A Grid ServiceBasedActive ThermochemicalableFramevork

Gregor von Laszevski®*, BrankoRuscic, Patrick Wagstrom, SriramKrishnart, Kaizar Amin 2,
ReinhardtPinzort, Melita L. Morton!, SandraBittner?, Mike Minkoff2, Al Wagnet, JohnC. Hewsory

I ChemistryDivision and? MathematicsandComputerScienceDivision
ArgonneNationalLaboratory9700S. CassAvenue Argonne L 60439,U.S.A.
3SandiaNationalLaboratories|ivermore,CA 94551-0969U.S.A.

* Correspondenceggregor@mcs.anl.goPhone:6302520472,Fax: 6302521997

Abstract

In this paperwe reportour work on theintegrationof ex-
isting scientificapplicationsusing Grid Services.We de-
scribea generalarchitecturghatprovidesaccesdo these
applicationsvia Web ServicesbasedApplication Facto-
ries. Furthermore,we demonstratdhow such services
caninteractwith eachother Theseinteractionsenable
a level of integration that assiststhe scientific applica-
tion architectin leveragingapplicationsrunningin het-
erogenousuntimeernvironments.Our architecturds im-
plementediusingexisting infrastructureandmiddleware,
suchasWeb Servicesthe Globus Toolkit [2] andthe Jara
CoGKit. We testour architectureon a thermochemistry
applicationthat providesa numberof requirementssuch
asbatchprocessinginteractive andcollaborative steering,
useof multiple platforms,visualizationthroughlargedis-
plays,andacces¥ia a portal framevork. Besideghein-
novative useof the Grid andWeb Serviceswe have also
providedanaovel algorithmiccontributionto scientificdis-
ciplineswhich usethermochemicatables. We modified
the original approacho constructingghermochemicala-
blesto includean iterative procesof refinementeading
to increasedaccuray, and arein the processof imple-
menting this approach. We have designeda portal for
accessinghe setof servicesprovided, which includethe
displayof networkdependencieBetweerthe reactionsa
chemistmay be interestedn, andinteractive queryingof
associatedpeciegiata.

1

The study of enegy changesthat accompay chemical
reactionsand changesn the physicalstatesof matteris
referredto as Thermochemistry. The knowledgeof ther
mochemicaktability of substances centralto chemistry
andcritical in mary industries,sincechemicalreactions
areultimatelygovernedby thermochemistryHence ther
mochemistryfinds applicationsin otherdisciplinessuch
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as earth scienceand engineering helping to improve a
wide rangeof scientificquestionghat leadto betterun-
derstandingf processesuchasclimateandcomhustion
[17, 11]. To derive a betterunderstandingf thesephe-
nomenait is importantto be able to predict and verify
themto a high degreeof accurag.

Until now, the thermochemicatlatanecessaryo pe-
rusesuchcalculationsis unfortunatelyavailable only in
static table form and the algorithmsto derive accurate
model descriptionsare too impreciseto deal with the
comple chemicalreactionsthat we encountelin exper
imentswithin state-of-the-artaboratoryexperimentsor
processesbseredin nature.Our goalis to improve this
situation while using innovative algorithmsand deliver
themto the scientiststhroughan adwvancedcollaboratve
ervironment.

Novel modalitiesof deriving new scientificresultscan
bestimulatedwhile enablinga collaboratve ervironment,
in which scientistcanpublishandshareheir resultswith
others,performsophisticatedtalculationsthat are other
wise not accessibleandintegratenenly developedalgo-
rithms aspart of a servicemodelin interdisciplinarysci-
entific scenarios.

We obsenre that the Grid [14, 10, 9] can provide the
basic middleware infrastructurefor bootstrappinga so-
phisticatedcomputeend collaboratve ernvironment that
assiststhe scientistfor the next generationof scientific
challenges.Elementaryto the Grid is the sharingof re-
sourcescontrolled by different administratve domains.
TheGrid allows scientistdo collaborateeventhoughtheir
resourcesmay be controlled by different domainsand
their accesdo theseresourcess enabledthroughthe use
andcreationof virtual organizationghatallow sharingof
resourcedetweerdifferentadministratve domains.

