
 
 

 
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 

© C
OPYRIG

HT U
PM



 

 

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  

© C
OPYRIG

HT U
PM



i 

 

Abstract of thesis presented to the Senate of Universiti Putra Malaysia in fulfilment of 

the requirement for the degree of Master of Science 

 

 

AN EFFICIENT RELATIONAL TO COLUMN ORIENTED DATABASE 

SCHEMA TRANSFORMATION TECHNIQUE  

 

 

By 

 

 

NORWINI BINTI ZAIDI 

 

 

September 2019 

 

 

Chair: Iskandar Ishak, PhD 

Faculty: Computer Science and Information Technology 

 

 

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 
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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 
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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%. 
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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).  
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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. 
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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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