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Abstract

In this paperwe reportour work on theintegrationof ex-
isting scientificapplicationsusingGrid Services.We de-
scribea generalarchitecturethatprovidesaccessto these
applicationsvia Web ServicesbasedApplication Facto-
ries. Furthermore,we demonstratehow such services
can interactwith eachother. Theseinteractionsenable
a level of integration that assiststhe scientific applica-
tion architectin leveragingapplicationsrunning in het-
erogenousruntimeenvironments.Our architectureis im-
plementedusingexisting infrastructuresandmiddleware,
suchasWebServices,theGlobusToolkit [2] andtheJava
CoGKit. We testour architectureon a thermochemistry
applicationthatprovidesa numberof requirements,such
asbatchprocessing,interactiveandcollaborativesteering,
useof multiple platforms,visualizationthroughlargedis-
plays,andaccessvia a portal framework. Besidesthein-
novative useof theGrid andWebServices,we have also
providedanovel algorithmiccontributionto scientificdis-
ciplineswhich usethermochemicaltables. We modified
theoriginal approachto constructingthermochemicalta-
blesto includean iterative processof refinementleading
to increasedaccuracy, and are in the processof imple-
menting this approach. We have designeda portal for
accessingthesetof servicesprovided,which includethe
displayof networkdependenciesbetweenthereactionsa
chemistmaybe interestedin, andinteractive queryingof
associatedspeciesdata.

1 Intr oduction

The study of energy changesthat accompany chemical
reactionsandchangesin the physicalstatesof matteris
referredto asThermochemistry. The knowledgeof ther-
mochemicalstabilityof substancesis centralto chemistry
andcritical in many industries,sincechemicalreactions
areultimatelygovernedby thermochemistry. Hence,ther-
mochemistryfinds applicationsin otherdisciplinessuch

as earthscienceand engineering,helping to improve a
wide rangeof scientificquestionsthat leadto betterun-
derstandingof processessuchasclimateandcombustion
[17, 11]. To derive a betterunderstandingof thesephe-
nomenait is important to be able to predict and verify
themto a highdegreeof accuracy.

Until now, the thermochemicaldatanecessaryto pe-
rusesuchcalculationsis unfortunatelyavailable only in
static table form and the algorithmsto derive accurate
model descriptionsare too impreciseto deal with the
complex chemicalreactionsthat we encounterin exper-
imentswithin state-of-the-artlaboratoryexperimentsor
processesobserved in nature.Our goal is to improve this
situationwhile using innovative algorithmsand deliver
themto the scientiststhroughan advancedcollaborative
environment.

Novel modalitiesof deriving new scientificresultscan
bestimulatedwhile enablingacollaborativeenvironment,
in whichscientistscanpublishandsharetheir resultswith
others,performsophisticatedcalculationsthatareother-
wisenot accessible,andintegratenewly developedalgo-
rithmsaspartof a servicemodelin interdisciplinarysci-
entificscenarios.

We observe that the Grid [14, 10, 9] can provide the
basic middleware infrastructurefor bootstrappinga so-
phisticatedcomputeend collaborative environment that
assiststhe scientistfor the next generationof scientific
challenges.Elementaryto the Grid is the sharingof re-
sourcescontrolled by different administrative domains.
TheGrid allowsscientiststo collaborateeventhoughtheir
resourcesmay be controlled by different domainsand
their accessto theseresourcesis enabledthroughtheuse
andcreationof virtual organizationsthatallow sharingof
resourcesbetweendifferentadministrativedomains.

In this paper, we will show how we provide advanced
servicesthatcanbeaccessedcollaboratively by thescien-
tists. Their integrationaspart of a processdescribedas
workflow canenablethe creationof servicesthat canbe
easily reusedby the community. The scientistsare in a
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positionto concentrateon the science,while application
developerswill focustheirattentionto thedeliveryof ser-
vicesthat canbe assembledasbuilding blocksto create
moreelaborateservices.

