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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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Income Expense
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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

2-2



san|pA Moy

3AIIM]

poliad

anly

pouay

g-g 2In3Ty

inog
pouag

aauy]

poliag

san |pA
uwnjo)

XIILVW ONINNV1d 3HL

aup

poliag

polIa g
asog

7 wayy Buuuoyy

4 way) Butuubiy
3 way} Buiuuo)|g4
q wayj Bujuuopy
D wayj m:_ccn.v_n_
g woy| Buiuubyy

v way] Buiuubig

2-3

O

Aruitoxt provided by Eic:

E



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

ERIC , 2-5

Aruitoxt provided by Eic:



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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0o

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

1 1 1 1 1 1 1 1 X 3

Base 1 2 3 4 5 - 7 8 14 10 n 12
Level

Periods

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

e
T
= T L
- —— s =

_—= - -

" .

1 1 1 1 1 1 1 1 L ) - 1 e
Base 1 2 3 4 . 5 s 7 8 ? 10 1n - 12
Level . :

) Periods

i

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. :

EIKTC - | | ' "2—12
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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 working backward from the known results.

Once the model output is obtained, the planner, by examination
and evaluation, determines which variables he wants to alter. This pro-
cess of "exercising the model" by noting the various effects on a check
line provides a basis for changing the model.

Q 2-13




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 report for each run. The information contained
in any line of the planning model can be printed any number of times and
in any Sequence. The planner can create reports in the format that is

uitable both to his specific planning needs and to the overall needs of
his institution.

The east and flexibility of report design enable the planner to
produce reports ranging from broad general summaries of the entire plan-
ning model to detail analyses of specific elements of particular concern.
Because the report design is flexible, the planner can adapt the format
to the unique requirements of his organization and he can change the
emphaéis of the report at any time, thus giving the report maximum use-
fulness in planning for the future.

The planner can use the planning system we have described to
experiment with virtually every aspect of the organization. With such
experimentation he assesses the consequences of various alternative actions.
Figure 2-3 shows the concept of a "plan refining cycle"--the iterative pro-
cess of developing a long-range plan. By examination and evaluation of
the system output, needed changes are identified and modifications can
be made to independent variable values or dependent variable relationships.

The planning system provides the planner with a number
of alternatives in designing a model to represent his organization. How-
ever, the freedom in both model and report design requires that the objec-
tives of the organization be used as a basis for the planning process.

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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CHAPTER 3

BASIC ELEMENTS OF PLANTRAN II

PLANTRAN II utilizes four basic types of input for the development of models:

Type 1 - Identification Input
Type 2 - Columnar Headings Input (optional)
Type 3 - Model Specification Input

Type 4 - Summary Report Input

These four input types are shown below on the PLANTRAN II data sheet.

PLANTRAN II DATA SHEET MRI

AM PAGE__OF _____

NAME IDENTIFICATION . @

ORGANIZATION MOOKL OESCRIPTION OATE BASE PERIOO T L] L] RUN &0

[l 2428 j‘l s¢|57 sojn  [e3 (1] ;:Llrilm'“l‘lloo 76 o
= REPLACEMENT

COLUMNAR HEADINGS - OPTIONAL

PLRIOO | PELRIOD 2 PERIOO 3 PERIOO 4 PERIOO 8 PERIOO 6 FIRIOO 7 PERIOO § PERIOO ® PERIOO 10 PERIOO 11 PERIOO (2

| of7 2fis lllu ulls so[3i 38|37 ulu as|en ﬂi lolll solar 12

MODEL SPECIFICATION

LINE NO PLANNING ITEM OASE LEVEL FREEFORM METHOO OF COMPUTATION

] afs 28j20 aofea1 aales

NENARANERSNNNEREAL

SUMMARY REPORTS

REPORT TITLE FREEFORM REPORY LINES

] K 24128




A discussion of each of the four input types follows:

I. Type 1 - IDENTIFICATION INPUT

The identification input is used to provide information for identifying
the planning model. A sample of the identification input format is shown
below:

IDENTIFICATION

ORGAMIZATION MOOEL OESCRIPTION OATE BASE PERIDD T M L] AUN wl

r urT 40[e

The format consists of eight fields, each of which contains several columns.

Field 1

Columns 1-24, ORGANIZATION. Contains the name of the organiza-
tion. The name should begin with a non-numeric character to
ensure that . the first four characters cannot be interpreted as
a numeric line number.

Field 2

Columns 25-40, MODEL DESCRIPTION. Contains a brief description
of the objective of the model. Any character (alphabetic,
numeric, or special) is permitted.

Columns 41-56, DATE. Contains the date of the run. Any char-
acter (alphabetic, numeric, or special) is permitted.

Field 3

Field 4

Columns 57-60, BASE PERIOD. Contains the base period number, e.g.,
1971=-~which is incremented by one for each period of the planning
horizon, or, is an indication of the seQuence in which user
specified columnar headings (Type 2 input) are to be reflected

in the planning horizon. Only numeric data are permitted, and

if less than four characters are present, they must be right-
adjusted.

Field 5 - Columns 61-62, T. Contains an indicator to specify the number
of planning periods. A "T" or other character in either column
generates a six-period planning horizon, and if the field is
left blank, a 12-period planning horizon is assumed.

Field 6 - Columns 63-64, H. Contains an indicator to specify that user
supplied columnar headings are provided. The "H" or other
character in either column indicates that headings are provided,
and if the "H" 1s present, the columnar heading input (Type 2)
must follow. If the field is left blank, columnar headings are
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PERIOD 1

PERIOD 2

Field 7 =

Field 8

generated in the system by incrementing the base period by one
for each period. If the "H" field is left blank, the columnar
heading input, Type 2, must not be included.

Columns 65-66, R. Contains an indicator to specify whether the
model is a "stand alone” run or replacement data for an immedi-
ately preceding model. The "R" or other character in eitner
column indicates that the data which follow are a revision of
the previous model. If the field is left blank, the system
treats the data as a "stand alone" model.

Columns 78-80, RUN NUMBER. Contains a character identifying
the run. Both alphabetic and numeric data are permitted.

In summary, the identification input (Type l) is used by the planner to
provide information for identifying the planning model run.

II. Type 2 - COLUMNAR HFEADINGS INPUT { OPTIONAL)

The optional columnar heading input allows the planner to specify columnar
headings other than values incremented from the base period. A sample of
the columnar heading input format is shown below.

PERIGD 3

“

COLUMNAR HEADINGS - OPTIONAL

PERIOD &4 PERIOD 3 PERIOD 8 PERIOD 7 PFERICO @ PERIDD B PERIOD 1O PERIOD 1| PERIDD 12

7

[ 7Tr* o[ Sejar ﬂ? n«' JE .Tr se|er ﬁr*

The format consists of 12 fields of six colwmns each:

Field 1

Field 2

Field 3

Field 4

Field 5

Field 6

Field 7

Field 8

1

Columns 1-6, PERIOD 1.

Columns 7-12, PERIOD 2.

Columns 13-18, PERIOD 3.
Columns 19-24, PERIOD 4.
Columns 25-30, PERIOD 5.
Columns 31-36, PERIOD 6.
Columns 37-42, PERIiOD 7.

Columns 43-48, PERIOD 8.




LINE NO

Fieid 9 - Columns 49-54, PERIOD 9.

Field 10 - Columns 55-60, PERIOD 10.
Field 11 - Columns 61-66, PERIOD 11.
Field 12 - Columns 67-72, PERIOD 12.

Note that there are three relationships between the columnar heading input
and the identification input.

First, the H field of the identification must contain the char-
acter "H" to initiate the planner specified columnar headings.

Second, the BASE PERIOD field of the identification input can
be used to specify which of the columnar headings is to be printed as the
first period on the reports. For example, if the columnar headings contain
the months of the year beginning with January, and if the BASE PERIOD field
contains a “6" then the PERIOD 6 entry (June) will be considered as the base
period and PERICD 7 (July) will be printed as the first planning period.
This capability enables a plan to be updated by simply changing the identi-
fication input.

Finally, the T field indicates whether 6 or 12 columnar headings
will be printed, i.e., blank indicates 12 periods, T indicates 6 periods.

III. Type 3 - MODEL SPECIFICATION INPUT

The model specification input is used to build the model--that is,
to project and interrelate planning items. This simple set of model speci-
fication instructions reflects projection techniques in common use and uses
an English-1like syntax. A sample of the model specification input format
is shown below: -

MODEL SPECIFICATION

PLANNING ITENM BASE LEVEL " FREEFORM METHOO OF COMPUTATION

10

L

[}

20]20 40[«! aalas

The format consists of four fields. An explanation of their use follovs.

Field 1 - Columns 1-4, LINE NUMBER. Contains & line number associlated
with ¢ planning item. Only numeric deta are permitted, and the
number may be placed anywhere in the four columns.

Field 2 - Columns 5-28, PLANNING ITEM. Contains a description of the
values associated with the row of the planning matrix. Any
characters (alphabetic, numeric, or special) are permitted.

Field 35 - Columns 29-40, BASE LEVEL. Contains the value for the base
period of the planning item which may be an integer or a real
number; that is, a decimal point is optional.
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The data must be numeric, with the exception of the decimal
point (.) and the plus (+) or minus (-) signs.

Commas are not permitted!

Field 4 - Columns 41-80, FREEFORM METHOD OF COMPUTATION. Contains an
English-like statement which develops a projection, or ex-
presses the relationship between this and other planning items.
Each method of model specification has certain required ele-
ments, reserved characters, and optional elements which are
discussed below. The length of an individual entry is limited
by the number of columns on a single punched card. If a cer-
tain model specification method exceeds the 1limit of one card
{80 columns), a notation must be made to indicate that the
statement is continued on the following card. This notation
is a "C" which appears on the last card entry.

The planning item row values may be simple extensions of the
current or base value of an item. These values are based on independent
methods of projection.

The planning item row values may also be functions of other
planning item row values, with interrelationships specified by the planner.
These values are determined by dependent methods of projection.

It is the process of specifying each of these planning items--
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 planning items belies the complexity
that the completed model may represent. The relatively simple static
model is made complex by dynamic changes in planning items through time, and
even by dynamic changes in relationships among items.

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

A. Independent Methods of Projection

Independenf planning items can be projected in one of four ways.
These four methods are compatible with manual planning techniques.

1. Change by a percentage

A planning item may be changed (either increased or decreased)
by a specified percentage. This method generates a compound percentage
increase or decrease for each planning period. An optional feature allows
the planner to specify the period in which the percentage change begins.
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a. Required elements

The BASE LEVEL field must contain a value.

The FREEFORM METHOD OF COMPUTATION field must contain:

+ One of the following terms in the first four positions
of the field;

FREEFORM METHOD OF COMPUTATION
4l a4las

P

eR]

-4

+ A reserved character "I", "D", or "-" after column 44,
where:

I - represents an increase
D - represents a decrease

(-)- a minus represents a decrease. This symbol is to be
placed immediately preceding the percent value. If none
of the above characters are used, an increase is assumed.

* A percentage value, which may be an integer or a real
numbér. (Note that this value is expressed as a percent value, i.e., 6
percent, rather than the 0.06 decimal equivalent.)

