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Abstract—Horizontal fragmentation is a database
technique widely used to optimize queries. This paper aims to
provide a review of the literature about query optimization
methods applied to multimedia databases, to determine if the
methods use horizontal fragmentation to improve the
performance of the database, are easy to implement, are
complete (i.e., the paper includes all the necessary information
to implement the method), takes into account content-based
retrieval and if they provide a cost model for the evaluation of
their results. To meet this objective, we analyze and classify 35
papers concerning fragmentation techniques and/or contentbased image retrieval. Finally, we select the best method of our
comparative analysis and present an architecture of a web
application for a system that uses horizontal fragmentation to
optimize content-based queries.
Keywords-horizontal fragmentation; content-based retrieval;
multimedia database.

I.

INTRODUCTION

The rapid access to huge multimedia data collections
means increasingly greater challenges and the need for very
efficient algorithms [1]. Therefore, multimedia database
features such as transactional updates, querying facilities,
and indexing, become transcendent when the number of
stored multimedia objects increases and such big challenges
begin to appear [2]. Nowadays efficient Content-based
Image Retrieval (CBIR) techniques are a must for the
optimal use of multimedia databases. The need for efficient
image retrieval increases rapidly and therefore, to improve
performance and reduce the margin between visual
characteristics, the CBIR process is used [3]. Nevertheless,
in CBIR systems, all the images of the multimedia database
are processed to extract features and compare them to the
features of the image query in order to retrieve the most
similar images. Using horizontal fragmentation techniques to
reduce the number of images processed to answer a query
greatly improves the performance of the system [4], [5].
Query optimization refers to the process of producing a
query execution plan, which minimizes an objective cost
function. The widely used measures of costs are the total cost
that will be incurred in processing the query and the response
time of the query [6]. Similarly, a way to optimize contentbased queries is by reducing their execution cost [1], [4], [5].
In the last decades, several methods have been proposed to
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improve the performance of content-based retrieval systems.
The main contribution of this paper is a comparative analysis
between 35 methods focused on query optimization in
multimedia databases to select a technique for its future
implementation in a web application for historical data
management of the Instituto Tecnológico de Orizaba. The
chosen method must comply with: the use of horizontal
fragmentation to improve content-based retrieval in the
multimedia database, completeness in its description, and
easy implementation. The rest of this work is organized as
follows: Section II discusses the analysis methodology and
the classification of the articles, Section III presents the
architecture of the web application, finally, Section IV gives
the conclusions and future work.
II.

ANALYSIS

In the following subsections, an in-depth analysis of the
state of the art is carried out. The first subsection includes the
methodology used for the selection and analysis of each
article. The second subsection addresses classification of
articles considering the publisher and the year. The third
subsection shows an analysis of the articles focused on
horizontal fragmentation. In the fourth subsection, an
analysis of the content-based image retrieval systems is
shown. The fifth and sixth subsections address costs models
and ease of implementation respectively. This classification
allows choosing the better fragmentation methods to use in
the architecture shown later in this paper.
A. Research methodology
In order to carry out this work, all the related articles
published by the main scientific editorials were searched
using a methodology for their subsequent classification.
Figure 1 shows the methodology used for the selection and
analysis of each article. The methodology is composed of
three stages. The first stage was searching in the major
databases of Computer Science editorials for a
comprehensive bibliography of relevant research of
horizontal fragmentation and/or content-based image
retrieval. The main digital libraries considered were: 1)
ACM digital library, 2) IEEE Xplore Digital Library, 3)
Science Direct (Elsevier), and 4) Springer Link.

based image retrieval ([8], [10]-[13]), 5 of 8 articles. Only
10 papers considered horizontal fragmentation ([4], [5], [8],
[9] and [14]-[19]).
The distribution of the analyzed papers according to
their year of publication is depicted in Figure 3. It is
observed that most of the articles are from 2013 to 2019. In
the latter year, works mainly focus on optimizing the
storage and query processing of Digital Imaging and
Communication in Medicine (DICOM) data [39] and
methods for efficient CBIR [26], [32], [33], [36].
TABLE I.

Figure 1. Selection criteria flow diagram.

As a second stage, it was employed a keyword-based
search to select the most relevant articles. The main
keywords were: 1) Horizontal Fragmentation, 2) Multimedia
database, 3) Content-based image retrieval, 4) Cost model,
and 5) Partitioning. The articles that fulfilled these
characteristics were selected and the works not suitable for
the study were discarded. The following statement describes
the criteria considered for the omission of a research paper
[7]:
• Unpublished working papers, non-peer-reviewed
papers, non-English papers, textbooks, Master and Doctoral
dissertations.
The selection process resulted in 35 papers, which were
analyzed by six characteristics to register if they fulfilled
them and in which way they did it, for example, the works
were classified by the problem addressed. The
characteristics are: 1) Horizontal Fragmentation, 2)
Multimedia Data, 3) Content-based image retrieval, 4) Cost
model, 5) Completeness, and 6) Ease of implementation. In
this step, the articles were also classified by year and by
editorial. Table I describe the record of each article and the
analysis of each characteristic.
It is observed in Table I the comparison of all the works
found in the main scientific digital libraries, which
addressed most of the topics of interest. The selected articles
were evaluated in each item using a methodology to
determine if each item meets the characteristics. From all
the analyzed works it is observed that few articles fulfill all
the desired qualities. The articles [8] and [9] comply with
almost all the characteristics.

