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 ABSTRACT Article opens series of works devoted to profile-oriented software quality assessment. In this 

article the concept of software requirements profiling for subsequent software requirements profile quality 

assessment is analyzed and developed. The main result of the article is the development of the software 

requirements profile quality model. The model describes the following: characteristics and attributes of software 

requirements and their classification features; characteristics and attributes of software requirements profile and 

their classification features; semantics and syntax of software requirements. The article is based on analysis and 

use of the following standards: ISO/IEC 25012:2008, ISO/IEC/IEEE 29148:2018, ISO/IEC/IEEE 29148:2011. 

Examples of software requirements profile quality model are introduced. The suggested approach is used for the 

development of terms of reference or draft of a new standard. For example, the model is used for an assessment 

draft of the new standard “Requirements to computer security of NPP Instrumentation and Control Systems 

(NPP I&C)” developed by the Ukrainian state regulatory body. As a result of the development of the software 

requirements profile quality model, a set of propositions for improving the quality of the standard as a branch of 

the profile for NPP I&C cybersecurity are implemented.  
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I. INTRODUCTION 

A. MOTIVATION 

OFTWARE quality depends on many factors in 

duration of its development, but “foundation of quality 

is laid” on the first stages of software development. Basis of 

such foundation of software quality provides the terms of 

reference (specification) for software development. As a 

rule, the basic part of notions of reference represents a set 

of requirements, which are logically connected by a single 

structure. Such structure has an established name – software 

requirements profile [1]. Logically, all requirements which 

form software requirements profile can be divided into two 

groups: functional and non-functional requirements. 

The basis of non-functional requirements is software 

quality models [2, 3]. The results of studies of such models 

[4-9] allowed to establish an interaction between 

characteristics of software quality models, for example, 

between the pairs of characteristics “security” and 

“usability” [7], “greenness” and “reliability” [6] or “triplet 

of usability”, “security” and “safety” [9] etc. [5]. Such 

interactions between characteristics (i.e., non-functional 

requirements) on the one hand have a constructive 

character, when characteristics complement each other, on 

the other hand – destructive character, when characteristics 

compete with each other. Results of such research give 

possibilities that are represented by the following: 

S 



 Oleksandr Gordieiev et al. / International Journal of Computing, 21(1) 2022, 111-119 

112 VOLUME 21(1), 2022 

− even individual software requirement is a complex 

object due to its semantic structure. Its role is more 

responsible rather than general sentence outside software 

requirements profile;  

− software requirements profile unlike individual 

software requirement is a more complex structure. The 

software requirements profile combines in itself a set of 

software requirements in a united “harmonious” structure.  
Therefore, for software quality assessment it is 

important not only to use an adequate software quality 

model but also software requirements quality model, which 

would allow the most exact assessment of its peculiar 

“skeleton”. 

B. RELATED WORK ANALYSIS 

Existing works, in which a quality of software profile 

requirements was analyzed, should be divided into the 

following groups:  

− articles, in which review of some aspects of 

software requirements quality models is done at the level of 

separate non-functional requirements [10-12];  

− articles, in which review quality of software 

requirements profile is done at the level of taxonomic 

structure excluding semantic content of requirements [13-

15]; 

− articles, which review only separate elements of 

quality of software requirements profile [16-18] including 

human-computer systems [19]. 

Paper [20] describes framework to improve the software 

development quality considering knowledge, operation 

experience and work with clients. Authors of [21] 

suggested the hierarchical fuzzy logic based model of the 

assessment and the criteria taking into account degree of the 

expert confidence. 

Analysis of the works allows us to form following 

objectives of the paper: 

− to analyze and represent elements of software 

requirements quality model and software requirements 

profile in general;  

− to represent and describe software requirements 

profile quality model; 

− to represent the software requirements quality 

model and the software requirements profile quality model 

as a single conception; 

− to formulate certain stages and tasks for the 

development of conception of profile-oriented assessment 

of software requirements quality. 

