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Abstract

Mathematicalmodels containing partial differential
equationgPDEs)occurin mary engineeringapplica-
tions. Modelicais a general high-level languageor

object-orientedmodeling with differential-algebraic

equationgDAES). Thereis aneedfor extendingMod-
elicato alsosupportmodelingwith PDEs. This paper
presentssomeideason suchextensionsto the Mod-
elicalanguagethatwould allow formulationof PDE
problemsdefinedon generadomainsusingobjects.

1 Intr oduction

Modelica [4, 5, 3, 1] is a general, high-level lan-
guagefor object-orientednodelingwith differential-
algebraicequationgDAES). The aim of the Modelica
languagss to representnodelsin a generaldomain-
independentway. Using object-orientedconstructs,
Modelicasupportgeuseof existing modelsandmodel
libraries. By introducingsupportfor PDEsin Model-
ica,thesefeatureswill beusefulalsofor modelingand
simulationof PDE-baseanodels.

1.1 Partial Differential Equations (PDES)

An initial and boundaryvalue problemconsistsof a
partial differential equationand a set of initial and
boundaryconditions. A simple two-dimensionakx-
ampleusingthewave equationis

02U 0%U 9
o2

whereQ is thedomain,with the boundarycondition

u(x,yt) =0, (xy)€0Q

wheredQ istheboundaryof thedomain andtheinitial
condition

U(X,y, 0) = f(X,y), (Xay) €Q

The first derivative with respectto the variablex is
compactlywritten as d,U, andthe secondderivative
asodyU, or evenshorterasUy andUyy.

1.2 Numerical Solution of PDEs

With existing theory only a small numberof PDEs
can be solved analytically and even smallernumber

Thereare several low-level PDE solving packages of theseis solvable with usefulboundaryconditions.

in which the problemis specifiedas programcode
written in a programminglanguage(e.g. Diffpack,
Overture),aswell ashigh-level packagesvherespe-
cial purposdanguagesreusedfor formulationof the
problem(e.g.,gPROMS [10], ELLPACK [12], PDE-
QSOL[6]), andinteractie toolssuchasFEMLAB.
This sectiongivesa brief introductionto PDEsand
numericalsolution methods,and mentionsother ex-
isting packagesvith built-in high-level PDElanguage
support. The MathModelicaervironmentthatis used
for implementations alsointroducedin this section.
Section2 containsadiscussiorof proposedxtensions
to Modelica. In Section3, currentstatusof our work
is given,andin Sectiond future plansarepresented.

Thereforemary methodshave beendevelopedfor so-
lution of numericalapproximation®f PDEs.

1.2.1 Finite DifferenceMethods

In orderto find the unknavn functionU satisfyingthe
PDE,thedomainis discretizedusinga grid of points,
searchinghevalueof U ateachgrid point. In atwo-
dimensionaldomainwith NxN grid points, the value
of U ateachpointis

uj =U(x,yj), i=0,...,N-1j=0,...,N—1

Using Taylor’s theorem,dervatives can be approxi-
matedby differencequotients. The first derivative of



U with respecto x is then,usinga cental-difference
formula,
Uit+1,j —Ui—1,j
oU = : 2
X 2AX
Other approximationscan be obtained with the
forward-differenceformula

Uit1,j — Uij

U ~
X AX

andthe bakward-differenceformula

Ui,j —Ui—1,j
U~ ————=
X AX

An explicit solver iteratesover the points,calculat-
ing u; ; ateachpoint usingpreviously calculatedval-
ues.An implicit solver, wheniteratingover the points,
needdo solve a systenof equationgor a setof points
in eachiteration, in orderto calculatethe valuesof
u. Iteratingsolvers have different corvergenceprop-

1.2.3 Method of Lines

Time dependenPDEscanbe discretizedwith respect
tothespacevariablesgenerating setof ODEs,which
can be solved using ODE solvers. This methodis
called the methodof lines The adwantageof this
methodis that there exists advancedalgorithmsfor
fastand accuratesolution of ODEs, e.g. with auto-
matic stepadjustmento matcha requestederrortol-
erance.However, a dravbackis thatthesesolversdo
nothave controlovertheerrorintroducedoy theinitial
discretizatiorthat generateshe ODEs, which canbe
muchbiggerthantheerrorof the solutionof ODEs.

