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Abstract Data distribution helps in achieving higher
availability, reliability and increased performance of an
enterprise application that is geographically dispersed.
There are various data distribution strategies available and
selection of a most suitable strategy for an enterprise is a
multi-criteria decision-making problem. The selection
problem of data distribution strategy is very complex
because it depends on multiple conflicting criteria. It is
essential to strike a right balance between conflicting cri-
teria and select the most suitable data distribution strategy.
This research paper presents a framework for measuring
and selecting most suitable data distribution strategy using
an integrated approach of fuzzy based multi-objective
optimization on the basis of ratio analysis and analytic
hierarchy process. A real world problem from an enterprise
was undertaken to illustrate the results of the proposed
methodology. In this paper, five data distribution strategies
and six criteria were considered. The methodology used in
this paper acts as an important tool for the practitioners to
measure and evaluate the most suitable data distribution
strategy in an enterprise and improve the overall quality.
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1 Introduction

Large enterprises having numerous departments, offices,
users located in geographically dispersed locations require
distributed database as centralized database cannot serve
their needs. A distributed database is a single logical
database that is physically distributed or spread across
servers in multiple dispersed geographic locations; these
servers are connected with each other on network. The fact
that the database is distributed across multiple locations is
not transparent to the users and the distributed database is
still administered centrally. Some of the advantages that
distributed databases offers are increased availability,
reliability, performance, improved data sharing, and
reduction in the data communication costs, ease of data
distribution and autonomy of business units. There are
numerous data distribution strategies that can be imple-
mented for a large enterprise, some of the high-level
strategies are data replication and data partitioning. It is an
endeavor of data architects to select the most suitable data
distribution strategy in an enterprise application. The
selection of a most suitable data distribution strategy is
very complex task as it depends on multiple conflicting
criteria. There has been very little work done in the field of
data distribution that can measure various criteria influ-
encing the data distribution strategy and select the most
suitable data distribution strategy quantitatively.

In this paper, we have proposed an integrated framework
of fuzzy based MOORA and AHP to measure, evaluate and
select the most suitable data distribution strategy. “Multi-
objective optimization on the basis of ratio analysis”
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(MOORA) is a technique to optimize two or more con-
flicting attributes. This technique is advancement over the
traditional method of cost benefit analysis where the units
of all the costs and benefits were required to be same. In
MOORA, various attributes or criteria can have different
units. The MOORA method was developed by Brauers and
Zavadskas (2006), and has been used as one of the
important tool for selecting the best alternative in the field
of engineering and management. The MOORA technique
considers the priorities of the conflicting criteria, which
were calculated using analytic hierarchy process (AHP).
The priority weights of the criteria were determined using
pairwise comparison that was based on expert opinion. In
this paper, an experiment was conducted in an enterprise
application, total five data distribution strategy, six criteria
were considered, and the most suitable data distribution
strategy was selected using the proposed integrated
framework. The priority weight of six conflicting criteria
was determined using AHP and the most suitable data
distribution strategy was selected using Fuzzy based
MOORA.

The motivation behind this research work is the lack of
an integrated model in the literature and need of such
model, which can measure, evaluate and select the most
suitable data distribution strategy in an environment. The
remainder of this paper is structured in the following way.
Section 2 describes the review of literature conducted
during this paper, Sect. 3 presents the data distribution
strategies and criteria, and Sect. 4 explains the proposed
approach and experimental set up followed by the mea-
sures, outcomes, discussions and conclusion.

