
Information technology

17

1. Introduction

One of the main problems of modern IT-project man-
agement is to reduce the non-productive cost of creating an 
IT-product. The most effective solutions to this problem are 
those that are made in the course of initiation and planning 
of IT-projects [1].  

The main description of an IT-product at these IT-project 
stages is the description of the requirements for this product. 
At the same time, any IT-product is presented as a system – a 
combination of interacting elements organized to achieve one 
or more set goals [2]. This representation makes it possible to 
divide the requirements for an IT-product into two groups:

a) functional requirements that answer the question: 
“What exactly should a system do?”; 

b) non-functional requirements that answer the ques-
tion: “How exactly should a system meet a specific function-
al requirement?”

Therefore, it will be possible to reduce the cost of cre-
ating an IT-product if one presents this IT-product as a 

system of consistent functional requirements. To do this, 
it is necessary to complete a certain list of works, which 
in article [2] are consolidated into two main processes: 
the process of determining the needs and requirements of 
the stakeholder and the process of determining systemic 
requirements. Both processes share one common feature: 
first, the works on a collection of separate requirements 
are done and then the works on the analysis of a whole 
set of requirements are carried out. At the same time, the 
main characteristics of such analysis in [2] imply that the 
requirements are necessary, freely implemented, consistent, 
have content, complete, reflect specificity, can be per-
formed, traceable, verifiable, and have boundaries.

However, the use of the considered characteristics of an-
alyzed requirements makes it very difficult to automate the 
works on the analysis of requirements. The fact is that most 
of these characteristics do not have any formal description. 
Consequently, the existence of these characteristics in ana-
lyzed requirements cannot be proved or refuted by the stan-
dard methods of data analysis, structured or unstructured 
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Сучаснi представлення характеристик функцiональних 
вимог практично повнiстю не мають формалiзованих описiв. 
Тому використання iснуючих методiв аналiзу вимог стикаєть-
ся з проблемами формального пiдтвердження чи спростування 
наявностi у функцiональної вимоги вiдповiдної характеристи-
ки. Особливо сильно данi проблеми виявляються пiд час аналiзу 
функцiональних вимог на непротирiччя. 

Для усунення цих проблем поставлено задачу розробки фор-
малiзованих описiв ситуацiй повної та часткової невiдповiд-
ностi знання-орiєнтованих описiв функцiональних вимог та 
вдосконалення на основi отриманих описiв iснуючого мето-
ду аналiзу функцiональних вимог iнформацiйної системи, яка 
створюється чи модифiкується, на непротирiччя. В якостi фор-
мального опису функцiональної вимоги до iнформацiйної систе-
ми, що аналiзується, використаний знання-орiєнтований опис, 
який базується на фреймах. Пiд час вирiшення цiєї задачi були 
розробленi формалiзованi описи ситуацiй повного протирiччя 
та часткової невiдповiдностi описiв фреймiв функцiональних 
вимог, якi аналiзуються. Показано, що ситуацiя повного проти-
рiччя є частковим випадком ситуацiї часткової невiдповiдностi 
описiв фреймiв, якi аналiзуються. Даний результат було покла-
дено до основи вдосконаленого методу аналiзу окремих фреймiв 
описiв функцiональних вимог на непротирiччя. Вдосконалений 
метод дозволяє не тiльки виявляти ситуацiї повного протирiч-
чя та часткової невiдповiдностi фреймiв, якi аналiзуються, але 
й кiлькiсно оцiнювати ступiнь виявленої невiдповiдностi.

Апробацiя початкового та вдосконаленого методiв прово-
дилася пiд час аналiзу функцiональних вимог задачi плануван-
ня iндивiдуальної дiяльностi науково-педагогiчних працiвникiв 
закладу вищої освiти. Було розглянуто три типовi ситуацiї, 
якi можуть виникнути пiд час аналiзу функцiональних вимог 
на непротирiччя. Показано, що вдосконалений метод дозволяє 
знайти бiльшу кiлькiсть помилок в описах функцiональних вимог

Ключовi слова: функцiональна вимога, знання-орiєнтований 
опис, аналiз вимог, непротирiччя, фрейм, iнформацiйна система
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texts. In particular, this difficulty is associated with such a 
characteristic of requirements for an IT product as consisten-
cy. At the same time, analysis of a complete set of functional 
requirements for consistency is very important in the creation 
of such IT-products as information systems (IS). Following 
the definition of “a system”, given in [2], it is possible to repre-
sent an IS as a combination of interacting functions, and this 
interaction is carried out by transmitting and receiving struc-
tured data arrays. Identification of contradictory functional 
requirements for the IS at the early stages of an IT project 
will allow reducing the cost to implement an IT project to 
create that IS. Such costs include, first and foremost, the time 
spent to detect contradictory functions of the IS, elimination 
of detected contradictions, and redesigning the functional 
structure, database, and IS software. That is why research 
into the area of automation of works on the analysis of func-
tional requirements for the IS and, in particular, consistency 
analysis, should be considered relevant.

2. Literature review and problem statement

The basic methods for the analysis of requirements 
were formulated in the late 20th and early 21st centuries. 
Examples of these methods are available in [3]. However, 
the effectiveness of these methods in practice is insufficient. 
As shown in [4], errors in determining the requirements 
for an IS have a direct impact on the effectiveness of the 
representation of these IS. It is indicated in [4] that the 
main reason for these errors is the gap between perceptions 
of the requirement generated by a customer and an analyst. 
Existing methods are focused on analyzing descriptions of 
requirements formulated from the point of view of an analyst 
only, and cannot detect such errors. It should be noted that 
the organization of close interaction between a customer and 
an analyst in the course of analysis of requirements in accor-
dance with the provisions of modern Agile-methods does not 
make it possible to improve the effectiveness of this analysis. 
As shown in paper [5], nowadays, the application of the 
Agile-methods of IT-project management can have a certain 
positive effect only in the course of works on the detection of 
functional requirements. However, during the planning and 
execution of other works, related to the requirements, the 
effect of the application of Agile-methods is not proved [5].

