AN EFFICIENT RELATIONAL TO COLUMN ORIENTED DATABASE
SCHEMA TRANSFORMATION TECHNIQUE

NORWINI BINTI ZAIDI

FSKTM 2020 1




AN EFFICIENT RELATIONAL TO COLUMN ORIENTED DATABASE
SCHEMA TRANSFORMATION TECHNIQUE

By

NORWINI BINTI ZAIDI

Thesis Submitted to the School of Graduate Studies, Universiti Putra Malaysia,
in Fulfilment of the Requirement for the Degree of Master of Science

September 2019



All material contained within the thesis, including without limitation text, logos,
icons, photographs and all other artwork, is copyright material of Universiti Putra
Malaysia unless otherwise stated. Use may be made of any material contained within
the thesis for non-commercial purposes from the copyright holder. Commercial use of
material may only be made with the express, prior, written permission of Universiti
Putra Malaysia.

Copyright © Universiti Putra Malaysia
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NoSQL database is introduced to overcome the high demand of managing database
management systems in addition to the need for managing huge amount of data in
unstructured format. Thus, data migration has become an important process in database
management to migrate relational database to NoSQL database due to the limitations in
managing relational database. Schema transformation is an important process in data
migration and there are various techniques that have been proposed to improve schema
transformation and data migration from the relational database to the NoSQL database.
The most common technique of schema transformation to NoSQL database is
denormalization. However, schema transformation using denormalization suffers in
terms of unnecessary data duplication in the NoSQL database that increases storage size.
Furthermore, NoSQL database also has its limitations in terms of table joining and
unable to perform queries on multiple tables. Schema transformation techniques using
nested table merging describes only two related tables to merge. This inefficient schema
transformation techniques lead to querying to be done on multiple tables and cause high
query processing time.

This research proposed a schema transformation technique for migrating data from
relational database to column oriented database. The schema transformation technique
has three main steps which are denormalization with read pattern, nested and multiple
nested table merging, and rowkey design to reduce data redundancy and storage size to
produce efficient query performance. In this technique, the read pattern identifies the
access key of the query. The nested and multiple nested table merging techniques
combined the tables that have the same access key to be in a nested form. The nested and
multiple nested table merging on column oriented database leads the query to be
performed on a single table to retrieve the data and thus improved query performance.
Meanwhile, the rowkey design helps to determine the rowkey based on access keys that
are identified in the read pattern technique. The experimental results showed that the
proposed schema transformation technique managed to reduce data redundancy by eight



column families thus reducing the storage size by 13.83% and improve the query
performance time by 29.28% for DELL DVD dataset. While by using the Employees
dataset, the proposed technique managed to reduce data redundancy by five column
families thus reducing the storage size by 15.67% and improve the query performance

time by 29.13%.
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Pangkalan data NoSQL diperkenalkan untuk mengatasi permintaan yang tinggi bagi
menguruskan sistem pengurusan pangkalan data, di samping keperluan untuk
menguruskan sejumlah besar data dalam format yang tidak berstruktur. Oleh itu,
pemindahan data menjadi proses yang sangat penting dalam pengurusan pangkalan data
untuk pemindahan pangkalan data hubungan kepada pangkalan data NoSQL berikutan
terdapat batasan dalam pengurusan pangkalan data hubungan. Transformasi skema
adalah salah satu proses yang penting dalam pemindahan data dan terdapat pelbagai
teknik yang telah dicadangkan untuk memperbaiki transformasi skema dan pemindahan
data dari pangkalan data hubungan ke pangkalan data NoSQL. Teknik yang sering
digunakan untuk transformasi skema ke pangkalan data NoSQL adalah denormalisasi.
Walau bagaimanapun, transformasi skema yang menggunakan denormalisasi
menyebabkan penduaan data yang tidak diperlukan di pangkalan data NoSQL yang akan
meningkatkan saiz storan. Selain itu, pangkalan data NoSQL juga mempunyai batasan
untuk menghubungkan jadual dan tidak dapat melaksanakan pertanyaan ke berbilang
jadual. Teknik transformasi skema menggunakan penggabungan jadual bersarang
melibatkan hanya dua jadual yang berkaitan akan digabungkan. Teknik transformasi
skema yang tidak efisien ini membawa kepada pertanyaan yang akan dilakukan kepada
berbilang jadual dan menyebabkan masa pemprosesan pertanyaan yang tinggi.

