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Abstract: Although ontologics have becn proposcd as an important and natural
means of representing real world knowledge for the development of database de-
signs. most ontology creation 18 curricd out on 1 manual basis. To be truly useful, a
repository of ontologics, organized by application domain 15 needed, along with
methodolosies for integrating the use of the ontologics into database desivn meth-
adologics. This rescarch proposcs a methodology for automating the ercation and
management ol ontologics. An architecture for an ontology management system is
proposed.

1 Introduction

Dalubase management syslems are cenlral to any business because they capture and store
the information required to supporl business operations, whether traditional or e-
commerce applications. Tn fact, databases are considered o be “at the core of any c-
commerce web sites.” Good designs are important for the efficient operation of a data-
base and are especially important when it becomes necessary to merge two or more
databases (traditional or web-based). Database design, however, is difficult and always
been considered an art, with the quality of the design highly dependent upon the skill and
expertise level of the designer. Good designers are scarce.

17



A number of tools have been developed that aticmpt te autemate the databasce design
process. These systems, however, do nol contaim any information about the real world
and how 1t operates. As a resull, they rely on the user (o provide all of the mmformation
aboul a given application domain (¢.g., aicline scheduling, hotel reservations, housing
rentals). They often ask irrelevant, or scomingly meaningless, questions to the user,
making them appear less intelligent than they should. It is believed that the melusion of
knowledge, organieed by application domain 15 the nexl step in making such design
systems “more mielligent” [L197].

The objectives of this research, therefore, are to:
1. Demanstrate why ontelogies are impottant and can be very useful for database

design

Propose a heuristic-based methodology for creating domain entologies

3. Propose an architecture for a system to facilitate the use of domain ontologies
during the conceptual design process. The system would be used for creating,
evalving and managing ontologies, and providing assistance in applying on-
tologies to database design problems.

S

The contribution of this research is to provide a methodelogy for creating ontologies for
use in database design. This makes a much richer modeling approach in that more of the
semantics and consiraints of an apphication domain are caplured. The result 15 a dalabasc
thatl 15 an accurate representation of the real world created with less designer effort. It
will also allow ontelogics 1o be used, evolved, and reused.

2 Related Rescarch

‘The impottance of capturing and representing real world knowledge in information sys-
tems has long been recognized in artificial intelligence, software reuse, and database
management, Ontologies have been proposed as an important and natural means of rep-
resenting real world knowledge for the development of database designs. In fact, it is
believed that the use of ontologies will fundamentally change the way in which systems
are constructed and that designers will have libraries of ontologies from which they can
choose appropriate ones [Sw89]. An ontology “defines the basic terms and relations
comprising the vocabulary of a topic area as well as the rules for combining terms and
relations between terms™ [Ne91]. An ontology may have very high-level terms or be
domain-specific [Sw99].

The use of entologics 15 found 1 many arcas, including dalabase design [Em99],
[KM99]. Most ontology creation, however, 1s carricd out on a manual basis. To be truly
usclul, a repository ol onlolegics, organized by application domains 1s needed, along
with methodologies for integrating and using entelogics in the database design process.
Most ol the current tools support only cerlain aspects ol ontology creation and manipula-
tion, and arc apphication specilic. For example, the RiboWeb |AI99] system incorpo-
rales ontology constructs related o storing molecular mlormation.  Similarly, [Fe99]
presents an ontology development environment that 15 sutled (or capluring knowledge
within the chemical domain. Staab ¢t al. [St01] present an ontelogy based knowledge
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management sysiem based on OnteEdi, that primarily focuses on supporling various
knowledge processes. Thus paper presents a heurisiics based ontelogy creation meihod-
ology that can be applied 1o any application domain, 10 particular, dalatabasc design.