Ourpaperis structuredasfollows.Firstwegiveashort
introductionto the problemdomainandthe terminology
usedin thermochemistrywhich is directly relatedto the
work we perform. We provide an analysisof a current
processto derive thermochemicaltablesthat are one of
themostelementarybuilding blocksin thermochemistry.
Next weprovideanimprovedtechniquefor increasingthe
accuracy of this process.We introducea scenariowhere
ouralgorithmandtherepeateduseby thecommunitywill
resultin ahighly accurateandelaboratethermochemistry
table database.We will outline our serviceorientedar-
chitectureandoutlinewhy servicessuchassecurity, data
transfer, registration,andschedulingassistin assembling
sucha sophisticatedcollaborative environment. Before
we draw conclusionswe point out opportunitiesfor fur-
therresearch.We expectthatmuchof thework presented
in this paperwill beshown aspartof a demoat SC’2002
togetherwith the SciDAC Collaboratoryfor Multi-scale
ChemicalSciences(CMCS) andthe SciDAC Java Com-
modity Grid projectsponsoredby theDepartmentof En-
ergy.

2 BasicThermochemistry

In this sectionwe provide a minimal introductionto ba-
sic thermochemistrythat is necessaryto understandthe
servicesand scenariospresentedlater in this paper. A
more completeaccountof the thermochemicaldevelop-
mentbehindthe conceptof the Active Thermochemical
Tableswill bepublishedin thenearfuture.

Elementaryto thedisciplineof thermochemistryis en-
thalpy (

�	��
� ), which refersto the valueof energy of a
systemwhenit is at constantpressure.The enthalpyre-
lationshipsinvolved in examiningthermochemicalequa-
tionsareeasilyvisualizedby meansof enthalpydiagrams
asshown in Figure1.

In this diagramthe equationscan be expressedas a
graphthatcontainshorizontallinesrepresentingdifferent
valuesof theenthalpy. Typically thedifferencesbetween
thesevaluesaredeterminedexperimentallyor canbede-
rivedusingthe thermodynamiclaws from otherenthalpy
values.However, valuesobtainedfrom experimentsmay
containerrors(notshown in thediagram).Changesin the
enthalpyarevisualizedby thedistancebetweenthelines.
Basedon the changesperformed,different intermediate
states(chemicalspecies)mayoccurduring thetransition
from one to the other final state. Thus, it is natural to
visualizethe transitionwith directededgesbetweenthe
states.An alternativegraphis displayedontheupperright


 � �� ��
���� �
�� �� � �
�� 

!#" $&%('*),+.- /10

24365 718:9<;:= >@?#ACB D1E

F4G,H.I J1K L*M4N:O.P1QSRUT V�WYX

L@Z\[:] ^(_a`cb d#eYf

L@g\h:i jckalcm n�oYp

q

r

s

tvu1w1xSy z {:|~}��a�:� ��4�:�@���1�1�Y� � �:� L*�:�a�� �1�<�#� �U�:�<�,�.� �1�c ¢¡\£,¤.¥ ¦1§ ¨ ©cªa«�¬ ­® ¯Y°<±#² ³U´:µ<¶,·.¸ ¹1ºc ¢»\¼�½ ¾1¿(À<Á:Â Ã@Ä,Å(Æ Ç1ÈÊÉ Ë1Ì1Í�Î ÏÐ ÑcÒ(Ó4Ô6Õ Öa×(Ø*Ù�Ú Û6Ü#ÝCÞ ß1à: ¢á\â,ãCä å1æ ç èaéYê(ë ì

Figure 1: Enthalpydiagramsand thermochemicalreac-
tion tables.

handcornerthatemphasizesthepossiblestatesin which
a chemicalspecies(e.g.,anensembleof chemicallyiden-
tical molecularentitiesthat can explore the samesetof
molecularenergy levelson thetimescale)canoccur.

In traditional thermochemicaltablesthe enthalpiesof
formation(

�	��
� ) aredevelopedwith thehelpof anelab-
oratesequential process. In eachstepa new speciesis
addedwhile all

�	��
� valuesdeterminedin previoussteps
are frozen. The enthalpyof the new speciesis deter-
mined at one temperatureí from interconnectingmea-
surementsthatarelimited to thosespeciesalreadydefined
in previous steps.The temperaturedependentfunctions:îï
ðòñôó 
 ñ~õ ��
ö�÷ ��

<ø ñ �	�ù
�#ö ñ �	úû
ö , aredevelopedby de-
termining the partition function ü ñ�ýcþ ü ñ í¢ÿ õaýcþ ü ø�� ÿ í ,
and í��#ÿ�� õaýcþ ü ø�� ÿ í�� from the species-specifiedquanti-
ties and the newly selectedsingle temperatureenthalpy.
(For more information aboutthe aforementionedterms,
pleasereferto [19].)

