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PREFACE

, American technology thrives on the solution of physical problems.
We can mass produce "individualized" products. We can send men a quarter of
a million miles through space and land them within several hundred yards of
a pinpoirt target. However, we are not able to cope as well with problems
that hav- significant human elements.

The electronic computer is one of the tools produced by our tech-
nology. Unfortunately the hopes for a computer-led revolution in management
have turned to disillusionment.

This disillusionment does not result from an inherent defect of
the computer. It comes from the lack of humanly designed systems to simul-
taneously oxploit the power of the computer and the Jjudgment of the execu-
tive. Too often computer applications try to supplant rather than augment
human capabilities. As a result there is a gap between the power of the
computer and some very difficult administrative problems. Long range
planning is one example. '

There is increasing interest in the use of computer simulation in
planning. Farly attempts to develop computer planning techniques were
validly criticized. Some techniques were so simple as to be trivial; others
were so complex as to be impractical.

PLANTRAN II is a completely new approach. With this system the
decision makers can play an active role in the development of models. It
reduces their dependence upon a technical staff.

PLANTRAN II requires no technical expertise from the user. It
uses a simple language that is almost the same as the clerical instructions
used in manual methods. This simple language is presented to a computer
compiler which translates the instructions into computer terms. The in-
structions are processed by the computer and the results presented in a
format set by the user. PLANTRAN IT never requires the planner, to know or
understand any of the technical aspects of the machine.

This manual contains information not only on the uses of the system
but also on planning in general. It has a programmed instruction set on the
PLANTRAN II language. A person will understand the fundamentals of planning
and be able to use the system after a few hours of studying this manual.
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The PLANTRAN II system and this manual were developed by the
Economics and Management Science Division of Midwest Research Institute
under the general supervision of Richard L. Salmon, Manager of Operations
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CHAPTER 1 I

PLANNING

I. The Case for Long Range Planning

Planning provides a systematic means for a college or educational
system to develop a course of action to meet short range and intermediate
goals and needs as well as long rarnge ones. In addition, the short range
needs--the problems at hand-~can be satisfied within the framework of the
long range objectives of the organization. An organization that has care=-
fully developed plans is in a position to anticipate and react positively
to external events rather than be controlled by them. Finally, proper
planning can give an organization a realistic understanding of its capa-
bilities and resources and permit the organization to experiment with
alternatives open to it to determine what can and must be done.

IT. The Planning Process

To be effective, planning must be approached in a systematic way.
Effective planning demands a structured context for developing alternatives
within a framework appropriate for policy and decision making. Figure 1-1
is a presentation of such a planning approach. The approach consists of
six basic steps, reinforced by analysis and review.

The first and fundamental consideration is a careful examination
of the philosophy of the organization--the why, the raison d'etre, the
mission. All decisions, plans, and acts must be consistent with the organi-
zational philosophy.

[

Objectives are the second consideration and describe where the
organization 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. Frograms are.actions, tasks and schedules
required to achieve the objectives, and the planners must determine the
scope and design of programs.

1-1
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The fourth comnsideration..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. The
natural outcome of this matching will often be changes in the programs
ard, quite possibly, in the objectives. These changes may require that
priorities be altered and that programs be modified.

The fifth consideration--implementation--concerns execution of
the plan. Responsibilities are assigned and resources are provided for
incorporating the plan into the organization. The plan is analyzed and
results are continually examined so that changes can be made to enhance
the actual operation of the plan. The final consideration--results--
requires delineation of accomplishments under the plan. Measurement of
the results permits the planner to observe what works and--more important--
what does not work.

The final analysis of the overall plan is converted into changes
that feedback into the planning approach, giving future phases of the
plan a higher probability of success. This feedback process of continuous
examination and evaluation enhances the achievement of objectives.

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 simulation model
thac represents an organization's functions. The simulation model will
portray real or expected conditions in organizational operations. The
representation will be based upon te planner's experience and observation
of how the organization functions through time, and will be constructed by
assigning quantitative values and relationships to the elewents, or planning
items, that characterize the organization.

Simulation is basically a technique for conducting experiments.
It can be used to study problems where rules, policies, procedures, and
other controlling aspects are under question and in which the number of
variables and the uncertain nature of input make the problem difficult
to analyze by conventional *r:hniques. The products of simulation models
are solutions to problems. Tnese experiments at problem solving provide
a method of determining cause-and-effect relationships without actually
committing resources.

