
November 15-16, 2021

Proceedings of the
3rd Virtual International Conference
Path to a Knowledge Society-
Managing Risks and Innovation

Editors: 
Stanković, M. and Nikolić, V.

Publishers: 
Complex System Research Center, Niš, Serbia
Mathematical Institute of the Serbian Academy 
of Sciences and Arts, Belgrade, Serbia

2021



Editors 

Stanković, M. 

Nikolić, V. 
 

 

 

 

 

PaKSoM 2021 

3rd Virtual International Conference 

Path to a Knowledge Society-Managing Risks and 

Innovation 

Proceedings 

 

 

 
Publishers  
Complex System Research Centre, Niš, Serbia 

Mathematical Institute of the Serbian Academy of Sciences and Arts 

 

 

Serbia, Niš, November 15-16, 2021 



Proceedings of  
3rd Virtual International Conference 

Path to a Knowledge Society-Managing Risks and Innovation 

 

Serbia, Niš, November 15-16, 2021 

 

Editors: 

Prof. Dr. Miomir Stanković and Prof. Dr. Vesna Nikolić 

Technical Editor:  

Dr. Lazar Z. Velimirović 

 

Published by:  

Complex System Research Centre, Niš, Serbia, and  

Mathematical Institute of the Serbian Academy of Sciences and Arts 

 

Printed by:  

Copy House, Niš, Serbia 

 

Number of copies printed: 100 

The publishing year: 2022 

 

Printing of this edition has been financially supported by 

Serbian Ministry of Education, Science and Technological Development 

 
 
ISBN 978-86-80593-72-2 

CIP - Каталогизација у публикацији 
Народна библиотека Србије, Београд 
 

005.94(082)(0.034.2) 

005.591.6(082)(0.034.2) 

007:004(082)(0.034.2) 
 

VIRTUAL international conference Path to a knowledge society-managing risks and 

innovation PaKSoM (3 ; 2021) 

    Proceedings [Elektronski izvor] / 3rd Virtual international conference Path to a knowledge society 

- managing risks and innovation PaKSoM 2021, november 15-16, 2021 ; [organizers] Organizer: 

Mathematical Institute of the Serbian academy of sciences and arts ... [et al.] ; editors Stanković, 

M. Nikolić, V. - Niš : Mathematical Institute of the Serbian academy of sciences and arts : Complex 

system research centre, 2022 (Niš : Copy house). - 1 elektronski optički disk (CD-ROM) : tekst, 
slika ; 12 cm 
 

Tiraž 100. - Bibliografija uz svaki rad. 
 

ISBN 978-86-80593-72-2 (MISASA) 
 

а) Знање -- Менаџмент -- Зборници б) Предузећа -- Пословање -- Иновације -- Зборници в) 

Информациона технологија -- Зборници 
 

COBISS.SR-ID 57366537 



PaKSoM 2021 

3rd Virtual International Conference 

Path to a Knowledge Society-Managing Risks 

and Innovation 

 

 
Organizer:  

Mathematical Institute of the Serbian Academy of Sciences and Arts 

 

Co-organizers: 

 Research and Development Center “IRC ALFATEC” 

 Complex System Research Centre 

 

Supported by:  

Serbian Ministry of Education, Science and Technological Development 

  





Program Committee 

 
Chair: 

Prof. Dr. Miomir Stanković 

Mathematical Institute of the Serbian Academy of Sciences and Arts, Serbia 

 

Members: 

Prof. Dr. Zoran Stajić 

Faculty of Electronic Engineering, Serbia 

Prof. Dr. Vesna Nikolić 

Faculty of Occupational Safety, Serbia 

Dr. Lazar Z. Velimirović 

Mathematical Institute of the Serbian Academy of Sciences and Arts, Serbia 

Prof. Dr. Bojan Srđević 

Faculty of Agriculture, Serbia 

Prof. Dr. Ilija Hristoski 

Faculty of Economics Prilep, Republic of North Macedonia 

Prof. Dr. Constantin Ilie 

Universitatea OVIDIUS din Constanta, Romania 

Prof. Dr. Aleksandar Janjić 

Faculty of Electronic Engineering, Serbia 

Prof. Dr. Radomir Stanković 

Mathematical Institute of the Serbian Academy of Sciences and Arts, Serbia 

Prof. Dr. Constantinos Challoumis 

National and Kapodistrian University of Athens, Greece 

Prof. Dr. Gabrijela Popović 

Faculty of Applied Management, Economics and Finance, Serbia 

Prof. Dr. Maja Đurović 

Faculty of Mechanical Engineering, Serbia 

 



