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TheresearchofpowerfUlPひbﾉｅｍＳりん伽８Ｅ》､vim"腕e"応(PSEs)isstronglymotivatedbytheinc肥asingdi‐

versityinscientiiicandengineeringcomputation・Inthispaper,thefirstdesignofZJ4p加,alayeredframeworkof

PSEsconstructionbasedontheWebisproposedanddiscussed・TheideaofinvokingWebtechnologｉｅｓｓｕｃｈａｓ

ＸＭＺ,andtheemerging恥bserW℃esfbrLupin，sappmach;theconceptionofma肋e"1α'たαノ恥bserWcesandthe

implementationofLupinbasedontheconceptionarEbrieHyconsideIed,AproofofLconceptsystemaddressedby

thecombinationofthecurIentWebserviceprotocols,MathML,ComputerAlgebraSystems(CASs),interactive

mathandtherelevantXMLtechnologiesisalsopresentedtocheckoutthe企asibilityanddisadvantages．

K砂ｗｏ趣:ProblemSolvingEnvironments,Webservices,ＸＭＬ,ComputerAlgebraSystem

1．IntrOducti0n

ThereseamhofpowerfUlPmbﾉｅｍＳりん伽ｇＥｍ’i”"ｍｅ"お(PSEs)isstronglymotivaledbytheincreasingdi‐

versityinscientificandengineeringcomputationI3､2.191．Ascomplexsoftwaresystems,thetraditionalPSEsaIe

monolithic・Themainpurposeoftheirdesignersistoprovideasolutiontoaspecificpmblemratherthanidentify

commoｎｆｉｍｃｔｉｏｎａｎｄｂｕｉｌｄａｃｏｍｍｏｎＰＳＥｐｌａtfbrm・ThissituationresultslaIgelyahigh-cost,heavy-codedad

hocprocedurBthatlacksofHexibility,portabilityandgeneralilyonPSEconstruction・Duetothis,itisbelieved

thatthenetwork戸centric,interoperation-enabledcommonPSEmechanismthatexploitstheexistinghardwareand

softwareresourcesneedstobeconsideIEd・TheIcaremanynotableworkshavebeendonetoputfbrwaIdPSE

technologiesonthisway・Amongthoseeffbrts,mostoftheirfbcusesaleonthemathematicalsoftwaIcintegration

thatenablestheinteroperaUonovernetworksI''4'6,51,whilefewofthemaimatthesophisticatedfmmeworkthat

supportsthewholelifecycleofPSEconstruction・AlthoughPSEにchnologyisimprovingquickly,therearestill

lackofsignificantapproachesthataIe,notonlyIeallylanguage-,vendoIとandplatfOrmneutralthattrulyaddress

thelaIge-scaled,seamlessintegmtion;butalsosimple,easy-to-use,andwidelysupportedbythewholeacademic

community・Ontheotherhand,ＰＳＥ，sothercriticalfacilitiessuchasthesemanUcproblemdefinition,automaUc

orsemi-automaticproblemsolverdiscoveryaIEalsoofgreatchallengesandhavenotbeensignificantlyaddIessed

yet､obviously,ｍｕｃｈworkisstillaheadbefOreachievingacommonfimdamentalnetwork-centricmechanismfOr

theeasy-but-efficientPSEconstruction

Intemet/WebischangingthewayofprocessinginfOrmation;itisalsoexpectedtoplaytheroleofPSEplatfbrm

andtofacilitatethemechanismofPSEscreation・InIEcentyears,XMLanditscompliantWebservicesI７１ａｘｅ
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enablingapplicalionsdな“ve'y,グピgな"zz"o",ａｎｄ伽”c“わ〃overthelntemet・Hencewepredicahethatit，sthe

timetoconSiderthemechanismofPSEstobeWeb-basedandtrulysupportthe“cheapandeffective，'computation

byenablingtheproblemsolver，sportability,唾usabilityandseamh-ability・Ｔｂｗaxdsthisend,Ｌ叩加isourongoing

