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Trevel Report fnorn a Standardisation l.lorkshop End e CongFesE
in Sorrentor ltalyr September Iq79

Hilding Elmqvist

TNTRODUCTITTN

The author participated in ån international workshop trn
standerdiaetion of gímuletion langueges end pneeented ¡¡
påper at the IFIACS Congrêss in Siorrentor ltaly September
1979-.

The "$ionrento l,Jorkshop
Sirnu lat ion LanguaEes"
Agata ebout 10 krn frorn
Brenr 0ttewar Canada
Netherlendg. It rås
organizetÍons sueh åE
partieipants.

for Intennational 9tendEndisation of
wås held on Eieptember 2O-?1 et 5t
Sorrento. It wðs opgðnized by Tuneen
and I'laurice ElzeEr trlageningenr The
sponsored by saveFal international
Il'lAÊS and SCS. There wrne about 2ã

The IHAES CongreEs "Simulation of Siyetems" rr,ås held on
Sleptemben 24-28 in Eionrento.

STANDARD I ZAT I ON I^ITTRKSHT}P

The first day of the workshop wes used for presentation of
position pepers. A liet of thoEe is givan below, The
author's poeition påper is ineluded in the appendix. Thene
trrås elgo e two hour generål dfseussion in the afternoon.

Richand E. Nånce!
To ber or not to be Ig that thc quaetion?

Antonio p. Bongulielmir Fnaneois E. têllierl
On the UgefulneEE of DeterminiEtic tnamrnang fc¡r
Eiimuletion LanEuaEes

Hilding ElmqviEt¡
Some New Convenient Features of Siimulation LanguaEes

Joseph Eì. 6authíen:
Expenienees with ACSL

Harry H. I'lerkowitzl
Proposal fon tlre Sitandardization of $tatuE
Deseriptíon

Inge Tnoehl
Sìome ldeaE of e "Uger" about EiímuletÍon Software
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6iuseppe laaeollel
Simulation Languages and the Flenagement of Large
Hodeling Pro¡ects

Peten R. Benyanl
Standa rdi zed Expression r¡f Rate-State Relations

day was organized anound theThe dieeusEionE on the gecond
followinE seven issues!

1. Êitandardi¡etion level
- pnogråm
- model
- eoneeptual

2, Êoal
portabi I ity

- eornmunicatiotr / docun¡entation
- eFFor prevention
- convenienee (expressive powenl
- user friendlynese (for nEive ugere)

3. StEndendization approaeh
- universel bese

hierarehÍeal (Etratífied) preserving dietinetion
i t'¡ fo rme I i Ems

- enriehable / self extandehlê

4. User orientation
- different standards for diffenent types of ugers
- univeneel
- expandable
- P,O.L. (Pnoblem Oriented Languages)
- domain dependent (training simulators ete, )

€it nategy I
identify user community

- b¡se on axperts

5. Large scale orientation
- åggregation

I i nkage
- modularity

&, 9lieing of the pie
- elessical I eontinuous - diEenete
- stEtie - dynamie
- rnodel deseniption - expenimentation

Featu res
- diEcues first and in datail

later
- only besic ones

7
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It was deeided to eontinue the stEndardization work on the
caneeptual level.

An internetional committe waE set up. l"lauriee ElzaE hrëtg
elected aE chainmatr and Frencois Cellíer ag secretary. The
eomrnittee ehould Eeek sponsorship from international
onganizationE like IFIPr IITAGST 9C5r IAC¡ ISO and S6ËR.

Two subcommitteE wene formed!

I Deseribe and inventorize formaligms for hienerehiealr
gt rat isf ied approaehes.

¡

eha í nrnån !
eoeha i nman!

eha i rmån !
coeha i nrnan !

Below followg some
at the eongress in

eommentE on the moEt
nelation to my wonk.

Zeigler
Ma rkowitz

2. Poliey and 6oals. Refiner review and expand iEEues
digeussed end goale pnoposed.

Troeh
NielEen

The committee will have a Newsletter and the subeo¡nmittes
åre suFposed to issue a yearly progreË€ repont.

I became e rnember on the Eubcorumitte on formaligms,

coNtiREss

interestíng pi¡perE

B. Zieglen presented the invited Fðper¡

Hodelling and Simulation l"lethodolagyl State of the Ant and
Fromisíng Þirections

The presentation by E. Toeaylowski af

Lerge Bcale Steady State ProceEE Simulation llethodE

was closely nelated to nry work. lt dealt rrainly witlr the
problem of tearing. That iE e method of redueing the number
of iterated veriableE when solving systems of nonl itrear
equationE. He talked about stetie models but ft iE eertainly
interastinE for dynarnie rnodalg ¡¡ wcll.

