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Using the Heterogeneous Database and Linked Data
Technologies with Case Study of Thai Local Government
Planning Database
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Abstract—These paper discuss about the comparison
between two technologies for dealing with enormous quantities
of data from relational database. The two technologies that
were compared are heterogeneous database and linked data
technologies by analyzing the government information. The
experiments wer e done based on government project planning
data. The results expressed that the advantages of linked data
are to retrieve and relate data while consuming them. It is
better to handling with text data than heterogeneous
technology. However, visualizing and analyzing data
heter ogeneous database can do better than linked data whereit
is a challenge feature to be developed for linked data
technology.

Index Terms—Linked data,
semantic search.

heterogeneous database,

I. INTRODUCTION

In this paper, we measure the ability in finding and
comparing information over cross-database between two
different technologies which are heterogeneous relational
database and linked database. We use semantic search in the
RDF model and keyword search in the relational model.
These comparisons address the following questions: 1) what
can semantic search achieve that keyword search cannot? 2)
How is it difficult to find data needed with cross
heterogeneous databases and cross linked database?

A critical requirement for the evolution of the current web
of documents into the web of data is the vast quantities of
data stored in relational databases (RDB )[1]. Local
government of Thailand has many data stored in RDB.
These data are not often to be used as important asset. While
many countries have already realized the importance of
linked data and publish their data into linked databases.

Linked data from a RDB usually has a simple browsing
endpoint. When users click the URI of a resource, most
browsers display all its relationships. Some popular
resources may have hundreds of related resources;
consequently users cannot easily find interesting resources
if they are in a large number of relationships.

Data warchouses (DWs) are data repositories that
integrate data from different sources, and keep historical
data for analysis and decision support [2]. The usage of a
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data warehouse has evolved from reporting and decision
support system to decision making operational systems [3].
Benefits of data warehouse such as time-saving for users,
improved quantity and quality of information, informed
decision-making, improvement of business processes and
ultimately support for the accomplishment of strategic
business objectives [4]. Data warehouse is increasingly used
in health care to provide the tools for decision making and
individualizing disease management [5].

In federated database systems, there are approaches and
architectures which require no combination of multiple
databases and system into one [6]'. A federated database or
virtual database, there is no actual data integration in the
different databases as a result of data federation. Federated
database systems can provide a user interface, enabling
users to store and retrieve data in multiple databases with a
single query even if components of databases are
heterogeneous. In a federation of heterogeneous databases
[7], there is the need for data sharing among the diverse
databases, and for resource consolidation of all supporting
software, hardware and personal, although each database
has its own autonomy in terms of, for example, its integrity
constraint, application specificity, and security requirements.

II. SEARCHING CONCEPTUAL IN THE LINKED DATA AND

RELATIONAL DATABASE

A. Linked Data Conceptual

The Semantic Web is not just putting data on the web. It
is about making links, so that a person or machine can
explore the web of data. With linked data, when you have
some of it, you can find others, related data. The term
“Linked Data” refers to a set of best practices for publishing
and connecting structured data on the web [8]. Berners-Lee
[9] outlined four basic rules for publishing Linked Open
Data (LOD) on the web.

¢ Use URIs as names for things

e Use HTTP URIs so that people can look up those

names.

* When someone looks up a URI, provide useful

information, using the standards (RDF*, SPARQL)

* Include links to other URIs, so that they can discover

more things.

Example as following four principles is presented in Fig.
1.

The four principles of the linked data at Fig. 1 have

'http://dig.csail. mit.edu/2009/AFOSR/papers/Federation%20Architectur
e.pdf
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presented the relationship between book and publisher
domains. Book and publisher have identifiers as URI
addresses and the publishedby property links presents the
relationship between two entities. Following URIs, will see
more entities and related. Vocabulary is used as property
linkage between entities resources.

hitgsffeampleogme 7 Javaserpt’

http:)fjavascript-book.orgfuri

hifpffexample.orgfauthor v
* "DavidWood"

http://example.org /publishedby

http://deitel.com/uri
http:/fexamplecrgfname—>  “O'Rellly”

Fig. 1. Four principles of linked data represents by RDF graph.
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Fig. 2. Two different entities with the same name “produce gas for
home use” reprinted in RDF graph. Each entity has a different set of
properties and property values.

