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Abstract. It is widely recognized that ontologies can be used to support the
semantic integration and interoperability of heterogeneous information systems.
Resource Event Agent (REA) is a well-known business ontology that was
proposed for ontology-driven enterprise system development. However, the
current specification 1s neither sufficiently explicit nor formal, and thus difficult
to operationalize for use in ontology-driven business information systems. In
this paper REA is redesigned and formalized following a methodology based on
the reengineering extension of the METHONTOLOGY framework for ontology
development. The redesign i1s focused on developing a UML representation of
REA that improves upon existing representations and that can easily be
transformed into a formal representation. The formal representation of REA is
developed in OWL. The paper discusses the choices made in redesigning REA
and in transforming REA’s UML representation into a OWL representation.

Keywords: Business Ontologies, Interoperability, Ontology Engineering, UML,
OWL.

1 Introduction

For many years now ontology research has been a growing research domain in
Knowledge Engineering and Artificial Intelligence. The most cited definition of an
ontology is the definition by Gruber: "an ontology is an explicit specification of a
conceptualization™ [1, p. 199]. A conceptualization is an intensional semantic structure
which encodes the implicit rules constraining the structure of a piece of reality [2].
Ontologies can be used to represent explicitly the semantics of structured and semi-
structured information enabling automatic support for maintaining and accessing
information [3]. The Gruber definition was modified slightly by Borst [4] who added
that the specification must be formal and the conceptualization should be shared.
Formal means that a machine must be able to process the specification and shared
indicates that the knowledge captured by the ontology is the consensus of a community
of experts [5].

Domain ontologies specify a conceptualization of a selected part of reality (i.e. a
domain) [6]. They describe the concepts that exist in a domain, the classification of the
concepts, the relations between the concepts and their axioms (i.e. basic propositions
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assumed to be true). For instance, business ontologies (see [7] for an overview) have as
*Universe of Discourse’ business, which is "the activity of providing goods and services
involving financial, commercial and industrials aspects” (WordNet). Business ontologies
have been proposed to support requirements elicitation, modeling and engineering of
business applications, enterprise systems and e-collaboration systems [8-11]. For
instance, in ontology-driven business modelling, they are used to constrain the contents
and structure of business models, thereby helping to identify and organize relevant
objects, relationships and other knowledge [12].

The use of ontologies at run-time (i.e. ontology-driven systems instead of
ontology-driven development [12]) also offers great potential for business ontologies.
Specifically in and between enterprises ontology-driven information systems can be
used to create interoperability at different enterprise levels: shop-floor, intra-
enterprise and inter-enterprise level. Recently there have been research efforts on how
ontologies can be used for information integration [13, 14] and process integration
[15-17]. However, real-world applications of business ontologies that explore these
opportunities are still scarce.

The Resource Event Agent (REA) ontology [18] 1s an example business ontology
that has been proposed for ontology-driven enterprise systems development. As an
‘event ontology’ [19], REA focuses on the events occurring within the realm of a
company, their participating agents, affected resources, and regulating policies. REA
can be used as a reference for modelling a single business cycle (e.g. sales-collection)
or a chain of business cycles, connected through resource flows. Applications
supported by REA-driven modelling include the design of accounting and operations
management systems [20], auditing and internal control (e.g. SOX compliance
checking) [21] and conceptual data modelling [19]. REA has been used in a number
of international standardization efforts for e-collaboration systems. For instance, REA
was the basis for the business process ontology in the UMM business process and
information model construction methodology [22], the ECIMF system interoperability
enabling methodology [23], and the Open-EDI business transaction ontology which is
part of the ISO/IEC 15944-4 standard. REA has further been proposed as a theoretical
basis for the reference models that underlie ERP systems [24].

