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Abstract: Research on ontology is becoming increasingly widespread in the computer science 

community, and its importance is being recognized in a multiplicity of research fields and application areas, 
including and knowledge engineering. Ontology represents the real-world domain knowledge, which part is 
business rules. We analyse ontology and business rule concepts and define how business rules are related 
with domain ontology. The main purpose of this paper is to show how domain ontology can be used for 
eliciting of business rules.     
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INTRODUCTION 
Research on ontology is becoming increasingly widespread in the computer science 

community, and its importance is being recognized in a multiplicity of research fields and 
application areas, including and knowledge engineering, as ontology represents the real-
world domain knowledge.  

The fast changing requirements are the main problem of creating and/or modifying 
applications. Most of these requirements are in the form of or are related to business rules. 

Business rules (BR) control and influence the behaviour of systems in the 
organization. BR are derived from business policies, and these in turn are the direct 
implementation of business goals and objectives. The process of finding out what the set 
of rules applies to a given business situation often involves an open-ended search through 
multiple sources [1]. The consensus from all the business stakeholders should be obtained 
on what the rules should be. Therefore, it is vital to find the rules and ensure that the rules 
are appropriate. As the business changes, the set of rules must be properly maintained 
and adapted to the new conditions. BR capturing, documenting and retaining prevent the 
loss of knowledge, when people leave an enterprise [2].  

As BR are the part of the domain knowledge, ontology can be used to form a set of 
BR.  

The objective of this paper is to show, how domain ontology can be used to elicit BR.  
 
RELATED WORKS ON BUSINESS RULES AND ONTOLOGY  
As this paper is addressed to an interdisciplinary audience, it is advisable to pay 

attention to some terms to be used. 
Definition of a BR depends on context we use. From a business perspective, a BR is 

a statement that defines or constrains some aspects of the business; it is intended to 
assert the business structure, or to control or influence the behaviour of the business [3, 
4]. The final set of BR must comprise only atomic BR. The atomic BR are such BR that 
cannot be broken down or decomposed into more detailed BR, because there would be 
loss of important information about the business. From perspective of information systems 
(IS), a BR is a statement, which constrains business aspect, defines the business structure 
and controls business processes [3].  

At the business system level, the BR are the statements that express business 
policies in a declarative manner. At the IS level, the BR are the statements that define 
rules of information processing using a rule-based language [5]. 

We will use the following definition of the BR in our paper: 
Business rule is a statement, which constrains or influences some business aspects, 

defines the business structure, and controls business processes. 
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Different taxonomies of business rules are presented in [2]. But from an 
implementation perspective all business rules can be classified into structural assertions 
(like terms, facts, integrity constraints) and dynamic assertions (like dynamic constraints, 
derivation rules and reaction rules) [2]. We chose this taxonomy, because we are 
concentrated on the BR, which enable to implement the active behaviour of modern 
information systems. They are dynamic assertions. Dynamic assertions smoothly map to 
the ECA paradigm (when event occurs, if condition is true, then action). 

There are the following BR eliciting problems: 
1. Business representatives don’t use the expert systems or program languages to 

express BR. The business representatives express BR in “businesses speak”. 
Therefore, it is difficult to identify BR from the “speak” and documents used in 
business [4].  

2. Because of double meaning of some terms used in business, it is necessary to 
use not only terms, but and concepts, e.g. it is necessary to clearly understand 
and define terms used in business [6]. The simple example of the BR can be: An 
order must be placed by a customer. Terms “order” and “customer” have to be 
clearly and unambiguously defined by a sentence [1]. 

3. It is difficult to form consistent, integral, correct and complete set of BR [1, 6]. 
As BR are the part of the domain knowledge, ontology can be used to elicit BR.  
The term “ontology” is borrowed from philosophy, where Ontology is a systematic 

account of Existence. The most popular is T. Gruber’s definition of the ontology, where in 
the context of knowledge sharing, the term “ontology” means a specification of a 
conceptualisation [7].  

The subject of ontology is the study of the categories of things that exist or may exist 
in some domain [8]. 

