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Abstract 

 

    In both scientific research and data analysis, one of the most important challenges is managing and 

utilizing large amounts of data. Unfortunately, the information needed may be distributed across 

multiple databases with inconsistent or conflicting schemas.  Such data inconsistencies are, at the very 

least, an impediment to users. This phenomenon raises the need for a tool that can integrate 

heterogeneous databases. 

    This project established an architecture for integrating data from heterogeneous databases into an 

RDF data repository and then mapping the integrated dataset to concepts in an ontology.  Through the 

concepts represented in the ontology, users can readily retrieve information from the federated data 

repository system.   
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Chapter 1: Introduction 

    In both scientific research and data analysis, one of the most important challenges is managing and 

utilizing large amounts of data. Unfortunately, the information needed may be distributed across 

multiple databases with inconsistent or conflicting schemas [3].  Such data inconsistencies are, at the 

very least, an impediment to users. This phenomenon raises the need for a tool that can be used to 

integrate heterogeneous databases. 

    In addition, non-professional users do not have in-depth knowledge about traditional database 

structures, which makes it difficult for them to utilize the information in heterogeneous databases 

efficiently [13]. Therefore, a user-friendly interface for accessing large, heterogeneous data 

repositories would make information more accessible and available to them. One of the popular 

approaches for solving this kind of data access problem is incorporating ontologies into information 

management. 

    An ontology concerns the problem of categorizing and representing concepts or objects and 

defining relationships among them. As those semantic features are introduced, the logical 

relationships among concepts can be recognized and interrupted by both human beings and machines.  

Related work, such as the development of the semantic web and related semantic application 

development has become a hot topic in recent years.  

    Currently, most large data sets are stored in traditional relational databases. Utilizing ontologies to 

access those databases can make full use of already existing data. Therefore, a requirement for 

establishing a connection between databases and ontologies has been raised. 

    This project established an architecture that integrates data from heterogeneous databases into an 

RDF data repository, and then maps the integrated dataset to concepts in an ontology. Through the 

concepts represented in the ontology, users can readily retrieve information from the federated 

database system. 
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    There are two major contributions of this project.  First, three typical challenges of database 

integration (data distribution, data duplication and database schema conflict) have been considered 

and addressed separately.  The data distribution and data duplication challenge can be eliminated in an 

efficient way, which has an advantage compared to common approaches. Secondly, the connection 

between databases and ontologies has been addressed with flexible mapping tools, instead of only 

allowing mapping a table to a concept directly in some other application.  

    In this project we designed an architecture that revealed the advantage of integrating database and 

mapping information to ontology with RDF. With the results of this project, further development or 

adaption such as automatic mapping and higher level semantic features can be introduced into the 

framework. 
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Chapter 2: Background  

2.1. Approaches to Database Integration 

    There are two major approaches to share and merge existing repositories. One popular solution 

involves data warehousing (Figure 2.1). The warehouse system extracts, transforms, and loads data 

(ETL) [33] from several sources into a single schema that can be queried. Architecturally, this offers 

a tightly coupled approach because the data reside together in a single repository at query-time. 

Problems with tight coupling can arise with the "freshness" of data, for example when an original data 

source gets updated, but the warehouse still contains the older data and the ETL process needs to be 

re-executed [1].  

 

 

Figure 2.1: Database Integration into a Data Warehouse [1] 
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    A second approach involves providing a uniform query interface over a “mediated” or 

virtual schema (Figure 2.2).  This approach requires transforming end-user queries into specialized 

queries over the original databases. One can also term this process "view-based query-answering" 

because each of the data sources functions as a view over the (virtual) mediated schema. This 

approach is attractive due to the simplicity involved in answering queries over the mediated schema 

[2]. However, one must rewrite the view for the mediated schema whenever a new source gets 

integrated and/or an existing source changes its schema [1]. What is more, transforming end-user 

queries into specialized queries [11] and merging the result set can be very complicated. 

 

 Figure 2.2: Database Integration with Mediated Schema [1]     

    In this research we implemented a very general yet powerful approach to the ETL methodology. 

Similar to the first approach mentioned above, this system extracts, transforms, and loads data (ETL) 

from several sources. The RDF (Resource Description Framework) Triplestore [34] is used as the 

data repository for deploying  the integrated data. 
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Figure 2.3: Database Integration Approach in This Research     

 
2.2. The RDF Model and SPARQL 

    Resource Description Format (RDF) is a general purpose metadata standard developed by the W3 

Consortium. It is aimed at enabling machines to understand information on the Web [4].  There are 

two basic elements in the RDF model [6] (Figure 2.4).  The first one is the resource node, which has a 

unique description to differentiate the node from other nodes. The second one is the property, which 

has value that describes the resource. Each pair of relationships between a resource and property, or 

between two resources, can be expressed by a “triple”. The triple is a statement that has three parts: 

the subject, the predicate and the object. With multiple “triples”, a user can describe a complete RDF 

model. The repository that stores the triples is called the “triple store” [5]. 
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    RDF is a very flexible tool that can describe data containing semantic features. In this research, we 

use the Jena triple store (TDB) to implement the data repository. The reason we select the RDF model 

to realize the data repository lies in its power to eliminate duplication and distribution among 

heterogeneous databases, which will be addressed in detail in chapter 5.    

 

 

 Figure 2.4: RDF Model Example [4] 

    SPARQL is an RDF query language. It was standardized by the RDF Data Access Working 

Group (DAWG) of the World Wide Web Consortium [7], and is considered a key semantic 

web technology. On 15 January 2008, SPARQL became an official W3C Recommendation [8]. Using 

SPARQL, the information stored in an RDF model can be searched efficiently.  

    The RDF model and SPARQL are used to realize the data repository and its metadata, as well as the 

mapping between the data repository and domain ontology. 

 
2.3. Domain Ontology 

    In computer science and information science, an ontology [20] is a formal representation of a set of 

concepts within a domain as well as the relationships among those concepts. It is used to reason about 

the properties of that domain and may also be used to define the domain [35].  An ontology provides a 
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shared vocabulary which can be used to model a domain—that is, the type of objects and/or concepts 

that exist, and their properties and relations [14] [15] [16]. 

    A domain ontology (or domain-specific ontology) [17] [18] models a specific domain, or part of the 

world. It represents the particular meaning of terms as they apply to that domain [14].      

    Figure 2.5 is an example of a medical domain ontology.  

 

 

Figure 2.5: Domain Ontology Example [21] 
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    An ontology also defines a vocabulary that describes the relationship among concepts. If ontologies 

can be fully utilized in the information retrieval field, the quality of searching can be improved 

significantly because the underlying logic and semantics will be taken into consideration. However, 

most current databases are relational in structure.  How to effectively map the data in relational 

databases to ontologies is an interesting and important topic. In addition, the RDF model is also used 

to map the data in data repositories to ontologies in order to establish a connection between the 

database and the ontology. 
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Chapter 3: System Architecture Overview 

3.1 System Deployment  

   Our software system is implemented using a standard Client-Server Architecture [22] (Figure 3.1). 

The end-user interacts with the system via a browser.  A server that supports Java Servlets handles 

HTTP requests, and after retrieving the requested data from backend servers, it sends the results to the 

user. 

    On the client side, the user interacts with the system through dynamic web pages under the control 

of JavaScript. The web page identifies and parses a user’s commands and sends them to a server that 

supports Java Servlets. While waiting for results, the asynchronous feature of Ajax allows the user to 

initiate other tasks on the web page, instead of just waiting.  Once the result of a request is returned to 

the client browser in XML format, the web page parses the response and displays it on the user’s 

browser screen dynamically.   

