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Abstract  

Performing a correct architectural design is essential to satisfy the quality requirements of a software. In this 

phase, the high-level components that will compose the system, as well as their relationships, are defined. 

Since the architects must struggle with complex and challenging tasks in this phase, providing them with 

advanced and helpful tools and methods is suitable. For example, MDD-based approaches are a valuable 

means to deal with the complexity during the software development process, particularly during the 

architectural design stage. However, despite the notable benefits of this type of approaches, the architects are 

often sceptical about adopting new technologies. Hence, before formally adopting new methods or tools, it is 

suitable to consider the opinion of those using them. In that sense, this paper aims to describe the results of an 

assessment of an MDA-based approach to support the architectural design. This assessment was carried out 

applying the Iadov neutrosophic technique. This technique has been extensively applied in a wide variety of 

domains to analyze the satisfaction level of potential users of different proposals. The results indicate a high 

satisfaction level of potential users of the assessed approach. 

Keywords: Model Driven Architecture (MDA); Iadov neutrosophic technique; architectural design; user 

satisfaction assessment. 

1. Introduction 

The complexity of the software development process can be analyzed in terms of essential complexity and 

arbitrary complexity. The first type of complexity is inherent to the domain (i.e. enterprise management 

processes, health management processes, etc.). Hence, this complexity is inevitable and cannot be reduced since 

it does not depend on the software development process (Selic, 2008). Differently to the essential complexity, 

the arbitrary complexity is related to the internal software development process. This complexity is impacted by 

the technologies and methods adopted in a software development project as well as by the knowledge of 

software developers. Therefore, using appropriate technologies and methods is crucial to reduce this 

complexity. For instance, the complexity of the coding stage will be reduced if a tool that automatically 

generates a portion of the source code is used. As a result, the productivity of the software developers will 

increase. On the other hand, using a technique with a high learning curve could make the process less 

productive. In general, a high essential complexity increases the requirement to lessen the arbitrary complexity. 

The high-level abstraction components to meet the needs of clients are identified during the architecture design 

process [1]. Therefore, decisions taken during this stage have a significant impact on the later development 

stages. Developing systems with a high essential complexity demands adopting technologies and techniques 

that help to reduce arbitrary complexity. As a result, architects will be more productive, and consequently less 

time will be required to complete this phase. 

The fact that this phase is usually carried out intuitively, depending on the creativity and knowledge of 

architects affects negatively the success of this phase [1].. These issues lead to frequent redesigns to fix those 
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errors generated in the design phase but detected in subsequent phases. The redesign increases software 

development time, affects software quality, and increases project costs. Fixing post-implementation errors cost 

100 times more than those detected at the design stage [2-4]. 

Since that business process models are a primary artifact for the architecture design, the incorrect business 

process modeling is another factor that affects negatively this phase. Hence, it is desirable to carry out a correct 

validation of business process models to prevent the propagation of their errors to later phases. 

On the other hand, Model Driven Development (MDD) is a paradigm for the software development. MDD aims 

to reduce the arbitrary complexity of the software development process by increasing the abstraction level, 

exploiting the automation and encouraging the standardization. Model Driven Architecture (MDA) is the most 

popular MDD-based method. MDA organizes the software development into three abstraction levels: Computer 

Independent Models (CIMs), Platform Independent Models (PIMs), and Platform Specific Models (PSMs). 

Motivated by the notable benefits of MDA, we developed an MDA-based approach for supporting the 

architectural design stage. To validate the impact of our approach to improve the architecture design of 

enterprise management systems, an experiment was conducted. In a previous work the main results of this 

experiment were analyzed [5]. In spite of this experiment provided quantitative evidence that indicate the 

advantages of this approach, it is necessary to know the opinion of its potential users. Knowing the opinion of 

potential users is relevant to assess an approach and a means to obtain feedback before to adopt it in a real 

environment. Recently the Iadov technique has been applied to assessing different approaches in a wide variety 

of domains [6-10]. Considering the benefits of this technique, we have used it to assess our approach. 

