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CHANGING AND TRACING OF SOFTWARE REQUIREMENTS 

AT LEVEL OF CONCEPTUAL CLASSES 

 
Abstract. The article explores the problem of automating the description of Use Cases at the stage of forming requirements in 

the design of software products. 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. Changing requirements at the level of use cases description means deleting 

previously compiled items of the scenario and/or adding new ones. Deleting a Use Case is considered to be a consecutive deletion of 

all of its items, and editing a scenario item as a deletion followed by a new edition. The methods of removing all types of scenario 

items of the proposed classification in various possible situations are considered: the class created earlier was not used in other 

items of this or other use cases; the class created earlier was not used in other items of this or other use cases, but the function 

contained in the class has references to other functions; the class created earlier was used in other items of this or other use cases 

and the function contained in the class has no reference to other functions; the class created earlier was used in other items of this or 

other use cases and the function contained in the class has references to other functions. Methods have been developed for 

determining the relationships of Use Case and its item with classes, their methods and attributes that implement this item (direct 

tracing), and determining the relationship of any data element or class method with various Use Case and their items (reverse 

tracing). The proposed method for conceptual classes correcting allows automatic deleting various items in scenarios while 

maintaining the correct presentation of conceptual classes. It is shown that there is a significant reduction in time for correcting 

classes in an automated mode compared to the traditional manual mode. The tracing method also significantly reduces the time it 

takes to find the connections between the Use Case. 
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Introduction 

Use Cases (UC) is a widespread method for 

detailed recording of functional requirements for a 

software product being designed [1-2]. UCs forms 

the basis of an object-oriented approach to software 

development [3-4] and is supported by the UML 

language [5-7]. The whole process of identifying 

and formulating requirements is long, very 

responsible, and time-consuming [8-9], and this 

especially applies to the description of UC [10]. 

Such work is usually carried out by a system analyst 

[11], who should not only have in-depth knowledge 

of information technology but also be a good 

psychologist and organizer [12-13]. 

Automation of tasks solved by a system analyst 

can significantly improve the quality of 

requirements for a software product; reduce costs 

and time for their preparation. 

Literature analysis 

Use Cases are written in the language of the 

subject area. The terms used in their preparation will 

be further displayed in user interfaces, in the names 

of classes and their methods. Therefore, studies on 

the automation of the compilation of a domain terms 

glossary deserve attention [14-15]. Also in recent 

years, studies have appeared on the automation of 

UC descriptions. In [16], a classification of items of 

© Novikova, N. O., 2020 

UC scenarios were proposed, on the basis of which 

tools were developed to automate the compilation of 

UC descriptions. As a continuation of this line of 

research, it is proposed to create models of 

conceptual classes (MСС) in parallel with the UC 

description. In [17], it was proposed to consider UC 

in the form of two models – the description model 

and the design model, which allows the formation of 

the MCC. 

Changing requirements at the first stages of 

software design is a common occurrence [18,19], so 

it becomes necessary to display the changes made to 

the UC description and, in parallel, to the design 

model. Existing means of displaying project 

documentation [20-22] use various indexing 

methods to search for information. In the best case, 

they allow to visually trace the path from changing a 

certain requirement to the group of classes that 

implement it (direct tracing), or the path from 

changes in some classes to the requirements on the 

basis of which these classes were created (reverse 

tracing). 

If we are talking about automating the 

construction of a model of conceptual classes in the 

process of compiling UC, then this is clearly not 

enough. Changes introduced into the requirements 

should be automatically processed and lead to the 

adjustment of a previously compiled model of 
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conceptual classes, what's one has not been done 

so far. 

Problem statement 

Changing requirements at the level of use case 

description means deleting previously compiled 

items of the scenario and/or adding new ones. In 

order to add a new item, it is necessary to qualify it 

and perform the corresponding algorithm. 

Algorithms for adding various types of scenario 

items are described in detail in [16]. The problem is 

the deletion of an existing item of the scenario since 

its implementation in the form of conceptual classes 

can service not only this item of the script, but also 

other items of the scenario in question, and possibly 

other scenarios. 

To fix this problem, the two tasks should be 

solved. 

1. To develop a method for adjusting the MCC 

in connection with changes in the wording of 

various items of UC scenarios. 

2. To develop a method for tracing each item in 

a UC scenario into conceptual classes, their methods 

and data, as well as a method for tracing any 

function or given class into the corresponding items 

in UC scenarios. 

