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Present C55ls are a waluable tool in systems engineering
but some changes in the structure and a standavdization of
the langusge constructs would be useful.

A comparative review of the struccure in recent simulation
languages is carried ouc.

Afterwards, a language strucgure is proposed for the Sim-
lation of piecewise continuous systems whose

aim is to provide a modular way to build-up the modal as
wall as to ease the experimencation, validacion and debug~

ging.
Intreducction

fecant vears have seen intensive atrempts to extend
the art of mathemarical modeling to an ever-expanding ran
ge of applications. This stress on modeling has bean sti-
oulated by the increased availibilicy of interactive digj
tal computers and special-purpose simulation languages.
A particularly signifieanc impetus in the development of
macthematical models, however, has been the tendency of vig
tually all the scieatific fields to become more quantita-
rive in their metodologies.

Houwadays the scientific community feels twe main ne-
cessicies

.Languages able ro accurately represent continuous-discre-
te systems. There are two advises: Those who think that
the right way is the combined system simulation languages
{1} and these who advocate to define a new CSSL standard.
{2) for picewise continuous system simulation languages.
from the confrontation of borh points of vieuw very inte-
resting discussions have arisen (3).

.Languages supporting higher wodulariry in, at least, three
aspects: the programming of cthe simulaton study itself,
allowving program blocks consistent with the division of

the physical system into subsyscems, and sutomatic building
of the model by calling in submodels.

Review of the Strugture in Recent Languages

In 1981 an outline proposal for a mew C55L specifica~
cion te replace the 1967 SCi CSSL specification was presen
ted (2}, (3),(4}.

Four years later, im order to get an insight about
the trends and results we have tried to extract the main
scructural features of several langusges from the publi-
shed informavion at our dispesal.

The simulation seftware systems used for this purpose
have been:

COSY (5), SYSMOD (6) pertaining to cthe combined systems
simuiztion languages.

1$I5 (7)), (B), ESL (B) COSMOS (10) from the group of pie-
cewise continuous systems Simulation languages.

and cthe structural aspects considared:

. Simulazion study organization.
Coding of the system model.

. Coding of subsystems.

. Experiment description.
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. Handiing of disconinuities
Intervaccive features.

In chis approach data types, details in che syntax,
compiler versus iuterprecer, simulation environment and
other features have been neglected.

Simulation scudy organizatien

All che aforesaid langauges use separate program units
to describe the system and cthe asperiment but che way in
which they do it as well as the syntax change from cne to
another:

In some of them, the system descriprion is explicitelv
called using a specific sequence while in orhers the call
is implicit chrough a concrol statement or even withour it

In some languages the wmodel call is within the block des
cribing the axperiment while in others the system wodel is
buile from submodels in an ad-hoc hlock outside the experf
ment.

The contrui scatements which bracker the study are nocr the
same and some languages use symbols.

Coding of the svstem medel

ALl the studied languages,perhaps with one single
exception, allow the users to build che models from sub-
models bur they differ on structural aspects such as:

. Some of zhem divide the wmodsl description inte two parts:
2 set of declaration blocks where data, procedures and pro
cesses may be declared and a specific block where the mo-

del itseif is described while some others divide the model

Toughly into che classic regions and, if necessary, the
submodel cnlls are done from the DYNAMIC region.

. The alloved regions in the model range from three (INI-
T1AL, DYNAMIC, TERMINAL) to five by adding to the previous
cnes: decizrarions and a communication region which may
contain ourput statements or procedural code concerning
caieulations which need not be performed in all the steps
of the dynamic regiom.

. The execution of the INITIAL region which contains the
procedural code describing the initial conditions setting,
has heen extended in one case to any time rather than just
"rime zaro".

. The discrepancies concerning the DYNAMIC region defini~
rion are larger:

~ In some languages it is 2 non progedurzl description of
the differential and algebraic relationships which das-
cribes the model while im others the code has to be pro
cedupal because there is no requirement for automaric
sorcing of its statemencs.

