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ABSTRACT
: \

The increasing importance of simulation software dééeiop—
ment methodologies for iarée scale models is an index ofithe'
increasing complexity of business aﬁd scientific pro%lemg
and the constraining force on simulationists’ ability” to
construct and_eiperimeht with'large scale multi-facetéd_sim-
ulation models. When simulating complex systems it is often
advantageous, - if not nécessary, to decéhpose the simulated
system.' The .SQbsystems.are specified 'separately together
with the 'description of tﬂeir interconnection. = Presently
used simulat;on languages do;not cope with this probiem. In
this thesis, a set of software toois (GEST translator, GEST
template generator and GEST interactive model specificatién
tool) has been developed to be used in conjunction with the
GEST language (Oren 1982b). Such softﬁare tools are inténd-
ed to be helpful in such procedures as specification of a
GEST model; its certification for cons%stency, completeness,
integrity and-comprehensibilifz; and transformation of the

‘ ..
model into machine readable form.
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Chapter 1
INTRODUCTION

It i§ commonly agreed that software éevelopments tend to
‘be high risk activities; simulétion‘ is recognized as being
even more invoived. Great emphasis is being placed to devel-
op methodologies'which lower the risk of software develop-

ment.

Since a major portion of simulation activity is software
oriented, it 1is naturai tol-loe$.to these modern software‘
metﬁodologies for solutions ag?iiéable to ‘the modé&iing ané
simulation community. The lack ¢f a formal methodology for
modelling and simulation is receiving considerable attention
in the simulation literature. The pfdblems are numerous and

complex, the proposed solutions varied.

1.1 OBJECTIVE AND ORGANIZATION OF THESIS

The main objective of this thesis project 1is to develop
the necessary ;hgzﬁare tools for the GEST modelling lan-
guage. Thls has been motivated by the need to have tools for
modelling and simulation support as a result of the complex-

ity of systems being simulated, on one hand, and the tremen-



dous progress in digital technology on the other . {(Oren

1982a). A Y

Chapter 1 introdﬁces the role of simulation, and the ma-
jor approacheé"in implementiﬁg simulation sStudies, their
problems and advantages. ~Chapter 2 presents current prob-
iems in modeiling. ‘The World view of GEST modelling is @is-
cussed in Chapter 3. Chapter 4 briefly describes the GEST
certification program which certifies the GEST model before
it is translated into Ehe target code. A description of the
software tools developed in this thesis project is presented
in Chapter 5. In this chapter we also. examine aspects of
model reliability that were of concern duriﬁg the software.
development. = Examples of the usage of the translator and a
demonstration run are. given in Chapter 6. Suggestions of

possible future work are given in Chapter 7.

.

1.2 THE ROLE OF SIMULATION

Simulation of business and economic systems has evolvea
as one of the most 1interesting and potentially powerful
tools available for analysing business and economic prob-
lems. Through simulation™techniques the business analyst,
operations researchér, or economist has the means for obser-
vation ané experimentation which have long been the essence

of the approach of the physical scientist. Building and



running a simulation model permits observation of the.dynamf
ic.behaviour of a system under controlled' conditions, and
experimehts may be run to test hypothesis about the system
under study. In other ﬁords, simulation provides a labora-
tory for analysis of problems that often cannot be solved by
other means. Early uses of simulation technigues usually in-
volved'experimentation with physical models representing the
phenomenon under investigation. As such, simulation was
widely employed in engineering and scientific studies.
Since administrative and economic processes are not easily
represented by physical models, simulation by this method
has been little used by social scientists and managers. How-
ever, simulation by means of digital computers has found
wide acceptance in both engineering ané scientific work and

in the analysis of administrative and economic problems.

Experimentation by means of computer simulation can over-

come some of the restrictions that exist when other forms of

analysis are used. It opens up the possibility of dealing

with the dynamics of processes too complex to be represented .

by more rigid mathematical models such as linear program-

¢

ming, and calculus maximization and minimization models.

3

‘.

"y



™~

1.3  CONTINUOUS VS DISCRETE-CHANGE MODELS

For a long time the nature, of the models used in simula-
tion divided simulationists into "discrete-" and "continu-
ous-" model oriented groupé (Oren 1982a). 'As the early ter-
minology reflects iF, they éven viewed the World as divided
into continuous and discrete parts. The terms "continuous
system simulation™ and "discrete system simulation” implic-
itly assume that the system under investigation is continu-
ous or is discrete, respectively. Discrete-event simulation
concerns the modeling of a system as it evolves over time by

a representation in which the state variables change only at

~a countable number of points in time. These points in time

are the ones at which an event occurs, where an event is de-
fined to be an instantaneous occurrence which may change the

state of a system.

Continuous simulation éoncerns the modelling over time of
a system using a representation in which the state variables
change continuouslylwith respect to time. Typically, contin-
uous simulation models involve _one or more differential
equations which give relationships for the rates of change
of the state variables with respect to time. Greenspan
(1973, 1980), among others, showed that systems traditional-
ly mOdEI&Ed\EEifg calculus,5 therefore labelled as "continu-

ous systems” cog}d well be modelled using arithmetic and

‘\\\\\\~/Epgrefore be rep?ésented by discrete models. Since many



real-world systems-are neither completely discre?e nor com—
pletely continuous, the need occasionally arises to con-
struct a model with aspects of both discrete-evgnt and con-
tinuou§ simulation. Such a simulation is referred fo as com-

bined discrete-continuous simulation.

1.4 MAJQ_APPROACHES IN IMPLEMENTING SIMULATION STUDIES
i . .

This section examines the major approaches in implement-
ing simulation studies and analysing the behaviour of large-

scale systems.

- One approach is making use of already an existing pro-
gram. A large number of special purpose programs have been
written to simulate specific problems or types o¢of systems.
When a sultable special purpose program is available, the
use 0f such a program is the quickést and cheapest way to
implement a simulation study on . the computer. There are
problems assgcigﬁed with this approach. One problem-is that
existing programs usually do not have quite the capabilities
that the user desires. Second ly, obtaining program descrip-
tions, detailed documentation, and tapes are not easy. How-
ever it has an advantage that the use of an already existing
program is by far the preferable way to carry out a simula-
'tion S%Udy (provided that the program does what it is sup-

posed to do and no unanticipated bugs turn up.

_10-
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When previously written programs with proper characteris-
tics are not available, a simulation model must be pro-
grammed either in a general purpose language such as
FORTRAN, COBOL, Pascal or PL/1 6r in.one of the simulation
languages. KIn general, the simuiation languages réduce‘pro—
gramﬁing effort by providing routines to perform'pertain op-
erations peculiar to simulation which would otherwise have
to be programmed in detail. K One such capability prdvidgd by
simulation languages is a mechanism- fér advancing the model

ahead in time.

Despite the apparent advantages of simulation languages
over general purpose languages, a simulation language 1s not
necessarily the best programming vehicle. One must consider
availability of simulation languages for the computi;§
equipment to be used, the cost of lgafning a new languagg
which may involve considerable inveétmgpé of time by the
problem solver, and whether the distinctive capabilities and
structure of available }anguages are appropriate for the

problem.

_ll_



. Chapter 2
CURRENT PROBLEMS IN MODELLING

~

A review of substantial current problems in modeling is
presented in this chapter. The problems recognized are be-
lieved to exist in discrete event,continuous or combined
simulation, mathematical programming, econometric, and other
types of modeling (Balci 1983). Some of the problems are
high cost of model development, lack of full cycle support,
inadeduate documentation, wide communication gap, con-
straints imposed by existing simulation programming languag-

es and lack of user participation.

2.1 HIGH COST OF MODEL DEVELOPMENT

"

As reported by Roth,Gass, aﬁd Lemofne_(1978) "The U.S.
Government is the largest sponsor and consumer of models in
the world. Estimates have indicated that over one-half bil-
lioh dollars are being spent annually on developing, using,
and maintaining mathematical, simulation, and econometric
models in the decision—and-poliéy-makihg functions of the

Federal Government".

A report to the U.S. Congress prepared by the General Ac-

counting Office (GAO) (1976) said in part:

..12_



"GAO identified 519 federally funded models developed or
used in the Pacific Northwest area ®f the pnited States. De-
velopment of these models cost abou£ $39 million. Fifty-sev-
.en of fhesg models were selected for detailed review, each
costing over $100,000 to develoé. They represeﬁt 55 percent
of the $39 million of development costs in the models. Ai—
though successfully developed models can be of assistance in
the management of Fe?er;l programs, GAO found that many mod-
el development efforts experienced large cost overruns, pro-
longed delays in completion, and total user dissatisfaction

with the information obtained from the model.”
. %

An obvious impoftant component of software development is
computer programming. The cost of programming is becoming
more dominant and apparent as hardware costs continue to de-
cline. As indicated by Wasserman and Gutz (1982}, "There is
already a serious shortage of skilled programmers and the
cost of such a person is expected to surpass $100,000 a year
(salary, benefits, overhead) by the mid-1980"'s." This short-
age is even more serious in the area of model development
because programming is only one of several costly component

activities.

_13_
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2.2 LACK OF FULL LIFE CYCLE SUPPORT

In spite of the available simulation programming languag-
es, model development is'still labour intensive and error

prone. The current simulation programming languages are sup-

portive of only the programming process. Rarely do they even

claim to provide effecti&e tools for programmed model veri-
ATcdtion. ‘At this time, automated suﬁport of model develop-
&nent throughout its entire life cycle {(see Fig 1) is nonex-
istent. The life cycle of model development could
conveniently be divided into six phases (Nance 1981) as de-
picted in Figure 1. The six phases are shoﬁgﬁ\by oval sym-
bols. Tﬁe dashed arrows describe the processes which relate
the phases to each other. The sqgfh arrows refer to the pro-
cedures which evaluate these processes. The processes of
model development should in no way be interpreted as seguen-
tial, Model development is ite%ative in nature and there is
a back and forth movement between the phases during the de-
velopment. Modelling starts with the giveh definition of
the system under study and .explicitly stated study.objec-
tives. System definition cdntains the formulated problem,

system characteristics, and system boundary.

Model Formulation is the process 'by which the conceptual
model is envisioned to represent the system under study. The
Conceptual model (Nance 1981) is "that 'model which exists in

the mind of the modeler. The form of the conceptual model is

_14_
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c;nfluenced by the system,'the perceptions of the system held
by the modeler (which are affected by the modeler's back-
& : . ground and experience and those external factors affecting

the particular modeling task), and the objectives of the

study."”

Representation is the process of traﬁslating the conceq>4)
tual model into a communicative méodel. Commuqicative model
is defined by Nance as "a model,fgé?ésentation which can be
;ommunicated'to ~other humans, can be jddged or compared
against the system and the study objeqfives by more than one
human. Seve}al communicative models could be constructed
during a study, each derived from a preceding communicative
el (following the first) or different conceptual models".
- Bntity‘cycle diagrams, flow charts, pseudocodes, flow dia-
grams, block and logic diagrams, or activity charts are ex-
amples of communicative models. Programming is the process
of translating the communicative model into a programmed

model which admits execution by a compuier_to produce re-

sults.

_15_
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2.3 CONSTRAINTS IMPOSED BY SIMULATION PROGRAMMING
LANGUAGES

Model formulation and representation.are usually done un-
der the constraints imposed by the simulation programming
languages to be used in the programming process. This may
induce substantial ‘errors within the model representation
right at the beginning of the moée} development life cycle.
These errors are either caugh{ in much later phases result-

ing in a higher cost of correction or never detected result-

Ry

ing in the error of accepting the results of an invalid mod- -

el atlthe'model'user's risk. If.the modeler is constrained
by the Qorld view of a simulation programming language, the
conceptual and communicative models may be invalidated due
to the incompatibility of the world view for the system un-
der study with that of the simulation programming languages.
This invalidity may be propagated to later phases in the de-

velopment. and may even cause the error of accepting the re-

sults of an invalid model.

2.4 REDEFINITION DOES NOT USUALLY FOLLOW THE ENTIRE LIFE
CYCLE

More often the experimental model (see Fig 1) 1is rede-
fined which is the process of updating the model so that it
repr\se ts thé current £form of the system, or altering it
for §btaining another set of results or changing it for the

purpose of maintenance or modifying it for other use(s). The

- 17 -
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changes reqguired are generally made on tthgrogramméd or ex-
perimental model skipping the formulation and represeﬁfation
processes. This practice may induce substantial errors éspe—
cially for large scale complex models. The process of rede-
finition should follow the entire life cycle starting with:
the definition of the sfstem and study objectives and culmi-

nating .with the model results.

2.5 INADEQUATE DOCUMENTATION
. T‘" B

In his article, Gass (1983) indicates that ."we do nét
know of any moée%ﬁassessment or modeling project review ‘that
indicated satisfaction with the availéble documentation." He
notes that serious problems exist regaréing the production

and availability of model documentation.

Most models evolve over an extended period of time. The
model Is }edefined repeatedly to reflect the new and in-
creased Pnderstanding Bf the system, chapging objectives,
and the availability of new data. This evolutionary change,

however , causes the documentation often to become obso-
.lete, incomplete, or.iﬁadequate shortly after it-ié written

(Annino and Russell 1979). The longe;ifhe model development

the more the documentation deteriorates under the current -~

practice. -

.—18_



2.6 POOR COMMUNICATION

_A modeling project typically involves people with differ-
ent backgrounds and éreaslof expertise. Communication prob-
lems arﬁse among these people'mpstly due to the lack of (1)
2 conceptual frameﬁork,.(z) a uniform:terminology, (3} ef-~

fective communication todls, and (4) good documentation.

At the present tiﬁe, "the literature On modeling does not
display a consistent te:ﬁinology. Many terms (i.e. éssess—
ment, evaluatioen, verification, validation, quality assur-
ance, credibility, documentation, portability, certifica-
tion) are interpreted @ifferently depending upon the “
background of the modeller or the specific area of applica-

tion.

2.7 INABILITY TO ASSESS MODEL QUALITY

The inability to assess the quékity of a mq@él adequately
raiseé the probability of committing the error of accepting
the results of an invalid model. The consequences of this
error are crucial espécially when vital decisions are made

on the basis of model results.

—
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2.8 INADEQUATE USER PARTICIPATION

As Annino and Russell (1879) have pointed out
"All too ofteﬁ, model developers simply-éo off by them-
selves for a year and then proudly drop the 'completed,’
never to be used model on the sponsors desk." Insufficient
user involvement causes the modél to be unresponsive to user
needs resulting in user dissatisfaction with the information

obtained from the model {(U.S. GAO 1976).

2.9 INEFFECTIVE UTILIZATION OF EARLIER MODELING PROJECTS

BEarlier modeling projects are not studied in detail and
-are not fully utilized. Aan already existing usable model
(part) is. sometimes rebuilt from sératch duplicating the de-
velopment effort and unnecessarily increasing the cost and
time of development. Even if existing models or model parts
are not usable in the new project, a modeller {(especially an
inexperienced one) can study them to learn from past experi-
ence. Such a study may be extremely beneficial especially
for the management, planning, and resource allocation for

~the new project.

> - N

There exists other issues which affect the success of a
modeling project. Most important of all are : (1) failure to
”‘define a set of achievable objecti?es, (2) insufficient
problem formulation, (3) inadeéuate user participation in

defining tbé problem, (4) failure to identify the best solu-

_20_



tion teéhnique, and (5) ineffective presentation of model
results. Nance and Balci (1984) emphasised that igsaddréss-
ing these problems in a model management system, the system
should be concerned with the problem definition phases as
well as the model development and decision support phases by

stating the ohkjectives and requirements to address these,

"pnoblems.

_21_



Chapter 3
GEST MODELLING .

GEST is a modelling and simulation -language based on gen-
eral system theoretic concepts. It was coAceived.and devel-
. oped by Oren (Oren 1981). This lénguage depérts radically
frém other simulation languages in a way that specifications
of the model and the exberiment are totally separated in

GEST.

Other GEST-like languages also exist. SEMA, an aﬁronym
for SEquential MAchines, is one such lanéuage (Oren andICol—
lie 1980). Another GEST-like language 1is designed by Sub-
rahmanian and Cannon (1981). Futo and Gergely (1983) devel- .
oped TS-PROLOG, an advanced modelling and simulation
language based on the concepts advocated by Oren and Zeigler
(1979). The rational. for developing such advaﬁced tools

within comprehensive modelling and simulation software sys-

tems is given 1in Oren (1983).

- 22 - o



3.1 WORLD VIEW OF GEST

The modelling world view of GEST is based on the axiomat-
ic system theory of Wymore (1967, 1976). GEST is a model and
simulation specification language, therefore a GEST program
is highly descriptive and acts as a documentation (for com-
munication among humans) as well as a specification (for

man-machine communication).

A GEST program consists of three distinct parts, i.e.,
1) Mathematical model ‘
2) Experimental frames and

3) Output module(s)

The ."model™ consists of a parametric model and the associ-
'ated set(s) of'paraﬁeter values. The experimental frame is
the specification of experimental conditions (initial values
of state variables, termination conditions etc.) which have
to be applied to a model. It is the set of circumstances un-
der which a model or real system is to be obéerved and e#-
perimenfed with., The output module is the specification of

the output program to be used to display the result of the

simulation study.

-—23_



3.2 GEST MODEL

A specific GEST model, 1is a parametric model together
with an optional modél parameter set. The optional model pa-

rameter set may appear more than once.

3.2.1 Parametric Model :

A parametric model associated with a parameter set con-
. stitutes a specific model that one can use 1in a simulation
studv. A modeller, during the formulation of .a parametric
model, needs only to specify the names of the parameters of
a model. At this stage, the actual values of the parameters
need‘not be specified. A parametric model may consist of one
of several component model(s). A component model may be con-
tinuous, discrete, or memoryless._ A set of compﬁnent models
could be coupled together through an input/output interface

during coupling specification to form a coupled model.

3.2.2 Component Model

A component model consists structurally of two parts,
namely STATIC STRUCTURE and DYNAMIC STRUCTURE. The following
descriptiQe variables of the model ari declared in the stat-
ic structure part of the‘component‘model:

input variable

state varilable



outpﬁt variable

auxiliary variable

constanté

parameter

auxiliary parameter
for continuous models, tabular functions and interpolation
variable declaration§ can also be specified. In the DYNAMIC
part, the predictive.structure {or dynamic structure)-bf the
model is specified. It also consists of the state transition

and the. optional output function(s}.

The static structure of the model requires other dgclara-
tions, such as type and range of values of the descriptive
variables of the model. The type of every descriptive vari-
able can be specified separately. In a case where no vari-
able type has been specified, the default type is accepted
to be real. The ranges of the values of the descriptive
variables can also be specified as part of a model in order
to enfbfce some automatic consistency checks. Both external
input variables (those variables which are not provided by
some component model of a system) and parameters can be sto-
chastic. In this case, it is possible to declare the distri-‘

bution function to be used to generate them.

The dynamic structure consists of two blocks, namely
1) the derivative block which contains the specifications

of the derivatives of the state variables and the computa-

o
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tions of the necessary auxiliary variables. 2) the output
block which contains the transformations that relate the

output variables to the state and/or auxiliary variables.

Several modelling formalisms can be used to express com-
ponent models, such as ordinary differential equations with
or without discontinuities in their state variables and/or

their derivatives, difference equations.

>
3.2.3 Examples

Some elementary examples of continuous models expressed
in GEST are'given in Figures 2 and 3. Figure 2 is an example
of an autonomous model, which by definition, dJdoes not need

input(s) to operate. Hence no input variables are specified.
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CONTINUOUS MODEL MIXED LOGISTIC_GROWTH
STATIC STRUCTURE ) |
STATES Y1, ¥2;
OUTPUTS Y1, ¥2;
PARAMETERS R1, R2, Al, A2, Bl, B2;
END STATIC STRUCTURE;

DYNAMIC STRUCTURE
DERIVATIVES

Yl

R1 * Y1 * (1.0 - Al * ¥l - Bl
¥2' = R2 * v2 * (1.0 -+A2 * Y2 - B2
END DERIVATIVES;
END DYNAMIC STRUCTURE;

END MODEL MIXED LOGISTIC_GROWTH;

Figure 2. A continuous model expressed in GEST
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CONTINUOUS MODEL FLOW

'STATIC STRUCTURE
INP?T Fwa_IN;
STKI; VOL;
OUTPUT VOL; .
AUXILIARYVARIABLES FLOW_OUT, NIV;
PARAMETERS R, S;

'END STATIC STRUCTURE

DYNAMIC STRUCTURE
' DERIVATIVES
VOL' = FLOW_IN - FLOW_OUT;
FLOW OUT = NIV / R; I
NIV = VOL-/ S;
END DERIVATIVES;
END DYNAMIC STRUCTURE

END MODEL FLOW

<

Figure 3. A continuous model expressed in GEST
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3.3 . DISCRETE AND MEMORYLESS MODELS

“Both discrete and memoryless GEST models, like continuous
GEST models, have two parts: the static structure .and the

dynamic structure. IJ discrete models, the static structure

'1s like the static structure of a continuous model. However,

a discrete model differ§ from a continuous model in the dy-
namic structure part where the derivative block is replaced

by the following block : .

-

STATE TRANSITION
statements

END STATE TRANSITION;

A memoryless model differs in two ways from a continuous
model: 1) the static structure does not have declaration of
any state variable, and 2) the‘dynamiC'structure has only an
output function specification. A memoryless model trans-
forms instantaneously <its inputs and parameters into some
output or ocutputs. For the convenience of naming, if a memo-
ryless model has one output only, the same name can be used

to designate the model and its output. Figure 4 is an exam-

ple of a memoryless model.



Example : _ o

MEMORYLESS MODEL BIRTH_RATE
STATIC STRUCTURE -
INPUTS
S, (* MATERIAL STANDARD OF LIVING *)
NE, (* EFFECTIVE POLLUTION *)
P; (* POPULATION *)
. OUTPUT BIRTH_RATE; ' .

