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Responding to the needs of a user, the selection of software 

components for building computer applications is a crucial step. In the 

matter, optimization tools exist to experiment the developed models. 

However, these tools are not suitable for the user and especially for a 

non-expert. In this article, we propose to build a software environment 

validating our optimization model. It is therefore an automatic aid 

simulator for the choice of software components of websites for the 

construction of modular systems. By using the method of analysis in 

particular the unified process of UML, at the end of our conceptual 

modeling, the diagrams of classes, sequences and activities are 

obtained. Moreover, a simulator architecture, an operation algorithm 

and an optimization algorithm capable of improving the choice in the 

selection of software components among the existing software libraries 

are built. Our simulator system environment is nearing completion. 
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…………………………………………………………………………………………………….... 

Introduction:- 
Since the breakthrough of information and communication technology (ICT), software development has 

strengthened its rise from small industries to larger ones. The uses of software and their demand for customization 

are clearly increasing. Trivially, the same applies to software development. This is why in such a context, anything 

that can be taken into account as increase in value is welcome in the development and use of the software. As such, 

software components have a place of choice for both expert and non-expert developers. For these use cases 

contributing to the development of the software, we are given to note a lack of sufficient description to be able to 

guide the developers on the choice of these components. For these use cases contributing to the development of the 

software, we are given to note a lack of sufficient description to be able to guide the developers on the choice of 

these software components on the one hand and on the other hand, a random selection of components software in 

software libraries.Consequently, it follows a degradation of the performances of the system with sometimes conflicts 

of execution of the software causing slowdowns, blockings and plantings involving problems of operation to 

computers. This is why we created a mathematical model focused on the qualitative description of software 

components [6].If the expert developer often manages to understand the mechanism of integration of software 

components more quickly, this is not at all the case for less or non-expert users.Moreover, if for the expert 

developers the saving of time constitutes an increase in value, the help of the non-experts in the qualitative choice 

does not remain about it less.Our research works come in reinforcement those carried out in the field of component-

based software engineering (CBSE) [1] [2] [3], also called Component-Based Software Development (CBSD) [4] 

[5]. They seek to optimize quality on the basis of several criteria specific to the needs of the user and the technical 
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characteristics of the software components to be selected. These criteria will constitute the backbone of the 

qualitative choice to be made. Our work in this paper focuses on the first part of the development of a software 

environment for an aid of automatic assistance in software component-based software construction. These are 

strictly speaking the research activities carried out with the object of the conceptual models and an architecture, all 

of which are based on the mathematical model of our previous work [6] [7]. 

 

More than one definition exists in the literature expressing the concept of software component. The one proposed in 

the works of [8] and taken up in those of [9] [10] begins by achieving consensus. It emerges that: “a component is a 

composition unit which specifies its interfaces by contractualization, and which explains its context dependencies. A 

software component can be deployed independently and is subject to composition by third entities”.  

 

This definition refers to the context of development, use and assembly of components, as addressed by our work. 

Four main sections structure the rest of the paper. The state of the art is the first section. The second is devoted to 

our general methodology. The third shows our results, in particular the conceptual models in UML, the architecture 

of our simulator system, the optimization and operating algorithms. The discussion completes this third section. In 

the last part, we have the conclusion and the perspectives. 

 

State of the art: - 

In the field of software engineering, the selection of components that meet customer needs is often problematic. This 

difficulty is justified by the diversity not only of component supplier sites but also of applications providing the 

same services. These applications are developed from existing software components by assembling, replacing or 

updating components in a well-structured software architecture. Another difficulty is that often linked to a suitable 

selective quality. Research works are being done to value to what extent these software components can be reused 

optimally. Very varied and different evaluation models and methods are then developed to improve and facilitate the 

selection process as shown in the work in [11] [12] [13] [14] [15]. This supposes the holding of important tasks 

before any selection. Thus, research work is empirically manner validated [16] [17] [18] [19]. On the other hand, in 

other works, authors have used specific tools to evaluate and process the optimization models they have developed 

