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Abstract

Since it was introduced 25 years ago, the Resource Event Agent model has gained attention as
a promising proposal for a universal model of economic phenomena in enterprises. While being
flexible and generic, the informal nature of the REA ontology leaves important issues open for
interpretation, resulting in rather heterogeneous business models and implementations. We pro-
pose a generic meta-model of event-driven systems in general and REA in particular, that preserves
flexibility, allowing heterogeneity through loosely coupled properties. This paper describes an im-
plementation inspired by the Active Object Model combined with a Property-driven approach. Thus
allowing the addition of not only entity types, groupings and business rules, but also new relations
and attributes of entities to data of running systems. Application of such a common meta-model
would give existing systems extensive flexibility while enforcing consistency, and ease model evo-
lution and integration with other systems significantly.

Keywords: REA Model, Business Ontologies, Enterprise Framework, Event-driven Systems, Inter-
operability, Active Object-Model, Adaptive Systems, Meta-modeling



l. Introduction

The REA-model describes events affecting the value and flow of resources within and between
enterprises. When deciding what to model and how to model it there are two key issues. What are
theentitieswe want to observe, and what are teangesffecting these that we want to record? As

the intent of the REA-model is to describe economic phenomena of enterprises, the main entities
we want to monitor besides agents and agreements are resources and their value. Determining the
value of a resource may be done in many different ways, depending on i.e. the cost of production
or purchase, or on its "want-satisfying power” [Black & Black, 1929] determining how much a
customer is willing to pay for it. [Geerts & McCarthy, 1999] states th&tlue is defined as a
deliverable portfolio of product or service attributes attractive to the firm’s ultimate customers.”

So besides from exchanging resources with customers and vendors, changes to the attributes or
properties of resources can affect the overall values within an enterprise. Thus, we need to know
which entitieghe enterprise has control or possession ofvahdt statethey are in.

That leads to the second key issue of creating REA models. What changes are significant to model?
As stated in [Jaquet, 2006] deciding which value-affecting properties of resources are significant to
model, may determine which events to model. The events of interest are those that add or modify
those properties. In this sense property changes may be either physical transformations or modified
relations of i.e. ownership or control.

The REA model aims at providing a basic generic model that can describe economic phenomena of
several different systems, both within and between enterprises of many different types. Furthermore
a specific business model of an enterprise system evolves during its lifetime, and new types of
resources or new properties of existing resources may be introduced. Thus an important success
criterion for an enterprise system, and the architecture of its underlying framework and domain
model, is the flexibility to allow such changes to be introduced as seamlessly as possible. One
way of achieving such flexibility is to base the architecture on a generic meta-model as i.e. the
Active Object Model [Yoder et al., 2001]. In this paper we will present the design of an adaptable
framework for event-driven systems like those based on REA, using an AOM-inspired architecture.
We will not try to describe all parts of such a system in detail here, but a generic model with a
notation for describing the data format will be presented for the basic REA entities, and extended



to provide complete flexibility when using the property-driven approach of maintaining loosely
coupled attributes.

The basics of the REA model will not be mentioned in this paper. Any readers without prior
knowledge of the REA ontology may find an overview in [Geerts & McCarthy, 2000] or a more
elaborate description aimed in particular at model-driven development of enterprise systems in
[Hruby et al., 2006]. Several variants of the ontology definition exist. In this paper we will adopt
the naming of concepts as described in [Hruby et al., 2006] and shown in Figure 1.

*** Insert Figure 1 here ***

A traditional approach to developing a REA model involves determining what processes take place
in an enterprise and breaking these down into recipes of tasks and events [Geerts & McCarthy, 2000].
The REA ontology describes the relations between entities rather detailed, but leaves the attributes
of REA entities as an implementation issue. We argue, however, that being able to describe the
properties of REA entities in a flexible yet uniform manner is a key to achieving adaptable and
interoperable enterprise systems.

