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Abstract

Thisreportproposesnintegratedsupportmethod-
ology for constructingbusinessmodelsincluding
employingnew business models,transplanting
existing businessactvities to computers,and de-
cision making supportin employingnew erviron-
mentof computers.In orderto model enterprises
and businessactvities and to implementthem as
software applications,heterogeneousgepositories
in differentgranularitiesof businessnodelsarein-
tegratedbasedon ontologies. By devising aframe-
work, which picks the main conceptsof reposito-
riesup andmakecorrespondencamongthem,our
framework achieves the unified reuseof existing
repositoriesof businessactities and softwareli-
braries. We have implementedthe prototypesys-
tem by JAVA and confirmedthatit supportsusin
variousphase®f businessapplicationdevelopment
including businessmodel manifestation,detailed
businessnodeldefinitionandanimplementatiorof
businessoftwareapplications.

1 Intr oduction

Dueto therapidchangeof busines®rnvironmentsntroducing
the Internet,it becomesvery importantto achieve the rapid
adaptatiorof the corporatestructureby employinga variety
of heterogineuseusableeomponetsuchasbusinessnodels,
bestpracticessoftwarelibraries,andsoon.

Becausef the above context, a lot of researchanddevel-
opmentprojectswhichconstrucbusinessepositorieof var-
ious conceptsandideasrelatingto businessactiities, have
beenactivated.

In the field of MS (Managemen&cience)one of the fa-
mousresultsis thee-tusinesProcessiandbookprojec{MIT
ProcessHandbook Project carried out by MIT. The e-
businesProcesdHandbookis a substantiatontribution asa
businesgepositorywhich containsapproximatelyt,600def-
initionsof businessactiities  from abstracprocesset the
specializedneto the businessover the Internet. Its formal-
ity, however, is notstrict sincethemostpartof thedefinitions
aredescribedwvith naturallanguage.

Fromthe viewpoint of the formality on the processspeci-
fication,thereis the enterpriseontologylUscholdet.al. 199§

of Edinturgh Universityin thefield of artificial intelligence.
Its formality is very strongandit contritutesthereuseof busi-
nessmodelsneverthelesst covers only so generaland ab-
stractconceptghatit is very hardto constructconcretebusi-
nessmodelswith operability

Ontheotherhand,oneof thedevelopedibrary for building
knowledge systemson the concretelevel is the inference
catalogueof CommonKADS methodologySchreiberet.al.
1999;CommonKADS]. CommonKADS is utilized for anal-
ysis and developmentof knowledge systemsand offers the
languageandprimitivesto clarify conceptuamodels.In late
years,specialmethodlibrary REPOSITis proposedor the
implementatiorof inferenceprimitives of CommonKADS,
but the methodologyof the applicationconstructioninclud-
ing requirementnalysisanddevelopments still examined.

Owing to the differenceof purposesamongthoserepos-
itories, whenwe try to build the real applicationsbasedon
the existing domain, the integrated supportare hardly per
formedin the whole processof the constructionandthe re-
engineeringf businessapplications.

So, in orderto achieve the unified supportof the devel-
opment,the computingframewvork, which integratesthe dif-
ferentsortsof repositoriessupportsdynamic,shouldbe de-
velopedfor the constructiorof businessnodelsandapplica-
tions.

Fromabore-mentionedackgroundye proposehedevel-
opmentmethodologyof businessapplicationsbasedon on-
tologieswith reusableepositoriesuchase-husinesgprocess
handbookCommonKADS andREPOSIT

In orderto constructhebusinessnodelsandto implement
them basedon the existing domain,we retuild the hetero-
geneousepositoriesnto two repositorieson different-grain-
levels: the businessspecificationrepositoryon the level of
businessctvities andthebusinessoftwarerepositoryonthe
level of softwareapplications.

