BYL S1USWOLBRLS SNOTIBA oyar Jo oTdwes e ALTuo ‘papraoad j0u sae sasmsue aTqissod sya
TI® 28Ul 910N °*SSTOJISXS TPNPIATDUT 3U3 SUIMOTTOF o8ed oYl U0 PUNOT SIB SOSTOISOXD oY 01 SJISMSUR OU,

*poaBIASIqqE 99 ABWl SUSW

-97e15 UOTAONILSUT () ‘sdoTeasp s8enSueT oyl JO Sulpueasispun sy +ssoooxd SUTWIBST oYl 91B1TITTOBRT
01 7TOSN 8Qq S1USULYBLS SYIT-YSTITSUH SY1 ‘1JIe1s oYl 28 ‘18Ul oFan PINOMA S *OPOD POLBTASIqAR ATSA ®
01 SqUSWSLELS SYTT-USTTBUH woXF SUTAIRA ‘OTQTIXSTI oI UOTLONILSUT USATE B JurdIToads Jo SUeoW Sy
*o8en8ueT SUYJ} UT SUOTAONIASUT TTRB PUBR 2BUIOF Andul NVMLNYII yoes Jo soTdwexXd SpNToUT SSSTOISXD S

*sTopouw TnIBUTUBSW dSJ0W JUTLBdID UT PTR TTIA

pue 1doouco s8endueT SuruusTd Syl pPuRLSISPUN O SUO STIBUS TTTA SonbIuyosq syl JO Uyoed JOo STIBLSP

9] 07 UOTQUSLLY *sSixodal J0J UCTABOTFTOSdS oyq pur ‘sonTea weaT SutuueTd qosfoxd 03 SUOTIONILSUT
oyl ‘Tepowm oyl AJTAUSPT 01 POsn SonbTUYDSl 9U1 91BILSUCUSPY 01 poptAosd aie sosToIoxe oTdwes osayl

*98endueT SurTopouw NVHINVIL 9yl Sursn mﬂwwos TeuoTaeZTURSIO 24rTndIUsW puB
UuZ1SOp 01 PoITNDbaI STITHS PUr S8peTMOUy 9y) opTACcId 01 ST S9STOI9Xe BurtuueTd 98911 JO 24T13493[q0 ayj

SOSTOIOXH  NVMINV'IA

62

O

ek

P e

o8



T LENLAN S S B B T T LA (L S B A A TFr T T [ ¥ r T [ T T T [ T T [T F P T[ 7 T Py v rriJrrrzy
cs  19fo9 25|96 wjoe s2lve '
NV1d Bv3A 35vE NOILAINJ530 3V0 NOILALILSNI
‘ueTd 4SITF 3Y3 ST STU3 FeU3
UOT)BOTPUT pue fIeaf aseq ay3 se g9sT fUoT1dIIossp B Se TOPON MOTAISAQ §99BD JUaLIND 3Uj
¢aFaTT0) aTdweg :Joz Byep qndur ayg spracad € (#noT20q) 93syug BlRq UOTJBOTITIUSPI UeTd aug Jursn
T ESIOYEXH
LR N R R R E LR
-d—--——--—--—--—--—dl-j—-un——--—-uu-\—--—--;—--J——---lldl-uj--ﬂ
Jos ez selr2 : »
/u:.._t.ou S3INIT 80438 Wu0333ud ] FRTTTY
—qndul jIodsy Lxemumng
T 7 -—..-J‘.-.—...-—.l—-—-J—‘-—.--—.- —____—— -—-;—-—--—_--—.-.—--_ LI
71773 - 2v(ivjor ££]2¢ m— v] £ [}
WAS NOILVINdNO0J 30 OOHIIW WBOJ3ZsZ | TIATT 35v8 W3Ll ONINAVId _ “ON
3609 sonywy
~qndul UOT3ONIISUT
--—-‘-n‘—--—- 130 ] =T 1 —-—-—--‘-—-- q----—--——--—--—--—jl—-—--
3 13fo3 e 1wjoy mm_om _—
NV1d Bv3A 35vE NOILaI80530 30 T —_ NOILALIISNI
. —qndu] uoT38OTITIUSDPT
. % % S3esmxod gndul -7 13ueT NWMINVIL % =«

iy n o
&3;')

63

Aruitoxt provided by Eic:

E\.



€9 19/09 15|

Trvrigpvyvyrryrrrrre

114

1T 1Tyt vyryprv ¥ rrvrypryrrryrryrrpyiy e o rvrey
av mN—QN )

olol

NY1d ¥V3A 3SVE

Aue fagep Aue {aFaTroo Aur Jo ‘unso ok

NOILdI¥IS30

31va

‘g% Jo xaqumu usTd ® pue {uozTaocy
Sutuuerd Y3 UT DPSPNTOUT a3d8 TEET UBnoayy g;sT saeak ayz eyl yons aeak aseq © fuorqdraossp

;103 BYED

UOTBOTITIUSPT 23 SPTAOIL

¢ ESIONEXHE

¥R KK K KKK EKRE KKK XEXRREN

NOLLALILSNI

<f#
©
l...!...l.........lll....!...l.l...l..Ol...l...l!'..0......0........0....Ol..lll.l...l..!.......n)llil....lllb.l.........0'....!...
ylol ilol giel CYASH 7lol €lol 2L61 1251 [V X-23 R Wall ININNYId
divu dwddalio i = W3uuw A3LIAdaIAD 49371100 davvs laudda
d-.-—....—-..—. -—..- ] LI |

L Jpobl

S19

T360W M3INITRG

T 3ING ung

3uaj] ‘3931709 3

S2Z|v2

WVS |

Nyld HV3IA 3SVE

NO1LdI¥]S30

EIC]

T FSIONHXE--MAMSNY TTIIWYS

NOILNLILSN

Aruitoxt provided by Eic:

[E ©



e
I
L]
.
L S —————.————-—_———4——_—_A\n——ﬂ].—_-u— t ———— q_——n—#n-—n—-a-—»_———-rl—\_‘_ w-
224778 - 2v|ivioy £€(2€ RS |_._
ns NOILVLRdNOD 20 QOHIIN WHO433Hd _ RELEREERTT:] W3l ONINQVd _ ‘ON
° 34003 39NVHD INT
* (usmpToaug Te30F)
§ SUTT 02UT poTeq01 9q o3 puB f{quodaad g°¢ Jo onTea afejusagad ' foFequooaad e £q
o3Ueyd 21BdTPUT 07 9pod B {QQ¢ JO TOAST oseq B fuUBMUSOXJ JO swer B {g JO JOqUMU SUTT © 3YITIAM
wan T Sutuueld B 2789I0 03 UOT1ONILSUT a1 JI83UD nASO._”woL 1099Yg BB UOT1oNILSUY oYl 3ursn
¢ HISTO¥EXH
[ E RN EEEE RN EEE R RN
...".........'...."."........0.'.'.I..'.'.I..Ol.....l...........G..l..ibuﬁn.OI......-..l...'l...".....ﬁ......l...........I.'....
186l o861 olL6l 5L61 Ll6l 92161 Slel L6l £i6l 2iol lLel WIL1I YiNINNY 1d
Tp)
- . ©
=nUI1dIads3u ANV 39371700 ANV 140d4a

Jivd AV 5%

r" T 1Y RLUYINGILd 149530 ANY |

26195 ov

—-i\l-—

Ve Ay, |,

NV1d Yv3A 3Sve NO1LdI¥IS3d

3ivd

2 JSTOWNXH--dAMSNY EIdNVS

3931107 Ay |

NOILNLILSN!

