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Abstract — This paper proposes an approach of building OWL2
ontology from data in a relational database. Compared with
existing methods, the approach can acquire ontology from a
relational database automatically by using a group of learning
rules. Approach is independent from database implementation; it
is designed based on standards, used to manage database
systems. In this paper, we describe object mapping from a
relational database and OWL2 ontology including classes, data
properties, object properties, instances, axioms and annotations.
Axioms are important part of OWL2 specification, and the
approach is also suitable for the axiom building process.
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l. INTRODUCTION

Many approaches are developed to extract knowledge from
existing relational databases. Tools are implemented using
OWL language. However ontology models are not complete,
still a lot of things are out of scope. This paper aims to solve
the problem of building OWL ontology using brand new
notation for describing ontologies. This notation OWL2 is
recommended by W3C consortium, and it is extension of
OWL [9]. It includes well-defined semantics for ontology
reusability, reasoning and contains many profiles, thus
enabling one to use OWL2 for describing knowledge in
specific domains.

Relational database consists of data, data implemented as
some relational model. Also operations and constraints are
developed in the database to implement business rules. It is
not an easy task to extract all these things and build ontology
on them.

We provide a new approach, based on OWL2 language, and
relation database is not normalized; this approach works with
the database ““as it is”.

The paper is organized as follows. Section | analyzes
current related studies; Section Il gives an overview of
standards used in relational database management systems.
Section Ill gives some preliminary definitions used in the
mapping algorithm between objects in the relational database
and OWL2 ontology. In Section IV we describe relational
database sample schema. Section V defines approach learning
rules, and section VI draws conclusions and gives an insight
into the future research.

Il. RELATED WORK

Much attention has been devoted to the issue of building an
ontology from a relational database. Ontology is used to
support the sharing and reuse of formally represented
knowledge among Al systems [2]. To solve the problem,
researchers use different approaches. One of them is using
concept hierarchy [4]. Concept hierarchy is a type of

background knowledge, which expresses the structure of
concept from a low-level concept to a more general concept.
Advantages of this approach — it uses information entropy as a
metric for the correlation between any two features. As a
result, this approach allows extracting knowledge selectively
and merging it to the existing ontology. Weakness of this
approach: it does not allow building axioms used in reasoning.
Ontology is built using OWL recommendation without
formally defined meaning. For defining reasoning predicates
some semantic web rule language should be used. Another
approach [5], [10], [11] can acquire ontology from relational
database automatically by using a group of learning rules. It is
also based on OWL recommendation. The method [6]
designed to build a conceptual model from a relational model.
It uses data analysis in tables to build generalization
abstraction. These conceptual models can be used in ontology
building. This approach also lacks a reasoning process, and
could not be used in decision support systems. Our proposed
approach is aimed at building an ontology model with strong
defined semantics and knowledge extracted from a relational
database. OWL2 new recommendation owns these features. It
could use other ontologies as well. To build ontology, we used
learning rules, even comments and remarks in the source
database were mapped in ontology as annotations and axioms.

I1l. DATABASE MANAGEMENT STANDARDS

There are more than 50 implementations of relational
database management systems. Most popular is DB/2 from
IBM, SQL server from Microsoft, Oracle Database from
Oracle, MySQL and Sybase. To enable one to share
information between databases, the structured query language
(SQL) is used. To enable the portability of SQL applications
across conforming implementations, standards are used. The
latest standard is SQL99 (the so-called SQL/3) [8], SQL/4 is
now undergoing the development phase.

IV. PRELIMINARY DEFINITIONS

The underlying model of relational database is the relational

model [1], in which each relation R, corresponds to a table.

The columns of a relation are called attributes denoted as A.

