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Abstract

In instances when software is made to interact with multiple databases the upgrade of the 

software requires data migration. In addition, there are also software’s that move schema and 

data between databases through migration. Database migrations normally take very long time 

to execute and it is an error prone process. Many commercial and open sourced database 

migration products are available, but the effectiveness of a tool always depends on features that 

it supports, however these features do not fully support for database migration projects’ 
requirements. Based on our studies, we design and implement the solution which automates 

database migration for migrating and transferring schema and data through different types of 

vendor databases such as MySQL, Oracle, PostgreSQL and MS SQL Server. The solution is 

developed on top of Java technologies such as NetBeans Platform APIs and Java Database 

Connectivity API. Creating a Java Swing application on top of NetBeans Platform can largely 

reduce development time. The NetBeans Platform is an open source framework for Java Swing 

application. The Java Database Connectivity API is the main standard for database independent 
connectivity among a Java application and different types of vendor databases. The proposed 

solution supports project based mechanism to manage the migrations and it caters simple user- 
friendly wizard based GUI for migration. The solution also provides a set of automated 

database migration features, which allows migration of complicated database schema and data 

from one vendor database to another vendor database. The solution automates up to ninety 

percent of the manual work of database migration. It gives full migration solution for different 

types of vendor databases such as MySQL, Oracle, PostgreSQL and MS SQL Server. This 

automated database migration solution helps to save migration effort and costs involved in 

database migration projects.

IV



Contents

1Chapter 1........................................................................................
Introduction....................................................................................
1.1 Prolegomena............................................................................ .
1.2 Background and Motivation......................................................
1.3 Problem Definition....................................................................
1.4 Aim and Objective....................................................................
1.5 Hypothesis................................................................................
1.6 Structure of the Thesis..............................................................
1.7 Summary..................................................................................
Chapter 2........................................................................................
Current Development in Database Migration...................................
2.1 Introduction..............................................................................
2.2.1 FlySpeed Database Migration Tools........................................
2.2.2 ESF Database Migration Toolkit............................................
2.2.3 SwisSQL - Data Migration Tool.................. :..........................
2.2.4 MySQL Workbench - Database Migration..............................
2.2.5 Microsoft SQL Server Migration Assistant (SSMA)...............
2.2.6 Oracle SQL Developer...........................................................
2.3 Problem definition - Research Question...................................
2.4 Summary..................................................................................
Chapter 3................................................................................. ......
Technology Adopted for Database Migration.................................
3.1 Introduction..............................................................................
3.2.1 NetBeans Platform Features..................................................
3.2.2 Module System......................................................................
3.2.3 Lifecycle Management...........................................................
3.2.4 Pluggability, Service Infrastructure, and File System.............
3.2.5 Miscellaneous Features, Documentation, and Tooling Support
3.3 MySQL Workbench..................................................................
3.4 pgAdmin..................................................................................
3.5 SQL Server Management Studio...............................................
3.6 Oracle SQL Developer..............................................................
3.7 The Java Database Connectivity (JDBC)..................................
3.8 Summary..................................................................................

1
1
2
2
3
3
4
4
5
5
5
5
6
6
7
7
8
8

11
12
12
12
12
13
13
13
14
14
15
16
17
18
19

v



20Chapter 4................................................
A Novel Approach to Database Migration
4.1 Introduction.......................................
4.2 Hypothesis........................................
4.3 Inputs................................................
4.4 Outputs.............................................
4.5.1 Process for Application Frontend....
4.5.2 Process for Application Backend.....
4.6 Users................................................
4.7 Features............................................
4.8 Summary..........................................
Chapter 5................................................
Solution Design.......................................
5.1 Introduction......................................
5.2 Wizard Architecture..........................
5.3 Database Connectivity Architecture....
5.4 Summary..........................................
Chapter 6................................................
Implementation of the solution................
6.1 Introduction......................................
6.2 Implementation.................................
6.3 Summary..........................................
Chapter 7................................................
Product Evaluation.................................
7.1 Introduction......................................
7.2 Squish Test Automation Suite..........
7.3 Summary..........................................
Chapter 8................................................
Conclusion.............................................
8.1 Introduction......................................
8.2 Results..............................................
8.3 Further Work....................................
8.4 Summary..........................................
Chapter 9................................................
Reference...............................................

20
20
20
20
21
21
22
23
23
24
25
25
25
25
29
30
31
31
31
31
42
43
43
43
43
44
45
45
45
45
50
50
51
51

vi



List of Tables
Page

08Table 2.1: Summary of Limitation 

Table 2.2: Summary of Database Migration Tools 

Table 8.1: Row count of each table 

Table 8.2: Time taken to migrate data for each table with respect to different databases 48

11

47

List of Figures

Figure 3.1: MySQL Workbench main screen window 

Figure 3.2: PostgreSQL server with pgAdmin III 
Figure 3.3: Microsoft SQL Server Management Studio 

Figure 3.4: SQL Developer main window 

Figure 4.1: First step of a sample wizard
Figure 4.2: The Application, JDBC API, JDBC Driver and Database can be represented

15

16

17

18

22

23

26Figure 5.1: Architecture of a wizard

Figure 5.2: Sequence diagram for the wizard objects
Figure 5.3: JDBC Architectural Diagram

Figure 6.1: Splash screen
Figure 6.2: The application on top of the NetBeans Platform
Figure 6.3: Clicking the menu item, it shows the wizard
Figure 6.4: Welcome screen

Figure 6.5: Create a Project
Figure 6.6: Select a project path

Figure 6.7: Configuring a new project

Figure 6.8: Select a Source Database

Figure 6.9: Select a specific vendor source database

Figure 6.10: Clicking on “Test Connection” button, the dropdown will be populated

with all database names

Figure 6.11: Source Database with all inputs

Figure 6.12: Select a Target Database

Figure 6.13: The user selects the tables and/or data from the source database

28
29
31
32
32
33
33
34
34
35
35

36
36
37
38

vii



38Figure 6.14: The user can select the copy criteria 

Figure 6.15: The step 6 shows the default data type mappings 

Figure 6.16: The table mapping 

Figure 6.17: Database migration summary 

Figure 6.18: The wizard summarizes the selection 

Figure 6.19: The last screen of the wizard is showed 

Figure 6.20: When the user clicks the migrate button, the actual migration takes place 41 

Figure 8.1: MySQL Database 

Figure 8.2: PostgreSQL Database 

Figure 8.3: MS SQL Server Database 

Figure 8.4: Oracle Database
Figure 8.5: Total time (Seconds) taken to migrate data 

Figure 8.6: Time taken to migrate data for each table with respect to different databases 49

39
39
40
40
41

45
46
46
47
48

vm



Chapter 1

Introduction
1.1 Prolegomena

Assuring quality database administration is one of the greatest challenges faced by 

organizations [1]. Legacy software applications are slowly but steadily fading away. This has 

given rise to many application developers switching to current technologies. This has given 

rise to the need for database migration. This involves converting the schema and data from one 

system to another database system. What could be regarded as a well-designed database 

migration tool? Such a tool should successfully load data from the source applications, retain 

consistency & reliability in data and follow quality principles while compiling the data [2].

Most of database administrators perform database migration which is a very common job for 

them. In certain instances the success of a business may depend on the database migration, 
which includes the transferring of data and structure in from a database into a target database. 

