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Abstract: The article is devoted to the construction and formalization of the 

model of requirement maturity based on Requirements Maturity Model (RMM). 

The RMM model has been modified by implementing the recommendations of 

the ISO/IEC 25010 standard, which allows to reduce the threshold of transition 

of companies from a lower level of maturity to a higher level at the stage of 

requirements development and analysis, as well as to ensure efficiency of 

requirements management process. Formalized representation of the modified 

model of maturity in the form of terms of set theory allows to automate the 

processes of communication of quality requirements at the stages of software 

development, and the means of automating the collection of requirements - to 

increase the criterion of completeness of requirements.  
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Introduction 

Modern software engineering technologies make it possible to implement 

systems with a high degree of functional integration, ease of use by end users, 

performance and reliability. Ensuring such properties of the software requires 

the introduction of both formal methods of displaying the objects of the subject 

environment, and technological and instrumental means of supporting life cycle 

processes. The final quality of the developed software product directly depends 

on the maturity of the software engineering processes used by a particular 

developer. Therefore, determining the level of maturity of processes and 
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product at the stages of the life cycle is an important and urgent task in the field 

of software engineering. Solving this problem involves substantiation or 

construction of models of maturity, in particular at the stage of definition and 

analysis of requirements, formalization of criteria for quality management and 

monitoring at the stages of the life cycle, creating procedures for their 

implementation in real projects. 

Analysis of the current state of research 

The maturity of software engineering processes is directly or indirectly studied 

by the scientific community of Ukraine [1-4] and foreign scientists [5-8]. As a 

result of such studies, models CMM [9], RMM [10], SMMM [11] and a number of 

others have been built, which determine the appropriate levels of process 

excellence and completeness of software development stages. These models 

allow to describe and evaluate a set of measures and resources of each stage 

of software implementation, to determine the level of maturity of the processes 

of a particular developer, which can be used by customers as a basis for 

decision-making when choosing a company. 

One of the approaches that allows to significantly improve both the quality of 

software development processes and the quality of the final product is the 

implementation of the recommendations of the standards at the stages of the 

life cycle. In this context, it is advisable to apply the standards of the ISO / IEC 

25000 series (ISO / IEC 25010, ISO / IEC 25030, etc.), but their effective 

implementation is hampered by factors such as imperfect formalized 

presentation of processes and quality assurance criteria, lack of strictly defined 

and standardized management procedures , monitoring and tracing 

requirements at the stages of the life cycle. As a result, it is almost impossible to 

achieve high maturity of process implementation and maturity of the software 

product itself. This study proposes the formalization of the requirements 

maturity model [10] with the integration of quality models of the standard [12], 

as well as a software module to collect software needs, which together will 

reduce the entry threshold for the development team and increase process 

maturity and performance at the analysis stage requirements. 
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Construction and formalization of the model of maturity of software 

requirements  

The requirements maturity model (RMM) is given in [10] and consists of six 

levels, the structure and description of which are shown in Fig. 1. 

 

 

 

Fig.1. Requirements Maturity Model (RMM) 

 

The software quality management process based on the RMM maturity model 

will allow developers to improve their process to meet the requirements step by 

step. At the same time, the improvement of the quality management process of 

requirements occurs at each subsequent step. In accordance with the concept 
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of continuous quality improvement, presented in Fig. 1, after the transition to the 

next stage, developers must put into practice all relevant to the process of 

action. 

Having conducted a detailed description of each level of the maturity model 

(Requirements Maturity Model) and the corresponding processes, we formalize 

the presentation of the maturity model of software requirements in the 

implementation of software in terms of set theory. In the general case, the 

model of maturity can be represented as: 

 

                              (1) 

 

where L is a level of  the requirements model maturity,  

N is a number of levels of the maturity model. 

According to the reasonable model, the number of maturity levels is 6. 

L0 is a zero level of requirements maturity, which implies their absence in 

terms of chaos and the presence of only part of the customer's needs. There 

are no software requirements at this level. 

To meet the needs of the customer or users of the computer system at this 

level, it is proposed to automate the collection process by connecting data 

sources such as Skype, E-mail, and other documents that describe the need to 

implement software. This will allow storing in a single database information 

about the needs of users in the software and thus allow you to quickly move to 

the second level of the model of maturity requirements. 