As an ongoing example throughout this paper we will use a small enterprise called Andy’s Auto’s.
Andy’s Auto’s started out selling used cars, but evolved to also include a garage performing repairs
and repainting, and ended up also having cars for rent. Such modifications of the business model,
requires introducing new properties (both relations and attributes) to existing entities. Besides from
changing the data-structure, new types of queries may also be required. Conclusion of materializa-
tion is often based on thewnershiprelation - calculating balances of what is currently owned by

a company. Butights of useand other agent-resource relations might be equally relevant to derive
values from. Properties may also serve as the base of queries or conclusions. In order for Andy’s
Auto’s to determine if a car is ready for rental, it may not be sufficient thatigjinés of userelation

and physical control of the car is reestablished after a car has been returned by the previous renter.
The car may also require anspectionevent, updating the state of amspectedproperty, making

the car ready for rental again.

Creating an operational system driven by state changes affecting properties of entities, is event-
driven by nature - although not necessarily only by the economic events the REA model describes.



With this paper we describe some of the prerequisites and issues to consider when designing a
framework for such a system.

I1. An Event-Driven Framework

The REA model is event-driven by nature, recording basic facts about economic changes and leaving
values, as i.e. the current balance of an account, to be derived. Using derived values calculated on
request by summation of recorded increment and decrement events, gives the possibility of adding
retrieval of additional values from existing data to a running system, as opposed to maintained
values that are continuously updated to reflect the current value, and must be implemented when
designing the system. The difference may be seen as applying the filter used for obtaining the
relevant data at the time of information retrieval rather than the time of information recording.
Ease of sharing and reusing data, as well as integrating systems are also among the several benefits
of basing enterprise systems on an event-driven architecture. According to [Hophe, 2006] there
are Enterprise Application Integration vendors proclainithgt event-driven architectures are the

next step in the evolution beyond Service-oriented Architectures (SOA&"aim at establishing

a notation for describing data of a REA-system and recording the events that change these data.
But before we approach the definition of an event we will establish a number of more fundamental
concepts.

System boundaries

Any system is a part of the world, and as such has a boundary. The parts inside the boundary are
of interest; those outside the boundary are not. In a designed system, designing the boundary is an
important part of the design. The boundary is not a necessarily a physical delimitation, but is often
one of relevance. In a system for Andy’s Auto’s the boundary would depend on the way business is
run. If Andy calls in a specialist to perform rust treatments of his cars, he may buy and consume a
rust treatmenservice and the materials, equipment and labor used to perform it are not relevant for
him to record. If he performs it himself these entities will however need to be included the system.
Besides from determining what entities to include in the system, the boundary may also affect what
attributes of the entities it is relevant to observe. l.e. if cars are sold their color will be recorded,



but if they are repainted the exact formula may be required as well. We shall only consider aspects
within the boundary.

An enterprise system has both a real-world and a computerized part to it. In [Jackson, 1983] Michael
Jackson terms thgeal world with which the system is concernedlével-0 and thédirect model
of the real world” Level-1. Following this terminology our first approximation to a definition of

events will then be:
An event is a change of state in Level-0.

This immediately raises the issue of state and change. To talk about state and state change, we will
adapt the definitions by Kristen Nygaard [Madsen et al., 1993].

A Level-0 system consists of objects with measurable properties. The result of a measurement is
a value. Obijects are connected through relationships. Relationships have no measurable proper-
ties. Transformations change either the measurable properties of objects or relationships between
objects

Using the terminology of Sowa [Sowa, 2000] objects can be seen as continuants while transforma-
tions are occurrents. The real-world part of the system consists of continuous processes, involving
sequences of Level-0 transformations that are either discrete or continuous. However, the com-
puterized Level-1 operates with only discrete transformations. Relating Level-0 transformations to

Level-1 thus becomes part of the modeling task.

To address the issue of continuous transformations, we introduce an observer. An observer examines
the objects and their relationships in Level-0 and reports Level-0 transformations as lexeitd

A discrete observelooks for changes to specific level-0 objects or their relationships. When such

a change happens, an event is reported to Leveldch&duled observeeports selected measure-
ments at regular intervals. Thus, observers produce an event-history which forms the basics of an
information system.