An instruction to maintain a constant value throughout each
planning period (increase by zero percent) may be indicated by inserting
a zero (O) as the percentage value or by leaving this field blank in the
FREEFORM METHOD OF COMPUTATION. Another instruction which will result in
the same projection uses a CONS (for constant) in the first four positions
(Columns 41-44) of the FREEFORM METHOD OF COMPUTATION with the remainder of
the field left blank. The BASE LEVEL field must contain the constant value
that is to be maintained throughout each period. Example (3) illustrates
trates alternative instructions to maintain a constant value in each plan-
ning period.

b. Optional elements

The percentage increase or decrease may be delayed through use
of the "beginning in" operand, and the specification of the period in which
the change is to begin. To use this option, the planner must use a term
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containing the reserved character "Bﬁ after the percent value and prior to
an integer specifying the period in which the change is to occur. The
default option is to begin the change in period 1.

Examples:

(1) Percentage increase of 10 percent per period.

BASE LEVEL

1000.
1000
1000,
4000

FREEFORM METHOD OF COMPUTATION
aofa) aalas

PERCENT INCRERSE OF /0 PCT PER PERIOD
NI INCR OF 20 /PERIODD

PCT | 10 %/ pEgIOD

PcT 10 .

(2) Percentage decrease of 5 percent per year.

BASE LEVEL FREEFORM METHOO OF COMPUTATION
2 4014 44las

000, PERCENT DECREASE (OF S5 PER PERLOD
1000 |peNT. DECR OF 5 % /PERIOD
10, T \—~5"% / perRZOD
1000 [T | =5

(3) Constant value of 1000 to be maintained each period.

BASE LEVEL FREEFORM METHOO OF COMPUTATION

" 1000 IpeRUENT ZNCRERSE OF O PER PERIOD
1000, |CONSTANT VALUE MAINTAIVED EACH PERTOD
de00 COMS)

'

(4) Percentage increase of 7.5 percent per year beginning in third
year.

BASE LEVEL
E
29

FREEFORM METHOO OF COMPUTATION
—
40 aalas

4er0, PERCIEWT INCREASE 15 RCT BEQ/N 3RD PERTOD
doto  lPeaT. ZIWCR .5 %6 BEGiV 3Rp PERTOD
1M| m i -705 ?‘ 83
4000 PcT | 7.5 83




(5) Percentage decrease of 3.47 percent per year beginning in sixth
year.

SASE LEVEL FREEFORM METHOD OF COMPUTATION
2 aofear 4alas

dooo, “|PeR-IEnT DECRERSE 3.47 PCT BEGIN (TH Permi)
1000 |peNT DECR 3.97 % BEQIV 47w PERIOD
4000. 7,-3,91%2 8
1000  lwr | -3.97 8B4

(Notes on reserved characters.)

The characters "I" (Increase), "D" (Decrease), or "-" have mean-
ing prior to the percent value. The character "B" (Beginning in) has
meaning between the percent value and the beginning period value.

2. Change by an increment

A planning item base value may be changed (either increased or
decreased) by a specified incremental smount. This method generates an
incremental value increase or decrease for each planning period. The be-
ginning period in which the incremental change occurs may be specified.

a. Required elements

The first four positions of the FREEFORM METHOD OF COMPUTATION
field must contain one of the following terms:

FREEFORM METHOD OF COMPUTATION
a1 adlet

r

The FREEFORM METHOD OF COMPUTATION field must contain an incre-
mental value, which may be an integer or a decimal number.

b. Optional elements

If the BASE LEVEL field contains no value, a value of zero is
assumed.

The incremental increase or decrease may be delayed through use
of the "beginning in" term and the specification of the period in which the
change is to begin. To use this option the planner must use a term con-
taining the reserved character "B" after the incremental value and prior
to an integer specifying in which period the change is to occur. The de-
fault option is to begin the change in pericd 1.
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Examples:

(1) Incremental increase of 100 per year.

BASE LEVEL

. NCRIEASE BY 400 PErR PERTOD
1000 7l 8y 100 / PerIoD
1000. TR 100/ PeRToD

4000 | 408

(2) Incremental decrease of 50 per year.

BASE LEVEL

".1.000. DL;LsﬁsE By 50 Pre PERIGD
2000 E ¢y so/ PERIoD
2000, |5/ PekI0D
1000 | 50O

(3) Incremental increase of 35.5 per year beginning in fifth year

BASE LEVEL FREEFORM METHOO OF COMPUTATION

"1 000, “ }nlc'éi'énsf By 35.5/Perrop BEGLNV 57w PERIeD
Joco m; By 35.5 BEGIVN 57 PERXCD
J000. 1 35.5 BEGIV 5TH
do00 MR 35.5 85

(4) Incremental decrease of 72.37 per year beginning in fourth year

BASE LEVEL
3

FREEFORM METHOO OF COMPUTATION

"1000, "I Ec'g;anse 8y 72.37/Per. BEGINV <9TH PERTOD
1000 2 BEQIN $TH _PERIOD
4000. DECR, 72,37 BEQIV 974

1000 |DECR| 72.32 B 8

(Notes on reserved characters.)

The character "B" initiating the "beginning in" option, has
meaning between the incremental value and the beginning period value.
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3. Change to achieve goal

A planning item base value may be changed (either increased or

"decreased) to a specific goal value, which may be an integer or a decimal

number, in a specific number of planning periods. This method generates
values which increase or decrease from the base value to the goal value,
then retain the goal value for the remaining periods in the planning
horizon. The period in which the increase or decrease change begins may
be specified. The base value and/or the goal value may be negative, speci-
fied by a minus sign (-) preceding the number.

a. Required elements

The first four positions of the FREEFORM METHOD OF COMPUTATION
field must contain the following term:

FREEFORM METHOD OF COMPUTATION
41 44alas

1]

The FREEFORM METHOD OF COMPUTATION field must also contain a goal
value, which may be an integer or a decimal number, and an integer which
specifies the period in which the goal is to be achieved. A blank space or
non-numeric character must separate the goal value and the integer, noting
the period in which the goal is achieved.

b. Optional elements

If the BASE LEVEL field contains no value, a value of zero is
assumed. The change from the base value to the goal value may be delayed
through use of the "BEGINNING IN" term, and the specification of the period
in which the change is to begin. To use this option the planner must use
a term containing the reserved character "B" after specifying the period in
which the goal is to be achieved and yrior to an integer specifying the
period in which the change is to occur. The default option is to begin
the change in Period 1. Note that if a negative goal value is specified,
the difference between the base and goal values will be the algebraic dif-
ference.

Examples:

(1) Change to a goal of 1500 in fifth year.

DASE LEVEL FREEFORM METHOD OF COMPUTATION
20 <ofar slas 80

Jo00, Eonu oF 18500 IN 57TH PERXOD
1000, ol 1500 IV 5TH PERIOD

1000 oL 1500 S5TH
1000 | 1500 5§
3-10



(2) cChange to a goal of 720 in 6 years. [

BASE LEVEL FREEFORM METHOD OF COMPUTATION
404 dalas a0

oo0, mu ok 720 INMN 47W PERTOD
1000  : oal, 120 TN LT PERIOOD
1000. goM, 120 GTH

1000 oAl 20 b

(%) Change to a goal of 2100 in 8 years begiining in fourth year.

BASE LEVEL FREEFORM METHOD OF COMPUTATION

"Looo 'L'i“op 2100 IN TW PeRIoD BEGIN IN 174
de00. o] 2100 IV RTH BEQIN 974

4000 . 2400 8T BECIN ITH

1000 12100 @ 8 9 ]

(4) Change to a goal of 933.3 in 5 years beginning in second year.
(

BASE LEVEL FREEFORM METHOD OF COMPUTATION
aofe) a4las

qero 0al O 933.3 I ST peRmop BEGIVIN 20
1600 ol 933.3 IV Sy BEGIV 2WD
1000 gowt) 933.3 574 BEGIN AMD
L 4000 |gonl| 933.3 5 8 2

(Notes on reserved characters.)

The minus sign (—) notes that the goal value is negative. The
character "B" (Beginning in) has meaning between the period in which the goal
is achieved and the beginning period value.

4. User supplied data

The planning item values may be inserted for any or all of the
12 planning periods. This method permits the planner to insert irregular
or known data, integers or decimal numbers, into the appropriate periods
of the planning horizon.

a. Required elements

The first four positions of the FREEFORM METHOD OF COMPUTATION
field must contain the following term:

FREEFORM METHOD OF COMPUTATION
41 aalas

74!
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The remaining portion of the FREEFORM METHOD OF COMPUTATION field
is then used by the planner to insert period values, .either integer or deci-
mal numbers, into the appropriate planning periods. The comma (,) is used
to separate planning period values. If no value is provided between :ommas,
a zero is assumed for that period. If adequate space is not present in the
FREEFORM METHOD OF COMPUTATION field on one line, the character "C" is used
to continue the data to column 45 of the FREEFORM METHOD OF COMPUTATION
ficld on the next line. The "C" may be inserted following a period value
or a comma delimiter but must not be used to split a data item from one line
to the next.

b. Optional elements

The base level value is not required. Negative period values may
be specified by preceding the period vnlue with a minus sign (-).

Examples:

(1) Insert the following values~--base value 1.0.

Period 1 - 1.06 Period 7 - 1.08
Period 2 - 1.05 Period 8 - 1.09
Period 3 - 1.04 Pericd 9 - 1.09
Period 4 - 1.04 Period 10 - 1.10
Period S - 1.06 Period 11 - 1.09
Period 6 - 1.07 Period 12 - 1.08

BASE LEVEL FREEFORM METHOO OF COMPUTATION
t

" 4.0  losml 106, 105, 109, ).09, hos, .07, C
L /.oé, .09, 109, 11, 109, /or

40

(2) Insert the following values--no base value.

Period 1 = 105 Pericd 7 =~ 0]
Period 2 - O Pericd 8 - 141.9
Period 3 -~ 115.5 Pericd 9 - 150
Period 4 - 121.3 Period 10 ~ 163.2
Period 5 - 122 Period 11 - 0]
Period 6 - 138 Period 12 -~ 170

" I /o<', IS.5,121.3, B3, 13%, 0, C
lr'qbq'l 'S'DIJ—‘.s 2“ ’70

a0
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(3) Insert the following values--no base value.

Period 1 - 18174 Period 7 - 30005
Period 2 -~ 0 Period 8 .- 0
Period 3 - 0 Period 9 - 0
Period 4 - 23408 Period 10 - 38914
Period 5 - 0] Jeriod 11 - 0
Period 6 - 0 Periog 12 - 0

BASE LEVEL FREEFORM METHOD OF COMPUTATION
% 40|41

Daml 19, 23906, 4, 30005, , 3 389

49> v L 4

(4) Insert the following values~--base value 1150.