These instances could occur due to company mergers or due to the need of moving data 

between contractors. As technology changes and businesses growth to the different level, a 

database migration plan is vital to safeguard all systems, services, and applications have access 

to important information from different solutions. No matter what the reason for having to drive 

through database migration, businesses need a simple and smooth database migration plan to 

simplify the process.

Although very often there is no proper budget associated to database migration and as such 

over expenditure and difficulties of a data conversion have been highly underestimated. 
Improper migration can cause mismatches in information between the original and new 

platform [3].

It has been identified that applications that are developed for one database cannot be easily 

moved to another database. This issue is prominent in database languages such as Oracle 

• PL/SQL and MS SQL Server Transact-SQL. Thereby using conventional methods for database 

migration is too demanding a cost in terms of human resource, man hours and manual effort 

that may show unpredictable migration results.
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After researching many licensed and open source database migration tools, it was identified 

that there is no current product could successfully meet all requirements unless significant 

customization is undertaken. Therefore, it was decided to build a new database migration tool.

1.2 Background and Motivation

In the software industry, companies have to work with different customer expectations as well 

with a number of different vendor databases. Frequently a given vendor database is required to 

migrate or convert to different type of vendor databases. However said migration or conversion 

mechanisms are expensive, and furthermore it was experienced that free open source software 

does not often provide a comprehensive and suitable solution. Organizational changes due to 

business growth, customers, or new market demands can all result in the implementation of 

new systems. This creates the need to move valuable data from one system to another. Database 

migration tools are always complex and require expert solutions to guarantee success.

There are many data migration solutions currently out on the market. These solutions, however, 
are typically flawed [4]. Many database migration tools are available for free or for a low price, 
and although they complete the task of moving data, the process is very unclear. Moreover, 

these tools often limit the amount of data that can be imported, exported, and deleted. Many 

solutions also require a data management software download or in some cases, hardware 

installation. These data management solutions can chaos and complicate data migration 

initiatives, further confusing processes. Businesses already employ numerous applications, 
services, and systems, requiring additional software and hardware for database migration only 

makes matters more problematic. Some solutions are quite costly, often requiring consultants 

or experts to come in and manage the migration. This method is not only costly, it can also be 

time consuming. Often, an experienced third party vendor is called in to handle the database 

migration, but this process can take time to manage and carry out.

1.3 Problem Definition

Migration and transformation of schema and data across multiple databases have been research 

challenge.

- 2 -



1.4 Aim and Objective

• The proposed application offers productive database migration tool for schema and data 

migration across multiple databases that also proves to be reliable and protect data 

integrity through its flexible, user-friendly and extensible migration process.

• It offers comprehensive migration solution across a wide range of databases such as 

Oracle, SQL Server, MySQL and PostgreSQL.

• This automated database migration solutions helps to save migration effort and costs 

involved in database migration projects.

• The proposed application provides a lightweight integration platform that delivers 

powerful database migration capabilities.

• The solution uncomplicated database migration, making it easy for customers to 

streamline and automate business processes.

• This saves time, boosts productivity, and allows businesses to spend more time 

concentrating on core business needs.

• When the solution simplifies the integration process, businesses can focus time and 

resources on core business needs.

• The main objectives of this solution is'to offer a flexible, open and extensible migration 

process

• That is fast and protects data integrity with no data loss.

• During migration the solution reorganizes and transforms schema and data consistently 

with minimum.

• The solution also provides a uniform approach for migration across multiple databases.

• This can also be used as a unique mechanism for verification of the migrated database.

• This mechanism is known as database verification.

• It is user-friendly while user installation is easy.

1.5 Hypothesis

The hypothesis is defined as developing an automated database migration tool which migrates 

and transforms schema and data across multiple databases such as Oracle, SQL Server, MySQL 

and PostgreSQL.
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1.6 Structure of the Thesis

The rest of the thesis is structured as follow. The chapter 2 is on literature review of database 

migration tools. The chapter 3 presents technology adopted towards an automated database 

migration tool for migrating and transforming schema and data across multiple databases. The 

chapter 4 provides the overall picture of our novel approach to an automated solution for 

migrating and transforming schema and data across multiple databases. The chapter 5 discusses 

the design of the solution. The chapter 6 is about the implementation of the solution. The 

chapter 7 reports on the evaluation of the proposed solution. The chapter 8 concludes the thesis 

with a note on further work.

1.7 Summary

This chapter gave an overview of the automated solution for database migration. A brief 

introduction was given about database migration and this chapter provides a discussion of some 

of the background and motivation for this study. We defined the problem definition and the 

hypothesis for this thesis. This chapter mentioned about aim and objective of this research 

work. Next chapter shows the current developments of database migration area.
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Chapter 2

Current Development in Database Migration
2.1 Introduction

MySQL, MS SQL Server, Oracle and PostgreSQL are very similar to each other but differ in 

metadata organization, internal data manipulation capabilities and in their supported data types. 

Database migration and synchronization tools helps to copy a database easily and quickly by 

just a few clicks guided by step by step instructions. Thereby cancelling the need for manual 

data transfer (which is highly time inefficient and tedious and thereby prone to error) and the 

requirement of an experienced user. Basically, such tools can be used by even the most novice 

users.

Data migration and synchronization tools keep the data integrity, database structures, the 

relations between tables and map data types. This is done by doing the following;

• Forming a new target database

• Creating tables

• Creating indexes

• Migrates data from existing database

• Examines elements of source database before migration

• Flags foreseen problems in data type’s incompatibility between the existing database 

and target one
Therefore choosing the right tool for data migration is very important. But unfortunately many 

organizations end up using an in-house tools that caters to a totally different type of users 

instead of purchasing a new one which would be better designed for data migration.

2.2.1 FlySpeed Database Migration Tools

FlySpeed DB Migrate [5] is an efficient migration tool that assists enables the easy 

modification of the database structure and user control over the migration process. This tool 

addresses the two main issues faced when migrating databases by firstly completely 

transferring the database table structure and data based on all the details of the destination 

server. Secondly transferring data into existing tables while maintaining data actuality (single­

side synchronization). FlySpeed DB Migrate is therefore fast in migration while minimizing 

data loss. The FlySpeed DB Migrate tools allow to import structure and data of tables from
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SQL Server, Oracle, DB2, Informix, Access, PostgreSQL, MySQL, Interbase, Firebird, dBase 

files, paradox files, etc. There are two tools to achieve database migration. One is for MySQL 

and the other one is for SQL Server but this is a main limitation of this work because one tool 
should support for the two databases to execute database migration. The other main limitation 

is this is a commercial product. FlySpeed DB Migrate costs USS125 per license (estimation) 
without maintenance and US$162 per license with maintenance. The final limitation is 

FlySpeed DB Migrate only supports MySQL and SQL Server databases as target databases.

2.2.2 ESF Database Migration Toolkit

ESF Database Migration Toolkit [6] is a data migration tool developed by EasyFrom. This 

tools enables the user to transfer data without having to write scripts. This is made possible by 

offering a 3 step wizard. ESF is reviewed to be the fasted migration tool available. Due to its 

wizard approach it reduces the effort of the user, cost and risk. It migrates from and to any of 

the following database formats; Oracle, MySQL, SQL Server, PostgreSQL, IBM DB2, IBM 

Informix, InterSystems Cache, Teradata, Visual Foxpro, SQLite, FireBird, InterBase, 
Microsoft Access, Microsoft Excel, Paradox, Lotus, dBase, CSV/Text and can transfer any 

ODBC DSN data source to them as well. ESF migrates all table structure, data, schemas 

(Oracle, SQL Server, and PostgreSQL), LOB (Large Text/Binary Objects), primary 

key/foreign key, indexes, auto-increment (serial) and default values. It will also change 

methods with regards to table/field name, data type, length, default value and etc., or filter data. 
In addition is supports UNICODE and enables to migrate between different character-sets 

automation. Although ESF is very expensive and thereby can only be purchased by companies 

which have strong portfolios.