For now, we will reserve the tereventfor something being reported by an observer in the Level-1
event-history. State and relationship changes at Level-0 is done through todjestbrmations

Often observers are human agents reporting real-world events through a user interface. But also
automatic sensors or other computerized systems may report events. l.e. scanning of RFID tags
may report changes in the location of resources.
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Types of Events

While the paper-less society is still to come, a number of business artifacts are today fully com-
puterized, and the relationship between Level-0 and Level-1 is somewhat reversed. Stocks, bonds,
and home-banking are examples. A monthly transcript from the bank represents a physical repre-
sentation of the real digital record. Jacob W. Jespersen [Jespersen, 2006] defines a differentiation
between three kinds of relationships connecting Level-0 and Level-1.

e Simulation is the situation described above, where Level-1 is a model of Level-0.

e Augmentation describes the situation where computer systems augment the real-world, that
is, the objects represented at Level-1 has no counter-part in Level-0, but have become part of

the discourse in Level-0. Email, home pages, etc. are well-known examples.

e Transposition covers objects whose Level-0 substance is replaced by its Level-1 substance.

Stocks, bonds are examples.

In the above, events were defined for simulation. However, augmentation and transposition is digital
in nature, and all state and relation changes are discrete, and rieggkdto an event-history. This

gives us a uniform way of handling all three types of relationships between Level-0 and Level-1.
The termrecordingwill be used to cover both Level-@8bservatiorand Level-1logging

The concept of "event” in REA is that of economic events. The main purpose is to register such
events, and relate them in dualities to track the exchanges done by the enterprise. However, a
number of papers have over time proposed the addition of other kinds of eventsj®rgpss events
andinformation eventsas described by i.e. [Denna et al., 1993] and [David et al., 2000].

Our understanding oéventextends the REAeventconcept beyond economic events as well. If

we, as a start, include the basic REA entities in our system, then resources, agents and transforma-
tions of their properties and relations are Level-0 aspects. The traditional REA events are events
reported regarding either changes of ownership relations between agents and resources, or physical
transformations of resources. However, our understanding of events (as significant state changes
in the Level-0 part of the system) dictates that also changes to agents, and relationships between
agents need to be recorded as events in an operational REA framework. Examples of such events



might be employees being hired, promoted, resigned, re-located or having planned absence due to

i.e. vacation, education or maternity-leave.

While updates to the state and relations of resources take place through transfers and transforma-
tions, other relations of the REA model also need to be updated in an operational model. As an
example, thdulfilmentandduality relations connecting commitments with events and events with
events, respectively, need to be recorded. These settlements may either be performed manually by
human users or aligned automatically, but either way the event must be recorded. Adding new types,
instances or groupings of agents and resources are also events that must be recorded and handled on

the fly by an adaptive system.

Information events of relevance can often be described as state changes of existing objects. In the
case of Andy’s Auto’s, updating a "Drivers License shown” property of customers renting cars may
be required with regular intervals. Traditional examples may be sending an invoice, that is not an
economic event, but may change the state of an order to "invoiced” affecting i.e. the date payment
is due, or sending a quote that may be followed by receipt of a signature or other form of acceptance

from the customer, thereby introducing a contract.

Observing Events

As mentioned above, determining the boundary of a system is a question of deciding which real-
world entities are of interest, which relationships are of interest, and what properties of these objects

are of interest.

The definition of such a boundary, describing what is part of the domain model and what is not,
also becomes the "set of glasses” used by the observers that provide the interface between Level-0
and Level-1. The description may be formal and used by an electronic device determining what
should be logged, or it may be the less rigid conceptual model of a user entering data through a user
interface. Either way the model used by observers determines the amount and format of data from

real-world processes available at Level-1.

*** Insert Figure 2 here ***



Figure 2 shows how the flow of information through the system typically forms the following cycle:

1. State changes observed by users or reported by sensors or other systems are recorded as
discrete events forming an event-history. Note that some events may be recorded at a different
time than they took place, and both the time of occurrence and the time of recording may be of
interest. All data present in the system comes from the event history, so only the information

included by the observer’s model of the business is available.

2. Based on data from the event-history and generic or specific business logic, conclusions of
materialization can be performed by a conclusions engine, deriving current values of i.e. ac-

count balances, state of resources, staff available etc.

3. The resulting reports and answers to queries, can be presented to users through a graphical

user interface (GUI) or forwarded to other systems.

Further events may be triggered by responses from users or other systems, constraints on values,
temporal rules and so forth. These events are recorded in the event-history, repeating the cycle all

over again.

