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Abstract. The business rule approach is used in information systems
to represent domain knowledge and to maintain rules systems efficiently
in volatile business environment. A number of methods were proposed to
develop rule models, but only few deal with reuse of knowledge acquired
in the analysis of some particular domain and automatic implementation
of rules. In this paper, a method for representing knowledge by ontology
transformation into the rule model is described. The method is based on
ontology transformation of axioms presented in a formal way into (semi-)
formal information processing rules in the form of executable rules, like
active DBMS triggers. The method is implemented into the developed
prototype, which is described in the case study section.
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1 Introduction

In the research of information systems development, the business rules approach
has achieved a lot of attention and already has a strong motivation behind its
application ([II2I3]). A business rule is a directive, intended to govern, guide or
influence business behavior, in support of business policy that has been formu-
lated in response to an opportunity, threat, strength, or weakness [4]. Business
rules are used in information systems to represent domain knowledge and to
maintain rule systems efficiently in volatile business environment. A number of
methods were proposed to develop rule models, but only few deal with reuse
of knowledge acquired in the analysis of some particular domain and automatic
implementation of rules. In computer science, ontologies are used to represent
real-world domain knowledge. Therefore, knowledge represented by ontology can
be used for generating rules. Moreover, ontology expressed in a formal way [5]
can be transformed into rule model automatically.

In this paper, a method for representing knowledge by ontology transforma-
tion into the rule model is described. The method is based on transforming
ontology axioms presented in a formal way into (semi-)formal information pro-
cessing rules in the form of executable rules, like active DBMS triggers. The
method is implemented into the developed prototype, which is described in the
case study section.
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2 Related Work

A definition of a business rule (BR) depends on the context in which it is used.
From the business system perspective, a BR is a statement that defines or con-
strains some aspects of a particular business. At the business system level, BRs
are expressed in a declarative manner [6]. For example: A customer could not
buy more than credit limit permits.

From the perspective of information systems (IS), a BR is a statement, which
defines the major rules of information processing using a rule-based language [7].
Expressions of information-processing rules are very precise, e.g. terms used in
expressions are taken from the particular data model. For example: "Total Value’
of an ORDER could not be greater than the 'Credit Limit’ of a CUSTOMER [8].

At the execution level (or software systems level), rules are statements that
are transferred to the executable rules, like active DBMS triggers.

The more fundamental question in defining 'BR’ can arise: "What rules are
BRs?’ BRs are rules that are under business jurisdiction, e.g., the business can
enact, revise and discontinue BRs as it sees fit [9].

Information-processing rules are used in ISs to process the required informa-
tion correctly. These information-processing rules are derived from BRs, which
are taken from the business system level. In practice, information-processing
rules are implemented by executable rules. Information-processing rules should
be expressed as ECA (event-condition-action) rules to be implemented by exe-
cutable rules, like active DBMS SQL triggers.

Therefore it is necessary to determine and elicit rules from the application
domain and develop ECA rules.

One of the possible ways to solve the defined problems is the use of the domain
ontology.

The term ’ontology’ is borrowed from philosophy, where Ontology means a
systematic account of Existence. In computer science, the definition of ontology is
rather confusing. By [10] all definitions of the term ’ontology’ attempt to explain
what an ontology is from three different aspects: the content of an ontology, the
form of an ontology and the purpose of an ontology.

Gruber’s definition of ontology, as a specification of a conceptualisation [I1], is
rather confusing. It explains the content of ontology, but does not explain what a
conceptualisation is. According to Genesereth, a conceptualisation includes the
objects and their relations which an agent presumes to exist in the world. The
process of a conceptualisation is the process of mapping an object or a relation
in the world to a representation in our mind [I0].

Ontology defines the basic terms and their relationships comprising the vocab-
ulary of an application domain and the axioms for constraining the relationships
among terms [6]. This definition explains what an ontology looks like [10].

In the simplest case, an ontology describes a hierarchy of concepts related by
particular relationships (like, is-a, part-of, etc.). In more sophisticated cases, con-
straints are added to restrict the value space of concepts and relationships. They,
for example, express cardinality, possible length (like, maxLength, minLength) In
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most sophisticated cases, suitable axioms are added in order to express complex
relationships between concepts and to constrain their intended interpretation [5].

