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Abstract

The development of Semantic Web mainly depends
on enrichment of Semantic Web metadata. The semantic
web represents metadata as a relation of triples using
the graph based data model, Resource Description
Framework (RDF) data model. An automatic and simple
strategy is needed to deal with a process of mapping
relational database to Resource Description Framework
data format in order to provide an opportunity for
exploration, experimentation and representation of
relational data into Web data. The goal of this paper is
to make existing relational database content available
for Semantic Web applications. This paper fulfills the
needs of this metadata by dealing with a successful and
automatic production of Semantic Web metadata
approach. To demonstrate the practical applicability of
our approach, a prototype which is a system for
generating RDF document from relational database
instances, has been implemented. We make Semantic
Web metadata production as simple as HTML
publishing.
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1. Introduction

The vision of the Semantic Web is to extend Different

documents into a semantic web requires the inatusfo
large quantities of data stored in relational dasais
(RDB). Therefore, the study of difference between
Semantic Web applications using RDF and relational
database is necessary. There are different agpeedo
convert relational data to RDF. The relational deda

be accessed semantically either by generating RDF
triples corresponding to original data or by kegpthe
data in the DB, where it can be managed better and
generated RDF on demand.

This paper proposes an approach of mapping
relational database instances to RDF representation
format. We implement a system for publishing RDF
document. Our approach generates not only mapping
relational data to RDF but also generates RDF
document.

The organization of this paper is as follows: Sw@tti
2 focuses on the related work of directly mapping
relational data to RDF. Section 3 presents thea®dim
Web technologies. Section 4 describes the proagssin
steps for generation RDF instances from relational
database and describes the prototype of our
implementation results. Section 5 concludes thepap

2. Related Work

researches are investigated in RDB

principles of the Web from documents to data. Datmigrations focusing on different domains. The emgst
should be accessed using the general Web archigecttechnical methods and system prototype are stiliniga
using, e.g., URI-s (Uniform Resource ldentifiergtal the following shortages or defects: they are semi-
should be related to one another just as documn{ents automatic or manual and require much user interacti
portions of documents). In addition, the SemantiebW Transformed structures are so simple: e.g. prirkays
extends the existing web in which it requires a aom assumed to be single-column, foreign keys assumed t
operator, using computer systems to perform thkstasbe single column and relationship assumed onlyeo b
required to find, search and aggregate its infolonat 1:1.

It's impossible for a computer to do these taskbout In recent years, with the growing importance and
human guidance because Web pages are specificdbignefits provided by Web semantic, there has bdeh a
designed for human readers. The Semantic Webtaimsof effort on migrating RDBs into the relatively new
change it by presenting Web page data in such a wtchnologies (XML/RDF/OWL). Krishna [7] proposed a
that it is understood by computers, enabling mazhto methodology for representing an ER diagram in RDF,
do the searching, aggregating and combining of thiis method maps relational data to an RDF formigt w
Web'’s information — without a human operator. the extensive use of user-defined URIref vocabegari

There are many ways in which one can contribute tbhey made the semantics as expressed by the databas
creating the Semantic Web. We would like to publisimore explicit. Farouk et al [6] presented an apgidar
some legacy relational data in RDF. converting DB to RDF with additional defined rulds.

In order to make this huge amount of relationahdatfocused on adding extra knowledge (user-definedsjul
available for the Web of Data, a connection must béuring mapping process. Martin et al [11] proposesl
established between RDBs and a format suitablehfor two-layer mapping model of a database schema to an
Web of Data. A large body of research work has beemtology structure for dynamic RDF metadata
focused on mapping the vast quantities of data froproduction. Its main aim is to simplify the work of
RDB to the Resource Description Framework dataemantic web presentation developers. Lei et al [3]
format. The development of the current web ofitilized the relational view mechanism to publistad



stored in relational databases with their view-dasethrough an arc labeled with a third resource (the

Triplify approach. predicate). The object of a statement can be anothe
resource, identified by a URI, a literal or a datpet
3. Semantic Web Technologies value.
For instance, the information that W3C is the owner
To represent the semantic web, the following of the web page http://www.w3.0rg/RDF, can be
technologies will be used: expressed through the statement

2. A standard syntax for describing data(RDF)  http://www.w3.org >
3. A standard means of describing the properties

of that data(RDF Schema) Table 1: RDF Statement
4. A standard means of describing relationships

between data items( Ontology defined with the OWL| Subject (Resource)| < http://www.w3.0rg/RDF>
Web Ontology Language) Predicate (Property] Owner
Object (Value) <http://lwww.w3.0rg>

3.1 Uniform Resource Identifier
3.3 RDF Schema

URIs is used to identify a resource uniquely. As
shown in Figurel, a URI can be either a URL, which While RDF allows associating any property with any
stands for Unique Resource Location, or URN, tisat web resources, the extended language RDF-Schema is
Unigue Resource Name or both. A URL will giveused to define schemas of web resources. RDF Schema
indication about the location of a resource. A URN is a simple ontology definition language that akow
give information about the name of a resource angkers to define the vocabulary needed to desclibe t
therefore we would know exactly what (or who) itis  resources in the domain with meta-data. To defire t
ontology RDFS uses the RDF triples format. In RDFS,
user can define classes, properties, and relafjpnsb
model the concepts in the domain.