The sequentialprocessfollows a standard order of
chemical elements: � � � � ��� ý
	���
~þ�� �
þ�	��\ý

�� � ��
�� � ����� ý � 	���
�þ�� � � þ�� � 	���
~þ�� �
����� ��	@þ � 
 � �
	�� � 
�� �� . For every chemicalelementin-
troduced,thesequencestartsat thestandardstatefor that
element,for which

�	��
�"!$# by convention. However,
enthalpiesof formationhave complex hiddendependen-
cies. Thesedependenciesarebackwardstraceable,albeit
with considerablemanualeffort, andin practice,not for-
wardtraceableatall.

Thissequentialapproachhasseveraldisadvantagesand
resultsin

�	��
� andtheir error barsthat do not properly
reflect the global relationshipsimplied by the species-
interconnectingdataused. The valuesanderror barsre-
flect,atbest,only local relationshipsto nearestneighbors.
A cumulative error is introducedbasedon the frozenen-
thalpiesin previous steps.Furthermore,the hiddenrela-
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tionshipsin conventionaltablesproducethermodynamic
tablesthatarestaticin its nature.Theproperupdatewith
new knowledgeis nearly impossiblesinceforward rela-
tionshipsare non-transparentand updatingone species
may improve things locally, but increasesthe global in-
consistencies.

A new approachis neededthat circumventsthesedis-
advantages.

3 ActiveThermochemicalTables

The most important differenceis in how the species-
interdependentdata is treated. The Active Table ap-
proachesthe information contenthiddenin the species-
interdependentdatafrom theviewpointof a thermochem-
ical network[19,18]. Everyvertex (node)of thisnetwork
representstheenthalpyof formationof onespecies.The
species-interdependentdata define the topology of the
networkgraphby providing the edges(links) in the net-
work. Competingmeasurementsprovide multiple (par-
allel) links in the network. The relational information
definingthe topologymapsonto a setof equations,with
the enthalpiesof the involved speciesas unknowns, the
stoichiometryof the reactionsdefining the coefficients,
andthe measurementsandtheir error barsproviding the
free elements.Sincethe numberof equationsregularly
exceedsthe numberof unknowns, the systemis overde-
termined.Thebestsolutionto thenetworkis obtainedin
two steps.Thefirst stepstatisticallyanalyzesthenetwork
with thegoalof checkingtheerrorbarsof individualdata
items for consistency. All inconsistenciesare identified
andproposalsfor their resolutionsgenerated.The reso-
lutions generallyproceedthroughincrementingthe error
barsof theoffendingdataitemsto their statisticallyindi-
catedvalues,andtheanalysisis repeated.During subse-
quentstepstheerrorbarsof theoffendingdataitemsusu-
ally oscillateup and down until self-consistency across
thewholenetworkis reached.Theanalysisis carriedout
bothin unweightedanderror-weightedspace.Thesecond
stepoccursoncethe valuesanderror barsof dataitems
achieve consistency acrossthewholenetwork. This step
consistsof findingsimultaneouslytheoptimalsolutionto
all nodesby %&� minimization(in error-weightedspace).
The species-specificdatais usedto preparethe network
for analysisby re-expressingall dataitemsasreactionen-
thalpiesat onecommontemperature,andoncethe opti-
mal solutionto the networkhasbeenfound, to calculate
thepartitionfunctionsandhencedevelopthetemperature
dependenceof thestandardthermochemicalfunctions. It
shouldbenotedthat,asopposedto thesimultaneoussolu-
tion describedabove, the traditionalsequentialapproach
would correspondto a procedurewhere the nodesare
solved oneat a time in a prescribedsequence.Eachof

thestepscorrespondsto selectinga particularpathin the
networkleadingfrom solvednodesto thenext node,and
ignoring all other possiblepaths. Both the fact that an
overdeterminedsystemof coupledequationsis solvedfor
oneunknown at the time andthat someof the equations
areignoredcontributeto thelackof globalconsistency in
traditionaltables.