In this paper we investigate REA’s potential to be used at run-time (i.e. in
ontology-driven information systems). The origin of REA is an accounting data
model [25] that has been extended first into an enterprise information architecture and
later into a full-scale enterprise ontology. This development followed an ad-hoc
process rather than being guided by an Ontology Engineering methodology. The REA
developers focused more on the theoretical background of the ontology (events
accounting and Micro-Economic theories) than on the representation, formalization
and computational correctness of the ontology (although they did perform in [18] an
ontological analysis using Sowa’s classification [26]). As a consequence, there i1s no
formal representation of REA. Furthermore, the available literature sources on REA
(e.g. [20, 21, 27, 28]) present different views on the REA conceptualization of an
enterprise and use a variety of different formats (including text, tables and diagrams)
to specity the ontology. The lack of a generally accepted conceptualization and a
uniform, complete and formal representation of the ontology causes imprecision in its
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definition and ambiguity in its interpretation. For instance, in [29] we showed that the
ontological concepts and the relations between the concepts are not strictly defined and
that the ontological axioms, only informally defined in text, are confusing (mixing
up types and instances of concepts). There have been attempts to formalize REA (e.g.
[30, 31]), but the results obtained were highly dependent on the researchers’ subjective
interpretation of REA.

As currently REA is not formally represented, not sufficiently explicit, and not
based on a demonstrable shared conceptualization, it needs improvement before it can
be applied on a wide scale in ontology-driven systems. The aim of this paper is to
facilitate the operationalization of REA (i.e. increasing its applicability to be used at
run-time) by making it more explicit and formal. We first present the development of a
new graphical UML representation of REA that presents a unified and consistent view
on the ontology’s concepts, relations and axioms. This new conceptual representation
is subsequently used as the basis for a more formal representation of REA in OWL.,
Improving the conceptual and formal representations of REA makes the ontology more
understandable, easier to compare to alternative business ontologies, easier to analyse
(e.g. for consistency), and more operational (e.g. executable). The paper focuses on
representation and formalization aspects, but not on the contents of REA. The new
representations will not make REA more accepted per se (in the sense of a having a
conceptualization that is widely shared in the business community ). However, they do
facilitate ontological analysis and the evaluation whether there is agreement upon the
ontological definitions and axiomatization.

[t is our position that the reengineering of business ontologies to improve their
applicability should be guided by proven Ontology Engineering principles and
techniques. The two REA reengineering activities presented in this paper are part of a
more encompassing business ontology reengineering methodology that we have
developed and are currently refining. The proposed reengineering methodology is
presented briefly in the next section. Section three presents the new conceptual
representation of REA (as a UML class diagram) based on our redesign and synthesis
of the currently available representations. Section four then presents the OWL
representation of REA and discusses the UML-OWL language mappings employed.
Section five ends with conclusions and future work.

2 Reengineering Business Ontologies

An Ontology Engineering methodology can provide guidelines for different purposes.
[t can prescribe a stepwise ontology development process, provide decision rules to
follow during the modelling of the ontology, and address various design, representation
and management aspects of the ontology [32]. In [7] we proposed a reengineering
methodology for business ontologies. The first part of this section outlines the process,
phases and main activities of this methodology. The second part focuses on those
activities that are relevant for the reengineering of REA as intended in this paper, i.e.
developing an improved conceptual representation of the ontology and formalizing it.
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2.1 Business Ontology Reengineering Methodology

The proposed reengineering methodology (see Figure 1) is based on the METHONTOLOGY
framework for ontology development [33] which has its roots in Software Engineering
and Knowledge Engineering methodologies. METHONTOLOGY is especially useful
for our purpose because it has an ontology reengineering extension [34]. The
METHONTOLOGY framework defines ontology reengineering as “the process of
retrieving and transforming a conceptual model of an existing and implemented ontology
into a new, more correct and complete conceptual model, which is reimplemented”.
Three phases are identified in this reengineering process: reverse engineering,
restructuring and forward engineering. These phases provide the core structure of our
business ontology reengineering methodology.

