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This paper shows an example of the application of the method of hierarchy analysis to build a hierarchy of programming
environments, which provides support for selecting the optimal programming environment for software in accordance with the
requirements of the developer and user. As a result of the application of the method of hierarchy analysis, a hierarchy of programming
environments for software development was built, which will be useful for building criteria and production rules for selecting a
programming environment for software. The constructed hierarchy has the following form: 1) Microsoft Visual Studio (33.1%); 2)
Eclipse (19.6%); 3) PhpStorm (19.2%); 4) Netbeans (17.2%); 5) PyCharm (11%). Hierarchy analysis makes it possible to determine
what is the best for software development is the Microsoft Visual Studio environment, but the price of such an environment is quite
high. Next and almost equal in technical capabilities are the environments Eclipse, PhpStorm, Netbeans, PyCharm.

Keywords: software, programming environment, method of hierarchy analysis.

BACWJIb CTELIOK, TETAHA 'OBOPYIIEHKO

XMeNbHUIBKUI HALlIOHATBHU YHIBEPCUTET

METO/JA BUBOPY CEPEJOBHUIIA ITPOTPAMYBAHHA JJIS1 IPOI'PAMHOI'O
3ABE3IIEYEHHSA

Hapa3zi nepes 6yAb-5Kow KOMIaHIED, YO 3aHMMAETLCS PO3POBIEHHSM MPOrpamMHoro 3abesneyerns (113), nocrae 3agaqa
BUOOPY CEPELOBULLAE MPOrPamMyBaHHs. OYEBUAHO, L0 Leu BUBIP 3BOANTLCS A0 6araToKpUTEPIa/IbHOI 384341 | A3/IEKO HE OYEBUAHMM.
baratoKpuTEDIabHICTL BUOOPY CEDELOBULYA POrPamMyBaHHSI MOJISIrac y TOMY, O KOXHE ICHYOHE CEPEAOBULE TPOrPamyBaHHs i
OLJIHIOBATH HE 33 OfHUM KPUTEDIEM, @ 3a CYKYITHICTIO 6aratboX MOKa3HUKIB (KDUTEDIIB), 1O PO3I/ISAaI0TbCS OfHOYACHO.

Y crarTi gicrana nojasnblioro po3BUTKY MaTEMaTUYHa MOAETbL CEPEAOBULLA MPOrpamyBaHHs, SKa Aae MOXJIIMBICTL OLIIHUTH
cepenosuLe nporpamyBaHHs 415 13 6ifibLL TOYHO, 3 BDaXYBaHHSM BCIX IOro CKI8A0BUX YaCTUH, & TAKOX AAE MOX/IMBICTb 06y.ayBatv
KDUTEDII Ta NpoayKUIViHI IpaBmuia BHOOPY CEPEAOBULLAE MPOrpamyBarHs A1 [13, aKki rmigTpumyBaTUMyTs OpraHizalio y Buoopi
cepenosuLya nporpamMyBarHs 4/15 MPorpamMmHoro 3a6€3rneqeHHs.

Y pfaHii CTatTi oKazaHo IpuKaa4 3acTOCYBaHHS METOo4y aHasi3y Iepapxivi Ansa robygosu [epapxii cepegosuLy
MPOrpamMyBaHHs, $Ka HaAac MigToMMKY BHOOPY OINMTUMA/IbHOIO CEPELOBULUE POrpamMyBaHHs A/19 CUCTEMHOMO porpamMHoro
3abe3neqeHHs BIAMOBIAHO 40 BUMOI PO3POOHNKA Ta KOPHCTYBaYa.

B pe3ysibTati 3acTOCYBaHHS METO4y aHasnizy Iepapxiv 6y/10 rnoby[oBaHo IEpapXito CEepefoBuLY 1POrpamyBaHHs A/
po3pobrierHHs [13, sKa 6yae KOPHCHOK A/15 MOBYA0BH KPUTEPIIB Ta MPOAYKUIIHNX rpasusl BUOOPY CEPEAOBULLA ITPOrpaMyBaHHs /s
[13. lMob6ygoBaHa iepapxis Mae HacTyrHui Burnigg: 1) Microsoft Visual Studio (33,1%); 2) Eclipse (19,6%); 3) PhpStorm (19,2%); 4)
Netbeans (17,2%); 5) PyCharm (11%). AHasii3 iepapxii 4a€ MOX/MBICTb BU3HAYNTH, L0 Havikpalmm 415 13 € cepegosuiye Microsoft
Visual Studio, ane uiHa Takoro cepegosuLya € JOBOJI BUCOKOK. HaCTymHUMM | paKTuyHO PiBHUMN 33 TEXHIYHUMU MOX/IMBOCTIMU €
cepegosunya Eclipse, PhpStorm, Netbeans, PyCharm.

