
Herald of Advanced Information Technology 2020; Vol.3 No.2: 13–22 

Mathematical Foundations of IT 

ISSN 2663-0176 (Print)

ISSN 2663-7731 (Online) 
13 

UDK 004.415.2 

Oleksiy B. Kungurtsev1, Candidate of Technical Sciences, Professor of the System Software Department, 

E-mail: abkun@te.net.ua, ORCID: 0000 – 0002 – 3207 – 7315 

Nataliia O. Novikova2, Senior Teacher of the Department “Technical Cybernetics and Information  

Technology named prof. R. V. Merkt”,  E-mail:  nataliya.novikova.31@gmail.com,  

ORCID: 0000 – 0002 – 6257 – 9703 
1 Odessa National Polytechnic University, Avenue Shevchenko, 1, Odessa, Ukraine, 65044  
2 Odessa National  Maritime  University,  Mechnikov str. 34, Odessa, Ukraine, 65029 

IDENTIFICATION OF CLASS MODELS IMPERFECTION 

Abstract. The analysis of methods for testing models of program classes is carried out. It is shown that in connection with the 

increase in the volume of work at the stage of compiling models, the relevance of model verification is increasing. It has been estab-

lished that to test class models obtained as a result of an automated description of use cases, it is necessary to improve the existing 

class model and expand the set of checks in comparison with existing solutions. The class model was further developed. The model 

has three sections: the class head, class methods, and class attributes. The model improving is to introduce the concept of the pur-

pose of creation and use for the class as a whole, its methods and attributes. Each operation associated with the construction of a 

class model is provided with a link to the corresponding use case and its item, which allows, if necessary, the transition from re-

quirements to model description elements (direct trace) and from description elements to requirements (reverse trace). A type system 

for model elements has been introduced, which allows, without specifying types at the level of a programming language, to fully rep-

resent the declaration of functions and class attributes. Based on a number of design patterns and refactoring cases, three categories 

of situations are identified when the class model should be improved: criticisms on the class as a whole, criticisms on the functions of 

the class, criticisms on the attributes of the class. For each category, a set of criticisms on the model is established and solutions for 

their identification are proposed. The proposed models and algorithms are implemented in a software solution and have been tested 

in terms of the completeness of identifying criticisms on the model and reducing the time for the process of identifying criticisms 

compared to traditional technologies for defects detecting in the class models. 

Keywords: use cases; class model; scenario, conceptual classes, design patterns 

Introduction 

The representation of functional requirements 

as Use Cases (UC) is commonly used in the devel-

opment of information systems (IS). The first fun-

damental work on determining the application scope, 

structure and description rules of UCs appeared at 

the beginning of the current century [1-2]. However, 

to date, interest in the use of UC has not diminished 

[3-4]. In [5], a classification of UCs scenario items 

was proposed, which laid the foundation for the au-

tomation of their description. Continuation of re-

search in this direction [6] made it possible to sup-

plement the classification and combine the descrip-

tion of UC with the construction of conceptual clas-

ses of a software product. In [7], an automated tech-

nology for the conceptual class modelling was pro-

posed. In [8], methods for correcting the model of 

conceptual classes in connection with changes in the 

formulation of various items of scenarios for Use 

Cases are proposed and tracing of each item of the 

Use Case scenario in conceptual classes and their 

methods and attributes. Given the significant in-

crease in the volume of work on a class modelling 

within the total amount of work on a software pro-

ject, the task of automating the analysis and improv-

ing the quality of class models has become urgent. 

© Kungurtsev, O. B., Novikova, N. O., 2020 

Analysis of known solutions 

One of the most well-known methods of ana-

lyzing class models is the compilation of CRC 

(class-responsibility-collaboration) cards [9]. Such 

cards allow to check the distribution of responsibili-

ties between classes at the level of the aggregative 

functions of the software product being designed, 

therefore they are mainly used in the process of 

brainstorming. The task of improving the quality of 

models is directly related to the identification of 

metrics that determine quality. In [10], an attempt 

was made to determine the basic metrics that deter-

mine the quality of object-oriented software.  