Although a number of eanlologics have been developed. there 15 no well-accepted meth-
odology lor developing ontologics. An analogy can be made to conceptual modeling
using the entily-relationship model. The ER model 1s well-accepied as an cllective ool
for representing uscr requirements al the conceptual design level. Even though the con-
structs of the ER model are well defined and some rules exist [or how o apply them,
effective use of the model still requires designer expertise or, at minimum, the applica-
tion of a set of heuristics that have been developed either by experience or through con-
sultation with design experts {e.g., relationship attributes exist only for many-to-many
relationships, SSN is usually an attribute as opposed to an entity). Furthermore, some of
the rules and heuristics are domain dependent, For this research, we first adopt the defi-
nition of an ontology as defining the basic terms and relationships comprising the vo-
cabulary of a topic area as well as the rules for combining them [Ne91]. This research
explicitly considers the rules that capture business rules or processes, which are captured
through a variety of constraints and meta-level rules, Table 1 shows a partial ontology
for the travel domain,

Term Synonym Description Business Rule Related to
Trip Iravel Type of trave! Instances are Tour
Product desired cruise, [light, train
Lrip. bus tour
Tour Travel Lo and Traveler,
[rom deslination, incrary
sighl-seeing ol
poinis ol interest
Customer Person miterested | Customer who Passcnger, tour
n rip books trip 15 a
lraveler
Traveler Passenger | Person who Down payment [tincrary, Club,
purchases 1ap required belore Destination,
tinerary created Customer
Agency Booking Traveler, tour
organization
Party People customer traveler
travels with
Itinerary Schedule | Schedule of Departure oceurs Traveler, tour,
events before arrival party
Ticket Issued after Iraveler must have | Passenger, trip,
payment ticket before tour
departure

Table 1. Partial Travel Domain Ontology
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Assume a designer 1s designing a database application in the online travel domain. By
visiting travel sites and browsing relevant documentation, the designer might identily
concepts such as those shown 1n the entity-relatonship (E-R) model in Figure la. THow-
cver, this model may not be complele or even relevanl. The designer consults the ontol-
ogy to discover that, m this application, there are customers (prospects) and travelers
(committed to a trip), as well as other, specilic relationships. An imporiant concept 18
thal of an itmerary. Constraints alse need Lo be integrated. The model can be relined Lo
the more complele and accurale description of the application as shown in Figure 1b.

|
Customer Itingrary
Traveler Trip \
— Traveler takes Trip
Puriy Apcney
Party Agoney
Figure la. Initial E-R Diagram Figure 1b. Revised E-R Diagram

The two Lasks in this rescarch are the development of: 1) a heuristic-based methodology
for creating ontelogies; and 2) an architecture (o implement the methodelogy 1n an on-
lology management system that supports the automated creation and cvolution ol do-
main ontologics lor databasc design automation.

3 Ontology Creation and Management

This section first presents a methodology for the creation of domain ontologies. It then
proposes an architecture for the management of ontologies for use in database design
autemation,

3.1 Hecuristics-Based Ontology Creation Methodology

The methodology for the creation ol a domain ontology, as given below, consists ol a set
ol steps, with corresponding heuristics.
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Step 1 Hdentification of basic terms

The basic terms ol an application domain ace identificd and delinitions given for them
and their properties. These are translated into enuties 1n the conceptual model. For ex-
ample, i the travel demain, obvious terms include traveler, trip, ticket, and itincrary.
The properiics ol a trip mclude origin and destiation. The challenge here 15 one of com-
pleteness, which 1s accomplished through heuristic 1.1 and by enabling the onlologics o
cvolve.

Heuristic 11 fidentification of most frequent terms): Create “use cases” 1o understand
the application domain and the business processes from which relevant terms can be
deduced. Use cases are textual narrative descriptions of concepts and processes that
exist an application domain and are employed widely in systems analysis [Ja92]. By
analyzing existing use cases or creating new use cases in that domain, the designer can
identify the important, basic terms,

Heuristic 1.2 fidentification of synonyms or closely-related terms): T'hese are generated
manually or by an online thesaurus.

Step 2: Mentification of three types of relationships

An ontology is intended to provide information about an application domain that might
nol be famihar 10 a designer. Thecelore, the relationships that ace 1dentilicd are more
than simple associations belween terms.  The following heuristics identily the three
tmportant types of relatonships.

Hewristic 2.1 {relationship between basic concepts): ldentification of subset/superset
relationships (e.g., traveler is-a customer),

Hewristic 2.2 (relationship between constraints): |dentification of relationships between
constraints, For example, if two trips overlap, the same traveler cannot be booked on
both, therefore, a traveler cannot be a flyer and a cruise ship passenger at the same time,

Heuristics 2.3 frelationship between ontologies): Ensuring that terms have consistent
relationships between an ontology and a sub-ontelogy, 1n order to allow ontologies Lo
cvolve.

