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Abstract Ontologies are a popular research direction ifedkht domains as is also the case
in information systems research. In the beginnihths millennium Geerts and McCarthy
(2002) proposed an ontology for the business contéch was an extension of the basic
REA-model which had already proven its use as asimaccounting information model. In
the recent papers of Geerts and McCarthy the fiscpgmarily on defining and theoretically
justifying the content of this newly proposed eptese ontology. In this paper we elaborate
on more practical issues related to the REA-ontpldglot of confusion exists about what
ontologies are and for what purpose they can bd. Usethis paper we investigate how we
could classify the REA-ontology and the REA-ontgl@pplications. This analysis clarifies
the application potential of the REA-ontology blgcaemphasizes that a generally accepted,
explicit and formal specification is needed in artteimprove the usability. In the case of the
REA-ontology this means that the ontology shouldvime unambiguously to interpret by
business experts and the applicability for ontoldgyen system development and ontology
driven systems should be improved.

This paper proposes a new REA-ontology specifioatioat uses an UML profile for
graphically representing ontologies (OMG 2006). sThpecification of the ontology in a
single graphical representation formalism is mommglete than previously available
representations, without compromising its abildybe understood by business professionals.
At the same time it can easily be transformed @ntoore formal representation which can be
understood by machines. Having a machine readaptesentation of the REA-ontology is a
necessary prerequisite for the successful apphicatf the REA-ontology in business

modeling, software engineering, knowledge repregemt and interoperability creation.
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| Introduction

Around the end of the nineties and the beginninghefmillennium, Geerts and McCarthy
(1999; 2002) extended the Resource Event Agent ra&naccounting model into a
comprehensive enterprise information architectuheckv they propose as an ontology for
enterprises. Since then a lot of research has beeducted in different sub-domains of
Computer Science which further explore the develapinuse, evaluation, etc. of ontologies.
These research findings may indeed support thediftf REA onto a higher ontology level.
By this we mean, amongst others, formalizing REArder to make it machine readable and
determining the correct position of REA as a bussndomain ontology.

Different business domain ontologies have beenqseg but it is not always clear
what the intended use of these ontologies is. Iflegk at existing ontology engineering
methodologies (for an overview see (GoOmez-Péred. 2004)) one of the first steps in the
ontology development process is specifying thenidéel use of the ontology. This was not
explicitly done for the REA-ontology. The basic Rie#fodel was gradually extended because
the developers believed that the REA-ontology sthdwdve some natural implementation
advantages over more traditional kinds of accogntianceptualizations. These advantages
relate to the increasing need in enterprise inftionasystems for shared communication and
increased ontological commitment. However, Gearts McCarthy (1999; 2002) only partly
state how these advantages can be realized inbpssitology applications.

This paper intends to position the REA-ontologyaalsusiness domain ontology by
taking into account generally accepted ontologgaesh, related business domain ontology
research and recent developments in the REA-ontalegearch (or so called REA design
science research). In this paper we first clasiy REA-ontology and REA-ontology
applications according to well known ontology clfsation schemes in order to develop a

clear understanding of the intended use of the RE#®Iogy. This analysis results in the
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identification of the possible application domaiios the REA-ontology. Furthermore the
importance of having a generally accepted format#jation of the REA-ontology is also
emphasized. In the second part of the paper, deurstep is taken to enhance the
applicability of the REA-ontology. We present thevdlopment of a representation of the
REA-ontology that uses an UML profile for graphlgaiepresenting ontologies (OMG 2006).
This specification of the ontology in a single reggntation formalism is more complete than
previous representations, should still be easynttetstand by business professionals and can
also be easily transformed into a machine-read&ipleesentation.

The paper is structured as follows: Section Il siféess the REA-ontology based on
the richness of its internal structure and the esttlpf its conceptualization. In order to further
clarify the intended use of the REA-ontology, sactill analyses some recent REA-ontology
applications. Based on this analysis some key ssane identified that when solved would
facilitate the realization of further REA-ontologpplications. As a first step towards solving
some of these issues, in section IV the REA-ontplisggraphically represented using the
UML OWL profile. Section V illustrates how this nevepresentation can be used for
business modeling which is one of the possibleiegibns of the REA-ontology. Section VI

ends with conclusions and future work.

I Classification of the REA-ontology

A first step in positioning the REA-ontology is s&ifying the ontology. Different
classification schemes for ontologies have beepgwed (a good overview can be found in
(Gomez-Pérez et al. 2004)). The overall focus of msearch project is primarily on
improving the applicability of the REA-ontology arlderefore we will classify the REA-
ontology based on the richness of its internal cétime and on the subject of its

conceptualization. This classification must alsdkend easier to define the intended use of



the REA-ontology and compare it with the intendesk wf the other business domain

ontologies.

Subject of the Conceptualization

Using an ontology classification scheme which issdoh on the subject of the
conceptualization is very helpful for providing kear definition of the proposed ontology.
The most cited definition of an ontology is the idigfon by Gruber: “an ontology is an
explicit specification of a conceptualization” (®er 1993, p. 199). A conceptualization is an
intensional semantic structure which encodes thgicihrules constraining the structure of a
piece of reality (Guarino and Giaretta 1995). Oogads can be used to represent explicitly
the semantics of structured and semi-structuregrnmédition enabling automatic support for
maintaining and accessing information (Fensel 200hg Gruber definition was modified
slightly by Borst (1997) who added that the speaiion must be formal and the
conceptualization should be shared. Formal meatsatmachine must be able to process the
specification and shared indicates that the knogdedaptured by the ontology is the
consensus of a community of experts (GOmez-Péralz 2004).