In relation to class models, it is of interest to 
implement the following metrics: 

– Weighted Methods per Class (WMC); deter-

mines the number and complexity of methods im-

plemented in the class; 

– Lack of Cohesion of Methods (LCOM); de-

fines the relationship between methods by parame-

ters and attributes; 

– Coupling between Object Classes (CBO); de-

termines the number of other classes that this class is 

associated with. 

In [11], based on a statistical study of multiple 

projects, conclusions were drawn about the frequen-
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cy of occurrence of defects of various types in soft 

ware models, which allows prioritizing the functions 

of class models. In [12], it is proposed to take into 

account in complexity metrics frequency and density 

of software module failures. 

In [13], it was proposed to introduce 3 levels of 

metrics to determine the quality of object-oriented 

software: 

– Package level matrics; 

– Class level matrics; 

– Method level matrics. 

From the point of view of model analysis, series 

of class and method level metrics are of interest: the 

length of the attribute and method name, the number 

of lines of code in the class, the number of methods 

and attributes in the class, the number of parameters 

in the method. 

In [14], a quality model for new design patterns 

was proposed. The proposed description properties 

and corresponding metrics (utility, completeness, 

consistency, and compre-hensibility) are looking 

promising. 

The study [15] analyzed the most popular of the 

existing approaches to verification of the most 

commonly used UML diagrams – class diagrams. It 

is shown that the method based on the creation of 

the driver, the pattern-based method, the method of 

constructing an identity graph and the method of 

representing classes in the form of sets allow solving 

only specific problems of analyzing the quality of 

models. It is shown how to comprehensively use 

these methods. In furtherance of the proposed meth-

od, a new language of block simulation has been 

created [16], which allows combining inductive and 

deductive approaches to creating simulation models 

in one model. The proposed methods and language 

do not allow testing all the components of class 

models built on the basis of UC, but they can be use-

ful in assessing the completeness of the model con-

sidered in this paper. 

An analysis of known solutions shows that exist-

ing technologies for analyzing class models do not 

cover all aspects of model testing or are not suffi-

ciently automated. This leads to the retention of a sig-

nificant share of “manual labour” in the analysis. 

Thus, the problem is to reduce the time it takes to 

analyze class models. To solve the problem, it is pro-

posed to develop a method for identifying defects in 

models constructed as a result of the application of 

technology for the automated creation of class models 

in accordance with the description of the UC. 

Study objectives 

To solve the problem described, the following 

research objectives are outlined: 

– improvement of the class model to expand its 

testing capabilities; 

– identification of class mismatch with the basic 

design patterns; 

– identification of the discrepancy between the 

methods of the class model and the requirements for 

the methods of the program class; 

– identification of discrepancies of the attributes 

of the class model to the requirements for attributes 

of the program class. 

Conceptual Class Model (CCM) 

The model below differs from the model pro-

posed in [7] in the following significant changes: 

– the structural elements (head, methods, attrib-

utes) are distinguished in the model; 

– the concept of the purpose of using the class 

is introduced, which allows to simplify the search 

for the desired class and apply design patterns to it; 

– the concept of the purpose of using the class 

method is introduced; 

– the concept of the purpose of creating a class 

attribute is introduced; 

– such attribute characteristics as the minimum 

and maximum values that can be obtained in the 

general data packet when testing the modules are 

removed; 

– the universal data types for class attributes, 

arguments and return values of methods are intro-

duced. 

All classes included in the CCM are represented 

by the set: 

}{cMc = , (1) 

Each class (prototype) is represented by a tuple 

= mAttrmMethcHeadc ,, , (2) 

where: cHead is the class head; 

– mMeth  is the set of class functions (methods); 

– mAttr is the set of class attributes. 

The head of class 

The head of class is represented by a tuple 



=

mPurpnPuName

locationtCcNamecHead

,,

,,,

,
  

where:  cName  is the name of class; 
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– "|""" prototypeclasstC =  is the type of class; 

– "|""" sulocation =  is the lifetime of the class 

objects (either during the execution of the use case – 

u , or during the operation of the system – s ); 

– nPuName,  are the name of the use case (UC) 

and the number of the point where the class (proto-

type) was created; 

– },{ = purposeuNamemPurp is a list of 

class usage goals. 

