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Abstract

A general-purpose, time-shared language for modeling and solving problems which

exhibit uncertainty in the input variables is presented.
described in terms of some comparative measures of simulation systems,
example is worked to demonstrate the major features of the language.

The language is
A simple
Examples

of actual problems which have been soived are described to illustrate the

breadth of possible applicationms,

1, INTRODUCTION

A Problem Analysis language, the third version of
which (PA3) the current paper deécribes, has been
deveioped in response to the need for a general-
purpose, time-sharing package which allows the
user to obtain quick answers to a problem in
which one or more of the factors may be uncertain
The language has now grown so that large and
complex problems can be handled, and the model
can grow easily as the implications of the
original model are explored using the features
available. The original version of the language
was developed when the senior author discovered
he was doing virtually the same initializing,
sampling, bookkeeping, and outputting on several
of the problems he'was solving by Monte Carlo
This first

version was a single program which incorporated

methods on the time-shared computer.

the common needs of various problems while
allowing the underlying structure to be tailored
to an individual problem. It was distributed
widely in the General Electric Company, and still

provides the basis in several internal courses for

instruction in probabilistic modeling and simula-
tion. The second version added greater identifi-
cation ability, and the ability to perform
sensitivity analyses. In several adaptions, it
is being used by many of the product departments
of the General Electric Company for annual
budgeting. The third and current verslon has
added greater flexibility in its sampling optioms,
printing options, change options, and so forth,
and has grown to approximately 35 time-shared
files linked together by a master éxecutive

routine.

Through all versiéns, one important feature has
remained: the requirement that the user state
This is

accomplished in a "kernel" of one or more state-

the structure of his particular problen.

ments in the BASIC language which relate a set of
input variables called X(.) to another set of
desired output variables called Y(.). Deter-
ministic and, if appropriate, probabilistic data
on the X(-) must be provided, along with
identifying names of both the X(.) and ¥Y(:).

Using these basic inputs, the language inter-
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actively guides the user through a series of
options which may be chosen or declined in
response to computer—asked questions. The

options currently available are:
(1) Data verification
(2) Deterministic analysis

(3) Sensitivity analysis on each input

variable

(4) Monte Carlo simulation from a wide range
of distributions yielding summary
statistics along with selected auto-

matically-scaled histograms
(5) Temporary or permanent changes in data
(6) Structural changes in the model logic

In the remainder of the paper, the language is
described further by relating it to several
criteria by which simulation programs are
compared. A simple example is used just to
demonstrate the conversational use of some of the
available options. The paper concludes with a
brief description of several representative
examples illustrating the breadth of problems

which have been solved using this language.
2. DESCRIPTION OF PA3 FEATURES

In this section of the paper, some of the
detailed features of the language are presented
in the context of some of the usual measures of
comparison of simulation programs, These
measures have been distilled and hybridized from
those given in the references found at the end of

the paper.
2,1 SOPHISTICATION OF INTENDED USER

The PA3 language is intended for the analyst who
knows little or nothing about simulation. It was
expected, and has been borne out by the applica-
tions to date, that the analyst could learn to
use the language iIn very little additional time
over and above the time required to learn the
rudiments of the BASIC language and the time-
shared computer. For users already familiar with
these tools, almost no additional set-up time has

been required to gain a working knowledge of PA3.
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In short, the language is intended for the direct
hands-on use of the person with the problem, not a

specialist to whom the problem must be described.
2,2 WORLD VIEW

The language assumes all problems to be of the

form

? —>—
Inputs . |Transformation Outputs
. N—

_}_—.‘

where:
(1) The nature of the transformation is known.

(2) Some of the input variables may not be

known with certainty.

(3) The uncertainty can be expressed by
probability distributions.

(4) The input variables may be related to

each other.