reseamhsubjectinEhimeUniversity,Japanthataims鉱：

・EstablishingaWeb-basedmechanismandframeworkthatallowseasyandsystematicc1℃ationandconstruc-

tionofcomputationalPSEs．

●ExploitingthestandaIdWebtechnologiestosupporttheinfras廿uctu配．

●Implementingaprototypetodemonstratethefeasibility．

Inthispape喝webriefiypresentacommonftameworkofWeb-basedcomputationalPSEs・Alayeredappmach・

isgiventoenabletheindependentdevelopmentanddeploymentofIntemetaccessiblePSEcomponents(wecall

them“p加serv花“)bytheserwcepmv血彪r;andactualPSEconstructionbytheESEpmv血彪ronthebaseofLJ4p伽

serwceco”Cs"わ"､AprototypehasbeenimplementedtodemonstratethefeasibiliwofLupinaIChitecturB.This

proofLofconceptsystemissupportedbythecombinationofWebservicetechnolOgiessuchasSOAP【'01,ＷＳＤＬ

Ｉｌ１１,UDDI['21,asweuasthemathematicalprotocolMathML[91,ComputerAlgebraSystems(CASs)【61,intemctive

mathI18】andtherelevantXMLtechnolOgy・VaIiousdiscussionsaIecaITiedoutaccoIdingtotheimplementanon

andtheimprovedproposalsaIeconsideIEdfbrfUm配reseamh．

2．Lupinovervlew
●

2.1basicidea

TheinitialthoughtsofLupinfbcusonthetwokeyelementsthataPSEcontains：ｌ)theuserinterfaceand

2)packagesofcomputingkemels‐thecomputingengines,plottingapplications,databasesandotherprOgrams、

IntheWeb-centricenvlronment,itisexpectedthatonekemelcancontributetoanumberofuserinterfacesthat

designedfbrdiffeImtpurposeanddifferentendusers-computermodelingfbrphysicalphenomena,numerical

simulation,engineeringcomputation,mathematicaleducationandsoon・Inanotherword,dependingontaIget

classofproblems,thepmcessofaPSEconstructionisessentiallytheprocessofchoosingandlocatingthecertam

computanonkemelsandbindingtheminanappropriateflow・Thus,viaacaIefUllydesignedandimplementeduser

interfacecreatedbythePSEprovider,theenduserscangettheirdesiIedcomputationtobewendefinedandsolved

transpaImtlyovertheWeb;diffe唾ntuserimerfacesanditsboundcomputingkemelsprovidedi縦rentPSEsfOr

differEntclassofcomputanons,Basedonthisconception,thefOllowingelementsarcconsideredtoplaythecritical

rolesunderLupin，sframework．

●thecomputingkemels,thataIEcalledL叩加sどrwces,aIcIntemetaccessible．
●

・amechanismofLupinservicesdiSmvery,whichallowsthosegeOgraphicallydistributedLupinservicesto

becorrectlyselectedandlocated．

●

・amechanismofLupinservicebi"d伽gtoenabletheactualimegrationandinteroperaUon．

1２０
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Figurel：Lupin，sstack

Lupin:TowardstheFrameworkofWeb-basedProblemSolving
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Figu肥lshowstheconceptualstacktoillustratethelayerEdrelationoftheaboveelements・Itiiguresoutthatthe

L叩加servjcepmvjder,the痕ＳＥｐｍＷｄｅｒ,ａｎｄｔｈｅｅ"ｄ脚seraIethI℃ekeyentitiesinLupin，sframeworkandsitat

differentlayerIespectively‐thatmeansalltheoperalionssuchasLupinservicedevelopingandmaintaining,ＰＳＥ

ｃ配ationandgenerationaswellastheuseofPSEcanbeperfbrmedindependently,ineverytime,ateverywherc

overthelntemet、

2.2LupinframewOrkanditSusagediagram

Basedontheaboveconception,LupinisdesignedtohavethefbllowingarchitecturetofacilitateWeb-based

PSEsconstruction(FiguIe2).Itconsistsof3mainblocks,whicharecalledtheL叩加serwcege"e〃"わ〃mech‐