1.3 RelatedWork

An early effort to definea languagdor partial differ-
entialequationsvasPDEL [2] in 1970. Sincethen,a
numberof approachesave beeninvestigatedo cre-
ate high-level languagebasedervironmentsto sim-

erties,dependingn thespecificPDEandtheselected plify specificationand solution of PDE-basedorob-

differencemethod.

1.2.2 Finite ElementMethods

Oneway of solvinga PDE numericallyis to approx-
imatethe unknavn U with a sumof basisfunctions,
for examplepiece-wisgpolynomialfunctions with un-
known factors:

U = kiakm(x)

A systemof equationss thensetup with the factors
ax as unknavns. Solving this systemgives the ap-
proximatesolutionU. The family of methodsbased
on this methodis called weightedresidual methods
anddifferentchoicesof weightingfunctionsgivesdif-
ferentmethods,such as the collocation method the
least-squags methodandthe Galerkinmethod

Insteadof finding a globalsolution,the domaincan
bedividedinto smallerdomainsgcalledelementswith
additional conditionson the nev boundarieswhich
can be solved separatelyusing the samemethodsas
in theglobalcase.This methodis calledthefinite ele-
mentmethod Subdvision of the domaincanbe done
in differentways, e.g. by triangulatingthe domain.
Sizesof the elementscanalso be adjustedaccording
to expectedvariationsof U in differentpartsof thedo-
main, creatingsmallerelementsavherefastvariations
are expected. Thus, few polynomialswith low order
are often suficient to approximateJ over eachele-
ment.

lems. In this section,we summarizesomeof these
environments.

1.3.1 ELLPACK

ELLPACK [12] is apackagdor solvingelliptic partial
differentialequationslt definesa high-level language
for specificationof a PDE, a boundary a grid anda
discretizatiormethodaswell asa solutionmethod.In
thislanguagetherearepredefinechamedor thesolu-
tion variableandits derivatives,suchasU, UX(dyU),
uUYY(dyJ) andthespatialvariablesx, Y andZ. These
areusedto specifythe PDE:

UXX + UYY + 3.0*UX
EXP(X+Y)*SIN(PI*X)

EQUATION. - 40U = &

Here’&’ is usedasa line continuationmarler for
longentries.Theboundaryconditionscanbespecified
in differentways,usinglinesandparametricures. A
circulardomainis specifiedas:

BOUNDARY.U=0.0 ON X= 1.-COS(PI*THETA), &
Y= 1.-SIN(PI*THETA) &
FOR THETA= 0. TO 2.

This boundaryspecifieghe conditionthatthe func-
tion is zero on the circle with the radius1 andthe
center(1,1). The BOUNDARY¥tatemenalsodefines
the domain of the problem. The EQUATIONand
BOUNDARartsof an ELLPACK programis declar
ative, whereasthe rest (GRID, DISCRETIZATION
etc.),areexecutedn asequentiabrder



Furthermore,the PELLPACK [7] (Parallel ELL-
PACK) problemsolving ervironmenthasbeendevel-
oped, also basedon ELLPACK, supportingdomain-
decompositiorbasedparallel solvers and finite ele-
ment methods. It includesseveral PDE solving sys-
tems,someof thosewith severalspecificsolvingmeth-
ods. It also covers parabolicproblemsbesidesellip-
tic ones,and somehyperbolicproblems. As a prob-
lem solving ervironment (PSE), it also has support
for graphicaluserinterfacesyisualizatiorandanalytic
tools.