Class functions 

The set of class functions mMeth  contains 

functions (methods) of the form: 



=

mRfFuncmCalcAttr

rmNewValAttmRsArgs

returnValmArgsmPurpfNamefunc

,

,,

,,,,

,

 (3) 

where: fName  is the name of function, 

– },{ = purposeuNamemPurp  is a list of 

purposes of using the function; 

– }PurpType,id,{mArgs = argarg  is a list 

of function arguments (each argument is represented 

by an identifier id , type Typearg  and purpose of 

use argPurp ); 

– = purposeretTypereturnVal ,  is the value 

returned by the function (represented by the type of 

the returned value and the purpose of use); 

– mRsArgs  is a set of method arguments used 

as a result of the calculation; 

– rmNewValAtt  is a set of attributes that take 

on new values as a result of function execution; 

– mCalcAttr  is a set of class attributes used in 

calculations of this function; 

– mRfFunc  is a set of references to external 

functions (methods of other classes) used in this 

method. Each element of the set mRfFunc  is repre-

sented by a tuple: 

= fNamecNamemRfFunc ji , , 

where: jcName  is the class to which the external 

function belongs (in the general case, several exter-

nal functions may belong to the same class); fName  

is the name of the external function. 

Class attributes 

The set of class attributes contains attributes of 

the form: 

},

,,{



=

mAttrRfattrType

purposeattrNamemAttr

,
 (4) 

where:  attrName is the name of attribute;  

– purpose– is the purpose of attribute use; 

– attrType is the type of attribute; 

– },,{ = nPuNamefNamemAttrRf  is a set of 

references to functions (methods) that use the attribute. 

Data types 

Class attributes, method arguments, and method 

return values must be typified. However, the class 

model does not provide a specific language for its 

implementation. As a result of the analysis of the 

general approach to data typify [19] it was proposed 

to use the following data types in the model: 

• List – a list (can represent a linear list, an ar-

ray, a set, etc.); 

• Struct – a structure (in the general case, con-

tains fields of various types), must contain the num-

bering of the fields; 

• Text – any text; 

• Numb – any number format; 

• Bool – Boolean value; 

• Void – the function does not return a value; 

• PClass – a reference to a class object corre-

sponds to the class name cName ; 

The Void type isn't used for Typearg . The type 

PClass isn't used for retType . 

Cases when a class model should be im-

proved 

Based on the analysis of the information pre-

sented in the class model, the previously considered 

metrics, well-known design patterns [17] and refac-

toring cases [18], the following options (criticisms) 

are proposed for the analysis of the class model with 

respect to its structural elements. 

 Criticisms of class in general: 

– the class has many different purposes of use 

(mismatch with the High Cohesion pattern); the 

class is difficult to understand and maintain; 

– the class has many references to other classes 

(mismatch with the Low Coupling pattern); the class 

is difficult to understand and maintain; 

– the class has few functions differing of get ... 

() and set ... (); perhaps there is a need to add func-

tionality to the class, or combine it with another 

class; 

– а very large class; perhaps there is a need to 

split the class into several classes; 
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– it makes sense to present a class as derived 

from a base class; if two or more classes have a num-

ber of identical attributes and methods, then it makes 

sense to create some parent class, and present the 

classes in question as being derived from that one. 

Criticisms of class methods: 

– the method has many arguments; this makes it 

difficult to understand the method; perhaps there is a 

need to split the method into several ones; 

– the method returns more than one value; if the 

method returns more than one value through attrib 

utes, or through a name and attributes simultaneous-

ly, then it makes the program difficult to understand 

and could be a source of errors; 

– several methods of the same class have the 

same name; this makes it difficult to understand the 

program and could be a source of errors; perhaps the 

method should be renamed; 

– the method uses many references to methods 

of other classes; it might make sense to transfer the 

method to another class; 

Criticisms of class attributes: 

– attribute values are set by methods of other 

classes (via set ... () methods of this class); it is al-

lowed to use of the set ... () method when initializing 

the object; reuse often indicates that attribute value 

manipulations come from other classes; 

– the attribute is duplicated in other classes; 

there are problems with maintaining the current val-

ue of the attribute; perhaps there is a need to place 

this attribute in only one class; 

– the attribute is used by other classes through 

the get ... () method, i.e. without processing in its 

own class; 

– the attribute is often used in other classes and 

rarely in its class; perhaps there is a need to transfer 

the attribute to another class. 