Prof. Dr. Francisco Leandro 

City University of Macau, Macau SAR, China 

Prof. Dr. Marko Serafimov 

Faculty of Mechanical Engineering, North Macedonia 

Prof. Dr. Detelin Markov 

Faculty of Power Engineering and Power Machines, Bulgaria 

Prof. Dr. Zoltán Szira 

Faculty of Economics and Social Sciences, Szent István University, Hungary 

Prof. Dr. Milena Stanković 

Faculty of Electronic Engineering, Serbia 

Prof. Dr. Oleg Sergeevich Sukharev 

Institute of Economics of the Russian Academy of Sciences, Moscow, Russia 

Dr. Ivana Marinović Matović 

Addiko Bank AD, Serbia 

Prof. Dr. Snajay Kumar Mangla 

Maharaja Agrasen Insitute of Management Studies, India 

Prof. Dr. Mustafa Yasan 

Sakarya University Faculty of Law, Turkey 

Prof. Dr. Sraboni Dutta 

Birla Institute of Technology, Mesra, Ranchi, India 

 

 

  



Organizing Committee 

Chair: 

Dr. Lazar Z. Velimirović 

Mathematical Institute of the Serbian Academy of Sciences and Arts, Serbia 

 

Members: 

Prof. Dr. Zoran Stajić 

Faculty of Electronic Engineering, Serbia 

Dr. Petar Vranić 

Mathematical Institute of the Serbian Academy of Science and Arts, Serbia 

Dr. Dušan Tatić 

Mathematical Institute of the Serbian Academy of Sciences and Arts, Serbia 

Dr. Radmila Janković Babić 

Mathematical Institute of the Serbian Academy of Science and Arts, Serbia 

M.Sc. Jelena Velimirović 

Mathematical Institute of the Serbian Academy of Sciences and Arts, Serbia 

M.Sc. Ivana Veličkovska 

Mathematical Institute of the Serbian Academy of Sciences and Arts, Serbia 

M.Sc. Ljubiša Stajić 

Research and Development Center “IRC ALFATEC”, Serbia 

M.Sc. Biserka Mijucić 

Research and Development Center “IRC ALFATEC”, Serbia 

M.Sc. Danijelа Protic 

Serbian Armed Force, Serbia 

  



 

  



Table of Contents 

 

Intellectual Capital and Performance of Non-profit Organizations ………....….3 

Bojan Krstić, Tamara Rađenović, Milica Jovanović 

Do the Expectations of University Students Reflect the Reality of the Labour 

Market in Slovakia? …………………………………..………………………..…11 

Lucia Bartková, Marianna Šramková 

Role and Relevance of Statistics in Data Mining Business Environment …......19 

Marina Milanović, Milan Stamenković 

Impact of Innovative Entrepreneurship on the Economic Growth in India ….25 

Gurdip Batra, Dr. Satpal 

Crisis Communication and Risk Management ……………………….…………31 

Ratomir Antonović, Milan Stanković 

How Digital Data Are Used in the Domain of Health: A Short Review of Current 

Knowledge …...................……......….................................................................….37 

Lana Tucaković, Nemanja Nikolić, Ljubiša Bojić 

Global Competence as a Path to a Knowledge Society ……………....…......…...43 

Aneta Bobenič Hintošová 

Crowdsourcing and Organizational Effectiveness: Mediating Role of 

Organisational Capacity to Learn ……………………………………...…..……51 

Matea Zlatković Radaković, Biljana Bogićević Milikić, Ana Aleksić Mirić 

Business Activities and Trade Law …........................................…………………59 

Siniša Franjić 

Codification of Knowledge as a Determinant of Job Satisfaction ….............…...65 

Mihailo Ćurčić, Ivica Matejić 

The Effective Path of Urban Knowledge Management in China from the World 

Perspective ………....................................................................................………..71 