A simulation model that accurately reflects the complex and

dynamic interrelationships of organization elements has several sub-
stantial advantages:

1-3



. Allows the consideratioh of more variables in the
planning rrocess;

. Considers the effect of interrelated variables;

» Permits experimentation with a wide vqfiety of operating
alternatives; ¢

. Provides a communication link throughout the university
by presenting a physical frame of reference;

. Enables an administrator to assess the long term impact
of short term decisions;

. Helps define the need for information.

The following example illustrates thz kind of situation in which
computer simulation can be extremely helpful in quantifying and projecting
the effects of change. In this example, the basic question that a simu-
lation model can be used to solve is: "'What will be the impact on student
financial aid needs if a university increases its fees?"

A university has forecast a need to increase its fees over the
next five years. This increase, of course, will provide more income,
but it will also affect other parts of the operation--particularly stu-
dent financial aid. Additional funds will be needed simply to enable the
students who are now receiving aid to meet the increased fees.

At present 20 percent of the students receive some form of
financial aid. As the tuition increases, however, a greater proportion
of students will be unable to pay the fees in full, so that a greater per-
centage of students will need financial aid. Not only will the amount of
aid for each student increase; the number of students needing aid will
also increase. One result 1is that additional funds will have to be obt-
tained from federal and other sources. Another result 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 in-
creases from 20 percent to 25 percent, more personnel may be needed to
administer the student aid program. For the student aid office the per-
centage increase in total number ¢f 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.

1-4




This simplified example shows how easily one appareuntly strright-

forward decision can quickly lead to a variety of other changes. I* ‘s

in these kinds of rapidly pyramiding, cause-and-effect events that a =om-
puter simulation model can be most helpful. If appropriate inform:t.on
and data have been incorporated into the model (such as percentage £
students needing aid, average amount of aid given, number of stude:ris
served per professional employee), the computer can combine these rigures
with projected enrollment, future fees, ond other relevant facto:rs and
calculate the additional aid money and operating expenses at various points
in the future. The computer will also incorporate these figures into the

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

! Such a computer simulation model can free administrators ard
planners from innumerable time consuming and tedious calculations to
determine the effects of various zhanges. In addition, the 2c.aputer can
effortlessly and accurately combine the thousands of bits .f data that one
change is likely to affect and produce an overall picture.

The elements of a simulation model tr address this problem are
shovn in Figure 1-2. The operating budget, a conventional mathematical
model, is the basis for the model structure. The model uses some of the
budget line items and adds other items=--number of students, number of
faculty, etc. When the various elements of this model are projected into
future years, the model simulates organizational behsz 20r.

ITI. A Flexible Approach to Modeling and Simuls”

The conventional approach to mod~ design for institutional
planning has been to look at the currrnt ;roblem situation, anticipate
possible future problem situvations, ...wcify the factors that are important
to these situations and build a ~vdel around these factors and their
interrelationships.

There : »e two problems inherent in this approach. In order to
14 :quately =«..tess future problem situations~-the precise characteristics
0. whic . caunot be accurately known in advance--a large number of factors
and relationships must‘be built into the model. The dilemma is that with
too many factors extraneous to a specific problem situation, the model be-
comes complex, confusing and thus of limited value. With few factors-=-
thus simple and straightforward-~it becomes so narrow and simplistic that
it has no value except for very special cases. The second problem is that
regardless of how many factors have been included in a planning model--a
situation will soon arise for which the model is not appropriate.



INSTITUTIONAL MODEL BASED ON BUDGET STRUCTURE
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—

Figure 1-2
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For example, budgets are almost universally built from the
bottom up. A planning model designed to produce alternative
annual budgets probably would be structured the same way. However, a
question often arises, "Suppose we were given a fixed amount for the total
budget~--what are the various alternatives for allocating this fixed budget
and what consequences flow from each of these alternatives?"

This is a valid question for a policy maker to ask, yet it would
be very difficult to answer with the "bottom-up' budget model. The model
would have to be reprogrammed. This leads to several further arguments
against the fixed, monolithic planning model. These arguments involve
cost, communication and currency.

A. Cost

A comprehensive and useful planning model designed and programmed
for a specific institution to meet its unique planning needs will involve
6-30 man-months of system analyst and programmer time. Staff turnover as
well as the necessity to keep up with routine, day-to-day problems will
further complicate matters.

