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ABSTRACT

Context. In the software development process, the choice of a software development methodology is one of the important stages
that significantly affects the success/failure of the project. The choice of the optimal development methodology depends on many
factors and is a time-consuming and nontrivial task.

Objective. Therefore, there is a need to develop an effective and flexible software tool for selecting the best software
development methodology that would automate this process and take into account the key characteristics of the project.

Method. This article presents an algorithm for selecting a software development methodology using methods of multi-criteria
analysis and expert evaluation, which provides for gathering of the expert evaluation and implements the process of selecting the
methodology using such methods as AHP, TOPSIS and Weighted Sum.

Results. Using the above-mentioned algorithm, a software system was developed for selecting the best software development
methodology depending on the characteristics of the project, where the criteria weights provided by experts were taken into account
and the AHP method was applied to determine user priorities regarding the criteria for the methodology comparison. The TOPSIS
and Weighted Sum method were chosen to calculate the estimates of the methodology selection. The software tool provides for the
output of useful details of the selection results, namely, an expert evaluation of the specified parameter values in relation to all
methodologies, and it can be used to improve the efficiency of the software development process in terms of automating the
provision of recommendations to IT project managers.

Conclusions. The algorithm for selecting a software development methodology was developed, which, unlike the existing ones,
provided for gathering of expert evaluation, taking into account the values of the criteria set by a user independently, and
implemented the process of selecting the methodologies using such methods of multi-criteria analysis as AHP, TOPSIS and weighted
sum. Using the above algorithm, a software system was developed for selecting the best software development methodology,
depending on the characteristics of the project, where the criteria weights provided by experts were taken into account, and the AHP
method was applied to determine user priorities for methodology comparison criteria. TOPSIS and weighted sum methods and were
chosen to calculate the scores of methodology choice. The software tool provides for the output of useful details about the selection
results, namely, an expert evaluation of the set parameter values regarding all methodologies.

KEYWORDS: software, software development methodologies, software engineering.

ABBREVIATIONS NIS is a negative ideal solution.
TOPSIS is a Technique for Order of Preference by
Similarity to Ideal Solution; NOMENCLATURE
AHP is a Analytic Hierarchy Process; p, — priority evaluation of alternative a;

CASE is a computer-aided software engineering;
PAPRIKA is a Potentially All Pairwise Rankings of
all possible Alternatives;
XP is a Extreme Programming;
DSDM is a Dynamic Systems Development Method;
RAD is a Rapid Application Development; )
ROC is a Rank Order Centroid; m-= number.of alternatives; . L.
SDLC is a Software Development life cycle; i - qormahsed value of evaluation of alternative i by
DBMS is a Database Management System; criterion J; .
SWEBOK is a Software Engineering Body of Knowl- ¥ —set of altgrngtlves;
edge; N — set of criteria.
PRINCE is a PRojects IN Controlled Environments;
PMBOK is a Project Management Body of Knowl- . INTRODUCTION
edge; With every passing year, the soffnzvare development
SMARTER is a Specific, Measurable, Achievable, ~Process become's more complex, requiring dee?per knowl-
Realistic, Time bound, Evaluate, and Reviewed: edge and experience from developers and project manag-
PIS is a positive ideal solution; ers. The software creation is a series of processes result-
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Xai — evaluation of alternative a by criterion i;

w; — weight of criterion i;

N — number of criteria;

Xij — evaluation of alternative (methodology) i by crite-
rion j;
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ing in the development of a software product. These proc-
esses are based mainly on software engineering technolo-
gies. The software development process can begin with
the development of a software system from scratch, or
new software is developed based on existing software
systems by modifying them. The software development
process, like any other intellectual activity, is based on
such human factors as judgements and conclusions, i.e., is
creative. As a result, the attempts to automate this process
have met with only limited success. CASE tools can help
in the implementation of some stages of the software de-
velopment process, but they do not help much at those
stages where the factor of a creative approach to devel-
opment is essential [1]. The procedure for selecting a spe-
cific software development methodology also plays a sig-
nificant role in the above-mentioned process. The success
of the software product implementation depends on it,
making this stage very important. However, due to a large
number of existing methodologies, it really becomes a
challenge for managers and developers to determine the
one that would best suit the project task and development
team. The reason is that different types of software pro-
jects require different approaches, since each category of
projects has different priorities and goals; in addition,
clear and standardized criteria for selecting a software
development methodology have not yet been specified
[2-4]. Therefore, the algorithmic support and software
development for the selection of the most suitable soft-
ware development methodology depending on the charac-
teristics of the project and for various types of projects is
an urgent scientific task.

Based on this, the object of the research is the proc-
ess of selecting the methodology of software develop-
ment, the subject of the research are algorithms, meth-
ods and tools for selecting the methodology of software
development, taking into account the characteristics of the
project; the aim of the research is to develop an effective
and flexible tool for selecting the optimal methodology
for software development, taking into account the charac-
teristics of the project.

2 PROBLEM STATEMENT

Given: the set Y = {Yy, Y5, ..., Y;} of alternatives
(software development methodologies) and the set of
N = {Nj, N, ..., N3} criteria (project characteristics) with
the weight of the i-th criterion w;.

The task is to build a hierarchy in the form of a multi-
tree and calculate the global priorities of alternatives — the
priorities of alternatives for the whole hierarchy. The in-
put data are the results of a survey of experts in the form
of matrices of pairwise comparisons at all nodes of the
hierarchy. Hierarchical synthesis is used to weigh the own
vectors of matrices of pairwise comparisons, as well as to
calculate the general priorities of alternatives. As a result
of constructing a hierarchy and implementing paired
comparisons, matrices of paired comparisons should be
constructed for all vertices of the hierarchy except leaves.
The pairwise comparison method to calculate the aggre-
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gate evaluation (global priority) of alternatives (develop-
ment methodologies) should be applied.