The paper is structured as follows: section 2 describes 

terms, which are used in the article, and basic elements of 

software requirements profile quality model; in section 3 a 

quality model in part of characteristics, attributes, semantics 

and syntax of requirements and classification features is 

represented; in section 4 a continuation of model in part of 

elements of software requirements profile is represented 

directly; in section 5, an example of using software 

requirements profile quality model is introduced. 

II. INITIAL NOTIONS AND APPROACH TO ASSESSMENT 

OF QUALITY OF SOFTWARE REQUIREMENTS PROFILE  

The following basic notions are represented in the article:  

− software requirement is a statement which 

translates or expresses a need and its associated constraints 

and conditions; 

− software requirements profile is a set of 

requirements, which are combined in a single structure; 

− requirement characteristic is a set of features 

defining distinctive particularities of a requirement;  

− a quality of requirements profile is a complex 

notion, which combines in itself on the one hand a quality 

of each requirement at the profile, on the other hand – a 

quality of all set of requirements at software requirements 

profile. It is a constituent of software quality; 

− requirement attribute is a field of entity (software 

requirements, software requirements profile, classification 

features) that can be distinguished quantitatively or 

qualitatively by human or automated means;  

− software requirements profile quality model is a 

tool of formal description and combination of elements 

software requirements profile quality. 

Results of preliminary analysis [19-21] give a 

possibility to represent the following nomenclature of 

elements, which are combined in two groups. The first 

group of elements of requirements quality model in 

software requirements profile is an internal quality of 

software requirements profile (IQSRP), which includes: 

software requirements characteristics; software 

requirements classification features characteristics; 

software requirements attributes; software requirements 

classification features attributes; semantics and syntax of 

software requirements.  

The second group of software requirements profile 

quality model is an external quality of software 

requirements profile (EQSRP), which includes: structure of 

software requirements profile; characteristics of software 

requirements profile; characteristics of software 

requirements profile classification features; attributes of 

software requirements profile; attributes of software 

requirements profile classification features. 

Representation and description of software requirements 

profile quality model is a first stage of the process, which is 

directed at an assessment of software requirements profile 

quality. This article deals with a representation and 

description only of software requirements profile quality 

model. 

III. SOFTWARE REQUIREMENTS PROFILE QUALITY 

MODEL (FIRST GROUP OF ELEMENTS - IQSRP) 

A. CHARACTERISTICS AND CLASSIFICATION 

FEATURES OF SOFTWARE REQUIREMENTS  

As a result of the analysis characteristics in [22-24] and 

their ordering, there was formed a general set of 

characteristics of requirements in the context of software 
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requirements profile. It consists of the following 20 

features: accuracy; completeness; consistency; credibility; 

correctness; accessibility; compliance; confidentiality; 

traceability; understandability; necessary; implementation 

free; unambiguous; consistent; singular; feasible; verifiable; 

appropriate; correct; conforming. 

Formal designation for the set of requirement 

characteristics in context software requirements profile is as 

follows: 

−  
20

1j j
SIRCSRP sircsrp

=
=  – a set of software 

individual requirement characteristics in software 

requirements profile (SIRCSRP), sircsrp – a software 

individual requirement characteristic in software 

requirements profile.  

It is worth noting that the characteristics and the 

attributes of software requirement and its classification 

feature will be different. It is connected with the difference 

in their intended purpose. Software requirement is a more 

complex construction and the task of its forming is more 

responsible. The task of the classification feature is to 

exactly determine a place of a requirement in the general 

structure of software requirements profile. Accordingly, 

elements of the quality model for requirements and their 

classification features differ and are considered separately. 

The set of classification features characteristics of 

software requirements consists of the following elements: 

uniqueness; evidence; stability; simplicity of discovery; 

positioning; accuracy; compliance; understandability; 

univocacy; consistency. 

Formal designation for the set of classification features 

characteristics of software requirements profile is as 

follows: 

−  
10

1j j
SIRCFCSRP sircfcsrp

=
=  – a set of 

software individual requirement classification features 

characteristics in software requirements profile 

(SIRCFCSRP), sircfcsrp – software individual requirement 

classification features characteristic in software 

requirements profile.  