That is why modern research into the models and methods 
for the analysis of requirements for an IS, including functional 
requirements, is being carried out in two main directions. One 
of these areas involves research and creation of the methods 
for requirements analysis based on the interaction of IT-proj-
ect participants. Thus, the requirement analysis method that 
helps to bridge the communication gap between a customer 
and a developer is offered in paper [4]. The method for analyz-
ing requirements for software development, proposed in [6], is 
based on the joint participation of representatives of IT-proj-
ect stakeholders. However, the results presented in [7] show 
that such methods can be improved by structuring the percep-
tion of the system created by the participants of an IT-project 
as a formal conceptual mental model. This model is a visual 
embodiment of the beliefs and expectations of a user of the 
created system. It should be admitted that the advantage of 
this model, as shown in [7], is the improvement as a result 
of its application of correctness, completeness, and predict-
ability of scenarios of meeting these requirements. However, 
this model is also an additional source of possible errors that 

arise from the gap between the perceptions of the requirement 
formed by a customer and an analyst. In addition, the creation 
of such a model requires additional time consumption, which 
leads to a highly undesirable increase in the duration of an 
IT-project.

Another way of the formal description of the behavior of 
users is the application of the mathematical apparatus of the 
category theory, which is the basis of the special declarative 
language proposed in article [8]. The possibility of automatic 
semantic analysis of the scenarios of meeting requirements 
should be considered the advantage of this approach. How-
ever, this approach is not without serious shortcomings. 
The main drawback is the orientation of the approach to the 
formal description of behavior, considered in [8], to solve 
the problem of analysis of only the publications of separate 
requirements for a particular IT-project. This approach does 
not enable the future application of accumulated experience 
in subsequent IT-projects for a similar purpose.

The use for requirement analysis of the methods of mod-
ern cybernetics, based on the presentation of the process 
of setting requirements for data as a feedback management 
system, is considered in paper [9]. The main advantage of 
this approach is the ability to automate the works on the 
collection of requirements for the operated IS, provided 
that the descriptions of such IS services and their behavior 
are strongly formalized. However, the application of this 
approach in the practice of operational management is asso-
ciated with a whole range of problems. In particular, there is 
an unclear set of variables that should accurately describe:

а) operated serviced of the IS; 
b) requests for a change in operated IS services;
c) requests for new versions of the IS services, which are for-

mulated based on requests for a change in operated IS services; 
d) problems of IS operation management in general.
Another area of research involves the development of meth-

ods for identifying and analyzing requirements based on formal 
descriptions of these requirements. Thus, it is suggested in pa-
per [10] to analyze software behavior based on its probabilistic 
descriptions. The advantage of this method is the possibility to 
make a quantitative analysis of requirements based on probabi-
listic modeling of mobile software behavior. However, this and 
similar methods require the accumulation of quite a large data 
array for statistical studies of possible hypotheses of patterns. 
At the same time, the creation of new, modernization, or devel-
oping existing ISs inevitably leads to new requirements arising 
from the development of business processes, automated enter-
prises, or organizations. Such new requirements may not always 
be described based on previously known patterns or hypotheses 
about the IS software behavior. That is why this version of the 
IS requirement analysis has not become quite common yet.

The most common way of the formal description of the IS 
requirements is to recognize knowledge-oriented descriptions. 
In this case, much attention is paid to improving the existing 
models and requirement analysis methods [11]. In particular, 
paper [12] considered the variant of comparative analysis of 
the elements of a system based on their descriptions in the 
form of the Use Case, and Activity diagrams, and data flow 
diagrams. The transformation of publications of stakeholders’ 
requirements into an executable model of the system based on 
the Activity and State UML diagrams was considered in [13]. 
The procedural model for the specification of functional re-
quirements for software is proposed in article [14]. Paper [15] 
deals with the model of innovative service design, the use of 
which in the course of the work with requirements involves a 
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combination of formal knowledge-oriented methods and in-
formal methods of the theory of inventive problem-solving. In 
general, the models and methods discussed in papers [12–15] 
are particular cases of the same approach. This approach 
involves separation and subsequent analysis of knowledge-ori-
ented descriptions of requirements for an IS, based on the pub-
lication of these requirements in the form of existing visual 
models. The main advantage of the analysis methods based on 
this approach is the ability to quantify the characteristics of 
analyzed requirements. This assessment makes it possible to 
improve the objectivity of the values of requirement charac-
teristics formed by an analyst. Another, equally important ad-
vantage is the use of the knowledge-oriented models as formal 
descriptions of the analyzed requirements. Such models make 
it possible to ensure multiple uses of descriptions of separate 
requirements, including those in various IT-projects.

However, this approach, and, therefore, the models and 
methods based on it and considered in [12–15] have a series 
of shortcomings. These shortcomings greatly limit the use 
of these methods. These shortcomings, first of all, include:

a) almost complete lack of research into formal descrip-
tions of the characteristics of analyzed requirements; 

b) linking of formal descriptions of requirements and 
methods for their analysis to specific visual representations 
of these requirements, which limits the scope of use of these 
methods of analysis.

Based on the analysis of the features, merits, and short-
comings of the considered research into the methods for re-
quirements analysis, the following findings can be presented:

a) majority of the methods for the analysis of functional 
requirements, regardless of the direction of research, are 
based on some formalized descriptions;  

b) one of the main approaches to the formalization of a 
description of requirements for the IS, stakeholders as the 
sources of these requirements, as well as the behavior of 
IT-project participants in the course of working with re-
quirements, is knowledge-oriented models; 

c) knowledge-oriented descriptions of requirements are 
most often implemented in the form of visual diagrams or 
mathematical models; 

d) the use of knowledge-oriented descriptions to analyze re-
quirements for the IS and their separate characteristics are still 
aimed at the improvement of the known methods for analysis.

These findings determine the need for research to im-
prove existing methods for analyzing functional require-
ments for the IS in terms of their meeting the desired 
characteristics. In this case, it is necessary to take into 
consideration that a set of formulated requirements for an IS 
is the main source of information for the works on synthesis 
and description of the architecture of the created system [2]. 
That is why the most promising studies in this area are those 
that focus on the improvement of the methods for the anal-
ysis of functional requirements for an IS regarding its con-
sistency. Such methods should make it possible to identify 
the cases of both complete and partial contradiction in the 
descriptions of separate requirements at the minimal partic-
ipation in the analysis process of the IT-company employee 
who performs this analysis.