[20] [21] [22]. Through their models, they have contributed enormously to the work of improving the selection of 

software components. In addition, others have developed software to validate their optimization models and 

illustrate its applicability [23][24][25][26][27]. In [25], it results the development of an optimization method to 

quantify the reusability of the software component according to quality criteria. This method is a combination of the 

Fuzzy Analytic Hierarchy Hybrid Process (FAHP). It makes it possible to evaluate the weights of the criteria then to 

classify the various alternatives on the one hand and on the other hand, to use aquality metric to evaluate the 

reusability of the software components facilitating their selections. A case study of this hybrid FAHP-Metrics 

approach is applied to e-commerce website payment gateway components to rank their reusability values. In 

addition, a web application has been developed automating the process of quantification and selection of relevant 

information. In [26], the research works are based on an optimization model called multi-objective and integrated 

optimization. It allows the development and maintenance of a modular system based on software components. It's 

about an optimization model for multi-objective problems. It takes into account the software maintenance and the 

decision of the choice of the module supplier or the component to be integrated in a software system. The problem is 

to know with who to buy the component or to build it internally or externally. Thiswork facilitates the evaluation 

and selection of software components in large software systems such as Enterprise Resources Planning (ERP). We 

have for example Odoo, Sage, Microsoft Dynamics, etc. For the validation of the optimization model proposed in 

their article, a test was carried out on an e-commerce software. In [27], an optimization model called the "credibilist" 

model with multiple objectives was developed. This model makes it possible to solve the problems of selection of 

commercial products subjected to many constraints. This approach is a “fuzzy” technique based on a genetic 

algorithm and the use of an exponential function. It allows to solve the selection of commercial products with 

uncertain multi-objectives to build a modular software system. Their work made it possible to build a software 

package for the applicability of the model. This software package is an enterprise resource planning software system 

for small and medium-sized businesses. In [28], the authors have shown the development of an integrated, nonlinear 

multi-objective optimization model. It is based on a data envelopment analysis that considers several criteria to 

assess the suitability of off-the-shelf components or in-house developed components. It helps to rank and select 

relevant software components by calculating their efficiency scores based on important attributes such as cost, 

reliability, execution time, delivery time, incompatibility and redundancy. Their objective is to minimize the total 

cost of the software system to be built. Smart TV software was built as a real case study to illustrate the applicability 

of their model. These works treat with the optimization of the selection of reusable software components. In spite of 



ISSN: 2320-5407                                                                           Int. J. Adv. Res. 11(02), 343-355 

345 

 

the existence of several optimization tools developed by commercial technologies such as Cplex studio, Lingo, chip 

v5 on the one hand or on open-source software sites like Comet, Gecode, Choco, etc, on the other hand, application 

development to validate models does not specifically address the selection of reusable components from software 

libraries. Moreover, these optimization tools have weaknesses and are therefore less suitable. Indeed, difficulties 

related to the modeling of constraints, programming, use, understanding of syntax and vocabulary for non-expert 

users are noted. In addition, the interfaces presented are not user-friendly and not ergonomic for these non-specialist 

users [29]. As regards the software, applications are built to solve problems in particular domains. Yet, research has 

shown that the proposed models and the developed applications work well under certain specific conditions. Studies 

have shown that when the assumptions and conditions vary in higher numbers, these proposed tools no longer 

provide the expected performance [30]. In the field of software component selection, simulators have not yet been 

developed to improve the selection process and to serve as an automatic assistance aid for non-specialist users. To 

solve the difficulties mentioned above, we started building a software environment to validate our research work. 

This software application will search for an ordered list of relevant software components based on given quality 

criteria. This involves developing a software environment that will serve as automatic assistance of decision-making 

that accomplishes the tasks listed below: 

- improve the process of selecting reusable components, 

- improve the selection of software components by weighting the characteristics according to the type of software to 

be built, 

- present a user-friendly interface for the non-expert user, 

- give an ordered list of relevant software components based on quality criteria; 

- validate our model. 