3 REVIEW OF THE LITERATURE

Currently, various approaches are used to automate
and optimize the choice of a software development meth-
odology. One of them is rule-based expert systems [5].
Such criteria as application size, risks, project complexity,
reliability, time, team size and expertise are taken into
account, and a cascade model, spiral model, incremental
model, XP, Scrum or RAD model can be proposed based
on these characteristics. The expert system [5] uses a
modular rule-based architecture. The questionnaire con-
sists of different questions about the characteristics of the
project: system type, system size, level of possible risks,
complexity, reliability, etc. The experts can update or add
any question from this repository. The “rule repository” is
maintained as a set of “if...then” rules, it provides recom-
mendations according to the characteristics of the project.
The “set of facts” contains facts about recommendations
for different possible values in rules. The answers pro-
vided by a user are placed in the relevant rules of the “rule
repository”, which are used by the “rule engine” for com-
paring the “set of facts”, structuring and displaying rec-
ommendations to a user through the display module
(“SDLC recommendation display module”) [5]. The main
disadvantage of this type of system is the difficulty of
filling a knowledge base. Upon the selection, as many
existing software development methodologies as possible
should be considered, and also many different criteria
should be taken into consideration depending on the char-
acteristics of the project. When trying to make the knowl-
edge base as complete as possible, it is extremely difficult
to predict all the details, especially considering that expert
opinions often differ. Besides, users cannot change the
priority of criteria in this type of system.

Another approach is described in the work [2], where
an approach to solving the problem of choosing the agile
methodology for small and medium-sized projects is pro-
posed, using the multi-criteria method based on
SMARTER. The proposed method for the methodology
selection consists of the following stages [2]:

1. Determining a set of criteria: 13 criteria are pro-
posed related to the setting up of work on the project, the
complexity of the project and change management;

2. Developing alternative solutions: the choice is lim-
ited to four agile methodologies: DSDM, Scrum, XP and
Crystal;

3. Creating an evaluation matrix: the evaluation of
methodologies in relation to criteria is based on the num-
ber of scientific papers, which indicate that a certain value
of the criterion is suitable for a certain software develop-
ment methodology;

4. The relative importance of criteria is determined,
and values of criteria weights are calculated using the
ROC method;

5. The multi-attribute value of the function of each of
the alternatives is set by the aggregation of functions;



e-ISSN 1607-3274 PapioenexTpoHika, iHpopmaTuka, ynpasminss. 2022. Ne 2
p-ISSN 2313-688X Radio Electronics, Computer Science, Control. 2022. Ne 2

As a result, the alternatives are ranked from best to
worst [2].

Also, in [6], for the selection of practices for organiz-
ing the software development process, it is proposed to
use the PAPRIKA method. 31 practices are evaluated in
pairs against 11 criteria. The tool interviews users and,
based on the answers, forms a list of practices that it rec-
ommends using in project development. The PAPRIKA
method is based on users expressing their preferences
with respect to the relative importance of the criteria or
attributes of interest for the made decision or choice, by
pairwise comparison (ranking) of alternatives [6].

In [7], a method for selecting a project testing tech-
nique is described, using the AHP hierarchy analysis
technique and TOPSIS method. TOPSIS is based on the
concept that the ideal alternative has the shortest distance
from the positive ideal solution and the longest distance
from the negative ideal solution. AHP is used to calculate
the criteria weights. AHP uses the relative consistency
ratio to verify the consistency of the criteria weights.

In turn, a tool that uses the method of selecting a pro-
ject management methodology based on fuzzy representa-
tions is described in the work [7]. The method uses a
questionnaire with questions related to the number of
people involved in the project, the customer’s experience
of working with the team, evaluation of the project team’s
competence by the project manager, project reporting and
likelihood of risk events. For each situation specified in
the questionnaire, using a survey of expert opinion, the
membership functions of all project management method-
ologies considered are determined, i.e., their applicability
to a particular situation. In accordance with the answers to
the questions of the questionnaire for the project, the
membership functions of the project evaluation for each
of its parameters are formed. For all the methodologies
considered, their total weighted distances from the project
evaluation according to the questionnaire are calculated
using the Euclidean and Hamming distances. The ap-
proach with the calculated minimum distances is se-
lected [8].

M. Despa in his work [9] conducted a comparative
analysis of software development methodologies with an
emphasis on the features of project management. The
author presented and compared the stages of the devel-
opment process for such methodologies as waterfall, pro-
totyping, iterative and incremental, spiral, rapid applica-
tion development, extreme programming, V-model,
scrum, cleanroom, dynamic systems development meth-
odology, rational unified process, lean software develop-
ment, test-driven development, behavior-driven develop-
ment, feature-driven development, model-driven engi-
neering, crystal methods, joint application development,
adaptive software development, open source software
development and Microsoft Solutions Framework. Such
factors affecting the software development process as
frequent software requirements changes, high dynamics
of the technology stack and development standards, quali-
fications of the development team and the team globaliza-
tion and dispersion were considered in the study [9]. The
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author describes in detail the characteristics, advantages,
and disadvantages of each of the investigated methodolo-
gies. The advantages of traditional methodologies [9]
include ease of understanding and implementation, avail-
ability of substantial documentation and ease of tracking,
evaluation, and reporting. The agile methodologies, in
turn, provide greater flexibility and can easily adapt to
changes, contributing to earlier release of working code,
better self-organization of teams and adaptive planning.

G.S. Matharu with co-authors [10] explore the issue of
choosing between such agile software development meth-
odologies as Scrum, Kanban, and extreme programming.
The paper presents a detailed comparison of these meth-
odologies in terms of such parameters as design ap-
proaches, customer cooperation, project complexity, team
roles, team interaction, approach to workflow organiza-
tion, requirements management, coding, and testing ap-
proaches, etc. The authors [10] indicate and analyse com-
panies that use the above software development ap-
proaches. The authors showed that currently the most
widespread in the industry are the approaches based on
the Scrum methodology.

L. R. Vijayasarathy and C.W. Butler [11] study the
factors influencing the selection of the best software de-
velopment methodology. The authors investigated the
problems of the influence of a software project organiza-
tional structure and characteristics of the team and the
project itself on determining the best software develop-
ment methodology. The study was conducted by inter-
viewing project managers and members of the develop-
ment team on the choice of methodologies. The results
[11] show that although the agile methodologies such as
the Agile Unified Process or Scrum have become increas-
ingly popular in the last decade, traditional methodolo-
gies, including the waterfall model, are still popular in the
software development industry. The companies also often
adopt a hybrid approach using different methodologies in
the same project. Besides, the choice of methodology is
associated with certain organizational, project and team
characteristics and remains an urgent task of software
engineering [11].

The work [12] is dedicated to the issues of modelling
the software development methodologies. The authors
note that although modern modelling approaches must
have a strong theoretical foundation, they do contain
many vague concepts or even contradictions. C. Gon-
zalez-Perez and B. Henderson-Sellers present an approach
that analyses the basic concepts of structural models and
modelling in software engineering using representation
theory. The authors investigated different types of inter-
pretive reflections needed to track model entities with the
entities they represent. The paper also explains the differ-
ence between forward- and backward-looking models and
considers the need to integrate products and processes
into methodologies.