Based on the subject of the conceptualization wdiffe types of ontologies can be
distinguished (van Heijst et al. 1997): represémtadbntologies, top-level ontologies, domain
ontologies and application ontologies. The REA-togy is not intended as knowledge
representation ontologgor ontology language) like the Knowledge Interudpa Format (KIF)
or the web ontology language (OWL), although swegreésentation ontologies can be used to
formalize the content of the REA-domain ontologyrtRermore the REA-ontology is not a
top-level ontologyas its Universe of Discourse is not the real wdslat only a part of it: one
or more enterprises in a business context. REAldhiberefore be a specialization of a top-
level ontology. Top-level ontologies describe vgpneral concepts that are reusable across
domains. The REA-developers use the SOWA classificaf ontological categories in one
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of their papers (Geerts and McCarthy 2002) to mtewlefinitions for the different REA-
concepts and relations.

Domain ontologiesspecify a conceptualization of a selected parteaiity (i.e. a
domain) (Guarino 1998). They describe the conctyatisexist in a domain, the classification
of the concepts, the relations between the conapdstheir axioms (i.e. basic propositions
assumed to be true). Based on the subject of theeptualization the REA-ontology can be
classified as a business domain ontology. Busidessain ontologies have as Universe of
Discourse business, which is “the activity of phrg goods and services involving financial,
commercial and industrials aspects” (Cognitive BogelLaboratory 2006). It should be noted
that the REA-ontology does not support all thesarimss related aspects. The REA-ontology,
as an event-ontology (Allen and March 2006), fosuse the creation and transfer of
economic value and does not include all conceptsdpturing the organizational structure
and management of the business. Commercial aspedisde for instance marketing
strategies. Industrial aspects may also includg@ghical details. Neither of these concepts
are included in the REA-ontology. This does not m#st the REA-ontology needs to be
further extended, however this proves that thegnaton of REA with other appropriate
ontologies is an important issue and should alsadagessed when investigating the usability
of the REA-ontology.

In order to use business domain ontologies in &ctoplementationsapplication
ontologiesthat fine-tune the business domain ontology tpecsic application are needed.
REA is not an application ontology because itsndesl use is not limited to one particular
application (not even a broadly defined applicasoch as accounting). In ontology research
the contradiction between generality (or ontologysability) and specificity (or ontology

usability) has been recognized and some ontologyineering techniques have been



proposed that take this contradiction into accaduning the development of an ontology
(Guarino 1998).

There are many potential applications of businessain ontologies. It is generally
accepted that ontologies are used to improve conuation between humans or computers.
Uschold and Jasper (1999) specify this use fuititerthe following three areas: to assist in
communication between human agents, to achieveopeeability among computer systems
or to improve the process and/or quality of sofevangineering. Different business domain
ontologies have been proposed with accompanyingiaations in business application
ontologies which have been implemented in one aembthese areas. Broadly, the intended
use of these business domain ontologies may bgegdounto two popular application areas:
business modelingnd e-collaboration The Toronto Virtual Enterprise ontology (TOVE)
(Fox 1992), the Enterprise Ontology (EO) (Usholdakt 1998), the E3-value ontology
(Gordijn 2002) and the Business Model Ontology €@salder 2004) can all be considered
asbusiness modeling ontologieBhe main purpose of this type of business doroatnlogy
IS supporting communication between people. Howdnesiness modeling ontologies can
also support interoperability by providing a tragin between different modeling methods
(e.g. EO). Additionally, business modeling ontokxyican also improve the software
engineering process by assisting the process ofifbation of requirements (e.g. E3-value).

E-collaboration ontologiesocus on supporting the collaboration between \aithin
enterprises. A widely used group are the Produnts $ervices Categorization Standards
(PSCS) (Hepp et al. 2005). They provide framewddksdentify products and services in
global markets and are used to support the infoomagéxchange between customers and
suppliers, and among different suppliers, whichraquired in a B2B context where an
effective communication between machines is necgss@ell-known examples are

UNSPSC (United Nations 2007), NAICS (U.S. CensuseBu), e-cl@ss classification and



product description (eCl@ss) and the RosettaNetiieal Dictionary (RosettaNet). Another
well-known example of e-collaboration ontologies #re XBRL taxonomies which focus the
semantic integration of financial information frdraterogeneous sources.

Important to notice is that the distinction betweabe different kinds of business
domain ontologies is not strict. Following the laafka clear specification of the intended use
of the REA-ontology, it is impossible to assign fRREA-ontology to one specific group of
business domain ontologies. There have been RE®&lagyt applications that use a
specialization of the REA business domain ontolaggupport business modeling. But the
REA-ontology has also been specialized such tHacilitates e-collaboration. In section 1l

some recent REA-ontology applications related tih lnses will be further analyzed.

Richness of the internal structure

The second classification dimension classifiesedé#iiit types of ontologies according to the
richness of their internal structure (Lassila andc@diness 2001). Many forms of
specifications of conceptualizations exist whick atl referred to as ontologies. Figure 1
visualizes different types of lightweight and heaeyght ontologies in a continuous line.