It is the maincharacteristiof this work thatour proposed
framavork enablesntegratedsupportof modelingbusiness
activitiesfrom businesslocumentsandconstructingousiness
applicationfrom businesamodels,by developinga platform
to createthe relationshipsdynamicallybetweenthe descrip-
tions of the businessspecificationrepositoryand the busi-
nesssoftwarerepository We have implementedthe proto-
type systemby JAVA and confirmedthat it supportsus in
variousphase®f businessapplicationdevelopmenincluding
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Figurel: Overvien of DevelopmentSupport

businessnodelmanifestationdetailedousinessnodeldefini-
tion andanimplementatiorof businessoftwareapplications.
Sinceourwork canbeappliedto advancednanagementdg-
menton introducingnew businesanodelsre-engineeringf
existing businesprocessesgndemployingnew ervironment
for businessomputing,we expecttherepercussioeffect on
themanagemenrdctiities astheresultof theinformationin-
tegration.

2 Overview of ProposedDevelopment
Support

In orderto achieve the unified treatmenbf modelson differ-
entlevels suchasmakingbusinessnodelsclear implement-
ing thedetailedmodels puilding softwareapplicationsandso
on, our researctaimsat the establishmentf integratedsup-
port from the analysidevel to theimplementatiorievel. Our
standpointof the integrationandthe reuseof heterogeneous
repositoriess to obtainthe key structureof eachrepositories,
which corresponds$o nounconceptsandto relatethemeach
otherto bridgethewhole structureof processeandactvities
includingverb concepts.

The key ideato achieve our aim is how to extract the
verbandnounconceptsaindtheir relationshipasthecommon
structureof informationfrom the heterogeneouspositories.

Thetamgetof developmentsupports theconstructiorof busi-

nessapplicationasa businessnodelsobtainedrom business
documentswhich containsthe facility suchascommunica-
tion with usersthroughnetworkvia E-mail or Web, andthe

file systemsharingwith the usersfor customerrelationships
anddatamanagementBrief descriptionof businessapplica-
tion developmentthroughthe repositoriesntegration by our

framework is asshowvn in Figurel.

At first, in orderto pick thekey conceptap from business
documentswe constructthe businessspecificationreposi-
tory including ontologiesof nounandverb concepts.Noun
conceptsare extractedfrom the e-tbusinessProcessHand-
book and classifiedinto the businessobject ontology ac-
cordingto WordNe{Fellbaum199§ asthe generalconcept
ontology provided by PrincetonUniversity Verb concepts
of e-lusinessProcessHandbookare classifiedby using co-
occurrencenformationof nounconcepts.By makingrefer
enceto the history databasef the correspondencbetween
words of documentsand ontologiesof nounsand verbs, a
businessmodelis constructedoy the businessspecification
repository

Next, as a repositoryfor transplantatiorof the business
modelto abusinessoftwareapplicationwe provide thebusi-
nesssoftwarerepositoryincludingmethodlibraries. In order
to correspondactivities of businessnodelsto softwaremod-
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ules,we constructa library of typical patternsof the input-

outputrelationsandthemodulestructureof softwaresystems
basedon JAT (JAVA Agent Template)Petrie1996 provided

by StanfordUniversity Eachpatternis formalizedasa com-

binationof inferenceprimitivesof CommonKADS by intro-

ducingasoftwareobjectontologythatprovidesthe classifica-
tion of objectswith control anddatastructures.By consult-
ing the softwareobjectontology and REPOSITIzumi et.al.

19994 provided by ShizuokaUniversity asa library of the

implementatiorpatternsthe businessnodel,obtainedon the

previous stage,are supplementeavith control structuresof

softwarecodes. Accordingto the frequeng and history of

correspondingmongthreelibrariesof JAT, CommonKADS

and REPOSIT a detailedmodel of the softwareapplication
areobtainedbasedn the softwareobjectontology

3 Construction of BusinessModels

In thiswork, we employthe e-businessProcessHiandbookof
MIT, calledProcesHandbookfor short,asa library classi-
fying businessactwities. In orderto constructthe business

specificationrepositoryby extracting the requiredinforma-
tion, WordNetis alsoemployedas a generallexical reposi-
tory. First, the businessspecificationrepositoryis provided
asa key structurebridging the businessdocumentsand Pro-
cessHandbook.Then,thewrapperframewvork is constructed
asan extract methodof requiredactivities from a repository
of ProcessHdandbook.