    The middleware server software was developed using Java Servlet technology to handle requests 

sent from a user’s browser. After indentifying the type of request, the system initializes the 

appropriate module such as data dumping, ontology mapping, querying and so on, to handle different 

kinds of request. Once the module completes the required action, the result set is parsed into XML and 

sent back to the end-user’s web interface. 

    The RDF Triple Store (TDB of Jena) is the data repository system that stores all the data that comes 

from the heterogeneous databases. Under control of the Triple Store server, the data is migrated into 

the form of RDF triples and dumped into the Triple Store. In this process, the distribution, duplication 

and conflict between heterogeneous databases is eliminated. The system will retrieve information 

from the data repository directly upon request.   
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Figure 3.1: System Deployment 

 
3.2 System Layers Model 

    From the perspective of system layers, our system supports the following functions: integrating 

databases into the RDF Triple Store scheme; mapping the data repository’s content to a concept in an 

ontology; and processing end-user queries based on the terms defined in the ontology.  Each function 
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is implemented with a different module to handle special tasks. Therefore, the system can be divided 

into 4 layers based on the task its supports and the data it generates.  In sum, the system architecture 

can be represented by the four layers shown in Table 3.1. 

System Layers 
Layer Components and Modules Data  

      Layer 4 
Information 

Retrieval 
Layer 

1. Ontology Tree  
2. Query Construction Table 

Result set generated according to the 
relation between ontology concepts 

       Layer 3 
Ontology 
Definition 

Layer 

1. Ontology Tree 
2. Data Repository Metadata Tree  
3. Data Repository to  Ontology 

Mapping Tools  

Ontology concept defined by the data 
stored in the data repository 

      Layer 2 
Data 

Repository Layer 

1. Data Repository 
2. Metadata Tree  
3. Data Dumping Tools 

Integrated data  

     Layer 1 
Heterogeneous 

Database 
Layer 

1. Heterogeneous Databases 
Distributed and duplicated 
heterogeneous data  

 

Table 3.1: System Layers  

 
3.2.1 Description and analysis of system layers 

    Layer 1: This is the distributed data layer. In this layer, data is distributed among heterogeneous 

databases; therefore, duplication and data conflicts may exist. 

    Layer 2: This is the data repository layer. In this layer, the data repository has been realized as an 

RDF Triple Store and the metadata of the data repository will be managed by the RDF model. This 

data repository interfaces with the RDF model and processes SPARQL queries in order to simulate the 
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basic operations of a read-only relational database. Therefore the system provides a repository to 

integrate data from heterogeneous databases. During the ETL data dumping process that creates the 

Triple Store repository, inconsistencies and data conflicts are eliminated using dumping tools. One of 

the most difficult problems in database integration, the duplication of data, can be easily solved by the 

RDF model. Therefore integrated data will be realized in this layer.  Furthermore, the relationship 

between the data repository’s tables can be defined by the user, a property that is useful for 

constructing the query strategy for higher level layers. 

    Layer 3: This is the ontology concept definition layer. Based on the theory of domain ontologies, 

terms in an ontology tree can be defined by picking attributes from the data repository’s table and 

setting constrains for them. In this way, the concepts in an ontology tree can be represented by the 

values in the data repository.  

    Layer 4: This is the information retrieval layer. In this layer, the end-user web interface will send 

the terms selected by the user to the middleware Servlet server. The server checks the underlying 

relationship between the terms by comparing the relationships of columns associated with them. It 

then constructs the query based on the relationship information between columns and constrains. After 

the query has been executed, the result set is returned to the web interface and displayed. 

 
3.3 System Interface Introduction 

3.3.1 Data integration interface 

    See figure 3.2, a user with administrative privileges can load the metadata information of 

heterogeneous databases into the Data Server Tree (1). 

    During the data extraction process, distribution issues are eliminated by Database to Data 

Repository Mapping Table (2) and conflicts are cleared by Database Structure Adaptation Tools (3). 

    The integrated data is deployed in RDF triple store, and the metadata is represented by the Data 

Repository Metadata Tree (4). 
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Figure 3.2: Data Integration Interface 

3.3.2 Ontology concept definition interface 

    As illustrated in Figure 3.3, the administrator can a pick attributes from the Data Repository 

Metadata Tree (2) to define term in the Ontology Tree (1), set constraints for them on the Data 

Repository to Ontology Mapping Table (3).  In this way, the concepts in the ontology tree are mapped 

to values in the data repository.  

3.3.3 Query tool interface 

    As represented in Figure 3.4, users can pick terms from the Ontology Tree (1) and search for the 

associated information via the Query Table (2).  The server checks the underlying relationship 

between the terms to construct the query. 

     After the query has been executed, the Result Set (3) is sent to the web interface and displayed in 

the proper way.  
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Figure 3.3: Ontology Concept Definition Interface 

 

 

 Figure 3.4: Query Tool Interface 
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Chapter 4: Data Repository and Metadata Model  

4.1 Design of the Data Repository Model 

4.1.1 Design considerations 

    In Relational Databases (RDB), one row in a table is a single instance of a record, and each column 

is an attribute of this instance. Similarly, a table is a group of instances that describe a certain concept. 

The structure or schema of several tables forms a database schema, which usually represents the 

information in a project or certain application domain.  This model is simple, generalizes well, and is 

well understood by database developers.  We utilize the relational model for our data repository.    

For each table in the data repository, a unique RDF model is created. The schema that the table 

belongs to is marked in the name of the model. When the system needs to do inter-table search, the 

needed tables are located by name, and then unioned together. By dividing the data repository into 

multiple independent models, the efficiency of search can be improved, since storing all data in a 

single model would take more time to search. Another advantage is that it provides an automatic 

solution to eliminating the duplication of records during data integration, which will be addressed in 

detail in the following chapter.  

4.1.2 Implementation of data repository model 

    To represent the data resources and their properties in the data repository model (Figure 4.1), the 

triple store triples shown in Table 4.2 are used. 

Subject Predicate Object Description 

Server Node hasSchemas Schema Node Schemas contained in the server 

Schema Node schemaName Name of schema The name of this schema node 

Schema Node hasTables Table Node Tables contained in the schema 
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Table Node tableName Name of table The name of this table node 

Table Node hasColumn Column Node Columns contained in the table 

Column Node column(Name) Value of Column The name of this column node 

 

Table 4.1: Triplestore Triples in the Virtual Database 

 

Figure 4.1: Data Repository Model 
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    Moreover, to prepare for table union operations during inter-table search, the conflict between node 

descriptions should be avoided. Because different tables in different schemas may have the same name, 

when two models merge together, the system may not differentiate them, which will result in messed 

up records. Therefore, it is necessary to mark the table name uniquely in the model. The same problem 

exists in the situation that different tables have different columns that have the same name. To solve 

such potential misinterpretations, a good choice is to extend the description of nodes by including the 

schema name and table name to give each node a unique name. In this way, the node description in the 

model becomes that shown in Table 4.2. 

 

Node type Description 

Schema Node Schema Name  

Table Node Schema Name / Table Name  

Column Node Schema Name / Table Name / Column Name 

Record Node Schema Name / Table Name / Primary Key 

 

Table 4.2: Node Description in Model 

4.2 Design of the Data Repository Metadata Model 

4.2.1 Design considerations 

To integrate the data of heterogeneous databases, a global schema is needed to eliminate 

inconsistencies between metadata. There are at least two requirements for designing the data 

repository metadata model.  First, the metadata should be organized systematically. A good choice 

would be to represent the metadata in a tree structure. Users are familiar with this kind of structure.  

Second, when the system needs to retrieve metadata information, the data must be obtained efficiently. 

For example, the “join on” operation is important when a user selects columns from different tables to 
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generate the result. Therefore, defining and checking relationships between columns must be done 

efficiently. 

In summary, the following metadata information has to be represented:  Schemas, Tables, 

Columns, Column Relationships. 