The article [13] analyses the software development
methodologies and their main stages. The authors com-
pare international approaches, standards, and practices for
software development with the standards and practices
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used in Pakistan. The comparative analysis shows the
gaps and shortcomings of the practices adopted in Paki-
stan and the ways to improve them.

Another aspect of research in the field of software de-
velopment methodologies is considered in the article [14],
which examines the issue of ensuring that the skills and
competencies of students of higher education institutions
meet the requirements and expectations of the labour
market. K. Saeedi and A. Visvizi emphasize the key role
of teaching the software development processes and tech-
nologies for industry, economics, students, and universi-
ties. The paper points out the importance and relevance of
agile development methodologies scrum, at the present
stage. By analysing the problems and challenges of
switching to agile software development methodologies in
software projects, the article [14] concludes that software
development and methodology for its development form
the thrust of a multi-stakeholder ecosystem that defines
today’s digital economy and society.

Based on the foregoing, a conclusion can be made that
high activity in the field of software development has led
to the emergence of a large number of methodologies, and
now the choice of a suitable approach remains a problem
[15], because it usually requires quite extensive experi-
ence in software development. It is also worth noting that
the problem of choosing a software development method-
ology is the reason for the studies, the purpose of which is
to create a universal method for selecting the software
development methodology. They can be divided into two
types: rule-based expert systems and tools using multi-
criteria analysis methods. The disadvantage of using clas-
sical expert systems is the complexity of filling them with
a large amount of data and inability of users to influence
the priority of criteria. In contrast to them, the existing
approaches to the choice of software development meth-
odologies, which use the methods of multi-criteria analy-
sis, provide for the possibility of establishing criteria
weights, but most of them still rely on the opinion of only
one expert and a fixed set of criteria. Since there are many
methodologies, the expert opinions may differ regarding
the optimal values of criteria for a particular methodol-
ogy. Besides, the criteria, possible values for which can-
not be easily expressed in numbers, may also be consid-
ered. Therefore, there is a need to create a flexible tool
that would be free of these limitations and allow automat-
ing the selection of the software development methodol-
ogy, which is the most favourable for a certain project.

4 MATERIALS AND METHODS

It was decided to use the following methods of multi-
criteria analysis for the process of selecting the best
methodology: analytic hierarchy process, weighted sum
method, TOPSIS and methods for expert evaluation. The
AHP, developed by Thomas L. Saaty, is a well-known
technique for multi-criteria decision making [16]. One of
the distinguishing features of the AHP is the creation of a
pairwise comparison matrix using a verbal scale. In the
standard version of the method, the normalised eigenvec-
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tor of this matrix allows calculating the score of each al-
ternative and weight of each criterion.

The weighted sum method is the most popular method
of multi-criteria analysis due to its simplicity. As the
name suggests, this is simply the sum of the weighted
scores:

n
pa:zxaiWin )
i=1

We assume that the goal is to maximize all criteria.

The TOPSIS method is focused on evaluating the al-
ternative in terms of the best and worst points [6].

1. The normalization of evaluation by criteria is car-
ried out:

N,
ij o X_2_ s )
Zi=1 ]
2. The weighted normalised decision matrix is calcu-
lated considering criteria weights:
Uij=anijWheI'€ i=1,...,m;j=l,...,n. (3)
3. The PIS and NIS are determined:

max min
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4. The distance of alternatives to PIS and NIS is calcu-
lated:

n
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5. The integral index (proximity index) is determined
for each compared alternative:

-
R =—"1—. 6)
I di7 + diJr

The proximity index is between 0 and 1, where 1 is
the best alternative.

5 EXPERIMENTS

Experts evaluate the extent to which it is permissible
to use a certain methodology for each characteristic of the
project, i.e., each possible value of the criterion.

The test data presented in the work [8] were used as
the baseline, namely: 7 methodologies, a list of 23 criteria
and their possible values, criteria weights, evaluation of
values of criteria in relation to methodologies. A detailed
list of project characteristics according to which the
methodology is selected, is given in Table 1. Each of
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them has four stages of gradation presented in the table.
The weights of expert opinion may vary. Given these

weights, the expert evaluation is aggregated.

It was decided to use the AHP to calculate the weights
of criteria used to evaluate alternatives. The user makes a
pairwise comparison of the criteria, and the absolute
weights of criteria are calculated using the AHP. The

consistency of the weights obtained. This ensures that the
weights are consistent.

Based on the user-defined values of criteria, their

pairwise comparison is made on a scale from 1 to 9. The
AHP uses a consistency ratio as a measure to check the

Table 1 — Parameter values

weights and expert evaluation, the system calculates the
score for each methodology using the weighted sum and
TOPSIS methods. The higher the score, the better the
applicability of the methodology to the project.

organizational risks (disrup-
tion of funding, delivery of

resources, inaccurate
prioritizing, etc.)

occur (10%)

occurrence is equal (50%)

occur (75%)

N Parameter Possible values

1. Project cost < 100,000 100,000-300,000 300,000 — 1,000,000 > 1,000,000

2. Requirements change per- <7% 7%-25% 25%—45% > 45%
cent/month

3. Number of people involved <10 per 10-30 per 30-100 per > 100 per
in the project

4. Consequences in case of loss of comfort in work Loss of insignificant sum Loss of irreplaceable Loss of life
unsatisfactory project out- of money sum of money
come

5. Work experience in the given | No work experience Experience of working in Experience of working | Experience of
field the field for less than 2 in the field from 2 to 5 | working in the field

years years from 2 to 5 years

6. Requirements to the realiza- The period is unlimited Not very urgent Urgent Very urgent
tion period of the project

7. Teams ability to work effec- Able to work effectively | Able to work effectively in | Able to work effec- Able to work ef-
tively in freedom or order in full order middle order tively in partial order fectively in full

freedom

8. Understanding of require- Almost do not Understand the re- Understand the Have good under-
ments, adapting ability, understand the quirements, can follow requirements, can standing of the
initiative requirements; require them, but require regular follow them, do not requirements; can

frequent explanations control require regular control | follow them without

and constant control regular control; can
suggest better
alternatives

9. Probability of occurrence of Risk is not likely to Probability of risk Risk is highly likely to | Risk will most
managerial risks (inefficient occur (10%) occurrence is equal (50%) occur (75%) probably occur
planning, controlling, com- (>95%)
munication problems, etc.)