In this paper we will shav how we provide advanced
serviceghatcanbeaccessedollaboratiely by the scien-
tists. Their integrationaspart of a procesdescribedas
workflow canenablethe creationof servicesthatcanbe
easilyreusedby the community The scientistsarein a



positionto concentrateon the science while application
developerswill focustheirattentionto the delivery of ser
vicesthat can be assembleds building blocksto create
moreelaborateservices.

Our papertis structuredasfollows. Firstwe give ashort
introductionto the problemdomainandthe terminology
usedin thermochemistrywhich is directly relatedto the
work we perform. We provide an analysisof a current
processto derive thermochemicatablesthat are one of
the mostelementanybuilding blocksin thermochemistry
Next we provide animprovedtechniquéor increasinghe
accurayg of this process.We introducea scenariovhere
our algorithmandtherepeatediseby the communitywill
resultin ahighly accurateandelaborateéhermochemistry
table database.We will outline our serviceorientedar-
chitectureandoutline why servicessuchassecurity data
transfer registration,andschedulingassistin assembling
sucha sophisticatectollaborative environment. Before
we drawv conclusionswve point out opportunitiesfor fur-
therresearchWe expectthatmuchof thework presented
in this paperwill beshavn aspartof ademoat SC'2002
togetherwith the SciDAC Collaboratoryfor Multi-scale
ChemicalScienceCMCS) andthe SciDAC Java Com-
modity Grid projectsponsoredy the Departmenbf En-

emy.

2 BasicThermochemistry

In this sectionwe provide a minimal introductionto ba-
sic thermochemistrthat is necessaryo understandhe
servicesand scenariogpresentedater in this paper A
more completeaccountof the thermochemicatevelop-
ment behindthe conceptof the Active Thermochemical
Tableswill bepublishedn the nearfuture.

Elementaryto the disciplineof thermochemistrys en-
thalpy (A H?), which refersto the value of enegy of a
systemwhenit is at constantpressure.The enthalpyre-
lationshipsinvolvedin examiningthermochemicaéqua-
tionsareeasilyvisualizedby meanof enthalpydiagrams
asshowvnin Figurel.

In this diagramthe equationscan be expressedas a
graphthat containshorizontallinesrepresentinglifferent
valuesof the enthalpy Typically the differencedbetween
thesevaluesaredeterminedxperimentallyor canbe de-
rived usingthe thermodynamidaws from otherenthalpy
values.However, valuesobtainedfrom experimentsmay
containerrors(notshown in thediagram).Changesn the
enthalpyarevisualizedby the distancebetweerthelines.
Basedon the changegerformed,differentintermediate
stateqchemicalspecies)ynay occurduring the transition
from oneto the other final state. Thus, it is naturalto
visualizethe transitionwith directededgesbetweenthe
states An alternatie graphis displayedntheupperright

Reaction Table
No. Reaction AH
(0) C(s) + O,(g) < CO,(g) -393.5
(1) C(s) + O,(g) « CO(g) + 0.5 0O2(g) -283.0
(2) CO(g) + 0.5 O,(g) < COL(g) -110.5

C(s) + O,(9)

AH=-283.0 kJ
©O)

AH=-393.5 kJ

CO(g) + 0.5 Ox(g)

AH=-110.5kJ

Increased Enthalpy (H)

Figure 1: Enthalpydiagramsand thermochemicateac-
tion tables.

handcornerthatemphasizeshe possiblestatesn which
achemicalspeciege.g.,anensemblef chemicallyiden-
tical molecularentitiesthat can explore the sameset of
molecularenegy levelsonthetime scale)canoccur