3. The aim and objectives of the study

The aim of this study is to improve a method to analyze 
functional requirements for a created or modified IS for 

consistency. As a result of the proposed improvement, the 
method should identify the situations of a complete and par-
tial contradiction of descriptions of separate functional re-
quirements for an IS. This makes it possible to formalize the 
performance of works on the analysis of requirements and to 
implement the proposed methods in the form of the elements 
of technology of requirements formation and analysis.

To achieve the aim, the following tasks should be solved:
– to develop formalized descriptions of contradictory and 

non-compliant formulated functional requirements for the IS; 
– to improve a method to analyze separate frames of 

descriptions of functional requirements for an IS for con-
sistency in order to identify conflicting and inconsistent 
functional requirements for an IS; 

– to check the opportunity of the implementation of 
assessment of a degree of inconsistency of the frames of 
functional requirements to detect the situations of complete 
contradiction and inconsistency.

4. Results of the development of the formalized 
descriptions of contradictory and inconsistent functional 

requirements 

In paper [16], it was proposed to perform a consistency 
analysis of functional requirements for the IS based on the 
knowledge-oriented formal descriptions of such require-
ments. This description in the general case takes the follow-
ing form [17]:

{ }_, , ,f i i i
i fr if fr relK D D D=

			 
	 (1)

where f
iK  is the designation of the knowledge-oriented 

description of the i-th formulated functional requirement, 
;f f

iK K∈  fK  is the set of functional requirements; i
frD  is the 

set of the frames describing the i-th functional requirement, 

_ _ _ ,, ,im imn imn i
n el fr el fr t frd d d D∈  m=1, 2, 3, …, u, n=1, 2, 3, …, x; u are  

the number of frames in the description of the i-th require-
ment; x is the number of elements in the description of the 
m-th frame of the i-th requirement; im

nd  is the description 
of the name of the m-th frame of the i-th requirement; _

imn
el frd

is the description of the n-th element of the m-th frame of the 
i-th requirement; _ _

imn
el fr td is the description of the type of the 

n-th element of the m-th frame of the i-th requirement; i
ifD  is 

the set of interfaces describing the i-th functional requirement; 

_ _ _ ,, ,im imn imn i
g el if el if t ifd d d D∈  m=1, 2, 3, …, v, n=1, 2, 3, …, y; v are  

the number of interfaces in the description of the i-th require-
ment; y is the number of elements in the description of the m-th 
interface of the i-th requirement; im

gd  is the description of the 
name of the m-th interface of the i-th requirement; _

imn
el ifd  is 

the description of the name of the n-th element of the m-th 
interface of the i-th requirement; _ _

imn
el if td  is the description of 

the type of the n-th element of the m-th interface of the i-th 
requirement; _

i
fr relD  is the set of relations describing the i-th 

functional requirement, _ _ _ _ _ _ _, ,im imn imn i
fr rel el fr rel el fr rel t fr reld d d D∈ , 

m=1, 2, 3, …, w, n=1, 2, 3, …, z; w are the number of relations 
in the description of the i-th requirement; z is the number of 
elements in the description of the m-th relation of the i-th 
requirement; _ _

im
fr rel nd is the description of the name of the 

m-th connection between the interfaces and/or frames of the 
i-th requirement; _ _

imn
el fr reld is the description of the names of 

the n-th element of the m-th relation of the i-th requirement; 

_ _ _
imn
el fr rel td  is the description of the type of the n-th element of 

the m-th relation of the i-th requirement.
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Model (1) makes it possible to consider the representa-
tion of the functional requirement for the IS element as a 
fragment of the network of frames and interfaces of these 
frames. Then two or more functional requirements, for which 
at least one of the following situations is satisfied, will be 
considered contradictory:

a) frames or interfaces with the same or similar name 
contain two non-intersecting sets of elements;

b) there are different relations between two or more pairs 
of frames or between a frame and an interface with the same 
or similar descriptions.

However, this interpretation of contradiction is too nar-
row. Thus, it does not take into consideration the following 
possibility: frames or interfaces with the same or similar 
name contain sets of elements that intersect each other in a 
minimum number of elements.

Therefore, instead of the concept of “contradiction”, we will 
introduce a broader concept of “inconsistency” as a comparative 
characteristic of the elements of descriptions of the require-
ments for an IS. Inconsistency occurs between the elements of 
descriptions of two or more frames or interfaces with the same or 
similar names. At the same time, sets of elements of descriptions 
of inconsistent frames or interfaces as a result of intersection 
form a new set, the number of elements of which is below the 
permissible limit. This situation can be represented as follows:

( )_ _ _ _ _ _, , min ,ian ian jbn jbn ia jb
el fr el fr t el fr el fr td d d d fr fr∩ ≤ ,	  (2)

when the condition is met 

( ) ( ).ia jb ia jb
n n n nd d d d⊆ ∨ ⊇  	 (3)

Here, the magnitude ( )min ,ia jbfr fr  designates mini-
mally permissible limit of coincidence of descriptions of two 
frames iafr  and ,jbfr  ,ia f

ifr K∈ .� jb f
jfr K∈  

Then it is suggested that those frames or interfaces 
should be termed contradictory, the names of which coin-
cide completely, and the result of the intersection of the sets 
of their elements will be an empty set. The model of a full 
contradiction of frames iafr  and jbfr  in analog to model (2) 
and condition (3) can be represented as follows:

_ _ _ _ _ _, , 0,ian ian jbn jbn
el fr el fr t el fr el fr td d d d∩ =  		  (4)

when the condition is met 

.ia jb
n nd d= 		   (5)

Expressions (4) and (5) are the particular cases of ex-
pressions (2) and (3). This makes it possible to improve the 
method for consistency analysis of separate frames of knowl-
edge-oriented descriptions of functional requirements for 
the IS f

iK , proposed in [16].