Restructuring:
ontology evaluation
antolagy redesign
Recovered Redesigned
Conceptualization Conceptualization
of the ontology of the ontology
Reverse Engineering: Forward Engineering:
Applying transformation applying transformation
rules rules
Reengineered
Current Representation Representation
of the ontology of the ontology
(specified in any format) (using formaliweb
tology |
= ontology languages) =

Fig. 1. Business Ontology Reengineering Methodology — Process, Activities and Artifacts

The Reverse Engineering phase starts from the currently available representation(s)
of the ontology as specified in whatever language(s) (i.e. the Current Representation
artifact). The goal is to recover the original conceptualization specified by the
ontology. If only a formal representation of the ontology is available, then this formal
representation should be transformed into a conceptual representation by using the
right transformation rules for the chosen representation languages. For example, if the
ontology is available in OWL, visualization rules that transform OWL into UML
can be used to create a graphical representation of the ontology [35]. Sometimes
there is neither a formal representation, nor a complete conceptual representation of
the ontology (or there exists alternative specifications as with REA). In that case the
reverse engineering will mainly be a ‘unification’ effort, gathering information on
the conceptualization selected from the available sources, thereby focusing on the
commonalities in the existing representations and underlying interpretations. The result
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of the reverse engineering activities is referred to as the Recovered Conceptualization
of the ontology.

During the Restructuring phase the recovered conceptualization is evaluated and its
specification is redesigned based on the shortcomings identified. The METHONTOLOGY
restructuring process distinguishes two distinct sub-phases: analysis and synthesis. During
the analysis phase the class hierarchy, the concept definitions and the axioms are evaluated.
Studies that compare different ontology evaluation methods can be used for selecting the
appropriate analysis method [36, 37]. The synthesis phase then uses the outcome of the
analysis to re-specify the conceptualization. Also all changes made to the ontology are
recorded.

The restructuring phase results in a Redesigned Conceptualization of the ontology.
Forward Engineering activities transform the conceptual representation of this
redesigned conceptualization into a machine readable representation, referred to as the
Reengineered Representation of the ontology. The transformation rules used depend
on the representation format of the redesigned ontology and the target ontology
language.

2.2 From Lightweight Ontology to Formal Ontology

REA as it stands can be characterized as a lightweight ontology [38]. To formalize a
lightweight ontology a specification is needed that provides a complete view of the
conceptualization with as much explicit semantics as possible. Preferably such a
specification is developed in a language that can easily be mapped onto an ontology
language but at the same time allows for ontology modelling.

Recently, Ontology Engineering researchers have proposed the use of conceptual
modelling languages (ER, UML, ORM, ...) for modelling ontologies [39-41]. Most
conceptual modelling languages propose graphical representations with well-defined
syntax and semantics that are close to how humans perceive the world [42].
Specifically in a business context the diagrammatic techniques offered by conceptual
modelling languages are known (or can easily be learned) by business domain experts
[43]. Conceptual modelling languages therefore provide a more suitable basis for the
analysis and refinement of the content of an ontology than the more formal
knowledge representation languages as the resulting representation of the ontology
will be more natural and hence easier to understand for the domain experts.

REA uses a combination of informal text, table definitions and diagrams. These
definitions and diagrams can be found in different sources by different authors. To
facilitate the formalization of REA we first developed a representation of REA that
unifies these partial (and often imprecise) definitions into a single coherent view with
explicit semantics. In case of doubt we referred to the ‘official’ version of the ontology
as described by the REA developers in their most recent papers (i.e. [20, 21]). We
developed this new representation in UML (using a class diagram) and refer to it as the
conceptual representation of REA because its intended users are humans and not
machines. UML was chosen as ontology modelling language because it provides a
standard and tool-supported notation. Furthermore, the Ontology Definition
Metamodel (ODM) request for proposal of the Object Management Group (OMG) has
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resulted in the proposal of semantically correct mapping rules in both directions
between UML and the ontology languages RDF and OWL[44].

The development of the new UML representation of REA corresponds roughly to
the reverse engineering and restructuring steps of Figure 1. The currently available
representations of REA had to be gathered, analysed and combined to recover to the
best possible extent the original conceptualization (i.e. reverse engineering). Unifying
the existing definitions, resolving inconsistencies and explicitly representing the
recovered semantics in a UML class diagram can be seen as a restructuring activity.
The result should however be seen as a redesigned representation of REA rather than
a redesigned conceptualization as no fundamental changes to the intended content of
the ontology were proposed. The proposed reengineering methodology is intended as
an iterative process and in future iterations the new conceptual representation can be
used for in-depth analysis of REA’s conceptualization of business and subsequent
discussion and refinement. In this first iteration, the UML class diagram was
primarily meant as a starting point for the formalization of REA.

