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ABSTRACT

DYNAMIC DATA REPLICATION AND DISTRIBUTION IN DATABASE SYSTEMS

Saadi Hamad THALIJ] ALLUHAIBI

Department of Computer Engineering
Ph.D. Thesis

Advisor: Assoc. Prof. Dr. Veli HAKKOYMAZ

The development of data base systems technology has created its own theoretical
foundations and has qualified a large number of applications. Similarly, the growth
of computer networks enabled the association of multiple computers for
interchange of data and resources. The role of centralized Data Management
System and its accessibility to multiple users concurrently has made it impossible
for the Data Benefactors to focus the data at one large mainframe site. The superior
network traffic and reduced efficiency have forced splitting of data at many sites
with each location having their own storage and local processing abilities. This
directed to the development of Distributed Databases (DDBs) that play a
noteworthy role in today’s era where dependence on reliable and accurate data
has become a compulsion. The innovations in hardware, software, protocols,
storage and networks have transformed the position of the business necessities by
making the handling of DDBs a feasible and operational decision. The supremacy of
distributed databases lies in the capability to deliver interconnected data from any
physically separated site to any other site. Distributed Database Management
System (DDBMS) fits to the class of system software that manages distributed
database and offers transparent access ability to multiple users across multiple

sites by integrating parallelism and modularity. Though efficient, the designing of
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DDB has many practical limitations in selecting efficient methods for

fragmentation, allocation and replication of data.

This research thesis focuses on developing efficient solutions for the DDB design
issues. The main aim of this thesis is to propose powerful schemes for data
fragmentation, allocation and replication for enhancing the query processing in
DDBs for better performance. The first approach concentrates on the limitations
of utilizing the observed data about the queries to decide the fragmentation issue
ineffective at the preliminary distributed database design where the efficiency is
estimated only through proper design and network communication cost between
sites. To resolve this issue, we give the improved model of hierarchical
agglomerative clustering (IHAC) algorithm to derive semantic fragmentation of the
distributed databases. The IHAC constructs the data representation matrix by
considering all data objects instead of data counts while the traditional
hierarchical agglomerative clustering algorithm constructs the data representation
matrix based on the data count or frequency to select and compute similarity
measures. This enhances the performance of clustering the data objects and hence

the data fragmentation can be achieved efficiently.

The second approach focuses on the performance degradation in DDBs due to the
communication cost by remote access query and retrieval of data. This can be
optimized through an efficient data allocation approach that will provide flexible
retrieval of a query by low cost accessible sites. For this process, Chicken Swarm
Optimization (CSO) algorithm is utilized which characterizes the Data Allocation
Problem (DAP) into optimal problem of choosing the appropriate and minimal
communication cost provoking sites for the data fragments. Then the CSO
algorithm optimally chooses the sites for each of the data fragments without
creating much overhead and data route diversions. This enhances the overall

distributed database design and subsequently ensures quality replication.

The third approach considers the issue of optimal replica selection and placement.
Initially, the snapshot replication and merge replication process for suitable
databases are illustrated. Secondly, the MGSO approach is employed for selecting
the location and number of replicas for placement in the network. This approach

utilizes the random patterns of read-write requests for the dynamic window

XVII



mechanism for replication while also modelling the replication problem and a

multi-objective optimization problem that is resolved using MGSO.

Evaluation of the proposed techniques is performed in Hadoop cluster
environment using master-slave dedicated machines. The evaluation study
performed over a large dataset from three major sources; namely, Twitter,
Facebook and YouTube containing various types of data such as text, audio and
video files with varying sizes. The evaluation and comparison show that the
proposed technique in this research thesis perform better than the compared
fragmentation, allocation and replication techniques. Hence it is proved that this
work significantly enhances the design performances of DDBs by solving the

problems of data fragmentation, allocation and replication.

Keywords: Distributed database, replication, fragmentation allocation, replication,

snapshot replication, algorithms, optimization.

YILDIZ TECHNICAL UNIVERSITY

GRADUATE SCHOOL OF NATURAL AND APPLIED SCIENCES
XVIII



OZET

VERIi TABANI SiSTEMLERINDE DiNAMIK VERi KOPYALAMA VE DAGITIMI

Saadi Hamad THALIJ] ALLUHAIBI

Bilgisayar Miihendisligi Bolimi
Doktora Tezi
Tez Danismani: Dog. Dr. Veli HAKKOYMAZ

Veri tabani sistemleri teknolojisinin gelismesi ile birlikte yeni teorik temeller
olusmus ve c¢ok sayida uygulama kullanilir hale gelmistir. Benzer bigimde,
bilgisayar aglarinin gelisimi de ¢ok sayida bilgisayarin birbirlerine baglanarak
aralarinda veri ve kaynak degisimi yapabilmelerini saglamistir. Merkezilestirilmis
Veri Yonetim Sistemi ve bu sisteme ¢ok sayida kullanicinin ayni anda
baglanabilmesi nedeni ile Veri Yararlanicilarinin veriye tek bir biiyiik merkezi
sistemde odaklanmalari olanaksiz hale gelmistir. Artan ag trafigi ve azalan etkinlik
nedeni ile bir ¢ok alanda verinin boéliinmesi zorunlu hale gelmistir, ve her bir
lokasyonun kendi depolama ve lokal isleme becerileri olusmustur. Bunun
devaminda Dagitilmis Veri Tabanlar1 (Distributed Databases) (DDB) ortaya
cikmistir. Glinlimiizde glvenilir ve dogru veriye ihtiya¢ zorunlulugu oldugundan
bu veri tabanlar1 ¢cok 6nemli bir rol oynamaktadir. Yasanan yenilik¢i gelismeler
sonucunda donanim, yazilim, protokol, depolama ve aglar ticari gereksinim haline
dontismiistiir. Bunun ile birlikte DDB kullanimi yapilabilir ve operasyonel bir karar
haline gelmistir. Dagitilmis veri tabanlarinin istiinligi fiziksel olarak bagi
bulunmayan herhangi bir konumdan baska bir konuma bagh veriyi
aktarabilmesidir. Dagitilmis Veri Tabani Yonetim Sistemi (Distributed Database
Management System) (DDBMS), dagitilmis veri tabanini1 yoneten ve paralellik ile
modtilariteyi entegre ederek bircok konumda bir¢ok kullaniciya seffaf erisim

imkani sunan uygulama yazilimlari sinifina girmektedir. DDB tasarimi etkin olsa da
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¢ok sayida uygulama kisitlamalarina da sahiptir. Bu kisitlamalar: verinin
parcalanmasi, tahsisi ve kopyalanmasi konusunda etkin yontemlerin

secilebilmesidir.

Bu arastirma tezi, DDB tasarim sorunlari ile alakali etkin ¢éziimlerin gelistirilmesi
konusuna odaklanmaktadir. Tezin esas amaci ise, DDBlerde sorgulamayi
giiclendirip daha iyi performans saglayabilmek adina verinin pargalanmasi, tahsisi
ve kopyalanmasi konusunda giiclii yontemler sunabilmektir. Birinci yaklasimda,
sorgulamalar ile alakali gozlemlenen verilerin kisitlamalarina odaklanilir. Buradaki
amag, gecici dagitilmis veri tabani tasariminda etkisiz olan par¢alama konusu
hakkinda bir karara varmaktir. Bu asamada etkinligi hesaplama isi sadece dogru
tasarim ve alanlar arasindaki ag iletisim masraflar1 lizerinden hesaplanir. Bu
sorunu ¢6zebilmek adina gelistirilmis Hiyerarsik Aglomeratif Kiimele (hierarchical
agglomerative clustering) (IHAC) algoritma modeli kullanilarak dagitilmis veri
tabanlarinin semantik fragmantasyonu tiiretilir. IHAC, veri sayilar1 yerine tiim veri
objelerini goz oniine alarak veri temsil matrisini olusturur. Geleneksel hiyerarsik
aglomeratif kiimeleme algoritmasi ise veri temsil matrisini olustururken benzerlik
Olctimlerini se¢cmek ve hesaplamak i¢in veri sayisi veya sikligini géz oniine alir. Bu
sayede veri objelerinin kiimeleme islemi daha gii¢lii olur ve bunun sonucu olarak

da veri parcalama islemi daha etkin bir bicimde yapilir.

ikinci yaklasimda, sorgulama uzaktan erisimi ve verinin geri alinmas1 nedeni ile
olusan iletisim masraflarindan dogan DDB performans bozulmasina odaklanilir. Bu
islemi optimize etmek icin etkin bir veri tahsisi yaklasimi kullanilabilir. Bu
yaklasimda diisiik masraf ile erisilebilen alanlar iizerinden sorgulamanin esnek bir
bicimde alinmasi saglanir. Bu islemi yapmak icin Chicken Swarm Optimization
(CSO) algoritmasi kullanilir. Bu algoritma, Veri Tahsis Problemi (Data Allocation
Problem) (DAP)’'ni uygun ve minimal iletisim masrafini secebilecek bir optimal
probleme dontstiiriir. Sonrasinda, CSO algoritmasi her bir veri pargasi i¢in alani en
uygun bicimde secer. Bunu yaparken gereksiz yiik olusturmaz ve veri giizergah
sapmasina neden olmaz. Bu sayede dagitilmis veri tabani tasarimi genel olarak

iyilesir ve sonrasinda kaliteli kopyalama gerceklesir.

Ugiincii yaklasimda ise optimal kopya se¢imi ve yerlestirme konusu ele alinir. Ilk

olarak, uygun veri tabanlarina ait anlik (snapshot) kopya ile birlestirme (merge)
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kopyalama siiregleri gosterilir. MGSO yaklasimi, ag icerisine yerlestirilecek
kopyalarin konumu ve adedini se¢mek i¢in kullanilir. Bu yaklasim, kopyalamanin
dinamik pencere mekanizmasi i¢in read-write taleplerinin rastgele desenlerini
kullanirken ayni zamanda MGSO kullanarak kopyalama problemini ve ¢ok-hedefli

optimizasyon problemini de modeller.

Onerilen tekniklerin degerlendirmesi Hadoop kiime ortaminda gerceklestirilmistir
ve bunu yaparken “master-slave” adanmis makineler kullanilmistir. Degerlendirme
islemleri Ui¢ ana kaynaktan biiyiik bir veri seti lizerinden gergeklestirilmistir. Bu
kaynaklar Twitter, Facebook ve YouTube olup i¢lerinde farkli boyutlarda metin,
ses ve video tiriinde veriler bulunmaktadir. Degerlendirme ve karsilastirma
sonuglar1 gostermektedir ki, bu arastirma tezinde tavsiye edilen teknikler
karsilastirma yapilan bolme, tahsis ve kopyalama tekniklerinden daha iyi sonug
vermektedir. Bu nedenle, bu ¢alismanin veri bélme, veri tahsisi ve veri kopyalama

sorunlarini ¢6zerek DDB tasarimini ¢ok giiclendirdigi sdylenebilir.

Anahtar Kelimeler:Veri kopyalama , dagitimi, boliinmusliik ,tahsis.
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Introduction

Globalization and massive Internet usage has led to various developments which
sometimes require some demands to facilitate them. The development of multi-
national organizations has created a unique style in data sharing. These
organizations have multiple units in different countries or regions around the
world. Each unit demands individual local data and also communication is
necessitated between units to share their data and resources [1;2]. This objective
requires synchronized usage of replicated databases. This process is vital in many
aspects of organizations as well as other domains which have users or clients in
distributed locations. Hence the distributed systems concept with the distributed
and replicated databases is important in research communities [3]. This chapter
illustrates the outline of distributed database (DDB), its benefits and weaknesses,

mechanisms, outline of DDBMS and its policy.

1.1 LITERATURE REVIEW

The principles of distributed database systems (DBMS) are provided by Ozsu and
Valduriez [4]. A centralized database management system (CDBMS) is a complex
software program that allows an enterprise to control its data on a single machine.
In most organizations using CDBMS, users need to access their own workgroup
database. However, users also need to access data in some other workgroup’s
database, or even in the larger, enterprise-level database. The need to share data
that is dispersed across an enterprise cannot be satisfied by centralized DBMS
software. To address this requirement, a new breed of software to manage
distributed data called a distributed database management system (DDBMS) is
required. A DDBMS maintains and manages data across multiple computers. A

DDBMS can be thought of as a collection of multiple, separate DBMSs, each running

1



on a separate computer, and utilizing some communication facility to coordinate
their activities in providing shared access to the enterprise data. The fact
presented by Tenopir and Douglass [2] is that data is dispersed across different
computers and controlled by different DBMS products are completely hidden from
the users. Users of such a system will access and use data as if the data were locally

available and controlled by a single DBMS.

C. ]., Date [1] describes about the data access in DBMS. Data access over the WAN
and optimization of replicas is rarely addressed in database research. In a DBMS
there is normally only one internal method of accessing data. For instance, a data
server serves pages to a client. In detail, a client sends a request for data to the
DBMS, and the DBMS uses the implemented method for serving the requested data.
For read and write access the same method is used, independent of the amount of
data accessed. For accessing large amounts of data of a remote file, the usage of a
file transfer mechanism to transfer the entire file and access the file locally can be
more efficient in terms of response time than remotely accessing and thus

streaming many single objects of a file.

Ozsu and Valduriez [4] describes about the challenges and procedure of the data
storage in DBMS. In a distributed database system, the database is stored/spread
physically crosswise over machines or sites in distinctive areas that are associated
together by some type of information correspondence network. When dealing with
intricate data or complex relationships, object databases are more commonly used.
Object databases, in contrast to relational databases, store objects rather than data
such as integers, strings or real numbers. Each object consists of attributes which
define the characteristics of an object. Objects also contain methods that define the
behavior of an object, also known as procedures and functions. When storing data
in an object database there are two main types of methods, one technique labels
each object with a unique ID. Every unique ID is defined in a subclass of its own
base class where inheritance is used to determine attributes. A second method is
utilizing virtual memory mapping for object storage and management. Advantages
of object databases with regard to relational databases allow more concurrency

control, a decrease in paging and easy navigation. However, there are some



disadvantages of object databases compared to relational databases such as: less
effective with simple data and relationships, slow access speed and the fact that
relational databases provide suitable standards oppose to those for object

database systems.

1.2  DISTRIBUTED DATABASE

Distributed database comprises of many files placed in many sites on the same
network or dissimilar networks [4]. Shares of the database are kept in numerous
physical sites and handling is distributed amid several database hubs. A
distributed database configuration consists of sparsely-coupled warehouses of
data. The traditional database systems keep all the storage devices connected to
the main physical server in a single location as they are needed for multiple
purposes. With the advancement of Internet, the distributed database functions as
a single system although the database physical devices are placed across multiple
locations to improve the hassle-free performance. The pattern of distributing the
data across multiple servers enhances the performance at end-user worksites with

user-friendly transactions at multiple destinations without crashes [5].

Replication [6] and duplication are the two vital processes required to maintain
the distributed databases with exact relevance with the recent updated versions in
all locations. Replication deploys specialized software for detecting the updates in
the database in other locations and if changes detected, the replicated databases
will also update the data through authorized replica update process. This complex
and time-consuming process of replication depends on size and number of
distributed databases requiring more resources. Meanwhile, duplication is the
process with less complexity but less efficient due to lack of continuous
monitoring. It fixes one database as main DDB and replicates it to different
locations at set time. This process is repeated and the previous duplicated files are
replaced after some time. Similarly, apart from distributed database replication,
duplication and fragmentation, many tools are also commonly utilized for business
and private data models with cost efficiency, security, consistency and integrity.

Figure 1.1 shows a simple DDB system [4].
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Figure 1.1 Distributed Database system

DDB is of two important types namely homogeneous and heterogeneous [7].
Homogeneous DDB has same kind of software and hardware explored for each of
the database instances while the heterogeneous DDB has varying hardware,
functioning schemes, database administration systems, and data models for
diverse databases. Both these types of DDB, however, appear as solitary database

through a single unified interface.

1.2.1 Homogeneous DDB

In homogeneous distributed database, similar software is placed in all sites to
identify every site and provide cooperation. They submit their own self-sufficiency
of altering the software. Homogeneous DBMS acts as a solitary system [8] and
increases the user-friendly handling and design. Certain conditions are needed to
be satisfied to utilize homogeneous DDB which are: 1) Similar and compatible data
structures must be utilized at each location and 2) Similar and compatible DB

application has to be utilized at each location. Homogeneous DDB is of two types:

e Autonomous: These DDB independently functions and are incorporated with

controlling application and enable data sharing through messages.

¢ Non-Autonomous: These DDB are distributed at different nodes and require

a master control to control and manage the data.