Identification of cases requiring improve-

ment of the class model as a whole 

Inconsistency with the High Cohesion pattern. 

The set of purposes of class use should be analyzed. 

Analysis automation involves creating a set of pur-

poses for a class by removing duplicated ones: 

}{purposepmPur = . (5) (5) 

To make a decision on the coincidence of pur-

poses ipurpose
 
and jpurpose , it was proposed to 

apply phrase comparison using the multi-word terms 

identification method (MWT) [20]. We introduce a 

threshold value TPurMax  (for example, 2), the ex-

cess of which should attract the attention of the re-

searcher to the class 

TPurMaxpmPur  || . 

Mismatch with the Low Coupling pattern. The 

connection of some class with other ones is deter-

mined by the presence of PClass type arguments 

among the arguments of the methods of this class, as 

well as references mRfFunc  to the methods of other 

classes from the body of the methods of this class.  

The set of references to other classes in method 

arguments is defined as: 

m1iPClassTypergaarg

mArgPClass

ii

nj

j

,};|{
1

==

=

=

=


 
,
 

where:  m is the number of arguments in i-th meth-

od; 

– n is the number of class methods. 

The set of references to other classes in the 

body of methods is defined as: 

p1icNamemRfFuncmFuncRf i

nj

j

,};.{
1

==

=

=

 , 

where р is the number of references to external func-

tions in the i-th method. 

The number of connections of this class with 

other ones is calculated by the formula 

mFuncRfmArgPClassmRf = . (6) 

If TCoupMaxmRf || , where TCoupMax  is the 

permissible number of connections, then the re-

searcher should pay attention to the class. 

There are few functions differing of get ... () 

and set ... (). The analysis consists in determining 

the absolute and relative number of functions other 

than get ... () and set ... (). 

The absolute number of functions 

|"}"][.

""][.|.{|

get31Namefunc

set31NamefuncNamefunc

NAFunc

i

ii

−

−

=

. (7) 

Here, the expression in square brackets defines 

the indices of the characters to be compared. 

The relative number of functions 
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|| mMeth

NAFunc
NRFunc = . 

(8) 

If TFuncMaxNRFunc  , where TFuncMax  – 

is the admissible value of the ratio of functions, then 

the researcher should pay attention to the class. 

The very large class. Typically, the size of a 

class is determined by the number of lines of its 

code. When analyzing models, the researcher can be 

provided with information on the number of meth-

ods and class attributes. Number of methods: 

|| mMethNMeth = . (9) 

Number of attributes: 

|| mAttrNAttr = . (10) 

In this case, the metrics NMeth  and NAttr  
contain enough information to estimate the size of 

the class. 

It makes sense to present a class as being de-

rived from a base class. To identify the “kinship” 

between classes 
ic  and jc  it is proposed to compare 

the lists of purposes of classes using.  

We introduce the operation of determining the 

set of shared purposes of classes 
ic  and jc : 

purposemCpurposemCmPurpose jiji .., =  ,  

based on MWT. If jipurpose , , then the assess-

ment of the possible “kinship” of the classes is left 

to the discretion of the expert.  

If the decision is positive, a list of attributes is 

defined that can be shared within classes 
ic  and jc .  

,,;,

)},....(

)....(

|.,.{,

K1kP1p

attrTypemAttrcattrTypemAttrc

purposemAttrcpurposemAttrc

mAttrcmAttrcmSameAttr

kjpi

kjpi

kjpiji

==

=

=

=

 

where P and K are the numbers of attributes in the 

classes 
ic  and jc  respectively, and the coincidence 

of purposes for the attributes is determined by the 

method of fuzzy string matching (FSM).  If 

jimSameAttr, , then the assessment of the possi-

ble “kinship” of the classes is left to the discretion of 

the expert. 