2.2.3 SwisSQL - Data Migration Tool

SwisSQL [7] is a complete data migration tool that enables to transfer, convert, import, export, 

port data from or to Oracle, DB2, SQL Server, Sybase, MySQL, PostgreSQL and Access 

databases. Databases such as Oracle, IBM DB2, MS-SQL Server, Sybase, MySQL, 

PostgreSQL and MS Access are supported by this tool in migration and transfer of database 

schemas. In addition it has a facility to migrate data from Excel and CSV (Comma Separated 

Value) files into databases. It is highly reliable and user friendly. The tool is also very fast 

ensuring data integrity with no loss of data. The uniqueness of SwisSQL is its "Database 

Migration Verifier" which helps to verify the migrated data. The tool can restructure/transform 

schema and data with ease during migration. This tool offers a uniformed approach in migrating
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data databases on different platforms such as Windows or UNIX or Linux and different 

databases. SwisSQL supports Oracle, IBM DB2, SQL Server, Sybase, MySQL, MaxDB, 

MySQL, PostgreSQL and MS Access databases. Its functionalities include the migration of 

tables, indexes, constraints inclusive of data. It also can migrate data SQL SELECT queries. 

SwisSQL also can develop scripts in a command line mode which can also be used for periodic 

scheduled migration. Stored procedures, functions, triggers are also support for migrating. 
Including if the source and target RDBMS are the same. An added feature of criteria based data 

migration is also possible. This when migrating from Oracle, SQL Server, MySQL, 
PostgreSQL and Sybase ASE to any database. This can be done by setting a filter criteria for a 

table that will enable migrating only when the rows match. In such situations its dependent 

tables are also migrated accordingly. Although the company that had developed and was 

marketing this tool had announced closure and thereby has discontinued the tool. Existing 

customers of SwisSQL are supported only until their prevailing contract expires.

2.2.4 MySQL Workbench - Database Migration

Oracle Corporation has designed MySQL Workbench Migration Wizard [8]. By implementing 

an easy to use visual point and click way of working throughout the system this tool has 

managed to save developer time by simplifying an otherwise complex process. This tool 
enables configurations, copy, edit, execute and scheduling. The tool support migration from 

Microsoft SQL Server, Microsoft Access, PostgreSQL, Sybase ASE, Sybase SQL Anywhere, 
SQLite, etc. Some added features include source and target selection for defining specific data 

sources and enabling to analyze source data while migration is taking place. MySQL 

Workbench allows for object migration which involves the selection of objects to migrate and 

then assign a source target mapping, edit migration scripts and create the target schemas. It is 

possible to convert an existing database to MySQL in minutes using the MySQL Workbench 

Migration Wizard. Instead of using the manual methods. MySQL Workbench Database 

Migration is an open source tool. But is migrates only a selected vendor databases to a MySQL 

database. This tool has been developed and is owned by Oracle and therefore it does not transfer 

an Oracle database to MySQL database.

2.2.5 Microsoft SQL Server Migration Assistant (SSMA)

SSMA [9] is an open source tool developed and owned by Microsoft. This tool mainly 

simplifies that data migration process from Oracle to SQL Server and Azure SQL DB. This is 

done by automating all the aspects of migration assessment analysis, schema and SQL
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statement conversion, data migration as well as migration testing..This tool comprises of a user 
friendly screen to manage the migration process. In addition to an SSMA extension pack to be 

installed on target SQL Server. SSMA extension pack includes functionalities to emulate 

Oracle features not natively supported in SQL server, tester database to support SSMA Testing 

features, and an application to facilitate direct server to server data migration. However SSMA 

tools only support to migrate from Oracle, MySQL and Sybase databases to SQL Server 

databases.

2.2.6 Oracle SQL Developer

Oracle SQL Developer [10], is an open source tool that supports database migration. Users are 

able to migrate database objects and data. This can be done from IBM DB2, MySQL, Microsoft 
SQL Server, Microsoft Access, Sybase and Teradata to Oracle. A special feature in this tool is 

the support of both online and offline migration. Online migrations is connecting directly to 

the given database and migrating the database objects and data to Oracle. While offline 

migrations incorporates user files that is prepared from the given database, use files that user 
has prepared from the given database. Connecting to the database is not required as long as the 

user files is in order. This tool incorporates the concept of a migration project while users can 

use a wizard to take the user through a step by step method in completing the migration project. 
As a down-side, this product only supports to migrate from above mentioned databases to 

Oracle.

2.3 Problem definition - Research Question

The above study shows numerous limitations of the migrating schema and data across multiple 

databases. These limitations are summarized in Table 2.1.

LimitationResearch
The following database migrations cannot be 
performed:
From Oracle To Oracle 
From SQL Server To Oracle 
From MySQL To Oracle 
From PostgreSQL To Oracle

FlySpeed DB Migrate

From Oracle To PostgreSQL 
From SQL Server To PostgreSQL 
From MySQL To PostgreSQL 
From PostgreSQL To PostgreSQL

- 8 -



This product commercially very expensive. 
Small and medium sized companies cannot 
afford to have this product for database 
migration.

ESF Database Migration Toolkit

The company announced end of life notice 
for this tool. The company decided to 
discontinue any development and 
investments on this product to best align with 
their business goals and direction.

SwisSQL - Data Migration Tool

The following database migrations cannot be 
performed:
From Oracle To Oracle 
From SQL Server To Oracle 
From MySQL To Oracle 
From PostgreSQL To Oracle

MySQL Workbench - Database Migration

From Oracle To SQL Server 
From SQL Server To SQL Server 
From MySQL To SQL Server 
From PostgreSQL To SQL Server

From Oracle To MySQL

From Oracle To PostgreSQL 
From SQL Server To PostgreSQL 
From MySQL To PostgreSQL 
From PostgreSQL To PostgreSQL

The following database migrations cannot be 
performed:
From Oracle To Oracle 
From SQL Server To Oracle 
From MySQL To Oracle 
From PostgreSQL To Oracle

Microsoft SQL Server Migration Assistant

From PostgreSQL To SQL Server

From Oracle To MySQL 
From SQL Server To MySQL 
From MySQL To MySQL 
From PostgreSQL To MySQL

From Oracle To PostgreSQL 
From SQL Server To PostgreSQL 
From MySQL To PostgreSQL 
From PostgreSQL To PostgreSQL
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The following database migrations cannot be 
performed:
From PostgreSQL To Oracle

Oracle SQL Developer

From Oracle To SQL Server 
From SQL Server To SQL Server 
From MySQL To SQL Server 
From PostgreSQL To SQL Server

From Oracle To MySQL 
From SQL Server To MySQL 
From MySQL To MySQL 
From PostgreSQL To MySQL

From Oracle To PostgreSQL 
From SQL Server To PostgreSQL 
From MySQL To PostgreSQL 
From PostgreSQL To PostgreSQL

Table 2.1: Summary of Limitation
Based on the above, the research problem is defined as migrating and transforming schema and 

data across multiple databases has been the solution. No adequate studies are done in migrating 

and transforming schema and data across Oracle, SQL Server, MySQL and PostgreSQL 

databases. I intent to solve the problem using Core Java APIs, Java Database Connectivity API 
and NetBeans Platform APIs with above mentioned databases.
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2.4 Summary

This chapter illustrated current development of database migration tools. Table 2.2 shows that 

the summary of reviewed database migration tools and the proposed solution supports for 
multiple databases and checks whether these tools are commercial or open source products. 

