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Abstract

In this paperwedescribea tedhniquefor represent-
ing the resultsof computationaimodelsby exploiting
the power and expressivityof the ExtensibleMarkup
Languae, XML. This uniform representationfacili-
tatessharingof informationonthelnternet,aswell as
viewing by manytools, sud as Matlab®, Maple®,
Tecplot®, or awebbrowser We allow the userof the
applicationto choosethe desied file format. We then
use XML, together with an XSLT style sheetfor the
particular application,to producea documentview-
ablebythetool. Anadvantge of usingXML is thatiif
there is an applicationthatis not currently supported
or if a new applicationis available wesimplycreatea
new stylesheetwithouthavingto modifythe codethat
geneatesthedata.

1 Introduction

The compellingattractionof the Internetis that it
has madegigabytesof information widely available
to peopleof all walks of life. Most of this informa-
tion is packagedn a userfriendly, easy-to-vie/ for-
mat. Furthermorethe Internetis a tremendouwehi-
clethatpermitsmathematicianandengineerso share
technicaldata.However, mostmathematicaandengi-
neeringsoftwareapplicationgproducefilesin apropri-
etaryformat, consumabl@nly by a particulartool, or
alimited setof tools. In orderfor theseapplicationgo

accommodatetherfile formats,the applicationmust
be modified. Moreover, usersof differentapplications
musteitherwait for themodification,or try to arrive at

aninteroperablesolutionon their own.

In this paperwe describeatechniquédor represent-
ing the resultsof computationamodelsby exploiting
the power andexpressiity of the ExtensibleMarkup
Language XML[3, 5]. This uniform representation
facilitatessharingof information on the Internet, as
well as viewing by mary tools, suchas Matlab®,
Maple®, Tecplot®, or awebbrowser We allow the
userof the applicationto choosethe desiredfile for-
mat. We thenuseXML, togetherwith an XSLT style
sheetfor the particularapplication,to producea doc-
umentviewable by the tool. An adwantageof using
XML is thatif thereis anapplicationthatis not cur
rently supportedor if a new applicationis available,
we simply createa new style sheetwithout having to
modify the codethatgeneratethe data.

We have appliedour techniqueto a casestudythat
computesthe resultsof a systemof linear equations
relatedto the finite elementsolutionof a viscoelastic
flow problem;however, the techniquecanbe applied
to mostcomputationamodelswheredataneedssome
form of visualization.The outputof thecomputational
modelis an XML representatiomnf the datathat, to-
getherwith an XSLT style sheet,becomesnputto a
translator An XSLT style sheetis tailoredto a par
ticular viewing tool andis usedto translatethe XML
representatioiinto a file for that particulartool. Fi-



nally, thetranslatedile is usedasinputto thetool and
canbeviewedby theuser

In the next section,we presentbackgroundabout
XML andfinite elemenimodelingof viscoelastidlow.
In Section3, we describahedesignof our system Fi-
nally, in Section4 we drav conclusionsanddescribe
our ongoingefforts to exploit XML to facilitatevisu-
alizationof theresultsof ourmodelandto incorporate
adatabas@nto our system.

2 Background

In this sectionwe provide backgroundaboutXML
andfinite elementmodelingof viscoelastidlow. We
includeanexamplethatillustratesouruseof XML and
XSLT stylesheets.

21 XML

The extensible markup language, XML, has be-
comeoneof the hottestconceptsn computerscience,
webauthoringandwebprogrammingLike its HTML
counterpartXML is derived from the standardyener
alizedmarkuplanguageSGML. However, HTML isa
markuplanguageusedfor displayinginformationcon-
tent; XML, on the otherhand,is a markuplanguage
for creatingmarkuplanguages.HTML is a markup
languagdor markingdocumentsisingtagsfor head-
ings and paragraphswhereasXML enableghe cre-
ationof new tagsfor markinganything, suchasmath-
ematicalformulas, molecularstructureof chemicals,
musicscoresandary otherdocument.HTML limits
theuserto afixedcollectionof tags,usedprimarily to
describehecontentthatis displayedn a browser

Many applicationsfor XML have beencreatedfor
structuring data for various disciplines. In Mathe-
matics,the MathematicamarkuplanguageMathML,
hasbeendevelopedfor describingmathematicsiota-
tion. Previouslanguagedescriptiongor mathematics
notationshave usedsoftware packagesuchas TeX
andLaTeX; MathML enablegechniquedor describ-
ing mathematicsotationsfor both databaseandthe
weh Otherexampleapplicationsof XML includethe
chemicalmarkuplanguageCML, the speechmarkup
language SpeechML andthe synchronizednultime-
diainterfacelanguagesSMIL.