Aruitoxt provided by Eic:

E\.



Lan T T P [ fr T T r vy y [Ty v v ryrirp oy yrryprrr T T T T s LN LI e N L LB RO B B B S DA B I A B B 1

|:23123 Fid i g tEf2e Sl v = _—

Lt NOILVLAINOD 40 QOHLIW RHO23I3HJ — TIA3T ISVE W3il INIANYId ON
3N

3003 39NTHI

*gF Jo ToA2T juUalIMD ® pue fjusnzad g Jo dBueyo oFejudogad Burseaidsp B8 BurjoUSD
isquapnag TerTosdg PaTTEY £, JO Joqumu SUTT B8 U3TA walT Suyuueld B £3Toads 03 B3EP SY3 ePTACIT

¥ ESIONEXd

¥ X K X X XK KR K XEX XK NX

ey 6°1uw 0 96t L% 1re crve [Ia1o1 € 79t v ler #° < s*tule v uut NymwHSJYd S
lll.l.llllllllllllllllll.l.llllllll.lllllllllb..llllll.ll.ll.lllll.l.l.l.ll.l.l.l..lll.llll..lllll.ll...l.lll.lll.l.l.'.l...‘...l.

bLbt ritl Leot Yesl =it L6l €261 diel 1161 uLel 6vel n4tl YNINNYIG

A LS I N B .........4..%...“.«71..0_0N ._4..L._.._._.._.T(Tf.m.w.d_.w_
ST toog [T T T T NWNHS3aYd

T T ¥/ %SENT Y tpee | T T T YNHS3 NS
b ROT¥3d '¥3d ANFIYId 6°C AG IsvIdNT | oo | T T T NWHHS3YY
AT T aotadd 438 g6t A% 3wwo LT taae | T T T T T T T T T T NYWHS 9N | |
S NOILUINAWD) 40 GOHLIN :zemz\ BREC AR T 3L ONINRvIE

L (L R I S B B AR S B S BN I B S SNL N R S R SN SR RO SN

EYILPNATIATRA Y Y

ol

ON
3N

3a0d I9NTHD

ISIOEIXE -~ SHIMSNY dTIHNYS

0

66

Gt

Rl

A ruiText provided by Eric
T

)

E\.



-,--—.-.-—._1-u_-_-—____—-ﬂ-.—-‘_x. __-__-_ -——_-——‘__-__J‘-I—J\_-—-—-__ T

8:le2 2v|ivjoy gglee Sl o] ¥ |
WS NOILVINdWOD 40 OOHL3W wyOII3ud — RELEREES T W31l 9NINNvId ON
3002 _3DINYHD mn

* (£3ToBA TR3OL)

GC SUTT UT PaTR303 9q o9 pue {xeaf x3d g Jo dBuEyo B {JUSWAIDUT UB £q aBueyo noys 03

apoo ® $0¢ Jo TPAST 95eq ® {5I0Ss9Jold Jo aweu weit Sutuuerd e {gg JO JoqUMU SUTT B :UITH

woqT Suruuerd B 9983I0 03 UOTJOMIYSUT Y} I8qUs €(moTaq) 293Ug BIB( UOTIONIISUL g Butsn
S ESIOUEXE
XXX XX XEFEFXFFXXRERREXXXXX
S L¢ vebd $°0€ 1°2¢e et 9 ut S LE 76t S* 1Y L*EY 0°9y S1iN30NLS "Iv1d4dS 2

6261 glol LL61 viel EVA vlel tzel clol 1Lel uléel oAl wAll DiNInNYTid
T T T T e [ SUNGRaS W335 |
AL A o AT R I Y T/ VA T S YT A
) ~ T T ANGIYFE o o3 R VT [T T T SAN3dnlS W103ds |k
T qoTY3d 3d 20 IVIWIA | YT | T T T SAN3AnlS W1534S [ L
W . Q0TI ¥3d Z 46— A9 INWHO R 9T [ sin3dals WII3dS ||
WS NOTLVINANO3 30 OOHLIW .:zoummmw 3RS T 35V W31 ONINNV 1A ﬂ mu_m

3000

39NVHD

¥ ESTOWEE--SHEMSNY TTINVS

O

™~
w0

Aruitoxt provided by Eic:

[E



rr-r -—AW...~.-u—4-~—~j.—ﬂﬂ-.-.-.-«-«- LARLIRE IR BN N8 Ba N LA JNLINLINEL BN N B B R B M A LB B B B S NN B B SR S ML AN | Lf
£ -—

(1 2 sejzs BIC
NOILVINdNOJ 20 GGMIIm NEOI3Z63 SV Wil SNINNYd 0N
3003 - E LT
29NYH3

*(squspnis {v30l) TT SUT( uo psTejo} pue fxsak xad QT Jo assaxout we {go¢
30 ToAST 9seq {g Joqumu JUTT ‘wEWYSaIl PITTBO WI3T Furuuwsd Sy3 998ISUST 0f BIEP G FPTACII

9 FSIOWEXE

LA AR R K 2K K 2R IR I I I IE I JE I3 3

(R T uTHYe uT9In uTrn L] W un 0wt eIt VA% 0°ce 0*ve SH¥USSIdvad  SE

3133

L N N R N R N LR L L I R R N R N N Y Y Y Y N Y R Y N RN N Y N R R A R XA AN

biot winlt L161 CYRN| vrel nled teel elol el ulol 691 WALl uniiingla

._<|.1.~|<Jﬂ<.44-JJ..J._.I.-._\qA.AJJJ".E...._n.Qﬂ._-..._...1-...-“.“.6.“.“—“-‘.6.“% v”
R R e~ B R e T TE PRI

T Y /EWNT R e T T T T T 78309639034 | 19€
TTTTTTTTTTTq0T99d 99d T4 ISWIYNT | tag] T T T T T T Tkyessy0ud | s
T T 01834 Wad T A IMNKO R togl T T T 590593408 | S€
S NOILVINdAGI 20 GOHLIN SKOuwum\ T3A3T 35vE W3Ll 9NINNVId ON

,mw‘f’\' " @)

3003 IINVHI
S ICTOHEXA--SHAMSNY TIJNVS

Aruitoxt provided by Eic:

E\.