PARAMETERS K20, K21, K22, K23, K24, K25;
END STATIC STRUCTURE;

DYNAMIC STRUCTURE
B = K20 - K21 * § - K22 * NE - K23 * p;
IF B >= K24 AND B <= K25 THEN

BIRTH_RATE B

ELSE IF B < K24 THEN

BIRTH_RATE

1]

K24

A

*'ELSE BIRTH_RATE = K25
END IF
END IF

END DIYNAMIC STRUCTURE

END MODEL BIRTH_RATE

" Figure 4. A Memoryless model expressed in GEST
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3.4 COUPLED MODEL' FORMALISM OF GEST

Coupling is the specification for the input/output rela-
tionship among the component models. Coupléd model formalism
-pr}vided in éEST, facilitates top-down model‘con;eption ard
step-wise model condeptidn. Coupling specification can be
very useful in the documentation of systems consisting of a
large number of interacting \EBmgonent'Eystems. An example
of a coupled model is given iﬁ’gzgure 5. Its GEST :eﬁresen-

tation is given in Figure 6.
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| MODEL 2

A ‘D E H ouT.
-l : : —D
IN B MODEL M ' } MODEL N
— > : ' ‘

c E £ K
—> D ®

=

Figure 5. A coupled modél
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COUPLED MODEL 2
EXTERNAL
INPUT IN:
 RANGE OF IN = REAL (>= 0.0, <= 10.0);
OUTPUT OUT:
RANGE OFHOUT = REAL (>= 40;0, <= 75.0);

|

» END EXTERNAL
"\\‘

COMPONENT MODELS M, N;

(* Detailed specifications of the component models
M and N would appear here below: *)
MODEL M

- ..

END MODEL M

MODEL N

END MODEL N
END COMPONENT MODELS

EQUIVALENCING K

INPUTS Z.IN

I
=
w
/

(

OQUTPUTS Z.0UT.

1]
Z
o

END EQUIVALENCING

COUPLING FOR Z
M.A ¥<--- N.H;

_3'3;



M.B <--- Z.IN; (* 2.IN IS AN EXTERNAL INPUT *)

M.C <--- M.E; ' (* FEED_BACK COUPLING *)
N.F <--- M,D:

N.G <--- N.K; (* FEED_BACK COUPLING . *)

END COUPLING FOR 2
END MODEL 2

Figure 6. GEST representation of the coupled mpdel*ig'ivén in Fig 5.

R——_—
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Figures 7 a~e show steps of model coﬁception and correspond-
ing GEST modelling statements for the example model given in

Figure 6.

In step 1, one specifies the name of the model, the input
and output variables of the model, and their ranges of ac-

ceptable valﬁes.(Fig. 7a).

In step 2, the names of the component models are specified

(Fig. 7b).

In step 3, each component model is specified separately. The
model can either be specified from scratch or can be fetched

from a model base (?ig. 7c).

In step 4, the equivalencing of exterﬁal and internal wvari-
ables are specified., 1In this step, an input to the coupled
model (i.e., an external input to the resultant model) pro-
vides values to an input of one or several component models.
Then, for every output of the coupled model (i.e., for every -
external output), one would have to specify the names of the
- output variable and of the component model which provides

the values (Fig. 7d).

In step 5, the coupling (i.e., the input/output relation-

ships of the component models) is specified as follows (Fig-
. &
ure 7e) :

For every component model do

For every input variable do
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Specify input-output relationship -
Loop |

Loop
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STEP 1 - Specify: 1) name of the model,

2} dinput and output variables, and

3) ranges of acceptable values of input and output variables

PICTORIAL REPRESENTATION:

* ‘ ouT

GEST MODELLING:

COUPLED MODEL Z
EXTERNALS

INPUT 1
RANGE OF IN

n

REAL(>= 0.00, <= 100.00);

- QUTPUT OUT:

. RANGE OF QUT = TEAL(>= 40.00, < 75.00);

i

END EXTERNALS;

Figure 7a. Step 1 in top-down model cenceptionand step-wise
model refinement in GEST
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STEP .2 - Specify ~ names of component models

-

PICTORIAL REPRESENTATION: | Y
S~ . .
_ \ , :
J o z"
_ 2 ' oot
IN | | Mo | N | >
P

GEST HODELLING:

COMPONENT MODEZLS M, N;

.

Figure 7o. Step 2 in top-down model concepticn and step-wise
model refincement in GEST
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§TEP 3 - Speéify each component model separately

PICTORIAL REPRESENTATION:

A —D) ‘ o " ———> D

B D
1, ' I :

c —P

GEST MODELLING:

CONTINUOUS MGODEL M;
STATIC 3TRUCTURE

INPUTS A, B, C;
STATE ...
QUTPUTS O, E;

END STATIC STRUCTURE:
DYESHIC STRUCTURE
" DERIVATIVES

END DERTVATIVES;
OUTPUT FUNCTIOH
ENB GUTPUT FURICTION;
END DYNAMIC STRUCTURE:

END MODEL H;

.Figure'7c. Step 3 in top-douwn model cunception and step-wise
model retincmant in GEST
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STEP 3 - Specify each component model separately

——
~

PICTORIAL REPRESENTATION:

____4>i K

GEST MODELLING:

CONTINUOUS HODEL N:
STATIC STRUCTURE
INPUTS F, G;
STATES ...
QUTPLTS H. K:
END STATIC STRUCTURE;
DYNAMIC STRUCTURE

DERTVATIVES

EMD DERIVATIVES:
OUTPUT FUHCTION

END OUTPUT FUNCTION;
END DYNAMIC STRUCTURES

END MODEL N;

Figure 7/d. Step 3 (for the sccond component model of Z)



“

STEP 4 - Specify 1) for every external input 5
' corresponding internal input(s)
2) for every external output -

correspording internal output

PICTORIAL REPRESENTATION:

T’
: Z
A rh) F - ‘
1 B . :
D —>
c E G K
'““i? —> —D —>
:
GEST MODELLING:
EQUIVALENCLIG
INPUTS Z.IN = M.B;

QUTPUTS Z.0UT = N.H;
END EQUIVALENCING;

Figure Ja2. Step 4 in top-down wodel corception and step-wise
model refinement in GEST

.—.-.j!_
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STEP § - Specify

v

coupling of component models, i.e.,

for every -component model

for every internal input

specify

from which output varjable of which
component model the values are

provided
Toop
. . loop
PICTORIAL REPRESEMTATION:
[ Z
] -
i 1Y
A 'i B F _f H
N, g _E_B> " T o
-£>§_ ”%:1 . g . K
i —>p —D
f
£
GEST MODELLING:
COUPLING FOR
M.A <-- HN.H; '
M.B <== Z.IN: (* EXTERMAL INPUT %)
M.C <-- M.E: .
NF <-- W.D;
N.G <-- N.X;

END COUPLING FOR Z:

Figure 7f. Step 5 in top-dowin model conception and step-wise
model refinerent in GEST
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3.5 EXPERIMENTATION

The specification of the experiments may cdmprise up to

three sections which are as follows :

(1) experimental frames
{2) model/frame pairs (or simulation runs}

(3) post study section .
P
Simulation experiments are specified 1in the experimental

frame section, which also can be thought of as having two

parts, namely global frame and specific frame.

In the global frame, overail specifications sﬁcﬂ as time
unit declaration, termination condition‘specificati§n, etc.,
are given. Spectfic frames could be given for every compo-
nent model separately which would include initialization of

i the state variables, data collecting requirements, and spec-

ification of communication inéervals and input values.

A model/frame pair specifies the combination of the para-
metric model, the parameter .set, and the experimental frame
to be used in a simulation study. It also includes a post

run section.

The post run section includes the specification of the.
additional computations to be performed after the simulation
and outputting the results of a simulation run. There is a

resemblance between a posf-study section and a post-run sec-



tion with an’additional level of generalization in the post-
study section. In a post-study section, one -can refer to
data generated during-different simulation runs. The output
module consists of the specifications for displaying the te-

sults of the simulation study.
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. Chapter 4
GEST CERTIFICATION PROGRAM

///The GEST translator developed in this thesis project, ac-

‘cepts as its input a "certified"™ GEST program. This, in par-

‘ ticular, means thaf the input program has undergone a check

to ensure that consistency, completeness and integrity re-
guirements have been met. The program that performs that
function is the GEST model certification program. It was de-

veloped as part of the GEST software system by Dr. K. Aytac.

- The program’s input is a GEST modeY-created by the ‘use of

the Templéte Generator or the Interactive GEST model genera-

tor which are described in the next chapter.

The certification program performs the following checks :

1) Syntactic checks :-

It checks for the correct . syntax of the GEST statements,
variable names, distribution functions (if any), model

names,etc:. -

2) Integrity checks :

Checks are performed to ensure that proper equivalencing
and coupling have been done and that definitions of model

_parameter sets have been adeguately provided. In the case of
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“tabular fqnction definitiSns, checks are made to ensure that
the numBé?ﬁ of points in the -definition matches the number
that has been specified in thg TABULAR FUNCTION statement.
The acceptability of certain values in the model are also
checked. For example, the value specified in the TIME UNIT
statement which will be used to advaﬁce:time dgring the sim-

ulation run should not be zero or negative. ~ —

3) Consistency and Completeness checks :

-
—_ . N

The existence of a model which has been declared as a
component model of a coupled model is checked by this pro-
gram. Moreover . the specification of everﬁ component model
must be complete. State variables declared in a model must
Ee‘used at least once on the lefF'hand side of an assigﬁment
statement of the derivative block. This regquirement implies
that the specification of state variables necessitétes the
presence of a derivative block and the system makes sure
‘this“is complied with. 1In a case where this requirement has
been overloocked, the user is notified i@mediater and given
the chance to complete the model by the use of HELP facility
provided.

Qutput variables cannot be declared as random variables.
Therefore all random variables are checked to éonform to
this requirement. . .

The type of component model implies the type of vari§bles

one has to specify during model construction. For example,
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the presence of a state variable definition in a memoryless
. _ ‘ ,
component model or an input variable definition in an auton-

omous model violates the integrity requirement of the sys-
tem, and 1is checked for by this program. Other fogical

checks for variables are as follows ; . 2

a) Variables with the same. name and same type are not ac-—’

cepted. For example, in the following state variable defini-

-

tion,

~

STATE A, B; C, A; . _ :

the variable A would generate the error message : ‘" vari-
‘able alreadyrexists".
b)' Redefinitions .of some  previously declared variables
are not permissible. The user is notified of a non-permissi-
ble redefinition by .an appropriate meésage.

N

The certification progrém contains a built-in editing
function which the user can invoke during the certification
process to correct some of the errors _withoug interrupting
the process. For inétance, the editiﬁg function allows the
user to specify any missing block or modify. any block that
contains an incorrect specification. Whén an error ié de-
tected .on the éurrent line being checked, the system prints
that error line together w%ﬁp‘the error messéée underneath

as follows:
*** BERROR ----- > undeclared variable : name-of-variable

_47_
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-----> Enter T for TEXT-EDIT or L for LINE-EDIT or § for STOP RUN

If the user decides-to use this editing facility a menu is
displayed from which to choose to correct the error. The

menu appears as- follows

&
EDITING THE CURRENT LINE MENU :

C N/STRING/ change characters with the string from Nth column

I N/STRING/ insert-the string into the line after Nth column

DN delete the Nth character only
D N,NC . delete NC characters starting from the Nth column
EX exit |

-

The certification process continues after all errors have

-been corrected. ?.

TwO méin- outputs .generated by the certification program
are a list of all variables used in the model together with
their attributes, ‘apd an error file. Detected errors that
may not -be immediately corrected are written into this error
file. The variables list together with the error list are
of tremendous impottange to the user whenever the model re-
vision and/or debugging process takes place outside the
f;amework of the GEST software system. 'When there are no
detectable errors in the GEST model, the user has the option

of either requesting a translation of the certified model

into the target language (SIMSCRIPT) or of simply filing the
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certified model for later use. In the former case the GEST

translator is invoked.




. Chapter 5 )
DESCRIPTION OF SOFTWARE TOOLS DEVELOPED

The main goal of this thesis project has been the devel-
opment of a set of software tools to be used in conjunction

with the GEST language. These tools are

- Interactive GEST model specification tool
== GEST Template Generator

-- GEST Translator

Before discussing these tools, -tbeir usefulness and the
methodelogy used in the software development, it is ap@ro—
priate to mention some of the issues of GEST model reliabil-
ity addressed in their development. ~ Model reliability is
ocne of the important links in the quality assurance of sys-—
tem design and simulation studies (Oren 1982a). Model con-
sistency, completeness, integrity and comprehensibility are
the four main aspects of reliability that governed the de-

velopment of these tools. Each of these is now briefly exam-

ined.

8



5.0.1 Model Consistency

Generation of the behavioural trajectory o§ a system mod-
el is possible and valid if .there is a consistency 1in the
use of variables in the component models. This implieé that
there should not be any ambiguity in the way variables are
used ih- a model. An ambiguity exists if a state variable
which is considered by the modeller as also representing an
output variable is not explicitly declared as such..An input
variable or parameter or tabular function which has already
been declared , cannot be redefined as another type of vari-

able.

The input-output. relationships beéween-thé component mod-
els and the exchange of information amongst them 1is only
possible if the variables are of the same type and range.
.One should not ignore the possibility of the user wrongly
specifying an exchange of information betwe;n two models,

one of which is non-existent. The software must check for

these incensistencies to enhance reliabilty.

E™

5.0.2 ‘Model Completeness

GEST modelling formalism reguires a complete component
model to have state variables and a corresponding derivative

block. Also, if there exists a tabular function, there
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should.aISO be a corresponding interpolation block specifi-
cation. Since GEST model specification i1s modular, the pos-
sibility of the user inadvertently not specifying the inter-
polafion aspect' of a tabular function ;hould not be over-
looked. Another 1issue arises when a system is. being
modelled as a memoryless ﬁodel but state variables are spec-

ified by the user.

F

5.0.3 Model Integrity

The reliability of a simulation study is enhanced if the
simulation software performs model integrity checks. ‘These
checks consist of eﬁsuring the proper interaction between a
coupled moéel and all component models (equivalencing}; the
interaction between the various component models (coupling)
; the parameter sets and component models; the experimental

frame and component models.
LN

An input to a coupled model could either be external or
internal. An internal input to a ‘coupled ﬁodel could be an
output variable of one of the component models (see Fig 5).
in this case both input and output variables must agree in
type and range. During'the specification of the equivalenc-
ing and coupling the system must check for thg validity of -

these interactions.
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S.Q.é Model Comprehensibility

Eor a model to be-reliable, it should not only meet con-
sistency, completeness and integrity requirements but should
also be comprehensible. Models (not traditional computer
programs) cgn be made avalilable for peer review by scien-
tists who are involved in understanding and hence formulat-
ing models and estimating the parameters of the obJect sys-
tem. Due to.the modularity of the EEST language, programs
can be read directly and éubjected -to peer review by scien-

tists who should not be obliged to be camputer programmers,

Comprehensibility of models Tould be enhanced by docu-
menting static and/or dvnamic structures of componenE models
or their coupiings at different levels. In a larée scale
model one can graphically dJdocument input/output relation-
ships of component models and for any component model, one -
can graphically display input/cutput relationships with in-

terfacing component medels.

All the above aspects of reliability are handled effi-
ciently by the  software system. The overall structure of

the system is presented in the following sections.
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5.1 GEST TEMPLATE GENERATOR

The modelling and simulation activities start with the
specification of the GEST model. The GEST Template Generator
is one of the tools'available to the user’ for carrying out
this procedure. . It is a collection of all necesséry GEST
statements. There are at present four types of the template
thaf could be generated; namely, a template for:. coupled
model specification (CPM), continuous model specification
(CNT), discrete model specification (DIS);‘ and memoryless
model specification (MEM). Depending on the type of model
formalism that the userlwants to usé (thi's is communicated
to the system by entering the appropriate code as stated
above}, the template corresponding to the requested formal-
ism is displayed on the screen. All the user has to do is to
complete the necessary blocks of interes£ e.g the static and
dynamic stfﬁcture blocks, tabular function specifitatioﬁ,
state transition function blocks, equivalencing and.éoupling
blocks etc. Those statements and/or blocks that are not re-
guired and therefore have not been completed by the user are
automatically deleted during the model certification pro-

cess.

The importance of the template generator lies in the help
that it provides the user in understanding the structure and
syntax of the GEST language. The program listing of the

template generator is shown in Appendix D. An example of a
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coupled model specification template that would appear on

the screen for the user to complete is shown in Figure 8.

R\
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PROGRAM ...
' COUPLED MODEL ....
EXTERNAL
INPUT ....
OUTPUT ....
END EXTERNAL;
COMPONENT MODELS ....
. CONTINUOUS MODEL  ....
STATIC STRUCTURE

INPUT ....
STATE ....
OUTPUT ....
AUXILIARY VARIABLES  ....

AUXILIARY PARAMETERS ....
END AUXILIARY PARAMETERS;
PARAMETERS e
TABULAR- FUNCTIONS ceen
INTERPOLATIONS -
END INTERPOLATIONS;
END STATIC STRUCTU?E
DYNAMIC STRUCTURE
DERIVATIVES
END DERIVATIVES;
OUTPUT. FUNCTION
END CUTPUT FUNCTION; .

END DYNAMIC STRUCTURE;
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"END MODEL .. ...oc.!
EQUIVALENCING
INPUTS  ....
END EQUIVALENCING;
COUPLING FOR ....
END COUPLING FOR ....
END MODEL ....
PARAMETER SET 1 FOR ....
END PARAMETER SET 1; |
FRAME 1 FOR ....
GLOBAL
TIME UNIT IS ....
SIMULATE UNTIL ....
START TIME ....
INTEGRATE BY RUNGE_KUTTA;
COMMUNICATE AT EVERY ....
END GLOBAL;
MODEL ....
INITIALISE STATE ....
SAVE ....
INTERPOLATION LINEAR;
END MODEL ....
END FRAME 1;
'RUN 1
END RUN 1;
OUTPUT MODULE 1

END OUTPUT,MODULE 1;
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END PROGRAM ....

Figure 8, Coupled Médel{_ys\;_:ecification Template

C
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5.2 _ INTERACTIVE GEST MODEL GENERATOR .. s

- ~
v - .
The purpose of this tool is. to guide and aid the user in

+

_ specifying the GEST model. It helps the user to bypass some

of the difficulties that might arise'irom the time and ef-

fort reguired to learn: the GEST language, its structure and .

s

syntax.

In us;n§'fﬁ\§ tool, the %Eerepart1c1pates in a‘d1alqggfﬁ
with the qisFem. During the definition dialogue, the’system
builds the model data structures. It is éur conviction that
the process of system moéél'ing can be made much more effec- -
tive, reliable and gréatly/ipeeded up by interactive comput-

er assistance. Some of the reliability issues are handled

during the dialogue by prompting the user  te give épecific.
definitions to alréady declared-vasiablés. 'ForrinstanCe, in
coupling specification, since ail component models - with
.. - -
their descriptive va:iang;-ére known to the system, the
softgaré system p;ompts;all’necessary_questiogs and when the
connected variables are specified by the user, the systém
can verify whefher or not such variables do exist, and if
they do whether their rénges are compatible. = If a tabular
function is declared to be discontinuous, fhe.cofrespdhding
parameter set is verified to have'é tabular f@ﬁction with at
least one discontinuity. In=the case of dynamic structure of
- models, nggcriptive variables speéifieéfgn'stéFic structure" -
and not used in tﬂe dynamic .structufe,can‘bé‘detected. At

-«
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the end of the dialogue, the specified model couid,be storeﬁ
for later use or the parameter set together with the éxpéri:

méntal frame could also be spetified and simulation run ini-

_ tiated. It should be noted that the resultant GEST model has

to be certified irrespective of what option the user uses.

-

An illustration of the dialogue to specify a GEST model.

using this tool is presented in .section 6.3.
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5.3 GEST TRANSLATOR

The translator 'takes as input a cértified GEST program
~and tfanélates it_into_SIMSCRIPT 11.5 code (hen;;forth,.simr 
ply SIMSCRIPT).- Its goal is to produce a target code which
is as 'complete pﬁd erro}-free as possible without the Teed
fof further modifications by'thg user. SIMSCRIPT has been
choosen as the target langﬁage for the folloyihg reasors :

1) It is a rich éndrversatile computer programmihg'language
we;l suited to general programming p%dblems, although de-’
signed’ originally for discrete-event sihhlation applica-
tions. | ' |

2) It is as powerful as other progfémming languages like
FORTRAN, PL/1 and Algol. R |

3) It allows access to external Ton-SIMSCRIPT routines.

4) It is modular in structure and the’ source gode~is-self-

documenting.

-

An ef%ective and often used method for modularising a-
program is to divide it into program functional elements
such as data declarations (and st;ucturé), initialization,
input data handiing, events (in the éase of simulation mod-

-els),.'outpuﬁ processing, supéért.irgutines, and 1owilevel
utility rﬁutines. Thiszdivision‘tecﬁhique was followed in
~ this simulation software development. The modularization hi-

erarchy exhibited in GEST is a .schematic conceptualization

which includes system static and dynamic structure descrip-
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tions, experiméntal frames --- model parameter set, global

frame, initialization data, run instruction-and output mod-

ules,

The translation phase _ié—hot a straight forward process
since the impiehéhtat{gn l%ﬁgﬁ;ge and the target languégé
used in this project have differenp structures. The speciii-
cation and key word oriented nature of GEST does not lend
itself to,éésy and direct translation to SIMSCRIPT, One has
to sift out information from _various portions of the GEST
proéram and assemble . them together into the . target médule.

The translator performs an initial ‘check on the input GEST

program to see whether it has been certified or not. This is

necessary because a user's~program must be checked for com-
pleteness, consistency and reliability- before translation
begins. In the case where certification has not been sdone

before translation 1s requested, control 1is automaticadly

given to the certification program.

. . - .~ - .
- .
- . A

> Three levels of activities are recognised by the model’

translator namely,

1) pre-run activities
2) run-time activities

3) post-run activities

Pre-run activities involve the declaration of variables,

mode of computation, functions and library routines; the

/r
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initialization of state variables; the computation of auxil-

iary parameters and output functions:; and the reading in of

.tabular function values (if any). Information necessary to
establish-these 'activities have to be taken from the GEST

model at various points. '

Run-time activities include the computation of interpola-
tion and output functions, the establishment of simulation
time duration and time increment, and the integration proce-
dure. Detéction, location and - handling of discontinuities
are also initiated at this level. In other words, this level

of activity comprises the actual simulation experimentation.