Wang Hongyue, Inna I. Koblianska 

Some Economic Aspects of Waste Derived Fuels ………..………………………75 

Bratimir Nešić, Jelena Malenović Nikolić, Ljubiša Stajić 



Decision-making in Management During the COVID-19 Pandemic in Central 

Europe  …..…....................................................................................................…...83 

Lenka Veselovská, Lucia Hudáková 

Ethical Dimension of Science and Technological Development …….............….91 

Dejan Dašić 

Regression Modelling as a Basis of Clinical Decision Support ……......………..97 

Jan Kalina 

Black-box Modeling the Spread of Covid-19 in Serbia ……………….......…...105 

Jasmina Lozanović Šajić, Maja Đurović-Petrović 

Does IT Revolution Force States to Erase Fundamental Principles of Knowledge 

Management? ………………………………….………..…………..…………...111 

Žarko Dimitrijević 

Public Debt Management in Serbia ……................................……………….…117 

Vesna Martin 

Innovation, Competitiveness, and Entrepreneurship: Evidence from Emerging 

Market Economies ……........................................................................................125 

Funda H. Sezgin, Yılmaz Bayar 

The Importance of Organizational Climate in Cultural Organizations ….…..131 

Dinko Jukić 

Modern Characteristics of Knowledge Firms ………….......……….....…..…...139 

Oleg Sukharev 

Application of Blended Teaching in Schools – Preconditions, Possibilities, and 

Effects ……....………............................................................................................147 

Marija Marković 

Practical Application of the Tourism Carrying Capacity Concept in Cultural 

Tourism in Montenegro ……………...................................................…....…….155 

Aleksandra Petronijević 

Public Procurement of Innovation According to the EU Law ………......…….163 

Iris Bjelica Vlajić 

The Impact of Cloud Technology on Accounting and Finance ……......……....169 

Tanja Janaćković 



The Role of Europol as a Hub of Information and Intelligence on a Range of 

Illegalities in the European Union ….…......................................................……177 

Manja Đurić Džakić 

Artificial Intelligence: Human Ethics in Non-Human Entities ………......……183 

Željko Bjelajac, Aleksandar M. Filipović 

Petri Net-Based Model of Peer-to-Peer Dataset Replication in Big Data …..…191 

Ilija Hristoski, Tome Dimovski 

Public and Private Investments in Innovation Activities in Serbia ……...……199 

Ivana Petkovski 

Factors Affect the Timeliness of the Annual Financial Reporting: An Empirical 

Study on the firms listed in Amman Stock Exchange .....................................…207 

Noor Ahmad Mahmood Alkhudierat 

Vigenère Cipher Improvement– Software Realization and Reduction to the One-

Time Pad ……....................................................................................................…213 

