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Abstract

Using the ontology in information systems means an improvement of the possibility of solving tasks
based on domain knowledge. The quality design of the ontological model is base of well-functioning
system. In this area the most commonly used technology is MDA (Model driven development),
which provides solid base for modeling language’s metamodel definition. This article aims to
compare this technology with a new approach to visual modeling — the DSM (Domain-specific
modeling) technology. Using the narrow focus on specific domain and full code generation the DSM
allows easy and rapid development of the ontological system. The REA (Resource-Events—Agents)
ontology, intended for business processes modeling was used for comparison of these technologies.

1. Introduction

Currently the interest in developing information
systems based on ontology is growing. With
an increasing complexity of such systems, re-
quirements for modeling principles with the high
level of an abstraction to be able to transform
created models to basic structures of an infor-
mation system are growing [1]. The most com-
monly used technology is MDA that specifies
functional details by a progressive model trans-
formation. The DSM technology operates on
a different principle. It allows creating models
in a domain language and performs model val-
idation and verification and full code genera-
tion.

First paragraphs describe the definition of
the REA ontology and compared technologies —
MDA and DSM, their principles and character-
istics. The second part of the article deals with
their comparison.

2. The REA ontology

According to [2] the ontology is a specification
of a conceptualization. It is study of things that
exists or can exist in explicit domain. A concep-
tualization means an abstraction and simplified
view of the world. A specification means formal
and declarative representation [3]. The ontology
provides number of resources for intelligent sys-
tems, knowledge representation and knowledge

engineering processes [4].

The REA is a concept for designing enterprise
infrastructures based on ownership and their ex-
change. It is based on a concept of economic
exchanges and conversions that increases com-
pany’s value. According to [5] the ontology basis
contains 5 parts, as you can see on Figure 1:

— Economic resource — elementary economic re-
source that company wants to plan, monitor
and control. This resource can include raw
material, money, work, labor, etc.
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Figure 1. Fundamental REA concepts [5]

— Economic agents — an individual, group or
company that controls economic resource and
cooperate with other economic agents. An
example can be customer, seller, employer,
company etc.

— Economic event — represents economic change
of resource (an increment or a decrement).
This change can be immediate or long-term.
An example can be work, using of services,
renting, etc.

— Commitment — promise or obligation to per-
form an economic event in future.

— Contract — a set of commitments and rules
(e.g. what happen when the commitment is
not fulfilled)

Figure 1 shows fundamental model of the
main concepts of REA ontology and links be-
tween them. One of the most important links
is duality that answers us the question why an
economic event occurs.

2.1. Levels distribution of the REA
model

We can extend a basic view level by adding other

entities to obtain an additional functionality. The

REA ontology can be divided according level of

an abstraction [6]:

— Value system level — the highest level of an
abstraction. It describes the resources flow

between the enterprise and its business part-
ners.

— Value chain level — it divides an enterprise
into strategically important activities. The
enterprise gains a competitive advantage by
doing these activities cheaper and better than
competitors [7]. The view of this level de-
scribes resources flow between individual busi-
ness processes.

— Model level — models describes transforma-
tion one economic resource into other, more
valuable for enterprise. Figure 2 shows some
concepts of model level and their links.

— Task specification level — the lowest level of
an abstraction, it is an application of the
model and contains raw company’s data.

Generally the REA model level is divided into 2

levels according functionality [5]:

— Operational level is the basic skeleton of
model. It describes events that already hap-
pened. Basic semantic abstractions of oper-
ational level are exchange, conversation and
the value chain. Exchange and conversation
increase an enterprise value and the value
chain describes connection of various REA
models into chain directly or indirectly con-
tributing creation of desirable features of the
final product or service. That final product
can be exchanged for a more valuable resource
with other economic agents.
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Figure 2. Example of business process model

— Policy level is an extension of operational
level. It contains semantic abstractions de-
scribing what could, should or shouldn’t hap-
pen such as group, type, contract, etc.
Figure 2 shows an example of business pro-

cess model described by REA model level. Tt

contains basic concepts of operational level
and some semantic abstractions of the policy
level.

2.2. Usage of the REA framework

Traditional business processes modeling ap-
proaches, such as flow chart, data model, use
case, IDEFO0, etc. use general concepts that are
inappropriate because of low model specificity
and therefore they cannot detect economical er-
rors and make automation. The REA ontology
uses specified concepts increasing amount model
information while maintaining the model simplic-
ity.