4 Benefits of the Active Table ap-
proach

Unlike the quantitiesfound in a traditional table, the
thermochemicalquantities(andtheir errorbars)obtained
from the Active Table properly reflect the globalismof
relationshipsimplied by the underlying thermochemi-
cal network. All values/errorbars are consistentin a
global sense.An Active Tableallows rapid updatewith
new measurements(and possiblycalculations)by glob-
ally propagatingthe new information throughthe table.
Quality andintegrity of the tableis protectedthroughout
the updatesby error analysis,which runs in both direc-
tions: The error bar of the new experimentmay shrink
error barsin the table; however, the error barsof other
experimentsin the table might challenge,via the statis-
tical analysisdiscussedabove, the error bar assignedto
thenew experiment. In addition,an Active Tableallows
what if tests. Suchtestsprovide a critical evaluationof
the testeddata,and its impacton prior thermochemical
knowledge,or, if the test correspondsto a new experi-
ment,providesfeedbackon sensitivity of the networkto
variousmeasurements.The approachhasalso potential
to becomeaninterestinglearningandeducationtool, etc.
An ActiveTablecanprovidea rankedlist of links thatare
missingor weak from a statisticalviewpoint, i.e. it can
provide pointersto what would be the most useful new
experimentsor calculations.

5 Application Requirements

We have performedan initial requirementanalysisthat
identifiedanumberof importantbasicusecasesthatmust
beprovidedby ourarchitecture.Theseusecasesinclude

' thecalculationandthevisualizationof anactivether-
mochemicaltable,

' thepolynomialfitting (usedin subsequentmodeling)
of afunctionbasedondataobtainedeitherwith stan-
dardor with activethermochemicaltablesfrom ava-
riety of input sources,

' thedisplayof thepolynomialfitted functions,
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' the query of dataneededfor the polynomial fitting
andtheActive Tables.

In thenext sectionwe will extendour requirementlist
beyond the pure scientificapplicationneedandconcen-
tratemoreon themodalitiesof usingtheseapplicationsin
a sharedandcollaborativeenvironment.

6 Grid Requirements

To decideupon a computationalenvironment that sup-
portsour algorithmicproposedsolutionwe first have to
analyzeasetof requirementsthatareimposedonusbased
onthemodalityof thescientificresearchto beperformed.
We identify thatwe have a needfor a

Collaborative environmentthat supportsthe interaction
amongstscientistsin geographicallydispersedloca-
tions.

Secure environmentthatprotectsform the lossof intel-
lectual propertyandallows restrictedaccessto the
dataandcomputeresources.

Standardized environment that enablesthe scientistto
usethetoolsin astraightforwardfashion.

Adaptive environmentthat is ableto beflexible towards
futurechangesbasedonhardwareandsoftware.

Dynamic environment that allows the creationof tran-
sientservicesto enablead-hoccollaborationandus-
ageof otherapplicationservices.

Theserequirementsare in commonwith many other
scientificdisciplinesanda large amountof researchhas
beenperformedin thelastdecadesto developframeworks
thatsupportsuchrequirements.

We decidedto baseour architectureon a framework
that is centeredon the conceptof the Grid. The Grid
enablesflexible resourcesharingamonga collection of
resourcesthat is maintainedaspartof differentadminis-
trative domains.Middlewaresuchasthe GlobusToolkit
canprovide the foundationfor an implementationof our
architecture.Additionally, we needto develop advanced
applicationspecificservicesthatbuild on basicGrid ser-
vicesto utilize theanticipatedavailability of standardized
Gridsasdefinedby theGrid Forum.

