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METHOD OF SELECTION OF SOFTWARE DESIGN TECHNOLOGY

The paper further develops the mathematical model of the software design technology (SDT) and the criteria for evaluating
the SDT, which allow experts to evaluate each considered software design technology more accurately, taking into account all its
components. The method and production rules of the selection of the software design technology proposed by the authors give the
organization the opportunity to make a motivated and reasonable choice of the design technology for its further implementation.
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JIMHUTPO MEJIBATUI, TETSIHA TOBOPYIILEHKO

XMeNbHULBKUI HALlIOHATIBHUI YHIBEPCUTET

METO/JI BUBOPY TEXHOJIOTI'TI TIPOEKTYBAHHSA ITIPOTPAMHOI'O
3ABE3IIEYEHHSA

TexHosioris  MPOEKTyBaHHS (po3pobrieHHs) nporpamMHoro 3abesneqeHHs (TI13) — ye BropsAKoBaHa CyKyIHICTb
B33EMO3B’SI3aHNX TEXHOJIOMYHNX [TPOLECIB B MEXax XuTTesoro umkay [13. TIIM13 npegcrasise cobow iHXEHEPHWH miaxig Ao
PO3POGTIEHHS MPOrPaMHuX 3acobiB, KUY OXOI/IIOE METOLOJIONIO MPOrpamyBaHHs, Mpob/IemMu 3a6E3M1EYEHHS HaliHOCTI nporpam,
OLiHKYM POBOYNX XaPAKTEPUCTUK Ta SIKOCTI ITPOEKTIB.

[ToyatkoBumu [aHUMU A7151 OLIHIOBaHHS TEXHOJIONI] IMPOEKTYBAHHS [IPOrPamMHoro 3abe3neqeHHs € Habip napametpis
(TEXHIKO-EKOHOMIYHNX XapakTepucTuk) TII3 @yHKLIOHAIbHI XapaKTEPUCTUKY, OPIEHTOBAaHIi Ha rpoLecu XUTTeBoro umkiay [13
(KEpYBaHHS [POEKTOM, KEpyBaHHS BUMOramu, KEpyBaHHS KOHQIrypaLliero T1a 3MiHamy, aHasi3 Ta npoekTyBaHHs [13 i T.i);
QDYHKLIOHATIBHI  XapaKTEPUCTUKN  3aCTOCyBaHHA (cepegosuiye @QyHKUIOHYBaHHS, CYMICHICTb 3 iHwmmy TTI[13,  BignosiaHicTs
TEXHO/IOMYHUM CTaHAAPTaM); XapakTEDUCTUKN SKOCTI (HafiiHICTb, 3DYYHICTb BUKOPUCTaHHS, €QPEKTUBHICTb, CYIPOBOMKYBAaHICTb,
MOXJ/IMBICTb  [IEPEHOCY),; 3aralibHi XapakTEPUCTUKN (BUTPATU HE TEXHOJIONIO, JILEH3WIHA TO/1ITUKE, OLIIHOYHMA epeKT Bij
BriposagxerHHs TII13, rnoTpibHa A/19 BriPOBaMKEHHS IH@PACTPYKTYpa, HAOCTYIIHICTG Ta SKICTb HABYaHHS, CepTUQIKaLis
110CTaqasibHUKa, MiATPUMKE [10CTaYaibHUKE). Ha 0CHOBI JaHOro Habopy NapamMeTpiB aHam3yroTbCH Ta KIaan@ikyoTscs icHyodi TITT13,

CborogHi npouyecu OUiHIoBaHHS Ta Bubopy TII13 3a/mwaroTbCs HE3abE3IeHEHNMN MATEMATUYHUM MIGrPyHTSM. Tomy
AKTYa/IbHOIO 334aqer0 Hapasi € robyJoBa MareMaTuyHoOro anapary A7 MigTpuMKu [POLECiB OLUiHIoBaHHS Ta Bubopy TII13.
BpaxoByro4n BULLEBUKIIGAEHE, METOK AaHOr0 AOC/IIAKEHHS € M0BYA0Ba KPUTEDIIB OLIIHIOBaHHS Ta MPOAYKUIMHMX paswi Bubopy
TEXHOJTOri MPOEKTYBaHHS [13.