Method for conceptual classes adjusting  

We will construe the removal of the UC, the 

removal of the UC item, the change of the UC item 

as changes of requirements. All these changes come 

down to deleting one item of the scenario. To do 

this, we will consider the removal of UC as a 

sequential deletion of all of its items, and editing a 

script item as a deletion with subsequent compilation 

in a new edition. Thus, it is necessary to review the 

removal of all types of items proposed in [17]: 

– Create. The user commands the system to 

create some object which can contain data used both 

within the framework of this UC and other UC. 

– Enter the data. The user enters into the 

system a series of data, for which the system usually 

must check the possibility of their use for further 

work. 

- Request a value. The user asks the system for 

some data. This is usually followed by a user's 

assessment of the data. 

– Request a list. The user orders a list (for 

example, data, services or documents) for a further 

selection of some elements from it. 

– Select from the list. The user selects the 

necessary data or service (document) from the list. 

– Enter the service (document). The user 

enters the necessary service or document, which 

determines the further sequence of actions. For 

example, a payment method by bank card. 

– Repeat the actions. The user has the 

opportunity to go to the above items of the scenario, 

or refuse to repeat them. 

– Complete the UC. The item provides for the 

successful completion of the UC, which may be 

accompanied by the preservation of certain data, the 

formation of a report, documents, etc. 

We will use the class model proposed in [17]. 

All classes included in the MCC are represented by 

the set 

}{cMc  .
                                                 (1) 

 

Each class (prototype) is represented by a tuple 

 

     mFuncmDatanPuNamecNametcc ,,,,,,  ,(2) 

 

where: "|""" prototypclasstc  ; 

– cName is the name of the class; 

– nPuName,  is the name of the UC and the 

number of the item where the class was created; 

– "|""" su  is the lifetime of the class objects 

(during the execution of the use case – u , or during 

the operation of the system – s ); 

– mData is the set of attributes that the class 

contains; 

– mFunc is the set of functions (methods) that 

the class contains. 

Elements of a set mData are represented by a 

tuple 

 

 reftddNamedata ,, ,                             (3) 

 

where: dName is the name of the attribute;  

"|""|""|"'" acscarsitd  is the type of attribute 

(single value, array, calculated single value, 

calculated array); 

},,{  nPuNamefNameref  are references 

to functions (methods) using the attribute; 

where: fName  is the name of the method; 

nPuName,  determine the UC and the item at 

which data use occurred. 

The class method is defined in the following 

way 





mRfFuncmCData

mIDatamArgsoDatafNamefunc

,

,,,,
,   (4)    

 

where: oData is the value returned by the method; 

if "0"oDana , then the method returns nothing; 

""boData  , then the method returns a 

Boolean value, which doesn't have to be saved in the 

object after the completion of the method. In other 

cases, the name should be included in the set 
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mData with the type "|""" acsctd   and a reference 

to this method; 

mArgs is the set of arguments of the method;

mIData is the set of class attributes that take on 

new values; 

mCData is the set of class attributes used in the 

calculations of this method; 

mRfFunc is the set of links to external functions 

(methods of other classes) used in this method.  

Each element of the set mRfFunc 
is represented 

by a tuple: 

– ,,  iji funccNamemRfFunc  

where: jcName  is the class to which the external 

function belongs (in the general case, several 

external functions may belong to the same class); 

ifunc  is the class
 jcName function referenced 

by the function
 

func . 

1. Deleting an item of “Create” type 

In accordance with [17], the “Create” item provides 

for the creation of a class in accordance with the 

following description: 

,1,1,1,1,1,1,""1  funcmDatanPuNamecNameclassc 

 

where: 1cName  is the name of class; 

11 , nPuName  is the name of the use case and the 

item deleted; 

1mData  – class attributes generated after 

initialization; 

 ,,,,"0",1 mCDatamIDatamArgsfNamefunc

 is the initialization function of the class object 

(usually a constructor), 

"0"oData  means the method isn't returning a 

value; 
*mDatamArgs ; 

1mDatamIData ; 

mCData may differ from mArgs, if the default 

data exists; 

mOFunc  means when creating an object, 

external functions are not used.  

When deleting an item, two situations are 

possible. 

 

A. The previously created class was not used at 

other items in given UC or in other use cases. In this 

case, it should have only one function – 1func , i.e. 

}1{\ funcmFunc . 

This allows you to remove the class 1c  from a 

set of classes. 

