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A methodology for Data Migration between Dif-
ferent Database Management Systems
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Abstract—In present days the area of data migration is tagwit
cal. Current tools for data migration in the aréaetational database
have several disadvantages that are presentedsipahper. We pro-
pose a methodology for data migration of the daek@ables and
their data between various types of relational higa systems
(RDBMS). The proposed methodology contains an éxpgstem.
The expert system contains a knowledge base tlcamposed of IF-
THEN rules and based on the input data suggestoppgte data
types of columns of database tables. The propasadwhich con-
tains an expert system, also includes the podsilofioptimizing the
data types in the target RDBMS database tableddbaserocessed
data of the source RDBMS database tables. The pedpexpert
system is shown on data migration of selected dambf the source
RDBMS to the target RDBMS.

Keywords—expert system, fuzzy, data migration, database; rel
tional database, data type, relational databasegeanent system

|. INTRODUCTION

N present days the area of data migration is vepjctl.

Various information systems and their databasesofien
transferred between different types of hardwaresaftware
equipment. This activity requires the proper coaation and
management, because it is necessary transfer ddtdhair
structure to the new system correctly [5]. In theaaof data-
bases we had to correctly migrate logical structiréne data-
base and their data stored in database tables altmgppro-
priate data types. We also need to remember thimugtypes
of relational database systems (further in texemefl as
RDBMS), which contain and manage databases, héfezetit
characterics and properties. All
the relational model [1], [2], but the specific pesties
and activities provided in the database can be ampl
mented differently. Such as naming and supportaté dypes,
SQL commands for creating and editing databaseesalas
well as the specific features of the RDBMS, whicaymot be
supported in another RDBMS.

Now we would like to define the process that isduse

to migrate the database data.
The general process of data migration, which isldseda-
tabase migration and data between different typdsDBMS

RDBMS are based on

Cyril Klimes

1. Extracting data from the source database.

2. Transforming data into usable form for migrattonthe

target database.

3. Migration of data to the target database.

The ETL process uses the terms source and targdiates

that are refined here:

Source database — database of source RDBMS, from which

data are migrated

Target database — database of target RDBMS, into which

data are migrated

There are a lot of reasons for data migration betweari-
ous types of RDBMS, we would like to state hereydaiv of
them:

1. Upgrading to new version of the same RDBMS — in the
case of regular upgrading of sotware equipmenhén t
company, including new version of RDBMS, we need
to migrate data to new RDBMS

2. The existing RDBMS is insufficient — in the case of a
large increase of stored data, insufficient speedae
pacity of RDBMS

3. Change of company policy — in the case of changing
security or another type of policy in company, vezd
to upgrade to better, more sophisticated RDBMS

4. Economical problemsin company — this can lead to un-
installing commercial and expensive RDBMS and in-
stalling open-source and cheaper RDBMS instead

5. Alot of various applications and RDBMS — we need to
unify various database and various RDBMS to one spe
cific RDBMS to ensure better efficiency and coreist
cy of data

As mentioned above, one of the main differenceséen

various types of RDBMS is the naming and definitafrdata

types that are supported. For illustration thera @efinition of
several data types according to SQL3 standard 1jd] taeir
equivalents in the selected RDBMS in the table welo

is calledeTL (Extract, transform and load) and consists of the

following 3 steps:
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TABLE |
DIFFERENCES INDATA TYPES
SQL3 MySQL Oracle MSSQL
INTEGER TINYINT SMALLINT TINYINT
SMALLINT INTEGER SMALLINT
INTEGER INTEGER
MEDIUMINT BIGINT
BIGINT
CHARACTER CHAR CHAR CHAR
NCHAR NCHAR
CHARACTER VARCHAR VARCHAR2 VARCHAR
VARYING TINYTEXT NVARCHAR2  NVARCHAR
CHARACTER  MEDIUM LONG TEXT
LARGE TEXT BLOB NTEXT
OBJECT TEXT CLOB LONG-
LONGTEXT NCLOB VARCHAR
BLOB LONGBLOB
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From the table we can conclude that the namingava d
types and their support in various RDBMS are veffgcent.
Currently there are also a lot of tools for datgnaiion be-
tween databases of various types of RDBMS. We deokiere
only a few of them, because it is not possible uargify and
describe all of these tools:
1. SwisSQL Data Migration Tool
2. ESF Database Migration Toolkit
3. DatabaseBridge
4. Cross-Database Studio
5. Data Management Center
Now allow us to summarize the most important features of
these tools:
a)Tools can enable migration of database tables heid t
data
b) Some tools have problems with migration of forekgys
that are a part of the relations between datalzdsest
c) Some tools enable migration of procedures, funstimd
triggers stored in a database
d) Some tools are capable of comparing selected tables
source and target database and compare them
e) Tools can’t be modified or extended by user
f) There is no possibility to change parameters dufea
of target database tables and their attributesh(asadata
types, etc.)