5. Results of improvement of the method to analyze 
separate frames of the knowledge-oriented descriptions 

of the functional requirements for consistency

The method for consistency analysis of separate frames of 
knowledge-oriented descriptions of functional requirements 
for the IS ,f

iK  proposed in [16], involved the implementa-
tion of the following stages:

Stage 1. Choose frame ,ia f
ifr K∈  ,f f

iK K∈  which was not 
considered before.

Stage 2. Choose ,jb f
jfr K∈  ,f f

jK K∈  which was not con-
sidered before.

Stage 3. If the condition is satisfied 

 
( ) _ _

_ _ _ _

, ,
\ ,

ian jbn
el fr el fria jb

n n ian jbn
el fr t el fr t

d d
d d

d d

          = ∧ ≠ ∅             
	 (6)

admit the existence of a contradiction between the i-th and the 
j-th functional requirements in the descriptions of frames iafr  
and ,jbfr  then proceed to Stage 5. 

Stage 4. If the condition is satisfied

( ) ( )( )
{ } { }( )( )_ _ _ _ _ _, , ,

ia jb ia jb
n n n n

ian ian jbn jbn
el fr el fr t el fr el fr t

d d d d

d d d d

⊆ ∨ ⊇ ∧

∧ ∩ = ∅ 	  (7)

admit the existence of a contradiction between the i-th and 
the j-th functional requirements in the descriptions of frames 

iafr and .jbfr
Stage 5. Exclude frame jbfr  from further consideration. If 

not all frames ,jb f
jfr K∈  were considered, proceed to Stage 2.

Stage 6. Exclude the representation f
jK  from further con-

sideration. If not all representations of the set { },f
jK  were 

considered, choose representation { },f f
j jK K∈  which was not 

considered before, and proceed to Stage 2.
Stage 7. Exclude frame iafr  from further consideration. 

If not all frames ,ia f
ifr K∈ were considered, proceed to Stage 

1, otherwise, complete the method application.
This method makes it possible to establish the fact 

that the descriptions of two different frames do not coin-
cide. However, it does not make it possible to quantify the 
inconsistency degree of such descriptions. That is why it 
is proposed to improve this method by applying the pro-
posed formalized descriptions of situations of inconsisten-
cy and contradiction of descriptions of separate frames.

The improved method for analysis of separate frames 
of knowledge-oriented descriptions of the functional 
requirements for the IS f

iK  for consistency has the fol-
lowing stages.

Stage 1. Select frame , ,ia f f f
i ifr K K K∈ ∈  which was not 

considered before.
Stage 2. Select ,jb f

jfr K∈  ,f f
jK K∈  which was not con-

sidered before.
Stage 3. Estimate the degree of inconsistency of frames 

iafr  and jbfr  by performing the following steps.
Step 3. 1. Check if condition (3) is satisfied. If the condi-

tion is not satisfied, proceed to Stage 4.
Step 3. 2. Calculate capacities of sets of elements of 

frames iafr  and .jbfr
Step 3. 3. Select the minimal value from the results 

of the performance of Step 3.2 and assign it to a variable 
min( , )ia jbfr fr .

Step 3. 4. Form the array of results of the res check, the  
 
number of elements in which is 

( )min ,
� 1.

2

ia jbfr fr 
  +
  

Step 3. 5. Determine the value of the variable k=0. 
Step 3. 6. Check if the inequality is satisfied.

_ _ _ _ _ _, , .ian ian jbn jbn
el fr el fr t el fr el fr td d d d k∩ ≤  		  (8)
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If inequality (8) is satisfied, determine the value of the 
element res(k)=1. Otherwise, determine the value of the 
element res(k)=0.

Step 3. 7. Increase the value of the variable k  by unity.  
 
If 

( )min ,
� ,

2

ia jbfr fr
k

 
 ≤
  

 proceed to Step 3. 6. Otherwise,  
 
complete Stage 3. 

Stage 4. Exclude frame jbfr  from further consideration. 
If not all frames ,jb f

jfr K∈ were considered, proceed to 
Stage 2.

Stage 5. Exclude representation f
jK  from further con-

sideration. If not all the representations of the set { },f
jK  

were considered, select representation { },f f
j jK K∈  that was 

not considered before, and proceed to Stage 2.
Stage 6. Exclude frame iafr  from further consideration 

If not all frames ,ia f
ifr K∈  were considered, proceed to 

Stage 1.
Stage 7. For the identified cases of the inconsistency of 

frames iafr  and ,jbfr  publish the values of arrays res and 
finish the method application.

Expression ( )min ,

2

ia jbfr fr 
 
  

 means rounding off the num- 
 
 ber 

( )min ,

2

ia jbfr fr
 to the nearest integer towards the large side  

 (the limit of number 
( )min ,

2

ia jbfr fr
 (by Kenneth Anderson).

The application of the improved method will make it 
possible for each case of full or partial coincidence of the 
names of frames iafr  and jbfr  to obtain the tables with the 
estimates of the degree of non-conformity of the descriptions 
of elements of these frames.

6. Checking the ability to implement an estimation of 
the degree of inconsistency of frames of functional 

requirements for detection of situations of complete 
contradiction and inconsistency

Experimental testing of the improved method was car-
ried out during the analysis for consistency of functional re-
quirements that were put forward to the problem “Formation 
and keeping the individual plan of a scientific and teaching 
employee of the department”. The purpose of the automated 
solution of this problem is to reduce the time spent on draw-
ing up a rational version of the individual plan of works of a 
scientific and teaching employee of a university department 
for the upcoming academic year. This problem is solved be-
fore the beginning of the academic year after the scientific 
and teaching staff of the department receive a staffing plan 
and individual educational load. In addition, the solution of 
this problem can be carried out in the event of a change in a 
staffing plan, individual educational load, or a list of works 
of a department that need to be done.

In the course of collecting the functional requirements 
for the problem “Formation and keeping the individual plan 
of a scientific and teaching employee of the department”, 
the model of publication of a functional requirement as a 
process that converts input data flows into output data 
flows. This model was described in paper [18]. The names 
of these processes, input and output data flows are given 
in Table 1.

In accordance with the requirements of the RD 50-34.698-
90 standard [19] for drawing up the document “Description 
of problem setting”, each flow of output and input data was 
presented as a separate frame. The elements of these frames are 
separate attributes, described at the conceptual level. This rep-
resentation of the functional requirements makes it possible to 
apply the proposed improved method for analysis of functional 
requirements for consistency, formulated in Table 1.