Each attribute has type and range of values of this type. Let us

define some predicates, which acquire the table primary key,

table foreign key, attribute name, type and range of values:

1. pkey(R,) — returns the name of primary key; the key can
be composed of one or many table columns;

2. |pkey( R, )~ a number of attributes participated in key
composition;

3. pkeyAttr(pkey( R, )) — returns attributes contained in
primary key, when |pkey( R, )| > 1;
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4. fkey(R,) - returns the name of foreign key; key values are
values from the primary key in another table. Through a
foreign key a referential constraint is implemented in a
relational model;

5. fkeyAttr(fkey( R, )) — returns attributes contained in the
foreign key, when [fkey( R, )| > 1;

6. attr( R, ) — returns attributes contained in a specific relation
R, , output is an array of all attributes, contained in table
A....... A, wheren—is an attribute count;

7. atrType( R, A ) — returns the attribute type of
attribute A , contained in table R, ;

8. attrDom( R, , A ) — returns a value range of values of
attribute A, , contained in table R, ;

9. attrName( R, , A ) - returns the name of attribute
A contained in table R, ;

10. tuple( R, , T,) — returns values of record 1 (tuple 1) of table
R, . Number of rows in table R, can change, but for
reference let us assume m is the current maximum number
of tuples;

11.attrValue( R, , A, T,) — returns the value of attribute A in
table R oftuple 1- T;;

12.tableName( R, ) — returns the name of table R, .

Relational database contains not only tables, but also
constraints and triggers, which help encapsulate business rules
into the database [3]. Constraints can define ranges on
attribute values, limit value duplication in attributes (unique
constraint), or define reference to other tables (referential
constraint).

Relationships between relations are important. Two
relations can have one-to-one, one-to-many or many-to-many
relationship types. The data duplication degree in a database
depends on the database normalization type [12]. In practice, it
is not always possible to normalize a data model. These
factors are taken into account designing the proposed
approach.

V. RELATIONAL DATABASE SCHEMA

Let us consider a relational database schema example to
demonstrate mapping for tables, constraints and data to
ontology (Fig. 1). This sample schema is taken from oracle
predefined examples and could be installed with oracle
database installation [7].

HR DEPARTMENTS LOCATIONS
_______________ department_id location_id
i department_name }---- street_address
AN manager_id postal_code
location_i cif?
JOB_HISTORY oca‘o d state pr\c(w\nce
employge id A country_id
T e B [ empLovees ¥
job._id H employee_id P !
department_id H first_name ! COUNTRIES
- last_name -t country_id
1 email country_name
\ phone_number region_id
e — ,"( hire_date V
JOBS ! job_id Y
job_id ! salary .
job_title — commission_pct REGIONS
min_salary manager_id region_id
max_salary department_id region_name

Fig. 1. A relational database schema example.
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VI. PROPOSED APPROACH AND LEARNING RULES

An approach for building ontology in OWL2 consists of
6 major steps:

Step I. Relation (table) analysis. At this step using
predicates defined in Section IV, we find out the name of
tables, names of all columns, comments on table and columns.
Using a database dictionary we find out all constraints,
defined in the table, including a primary key, foreign key(s).
Table I provides details of database schema structure and table
constraints.

Based on this information, we could build OWL2 class as a
knowledge concept in ontology.

Rules used at this step:

Rule 1: For relations R, R, ..., R, in database. Let us
suppose that P, = pkey( R, ), P, = pkey( R, ),..., B, =
pkey( R, ). If between relations R, , R, ...., R, there is
equivalence, ie., R (P) =R, (P) =... =R (F), then
the information spread across R, , R, ,..., R, should be
integrated into an ontological class.

Rule 2: An ontological class can be created based on
relation R, , if the following conditions can be satisfied:

Ipkey(R.)| = 1 or |pkey(R.)| > 1 and there is A, where
A € pkeyAttr(pkey(R;))

and A ¢ fkeyAttr(fkey(R.)).

In ontology OWL2, a class table
HR.EMPLOYEES can be declared as:

entity  for

Ontology(<http://www.my.example.com/example>
Declaration( Class( a:Employees))

Declaration( Class( a:Departments ))
Declaration( Class( a:Jobs ))

Declaration( Class( a:Locations ))

Declaration( Class( a:Regions ))

Declaration( Class( a:Countries))

Declaration( Class( a:Job_History ))

Step Il. In the selected table we analyze columns and
extract all constraints with predicates
attr( R, ).attrType( R, A; ), attrDom( R . A )
attrName( R, , A, ), pkey( R, ), pkeyAttr(pkey( R )),
fkey( R.) fkeyAttr(fkey( R.))