Notice that feedback and the automatic advancement
of time are not implicit features of the language.
Indeed, accepting the definition of simulation in

(8)

Meier, Newell and Pazer s the program does not
perform simulation but, rather, model sampling.
Of course, simulation characteristics can be
included by appropriate model definition, as was
done in the process control example described
below, but these features are not an integral part
of the current system. The main intention of the
language is not to simulate the temporal behavior
of dynamic systems; it is intended to manipulate
a system whose model is a perhaps complex set of
algebraic relationships between imput and output

variables.
2.3 LANGUAGE

PA3 is written in the BASIC language. In spirit,
PA3 resembles the GASP language in that it uses a
well-known, general-purpose language and supple-
ments it with a number of special functions. The
user is required to know only enough BASIC to
adequately represent his problem as a series of

statements in that language. BASIC was chosen as




the user's language because it was felt that most
potential users would be acquainted with either
BASIC or FORTRAN, and that the FORTRAN users
could easily learn enough BASIC to state their
problems., The use of BASIC has required some
restrictions on the local variable names avail-
able to the user because of the global require-
ments for names, particularly array names, but
this does not seem to have caused undue hardship
on any user éo date. The system is currently
implemented .only on the GE Mark II time-sharing
system, but could likely be implemented on any
time~sharing system having the BASIC language
with string variable, chaining, and permanent
file capability. Because of the nature of the
language and its intended use, its implementation

in a batch computation mode is not contemplated.
2,4 LEVEL OF MODEL DEFINITION

The model is entirely user supplied, with no
problem structure provided by the language. Some
functions are available to the user, and.more are
contemplated, but the user must essentially build
his model from the statement types available in
BASIC. The model is compiled at execution time,
and unanticipated changes in logic require the
changing of the kernel and subsequent recompila-
tion., If one has saved different versions of the
model logic, any of these can be exercised using
the same data base by requesting a logic changing
option. In the interactive environment charac-
teristic of time-sharing, however, the practical
difference between this and an interpretive mode
of operation becomes much less noticeable,
particularly since any change in kernel is
automatically accompanied by a debug check and
printout. Only when one réaches the extremely
interpretive level of the 0PS—3>system is the
difference between interpretation and compilation
felt.

2.5 LEVEL OF DATA DEFINITION

At the outset, the data are saved in a file in
much the same manner as the kernel. During
execution, a change to another previously saved

compatible data file can be made by exercising a

load option. Alternatively, one or more pieces of
data in the current data file can be temporarily
or permanently changed by the use of a change

option.
2.6 PROGRAMMING VERSUS EXECUTION TIME

As should be clear from the above discussion, the
emphasis in PA3 is entirely on reducing program-
ming time at the expense of execution time.

Given the extra inefficiencies of time-shared
computation, particularly in the case where a
series of chained programs is passed across a
relatively constant model and data, the unit cost
of useful computation would be expected to be
higher. 1In most .problems, especially those where
repeated execution is not necessary, the total
computation cost is so small compared to the total
manpower used that the slight increment Is more
than compensated for by the increase in flexibil-
ity and dedrease in turn-around time. This is, of
course, an argument for time-shared computation in
general, but it also applies to a special purpose
language like PA3 where much of the bookkeeping
common to many problems is performed by the

language.
2.7 SAMPLING PROCEDURES

Where Monte Carlo methods are called for, PA3
permits a variety of distribution shapes. The
central distribution is the normal, with special
transformations used to capture skewness in
either direction. Also currently available dre
variants of the Weibull distribution bounded on
elther the left or right, and a uniform distribu-~
tion with general range. By using special
functions in the kernel, truncated, folded, and
other variations on the basic distributions can be
constructed. Although no discrete distributions
are built in, they can easily be constructed in
the kernel using the uniform distribution as the
basic sampling distribution.

The characteristics of each probability distribu-
tion are inputted using four numbers., The first

of these numbers specifies the type of distribu-

tion, and the last three specify three points on

the cumulative distribution, usually the tenth,



fiftieth, and ninetieth pexcentiles.

2.8 OUTPUT OPTIONS

Ali outputs from each analysis are titled by
date, time, and other relevant information for

In addition, the
user is given a choice of items to be examined,

ease of identification later.

depending on the type of output.

(1) Data verification: the user can examine

any subset of the input data,

(2) Deterministic analysis: the user can

look at a subset of the output variables
computed at the deterministic values of

the input variables.

(3) Sensitivity analysis: for any single
input variable, the user can examine the
effect of its changes on a subset of the

output variables.

(4) Probabilistic analysis: the sample mean,
sample standard deviation, and approxi-
mate tenth and ninetieth fractile are
accumulated during the Monte Carlo trials
for all output variables; a subset of
these can be printed. In addition, every
sample point on up to five of the output
variables can be saved for the more
detailed output options, These options
include the printing of the sample high,
sample low, sample tenth, fiftieth, and
ninetieth percentiles, as well as
printing of a detailed histogram to any
On

the first pass, PA3 automatically chooses

interval scale and midpoint desired.

the scale and midpoint of the histogram

based on the sample values observed.