The richness of the internal structure of the RERetogy has been evolving a lot
since the publication of the original REA-model. e@s and McCarthy still use in their
papers a combination of textual descriptions ofdbrecepts, the relations of the concepts and
the axioms, and graphical representations of partgavs on the ontology in a conceptual
modelling language. The appearance and subseqoentapity of the Unified Modelling
Language (UML) has driven the move from Entity Rielaship (ER) representations of REA
(as in McCarthy (1982)) to UML representations. Gptual modeling languages like UML
and ER have rich representation systems, are widkdy in practice and are well supported
by tools. In systems development practice, modeigeldped using such languages are
widely used to communicate the user/expert viewthef domain and information (system)
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requirements between project stakeholders (Daviak 28006). As such they are designed to
be easily understood and they do not require userBave a profound know-how of
knowledge representation languages.

Comparing to Figure 1, the REA-ontology containseanantically rich internal
structure that is not limited to the IS-A relatioas found in a typical thesaurus. However,
many details of the REA-ontology internal structare not explicitly specified. Like Geerts
and McCarty (1999) we recognize the importanceetfe specifying the REA-ontology by
further developing its ontological engineering aspeAn important step to take here is
formalizing the REA-ontology in an ontology repretsion language and transforming its
mix of textual and graphical representations intsmare coherent, formal representation.
There have been some efforts by researchers (Ri&861; Borch et al. 2003; Geerts 2004)
to represent the REA-ontology in machine readaten fout none of these formalizations is
widely known or generally accepted.

<<insert figure 1 >>
In previous work (Gailly and Poels 2007b) we pregmb a formalization of the REA-
ontology in OWL. This formalization was the resafta reengineering methodology which
uses well known ontology engineering principles.olr future research this reengineering
process will be repeated in order to further imprtve resulting specification of the ontology
and make the specification more generally accepkid. first iteration described in Gailly
and Poels (2007a; 2007b) focused on developinggesiJML representation of the REA-
ontology that makes the specification more explaitd improves the existing partial
representations employing various informal and slemmal representation formats. An
additional advantage of the new conceptual reptasen of the REA-ontology is that it
could be used to generate a formal representaic@WL using UML-to-OWL mapping

rules. The next iterations of our reengineeringcpss will focus more on the content of the



REA-ontology and will require feedback from the RBAtology community (to result in a
‘shared’ conceptualization).

Important to notice is that Chou (2006) has alsmgeized the importance of using
an ontology engineering method for the developnoérain accounting ontology. Chou used
the REA model as a starting point for the developinoég a general accounting knowledge
model and also started with the ontological foraetion of the REA model using OWL.
However, his work has a different focus than ouesxadnse it aims at developing an
accounting application ontology that can be usedgiee semantic meaning to core
accounting data. Our research follows more the \aéthe REA-ontology developers, which
see the REA-ontology as a business domain ontolegging to a wide variety of
applications (of which accounting is of course ohéhe more important).

It is our belief that existing business domain ¢rgees must be further improved in
order to fully exploit their application potentidlhe general approach taken in our research is
to incorporate general ontology research into mgsbusiness domain ontology research
which in most cases is not executed by ontologgarehers but by business experts. Similar
approaches have been followed for other businessaiio ontologies. For instance, the
eClassOWL project has as goal the ontologizinghef ¢Cl@ss e-collaboration ontology
which must result in an OWL lite representatiore@@ss (Hepp 2006). Additionally, parts
of the XBRL taxonomies have been transformed inMLOin order use the reasoning

mechanisms of OWL which are not supported by XMt XML-schema (Lara et al. 2007).

[l Classification of REA-ontology applications

The first research goal of this paper is positignine REA-ontology as a business domain
ontology. This can be done conceptually (see ptevisection), but also by looking at
existent REA-ontology applications and investiggtinow the REA-ontology is used in

practice.



REA-ontology application is defined here in a vedmyoad sense and refers to
applications that make use of or benefit somehownfrthe ontology. Some of these
applications are only theorized and not actually puo practice but exploring these
applications can help us in identifying the intethdise of the REA-ontology.

The classification of the REA-ontology applicationses the framework for
understanding and classifying ontology applicatiamisUschold and Jasper (1999). The
framework identifies different application scenariahich are characterized by five key
dimensions: the intended purpose or benefits offf@ication, the role of the ontology, the
actors required to implement the scenario, the @ioy technologies and the maturity level.
In the rest of this section we will use this franoekvto describe some published REA-
ontology application experiences. An overview @ thfferent applications can also be found
in table 1. We limit ourselves largely to applicats that have been proposed or developed
after the publication of the REA ontology extens{oa. Geerts and McCarthy (1999; 2002).
Applications that are mainly based on the origiRBIA model as in McCarthy (1982) are not

discussed.

REA accounting model in education:

References(Dunn et al. 2005; McCarthy 2003)

Intended purpose or benefits:The REA-ontology is used as a conceptual frameviork
teaching accounting information systems. It integgdhe teaching of accounting transactions
structures, commitments and business policy spatifin, business process engineering and
enterprise value chain construction.

Role of the ontology:The ontology acts as a reference and providesbteliand objective
information to those who want to learn more abbetunderlying structure of the accounting

information systems domain. The REA-ontology isnalsed as a meta-model to generate



reference models for different types of businesdr@msaction) cycles, and thus provides an
instrument to teach the main elements and structuiteese cycles.

