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t$tltÔLa - A structured Model Language for large continuous systems

Rolsrat (rrmmandrag)

ÃÓiñôdel language, called DYMOLA, for continuous dynamical systems is presented.
Large models are conveniently described hierarchically using a submodel concept.
The ordinaty differential equations and algebraic equations of the model- need

noË be converted to assignmenÈ statements. There is a concept, cuË, which corre-
sponds to connection meehanisms of complex type¡ and there are facilities to
conveniently describe the connectíon strucÈure of a model. A modeL can be

manipulated for different purposes such as simuLation or static design calcu'la-
tions. The model- equaÈions are sorted and they are converted Ëo assignment state-
ments using formula manipulation.
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ABSTRACT

A model language, called DYMOLA, for continuous dynamical
eyetemr ia prescitcd. Largc modclr arc convcnicntly dcscibcd hier¡r'
chically using a submodcl concep!. Thc ordinary diEcrenti¡l cquationr
and algcbraic cquaüions of the model ¡ccd noü bc c¡nvatcd to aasign.
ment statemcnüe, Therc ie a conccpt, cuù, which corrcspondr to con-
nccüion mechanisms of complcx typc, and therc arc facilitia¡ to con-
venicntly describc thc conncction ¡tructurc of a model. A model can be
manipulated for diffc¡cnt purposcs such as simulation or static design
c¿lculatione. Thc modcl cquations arc sorled ¿nd they are convcrted !o
assignment statemcnte using formula mauipulatiou.

INTRODUCTION

Thio paper dcsc¡ibcs ¿ model Ianguage called DYMOLA
Modelling Language). It is designed to overcome some of ühe
with languages of CSSLtype,

DYMOLA - A SîRUCÎURED MODEL LANGUAGE

FOR LARGE CONTINUOUS SYSÎEMS

Hilding Elmgvist

Deparlment of Autom¿iic Control
Lund I¡stitute of Technology

Lund, Swedcn

(Dynamic-
drawbacks

mechanisms are introduccd by means of the conccpù cut which definc¡
thc variables associated with each con¡cctio¡. Thc connection ¡truc-
turc of the model is described by a connectíon ¡úaüeme¡ú, The modcl
equations are cntered in úheir original form. Tbqy need not be converted
to assigment st¿tcments.

The compilcr translatcs ùhe connection stateme¡ts to eguations.
Thc equations obt¿incd can then be uscd fo¡ diferc¡i calcul¿tion¡ such
as simulation or static design calculations. Thc user specifies which
v¿riablcs are considered known. The cquatioas erc automatically sorted
and transformed to assignmcnt statements to get an nlgorithm thaü
assigns the unknown variables. Sysüems of equations thai havc üo be
solved sirnultaneously arc then detected, Thc assignment statemc¡to
¿rc obùained by automaüic formul¿ manipulation.

The compleùe dcfinition ol thc Dymola language c¡n be found i¡
Elmqvist Il].

SUBMODELS

A model can be deñ¡ed hierarcbically according to thc following
pattcÌn.

EOdgL <modo¡ ldont>
declar¿tion of submodels
declaration of va¡iablcs and conneciios mcch¡uisms
cquaüions and connection statemenüs

end

If several subsystems h¿ve the samc model, their descriptions do
noü have to be duplicsted. Iü is possiblc to defìuc a model lypg.with thc
samc strucüurc as model . Such a model type can-IEãEiìluplicated
with ¿ submodel -sü¡temcnü.

VARIABLES AND EQUATIONS

A common principlc for solving large problems is dccompositioa of
thc problem inùo a eeü of sm¿ller subproblems which are either ¡olved
directly or decomposed furthe¡. The original problem is then solvcd by
coinbining thc subproblem solutions,

This principle is used when modelling largc cystems, The sysùem
is considered as ¿ set of subsystems. This decomposition is oft¿n in-
hercnt in the physical systcm. An industri¿l plant, for examplc, is in
fact designed according üo thc dccomposition principle. The language
üo describe the model should reflect this and êncourage ühe use of sub
modcls. The languages of CSSLtypc havc a MACRO-concep! which
corresponds to submodels.

A model must also contain a description of how submodels inter¿ct
with each othe¡. The introduction of submodels are often donc in a'way that lhe inte¡actione between submodels are ¡ather limited, The
inüe¡action is often restricted to ¿ set oî connection ¡necåanisms. Such
connection mechanisms often correspond to some physical devices such
ae shafts, pipes,electrical wircs ctc.