These four principles provide a framework for publishing
data on the Web. The principles share a common data
format based on URIs and RDF, as well as using SPARQL
as a common language for data manipulation. In addition,
the linked data [10] is required to identify an entity via a
single HTTP schema based URI. The identified entity is
represented by URI. According to the third principle, this
data is represented using RDF and provides useful
information when users access a URI. RDF is a generic,
graph based data model that represents information based on
triples. The subject and predicate in a statement must
always be resources; the object can either be a resource or a
literal. Querying RDF data uses SPARQL. SPARQL is the
standard query language for accessing RDF data.

Furthermore, the forth linked data principle is to set RDF
links into other data sources on the Web and enable
applications to discover additional data sources. It is able to
interlink between one data sources to others with
relationship that points at related things in other data source.
The identify point at URI aliases which enables the client to
retrieve further description about an entity from other data
sources.Moreover, vocabulary links point from data to the
definition of vocabulary term that are used to represent the
data and to the definition of related terms in other
vocabularies[1].

Therefore, our domain will comply with the linked data
principles. With the principles, it enables us to discover and
retrieve more useful information of local government
planning such as strategy, projects and organization. We can
find more data which is related to our particular interests.
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These innovations for distributing, interlinking of data will
encourage interoperability amongst organizations in local
government.  Collaboration  plans  amongst local
governments are essential for sustainable development and
economic growth in the regions, especially with a
developing country like Thailand. It will require cooperation
from several parties such as organizations, stakeholders and
citizens. Therefore, evidence of information is extremely
important as a data decision support system (DDSS). In
addition, we can distribute our local government planning
dataset across multiple data sources to the Linked Open
Data (LOD) cloud.

B. Semantic Search in Linked Data
Consider

“n1sWanAIEIANIUATIFaU" (Produce gas for home

used). This entity of type Project in the Bueng-Yi-
ThoOrganization,which have many projectsin the local
government dataset and belong to the Family, community
and society development Strategy. Besides, it could be
created by other person or organizations. Fig. 2,
demonstrates the two different entities and the information
related to “Produce gas for home used” entities, in linked
data in form of the RDF data model.

With semantic search, in the RDF data model, user can
refine their search, navigate through the initial results and
filter out the results, which do not have the properties that
they are looking for. In fact, the explicit representation of
properties in RDF which does not exist in the relation model
will facilitates this refinement of search results. Fig. 2, the
user can search for “Produce gas for home used" and the
instances, which match the search string will be shown to
the user.

if we want to know more about

C. Keyword Search in Relational Database

Keyword search in relational databases [11] has been
widely studied in recent years because it requires users
neither to know a certain structured query language nor to
know the database schema. Most of the existing keyword
search methods assume that the database are static and focus
on answering keyword queries. In reality, database is often
updated frequently; new records are inserted into the tables.
For example, we suppose to know producing gas for home
use project by Dr. Thanya. For the keyword query can be
“Produce gas by Dr. Thanya” consisting of three keywords
“Produce gas” in project name and “Thanya” author.
Therefore, finding results that are formed by th tuples
containing the keywords is the keyword search in relational
databases. Database matched keywords are underlined, and
the tuple connections of keywords query matched a circle
between tables (project table and owner table) and return
query results that relevance with three keywords query. So,
the return results can be list of projects that done by Dr.
Thanya and the project name that included the word
“Produce” and “Gas” in the project name. The results will
rank by relevance of three keywords.

Summary, when users want to search data in linked data
or in relational database. The users will specify their
information need by a set of keywords. With the linked data
searched results, users can retrieve list of relevance
information of that keywords. On the other hand, the results
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from relational database do not allow users to browse the
other available properties and navigates through sets of
entities as in semantic search where data is described in
RDF model.

III. FINDING INFORMATION RESULTS ACROSS LINKED
DATA

Finding data across different linked datasets, we able to
retrieve data from different organizations if their publish
data with linked data technology and describe data in RDF
data model as represented at Fig. 3. The entity search is
possible when they use the same property name or standard
vocabulary.