Comparison of related works

Article
1
2
3
4
5
6
Saad et al. [4]
x
x
x
x
Getahun et al. [5]
x
x
x
Fasolin et al. [8]
x
x
x
x
x
Rodríguez-Mazahua et al. [9] x
x
x
x
x
Habbal et al. [10]
x
x
Kulshreshtha et al. [11]
x
x
x
Devi and Mathew [12]
x
x
x
x
Banda and Angryk [13]
x
x
x
Mettes et al. [14]
x
x
x
Ma and Kirchberg [15]
x
x
x
x
Getahun et al. [16]
x
x
x
x
Hui Ma et al. [17]
x
x
x
x
Khan et al. [18]
x
x
Ma et al. [19]
x
x
x
x
Chbeir and Laurent [20]
x
x
x
x
Concolato et al. [21]
x
x
x
Chbeir and Laurent [22]
x
x
x
Xiapoing Hu et al. [23]
x
x
Antaris et al. [24]
x
x
x
x
Torjmen et al. [25]
x
Mezzoudj et al. [26]
x
x
x
x
Sakr et al. [27]
x
x
x
x
Torjmen-Khemakhem et al.
x
x
x
[28]
Gu and Gao [29]
x
x
x
Wlodarczyk-Sielicka
and
x
x
Stateczny [30]
Kumar et al. [31]
x
x
x
Moghimian et al. [32]
x
x
x
Srivastava et al. [33]
x
x
x
x
Li et al. [34]
x
x
Al-Jubouri y Du [35]
x
x
x
x
Mahmoudi et al. [36]
x
x
x
Rejito et al. [37]
x
x
x
Kouahla et al. [38]
x
x
Le et al. [39]
x
x
x
Yamamoto [40]
x
x
x
1)Horizontal Fragmentation, 2)Multimedia Data, 3)Content-Based Image
Retrieval, 4)Cost Model, 5)Completeness, 6)Ease of implementation

B. Classification considering editorial and year
Figure 2 shows a bar graph that relates the number of
articles with the publisher; most articles are concentrated in
the other editorials. IEEE articles addressed mostly content-

Figure 2. Articles quantity per editorial.

D. Content-based queries
Figure 6 shows a bar graph that relates the number of
articles that take into account content-based retrieval; 19 of
35 proposed a CBIR method. Several works considered the
clustering of the image features [11], [12], [30], [31], [33],
[35], [37] or using Map-Reduce [26], [27], [29], [40] to
optimize CBIR by minimizing query response time. The
similarity queries most taken into account were k-nearest
neighbor and range queries [4], [5], [8], [16], [20]. 16 papers
did not consider content-based queries ([9], [14], [15], [17][19], [21], [23], [25], [28]-[30], [34], and [38]-[40]).
Figure 3. Articles quantity per year.

C. Horizontal Fragmentation
In Figure 4, there is a comparison between the amount of
papers that consider horizontal fragmentation ([4], [5], [8],
[9] and [14]-[19]) and the number of works that not take
into account horizontal fragmentation ([10]-[13], [20]-[40]).
In Figure 4, it is observed that horizontal fragmentation is a
less common topic among the 35 articles. However, there
are articles that include other type of fragmentation ([20][23], [25], [28], [30], [38], [39]).
Figure 5 shows a bar graph that relates the number of
articles by type of horizontal fragmentation. The number of
articles that include primary horizontal fragmentation is 9,
and only 1 article considers derived horizontal
fragmentation [19]. In [20] and [22], authors performed
multimedia mixed fragmentation.

E. Cost Model
Figure 7 shows a bar graph that relates the number of
articles that take into account a cost model; 4 of 35 methods
used a cost model, [9] and [15] from Springer, [17] and [19]
from other editorials. In [9], the cost of a horizontal
fragmentation scheme is composed of two parts: irrelevant
data access cost and transportation cost. In contrast,
references [15], [17], and [19] focused on the analysis of the
query costs, which consist of storage costs and
transportation costs. Therefore, 31 papers did not consider a
cost model ([4], [5], [8], [10]-[14], [16], [18], [20]-[40]).

Figure 6. Articles quantity per content-based image retrieval.

Figure 4. Articles quantity per horizontal fragmentation.

Figure 7. Articles quantity per cost model.

Figure 5. Articles quantity per horizontal fragmentation type.

