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Abstractـــــ In component-based software development 
(CBSD) approach, the searching and retrieving of accurate 
reusable software components that are stored in large, 
distributed and heterogeneous-structured repositories is a 
tedious and time-consuming process. 

Current research on Clustering Software Components for 
efficient component retrieval point to the creation of software 
component on cloud computing, which allows reuse to occur at 
large scale. Although search mechanisms play a very 
important role in cloud computing, 

 

This paper presents a survey of the main research on 
Clustering Software Components, and discusses how should be 
a mechanism to efficiently search components, in order to offer 
support for future software components as a service through 
cloud computing.   
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I. INTRODUCTION 

 

 As libraries of reusable software components continue to 

grow, the issue of retrieving components from software 

components repositories has captured the attention of the 

software reuse community [1]. The storage and retrieval of 

reusable assets in a software repository has been the subject of 

active research in the past. Reusable software components 

include not only the generic source code, but also another 

aspect of the software lifecycle including design structure, 

specifications, and documentation.  

However, finding components and reusing the appropriate 

software components is often very challenging, particularly 

when faced with a large collection of components and little 

documentation is there about how they can be reused. This is a 

particular issue for end users of component-based systems 

who want to tailor and extend their environment but have 

limited understanding of component functionality and 

implementation  

In the literature, several works that Clustering Software 
Components for efficient component retrieval is gaining a 
significant practical importance in the field of software 
engineering from academic researchers and software industry. 
Clustering reduces the search space of components by 
grouping similar entities together thus ensuring reduced time 
complexity been an active research area for more than a 
decade, 

 Software component clustering is an unsupervised learning 

approach that used to cluster the software components. 

These clusters may then be used to study, analyze, understand 

the behavior of the software components. 

 

This experience survey aims at clarifying the possible use, in 

the cloud environment, of metrics to recognize practical reuse 

and to propose candidates for reusability from a re-

engineering point of view. 

 

II. BACKGROUND 

 

A.  The History of Component Search[2] 

A component retrieval mechanism works in the following 

way, as described in [3] (Figure 1): When faced with a 

problem, the reuse understands it in its own way, and then 

formulates a query, which may be as simple as a set of 

keywords or as complex as specifications in a formal 

language. 

In practice, this first process results in loss of information,  
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Fig 1. Component retrieval model. 

 

Since the reuse is not always capable of exactly understanding 

the problem, or encoding it in the query language. To be 

retrieved, the information about the components must be 

encoded. This process of classification (also known as 

indexing), which may be manual or automatic, results in loss 

of information. The search itself consists in comparing the 

query with the indexes and returning the components that 

match the query. This information loss is the cause of all the 

effort in this area [2]. 

 

B.   The classification scheme 

 

Among the works of the early 90’s, such as [7, 6, 5,4], a 

special focus is placed on the classification schemes used to 

store software components. An example of this concern may 

be seen in [7]. In this work, the author proposes the utilization 

of a facet-based scheme to classify software components 

(Figure 2). In this approach, a limited number of 

characteristics (facets) that 

 
 

Fig2. Facet-based classification scheme. 

 

a component may have are defined. Then, a set of possible 

keywords is associated with each facet. To describe a 

component, one or  more keywords a chosen for each facet. In 

the example of Figure 2, there are four facets: Domain, 

Functionality, Component Model and Component Type. To 

describe the Account component, the “Financial” keyword 

was chosen for the first facet, “Data mining” and “Storage” 

for the second, and so on. 

In this way, it is possible to describe components according to 

their different characteristics, unlike the traditional 

hierarchical classifications, where a single node from a tree-

based scheme is chosen. 

The literature of this period has also other approaches for the 

components classification problem. Authors, such as [5], 

argue that the effort needed to the manually classify 

components of a software library is too big, since these tend to 

grow and become huge. Besides, this process is susceptible to 

the subjective rationale of the person who is responsible for 

the task of classifying the components. For instance, in a 

facet-based scheme, two different people may choose different 

keywords to describe a component. To overcome this 

problem, Maarek et al. [5] propose the use of automatic 

indexing, which consists in automatically extracting, from 

free-text descriptors, terms or phrases that best describes a 

component. Statistical and linguistic methods are used to 

analyze pieces of text (manual pages, for example), 

identifying and extracting terms to classify the component. 

Hence, manual effort to describe the components is not 

needed. Also, the divergence of opinion does not exist, since 

there is no human intervention. 

Facet-based classification and statistical analysis are examples 

of the two main approaches found in the literature 

of the period: 

 Controlled vocabulary: The terms used to describe the 

components are chosen from a fixed set; and 

 Uncontrolled vocabulary: Any term can be used to 

describe the components. 

Both approaches have advantages and disadvantages. The 

uncontrolled vocabulary approach provides more flexibility. 