Y crarTi Habysm 104a/1bLI0ro PO3BUTKY MATEMaTUYHA MoAesb TI3 Ta kpuTepii oyiHoBarHHS TIT13, SKi 4aroTb MOX/IMBICTL
EKCIIEDTAM OLIHUTYU KOXXHY PO3I/ISAyBaHy TEXHOJIOMIO MPOEKTYBaHHS 13 Oi/ibly TOYHO, 3 BpaxyBaHHSIM BCIX i CKIGA0BUX YACTUH.
3anporoHoBaHi aBTopamm METO4 Ta MpoayKUivHI rpasuia BNOOpPYy TEXHOJION MPOEKTYBaHHS 13 HaAatoThb OpraHizaLlii MOX/mBICTb
MOTUBOBAHOIO Ta O6IrpyHTOBAHOIro BUOOPY TEXHO/IONT MPOEKTYBAHHS A/15 Ii MO4A/IBLIOIO BIPOBAAKEHHS.

KitoyoBi cioBa: nporpamMHe 3a6e3r1eYeHHS, TEXHOJIOrS [TPOEKTYBAHHS POrpaMHOro 3abe3reqeHHs, TEXHOIOMYHMA
1poLec, TEXHOJIOMYHa OrnepaLlis.

Introduction

Software design technology includes all specific facts, levels, important knowledge, activities, operations,
techniques for managing software development.

Software design (development) technology (SDT) is an ordered set of interconnected technological processes
within the software life cycle. SDT is an engineering approach to software development that covers programming
methodology, software reliability issues, performance evaluation, and project quality. SDT defines the professional
culture of specialists, which provides a given level of productivity and quality of the resulting software products [1-
4].

The main requirement for modern SDTs is their compliance with standards and regulations related to software
life cycle processes and assessment of technological maturity of development organizations [5-7].

The implementation of the SDT is understood as all actions - from the assessment of initial needs to the full
use of the SDT in various departments of the organization [1-4]. The SDT implementation process consists of the
following stages [1-4]: 1) identification of the SDT necessity, the characteristics of the object of implementation and
software development projects; 2) determination of the requirements for the SDT (analysis of the characteristics of
the object of implementation and projects, justification of the requirements for the SDT, determination of the priorities
of the requirements); 3) evaluation of SDT variants — preliminary expert evaluation, which consists in the analysis of
available SDT for compliance with the requirements, and detailed evaluation, which consists in forming a detailed
description of each SDT-applicant; 4) identification of the needs of the SDT, the characteristics of the object of
implementation and projects; 5) the choice of SDT on the basis of comparative analysis of technologies and taking
into account expert assessment; 6) adaptation of the SDT to the conditions of application by forming a specific working
configuration of the SDT, adapted to the conditions of the object of implementation.

The initial data for evaluation are a set of parameters (technical and economic characteristics) of SDT [1-4]: 1)
functional characteristics focused on the software life cycle processes (project management, requirements management,
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configuration and change management, software analysis and design, etc.); 2) functional characteristics of application
(operating environment, compatibility with other SDTs, compliance with technological standards); 3) quality characteristics
(reliability, usability, efficiency, traceability, portability); 4) general characteristics (technology costs, licensing policy,
evaluation effect of SDT implementation, infrastructure required for implementation, availability and quality of training,
supplier certification, supplier support). Based on this set of parameters, existing SDTs are analyzed and classified.

Today, the processes of evaluation and selection of SDT have not mathematical basis. Therefore, the actual
task now is to build a mathematical apparatus to support the processes of evaluation and selection of SDT. Given the
above, the purpose of this study is to build evaluation criteria and production rules for the selection of software design
technology.

Mathematical model of software design technology

Given the fact that the SDT includes the technological process, technological operation, working product,

role, leadership, and CASE-tool, we will build a mathematical model of software design technology [8]:

7SD ={TO,TP,WP,R,G,CT,TOR,WPTOR,GTO} , (1)

where: TO = {toy,..., to f} — the set of technological operations ( f — the quantity of SDT technological
operations); TP ={tpy,...,tp;.} — the set of technological processes (k — the quantity of SDT technological
processes), each of which is a subset {foy,...,t0,,} of interconnected technological operations (m — the quantity of
technological operations that make up this technological process), i. e. TP = { {toy,...,10, }1,..-, {101 ,...,10, } . } , Where
0 — the quantity of technological operations that make up the technological process #p;, e — the quantity of
technological operations that make up the technological process py ; WP ={wpy,...,wp,} — the set of working
products wp,. (x — the quantity of working products of technology); R = {1 ,...,rlp} — the set of roles Ty, which
SDT contains ([p — the quantity of SDT roles); G ={gj,...,g s} — the set of practical guides g, (f — the number

of technological operations and, accordingly, technology manuals); CT = {cty,...,ct,,} —the set of CASE-tools ct,,