10. | Knowledge of applied tools Tools and methods, Tools and methods, Tools and methods, Tools and methods,
and methods applied in the given applied in the project, are used in the project, are | are known to the

project, have never been | known to the team but known to the team but | team and have been
used before and are have never been used are rarely used widely used before
unknown to the team before

11. | Means of communication Written reports. Formal Voice communication Online text communi- | Direct communi-

record-keeping cation cation

12. | Frequency of reporting to the | Reports on every Reports on completing the Reports on the readi- Reports about
Customer operation blocks of work ness of a component project finish

of projects product
13. | Understanding the scope of There is a full list of There is a detailed list of There is an approxi- The team under-
works works; further works, further alternation mate list of project stands the project
alternation is impossible is possible works goal and several
ways for its
achievement

14. | Requirements to the project Highest international International requirements National requirements | Local requirements
quality requirements

15. | Probability of occurrence of Risk is not likely to Probability of risk Risk is highly likely to | Risk will most
technical, manufacturing or occur (10%) occurrence is equal (50%) occur (75%) probably occur
qualitative risks >95%)

16. | Probability of occurrence of Risk is not likely to Probability of risk Risk is highly likely to | Risk will most
external risks (disruption of occur (10%) occurrence is equal (50%) occur (75%) probably occur
work by contractors, unfa- >95%)
vourable political, etc.)

17. | Probability of occurrence of Risk is not likely to Probability of risk Risk is highly likely to | Risk will most

probably occur
>95%)
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Table 1 — Parameter values (continuation)

N Parameter Possible values
18. Requirements to the precise The deadline should | Insignificant deviation Considerable devia- | Compliance with the
compliance with a deadline be strictly met from the deadline is al- tion from the dead- deadline is now
lowed line is allowed strictly required
19. | Ability to admit mistakes Do not admit mak- Rarely admit their mistakes | Openly admit mak- Openly admin making
ings mistakes and but try t never make them ing mistakes and try | mistakes and always
cannot learn from again to never make them learn from them
them again
20. | Learning ability It is hard for the For some members of the Easily absorb new The team can easily
team to learn new team, it is hard to learns knowledge, can absorb information,
knowledge and new information and adjust to changes always tries to learn
technologies, and to technologies, but the team something new; can
adjust to changes can adjust to changes well adjust to the
changes
21. | Experience of cooperation Have never worked Worked together on the Worked together on | Worked together on
together creation of a product but in | the creation of one the creation of several
the different field product in a field of | projects in the field of
interest interest
22. | Teams ability to clearly formulate | Cannot clearly for- Can clearly formulate their | Can clearly formu- Can clearly formulate,
and openly express ideas mulate ideas and ideas but rarely express late their ideas and openly express and
rarely express them them openly express them | justify their ideas
23. | Customers experience of working | Has never worked Worked with some Worked with the One or more common
with this project team with this team members of the team project team leader projects with the
whole project team

6 RESULTS

To create a tool to automate the selection of the best
software development methodology for the project, an
appropriate algorithm was developed, which provided for
the gathering of expert evaluation and implemented the
process of selecting methodologies using such multi-
criteria analysis methods as AHP and weighted sum. It
consists of 11 steps; its block diagram is shown in Fig. 1.

1. Filling the database with description of software
development methodologies.

2. Filling the database with a set of necessary criteria,
by which the characteristics of projects will be deter-
mined, with the relevant setting of initial values.

3. Setting the default weights for the criteria and, if
required, the weights for individual possible values of
criteria.

4. Gathering the expert evaluation of all possible val-
ues of criteria in relation to all methodologies available in
the database.

5. A user must set the values of criteria in accordance
with the characteristics of the project; if required, a user
can omit some of the criteria.

6. If required, a user can determine the weights of cri-
teria independently, using the AHP method. If a user re-
fuses, then the weight of criteria takes on the default val-
ues.

7. If a user agrees to determine the weights of criteria
independently:

a) A user must compare in pairs the importance of all
specified criteria with each other.

b) The relative consistency of the weights is deter-
mined, if it is > 0.2, then the weights are not consistent,
and a user should start the process of comparison from the
beginning or allow the default values of the weights to be
set.

8. The decision matrix with mxn dimension is deter-
mined, where m is the number of methodologies, n is the
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number of criteria, the values of which are set by a user.
The matrix consists of evaluation of the established values
of criteria in relation to methodologies.

9. The scores for methodologies are determined using
the weighted sum method.

10. The scores for the methodology are determined us-
ing the TOPSIS method:

a) A weighted normalised matrix is determined.

b) The positive and negative ideal solution is deter-
mined.

¢) The Euclidean distance and relative proximity of
each of the alternatives (methodologies) to ideal solutions
are calculated.

11. The methodologies are sorted from the best (with
the highest scores) to the worst (with the lowest scores),
and details on the scores of the established values of crite-
ria are provided.

For the purpose of the software implementation of the
above algorithm, a software system was developed in the
form of a web application with a client-server architec-
ture, therefore, any modern web browser with the Internet
access can be its operating environment. For technical
implementation, the Ruby programming language version
2.6.5 was chosen with the Ruby on Rails framework ver-
sion 6.0.3.3. PostgreSQL version 13.1 was used as a
DBMS.

The main features of the software product are the in-
troduction by experts of membership functions for each
known criterion regarding each methodology in the sys-
tem; adding new methodologies and criteria; determining
the criteria weights by default; determining the criteria
weights based on comparison of criteria by a user; input
of criteria values by a user; selection and output of the
results of the methodology selection. The form for creat-
ing a new project is presented in Fig. 2.
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By clicking on a specific project, a user will be redi-
rected to the stage corresponding to the status of the pro-
ject. This can be:

— filling out a questionnaire about the project (Fig. 3);

— comparison of the importance of parameters
(Fig. 4);

— page with results (Fig. 5).

The questionnaire for setting the parameter values is
displayed as shown in Fig. 3. The name of the project is
indicated at the top of the page, below it there is a pro-
gress bar displaying the percentage of questions (parame-
ters) answered by a user, below it there is the name of a
parameter and available answer choices, as well as the
submit and skip buttons.

Figure 4 shows the interface for the pairwise compari-
son of parameters. It contains the names of parameters
and their set values, as well as a slider to estimate the de-
gree of importance of one parameter with respect to the
other one.

Figure 5 shows the results page. The left pane displays
a list of methodologies, sorted from best to worst. After

clicking on one of them, the right panel displays their
values and scores of the set parameter values in relation to
this methodology.

The questionnaire for establishing expert evaluation is
shown in Fig. 6.