1.3.2 PDESpec

S. Weeravarana[14] presentsa high-level language
PDESpeawherethe PDE problemis specifiedusing
objects. Differenttypesof objectsare equation do-
main boundaryandinitial conditions mesh decom-
position algorithm solve and solution For exam-
ple,anequatiorobjectdescribinghesteady-statheat
flow is definedas:

equation  (
name = "steady-state
domain = "dome",
expressions = [ Dx( K(x,y)*Tx
Dy( k(xy) Ty
= [ [self-adjoint],
[steady-state] ]

heat flow",

I+

~—~ —

properties

HereTx represent®,T andDx(A) is analiasfor
diff(A, x) which represent9,(A). Aliases,the
dimensionof the problemandnamesof the indepen-
dentvariablesaredefinedasdefaultsfor equationob-
jects. Thedomain”dome” is definedasa separat®b-
ject,aswell astheboundaryconditionsandtheirequa-
tions. Thedomainobijectis specifiedas:

domain (
name = "dome",

type = piecewise_parametric,
boundary = [
orientation = clockwise,
parametric (x=3, y=.74, t, 0, .7),

BesidesPDESpeca problemsolving ervironment
with an extensible architecturefor different solvers
andan intelligent PDE solver selectionbasedon ex-
pertsystemmethodologyis presented.

1.3.3 gPROMS

The gPROMSernvironmentis usedfor dynamicsimu-
lation of chemicalprocessesandamodelinglanguage
wasdesignedandimplementedoy M .Oh [10] in the
gPROMS ervironment. The languagesupportsmod-
elingandsimulationof mixedsystemf integral, par
tial andordinarydifferential,andalgebraicequations
(IPDAES) over rectanguladomains. In gPROMS, a
domaincanbedeclaredhs:

MODELTubularReactor
PARAMETER
NbrComp AS INTEGER
ReactorLen AS REAL
ReactorRad AS REAL
DISTRIBUTION_DOMAIN
Axial AS ( 0 : ReactorLen )
Radial AS ( 0 : ReactorRad )

where Axial and Radial are the independenvari-
ables. A dependentariablethatis to be solved over
thisdomainis declarecas

VARIABLE
Temp AS DISTRIBUTION (Axial, Radial)
OF Temperature

Here, Tempis the dependenvariableof type Tem-
perature (definedelsevhere),andit's domainis the
three-dimensionahrea defined by the independent
variablesAxial andRadial This declarationis simi-
lar to declarationof arraysin the gPROMS language,
whichis doneas:

F  AS ARRAY( NbrComp ) OF Flowrate

For-loopsareusedfor specificatiorof a domainfor
aspecificexpressioror equation:

FOR z:= 0 TO Reactor,en DO
-Kr*PARTIAL(Temp(z,ReactorRad),Radial)=
Uh*(Temp(z,ReactorRad)-TWall(z));

END

Here, a boundaryconditionis definedfor the wall
of the tubular reactoy which has an axial distribu-
tion but not radial. The partial differentiationcan
also be seenhere, which is donewith the operator
PARTIAL(expr, var) ,thatrepresentshe partial
derwative of the expressionexpr with respectto the
variablevar (i.e. 9, Temp(z,R)). The PARTIAL oper
ator supportdifferentiationof entire expressionsnot
only singlevariables.



1.4 MathModelica 2.1 Spatial Variables

MathModelica[9, 8] is a Mathematica-basewol for Variablesin Modelica are functionsof time, if they
Modelica-basedhodelingandsimulation.Themodels are not declaredas constantsor parameters.In or-
are definedinteractvely in Mathematicanotebooks derto introducespatialvariablesvithoutchanginghe
using the Modelica language either using standard languageoo much,we canintroducea type modifier
Modelicasyntaxor usingan expression-baseslyntax space to beusedin declaration®f spatialvariables.
similar to Mathematica. Mathematicalsymbolsand An examplecanlook like this:
expressionganbeusedn thesemodelsmakingmod-

els easierto read. Figure 1 shavs the MathModel-  space Real x, vy, z;

ica input for a pendulummodel. Graphicaldesignof
Mode_llcamodels.bagedon Modellgallbrary COMPo- 5 5 pomain Classes
nentsis alsopossiblen MathModelica.