Kajian ini mencadangkan teknik transformasi skema untuk pemindahan data dari
pangkalan data hubungan ke pangkalan data berorientasikan lajur. Teknik transfomasi
skema mempunyai tiga langkah utama iaitu denormalisasi dengan corak baca,
penggabungan jadual bersarang dan berbilang sarang dan reka bentuk kunci baris untuk
mengurangkan lebihan data dan saiz storan bagi menghasilkan prestasi pertanyaan yang
efisien. Dalam teknik ini, corak baca digunakan untuk mengenalpasti kunci akses
pertanyaan. Teknik penggabungan jadual bersarang dan berbilang sarang
menggabungkan jadual yang mempunyai kunci akses yang sama berada dalam bentuk
bersarang. Penggabungan jadual bersarang dan berbilang sarang di pangkalan data



berorientasikan lajur membawa pertanyaan kepada satu jadual untuk mendapatkan data
dan meningkatkan prestasi pertanyaan. Sementara itu, reka bentuk kunci baris membantu
untuk menentukan kunci baris berdasarkan kunci akses yang telah dikenalpasti di dalam
teknik corak baca. Keputusan eksperimen menunjukkan bahawa teknik transformasi
skema yang dicadangkan berupaya mengurangkan lebihan data sebanyak lapan jadual
serta mengurangkan saiz storan sebanyak 13.83% dan meningkatkan prestasi pertanyaan
sebanyak 29.28% bagi dataset DELL DVD. Manakala dengan menggunakan dataset
Employees, teknik yang dicadangkan berupaya mengurangkan lebihan data sebanyak
lima jadual serta mengurangkan saiz storan sebanyak 15.67% dan meningkatkan prestasi
pertanyaan sebanyak 29.13%.



ACKNOWLEDGEMENTS

Alhamdulillah, praise to Allah s.w.t who has granted me the strength, courage and
patience to complete my master’s research work. | would like to express my gratitude
and appreciation to my supervisor Dr. Iskandar Ishak for his support in order to complete
my Master study. Thank you for always having time for me and providing me his
technical expertise as well as his encouragement to build my positive vibes to complete
my research work and maintain my progress in track. His guidance helped me in all time
of research works and writing of this thesis.

I also would like to express my appreciation to my supervisory committee, Assoc. Prof.
Dr. Lilly Suriani Affendey, and Assoc. Prof. Dr Fatimah Sidi for their valuable
feedbacks, comments and suggestions to my research works. 1 am grateful for the
opportunity to have an experience in conducting research with them.

| am indebted to the management of Islamic Science University of Malaysia (USIM) that
has granted me the sponsorship and the opportunity to pursue my Master program.
Thanks for this amazing opportunity.

Last but not least, 1 would like to thank my husband and my family for supporting me
spiritually throughout completing my research works. Thank you so much.



This thesis was submitted to the Senate of Universiti Putra Malaysia and has been
accepted as fulfilment of the requirement for the degree of Master of Science. The
members of the Supervisory Committee were as follows:

Iskandar Ishak, PhD

Senior Lecturer

Faculty of Computer Science and Information Technology
Universiti Putra Malaysia

(Chairman)

Fatimah Sidi, PhD

Associate Professor

Faculty of Computer Science and Information Technology
Universiti Putra Malaysia

(Member)

Lilly Suriani Affendey, PhD

Associate Professor

Faculty of Computer Science and Information Technology
Universiti Putra Malaysia

(Member)

ZALILAH MOHD SHARIFF, PhD
Professor and Dean

School of Graduate Studies
Universiti Putra Malaysia

Date: 12 March 2020

vii



Declaration by graduate student

I hereby confirm that:

Signature: Date:

this thesis is my original work;

quotations, illustrations and citations have been duly referenced;

this thesis has not been submitted previously or concurrently for any other degree at
any other institutions;

intellectual property from the thesis and copyright of thesis are fully-owned by
Universiti Putra Malaysia, as according to the Universiti Putra Malaysia (Research)
Rules 2012;

written permission must be obtained from supervisor and the office of Deputy Vice-
Chancellor (Research and Innovation) before thesis is published (in the form of
written, printed or in electronic form) including books, journals, modules,
proceedings, popular writings, seminar papers, manuscripts, posters, reports, lecture
notes, learning modules or any other materials as stated in the Universiti Putra
Malaysia (Research) Rules 2012;

there is no plagiarism or data falsification/fabrication in the thesis, and scholarly
integrity is upheld as according to the Universiti Putra Malaysia (Graduate Studies)
Rules 2003 (Revision 2012-2013) and the Universiti Putra Malaysia (Research) Rules
2012. The thesis has undergone plagiarism detection software.

