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ABSTRACT 

The process of data migration is one of the major challenges 

in the database structure development and improvement. The 

huge size of databases and the difference in syntax and 

semantics of tables are some of the crucial problems in data 

migration field. Data migration is performed in two phases 

sequentially: structure mapping and migration. In traditional 

approach, the first phase is carried out by the use of human 

experts, and the second phase is done by a software. In new 

data migrating approaches, the process is carried out 

automatically by the use of ontology in the first phase. In this 

paper with studying various methods in this field, a new 

model for migrating data between two databases with a 

different structure is proposed. By reviewing the existing 

models for traditional and semantic databases, the  proposed 

model focuses on data migration between two traditional and 

semantic  databases. In this model, data migration process is 

carried out by creating a middle layer. Covering both semantic 

and traditional databases is one of the most important features 

of proposed model.  
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1. INTRODUCTION 
Data migration is the process of migrating data between two 

database management systems [1]. Generally in data 

migration, the data is migrated from an old platform to a new 

one. Database administrators use data migration to fulfill the 

database needs and updating its structure. 

The data migration-which involves extracting data from 

source database and loading the data to the destination 

database-, faces serious challenges. Rapid growth of database 

on one hand and the structural differences on the other hand, 

are the main difficulties of data migration. The structural 

difference of databases may be due to semantic or syntax. 

The majority of proposed approaches emphasize on data 

migration based on the structural difference of the databases 

[2]. The difference between two databases can be classified in 

three categories:  

a. Syntax Difference 

This problem originates from the usage of variant languages 

in two databases. In this case, an extensive knowledge base is 

needed to cover the grammar of both languages. For data 

migration, the request should be written and sent in source 

database language and also output data should be stored by 

the use of a target database language. 

b. Data Model Difference 

This problem originates from the use of different data models 

such as object oriented or relational, in the databases. In case 

of the aforementioned situation, the data model of the source 

database should be mapped and its equivalent should be 

implemented in the data model of target database. In this 

situation, using a software layer such as a wrapper for 

converting the two structures is an appropriate solution. 

c. Semantic Difference 

Variant analysis and aspect toward the process of developing 

a database causes semantic differences between two 

databases. Due to this inconsistency, different entities are 

created for a certain issue. For instance, consider the 

interconnected academic systems of two universities in 

Australia and United States. These two need to share 

educational data for research purposes [3]. Even if the whole 

data is in English and the two universities use the same 

software to develop their databases, some information on the 

structure and the data of the two databases is required since 

the title of an object or table might have different semantic for 

each database. Moreover, different tables may be developed to 

store the related data of an entity based on the analysis of the 

project. In order to solve this problem, first a knowledge base 

would be created for the entities and supplies of the databases 

and then an intelligent agent would be used for eliciting 

knowledge and justification process. 

According to the current database technologies, usually the 

two relational and semantic structures are used for developing 

databases. The relational databases are based on mathematics 

and algebra rules and cannot develop a knowledge base for 

entities. In these groups of database systems, first the 

migration setting, including identification of related objects 

and tables, should be prepared using database scheme 

comparison devices [4, 5]. In the next phase, an expert checks 

the two databases semantically and in the last stage the 
migration process takes place using data migration tools [5, 

6]. 

In this data migration process, the mapping phase is done by 

experts. This is time consuming and accompanied with error 

for large databases. The most important weakness of 
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relational model in data migration is the lack of knowledge or 

semantic in the database structure and it is the reason for 

which semantic databases are presented [7]. Of the most 

obvious advantages of semantic databases compared to 

relational databases is the presence of semantic in the 

database structure. This makes possible the atomization of the 

first phase of data migration process. The purpose of this 

paper is to propose a model for migrating data between two 

relational and semantic databases. In this proposed model, the 

data migration process is done by developing a middle layer. 

In the rest of this paper, the traditional and semantic data 

migration process is discussed in Section 2 and then in 

Section 3 the architecture of the semantic data migration is 

explained. The structure of the proposed model for data 

migration is presented in Section 4. Finally, the conclusion of 

the article is given in Section 5. 