1.2.2 Heterogeneous DDB

Heterogeneous DDB employs different software in different locations [9] which is
difficult for query and transaction processing. This creates a situation where the
sites are not aware of the scheme used in other sites and increases difficulty in
cooperation of transactions and data sharing. Heterogeneous DDB systems provide
the facility to utilize different hardware and software at different nodes though
they are incompatible but due to the ability of central master, the data sharing is
flawlessly performed. So, different operating systems running on different
computers can be used at each of the locations. For instance, traditional DDB in an
old version of DDBMS system can connect with latest DDBMS in another location
and likewise a system running on Windows can communicate with another system

in another location running on UNIX.

Heterogeneous systems are generally employed where the sites in different
location utilize their own unique hardware and software. Heterogeneous DDB
utilize the user queries in modified versions to support the local sites and enable
communication between different DBMS. The SQL database language is typically
employed. When the hardware is dissimilar, the computer codes and word-length
are modified and if the software is different, the language is modified. However,
the heterogeneous system is not feasible both technically and economically as it is
difficult to update the user at one location by a user at another location [10].

Heterogeneous DDB is of two types:

e Federated: These DDB are independent and incorporated to operate as a

distinct database system.

e Un-federated: These DDB utilize a central organizing component to access

the distributed data at different location.

1.3 ADVANTAGE AND DISADVANTAGE OF DDB

Distributed databases are commonly traced on more than one server, but
interconnect to fulfil a mutual objective. The isolation of different system
components and application servers provides advantages of cost, management,

and performance yet, there are also disadvantages in them [11],[4].
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1.3.1 Advantages

Reconfigurable: The original configuration of the machine is based on the load for
stock web servers; for instance, essential to support a high volume of smaller
exchanges, though a database server with an information distribution center needs
to support a generally low volume of huge exchanges (i.e., complex inquiries).
[solating the web server from the database server in this precedent enables the
framework directors to improve these machines without trade-off. A machine
designed as a web server will contrast from a machine arranged as an information
stockroom database server. In the event that exhibition issues emerge in a
circulated design, it is a lot simpler not exclusively to distinguish issues yet in
addition to illuminate them without the danger of trading off different segments

[12].

Modular growth: The handling of expansion of storage n a distributed
environment is easier. The adaptability of adding new sites allows a relationship to
grow generally effectively. Processing and storing to the system can holder the

expansion in database estimate [13].

Platform Autonomy: The DDBMS provide platform autonomy. The applications
and databases do not depend on same machine. SQL*Net and Net8 provide a
protocol-independent system edge permitting connectivity. This open benefit
helps Database administrators (DBAs) and developers to select the platforms
deprived of restrictions. Hence the platform whether major or minor does not

become a constraint [14].

Site Autonomy: DDB enable different areas to share their information without
surrendering authoritative control [15]. In the event that a database example at
central station contains especially delicate data or has high accessibility
prerequisites, it can share information and also maintains security and
accessibility. Moreover, some random site in a DDB environment can pursue its
own managerial systems and upgrade paths. The admin from different sites are in
correspondence with each other and that they arrange their activities without any

commitments.



Fault Tolerance: The fault tolerance of the system is that when a solitary
component fails in a distributed network, it is easier to tackle the situation than in
a centralized system [16]. Admins can design the system with solution to this fault
issues. For instance, when a DDB is corrupted in a single node, the other nodes

compensate and avoid complete network failure.

Scalability: Taking advantage of the parallel query option, the processors enable
scalable processing [17]. This is because the applications have their own host and

assign hardware properties applicably.

Location Transparency: It enables the users and applications not to face difficulty
in accessing the data location [18] with minimal influence on users and

applications.

Enhanced Security: Distributed architecture of DDB enables independent
processing and does not require sharing of accounts and passwords and hence the
security is quite enhanced. The data can be kept private with higher protection

[19],[20].

Improved Performance: As the data is available to the user at their will, the
speed of DDBs and the parallel processing increases the performance in terms of

CPU and I/0 services [21].

Economical: Cost of the DDBs is very less as the single computer design of DDBMS
based on network of distributed machines consuming less power to access remote
distributed data [22], reducing the cost of transmission and positioning in local
areas. The partition of the data in distributed manner also reduces the cost of

storage devices being summed at one site location.

1.3.2 Disadvantages

Complexity: A distributed DBMS that conceals its property from the client and
gives a satisfactory dimension of performance, dependability, accessibility is
characteristically unpredictable than a central DBMS. The information can be
duplicated also includes an additional dimension of unpredictability to the DDBMS.

When data replication is not performed sufficiently, there will be inefficient



accessibility, dependability and performance compared with the central system

[23].

Integrity control: The database integrity based on the legitimacy and steadiness
of stored data is not acceptable to be interrupted. Upholding reliability
constrictions expects access to a lot of information that characterizes the
constrictions [8]. In a DDBMS, the correspondence and preparing prices essential
to implement reliability constrictions are great when contrasted with centralized

system.

Query Processing: Query processing in DDBs analyses queries to convert them
into data manipulation tasks [24]. However, this process is not completely effective

in handling large number of queries.

Lack of Standards: The DDBMs provides effective communication, but the normal
communication and data admission practices are not available due to the

significantly limited the potential [4].

Update: Updating the software and data in DDBMS is not easy as it needs to be

done in all locations to ensure the availability of current data to all the users [25].

Database design: The design issues of fragmentation of data, provision of
fragmentation to particular sites, and data duplication [11] are significantly

difficult than the centralized DDBs.

Concurrency control: It is the action of planning simultaneous accesses to a
database in a multiuser DBMS [26] and licenses clients to get to a database in a
multi-customized style framework. The fundamental issue in achieving this
objective is to anticipate database appraises achieved by one client with database
recoveries and appraises achieved by another. The concurrency control issue is
aggravated in a DDBMS based on (1) clients may contact data in a wide range of
processors in a distributed framework, and (2) a concurrency control at one

processor cannot quickly cooperate at different computers.



1.4 PROBLEM DESCRIPTION

The employment of DDB is very challenging due to the contradictory necessities of
preserving data steadiness and meeting transaction’s targets. Each distributed
operation retrieving a data item and takes the flexible quantity of time due to
concurrency control, I/O and connection delay while preserving the evenness of
underlying database. To meet the transaction’s deadline, an effort should be made
to manage timing constraints, access to CPU, main memory, /0 devices and shared
data. Designing distributed databases mostly faces problems in the form of

fragmentation, replication and allocation of the data.

Existing approaches for database design faces limitations in the form of cost,
performance, reliability, flexibility and security. The real-time DDBs must preserve
the steadiness constraints and also assure the time constraints mandatory for
client requests. Though, when the distributed system size increases, the user
access time also increases and in turn raises the energy of the replica placement.
Hence replicating these databases is entirely different from the replication of other
documents. Various research works have been provided with different
methodologies to replicate distributed databases, however the major issue in those
methods is the optimal selection of amount of replica and top position for replica

assignment.

In this research, the limitations in fragmentation, replication and allocation
process for distributed databases are primarily focused to consider reliability, cost,

security and performance of DDBMS.

1.5 OBJECTIVE OF THESIS

The objectives of the thesis are as follows:

e To consider the limitations of models available for data fragmentation and
develop an efficient data fragmentation technique for distributed
databases.

e To minimize communication cost and develop an efficient data allocation

technique for distributed databases.



e To analyze the limitations of available procedures for data replication and
develop a new approach of data replication to improve the data reliability.

1.6 HYPOTHESIS

The contributions of this research thesis are:

e Improved Hierarchical Agglomerative Clustering Based Fragmentation
Approach for DDBs.

e Chicken Swarm Optimization Based Data Allocation Technique for DDBs.

o Efficient Data Replication Strategy using Multi-objective Glowworm Swarm

Optimization for Distributed Database Systems

1.7 THESIS ORGANIZATION

Chapter 1 has presented introduction and the background of the research. It
provides an overview of databases, distributed databases, its advantages and
disadvantages. It also provides the problem description, objectives of the research

and thesis organization.

Chapter 2 discusses the literature review for data fragmentation, replication and
allocation techniques. Various techniques are discussed and the limitations of
them are highlighted which form the motivation of this thesis. The literature
review is divided into three sections, each corresponding to Data fragmentation

techniques, Data allocation techniques and Data replication techniques.

Chapter 3 describes the various concepts in DDBs such as components of DDB,

overview of DDBMS, data distribution space, DDB design and security concepts.

Chapter 4 highlights the need for fragmentation and the issues faced in existing
methodologies. Then the proposed data fragmentation technique for distributed

databases is explained and evaluated.

Chapter 5 highlights the challenges in allocation process and the issues faced in
existing methodologies. Then the proposed data allocation technique for

distributed databases is explained and evaluated.
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Chapter 6 highlights the need for replication, its types and the issues faced in
existing methodologies. Then the proposed data replication technique for

distributed databases is explained and evaluated.

Chapter 7 describes the performance evaluation results of the three design

techniques by comparing them with existing techniques.

Chapter 8 concludes the thesis and also suggests some of the possible directions

for future researches.
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2

Literature Review

This chapter describes the recent research works about the data fragmentation,
allocation and replication strategies. The study of these literature works provides
an insight towards which of the limitations hinder the performance of distributed
databases and it can be utilized to developed newer and better techniques. In

short, this chapter provides the motivation for this research work.

2.1 DATAFRAGMENTATION TECHNIQUES

Cuzzocrea [27] developed a fragmentation technique using the k-means clustering
algorithm for the large XML data warehouses. This technique is different from the
classical fragmentation techniques as it utilizes clustering-based fragmentation
through control setting process which is much suitable for the distributed nature
of the XML warehouses. However, this model still requires much improvement in

handling the global query processing.

Bhuyar and Deshmukh [100] developed a new method for database fragmentation
in DDBs using modified CRUD (Create, Read, Update, and Delete) matrix and cost
utilities. This model significantly improved the performance of the DDBMS by

evading recurrent remote admission and high data transmission amid the sites.

Pazos and Pérez [28] suggested the use of non-linear round-trip response time for
the improvement of the fragmentation model. This approach modelled the vertical
fragmentation into a non-linear problem and was resolved using two
metaheuristics: the threshold tolerant procedure (a variant of simulated

annealing) and tabu search with significant efficiency.

Hauglid and Ngrvag [29] developed DYFRAM, the dynamic fragmentation and
replica administration model for DDBs. This decentralized approach utilized the

access patterns of sites and fragmented the database using current admission
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history, targeting at exploiting the number of local admissions. The advantage of
this model is that it minimizes the communication costs. However, this model does

not efficiently detect the periodically recurring access patterns.

Fauzi, Noraziah and Zin [30] developed a novel binary vote assignment grid
quorum algorithm for improving the distributed database fragmentation. This
model of fragmentation utilized the timeliness to achieve higher efficiency. As the
transaction execution in replication problem is resolved, the consistency is
achieved. It also provides alleviates the lock with small query size and updates the

important data effectively.

Boukraa, Boussaid and Bentayeb [31] developed a vertical fragmentation method
for XML data warehouses using frequent path sets. This approach uses association
rules to divide and cluster recurrent path sets into fragments and also resolve the
issue of restructuring the unique non-fragmented plan to guarantee the

fragmentation reversibility.

Goli and Rankoohi [32] designed a novel vertical fragmentation process centered
on ant cooperative activities in DDBs. This ant-based fragmentation model
employs the swarm intelligence in resolving the fragmentation optimal problem.
This process makes the transaction handling at each site as mush confined and also
reduces the overall cost of operations. It is highly accurate in fragmentation while

also less expensive.

Pazos and Martinez-Luna [33] developed a vertical fragmentation model to reduce
the round-trip response time in distributed database systems. This model utilized
a mathematical programming model with round trip response time as the
parameter to be optimized. In round trip response time, the delay parameters are

considered for estimation.

Wiese [34] presented the clustering-based fragmentation and data replication
scheme for elastic query responding in DDB. This method offers fresh self-
management and self-configuration methods for an accessible query management.
This clustering-based fragmentation allows fault-tolerance and parallelization

effectively. However, the fragmentation is completely dependent on single
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relaxation attribute which will lead to massive replication that requires control

mechanisms. This is the major limitation of this clustering-based approach.

Dharavath and Kumar [35] developed an a priori-based vertical fragmentation
technique that uses attribute usage matrix for dividing the relations. This approach
provided proper fragmentation at the initial stage of a distributed database to
overcome the constraint of higher difficulty as well as the difficulty of more
calculation. Additionally, this method also has the advantages of more availability
of fragment selection. However, this approach provided below par results when

the minimum support value is determined optimally.

Luong, Nguyen and Le [36] presented an enhancement on fragmentation in DDB
using the knowledge-oriented clustering methods. This approach was developed to
improve the vertical and horizontal fragmentation using the classical clustering
algorithms of k-means and hierarchical clustering. This approach proved that the
integration of these clustering algorithms increased fragmentation effectiveness

while also balancing the time complexity.

Thakur and Ram [37] utilized the FP-MAX data mining algorithm to mine frequent
item set for vertical fragmentation. This approach proved its efficiency for small as
well as larger databases with improved fragmentation but the performance is very

low with the skewness of the data.

Hadden and Mahdy [38] developed a software paradigm named the royal split for
enhancing the data fragmentation process with the prevention of data loss. This
paradigm controls all the aspects of the network namely node population,
topology, file size, and number of fragments. Based on these aspects, the data files
are fragmented, distributed to nodes on the network, recovered, and defragmented

with improved accuracy.

Mai [39] developed a heuristic algorithm for fragmentation and allocation in
distributed object-oriented database. This simultaneous class fragmentation
approach utilizes the costs of data communication for reduced processing cost. The
only foreseeable limitation in this approach is the non-utilization of queries in

processing these fragments valiantly.
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Amer and Sewisyand [40] developed an optimized method for horizontal
fragmentation which efficiently fragments the database using arithmetic models to
solve database design issues. This model is highly cost effective and also ensures

optimal fragmentation is achieved.

Drissi and Benslimane [41] developed a horizontal fragmentation approach for
fuzzy querying databases using query execution strategies. This process of
fragmentation minimizes the number of fragments accesses and hence reduces the
costs. However, this model is not must applicable to transactional databases as it is

not peculiar and complex in computing them.

Eladl [42] developed a modified vertical fragmentation strategy for distributed
database by employing the advantages of the fuzzy logic concepts. This strategy of
fuzzy logic is better than the crisp logic and it is reflected in the performance
improvement with the database developer provided complete independence for

the determination of importance of query attributes.

Sewisy and Amerand [43] proposed the development of a novel query-driven
clustering-based technique for vertical fragmentation and allocation in DDBs. This
technique is employed at the initial stages of DDBS designing with including the
data statistics or empirical results in both the dynamic and static environment. The
major limitation of this model is the general limitation of hierarchical clustering,

i.e. complex processing structure.

Luong [44] developed a fragmentation method centered on K-means rough
clustering for the distributed databases. However, the complexity of this algorithm
is more optimal than general k-means clustering which becomes the high point of

this fragmentation technique.

Mehta and Barlawala [45] proposed a differential bond energy procedure for
optimal vertical fragmentation of DDBs to provide all the possible combination of
solutions and hence has more likelihood to give better values. This algorithm
optimizes data fragmentation in high dimensional datasets and provided better

performance in terms of mean difference and good quality fragments.
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2.2 DATA ALLOCATION TECHNIQUES

Hababeh and Bowring [46] developed a high-performance computing technique
for data allocation in DDBs. This computing method uses high speed clustering and
allocation process to regulate the fragment allocation in each cluster and site. This
process ensures the data availability and reliability. The communication cost and
execution time are minimized in this model which can also be implemented in

larger systems where the input is large.

Adl and Rankoohi [47] designed and developed a new ant colony optimization
based heuristic system for data allocation issue in DDB. The performance of the
data allocation process is significantly improved with reduced time and under-
memory capacity constraints. This algorithm has better convergence for the
distributed systems but for large variety of values, the system is still under

development.

Mamaghani and Moghaddam [48] proposed and developed a novel evolutionary
algorithm for solving static data allocation problem in DDBs using two methods of
genetic algorithm and learning automata. Thus, the data allocation problem is

better resolved using this evolutionary algorithm with less overhead.

Jagannatha and Kanth [103] presented a Non-replicated dynamic fragment
allocation model using the access threshold, time constraints of database accesses
and the volume of data in distributed database systems for reallocation. This
model will decline the migration of fragments and data transfer cost and maximize
the overall throughput, performance and efficiency of the distributed database

applications.

Jagannatha and Kanth [103] also presented synthesis of non-replicated dynamic
fragment allocation. The data allocation is performed only when the site has higher
data transfer than other sites and the accomplishment of the distributed database

queries are minimized.

Mashwani and Salhi [49] developed a decomposition-based hybrid multi-objective
evolutionary algorithm for dynamic resource allocation. This algorithm utilized the

combination of two crossover operators to allocate resource. However, this
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algorithm is still in the early stages and hence requires subsequent research to

verify its reliability.

