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Abstract Designing an efficient Distributed Database System (DDBS) is con-

sidered as one of the most challenging problems because of multiple interdepen-

dent factors which are affecting its performance. Allocation and fragmentation

are two processes which their efficiency and correctness influence the perfor-

mance of DDBS. Therefore, efficient data fragmentation and allocation of frag-

ments across the network sites are considered as an important research area in

distributed database design. This paper presents an approach which simultane-

ously fragments data vertically and allocates the fragments to appropriate sites

across the network. Bond Energy Algorithm (BEA) is applied with a better affin-

ity measure that improves the generated clusters of attributes. The algorithm

simultaneously generates clusters of attributes, calculates the cost of allocating

each cluster to each site and allocates each cluster to the most appropriate site.
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Results show more efficient clustering and allocation which gives better perfor-

mance.

ª 2015 The Authors. Production and hosting by Elsevier B.V. on behalf of King Saud

University. This is an open access article under the CC BY-NC-ND license (http://

creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

Distributed databases reduce cost and increase performance and availability, but
the design of Distribute Database Management Systems (DDBMS) is compli-
cated. To make this process feasible it is divided into two steps: Fragmentation
and Allocation. Fragmentation tries to split data into fragments, which should
be allocated to sites over the network in the allocation stage. The process of frag-
mentation falls into two categories: Vertical Fragmentation and Horizontal
Fragmentation. Vertical Fragmentation (VF) is partitioning relation R into dis-
joint sets of smaller relations while Horizontal Fragmentation (HF) is partitioning
relation R into disjoint tuples. The allocation problem involves finding the optimal
distribution of fragmentation to set F on site set S. There are four data allocation
strategies applicable in a distributed relational database: centralized, fragmenta-
tion (partition), full replication, and partial replication (selective) [10]. When data
is allocated, it might either be replicated or maintained as a single copy. So, frag-
ment allocation can be either non-redundant or redundant. Under a non-redun-
dant allocation scheme, exactly one copy of each fragment will exist across all
the sites, while under redundant allocation schema, more than one copy of each
fragment will exist across all the sites [12]. In this work, we combine fragmentation
with partial replication of some clusters of attributes.

Allocation and fragmentation are interdependent and efficient data fragment
allocation requires considering allocation constraints in the process of fragmenta-
tion, but in the most previous works these two steps are separated.

There are two general approaches toward solving the partitioning problem. One
is to find the efficient solution by considering some of the constraints. In Hoffer
[13] the storage capacity and retrieval cost constraints are the role factors. Each
of these factors is weighted based on their amount of effect. The objective was
to minimize the value of overall cost. The weights are calculated using linear pro-
gramming approach so that the sum of the weights is equal to 1.

minðc1 � storage costþ c2 � retrieval costÞ ð1Þ

Another good example of first set of approaches is proposed in Schkolnick [21].
The method tries to cluster records within an Information Management System
(IMS) type hierarchical structure. The generated hierarchical tree is linear in the
number of nodes. Heuristic grouping is used by the method presented in
Hammer and Niamir [3]. It starts by assigning attributes to different positions.
All potential types of grouping are considered and the one which represents the
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