2 Literature review

The concepts related to data distribution strategies have
been well established and discussed in the past (Ceri and
Pelagatti 1984). There have been numerous articles related
to the data distribution in literature. Ozsu and Valduriez
(1991) studied distributed databases and analyzed the ini-
tial goals and promises of distributed databases; they
evaluated how the commercial products were fulfilling
these goals and promises. Some of the issues highlighted in
their study are capability of distributed query processing,
advanced transaction models, analysis of replication and its
impact on distributed database, implementation strategies
for distributed databases. The authors concluded that there
are many technical problems related to distributed data-
bases that await solution and need more research work.
Rababaah and Hakimzadeh (2005) in their paper intro-
duced the concepts and issues those were addressed by
distributed databases. The authors evaluated various design
alternatives  for  distributed databases and their
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corresponding advantages like increased reliability,
increased performance by reduction in the communication
overhead, design, and data consistency. Various research
works in the areas of query optimization, distribution,
fragmentation were also examined. Reddy and Reddy
(2012) proposed traditional approach followed to distribute
the data in the cloud environment, which provided eco-
nomical distribution of data those results in higher data
availability and reliability. Various data fragmentation
techniques were evaluated and the authors proposed a
decision models for the cloud computing users that dis-
tributed the data across several service providers in an
effective manner. Jin and Horng (2002) evaluated multiple
approaches to data distribution and determined the best
approach to obtain the good performance. Ye et al. (2001)
in their paper discussed performance and scalability issues
for distributed database servers, the authors proposed a
generic data distribution strategy integrating user class
information. Users were differentiated based on their
access patterns. The distribution strategy proposed by
authors consists of both partitioning and replication meth-
ods. Kamal and Murshed (2014) in their paper studied
various challenges that are faced by architects and
administrators while implementing data distribution strat-
egy in a cloud environment. The authors discussed differ-
ent replication and partitioning strategies available today
and presented the potential way outs to overcome these
challenges. Wang et al. (2008) developed two data distri-
bution strategies to expedite the query response time
through load balancing for query intensive data environ-
ment. Ashraf et al. (2013) studied the impact of fragmen-
tation and distribution on the data retrieval time and
selected the most appropriate fragmentation strategy based
on the database architecture and selection patterns. It was
concluded that the response time decreases as the strategy
is changed from centralized to distributed databases.
Mazilu (2010) examined various database replication
approaches and presented several advantages offered by
them. The author also discussed the cases where different
data replication technique can be implemented. Goel and
Buyya (2006) presented a survey of replication algorithms
used for different distributed systems and content man-
agement systems. The replication algorithms considered in
this paper were distributed DBMS, P2P systems, data grid
and WWW. These algorithms were evaluated on attributes
namely reliability, performance, site autonomy, data con-
trol and heterogeneity. Srivastava et al. (2012) in their
paper highlights basic concepts underlying the distributed
database systems including transaction management and
access control. The proposed approach of implementation
of homogenous distributed database systems demonstrated
the reduction in communication traffic and enhanced effi-
ciency. Cheng et al. (2002) focused on the use of clustering
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and explored the usage of genetic based clustering algo-
rithm for data partitioning to achieve high data retrieval
performance. The authors proposed three new genetic
algorithm operators. Arres et al. (2015) presented a parti-
tioning and placement approach to override the default
policy and obtain improvement in query performance. This
approach can be used by data warehousing solutions.
Several other authors (Bhuyar et al. 2012; Chen et al. 2015;
Kundakei 2016; Mazilu 2010) discussed partitioning and
fragmentation strategies in distributed environment in large
enterprises and presented how these strategies have
addressed different technical and business challenges faced
by the data architects and administrators.

MOORA is used in this paper to select the most appro-
priate data distribution strategy. Brauers and Zavadskas
(2006) developed a new method namely multi-objective
optimization on the basis of ratio analysis (MOORA) to rank
and select the most suitable alternative. The method includes
a matrix of responses of alternatives to objectives and the
application of ratios. These dimensionless ratios lies
between 0 and 1 are added in case of maximization and
subtracted in case of minimization. The alternatives were
ranked based on these combined ratios, which were consid-
ered as the best ratios. The authors illustrated the application
of their proposed methodology in a transition company.
Brauers and Zavadskas (2012) enhanced their earlier
research work by joining MOORA with full multiplicative
form for multiple objectives resulting into MULTI-
MOORA, which eventually joined with DELPHI to give rise
to the most robust approach for multi-objective optimization.
Kundakci (2016) proposed an integrated approach of
MACBETH (Measuring Attractiveness by a Categorical
Based Evaluation Technique) and MULTI-MOORA (multi-
objective optimization on the basis of ratio analysis) to rank
the alternatives in the automobile selection problem in a
marble company. MACBETH is used to determine the
weights of the criteria. Gorener et al. (2013) proposed an
integrated approach of AHP and MOORA (multi-objective
optimization on the basis of ratio analysis) to select the
location of a bank in a banking industry. AHP is used to
determine the weights of the criteria. Gadakh (2011) applied
MOORA (multi-objective optimization on the basis of ratio
analysis) to select optimal cutting parameters in manufac-
turing industry. Seema et al. (2014) applied FUZZY based
MOORA for supplier selection problem in a chemical and
biotechnical organization in India.