B. Communication

The communication that will be required between the administrators
and the executives on the one hand and the systems analysts and programmers
on the other will be quite extensive. The only alternative will be to
incur the major risk of producing a planning system out of tune with
institutional needs. The question naturally arises at this point--"Is
it easlier to teach programmers how to plan or planners how to program?"

C. Currency

Once an acceptable model is designed and programmed, how long
will it remain current? As indicated above, probably not very long. What
then will be necessary to change it to better fit the current situation,
the current planning issue? It will probably require reprogramming. The
reprogramming effort required might range from minimal to massive. Will
the original programmer be available for this effort? Will anybody be
readily available?

Thus, there is a case for the flexible approach that relieves
the planners and decision makers from dependency on the systems and pro-
gramming staff and that can place computing power in their hands without
requiring extensive computer expertise. This was the approach taken in
the development of the PLANTRAN II System.



Iv. Summarx

This PLANTRAN System has been used by dozens of institutions and
has proved itself to be a valuable aid in planning and analysis. This
collective experience has underscored the following advantages:

--Facilitates the involvement of top level administrators which
is essential to. successful planning;

E)

--Reduces the expense of planning by eliminating the costly
programning and systems analysis work;

'
-=Focuses attention on the critical data needs so that priorities
can be established for institutional research;

=-Begins where the organization is rather than requiring massive
changes in the organization to accommodate a specific model or system;

--Permits the involvement of students and faculty in the
evaluation of plans;

--Utilizes existing information systems;
=-Provides usable results almost immediately;

--Allows rapid and easy modification of model structure, planning
item specification, and report format;

-=-Allows the planner to grow toward more complicated and sophis=-
ticated methods of planning;

--Emphasizes what the planner knows about planning--not what he
knows about computers.



CHAPTER 2

THE MODELING LANGUAGE

A
.

The heart of the PLANTRAN System is the modeling language.
Projections and interrelationships of plamnning items are handled by this
Simple planning language. The language uses a small vocabulary, based
largely on standard English. The language, called PLANTRAN I1, is de-
rived from PLANning TRANslator and is composed of model specification
instructions. The key words of these instructions are illustrated in
Table 2-1.

In our discussion we use the term "planning item." A planning
item is one component of a model, and it is used to describe a particular
Planning element and the values associated with that planning element for
each period ~f a six or twelve period planning horizon. Thus the term
Planning item is used to designate all the constituents of one planning
element. It is important to note that there are no fixed planning items
in the system. We use the term "planning period" rather than year because
the planning horizon may be in terms of years, months, quarters or other
useful time periods.

Planning items which are independent, i.e. that can be developed
without involving other planning items, on one model might be dependent,
i.e. involving other planning items, in another model. All planning items
are specified by the planner, using the model specifications contained
within the PLANTRAN II language.

~ I. The Planning Matrix

It may be useful to think of the planning system as a matrix
(see Figure 2-2). Each row of the matrix represents the projection of a
Planning item over a 6 or 12 period planning horizon. These projections
may be extensions of the current value of a planning item, such as current
AVERAGE SALARY projected with a 5 percent increase per period. For
example, TOTAL SALARY EXPENSE is projected by taking the period-by-period,
or column, values of AVERAGE SALARY and multiplying them the by the period-
by-period values of TOTAL STAFF. This dependent relationship, of course,
enables the projections of both AVERAGE SALARY and TOTAL STAFF to have been
projected in whatever manner the planner may have specified.

2-1



PERCENT
INCREASE
DECREASE
GOAL
DATA

TABLE 2-1

- KEYWORDS--MODEL SPECIFICATIONS

N

SUM PROJECT
 SHIFT ACCUMULATIVE SUM

EQUATION ACCUMULATIVE PRODUCT

MAXIMUM AVERAGE

MINIMUM / RETURN ON INVESTMENT

FILL

K EYWORDS-~OUTPUT SPECIFICATIONS

PUNCH
PLOT
HEADING
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It is the process of specifying. each of these planning items
and determining how they are to be projected and how they are related to
other planning items that constitutes model building. The ease and sim-
plicity of specifying each of the plamning items belies the complexity
that the completed model may represent. The relatively simple static
model becomes dynamic through changes in planning items values and rela-
tionships over time.

II. Types of Model Specification

The PLANTRAN II language includes three general methods of model
specification: independent methods of projection, dependent methods of
projection, and headings or section titles.. The planner uses these methods
in a variety of ways .to build a model of any desired complexity.

A. Independent Methods of Projection

There are four ways to specify independently projected planning
items. These four methods are compatible with manual planning technigues.

