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Abstract—Current tools for data migration between document-

oriented and relational databases have several disadvantages. We 
propose a new approach for data migration between document-
oriented and relational databases. During data migration the relational 
schema of the target (relational database) is automatically created 
from collection of XML documents. Proposed approach is verified on 
data migration between document-oriented database IBM Lo-
tus/Notes Domino and relational database implemented in relational 
database management system (RDBMS) MySQL. 
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I. INTRODUCTION 

N present days there are many types of databases and huge 
amount of data stored in databases. Sometimes it is neces-

sary to migrate data from one type of database to another type 
of database. Or we need to create new database implemented 
in another type of database and move data from old database 
to new database. In these cases the process of data migration 
will be initiated. Process of data migration consists of three 
steps and is called ETL (Extract, transform and load) [8]:  

1. Extracting data from the source database. 
2. Transforming data into usable form for migration to the 
target database. 
3. Migration of data to the target database. 
The ETL process uses the terms source and target databases 

that are refined here: 
Source database – database from which data are migrated 
Target database – database into which data are migrated 
 

In this article two types of databases will be used for data 
migration. Source database is a document-oriented database. 
Target database is one of the most used type of database: rela-
tional database [1], [2].  

A.   Document-oriented database  

A document-oriented database is designed for document-
oriented applications like document management system 
(DMS) or system for storing important documents or contracts 
of a company. The basic entity of a document-oriented data-
base is a document. The document contains fields and each 
field has a value. Relationships are represented by two fields 
depending on documents which have the same value.  
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A big advantage of this database type is easy usage and 

programming, so untrained business users can create applica-
tions and design their own databases. 

There are a lot of implementations of document-oriented 
database: IBM Lotus/Notes Domino, eXist, Apstrata, Mon-
goDB, etc. 

B. Relational database 

A relational database is a database based on a relational 
model. The basic entity of a relational database is a relation. A 
relation is usually described as a table which is organized into 
rows and columns. Rows are understood as records and col-
umns represent attributes or properties of the table [1], [2]. 

This paper focuses of a new approach for data migration be-
tween document-oriented databases and relational databases 
using XML documents for storing data of document-oriented 
database. During data migration the relational schema of the 
target (relational database) will be automatically created from 
collection of XML documents generated from document-
oriented database. Proposed approach will be verified on data 
migration between document-oriented database IBM Lo-
tus/Notes Domino [3] and relational database implemented in 
relational database management system (RDBMS) MySQL. 

II. PROBLEM FORMULATION 

Currently, there are a few tools for data migration between 
document-oriented and relational databases. Here are few of 
them which are used for data migration between document-
oriented database IBMLotus/Notes Domino and various types 
of relational database management systems. 

A. IBM Tivoli Directory Integrator 

Software from IBM can transform, move and migrate data 
between heterogeneous directories, databases, files, collabora-
tive systems and applications, including migration from the 
IBM Lotus Domino database to a relational database. The tool 
helps enhance robust integration of important data with a pos-
sibility of transformation to other file formats and synchroni-
zation between two or more systems, but IBM Lotus Notes has 
to be the source or target system.  

Migration from the IBM Lotus Notes database to a relation-
al database management system (RDBMS), such as Microsoft 
SQL Server, Oracle or MySQL can be provided by connection 
via JDBC or ODBC driver. After successful connection to 
RDBMS, we can choose source data from the Lotus database 
and migrate it to a table of RDBMS. IBM Tivoli Directory 
Integrator is offered as a free tool for the IBM Lotus Notes 
platform [4]. 

 
B. Notes2DB 

An open source tool for data migration from the Lotus 
Notes database to a relational database, for example: IBM 
DB2 7, Oracle 9I, Microsoft SQL Server 2000, MySQL 3.23.  
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In Notes2DB we can easily configure the ODBC data 
source of the RDBMS to which we want to export the data. 
Then we can enter the target RDBMS table name to which we 
want to export data of Lotus Notes documents. Next, we can 
choose fields from Lotus Notes to export and map them to 
their equivalent columns in the RDBMS table. Finally, we can 
migrate data from Lotus Notes documents to the table of the 
RDBMS. Notes2DB supports data migration from the Lotus 
Notes database to a relational database with creating one-to-
many relationships of a relational database and is offered as an 
open source tool [5]. 