The next chapter presents technology adopted to solve the research problem.
Commercial?Product PostgreSQLOracle MS SQL MySQL

Server
FlySpeed Database 

Migration Tools

YesSupport Support

YesESF Database Migration 

Toolkit
Support Support Support Support

YesSwisSQL - Data 

Migration Tool

SupportSupport Support Support

NoMySQL Workbench - 

Database Migration

Support

NoMicrosoft SQL Server 

Migration Assistant

Support

NoSupportOracle SQL Developer
NoSupport SupportProposed Solution Support Support

Table 2.2: Summary of Database Migration Tools
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Chapter 3

Technology Adopted for Database Migration
3.1 Introduction

Chapter 2 presented the current developments for giving an automation solution for migrating 

and transforming schema and data across multiple databases. This chapter presents the 

technologies to develop the database migration tool with leading databases such as Oracle, 

SQL Server, MySQL and PostgreSQL. The chapter highlighted the technologies that we are 

going to adopt to develop the solution.

3.2.1 NetBeans Platform Features

NetBeans Platform will significantly increase your development time of a desktop application 

[11]. It a generic framework for Swing applications. It saves time for developers by handling 

backend piping such as saving state, connecting actions to menu items, toolbar items and 

keyboard shortcuts, window management, etc., that previously developers would have had to 

write on their own.

Thereby as the NetBeans Platform offers the above mentioned services the need for manual 
coding of these features is no longer required by the developer. Although it is true that the 

platform creates a lightweight application and it still can save much development time.

NetBeans Platform is a consistent and flexible application architecture that does not have to 

look anything like an IDE. It has been in the market for an ample period of time so as to prove 

its reliability. Which can be utilized for free. Its architecture encourages sustainable 

development practices. As the NetBeans Platform is based on a modular architecture using this 

platform, it has proved easy to create robust applications that stand the test of time.

An important question to explore is the reason as to why developers would use NetBeans 

Platform. This is attributed to the many features that the platform offers developers. The 

features are listed below;
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3.2.2, Module System

Developers are able to successfully implement complex requirements using NetBeans by 

combining several small, simple, and easily tested modules due to its modular nature. Modules 

are able to work together dues to powerful versioning. Also developers are able to create more 

flexible applications that are also easy to maintain through strict control over the public APIs. 

Developers can combine third party modules or develop their own as they can use either 

standard NetBeans Platform modules or OSGi bundles.

3.2.3 Lifecycle Management

Lifecycle services are supplied for to Java desktop applications by NetBeans by way of its 

runtime container. The NetBeans runtime container composes NetBeans modules into a single 

Java desktop application which means that the developer is not required to a main method for 

an application. It also supports by way of persisting user settings such the default size and 

positions of application windows.

3.2.4 Pluggability, Service Infrastructure, and File System

Benefits are given from pluggable applications to end users of the application as they are 

enabled to install modules into their running applications using NetBeans. Through the runtime 

container these modules can be installed, uninstalled, activated, and deactivated at runtime. 

The infrastructure of the NetBeans Platform provides for registering and retrieving service 

implementations, enabling to minimize direct dependencies between individual modules and 

enabling a loosely coupled architecture (high cohesion and low coupling). It utilizes a virtual 

file system. This file system has a hierarchical registry for storing user settings, comparable to 

the Windows Registry on Microsoft Windows systems. Unified API that is also included in the 

platform provides stream-oriented access to flat and hierarchical structures, such as disk-based 

files on local or remote servers, memory-based files, and even XML documents.

NetBeans is useful for applications that need more than one window, such as Window System, 

Standardized UI Toolkit, and Advanced Data-Oriented Components. This is because NetBeans 

lets users maximize/minimize, dock/undock, and drag-and-drop windows, without providing 

any code at all. Thereby it simplifies tasks that would otherwise require coding.

Swing and JavaFX, which are the standard tools in Java can be used in the NetBeans Platform. 
In addition using this platfonn users are able to change the look and feel of the GUI and using
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Look and Feel support in Swing and CSS. It also enables to GUI components across all

operating systems. It is flexible to allow incorporation of third party tools such as Swing and 

JavaFX components.

Developers using the NetBeans Platform don’t have to be worried with the same issues that are 

usually faced when using Swing. That of the JTree model that is used deferring from JList 

model, and thereby rewriting the model in order to switch between the two. This is because the 

NetBeans Nodes API uses a generic model for presenting data. It uses many advanced Swing 

components when used for showing nodes.

The NetBeans Platform while offering a windows system, also offers UI components such as 

a property sheet, a palette, and complex Swing components for presenting data, a Plugin 

Manager, and an Output window.

3.2.5 Miscellaneous Features, Documentation, and Tooling Support

The software development kit (SDK) for the NetBeans Platform is NetBeans IDE. It includes 

many templates and tools. Tools such as Matisse GUI Builder (which has won many awards) 

helps developers in the designing of application layouts easily. The platform has a very good 

collection of APIs. They are well tested and upgraded when necessary. The support features 

available to users are many and diverse. They include blogs, books, tutorials, and training 

materials translated into many languages and are being updated continuously.

3.3 MySQL Workbench

MySQL Workbench [12] is a tool that can be used by database architects, developers, and 

DBAs as a visual tool for data modeling, SQL development, server configuration, user 

administration, backup, etc. This can be operated in Windows, Linux and Mac OS X operating 

systems.

MySQL Workbench is a visual tool that assists the data architects to save much time and effort 

by allowing them to visualize requirements, communicate with stakeholders and resolve

structural problems. It is 
efficiently creating well performing quality databases that easily collaborate with changing

business requirements. In order to prevent mistakes from occurring during the building of new 

generating physical MySQL databases, the model and schema validation

model-driven database design. Thereby it has the flexibility for

ER diagrams or
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utilities enforce best practice standards and MySQL-specific physical design standards when 

performing data modeling tasks.
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Figure 3.1: MySQL Workbench main screen window

3.4 pgAdmin

pgAdmin [13] can be considered the most popular tool. It is heavily laid with features relating 

to Open Source administration and development platform for PostgreSQL (which is the most 
advanced Open Source database in the world). The application can be run Linux, FreeBSD, 

Solaris, Mac OSX and Windows operating systems managing both commercial and derived 

versions of PostgreSQL 7.3 and above.

pgAdmin can be used for writing simple SQL queries to developing complex databases. 