T sy e TN

1'”‘1
T T -—-.-I_w--l—\-u-—j-__—--—.-T-\_-- 4-__—- -w--——q--—-_-‘-‘ﬂ-l-—--_ L
aclse [33143 BEG '
ANS NO!LVLNdNOD 30 OOH1IN WH0333u3 RELERIES T W3Ll SNINNY1d ON
3000 oNemy
*sxes/l | T paAaTyor aq o3 TwoB ayj pue {1iQg Jo SuTBA Hw.ow B
{feaar Tro8 ® 03 28ueyD MOYS D9 9pod B SSNTBA JUAIIND Ti9T B 30913 0 9seq B g Jo Joqumu
suTl ® forjey f3Tnoed-juspaz§ PoTTeo wagT Sutuusid B 23BIouald 03 UOTIONIFSUT Y3 IPTAOIT
L dASTOYEXd
HHER R E K R R KRR KR KL KR KRN
0 oLy utuet Y et UASIVAX (S22 v ust 6 uni utlte i®0ct 6%l [SARUIS DELLTET-F Y
cccc.cn.lcccccc-ccccl-ccccccc-cc--c--occc-cc-occcccccccccccc-nunccnccccc.c.c-c-cc-n-o-c-c-ccncc-occ-occ-‘o.cc.ccucc.o......tc...c (2]
GLoL reot Liot veel see i L0l teul L6l lest wEn [T Azl gmtiane lg ©
— (D B S i o S e S e e S e D e e E e E Ty LA RIS S B O B B e sy R e e e —r——r— e
i "aV [ oot NVWH93¥S | 5
T T T T T T T T T T T T L e e B S B e T

. Q.O.M. T
Y] ..M. T
'09¢

1T
A

LI I e S B

01 f
T TTTYd/ et AT §
Q01?34 / 0°'0T A8 ISVIYINT

TNYNHS 39S
" NYWHS 39
U TEEEE

™T Lo B B S et A I A S m A

e | 'do1¥3d V34 QT A9 NGWS Klgog T [T T T T T T NG9S, L
WS - NOILVINdNOD 30 no.:m:. WH0333u3 RERERIENT EET] oz.zzqd_ . mn._n

[t}

ASIOYIXA~~SUAMSNY TTINVS

Aruitoxt provided by Eic:

E\.



H N ’ . ¥ 1 ' t ] k) 1 ) ) 1 t ’ 4
.—-.---—----.—-—_-—._.-_-- —-_-_- _—-.-—--_-ul-.\.——_qq—-_-_ T T
3z L L34 £ Slvis 1
naS NOILVLGdNOD 40 QOH13N WyO433ua | 73437 3SVE W3l INIANYId — ON
3003 N
39NVHD

*SIedL g UT paydBax sq 01 (0GLET JO TBOS ® puR {GQSOT JC ToAST qUaaand e {z Jo Jaqumu (L sSueyo ®
¢z JO Jaqumu SUTT ® u3IA fwagr Sutuueld Axeifes L3noed afwia.y Ue 83vadd 0} BIRpD 8y} SPTACI

& E0I0¥EXE

R R KRR REER R RERRNRRERRER

v*uc %Uce U e u* 02 (g G ue vue veel AR (AR A} vt Ullve ALTINUVA=ANIUIILS ©

oLEL einl L6l vtel EYAA wL6l tlol ¢L6! 126l 6Ll [STaRt ) wiall uyivinela

T T edtee 9l ‘Ollvy ALnovI-1n3dals
T ITTTIITIT T T T 0 I M N [T QY AL07Yd-1Ngdals
Tt g ot dINT i 91 [T allvy ALagvi-Llnadals
U T T 77T T T T NT ot 0L FSVIENT [ "1 [T T oILVy ALInoV3-LNg dalf
I LT T 40T33d bd NI oy 9L IMWH M 9l [T OTLYY ALnVI-1NIdaas

| Srm——
ANS NOILVLRdNOI 20 QOML3N :xouwmxx RELERIEST) W3Ll 9NINNYTd

=
]

o

L

L4 ——
il d

ON
INGT

3003 . - - JOINYHI

L @STO¥IXA-~SUIMENY dTIJHVS

O

70

Aruitoxt provided by Eric:

E

(9



)
N

—. LS SRR AN S (AL SN S S SN SN S S B AN SN S Ay SNLENCHEN BN A N R B B I N A LA R R B B A LA (LN i LS S D B B AL SN S0 B S R b SRLANL BN A A | T
LN LA AL SENLEN BN BN B N BB SN B B SR SN N B SNLANLEN At BN LN B R RN B FTrrvr[vs TV r Y 3| rf T v [ v 3 r Ty 1 1ty T
mhﬁ-ﬁ 2vfivjor £E)2E - Sl vl € 1
Ans NOILVIAZSMOD 30 QOMI3IN WHOAIINd 3A37 35vE W3Ll ONINNYIS ‘ON
INT
3002 . JANTHD

* (sesuadxg juspuls TBIOL)
0% SUT{ UC Ps{R303 aq 01 puB fQi-g sIeaf J07 00g puB ‘g-S saead JoJ g1 ‘-1 saeek Ioy
OST JO SenTeA JUeR3SU0d UY3TA {elBp qUB]SUOD JO UOTQJLSSUT MOUS 03 Spnd B {GgT JO TOADT 8SBqQ
€ $T¢ Jo aoqumu sufl B yaIA {S93d psyred wozt Sutuueid ® sjeasusd o3 evlep ndur °9Yyj opTACId
6 TISIOUEXdE

EAE R LR 2R IR I R E I R O IR SR R A

0821 [(EYR% 0uLEl UazEed yaltl uslel QulLel ushel oogll oSttt 00501 ASYIVS ALTNOVE 39VHIAY €2

71

008 0060000 00000880000 000ssssetttsnsitntestidesassciontststdnitiiontocttoasvantssntstonditetossecastotesdosnitiansensetnsdesssscsnssssonsstens

6Lel wlol Liol wiet wlnl vi06l £Le1 elol 1261 06l 69€. 1 will uklinwvla
I AR _.” l.w._” 05¢el ‘90507 AFVIVS AL0Rg FIVAI AV [GEC
' T T T 5 oMET'T i 00507 AYYs’ AL09YS F9VIINY [tlen

M o 1_ T4 o5uLe T ISVIIINT 00907 ' ARIYS ALnVd ISVAINY [TE
T g d NI "054ET 0L 3SYININT H T "0050T T AIVAWS ALnoby 3DV Ay Yt

o

T T

T

v

de | @o1¥Fd &g NI 0525V dL FONGH) B 00507 Abivs Minadvd 3nWy3ay (ST
~NS NOILVLINSNOD 40 GOHIIN !zcnwmmx T3IA3T ISUE W3l 9NINNYIS _ w“‘uh

B FSIJHIXI--SHIMSNY T'TINS

IC

Aruitoxt provided by Eic:

O

E

———— - R - i
= e —— b L —— e D T T T T T ey ppmem




™7 LIS NN SN S N AL N S R B N SN AL B A B U AR B NN R S B R N B R A (LB T T 1 re TV rTjsyrvrrryrryrrryr T L |

7 -—-qqf-\_.-._--_n-—-—_--—--J-_.- —--——- -_--—-—-_——_-—--1-‘—-— LI

azlze 2v|ivfov €€ s| vl € 1
ns NOILVLOdWOD 40 GOHIIW WHOd33ud RELERIET] W31l ONINNYId :ON
3NT

3003 3JONVHI

*01-9 sxeaf I0F Q000L PUB ¢-T Sawak J0F Q0009 JO SaNTBA
y3Im pue 00005 JO onieBA 9SBQ B {g) JISQUMU SUTT fuOTIoNpsy 2930 PoTTBO wWe3T Sutuueid B o3exsusy

01 ESTOYHEXH
AR R EEEEZEEE R E SRR R XN I

0002 0002 0°sLi vesgel u°sLl 0°6Ll 0°0s1 u*ost 0*0sl  0*ost 0°92l 5334 1€

00060060080 0000000000000006e6000000000c00000c0cscsssssssssossoccessssetestsccesisestosscsonssotencssnestsontcossonocsossncssocnrtonssccsscccccctscacscccs