4.2.2 Implementation of the data repository metadata model 

        To represent the resource and properties in the data repository metadata model (Figure 4.2), the 

triple store triples shown in Table 4.3 need to be introduced. 

 

Subject Predicate Object Description 

Server Node hasSchemas Schema Node Schemas contained in the server 

Schema Node schemaName Name of schema The name of this schema node 

Schema Node hasTables Table Node Tables contained in the schema 

Table Node tableName Name of table The name of this table node 

Table Node hasColumn Column Node Columns contained in the table 

Column Node columnName Name of Column The name of this column node 

Column Node refersTo Column Node 
Column A refers to column B, 

indicating a potential join 

  

Table 4.3: Triple Store Triples Representing Metadata 

    In the RDF model, two nodes can have multiple predicates between them. This feature makes 

multiple “refersTo” relationships between nodes possible.  For the reason previously described, the 

description of table and column nodes is represented by Schema_name.Table_name and 

Schemaname.Tablename.Columnname in the RDF model to avoid the duplicated node description. 
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Figure 4.2: Data Repository Metadata Model 
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4.3. Operations Supported through SPARQL 

    There are two situations when the system needs to use metadata. The first one is when the metadata 

of the data repository needs to be loaded for browsing by users. The second is when, in the 

information retrieval layer, a query needs to union multiple tables and it is necessary to check 

relationships between tables. 

 
4.3.1 Exploring the metadata 

    When creating or loading the data repository’s schema in the form of a tree structure, the metadata 

should be requested and displayed dynamically. The following SPARQL queries can load the 

metadata information at the level required: 

a.  Get schemas in a server 

    When loading the schema names in a server, need the name of the server 

  PREFIX j.0: <http:// metadata#>  
SELECT ?schemaName 

      WHERE  
{ 

       ?serverNode j.0:serverName “Name of the server”. 
         ?serverNode j.0:hasSchemas ?schemaNode. 
         ?schemaNode j.0:schemaName ?schemaName. 
      } 
 
b.  Get tables in a schema 

    When loading the table names in a schema, need the name of the server and schema 

             PREFIX j.0: <http:// metadata#>  
SELECT ?tableName 

      WHERE  
{ 

         ?serverNode j.0:serverName “Name of the server”.  
         ?serverNode j.0:hasSchemas ?schemaNode. 
         ?schemaNode j.0:schemaName “Name of the schema”. 
         ?schemaNode j.0:hasTables ?tableNode. 
         ?tableNode j.0:tableName ?tableName. 
      } 
 
c.  Get columns in a table 
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    When loading the column names in a table, need name of the server, schema and table 

  PREFIX j.0: <http:// metadata#>  
SELECT ?tableName 

      WHERE  
{ 

         ?serverNode j.0:serverName “Name of the server”.  
         ?serverNode j.0: hasSchemas ?schemaNode. 
         ?schemaNode j.0:schemaName “Name of the schema”. 
         ?schemaNode j.0:hasTables ?tableNode. 
         ?tableNode j.0:tableName “Name of the table”. 
   ? tableNode j.0:hasColumns ?columnNode . 
         ? columnNode j.0:columnName ?columnName. 
      } 
 
 
4.3.2 Check relationships between columns 

    When constructing a SPARQL query, after obtaining the list of selected tables, the system has to 

check the underlying relationship between them.  

a. Check to see if there are any relationships between tables 

PREFIX j.0: <http:// metadata#>  
SELECT ?columnName1 ?columnName2 

  WHERE  
{    

   ?schemaNode1 j.0:schemaName “Name of the schema1”. 
   ?schemaNode2 j.0:schemaName “Name of the schema2”. 
   ?schemaNode1 j.0:hasTables ?tableNode1.  
   ?schemaNode2 j.0:hasTables ?tableNode2.  
   ?tableNode1 j.0:tableName “Name of the table1”. 
   ?tableNode2 j.0:tableName “Name of the table2”. 
   ?tableNode1 j.0:hasColumns ?columnNode1.  
   ?tableNode2 j.0:hasColumns ?columnNode2.  
   ?columnNode1 j.0:referTo  ?columnNode2.  
   ?columnNode1 j.0:columnName ?columnName1.  
   ?columnNode2 j.0:columnName ?columnName2.  
  } 
 
b. Get the referred-to column’s location information 

     It will take two steps to get the referred-to column’s location information. 

    Step1: Get the description of the referred column’s node. 

PREFIX j.0: <http:// metadata#>  
SELECT ?columnName ?referToURL 

      WHERE  
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{ 
         ?serverNode j.0:serverName “Name of the server”.  
         ?serverNode j.0:hasSchemas ?schemaNode."+ 
        ?schemaNode j.0:schemaName “Name of the schema”. 
         ?schemaNode j.0:hasTables ?tableNode."+ 
         ?tableNode j.0:tableName “Name of the table”. 
         ?tableNode j.0:hasColumns ?columnNode ."+ 
         ?columnNode j.0:columnName ?columnName."+ 
          OPTIONAL {?columnNode j.0:referTo ?referToURL.}"+ 
  } 
 
    Step2: Get the location information via the description of referred column node. 

PREFIX j.0: <http://metadata#> 
SELECT ?serverName ?schemaName ?tableName ?columnName  

  WHERE  
{ 

   ?serverNode j.0:serverName ?serverName . 
   ?serverNode j.0:hasSchemas ?schemaNode. 
   ?schemaNode j.0:schemaName ?schemaName. 
   ?schemaNode j.0:hasTables ?tableNode. 
   ?tableNode j.0:tableName ?tableName. 

URL j.0:columnName ?columnName. 
  } 
 

4.3.3 Retrieval information from data repository  

    When retrieving data from the data repository, there are different situations. The data may come 

from a single table or multiple tables, and the constraints on attributes may also be applied: 

a. From single table 

    For example, select columns X,Y,Z from a table 

PREFIX j.0: <http://virtualDB#>  
SELECT ?X ?Y ?Z 

      WHERE  
{ 

         ?serverNode j.0:serverName “Name of the server”.  
         ?serverNode j.0:hasSchemas ?schemaNode. 
         ?schemaNode j.0:schemaName “Name of the schema”. 
         ?schemaNode j.0:hasTables ?tableNode. 
         ?tableNode j.0:tableName “Name of the table”. 
   ?tableNode j.0:hasRecord ?recordNode . 
         ?recordNode j.0:column-X ?X. 

?recordNode j.0:column-Y ?Y. 
?recordNode j.0:column-Z ?Z. 

      } 
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b. From multiple tables  

For example, select from table1 and table2, and join on the key table1:A, table2:X 

PREFIX j.0: <http://virtualDB#>  
SELECT ?A ?B ?C ?Y ?Z 

      WHERE  
{ 

         ?serverNode1 j.0:serverName “Name of the server”.  
         ?serverNode1 j.0:hasSchemas ?schemaNode1. 
         ?schemaNode1 j.0:schemaName “Name of the schema”. 
         ?schemaNode1 j.0:hasTables ?tableNode1. 
         ?tableNode1 j.0:tableName “Name of the table”. 
   ?tableNode1 j.0:hasRecord ?recordNode1. 

?serverNode2 j.0:serverName “Name of the server”.  
         ?serverNode2 j.0:hasSchemas ?schemaNode2. 
         ?schemaNode2 j.0:schemaName “Name of the schema”. 
         ?schemaNode2 j.0:hasTables ?tableNode2. 
         ?tableNode2 j.0:tableName “Name of the table”. 
   ?tableNode2 j.0:hasRecord ?recordNode2. 
         ?recordNode1 j.0:column-A ?A. 