The purpose of the formalization activity is to map the conceptual representation
into a formal representation, meaning a machine-readable representation (i.e. the
intended users are machines and not humans). The ontology language chosen was
OWL because of its wide acceptance as a web ontology language. Also, the
availability of ontology tools that support OWL (e.g. Description Logic reasoners)
will make it easier to experiment with REA-driven business applications. The OWL
representation that results from this forward engineering step corresponds to the
reengineered representation artefact in Figure 1.

3 Redesigning REA

REA specifies five basic concepts (Economic Resource, Economic Event, Economic
Agent, Commitment, Contract) in terms of which an enterprise is described. These
five concepts (defined in Table 1) are the ontological primitives upon which the other
ontological elements (e.g. specialized concepts, typified concepts, relations) are built
and in terms of which domain axioms are defined. We also assume these definitions
when redesigning the conceptual representation of REA.

Table 1. Definitions of the basic REA concepts

Concept Definition

Economic Resource | A thing that is scarce and has utility for economic agents and is
something users of business applications want to plan, monitor and
control,

Economic Agent An individual or organization capable of having control over economic
resources, and transferring or receiving the control to or from other
individuals or organizations.

Economic Event A change in the value of economic resources that are under control of
the enterprise.
Commitment A promise or obligation of economic agents to perform an economic

event in the future
Contract A collection of increment and decrement commitments and terms.
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REA further defines and names a number of relations between the basic concepts.
For instance, economic resources are associated with the economic events that cause
their inflow or outflow (stockflow relations). Economic events that result in resource
inflows (e.g. purchases) are paired by economic events that result in resource
outflows (e.g. cash disbursements) (duality relations). Participation relations identify
the economic agents involved in economic events. A commitment will eventually be
related to an economic event of the specified type by a fulfilment relation. Reciprocity
relations are analogous to duality relations, but relate commitments instead of
economic events.

These and other concept relations are defined informally in text or are depicted as
relationships in ER diagrams, UML class diagrams or other graphical formalisms that
provide a partial view on the ontology. Implicitly they introduce a number of derived
concepts like specializations of basic concepts (e.g. economic events that cause an
inflow (increment economic events) versus economic events that cause an outflow
(decrement economic events)) and type images (e.g. economic event type), as well as
constraints (e.g. if commitments A and B are linked by reciprocity, and economic
events C and D fulfil respectively A and B, then C and D must be linked by duality).
Apart from type images (described extensively in [21]) these inferred concepts and
constraints are underspecified.

Also a minimal set of ontological axioms is defined, again informally. The
definitions of axioms 1 and 2 are literally copied from [20]. Axiom 3 is based on [27]
and 1s more precisely formulated than its equivalent in [20].

e Axioml — At least one inflow event and one outflow event exist for each economic
resource; conversely inflow and outflow events must affect identifiable resources.

e Axiom2 — All events effecting an outflow must be eventually paired in duality
relationships with events effecting an inflow and vice-versa.

e Axiom3 — Each economic event needs to have at least one provide and one receive
relationship with an economic agent.

The main problem with these definitions is that it not always clear whether the
axioms apply to instances or types. For instance, an enterprise can own an economic
resource that it has produced or acquired (e.g. a car) but not sold, used or consumed
yet. Clearly the existence of a decrement event for every economic resource under the
control of a company is not an axiom. However, following economic rationale (i.e.
value creation), we could say that for every type of economic resource there exists at
least one type of decrement economic event (e.g. a car manufacturer produces cars to
sell them). Axiom 3 further introduces specializations of the participation relation:
provide and receive.