}{\: 1cMcMc  .                          (5) 

B. The previously created class was used in 

other items of the corrected one or other use cases. 

Then it is necessary to present the class 1c  in the 

form of a prototype c  and ensure that all items of 

the scenarios in which this class prototype is used 

are executed.  

Let's define the changes you need to make to 

the class 1c  to get the class c . 

The class name and the lifetime of the class 

objects must remain unchanged: 

1cNameecNam   and 1  . 

We define the set of functions that should work 

with the prototype of the class: 

}1{\ funcmFunccmFun  . 

References in class attributes to a deleted 

function will be also automatically deleted when a 

new set of class c attributes is generated. 

To ensure the operation of each function in the 

class c  the necessary attributes must be stored. We 

represent the set of functions mFunc in the form: 

,,1},{ njfuncmFunc j 
 

where:   is the number of functions belonging to 

this class. 

Then the attributes necessary for the operation 

of all functions from mFunc will be defined as 

j

n

j

mCDataamDat
1

   .               (6) 

When creating a class, you must specify the 

item and Use Case where it was created. When 

creating a prototype of a class, the item and UC 

should be indicated where it was in demand. Since 

the method of constructing conceptual classes does 

not store the chronology of their creation and 

modification, the creation of a prototype can be 

attributed to any UC in which this class is used, and 

to the first item in which access to c occur. We 

write the selection conditions as follows: if  

,,,| ,, jijijj refnPuNamefNameamDatdata 

then we take the ijuNameeuNam ,
.
  

To determine the item number in UC, we form 

a set of links to functions ordered by increasing item 

number: 

][mRfsortmRf  , 

then 
 1nPPn  ,

 
where: 1nP  belongs to the first tuple of mRf

. 

 

Finally, the class c  will be presented as 





cmFunamDatPn

euNamecNamprototypec

,,

.,,,"" 
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2. Deleting an item of “Enter the data” type 

The “Enter data” item provides for the action 

with the data of a previously created class 

(prototype), as well as a possible verification of the 

accuracy of the data entered.  

We denote the UC as 1uName , scenario item as

1nP , the set of data entered as 1mData , the 

corresponding function as 1func , and the class 

containing the data and the function as 1c . 

When deleting an item, the following situations 

are possible. 

 

A. The class 1c  is not used in other items of this 

UC or other UCs, and the function 1func  has no 

references to other functions. This condition is met if 

for each data element of the class 1c   

 refgLgHtddNamedata ,,,, , 

all function references  

},,{  nPuNamefNameref .
 

Сontain only names 1uName  and 1nP : 

.1

1|1

,

,

nPnP

uNameuNamemDatadata

ji

jii




(7)  

In this case, we remove the class 1c from the set 

of classes 

}{\: 1cMcMc   
B. The class 1c  is used at other items of the 

corrected UC or other UCs, and the function 1func  

has no references to other functions. In this case, 

condition (7) is not met and it is necessary to ensure 

the fulfilment of all items of the scenarios 

( 1nPnPi  ), in which this class is used. 

We define the changes that need to be made to 

the class 1c  to get the class c , that matches the UC 

descriptions with the deleted item 1nP . 

The class name and the lifetime of the class 

objects must remain unchanged: 

1cNameecNam   and 1  .
 

The function 1func , except for the item 1nP , 

can be used in other items. Therefore, we perform 

selective deletion of references. 

If

,11|1 ,, nPnPuNameuNamemDatadata jijii 

then jiref ,  is removed from the set iref . 

If the condition  

11|1 ,, nPnPuNameuNamemDatadata jijii 

Is met, then we delete the function 1func from the 

set of function of class c : 

}1{\ funcmFunccmFun  . 

If we represent the many functions mFunc of 

the class c  as  

njfuncmFunc j ,1}{  . 

Then we can determine the data necessary for the 

operation of all functions from mFunc : 

j

n

j

mCDataamDat
1

  . 

Finally, the class c  will be presented as 

.,,

,,,,""





cmFunamDatPn

euNamecNamprototypec 
 

 

C. The class 1c   was not used in other items of 

this UC or other UCs, and the function 1func   has 

references to other functions. In this case, it is not 

enough to delete the class 1c  . We must also delete 

the “traces” of calling other functions from the 

function 1func .  

In accordance with (4), the deleted function has 

the form 





mRfFuncmCDatamIData

mDataoDatafNamefunc

,,

,1,,1

.
 