Ontologies are being built today for many reasons. The reason of creating an
ontology depends on a research field and an application area where it is going
to be used. In this paper, ontology is used for its transformation into the rule
model.

3 Transformation of Ontology Axioms into Business
Rules

In the application domain or ontology, to which the BRs belong, they are not
always expressed in terms of ECA rules. Some of these BRs have explicit or
implicit condition and action parts. The missing condition can always be substi-
tuted with a default condition state as TRUE. Some BRs may have no explicit
action since they can state what kind of transition from one data state to another
is not admissible [12]. But the majority of these BRs do not define explicitly or
implicitly the event. There are three possible ways to trigger rules:

e automatically trigger all rules every time when any related event occurs,
e trigger rules manually when somebody decides it is necessary,
e specify necessary events and link them to actual rules.

In this research, the third way was used for rules triggering, since the specification
of the events and their linking to actual rules enable the system automatically
react to the defined events and perform the defined operations, e.g. trigger rules
automatically. Moreover, it is not necessary to execute all rules when some event
occurs. Only related rules are executed.

Obviously, it is confusing to form information-processing rules of ECA form
and consequently implement them by executable rules.

3.1 Formal Foundation of Ontology for Business Rules Elicitation

The mathematical models of ontology and business rules were analysed to de-
termine the relationship between ontology and BRs.

From [I3IT4/T5T617] it was determined that ontology could be expressed in
the following way:

U={¥li=1,...,k}, A), (1)
where ¥; is the ontology element which can be expressed by triplet:

(vi, R}, I;) withvy; e VAR, €e R NI €1, (2)
where V ={vg,v1,...,v,} is a universal set of atomic terms, R={rg,71,...,"m}
is a universal set of relationships (e.g. is-a, synonym, related-to, part-of, etc.)
between the terms and I = {I;|i = 1,...,n} is a set of term definitions. A stands

for the axioms expressing other relationships between terms and limiting their
intended interpretation.
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An axiom is a statement which is assumed to be true without proof [I8]. Ax-
ioms define the state in which the domain should be. From the perspective of the
ECA rule, axioms can have a clearly defined action and, sometimes, a condition
under which the specific actions can be taken. When the state is changed, it is
necessary to take an action. Events are not defined in axioms.

BRs-structural assertions [I2] can be expressed as follows:

(vi,vj, i) with v, v, € VAe €C, (3)

where v; and v; are terms used in structural assertions and ¢; is a relationship-
constraint, such as prerequisite (for example, an order must have an order-data),
temporal (for example, reservation precedes tour), mutually-inclusive (for exam-
ple, 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) etc.

The analysis of formulas (1-3) allows us to state that terms and relation-
ships expressing constraints which are used in structural assertions are adopted
from sets of ontology terms and relationships. Therefore, we can assume that
structural assertions are part of ontology.

The other part of rules is more complex. They consist of more than two terms
and relationships between them. For example: A customer must not place more
than three rush orders charged to its credit account.

These BRs are captured and fixed in the domain ontology by axioms (A).

Since BRs are captured in ontology by axioms and constraints of relationships
among terms [6], ontology axioms (and ontology as a whole) represented in a
formal way can be transformed into BRs (and into conceptual schema) automat-
ically. Moreover, it facilitates BRs transformation into consequent information-
processing and executable rules.

The general schema of axioms transformation into BRs is presented in Fig. 1.
It is independent of implementation.

Relationship T
between BRs and
« M| appropriate events l

Ontolegy / b 4 Information-processing
+  Concepts » rules, presented in the
< Propemies ™4  Events . form of ECA rules

. - presented in ™+ Event L T Executable

+ Relationships a formal way T «  Condition rules
*  Axioms \ * Action

BRs presented
T - Transformation in a formal way

Fig. 1. Transformation of ontology axioms into ECA rules and consequent executable
rules
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Axioms do not stand alone in ontology. Since axioms define constraints on
terms, terms are used to specify axioms. Therefore, these terms and their rela-
tionships should be transformed into (conceptual) schema in parallel with trans-
formation of axioms into BRs. For the sake of simplicity, the schema of ontology
axioms transformation into BRs is presented only in Fig. 1.

According to the examples (see [T2002T122/23]), there are two ways to define
events in ontology. They are — to define necessary events by creating event on-
tology, which is related to other particular ontology/(-ies), or to define necessary
events as a part of some other ontology. For the sake of simplicity, the second
way for events definition was used, since in both cases, events are defined by
terms used in ontology vocabulary.