 

Methodology:- 
The search method used is the one that identifies reusable software components from markets and component sites 

(ComponentSource, WordPress and Zyro). ComponentSource is a marketplace of approximately 1861 proprietary 

and reusable software components. As for WordPress and Zyro, they allow you to quickly and efficiently create 

online websites with reusable components. However, these components do not have the same descriptions. In the 

description of software components, while componentSource adds the cost of the component, Wordpress presents 

the overall cost of the site after completion. Furthermore, version release dates and updates are not available on the 

Zyro site. Based on the work described in the chapter on the state of the artand our mathematical optimization 

model, the implementation of the targeted environment of simulator requires the creation of our conceptual models 

and an adequate architecture. The mathematical model explained in our previous works [6] [7], is considered as the 

general engine of this simulator. In a context of very varied and diversified representation of software components 

as noted, the description in a common format of these components is more than necessary. This brings to construct 

our class, sequence and activity diagrams according to the PU/UML unified process method. The architecture of the 

simulation system highlights its execution environment, and more precisely its internal interfaces on the one hand 

and on the other hand, the interactions between the user (eg the non-expert developer, or moderately expert, etc) and 

the whole system. This entire system of simulator comprises two internal modules: an evaluation system and a 

database, both communicating. 

 

Presentation of the optimization model: - 

In previousworks, wedefined an optimization model to determine the quality value of reusable components in a 

software library [6],[7] 

 

Presentation of the MathematicalOptimization Model 

This model allows to maximize the value of the component quality according to the quality characteristics, the 

financial cost and the adaptation time of the component [7]. 
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Where 

A: set of software quality characteristics; 

Sc: set of available components; 

qhi: the standard level of the quality attribute; 

h∈ A for component i; 

Ci: Standardized cost of maintenance of the component i 

Ci_rel: relative cost generated by component i;  

Cmax: maximum cost achieved by one of the selected components; 

ti: Standardized adaptation and maintenance time of  

the component i; 

ti_rel: Relative time, generated by component i;  

Tmax: is the maximum time achieved by one of the selected components;  

 : Coefficient of adaptation. 

We have the objective function from the following system of equation (1): 

 

 

  and  ∀ i ∈ Sc 
 

 

We have already carried out the experimentation of the model with the optimization tool ILOG Cplex Studio by 

defining the decision variables and the constraints. 

 

Constraints 

The constraints are as follows: 

 0 ≤ a ≤ 1  

ti ∈  tmin ; Tmax  ti =
tirel

Tmax
 and     0 ≤ ti ≤ 1       

Tmax = 15 jours = 1.296 ∗ 103 in second 

 Ci =
Cirel

Cmax
 et     0 ≤ Ci ≤ 1      

 

 

Qmax=5 

 

Decision variables 

Decision variables are defined as follows: 

   -  A Boolean variable ix  designating the selection of component i corresponding to 1 if the component is 

selected, otherwise 0, 

  - A real variable 
iC  designating the cost of the component i selected, 

 - A real variable 
it  designating the adaptation effort of the component i selected. 

 

Result and Discussion:- 
Following our previous work and reinforcing some of its parts, we propose an optimized software component 

selection process, based on the developed mathematical optimization model. This process is leaned on our simulator. 

In terms of results, we have in this article an architecture of this simulator system supported by an algorithm of its 

operation. Also, we have produced diagrams (eg of activities, sequences and classes) according to the 

UP/UML(Unified Process/Unified Modeling Language) formalism, highlighting the central role of the expert and 

non-expert user. By order of interest and in order to promote the development of software applications through 

assistance, we favor the non-expert user before the expert. 

 

 

(2) 

1hh A
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Results:- 
In consideration of the weaknesses noted above using the optimization tools, we opted for the development of a 

simulator capable of evaluating the quality of the components and improving their selections. It is good to note the 

character of standardization concerning the descriptive presentation of the characteristics of these components 

towards which our work will have to lead us. As previously noted, the results are presented progressively in what 

follows. 

 

Database 
We constructed the class diagram below on fig 1 

Fig 1:- Class diagram obtained from componentSource and WordPress objects. 