An XML documentconsistsof a list of element

types,togethemwith their attributes. The relationships
of theseelementsto eachother canbespecifiedoy an

optionaldocumenttype definition (DTD). DTD’s for

adocumentescribethe grammaticakulesfor a doc-

ument. A DTD is not requiredfor a documentout is

recommendedor documentconformity By combin-

inganXML documentvith its correspondingTD, an

XML parsercandeterminghecontentandstructureof

anXML document.

For webauthoring HTML hasemegedasthetech-
nology of choice for describingthe contentof an
HTML document;cascadingstyle sheets,CSS, has
emegedasthetechnologyof choicefor describinghe
form of anHTML documentSimilarly, theextensible
style language XSL, was developedas a technology
for describingheform of anXML documentAn XSL
stylesheeprovidestherulesfor displayingor organiz-
ing an XML document data.XSL alsoprovidesele-
mentsthatdefinerulesfor describinghow to transform
oneXML documeninto anothetXML documentFor
example,an XML documentanbe transformednto
anHTML documentThefacetof XSL thataddresses
theproblemof transformingKML documentss called
XSL transformationsor XSLT.

Figurel illustratesour useof XML to describethe
modelingof afinite elemenmesh.Thedatastructures
in themodelincludeXML elementgo describezones
and nodesrepresentedy ZONE and NODE elements
onlines5and7 in thefigure. A zoneis composedf
nodeswhich arecomposedf coordinatevectors,ve-
locity vectorsandpressureillustratedon lines 10, 16
and 21 in the figure. We have abbreiated the XML
representatiobut in the actualsystemtheseXML el-
ementompletelydescribehe datastructuresisedin
our finite elementolutionof aviscoelastidlow prob-
lem.

2.2 Finite Element Modding of Viscoelastic Flow

Theimmediateapplicatiorfor thetechniquehatwe
describeis an object-orientedoftware packagebeing
developedto numericallymodelviscoelastidlow oc-
curringin polymerprocessingThis packagewill have
widespreadpplicationin fibersandfilms industryand
researchandwill sene asa startingpoint for our fu-
turefinite elementsystemdevelopment.However, the
approachhatwe describdn this papercanbeapplied



(1) < ?xmlversion="1.0"standalone="no"2>

(2) <!DOCTY PEFiniteElementSY STEM
(3) ? finite_element.dtd” >

(4) < FiniteElement >

(5 < ZONE NUMBER.OF_NODES ="1"
(6) HEIGHT ="5"WIDTH =72" >

(7) < NODES >

(8) < NODE GLOBAL_ NUMBER ="3" >
(9) < COORDS >

(10) <VECTORDIM =72" >

(11) < CRD > 0.06 < /CRD >

(12) <CRD >0< /[CRD >

(13) < /VECTOR >

(14) < /COORDS >

(15) < VELOCITY >

(16) <VECTORDIM =72" >

a7 <CRD >0< /CRD >

(18) <CRD >0< /[CRD >

(29) < /VECTOR >

(20) < /VELOCITY >

(21) < PRESSURE >-104.24% /PRESSURE >
(22) < /NODE >

(23) < /ZONE >

(24) < /FiniteElement >

Figure 1. XML Example This figure illustrates
our use of XML to describe the data struc-
tures that we use in our modeling of a vis-
coelastic flow problem. Our approach can be
applied to most mathematical models where
data needs some form of visualization.

to ary systemwherethe outputwill beviewedin mul-
tiple formatsor by multiple computeralgebrasystems
or visualizationtools.

