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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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|. 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 datato the target database.

The ETL process uses the terms source and target databases
that arerefined here:
Sour ce 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
tiona 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.

Bogdan Walek is with the Department of Informatics and Computers, Uni-
versity of Ostrava, 30. dubna 22, 701 03 Ostrava, Czech Republic (e-
mail:bogdan.walek@osu.cz).

Cyril Klimes is with the Department of Informatics and Computers, Uni-
versity of Ostrava, 30. dubna 22, 701 03 Ostrava, Czech Republic (e-
mail:cyril . klimes@osu.cz).

International Scholarly and Scientific Research & Innovation 6(9) 2012

1144

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 arelational databaseisarelation. 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
relationa database management system (RDBMS) MySQL.

I1.PROBLEM FORMULATION

Currently, there are a few tools for data migration between
document-oriented and relationa 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.1BM 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 arelationa 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 arelation-
a 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 91, Microsoft SQL Server 2000, MySQL 3.23.
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In Notes2DB we can easily configure the ODBC data During data migration the relational schema of taeget

source of the RDBMS to which we want to export tiaa.
Then we can enter the target RDBMS table name fohwilie
want to export data of Lotus Notes documents. Negt,can
choose fields from Lotus Notes to export and magrtho
their equivalent columns in the RDBMS table. Fipalle can
migrate data from Lotus Notes documents to theetalblthe
RDBMS. Notes2DB supports data migration from theuko
Notes database to a relational database with ngeatie-to-
many relationships of a relational database andfésed as an
open source tool [5].

C.CSVEXxporter for Lotus Notes

CSVEXxporter is a simple tool for data export frdme totus
Notes database to CSV files, which can be impaxeal rela-
tional database. CSVExporter for Lotus Notes ddesupport
data migration to a relational database, but data lie ex-
ported to a CSV file and then we can import it teekational
database. Firstly, we select Lotus Notes databagespecific
view or folder of this database. Then we can chdasds
from the Lotus Notes view of folder to export. Higawe can
migrate data to a CSV file. CSVExporter for Lotustés is
offered as trial software [6].

D. Detachlt for Lotus Notes

Detachlt is another simple tool for data exportrirthe Lo-
tus Notes database to CSV files, which can be itedoto
a relational database, text files, HTML, PDF, &etachlt for
Lotus Notes is similar to CSVExporter for Lotus Betbut it
allows exporting attachments and rich text fieldsLotus
Notes documents. Working with this tool is very g&m to
working with CSVExporter for Lotus Notes tool. Afteelec-
tion of the Lotus Notes database, view or folded &alds to
export we can choose the type of the target fileé mnigrate
data to the selected file type. Detachlt for LoNtes is of-
fered as trial software in two editions — Standardl Pre-
mium. Premium Edition allows exporting multiple daases
in batch mode [7]. From this simple review of totiiat allow
data migration from the Lotus Notes database telational
database, we can conclude that the most robustigd@M
Tivoli Directory. From the summary of the tools fdata mi-
gration between various types of RDBMS we can aoihel
that tools enable migration of database tableglzeid data.

The main disadvantage of all of the tools is thattare not
able to automatically create database schema oftafyet
(relational) database based on migrated data froourdent-
oriented database.

The disadvantage of some tools is the inabilityrigrate
foreign keys that are a part of relations betweatalihse
tables. Another disadvantage is the impossibilityjnodifying
or extending of existing tools.

I1l.  PROBLEM SOLUTION

The main aim of the paper is to propose a new amprdor
data migration between document-oriented databaseb
relational databases using XML documents for sgpdata of
document-oriented database.
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(relational database) will be automatically credted collec-
tion of XML documents.
Proposed approach is shown in the following figure:
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Fig. 1 Proposed approach for data migration

The main steps of the proposed approach will beriesd
in the next part of this paper.
A. Choosing a set of XML documents

At the beginning it is necessary to choose appabpiet of
XML documents. XML documents are generated from the
source document-oriented database and store datkaoof
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ment-oriented database which will be migrated. &ample,
if we need to migrate information about studentd #meir
subjects, we choose XML documents Student.xml| amo- S
ject.xml. Each XML document stores information aboune
or more documents that contain information aboet shme
type of document of the selected document-oriedsgdbase.

We also need to identify dependencies and linksvd
XML documents. For this activity is suitable to are concep-
tual model of the selected set of XML documentchE$ML
document represents one entity of the resultingceptual
model. Attributes of entity are represented bydfief the
specified type of document which is stored in XMhcdment.
Relationships between entities are representedobples of
fields of documents which have the same value aadirsked
together (for example fielffaculty in document typéepart-
ment and fieldName in document typé&aculty).

Then we need to specify superior entities whichrexiede-
pended on other entities. These entities will bgraied in the
first phase and from them the main database talbledation-
al schema of the target relational database willclEated.
Then the subordinate entities will be specified amely will
represent database tables which are depended artabées.