Domain classesare neededto specify the domain

Model [ Penculum . whereafunctionis definedor whereanequatiorholds.
Parameer Realm== 1,9 ==9.82,1 == 3; A variable can be assigneda domainwhenit is de-
Realg[{Sart == 0}], w[{Sart ==0}], &, R} (jaredwhichwill thenalsohaveits spatialdependen-
Equation [ ciesdefined. Several approachesanbe taken to de-

== —mgSn[q}; signdomainclasses.
R ==ma;
v ==1r¢,
a ==\ 2.2.1 SingleDomain Classes
I Each domaincan be definedusing a single domain
] class.Two new keywordscanbeintroduceddomain

and subdomain , which are languageextensions,
designatinga new kind of restrictedclassanda new
kind of sectionwithin suchclasses.For example,a
rectanguladomainclass(x € [0,2],y € [0,4]) canbe
definedas:

Figure 1: MathModelica input for a pendulum
model. == is the equality operator and ' is the
operator for first derivative of a function of one
variable in Mathematica.

The main advantageof using Mathematicaas the
implementatiorplatformtogethemith MathModelica ~ domain  Rectangular
is thatit is very easyto add extensionsto the Math- space Real x(min=0, max=2);
Modelicalanguagei.e. Modelicawith MathModelica ~ SPace Real y(min=0,  max=4);
syntax)withoutmodifyingthe parsemhichbuildsthe "¢ Rectangular;
internalsyntaxtree. Theextensionsarepresered dur
ing this translation,and additionalprocessingcan be
madeafterthe MathModelicaparseyin orderto han-
dle the extensionsappropriately This is convenient
when experimentingwith new languagefeaturedike
the PDE extensions. The transformationaprogram-
ming languagehatis availablein Mathematicas also
corvenientfor handlingtranslationof datastructures
betweerdifferentformats.

The attributes min and max belongto the built-in
type Real . Lower dimensionalsub-domainganbe
definedin sucha domainobjectby addinga section
subdomain with anequatioror aboolearexpression
thatrestrictsthedomain.For example:

domain Rectangular
space Real x(min=0, max=2);
space Real y(min=0, max=4);
subdomain leftright
. . X=X.min or Xx=X.max
2 Modelica Extensions subdomain  updown
y=y.min or y=y.max
In orderto introducePDEsupporin Modelica,several ~ end Rectangular;
issueseedto besolved, suchashandlingspatialvari-
ables,domains,andinitial and boundaryconditions.  Complex domainscanalsobedefinedusingexpres-
This chapterpresentssomeideasregardingtheseis- sionsasmin andmax valuesof the domainvariables.
sues. For example:



domain Circular

parameter Real Tr;

space Real x(min=-r, max=r);

space Real y(min=-sqrt(r-x"2),
max=sqrt(r-x"2));

edge

r2;

subdomain
X"2+y"2
end Circular;

This approacltis usedin the prototypedescribedn
Section3.

2.2.2 Composite and Hierarchical Domain

Classes

For domainswith morecomple shapedike circle or
polygon,theshapecanbedefinedseparatelyandspec-
ified asa boundaryfor the domain. An example of
suchashapsds:

domain Circle

parameter Real radius;
outer space Real X,

constraint

X2 +y?2
end Circle;

Y

radius™2;

which declares circle with thecenter(0,0) andra-
dius 1. Thekeyword constraint is alanguagesx-
tensionandspecifieghe expressionshatmustbetrue
for the spatialvariablesto be insidethis domain. The
reasortheexistingequation keywordis notusedis
thatit shouldbe possibleto give booleanexpressions
asconstraints.

Using the shapeCircle above, a circular domain
with aholecanbedefinedas:

domain Ring

inner space Real X, V;
Circle  edgel(radius=1);

Circle  edge2(radius=3);
constraint

X2 + y2 <= edge2.radius'2;
X2 + y2 >= edgel.radius'2;
end Ring;

Several constraintsseparatedby ’;’ are equivalent
to the sameconstraintscombinedby the and opera-
tor. In the future, built-in operatordnside() and
outside() might be introduced,in orderto spec-
ify a relationshipbetweenthe spatial variablesand
otherdomains.In this example,the constraintould
be specifiedusing theseoperatorstogetherwith the
booleanoperatorand:

inside(edge?2) and outside(edgel);

In that case,somerestrictionson the referreddo-
mainsmight berequired,.e. thata domainmustbea
closedcune or a closedpolygonin orderto be used
with theseoperators.