AHP is used in this paper to determine the priority
weights for the criteria that influence the selection of data
distribution strategy. Gupta et al. (2016) in their research
paper presented a framework to model and measure the
code smells in an enterprise using TISM and Two-way
assessment. The priority weights for the code smells in an

enterprise were determined using AHP, where pairwise
comparison was conducted based on expert opinion of
stakeholders. Kapur et al. (2014) proposed a framework
that leverages AHP to examine the implementation of ERP
systems using AHP. The authors considered 10 critical
success factors of ERP implementation. Pairwise compar-
ison was conducted based on expert opinion and the pri-
ority weights for the critical success factors were
determined. Authors were able to achieve the improvement
of ERP implementation using the proposed methodology
that was based on AHP.

After going through extensive literature review of data
distribution strategies, MOORA and AHP frameworks,
authors found that, there is a little amount of work done
in research community on the selection of a data distri-
bution strategy. However, there is lack of work that can
quantitatively rank and select most suitable data distri-
bution strategy. This motivated authors to take up the
novel research work of measuring and selecting the most
suitable data distribution strategy. Total five data distri-
bution strategies and six criteria were considered in this
study.

3 Data distribution strategies and the conflicting
criteria

Today, numerous data distribution strategies are available
that can be implemented in a large enterprise. The selection
of a most suitable data distribution strategy depends on the
conflicting criteria. In this paper, five strategies considered
are centralized database, data replication with snapshot,
data replication—near real time, horizontal partitioning
and vertical partitioning. This section explains various data
distribution strategies considered in this paper.

3.1 Centralized database

Centralized database is a concept where the database is
stored in a single physical server. The entire user base needs
access rights on the single server and accesses the data from
central location. The advantages offered by centralized
database are easy manageability, administration, better data
integrity, security, and simplicity and data portability. The
major disadvantages of centralized database are lack of fault
tolerant systems, lack of high data availability, reliability and
recoverability. There was over dependency on a single ser-
ver, which causes a breakdown of the entire ecosystem in
case there is any issue with the server like high traffic, faults
or disaster. The centralized databases were more popular
during the earlier days, when data distribution was not
invented (Ozsu and Valduriez 1999).
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3.2 Data replication with snapshot

Data replication is a fault tolerant technique used to create
and maintain multiple copies of the same database at two
or more sites. In Data replication, there are two types of
databases namely master database and slave databases.
Master database maintains the master copy of the database
while the slave databases maintain the slave copies of the
database. There can be two ways in which the contents of
the master database are copied to the slave databases.
These two ways are synchronized and non-synchronized
replication. Synchronization is a way in which the data
from one server is copied to other server immediately after
an update on the first server is made. In synchronized
replication, high level of data consistency is achieved. In
the snapshot replication, the updates from all the replicated
sites are sent to the master database; all the changes
received from the replicated databases are collected in a
snapshot log and sent to all replicated databases. The full or
the incremental database snapshot from the master data-
base is sent to the replicated databases.

3.3 Data replication: near real time

In the near real time replication scheme, the message for
each completed transaction is broadcasted over the network
to all other databases as soon as the data were updated at
the originating database node. One way of broadcasting
such messages over the network is database triggers. High
level of data consistency is achieved in the near real time
data replication. The reliability of the system is enhanced
drastically with the near real time data replication.

3.4 Horizontal data partitioning

Partitioning in distributed database is defined as partitioning
a single database table or relation into two or more partitions
or fragments that can be stored at multiple sites and these
partitions together represent the original table or the relation
without any loss of information. In horizontal partitioning, a
table is partitioned in such a way that some rows or the
records of a table are stored at one site while other rows or
records are stored at other sites. The database is designed in
such a way that after horizontal partitioning the rows stored
ataparticular site represents the data most frequently used by
the corresponding site (Navathe et al. 1995). The horizontal
data partitioning provides data efficiency, local optimiza-
tion, data security and greater ease of querying data.