The new conceptual representation that we propose for REA is shown in Figure 2.
REA concepts are shown as classes, concept relations are shown as associations or
association classes, and axioms are specified by means of multiplicities. For a more
detailed and complete account of the shortcomings in the current REA representations
and how we resolve them in our UML class diagram, we refer to [7]. The two main
improvements are:
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e The explicit specification of specializations of basic REA concepts and their type
images: Increment Economic Event, Decrement Economic Event, Increment Com-
mitment, Decrement Commitment, Increment Economic Event Type, and Decrement
Economic Event Type. Less commonly used in UML is the specialization of
association classes (that are used to represent concept relations): inflow and outflow
as specializations of the stockflow relation and provide and receive as specializations
of the participation relation. These new classifications add formerly implicit
semantics to the conceptual representation. The diagram shows, for instance, that
inflows relate increment events to resources, outflows relate decrement events to
resources, increment events fulfil increment commitments, and decrement events
fulfil decrement commitments. Note that Contract is not shown in the diagram,
though it can be added by reifying the reciprocity relation. Further, both Contract and
Commitment can be typified (again not shown in Figure 2).

e The extensions make it also possible to specify the REA axioms by means of
multiplicities. For instance, the first part of axiom 1 can now be stated more precisely
by enforcing the participation of every Economic Resource Type object in at least
one inflowType link and at least one outflowType link. It is however not required
that every Economic Resource object is related to at least one Economic Increment
Event and one Economic Decrement Event. Other multiplicities than the ones shown
in Figure 2 can be specified, but for the sake of clarity we only included the
multiplicities that correspond to the three basic axioms. There is only one exception;
the multiplicities shown for the reciprocity relation imply that every increment
commitment must be paired with at least one decrement commitment, and vice versa
(i.e. the economic reciprocity principle of capitalist market economies that underlies
every written or unwritten contract). This example shows that additional domain
axioms can easily be integrated into the conceptual representation.

4 Formalizing REA

Different authors have stipulated guidelines for transforming UML class diagrams
into a formal representation in an ontology language [39, 40] and vice versa [33]. In
the absence of a uniform approach, the recent adoptedOntology Definition Metamodel
proposal [44] is used to guide the formalization of REA in OWL. All classes,
relationships and constraints presented in the UML class diagram (Figure 2) are
transformed into OWL by mapping them to OWL constructs. In most cases these
transformations are straightforward but some of them require additional explanation.
One of the problems with the ODM specification is that sometimes for the same UML
construct different mapping rules can be used and that for some UML constructs no
appropriate OWL construct exists. As a result the mapping from UML to OWL
depends to some extent on the transformation choices made. The used UML to OWL
transformations and corresponding examples are shown in tables 2, 3, 4 and 5. The
complete OWL formalization of the conceptual REA representation developed in this
paper can be downloaded from http://users.ugent.be/~fgailly/REAontology/.

In Table 2, the UML classes Economic Event (Type), Economic Agent (Type),
Economic Resource (Type) and Commitment are mapped onto disjoint OWL classes (1.e.
disjoint subclasses of owl : Thing). The binary associations and association classes (but
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not their sub-classes) in Figure 2 are represented by OWL properties (using the
ObjectProperty construct). In OWL a property name has a global scope, while in UML
the association name scope is limited to the class and subclasses of the class on which it
is defined. As a result we have decided to give all associations a unique name. The
transformation from UML binary association to OWL properties follows the approach
taken in the ODM specification which states that every bidirectional binary association
must be translated into a pair of properties where one is inverseOf the other. For an
association class the same approach is followed.

Table 2. Transformations UML to OWL (UML class, UML association (class))

UML elements OWL elements
Class Class, disjointWith

<owl :Class rdf:ID="Economic Agent":
<owl :disjointWith rdf:resource="#Economic _Agent Type"/>
<owl :disjointWith rdf:resource="#Economic Event" /=
<cowl:disjointWith rdf:resource="#Economic Resource Type"/=>
<owl :disjointWith rdf:resource="#Economic Resﬂurce"fb
<owl :disjointWith rdf:resmurce—”#Ecﬂnmmlc_Event_Tfpe”f}
cowl :disjointWith rdf:rescurce="#Commitment"/>
</owl:Class>