“ism,theLJ4p加djscoveｙｍｅｄｉα"ｉｓ"ｚａｎｄｔｈｅＰＳＥｃｏｍｐ“i"o〃mecﾉiα"加加配spectively・Inatypicalscenario，

Lupinservicegenerationmechanismisconsideredtosupplythe“rvicep”vidE応variouscapabilitiestodevelop

anddeploytheactualLupinservicesthatareIntemetaccessible;andtheothertwopartsaIcexpectedtofacilitate

theRSEpmvjuと応toeasilycrcatetheirPSEsbyenablingtheappropriateLupinservicesdiscoveryandintegIation，

asweUasthePSEsuserinterfacegeneraUon、

2.2.1Lupinservicegenerationmechanism

回

・amechanismofRSEcompos"わ〃duetoacertaindefinitionofselectedLupinservicesandthecorresponding

interfacegenerationfbrtheendusen

Figure2:Lupin，sconceptualaIchitecture
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Developedfbrparticularpurposes,LupinservicesaIBseparatelyownedandlocatedandaIeavailabletopaIも

ticipateinothersystemsviadiffeIentinterfaces・Lupinservicegeneranonmechanismaimstoachievetheeasy

developmentofLupinserviceasaback-end,anditsdeploymenttobeIntemetaccessible・Somecontributionscan

belistedtosupportthedistributedapproacheseitherinencodingprotocollevel[''61,andprograminterfacelevel

[5,41.AsanevolvingstandaIdprotocolontheWeb,ＳＯＡＰ【'0lisgamermgagreatdealofintercstfrominduslryto

addrcsstheXMLmessaging-baseddistributedcomputation、

2.22Lupinservicediscwerymechanism

LupinservicediscoverymechanismaimstoorganizeLupinservicesintoacoheremcollectiontoenabledjS‐

covely.ItshouldbebasedonthesemanticmatchbetweenadeclarativedescriptionoftheLupinservicebeing

sought,andadescriptionoftheLupinservicebeingoffもIBd・InLupin,thediscoveIymechanismisregaIdedto

beaddIcssedbytherecommendersystem[31．GenerallyltherBcommendersystemcontainsanagentaccessible

ICgistry,whichholdsLupinservicedescriptionsregisteredbyserviceprovidemItacceptsthequeryinfOrmation

fromthePSEpIoviderviainterfacedsenﾉ妬ｅｂｍｗｓ“seamhesfbrthesatisfiedoneaccoIdingtotheexistingse腰

vicedescription,andretumstheseamhingresulttogetherwiththebindinginfOrmationtothePSEpmviderfbr

PSEcomposition．IntheWebenvironment,webelievethatXML-basedmeta-datatechnolOgiescanprovideus

infbrmativeapproachestowaIdsthemathematicalservicedescriptionanddiscovery、

2.2.3PSEcOmpositionmechanism

Intheconceptualalchitectu妃ｏｆLupin,thePSEprovidercontactstherccommendersysOemviaLupinservice

browsertoseekanyLupinservicesthatcontributetothecertaincomputation,AftergathenngallnecessaIyLupin

Services,thenextstepshouldbehowtooIganizethemtoworkwitheachotherimeractivelyinanappropriateway・

PSEcompositionmechanismismotivatedtoadd配ssthisgoaLInatypicalscenario,thePSEbuilderobtainsthe

selectedLupinservicesasthe‘‘rawmaterials，，andorganizesthemaccoIdingtothecertainapplication,together

withothertechnolOgiesthatsupportmathontheweb・Then,userimerface(whichcanbeastandaloneorthe

r巴gularWebbrowsercompliant)willbedefinedandgeneratedastheclientsitefront-end・

Wenotethat,fromtheperspectiveofPSE,itisnotsufYicienttohavetheonlythrEepartstodefineasignificant