6L61 8261 Liol 9LEL slel nlol tiol cLol 1261 clot 6v61 will YnNINNVG m

N I .C.Q.N.._..,......\_...._.....Q.Q.“. AL LA L B IS B BALEL R B AL T
R Y Y ALY Y ) Y M TY |
0.‘4 ..J..¢.1.Qbs.\...°;.v\:....Q%— _\...v.-. ..b.N._:ﬂJ L LA BRI N R RN ﬂmW“ ﬂﬂ
LA S R S T .._..QON_.._\._QQN.\..MN\ LALINLIL IS DAL LA LR LR R L RLELEL I R ....
STBLITSCTT R 05051 as 105 Jaeer T T T T333d | IE |

L L £E|2E
WOs B NOILVLNAKOD 40 QOHLIN WHO433H4 w>.w.4a 3sve - W3Ll ONINNVIG “ON
T [
3q03 JINVHD

6 WSTOYAXH--SHAMSNY TIdHNVS

Q
ir" lC



~
=TT 4—1--—Juud}jl--——-u-—-A,——--—-- -—-_-— -—--—--—1—-~—--—--— T 1
_ B 2w (3t slofe __
LLS NOILVLRdMO) 40 GOW13IW WHO433ed | RELFREST] WLl ONINNYId _ ON
ELTh]
3003 39NYHI
rAlguums Sy1 UT PaTe}ol 8ae L¢ PuB ‘gg
fec S{C SSUTT 2BYS 530U DUB {0F JO JOqUMU SUTT B {SSUTT JI9Y3C WoIJ vamums ST 3T 38UL MoYS
23 =pod E fessusdxg fuspni§ Tejol PoTTel weyT Jutuuerd B 938AID 03 BIEP UOTIONILSUT 9Y3 I3TaM
TT ISINEIXE
IEERREREEEEEEEREE R RN RN
vuuuL VI UNLUL vuuLL iuyueL U] 0 (I uduuYy coety Luouys Ueldfiude ledu w9l

oiol Hisl Liol s1+1 st ikl tlol ¢ial 1L61 Lol 6Yhl nill YNInNYTa

T  ESELNEEAE SN G S B S S B B R T LI LI S S It UL S B SN B SN R BEUIL SN B SN | ™

0006'L'0G0'0L "0000 L
> '000DC ©@000< ' 00009 0000900009 |9 "Q000S ' ' ™NOW1InG3I¥ 1834 | [S<
T @ eaod  ‘eeboc ‘eeoad Tebbogce ||TT T T T TrTTEATERERT e b

T3 o0k " “oh00'9 "00009 00409 5~ ~avhos Nollad3y 193¢, ¢ |

2 2e[ivjor 2€
L% NOILVINdWOD O GOH13IW WHO433k4, T3A37 3SVR W31l ININNYD ON
) \ 3N
3002 IINTHD

6T ASIONINI-~SHIMSNY TTAYS

Aruitoxt provided by Eic:

E\.



L —1—-

(24773 erlivjoy |33 44 Gl vl € ]
ANS NOILVLNINOD 40 QOHL3ZW WHO433ud 3A37 3SvE W3Ll ONINNVd _ OoN
3002 3NN
- _— 3INYHD
*(seakoTdu Tejol) G9 SUTT UT PaTL403 29 0} pue fgg pue ‘.¢ ‘9¢ ‘cg SSUTT Jo ums oy3y
BurpnTour f¢3T Jo onTeA =sBq ® S£9TAde] TBL0T POTTED $6¢ Joqumu SUTT € JOF ©ep oY} SPTA0Id
ST SSID¥EXH
IR E R EEE R R R E R EEE X R
299¢L Bovt iy (4285 | WA-Y4 cutic 7rYe 19%¢ (47 ¥4 ttle O Sasiddxa Li3UNLS TIvioL vy
LouY CAg 13 o'yt c®ut ER %S oIt 7 UE t°ye 9Ll AR TA 0%ae Staxngfi ALIALIDY L€
8etct 6*66¢2 9°LLe 1°15¢ utute 7°ud2 1°%02 u*oul vesel n*¢vl vruGt OVaA ¢Hda >3[71ddiS=5300d SE
N ) ]
00€Et uset oull sttt volt gaul vuul VAST. ] 00e uSe Gun v 4A &Sda UdVUH-KOOHM €€ ™~
000¢< 006l 0081 0uLT uost vitat Ouwl oaet a0z1 o0t Ghist ovdA gdd S333-n01LLNL ,.—m
6lL6l gL61 Liol 9lol aleld 7Lo1 |WA-N ) 2r6l [La1 0l61 b9el natl ININNYID
T . —TTT T T ™77 Ty YT YT T T T LI L =T T 7 ¢ T T T o T T T T Tt Uy | T
_ _ _ $35N3d¥3 InFIals V1ol | [6h
™" T T T T T T T b LI o T Wl ot T T T T ™7 T T T T T il T
Y X O 4 COE R T TN SINIdXF INFIn1s Lol | (oY
T T T, 1 T T T T U J T i T T { a1 ) | PR T T gT T 1 ot gl — (g I
[:11V34 — PM °r< ’h“_ ‘WM.\#W _m-NZ—HM- -*-Q— k“tt_a-“Nv _v_ov _ £glee WGWZ% ngakm _J‘POP G| v@* 1
nas NOLLVLRJNOD 40 QOHLIN !¢Omwmz¥ .—m>.mw_ 3sve W3l ONINNVId — “ON
- 3NN
3002 woz«&u

TT ISIOVEXHE--SYAMSNY TS




R
T r —J-l-—_.-—-.-_|_|-—J-‘_—-1—-_-.J-|-\—-1-|-‘ -1—‘—-_ -___-——--——.-..—.--—--- ]
82| - 2rliv|ar }33r43 Sl v c i
ANS NOILVANANOD 40 QOHA3W Wy0233yd T3A37 3sve W3l 9NINKY1d _ “ON
o 3a63 aswwy
. “(suepnys 1830L) €2 Sury ojur (oryey L3Imoed
..u.nmﬁs..wu %1 ourT SuTpiATp £q Pejndwod sq OF PUB $SS[qBTIBA ISU30 JO UOTJOUMNT B ST weqT
8U3 #0US 03 Jpod B £2% Jo Ioqumu SuTT B (£3TNORJ POTTBO WIT Butuuerd ® I0F BYED UG USTUING
€1 ISTOWHEXH
0°L11 0°gll 0°6ll o*1et 0°gel £°921 L°621 0°EEl £°9¢i L6t 0°evl ALTINOVE TWWioL 6E
0°qe 0°s2 0°se 1*s2 %6l v it S°tE 9°S¢E L°LE b°6t 0°cvy SHOLINGLSNL  BE
) . 0
0°1¢€ 0°2€ 0°EE 0°vE 0°SE 0°S¢t 0°LE (a1 0°6E 0°0% 0 1%y SauSsSdd0ad LNVLSISSY L€ ~
0°9¢t 0°9¢E 0°9¢ 6°YvE U EE 9°2e S*1E %°0€E é°6¢ 1°86< 0*le Sauss3d0ad 3LVID0SSY  9E
0°se 0°Ge 0°se 0°se L*ue £°9¢2 L*Le [IAd-T4 £°0E 1°1t G°EE §40S53440dd TINd  S€
6161 5lol L1161 JL61 Sesl winl £Le6l elol 1451 viol 6961 w3Lll 9nINNVTId
- R e o o e e N B e e e e e e s e e T  ELELAI S o m i e o e g~ e b S e T
? . UL ALWN59d vlo) [ v
—--|—1-.-.—--—‘-‘- ‘—-—- Tt DL R | sy -\—--—---j L) 1-\—-|-xq— T
9 8g'Le"95°9¢ ‘40 Wiol ‘SHT AL5v4 Yvlo) | [bE
T _ -_-. T .—‘- --‘-—.ln_-—‘-\- r-j -_-01-\.1__ -—--—--—-.-1—--—- LU LJ
9. 8% oy Cg 9% T SAINTT J0° AWWHvias [T 7T THT | ALY qyLo) | [bs-
L i B {
nias NOILVANAHOD 10 AOHLIN !zOmHz‘ mw>.w”_ 3s5ve W3l SNINNVd — m“._ﬂ
3a03 39NVHD
21 HSIOUAXH~~SHAMSNY FTNVS
o=h
H
mp
H