Formally, the first level of the model of maturity of requirements can be 

represented as: 
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                               (2) 

 

where Doc is a set of documents describing the software requirements, 

ExpMark is the expert scores of documents,  

T is a number of documents describing the requirements at the first level of the 

maturity model. 

Software needs, in general and according to [13], can be represented as: 

 

                           (2) 

 

where    are user needs; 

    are constraints of needs; 

I is a number of customer needs; 

  is a number of constraints of needs. 

The second level of the software requirements maturity model of computer 

systems is focused on refining software requirements by applying different 

methods and creating an appropriate database of requirements. It can be 

formally represented as follows: 

 

      
                                    

(3) 
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where   
  are customer requirements for software, i=1..B, B is a number of 

requirements at the second level of the maturity model; 

        are methods of clarification of requirements (brainstorming, 

questionnaires, clarifications, collective inspection, etc.), j=1..S, S is a number 

of methods for clarifying the requirements; 

         are classes to which the requirements belong Ri, k=1..K, K is a 

number of classes of software requirements; 

       are versions of the software requirements to control changes to it, 

m=1..M, M is a number of versions of the requirement. 

To classify the requirements, it is proposed to use two classes: functional and 

non-functional requirements:  

 

                      (3) 

where Func is a class of functional requirements that can be represented in 

the form of templates; 

NonFunc is a class of non-functional software requirements at the second 

level of the maturity model. 

The third level of the model of maturity of software requirements can be 

represented as a set, the elements of which are: 

 attributes of requirements; 

 requirements templates; 

 requirements models; 

 checklists; 

 recommendations. 
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Formally, the third level of the maturity model can be represented as follows: 

 

      
                                                     (4) 

 

where   
    are customer requirements in the form of a quality model in use, 

i=1..G, G is a number of quality requirements in use; 

          are patterns for describing the software requirements for computer 

systems, j=1..Q, Q is a number of patterns; 

         are models for requirements describing, k=1..P, P is a number of 

requirements models; 

        are checklists to check the requirements, m=1..M, M is a number of 

checklists; 

        are recommendations for improving the requirements, h is a 

number of recommendations. 

Requirements model 
useR  of the business system user is proposed in [13]. It 

looks like: 

 

        
     

     
     

       
          (5) 

 

Representation of quality requirements in use in the form of model (5) 

ensures their formalization in standardized, unified terms. This, in turn, allows to 

adequately and fully reflect the needs of business system users, to avoid vague 
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interpretations and "substitution of concepts", as well as greatly simplify the 

development of automation tools focused on supporting the technological 

processes of the early stages of LF. Based on the model (5), it is convenient to 

present the user requirements for the aircraft and then effectively manage the 

quality requirements, to ensure their variability, because they are structured. 

At the fourth level of the maturity model, hierarchies of requirements are built, 

dependencies are established between them, standard solutions are 

determined, and so on. 

For the formal presentation of the fourth level of the maturity model, it is 

proposed to use the external quality model of the ISO / IEC 9126 standard. 

Formally, the fourth level of the maturity model of requirements is presented 

as follows 

 

      
                      (6) 

 

  
    are requirements in the form of a model of external quality in [13] are 

presented as follows: 

 

        
    

     
     

     
               

  (7) 

 

Formalized presentation of external quality requirements allows to 

unambiguously and fully reflect the quality requirements in use, which meet the 

needs of the user and the customer of the aircraft. In addition, the formalization 

of requirements at the stage of their development ensures the accuracy and 
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simplicity of further development of the project, in particular, it concerns the 

selection and construction of the future architecture of the aircraft. Therefore, 

the implementation of the proposed formalization of the model of external 

quality of the aircraft is quite relevant because it simplifies and automates this 

process, as well as scientifically justify the feasibility and practicality of the 

application of standards [13]. 

The fifth level of the requirements maturity model is characterized by the 

processes of tracing requirements for design and testing components, 

prioritizing requirements, quantifying labor cost requirements, and implementing 

requirements management tools and integrating with computer systems 

software development tools. Formally, the fifth level of the maturity model can 

be represented: 

 

      
                         (8) 

 

Internal quality requirements 
in

i
R  are used to determine the properties of 

intermediate states of the product. You can use static and dynamic models, 

technical documentation and code. Internal quality requirements can be used to 

determine the strategy for further development and can serve as criteria for 

evaluating and verifying the development process. 

