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Abstract

In thispaper, wedescribea techniquefor represent-
ing the resultsof computationalmodelsby exploiting
the powerand expressivityof the ExtensibleMarkup
Language, XML. This uniform representationfacili-
tatessharingof informationontheInternet,aswell as
viewing by manytools, such as �������	��
 c

�
, �
������� c

�
,� ����������� c

�
, or a webbrowser. Weallow theuserof the

applicationto choosethedesiredfile format. We then
useXML, together with an XSLT style sheetfor the
particular application, to producea documentview-
ableby thetool. An advantage of usingXML is that if
there is an applicationthat is not currentlysupported
or if a new applicationis available, wesimplycreatea
new stylesheetwithouthavingto modifythecodethat
generatesthedata.

1 Introduction

The compellingattractionof the Internetis that it
hasmadegigabytesof information widely available
to peopleof all walks of life. Most of this informa-
tion is packagedin a user-friendly, easy-to-view for-
mat. Furthermore,the Internetis a tremendousvehi-
clethatpermitsmathematiciansandengineersto share
technicaldata.However, mostmathematicalandengi-
neeringsoftwareapplicationsproducefilesin apropri-
etaryformat,consumableonly by a particulartool, or
a limited setof tools. In orderfor theseapplicationsto

accommodateotherfile formats,theapplicationmust
bemodified.Moreover, usersof differentapplications
musteitherwait for themodification,or try to arriveat
aninteroperablesolutionon theirown.

In thispaper, wedescribea techniquefor represent-
ing theresultsof computationalmodelsby exploiting
the power andexpressivity of the ExtensibleMarkup
Language,XML[3, 5]. This uniform representation
facilitatessharingof information on the Internet,as
well as viewing by many tools, such as �
��������
 c

�
,

��������� c
�

,
� ����������� c

�
, or a webbrowser. We allow the

userof the applicationto choosethe desiredfile for-
mat. We thenuseXML, togetherwith anXSLT style
sheetfor theparticularapplication,to producea doc-
umentviewable by the tool. An advantageof using
XML is that if thereis an applicationthat is not cur-
rently supportedor if a new applicationis available,
we simply createa new stylesheetwithout having to
modify thecodethatgeneratesthedata.

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 mostcomputationalmodelswheredataneedssome
form of visualization.Theoutputof thecomputational
model is an XML representationof the datathat, to-
getherwith an XSLT style sheet,becomesinput to a
translator. An XSLT style sheetis tailored to a par-
ticular viewing tool andis usedto translatethe XML
representationinto a file for that particulartool. Fi-
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nally, thetranslatedfile is usedasinput to thetool and
canbeviewedby theuser.

In the next section,we presentbackgroundabout
XML andfinite elementmodelingof viscoelasticflow.
In Section3, wedescribethedesignof oursystem.Fi-
nally, in Section4 we draw conclusionsanddescribe
our ongoingefforts to exploit XML to facilitatevisu-
alizationof theresultsof ourmodelandto incorporate
adatabaseinto oursystem.

2 Background

In this section,we provide backgroundaboutXML
andfinite elementmodelingof viscoelasticflow. We
includeanexamplethatillustratesouruseof XML and
XSLT stylesheets.

2.1 XML

The extensiblemarkup language,XML, has be-
comeoneof thehottestconceptsin computerscience,
webauthoringandwebprogramming.Like its HTML
counterpart,XML is derivedfrom thestandardgener-
alizedmarkuplanguage,SGML.However, HTML is a
markuplanguageusedfor displayinginformationcon-
tent; XML, on the otherhand,is a markuplanguage
for creatingmarkuplanguages.HTML is a markup
languagefor markingdocumentsusingtagsfor head-
ings and paragraphs,whereasXML enablesthe cre-
ationof new tagsfor markinganything,suchasmath-
ematicalformulas,molecularstructureof chemicals,
musicscoresandany otherdocument.HTML limits
theuserto a fixedcollectionof tags,usedprimarily to
describethecontentthatis displayedin a browser.