Actors: Business/accounting information system profesantsstudents

Supporting technologies: During the business/accounting information systerosirses
conceptual modeling tools are used for the devedspinof REA-models which can be
transformed into relational database models wharh lme implemented in simple relational
database systems. There has also been developadirseducation tool that can be used by
AIS professors for teaching the REA concept retetiand what the consequences are of the
cardinality restrictions on the different REA copteelations (Geerts et al. 2002).

The maturity level: This is definitely the most mature REA-ontology bggion. A
considerable group of accounting information systerourses use the REA-ontology and
different textbooks haven been published whichhete accounting information systems

domain by means of the REA-ontology.

Model-driven design using REA business domain aupgl

References: Model-driven design using business patterns (Hr2b96, 2005), A Model
Driven Architecture for REA based systems (BorchleR003)
Intended purpose or benefits Improve the design of applications by using thEAR
ontology. Using the REA-ontology makes the develepmof the application more
straightforward and software applications basedR&A contain more and more correct
business knowledge.
Role of the ontology

REA is used as a language ensuring unambiguous aamation and understanding

among all participants of the software developnpeatess
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Borch et al. (2003) illustrate how the REA-ontolazpn be used in the model-driven
development of systems. The REA-ontology is useddavelop a platform
independent XML-model which can be automaticallpngformed into a java
enterprise application.
Actors: Business Analysts, Business Modelers and allrgibeticipants of the development
process (users, consultants and application desedpp
Supporting technologies MDA-technologies (UML, QVT, ...), and XML technol@gs can
support this application. For example a REA UMLfpeocan be used to support the REA-
ontology-driven business application developmerndcakding to our knowledge this UML
profile is currently not available.
Maturity level: Using patterns for software development is a skethwn and frequently
used technique (e.g. design patterns). Using patfer modeling an application (i.e. analysis
patterns) has never been that popular, but is tigcgetting more attention. The application
of Borch et al (2003) provided first insights ofingsthe REA-ontology for ontology-driven
software engineering but is only theorized in tlapgr and it should be further investigated
how domain ontologies such as REA can be integratéml model-driven engineering
approaches to develop a real proof of concept. iRigcthe use of ontologies in an MDA

context is getting more and more attention (Assnetral. 2006; Gasevic 2006; OMG 2006).

Supply Chain Collaboration:

References:Open-EDI business transaction ontology (ISO 2008y/CEFACT Modeling
Methodology (Hofreiter et al. 2006) and Internefppfly Chain Collaboration (Haugen and
McCarthy 2000)

Intended purpose or benefits:Using the REA-ontology should make it easier ttalgssh

supply chain collaboration via internet technolsgiE-collaboration can be realized by the
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REA-ontology by providing standard business scesaand the necessary services to support
them in order to establish quickly and cost effedti short term relationships between
businesses. The UN/CEFACT Modeling Methodology &m=u more on the global
choreography of the collaboration between busipasgers. It enables to capture business
knowledge independent of the underlying implemeoiatechnology, like Web Services or
ebXML.
Role of the ontology:The REA-ontology is used for supporting interopditgbwithin and
between enterprises. It provides an ontologicah&aork for specifying the concepts and
relations involved in business transactions andates.
The Open-EDI business transaction ontology is basethe REA-ontology and can
be used for creating interoperability between déife¢ enterprise applications. The
ontology is used as an interchange format.
In the application of Haugen and McCarthy (200@ REA-ontology is used by the
different trading partners and provides a compuéadable model of the classes,
relationships and functions that are involved ip@y chain collaboration. The role of
the ontology is creating interoperability betweba REA-based systems of a supply
chain.
The UN/CEFACT Modeling Methodology uses parts @& BREA ontology to specify
a global choreography of a business collaboratemiisg as an "agreement” between
the participating business partners in the respecillaboration.
Actors: the trading partners, the communication providgstesn developers ...
Supporting technologies:Conceptual modeling languages like UML, XML for repenting
the semantic model, formal ontology languages
Maturity level: There exist different standards instead of just @nd it is generally believed

that standardization efforts with a specific foamsa industry sector may be more successful.
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A further degree of harmonization is certainly resbkdOpen-EDI also require in many cases
long and costly negotiations and as a result sgbde&DI implementations have been
realized in what could be called 'closed tradintatrenships', i.e. long-lasting trading
relationships, involving a high number of transawes, between parties that have a high level

of trust and possibly a close coordination of theips' business processes.

The REA-ontology for knowledge representation

References: Augmented Intensional Reasoning in Knowledge-Ba&edounting Systems
(Geerts and McCarthy 2000), An XML architecture fperational Enterprise Ontologies
(Geerts 2004)

Intended purpose or benefits:By adding semantics into the business applicataoiuitional
information can be more easily extracted from thsifess.

Role of the ontology:The different systems use the operational REAlogioat run-time
for adding semantics to the enterprise schema atal Additionally the REA-ontology is
also used as a language for the representatiomtofogical scripts which can be used for
searching different enterprise systems. As sucht&eesitions the REA-ontology also as a
type of representation ontology.