_ In thc languages of CSSL-type üherc are no const¡ucüs correspond-
ing to such connection mechonisms, Thc connccüions are done by meane
of variables, Each macro has fo¡mal input and output variables, Thc
conncction of two submodels is done by having the samc variable ap,
pee! aE actual variable in both of thc conesponding m8c¡o csll¡, Thi¡
way of deecribing the connections bcüwecn ¡ubmodel¡ tcude to hidc
the connecüion st¡ucturc of thc model, One rc¡son is thaù the dctail¡
of the connection mechanisms, 6uch a6 the variables involved, arô con-
sidered at the ¡amc time, A model languagc ought üo heve ¡ meana of
deffning abstr¿ct connection mcchanisms and ¿ meane of dcsc¡ibing thc
connection et¡ucture in a natural way.

The fundamcnüal way of describing submodels is by equat,ions.
Physical laws are formulated as for example mass and energy balanccs
and phenomenological equations. In CSSL such equations must bc
enüered as assignment statements which, afier auüomatic sorüing, give
an algorithm for assignment of deriv¡tives and auxiliary variables.

Thc following typee
parameter, constant, local,
in the appendix).

The te¡minal variables dec¡ibe the interdependence bcüween a sub.
model and its envi¡onment, The input and output variablcs are apecial
cascs of tcrminal v¿riables, They are introduced to makc it possible to
indic¿te causalities in the model.

of variables can be declarcd in a modcl:
terminal, input and output (scc the eyntax

Somc types of v¿riables can be ¡efcrenced from thc ouùsidc ol a
submodel ueing a doü-notaüion.

The equations of thc submodels havc the form
<expr6r¡lon> = <oxpror¡lon>

wheÌe <.*pru""ron> is defined as for A19ol-60. An equation can thus
contain the if.then,elsc construction, It is also possible to call functions
and procedures w¡iütcn in some algorithmic languagc. Dcrivctivcs arc
denoted by 1, t''or der(x), der2(x) eüc.

Dyrnola h¿s a hierarchical submodel concept, Absiracü connecùion

I



Cl ?.on <C2 - C3>

<Cl - c2> frgo C3

Cl ftg4 Cz

!. <cl - c2> E: <c3 - c4> <c1 - c2>

O, <C1 - C2) loop <C3 - c.a> (Cl - C2)

7. <cL - c2> Þ-Ëc¡.cÀ <[c3 c{ ...] - c5> <cl - c5>

A. <cl - [c2 C3 ...]> Jotn <c{ - c!> <ct - c5>

cz
c2

C3 È! ct
c3 ¡! Cl
c2 s! c1

4. Effect
Result

5. Eflect
Result

6. Dflect
Result

C:C1 rù R2:C¡. C;C2 åt R3:C¡
Â1;C2 ¿o <C¡C:, - g:C2> to C|CO

¡onc

cl tt c!
c-:l È! C¡¡

Cl èg Ca

Cl ¡g c3

C2 ¡! C3

C2 Èl C¡l

CZ êt¿ C4

c3 rl c4

Rt:C2 ¡t C:Ct
C:C2 to C:CO

C:C2 ¡t C:Co
nona

.t

Examplc

Conside¡ thc clcct¡ic¿l ueúwork in 69 3.

E

Fig 3. Electrical neüwo¡k

. Thcsystcmcan for examplebcdescribcd wiúà thcfollowing connec-
tion statemcnt.

cofipoct C to E lg Rt lg (C pår (R2 ge R3) ) !g C

In order to cxplain how this statemcnt is cvalu¿ted, assumc that thc
submodcl G h¿s ühe cut dcctar¿tion

n¡ln cut, CO(..,,
and thc othereubmodcls h¡vc the path dcctaration
¡¡tn p¡th p<Ct - C2>

Thc conncction sùatemcnt cou-ld thcu be rcprescntcd ae

O:CO to <ErCl - E:C2> !o (Rl:Ct - It:C¡> ¿o (<CtCl - C:C¡> p¡r
(<R¡:C¡ - ¡U¡:Cz> to (R3tCl - njt:c2>) ) to o:co

. Thc stepe performcd whe¡ cvaluating úhis cxprcseion arc given
bclow.

Cl nona

<Cl - C¡> non.
[ct c2 ..,] non.