The domain model or ontology of the system is represented several places, in heterogeneous for-
mats. A user’s mental model, a sensors formal model, a conclusions engines computational model
and a GUIs representational model may differ in format but must share the same semantic model.
Thus an important criterion of a successful implementation is creating and maintaining consistent
versions of this model, allowing all parts of a system to adapt to a changing business environment.

lll. Designing a Framework

The issue addressed here is not that of heterogeneous business models but heterogeneous represen-
tations of the same model. We therefore aim at providing a common meta-model allowing hetero-
geneous representations and flexible modifications. In [Nakamura & Johnson, 1998] Nakamura and
Johnson show that the Active Object-Model seems particularly well suited to provide adaptability

and represent the necessary evolvability of resource and agent types. However, at the heart of REA



is, we believe, events. We will present an approach extending AOM, to include also evolvability of
events changing the state of objects and the attributes they change.

The Active Object-Model

Some of the benefits of using an Active Object-Model (AOM) approach [Yoder et al., 2001] when
designing a system, are the possibilities of changing types of existing object instances, as well as
adding new types on the fly. In an AOM system, classes, attributes, and relationships are represented
as metadata, basing the object-model on instances rather than classes. The object-model is thus
interpreted at runtime rather than being fixed before deployment, and may be altered by users to
reflect changes in the domain. The object-model is caletive since updates to the model apply
instantly, changing the behavior of the system. The disconnection of the object-model and behavior
of a system requires a high level of abstraction when implementing such a generic system. The
framework should not reflect the business model, but be a machine capable of executing a business
model. The approach is often used when i.e. managing products, requiring new types of resources
and perhaps also production methods to be introduced regularly.

The central concept of AOM is the Type-Object pattern [Johnson & Wolf, 1998] relating instances
of Entities to instances of EntityTypes. The separation between Knowledge Level and Opera-
tional Level, as proposed by Martin Fowler in [Fowler, 1997] and applied in the REA ontology
[Geerts & McCarthy, 2000] is an example of the Type-Object pattern. While the REA ontology
does not address the attributes of entities, AOM defines Entities as having attributes that may be
described by the Property pattern [Foote & Yoder, 1998]. The Type-Object pattern can then be used
again to separate Properties from PropertyTypes giving the TypeSquare figure shown in Figure 3.

*** Insert Figure 3 here ***

When all types of objects are instantiated from a single class, their attributes can not be imple-
mented using instance variables. Instead Entities may have an instance variable holding a collection
of Properties describing its attributes. If Properties have a PropertyType, then an EntityType can
specify which PropertyTypes its instances may have. The Properties described may be either At-
tributes having a value or Associations having a reference to another object. As an added benefit,



the AOM thereby allows a perfect fit with the property-driven approach to modeling adaptive REA-
systems as described in [Jaquet, 2006]. The Property pattern eliminates the need for subclassing
when it comes to attributes, but different kinds of objects usually also have different kinds of behav-
ior. This cannot be reflected using Properties and [Yoder et al., 2001] suggests using the Strategy
pattern representing algorithms for this.

AOM gives the possibility of adding new entity types on the fly, as well as altering, adding or re-
moving both types and properties of exiting entities. We thus believe that the Active Object-model
seems a suitable way to represent the underlying data structure of our framework ensuring adapt-
ability. As a first step towards an adaptive framework, we proceed to describe how an instance of
such a data structure can be created and populated by recording events forming an event-history.
How to render and maintain the data structure and business rules through a graphical user interface
will not be discussed in this paper, [Yoder et al., 2001] describes an example of an approach. Like-
wise, how querying and reporting conclusions is supported by AOM, lies beyond the scope of this
paper. The topic is discussed to some extent in [Nakamura & Johnson, 1998].

Recording an Event-History

So what needs to be recorded in the event-history of an enterprise system? As described earlier we
want to record objects that aaeldedand objects that amodified Since the event-driven approach

of REA relies on maintaining a complete history of events, no objects are deleted. For practical
reasons this may be desirable in real implementations, but we will disregard the possibility for now.

Events introduce or modify certain kinds of objects. In enterprise systems these may be the familiar
REA entities, namely instances afients resourcescommitmentsndcontractsor type image®f

these. Furthermore the entitglationsof REA andlocationsas described in [Denna et al., 1993]

and [Hessellund, 2006] may be added or changed.