(w — the quantity of tools of design technology); TOR = {< to|,n >,...,<to,,r, >} —the set of pairs fo i and 1,

where fo i~ technological operation, which is part of the software design technology and is performed by the role

I"jl'

WPTOR = {<wpy,to}, 1 >,...,< Wpy,tog,7g >} — the set of triplets wpy,t0,4,%; , where wp,; — the working

(n —  the number of  interrelated operations and  roles of  technology);

product that is created, modified or used in a technological operation fo,; and defines the area of responsibility of the
role 7; (s — the number of interconnected work products, process operations, and technology roles);
GTO={<gy,to, >,....<gy,toy >} — the set of pairs g,,f0,, where g, — practical guide to performing a

technological operation fo,, ( f* — the quantity of technological operations and, accordingly, technology manuals).

Criteria for evaluating the software design technology

We offer the following criteria for evaluating the SDT [8]:

1) the labor intensity of creating software — the quantity of man-months that are projected to be spent on
creating software using SDT, or the number of functional points (this criterion should be minimized);

2) productivity — the amount of work (number of lines of code), which is per unit of labor intensity (man-
month) when using this SDT (criterion requires maximization);

3) the number of defects in the generated software when using this SDT (this criterion must be minimized);

4) the level of return on investment — this criterion requires maximization and is calculated by the formula:

rofit—costs
return_on_investment = M s @)

costs

where profit — profit from the use of software, costs — software creation and maintenance costs;
5) software maintenance costs — this criterion requires minimization and is calculated by the formula:

cost of support
maintenance_costs = & , (3)
total costs

where cost of support — the expected cost of the software maintenance phase when using this SDT,

total costs — the cost of implementing this SDT in the organization;
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6) time of SDT implementation — the projected time interval from the beginning of SDT implementation to
the full implementation and use of SDT by all participants in the development process, which requires minimization;

7) the cost of implementing the SDT — the expected total cost of acquisition, study, and maintenance of the
SDT (this criterion should be minimized);

8) the payback period for the implementation of the SDT — the time interval from the beginning of the
implementation of the SDT to the full payback of the costs of its implementation (the criterion requires minimization).

Therefore, the group of experts should evaluate each of the considered software design technologies, taking
into account its components (formula (1)), according to all the above criteria. As a result of such estimation, the
following set of parameters for i -th considered SDT will be received:

EVAL ={l, p,nd,ri,mc,it,ic,re}, 4)

where [ — the projected labor intensity of software using the i-th SDT (for example, the number of
functional points), p — productivity when using the i-th SDT, nd — the predicted number of defects in the
generated software when using the i-th SDT, 7i —the expected level of return on investment when using the i-th
SDT, mc — the cost of software maintenance, which was developed using the i-th SDT; it — expected time of
implementation of the SDT (months); ic — expected costs for the implementation of the i-th SDT; re — payback
period for the implementation of the i-th SDT (months).

Then, if experts evaluate j software design technologies, we obtain j sets EVAL (equation (4)), i.e.

EVTSD ={EVAL,,..., EVAL j} , where EVTSD — the set of subsets of estimates for all considered SDT.

The set of subsets EVTSD is more appropriate to represent in the form of the following matrix (taking into
account formula (4)):

L p ndp rip mc ity icp re
EVISD=|.. . (5)

where the first line contains estimates for software design technology Nel, the second line — estimates for
SDT Ne2, etc., and the last line — estimates for the latest design technology Ne j .

Method and production rules for selection of software design technology

The selection of SDT includes the following actions [1-4, 8]: 1) formulation of selection tasks, including
goals, assumptions, and limitations; 2) implementation of all necessary selection actions, including the definition of
criteria, identification of candidate technologies, collection of necessary data and application of criteria to evaluation
results to determine the means with the best indicators; 3) performing the required number of iterations in order to
select (or reject) technology that has similar indicators.

Based on the formula (5) and the description of the criteria for evaluating the SDT, we will develop the
method of selection of the optimal SDT for software organization:

Step 1. Find the minimum elements of the 1st (/), 3rd (nd ), 5th (mc), 6th (it), 7th (ic) and 8th (7e)

columns of the matrix EV7TSD and save their row numbers in the variables min;, min3, ming, ming, miny,
ming respectively.