F, trellien pnesented

The COSY Simulation Language

It is a combined language adapted to BASP-V.
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It was å very good
Ianguege with Eeveral

Kettinis talked about

Combined Eiímuletion t¡ith SIMULA ó7.

His work is elosely rel¡ted to the prog rårTr
COI-IBINEDSIHULATION developed by Ketd Helsgaunr RoEkÍlde,

Thene wåE ð special sesEion on pårållel
BrugEen presented

proeeãsing. C.

The Thírd Eeneration Hierop roeeãsoF I'|Ê68000

aboutand H. Lienhard talked

Eiimulation end ProeeEe tontnol with Parellel ProceEees ås
implemented in Pontal - Experience end Outlook

Thene wåE ålso e panal

pneeentat ion
niee fe¡tures

discussion.

TECNICAL CTIHMITTE 3 (TC3} OF TÌ'IACS

I am E mernber of Teehnieel eommittee 3 (TC3) of IHACS (WPl
and l^lP2). TC3 had a meeting during the congrtss. The
ehairrnån of TCS (8. Birling) end seeretary (4. Fennett) then
reeigned. E. CroEbie ¡råË :leeted new ehai rmen. TC5 had
previosly 3 worhing parties! trPl (gimulation languagesr
ehai rnrån H. Elzag) r hlP2 (EÍmulation eompi lersr ehei rrnan T.
Oren) and [^rP3, A digeussion Etarted on weather this
struetune Ehould be preserved or not. It wåE ångued that it
wås not neceesãåry sinee at leaEt hlPl and IJPZ had been
working in sueh a cloee contaet. It wes then deeided to
cloEe the meeting and re¡oin two days laten.

At thet meeting Fl. ElzaE nesígned fnom TCS End also pointed
out the need ta have elean rules ebout who ane ellowed to
vot,e at sueh meetings. There wcra no such rules whieh
implied that ånyone eould ¡oin a meeting and vote,

F. Ëellier weE elected ås seeretery of TCS. The nrxt meeting
wí11 tahe plaee in Interlekenr June 1980 in conneetion with
the eonfÊrrenee Simu let ion ' 80.

REAÊTIONs ON SIHNON AND DYf.IOLA

of
for

Pontal whieh is
parållel proeeãseã.

a

The euthor pnesented the rnodel languege Dymola at the
Computer Ëiimulation Êonferrenee in Tononto in July

Surnrnen
L?7q.
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Thcre wåE å very positivr ro¡pon¡e to th¡ec idr¡s and rnany
were intereEtnd in further inform¡tion.

During the vir¡it to Ëlc¡rrrnto I rnrdr two prr;nntrtion¡¡¡ onct
et the workshop and onee at the eongres¡. I precented å
posftion prpcrr whieh i¡ includad in th¡ rppendlxr ¡t thc
workshop. It df seusses the rnein eoneeptual work in Dymola
and Simnon r¡ueh Es¡

- generðl equationg
- EubmsdelE
- ec¡nnletion of ¡ubmodels¡

eubmodel Etructuna
- diff:n¡ner equ¡tione

i nteraet ion

Inforrn¡tion ¡bout Dyrnola ln thr form sf the Fåper to StSÊ in
Toronto ¡,rðs ålgo hendcd out.

Thnr¡ ür¡6 å vcry poe itiva rr;ponet both formally at the
ressions ¡nd informrlly nhen telking with individuel
partieipante. It eeemed th¡t concepta ¡ueh ¡s eonneetÍon
meeh¡nfgrn¡r euts ¡nd ¡ubrnod¡l etrueturn rn¡de sense evan to
pentieiprnta with ¿ baekground in dieenrte ¡i¡nulrtion.

The ¡uthors påpar ¡t the eongnesø wes ¡ntitled¡

H¡nipuletion of EontinuouE lvlodelE BeEed on EquationE to
Aerignment €itatem:ntE

It de¡le with the epplie¡tion of graph th:oretieal mathode
¡nd forrnule mrnipulrtion for tnenEforming rquationE to
ersi gnnrcnt ¡t¡t¡ûrrnt¡.

I r+¡s eepceially pleased to notiea th¡t the simuletitrn
methodologirt Brrn¡rd Zeiglrrr X¡r¡rl ft¡und thc eoneepts eo
intenreting in r:l¡tion to hi¡ work. HG Erid to me th¡t har
EftEn ne¡ding my thasisr found the eoncrpt of peth and how
thrt we¡ u¡rd to deserlþe cubnodrl ¡truetun¡ very nlegent.
He ¡leo cornmrntcd ¡bout hlE naod to get input of that hind
for. his reEetgreh.