Il. PROBLEM FORMULATION

From the summary of the tools for data migratiotween
various types of RDBMS we can conclude that toaslabée
migration of database tables and their data. Thad#iantage
of some tools is the inability to migrate foreigayk that are a
part of relations between database tables. Anadisadvan-
tage is the impossibility of modifying or extendingexisting
tools. It is also impossible to change parametarks faatures
of target database tables and their attibutesekample data-
base specialist can’t change data types of thettaagabase
tables attributes.

So the main goal of this article is to propose @ého@ology
for data migration between of RDBMS, which shouédphto
reduce or eliminate disadvantages of the existioyst The
methodology will also propose an expert systempfoposal
of the suitable data types for attributes of tardatabase
tables. Based on the methodology we are also piragpastool
for migrating database tables and their data thatbe mod-
ified and extended by a database specialist.

lll. PROBLEM SOLUTION

The main aim of this paper is to propose the meitoay
for migrating database tables and their data betwegious
types of RDBMS.

Here are the main steps of the methodol ogy that are visual-
ly displayed in the following figure:

Specification of

the RDBMS of

the source and
target DB

RDBMS of
the source
DB

RDBMS of
the target
DB

Connect to tne database
and loading logical structure

Information of
the target database

Information of the | Logjical structure of the source database Data of database tables
source database
Database

Attributes | | Relationships Data
tables

Loading data types

I

———> Expert system <«

L

Evaluating and proposal of
suitable data types

Suitable data
types

Creating of logical structure
of the target database
Data migration to the
target database

Logical
structure of the <
target database

Migration of logical struture
o the target database

Target
DB

Fig. 1 A methodology for data migration

The main steps of the methodology will be descrilvethe
next part of this paper.

A. Specification of the source and target RDBMS

At the beginning it is necessary to specify the RIEBof
the source database. With the type of RDBMS we reed
specify the version of the selected RDBMS, becaws®us
versions of the same type of RDBMS can be differdiie
best way to obtain information about type and ersof
RDBMS is to connect with source database and lbadrte-
tadata of the database that contains the requifethiation.

We also need to specify the RDBMS of the targetlolse.
With the type of RDBMS we need to specify the vemsof
this RDBMS. This information will be used in thextheteps
of the methodology.

There are examples of several types of RDBMS alwitlg
the list of their versions:

* MySQL - versions: 3.2.3,4.0,4.1,5.0

e Oracle — versions: 8i, 9i, 10g, 119

» PostgreSQL - versions: 8.3, 8.4, 9.0, 9.1

» MSSQL - versions: 2005, 2008, 2008 R2, 2012

B. Loading thelogical structure of the source database
In the next step it is necessary to load the |dgitacture
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of the source database. Logical structure of thaldese con-  referencing database table
tains the database tables, their attributes andefaéons be- The process of finding relationships in database is shown in
tween database tables. We devide the process dihfpahe thefollowing figure:
logical structure of the source database into temsp
a) Loading the database tables
b) Finding and identifying all relationships between d
database tables -
First part contains loading these properties fahedata- -
base table: -
1. Database table name TABLE 3
TABLE 1 <€

TABLE 2

—
—_—
—

v
2. Alist of attributes \:
3. Data types of attributes ’ N =~ <
4. Size of the data types N > TABLE 4

Visually the first part is shown in the followinggtire: ~

Found relation -

TABLE1:TABLE 3 TABLE 5

Source

database Fig. 3 Finding relationships between database $able

In this figure is shown the process of finding tielaships
only for TABLE I. We had to repeat this process ¢ombina-
tion of all pairs of database tables and then #sailt of this
process will be a set of all the relations in therse database.

Database C. Proposal of suitable data types by expert system
tables In this step we propose the expert system which prd-
A pose a set of suitable data types of the attribiutése target

database tables. The proposal of suitable dates typke be
based on the type of the RDBMS of the source datlthe
type of the RDBMS of the target database and tlezifip

Attributes attribute found in the source database table.
The expert system contains knowledge base thaorns c
A posed of the suitable IF-THEN rules.

