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Summary. The choice of the software development technology based on the methods of multicriteria
selection is considered in the paper. Technologies of software life cycle are analyzed. Alternatives and evaluation
criteria for software development technologies are formed. The methodology of forming Pareto set with the
subsequent Pareto-optimal choice on it is proposed. The considered procedure for identifying the relative
importance of the criteria makes it possible to narrow down Pareto set and, reelatively, to reduce the number of
possible solutions. The numerical example of the proposed methodology for applying Pareto set construction is
given. As a result, the procedure for identifying the relative importance of the criteria made it possible to narrow
down Pareto set and hence reduce the number of possible solutions up to two alternatives.
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Statement of the problem. The correct choice of software development technologies
(software) plays an important role in the successful implementation of software projects. First
of all, this choice depends on the specific subject area and the content of the stated tasks. For
example, software for oil and gas transportation management can be developed by one
technology, and the personnel subsystem of the enterprise information management system by
another, etc. This can be explained by the fact that at present there are a number of technologies
for the software life cycle implementation [1-3]: waterfall, waterfall with intermediate control,
V-model, iterative, incremental, spiral, etc. In addition, in the process of mobile devices
development (smartphones, tablets and other gadgets), a new class of mobile application
development technologies was developed on the platforms i0S, Android, Windows Phone,
etc. [4].

Therefore, the task of finding and selecting of software development tools set should be
performed on the basis of a number of criteria, which are not always uniquely defined, as they
have different priorities for the decision maker (DM). In general, such problem can be
considered as poorly structured, and it is reasonable to use multicriteria selection methods for
its solution.

Analysis of the available publications and research results. Numerous publications
deal with the analysis and selection of software development technologies [1-7, 10-12, etc.].
For example, such technologies in terms of their advantages and disadvantages are described
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in papers [1-3]. The comparative analysis of the current state of mobile application
development on iOS, Android, and Windows Phone platforms is given in paper [4]. Approaches
to selecting software development tools using expert evaluation, fuzzy sets, criteria ranking,
and others are presented in papers [5-8]. However, the basic approaches of Edgeworth-Pareto
principle according to which the best solution should be chosen among the Pareto-optimal
solutions is not presented or applied in the described approaches.

The objective of the paper is to solve the problem of multicriteria selection of software
development technologies by forming Pareto set and subsequent Pareto-optimal selection on
such a set.

Statement of the problem and presentation of the basic material. The set containing
alternatives that are not worse than others at least according to one criterion is called Pareto set,
or non-dominant alternatives set [9]. In order to construct such set, we can use the algorithm
described in paper [10], the implementation of which is determined by the following three
conditions:

1. Awvailability of possible  (permissible) alternative  solutions  set

A={a,a,,...,a,..,a,}.
2. Auvailability of vector criterion K =(K,,K,,...,K),m>2, defined on the set of

possible solutions A.
3. Availability of advantage relation >, given on the set of possible solutions A (for

example a, >a, )-
The first step of the algorithm is to compare sequentially the first solution a, with all

others a,,...,a,. The purpose of this comparison is to check the correctness of the relations
2> 8, and a, >a, at each i=2,...,n. In the case of truth for some i of the first relation 2,>8;,

the dominant solution a; is removed from the set A. In the second relation a, >a, the solution
a1 is to be removed. If none of the above mentioned relations 2, >3, and a, >a is true, then

nothing should be removed. In case when comparisons of solutions a; are performed with all
other solutions a,,...,a, and for none i =2,...,n the relation a, >8, is fulfilled, the first solution

should be remembered as non-dominant and removed from A. If after the first step no solutions
are left in the set A (that is, all are removed), then the algorithm stops its operation. In this case
only one non-dominant solution a is stored in memory. In other case (that is, when not all the
solutions are removed), it is necessary to turn to the second step of the algorithm, which is
similar to the first one. At first, the elements of the newly obtained set should be numbered, and
then the first solution of the given set should be sequentially compared with all its other
elements. Thus, at each step of the algorithm it is necessary to record the non-dominant
solutions, which in the final step make Pareto set.