The developed algorithm for selecting a software de-
velopment methodology uses the weighted sum and
TOPSIS methods to find the best alternative, i.e., meth-
odology. To determine the weights of criteria by a user,
the AHP method is used. The decision matrix is formed of
the estimates of the criteria values in relation to the meth-
odologies determined with the help of experts.

To check the accuracy of the recommendations pro-
vided by the software tool, the extent to which it meets
the expectations of users - managers and project develop-
ers, and its reaction to data changes, the test data pre-
sented in the work [8] were used, namely: 7 methodolo-
gies, a list of 23 criteria and their possible values, criteria
weights, evaluation of criteria values in relation to meth-
odologies.

ware development methodologies.

Filling the database with description of soft- ] [

Methodology with the highest scores
is selected

!

Filling the database with a set of necessary
criteria, by which the characteristics of pro-
jects will be determined

v

Settine the default weights for the criteria

v

Gathering the expert evaluation of all possible
values of criteria in relation to all methodolo-
gies available in the database

v

User sets the values of criteria according to ]

—

the characteristics of the process

determine the
weights of criteria?

Does a user want to

A

[ Scores of methodologies are calcu-
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Scores of methodologies are calcu-
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(.
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<
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Figure 1 — Block diagram of the algorithm for selection of a software development methodology
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Table — 2 Table of comparison of methodology scores

soic Zas R —— Methodol- | Results in | A developed software tool
— ogy the work [9] | Weighted Sum | TOPSIS | Average
PMBOK 0.341 0.165 0.347 0.256
ESTIMATION FOR XP 1SO21500 0.341 0.165 0.347 0.256
281% PRINCE2 0.276 0.143 0.314 0.228
Parameter: Learning ability SWEBOK 0.361 0.193 0.376 0.285
The Teamn can Easily Abserb Information, Always Tries = Scrum 0.900 0.371 0.764 0.567
T Learn Someting New: Can Wl Adjust To The : : XP 0.732 0.190 0.404 0.297
Kanban 0.663 0.233 0.514 0.373
Easily Absorb Mew Knowledge, Can Adjust To Changes & =
TBE e e CrT Tao el Qo Lo 3 : The comparison table shows that the recommended
SIS methodology is the same in all cases. For clarity, this data
Technalogius, Ane To Adjst T Changss : is presented in Fig. 7-9 by means of diagrams.

It is also worth comparing the order of ranked meth-

“ odologies (Table 3).

Figure 6 — Filling in the scores by an expert Table.3 Comparison of the order of ranked methodologies

No. | From the | A developed software tool
. work [9] Weighted Sum TOPSIS Average
Table 2 shows the results of calculating the scores us- 1 Sorum 3 crugm Sorum S Cmmg

ing the approach described in [8] and a tool developed by ) XP Kanban Kanban Kanban
us using the weighted sum and TOPSIS methods. 3 Kanban SWEBOK XP XP

4 SWEBOK | XP SWEBOK | SWEBOK

5 PMBOK PMBOK PMBOK PMBOK

6 1SO21500 1SO21500 1SO21500 1S0O21500

7 PRINCE2 PRINCE2 PRINCE2 PRINCE2
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It can be seen from the comparison that the methodol-
ogy recommended by both approaches is the same, but the
following two positions differ: in the work [8], the second
position is occupied by XP, and the third — by Kanban; in
the result of the selection made by our system, on the con-
trary: Kanban — ranks second and XP ranks third. We can
conclude from this research that the system works cor-
rectly regarding the results of the work [9].

Also, to verify the operation of the system, its opera-
tion was tested using the data of real projects, three ano-
nymized commercial projects from LinkUp company
(https://linkupst.com/).

Project No. 1. Web platform for planning meals for
groups of people. Main characteristics of the project:

—no experience of work with the customer;

— domain knowledge;

— the team has already worked, having the same com-
position, with the same tools;

— clear and almost completely known requirements;

— project is not very urgent and does not require strict
adherence to deadlines;

— existing risks associated with third-party service;

— communication in the form of correspondence;

— reporting after the implementation of individual
components of the product.

Criteria weights: By default. Expected result: Scrum.
Results — (Table 4)

Table 4 — The result of selection of methodology for the project

No. 1

Ne| Weighted Sum TOPSIS Average

1.| SWEBOK | 0.2913 | Scrum 0.5526 | Scrum 0.4106
2.11S0O21500 |0.2696 | SWEBOK | 0.5204 | SWEBOK | 0.4059
3.| PMBOK |[0.2696 | PMBOK |0.4894 | PMBOK | 0.3795
4. | Scrum 0.2685 | 1SO21500 | 0.4894 | 1SO21500 | 0.3795
5. | PRINCE2 |0.2619 | Kanban 0.4885 | PRINCE2 | 0.3723
6. | Kanban 0.2141 | PRINCE2 | 0.4826 | Kanban 0.3513
7. | XP 0.2059 | XP 0.4633 | XP 0.3346

Project No. 2. Web-based rental platform. Main
characteristics of the project:

—no experience of work with the customer;

— minimum domain knowledge;

— a large team;

— requirements are known in large part;

—urgent;

— expensive;

— no significant risks;

— weekly calls;

— reporting every two weeks.

Criteria weights: By default.
SWEBOK. Results — (Table 5)

Expected result:

Table 5 — The result of selection of methodology for the project

No. 2

Ne Weighted Sum TOPSIS

1. SWEBOK 0.3565 SWEBOK 0.6810
2. | PRINCE2 0.3424 PRINCE2 0.6612
3. | 1ISO21500 0.3304 1S021500 0.6251
4. PMBOK 0.3304 PMBOK 0.4347
5. | Scrum 0.2087 Scrum 0.4346
6. | Kanban 0.1467 Kanban 0.2962
7. | XP 0.1441 XP 0.2900
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Project No. 3. Mobile game. Main characteristics of
the project:

— customer’s experience of work with the team;

— good domain knowledge;

— a small team consisting of the developers who have
already worked together on games;

— most requirements are known;

— not very urgent, but adherence to deadlines is re-
quired;

— no significant risks;

— communication in the form of correspondence and
weekly calls;

— reporting every week.

Criteria weights: By default. Expected result: Kanban.
Results — (Table 6).