PSEinfrastructure,OurObjectiveistoextractthemostcritical3entitiesfromtheframeworkofPSEtoestablish

thebackbone,andtodemonstratewhetheritmakessensetoshiftPSEconceptiontotheWebenvironment,using

theXML-basedtechnologytosupportthemathematicalPSEconstructio､．

3．Implementation

3.1Awailabletechnologies

WefbcusonthefbllowingavailableappmachesthatcanpotemiallybenefitLupin'samhitecture・

Thetopicaboutma肋ｏ〃肋ewebhasbeenwell唾seaIchedanddevelopedinrBcentyears・Amongmanyothers，

fOrexample,A"Zz"iMLI91andQpel2ﾉMZz肋【81aletwofast-growmgprotocolsthataddresstheviewingofmathematical

contentsontheWeb,ａｓweuasallowingtherichmathobjecttobeexchangedbetweenprograms・Moreover，

thelistofMathML-/OpenMath-compliantsoftwaIcisalsoincreasingfast,suchaslM9bEQandMz伽勿erI181

cansupportinteractivemathoperationsbasedonＭａｔｈＭＬ;andseriesofPhmsebooksimplementtheconversion

１２２
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LuPinSCWIccgCnCmIionmcchani§ｍ
●

FiguIc3:Lupin，simplementationbasedonWebserviceprotocols

betweenOpenMalhobjectsandsoftwareapplications，

Ｔｈｅterm恥bserW℃eisanemerginge-businessfmmewoIkthatcaninterfaceacollectionofoperationsthataIe

network-accessiblethroughXMLmessagingI71､Thereare3mainentitiesinWebserviceamhitecture:theservjce

pmyjdとr,whohoststheactualservicethatisaccessibleovertheWeb；theseryice”9“es”r,anapplicationthat

rEqulrescertainfmctiontobesatisfied;ａｎｄｔｈｅｓｅｒｗｃｅ肥gなr可,aseamhablemechanismfbrservicedescription

anddiscovery;wheIeserviceproviderspublishtheirservicedescriptionsto,andservicerequestorsfindserviceand

obtainbindinginfbrmationfromSomeXML-basedstandaIdssuchasSimpleObjectAccessProtocol(SOAP)''01,

WebServiceDescriptiｏｎLanguage(WSDL)''１】,andUniversalDescription,DiscoveryandIntegranon(UDDI）

Il21arebeingdevelopedtoadd肥ssitsconceptualview．
●

3.2Ｌ叩inimplementationbasedonWebservIcepmtocols

Widelysupportedbytheindustrycommunity,theWebservicestechnologyextendstheapplicationofWeb

frompuIehtml-basedcontentstoProgramminglanguage-，programmingmodel-，andsystemsoftwaIB-neutral

platfbml・Hencewearestronglymotivatedtoexpanditscharacteristicsfromthee-businessdomain,toamorc

powerfUlapproachofanewdistributedcomputingmechanism,say,mzz的e、α"cαﾉ恥ｂservice,tosupportLupin

implementation・Basedonthisthought,ouriirstattemptistoimplementLupin，sframeworkwithseriesofstandard

Webserviceprotocols,Thatis,toexploitSOAPasthemostfUndamentalunderpinningfOrWeb-baseddistributed

computatlon,togetherwithothertechnologiesthatdealwithma肋ｏ〃肋elM9b，toservethePSEcomposition

mechanismandgenerationmechanism；toadoptWSDLasthestandardprotocolfOrLupinservicedescription；

andconsidertouseUDDItosupporttheimplementationofLupindiscoverymechanism・Ourlatertechnical

rcportswillfbｃｕｓｏｎｔｈｅｄｅtaileddiscussionfbreachLupinmechanismrcspectively・Figure3showsourfirst

proposaltoimplementLupin，ｓａｒ℃hitectuIcwithWebservicestanda1.s．

4．Pmofofconceptsystem

AtestingprototypehasbeenbuiltonthebaseofLupinframework・ThmughasimpleexamPle,highlighted

worksaIelistedtoillustratethewholelifecycleofLupinapplication：(1)．theprocessofLupinservicecre‐

ation/deploymentbySOAPinfmstructureintheLupinservicegenerationmechanism;(2).service肥gistrationand