Bern¡r.d Zeigler is editor of å Esction of the ¡ounnal
Símulation e¡l led Frontierg in Sirnul¡tion I'l¡thodology. He
eugge:ted thet I Ehould writs tn ðrtfcle ¡bout the coneoptr
of Dymolr to bc inelud¡d therc.

I had EeverðI t¡Iks to ReEnar Níclgenr Log Angelra. He h¡g
ree-Êntly beerr €lãËted Ëhsl noraR of the 5C6 cornmltte on
eimul¡tion lengueges. Furthenmor:r hc her¡ ¡ coffiplrny celled
Sirnuletion $lcrvices whieh providra the simulation progrðrï
Ë8SL-IV. Hê ia veny inter;stnd in Dymole. I'le t¡lhld ebout e
eooperation in which ¡.¡e would provlde the Dymola eompf len ss
å pr¡proeÇggor to be uged with CSBL-IV.



Francoi¡ C¡l I irr ¡ Eiwitzerlrnd h¡¡ I nclud¡d sorne
eoncepts of Þymola ín hio simulrtion lsnguega COSY.
now writing a prrpnÐcersor to tiASP-tV.

6

of th¡
They enc

Future ¡ctivlties
B¡low follows a list of suggr¡tionE for futune retivities¡

1. Convert thr Dymola trrnElrtor (writt¡n in Eiirnul¡) to
P¡see I

2. I'l¡ke the trrnslator eet rs â prËprtret¡sor for different
Eimulatic¡n lengueErs cueh es glll'lN0Nr CSSL end CË|MP.

3. Write a uEer'E mänuål fc¡r Dymola.

4. hlrite ¡ntiele for Êllmuletion

S, Write p¡per for eonference on simul¡tion methodology fn
Ottewa l?81.

&, St¡nt Ð nr¡gter th¡sig pro¡cct on srl¡ction of stete
vani¡bla¡ for modelE in Dymola rõ indicated in my
tha,gis.

CTTNELUSTONS

It weE an important viEit to ltaly. Slinc: thc workehop wes
elosely ncl¡ted to thc work I heve bean doinE it wðs
importrnt to inform ¡bout thrt. Th¡ r¡retion¡ ct the
congross ¿rbout Dymola w¡a vÈry pocitive ¡nd I mrde ¡ let of
ncw eont¡et¡.
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APPENDI X

Position papen fon¡

Siorrento Wonkshop fon Internatlonal StandErdizetion
of Simul¡tion Languages

Sorrentor ltalyr Septernber l?7?

Siome New Ëonvenient FeatureE of $irnulation LanguaEes

Hilding Elmqvist
Department of Automatíc Êontrol
Lund InEtltute of Technology
P.O, Box 723
5-22OO7 Lund
$weden

INTRSDUCTION

This pðper presents sorne new featureE for gi¡nulation
languagesr They have been tested in trrro languages developed
by the author¡ 9Ímnon t4r5l and Dyrnola [l r2r$].

tiimnon iE a eornplete Eimulation program written in Fortnan.
It waE developed in l?73-l?74 ¡nd h¡E been used extenrively
at univergities and indugtnies in Sweden. The model is
dnseribed in å special model languaga oF in Fortran. The
rnanipulation sf the model is done intaractively by commandts.
ReEults ene plotted on å display. The model may eonsist of e
eolleetion of submodels. Each Eubmodel iE eithen continuous
tin¡ei (ordinany differential aquations) on digcrete time
(difference equåt ionE) .

The Dyrnola language Ís one pert of the ¡uthorg Ph.D thasíe
[1], It eontein:s some new feetures, It ie brEed on general
equations and has coneepts for subrnadelEr eonneetion
r¡eehenisms end Eubmodel strueture. A teet eornpi ler wåã
developêd (listed in tll) and used when modelllng Ëome lange
systems tf l in orden to test the eonvenienee of Dyrrrola. The
results were eneouragÍng.

Equationsr submodels end eonnection
been used in å prograro developed at
16l ,

meehaniEms have alEo
University of IlIinoig
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EOUATION6

The besic elertent of th: rro e¡llad rquetion oricnted
lenEuegce i¡ in faet ð reetrieted form of rquetionE with
only å våri¡ble ¡E left pert (asaignmant ¡t¡t¡mentg). There
ðre Eeverel advantages by ¡llowlng modnlg wlth genenel
lquetion¡. Slorna of thcm are lfctrd below¡

- Brtter documentetion. Eiinee the mod¡l eonEists of the
b¡Eie physical equations thene ie les¡ nr¡d for eeparete
doeumcnt¡t ion.