Name and Matric No.: Norwini Binti Zaidi, GS47510

viii



Declaration by Members of Supervisory Committee

This is to confirm that:
e the research conducted and the writing of this thesis was under our supervision;

e supervision responsibilities as stated in the Universiti Putra Malaysia (Graduate
Studies) Rules 2003 (Revision 2012-2013) are adhered to.

Signature:

Name of Chairman of
Supervisory
Committee:

Signature:

Name of Member of
Supervisory
Committee:

Signature:

Name of Member of
Supervisory
Committee:




TABLE OF CONTENTS

ABSTRACT

ABSTRAK
ACKNOWLEDGEMENTS
APPROVAL
DECLARATION

LIST OF TABLES

LIST OF FIGURE

LIST OF ABBREVIATION

CHAPTER
1 INTRODUCTION
1.1 Background
1.2 Problem Statement
1.3 Research Objective
1.4 Research Scope
1.5 Thesis Structure

2 LITERATURE REVIEW
2.1 Introduction
2.2 Relational Database
2.3 NoSQL Database
2.4 HBase Column Oriented Database
2.5 Data migration and data transformation process
2.6 Schema transformation to NoSQL database
2.7 Data Access Pattern
2.8 Nested and Multiple Nested Table Merging
2.9 RowKey Design
2.10 Related Works in Schema Transformation Technique
2.11 Summary

3 RESEARCH METHODOLOGY
3.1 Introduction
3.2 Research Methodology
3.3 Experimental Setup
3.4 Data Validation
3.5 Performance Measurement
3.6 Dataset Preparation
3.7 Listing of queries for experimental purposes
3.8 Summary

4  EFFICIENT SCHEMA TRANSFORMATION TECHNIQUE
4.1 Introduction
4.2 Schema Transformation Technique to NoSQL Database
4.2.1 Step 1: Denormalization with Read Pattern
4.2.2 Step 2: Nested and Multiple Nested Table Merging
4.2.3 Step 3: Rowkey Design

Page
i
vii
Xii

Xiii
Xiv



4.3 Overview of Migration Process from MySQL to HBase database 40
4.4 Comparison between the proposed work with the previous work 41

4.5 Summary 43

5 RESULTS AND DISCUSSION 44
5.1 Introduction 44

5.2 Experimental results of the proposed schema transformation technique 44

5.3 Experimental results of query performance 47

5.4 Discussion 50

5.5 Summary 51

6 CONCLUSION AND FUTURE WORKS 52
6.1 Conclusion 52

6.2 Contribution of the Work 53

6.3 Future Works 53
REFERENCES 54
APPENDICES 59
BIODATA OF STUDENT 100
PUBLICATION 101

Xi



Table
2.1

3.1

3.2

3.3

3.4

4.1

4.2

4.3

5.1

5.2

LIST OF TABLES

Page

Summary of related works in schema transformation technique 19

Listing of queries for experimental purpose for the DELL DVD dataset 26

Listing of query logs found in DELL DVD dataset 29
HBase shell command 29
Listing of queries for experimental purpose for HBase database 30

Determination of access key based on read pattern for DELL DVD dataset 36

Nested and multiple nested table merging based on Table 4.1 38
List of HBase tables after schema transformation 40
Comparison on the database size 46
Result of query processing in second (s) 48

Xii



Figure

2.1
2.2
2.3
2.4
2.5
2.6
2.7
2.8
3.1
3.2
4.1
4.2
4.3
5.1
5.2
5.3

LIST OF FIGURES

Characteristic of NoSQL database

HBase database schema

Column oriented database (HBase) example

Data migration process

Nested table merging

Multiple nested table merging

Rowkey Design

Literature Map

Research Methodology Steps

ERD of DELL DVD dataset

Proposed Schema Transformation Technique

Overview migration process from MySQL to HBase database
Comparison between proposed work and previous work
HBase schema after transformation by Serrano et al. (2015)
HBase schema after proposed schema transformation