 

Proposal of software component selection process 

The component selection process describes the different phases carried out for the evaluation of the characteristics 

and the selection of an ordered list of relevant software components on the basis of quality criteria. It is represented 

by the activity diagram below see fig2.  
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Fig 2:- Software component selection process. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

This diagram is divided into 2 main parts, one of which is semi-manual and the other automatic: 

1. The first part, semi-manual describes the quality needs expressed by the user for the construction of his software 

on the one hand and on the other hand, because of his interaction of communication with the interface of the 

application in the future. 

2. The second part, automatic, takes into account the developed optimization model and the Analytical Hierarchy 

Process (AHP) method. It allows to calculate the scores and takes care of the scheduling of the score list 

according to the software components by relevance. A database is used for storing data relating to the software 

components. It is of paramount importance to our entire software system. This module is a simulator, an 

automatic assistance tool for the selection of components while interacting with the database. For the calculation 

of the scores, this database provides the general engine of the software system with the values of parameters 

such as the financial cost and the maintenance effort of the software components. 

 

Functional architecture of the simulator 

In this section, we describe the architecture of our simulator, followed by its functioning. 
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Simulator architecture 

The basic architecture recommended here observes that of three-tier applications. Thus, we have defined a database 

server, a web server or http (HyperTextTransfert Protocol) and a presentation server. These three servers are in 

perfect projection in the functional architecture presented in figure fig 3. Still via this figure, three modules make up 

the functional architecture of our simulator system. These are the Human-Machine Interface (HMI), the quality-of-

service evaluation module called MEQoS and the database. Let's do a horizontal reading of this figure fig3, starting 

from the users towards the database. Represented by the red colored frame, this first module made up of the HMI 

makes it possible to recover on the client station, the requests and needs specified by the user. The second module is 

the MEQoS framed in green color. This part designates the web server and the application or presentation server. It 

includes the driving elements, the programs developed in relation to our mathematical optimization model. Part of 

MEQoS serves as the core engine for our entire Evaluation system. This part is simply called ESE, which stands for 

Evaluation System Engine. Focused on the scores, this engine is more general, using the mathematical model [6] [7]. 

The ESE takes into account the AHP method. It makes it possible to determine the weights of the quality 

characteristics of the components on the one hand and on the other hand, and to calculate the scores in [6]. Clearly, 

the objective function of the mathematical model of equation (2) made it possible to calculate the scores of the 

software components of the database according to the indicators of quality, cost and adaptation effort on the one 

hand and on the other hand, to give a list in order of relevance of the candidate components for the selection. The 

database management system is the third functional module. It allows the manipulation of our database on 

components. To be fed, this future database will be associated with a tool for extracting information from websites 

from their URLs. 

The general functional architecture of the simulator is presented in figure fig 3. 

Fig 3: -Synoptic and architectural view of the software simulator. 
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Fig4:- Pseudo code of SearchCompo algorithm. 

 

Functioning of the selection assistance tool 

This section presents the algorithm named RearchCompo via figure fig 4 to lean to the functioning of our automatic 

assistance tool under construction. 

 

Presentation of the algorithm and operation 

Presentation of the algorithm 

The SearchCompo algorithm aims at selecting among a set of available components (Cd), the relevant component in 

an ordered list named ListComp[ ] of software components. 

 

SearchCompo algorithm 
Input: Pair-to-pair comparison matrix (M[ ] [ ]) 

Output: Ordered list of relevant components from the database ListComp[ ]) 

    Begin 

     While (needs and requirements expressed in Cd) do 

           For i from 1 to NbreComponent do 

For j from 1 to NberCharacteristics do 

                 Fill in the comparison matrix (M[i] [j])) 

                 Calculate the consistency ratio (Rc) 

   If (Rc ≤ 10%) then 

     Determine the weight of each feature W[j] 

               End if 

            else 

             Resume comparison matrix (M[i] [j]) 

Endfor 

Calculate the score of each component in Cd 

Fill the list of components (ListeComp[i]) 

Endfor 

         Give the ordered list of relevant components (ListComp[ ]) 

EndWhile 

End 

 

