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Cyuacni npedcmasnenns xapaxmepucmux QYHKUIOHATIbHUX
8UMO2 NPAKMUUHO NOBHICMIO He MAIOmMb PopMani308anux Onucis.
Tomy eurxopucmanus icHyr0OuuUx mMemooié aHaNi3y 6UM0O2 CIMUKAEMb-
¢s 3 npobemamu Popmansiozo niomeepolceHHs Hu CRPOCMYEAHHS
Hasenocmi Y PYnKYionaIvbHoi 6UMO2U 810N06i0HOI Xapaxmepucmu-
Ku. Ocobu60 cunvLHO 0ani npodaeMuU BUABAAIOMCA N0 4AC AHANIZY
dynxuionanvnux eumoz Ha Henpomupiuus.

s ycynenns uyux npooaem nocmaeneno 3adawy po3podxu gop-
MANi308aHUX ONUCIE cumyauil no6HOi Mma 4acmroeoi Heeionosio-
HOCMI 3HAHHA-OPIEHMOBAHUX ONUCIE6 (PYHKUIOHATILHUX 6UMO2 ma
800CKOHANEHHS HA OCHOBL OMPUMAHUX ONUCIE ICHYIOU020 Memo-
0y ananizy QYHKUIOHANLHUX 6UMO2 THPOPMAUIiHOL cucmemu, KA
CcMEopoemvCst uu Mooudixyemocs, na nenpomupivus. B axocmi gpop-
MANLHOZ0 ONUCY PYHKUIOHATILHOT 6UMO2ZU 00 THPOPpMaUilinoi cucme-
MU, WO AHATI3YEMBCS, BUKOPUCMAHUIN 3HAHHA-OPIEHMOBAHUIL ONUC,
axuil 6asyemvca na Ppetimax. Ilio wac eupimenns yiei 3adaui oyau
Po3pobaeni gopmanizoeani onucu cumyauiii noeHoz0 NPoMupiuus
ma uacmko60i neeionosionocmi onucie @peimie QynKuionarvHux
8umoe, axi ananizyromocs. Iloxazano, wo cumyayis no6Ho20 npomu-
PiuUs € HacmKoeuM 6UNAOKOM CUMyauii 1acmroe6oi HeeionosioHocmi
onucis Qpeiimis, axi ananizyromocs. [Januii pezyromam 6yno noxaa-
dero 00 0CHOBU 800CKOHATIEH020 MeMOOY AHANI3Y OKpeMUX Ppeimie
onucie Qyuxuyionanvnux eumoz na nenpomupivus. Boocxonanenuii
Memo0 003605€ He MINbKU SUABAMU CUMYAUii NOBHO20 NPOMUPIY-
451 ma 4wacmxo6oi Hegionosionocmi Ppeimie, sAKi ananizyromocs, aie
U KIIbKICHO OUTHIOBAMU CIMYNIHb BUABJIEHOT He610N06I0HOCTA.

Anpobauis nouamixo6oz0 ma 600CKOHANEH020 MemOOié NPO6O-
ounacs nid wac aHanizy QYHKUIOHAILHUX BUMO2 3A0a4l NAAHYEAH-
Hsl THOUBIOYabHOT OiANbHOCMI HAYK0BO-NEOA202IMHUX NPAUIBHUKIE
3axnady euwyoi oceéimu. Byno pozensnymo mpu munoei cumyauii,
AKL MOJHCYMb BUHUKHYMU Ni0 HAC AHANI3Y PYHKUIOHATLHUX GUMOZ
na nenpomupiuus. Iloxasano, wo e0ockonanenuii memoo 0036015€
3Halimu 0inbUY KiNbKICHb NOMUTLOK 8 ONUCAX PYHKUIOHATILHUX GUMO2
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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 I'T-product at these I'T-project
stages is the description of the requirements for this product.
At the same time, any I'T-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



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 I'T-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 I'T-project. This approach does
not enable the future application of accumulated experience
in subsequent I'T-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:

a) operated serviced of the IS;

b) requests for a change in operated IS services;

¢) 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



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 I'T-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;