~

The Post-run actiYities inciude .the diéplay and analysis
of the simulation results. The u%@: could specify the re-
sults to be listed,_piotted or print-plotted. The informa-
tion employed in this level is mainly derived from.the out-

~

put module specification section of the Géiz_fi?el.
A

While scanning through the GEST text for ;he necessary
* information, the set of statements that would form the de-
rivative functioﬁ to be used dufing the integration process
have to be built. Since we are not using modular integration
methods for the simulation, it is only convenient to lump up
the resﬁective derivative functions into one module. However
future enhancements to the software system would consider
the possibility of modular simulation. Such simulation needs

coordination. algorithms to keep the various subsystems in

Y

k3
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time synchronization and to provide them with their inputs

which come from other subsystems.

Three files are maintained during the translation‘process
each corresponding to the three ‘levels of activities men-
tioned above. The three files are merged together via the
EXEC file to form a single SIMSCRIPT program file for compi-

lation and execution.

A description of the subroutines that are used by the
translator prégram is provided below. This will not only
serve as a partial documentation but will Qgreatly enhance

the understanding of the translation process.

5.3.1 HIPO Description of routines used in program

Y

)

5.3.1.1  SKIPCOMMENTS routine

-

Comments could be inserted into the GEST program during
or after model generation, but before certification. These
comments are ignored during the translation. it.is this rou-

tine that is responsible for this activity.

Hierafchz o . i -
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This routine is called by aimost all routines each time a

READ statement is executed. It is also recursive.

Input

There are no explicit arguments’ to this routine. However.

it operates on the contents of LNE&XT (see 1list of program

variables beldw).

Process

1) Determine whether the input text line contains comments
which is indicated by (* and *) as representing the begin-
ning and ending of comments respectively.

2) If beginning comment indicator exists and:ghdﬁng comment
indicator does not exist, set XBCFLAG to 1 and replace com-
ment statements with blanks.

3) If beginning and ending comment indicafors do not exist
and XBCFLAG has been éet to 1, then tée whole - input text
line is a comment line and has to be igngred. Another input
text is read in and the .subroutine invoked recursively.

4) If beginning comment indicator is not present but ending
comment is present and phe value of XBCFLAG has been‘set to
1, theﬂ this signifies that this is the last of a series of
comments emclosed-in one pair of comment indicators, hence

XBCFLAG “is reset to 0.

e



Qutput

-

The implied output is the current text line free of com-

ments. This is then used by other routines to ré%rieve;the

necessary information.
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5.3.1.2 GLOBAL ROUTINE

This‘rqptinélgqepares the statements that appear in the
GLOBAL section of the GEST model eiperimental frame specifi-
catioen. Iﬁéormation regarding simulati;n time duration, com—

_1munication time interval, initial -starting time for the sim-
- ylation and time unit used are derived from the experimental
frame by this routine. Starting time is assumed to be zero '

unless explicitly given .another value.

Hierarchy

Called in the main program
‘Calls CHECK.ARRAYS,  CHECK.INTERPOLATION and SKIPCOMMENTS

routines.

Input -

No explicit imports

Process

1) Check for the various types of GEST statements that may
appear in‘this portion of the program.

2} Retrieve the appropriate information from the particular
statement type being processed and generate equivalent

SIMSCRIPT statement.
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3) Creatg,a\§ector of all'state variables used in the mod-
el, This ﬁectogxwill be used'in the derivative block.

4) Check whether a state variable is dimensioned or not By
invoking the CHECK.ARRAY routine. If it is dimensioned gen-
erate the number of elements in the array to reflect the to-
tal number of state vatiables in the created vector. For ex-
ample{;a list ﬁf state variables could appear as

STATE A, STN, FLow(i..s), DF(1..10) ;

In the above state variable declaration fhefe_are two non-
scalar state variables and two dimensioned vafiables. Duriné
the translation the. total number of state wvariables in the

created vector should appear as 17 and storage space should

be allocated using the RESERVE statement in SIMSCRIPT.

Qutput .
An augmented file of statements that will make up the MAIN
portion of the generated target program. ‘ ' .

A
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5.3.1.3 INITIALISE routine

The INIészISE‘routine is responsible for generating the
code for-iﬁitiélising the state wvariables prior‘to the simu-
lation run. Initialization could be done by one or combina-
tion of five ways, namely, ' |

i) by data-specification : Examples in GEST are
INITIALISE STATES S{1..10)
B(3)

LX)

3 * 0.0, 5* 1.0, 2 * 0.0

INITIALISE STATES A C7 = 14.0 ;

ii) by data-reading : This could be achieved in GEST by the
Statement

INITIALISE STATES BY READ A, B, C ;

iii) by saved values : which could be specified as

INITIALISE STATES BY SAVED VALUES A, B, C;

— -

iv) initialization-by—computatfoh : An example is

INITIALISE STATES BY COMPUTING

]

v SQRT ((VA - VF * SIN(THETA)) -** 2

‘W = V * COS{THETA) ** 2

END INITIALISE BY COMPUTING

v) by setting values to zero : initialization by setting
values to zero could be specified in GEST as .
INITIALISE STATES TO ZERO
INITIALISE STATES A, B, C TO ZERO

INITIALISE STATES Y(Ei.lS) TO ZERO
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Depending on the type of initialization, this routine is re-
§ponsible for analysing the statement- and generating the

corresponding set of SIMSCRIPT statements. -

Hierarchy
- Called by the main program

Calls DATA.STATEMENT, and SKIPCOMMENTS routines. -

Input

No explicit imports

Process

1} Determine the form of the initialise statement and ex-
tract the étate variables named _in the statement (if any)
and check whether they do exist in the list of state wvari-
ables of fhe model. |

2) If it is initialization-by-data-specification then call
" the DATA.STATEMENT routine to decompose and assemble the as-

‘signments.

Output
Generated SIMSCRIPT code represénting the initilalization

of the médel.

-
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5.3.1.4 SAVE OUTPUT routine

.This routine handles the SAVE statement in GEST by gener-
ating the code for saving the outputs of some variables. The

SAVE statement could be of two forms

SAVE STATES or INPUTS or OUTPUTS
SAVE A, B, C AT EVERY 0.03 SECOND

In the case of the first form the system has to rely on in-
formation that has been extracted earlier on from the model

and generate the appropriate code.

”,

Hierafchz
Called by' INITIALISE routine.

Calls RETRIEVE.ROUTINE.
-

Input
There are no explicit imporfs. The operation 1is done on
the contexts of the global variable LNTEXT (i.e the current

input text line).

Process

'1) Check whether the SAVE statement is of type I or type
IT.
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- 2) If it is type I fetch the information stored and gener% ’

ate the'code.

3) If it is type II then invoke the RETRIEVE.ROUTINE to ex-
tract the variable names to be saved as 'output. Check’ the
list of variables to see whether they exist and génerate the

code. Terminate execution if any of the variables is not in

the list.

Qutput : . =

Translated version of the GEST statement.

, .- 72 -



5.3.1.5 SORT routine

\\\\- This routine is responsible for ordering the set of
| statements contained in the derivative and output function

blocks. These statements may be specified in a manner not

_ convenient for direct computation and have {0 be pre-sorted
before execution. For exémpI; : ﬁgé%?
- OUTPUT FUNCTION | |
) U=pP+1+D;
P =G *E; - T

D=-GD * (Y - X);

“

END OUTPUT FUNCTION °

According to the above output function Jﬁecificatioh, U
cannot be evaluated without knowing the values of P and D.
- . - Y

Let us assume that the other variables are.known parameters.
In order to evaluate U the set of statements in the block

. should be rearranged as follows: : .

>
~

P=G*E; N : . Q

~*% 7 p=-GD* (Y- X) ; -
' £

’

n

P+r1+D;

L]
n

by the SORT routine.

-

Hierarchy '
Called by DYNAMIC.SECTION and OUTPUT.FUNCTION routines(

e - 73 -
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InQUt

Tha 1mport parameters are INTEXT and N:

of the statements to be sorted and N

of slatements in the array.

L

Process
4

1} Check whether varzables on the right hand

current arithmetic expresszon are all

evaluate this statement else if any variable i§

INTEXT is an array

represents the number

known.

<

side of the

1f. yes ?Esn

then defer evaluation until that variable is known.

2) Get rext arithmetic statement

35.Repeat 1 and 2 uyntil all values are

Output

Sorted (computable) set of statements

- 746-
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5.3.1.6 DATA.STATEMENT routine

This routine is responsible for decomposing value assignr,
ment statements and generating the equivalent kode. A GEST

valye assignment statement could be specified as follows

L
TCM(2..18) = 5*1.0, 5*1.5, 3*2.5, 3*5.0, 10.0 ;

r

" Since there is no single data definition statement in

—

SIMSCRIPT to allow for one-to-one .translation, the,apove

statement has to be decomposed and translated automatidélly

-

into series of statements as follows :

i I8

[
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1 70 5 DO

'y .
o .
o -
LS I
n

LET TCM(I) = 1.0

ADD 1 TO I

FOR J =1 TO 5 DO
LET TCM(I) = 1.5
ADD 1 TO I

FOR J = 1 TO 3 DO
LET TCM(I) = 2.5

ADD 1 TO I
- LOOP
. o .
FOR J = 1 TO 3 DO
LET TCM(I) = 5.0
ADD 1 TO 1
LOoP
LET TCM(I) = 10.0 _f .
Hierarchy

Called by MAIN.PORTION and INITIALISE routines
Calls RETRIEVE.ROUTINE

Input
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-

The import parameter :is N which is a pointer to the first
character on the right side of the " = ™ sign in the expres-

sion.

Process:

1) Find out whether the expression is a single or composite

assignment statement. If it is a single statement of the

form

-

scalar-variable = constant or sifple expression
then exit from the routine. Otherwise identify and expand

the expression by generating the target code.

Qutput

Set of siﬁple assignment statements.

/



5.3.1.7 CHECK.ARRAYS routine _
. T~ A ~ e ' ]

—

This routine checks to see whether. variables declared

are scalar or subscripted variables.

Hierarchy
Called by the main program, SKIP.BLANKS, and GLOBAL rou-

tines.

Input
The input parameter STATEVECT contains the variable tosbe
checked. |

~ . r

Process
The process here is simple. The presence of an open and
close brackets implies that the variable is subscripted. We

then ex%;act the lower and  upper bounds 'enclpsed in the

-

brackets.
Qutput
The lower and upper limits of the subscripted variables are
returned.
. - 78 -
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5.3.1.8 CHECK.INTERPOLATION routine

This routine prepares GEST Interpolation spécification'

statements into the form acceptable to the (interpolation

routine used in the translated program duri

Interpolation may be specified in GEST as

o~

RATE1'='QBC‘(T) where ABC is a function name, RATEl. and T
are scalar variables. This specification would be expressed
in the target program as RATEl = INTERPOLATION (T, ABC(*,*))
where ABC(*,*) 1is a pointer to the storage position of the

2-dimensional function table.

Hierarchy .
Called b{ GLOBAL routine. )

Input
Takes the .number of function points, POINTS, as impprt pa-

rameter.

Process | .

1) Extragt ‘the LHS'variable; the tabular function name and
the interpolatien variable.

2) ‘Check whether the extracted tabular .function name’ ex-
ists. Terminate the translation process if it does hq; exist

with the appropriate error message. .
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3) Re-assemble the extracted variables into the SIMSCRIPT

function statement.

Outgut

Translated interpolation statements - ‘
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5.3.1.8° RETRIEVE.ROUTINE routine

This routine extracts user-defined vari%}le names from

GEST statements.’ ) - .

Hierarchy
Called by the main program

Calls SKIP.BLANKS and SKIPCOMMENTS routines

Input
There is no explicit input parameter. ‘However a global
. \

variable I serves as a pointer to the beginning of the vari-

ables to be retrieved.

\

Process

1) Skip‘éver the 'GEST key word(s) and locate the-position
of a comma or semicolon in the current text line.

2) Extract the characters from the pointer to the position

.of the comma or semi colon and advance the pointer.

3) Invoke SKIP.BLANKS to suppress léading/trailing blanks
and/or SKIPCOMMENTS routine to ignore cohments.

1

Qutput

Variables extracted are stored in a l-dimensional text ar-

ray, MAINVAR for subsequent processing.

) - Bl -
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'5.3.1.10 WRITE.ROUTINE routine .

In our target language, global variables, function_names
“and arrays must be declared in the PREAMBLE section. This
declaration is effected by this routine after the elements

have been extracted .from the GEST statement definitions.

Hid{irchg

Called by the main program normally as a follow-up to the

RETRIEVE.ROUTINE, ., ¢+ “ )

input

it takes a l-dimehsional text array VARﬁiLE as its import

parameter. _

S—

Process . ' ik

1) Chgéi to see whether the variables to be declared are
scalar or structured. There are two integer variables, INﬁEx
and ARRAY.INDEX associated with scalar-.and structured vari-
ables respectively. The value of any one of them signifies
the number of elements to be déclared. '
‘2) If the value of INDEX 1is non-zero then deeiare the set
of variableg as scalar variables of the appropriate tfpe.

3) If the value of ARRAY.INDEX is non-zero theﬁ declafe the

&5
variable set as appropriate.
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Output

The output

section of the translated SI

-

is the declaration

(

MSCRIPT‘program. »

%

statements in the PREAMBLE’
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5.3.1.11 DYNAMIC.SECTION routine

This is the routine that organizes the various derivative
functions of the component~models to be used auring the in-

tegration. *. \\

Hierarchy
Called in the main program-when'DYNAMIC'STRUCTURE statement
is encountered whilst scanning throuéh the program.
Calls SKIPCOMMENTS and SORT routines. :)
e ¢

. AT
There are no explicit imports.

Process

1) Read and store each assignment statement in an array,
DYN.SECT. \ v

2) Check to see if the statements are in a form such that .
the left-hand side can easily be evaluated. If the deriva-
tivés have been specified 1in such a wdy-that it ne;ds pre-
serting then invoke the SORT routine. ‘

3} Combine the sorted set of statements with any previous

set of derivative functions.

i

Qutput
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Output is an organised combined set of statements to pe*

used as the derivative block.for the total system.

b



’

5.3.1.12 OUTPUT.FUNCTION routine

* This routine combines the_output fudictions of the respec-
tive component models. This combined block is executed dur-
ing the pre-run actiﬁity level to;establish the initidl in-

puts to the various component models and ekecqted after each
. R * . .

+

"integration step to establish the outputs.
Y .

_ Hierarchy - L
Invoked in the main program on ‘encountering QUTPUT FUNCTION

statement.

‘Calls SKIPCOMMENTS and SORT routines.

Input

No explicit- imports.

-

Process

1) Read and stofe the statements in an array, OUT.FUNC. "
2) Check to see if-the 1left-hand side expression can be
evaluated easily. If not, invoke the SORT routiné to sort

the statements.

Qutput ' c T v
A combined set off statements that woé&d form the output
function block for the total system. 7
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5.3.2.13  MAIN.PORTION routine

“

- This routine assembles the run<time activity statements.

' Initialization statements, output function block statements,

tabular function block values are organized for the simula-

~

tion run by this routine.

Hierarchy -

“Called in the main program.

. Calls DATA.STATEMENT, and SKIPCOMMENTS routines.

&

~

Input

No explicit inputs.

-Procgss s
1) Reserve storage for the arrayss to be used
2) Geét specification of the step size for the integration
if not stated in the model. | S

3) Establish values for- the external inputs (if.any). It

" should be ‘noted that these values may not be specified dur-

ing model construction.

4) Read in parameter set and tabular function values. ‘REf
move commas and bgéckets,that separate pairs of wvalues in
the tabular function specificationsito allow for ;agz manip-
ulation. ‘ |

5) In a case where composite data statements are used (i.e

- - 87 -

D

-



W(1,:18) = 5%0.2718 , 9*1.2135 , 4*0.0105 )
the subroutine DATA.STATEMENT is invoked to handle these

-

statements.

Qutput : .
An output file consisting of gené;atéd SIMSCRIPT stateitents

is created.

- 88 -.
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Chapter 6 .

EXAMPLES QOF THE USAGE OF THE TRANSLATOE;

-In this chapter two GEST models are used to illustrate
“£he usage of the translator. Neither of the examples con-
éains discontinuity because thé discontinuit§ haﬁdling fea-
ture in GéST has not.yet been fully integrated into the GEST
software system. The example problems were both solved us-
ing a fourth ordef Runge-Kutta integration algprithm. The
translator wés executed on the University of Ottawa Amdahl

470/vé machine running under VM/CMS.  °

T

6.1 EXAMPLE PROBLEM 1 DEER POPULATION MODEL

This model has been formulated as a continuous model., Its
purpose is t to determine whether a policy could be designed
to maintain a stable deer population within a particular ge-

‘ographical area. The mnemonics used in the model deécrip-

tion are.as follows : ’ ////
DP = DEER POPULATION
DNI = DEER NET INCREASE
NIR = NET INCREASE RATE
DPR = DEER PREDATION RATE
 DKPP = DEER KILL PER PREDATOR '

DKPP TABLE

*

DKPPT



PP .

1]

PREDATOR PORULATION
PRT

PP TABLE

The equation$ .and numerical parameters that _define all

inter-relationships are as follgws :

DP' = DNI - DBR '
DNI = NIR * DP
DPR = PP * DKPP
DD = DP / AREA

The initial value of DP is set to 4000. Two parameters
AREA and NIR have values of 800000 and 0.2 respectively. We

are interested in generating the trajectories of DP, PP and

' DKPP over a period of time from 1881 to 1S70. In this for-

mulation the problem independent variable has the units of

\

years.

-

" 6.2 EXAMPLE PROBLEM 2  MOTOR MODEL

Our second example 1is a coupled model consisting of two

domponent models namely PID_CONTROLLER and MOTOR model. The -

descriptive variables of the PID_CONTROLLER model are repre-

sented as follows :
YREF and Y are input variables,. I and X represent state

variables, U represents-output from the model, E, P, D are

_90_
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auxiliarY.variables, G, GD, TD are the parameters of the

Bl - .
model. The equations describing the system state are as fol-

lows : . -
I'=E / TI
X' = -GD / TD * (X - ¥)
B =

YREF - ¥
3

These equations appear in the dynamic structure portion'of
the GEST program. The initial values of I.and X are all

set to zero. The output, U, is computed using the formula

P+1I+0D

U:
" P=G *E
D= -GD * (Y - X) .

»

The descriptive variables of.thg MOTOR model are repre-.
sented as follows : U for input, TH and THDOT for state
variables, 'Y for output, ME and I for auxiliary vériables,
KM, R, J, and CT represent the parameters of theé® model. The

state of the model is described by the fbllowing equations

TH' = THDOT
THDOT' = ME / J
ME = KM * I

I = (U - KM * THDOT) / R
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The initial values of TH and THDOT are set to -zero. The

output of this model is computed using the equation

Y =CT * TH

"~

&

. The coupling or ihput-output specificafion is done as
follows : There is an external input to the coupled model
represented by YREF which is also one 9f the inputs to the
PID_CONTROLLER model. The other input is an output. from the
MOTOR model represented by Y. The output from the

PID_CONTROLLER model provides the input to the MOTOR model.

The coupled GEST model h;s been translated inte the tar-
get language and run. The model, its translated version and
simulated results are listed in Appendix H, I, and J respec-

tively.

Nes
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6.3 DEMONSTRATION RUN FOR THE MOTOR MODEL

In order to iﬁitiate execution of tﬁe software system,
the user types the cquand': ' -
GEST '
This command executes the EXEC file (a listing of which ép—

pears in Appendix B). The EXEC file ‘contains CMS commands

that control the set &f activities to be performed using

this softwafe system. The GEST command produces the follow-

ing output on the screen

WELCOME TO GEST SIMULATION SOFTWARE

THIS SOFTWARE SYSTEM PROVIDES FACILITIES FOR

1 INTERACTIVE SPECIFICATION OF GEST MODEL

2 CERTIFICATION OF A MODEL¢ ;
3 TRANSLATION OF A SPECIFIED MODEL i

&  EXECUTION OF A TRANSLATED MODEL

5  LIST MODELS IN THE MODEL BASE . S

" ENTER THE FACILITY YOU WANT PLEASE

'The user could request for any of the above facilities. If
one wants to construct a model from scratch, then '1° ié en-
tered. Models could be retrieved from the model base for di-
rect use or for,modification.in this case the user has.to
enter '5' in order to know the models that exist in the mod-
el base. An exlstlng model which does not suit the user very

well could be modified using the .CMS XEDIT function.



7
t
r

(I
Facility 1 also provides three other ¥acilities. For exam-

ble, if 1 is entered the following will appear on the screen

- ~
-

- ////
THIS FACILITY PROVIQ@S FOR THE SPECIFICATION .

OF THE FOLLOWING

1 COMPONENT MODELS
2 COUPLED MODEL SPECIFICATION

3 PARAMETER SET SPECIFICATION

The user again has a-choice to make, Once the model has been
specified} control is given back to the calling EXEC program
to prompﬁigéi—figr for the nekt action to be taken. This is
necessary because the usef has the £freedom to stop at the
spegification level; ;hat is, if no translation or execution
»is‘required at the moment. :

The fbllowing }s an example dialogue between the system
and the user. during coupled model specification. Any re-

guested informatiog\that may not be needed could be ignored

by‘hitting the_reﬁbrﬁﬁkey.

2

1

@COUPﬂED MODEL SPECIFICATION BEGINS.....

ENTER COUPLED MODEL NAME

motor-controller

- 94 -
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ENTER EXTERNAL INPUT(S) IF ANY

yref - ‘ ) ‘ | -

ENTER EXTERNAL OUTPUTS IF ANY

ENTER THE NUMBER OF COMPONENT MODELS
2

ENTER NAME OF COMPONENT MODEL 1
pid-controller
ENTER NAME OF COMPONENT MODEL  « 2

motor

CONTINUOUS MODEL SPECIFICATiON FOR  PID-CONTROLLER BEGINS......