Many applicationsfor XML have beencreatedfor
structuringdata for various disciplines. In Mathe-
matics,theMathematicalmarkuplanguage,MathML,
hasbeendevelopedfor describingmathematicsnota-
tion. Previous languagedescriptionsfor mathematics
notationshave usedsoftware packagessuchas TeX
andLaTeX; MathML enablestechniquesfor describ-
ing mathematicsnotationsfor bothdatabasesandthe
web. Otherexampleapplicationsof XML includethe
chemicalmarkuplanguage,CML, thespeechmarkup
language,SpeechML,andthesynchronizedmultime-
dia interfacelanguage,SMIL.

An XML documentconsistsof a list of element

types,togetherwith their attributes.Therelationships
of theseelements,to eachother, canbespecifiedby an
optionaldocumenttype definition (DTD). DTD’s for
a documentdescribethegrammaticalrulesfor a doc-
ument. A DTD is not requiredfor a documentbut is
recommendedfor documentconformity. By combin-
inganXML documentwith itscorrespondingDTD, an
XML parsercandeterminethecontentandstructureof
anXML document.

For webauthoring,HTML hasemergedasthetech-
nology of choice for describingthe content of an
HTML document;cascadingstyle sheets,CSS,has
emergedasthetechnologyof choicefor describingthe
form of anHTML document.Similarly, theextensible
style language,XSL, wasdevelopedasa technology
for describingtheformof anXML document.An XSL
stylesheetprovidestherulesfor displayingor organiz-
ing anXML document’s data.XSL alsoprovidesele-
mentsthatdefinerulesfor describinghow to transform
oneXML documentinto anotherXML document.For
example,anXML documentcanbe transformedinto
anHTML document.Thefacetof XSL thataddresses
theproblemof transformingXML documentsis called
XSL transformations,or XSLT.

Figure1 illustratesour useof XML to describethe
modelingof afinite elementmesh.Thedatastructures
in themodelincludeXML elementsto describezones
andnodesrepresentedby ZONE andNODE elements
on lines5 and7 in thefigure. A zoneis composedof
nodes,which arecomposedof coordinatevectors,ve-
locity vectorsandpressure,illustratedon lines10, 16
and21 in the figure. We have abbreviated the XML
representationbut in theactualsystemtheseXML el-
ementscompletelydescribethedatastructuresusedin
ourfinite elementsolutionof aviscoelasticflow prob-
lem.

2.2 Finite Element Modeling of Viscoelastic Flow

Theimmediateapplicationfor thetechniquethatwe
describeis anobject-orientedsoftwarepackagebeing
developedto numericallymodelviscoelasticflow oc-
curringin polymerprocessing.Thispackagewill have
widespreadapplicationin fibersandfilms industryand
research,andwill serve asa startingpoint for our fu-
turefinite elementsystemdevelopment.However, the
approachthatwedescribein thispapercanbeapplied

2



( 1) � ?xmlversion=”1.0”standalone=”no”?�
( 2) ���  "!$#&%('*)�+$,.-0/1-32�45+$67498:49/;2=<�'*<�%&+*>
( 3) ?A@�-B/1-32�4 4567498:49/;2DC EF2	EA?*�
( 4) �G,.-0/1-32�45+$67498:49/;2H�
( 5) �JI(!�K:+LKNM.>LOP+PQ !�, K:!� "+P<SRT?VUD?
( 6) WX+�Y�Z.W[%GR\?F]^?F_`Y� a%&WbR\?Fc^?"�
( 7) �GK:!� "+P<d�
( 8) �GK:!� "+eZ.f�!�OPghf KXM.>eOP+$Q`RT?jik?l�
( 9) �J#.!�!�Q. m<d�
(10) �Tn�+*#&%&!�QG lY�>oRT?Ac5?m�
(11) �T#.Q. p�Gq�C qF]a�Jrj#.Q. s�
(12) �T#.Q. p�Gqa�Trk#.Q. s�
(13) �Trjn$+P#&%h!�Qt�
(14) �Trj#.!�!�Q. m<u�
(15) �Tn�+Pfv!$#hYF%('w�
(16) �Tn�+*#&%&!�QG lY�>oRT?Ac5?m�
(17) �T#.Q. p�Gqa�Trk#.Q. s�
(18) �T#.Q. p�Gqa�Trk#.Q. s�
(19) �Trjn$+P#&%h!�Qt�
(20) �Trjn$+$f�!$#hYF%('x�
(21) �J)�Q.+P<y<�MhQh+z� -104.249�Trk)�Q.+P<y<vMhQ.+z�
(22) �TrDK:!� "+x�
(23) �Tr�I{!�K:+|�
(24) �Trk,.-B/1-32�45+$67498:49/;2H�

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 flo w problem. Our approach can be
applied to most mathematical models where
data needs some form of visualization.

to any systemwheretheoutputwill beviewedin mul-
tiple formatsor by multiplecomputeralgebrasystems
or visualizationtools.

In our system,themaincomponentscorrespondto
thealgorithmsneededfor a finite elementsolutionof
partialdifferentialequations.In particular, our system
incorporatesmeshgeneration,piecewise polynomial
interpolation,quadrature,linearandnonlinearsystem
solvers. Unfortunately, the solution is almostmean-
inglessif onecannot useother tools to view the re-
sults. Here lies the problem- different tools require
different file formats. It is preciselythis reasonthat
flexibility in translationis absolutelyessential.

3 Design of the System

We take the resultsof a systemof linearequations
relatedto a viscoelasticfinite elementproblemand
output themasan XML file definedby our finite el-
ementdocumenttype definition (DTD). We canpass
this XML file alongwith anXSLT stylesheet,to our
translator. The translatorthenproducesa file format-
ted for a particularvisualizationtool/computeralge-
brasystemsuchasJava 3D, Tecplot,MatLab,Maple,
Mathematicaor otherdataformatssuchastheHierar-
chicalDataFormat(HDF).

3.1 Overview of previous approaches

Currentdesigns,suchasDeal.II, OFELI, andFlu-
ent (Gambit,Polydata,andPolyflow), hardcodethe
supporteddataformatswithin theirsystem[4, 2, 9], so
that addingan unsupportedtool to thesesystemsre-
quireseitherthemodificationof existing code,or ad-
ditional codeto supportthe new tool. For example,
with Tecplot,a new modulemustbecreatedusingthe
TecplotAdd-onDevelopersKit (ADK)[1]. Thus,Tec-
plot placesthe burdenof building the addedmodule
on thesystemuser, sothataddinganunsupportedtool
canberatherfrustratingto theuser.

( 1) � xsl:whentest=“$param=‘velocity pressure’” �
( 2) variables=“x”,“y”,“u”,“v”,“p”
( 3) � /xsl:when �
( 4) � xsl:whentest=“$param=‘nopressure’” �
( 5) variables=“x”,“y”,“u”,“v”
( 6) � /xsl:when �
( 7) � xsl:whentest=“$param=‘novelocity’” �
( 8) variables=“x”,“y”,“p”
( 9) � /xsl:when �

Figure 2. ParameterizedConditionalStatements.
This figure summariz es how one uses pa-
rameteriz ed conditional statements within an
XSLT style sheet. If the variab le “param” is
set to “velocity pressure ,” then onl y the text
on line (2) will be used in the translation. Like-
wise for the other conditional statements.
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3.2 Design of our system