C. CSVExporter for Lotus Notes 

CSVExporter is a simple tool for data export from the Lotus 
Notes database to CSV files, which can be imported to a rela-
tional database. CSVExporter for Lotus Notes doesn´t support 
data migration to a relational database, but data can be ex-
ported to a CSV file and then we can import it to a relational 
database. Firstly, we select Lotus Notes database and specific 
view or folder of this database. Then we can choose fields 
from the Lotus Notes view of folder to export. Finally, we can 
migrate data to a CSV file. CSVExporter for Lotus Notes is 
offered as trial software [6]. 

D.  DetachIt for Lotus Notes  

DetachIt is another simple tool for data export from the Lo-
tus Notes database to CSV files, which can be imported to 
a relational database, text files, HTML, PDF, etc. DetachIt for 
Lotus Notes is similar to CSVExporter for Lotus Notes, but it 
allows exporting attachments and rich text fields of Lotus 
Notes documents. Working with this tool is very similar to 
working with CSVExporter for Lotus Notes tool. After selec-
tion of the Lotus Notes database, view or folder and fields to 
export we can choose the type of the target file and migrate 
data to the selected file type. DetachIt for Lotus Notes is of-
fered as trial software in two editions – Standard and Pre-
mium. Premium Edition allows exporting multiple databases 
in batch mode [7]. From this simple review of tools that allow 
data migration from the Lotus Notes database to a relational 
database, we can conclude that the most robust tool is IBM 
Tivoli Directory. From the summary of the tools for data mi-
gration between various types of RDBMS we can conclude 
that tools enable migration of database tables and their data.  

The main disadvantage of all of the tools is that they are not 
able to automatically create database schema of the target 
(relational) database based on migrated data from document-
oriented database.  

The disadvantage of some tools is the inability to migrate 
foreign keys that are a part of relations between database 
tables. Another disadvantage is the impossibility of modifying 
or extending of existing tools.  

III.  PROBLEM SOLUTION 

The main aim of the paper is to propose a new approach for 
data migration between document-oriented databases and 
relational databases using XML documents for storing data of 
document-oriented database.  

During data migration the relational schema of the target 
(relational database) will be automatically created from collec-
tion of XML documents.  

Proposed approach is shown in the following figure: 
 

 
Fig. 1 Proposed approach for data migration   

 
The main steps of the proposed approach will be described 

in the next part of this paper. 

A.  Choosing a set of XML documents  

At the beginning it is necessary to choose appropriate set of 
XML documents. XML documents are generated from the 
source document-oriented database and store data of docu-
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ment-oriented database which will be migrated. For example, 
if we need to migrate information about students and their 
subjects, we choose XML documents Student.xml and Sub-
ject.xml. Each XML document stores information about one 
or more documents that contain information about the same 
type of document of the selected document-oriented database.  

We also need to identify dependencies and links between 
XML documents. For this activity is suitable to create concep-
tual model of the selected set of XML documents. Each XML 
document represents one entity of the resulting conceptual 
model.  Attributes of entity are represented by field of the 
specified type of document which is stored in XML document. 
Relationships between entities are represented by couples of 
fields of documents which have the same value and are linked 
together (for example field Faculty in document type Depart-
ment and field Name in document type Faculty). 

Then we need to specify superior entities which are not de-
pended on other entities. These entities will be migrated in the 
first phase and from them the main database tables of relation-
al schema of the target relational database will be created. 
Then the subordinate entities will be specified and they will 
represent database tables which are depended on main tables.  

For example XML document department-faculty.xml 
represents subordinate entity. It stores information about de-
partments and each document type Department has a link to 
document type Faculty which represents superior entity. 

XML document department-faculty is shown in the follow-
ing figure: 

 

 
Fig. 2 XML document department-faculty.xml 

 
Finally, we need to specify all relationships between docu-

ments in document-oriented database and create map file 
which represents all relationships between subordinate and 
superior entities. We need to identify couple of document 
fields which represents relationships between subordinate 
document and superior document of source database. In doc-
ument-oriented database are not relations (which are known 
from relational database) so relationships between documents 
are represented by the couple of fields which have the same 
value.  

Finally, the map file will be constructed from quaternions 

{T, TC, PT, PTC}: 
1. T – name of type of document which represents 

subordinate entity 
2. TC – name of field which contains value of field 

which represents the relationship 
3. PT – name of type of document which represents 

superior entity 
4. PTC – name of field which contain value of field 

which represents the relationship 
Process of creating map file is shown in the following fig-

ure: 
 

 
Fig. 3 Example of map file 

B. Loading a set of XML documents 

In this step we need to load all selected XML documents 
which will be migrated to target relational database.  

Firstly, it is necessary to specify appropriate names of the 
XML documents which represent superior entities. The best 
option is to specify the name of XML document based on type 
of document which is stored in the XML document. For ex-
ample for document type Faculty the name of XML document 
will be specified as Faculty.xml. These XML files will be 
migrated at first and the name of main database tables in target 
relational database will be determined from the names of 
XML documents. 