The rest of the paper is structured as follows. Next section presents the methods adopted in this research. Then, 

the main components of our approach are introduced. In the Result section the results of applying the Iadov 

technique are analyzed. Finally, conclusions and future work are presented. 

2. Materials and Methods 

2.1. Iadov Neutrosophic Technique 

In this section some of the main concepts of the Iadov technique are presented. This technique was originally 

created to study a specific social phenomenon by using a survey with three closed questions. The “Iadov logical 

table” is used to processing the answers and calculating the satisfaction level. An important rule of this 

technique, it is that the participants are not aware that the three questions are related. In addition to the closed 

questions, some open questions are included in the survey. These open questions enable the analysis of 

indetermination (not defined) (I). A process of de-neutrosophication is followed to analyzing these open 

questions. In this case, I [-1,1]. 

As it has been described in plenty of works [10-12], the neutrosophic IADOV technique uses single value 

neutrosophic sets (SVNS) related to linguistic variables enabling to increase the interpretability in the 

recommendation models and the use of indeterminacy. The definition of a SVNS is as follows: 

Let   be a universe of discourse. An SVNS A over   is an object of the form. 

 

    *,    ( )   ( )    ( )-      +     *,    ( )   ( )   ( )-      +               ( )  

Where: 

  ( )      ,   -   ( )      ,   -     ( )      ,   - 
With 

      ( )   ( )   ( )             

 

In this case, a Single Value Neutrosophic Number (SVNS) will be expressed as 

   (     )               ,   -                                 
 

To find an SVNS which defines several sets at the same time, aggregation operators are used. For example, the 

neutrosophic weighted average (WA). WA is defined as follows [10, 13]: 

Let the Neutrosophic Weighted Average Operator (WA) be calculated: *           +         ( ), 
𝑤ℎ𝑒 𝑒      (        )(            ), 

 𝑊𝐴 (𝐴1,2, … , 𝐴𝑛) = ∑𝑛 𝑖=1[𝑤𝑗 , 𝐴𝑖]       (2)  

Where: 

𝑊𝐴 (𝑤   𝑤     𝑤𝑛)     𝑛 𝑖   ,𝑤𝑗  𝐴𝑖- 𝑖   ℎ𝑒  𝑒     𝐴𝑗 (𝑗          𝑛)    ℎ  ℎ   𝑤𝑛 
  ,   -     𝑤𝑗     

 

To obtain a single value of this set, a de-neutrosophication process is carried out by applying a scoring function. 
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Different functions have been used to analyze the results [8-10]. We have used the same function of punctuation 

applied by Castillo et al [14]. 

 (𝐴)                                      ( ) 
A linguistic variable will be related to SVNS to calculate the individual satisfaction [10]. In this case, the scales 

that Table 1 depicts were defined to calculate the scores by using (3). 

Table 1: Individual scale satisfaction with SVN values. 

Linguistic expression SVN Scoring 

Clearly pleased (1, 0, 0) 1 

More pleased than unpleased (1, 0.25, 0.25) 0.5 

Not defined I 0 

More unpleased than pleased (0.25, 0.25, 1) -0.5 

Clearly unpleased (0,0,1) -1 

Contradictory (1,0,1) 0 

 

A specific process is carried if the result indicates indeterminacy (not defined) (I). 

 (,     -)  
       

 
                      ( ) 

The Global Satisfaction Index (GSI) is calculated by using the operator aggregation WA and considering 

the scoring values. It was considered that the weight of all participants is the same, thus    
 

 
. In section 3, the 

results of applying these concepts are presented. 

2.2. An approach based on MDA and ontologies to support the architecture design 

In this section, we briefly introduce our proposal to support the architecture design. In previous works we have 

provided a detailed description of this approach [15, 16]. Since this approach is based on MDD and ontologies, 

we describe briefly the main concepts related to these two technologies below. 