Actors: Systems developers, auditors

Supporting technologies Different XML-technologies can be used for thectgtion of the
REA-ontology (XML-schema and XSLT), the ontologicalripts (XSLT) and the enterprise
data (XML-documents).

Maturity level: Ontologies can be used for improving the perforneant information
retrieval. Geerts uses well-known XML-technologifes illustrating this. A lot of the
techniques that are described by Geerts are nopwostgal by newly developed ontology

representation languages. Using OWL for represgntive ontology makes it possible to
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represent the REA-ontology and the enterprise idadae knowledge base which can be very
easily queried by using the OWL Query language (G®L) or the Semantic Web Rule

Language (SWRL) for which Geerts defines his owgresentation language in XSLT.

The classification of the REA-ontology applicatiom®vides some proof that REA can be
used for a wide series of applications: educatsiness modeling, software engineering,
knowledge representation, information retrieval aratious e-collaboration applications.
Apart from education and (to some extent) interd@nterprise modeling, many of the
proposed applications are only theorized or implaee with an illustrative (toy) example
rather than providing a convincing proof of concdpis clear that in order to fully exploit

the potential of REA as a business domain ontolagyenerally accepted, explicit and formal

specification of the REA ontology is needed whishréusable across different types of

business applications

The degree of formalization required depends ofsmwon the type of application. In
an educational context a formal representatiohefREA-ontology is less desirable than in
ontology driven information system (engineeringhtexts. In order to make a formal and
explicit specification of the REA-ontology also b&afor application contexts which do not
require a high degree of formality, the formal esmntation should be easily transformable
into a graphical, semi-formal and easy-to-undestapresentation.

A general agreement about a formal and expliciti§ipation of the REA-ontology
will also make the realization of the currently dhieed applications more straightforward
and can make the REA-ontology more useful for @apibn areas which are currently not

explored by the REA-ontology community.
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IV Specification of the REA-ontology using UML OWL profile

In this section we will present a further step ta¥gaa more formal and explicit specification
of the REA-ontology, which is the second researoll gf this paper. This work builds
further upon Gailly and Geerts (2007b) where a &drapecification of the REA-ontology in
OWL was presented. In this paper we develop a graphmepresentation of this OWL
representation. This representation is more foramal explicit than the currently available
REA-ontology representations, without losing thevaadages that graphical modeling
languages offer for non-experts in knowledge regregion.

In Gailly and Poels (2007a; 2007b), the REA-ontglegas reengineered following
some well known ontology engineering principles.eTiversion’ of the REA-ontology
considered corresponds closely to the REA-ontolagypresented in the most recent papers
of Geerts and McCarthy (2005; 2006), but there smene points of difference (e.g.
provide/receive participation relationships as irulty (2006) instead of the more common
inside/outside participation relationships). Impott to notice is that the reengineering of
REA focused on a formal specification of the REAabogy. However, the content and
theoretical background of REA was not questioneat, changed. The OWL code for the
REA-ontology is available upon request.

In this paper a next step is taken in the REA ramaging process by graphically
representing the formally specified REA-ontologyngsan UML-derived graphical language
for representing ontologies. The four-layered modemetapyramid developed by the Object
Management Group (OMG) and the UML profiling medsam make it possible to extend
UML for specific application domains. The Ontologyefinition Metamodel (ODM)
specification (OMG 2006) recently adopted by OM@suthis extension mechanism in order
to support both graphical conceptual modeling amiology development in several

knowledge representation and ontology languages. OBM specification thus provides a
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coherent framework for visual ontology creationdzth®n the Meta Object Facility (MOF)
(highest level or M3 level in the metapyramid) asndL (M2 level in the metapyramid). The
ODM framework is especially useful for formalizitige REA ontology because the resulting
representation should be easy to understand byRiBA-ontology community whose
members are in most cases not familiar with fornegresentation languages like OWL.
Additionally, following this specification also me& sure that some of the known differences
between conceptual modeling languages and ontolygesentation languages are taken into
account (de Bruyn et al. 2005).

Accordingly, in this paper we extend our previousrkv(Gailly and Poels 2007a,
2007b) by using the UML profile for OWL proposed tine ODM specification for the
graphical representation of the REA-ontology. Tpmgfile respects the structure of the OWL
metamodel and reuses standard UML2 notation whertehstructs have the same intuitive
semantics as OWL (in some cases stereotyped UMEktiearts are used). For a complete
overview of the OWL UML profile we refer to chaptéd of the ODM specification (OMG
2006). The end result of our OWL-to-UML translaticen be found in the Appendix. In what
follows we present partial views over the develop@dL class diagram in order to facilitate
presentation and discussion.

Figure 2 shows a UML class diagram representatioth® basic Resource-Event-
Agent constellation at the business process lekkebnomic reciprocity, which would
normally be captured by axiomatized duality/recgadorelations between events, is not
included in this view as it would require the irglin of a mirror-image R-E-A constellation.
In the diagram the basic REA concefisonomic Agent , Economic Event  and
Economic Resource , their type images, andCommitment are represented by

<<owl:Class>> stereotyped UML classes. A constrénas been added which explicitly
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shows that these seven classes are disjoint. Sogeténnot be an instance of more than one
class at the same time.