Rules used at this step:

Rule 3: For relations R, and R, if there is a dependency
relationship, ie, R (A) < R, (A;) ad A ¢
pkeyAttr(pkey( R, )) are satisfied, then object property P can
be created on A . On ontology OWL2 these can be declared
as follows (for relation "HR"."EMPLOYEES"):

ObjectPropertyAssertion(a:worksinDepartment
a:Employees a:Departments )

ObjectPropertyAssertion(a:haveJobt a:Employees a:Jobs )

ObjectPropertyAssertion(a:haveManager a:Employees
a:Employees)

The third object property describes a relation of table to
itself, i. e., managers are also employees, but each employee
has a manager.
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TABLE |
RELATIONAL DATABASE SCHEMA DETAILS
No. | Relation Constraints Primary Key Foreign Key

1 "HR"."EMPLOYEES" ( 1. "LAST_NAME" "EMPLOYEE_ID" 1. CONSTRAINT "EMP_DEPT_FK"
"EMPLOYEE_ID" NUMBER(6,0), IS NOT NULL FOREIGN KEY ("DEPARTMENT_ID")
"FIRST_NAME" VARCHAR2(20 BYTE), 2. "EMAIL" REFERENCES "HR"."DEPARTMENTS"
"LAST_NAME" VARCHARZ2(25 BYTE), IS NOT NULL ("DEPARTMENT_ID")

"EMAIL" VARCHAR2(25 BYTE), 3. "HIRE_DATE" 2. CONSTRAINT "EMP_JOB_FK"
"PHONE_NUMBER" VARCHAR2(20 IS NOT NULL FOREIGN KEY ("JOB_ID")
BYTE), 4."JOB_ID" REFERENCES HR"."JOBS" ("JOB_ID")
"HIRE_DATE" DATE, IS NOT NULL 3. CONSTRAINT "EMP_MANAGER_FK"
"JOB_ID" VARCHAR2(10 BYTE), 5.CONSTRAINT FOREIGN KEY ("MANAGER_ID")
"SALARY" NUMBER(8,2), "EMP_SALARY_MIN" REFERENCES HR"."EMPLOYEES"
"COMMISSION_PCT" NUMBER(2,2), CHECK (salary > 0) ("EMPLOYEE_ID")
"MANAGER_ID" NUMBER(6,0), 6.CONSTRAINT
"DEPARTMENT_ID" NUMBER(4,0)) "EMP_EMAIL_UK"
UNIQUE ("EMAIL")

2 | "HR"."DEPARTMENTS"( "DEPARTMENT_ID" | 1."DEPT_LOC_FK" FOREIGN KEY
"DEPARTMENT_ID" NUMBER(4,0), "DEPARTMENT_NAM ("LOCATION_ID")
"DEPARTMENT_NAME" VARCHAR2(30 E" REFERENCES "HR"."LOCATIONS"
BYTE), IS NOT NULL ("LOCATION_ID")
"MANAGER_ID" NUMBER(6,0), 2."DEPT_MGR_FK" FOREIGN KEY
"LOCATION_ID" NUMBER(4,0)) ("MANAGER_ID")

REFERENCES "HR"."EMPLOYEES"
("EMPLOYEE_ID")

3 "HR"."JOBS"( "JOB_TITLE" "JOB_ID" -
"JOB_ID" VARCHAR2(10 BYTE), IS NOT NULL
"JOB_TITLE" VARCHAR2(35 BYTE),
"MIN_SALARY" NUMBER(6,0),
"MAX_SALARY" NUMBER(6,0))