[TEDCIEKTUBHIUM HATPSIMKOM I1048/bLUINMX AOCTIKEHD € MPOEKTYBAHHS TA PEAs3aLlis CUCTEMY ITIATPUMKY MPUIHATTS PiLlLeHb
A/15 BUOOPY CEpefoBumLYa rporpamyBarHHs [13 Ha OCHOBI 3arPOrNoOHOBAaHOI KOHLENLI BUKOPUCTaHHS METOLY aHasli3y iepapxil.

KIto4oBi C/10Ba: rporpamMHe 3ab€e3reqeHHs, CEPELOBULE POrpPamyBaHHs, METO aHasli3y iepapxil.

Introduction

At present, any software development company is faced with the task of choosing a programming
environment. Obviously, this choice is reduced to a multi-criteria task and is far from obvious. The multi-criteria
choice of the programming environment is that each existing programming environment should be evaluated not by
one criterion, but by a set of many indicators (criteria) considered simultaneously.

The developer can find a lot of information about the programming environment on the Internet, but this
information is not structured. Software developers spend a lot of time finding the best solution for choosing a
programming environment, reading forums and seeking advice from more experienced developers, but such advice
may not be objective enough, because, as you know, choosing a programming environment is mostly a matter of habit.
Software developers typically use programming environments that they have been working with for a long time and
are accustomed to the features (advantages and disadvantages). Mastering a new programming environment requires
a lot of time and money, and the price of a modern programming environment for software development can reach $
1,000 per license. It is clear that if you need to provide a staff of programmers, say, a small company of 10-30
employees, by programming environment, the costs become quite significant. The important question is whether such
a high price is realistic for existing programming environments. But much more important is the question of whether
a high price is real for the programming environment in the context of the task. It is possible that a cheaper or free
environment will be enough to perform the tasks set before the programmer. Thus, the current task is to support the
choice of a programming environment for software, which is to choose the best solution from a variety of possible
(optimization) and order possible solutions by priority (ranking)
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Given the above, the purpose of this study is to create a mathematical model of the programming
environment, as well as to support the selection of the optimal programming environment in accordance with the
requirements of the developer and user.

Mathematical model of the programming environment

Five well-known programming environments were chosen as elements of choice (alternatives): Microsoft
Visual Studio, PhpStorm, PyCharm, Eclipse, Netbeans [1].

The programming environment is used for software development and is focused on a specific language or
several programming languages [2]. In general, the main characteristics of the programming environment are:
available programming languages, operating systems with which the developed programs are compatible, price,
interface, availability of components for testing.

Based on the analysis of modern programming environments and the characteristics of the programming
environments, let's develop a mathematical model of the programming environment:

PE ={APL,0OSC,Cost, Int, ACT?} , 1)

where APL ={apl,....,apl,} — set of programming languages available in the environment (7 — number

of available programming languages); OSC ={oscy,...,05¢c,,} — the set of operating systems with which the
applications developed in the environment are compatible (m — the number of operating systems with which the
developed applications are compatible); Cost — the price level of the programming environment (for example, on a
5-point scale (a score of "5" indicates the lowest price level)); Int — expert evaluation of the interface (for example,
on a 5-point scale (score "5" indicates the best interface)); ACT = {act.,...,act; } — the set of components of the

environment intended for testing (k£ — the number of components for testing).
Method of choosing the programming environment
for software based on the method of hierarchy analysis

To apply the problem of choosing the optimal programming environment, we use the method of hierarchy
analysis (MHA) [3-6], the main stages of which are: 1) decomposition of the problem into components that are easy
to compare; 2) distribution of components by levels and establishment of essential connections; 3) pairwise
comparison of elements of each level; 4) synthesis of all levels and ordering of elements of choice by priority for the
decision-maker.

We will decompose the problem into components based on the method of hierarchy analysis [3, 7]:

Level 0 — selection of software programming environment.

Level I — hierarchy forces: for FreeWare (free software); for Commercial Software (paid software).