B. ATTRIBUTES FOR SOFTWARE REQUIREMENTS 

AND ATTRIBUTES OF THEIR CLASSIFICATION 

FEATURES  

A set of attributes for requirements in the context of 

software requirements profile was formed. Such set 

includes the following attributes: identification, stakeholder 

priority, risk, source, rationale, difficulty, type, version 

number and dependency. Therefore, software requirements 

profile can have the corresponding 8 attributes. Let us 

introduce formal designation for such set of attributes: 

− -  
9

1j j
SIRASRP sirasrp

=
=  – a set of software 

individual requirement attributes in software requirements 

profile (SIRASRP), sirasrp – software individual 

requirement attribute in software requirements profile.  

A set of attributes for requirements classification 

features in the context of software requirements profile was 

formed. Such set includes the following elements: 

identification and dependency. Let us introduce formal 

designation for such set of attributes: 

−  
2

1j j
SIRCFASRP sircfasrp

=
=  – a set of 

software individual requirement classification feature 

attributes in software requirements profile (SIRCFASRP), 

sircfasrp – software individual requirement classification 

feature attribute in software requirements profile.  

C. REQUIREMENTS FOR SEMANTICS AND SYNTAX OF 

SOFTWARE REQUIREMENTS  

Semantic constructions for each software requirement can 

be logically divided into the following groups: mandatory, 

admissible and undesirable. A more detailed analysis of 

each group of semantic constructions is presented below: 

− a group of mandatory semantic constructions 

consists of more important semantic elements of the 

requirement. For example, the most widespread and 

mandatory element for the requirement is “shall”;  

− a group of admissible semantic constructions 

consists of the elements, which do not contradict to the 

meaning of the requirement and can be used in it. For 

example, “should”, “may” etc.; 

− a group of undesirable semantic constructions are 

the elements of the requirements, which can be a source of 

equivocation of a requirement interpretation, distortion of 

its meaning, an incompleteness of the requirement, its 

inaccuracy etc. For example, application words or phrases 

in a superlative degree are “best”, “most”; subjective 

phrases – “such as user friendly”, “easy to use”, “cost 

effective”, “shall be able to select”; ambiguous phrases – 

“almost always”, “significant”, “minimal”; unverifiable 

phrases – “provide support”, etc. 

Formal designation for such groups are as follows: 

−  
1

n

i i
MSC msc

=
=  – a set of mandatory semantic 

constructions, msc – a mandatory semantic construction; 

−  
1

n

i i
ASC asc

=
=  – a set of admissible semantic 

constructions, asc – an admissible semantic construction; 

−  
1

n

i i
USC usc

=
=  – a set of undesirable semantic 

constructions, usc – an undesirable semantic construction. 

Results of the general analysis of semantic classification 

features of individual software requirements show us, that 

specific requirements to their semantics are absent. Thus, 

the absence of requirements to semantics can be 

represented as follows:  

− SIRCFSR =  – a set of software individual 

requirement classification feature semantic requirements. 

Each requirement consists of one and more sentences. It 

is necessary to consider and formulate the requirements for 

the structure of the sentences included in an individual 
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requirement. After the analysis of the following sources 

[22-29], in which is presented a review of possible variants 

of syntactic structures of requirements, a maximally general 

syntactic structure for software requirement was formed. 

Such general syntax structure for the software requirement 

(Fig. 1) consists of 6 elements. A detailed description of 

each element in the syntactic structure was represented as 

the following ones:  

1. Condition. Usually, the condition is put at the 

beginning of the requirement. Condition can begin from the 

following words: “when”, “if”, “while”, “where”, “which”;  

2. Topic. Usually, the topic of requirement is 

needed for the definition of its assignment. For example, 

“information system”, “software”, “computer-based 

system”, etc.; 

3. Action. This is an action of the requirement, 

which has to be performed in the context of this 

requirement. For example, “install”, “disable”, “switch”, 

“reset”, “form”, “test”, “run”, etc.; 

4. Object is an object of the requirement, i.e., an 

object, for which this requirement was intended. For 

example, “indicator”, “signal”, “carrier frequency”, 

“switch”, etc.; 

5. Limitation is a limitation, which is important 

when performing the specified action. Worth noting, 

limitations are usually used together with a condition. For 

example, “with regarding to”, “if installed”, “while in 

progress”, etc.; 

6. Value is a value, which the object has to receive 

when the requirement is fulfilled. For example, “yes” or 

“no”, “0” and “1”, [0…..1], “on” and “off”.  