The next section of the paper demonstrates these

options in the context of a simple example.

3. EXAMPLE OF SYSTEM OPERATION

The following highly simplified model for a "New
Product" introduction demonstrates the use of the
While the

system can accept up to 400 input variables and

major options currently available.

calculate up to 200 result variables, for this
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illustration we have only 4 inputs

X(1) = Selling Price $ = 900
X(2) = Unit Cost $ = 500
X(3) = Sales Volume TUnits = 5000
X(4) = Overhead $100Q_= 1100
and 3 results

Y(1) = Margin $/unit

Y(2) = Profit $1000

Y(3) = Net ATax $1000

which are related by the following logic:

Margin = Price - Unit Cost (@D
Profit = Margin % Sales - Overhead 2
Net = Profit * .52 3

The following reproductions show the simplicity
and speed of entering and analyzing this problem

statement. To enter any problem, the line number
assignment rule is:

1000 - Logic Statement

5000 # Inputs, # Results

5100 - Deterministic Values

6100 - Probabilistic Values

7000 Problem Name, Problem #

7100 - Input Names

8100 -~ Result Names

20219 09722769

READY

NEW

NEW FILE NAME-- LOO1

READY

1000 LET Y(1)=X(1)-X(2)

1010 LET Y(2)=Y(1)%*X(3)/1000-XC4)
1020 LET Y(3)=Y(2)*.52

SAVE

READY




NEW

NEW FILE NAME-- DO0O!

READY

5000 4, 3

5100 900, 500, 5000, 1100

6100 1, 820, 900, 940

6110 2, 450, S00, 540

6120 3, 4000, S000. 5800

6130 4, 1000, 1100, 1160

7000 NEW PRODUCT PLAN, POO1

7100 SELLING PRICE $» WIT COST §&
7110 SALES VOL WNITS», OVERHEAD $
8100 MARGIN S/UNIT,PROFIT $1000
8110 NET A TAX $1000

SAVE

READY

At this point, the system is ready to operate,
and Figures 1 through 5 Show how the following

options were exercised:

DEBUG checks format and internal consistency
of data base and loads system. Note
provision for listing all data for a

detailed check of values and names.

LOGIC checks format and internal consistency
of logic statement and loads system,
Note automatic sequencing for calcula-

tion of deterministic results.

SENS performs sensitivity analysis for any
(or all) results as any single input
variable is stepped through any range
using any step size,

PROB performs probabilistic analysis using

1 to 500 Monte Carlo trials. Provides

up to 5 result histograms, if specified.

CHANGE provides opportunity to change any

deterministic or probabilistic entries.

In these figures, the conversational replies

of the user are underlined.

In spite of the simple nature of this example
and its unrealistic assumptions, enough of a
flavor for the options available in the
language has been given to indicate its
capabilities in attacking more complex
problems, In the next section, some of the

problems which have been attacked are described.
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4, DESCRIPTION OF ACTUAL PROBLEMS

The four examples here are chosen from the four
primary functional areas of a business:
engineering, finance, manufacturing, and
marketing. Each of them was suggested by the
person with the problem, in all cases a person
with little or no modeling and simulation
experience. While they may seem simple to the
experienced analyst, they represent a big step
forward to people not used to thinking in these
terms. The typical involvement of the authors
was a few hours to acquaint the user with PA3
and help him structure his initial model,
followed by occasional phone conversations to
help him iron out minor problems. In a week or
two of elapsed time, the user typically had
cbtained and documented his initial results, and
was on his way to embellishing the model for
later analyses. In some cases, significant
savings were shown; in others, no savings could
be substantiated because the problem had never

been viewed in these terms before.

