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Abstract—Current tools for data migration between document-
oriented and relational databases have severad 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 relationa
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 migrationto 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
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 relationa database is a database based on a relationa
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 thetable [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 relationa 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 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.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 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 (RDBMYS), 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: 1BM
DB2 7, Oracle 9l, 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 theet

source of the RDBMS to which we want to export thea.
Then we can enter the target RDBMS table name iohwhe
want to export data of Lotus Notes documents. Negt,can
choose fields from Lotus Notes to export and mantto
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 oreaine-to-
many relationships of a relational database awodfésed as an
open source tool [5].

C.CSVExporter for Lotus Notes

CSVExporter 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 lwe ex-
ported to a CSV file and then we can import it tcekational
database. Firstly, we select Lotus Notes databadespecific
view or folder of this database. Then we can chdads
from the Lotus Notes view of folder to export. Rlgawe can
migrate data to a CSV file. CSVExporter for Lotust®s 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 Net but it
allows exporting attachments and rich text fieldsLotus
Notes documents. Working with this tool is very ga&mnto
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 filé mmigrate
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 dafses
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 robustigo@M
Tivoli Directory. From the summary of the tools fdata mi-
gration between various types of RDBMS we can amhel
that tools enable migration of database tableglaid data.

The main disadvantage of all of the tools is thatstare not
able to automatically create database schema oftatget
(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 betweatnlthse
tables. Another disadvantage is the impossibilitynodifying
or extending of existing tools.

Ill.  PROBLEM SOLUTION

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

(relational database) will be automatically credtedn collec-
tion of XML documents.
Proposed approach is shown in the following figure:

1. Choosing a set of
XML documents

2. Loading a set of R
XML documents Loading XML
documents
A4

3. Connecting —
to the target =
relational

database

login
password %conneclng—bPTé:;get

4. Analysis of
XML XML < >

documents and ~— T
creating — XML —~.al Relational Target
relational - XMLJ schema db
schema of the —~ _ ~

target database N

5. Inserting data —
data to the thl
target relational X
database - XME
—

Fig. 1 Proposed approach for data migration

Target
db

inserting——»

The main steps of the proposed approach will bertesi
in the next part of this paper.

A. Choosing a set of XML documents
At the beginning it is necessary to choose appatpiset of

XML documents. XML documents are generated from the

source document-oriented database and store datfoof
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ment-oriented database which will be migrated. &ample,
if we need to migrate information about studentds #meir
subjects, we choose XML documents Student.xml| amo- S
ject.xml. Each XML document stores information abone
or more documents that contain information aboet $hme
type of document of the selected document-oriedegdbase.

We also need to identify dependencies and linksvdh
XML documents. For this activity is suitable to are concep-
tual model of the selected set of XML documentsshEAML
document represents one entity of the resultingceptual
model. Attributes of entity are represented bydfief the
specified type of document which is stored in XMbcdment.
Relationships between entities are representedobples of
fields of documents which have the same value aadirgked
together (for example fiel&aculty in document typd®epart-
ment and fieldName in document typé&aculty).

Then we need to specify superior entities whichrenede-
pended on other entities. These entities will bgrated in the
first phase and from them the main database talfledation-
al schema of the target relational database willctEated.
Then the subordinate entities will be specified &mely will
represent database tables which are depended ortaibées.

For example XML documentdepartment-faculty.xml
represents subordinate entity. It stores infornrmabout 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 socidlnich studii
<lentrydata>

<entrydata name="Name">
<text>Katedra metod socialni prace</text>
<fentrydata>

Katedra metod socialni prace

———»

<entrydata name="Name">
<text>Katedra socidinich véds/text>
<fentrydata>

Katedra socialnich véd
Katedra sociélni prace

<entrydata name="Name">
<text-Katedra sacialni prace<itext>
<lentrydata>

—_———

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

Piirodovédecka fakulta

<lentrydata>

<entrydata name="Name">
<text>Katedra fyziky</text>
<fentrydata>

Katedra fyziky

<entrydata name="Name">
<text>Katedra chemie</text>
<fentrydata>

Katedra chemie

<entrydata name="Name">
<text>Katedra informatiky a poditagi<text>
<fentrydata>

Katedra informatiky a poéitagi

Fig. 2 XML document department-faculty.xml

———»

Finally, we need to specify all relationships betwelocu-
ments in document-oriented database and create fiteap
which represents all relationships between subatdirand
superior entities. We need to identify couple oftwment
fields which represents relationships between glibate
document and superior document of source datalhas#c-
ument-oriented database are not relations (whiehkaown
from relational database) so relationships betwdmuments
are represented by the couple of fields which hiligesame
value.

Finally, the map file will be constructed from gesations

{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 folluyfig-
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 doentn
which will be migrated to target relational datadas

Firstly, it is necessary to specify appropriate earof the
XML documents which represent superior entitiese Hest
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 asFaculty.xml. 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 XMcud
ments which represent subordinate entities. Thasees will
consist of the name of subordinate entity and #mmen of su-
perior entity. For example for XML document whictores
information about document tydeepartment and document
type Faculty, the name will be specified aBepartment-
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 JOB@r
and appropriate login data. The target relatiorahiase is
empty, so the relational schema of the databaséwitreated
later.
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Process of connecting to the target relational liete is
shown in the following figure:

JDBC driver

login N

4 Relational
. . database
password »  Login data connecting management
« 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 documents
based of information and of the XML documents ttoeati-
cally create relational schema of the target reteti database.

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

1. Loading elements viewentry of XML document.

2.For all elements viewentry — loading all child eksnts
entrydata and other elements with detection of dgues.