Thedomainscanalsobebuilt usinginheritanceand
compositeclassesA completeexamplemight appear
asfollows:

domain Cartesian2D
outer space Real
end Cartesian2D;

X.Yi

record Point2D
Real x.,y;
end Point2D;

domain Circle2D

extends Cartesian2D;
parameter Point2D center(x=0, y=0);
parameter Real radius=1;
constraint
(x-center.x)"2 +
(y-center.y)"2 == radius™2;
end Circle2D;
domain Ring;
inner space Real X, V;
Circle2D  cl(center(x=0,y=0),
radius=1);
Circle2D  c2(center(x=0,y=0),
radius=2);
constraint
(x-c2.center.x)"2 +
(y-c2.center.y)"2 <= c2.radius"2;
(x-cl.center.x)"2 +
(y-cl.center.y)"2 >= cl.radius™2;
end Ring;
With the inside() and outside() operators,

theconstraintgor the Ringdomainwould be

constraint

inside(c2) and outside(cl);

2.3 ComponentDeclarations

Oncedomainsare defined, variablesthat dependon

spatialvariables,called distributed variables,can be
declaredandassignedh domainobject. A modelwith

avariableU definedoverthering-shapediomain(see
Section2.2) canbe specifiedas:

PDETest
ringdom;
U(domain=ringdom);

model
Ring
Real

end Test;



The attribute domain is an additionto the exist-
ing type Real in Modelicd, notto be confusedwith
thepreviouslyintroduceduseof thekeyword domain
asarestrictedclass. Modification of thedomain at-
tribute of the type Real declaresthe definition do-
main of U. This modificationis alsoan implicit way
of declaringU to beaspatiallydependentariable be-
sidesbeingtime-dependentlternatiely, declaringa
variableto be spatiallydependentanbe doneexplic-
itly usinga new keyword, for examplethe keyword
field ,orthekeyworddependent :

depdendent Real U(domain=ringdom);

2.4 Domain Specificationfor Equations

Whenspecifyingan equation,i.e. the PDE or oneof
the boundaryconditions,the domainover which the
eqguationis valid needsto be specified. Oneway to
do this is to usefor-loops. With a syntaxsimilar to
Modelica,this canbedoneas:

equation
for (x,y) in ringdom loop
pder(U,x,2) = sin(x)+cos(y);
end for;

Here, a new built-in operatorpder(U,x,i) is
alsointroducedwhichrepresentthei:th dervative of

pder(U,dom.x,2) =
sin(dom.x)+cos(dom.y);

This couldalsoco-&ist with theotheralternatves.

2.5

Initial valuesfor variablesin Modelicaare given us-
ing the start  attribute of the built-in types. Simi-
larly, initial conditiongor aPDEproblemcanbegiven
asmodificationof the start  attribute of distributed
variables. The examplefrom Section2.3 with initial
conditionsaddedookslike:

Initial and Boundary Conditions

parameter Real
Real U(domain=ringdom,

f(domain=ringdom);
start=f);

Here,a parametef is declaredwhich canbegiven
asargumentto the simulator or definedin the model
as:

Real

parameter
sin(x)

f(domain=ringdom) =
(x,y) in ringdom;

The expressionin the right-handside canbe given
asavalueto thestart attribute of U directly, aswell.

Boundary conditions can be specified using the
specific sub-domainsof a domainin the equations
defining the boundaryconditions. A new keyword

U with respectto x. Insteadof usingthe component boundary is usedto separatenodelequationdrom

ringdomdirectly, onecould refer to the domainof U
usingdot notation,e.g.U.domain

The differencebetweenfor-loopsin Modelicaand
thefor-loop in the exampleabore is the usageof mul-
tiple variablesasloop indexesanda domainobjectas
arangé. Thescopeof thevariablesx andy is local for
theloop,andthey arealiasedor thespatialvariablesn
the domain,with x correspondingo thefirst declared
spacevariablein the domainandy correspondingo
thesecond.