In traditional thermochemicatablesthe enthalpiesof
formation(A H?) aredevelopedwith the helpof anelab-
oratesequential process. In eachstepa new speciess
addedwhile all A H ¢ valuesdeterminedn previoussteps
are frozen. The enthalpyof the new speciesis deter
mined at one temperaturel” from interconnectingnea-
surementshatarelimited to thosespecieslreadydefined
in previous steps. The temperaturalependenfunctions:
Cp,S° (Hy — H?), AH {7, AG%, aredevelopedby de-
termining the partition function @, (nQ,T0(InQ)/0T,
and729%(InQ)/dT? from the species-specifieduanti-
ties andthe newly selectedsingle temperatureenthalpy
(For more information aboutthe aforementionederms,
pleasaeferto[19].)

The sequentialprocessfollows a standard order of
chemical elements: O — H — halogens —
noblegases — chalcogens — pnicogens —
carbonperiod — etc. . For every chemicalelementin-
troduced the sequencetartsat the standardstatefor that
elementfor which AH{ = 0 by corvention. However,
enthalpiesof formation have complex hiddendependen-
cies. Thesedependenciearebackwardgraceablealbeit
with considerablenanualeffort, andin practice,not for-
wardtraceableatall.

This sequentiabpproacthasseveraldisadwantagesnd
resultsin A H¢ andtheir error barsthat do not properly
reflect the global relationshipsimplied by the species-
interconnectinglataused. The valuesanderror barsre-
flect,atbest,only localrelationshipgo nearesheighbors.
A cumulative erroris introducedbasedon the frozenen-
thalpiesin previous steps. Furthermorethe hiddenrela-



tionshipsin corventionaltablesproducethermodynamic
tablesthatarestaticin its nature.The properupdatewith
new knowledgeis nearly impossiblesinceforward rela-
tionshipsare non-transparenand updatingone species
may improve thingslocally, but increaseghe global in-
consistencies.

A new approachs neededhat circumwentsthesedis-
adwantages.

3 Active Thermochemical Tables

The most important differenceis in how the species-
interdependentata is treated. The Active Table ap-
proacheghe information contenthiddenin the species-
interdependerdatafrom theviewpoint of athermochem-
ical network[19, 18]. Every vertex (node)of this network
representshe enthalpyof formationof onespecies.The
species-interdependedfta define the topology of the
networkgraphby providing the edgeg(links) in the net-
work. Competingmeasurementprovide multiple (par
allel) links in the network. The relationalinformation
definingthe topology mapsonto a setof equationswith
the enthalpiesof the involved speciesas unknawns, the
stoichiometryof the reactionsdefining the coeficients,
andthe measurementandtheir error barsproviding the
free elements. Sincethe numberof equationsregularly
exceedsthe numberof unknowns, the systemis overde-
termined. The bestsolutionto the networkis obtainedin
two steps.Thefirst stepstatisticallyanalyzeghe network
with the goal of checkingtheerrorbarsof individualdata
itemsfor consisteng. All inconsistenciesre identified
and proposaldor their resolutionsgenerated.The reso-
lutions generallyproceedthroughincrementinghe error
barsof the offendingdataitemsto their statisticallyindi-
catedvalues,andthe analysisis repeated During subse-
guentstepsthe errorbarsof the offendingdataitemsusu-
ally oscillateup and down until self-consisteng across
thewhole networkis reached.The analysisis carriedout
bothin unweightedanderrorweightedspace Thesecond
stepoccursoncethe valuesand error barsof dataitems
achieve consisteng acrosshe whole network. This step
consistof finding simultaneouslyhe optimal solutionto
all nodesby x? minimization(in errorweightedspace).
The species-specifidatais usedto preparethe network
for analysisby re-expressingall dataitemsasreactionen-
thalpiesat one commontemperatureand oncethe opti-
mal solutionto the networkhasbeenfound, to calculate
thepartitionfunctionsandhencedevelopthetemperature
dependencef the standardhermochemicaiunctions. It
shouldbenotedthat,asopposedo the simultaneousolu-
tion describedabove, the traditionalsequentiabpproach
would correspondto a procedurewhere the nodesare
solved one at a time in a prescribedsequence.Each of

the stepscorrespondso selectinga particularpathin the
networkleadingfrom solved nodesto the next node,and
ignoring all other possiblepaths. Both the fact that an
overdeterminedystemof coupledequationss solvedfor
oneunknown at the time andthat someof the equations
areignoredcontributeto thelack of globalconsisteng in
traditionaltables.