*
ENTER INPUT VARIABLES

yref,y

ENTER STATE VARIABLES

i,x |

ENTER OUTPUT VARIABLES

u

ENTER AUXILIARY VARIABLES .
e,p,d

ENTER PARAMETER VARIABLES
g,qd,td, ti

ENTER TABULAR FUNCTIONS

_95_
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ENTER INTERPOLATIONS

ENTER DERIVATIVES
i'=e/ti

x' = -gd/td*(x - y) -
‘e = yref - ¥y

ENTER QUTPUT FUNCTION
u=p+i+d

p=g*e

jol}
[}

-gd * (y - x}

CONTINUOUS MODEL SPECIFICATION FOR-

"ENTER INPUT VARIABLES

u

ENTER STATE VARIABLES

th,thdot

ENTER OUTPUT VARIABLES

b4

ENTER AUXILIARY VARIABLES

me, i

ENTERﬂEARAMETER VARIABLES

-
km,r,3,ct
\
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ENTER TABULAR FUNCTIONS
ENTER INTERPOLATIONS

ENTER DERIVATIVES
th' = thdot
thdot' = me/j

me = km * 1

i = {(u - km * thdot)/r

ENTER QUTPUT FUNCTION

y = ct * th

EQUIVALENCING
MOTOR-CONTROLLER. YREF =

pid-controller.yref

COUPLING FOR MOTOR-CONTROLLER

PID-CONTROLLER.YREF <-~—-- - (ENTER THE SQURCE)

motor-controller.yref

PID-CONTRQLLER.Y <=---= (ENTER THE SOURCE)
motor.y
MOTOR.U <--—-- (ENTER THE SOURCE)

. pid-controller.u
PARAMETER SET SPECIFICATION FOR MOTOR-CONTROLLER;
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" PID-CONTROLLER

G = (ENTER THE EXPRESSION)
1

.0
GD = (ENTER THE EXPRESSION)
1.0

Y

'TD = - (ENTER THE EXPRESSION}
1.0 .t
TI = (ENTER THE EXPRESSION)
1.0 *10**10 o ' '

MOTGOR

KM = {ENTER THE EXPRESSION)
6.2 * 10 ** (-3)

R = (ENTER THE EXPRESSION) =

5.3 | : : -
*J = (ENTER THE EXPRESSION) .

7.5 * 10 ** (-7)

CT = (ENTER THE EXPRESSION) - "
0.033

EXPERIMENTAL FRAME SPECIFICATION FOR MQTOR-CONTROLLER
ENTER TIME UNIT |

second

ENTER SIMULATION STARTING TIME
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LW

1.0

ENTER FINAL TIME

5.0

ENfER ébMMUNICATION TIME INTERVAL

0.01 second

ENTER INITIALISE AND SAVE STATBMENTS FOR
PID~CONTROLLER

init}alize states to zero

sSave u

ENTER INITIALISE AND SAVE STATEMENTS FOR
MOTOR

‘initialise States - ..

th = 0.0

thdot = 0.0

save y

PREPARE THE OQUTPUT MODULE STATEMEN%S
print 1 heading line
study of motor-controller

print u, y versus time

END OF A SESSION........
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A
At the _end of a session the model that has been specified

could be displayed on the screen as below for verification

. and/or update.

PROGRAM MOTOR-CONTROLLER;
"EXTERNAL '

INPUT YREF; N '
END EXTERNAL; ‘
COMPONENTIMODELS PID-CONTROLLER, MOTOR
CONTINUOUS MODEL PID-CONTROLLER;
STATIC STRUCTURE
INPUT  YREF,Y;
STATE I,X;
.OUTPU”'I‘ U;
AUXILIARY VARIABLES E,P,D;
PARAMETERS G,GD,TD,TI;
END STATIC STRUCTURE
DYNAMIC STRUCTURE
pERIVATiVEs
1'=E/TI;
X' = -GD/TD*(X - ¥);
"E = YREF - Y¥;
END DERIVATIVES
OUTPUT FUNCTION

U=P+1+D;

P G * E;

D= =GD * (Y - X); “n
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END OUTPUT FUNCTION
END DYNAMIC STRUCTURE
END COMPONENT MODEL ~PID-CONTROLLER
CONTINUOUS MODEL MOTOR-'
STATIC STRUCTURE
INPOT .U: _
STATE TH, THDOT;
OUTPUT . Y; ‘
AUKILIARY VARIABLES ME,I;
PARAMETERS KM,R,J,CT; .
END STATIC STRUCTURE
DYNAMIC STRUCTURE
DERIVATIVES
" TH' = THDOT;
THDOT' = ME/S:

ME = KM * I:

I = (U'—‘Em\g THDOT) /R;
END DERIVATIVES .

OUTPUT FUNCTIO

Y = CT * TH;
END OUTPUT FUNCTION
EgD-DYNAMIC STRUCTURE
END COMPONENT MODEL MOTOR
EQUIVALENCING

INPUTS :

YREF = PID-CONTROLLER.YREF;

END EQUIVALECING
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COUPLING FOR MOTOR-CONTROLLER

PID-CONTROLLER.YREF <---- MOTOR-CONTROLLER.YREF;
PID-CONTROLLER.Y <-~-- MOTOR.Y;
MOTOR.U <---- PID-CONTROLLER.U;

o %

END COUPLING FOR MOTOR-CQNTROLLER:

END MODEL MOTOR-CONTROLLER;
| A

\\\\\PﬁRAMETER SET FOR MOTOR-CONTROLLER;

MODEL PID-CONTROLLER

.
’

G = 1.0;
GD = 1.0;
™ = 1.0;
; “
TI = 1.0 *10**10;

MODEL MOTCR , ;

/

6.2 * 10 ** (-3);
R = 5.3;

J = 7.5 * 10 ** (-7);
CT

0.033;
END PARAMETER SET 1 : -
FRAME 1 FOR MOTOR—CONTROLLEﬁ
GLOBAL
TIME UNIT IS SECOND;
START TIME IS  1.0;
SIMULATE UNTIL TIME > 5.0;

INTEGRATE BY RUNGE-KUTTA
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" COMMUNICATE AT EVERY 0.01 SECOND;
END GLOBAL
MODEL PID-CONTROLLER .
:INITIALIzg_STATEs TO 2ZERO;
SAVE U; . .
END MODEL PID-CONTROLLER
MODEL MOTOR
INITIALISE STATES:
T™H = 0.0;
THDOT = 0.0;:
VSAVE ¥:
END MODEL MOTOR
END FRAME 1 _
RUN 1 TO OBSERVE MODEL MOTOR-CONTROLLER
WITH PARAMETER SET 1 IN FRAME 1;
WITH POST RUN
OUTPUT MODULE 1 ON PRINTER:
END ‘POST RUN;
END RUN 1

OUTPUT MODULE 1
PRINT 1 WEADING LINE;
STUDY OF MOTOR-CONTROLLER;
PRINT U, Y VERSUS TIME;
END OUTPUT MODULE 1

END PROGRAM MOTOR-CONTROLLER

- 103 -



‘At this point the model could be certified and translated

as directed by the EXEC file.

-
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.Chapter 7
CONCLUSIONS

.Simulation software technology in general is deficient in
that no single methodoiogy covers the entire development

process from the beginning to end.

An attempt has been made to develop a GEST translator
(and the assgciated model specification tools) to translate
a certified GEST model to a SIMSCRIPT code for execution,
Until ﬁhe. realisation of a compiler for the GEST language
this project should satisfy a practical need i.e, it wili
ﬁakg the GEST system accessible to the simulation ; ommunity

for simulation studies of continuous change system.

' The translator can only handle continuous-change GEST
models at the present time. In the context of simulation
translation activity, 'the model may include discontinuities
but before the execution of such models can take place, it

will be. necessary to 1ncorporate a SUlt%ENﬂ discontinuity

handling integration algorithm lnti_iif—ﬁﬂn tAme library.

One challenging aspect in the development of the transla-
tor was that of formulating a means to handle the deriva-
+tives of different submodels in a coupled model during the

integration process. There are two approaches available. One
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approach Is to use a modular integration method for the sim-’

ulation. The seEond approach is to ‘lump up all the deriva-

tives together into one module and carry on with the simula-

tion. The possibility of modular simulation was ruled out

because such simulation needs co-ordination algorithms -to
keep the various "subsystems in time synchronization and
these were not available. The only practical approéch ﬁhere-
.foré was to settle for the second alternative. However the
possibility of modular simulation should be considered in

future enhancements to the software system.

One other area that had to be considered while developing
the translator was the way equations of the derivative aqa
output functions were defined in the GEST model. As an exam-
ple, the derivatives of thg Deer model are Specified in'such
a way that the equations éannot be correctiy executed with-
out re—arrangement of the seguence. This problem is effec-

_tively handled by the SORT procedure as explained in subsec-
tion 5.3.1.

Value® can be assigned to arrays in the GEST program us-
ing a FORTRAN-type data statement ; e.g.

TCM(2..18) = 5*1.0, 5%*1.5, 3*2.5, 3*5.0,10.0

Since there 1is no such equivalent statement in SIMSCRIPT,
care has to be taken to decompose the data statement into a

series of statements as described in the DATA.STATEMENT rou-

tine.
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One limitation of the SIMSCRIPT language which the ‘author

- has -observed during the implementation of the-translator is

that an arlthmetlc-statement in the form of -LET DM = 1, 0E15

causes dlfflculty for the SIMSCRIPT compller because it ap-

'pears to consider 1. OE15 as an undefined var1able.

Possible areas of future ﬁork are the following :

1)} The translator could be-modified to handle models ex-

pressed in discrete 6r combined discrete-continuous formal-
isms |

2} The software could be modified to explici;ly‘allgy users

to define switch functions for characterizing discontinuous

systems. Currently, discontinuities are'definéd in GEST us-

ing the IF_THEN_ELSE construct and therefore switch func-

. tions have to be generated by the translator before the

problem can be executed.
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Appendi’x A

TRANSLATOR PROGRAM LISTING

PR AT AT R LA AR AT AR AT AA AR AR Ak ARk kv hkk

TR

*

' Te¥ETATOR FOR THE GEST MODEL SPECIFICATION LANGUAGE *

TR

LI

L

BY FELIX DOGBEY -

*

*_.

*

T R P T F TR T L L TR TR T LT B T TRIIIGngny e

PREAMELE

DEFINE NUMOFLINES, FLAG3

AS INTEGER VARIABLES

DEFINE I, J, N, M, F,P, NOCM,NOTF,NOOF,NODF AS INTEGER VARIABLES

DEFINE LNTEXT, VAR,SLNTEXT,XTENT,STEP AS TEXT VARIABLES

DEFINE
DEFINE
DEFINE
DEFINE
DEFINE
DEFINE
DEFINE
DEFINE

" DEFINE
DEFINE

DEFINE

INDEX, TNOSV,NOOS, SAFE,NOPOINTS AS INTEGER VARIABLES
STN,PC{NTS AS 1-DIM INTEGER ARRAY

MSTATEMAS 2-DIM TEXT ARRAY

INPUT, STATE, OUTPUT,STATE.VECTOR AS 1-DIM TEXT ARRAYS

/Jf\.

\\__\)

_FUNCNAME , SPACE, BEQUAL ,AFTEQUAL, PARENT,CHR AS TEXT VARIABLES

AUXY,EXAUZY, TABULAR, AND INTERPOL AS 1-DIM TEXT ARRAYS

PARAMETER, CUT.FUNC,DYN.SECT AS 1-DIM TEXT ARRAYS

TAB,VAR.LIST,EXINPUT,STATE2 AS 1-DIM TEXT ARRAYS

FFLAG,BFLAG,NEXTIN,ARRAY.INDEX AS INTEGER VARIABLE

SAVE, SSAVE,ARRAY,EXINTERPOL AS 1-DIM TEXT ARRAYS
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NOINT,NOAV, NUMBER,XBCFLAG,FLAG2 AS INTEGER VARIABLES



S

DEFINE CLOSBRACKEﬂ OPBRACKET, TWODOTS, BLANK AS TEXT VARIABLES
DEFINE STCODE,ARRAY2, INDEX AS INTEGER VARIABLE
DEFINE_BEG,END,SEMIQOLON,COMMA,EQUALSIGN AS TEXT VARIABLES
DEFINE AMPERSAND,QUOTE,LTET,LTET2 AS TEXT VARIABLES

DEFINE B.ARRAY AS 1-DIM TEXT ARRAY

END
- o

MAIN

AW
RESERVE INPUT, STATE, OUTPUT,EXINPUT AS 10, ARRAY,R.ARRAY AS 20
RESERVE AUXY, TABULAR, INTERPOL, STATE2 AS 10
RESERVE PARAMETER, SAVE,SSAVE, POINTS,EXINTERPOL AS 10
RESERVE VAR.LIST AS 30
RESERVE STATE.VECTOR,EXAUXY AS 15
RESERVE .TAB,OUT.FUNC,DYN.SECT AS 80
RESERVE STN AS 5
RESERVE MSTATE AS 5 BY 10
"USE 80 FOR INPUT
"' LET EOF.V = 1
CLETF = 1

LET CLOSBRACKET = ")"

%
LET OPBRACKET = "("
LET TWODOTS = ".."
LET BLANK = " "
LET SEMICOLON = ";" ®

LET COMMA = " "

LET AMPERSAND

I}
i
‘gl

3

LET EQUALSIGN ="

LET QUOTE =ag'"
\ -
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WRITE AS " pRéAMBLE",/ USING 21

WRITE XS " NORMALLY, MODE IS REAL",/ USING 21

WRITE AS " DEFINE W, DW AS 1-DIM ARRAY",/ USING 21

WRITE AS " DEFINE H AS A VARIABLE",/IUSING 21

WRITE AS " DEFINE TNOSV2 AS INTEGER VARIABLE",/ USING 21

WRITE .AS " DEPINE INTERPOLATE AS FUNCTION",/ USING 21

WRITE AS " "********t******************“'/ USING 20

WRITE AS " ''* DERIVATIVE **" / USING 20

WRITE AS " ''* FUNCTION **7" / USING 20 |
WRITE AS n "***********************ft**"'/ USING 20 j/
WRITE AS " ROUTINE DERIV(W, DW,TME)",/ USING 20 : u’///

WRITE AS " DEFINE W, DW AS l—DIM-ARRAY",/ USING 20 f
WRITE AS " DEFINE L,B,K AS INTEGER VARIABLES",/ USING 20\
WRITE AS " DEFINE TME AS VARIABLE",/ USING 20
LET FFLAG = 0
UNTIL FFLAG NE 0
DO
READ LNTEXT AS T 80,/
CALL SKIPCOMMENTS
" EXTERNAL INPUT STATEMENT
' PROCESSING
LET I = MATCH.F{LNTEXT,"INPUT",0)
IF I NE 0
ADD € TO I
CALL RETRIEVE.ROUTINE GIVEN EkINPUT(*) -
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CALL WRITE.ROUTINE(EXINPUT(*))

LET NEXTIN = INDEX
ALWAYS .
LET I = MATCH.F(LNTEXT, "CONTINUOUS MODEL",0)
IF-I NE 0 | ’

'ADD 14 TO I | S ®

CALL RETRIEVE ;ROUTINE GIVEN TAB(*)

LET NOCM = INDEX

LET FFLAG = 1

ALWAYS

LET I = MATCH.F(LNTEXT,iFCMPONENT‘MODEL",O)-
IF I NE 0

"ADD 13 TO I
CALL RETRIEVE.ROUTINE GIVEN TAB(*)
LET NOCM = INDEX
LET FFLAG = 1

ALWAYS _ -

LOOP

GET THE NECESSARY INFORMATION FROM
ALL THE COMPONENT MCODELS

FOR M = 1 TO NOCM
' DO o
LET FFLAG = 0
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UNTIL FFLAG NE 0
DO. -
REAﬁ LNTEXT AS T_80,/.//7_
LET N = MATCH.F (LNTEXT,"STATIC STRUCTURE",0)
IF N NE 0 | . ‘ rﬁj
LET FFLAG = 1
ALWAYS
LOOP | -
LET FFLAG = 0
UNTIL FFLAG NE 0
D0

READ. LNTEXT AS T 80,/ -
CALL SKIPCOMMENTS
LET I = MATCH.F(LNTEXT, "END DYNAMIC",0)
IF I NE 0
LET FFLAG = 1
LEAVE ¢
ALWAYS
LET I = MATCH.F(LNTEXT, "INPUT",0)
iIF I NE O -I(*~//’
' ADD 6 TO 1
CALL RETRIEVE.ROUTINE GIVEN INPUT(*)
CALL WRITE.ROUTINE(INPUT(*))

ALWAYS

————— e e M e L e Al L ———— - ——



'LET I = MATCH.F{LNTEXZT,"STATE",0)

IF I NE
AD
LE

‘CA

FO
- / 5O
~—— o

- LO
FO
DO

LO
LE
LE
o7

ALWAYS

LET I =

IF I NE

0
D 6. TO I
T STCODE = 1

LL RETRIEVE.ROUTINE GIVEN-STATE(*)

R I = 1 TO INDEX

-

LET MSTATE(M,I) = STATE(I)

QopP .
R J = 1 TO ARRAY.INDEX
LET MSTATE(M,I) = STATEZ2(J)

LET I =1 + 1

oP

T STN(M) = INDEX + ARRAY.INDEﬁ
T STCODE = 0

LL WRITE.ROUTINE(STATE({(*))

MATCH.F{LNTEXT, "OUTPUT FUNCTION",0)

0

CALL OUTPUT.FUNCTION

ALWAYS

LET I

LET J
@

MATCH.F (LNTEXT, "OUTPUT", 0}

MATCH.F (LNTEXT, "FUNCTION",0) .
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'IF I NE 0 AND J EQ 0
| ADD 6 TO I
'CALL RETRIEVE.ROUTINE(OUTPUT(*))
CALL WRITE.ROUTINE (OUTPUT(*))
ALWAYS '

—— v T S e S S S S S W S et ML S S e e M —

LET 1 =‘MATCH.F(LNTEXT,"AUXILIARY VARIABLE",0)
IF 1 NE O |
ADD 19 TO 1
CALL RETRIEVE.ROUTINE(AUXY(*))
CALL ﬁéITE.ROUTINE(AUXY(*))
ALWAYS
LET I = MATCH.F(LNTEXT, "AUXILIARY pARAMEfSR",o)
IF I NE 0 |
ADD 20 TO 1
CALL RETRIEVE.ROUTINE(AUXY(*))
CALL WRITE.ROUTINE(AUZY(*)) ‘
LET FLAG2 = 0
WHILE FLAG2=0
DO |
_READ LNTEXT AS T 80,/
CALL SKIPCOMMENTS
LET 1 = MATCH.F(LNTEXT,"END AUXILIARY",0)
IF 1 EQ O

LET N = MATCH.F (LNTEXT,SEMICOLON, O}
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D
IF N NE O
LET SUBSTR.F(LNTEXT,N,1)' = BLANK
ALWAYS
ADD 1 TO NOAV
LET EXAUXY(NOAV) = LNTEXT
ELSE LET FLAG2 = 1
| LET LNTEXT = SUBSTRJF(LNTSXT,I,14)
ALWAYS ' |
LOOP
ALWAYS < .
LET I = MATCH.F(LNTEXT, "PARAMETER",0)}
IF I NE O
ADD 10 TO I
. CALL RETRIEVE.ROUTINE (PARAMETER(*))
CALL WRITE.ROUTINE(PARAMETER(*))

ALWAYS

*' TABULAR FUNCTIONS AND INTERPOLATIONS
' HANDLING
LET I = MATCH.F(LNTEXT, "TABULAR FUNCTION",0)
IF I NE 0 )
ADD 17 TO I
CALL RETRIEVE.RbUTINE(TABU;AR(*))
LET NOTF = INDEX
IF INDEX NE 0

WRITE AS " DEFINE " USING 21
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ALWAYS

FOR I

1 TC INDEX
DO |

Iu’

‘IF 1 EQ INDEX
 WRITE TABULAR(I) AS T *," AS 2-DIM ARRAY",/ USING 21
ELSE - |
SWRITE TABULAR(I) AS T *l“, " USING 21
‘ALWAYS .
LOOP |
ALWAYS
LET 1 = MATCH.F(LNTEXZT,"INTERPOLATION",0)
" IF I NE 0 |
ADD 14 TO I '
CALL RETRIEVE.ROUTINEﬁINTERPOL(*))
'CALL WRITE.ROUTINE(INTERPOL (%))

o>

LET 1 =40 S .
WHILE I = 0 |

DO

READ LNTEXT AS T 80,/

CALL SKIPCOMMENTS

LET 1 = MATCH.F (LNTEXT,"END INTERPOLATION",0)
LET J = MATCH.F(LNTEXT,EQUALSIGN,O0)
IF J NE 0

ADD 1.TO NOINT '
LET EXINTERPOL(NOINT) = LNTEXT
ALWAYS )

LOOP
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ALWAYS
LET I = MATCH.F{LNTEXT, "DYNAMIC STRUCTURE" , 0)
IFINEO |
READ LNTEXT AS T B0,/
CALL SKIPCOMMENTS
CALL DYNAMIC.SECTION
ALWAYS
" LOOP
' Loop
USE 23 FOR OUTPUT
FOR I = 1 .TO NODF
DO .
WRITE DYN,SECT(I) AS " ",T *,/
LOOP
WRITE-AS " FOR K = 1 TO TNOSV2",/,
" po",/,™ LET DW(K) = W(K)",/,
" LOOP",/ \
LET FFLAG = 0
UNTIL FFLAG NE 0
DO
READ LNTEXT AS T 80,/
- CALL SKIPCOMMENTS
LET I = MATCH.F(LNTEXT, "PARAMETER SET",0)
IF I NE 0
LET FFLAG = 1
ALWAYS

LOOP
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CALL MAIN.PORTION
LET FFLAG = 0
UNTIL FFLAG NE 0
DO
READ LNTEXT AS T 80,/
CALL SKIPCOMMENTS .
LET I = MATCH.F(LNTEXT,"GLOBAL",0) aN
IF I NE O
" LET FFLAG =1
ALWAYS
LOOP
IF I NE 0
CALL GLOBAL
READ LNTEXT AS T 80,/
CALL SXIPCOMMENTS
ALWAYS
LET BFLAG = 0 | ' 3
UNTIL BFLAG NE 0 . -
DO

LET I = MATCH.F (LNTEXT, "MODEL", 0}
b

-

IF I NE O
LET BFLAG = 1
ALWAYS
READ LNTEXT AS T 80,/
CALL SKIPCOMMENTS
LOOP

IF BFLAG NE 0
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CALL INITIALIZE
READ LNTEXT AS T 80,/
CALL SKIPCOMMENTS |
ALWAYS

e e e - ——— e

LET FLAG3 = 0

UNTIL FLAG3 NE 0

DO
READ LNTEXT AS T 80,/ - L
CALL SKIPCOMMENTS

LET I = MATCH.F(LNTEXT, "OUTPUT MODULE",0)
IF I NE O

READ LNTEXT AS T 80,/
CALL SKIPCOMMENTS
LET 1 = MATCH.F (LNTEXT, "PRINT", 0)
IFINEO .
. 'WRITE LNTEXT AS T * USING THE BUFFER

READ SPACE, NUMOFLINES USING THE BUFFER

a LET LTET = " USE 86 FOR QUTPUT"

WRITE LTET AS T *,/ USING 21

LET LTETZ = " LINES AS FOLLOWS™

WRITE SPACE, NUMOFLINES, LTET2 AS T *,S 1,I 2,T *,/ U%}NG 21
FOR I = 1 TO NUMOFLINES

DO

READ LNTEXT AS T 80,/ !
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‘WRITE LNTEXT AS T *,/ USING 21
LOOP
_LET FLAG3 = 1
ALWAYS
ALWAYS
Loop

D el e e L e e Y Y T enpp—

"' PROCESS SUB-HEADINGS FOR OUTPUT

USE 87 FOR -OQUTPUT

" WRITE AS " TIME "
FOR I = 1 TO NOOS
DO

IF I = NOOS'

WRITE SSAVE(I)} AS T *,/
ELSE
WRITE SSAVE(I) AS T *
IF LENGTH.F(SSAVE(I)) LT 12
LET SKP = 12 - LENGTH.F(SSAVE(I))
ELSE
LET SKP = 1
ALWAYS
WRITE AS " ",S SKP
ALWAYS
LOOP
USE 22 FOR QUTPUT
WRITE AS " WRITE TIME,"

- 120 -

'
A N e,



FOR I = 1 TO NOOS.
o _
) L |
IF I = NOOS

WRITE SSAVE(I),NOOS AS T *," AS D(8,2),$ 3,",I 2," D(12,6),/ USING 88",/
ELSE
WRITE SSAVE(I) AS T * " "
ALWAYS
LOOP I3
WRITE AS ™ LOOP ",/
WRITE AS " END ''MAIN",/
WRITE TNOSV AS " RESERVE W, DW AS ",I 3,/ USING 20
" USE 20 FOR OUTPUT -

FOR I = 1 TO TNOSV DO

LET BEG = BLANK
LET END = BLANK
LET VAR = BLANK

CALL CHECK.ARRAYS(STATE.VECTOR(I))
IF BEG NE BLANK _ J
WRITE BEG,END,VAR AS

"FORI =", T*x"T0 ", T *," DO",/,

" LET W(I) = ",T *,"(1)",/,
" LOOP",/ |
ELSE
IF STATE;VECTOR(I)rNE BLANK .