3.4 Web Ontology Language

In general, Ontology provides a mechanism to
capture information about the objects and the
Figure 1: The URISs, containing URLS, relationships that hold between them in some dorahin
URNS and their intersection interest. OWLWeb Ontology Language was developed
to provide a syntax that can be understood dirdayly
It is necessary to resolve any duplication, eithier computers. OWL ontology is also an RDF graph, Whic
producing URIs based on fully qualified names ofs in turn a set of RDF triples. There are actudfisee
schema elements, or by producing them randomlyryEveversions of OWL: OWL Lite, OWL DL, and OWL Full.
resource is identified by a Uniform Resource |deatti In order to achieve the goals, the most importsiuo i
(URI). In the case of a Web page, the URI can Iee tlhe able to define and describe the relations anuarag
Unified Resource Locator (URL) of the page. The UR(i.e., resources) on the Web. Among these Semantic
does not necessarily enable the access via thetd\be  Web technologies, we use URIs to identify a nama or
resource; it simply has to unambiguously identifie t resource on the Internet, RDF is used for creatibn
resource. The use of Uniform Resource IdentifieRlI] meta data about an entity and RDFS is to define the
for entities along with the ability to link themgether vocabulary needed to describe the resources in the
using predicates enables RDF to effectively integradomain with metadata.
data from multiple sources.

4. RDF Generation Process

3.2 Resource Description Framework

The RDF generation is a process by which relational

The Resource Description Framework (RDFHata is transformed into RDF triples. In this papee

provides a means for adding metadata annotations geopose the process of generating RDF document as
Web resources. RDF is a semantic data model and ghown in Figure 2. To app|y transformation process,
attempt to address the aforementioned semantigke relational data and schema as input and peodnc
limitations of XML. It views web data as a set OfRDF document and pub||5h on the webh. To generate
resources that may also be related to each OthgpF document, relative URIs are used against a base
uniquely identified by its Unique Resource Ideetifi URIs to form RDF document. In order to fulfill the
(URI). Information about web entities is expressegyrocess, we only need to extract relational datd an
through RDF statements. transform to RDF by using the transformation rules.

The basic element of RDF is the triple: a resourcehese rules are explained detail in following sEtti
(the subject) is linked to another resource (thgeah



4.1 Transformation Rules e.g., <http://SemanticWeb.com/library/book#|D>
<http://SemanticWeb.com/library/book#BookTitle>

In this section, we would like to present the<http://SemanticWeb.com/library/book#Authorid>
transforming relational data to RDF by direct<http://SemanticWeb.com/library/book#PublicDate>

transformation rules. <http://SemanticWeb.com/library/book#Price>
Relation Name <—» Subject <http://SemanticWeb.com/library/book#Publisherld>
Field Name <“—> Predicate

Value —> Object (iii) Tuple URI

From these transformation rules, relational URIs, Tuple URI is the values of RDF literals formed from
attribute URIs and tuple URIs are generated and aflee lexical form of the column value.
concatenated to the base URI. Generating suitaRlks U URIs for tuples (& 1):
for the RDF “resources” is one of the key issues. ATuplelD(X, Y, Z) «— Rel(Y),PK, (X1, . . ., %, Y),
essential component of RDF_ graphs is URIs. It shbel Value(V1, X1, X, Y), . . . ,Value(V, Xn, X, Y),
generated for relations, gttnbutes and tuples. UtRIs Concasar{http://www.SemanticWeb.com/,Y,"#", X
are generated by appending to a base URI. . o - e L

To apply transformation rules, we use the examp — V1, "X, = Vo Xﬂ =", Vn, 2)

relational database as shown in Table 2 and shew th W€ show some of the tuple triples only.
partial result. <http://SemanticWeb.com/library/book>

The direct mapping to RDF is done by applying th&http://SemanticWeb.com/library/book#ID > 1

rules proposed in [5] and simple transformatioesul _ )
<http://SemanticWeb.com/library/book>