However, very often such a set is rather wide and the specific choice within its limits is
quite challenging. In such a case, within the compensation strategy, the approach of identifying
information about the relative importance of the criteria through direct DM survey is used for
Pareto set narrowing. This survey reveals the relation of DM, for example, to the situation
where, in order to increase the value of the more important criterion Ki by w; units, DM is ready
to neglect the losses of w; units according to the criterion K;j provided that values are kept
according to all other criteria.

In this case the coefficient of relative importance ¢, expressing the proportion of the
relative amount of loss and gain Ki compared with K; is calculated [10]:
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Regarding this indicator, the values of the selected criteria are calculated by the
following formulas:

Ki zeij*Ki+(l_0ij)*Kj;

K'=60 *K. +(1-60.)*K @)
i =Y j+(_ ij) i

Obtained in such away K, and K} are used Pareto set narrowing procedure.

Let us consider the example of Pareto set construction by means of the algorithm
described for the problem of software development technologies selection. In order to do this,
we use the above mentioned software life cycle models as alternatives (a):

a1 is waterfall model;

az is waterfall model with intermediate control;

az is V-model (as an extension of the waterfall model);

as Is iterative model;

as is incremental model;

ae Is spiral model.

As the criteria for evaluation of software development technologies, we use those
proposed in paper [7]:

K1 is the possibility of modular programs implementation;

K> is correctness control of operation with data types;

K3 is operation with complex structure data;

K4 is software module interface control;

Ks is programs readability;

Ks is programmer error protection with the ability to detect and correct software errors;

K7 is technology flexibility, ability to generate new data types;

Kg is completeness of software functionality implementation.

Thus, n=6 versions (alternatives) of the selected software development technologies and
m=8 criteria for evaluating alternatives are involved in the Pareto set construction. In
order to evaluate alternatives for each criterion, we use five-point scale and represent the results
in Table 1.

Table 1

Evaluation of software development technologies according to each criterion

Alternatives K1 K2 Ks Ka Ks Ke K7 Ks
a1 4 3 4 3 1 4 3 5
a 5 3 3 3 2 3 4 4
as 2 4 2 4 4 2 3 5
a 5 3 2 3 2 1 4 3
as 3 4 3 4 5 2 4 2
as 4 3 5 4 4 4 3 5
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According to the considered algorithm the following pairwise comparisons are carried
out:

1. Let us pairwise compare a: and az; a1 and as; a; and as; a1 and as; a1 and as
according to each of K1-Kg criteria.
We get:

B 2,8 =88 > 8,8 = 8,8 <818 > 8,18 <88 >,
A8 088 288 58,8 2858 28,8 =858 24,
8 <8,18 =8,08 >2,)8 =8,8 <8,i8, > 8,18, 28,18, >2,;
Q288 S8:8 28,8 08,8 €88 288 £ 8,8 2 8,
8% 83 28,8 S8, 28,8 8,8, =88 =8
Here while comparing a: and ae the relation a, > a, is fulfilled, relatively a; is dominant

and removed from consideration.

2. Let us pairwise compare a; and as; a2 and as4; a2 and as; a; and as.
We get:

B B8 858, 2858, £858, 8,8, 2858, 85,8, £a;,
a, Eazt;az K:2a4;a2K>3a4;a2 K:4a4;a2 ZaA;aZZa4;a2K:7a4;aZZa4;
B 808 868, 7858, £85,8, £ 8,8, 2 85,8, =858, 2 &;
B 808 £ 86,8, £ 86,8, £ 86,8, £ 85,8, £85,8, 2 85,8, S 8.
Here the relation a, > a, is fulfilled, so a4 is dominant and is not considered further.