Thus, a requirement in part of its structure is a set of 6 

possible elements. Formal designations for the set of 

requirement structure elements are as follows: 

− 
 

1

n

i
RSSE rsse

=
=  – a set of requirement 

syntactical structure elements (RSSE), rsse – a requirement 

syntactical structure element. Elements of the set RSSE are 

represented as a tuple, because their sequence is important 

and must not be broken. 

The quantity of requirement structure elements (or a 

power of a set RSSE) is not permanent, i.e., 

RSSE const . Therefore, it is evident, each 

requirement can have different syntactical structure 

elements quantity, i.e., the quantity of structural elements 

can change depending on a requirement. When the 

syntactical structure of requirement is forming, the 

following peculiarities were identified:  

− an element of rsse5 set (Limitation) can be 

represented in syntactical structure as 2 variants: a 

limitation with a condition and a limitation without a 

condition. Thus, for the identification of such variants, an 

additional sub-index was added. Variants were denoted in 

the following way: a limitation with a condition – rsse5.1, a 

limitation without a condition – rsse5.2; 

 

 

Figure 1. Summarized syntactical structure of software requirement 

− elements of a set of requirement syntactical 

structure, which are included in all variants, i.e., they are 

permanent. There are 2 elements: rsse2 (Topic) and rsse3 

(Action). 

Thus, all elements of the syntactical structure were 

divided into 2 following groups: 

− 
1

n

i
RSSEP rssep

=
=  – a set of permanent 

elements of requirement syntactical structure, rssep – a 

permanent element of requirement syntactical structure ; 

− 
1

n

i
RSSEN rssen

=
=  – a set of non-permanent 

elements of requirement syntactical structure, rssen – a 

non-permanent element of requirement syntactical 

structure. 

Thus, the full set of possible variants of syntactical 

structure of requirement taking into account the variable 

number of its elements can be formed and represented in a 

more formalized view. But such set of variants will not be 

presented in this article. Let us just present as an example 

several variants for such structures:

2 3,RSSE rsse rsse= ,

1 2 3 4 5.2 6, , , , ,RSSE rsse rsse rsse rsse rsse rsse= .  
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General syntax analysis of classification features of 

software requirements showed us that special requirements 

in part of their syntax are absent too. Thus, the absence of 

the requirements for the syntax of classification features 

can have the following representation: 

− SIRCFSYR =  – a set of requirements to 

syntax of software individual requirement classification 

feature (SIRCFSYR). 

IV. SOFTWARE REQUIREMENTS PROFILE (SECOND 

GROUP OF ELEMENTS - EQSRP) 

A. STRUCTURE OF SOFTWARE REQUIREMENTS 

PROFILE  

The structure of software requirements profile is 

represented in Fig. 2. The structure of software 

requirements profile includes 2 interconnected sets: a set of 

software requirements (semantic taxons) and a set of 

classification features [13]. The semantic aspect of software 

requirements profile in this part of the article will not be 

considered, because it was considered earlier. The set of 

software requirements (semantic taxons), the set of 

classification features and connections between them were 

analyzed. Particularities of software requirements profile 

structure according to types of their taxonomic structures 

[13] were analyzed. Formal designations for representation 

of analysis results are as follows: 

− SТtts(i) – a set of semantic taxons (ST), tts – a type 

of taxonomic structure – hierarchy (H) or facet (F), i – a 

number of taxonomic structure;  

− STEtts(i),j – a set of semantic taxon elements (SТE), 

tts – a type of taxonomic structure, i – a number of 

taxonomic structure, j – a number of element in order; 

− SCFtts(i) – a set of semantic classification feature 

(SCF), tts – a type of taxonomic structure, i – a number of 

taxonomic structure; 

− SCFEtts(i),j – a set of semantic classification feature 

elements (SCFE), tts – a type of taxonomic structure i – a 

number of taxonomic structure, j – a number of element in 

order. 