Gope [105] developed a set of heuristic algorithms for fragment allocation in a
DDB. These algorithms are developed to resolve the DAP problem which is
modelled based on Quadratic Assignment Problem (QAP). This model has less cost
and higher efficiency. However, this model does not consider replication of

fragments to multiple sites.

Li and Wong [50] presented a data allocation in scalable distributed database
systems based on time series forecasting. This model enhanced the short-term
load forecasting processes to remove overloading and degradation. Thus, the DAP

problem is resolved with efficient results.

Tosun and Cosar [104] proposed an allocation approach for load balancing in DDB.
This approach utilized the concepts of sharing of resources, allocation of fragment
replicas and transaction in distributed database system to balance the overloads.
This process improved the uniform workload distribution and also reduced the

cost computation.

Singh and Virk [51] proposed a non-replicated static data allocation scheme for the
DDBs using biogeography-based optimization (BBO). This optimization-based
strategy allocates the fragments during the design of distributed database system
with minimal total data transmission cost. The proposed BBO algorithm
significantly minimize the data transfer cost during the execution of a set of
queries. However, sometimes the average cost of allocation for BBO is more than

Genetic algorithm.

More and Nasik [52] designed a data allocation strategy assigning processors to
real-time application tasks, based on real time scheduling strategy. This strategy
also utilizes the combination of in-Memory Database towards every system as well
as Shared Memory Database in Server side of Distributed System due to which the

high availability property of database can be achieved.

Singh [53] designed and developed a combination of threshold and time

constraints enables better allocation than considering either one constraint as the
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frequency of access patterns changes much faster. This algorithm also decreases
the total cost of reallocation. The network traffic and data transfer cost are also

reduced and thus the overall performance is significantly improved.

Sen and Narayanan [54] analyzed a simulated annealing method for data allocation
utilizes a local search process for DDB systems. But the issue arises when the

distance measure assumption is not exploited for the data allocation process.

Malyshkin and Schukin [55] proposed the development of scalable distributed data
allocation for the LuNA fragmented programming system. This algorithm has been
developed for large multi-computers. This approach models the data allocation
problem into a workload imbalance problem and resolves it using dynamic load
balancing procedure. The limitation of this algorithm lies in the static nature of
supplementary information and single dimension of neighborhood host

description.

Kumar and Gupta [56] developed a clustered approach to dynamic data allocation
problem in th DDBs which overcomes the problem of network site clustering for
enhancing the efficiency of data allocation. This approach initially reallocates the
data fragments to the clusters in redundant and non-redundant distributed DBS in
order to minimize the remote data access and network overhead based on
changing data access patterns. The major limitation is that this approach is
currently functional only in small scale networks with a smaller number of

database sites.

Darabant and Varga [57] developed a model for access patterns optimization in
DDBs using data reallocation. This reallocation model utilizes the data access
patterns and database statistics resolves the reallocation of fragments problem for
optimizing the query response time by the users. The advantage of this model is
that it has higher efficiency and the response time is also less. However, the cost

for reallocation is slightly higher in this model which should be minimized.

Fu and Sun [58] presented a dynamic non-redundant data allocation method that

resolves the DAP problem with less cost of migration.
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Kulba and Somov [59] Developed an allocation method for large-scale distributed
systems. This model enriched the performance of the distributed systems but the

major limitation lies in sub-optimal allocation due to higher iterations.

Mahi and Kodaz [60] developed a new approach to solve data allocation problem
based on particle swarm optimization algorithm. This algorithm determines the
optimal data allocation and thus minimizes the total transmission cost. This
algorithm provides comparable results even when the dimensionality of the
problem increases where the solution space grows exponentially. However, this

problem is still a concern for huge size of dimensionality.

Lwin and Naing [61] presented a non-redundant dynamic fragment allocation
using the horizontal segmentation in DDBs in order to reallocate the fragments
based on access patterns. This approach is highly efficient and reduces the time
consumption but the major degradation factor is the cost of reallocation and

update process.

2.3 DATA REPLICATION TECHNIQUES

Curino and Madden [62] developed a model named Schism, a workload-driven
approach to database replication and partitioning. This approach of replication
graph partitioning model to replicate the databases and reduced the cost by 30%
with ease of integration. However, this model is strictly for OLTP databases and

less supportive of other databases.

Abad and Campbell [63] developed a replication model named DARE which is used
as adaptive data replication. It solves the problems of how many replicas to

allocate and also improves the turnaround time and locality.

Naing and Win [64] presented a distributed database partial replication approach
that reduces the substantial amount of distributed transactions efficiently. The
graph representations are employed for the query trace monitoring which are then
partitioned to form replication clusters. This approach improves the scalability and
throughput but the only drawback of proposed approach is that cross-partition

distributed queries can produce distributed overhead.
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Xhafa and Barolli [65] developed an intra-group optimistic data replication system
for the P2P groupware systems. However, this system is currently suitable only for
unicast connections and hence the reliability of data transmission in multicast

systems is questionable.

Crain and Shapiro [66] designed and developed a geo-distributed partial
replication utilizing the concept of CAP theorem. However, this replication strategy

does not reduce the overall cost of each data centers considerably.

Varma and Khatri [67] developed QoS-aware data replication in Hadoop
distributed file system which utilizes QoS parameters to replicate the data blocks.
The main QoS parameters considered for this purpose is the expected replication
time. This algorithm has better performance with reduced replication cost but the
non-consideration of power dissipation and temperature of Data Nodes in Hadoop

system requires much attention.

Liu and Chandler [68] developed a selective data replication approach for the
online social networks with distributed datacenters to reduce inter-data center
communications while accomplished low service latency. This approach avoids the
workload congestions of datacenters through effective replication with the concept
of load balancing. The limitation of this approach is that it is still not accomplished
the concept of satisfying both the service latency and network load at the same

time with less overhead.

Warhade and Raghuwanshi [69] introduced a dynamic data replication based on
the modified bandwidth hierarchy-based replication (BHR) in grid systems. This

dynamic replication provides minimized access cost and access time.

Yang and Mi [70] developed an automated and scalable data replication system
utilizing the load balancing concept for the distributed computation and storage
structure. This Auto Replica system utilizes three approaches to replicate data for
supporting multiple SLAs. It utilizes the solid-state disks (SSD) of remote Cyber-
Physical Systems server nodes and also supports the parallel processing of the

data replication fetching process.
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Sun, Simon, and Sens [71] developed a stochastic model of replication in large
distributed storage systems to replicate the data in terms of three mechanisms
namely random, least loaded and power of choice. Using these mechanisms, the
replication has achieved higher accuracy and reliability. However, a certain

random unbalanced placement strategy causes unexpected results.

Zhu, Guo and Fu [72] developed an efficient distributed data replication (EDDA)
algorithm for VANETSs utilizing distribution concept with a bounded number of

message copies.

Cardueline and Russo [73] developed elastic distributed data stream processing
replication scheme for the QoS-aware data stream applications. This model,

however, has limitations due to the greedy reconfiguration process utilized.

Xiong and Zhao [74] suggested a data replication strategy based on distributed
caching system to reduce the user access delay and increasing the user
performance. However, its utilization in larger system is under research and

requires more investigation.
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3

Concepts in Distributed Databases

The contents of a distributed database are spread across multiple locations. That
means the contents may be stored in different systems that are located in the same
place or geographically far away. However, the database still appears uniform to
the users i.e. the fact that the database is stored at multiple locations is transparent
to the users. In this chapter, the components of the DDB are discussed and the

distribution space and design strategies are also presented.

3.1 Components of DDB

The central components of DDB designing are Query Processing, Concurrency
control/Transaction management, security management, Replication management,

Directory management and Database Recovery management.

3.1.1 Distributed Query Processing

In a DDBS, query processing must be optimized at both the global and the local
level [75]. The query is taken as input and checked, translated, and optimized after
the user is validated. The processing of query in any system depends on the DDBS
designing and the conversion of them into data manipulation operations [76]. The
main constraint in query processing is selecting the approach for performing each
query with less cost. The sharing of data, communication costs, and local data are
considered as factors to select optimal strategy to provide parallel processing and
execution of transactions. The problem is NP-hard in nature, and the approaches

are usually heuristic.

Choosing the optimal execution scheme for a query is NP-hard in the quantity of
relations. For complex questions with numerous relations, this can acquire a
restrictive enhancement cost. Thusly, the real goal of the analyzer is to discover a
strategy near optimal and, maybe increasingly significant, to dodge terrible

techniques. The yield of the streamlining agent is an advanced query execution
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plan comprising of the mathematical query determined on fragments and the
correspondence activities. The selection of the optimal strategy for the most part
requires the expectation of execution costs of the elective applicant orderings
before really executing the query. The execution cost is communicated as a
weighted mix of /0, CPU, and correspondence costs. An ordinary improvement of
the prior distributed query analyzers was to overlook nearby handling cost by
expecting that the correspondence cost is overwhelming. Significant contributions
to the streamlining agent for assessing execution costs are fragment insights and
equations for evaluating the cardinalities of results of relational operations. Query
optimization refers to the process of producing a query execution plan (QEP), an
execution plan for the query [77] and reduces an objective cost function. Figure 3.1
shows the basic architecture of query processing and optimization in distributed

databases.
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Figure 3.1 Distributed Query Processing

The mapping of the global queries into the local sites is achieved by pre-defined
order with global and local data [78]. The local query results are combined
together using union operation in case of horizontal fragments and joint operation

for vertical fragments.
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3.1.2 Distributed Transactions Management

Distributed transaction management (concurrency control) performs the process
of achieving dependable DDB even when the transactions increase in number or
communication link fails. This is realized through (i) distributed commit protocols
that promise update; (ii) distributed concurrency control methods to confirm
consistency and exclusion properties; and (iii) distributed recovery procedures to

secure consistency and durability during the failures [79].
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Figure 3.2 Distributed Transaction management

Figure 3.2 shows the different modules in the transaction management system at
each database site [80]. Each site of a DDB framework comprises of: transaction
manager, transaction coordinator, and recovery manager. To guarantee that the
ACID (Atomicity, Consistency, Isolation, Durability) properties are ensured when
different transactions are simultaneously executed, the transaction manager
depends on concurrency control strategies. The transaction coordinator is utilized

to plan and schedule sub transactions that are executed on numerous destinations.

24



The recovery manager is utilized to recover the database to a predictable state if

failure happens [81].

Serializability theory is utilized to handle more problems for replicated databases
as the local schedules are serializable and the consistency is considerable [82].
Similarly, for replicated, distributed databases, a replica control protocol (e.g.,
ROWA) is employed to guarantee the one-copy serializability of mutual

consistency.

3.1.3 Distributed Security Management

DDB security management is the process of protecting the stored data from
intruders or unauthorized access to avoid theft or modification of data. This can be
achieved using security mechanisms that satisfy the security necessities of system

and data sources [83]. Figure 3.3 shows the distributed security mechanism [84].

DDBMS utilizes the services of functioning system to manage the data and also to
secure them. But data protection in DBMS is unlike from the data in operating
system and hence the advanced techniques are utilized. The main reasons for using
advanced techniques are: i) DBMSs and operating systems accept diverse data
models. ii) DBMSs consist of many granularity levels for data security. iii) the
objects in a database are semantically related and protecting these relations is
imminent. As there are many performance issues related with security, the DBMS
utilizes a set of its own security mechanisms to be applied at hardware and

network level.
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Normally, the security features are achieved with many mechanisms and especially
the admission control tools are commonly used to deliver data secrecy. The
authenticity of the Security Administrators or users is verified by the access
control mechanism [85]. Only when there is no conflict of authorizations, the users
are provided access and it is only based on the security policies of the providing
organizations. Data confidentiality is achieved over the utilization of encryption

methods applied on the network to prevent intruders to access data.

Data integrity is mutually guaranteed by the admission control tool. The
confidentiality enforcement of the model is achieved through the modification of
the data and the control mechanism validates the access to modification using

specialized authentications. DBMS also allow access to set the integrity constraints
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using SQL only when the data has to be checked for correctness before updating
the exact perfect data without modifications by intruders. Finally, the recovery
process is also performed by the recovery subsystem and to verify and correct the

hardware and programming failures using the log files of auditing properties.

3.1.4 Distributed Replication Management

The foremost assignment of replication is to maintain the replicas with consistent
updates which are achieved by replica control. It translates the ‘read and write’
operations into physical operations and performs them on individual replica for
each read/write queries. The read operation is done on single replica while write
can be achieved on all replicas. The consistency of the models is ensured by
reducing the difference between the ideal and actual replica modifications to
support various applications [86]. The replica allocation systems are also
employed additionally to select when and where to place the replica or remove
them to new locations without disturbing the trade-off between the performance
benefits and overhead. Replica control is the main and influential component in the

replication area of the DBMS.

The replica control integrates the concurrency control to work correctly with
DBMS of transactional semantics. It is suitable for the non-replicated and non-
distributed system to allow concurrent execution of transactions and may
interleave to provide constraint-based transaction operations. When the data are
replicated, each transaction starts execution on different replicas and increases the
challenges. In non-replicated databases, the isolation level is serializability
indicating the equality between the concurrent execution and serial execution of

transactions. Figure 3.4 shows the distributed replication management model [4].
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Figure 3.4 Distributed Replication management

Utilizing full replication, each site has duplicates of every single existing data
object. This disentangles the execution of read operations however have high
update costs. In partial replication, only few copies of some data are placed to
obtain the advantage of the cost-effective way to reduce operational cost at all
sites. Eager replication fuses coordination among replicas before exchange submit.
On the other hand, lazy replication enables an exchange to submit data changes at
one replica without coordination with different replicas. For example, all update
exchanges could be executed and submitted at a particular essential replica which
at that point changes to different replicas at some point. At that point, auxiliary
replicas fall behind the present state at the essential. On the other hand, all replicas
may acknowledge and execute updates, and the progressions to the remainder of
the replicas. For this situation, replicas become inconsistent. Specifically, much
formalism exists that enable the characterizing of points of confinement to the

permitted uniqueness between the duplicates of a data item.

3.1.5 Distributed Directory Management

A distributed directory management system incorporates a majority of service
spaces on a system each having a database archive. A service database monitoring

system for each service space deals with the database storage and executes
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recovery of a service database. A service space association component for each
service space executes message correspondence with the service database
overseeing instruments to collect common association data of the service spaces
and deals with the collected shared association data. It sends a recovery message
from a client to the service database in a similar service space to demand execution
of recovery of a service database. Upon failure in recovery, the service database
recovery managing component demands another service database managing
system to execute recovery of the service database [87]. A directory contains data
and the issues identified with directory are comparable to the database position

issue examined.

3.1.6 Distributed Database Recovery Management

In a DDBS, failures amidst a transaction processing cause the system to provide
below par performance leading to an inconsistent database. Distributed recovery
is more complicated than centralized database recovery due to frequent failures
[88]. While existing recovery components on incorporated frameworks can be
utilized to deal with the previous sort of disappointments, the last kind is
increasingly entangled to manage. To guarantee exchange atomicity, distributed
submit conventions have been proposed. These incorporate Two-Phase Commit
and its variations and Three-Phase Commit. Along these lines, each site knows the
execution status of an exchange preceding the failures, and can decide whether an
exchange is submitted or not before making the essential move. Figure 3.5 shows

the distributed recovery management process [89].
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In DDBS, log-based techniques like write ahead logging (WAL) scheme are used for
durability. The log files are maintained in these WAL scheme to record, rework and

update operations to restore the database to a consistent state.

3.2 Distributed Database Management Systems

A brought together DBMS is a composite programming package that enables a
venture to regulate its data on a solitary machine. For instance, usually for a
venture to claim a centralized computer database that is constrained by IBM DB2
and a couple of other databases constrained by Oracle, Microsoft SQL Server,
Sybase, or different sellers. In some cases, clients need to get to data in some other
workgroup's database, or even in the bigger, undertaking level database. DDBMS
enables utilizing communication capacity to organize their activities in case of
shared admission to the enterprise data [11]. The way that data is distributed over
various PCs and constrained by various DBMS items is totally avoided the clients.
Clients of such a framework will access and utilize data as though the data were

locally accessible and constrained by a solitary DBMS.
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3.2.1 Based on components

The components of the system are definite together with the interrelationships
between components. These are generally good for design and implementation of
the system. A DBMS consists of a number of components, each of which provides
some functionality. It might be difficult to determine the functionality of the
system from its components. The Computer Corporation of America (CCA)
developed “straw man" architecture of reference model (RM) to categorize DBMS-
related components into both internal and external components for integrating

multiple data models [90].