F. Ease of Implementation
Figure 8 shows the number of articles that have a high
ease of implementation, which is measured by the amount
of specific knowledge needed to implement the techniques
proposed by each article; 21 of 35 are considered to have a
high ease of implementation ([4], [8], [9], [12], [14], [15],
[17], [19]-[21], [22], [26]-[30], [33], [35], [38]-[40]). Most
of these methods are easy to implement because they have
completeness, i.e., they present all the information needed to
reproduce them. 14 papers were considered to have a low
ease of implementation ([5], [10], [11], [13], [16], [18],
[22], [23], [25], [31], [32], [34], [36], [37]).

Figure 8. Articles quantity per ease of implementation.

III.

ARCHITECTURE

The two articles ([8] and [9]) that involve horizontal
fragmentation, consider content-based retrieval, are easy to
implement, use multimedia data, have completeness, and
include a cost model, were evaluated. In [8], a horizontal
fragmentation schema is obtained based on the attribute
type, which fits according to multimedia data. In [9], a cost
model to evaluate horizontal fragmentation schemes of
multimedia databases is proposed. Both articles ([8] and [9])
present a desired methodology and an easy implementation
of the technique to include the cost in the fragments. Figure
9 depicts the workflow proposed.
Figure 9 shows the workflow that consists of six main
steps. The first step is the analysis of the data from the
multimedia database of the Instituto Tecnológico de
Orizaba. In this first step, the images collection is
fragmented considering the attribute type according to the
Fasolin et al. [8] method, which gives, as a result, the
horizontal fragments named: buildings, events, people, and
equipment. These four fragments optimize the content-based
queries since they minimize their execution cost by reducing
the irrelevant images accessed by them [41]. The second
step is to evaluate the queries and their frequencies used in
the database, as well as to obtain the number of images per
fragment. As for the third and fourth step, it is needed the
construction of the Predicate Usage Matrix (PUM) and the
Fragment-Predicate Usage Matrix (FPUM) in order to
obtain the Irrelevant Tuple Access Cost (ITAC) described in

[9]. The fifth step is obtaining a table with the final results
of the ITAC, where it is shown for each fragment, the
comparison of the execution cost of the queries. The sixth
step shows the result of this workflow, which is a horizontal
fragmentation schema with four fragments.
The system architecture was designed based on the
MVC architectural model (Model View Controller) which
distributes the system components in a way that facilitates
its maintenance and is represented abstractly in Figure 10.
MongoDB [42] was selected due to its speed and simple
system to query the content of the database. JSF (Java
Server Faces) [43] was chosen due to the flexibility to create
applications with the pure Java language, its ease of
software development, and because is also free. NetBeans
[44] was proposed as IDE (Integrated Development
Environment) due to the ease of developing applications
with the selected framework. It was decided to use UWE
(UML-based Web Engineering) [45] as development
methodology because it specializes in developing Web and
multimedia applications. Lastly, BoofCV [46] was selected
because it is an open-source Java library for real-time
computer vision that has ease of use and high performance.
Model: The system logic is represented in the managed
beans that have access to the interface components and pass
information to the model beans, the latter representing the
important classes of the domain and using libraries, such as
BoofCV to perform the content-based retrieval (images) and
JDBC (Java Database Connectivity) to control access to the
MongoDB database management system and manipulate
information.
View: Using XHTML files (eXtensible HyperText
Markup Language), the model is represented and handles
the interaction with the user; tags of JSF are used for this
purpose, together with style sheets (CSS) to give the user a
better visualization.
Controller: The JSF servlet is the link between the
model and the view. It is responsible for managing the
requests of the resources by accessing the model needed in
the user's request and selecting the appropriate view to
represent it.

Figure 9. The workflow of the horizontal fragmentation method and
evaluation.
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Figure 10. System Architecture.

As noted, the structure and organization proposed by the
MVC pattern provide a good coupling between the
components and the changes will only be noticeable to the
parties directly involved.

5.

6.

IV. CONCLUSION & ONGOING WORK
Data fragmentation is a very popular object of study
today and is constantly used in the industry [7]. A large
number of fragmentation techniques are currently used,
including horizontal fragmentation, which is the technique
that is analyzed in the development of this work. This helps
not only to improve the management of multimedia
databases but also to optimize the efficiency and speed of
access to the information that is needed.
We conclude that only two works ([8], and [9]) fulfilled
five criteria of our comparative analysis. In addition, we
classified the papers by editorial, year of publication, type of
fragmentation, and content-based image retrieval. Also, we
presented the architecture and the workflow of a web
application for the management of historical data from the
Instituto Tecnológico de Orizaba, which combines the
fragmentation method for multimedia databases of [8] with
the cost model proposed in [9]. In the future, the web
application will be implemented with the proposed
architecture. The system will use horizontal fragmentation to
improve the execution cost of content-based queries.
Nevertheless, one of the limitations of this architecture is that
it uses a static type of fragmentation, as a result, the
fragmentation scheme will not change when the access
patterns vary, therefore it is planned to use a dynamic
fragmentation method in the future with the purpose to
increase its efficiency.
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