Input data for expert system are:
1. The type of RDBMS of the source database
(SOURCE_DB)
2. The name of the attribute in the source dataleisie
Size of data (SOURCE_DATA_TYPE)
type 3. The type of RDBMS of the target database

(TARGET_DB)
Output of the expert system is:
. . . . 1. Evaluated attribute in the target database table

LOad'r.‘g d.atabase tables and their a’Ftr|butes carnnpke- An example of the IF-THEN ru?es for finding suitabiata
mented in different ways, one of them is to use GOBiver types for data type VARCHAR, when RDBMS of the smur

?ndl Iog_d n:e:;\data of the Jiat?btasfe tt:J s_lngt predelfmﬂdods database is MySQL and RDBMS of the target datalsse
or loading table names and a list of their attrésu ORACLE is shown below:

In the second part we need to find and identifyalbfrela-
tionships between database tables in the souredaks. For | F SOURCE_ DB I'S MySQL AND

Data type

Name

Fig. 2 Loading database tables and their attributes

each relation we had to define this set:
SOURCE_DATA TYPE |'S VARCHAR AND
R = (PK_TABLE, PK_COL, FK_TABLE, FK_COL), TARGET DB IS ORACLE THEN
where: SUI TABI LI TY OF VARCHAR2 | S VERY BI G

PK_TABLE — name of referenced database table
PK_COLUMN - column that contains the primary key of | F SOURCE DB |'S MySQL AND

the referenced tables _ SOURCE_DATA_TYPE | S VARCHAR AND
FK_TABLE — name of the referencing database table TARGET DB |'S ORACLE THEN

FK_COLUMN — column that contains the foreign key of the SUI TABI LI TY OF NVARCHAR? |'S VERY BI G
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| F SOURCE DB 1S MySQL AND

Logical structure of this database is shown infdtlewing

SOURCE_DATA _TYPE | S VARCHAR AND figure:
TARGET_DB | S ORACLE THEN faculty e
SUI TABI LITY OF BLOB IS VERY SMALL -
PK |id PK |id
Evaluation of suitable data types for source dagee t Name [ Name
VARCHAR, if source RDBMS is MySQL and target RDBMS Alias Alias
is Oracle is presented in the following table: Qgg:ﬁ:s FK1 | faculty_id
TABLE Il
EVALUATING SUITABILITY OF THE PROPOSEDDATA TYPES
Data type name Suitability of the data type
VARCHAR?2 0.99
NVARCHAR2 0.99 student subject
CHAR 0.99
PK |id i
LONG 0.01 < PK |
BLOB 0.01 FirstName Name
LastName Alias
Evaluation of data types results in a number frobnls, FKA Z‘irj?; ?LNumber gf:;ltis'on
that indicates the degree of suitability of the pmsed data — FK1 | department_id

type. O indicates that the data type is complatelyuitable, 1
indicates that the data type is very suitable.

From the table above we can conclude that verpisigitda-
ta types are VARCHAR2, NVARCHAR2 and CHAR, but
data types LONG and BLOB are very unsuitable, beeley
are designed for storing large strings.

D. Sdlection of suitable data types

In this step the user (database specialist) cattsehe of
the evaluated suitable data types for each ataibuthe target
database table. Or he can use default data typevdsaprede-
fined by the expert system.

E. Generating SQL dump filefor creating the target data-
basein the RDBMS
At the end we propose generating SQL dump file tost-
tains SQL command for creating database tablesir the
attributes and relationships in the RDBMS of they¢h data-
base tables.
SQL dump file contains these parts:
a) SQL CREATE commands for creating database tables
and their attributes
b) SQL ALTER commands for creating primary and foreign
keys in the database tables
¢) SQL INSERT commands for inserting data to the data-
base tables
After that, the generated SQL dump file will be wnigd to
the RDBMS of the target database and the targabdae will
be created.

IV. RESULTS

The methodology will be verified by means of theltthat
is created for data migration between various typés
RDBMS. RDBMS of the source database is MySQL. RDBMS
of the target database is Oracle. Selected databdke uni-
versity database.

Fig. 4 Selected database logical structure

A. Specification of the source and target RDBMS

As the source RDBMS was selected RDBMS MySQL 5.0.
As the target RDBMS was selected RDBMS Oracle 11g.
B. Loading the logical structure of the source database

Logical structure of the database was loaded byhoakst

predefined in java.sql and JDBC driver.

department
id - int {10}
faculty_id - int (10}
Name - warchar (100}
Alias - warchar (10)
faculty
id - int {10}
Name - warchar (100}
Alias - warchar (10}
Address - warchar (50)
Phone - warchar (Z0)
studant
id - int {10}
faculty id - int (10}
FirstName - warchar (E0)
LastMName - warchar (50)
PersonalMunber - warchar (10)
subject
id - int(l0d)
department _id - int (10}
Name - warchar (50)
Alias - warchar(l0)
Conclusion - warchar (10)
Credits - int (10}
Fig. 5 Loading the logical structure of the souwle¢abase

Then we found these relationships between the datab

tables:
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Evaluation of data types for source data type VARCHAR is

id
subject
department _id

faculty
id
department

faculty_id

faculty
id
student
faculty_id
Fig. 5 Finding relationships between the database tables

C. Proposal of suitable data types by expert system

In this step we propose data types by expert system that is
implemented in LFLC tool [4].