Terms are used to link axioms with appropriate events, since ontology axioms
and events are defined by terms used in ontology vocabulary (see Fig. 2).

Axioms Events
usedto 4 * usedto
define define

Terms

Fig. 2. Linking of ontology axioms and events

4 A Case Study of Ontology Axioms Transformation into
Rule Model

The ontology for a particular business enterprise was created using Protégé-
2000 ontology development tool to support the statement of the authors that
ontology axioms and events can be transformed into information-processing rules
and consequent executable rules. We chose Protégé-2000 to develop the ontology
because it allows the open source software to be installed locally. A free version
of the software provides all features and capabilities required for the present
research as well as being user-friendly [24].

The axioms are implemented in Protégé-2000 ontology by the Protg Axiom
Language (PAL) constraints. PAL is a superset of the first-order logic which is
used for writing strong logical constraints [25].

The EZPal Tab plug-in is used to facilitate acquisition of PAL constraints
without having to understand the language itself. Using a library of templates
based on reusable patterns of previously encoded axioms, the interface allows
users to compose constraints using a ”fill-in-the-blanks” approach [26].

The definitions of the following axioms using the EZPal Tab are shown in
Fig. 3 and Fig. 4.

Since PAL constraints are expressed in a formal way, it is reasonable to use
this feature for their transformation into ADBMS SQL triggers.



192 O. Vasilecas and D. Bugaite

The discount of a contract product depends on quantity of units of a contract
product customer buys per time.
If quantity is greater then 19, discount is 3 %.

Every instance of | Class @ Contract_Product | whose
Slot J B quantity ‘is grester than ""19 |

|
(i More " Fewer " and "I glot value definitions) must have
| Slat -| B dizcount iis '"D.DS |
(! More || Fenwer H and '= slot value definitions) .

Fig. 3. An example of axiom creation using the EZPal templates

FEvery Contract must have a Contract product.

For every instance 11 of Clazs | o Contract there must be
an instance 12 of Clazz | @ Contract_Product | that containg 1 in

Slat B contract

Fig. 4. An example of axiom creation using the EZPal templates

PAL constraints and SQL triggers were analysed in detail to automate con-
straints transformation into SQL triggers. The schema of automatic transforma-
tion is presented in Fig. 5.

The more detailed schema of PAL constraints transformation into SQL trig-
gers is presented in Fig. 6. The main parts of PAL constraints (denoted by grey
clouds) are transformed into the main parts of SQL triggers (denoted by grey
clouds). "PAL-documentation’, "PAL-name’ and 'PAL-range’ are transformed
into SQL ’Comment’, ’trigger name’, ’table | view’ without significant changes.
But ’if statement or condition’ and ’action or possible state’ should be properly
processed and then transformed into ’sql statement’.

Some fields of SQL trigger stay blank, since necessary information is lacking
and cannot be taken from PAL constraints or Protégé-2000 ontology. For ex-
ample, the time when trigger should be fired (FOR | AFTER | INSTEAD OF)
should be specified manually.

The table or view on which the trigger is executed should be specified manu-
ally when more then one range in '"PAL-range’ are defined. In other words, the
trigger table or view should be chosen from the list of possible values manually.
Specifying the owner name of the table or view is optional.

An event of a trigger (DELETE, INSERT, UPDATE) should be taken from
events defined in ontology.

The relationships between axioms and events are determined by classes, used
to define particular axioms and events. An example of the event is shown in Fig. 7.
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Protégé 2000 Ontology

* Classes (with properties | T | gemi
emi-formal rules
represented by slots) i : b T_| ADBMS SQL
presented in a form triggers

* Relationships of SGL trigger
(represanted by slots) P
+  Axioms (represented by
PAL constraints)
PAL constraint
statement schema
-- if (==) part of
the PAL statement
-- then part of
the PAL statement
EZPal Constraints

generated using
defined templates

T - Transformation

Fig. 5. The schema of automatic transformation of PAL constraints into SQL triggers

PAL constraint SQL trigger
(IID) of {%3A | EZ}Pal-CONSTRAINT |/ Comment yl

(%3APAL-DESCRIPTION "{PAL-documentation}'} | CREATE TRIGGERtrigger_name
(%3APAL-NAME {PAL-name}') — | { table | view }