?recordNode1 j.0:column-B ?B. 
?recordNode1 j.0:column-C ?C. 
?recordNode2 j.0:column-X ?A. 
?recordNode2 j.0:column-Y ?Y. 
?recordNode2 j.0:column-Z ?Z. 

      } 
 
c. Query with constraints 

For example, a constraint on column “X” indicates that the value should be bigger than 0. 

PREFIX j.0: <http://virtualDB#>  
SELECT ?X ?Y ?Z 

      WHERE  
{ 

         ?serverNode j.0:serverName “Name of the server”.  
         ?serverNode j.0:hasSchemas ?schemaNode. 
         ?schemaNode j.0:schemaName “Name of the schema”. 
         ?schemaNode j.0:hasTables ?tableNode. 
         ?tableNode j.0:tableName “Name of the table”. 
   ?tableNode j.0:hasRecord ?recordNode . 
         ?recordNode j.0:column-X ?X. 

?recordNode j.0:column-Y ?Y. 
?recordNode j.0:column-Z ?Z. 

      } 
FILTER (xsd:double ( ?X)>0).  
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4.4. Summary 

 As described above, the metadata model and data repository model are flexible enough to 

simulate the basic operations of relational databases.  At the same time, the data can be stored without 

losing important relational database logic. With these two models, the metadata and data content of 

integrated data can be organized and regulated systematically. 
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Chapter 5. Database Integration 

    Database integration is the process of merging data from heterogeneous databases into a single data 

repository. Due, in part, to differences among the schema of the databases to be merged, simply 

merging the data will result in a loss of information and can result in several types of inconsistencies. 

These inconsistency problems can be classified into data distribution, data duplication, and database 

structure conflict. Utilizing the RDF model and the following integration strategies, the potential 

inconsistencies can be eliminated. 

5.1 Data Distribution  

    The existence of distributed data is common in the database world. The data that describes an entity 

or concept may be stored across multiple databases. Moreover, those databases may be of different 

types, for example: MySQL, MS SQL Server, Oracle, etc. To utilize distributed data, a method is 

needed that can access multiple data sources simultaneously. This project takes the approach of 

loading data from different databases into a single data repository with a single global schema [9].  

5.1.1 Distribution situations 

    Even though the distribution of data relating to a single entity can be very complex in the real world, 

the possibilities can be categorized into two basic ones: row distribution and column distribution. 

Table 5.1 illustrates the primary aspects of these possibilities. 

a. Row distribution 

    In the example shown in Table 5.1, three tables describe the same entity, a patient information 

dataset.  However, compare the table from Database 1 to the table from Database 2.  They contain 

columns representing the same information, but the content of the table, patient records, has been 

stored in two different databases. This is an example of data inconsistency related to row distribution 

issues.  
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Table 5.1: Data Distribution Example 

 

b. Column distribution 

    On the other hand, compare the tables from Database 1, Database 2, and Database 3. Many records 

from the tables contain the same primary key values (as indicated by an underscore), indicating that 

Patient ID Name Age Gender 

00001 Tom 20 Male 

00002 Jim 32 Male 

00003 Ray 63 Female 

…… …… …… ……. 

ID P_Name P_Address 

00001 Tom NC 

00002 Jim SC 

00006 George NC 

00008 King CA 

00009 David NY 

…… …… …… 

Patient ID Name DoB Sex 

00001 Tom 10-Jan-90 Male 

00006 George 2-Feb-98 Male 

00008 King 25-Jun-44 Female 

00009 David 1-May-66 Male 

…… …… …… ……. 

DB 2: SQL Server Database 

DB 3: Oracle Database 

Row Distribution Column Distribution 

DB 1: MySQL Database 
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those attributes belong to the same instance; however, some attributes of the same entity have been 

distributed to different databases. For example, if the tables from Database 1 and Database 3 were to 

be viewed as components of a distributed database, when users search for the record for Patient_ID = 

00001, they will get two rows that relate to the same entity as shown in Table 5.2. 

 

 Table 5.2: Example of Row Duplication in Search Results 

    It is usually the case in relational databases that each row represents an instance of a record 

describing a single entity.  Queries from heterogeneous databases can lead to problems in data 

management. This is an example of a problem related to the column distribution issue. 

   To use information from these related, yet distributed, tables, a logically merged dataset is expected, 

which means both the “columns” and “records” should be a “union” of different tables. Ideally, the 

virtual table should have the table structure and content illustrated in Table 5.3. 

    

Table 5.3: Integrated Table of Data Distribution  

Source  ID Name Age Gender Address 

DB 1 00001 Tom 20 Male NULL 

DB 3 00001 Tom NULL NULL NC 

Patient ID Name Age Gender Address 

00001 Tom 20 Male NC 

00002 Jim 32 Male SC 

00003 Ray 63 Female  

00006 George 18 Male NC 

00008 King 29 Female CA 

00009 David 25 Male NY 

…… …… …… …… …… 
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5.1.2 Solutions for distribution problems 

    To eliminate the potential issues associated with data distributions, data that comes from 

heterogeneous database can be loaded into an RDF data repository, where row distribution and 

column distribution are then solved with the following approach: 

a. Row Distribution 

    Since all the data will be stored in a single data repository, loading data from heterogeneous 

databases into data repository solves this problem directly. Each record is still a unique record in the 

RDF table.  

b. Column Distribution 

     In the RDF model, record nodes that belong to the same instance have the same description. 

Therefore, when records that come from different database can be loaded into the same model, the 

record nodes with the same description will merge into a single one. As a result, the attributes that 

belong to different record nodes will also be linked to the same record node. In this way, the column 

set that is the union set of different databases’ columns will be generated in the data repository. 

Therefore, when the data is loaded from heterogeneous databases into the same RDF model, the 

information in different tables will merge automatically.  

    Using Table 5.1 as an example, the following SPARQL query can be used to simulate the 

“SELECT * FROM Table1 where ID = “00001”” query of SQL:  

           SELECT ?A ?B ?C ?D 
           FROM{  

?x T1/Patient_ID “00001”. 
?x T1/Gender ?A 

     ?x T1/Name ?B. 
     ?x T1/Age ?C. 
     ?x T1/Address ?D. 

} 
 

    Instead of returning a result set like that shown in Table 5.2, which has multiple distributed rows of 

the same record, the self-merged RDF model will have a result set that guarantees the information 

belonging to the associated records are merged into a single row as shown in Table 5.4. 
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   Table 5.4: Result from RDF Triple Store 

 
In this way, the attributes distributed among multiple databases but relating to the same entity can 

be merged together. 

 
 5.2 Data Value Duplication  

In the data integration process, the data from different databases may contain redundant and 

duplicate records. This kind of redundancy can result in inaccuracies in calculations or statistics. 

Therefore, data duplication in an integrated data set should be eliminated.  

 
5.2.1 Duplication situations. 

     Duplication situations can be classified into row duplication and column duplication. It can also be 

a combination of the two. 

a. Row Duplication 

     In row duplication, two rows that come from different databases may be exactly the same, which 

means they are the same logical record.  Consider Table 5.1 as an example. If the records of Database 

1 and Database 2 are combined together directly, there are two rows describing the same record with a 

primary key value of ‘00001’. 

b. Column Duplication 

    Column duplication also happens in this example from Table 5.1. Both Database 1 and Database 2 

have the columns named ‘Patient_ID’ and ‘Name’. This is a situation where different tables have 

redundant columns referring to the same attribute.     