Binary association ObjectProperty, domain, range, inverseOf

<owl :ObjectProperty rdf:ID="fulfill">
<rdfs:domain rdf:resocurce="#Economic Event"/>
<rdfs:range rdf:rescurce="#Commitment"/>
<owl:inverse0f rdf:resource="f#inverse of fulfill" /s

</owl : 0ObjectPropertvs>

<owl :0bjectProperty rdi:ID="inverse of fulfill">
<rdfs:domain rdf:resource="#Commitment" />
<rdfs:range rdf:resource="#Econcmic Event"/=
<cowl :inverseOf rdf:resource="#fulfill"/>

</owl :0bjectPropertvs

Association class ObjectProperty, domain, range, inverseOf

<owl :ObjectProperty rdf:ID="stockflow">
«rdfs:domain rdf:resocurce="#Economic Resource"/s
<rdfs:range rdf:resource="#Economic Event"/>
<cowl :inverse0f rdf:resource="#inverse of stockflow"/=»
</owl : 0ObjectPropertvs>
<owl :0bjectProperty rdf:ID="inverse of stockflow":
<rdfs:domain rdf: IEEGUICE—”#EGGHGmlG Event" /=
<rdfs:range rdf: reauurce—"#Ecanﬂmlc_Resﬂurce”K}
<cowl :inverseOf rdf:resocurce="#stockflow" />
</owl :0bjectPropertvs

UML specializations can be very straightforward transformed into OWL by using
the subclass construct for specialized classes (subClassOf) and the subproperty
construct for properties (subPropertyOf) for specialized association classes (Table 3
and 4). In UML specialization structures can be declared as being disjoint, meaning
each member of a superclass may be a member of no more than one subclass. In
OWL this constraint is added by declaring that the subclass must be disjoint with the
other subclasses.
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Table 3. Transformations UML to OWL (total disjoint subclasses)

UML elements OWL elements
Total disjoint subclasses disjointWith, unionOf, subClass

<owl:Class rdf:ID="Economic Ewvent"s>

<rdfs:subClass0Of=

<owl :Class=

<owl :union0Of rdf:parseType="Cocllection">

<owl :Class rdf:about="#Decrement Economic Ewvent"/=

<owl :Class rdf:about="#Increment Economic Ewvent"/=

< /owl :union0f>

</owl:Class=>

< /rdfs:subClass0f=>
</owl:Class>
<owl :Class rdf:ID="Decrement Economic Event"s>

<rdfs:subClassOf rdf:resource="#Economic Event"/=

<owl :disjointWith rdf:resocurce="#Increment Economic Event"/:>
</owl:Class>
<owl :Class rdf:ID="Increment Economic Event":x

<rdfs:subClass0f rdf:resource="#Economic Event"/=>

<cowl :disjointWith rdf:resource="#Decrement Economic Event"/»
</owl:Class>

Table 4. Transformations UML to OWL (total disjoint subrelations)

UML elements OWL elements
Total disjoint *subrelations’ subProperty Of

<owl :ObjectProperty rdf:ID="inflow">
<rdfs:domain rdf:rescurce="#Economic_Resocurce" />
<rdfs:range rdf:resource="#Increment Economic Event"/>
<owl :inverseOf rdf:resource="#inverse of inflow"/=>
<rdfs:subPropertv0f rdf:rescurce="{#stockflow" />

</owl :0bjectPropertv:

<owl :ObjectProperty rdf:ID="inverse of inflow":x
<rdfs:domain rdf:resocurce="#Increment Economic Event"/>
<rdfs:range rdf:resource="#Economic Resource" />
<cowl :inverseQf rdf:resource="#inflow"/=
<rdfs:subProperty0f rdf:resource="#inverse of stockflow"/=>

</owl :0bjectPropertvs=

Notice that also the stockflow and participation relations are specialized in disjoint
'sub-relations’. The corresponding association classes in the UML class diagram are
represented by means of the OWL ObjectProperty construct. The current specification
of OWL does not allow declaring subproperties as being disjoint (this issue will
probably be solved by the OWL 1.1 extensions). A solution could be reifying the
stockflow and participate relations (i.e. declaring them as OWL classes and next
declaring disjoint subclasses). A drawback of this approach is that additional OWL
properties are needed to represent all associations between the reified associations and
the original classes. These additional OWL properties will have no direct counterpart
in the REA conceptual representation, so it might be hard to give them meaningful
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names. That is why we preferred not to reify them. The UML constraints on the
specializations in Figure 2 are also total or complete, meaning that all members of a
superclass must be members of at least one subclass. This can be formalized be
defining a covering axiom on the superclass which states that the superclass is the
union of the subclasses.