3.2.2 Based on functions

The different classes of users are identified and the functions that the system will
perform for each class are defined. The system specifications within this category
typically specify a hierarchical structure for the user classes. The ISO/TC is an
example of this RM for DBMS standardization [91]. The flexibility of functions may

allow the phased transition from existing implementations to DBMS standards.

3.2.3 Based on data

The different types of data are recognized, and an architectural outline is
quantified for the serviceable units that will understand data patterns. This
approach also referred as the data logical approach and is desirable choice for
normalization activities. The ANSI/X3/SPARC DBMS framework is an example of
this type of RM [90].

3.3 Data Distribution Space
3.3.1 Autonomy

Autonomy designates the circulation of control of the DDB and the degree to which
each component DBMS can operate autonomously. Major autonomy concepts in

distributed database include design, communication and execution autonomy [92].
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3.3.11 Design autonomy

The sites vary due to data models, physical design, data definition and
manipulation languages, query processing strategies, concurrency control,
recovery mechanisms etc. because of the low knowledge of intended

interconnections.

3.3.1.2 Communication autonomy

The sites can communicate with the other sites on their own whenever the need
arises based on bandwidth availability and data locality.

3.3.1.3 Execution autonomy

Each site also performs the execution operations on their own and all the

transactions will be treated equally. Thus, the site supports a global transaction

processing.

3.3.2 Distribution

Distribution denotes to the physical sharing of data over several sites or server.
When distribution of data is initiated, there are two approaches of distribution.
3.3.2.1 Client-Server distribution

Data are focused on the server, while clients offer application environment/user

interface [94]. The data processing is divided into distinct parts. A part is either

requester (client) or provider (server).

3.3.2.2 Peer-to-peer distribution

In this approach, there is no distinction between client and server machine with
each machine having full DBMS functionality. Each peer performs both as a client

and a server for informing database services [95]. A peer-to-peer distribution

system is perceived as an assembly of self-governing local warehouses.

3.3.3 Heterogeneity

Heterogeneity occurs in several forms in distributed systems, extending from

hardware heterogeneity and differences in networking protocols [96].
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Heterogeneity in query languages occurs both in hardware as well as software
protocols for communication. In a distributed system, the transaction manager
should convey the decision to commit to all the servers in the various sites where

the transaction is being executed and uniformly enforce the decision [4].

3.3.3.1 Queries

DDBMS Query Processing is required to solve a specific problem which may be
distributed at various sites. The various factors [97] which effect the query
optimization are: 1) [/O Access: It involves accessing the physical data stored on
disk. 2) CPU Processing time: It is associated with the transmission of data among
nodes in distributed database systems. 3) Communication Cost: It is linked with
the handling overhead of dealing distributed transaction. Query Optimization will
be used to state policies envisioned to increase the effectiveness of query

assessment procedure.

3.4 DDB Design

The design of a distributed system involves making decisions on the placement of
data and programs across the sites of a computer network, as well as possibly

designing the network itself [5].

3.4.1 Design Problem

In DDBMS, the distribution of applications involves Distribution of the DDBMS
software and Distribution of applications that run on the database. In terms of the
level of sharing, there are three possibilities [5]. The two fundamental design
issues are fragmentation, the separation of the database into partitions called

fragments, and distribution, the optimum distribution of fragments.

3.4.2 Design Strategies

Top-Down Design Process: This design is a process of creating data models that
contain high-level entities and relationships, to which successive refinements are
applied, in order to identify the corresponding low-level entities, relationships and
attributes. The top-down approach is illustrated by using the concepts of the
entity-relationship model as in Figure 3.6, [98].
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Bottom-up design process: This approach starts from the fundamental level of
attributes, which are grouped in relationships that represent entity types and
associations between them, as a result of analyzing associations between
attributes. The normalization process constitutes a bottom-up approach.
Normalization implies identifying attributes and placing them in normalized

tables, based on functional dependences between attributes. Figure 3.7 shows the

bottom-up design process [99].
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Figure 3.7 Bottom-up design process

Bottom-up approach consists of the following steps:

o Choosing a common data model for describing the global schema;
° Translation of each local scheme intro a common data model;
o Integration of the local schemas into a global schema.

3.4.3 Fragmentation

Data fragmentation is the main challenge in DDB design which is essential for
allocation and replication of the fragments in different sites of the distributed
system. Fragmentation is essential to divide a database into partitions without any
loss of information [100]. This reduces the amount of irrelevant data accessed by
the applications of the database, thus reducing the number of disk accesses. Data
fragmentation strategies are based at the table level and comprise of dividing a
table into logical fragments. There are three types of fragmentation namely

Horizontal fragmentation [101], Vertical fragmentation [102] and mixed
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fragmentation, a combination of horizontal and vertical fragmentation techniques

are used [103].

3.4.4 Allocation

The fragment allocation design is an essential issue that improves the performance
of the applications processing in the DDBs. DDBs sites allocation is to reduce the
communication cost during the applications execution and handle their
operational processing [104]. The fragments are allocated based on the data
allocation and query processing cost functions [105]. This method attempts to
minimize the communication costs by distributing the global database over the
sites and increasing availability and reliability where multiple copies of the same

data are allocated [106].

3.4.5 Replication

The most important goal of networking is to provide high reliability by having
alternate sources of supply. All files could be duplicated on two or three machines,
so that, if one of them is not available (due to a hardware failures), the other copies
can be used. By storing the copies of data on processors, the probability that at
least one copy of the data will be accessible, increases. Supporting failure free
operations requires maintenance of copies of data at more than one site. This
approach is known as the data replication. The main advantage of distributed
database system is that, possibility of supporting data replication as well as data
distribution. In the same light, a specific area of new advance is that of replicated
database management systems (RDMSs) that offer potential benefits, such as

reliability, increased availability and growth possibility [107].

Though replication enhances the reliability and data availability for read only
access, increased number of data copies imposes considerable overhead for
processing the update transactions. The principal goal of replication control
mechanism is, to guarantee that updates are applied to copies of replicated data.
The task of transaction management leads to adoption of concurrency control,
crash recovery and network partition handling in a replicated database

environment. Replication management techniques are needed to resolve such
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scenarios. They can be divided as centralized and distributed [108]. Distributed
replication is of two types and three schemes. The types are synchronous
replication and asynchronous replication. The replication schemes utilized

currently are No replication, Partial replication and full replication schemes.

3.5 Secure DDBMS

Database security is the practice of ensuring that the data stored in the database is
safe from unauthorized access and it is available for use when needed. Privacy is
the appropriate use of information, and is the true objective of security. For
systematic security, a security plan should be developed. The first step in
developing the plan is the identification of fields to be protected. Next step
identifies the weak points that compromise the database security [109]. This step
is followed by risk elimination/ reduction and the actual implementation and
monitoring of the system. The attackers or intruders, who intrude the data, are

broadly classified as:

Internal Attackers: Fired or unhappy employees usually play a major role
in being the internal attackers, as they know major systems and internal relations

between systems. These are the most dangerous and the attacks are hard to trace.

External Attackers: The external attackers do it just for fun or for getting
monetary benefits. The main objectives of such attackers are disclosure of critical

information or alter the critical data.

The functional areas are Security policies, Security mechanisms, and Security
system assurance. Security policies are broadly classified into two categories:
Discretionary Access Control (DAC) and Mandatory Access Control (MAC). Security
mechanisms implement the security policies [110]. A security mechanism prevents
any security violation from occurring during the operation by the use of access
control mechanisms. Security requirements are classified into the categories of
Identification, Authentication, Authorization, Access Controls, Integrity,
Consistency, and Auditing. Security System Assurance provides steadiness and

integrity of the security mechanism.
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Data Fragmentation in DDBS

4.1 Introduction

Data fragmentation is considered to be the most vita challenge along with data
allocation. The main reason for the development of fragmentation techniques is
that the large databases are usually harder to store and process. But the issue in
fragmenting data lies in the fact that the data can be divided unevenly or with the
loss of important details [38]. In some cases, the fragments are distributed
unevenly in different location which reduces the relational structure of databases.
To resolve these data issues, DDBMS allows for load balancing in which the data

can be distributed according to the capacities of servers and higher availability.

However the perfect fragmentation technique is still needed to be developed for
initial database designs [111]. The distributed nature of processors or sites in
DDBS, there needs to be more compatible techniques and hence the research is
open. The use of clustering algorithms for data fragmentation has been studied in
the recent past with techniques based on k-means clustering [112]; latent
discriminant analysis, etc. have been employed [34]. Also some of the machine
learning techniques has also been employed for data fragmentation. Along these
lines of research, the concept of utilizing hierarchical agglomerative clustering
(HAC) for data fragmentation is suggested in this chapter. The hierarchical
agglomerative clustering is conceptually and mathematically simple approach and
has been applied for clustering in many domains successfully. The model of HAC
also provides flexibility and scalability on the available data. In this chapter, the
traditional HAC model is tailored in order to efficiently fragment the data in a

distributed manner. The improved HAC intended to be presented in this chapter
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has utilized Silhouette index as additional similarity metric along with the Jaccard

coefficient.

4.2 NEED FOR DATA FRAGMENTATION TECHNIQUES

Data fragmentation is an essential process in any distributed system as the main
objective of distributed systems is to distribute the massive data, which is
generally increasing with time, to different locations. When there are such massive
data, the procedure in how to divide and distribute them effectively is anticipated.
There arises the need for data fragmentation and it resolves this data distribution

issue along with the data location process [113].

In many systems, the data handling has been a major problem with the end result
of inefficient memory usage becoming a concern. This automatically reduces the
capacity of the processor and sometimes causes the processor to halt its
operations. The main preliminaries maintained in larger organizations are that all
the systems associated are allocated the same degree of storage irrespective of the
degree of processing. Even the degree of data distribution varies in such systems
but the limitation in storage capacity becomes the major factor decision. At these
scenarios, the most effective and viable solution is to utilize the distributive nature
of DDBs and distribute the data to available processors. But before distribution, the
data has to be divided or fragmented into smaller and effective packages to ensure
effective distribution. This leads to the research of developing efficient

fragmentation techniques [100].

Fragmentation allows the databases to easily utilize the data and increases the
efficiency of query. It also improves the security of data by not exposing complete
data to the users. The reliability is also improved while parallel processing is
possible due to the data distribution. Another important aspect is that
fragmentation allows the DDBs to ensure balanced storage. The important factor in
deciding the fragmentation technique is the nature and capacity of the processors
that handle these data. Based on these parameters, many techniques have been
developed. Recently the data clustering techniques have been employed for
fragmentation as both the concepts are quite similar and require only minimal

modifications. However the choice of utilizing such clustering techniques must be
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carefully undertaken in order to reduce complexities. The proposed model utilized
an improved HAC based clustering approach for enable data fragmentation which

has been suggested for effective data distribution.

4.3 IMPROVED HIERARCHICAL AGGLOMERATIVE CLUSTERING FOR DATA
FRAGMENTATION

The proposed model of data fragmentation utilizes the improved HAC (IHAC). The
idea of the IHAC is to cluster the data using the item-based clustering approach
based on the traditional HAC algorithm. Many existing clustering systems use
term-based clustering approach [114]. They construct data representation matrix
based on the data frequency. According to data matrix, they choose the right
similarity measures and then calculate similarity between clusters. The right
choice of similarity measure and clustering algorithm is very important for
clustering process. Moreover, constructing data matrix based on term-based or
item-based approach is the main part of the clustering because this can affect the
accuracy of clustering [115]. Unlike existing systems, the proposed IHAC method
constructs data matrix without considering counts of data. By neglecting the data
counts, the proposed method can merge the similar clusters into the same cluster
efficiently than the existing systems with less processing time. Additionally, the

Silhouette index is also utilized along with Jaccard index for similarity estimation.

4.3.1 Hierarchical Agglomerative Clustering

HAC algorithm offers informative descriptions and visualization in the data
fragmentation due to the real ordered relationships of data [116]. Input data sets
for HAC are the data objects that are needed to be split into clusters based on their
similarities. The data attributes are the properties of the components such as the
location of data, its size, the data connectivity, or other features which are
categorized into quantitative data and qualitative data. Then the similarity
coefficient is utilized to identify the similar data that are needed to be grouped
together. Jaccard coefficient or Jaccard index is utilized for this purpose based on
the Euclidean distance [117]. If A and B resembles two data objects, then the

Jaccard coefficient is given by

40



Jaccard coef fcieint of data A,B = :jgi: (4.1)

If two data objects have maximum values of Jaccard index, they are grouped
together. Likewise the process is continued for all the data objects. This process
continues and continues without any limitation. Based on these obtained values,
the HAC forms the similarity matrix. Then the HAC is repeated to recognize the
minimal coefficient in the matrix and performs the clustering algorithm to allocate
the data into a tree structure. In each step, the similar clusters are merged and the
matrix is updated using the single linkage, complete linkage, un-weighted pair

group or weighted pair group approach.

The outcomes of the HAC algorithm are typically portrayed by a binary tree. The
root node denotes the whole data set and each leaf is regarded as a data cluster.
The intermediate nodes describe the extent that the data objects are proximal to
each other and the height of the tree. The important process in cutting the HAC
tree is by restricting the level of merging to limit the size of clusters. For this
purpose, a threshold is determined usually based on the number of clusters, or
cluster density. In modern researches, this threshold is also optimally determined.
Based on this threshold, the size of cluster is maintained to avoid oversize. Thus
the data is now effective clustered together with each cluster resembling a

fragment of data. This is exploited in the improved HAC.
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4.3.2 Improved Hierarchical Agglomerative Clustering
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The proposed IHAC algorithm constructs the similarity data matrix without
considering the data counts. This process enhances the cluster merging process
with less processing time. The reduction in this processing time can enhance the
data distribution process. Figure 4.1 shows the process of this proposed IHAC
modeled based on HAC.

Initially, the data objects are assigned with the features of data to determine the
similarity. Then the similarity matrix is formed at each of the data agents assigned
to perform this task. Each of the agents has its own similarity matrix by comparing
the data with its neighboring data objects. As each data now has its own

knowledge about the most similar data object, the grouping takes less time.

The proposed method shown in Figure 4.1 mainly consists of three phases: data
collection, data preprocessing and clustering process. In the proposed method,
dataset which need to be clustered are loaded. After that, those data are pre-
processed. After preprocessing data, the IHAC algorithm is performed. In IHAC
algorithm, the number of cluster, k, is specified. After that data are sorted and the
clusters are formed based on Jaccard coefficient and Silhouette index [118].
Silhouette index is given as the difference between the highest and lowest average

dissimilarity by the maximum similarity. It is expressed as

Highest average dissimialrity (b)—Lowest average dissimilarity(a)

Silhouette index =
max(a,b)

(4.2)

Where a denotes the lowest average similarity while b is the highest average

similarity.

This similarity score is employed to build the similarity matrix for each data agent
who contains a single data or a group of data as required for the overall size of the
database. As each data now knows its most closer it aligns itself with it. If the data
are similar, they are clustered together. The same approach is performed for each
cluster of data. Based on the similarity scores, the two most similar clusters are
merged into the same cluster. But the merging of clusters is performed in such a

way the number of clusters k is not overlooked. In this way each of the data is
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either formed into a new cluster or an available cluster with similar data. The

complete process of IHAC is given in Algorithm 4.1.
Algorithm 4.1. IHAC

Input: N Data objects with features (location, size, data connectivity)
Output: Optimal clusters
Initialize the dataset
Set threshold k (number of clusters)
For all data objects n
Sort all data based on the features
Form initial data clusters
Compute similarity scores (Eq.4.1 and 4.2) for each data object n
Construct similarity matrix for each data object n
f(XNY)=Xor(XnY)=Y then
Group dataXandY
ElseX=X+1
End if
Calculate similarity measures of clusters
Merge the most similar (closest) clusters
Repeat until k-clusters

End for

The efficient clustering is achieved with IHAC algorithm. It is executed especially at
the case of large datasets. The clustering results illustrate the source for
distribution of the whole data sets and support supervised classification of

datasets centered on their selection of features. Thus, groups are employed to
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choose optimal and useful features also subsequently to add into sample datasets
to improve the performance of data distribution in clustering process. The
outcomes of the [HAC algorithm are usually depicted by a binary tree as in HAC.
The root node denotes the whole data set and each leaf is regarded as a data
cluster. The intermediate nodes define the degree that the data objects are
proximal to each other and the height of the tree. The data clusters (nodes) are the
data fragments aimed in the objective of data fragmentation. These fragmented
data can be distributed evenly based on data allocation process with minimized
processing time. Thus IHAC increases the convergence speed of the fragmentation

approach.