If any function mfunc  
from the set mRfFunc

was created in the item 1nP  UC 1uName  in a 

certain class jc  and is not used at other items in the 

scenarios, then it should be deleted. If the class jc  

contains only a function mfunc , that is used only in 

the item 1nP  UC 1uName , then the class jc  must 

also be deleted. If mfunc  used in other items, then 

only the reference to the item and UC should be 

deleted. 

Let us successively analyze each element of the 

set of references mRfFunc to functions of other 

classes.  

Consider some element of the set 

 mj funccName , . The fulfilment of the condition  

 

11

.|

,,

,

nPnPuNameuName

fNamefuncfNamemDatadata

jiji

mkiji




 .  (8) 

Indicates that the function mfunc  was created in 

item 1nP  UC 1uName . If this condition is not met, 

then the function  mf u n c  from the class jc  is not 

deleted, but a reference to it is only subjected to this 

}1,1,.  nPuNamefNamefuncm . 

If condition (8) is met, then the use of the 

function mfunc   by other points in the scenarios 

should be determined. If the condition  
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11

.|

,,

,

nPnPuNameuName

fNamefuncfNamemDatadata

jiji

mkiji




 .     (9) 

 

Is met, then the function  mfunc  from the class jc  is 

not deleted, but a reference to it only undergoes this.  

If condition (8) is met and condition (9) is not, 

then the function mfunc  is deleted from the class jc  

 }{\: mjj funcmFuncmFunc 
.
 

If the class jc  does not contain other functions 

( jmFunc ), then the class is deleted jc : 

}{\: jcMcMc 
.
 

Function verification operations are repeated 

for all elements of the set mRfFunc. 

Regardless of the results of the analysis

mRfFunc, the last corrective action is to remove the 

class 1c : 

}{\: 1cMcMc  .
 

D. The class 1c  is used at other items of the 

corrected UC or other UCs, and the function 1func   

has references to other functions. In this case, all 

operations provided for by options B and C are 

performed, except for deleting the class 1c . 

 

3. Deleting an item of “Request a value” type  

When designing the “Request a value” item, a 

previously created class or a previously existing 

class may have been used. In the first case, we need 

to consider the possibility of deleting this class, in 

the second – only deleting the corresponding 

function and data. 

We denote the UC considered as 1uName , the 

scenario item as 1nP ,  the set of requested data 

values as 1mData , the corresponding function as

1func , and the class containing the data and the 

function as 1c . 

When deleting an item, the following situations 

are possible. 

 

A. The class 1c is not used in other items of this 

UC or other UCs, and the function 1func  has no 

references to other functions. In this case, all the 

actions provided for in subsection 2.A are 

performed.  

 

B. The class 1c  is used at other items of the 

corrected UC, or other UCs, and the function 1func  

has no references to other functions. In this case, all 

the actions provided for in subsection 2.B are 

performed. 

 

C. The class 1c  is not used in other items of this 

or other UCs, and the function 1func  has references 

to other functions. In this case, all the actions 

provided for in subsection 2.C are performed.  

 

D. The class 1c  is used at other items of the 

corrected UC, or other UCs, and the function 1func   

has references to other functions. In this case, all 

operations provided for by options 2.B and 2.C are 

performed, except for deleting the class 1c . 

4. Deleting an item of “Request a list” type  

The process of deleting this item does not differ 

from that considered earlier in section 3. However, it 

needs to be borne in mind that the item “Select from 

the list” should follow the item “Request a list” in 

the UC scenario. Therefore, in the future, this item 

should also be deleted. 

5. Deleting an item of “Select from the list” 

type  

The scenario item provides for entering a value 

selected by the user from the list. 

The operation of deleting this item is similar to 

the operation “Enter the data” type. However, it's 

necessary to note that this item in the UC scenario 

must be preceded by the “Request a list” item. 

Therefore, correcting one of these points should be 

considered as deleting both. 

6. Deleting an item of “Enter the service” 

type 

The operation of deleting this item is similar to 

the operation “Enter the data”. However, unlike the 

“Enter the data” item, the service entered can 

determine the choice of one or another scenario of 

working with the system. Therefore, deleting this 

item requires a detailed analysis of all further items 

in the main scenario and extension scenarios. 

7. Deleting an item of “Repeat the actions” 

type 

The implementation of the “Repeat the actions” 

scenario item does not add new functions and 

classes to the kernel of the system since it can be 

implemented by user interface classes. Therefore, 

the removal of this item does not lead to the 

adjustment of the MCC, however, it significantly 

changes the sequence of execution of the scenario 

items. 