The REA model has internal rules for verify-
ing the model consistency thus prevents creating
of incorrect links. The result of this verification
is the model, which is responding to an answer
why the enterprise performs some activity and
hence why economic events happened. This is
a significant difference and a big advantage of

the REA ontology over other traditional model
solutions.

Another feature of the REA ontology is sim-
plicity and understandability of models for ordi-
nary users working with them. The model is also
precise enough for automation [5].

3. Model Driven Architecture

MDA is a specification of OMG consortium (Ob-
ject managment group) used for model driven
software development. Model is simplified view
of reality that defines formal set of elements to
describe an objective and a purpose of develop-
ment.

The reason for creating the MDA standard
was an effort to increase the level of abstrac-
tion. Anytime in the history increasing level of
abstraction led to increasing productivity.

3.1. MDA architecture

MDA is based on four-layer architecture (see Fig-
ure 3). The highest layer M3 is meta-metamodel.
It is an abstract language and a framework
for defining, specifying, designing and manag-
ing technologically independent metamodels and
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Figure 3. MDA architecture [3]

serves as the base for defining modeling lan-
guage. The most commonly used language is
Meta-Object Facility (MOF).

The second layer M2 contains all metamod-
els and specifications defined by top layer. In
this layer there is usually defined UML lan-
guage and its concepts (e.g. classes, associa-
tions, ...). The third layer M1 includes real
world elements represented by metamodel con-
cepts. The lowest layer MO contains things
of real world modeled in M1. This layer can
include instances of concepts defined in M1
layer, or specific or abstract instances of real
world.

3.2. MDA levels of abstraction

MDA defines 4 levels of an abstraction:

CIM (the computational-independent model)
— contains basic domain model with low level
structure details. It models basic system re-
quirements and basic business processes.
PIM (the platform-independent model) — it
is a model containing more details than CIM,
but it is still free from technological details.
Theoretically the PIM is assumed to be ex-
ecuted on a technologically independent vir-
tual machine. This model describes the most
of a system behavior.

PSM (the platform-specific model) — in the
PSM details such as the code structure for se-
lected platform are generated, and constructs
of the final language and details enabling code
generation are completed (usually automati-
cally).

Code — the source code can be understood
as the model of concrete realization on the
platform.

3.3. Ontology infrastructure based on
the MDA

The OMG Company tried to create an ontol-
ogy system based on MDA to approach ontology
systems to common programimers.

Figure 4 shows the ontology-based infrastruc-
ture made by MDA. The highest layer M3 con-
tains basic MOF defining meta-metamodel. The
M2 layer contains basic UML ontological profile
describing basic modeling language’s constructs
and Ontology Definition Metamodel (ODM),
which includes basic ontology concepts. This lan-
guage is based on OWL, which is the result of
the evolution of ontology languages. This layer
forms a logical layer of the semantic web and
allows mapping from ODM to OWL using XMI
and XSL format (based on XML). The M1 layer
contains general models based on higher layer
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Figure 4. MDA based ontology infrastructure [3]

metamodels and MO contains model instances
and raw data.

MDA technology does not distinguish the
type of the ontology - the general transformation
process can be applied to any ontology, including
the REA. The highest layer is MOF, M2 layer
includes the REA ontology UML profile and M1
layer consists individual models.

4. Domain-specific modeling

Domain-specific modeling (DSM) is a software
engineering methodology for software develop-
ment [8]. The main focus of DSM is automated
development in one narrow specific domain. The
advantage of narrow focus is possibility to use
domain terms in language including its graphi-
cal notification. DSM increases the level of an
abstraction above code concepts eliminating the
need for mapping of domain concepts into an-
other language and reduces mapping errors [9].

4.1. DSM architecture

The DSM architecture contains 3 parts: the lan-
guage, the generator and the domain framework.
The language comes directly from a problem
domain and provides an abstraction for solving
domain problems. Individual domain concepts
can form language objects, links, properties or
submodels. The language itself has two parts.
The syntax specifies language concept structure
and uses a grammar to perform model validation
and verification at the language level. The seman-
tic defines the meaning of individual elements.

The generator performs model transforma-
tion to pre-defined structure, usually the source
code which is complete and immediately exe-
cutable without any modifications. The generator
can produce documentations, metrics, statistics,
prototypes, tests and more.

The lowest layer is the domain framework
that performs multiple functions. It reduces com-
plexity of code, eliminates duplicity in code, de-
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fines an interface for generator, provides integra-
tion with existing systems, etc.