1. Change by a percentage

A planning item base level value may be changed (increased or -
decreased) by a specified percentage. This method generates a compound
percentage increase or decrease for each planning period.

CHANGE BY A PERCENTAGE

Periods



2. Change by an increment

A'planning item base level value may be changed (increased or
decreased) by a specified amount. This method geherates an incremerntal
value increase or decrease for each planq}ng veriod. '

CHANGE BY AN INCREMENT

" Base 1
Level
Periods

3. Change to achieve a goal

A planning item base level value may be changed (increased or
decreased) to a specified goal value in a specified number of planning
periods. The gozl value, once achi« ed, is maintained for the remaining
periods in the planning horizon.

CHANGE TO ACHIEVE A GOAL

it

1 1 | I | B 1 1 | | 1 1
Base 1 2 3 4 5 6 7 8 9 10 1 12
Level
Periods

O
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4., User supplied data

The planning item values for the planning horizon may be

by the planner for any or all of the 12 planning periods.

UScR SUPPLIED DATA

Periods

B. Dependent Methods of Projection

inserted

The dependent methods are the most powerful means of model
specification. They are used to interrelate planning items in almost un-

limited combinations.

1. Summation of other.planning items

A planning item may be the summation of up to 15 other planning

items.

SUMMATION OF OTHER PLANNING ITEMS

___._—.\.\
"_____.__._-—-. Y . .
Bamand L Y

Planning Item D

Plonning Item D is the sum of
Planning Items A, B, ond C

Planning ltem A

——mm— e mm - fm—— =l fm—= =
o

Plonning [tem B

-
o——" o

(4 G m G mme @ men en o om on Bon e o @ v o G e O o e §
- .

Planning Item C

I ! 1 1 1 1 1 1 ! | )

Base 1 2 3 4 5 6 7 8 9 10 1n 12
Level

Periods

O
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2. Shift, or shifted function of another plénning item

A planning item's values may be a function of another planning

item's values that have been Shlfted forward of backward a spec1f1ed num-
ber of perlods‘

SHIFTED FUNCTION OF ANCTHER PLANNING ITEM

~ ——
- Plentins M=%
’ —0"‘..‘-— — L o \tem B
) e \.> Plannind
\./‘/
‘ Planning Item B is 80% of ‘
- Planning item A, ‘previous period
1 —1 1 1 1 1 L 1 1 1 . 1 " |
Base 1 2 3 4 5 s 7 8 ? ' 10 n 12
- Level

Periods

3. Function of other planning items : !

A planning item may be derlved from a planner—spec1f1ed equation.
An equation may contain up to four other plannlng items, multiplied by
optional constant values, in combinations of addition, subtraction,

multi-
plication, d1v151on, and exponentiation.

Parenthetical expressions are

permitted.
FUNCTION OF OTHER PLANNING ITEMS
/W
Planning Item C is o funclion
~ .. of Planning ltems A and B L o
-
\\ 2
TN~ ——
‘s
- Planning ltem A \__~——_.—————-‘-—,"—_.-“-———
___—--—'___-— —— Planning item B

1 1 1 ] ] | 1 L 1 1 1 1
. Base 1 2 -3 4 5 - 7 8 -9 .10 n 12

L 1 - - : . .

\)‘ . eve Periods
: :
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o

Maximum (Or minimum) of other planning items

4.
A planning item may be the maximum or minimum of up to four
other planning items and a planner- spec1f1ed constant , period by perlod,

across the planning horizon.

MAXIMUM (MINIMUM) OF OTHER PLANNING ITEMS

Planning Item D is the maximum
of Planning Items A, B, ond C

i e e et et e s e e e e . o e

L — — e =
D - - Planning ltem C
P\u\'\“‘"g—\— - —— )
—— LS
o —
and Loe=T
. \on = .
1 - 1 | 1 { 1 { | I | | |
Base 1 2 3 4 5 s 7 ] 9 10 n 12
Periods ' '

Fill another planning item

5.
A planning item may be the completed series which results from
The missing data is esti-

filling missing data in another planning item.
mated by a modified linear regression technique.
{ .
FILL ANOTHER PLANRILES | TEM
(Estimated by a modified {™awwr regrets on technique)

o —— :
/—"-’O
—: - - .
iginal period values )

L — " e Ori
o : X Com puted semi-averages
) . @D Filled period values

| i ] 1 1 1 (] 3 1 []
Base 1 2 3 4 5 & 7 ° 8 9 10 n i2
Level .
. Periods
2-8
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6. Project another planning item

The planning item may be the projection of another planning item.
. A trend associlated with the planning item is developed and extrapolated

for the next twelve periods.