8. Deleting an item of “Complete the UC” 

type 

When creating this item, the following 

operations may have been performed: 
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– reception by an existing object of some data 

1mData , that did not require analysis; 

– registration of certain data 2mData in existing 

facilities; 
– creation of a document containing certain data 

3mData .  

Therefore, the process of deleting an item falls 
into three stages. 

8.1 Deleting the data. We denote the UC under 

consideration as 1uName , the scenario item as 1nP , 

the set of input data as 1mData ,  the corresponding 

function as 1func , and the class containing the data 

and the function as 1c . 

Since the class 1c  was not created in 1nP item, 

the question of deleting the class 1c  is not 

considered. It should be possibly needed to remove a 

function 1func  from the set of class 1c  
functions 

and data 1mData  from the set of class 1c data.  

If the condition 
 

1.

1.|1

,1

,11

nPnPref

uNameuNamerefmFuncfunc

i

i




 . (10) 

 

Is met then the function 1func  is not deleted, but 

only the link to its use in 1uName  and 1nP subjected 

to this: 

 1,1,1 nPuNamefName . 

If condition (10) is not satisfied, then the 

function is deleted from the class 1c : 

}1{\1:1 funcmFuncmFunc  ,
 

and the class data is adjusted:  

1c :
j

n

j

mCDatamData
1

1


  , 

where: jmCData  is determined from the remaining 

functions 

njfuncmFunc j ,1},{  . 

8.2 Cancelling of data registration. When 
creating this item, the data to be registered was 
obtained from one object and registered in others. 

We denote the UC considered as 1uName , the 

scenario item as 1nP , the set of data extracted from 

the class 1c  object as 1mData , the corresponding 

function as 1func . Data from the set 1mData  can be 

registered in several objects of different classes. 
Therefore, when cancelling registration, it may be 
necessary to delete data from the classes where they 
were registered; and to delete the corresponding 

functions of these classes and the function 1func . 

The function that performs registration has the 

form 





},.{

,,,,"0",1 11

kj funcc

mDatafNamefunc
.     (11)  

Consider the correction of one of the classes    

( jc ), in which registration was performed. For 

registration, a function kfName of this class was 

used 

,,,,,"0", 1  mCDatamIDatamArgsfNamefunc kk

where: 1mDatamArgs  is the part of the registered 

data. 

We analyze the function  kfunc  in the context 

of its use in other items and UC:  

 

.1.

1.|

,

,

nPnPref

uNameuNamerefmFuncfunc

ij

ijjk




 (12)  

 

If the condition is true, then the function kfunc

is not deleted. From the set of jc  class references

ref  only the element  1,1, nPuNamefNamek , 

representing the reference to the deleted item in the 

scenario is subjected to deletion.  

If condition (12) is not satisfied, then the 

function kfunc  must be deleted 

}{\: kjj funcmFuncmFunc 
,
 

and the class data must be corrected jc  

i

n

i
j mCDatamData

1

  , 

where: imCData  is determined from the remaining 

functions 

nifuncmFunc ij ,1},{  . 

The considered sequence of operations should 

be performed for each element from the set 

},.{ kj funcc  from (11). 

8.3 Cancelling the document creation. The 

creation of the document was performed by one 

class ( 1c ), that existed previously. The function that 

creates the document ( 1func ) was also used once 

and did not enter new data into the class. Thus, 

cancelling the creation of a document is limited to 

deleting a function 1func  from class 1c : 

}1{\: 11 funcmFuncmFunc  /.
 

 

9. Tracing Method Depending on the task 

being solved, direct or reverse tracing may be  

required. By direct tracing, we mean the definition 

of the connections of UC and its item with classes, 

their methods and data that implement this item  

(Fig. 1). 
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Fig. 1. Tracing from UC and its item to classes, methods and data 

 

By reverse tracing, we mean the 

definition of the connection for any data 

element or class method with various UC and 

their items (Fig. 2). 

 
Fig. 2. Tracing from a class method and data to UC and their items 

 

9.1. Direct tracing 
We denote the UC under consideration as 

1uName , the scenario item as 1nP . Let Mct  
represent a set of classes that are used to 

implement  1nP  ( McMct ). 

Let us represent the result of Trd tracing as a 

tuple 

 MctnPUNameTrd ,1,1 . 

Each class from Mct  will be presented as 
 mFuncmDatacNamec ,,  

We will analyze the data of each class from Mc . 