4 Benefits of the Active Table ap-
proach

Unlike the quantitiesfound in a traditional table, the
thermochemicafjuantities(andtheir error bars)obtained
from the Active Table properly reflect the globalism of
relationshipsimplied by the underlying thermochemi-
cal network. All values/errorbars are consistentin a
global sense.An Active Table allows rapid updatewith
nev measurementg&nd possibly calculations)by glob-
ally propagatingthe new information throughthe table.
Quality andintegrity of thetableis protectedthroughout
the updatesby error analysis,which runsin 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 analysisdiscussedbore, the error bar assignedo
the new experiment. In addition,an Active Tableallows
what if tests. Suchtestsprovide a critical evaluationof
the testeddata, andits impacton prior thermochemical
knowledge, or, if the test correspondgo a new experi-
ment, providesfeedbackon sensitvity of the networkto
variousmeasurementsThe approachhasalso potential
to becomeaninterestingearningandeducatiortool, etc.
An Active Tablecanprovide arankedlist 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
identifieda numberof importantbasicusecaseghatmust
beprovided by ourarchitecture Theseusecasesnclude

o thecalculatiorandthevisualizationof anactivether
mochemicatable,

¢ thepolynomialfitting (usedin subsequernnodeling)
of afunctionbasedn dataobtainedeitherwith stan-
dardor with active thermochemicatiablesfrom ava-
riety of input sources,

¢ thedisplayof the polynomialfitted functions,



¢ the query of dataneededor the polynomialfitting
andtheActive Tables.

In the next sectionwe will extendour requirementist
beyond the pure scientific applicationneedand concen-
tratemoreon themodalitiesof usingtheseapplicationgn
asharedandcollaboratie ervironment.

6 Grid Requirements

To decideupon a computationalervironment that sup-
ports our algorithmic proposedsolution we first have to

analyzeasetof requirementshatareimposednusbased
onthemodality of the scientificresearcho be performed.
We identify thatwe have a needfor a

Collaborative ervironmentthat supportsthe interaction
amongstscientistan geographicallydispersedoca-
tions.

Secue ernvironmentthat protectsform the loss of intel-
lectual property and allows restrictedaccesgo the
dataandcomputeresources.

Standardized ervironmentthat enablesthe scientistto
usethetoolsin astraightforwardfashion.

Adaptive ervironmentthatis ableto beflexible towards
future changedasedn hardwareandsoftware.

Dynamic ervironmentthat allows the creationof tran-
sientservicego enablead-hoccollaborationandus-
ageof otherapplicationservices.

Theserequirementsare in commonwith mary other
scientificdisciplinesand a large amountof researcthas
beenperformedn thelastdecadeso developframeavorks
thatsupportsuchrequirements.

We decidedto baseour architectureon a framework
that is centeredon the conceptof the Grid. The Grid
enablesflexible resourcesharingamonga collection of
resourceghatis maintainedas part of differentadminis-
trative domains. Middlewaresuchasthe Globus Toolkit
canprovide the foundationfor animplementatiorof our
architecture.Additionally, we needto develop advanced
applicationspecificserviceghatbuild on basicGrid ser
vicesto utilize theanticipatedavailability of standardized
Gridsasdefinedby the Grid Forum.

Besidegheintegrationof Grid standardsve alsoneed
to take into accountthe availability of commoditytools
andframewvorkssuchaswebserviceghatenableabridge
to commerciallyavailable middleware, thus simplifying
ourimplementationExampleof successfubridgingini-
tiativesincludethe Globusprojectthroughthe Java Com-
modity Grid Kit andmorerecently theOpenGrid Service

Architecturewhich is currently underdevelopment. We
draw uponthisrich experienceandprototypeanarchitec-
turethatcanbesupportedy thesecommodityintegrating
technologies.