3.5 Vertical data partitioning

In vertical partitioning, a table is partitioned in such a way
that some columns of a table are stored at one site while other
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columns are stored at other sites. The database is designed in
such a way that after vertical partitioning the columns stored
at a particular site represents the data most frequently used by
that site (Navathe et al. 1984). The vertical data partitioning
provides data efficiency, local optimization, data security
and greater ease of querying data.

The six criteria considered in this paper, that influences
the data distribution strategy are reliability, expandability,
communication overhead, manageability, data consistency
and overall costs. Reliability (Kapur et al. 2011) is a quality
attribute that implies the probability of the defect free
operation of a software application for a specified period in
a specified environment. In case one server is down or busy
then the other server should be able to serve the user
request and hence provide increased reliability (Kapur
et al. 1999) of the software application. Expandability
(Somerville 2001) of the application means the ability of
the system to incorporate more additions to the existing
structure. Manageability (Somerville 2001) is another
quality attribute that defines the ability of the system to be
managed from different perspective. Manageability
includes concerns like ease of data query, data coordina-
tion, and capability of handing data collisions. Data con-
sistency (Somerville 2001) refers to the state where the
data values remain same for all the instances of the data.
This is one of the critical and most desirable requirement in
data distribution, where it is required that the data values
should be same across all the replicated sites. Communi-
cation overhead includes the cost of communication of data
across multiple instances of databases. Finally, overall cost
is another important criterion that influences the data dis-
tribution strategy in an enterprise. Overall costs include the
hardware and software costs to set up the data distribution
strategy. These six criteria are conflicting as data architects
targets to maximize reliability, expandability, manage-
ability and data consistency while reducing the communi-
cation overhead and the overall costs.

4 Proposed approach and experimental set up

This paper uses integrated framework comprising of
FUZZY based MOORA and AHP to measure the criteria
and select the most suitable data distribution strategy in an
enterprise application. An enterprise application integrates
disparate information technology systems to perform end-
to-end business processes in an organization (Kumar et al.
2015). An experiment is conducted on an enterprise
application also known as retail banking transaction system
(RBTS). RBTS is a banking application where users across
the world are required to access the application for making
banking transactions. The practitioners and the data
architects of the project are tasked to evaluate various
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distribution strategies and select and implement the most
suitable data distribution strategy. The selection of the data
distribution strategy is a multi-criteria decision-making
(MCDM) problem that is dependent on various conflicting
criteria. The five data strategies considered in this paper are
centralized database, data replication with snapshot, data
replication—near real time, horizontal partitioning and
vertical partitioning. The six criteria considered in this
paper are reliability, expandability, communication over-
head, manageability, data consistency and costs. These
strategies and criteria are selected from the literature and
are consulted from the industry experts.
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4.1 Fuzzy decision matrix

In the fuzzy based MOORA technique, the first step is to
establish the fuzzy decision matrix, in which responses for
the alternatives on the criteria are obtained. The responses
are taken from the key decision-makers that have in-depth
experience of data distribution strategies in an enterprise.
Total five experts, who will act as decision-makers were
selected. Each alternative is evaluated based on every cri-
terion. In the below decision matrix, xg-,xg,xfj
lower, middle and higher values for the triangular mem-
bership function for the ith alternative on the jth criteria.

represents

a h L‘]
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AHP is used to measure the six criteria and assign pri-
ority weights to these criteria, these weights are then used
by FUZZY based MOORA. AHP is an analytic tool used to
address complex decision-making problems by converting
the qualitative values into quantitative values. MOORA,
which is developed by Brauers, is a technique to optimize
two or more conflicting attributes (or criteria) and helps in
ranking or selection of an alternative.

FUZZY set theory was developed by Zadeh (1965) and
has been very popularly used in the areas where there is an
element if uncertainty and it is difficult to define the system
precisely. The theory helps in modeling the system quali-
tatively and quantitatively when there vagueness, ambi-
guity and uncertainty exists. There can be two types of
fuzzy numbers namely triangular fuzzy number and
trapezoidal fuzzy numbers. In this paper, triangular fuzzy
numbers are considered. Let X be the universe of discourse,
a fuzzy sub-set A is represented by a membership function
U (x) that maps each element x in X to the real number in
the interval [0, 1]. A triangular fuzzy number is composed
of three numbers (a, b, ¢) whose membership function
Uy (x) is given by:

o X—d

#A(x)—mv as<x<b
:X_C7 b<x<c (1)
b—c
=0, others

Following 6-step methodology is adopted to achieve the
objective of the paper.