Record  ID Name Age Gender address 

 00001 Tom  20 Male NC 
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5.2.2 Solutions for duplications. 

      To solve the two duplication problems, the RDF model provides an efficient solution for both row 

duplication and column duplication.  

a. Row Duplication 

    Instead of checking rows in pairs of tables one by one, which results in an M*N complexity, for 

table lengths M and N, merging data into the same RDF model in the data repository can solve this 

problem directly. In the RDF model, every resource node is unique, which means that as long as the 

descriptions of several nodes are the same, the node will merge into a single one. Therefore, even if 

repeated rows have been added into the RDF model, only a single row will be stored. Therefore, the 

row duplication problem is easily solved. 

b. Column Duplication 

    From the example above, we can see that the column duplication has also been eliminated via the 

RDF model. Because the value of each column is an RDF property node, as described in the previous 

paragraph, repeated nodes will not existed in the RDF model. Therefore, as long as the column has 

been assigned the same description and predicate, duplicated columns will also be merged into the 

same one. In this way, the column duplication issue has also been solved.     

     In summary, we can see that both the row distribution and column distribution issues can be solved. 

Therefore, using the RDF model can eliminate the duplication problem efficiently and safely, which is 

hard to achieve by other approaches. 

5.3. Conflicts in Database Integration 

    Conflicts between database structures can be classified into six basic types according to the theory 

developed by Chiang Lee, Chia-Jung Chen and Hongjun Lu [10]. All of them can be solved in the 

data loading process. To deal with these different situations, our system allows users to constructs 

SQL queries to select data from the original source and generates a result set table having the same 
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structure as the table structure uses need. Different situations can be classified into the following 

categories. The corresponding solution for each has been provided. 

a. Value-to-Value Conflict 

Situation:  

    Columns in different tables are the same attribute, but the representations are different. For example, 

the different units (kilometer and mile), the different scale (4 point and 100 point grade), and the 

different definitions (prices, before or after tax). 

Solution Example:  

    This kind of conflict comes from different representations of the same attribute. As long as the 

relation between the original attribute and the target attribute can be expressed by a computable 

functions, formulas can be applied to convert it.  

    For example, kilometer = 0.621*mile, 4 point scale = (100 point scale – 60) / 10, and price before 

tax = (price after tax) / (1-tax rate).  

    In the data loading process, conversion functions can be inserted into the column name field and the 

value can be converted, for example: 

SELECT  ID, Name, (Grade(100 scale) – 60)/10 as Grade  
FROM  Grades Table 

    

In our implementation, the system allows the user to specify the conversion functions between 

original value and object value.  

b. Attribute-to-Attribute Conflict 

    There are two typical sub-situations in attribute-to attribute conflicts: 

Situation 1.  

    The same attribute may have different names in different tables, for example, Patient_ID and ID.  

Alternately, different attributes may have same name in different tables.  

Solution Example 1:  
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    The data from different databases will be loaded into the same RDF model; therefore, the 

consistency will be achieved by using the same RDF model’s metadata. 

Situation 2:  

    The value stored in a single column is spread over two or more columns in another table. For 

example, “Name” in objective table, “First_Name” and “Second_Name” in original Table. 

Solution 2:  

    The solution here is to use “CONCAT”(MySQL) or “+”(SQL Server) mark to link values. 

      SELECT (First_Name+” ”+Second_Name) as Name  
FROM Name Table 
 

c. Table-to-Table Conflict 

Situation: 

    Different tables have different names, and their attributes may have duplication or distribution 

problems. 

Solution Example:  

    In the previous section the elimination of data distribution and data duplication by using a global 

RDF schema was shown to eliminate this conflict in the data loading process. 

 

  Table 5.5: Example of Conflicts in Database Integration [12] 
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    The three tables shown in Figure 5.5 (Developed by Catharine M. Wyss and Edward L. Robertson 

[12]) are examples of the following three different conflicts. To illustrate the difference of the 

database structure at an abstract level, we take Table 5.6 as an example. The DB1, DB2 and DB3 are  

corresponds to “Indy”, “Chicago” and “Milw” separately.  

 

 

 Table 5.6: Abstract Examples of Conflicts in Database Integration 

 
d. Value-to-attribute conflict 

Situation: 

    In the example of Table 5.5, there is a value-to-attribute conflict between Table “Indy” and Table 

“Chicago”. In table Indy, the column “Dept” has values Wmn and Men. However, in table “Chicago”, 

each department has a column of its own. Therefore, value-to-attribute conflict can be described as: 

the values of an attribute in a table have been expressed as different columns in another table.  
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Solution Example: 

    In table 5.6, table DB1 (has the same structure as “Indy” in Table 5.5) has column A, B, C; table 

DB2 (has the same structure as “Chicago” in Table 5.5) has column A, X, Y, Z; DB1.B has value x, y, 

z which becomes the column X, Y, Z in DB2.  

1. From attributes to values (DB2 to DB1): 

               SELECT a1, “DB2.X” as DB1.B, DB2.X as DB1.C from DB2 
               UNION 
               SELECT a1, “DB2.Y” as DB1.B, DB2.Y as DB1.C from DB2 
               UNION 
               SELECT a1, “DB2.Z” as DB1.B, DB2.Z as DB1.C from DB2 

2. From values to attributes(DB1 to DB2) 

     SELECT DISTINCT DB1.A, 
       (SELECT DB1.C from DB1 where DB1.A = T.A and DB1.B = ‘DB2.X’) as “DB2.X”, 
          (SELECT DB1.C from DB1 where DB1.A = T.A and DB1.B = ‘DB2.Y’) as “DB2.Y”, 
           (SELECT DB1.C from DB1 where DB1.A = T.A and DB1.B = ‘DB2.Z’) as “DB2.Z” 
      FROM DB1 as T 
 
e. Value-to-table conflict 

Situation: 

    In the example from Table 5.5, there is a value-to-table conflict between Table “Indy” and Table 

“Milw”.  In Table “Indy”, the “Store” column has different store location values. In table group 

“Milw”, each store has its own table. Therefore, value-to-table conflict is the situation in which values 

in one attribute are expressed as different tables in another schema.  

Solution Example: 

    In table 5.6, table DB1 (has the same structure as “Indy” in Table 5.5) has columns A, B, C. And 

the column DB1.A has value a1, a2, a3, which is the name of tables in Schema DB3. In Schema DB3 

(a group of tables, has the same structure as “Milw” in Table 5.5), table a1 has columns B and C, 

which is the same attribute as B, C in DB1. It is the same cases for table a2 and a3. The conversion 

between them can be described as follows. 

1. From table to value (DB3 to DB1) 
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SELECT “a1” as A, DB3.a1.B as “DB1.B”, DB3.a1.C as “DB1.C”……from DB3.a1 
 UNION 
 SELECT “a2” as A, DB3.a2.B as “DB1.B”, DB3.a1.C as “DB1.C”……from DB3.a1 
 UNION 

SELECT “a3” as A, DB3.a3.B as “DB1.B”, DB3.a1.C as “DB1.C”……from DB3.a1 

2. From value to table (DB1 to DB3) 

    Write different SQL for each table to separate them into different tables 

 SELECT DB1.A, DB1.C from DB1where DB1.A = “a1” 
 SELECT DB1.A, DB1.C from DB1where DB1.A = “a2” 
 SELECT DB1.A, DB1.C from DB1where DB1.A = “a3” 
 
f. Attribute-to-table conflict 

Situation: 

    In the example of Table 5.5, this kind of conflict exists between Table “Chicago” and Table “Milw”. 

In this situation, attributes in one table have been expressed as different tables in another schema. 

Solution Example: 

    In table 5.6, table DB2 (has the same structure as “Chicago” in Table 5.5) has column A, X, Y, Z, in 

which the X, Y, Z are the value of column B in Schema DB3 (a group of tables, has the same structure 

as “Milw” in Table 5.5). Moreover, in DB2, the column A’s value is the name of tables in DB3.   

1. From attributes to tables (DB2 to DB3) 

    Write different SQL to distill the information for table DB3.a1. 