Consider the use of the improved method for the follow-
ing cases:

a) the names of the comparable frames are exactly the 
same ‒ the input data flow frame 4.1 and the input data flow 
frame 6.2, as well as the output data flow frame 6.1 and the 
input data flow frame 10.5 from Table 1; 

b) the name of one of the comparable frames is a subset of 
the name of another of the comparable frames – the output data 
flow frame 7.1 and the input data flow frame 9.2 from Table 1.

Descriptions of the content of these frames, performed by 
an analyst during the collection and primary publication of 
functional requirements, are given in Table 2.

The focus is on the progress of Stage 3 and Stage 7 of 
the improved method. First, let us consider the execution 
of these stages to test the consistency of input data flow 
frame 4. 1 and input data flow frame 6.2.

During the implementation of Stage 3.1, to formalize the 
name of the frames executed in the domain language, here 
and thereafter it is proposed to use the combination of the 
text pre-processing techniques – stemming and stop-word 
removal. Porter’s stemmer was used for stemming in this 
case. Prepositions were considered as stop-words. The result 
of processing the names of input data flow frame 4.1 and 
input data flow frame 6.2. is given in Table 3.

The obtained results show that condition (3) for these 
frames is met – the names of the frames are completely 
identical. 

As a result of the implementation of Steps 3.2–3.4, the ca-
pacity of the set of elements of input data flow frame 4.1 in Ta-
ble 2 is accepted equal to 7. The capacity of a set of elements of 
input data flow frame 6.2 is accepted equal to 7. Therefore, for 
the selected frames, the value of variable ( )min , 7.ia jbfr fr =  
The length of the array of the check results res will be 5. 

Results of implementation of Steps 3.5–3.7 for the values 
of variable k from 0 to 4 are given in Table 4.

The values of the elements of the results check array, 
given in Table 4, make it possible to conclude during the 
implementation of Stage 7: input data flow frame 4.1 and 
input data flow frame 6.2 do not contradict each other, and 
the descriptions of their elements correspond to each other 
more than by 50 %. 

Next, let us consider the implementation of Stage 3 and 
Stage 7 of the improved method for testing the consistency 
of output data flow frame 6.1 and input data flow frame 10.5. 

The result of processing the names of output data flow 
frame 6.1 and input data flow frame 10.5 are given in Table 5.

The obtained results show that condition (3) for these 
frames is fulfilled – the names of the frames coincide com-
pletely. 

As a result of completion Steps 3.2–3.4, the capacity of the 
set of elements of output data flow frame 6.1 according to Ta-
ble 2 is equal to 10. The capacity of the set of elements of input 
data flow frame 10.5 is accepted equal to 10. Therefore, for the 
selected frames, the value of variable ( )min , 10.ia jbfr fr =  The 
length of the array of checking results res will be 6. 
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Table 1
Description of functions, input and output data flows of the functional problem “Individual plan of a scientific and teaching 

employee of a department”

Description of the function Description of the input data flow  Description of the output data flow  

No. of 
entry

Title
No. of 
entry

Title
No. of 
entry

Title

1
Conversion of section «Educa-

tional work» 
1.1 Teacher’s educational load for the academic year 1.1

Information from the 
individual plan section 

«Educational work»

2
Formation and keeping regula-
tory-reference information on 

the key KPIs
2.1

Information about the key KPI of the depart-
ment

2.1
Information about the key 

KPI of the department

3
Formation of a list of types of 

work recommended being done
3.1 Types of work recommended being done 3.1

Types of work recommend-
ed being done

4
Formation of the section «Sci-

entific work»

4.1 Information about a teacher  

4.1
Information from the 

individual plan section 
«Scientific work»

4.2
Information about the kinds of works that are 

planned to be done  

4.3 Hours left 

4.4 Kinds of work recommended to be done 

4.5
Information from the section of the individual 

plan «Scientific work» 

5
Formation of a list of positions 
and long-term responsibilities

5.1
Information about positions long-term responsi-

bilities
5.1

Information from the 
section of the individual 

plan «List of positions and 
long-term responsibilities5.2

Information from the section of the individual 
plan «List of positions and long-term responsi-

bilities»  

6
Formation of section «Organi-
zational and educational work» 

6.1 Hours left

6.1

Information from section 
of the individual plan 

«Organizational and edu-
cational work»  

6.2 Information about a teacher  

6.3
Information about the kinds of work that are 

planned to be done  

6.4 Kinds of work recommended to be done  

6.5
Information from section of the individual plan 

«Organizational and educational work»  

7
Formation of the section «Me-

thodical work»

7.1 Hours left

7.1
Information from a section 

of the individual plan 
«Methodical work»

7.2 Information about a teacher

7.3
Information about the kinds of work planned to 

be done  

7.4 Kind of works recommended to be done  

7.5
Information from a section of the individual plan 

«Methodical work»

8
Formation of the teacher’s KPI 
and a part of the department’s 

KPI  
8.1

Information from the section of the individual 
plan «Scientific work»  

8.1
Information about the 

teacher’s KPI and a part of 
the department’s KPI  

9
Formation of a summary table 

for the academic year 

9.1
Information about the number of hours from the 

section of the individual plan «Educational work»  

9.1
Information about the 

number of hours for the 
plan sections   

9.2
Information about the number of hours from 

section of the individual plan «Methodical work»  

9.3
Information about the number of hours from the 
section of the individual plan «Scientific work»  

9.4
Information about the number of hours from 

section «Organizational and educational work»  

9.5 Information about a teacher  

10
Formation of output document 

«Individual plan»

10.1 Information about a teacher  

10.1 Individual plan

10.2
Information from the section of the individual 

plan «Educational work»  

10.3
Information from the section of the individual 

plan «Methodical work»  

10.4
Information from the section of the individual 

plan «Scientific work»  

10.5
Information from the section of the individual 
plan «Organizational and educational work»  
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Table 2 
Descriptions of the content of the analyzed frames