4.2 Normalized fuzzy decision matrix

In the next step, the fuzzy decision matrix created in step 1
is normalized using vector normalized technique. The
element values for the normalized fuzzy decision matrix
are calculated as per below equations:

= - zxg 2 2] ?)
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i 2 2 2
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4.3 Determination of priority weights
for the criteria

In this step, the priority weight for the criteria is
determined using AHP. In this technique, the criteria are
organized and pairwise comparison of these criteria is
conducted using the expert opinion of the stakeholders.
Pairwise comparison is a mechanism in which, all the
attributes/criteria are compared among each other, two at
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a time. During the pairwise comparison, experts compare
two criteria at a time and their qualitative judgement is
converted into quantitative measure using Saaty’s 1-9
Scale (Saaty 2008). The results of the pairwise com-
parison are captured in a matrix structure known as
judgement matrix. Once the numerical values are
assigned in the judgement matrix, the initial matrix is
normalized and the priority weight (w) is calculated. The
score of g;; in the pairwise judgement matrix represents
the relative importance of the element in the (i) row over
the element in the (j) column. A sample judgement
matrix is depicted below.

I ap a3z - ap
an| 1 ans N ¢ 1)
A= asy  dszp 1 ... Asy
ag1 Ag a4z v A4y
anl G2 Q3 ... 1

Multiple algorithms are available to calculate the pri-
ority weight (w). Following algorithm is used in this paper
to calculate the priority weight (w). In this algorithm, “J”
is the column number while “I” is the row number.

i
W, = ] lezlaij

4.4 Weighted normalized fuzzy decision matrix

The priority weights obtained in the previous step using AHP
is multiplied by each element of the normalized fuzzy decision
matrix to derive weighted normalized fuzzy decision matrix.

VZ- = Wil‘; (7)
Vg- = Wil‘ll-; (8)
v = Wit (9)

4.5 Overall ratings for the beneficial and non-
beneficial criteria

In this step, the overall ratings of the beneficial and non-
beneficial criteria are calculated for each data distribution
strategy. The overall rating for a data distribution strategy
for the beneficial criteria for lower, middle and upper
values for the triangular function can be calculated as per
below equations.

n
si = Z vi;,  where j belongs to the beneficial criteria
=

(10)
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where j belongs to the beneficial criteria
(11)
where j belongs to the beneficial criteria

(12)
Si_a = V?‘v
;;; ! (13)

where j belongs to the non-beneficial criteria

—b b
s, = E Viis
=1 / (14)

where j belongs to the non-beneficial criteria

n
5= e,
o 09
where j belongs to the non-beneficial criteria

4.6 Overall performance index for each alternative

In this step, the overall performance index (S;) for each
alternative is calculated as per below equation, which helps
in achieving the de-fuzzified numbers.

(16)

The data distribution strategy having the highest overall
performance index is considered as the most suitable data
distribution strategy.

5 Measures, outcomes and discussions

This sections illustrates the outcome of the methodology
applied in the enterprise application RBTS. As the first
step, five data distribution strategies (DS1 = centralized
database, DS2 = data replication with snapshot,
DS3 = data replication—near real time, DS4 = horizontal
partitioning and DS5 = vertical partitioning) were evalu-
ated against each of the six criteria (R = reliability,
E = expandability, = CO = communication  overhead,
M = manageability, D = data consistency and C = costs).
The resultant fuzzy decision matrix is illustrated in Table 1
below.