¢) 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]:

K {0,000, ), v

where K/ is the designation of the knowledge-oriented
description of the i-th formulated functional requirement,
K/ eK’; K/ istheset of functional requirements; D, is the
set of the frames describing the i-th functional requirement,
<d;’",<d§}"ﬁ”ﬁ_,d§”i”fu>>e Dy, m=1,2,3, .., u,n=1,2,3, .., x;uare
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; d™ is the description
of the name of the m-th frame of the i-th requirement; d;",
is the description of the n-th element of the m-th frame of the
i-th requirement; d}j", , is the description of the type of the
n-th element of the m-th frame of the i-th requirement; Di’f is
the set of interfaces describing the i-th functional requirement;
<d;"‘,<d;}’f,./,dé}’f,/7[>>eDl."/, m=1,2,3,..,0,n=1,2,3, ..., y;vare
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; d;’” is the description of the
name of the m-th interface of the i-th requirement; d}", is
the description of the name of the n-th element of the m-th
interface of the i-th requirement; d};", , is the description of
the type of the n-th element of the m-th interface of the i-th
requirement; Dj, , is the set of relations describing the i-th
functional requirement, <d_’,’:’Jd,<d§"j’ﬂﬂ,,d;;”i”ﬂﬂ,i/>§e D},
m=1,2,3, ..,©, 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; dj' s the description of the name of the
m-th connection between the interfaces and /or frames of the
i-th requirement; d,;", , is the description of the names of
the n-th element of the m-th relation of the i-th requirement;
dj", . . is the description of the type of the n-th element of

the m-th relation of the i-th requirement.



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:

(i di, Yo{dl.dl, )

when the condition is met

<min (fri”,frjb ), 2)

(di cd))v(di 2d)). ®3)

Here, the magnitude min(fri“,frjb) designates mini-
mally permissible limit of coincidence of descriptions of two
frames fr' and fr”, fr“eK/, fr"eK/.

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 fr and fr” in analog to model (2)
and condition (3) can be represented as follows:

(i diy, o (dlrdil, )|=0, )
when the condition is met
d*=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 K/, proposed in [16].

3. 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 K/, proposed in [16], involved the implementa-
tion of the following stages:

Stage 1. Choose frame fr* e K/, K/ e K/, which was not
considered before.

Stage 2. Choose fr” e K{, K]f e K/, which was not con-
sidered before.

Stage 3. 1f the condition is satisfied

di{m
el _fr)

ian
delf[rﬁ[

jbn
del _m

(d:l = dib ) A d L{'lbffu

=D |, (6)

admit the existence of a contradiction between the i-th and the
j-th functional requirements in the descriptions of frames /7™
and fr”, then proceed to Stage 5.

Stage 4. If the condition is satisfied

((d:‘ c d,{b)v(d;“ ) d,{”) )/\
N ey DYofl@rndi, Y)=2). @

admit the existence of a contradiction between the i-th and
thej-th functional requirements in the descriptions of frames
fri“and fr?.

Stage 5. Exclude frame fr” from further consideration. If
not all frames fr” e K ]f , were considered, proceed to Stage 2.

Stage 6. Exclude the representation K }./ from further con-
sideration. If not all representations of the set {K]/ }, were
considered, choose representation K ]f € {K jf }, which was not
considered before, and proceed to Stage 2.

Stage 7. Exclude frame fr™ from further consideration.
If not all frames /i € 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 K/ for consistency has the fol-
lowing stages.

Stage 1. Select frame fr' e K/ K/ e K/, which was not
considered before.

Stage 2. Select fr” e Kj/, K]/ e K/, which was not con-
sidered before.

Stage 3. Estimate the degree of inconsistency of frames
fr and fr” 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 fr“ and fr”.

Step 3. 3. Select the minimal value from the results
of the performance of Step 3.2 and assign it to a variable
min( /7, fr).

Step 3. 4. Form the array of results of the res check, the

. ia jb
mln(fr2 T )]4_1.

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

number of elements in which is [

(i i, Yo(dl,.dlr, )| <k. ®)



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 % by unity.