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

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

are loaded:

1. Loading elements viewentry of XML document.

2.For all elements viewentry — loading all child elmmts
entrydata and other elements with detection of tgtas.

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 infigueriap
file.

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

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

E. Inserting data to the target relational database

In the last step the data of the XML documentsieserted
to the created relational database. Inserting datssists 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 amgduits of
data migration are shown to the user.

IV. RESULTS
The proposed approach will be verified on migratiaga of

the document-oriented database which contains rirdition
about faculties, departments, students and subjects

A. Choosing a set of XML documents

Information about types of documents and dependeriai
the source document-oriented database are showre ifol-
lowing figure:

Name Faculty
Faculty Department
| g— . _ gl
N;
ome Name
Faculty Department
Subject

‘ Student

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:

Depar t nent | Facul ty| facul t y| Name
Subj ect | Depart nent | depart ment | Nane
St udent | Facul ty| facul t y| Nane

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 relaitidata-
base will be provided. Target relational databafiebe im-
plemented in RDBMS MySQL. The name of target relzi
database isniversity.

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 isnsho
in the following figure:
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faculty department
PK | faculty i PK |department_id
d
Name - Name
Alias Alias
Address FK1 | faculty_id
Phone
A
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 databaseiregerted.

Examples of inserted data are shown in the follgvfigures:

id faculy_id  Mame Aliaz
1 1 FKatedra metod socidlni prace KMSF
2 1 Katedra socidlni prace KMS
3 2 Katedia dechowich nastojii KON
4 2 Katedra grafiky a kresbp KGE
5 2 Katedra intermédil Kl
B 2 Katedra klavesowich ndstroji kKM
7 2 Katedra malby KM
8 2 Katedra sochafstyi KS
9 2 Katedia sdloveho zpévu K52
10 2 FKatedra strunngich nastroj KSM
11 2 Katedra tecrie a d&jin uméni KTDU
12 3 FKatedra anglistiky a amerikanistily g,
13 3 Katedra &eské literatuny a literdmi védy KCLY
14 3 Katedia teského jazyka (48]
158 3 Katedra d&jin uméni a kultumiho dédickyl KDUKD
16 3 Katedra filozofie KFl
17 3 Katedra germanistiky kG
18 3 Katedra historie kH
19 3 Katedia psychologie a aplkovanjch socialnich wéd KPASY
20 3 Katedia romanistiky KR
fal 3 FKatedra slavistiky KSL
22 4 Katedra anatomie, histologis a embryologis KAHE
Fig. 7 Data of the database table department
id| depatmentid  Mame Alias Conclusion | Credits
1 12 Angliftina 1 KAAANGT Zk E
2 23 Biomedicina 1 KBO/BION Zk E
3 3 Sawofon KDN/SAR Zk E
4 15 DEjiny umeni KDUKD/DU Zk. 4
5 44 Astronomie a astiofyzika KFY / ASTRO Zk. 4
B 4 Grafika a kresba KGK/GK Zp 4
7 30 Hudehni vpchovs KHY/HY Zp 2
8 30 Interpretatni seminaf KHY/ASDEI Zp [
El 30 Interpretatni seminaf 2 KHY/SDEIZ Zn 4
10 30 Interpretatni seminaf 3 KHY/ISDEI3 Zk 4
11 30 Ochestrélni prave KHY/ORHCHE Zp 2
12 24 Zaklady chirurgie KCHO/ZCH Zk B
13 46 Analiza dat KIP/ANDAT Zk E
14 46 Angliftina studovaného obor 1 KIP / &NGI1 Zp 2
15 46 Potitalové sité KIP /BKPOS Zk E
16 47 Diskiétni matematika EMA 7 DISHA Zk 4
7 32 Didaktika v matematice EMD/DM Zk E
18 34 Andiagogiks 1 KPAANDT Zk E
19 36 Zaklady socidlini pedagogky KSP/ZSP Zk [
20 2 Socidlnl prace KSP/SP Zk 4

Fig. 8 Data of the database table subject

id faculty_id = FirstMame LastMame PerzonalM umber
1 1 Cyril Tobias 5007
2 1 Emil Zataral 5009
3 1 Lucie Safafovd 5002
4 1 Lukas Mowatng 5006
5 1 Pavel Jani 50
53 1 Pavla Janowva 5002
v 1 Richard D anel 5003
8 1 Richard Zbuhla s010
9 1 Robert Zmélik. 5005

10 1 Tomad Ertel 5004

il 2 Daniel K.ol&f oo

12 2 Felix Michal uoas

13 2 Filip Mazar Loos

14 2 [Gabina Paracova unoons

15 2 Jan FPavel ooz

16 2 FRobert Potykad umao

17 2 Simona Krainowa unoons

18 2 Tomad Ekhart o3

19 2 Zdengk Dirozdilk Loo4

20 3 Antonin Frochazka Foog

21 3 Bartolomé Cech FOOE

22 3 Filip Munzar Fooq

23 3 Filip Eartan FO0s

Fig. 9 Data of the database table student

V. CONCLUSION

In this paper we analyzed the current state in déggation

between document-oriented database and relatiatabdse.
Then we evaluate features and disadvantages ofrtuiwols
for data migration. Next, we propose new approarhdfata
migration between document-oriented databaseseational
databases using XML documents for storing data axfue
ment-oriented database. During data migration iational
schema of the target (relational database) wasneatically
created from collection of XML documents. Proposaut
proach was verified on data migration between setedoc-
ument-oriented database IBM Lotus/Notes Domino waald-
tional database implemented in relational RDBMS QS
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