PROJECT ANOTHER PLANNING ITEM

- .
" e - ® Original peried values
. x Computed semi-averages
) ® Fiiled period values
' ’ ’ B Projected peried values

Level
. Periods

s

7. Accumulative sum of another planning item

A planning item may be the accumulative surh of the period wvalues

of another planning item.

ACCUMULATIVE SUM OF ANOTHER PLANNING ITEM

Planning ltem B is the accumulative

Planning Item B
) sum aof Planning Item A

»

Planning ltem A ——0--—~"’7—?.-“----"‘~_
- _'-_~-

h"‘—-‘-———-‘.__
b R DR R bl
g | 0 i t ) 1 1 L 1 b1
Base 1 2 3 4 5 6 7 8 9 10 n 12
- L 1 . . R :
evel . ; Periods
. , .
O . . .
2-9 : -
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8. Accumulative product of another planning item

t

A planning item may be the accumulative product of the periocd

. values of another planning item.

'

.ACCUMULATIVE PRODUCT OF ANOTHER PLANNING 1TEM

Planning Item B is the accumulative

Planning ltem B
product of Plonning Item A

Planning ltem A

T e e - - Y . -

e s SR arm —— = T "y —
1.2 1.4 1.4 1.2 1.2 1.0 E’é 1.0 1.2 1.0 1.2

) ' I : P 1 1 1 1 1 4

Base 1 2 3 4 5 6 7 38 9 10 1 12

Periods -

9. Punch cards of other planning items

A planning. item mav be reproduced as six punched
format user supplied 1nput.

cards in the
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10. Average of another planning item

A planmning item may be the moving'avérage of another planning
item, computed period by period across the planning horizon.

AVERAGE OF ANOTHER PLANNING ITEM

S - P
Plonnln’g..l:imA - ”.—’ ‘x‘r___&-,_‘ -7
— bk il LY =
P ~e Planning Item B
b
- Plonning item B is the moving overage
of Planning Item A
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11. Printer plot of other planning items )

Up to four planning items may be included in a<prinﬁer plot.
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l12. Return on investment

A planning item may be the percentage return on investment
would result from a cash flow represented in another planning item.

RETURN ON INVESTMENT OF ANOTHER PLANNING ITEM

X Investment
® Cash Flow Values

x + Cash flow values, converted to
. present value at period one by
rate of return which permits
values to sum to equal investment
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C. Headings, or Section Titles

\

the planner to separate planning items in the plaming matrix.

IIT. Model Development

A planning'!item may be a heading, or section title, specified-by

Up'torthis point we have described the various methods by which"

the planner can specify individual planning items in the PLANTRAN IT
language.

of ah organization.
considerations:

Data- about the detail characteristics of the organization
mist be available.

Known and assumed facts that influence the operation of

Model. building is ‘the application of these methods to the data
In developing the model, there are five important

the organization should have guantifiable interrelatiénships.-

Knowledge of the relamionshiﬁs among'organizatiénal
components is less reliable than knowledge of the
individual components. :
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Construction of a model and observation of the interaction
of its factors provide greater understanding of the
operation of the organization.

Results do not have to be perfect to be helpful.
In actually designing the model, a systematic approach is
important. The f.llowing guide, "Steps in Model Design," is one way to

approach the model building task.

Steps in Model Design

Specify the planning objectives: The choice of significant
objectives depends on the planner's knowledge of his organi-
zation and on his ability to relate that knowledge to causes
and effects. The final value to be derived from the model
will be enhanced by the clarity of those objectives.

Relate boundaries to the objectivess There are limits to the
objectives. These must be taken into account if a realistic
model is to be constructed.

Identify items to be contained within the model: These are
the organizational elements which have a significant bearing
on the objective. The objective will determine the level of
detail. '

Determine relationships between interconnected elements:

The relationship between planning items should reflect the
relationships among elements of the organization. This must
be done in & way that permits examination of the effects of
the variables under study.

Set item values at realistic levels: The current values of the
variables must be set at levels that are valid, or if not
known, are at least within reason.

In designing a model, the normal procedure is to build upward
from available knowledge about the individual planning items. In some
cases, it may be desirable, or even necessary, to construct a variable
by