Period 1 - 1150 Periocd 7 - 1450
Period 2 - 1250 Period 8 - 1550
Period 3 -~ 1250 Period 9 - 1550
Period 4 - 1350 Period 10 - 18650
Period 5 -~ 1350 Period 11 - 1850
Period 6 -~ 1450 Period 12 - 1750

S0, memf UEO, 125D, 1250, 1360, 1350, Ns'o,

. ms-o', (550, M50, /50, /b

(Notes on reserved characters.)

The reserved characters for the DATA method are the comma ", -

used to delimit or separate planning period values--and the character "C"--
indicating a continuation of the data to the next card.

The range of the data to be inserted is * 999 999 999 999.9999

B. Dependent Methods of Projections

The methods of generating dependent planning items are the most
powerful means of model specification. The ten methods of dependent pro-
Jjection may be used to interrelate planning items in almost unlimited
combinations.

1.. Summation of other planning items

A planning item may be the suwmmary of up to 15 other planning
items. This method permits totals, subtotals, etc., to be pyramided. The
summation planning item provides the appropriate summed values for each
period in the planning horizon. .
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a. Required elements

The first four positions of the FREEFORM METHOD OF COMPUTATION
field must contain the following term:

FREEFORM METHOD OF COMPUTATION
44)48

Sum |

Note that column 44 must be blank.

The FREEFORM METHOD OF COMPUTATION field must contain the line
uumbers of the planning items to be summed. A total of up to 15 planning
items line numbers, separated by a comma (,) may be summed.

b. Optional elements

Use of the BASE LEVEL field is optional. The planning item line
numbers may be preceded by the character "L", for example L 14, L 19, L 29,
etc. If the length of the FREEFORM METHOD OF COMPUTATION field is not
sufficient to contain all of the line numbers, the character "C" may be
used to continue the line numbers to the next data sheet format, beginning
in Column 45.

Examples:

(1) Summation of lines 26, 84, 18, 39, and 45.

BASE LEVEL FREEFORM METHDD OF COMPUTATION
40f4t a4alas 80

"4000, sum |of LIvEs 2L, €9, M, 39,95
10w ki b, 84!

m_{czis 2 ,3?3, %fﬁ:
1000. [0F Cau L%9,L19,L39,L 45

1000 vmi 2t §4, 19, 39, 95

(2) Summation of lines 2, 7, 12, 14, 15, 26, 31, 47, 86, 105.

BASE LEVEL FREEFORM METHOD OF COMPUTATION
2 4dja adlay

wm  OR LNES 23 1, 12, ) 15°,26,31, &

. 2:t g¢, /o3
SUMI s L?\ Lnu Llﬂ]fl-'s.\ L‘l‘ L!’LC

L9, L36, 1493
som | 2.9, ) , 26
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(Notes on reserved characters.)

The comma "," and the character “C" nave significance, the comma
being the delimiter between line numbers, and the "C" indicating that ad-
ditional lines are to be included in the sum and are specified in column

45 of the next card.

2, Shift, or shifted function, of a previous or future
planning item value:

A planning item may be a shift, or shifted function, of another
planning item which is shifted forward or backwards a specified number of
periods along the planning horizon. '

a. Required elements

The first four positions of the FREEFORM METHOD OF COMPUTATION
field must contain the following temm:

FREEFORM METHOD OF COMPUTATION
41 qalas

SuIF

! ny ' . d.
The character "L must be used, preceding the line number of the 3

planning item which is to be shifted. The default option produces a shift

By

of the specified planning item value one period forward, or to the
right. The BASE LEVEL value, if present, is included in the shift.

b. thional elements

The shifted values may reflect a plamner specified function, i.e.,
a signed constant value times the value of the shifted line. The
absence of a sign before the constant is understood to mean a positive
factor, and a minus sign (-) indicates a negative multiplier. The constant
value may be an lnteger or a decimal number.

For a shift of more than one periocd forward (right), or for a
shift backward (left) of one or more periods, the reserved characters "F"
or "B", or a term containing these characters may be used. These characters
must be followed by an integer specifying the number of periods forward
or backward that the planning item values are to be shifted. The use of
the optional constant function with the "F" or "B" reserved characters is
the same as with the one period forward shift.
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Examples:

(1) Shift line 31 forward (right) one period.
“1000. ’°gm}54"-r LIVE 3| "
1000, SMIF;T L3)
looo., gk L 3i
(2) sShift line 16 forward (right) 3 periods.

B::E LEVEL ‘OFREEFO::II‘:EYHOD OF COMPUTATION =
000, SHIFIT LNE /o FORWARD 3 PERIODS
1000 SMIRT Lil FORWARD 3 PERIODS

Jooo IF|T Lib ForWARD 3
000 SHIF| | Ll F3
(3) Shift 0.75 times line 31 backward (Left) 6 periods.
B;:E LEVEL .‘OF:IEEFD::“:ETKUD QF COMPUTATION =
1000, AT 1S LINVE 3] BACKwARD & PERIODS
1000. 3 L3 PERIODS
D00 . I o 3] BACK &
1000, wIc| .75 L3 B &
(4) Shift 1.043 %imes line 86 forward (right) 2 periods.
B::E LEVEL ‘OFIEEFOZ:[‘:EYHOO OF COMPUTAT|ON
| 000 . SKIAT lo43 LINE 8L FoRWARD 2. PERTODS
/00D, & FORWARD Q PERIODS
1000. HIFIT }.013 L 86 FORWARD 2
1000  Swrey j,0493 L g4 T 2

(Notes on reserved characters.)

1

The character "L" must be used préceding the line number, and
between the planner specified constant and line number if that option is
desired.

The minus (-) must be used with a constant if a negative constant
is desired.
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The "F" must be used if a shift forward of more than one period
is desired, and must be between the line number and the 1nteger specifying
the number of periods to the rlght

The "B" must be used if a shift backward is desired and must be
between the line number and the integer specifying the number of periods.
to be shifted.

3. User supplied equation or function of other plannine iten

values

A planning item may be a planner specified equation or function
of up to four other planning items times optional constant values, in
combinations of addition, subtractlon multiplication, division and ex-
ponentiation. Use of parentheses is permltted

a. Required elements .

The first four positions of the FREEFORM METHOD OF COMPULATION
field must contain one of the following terms:

FREEFORM METHOD OF COMPUTATION
el q4l48

QUA,_

bThe equation is specified to the planner, and it is develdped
through use of the following form:

Cp Ip Cy Ly

Ci In

i\*l -+
:t\*l +
i\*l +

where C is the constant value,
L is the line number,
+ indicates addition,
- indicates subtraction,
* indicates multiplication,
/ indicates division,
and *% indicatés exponentiation.
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The hierarchy of operations in solving an equation is performed
sequentially from left to right in the following order:

C L, the implied multiplication of a constant times a line
number,

1st

1

end - (), the operation specified between parentheses.

3rd - *¥, exponentiation.

4th - ¥ and /, rﬁultiplication and division.

S5th - + and -, addition and subtraction.

Double nested parentheses, e.g., L 16 ¥ (L 14 % (1.043 + L 19))
are not permitted.. An implied multiplication before an express1on in

parentheses, e.g.; 10 (L 71 - L 43) is not permitted.

b. Optional elements

Use of the BASE LEVEL field is optional. Base level values are

not used in the specified operations. The character "C" may be used to

continue the equation to column 45 of the next line of the data sheet.
Examples:
(1) Multiply line 71 by the sum of lines 84 and 86.

BASE LEVEL FREEFORM METHOD OF COMPUTATION
2% - 40|41

1000. mn“Ji‘i.me 91 ¥ (LIVE 84 + LIVE 86)
[ 1000 legv; L ¥ (L84 + L%6)
[000. EQTW| L7] ¥( L84+ 26) :

(2) Divide line 19 by line 6 and multipy the result by 1.005.

3 “eqm ¢ LiIvE 19/ LM)E_ ¢) ¥ l.oos

EQ[4_l:ﬂiJ£_L_Q_;¥ , DOS5
Eq™ L1a/LL

¥ ).005

(1]
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1

(3) Multiply a constant of 94.32 by line 63 and subtract line 104
from the product.

'
BASE LEVEL FREEFORM METHOD OF COMPUTATION
29 40 44ias a0

EQTM 99.32 # UME (3 — LivE 109
etV 94.32 LIVE 63— LnE 104
E&TM 94.32 Le3-L 104

(4) Square the values of line 163.

BASE LEVEL FREEFORM METHOD OF COMPUTATION

2% 40 «Qﬁns L)mE I63 ¥¥j
. 3 ¥¥D
EQTV, LIb3¥%2

80

(Notes on reserved characters.)

The character "L" must precede a line number, and must Separate
the constant and the line number in an implied multiplication of a constant
times a line.

Only three of the arithmetic operators, "+", "-'", "'  "/"' ang
"%%" may be used in one edquation statement.

The decimal may only be used in conjunction with a constant

value.

The continuation indicator "C", if used, must be the last character
on the data line. In using a continuation, the eduation cannot be separated
between the double asterisks "¥¥" or between the character "L" and the line
number. -

4. Maximum or minimum of up to Ffour other planning items and a

constant,:

A planning item may be the maximum or minimum of up to four other
planning items and a given constant, period by period, across the planning
horizon.

a. Reguired elements

The first four positions of the FREEFORM METHOD OF COMPUTATION
field must contain one of the following terms:
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FREEFORM METHOD OF COMPUTATION
1 aslan

nxq To produce the maximum.
RN_| .

_b;NI! : To produce the minimum.
N i :

The balance of the FREEFORM METHOD OF COMPUTATION must contain at least
two planning item line numbers, or one planning item line number and a
constant value. The line numbers must be preceded by the character '"L.
The comma "," must be used to separate line numbers and/or the constant
value.

b. Optional elements

Up to four line numbers wmay be compound

The optional constant
value may be signed, and it may be an integer or a real number

Examples:

(1) Meximum of lines 18, 27, 36, and 45.
HASE LEVEL

FREEFORM WMETHOD OF COMPUTATION
2» 40| aalas

aiimum oF 148, Lo, L36, 195 il
MAXE, OF LIE, Li‘). L3¢, 95
>4 Ll-lg L.:?: L“361 L.45;

(2) Maximum of lines 26 47, and 'a constant value of 2500.

BASE LEVEL FREEFORM WMETMOO Of COMPUTATION
e e ———
29 40fal 4alasn

iZmum oF L2L, L97, 2500 "

I3 a4, L47. 2.502)
RX | L263L97\ZSDO

(3) Minimum of lines 104, 127,

139, 1e2.

- “mrarimum oF L1041 127, L139, LISA "
rg‘ OF L)o%, LlZ').L[}i, L1823
MmN | )

Ljog .\ L127, 4139 ,L/82

i
N - i" .
(4£) Minimum of lines 206, 239, and a constant value of -14.63.

= . a0|ar --In’nmo: Lzob Lg_sq _.14 63 80
l OF L266, L 2.59,.—- H.e3
E &IIC MV, 1206, 2239, -]9.43
‘ ‘
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(Notes on reserved characters.)

The character "L" must precede all line numbers.

The comma "," must be used to separate line mumbers and/or the
constant value.
The minus "-" preceding the constant value indicates a negative
number. The absence of the minus sign denotes a positive constant wvalue.