A furtheranalysisof our problemdomainrevealedthat
it is beneficialto build the framavork basedon a service
orientedarchitecture.The ervironmentincludesflexible
designwhile still beingableto integratesophisticatede-
curity solutions.Additionally, we candesignserviceghat
interactwith eachotherandmayoperateatgeographically
dispersedocations.We have identifiedwithin our project
theneedto deliver the following setsof services:

Grid Broker Service to dealwith large numberof cal-
culationsthatareinvolvedwith futurelarge scalere-
actionsandtheir real time requiremenfor allowing
interactive use[22, 1].

Grid Workflow Service to enablethe interplay of Grid
serviceghroughworkflow descriptiong23, 24].

Grid Execution Factories to enable the execution of
programsn aGrid while instantiatinghemin ahost-
ing environmentandmakingtheir resultsaccessible
to other services(the Globus Toolkit providessuch
servicedn JavaandC) [23, 26].

Grid Monitoring Service to monitor the state of the
hosting ervironment so that feedbackto Grid ser
vicesis provided the needto reacton statechanges
to the serviced25].

Grid Migration Service to be able to migrate services
andjobsexecutedwith aGrid ExecutionFactorySer
vice to a locationthat is bettersuited accordingto
performanceandquality of servicedescriptionsand
policies[27].

Grid Logging Service to log andcheckpointservicesn
orderto enablemigration,andfault tolerantoehaior.

Grid SelfHealing Service that determinesa policy of
how andwhenit is necessaryo changethe dynami-
cally instantiatedGrid workflow applications. This
includespreventive measurementsuch as, service
replication, servicemigration, servicecheck point-
ing, andservicemonitoring.

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

Portal Service thatsimplifiestheinteractionwith thisso-
phisticatedervironment, since the scientistshould
concentrat®n the scienceand not the ervironment
[14].



Although mary moreservicesareneededwe decided
to restrictour initial prototypeon thesesetsof services,
whichwe will eitherimprove or prototype.

7 Architecture

Basedon our previous discussionwe have identifiedthat
a serviceorientedarchitecturewith a discovery andbind-
ing mechanisntanbe usedto dealwith the dynamically
changingnatureof our collaboratve ervironment. This
architecturenustenableto connectereralfunctionalser
vicesthatperformthetasksdemandedby the application.
We have depictedtheseapplicationspecific servicesin
Figure?2.

Thescientisthastheability to interactwith our compu-
tational programsvia portal mechanisms.The functions
currentlysupportedy our portalarepolynomialfitting of
databasednthermochemicadlataprovidedin astandard
formatsuchasJANAF [16, 28, 21], the queryof thermo-
chemicaldatafor speciesthe creationof a databasdase
on speciesdata, and the calculationof an Active Table
basedn a numberof reactiongcurrentlyunderdevelop-
ment),aswell asthe graphicaldisplay of the polynomial
fitted dataandthereactions.

Theeleganceof our architecturas basedon the useof
the servicemodel that allows us to be flexible in mary
ways. First, we provide mary of the algorithmic func-
tions as servicesthat can be placedon a geographically
dispersecrvironment. Thusit will be possibleto main-
tain changego the original algorithmby the application
specialist,while at the sametime minimizing the effort
for deploymentfor reusein a collaboratie ervironment.
Secondwe areableto integratenew servicednto thisar
chitectureto extendit while beingopento futurerequire-
ments.Thus,we have createdanarchitecturghatis open
andallows for expansionduringthe courseof its develop-
ment. Third, we areableto replacepartsof our architec-
turewith newly developedservicesmakingit effectively
ableto exposea customizedunctionalityto disparataiser
communities.

In our first prototypewe provide a Swing portal that
wewill integrateinto portletsexposedthrougha JetSpeed
portalframewvork.