Every IS has its own ontology, since it ascribes meaning to the symbols used 
according to the particular view of the world [9]. The role of ontology is to provide a 
comprehensive set of terms, definitions, relationships and constraints for domain, e.g. the 
domain ontology is used as domain model in IS engineering and development [10, 11].  

We will use the following ontology definition: 
Ontology defines the basic terms and their relationships comprising the vocabulary 

of an application domain and the axioms for constraining relationships among terms. 
Classification of ontologies were analysed to understand, which ontologies are used 

in IS development process. 
In IS context, there is usually used classification of ontologies according to their level 

of generalisation. At the top level there is a general ontology, which is independent of a 
particular problem or domain. It describes very general terms like space, time, object, 
event, action, etc. In the middle level there are domain or task ontologies, which describe 
the vocabulary related to a generic domain (like medicine, automobiles, or business) or a 
generic task or activity (like diagnosing or selling), by specializing the terms introduced in 
the general ontology. And in the lowest level there are highly specialised domain 
ontologies (or application domain ontologies), which specify domain or task ontologies [9, 
11, 12]. Such ontologies are used for development of single applications, so-called micro-
worlds. The principal advantage of such ontology is easiness of design and 
implementation. However, it is difficult to reuse the highly specialised domain ontology in 
other micro-worlds. So, enterprise engineering requires even more generic shared 
ontologies that can support applications across many domains, e.g. across all areas of 
enterprise’s business [11]. 

Domain ontology, which specifies conceptualisations specific to domain, is directly 
related to IS development [10].  
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An IS is ontology-driven, if the ontology plays the central role in the IS life cycle [13].  
An IS consists of such main components: 

• Application programs, 
• Information resources like databases, knowledge bases and, 
• User interfaces. 

These components are integrated so as to accomplish a business purpose.  
Using an ontology approach in an IS development, the ontology becomes a separate 

component of an information system. This component can be used by other IS 
components for different purposes [9, 13]. The impact the ontology has on IS can be 
twofold [9]: at development time (for an IS) and at run time (within an IS). We are 
interested in the first one in this paper. 

First, IS development using the ontology approach depends on what the ontology we 
have: domain or generic ontology. If we have the domain ontology, then the result of 
development phase will be application ontology. It enables the developer to reuse 
knowledge instead of software and share application domain knowledge using a common 
vocabulary across heterogeneous software platforms. If we have the generic ontology, we 
can develop highly specialised domain ontology without necessarily having domain 
ontology [9].  

Second, each of the components of the IS can use the ontology in its own specific 
way [9]: 

• Database component: 
� Ontology can be used in the requirement analysis.  
� Ontology can suggest missing entities and relationships among them for the 

application domain [10]. 
� Ontology can be compared with database conceptual model. It can be 

represented as a computer-processable ontology and from there mapped to 
concrete target platforms [9].    

� Such conceptual model (computer-processable ontology) can be used in 
mapping heterogeneous conceptual schemes (information integration) [9, 
10]. 

• User interface component – semantic information embodied in ontology can be 
used to generate form-based interfaces. It was successfully used in the Protégé 
Project [10].  

• Application program component – ontology can be used to generate static (type 
or class declarations) and procedural (like, e.g. business rules) parts of a 
program [9, 10].  

In the related works there are not explicitly presented how ontology is related to BR 
and methods to generate a set of BR is not presented as well. 

We make an assumption that using an ontology in IS development helps to solve the 
BR eliciting problems defined above. E.g. as the domain ontology represents the real-
world domain knowledge and BR are specific part of all domain knowledge, ontology can 
be used for BR eliciting. Domain ontology clearly and unambiguously defines the basic 
terms and their relationships, which are used in BR.    

For this it is necessary to investigate, how the domain ontology is related with BR. 
 