5. TFilling gaps in a specified data planning item or projecting
another planning item

FILL ' A planning item may be the complete series which results
from filling the gaps in data specified in another planning
item.

PROJECT A planning item may be the projection of another planning item,
resulting in a linear forecast.

Both of these options use a technique of semi-averaging, in which
input data are separated into two parts and the data averaged in each part.
A trend line is then calculated between these two averages. Missing data
in the FILL option are derived and corresponding values inserted in the
planning periods. For PROJECT, the trend line values are extrapolated for
the next 12 periods.

Special note: These methods are applicable only when the trend is linear
or approximately linear!

a. Required elements

The first four positions in the FREEFORM METHOD OF COMPUTATION
field must contain one of the following terms:

FREEFORM METHOD OF COMPUTATION

i 7} To fill in missing data.
PRAY, ;} To project data.

The FREEFORM METHOD OF COMPUTATION field must contain the line number of
the planning item to be filled or projected.

b. Optional elements

Use of the BASE LEVEL field is optional. The character "L" may
be used to precede the line number.
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Examples:

(1) Fill missing data in line 73

BASE LEVEL

FREEFOAM WETHOO OF COMPUTATION
29

40[41 a4las

ILLI LINE 73
Fg| L23
IFILL )

(2) Project data in line 106

BASE LEVEL

FREEFORM METHOO OF COMPUTATION
29

“PRajizer LINE 106 "
]’g,gaT'I" LWVE 106

[pROT| 106

»
Notes: These methods develop a time series very similar to that resultlng
from use of a linear regression routine.
6.

Accumulative sum or accumulative product of another planning
item

A planning item may be the accumulative sum or product of the
period values of another planning item across the plamning horizon

Required elements

The first four positions of the FREEFORM METHOD OF COMPUTATION
field must contain one of the following terms

FREEFORM METHOO OF COMPUTATION

e
[ ()

; For accumulating the sum
@Ccﬂ res S
|

cep
‘&ccv[ ees O

i} For accumulating the product

The FREEFORM METHOD OF COMPUTATION field must contain the required
characters "g," indicating sum, or "P," indicating product, if the "ACCU" term
is used.

The line number of the planning item must be present in the field
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b. Optiocnal elements

Use of the BASE LEVEL field is cptional. If values are present
in the field of the planning item line being accumulated, they will be
included in the computaticn. In using the accumulated product option, if
no value is reflected in the BASE LEVEL field of the planning item line
being accumulated, a value of one is inserted by the system.

The character "L" may be used to precede the line number.
Examples:

(1) Accumulate the sum of line 43.

! .
© BASE LEVEL FREEFORM METHOO OF COMPUTATION
3
29 40 a4las ao

ACCUIMULATE. THE SUm OF LIVE 93
nccuimm.ne Sum LIVE 93

Bccy, sum L 93

accg L493

csd 43

(2) Accumulate the'product of line 47. i}

BASE LEVEL FREEFORM METHOD OF COMPUTATION
29 <nl4l qa4las . 40

CUMULATE TYE ProDUCT OF LIVE 97
A/ muLaTE  PRODUVCT LiVE 92

V| pRopUCT L9
Reep, L 97
AccPl 99

(Notes on reserved characters.)

The "S" or "P" may either be included .in the form "ACCS" or "ACCP"
in columns 41-44, or they may be in any term in the FREEFORM METHOD OF
COMPUTATION field.

7. Punch planning item line values

The planning items may be specified to be output on punched cards
in the format of the user supplied DATA input. Up to 15 planning item lines
may be specified. The resulting DATA cards are generated, using the speci-
fied line numbers with two period values per card.
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a. Required elements

The first four positions of the FREEFORM METHOD OF COMPUTATION
field must contain the following term:

FREEFORM METHOD OF COMPUTATION
4 q4l48

v

The FREEFORM METHOD OF COMPUTATION field must contain the line
numbers of the planning item, lines to be punched, separated by a comma.

b. Optional elements

The BASE LEVEL field is optional, and if specified will be
punched in the appropriate field in the output card.

The planner may specify that the planning items be given different
line numbers by using the "AS" option. This instruction permits a statement
such as:

FREEFORM METHOD OF COMPUTATION e
—
a1 aala °

v 29 RS 107, M1, 190

This statement generates cards which contain the planning item
terms and period values so that line 3 becomes line 107, line 17 becomes line
141, and line 24 becomes line 190. This capability is significant if the out=-
put from one model is to serve as input to another. In such a case, the line
number of the data generated by the PUNC instruction in the first model is
determined by its intended sequence in the second model. (There must be
the same number of line numbers specified on each side of the "AS" term.)

The planning item line numbers may be preceded by the character
"L." If the length of the field is not sufficient to contain all of the
line numbers, the character "C" may be used to continue the data to column
45 of the next data line.

Examples:

(1) Punch .lines 2, 3, 4, 5, 6, 7, 8, 9, and 10.

BASE LEVEL FREEFORM METMOD OF COMPUTATION
3 ————
™ 4o[ei  aslas 80|

PVCIH Lives 2,3,9,5, 4,1, 8, 9 /o

poncy L2, 13,14, 25, 10, L'%,'L?, L9, LI0
N 2,395,6,7 %9,

.

ERIC s




(2) Punch lines 20, 22, 26, as lines 91, 107, 114.

BASE LEVEL FREEFORM METNOD OF COMPUTATION
20 40]81 aalas

VNCIH LINES 20,22,2( A3 4NES 94,107, 114
‘-’”"W L2.0, L22, L26 As Lal, Lo, L 114
powe; 20,22,20° A 91, 107, j19

(3) Punch lines 109, 131, 146, 152, 180, as lines 31, 46, 16, 9, 71.

BASE LEVEL FREEFORM METHOD OF COMPUTATION

: “Teuicls cwes 109, 131, 19¢, 152, 180 A C

| LIVES 3], 96, 16, 9, 1
povey) Li10g, LI31, Lige, ng L1570 #AS C
L3I, L40, LJb, L9, L]

_ pund ieg, 13, Igb,isz,lma 3/, 96,16,9,11 |

(Notes on reserved characters.)

The comma "," is the delimiter between line numbers.

The character "C" indicates that the line numbers are continued,
beginning in column 45 of the next card image.

The character "A" indicates that the line numbers are to be re-
placed by user specified sequence of line numbers following the "A."

8. Average of another planning item

A planning item may be the accumulated average of another planning
item, computed period by period across the planning horizon.

a. Required elements

The first four positions of the FREEFORM METHOD OF COMPUTATION
field must contain the following term:

FREEFORM METHOD OF COMPUTATION
44148

verR

The FREEFOEM METHOD OF COMPUTATION field must also contain the
line number of the planning item to be averaged.
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b. Optionel elements

Use of the BASE LEVEL field in the line to be averaged is optional.
If a BASE LEVEL value is provided, this value will be included in t" 2 com-
putation, developing an average based on 7 or 13 values (depending on whether
there are six or twelve planning periods). If the BASE LEVEL value is not

provided, the running average is based only on data contained in the actual
planning periods.

The line number may be preceded by the character "L".

Examples:

Running average of line 17.

BASE LEVEL FREEFORM METHOO OF COMPUTATION
—
29 40j&41 44las

VERAQE OF Live 17
AVERAGE OF L17
L—Ll?

AVER| I

ac

9. Plot of up to four planning items

A printer plot of up to four planning items may be specified. The
plot is developed with the vertical axis at zero or a self-scaling feature
may be specified which has the effect of shifting the plot toward the ver-
tical axis. Negative numbers in a planning item can be included in a printer
plot by use of the self-scaling feature.

a. Required elements

The first four positions of the FREEFORM METHOD OF COMPUTATION
field must contain the following term:

FREEFORM METHOO OF COMPUTATION
41 44las

lprot

The FREEFORM METHOD OF COMPUTATION FIELD must contain the line
numbers of the plamming item lines to be plotted, specified as integers. A
maximum of four planning item line numbers may be plotted and must be
separated by a comma "," in the FREEFORM METHOD OF COMPUTATION field.
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b. Optional elements

The reserved character "S," or a term containing that character,
may be specified by the planner to note that the actual value of negative
numbers is to be reflected or that the vertical axis is to have a value
other than zero. The "S" indicates that self-scaling is to be generated
bar the system.

The planning item line numbers may be preceded by the character
"L!l . .

Examples:
(1) Plot line 14, line 15, and line 16.

BASE LEVEL FREEFORM METHOO OF COMPUTATION
2% ‘ a0[a1 aalas 80

0 WE I4, LINE 16, LINE 16
PLom L4, LIs, Lil

(2) piot line 27, line 43, line 12, and line 91 using the self-scaling
feature.

BASE LEVEL FREEFORM METHOO OF COMPUTATION
—_—
28 40jal 44)48

PoT Lves 27,93,12, 91 SELE SCALING )

' L27,L493,L12, L9l S
?1011712“Lv‘13 2

(Notes on reserved characters.)

The comma ','" and the character "S" have significance, the comma
being the delimiter between line numbers and the "$" indicating that the

self-scaling feature is desired.

10. Iecturn on investment

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

a. Required elements

The first four positions of the FREEFORM METHOD OF COMPUTATION
field must contain one of the following terms:

FREEFORM METHOO OF COMPUTATION
41 4448

TV
oL |




The FREEFORM METHOD OF COMPUTATION field must also contain:

An integer indicating the number of periods over which the
return on investment is to be calculated; (the number of periods canno*
exceed the number of planning periods defined in the Plan Tdentification
Card.)

The line number of the cash flow planning item for which the.
return on investment is to be calculated;

A character "B" or a term containing that character and an
integer specifying the period in which the return on investment calculation
is to begin. The "B" must appear after the line number and prior to the
integer specifying the beginning period. If the base period is to be in-
cluded, this integer should be zero. '

If the values of the cash flow line do not contain .at least one
negative value and one positive value, the number "~9999.99" will appear in
each period of the resulting return on investment line, indicating invalid
input.

Examples:
(1) Return on investment over 12 years on line 73.

BASE LEVEL FREEFORM METHOD OF COMPUTATION
23 «ofet aales 80

RETVIRN OVER |2 PERTODS &INVE 73 BEGIN AST
7V Ry 12 Peerobs L 13 Besw A
_Rerv; 12 173 81

ol | 12 713 B4

(2) Return on investment over 9 periods for line 87 beginning in the
second period. '

BASE LEVEL FREEFORM METHOD OF COMPUTATION
[29 “ofa ealas

ReT/ien OVER_ 9 PERIoDS wNE 87 BEGW 2MD
lkeniry G Perroos L87 Regrw 2o
gsTv) 9 L8387 B2

RoX | 2 87 B2
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LINE NO

(Notes on reserved characters.)
The sequence o0f characters must be as follows:

First - an integer showing the number of periods over which the
computation is to be calculated;

Second - an integer showing the line number or the planning item

- for which the computation is to be made;

Third - the character "B" or a term containing "B";

Fourth - an integer showing the planning period in which the com-
putation is to begin.

C. Headings or Section Titles

In addition to the independent and dependent methods of projection,
there is the capability of separating report sections with headings or
section titles.