 SELECT “DB2.X “as B, DB2.X as C from DB2 where DB2.A = “a1” 
 UNION 
 SELECT “DB2.Y “as B, DB2.Y as C from DB2 where DB2.A = “a1” 
 UNION 
 SELECT “DB2.Z” as B, DB2.Z as C from DB2 where DB2.A = “a1” 
 
    The SQL query for construct DB3.a2 and DB3.a3 is similar to the query above. 

2. From tables to attributes (DB3 to DB2) 

    Write different SQL for each table separately and union the result. For example, for table a1: 

 SELECT DISTINCT "a1" as DB2.A, 
      (SELECT DB3.a1.C from DB3.a1 where DB3.a1.B = “DB2.B”) as “T1.B”, 
      (SELECT DB3.a1.C from DB3.a1 where DB3.a1.B = “DB2.C”) as “T1.C”, 
      (SELECT DB3.a1.C from DB3.a1 where DB3.a1.B = “DB2.D”) as “T1.D” 
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FROM DB3.a1  
 

    By putting the “union” clause between the SQL queries that write for each table, the merged result 

set can be obtained. 

5.4 Summary  

    In this chapter, several problems in database integration, which include distribution, duplication and 

conflicts, have been solved with solutions that can be applied during the data loading process. 

Therefore, as long as those adaptation options can be represented properly in the integration 

management interface, data that comes from heterogeneous databases can be integrated. 

    Even though the methods of integration between database structures can be very flexible, giving 

recommendation about the global table structure is necessary. Since the integrated data will be used by 

upper layers, the structure of “a class represented by a table” and “a property equals to a column” can 

make the mapping between data repository and ontology’s concept easier. 

    In summary, as the classification of problems and corresponding solutions described above, in this 

layer, the data can be integrated properly. What is more, SPARQL provides a reliable query service to 

upper layers. This kind of federated dataset and query service will satisfy the system’s upper layer 

searching and mapping requirements. 
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Chapter 6: Mapping a Data Repository to an Ontology 

6.1. Domain Relations between Ontology and Database 

    In a domain ontology, every concept is regarded as a area that contains certain attributes and 

instances. Due to the domain difference between a database table and a concept in an ontology, in 

most cases, a table cannot be mapped to a concept directly. Even though many mapping strategies 

assume that a table will have exactly the same domain as a concept [24] [25] [26], if the ontology is to 

be applied to an already existing database, such an ideal mapping relationship will not always exist. 

Therefore, taking different mapping situations into consideration is necessary. 

    According to the theoretical analysis developed by Jesús Barrasa, Óscar Corcho and Asunción 

Gómez-Pérez, the domain differences between tables and concepts can be categorized into the 

following types (Figure 6.1) [23]: 

  

Figure 6.1: Relation between Database Domain and Ontology Concept Domain [23] 

• In a “partial intersection”, a database table and related ontology concept have some overlapping 

fields, however, both of them also have unique fields. Therefore, when mapping the database’s 

information to the ontology, it is necessary to specify the overlapping fields, and then identify the 

unique fields of the concept, which may belong to other tables. As a result, it is necessary to union 

all the required database tables to complete the description of the concept. 
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• In an “inclusion”, there are two scenarios. Either the ontology concept’s domain is included 

completely in the database’s domain or a database table’s domain is included in the ontology’s 

concepts. In the first scenario, to define an ontology concept from the database table, the user can 

specify constraints. In the second scenario, the user needs to figure out the region of the ontology 

concept, and then union the associated database tables. 

• In a “coincidence”, the overlapping domain between an ontology concept and database table is 

ideal, therefore, the user just has to map them directly. However, this situation seldom happens in 

the real world. 

6.2. Applying Domain Relations to a Database 

Figure 6.2: Operations can be applied in mapping [23] 

    Jesús Barrasa, Óscar Corcho and Asunción Gómez-Pérez also categorized mapping situations into 

four cases (see Figure 6.2) [23]. Each database to ontology mapping situation mentioned above can be 

supported by the following database operations: 

• In the “Direct Mapping” situation, the defining concept domain only needs to store the 

information from selected database columns. 
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•  In the “Join/Union” situation, the concept’s domain needs to be defined with columns from 

multiple tables. There are two different strategies that to be applied according to different 

situations. In the first situation, multiple tables are independent, therefore, when they union 

together, a cartesian-product operation can be applied to list all the records matching pairs directly. 

In the second situation, there are relationships between tables. One table may have a column that 

refers to another table’s key column, so “join on” operations can be applied with those columns. 

This information can be defined and saved in the Data Repository Metadata Model. 

• In the “Projection” situation, the domain of a concept needs to be described with a subset of a 

table’s attributes. Therefore, the projection operation can be used to specify the needed columns. 

The projected columns will represent the attribute set of a concept. 

• In the “Selection” situation, the ontology concept has to be defined with a subset of a table’s 

records. To obtain the correct subset, constraints on certain attributes can be specified in order to 

select the needed records from database table. The selected records will represent the instance set 

of a concept. 

    In practice, the actual case can be a combination of all the situations mentioned above. In summary, 

an ontology’s concept can be represented with a table set (one table or multiple tables) with selected 

columns and defined constraints.  

6.3. The Ontology Concept Definition Model 

6.3.1 Information needed     

    To store mapping information in a proper way, the RDF model can be used to maintain the column 

and constraint information, because it has an object-based structure that is easily understood by a 

humans and interpreted by a machine. 

    There are some requirements of the design of such a model that must be considered. The model 

must contain all the database location information such as the schema and the table and column the 
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attribute belongs to. Furthermore, constraints on the needed columns has also have to be stored in the 

model. 

6.3.2 The mapping model  

    The database-to-ontology mapping model can be designed as shown in Figure 6.3: 

 

 

Figure 6.3: Ontology Mapping Model  

    Since every node in a triple store model must be unique, the description of a column node has to use 

the form “Concept_Name:Schema_Name/Table_Name/Column_Name”. For the same reason, the 

system will use the full name of the ontology’s concept as the ontology node’s description. 

    In this model, different mapping cases have been realized with the following methods: 

• Projection: An attribute is represented as a column node that has the location information, such 

as “name of schema”, “name of table” and “name of column” properties. 
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• Selection: Records will be selected during the query process with the “Constraint Setting” 

property.  

• Union: When columns that define the same concept come from different tables,   the system will 

check the underlying logic between tables by scanning the metadata model. 

6.3.3 The triple store model 

    To represent the mapping information of the model, the triple store statement pairs shown in Table 

6.1 are used: 

Subject Predicate Object Description 

Ontology Term 
Node 

hasColumns Column Node The columns associated with the 
term 

Ontology Term 
Node 

termName Name of the term The name of this term 

Ontology Term 
Node 

termFullName Full name of the term The full name of this term 

Column Node  schemaName Name of schema this 
column belongs to 

Describes the source schema of 
this column 

Column Node tableName Name of table this 
column belongs to 

Describes the source table of this 
column 

Column Node columnName Name of table this 
column belongs to 

Describes the source column of 
this column 

Column Node constraint Constraint of the value 
in this column  

The constraint formula 

 
Table 6.1: Store Statement Pairs of Ontology Mapping  

6.3.4 SPARQL query operations for the model  

    With the following SPARQL query, the system can retrieve mapping information from the 

database-to-ontology model mentioned above: 

PREFIX j.0: <http://ontology#>
 SELECT ?serverName ?schemaName ?tableName ?columnName ?constrain 
 WHERE {        
     ?ontologyTerm j.0:ontoName “Ontology Name”        

?ontologyTerm j.0:ontoFullName “Ontology Full Name” 
       ?ontologyTerm j.0:dbMappingInfo ?columnNode. 
       ?columnNode j.0:serverName ?serverName. 
       ?columnNode j.0:schemaName ?schemaName. 
       ?columnNode j.0:tableName ?tableName. 
       ?columnNode j.0:columnName ?columnName. 
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       ?columnNode j.0:constrain ?constrain. 
          } 
 
6.4. Summary 

    This model helps the user map the data in a database to the ontology’s concepts. During the 

mapping definition process, the basic semantic feature, a domain, has been introduced. The connection 

between an ontology and a database has been established. Utilizing the defined ontology concepts, the 

upper layers of the system can use them to construct a query strategy. 
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Chapter 7: Information Retrieval 

7.1. Query Strategy  

7.1.1. Single concept 

    When a user picks exactly one concept from an ontology tree, the strategy is straightforward. There 

are seven steps the system has to follow: 

• Check the ontology mapping model, find the associated columns and constraints of selected term. 