2. DATA MIGRATION PROCESS 
The data migration process includes two important phases. In 

the first phase, identification, elicitation and collation of 

entities are performed. In the second phase the data migration 

process between source entities and destination entities are 

carried out. Usually the existing data migration systems focus 

on the first phase. Thus the difference or merits of each of 

these systems depends on implementation of the first phase. 

With such view, the data migration systems can be classified 

into two general categories: traditional data migration systems 

and semantic data migration systems. In traditional system the 

first phase is conducted by the use of experts and the schema 

of the two databases [5, 8]. By using schema, similar entities 

are getting related, and with experts the relation between the 

rests of the entities is decided. 

This approach is not applicable for large databases. Of the 

shortages of this approach are being time consuming and 

probability of making errors. Hence, there is a need for a 

software layer which can be replaced with experts in large 

projects. Among databases, the relational database [9] is the 

most popular one for modeling of which ER [10] is usually 

used. In order to create the software layer, expert’s operation 

on identifying entities must be surveyed. The question is how 

an expert can identify two conceptually but yet namely 

different entities, while the machine can’t do such a thing. The 

reason is what makes the expert different from machine; it is 

the knowledge base he utilizes. The expert has primary 

knowledge about the subject of the two databases, and by 

using semantic he identifies similar entities. 

Therefore a knowledge base has to be created along with a 

database so that the software layer can carry out the first 

phase of data migration. Due to the variety of entities we 

cannot use a fixed knowledge base for all entities. 

Consequently, to create a knowledge base for a database 

structure [11] ontology [12, 13] is used. This is the reason for 

which the second category of data migration systems called 

semantic data migration is presented. In semantic data 

migration systems ontology is tried to be used in the first 

phase. 

In the semantic data migration approach, requests are 

transferred to a semantic environment. This environment can 
be either between two semantic databases or a semantic layer 

on a relational database. In order to implement the semantic 

layer on a relational database, ontology of the relational 

database is needed. In the rest of this section the process of 

creating ontology and data migration in semantic database are 

reviewed. The semantic data migration is thoroughly 

explained in Section 3. 

2.1 Creating Ontology for Relational 

Database 
In order to create ontology, two approaches are used based on 

relational data model and XML. In this research, the data 

model IDEF1X [15] is selected among the other different data 

models for developing database and demonstrating entities 

and their relationships [16]. Ontology items including class, 

domain and attribute must be generated by the use of data 

model. The created ontology should cover the data model 

concepts so that it is useable for the software layer. 

Nevertheless, the ontology itself is a data model. The entities 

and relations by the use of ontology are demonstrated with 

classes. OWL_DL language is chosen as a proper syntax for 

demonstrating ontology [3]. There are many approaches that 

are used for the process of creating ontology, among which, 

DB2OWL is chosen [16]. In this method, entities are 

categorized according to relationship. First the parent and 

child tables are identified and converted to the super classes 

and sub classes. The rest of the tables are transferred into a 

class according to their role in the data model. 

Despite the existence of data models such as SIM [17] and 

reverse engineering methods like using web pages [18] which 

try to inject semantic, there is no approach to express the 

semantic of each table and relation in a data model. Therefore 

the created ontology based on a data model is not semantically 

prefect. In the second approach, the database structure is first 

expressed in XML. The DTDs are the most important tools 

used for creating XML structures [19]. By the use of RDF, 

RDF schema, OWL_DL, and convert the XML structure to 

multiple semantic layers, a more accurate ontology compared 

to the relational data model can be created [3]. In the first 

stage, entity and relations are defined using RDF and RDF 

schema [3], and in the next stage the semantic relation 

between classes is created using the OWL_DL. 

 

Fig 1: Create Ontology For Relational DataBase. 
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For example, consider a part of logical database design for an 

academic system demonstrated in Figure 1. In this system, the 

actual process is taking place between two entities: the student 

and the lecture. The student has several lectures in each 

semester and each of the lectures includes several students.  