Through its graphical interface users are supported with all PostgreSQL features which in turn 

makes administration easy. It also includes features such as; a syntax highlighting SQL editor, 

a server-side code editor, an SQL/batch/shell job scheduling agent, support for the Slony-1 

replication engine, etc. For security it may TCP/IP or Unix Domain Sockets (on *nix 

platforms), and SSL encryption. Also additional drivers are not required for communicating

with DB servers.
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A team of PostgreSQL experts have developed pgAdmin. It is available in several languages 

and is open source under PostgreSQL License.
%» pgAdmin in
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Figure 3.2: PostgreSQL server with pgAdmin III

3.5 SQL Server Management Studio

SQL Server Management Studio (SSMS) [14] is a tool that can be used for accessing, 
configuring, managing, administering, and developing all components of SQL Server. It 

comprises of a vast range of graphic tools and script editors which give developers / 
administrators of all levels access to SQL Server. SSMS includes features such as Enterprise 

Manager, Query Analyzer, and Analysis Manager, (these have been included in previous 

releases of SQL Server as a single environment). Another plus point is that this tool works with 

all components of SQL Server i.e. Reporting Services and Integration Services. Therefore it 

offers easy to use graphical tools that combine to offer a comprehensive and comfortable 

experience for developers.
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Figure 3.3: Microsoft SQL Server Management Studio

3.6 Oracle SQL Developer

Oracle SQL Developer [10] is an open source development environment. Its main functionality 

is to simplify the development and management of Oracle Databases. It includes worksheets 

for running queries and scripts, a DBA console for managing the database, reports interface, 

data modeling and a migration platform for moving a 3rd party databases to Oracle. Thereby it 

is considered a complete tool for the development of PL/SQL applications.
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Figure 3.4: SQL Developer main window

3.7 The Java Database Connectivity (JDBC)

The Java Database Connectivity [15] API is used for connecting databases and other data 

sources (i.e. spreadsheets or flat files) to the Java programming language. The JDBC API 

provides a call level API for SQL based database access. This API enables the developers to 

use the capability of Java ("Write Once, Run Anywhere") for applications that need access to 

enterprise data. Developers can use the available drivers for connecting organizational data to 

source and destination databases. The JDBC API also allows for metadata access. This assists 

in the development of complex applications that require to define the abilities of a specific 

database connection.

JDBC technology uses the advantages that can be taken from internet-standard URLs in order 

to identify database connections. It implements a much better method of identifying and 

connecting to a data source. Namely by using a DataSource object which results making the 

code more flexible and maintenance friendly. Such objects enable connection pooling and

distributed transactions. These functionalities are very much needed in enterprise database 

computing. Wherever the Java platform is located the JDBC API is available. Thereby enabling 

database applications from the data location. The JDBC API provides server
success and is available in Java Platform,

to access written 
side functionality for assisting organizational 

Standard Edition and Enterprise Edition.
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3.8 Summary

This chapter presented technology adopted to develop an automated solution for database 

migration. The Application has been fully developed with Java technologies such as NetBeans 

Platform APIs and Java Database Connectivity API. There are other technologies to support 

for the development such as MySQL Workbench, pgAdmin, SQL Server Management Studio 

and Oracle SQL Developer. Next chapter shows the approach that how we are going to apply 

these technologies to develop the solution.
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Chapter 4
A Novel Approach to Database Migration
4.1 Introduction

Chapter 3 presented the technologies for giving an automation solution for migrating and 

transforming schema and data across multiple databases. This chapter presents our approach to 

develop a database migration tool with industry’s most utilized databases; Oracle, SQL Server, 

MySQL and PostgreSQL under several headings namely hypothesis, input output, processes, 

rs and features. The chapter highlights the features that distinguish our novel approach from 

the existing approaches to database migration.

use

4.2 Hypothesis

Using database migration tool can be migrated, copied and transformed schema and data across 

multiple databases like Oracle, SQL Server, MySQL and PostgreSQL.

4.3 Inputs

The main purpose of this migration tool is for selecting source and target databases by purifying 

the connection and then selecting the required tables for performing the migration. The tool 

enables to conduct data mapping and other migration exercises. The tool features a wizard that 

guides the user through a step-by-step process and thereby ensuring smooth and easy 

connectivity between source and destination databases. It also makes note of the issues that 

may arise when migrating data of different vendors and it efficiently transforms schema and 

data between databases. Therefore users can transform schema and define schema attributes 

while the migration is underway. Options to map source database schema to the destination 

database schema, functionalities that facilitate the selecting of only the necessary columns for 
migration and the mapping of columns in source database and some of the other special features 

included in this tool. It allows users to change the data type of table columns and across all the 

tables. It is possible to migrate schema and data together or either one individually if necessary. 
It uses a project based approach with regards to the organizing of the migrations and thereby it

accommodate regular migrations.can
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4.4 Outputs

This tool supports databases such as Oracle, MS SQL Server, MySQL and PostgreSQL. It is 

regards as a total Data Migration Tool while being flexible, user friendly, 

data integrity. It displays the status of the migration data

constraints and relationships among tables. Loss of data when migrating and moving data is 

mostly avoided. It comprises of easy ways to 

detailed and summary migration reports.

reliable and maintains 

using reports. The tool maintained

move new data to existing tables. It provides

4.5.1 Process for Application Frontend

The NetBeans Platform [16] uses easy to work with wizards that give flexibility and usability 

in handling complex operations in applications. The wizard is hosted by the Dialogs API in 

order to help users work through a particular process in a step-by-step manner. Such strategies 

(wizards) are broadly used NetBeans IDE, for creating new windows or actions. The wizard 

offers easy to understand panels that can be used in each step for data entry and coordination. 
The following examples show how the wizards are used in designing a wizard and its 

architecture, in particular. In the below example a wizard is created for making playlists. The 

wizard gives two steps; the first step enables for adding a description for the playlist Figure 4.1 

while the second enables for adding the music titles allows users to describe the playlist. The 

solution is based on the NetBeans Platform Wizard Architecture APIs.
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Figure 4.1: First step of a sample wizard

4.5.2 Process for Application Backend

Java Database Connectivity API which is used by the application to interact with the database. 
JDBC API makes Java application almost independent of the database it uses. The application 

has been using JDBC API to interact with the database, then we need not to change much in 

the code each time to change the database of the application. Application can switch easily 

from one database to another. JDBC API provides standard mechanism to establish a 

connection with the database, to send the queries to the database, to navigate the results 

returned by the database and to update a database. The application, JDBC API and Database 

can be schematically represented as below Figure 4.2. JDBC driver is a software component 

which is required by the JDBC API to interact with the database. Each database will have their 

JDBC driver. This driver is supplied by the database vendor along with the database. As 

an example, JDBC driver of Oracle is ojdbc6.jar and it can be downloaded from Oracle

websites.

own

- 22 -



! ^ava Application
(■

nahrtiaJDBC
Drivi

g .2. The Application, JDBC API, JDBC Driver and Database can be represented 

4.6 Users

Sometimes users may want to reconstruct and restructure tables while they are being migrated. 

These instances require more than just plain schema and data movement. Examples of such 

instances include while moving data from master database to reporting database applying 

transformation of schema and data for faster querying, migration of application versions 

migrating between vendor solutions, etc. In these situations users need the schema and data 

while it is being migrated. This tool enables to do this while improving productivity for 

database administrators who are handling multiple databases. The easy installation and 

usability are some of the plus points for administrators or users to be comfortable using this 

tool. In summary the entire migration is done fast and seamlessly.