The formalization of the REA axioms is less straightforward and different
approaches can be taken. Based on the ODM proposal we decided to formalize the
multiplicities on the association ends by adding OWL minimum and maximum
cardinality restrictions to the range of properties where necessary (see Table 5). This
might not be the most appropriate solution because of semantic differences between
cardinality restrictions in OWL and cardinality constraints in conceptual modeling
languages [45]. An alternative for a maximum cardinality of one on the range of the
property is to declare the OWL property as functional (see [7] for an example). A
property is functional if for a given individual, there can be at most one individual
that is related to the individual via the property.

Table 5. Transformations UML to OWL (multiplicities)

UML elements OWL elements
Multiplicities max Cardinality, minCardinality

<owl:Class rdf:ID="Increment Economic_ Event":
<rdfs:subClass0f>
<owl :Restrictions
<zowl :onProperty rdf :resource="#inverse of inflow"/>
<owl :minCardinality
rdf :datatvpe="&xsd;int">1</owl :minCardinalitvs>
</owl :Restriction>
</rdfs:subClass0f>
<rdfs:subClass0f>
<owl :Restriction>
<owl :onProperty rdf:resource="#inverse of inflow"/>
<owl :maxCardinality
rdf :datatvpe="&xsd;1int">1< /owl :maxCardinalitvs=
< /owl :Restrictions>
</rdfs:subClass0Of=
</owl:Class>

S5 Conclusion and Future Research

This paper presents the development of two new representations of the Resource
Event Agent (REA) business ontology. This development addresses shortcomings in
the current specification that are likely to impede REA’s use as a run-time ontology
supporting semantic integration and interoperability of heterogeneous business
applications and enterprise systems. The first representation is a UML class diagram
that can be used by human users as an explicit, unified and uniformly represented
specification of REA’s conceptualization of business. The second representation is a
formal, machine-readable specification obtained by applying UML to OWL
mappings. The OWL formalization of REA, which would not be possible without first
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redesigning its conceptual representation, will facilitate its operationalization in
ontology-driven systems as it makes REA executable.

A research contribution of the paper is the embedding of the REA redesign and
formalization activities into a comprehensive business ontology reengineering
methodology. Other activities suggested by this methodology, such as ontological
evaluation and synthesis, can readily be performed based on the proposed conceptual
representation. This new UML representation of REA may also serve as an improved
basis to compare REA to other business ontologies and to evaluate the degree to which
this business conceptualization is shared in the business community. The OWL
representation of REA is of practical value for those wishing to explore the use of REA
as a run-time ontology. It also allows for formal ontology evaluation, for instance
verifying the consistency of the concept definitions using a Description Logic reasoner.

The limitation of this research is its focus on representation and formalization issues.
Future research is needed to validate REA and to address ontological content rather than
just form. An ontological analysis with respect to an upper-level ontology (e.g. SUMO,
Dolce, GFO, BWW, SOWA, ...) is part of this validation. Future research may also
investigate the use of other languages for business ontology modelling. In particular,
enterprise modelling languages may offer the same advantages as UML (given the
availability of UML profiles for these languages) whilst allowing semantically richer
descriptions of business domain semantics (through domain-specific modelling
constructs).

Currently, we are developing a "proof of concept” REA-driven enterprise information
integration application to demonstrate effectiveness (i.e. the use of the reengineered
REA as an operational ontology) and feasibility (i.e. REA creating interoperability
between heterogeneous business applications). Additionally we are also developing a
revised graphical representation of the formalized REA-ontology specification by using
the OWL UML profile which is part of the ODM specification. This graphical
representation will be further discussed and evaluated in the REA research community.
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