AnnualJoumalofEn９．，
１２３
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Figure4:OpemtionHowofLupinapplication

discoveIybyUDDI配gistIyintheLupindiscoverymecha､ism;and(3).theactualservicebindinganduserinter迄

facebyLupinPSEruntimeinthePSEcompositionmechanism・TheexperimentaltestbedhasbeenbuiltinJava・

OntheconsiderationofWebserv“theApacheTbmcatisadopted､Tbmcatisahighlyconfigurableserverthat

supportsJavaservlets,whichcanwellhandletheLupinservicethatonewantstomakeaccessible・Amongthose

availableapproachesthatenableSOAPapplication,wechosealsoanApachepackagecallｅｄＡＸＩＳＩ１６】・Apache

TbmcalWebserverandAXISconstructedthebackboneofourexperimentalenvironment・FiguIe4isthewhole

diagIamofthetestingsystem、

4.1Servicedevelopment,deploymentandregistmtion

AlltheLupinservicesinthesystemaIEconsiderEdtotalkMathMLasthedefaultmathematicalprotocol・

Ａｓａｓｉｍｐｌｅｅｘａｍｐｌｅ,LupinserviceexeAsirFactorServiceisimplememedbyaJavaclassFact◎rService・

ItacceptsMathMしbasedpolynomialastheinput,invokesRisa/ＡｓｉｒＩ６１，alocalComputerAlgebmSystem,to

computethefactorizationofthepolynomial,andretumsthecomputinganswerwithMalhMLexprcssion・The

fOrmatconversionbetweenMathMLandthenativemathematicalexpressionisaddressedbyourXSLlibrarythat

canbeprocessedbyJavaparse唾WithAXIS,itcanbedeployedonlinebyusingawsdd(Webservicedeployment

descriptor)iilewhichspeciiiescertainpropertiesoftheservice：

くdepﾕoymentm1ns="http:〃、１．apache・Ｏｚｇ/axis/官sdd/，’

、ﾕns:java=卿http:〃、ﾕ.apache・org/a工is/wsddﾉprOviders/java園〉

くservicename=，､exeAsirFactorService'，provide蚕爾java:RPC園〉

くparametername=nclassName同ｖａﾕue=nwebsezvice・asir・FactorService画ﾉ＞

くpa工ametername=園aﾕlowedHethods”va1ue=鱒e工e園/＞

く/service〉

く/dep1oyment〉

AfterbeingdeployedbyAXIS,theservicecanbelocatedfromtheWebbytheactualendpoint､Inourcase，

theserviceisavailableat：

http:／/ﾕocaﾕｈｏｓｔ:8001/axis/Services/exeAsirFact◎rServﾕＣｅ・

ThecorrespondingWSDLfileexeAsirFactOrService・曹sdﾕcanalsobegeneratedbythealtachedtoolJava2wBdl

providedbytheAXISSOAPinfrastructure,orjustcouldbesimplyretrievedbygoingto：

http:／/ﾕ◎Ｃａﾕhost:8001/axis/servﾕces/exeAsirFactorService?wsdﾕ．

TheWSDLfile,whichenablesthedynamicinterfacegenerationtoinvokethedeployedLupinservice,ｐｌａｙｓａ

1２４
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criticalroleinLupinimplementanｏｎＴｂｍａｋｅｔｈｅＷＳＤＬｉｉｌｅｔｏｂｅｓｅａｒ℃hable，itshouldbeiirstlyregiste1℃d

toLupin'srecommendersystem，ｗｈｉｃｈｉｓｈｅｒｅｐｅｒｆｂｒｍｅｄｂｙａＵＤＤＩｓｅｒviceregistry・Inourexperiment,the

operalionishandledviasystinet，sWASPUDDIregistryI'31.