The representation of the relations between thecequs is more complex and
different representations have been proposed wdliderve a different focus. In figure 2 the
relations between the classes are representediivgdiional associations with a role name at
both sides. In fact this means that two inverse OMijectproperties are defined for the two
connected OWL classes. For example, for the biresgociation betweeiconomic
Resource andEconomic Event astockflow  OWL objectproperty is defined with as
domain an Economic Resource and as range arEconomic Event . The
inverseOfStockflow OWL objectproperty is the OWL inverseOf objectpedy of the
stockflow  objectProperty.

[insert figure 2]

Notice that Figure 2 looks very similar to the UsUBIL class diagrams showing the
basic REA pattern (as in the papers of Geerts ac@advthy) but REA-experts will certainly
remark the absence of the duality and recipro@lsgtions. These relations are still present in
the OWL specification but are specified betweencipeations of Economic Event
(see figure 3) and&conomic Commitment (see Appendix). By specializing the basic
REA concepts we add semantics to the REA-ontolegyesentation which is not present in
the UML class diagrams that we found in the REAetogy literature sources, but which is
usually described in text. For example figure 3 sadgbecializations to th&conomic
Event concept and to thstockflow  association. For OWL classes the OWL subclass
construct is used which is represented by a UMIcigfization. Additionally the OWL UML
profile also uses constraints for depicting thapeacialization is complete and disjoint.

The specialization of the relations between thesga is less straightforward. In order

to represent this more clearly a different approtian in figure 2 is followed to represent
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objectProperties. In figure 3 the OWL objectPrdiger are represented by two inverse
<<owl:objectProperty>> stereotyped association sgaswhich can be specialized by the
UML specialization construct which in this case aks an OWL subProperty. Important to
notice is that figure 3 does not add the restnctioat the specialization of the stockflow
relation and its inverse are total and completeabge this is not supported by OWL 1.0.
However future versions of OWL will probably supptiis feature.

Adding specialization structures to the graphicBARontology representation makes
it possible to add constraints which were in thigioal REA sources captured by informally
described axioms. For example in figure 3 the plidities on the(inverseOf)inflow
and (nverseOf)outflow clearly state that everincrement Economic Event
and Decrement Economic Event must affect one identifiableEconomic
Resource . The other REA axioms are also captured in this representation by adding
multiplicity constraints to the objectProperties.tiorough discussion of the choices that
were made can be found in previous work (Gailly &wkls 2007a). The main difference
with other REA representations is that we cleaitiniguish between axioms that can be
defined at the operational level and the knowleldgel. For example the duality axiom that
defines that all events effecting an outflow mustdventually paired in duality relationship
with events effecting an inlow and vice-versa, cauty be modeled at a knowledge level
because it could for example be possible thatatityethe purchase of a product has not yet
been paid by the company.

[insert figure 3]
The same approach can be followed forghgicipate relation between aBconomic
Event and anEconomic Agent . We did not decide to specialize Boonomic Agent
into anEconomic Agent Provider and anEconomic Agent Receiver because

this it just a temporal distinction. In the REA-oldgy an economic agent can be a provider
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and a receiver for receiver for different eventdieTparticipate relation can be
specialized into provide andreceive relation. Figure 4 represents these specialization
using the OWL UML profile. The used constructs amilar to figure 3 and also make it
possible to visually represent the REA axiom thigiusates that every economic event must
have always one receiver and one provider. Thismaxdoes not fully comply with the
participate axiom in the Geerts and McCarthy (20@606) paper but represents the
interpretation of Gailly and Poels (2007a) who aeththe axiom because they also followed
Hruby (2006) who uses provide and receive relahpss instead of inside and outside
participate relationships.

[insert figure 4]

V  REA as a business modeling ontology

Like already mentioned in the beginning of this gramntology-driven business modeling is
one of the possible applications of the REA-ontglogpart from the aforementioned
standardization efforts (open-EDI, UN/CEFACT) artk tuse of the REA-ontology in
educations there are few documented accounts of &E#ogy-driven business modeling in
practice. In this section we investigate how a falrnepresentation of the REA-ontology can
be used for the modeling of a simple business gsyoehat the benefits are of using this
more formal approach and what problems still wiis@ when using a formal language like
OWL for business modeling. To illustrate our ideas use the well known knowledge
representation framework Protégé, OWL and a sini\-structured Enterprise schema
which was taken from Geerts (2004) and is showfigire 5.
[insert figure 5]
The first step was introducing in Protégé the OWedfication of the REA-ontology

developed in previous work (Gailly and Poels 200@b)i which also corresponds to the
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graphical representation described in the prevgagsion. An overview of the resulting owl
classes and owl objectProperties in the Protég&a@maent is shown in figure 6 by means of
an owlViz and ontoViz visualization which are bgibpular ontology visualization plugins
for Protégé. The owlViz visualization gives an oxew of the classification of the REA-
concepts in OWL and also indicates the disjointnemsstraints (by means of @). The
ontoViz gives a graphical overview of the OWL ollfroperties. In order to keep the visual
representation conveniently arranged the graphegalesentations offer only a partial view
and do not include the inverseOf OWL objectprogsttiAt this stage a Protégé plug-in that
uses the UML OWL profile for graphically represagtian ontology is not yet available but
this seems to be a very useful and easy to reatidéion to the ODM project in the future.
[insert figure 6]