Required elements

The first four positions of the FREEFORM METHOD OF COMPUTATION
field must contain blanks or the following term:

FREEFORM METHOD OF COMPUTATION A
4) a4las

This instruction places the data contained in the PLANNING ITEM
field in-the center of the report output. The heading or section title
planning item is referenced in a Summary Report input format (see type 4
below) by specifying the line number of the planning item containing the
heading or section title.

Examples:

A heading with a title of "SAMPLE OF HEADING USE" and line number 123.

PLANNING ITEM BASE LEVEL FREEFORM METHOD OF COMPUTATION

(123 TsameLe OF neawms vse'| e sd

ao[at  aalas

80
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IV. Type 4 - SUMMARY REPORT INPUT

The SUMMARY REPORT input is used to specify a summary report
title, the individual planning items to be contained in that report, and
optionally, the scale of the period values to be printed.

A sample of the summary report input format is shown below:

SUMMARY REPORTS

REPORT TITLE FREEFORM REPORT LINES

[] 2428

The format consists of two fields with the following designations:

Field 1 - Columns 1-24, REPORT TITLE. Contains a title, provided by the
planner that is to appear on the report. Any characters--alpha-
betic, numeric, or special--are permitted.

Field 2 - Columns 25-90, FREEFORM REPORT LINES. Contains the scale factors
(optional) and the line numbers of the planning items that are to
be included in the summary report.

A. Regquired elements

The FREEFORM REPORT LINES field must contain the line numbers of
the planning items, reflected as integers, and separated by a comma.

B. Optional elements

If the FREEFORM REPORT LINES field is not adequate to contain all of
the line numbers, the character "C" may be used to continue the report data
to column 25 of the next line of the SUMMARY REPORT format.

Two line numbers may be separated by a hyphen "-" to indicate
that ‘all lines between and including the lines specified are to be printed
in the report.

In generating summary reports the planner also has the option to
introduce one or more line spaces between planning items included in the
report. To exercise this option a line number is specified in the report
which was not previously assigned to any planning item in the model. The
"spacing" line number is listed each time the printer is to skip a line
in the summary report. There is - no limit to the number of times that the
same line may be used so that only one line of the model need be reserved
as the "spacing" line.
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The character "S" is reserved. It indicates that the number im-
mediately following specifies the scaling factor used on the values printed
in the report. If this option is desired, the "S" must be the first entry
in the FREEFORM REPORT LINES field, with the meaning of the control number
as follows:

SO - Prints real numbers with two decimal places;
S1 - Prints integers rounded;

810 - Divides each value by 10, rounds the result, and prints
integers;

5100 - Divides each value by 100, rounds the results, and prints
integers;

81000 -~ Divides each value by 1000, rounds the result, and prints

integers.
H

The default option, i.e., no use of the "S" character, generates
numbers with two decimal place accuracy if all values of a planning item are
less than 1,000,000. If any value exceeds 1,000,000 the planning item values
will be integer.

The planning item line numters may be preceded by the character
12 n
L.

Examples:

a. A sumary report entitled "Basic Organization" to consist of lines
10, 32, and 89 through 94 with the values in these planning items to be
expressed in hundreds.

REPORT TITLE FREEFORM AEPORT LINES

Basic oRGAMIZATION  |"S400,L10,133,L99,L99 L9 ,L92, |93, 199
S100, 10,32, 89,70, 9/, 92, 93, 99
91.00}[0',3:1_. 80“ ’ ‘ ”

b. The same report as described in Example a, above, but with a blank
line appearing between lines 10 and 32 and between 32 and 89 (line 9 having
been previously reserved as the "blank" line).

REPORT TITLE FREEFORM REPORT L INES
1

BASIC ORGANIRATION |S100, Jv,9,32,9, £9-94

4

[ 4}
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CHAPTER S

SYSTEM QUTPUTS

The PLANTRAN II system outputs are generated on the printer and
card punch. The punched cards are generated only when the punch "PUNC"
instruction is used. These cards, which contain planning item values in
the format of the "DATA" method of model specification, can be used to
interrelate or interface, between separate base models.

All other system output is printed. The first system output is
an "Analysis of Matrix." The heading for this output is as follows:

Organization Mnalysis of Matrix . Date
Model Descriptioq for a
Run Number 6 (12) period forecast Base year

The heading information is developed from the data in the identification
input format. The next heading contains, LINE, DESCRIPTION, BASE, and
METHOD OF COMPUTATION. These terms are above columns which explain the
model specification inputs, i.e., the line number, planning item descrip-
tion, base level, and freeform method of computation. These model speci-
fication data'inputs are reproduced exactly ar they are specified by the
planner.

The purpose of the "Analysis of Matrix" is to provide the planner
with a listing of the model which he has specified. . The report has several
. uses. First, it provides a means to insure that the model .was keypunched
‘ exactly as specified by the plamner. Second, it enables the planner to
, review the projection methods and interrelationships in the event that
B the model results are in error. Finally, it provides the planner with
the complete documentation of the planning line base level values and
assumptions incorporated into the model. This permits the logical expla-
nation of the rationale of a given model, item by item if necessary,
which is often important when communicating model results.

The next system output describes the content of the summary re-
port input. PFirst is printed the term: THE FOLLOWING REPORTS ARE RE-
QUESTED. This term is followed by a report title, and the freeform re-~
port lines for each summary report specified in the summary report input
format.




The next system output consists of diagnostics or error messages
if they were generated in the first three system programs. A complete
description of these messages and their format is given in Chapter S.

The next system output will be any computer printed plots devel=-
oped from use of the "PLOT" instruction. These plots may be of either six
or 12 periods, with the time period values or terms printed on the left-
hand margin of the page. The zero point for time is located in the upper
left side of the page. Up to four planning item line values may be printed,
using the characters %, +, X, and 0. These characters are associated with
the different planning items as specified in the model. A legend is pre-
sented in the lower left section of the plot output.

The next system outputs are the summary reports. TheSe reports
are the result of the planner's specifications in the identification and
report input formats. It is a good practice to initially have one report
which contains each planning item line. This report is useful in reviewing
the model and making modifications to, or correcting, individual planning
item values. Once the model has been reviewed, proofed and debugged, and
the planner is assured that it correctly and accurately depicts the desired
relationship between planning elements, the report containing all planning
item lines can be deleted and the summary reports which directly address
the planning issue retained.

The final system output consists of the diagnostics and error
messages from the fourth system program.
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CHAPTER 6

DIAGNOSTIC MESSAGES

This chapter presents & brief explanation of the diagnostic
messages generated by the PLANTRAN II system. Errors are detected and
corresponding diagnostic messages printed in each of the four major program
modules in the PLANTRAN II system. The four programs and their basic func-
tion are as follows:

. PLANTRAN--This COBOL program decodes the model input and
converts the input data from a fre=z form to a fixed format.

. TREE--This FORTRAN program develops a "tree” structure of the -
model and each line item can be computed in one pass. In addition, it
checks the logic of the model for errors such as missing lines and loops.

. HELP--This FORTRAN program performs the model'computations.

. "« REPORT--This FORTRAN program prints the reports which are
requested.

The error messages and appropriate explanations are presented
below. :

I. System Program PLANTRAN

A. You Have Exceeded 15 Line Numbers

. . This message occurs in use of the summation (SUM) or punch method’
(PUNC). It is generated if there are more than 15 line numbers or more
than 14 commas specified. The line numbers beyond the 15th are dropped

and the system will continue.

B. Ybu"Have Exceeded 12 Items of Data

This message occurs in use of the DATA method. It is generated
if there are more than 12 values or more than 11 commas specified. The
period values beyond the 12th are dropped, and the system will continue.



C. There Is a Code Error in the Data Card Line Ttem XC0OO(*

This message occurs if the first four positions of the FREEFORM
METHOD OF COMPUTATION field contain a term other than one of the following:

PERC SUM ACCU . . . S PLOT
PCNT EQUA Accs RETU
PCT . EQIN ACCU . . . P ROT
CONS ' SHIF ACCP HEAD
INCR MAXT FILL

DECR MAX PROJ

GOAL MINT PUNC

DATA MIN  AVER

The planning item is assumed to be a heading (HEAD). The system will
continue. .

D. When Renumbering Punched Lines, Only 7 Lines May Be Used

This-message occurs in use of the punch (PUNC) method with the
"as" option, and indicates that the maximum of seven planning item line
numbers, being renumbered has been exceeded. Any line numbers after the
seventh before the "AS" are dropped, and the scan continues. If more than
the maximum of 15 1iné numbers are specified, the diagnostic I-A will
ke showmn. -

IT. System Program TREE IT

A. Line Number XXXX Is Too High And Will Be Dropped. The Maximum
Value for Line Numbers Is XXXX

)
This message occurs when a specified line number is larger than
~ the number of lines the system can accommodate. For example, if the system

is generated for 3,000 lines, the line number must be an integer between
1 and 3,000 inclusive. '

Planning item lines which violate this restriction are dropped,
that is, they are not included in solving the planning matrix. This error.
_will not terminate the system, but it may lead to unresolved lines which

% The line number of the planning item with the incorrect term will appear
where the XXXX is shown. !
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is cause for the termination of the system.run. This message occupies a

single printline and it may be intermixed with error message II-B. Error

messages 17-A and II-B will appear in sequence immediately following the

"Analysis of Matrix" report generated by the PLANTRAN program.

B. Duplicate Line Number XXXX in New Tine Information. First
Reference Retained, Duplicate Dropped

This message cccurs when a duplicate line number is encountered.
Every line number used in a given model must be unique.

The planning item lines which violate this i.e., the duplicates,
are dropped, and the first line number with that line number value is re-
tained. This restriction does not apply to replacement cards properly
entered to update a preceding model--any line in the preceding model may
be replaced. However, within the replacement cards, as within the original
model, every line number must be unique.

This error will not terminate the system, but it may lead to un--
resolved liqes which cause termination of the system run. This message
occupies a single printline. It may be intermixed with error
message 1I-A.

C. The Following Lines Cannot be Resolved

LINE REQUIRES THESE UNRESOLVED LINES (A NEGATIVE LINE NUMBER
: MEANS THAT THE REQUIRED
LINE DOES NOT EXIST)

XX XXX
XX -0
p0.0.4 X
. !
p0.0.4 X

This message contains a list of all the lines which could not be
resolved in the analysis ofgline dependencies within the model and indicates
any other unresolved lines upon which the given line depends. A line is
"unresolved”" if (a) it depends on one or more nonexistent lines; (b) it.
depends on one or more unresolved lines; or (c) it depends.on one or more
other lines which, through some chain of dependencies, depend on the given
line (a logical loop).

The existence of unresolved lines in a model will terminate the
system. Programs which follow will not be eXecuted. Instead, the system

will re-enter the first program (PLANTRAN) looking for an update to the‘
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current model or for a new model. This message will appgar, if required,
following any occurrences of error messages I-A and II{J%/ The r23sage is
printed at the top of a new page.

D. * ¥ ¥ ¥ Summary Report * * ¥ ¥ Requires These Unresolved Lines.
(A Negative Line Number Means That the Required Line Does Not
Exist) .