4.2ServiCediscWery

UndeｒLupin，samhitecture,Ｔｈｅoperationofservice-seaIChingisdonebyPSEproviderthroughtherecom-

mendersystemthatenablesmathematicalWebservicediscovery,ConsideringtheobjectiveofUDDI,ourtesting

systemadoptedthe‘‘pureUDDIregistly'，providedbysystinet，ｓ１Ｍ６ＬＳＰＵＤＤＩＩｌ３１ｔｏｄemonstratethatwhetherit

makessenseworkingasthediscoverymechanismofmathematicalservices・WASPUDDIsuppliesaWebinteF

facethatallowstheaccesstotheUDDI-specifiedregistry・BothofservicerEgistrationandseaIChingoperationsaIe

supporte｡､ThecurrentUDDIspecificationcaｎｏｎlysupportaverysimplyquerytoachievetheservicesearching，

e､9．ｓｅｒｗｃｅ〃αｍｅ,"s伽“ｓ〃αｍｅａｎdsomedefaultstandardbusinessrαxひ"oｍｙ、The妃isstillnotdefaultmath‐

ematicaltaxonomysystemdefinedmUDDIthataccommodatesthemathematicalapplicationdiscoveIy,hencea

mathematicaltaxonomyneedstobeadded・Inourexperiment,atemporalymathematicaltaxonomysystembased

onGAMSIl71isaddedduetotheextendedfunctionalityofWＡＳＰＵＤＤＩ､TheresultshowsthatthesuccessfUldis‐

coverycanbeachievedbyqueryingtheregisteredservicenameexeAs"”c”senﾉice,aswellasitscorresponding

classiiicationdefinedinthemathematicaltaxonomy、

4.3ServicebindingandPSEc⑪mposition

AnotherimportantissueofourexpenmentishowtoachievetheactualLupinservicebindingwhenweObtained

theWSDLfilefTomUDDIregistry;andhowtoconstructthePSEbygeneratingtheuserinterfacebindingwith

thedistributedLupinservices・WeaIcnowdevelopingtheZJ4p血ＰＳＥ加ijder,aJavatoolkitinLupin，sframework

thatcompletelysuppoIttheWebservice-basedPSEcomposition・Thedetaildiscussionwillappearinourrelated

Ieport、Ｈｅ唾weonlyfbcusontheexpenment,whichisinvolvedin2parts：thePSEinterfacegenerationand

theLupinservicebinding・ＴｈｅｆｂｍｌｅｒｏｎｅａｌｍｓａｔｔｈｅｆｒｉｅｎｄｌｙｕserinterfacethatmadebythePSEprovider

toadd配sstheeasy-to-usePSEfrond-end;whilethelateronetalgetstheprogrammedintegrationoftheselected

Lupinservices・

TheoperationofserviceinvocationiscarriedoutbyLJ4p加舵rv花ｅＢ伽｡『"ｇＡＰﾉ,ｗｈｉｃｈｉｓａｐａｒｔｏｆＬｕｐｉｎ

ＰＳＥｒｕｎｔｉｍｅａndcurrentlyimplementedinJava・ＢａｓｅｄｏｎＡＸＩＳａｎｄＤＯＭｐａｒｓｅ風itcandynamicallygenerと

atetheinterfacefbrSOAPremotecaｌｌｗｈｅｎｇｉｖｅｎｔｈｅＵＲＬｏｆＷＳＤＬｉｉｌｅｏｆｃertainLupinservice,ｅ､9.,the

exeAsirFactorServﾕＣｅ､wsdﾕ.Inthisimplementatlon,everyLupinserviceisaSOAPserverandisresponsible

fbrprocessingthercquestmessageandfbrmulatingaresponse・Theresponsemessageisrcceivedbythenetwork戸

inginfTastructureontheservicerequestor，nodeandcanbeconvertedfmmXMLmessageintocertainobjectthat

fitstheclient・

Ｗｅ，vealsomadeaneffOrttoshowthatthePSEprovidercouldbesupportedbytheexisting加remaive〃1α妨

approaches,tobuildtheapplication-orientedPSEuserinterface・Achievementsofmanyaspectsof‘‘mathonthe

web"a１℃providingthesigniiicantsolutions・Asanexample,WebEQU81interactivemathtechnologybasedonJava

appletsthatenablesMathMLprocessinghasbeenused,Ｗｉｔｈit,theexeAsﾕrFactorServ1cecanbeinvokedby

aseriesofuseFfriendlyoperationswithoutnecessitytocaIeaboutwhatkindofcomputingenginesareworking，