Frame description Description of frame elements

No. of entry Title No. of entry Title Type of information Length

4.1 Information about a teacher

4.1.1 Employee identifier Numeric 4

4.1.2 Surname Symbolic 30

4.1.3 Name Symbolic 15

4.1.4 Patronymic Symbolic 30

4.1.5 Department Symbolic 7

4.1.6 Current position Symbolic 60

4.1.7 Share of load Symbolic 4

6.2 Information about a teacher

6.2.1 Employee identifier Numeric 4

6.2.2 Surname Symbolic 30

6.2.3 Name Symbolic 15

6.2.4 Patronymic Symbolic 30

6.2.5 Department Symbolic 7

6.2.6 Current position Symbolic 60

6.2.7 Share of load Symbolic 4

6.1
Information from section of the individual plan 

«Organizational and educational work»  

6.1.1 Academic year Date 9

6.1.2 No. by order Numeric 2

6.1.3 Content Symbolic 255

6.1.4 Number of hours Numeric 3

6.1.5 Final result Symbolic 30

6.1.6 Deadline Symbolic 15

6.1.7 Mark about completion Symbolic 4

6.1.8 Total hours Numeric 3

6.1.9 Teacher Symbolic 25

6.1.10 Head of department Symbolic 25

10.5
Information from section of the individual plan 

«Organizational and educational work»  

10.5.1 Academic year Date 9

10.5.2 No. by order Numeric 2

10.5.3 Content Symbolic 255

10.5.4 Number of hours Numeric 3

10.5.5 Final result Symbolic 30

10.5.6 Deadline Symbolic 15

10.5.7 Mark about completion Symbolic 4

10.5.8 Total hours Numeric 3

10.5.9 Teacher Symbolic 25

10.5.10 Head of the department Symbolic  25

7.1
Information from section of the individual plan «Me-

thodical work» 

7.1.1 Academic year Date 9

7.1.2 No. by order Numeric 2

7.1.3 Content Symbolic 255

7.1.4 Number of hours Numeric 3

7.1.5 Final result Symbolic 30

7.1.6 Deadline Symbolic 15

7.1.7 Mark about completion Symbolic 4

7.1.8 Total hours Numeric 3

7.1.9 Teacher Symbolic 25

7.1.10 Head of department Symbolic 25

9.2
Information about the number of hours from the 
section of the individual plan «Methodical work»  

9.2.1 Total hours Numeric 3

Table 3

Results of pre-processing of the names of analyzed frames for input data flow frame 4.1 and input data flow frame 6.2

Stage of pre-processing  Input data flow frame 4.1 Input data flow frame 6.2

Initial frame name  Information about a teacher Information about a teacher

Results of Porter’s stemmer application  Informat about a teacher Informat about a teacher

Results of stop-words deletion  Informat teacher Informat teacher
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The results of the implementation of Steps 3.5–3.7 for 
the values of variable k from 0 to 5 are given in Table 6.

Table 4

Results of detection of situations of contradiction and 
inconsistencies for input data flow frame 4.1 and input data 

flow frame 6.2

Value of 
variable k

The capacity of the inter-
section of sets of frame 

elements

Value of elements of an 
array of checking results 

res (k)  

0 7 0

1 7 0

2 7 0

3 7 0

4 7 0

Table 5

Results from pre-processing of the names of analyzed frames 
for output data flow frame 6.1 and input data flow frame 10.5

Pre-process-
ing stage

 Output data flow frame 
6.1

Input data flow frame 
10.4  

Initial name 
of the frame

Information from the 
section of the individual 

plan «Organizational and 
educational work»  

Information from the 
section of the individual 

plan «Organizational 
and educational work» 

Results of 
application 
of Porter’s 
stemmer

Informat from the section 
of the individu plan «Or-

ganiz and educ work»  

Informat from the section 
of the individu plan «Or-

ganiz and educ work»  

Results of 
deleting 

stop-words   

Informat section individu 
plan «Organiz educ 

work»

Informat section indivi-
du plan «Organiz educ 

work»

Table 6

 Results of identification of contradiction and inconsistency 
situations for output data flow frame 6.1 and output data 

flow frame 10.5 

Value of 
variable k

The capacity of the 
intersection of sets of 

elements of frames  

Value of the element of 
the array of checking 

results res(k)

0 10 0

1 10 0

2 10 0

3 10 0

4 10 0

5 10 0

The values of the elements of the array of result checking, 
given in Table 6, make it possible to conclude during the im-
plementation of Stage 7: output data flow frame 6.1 and input 
data flow frame 10.5 do not contradict each other, and the de-
scriptions of their elements correspond to each at least by 50 %. 

 Next, let us consider the implementation of Stage 3 and 
Stage 7 of the improved method for testing the inconsistency 
of output data flow frame 7.1 and input data flow frame 9.2. 

The result of processing the names of output data flow 
frame 7.1 and input data flow frame 9.2 are given in Table 7.

The obtained results show that condition (3) for these 
frames is fulfilled – the names of the frame of output data 
flow frame 7.1 is the subset of the name of input data flow 
frame 9.2. 

 Table 7
Results of pre-processing of the names of analyzed frames 

for output data flow frame 7.1 and input data flow frame 9.2

Pre-process-
ing stage

Output data flow 
frame 7.1

 Input data flow frame 9.2

Initial name 
of the frame  

Information from 
the section of the 

individual plan 
«Methodical work»  

Information about the 
number of hours from the 
section of the individual 
plan «Methodical work»  

Results of 
application 
of Porter’s 
stemmer

Informat from the 
section of the indi-
vidu plan «Method 

work»  

Informat about the number 
of hour from the section of 
the individu plan «Method 

work»  

Results of 
deleting 

stop-words

Informat section 
individu plan 

«Method work»  

Informat number hour sec-
tion individu plan «Method 

work»

As a result of the completion of Steps 3.2–3.4, the ca-
pacity of the set of elements of output data flow frame 7.1 
according to Table 2 is accepted equal to 10. The capacity 
of the set of elements of input data flow rate 9.2 is accepted 
equal to 1. Therefore, for the selected frames, the value of 
variable ( )min , 1.ia jbfr fr =  The length of the array of check-
ing results res will be 2. 

The results of the implementation of Steps 3.5–3.7 for 
the values of variable k from 0 to 1 are given in Table 8.