Firstly we define linguistic variables and fuzzy sets for each
value of specified linguistic variable. The fuzzy set for linguis-
tic variable SOURCE_DATA_TY PE represented by triangular
functionsis shown in the following figure:

User expressions g@@
e ] Standard |
|Lgﬁsupp ‘Lgmaqu.m, IT AR ermel }w B |} : ‘U ~
0 1 2 u
1 2 3 u
2 3 4 u
3 4 5 u
4 5 6 u
5 L] 7 u
6 7 8 N
~
Add Quadratic ‘ Addd Trapezoid | Add Triangular | Add Uriform ‘
Change. Typa'| Delete oK Cancel
g \
0.
08— Yy
Wi
0 075 15 225 3 379 45 525 6 675 7.5 829 9 9795105 11.3 12 127 135 142 15

Fig. 6 Identify possible datatypein LFLC tool

Then we create a knowledge base for evaluating data type —
as for exampl e the knowledge base of datatype VARCHAR2:

Qenelal} Input vanablss] Output variables  Bules ]Inpul 4 Dutpul]

source_db & type --> varchar2

Test
source_db [type varcharZ‘Glnup |Incnns\stancy |F!edundant -~

Eﬁ char  |exbi
2 ¥ |mysdl varchar| ex bi
3. [ |mysql tinptext | ex bi
4. [ |mysql mediumy me

5. W |mysal bt am

E. [ |mysql longtext| ve sm
7. W |oraclke char  |exbi
8. [V |postaresql | char ex bi
9. ¥ |postaresql | varchar| ex bi

Fig. 7aA knowledge basein LFLC tool

shown below:

VARCHAREZ : 0,99

NVARCHARZ : 0,99
CHAR : 0,99
LONG : 0,01
ELOE : 0,01

Fig. 7b Evaluation of datatypes
D.Selection of suitable data types

In this step the user can select one of the proposed data

types — we select thefirst datatype VARCHAR2.

E. Generating SQL dump filefor creating the target data-
base in the RDBMS

In this step the tool generates SQL dump file that can be in-

cluded in Oracle, part of this SQL dump is shown bel ow:

CREATE TAELE department |
id NUMEEER NOT MNULL,
faculty id NUMEER NOT NULL,
Name VARCHARZ (100} MNULL,
Alias WARCHAREZ(10) MNULL

1:

Fig. 8 SQL dump for RDBMS Oracle

Then we can import SQL dump into the database of

RDBMS Oracle;

DEPARTMENT Create v

Table Data Indexes Model Constraints Grants Statistics UlDefaults Triggers Dependencies SQL

Add Column | | Modify Column| |Rename Column| | Drop Column| |Rename | |Copy | | Drop| | Truncate | |Create Lookup Table

Column Name  Data Type  Nullable Defsult Primary Key
D NUMBER to

FACULTY_ID NUMBER tio

NAE VARCHARZ(114)  “Ves

ALAS VARCHAR2(10)

1-4

Fig. 9 The department table in the target database

Data of the department table are shown below:

Table Data Indexes Model Constraints Grants Statistics UlDefaults -

Query | | Count Rows | |Insert Row

EDIT ID FACULTY_ID NAME ALIAS
E—"\% 3 Katedra matematiky KA
E;‘% 3 1 Katedra biologie KBIO
EQ.% 1 1 Katedra informatiky a pocitacu  KIP

row(z)1-3of3

Fig. 10 Data of the department table

V.CONCLUSION

In this paper we analyzed the current state in data migration
between various types of the RDBMS. Then we evaluate fea-
tures and disadvantages of current tools for data migration.
Next, we propose the methodology for data migration between
various types of RDBMS that contains the expert system for
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decision support during the process of data migmatiThe

expert system proposes suitable data types fobuttts of

target database tables and can be modifiied ond&tg if it's

necessary. In conclusion we propose a tool thaased on the
proposed methodology. Results are shown on therdafea-

tion of the selected database.
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