We have choserintuitivenamedor ourapplicationori-
entedservicesso that their functionality may be effec-
tively communicatedSomeof our servicesare:

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

Active Table Service that performsthe Active Tableal-
gorithmsandthe x? minimizationof the systemsof

Client Desktop

Y Welcome
%
Portlet

Active Table Portal

‘Web Services

Query
rvice
Infor

Polynomial
Fitting

Figure2: The applicationspecificservicesto enablethe
scientistto accessa corvenientportal interfacingexpos-
ing active thermochemicatables, polynomial fitting of
JANAF data,andtheir visualization.

linearequation®btainedrom areactiontable. This
serviceis composeaf :

Query Service that returnsinformation about the
chemicalspecies

ReactionService that allows the graphicaldisplay
of thereactiongo be analyzed.

Plotting Service that allows the creationof two dimen-
sionaldataplots.

Graph Service that allows the creationof two dimen-
sional visualizationof augmentedsraphswhich is
currentlyusingthe Graph\iz Engine[12, 13].

Information AggregationService that will  allow
qguerying multiple databasesmaintained in a
distributed fashion. A caching mechanismwill
minimize the searchlateny for frequently asked
queries.

8 ExampleUseCases

Basedon ourinstantiatiorof ourarchitectureon ahosting
ervironment,we have provided a seriesof screenshotto
illustratethe stateof ourimplementation.

UseCaseA: Requestinga Polynomial Approximation
of the thermochemical characteristics of Argon. A
userwishingto performthis taskwould startup the poly-
fit client on their desktopandrequestto receve a math-
ematicalapproximationfor the thermochemistryproper
ties of a given substancefor exampleArgon. The poly-
fit client would thenopena communicatiorchannelto a



polyfit web serviceto sendthe request.In orderfor the
polyfit serviceto processhe request,t needsthe basic
thermodatafor Argon, which canbe requestedand re-
turnedfrom theActive TableService.Having therequired
information, the polyfit web servicecalls the non grid-
aware Fortran applicationto processthe table informa-
tion and producecoeficients for equations.Theseequa-
tions are passedo the plotting web serviceto generatea
graphicimage.This graphicimageis thenreturnedto the
polyfit client andthenthe useris ableto view the dataon
his/herterminal. The workflow for the componentsand
serviceghatareinvolvedin this usecaseareaugmented
with theletterain Figure2. Theportalinterfaceis shavn
in Figure3.

Reaction: H20(g,0) <=> OH(g,0) H(g,0) -
Eathalpy: 1743101 Reaction 10
Uncertaircy: 0.772
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Figure4: A reactiongraphvisualizationcomponent.

Tablel: A thermochemicateactiontable
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Figure3: Thepolynomialfitting of databasedon JANAF
tables

Enthalpy
Equation (kJ/mol) Uncertainty
02(9.0) =3 20(g,0) 493579 0.179
A H2(g.0) < 2H(g,0) 432071 0.012
A o | %02 (9,298)+ H3 (9,298) < H50(1,298) -285830 0.040
— %02 (9,298)+ H3(9,298) < H50(1,298) -285795 0.040
5 02(9,298)+ H(9,298) < H50(1,298) -285850 0.330
] H0(,298) & Ho0(g,298) 44004 0.002
H0(,298) & H50(g,298) 44016 0.010
Hy0(,0) & H0(g,298) -2.093 0.001
it point OH(go) & 0(g,0)+ H(g,0) 423717 0.179
100000 OH(go0) & 0(g,0)+ H(g,0) 424076 1.196
—————————— Hy0(g,0) & OH+(g,0)+ H(g,0) | 1748101 0.772
""" H30(g0) & OH+(g,0)+ H(g,0) | 1748207 0.338
H30(g0) & OH+(g,0)+ H(g,0) | 1748256 0.193
H30(g0) & OH+(g,0)+ H(g,0) | 1748101 0.482
OH(go) & OH+(g,0) 1255947 0.024
OH(go) & OH+(g,0) 1255274 0.965
OH(g0) & OH+(g,0) 1254309 9.649
Hy0(g,0) <« OH(g,0)+ H(g.0) 492275 0.060
%02(g,o)+ %Hg(g,o) < OH(g,0) 37082 0.670
Ho 05 (1,298) < H202(9,298) 47950 4.400
Hy05(,298) <« H504(g,298) 51920 0.150
Ho 05 (1,298) < H204(9,298) 47510 3.100
Ho 05(1,298) < H202(9,298) 51750 0.160
Hy05(,298) <« H504(g,298) 52200 | 10000
Hy05(,298) <« H504(g,298) 51925 0.073
H505(9,0) < H204(9,298) -5.990 0.001
H505(9,0) < 2 OH(g,0) 203985 0.041