LA . . 2v|iwjoy eelee i
s NOILLVINGWOD 40 QOHIIW WHOJIZdS 13A37 3sve W3Ll ININNYId _ ‘ON
3003 - ELTR]

-

_--—-------—--— T T
m—e

39NYHD

(esuedx®y ¥ ® D) g SUTT semri jonpoid ey SurArdiTnw puw
¥ % D Jus0Iad se asusdxy yuamjredsq) og SuTT SeWr3 To' SurATdigTnm £q pagndmod §QOSITT JO
ToAsT 9seq ® U3IA fosuadxy jusugredsq peTTed ¢$C JO Ieaumu suty B ugTA wegt Jutuueid e Jaquy

T EISIO¥IXE

LR R ERERERERXE XXX I I I
9°2i 6°6Y €°L9 9* 49 6° 19 €°65 9°9g 6°€S L°ES L 6°ES 0°u- ALINIVE 2%
e9lt 6111 LLot €01 L66 6%76 906 €99 Les ’ /6L 6LL SIN3GNLS W10L €2
- - . -0
™~
0°9t 0°9t 0°9t u*9l u*sSlt 0°91 0°91 ¢°9l #°91 w7l 27l Olivy ALTNOVI~-LN3ONLS ¥I ¢

S PSS 000NNt CRE0EEERCCRRERRAN0 000000l RRRE.00000000000R000EE0NRR0000a00sssssT000RRReIERRstlonnrnstetsletsssscnnceRRtoste

6L61 gLel LL61 9Lh1 clol #L61 gLl eL6l L6l oLel 6961 v3ll YNINNVId

L .—TJ.._....._...._._.._...._{%ﬂﬂ.d_g..-._.. ._...._....._...._...)I.P_J.z.u.‘.u_ w.*.
A R R NE 0 DA Y A R S GE LN B

£
RELEREERT) W3LT ONINNYTd _ “OM

3 NOILVINANOD 20 QOHLIN WYO0J33ud

. ELTR
3003 39NVHD

¢T FSTOUAXH--SHEMSNY TTINVS

Q
L l C .
T

E



o0
T T -_ -.-.-—--—-—_.__.-_—--—-- 1—‘_-__-. -—--——-.-—...-—-1—1.-—-..-— LI §
BIL . 2v|ivjov £€]2¢€ S| v e L
WHS NOILVLAdNOD 40 QOHI3W WE0433u3 | 13A37 3Asve i W3Li ONINNVIY _ ‘ON
3303 |moz<:u wn
: .mmmmnwm.unm u.nm.mﬂ.mv $9 SUTT UO POTEl03 8¢ 03 Pue fSSUIT OM1 SY3 JO UMWTXEW 8y} ST YoTUA "Am usld
. ‘WOT3INT pue ¥ ue(d UOTITNL) ¢ PUe g¢ SOUTT SUfUuUeds WOXF POATASP ST YOIy {sweyr Suruweid
I2430 JO WMWITXEW SUTIOUSp 3pod B {Hg JO JoquMu SUTT B SUOTFINI ParTed wagy Sutuwerd B Spraoad
ST ESIO¥aXH
XXX KX K HHEHRHEXN,EXHXHxxH¥
6665€ 66 LHE 66Elt 60646L tolud 92942 £ryvee 92dal 56121 VAR Huael un_ﬁ_axw ._._,..._:hmgwc 99
000002  u0UUGT 000081 uv00LL yuydwl uCousl ovouni 00006E1 G000l wobull  00L00T dshddx3 4 + 9 24
0°3l 0°wl 0°gl u*ul ‘el °21 2°91 261 £°4l 7oel w2zl 4+9 Li3Dadd SV 4Sw3ax3 ld3u S
PP N OB PP O NOOR D TINDDEON O LoD PR PR OD R OEOOOCCedRNOen ol N NoOoRR ORI ORRROEORDRIDEORROIOO R OINEIO O RO RORLINOROLRRORSINDSIONOR SN OLOROINOORNOERNERINRRINsnoRR LS 7
~

6L61 vlol Liel 9Lal aled wl61 €lol L6l L6l 0eel 6%61 *e4ll YNINNYI9
B AR TER0LTG " M o0stT [T TISNFIXT ANFWIIVIIQ [ A5
T T TR e % ToeT TOT FUaaset | T 3¢ngdXT INIWLIIVAIQ | e
WAS N NOILVINJNOD 30 GOH1IN WH0i3383 TIATT 358 W3Ll ONINNVId _ “ﬂn

3002

ZONVHD

T ISIOUAXH-~SEIMSNY TTINVS

Aruitoxt provided by Eic:

ERI



T 7 _—ﬂ-.-—-_-—JJ-—_--—-_-_—--v—-‘- —-1—\-——_ -_-—-—----———-_-‘1_-—_— T
8zlLe . 2v|ivjor sslee sl vf )
WNS NOIWVINGNOD 40 GOHIIW WH0d432ud | I3ATT 35vE W3Ll 9NINNVId _ ON
3002 3N
39NVHD
*SSUTT oMy ayg Jo
muTaIw 8yg SutgBasusd pue ¢ (eurT J}OaY) I03OoNaYSUL puw nouosnumnHv g2 pue ;g sautrT Sururmexs £q
POUTWISYSP ST YOTUM Q¢ JO JaqumMuU SUTT B YatM SAxeTeg $,a030Nna3SUT paTTe? Wegt Sutuue[d B agesa)
9T ESIDUEXH
K EFFXEEFX X R XX XERRXXXR
008l 021 09l vusl coyl [T Onvyl Loel uv2i Celi voul nolilnt %€
0091 0091 0091 o0u9l vul uN9l Usvl 09€ 1 o..wmﬁ 0211 0ol & Nv'id NO1LLNL  Ev
velLl 0v91 09s1 ugyl tuwl 0ce 1 02l u9tl 001 voui v iNvld WUllinl 2€

ooBl

®
~

6Lel gL6l LL6l siel =Lbl viel £Lol eLel 161 oLel 6961 WAll YNINNYTd
LA A A D R ) ¥ s (Ol £
gy | T T TS e W g T [T T T T T TTTTTUNGTAT AL | RS
-”.mhhhn _ LR — LB _ 1 &1 — T L] — -M-M_’“w _u-O- —*(t—mv mov_ LI L — 1 _nn Nn- m LIS LI _ L _ LI _ L] -Z-O—HF_H:Hm VE
WS NOILVINdNOD 40 OOHLIN :xomumzw ~13A37 35v8 W3LI ONINNVId _ u“._m.

30603 -

IINVHD
ST ISTOUHYHE~--SUAMSNY dIdHNVS

Aruitoxt provided by Eic:

E\.