. ia jb
If ks[mln(fz,fr)“, proceed to Step 3.6. Otherwise,

complete Stage 3.

Stage 4. Exclude frame fr” from further consideration.
If not all frames frjbeK]f,were considered, proceed to
Stage 2.

Stage 5. Exclude representation K]/ from further con-
sideration. If not all the representations of the set {K jf }
were considered, select representation K]f € {K ]f }, that was
not considered before, and proceed to Stage 2.

Stage 6. Exclude frame fr* from further consideration
If not all frames fr* eK,./, were considered, proceed to
Stage 1.

Stage 7. For the identified cases of the inconsistency of
frames fr“ and fr”, publish the values of arrays res and
finish the method application.

Inin(fri“,frfb)

Expression
2

] means rounding off the num-

ber min(fri”,fr-f")

to the nearest integer towards the large side

min (fri”,fr-fb)
2

(the limit of number (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 /¥ and fr” 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 aresult 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( fr, frf”):7.
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 & 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( fr, frjb) =10. The
length of the array of checking results res will be 6.



Description of functions, input and output data flows of the functional problem

employee of a department”

Table 1
“Individual plan of a scientific and teaching

Description of the function

Description of the input data flow

Description of the output data flow

No. of

No. of

No. of

Title Title Title
entry entry entry
Conversion of section «Educa- Information from the
1 tional works 1.1 Teacher’s educational load for the academic year 1.1 individual plan section
«Educational work»
9 Formation and keepmg ?eg‘”a‘ Information about the key KPT of the depart- Information about the key
tory-reference information on 21 241 f the d
the key KPIs ment KPI of the department
Formation of a list of types of . Types of work recommend-
3 work recommended being done 31 Types of work recommended being done 3.1 ed being done
41 Information about a teacher
49 Information about the kinds of works that are
' planned to be done Information from the
Formation of the section «Sci- e .
4 entific works 4.3 Hours left 4.1 individual plan section
4.4 Kinds of work recommended to be done «Scientific work»
Information from the section of the individual
4.5 .
plan «Scientific work»
Information about positions long-term responsi-
5.1 P bilities 8 P Information from the
5 Formation of a list of positions - - — 51 section of the individual
and long-term responsibilities Inforrna.ltlon frorp 'the section of the md“’ld“%l ’ plan «List of positions and
5.2 plan «List of p051t1(?br}ls. snd long-term responsi- long-term responsibilities
ilities»
6.1 Hours left
6.2 Information about a teacher I f
- - nformation from section
Formation of section «Organi- 6.3 Information about the kinds of work that are of the individual plan
6 . . planned to be done 6.1 o
zational and educational work» «Organizational and edu-
6.4 Kinds of work recommended to be done cational works
65 Information from section of the individual plan
’ «Organizational and educational work»
7.1 Hours left
7.2 Information about a teacher
Formation of the section <Me- | 7.3 Information about the kinds of work planned to Inforrnatl'on ‘fr'orn a section
7 thodical works be done 7.1 of the individual plan
7.4 Kind of works recommended to be done «Methodical work>
75 Information from a section of the individual plan
’ «Methodical work»
Formation of the teacher’s KPI . . T Information about the
, Information from the section of the individual ,
8 and a part of the department’s 8.1 lan <Scientific works 8.1 | teacher’s KPI and a part of
KPI p the department’s KPI
91 Information about the number of hours from the
’ section of the individual plan «Educational work»
9.9 Information about the number of hours from
) ’ section of the individual plan «Methodical work» Information about the
9 Formation of a summary table Information about the number of hours from the | 9.1 number of hours for the
for the academic year 9.3 . o R .
section of the individual plan «Scientific work» plan sections
94 Information about the number of hours from
’ section «Organizational and educational works»
9.5 Information about a teacher
10.1 Information about a teacher
Information from the section of the individual
10.2 .
plan «Educational work»
103 Information from the section of the individual
Formation of output document ’ plan «Methodical work»> .
10 dividual ol 10.1 Individual plan
«Individual plan» 104 Information from the section of the individual
‘ plan «Scientific work»
105 Information from the section of the individual

plan «Organizational and educational work»