Step 2. Find the maximum elements of the 2nd ( p ) and 4th (77 )columns of the matrix EVTSD and save
the numbers of their rows in the variables max,, max, respectively.

Step 3. Using production rules to determine the best software design technology for each criterion, assign 1
point to the technology-"winner" for each criterion, calculate the sum of points for each SDT and save the sum of

points of technology Ne ki in element Neki of the set ST, where ST = {sf,...,5t,,;} — the set of points for each
technology design, and s# — the number of points scored by technology Nel, st,, — the number of points scored by
technology Nent, nt — the number of considered SDT.

Kpox 4. Find the maximum element of the set ST = {s4,,...,5%,,} and save its number in the variable not .

Production rules for the choice of software design technology have the form:

1) if the variable min; =# (i.e. technology number #i is the best by the criterion of "labor intensity of
creating software"), then technology number # receives 1 point: st; =st; +1 (st; — the number of points of the

ti -th technology, where st,; € ST');
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2) if the variable max, = #i, then technology number #i receives 1 point: st,; =st; +1;
3) ifthe variable miny =¢i, then technology number #i receives 1 point: st; =st,; +1;
4) if the variable max, = #i, then technology number #i receives 1 point: st,; =st; +1;
5) if the variable ming =#i, then technology number #i receives 1 point: st;; =st,; +1;
6) if the variable ming =i, then technology number #i receives 1 point: st;; =st,; +1;
7) if the variable min~ = fi, then technology number #i receives 1 point: st; =st,; +1;

8) if the variable miny =#i, then technology number # receives 1 point: st; =st; +1;

9) if the variable not = foi , then the technology number foi is the most optimal for implementation in this
organization.

Example of selection of software design technology

For example, the group of experts considered such software design technologies as:: Rational Unified Process
(RUP); Oracle; Borland; Computer Associates (CA).

Thus, a group of experts evaluated each of the considered software technologies, taking into account its
components, according to all the above criteria, as well as taking into account the characteristics of the IT company
of Khmelnytskyi, for which the selection of SDT is carried out. As a result of this assessment, the following sets of
parameters were obtained:

— for Rational Unified Process (RUP): EVAL 5 p ={572, 16588, 25, 0.25, 0.375, 15, 3000, 23},

— for Oracle: EVAL ... ={ 785, 13456, 41, 0.12, 0.467, 18, 4200, 27},

— for Borland: EVAL 3,1, ={814, 12769, 47, 0.1, 0.518, 21, 5100, 31},

— for Computer Associates: EVAL-, ={803, 13016, 45, 0.105, 0.479, 20, 5000, 29} .
Then the matrix EVTSD has the following form:

572 16588 25 0.25 0.375 15 3000 23
785 13456 41 0.12 0467 18 4200 27
EVTSD = .
814 12769 47 0.1 0518 21 5100 31
803 13016 45 0.105 0479 20 5000 29

According to step 1 of the proposed method of selection of SDT, we find the minimum elements of the 1st,
3rd, 5th, 6th, 7th and 8th columns of the matrix EVTSD and save their row numbers: min, =1, miny =1, mins =1

, ming =1, min, =1, ming =1.
According to step 2 of the proposed method of selection of SDT, we find the maximum elements of the 2nd
and 4th columns of the matrix EV7SD and save the numbers of their rows: max, =1, max, =1.

According to step 3 of the proposed method of selection of SDT, we determine the best SDT for each
criterion, we assign 1 point to the technology-"winner" for each criterion, we calculate the sum of points for each SDT
and save the sum of points of each technology in the corresponding element of the set S7' =¢8,0,0,0}.

Obviously, the maximum element of the set ST is the 1st element, therefore, the technology Nel (Rational

Unified Process) is the most optimal for implementation in this organization.
Conclusions

Today, the processes of evaluation and selection of SDT have not mathematical basis. Therefore, the actual
task now is to build a mathematical apparatus to support the processes of evaluation and selection of SDT. Given the
above, the purpose of this study is to build evaluation criteria and production rules for the selection of SDT.

The paper further develops the mathematical model of the SDT and the criteria for evaluating the SDT, which
allow experts to evaluate each considered software design technology more accurately, taking into account all its
components. The method and production rules of the selection of the software design technology proposed by the authors
give the organization the opportunity to make a motivated and reasonable choice of the design technology for its further
implementation.
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