{

This message occurs if any summary report input specifies invalid,
missing or unresolved lines. The message is followed by a list of the
summary report titles and the corresponding invalid references. This
message wWill appear, if required, following any occurrences of error message
II-C. Specification of missing lines is not a fatal error, although such
lines, of course, will not bg printed. The message is printed at the top
of a new page.

E. Diagnostics From Subroutine TREE

KX TOTAT, LINES REAU

XXKX LINES DROPPED FOR INVALID LINE NUMBER
XXXX  LINES DROPPED FOR DUPLICATE LINE NUMBER
KX TOTAL LINES ACCEPTED ‘

XXXX  TOTAL LINES RESOLVED

XXX LINES NOT RESOLVABLE AFTER XXXX PASSES.

. This message occurs if any errors of tYpes'II-A, II-B, II-C are
encountered. ‘

The meanings of the message are self-explanatory. The message
is printed at the top of the print page.

ITT. System Program HEIP

A. Line XXXX Cannot Be Calculated Because the Power Operation
. Involves Negative Numbers

This message occurs in.the user supplied equation or function
(EQTN). It results from an attempt to use a negative exponent. If this
condition is encountered the calculation of the line is terminated, the
line will have values of zero in the planning periods and the system
will continue. ‘

<




~

B. Line XX0X Has a Negative Beginning Year. This Is Not Allowed

‘ This message occurs in using the "Beginning In" option for change
by a percentage (PERC, PCNT, PCT); change by an increment (DECR, INCR); and
change to achieve a goal (GOAL). The "Beginning In" period cannot be in
the past, only in the present or the future. The calculation of the line
will terminate, the line will have values of zero in the planning periods,
and the system will continue.

C. Line XXXX Has No Goal Period. A Goal of 1 Year Is Assumed to
Prevent Division by Zero

This message occurs in use of the change to achieve a goal (GOAL)
instruction. When no goal period has been specified, the goal period is
‘set to a value of one, the goal value is inserted in all the planning periods,
and the system continues. o

D. Line XXXX Has a Goal Year Prior to a Beginning Year. This Is
Not Possible

This message occurs in use of the change to achieve a goal (GOAL)
instruction, when the beginning period is greater than the period in which
the goal is to be achieved. The calculation of the line is terminated,
the line will have values of zero in the planning periods, and the system
will continue. '

f’ )

E. There Is a One Item Comparison Error in Line Item Number O

This message occurs in use of the maximum or minimum of other
planning items, (MAXT, MINI, MAX, MIN) instruction, when a single planning
item c¢r constant has been specified. There must be at least two values in
order to compare, i.e., either two line numbers or a line and a constant
value. The calculation of the line is terminated. . The line —1ill have values

of zero in the planning periods and the system will continue.
’ L

IVv. System Program REPORT
THE FOLLOWING NONEXISTENT LINES WERE REQUESTED IN THE SUMMARY REPORT
This message occurs when'the Planner has specified nonexistent
line numbers in the summary report data input format. The nonexistent

line numbers are deleted, the summary report is generated as specified,
. and the system continuss. :
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CHAPTER 7

GENERATING ALTERNATIVE PLANS: USE OF THE SYSTEM DRIVER

Simulation provides planners a means of experimenting with various
alternatives. PLANTRAN II uses a simple and effective feature to enhance
this exXperimental capability.

The feature--called a "systems driver'--drives or steps the
system through successive, planner-specified alternatives. This technique
works as follows: the basic, or first, model is entered and executed; the
projections are generated for the planning matrix as indicated by the model
specification input; the matrix is balanced; and reports are printed as
called out by use of the summary report input.

Next, the system reads inputs representing different or alterna-
tive projections associated with one or more planning items. These changes
cause the entire planning matrix to be recomputed .to bring the matrix into
a new balance and the reports reflecting the different, or alternative,
plan are generated.

The system handles each set of changes sequentinlly and computes,
or balances, 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 many alternatives.> These alternatives permit the examination
of a large number of solutions to a given problem. The speed and ease of
the technique enable the planner to learn more about the relationships be-
tween varicus planning items, experiment with those items and compare the
resqlts'with known objectives.

Use of the system driver in the PLANTRAN Il system is quite simple.
A card with the value 9999 in columns 1-4 is inserted following the last
swmary report input card of the basic model. This "9999" card may be
followed by an optional identification input card, which has an "R" in the
R field, columns 65-66. This indicates to the system that the input which
follows involves replacement data to the basic, or first model.

If the optional columnar headings are provided, the identification
input card must contain an "H" in the H field, columns 63-84. If that "H"
is specified, the card following the identification input card must be in
the column heading input fdrmat.



The next cards are the changes to the basic model expressed in
the model specification input format. Note that these cards replace the
model specification input in the basic model. If line numbers of the
replacement planning items are not the same as those beins replaced in
the basic model, the replacement items are added to the model.

There is no limit to the number of replacement plannlng 1tem
lines which can be entered at one time.

Another "9999" card (columns 1-4) follows the last replacement
card in the model specification input. That "9999" card may be followed
:by another optional identification input, optional columnar headings and
replacemen+ model specification cards. The summary report input for alter-
native iterations 1is the same as in the basic model.

—— e, —— —

In using the systems driver, it is important to note several
things. The sequence of replacement data must be explicitly followed:

9999

Identification input (optional)

Columnar heading input (optional)

Model specification input \
9999

Identification input (optional)

Columnar heading input (optional)

Model specification input

9999

Second, it must be kept in mind that from iteration to iteration
the basic plan reflects the original plan values rather than the latest
changes, i.e., the changes from iteration to iteration are not cumulative.
Third, note that the summary reports generated by replacement data are
the same ag those specified for the basic model.

Finally, the sequence of computer printout must be understood.
The "Analysis or Matrix" and swmmary reports will appear for the basic
model just as if no replacement data wereinvolved. The last summary report
will. be followed by a section btitle "LINE CEANGES TO BE MADE TO ORIGINAL
MOIEL." Following this will be a heading stating "LINE," "DESCRIPTION,"
"BASE" and "METHODS OF COMPUTATION." Immediately under, and associated
with these headings, will be the line number, planning item description,
base value, and method of computation of the input in the replacement data.
These data will be printed exactly as specified by the planner.
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Next will be any diagnostic or errof”messages which may have
been generated, follcwed by any specified plot output. The last output
consists of the summary reports as specified in the original basic model.

The above sequence will be followed for each set of replacement
data. If the optional identification input and columnar heading input
cards reflect changes from the original model, they will be incorporated
in the summary reports for the iteration.
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CHAPTER 8

DATA ORGANIZATION

This section describes the input sequences for setting up the data
deciks to accomplish common types of planning system runs. A review of these
examples will provide the planner with samples which he may use, or modify,
to structure a system run for a specific planning need.

Example 1: Base Model Run

A, Identification Input

B. Columnar Headings Input-Optional R
If this card is used, it must be preceded by an identification '
card with an "H" in Columns 63 or 64, indicating that headings

' are to be provided.

C. Model Specification Input

D. "9999" in Columns 1-5

E. Summary Reports Input

F. "9999" in Columns 1-4

//?ﬁ99
=

/";Jmmcry Report Input

/ 9999

' /'Model Specification Input
. ﬁolumnar Heading Input
Identification Input

[(Optional)




Example 2: Base Model with One Replacement Iteration

A. TIdentification Input

B. Columnar Heading Input-Optional (See Note 1)
C. Model Specification Input

D. "9999" in Columns 1-4

¥. Summary Report Input

F. "9999" in Columns 1-4

G. Identification Input-Optional (See Note 2)
H. Columnar Heading Input-Optional (See Note 1)

I. Model Specification Input
The replacement planning item data

J. "9999" in Columns 1-4 9999

¥ Model Specification Input |

/Columnar Heading Input »
/Identification Input
9999

/Replacement Cords

for lteration

l Optiona

[ (Optional

Summary Report Input
59990

Model Specification Input
/’ Columnar Heading Input

Identification Input

[ (Optional)

Note 1 - If this card is used, 1t must be preceded by an identification
! input card with an "H" in Columns 63 or 64, indicating that

headings are to be provided.
Note 2 - If this card is used, it must have an "R" in Columns 65 or 66,
indicating that the following data are replacement data.
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Exampie 3: Base Model with Two Replacement Iterations

Identification Input

Columnar deading Input-Optional (See Note 1)
Model Specification Input

"999d" in Columns 1-4

Summary Report Input

"9999" in Columns 1-4

Identification Input-Optional (See Note 2)
Columnar Siading Input-Optional (See Note 1)
Model SpecAification Input

"9999" in Columns 1-4

Identification Input-Optional (See Note 2)
Columnar Heading Input-Optional (See Note 1)
Model Specification Input

"9999" in Columns 1-4.

bR cHODQAEHUOUQW >

//5w9

' "i
Modcl Specification Input ’d.
/'Culumnur Heading Input

/idemilicutian Input

/ 9999

Replacement Cards
for 2nd Iteration

Columnar Heading Input

/ \dentification Input

/9999 Replacement Cards
r for Ist Iteration
/Sumnmry Report Input
/9‘1‘99

.

/Modol Specitication Input
/Cu|unlnnr Heading Input

ﬁdvnlificulion input

(Optional)

Note 1 - If this card is used, it must be preceded by an identification input
card with an "H" in Columns 63 or 64, indicating that headings are
to be provided.

Note 2 - If this card is used, it must have an "R" in Columns 65 or 66, in-
dicating that the following data are replacement data.

\




Example 4: Two Independent Base Models

A. Identification Input
B. Columnar Heading Input-Optional (See Note 1)
C. Model Specification Input
D. "9999" in Columns 1-4
E. Summ;ry Report Input
P "9999" in Columns 1-4
G. Identification Input {See Note 2)

H. Columnar Heading Input-Optional {See Note 1)

I. Model Specification Input

9999
J. "9999" in Columns 1-4 —

Summary Report Input
K. Summary Report Input / 9999

' "9999" in Columns 1-4
L. o Model Specification Input

/Columnar Heading Input

/Idenfificaﬁon Input
9999

2nd Model

Optiono

// Summary Report Input
9999

Model Specification Input

_/ Columnar Heading Input
Identification Input

Ist Mode!

] (Optional)

Note 1 - If this card is used, it must be preceded by an identificati?n input
card with an "H" in Columns 63 or 64, indicating that headings are
to0 be provided.

Note 2 - This Card must not have an "R" in Columns 65 or 66.
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Example 5: Two Base Models, Each with One Replacement Iteration

A. Identification Input
B. Columnar Heading Input-Optional (See Note 1)
C. Model Specificétion Input |
D. "9999" in Columns 1-4
E. Summary Report Input
F. "9999" in Columns 1-4
G. Identification Input-Optional (See Note 2)
H. Columnar Heading Input-Optional (See Note 2)
I. Model Specificatién Input
J. "9999" in Columns 1-4
K. Identification Input (See Note 3)
L. Columnar Heading Input-Optional (See Note 2)
M. Model Specification input
N. "9999" in Columns 1-4
0. Summary Report Input

- P. "9999" in Columns .1-4
Q. Identification Input-Optional (See Note 2)
R. Columnar Heading Input-Optional (See Note 1)
S. Model Specification Input

T. "9999" in Columns 1l-4

Note 1 - If this card is used, it must be preceded by an identification
input card with an "H" in Columns 63 or 64, indicating that
headings are *. be provided.