4.3.3 Compatibility for distributed data fragmentation

The compatibility of IHAC for data fragmentation is quite simple as initially
described, both the clustering and fragmentation process are quite similar. As
mentioned above, the final clustering results of IHAC are provided in the form of a
binary tree where each leaf node form a data cluster. This data cluster is actually a
fragment of the complete data stored at the root node. Likewise this output tree

contains k number of leaf nodes with each representing a data fragment.

As the inclusion of the second similarity measure (Silhouette index) improves the
accuracy of determining the similarity between data objects, the distributive
nature is preserved by the introduction of the data individuality concept. This
concept is the creation of data similarity matrix for individual data objects or data
agents based on its own sense of local knowledge about neighboring data objects.
Thus the primary objective of extending the IHAC to data fragmentation in the

DDBs has been accomplished successfully.

4.4 EVALUATION

For the evaluation of the proposed ITHAC based fragmentation approach, the
original dataset is determined and then the processing is performed in Hadoop

environment. The performance of the IHAC fragmentation approach is compared

with that of those using k-means, k-means rough clustering, etc. in terms of time
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and maximum memory usage, the IHAC outperformed the other models. The

complete description and comparison of these results are presented in Chapter 7.
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5

Data Allocation in DDBs

5.1 Introduction

The concept of distributed database has gathered immense attraction from the
research community. However the designing of the distributed databases is
considerable the most complicated problem. As discussed in Chapter 1, the major
problems in DDB designing are the classical centralized design issues,
fragmentation, allocation and replication. Data allocation problem is analyzed in
this chapter. In the static environment, optimum solution for data allocation
problem can be obtained through static data allocation in which the retrieval and
processing of queries from different processors to fragments certainly do not
change. However, in a dynamic scenario where these access patterns vary over
time, the static allocation solutions would degrade the performance of DDBs and in

dynamic environment, reduces the data transmission cost.

The data allocation problem (DAP) is an NP-Hard problem and also it is quite
similar to the Quadratic Assignment Problem (QAP) [119] and File allocation
problem (FAP) [120]. When the data transmissions aspect of the system is
considered, the DAP and FAP significantly the same problems and QAP is quite
similar to that of DAP. Both DAP and QAP has main aims to provide the locality of
the data. Hence the DAP can be formulated based on QAP and vice-versa. In this
chapter, the Dap problem is modelled into an optimization problem based on the
QAP concept and it is intended to be resolved using chicken swarm optimization
while the performance of the proposed scheme is compared with that of existing
optimization algorithms like Particle swarm optimization, ant colony optimization,

etc. [121].
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5.2  OPEN ISSUES IN DATA ALLOCATION FOR DISTRIBUTED DATABASES

The main issue with DAP in distributed databases is that it is an NP-Hard problem
and hence the problem has to resolved only in polynomial time [55]. In distributed
databases, this issue can be handy as the polynomial time is not restricted. Hence
the solution can be achieved mostly through modelling DAP into search problems
or optimization problems. This calls for determination between these two variants

of solution.

The other major issue with DAP solution is that most DAP solutions are framed and
tested in static environments which are quite incompetent in the dynamic
scenarios. Hence the researchers have suggested the utilization of solutions that
are suitable in both static and dynamic scenarios as most systems prefer dynamic
but at some analysis stages prefer static scenario. Apart from these issues, the
solutions to DAP problem has other issues in the form of grouping clusters, cost,
disk drive speed, parallelism of the queries, network traffic, load balancing of
servers, etc. These issues are not always prominent as these are generally taken
care at the initial stages of DDB design but are also capable of degrading the

performance when not considered.

5.3 CHICKEN SWARM OPTIMIZATION BASED DATA ALLOCATION FOR
DISTRIBUTED DATABASES

The proposed model of data allocation utilizes a swarm optimization model named
Chicken Swarm optimization (CSO) for allocating the data fragments in the
distributed database systems. The DAP problem is modelled into the optimization
problem and resolved by this CSO algorithm.

5.3.1 Chicken Swarm Optimization
CSO algorithm has been developed by [122] based on the behavior of the chicken
flocks. The dominant chickens would be almost steady with the head roosters to

search for food. The accommodating ones, be that as it may, would reluctantly

remain at the fringe of the group to look for food. Every chicken is excessively
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straightforward, making it impossible to coordinate with each other. However
considering them as swarms, they may arrange themselves as a group to scan for
food under particular hierarchal order. This swarm insight can be related with the
objective issue to be upgraded, and another algorithm has been composed based

on this concept.

The CSO algorithm is formed based on this concept [123]. In the initialization
phase, considered the chicken swarm of size X and each rooster acts as an agent of
its own cluster in virtual search space. The agent is responsible for the movement
of chicken and the position update. Assume RX, HX, CX and MX indicates the
number of the roosters, the hens, the chicks and the mother hens, respectively. The
best RX chickens would be assumed to be roosters, while the worst CX ones would
be regarded as chicks. The rest are treated as hens. All X virtual chickens, depicted
by their positions xf] (i €[1,..,X],j €[1,..,D]) at time step ¢, search for food in a
D-dimensional space. In this algorithm, the optimization problems are the minimal
ones. Thus the best RX chickens correspond to the ones with RX minimal fitness
values. The roosters with better fitness values have need for food access than the

ones with worst fitness values. This can be evaluated using Eq.5.1 and Eq.5.2.

x{ It = xf; * (14 Randn(0,0?)) (5.1)
2 1' lffl < fk' .
7 T \ex (—(fk_fi)>, otherwise, k€[1LX]k=+i (5-2)
Ifil+e

Where Randn(0,02) is a Gaussian distribution with mean 0 and standard
deviation a?2. €, which is used to avoid zero-division-error, is the smallest constant
in the computer. k, a rooster’s index, is randomly selected from the roosters group,

f1is the fitness value of the corresponding x.

With respect to the hens, they can take after their group-mate roosters to look for
food. Additionally, they would likewise arbitrarily take the great food found by
different chickens; however they would be quelled by alternate chickens. The more
dominant hens would have advantage in going after food than the more resigned

ones. These phenomena of hen can be formulated mathematically as follows.
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x{ Tt =x{; +S1Rand  (x{,; — x{;) + S2 * Rand * (x}, ; — x{ )

(5.3)
S1 = exp(f; — f1) /(abs(f) + €)) (5.4)
52 = exp(fr, — f2) (5.5)

Here Rand is a uniform random number over [0, 1]. 71 € [1, ..., X] is an index of the
rooster, which is the ith hen’s group-mate, while r2 € [1, ..., X] is an index of the

chicken (rooster or hen), which is randomly chosen from the swarm. r1 # r2.

The more dominant hens would be more likely than the more submissive ones to
eat the food. The chicks move around their mother to forage for food. This is given

by
x{ 5t =xf; + FL* (xf; — x{}) (5.6)

Where x,tn,j stands for the position of the ith chick’'s mother (m € [1,X].
FL (FL € (0,2)) is a parameter, which means that the chick would follow its
mother to forage for food. Consider the individual differences, the FL of each chick
would randomly choose between 0 and 2. The convergence metric is utilized to
evaluate the optimization model whose result showed that the CSO based

clustering has better convergence.
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Figure 5.1 CSO for data allocation

5.3.2 Data allocation problem

The major objective of the DAP is to analyze and identify the best processors for
the placements of data fragments with minimum total transaction cost and less
delay to the users. The DAP is modelled based on two kinds of dependencies
between transactions and fragments namely direct and indirect transaction-
fragment dependencies. The dependency of processors to fragments can be
inferred from transaction-fragment and processor-transaction dependencies.
Figure 5.1 shows the dependencies of transactions on fragments and processors on
transactions on distributed database systems [60]. S represents processors, F
represents fragments, T represents transactions, freq is the number of requests for
the execution of a transaction at a processor, trfr is the direct dependency of a
transaction on a fragment, and q is the indirect dependency of a transaction on two

fragments.
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Figure 5.2 Dependencies of transactions on fragments and processors on

transactions

The cost function of the DAP is modelled as the sum of two costs, direct and
indirect transaction-fragment dependencies [47]. The total cost of data allocation

Cost is the sum of two costs Cost 1 and Cost 2.
Cost (®) = Cost 1(P) + Cost 2(P) (5.7)

Here @ denotes the m element vector wherever ®j specifies the processor to which
fragj is allocated. Cost1 is denoted by the volume of processor-fragment
dependencies which can be expressed by the product of two matrices 1) Matrix
that stores processor fragment dependencies (stfr) and 2) Matrix that stores the
unit communication cost among the processors (uc). The cost of loading a fragment
fragj in processor pi is denoted by partial cost matrix pcostln X m. The unit

partial cost matrix is expressed as
pcostl;j = Yp_1uc;q X stfry; (5.8)

Based on these parameters, the Cost 1 can be computed by evaluating the unit

pcostl;; for eachiandj.
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Cost 1(®) = ¥, pcostl;; (5.9)

Similarly, for the computation of Cost 2 the inter-fragment dependency matrix
(ifdm) is utilized. The ifdm matrix representing the inter-fragment dependency is

the multiplication of the matrix gfr with the matrix q. It is given by

ifdm = qfixmxn X Qixmxn (5.10)

Where matrix gfr represents the execution frequencies of the transactions and g
denotes the indirect transaction fragment dependency. Based on this matrix,

Cost 2 is derived.
Cost 2(P) = X4 Xjp= ifdmjyj X uce, e, (5.11)

Hence the DAP can be modelled as optimization problem by combining these cost

values.

Cost (@) = Y= pcostly; + ¥ Xp=q ifdmyy j, X UCq o),

(5.12)

5.3.3 CSO algorithm for DAP solution

According the literature study, it has been found that PSO has already been utilized
for the solving DAP [60] due to the fact that PSO has fewer control parameters,
speed convergence characteristics and lower consuming time, robustness.
However, there are many optimization algorithms especially swarm optimization
models that are way better than PSO. CSO has been found to be more effective for

the DAP solution due to the hierarchical order of the problem formation.

Initially, each of the processors or processors is determined where the fragments
are needed to be positioned. For minimizing the total cost of transaction,
fragments are positioned at the best processors. The process of CSO into DAP

problem is given in algorithm 5.1.

Algorithm 5.1: CSO based DAP solution
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Initialize the population of N processors; data fragments frag; memory mem;
Iteration iter=0;
Compute fitness f of N processors
fij = Cost (®);; (5.13)
While (iter<max_generation)
If (iter%G == 0)

Rank processors fitness values;

Sort the processor set in hierarchical order;

Cluster the sorted processor set into groups;

Determine processors’ relationship (server, sub-server or

client);
End if
Fori=1:N
Ifi == server
Update location using Eq.(5.1);
Else if i == sub — server
Update location using Eq.(5.3);
Else if i == client
Update location using Eq.(5.6);
Else go to initialize process;
End if
Evaluate new solutions;
Allocate frag based on new sorted solutions;

If new solution > existing solution
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Update solution;
End for

End while

To resolve DAP, the fragment placement must be optimally determined. In the
proposed CSO based DAP model, the processors are initialized as chickens and the
parameters are defined. The capacity of each processor is analyzed prior to
applying CSO to ensure there is no mistakes in the fitness value calculation. The
fitness for each processor is the cost function which is computed based on Eq.5.12.
Based on these fitness values, the N processors are sorted in the most dominating
order. Each processor has to take either the roles of server, sub-server or clients
which means the worst fitness processors are designated as clients. Based on this
order, the clusters are formed with only one server, more than one sub-server and
many clients. This clustering process act as determinant in the locations for placing
the data fragments. At each iteration, the best location is determined by the food
location expressions in CSO. Based on this, the location for placing these fragment
allocations are finalized and the order is updated. This solution acts as the DAP
resolution until the next iteration. At the maximum iterations, the best location for

each fragment is finalized with minimum transaction cost.

5.4 EVALUATION

For the evaluation of the proposed CSO-DAP approach, the original dataset is
determined and then the processing is performed in Hadoop environment. The
performance of the CSO-DAP approach is compared with that of those using
Genetic algorithm (GA), PSO, ACO, etc. in terms of cost and time, the CSO-DAP
outperformed the other models. The complete description and comparison of

these results are presented in Chapter 7.
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6

Data Replication in DDBs

6.1 Introduction

Database replication is a very increasing research topic with the increasing volume
of dynamic web content. It has been traditionally employed for increasing the
availability and performance of data through the reconfigurable connections and
diminishing the need to frequent access of remote servers or sites [124]. There
have been numerous works for developing efficient database replication protocols
which provided data availability, consistency and fault-tolerance. However these
protocols were not been used as commercial products since the database
designers believe most of these protocols are complex, perform poor and lower
scalability for non-feasibility [125]. This has led the researchers to focus on
developing replication protocols which enhances the compromise between the

correctness and fault-tolerance as well as assuring availability and performance.

The gap between the replication theory and practice was wide and in addition to
the performance, consistency and availability, the communication issues have
overtaken the research core. Efficiency can be achieved only when the
communication cost is minimal and the overhead is small [126]. Therefore it is a
necessity that the database replication strategies should also include
communication issues in the cost analysis and complexity analysis. This chapter
focuses on developing an efficient data replication algorithm. First the need for
replication is described and the types of replications are explained. Snapshot
replication and merge replication strategies are presented and then the multi-
objective glow-worm optimization based data replication strategy is explained in

this chapter.
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6.2 NEED FOR DATA REPLICATION

The main reason for requiring the data replication is the efficient availability and
fault tolerance in the web services where large amount of dynamic web data are
requested every time. The motivation for requiring data replication strategies can
be due to its efficient performance based advantages. The major need is to improve
the performance of the distributed system. In this aspect, the vital issue is the
unwanted replication of resources due to the caching of resources from servers to
the browsers and web proxies to increase availability. This process is not an issue
when only read only data is replicated but the overhead incurred for replicating
resources for write data is large. Hence only optimal resource allocation is
maintained by introducing replication which is less cost and also improves the
performance of the system significantly [127]. There should also contain a limit in

replicating the frequently updated data and achievable benefit of replication.

The second factor influencing the replication is the availability [128]. As the
expectation of the users is always higher for availability, the response time is also
expected to be faster. However, in cases without the replication, the issues of
concurrency, failure of servers, communication disruption and network partition
due to high mobility rate of users can reduce availability. But replication is a
perfect solution in these cases of failures and thus increases the availability. This is
possible due to the distributed data placement and hence the servers are also more

improved in terms of failure independent.

An important factor is the fault tolerance which makes the point even when
replication is applied, the correctness is not ensured due to non-adaptability for
updates. Hence the data needs to be correct for all users irrespective of the
frequency of update and so the replication strategies must also include this feature.

This is achieved by utilizing the concept of 2f+1 for byzantine failures [129].

Another important but less considered factor is the transparency [130].
Replication creates a visualization model in which the users believe they are
operating on the single data available and hence the data is considered as single set

of values. Though their operations are performed on several copies of the same
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data at different locations, the physical similarity of the data without any copyright
issues creates the necessary transparency. Thus these factors have made the need

for replication, more promptly a motivation for the data replication strategies.

6.3 REPLICATION TYPES

Database replication in distributed systems support three distinct types based on
its purpose. The three types are Snapshot replication, Transactional replication

and Merge replication.

Snapshot replication: Snapshot replication is considered to be the simplest type
of replication which takes a snapshot of the data on the server and copies it to
another server [131]. After the initial synchronization, the data can be refreshed in
the published site tables occasionally based on a pre-defined schedule. However in
snapshot replication all the data must be copied each time when the table is
refreshed. The data, either partially modified or fully modified after update, the

same amount of resources are spent in executing snapshot replication each time.

Transactional replication: Transactional replication contains copying data from
the publisher to the subscriber once and then delivering transactions to the
subscribers as they occur on the publisher. As database users insert, update, or
delete records on the publisher, transactions are forwarded to the subscribers.
Automatic changes of the replicated data on the publisher and on the subscribers
are not needed in transactional replication [132]. Generally the transactional
publishers of database servers do not modify the data ad utilize only as read-only
purposes. Transactional replication is most useful in environments that have a
dependable dedicated network line between database servers participating in

replication.

Merge Replication: It is considered as the difficult type of replication as it
combines data from multiple sources into a single central database. The initial
synchronization are performed similar to the transactional replication i.e. by
taking snapshot of data and copying them at subscribers but in merge replication it

allows changes of the same data on publishers and subscribers [133]. Once the
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subscribers get network access, the replication will be detected and combine all

changes from subscribers and modify the data at publishers accordingly.

6.4 SNAPSHOT REPLICATION

Snapshot is the point-in-copy stored in the similar volume of subscribers system
utilized in registering the status of the complete data at specified times of data
storage. The main advantage is that it utilizes only small amount of additional
storage and does not have significant impact in the overall system performance. In
case of accidental data modification or deletion by the users, the previous time of
the snapshot can be restored very easily and quickly. Additionally, the users are
also able to recover their modified or deleted data from shared folders without the
aid of administrators. This process also ensures the data copy to be stored or
transferred easily and also capable of performing even without dependable
dedicated network line. Another aspect in the snapshot replication is that one can
take manual or on-demand snapshots and schedule the snapshots while
performing restore and replicating processes. The scheduling can be specified by

regular time intervals to ensure automatically taking snapshots.