For example XML documentdepartment-faculty.xmi
represents subordinate entity. It stores inforrmatibout de-
partments and each document typepartment has a link to
document typé&-aculty which represents superior entity.

XML document department-faculty is shown in thddal-
ing figure:

<entrydata name="Faculty" category="true>

Fakulta socialnich studii [~ — — — — — —» <text>Fakulta socialnich studii</text>
<lentrydata>
<entrydata name="Name">
Katedra metod socialni prace e | <text>Katedra metod sociaini prace</text>
<[entrydata=
<entrydata name="Name">
Katedra sociélnich véd ———— <text>Katedra socialnich véd</text>
<lentrydata>
<entrydata name="Name">
Katedra socialni prace —_———p <text>Katedra socialni prace</text>
<lentrydata>
<entrydata name="Faculty" category="true*>
Pfirodovédecka fakulta |- — — — — — — > Prirodovédecka fakulta<i
</entrydata>
<entrydata name="Name">
Katedra fyziky —-—— <text>Katedra fyziky</text>
<[entrydata>
= <entrydata name="Name">
Katedra chemie il <text>Kaledra chemie<itext>

<lentrydata>

<entrydata name="Name">
<text>Katedra informatiky a poéita&ii</text>
<jentrydata>

Fig. 2 XML document department-faculty.xml

Katedra informatiky a poéitagi

-

Finally, we need to specify all relationships betwealocu-
ments in document-oriented database and create filgap
which represents all relationships between subatdirand
superior entities. We need to identify couple oftwoent
fields which represents relationships between dglibate
document and superior document of source datalmsinc-
ument-oriented database are not relations (whiehkaown
from relational database) so relationships betwdmuments
are represented by the couple of fields which hheesame
value.

Finally, the map file will be constructed from qesations
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{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 follayfig-
ure:

Department Faculty

{ Map file (.txt) |

department|Faculty|faculty|Name

Fig. 3 Example of map file

B. Loading a set of XML documents

In this step we need to load all selected XML doenta
which will be migrated to target relational databas

Firstly, it is necessary to specify appropriate earof the
XML documents which represent superior entitiese Test
option is to specify the name of XML document basedype
of document which is stored in the XML documentr Eg-
ample for document typeaculty the name of XML document
will be specified asFacultyxml. These XML files will be
migrated at first and the name of main databadedab target
relational database will be determined from the esnof
XML documents.

Next, we need to specify appropriate names of XMtud
ments which represent subordinate entities. Thasees will
consist of the name of subordinate entity and toaenof su-
perior entity. For example for XML document whictores
information about document tyfdeepartment and document
type Faculty, the name will be specified adepartment-
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 theetarglational
database. Connection can be provided by using JDB@r
and appropriate login data. The target relatiorethlase is
empty, so the relational schema of the databaddevitreated
later.
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Process of connecting to the target relational ldete is
shown in the following figure:

JDBC driver

login o
N = >
N —_

" Relational
. . database
password > Login data connecting TR
« system

database | -
name

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 documemis
based of information and of the XML documents ttoenati-
cally create relational schema of the target refeti database.

In the first part we need to analyze XML documethtzt
represent superior entities:

1. Loading elements viewentry of XML document.

2.For all elements viewentry — loading all child eksmts
entrydata and other elements with detection of tgues.

3. Based on information from step 2 the objects tbptasent
fields of documents from source document-orientath-d
base are created.

4.Based on information from step 3 the database tablbe
target database is created. SQL INSERT queriems$art-
ing data to the created database table are prepared
Then XML documents which represent subordinatdiesti

are loaded:

1. Loading elements viewentry of XML document.

2.For all elements viewentry — loading all child eksmts
entrydata and other elements with detection of tgues.

3. Based on information from step 2 the objects teptesent
fields of documents from source document-orientath-d
base are created.

4. Creating object which contains information aboutefgn
key of database table based on data stored infiggeniap
file.

5. Based on information from step 3 and 4 the deperiia-
base table with foreign key in the target databimseeated.
SQL INSERT queries for inserting data to the creatata-
base table are prepared.

The output of this phase is created relational mehef the
target database.

E. Inserting data to the target relational database

In the last step the data of the XML documentsiserted
to the created relational database. Inserting dateists 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 ardults of

data migration are shown to the user.
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IV. RESULTS

The proposed approach will be verified on migratiaga of
the document-oriented database which contains rirdtion
about faculties, departments, students and subjects

A. Choosing a set of XML documents

Information about types of documents and dependsriai
the source document-oriented database are showheifol-
lowing figure:

Name
Faculty

e
Name

Faculty
Department

Name

Faculty Department

Student Subject

Fig. 5 Source document-oriented database

Here are XML documents generated from the sourta da
base:

1. Faculty.xml

2. Department-Faculty.xml

3. Subject-Department.xml

4. Student-Faculty.xml

Mapping filemapping.txt contains these rows:

Depart ment | Facul ty| f acul t y| Name
Subj ect | Depart nent | depart nent | Nane
St udent | Facul ty| f acul ty| Nanme

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 relatidata-
base will be provided. Target relational databadkebe im-
plemented in RDBMS MySQL. The name of target reli
database igniversity.