Dependingon thesolutionof thelinearsystemand
thevisualizationtool thatwe use,we sometimesneed
to createmore than one formattedfile. By exploit-
ing the XML tools made available by the Apache
XML project (XercesandXalan), the Mozilla Orga-
nization(Rhino- JavaScriptfor Java), andtheSimple
API for XML (SAX) we have designedour systemso
that mostdecisionsof this typearetransparentto the
user[6, 4, 7,8]. For example,weaccomplishthetrans-
parency of creatingmultiple formattedfiles by first
parsingthe XML file to checktagsandthensetcer-
tainvaluesdependentupontheparsedoutcome.Once
completed,our systemthen readsin a given XSLT
style sheetandsubstitutesour setvaluesinto param-
eterizedconditionalstatements.The translationonly
takesplacewherethe conditionalstatementsaretrue
(seeFigure2). Anotherfeatureof thesetools thatwe
useis theability to embedJavaScriptwithin anXSLT
stylesheet(seeFigure3). UsingJavaScriptenabledus
to write functionsto aid in thetranslationprocess.

( 1) � lxslt:scriptlang=“javascript” �
( 2) functionchangeindex(a,b) }
( 3) varn = parseInt(a);
( 4) vars = parseInt(b);
( 5) var r = n % (2*s + 1);
( 6) varp = parseInt(n/(2*s+1));
( 7) if(r == 0) }
( 8) r = 2*s + 1;
( 9) p–;
( 10) ~
( 11) returnparseInt((r+ p*(s + 1) + 1)/2);
( 12) ~
( 13) � /lxslt:script �

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

Figure 4 representsan overview of our approach.
Therectangleontheleft of thefigurerepresentsthere-
sultsof anumericalmodelor computation(in ourcase

theresultsof a systemof linearequationsrelatedto a
viscoelasticfinite elementproblem).Theoutputof the
computationalmodelis anXML representationof the
datathat,togetherwith anXSLT stylesheet,becomes
inputto atranslator, representedby therectanglein the
middleof Figure4. An XSLT stylesheetis tailoredto
a particularviewing tool and is usedto translatethe
XML representationinto a file for thatparticulartool.
Finally, the translatedfile is usedasinput to the tool
andcanbe 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
representingthe resultsof computationalmodelsby
exploiting the power and expressivity of the Exten-
sible Markup Language,XML[3, 5]. This uniform
representationfacilitatessharingof informationonthe
Internet,as well as viewing by many tools, suchas
�������	��
 c

�
, ��������� c

�
,
� �����H�	��� c

�
, or awebbrowser. We

allow theuserof theapplicationto choosethedesired
file format. Our approachprovideseasyextensionof
our modelingresultsto otherviewing toolsaswell as
easyincorporationof adatabaseinto oursystem.

Our approachhasseveral advantages:(1) easeof
maintenanceand lesscodebloat (we do not have to
hardcodedifferent formatsinto our system),(2) the
user doesnot needto wait for a software upgrade
just so that he or she can use their favorite visual-
ization/computeralgebrasystemtool, (3) writing an
XSLT stylesheetis not very difficult, (4) theusercan
save outputin multiple formats,and(5) if theuserde-
cideslater that he or shewould ratherusea different
file formatafter thefact, then(aslong astheuserhas
the properstyle sheet)getting a new translationcan
easilybemanagedwithouthaving to runthefinite ele-
mentcodefrom thestart.

Our ongoingwork includesthe eliminationof the
DTD aspectof XML, in favor of a schema.Schema’s
are more flexible, powerful and more precise. With
a schemaonecannot only captureXML syntaxof a
document,but also the actualdatatype of eachele-
mentscontent.Moreover a schemacapturesthespirit
of XML morefully. We plan to incorporateanXML
databaseinto the systemto obviate recomputationof
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XML file
representation

HTML

XSLT
Style Sheet

Translator

Results of
Mathematical

Model of data

HDF

Matlab

Tecplot

Figure 4. SystemOverview. This figure provides an overview of the application of our technique . The
Mathematical model is illustrated on the left of the figure as a rectangle . 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 readab le by a number of tools; the tools listed in the figure are Tecplot, Matlab, HTML and HDF.

certainequationsand information. Finally, we plan
to incorporatetheXSLTC compilerinto thesystemso
thatwecanprecompiletheXSLT stylesheetsto make
translationmoreefficient.
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