Snapshot replication exhibits certain constraints that are not available in other
replication types [134]. If the single publisher-single subscriber and one to one
business applications are utilized currently then the snapshot replication is
recommended. In case the scenario presents single publisher - multiple
subscribers with the need of application is for distributing any type of lists, the
transactional replication is suggested as it is much convenient. Similarly, if the
warehousing applications are utilized where the multiple publishers - single
subscriber scenario appears, the transactional replication is suggested. While it is
efficient in other cases, for online transactions which utilize the scenario of
multiple publishers- multiple subscribers, the merge replication is highly

recommended.

For implementing the snapshot replication, three types of servers are required
which maintains the history of the replication process (i) publisher, (ii) subscriber,

and (iii) distributor. These three servers are employed in a three step initialization

59



process for the snapshot replication. Initially the distributer is created with
required constraints followed by the creation of the publishers where the source
data are generated. Upon completion of these two processes, the final step of
creating the subscribers and subscribing them to the required publishers is
performed. The final step is repeated as many times as needed to create all the

subscribers in designated organization.

Secondly, a snapshot agent is required for generating the snapshot of the
publications which will be kept in a particular folder in the distributor. Figure 6.1

shows the snapshot replication process.

Publisher Distributor Subscriber

*

Publication ‘

=pr | Snapshot Agent Subscription

Publication l Subscription
Database Digt Database
- istribution
Snapshot Files L Agent
Snapshot Folder

Figure 6.1 Snapshot replication agents and triggers

Snapshot replication operates by evaluation of the published database and
constructing files in the working folder on the distributor [135]. These files are
named snapshot files and comprise the data from the published database as well as
some additional facts that will support generating the initial copy on the
subscription server. SQL Server stores configuration and status data in the

distribution database however stores all authentic data in the snapshot files.

If the push subscription is deployed, the distribution agent operates on the
distributor and forwards the snapshot files to the subscriber. If a pull subscription
is deployed, the distribution agent operates on the subscriber. The difference is
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that in push subscription, the maximum workload is handled by the distributor
machine while in pull subscription; the maximum workload is handled by the
subscribing machine. Based on the machines deployed, the subscription is selected.
Snapshot replication is commonly employed in small organizations which connects
using modems, but do not have to merge data. If the organization uses a modem to
connect, and only needs to send the data one way, snapshot replication is most

preferred.

6.5 MERGE REPLICATION

Merge replication allows changes to be sent from one primary server, called a
publisher, to one or more secondary servers, called subscribers. Merge replication
is used for distributing data to various servers from a primary server. One
important criterion is how frequently changes are made to it. In this scenario,
strictly speaking the publisher doesn’t look like the primary server, because other
servers can also make changes to the data. Such clashes may arise because merge
replication does not require a real-time network connection between the publisher
and the subscriber. It is possible that one server changes data and later on another
server changes the same data to a different value [136]. A merge replication setup
includes the following components: i) snapshot agent, ii) triggers, tables, and views
and iii) merge agent. The merge replication agents and triggers are shown in

Figure 6.2.

The Snapshot agent in merge replication plays the same role as in transactional
replication. It creates a snapshot of the data in the publication database, which is
used to initialize a subscriber. In merge replication, the role that the log reader
agent fills in transactional replication is taken by a set of triggers, tables, and
views. These objects are added to each subscription database as well as to the
publication database. The merge agent applies the collected changes to the
subscriber. Because merge replication is bi-directional, the merge agent also

applies changes to the publisher.
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Figure 6.2 Merge replication agents and triggers
Conflicts

When the same data are modified at two different locations then i.e. if one of the
global unique identifiers occurs in the list initiating at the subscriber and it also
occurs in the list that originates at the publisher that a conflict has occurred [137].
There are several reasons for conflicts. A conflict occurs due to the fact that a row
is changed on one node (publisher or subscriber) and then changed on another
node. This type of conflict is called an update-update conflict. However, if a row is
updated on one node, but deleted on another node, the resulting conflict is called
an update-delete conflict. A conflict can also occur if a change that is applied to one

node cannot be applied to another node called a failed-change conflict.
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Handling Conflicts in Merge Replication

To handle any conflicts that have occurred during the replication synchronization,
there are certain measures. A conflict occurs at a publisher and subscriber or it can
occur at two different subscribers. Conflicts can be automatically resolved using
the conflict resolver. However, the special tool like (i.e., conflict viewer) allows you
to choose a different resolution for the conflict. In conflict viewer, the publisher is
connected and the databases folder, user database and the Publications folder are
expanded followed by right click of publication to view the conflicts occurred. The
three main conflicts can occur in merge replications namely Update conflict, Insert

conflict and Delete conflict.

The primary measure for handling conflicts is by setting the priority of the
publication. This will defeat the primary key collisions and most other conflicts by
replacing the subscribers’ row with the publishers’ row. Date Time resolver can
also be employed in which the option of creating stored procedure and custom
conflict resolvers are utilized. When conflicts are resolved during synchronization,
the data from the losing row is written to a conflict table. It is necessary to review

conflicts periodically to help reduce the size of the conflict table.

6.6 MGSO BASED DYNAMIC REPLICATION STRATEGY
6.6.1 CAP Theorem and its limitations

CAP theorem has been displayed in the context of a web service, presented as
trade-off between consistency, availability, and partition tolerance [138]. It can be
expressed as: "In a network subject to communication failures, it is impossible for
any web service to implement an atomic read/write shared memory that ensures a
response to each request.” The three fundamental properties of CAP theorem are
Consistency, Availability and Partition-tolerance [139]. CAP offers architecture
improvement of distribution systems. However one can't build up a distributed
database system that is continually available, sequentially-consistent and tolerant
to partition pattern. It must be assembled only with two of these three properties.
Furthermore, certain restrictions degrade the efficiency of CAP theorem [140],

[141]. The limitations of CAP are given in [141], [142].

63



6.6.2 MGSO based replication model design

The limitations of the CAP theorem have been considered and this presented
model of MGSO based dynamic replication algorithm is presented in order to
achieve better performance. Initially, the distributed database system to be
considered is described. The scheme consists of n nodes, represented as
P1, P2, ---, Pn- Each node comprises of a processor and a local memory. All the local
memories are remote and available simply by local processors. Internode
communication is supported by sending data through the underlying network. All
requests, each with its corresponding time deadline, are presumed to reach the
processors. Requests reach at a processor synchronously and there is a
concurrency control mechanism to serialize them for handling. For each requested
data, it is anticipated that there are at least t(1 < t < n) replicas in the database
system, where n is the number of network nodes. This limitation is customarily

referred to as t-availability constraint.

Figure 5.3 shows the overall flow of the presented dynamic replication strategy.
The overall process begins with the initialization of the LAN clusters which
consists of 1 server structure with n number of clients. The data to be replicated is
selected and it is loaded to the main server in the test environment. Then the
dynamic window-based mechanism is utilized to access the data on each
processor, where request of the same data are stocked on a temporal window until
the fixed time deadline of the user request. This window mechanism determines
the concurrent execution of the arriving user requests or queries. Based on this
temporal window, the processor receiving more number of requests is considered
for storing a replica of the original data from the main server in order make it
available for certain set of users. The MGSO is applied to identify the optimal
number of processers that can be allowed to replicate based on queries/requests
while also in determining which processors are suitable for storing the replica data
depending upon their load and other features. The output obtained from the MGSO
model is employed for final replica storage which becomes invalid if the publisher
or authority of the original data tends to modify the data with updated contents. At
these stages, the above mentioned process is restarted to update the replica

system.
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Figure 6.3 MGSO based dynamic data replication strategy

In this system, all requests reach the distributed processors in the network system.
For evaluation purposes, we have utilized an example of storing replica of a dataset
that contains YouTube, sensor and twitter contents. This data is filtered and pre-
processed to obtain complete individual set of data before storing it in the main
server. Once the data is stored in the main server, the data requests from the users
are analyzed. When a processor p; wants to read a data d, if the latest version of
data d is in its local memory, then data d is directly recovered from its local

memory; else, since p; knows the fixed processor set S(d), p; will direct a read
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request to the nearby server, pj, in §(d). This would sustain C, units of cost. As a
reply, p; will recover data d from its local memory and send it to p;, incurring
(Cip + C4) units of cost. Finally, in order to minimize the total servicing cost of
forthcoming requests, p; might specify pi to save data d into its local memory. This
read request is described as the saving-read request. It should be noticed that
exclusive the servers of a data d can get requests from remote processors to read
data d. Further, each processor can issue a write request for any data in a
distributed database without loss of all-inclusive statement. In this manner, the
request arriving at processor q can be anyone of these: a read request from
processor q for a data d in its nearby memory, a write request from processor q for
any data in the system, or a read request from a remote processor for a data d' if

processor q is the server of data d".

6.6.3 Cost Model

This cost model [143] is utilized to compute the cost of servicing a read request or
a write request arriving at a processor q. The cost of servicing of request REQ by an
algorithm A is defined as COST4(Req). Consequently, in view of servicing a read
request Rgi(k), let A; be the allocation pattern of data d identified by processor g,

then the cost is given by

COST, (Rgi(k)) =

1 if pi €Aq
1+C.+Cy if pi € Ay and RZi(k)iS not a saving — read request (6.1)
24+C.+Cy if pi € Ag and RZi(k)iS a saving — read request

An important feature of this model is that after getting the data d, when pi keeps
data d into its local memory (saving-read request), then the servicing cost will be
one unit greater than when p; does not save data d (non-saving-read request).
Moreover, whether this read request is a saving-read request or not is certain by
processor q established on the dynamic request window mechanism. Once
processor g chooses that request Rgi(k) is a saving-read request, g and p; will

transform their corresponding allocation patterns.
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Likewise, consider servicing a write request qu (k), and let A; be the allocation
pattern of data d recognized by processor q. Then, the cost of servicing this request

is specified as follows,

COST, (qu (k)) =

{ (t —1DCq + t + Xpesa) linv_list(p, d)|C, if g €S(d) 62)

tCq + (t + 1) + Ypeslinv_list(p,d) — {q}|C. otherwise
Here inv_list(p,d) —{q} represents the set of processors in inv_list(p,d),
excluding processor q. A write request generates a different form of a data. In
order to sustain the consistency among the replicas of the data, the new form
should be moved to those processors which have the available replicas of this data
in their corresponding local memories. It must be noted that each relocation of this

data to the corresponding processors will sustain C; units of cost.

6.6.4 Window mechanism

A certain concurrency control mechanism in each processor expected to serialize
the arriving requests so that it yields at most one request in a 6 time units, with
being imperceptibly small. Without loss of consensus, it is expected that § = 1. Each
request landing at a processor creates an underlying request scheme. To service
these requests, their individual time deadline, at whatever points a request is
discharged from the concurrency control mechanism; window mechanism is
invoked to respond to this request. Figure 6.4 shows the presented window
mechanism working process which defines the addition of new write requests to
the currently available read requests. It can be seen that the concurrency control is

performed in time slots for each requests.
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Figure 6.4 Working procedure of dynamic window mechanism

Further, the scheme of window mechanism comprises a dynamic practice.
Numerous dynamic request windows are produced in each processor, one for each
requested object. A request window for a data d in a processor is symbolized as
win(d). Each request window is of a FIFO type window with size 7 to collect most T
number of requests in 7 time units for the similar data. Further, two counters, TCC}
and TC3, are connected for each win(d). TC; has an preliminary value 7 and the
value of TC} is decremented by one per time unit till it touches 0. TC32 will track the

time deadline of requests in the win(d). The window mechanism is described as

[144]:
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Algorithm 6.1: Window mechanism

Initialize the servers and sub-servers
For each time unit

If there is request REQ for a data d with time deadline 75z,
If win(d) does not exist
Generate win(d) and nsert REQ into win(d):
TC; = T:TCF = Trey:
Else If REQ 1s aread request
Insert REQ into win(d): TC; = min(TC;, Tpz, ):
Else
Service the requests in win(d):
Insert REQ into win(d); TC; = 7: TC] = Tggy:
End if
End if
End for
For each presently existing request window win(d") in processor q
TChH =TCh —1:TC; =TC; — 1:
If (TCL == 0)
Service the requests in win(d"): Delete win(d'):
If (q is a server of data d')

Invalid the copies of d' in processors that fit to
inv_list(q,d"):

Empty inv_list(q,d"):
Ay =5@d)
Endif

Elseif (TC; ==0)
Service the requests in win(d"):; TC} = 1. TC} = oo;

End if
End for
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It can be witnessed that the handling of requests in a request window can be
determined by the deadline obligation of a specific request and is not utterly
constrained by the realization of the request window. In fact, three conditions can
activate instant servicing of the requests in a win(d). At any time TC} of a win(o) in
processor q ranges 0, the win(d) will be removed from q and window mechanism
will reset A; in g to S(d). Likewise, if g is a server of data d, then g will direct
invalidate control-messages to the processors in inv_list(q,d) to invalidate the
replicas of data d and void inv_list(q,d). The succeeding request for data d
received at processor g will be deliberated as the first request for data d and
win(d) will be restarted by the window mechanism. Thus, the request structure
introduced into win(d) is considered through its distinct lifetime as g, it is obvious
that be using the window mechanism, a g; will be principally subdivided into
numerous phases P(1), P(2), ..., P(r). Each phase fits either into Type I or into
Type II. While the Type I phase comprises of a number of read requests, a Type II
phase comprises of a write request monitored by numerous read requests.
Whenever a phase originates into a reality, the window mechanism will prove the
request sequence in that phase without any understanding of the upcoming phases

[144].

It must be noticed that the extent of a request window T is a key parameter in our
system. Different estimations of T bring about various execution of the system. The
estimation of T ought to be resolved based on the node ability, (for example, CPU
power, memory limit, and network data transmission), system request arriving
rate, and deadlines forced by the application requests. It is clear that, the
estimation of T ought not be too small. If T = 1, at that point each request will frame
a request sequence, and each request window would be produced and erased in
one time unit. This will suddenly consume the vast majority of the computing
capacity of the processor. It must also be noticed that if the deadlines imposed by
the requests are too short for the system to process, certain requests might be
dropped by the system. Without loss of generality, the deadline imposed by a
request that can be effectively handled by the system is at least equivalent to 1.

Such dropped requests known as the blocked requests would either leave the
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system or are resubmitted, depending on the underlying application. It can be

managed by the admission control mechanism of this model.

6.6.5 Replica selection and placement problem

The selection of replica and the problem of placement in the distributed systems
can be defined by considering a distributed system containing K data objects that
would be replicated onto N servers [145]. Let S(n) and O(k) be the names of
server n and data object k, correspondingly. C(n) and V (k) denote the capacity of
server n and the volume of data object k, respectively, where 1 <n < N and
1 < k < K. A link amongst two servers S(n) and S(m) (if it occurs) has an integer
number [(n, m), and this provides the communication cost for transmitting a data
unit amongst servers S(n) and S(m). It is presumed that I(n,m) = [(m,n). Let
read(n, k) and write(n, k) be the number of read and write demands requested
from server n for data object k. Each data object O(k) has a principal server P(k),
which holds the main copy of O(k). The main copy of data objects cannot be de-
allocated. Figure 5.5 shows the replica placement strategy in which the replica has
been selected after determining the constraints and then the placement is carried

out for practical use.

— -

Usert s Database
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SERVER
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Figure 6.5 Replica placement strategy

It is expected that each primary server has the replication representation of k-th

data object, RS(k) which comprises a list of servers where RS(k) is replicated. In
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order to achieve a write request, the P(k) obtains the update request from source
server which requests to update the data object O(k) and broadcasts it to all
servers in its replication representation RS(k). The main objective of replica
placement problem is allocating replicas over all the servers in order to reduce
total operation cost TOC(k), which is induced by two modules, accessg(k) and

access,, (k). Hence TOC (k) is obtained as follows:
TOC(k) = accessg(k) + access,, (k) (6.3)

Here accessg(k) is the total operation cost due to all servers reading requests for
0(k) and access,,(k) the total operation cost due to all servers writing requests

for O (k).
accessg(k) and access,, (k) are given as follows:

accessg(k) =V (k) x EN_,read(n, k) x l(n,..,NS(n, k)))
(6.4)

access, (k) = V(k) x TH_, (write(n, k) x [z(n,P(k)) + B(wjersto), jen [P, j)])
(6.5)

Here NS(n, k) is the nearby server to S(n) that encloses a replica of O(k).
Consequently, the concise TOC based on total read and write requests’ cost for all

data objects is obtained as follows:
TOC = YK_,TOC(k) (6.6)

Reducing this equation is the solution to the replica selection and placement
problem in distributed systems. This is achieved in this presented model by using a
multi-objective glow-worm swarm optimization algorithm for optimally selecting

the number of replica and also with the server location for placement of replica.