4 "HR"."LOCATIONS"( "CITY" "LOCATION_ID" CONSTRAINT "LOC_C_ID_FK"
"LOCATION_ID" NUMBER(4,0), ISNOT NULL FOREIGN KEY ("COUNTRY_ID")
"STREET_ADDRESS" VARCHAR2(40 REFERENCES "HR"."COUNTRIES"
BYTE), ("COUNTRY_ID")

"POSTAL_CODE" VARCHAR2(12 BYTE),
"CITY" VARCHAR2(30 BYTE),
"STATE_PROVINCE" VARCHAR2(25 BYTE),
"COUNTRY_ID" CHAR(2 BYTE))

5 "HR"."REGIONS"( "REGION_ID" "REGION_ID" -
"REGION_ID" NUMBER "REGION_NAME" ISNOT NULL
VARCHAR2(25 BYTE))

6 "HR"."COUNTRIES"( "COUNTRY_ID" "COUNTRY_ID" CONSTRAINT "COUNTR_REG_FK"
"COUNTRY_ID" CHAR(2 BYTE), ISNOT NULL FOREIGN KEY ("REGION_ID")
"COUNTRY_NAME" VARCHARZ2(40 REFERENCES "HR"."REGIONS"
BYTE), ("REGION_ID")

"REGION_ID" NUMBER)

7 "HR"."JOB_HISTORY"( 1. "EMPLOYEE_ID" PRIMARY KEY 1. CONSTRAINT "JHIST_JOB_FK"
"EMPLOYEE_ID" NUMBER(6,0), IS NOT NULL ("EMPLOYEE_ID", FOREIGN KEY ("JOB_ID")
"START_DATE" DATE, 2. "START_DATE" "START_DATE") REFERENCES "HR"."JOBS" ("JOB_ID")
"END_DATE" DATE, IS NOT NULL 2. CONSTRAINT "JHIST_EMP_FK"
"JOB_ID" VARCHAR2(10 BYTE), 3."END_DATE" FOREIGN KEY ("EMPLOYEE_ID")
"DEPARTMENT_ID" NUMBER(4,0)) ISNOT NULL REFERENCES "HR"."EMPLOYEES"

4."JOB_ID" ("EMPLOYEE_ID")
IS NOT NULL 3. CONSTRAINT "JHIST_DEPT_FK"
FOREIGN KEY ("DEPARTMENT_ID")
REFERENCES "HR"."DEPARTMENTS"
("DEPARTMENT_ID")
evPLOvEE D B FesT_nave [ Last_nave|J eman [B erone_numeer | rire_oate [{ soip B sauarv |§ commission peT [{ manacer o [{ peparTMENT D |
1 198 Donald OConnell  DOCONNEL 650.507.9833  2007.06.21 S5H CLERK 2600 (null) 124 50
2 199 Douglas Grant DGRANT  650.507.9844  2008.01.13 SH_CLERK 2600 (null) 124 50
3 200 Jennifer  Whalen JWHALEN 515.123.4444  2003.00.17 AD_ASST 4400 (null) 101 10
4 201 Michael Earcstein  MEARTSTE 515.123.5555  2004.02.17 M MAN 13000 (null) 100 20
5 202 Pat Fay EFAY  603.123.6666  2005.08.17 MK RED £000 (null) 201 20
6 203 Susan Mavris SMAVRIS 515.123.7777  2002.06.07 HR_RED £500 (null) 101 40
7 204 Hermann Baer EEMER  515.123.8888  2002.06.07 10000 (null) 101 70
8 205 Shelley Eiggins SHIGGINS 515.123.8080  2002.06.07 12008 (nu1l) 101 110
9 206 William Gistz WGIETZ 515.123.8181  2002.06.07 8300 (null) 205 110

SKING 515.123.4567
NEOCHHAR 515.123.4568
LDEHAAN 515.123.4569
RHUNOLD 590.423.4567

100 Steven
101 Neena

102 Lex

103 Alexander

King
Kochhar
De Haan

Hunold

Fig. 2. Table "HR"."EMPLOYEES" data example.