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

In this step XML documents will be analyzed andhtiehal
schema will be created.

Relational schema created from XML documents isasho
in the following figure:
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faculty department
PK |faculty i PK |department_id
1
Name Name
Alias Alias
Address FK1 | faculty id
Phone
A
student subject
PK | student_id PK |subject_id
FirstName Name
LastName Alias
PersonalNumber Conclusion
FK1 | faculty_id Credits
FK1 | department_id

Fig. 6 Created relational schema of the targetioglal database

E. Inserting data to the target relational database

Finally, data to the created relational databaseireerted.

Examples of inserted data are shown in the follgwigures:

id faculty_id  Mame Alias
1 1 Katedra metod zacidlni prace KMSP
2 1 Katedra socidini prace K5
3 2 Katedra dechavich néstroji kDM
4 2 Katedra grafiky a kresby KIGE
5 2 Katedra intermédi kil
B 2 Katedra klavesovich nastroji KEN
7 2 Katedra malby kKM
g 2 Katedra sochafstyl kS
9 2 Katedra sdlovéha zpévu K52
10 2 Katedra strunniich nastioid KSN
1 2 Katedra teorie a déjin uméni KTDU
12 3 Katedra anglistiky a amerikanistiky Kby
13 3 Katedra Geské literatury a literdmi wédy KLY
14 3 Katedra teského jazvka ]
15 3 Katedra dé&jin uméni a kulturniho dédictvi KDUKD
16 3 Katedra filozofie KFI
17 3 Katedra germanistiky kG
18 3 Katedra historie KH
19 3 Katedra psychalogie a aplikovanych socidlnich véd KPASY
20 3 Katedra romanistiky KR
21 3 Katedra slavistiky k5L
22 4 Katedra anatomie, histologie a embryologie FAHE
Fig. 7 Data of the database table department
id department_id  Mame Alias Conclusion  Credits
1 12 Angligtina 1 KAALANGT Zk [
2 23 Biomedicina 1 KEO/EIOT Zk [
3 3 Sawofon KDM/SAR Zk [
4 15 Déjiny uméni KDUKD/DU Zk 4
] 44 Ashronomie a astiolyzika EFY ¢ #5TRO Zk 4
E 4 Grafika a kresba KGK/GK Zp 4
7 30 Hudebnl vjichova EHW/HY Zp 2
El 30 Interpretadni seminai EHW/ASDEI Zp [
El 30 Interpretaini seminaf 2 EHW/ASDEIZ Zp 4
10 30 Interpretadni seminal 3 EHW/ASDEIZ Zk 4
1 30 Ochestréini praxe EHY/ORHCHE Zp 2
12 24 Zaklady chirurgie KCHO/ZCH 2k B
13 46 Analyza dat KIP/AMDAT Zk [
14 46 Anglittina studovanéha obaru 1 KIFP Z NG Zp 2
15 46 Poiitatove sité KIP /BKPOS Zk [
16 47 Diskrétri matematika EMA / DISHA Zk 4
17 32 Didaktika v matematice EMD/DM Zk [
18 3 Andragogka 1 EP&/ANDT Zk B
19 36 Zéaklady socidli pedagogiky KSPZSP Zk [
20 2 Socidlni préce KSP/SP Zk 4

Fig. 8 Data of the database table subject
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id faculty_id | Firsthame Lasthame Personald umber
1 1 Cril Tohias 5007
2 1 Emi Zatoral 5009
3 1 Lucie Saféford 5008
4 1 Luks&d Mavaotnj 5006
5 1 Pavel Jani 500
E 1 Pavla Janowa 5002
7 1 Richard Dranel 5003
2 1 Richard Zhuhla 5010
3 1 Fobert Zmélik 5005

10 1 Tomad Ertel 5004

11 2 Daniel K.olaf oot

12 2 Felix tichal ooz

13 2 Filp tazar Long

14 2 Gabina Paratova Loos

15 2 Jan Pavel ooz

16 2 Robert Potykad oo

17 2 Simona Krainowa Loos

18 2 Tomai Ekhart uoo3

19 2 Zdenék Dirozdik Lioo4

20 3 Antonin Prochazka Foo39

21 3 Bartolom; Cech FOOE

22 3 Filip tunzar Foo1

23 3 Filp Barton FOOS

Fig. 9 Data of the database table student

V. CONCLUSION

In this paper we analyzed the current state in oéggation

between document-oriented database and relatiatabase.
Then we evaluate features and disadvantages afrtuimols
for data migration. Next, we propose new approashdhata
migration between document-oriented databaseseaational
databases using XML documents for storing data axfue
ment-oriented database. During data migration tlational
schema of the target (relational database) wasneatically
created from collection of XML documents. Propossut
proach was verified on data migration between setedoc-
ument-oriented database IBM Lotus/Notes Domino weaia-
tional database implemented in relational RDBMS QS
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