Luka Latinović 

The Impact of Social Media on Knowledge Management ….…….....…………221 

Slađana Starčević, Farooq Sher 

Innovations in Franchise Systems ………………..……….…..…........….…..…229 

Milica Stanković, Gordana Mrdak, Suzana Stojanović 

The Relationship between Research and Development Expenditure and 

Innovation Performance …..…...……………………………….………………237 

Özcan Karahan, Musa Bayır 

Industry 5.0: A new Paradigm in Manufacturing …………………..............…245 

Dragan Ćoćkalo, Mihalj Bakator, Dejan Đorđević, Miloš Vorkapić, 

Sanja Stanisavljev 

Personal Marketing Mix in the Slovak Republic …………………………....…251 

Lucia Bartková 

Innovation impact on the performance of SME …………………………..……261 

Vanja Vukojević, Milenko Tanović 

The Cycle of Money with and without the Enforcement Savings …….…….…267 

Constantinos Challoumis 



The Economic Importance of Transport Innovations ……….......…..….…..…275 

Milica Stanković 

Critical Knowledge on Segmentation Strategy and Maintaining Competitiveness 

of Small and Medium Enterprises in Kogi State ……………………….………281 

Ibrahim Olawale Nafiu, Juwon Johnson Orugun, Danlami Joseph Aduku 

The Significance and Use of Simulation Software in Fire Protection ……....…289 

Radoje Jevtić 

The Legal Status of Permanent Single-Person Bodies of Belarusian and Polish 

Parliaments:  Comparative Legal Analysis …………………………………….295 

Aksana Chmyha 

The Role of Organizational Culture and Human Resource Management in 

Knowledge Management ……...……………………………………………...…299 

Dragana Milosavljev, Edit Terek Stojanović, Mihalj Bakator, Maja Gaborov,          

Mila Kavalić 

Knowledge as a Factor of Destination Competitiveness: The Case of Republic 

Serbia ………………………………………………………………………….…307 

Jelena Petrović 

Modern Economics Students' Perception of University Education Quality and 

its Implications During Covid-19 Pandemic ………………………………...…313 

Lenka Veselovská, Lucia Hudáková 

Modelling the Application of ICTs in Domestic Enterprises …………….....…321 

Mihalj Bakator, Dragica Radosav, Mila Kavalić, Nataša Đalić, Dragana Milosavljev 

The Impact of Organizational Culture on Knowledge Management …………327 

Bojana Jokanović 

COVID-19: Accelerating the Transition to the Knowledge and Open Innovation 

Society ……………………………………………………………………..…..…333 

Slađana Čabrilo 

The Legal Framework of the Personal Data Protection in Turkey ……..….…341 

Mustafa Yasan 

The Legal Aspects of the Artificial Intelligence Systems ………………………349 

Gordana Gasmi, Vanja Korać, Dragan Prlja 



Accidents in the System of Hazardous Substances ………………………….…355 

Goran Tepić, Milan Kostelac 

The Significance and Use of Simulation Software in Evacuation ……………..361 

Radoje Jevtić 

The Impact of Covid-19 on Companies: Insights from Serbia and Kuwait…369 

Slobodan Adžić, Jarrah Al-Mansour 

Multiple-Criteria Framework for Cloud Service Selection ….……….…….…377 

Gabrijela Popović, Darjan Karabašević, Dragiša Stanujkić 

Intellectual Capital of Cultural Heritage as a Development Factor of Service 

Activities …………………………………………………………………………383 

Olja Arsenijević, Nenad Perić 

Cost-Benefit Analysis of Hens and Broiler Chicken Farms in the Canton of 

Sarajevo …………………………………………………….……………………395 

Muhamed Katica, Nedžad Hodžić 

Knowledge Management - The Route of Tourism Development in the Post-

Covid Period …………………………………………………..…………………405 

Snežana Štetić, Igor Trišić 

Towards Society 5.0 Era: Organisational Empowerment of the Sustainable 

Future ……………………………………………………………………………413 

Vesna Tornjanski, Mladen Čudanov 

Ethics in Digitalization ……………………………………………………….…423 

Can Adam Albayrak, Ortwin Renn2, Karl Teille 

Risk Management in SMEs in COVID-19 Crisis Conditions …………………429 

Ivana Marinovic Matovic 

Innovations in Transport: Gender Perspective …………………………..……435 

Milica Stanković, Gordana Mrdak, Suzana Stojanović 

Organisational Measures for Emergency Prevention in Smart Cities ......……441 

Karovic Samed, Rankov Aleksandra, Domazet Sinisa, Jesic Jelena 

Application of Modern Accounting Tools to Achieve Efficient Company 

Resources Utilization ……………………………………………………………449 

Mirjana Štaka 



Women in Entrepreneurship - Models of Learning Organizations …..………457 

Svetlana Janković, Nina Mitić, Katarina Štrbac 

Smartphone Selection based on the PIPRECIA and CoCoSo Methods ………467 

Gabrijela Popović, Darjan Karabašević, Đorđe Pucar 

Impact of Innovation on Employment: Evidence from BRICS-T Countries ...473 

Funda H. Sezgin, Yılmaz Bayar 

Likeholism in Bosnia and Herzegovina …………………………………...……479 

Slobodan Prodić,Vanja Prodić 

Financial Development, Corruption and Entrepreneurship in Emerging 

Countries …………………...……………………………………………………485 

Maliha Rabiee Faradenbeh, Mohsen Mohammadi Khyareh, Hadi Aminy 