Note 2 - If this card is used, it must have an "R" in Columns 65 or 66,
irndicating that the following data are replacement data.

Note 3 - This card must not have an "R" in Columns 65 or 66.
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Identific. tion Input

ﬁ???
/ngmary Report Input

/ 9999

/\Alodel Specification Input :
/ Columnar Heading Input |
/ldenfificofion Input I

J/ 9999
p = =
ﬁode! Specification Input [ 4/

I/Columnor Heading Input

—

2nd Model

M

ﬁdenﬁficoﬁon Input [g
/9999 =12
P — [~ I
= 210
// Summary Report Input o] /
i

/ 9999

1st Model

Model Specification input
/" Columnar Heading Input

|dentification Input

| (Optional)




CHAPIER 9

SAMPLE UNIVERSITY MODEL

This chapter provides an example of the use of PLANTRAN II in
meeting the planning needs of an institution. The brief description of
"Sample University" is followed by the PLANTRAN Model Specifications. The
Summary Reports and the Analysis of Matrix follow.

I. History

Sample University was founded in 1864 as a church-related college.
In 1934 it officially disassociated itself from the church and became non-
sectarian. It began offering graduate programs after World War II and had
developed a few Ph.D. programs when it entered the state university system
in 1959. Its enrollment has more than doubled in the last 10 years. In
general, the last decade has been one of expansion and optimism for Sample.

II. Enrollment

Sample's current undergraduate enrollment is 12,622 of whom
11,381 are in-state students. Sample's planners know that the 18-year-old
in-state cohort will begin to decline in 1978 after having leveled off in
1975. Currently 51 percent of the cohort attend post-secondary institutions.
Sample's share of this market is presently 9.5 percent. The university
feels that the attendance rate of 51 percent will stay constant for two
years and then increase about 0.5 per year. Sample's share of these students
can be projected linearly from past data. Out-of-state undergraduate stu-
dents are limited to 11 percent of the in-state undergraduates.

Total graduate enrollment stands at 2,428 of whom 1,928 are
residents of the state. Due to facility constraints and a leveling off
of federal funding for graduate programs, the university feels that in-state
graduate enrollment will stay constant for the next 3 years after which
it will resume its 3 percent annual increase. Out-of-state graduate enroll-~
ment will decline to 300 by 1975.



IIT. Fees

In-state undergraduates are paying fees of $405 per year. Although
Sample has delayed increasing its fees to students for the last 5 years,
this 1s no longer possible. In fact, the best estimate is that fees
for resident undergraduates will have to increase about $20 per year. Non-
resident undergraduates now pay $1,300 a year. This will increase 6 percent
annually. Resident graduate students pay more than the undergraduates; this
will ‘increase to $600 by the fourth year beginning in 1973; current fees
are $500. Out-of-state graduate students pay $1,500 a year. This will
increase to $1,800 in 2 years.

IV. Faculty

The student-faculty ratio at Sample has not changed appreciably
since the late forties. The undergraduate student -faculty ratio has been
18:1; the graduate ratio hovers around 6:1. Because of the "traditional"
character' of these ratios, the university's planners must assume that they
will not change in the future. Thus they are planning with constant student-
faculty ratios at both the undergraduate and graduate level.

Sample's faculty is divided into an undergraduate faculty numbering
700 and a graduate one of 400. The average undergraduate faculty salary is
$12,389. This will be increased at 6 percent per year. The average graduate
salary is $16,780 which will be increased at 8 percent per year.

V. Revenue

The major income variable is the amount of support received from
the state government. This currently stands at $1,605 per resident student
(graduate and undergraduate). Since there are signs that the state is
reaching a plateau in its level of support, the Sample planners are assuming
that state appropriations will remain constant for 4 years and then can
be increased $100 per student each year.

The following table suwmmarizes the other income items and their
expected changes through time:
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'
Income Item Current Levels Changes
Endowment Income $ 50,000 Increase 1 percent per year
Gifts Applied to ~ 6,500,000 Increase 5 percent beginning
Current Operations ' in third period
Sponsored Research 800,900 Decrease to $500,000 by third
period
Recovery of Indirect Costs 309,000 38 percent of the sponsored
: research

VI. Expense

On the expense side, the major costs are instructional salaries.
These projections will be developed on the basis of the staffing and salary
factors presented earlier. ' '

WSalaries for support staff will be equal to 30 percent of the
undergraduate faculty salaries and 60 percent of the graduate faculty
salaries. The nonsalary support costs are presently at $900,000. These
will. stay constant until the fourth year when they will begin to increase
6 percent per year.

Expenditures for extension and public service are now $300,000
and they will increase $50,000 per year. Student services are funded at a
level equal to $300 per undergraduate student plus $100 per graduate student.

Student aid expenditures are based on the assumption that the
total undergraduate financial aid will be equal to 10 percent of the resident
undergraduates receiving full fee scholarships. Graduate financial assistance
will be eqQual to 30 percent of the resident graduate students receiving
complete fee remission.

Library expenditures will be equal to 10 percent of the sum of
instruction/departmental research expenditures, sponsored research, and

extension public service expenditures.

The following table summarizes the other expense items and their
expected changes through time:
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Expense Item Currdnt Level Changes

Operation and Maintenance $ 2,300,000 Increase 6 percent
General Administration 1,900,000 Increase $55,000 per year
General Institutional 100,000 No change

Auxiliary Enterprises 2,195,000 90 percent of auxiliary

‘enterprise income

VII. -Reports

The Sample University planners have taken all of the factors
discussed above and put them together in a logical fashion. The PLANTRAN
Model Specifications used to do this begin on page 8- 6. The Analysis of
Matrix on page 8-12 allows the planners to review all the Model Specifications
in an orderly manner. The planners developed & number of Summary Reports
which begin on page 8-18.

Matrix analysis: This report includes all the planning item lines .
used in the model. It is useful to the planner in debugging the model
and insures that he will have output for every line.

Enrollment: This report presents all the projections for the
number of students who Will seek educational services from Sample University.
A number of different categories are used to display the information in
ways meaningful to the planners and decision makers. Notice that the report
is scaled in units.

Income-expense variables: This report presents all the "non-
financial” items which determine the major portior of income and expense.
These include the fee structure, the student-faculty ratios, the number of
faculty, and faculty salary levels. Since these are the major assumptions
underlying the budget model, it is important for decision makers to be aware
of them. These variables are the ones on which administrative options can
be exercised.

Current fund account: This is the revenue and income operating
statement for Sample University under the assumptions of the model. It is
in the standard format recommended in College and University Business
Administration.




Key indicators: This report presents elements of the current
fund report, enrollment report, and the income-expense variables report.
These are the "highlights" of the simulation. Administrators can find the
important indicators in one short report.

- Analysis: This-report analyses selected income and expense items
as percentages of other items. For example, line 78 tells the planners
what percentage of total income is accounted for by student fee income.

Surplus/deficit: This short report deals with the surplus or
deficit of the current fund account. It is a specialized report which
presents the level of the surplus/deficit and four statistics developed
from it.

Educational and general income: This is another special report
dealing only with the educational and general income. Notice that it is
scaled in thousands.

Plot: The reports'includé-two plots. One shows the relationship
between current expense and current income. The other shows the growth
patterns for the major elements of current fund expense.

VIII. Analyses

.

The most obVious analysis is to compare the total current income
with the total current expense. In the first projected period this results
in a surplus of $1,061,744. o learn %he long-range effects of the pro-
jections and assumptions detailed above, the figures for operating surplus/
deficit are accumulated throughout the 12-year pericd for a total of
(negative) $14,627,168.

Another type of analysis is to indicate the percent of the total
budget represented by the various components. According toc the above pro-
jections, instruction and departmental research can be expected to climb

from 60.98 percent in 1972 to an eventual 74.4 percent of the total budget
in 1983. : '

State appropriations will pay 53.29 percent of total current income
in 1972. The percentage will increase to 60.72 in 1983. Income
from student fees will increase to 22.32 percent of the total current income.
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APPENDIX A: MATHEMATICAL DESCRTPTIONS OF LANGUAGE ELEMENTS

I. INSTRUCTION NOTATION

The following notation has been adopted to provide a succinct and
compact definition of PLANTRAN II instruction SYNTAX:

. Key characters are capitalized and underlined; these char-
acters are mandatory.

o Literal characters shown in lower case and not underlined may
be added for clarity--they are not mandatory.

« Brackets [ ] are used Lo indicate required elements of the
instruction. :

Example: [GOAL] of [v] in [n] years

The operation code, GOAL; the goal value, v ; and goal
period, n--are required elements of the instruction.

« DBraces [ } signify that one of two or more alternatives is a
required element.

PCT
Example: | PCNT increase of [p] per year
PERC| ent

To indicate a compowid growth or decay, the operation
code PCT, PCNT, or PERC(ent) may be used.

« Parenthesis ( ) indicate 2n optional element.

Example: [INCﬁ]ease lOO/&ear (B eginning in 3rd year)

"Beginning in 3rd year" is optional. Default is to
begin in 1st year.

o Mathematical notation.

A;,y = k-th period value of a given (i-th) variable
(planning item)
Ai’o = base or current value of a given (i-th) variable



IT. INSTRUCTION SET

A, Percent

PCT I| ncrease P month month
PCNT D| ecrease of | PB| per year [B]eginning in [n] th period
PERCjent |+ reriod _ year

€CC.,

P = numeric specification of compound percentage change

=
1l

blank assumed to be zero percent

n = integer where 1<n <12
if the "Beginning in..." option is not used, period 1 is assumed
' Exémple:

Percentage increase of 7.5 percent per year beginning in third
year.

BASE LEVEL FREEFORM METHOD OF COMPUTATION

0. “lPerclen/T INCREASE 75 RCT REQ/W 3RD PERTOD
N doco  lpewt] ZwCR 7.5 % BeGiv 3Rp  PERIOD

s 1000. m i '?45 9‘ j 3

Moo PcT 2.5 83

Mathematical Definition

- ' k+1- o3
Bye = A (1 + p/100) 0 for k>n

H

= A, -for k< n
i,o

B. Increase/Decrease

.| INCR| ement month month
{DEC%}ease Eﬁ} per period (EB] eginning in period [n]
¥ . year . year -
' ete. ete.

>
1]

periodic incremental change

=
1l

blank, assumed to be zero iricrease/decrease

s
1]

integer, 1£n<12




Example:

Incremental decrease of 72.37 per year beginning in fourtﬁ year.