<[c1 c3 ...] - [cz s{ ...]>
nona

C:CO ¡t E:Cl
E:C2 to <Rl:C!. - R1¡C2> ¿o (<C:C1 - C:C2> prt

(<Rz:ct - ¡u¡rc2> to <R3:c1 - R3:c2>) t to c:co

EiCZ ¡¿ Rl:C1
n1¡C2 to (<C:Ct - C:C2> p¡r (<Rl:Ct - R¡:C2> to

<R3:Ct - R3¡c2>) ) to O:CO

Rz;C¡ ¡t tut:qr

MANiPIJLATION OF EQUATIONS

thc manipulation of thc cquation¡ is dcscribed in Elmqvist [U, [2].
Only a brief survey is given here.

The connection statements are translatcd ùo equations by ühe com-
pilcr. This means that úhe model then consists of only equations. They
can formally be w¡itten as

t(t,í,a,z,p) :0
where ú is time, ø is a vector of state variables, z is a vector of auxiliary
variables and p is ¿ vector of parameters.

In order to use ¿n explicit inüegration algorithm, á and z ohould
be ¡olved for. The model equations often h¿ve special characüeristics,
AII variables arc not present in cach equation. Thc Jacobian of / with
respect to à and z thus contains many ze¡o elements, i.e. it is sparse.
Thìs means thaú ühe solutiou could be obtained more efficiently by
partitioning the system of equations into ¿ sct of smatlcr systems of
equatione. In fact, many of the sysüems of equations will bc ¡calar.

The algorithm for partitioning uses only structu¡¡l informaüion,
i.e, whethe¡ a variablc is present in an equation or not. The fir¡t
problem is to deüermine which variablc to solvc fo¡ in each equation. It
is callcd finding an assignment. thc next step is to ffnd a partitioning
of úhe equations inlo minimal systems of equations that muet bc solved
simultaneously and to so¡t them fo¡ correct computational orde¡. This
ia called finding the strong componcnts of the associated bipartitc graph.

The tot¿l effect of thesc two algorithms is finding two permutation
matrices operating on the columns ¿nd tbe ¡ows of the Jacobian ¿nd
making it block triangular.

When this procedu¡e has been performcd it is thus known in which
ordcr the cquaúions should be solved and which variable¡ üo solvc for.
The blocks corrcspond úo systems of cquaüions that musù bc solvcd
simulüancously.

The equa,tionr arc thcn convcrtcd to assignmcnt statcment¡ for the
unknown va¡iable. This is do¡e only for equationa which ¿r¿ linc¡r in
this variable. An important obsc¡v¿üio¡ for modcl cquatione is that
the¡e is often such a linear dcpendcncc in thc simulatio¡ case.

One important advantage with automatic manipulation of thc
cquations is üh¿t thc same basic cquations could bc used for diffc¡cnü
calculations such as simulation ¿nd staüic design calculations. The al-
gorithms only have to know wbich variables ¡¡c known and which ¿rc
unknown.

The st¡uctural analysis is very useful for thc modeller, It givea
information ¿bout caus¿lities and algebraic loops in thc model. This
can_then be compared wiúh the modcller's perception of the.sc propertice
in thc re¿l system.

e. (cr)
(<ct - c2>)
(c1 c2 ,.,,
(<Cr - cÐ <c3 - c¡r>

l. Effect
Result

2. Eflccü
Rcsulü

3. Efrect
Rcsult

cl

c¿

G

IMPLEMENTATION

A compiler for thc language and the algorithms for thc manipula-
tion of the equations havc becn irnplcmented using the programming
languageSimula. Thecomplcteprogramtistingcan be found inElmqvist
fl. The input to thc program is ¡ model in Dymola and the output is

Rlrc2 to (<C:ê1 - c:c2> p¡r <RZ:CI - R3:C2>) ùo C:CO

il



The dcsoiption of .the lPüurb is showu below.

modo¡ typo IPLurb

tuboodol (tu¡b¡o€Èlo¡) ¡Pl ¡P2 ¡P3 IP¡¡

Path at€ar <¡Plilno¿€an - ¡P{:ougs¿o¡n>
çllE extr¡ct¡ UPl:a¡tr¡ct lP2;oxtr¡c¿ IPI:ertr¡cùl
CjLE exÈr.ct2 [IP4:extr¡c¿]
P3!! Power <IP¡ilnporer - IP{:outporor>

conn€ct (eto¡o) ¡pl !q Ip2 !g IpJ ig fp{
connoct (power) ¡Pt lq Ip2 t! ¡p3 lg ¡pa

ond

The ovcrall dcsoiption of thc power station in accordance with ûg
4 is shown below.