Table 6 — The result of selection of methodology for the project

No. 3
Ne | Weighted Sum TOPSIS
1. Scrum 0.3185 Scrum 0.6837
2. Kanban 0.2543 Kanban 0.5067
3. SWEBOK 0.2489 SWEBOK 0.3974
4. PRINCE2 0.2250 XP 0.3935
5. XP 0.2250 PRINCE2 0.3697
6. PMBOK 0.2228 PMBOK 0.3639
7. 1S0O21500 0.2228 1S021500 0.3639
7 DISCUSSION

Thus, for the first project, the expected result showed
only the selection by means of the TOPSIS method,
whereas the weighted sum method produced fundamen-
tally different results. This can be explained by the fact
that some criteria compensate for the others in the
weighted sum method.

As for the second project, users obtained the expected
result. However, on the page with the results, users can
see that SWEBOK may not meet some of their require-
ments (Fig. 10). It can be seen that SWEBOK is a bad
option for urgent projects, and it does not require the team
to be able to quickly learn new things. The users should
consider these details when making the final decision on
the selection of a software development methodology.

In the third case, a person who was making decisions
expected that the recommended methodology would be
Kanban, but in the selection with TOPSIS and weighted
sum methods, the scrum methodology ranked first. In this
case, a user can check why this happened, what values of
criteria and to what extent satisfy the methodology by
Kanban (Fig. 11).

Thus, a user sees from the results that the following
criteria were unsatisfactory for Kanban:

— ability of the team to work without control — Kanban
requires the team to work independently and be self-
organized without the need of being monitored;

— reporting frequency — Kanban provides for the re-
porting to be carried out at the end of the project or a
large part of the project, but not after every operation;

— understanding of the scope of work — it makes sense
to use Kanban if there is a lot of uncertainty about how to
implement the product;
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— ability to learn — Kanban is usually used in cases
when all team members are able to quickly learn new
things;

— adherence to deadlines — Kanban is used in cases
when it is not required to strictly adhere to the deadlines,
including the intermediate ones;

— frequency of requirements changes — Kanban is an
effective solution in cases when frequent changes in re-
quirements are expected. If during the project the re-
quirements remain mostly unchanged, then one of the
main advantages of Kanban will not be demonstrated.

The system was tested for the same project but with
different criteria weights (Table 7).

In this case, most of the criteria were suitable for the
Scrum methodology, therefore, irrespective of the way the
criteria weights were arranged, in all cases the Scrum
methodology ranked first. The XP methodology was the
least suitable in all cases. The weights of criteria influ-
enced all other positions in the ranked list of methodolo-
gies.

The critical characteristics for a respective methodol-
ogy were also determined for each of the projects
(Table 8).

Thus, the results of the verification allow us to ensure
that in more than 50% of cases the expectations matched
the results, namely: for the first project the results met the
expectations, for the second — the expected methodology
took the second place, for the third one — the expected
methodology of the project was recommended by the se-
lection using the TOPSIS method, but not the Weighted
Sum — this is justified by the fact that the Weighted Sum
method is characterized by compensation between the
criteria, therefore we can draw a conclusion, that the re-
sults calculated by means of TOPSIS method provide
more adequate recommendations. Besides that, the ex-
periment was held, which identified the same values of
the criteria, but different weights, and which revealed that
the system responds to such changes, but if a certain
methodology has a very large advantage over others, the

FMBOK EMEK

15021500
15021500

P 2
HINGS PRINCE2

SWEBOK SWEBH

Scrum
Senim

XP W

Kanban Kaanban

0.75 1

o

01

Figure 7 — Scores of methodologies in the
work [8]
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Figure 8 — Scores of methodologies
using the weighted sum method

weights do not have much effect on the “victory” of this
methodology.

An experiment was also conducted with the change of
weights of the criteria while their values remained un-
changed, the result of which suggests that the weights of
the criteria significantly affect the selection result, espe-
cially when the values of the criteria satisfy and do not
satisfy each of the methodologies almost equally.

CONCLUSIONS

This paper solves the problem of developing an effec-
tive and flexible tool for selecting of the most appropriate
methodology for software development considering the
characteristics of the project. To solve this problem the
analysis of the existing approaches to the selection of
software development methodology was carried out, as a
reslt of which it was determined that most of these ap-
proaches are focused on the selection of a certain meth-
odology out of the fixed set, and they consider a limited
range of criteria. We have also developed the algorithm
and software system for the selection of the best method-
ology of software development depending on the charac-
teristics of the project, where the criteria weights provided
by the experts were considered and the AHP method was
applied to determine user priorities for methodology com-
parison criteria. TOPSIS and weighted sum methods were
chosen to calculate the scores of methodology choice. The
software tool provides for the output of useful details
about the selection results, namely, an expert evaluation
of the set parameter values regarding all methodologies.
The verification of the developed software system was
performed based on the test data of the paper [8], which
showed almost an exact match of recommendations of the
best methodologies for this project and on the real pro-
jects by the comparison of expected results of the user
with the results the user received with the help of the de-
veloped software tool. The results of the verification were
the following: more than in 50% of cases, the expectation
matched the results.

PMBOK
15021500
FRINCE2
SWEBOK

Sorum
P

Kanhan

Figure 9 — Scores of methodologies using
the TOPSIS method
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Table 7 — Comparison of results with different versions of criterion weights

No. Weights by default Same weight (= 1) User weights
1 Scrum 0.5782 Scrum 0.6018 Scrum 0.5562
2 Kanban 0.5193 SWEBOK 0.4838 PMBOK 0.5167
3 SWEBOK 0.4796 Kanban 0.4824 1SO21500 0.5167
4 PRINCE2 0.4562 PMBOK 0.4771 SWEBOK 0.5154
5 PMBOK 0.4458 1SO21500 0.4771 PRINCE2 0.4874
6 1SO21500 0.44588 PRINCE2 0.4536 Kanban 0.4302
7 XP 0.3843 XP 0.4126 XP 0.3880

Table 8 — The critical characteristics for a respective methodology for each of the projects

Project No. 1 (Scrum)

Project No. 2 (SWEBOK)

Project No. 3 (Kanban)

Requirements change percent/month

Requirements change percent/month

Teams ability to work effectively in freedom
or order

Work experience in the given field
or order

Teams ability to work effectively in freedom

Frequency of reporting to the Customer

Understanding of the scope of works
ability, initiative

Understanding of requirements, adapting

Understanding of the scope of works

Experience of cooperation

Frequency of reporting to the Customer

Learning ability

Customers experience of working with this

Customers experience of working with this

Requirements to the precise compliance with

project team project team a deadline
Requirements change percent/month
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the fact that it is for the first time when the algorithm for Sommerville, Ian. Software engineering. Boston, Pearson, 2011,

the selecting a methodology of software development was
designed, and unlike other existing algorithms this one
provides for collecting of expert evaluation, yet consider-
ing the values of criteria, specified by the user independ-
ently, and implements the process of selecting method-
ologies using the methods of multi-criteria analysis AHP,
TOPSIS and Weighted Sum.
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3ACOBM MIABOPY METOJOJIOITi PO3POBJIEHHS IPOT'PAMHOI'O 3ABE3IEYEHHSI 3 YPAXYBAHHSAM

XAPAKTEPUCTHUK TPOEKTY

CeniB M. M. — kaHa. TeXH. HayK, AOIEHT, AoueHT kadenpu [IporpamHoro 3abe3nedyenns, HanionansHmii yHiBepcuteT «JIbBiB-
ChKa TOJIiTeXHiKa», JIbBiB, YKpaiHa.