In our system the main componentgorrespondo
the algorithmsneededor a finite elementsolutionof
partialdifferentialequationsin particular our system
incorporatesmeshgeneration piecavise polynomial
interpolation,quadraturelinear andnonlinearsystem
solhers. Unfortunately the solutionis almostmean-
inglessif onecannot useothertoolsto view the re-
sults. Herelies the problem- differenttools require
differentfile formats. It is preciselythis reasonthat
flexibility in translationis absolutelyessential.

3 Design of the System

We take the resultsof a systemof linear equations
relatedto a viscoelasticfinite elementproblemand
outputthemasan XML file definedby our finite el-
ementdocumentype definition (DTD). We canpass
this XML file alongwith an XSLT style sheetto our
translator Thetranslatorthenproducesa file format-
ted for a particularvisualizationtool/computeralge-
brasystemsuchasJava 3D, Tecplot,MatLab, Maple,
Mathematicar otherdataformatssuchasthe Hierar
chicalDataFormat(HDF).

3.1 Overview of previousapproaches

Currentdesigns,suchasDeal.ll, OFELI, and Flu-
ent (Gambit, Polydata,and Polyflow), hard codethe
supportediataformatswithin their system[4 2, 9], so
that addingan unsupportedool to thesesystemse-
quireseitherthe modificationof existing code,or ad-
ditional codeto supportthe new tool. For example,
with Tecplot,a nev modulemustbe createdusingthe
TecplotAdd-onDevelopersKit (ADK)[1]. Thus,Tec-
plot placesthe burdenof building the addedmodule
onthesystemuser sothataddinganunsupportedool
canberatherfrustratingto theuser

(1) < xsl:.whentest="$param="elocity_pressure™>
(2) variables="x","y",“u”,"v","p”

(3) < /Ixsl:when>

(4) < xsl:whentest="$param="ngpressure”>

(5) variables="x","y",“u”,“v"

(6) < /Ixsl:when>

(7) < xsl:.whentest="$param="novelocity” >

(8) variables="x","y","“p"
(9) < /Ixsl:when>

Figure 2. ParameterizecdonditionalStatements
This figure summariz es how one uses pa-
rameteriz ed conditional statements within an
XSLT style sheet. If the variable “param” is
set to “velocity _pressure ;' then only the text
on line (2) will be used in the translation. Like-
wise for the other conditional statements.




3.2 Design of our system

Dependingon the solutionof thelinear systemand
thevisualizationtool thatwe use,we sometimeseed
to createmore than one formattedfile. By exploit-
ing the XML tools made available by the Apache
XML project(Xercesand Xalan), the Mozilla Orga-
nization(Rhino- JaraScriptfor Java), andthe Simple
API for XML (SAX) we have designedur systemso
that mostdecisionsof this type aretransparento the
user[6 4,7, 8]. Forexample weaccomplishthetrans-
parenyg of creatingmultiple formattedfiles by first
parsingthe XML file to checktagsandthensetcer
tain valuesdependentiponthe parsedutcome.Once
completed,our systemthen readsin a given XSLT
style sheetand substituteur setvaluesinto param-
eterizedconditionalstatements.The translationonly
takes placewherethe conditionalstatementsretrue
(seeFigure2). Anotherfeatureof thesetoolsthatwe
useis the ability to embedJavaScriptwithin an XSLT
stylesheefiseeFigure3). UsingJavaScriptenabledus
to write functionsto aid in thetranslationprocess.

(1) < Ixslt:scriptlang="javascript” >
(2) functionchangeindex(a,b){

(3) var n = parselnt(a);

(4) vars = parselnt(b);

(5) varr=n% (2*s + 1);

(6) var p = parselnt(n/(2*s+1));

(7) if(r ==0) {

(8) r=2*+1;

(9) p—

(100}

(11) returnparselnt((r p*(s + 1) + 1)/2);
(12) }

(13) < /Ixslt:script>

Figure 3. EmbeddingJavaScriptwithin XSLT.
This figure summariz es how one embeds
JavaScript within XSLT. We needed a function
that allowed us to make changes to inde xing
on the fly during the translation process. Be-
ing able to embed JavaScript within the XSLT
style sheet greatly simplified the task.