Besidesthe integrationof Grid standardswe alsoneed
to take into accountthe availability of commoditytools
andframeworkssuchaswebservicesthatenableabridge
to commerciallyavailable middleware, thus simplifying
our implementation.Examplesof successfulbridgingini-
tiativesincludetheGlobusprojectthroughtheJava Com-
modityGrid Kit andmorerecently, theOpenGrid Service

Architecturewhich is currentlyunderdevelopment. We
draw uponthis rich experienceandprototypeanarchitec-
turethatcanbesupportedby thesecommodityintegrating
technologies.

A furtheranalysisof ourproblemdomainrevealedthat
it is beneficialto build the framework basedon a service
orientedarchitecture.The environmentincludesflexible
designwhile still beingableto integratesophisticatedse-
curity solutions.Additionally,wecandesignservicesthat
interactwith eachotherandmayoperateatgeographically
dispersedlocations.We have identifiedwithin our project
theneedto deliver thefollowing setsof services:

Grid Broker Service to dealwith large numberof cal-
culationsthatareinvolvedwith futurelargescalere-
actionsandtheir real time requirementfor allowing
interactiveuse[22, 1].

Grid Workflow Service to enablethe interplayof Grid
servicesthroughworkflow descriptions[23, 24].

Grid ExecutionFactories to enable the execution of
programsin aGridwhile instantiatingthemin ahost-
ing environmentandmakingtheir resultsaccessible
to otherservices(the Globus Toolkit providessuch
servicesin Java andC) [23, 26].

Grid Monitoring Service to monitor the state of the
hostingenvironment so that feedbackto Grid ser-
vicesis provided the needto reacton statechanges
to theservices[25].

Grid Migration Service to be able to migrateservices
andjobsexecutedwith aGridExecutionFactorySer-
vice to a location that is bettersuitedaccordingto
performanceandquality of servicedescriptionsand
policies[27].

Grid Logging Service to log andcheckpointservicesin
orderto enablemigration,andfault tolerantbehavior.

Grid Self Healing Service that determinesa policy of
how andwhenit is necessaryto changethedynami-
cally instantiatedGrid workflow applications.This
includespreventive measurementssuchas, service
replication,servicemigration, servicecheckpoint-
ing, andservicemonitoring.

Collaborative SteeringService is neededto collabora-
tively work on the creationof data, thoughts,and
ideasthatwill leadto new scientificfindings.

Portal Service thatsimplifiestheinteractionwith thisso-
phisticatedenvironment, since the scientistshould
concentrateon the scienceandnot the environment
[14].
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Althoughmany moreservicesareneeded,we decided
to restrictour initial prototypeon thesesetsof services,
which we will eitherimprove or prototype.

7 Ar chitecture

Basedon our previousdiscussionwe have identifiedthat
a serviceorientedarchitecturewith a discovery andbind-
ing mechanismcanbeusedto dealwith thedynamically
changingnatureof our collaborative environment. This
architecturemustenableto connectseveralfunctionalser-
vicesthatperformthetasksdemandedby theapplication.
We have depictedtheseapplicationspecificservicesin
Figure2.

Thescientisthastheability to interactwith ourcompu-
tationalprogramsvia portal mechanisms.The functions
currentlysupportedby ourportalarepolynomialfitting of
databasedonthermochemicaldataprovidedin astandard
formatsuchasJANAF [16, 28, 21], thequeryof thermo-
chemicaldatafor species,thecreationof a databasebase
on speciesdata,and the calculationof an Active Table
basedon a numberof reactions(currentlyunderdevelop-
ment),aswell asthegraphicaldisplayof thepolynomial
fitted dataandthereactions.

Theeleganceof our architectureis basedon theuseof
the servicemodel that allows us to be flexible in many
ways. First, we provide many of the algorithmic func-
tions asservicesthat canbe placedon a geographically
dispersedenvironment. Thusit will be possibleto main-
tain changesto the original algorithmby the application
specialist,while at the sametime minimizing the effort
for deploymentfor reusein a collaborative environment.
Second,we areableto integratenew servicesinto thisar-
chitectureto extendit while beingopento futurerequire-
ments.Thus,we have createdanarchitecturethatis open
andallowsfor expansionduringthecourseof its develop-
ment. Third, we areableto replacepartsof our architec-
turewith newly developedservices,makingit effectively
abletoexposeacustomizedfunctionalityto disparateuser
communities.