- Thc modrl breomrE indrpcndrnt
Ehould be u¡ed for (simul¡tionr
etc).

of wh¡t eeleul¡tions it
etetie design c¡leulatiottE

- Thc eonr¡etnc¡¡ of the model is inencl¡¡d. Ev¡n if the
rrwniting of cach equation i¡ trivi¡lr thr eh¡nec of
mekinE .n ernor increa¡rs when thar¡ ¡rç hundred¡¡ of
rgurtfons to newrite.

- Thr uEe of equetionE iE e be¡ic reguin¡mçnt wh:n dealing
wlth model libr¿riea, tlhieh vrni¡ble th¡t ohould bc eolved
from ¡n equetion might drp:nd on thn environmcnt of the
¡ubnrodel .

- Srnell ehenget in e model might rtqulre rrr¡or nenriting of
arEiEnrnent ¡tetemente. Thi¡ eould !r{f . br thc eåøe when
sorrrr dynrmicr åre ncgleetrd (somç dcrivetive i¡ repleeed
by zcno end th¡l eorrceponding v¡nl¡blc ig eonEidered ås
¡uxiliery).

I'lort intrgr¡tion rlgorithmr tssurn€¡ thrt it i¡ possible te
eeleulete d:riv¡tivee nerily. Th: lqurtion¡ hevt to br
tran¡forrn¡d to eeslgnmcnt ¡t¡rtcmrnt¡ in ond¡r to do th¡t
effielently. Thi¡ i¡r of eours¡ not elweys porribl¡.
Howçveirr it is poesible fon ¡ large el¡sg of rnodelg. Thc
cvidanee is th¡t the modellar een do tt when using languegas
of C99L-type. It ig poøsible to do the tn¡n¡formation
¡utsmetie for rnåny mod¡ls. ThiE tren¡form¡tion involveg
three stepl:

- detenmine which vari¡ble to eolvc fnom e¡eh equation

- sot't the equ:tions ¡nd find ryøtemn of rquetions th¡t h¡ve
to be Eolved simultaneously

- trq4afonm cech equq!ion !g en rs;lgnmcnt ¡trtcmcnt uslng
eutornatie formule manípuletion

The two firEt steps are grrph theoretieEl probleme. Thlge
manipulations are deEeribed in [1] ¡nd [5J.
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SUÞMODELË

A eorûrtìen pri nei pl; for rolvi ng lrrgr pnoblrmn i¡
dreomporltion of th: problcm into . ¡rt of sm¡Il¡n
subproblcms whieh ¡rs sithrr ¡olvcd direetly or funther
dceompond. The origin¡l problem ig th¡n ¡olvrd by eombinlng
the cubproblr¡n Eolutions.

This prineiple i¡ uced when modelling lerEa eyetrme, The
eyrtrm iE con¡id¡rod a¡ å ¡¡t of ¡ubmc¡drl¡. Thic
dreompocition ir¡ oftcn inhrr¡nt in phyeierl ryrtrrne. An
indu¡tri¡1 plentr for rxrrnplrr le in f¡et duignrd rccor.ding
to e daeomporftion principl:. Thr lengurgc to dr¡enibe the
modcl ghould reflrct tht¡ rnd rneourågG the uËrr of
gubmodals.

The lrngurgr¡ of CFSL-typ: hrve r MAüR0 freilit,y whieh e¡n
be u¡rd to d¡finn Eubmodrls. Howrverr it i¡ cc¡nerptianrlly
rûorå netur¡l to h¡vç ¡ epeeirl ¡ubrnadrl fc¡tur¡ inrtned of e
grnarel Fl¡ero concept. Furthrnnrorer th¡t wt¡uld ¡llow better
sreurity end rrron dlegnorties. It ¡lro rolvrE thr problem
of nrming loe¡l v¿riablcs in eubmodels. A dot-notetion eould
be u¡ed in th¡t eåsÊ,

CONNECTION OF SUB]'IODELS

A modrl nrugt also eontein ¡ deseription of how gubmodalE
interEet wtth e¡eh othor. The introduetion gf Eubmodslg ie
oftrn donn in ¡ wcy thet thr lntrr¡etion b¡tw¡¡n thcm ir¡
rrth¡r lfmit¡d. Th¡ intrr¡etion i¡ oftrn rr¡trictsd ta r ¡¡t
of conneetlon ¡nneh¡niEmg, Sueh eonnection mceh¡niEms often
corrupond to ¡ctmi phyøleel drvie¡¡ ¡ueh ¡¡ ¡h¡ft¡r pipør
alretric¡l nirle nte. A rnodal lrnguagc ought to hrve r mltni
of drfíning ¡bntr¡et eonneetion mreh¡ni¡ms. ThiE e¡n be don¡
by introdueing cuts b¡tw¡en thr ¡ubrnodnlr ¡nd by drelrring
nh¡t vrnirbl¡r rrr ugrd to dr¡cribr thr lnterretion through
erch eut, Sueh eutE een thcn be u¡rrd to eonv¡niently
drEeribr thr eonneetion of gubmodcl¡.