6.6.6 MGSO based replica selection and placement

In this presented model, each glow-worm agent (gwa) is a N X K matrix with
Boolean components [146]. The replication problem is modelled into each glow-
worm and it moves towards the brighter glow-worm i.e. determining which
processor is better suited to store the replica data. As the utilized glow worm and

agents are of N X K Boolean matrix, the logical operations are employed. The
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logical OR operations are performed by the in-built processing unit to move the
selected glow-worm towards the better one in terms of brightness (i.e. better
replica conditions). Let element gwa,, ;, = 1 if S(n) comprises a replica of O (k) and
gwa, , = 0 otherwise. The fitness value of each agent is calculated in terms of TOC
percentage, which is saved using the replication strategy of the algorithms,
compared to the initial one, i.e, when only primary copies exist. This value
indicates the solution quality of replication schema associated with the glow-worm

agent. Fitness function is computed as follows:

TOC i
= 1 — Z=gwa@®
fgwa(l) TOCinitial e

Here TOCyq i) is the TOC for replication scheme for the i-th agent and TOCyy;tiq:

the TOC achieved in the initial allocation, which is calculated only when the

primary copy of the data objects exist while replica has not been produced.

In addition to the Boolean logical operations, the update and other processes of the
MGSO are also needed to be processed. The luciferin update process is performed

as follows [147]:

L) = (1= p)li(t=1) + v/ (x:(D) (6.8)

Here, [;(t) represents the luciferin level associated with glow-worm i at time ¢, p is
the luciferin decay constant (0 < p < 1), y is the luciferin enhancement constant
and J(x;(t)) represents the value of the objective function at glow-worm 7i’s

location at time ¢.

During the movement phase, each glowworm decides, using a probabilistic
mechanism, to move toward a neighbor that has a luciferin value higher than its
own. However, in order to increase population diversity and the convergence

speed, a disturbance term is added to the location updating formula:

X (t+1D) =X;(t) + S( X;(6)-X;(t) ) N

Ixj@®-x: @]

(6.9)

Here u = a * rand * (iter_max — t)/iter_max, s step, a« which can control the
range of disturbance, rand, the random number that meets normal distribution. «
is the algorithm parameter set in advance, which is relevant to the problem. The

range of a values 0 to 1, but in general, the value of « is set to 0.001.
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When the glowworms are determined only by the local information to select their
movements, it is anticipated that the number of peaks caught would be a function
of the radial sensor range. Consequently, GSO utilizes an adaptive neighborhood
range in order to detect the existence of multiple peaks in a multimodal utility

landscape. It is represented as follows:
ri(t +1) = min{r, maX{O, ri() + B (x, — IXl-(t)I)}} (6.10)

Here r} is the neighbourhood range, 7; is the neighbourhood range with respect to
steps size, f§ is a constant parameter and Xx; is a parameter used to control the
number of neighbors. The complete process of MGSO for replication process in

distributed systems is given as follows:

Algorithm 6.2: MGSO based replica placement

Initialize the population N, step size s

Set servers (solutions) as gwa

A=0; All dominated solution will be placed in A
Let t=0;

Compute fyya(i);

Update [;(t);

Determine direction of movement of each gwa;
Update gwa location;

Non-inferior sorting process initiated;

Update A;

t=t+1;

Until (¢t = iter_max)

Place replica at S(n) in A;
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End

The most time-consuming parts of the algorithms are associated with population
initialization and updating best positions is achieved by all glowworms in each
iteration. The time complexity of initializing N glowworms is O (N, (K%N + KN?)).
In order to update best neighbourhood locations in each iteration, fitness value of
all gwa must be considered. The time complexity of fitness value calculation
O(K?N). Thus, the time complexity of solving replica placement in distributed

systems via MGSO is O(N,(K*N 4+ KN?) + N,(K*N))) [148].

3.6 CHAPTER SUMMARY

This chapter has aimed and developed an efficient replication strategy for
distributed databases. Initially the need for replication and other types of
replication strategies are explained in this chapter. Then the MGSO based dynamic
data replication strategy is developed with better efficiency. The explanation about
this process is provided in this chapter with subsequent evaluation results

explained in the Chapter 8
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Conclusion

7.1 General

Distributed database management systems have become a greater research topic
due to the increasing need for retrieving and modifying the large volume of data
created in this big data era. Designing a DDB faces many practical difficulties and
hence the DDBs are considered to be highly challenging yet worth system for
processing in organizations and related domains. The three major issues of DDB
design, fragmentation, allocation and replication are vital in executing the query
processing tasks and ensuring best servicers to the users. Recent trend has seen
the organizations and industries aim to utilize cloud Platform as a Service for their
benefit. Many researches have been undertaken around the world in providing
better processing speed of the data interaction between the manipulator and
benefactor. As the need for improvement in the DDB design is still not effectively

achieved, this research thesis contributes to provide versatile techniques.

The first contribution is the Improved Hierarchical Agglomerative Clustering based
fragmentation approach that employs enhanced clustering approach for data
fragmentation. The second contribution is the Chicken Swarm Optimization based
data allocation technique in which the DAP is modelled as optimization problem
for solution. The third contribution is the development of efficient data replication
strategies using Multi-Objective Glowworm Swarm Optimization for distributed
database systems. This chapter presents the summary of the research work
undertaken in this thesis followed by the conclusions drawn from the
experimental contributions and also highlights the recommendations for the

outgrowth of this study.
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7.2 MAJOR FINDINGS

This section outlines the major contributions and findings of the research work
undertaken in this thesis so as to highlight interpretations, generalizations and
elucidations. The major outcome of this work is the solution to basic issues of DDB
design process. The development of heuristic and metaheuristic algorithms-based
approaches for fragmentation; allocation and replication have been the novel

contributions.

The first approach of Improved Hierarchical Agglomerative Clustering based data
fragmentation has been developed by investigating various clustering algorithms.
Based on the investigations, it has been found that the Hierarchical Agglomerative
Clustering model is highly suitable for data fragmentation but there are limitations
in applying them practically. In order to provide better data fragmentation than
other models, the HAC has been improved by modifying its functionality of
considering the data counts for matrix formation. This has significantly impacted
the data fragmentation process positively. The experimental results have been
conducted to verify this claim and it has been positive that the IHAC outperformed

the other models in providing efficient data fragmentation.

The second approach of Chicken Swarm Optimization based data allocation models
the DAP into optimization problem in the lines of QAP. This optimization function
is reduced by using CSO based on its hierarchy social ordering and food searching
process. This CSO based data fragment allocation has significantly improved the
DDB design in terms of efficient allocation. The experimental results have been
conducted to verify this claim and it shows the CSO based allocation technique has
greater performance than other compared models with highly accurate data

allocation.

The third approach of Multi-Objective Glowworm Swarm Optimization based data
replication utilizes the results of CSO data allocation to efficiently replicate the data
to most appropriate processors. Initially, the snapshot replication and merge
replication process for suitable databases are illustrated. Then the MGSO based
approach is utilized to select the number of replica and best location for placing

the replica. It is evident from the experimental results that the MGSO based
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approach has higher performance than the other compared models. From the
evaluation results presented in chapter 6, it can be seen that the proposed
techniques for fragmentation, allocation and replication significantly enhance the
respective process and thus improves the design of DDBs with high QoS and

assuring basic properties of CAP theorem.

7.3 FUTURE WORK

Although the developed techniques for fragmentation, allocation and replication
have performed significantly greater than the existing approaches, there is room
for greater improvements. Several lines of research may arise from this work

based on the smaller limitations or unexplored concepts.

Firstly, the IHAC utilized for data fragmentation performs better than other models
but the efficiency of HAC can be enhanced in many other ways in future. Also there
are many new clustering algorithms especially from the optimization based
clustering algorithms and hybrid models that have the ability to outperform the
HAC given that it adapts easily with the DDBs design. Combining fuzzy algorithms,
partitional algorithms and optimization algorithms like genetic algorithms, particle

swarm optimization, etc. can provide new insights in this field of research.

Secondly, a similar insight can be pretended for CSO and MGSO algorithms. There
are many variants of CSO and MGSO that can be tested for the problems considered
in this research. Also hybrid algorithms can also be employed for the same
purpose. A major area of concern in the optimization algorithms is the low
convergence speed when the problem becomes global. This can be improved by
developing approaches that avoid the processes to lock in local optima while
ensuring better global optima solution. This can also be an idea for future

researches.

Thirdly, the introduction of classification algorithms can be examined for the
specified problems. Many researchers have developed combined fragmentation
and allocation models; however, there are limitations in performing the two
processes using the same technique. This issue can be considered for research

since the concept of utilizing a single algorithm for multiple processes is highly
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efficient and less time consuming. Developing multi-objective and multi-processing

models can be a viable option for future researches.
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8

Results and Discussion

8.1 Experimental Setup

The experimental setup of the proposed research work is a mixture of both the
hardware and software configurations. The experiments are conducted using the
Hadoop cluster consisting of 16 dedicated machines (1 master and 15 slaves). This
structure is further assigned into 3 sub-servers and 12 clients among the slave
nodes. The master node (mother server) acts as both the name node as well as
data node. All the clients are identical with Intel Core i5 (5th generation)
processors, 8 GB of RAM and 1 TB hard drive. The master node is initiated by a
specification of Intel Core i7 (6th generation) processors, 16 GB of RAM and 1 TB
hard drive. All tests were run on Hadoop version 2.7.3 with the java version 1.8.0
131 installed. Default Hadoop and YARN Resource manager configurations were
used. MySQL and Net beans are also installed for log files and visualizing the data

replication between the mother server and sub-servers initiated among the slaves.

The files to be replicated are copied into the HDFS from the local system. These
files are extracted from three major sources, Twitter, Facebook and YouTube
containing various types of files namely text, audio and video files with varying
sizes from 500KB to 500MB. The HDFS divided these files into blocks of either
128KB or 128MB based on file size and the access paths are through random nodes
at different time intervals. The default storage of HDFS is utilized for the data
fragmentation, allocation and replication. The performance of the proposed
algorithms for fragmentation, allocation and replication are evaluated to ensure its

efficiency in this specified experimental scenario.
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8.2 IMPLEMENTATION AND EVALUATION OF PRESENTED RESEARCH MODELS

Implementation of the presented models of algorithms for data fragmentation,
allocation and replication are performed in Hadoop environment with efficient
query processing system. The query files were randomly generated. The trial
query files encompass the queries run on a site and the attribute names equivalent
to a precise dataset. A total workload of 275 queries that includes a set of 150
simple elements selection of nine attributes in the utilized dataset of Facebook,

Twitter and YouTube is established.

Initially the data are extracted and the queries are generated. These queries are
analyzed and based on these queries the processing of the data is ensured
especially the data replication process. The data fragmentation technique based on
the improved hierarchical agglomerative clustering algorithm is evaluated based
on its efficiency in fragmenting the dataset. Similarly, the data allocation and
replication strategies are also evaluated. The performance of the developed
techniques are evaluated and compared with that of the existing and state-of-the-

art techniques to determine their superiority.
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Figure 8.1 Initial server set up for primary data storage

Figure 8.1 show the preliminary procedures carried out to setup primary data

copy in DDB for replication. The dataset contain all the three types of gathered
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data. This process leads to the next possible storage process initialization using

MySQL.

" | CAProgram Files\MySQUMYySOL Server S0ber'omyaglese -
= wnity iton [EPL) -

ta clear Ehe Buffer

Figure 8.2 Primary data storage process using MySQL

Figure 8.2 shows the initialization of the mother server using the MySQL to begin
the storage of primary data copy. Completion of this process means that the data

has been saved in the mother server or main server whichever described.
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Figure 8.3 Data fragmentation using [HAC initial stage

Figure 8.3 shows the initial stage processing of the data in the mother server and
beginning of fragmentation using IHAC model. The data are fragmented into
specified numbers based on the most common and hierarchical similarity between
them without violating the data connectivity. Once fragmented, the final output of

this data are represented in tables as shown in Figure 8.4.

% G\Program Files\MySQL\MYSQL Server 5.0\bin\mysgl.exe 5| C:\Program Files\MySQL\MYSQL Server 5.0\bin\mysq|.exe =|E

mysql> connect subserveri; mysql> connect subseruver3;
Connection id: 9199 Connection id: 9203
Current database: subserverl Current database: subseruer3

ysql> show tables mysql> show tables;

ul
L+

| Tables_in_subserver3 |

1 row in set (0.88 sec) 1 row in set (0.0808 sec)

nysegl> mysql>

mysql> connect subserverz; mysql> connect subservery;
Connection id: 9202 Connection id: 9206

Current database: subserver2 Current database: subservery

|
-
1 row in set (0.80 sec)

-
i 426 PM
o [mz B )
BEE =L

Figure 8.4 After fragmentation using IHAC

mysql>

P0171206:15:41:06:010682 gpinitsystem:ubuntu:inovick-[INFO]:-To initialize a Standby Master Segment for this Greenplum instance
1010682 gpinitsystem:ubuntu:inovick-[INFO]:-Review options for gpinitstandby
1010682 gpinitsystem:ubuntu:inovick-[INFO]
1010682 gpinitsystem:ubuntu:inovick-[INFO]:-The Master /home/inovick/master/gpsne-1/pg_hba.conf post gpinitsystem
1010682 gpinitsystem:ubuntu:inovick-[INFO]:-has been configured to allow all hosts within this new
1010682 gpinitsystem:ubuntu:inovick-[INFO]:-array to intercommunicate. Any hosts external to this
1010682 gpinitsystem:ubuntu:inovick-[INFO]:-new array must be explicitly added to this file
:010682 gpinitsystem:ubuntu:inovick-[INFO]:-Refer to the Greenplum Admin support guide which is
:010682 gpinitsystem:ubuntu:inovick-[INFO]:-located in the /opt/gpdb/docs directory
1010682 gpinitsystem:ubuntu:inovick-[INFO]
createdb demo
psql demo
psql (8.3.23)
ype "help" for help.

Table doesn't have 'DISTRIBUTED BY' clause -- Using column named 'id' as the Greenplum Database data distribution key for th
The 'DISTRIBUTED BY' clause determines the distribution of data. Make sure column(s) chosen are the optimal data distribution
skew.

TABLE

insert into foo values(1);
01

select * from foo;

| hostname | address
- B

| 5432 | ubuntu ubuntu
| 40000 | ubuntu ubuntu
| 40001 | ubuntu ubuntu

Figure 8.5 Data fragment allocation process using CSO
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Figure 8.5 shows the initial data fragment allocation process initiated through
MySQL. In this process, the fragmented data using IHAC are fed as input to the data
allocation model where the CSO allocates them to the suitable locations for

effective query processing.

= 1
8| C:\Program Files\MySQL\MySQL Server 5.0\bin\mysql.exe

Enter password: ssexxx

Welcome to the MySOL monitor. Commands end with ; or \g.

Your MySQL connection id is 8814

Server version: 5.0.45-community-nt MySQL Community Edition (GPL)

8| CAProgram Files\MySQL\MySQL Server 5.0\bin\mysql.exe

Enter password: soooo

Welcome to the HySQL monitor. Commands end with ; o
Your MySOL connection id is 8815

[Server version: 5.0.45-community-nt MysSQL Community E

u ‘help;’ ‘\h'F help. T \e' t 1 th
ype “help:” or "\ or help. Type "\c' to clear the Type "help:’ or "\h' for help. Type '\¢' to clear the buffer.
mysql> connect subseruver2;
Connection id: 882y
Current database: subserver2

mysgl> connect subserveri;
Connection id: 8823
Current database: subserver!

mysql> show tables;

Empty set (0.00 sec) mysql> show tables;

Empty set (0.00 sec)
mysql>

Enter password: ssexxs

Wlelcome to the MySAL monitor. Commands end with ; or
Your MySOL connection id is 8818

Server version: 5.0.45-community-nt MysSQL Cemmunity Ed

Enter passWord: oo

Welcome to the MySQL monitor. Commands end with ; or \g.