All events taking place affect at least one specific instance of an object and thus need to record a

uniqueobject idreferencing i.e. an instance of a resource, agent or contract.

Since we have defined events as being discrete, all events have aisneghé occurrencas well as
atime of recording Every event also has a unique id to be referenced by, i.e. when settling duality
relations.
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The different types of REA events, such as transfers and transformations, may be characterized by
the properties they change. The typical transfer changes the valuewaianshiprelation from one

agent to another. The use of equipment may change the state of its availability and raw materials
that are not individually discernible, like fuel, changes the amount of that resource type at a specific
location. These are the types of events traditionally modeled as REA events. But as mentioned
earlier also other relations of the REA model than those involving stock-flow of resources may
be updated and need to be logged in the event-history. For instance the fulfillment of commitments
(creating fulfillment relations between events and commitments) and pairing of dual events (creating
duality relations between events) are significant events, that may be initiated either manually by a
user or through automatic alignment procedures, but either way needs to be recorded.

An operational REA model will also need to allow new instances to be created of entities, like
i.e. agents and contracts. As mentioned previously the event-history should also include relevant
information events, which often can be seen as state changes to existing objects. An example may
be the need for recording that an invoice has been sent. This may be modeled as an update to the
"invoice sent” property of either a contract or a commitment.

In an actual implementation of a REA framework, the data types and relations defined in the REA

ontology should be part of the initial environment, and extensions for concrete solutions may then

be added, as we will show below. The choice of tools used for declaring the model is not essential,
and several different representations may coexist within a system. To illustrate examples throughout
this paper we will use an XML-based notation. For sake of abbreviation we will not show all values,

but abbreviate i.e. the time of occurrence and time of recording to ”...".

In the case of Andy’s Auto’s having an ownership relation between agents and resources is no longer
sufficient when car rentals become part of the business. Agent-resource relatiomghlikef use
(changed at a point in time specified by a contract) and physmatrol (changed when the car

is returned) may be required. These are associations of a resource that were not part of Andy’s
original system and both the relation type and instances of it have to be added to the system in order
to implement car rentals. As an example of how a new association of an entity can be added to
an existing system, we will extend the system withaatrol relation and the events affecting as
follows:
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<relationtype name="control">
<agent> controlledBy </agent>
<resource> controls </resource>
</relationtype>

The two types of events affecting the control relation rergal andreturn. They may be declared
by adding new event types and stating what objects and relations are affected:

<eventtype name="rental" eType="change" relation="control">
<time occ="..." rec="..."/>
<objId oType="resource"/>
<objId oType="agent"/>

</eventtype>

<eventtype name="return" eType="change" relation="control">
<time occ="..." rec="..."/>
<objId oType="resource"/>
<objId oType="agent"/>

</eventtype>

The declarations of the two event types state a name for the event, that it is an alteration of a relation
(as opposed to an addition where eType="new”), and that the relation affected is called "control”.
Besides from timestamps the resource affected must be stated and the new agent to associate the
control relation with specified. The agent losing control of the resource does not need to be recorded,
as the event-history may provide the information of who had control of the resource previously if
required. Note that the two event types seem to be identical besides from their name. In the event-
log they are both merely changes of control to a new agent, but when validation is performed by a
rule engine there may be different business rules to observe when the two types of events occur. A
rental may only be performed on a car that is grouped as a rental car, is under control of the rental
shop, and has been inspected since the last rental. Also there may be rules like "a valid drivers
license has been shown” to observe.

Once the event types have been declared actual instances of events may be recorded as follows:
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<event eId=17 name="rental">
<time occ="..." rec="..."/>
<objId>Resource513Ford </objId>
<objId >Agent006Bill</objId>
</event>

An event instance has a unique event id, an event type, timestamps and instances of the objects
required by the given event type - in this case a resource (the car rented) and an agent (the customer
renting it).

Note that this way of declaring events gives the flexibility of allowing records of events not typ-
ically mentioned in the context of REA-modeling, but significant for operationalizing the model.

Examples might be hiring agents and adding contracts.