Sy
et
=

0
uqJ—A-uu.—.-- -u-_—_—_-_-__—.-__-- q-__-_ -‘—.--—_-—-—-__—_]_—_-___ T T
[:717¥3 - (14 Udivd mr.Nm Sl pl € _—
S NOILVLNdNOD 40 QOHLIW WHO433Md — A3A37 2svE w3azil 0z_zz<|‘_l _ OoN
3002 29NN 3N
*{sn1ding SurpeIadp) S8 SUTT JOo ums SATIWTNRDOR aU} 8q 02 pue $Q5LSTT ’
Jo enfea sseq ® f9g yo Jaqumu sutl ® §snpdang Suryessdo um) psTTEO SUTT 2 J0J BYBP SUL IPTAOIJ
LT HSIOUIXH
X EFFEXEXFERXERRKRKRKXXX¥
00011 voull ouotl Quull abSu L tzlut Lace cE6 vdbu %150 oul= ALV 1¥> SULUNELISNL HE-
00011 0oott 000TTI ouuTl ~EsiL 21l Lard 2rte v +1Sn vyly AnITT #0340 uc._.u:.:u._.mzn =24
S0s71 989t 1 uleel 6L121 vonlt 6egul 9c¢ell L9996 1016 Suoy vty ablilNalsSnl Le
.”O..Ol'.‘.....llll..ll‘...l..l..l..ll.‘..ll.....Il...IIIl...ll.‘.ll........Il...............Il...llll......\l‘lll..l.......W...B‘. 9
6L6i Blol LL61 9Ll sLed 7l6l €L61 clel iLsl oLel 696l NAll ININNY 1d ~
™ LY S R Sh B (R Bt I R LI B B B SR S LI S B L o T, LA B B B B T T 70 T 7] ' anamhiaes’ ‘o TT o7 T =TT L |
gt TH AIVAVS S, 9009aYLSNT | BS |
T v Aw_-_-—-- --___-. _.-—-‘-._—._ -‘-—-\- -_--—-|-\- T 1T 1 Ta's an'ales’ 0 ' J T
2T (L NIW g AYVys SH0LNYLSNT | [5€
T T T _ T T L] ¥ — T T T T T T T T — T T T T Tl _‘_ — U T L) | L ] T L} L} L R — L T — LI ¥ —— TaT \J L) — ) i T L} T ol T T ‘ ] ] -H m
LT 8T <Y 30 NIW, |, AIVIYS 'S, 90LIaNLSNT | 188
as NOTLVINdKROD 40 QOHLIW !mo.._wmzx (ENFRREST] . WALl ONINNVId — m“m._
- i)
3003 IoNVHD
97 ASTOYHYH--SHANSNY TIANYS
=N
I
E] |
—— L] L oy —T..\WW& To.ﬁb.«._ [rsoiany t ,.4 { 1 - 1 — — ._ [y o pr— — L




L asad st § . TRk by 3

premTr— g

T 7T -—..4-—_--_--._u-_4|—-.-_—-_-_-- —-.-—- _—___—_.—-‘u—_—__—_--—___-_ T

8Ll B evliviov [14544 Sl vt [}

nos NOILVLNdWOD 4G QOHI3W WHO433ud _ 13A37 3svE W3l uz_zzqn._u _ ON

300) 3NN

3ONVHD
* (eTnmaod) GG SUTT Jo gonpoad SATZETINMOOR 8Yj 99 07 PUB $G°Z JO onyeA oseq ®
four] 3ompoid JO SWEU B ${gG JO ISqUMU SUTT B Y3TM WegT Jutuuerd B JoF ehep ndur Sy3 Jequy
. 8T ISIOYEXH
. LR R R R R R R E R E R R R

Liltel [4X-2 204 Yo lSue vwat &1 Llc%nl ehnall Talsll wtyesl ngltyl INEYRAN uSLeel Stilae s Yl lvaddu wfld 9y
SHey ywie ynd Ll terh Ry AR Lyew ttnd LYny 1igsl lelwd dheeel Silaail> Yhilivesdd oy

sesces

A N R N R N A N L R N N N R R N N R Nl L A A A AL AR R A

#waLll ININNY la

6L61 wlol LL6l LET EVA-N wLol [} <ol [Lsl Gint cwel o
T T T T T 587 [ T asdSe | T shid¥ns INILGY3da Wad [[78
o S8 hWas b CoblEr] T s0dyng ONLLYY340 Wad [ 7
58 o Wag |y tobesed] T $nTd¥nS INIIWY3do Wad | |9
L T S8 INTT 90 Wos [k OS], T T shduns HnTlyeado Wad [ 178
nns NOILVLNdKOD 40 QOHIIN !mouwwz¥ I3A37 3sve W3l wz_zz<.._m — wnn

LT FSTONAXH--SHHMSNY ZTINYS

[ A ruitext provided by enic:

O
;'.,“unv

F



rYpvy[reyr sy vy rriprrry vy v e vy r¥rrryr1rryr1rrvr vy apyy r v rrry oyt T

82{22 . 2v]ivjor 33143 HEH i
LLS NOTIVINdWOD J0 GOHI3N Wa03azad | TIAIT v W3Ll ONINNVTd _ "N
[} - LTk |

3003 39NVHD

*potasd suo ejep oyj SuUTITYS pue (Uemysari) 9 Jequmu Sutpy SuTHes.fq peATISP
8q 03 pug fweqr Suruweld asyjoue JO SnTeA S,aB8K 9SBT SY] 9j0UsSp 03 apod B 03 JO TOAST
aseq ® {axomoydog TBTIUa}O4 POTTED £, JO Jogumu SUTT B YJT# wagT Sutuwe(d ® J03 JuduTt ayj moyg

6T ISIOUIXE

IR R R R AERE R E R E R R SRR, ~
6LL1 ELN Y il v ‘e Lel £v GE £l L] 4 SNl L0N008d  ¥s
m.—<1‘| 91 L°1 A1 . n...I, ‘ cn . [*c e £°e¢ b e ) ..\H_._.iulcu.:,mm.

LA R R R N N N R R N RN N NN NNy S AR FE N RN RER XN

6lol glel Liol sLel EVAAY wib L EL6l ¢l6l 1261 0Lsl 6961 wi2ll 9NINNY o &
"55'd NS'T INTT 190aad | 05

T T e qodd plett T [T T T INIT 17ad03d | 89

T ._...._...._...____.__..n.WW_.“.Q.QGQ.L.E.W..N.._.. ._._.._._.__.....WZHJ..I_-J_QQ.QJ.&_ “M_

LT T T T 66T INTT 90 Qoad plgce T [T T T 9N F¢9_Qo.um_m.r_mW.L

nas NOILVINdWOD 40 QOHL13IN lmouwwx‘ RELERIEST] W3L uz.zzq._al—\ “ON

T ANt RELANE SNN S S SELENLNNL SN B N NN DN B N B RN NN S BN SN BN NN S TT 7~ L DL SARRL AN B LN N B B B B

3NN
3000 -JINVHD

81 ESIOUHXH--SHIMSNY TIIWVS

Q
. -ERIC

i



rr u—-]-—--—--_—___-—--—-m-_-- LERLER L B -—--——---.-—--—-——-_ T T

8222 . 2v)ivjor sgfee sl v] s )

WS NOILVINdNO2 40 AOMLIN WHOI3I3ud — 13A37 3sve W3l ONINNYId ON
3NET
3Q00 39NvH)