Many of the problems attacked to date are
solvable exactly by special analytical tech-~
niques (e.g., the process prcoblem is a simple
Markov process), but these are neither trans-
parent nor within the ken of the person with
the problem., If he were required either to
learn the special technique or to take his
problem to someone acquainted with the tech-
An

approximate technique which allows the user to

nique, the problem would never get solved,

get a feeling for his problem in a short time
is regarded as being preferable to that

alternative.
4,1 ENGINEERING TOLERANCES ANALYSIS

The production of electron gun assemblies for
use in color television tubes requires very
close mechanical tolerances on the critical
grid-cathode diameters, thicknesses, and
spacings. If these geometric requirements are
not held closely, the operating cut-off
voltages will not match the electrical

characteristics of the driving circuit. On the



other hand, production losses increase sliaiply
with these high precision requirements, and so
engineering conservatism could result in
excessive manufacturing costs. Using this PA3
system, it was a relatively simple matter to
make a probabilistic evaluation of a reasonably
complex algebraic formula, and thus the expected
percentage of failures could be found as a

function of the design tolerances.
4.2 TFINANCIAL MODEL OF A BUSINESS

One product department is representing its
total business by a time-shared model in an
attempt to choose product direction and fore-
cast various financial measures. As more has
been learned about the business, the detailed
model has become extremely enriched; at this
writing, it relates 392 input variables to
178 output variables. In spite of its size
and complexity, the analysts involved continue
to use the time-shared model because they feel
the flexibillity for minor changes and the
short turn—around time justify the slight
premium they must pay for not going to a batch

operation.
4.3 PROCESS CONTROL

The production of silicone products involves
many processes which are performed in sequence.
Typically, both the capacity and the quality of
the product produced by any stage is dependent
on the qualities of the input streams. Further,
the output from any stage typically must be
directed (sorted) to several different processes,
many of which may be salvage and reworking

operations.

Using a model of this process, the manufac-
turing engineer was able to simulate its trans-
ient and steady state operation under various
control options. From this, he obtained the
optimal values of the control variables,

values which produced a significant financial
improvement in the process operation. The
model is now being used for further exploration

in equipment selection and other related areas.
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4.4 SALES AND PROFIT FORECASTING

One of our businesses involves the installation
of large systems (power plants, industrial equip-
ment, etr.), To forecast the over-all business
situation, it is necessary to combine the
industrial sales estimates of each of the many
different product lines and, also, to estimate
the profit contribution of each of these lines
using both historical knowledge and any special
information about each situation. Recognizing
the inherent uncertainties in these situations,
the department management requested that a
program be written to process the probabilistic
distributions assigned to each of the product
line's sales and profitability estimates. This
program was conceived and perfected in a few
hours. A later modification was prepared in
another half-day session that permitted.a
complete specification of the conditional
probability relations between the "% gross
income" and the "sales volume" in each of the

product lines.
5. CONCLUSIONS

Transient documentation has been given on a
continuing effort to write a "....specilal

purpose, problem-oriented simulation language
that reduce(s) the distance between a person

with a problem and an executable computer

(5)

program,"

an objective stated by Kiviat,
This language has by no means reached steady
state, with options being added by its author
in response to its users' needs, much in the
spirit of future simulation developments

(6)

suggested by Krasnow and Merikallio. More
special facilities will continue to be added,
but the ability for the beginner with little
modeling experience to get amswers for his

simple problem quickly will be retained.
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FIGURE 1: CHECKING DATA BASE, PROBLEM LOGIC,
AND DETERMINISTIC RESULTS

oLD

OLD FILE NAME-~PA3--%

READY

RUN

PA3--% 20: 31 09722769

NEXT OPTION? DEBUG
WHICH DATA FILE? DOO1

DATA IS READABLE -~ WE HAVE STORED?
4 INPUT NAMES AND DETERMINISTIC VALUES
3 RESULT NAMES
4 PROBABILISTIC DISTRIBUTIONS

WHICH ASSWMPTIONS? 1-4

09722769
20:32
NEW PRODUCT PLAN ASSUMPTIONS
INPUT VARIABLE DET VALUE TYPE LOV MID
1 SELLING PRICE $ 900 0 820 900
2 UNIT COST s 500 0 450 500
3 SALES VOL WNITS 5000 0 4000 5000
4 OVERHEAD $ 1100 o 1000 1100
NEXT OPTION? LOGIC
WHICH LOGIC FILE? LOO!}
LOGIC IS COMPUTABLE
WHICH RESULTS? 1-3
09722769 LOO1
20234 DOO1
NEW PRODUCT PLAN
DETERMINISTIC PREDICTIONS
1 WMRIABLE VALUE
1 MARGIN S/UNIT 400
2 PROFIT $1000 900
3 NET A TAX $1000 468