Graph result of query performance

Xiii

Page

12
13
14
15
21
25
33
41
43
44
45
49



ACID
AP
BASE
CAP
CF
DDI
ERD
ETL
GB
NoSQL
PK

QH

QP
RDBMS
REST
sQL

LIST OF ABBREVIATIONS

Atomicity, Consistency, Isolation and Durability
Application Program Interface

Basically Available, Soft State and Eventually Consistent
Consistency, Availability or Partition Tolerance
Column Family

Denormalization, Duplication, Intelligent keys
Entity Relationship Diagram

Extract, Transform and Load

Gigabyte

Not Only SQL / Non-relational database
Primary Key

Query

Query in HBase

Query Path

Relational Database Management System
Representational State Transfer

Structured Query Language

Xiv



CHAPTER 1

INTRODUCTION

1.1  Background

For many years, relational database has become a popular database for managing data
(Lourenco et al., 2015; Rocha et al., 2015). Relational database has been the database
solution for most of data management systems (Monika & Ashok, 2017; Lourenco et al.,
2015; Rith et al., 2014). However, with the fast increasing growth of data being created
and recorded recently, relational database seems to be lacking in terms of storing large
volume of data and managing different types of database schema or flexible schema
(Ntarmos et al., 2014; Zhao et al., 2014b). In order to overcome the relational database
limitations, one of the approaches is by using NoSQL database to support data
management systems that possess big data processing capability. Compared to the
relational database, NoSQL supports data which are unstructured in format.

Big data is recognized based on its main characteristics which are volume, variety, and
velocity (Hashem et al., 2015; Sharma et al., 2014; Philip & Zhang, 2014; Katal et al.,
2013). The volume category refers to the large size of data set, variety describes the
multiple structures of data which unstructured, semi-structured, and structured data and
velocity is where the data are continuously expanded and processed rapidly (Hashem et
al., 2015; Sharma et al., 2014; Philip & Zhang, 2014; Katal et al., 2013). In order to meet
the big data demand, organizations migrate their data from conventional relational
database to NoSQL database (Ghotiya et al., 2017; Monika & Ashok, 2017; Ahmed &
Gulmeher, 2015). The NoSQL database has flexible schema that fundamentally different
from relational database schema. The NoSQL database does not require fix number of
tables or columns and is suitable for storing unstructured data and can easily be
expanded.

However, performing schema transformation and migration from existing relational
database to NoSQL databases pose a lot of challenges. One of the challenges is the
differences of database schema between relational database and NoSQL database
(Schram & Anderson, 2012). In order to solve the different schemas issue, analysis needs
to be done for the schema transformation of relational database to the NoSQL database to
produce efficient NoSQL database schema thus reducing the storage size for the
transformed database and improve query performance. Based on the literatures, there are
no standard or fixed guidelines on how to transform the database schema from relational
database and perform data migration to NoSQL database (Ouanouki et al., 2017; Goyal
et al., 2016; Jia et al., 2016; Gomez et al., 2015; Lee & Zheng, 2015a; Gomez et al.,
2014). Commonly, database administrator used their experiences to manage the
transformation process and the migration process to the NoSQL database thus lead to
inefficient database schema and suboptimal query performance (Ouanouki et al., 2017;
Gomez et al., 2015).



Many researchers have proposed a number of schema transformation techniques for
transforming and migrating relational database to NoSQL database. The approaches
include denormalization, duplication, intelligent keys (DDI), schema conversion,
conversion rules, access pattern, nested, and multiple nested. However, denormalization
is the most common techniques for schema transformation to NoSQL database (Goyal et
al., 2016).