Search functions Retrieve functions

Enter Keywords

'

Represent results
to the user

Transform keywords +
to SPARQL language XML search results

I }
' L

SPARQL endpoint SPARQL endpoint

< <

Local Government dt

Fig. 3. Finding data different resources framework.

For example, if we would like to find information about
"ALAR" (Phuket province) from existing local government
dataset and DBpedia dataset. These two datasets stored in
linked data format, therefore to query and retrieve data we
need to send SPARQL query language to SPARQL
endpoints and the system will return the results to the user.
At Fig. 4, it represents entity fififsearch result from two

SPARQL endpoints with a single query.

SELECT * WHERE{
?city dbpedia2:nativeName ?name.
FILTER regex(?name, “4ia”)

}

| http://localhost:2020/snorgl | | http://dbpedia.org/snorg|
db:province/83 &7 '!_\lﬁﬂ'@lh :Phuket_Province &7 “fia"@en
:Mueang_Phuket_District @ "iflainifin"@en
:Phuket_(city) @ "ilasnfin"@en

Fig. 4. Searching results from two dataset resources.

User cans browse other information that related with
entity results by following URI links. At Fig. 4, user enters

only the word “fLfin”(Phuket) and submits it to the system.

The back end, it will transform the query into the sparql
language as shown and send the query command to both
local government and DBpediasparql endpoints. The system
will return the entity that meet the user’s entered.
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IV. EXPERIMENT

In this paper, with the question how it is difficult to find
data needs with heterogeneous databases and linked data.
Our purpose is learning the linked data technology with
existing local government database in planning that the
linked data is a proper technology to use for finding and
analyzing data or better use other applications. For
experiment this, we use two applications name Tableau and
D2R server to test our assumption.

A. Thai local Government Planning Database

The original data is store in MySQL database and we
interested only in planning. The planning data consist of
Thailand provinces, local government organizations,
strategies, list of project plan and budgets. Data is updated
once time a year for organization planning.

B. Heterogeneous Database Application

Tableau® is an application that can connect directly to
databases, cubes, data warchouses, files and spreadsheet. It
takes only a few clicks with no programming is required. In
a minute, we are able to accessing data, visualizing results
and business analytics and easily to combine data from
different sources. The most important connecting between
different data sources is an attribute name. The different
data sources are connected if they have the same attribute
name.

C. Linked Data Application

The D2R server [12], it is an application to publish
relational database to RDF. Database schema is the most
essential part which needs to be clarified before we start
generating a mapping file. After that, ontology and data
models are designed in order to state semantic vocabulary.
The D2R server uses D2RQ mapping language to capture
mapping between application specific databasesschemas.
The D2RQ mapping specifies how resources are identified
and how property values are generated from database
content. In addition, the D2R Server enables HTML
browsers to navigate the content and search data by using
SPARQL endpoint and SPARQL language.

D. Experiment Results

The experiment tests are representing the consuming data
in the local database between RDB and RDF.

One: The provincial governor would like to know the total
number of projects and budgets of each organization and
able to see the details of projects.

This technology, the result of finding is represented at Fig.
5, it is able to answers the provincial governor with the
information of total number of projects, total number of
budgets but cannot see name of projects and cannot drill
down to see project's details. But it is able to sees more
details of organization with the organization id linkage. The
reason why it represents only numbers not a text format
because limited of multi-dimensions. In the other side, the
technology support more usefulness feature of visualization
data with wvaries of graph types and suggests the
appropriated graph type with existing data. Therefore, easy
for the provincial governor to distinguish and categorize