2003.06.17
2005.08.21
2001.01.13
2006.01.03

24000
17000
17000

5000

AD_PRES
aD_VP
2D VP
IT_EROG

(null)
{null)
(null)
(null)
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Rule 4: For relations R, and Rj, two ontological object
properties “has-part” and “is-part-of” can be created, if the
two conditions are satisfied:

Ipkey(R.)| > 1 and
fkeyAttr(fkey( R, )) C pkeyAttr(pkey( R, ))

Rule5: For relations R , R, and R, if A =
pkeyAttr(pkey( R))), A; = pkeyAttr(pkey( R, )) A U A =
fkeyAttr(fkey( R )) and AN A = 0, then two object
properties P, P can be created based on the semantics of

R

ii?ule 6: For relations R, , R, ..., R and R, in the
database, if A = pkeyAttr(pkey( R, ), A, =
pkeyAttr(pkey( R, )s . A =
pkeyAttr(pkey( R 1)), A U A, U U A =

fkeyAttr(fkey( R, )) and A N A, N ... A = 0, then
object properties P, P,, ..., P can be created. Rule 6
extends Rule 5 for n-ary relationship provided by R, .

This rule introduces mapping datatype properties (basic
oracle database and OWL2 datatypes are presented in
Table I1) to ontology, presented in OWL2:

Rule 7: For an ontological class C, and datatype properties
set of C, denoted as DP(C, ), if C, is corresponding to
relations R, R, ..., R, in database, then for every attribute
in R ,R,..... R, if it cannot be used to create an object
property by using Rule 3, then it can be used to create datatype
property of C; . The domain and range of each property are
extracted using predicates for relational database
attrDom(R;, A;) and attrValue( R, A T

For table "HR"."EMPLOYEES" we could define datatypes
as follows:

DataPropertyRange( a:hasFirstName xsd:string )

DataPropertyRange( a:hasLastName xsd:string )

DataPropertyRange( a:hasEmail xsd:string )

DataPropertyRange( a:hasPhoneNumber xsd:string )

DataPropertyRange( a:hasHireDate xsd:dateTime )

DataPropertyRange( a:hasSalary xsd:decimal )

DataPropertyRange( a:hasCommision% xsd:decimal )

Rule 8: For relations R and RJ, supposed that P, =
pkeyAttr(pkey(R.)) , P, = pkeyAttr(pkey( R,)), if P (R)
c P (R))is satlsfled then class/property correspondlng to
R, 'is subclass/subproperty of the  class/property
corresponding to R;.

Table "HR"."EMPLOYEES" contains employees and also
managers, so in the ontology this fact could be expressed as
follows:

Ontology( http://www.my.example.com/example

SubClassOf( a:Managers a:Employees ) )

Rules for learning cardinality

Rule 9: For relation R and A € attr(R ), if A =
pkeyAttr(pkey( R, )) or A = fkeyAttr(pkey( R, )), then the
minCardinality and maxCardinality of the property P,
corresponding to A is 1.

In our example, at each location there may be only one
warehouse, in the ontology model this can be expressed as:

ObjectExactCardinality( 1 a:hasWarehouse a:Location )
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Rule 10: For relation R;, and A € attr(R,), if A is
declared as IS NOT NULL, the maxCardinality of the
property P, corresponding to A is 1.

Rule 11: For relation R;, and A € attr(R,), if A is
declared as UNIQUE, the maxCardinality of the property P,
corresponding to A is 1

TABLE II
BASIC ORACLE DATABASE DATATYPE MAPPING TO OWL2 ONTOLOGY
Data type RDBMS data types OowL2
number number xsd:int
number number(precision, scale) xsd:decimal
number binary_float xsd:float
number binary_double xsd:double
text char, nchar, varchar, varchar2, xsd:string
nvarchar2, long, clob, nclob
date time date xsd:dateTime
date time timestamp, timestamp with time zone xsd:time
binary blob, dfile xsd:base64Binary

Step I11. The third step is the extraction of rows (tuples)
from the relational database and ontology addition with
individuals.

Rule 12: Every tuple T, in the relational database
corresponds to an individual of class in the ontology model.