3.1 Building BusinessObject Ontology

Whentheabstractiordegreeof abusinesglanis high,averb
conceptof anactiity in the businesgplanis oftenvaguefor
specificationmakersdueto the differenceof viewpointson
the definitions. In contrast,a nounconceptof the actiity is
comparatiely clearand appearsegularly in the document.
In orderto classifythe nounconceptsxtractedfrom Process
Handbook,we employ the WordNet as a generalontology
that containsover 17,000concepts. However, if we utilize
WordNetasit is, the numberof candidateexplodesbecause
of thevariety of theword’s meaningandtheambiguityof the
wordin thedocument.
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So,in orderto classifythenounconceptsappearingn Pro-
cesHandbookwe choosg¢hemajorconceptsith respecto
thedegreeof abstractiorandfrequeng by usingWordNetin
thefollowing way.

First, nounconceptsonsistingProcesdHandbookare ex-
tractedandrearrangedhto a similar structureto the activities
of ProcesHandbook. Then, the frequeng of eachword is
countedandsumup with respecto theinheritedstructure A
structurediree of the wordswith the attribute of appearance
frequeng is obtainedas shavn in Figure 2. In the figure,
the numberof appearancés given in the fractional expres-
sion wherethe numeratorcorrespondshe frequeng of ap-
pearancasit is andthedenominatomeangheinheritedfre-
gueng of sub-conceptsThe addition expressionis atrace,
whichindicatedtheword, appearsn the differentpositionof
thetreestructure.

As thecriteriato selecta majornounconceptwe pick the
conceptswith the morefrequeng up andrehuilt into anup-
perontology Accordingto the WordNet’s structure,we re-
peatthe sameway describedabove and definethe substruc-
ture of conceptsobtainedabore as an upperontology pro-
vided that the priority of the meaningis given to business
domainover therelationof WordNet. Furthermoreywhenwe
fix the top ontologyfor constructingousinessdomainontol-
ogy, concepdrift, thatis akind of semanticshift ona specific
domain,oftenoccursandcausesnefficiengy on building on-
tologies. Dueto reducethe costof constructionwe employ
the methodologyfor resolvingthe conceptdrift[Yamaguchi
1999. Figure 3 shaws the structureof the businessobject

ontologyobtained.

3.2 Determining BusinessActivities

Whenobtainingthe definition of the businessactwity corre-
spondingto a businesddocumentit is difficult to utilize the
hierarchicaktructureof the processiandboolbecaus®f the
gap betweenwords of actualdocumentsand processhand-
book. On this accountwe constructthe businessobjecton-
tology, asatop ontology which bridgesthe variety of words
in documentsand nounsin ProcessHandbook. In orderto
identify businessactivities from a sentencegiven by a user
we devise an extractionmechanisnmasa wrapperfor Process
Handbookbasedn the businesobjectontology

Thewrappertool is composedaf the databasesf the fol-
lowing information. First, the co-occurrencénformation of
nounconceptsn the definition of a businessactvity is ob-
tainedandclassifiedwith respecto the structureof the busi-
nessobjectontology Then,theinformationis madeaccessi-
ble asthe databasef the co-occurrence At the sametime,
the frequeng informationis also availablein collectingthe
co-occurrencene. By using both of the co-occurrenceand
frequeng information,thewrappertool helpusto searchthe
definitionof actiitiesin thespaceof Processiandbook.The
proto-typirg tool is shavn in Figure3.
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4 Building BusinessApplications

4.1 Building Software Object Ontology for Reuse
of Libraries

In the sameway of the businesbjectontology the software
objectontology (Figure5) is constructechs a domaininde-
pendenbntologyfrom thelibrariesintendedto employ The
softwareobjectontology giveswordsfor expandingdomain
ontologiessuchashbuilding aset,picking up anatomof aset,
indicatinga calculationstage datastructuresor implemen-
tationdetailsandsoon.

On the purposeof the developing businessapplications
from the businessmodel obtainedabore, a detaileddefini-
tion of eachactiity of the modelis required. In orderto
give the activities the operationainformationthatis usedfor
applicationdevelopmentwe preparethelibrary of the appli-
cationtemplatewhich definesthe structureof the partof ap-
plicationin thefashionof theknowledgesystendevelopment
with respecto the softwareobjectontology By constructing
the businesssoftwarerepositorywith the reusabletemplate
of REPOSIT CommonKADS, JAT andhistoricaldatabases,
thebusinessapplicationis obtained.