- The concepr of DERIVATIVE section within the dynamic rg
gion to separate code which is executed only during the
integracien from that which has ro be executed only at
each communication ingerval is advocared in the CSSLEL
proposal but none of the above mantioned languages re-




- Isglated storage and translation of wmodels is not possi In che declaraction parc the inircial state of che model is

bie in some of the analysed languages, therfore, the given, parameters may be inicialized, the integracion me-
creation of preprocessed libraries of models and submo- thods and output requeriments are described.
s i . 1 . , . . ;
giizsstFELommended in rhe C55LBl proposal cannot he Simulation FRAMES in which several simulation runs mav be
ged.- specified, can be defined as well as GLOBAL ERAME, PRE-
- The TERMINAL region seems to be always devotad to the FRAME and POSTFRAME.

procedural description of the end-of-run calculations . forx s
: . : . RUN biuvck enables the user to initialize each
and not to perform functions concerning che simulacion 4 - run and a

POSTRUN assem! che statements o be executed w &

contral flow, In some cases.however. output statemencs A X yies_ axec hen
e et finish condicion is mec.

-are allowed.

Moreover a CONTINLOUS MONITOR can be set to observe the mo
del continuously and even to integrate a set of first or-
der differentialequacions. It is to be noticed thar MONI-
ICR had in the preceding paragraph an absolutely diifferenc
semanties and it is again a misleading control statement

Other langages use it jusc to code the invalidicy cond}i
tions of the model; che post-run caleulations beeing
lumped in a specific bleck inside the ewxperiment

Coding of subsvstems

Different blocks have bean proposed and a2 firsc re- Handling of discentinuities
mark is chat the bracket structure statements are mislea-
ding because some of chem may have different meanings
accovding to the different languages . Precoded discontinuous functions offered in a librarv by
the language. These are generally the well-known simulacion
operaters of the CSS5L67 bur generating numerically well-

If a model is defined as che deseription, using repre- conditioned run-time code.
sentarion stavements (paralilel code), of & part of the . . -
SYStem a5 an awtonomous submodel wh{gh com;unicates with Coding subrourines MODELs or HOUDLEZS

Nearly all the possibiliries have been Zound:

The main differenzes we have noticed are:

its environement through a list of parameters, among - Using IF elauses with different syntax.
cthers the following different scructure statements are .
& Using WHEN statements.
ugsed:
MODEL with invocation name in the definicion and . Qther scatements.

SUBMODEL with the same aame in the calling sequence.
Interaccive featuyres

SUBMODEL with invocation name in the definition and
just the name in the calling sequance. Little is said about intervactivity but in those lan-
guages wich the most advanced features, it is restricred

The pessibilicy of models to be preprocessed and called,
te two phases:

seems not to be g general rule.

. . . . . Figs inte i of che xecurion so
- There is no general agreemant about the inclusion in ¥stly, the interruption Program executlon s
as to pass control to the user, which can be achieved

the language of the MACRO, PRUCED and NOSORT pseudoblecks, by insarting an INTERACT contrel statement ot pressing
- In some languages the MODULE bloeck has been defined as a key in the keyboard.

wodular program unit and looking for a solution recogna-
sing cthat separate translation of MODELs can only be
achieved for a parrvicular class of description.

» Secondly, the use of iateractive commands to moniter
or change variables, te change the cutpuis or to post-
mortemn graph plocting.

It can caoncain the seme regions as the model and these

are automatically cransferred by the MODULE handler to A system structure

their correct locations whenever the MODULE is called. It

must be stored in source form. In its definicion, formal

parameters need no longer be separated into input and oug
puts as is the case in the MODEL or SUBMODEL block; upon
usage the mapping of the actual to formal parameters is

At present, the group working on systems simulacion
is carrying out the feasability scudy of a structure and
related language constructs converging with the trends on
picewise~continuous system simulation languages (il),

specified by explicic assignments; besides replacement of (2),(5).

parameters it uses formulae wanipularien and there is no The formzl design is c¢arried ouc using syntax analy-
requirement for che user to resgpive the issue of the usni- sis tools (12}, {13) and some of the objectives to be

que naming of variables. attained are:

Two of the considered languages have MODULE blocks defi- a} The language should manage a wmodularity consistent whith
ned bur, from the informarion we have, we cannot ensure che division of the physical system into subsystems through
that both are exactly the same or have all the above fea- a minimal but sufficient number of different bloeks.

tures. : I
b) The separation between the model description and the ex

. SEGMENY, as opposed te MODULE, is defined in the CSSLS1 periment should be dope in such a way that the medel re-

proposal as a block describing a parallel process which mains unchanged along the experiments and ready to be dsed
constitutes cne part of a partitioned system model, which from ancther model (submodel} at the end of the validation
communicates data with other segments enly at a regular and verification experiences.

COTRURLEACion poinLs. ¢} The language should be designed in order to be easily

None of the languages have implemented that block. extendable to real time applications.

d) It should be possible to build a system model in a

bottom~ap way relating tWo or more submodels from a model
The experiment description ranges from poor structu- or submodel of higher hierarchical level.

res to very nica features.

