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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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ДМИТРО МЕДЗАТИЙ, ТЕТЯНА ГОВОРУЩЕНКО 
Хмельницький національний університет  

 

МЕТОД ВИБОРУ ТЕХНОЛОГІЇ ПРОЄКТУВАННЯ ПРОГРАМНОГО 

ЗАБЕЗПЕЧЕННЯ 
 
Технологія проєктування (розроблення) програмного забезпечення (ТППЗ) – це впорядкована сукупність 

взаємозв’язаних технологічних процесів в межах життєвого циклу ПЗ. ТППЗ представляє собою інженерний підхід до 
розроблення програмних засобів, який охоплює методологію програмування, проблеми забезпечення надійності програм, 
оцінки робочих характеристик та якості проектів. 

Початковими даними для оцінювання технології проєктування програмного забезпечення є набір параметрів 
(техніко-економічних характеристик) ТППЗ функціональні характеристики, орієнтовані на процеси життєвого циклу ПЗ 
(керування проєктом, керування вимогами, керування конфігурацією та змінами, аналіз та проектування ПЗ і т.і.); 
функціональні характеристики застосування (середовище функціонування, сумісність з іншими ТППЗ, відповідність 
технологічним стандартам); характеристики якості (надійність, зручність використання, ефективність, супроводжуваність, 
можливість переносу); загальні характеристики (витрати на технологію, ліцензійна політика, оціночний ефект від 
впровадження ТППЗ, потрібна для впровадження інфраструктура, доступність та якість навчання, сертифікація 
постачальника, підтримка постачальника). На основі даного набору параметрів аналізуються та класифікуються існуючі ТППЗ. 

Сьогодні процеси оцінювання та вибору ТППЗ залишаються незабезпеченими математичним підґрунтям. Тому 
актуальною задачею наразі є побудова математичного апарату для підтримки процесів оцінювання та вибору ТППЗ. 
Враховуючи вищевикладене, метою даного дослідження є побудова критеріїв оцінювання та продукційних правил вибору 
технології проєктування ПЗ. 

У статті набули подальшого розвитку математична модель ТППЗ та критерії оцінювання ТППЗ, які дають можливість 
експертам оцінити кожну розглядувану технологію проєктування ПЗ більш точно, з врахуванням всіх її складових частин. 
Запропоновані авторами метод та продукційні правила вибору технології проєктування ПЗ надають організації можливість 
мотивованого та обгрунтованого вибору технології проєктування для її подальшого впровадження. 

Ключові слова: програмне забезпечення, технологія проєктування програмного забезпечення, технологічний 
процес, технологічна операція. 

 

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]: 

 

},,,,,,,,{ GTOWPTORTORCTGRWPTPTOTSD = ,                                           (1) 

 

where: },...,{ 1 ftotoTO =  – the set of technological operations ( f – the quantity of SDT technological 

operations); },...,{ 1 ktptpTP =  – the set of technological processes ( k  – the quantity of SDT technological 

processes), each of which is a subset },...,{ 1 mtoto  of interconnected technological operations ( m  – the quantity of 

technological operations that make up this technological process), i. e. }},...,{,...,},...,{{ 111 keo totototoTP = , where 

o  – the quantity of technological operations that make up the technological process 1tp , e  – the quantity of 

technological operations that make up the technological process ktp ; },...,{ 1 xwpwpWP =  – the set of  working 

products cwp  ( x  – the quantity of working products of technology); },...,{ 1 lprrR =  – the set of roles yr , which 

SDT contains ( lp  – the quantity of SDT roles); },...,{ 1 fggG =  – the set of practical guides qg  ( f  – the number 

of technological operations and, accordingly, technology manuals); },...,{ 1 wctctCT =  – the set of CASE-tools act  

( w  – the quantity of tools of design technology); },,...,,{ 11 = nn rtortoTOR  – the set of pairs jito  and jir , 

where jito  – technological operation, which is part of the software design technology and is performed by the role 

