Data Management between Relationalized Data and Semtic Web Data

Kyawt Kyawt San, Khin Nweni Htun
University of Computer Studies,Yangon
kyawtkyawts@gmail.com,knntun@gmail.com

Abstract

The RDF (Resource Description Framework) model
has attracted the attention of the database community and
many researchers have proposed dif#rent solutions to
store and query RDF data efficiently. This paper
proposes a framework for manipulating RDF data store

RDF/RDFS documents in relational databases such as
Jena2 [22], Sesame [5], Column-Store [18], and SW-
Store [1]. These solutions generally center on antgi
triples table, containing one row for each statemehis
paper will combine the strengths and weaknessdheof
above-mentioned research results to develop a data
management system for RDF data store.

The key contributions of the paper are:

An application-independent data mapping algorithm
for storing RDF data in relational format.

A framework for data management between RDF data
store and Relationalized data store.

and proposes a Data mapping algorithm. This paper also
presents an approach to relationalize RDF data with the *
querying power of RDBMS and manipulate RDF data
store using SPARQL/UPDATE. Existing approaches °
generally lack of focusing on updating RDF data store.
We will show that despite its simple light-weight
architecture, our system is able to outperform
simultaneoudly in both retrieving relationalized RDF data
and managing RDF data store in accordance with
relationalized data.

2. Related Work

R2D[15], a relational wrapper for RDF Data Stores,
which aims to transform, at run-time, semi-struetur
RDF data into an equivalent normalized relational
schema, thereby bridging the gap between RDF and
RDBMS concepts and making the abundance of rekaltion

The Semantic Web is an effort by the W3C to enabl@ols currently in the market available to the R&teres.
integration and sharing of data across differerfamizdat RDF Store [4], is an on-demand transladibn
applications and organizations. One area in whiwh t RDF queries that allows mapping any relational data
Semantic Web community differs from the relationabtructure to RDF model, and perform queries over a
database community is in its choice of data mo@lee combination of mapped relational data and arbitRDF
Semantic Web data model, called the “Resourdgiples with a performance comparable to that Htienal
Description Framework”, or RDF, is a language fosystems.
representing information about resources in the [W&or  Transformation engine [21] takes a different apphoa
Wide Web. RDF describes a particular resource uaingln order to easily manipulate the database, RDFA&RDF
set of RDF statements of the form (subject, predica documents are transformed into relational datafseat
object) triples, also known as (subject, propeviglue). SO that relational languages, data management and
The subject is the resource, the predicate is thHaisiness intelligence facilities which are readilsailable
characteristic being described, and the objedtésvalue can be exploited. A conceptual meta schema that
for that characteristic. These triples can thestbeed in a describes RDF/RDFS documents and the corresponding
relational database with a three-column schema. @ne meta table are presented together with illustrated
the clear advantages of the RDF data model isitsraa- examples. ONTOACCESS|3] that adds ontology-based
free structure in comparison to the entity-relasiup Write access to relational data. ONTOACCESS casisist
model where the entities, their attributes andti@iahips of the update-aware RDB to RDF mapping language
to other entities are strictly defined. The storafjeourse R3M and algorithms for translating SPARQL/Update
can be just a file in any of the existing notationsoperations to SQL. BGPtoSQL[6], a basic graph patte
RDF/XML, N-triples, Turtle, or Notation3 (N3). translation algorithm, that translates a basic lyraattern
However, big amounts of data obviously require & its SQL-equivalent based on BGPtoSQL. In [7], an
database-based solution such as faster procesdiiligy  effective method to translate a complete SPARQL query
to access needed part of data. At present, theepsoy into a single SQL is proposed, so that the gengraL
of RDF/RDFS documents as databases is not effidiemt can be directly embedded as a sub-query into @iQsr
to the lack of data synchronization between twoadatueries.
store: RDF data store and its relationalized daésides, Sesame[5], an architecture for efficient storagd an
query processing, optimization technologies anderothexpressive querying of large quantities of metadata
important data management facilities such as coenay RDF and RDF Schema. Sesame's design and
control and recovery control which are commonlyrfdu implementation are independent from any specificagie
in a Relational DBMS are not available in an RDEiea. device. Thus, Sesame can be deployed on top dfietywa