Your MySOL connection id is 8817

Seruer version: 5.0.45-community-nt MySOL Community Edition (GPL)

\

Type “help:’ or "\h' for help. Type ‘\c¢’ to clear the

Type ‘help;’ or "\h' for help. Type "\¢' to clear the buffer.

mysql> connect serverl;

ERROR 1049 (42000): Unknown database ‘serveri’
mysql> connect subseruver3;

Connection id: 8825

Current database: subserver3

mysql> connect subseruvery;
Connection id: 8826
Current database: subserver’

mysql> show tables;

mysql> show tables; Empty set (0.00 sec)

Empty set (8.00 sec)

mysql>

®o% &EWEN R |
Figure 8.6 Final Data allocation result

Figure 8.6 shows the final data fragments allocated lists obtained using the CSO
model. These results are ready to be replicated in the subsequent query processing
stage. This replication is initiated and completed using MGSO based replication

strategy.
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Figure 8.8 Data categorization using window mechanism

The influence of window mechanism used in the MGSO model is shown in the
figures 8.7 and 8.8. Figure 8.7 demonstrates the real-world settings mandatory for
setting the window mechanism while the Figure 8.8 demonstrates the

query/request exploration centered on the data grouping of those requests.
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Figure 8.9 Backend server memory table
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Figure 8.10 Replica selection and placement process

Figure 8.9 displays the backend server table after admission control process to
initiate the storage capabilities of the server. These details will be used in choosing

the location of replica placement. Figure 8.10 illustrates the choice of replica and
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assignment method as achieved centered on the theory of Figure 3 exploiting the

MGSO algorithm.
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Figure 8.11 Replica selection using MGSO

Figure 8.11 displays the choosing of replica using MGSO which is realized using the

window mechanism. After the categorization of raw data into three unique classes,

the most suitable sub-server is selected using MGSO.
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Replication Server :3 Data: data set transmit via Main Server 2-3Main Server 3 Sent to Machine:1

Figure 8.12 MGSO based replica placement
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Figure 8.12 displays the MGSO based assignment of replica. The replica is assigned
to a site relevant to the cluster properties from where the data can be retrieved by

the users without any difficulty whenever needed.
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Figure 8.13 Data Replication placement table

Figure 8.13 displays the replication placement table maintained at the servers in
each cluster as a routing chart for primacy choice of user query. The servers select

the best location to retrieve the data using these tables for each of the user query.
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@26 Enter Your Dat Search
@1 @27 @5 nter Your Data resonantcoach Earc!
@11 P
9
@2@25 d
02 o1y @24 3
@13 12 °
o7 ﬁzn °
@21 @3 @17 & 107" 13
°d 15
°29 Lt

Mother Server :& Processing Data : resonantcoach

Cluserting -5 Sending Request - IN30iTDnREaY CTxcmziTw/EBRMKBojGV
Server 1 :4 Trust:1, Transmit

Server 3:9Trust-0 Not Transmit

Server 1 :3 Trust:1, Transmit

Figure 8.14 User Query process- Input Query
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Figure 8.15 User Query Process- Final Result

The query process described in the earlier paragraph is shown in figures 8.14 and
8.15. The intimations are forwarded to the user system when the queries are
required. The server then analyses the availability of data and then allocates the
replica based on priority with reduced time consumption. The request messages

are then forwarded to obtain the data, as shown in figure 8.15.

8.3 COMPARISON OF DATA FRAGMENTATION TECHNIQUES

The performance of the presented data fragmentation technique based on the
improved hierarchical agglomerative (IHAC) clustering algorithm is evaluated and
compared with that of existing clustering algorithms that can be applied for
fragmentation. The existing models considered for comparison are k-means
algorithm [27], KR rough clustering [44] and hierarchical clustering [43]. The
comparison parameters considered are final prediction error criterion (FPE),
execution time, sum of squared errors (SSE) or residual sum of squares (RSS) and

maximum memory usage.

Final Prediction Error Criterion: The Final Prediction Error Criterion (FPE)
estimates the model-fitting error when the used model to predict new outputs. For

the FPE, an optimal model is the one that minimizes the following equation:
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FPE = SSE [1 + NZ—ZD] (8.1)

Here SSE is an index related to the prediction error, or the residual sum of squares,
N is the number of fragments and p defines the number of parameters in the

model.
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Figure 8.16 FPE criterion comparison vs. number of fragments

Figure 8.16 shows the comparison of the data fragmentation techniques in terms
of their FPR values. These FPE values are plotted against the number of fragments.
The FPE parameter is designated for determining the rate of error in the
fragmentation model when the data are fragmented as per rules. Some set of data
become meaningless when fragmented into different groups and any
fragmentation model must reduce this case which can be analyzed by this FPE
values. The higher the FPE values the performance is deemed not ideal. In this
figure, it can be seen that the FPE values spikes with the increase in number of
fragments. However the IHAC has very less values of FPE indicating it is better

than the other three data fragmentation models.

Execution time: It is total time taken to complete the designated set of

fragmentation using the proposed model. Execution time includes the time for
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loading the dataset and setting up memory for each step and subsequent

supplementary processes.
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Figure 8.17 Execution time comparison vs. Storage size

Figure 8.17 shows the comparison of the data fragmentation techniques in terms
of execution time of fragmentation process. It is plotted against the storage size of
data measured in GB. The execution time when the storage size if 5GB is
significantly higher in all the data fragmentation techniques since the initial time
for processing the data are significantly higher at the first stage of fragmentation.
Then after a set of initialization, the execution time reduces and finally settling
under almost a linear pattern. When comparing the execution time of the
considered data fragmentation techniques, the presented IHAC based model has
less execution time than the other models. This is due to the fact that the presented
[HAC model has significantly reduced the query processing time and hence the
overall execution time drops. Thus the efficiency of IHAC based fragmentation is

also proved in terms of execution time.

Sum of squared errors (SSE): SSE or RSS is the sum of the squares of errors
predicted from the actual empirical values of the data. Lesser values of SSE denote

the compact fit efficiency of the developed model.
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SSE = Z?=1(€i)2 =Yie1(yi — (@ + 3%’))2 (8.2)

Here y; is the i-th value of the variable to be predicted, x; is the i-th value of the
explanatory variable, a is the estimated value of the constant term a and S is the

estimated value of the slope coefficient b.
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Figure 8.18 SSE comparison vs. number of fragments

Figure 8.18 shows the comparison of the data fragmentation techniques in terms
of sum of squared errors. It is plotted against the number of fragments. SSE is
computed based on the deviations in the data from the original data after
fragmentation and the error values are squared and added to determine the
overall error in data values. As the dataset used in this evaluation consists of data
of three types collected from three websites, they are converted into their
equitable numerical values for this evaluation. Though SSE values seems very
higher, it is mainly due to the fact the dataset size utilized in this evaluation are
larger data and hence the numerical values were expected to increase. However
the SSE values are well within the limit compared to the size and number of
fragments. The presented model of IHAC based fragmentation is highly efficient
with less values of SSE and hence nominates itself as the best fit model among the

compared techniques.
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Maximum memory usage: This parameter is employed to determine the overall
resource consumption in the system during the execution of the developed
fragmentation technique. This is very essential in determining the load and
capacity of the system for complete processing with the inclusion of the developed

fragmentation process.
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Figure 8.19 Maximum memory usage vs. Storage size

Figure 8.19 shows the comparison of the data fragmentation techniques in terms
of maximum memory utilization. It is plotted against the storage size of data
measured in GB. The memory utilization, in general, will be used more when any
additional algorithm is implemented in the database systems. In spite of this fact,
the presented data fragmentation technique consumes less memory than the other
models. The major reason for this improvement is due to the fact the
fragmentation process considerably reduces the memory consumption and hence

the memory consumption for the IHAC algorithm is negated in this process.

8.4 COMPARISON OF DATA ALLOCATION TECHNIQUES

The presented data allocation strategy based on the chicken swarm optimization
(CSO) is also evaluated in the described experimental scenario. The performance of

the CSO based data allocation model is evaluated and compared with that of
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existing models. The existing algorithms considered for comparison are Genetic
algorithm (GA) [149], Particle swarm optimization (PSO) [60] and Ant colony
optimization (ACO) [47]. The metrics utilized for comparison are system cost,

network transfer cost, execution time and maximum memory usage.

System Cost: System cost in any system includes the processing cost and
communication cost. Cost incurred by a system can be helpful in deciding whether
the system is sufficient for utilization with the presented allocation technique.
Moreover the cost of a system is increased by the allocation technique but it can
reduce the overall cost by effectively allocating the data fragments such that the

cost in accessing data from main servers is less.
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Figure 8.20 System Cost vs. DAP size

Figure 8.20 shows the comparison of the data allocation schemes in terms of
system cost which is plotted against the data allocation problem (DAP) size. DAP
size is the optimal number of data fragments allocated to ensure the performance
of the system without any overhead. When the DAP size increases, the cost
increases as the number of allocations resembles the number of users or client
locations and hence it tends to increases with categorization. When compared with
the existing models, CSO based data allocation is significantly better in cost due to
the optimal solutions which are better than GA, ACO and PSO. Hence the cost of

utilizing CSO for data allocation is also under justifiable limits.
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Network transfer cost: Network transfer cost (NTC) is the cost incurred in
transferring the queries to the servers and receiving the response data. NTC is
considered in this model mainly because it determines the cost due to object
movement in the network that has significant impact in system performance while

the communication cost has little effect on the overall performance.
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Figure 8.21 NTC savings vs. DAP size

Figure 8.21 shows the comparison of data allocation schemes in terms of NTC
savings plotted against the DAP size. NTC cost is incurred mainly due to the
transfer of data objects between two nodes in a network and the effective
allocation of data fragments can reduce the number of fragments allocated and
minimize the node data transmissions. This process can significantly reduce the
cost and results in resource conservation. The main aim in considering this
parameter in addition to system cost is because to identify the cost saving
mechanism in data allocation. From the figure it can be seen that the CSO based
data allocation has higher NTC savings which is about 9-10% greater than the
second best PSO based model. This is possible most probably due to the lesser
iterations of CSO and reduced communication between the nodes irrespective of

best allocation process.
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Execution time: It is the time taken from the output of fragmentation to the final
allocation of each data fragment. It is essential in determining the system runtime

and subsequent power consumption incurred during the allocation process.
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Figure 8.22 Execution time vs. DAP size

Figure 8.22 shows the comparison of the data allocation schemes in terms of
execution time plotted against the DAP size. The execution time for completing this
data allocation process is evaluated from the beginning of data allocation (i.e. the
end of fragmentation) to the end of allocation of all fragments. However the time
taken for complete allocation is affected by the traffic and delay due to query
waiting. From the figure, it can be seen that the presented model of CSO based
data allocation performs better with less execution time. The reduced execution

time is mainly based on the minimized iterations in CSO.

Maximum memory usage: This parameter is similar to the cost value. It is
pretended to be the utmost utilization of memory to the efficiency of the system

without much wastage.
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Figure 8.23 Maximum memory usage vs. DAP size

Figure 8.23 shows the comparison of data allocation schemes in terms of
maximum memory usage against the DAP size. As the memory utilization and cost
are similar parameters, the same ideology applies here. The increase in the DAP
size tends to increase the memory utilization while the presented model of CSO
tends to increase the performance of the overall system. In this figure, it can be
seen that the CSO based model has less memory usage in spite of increased DAP
size but does not affect the overall performance. The evaluation results prove that
the presented data allocation model using CSO algorithm is highly efficient than
the other models considered which has been verified through the comparison

results.

8.5 COMPARISON OF DATA REPLICATION TECHNIQUES

The performance of the data replication techniques is evaluated and compared
with the existing models namely Least Frequently Used (LFU), Least Recently Used
(LRU), 3-Level Hierarchical Algorithm (3LHA) and Bandwidth Hierarchy based
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Replication algorithm (BHR). The snapshot replication and merge replication are

also evaluated and their results are displayed.

8.5.1

Snapshot replication

The case study for snapshot replication is presented. A first step, a server

(DESKTOP-33FQBBL) is used with multi database. In this situation, the measures

are checked on two databases as shown in Table 8.1.

Table 8.1 Calculation of transfer time

Location of Location of Size of DB No. of tables No. of tables Synchronization time
publisher subscriber inDB for publisher
DESKTOP- INSTANCE3 1468.00 MB 31 31 00:10,78
33FQBBL
DESKTOP- INSTANCE3 16.00 MB 18 2 00:07,03
33FQBBL
DESKTOP- 122.175.53.112 1468.00 MB 31 12 00:13,07
33FQBBL

As the second step, the load time is checked when full database is sent from server

to single client as shown in Table 8.2.

Table 8.2 Load of transfer database

Publisher name Subscriber name Size of No. of Synchronization time
DB tables for publisher
SnapshotPublisherName SnapshotRepSubscriber 1468.00 31 00:10,78
MB
Snap Rep. Pub Snap Rep. sub. 11.13 MB 19 00:07,03

In the final step, multi rows are reorganized from publisher to subscriber using

horizontal fragmentation and update multiple columns from publisher to

subscriber by means of vertical fragmentation as shown in Table 8.3.




Table 8.3 Update of fragmentation database

Server name Client name Name of DB No. of Synchronization Type of
rows time for publisher fragmentation
updated
DESKTOP- INSTANCE2 Snapshot 143 01:03,04 Horizontal
33FQBBL auto
transfer data

subscribe
DESKTOP- INSTANCE3 Snapshot 160 00:23,02 Vertical
33FQBBL horizontal

frag. Sub.

8.5.2 Merge Replication

Merge replication is applied to setup for using three

replicas (e.i.

MergeReplicationPb, MergeReplicationSB1 and MergeReplicationSB2).Each replica

contains one table namedCustomers. It includes 90 rows and 7 columns (with name

CustomerName, ContactName, Adress, City, PostalCode, Country and rowguid).

Table 7.4 shows the resulting conflicts in the system.

Table 8.4 Testing Conflicts in Merge Replication

Subscription No. of No. of No. of No. of No. of No. of Synchronization
rows rows conflicts conflicts conflict updates time for
inDB | update winner loser rows publisher

MergeReplicationSB1 90 50 44 30 20 29 00:43,02
MergeReplicationSB2 90 70 44 20 0 70 00:50,32

99




sl Select Conflict Table — (| *

Database:

MergeReplicationPb

Publication:

First PublisherDESKTOP-HERTMRF . Menge Replication Pb’
Tables with conflicts {number of conflicts):

Cancel

Figure 8.24 Show Conflict table

Figure 8.24 shows the conflict table. These conflicts happened because the updates
occur at the same fields almost at the same time. The merge replication accepts last
arriving update request of two wupdates. In the test, subscriberl
(MergeReplicationSB1) has requested an update of 50 rows to publisher. Then
almost at the same time subscriber2 (MergeReplicationSB2) has requested an
update of 70 rows. The publisher accepts update request from
MergeReplicationSB1. When it was executing that update a new update request on
the same place arrives from MergeReplicationSB2. In this situation, the publisher
accepts last update from MergeReplicationSB2 reports 44 conflicts in the

replication systems.
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Figure 8.25 Synchronization
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Figure 8.26 Status of Snapshot Agent

After requesting the synchronizations between subscribers and publisher get the

status are shown Figure 8.25. Snapshots agents are shown in Figure 8.26

8.5.3 MGSO based dynamic data replication

008 T T T T T T T

Mean Execution time (sec)

r r r r r

1 15 2 2.5 3 3.5 4 4.5 5
Storage Size (GB)

Figure 8.27 Storage Size vs. Mean Execution time
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Figure 8.28 Size of file vs. Mean Execution time

Figure 8.27 demonstrates the mean execution time evaluation of the replication
algorithms against the storage size, while figure 7.28 illustrates the evaluation of
the algorithms in terms of mean execution time against the file size. It can be
observed that the MGSO based dynamic replication algorithm has lesser execution
time when compared to the other algorithms even when larger files are employed
for replication. The reason that can validate this deviation is the fact that the
window mechanism and optimal replica selection concept significantly reduce the

execution time.
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Figure 8.29 Execution time of replica selection and placement

Figure 8.29 displays the execution time for replica selection and placement. The
total time of the former algorithms are significantly higher than the MGSO based
model because MGSO has better optimal replica selection within less time. This

reason significantly improves the performance with less execution time.
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Figure 8.30 Execution time of 1 read request for different file sizes

Similarly, the Figure 8.30 shows the execution time of 1 read request for diverse

file sizes in which MGSO model consumes less time. The execution time is
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significantly less even when the file size is increased. The main reason for this
efficiency is that the MGSO has acceleration of performance in increasing the
processing speed of the tasks through optimal replica placement. Even though this
approach incurs some negligible overhead due to replica operations, the
enhancement in execution time helps this method to overcome the former
methods. Thus, from the performance evaluation, it can be concluded that the

proposed MGSO based dynamic replication algorithm is the better algorithm.

8.6 CHAPTER SUMMARY

This chapter intended to provide the evaluation results of the presented research
models. It also provided the comparison of the developed data fragmentation,
allocation and replication techniques with the existing models. As a result, the
performance improvement of the proposed models is visualized and the

theoretical study of each model is justified.
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