“http://www.tableausoftware.com/
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group of data.
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Fig. 5. Case study 1 with tableau technology.
Province Organization Budget Year Total Project Total Budget
UnuEIl miyad Lk 431 2343071700
nas wisau (1) 2553 314 305370100
Unusid UNINEH 2553 209 148586320
nnad Yz lauay 2553 165 34039400
Estimate
No. & Project Name ' ® Budget # Strategy Name L
UL RER AT TR 350,000,000 | wmpmiaaifl ) meiauinyEuumes g mevigng
b wis 1A aingg ADAOM G AN
2 | dashaseiddeveyadosuuanness %0,000000 | tmsmnmndf 2 n1sian1sdruniunweesiiasiitum:duy
Guudouuns muay
3 a2 vigiuniy 250,000,000 m‘fﬁ;“m'ﬂ"_""' ny iﬁulnammmxmxmmamuwmz
> ) i -
vocab:department 4 (xsd:int)
= vocab:estimateBudget 350000000 (xsd:decimal)
vocab:isOverBudget 0 (xsd:int)
rdfs:label naadeszuulssUAIRU (xsdistring)
vocab:organizationlD <http:/localhost:2020/resource/organization/113>
vocab:organizationStrategiclD <http:/localhost:2020/resource/organizationStrategy/113/7289>

Fig. 6. Case study 1 with linked data.

At the Fig. 6, using linked data technology. It is able to
discover all requirements for the provincial governor. The
results are different between two technologies, the
heterogeneous return the number and cannot query more
dimensions. With the linked technology, it represents
province name, organization name and can calculates the
total number of project in different years. Every entity has
URI address except the literal entity. For example if user
follows province name link, it will opens the province page
which shows all entities that contain in province table as
shown in the number 3 and represent data in form of Subject
(province name), Predicate and Object or Value (S, P, O).
The user can drill up and drill down to find more data which
related to his/her particular interests. The user is able to
finds more data because data is stored in the RDF graph and
used the linked data technology to represent the results.

Two: The provincial governor would like to find
irregular budget with the similar project and details.

The RDB testing’s results. Filtering data is not difficult to
find the similar project with the project name but to linking
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between data is complicated and has a restriction. The
linkage between data or find more data if that data is in the
numerical data type or that data is the primary key. In the
other hand, the linked data, to filtering and drill down to
find more relevant data are easy.

TABLE I: COMPARING BETWEEN HETEROGENEOUS AND LINKED DATA
TECHNOLOGIES

Linked data technology

Data in different local database

Database can be in different data
‘models and/or use different names

Data is store in RDF format.

Heterogeneous technology

Data in different local database
may be identified as logically
representing.

Database can be in different data
models and/or use different names

Data can be in different type of

Data

formats.
Query Query management, sending Distributed query management
management |single query to theindividual database |provides the ability to combine data from|
via the SPARQL protocol. different local database in a single

retrieval operation.

Return the results from different |«
database in a single retrieval

Provide useful information,
included other URIs links, so that user
can discover more things by following it

Result of data is in form of
XML, TSON that easy for developer to
extend data in visualization graph

Retrieval Return the results from different
database in a single retrieval

Limited to drill up and down the
data, only with numeric type or data

which representas a primary key
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E. Compare Technologies between Heterogeneous and
Linked Data

Table I is represented that two technologies can access to
different databases and different formats but specially with
linked data. Linked data will know and see data inform of
RDF format. In additional, both can send one query
command through databases but the results are difference.
Linked data returns data entity with URIs which able to
discover more things when user following linkages. In the
other hands, with heterogeneous, the user need more query
to get a more information.

V. CONCLUSION

Thai local government database in planning domain, this
data is almost in text format. Therefore, linked data is
proper technology for text formatting and ease of
consuming data. If following the link results in order to
obtain further contextual information which increase the
visibility of data. The experiment between heterogeneous
and linked data can support all requirements but in a
different results. The linked data, the user can get more
usefulness of information with related data without more
queries. Whereas, it is needs more queries with
heterogeneous technology. Querying data cross database,
we try to propose if different organizations working in the
same domain, they should use same data model. Using same
data model is supporting ease of consuming data from
different datasets. However, linked data technology is not
appropriate for monitoring or comparing text information, it
is difficult to distinguish irregular data. Therefore,
visualization data graph is needed.

With linked data technology, we can find more data
which is related to our particular interests. This innovations

for distributing, interesting of data will encourage
interoperability among organizations in the local
government.
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