Table 8

Results of identification of situations of contradiction and 
inconsistency for output data flow frame 7.1 and input data 

flow frame 9.2

Value of 
variable k

The capacity of the 
intersection of frame 

elements sets  

Value of the element of 
the array of checking 

results res(k)

0 1 0

1 1 1

The values of the elements of the array of result checking, 
given in Table 8, make it possible to conclude during the 
implementation of Stage 7: output data flow frame 7.1 and 
input data flow frame 9.2 do not correspond to each other 
completely. 

The cause of the detected inconsistency should be con-
sidered the minimal attributive description of input data 
flow frame 9.2. It is only one attribute, which should be 
recognized as an error of the analyst who performed collec-
tion and publication of functional requirements. The refined 
description of the content of input data flow frame 9.2 will 
take the form, given in Table 9.

Then, for input data flow frame 9.2 and output data flow 
frame 7.1, the results of the implementation of Stage 3 of the 
improved method will take the form given in Table 10.

The values of the elements of the array of result checking, 
given in Table 10, make it possible to conclude during the 
implementation of Stage 7: output data flow frame 7.1 and 
input data flow frame 9.2 correspond to each other at least 
by 50 %. 

Now consider the application of the method for analysis 
of the same pairs of frames, proposed in [16]. In this case, 
special attention should be paid to the implementation of 
Stages 3 and 4 of this method. 
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Table 9

Refined description of the content of input data flow frame 9.2

Frame description Description of elements of the frame  

No. of 
entry

Title
No. of 
entry

Title
Informa-
tion type

Length

9.2

Information 
about the 
number of 
hours from 

the individual 
plan section 
«Methodical 

work»

9.2.1
Academic 

year
Data 9

7.1.8 Total hours Numeric 3

7.1.9 Teacher Symbolic 25

7.1.10
Head of the 
department

Symbolic 25

Table 10

Results of identification of situations of contradiction and 
inconsistency for output data flow frame 7.1 and input data 

flow frame 9.2

Value of 
variable k

The capacity of the 
intersection of frame 

elements sets  

Value of the element of 
the array of checking 

results res(k)

0 4 0

1 4 0

2 4 0

For the input data flow frame 4.1 and input data flow 
frame 6.2, in the course of implementation of Stage 3 of the 
method, proposed in [16], it was found that:

а) the names of analyzed frames coincide (Table 3), 
therefore, the left part of condition (6) is satisfied;

b) the attributes of analyzed frames coincide (Table 2), 
therefore, the right part of condition (6) is not satisfied.

Therefore, condition (6) for the analyzed frames is not 
satisfied and frames at this stage are recognized as consis-
tent at this stage. 

In the course of implementation of Stage 4 of the method, 
proposed in [16], it was established for the given frames that:

а) the names of the analyzed frames coincide (Table 3), 
therefore, the left part of condition (7) is satisfied;

b) the attributes of analyzed frames coincide (Table 2), 
therefore, the right part of condition (7) is not satisfied.

Therefore, condition (7) for the analyzed frames is not 
met and the frames at this stage are considered consistent. 

By the results of the application of the method pro-
posed in [16], input data flow frame 4.1 and input data flow 
frame 6.2, were found to be consistent. This is in line with 
the results of the application of the improved method. 

For output data flow frame 6.1 and input data flow 
frame 10.5, during the implementation of Stage 3 of the 
method proposed in [16], it was found that:

а) the names of analyzed frames coincide (Table 5), 
therefore, the left part of condition (6) is satisfied;

b) the attributes of analyzed frames coincide (Table 2), 
therefore, the right part of condition (6) is not satisfied.

Therefore, condition (6) for analyzed frames is not met 
and the frames are recognized as consistent at this stage. 

In the course of Stage 4 of the method proposed in [16], 
it was found for these frames that:

а) the names of the analyzed frames coincide (Table 5), 
therefore, the left part of condition (7) is satisfied;

b) the attributes of analyzed frames coincide (Table 2), 
therefore, the right part of condition (7) is not satisfied.

Therefore, condition (7) for the analyzed frames is not 
met and the frames are considered consistent at this stage. 

According to the results of the application of the method, 
proposed in [16], output data flow frame 6.1 and input data 
flow frame 10.5 method are considered consistent. This is 
in line with the results of the application of the improved 
method.

For output data flow frame 7.1 and input data flow 
frame 9.2, during the implementation of Stage 3 of the meth-
od, proposed in the [16], it was found:

а) the names of analyzed frames do not coincide (Ta-
ble 7), therefore, the left part of condition (6) is not satisfied;

b) 9 attributes of the analyzed output data flow frame 
7.1 are not contained in the description of input data flow 
frame 9.2 (Table 2), therefore, the right part of condition (6) 
is not satisfied.

Therefore, condition (6) for analyzed frames is not satis-
fied and the frames at this stage are recognized as consistent. 

In the course of implementation of Stage 4 of the method 
proposed in [16], it was established for these frames:

а) the name of output data flow frame 7.1 is a subset of 
the name of input data flow frame 9.2 (Table 7), therefore, 
the left part of condition (7) is satisfied;

b) the result of the intersection of descriptions of sets of 
attributes of analyzed frames contain one element (Table 2), 
therefore, the right part of condition (7) is not satisfied

Therefore, condition (7) for analyzed frames is not sat-
isfied and the frames are considered consistent at this stage.

Based on the results of the application of the method, 
proposed in [16], output data flow frame 7.1 and input data 
flow frame 9.2, are considered consistent. This result is 
correct because these frames do not really contradict each 
other. However, this result is inaccurate because, as shown 
above, the descriptions of these frames do not fully corre-
spond to each other. This inaccuracy subsequently could 
lead to errors in the course of development of the database, 
the SQL-queries, and the applied software of the analyzed 
problem.