Storing RDF data in a relational database requires of storage devices, such as relational databasps t
appropriate table design. There are attempts toe sto
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stores, or object-oriented databases, without lgavn RDF tables are physically storing in a wider, flaté
change the query engine or other functional modules representation more similar to traditional relatibn

With regards to implementation, query language$ suschema. This flattened property table representatitin
as SQL and SPARQL try to push as much of theequire many fewer joins to access, since selfsjoin the
functionality as possible to underlying tables istlgiRDF  subject column can be eliminated. One can use atdnd
data. Our approach for implementing the relatia@eali query rewriting techniques to translate queriesr dhe
RDF table function is somewhat similar. Howeverisit RDF triple store to queries over the flattened
tightly integrated with the SQL engine and with theaepresentation. In this paper, we adopt BGPtoSQL][6]
SPARQL/UPDATE function in SPARQL engine to be
able to propagating updates to relational dataestor 3.1 Simple Protocol And RDF Query Language (
maintain data synchronization between two dateesitor SPARQL)
addition to the typical relationalizing approaches.

The remainder of this paper is organized as follows SPARQL is the current W3C recommendation for
The RDF data Model is presented in Section 3. kti®® querying RDF data. It is based on matching graph
4, propose a data mapping algorithm and introdbee tpatterns against RDF graphs. A simple query can use
framework for data management between RDF and RDEPARQL by obeying the some of the rules shown below
and. Section 5 concludes this paper with an outlook PREFIX: Namespace definition

future work. SELECT: constrains the output format (all obtained
values for the variable ? name will be returned &able)
3. RDF Data Model WHERE: the query, as a graph pattern.

Variables: Start with ? or $
An RDF model is also referred to as RDF graph,
where each triple forms a <property> edge that eotsn Example 3.1.
the <subject> node to the <object> node. It is baze
the following rules: 01SELECT ?name ?birthcountry ?number ?country
1. A Resource is anything that can have a URI (e.§2 WHERE {
all Web pages, all Web images, all files accessibfé3 ?someone rdf:type :Person .
through ftp, etc.http://www.ucsy.edu.mm/conferences/ 04 ?someone :name ?name .
2. A Property has a name and describes sonf¥® ?someone :birthcountry ?birthcountry .
relationship (e.g. Creator, Title, Subject, etc.) 06 OPTIONAL {?someone :ssn ?number}
The RDF data represented as a collection of <stjbje€7 OPTIONAL {
property, object> triples, can easily be stored an 08 ?someone :passportno ?number .
relational database. For example, the RDF clagsgshe 09 OPTIONAL { ?number :visacountry ?country }
triple instances are shown in Figure 1(a) and (B0}
respectively. 11}

ChairpersonOf

In this example, WHERE clause contains both

A : _ non-optional and optional parts. The non-optioret is

ge the basic graph pattern defined with three tripdétgrns

in lines 03-05. The basic graph pattern searcheshto

instances of class Person which have a name and a
country of birth. The non-optional part must mafohthe
query to succeed. Therefore, variables ?someotené&n
and ?birthcountry must be bound.

The optional part includes three OPTIONAL
clauses and does not have to match for the query to

3.2 Relationalizing RDF Data

Conferenc
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Figure.1 (a). RDF data for Reviewer Model Although there have been non-relational DBMS

proposals for storing RDF data, the majority of Ria

Subject Property Object storage solutions use relational DBMSs, such as,Jen
ICCA2011 Rdf:type Conference Sesame, 3store. These solutions generally centea on
John Age 24 giant triples table, containing one row for eadiesnent.

John rdf:type Student RDF documents and RDF schemata can be considered
Mary rdf:type Faculty at three different levels of abstraction:

Mary Chairpersonof| ICCA2011

_ _ _ i. atthe syntactic level they are XML documents;
Figure.1(b). RDF data for Reviewer Model with ji.  at the structure level they consist of a set of RDF
Triple Instances triples;



at the semantic level they constitute one or more The architecture of a common RDF-to-Relational data

graphs with partially predefined semantics. mapping is shown in Figure 2.