Denormalization is a technique to merge related data from relational database to NoSQL
database (Goyal et al., 2016; Kuderu & Kumari, 2016; Lee & Zheng, 2015b). The data
are duplicated from the related tables based on the relational database relationships into a
single table in NoSQL database (Goyal et al., 2016; Kuderu & Kumari, 2016; Gomez et
al., 2015). The unnecessary duplication of tables using denormalization technique may
not be useful if there is no data accessing for read and write operation in the merged
tables and may increase the storage size. To determine which tables are to be merged, the
denormalization technique requires data access pattern. The data access pattern identified
the read and the write patterns that need to be analysed for NoSQL database schema
design, and is used to reduce unrelated table merging (Ouanouki et al., 2017; Gomez et
al., 2016; Serrano et al., 2015; HBase, 2014; Li, 2010). The data that have same access
pattern are merged into a single table in the NoSQL database.

After the schema transformation is performed, the relationships between the tables in the
NoSQL database are removed. The related tables with join condition from the relational
database are merged into a single table in the NoSQL database. This is why join
operations are not supported in the NoSQL database (Sharma et al., 2016; Zhao et al.,
2014b; Arora & Aggarwal, 2013). However, the merging process into a single table using
nested table merging from relational database may produce additional tables in the
NoSQL database thus it may lead to multiple tables queries after the data migration is
performed. In order to solve this issue, a method based on multiple nested table merging
is introduced for merging more than two relations to NoSQL database. Through the
multiple nested table merging technique, the access key of the table needs to be analysed
to perform join key relationships in NoSQL data model to ensure high query
performance and data accessing (Zhao et al., 2014a).

Each of the NoSQL database table needs to define a key for data retrieval based on its
unique identification. However, incorrect selection of keys can cause poor query
performance. Therefore, the selection of rowkey is based on the data access pattern on
the tables in the database. The selection of rowkey in the NoSQL database should be
concatenation of several primary keys or foreign keys in the existing relational database
(Kuderu & Kumari, 2016; Lee & Zheng, 2015b; Serrano et al., 2015).

An approach with the combination of denormalization with read pattern, nested and
multiple nested table merging, and rowkey design to denormalize the relational database
to form an efficient schema transformation technique to improve schema transformation
to column oriented database is proposed in this study.



1.2 Problem Statement

Transformation using denormalization technique from the relational database may lead to
the merging and duplication of the data from the SQL tables into the NoSQL table. As a
result, the duplication of data in the NoSQL table increases the storage size thus creating
wastage of space. Previous works related to the data transformation using
denormalization, have proposed schema transformation from relational into NoSQL
database (Kuderu & Kumari, 2016; Karnitis & Arnicans, 2015; Lee & Zheng, 2015b;
Serrano et al., 2015; Li, 2010). The previous works done by Yoo et al. (2018), Lee &
Zheng (2015b), Serrano et al. (2015) managed to optimize the read performances and
time yield but at the same time produced unnecessary duplication of data.

In the relational database, the normalization technique produces tables with relationship,
namely: one-to-one, one-to-many or many-to-many relationships. Denormalization
technique duplicates all the data from relational table to eliminate the join relationship
and transform it into a single table in the NoSQL database (Yoo et al., 2018; Goyal et al.,
2016; Kuderu & Kumari, 2016; Lee & Zheng, 2015b). In denormalization technique, a
key is needed to be identified for unique identification for the denormalized table.
However, poor selection of key from the denormalization technique can cause full table
scan during data retrieval that increases query time unnecessarily thus decreasing query
performances (Ouanouki et al., 2017; Zhao et al., 2014a). Typically, the primary key in
relational database is unique in the table but in the NoSQL table, the selection of rowkey
is based on the data access pattern of the tables in the database (Ouanouki et al., 2017).

The denormalization technique that did not consider data access pattern may duplicate
and merges unnecessary tables that produces data redundancy and can increase
unnecessary storage size in the data transformation process (Ouanouki et al., 2017;
Gomez et al., 2016; Serrano et al., 2015; HBase, 2014; Zhao et al., 2014b; Li, 2010). The
data access pattern normally refers to the read and write pattern between the joined tables
from the application system (Khazaei et al., 2016; Zhu et al., 2016; “RDBMS to
MongoDB Migration Guide,” 2016; Klein et al., 2015; Serrano et al., 2015; Li, 2010).
Based on Serrano et al. (2015), the relational tables with no access pattern do not have to
be merged. The access pattern needs to be determined before implementing the schema
transformation into column oriented database to improve the NoSQL database schema
design.