Law and Entrepreneurship in India: Perspectives and Paradigms from the 

Indian Companies Act, 2013 ……………………………………………………487 

Mohammad Nasir, Ahmed Musa Khan, Samreen Ahmed 

Understanding the Concept of Work: Exactly What It is and What It is Not …489 

Sergey Ivanov 

The Effect of Social Media Elements i.e. Electronic Word of Mouth (eWOM), 

Customization and Interaction on Consumer Brand Engagement with a 

Moderating Role of Consumer Buying Experience ……………………………491 

Syed Shahwar Hussain, Tehniyat Bano 

Interactions of Entrepreneurship, Economic Growth and Employment in 

Developing Countries ………………………………………………...…………493 

Ali Badrak Nejad, Mohsen Mohammadi Khyareh, Baqer Adabi Firoozjaei 

Dual Effect of Social Capital on Indian Women Entrepreneurs …………...…495 

Mohd Yasir Arafat, Ahmed Musa Khan 

Determination of Type and Amount of Organic Agricultural Waste using Image 

Processing ……………………………………………………………………..…497 

Emina Petrović, Ana Momčilović, Gordana Stefanović 

Role of Income and Asset Diversification on Bank Performance and Risk-

Taking-Behavior: An Empirical Case Study of SAARC Banks ………………499 

Shumaila Zeb, Sidra Sheikh 



Competition and Collaboration in the Workplace: Deming Revisited .………501 

Sergey Ivanov, Paula Avellan 

Economic Complexity and Entrepreneurship in Developing Countries …..…503 

Fatemeh Qelich Lee, Mohsen Mohammadi Khyareh, Masoud Khayandish 

Analysis of the Remote Working due to Covid-19 in Serbian Public Services, a 

Case Study of Telecom Serbia ……………………………………………..……505 

Borislav Kolarić 

Drivers of Self Employment Intentions among Indian Females ………………507 

Mohd Yasir Arafat, Ahmed Musa Khan 

Sustainable Development Using Big Data in Converting Cities to Smart         

Cities ………………………………………………………………………..……509 

Anilambica Kata 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



PaKSoM 2021 

ISBN: 978-86-80593-72-2                                                                                                                377 

Multiple-Criteria Framework for 

Cloud Service Selection 

Gabrijela Popović1, Darjan Karabašević2, Dragiša Stanujkić3  

1,2Faculty of Applied Management, Economics and Finance, Belgrade, Serbia  
3Technical Faculty in Bor, Bor, Serbia 

1gabrijela.popovic@mef.edu.rs, 2darjan.karabasevic@mef.edu.rs, 3dstanujkic@tfbor.bg.ac.rs 

 

Abstract—This paper proposes the Multiple-

Criteria Decision-Making (MCDM) framework as 

an aid for the evaluation of the cloud services and 

selection of an appropriate one regarding the given 

conditions. The proposed framework is based on 

the recently proposed MEthod based on the 

Removal Effects of Criteria – MEREC and The 

Simple Weighted Sum Product – WISP method. The 

MEREC method is used for defining the criteria 

weights and it represents the objective type of 

weighting method. The WISP method is used for 

the final evaluation and ranking of the considered 

alternatives. The applicability of the proposed 

framework is demonstrated by using the 

numerical example borrowed from the literature. 

Four alternatives are assessed regarding the four 

evaluation criteria. The final results are adequate 

and confirm the applicability of the proposed 

framework. 

Keywords – MCDM, MEREC method, WISP 

method, cloud service selection. 

I. INTRODUCTION 

Existence of the cloud services, that can very 
easily replace the IT infrastructure within an 
organization, has influenced the understanding in 
which way the computing resources could be 
solicited. Cloud Service Providers (CSPs) gain 
an important role because the organizations leave 
it to them to handle their computer resources, 
while the organizations can freely perform their 

crucial business activities 1. 

CSPs offer various types of services to their 
customers, to mention some of them: IaaS, PaaS, 
and SaaS. The number of different types of cloud 
services is constantly increasing which makes it 
more difficult to make a decision about the 
selection of the appropriate one [2]. The main 

task for an organization is to select the optimal 
service from the appropriate cloud provider at the 
right period [3]. The mentioned leads to the 
conclusion that the various criteria impact the 
final decision. Making the decision about cloud 
service regarding one or smaller number of 
criteria is not appropriate approach for an 
organization. In order to elicit the best possible 
solution, it is necessary to involve all of the 
influential criteria important for succeeding in 
the optimal decision. For that matter, the 
application of the Multiple-Criteria Decision-
Making methods represents an appropriate way 
to incorporate all the evaluation criteria into the 
decision-making process. 