4.7 Features

When moving from an old to a new database version there is always doubt regarding the 

accuracy if the migration as it is never easy to upgrade to latest (E.g., SQL Server 2012 to SQL 

Server 2014). Thereby in some cases upgrades are postponed and avoided. Nevertheless this 

tool gives users a simple yet effective migration that is accurate. By the inclusion of options 

such as table and column name changes, datatype mapping, selecting specific columns, column 

mappings etc., and the tool successfully performs the migrations without glitch. Additional 

features include, selecting columns to be migrated, table and column name changes, data type 

changes, column mapping in destination database, applying functions on data while migration 

and etc. The fact that the tool uses wizard for the process enhances its simplicity in usage and

improves its usability.

have used four software tools which are MySQL
In the

For the databases management, we
pgAdmin, SQL Server Management Studio and Oracle SQL Developer.

of these software tools. MySQL databases
Workbench, 
chapter 3, we have given a complete description 

have been managed by MySQL Workbench. The GUI in pgAdmin accommodates all
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. PostgreSQL database features and thereby improves its usability. The Object Explorer can be 
regarded as a mam feature in SQL Server Management Studio, as it enables the user to browse,

within the server. Oracle SQL 

running queries and scripts and

select, and act upon any of the SQL server database objects 

Developer offers facilities for exploring database objects, 

managing the oracle database using database administrator console.

Need to make sure the installation which includes the Java Runtime Environment (JRE). 
Installation is pretty straight forward. This product is based on Java, and requires Java Runtime 

Environment. For this product to work, the machine has to be made sure that it is not blocking 

Java.

4.8 Summary

This chapter presented our novel approach to develop an automated solution for database 

migration. In this sense, it is pointed out how the novel approach offers an efficient and accurate 

solution for database migration across multiple databases. The NetBeans Platform offers an 

API for creating dialogs and wizards. It is easy for developers to learn how to create simple 

and complex dialogs in the NetBeans Platform. Also the developer is able to create structured 

wizard that can guide the user through the process easily and quickly. Next chapter shows the 

design of the novel approach presented here.
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Chapter 5
Solution Design
5.1 Introduction

C p p sented the approach to develop an automated solution for migrating schema and 

data across multiple databases migration. This chapter elaborates the approach and describe the 

architecture of the solution. NetBeans Platform Wizard Architecture and Java Database
Connectivity are the main foundation for this application. NetBeans Platform Wizard 

Architecture facilitates to design a wizard programmatically. It guides the user through an easy 

to use and understand step-by-step process of migration. This is regarded as a total Database 

Migration Tool. It assists in migrating and transferring database schemas and data in Oracle, 

Microsoft SQL Server, PostgreSQL, and MySQL databases using Java Database Connectivity 

(JDBC).

5.2 Wizard Architecture

The WizardDescriptor is a subclass of the DialogDescriptor class which describes and 

configures a wizard in principle. DialogDescriptor class, in turn, is a subclass of 

NotifyDescriptor. The WizardDescriptor controls the wizard by way of containing and 

managing the panels and baring responsibility for controlling the action buttons and displaying 

the table of contents and other key tasks.

The WizardDescriptor has a data model in order to collect data which is saved as properties. 

Although the developer can (if preferred) provide his own data model. A panel is showed for 

each step of the wizard which is built using two classes. While the first class (This class is 

known as the Visual Panel, and normally extends JPanel) handles the implementation of the

GUI the second class does the management and validation of the panel (this is known as the
first class implements the GUI. This class extends theWizard panel). The 

WizardDescriptor.Panel<Data> class. The class creates the visual panel when required in order 

it available for the wizard. As per the MVC (Model-View-Controller) paradigm, the 

the view while the Wizard Panel supplies the control. As the
to make

Visual Panel is regarded as
of the Visual Panel is to enable the user to enter data it should not include business

purpose
logics nor does not deal with wizard specific classes.
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Therefore the panel is completely reusable even outside of the wizard 

editing of a playlist. The
VisualPanel is

as in a dialog used for
relationship between WizardDescriptor, WizardPanel, and

illustrated again in Figure 5.1.

PlaylistWizardAction

creates

< «inlerface»
ChangeListener

WizardDescriptior PlaylistWizardDescriptor

0
creates

P!aylistWimrdPanel 1 *
\fL_

«interface»
ChangeListener«interface»

WizardDescriptor.Panel PlaylistWizardPanelt

creates1 w
x «interface»

EventListener< PlaylistVisualPanel!JPane!

Optional superclass, if several panels are used
Figure 5.1: Architecture of a wizard

Creating Panels: The basic structure of the wizard is created in NetBeans platform. First creates 

the user interface of the first panel which afterwards goes on to create the structure/layout of 

the panels inclusive of a visual and wizard panel. The developer is able to edit the content for 

predefined methods. Initially the UI of the first panel needs to be created 

class VisualPanel 1 in NetBeans Form Editor. It is important that many fields are defined so

describe the UI in detail while choosing a genre and providing

. This would be the

a
that the user is able to 
description and image. The completed panel shoold look like Figure 5.1, whereby the panel is 

ombined into the wizard. The panel is a normal Swing component, extendingalready shown c 

JPanel.
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Creating a Wizard from Panels: l 

panel of the wizard that would be 

tasks of view and controller

hip to this point it has been explained how to create a single

a step in the wizard. It included a description on how the
are distributed and separated. Now for the final step before

completing the creation of the wizard; a wizard is represented by the WizardDescriptor class
which manages each of the individual panels. The class can be used to instantiate the panels
and pass them to a WizardDescriptor. This is the way the class which 

when using the NetBeans IDE is set to work. It is recommended to create an individual wizard
is created automatically

descriptor that extends the WizardDescriptor class in order for encapsulation, making a better 

structure, and enabling reusability. The class can therefore handle creating panels and 

properties. When starting the wizard the action classes need only to create an instance of the 

wizard descriptor, which can be directly passed to the DialogDisplayer. Thereby the wizard is 

made fully transparent.

Event Handling: The sequence diagram in Figure 5.2 explains the communication concept 

between the three layers wizard descriptor, wizard panel and the visual pane. It also shows how 

events and notifications are received and processed. In the matter of both these scenarios the 

displaying of a wizard and the communication with different parts of the wizard as the user 

enters data are shown.

Ending a Wizard Prematurely: As usually the “Finish” button is located in the last panel of the 

wizard it is necessary to give the users the option to cancel the wizard before coming to the last
the purpose of the user to do so. The interfacepanel, as it may serve 

WizardDescriptor.FinishablePanel needs to be implemented on the panel to enable this. This

specifies the method isFinishPanel() with which developer can return the value true, if the 

wizard can be finished. As is shown in the given example, it is a good idea to add this option 

from the first panel onwards as then the user has the option to end the wizard prior to entering

data if required.
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<
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Figure 5.2: Sequence diagram for the wizard objects

Additional Validation of Data: The validity of the data of a panel is notified to the wizard using

the isValid() method. This method is called when opening a panel and on notification by the 

ChangeListener. If when the user clicks next and thereby addition verifications are done the 

WizardDescriptor.ValidatingPanel interface could be implemented. This interface conducts 

detailed verifications using the validateO method. If there are any errors, they are notified to
of an error the user receives a JComponent in

ies with the failure message if needed.
the WizardValidationException. In the 

focus, which can be accompanies

case

Is of the wizard is managed by an iterator which handles the orderIterators: The descriptor pane 

of the panels. Such an iterator 
*, the panels in sequential order. This class i, also used when passing paaels

is implemented by the WizardDescriptor.Iterator class which
as an array to
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the WizardDescriptor class. Nevertheless it is i 

certain panels to the iterator implements
important that when enabling the user to skip 

on to the WizardDescriptor, as this would handle the
dynamic order of the panels. It is possible to 

an iterator to be used in a wizard.
use NetBeans IDE to create the structure of such 

When coming back to the initial step of the Wizard set the
Wizard Step Sequence to Static 

class.
as setting Dynamic would make the IDE create an iterator

5.3 Database Connectivity Architecture

The JDBC API utilizes a driver manager that includes database-specific drivers in order to give 

a smooth connection across multiple databases. The JDBC driver manager’s job is to make 

sure that the correct driver is used to access each data source. It can support multiple drivers 

concurrently. Figure 5.3 gives an architectural diagram showing the location of the driver 
manager based on the drivers and the application.