WRITE STATE.VECTOR(I),I AS " LET ", T *," = W(",I 2,")",/
ALWAYS )

ALWAYS
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LOOP o .
WRITE AS " END ''DERIV ",/ USING 23
END

"*********************************

''* THIS ROUTINE RETRIEVES ALL  *
''sx  YARIABLES FROM THE MODEL *
{'***************}***£*************
ROUTINE RETRIEVE.ROUTINE(MAINVAR)
DEFINE IN.OK AS.TEXT VARIABLESgr'
DEFINE MAINVAR AS 1-DIM TEXT ARRK;
RESERVE MAINVAR AS 10 |
LET INDEX = 1
LET ARRAY.INDEX = 0
LET IN.OK = "TRUE"
WHILE IN.OK = "TRUE"
DO
LET J - MATCH.F(LNTEXT,COMMA,I)
IF J NE 0
LET VAR = SUBSTR.F(LNTEXT,T,J-I)
CALL SKIP.BLANKS(MAINVAR(*))

ADD 1 TO INDEX

LET I = J + 1
ELSE | | .
LET J = MATCH.F(LNTEXT,SEMICOLON,I)
IF JNE O

LET VAR = SUBSTR.F{LNTEXT,I,J-I)
CALL SKIP.BLANKS(MAINVAR(*))
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LET IN.OK = "FALSE"

ELSE | |
' READ LNTEXT AS T 80,/
- CALL SKIPCOMMENTS
LET I = 1
ALWAYS
ALWAYS

LOOP .
RETURN

END
‘. Thkkkhkdthdbdhthdhtrttirkthrdhhdii
"'% SKIP-BLANKS _ *
TR ROUTINE : *
T *****************'ﬂ:***********
ROUTINE SKIP.BLANKS (ANYVAR)
DEFINE ANYVAR AS 1-DIM TEXT ARRAY |
DEFINE CHR,FOUND,TEMPVAR AS TEXT VARIABLES
DEFINE K,K2,LOWER,UPPER AS INTEGER VARIABLES
RESERVE ANYVAR AS 10
LET ANYVAR(INDEX) z BLANK
FOR K = 1 TO LENGTH.F(VAR)
DO |
LET CHR = SUBSTR.F(VAR,K,1)
IF CHR NE BLANK

LET ANYVAR(INDEX) = CONCAT.F(ANYVAR(INDEX),CHR)

ALWAYS f

LOOP
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IF STCODE = 1_
ADD 1 TO TNOSV
LET STATE.VECTOR(TNOSV) = ANYVAR(INDEX)

LET BEG = BLANK | ' .

LET END BLANk
CALL CHECK.ARRAYS(ANYVAR(INDEX))
IF BEG NE BLANK o
- WRITE BEG,END AS T *,8:1,T * USING THE BUFFER
READ LOWER,UPPER AS I 2,1 2 USING THE BUFFER
LET TNOSV = TNOSV + (UPPER - LOWER)
. ALWAYS
ALWAYS
LET K2 = MATCH.F(ANYVAR(INDEX),OPBRACKET,0)
IF K2 NE 0 |

[}

LET TEMPVAR = SUBSTR.F(ANYVAR(INDEX),1,K2-1)

ELSE .

LET TEMPVAR = ANYVAR(INDEX)

ALWAYS
LET XK =1 ‘
LET FOUND = "NO"
UNTIL FOUND = "YES" OR K > P
DO
IF TEMPVAR = VAR.LIST(K)
LET FOUND = "YES"
IF SAFE EQ 0

LET INDEX = INDEX - 1
ALWAYS
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ELSE

ADD 1 Tezix_ :
ALWAYS | '

LOOP : |

IF FOUND

"“No"
IF K2 NE 0
ADD 1 TC ARRAY.INDEX )
LET ARRAY(ARRAY.INDEX) =. SUBSTR.F(ANYVAR(INDEX),1,6K2-1).
ADD 1 TO ARRAY2.INDEX |
LET R.ARRAY(ARRAY2,INDEX) = ARRAY(ARRAY.INDEX)
LET STATE2(ARRAY.INDEX) = ANYVAR(INDEXL
ADD 1 TO P
LET VAR.LIST(P) = SUBSTR.F{ANYVAR(INDEX),1,K2-1)
LET INDEX = INDEX - 1 |
ELSE
ADD 1 TO P )
LET VAR.LIST(P) = ANYVAR(INDEX)
ALWAYS g
ALWAYS
'hETURN'
END, ' . i

Trddktddhkddhtdhhhhrhkhhhhhtrdtitk

''* SKIPCOMMENTS *

vk ROUTINE. - *

4. '
Vrhekkhkkk kA k kR A kAR A A A KA KKK

ROUTINE SKIPCOMMENTS .
DEFINE BCFLAG,ECFLAG AS INTEGER VARIABLES
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LET BCFLAG = MATCHENF (LNTEXT,"(*",0)

LET ECFLAG

MATCH.F (LNTEXT,"*)",0)
L f .
IF BCFLAG NE 0

IF ECFLAG = 0 «

LET SUBSTR.F (LNTEXT,BCFLAG,LENGTH.F (LNTEXT))

BLANK
LET XBCFLAG = 1

- ELSE

LET SUBSTR.F(LNTEXT,BCFLAG,LENGTH.F(LNTEXT))} = BLANK
LET XBCFLAG = O '
ALWAYS
ELSE

IF XBCFLAG = 1 AND ECFLAG = 0

LET SUBSTR.F(LNTEXT,1,LENGTH.F(LNTEXT)) = BLANK

ALWAYS

IF XBCFLAG = 1 AND ECFLAG NE 0 I

BLANK

LET SUBSTR.F(LNTEXT,l,LENGTH.F(LNTEXT))
LET XBCFLAG = 0 '
ALWAYS
ALWAYS
IF LNTEXT = BLANK
READ LNTEXT AS T 80,/
CALL SKIPCOMMENTS
ALWAYS
RETURN

END

P TEFTITEILTE LT L &5 5 5 & 5% 5% %
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'** WRITE *
ek ROUTINE *

PIRAEAXTARXXRXAXRAARAT R KRRk dkd

-

ROUTINE WRITE.ROUTINE(VARABLE)
DEFINE VARABLE AS 1-DIM TEXT ARRAY
RESERVE VARABLE AS 10 _
IF INDEX NE 0 | N
WRITE AS " DEFINE " USING 21
ALWAYS , :ﬂ
FOR I = 1 TO INDEX
DO -
IF I EQ INDEX
WRITE VARABLE(I) AS T *," AS VARIABLES",/ USING 21
" ELSE.
WRITE VARABLE(I) AS T *,", " USING 21
ALWAYS
« LOOP |
| IF ARRAY.INDEX NE Q
WRITE AS " DEFINE ﬁ USING 21
ALWAYS
FOR.I = 1 TO ARRAY.INDEX
DO
IF I EQ ARRAY.INDEX
WRITE ARRAY(I) AS T *," AS 1-DIM ARRAY",/ USING 21
ELSE
WRITE ARRAY(I) AS T *,", " USING 21

ALWAYS
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LOOP

'x
"
¥k

TR

RETURN
END

EEXAXERXAR AR KTkt ktkid

DYNAMIC.SECTION * N

ROUTINE *

EhkKkAkkkkkhhkhkkhkhkhkhkhktxrhkik

ROUTINE DYNAMIC.SECTION

DEFINE FLAG AS INTEGER VARIABLES
LET FLAG = O |
WHILE FLAG = 0
DO

READ LNTEXT AS T 80,/

CALL SKIPCOMMENTS

LET J = MATCH.F(LNTEXT, "END DERIVA'I:IVE",O)

IF J NE O
LET BPBAG = 1
ELSE |
_ADD 1 TO NODF
LET DYN.SECT(NODF) = LNTEXT
. ALWAYS |
LOOP
CALL SORT(DYN.SECT(*),NODF)
FOR I = 1 TO NODF.

Do

LET N = MATCH.F(DYN.SECT(I);SEM;COLO&,O)

IF N NE 0
' - 128 -
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1

LET SUBSTR.F(DYN.SECT(I),N,l)lJLBLANK {
 ALWAYS o ,

-

.LET J = MATCH.F(D¥N.SECT(I),QUOTE,0)

IF J NE 0 o .
LET DYN.SECT(I) = SUBSTR.F (DYN.SECT(I),J+1,80)

WRITE F,DYN.SECT(I) as " W(",I 2,")",T * usiné“fhs BUFFER

READ DYN.SECT(I} AS T 80 USING THE BUFFER

ADD 1 TO F.
ALWAYS
LOOP o )
RETURN | @
END : | g

t T!’**“*'k*‘.t‘*‘k*'k'k‘.k**.*'.k*'k‘k*"k*‘Jc‘!:'k

"*  QUTPUT.FUNCTION *
' ROUTINE - * | ©
TAEAEAREEELE A Ak AhkAhkAXxXkdhhktkdkk
ROUTINE OUTPUT.FUNCTION
DEFINE FLAG AS INTEGER VARIABLE
LET FLAG = 0 .
WHILE'ELAG = 0
DO
READ LNTEXT AS T 80,/
CALL SKIPCOMMENTS
LET J =‘MATCH.F(LNTEXT,"E?D_OUTPUT FUNCTION",0)
IF J NE 0 ‘
LET FLAG = 1
ELSE
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LET N = MATCH.F(LNTEXT, SEMICOLON,0)
IF N NE 0

LET SUBSTR.F(LNTEXT,N,1) = BLANK
ALWAYS |
ADD 1 TO NOOF

LET OUT.FUNC(NOOF) = LNTEXT

ALWAYS

LooP

CALL SORT(OUT.FUNC(*),NQOF)

RETURN

END

'**************************

L

X

EQUIVALENCING *

ROUTINE *

Thhkhkkhkdthkhkhhhkkrdrhhrhkhhkhx

ROUTINE EQUIVALENCING -

DEFINE J AS INTEGER VARIABLE

LET J = 0

UNTIL J NE 0

DO

START NEW RECORD
READ LNTEXT AS T 80

LET J = MATCH.F(LNTEXT,"Z2ZZ",0)

LCOP

RETURN ‘$

END
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TRARRARR AR T bk hhkkh

'*  MAIN,PORTION *

' " ROUTINE *
'**************************

ROUTINE MAIN.PORTION

DEFINE FLAG,NN,M AS INTEGER VARIABLE
USE 21 FOR OUTPUT

WRITE AS " END ''PREAMBLE",/

WRITE AS " "***************************"'%
WRITE AS " '"*  MAIN.PORTION *xn s
WRITE AS " ''*  OF PROGRAM *an oy
WRITE_AS " "***************************“'/

»

WRITE AS " MAIN ",/

WRITE TNOSV AS " RESERVE‘Q; DW AS ",1 3,/
IF ARRAY2.INDEX NE 0
WRITE AS " RESERVE "
ALWAYS ‘
FOR I = 1 TO ARRAY2.INDEX

DO

IF I EQ ARRAY2.INDEX
WRITE R.ARRAY(I) AS T *," AS 20",/

ELSE '
WRITE R.ARRAY(I) AS T *,", "

ALWAYS .

LoOP u '
WRME TNOSV A® " LET TNOSV = ":1 2,/

WRITE AS " LET TNOSV2 = TNOSV",/
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b

WRITE AS " SPECIFY THE STEP SIZE FOR THE INTEGRATION ",/ USING 6
READ H USING 5 ' v -

WRITE H AS " LET H = ",D(3,2),/
IF NEXTIN NE O

WRITE AS " SPECIFY VALUES FOR EXTERNAL VARIABLES",/ USING 6

WRITE AS ." ",/ USING 6
ALWAYS .

FOR I = 1 TO NEXTIN DO .
WRITE EXINPUT(I) AS T *,/ USING 6
READ VALUE USING 5 '
WRITE EXINPUT(I),VALUE AS " LET ",T *,"= ",D(6,4),/
LOOP
LET FLAG = O
WHILE FLAG = 0
DO
READ LNTEXT AS T 80,/
- CALL SKIPCOMMENTS
LET J = MATCH.F(LNTEXT,"END PARAMETER SET",0)
IF J NE 0 .
LET FLAG = 1 !
ELSE
LET N = MATCH.F(LNTEXT,EQUALSIGN,0)
IF N NE'O
. LET FLAG2 = 0
CALL DATA.STATEMENT (N)
IF FLAG2 EQ 0 ‘' THIS IS NOT DATA STATEMENT
LET N = MATCH.F(LNTEXT,SEMICOLON,0) i
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IF N NE 0
LET SUBSTR.F(LNTEXT,N,1) = BLANK
ALWAYS .
. .
WRITE LNTEXT AS " LET ",T 80,/
ALWAYS. '
ELSE ;.
"LET N = MATCH.F(LNTEXT,"TABULAR FUNQTION",0)
IF N NE o .
.WRITE LNTEXT AS T * USING THE BUFFER
'READ SPACE, SPACE, FUNCNAME SPACE NOPOINTS USING THE BUFFER
LET N = 0 h
WHILE N = 0 '
DO o - .
READ LNTEXT AS T 80,/ |
CALL SKIPCOMMENTS .
FOR M = 1 TO 80
DO B ‘_.“ ) ’ ‘ -
LET TAB(M) = SUBSTR.F(LNTEXT,M,1) ~
oo
LET NN= MATCH.F(LNTEXT, "END",0)
IF NN NE 0 h )
WRITE FUNCNAME,NOPOINTS AS ™ RESERVE ",T *," AS ",I 2," BY 2",/
USING 21 ' - ‘ .
WRITE FUNCNAME AS " READ ",T *," USING 24",/ USING 21
ADD 1 TO NUMBER
"LET POINTS(NUMBER) = NOPOINTS

LET N =1
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ELSE _
FOR M =1 TO 80
DO -
IF TAB(M) = "("™ OR TAB(M) = ™)™ OR TAB(M) = “,A
LET SUBSTR.F (LNTEXT,M,1) = BLANK
ALWAYS
LOOP |
WRITE LNTEXT AS T 80,/ USING 24
ALWAYS
LOOP
ALWAYS
ALWAYS
ALWAYS
LOOP
RETURN

END

.

Trkkkhkhkhkkhkkkkdhkkkh ik hhhkkkhx

% GLOBAL *

Tk ROUTINE *
LIRS I XTI TTLELEES S ST EEL &4 L L 8 &8 &4

ROUTINE GLOBAL b ;o

DEFINE FLAG, SKP AS INTEGER VARIABLES -
LET BUFFER.V = 80 |

LET FLAG = O

UNTIL FLAG NE 0

DO

'READ LNTEXT AS T 80,/
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CALL SKIPCOMMENTS
g

LET FLAG = MATCH.F(LNTEXT, "END GLOBAL",0)
LET N = MATCH.F(LNTEXT, "SIMULATE",0)

IF N NE O '

LET LNTEXT = SUBSTR.F(LNTEXT,N+é,BUFFER.V)
LET SLNTEXT= LNTEXT _ |
LET N = MATCH.F(SLNTEXT, SEMICOLON,O0) .
IF N NE 0
LET SUBSTR.F{SLNTEXT,N,1)= BLANK
ALWAYS 1
ALWAYS |
LET N = MATCH.F(LNTEXT,"START",0)
IF N NE 0

ADD 6 TO N

« LET LNTEXT = SUBSTR.F(LNTEXT,N,LENGTH.F{(LNTEXT))
LET N = MATCH.F (LNTEXT, SEMICOLON,0) -
IF N NE 0

LET SUBSTR.F(LNTEXT,N,1l)=-BLANK
ALWAYS
WRITE LNTEXT AS " LET ™ T *  / USING 22

ALWAYS

LET N =_MATCQ[F(LNTEXT,"COMMUNICATE",O)

IF NNE O ‘

LET STEP = SUBSTR.F(LNTEXT,N+21,5)
ALWAYS
LoOP

USE 22" FOR OUTPUT
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FOR I = 1 TO TNOSV DO

LET BEG = BLANK -
LET END = BLANK
LET VAR = BLANK

CALL casCK;ARRAYs(STATE.VECTOR(I)J
IF BEG NE BLANK o
' WRITE BEG,END,VAR AS
" FOR I:= ",T *," T0 ",T *,” DO",/,
" LET W(I) =-",T *,"(1)",/,
" LOOP",/
ELSE |
I% STATE.VECTOR(I) NE BLANK
WRITE IrSTATE.VECTOR(I) AS " LET WwW(",I 2,")
ALWAYS ‘
ALWAYS
© LOOP
FOR I = 1 TO NOOF
DO
WRITE OUT.FUNC(I) AS " LET ",T 80,/
LOOP
FOR I = 1 TO NOAV
jole}
WRITE EXAUXY(I) AS T *,/
LOOP
WRITE SLNTEXT AS T *,/
WRITE S " DO ",/ .