DETERMINISTIC ANALYSIS COMFLETED

YOU CAN RESTART BY CALLING OLD PROGRAMt PA3-=%

USED 4.09 WNITS
19

L089
D001

HIGH

940
540
5800
1160



FIGURE 2: RUNNING SENSITIVITY ANALYSIS ORTION

OLD

OLD FILE NAME--PA3--$

READY

RUN

PA3=-~$ 20235 09722769

NEXT OPTION? SENS

WHICH OUTPUT VARIABLES? 2,3

WHICH INPUT VARIABLE?» LOW VALUE?» HIGH VALUE?» STEP SIZE?
? 354000, 6500, 500

09722769 LOO1
20836 D001

SENSITIVITY ANALYSIS NEW PRODUCT PLAN

ASSUMPTION RESWLT RESWLT
SALES VOL WITS PROFIT $1000 NET A TAX $1000
4000 500 260
4500 700 364
5000 900 468
5500 1100 572
6000 1300 676
6500 1500 780

SENSITIVITY ANALYSIS COMPLETED

USED 236 UNITS
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FIGURE 3: RUNNING PROBABILISTIC ANALYSIS OPTION

oLD
OLD FILE NAME-~PA3-=%
READY

RUN

PA3=~% 20237 09722769

NEXT OPTION? PROB
FOR WHICH RESULTS DO YOU WANT HISTOGRAMS? 2,3
N MC TRIALS? 100

09/22/ 69
20338
NEW PRODUCT PLAN
PROBABILISTIC PREDICTIONS ASSUMING NORMALITY
RESULT Yio% MEAN YS0%

WHICH RESULTS? 1-3

100 TRIALS:

1 MARGIN S/UNIT 318 393e5 469
2 PROFIT $1000 362 8853 1410
3 NET A TAX $1000 188 4606 4 733
09/22/769
20240
NEW PRODUCT PLAN
Y 2 PROFIT $1000 SCALE 1000
*
* %
* ok
* & K &
X ok k % k ¥
* ok K Kk k k Kk
* k ok %k Kk k &
* %k k k k k k k %
* ok Kk k k K %k Kk *®
k ok k k K % k % k k k k k %
* %k Kk k k Kk k Kk k k Kk Kk Kk Kk k k
* * k ok k %k k k ok Kk k Kk k ok &k ok k *k *k k %k ok
1 4 t i t
-500 0 500 1000 1500 2000
LOWEST==470 .68 HIGHEST=

21

LOOt
D001

STD DEV

59
409
213

LOO1
DOO1

100

L
2500
1895




FIGURE 4:

09722769

2042

t
~-1000

t
=500

LOWEST=~244.76

NEW PRODUCT FLAN
Y 3 NET A TAX $1000

¥*
* % % * *
LR R IR 2k 3B K 2N

HISTOGRAM ANALYSIS COMPLETED

LK 3K B K JE L K B B 3K

LR 2K R R 2L B B B AR 2R N R I N

[~B R S I B 3 B N A B K JE B BE IR K R N NN 2

o
Q

LR 2R B SR B B B R IR 3K 2R R K K I

LR R 2R R 2 2R 3R N

YOU CAN RESTART BY CALLING OLD PROGRAM?

USED

932 UNITS
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PROBABILISTIC ANALYSIS OPTION continued

LOO1}
Doo1

SCALE S00 100

*
*
* X
x* %
* ¥k kK
T t t
1000 1500 2000
HIGHEST= 985.4
PA3--%



FIGURE 5: CHANGING DATA BASE AND RUNNING
NEW DETERMINISTIC ANALYSIS

OLD

OLD FILE NAME--PA3--$%
READY
RUN

PA3~--3 20347 09722769

NEXT OPTION? CHANGE
ENTER 1,0R MQRE, NEW DETERMINISTIC VALUES: VAR? VALUE? VAR? VALUE? eee

? 1,800.,3, 6000

1 SELLING PRICE $ 800

3 SALES VOL UNITS 6000

ENTER NEW PROB ASSUMPTIONSt VAR? TYPE? LOW? MID? HIGH?
? 0

NEXT OPTION? DET

WHICH RESUWL.TS? 1-3

09722769 LOO1
20248 pOOo1

NEW PRODUCT PLAN
DETERMINISTIC PREDICTIONS

I VARIABLE VALUE
1 MARGIN S$/UNIT 300
b PROFIT $1000 700
3 NET A TAX $1000 364

DETERMINISTIC ANALYSIS COMPLETED

YOU CAN RESTART BY CALLING OLD PROGRAM: PA3--$

USED 2.08 UNITS
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