In table "HR"."EMPLOYEES", each record can be
represented as an individual of class a:Employees:

DataPropertyAssertion(a:hasFirstName a:Employees
"Douglas" ™ xsd:string )
DataPropertyAssertion(a:  a:hasLastName a:Employees

"Grant" M xsd:string )

DataPropertyAssertion(a:
M xsd:string )

DataPropertyAssertion(a:
"6505079844"M xsd:int )

DataPropertyAssertion(a:
""2008.01.13"M xsd:dateTime)

DataPropertyAssertion(a: hasSalary a:Employees "2600"
M xsd:int )

DataPropertyAssertion(a: hasCommision% a:Employees
"2" M oxsd:int )

Mappings between objects in the oracle database and
OWL2 ontology is provided in Table IlI.

hasEmail a:Employees "DGRA"
hasPhoneNumber a:Employees

hasHireDate  a:Employees

Step IV. Next we analyze table values and refine some
relationship between OWL entities. That can be done using
predicate attrValue(R;, A ).

Step V. Finally we can add to ontology some information
from the relational database, which will not participate in a
reasoning process, i.e., commentaries, remarks, etc.:

AnnotationAssertion ( rdfs:comment a:hasFirstName "First
name of the employee. A not null column.")

Step VI. Next step is ontology validation, for validation
process our approach uses domain specific rules to build
axioms and derive new facts in domain.




Information Technology and Management Science

2014 /17

TABLE Il
RDBMS OBJECT AND OWL2 ENTITY MAPPING

No. RDBMS object OWL2 model object
1 Table OWL2 Class
2 Table Column Functional property
3 Table Row OWL2 individual
4 Column metadata: OWL2 restriction:
Data Type All values from restriction
Not Null Cardinality() restriction
Null maxCardinality() restriction
5 Constraint: OWL2 property:
Not Null ObjectExactCardinality( 1 OPE CE)
Unique InverseFunctionalProperty
Foreign Key objectProperty
Check hasValue

After all these steps are done, we can continue knowledge
extraction from the relational database, switching to a next
table or can stop the building process.

VII. CONCLUSION AND FUTURE RESEARCH

In this paper, we proposed a new approach for building
ontology, using new OWL2 language for describing
ontologies. Approach uses mapping rules to define different
entities in ontology — classes, functional properties, object data
properties, class cardinality, restrictions, individuals and
annotations. To demonstrate OWL2 semantics and language
notation, we used a plain example, implemented in the oracle
database. Approach is not restricted to specific database
implementation, because it is based on international standards,
used to manage data — SQL99.

In future, we plan to implement this approach on Java and
to build a system prototype for an expert advising system in
health treatment domain.
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Andrejs Kaulin$, Arkadijs Borisovs. Ontologiju izveide no relaciju datubazes

Ontologijas izveides process prasa daudz laika un dazadu specialistu iesaistisanos. Relaciju datubazes satur informaciju, ko var izmantot, lai veidotu ontologijas.
Saja raksta ir aprakstita metode, kas lauj automatiski uzbiivét ontologiju. Biivésanas procesa no relaciju datu bazes izmanto kartésanas noteikumus. Sie noteikumi
nosaka, kada veida objekti no relaciju datu bazes ir sasaistiti ar ontologijas elementiem. Metodei nav ierobezojumu relaciju datubazei, jo ta ir balstita uz
pienemtiem datu glabasanas standartiem SQL99. Lai aprakstitu ontologiju, tika izmantota OWL2 valoda. KartéSanas noteikumi lauj veidot klases un to ipasibas,
datu Tpasibas un eksemplarus ontologija. KartéSanas noteikumu izveidoSana ir sarezgits uzdevums. Tomér tas ir atrisinats vienkarSiem datu modeliem. Realos
dzives gadijumos, relaciju datu baze tiek izmantotas sarezgitas datu struktiiras. Tas ietver patvaligus objektus, kurus defin€ pats lietotajs. Raksta ir apskatiti
kartesanas noteikumi, kuri darbojas ar dazadu relaciju datu bazu datu modeliem. Aprakstita atbalsta sistéma, kura nodro$ina ontologijas konstruéSanu ar
kartésanas noteikumu palidzibu. Galvenais §Ts sistémas mérkis ir atklat saikni starp objektiem relaciju datu bazg un ontologijas elementiem. Nakotng ir planots
realiz&t aprakstito metodi, izmantojot JAVA platformu un uzbtivgjot sistému, balstitu uz ontologiju veselibas apriipes joma.