Level 2 — actors (participants) of the hierarchy: junior programmer (Junior); programmer; tester.

Level 3 — goals of the actors: Handbook; Ease of use; Code readability; Productivity; Writing speed; The
speed of the program work; The final size of the distribution; Number of programming languages; Speed of
development, number of components; Debugger.

Level 4 — alternatives: Microsoft Visual Studio, PhpStorm, PyCharm, Eclipse, Netbeans.

The results of the comparison of the elements of the 4th level in relation to the criteria of the 3rd level are
summarized in Table 1, in which the alternatives are ranked by experts starting from one (1) — for the best element to
four (4) — for the worst element.

Table 1
Description of alternatives

Alternatives g =0 g £ 9 g

355 = = =3 53

<2 2 o] S £

Criteria = = & = z
Directory 1 1 3 2 4
Ease of use 2 2 4 4 1
Code readability 1 2 3 3 1
Productivity 1 1 3 2 4
Writing speed 2 3 4 4 1
The speed of the program 1 1 3 3 4
The final size of the program 1 1 2 1 3
Number of programming languages 1 4 3 2 4
Speed of development 1 2 2 2 3
Number of components 3 2 4 2 4
Debugger 1 1 3 2 2

As can be seen from Table 1, the highest rank for most of the selected criteria was assigned to Microsoft
Visual Studio, which previously indicates the superiority of this environment. It can also be seen that alternative 3 -
PyCharm - does not outperform the others by any criteria.
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It should also be noted that this hierarchy did not consider such an important and weighty selection criterion
as price, as the participants in the hierarchy were those who use the software environment as a tool in the work, rather
than solving commercial issues. As can be seen from the description of alternatives, they all differ in price and when
included in the hierarchy of the participant responsible for the commercial side of the issue, such as CFO or CEO,
whose weight in the final choice is usually very significant, the final qualitative and quantitative ordering of elements
may be fundamentally different [3, 7].

According to the number of elements of the hierarchy of each level and the established links, the decision-
makers together with experts fulfilled the matrices of pairwise comparisons according to the Saati scale, checked the
consistency of the constructed matrices by means of the maximum eigenvalue of the matrices of pairwise comparisons
Amax » the ratio of consistency, random consistency index, coherence ratio, found the vectors of local priorities p

using the main eigenvector v [3-7].
For example, at the Oth level, the matrix of pairwise comparisons is filled, according to which the forces of
the hierarchy are organized — free and paid software environment — according to their contribution to the achievement

of the main goal (Table 2).

Matrix of pairwise comparisons of the 0th level

Table 2

Choosing a programming environment Free Paid
Free 1 1/5
Paid 5 1

The last step in the decomposition of the problem is the formation of matrices of local priorities of each level

from the corresponding vectors of local priorities 4;, i =0,m —1, where m —the number of levels [3-7] — Tables 3-

6. Tables 4-7 highlight the best selection elements according to the relevant criteria..

Table 3
Matrix of local priorities of the Oth level — 4,
Vectors of local priorities

Free 0,167
Paid 0,833

Table 4

Matrix of local priorities of the 1st level — 4,
Free Paid

Junior programmer (Junior) 0,122 0,066
Programmer 0,558 0,382
Tester 0,320 0,551

Table 5

Matrix of local priorities of the 2nd level — 4,
Junior programmer (Junior) Programmer Tester

Directory 0,252
Ease of use 0,161
Code readability 0,188
Productivity 0,358
Writing speed 0,101 0,103
The speed of the program 0.158
The final size of the program 0,03 0,081
Number of  programming 0.065 0.067
languages
Speed of development 0,376
Number of components 0,045 0,239
Debugger 0,045 0,731

The second main stage of the decision support process — synthesis — is carried out from the lower level to the
upper, while consistently arranging alternatives to all criteria of previous levels, in particular, in relation to the main
goal of the hierarchy [3-7] — Table 7-9.

As a result of the application of the method of hierarchy analysis, a hierarchy of programming environments
for software development was built, which will be useful for building criteria and production rules for selecting a
programming environment for software. The constructed hierarchy has the following form: 1) Microsoft Visual Studio
(33.1%); 2) Eclipse (19.6%); 3) PhpStorm (19.2%); 4) Netbeans (17.2%); 5) PyCharm (11%). Hierarchy analysis
makes it possible to determine what is the best for software development is the Microsoft Visual Studio environment,
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but the price of such an environment is quite high. Next and almost equal in technical capabilities are the environments
Eclipse, PhpStorm, Netbeans, PyCharm.