Java Application

I
JDBC AH

I
JDBCDriw

Managiaf

XI
JDBC DriverJDBC Oriyor .JDBC Orivtr

■ ■ m
Figure 5.3: JDBC Architectural Diagram

In the solution includes the use of the following interfaces and classes in the JDBC API:

• DriverManager: The purpose of this class is to manage the database drivers and match
between the application and the appropriate driver byconnection requests 

communicating through the sub protocol. Thereby the database connection will be

established using the first driver that recognizes a certain sub protocol under JDBC.
communication will be done with the drivers this• Driver: As only very little direct 

interface will handle the
communications with the database server. Thereby the
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DriverManager objects will be used i 

abstract the details that
instead to manage objects of this type. It will also 

linked to the driver objects that will be used..are
• Connection: The connection interface i

includes all methods related to connecting to a 

communication with the database is done only throughdatabase. Thereby all

connection object.

• Statement: This interface iis used to submit the SQL statements to the database. Some 

are able to accommodate parameters ininterfaces that derive from this interface

addition to executing procedures.

ResultSet. The data that is received from a database after executing an SQL query using 

Statement objects is held by these type of objects. It acts as a mediator to enable to 

move its data through.

• SQLException: The errors that occur in the database is handled through this class.

5.4 Summary

This chapter presented design architecture of the automated solution for database migration. It 

showed architecture of the solution which is going to be implemented in the development stage. 
This design offers a well-defined and user-friendly solution for database migration across 

multiple databases. NetBeans Platform provides a professional APIs for the frontend and Java 

Database Connectivity defines interfaces and classes to communicate with the backend 

databases. Next chapter shows the implantation of the solution.
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Chapter 6
Implementation of the solution
6.1 Introduction

Top level design is based on two major components, the first one is NetBeans platform wizard

architecture for frontend and the second one is Java Database Connectivity architecture for 
backend. This chapter describes the implementation of the automated solution for database 

migration. In that sense this chapter is about how the system is implemented. The solution has 

been implemented to run on platform independent manner on Windows, Linux, Mac OS and 

etc. It has been developed on top of Java 8 platform. Let’s discuss the implementation of the

automated solution for database migration across multiple databases.

6.2 Implementation

The solution is loaded with splash screen (Figure 6.1).
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Figure 6.1: Splash screen
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Figure 6.3: Clicking the menu item, it shows the wizard

relating to the migrating of tables from one RDBMS 

is offered a wizard which has listed on the left window
Users are now walked through the steps 

to another. As per Figure 6.4, the user 

the 9 steps in the migration process.
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In the first wizard page, the user 
6.4).

n see the welcome screen and click the Next button (Figure
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Figure 6.4: Welcome screen

In the second wizard page the user either have to create a new migration project and click the 

Next button (Figure 6.5).
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selects his source database management 

from the ‘Select source database' combo box, which 

PostgreSQL or MySQL.

to step 3, where the userFigure 6.8 leads the user 
system. Select the database server instance

can be either Oracle or SQL Server or
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This step lets the user specify the connective information such as database server name, login 

and password for connecting to .the database server and the default port number.
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Enter the connectivity information for the 

needs to select a target databr 

box. This combo box includes

ource database and click on Next. In step 4 the user 
«* management system using the 'Select ta 

a list of RDBMSs that are
rget database' combo

supported (Figure 6.12):ui'TfiT r.rr.vfc i
O
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Figure 6.12: Select a Target Database

User enters the server name, database name, login, password and port number which make up 

the connectivity information of the target database and clicks on Next.

In step 5 the user is required to select the tables and/or data from which source database 

connection that the user wishes to perform migration to the target database system. This (Figure 

6.13) screen also lets the user specifies the criteria of the data that is to be transferred. For this 

purpose the WHERE clause for the table needs to be specified in the rows that qualify for 

migration. This action is also for future reference purposes.
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The step 6 shows the default data type 

modifying data types of all the database tables
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In the step 7, the user can select a table in the source table combo box. Then the 

the selected table’s full details .as Figure 6.16.
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To go to the next step click con the Next button. In step 8 th 
servers, the databases, the tables and etc. e selection of source and target 

that are to be migrated are summarized.
Finally click on the Next button on the below

shown screen to begin the migration. In step 8, 
(Figure 6.17 and Figure 6.18).the wizard looks as shown below
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By pressing the Next button 

Then in order for the actual 

button. The screen shows the 

6.20).

the above, shown 

migration to take place the 

progress of the

on
screen the final wizard page is displayed, 

user needs to click on the Migrate 

migration through a log (Figure 6.19 and Figure
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Now the user can connect to the target database 

are transferred correctly. server and checks to make sure all the objects

The application pceJs denial,y ^ ^ ^

specific database configurations. This is known as 

through JDBC that

set structures or 
metadata. There are two classes provided 

are DatabaseMetaData and 

is totally developed with metadata

are used to deal with this. They 
ResultSetMetaData. The application’s backend mechanism i
APIs in JDBC.

6.3 Summary

This chapter fully described the implementation of the automated solution for database 

migration. In this sense, it is shown that the implementation details of database migration 

multiple databases. The solution gives a complete database migration of schema and data of 

databases such as Oracle, MySQL, PostgreSQL and MS SQL Server. It is flexible, user- 

friendly and does a smooth migration while ensuring reliability and data integrity. This is a 

significant improvement when comparing other products such that makes the migration process 

easy to do through a high quality user interface. Next chapter explains the evaluation of the 

product that we have already developed.

across
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Chapter 7
Product Evaluation
7.1 Introduction

This chapter presents how the software solution can be tested with respect to different aspects 

such as functionality, reliability, usability, efficiency, maintainability and portability.

By definition testing involves the process of checking the system and its components against 

the requirements that gave reason for their implementation and ensuring that the requirements 

satisfied applicably. Thereby by testing we can identify the inconsistencies and bug that 

in the system while comparing the functionality with the requirements. There are different 

types of testing that can be used to test a software. In this application, we recommend to do 

automation testing which involves automation of a manual process. Automation can be defined 

as instance when the QA tester writes scripts and uses another software to test the application. 
Automation testing is used to re-run the test scenarios that were performed manually, quickly, 
and repeatedly. Therefore Squish Test Automation Suite [17] is used to test this application. 

Let’s discuss that how we can use this automation testing tool to test the solution.

are are

7.2 Squish Test Automation Suite

Squish is amongst the top range automated testing software in the market. It is cross-platform 

GUI that is used as a regression testing tool. This tool can test applications that use a variety of 

GUI technologies i.e. Java Swing. QA testers are able to use standard scripting languages such 

as JavaScript, Perl, Python, and Tel to record and write tests. This is used widely and 

successfully around the world by many software testers of small and large organizations.