Recording Knowledge Level Information

Entity types may be used at the Operational Level, as part of an identification of resources without

a unique id, or by commitments specifying instances of participating agent types or resource types
transferred, instead of specific agents and resources. At the Knowledge Level of a business model
type images can be used for stating various kinds of policies or business rules by declaring relations

between entity types.

Additionally groupings or classifications may be stated at the Knowledge Level as described in
[Geerts & McCarthy, 2003] and [Geerts & McCarthy, 2006]. A classification of an entity will typi-
cally state which, of a set of predefined "groupings” for the given entity type, it belongs to. Such a
limited set of predefined values may from an implementation perspective be seen as an enumeration.

As an example, Andy from Andy’s Auto’s might discover he needs to distinguish between cars that
are for sale, for rent or need to be repaired. These terms do not represent different types of cars,
like i.e. "Sedan”, "Jeep” and "Van” might, but different classifications of a car, and they may be
changed occasionally.

Adding an enumeration and a classification event applying it, can be done as follows:
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<enumtype name="CarIsFor">
<option isDefault="true"> Sale </option>
<option> Rent </option>
<option> Repair </option>

</enumtype>

It is declared that the possible values of the "CarlsFor” classification are "Sale”, "Rent” and "Re-
pair” with "Sale” as the default value. Classification of a specific car may be done as:

<event eId="934" eType="change" class="CarIsFor">
<time occ="..." rec="..." />
<objId> Car0017Volvo </objIid>
<value> Rent </value>

</event>

Adding Dynamic Properties

Besides from intrinsic properties like i.e. the brand and type of a car, entities can have properties
reflecting state changes of interest when running a business in a particular way. As the business
evolves these may change and require changing the structure of existing data. Using principles of
AOMs Property pattern, and the property-driven modeling approach described in [Jaquet, 2006],
we may add types and instances of such properties dynamically, using declarations similar to the
above. A property has a name and a value type, just like the other fields of an entity. For an example
like the "ready for rental or not” state of a rental-car there are several different values of possible
interest. What to model depends on the specific case, and on how conclusions are to be made. l.e.
information of interest may be "when was the car last inspected?”. If it was later than the last return
event, then the car is ready for rental. Or, it may be "Who inspected the car?”. These data can be
derived by examining the event-history of inspection events on a particular car. What might also
be of interest, but not available from the event-history, could be a comment on the result of the
inspection "Did the car pass?”. Storing the comment as a property is a possibility, but it would not
seem feasible to base conclusions of a cars availability on informal comments. The properties that
should be available, are those reflecting significant state changes of the car, thus we may choose one
result of an inspection to be updating iaspectedoroperty with a boolean value. Such a property

type can be declared as follows:
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<proptype name="inspected">
<value> boolean </value>
</proptype>

Note that if the conclusions depending on a property do not change, the same property type may
be reused for different entities. I.e.calor property of a car can be changed by a corresponding
repaint event, but if Andy decides to use his painting facilities for bicycles or dustbins the same
property typecolor can be applied to these resources as well. The validation of what properties can
be applied to what resources is based on policies and not handled by the event-history but by the
rule engine like all other business rules. Properties are changed by transformation events described
by what property they change. Thespectionevent is an example, and declaring and instantiating

it may look like:

<eventtype name="inspection" eType="change" property="inspected">
<time occ="..." rec="..." />
<objId oType="resource"/>
<value type="boolean"/>

</eventtype>

<event elId="744" name="inspection">
<time occ="..." rec="..." />
<objId> Car0017Volvo </objIid>
<value> true </value>

</event>

Itis beyond the scope of this paper to provide a detailed description of our approach to implementing
an event-based framework for the REA model. But hopefully the examples above have given an idea
of the flexibility and adaptability provided by the meta-model, as well as an overview of the context

it can be used in. Note that the examples above have been declarations of extensions to the classic
REA model. The basic entities, types and relations of the REA model may however also be declared
in the exact same manner allowing the initial model and its extensions to be declared uniformly. An
implementation of the framework would in practice always include an initial declaration of the basic

concepts.
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V. Further Work

The work presented here mainly describes the task of designing an adaptable framework for REA
models at a theoretical level, with brief descriptions of the different models involved and few im-
plementation specific issues mentioned. Further work includes completing a running version of
the framework suggested, thereby addressing tasks of ensuring consistency between the model rep-
resentations used by the user interface and conclusions/rule engine, and the representation of the
event-history we describe here. Designing tools for updating the model is also a non-trivial task.