If there are coincident attributes, then you 

should look for methods coincident by purpose of 

use: 

.,;,

)},....(

|.,.{,

K1kP1p

purposemMethcpurposemMethc

mMethcmMethcmSameMeth

kjpi

kjpiji

==

=

=

T 

He final decision on introducing a class hierar-

chy is determined by the expert after a detailed anal-

ysis of the methods. 

Identification of cases requiring improve-

ment of the class methods 

The method has many arguments. It makes 

sense to determine the value that defines the concept 

of a “large” number of arguments. Let it be 

TArgsMax , then it is be possible to form and present 

to the researcher the set of class methods for which 

the number of arguments is equal to or greater than 

TArgsMax : 

)}|.(|

|{

TArgsMaxmArgsfunc

funcmFuncLArgs

i

i



=
.  (11) 

The method returns more than one value. The 

researcher should be provided with a set of methods 

that return more than one value with the name of the 

method or through attributes. 

)}

)|.(|

)|.(|

|{

VoidreturnVal

1mRsArgsfunc

2mRsArgsfunc

funcrnValmFuncLretu

i

i

i







=

. (12) 

Several methods of the same class have the 

same name. The researcher should be provided with 

a set of methods that have the same name. 

n1ij1n1i

fNamefuncfNamefunc

funcamesmFuncSameN

ji

i

,;,

)}..(

|{

+=−=

=

=

, (13) 

where n is the number of methods within the class. 

The method uses many references to methods of 

other classes. It makes sense to determine the value 

that defines the concept of a “large” number of ref-

erences. Let it beTRfMax , then it is possible to form 

and present to the researcher the set of class methods 

for which the number of links is equal to or greater 

thanTRfMax : 

)}|.(|

|{

TRfMaxmRfFuncfunc

funcmLRfFunc

i

i



=
. (14) 
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Identification of cases requiring improve-

ment of the class attributes 

Attribute values are set by methods of other 

classes (via set ... () methods of this class). It makes 

sense to determine the value that defines the concept 

of a “large” number of calls to the set ... () method. 

Let it isTSetMax , then it is possible to form and pre-

sent to the researcher a set of attributes for which the 

number of calls to the set ... () method exceeds the 

valueTSetMax . 

Define the number of references to the set... () 

method for each attribute 

|"}"][.

|{|

set31fNamemAttrRf

mAttrRfNSet

i

ii

=−

=
. 

Define a set of attributes for which the number 

of links exceeds TSetMax  

}.

|{

TSetMaxNSetmAttr

mAttrrmAtt

ii

i



=
. (15) 

The attribute is duplicated in other classes. To 

determine duplicate attributes, it is necessary to 

compare the attributes of different classes by name, 

purpose of use and type. To compare attributes, it 

was proposed to use fuzzy string matching methods 

[21-22]. In addition, it makes no sense to consider 

classes with a local lifetime ( ""ulocation = ), since 

for objects of these classes temporary duplication of 

attributes can be allowed. To help the analyst, we 

will form a set of attributes that can be considered as 

duplicating each other. 

,,;,

)}"".()"".(

)....(

)....(

|.,.{

q1ij1q1i

slocationcslocationc

attrTypemAttrcattrTypemAttrc

purposemAttrcpurposemAttrc

mAttrcmAttrcmSameAttr

ji

kjpi

kjpi

kjpi

+=−=

==

=

=

=

,

 (16) 

where q is the number of classes. 

The attribute is used by other classes through 

the get ... () method, i.e. without processing in its 

own class. It makes sense to determine the value that 

defines the concept of a “large” number of calls to 

the get ... () method. Let it be TGetMax , then it is 

possible to form and present to the researcher a set 

of attributes for which the number of calls to the 

get... () method exceeds the value TGetMax . 

Define the number of references to the get ... () 

method for each attribute 

|"}"][.

|{|

get31fNamemAttrRf

mAttrRfNGet

i

ii

=−

=
. 

Define a set of attributes for which the number 

of references exceeds TGetMax  

}.

|{

TGetMaxNGetmAttr

mAttrrmAtt

ii

i



=
. (17) 

The attribute is often used in other classes and 

rarely in its class. It is necessary to determine for 

each attribute the number of references to the get ... 

() method and other methods, as well as the ratio of 

these values.  