Step 30 Identificarion of basic constraints

Constrainis capture business rules and semantics associaled with one or more lerms (e.g.
CruiscTraveler (x) — prepaid (x)) and relationships. The constraints are of four types:
pre-requisite, temporal, mutually inclusive, and mutually exclusive. From these, meta-
level constrainis can be derived. These constraintls are captuced in the following heuris-
Lics.

Heuristic 3.1 (pre-requisite constraint): One termdrelationship depends upon another;
e.4., credit card is pre-requisite for paying. Specifically, consider three terms A, B, and
C. Ifterm A requires B, and C, then, we define the following pre-requisite constraint;
A — B, . Note that term B may occur by itself, however, for term A to oceur, terms
B. and € are also needed.
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Heuristic 3.2 ffemporal constraint); One term/drelationship must occur belore another;
c.g., reservation precedes tour. In the case of terms A, B, and C, 1l B must precede C,
we deline the temporal constraint as follows: B s €.

Heuristic 3.3 (mutually inclusive constraint): One termirelationship requires another for
1ls exislence; ¢.g., o travel to a forcign country a VISA 15 required, based upon cilizen-
ship. In casc of the terms A, B, and O, i A requires B and B also requires A, then we
have a mutually inclusive relationship between A and B, 1.c., these two terms have Lo
occur simultaneously. 'T'hen, we define the mutually inclusive constraint as: Ae—w B

Heuristic 3.4 (mutual exclusive constraint): One term/relationship cannot occur at the
same time as another; e.g., a cruise cannot be listed as being sold out and have availabil-
ity at the same time. This operates on the constraint for availability and the constraint for
sold out. If the terms A and B are mutually exclusive, then only one of them can oceur
in 4 given context. We define the mutually exclusive constraint as: A2+ B

Heuristic 3.5 (meta-level constraints):  These are constraints on constraints; e.g. if A
pre-tequisite for B, then B cannot accur before A under a temporal constraint, {If adver-
tising a cruise is a pre-requisite for selling cruise seats, then, seats cannot be sold before

they arc available.)

Step 4 Hdentification of higher-fevel constraints capturing domain knowledpe
These are domain-dependent and caplure the fact that an ontelogy 1s domain-specific.
They capture many of the business rules thar exist in a given domain,

Hewuristics 4.1 (Mdentifv Domain consteaing): 'I'hese are constraints on the domain terms,
For example, “double occupancy™ applies to a cruise ship reservation, but not an airling
flight.

Hewuristics 4.2 (ldentify Domain dependencies): hese are constraints on multiple terms
or relationships within an application. For example, an agent cannol book cruisces and
book airline (lights that do not have compatible dates where compatible dates are delined
relative Lo the beginning and ending of a tap {(lemporal consiraints).

3.2 Representation

An cntity-relationship formalism can be used Lo represenl ontologics at a conceplual
level with the translation {rom an item and 1ts propertics 1o an entily and 1ts attributes
being quite natural. The various types ol relatonships will appear as relationships among
cntitics, semanlic integrity constrainis and absiract data (ypes. The internal representa-
tion 1s an LML model. This refers 1o how one physically stores an ontology.
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3.3 Ontology Evolution

Most ontologies are static [PB99]. [Towever, domains in the real world evolve over time
(c.g., o-trading 15 a now concepl in the financial domain). Therelore, enloelogics should
be able (o evoelve through the addition, deletion, or modilication of lerms, properics,
relationships, and constraints. In addition, the ontologies themselves might need to be
subdivided or combined 1o reflect changing environments. For example, a [inancial on-
Lology might be split into ones {or c-lrading, bonds, or stocks. Some of these would have
overlapping lerms. The constraints need (o be checked (o verily that none arc in viela-
tion, and the heuristics checked for consistency,

4 Ontology Management 'L'ool

The architecture of the ontology management system, as shown in Figure 2, consists of
lwa parts, the client side and java-cnabled server side. The client 18 a basic web browser
using which the user can browse or modify existing ontologies, as well as create new
ones, which are stored 10 an ontology repository. The server side has {our major mod-
ules: a) the mterface module, b) the browse moedule, ¢) the legical module, and d} the
physical module.