Descriptions of the content of the analyzed frames

Table 2

Frame description Description of frame elements
No. of entry Title No. of entry Title Type of information | Length
411 Employee identifier Numeric 4
4.1.2 Surname Symbolic 30
4.1.3 Name Symbolic 15
41 Information about a teacher 414 Patronymic Symbolic 30
4.1.5 Department Symbolic 7
4.1.6 Current position Symbolic 60
4.1.7 Share of load Symbolic 4
6.2.1 Employee identifier Numeric 4
6.2.2 Surname Symbolic 30
6.2.3 Name Symbolic 15
6.2 Information about a teacher 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
6.1.1 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 Informatiog frqm section of the Iindividual plan 6.1.5 Final result Symbolic 30
' «Organizational and educational work» 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
10.5.1 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
105 Informatiog frqm section of the Vindividual plan 10.5.5 Final result Symbolic 30
«Organizational and educational work» 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
7.1.1 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
71 Information from section of the individual plan «Me- 715 Final result Symbolic 30
' thodical work» 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
| e e | 921 | mehan | e | 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




The results of the implementation of Steps 3.5-3.7 for
the values of variable & 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

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

Information from Information about the

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- | Output data flow frame | Input data flow frame
ing stage 6.1 104

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 | Informat from the section | Informat from the section

application | of the individu plan «Or- | of the individu plan «Or-

of Porter’s ganiz and educ work» ganiz and educ work»
stemmer

Results of | Informat section individu | Informat section indivi-
deleting plan «Organiz educ du plan «Organiz educ

stop-words work» 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 The capacity of the Value of the element of
variable £ | intersection of sets of the array of checking
elements of frames 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.

Value of The Capacity of the inter- Value of elements of an Initial name the section of the number of hours from the
variable £ | section of sets of frame | array of checking results of the frame individual plan section of the individual
elements res (k) «Methodical work» plan «Methodical work»
0 7 0 Results of Informat from the | Informat about the number
1 7 0 application | section of the indi- | of hour from the section of
5 7 0 of Porter’s | vidu plan «Method | the individu plan «Method
stemmer work» work»
3 7 0 -
Results of Informat section Informat number hour sec-
4 7 0 deleting individu plan tion individu plan «Method
stop-words «Method work» 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 ( fre, frjb) =1. 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 & 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 The capacity of the Value of the element of
variable & intersection of frame the array of checking
elements sets results res(k)
0 1 0
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.



Table 9
Refined description of the content of input data flow frame 9.2

Frame description Description of elements of the frame
No. of Title No.off =y, | Informa-fy oy
entry entry tion type

Information 991 Academic Data 9
about the year

}rlmmbef:r of 7.1.8 | Total hours | Numeric 3

ours from — X
9.2 the individual 7.1.9 Teacher | Symbolic 25

plan section Head of the _
«Methodical |7.1.10 department Symbolic | 25

work»

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 The capacity of the Value of the element of
variable intersection of frame the array of checking
elements sets results res(k)
0 4 0
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:

a) 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:

a) 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:

a) 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:

a) 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:

a) 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:

a) 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

’Vmin (fri”,fr

b
5 )}) 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



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 I'T-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.



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

References

A Guide to the Project Management Body of Knowledge (PMBOK® Guide) (2013). Newton Square: Project Management
Institute, Inc., 586.

GOST R 57193-2016. Systems and software engineering. System life cycle processes (ISO/IEC/IEEE 15288:2015, NEQ) (2016).
Moscow: Standartinform, 98.