Algorithm and funtioning 

The algorithm takes as input the pair-to-pair comparison matrix (M[i] [j]) defined by the user after the specification 

of the type of software system to be built and the choice of the characteristics in the set of characteristics Ch to be 

taken into account. The AHP method evaluates the consistency of the judgment of the defined matrix. In accordance 

with this method, if the judgment ratio called Rc is less than or equal to 10%, the defined matrix is acceptable and 

the process of calculating the weights of the different characteristics continues by calculating the weight W[j] of 

each characteristic. If the ratio Rc is strictly greater than 10%, the pair-to-pair comparison matrix (M[i][j]) is 

redefined. After determining the weights, the MSE calculates the scores of the available components in the set of 

available components Cd in the database. Information about the available components is extracted from the software 

library to fill the database using an extraction tool. The ESE system sorts and orders the calculated scores. The 
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database is responsible for classifying by order of relevance the software components linked to the calculated scores. 

The algorithm displays the list of components in the list named ListComp[ ]. 

 

Functioning of simulator 

The architecture of the simulator will be developed based on the Model-View-Controller (MVC). The design pattern 

goal of MVC is the flexible separation of data, views, and actions. Therefore, in our project, this structure can be 

used as part of our simulator. The model manages the data. Its role is to retrieve information from the database, 

organize it and assemble it so that it can then be processed by the controller. This Controller manages the logic of 

the code that makes the decisions. It returns those decisions to the view for display. In thirteen (13) steps, we 

describe the operation of our simulator in the following. Each of the 13 steps is in correspondence with the 

execution flow of figure fig3 with the same numbering. 

Step 1: The user expresses his functional and quality needs according to the type of software to be built for the 

definition of the judgment matrix. 

Step 2: The user opens the home page. It makes a form request to the system from the browser for the construction 

of the pair-to-pair matrix. 

Step 3: The request to the system being made, the web server will generate a form from the user interface. As a 

reminder, our simulator is composed of a web server, a database server and an application server under a given 

operating system. The web server, representing the interface between the client station and the application server, 

receives the requests and files sent via the browser. It searches for the requested page and sends it back to the 

browser. This part is the module represented in green color on figure fig 3. Then we have the third part which is the 

database server 

Step4: The system returns the software component quality characteristics pair-to-pair comparison matrix form to the 

user. This matrix makes it possible to determine the weights of the characteristics with the method of the 

hierarchical analysis process (AHP) developed by Saaty in 1980 [31]. For the pair-by-pair weighting of the 

alternative criteria, we used the scales of values defined by Saaty (1977) in [32] and by Saaty (1980) in [33], [34]. 

These have been supplemented and improved in [35]. These scales are used to assign numerical scores to the 

characteristics of software components in the 9-point binary comparison matrix based on their importance and user-

defined preference. This makes it possible to clearly express the needs of the user and to center the selection on the 

latter. We obtain a new complete scale of values that we use in the rest of our work. After the construction of the 

pair-to-pair comparison matrix, the mathematical models and the AHP method are used to calculate the maximum 

eigenvalue λmax of the judgment matrix, the consistency index  max

1

n
IC

n

 



where n is the number of 

comparisons, the ratio of the judgment , 0,1
IC

Rc with Rc
RI

   and determination of the weights of the quality 

characteristics of the software components by the system. 

If 0,1Rc  then the matrix is to be reconstructed. The form is returned to the Quality of Service Evaluation Module 

(MEQoS). This module designates the application server. It includes applications developed in java and python for 

project management and the Evaluation System Engine. 

Step 5: The MEQoS module receives feature data through the web server API and then passes it to the ESE module. 

This ESE is based on the AHP method and the mathematical optimization model with equation (2)for the purpose of 

the determination of the weights of the characteristics of the software components. 

Step 6: The ESE module receives the elements of the matrix provided by the web server API. It thereafter 

determines the weight of each of the characteristics due to their quality. 

Step 7: The weights of the characteristics being determined; they are retrieved by the mathematical optimization 

model part of the ESE module. This part calculates the quality score of each of the candidate components to be 

selected in interaction with the database. The component score values will be stored in a called list 
iS and will be 

associated with the different software components in the database. 