MDA is a methodology promoted by the Object Management Group (OMG). MDA encourages models as the 

main artifacts for understanding, designing, developing, implementing, and maintaining systems (OMG, 2003). 

MDA aims to develop systems with high flexibility in implementation, integration, maintaining, and testing. 

Portability, reusability and interoperability are the three main MDA principles. Three types of models are 

defined in MDA: Computer Independent Models (CIMs), Independent Platform Models (PIMs) and Platform 

Specific Models (PSMs). 

A CIM is a view of the business, regardless of system specifications. Bridging the gap between business experts 

and software developers is the main goal of this type of model. A PIM is a system view that does not include 

platform specifications. This type of model contributes to separating the logical design concerns from the 

platform-specific concerns. Whereas, a PSM is a view of the system that includes the details of a specific 

platform. 

Model transformations is the other key component of MDA. A model transformation consists of generating a 

new model from others of the same system. Achieving the automatic model transformation is the aim of the 

scientific community to increase the productivity in the software development process and enhance the software 

quality. Several studies have demonstrated the positive impact of MDA-based approaches to improve the 

productivity of the software development process and the quality of the resulting software [17-19]. 

On the other hand, an ontology is a formal and explicit description of a discourse domain concepts (classes), the 

properties of each concept, attributes, and restrictions [20]. The ontologies have been extensively exploited to 

represent and analyze knowledge in several domains [16, 21-27]. The application of ontologies in the MDA 

context may enable the models consistency checking and validation. We found several MDA-based works 

which include models to represent and validate processes through formal models [18, 28-31]. 

To create our ontologies we used OWL [32]. OWL includes a set of operators to represent different types of 

relations, such as intersection, union, and negation. Since OWL is based on description logic, it is possible to 

employ reasoners to automatically check the models consistency. In addition, the tool Protégé supports the 

management of ontologies in OWL. Whilst the methodology of Noy and McGuinness [20] was adopted to 

develop our ontology. This methodology has been extensively adopted to guide the development of ontologies 

[33]. 

Once introduced briefly the two main underpin technologies of our approach, the main components of the 

approach are presented below. Fig. 1 depicts a general view of the proposal. In Fig. 1, the rectangles represent 

the types of models, and the arrows represents the transformations. Three CIMs and two PIMS are included in 

https://doi.org/10.54216/IJNS.190207
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the proposal. In addition, four models transformations are included as well. Previous works have described the 

aim of each model. 

 

 

Figure 1: General graphical representation of the proposal: Models and transformations. 

 

2.2.1. Computer Independent Models 

BPD: This model allows creating business processes descriptions so that it can be easily understood by both 

business specialists and software developers. However, some particular domain concepts cannot be represented 

in this model. Therefore, the following CIM was included in this level. 

BPD+: It is an intermediate model to extend the BPD with the particular-domain information that the BPD 

could not represent. 

Ontological model: This ontology includes classes, properties, and restrictions to represent a business process. 

Some classes are related to BPMN concepts, such as Activity, Processs, FlowElement, Event, Gateway, and 

Object. The ontology also includes object properties to relate individuals. 

2.2.2. Platform Independent Models 

At this level, a high-level architecture view is provided. This view includes the components and their 

relationships. This representation aims to show how the system components are coordinated to meet the 

business needs. The most significant concepts are Component, Service, and Functionality. 

Ontological component model: The ontology includes classes and properties to represent the system 

architecture. Some relevant classes are Component, Service, and Functionality. A set of object properties were 

defined to relate the model concepts. For example, it was stated that a Service is provided by a Component and 

a Component implements some Functionalities. Furthermore, some classes to classify the components were 

included, for example, BusinessComponent, DomainComponent, and TechnologyComponent. 

UML component model: Representing the component model by means of an ontology provides the benefits 

that were mentioned above. However, this type of model is not easy to understand for those who are non-experts 

with these technologies. Hence, it is suitable to include a model that is easy to understand by software 

developers. In that sense, the UML component model has been adopted. This is a well-known model and it is 

interpreted by a wide variety of modeling tools. As Fig. 1 shows, the PIM level is composed of an ontological 

model and an UML component model. 