4.2 Model RefinementBasedon Application
Templates

We considerthe structureof businessapplicationsbasedon
the agentarchitectureto be composeddy the inferenceen-
gineto attainatask,the sensoro getthe informationof the
outsideandthe effectorto carry out their task. The sensoiis
characterizedvy thefollowing threefunctions:

(1) thefunctionthataccessetheinsideandthe outsidere-
sourcef theagent,

(2) thefunctionthatexaminesthe placeandthe contentsof
resources,

(3) afunctionto acquirea messagérom theuserandto in-
terpretthemessage.

Theeffectoris definedby two of thenext:

(a) thefunctionto form andmodify theinsideandthe out-
sideresource®f theagent,

(b) afunctionto makeandto sendamessagé¢o theuser
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Figureb: Standardlatahierarchy

The framework of the combinationwith the above func-
tionsandtheinferenceengineis organizedasagentemplates
by referringto JAT (JAVA Agent Template)of the Stanford
University Furthermore detailedtemplates,corresponding
to eighttypesof communicatiormodelsgiven by Common
KADS, areformedasinteractiontemplatesith theuserand
resourcegFigure6).

4.3 Building ReusableTemplatesfor
Implementation of Applications

From the importanceof a unified languagefor the reflec-
tion of the changeon a businessmodel, we retuild and ex-

tendinferenceprimitivesof CommonKADS into “REPOSIT
(REusable Pieces Of Specification-Implementationmfem-
plates)”which combinesdeclaratve semanticeemployedin

CommonKADS and proceduralsemanticdike Prolog. A

unit of a descriptionin REPOSIT definedasa relationship
amonginput, output and referenceknowledge, is called a
“unit function”. A setof unit functionsis rehuilt into the
methodontology by abstractingknowledgetypes of input,

outputandreference.

Furthermore patternsof a combinationof unit functions,
which appearfrequently in the developmentprocess,are
gathered,sorted out and constructedas a method library
basedn thefollowing standpoint:

(1) providing refinemenpolicies,
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(2) standardizinga way of the knowledge (data) manage-
ment,

(3) classifying the adding patternsof control structures
givento specifications.

In orderto keepa correspondenceetweendescriptionof
specification@ndimplementationsREPOSITsupportsstep-
by-stepoperationalizatioof anabstractlescriptiorinto ade-
tailed implementationmodel, as the following way (Figure
7):

a. selectinga patternof the methodlibrary accordingto a
tasktypeof aknowledgesystem,

b. concretingknowledge type of input, output and refer
enceby usingthe softwareobjectontologyandthe ob-
tainedbusinessnodelastherequiremenspecification,

c. addinga controlstructureto the descriptiorwith theob-
tainedinformationof knowledgetype,

d. selectinga patternfor eachunit function of the descrip-
tion andcontinuingthe above process.

Finally, we've provide 22 methodson the abstract-pattern
level, 92 methodsincluding prolog-tuild-in functionson the
program-coddevel, and69 methodson the middle-level.

4.4 Experimental Study

In orderto considerthe validnessand usability of proposed
framewvork, we've implementedthe abose mechanismby
JAVA into the proto-typingtool andappliedit into casestud-
ies of constructingbusinessapplicationsfrom description
documents.

In eachcasestudy somepatenttexts obtainedfrom the
Internetare usedas a businessdocument. We have com-
paredbetweerthemodelsof casestudiesprovidedby Process
Handboolkandtheonesbuilt by theproto-typetool (Figure7).

Roughlyspeakingabouttheresult,approximately70% ac-
tivities of eachcasestudymodelaredeterminedrom patent
texts, and, eachimplementatiorhasbeencompletedaround
18 hoursafterreceving the patenttext of claimsanddetails
asspecifications.

The abore meansthat the cost of the applicationdevel-
opmenthasbeenreducedmorethan 50% as comparedwith
by hand,thatreuseof the systemhasbeenperformedabout
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b.concreating knowledge

- _/ c.adding control structu;

d. repeating from a.

Figure8: Executionof SupportingTool

thecommonstructureof businessapplicationsandthatmain
businessstructurecould be reusedif we have stackedand
opensomeexperienceto the public at our library. Now, we
areanalyzingandinvestigatingaboutthe deeperexperimen-
tal studieson the developmenibn heterogeneousystemsand
theresultwill be openuntil the conference.