The next step consists in using the REA OWL spedtifbn to model an enterprise
(we take the example of figure 5). The availabilityProtégé of the semantic description of
the REA-ontology concepts, relations and axiomsaassult of the first step) guides the
development of the enterprise schema in Protége Praotégé OWL individual editor is used
for this purpose and provides for every REA-conampecific form which makes it very
straightforward to instantiate this concept and enalire that the mandatory and optional
relations with other concept instantiations areluded. For instance, figure 7 shows the
Protégé form for an increment economic event. Rerricrement Economic Event
purchase the Provider (vendo), the Receiver (receiving clerk, the dual
Decrement Economic Event (cash disbursementand theEconomic Resource
which is increasedirfventory can be specified. Important to notice is thas tlairm also
takes into account the axioms by stipulating thaisinecessary (red box) to provide a

Receiver , aProvider and arEconomic Resource
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The main advantage of using Protégé for businesdehmg is that a formal
specification of the enterprise schema is now abéel that can be used in different
application contexts. For instance in the REA-aggtlion described by Geerts (2004) the
REA-ontology, the enterprise schema and the enserplata can be easily implemented in
OWL which is a much richer representation langudmga the combination XML-schema,
XSLT and XML. Also in the MDA approach to softwagagineering the formal specification
in OWL of the enterprise schema could act as Coatjaut Independent Model (CIM) which
is a representation of the problem domain and wbéshbe developed by instantiating a CIM
meta-model which corresponds to the REA businessagdoontology (Assmann et al. 2006).
In our future research we will further explore th@pportunities.

[insert figure 7]
A major issue when using ontologies for modelinthis difference in interpretation of some
basic language characteristics between ontologguiages and information modeling
languages (de Bruyn et al. 2005). In future reseave plan to further investigate these
differences and more critically evaluate the appatpness of using formal languages like

OWL business modeling purposes.

VI Conclusions

After 25 years of REA research one the most chgilen research directions will be
improving the usability of the REA-ontology. Thiager groups three related research efforts
which all use existing ontology research outconmesrder make the REA-ontology more
applicable. Together they all contribute to positthbe REA-ontology as a business domain
ontology.

First the current state of the REA-ontology waslyred by using three well-known
ontology classification frameworks. The classificat based on the subject of the

conceptualization is very useful for providing didigon for business domain ontologies and
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helped us in comparing the REA-ontology to othestaxg business domain ontologies. Next,
the richness of the internal structure of the REAtbgy was examined. At this stage we can
conclude that the REA-ontology can be considered lassiness domain ontology which can
be, and has been specialized in different apptinatontologies. The current richness of the
internal structure has been improved a great detidbREA-developers but in order to make
this internal structure more generally accepted lasd confusing a formal specification is
needed. The last classification schema takeghtlslidifferent approach by focusing on the
REA-ontology applications and as such gives furtineight into the intended use of the
REA-ontology. Different applications of the REA-otdgy have been proposed and it this
stage the educational use of REA is without anybtidhe most successful application.
However the REA ontology offers additional opporti@s for business modeling, knowledge
representation and retrieval, and ontology-driveformation systems (engineering), all of
which require additional research to put REA intagtice. The review of the currently
known REA applications also stresses the importarideaving a shared machine-readable
specification of the REA ontology ready and avddab
A second research effort was the development oEA-Bntology specification in a

graphical representation format which is more esgike than the currently available REA
specifications in UML or ER and that can easilyftiemalized without adding considerable
complexity for business experts. Like concludedthe previous part, one of the critical
success factors of the REA-ontology is the avditgtnf a formal specification which can be
easily used in applications and which is generatdigepted by the REA-community. A formal
specification offers a lot of benefits comparedatspecification in text or a less formal
graphical conceptual modeling language but has agormdrawback that the formal
specification is hard to understand and interpféis makes it hard to come to a general

accepted formalization of the REA-ontology. Thipp@auses a compromise between the
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formal ontology language OWL and the graphical embgal modeling language UML by
using the OWL UML profile which is part of the ODBpecification recently adopted by
OMG.

Finally this paper also contains a preliminary grobconcept to persuade the REA
research community of the usefulness of having emdb specification. A formal
specification in OWL of the REA-ontology was impext in the Protégé knowledge
representation environment and afterwards usedejoresenting a simple REA-structured
enterprise model. This example clearly shows th#t antology-driven business modeling it
is very easy to specify a correct business modalformal language that is machine-readable
and that can subsequently be used for knowledgegeptation, ontology-driven information
systems engineering.

In future research we plan to use the formal repregion of the REA-ontology for
the development of specific proofs of concept fog tlifferent REA-ontology application
domains. The success of these applications deperaldarge extent on the existing formal
specification of the REA-ontology. As a result wisoaplan to further improve the REA-
ontology by repeating the ontology reengineeringcpss proposed in Gailly and Poels
(2007a; 2007b) . The new graphical representatioiREBA proposed in this paper will
certainly facilitate this process and we hope thist unified and uniform REA representation
will enable the REA research community to contbub the shared understanding,
dissemination and further improvement of this Sildaniversary but evergreen enterprise

ontology.

1 We could also have chosen to do it differently ars¢ Economic Event as domain andEconomic
Resource as range. The choice we made was rather arbitbatyso would be the other choice as the term

‘stockflow’ does not indicate the intended direntio
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References

Education

The ontology acts as a-

reference  ontology  for
understanding business
domain  which improves
communication between

teacher and student

conceptual framework for
teaching accounting
information systems

- meta-model to generate
reference models for
different types of busines
(or transaction) cycles

- Business/accounting
information system
professors

- Students

S

(Dunn et al. 2005;
McCarthy 2003)

Model-driven design

Using the
the application
straightforward and software
applications based on REA
contain more and more
correct business knowledge.