 

 

Figure 2 – Structure of software requirements profile (for example, hierarchical structure) 

Following types of taxonomic structures are 

distinguished: 

− hierarchical structure (Fig. 2) is a type of 

taxonomic structure, which is characterized by a multilevel 

form of object organization with strict subordination of the 

objects of lower level to the object of high level. 

Subordination in a hierarchical structure is organized due to 
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classification features. Thus, hierarchical structures are 

described by two following sets [13]:  

( )

( ) ( )

( ) ( )

1 ,1 1 ,2

1

1 ,3 1 ,4

,

,

,
H H

H

H H

SCFE SCFE
SCF

SCFE SCFE

  
=  
  

 – a set of 

semantic classification features of software requirements 

profile (SCF), SCFE – a set of classification feature 

elements; 

 

( )

( ) ( ) ( ) ( )

( ) ( ) ( ) ( )

( ) ( ) ( ) ( )

( )

1 ,1 1 ,2 1 ,3 1 ,4

1 ,5 1 ,6 1 ,7 1 ,8

1

1 ,9 1 ,10 1 ,11 1 ,12

1 ,13

, , , ,

, , , ,

, , , ,

H H H H

H H H H

H

H H H H

H

STE STE STE STE

STE STE STE STE
ST

STE STE STE STE

STE

 
 
 

=  
 
 
 

– 

a set of semantic taxons (ST), STE – a set of semantic taxon 

elements.  

Correlations in the hierarchical structure between 

software requirements (semantic taxons) are described by 

an adjacency matrix. Correlations between software 

requirements (semantic taxons) and classification features 

are described by correspondence matrix; 

− facet structure is a type of classification structure, 

which is divided into semantic taxons by several 

classification features simultaneously. Orthogonality of 

facet structure is realized due to classification features. 

Thus, the following two sets are described in facet 

structures [13]:  

( ) ( ) ( ) ( ) 1 1 ,1 1 ,2 1 ,3
, ,

F F F F
SCF SCFE SCFE SCFE=  – 

a semantic classification feature of software requirements 

profile (SCF), SCFE – a set of classification feature 

elements; 

 

( )

( ) ( ) ( )

( ) ( ) ( )

( ) ( ) ( )

1 ,1 1 ,2 1 ,3

1 ,4 1 ,5 1 ,61

1 ,7 1 ,8 1 ,9

, , ,

, , ,  

, ,

F F F

F F FF

F F F

STE STE STE

STE STE STEST

STE STE STE

 
  

=  
 
  

– a set of 

semantic taxons (ST), STE – a set of semantic taxon 

elements.  

Correlations between software requirements (semantic 

taxons) and classification features are described by a 

correspondence matrix.  

It should be noted that there are still mixed structures in 

which elements of hierarchical and facet structures are 

combined. For example, facet structure can include 

particular hierarchical structures.  

B. CHARACTERISTICS OF SOFTWARE 

REQUIREMENTS PROFILE AND ITS CLASSIFICATION 

FEATURES  

Characteristics, which relate directly to the whole software 

requirements profile, are the following: complete; 

consistent; affordable; bounded; feasible; comprehensible. 

Formal designation for a set of characteristics of 

software requirements profile is as follows: 

−  
6

1j j
CSRP csrp

=
=  – a set of characteristics for 

software requirements profile (CSRP), csrp – a 

characteristic for software requirements profile.  

It should be noted that compliance of the software 

requirements profile with the indicated characteristics 

prevents changes in requirements and their growth in 

requirements (“creep of requirements”) during the software 

development life cycle, which will affect the cost, 

development time or quality of software.  