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

},,,...,,,{ 111 = sss rtowprtowpWPTOR  – the set of triplets ddd rtowp ,, , where dwp  – the working 

product that is created, modified or used in a technological operation dto  and defines the area of responsibility of the 

role dr  ( s  – the number of interconnected work products, process operations, and technology roles); 

},,...,,{ 11 = ff togtogGTO  – the set of pairs uu tog , ,  where ug  – practical guide to performing a 

technological operation uto  ( 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: 

 

     
tscos

)tscosprofit(
investmentreturn_on_

−
= ,                                                        (2) 

 

where profit  – profit from the use of software, tscos  – software creation and maintenance costs; 

5) software maintenance costs – this criterion requires minimization and is calculated by the formula: 

 

   
costs total

 supportof cost
e_costsmaintenanc = ,                                                           (3) 

where  supportof cost  – the expected cost of the software maintenance phase when using this SDT, 

costs total  – 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: 

 

   },,,,,,,{ reicitmcrindplEVAL = ,                                                           (4) 

 

where l  – 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, ri – 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. 

},...,{ 1 jEVALEVALEVTSD = , 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)): 

 

      

jjjjjjjj reicitmcrindpl

reicitmcrindpl

EVTSD ........................

11111111

=  ,                                                   (5) 

 

where the first line contains estimates for software design technology №1, the second line – estimates for 

SDT №2, etc., and the last line – estimates for the latest design technology № 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 ( l ), 3rd ( nd ), 5th ( mc ), 6th ( it ), 7th ( ic ) and 8th ( re ) 

columns of the matrix EVTSD  and save their row numbers in the variables 1min , 3min , 5min , 6min , 7min , 

8min  respectively.   

Step 2. Find the maximum elements of the 2nd ( p ) and 4th ( ri )columns of the matrix EVTSD  and save 

the numbers of their rows in the variables 2max , 4max  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 № ki  in element № ki  of the set ST , where },...,{ 1 ntststST =  – the set of points for each 

technology design, and 1st  – the number of points scored by technology №1, ntst  – the number of points scored by 

technology № nt , nt  – the number of considered SDT. 

Крок 4. Find the maximum element of the set },...,{ 1 ntststST =  and save its number in the variable not .   

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

1) if the variable ti=1min  (i.e. technology number ti  is the best by the criterion of "labor intensity of 

creating software"), then technology number ti  receives 1 point: 1+= titi stst  ( tist  – the number of points of the 

ti -th technology, where STstti  ); 
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2) if the variable ti=2max , then technology number ti  receives 1 point: 1+= titi stst ;   

3) if the variable ti=3min , then technology number ti  receives 1 point: 1+= titi stst ; 

4) if the variable ti=4max , then technology number ti  receives 1 point: 1+= titi stst ; 

5) if the variable ti=5min , then technology number ti  receives 1 point: 1+= titi stst ; 

6) if the variable ti=6min , then technology number ti  receives 1 point: 1+= titi stst ; 

7) if the variable ti=7min , then technology number ti  receives 1 point: 1+= titi stst ; 

8) if the variable ti=3min , then technology number ti  receives 1 point: 1+= titi stst ; 

9) if the variable toinot = , then the technology number toi  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): },,,.,.,,,{EVALRUP 2330001537502502516588572= ,  

– for Oracle: },,,.,.,,,{EVALOracle 2742001846701204113456785= ,  

– for Borland: },,,.,.,,,{EVALBorland 315100215180104712769814= ,  

– for Computer Associates: },,,.,.,,,{EVALCA 29500020479010504513016803= .  

Then the matrix EVTSD  has the following form: 

 

29500020479010504513016803

315100215180104712769814

2742001846701204113456785

2330001537502502516588572

..

..

..

..

EVTSD = . 

 

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: 11 =min , 13 =min , 15 =min

, 16 =min , 17 =min , 18 =min . 

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 EVTSD  and save the numbers of their rows: 12 =max , 14 =max . 

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 },,,{ST 0008= .  

Obviously, the maximum element of the set ST  is the 1st element, therefore, the technology №1 (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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