The fuzzy decision matrix is then normalized using the
Egs. (3), (4) and (5). The normalized fuzzy decision matrix
is illustrated in Table 2.
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Table 1 Fuzzy decision matrix R E o M D C
DSI (0.2,04,0.6) (0.2,0.2,04) (0.8,0.8,1) 0.8, 1, 1) (0.8,0.8, 1) (0.2, 0.4, 0.6)
DS2 (04, 0.6,0.8) (0.2,04,06) (0.2,04,0.6) (0.6,0.8,0.8) (0.6,0.8 0.8) (04, 0.6,0.8)
DS3 (0.8,0.8, 1) 0.6,0.8, 1) (0.4, 0.6,0.8) (0.6,0.8,0.8) (06,08, 1) 08,1, 1)
DS4 (08,08, 1) (0.8,0.8, 1) 02,04,04) (04,06,0.8) (04,0.6,0.8) (0.4,0.6,0.8)
DS5 (0.4, 0.6,0.8) (0.8,0.8, 1) 02,04,04) (04,06,0.8) (04,0.6,0.8) (0.4,0.6,0.8)
Table 2 Normalized fuzzy decision matrix
R E CO M D C
DS1 (0.073,0.147,0.220) (0.074,0.074,0.147) (0.368, 0.368, 0.460) (0.279, 0.348, 0.348) (0.279, 0.279, 0.348) (0.077, 0.155, 0.232)
DS2 (0.147,0.220,0.293) (0.074,0.147,0.221) (0.092, 0.184, 0.276) (0.209, 0.279, 0.279) (0.209, 0.279, 0.279) (0.155, 0.232, 0.310)
DS3 (0.293,0.293,0.367) (0.221, 0.295,0.369) (0.184, 0.276, 0.368) (0.209, 0.279, 0.279) (0.209, 0.279, 0.348) (0.310, 0.387, 0.387)
DS4 (0.293,0.293,0.367) (0.295, 0.295,0.369) (0.092, 0.184, 0.184) (0.139, 0.209, 0.279) (0.139, 0.209, 0.279) (0.155, 0.232, 0.310)
DS5 (0.147,0.220,0.293) (0.295, 0.295,0.369) (0.092, 0.184, 0.184) (0.139, 0.209, 0.279) (0.139, 0.209, 0.279) (0.155, 0.232, 0.310)

Table 3 Criteria weights-using

AHP Criteria R E CcO M D C Weight
Reliability 0.2069 0.2857 0.4444 0.2105 0.0541 0.1905 0.2320
Expandability 0.0690 0.0952 0.1111 0.0526 0.0541 0.1905 0.0954
Communication overhead 0.1034 0.1905 0.2222 0.3158 0.4865 0.2857 0.2674
Manageability 0.1034 0.1905 0.0741 0.1053 0.1622 0.0476 0.1138
Data consistency 0.4138 0.1905 0.0741 0.1053 0.1622 0.1905 0.1894
Costs 0.1034 0.0476 0.0741 0.2105 0.0811 0.0952 0.1020

The weights for various criteria were calculated using
AHP. Qualitative judgment values were obtained by the
expert opinion. The qualitative values were converted into
quantitative values and the final priority weights for the six
criteria were obtained using Eq. (6). The priority weights
are illustrated in Table 3 below.

The elements of the normalized fuzzy decision matrix
were multiplied by the weights of the criteria determined in
table-3 and the weighted normalized fuzzy decision matrix
is obtained. The resultant weighted normalized fuzzy
decision matrix is illustrated in Table 4.

Finally, overall performance ratings for each data distribu-
tion strategy were calculated using Egs. (10)—(16). The bene-
ficial criteria were reliability, expandability, manageability and

Table 4 Weighted normalized fuzzy decision matrix

data consistency while the non-beneficial criteria were com-
munication overhead and overall costs. The beneficial criteria
implies that the values related to these criteria needs to be
maximized or added and the non-beneficial criteria implies that
the values related to these criteria needs to be minimized hence
these values were subtracted. The overall performance ratings
for all the five data distribution strategy and the rankings of
these data distribution strategies are illustrated in Table 5.

It is found that an integrated approach of fuzzy based
MOORA and AHP has successfully measured the criteria
influencing the selection problem of data distribution
strategies, have ranked, and selected the most suitable data
distribution strategy. In the first step, the experts from the
industry had evaluated all the 5 data distribution strategies

R

E

(60)

M

D

C

DS1
DS2
DS3
DS4
DS5

(0.017, 0.034, 0.051)
(0.034, 0.051, 0.068)
(0.068, 0.068, 0.085)
(0.068, 0.068, 0.085)
(0.034, 0.051, 0.068)

(0.007, 0.007, 0.014)
(0.007, 0.014, 0.021)
(0.021, 0.028, 0.035)
(0.028, 0.028, 0.035)
(0.028, 0.028, 0.035)