MCDM is a scientific field which is 
developing very fast in recent years, and gained 
significant popularity among scientists. Until 
now, many different MCDM approaches are 
proposed for the resolving of different types of 
problems [4]–[10]. These techniques are used as 
a decision-making aid in the field of information 
and communication technologies as        
well [11]–[17]. 

In this paper, the MCDM framework based 
on the MEthod based on the Removal Effects of 

Criteria – MEREC 18 and The Simple 

Weighted Sum Product – WISP 19 is proposed. 
The MEREC method will be used for defining of 
the criteria weights, while the WISP method will 
be applied for the final ranking of the considered 
alternatives. These two methods are relatively 
novel and their potential is not completely tested 
yet. The applicability of this framework will be 
shown by using numerical example retrieved 

from the literature 2. The main aim of this paper 
is to demonstrate the usefulness of the proposed 
framework for the application in the field of 
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cloud service selection and not only that, but the 
all-necessary computer resources. With that goal 
the paper is organized as follows: in the second 
section the proposed framework is explained; the 
third section contains the numerical example 
which is followed by the conclusion. 

II. THE PROPOSED FRAMEWORK 

A. The MEREC Method 

Defining the criteria weights represents a 
very important part of the application of any 
multiple-criteria decision-making method. In this 
case, the recently proposed MEREC method is 

used 18. The MEREC method represents the 
objective weighting method which the 
computational procedure relies on the input data 
presented in a decision matrix. Opposite to the 
other methods, in the process of defining the 
criteria weights, this method applies the removal 
effect of each criterion on the aggregate 
performance of alternatives. If the removal of the 
criterion causes greater effects on alternatives` 
aggregate performances, than the criterion has 
greater importance, which leads to the 
conclusion that this method is based on the 
concept of causality. Also, the MEREC method 
is very flexible because, decision-makers could 
use different functions to calculate the 
performance. In this case, the simple logarithmic 
measure is used for the calculation of the 
alternatives` performances, while the absolute 
deviation measure is applied for defining the 
effects of removing each criterion. Because the 
MEREC method is relatively novel, until now it 

is mentioned in a few studies 20-22. 

The computational procedure of the MEREC 
method could be presented by the following 

series of steps 18. 

Step 1. Form a decision matrix. The decision 
matrix should contain the values of each 
alternative relative to each criterion. If we have n 
alternatives and m criteria, the form of the 
decision matrix will be as follows: 

 

11 12 1 1

21 22 2 2

1 2

1 2

...

...

j m

j m

i i ij im

n n nj nm

x x x x

x x x x

X
x x x x

x x x x

 
 
 
 

  
 
 
 
  

 (1) 

where xij denotes the elements of the decision 
matrix i.e. performance or rating of alternative i 
in relation to criterion j (xij > 0). 

Step 2. Normalize the decision matrix. The 
normalized ratings are calculated in the 
following way: 

 

min

,

max

kj
k

ijx

ij

ij

kj
k

x
if j B

x
n

x
if j C

x





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


 (2) 

where 𝑛𝑖𝑗
𝑥  represents elements of the normalized 

matrix N, B depicts the set of benefit criteria, and 
C shows the set of cost criteria. 

Step 3. Calculate the overall performance of 
the alternatives. This is achieved by using (3): 

 
1

ln 1 ln( ) ,x

i j ikS n ij
m

  
   

  
  (3) 

where Si represents the overall performance of 
the alternatives. 

Step 4. Calculate the alternatives` 
performances by removing each criterion. In this 
step, the performances of the alternatives are 
computed based on removing each criterion 
individually. The equation looks as follows: 

 
1

ln 1 ln( ,x

ij j ikS n ij
m

  
   

  
  (4) 

where 𝑆𝑖𝑗
,

 denotes the overall performance of 

alternative i regarding the removal of criterion j. 

Step 5. Calculate the summation of the 
absolute deviations. The removal effect of the 
criterion j is calculated by using (5): 

 S' ,j i ij iE S   (5) 

where Ej represents the effect of removing 
criterion j. 