When used in automatic indexing, the effort needed to classify 

the components is minimal, making it very attractive for big 

software libraries. However, as pointed out by [7], normally 

software components have little or no free-text descriptors 

available, the fact which makes such approaches impossible to 

execute. Besides, when experts are defining a fixed set of 

terms, such as in facet-based classification, they are already 

introducing some semantic information, resulting in more 

meaningful description. Although the main research streams 

in this period go between controlled and uncontrolled 

vocabularies, other works can also be found, such as [6]. Here, 

the authors explore component search through its execution: 

given a set of the input values, and a set of expected output 

values, the components are executed, and those that produce 

the expected output are retrieved. This approach results in 

high precision, but is restricted to simple components, such as 

routines or pieces of code. In addition, performance is 

affected, since all components must be executed. 
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C.  Code Retrieval 

The Source code is a special case of a document that contains 

additional information embedded in its structure (Mishne and 

de Rijke, 2004). Other structured texts that have been 

extensively researching for their effective retrieval are HTML 

and XML (Anslow et al., 2004). 

Research shows that using structural knowledge of the HTML 

and XML may improve results significantly (Wilkinson, 1994; 

Myaeng, 1998). Hence, there are various source code archives 

and open source sites on the World Wide Web that could be 

used to locate useful existing code (Ugurel et al., 2002; 

Krovetz et al., 2003). 

 

III. RECENT RESEARCH TRENDS 

 

Reusable software components have been promoted in recent 

years. Software reuse is to construct a new software by using 

existing software or software knowledge. Reusability of 

Components requires some kind of libraries where a 

component can be stored, retrieved and modified easily. 

Storing, searching and retrieving components from a library of 

reusable components is a main goal to reuse. 

 

Some of the existing techniques are going to be reviewed here 

as follows: 

 

1)  Semantic Engine and Cloud Agency for Vendor Agnostic 

Retrieval, Discovery, and Brokering of Cloud Services  

 

The proposed solution adopts two collaborative modules. The 

Semantic Engine, whose aim is to create an agnostic 

description of resource based on users’ service requirements 

and a brokering system, the Cloud Agency, whose aim is to 

acquire autonomically resources from providers on the basis 

of SLA evaluation rules (Figure 3 )finding the most suitable 

Cloud provider that satisfy users’ requirements [8]. 

 

 
 

Fig 3. Semantic Engine and Cloud Agency 

  

2)  Adaptive Clustering Techniques for Software 

Components and Architecture 

Proposes an adaptive fuzzy clustering technique based on 

possibility clustering algorithms to address the issue of single 

metric. The proposed technique collaboratively considers 

distance, density, and the trend of density change of 

component instances in the membership degree calculation. 

The post-clustering separation of clustered components based 

on the predefined thresholds and regrouping of the separate 

component points result in higher cohesive clustering. The 

proposed algorithm has be evaluated via experiments using a 

network protocol RSVP-TE system [9]. 

 

3) Clustering Software Components for Component Reuse 

and  Program Restructuring  the authors  define a 

similarity function hybrid XNOR and then give a 

generalized approach for clustering software components 

" Clustering (Components, frequent items) The objective 

of component clustering is to form clusters containing 

high cohesive and low coupling components[10]. 

 

 

4) Classification of Reusable Components Based on 

Clustering  

The Clusters it made based on parameters provided with 

components. We develop an algorithm for assigning clusters 

to the reusable components. 
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This framework consists of three processes that are threshold 

checking, clustering and retrieval process. In threshold, 

checking process threshold value is applied to category-based 

cluster to lemmatize the maximum number of clusters in 

category-based cluster [11]. 

 

5)  A Feature Vector Based Approach for  Software 

Component Clustering and Reuse Using K-means  

The authors use the k-means clustering algorithm to cluster 

the software components. The main difference lies in the use 

of distance measure, which is designed to find the similarity 

between the software components and use the distance 

measure to find the pairwise project distance matrix and apply 

the k-means algorithm on this distance matrix. The main idea 

is to use more than one distance measure, to explore 

consensus-based technique, to cluster software components, 

instead of using only one measure to cluster the components. 

This approach may also be applied to software architecture 

recovery problem by using this distance measure [12]. 

 

6)  Clustering Model for Evaluating SaaS on the Cloud  

The authors proposed the Clustering model for evaluating 

SaaS to evaluate potential software services on the cloud 

computing by using Data Mining Clustering algorithms and 

helpful to software service providers to evaluate their own 

services to the cloud users. It helps service provider to 

increase the availability of software services in the cloud 

computing environment suitable for cloud users demand and 

requirement. It also helps cloud users to evaluate potential 

software services available on the cloud-computing 

environment [13]. 

 

 

7) Software Component Retrieval Using GA and ACO  

The efficiency scores are compared for component retrieval 

using GA and ACO. It is clear that efficiency using ACO is 

better than GA-based optimization. The Genetic algorithm 

shows efficiency ranges from 43.8 to 55.7 whereas efficiency 

range is increasing up to 54.27 to 59.3. Therefore, ACO 

increases an efficiency of component retrieval [14]. 