(0.098, 0.098, 0.123)
(0.025, 0.049, 0.074)
(0.049, 0.074, 0.098)
(0.025, 0.049, 0.049)
(0.025, 0.049, 0.049)

(0.032, 0.040, 0.040)
(0.024, 0.032, 0.032)
(0.024, 0.032, 0.032)
(0.016, 0.024, 0.032)
(0.016, 0.024, 0.032)

(0.053, 0.053, 0.066)
(0.040, 0.053, 0.053)
(0.040, 0.053, 0.066)
(0.026, 0.040, 0.053)
(0.026, 0.040, 0.053)

(0.008, 0.016, 0.024)
(0.016, 0.024, 0.032)
(0.032, 0.039, 0.039)
(0.016, 0.024, 0.032)
(0.016, 0.024, 0.032)
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Table 5 Overall performance Beneficial criteria (s;)

Non-beneficial criteria (s;) Overall (S;) Rank

ratings
DS1 0.109 0.133
DS2 0.104 0.150
DS3 0.153 0.181
DS4 0.138 0.160
DS5 0.104 0.143

0.171 0.106 0.114 0.147 0.0178 5
0.174 0.040 0.073 0.105 0.0699 4
0.218 0.081 0.113 0.138 0.0732 3
0.205 0.040 0.073 0.081 0.1041 1
0.188 0.040 0.073 0.081 0.0824 2

against the 6 criteria using the fuzzy function. The data
obtained was captured in the fuzzy decision matrix, which
was then normalized to obtain the normalized fuzzy deci-
sion matrix. The integrated approach measured the 6 criteria
using AHP. In AHP, all the 6 criteria were undergone
pairwise comparison using expert opinion. The expert
opinion was converted into quantitative data and the priority
weights for each criteria was determined. It was found that
the maximum weight was allocated to communication
overhead, followed by reliability, data consistency, man-
ageability, costs and expandability. The weights of the
criteria were utilized in the FUZZY based MOORA tech-
nique and the weighted normalized fuzzy decision matrix
was obtained. Finally overall performance ratings of dif-
ferent data distribution strategies were determined after
applying the equations of MOORA on the beneficial and
non-beneficial criteria. The beneficial criteria considered
were reliability, expandability, manageability and data
consistency while the non-beneficial criteria considered
were communication overhead and overall costs. The val-
ues of the beneficial criteria were added and the values of
the non-beneficial criteria were subtracted from the overall
performance score. Based on the overall performance score,
the final ranking of the distribution strategies were derived
and it was found that horizontal partitioning was the most
suitable data distribution strategy followed by vertical
partitioning, data replication with near real time, data
replication with snapshot and centralized database. The
results obtained from the application of the methodology
were discussed with the practitioners, data architects and
administrators of the RBTS project and they accepted the
results by considering the horizontal partitioning in their
project. The proposed methodology is a very effective tool
for the practitioners to measure the criteria and select the
most suitable data distribution strategy in an enterprise.

6 Conclusions

Data distribution is a very essential aspect of large enter-
prises that enables geographically dispersed departments,
customers, users, employees to access the database in an
effective manner. There are various data distribution
strategies available that provides higher availability,

@ Springer

reliability and increased performance of an enterprise
application. The selection of the most suitable data distri-
bution strategy is very complicated, multi-criteria decision-
making problem as it depends on conflicting criteria. There is
a lack of work in the literature that can quantitatively mea-
sure the criteria and select the most suitable data distribution
strategy in an enterprise. In this paper an integrated approach
of FUZZY based MOORA and AHP is applied in an enter-
prise application RBTS, where the 6 criteria (reliability,
expandability, communication overhead, manageability,
data consistency and costs) were measured and the most
suitable data distribution strategy was determined out of 5
available strategies (centralized database, data replication
with snapshot, data replication—near real time, horizontal
partitioning and vertical partitioning). The priority weights
for the criteria were obtained using AHP and it was found
that communication overhead received maximum weight
followed by reliability. These weights were considered in
FUZZY based MOORA and it was derived that the most
suitable data distribution strategy was horizontal partitioning
followed by vertical partitioning. This research has con-
tributed to the field of data distribution by proposing an
integrated methodology that proves out to be an important
tool for the practitioners to measure the criteria and deter-
mine the most suitable data distribution strategy in an
enterprise.
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