This table is shown in the two zones in red and blue in Figure 

1 respectively. The data concerning the student entity and 

lecture entity are stored in another table. The red zone or the 

blue one in Figure 1 shows this table. 

By the use of the mentioned approaches, ontology is 

generated. In ontology generating process, the first thing that 

is taken care of is identifying parent and child tables. The 

child tables will be categorized under parent tables and the 

access to their data will be only granted via the parent table. A 

table which is between two parent tables will be assigned as 

their connective and it will be presented with a directional and 

labeled arrow in ontology charts. 

2.2 Semantic Database Model 
The existing database systems –both relational and object 

oriented– emphasize on data management and do not consider 

the semantic and semantic association between data and 

stored entities. This gives us a more abstract perception of the 

system [16]. The absence of a knowledge base and a standard 

in the stage of designing the entities makes the first phase of 

data migration difficult. In semantic database models (SDM), 

the definition of the entities and their relationship are done by 

the use of ontology [20]. Therefore the semantic database 

apart from managing data is able to store the semantic of data 

as some facts about the entities [7]. 

The presence of knowledge in definition of entities and their 

relationship makes semantic database closer to the real world 

model. Also it makes the requests easier to express and create 

semantic search engines to free the user from the complexity 

of relations between tables. These advantages in semantic 

database, makes the first phase of data migration easier and 

more applicable. 

In this model, the focus is on gathering the semantic of data 

instead of relationships and attributes. The semantic model is 

richer than the traditional model, and can describe the fact 

found in data and the semantic relationship of objects better. 

In the semantic database all the operations including saving 

and retrieving data are based on semantics, however, the 

semantic database has more layers compared to the traditional 

model [21]. 

Figure 2 shows the architecture of semantic database. At the 

beginning, there is an application layer called API which its 

task is to get the low level instruction from the upper layer 

and carry it on to the semantic database. The next layer is the 

database engine. In fact this is where all semantic processes 

take place in order to carry out the data extraction. The user's 

request is submitted to the application layer and this layer 

generates the corresponding semantic query and submits it to 

the semantic engine. The semantic engine sends out the low 

level instruction to the application layer based on the semantic 

scheme created from the database. 

For instance, the required queries for searching a student’s full 

information in the mentioned academic system in Section 2.1, 

using SQL, are presented in both relational and semantic 

approaches in Figures 3 and 4 respectively. In semantic 

approach, the user could write his request with a lower 

number of lines of codes and more importantly expressing 

his/her request much more simply. Also it is much closer to 

what he/she has in mind. 

 

Fig 2: a Layer view of Semantic DataBase. 

 

Fig 3: A Semantic Query. 

The main data extraction operation is based on the existing 

semantic among database entities. Likewise, in data migration 

between two semantic databases, the process is based on 

semantic queries. 

3. ARCHITECTURE OF SEMANTIC 

DATA MIGRATION MODELS 
The required processes for using SDM technique for a 

relational database have been described in the previous 

Section. In the following Section, the architecture of each 

proposed model is introduced and reviewed. 

3.1 The Merging of Ontology 
This method includes two phases. In the first phase a semantic 

layer from two databases is created by ontology. In the second 

phase, classes are matched for data migration. A data model is 

created for each database for the first phase. Then a semantic 

model of the databases is created using one of the ontology 

creating methods [12, 13]. For the second stage, we need to 

create entities of classes. In fact a sample of classes is the one 

which is about to be migrated. 

 

Select All_Information 

From Student    

Where  Code_Student = @CodeStudent 
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Fig 4: a Relational Query with SQL Server 2008. 

 

Fig 5: Architecture of Merge Ontology Model for Semantic Data Migration. 

It is needed to divide the migration process into three stages to 

migrate data of entities [22]. First a data scheme is created. 

Then the created scheme gets converted to a semantic scheme 

using ontology. The data migration process to class is carried 

out according to predefined rules. Figure 5 shows an overview 

of this model. According to the mentioned stages, it is 

necessary to have a knowledge base for ontology merging. 