In our first prototypewe provide a Swing portal that
wewill integrateinto portletsexposedthroughaJetSpeed
portalframework.

Wehave chosenintuitivenamesfor ourapplicationori-
entedservicesso that their functionality may be effec-
tively communicated.Someof our servicesare:

Polynomial Fitting Service that performs the polyno-
mial fitting of databasedon standardthermochem-
ical tablessuchasJANAF.

Active Table Service that performsthe Active Tableal-
gorithmsandthe %(� minimizationof thesystemsof
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Figure2: The applicationspecificservicesto enablethe
scientistto accessa convenientportal interfacingexpos-
ing active thermochemicaltables,polynomial fitting of
JANAF data,andtheirvisualization.

linearequationsobtainedfrom a reactiontable.This
serviceis composedof :

Query Service that returns information about the
chemicalspecies

ReactionService that allows the graphicaldisplay
of thereactionsto beanalyzed.

Plotting Service that allows the creationof two dimen-
sionaldataplots.

Graph Service that allows the creationof two dimen-
sional visualizationof augmentedGraphswhich is
currentlyusingtheGraphViz Engine[12, 13].

Inf ormation AggregationService that will allow
querying multiple databasesmaintained in a
distributed fashion. A caching mechanismwill
minimize the searchlatency for frequently asked
queries.

8 Example UseCases

Basedonour instantiationof ourarchitectureonahosting
environment,we have provideda seriesof screenshotsto
illustratethestateof our implementation.

UseCaseA: Requestinga Polynomial Approximation
of the thermochemical characteristics of Argon. A
userwishingto performthis taskwouldstartup thepoly-
fit client on their desktopandrequestto receive a math-
ematicalapproximationfor the thermochemistryproper-
tiesof a given substance,for exampleArgon. Thepoly-
fit client would thenopena communicationchannelto a
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polyfit web serviceto sendthe request.In orderfor the
polyfit serviceto processthe request,it needsthe basic
thermodatafor Argon, which can be requestedand re-
turnedfrom theActiveTableService.Having therequired
information, the polyfit web servicecalls the non grid-
aware Fortran applicationto processthe table informa-
tion andproducecoefficients for equations.Theseequa-
tionsarepassedto theplotting web serviceto generatea
graphicimage.This graphicimageis thenreturnedto the
polyfit client andthentheuseris ableto view thedataon
his/herterminal. The workflow for the componentsand
servicesthatareinvolved in this usecaseareaugmented
with thelettera in Figure2. Theportalinterfaceis shown
in Figure3.

Figure3: Thepolynomialfitting of databasedon JANAF
tables

UseCaseB: Visualization of a reactiongraph and ob-
taining information on the speciesin the graph. A
userwishingto performvisualizationwould first startup
thereactionvisualizationclient. They would thensubmit
their reactionfile to this client. A reactionfile could be
as simple as onechemicalreaction,or it could be hun-
dredsof reactionsall working together. Theclient would
thenpassthe informationon to the Graphservice. The
graphservicetakesthis reactionfile andparsesit. It then
calls somenon grid-awaregraphingservicesuchasDot
[12] to createthegraph. In orderto provide moreinfor-
mationoneachof thespeciesin thegraph,theGraphser-
vice alsoconnectsto theActive Tableservicefor eachof
the speciesin the reactionfile. This information is then
passedbackto the client andthenthe userfor examina-
tion. Theworkflow for thecomponentsandservicesthat
areinvolvedin thisusecaseareaugmentedwith theletter
b in Figure2. The portal interfaceis shown in Figure4
with thereactionsasdepictedin Table1.

�+� � � � � � ��� �

Figure4: A reactiongraphvisualizationcomponent.