Define the number of references to other meth-

ods for each attribute 

iii NGetmAttrRfNOtherFunc −= |}{|  

























=


=

0NOtherFuncif

0

0NOtherFuncif

NOtherFuncNGet

RCoeff

i

i
,

),/(

. (18) 

The value 0=iRCoeff  indicates that the attrib-

ute 
i

attrName  is not used in its class. 

Testing the results of the study 

To analyze the models, the Model Analysis 

software product was created using three specialized 

classes: the GeneralAnalysisClass class for identify-

ing cases requiring improvement of the class model 

as a whole, the MethodAnalysisClass class for iden-

tifying cases requiring improvement of the class 

model methods, and the AttributeAnalysisClass 

class for identifying cases requiring improved class 

model attributes. 

The usage of the UseCaseEditorV3 software 

product [7] to create the models under study turned 

out to be irrational since the model obtained as a 

result of the automated description of the UC con-

tained a very small and unpredictable amount of in-

accuracies. Therefore, the model was represented by 

the Abstract ConceptualClass, which attribute area 

contains the head of the class model (head), class 

model methods (metList) and class model attributes 

(attrList). To create models, we used its subclass 

WorkingConceptClass, which contains a dialogue 

constructor and the showAll() method to demon-

strate the contents of the model (Fig. 1). Objects of 

the WorkingConceptClass class were created with 
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predefined inaccuracies that were to be detected in 

experiments. The use of the software product Mod-

elAnalysis revealed all cases of deterioration of 

models. To determine the time advantage when ap-

plying ModelAnalysis, an experiment was conduct-

ed with 12 students. 

 

 
 

Fig. 1. Structure of classes implementing model analysis 

 

For research, 5 and 10 models of classes related 

by reciprocal references were proposed. Respond-

ents were asked to identify defects in the model. De-

fect detection time was fixed and averaged for all 

respondents. The experimental data are summarized 

in Table 1. 

 
Table 1. The results of defects detection experiments in models 

 

No. Type of defects Average time 

defect detection 

in minutes 

(5 classes) (10 classes) 

1 Class has many different purposes        2        4 

2 The class has many references to other classes        10        25 

3 The class has some functions differing of get ... () and set ... ()        2        5 

4 Very large class        1        2 

5 It makes sense to present the class as being derived from the base 

one 

       9        22 

6 The method has many arguments        1        2 

7 The method returns more than one value        3        7 

8 Several methods of the same class have the same name        1        2 

9 The method uses many references to methods of other classes        6        17 

10 Attribute values are set by methods of other classes        5        13 

11 The attribute is duplicated in other classes        6        14 

12 The attribute is used by other classes through the get ... ()  method        6        15 

13 The attribute is often used in other classes and rarely in its own        5        12 
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The experiment showed that the detection of de-

fects in the model in manual mode in some cases re-

quires considerable time, while the automation of this 

process reduces the analysis time to fractions of a 

second. If we assume that the same time is spent on 

these stages in debugging, the proposed method al-

lows reducing the debugging time by 50 %. 

Conclusion. An improvement of the class mod-

el used in the UC automated description technology 

is proposed by introducing the concept of the pur-

pose of use for a class, method, and attribute, which 

allows evaluating the quality of the distribution of 

responsibilities and data between classes. A list of 

possible data types for the model is developed, 

which allows checking the consistency of model 

description elements. Mechanisms have been devel-

oped for the automated detection of class discrepan-

cy with basic design patterns; class model methods 

discrepancy with the requirements for program class 

methods, class model attributes discrepancy with the 

requirements for program class attributes. The soft-

ware module has been created that allows class 

models testing. The experiments showed the effec-

tiveness of the proposed solutions in terms of identi-

fying defects and reducing the time to analyze class 

models. 
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ВИЯВЛЕННЯ НЕДОСКОНАЛОСТІ МОДЕЛЕЙ КЛАСІВ 

Анотація. Проведено аналіз способів тестування моделей програмних класів. Показано, що в зв'язку зі збільшенням 

обсягу робіт на етапі складання моделей, зростає актуальність верифікації моделей. Встановлено, що для перевірки моде-

лей класів, отриманих в результаті автоматизованого опису варіантів використання, необхідно удосконалити існуючу 

модель класу і розширити набір перевірок порівняно з існуючими рішеннями. Отримала подальший розвиток модель класу. 