• Identify the tables the associated columns belong to.  

• Check whether or not there any “refersTo” relationships existing between those tables by 

inspecting the virtual database metadata model. If the related columns have been found, record 

that information. 

• Prepare the dataset that will be used during search by merging the selected table’s data repository 

models together. 

• Construct a SPARQL query based on the collected information, which includes the columns’ 

location, columns’ constraints and the “join on” keys. Paging and sorting information may also 

have to be considered. 

• Run the generated SPARQL query on the prepared dataset. 

• Retrieve the result and parse it into XML, then send it back to the user’s web interface. 

 

7.1.2. Multiple concepts 

    The search strategy is much more complicated when the user picks multiple concepts. In addition to 

the steps mentioned in the previous section, the system has to consider the domain relationship 

between concepts. The possibilities of how those domains interact with each other can be categorized 

into the types illustrated in Figures 7.1 through 7.4:  
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Figure 7.1: Domain Relation between Ontology’s Concept: Coincidence  

 
    In the “Coincidence” case, two concepts have the same domain. When a user searches both of them 

at the same time, the system just has to list out the information of either one.  

 

                                   

 
    Figure 7.2: Domain Relation between Ontology’s Concept: Inclusion  

 
    In this “Inclusion” case, one concept is the parent class of the other one, which means its domain 

embodies the other’s. When the user selects both, the system will display the information of the 

smaller domain that belongs to the more specific concept. 

 
      

 

 

    Figure 7.3: Domain Relation between Ontology’s Concept: Intersection  
 

    In the “Intersection” case, two concepts overlap in some fields, therefore, when a user picks both of 

them, the system will do a union operation to find the records in the fields in the intersection. The 

attribute in the result set would be the columns that come from both concepts.  

 

 

 
                       Figure 7.4: Domain Relation between Ontology’s Concept: Independent 
   

                     Concept2 Concept1  

DB                            Concept1     

 Concept2 

                    Onto 

Concept2

Concept 1 

Concept1                      Concept2 



 

 

45

 

    In the “Independent” case, the domain of two concepts does not have any overlap, therefore, when a 

user picks both of them, the system does not have to consider the relation between concepts, instead, a 

Cartesian-Product operation will be used to list all the possible instance combinations of the pair of  

concepts. 

    In summary, based on the different relation situations between concepts, the system will follow 

different strategies to collect information and construct the correct SPARQL query.  

 
7.2. Paging and Sorting on the Server side 

    As a Client-Server architecture system that deals with large datasets, the cost of data transmission 

needs to be taken into consideration. Instead of sending all of the result at one time, handling paging 

and sorting on the server side can greatly improve efficiency, because a smaller result set will have to 

be transmitted. 

    In SPARQL, the fields of ORDER BY, OFFSET and LIMIT provides a solution for server side 

paging and sorting. The example SPARQL query is: 

 
PREFIX j.0: <http://virtualDB#>  
SELECT ?X ?Y ?Z 

      WHERE  
{ 

         ?serverNode j.0:serverName “Name of the server”.  
         ?serverNode j.0:hasSchemas ?schemaNode. 
         ?schemaNode j.0:schemaName “Name of the schema”. 
         ?schemaNode j.0:hasTables ?tableNode. 
         ?tableNode j.0:tableName “Name of the table”. 
   ?tableNode j.0:hasRecord ?recordNode . 
         ?recordNode j.0:column-X ?X. 

?recordNode j.0:column-Y ?Y. 
?recordNode j.0:column-Z ?Z. 

      }  
ORDER BY ASC(?X) offset starting_index limit amount_of_record  
 

    In this SPARQL query, The ORDER BY clauses indicates the sorted column and order, the offset 

means the starting index, and the limit indicates the number of result records.  
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7.3. Summary 

    In the information retrieval level, users can query the data repository based only on their knowledge 

about the concepts belonging to ontologies. The system administrator works on the underlying logic 

between the ontology’s concepts and deals with data source location, which is totally invisible to 

common users. Therefore, this kind of architecture makes the searching process very easy and 

convenient for those not familiar with the details of the databases being searched. 
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Chapter 8: Testing 

8.1. Preliminaries 

    Compared to the size of an RDF data repository model, the sizes of a metadata model and an 

ontology mapping model are much smaller. For this reason, the runtime of this system will be affected 

mostly by the efficiency of the data repository. Therefore, the following test only focuses on 

determining the efficiency of our RDF data repository model.  

    The runtimes of loading data and retrieving data will be tested separately. The data loading test 

simulates the process of transferring data from a MySQL database into the data repository (Deployed 

in Jena’s Triplestore, TDB).  The information retrieval test estimates the runtime of several SPARQL 

queries which simulate common search operations on relational databases.  

8.1.1  The test environment 

The following is a description of the system used for testing 

• Hardware: 

 Processor: Intel (R) Pentium (R) D CPU 3.73 GHz 

 Memory: 8.00 GB 

• Software: 

 Operation System: 64-bit Windows 7 Professional 

 Java Version: jre-6u19-windows-x64 (64 bit version) 

 Database Version: MySQL Server 5.1 

 IDE: Eclipse-SDK-3.5-win32-x86_64 

 TDB Version: TDB 0.8.5 

8.1.2 Test dataset metadata 

    There are two dataset has been used in this test. The following is a description of their metadata. 



 

 

48

 

    Dataset1: Name: Table 1. Columns: x, y, z. 

    Dataset2: Name: Table 2. Columns: a, b, c.  

8.1.3 Test approach 

    In the data loading test, the loading process was tested 5 times for each of 10 data set sizes. In the 

information retrieval test, each query was executed 10 times for each data set size. The results 

reported here are the averages of the testing samples. The final results will be displayed in the form of 

graphs. 

 
8.2. Test Result 

8.2.1 Data loading time 

    Figure 8.1 shows the test results for loading data into the triple store repository from a MySQL 

database.  The run times are essentially linear. 
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Figure 8.1: Test Results for Loading Data 
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8.2.2 Information retrieval time 

    The following are testing results for 6 typical queries used in this system. Each query has simulated 

one operation of SQL query in relational database.   

Query 1 

Function Find the value of columns x, y, z in Table 1. 

SPARQL 

Query 

            SELECT ?x ?y ?z 
            WHERE 
            { 
                ?record1 j.0:C-x ?x. 
                ?record1 j.0:C-y ?y. 
                ?record1 j.0:C-z ?z. 
             } 

Equivalent 

SQL 

Query 

            SELECT x, y, z 
FROM Table1 

 
Table 8.1: Information of Query 1 
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 Figure 8.2: Test Results for Query 1 
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Query 2 

Function Find the value of columns x, y, z in Table 1. Result set is ordered by  column x. 