Step 6. Define the overall criteria weights. 
The final value of the criteria weights is 
calculated as follows: 

 ,
j

j

k k

E
W

E



 (6) 

where wj represents the weight of the criterion j. 
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B. The WISP Method 

The WISP method is proposed by Stanujkic, 
Popovic, Karabasevic, Meidute-Kavaliauskiene, 

and Ulutaş 19. To define a final utility of an 
alternative, the WISP method incorporates four 
relationships between benefit and cost criteria. 
Until now, there is no evidence of application of 
the WISP method because it has been proposed 
very recently. 

The calculation procedure of this method 
could be represented by using the following 
series of steps. 

Step 1. Form a normalized decision matrix. 
The normalized ratings are computed in the 
following way: 

 ,
max

ij

ij

i ij

x
r

x
  (7) 

where 𝑟𝑖𝑗  denotes a dimensionless number that 

represents a normalized rating of alternative i 

regarding the criterion j. 

Step 2. Compute the values of four utility 

measures, by using the following Eqs.: 
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where: 𝑢𝑖
𝑤𝑠𝑑  and 𝑢𝑖

𝑤𝑝𝑑
 represent differences 

between the weighted sum and weighted product 

of normalized ratings of alternative i, 

respectively. Analogous to the previous one, 

𝑢𝑖
𝑤𝑠𝑟  and 𝑢𝑖

𝑤𝑝𝑟
 remarks ratios between weighted 

sum and weighted product of normalized ratings 

of alternative i, respectively. 

Step 3. Recalculate values of four utility 

measures, in the following way: 
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where: 𝑢̅𝑖
𝑤𝑠𝑑 , 𝑢̅𝑖

𝑤𝑝𝑑
 𝑢̅𝑖

𝑤𝑠𝑟  and 𝑢̅𝑖
𝑤𝑝𝑟

 represents 

recalculated values of 𝑢𝑖
𝑠𝑑, 𝑢𝑖

𝑝𝑑
, 𝑢𝑖

𝑠𝑟 and 𝑢𝑖
𝑝𝑟

. 

Step 4. Define the overall utility 𝑢𝑖  of each 

alternative by using (16): 

  1
.

4

wsd wpd wsr wpr

i i i iiu u u u u     (16) 

Step 5. Rank the alternatives and select the 

most appropriate one. The ranking of 

alternatives is performed in descending order. 

The alternative with the highest value of 𝑢𝑖  is 

the best one. 

III. NUMERICAL EXAMPLE 

The applicability of the proposed model is 
demonstrated over a numerical example 
regarding the selection of a suitable cloud 
service. This example is retrieved from the paper 
of Nawaz, Asadabadi, Janjua, Hussain, Chang, 

and Saberi 2. Four alternative cloud services 
are evaluated against four criteria. The used 
criteria are as follows: 

 Central processing unit (CPU) represents the 
main part of any digital computer system, 
which is generally constituted of the main 
memory, control unit, and arithmetic-logic 
unit.  

 Memory refers to a possibility to acquire, 
store, retain, and later restore information. 

 Input/output (I/O) is the communication 
between an information processing system, 
such as a computer, and the environment, such 
as a human user or another information 
processing system. 

 Cost means the price which the user or client 
pays to the CSPs for using the services that 
they provide. 
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TABLE I.  INPUT DATA. 

 C1 C2 C3 C4 

unit CPU Memory I/O Cost 

measure ms ms ms $ 

optimization max max max min 

A1 OP1 2056.19 1455.72 1035.82 0.09 

A2 OP2 80.77 81.94 260.42 0.02 

A3 OP3 860.15 126.66 722.40 0.03 

A4 OP4 2200.70 532.28 4187.19 0.07 

 

Information about the considered alternatives 
and evaluation criteria are presented in Table I.  

First, for defining the weights of criteria the 
MEREC method is applied. By using Eq. (2) 
decision-maker calculated normalized 
performance ratings which are presented in 
Table II. 

Further, it is necessary to obtain the overall 
performances of alternatives. This is achieved by 
using (3). The calculated values are presented in 
Table III.  

Table IV shows the overall performances of 
alternatives gained by removing each 

criterion (𝑆𝑖𝑗
,

).  

Calculation of the removal effect of each 
criterion on the alternatives` overall performance 
is defined by using (5). The obtained results are 
presented in Table V. 