Next, we need to specify appropriate names of XML docu-
ments which represent subordinate entities. These names will 
consist of the name of subordinate entity and the name of su-
perior entity. For example for XML document which stores 
information about document type Department and document 
type Faculty, the name will be specified as Department-
Faculty.xml. Based on this information the dependent database 
table with appropriate foreign key will be created. 

C. Connecting to the target relational database  

In this step it is necessary to connect to the target relational 
database. Connection can be provided by using JDBC driver 
and appropriate login data. The target relational database is 
empty, so the relational schema of the database will be created 
later. 



International Journal of Information, Control and Computer Sciences

ISSN: 2517-9942

Vol:6, No:9, 2012

1118

 

 

Process of connecting to the target relational database is 
shown in the following figure: 

 

 
Fig. 4 Connecting to the target relational database 

D.  Analysis of XML documents and creating relational 
schema of the target database 

In this step is necessary to analyze XML documents and 
based of information and of the XML documents to automati-
cally create relational schema of the target relational database. 

In the first part we need to analyze XML documents that 
represent superior entities: 
1. Loading elements viewentry of XML document. 
2. For all elements viewentry – loading all child elements 

entrydata and other elements with detection of data types. 
3. Based on information from step 2 the objects that represent 

fields of documents from source document-oriented data-
base are created. 

4. Based on information from step 3 the database table in the 
target database is created. SQL INSERT queries for insert-
ing data to the created database table are prepared. 
Then XML documents which represent subordinate entities 

are loaded: 
1. Loading elements viewentry of XML document. 
2. For all elements viewentry – loading all child elements 

entrydata and other elements with detection of data types. 
3. Based on information from step 2 the objects that represent 

fields of documents from source document-oriented data-
base are created. 

4. Creating object which contains information about foreign 
key of database table based on data stored in specified map 
file. 

5. Based on information from step 3 and 4 the dependent data-
base table with foreign key in the target database is created. 
SQL INSERT queries for inserting data to the created data-
base table are prepared. 
The output of this phase is created relational schema of the 

target database. 

E. Inserting data to the target relational database 

In the last step the data of the XML documents are inserted 
to the created relational database. Inserting data consists of 
two steps: 
1. Inserting data to the main database tables 
2. Inserting data to the dependent database tables 

Finally, the process of migration is finished and results of 
data migration are shown to the user. 

IV.  RESULTS 

The proposed approach will be verified on migrating data of 
the document-oriented database which contains information 
about faculties, departments, students and subjects.  

A. Choosing a set of XML documents 

Information about types of documents and dependencies in 
the source document-oriented database are shown in the fol-
lowing figure: 

 

 
Fig. 5 Source document-oriented database 

 
Here are XML documents generated from the source data-

base: 
1. Faculty.xml 
2. Department-Faculty.xml 
3. Subject-Department.xml 
4. Student-Faculty.xml 
 

Mapping file mapping.txt contains these rows: 
 
Department|Faculty|faculty|Name 
Subject|Department|department|Name 
Student|Faculty|faculty|Name 

B. Loading a set of XML documents 

In this step XML documents will be loaded. 

C. Connecting to the target relational database  

Next, the database connection to the target relational data-
base will be provided. Target relational database will be im-
plemented in RDBMS MySQL. The name of target relational 
database is university. 

D. Analysis of XML documents and creating relational 
schema of the target database 

In this step XML documents will be analyzed and relational 
schema will be created.  

Relational schema created from XML documents is shown 
in the following figure: 
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Fig. 6 Created relational schema of the target relational database 

E. Inserting data to the target relational database 

Finally, data to the created relational database are inserted. 
Examples of inserted data are shown in the following figures: 

 

 
Fig. 7 Data of the database table department 

 

 
Fig. 8 Data of the database table subject 

 

 
Fig. 9 Data of the database table student 

 
V.  CONCLUSION 

In this paper we analyzed the current state in data migration 
between document-oriented database and relational database. 
Then we evaluate features and disadvantages of current tools 
for data migration. Next, we propose new approach for data 
migration between document-oriented databases and relational 
databases using XML documents for storing data of docu-
ment-oriented database. During data migration the relational 
schema of the target (relational database) was automatically 
created from collection of XML documents. Proposed ap-
proach was verified on data migration between selected doc-
ument-oriented database IBM Lotus/Notes Domino and rela-
tional database implemented in relational RDBMS MySQL.  
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