If, for some class  Mcci   in the data set

imData there exists an element 

1.

1.|

,

,

nPnPref

NameuNamerefmDatadata

jk

jkik





, 

then the following operations must be performed 

A) If  

cNameccNamecMctc itt ..|  ,         (13) 

Then  }{: ktt d a t am D a t am D a t a  and 

}..{: , fNamerefmFuncmFunc jktt   

B) If condition (13) is not met, then a class 

.}.{},{, ,  fNamerefdatacc jkkit  is created 

9.2. Reverse tracing 
For reverse tracing, it is necessary to determine 

the UC and their items from the datum dName  

belonging to class 1c . Let's represent the result of 

Trd tracing as a tuple 

 mUCtDataTrr , , 

where:  dNamectData ,1 , 
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– mUC  is a set of entries for each UC. Each entry 

has the form 

 mNPuName,  .                       (14) 

Here uName is the name of UC; 

mNP  is a set of entries of the form 

,,  mFuncnP where mFunc is the set of functions 

directly or indirectly using data . 

We define a set of functions from the class 1c , using 

dName.  

Since each datum is represented by a tuple 

 refgLgHtddNamedata ,,,, , then a set of 

references ref  allow us to define all functions using 

dName:  

}.,,{  nPuNamefNameref  

We transform each element of the set ref  into 

an element of the set  mUC  (14): 

.}}.{,{, 1  funccnPuName  

Since functions of other classes (not 1c ) can use 

dName through function class 1c , we define these 

functions by parameter mRfFunc (4).  

If for some function of the class ic  the 

condition 

 jikiji mRfFuncfunccmFuncfunc ,1, .| , is 

met then we introduce a new element into the set 
mUC  

 }}.{,{, ji funccnPuName , 

where: uName  and nP  are given from definition of 

class ic  in accordance with (2). 

After analyzing all classes, it is desirable to 
combine some elements of the set mUC . If there are 

two entries,  ii mNPuName ,  and 

 jj mNPuName , , for which  ji uNameuName  , 

then they are combined into one 
.,  jii mNPmNPuName  

If there are two entries in the set imNP   

 ii mFuncnP ,  and  jj mFuncnP ,  for which 

 ji nPnP  then they are combined into one 

.,  jii mFuncmFuncnP  

Testing the results of the study 
By testing we mean two types of work: 
– checking the correctness of changes in the 

structure of classes when editing various items of the 
scenario; 

– assessment of the reduction of time for 
changing the structure of classes in the conditions of 
application of the proposed method of automation of 
class correcting. 

For the first study, the following Use Case was 
described in Photo_studio system. 
Title: “Accepting orders in the photo studio”. 
Level: UC of the user's goal level. 
Main actor: order taker (T). 
Interested party: customer (C). 
Software product: photo studio automation system 
(S). 

Table 1 shows the main successful UC 
scenario, as well as the classes and methods that 
were created for each item in the scenario.

result of Trd tracing as a tuple  

Table 1. UC scenario, classes and methods for implementing scenario items 

Use Case Classes used Methods used 

Item No. Item content 

1 
C asks T for the provision of the service. T creates a 

new order in S. (Create) 
SOrder сreate() 

2 
C informs about the type of service. T enters data in 

S. S confirms it. (Enter the data) 

SOrder, 

ServList 

ServList.isService(ser), 

SOrder.setServ(ser) 

3 
C informs about format. T enters data in S. S 

confirms it. (Enter the data) 

SOrder, 

ServList 

ServList.isFormat(form), 

SOrder.setFormat(form) 

4 
C informs about the number of copies. T enters data 

in S. S confirms it. (Enter the data) 

SOrder, 

ServList 

ServList.isCopies(n), 

SOrder.setCopies(n) 

5 
C informs about the desired lead time. T enters data 

in S. S confirms it. (Enter the data) 

SOrder, 

ServList, 

OrderList 

ServList.getDeadline(ser, 

Form,n), 

OrderList.getDeadline(),SOrder.s

etDeadline(dl) 

6 
T asks S for the cost of the work. S reports it. C 

agrees. (Request a value) 

SOrder, 

Tariff 

Tariff.getCost(ser,form,n),  

SOrder.setCost(cost)  

7 

C contributes a certain amount of money. T enters 

data in S. S counts the back-giving change. (Enter 

the data) 

SOrder  
SOrder.getChange 

(amount) 

8 

C informs about the full name and contacts. P 

captures the received data in S. S passes the entry 

transaction in the Journal and the order in the list of 

orders, generates a receipt. (Data Registration) 

SOrder, 

OrderList, 

Register 

SOrder.setName(sname, 

Phon),OrderList.addOrder(sorder)

, Register.addOrder(sorder), 

SOrder.printReceipt() 
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Table 2 shows the changes in the requirements 

(replacement, correcting, adding new items to the 

scenario). The analysis of changes in items of the 

scenario of four types is presented. The intermediate 

state of the class structure (deleting an item in the 

old edition) and the final state were recorded. 