SUBHTTDEL STRUÊTURE

Thar¡ iE no eongtruet eorreËponding to conneetion meehenisms
in th¡ lenguegrs of GSSL-typ¡. Th¡ eonn¡etions rrc donr by
rnêåni sf v¡niebleg. E¡eh rnaero hlg formel tnput end output
vari¡bleE, Th; eonneetion of tno eubmodel¡ is done by heving
the s¡me v¡rlablrs åppcrr år ¡etu¡l v¡rirbl¡ in both of thr
eorrtrprlndtng rnrcro irwoeetfsn¡¡ Thi¡ wly of dç¡cribing thG
eonn¡etionr¡ tcnde to hidr thc ¡trueturr of the model. OnG
rcðson i¡ thet the dotaile of th¡ connrction mreheniem¡r
euch as the veni¡bleg involvrdr rne eon¡idrned ¡t the ¡¡me
t imc.

The Eubr¡odel Etnueture of ¡ modrl ls oftcn viEu¡lizcd .E ð
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bloek diegn¡m ectnsictinE of boxrs for thr ¡ubmodrls rnd
linns for thc connaetion mcehrnlgrnr. Aft¡r lntroduetion of
eonneetion mrchenigma it ic rrsy to intnoduer n¡turrl
lenEurgr rl¡ment¡ fon dr¡eription of thl¡ ltr.uctur:. This
mrkr¡ thr d¡¡eription aeey to eheek bleeuse it docrs not
er¡nt¡in Eo ûrâny dateils ¡nd it is .try to eomperr with e
bloek diegrem.

DTFFERENCE ENUATXONS

The Eubeless of eombinrd continuou¡ dl¡er¡tn modele
eonritting of continuou¡ tim¡ rnd di¡er¡tr ttm¡ modrl,e
(ordineny diffenrntirl rquatlon¡ ¡nd diffrrrncr rquations)
h¡E brcsm¡ rnora irnportrnt. Thr nlrson i¡ thrt eomputrrE ¡rr
oftrn u¡rrd to eontrol ã.9. indu¡trirl procas¡rts. lt ls then
eonv¡nfent to dr¡eribç thr proer¡¡ by ordintry diffenantirl
rqurtion¡ rnd thr eontnol rlgorithme of thr eornputrr by
diffrrrner eguetion¡. Di¡eretr tirnr rnodrl¡ ¡r¡ thur nrtunrl
eonerptn fc¡n eontrol cnginrcrr. It miEht thrn be unn:eecsåny
eornplicrtrd ¡nd rrnor-pronr ts u¡r the f¡rturrr of grnenel
direrrtr modrlr¡. Funthrnmor¡r th¡nr la r nic¡ rymrnatry
bntwmn eontinuous rnd díaert¡ timr rnodrls. Thc differnne¡
iE how thwr ¡t¡te¡ arr updrtod.

INTERACTION

A r¡irnulrtion progrem ¡hould be intrnectivr to be eonvenflnt.
It rhsuld br rlsy to ehrngr prnrrnrtrr¡ of thr modrl ltc rnd
tc¡ obt¡in plotr of ¡elrctrd verieblr¡, Trblee er¡ ¡lmost
rlw¡y¡ ur¡olcËs.

Xt ir impontrnt to øepanrtr thr modrl dr¡eniption rnd thc
mrnipuletion of thr modcl. Thr mrnlpul¡tion of th¡ modrl is
eonvlni¡ntly don¡ by eomru¿nd¡ with rrgunrrntl, Xt i¡ u¡rful
to hrvr e mrcro on proeadure conecpt rt thr intcr¡ction
level which ellows grouping of eommrnd¡ for l¡ter rnd
rrprrted u¡!. Chrngu to thr msdrl could br donr with rn
editor.

A grnrrel inter¡ction msdul¡ cellsd Intr¡e ie dr¡eribed in
E7X. Intrae l¡ u¡:rd in Siimnon.
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