This knowledge base is created in two ways. The first method 

is manual. User, imports in advance the mapping table to 



 

International Journal of Applied Information Systems (IJAIS) – ISSN : 2249-0868  
Foundation of Computer Science FCS, New York, USA 
Volume 3, No.3, July 2012 – www.ijais.org 

 

27 

integrate and associate the classes' name. The second method 

does this automatically using semantic data model. 

3.2 Semantic Convertor (Middle Ware) 
The goal of ontology merging model is to completely transfer 

data from the source database to the destination database. In 

such cases, either both of databases are semantic or one 

semantic layer is created for them. In some cases, there might 

be no need to transfer or entirely upgrade the existing (usually 

a relational) database. In the mentioned state, the database 

continues carrying on its job and the new database or 

application sends its request to this database in special cases. 

Semantic convertor is proposed to solve this issue. The idea 

behind semantic convertor is to create a software layer for 

relational database [21]. An illustration of this model can be 

seen in Figure 6. The task of this layer is to create a semantic 

scheme from the database which will convert the semantic 

SQL instructions to their counterpart relational SQL 

instructions. 

The user can send request semantically without altering any 

changes in the databases, and then receives the response 

relationally. 

 

Fig 6: Architecture of Semantic Middle Ware. 

 

4. PROPOSED DATA MIGRATION 

MODEL 
Based on the studies conducted, the proposed models are 

usually applicable for data migration between two semantic 

databases or two traditional one. According to the new trend, 

in developing semantic database, the data migration between 

two semantic and traditional databases gets special 

importance. 

Hence, in this paper, a data migration model is proposed 

between two semantic and traditional databases. The main 

focus of the proposed model is on the relation between the 

two traditional and semantic databases. In this case the 

semantic database is assumed as the source and the traditional 

database as the destination. In this method a middle layer is 

placed between two databases. This middle layer consists of 

two phase of creating an entity and filling it. Figure 7 shows 

an overview of this model. 

In the first phase, the user’s semantic request is converted into 

an empty entity. In the next phase, the middle layer will fill 

these entities using the data from the existing relational 

database. Respondent to the Figure 8, the user’s request is 

syntactically checked at first. Then the user’s requests tried to 

be matched using class templates, and descriptive and 

syntactic texts found on the arrows between classes. 

 

 

Fig 7: View of Proposed Data Migration Model. 

 

 

Fig 8: Create Instances. 

 

 

Fig 9: Fill Instances. 

By going through this process, the required entities are created 

using XML. By the help of these prototypes, and the semantic 

scheme of the semantic database, several instances are 

proposed. In the second phase, the entities must be filled. In 

order to do that, the data are presented in the XML form using 

the relational database structure [19, 24]. Then a semantic 

scheme is created from the data by using ontology [25]. By 
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creating the ontology, the mapping operation between entities 

and ontology is carried out. 

After mapping, the filling of the entities is carried out. Figure 

9 demonstrates these phases.  In this phase the existence of 

several instances, makes it possible to choose at least one 

appropriate instance. An instance of this process is shown in 

the mentioned example in Section 2.1. This layer, maps the 

semantic request presented in Figure 3 to the relational 

request shown in Figure 4. From the final user's perspective, 

this method utilizes the encapsulation technique for data 

migration process, and thus the user is not involved in the 

complexity of carrying on the task of migrating data. The data 

migration request from different data in relational database, 

and its applicability for most of data models are the important 

advantages of this migration method. 

5. CONCLUSION 
In this article the methods of data migration between 

databases have been studied. Regardless of the technologies 

employed, the common point among all these databases is the 

necessity of a knowledge base for mapping between two 

databases. The knowledge base is used for extracting the 

structure and mapping the entities of the databases. The 

structure of semantic database makes the creation of a 

knowledge base easy. But, generally creating a knowledge 

base for a relational database is a difficult task. Having this in 

mind, in the proposed model, based on a semantic model, a 

semantic layer is created by which the transaction is carried 

out. The middle layer by using the semantic database ontology 

gets the needed knowledge for mapping between requests. 

One of the important applications of this method is 

implementing the multilingual search engines. The request is 

sent to the source language database and the search engine, 

searches among databases. 
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