FOR I = 1 TO NOINT

.-."...U.L—-lu.lcl;_u...-‘..mumI—-..;l.'.....‘-_n......—u_q:-———

",Tx,/



-"h"r

DO

FOR M = 1 TO LENGTH.F(EXINTERPOL(I))

DO
LET CHR = SUBSTR.F(EXINTQRPOL(i),M,l)"
IF CHR = EQUALSIGN OR CHR = OPBRACKET OR CHR = CLOSBRACKET
LET SUBSTR.F(EXINTERPOL(I),M,1) = BLANK ‘
ALWAYS ‘ -
LOOP ,
WRITE EXINTERPOL(I) AS T * USING THE BUFFER
READ BEQUAL USING THE BUFFER
CALL‘CHECK.iNTERPOLATION(POINTS(I))
LOOP - .
- WRITE AS " CALL RUNGEKUTTA GIVEN W(*), DW(*), TIME,TNOSV",/
FOR I = 1 TO NOOF |
DO | |
WQETE QUT.FUNC(I) AS ™ LET ",T 80,/
LOOP ‘ -
RETURN

" END

e *************************;

"'+  INITIALIZE *

T ROUTINE *

. .
TT kA kR A A ARI A AKA R I AL Ak K hK

ROUTINE INITIALIZE 2
DEFINE T,J,JJ,1,FLAG,N AS INTEGER VARIABLE
FOR T = 1 TO NOCM
DO
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LET FLAG = 0  ~
UNTIL FLAG NE O
DO C
LET FLAG = MATCH.F (LNTEXT, "END MODEL",0)
LET- J =MATCH.F (LNTEXT, "INITIALIZE",0)
LET JJ=MATCH.F(LNTEXT, "ZERO",0)
IF J NE O AND JJ NE O
FOR I = 1 TO STN(T)
DO

\

LOOP

WRITE MSTATE(T,I) AS " LET ",T *," =

ELSE
IF J NE 0 AND JJ EQ 0
UNTIL J = 0
DO, A~
READ LNTEXT AS T 80,/
* CALL SKIPCOMMENTS
LET J = MATCH.F(LNTEXT,EQUALSIGN,0)
IF J NE 0
LET FLAG2 = 0

CALL DATA.STATEMENT(J)

IF FLAG2 = 0 '" ASSIGNMENT STATEMENT _

LET N = MATCH.F(LNTEXT, SEMICOLON,0)
IF N NE O
LET SUBSTR.F(LNTEXT,N,1) = BLANK

ALWAYS

"WRITE LNTEXT AS " LET “,‘T *,/ USING 21
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ALWAYS e
ALWAYS
LOOP
ALWAYS
ALWAYS
LET J = MATCH.F(LNTEXT,"C_OWUNI.CATE",0)
IF J NE O/ ‘ ;
LET STEP = SUBSTR.F(LNTEXT,J+21,5)
' ALWAYS | :
LET J = MATCH.F{LNTEXT, "SAVE",0)
IF J NE 0

LET I = MATCH.F(LNTEXT,"AT EVERY",0)

IF I' NE O

LET LNTEXT = SUBSTR.F(LNTEXT,1,I-1)
.‘LET LNTEXT = CONCAT.F(LNTEKT,SEMICOLON)
ALWAYS |

© CALL SAVE.OUTPUT
ALWAYS

READ LNTEXT AS T 80,/

CALL SKIPCOMMENTS

LOOP

LOOP

IF STEP = BLANK
LET STEP = "1.0"

ALWAYS

WRITE STEP AS " ADD ",T *," TO TIME",/ USING 22

RETURN -
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END -

v

TTRAEAEEERAARRARTR ARkt Atk

'k 8§ .OQUTPUT : *
Tk ROUTINE *
PR AR RREARKAKRRREEREIRAFXRIRRRRRRRR

ROUTINE SAVE.OUTPUT .
"LET I = MATCH.F(LNTEXT,"SAVE",0)
IF I NEO |
ADD 4 TO I
LET SAFE = 1 _
CALL RETRIEVE.ROUTINE(SAVE(*))
FOR J = 1 TO INDEX
DO
ADD 1 TO NOOS
LET SSAVE(NQOS) = SAVE(J) '
LOOP
ALWAYS
RETURN

END

Tk hArhkhkrAArd kit hdd

}f* *
o
*

trhkkhthkbhthdhkhhrdkhittkddk

''* SORT PROCEDURE

ot

ROUTINE SORT(INTEXT,N)
DEFINE N,I,J,W AS INTEGER VARIABLES

5.
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DEFINE LHS,RHS,INTEXT AS 1-DIM TEXT ARRAYS
DEFINE CHR,TEMPTEXT AS TEXT VARIABLES
RESERVE INTEXT AS 80
RESERVE LHS,RHS AS 20
FORI =1 TO N
DO
LET J = MATCH.F(INTEXT(I),EQUALSIGN,O0)
IF JNE O
LET LHS(I) = AMPERSAND
LET TEMPTEXT = BLANK
LET TEMPTEKT=CONCAT;F(TEMPTE&T,SUESTR.F(INTEXf(I),l,J*l))
FOR W = 1 TO LENGTH.F (TEMPTEXT)
Do
s LET CHR=SUBSTR.F(TEMPTEXT,W,1)
IF CHR,=.OPBRACKET-OR CHR;; CLOSBRACKET
LET CHR = AMPERSAND , -
ALWAYS
IF CHR NE BLANK
LET LHS(I)=C0NCAT.?(L&S(I),CHR)
ALWAYS
LOOP .
LET LHS(I)=CONCAT.F(LHS(I),AMPERSAND)
LET RHS(I) = AMPERSAND
SN )
LET TEMPTEXT = BLANK
LET W = LENGTH.F{INTEXT(I))
LET TEMPTEXT=CONCAT.F(TEMPTEXT,SUBSTR.F(INTEXT(I),J+1,W))

FOR W = 1 TO LENGTH.F(TEMPTEXT) ]
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o -
 LET CHR=SUBSTR.F (TEMPTEXT,W,1)
CF CHR = "(" OR CHR < ")" OR CHR="+" OR CHR="*" OR CHR="-"
OR CHR="/" OR CHR=";" OR CHR=" "
LET CHR = AMPERSAND o
ALWAYS o i )
LET Rﬁs(1)=c0NCAT.F($Hs(15,CHR}
LOOP B A
LET RHS(I)=CONCAT.F(RHS(I),AMPEB?AND)
ALWAYS “ |
LOOP -

LET FLAG = 1

WHILE FLAG = 1 DO , .

LET FLAG

1]
o

FOR I = 2 TO N. .

Do ' -

[

FOR W = 1 TO I-1 DO
LET J= MATCH.F(RHS(W),LHS(I),0)
_IFJNE O

.LET TEMPTEZXT

INTEXT(I)

LET INTEXT(I)=INTEET(W) . -

"

LET INTEXT(W)=TEMPTEXT o/

LET TEMPTEXT = LHES(I)
LET LHS(I)=LHS(W)

LET LHS{W)=TEMPTEXT
> G —

N
LET TEMPTERR =. RHS(I)
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ter

LET RHS(I)=RHS(W)
LET RHS(W)=TEMPTEXT
LET FLAG = 1
ALWAYS

\u:..'-l!

LOOP AN

. -

LOOP |
LOOP. : , S
RETURN ‘

END

r—

LA ******t***’*-'{:**********************
ok DATA.STATEMENT ‘ . *
s ROUTINE Co
TTRAAEAETAREAA AT AR AT AT A A A ATkt i
ROUTINE DAfkgSTA@éMENT(N)
DEFINE N,STAR AS INTEGER VARIABLES
DEFINE LHSOFEX,RHSOFEX,EXPRESION, TERMVAL AS TEXT VARIABLES
LET LHSOFEX = SUBSTR.F (LNTEXT,1,N-1} ‘
.LET I = MATCH.F (LHSOFEX,OPBRACKET,0)
IF I NE O |
LET FLAG2= 1

LET. LHSOFEX

SUBSTR.F (LHSOFEX,1,I-1)

4

LET RHSOFEX SUBSTR.F(LNTEXT,N+2,LENGTH}F(LNTEXT))
LET LNTEXT = RHSOFEX . | | -
LET I.=1

CALL RETRIEVE.ROUTINE(AUXY(*))
WRITE AS " LET J = 1 ",/ USING 21
FOR I = 1 TOHINDEX,
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DO. _
- LET STAR = MATCH.F(AUXY(I),"*",0) .
IF STAR NE 0 |
LET TERMVAL = SUBSTR.F(AUX¥(I),1,STAR-1)
LET EXPRESION = SUBSTR.F (AUXY(I),STAR+1,LENGTH. F(RHSOFEX))
WRITE TERMVAL AS " FORI =1 TO.",T *, "~ Do",/ USING 21
WRITE LHSOFEX, EXPRESION AS " LET ",T *,"(J)- TLTx,/

. USING 21 o
' WRITE AS " ADD 1 TO J",/ USING 21
WRITE AS "LOOB),/ USING 21 )
- ELSE B
WRITE LHSOFEX,AUXY(I) AS " LET ",T *,"(J) = ",T *,/
USING 21 “ )
IF I NE INDEX | ' ; .
WRITE AS " ADD 1 TO J",/ USING 21 )
ALWAYS
ALWAYS
LOOP .
ALWAYS ’
_ RETURN '
END '

T **.*************j*******************

ek CHECK.ARRAYS S

trx ,ROUTIQE *

L *************.*_********************‘ - .
ROUTINE CHECK . ARRAYS (STATEVECT)

DEFINE STATEVECT AS TEXT VARIABLES P
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a
DEFINE N,NN,NNN AS INTEéER VARIABLES
" LET N = MATCH.F(STATEVE&T,OPBRACKET,0)
IF N NE 0 N
LET VAR = SUBSTR.F(STATEVECT,1,N-1},
LET NN = MATCH.F (STATEVECT,TWODOTS,0)

LET NNN =MATCH.F(STATEVECT,CLOSBRACKET,0)

LET BEG = SUBSTR.F{STATEVECT,N+1,NN-{N+1))

LET END = SUBSTR.F(STATEVECT,NN+2,NNN-(NN+2))
ALWAYS
RETURN
END .

"************************4;*****

''* CHECK INTERPOLATION Lo

Vrx " ROUTINE *

AR T F TS ST LTS ETEELS L LS L L LR 4 88 & 5 k4

ROUTINE CHECK.INTERPOLATION(POINTS)

DEFINE FLAG,POINTS,L AS INTEGER VARIABLE

LET FLAG = 0 |

LET BEQUAL = CONtAf.F(BLANK,BBdUAL)

FOR L = 1 TO ARRAY2.INDEX

DO )

IF BEQUAL = R.ARRAY(L)
LET FLAG = 1

READ SPACE, AFTEQUAL,PARENT USING THE BUFFER
LET BEQUAL = CONCAT.F(BEQUAL,"{(I)")
LET PARENT .= CONCAT.F (PARENT,"(I)")
WRITE BEQUAL,pOINTs,pARENT,AFTEQﬁAL AS
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“FORI = 1 TO 20",/," DO",/, o
" LET ",T *,"= INTERPOLATE (",I 2,",",T *,",",T x n(x *))",/,

" LOOP",/

LEAVE

ALWAYS

s B i ey St

LOOP
IF FLAG = 0

READ- AFTEQUAL, PARENT USING THE BUFFER

[
———daa gttt e b S DT L

WRITE BEQUAL,POINTS,PARENT,AFTEQUAL AS

" LET ",T *,"= INTERPOLATE (",I 2,",",T *,",",T *,"(*,*))",/
ALWAYS
RETURN ' : | , o )
END | ' ' %

)
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App'endix B

EXEC FILE .
&CONTROL OFF : | .o
" GLOBAL TXTLIB- PASCAL - R\J
~STARTO i )
&BEGTYPE N
WELCOME TO GEST SOFTWARE SYSTEM
THIS SYSTEM PROVIDES FACILITIES FOR
0 GEST TEMPLATE MODEL SPECIFICATION
1  INTERACTIVE SPECIFICATION OF GEST ﬁaqEL
2 . CERTIFICATION OF A MODEL | |

3 TRANSLATION OF THE SPECIFIED MODEL |
4 -EXECUTION OF A TRANSLATED MODEL '

5 LIST MODELS IN THE MODEL BASE

ENTER THE FACILITY‘YOU WANT, PLEASE

[ SEND
\_&READ VARS &ANS

'4IF &ANS = 0 &GOTO -TEMPLATE -

T

g N .
&IF~&ANS = &GOTO —-INTSP

&IF &ANS = &GOTO -CERT

&IF &ANS =

0
1
2

&IF &ANS =-3 &GOTO -TRANS
4 &GOTO -EXEC1
5

&IF &ANS = &GOTO -LIST
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&IF &ANS = QQ &EXIT | ‘
&TYPE INVALID RESPONSE, ENTER 'QQ' TO QUIT ANYWAY
&TYPE -
&GOTO -STARTO

-TEMPLATE | :

EXEC SIMSCRPT TEMPLATE

X FILE SIMU44

&GOTO -STARTO

-INTSP -

EXEC PASCAL SEM12

LOAD SEM12(START"

&IF &RETCODE EQ 0 &GOTO -SEMA

- &EXIT

~SEMA

STYPE WOULD YOU LIKE TO INSERT COMMENTS EN THE PROGRAM? (¥/N)
&READ vARs &ANS .

S§IF &ANS = ¥ CP X FILE OUT |

STYPE DO YOU WANT TO CERTIFY THE MODEL . (¥/N)
SREAD VARS &ANS '

&IF &ANS = ¥ &GOTO —CERT

SEXIT 1

~LIST

L * MODEL

&TYPE

&TYPE

&TYPE

‘STYPE ENTER 'R' TO RETURN TO MAIN MENU OR ANYTHING TO STOP
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&READ VARS &ANS .

&IF &ANS = R ‘&GOTO -STARTO

SEXIT 4 _

-CERT ' ‘

&TYPE CERTIFICATION IS -ABGDT TO BEGIN...

STYPE ENTER MODEL NAME |

&READ VARS &ANS | | o

&FN

&ANS
STATE &FN GEST * ’
&IF &RETCODE EQ 0 &GOTO -STEPI
STYPE &FN GEST DOES NOT EXIST
&EXIT -

*

-STEP1 STATE FILE GESTO0l a

o4

&IF &RETCODE NE 0 .&GOTO -STEP2

-ERASE FILE GEST0l A

*

-STEP2 STATE FILE GESTERR A

&IF &RETCODE NE 0 &GOTO -COP : _ ®

ERASE FILE GESTERR A

*

-COP COPY &FN GEST A FILE GESTOl A

EXEC SIMSCRPT ( acC | -
EXEC SIMCON

*

~EXEC STATE MAGEST TEXT *

&IF &RETCODE NE 0 &EXIT 999 .
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~RERUN
EXEC SIMRUN MAGEST *
SIF SRETCODE NE 0 &GOTO -RTERR
| STATE FILE GESTERR A |
&IF &RETCODE NE 0 “&GOTO -CERT °
STYPE -> &FN GEST NOT CERTIFIED
*
-ASK1l &TYPE ENTER 'E' TO EDIT OR 'S’ TO EXIT

SREAD - VARS &ANS

&IF &ANS = S &EXIT 2
&IF &ANS = E &GOTO -COR
&IF &ANS= . &GOTO -ASK1 . 1

&GO TO -ASK1

* RUN TIME ERROR _
-RTERR &TYPE.f> RUNTIME ERROR:THE REASON MIGHT BE THE FOLLOWING:
&TYPE ~LENGTH OF RECORDS( < 73 ) OR ENTERING <CR> AS INPUT
_ASK4 &TYPE ENTER 'E' TO EDIT OR 'S' TO EXIT
SREAD VARS &ANS

" &IF &ANS

= § &EXIT 999 ' | —
&IF &ANS = E &GOTO -A_

&IF &ANS= . &GOTO -ASK4

&GO TO -ASK4& | ' y
.

~COR ERASE FILE GESTO1 A

COPY FILE GESTO2 A FILE -GESTO1 A

-A XEDIT FILE GESTO1 A

ERASE FILE GESTERR A
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*

-ASK2 &TYPE ENTER 'C' TO RERUN OR 'S' TO STOP
&READ VARS &ANS ° '

SIF &ANS = S &EXIT 2
&IF &ANS = C &GOTO -RERUN *
&IF &ANS = . &GOTO -ASK2

&GOTO —ASK2

*

~CERT &TYPE. -> &FN GEST A HAS BEEN CERTIFIED

*

-ASK3

&TYPE ENTER 'T' TO TRANSLATE OR 'S' TO STOP

-

= R -«

&READ VARS &ANS

&IF &ANS = S§ &EXIT O

&IF &ANS = T &GOTO -TRANS

&IF &ANS . &GOTO -ASK3

It

&GOTO -ASK3
*
-TRANS
- &IF &ANS = T &GOTO -TRANSCTN
SBEGTYPE
ENTER MODEL NAME TO BE TRANSLATED (FT = GEST)
&END
&READ VARS &ANS
&FN = &ANS
STATE &FN GEST *

'&IF &RETCODE EQ 0 &GOTO -FILETRANS
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" &TYPE &FN GEST DOES NOT EXIST

&EXIT

.

~FILETRANS

STATE FILE SIMUSD *°

&IF &RETCODE EQ 0 ERASE FILE SIMUSO

COPY &FN GEST * FILE SIMUSO A

—TRANSCTN

STATE FILE GEST02 *

&IF SRETCODE EQ 0 &GOTO —CONTN

STYPE CERTIFICATION HAS NOT BEEN DONE

'STYPE ENTER 'C' TO CERTIFY THE PROGRAM OR ANYTHING TO QUIT
&READ VARS &ANS? _
SIF SANS = C &GOTO ~CERT
SEXIT

-CONTN

)

*ENAME FILE GEST02 A &FN GEST A(REP .
) ‘ .

*EXEC SIMSCRPT PROJ{COMP

-EXEC SIMSCRP PROJ (GO

COPY FINLE §IMU22 A FILE SIMU21 A(APP. -

COPY FILE sIMU23 A FILE SIMU20 A(APP ’

COPY FILE SIMU20 A FILE SIMU21 A(APP

ERASE_FfLE SIMU20
STATE SIM21 SIMSCRPT —
&IF &RETCODE EQ 0 ERASE SIM21 SIMSCRPT

COPY TEMP SCMP B FILE SIMU21 A(APP
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COPY FILE SIMU21 A SIM21 SIMSCRPT A(LR 80
&TYPE ENTER. 'X' TO EXECUTE OR 'S' TO STOP
SREAD VARS &ANS

]

S&IF SANS = X &GOTO -EXECL
&EXIT 0

~EXEC1

&IF &ANS = 4 &GOTO -EXEC2 g

&IF &ANS X &GOTOC —-EXEC2

&EXIT 1

~EXEC2 (

STATE SIM2) SIMSCRPT

&IF &RETCODE EQ 0 &GOTO -OK

&TYPE MODEL HAS NOT BEEN TRANSLATED
&TYPE YOU MAY TRY AGAIN

&TYPE

&GOTO -TRANS

-OK

STATE FILE SIMUSS

&IF &RETCODE EQ 0 ERASE -FILE SIMUSS
EXEC SIMSCRPT SIM21(COMP

EXEC SIMSCRPT SIM21(GO

COPY FILE SIMUSS A FILE SIMUS7 A(APP
COPY FILE SIMUB7 A FILE SIMUS6 A(APP
*ERASE FILE SIMUBS

*ERASE FILE SIMUS7

STATE FILE SIMU21 _

&IF &RETCODE EQ 0 ERASE FILE SIMU21

e )

e



STATE FILE SIMU22

'&IF &RETCODE EQ 0 ERASE FILE SIMU22
STATE‘FILE SIMU23

SIF &RETCODE EQ 0 ERASE FILE SIMU23
STATE FILE SIMU24

&IF &RETCODE EQ 0 ERASE FILE SIMU24
X FILE SIMU86

STYPE THANK YOU FOR USING GESTSS
STYPE ENTER 'R' TO RETURN TO MAIN MENU
SREAD VARS &ANS

SIF &ANS = R &GOTO -STARTO

SEXIT 2 |
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Appendix C
INTERACTIVE MODEIL SPECIFICATION PROGRAM

(* B | e
INTERACTIVE SPECIFICATION OF GEST MODEL | A
| BY | |
FELIX DOGBEY
- *)
PROGRAM SEM (INPUT/,OUT,OUTPUT);
CONST '

BUFFLEN = 80;.

TYPE -
BUFFER = PACKED ARRAY(.l..BUFFLEN.) OF CHAR;
CK = . ARRAY(.1..20.) OF BUFFEﬁ;
INTT = ARRAY(.1..20.) OF INTEGER;

VAR RC : INTEGER;
LEN,MLEN, PLEN, TBLEN , EXLEN, GFLAG,K: INTEGER; ~
NUMBER : INTEGER; ’ |
BUFF ,MBUFF , PBUFF , TBBUFF ,EXBUFF: BUFFER;
CMODNAME : CK; -
PPLEN,LCMOD, INLEN: INTT;
PARAM, INPAT : CK;
XBUFF : CK; A
OUT : TEXT;
PROCEDURE READINPUT(VAR BUFF : BUFFER; VAR LEN : INTEGER);

N
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; A
VAR 1,J: INTEGER;
BEGIN . B L "
I :=0; | _
3READ(BUFF(.L;5); ;
IF NOT EOLN THEN |
4"&;LE ((NOT (EOLN)) AND (I < BUEFLEN)} DO
BEGIN .
I':= 1 + 1; //
READ(BUFF(.I.))
- END;

* e . e n

LEN := I : . . .
S e ._ | .

. . -3 /“-, ' -
= L?N t= 0; T ‘
(* FOR J := 1701 D0 -
XBUFF(.K,J.) := BUFF(.J.) —
K := XK +1 . T %) .

END:

__; PROCEDURE CONTINUOUSMODEL (VAR BUEF : BUFFER; VAR LEN: INTEGER);.

- R 4
VAR I, FLAG,S : INTEGER} _ o
: . L
BEGIN . |
; 4
IF é;LAG = O0-THEN ~
\ - - -
‘ . BEGIN ‘ . \ R
- e 4 Vo
WRITELN(' ENTER NAME OF COMPONENT MODEL '}éﬁ,
13 — il
READINPUT(BUFF LEN) o wiE
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%

SYSTEM('EXECSERV CLEARSCN', RCI:WRITELN;WRITE;N}WRITELN;
WRITE(' CONTINUOUS MODEL SPECIFICATION FOR i
FOR.I := 1 TO LCMOD(.K.) DO. -
- WRITE(CMODNAME(.K,I.));
WRITELN(' BEGINS......');
 WRITELN; WRITELN; WRITELN; )
.FLA3§= 0;- . -
IF LCMOD(.K.) >. 0 THEN
. BEGIN
WRITE(OUT,' CONTINUOUS MODEL');
FOR I':= 1 TO LCMOD(.K.) DO
'WRITE (OUT, CMODNAME(.K;I.});
WRITELN(QUT1'§f); ' ]
'WRITELN(OUT, ",STATIE: 'STRUCTURE" )
END; ﬁg‘
WSITELN(' ENTER INPUT VARIABLES');
' READINPUT (BUFF,LEN); )
(* STORE ALL INPUTS *) . )
FOé‘S := 1 TO LEN DO
ENPAT(.K,S.) := BUFF(.S.); _
INLEN(.K.) := LEN; ° R
IF LEN > 0 THEN |
BEGIN _ |
WRITE(OUT,' INPUT ');

FOR I := 1 TO LEN DO
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WRITE(OUT,BUFF(.I.

WRITELN(OUT, " ':');

END; M

WRITELN('- ENTER STATE VARIABLES’);

READINPUT ( BUFF ,LEN) ;
IF LEN > O THEN
BEGIN
WRITE(QOUT,' STATE
FOR I := 1 TO LEN
WRITE (OUT, BUFF (.1
FRITELN(OUT,';‘);

END;

)Y

v):
DO

)

'

WRITELN(' ENTER OUTPUT VARIABLES');

READINPUT { BUFF ,LEN) ;
IF LEN > 0 THEN

BEGIN

WRITE(OUT,' OUTPUT ');

FOR I := 1 TO LEN DO

WRITE(OUT,BUFF(.I
WRITELN(OUT,';:');

END;

WRITELN(' ENTER AUXILIARY VARIJBLES'):

READINPUT{BUFF,LEN);
1F LEN.> 0- THEN

BEGIN

WRITE (OUT,' AUXILIARY VARIABLES "}

)

- 158 -

<

’

e e ot it iR oS




"

1
i

FOR I := 1 TO LEN DO

WRITB(OQT,BUFF(.;.)):

memﬁﬁm&“ﬁ);k
END; :

WRITELN(' ENTER PARAMETER VARIABLES');
READINPUT (®BUFF, PLEN) ;

(* STORE ALL PARAMETERS *).