An alternatve syntaxfor domainspecificatioris

pder(U,x,2) =

sin(x)  + cos(y), (x,y) in dom;

which is closerto mathematicahotation. Both al-
ternatves can be supportedas well, with one being
syntacticsugarfor the other

Another somavhatlesscorvenientalternatve is to
usethe spatialvariablesin a domainobjectdirectly,
usingthe membemotation:

1Theregulartype Realcanhave a built-in one-dimensionalo-
main[min,max asdefault, to beconsistentvith currentModelica.

2Ranges’sn Modelicaarewrittenas,for example,1:100r 1:2:10
whichmeanl,2,3,...or 1,3,5,..., respectiely.

boundaryconditionse.g.:

boundary

for  (x,y)
uixy) =
end for;

in
-5;

ringdom.c1  loop

Thisdefineghevalueof U ontheinnercircle of the
ring domain,declaredasclin Ring

3 CurrentWork

A prototypetranslatothasbeenimplementedn Math-
ematica, using the MathModelicaervironment (see
Section 1.4). This translatorsupportsthe kind of
domain classesdescribedin Section 2.2.1, except
that only single equationsare recognizedn the sub-
domainsand not booleanexpressions. An example
defininga circulardomaincanbe seenn Figure2.
Domainreference& equationsiredoneby directly
putting the domainobjectas an agumentto the de-
pendentvariable. Thus,all dependenvariableshave
two arguments,the domain object which implicitly
definesall spatialaguments,and the time variable.



Domain[ Circular,
Paraméer Realr == 1;

SpaceRealx[{min== —+/r2—y2,
max== v/}
SpaceRealy[{min== —r,max==r}];
Subdomain[ leftborder,
Equaion [ x == x.min];
I;
Subdomain| rightborder,
Equaion [ x == x.max];
I;
]

Figure2: A domain declaration in the prototyp
translator, defining a circular domain

@

For example:

Equation [
0:U[circdom,timg — dxU [circdom,timg == O;

I;

Boundary and initial conditions are put into a
section called Boundary(]
In boundarycondition equationsa sub-domainof a
domainis referredwith dot notationand usedasthe
firstargument.In initial conditionsthetime agument
is setto a constantFor example:

Boundary [

0:U [circdom|eftborder,timg == 0;

U [circdomleftborder,timg == 2;

U [circdom, 0] == Sin[circdomx] 4+ Cogcircdomyj;
I;

The translatorusesMathModelicafor parsingthe
input, andmodifiestheresultfor theadditionsthatare
doneto the syntaxfor PDE support. Then,the PDE,
boundaryandinitial conditions,andthe geometryof
the modelareextractedandcorvertedto aninput for-
matthatis usedby the solver, a PDE solver [13] im-
plementedn Mathematica.This solver usesthefinite
differencamethodo generatespecialC++codefor the
given problemand the selecteddifferentiationmeth-
ods.

as normal equations.

3.1 Example

As anexample,we candefineaninitial valueproblem
with atwo-dimensionalvave equatiorusinga circular
domain.Theequatioriookslike

attu - axxu + ayyu, X2 + y2 <= 1

with theinitial andboundaryconditions

u= 9con€x,y,0.4)sin(tTx)cos(Tx), t=0
otu= 0, t=0
u=>3, X4ty =1
du=0, X4+yP=1
dyu =0, Xty =1

whereconéx,y,r) is definedas

:{1_ R <=t
0

othemwise

conéx,y,r)

First, we define a domain object representinga
generakirculardomainclass:

Domain[ Circle
Paraméer Realxc== 0;