Table1: A thermochemicalreactiontable

Enthalpy
Equation (kJ/mol) Uncertainty

O � (g,0) � 2 O(g,0) 493.579 0.179
H � (g,0) � 2 H(g,0) 432.071 0.012�

� O � (g,298)+ H � (g,298) � H � O(l,298) -285.830 0.040�
� O � (g,298)+ H � (g,298) � H � O(l,298) -285.795 0.040�
� O � (g,298)+ H � (g,298) � H � O(l,298) -285.850 0.330

H � O(l,298) � H � O(g,298) 44.004 0.002
H � O(l,298) � H � O(g,298) 44.016 0.010

H � O(l,0) � H � O(g,298) -2.093 0.001
OH(g,0) � O(g,0)+ H(g,0) 423.717 0.179
OH(g,0) � O(g,0)+ H(g,0) 424.076 1.196

H � O(g,0) � OH+(g,0)+ H(g,0) 1748.101 0.772
H � O(g,0) � OH+(g,0)+ H(g,0) 1748.207 0.338
H � O(g,0) � OH+(g,0)+ H(g,0) 1748.256 0.193
H � O(g,0) � OH+(g,0)+ H(g,0) 1748.101 0.482

OH(g,0) � OH+(g,0) 1255.947 0.024
OH(g,0) � OH+(g,0) 1255.274 0.965
OH(g,0) � OH+(g,0) 1254.309 9.649

H � O(g,0) � OH(g,0)+ H(g,0) 492.275 0.060�
� O � (g,0)+

�
� H � (g,0) � OH(g,0) 37.082 0.670

H � O � (l,298) � H � O � (g,298) 47.950 4.400
H � O � (l,298) � H � O � (g,298) 51.920 0.150
H � O � (l,298) � H � O � (g,298) 47.510 3.100
H � O � (l,298) � H � O � (g,298) 51.750 0.160
H � O � (l,298) � H � O � (g,298) 52.200 10.000
H � O � (l,298) � H � O � (g,298) 51.925 0.073

H � O � (g,0) � H � O � (g,298) -5.990 0.001
H � O � (g,0) � 2 OH(g,0) 203.985 0.041

UseCaseC: Requestingthe thermo table for carbon
(graphite). Initially, the userwould startup an Active
Tablesclient on their computer. Theuserwould thenen-
ter theirsearchstringinto theclient, in thiscaseGraphite.
This datais thensubmittedto theActive Tableswebser-
vice. If theservicedoesnotcontainenoughinformationto
processtherequest,thenit mayrequestmoreinformation
from a WebDAV [8] server, or other web service. That
new information is returnedto the Active Tableservices
whereit is combinedwith thedataobtainedfrom theAc-
tiveTablesprogram.This is thenpassedbackto theclient
andthentheuser. Theworkflow for thecomponentsand
servicesthatareinvolved in this usecaseareaugmented
with thelettersa andc in Figure2. Theportalinterfaceis
shown in Figure5
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Figure5: Queryingthespeciesdictionary

Use Case D (currently in planning): Using the Ac-
tive Table in educational outreach projects Because
we usestandardGrid security infrastructure[7] and the
ability of flexibly assemblingourservicesit will bepossi-
ble to createcustomizedportalaccessthroughtheAccess
Grid [6] thatwill allow us to shareanddisplayour inter-
facethroughactive muralsamongsta setof participating
institutions in an educationalsetting. The ongoingDOE
sponsoredSciDAC projects[20] will enabletheeasyinte-
grationof ourservicesin thenearfuture,whenwe expect
thatwebservicestechnologiesareadoptedwithin theGrid
community.

����� ��¡ ¢¤£¦¥(§©¨�ª « ¬�­

Figure6: Cartoonof theusageof anactiveMural in class
roomsettings.

9 Curr ent and Futur eResearch

Currently, we have a usableprototypicalimplementation,
but we foreseeenhancementsto our framework on mul-

tiple levels. We provide an applicationfactory service,
which is capableof launchingnon-grid aware applica-
tions, after initializing them with parametersand other
commandline arguments.Theserviceis alsocapableof
returningthestandardoutputanderrorstreamsof theex-
ecutableto thecaller, apartfrom beingableto returnthe
basicexit value of the executable. We usesucha ser-
vice to export asa web serviceFortrancodeswritten by
thechemists,without having to modify them.Clientscan
retrieve a handleto sucha serviceusingstandardmech-
anisms(e.g UDDI [5]), and accessthe scientific codes,
as shown in Figure 7. We plan to write a generictool
that will be able to exposeany non-gridaware code,as
a grid service. This tool will acceptthe interfacesthat
the serviceshouldexport (using somestandardformat,
e.gIDL, WSDL, Java interfaces),andthe bindingsfrom
eachmethodin suchaninterfaceto theactualcallsto the
non-gridawareapplication,andgeneratetherequiredglue
codeto exposeit asaservice.Theimplementationwill be
alongthe lines of the WSDL to Java convertor tool pro-
videdby Axis [3], and in fact, will involve modification
of thecodegenerationprovidedby Axis to suitourneeds.
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Figure7: Exportinganon-gridawareapplicationasaWeb
Service