BASE LEVEL ) FREEFORM METNDD OF COMPUTATION

. ec'éEnse By 72.37/Per. BEGIN <QTH PERZOD
000 m. 8Y 72,37 BEQIW $TH PERIQD
00. DECR| 72,37 BEGIV 74
4 41600 DECRi 72:37 B <1

Mathematical Definition

B N if k< n
= Ai’o + (k+l-n)A if k ; n
C. Goal
months ‘ month
[Goal] of [V] in [m] periods [B ] eginning in  period [ n]
years year /
etec. ete.,
v = goal value
m = integer 1% m<12 specifying the period in which goal is
to be achieved :
n = integer 1<n<m-1 specifying period in which change is to
begin
Examples

Change to a goal of 2100 in 8 years beglnnlng in fourth year.

BASE LEVEL FREEFORM WMETHOD OF COMPUTATION

$ il oF 2000 zv 27¥ PeRIOD BEGIN IN v'm
Mathematical Definition

A, = A, for k< n
=V for kK Sm

= - - < <
= (v - A o) (k+1 n)-:-Ai o for n £k <m



V. - mmeric between T 999 999 999 999. 9999

blanks assumed to be zero

Example:

BASE LEVEL FREEFORM METHDD OF COMPUTATION

40|e 44)as

0, mml 50, 1250, 1259, 1360, 1350, 1450,

2| %o, 50, 50, 1456./555. /250

—~

Mathematical Deflnitlon

A, =V or
ik ik

>
Il

i'k zero if kth position blank
2

E. Sum

%UM)éJ | of lines [le] (,ze,___’ﬂ%)

zi - line number

Example:

BASE LEVEL FAEEFORM METHOD OF COMPUTATION
=

S ko uwes 2,7, 13,14,15, 26,31, <
2 - [ 97, 8¢, Jo3

Mathematical Definition

A, = A + A + ... + A
Lk Ty ) )
1,k 2,k 15,k

where

4; is i-th designated line number

A-4




F| orward months
[SHIF] t (c) [L]ine [!5} [p] pericds
\\\? ‘ackward years
ete.
¢ = constant multiplier, if blank, 1 is assumed
4 = line number to be shifted
p = number of periods--extent of shift, 13>p>o
default option is to shift forward (right) one period
Example:-
FREEFORAM METHOD OF COMPUTATION )
40[41 aalan a0
. AT 15 LIVE 3| BAkwARD & PERIODS
lWIFT 15 L3) RAcK b PERIODS
Mathematical Definition
A, =c A if ift rd
ik c 3,k-p if shi forwa
=c A if shift backward

J,k+p

= C Aj,k-l if default option

. Equation

[EQTKﬂtion . [ +

UA| 1 )L ¥ | ..l )L

mol1s (01) {1y / @4 (4>
X%

Ci = numeric constant

Li = line number

Example:

FREEFORM METHOD OF COMPUTATION

$  eem94.32 w wumE 63 — Lwe 109
Z getn 94.32_LINVE 63— LUNE 104

A-5



Mathematical Definition

A, = f /c A CA'
i,k (1 Ly )k 4 24,:@

where the function, T, is an analytical function of up to 4

variables (lines) and up to 4 constants.

H. Maximum/Minimum

[MaXT] mm of [1, T
J, L
MAX
MINT ' L L
MIN L: c me n
|7 ds
Lj = line number |
¢ = numeric, representing a constant value
Example:
‘OF:ICEFO::T‘:EYNOD OF COMPUTATIDN . 2
2 Meugimym OF L0k, L2239, ~19.63

4  Mzvior Lo, L239 - K.63

Mathematical Definition

A, . = {maxmvum\ (A, A e\
Lk MINIMUI\D <J’k, bk ,>

I. Fill

[FILL], Line 2]

4 = line number

Example:

‘OF‘RIEEFO::l‘:ETNOD OF COMPUTATION ) " ==
3 Bl Lve 13 -
Q- - lFwLi L373 ' |
>4 EIL| 73

A=




Mathematical Definition

Ay x = A3k if Ay # o 3 when By =0,

Ai,k =(FD (k) + b where
n/e . n “n | n/2
m = % Z Aj - E Aj -% Z j - Z 3
j=1 j=n/2 n/2 1
. n/2
b= 4 bgil Ay)-m

This instruction utilizes a technique of "semi-averaging."

"Semi-averaging" consists of a linear fit to existing data
points by averaging the first half of the data points for Y1 » the first
half of the indices for x;--proceeding similarly for the latter half of
the points for yo and xp--the equation of a line is determined. This
equation is used to "FILL" gaps or missing data points. Only missing
data points are "filled.” ,

J.' Project
[PROJ] ect line [4

£ = line number

Example:
FREEFORM METHOD OF COMPUTATION
40}a1 4alas 80
i RaJiECT LIVE Db 4 :

2 lpro3 Liwe 106

Mathematical Definition

See mathematical definition of FILL. Using the same "semi-
averaging" method, the equation for a linear function is computed and
PROJECTED, extended or extrapolated through the next time periocds 13
through 24. Thus, :

A= (m) (w112) +b

A-7



K. Accumulated Sum or Product

ACCU mulated{ S }um ‘
AcCS P | roduct of line [£]

ACCP

£ = line number

Example:

FREEFORN METHOD OF COMPUTATION
40[4( “4len . a0

A OF LN

Mathematical Definition

k
i x =y By i SUM;
£=1

k
Ay o =TT A if PRODUCT
2

L. Punch

e s (1] (150 2 ) (3] [ e 1)

f‘i = line number

n

1

m if AS option used

Example:

FREEFORM METHOD CF COMPUTATION

40}l ‘44 ‘ﬂa
»y fwcw LINES 109, ,3,) 14¢, 152, 180 AS C
| 1Cwes 3], 96, 16, 9, 1
Z Py Lioq, L13), L19¢, Lis2,17%0 S c




M. Average

[AVER]age of line [j ]

J = line number

FREEFORM METHOO OF COMPUTATION

: aoj4y aalas
2;“' 7 E _OF Linve I}
ERAGE OF LiJ

Mathematical Definition

A

=~

k
. AL
l,k. nZ::l J,n

N. Plot.

[PLOI] lines [ziJ (ﬁe, --- z4>

,ﬁi = line number

Example:

FREEFORM METHOO OF COMPUTATION

ol adjas

YTt LIVES gz, ,12,2 SELF sc:ALmlé;
{____lpor £27,L43, 04125 191 S




0. Return on Investment

month
ROI _ year
RETU| rn on investment over [n] period, line [z]beginning in
etc.
month
year . [m]
period,
ete.
£ = line number
n = number of years in the time span of consideration
m = beginning period
Example:

FREEFORM METHOD OF COMPUTATION

g “lRemikn over_9 PErIobs wwe 87 BEGw 24D
ReW Ry § PeRIoos L87 Zsgrw 2

Mathematical Definition

Ai - @ for 1 # 1 and valid cash flow series
s
A, = 9999.99 if invalid cash flow series, i.e., there must be
1k . e
at least one negative and one positive value of Cj .
Ay x = I, compound interest rate which discounts cited net cash
- p)
flow series to zero according to the expression:
n-1 C;
E: ___¢lﬂﬂ = 0 wvhere
: (1+1)
J=0
Cj = net cash flow, period

m, n, I = as defined above

‘ . A-10



P. Heading

zso] 0

Example:

LINE NO PLANNING ITEM

BASE LEVEL FREEFORM METHOO OF COMPUTATION

23 [semPLE OF HEMING USE |

N 40 aaias

Wedd

Q. Summary Reports

[report title ] (S-code) [, El]' ,ﬂé, 4 _zn, --:>

S-Code
500

S1

S10
5100
51000

510000

!

/

scaling instruction for numeric values--
2 decimal places ¢
integers, roﬁnded
values x lO.

values x 100

values x l;OOb

values x 10,000

line number

A-11



APPENDIX B: GLOSSARY OF WORDS AND TERMINOLOGY

Accumulgtive product

Accumulative sum

Base level

COBOL

Constant value

- Data point

Default option

Planning item values are multiplied horizontally
across the planning horizon. Thus, if annual
values are: 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11,
12, the accumulative product is: 1, 3, 9, 36,
180, 1260, 10080, 90720, 907200, 9979200,
119750400, This capability is useful in eval-
uating growth rates expressed as compound per-
centage increases.

The horizontal summation of the planning item

values are taken one by one in each period of

the planning‘horizon,' Thus, if annual values

for a given planning item are: 1, 1, 1, 1, 1,
1,1, 1, 1, 1, 1, 1; then the accumulative sum
is: 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12.

The beginning or current level of a given plan-
ning item. The numeric value that is assigned
to that item now.

A high level programming language particularly
sulted for writing programs to process large
files of data, using a vocabulary of common
English words, phrases and sentences. COmmon
Business Oriented Language. '

A value that remains fixed throughout the time
span of the planning horizon. Constant values
are often used as multiplying factors in equa-
tions. Constant values may also be projected
across the planning horizon as bounding values,
for example.

Individual values in a string of data.

The operation performed by the system in lieu of
planner specifications. For example, if the T
field of the Identification Imput format is
blank, the system generates a 1l2-column planning
horizon.



Delimiter To compensate for that lack of structure in the
"Freeform" instructions, some character must be
used tc separate the several parts of the in-
struction. For example, the Data instruction
requires that the individual data points be
separated by commas. These commas serve 1o
delimit the fields--thus they are called
delimiters,

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

Fielg 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 Tield is
the collection of alphabetic, numeric, and
special characters (including blanks) between
card columns 5 and 28 of an instruction.

FORTRAN . A coding system using mathematical notation for
programming scientific problems to be solved by
a computer. FORmula TRANslation.

Freeform method of This portion of the model specification is called
computation ' freeform because it accommodates a variety of
ways to describe how the item is to be projected.

Input Data, information, and instructions put into a
‘ format asserbled in an agpprop:rriate fashion to
be applied to the compuber for processing.

Line number A nonsymbolic number assigned to a planning item
for ease in identification and internal manipula-
tion. The line number concept is analogous to
the budget line numbers.

Linear regression A statistical routine to determine the relation-
ship between two variables. '"Linear" means that
the relationship does not change through time or
across groups of variables.

. Logiecal lOOp- ' A closed'series.of dependent relationships. There

. must also be at least one independent planning
item in a series of relatiorships.




Model

Cutput

Planning horizon

PLANTRAN

Printer plot

Printout

Reserved character

Right adjusted

In the FLANTRAN II 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 projec-
tion of values through time. The model is a
vehicle or analytic tool that aids in the pre-
diction of how an institution or organization
would react or perform under a given, hypothe-
sized set of conditions. -

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

That period of time of interest to the planner.

An acronym for PLANning TRANslator. An English-
like language in which a planner may instruct
the computer to perform calculations in order to
project values of a given planning item through
time,

This is a system output which plots the period
values of up to four planning items. This re-
quires no special plotting equipment but uses

the computer's printer.

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 perform special calculations. Since
the .computer cannot perceive the context in
which these characters are used, they are re-
served and are not to be used except as defined
in the rules of the language. See Chapter 3

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.



Self-scaling

System driver

Variable

A feature of the PLOT instruction in which the
vertical axis is to have a value other ihan
ZETO.

The facility within the PLANTRAN II 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 functions of other row vectors. The descrip-
tion of a planning item along with its 12 (or 6)
projected values is considered to be one variable.