 

8) Reusability Framework for Cloud Computing  

Cloud Computing Reusability Model has been proposed. The 

model has been validated by Clouds and experimental result 

shows that reusability based cloud computing approach is 

effective in minimizing cost and time to market[15] 

9) Agglomerative Hierarchical Approach for Clustering 

Components of Similar Reusability 

 presents a clustering approach for grouping components of 

similar reusability using an already worked out fuzzy data set,  

to cluster components of similar reusability together for the 

purpose of minimizing the efforts of the developer using 

agglomerative hierarchical clustering. Components attribute 

affecting the reusability are classified into rules using a fuzzy 

system and are then taken as the inputs to the proposed 

clustering model [17]. 

 

10) A multi-agent systems engineering for semantic search of 

reuse software components  

The authors  present the design and implementation of 

ontology-based multi-agent software component retrieval 

system using semantic and structural formalism Ontologies 

are usually organized into a taxonomy tree where each node 

represents a concept with its attributes, as shown in figure 4 

[18]. 

 
Fig 4. Taxonomy tree 

 

We presented in table 1 a summarization of limitations and 

challenges that requiring future researchers to handle them 
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IV. CONCLUSION 

 

Clustering Software Components for efficient component 

retrieval is a major component in cloud computing.  

This paper presents the survey of various existing Clustering 

Software Components and compares various techniques s of 

clustering, one of the major issue the searching and retrieving 

of accurate reusable software components that are stored in 

large, distributed and heterogeneous-structured repositories. 

This survey is done to study all the problems like formatting, 

flexibility, similarity of clustering components for efficient 

component retrieval, also the methods to remove those 

problems. Furthermore, there are many techniques and 

mechanisms are applied to search and retrieve the relevant 

components. 

 We survey several existing techniques. We give conclusion 

that to provide the clustering, and enjoy the benefit of cloud, 

there is a need to provide as-strong-as-possible mechanisms, 

which need to handle. 

In future some approaches can be used for clustering result 

improvement such as classifier can be extends using efficient 

classification algorithms also fuzzy logics can be applied on 

the cloud environment. 

Finally, we presented in this survey the limitations and 

challenges that requiring future researches to handle them.
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TABLE I: RECENT RESEARCH TRENDS OF CLUSTERING SOFTWARE COMPONENTS 

Title Publication/Year  

 

Strengths  

 

Limitations 

Semantic Engine and Cloud 

Agency for Vendor Agnostic 

Retrieval, Discovery, and 

Brokering of Cloud Services  

 

Springer 2015 + Possible to build a complex brokering 

system, that is independent of the cloud 

provider technologies and allows the user 

to broker the best cloud service, which is 

compliant with his requirements. 

-Static filtering 

- need to provide as-strong-

as-possible mechanisms 

 

Adaptive Clustering Techniques 

for Software Components and 

Architecture 

IEEE 2015 + proposed an adaptive fuzzy a clustering 

technique based on the possibility 

clustering concept. Specifically, the 

proposed technique incorporates different 

types of metrics into the analysis, namely, 

distance, density, and distribution of data 

instances 

  

-Not  investigate different 

types of interconnections 

and their effects on 

clustering results 

Clustering Software Components 

for Component Reuse and  

Program Restructuring  

 

ACM 2013 + The output of clustering algorithm is 

clustered with high cohesive and low 

coupling components 

- the limited feature vector 

- need to test on large scale 

Classification of Reusable 

Components Based on Clustering 

 

MECS 2015 + proposes a method to classify the 

reusable components according to their 

clusters. Clusters made based on 

parameters provided with components.  

+ develop an algorithm for assigning 

clusters to the reusable components. 

- framework software 

components are clustered 

with the specific format 

-  Software repository 

Clustering Model for Evaluating 

SaaS on the Cloud 

 

IJAIEM 2013 These clusters help to service users to 

make a decision suitable for their 

requirement for software services. 

Only on Software as a 

Service (SaaS) 

Software Component Retrieval 

Using GA and ACO 

IJARCSSE 2015 ACO increases the efficiency of 

component retrieval. 

- On a small-scale "software 

repository" 

Reusability Framework for Cloud 

Computing  

 

Ijcer 2012  +reusability based cloud computing 

approach is effective in minimizing cost 

and time to market. 

- Reusability  needs to be 

automated in cloud 

development using an 

automated tool 

 

 

Agglomerative Hierarchical 

Approach for Clustering 

Components of Similar 

Reusability 

 

 

IJCA 2013 + The rules grouped together into clusters 

of the same range of reusability. 

+ Hierarchical clustering is a very suitable 

data because the nature of this algorithm is 

illustrative and clear. 

- requires validation  

A Feature Vector Based 

Approach for  Software 

Component Clustering and Reuse 

Using K-means 

ACM 2015 + Use more than one distance measure, to 

explore consensus based technique, so as 

to cluster software components, instead of 

using only one measure to cluster the 

components. 

require to recover the 

architectural designs, 

cluster the program 

modules for software 

restructuring 

A multi-agent systems 

engineering for semantic search 

of reuse software components 

 

IJCSI 2014 + It empowers the semantic search and 

increases the recall and precision of a 

query. 

+ The components are categorized into 

various classes, programming language, 

Interfaces, services, etc 

tested on small-scale 

databases with promising 

results(repository) 
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