*(s3uspmlg Te30L) OT SUTT U0 DParejo} oq o3 pue {porxed suo pagyrys (axomoydog)
L SurT sawty ¢9° Sutyel £q psurmaagep g JI3qUMU SUTT {xoTunpe paTTe? weyt Sutuueid © Spracxg

02 HESIDEEXH
E IR R IR 2 2R IR R R R I A A R R R AR I R
0°Got 0°ust v*0LE [T oUae 0°0HE UtGEE  bTudt vtoLE VrULE Ve uee SdcGwUhdus Tv1AnNIL0d L
0°00y 0° 06t 00yt U NLE U*uve [ AAVI°1 0°uyve g*0ee 0°0ct 0*0ie [FAdI17}Y NvwhS3dd 9

wall YNINNY TG

[ AN R R NX NN N NI NN NN NN NN NN N
6lel Glol Liol 9161 aledl 7l61 £Lel elel [WARH ulel ovel
(o))

[v0]

_ _ji_____w._ "8 [T T T 3V0W0Hd0S T9Tlnalod
S DR AR 2 ™ O X A NN 1 o ) VXS E T
. 90 40 Y Agths K ger . JvokoH dos' 1viin3lod [ £

nas NOILVIRdNOD 40 QOHI3N 2:0uﬂmz& 13A37 3svE W31l SNINNVTd — ON

NS

3NN
3002 3ONVHD

6T FSTOUIKA--SHAMSHY TIIAVS

O

ERIC
B




T T T 7 .-—_-. _--—-n-—]l-\uﬂ-.-—uu- T 1 -_- -—--—-—-I_w-_-—_-.—--_ LIS )

L7 £efes spvli _~

wfis NOILVANdNOD 40 QOML3IN zxnummuuﬂv TIATT 3598 731 ONINNY D N

3402 - .uuquu wn

*Surpesy ® ST wegt Surtuuetd
Y3 3By} 930USp 03 9pod B fUOoTjBULIOFUI Aremumg pewmsu ;g Iaqumu SUTT ® JoF ndut oYz SprAcId
T2 ISIOYHEXH
I E S X EE N RN EEEF R RN RN

“°snl 122l EMNAL (AR vl vyl U9t 2° 151 1°hal L°74al vt culxtill W
w*€ad ntLLe 7 ¢l [ 1 3% twe 1°9%9¢ 17158 1°Yyn¢ n*ive 1°ied unte fauibhals L

eestecscsscsaceteccsscecccncseatNttototoenenceteatnaettochoesantlastlanttscetotsosolntsssnttnsecsoe

83

eececccccsvsscose enececsccsasecscsn

wall uleiNWYTig

FLEL PIAYY LRl EYEN) EYARY | Lol tInl clnt {esl a6t bl
T -11 —u-~—~|~‘11-‘-‘1-—-1—w<-—-‘q -ll‘—‘—- ‘—\—- -4—--— -41-- | Py s -— AN
: . I Le9 " K J0INAD
u T T T s T T T T T L) — T T T — T T T L T T — T 1 T — T T Ll T — LI L] T T L] T T T LJ
270 7s3W1L Y9 Ld s _ T NOINGY (9
T — T ¥ — T T T —j L] T _ T T T T — T 7 T T — T T T 7 m T -.- T T T — T T T — T ¥ T —— T I T T — T T — T T T — 1) L] m T
afee h l— J‘ZQ J(Hg bw 2vfiv]oe €t|2e gQHZ:ﬂ S vwm‘ i
nns NOHLIYLM dMG, 4D OQDH13N 2x0umuﬂ\ TIATT T8 ¥:311 ONINNVIY N
3N
ELip] J9NUYHD
63 MR A== A TR
(@] :
Gm H
k3 ] 1 m
— T s R = s R s R ey S o B e B s e I v 8] =




R D T DA L AL UL LA B B AR B B B S B UL L L UL LA N L N S O S A N ) (L RN B B B L L B B BN N S B SR ™r

8ezfze 2v|iwjor €gj2e ) S| v

"

LU NOTLVINGNOS =22 Z0h 3N meCd4330a _ TIAZT ISVR #3i ONINNY I _

3652
El 39NTHD

T2 3o SEBU 2 i)g J° JeqEn euly ® yaTs Surpesy e JoF eep ndut 2Y3 SpTAGEd

g dASToum{d

¥R E K KX E KR KE RN KKEXREKRKRF

wWULAvELINL AgTnralS

N
3N

R R L L R T R O R N N R R R R XL

6L61 viol 1161 ILet =26l veel gLol 2L61l L6t vzel 6961 watl wabinw g

T 7 T|{ 1 Vv JI1r v fjrrryyvrr1roprvrrrpr vy T LI B I I I ] LI BB

T NOTLVYOINT AYYHNAS'

(g ]

:71) 7% 2v(Ipjov (3133 [
RAS NO!LVLRdNOD 20 QOHLIW WHO333u3 3A3T zcve . 3L ONINNVT ON
- 3NN
3c00 JONVHD

Te dSTOYHXH--TIMSNY TIBIVE

O

84

JAruiToxt provided by ERIC

=
(



)

R S e B B B e s e B R o B R T o e S ———
L e B e LI oy ae s e T I L e T B i e e e —
-—Mﬂ-d---—--—--—----l—-ﬂdl,_‘--unnd-—-dud--JT-‘J--—Q--—--—I-u-

uuu—dAJJH—J-—--—-J-d—j[-\-\—n--—-u-—-d—-—--—--—-d---———-—--—--

pot: ] szvz .

Smrin0d SINIT 180438 W0433NI T

‘21 pue ‘¢ ‘01 ‘s ¢4 ssull Sursn ‘sasuadxy pue $FT pue ¢
ssury Sursn ‘swodul fg pue ¢y ‘9 ‘g ssury Sursn ‘A3noei S pur ‘g ‘1 soury SuUTsn ©squspnysg
{s1aodsa Laemms anoF aqears o3 qndur ayj opraocad ¢ (ro13q) %ssyg eyeq 3aodey Axemmg syg Sursp

¢c dSIOoNAXd

¥ EXEXEXETXXXTETEEEXEX XXX XX

85

. NOL1VKdOANT ALTINDV A

D N N N N N R N R RN RN R NN )

b6lol vlbl LL61 vl6l sLnlt 7L61 €161 clel 1261 L6l bont | w31l JNINNV Ta

a2 2p|ivjor £€[2¢€
nNS NOILVLAd$O0D 40 OOHLIN iucuﬂz& A3 3SvE W3l ONINNVIA —

R | AR _ NOILVW30INL ALTA9V3 [ (T |

N
3000 39NVHD

22 ASIOUAXE--YIMSNY dIIYS

Aruitoxt provided by Eic:

E\.