Table 6
Matrix of local priorities of the 3rd level — 4;
2
) Q =]
= ] <= =) o -
8 g 2 3 i S .E 9 S 8 - 5
gl 2| 2| E S | FE | gED| g5 | 22| 5B | &
131 3] & 3] o0 3 b 2 EE Z B 3 & o 3 %
& 2 e = g 2¢ | E52| =¢ 279 Eg 3
A s 8 e =) ra | 288 g & @3 Z s A
S R A -
H
MS
Visual 0,387 0,179 0,313 0,376 0,257 0,323 0,260 0,333 0,298 0,169 0,369
Studio
PhpStorm 0,212 0,149 0,176 0,215 0,153 0,292 0,260 0,288 0,298 0,425 0,109
PyCharm 0,119 0,081 0,099 0,121 0,088 0,154 0,138 0,152 0,158 0,068 0,109
Eclipse 0,212 0,081 0,099 0,215 0,088 0,154 0,260 0,152 0,158 0,270 0,206
Netbeans 0,069 0,510 0,313 0,074 0,415 0,078 0,082 0,075 0,089 0,068 0,206
Table 7
The choice of programming environment in relation to the actors and their goals — 43 , = 43 - 4,
Junior programmer (Junior) Programmer Tester
MS Visual Studio 0,293 0,299 0,350
PhpStorm 0,243 0,272 0,134
PyCharm 0,124 0,112 0,110
Eclipse 0,158 0,202 0,190
Netbeans 0,183 0,115 0,216
Table 8
The choice of programming environment in relation to the forces of the hierarchyn— 43 , | = 43 5 - 4,
Free Paid
MS Visual Studio 0,315 0,327
PhpStorm 0,225 0,194
PyCharm 0,113 0,112
Eclipse 0,193 0,192
Netbeans 0,155 0,175

Table 9
The choice of programming environment in relation to the main purpose of the problem —

Ao10=4321" 4o

Choosing a programming environment Rank
MS Visual Studio 0,331 1
PhpStorm 0,192 3
PyCharm 0,11 5
Eclipse 0,196 2
Netbeans 0,172 4
Conclusions

At present, any software development company is faced with the task of choosing a programming
environment. Obviously, this choice is reduced to a multi-criteria task and is far from obvious. The multi-criteria
choice of the programming environment is that each existing programming environment should be evaluated not by
one criterion, but by a set of many indicators (criteria) considered simultaneously.

The current task is to support the choice of a programming environment for software, which is to choose the
best solution from a variety of possible (optimization) and order possible solutions by priority (ranking). The purpose
of this study is to create a mathematical model of the programming environment, as well as to support the selection
of the optimal programming environment in accordance with the requirements of the developer and user.

The paper further develops the mathematical model of the programming environment, which allows
evaluating the programming environment for software more accurately, taking into account all its components, and
also allows to build criteria and production rules for choosing a programming environment for software that will
support the organization in choosing a programming environment for software.

This paper shows an example of the application of the method of hierarchy analysis to build a hierarchy of
programming environments, which provides support for selecting the optimal programming environment for software
in accordance with the requirements of the developer and user.

MDKHAPOJIHUI HAYKOBUM KYPHAJ . 9
«KOMIT’IOTEPHI CUCTEMHU TA IH®OOPMAIIMHI TEXHOJIOI'Tl», 2021, Ne 2



INTERNATIONAL SCIENTIFIC JOURNAL
«COMPUTER SYSTEMS AND INFORMATION TECHNOLOGIES»

As a result of the application of the method of hierarchy analysis, a hierarchy of programming environments
for software development was built, which will be useful for building criteria and production rules for selecting a
programming environment for software. The constructed hierarchy has the following form: 1) Microsoft Visual Studio
(33.1%); 2) Eclipse (19.6%); 3) PhpStorm (19.2%); 4) Netbeans (17.2%); 5) PyCharm (11%). Hierarchy analysis
makes it possible to determine what is the best for software development is the Microsoft Visual Studio environment,
but the price of such an environment is quite high. Next and almost equal in technical capabilities are the environments
Eclipse, PhpStorm, Netbeans, PyCharm..

A promising area of further research is the design and implementation of a decision support system for the
selection of software programming environment based on the proposed concept of using the method of hierarchy
analysis.
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