Figure 4 representsan overvien of our approach.
Therectangleontheleft of thefigurerepresentthere-
sultsof anumericalmodelor computatior(in our case

theresultsof a systemof linearequationgelatedto a
viscoelastidinite elemeniproblem).Theoutputof the
computationamodelis an XML representatioof the
datathat,togethemwith an XSLT style sheetbecomes
inputto atranslatorrepresentelly therectanglen the
middle of Figure4. An XSLT stylesheets tailoredto
a particularviewing tool andis usedto translatethe
XML representatioimto afile for thatparticulartool.
Finally, the translatedile is usedasinput to the tool
and canbe viewed by the user In the figure, we il-
lustratefour commonlyusedfile formatsfor viewing
data:Tecplot,Matlab,HTML andHDF.

4 Conclusions and Future Work

In this paper we have describedour approachto
representinghe resultsof computationaimodelsby
exploiting the power and expressiity of the Exten-
sible Markup Language , XML[3, 5]. This uniform
representatiofacilitatessharingof informationonthe
Internet,as well asviewing by mary tools, suchas
Matlab®, Maple®, Tecplot®, orawebbrovser We
allow theuserof the applicationto choosethe desired
file format. Our approachprovides easyextensionof
our modelingresultsto otherviewing toolsaswell as
easyincorporationof a databasénto our system.

Our approachhasseveral advantages:(1) easeof
maintenancend less codebloat (we do not have to
hard codedifferentformatsinto our system),(2) the
user doesnot needto wait for a software upgrade
just so that he or she can use their favorite visual-
ization/computerlgebrasystemtool, (3) writing an
XSLT style sheets not very difficult, (4) theusercan
sa/e outputin multiple formats,and(5) if theuserde-
cideslater that he or shewould ratherusea different
file formatafterthefact, then(aslong asthe userhas
the properstyle sheet)gettinga new translationcan
easilybe managedvithouthaving to runthefinite ele-
mentcodefrom thestart.

Our ongoingwork includesthe elimination of the
DTD aspecbf XML, in favor of aschemaSchemas
are more flexible, powerful and more precise. With
a schemaone cannot only captureXML syntaxof a
document,but also the actualdatatype of eachele-
mentscontent.Moreover a schemacaptureghe spirit
of XML morefully. We planto incorporatean XML
databasénto the systemto obviate recomputatiorof



Tecplot

Results of XML file ——
Mathematical representation
Model of data —

Translator Matlab

HDF

Figure 4. SystenOverviav. This figure provides an overview of the application of our technique . The
Mathematical model is illustrated on the left of the figure as arectangle . Output from the model is an
XML file whic h, tog ether with an XSLT style sheet, is input to a translator . The translator produces a
file readable by a number of tools; the tools listed in the figure are Tecplot, Matlab, HTML and HDF.

certainequationsand information. Finally, we plan [8] The XML ApacheOrganization. The Apade XML
to incorporatehe XSLTC compilerinto the systemso Project http://xml.apache.aqy,2001.

translatiormoreeficient. http://www fluent.com/2001.

5 Acknowledgements

This work was supportedn partby the ERC pro-
gramof theNationalSciencd~oundationunderaward
numberEEC-9731680.

References

[1] AmtecEngineeringncorporatedTecplot,\Version9.0.
http://www.amtec.com/2001.

[2] Deal.ll. deal.ll: A Finite Element Differential
Equations Analysis Library. http://gaia.iwruni-
heidelbeg.de/deal/,2001.

[3] Deitel, Deltel, Nieto, Lin, and Sadhu. XML How to
Program Addison-Wésley, 2001.

[4] Fluent. Fluent Flow Modeling Softwae.
http://www fluent.com/2001.

[5] S.Holzner InsideXML. New RidersPublishing2001.

[6] Oasis. SAXdevelopedcollaboratively by the mem-
bers of the XML-DEV mailing list. http://www.0asis-
open.og/,2001.

[71 M. Organization. Rhino: JavaScript for Java
http://wwwmozilla.og/, 2001.