EE I S 2 2R A AR 2 25 2K JE S I I A A I 2R 3K 3

“spasu 31U o3 93eradoadde
s3xodar a3waro oy Jouuweld oy3 soTqBus Sutuurld Jo 30ads® UTB3ISD B 0} JuigeTax sygodax
anbrun Az7oads 03 ATTTQR STUL -poIInbar se ‘sofed Jo ‘e8ed B wo 11 jutad pue jusuLlElS
3nduT qaodsy Aremmg snbrun B £q PatFroeds qaodaa yowe ojeaedes prnos 3ndino wogsks
Ten3oB 9yl -o8ed oT3urs ® oquo paurqmod ST s3xodax anoy &Yy Jo yowa ‘ardues syl Jod
oBed SUTMOTTOJ oY} UO UMOYS aI8 SIUSWILELS dAoqe oyj Lq pogersusd sqroded Aremms Eonil

©
@©

._...._...._...._..V._JT.._..JJ_. Nﬂiﬂﬂ.\&.ﬂ.ﬁ.ﬂle...lJJl]JlJl]JJWMM”WMﬂWJ
LA IR LA LA A AL LA LA SN B LA J...-..-.-{dﬂw.-._-.-q-....-. °“2
JJ._.:._...._...._...._...._...._.:._...._..J._..&.l.w_ ...._...._.....avf_—n-gl
*.._..dijllﬂ_....j..._...._...._...........JJ...Q.m.I..N.w_nN.N..._...._..ﬂ._MAPZTGOHWL

b -0 S3INIT LUOdIY WHOI3TNI . . 3 -
L -

¢g HSIONIXH--YAMSNY TTdWVS




LBotBY1
YHhsr01
000S1S
seluy

15€826

0laA

§9202€

22¢2e911

01aA

a°2L9
1SE¥26
249551

L°69

[FA%-7

(12421
g0l

Siul

0TlaA

BLY66E1
£9616
000S6%
(EBLE

949998

6 HA

BT10Y9E

6595501

6 HA

#7°259
9%999y
w691

0°8s

6 dA

0°vl
T1ot

€01

6 8A

20L61El
6LE26
000SLYy
099SE

Z2%0608

8 YA

1¢029¢€

089LS6

8 YA

#°€€9
2%0608
69€%1

€£°95

8 Y¥A

0°81

S%6

€101

¥ dA

0g8enel
cE9nL
00055y
€19€E

L9¢2SSL

L A

026yLE

656898

L YA

6°%19
19285,
LIBET

L*%S

L A

0°81
€68

€86

L dA

0SLTLTT
S0€E0L
0005€Yy
£891€

990502

9 dA

162€8€E

gSvy8L

9 dA

0°L6S
990502
S82€El

1°€5

9 dA

o8l
Sey

556

9 dA

L90€0TH
%4199
000St1Yy
%9862

202859

S A

€5928€

HI9S1L

S ¥A

9°6LS
202859
wiLLel

= 1

S dA

24L€00t
9deuy
00uvs6E -
89992

€11e8s

% dA

SH949SE

LET6EY9

Y dA

8°29S
€1128s
€842l

LAWA )

% dA

uleL

006

% dA

2elsle
95L5%
v00SLE
1g8€2

162915

€ 3A

1€192¢

0006bS

€ dA

7°9%5
152915
Tigil

L°EY

€ dA

0°0e2
€19

k7%

9dyat e
ety
000SS¢E
HERIE

LY868%Y

2 dA

16600€

vEYYES

Z YA

%°0LS
186859Y
95€ Tl

%°0%

2 HA

o°1e
629

8y8

< dA

26d89L
%9 1nt
n00stL
tulol

£0060y

T dA

89€8BLE

€269RHY

T uA

0°siS
€0060%
61601l

S LY

T 34

0°2¢
88S

[ ¥4

T aA

v 45uddxs 3 UV 9 il i

v Aavadl’l €1
uing s d9n3dXd N3IY ONV NIWuv ol
0 45NIdx 3 Lvinldvddu W10l 6

0 NOLLVSHadwUD ALTINDVAE TIViul £
asve nall UNINNYTId

FERUELRE] 1dudda Agvinnns

[ AWOINL 344=NON %1

v AwWQIN1 343 viol €

asvg W3ILL YNINNYIg

ELTVSINN 140d3d AdVRRNS

o~
®
0°00S ALINDYA/3SNIDXT LNIHLEVHIU ¥
0 NOLLVSNIgwul ALTINIVY VLol 2
00s0 1 NUELVSN3dnUD ALTNIVY 3JYvd3Av 9
veo~ ALTINDVS &
asvd wW3Lll YNINNVd
ALINDV S 13ud3d A¥VHRWNS
0°¢e2 Oliva ALTINDVI-INIuUNLS &
8% 1mdaNts / $334 2
0% Sihdunys 1
asve WALl 9NINNYId
SLPAUngsS 140d4d AdvHANS ﬂlb
\Ul

Aruitoxt provided by Eic:

[E



APPENDIX B

SAMPLE COLLEGE MODEL

89




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 i1s 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 inereasing 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 1lO-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 1lO-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 fvll 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 saleries 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 ldad 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
faculty X load hours taught

= average class size

The Sample College Library presently holds 43,000 volumes. The
college is assuming that these holdings will increase approximately
three volumes per FIE student.each year. This will result in library
holding of slightly more than 69,000 volumes at the end of the 1l0-year
period. The 200 periodical subscriptions are considered to be inadequate,
so the college anticipates increasing the periodical 1list to 500 titles
over the next 7 years. The cost of books now averages $8 per volume, but
appears to be increasing at -~bout 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 sppears
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 FIE 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 rew 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 snd supplies times the number
of FIE 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 wxpected 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 pércent 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

Student services

Public relations

General institutional expense
Plant operation and maintenance

U WO~
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The budgetis 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 resulis, indicated above, and the assumption that they
represent a 5 percent income.
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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 gppendix explains the error messages that the planning

system will generate 1f errors are made. This appendix also identifies
common errors and describes the technigques 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 vesult 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. TFor 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 cf 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 Jjob.

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

This message occurs when a Code 8 (meximum or minimum of other
lines) is used, but only one line is specified. The system will continue
as best it can. To correct, examine all 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 EXCEED (mnn). 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. Bither the line must be renumbered, or the model must be
reduced to the maximum size permitted. In many cases, thls 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 1l-3, contains
"85 blank," the line number is read as 850. Changing the field to read
"plank 85" would correct this error.

Common Errors

1. ILogical 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 ILine 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. Sumary 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 b=en 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
(Ccde 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
contalns & nonzero value, the line will be generated, and can le used in
other dependent relationships. Ior 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 Jjob.

5. A planning item is not reflected in the planning matrix:
This error is often caused by the duplication of the line number. The
plamning system will accept only one of duplicate line numbers. The other
line nunbers 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

Accumulative product

Base level

Code

Constant value

Delimiter

GLOSSARY OF WORDS AND TERMINOLOGY

The horizontal summation of the annual. values taken

on by one planning item in each year of the 1lO-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 accumlative sum is: 1, 2, 3, 4, 5, 6, 7, 8,
9, 1lo.

Similar to accumulative sum described above. Annual
values taken on by a given planning item are multi-~
plied horizontally across the 1lO-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, 920720, 207200. This car .bility
is useful in evaluating such phenomena as growth

rate '‘expressed as compound percentage increases.

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

Field

Freeform method
of computation

Input

Line number

Model

Output

Planning horizon

The processing of the model in computer runs. The
examination of model results under various and varied
alvernative assumptions.

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
because the system accommodates a variety of verbiage
describing how the item is to be project=d. 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 apvropriate 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 HELP/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 canditions.

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

That period of time of interest to the planner. Ten
years seems to be a common period of interest in:
long-range planning, although many institutions
characterilstically use a shorter period and for

some purposes & longer period may be necessary.
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Bt

PLANTRAN

Printout

Reserved character

Right adjusted

System driver

Variable

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.

The physical product of a computer run. A tabulation.
See Output above.

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 “he 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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