FOR § := 1 TO PLEN DO ' ) )
PARAM(.K,S.) := PBUFF(.S.):
. PPLEN(.K.) := PLEN;

IF PLEN > 0 THEN
BEGIN R ' )

WRITE(OUT,' PARAMETERS '): '~ .
FOR I += 1 TO PLEN DO

WRITE(QUT,PBUFF(.I1.));
WRITELN(OUT, ":'):

END;

r

WRITELN('_ENTER TABULAR FUNCTIONS '};
READINPUT( TRBUFF, TBLEN) ;
IF’ TBLEN > 0 THEN ' @
BEGIN |
WRITE(OUT,' TABULAR FUNCTIONS ');
7E03 I := 1 TO TBLEN DO
WRITE(OUT,TBBUFF(.I1.));
WRITELN(OUT, ;" );

END;
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WRITELN{' ENTER INTERPOLATIONS '); .
READINPUT (BUFF ,LEN) ; |
IF LEN > 0 THEN .
BEGIN
WRITE(OUT,' INTERPOLATIONS .');
FOR I := 1 TO LEN DO
WRITE(OUT,BUFF(.1.)); ..
WRITELN(OQUT,';"'); . _ \\

END; ' . Co
WRITELN(OUT,' END STATIC STRUCTURE'); —
WRITELN (OUT,' DYNAMIC STRUCTURE' ) ;
WRITELN(OUT,' DERIVATIVES');
WRITELN(' ENTER DERIVATIVES');
READINPUTkBUFF,LEQ);

WHILE LEN > 0 DO
BEGIN
FOR I := 1 TO LEN DO

WRITE (QUT,BUFF(.I1.));

WRITELN(QUT,':'); .
READINPUT ( BUFF,LEN)
END;

WRITELN(QUT,' END DERIVATIVES');

WRITELN('" ENTER OQUTPUT FUNCTION');

&

READINPUT (BUFF,LEN) ;
1f len > 0 then
begin
FLAG := 15 Q
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en

END;

-

WRITELN(oﬁT,' OUTPUT FUNCTION')
d;
WHILE LEN > 0 DO .
BEGIN
FOR_I := 1 TO LEN DO
WRIéE(OUT,BUFF(.I.)):
WRITELN(OUT,';');
READINPUT(BUFF , LEN) -
END; o
IF FLAG = 1 THEN
WRITELN(OUT,' END OUTPUT FUNCTION');
WRITELN(OUT," END DYNAMIC STRUCTURE' )

PROCEDURE PARAMETERSET:

VAR <3 : INTEGER;

I,W,P‘: INTEGER;

BEGIN
WRITELN(OQ$)£
WRITE(OUT, " PARAMETER SET FOR ');
FOR I := 1 TO MLEN DO
o o

WRITE(OUT,MBUFF(.I.)}):

WRITELN(OUT, ":'):

SYSTEM('EXECSERV CLEARSCN', RC);WRITELN;WRITELN;

.

WRITE (' PARAMETER SET SPECIFICATION FOR.');
FOR I := 1 TO.MLEN DO )
WRITE(MBUFF(.I.));

WRITELN(':');WRITELN;WRITELN;
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"FOR P := 1 TO NUMBER DO

BEGIN. ' '

WRITELN(OUT);

- WRITE(OUT, 'MODEL '); _

FOR W := 1 TO LCMOD(.P.) DO,
WRITE(' ' ,CMODNAME(.P,W.));
WRITELN; WRITELN;

"FOR W :=.1 TO 25 DO
WRITE(OUT,CMODNAME(.P,W.)){
WRITELN(OUT,';'):

IF PPLEN(.P.) > 0 THEN

.‘BEGIN |
 WRITE(' ');
PPLEN(.P.) := PPLEN(.P.) + 1; ﬁ,
FOR I := 1 TO PPLEN(.P.) DO
BEGIN |
IF (PARAM(.P,I.) = ',") OR (I =

BEGIN

-y

WRITEPN(' = (ENTER THE EXPRESSION)}');

WRITE(QUT,' = '); ‘
READINPUT(BUFF ,LEN) ;
FOR J := 1 TO-LEN DO
"WRITE{OUT,BUFF(.J.));
WRITELN(OUT,';")
END
ELSE

IF PARAM(.P,I.) <> ' ' THEN
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BEGIN )
WRITE(PARAM(.P,I.));

.y

WRITE (OUT, PARAM(.P,I.))
END
END
END;
IF TBLEN > 0 THEN

BEGIN -
TBLEN :=TBLEN + 1;
FOR I := 1 TO TBLEN DO

BEGIN

IF (TBBUFF(.I.) = ',') OR (I = TBLEN)

BEGIN
WRITE(' DEFINE '):
WRITE (OUT,' TABULAR FUNCTION');

FOR J := 1 TO TBLEN DO

BEGIN .
WRITE(TBBUFF(.J.));

WRITE(dUT,TBBUFF(.J.))
END; o
' W#ITELN(' TABULAR FUNCTION');
READINPUT (BUFF ,LEN) ;
WHILE LEN > 0 DO '

BEGIN
FOR J := 1 TO LEN DO

WRITE(OUT,BUFF(.J.));

WRITELN(OUT,':');
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READINPUT(BUFF,LEN)
END;

_ WRITELN(OUT,' END TABULAR FUNCTION')

END .
ELSE
IE'%BBUFF(.I.) <> ' ' THEN
BEGIN o
WRITE(TBBUFF(.I.));
WRITE(OUT, TBBUFF(.I.)) -
END |
END’ —
END . |
END

END; -

PROCEDURE EXPERIMENTALFRAME;
VAR J,S,I: INTEGER;

~ BEGIN '

W%ITE(OUT,' FRAME 1 FOR ');
T FOR I := 1 TO MLEN DO
WRITE{OUT,MBUFF(.I.));

WRITELN (OUT) ;
WRITE(' EXPERIMENTAL FRAME SPECIFICATION FOR ');
FOR I := 1 TO'MLEN DO
WRITE(MBUFF(.I.))}; WRITELN;
WRITELN{OUT,' GLOBAL');
- WRITELN(' ENTER TIME UNIT');

READINPUT (BUFF ,LEN) ;

bE
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IF LéN >0 THEN
BEGIN
' WRITE(OUT,' TIME UNIT IS ');
FOR I := 1 TO LEN DO
' WRITE(QUT,BUFF(.I.));
-  WRITELN(QUT, '; ")
END; . N

WRITELN(' ENTER SIMULATION STARTING TIME');
READINPUT(BUFF,LEN);
IF LEN > 0 THEN |

BEGIN _

'WRITE(OUT,' START TIME IS '); :

FOR I := 1 TO LEN\DO

- WRITE(QUT,BUFF(.I.));

WRITELN (OUT ;')

END;

WRITELN(' ENTER FINAL TIME');
READINPUT(BUFF,LEN);
IF LEN > 0 THEN
BEGIN
WRITE(OUT,' SIMULATE UNTIL TIME > '):
FOR I := 1 TO LEN DO
WRITE(QOUT,BUFF(.I.});
wﬁITELN(OUT,';‘)
. END;

WRITELN(OUT,' INTEGRATE BY RUNGE-KUTTA ')
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WRITELN(' ENTER COMMUNICATION TIME INTERVAL');
READINPUT(BUFF,LEN) ; '
IF LEN > 0 THEN ~~

/
BEGIN _
.WRITE{OUT,' COMMUNICATE AT EVERY '):

FOR I :=.1 TO LEN .DO
WRITE(OUT,BUFF(.I1.)):
WRITELN{OUT,':")
END; |
WRITELN(OUT,' END GLOBAL'):
FOR I := 1 TO NUMBER DO

BEGIN
WRITE(OUT, "MODEL ');:
FOR J := 1 TO LCMOD(.I.} DO

WRITE (OUT,CMODNAME(.I,J.));

WRITELN(OUT);
WRITELN(' ENTER INITIALISE AND SAVE STATEMENTS FOR ');

FOR J := 1 TO LCMOD(.I.) DO
WRITE(CMODNAME(.I,J.));
WRITELN;
READINPUT(BUFF,LEN); .
WHILE LEN > 0 Dgi N

BEGIN
FOR J := 1 TO LEN DO

WRITE(OUT,BUFF(.J.));

WRITELN{(QUT,';"'});
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READINPUT(BUFF,LEN)
"END3
WRITE(OUT,' END MODEL ');
FOR J := 1. TO LCMOD(.I.) DO -
WRITE (OUT , CMODNAME (.1 ,J.) ) ;WRI TELN (OUT) ;
END;
'WRITELN(OUT,' END FRAME 1'):
WRITE(OUT,' RUN 1 TO OBSERVE MODEL '); . -

FOR J := 1 TO MLEN DO ¥ ,
WRITE(OUT,MBUFF(.J.)); WRITELN(OUT);

WRITELN(OUT,' WITH PARAMETER SET 1 IN FRAME 1)

WRITELN(OUT,' WITH POST RUN'); |

WRITELN(OUT, '  OUTPUT MODULE 1 ON PRINTER;'):
WRITELN(OUT,' END POST RUN:');

WRITELN{OUT,' END RUN 1'); WRITELN(OUT);
WRITELN(OUT,' OUTPUT MODULE 1');
WRITELN(' PREPARE THE OUTPUT MODULE STATEMENTS'):
READINPUT(BUFF,LEN);
WHILE LEN > 0 DO
BEGIN M
FOR J :- 1 TO LEN DO
WRITE(OUT,BUFF(.J.));
WszﬁLNQOUT,';');
" READINPUT({BUFF,LEN)
END; |

WRITELN(OUT,' END QUTPUT MODULE 1'):

END; L
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PROCEDURE COUPLEDMODEL;
VAR I, J, S, P, W,LEN, FLAG : INTEGER;
BEGIN | '

FLAG := O .
‘S?STEM(fEXECSERV CLEARSCN' ,RC) ; WRITELN; WRI TELN ; WRITELN;
WRITELN(' COUPLED MODEL SPECIFICATION BEGINS..;:t);-
QRITELN;WRITELN(' ENTER COUPLED MODEL NAME');
READINPUT (MBUFF , MLEN) ; )
IF MLEN > 0 THEN

BEGIN

. WRITE(QUT,' PROGRAM ');
FOR.I := 1 TO MLEN DO
WRITE (OUT,MBUFF(.I.));
WRITELN(OUT, ';")
END; ‘
WRITELN(' ENTER EXTERNAL INPUT(S) IF ANY'});
REAbINPUT(EXBUFF,ExLEN);
,IF EXLEN > 0 THEN
BEGIN
WRITELN(QUT,' EXTERNAL');

- FLAG := 1;

WRITE(OUT,'  INPUT');
FOR I := 1 TO EXLEN DO

WRITE(OUT,EXBUFF{.I.});
WRITELN(QUT, ";')
END: |
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WRITELN(' ENTER EXTERNAL OUTPUTS IF ANY');
READINPUT(BUFF,LEN){
1F LEN > 0 THEN
'BEGIN '

WRITE(QUT,'  OUTPUT'};

FOR I := 1 T0 LEN DO

WRITE (OUT,BUFF(.1.));

WRITELN(QUT, ':")
END;
IF FLAG = 1 THEN
WRITELN (OUT, " END EX&ERNAL;‘):
WRITELN(' ENTER THE NUMBER OF COMPONENT MODELS');
READLN ( NUMBER) ; o
WRITE(OUT,' COMPONENT MODELS ");:
FOR J := 1 TO NUMBER DO

BEGIN

K$'=J; i

WRITELN(' ENTER NAME OF COMPONENT MODEL ' ,K);.

.READINPUT(BUFﬁgg§N);
FOR § := 1 TO LEN DO ;
 BEGIN
CMODNAME( .K,S.) := BUFFE.S.):
WRITE (OUT,CMODNAME( .K,S.)})
END; .
IF J.< NUMBER THEN @
WR;}E(OUT,','); ¢

LCMOD(.K.) := LEN; -

o



B

END;
WRITELN (OUT) ;
FOR J := 1 TO NUMBER DO -

BEGIN
| 'K_ HE I ) -
GFLAG := 1;

!
CONTINUOUSMODEL ( BUFF ,LEN) ;

WRITE(OUT,' END COMPONENT MODEL '); .

'FOR S := 1 TO LCMODF®K.) DO
WRITE(OUT,CMODNAQE(.K,s.)):
WRITELN (OUT) ‘

END; . .". -

IF° EXLEN > 0 THEN

BEGIN |

WRITELN(' EQUIVALENCING');

WRfTE(' ")

FOR S := 1 TO MLEN DO .

WRITg(MBUFF(.s.)): WRITE('."); (:\

FOR S := 1 TO EXLEN DO

N WRETE(EXBUFF(.S.)): WRITELN(' = ')

= -

-

] MEINPW(BWF,LEN)} |
IF LEN > 0 THEN
BEGIN o -
WRITELN (OUT, ' EQUIVALENCING' ) ;
 WRITELN(QUT,' INPUTS'); °
WRITE(OUT, ' '); o
FOR S :=;1'TO_EXEEN DO
| T ‘2170 -
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[

WRITE (OUT,EXBUFF(.S.)); WRITE(OUT,' = '}; . ‘-

FOR I := 1 TO LEN DO
WRITE(OUT,BUFF(.I.)): g
WRITELN(OUT,':'): . o

| & o <.
 wriTELN(DUT,' END EQUIVALECING');WRITELN;

WRITE(' COUPLING FOR '); ‘
FOR'S := 1 TO MLEN DO
WRITE(MBUFF(.S.));'ﬁRITEﬁ%;WRITELN:

(* 2222 COUPLING SPECIFIGATION  *) \ *X>

FOR P := 1 TO NUMBER DO -
BEGIN: . . -

_IF INLEN(.P.) > Q THEN

BEGIN o~
INLEN[(.P.) := INLEN(.P.) + 1; ‘
FOR I INLEN(.P.) DO =~ . - | e T

= BEGIN .
IF (INPAT(.P,I.) = ;,') OR (I'= INLEN(.P.)) THEN
BEGIN h | o
WRITE('.');
FOR W := 1 TO.LCMOD(.é.) DO’ |
WRITE (CMODNAME (., W.));WRITE('."); . =~
- WRITELN{' <----- ° (ENTER ‘THE SOURCE)');
READINPUT(BUFF,LEN) ;
s WRITE(OUT,” '); |

FOR W :2 1 TO LCMOD(.P.) DO

. WRITE(OUT,CMODNAME(.P,W.));WRITE(QUT, ."); .
. I SN - T

. ;...
. R
) : . . vy TN
. . Dl
L. . . . . el 2y
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LN

. - FOR-J 3= 1 TO LEN DO
"WRITE(OUT,BUFF(.3.))} -
WRITELN{oﬁT,&;')

END C
ELSE o
IF INPAT(.P,I.) <> ' ' THEN
BEGIN |
WRITE(INPAT(.P,1.));
WRITE(OUT, INPAT(.P,I.))
END
END
END

END:

WRITE(OUT, ' END COUPLING FOR ');
FOR § := I TO MLEN DO

WRITE(bUT,MBUFF(.s.)); WRITELN(OUT,';');WRITELN(OUT)

v

END;
WRITE(OUT,' END MOD%L');
FOR S := 1 TO MLEN DO

iEND H
PARAMETERSET;

WRITELN(OUT,’ END, PARAMETER SET 1');
EXPERIMENTALFRAMES

WRITE(OUT,' END PROGRAM ');

FOR.I := 1 TO MLEN DO

WRITE(OUT ,MBURF(.I.));

- 172 -

TP 11

WRITE{OUT,MBUFF(.S.)); WRITELN(OUT,';');WRITELN(OUT).




"WRITELN{OUT)
END; |
PROCEDURE INIT;

" VAR N : INTEGER;
BEGIN |
SYSTEM('EXECSERV CLEARSCN', RC); WRITELN;WRITELN;WRITELN;

WRITELN(' TH&S FACILITY PROVIDES FOR THE SPECIFTCATIdN.t)?

WRITELN(' . OF THE FOLLOWING- :');WRITELN;
WRITELN(' 1 COMPONENT MODELS ');
WRITELN(" 2 -  COUPLED MODEL SPECIFICATION');
WRITELN(' 3 PARAMETER SET SPECIFICATION');

| WRITELN;WRITELN; |

C

WRITELN(' ENTER THE FACILITY YOU WANT, PLEASE');READLN;
READ(N);
CASE N OF -
1: CONTINUOUSMODEL (BUFF,LEN);
2: COUPLEDMODEL;
3: PARAMETERSET;
) OTHERWISE .
SYSTEM( 'EXECSERV CLEARSCN', RC):
WRITELN(' I AM SORRY I CANT HELP YOU, TRY AGAIN');
~ END;
END;
BEGIN
REWRITE(OUT) ;
GPLAG := 03

K:=1:

Y
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INIT;
WRITELN("'
ctoéE(OUT);

END.

END
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Appendix D _
TEMPLATE GENERATOR PROGRAM
"-§§§§y§LE
NORMALLY MODE IS REAL
' DEFINE VAR AS TEXT VARIABLE
END ''PREAMBLE
MAIN - o - 7
‘USE 44 FOR OUTPUT
WRITE AS "PROGRAM ",/

WRITE AS " ENTER ",/ USING 6

, WRITE AS " CPM FOR COUPLED Monsﬁ*}/ USING 6
"WRITE AS " CNT - FOR éONTINUOUS MODEL", / UQING 6
WRITE AS "  MEM FOR MEMORYLESS",/ USING 6
ﬁﬁiws AS " DIS g FOR DISCRETE MODEL",/ USING 6

WRITE AS " ",/ USING 6
READ VAR |
IF VAR = "CPM"
CALL COUPLED
ELSE IF VAR = "CNT"

CALL CONTINUQUS

CALL PARAMETERSET

&'

ELSE IF VAR = "MEM" -
CALL MEMO

ELSE IF VAR = "DIS"
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CALL DISCRETE

. ELSE WRITE AS "INVALID RESPONSEf,/ USING 6

ALWAYS ~ . :
ALWAYS . . 1
ALWAYS A . :
ALWAYS
_ END '"MAIN g
" ROUTINE CONTINUOUS. ?
WRITE AS "CONTINUOUS MODEL",/ '
. WRITE AS " STATIC STRUCTURE",/ %2%
WRITE-AS " INPUT ",/
WRITE AS "  STATE ",/ .
WRITE AS " OUTPUT",/ |
WRITE AS " AUXILIARY VARIABLES ",/ :
WRITE AS "  AUXILIARY PARAMETERSS %
WRITE AS " - END AUXILIARY PARMMETERS;",/ |
. WRITE AS " PAéAMETERS ",/ | :
" WRITE .AS "  TABULAR FUNCTIONS ",/ “E
WRITE AS "  INTERPOLATIONS ",/ ~ !
WRIFE AS »  END INTERPOLATIONS;",/ i
WRITE AS " END STATIC STRUCTURE",/ ,
_ WRITE AS " DYNAMIC STRUCTURE",/ |
WRITE AS " DERIVATIVES °,/ | j
WRITE AS "  END DERIVATIVES;",/ . * |
WRITE AS "  OUTPUT FUNCTION ",/ |

WRITE AS " END OUTPUT FUNCTION;",/

WRITE AS " END DYNAMIC STRUCTURE;",/

- 176 -



' WRITE AS " END MODEL ........",/

i
-

END ''CONTINUOUS

ROUTINE PARAMETERSET

WRITE
WRITE
WRITE
WRITE
- WRITE
WRITE
WRITE
WRITE

" WRITE

é:::‘ WRITE

WRITE
WRITE
WRITE
WRITE

. WRITE

WRITE

WRITE
WRITE
WRITE
WRITE
"WRITE

AS:

AS
AS
AS
AS
AS
AS
AS
AS

AS

AS

AS-

AS

AS

aS
AS
AS
AS
AS
AS

AS

L]

n

”

"

PARAMETER SET 1*FOR ......",/
END PARAMETER SET 1:“,/'
FRAME 1 FOR ceveed™/

GLOBAL "~/ X
TIME UNIT IS ......",/
SIMULATE UNTIL ......",/
START TIME .....",/
INTEGRATE BY RUNGE_KUTTA; ",/
COMMUNI CATE Ag'svsny'..:.",/

END GLOBAL;",/ :

INITIALISE STATE ",/
SAVE T/ -
. INTERPOLATION LINEAR",/
END MODEL ..... r v/
END FRAME 1;",/
RUN 17,/ \
END RUN 1;",/
OUTPUT MODULE 1",/

END OUTPUT MODULE 1;",/

"END PROGRAM eesa",/

END ' 'PARAMETERSET

ROUTINE MEMO

WRITE AS " MEMORYLESS MODEL ",/ &

’
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WRITE
WRITE

WRITE

WRITE
WRITE
WRITE
WRITE
WRITE
WRITE
WRITE
WRITE

AS "

As L L

AS "
AS "
as "
AS "
AS "
AS "
ASSE
AS "

STATIC STRUCTURE ",/">
.INPUT ",/
OUTPUT ",/ | |
PARAMETERS ",/
AUXILIARY VARIABLES",/ _
AUXILIARY PARAMETERS",/
END AUXILIARY PARAMETERS;",/
END' STATIC STRUCTURE;",/
DYNAMIC STRUCTURE",/

END DYNAMIC STRUCTURE:",/'

AS " END MODEL ....",/

END ' 'MEMO

ROUTINE DISCRETE

WR)‘[TE:

WRITE
WRITE
WRITE
WRITE
WRITE
WRITE
WRITE
WRITE
WRITE
WRITE
WRITE

WRITE
£

X

AS " DISCRETE MODEL ",/ -

AS 7
AS "
AS "
AS "
aAsS "
AS "
1
AS "
AS T
AS "

As "

AS " .

AS "

WRITEAS "

STATIC STRUCTURE ",/
INPUT ",/
STng ",/
OUTPUT ",/
PARAMETERS ",/
AUXKILIARY VARIABLES",/
AUXILIARY PARAMETERS",/
END AUXILIARY PARAMETERS;“,/
END STATIC STRUCTURE;",/
DYNAMIC STRUCTURE",/
STATE TRANSITION",/
END STATE TRANSITION;",/

END DYNAMIC STRUCTURE;",/

- 178 -



WRITE AS " END MODEL cee ",/
END ''DISCRETE |
ROUTINE COUPLED -

WRITE AS "COUPLED MODEL, "/

WRITE AS " EXTERNAL ",/

WRITE AS " INPUT ",/

"WRITE AS " OUTPUT ",/

WRITE-AS ": END EXTERNAL; ", /

WRITE AS " COMPONENT MODELS ",/

CALL CONTINUOUS | /{ _ | &

WRITE AS EQUIVALENCING ",/

WRITE AS."  INpUTS ",/ = . ®

WRITE AS END EQUIVALENCING;",/ '

WRITE AS © " courLING o/

JRITE AS © END COUPLING FOR ", /

WRITE AS "END MODEL ceu",/

CALL PARAMETERSET
END ''COUPLED
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Appendix E
DEER POPULATION MODEL

PROGRAM STUDY_OF_DEER_POPULATION

(* This model is adopted from:
P.W. House and J. McLeod (1377).
. }
Large-scale models for policy evaluation.