4.2. Ontology infrastructure based on
the DSM

The figure 5 shows detailed DSM mapping of
the ontology system. The vertical part of dia-
gram shows the hierarchical ontological structure
where Upper Ontology defines abstract layer of
concepts usable in all domains, Core Ontology
defines concepts usable in similar domain, Do-
main Ontology defines specific domain concepts
and Application Ontology defines concepts that
are modified for DSL mapping [10].

Unlike MDA, the DSM technology is directly
dependent on the modeled ontology. Due the
strict dependence on the domain, procedure of
creation architectural layers of modeling system
is different for each ontology.

The language of the REA ontology is defined
by the UML profile and contains basic entities,
relationships rules that allow validation and ver-
ification of the model. The target platform is
hidden from user and no other action is required
for creating a functional model so the system is
able to work with an instance level of model. The
core of such system is the generator, performing a
translation of the model into the target platform
code. Making of such generator is very difficult,
expensive and time-consuming and requires do-
main expert participation. Once the generator
is created, models creation is very easy even for
nontechnical people.

5. Comparing MDA and DSM
principles

5.1. MDA result

The MDA is based on incremental transforma-
tions that specify model details through all ab-
straction levels. This approach allows transfor-
mation of any REA ontology model indepen-
dently on used entities, because transformation
process is not affected by the applied semantic
abstractions. The MDA structure allows easy

transformation of the REA ontology language to
any other language (e. g. to OWL language for
semantic web support) without modification of
the modeling system’s core. Very helpful function
may be the learning ability - the model learn
transformation details set by a model creator
and reuse them at the next transformation of
the model with the same combination of used
entities.

The big problem of this approach is that a
model creator must have programming skills to
be able set up required model details. Although
the learning ability can be helpful, it can never
provide a full model transformation into source
code. Also the transformation between differ-
ent languages can lead to implementation errors
during mapping and therefore it request higher
testing demands and resources.

5.2. DSM result

DSM is based on narrow domain focus. The lan-
guage of model comes directly from REA on-
tology. That allows performing validation and
verification check and the model eliminates the
need for mapping between any languages by us-
ing domain terms. Models are well readable for
people working with REA ontology and they do
not need any programming skill to create an
executable application from model.

The biggest problem of this approach is lim-
ited number of semantic abstractions that the
generator can contain. REA ontology contains a
lot of different semantic abstractions and some
of them replace some other, some of them can-
not be used together etc. Therefore it is not
possible to implement all combinations of them
into generator. Another problem is that REA
allows creating new semantic abstractions and
every modification of domain language requires
modification of generator and its recompilation
and redistribution. Generator recompilation can
cause older model incompatibility.

5.3. Comparing results

Development procedure of ontology systems us-
ing these technologies is different and each of
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them has positives and negatives. To model
the general ontology, which assumes with pos-
sible changes in the structure, it is better to
use the MDA technology but for the cost of
no user friendly development and higher test-
ing and resources requirements. In case of MDA
each transformation between two languages
has quadratic complexity O(n?) whereas the
DSM model transformation has linear complex-
ity O(n) [10].

If only few semantic abstractions will be used
(for example only one type of model will be cre-
ated by application) it is much better to use
DSM that has many advantages for REA ontol-
ogy development. Nowadays there are some DSM
modifications for supporting language changes
without generator recompilation such as Expand-
able DSM generator [11].

The cost of development by MDA technol-
ogy is equalized over whole developmental pe-
riod. The DSM has largest costs at beginning
of development, when the generator is built and
subsequent development of applications based
on the REA ontology has minimal costs because
of higher abstraction level and thus increased
productivity.

5.4. Extendable DSM generator

The basic idea of this approach is using some kind
of pug-in system for extending the functionality
of the generator. The modeling tool contains only
basic semantic abstractions and all additional se-
mantic abstractions are added through plug-ins
(containing script for generator), which can be
distribute via web services so modeling tool can
automatically download and install needed pack-
ages. The solution of extendable DSM generator
is described in [11].

6. Conclusion

Comparison of MDA and DSM technologies
showed the fundamental differences and ways
to using. Generally we can say that the REA
ontology is better supported by DSM technology
because it offers a lot of benefits such as using of
the domain knowledge, the model validation and
verification, low testing requirements and more.
Due to architectural structure the DSM usage
is limited by the narrow specific domain with
the constant ontology and the limited count of
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semantic abstractions. For that reason it is better
to use the MDA technology if frequent changes
of semantic abstractions of the REA ontology
are expected. If large amount of modifications is
not expected, but the ontology is not constant,
the DSM extensible generator allowing changes
of some semantic abstractions can be used [11].

Before the development begins it is necessary
to perform basic analysis how will be the final
system used and then choose which technology
is better to that particular case.
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