KoBToniok A. M. — marictp imxeHepii nmporpamtoro 3abe3neuenns, Hamionansanii yHiBepcuTeT «JIBBIBChKA MOIITEXHIKAY,
JIbBiB, YKpaiHa.

SxoBuHa B. C. — 1-p TexH. Hayk, npodecop, npodecop kapenpu Crucrem mTy4HOTrO iHTeNeKkTy, HarioHanpHull yHIBEpcUTET
«JIpBiBCBKa momiTexHiKka», JIbBiB, Ykpaina; DakyibTeT MaTeMaTHKU Ta KOMII IOTEPHHX HayK, Bapmincbko-Masypcbkuii YHiBepcu-
tet B OnbliiuHi, [Tombiia.

AHOTANLIA

AkTyaabHicTb. B mporeci po3podku mporpamHoro 3ade3nedeHHs BUOIp METOIOJIOTI HOro po3poOIeHHS € OTHUM 3 BaXKIHBHX
eTamiB, SKUH CyTTEBO BIUIMBAE Ha YCHIX/TIPOBA NMpoekTy. Bubip ontuMansHOl MeTomoIorii po3poOKy 3aexuTh Bi 6aratbox (ax-
TOPIB Ta € TPYAOMICTKOIO | HETPHBIAILHOIO 33/1aU€IO0.

Mera. BignosinHo, icHye notpeba y po3po0ieHHi eeKTHBHOrO Ta THYYKOTO HPOrpaMHOro 3aco0y Ui Migdopy ONTHMAabHOT
METOI0JIOT1T PO3POOIICHHS! IPOrpaMHOro 3a0e3NeyeHHs], SIKii O aBTOMaTH3yBaB JaHHH MPOIIEC a TAKOXK BPaXOBYBaB KJIIOYOBI Xapa-
KTEPUCTHKH [POEKTY.

Metoa. B nauiii po6oTi npencTaBieHo alropuTM IMi00py METO0JIOril po3poOIeHHs MPOrpaMHOro 3abe3neueHHs 3 BUKOPUC-
TaHHAM METOJIB 0araTOKPUTEPiaTbHOTO aHANI3y Ta €KCIEePTHUX OILIHOK, SKUi nmependadae 30ip OMIHOK €KCIIEPTIB Ta peanizye mpo-
nec migbopy mMeronoorii 3a mormomoroto Meronis AHP, TOPSIS ta Weighted Sum.

Pe3yabTaTn. 3 BUKOPHCTaHHSIM BHINE3a3HAYEHOTO JITOPUTMY OyJIO pOo3pOo0IEHO MPOrpaMHy CHCTEMY VIS MiA00py ONTHMAIBHOT
METOJI0JIOTIT pO3pOOIICHHS IPOTrpaMHOTO 3a0e3IeUeHHs B 3aJIeXKHOCTI Bil XapaKTePUCTHK MPOEKTY, 1€ BPaXOBAaHO BAarW KpUTEIiB,
HaJjaHi eKCIiepTaMHu, a TaKoX 3acTocoBaHo Metol AHP juis BU3Ha4eHHSI KOPHCTYBALBKHX MPIOPUTETIB KPUTEPITB MOPIBHSIHHS METO-
Josorii. J{ist o6urcIIeHHs OIiHOK BUOOPY METOI0MI0Tii Oysio o6pano meton 3BaxeHoi cymu Ta TOPSIS. Iporpamuuii 3acié mepea-
Oauae BHUBEJECHHS KOPHCHHUX JETAICH MPO Pe3yslbTaTH Mifdopy, a caMe eKCIepTHY OLIHKY 3aJlaHUX 3HA4eHb MapaMeTpiB BiHOCHO
BCiX METOJI0JIOTiH, Ta MOXe OyTH BUKOPHCTAHHUI TS MiJABUIIEHHS e(EeKTUBHOCTI MpoLecy pO3pOOIEeHHS IPOrpaMHOro 3abe3neyeHHs
B YAaCTHHI aBTOMATH3allii HaJaHHS peKOMEeHAaIii kepiBHUKaM [ T-nipoekTis.

BucnoBku. Po3pobieno anroputm ais BHOOPY METOIOJOTII po3poOIeHHST MPOTrpaMHOTO 3a0e3NeUeHHs, SKUid, Ha BiIMIHY Bij
icHyrounX, nepeabadae 30ip OIHOK €KCIIEPTIB, BPaXOBYIOUH NP IEOMY 3HaUCHHS KPHUTEPIiB, 3aJaHAX KOPUCTYBAadYeM CaMOCTIHHO, 1
peaiizye mporiec migxbopy MeTO0JIOTiH BUKOPUCTOBYIOUH MeToau OaraTtokputepiansHoro aHamizy AHP, TOPSIS ta Weighted Sum.
3 BUKOPHCTAHHSM BUIIECONMCAHOTO aJIrOpUTMY OYJI0 po3po0IIeHO MPOrpaMHy CHCTEMY I Mi00py ONTUMAILHOT METOMO0JIOTIi po3-
poOIIeHHs TPOrpaMHOro 3a0e3MeUeHHs B 3aJI€)KHOCTI BiJl XapaKTEPUCTHUK IPOEKTY, JIe BPAaXOBAHO BarW KPUTEpiiB, HaJaHi eKcrepTa-
MH, a TaKoX 3actocoBano Meton AHP a1 Bu3Ha4YeHHs KOPUCTYBAlbKUX HNPIOPUTETIB KPUTEPIiB HMOPIBHAHHS MeTonoorii. s 06-
YHCIICHHS OL[IHOK BHOOPY MeToouoriit Oyno obpano meton 3Baxkenoi cymu ta TOPSIS. Iporpamuuii 3aci6 nepenbadae BUBEICHHS
KOPHCHHX JIeTajlell PO pe3yIbTaTH MiA00pY, a caMe eKCIePTHY OILIHKY 3aJaHUX 3HAaueHb MapaMeTpPiB BiTHOCHO BCiX METOIOJIOTIH.