Wile}-lntersciepce, New York, pp. 148-153 *)

CONTINUOUS MODEL DEER_POPULATION; . ‘
. ) t ’ . . }
STATIC STRUCTURE - _
STATE - DP; (* DEER POPULATION *)
OUTPYT DP, PP, DKPP;

AUXILIARY VARIABng
=

DNI, {(* DEER NET INCREASE - *)
DPR, (* DEER PREDATION RATE *)
’ DD; : (* DEER DENSITY - *)

)

PARAMETERS AREA,
. f
NIR; : (* NET INCREASE RATE - k)
TABULAR FUNCTIONS

PPT, -, (* . PREDATOR POPULATION TABLE - *)

DKPPT; h (* DEER KILL PER DPREDATOR TABLE  *)
INTERPOLATIONS | ‘

PP, (* PREDATOR POPULATION _ *)

DKPP; (* DEERKILL PER PREDATOR *)



PP = PPT(TIME};
%PP = DKPPT(DD);
END INTERPOLATIONS;
END STATIC STRUCTURE;

- DYNAMIC STRUCTURE

DERIVATIVES e

DP' = DNI - DPR;
DNI = NIR*DP; : ‘>
DPR = PP*DKPP; "\// ’ Cf .
DD = DP/AREA;
END .DERIVATIVES; : o «

END DYNAMIC STRUCTURE; .
END MODEL DEER_POPULATION;

PARAMETER SET 1 FOR. DEER POPULATION

AREA -

.800000.0;

NIR = 0.2; ' :

TABULAR FUNCTION PPT WITH 2 POINTS

-

(* GIVES PP - PREDATOR POPULATIOE.AS A FUNCTION OF TIME *)
(1880., 300.)(1960., 300.)

END TABULAR FUNCTION PPT;

TABULAR FUNCTION DKPPT WITH 6 POINTS . .
£ GIVES DKPP - DEER KILL PER PREDATOR |
g AS 2 FUNCTION OF DD - DEER DENSITY  *)
(0.0,  0.0) (0.005, 3.0) (0.010, 13.0)
(0.015, 32.0) (0.020, 51.0) (0.025; 56.0)

-~
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it

"END TABULAR FUNCTION DKPPT:

END PARAMETER SET 1;

_FRAME 1 FOR DEER: POPULATION
* . GLOBAL .
TIME UNIT IS YEAR

START TIME = 1880;

P

SIMULATE UNTIL TIME = 1970; . o
' INTEGRATE BY RUNGE KUTTA, REL_ERROR = 0.001; . .

———

END GLOBAL;

H )

MODEL DEER_POPULATION
INITIALIZE STATE

' DP = 4000.; -

SAVE DP, PP, DKPP AT EVERY YEAR ;
TN % .

INTERPOLATION LINEAR. PP, DKPP;

—

END MODEL DEER_POPULATION;

END FRAME 1: | ’ -

RUN 1 TO OBSERVE MODEL DEER_POPULATION WITH PARAMETER SET 1 IN FRAME 1
WITH POST RUN |

OUTPUT MODULE 1 ON PRINTER;

-

END POST RUN; | /

END RUN 1;
OUTPUT MODULE 1 ( °
. . . ) 4
P HEADING LINE; ’ : S
_ PRINT 1 HE > . (h\\ :
STUDY OF DEER POPULATION \ i
: T . \
PRINT DP, PP, DKPP VERSUS TIME;. /)- .

-
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END OUT%UT MODULE 1;

END PROGRAM STUDY OF DEER POPULATION;

o



Appendix F ‘ -
TRANSLATED DEER POPRULATION MODEL

PREAMBLE

NORMALLY, MODE 18 R§§L

‘DEFINE W, nw AS 1~QrM ARRAY

DEFINE H AS A VARIABLE _

DEFINE TNOSV2 AS INTEGER VARIABLE
DEFINE INTERPOLATE AS FUNCTION
DEFINE DP AS VARIABLES

DEFINE PP, DKPP AS VARIABLES
DEFINE DNI, DPR, DD AS VARIABLES
DEFINE -AREA, NIR AS VARIABLES
DEFINE PPT, DRPPT AS 2-DIM ARRAY
END ''PREAMBLE -
kAR ARE AR R AT KRR IR A XK XA
''*  MAIN.PORTION *%

vk OF PROGRAM . . * %

TV gk kkhdekk kR kb kA A Ak dd K

MAIN |

RESERVE W, DW AS 1
LET TNOSV = 1

LET TNOSV2 = TNOSV
LET H = .07

LET AREA = 800000.0
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[ewly

_LET  NIR. = 0.2 e | )
RESERVE PPT AS 2 BY 2
READ PPT USING 2¢ . _ °

RESERVE DKPPT AS 6 BY 2

X

_ READ DKPPT USING 24 SN L S
LET | DP = 4000. o
USE 86 FOR OUTPUT

PRINT 1 LINES AS FOLLOWS

STUDY OF DEER POPULATION

LET TIME = 1880 )
LET W(1) = D . : e
UNTIL TIME = 1970 - . : | I
DO . o 2 .
LET PP= INTERPOLATE ( 2,TIME,BPT(*,*)) &
LET DKPP= INTER?dLATE ( 6,DD,DRPPT(*,*))

CALL RUNGEKUTTA GIVEN W(*), DW(*), TIME,TNOSV
ADD 1.0 TO TIME
WRITE TIME, DP, PP, DKPP AS D(8,2),S 3, 3_D(12;6),/ USING 88
LOOP

~ END ' "MAIN - | | ’
"****;**********************

"'*°  DERIVATIVE **

Crk FUNCTION "k

\ . .
TrThkkhkhkhkhkhtidhhkhkhhhhthihik

ROUTINE DERIV(W, DW,TME)}
DEFINE W, DW AS 1-DIM ARRAY

DEFINE L,B,K AS INTEGER VARIABLES

1)
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PN
e VES

-

~

'DEFINE TME AS VARIABLE

RESERVE W, DW AS 1
LET -DP-= W( 1)

3

Sl DNI

DPR

_ W( 1) = DNI - DPR

»

o

- . DD = DP/AREA
S >
>.  FOR K-= 1 TO {NOSVZ

DO .
'LET DW(K) - W(K) .
LOOP

END-"ﬁERIv

'NIR*DP
PP*DKPP -

~ -



Appendix G

RESULTS OF DEER POPULATION MODEL

‘$TUDY, OF DEER POPULATION

TIME
1881.00
1882.00
1883.00
1884.00
1885.00
1886.00

1887.00
.1888.00
1889.00
1890.00

1891.00°

1892.00
1893.00
1894.00
1895.00
1896.00
1897.00
1898.00
1899.00
1900.00

DP
4056.394531

4050.124023

4043.767822
4037.323730

4030.790283
£024.166504

4017.451172
4010.642578
4003.739746

 3996.741943

4052.773437
4046.452881
4040.045898
4033.550049
4026.964355
4020.287598

4013.518799

4006.655762
3999.698%86
4055.771484

PP
300.000000
300.000000
300.000000
300.000000
300.000000
300.000000
300.000000
300.000000
300.000000
300.000000
300.000000
300.000000

300.000000
300.000000°

300.000000
©300.000000
300.000000
300.000000
300.000000
300.000000
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DKPP

0.
" 3.000705

3.000626
3.000546
3.000466
3.000384
3.000301
3.000217
3.000133
3.000047

.014988
3.000659
3.000580
3.000500
3.000419
3.000337
3.000253
3.000169
3.000083

.014999



1901.00
1902.00
1903.00

1904.00
1905.00
1906.00
1907.00
1508.00
1509.00
1510.00
1911.00
1912.00
1913.00
1914.00
1915.00

1816.00

1917.00
1918.00
1919.00
1920.00
1521.00
1922.00
1923.00

1924.00 °

1925.00
1826.00
1827.00

» 4049.492187

4043.127197
4036.674072

4030.131836

4023.499023

4016.774170.

4009.956543
4003.044678
3996.036865
4052.05810%5
4045.727539
4039.310547
4032.804687
4026.208496
4019.521240
4012.741699

4005.868164 °

3998.899658
4054.961426
4048.670898
4042.294189
4035.829590
4029.275635
4022.630859
4015.894287
4009.064453

4002.140137

300.000000
300.000000
300.000000
300.000000

-300.000000

300.000000
300.000000
300.000000
300.000000
300.000000
300.000000
300.000000
300.000000

300.000000

300.000000
300.000000

300.000000

300.000000
300.000000
300.000000
300.000000
300.000000
300.000000
300.000000
300.000000
300.000000
300.000000
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3.000697
3.000618
3.000539
3.000458
3.000376
3.000294
3.000209
3.000124
3.000037
.014985
3.000650
3.oozzji>
3.00048
3.000409
3.000327
3.000243
3.000158

3.000072
.014986

3.000687

3.000607
3.000528
3.000447

3.000365

3.000282

- 3.000188

3.000113



L

1928.00

1928.00

11930.00
1931.00

1932.00
1933.00

1934.00°

1935.00
1936.00
1937.00
1938.00

1939.00

1940.00
'1941.00
1942.00
1943.00
1944.00
1945.00
1946.00
1947.00
1948.00
1949.00
1950.00
1951.00
1952.00
1953.00
1954.00

3995.120117
- 4051.128906

4044.785645

4038.355469 -

4031.836426
4025.227051
4018.526367
£011.732666
4004.845459
3997.862793
4053.909912

4047.604736.

4041.213379

4034.733643

4028.164307

14021.504150

4014.751953
4007.906250
4000.965820
3993.929687

. 4049.821875

4043.561768
4037.114746
£030.578613
4023.851660
4017.233398

4010.421875

300.000000

300.000000

300.000000 .

300.000000
300.000000
300.000000
300.000000
300.000000
300.000000
300.000000
300.400000
300.000000
300.000000
300.000000
300.000000
300.000000
300.000000
300.000000
300.000000
300.000000
300.000000
300.000000
300.000000

300.000000
300.000000 -

300.000000
300.000000
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'3.000027

.014982
3.000639
3.000559
3.000479
37000398
3J600315
3.000231
3.000146
3.000060

.014992
3.000673
3.0005594
3.000515
3.000434
3.000352
3.000268
3.000184
3.000098
3.090011

.014977
3.000624
3.000544
3.000463
3.000381
3.000298
3.000215

p



1955.00

. 1956.00

1957.00
1958.00
1959.00
1960.00
1961.00
1962.00
1963.00
1964 .00
1965.00°
1966.00

- 1867.00

1968.00_
1969.00
1970.00

4003.516113

3996.515381

4052.543701
4046.219971
4039.809814

4033.310547

2090.174561
£084.371338
4078.488770
4072.524902
4066.478516
4060.348389
4054:133545
£047.832764
4041.444824
4034.968262

300.000000
300.000000
300.000000

300.000000
300.000000

300.000000
0.

300.000000

300.000000

300.000000
300.000000
300.000000
' 300.000000
300.009000

300.000000
300.000000
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3.000130
3.008044

.014987
3.000656
.3.000577

3.000497

3.000416

3.001126
3,001054
3.000880
3.000906
3.000831

3.000753-

3.000676
3.000597
3.000518

4



Appendix H™ -
MOTOR MODEL =~

. PROGRAM. STUDY_OF_MOTOR_CONTROLLER
(* THIS MODEL IS ADAPTED FROM: )
ELMQUIQT; H. (1975). SIMNON USER'S MANUAL,
REPORT 7502, DEPT. OF AUTOMATIC CONTROL,
LUND INSTITUTE OF TECHNOLOGY, SWEDEN
COUPLED MODEL MOTOR_CONTROLLER .

1 - YREF;

. END EXTERNAL;
COMﬁéﬁENT'MODELS PID_CONTROLLER, MOTOR;

' CONTINUOUS MODEL PIDﬂCONTROLtER;
STATIC STRUCTURE
INPUTS YREF, Y;
STATES I, X:
OUTPUT U; .
AUXILIARY VARIABLES E, P, D;
PARAMETERS G, GD, TD, TI;
END STATIC STRUCTURE;
DYNAMIC STRUCTURE
DES}VATIVES

1' = E/TI;

_191_

*)



X' = -GD/TD*(X - -¥):
E = YREF - Y;
END DERIVATIVES:

OUTPUT FUNCTION

U = P+I+D;
P = G*E;
D = -GD*(Y - X);

END OUTPUT FUNCTION;
END DYNAMIC STRUCTURE;
END MODEL PID_CONTROLLER;
CONTINUOUS MODEL MOTOR
STATIC STRUCTURE
INPUT U;
STATES TH, THDOT;
OUTPUT ¥;
AUXILIARY VARIABLES ME, I;
PARAMETERS KM, R, J, CT;
END STATIC STRUCTURE;
DYNAMIC STRUCTURE
_DERIVATIVES

TH' = THDOT;

THDOT' = ME/J:
ME = KM*I;
I = (U-KM*THDOT)/R;

END DERIVATIVES:
OUTPUT FUNCTION
Y = CT*TH;
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END OUTPUT FUNCTION;
END-DYNAMIC STRUCTURE;
END MODEL MOTOR; -

END COMPONENT MODELS;

EQUIVALENCING

INPUTS B
| MOTOR_CONTROLLER.YREF = PID_CONTROLLER.Y_REF;
END EQUIVALENCING; -

COUPLING FOR MOTOR_CONTROLLER

PID_CONTROLLER.YREF <—-—’M0¢0R_C0NTROBLER ¥REF;
. : * EXTERNAL PUT *)

PID_CONTROLLER.Y <—== MOTOR.Y;

MOTOR.U <--- PID_CONTROLLER.U
END COUPLING FOR MOTOR_CONTROLLER;

END MODEL MOTOR_CONTROLLER ;

r

PARAMETER SET 1 FOR MOTOR_CONTROLLER ' \\
MODEL PID_CONTROLLER .

rd

G = 1.0;:
GD = 1.0; B
™ = 1.0;

TI = 1.0 * 10 ** 10:

END MODEL PID_CONTROLLER;

MODEL MOTOR | f
KM = 6.2 * 10 ** (-3); ’
R = 5.3;
=3 = 7.5 % 10 ** (-7);
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CT = 0.033;
END MODEL-MoTéR;
o END.PARAMETé;ﬁSET 1
FRAME 1 FOR MOTOR_CONTROLLER
GLOBAL '
TIME UNIT IS SECOND;
SIMULATE UNTIL TIME = 5;0;'
INTEGRATE BY RUNGE KUTTA, REL;ERROR = 0.0001;
COMMUNICATE AT EVERY 0.01 SECOND; h
END GLOBAL;
MODEL RID_CGNTROLLBR
INITIALIZE STATES TO ZERO;
SAVE U; " '
"+ END MODEL PID_CONTROLLER; . g_
MODEL MOTOR . "

INITIALIZE STATES

TH = 0.0:

THDOT= 0.0;: N
. €

SAVE ¥;

END MODEL MOTOR;
END FRAME.1;

RUN 1 TO OBSERVE MODEL MOTOR_CONTROLLER

WITH PARAMETER SET 1 IN FRAME 1;

) WITH POST RUN ,
OUTPUT MODULE 1 ON PR#E:

END POST RUN;

END RUN 1;
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OUTPUT MODULE 1

PRINT FOR FIRST PAGE 1 HEADING LINE;
STUDY OF MOTOR CONTROLLER

PLOT AND LIST .U, V VERSUS TIME;

-

END OUTPUT MODULE 1; _
END PHOGRAM STUDY OF_MOTOR_CONTROLLER;

¢
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Appendix I
TRANSLATED MOTOR MODEL

PREAMBLE

NORMALLY, MODE IS REAL

DEFINE
DEFINE
DEFINE
DEFINE
DEFINE
DEFINE
bEFiﬁE

DEFINE

DEFINE

DEFINE
DEFINE
DEFINE

DEFINE

W, DW AS 1-DIM ARRAY
H AS A VARIABLE
TNOSVZ AS INTEGER VARIABLE
INTERPOLATE AS FUNCTION
YREF AS VARIABLES

Y AS VARIABLES

I, _X AS VARIABLES

U AS VARIABLES

E, P, D AS VARIABLES

G, GD, TD, TI AS VARIABLES
TH, THDOT AS VARIABLES
ME AS VARIABLES

KM, R, J, CT AS VARIABLES

END ' "PREAMBLE

ttdkkhkhhkhkdkhkhrhhkrhkhhhdhdhhdk

T

TR

MAIN.PORTION : **

OF PROGRAM *x

T Tdekkkhdddbdhkhihhhddhhehhthhik

MAIN

-

RESERVE W, DW AS 4
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LET TNOSV =

\

4

LET TNOSV2 = TNOSV

LET H = .07

LET
LET
LET
LET
LET
LET
LET
LET
LET
LET

.

-5

YREF= 1.1;0/0-

I

LET X

LET TH

LET THDOT=

USE 86 FOR

G =1.0

6D = 1.0

™ = 1.0 .
TT = 1.0 * 10 ** 10
KM = 6.2 * 10 ** (-3)
R = 5.3
J = 7.5 % 10 ** (-7)
CT = 0.033.

0

0
0.0
0.0

OUTPUT

PRINT 1 LINES AS FOLLOWS

LET
LET
LET
LET
LET
LET

LET

LET

W
W (
W(

W

STUDY OF MOTOR_CONTROLLER

1)
2)
3)
4}

I

X

TH

THDOT
= G*E

CT*TH

n

-GD*(Y - X)

P+I+D
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UNTIL TIME > 1.0

)

DO

CALL RUNGEKUTTA GIVEN W(*}, DW(*), TIME,TNOSV

LET P = G*E
LET Y = CT*TH
 LET D = -GD*(Y - X) | '
LET U'=.P+I+D_
ADD 0.01 TO TIME N

WRITE TIME, U, Y AS D(8,2),S 3, 2 D(12,6),/ USING 88
LOOP
END ' 'MAIN

re ******************.****'.*****

vex DERIVATIVE *x

vk FUNCTION - *x

L ******************.*******l**
ROUTINE DERIV(W, DW,TME)
DEFINE W, DW AS 1-DIM ARRAY
DEFINE L,B,K AS INTEGER VARIABLES
DEFINE TME AS VARIABLE-

RESERVE W, DW 2S 4
LET I = W( 1)
LET X = W( 2)

LET TH = W( 3)

LET THDOT = W({ 4)
E = YREF - ¥
W( 1) = -GD/TD*(X - ¥) _

Ww( 2) = E/TI
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W( 3) = THDOT

I = (U-KM*’;‘HDOT) /R

B

= KM*I
o

w( 4) = ME/J

FOR K

1.TO TNOSV2
DO

_ - LET DW(K) = W(K)

o

END ''DERIV
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TIME
.01
.02
.03
.04
.05
.06

07
.08
.09

.10
110

.12
.13
.14
.15
.16
17
.18
.19
.20

RESULTS OF TRANSLATED MOTOR MODEL

STUDY OF MOTOR_CONTROLLER

U

1.750000
1.760730
1.110237

.097679
-.824410

-1.313672

-1.236596
-.6594420

.045830
.674840
.965138
.848096
.420189
-.112940

-.538236

-.701299
-.574432
- . 243030
.139775
. 220481

Appendix J

Y

0.
.145991
.574540

1.060658

1.414354

1;516124

-

1.358830°

1.035640
.691647
.461578
.419368
.557463
.800023

1.040689

1.187286

1.195418

1.079480
.899687
.733157
.642162
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.21
.22
.23

.24
.25
.26
.27
.28
.28
.30

.31

.32
.33
.34
.35
.36
.37
.38
.39
.40
.41
.42
.43
.44
.45
.46
.47

.504211

.383732

.131138

- -.139858

-.322865
-.358738
-.252318

- 062466 .

.127358
.244264
.252584
.162860
.021948

~.109566

-.162368

-.175930

-.102747
.000634
.090694
.134537
.121172
.062968

.012051

1

.098135

.082445

.037078

.072953,

. .652088

. 746357
.878100
.9591986

1.046542

11.028323

.953532
.858044

.781147

.750016
1.770818
.828993
.857476
.948664
.965088
.944842
.900335
.851730
.818208
.810735
.828884
862446
.896582
.$18113
.920363
.904908
.879923
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.48

.50
.51
.52
.53
.54

.55

.56
.57
.58
.59
.60
.61
.62
.63
.64
.65
.66
.67
.68
.69
.70
.71
.72
.73
.74

.016787
.057394
.070825
.055361
.020596

-.017679.

-.044322

 -.050574

-.036614
-.010358
.016555
.033706
.035746
.023802
.004231
-.01448S
-.025275
-.024991
-.015145

-.000728"

.012146
.018728
.017287
.009391
-.001111
-.009857
-.013711

.856208

.842708
.843317
.856013
.874395
.850682
.898887
.896881
.886725
.873551
.862302
.857526
.860064
.868015

< .B77643

.885037
.88764i
.885061
.878944
.872086
.867213
.8658947
.868317
.872953
.877788
-880940
.881413
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.75
' .76
A.77
.78
.79
.80
.81
.82
.83
.B4
.85
.86
.87
.88
.89

.50

.91
.92
.93
.54
.95
.96

.87

.98
.99
1.00
1.01

-.011811

-.005615
.001955
.007818
.009938
.007974
.003198

-.002201

~.006072

~.007120

-.005300

-.001675

©.002136
.004646
.005055
.003473
.000758

.001904

.003497

.003544

.002223

.000215
.001623
.002606
.002466
.001397

.000072

.879362

.875895
.872523
.870528
.870502
.872206
.874767
.877094

.878321
.878117
.876742
.874871
.873286
.872559
.872860
.873945
.875297
876364
.876771

876446

.875606
.874640
.873833
.873725
.874032
.874672
.875356
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