E¡4gL power¡¿¡tlon

¡ubhodol (¡upe¡he¡ter) ¡up.rht ¡uperh2 ¡up.rh3
rubnodol (¡tt.npor¡!or) ¡!teñp1 ¡tt.qp¡
tubnodol (turb¡6ctoî) llPtu¡b
¡ubpodol dru¡syr¿ reho¡ter cgnttolvalvo
aubnodol IP¿urb Lpturb
tubñod6l condensor ¡p¡1i9tr¡¡ d9¡r¡lor
gJ_Þ¡-949I pr.h¡ preh¡
rubnodôl l.€dwaga¡punp leedw¡torvt¡ve
¡ubnodg¡ conbchsñb€r acongnlrer

connost (t¡€¡L) cgñbch¡tber !9 (econoatzcr ->
druñ.y¡t::rl¡.r¡ rupcrhl ¡upo¡h¡ ¡uperh3 sch.¡ter)

connoct (¡te¡D) dru¡ryr¿:;druD þ ¡uporhl !g ¡¿t¡ñpl !g ->
esporh2 !9 ¡Ëtsnp2 lq ¡upôrh3 lq controlv¡lvo l9 ->
HP¿s¡b !9 reheater gq ¡Pturb lg Lpturb !g condaô¡ot

connocù (ó¡tr¡ct) (Hpturb ¡p¿urb:.x¿råc!l) !g pr6h¡ ->
¡P:exir¡ctz !9 spltt¡t.¡¡ !9 (de¡t¡tor pr€hl:.¡ùr¡ctl)-).
LP 19 pr€hl:ô¡tr¡c¿l

connoc¿ (l6edwato¡) condcn¡or !9 prehl !9 de¡r¡ùor !g ->
loodw¡torpuñp !9 proh2 !9 loed*¡lery¡Iv. !9 ->
(.conootror ig drun.)'¡Èr:.tru¡ ¡ttonpl ¡ttenp2)

çonnocù (conden¡¡te) proh2 !9 do¡r¡tor ->
prohl !a conde¡so!

The connection of submodels is often viewed as ¿ block diagram or
a graph. The connection statement makes i¿ possiblc to conveniently
desc¡ibe such diagrame as text, Since directions a¡e often associa¿ed
with ühis kind of diagrams, it is natural to int¡oducc the conccpt of a
Path,

Because the basic means of dcscribing models is equationr, the
models c¿n be writtcn in a form that is indcpcndcnt of what c¿lculations
they are used for.
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APPENDIX

Syntax Notation

The following syntax notaüion is used: I means o!, { } groups
tcrms together, [] means that a group of terms is optional, { }' means
repetition onc or more times, []' means repeüiüioa none o¡ more times.

. To make the syntax smaller, iü has purposly been lefü incomplete
in some respects. It does noü contain ihe definitions of basic itemsiuch
as <rdont,tllor> and <nuñbsr>. Trivial productions such Bs <nodel
1d€ot>: :ê<tdonttf ¡e¡> ate omitúed.

New linc is treated as ;. Continuaüion of ¿ st¡temc¡t on úhc ncxt
line is indic¿tcd by -> at ühe cnd of thc linc.

Syntax For The Dymola Languagc

<ñoCel ¡pec>: :æ[<model rlp.>; lt<"o¿.¡>

<ñoda¡>::-nodêl <nod.l tdsn¿>; <üod€¡ body> 9n![
<ñod6l ¿yp€>: ¡=ñodel type <node¡ Èypo id€nL>; <îod.¡ bodr> g[!L

<ñodol body>: :=<rubñodo¡ p¡rg> <dðc¡sr¡tlon p¡r¿>
<st¡teñönt pârt>

<¡ubñodel prrt>::=[<nodel>; I <¡ode¡ üyp.>¡ I

<¡ubnodo¡ tncorp>;)'
<e!Þnodot tncofp>::=subñodel [{<ooa.t type trtent> ) I

{<nodet tdcnt} [(<p¡rsñor6r tt¡!>)l]'
<p¡r¡Doter ¡ r et>l :={<nunUer>}' l

{<pareneter>=<nuruer>}'

<declrr¡g1on par!>: :=[<varlabla d€c¡år¡llon>i I

<cut doc¡år¡tlon>; I <nodo declði¡tlo¡>; ¡

<path d€c¡¡r¡tton>; |'

coonoc¿ (powor) HP!!rb !9 ¡p¿urb !g Lpfurb

!¡c

Thc total number of cquatious for this model ie about 400. Thc
cquations w¿r þrted for thc simulatioD cBse. Elevcn systems of cqus-
tions was discovercd. The largest contained l? nontrlvial cquatiãne.