(%3APAL-RANGE "(PAL-rangal'] —___ |{{{FOR | AFTER | INSTEAD OF }{
(%3APAL-STATEMENT [DELETE] [] [INSERT] [,] [UPDATE] }

"([forall | exists] {variable} [NOTFORREFLICATION ]

7 - AS
([=> [ (if statement or condition)] |
{ (-action or possible state-}} | PHRERESleAIEACIEo]Y]

) [—™sql_statement[ ...n ]

Fig. 6. The detailed schema of automatic transformation of ontology axioms into SQL

triggers

For example, the event 'Making contract’ (Fig. 7) and the axiom ’contract-
must-have-contract-product’ (Fig. 4) use the same class 'Contract’ in their def-
initions. Moreover, the axiom ’contract-must-have-contract-product’ is directly
related with the axiom ’discount-3-percent’ (Fig. 3), e.g., ’Contract Product’ is
used in definitions of both axioms. Therefore, the following ECA rules can be
generated:

When ’Making contract’, then ’Contract product’ should be defined.
When ’Making contract’, if *quantity’ of a ’Contract product’
s greater than 19,
then ’discount’ of a ’Contract product’ ’is 38 % .

The prototype of necessary plug-in ’AxiomTransformation’ was developed to
carry out the experiment of ontology PAL constraints automatic transformation
into semi-formal rules presented in the form of SQL trigger (see Fig. 8).
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Hame E-subject AW o8 Triggered Processe
Making cortract | @ Enterprise | |® Cortracting
Description Object A e d
Twa parts (enterprises) are malking @ Contract
contract
Time Of Occurrence Type Of Event

| | TMAKING _MEW ol I

Fig. 7. An example of the event 'Making contract’

File  Edit Project Window Help  PAL Constraints
................ ?_ r@s' ﬁé‘.
Import to Standard Irterface ] T
Export to Format ] AxiomTransformation
Buile Mews Project... CLIPS
Convert Project to Format WL
Generate HTML RDF Schema

Fig. 8. The plug-in for Protégé-2000 ontology axioms transformation into semi-formal
rules presented in a form of SQL trigger

It is necessary to specify a file, where only semi-formal rules will be saved. All
axioms will be transformed into semi-formal rules automatically.

An example of the semi-formal rule presented in a form of SQL trigger is as
follows:

/* Documentation */

/* The discount of a product depends on quantity of product units’,
customer buys per time. If quantity is 10-19, discount is 3

CREATE TRIGGER discount-3-percent

OoN

Contract_Product

{FOR | AFTER | INSTEAD OF}}

(DELETE] [,] [INSERT] [,] [UPDATE]

AS

(=> (> (’quantity’ ?Contract_Product) 19)

(= (°discount’ ?Contract_Product) 0.03)))

As mentioned above, some corrections are necessary for semi-formal rule to
implement it by SQL trigger. User should also link the generated SQL triggers
with particular DB, since some names of columns or tables can vary for some rea-
sons. PAL-STATEMENT can be transformed into sql statement only manually
at the moment.
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The next step of the research is extending the developed prototype, e.g., au-
tomation of PAL-STATEMENT transformation into sql statement and events
defined in ontology transformation into keywords (or events of the trigger)
(DELETE, INSERT, UPDATE) that specify which data modification attempted
against the table or view activate the trigger.

A full case study employing the proposed concepts and ideas of the proposed
method is under development.

5 Conclusions and Future Work

The analysis of the related works on knowledge-based information system de-
velopment using the domain ontology shows that the business rules are part of
knowledge represented by ontology. Business rules are captured in ontology by
axioms.

The method for ontology transformation into business rules, which are imple-
mented by information-processing rules, was offered. We argue that the ontology
axioms can be used to create a set of information-processing rules. They can be
transformed into ECA rules and then to active DBMS triggers. Such transfor-
mation is possible, since ontology axioms can be mapped into active DBMS SQL
triggers.

The prototype was developed and the experiment of ontology axioms auto-
matic transformation into SQL triggers was carried out. The experiment shows
that the suggested approach can be used to transform ontology axioms described
in a formal way into SQL triggers. For this transformation, a suitable tool —
Protégé-2000 — was chosen.

The next step in our research should be the refinement of the suggested
method and the developed prototype. A full case study employing the proposed
concepts and ideas is under development.
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