There are, however, also interesting issues left to consider at the modeling level. The examples of
event declarations given above, are in no way exhaustive and many types of declarations need to be
added before the full REA model is implemented. To mention a few, commitments, contracts and
several relations of the REA ontology are yet to be described before an operational version of the
model is achieved. Deciding on the exact semantics of the remainder of the REA ontology is not an
easy task as the on-going ontological discussions within the REA community show. However, once

a decision is made on the semantics, declaring them in the same manner as the examples given is
straightforward, resulting in a full declaration of the basic REA model.

Creating libraries of extensions to the basic model for use within specific enterprise types or do-
mains, would be useful and may be based on existing research contributions. Examples may be
some of the standards (ISO, UN/CEFACT, etc.) designed for a certain context, like electronic B2B
transactions. Also domain specific extensions as those suggested for Supply Chain Management
systems in [Hessellund, 2006], or business patterns in general as described in [Hruby et al., 2006],

can be declared as reusable libraries and integrated with surrounding systems.

The declarations mentioned in this paper concern the state and relations of data and updates to these.
The conclusions engine needs to share a model of the data structure with the event-history, but it
also needs to know which conclusions to perform and how. The connection between the structure
of entities and their behavior must also be described. AOM suggests using the Strategy pattern and
RuleObijects to describe behavioral algorithms and business rules associated with entities. Exploring

this approach will be part of future work.
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VI. Discussion & Conclusions

This paper presents a semantic framework for an event-driven operationalization of the REA model,
addressing the issues of creating and maintaining enterprise systems, that are flexible and adaptable
yet remain consistent. A model describing the interaction between different parts of an event-driven
framework in general is described, addressing in particular the history of recorded events that form
the entry point of data to the system. A generic object-model describing metadata of the underlying
data structure is suggested based on the Active Object-Model, and an example of how events can be

recorded in a specific REA implementation of an event-driven enterprise system is presented.

Describing an operational instance of a REA model introduces the need to include events that are
not described by the ontology, but still of a fundamental nature. Thus the event concept presented
here differs from the economic events traditionally mentioned in the context of REA models. The
main additions are events that add all other entities and relations of the REA, than resources and
their stock-flow and patrticipation relations, as well as events that add or modify loosely coupled
properties. The AOM describes a meta model of entities, properties and their types. We adopt this
structure and extend it with generic event types.

The approach of explicitly declaring relations and properties of REA entities gives an intuitive and
coherent way of defining event types in a system, as they are characterized by adding or changing
either a relation or a property of a specific type.

Letting all eventtypes share the same simple meta-model gives great flexibility when it comes to
updating systems dynamically, as well as the security of maintaining consistent versions of the
model. Adaptability and interoperability with other systems can be achieved through aligning the

data exchanged, simply by adding the required properties and relations along with events to modify
them.

There is however a price, for gaining the flexibility of letting the model of the framework be a
simple generic meta model, allowing full flexibility of declaring entities and relations of the business
model. The meta model no longer reflects the semantic restrictions and control of business model
consistency, enforced by the structure of the REA model and its axioms. These semantic validation
criteria are a major strength of the REA ontology, and must still be enforced, but the responsibility
of validating models is moved away from the representation of the model, and into the tools for

17



modifying the model. They will now have to be part of the implementation logic rather than the
model itself. On the other hand, such a solution allowing validation rules to be declared will be
required anyway, if axioms are to be expressed for extensions to the model.

Using the property-driven approach of having loosely coupled properties, gives the possibility of
reusing property types and the conclusions performed on them, with several different entity types.
Achieving the full benefits of reusing properties and events, will however require some care taken
when designing, documenting and managing property types, as is the case with all types of software
libraries.

We believe that the proposed design of a framework would be a feasible approach for a REA-based
framework in particular, but also for systems in general that are event-driven by nature and require

a close mapping to real-world events, as well as a high degree of evolvability and adaptability.
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Figure 1. Basic version of the Resource Event Agent model as shown in Figure 1 of
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Figure 3. TypeSquare of the Active Object-Model as shown in Figure 3 of [Yoder et al., 2001]
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