NoSQL database also has its limitation in table join and difficulties in query on multiple
tables. NoSQL database supports the column family with the column qualifier in the
same table. This is to ensure high query performance in the transformed databases. Zhao
et al. (2014b) and Li (2010) proposed a nested table merging technique that describes
two table references relationship. However, the nested table merging technique leads to
producing additional NoSQL tables that may involve querying multiple tables to produce
query result. The production of data redundancy increases unnecessary storage size and
query processing time. Therefore, multiple nested table merging is an important
technique to be performed for joined relationships between three or more tables to
improve query performance and reduce storage size by accessing a single table (Zhao et
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al., 2014a). The nested and multiple nested table merging are explained in detail in
Section 2.8.

To sum it up, there are two problems considered in this study for schema transformation
from relational database to NoSQL database. The first one is the unnecessary data
duplication using denormalization technique may not be useful that may lead to the
creation of data redundancy and may increase the storage size. Another issue in schema
transformation to NoSQL database is the join relationship is not supported in NoSQL
database for querying purposes that produces inefficient query performance in terms of
query processing time.

1.3  Research Objective

The main objective of this study is to propose a schema transformation technique from
relational database to NoSQL column oriented database that utilizes the denormalization
technique with read pattern, nested and multiple nested table merging, and rowkey
design. The proposed transformation technique aims to reduce storage size by reducing
data redundancy and to improve query performance time by merging three or more
related tables from the relational database to produce a single HBase table. The selection
of rowkey for unique identification based on the read pattern of the tables in the database
is proposed in order to avoid full table scan in data retrieval that increases query time
unnecessarily.

1.4  Research Scope

The scope of this study focuses on schema transformation technique from relational
database to NoSQL column oriented database. In this study, the HBase database is used
because of the column oriented database characteristic is suitable for applications which
involve heavy writes and searching processing for faster transaction and makes it ideal
for schema transformation (Ouanouki et al., 2017; Vohra, 2016; Serrano et al., 2015;
Zhao et al., 2014a). The HBase database stores large quantities of data and uses a rowkey
to access the data for querying and also suitable for audit logging systems, tracking user
actions, real time analytics, monitoring systems, and message-centered systems (Vohra,
2016). The HBase database has been deployed in companies like Twitter, Facebook,
Yahoo, and Adobe (Pore & Pawar, 2015; DeRoos et al., 2014; Zhao et al., 2014a). Other
types of NoSQL database such as key value database, document database, and graph
database are beyond the scope of this study. These databases have different unstructured
format and suitable for transaction such as online shopping website for key value
database; image, and video for document database; and also spatial data for graph
database (Pore & Pawar, 2015; Abdullah & Zhuge, 2015; Zhao et al., 2014b).

Besides that, this study concentrates on read pattern only in denormalization technique
using data access pattern. The data access pattern is used to identify how the data are
written and read that are retrieved from query logs (Ouanouki et al., 2017; Ammar, 2016;
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Khazaei et al., 2016; HBase, 2014). In this study, the read pattern is focuses as it is the
only access pattern applied in the denormalization technique by Ouanouki et al. (2017),
Serrano et al. (2015) and Li (2010). The tables that have same read pattern are merged
into a single table in the NoSQL databases (Ouanouki et al., 2017; Serrano et al., 2015;
Li, 2010). The write pattern is not considered in this study since the read pattern is the
only access pattern used by Ouanouki et al. (2017), Serrano et al. (2015) and Li (2010)
and previous works (Kuderu & Kumari, 2016; Lee & Zheng, 2015a; Lee & Zheng,
2015b; Mpinda et al., 2015; Schreiner et al., 2015; Zhao et al., 2014) did not consider
data access pattern in their research works.

1.5 Thesis Structure

This thesis consists of six chapters. The first chapter begins with the background of the
study, problem statement, research objective, and scope of the study. Chapter 2 reviews
the related works and discusses the background of data transformation process to produce
column oriented schema design. Chapter 3 describes the research methodology used in
this study. Chapter 4 presents the proposed schema transformation technique from
relational database to column oriented database. Chapter 5 presents the performance
results of the proposed schema transformation technique. Finally, chapter 6 concludes the
achievement of this study and the recommendation of future works to enhance this study.
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