CON,CLUSIONS

Thc Dymola language conüains several ncw conrtructs üh¿[ cor-
respond to thc way large dynamical models a¡e developcd.

A modcl can bc decomposed into a sct of submodele. Thc interaction
of s submodel with its cnvironmcnü is often naturally considered as a
eet of inte¡actions.f¡om diffe¡ent oth¿¡ submodcls through distinct con-
nection mechanisms. this co¡¡esponds to cut declarations. Intc¡action¡
miglü be further decomposed by introducing hierarchical cuús, The
ba¡ic-lcvcl of dcfining an inúeraction is by aesociating a set of terminsl
variables wilh it.

l3
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<v8rl¡bt. d6cl'r¡glon>: 3r,
P.r¡n.tcr {<verlrble> l=<nu¡btr>¡J' I

s.otr-g$!! {<vrrteuto>=<nu¡ber>} I

les.al {<verrrurr>1 l-
l"*t^ìt {<""r'ur'>}'I
rnout {<verteble)} I

ll-*1. 
-{<""tor'>}'I

ãlî, "'1."",' 
eltc>'<nurl*>)' I

Ga-{.".treure>}'l
;"t*t i<ttt'"urt>)'

<Y.rtfb¡.>: ¡E<td'niltlcD

<cug dôc¡rt¡!¡orÞ:3'[Erl¡l ru.! {<cut rauu [<cuo]]'
<cuÈ>¡3E<cuÈ cl.u.'> I <cug tP'c>' 

<cu¡ 3¡¡ur.>: ¡¡( <v.rlrbl' out) ) I

[ <ìl.rrrchlc'l-cuÞ I ..
<yrrlrbl. ss¿>: !E[<cuù 'trt'nt>l

þ [<.ut rrmrnt>]'l
<aot .l"n"nt> r tÈ<Y¡rl¡b¡.> l<vlrt¡bte> I'
<ht.r¡tcbtcrl tut>: '={<cut>l '}'
<cuù tPcc>: :E<rortcl cprc>[:(cuÈ ldo¡g>ll

.":::: Ï:::ì'"'Roó'¡ r'tsÐ[¡ :.oc'i ro'nt>l'

<¡odo doclrtr¡ton>: :=tr|.gdt {<nod' róeD¡>

l<noc. .rtu">l)'
<nl¿. cl.ur.>::t( <v¡rl'bt¡ cuÞ) I

( <htrr¡rchtcr¡ ¡odc> l
<hl.!¡rchtc¡l ¡q¿e¡¡ ¡={lnode c¡¡u¡'> I

<nooo trlrnt> I ')'

<p.ùh dccl¡r't'14¡' 3 ¡'fn¡tnl Pl$ {<prth rdrnt¡

f<o¡th G¡ru¡.Þ I <P¡gh ¡Pcc>t -, . -

.":;.;.;;;;;;.4 {<cur>r;} - {<euo r. },)
ìl.ii "t*, t 

'*noa"i "p"c>[' '<P¡rb rdsù>l I

<P¡ùh tdent>

<rt¡ÈeD.ng pert>: :=[<equrtion>;.1 <Ptoc¡ôur¡ srll)¡ I

<conn.Gtlon t!¡t'¡'nt>¡ ¡

<aqu¡ùlon>: :t<¡rPt'gttotÞ I <'rPr"tlo¡r>

<Y¡tt¡bl"P'c>¡ !![<ooc'¡ rptc>'l<"trtrtlt>

aoroc.dura c¡lt>¡ :gGv¡rt¡bf r rprc>)tt.

"'":;:;:;:'t""J' t {<erPrrerron>}' )

<connlsùlorl ¡!¡t'r'it>3 :''l¡¡n!Í¡ [t<rarnt>)l

{<connretton rrProrlon>}'
a.inn..t'on'rPt'rtto¡Þ! :Þ{Gotl¡'3Èton t::olóìrt>
'-i'iJ-l!"lflr!ÀlPgl// I ÞgllÞnÑ¡l Jg'

<aoDn'3!ton "ttonottT> 
)'

<connacùlon l'cond¡rt>l :'

ksJgrJgit<conn'clto¡ Prt¡rrt>
a.lln..", oi Prt D¡"y> : :¡<conn'€rtrto: oP'r¡nó> I

( ftconnrclton ¡¡Pt'r'lon>l'l '
<connec¡ton oP"¡nó>¡:'<Êut tP:c> | <9¡ùh tP'c> I

<noó' tdcnÈ>

I
I
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