Step 8: The simulator engine interacts with the database server to retrieve the costs and values of the maintenance 

efforts of the software components stored in it. 

 

Step 9: The database server sends back to the ESE module the data requested in the part of the mathematical model. 

Scores are calculated taking into account all quality indicators. These are the rating hiq  , the characteristic h of 

componenti, the cost 
iC  of component i and the adaptation effort it  of component i. 
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Step 10: The scores calculated by the ESE module containing the mathematical optimization model are ordered and 

associated with the software components of the database via a connection. So, the user can make the component 

selection request according to the given quality criteria. The system provides it with a list named ListComp[ ] of 

relevant software components. These components are associated with the various calculated scores
iS . 

Step 11: The ordered list of software components by relevance is passed from the application server to the web 

server along with the data to be displayed. 

Step 12: The web server transmits the received data to the client (user) browser. Thus, from the workstation, the 

user can retrieve the records in the form of a Tableview in a selectable and displayable list. 

Step 13: The user selects the relevant and best suited software component for his software system to be built from 

his client station. 

The functioning of the simulator is summarized by the sequence diagram fig 4 below. 

Fig 5:- Functioning of the software simulator. 

 

We will then present the impact of our simulator on the development of component-based software applications and 

in society. 

 

Interest of the software environment and discussion 

This software environment tool ultimately makes it possible to virtually reproduce the selection process and 

compare different alternatives after calculating their score. It also makes it possible to study the factors that impact 

the quality of the components to be selected. Therefore, the available components will be listed in order of 

preference. This software will then be used to facilitate and improve the decision-making of developers, companies 

and non-expert customers in the realization of their projects with quality components. Indeed, it will present two (2) 

user interfaces. The first is an interface for the administrator who is responsible for updating new versions and 

deleting obsolete versions. The second is the interface for the non-expert user who can consult and select 

components according to the expression of his needs. The different users will be able to choose free components 

and/or proprietary components. 
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Our application in the long term will be able to answer the question relating to the preferential components, and the 

types of components easier to lay out more than others. Moreover, we are reassured that the modular structural base 

of our solution allows its easy extension. Thus, following a test bench over time in the medium and long term (5 

years) to our application, as soon as it is completed, we expect to receive feedback of users. This could allow to 

extend following an investigation, the typologies of use. The field of use could be extended to manufacturers of 

recognized software with a high reputation in the development of various components. For now, in order of interest 

and in order to promote the development of software applications by assistance, our focus is on the non-expert user 

before the expert. The graphic assistance chosen for non-experts will undoubtedly have to experience improvements 

beyond what we have currently stopped, and this above all due to technological progress. 

 

Conclusion And Perspectives:- 
Selecting relevant software components that meet the needs of the user is an important task. These components are 

notoriously diverse, often providing the same services. The choice, especially when it is made randomly or on 

successive trials, then becomes very complex for the user. In this article, we have designed a software environment 

validating the optimization model taking into account the quality indicators related to financial cost factors, 

maintenance effort and component characteristics. Among other results, we have the architecture of our simulator 

described, the class diagram in the constitution of our database of criteria and indicators targeting the quality of 

choice, the digrams of activities, sequence and our algorithm of operation in formal algorithm description language 

(LDFA). The extensibility of our system to be built is based on that of the Java language (Java Fx with the scene 

Builder graphical tool). The technical choice made on the MySQL DBMS partly consecrates the free nature of our 

tool. An Apache web server will be used. The objective of our application, in the long term, will be to evaluate the 

components of the database on the one hand and on the other hand, to facilitate the search for an ordered list of 

relevant software components according to given quality criteria by the user. Our application system will have a 

user-friendly and ergonomic human-machine interface environment framework whose development is focused on 

the model-view-controller architecture. As such, a reinforcement in aid is provided for users (single user, 

programmers and companies) via a library of free, reliable and downloadable software components. Our simulator 

system environment is under construction and almost completed for final validation. 
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