¢} Interface Module: This module 1s responsible lor gathering the input from the user,
passing 11 (o the browse or logical module, and sending the results back to the user. IL
has several sub-modules tmplemented as java servlets. “(rather browse mput™ gathers the
user’s selections during browsing and sends 1l o the “browse query servlet,” whereas
“Formal browse results™ 1s responsible lor lormatiing and creating dynamic himl docu-
ments containing the results of the browsing activity. Similarly, the “gather ontelogy
input” module extracts the ontology information provided by the user and routes it to
either the “ontology creation” or “ontology evolution™ module. The “format user feed-
back™ module creates dynamic html documents containing the feedback from the system
during the creation or evolution of the ontology.

hi Browse Module: The browse module provides mechanisms for viewing the ontolo-
gies that are currently stored in the repository. The user can search the repository
through key words or select specific ontologies to view by name ot id. From the user
input, the “browse query generation™ sub-module creates the appropriate query to re-
trieve one or more ontologies requested by the user. 'The “query execution”™ sub-module
is responsible for establishing a session with the repository, executing the query, and
retrieving the appropriate ontologics.

¢ Logical Modufe: The logical module mplements the ontelogy creation methodology
and assists the user i creating or modifying an ontology. The module consists of “ontol-
ogy creation”, “ontology evoelution” and “consistency checking” sub-modules. The on-
Lology creation sub-module supports the basic sleps oullined in our approach for crealting
onlologics and implements the heuristics and rules needed 0 creale a consistent ontol-
ogy. The ontology cvelution sub-module [acililates the management and cvolution of
existing ontologies. As new information 1s discovered about a specilic application do-
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main, the corresponding ontology (ies) 1s cxlended to mmcorporate new knowledge. The
“consistency checking™ sub-module ensures (hat the ontology 1s consistent, by exceuling
rules that check lor inconsisiencics between ontologies and within an ontology.

dj Plhysical Module: The physical module provides the interlace 1o the entology reposi-
tory lor storng and managing the ontologies. Once the user creates an ontelogy and
checks lor consislency, it 1s mapped 1o 1ts physical representlation {machine readable
format) theough the “miternal representation™ sub-module. Ontologies are represented
using XML. The “reposilory management” sub-module provides [acililics for organizing
and storing the ontologies in secondary storage.

Ontology Management Client

Brorecse
Crtalory
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Application
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Gather I ermat Calher Formge Ulser
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Figure 2. Ontology Managemaent System Architecture

The Database Design Application is a proposed extension that will interface with the
ontology repository and assist the designer. Using this tool. the designer obtaing clarifi-
cations about coneepts, terms and constraints in a particular application domain, resolves
conflicts and performs other, relevant functions. This tool will have the capability to
extract the domain knowledge contained in the ontology repository and create a knowl-
edpe base that could be used by the designer to gain a better understanding of the appli-
cation domain.



4.1 Implementation

A prototype of the system is under developnient using Jess [Fr00]. a java-based expert
system shell, JavaBeans, and TSP (Tava Server Pages). This development environment
was chosen because it would make the system portable and casily usable on the world
wide weh. On the client side, the browsing and ontology creation lfunctionalities are
supported through java applets. On the server side, the interface, logical and physical
modules are implemented using JSP technoloey. These modules utilize several java
servlets for: pathering user input; generating queries in SQL for accessing and retrieving
appropriate ontologies from the repository; supporting ontology creation and evolution:
and formatting the results, Consistency checking is accomplished through rules written
in Jess and the user is also consulted to gather additional information in order to resolve
contlicts.

5 Conclusion

A methodology for Lhe creation and adoption of domain ontologies Tor dalubase design
has been presented. The methodology is heuristic-based and Tocuses on identilying and
defining the terms, propertics, relationships and constraints needed o model an applica-
tion domain. Meta-level rules help to ensure consisteney. An architecture for Lthe ereation
and management of domain ontologies will allow the methodology Lo be incorporaled as
part of 4 database design automation ol Further rescarch will implement the architee-
ture Lo test and refine the methodology before it is tested on representative design prob-
lems. Future work will alse include refining the consistency checking rules and empiri-
cal evaluation of the prototype by applving it to various application domains such as
online auction, customer relationship management, etc.
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