Experiment Description

&) Semiphysical and hardware in-the-loop simulation stu-
. The simplest one found is a procedural control segtion dies should be available.
in which it becomes possible to embed the model within a

main program. £} Isclated preprocessing of the models as well as run

time symbolic acces te the variables should be able.

- In che mid-range, two blocks are defined: a HONITIOR

describing che control signals (input signals) to the wo Simulation study

del aod QUTPUT describing che oucput variables and mades. - o T e distince blocks EXPERINENT and MODEL
- At the top level of the offered features, the experi- whose structure guarantees the proposad objecrive,

ment description consists of a declaration part and one

or more experimental frames.
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Besides, secs of experiments and secs of models can
be created in order to be used in later studies.
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In the most general case an experiment may have three
blocks:

. A DYNAMIC SEGMENT with the classic three regions:
INTITIAL, DYNAMIC and TERMINAL.
There is no difference with rhe dynamic segments defined
in the submodels. Tts aim is to allow the inclusion in the
experiment of the dynamies external to the represented
svstem but in most cases necessary for ics evolution or
continuous cost funcrions computation. In siople studies
the segment can be the representation of the system but
that is not at all its design cbjective.

In most frequent situarions,one or mare madels will be
called from the dynamic, the latter option opening che
possibilicy of simultaneously performing the same experi-~
ment on different independent models.

. A CONTROL SEGMENT describing che operafions to be per-
formed berween runs by means of procedural gratements.

In chis segment it is possible to specify experiments such
as parameteyr sweeping, optimiration or boundary conditien
problems whose codes are independent with respecrt to the
dynamics and sutput.

An OUTPUT SEGMENT clustering the oucput control state—
ments. L[ts objective is Lo make explicit the variables
whose evolution has to be recorded.

Models and submodels

They can be represented using che above described
DYNAMIC segments.

JMTTIAL DYMHARC CONTIHIOUS
HOOEL, o¥HAMG REGION I REGION
oR <=
SUIMGDEL SECHENT YEH#HINAL % DYHALIC SAMPLED
REGID N REGION

The nature of the equations coded in che DYNAMIC
region charaterizes the nature of the submodel as conti-
nuous (lumped or distributed parameters) or sampled,

The invocation of che contributory submedels is
done from the dynamic region.

.DERIVATNE SECTION
[LUMPED PARAMETERS
MODEL}

O YHAMIC
<

CONTINUDUS

2R

OERVATIVE SECTION
IDISTRIBUTED
PARAMETERS MODEL]

PROCEDURAL

REGION
SECTION

In che CONTINUOUS DYNAMIUC REGION vwo sections are possi
ble: a DERIVATIVE seccion containing representacion sca-
sements (parallel code) and pseudoblocks and a PROGCEDURAL
SECTION.

If the synetax of some representation statement carrespoads
te a partial differential equation, the whole model block

will be considered as representing a continuous discribu-

ted paramecer svstenm.

The procedural section is incended te include the code
which need not de executed in every intagration step buc
only at each communicarcion interval.

PROCEDURAL
DYHAME OYHAMIC s ALGOAITHM
<= .
61
SAMPLED . ‘,?'E'i‘}'i. . % IHRTEAFACE WiTH &
FROCE DURAL PHYSICAL SYSTEM
REGION SECTION

- The SAMPLED DYNAMIC REGION iz characterized by che fact
that it communicates wich the other dynamic regions oanly
ar fixed intervals.

1ts dynamic section can be of two kinds:
- & procedural algorichm

- An interface with a hardware subsystem. This Riad orf
dynamic sectien differs froo ali the others in two
main aspects: it depends on the hardware configuraticn
of the host compucer and it reguires real time compu~
tation (l4).

Postprocesser .

Although not involved in the lanpuage seructure but
in the system it can be mencioned that a postprocessor
is envisaged in order to individually or cross anzlyze
the results obtained in different scudies.

Conclusions

C€SS18) preposals de nec in themselves constitute a
complete specificarion and, evidently, the scenario four
years later shews a misleading family of continuous sys-
tem simulation language structures as shown in the review,
the proposal in this paper beeing one more member thereof.

The aurhors feeling is rthag, if simulacdien of con-
cinuous systems is to become a popular tosl, it is the
right moment for the scienrific community to make an
effort and define a cooplete state-pf-the-art scandard
for C55Ls which may ensure the user program portsbilicy
among lLts different implewentations.
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