 

Table 2. Assessment of the correctness of changes in the structure of classes as a result of changes in 

requirements 
No Scenario item new edition Item 

type 

Class Structure Changes Consistency 

with expected 

results 

After scenario item 

deleting 

For the new edition of item  

1 С asks T for the provision 

of the service. T creates 

in S a new order with the 

full name of C 

Create SOrder class is deleted 

(item 1). SOrder 

prototype is created (item 

2). All references are 

switched to the prototype 

The prototype SOrder is 

switched into class status. 

The create(fio) method has 

been added. All references 

switched to the class 

Yes 

2 Instead of item 2. 

2. T asks S for a list of 

services. C outputs the 

data. 

3. C chooses a service. T 

captures the service data 

in S. 

Output 

the list  

 

 

Enter 

the data 

The ServList class is 

deleted. 

ServList.isService(ser) 

and  SOrder.setServ(ser) 

methods are deleted. The 

ServList prototype  is 

created in item 3 

The ServList.getList() 

method is added in class 

prototype ServList 

 

The  SOrder.setServ(ser) 

method is added 

Yes 

3 C informs about full 

name and contacts. T 

captures the received data 

in S. S passes the entry 

transaction in the Journal 

and the order in the list of 

orders, indicating the full 

name and contacts of C, 

generates a receipt 

Data 

logging 

SOrder.setName 

(sname,Phon), 

OrderList.addOrder 

(sorder), 

Register.addOrder 

(sorder),  

SOrder.printReceipt() 

methods are deleted 

SOrder.setName 

(sname, Phon), 

OrderList.addOrder 

(sorder), 

Register.addOrder 

(sorder), 

SOrder.printReceipt () 

methods are restored. 

(The full name of C 

entered as an attribute in 

item 1 of the scenario) 

Yes 

Similar experiments have been performed with 
items of scenarios of other types. In all cases, the 
results obtained were in line with the expected ones. 

For the second study, a group of students of 10 
people was involved. In the Photo_studio system, 6 
UCs were sequentially described for one project. 
Then changes have been made to the items in the 
scenario. The time was determined during which 
each student in the traditional way (manually) will 

correct the class system independently for one, two... 
six precedents. The complexity of the class structure 
was determined by the number of classes included in 
it. The obtained dependence is presented in Fig. 3. It 
is obvious that with an increase in the number of 
classes, the time for their correcting significantly 
increases; whilst the execution of this procedure in 
an automated mode does not exceed fractions of a 
second. 

 
Fig. 3. The dependence of the classes structure correcting time vs the number of classes 
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Conclusions. The article discusses the problem 

of automating the description of Use Case at the 

stages of formation and clarification of functional 

requirements for the designed software product. 

When requirements are changed at the first stages of 

software product design, it becomes necessary to 

display the changes made to the UC description, and 

in parallel to the design model. Correcting scenario 

items in the traditional way usually requires more 

time. 

To solve such problems, an algorithm has been 

developed for the automated correcting of the 

conceptual class model in connection with the 

removal of existing items of the UC scenario of 

various types. A method for tracing each item in a 

UC scenario to conceptual classes, their methods 

and data, as well as a method for tracing any 

function or this class to the corresponding items in 

UC scenarios is also proposed. 

During the experiments, it was shown that 

changing items of the scenario of various types lead 

to adequate changes in the structure of classes 

(models of conceptual classes). And also the 

experiments showed the effectiveness of the 

proposed methods from the point of view of a 

significant reduction in time for adjusting classes in 

an automated mode compared to the traditional 

manual mode. 