Characteristics of classification features/attributes of 

software requirements profile are the following: all-

sufficient; indivisibility; fullness; accuracy.  

Formal designation for such characteristics is as 

follows: 

−  
4

1j j
CFCSRP cfcsrp

=
=  – a set of 

classification features characteristics for software 

requirements profile (CFCSRP), cfcsrpj – а classification 

features characteristic.  

C. ATTRIBUTES AND CLASSIFICATION FEATURES OF 

THE SOFTWARE REQUIREMENTS PROFILE  

Attributes of software requirements profile are the 

following: software requirements profile version; software 

requirements profile complexity; software requirements 

profile independence.  

Formal designation for such attributes is as follows: 

−   
3

1j j
ASRP asrp

=
=  – a set of attributes for 

software requirements profile (ASRP), asrp – an attribute 

for software requirements profile.  

Attributes of classification features of software 

requirements profile are the following: structure 

complexity; taxonomy type.  

Formal designation for such attributes is as follows:  

−   
2

1j j
CFASRP cfasrp

=
=  – a set of 

classification features attributes for software requirements 

profile (CFASRP), cfasrp – a classification features 

attribute for software requirements profile.  

D. STRUCTURE OF SOFTWARE REQUIREMENTS 

PROFILE QUALITY MODEL 

Thus, software requirements profile quality model (

SRPQM ) includes 16 following sets:  

 

SIRCSRP, SIRCFCSRP, SIRASRP, 

SIRCFASRP,  MSC, ASC, USC, 
SRPQM

RSSE, RSSEP, RSSEN , SCF ,ST, 

CSRP,CFCSRP, ASRP,CFASRP 

 
 
 

=  
 
  
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The general detailed structure of software requirements 

profile quality model is represented in Fig. 3. Such structure 

includes the following elements: characteristics and 

attributes of software requirements and their classification 

features; characteristics and attributes of software 

requirements profile and its classification features; semantic 

and syntax of software requirements.  

 

Figure 3 – Structure of software requirements profile quality model 
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V. CASE STUDY 

Software requirements profile quality model is a necessary 

element for requirements profile assessment. The model 

contains a nomenclature of its own elements 

(characteristics, attributes, structure of software 

requirements profile, semantic and syntax). In accordance 

with such model, the procedure of software requirements 

profile quality assessment will be realized in the future.  

The suggested approach is used for the development of 

terms of reference or a draft of a new standard. For 

example, a model is used for the assessment draft of the 

new standard “Requirements to computer security of NPP 

Instrumentation and Control Systems (NPP I&C)” 

developed by the Ukrainian State Regulatory Body [30]. As 

a result of the development of software requirements profile 

quality model, a set of propositions for improving the 

quality of the standard as a branch of the profile for NPP 

I&C cybersecurity are implemented. Basic beneficiaries 

and users of such approach to software requirements 

profile quality assessment in part of representing of 

software requirements profile quality model are 

quality assurance services, quality management 

system managers, independent auditors and others. 
For the development of software requirements profile 

quality model beneficiaries need to solve the following 

expert tasks: 

− to conduct a preliminary analysis of characteristics 

for each software requirement and its classification features 

from software requirements profile; 

− to determine values of attributes for each software 

requirement and values of attributes for its classification 

features from software requirements profile; 

− to make an analysis of semantics for each software 

requirement from software requirements profile; 

− to make an analysis of syntactic structures for each 

software requirement from software requirements profile; 

− to conduct a preliminary analysis of characteristics 

for software requirements profile and its classification 

features;  

− to determine values for software requirements 

profile attributes and values of attributes for its 

classification features.  

VI. CONCLUSION 

In the article software requirements profile quality model is 

presented, which includes: characteristics and attributes of 

software requirements and their classification features; 

characteristics and attributes of software requirements 

profile and its classification features; semantics and syntax 

of software requirements. 

The software requirements profile quality model does 

not allow assessing quality. This model is a result of the 

first stage in the process of software requirements profile 

quality assessment. The next stage of this process can be 

the development of profile-oriented approach to the 

assessment of software requirements profile quality [31]. 
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