REA-ontology -
makes the development of -
more | -

modeling language
meta-model
reference ontology

Participants in the syster
development process

m(Borch et al. 2003;
Hruby 2005, 2006)

Supply chain collaboration

Using the REA-ontology
makes it easier to establish
supply chain collaboration via
internet technologies (e-
collaboration)

The REA-ontology is use
as an ontological framewor
for specifying the concept
and relations involved i
business transactions a
scenarios.

dTrading partners
k
S
A
nd

(Haugen and
McCarthy 2000;
Hofreiter et al. 2006;
ISO 2006)

Knowledge representation

By adding semantics to the
business applications addition
information can be more easil
extracted from the business.

dhe operational REA-
yontology at run-time for

The different systems use

adding semantics to the

Systems developers,
auditors

(Geerts 2004; Geerts
and McCarthy 2000)

enterprise schema and dat
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Figure 6: OwlViz (a) and OntoViz (b) visualization REA-ontology (partial vig
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Figure 7: Protégé form for an increment economic event
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<?xml version="1.0"?>
<IDOCTYPE rdf:RDF [
<IENTITY owl "http://www.w3.0rg/2002/07/owl#" >
<IENTITY xsd "http://www.w3.0rg/2001/XMLSchema#
<IENTITY rdfs "http://www.w3.0rg/2000/01/rdf-kema#" >
<IENTITY rdf "http://www.w3.0rg/1999/02/22-rdfyntax-ns#" >
<IENTITY REA "http://XXX/REAontology/R-REA-ontolog owl#" >
1>
<rdf:RDF xmIns="http://users.ugent.be/~fgailly/REAtology/Example#"
xml:base="http://users.ugent.be/~fgailly/RE Aalagy/Example"
xmins:xsd="http://www.w3.0rg/2001/XMLSchema#"
xmins:REA="http://users.ugent.be/~fgailly/REAology/R-REA-ontology.owl#"
xmins:rdfs="http://www.w3.0rg/2000/01/rdf-scha#"
xmins:rdf="http://www.w3.0rg/1999/02/22-rdfsyax-ns#"
xmins:owl="http://www.w3.0rg/2002/07/owl#">
<owl:Ontology rdf:about="">
<owl:imports rdf:resource="http://users.ugent.lig#ily/RE Aontology/R-REA-ontology.owl"/>
</owl:Ontology>
<REA:Economic_Resource rdf:ID="Cash">
<REA:inflow rdf:resource="#Cash_Receipt"/>
</REA:Economic_Resource>
<REA:Decrement_Economic_Event rdf:ID="Cash_Disburggtie
<REA:inverse_of_provide rdf:resource="#Cashier"/>
<REA:inverse_of_receive rdf:resource="#Vendor"/>
</REA:Decrement_Economic_Event>
<REA:Increment_Economic_Event rdf:ID="Cash_Receipt">
<REA:inverse_of_provide rdf:resource="#Custonrer"/
<REA:inverse_of receive rdf:resource="#Cashier"/>
<REA:inverse_of_inflow rdf:resource="#Cash"/>
</REA:Increment_Economic_Event>
<REA:Economic_Agent rdf:ID="Cashier">
<REA:receive rdf:resource="#Cash_Receipt"/>
<REA:provide rdf:resource="#Cash_Disbursement"/>
</REA:Economic_Agent>
<REA:Economic_Agent rdf:ID="Customer">
<REA:receive rdf:resource="#Sale"/>
<REA:provide rdf:resource="#Cash_Receipt"/>
</REA:Economic_Agent>
<REA:Economic_Resource rdf:ID="Inventory">
<REA:outflow rdf:resource="#Sale"/>
<REA:inflow rdf:resource="#Purchase"/>
</REA:Economic_Resource>
<REA:Increment_Economic_Event rdf:ID="Purchase">
<REA:inverse_of_provide rdf:resource="#Vendor"/>
<REA:inverse_of_receive rdf:resource="#ReceiviDigrk"/>
<REA:inverse_of_inflow rdf:resource="#Inventaty"
</REA:Increment_Economic_Event>
<REA:Economic_Agent rdf:ID="Receiving_Clerk">
<REA:receive rdf:resource="#Purchase"/>
</REA:Economic_Agent>
<REA:Decrement_Economic_Event rdf:ID="Sale">
<REA:inverse_of_provide rdf:resource="#Shippi@terk"/>
<REA:inverse_of_receive rdf:resource="#Customer"/
<REA:inverse_of_outflow rdf:resource="#Inventtry
</REA:Decrement_Economic_Event>
<REA:Economic_Agent rdf:ID="Shipping_Clerk">
<REA:provide rdf:resource="#Sale"/>
</REA:Economic_Agent>
<REA:Economic_Agent rdf:ID="Vendor">
<REA:receive rdf:resource="#Cash_Disbursement"/>
<REA:provide rdf:resource="#Purchase"/>
</REA:Economic_Agent>
</rdf:RDF>

Figure 8: OWL specification of an example REA-structured Eptise Schema
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