Formalized presentation of internal quality requirements 
inR  according to 

[13] has the form: 

 

       
    

     
 
    

 
    

 
              

 
 (9) 
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Graphically, the model of maturity of requirements with the appropriate levels 

and processes is shown in Fig. 2.  

Thus, a model of software requirements maturity is formalized, which will 

allow more effective implementation of requirements management and ensure 

their quality at a low entry threshold for the development team and the 

organization as a whole  

 

 

 

Fig. 2. RMM maturity model with implemented quality models of ISO / IEC 

25010 standard 
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Automation of the process of requirements gathering at the second level 

of the maturity model  

The most time-consuming process at the stage of determining and analyzing 

the requirements is their collection and structuring, which corresponds to the 

second level of the maturity model. Automation of this process is proposed to 

be implemented by creating and implementing an additional module to the 

quality management system [14]. 

The module for collecting software requirements and further integration with 

a sound CASE tool has been proposed to be developed on the basis of the 

Onlizer platform [16]. 

In order to start working with the Onlizer platform, it is needed to register on 

the website http://portal.onlizer.com/, and then log into personal account using 

the login form. If the authorization is successful, the main page of the system 

will be opened (Fig. 3), where it is possible to see the existing Applications, as 

well as the Workflows of this Application and their status.  

 

 

Fig. 3. Home page of the Onlizer system 
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Consider working with the Onlizer system on the example of a workflow that will 

collect requests from different messengers (Fig. 4). 

 

Fig. 4. Appearance of Workflow studio 

To start, it is needed to create an application and workflow in the Workflow 

studio. Then on the right panel you need to select the connectors: HTTP 

Endpoint, Skype, Viber, Telegram and Slack, as well as the connector for 

storing information (user needs) in the MS SQL Server database. 

The next step is to move the connectors to the work area, where they are 

configured (Fig. 5). 

 

Fig. 5. Context menu of the connector 
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By adjusting the parameters of the connectors and the connections between 

them, it is obtained a workflow (Fig. 6), which provides a collection of 

requirements from certain potential sources of information. 

 

Fig. 6. Workflow to collect customer needs 

When all the components are configured it is needed to click Save to save 

the workflow. To start the saved workflow is possible by clicking the Start button 

in the application settings window. 

As a result, to obtain records in the database about the needs of a particular 

stakeholder in software, in the form of a field structure of the corresponding 

table. The fields of the table are: 

 record identifier; 

 type of means of communication; 

 communication time; 

 contact person from the customer; 

 contact person from the developer; 

 message content (or file link); 

 recording time. 
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In this case, the integration of the developed requirements collection module 

and CASE requirements management tool based on the quality model is carried 

out through shared access to the database needs. 

The architecture of the software requirements maturity support tool will look 

as shown in Figure. 7. 

 

 

 

 

Fig. 7. The architecture of the means of supporting the second level of the 

maturity model 
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The developed module for collecting customer needs from additional sources 

such as Skype, Viber, Slack, Telegram makes it possible to supplement the 

customer's needs in software and in the computer system as a whole. This 

module provides greater completeness of the requirements for the software to 

be implemented. 

The integration of the developed module into the CASE tool for management 

and requirements development based on quality models is carried out on the 

basis of communication with the customer needs database located in the data 

warehouse layer. This module is completely isolated from the CASE tool and 

works as a service that can be run on schedule when establishing 

communication between the development team and the system customer. 

Payment for the use of the module is made only for the real time of its use. 

 

Conclusions 

The article substantiates and formalizes the requirements maturity model 

RMM (Requirements maturity model) with implemented quality models of ISO / 

IEC 25010, which allows to reduce the transition threshold of companies in the 

presence of chaos in the requirements for higher levels of maturity model and 

thus increase the efficiency of requirements management. . 

Formalized representation of the modified maturity model allows to automate 

the processes of communication of quality requirements at the stages of 

software development, which ensures the maturity of this process. 

The Onlizer platform has created a module for collecting requirements from 

messengers, which are used in the interaction of members of the development 

team and customer representatives, which is also an element of increasing the 

maturity of processes at the second level of the RMM model. The developed 

module is at the same time a means of automation, which allows to increase the 

quality criterion of requirements for their completeness, and thus improve the 

quality of the final product. 
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