3. Letus compare az and as; as and as.
We get:

aa;lasiaazasiaaéasiaazagagéas;agza5;a3éa5;asza5;
aaéaeiaszaaiazéaeiaazaeias Zae;agéae;aSzae;agéaG.
In this case the pairs as, as and as, as are not comparable relatively to >. Accordingly,

as is non-dominant alternative and therefore is not included in Pareto set P ={a,}.

4. Letus compare as and as.
We get:

aséae;asiae;aséaﬁ;asizae;aszae;aséa ;a5K>7a6;a5 K<8a6'

Here as and as are incomparable as well, thus both are included in Pareto set
P={a;a:}.

Hence, the resulting Pareto set has the form P ={a,,a;,a,}, therefore, the final choice
of software development technology should be made from these alternatives (Table 2).

Table 2
Pareto set
Alternatives K1 K> Ks Ka Ks Ks K7 Ks
as 2 4 2 4 4 (3) 2 (3) 3 5
as 3 4 3 4 5(3,5 | 2(3,5) 4 2
as 4 3 5 4 4 4 3 5
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However, for this, it is necessary to have information about DM advantages benefits
relatively to the chosen criteria K, + K, . For example, let DM, in order to increase Ke criterion

(programmer error protection), be ready to neglect Ks criterion (program readability) by the
value K;=K;=0,5 points. Then the coefficient of relative importance is

*

= L = 05 =0,5. Taking this into account, the new values of Ks and Ks criteria
Ki+K, 1
evaluation for each of alternatives as, as and ae are as follows:
a,:K,=0,5%2+(1-0,5)*4=3,K, =0,5%4+(1-0,5)*2 =3,
a, K, =0,5%2+(1-0,5)*5=3,5;K, =0,5*5+(1-0,5)*2=3,5;
a,:K,=0,5%4+(1-0,5)*4=4;K, =0,5%4+(1-0,5)*4=4.
The obtained values of the criteria in brackets are presented in Table 2. The values of
Ks and Ke criteria for alternative as remained unchanged since they were the same in their
advantages from the very beginning.
Further, in the same way as it is done before, we compare pairwise alternatives as, as
and as, taking into account the new values of Ks and Kg criteria.
1. Letus compare az and as; az and ae:

aaZas;aszas;aséas;aszas;aséas;a?,éaS;aséas;a'séas;
asflaeiaszaeiagéae?aszae?aséaeiaséae?as;ae?as;aa-
Here alternative a3, which is removed from the obtained Pareto set

P={as, as, as}=P={as, as} is dominant.

2. Letus compare as and as:

aséae;aszaﬁ;aséafs;aslzas;aséa iaséa ?%}Zasiaséas-

In this case, alternatives as and as do not dominate each other, so they remain in
the set P.

Thus, the considered procedure for identifying the relative importance of the criteria
makes it possible to narrow down Pareto set and, hence, to reduce the number of possible
solutions. In this example, there are two of them: as is incremental model and as is spiral model.
In order to come to the single solution, that is, to obtain one-element Pareto set, it is possible to
repeat the procedure of revealing the relative importance of the criteria or to involve the
additional criterion into analysis.

Conclusions. The variety of subject areas, the problems of their analysis and the
availability of the sufficiently wide range of software development technologies require the
efficient choice of these technologies.

Such a problem can be formulated as the multicriteria choice on solutions set
(alternatives). Its solution using Pareto-optimal approach ensures the optimal choice of the best
alternatives under conditions of their expected uncertainty.
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TEXHOJIOI'TA PO3POBJIEHHSA ITPOI'PAMHOI'O 3ABE3IIEYEHHA
HA OCHOBI ITAPETO-OIITUMAJIBHUX PIINEHDb