5 Discussions

The above resultof the experimentalstudy meansthat the

costof the applicationdevelopmenthasbeenreducedmore

than50%ascomparedvith by hand,thatreuseof the system
hasbeenperformedaboutthe commonstructureof business
applicationsandthatmainbusinesstructurecouldbereused
if we have stackedandopensomeexperienceo the public at

our library. Now, we are analyzingand investigatingabout
the deeperexperimentalstudieson the developmenton het-

erogeneousystems.
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As comparisonwith relatedwork, there are three main
fields of researchareas:clarifying specificationsbuilding an
applicationandreusingexisting libraries.

First,asdiscussedh Introduction,numbersof work onan-
alyzing businessspecificationhasbeendoneby MIT, Edin-
burgh University andso on. Their work arevery significant
asafundamentatesearchhowever, mostof themarearound
abstracandgeneraframeavork. RecentlyProcessiandbook
is revisedinto e-Busines$ProcesdHandbookandprovidesa
hundredof specificationas casestudies. But mostof them
arejustdefinedby naturallanguagedext. So,ourwork canbe
regardedastheintegratedwork to utilize therelatedwork.

Secondalot of worksarecarriedout on building applica-
tions Including softwareengineerindield[Code,et.al. 1997;
?], but they usethedifferenttypeof tool andlanguagesnthe
differentphaseof development. So, modelsandlanguages
shouldbe unifiedinto on framevork aswe proposed.

Our framework is basedon a standpointthatit is difficult
to automatahewhole businessbut possibleto do mary part
of it. Recently afew of the researchersonsiderthe model-
ing methodologyof thewholeenterprisestructureasa multi-
agentsysteniKendall1999. It is worth payingattentionbut
still remainon theabstracstructuref definingagentroles.

Finally, a lot of projectsconcentrateon reusinglibraries,
ontologiesandapplicationsand provide a numberof repos-
itories. One of our previous works is on interoperationof
the heterogeneousxpert systemBzumi et.al. 19994. Be-
causeeachexpert systemis modeledby its own vocahulary,
it needsa conversion facility so thatit canunderstandhe
messagesentfrom other expert systems. In the work, we
employa specification-sharing(SS)-baseabperation¢alled
assisteccoordinatiodGenesereti994. The sharedspecifi-
cationcomesfrom REPOSITlibrary which senesasa com-
mon structureof noun and verb conceptsnamedthe com-
mon domainontology and the commontask ontology As
the methodsof modeling,operationalizing cooperatingand
communicatinglwrapping)distributed expert systemscome
up, we put themtogetherinto aninteroperatiorervironment
for distributedexpertsystemdNDIES(Fig. 9).

In our previouswork, a numberof significantlessonsob-
tainedin exchangingthe messageamongthe heterogeneous
expert systems.However the way to constructthe common
ontologiess still remainasthefuturework. Ourcurrentwork
canbe regardedas a new approachto reuseheterogeneous
repositoriepasedn ontologies.

6 Conclusion

As conclusion,the computingernvironment,which supports
dynamic constructionof businessmodelsand applications
from businessdocument,should be developedfor the pur
poseto perform the re-engineeringousinessprocessesc-
cording to the changesf businesssituations. From stand-
pointthattheheterogeneougpositorieshouldbeintegrated
to achieve theunifiedsupportof theapplicationdevelopment,
we have proposedhe framework of the extractionof there-
quiredinformationbasedon ontologieswith reusableeposi-
toriessuchase-tusinesgproceshandbookCommonkKADS
andREPOSIT In orderto constructthe businessnodelsand
to implementthemasthe actualbusinessncluding software
applicationswe develop two repositorieson different-grain-
levels: the businessspecificationrepositoryon the level of
businessctvities andthebusinessoftwarerepositoryonthe
level of softwareapplications.

We have implementedhe prototypesystemby JAVA and
confirmedthat it supportsus in various phasesof business
applicationdevelopmentincluding businessmodel manifes-
tation, detailedbusinessmodel definition and an implemen-
tationof businesssoftwareapplications Furthermorewe are
re-oganizingour productin orderto openit to the public.
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