Testers have much access to the internals of the applications as Squish provides extremely tight

integration with the specific GUI technologies it supports. This results in reliable and robust 
Squish communicates with the objects in the application, it records the users actionsGUI tests.

and then runs the written scripts while enabling objects to progress through the script as fast as

application permits.

producing the expected results and all junctions of the
case.

Squish then verifies that the scripts
It performs both positive and negative testing, while validating each scripted test

by confirming that the data is visible to the user and verifying that related objects 

and properties give out the values that are expected or comparing such results visually.

are

process. 

This is done
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7.3 Summary

hapter fully described the evaluation method and the tool for database migration solution. 
As it is a difficult task to test th

although challenging is very much beneficial. Next chapter explains the conclusion and the 

further work of the product.

interface of certain applications automating this taske user
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Chapter 8
Conclusion
8.1 Introduction

This chapter illustrates the results which is generated from the solution and the further 

improvements can be done to the solution. As an example, by using this solution, we can simply 

migrate schema and data of a MySQL database to PostgreSQL or MS SQL Server or Oracle 

databases with the integrity constrains. The integrity constraints are mainly primary keys and 

foreign keys. The generated outputs are shown in the results section of this chapter. List of 

additional new features has been identified and these new features are listed in the further work 

section in this chapter.

8.2 Results

Figure 8.1 shows SAKILA database in MySQL and this database has 16 tables with data. As 

an example, Primary keys and foreign keys of rental table are also highlighted in the Figure 

8.1. This database uses as an input for the application and it migrates from this MySQL 

database to PostgreSQL, MS SQL Server and Oracle databases.

S MySCI WoAfcwh

local irolars* VytOlK x 
fJc Ess Vie* Query 3*at.5»c Se--.a T«b Scrr.n; Htit

O X

a
O 1-3

A I '*L0lf Tft C !« 3
-*ntal_SJ‘ l»t(U) ■*>
•ouW«st' flateU-o «>? W.l,

' Imwtorj’.U- mjjg'id
_7d V.01UMC) ■mia’nl VT (Mi,

t* fsoil MAS

L*a J-.y. .
r? v:«ai
B3 SW-«S»raMiiiT«s

3
;vi4; 5 dtilcwr

■ revirs.ilale* Oa'.c\:rr CtSW.1 WJU.,r»Uj Cl'Is

» B3 Ts
e! n,t( ) civlaser! V?T nil, 

lmsjjj mot uuu « j-t iwani'isw,
«nl«l U ).

il-- (• Sn-.-a-rtc-yJ a J' 3.
lil' C Liu.vvj id ),

Id- Ccdrto%s-_:i ).

.tail 
' la»t_jpia'.c‘ I

SiY

7Tstm
► n
► *1 aidrm

► R CStlBO-Y
► :j or,
► R ce.-so
► FI aasc

► R Mn.IttOr
► M ffc>_MSiso*y

► n Mc.iot
► R
► Cl
► D ffrtrt___

UJ f

l wirwr
<•> ’ idv_fk_lrv.-r.ro-y

i (*r« 
KfY 'rent■:'d10

!■ uu
COMiTSilUt r»k_i-onal_<'Ji,.:*cT TT-ait

CCES^WT Is rrnlal >Ull' Fv3

Ui i&sass «.
ftc« .TV I 'UII vSi-T I -,<« I r-1 3 1>. 1-VCT- v-,s.

!■»

11f 5 V-VO*.;--) rV. .\Tij7So!i v'.'«

L!
f y :, rr-.Ul

► I>3 Co'-n-u
► E55 Moti

-
Qa h.rrisl.r.Jta'cr
1S1 Tk.rrisl.U’vS’SsiV 
Qn It.rr^.lW1 

► Tii{{trj _____

Biiiimppwfuiimnr--'. - ; ••.
S 4T*'. ■

(*Jf ktcrClCJI► i. i
>- n r.an lHUjltv. *»■

[a

Figure 8.1: MySQL Database

- 45 -



F.gure 8.2 illustrates the migrated PostgreSQL database with all 16 tables and it also shows the 

rental table’s integrity constraints.
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Figure 8.2: PostgreSQL Database

Figure 8.3 illustrates the migrated MS SQL Server database with all 16 tables and it also 

shows the rental table’s integrity constraints.
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Figure 8.4 illustrates the 

table’s integrity constraints.
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Figure 8.4: Oracle Database

Table 8.1 lists row count of each table in SAKILA database in MySQL.
SELECT table_name, TABLE_ROWS FROM INFORMATION_SCHEMA.TABLES 

WHERE TABLE_SCHEMA = ’sakila1;

Table Name Row Count
200actor

address
category

603
16

600city
109country

customer
film
film_actor 
film_category 
film text

599
1000
5462
1000
1000
4581inventory

language
payment
rental .
staff

store

6
1000
999

2
2

Table 8.1: Row count of each table
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MySQL to
PostgreSQL

Time(Seconds)

PostgreSQL to
MS SQL Server 
Time(Seconds)

MS SQL Server to
Oracle

Time(Seconds)
Oracle to MySQLTables

Time(Seconds)film_category
country
address

3 3 3 3
0 0 0 0
4 4 5 4city 2 2 2 2film_actor

staff
language
store
film
inventory
rental
actor
film_text
payment
category

customer

16 16 17 17
0 0 0 0
0 0 0 1
0 0 0 1
9 10 11 12

17 16 17 17
5 6 6 7
1 1 1 1
3 5 4 6
4 5 6 5
0 0 0 0
3 4 4 4

67 72 76 80
Table 8.2: Time taken to migrate data for each table with respect to different databases

*... .
r.

67 •

• .

a MS SQL Server to Oracle Oracle to MySQLB MySQL to PostgreSQL « PostgreSQL to MS SQL Server

Figure 8.5: Total time (Seconds) taken to migrate data
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customer
Oracle to MySQL

MS SQL Server to Oraclecategory

■ PostgreSQL to MS SQL Server

payment Vi j£ B MySQL to PostgreSQL

film text

actor

rental

inventory

language

film actor

address

country

film_category

IS161412103

Time(Seconds)

Time taken to migrate data for each table with respect to different databasesFigure 8.6:
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8.3 Further Work

The solution will migrate and copy data based

complex. For instance if the criteria is set for tables all related tables with be migrated based 

on the specified relationship. New options will be included, table and column 

data type mapping, selecting specific columns, column 

migration. The solution will be added

on criteria that could be either simple or

name changes, 
mappings etc., can be included while 

features like migrating stored procedures, 
functions, triggers and table indexes. There will be another important option which will backup 

target database before migration. The solution will migrate SQL queries specific to 

one database language into databases such as Oracle, MySQL, PostgreSQL and MS SQL 

Server.

more new

tables in

Moving data from one database to another is a frequent need in many organizations. This 

includes moving departmental data into the central database and development data into 

production. In addition to transfer new data into the table without disrupting existing data or 

creating loss of data. This software thereby offers a straight forward and complete migration 

method that includes the above mentioned tasks and more.

8.4 Summary

This chapter described the results and future work of the database migration solution. The 

solution gives a complete database migration of schema and data of databases such as Oracle, 

MS SQL Server, PostgreSQL, and MySQL. It is flexible, user-friendly and does a smooth 

migration while ensuring reliability and data integrity. In addition the software includes an 

automated database migration tool which handles complex schema and organizational data 

from one database to another. The automation handies at least 90% of the tasks that otherwise 

would have to be done manually. There are more new features that we have identified and these 

identified features will be implemented as future work.
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