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 one chemicalreaction,or it could be hun-
dredsof reactionsall working together The client would
then passthe information on to the Graphservice. The
graphservicetakesthis reactionfile andparsest. It then
calls somenon grid-avare graphingservicesuchas Dot
[12] to createthe graph. In orderto provide moreinfor-
mationon eachof thespeciesn thegraph,the Graphser
vice alsoconnectgo the Active Tableservicefor eachof
the speciedn the reactionfile. This informationis then
passedackto the client andthenthe userfor examina-
tion. Theworkflow for the componentandserviceshat
areinvolvedin this usecaseareaugmentedvith theletter
b in Figure2. The portalinterfaceis shovn in Figure 4
with thereactionsasdepictedn Tablel.

Use CaseC: Requestingthe thermo table for carbon
(graphite). Initially, the userwould startup an Active
Tablesclient on their computer The userwould thenen-
tertheir searchstringinto theclient,in this caseGraphite.
This datais thensubmittedto the Active Tablesweb ser
vice. If theservicedoesnotcontainenoughinformationto
procesgherequestthenit mayrequesmoreinformation
from a WebDAV [8] sener, or otherweb service. That
new informationis returnedto the Active Tableservices
whereit is combinedwith the dataobtainedfrom the Ac-
tive Tablesprogram.This is thenpassedackto theclient
andthenthe user The workflow for the componentand
serviceghatareinvolvedin this usecaseareaugmented
with thelettersa andc in Figure2. The portalinterfaceis
shavn in Figure5



Figure5: Queryingthe speciedlictionary

Use Case D (currently in planning): Using the Ac-
tive Table in educational outreach projects Because
we use standardGrid securityinfrastructure[7] andthe
ability of flexibly assemblingur servicest will be possi-
ble to createcustomizecportal accesghroughthe Access
Grid [6] thatwill allow usto shareanddisplayour inter-
facethroughactive muralsamongsta setof participating
institutions in an educationaketting. The ongoingDOE
sponsore®&ciDAC projects[20] will enabletheeasyinte-
grationof our servicesn thenearfuture,whenwe expect
thatwebservicedechnologiesreadoptedvithin theGrid
community
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Figure6: Cartoonof theusageof anactive Mural in class
roomsettings.

9 Curr entand Futur e Reseach

Currently we have a usableprototypicalimplementation,
but we foreseeenhancement® our framevork on mul-

tiple levels. We provide an applicationfactory service,
which is capableof launchingnon-grid awvare applica-
tions, after initializing them with parametersand other
commandine aguments.The serviceis alsocapableof
returningthe standardutputanderror streamf the ex-
ecutableto the caller, apartfrom beingableto returnthe
basicexit value of the executable. We usesucha ser
vice to export asa web serviceFortran codeswritten by
the chemistswithout having to modify them. Clientscan
retrieve a handleto sucha serviceusingstandardnech-
anisms(e.g UDDI [5]), and accesghe scientific codes,
asshavn in Figure 7. We plan to write a generictool
that will be ableto exposeary non-grid avare code,as
a grid service. This tool will acceptthe interfacesthat
the serviceshould export (using some standardformat,
e.gIDL, WSDL, Java interfaces)andthe bindingsfrom
eachmethodin suchaninterfaceto the actualcallsto the
non-gridawareapplicationandgeneratéherequiredglue
codeto exposeit asaservice.Theimplementatiorwill be
alongthelines of the WSDL to Java corvertor tool pro-
vided by Axis [3], andin fact, will involve modification
of thecodegeneratiorprovidedby Axis to suitour needs.