The possibility to detect not only a situation of complete 
contradiction but also a situation of the partial inconsistency 
of descriptions of the contents of separate frames is the main 
advantage of the improved method compared to the method 
proposed in paper [16]. Another important advantage of the 
improved method is the quantitative estimate of the degree 
of inconsistency of descriptions of the contents of separate 
frames. As shown in Tables 4, 6, and 10, the results of the 
implementation of steps 3.5–3.7 of the improved method 
are equal to 0. This means that in compared frames there 
are the same descriptions of attributes, the number of which 
is more than 50 % (according to the value of the variable  
 ( )min ,

2

ia jbfr fr 
 
  

) of the minimum number of attributes  
 
descriptions in analyzed frames. An example of detection 
of the situation, where the minimum coincidence degree is 
less than 50 %, is given in Table 8. This threshold for the 
coincidence of attribute descriptions was chosen for practical 
reasons (frame descriptions may vary partially due to the 
peculiarities of domains and scenarios of performance of IS 
functions). At the same time, an insignificant modification 
of Step 3.4 of the improved method will make it possible to 
check the facts of the coincidence/mismatch of all descrip-
tions of the attributes of analyzed frames. In this case, it 
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becomes possible to estimate the degree of matching frames 
from 0 to 100 % due to some increase in the time spent on 
the implementation of this method. Such estimation allows 
the subsequent formal solution to the problem of deciding 
on performing further works to clarify the descriptions of 
separate functional requirements.

However, these merits also determine the main draw-
backs of the improved method. In particular, the identifi-
cation of the situations of the partial inconsistency of de-
scriptions of the contents of individual frames significantly 
increases the sensitivity of the improved method to the 
completeness of the description of separate frames. As shown 
above, it is advisable to have at least four or five attributes 
in the description of each separate frame. Such sensitivity 
requires more time to identify detailed descriptions of func-
tional requirements.

Another drawback of the improved method is that it 
is necessary to admit that there is a slight increase in the 
time spent on its implementation compared to the method 
proposed in paper [16]. However, this drawback is not signif-
icant, especially in the case of implementation of this method 
as an element of information technology for the formation 
and analysis of functional requirements for the IS.

7. Discussion of the obtained theoretical and practical 
results

The use of the method proposed in paper [16] allowed 
the identification of only the situation of the inconsistency 
of descriptions of separate frames but did not enable quanti-
fication of the degree of inconsistency of these descriptions. 
Therefore, this method was improved by developing formal-
ized descriptions (2) to (5) of the situations of contradiction 
and inconsistency between two frames from the descriptions 
of different requirements. Analysis of these descriptions led to 
the conclusion that the situation of contraction between the 
descriptions of two frames is a particular case of the situation 
of the inconsistency of these descriptions. As a result of its im-
provement, the method makes it possible not only to identify 
situations of inconsistency or contradiction of descriptions of 
analyzed frames but also to quantify the degree of identified 
inconsistency.

The improved method was tested during the analysis of 
functional requirements of the problem of automation of plan-
ning the individual activities of the academic and teaching 
staff of a higher educational institution. As a result of testing, 
it was found that the improved method is more accurate than 
the method for analysis proposed in paper [16]. This became 
possible due to using condition (8) for analysis of frames, 
which makes it possible to detect not only a contradiction 
but also a partial inconsistency between the descriptions of 
analyzed frames. It should be noted, however, that the method 
proposed in paper [16] and the improved method are approx-
imately the same in terms of the computational complexity of 
the algorithms implementing these methods.

The main feature that makes the improved method 
difficult to use is its sensitivity to the completeness of the 
description of analyzed frames. The result of this feature is 
additional works to correct the descriptions of separate func-
tional requirements and, as a result, an increase in the time 
consumption for initiation and planning of an IT-project for 
the IS creation. However, such costs are offset by a reduction 
in the time spent on the implementation of an IT-project of 

the IS creation due to the fact that the project plan does not 
contain any additional works to correct the contradictions 
and inconsistencies between the descriptions of separate 
functions of this IS.

Another feature of the application of the improved meth-
od is the establishment of a minimum compliance degree 
of not less than 50 % of the total number of attributes of 
analyzed frames. This magnitude was chosen based on prac-
tical considerations about the possible divergence of frames 
describing the same element of a domain. At the same time, 
the improved method can be easily adjusted to verify the 
compliance degrees up to 100 %. However, such correction 
will lead to some increase in the time spent on the imple-
mentation of the algorithm realizing the method. It should 
be admitted that solving the problem about the appropriate 
magnitude of the degree of conformity of descriptions of sep-
arate frames requires long-term practical tests, including the 
ones involving the IT-projects that were completed.

8. Conclusions

1. The formalized descriptions of situations of com-
plete contradiction and inconsistency of separate frames of 
formulated functional requirements for the IS were devel-
oped. Based on these descriptions, it was concluded that 
a situation of the complete contradiction of descriptions 
of analyzed frames is a particular case of a situation of the 
inconsistency of these descriptions. This conclusion is the 
basis for the improvement of the earlier developed method 
for analyzing the descriptions of functional requirements to 
the IS consistency.

2. The previously proposed method of analyzing descrip-
tions of functional requirements for the IS consistency was 
improved. This method enabled the identification of descrip-
tion only of the situation of the contradiction of descriptions 
of analyzed frames. The essence of the improvement is the 
transition from two particular conditions for checking the 
descriptions of analyzed frames for consistency to one com-
mon condition of verification of the descriptions of these 
frames for incompliance with each other. The obtained 
improved method makes it possible to identify not only sit-
uations of complete contradiction, but also those of partial 
inconsistency of descriptions of analyzed frames.

3. We tested the possibility of implementing the es-
timation of the degree of inconsistency of frames of 
functional requirements to detect the situations of com-
plete contradiction and inconsistency during analysis for 
consistency of separate functional requirements for the 
problem “Formation and keeping of the individual plan of 
a scientific and teaching employee of the department”. For 
comparison, the frame pairs, analyzed during testing, were 
also analyzed using the previously developed method for 
analysis of the descriptions of functional requirements for 
the IS consistency. The results of testing suggest that the 
improved method detects more errors in the descriptions 
of functional requirements. Thus, the implementation and 
application of the improved method enable the reduction 
of the time it takes to implement an IT-project of the IS 
creation. This reduction occurs due to the exclusion from 
the project-plan of additional works related to correcting 
the errors in the information and software elements of the 
IS, caused by the errors in the descriptions of functional 
requirements for this IS.
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