USING ONTOLOGY FOR BUSINESS RULES ELICITING 
The mathematical models of ontology and BR need to be created to investigate the 

relationship between ontology and BR.  
The number of ontology definitions and models [14, 15, 16, 17, 18] were analysed 

and it was determined that ontology can be expressed by the expression: 
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>=Ψ=<Ψ Akii },,...,1|{ ,     (1)  
where  is the ontology element and can be expressed by the triplet: iΨ
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where  is the universal set of atomic terms,  is the 
universal set of relationships (like is-a, synonym, related-to, part-of, etc.) between the 
terms and  is the set of term definitions. A is the axioms, which express 
other relationships between terms and constrain their intended interpretation [9] (see 
below).   
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Structural assertions can be expressed in the following way: 
>< iji cvv ,,  with CcVvv iji ∈∧∈, ,    (3) 

where vi and vj are terms used in structural assertions and ci is a relationship-constraint, 
like must, must not, should, should not or prerequisite (for example, an order must have an 
order-data), temporal (for example, reservation precedes tour), mutually-inclusive (for 
example, to travel to a foreign country a VISA is required, based upon citizenship), 
mutually-exclusive (for example, a cruise cannot be listed as being sold out and have 
availability at the same time) relationships, etc.  

The analysis of formulas (1-3) let us state that terms and relationships used in 
structural assertions are adopted from the sets of ontology terms and relationships. 
Therefore, we can assume that structural assertions are the part of ontology.  

Then, if T  is a set of structural assertions, which are consist of two terms 
and relationship among terms, the ontology element 

),...,( 11 ntt

iΨ  can be expressed by the twain: 
>< ii It , .      (4) 

The other part of rules – dynamic assertion – is more complex and consists of more 
than two terms and relationships among them. For example: A customer must not place 
more than three rush orders charged to its credit account. 

These BR are captured in the domain ontology by axioms (A).  
The axioms define constraints and BR on terms and other horizontal relationships 

among them. The theory of axioms is based on situation calculus and predicate calculus 
for representing the dynamically changing world [13]. Situation theory views the domain as 
having a state. When the state is changed, there is necessary to take an action. The 
predicate theory defines conditions on which specific actions can be taken. 

The simple example of a formal representation of axiom states that, if there is a 
product, its demand should exist [13]: Exist (demand/product). 

The axioms represent the intension of concept types and relation types and, generally 
speaking, knowledge which is not strictly terminological [19].  

In general the framework of transformation of ontology axioms into ECA rules and 
active DBMS SQL triggers is shown below (Figure 1).  

Ontology axioms (and the whole ontology) represented in a formal way can be 
transformed into the BR, the BR can be transformed into the information processing rules 
(like ECA) and the information processing rules can be transformed into the executable 
rules (like SQL triggers in active DBMS).  

The ontology of the specific business enterprise was created using Protégé-2000 
ontology development tool to support our preposition that BR can be elicited from the 
domain ontology. We chose Protégé-2000 to develop our ontology, because it is possible 
to install locally the open source software; the free version of the software provides all 
required for our research features and capabilities; it maintains writing of constraints; it is 
Java based, etc. [20]. The axioms are implemented in Protégé-2000 ontology by the 
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Protégé Axiom Language (PAL) constraints. PAL is a superset of the first-order logic, 
which is used for writing strong logical constraints [21].  
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Figure 1: Ontology transformation into ECA rules and active DBMS SQL triggers.  

Our analysis shows that ontology axioms, which can be mapped to the business rules 
and consequently to the ECA rules or directly to the ECA rules, have clearly defined action 
and sometimes condition parts, and haven’t defined event part. All ontology axioms define 
the state, in which domain should be, none what should be done to implement desirable 
state. Therefore, it isn’t obvious, when a rule has been triggered. So, it is necessary to 
extend ontology axioms by event model, which will be related with triggering of rules 
(Figure 1). 

 
CONCLUSIONS  
The analysis of related works on knowledge based IS development using the domain 

ontology shows that the BR are the part of knowledge represented by the ontology. BR are 
captured in ontology by axioms and relationships-constraints between terms. 

Our analysis of mathematical models of ontology and BR shows that these models 
are compatible. Therefore, domain ontology can be used to create a set of BR. 

In our paper we propose a framework, which can be used for the domain ontology 
axioms transformation into the ECA rules and then into the active DBMS triggers.  

The example developed using Protégé-2000 shows, that such framework can be 
implemented. Event model should be added to the system to automate transformation.  
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