The proposed method can be used in various 

technologies of object-oriented design based on the 

use of UC, at the stage of constructing models of 

conceptual classes and specifications of program 

classes. 
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ЗМІНА І ТРАСУВАННЯ ВИМОГ ДО ПРОГРАМНОГО ПРОДУКТУ 

НА РІВНІ КОНЦЕПТУАЛЬНИХ КЛАСІВ 

 
Анотація. У статті досліджується проблема автоматизації опису варіантів використання на етапі формування 

вимог при проектуванні програмних продуктів. Запропоновано методи коригування моделі концептуальних класів у зв'язку 

зі змінами в формулюванні різних пунктів сценаріїв варіантів використання або Use Case і трасування кожного пункту 

сценарію Use Case в концептуальні класи, в їх методи і атрибути. Зміна вимог на рівні опису прецедентів означає 

видалення раніше складених пунктів сценарію і / або додавання нових. Видалення Use Case розглядається як послідовне 

видалення всіх його пунктів, а редагування пункту сценарію - як видалення з подальшим складанням у новій редакції. 

Розглянуто способи видалення всіх типів пунктів сценарію запропонованої класифікації в різних можливих ситуаціях: 

створений раніше клас не використовувався в інших пунктах даного, або інших прецедентів; створений раніше клас не 

використовувався в інших пунктах даного, або інших прецедентів, але функція, що міститься в класі, має посилання на інші 

функції; створений раніше клас використовувався в інших пунктах даного, або інших прецедентів і функція, що міститься 

в класі, не має посилання на інші функції; створений раніше клас використовувався в інших пунктах даного, або інших 

прецедентів і функція, що міститься в класі, має посилання на інші функції. Розроблено методи визначення зв'язків Use 

Case і його пункту з класами, їх методами і атрибутами, які реалізують цей пункт (пряме трасування) і визначення зв'язку 

будь-якого даного або методу класу з різними Use Case і їх пунктами (зворотнє трасування). Запропонований метод 

коригування концептуальних класів дозволяє в автоматизованому режимі видаляти різні пункти сценаріїв, зберігаючи 

коректне уявлення концептуальних класів. Показано, що спостерігається істотне скорочення часу на коригування класів в 

автоматизованому режимі порівняно з традиційним ручним режимом. Метод трасування також істотно скорочує час 

на пошук зв'язків між Use Case. 

Ключові слова: варіанти використання; сценарії; моделі; концептуальні класи; трасування 
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ИЗМЕНЕНИЕ И ТРАССИРОВАНИЕ ТРЕБОВАНИЙ К ПРОГРАММНОМУ 

ПРОДУКТУ НА УРОВНЕ КОНЦЕПТУАЛЬНЫХ КЛАССОВ 

 
Аннотация. В статье исследуется проблема автоматизации описания вариантов использования на этапе 

формирования требований при проектировании программных продуктов. Предложены методы корректировки модели 

концептуальных классов в связи с изменениями в формулировке различных пунктов  сценариев вариантов использования или 

Use Case и трассировки каждого пункта сценария Use Case в концептуальные классы, в их методы и атрибуты. 

Изменение требований на уровне описания прецедентов означает удаление ранее составленных пунктов сценария и/или 

добавления новых. Удаление Use Case рассматривается как последовательное удаление всех его пунктов, а редактирование 

пункта сценария – как удаление с последующим составлением в новой редакции. Рассмотрены способы удаления всех типов 

пунктов сценария предложенной классификации в различных возможных ситуациях: созданный ранее класс не 

использовался в других пунктах данного, либо иных прецедентов; созданный ранее класс не использовался в других пунктах 

данного, либо иных прецедентов, но функция, содержащаяся в классе, имеет ссылки на другие функции; созданный ранее 

класс использовался в других пунктах данного, либо иных прецедентов и функция, содержащаяся в классе, не имеет ссылки 

на другие функции; созданный ранее класс использовался в других пунктах данного, либо иных прецедентов  и функция, 

содержащаяся в классе, имеет ссылки на другие функции. Разработаны методы определения связей Use Case  и его пункта 

с классами, их методами и атрибутами, реализующими этот пункт (прямая трассировка) и определения связи любого 

данного или метода класса с различными Use Case и их пунктами (обратная трассировка). Предложенный метод 

корректировки концептуальных классов позволяет в автоматизированном режиме удалять различные пункты сценариев,  

сохраняя корректное представление концептуальных классов. Показано, что наблюдается существенное сокращение 

времени на корректировку классов в автоматизированном режиме сравнительно с традиционным ручным режимом. 

Метод трассировки также существенно сокращает время на поиск связей между  Use Case.  

Ключевые слова: варианты использования; сценарии; модели; концептуальные классы; трассировка 
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