2.4.2. Tool to support for model transformation 

The tool that we developed to support the approach is described below. The main functionalities of this tool are 

depicted in Fig. 1. This tool was created as a Protégé plugin to automate the three transformations that the 

approach includes. These transformations are: 

1. BPD -> BPD+: In this step, the BPD is extended with specific domain information. 

https://doi.org/10.54216/IJNS.190207
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2. BPD+ -> Ontological business process model: With this transformation, an ontological representation of the 

processes is generated from the BPD. A set of transformation rules were defined to generate this model. 

3. Ontological business process model -> Ontological component model: This is a CIM to PIM transformation. 

In this case, a component model is generated from the business process model. Both models are represented by 

means of ontologies. 

4. Ontological component model -> UML component model: A UML component model is generated from the 

ontological component model in this transformation. 

 

 
Figure 2: Main functionalities of the plugin. 

3. Results 

This section describes the results of applying the Iadov technique for assessing our approach. In this study 

participated 12 software specialists which have at least five years of experience working in different software 

development projects. We carried out a survey by using three questions. Table 2 shows the Iadov logical table 

where two closed questions are included as well as an open question. 

 

 

Table 2: Iadov logical table. 

 

Do you consider that, to carry out the architectonic design, it is not 

necessary to use an approach that takes into account the business 

processes and provides automated support to generate and validate the 

system architecture models? 

No I don't know Yes 

Are you satisfied with the conception 

of this approach to support the 

architectonic design? 

Would you use this approach to carry out the architectonic design of a 

system? 

Yes 
I don't 

know 
No Yes 

I don't 

know 
No Yes 

I don't 

know 
No 

Very satisfied 1  2 6 2 2 6 6 6 6 

Partially satisfied 2 2 3 2 3 3 6 3 6 

I don´t care 3 3 3 3 3 3 3 3 3 

More unsatisfied than satisfied 6 3 6 3 4 4 3 4 4 

Not at all satisfied 6 6 6 6 4 4 6 4 5 

I don't know what to say 2 3 6 3 3 3 6 3 4 

 

Table 3: Summarized results. 

Expression Total Percent 

Very satisfied 9 75 % 

Partially satisfied 2 17 % 

Not defined 1 8 % 

More dissatisfied than 

satisfied 
0 0 % 

Clearly dissatisfied 0 0 % 

Contradictory 0 0 % 
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Based on the results presented in table 3, the Group Satisfaction Index (GSI) was calculated. In our case, we 

obtained GSI =0.83. According to the scale depicted in Fig. 3, this GSI indicates that the participants are 

satisfied with the approach. 

 

 
Figure 3: Scale to determine the level of satisfaction according to the Group Satisfaction Index (GSI) 

In addition to the closed question, the Iadov technique includes open questions. In this particular case, we asked 

the following questions: 

 What are the negative elements of this approach? 

 What do you recommend to improve this approach? 

With the answer to these questions, we obtained interesting recommendations to improve our approach. Since 

the participants are expert in the architectonic design, their recommendations are a valuable insight to enhance 

the specifications of the proposal. 

5. Conclusions 

In this paper we have presented the results of assessing an approach to support the architectonic design of a 

software. The assessment was carried out by applying the Iadov neutrosophic technique. This technique enabled 

knowing the opinion of potential users regarding the approach. The value of the Group Satisfaction Index 

indicated that the participants are satisfied with the approach. In addition, the application of this technique 

contributes to have feedback from potential users. This is an important insight to the success implementation of 

a technology because the opinion of the users is crucial. In addition, the open questions that the technique 

includes helped to identify improvements of the approach. Since that some participants have wide experience in 

the software design, their recommendations are a valuable help to enhance our approach. The results 

documented in this paper complement the empirical evaluation that was carried out previously. Both 

evaluations provide evidences that prove the potentialities of this approach.  
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