Maguire, M., Bevan, N. (2002). User Requirements Analysis. Usability, 133—148. doi: https://doi.org/10.1007 /978-0-387-35610-5 9
Stowell, E, Cooray, S. (2017). The Appreciative System, Learning And Its Impact Upon Is Design. Communications of the
Association for Information Systems, 40, 93—119. doi: https://doi.org/10.17705/1cais.04006

Ferreira Martins, H., Carvalho de Oliveira Junior, A., Dias Canedo, E., Dias Kosloski, R. A., Avila Paldés, R., Costa Oliveira, E.
(2019). Design Thinking: Challenges for Software Requirements Elicitation. Information, 10 (12), 371. doi: https://doi.org/10.3390/
info10120371

Ali, N., Lai, R. (2016). A method of requirements elicitation and analysis for Global Software Development. Journal of Software:
Evolution and Process, 29 (4), €1830. doi: https://doi.org/10.1002/smr.1830

Beimel, D., Kedmi-Shahar, E. (2018). Improving the identification of functional system requirements when novice analysts create use
case diagrams: the benefits of applying conceptual mental models. Requirements Engineering, 24 (4), 483-502. doi: https://doi.org/
10.1007/s00766-018-0296-z

Asteasuain, F, Braberman, V. (2016). Declaratively building behavior by means of scenario clauses. Requirements Engineering,
22 (2), 239-274. doi: https://doi.org/10.1007 /s00766-015-0242-2

Liu, L., Zhou, Q., Liu, J., Cao, Z. (2017). Requirements cybernetics: Elicitation based on user behavioral data. Journal of Systems
and Software, 124, 187—194. doi: https://doi.org/10.1016/j.jss.2015.12.030

Yu, Y.-J., Liu, C. (2017). Little Model in Big Data: An Algebraic Approach to Analysing Abstract Software Behaviours. Ruan Jian
Xue Bao/Journal of Software, 28 (6), 1488—1497. doi: http://doi.org/10.13328 /j.cnki.jos.005229

Ambreen, T, Tkram, N., Usman, M., Niazi, M. (2018). Empirical research in requirements engineering: trends and opportunities.
Requirements Engineering, 23 (1), 63-95. doi: https://doi.org/10.1007 /s00766-016-0258-2

Kaiya, H., Adachi, K., Chubachi, Y. (2019). Requirements Exploration by Comparing and Combining Models of Different
Information Systems. Knowledge-Based Software Engineering: 2018, 64—74. doi: https://doi.org/10.1007 /978-3-319-97679-2_7
Kim, S.-K., Myers, T.,, Wendland, M.-E, Lindsay, P. A. (2012). Execution of natural language requirements using State Machines
synthesised from Behavior Trees. Journal of Systems and Software, 85 (11), 2652—2664. doi: https://doi.org/10.1016/j.jss.2012.06.013
Cornejo-Aparicio, V., Flores-Silva, S., Bedregal-Alpaca, N., Tupacyupanqui-Jaen, D. (2020). Procedural model for the specification of
functional requirements in software construction. RISTI - Revista Iberica de Sistemas e Tecnologias de Informacao, 2020 (E26), 571-586.
Lee, C.-H., Chen, C.-H., Trappey, A. J. C. (2019). A structural service innovation approach for designing smart product service systems:
Case study of smart beauty service. Advanced Engineering Informatics, 40, 154—167. doi: https://doi.org/10.1016/j.aei.2019.04.006
Tevlanov, M., Vasiltcova, N., Panforova, 1. (2018). Development of methods for the analysis of functional requirements to an
information system for consistency and illogicality. Eastern-European Journal of Enterprise Technologies, 1 (2 (91)), 4—11. doi:
https://doi.org/10.15587,/1729-4061.2018.121849

Tevlanov, M. (2015). Methods of presenting formulated requirements to the information system at the level of knowledge. Eastern-
European Journal of Enterprise Technologies, 4 (3 (76)), 4—11. doi: https://doi.org/10.15587 /1729-4061.2015.47535

Tevlanov, M., Vasiltsova, N., Panfiorova, I. (2014). Web-service registry model improvements. Visnyk Kremenchutskoho
natsionalnoho universytetu imeni Mykhaila Ostrohradskoho, 5, 34—41.

RD 50-34.698-90. Avtomatizirovannye sistemy. Trebovaniya k soderzhaniyu dokumentov (2002). Moscow: IPK Izdatel’stvo
standartov, 25.

Katsov, I. (2019). Mashinnoe obuchenie dlya biznesa i marketinga. Sankt-Peterburg: Piter, 512.