Irop KoBasienko; Annona llIBen; €Bren JlaBuaeHko

Yopromopcovkuu nayionanvnuu yuieepcumem imeni [lempa Moeunu,
Muxonais, Yxpaina

Pe3tome. Posenanymo 6usHaueHHs MeXHOA02Il po3pOOIeHHs NPOSPAMHO20 3a0e3neyeHHs HA OCHO8I
Memooie bazamokpumepianbHo2o subopy, 6A3YIOUUCH HA YIIOMY POl KpUMeEPIis, SKI He 3a624c0U MOXICYMb Oymu
BU3HAYEHI OOHO3HAYHO, OCKLIbKU MOJICYMb MAmMu pi3Hi npiopumemu Oasi 0COOU, WO NPUUMAE DIULEHHS.
Ipoananizosano mexuono2ii peanizayii scummeeozo Yukiy npocpamuoco 3abesneuenns. Cghopmosaro
anbmMepHaAmuey ma Kpumepii OYiHIO8AHHS MeXHOL02il pO3PODNIeHHSA NPOZPAMHO20 3a0e3nedenHts. 3anponoHo8aHo
Memooonoeito Gopmyeanns muoxcunu Ilapemo 3i 30iCHEHHAM ROOANBUO20 NAPEMO-ONMUMATLHO20 8UOOPY HA
Hill. Posensinyma npoyedypa sussnenus 6i0HOCHOT 8adciugocmi Kpumepiie 00360.5¢€ 38y3umu mHoxcury Ilapemo
ma, 8iONOBIOHO, 3MEHWUMU KIIbKICMb MONMCIUGUX DiuieHb. Y eunaoky, KOIU MHONCUHA OOCUMb WUPOKA U
KOHKpemHull 8ubip € docums npoOIeMamudHum, y Mexcax cmpamezii KOMNEHCayii Ost 36YHCEeHHsT MHONCUHU
Iapemo euxopucmano nioxio eusigneHHs iHgopmayii npo GIOHOCHY adcIUBICMb Kpumepiie 3a 00NOMO2010
npAMO20 ONUMY8aHHA ocobu, wo npuimae piutenns. Hasedeno ¢opmynu Ona eupaxyeanus koeghiyienma
BIOHOCHOI 8AJICIUBOCHI, AKUL BUPAIICAE HACMKY GIOHOCHOI cyMu empamu i npubasKu 0OHO20 Kpumepino 8
NOPIGHAHHI 3 THWMUM. 3anpPonoHO8aHull NIOXI0 0036015€ ompumamu Oitbw Gopmanizosany npoyedypy Ois
OMPUMAHHA EOUHO20 ONMUMANILHO2O pieHHs (0OHOoeremenmHo2o Habopy Ilapemo). Axwo o 8 KiHyegomy
sapianmi €OUHO20 PilileHHs He OMPUMAHO, MO MOXNCHA NOSMOPUMU NPOYedYPY BUABNEHHS 8BIOHOCHOI 8ANCIUBOCHIT
Kpumepiie abo 3anyuumu 00 amanizy dodamkosuu kpumepiu. Hasedeno uucenvnuti npuxkiad 3anpononosanor
Memooonoeii 3acmocysants nobyoosu muoxcuru Ilapemo 3 UKOPUCIAHHAM ONUCAHO20 AN20PUMMY OJid 3a0ayi
8UOOPY MEXHON02I PO3POONEHHA NPOSPAMHO20 3abe3neyenHs. B axocmi aremeprhamus suxopucmano mooeiui
HCUMMEBO2O YUKTY, A 8 AKOCMI Kpumepiie — Kpumepii oyiHI08AHHA MEXHONO02I pO3DPOONIEHHA NPOSPAMHO20
3abesneuenus. B pesynvmami npoyedypa GusgNieHHs GiOHOCHOI 8ANCIUBOCHI Kpumepiig 003601UNA 38Y3UMU
muodicuny Ilapemo i 3meHwumu KitbKicmos MONCIUBUX PilUeHb 00 080X AlbMEPHAMUS.

Knwuosi cnosa: mexnonozii po3pobaenns npocpamuozo 3abesneyents, muoxcuna Ilapemo, napemo-
ONMUMATLHULL 8UOID, ANbMEPHAMUBA.
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