Thegraphserviceis alsoexportedasa webservice,for
the samereasons.The reactionswhich are fed into the
graphservicein a formatconvenientto thechemists,are
then parsedand converted to a canonicalXML format,
usingCastor[4], which is a databinding framework for
Java. ThestandardXML representationwith correspond-
ing Java bindingswasa logical choice,aswe could then
plug in many different typesof visualizersat the back-
end,without having to worry aboutconversionsfrom the
chemicalformatto theformatsexpectedby thegraphical
packages.Currently, our visualizationengineusesDot to
convert theXML representationinto anSVG format,and
it is anticipatedthatwewill haveseveralwaysto visualize
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thesegraphs.TheXML formatalsolendsitself very well
to beingtransferredaround,andcanbevisualizedlocally
if needbe,to save bandwidth.

In the future, we will enhanceour Grid environment
with more advancedservicessuchas the oneslisted in
Section6. Theseservicesallow us to createa sophisti-
catedGrid environmentthatenablesthecreationof adap-
tiveandselfhealingGrid services.As ourservicescanbe
assembledwith eachotherusingtheGrid Workflow Ser-
vice,wecanprovide applicationandnonapplicationspe-
cific serviceswith featurescurrentlynot providedby the
currentgenerationof Grid software. Figure8 shows an
exampleon how we will usetheseservices(currentlyun-
derdevelopment)thatallow for reliableandflexible bro-
keringof jobsin Gridswith qualityof serviceassurances.
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Figure8: AdvancedGrid servicesenablingqualityof ser-
vice assurances.

Oneof the requirementsthat is desirableis the persis-
tentavailability of theserviceto theapplicationuser. The
easiestway to achieve this is to deployall serviceson the
usersmachine. However, this is often not possibleand
preventsthecollaborativeaccessto dynamicallychanging
informationcontributedby teamsof scientists.Hence,it
is worthwhileto investigatethedesignof a highavailable
service,thatcanadaptitself to thedisruptivenatureof the
Grid andthe Internet. To designsucha servicewe plan
to usea Grid Monitoring serviceto observe thestateand
the condition of the hostingenvironment in which jobs
areexecutedwith thehelpof brokeringservicesandexe-
cutionfactories.In casedependenciesbetweentasks/jobs
needto be expressed,theGrid Workflow Servicecanbe
utilized. Upon predeterminedconditionsandquality of
serviceassurances,tasks/jobsmaymigrateto otherhost-
ing environmentsto finish theircomputations.Jobmigra-
tion canbeprovidedby a loggingservice,thatallows the
checkpointingof theapplicationandtherestartatanother
location. Currently, we aredesigninga setof classesto

enableself healingapplications.

10 Conclusion

In this paperhave shown thata serviceorientedarchitec-
turecanbeusedto provide accessto collaboratively used
applicationenvironments.Wehavedemonstratedthisfea-
ture while prototypingan applicationorientedportal us-
ablefor thermochemicalstudies.We have developedan
architecturethatis flexible andopensothatadditionalser-
vicescanbe integratedin our systemat a later time. Due
to its servicesorienteddesignit will bepossibleto replace
our servicesin the future with moreadvancedones,and
alsoto customizethebehavior of thesystemwith thehelp
of a workflow engine. As we combinethe useof stan-
dardcommoditytechnologieswith Grid technologies,we
areableto createa secureGrid infrastructure,usingcom-
modity tools. This initial applicationhasalreadyleadto
themodificationandenhancementof toolkits suchasthe
Java CoGKit toolkit providing usaccessto theGrid.
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