In this paper, we work at the structure level. Quray
at this level means that any RDF model can bepré¢ed 4.1 Mapping Strategies for RDF
only as a set of triples, including those elememlsch
have been given special semantics in RDF Schen&eTh  There are a number of architectural patterns that m
are a number of architectural patterns that magdmied pe applied when developing a service for RDF-to-
when developing a service for RDF-to-Relationaladatrelational data mapping. One such architecturaepat
mapping. In this paper, we use a single table @sipl ysed in this paper is Parser, which takes an RDF
(subject,predicate,object) to store RDF triplegshsthat  gocument as input and generates a set of RDF griple
each triple is naturally mapped to one row of thele. each one consisting of a subject, predicate anetab[he
This trlple store SCheme, although not as efficensome imp|ementati0n of a parser may vary depending an th
other storage schemas, is the best for our presEmta specific serialization format of an RDF documenttsas
purposes due to its simplicity and applicationhe XML or N-Triples formats. Mapper is responsifde
independence. converting RDF triples into relational tuples tltan be

For example, the RDF triples table for a smalldifyr jnserted into database tables. This component ef th
dataset is shown in Table 1. architecture is initialized with sufficient infornian about
the database schema so that it can determine i a
triple should be inserted into and which columns th
subject, predicate, and object belong to.

Table.1. Some sample RDF Triples

Subj. Prop. Ob;j. _ _
D1 type BookType 4.1.1 Proposed Data Mapping Algorithm
:Bi gtlfhor “Sl_ig]:tgf Services Our system resolve thg conflict between the RDF data
D1 copyright 005" mode! and the target reIayonaI data model by Peojpa
D2 type CDType mapping data mapping, is used to store RDF tripits
. - — relational tuples and insert them into the database
ID2 ml? ,!ELTS - A data mapping algorithm proposed in this paper is
ID2 artist _ Judith Ash application independent.
ID2 copyright 2003
ID2 Language “English” 01 Algorithm Data Mapping
ID3 type BookType 02 Input: RDF Dataset D
ID3 Title Java 03 Output: Dataset populated with relational tuples
ID3 Language English 04 Begin
ID4 Type DVDType 05 Let RDFTriple’ (sub, pred, obj) be a temp table
ID4 Title Matlab 06 Parse D and load triples into RDFTriples’ (spigd,
ID5 Type CDType obj)
ID5 Title “Office2003” 07 For each resource in the RDFTriple’
ID5 Copyright 2002 08 Insert into RDFResource(resource_id, URd)select

sub from RDFTriple (sub, pred, obj)

09 Insert into RDFPredicate(rdf_pred_id, URH select
pred from RDFTriple (sub, pred, obj)

10 Insert into RDFValuee(rdf_value_id, valué) select
obj from RDFTriple (sub, pred, obj)

4. Architecture of Our Proposed Data
Management System

InserUUpdate/DeIe]é SPARQL . 11 End For
Interface |+ | QuevEngine 12 Insert into RDFTriple& select sub_id, pred_id,
RDF Data obj id from RDFResource, RDFPredicate,
RDFValue

13 Delete all tuples from RDFTriple’
14 End Algorithm

< >
RDF
Store

Parser

Figure.3. Algorithm Data Mapping

4.2 Querying RDF Data Store

i
Data P
Tuples Mapping riples

Figure.2. The architecture for relationalizing and
manipulating RDF store

A number of query languages have been proposed and
implemented that regard RDF documents as setsabf su
triples, and that allow querying such a tripleisetarious
ways. The SPARQL Query Language is a W3C
Candidate Recommendation for querying RDF, and as



such is fast becoming the standard query languagghis  equivalent SQL query, such that the SQL query eetrs

purpose. RDF subgraphs matching the graph pattern fromrtplet
Efficiently querying RDF data is being an importanstore.

factor in applying Semantic Web technologies tol-reaA basic graph pattern (BGP)is a set of triple patterns

world applications. In this context, manyfats have written as a sequence of triple patterns (sepérbyea

been made to store and query RDF data in relationpériod if necessary. A BGP should be understoothes

database using particular schemas. conjunction of its triple patterns.
The SQL query resultis a relation whose schema is the
4.3 Updating RDF Data Store set of variables found in the graph pattern.