AnnualJoumalofEng，

EhimeUniv.，Ⅲ.，Mar.，２００５
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nornecessitytoleamsyntaxruleofcertainCASs・

computanonaIBshownasfbnows：

Requestmessage：

TheSOAP-basedmessagestransmittedduringthedistributed
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ヱユns:.Esd=衝http:〃函官.百3.Org/2001/XlⅡScheman

mlns:xsi=',http://w函.百3.org/2001/X皿Schema-instance園＞

＜sOapem:Body＞

くe工ｅｓＯａｐｅｎｖ:encodingSty1e='‘http://schemas.、ﾕsoap・ｏｒg/soap/encoding/鰯＞
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く/mml＞

く/exe〉

く/soapenv:Body＞

く/soapenv:Envelope〉
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5．ConclusionsandFuturew⑪rks

WehavediscussedthedesignandarchitectuI巳ｏｆLupin,whichaimstobuildthesignifica､tWeb-basedPSE

frameworkinthispaper・Enablingtheindependentdevelopment,deployment,discoveIyandinvocationofImemet

accessiblePSEComponents(Lupinservices),LupinwiUempowerthePSEprovidersbyeliminatingmanytechni‐

caldiflicultiesandexploitingtheexistingcomputmgresQurcesontheirPSEconstruction・AccoIdingtothedesign，
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animplementationbasedonWebserviceprotocols(SOARWSDL,ＵＤＤＩ,etc.)andrelevantXMLcomplianttech‐

nologieshasbeenconsideledtoaddressthewholearchitecture,andaprototypehasalsobeenproposedtocheck

outthefeasibility・

TheproofLofLconceptsystemshowsthattheprocessofLupinserviceinvocationcanbesufficientlyachieved

byWSDL-basedinterfacegenerationandSOAP-baseddataexchange､However,theUDDIregistrydoesnotcom-

pletelymeetourneedsofLupinservicediscovery,becauseofUDDrspoordescriptiQnfacilityonmathematical

issues・Fromourperspective,ｔｈeprocessofdiscoveryshouldbecarriedoutbycertamservicedescriptions：one

istheservicedeclarationthatofferedbytheserviceprovider,whileanotheristhequerythataPSEproviderseeks

fmCunrentspeciiicationofUDDIincludesverylittleinformationtodescribeservice,limitingitselftotheservice

name,thebusinessnameandsomestandardtaxonomy・EventhoughUDDIallowsservicestorefertoasetof

attributes,called“Tmodel，，(forexample,inourexperiment,wereferredTmodeltotheLupinservice，sWSDL

file),butstilllacksmechanismtosupportaHexiblesearch・Duetothis,amoreinformative,efncientandsemantic

approachwhichenablesthemathematicalse1rvicediscoveryisneeded､WearenowconcentratingonanewLupin

serviceregistlythatisbasedontheemergingMathematicalServiceDescriptionLanguage(ＭＳＤＬ)lI4Iandthe

relevantsemanticWebtechnologiesll51,toextendourwolkWepredicatethat,basedonthemathematicalservice-

orienteddescriptionandthesemanticontologymarkupapproaches,Lupindiscoverymechanismcanbepromoted

toaddressamoreeffectiveanddynamicservicediscovery・

Lupinisevolving，ourimmediateworkistocompletetheimplementationofLupinserviceregistryandits

relevantservicebrowsertofacilitatecurrentLupin･discoverymechanism，ThedevelopmentoftheLupinPSE

builder,atoolkitpackconsistsofJaya戸basedLSB（LupinServiceBinding)APIaswellastheLupinservice

Howingmarkupanditsgeneratorisalsoon-goingtoaccommodatethePSEcompositionmechanism・Currently

targetingatWeb-baseddistributedcomputationandinteractivemathematiceducation,Lupinwillgrowuptogether

withtheprogressoflntemettechnology．
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