KJIFOYOBI CJIOBA: nporpamHe 3a0e3Me4YeHHs; METOIO0JIOTIi pO3pOOKH MPOTrpaMHOro 3a0e3eueHHs; iHKeHepisi IPOrpaMHOTO
3a0e3neueHHs.
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AHHOTADIUA

AKTyanbsHOCTB. B mponecce pa3paboTku nporpaMMHOro obecnedeH s BHIOOp METOJOIOTHHU €r0 pa3padoTKH SIBISIETCS OMHUM H3
Ba)KHBIX ATAIOB, CYIIECTBEHHO BIMSIONIMX HA YCIEX/IMPOBa MPoeKTa. BBIOOP ONTHMAIBHON METOMOJIOTUH pa3pabOTKH 3aBHCUT OT
MHOTUX (paKTOPOB U SIBISICTCS TPYJOSMKOW M HETPHUBHUAIIBHOW 3a1a4ueid.

Ieab. COOTBETCTBEHHO, CYLIECTBYET HOTPEOHOCTh B pa3paboTke 3((GEeKTUBHOTO M MMOKOro MPOrpaMMHOIO CPEeACTBA VIS I10-
noopa ONTHMANBHONH METONOJIOTHH Pa3pabOTKU MPOrpaMMHOTO obOecredeHusi, KOTopoe Obl aBTOMATU3UPOBANIO JaHHBINA HpoLecc a
TaKoKe YUUTHIBAJIO KITFOUECBHIE XapaKTEPUCTHKH IPOCKTA.

Metoa. B nanHoit paboTe npencTaBiieH alrOpUTM MOAO0PA METOAOIOTHH Pa3paboTKU MPOTrpaMMHOTO 00ECIIeYEHH s C UCIIOIb30-
BaHHMEM METOJ0B MHOTOKPH-TEPHAILHOI0 aHAIN3a U 3KCIEPTHBIX OLCHOK, NIPEAyCMaTPHUBAIOMINIl COOp OIIEHOK HKCIICPTOB U peajv-
3YIOIINH MPoIece Moa00pa METO0I0THH ¢ oMok metogoB AHP, TOPSIS u Weighted Sum.

Pe3yabTathl. C MCHONB30BaHMEM BBIMICYIIOMSIHYTOTO alropuTMa Oblia pa3paboTaHa IporpaMMHas CHCTeMa Uil oabopa oI-
THUMaJIbHOM METOMOJIOTUH Pa3pabOTKU MPOrpaMMHOr0 00eCHedeHHsl B 3aBUCUMOCTH OT XapaKTEePHUCTHK MPOEKTa, IJIe YUTEHBI BECHI
KPHTEpPHEB, MPEIOCTAaBICHHbIE SKCIEPTaMH, a Takxke NpuMeHeH meton AHP nna ompeneneHust monp30BaTENbCKHX MPHOPUTETOB
KPHTEPHEB CPABHEHUSI METOJONOTHH. Iyl BEIYMCICHHS OLEHOK BHIOOpA METOMOJOTHH OBLI BHIOpPAH METO[ B3BEHICHHOW CyMMBI U
TOPSIS. IlporpaMmmHOeE CpeACTBO MPEIOIATAaCT BHIBOJ MOJIC3HBIX eTalell 0 pe3yibTaTax moadopa, a IMEHHO SKCIIEPTHYIO OLECHKY
3aJaHHBIX 3HAYEHHUH ITapaMeTPOB OTHOCHUTEIILHO BCEX METOJOJIOTHH, M MOXKET OBITh HCIONB30BaH JUIS MOBBIMIEHHS Y dexTHBHOCTH
npornecca pa3paboTKU MPOrpaMMHOTO OOECTICUeHNUs B YaCTH aBTOMATH3aliK NPEIOCTaBICHHS peKoMeHaanuii pyxoBoautensm UT-
IPOEKTOB.

BeiBoabl Pazpaboran anropurm BbIOOpa METOIOJIOTUH pa3pabOTKU MPOOrPaMMHOI0 00ECIeUeHHUs], KOTOPbIH, B OTIIMYHE OT CYLIEeCTBY-
omux, npeaycMarpuBact CGOp OLICHOK DKCIICPTOB, YUUTBIBAS ITPHU DTOM 3HAYCHUEC KPUTCPHUCB, 3a/IaHHBIX I10JIb30BATEIIEM CAMOCTOATCIIBHO, U
peanu3yeT mporecc mo00pa METOAOIOTHIA UCTIONB3Ys MEeTO bl MHOTOKpHUTepuanbHoro anamuza AHP, TOPSIS u Weighted Sum. C ucnosns-
30BaHMEM BBILICONMMCAHHOTO aJITOpUTMa ObUIa pa3paboTaHa MPOrpaMMHasi CUCTEMa JUIsl 10100pa ONTUMAlIbHOM METOI0JIOTMU pa3paboTKu
IIporpaMMHOIo obOecrieueHus B 3aBUCUMOCTH OT XapaKTEPUCTHUK ITPOEKTA, I'’/I€ YUTCHbI BECbl KPUTCPUEB, IIPEAOCTABIICHHBIE DKCIIEpTAMH, a
TAKXXE IMPUMCEHCH MCETOJ AHP JUIST OIIPCACIICHUS IOJIb30BATC/IbCKUX MPUOPUTETOB KPUTCPUCB CPABHECHUSL MCTOHOHOFHﬁ. HJ’IS{ BBIYHUCIICHUS
OIIEHOK BBIOOpa MeTO0JI0TUH OBLT BEIOpaH MeToA B3BeleHHO# cymmbl U TOPSIS. TIporpaMmmuoe cpeacTBo mpeaycMaTpUBaeT BBIBO MOJIe-
3HBIX JIeTallell 0 pe3yJibTaTax mojadopa, a MIMEHHO YKCIIEPTHYIO OIICHKY 3a/IaHHBIX 3HAYCHHI apaMETPOB B OTHOLIICHUH BCEX METOIOJIOTHH.

KJ/IIOYEBBIE CJIOBA: nporpaMmMmHOe 00ecIieueHre; METOIOIOTHH Pa3pabOTKU HPOTrPaMMHOIO 00ECIICUEHNUS; HEXKEHEPHs IPOTpaM-
MHOT'0 00€CTICUeHUS.
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