Finally, the weights of criteria are obtained 
by applying (6) and they are as in Table VI. 

TABLE II.  THE NORMALIZED DECISION MATRIX. 

 C1 C2 C3 C4 

A1 0.0393 0.0563 0.2514 1.0000 

A2 1.0000 1.0000 1.0000 0.2260 

A3 0.0939 0.6469 0.3605 0.3051 

A4 0.0367 0.1539 0.0622 0.7345 

 

TABLE III.  THE OVERALL PERFORMANCES OF 

ALTERNATIVES. 

 Si 

A1 1.06 

A2 0.32 

A3 0.81 

A4 1.12 

 

TABLE IV.  𝑆𝑖𝑗
,

 VALUES. 

 C1 C2 C3 C4 

A1 0.72 0.77 0.93 1.06 

A2 0.32 0.32 0.32 0.00 

A3 0.51 0.76 0.69 0.67 

A4 0.81 0.95 0.86 1.09 

 

TABLE V.  EJ  VALUES. 

 Ej 

C1 0.97 

C2 2.35 

C3 1.23 

C4 0.96 

TABLE VI.  THE CRITERIA WEIGHTS. 

 wj 

C1 0.18 

C2 0.43 

C3 0.22 

C4 0.17 

 

As Table VI shows, the most significant 
criterion is C2 – Memory, while the least 
important is criterion C4 – Price. It should be 
remarked again that the obtain weights are 
objective because the computational procedure is 
based on the input data and not on the standpoint 
of a decision-maker. 

After defining the criteria weights, the final 
ranking order of the considered alternatives will 
be determined by using the WISP method. 

Recalculated values of four utility measures 
are computed by using (12) – (15), and they are 
shown in Table VII. 

TABLE VII.  RECALCULATED VALUES OF FOUR UTILITY 

MEASURES. 

 𝒖̅𝒊
𝒘𝒔𝒅 𝒖̅𝒊

𝒘𝒑𝒅
 𝒖̅𝒊

𝒘𝒔𝒓 𝒖̅𝒊
𝒘𝒔𝒅 

A1 0.33 -0.17 0.70 0.02 

A2 0.00 -0.04 0.21 0.00 

A3 0.06 -0.05 0.51 0.00 

A4 0.29 -0.12 0.82 0.05 
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TABLE VIII.  FINAL RANKING ODRDER OF THE 

ALTERNATIVES. 

 ui Rank 

A1 0.219 2 

A2 0.044 4 

A3 0.131 3 

A4 0.258 1 

 

By using (16) the final ranking order of the 
alternative cloud services is calculated. The rank 
of the alternatives submitted under the evaluation 
is presented in Table VIII. 

As can be seen, the most suitable alternative 
is A4 – OP4, while the worst-ranked is alternative 
A2 – OP2. The obtained results are presented 
graphically, as well (Fig. 1). 

IV. CONCLUSION 

The MCDM framework for the evaluation 
and selection of the optimal cloud service is 
proposed in this paper. The mentioned 
framework relies on the MEREC method, which 
is used for defining the criteria weights, and the 
WISP method, which is applied for the final 
ranking and selection of the optimal alternative 
cloud service. The numerical example is 

borrowed from the literature 2, because the 
main intention is to demonstrate the usefulness of 
this framework based on the two newly 
introduced MCDM methods. The final results 
confirm the adequacy of this novel approach 
which is supported by the fact that the obtained 
ranking order of the alternatives matches with 

that one gained by the other authors 2. 

The main limitation of the paper is the 
involvement of only one decision-maker in the 
evaluation process. Also, the numerical example 
is based on the crisp numbers that lead to the 
neglecting of the vagueness and uncertainty of 
the environment. Additionally, the results would 

be more representative o the greater number of 
criteria is introduced into decision procedure. 

The propositions for future research are 
directed to the introduction of the adequate 
extensions of these methods by involving the 
grey, fuzzy or neutrosophic numbers. Also, it is 
desirable to perform the decision-making process 
under the group decision environment. Besides, 
it would be very interesting to define objective-
subjective weights of criteria by introducing 
some of the subjective weighting methods. But, 
after all, the proposed framework demonstrated 
its potential which should be verified in the other 
business fields, as well. 
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