Amnppeii Kayaunbum, Apkaanii Bopucos. IlocTpoeHue oHTOIOTHHU 110 PEJISIIMOHHOI §a3e JaHHBIX

Ilporecc MOCTPOCHHST OHTOJIOTHH TPEOYEeT MHOTO BPEMCHH M Y4acTHs IMIMPOKOTO KPyra CIELHAIHCTOB. PensioHHbIe 6a3bl JaHHBIX COAEpKAaT HH(OPMAIHIO,
KOTOpast MOKET OBITh MCITI0JIb30BaHA JUIsl IOCTPOCHHUS OHTOJIOTHiT. B maHHO#T paboTe pacCMOTPEH METO/] OCTPOCHHMS OHTOJIOTHHU U3 PEIISI[OHHON 6a3bl TaHHBIX,
HCTIONB3YIONIMI TpaBuia 0ToOpaXkeHHs. MeTo MO3BOJSET IOCTPOUTH HAYaJbHYIO BEPCHIO OHTOJOTMH B aBTOMAaTHYeCKOM pexume. OIHCaHHBIH METOx He
HUMEeT OTPaHHYCHHIl K PETIHOHHON 0a3e MaHHBIX, MOCKOJBKY HCIIONB3YeT CTaHAapThl omucaHus HaHHbIX SQL99. IlpaBmima oToOpakeHHs ONPEAEISIOT
COOTBETCTBUSI MEXKIYy OOBEKTAMH PENSIHOHHON 0a3bl JaHHBIX M DJIEMEHTAMH OHTONOTHMH. [l ONMHCAaHWS OHTOJIOTHH HCMOnb30BaH si3bik OWL2. TlpaBmita
COOTBETCTBHS TTO3BOJISIIOT CTPOHMTH KIIACCHI, CBOWCTBA KJIACCOB U JAHHBIX, U OK3EMIULIPH OHTOJOIHMH. [loCTpoeHHe MpaBHII OTOOPaKEHWs SBISETCS TPYAHOH
3ajaueid, KoTopas penieHa Uil MpocToil Monenn 6a3bl JaHHBIX. BO MHOTHMX Clydasx pessLHOHHbIe 0a3bl JaHHBIX HCIHOJB3YIOTCS JUISL XPAHEHHS CIOXKHBIX
KOHCTPYKIHMiT TaHHBIX. K TaKMM OTHOCSTCSI MPOM3BOJBHBIC OOBEKTHI, ONMpE/ICHEHHBIC I0JIb30BaTeNeM, KOJUICKI[MH TaHHBIX. B cTaThe cHCTeMaTH3HPOBaHBI
IpaBmiia 0TOOpaXKEHHs ISl Pa3INYHBIX MOJENICH PeNIMOHHBIX 0a3 NTaHHBIX. PaccMoTpeHa cucTeMa MoAIepKKU OTOOpaKeHHI MEXTy PELHMOHHBIMY Oa3aMu
JTaHHBIX U OHTOJOrHAMH. OCHOBHOH 3a/1auell TaKOH CHCTEMBI SIBIISIETCS BBISBICHHE OOBEKTOB B PEIIAIMOHHON 6a3e TaHHBIX H IIOCTPOCHHE CBSI3EH, TT03BOJISIONINX
MOCTPOUTDH OHTOJIOTHUIO. B Oyaymiem miiaHupyercs peanu3oBaTh onucanHbli Metoa Ha JAVA miatdopMe U UCTIONIb30BaTh CUCTEMY B 00JIaCTH 3[JpaBOOXPAHEHUSL.
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