SPARQL is based on matching graph patterns against

In order to make the Semantic Web real we need tfgPF graphs. In addition, SPARQL allows the
infrastructure to store, query and update inforomati SPecification of triple and graph patterns to betaimed
adhering to the RDF paradigm. Such infrastructamelpe Over RDF graphs. _
developed from scratch or benefit from developmants The algorithm treats blank nodes as a special cbae
experiences made in other science & technologymeal Variable with the scope of a basic graph pattern.
such as within the database domain. For querying RD} herefore, the algorithm substitutes every blankleno
data the WorldWideWeb Consortium released a Workingbel in the input graph pattern BGP with a unique
Draft for the SPARQL query language. SPARQL/Updaté‘a“ame’ such t_hat multiple occurrences of thee;hh;nk
is a language to express updates to an RDF sttre. 1node are substituted by the same variable. Theuaniegs
approach is based on pushing as much work intiie  Property should hold for the scope of a SPARQL yuer
store as possible in order to profit most from th&nsure that blank nodes in one basic graph patfdrmot
SPARQL/UPDATE query techniques SpARQL/Updaté:ommde with blank nodes in another pattern. Aditidct

provides the following facilities: variables in BGP are projected in the SELECT clause
« Insert new triples to an RDF graph. such that a predicate/subject/object variablepsasented
«  Delete triples from an RDF graph. by the corresponding column of the Triples table.

We would like to apply this algorithm for its

« Perform a group of update operations as a Smgleeﬁiciency and scalability.

action.
e Create a new RDF Graph to a Graph Store.
e Delete an RDF graph from a Graph Store.
The proposed version of SPARQL/Update consists of
three update operations: (1)INSERT DATA (Listingtd)
insert new triples into an RDF graph; (2) DELETE DA

Definition: Basic Graph Pattern Model

A basic graph pattern is modeled as a directed
graph BGP = (N;E), where N is a set of nodes

o ; representing subjects and objects, and E is afsdges
(Listing 2) to remove known triples from a graphrig(3) regresenting prejdicates. EacJ:h edge is directedgEfaom

lVl.OlDItFY (Il"?tm%hS)tto delette ﬁn(;j/or 'F‘Sﬁ” ‘i"’?ﬁf@” subject node to an object node. Each node is ldbele
anpsehaer:endp aV\?IiEélEarSamuzec eThigal\ll?gDallFea op:grlarlltio WI{l\attribute label) with a variable name, a URI, ari
basically corresponds fo two SPARQL CONSTRUC ode, or a literal, and each edge is labeled withrable
queries (with the same WHERE clause) where t
resulting RDF triples get removed from and addeth&o
data.

name or a URI.
h"Fhe SPARQL query in Example 1.1 has four basic lgrap
patterns:

INSERT DATA { triples DELETE DATA { triples
V }
BGP1 | |4
p=1
MODIFY Listingl: INSERT
DELETE { DATA '
} Template Pnumber
INSERT {
Templat Listing2:  DELETE
I B onumber | [7someane|
MODIFY { g
Pattern & 'i?,;
} Listing3: MODIFY g :
g BGP 3 § BGP 2 §
3 3
4.4 Generating SQL Queries for Basic Graph N ‘t 2 ‘ b
?coun snumber
Patterns - -

We adopt an Algorithm BGPtoSQL[6], is a
primitive for translating a basic graph patternoirdn Figure.4. Basic graph patterns for Example 3.1



5. Conclusions [20] SPARQL Update“A language for updating RDF graphs
Wa3C

The paper proposed an application-independent dqﬁo

mapping algorithm to store RDF data in relatiorédiz 5117 wajee and C. Suphamit, “A Transformation fr&tDF
format. Specifically, a framework for data managete pocuments and Schemas to Relational Databases”.

between RDF data store and relationalized data $$or [22]w. Kevin, S.Craig, K.Harumi, R Dave, “Efficient BD
introduced with the ability to maintain data cotesiey of  Storage and Retrieval in Jena2”.

these two data store. Wide adoption of the Semaniab
requires interoperability between relational dassisaand
RDF applications. In this work, we designed an
Relationalized RDF data management system forngtori
and querying RDF data. The described approach sllow
taking advantage of RDBMS transactions and thesaofst
migration from relational data model to RDF.
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