Table 2: Sample Relational Database <http://SemanticWeb.com/library/book#Author|D>
< http://SemanticWeb.com/library/author/ID=1>
_ Primary _ Each row is turned into a series of triples with a
Relation Name Key Foreign Key common subject. We get the final RDF triples by one
Book(Book ID, BookID AuthorlD processing step. Once information is in RDF forin, i
Title, AuthorID, becomes easy to process it.
PublicationDate,
Price, Publisher 4.2 Generating RDF Document
Author AuthorID
(AuthorID, A prototype has been developed to show the
Name, Address) proposed transformation system of RDF triples. The
Publisher( PID, PID mapping process is implemented using java and mysqg|l
PName, Address Using the relational database shown in Table 2, the
User (UID, uID converting to RDF process is done.
Name, Address) To implement RDF generation of our proposed
UserBook( UID, uID, UID.BookID system, we first export relational d.ata. Then 'ret_ail
BookiD, Date) | BookiD,Date database content is transformed into RDF using the
presented transformation rules. In our approadhy@ds

of relationships between tables are considerednkBla
nodes problems are also solved by assigning URI
(i) Relation URI references to blank nodes.
Figure 2 shows a process of publishing RDF
Relation URI is an URI formed from the document generated from relational data sourcerder
concatenation of the base URI, table name, prirkayy to complete the process, we first export relaticotesa

column name and primary key value. content. Then, assigning URI to relational datateonis
RelationURI(X, Y)«— Rel(X), Concat done by concatenating the relative URI to the HaRé
(http://mww.Semanticweb.com/, X, Y) in accordance with the transformation rules. Eagiiet
e.g., http://SemanticWeb.com/library/book/ID=1 becomes a series of triples with a common subject.
our approach, we overcome the converting probleins o
(iAttribute URI composite primary keys and foreign keys. All typds

relationships between tables are also considered.
Attribute  URI is an URI formed from the Resulting RDF can be stored in static RDF documents
concatenation of the base URI, table name and tlrea native RDF database. During the mapping psyces

column name. corresponding RDF instances are automatically
URIs for attributes (n>= 1) generated by the system applying transformatioasrul
AttrURIn (X1. . . Xn, Y, Z)« Rel(Y),Attr(X1, Y), . . . Generated RDF documents are validated against RDF
Attr(Xn, Y), Concabszn Validator and Converter and obtain the RDF triples.

_ ) - w RDF code for entire example database is too lordy an
(http.{/wiw.SemanUcWeb.com/, Y, H# XL \ve show some of the triples only. The fragmenthaf t
o X 2) RDF code is written in NTriples format as follows.
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Figure 2: A Process for Automatic Generation of RDADocument

<http://SemanticWeb.com/library/book/ID=1>
<http://SemanticWeb.com/library/book#ld>

Table 3: Comparison of existing
methods and theimplemented svster

1.

<http://SemanticWeb.com/library/book/ID=1>

<http://SemanticWeb.com/library/book#BookTitle>
"Focus on IELTS".

<http://SemanticWeb.com/library/book/ID=1>
<http://SemanticWeb.com/library/book#Authorld>

Data Use
Name Mode Synchronization GUI
METAmorpho Manual Static Yes
ses
Lei et al Manual  Dynamic Yes
Proposed Auto Dynamic Yes
System

<http://SemanticWeb.com/library/author/ID=1>.

<http://SemanticWeb.com/library/book/ID=1>
<http://SemanticWeb.com/library/book#PublicDate>
2005.

<http://SemanticWeb.com/library/book/ID=1>
<http://SemanticWeb.com/library/book#Price>
2000.

<http://SemanticWeb.com/library/book/ID=1><
http://SemanticWeb.com/library/book#Publisherld>
<http://SemanticWeb.com/library/publisher/ID=1>.

<http://SemanticWeb.com/library/book/ID=2>
<http://SemanticWeb.com/library/book#ld>
2.

<http://SemanticWeb.com/library/book/ID=2>
<http://SemanticWeb.com/library/book#BookTitle>
"Step up to IELTS".

<http://SemanticWeb.com/library/book/ID=2>
<http://SemanticWeb.com/library/book#Authorld>
<http://SemanticWeb.com/library/author/ID=2>.

<http://SemanticWeb.com/library/book/ID=2>
<http://SemanticWeb.com/library/book#PublicDate>
2004.

<http://SemanticWeb.com/library/book/ID=2>
<http://SemanticWeb.com/library/book#Price>
1500.

<http://SemanticWeb.com/library/book/ID=2> <
http://SemanticWeb.com/library/book#Publisherld>
<http://SemanticWeb.com/library/publisher/ID=2>.

Table 3 illustrates the comparison between existing
methods and the proposed method. We show some of
the comparisons only due to space limited. Compared
with some other existing methods, our system géeera
semantic meta data automatically and provides smpl
programming interface. In addition, all types of
relationships between tables are considered.

5. Conclusion

Our experimental result demonstrates that our
approach performs well and processes automatic
generation. It can be obviously seen that mass
generation of Semantic Web meta data is needed. Our
system can be used where data is stored in aomddti
database and there is a need for generating RDF
automatically without domain expert.
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