SPARQL 

Query 

SELECT ?x ?y ?z 
     WHERE  

{  
      ?record1 j.0:C-x ?x.    
      ?record1 j.0:C-y ?y.    
      ?record1 j.0:C-z ?z.  
         }  
     order by xsd:double (?x)  

Equivalent 

SQL 

Query 

            SELECT x, y, z  
            FROM Table1  
            ORDER BY x  

 
Table 8.2: Information of Query 2 

Runtime of Query 2

0

1

2

3

4

5

6

7

0 20,000 40,000 60,000 80,000 100,000 120,000

Number of Records

R
un

tim
e 

(s
ec

on
ds

)

Figure 8.3: Test Results for Query 2 
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Query 3 

Function 
Find the value of columns x, y, z in Table 1, but only if the value in column x is 

larger than a given constant. 

SPARQL 

Query 

SELECT ?x ?y ?z 
     WHERE  

{  
      ?record1 j.0:C-x ?x.    
      ?record1 j.0:C-y ?y.    
      ?record1 j.0:C-z ?z.  
      FILTER (xsd:double ( ?x)>number).  
     }   

Equivalent 

SQL 

Query 

            SELECT x, y, z  
FROM Table1  
WHERE x > number  

 
Table 8.3: Information of Query 3 

Runtime of Query 3
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Figure 8.4: Test Results for Query 3 
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Query 4 

Function 
Find the value of columns x, y, z in Table 1, but only if the value in column x is 

larger than a given constant. The result set is to be ordered by column x. 

SPARQL 

Query 

SELECT ?x ?y ?z 
     WHERE  

{  
      ?record1 j.0:C-x ?x.    
      ?record1 j.0:C-y ?y.    
      ?record1 j.0:C-z ?z.  
      FILTER (xsd:double ( ?x)>number).  
     }   

ORDER BY xsd:double (?x)  

Equivalent 

SQL 

Query 

             SELECT x, y, z  
             FROM Table1  

WHERE x > number  
ORDER BY x  

Table 8.4: Information of Query 4 

Runtime of Query 4
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Figure 8.5: Test Results for Query 4 
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Query 5 

Function 

Find the record pairs in Table 1 and Table 2 where the column x value in Table 1 is 

equal to column y in Table 2.  Columns x, y, z from Table 1 and columns a, b, c of 

Table 2 will be displayed. 

SPARQL 

Query 

SELECT ?x ?y ?z  ?b ?c 
     WHERE  

{  
      ?record1 j.0:C-x ?x.    
      ?record1 j.0:C-y ?y.    
      ?record1 j.0:C-z ?z.  
  ?record2 j.0:C-a ?x.    
      ?record2 j.0:C-b ?b.    
      ?record2 j.0:C-c ?c.  
        }   

Equivalent 

SQL 

Query 

            SELECT table1.x, table1.y, table1.z, table2.b, table2.c 
 FROM table1 JOIN table2 
 ON table1.x = table2.a 

Table 8.5: Information of Query 5 
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Figure 8.6: Test Results for Query 5 
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Query 6 

Function 

Find the record pairs in Table 1 and Table 2 where the column x value in Table 1 is 

equal to column y in Table 2 and  the value in column x is larger than a given 

constant.  Columns x, y, z of  Table 1 and columns a, b, c of  Table 2 will be 

displayed. The result set is ordered by column x.  

SPARQL 

Query 

SELECT ?x ?y ?z  ?b ?c 
     WHERE  

{  
      ?record1 j.0:C-x ?x.    
      ?record1 j.0:C-y ?y.    
      ?record1 j.0:C-z ?z.  
  ?record2 j.0:C-a ?x.    
      ?record2 j.0:C-b ?b.    
      ?record2 j.0:C-c ?c.  
        FILTER (xsd:double ( ?x)>number).  
     }   

ORDER BY xsd:double (?x)  
Equivalent 

SQL 

Query 

            SELECT table1.x, table1.y, table1.z, table2.b, table2.c 
 FROM table1 JOIN table2 
 ON table1.x = table2.a 
 WHERE table1.x > number 
 ORDER BY table1.x 

Table 8.6: Information of Query 6 
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Figure 8.7: Test Results for Query 6 
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8.3. Result Analysis 

    The model displayed very good performance loading data (Figure 8.1) and on Query 1 (Figure 8.2).  

Even the dataset with one million records was handled efficiently. The performance benefited from 

the streaming query engine of TDB triple store. Instead of waiting for generating the entire result set, 

the result records can be retrieved dynamically.     

    However, when additional query options were applied in the SPARQL query, the efficiency of 

information retrieval declined. In queries 2, 3, and 4, sorting and filtering options were used. Those 

operations need to be executed after the entire dataset been obtained, which results in a heavier 

workload. Even though Query 4 is more complicated than Query 3, it has a slightly better performance. 

This might be due to fact that the filter operations are applied first, generating a smaller result set for 

sorting. 

    In queries 5 and 6, the “join on” operation was tested. As expected, the efficiency is worse than 

working on a single table. The reason is that the “join” operation has to be run on two models 

simultaneously, the workload of retrieving information from different resources increases runtime.  

    In summary, when this system works on comparatively smaller datasets, the efficiency appears to 

be good enough.  When larger datasets need to be handled, the advantage of the TDB triple store’s 

streaming feature can be used. With the outstanding loading and reading speed of data repository, we 

can use the model to integrate data very quickly, and then deploy the integrated data in a traditional 

database. With some simple adaptation, the ontology mapping model can also work with relational 

databases. In this way, the efficiency of searching can be maintained.  

    Since different triple store implementations have different query mechanisms, in the future, other 

triple stores will also be implemented and tested. Therefore, the triple store implementation that best 

fits a specific project will need to be identified. 
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Chapter 9: Conclusions and Future Work 

    The system developed in this project has an architecture providing data integration, data 

management, data mapping, and information retrieval.  

    To address these challenges, new technologies and approaches, such as the RDF model and 

SPARQL queries, have been applied and implemented to solve key issues mentioned above. Moreover, 

the efficiency of this system has also been tested. 

    With this system, the data stored in heterogeneous databases can be integrated into an RDF data 

repository, which is described by the metadata model. And then the integrated data can be mapped to a 

concept in a domain ontology. Through the concepts represented in ontologies, users can readily 

retrieve information from the system.  However, this system still has several drawbacks, which need 

to be considered and solved in future investigation. 

1. The complexity of searching limits the system’s capability for supporting large datasets. Future 

work on designing efficient query templates and optimizing the RDF model is needed. 

2. In data integration, the classification of conflicts is still at a theoretical level. However, conflicts 

in the real world can be complicated.  Additional cases of database conflicts need to be studied 

and analyzed. 

3. The operations of database integration mapping and ontology mapping have to be done manually, 

which results in a heavy workload for users. 

    With the proposed system architecture, improvements can be applied at various levels in different 

aspects.   

    At the RDF model level, there are several approaches to improving efficiency.  TDB provides an 

optimizer that uses information captured in a per-database statistics file generated automatically.  This 

information is used to determine the best execution approach during the execution phase.  In addition, 

the actual data so far retrieved should be taken into account. This can be a practical method to 
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improving query efficiency. Secondly, since the RDF model has an object-oriented structure, which is 

totally different from a relational database, further optimizing for the model and query can be tried and 

tested. 

    At the data mapping level, much research has been done on automatic database schema mapping 

[28] [30] [31]. Some of these results provide automatic or semi-automatic mapping algorithms. If 

those strategies can be implemented in this system, the efficiency of mapping can be improved.  

    At the information retrieval level, with a defined concept in ontology, more powerful and 

complicated semantic features can be introduced with RDFS (RDF Schema) or even OWL (Web 

Ontology Language). Special query strategies will have to be considered and implemented for each 

kind of relation. Many researches are currently working in this area [29] [32].  If those semantic 

features can be added to our work, the quality of searching should be improved significantly. 

    In summary, based on the open architecture of this system, advanced technologies, strategies, and 

algorithms from other research fields can be integrated to improve capability and performance. 
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