У моделі представлені три розділи: заголовок класу, методи класу і атрибути класу. Удосконалення моделі полягає у вве-

денні поняття мети створення та спрямування класу в цілому, його методів і атрибутів. Кожна операція, пов'язана з по-

будовою моделі класу, забезпечується посиланням на відповідний варіант використання і його пункт, що дозволяє при необ-
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хідності виконати перехід від вимог до елементів опису моделі (пряме трасування) і від елементів опису до вимог (зворот-

не трасування). Введена система типів для елементів моделі, що дозволяє без конкретизації типів на рівні мови програму-

вання досить повно представити оголошення функцій і атрибутів класів. На підставі ряду шаблонів проектування і випад-

ків рефакторінга виділені три категорії ситуацій, коли слід покращувати модель класу: зауваження до класу в цілому, за-

уваження до функцій класу, зауваження до атрибутів класу. Для кожної категорії встановлено набір зауважень до моделі 

та запропоновано рішення для їх виявлення. Запропоновані моделі та алгоритми реалізовані в програмному рішенні і прой-

шли апробацію з точки зору повноти виявлення зауважень до моделі і скорочення часу на процес виявлення зауважень порі-

вняно з традиційними технологіями виявлення дефектів в моделях класів.  

Ключові слова: варіанти використання; модель класу; сценарії, концептуальні класи, шаблони проектування 

 

УДК 004.415.2 

 
1Кунгурцев, Алексей Борисович, канд. технич. наук, профессор, профессор каф. «Системное про-

граммное обеспечение», E-mail: abkun@te.net.ua,  ORCID: 0000 – 0002 – 3207 - 7315 
2Новикова, Наталия Алексеевна, старший преподаватель кафедры  «Техническая кибернетика  и 

информационные технологии им. проф. Р.В.Меркта», E-mail: nataliya.novikova.31@gmail.com, OR-

CID: 0000 – 0002 – 6257 – 9703 
1 Одесский национальный политехнический  университет, пр. Шевченко, 1, г. Одеса, Украина, 65044 
2 Одесский национальный морской университет, ул. Мечникова, 34.  г. Одесса, Украина, 65029 

 

ВЫЯВЛЕНИЕ НЕСОВЕРШЕНСТВА МОДЕЛЕЙ КЛАССОВ 

 
Аннотация. Проведен анализ способов тестирования моделей программных классов. Показано, что в связи с увеличе-

нием объема работ на этапе составления моделей, возрастает актуальность верификации моделей. Установлено, что для 

проверки моделей классов, полученных в результате автоматизированного описания вариантов использования, необходимо 

усовершенствовать существующую модель класса и расширить набор проверок сравнительно с существующими решения-

ми. Получила дальнейшее развитие модель класса. В модели представлены три раздела: заголовок класса, методы класса и 

атрибуты класса.  Усовершенствование модели заключается в введении понятия цели создания и использования для класса 

в целом, его методов и атрибутов. Каждая операция, связанная с построением модели класса, снабжается ссылкой на 

соответствующий вариант использования и его пункт, что позволяет при необходимости выполнить переход от требо-

ваний к элементам описания модели (прямая трассировка) и от элементов описания к требованиям (обратная трассиров-

ка). Введена система типов для элементов модели, позволяющая без конкретизации типов на уровне языка программиро-

вания достаточно полно представить объявление функций и атрибутов классов. На основании ряда шаблонов проектиро-

вания и случаев рефакторинга выделены три категории ситуаций, когда следует улучшать модель класса: замечания к 

классу в целом, замечания к функциям класса, замечания к атрибутам класса.  Для каждой категории установлен набор 

замечаний к модели и предложены решения для их выявления. Предложенные модели и алгоритмы реализованы в про-

граммном решении и прошли апробацию с точки зрения полноты выявления замечаний к модели и сокращения времени на 

процесс выявления замечаний сравнительно с традиционными технологиями выявления дефектов в моделях классов. 

Ключевые слова: варианты использования; модель класса; сценарий, концептуальные классы, шаблоны проектирова-

ния 
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