=

Figure7: Exportinganon-gridawareapplicatiorasa\Web
Service

Thegraphserviceis alsoexportedasa webservice for
the samereasons. The reactionswhich arefed into the
graphservicein a format convenientto the chemistsare
then parsedand corvertedto a canonicalXML format,
using Castor[4], which is a databinding framevork for
Java. ThestandardXML representatiomwith correspond-
ing Java bindingswasa logical choice,aswe could then
plug in mary differenttypesof visualizersat the back-
end,without having to worry aboutcorversionsfrom the
chemicalformatto the formatsexpectedby the graphical
packagesCurrently our visualizationengineusesDot to
convertthe XML representatiomto an SVG format,and
it is anticipatedhatwe will have severalwaysto visualize



thesegraphs.The XML formatalsolendsitself very well
to beingtransferredaround andcanbe visualizedlocally
if needbe,to save bandwidth.

In the future, we will enhanceour Grid ervironment
with more advancedservicessuch as the oneslisted in
Section6. Theseservicesallow us to createa sophisti-
catedGrid ervironmentthatenableghe creationof adap-
tiveandselfhealingGrid services As our servicesanbe
assembledvith eachotherusingthe Grid Workflow Ser
vice,we canprovide applicationandnonapplicationspe-
cific serviceswith featurescurrentlynot provided by the
currentgenerationof Grid software. Figure 8 shows an
exampleon how we will usetheseserviceqcurrentlyun-
derdevelopment)hatallow for reliableandflexible bro-
keringof jobsin Gridswith quality of serviceassurances.

Figure8: AdvancedGrid serviceenablingquality of ser
vice assurances.

Oneof the requirementshatis desirables the persis-
tentavailability of the serviceto theapplicationuser The
easiestvay to achieve thisis to deployall serviceson the
usersmachine. However, this is often not possibleand
preventsthecollaboratve accesso dynamicallychanging
information contributedby teamsof scientists.Hence,it
is worthwhileto investigatehe designof a high available
service thatcanadaptitself to the disruptive natureof the
Grid andthe Internet. To designsucha servicewe plan
to usea Grid Monitoring serviceto obsene the stateand
the condition of the hostingervironmentin which jobs
areexecutedwith the help of brokeringservicesandexe-
cutionfactories.In casedependencieletweertasks/jobs
needto be expressedthe Grid Workflow Servicecanbe
utilized. Upon predeterminedtonditionsand quality of
serviceassurancegasks/jobanay migrateto otherhost-
ing ervironmentsto finish their computationsJobmigra-
tion canbe provided by alogging service thatallows the
checkpointingpf theapplicationandtherestartat another
location. Currently we are designinga setof classego

enableself healingapplications.

10 Conclusion

In this paperhave shavn thata serviceorientedarchitec-
ture canbe usedto provide accesgo collaboratvely used
applicationervironments We have demonstratethisfea-
ture while prototypingan applicationorientedportal us-
ablefor thermochemicastudies. We have developedan
architecturehatis flexible andopensothatadditionalser

vicescanbe integratedin our systemat a latertime. Due
toits serviceorienteddesignit will bepossibleto replace
our servicesn the future with more advancedones,and
alsoto customizehebehaior of thesystemwith the help
of a workflow engine. As we combinethe use of stan-
dardcommoditytechnologiesvith Grid technologiesywe
areableto createa secureGrid infrastructurepusingcom-
modity tools. This initial applicationhasalreadyleadto

the modificationandenhancementf toolkits suchasthe
Java CoGKit toolkit providing usaccesdo the Grid.
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