Paraméer Realyc== 0;
Paraméer Realr == 1;
SpaceRealx[{min==xc— /12— (y—yc)2,
max==xc-+ /2~ (y—yor}l;
SpaceRealy[{min== yc—r,max==yc+r}];
Subdomain[ leftborder,
Equaion [ x==x.min];
I;
Subdomain] rightborder,
Equaion [ x == x.max];
I;
I;

The default valuesspecify a circular domainwith
the center(0,0) andthe radiusl whenthe domainis
instantiatedThenwe canspecifythe mainmodel:

PDEModel [ TegsModel
Paraméer Realxc== 0;

Paraméer Realyc== 0;

Paraméer Realr == 1;

Parameer Realdelta == 0;
Circledom{xc==xc,yc==yc,r ==r}];
Depencert Realy;



Boundary [
u[dom O]== uinitf[domx,domyj;
d:u[dom 0]==0;
u[domleftborder,timg== delta;
dxu[domleftborder,timg== 0;
dyu[domleftbordertimg== 0;
u[domrightborder,timg== delta;
dxu[domrightborder,timg == 0;
dyu[domrightborder,timgl== 0;

I;

Equaion [
diu[domtimeg==
Oxxu[dom time] +-dyyu[dom time;
I;
I;

The keyword PDEModel is usedby the translator
to recognizePDE models. The start valuesof the
dependenvariableu aregivenasa functionuinit[x,y]
definedin the Mathematicaernvironmentas:

uinit[x_,y_] = 9MyCondgx,y, 0.4]Sn[TX]Coq1y];

MyConegenerates conewith the center(0,0) and
a given radius,andis usedto limit the Sin and Cos
functionsto a smallareaof thedomain. A plot of the
initial valueswith radiussetto 0.4 canbe seenn Fig-
ure3).

Figure 3: Initial value function uinit with radius =
0.4 for the PDE used in TestModel.

Then, the input to the PDE solver mentionedin
Section3 can be generatedising the function Gen-

erateSolvePDEInput[] which takes as agumentthe
nameof themodelandsomeparameteraeededy the
solver, suchasthe differentiationmethods,startand
endvaluesfor the time variableand the spatialvari-
ablesandsizeof theresultarray In this example,we
usetheintenalsx € (—1,1),y€ (—1,1),t € (0,0.25),
a100x100grid and200time steps Figure4 shavsthe
resultatt = 0.0625,0.125and0.1875.

4 Conclusionand Futur e Work

The purposeof this paperis to considersomeinitial
extensiongo theModelicalanguagéhatareneededn
orderto allow modelingwith partialdifferentialequa-
tions. Thefocusis thedefinitionof thedomainobjects
andhow they areusedtogethemwith equationgndini-
tial andboundaryconditions.

Futurework involvesfurtherimplementatiorof the
extensionsdiscussedn Section2. Also, anextended
syntaxfor domainswill bedesignedto allow paramet-
ric specificatiorof boundariesAnotherextensionthat
canbe neededs madificationof thefunction  type
in Modelicafor spatiallydistributedvariables.

A powerful featureof Modelicais the connect()
statementthat allows building modelsusing smaller
submodels Extensionof this featurefor PDE models
needso be consideredaswell. Possibleapproaches
are using solversthat supportdomain-decomposition
techniques,or if different PDE modelsneedto be
connected,techniqueslike the interface relaxation
method11].

For solving the PDE problems, specification of
grids, triangulationsor triangulationalgorithmsto be
usedwith finite elementmethodsandsolutionmethod
selection(e.g. selectionof finite differencemethods
for the solver mentionedn Section3) needdo bein-
cludedin Modelica, or definedin a separatesupport
language.

Furthermoreautomaticsolver selectiorcanbe con-
sidered,for example by using pattern matchingon
eguationsand selectinga solver or methodfrom a
databaseAn architecturewith severalsolversandthe
possibilityto addnew solverswould malke a usefulen-
vironment.

Another problemis adaptingthe PDE solvers and
existing DAE solers that are usedfor the existing
ODE-basednodels,or finding otherwaysto support
solutionof existing modelstogethemwith PDEmodels.
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Figure4: Plot of the solution att =0.0625t =0.125
andt = 0.1875.
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