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ITPEATOBOP

MnoBanuje cy n gase CByga OKO Hac, Ila M OBe TOAMHe, KaO M IIeCT IIPeTXOAHMX,
dakyaTer 3a IpUMemeH! MeHalIMeHT, eKOHOMHjy M (UHaHCHje je Ha OCHOBY
IPUCTUTAMX YJaHaKa, CBeoOyXBaTHOI TeMaTCKOT acleKTa HPpUIIPeMIo 300pHUK paloBa.
ITIpumepeno Hacaosy ,JIHoBanuje kao Ioxperaud paspoja” MHOBallMje O3Ha4daBajy U
reHepuiry OyAyhHOCT, aaM moummby y caJallllbOCTM KOja MoOpa OMTU OCBeTheHa,
aHaAM3MpaHa U pa3dMaTpaHa. YIIpaBO Cy TO YYMHUAVM MHOTU yTAe/AHV YHUBEP3UTETCKU
npodecopu, UCTaKHYTU UCTPaKMBauy, eKCIIepTU M HaydHnM paaHuny, kako n3 CpOuje,
TaKoO U U3 MHOCTPAHCTBa IIOCAaTUM pagoBuMa (rpeko 60), Koje cMO yBpCTUAU Yy OBaj
300pHUK.

360pHUK pagoBa, KareropucaH y gomahoj mayum xao M33, je y popmu aurnraane
eaunimje n Omhe gocTyllaH IIMPOj HaydyHOj U CTPy4YHO] jaBHOCTH. PagoBm y 0BOj
1yOAMKalyjy 3Ha4ajHO AOIIPUHOCe YTBphuBamy Hepackuause Besde nsmeby nHosanmja u
pasBoja. VicroBpemeHo cMO TuMe IOKa3aau Ja IIOApydje MHOBamuja Ae(pUHUTUBHO
BUIIIe HIje Be3aHO caMO 3a TeXHMYKO — TeXHOAOIIKHU IIporpec. ¥ cKaaay ca TUM, PajoBU
MOIy OuTM KOPMUCHM I IIMPOj HAy4yHO] M CTPY4YHO] jaBHOCTM, KaO U CBUM
3afHTepeCcOBaHVIM 3a yTHUllaj MHOBallMja Ha pa3Boj.

beorpag, Ypeannun
AenemOap, 2021. Ap Aapjan Kapabarmesnh
Ap Cseraana Bykoruh

Ap T'abpujeaa Ilonosuh



FOREWORD

Innovations are still all around us, so this year, as well as the previous six, the Faculty of
Applied Management, Economics and Finance have prepared a book of proceedings of
comprehensive thematic aspect based on the received articles. Appropriate to the title "
Innovation as the initiator of development”, innovation means and generates the future,
but it begins in the present that must be illuminated, analyzed, and considered. This is
exactly what many eminent university professors, prominent researchers, experts, and
scientists, both from Serbia and abroad, have done with the submitted papers (over 60),
which we have included in this collection.

The book of proceedings, categorized in domestic science as M33, is in the form of a
digital edition and will be available to the wider scientific and professional public. The
papers in this publication significantly contribute to establishing the unbreakable link
between innovation and development. At the same time, we have shown that the field
of innovation is no longer related only to technical-technological progress. Accordingly,
the works can be useful to the general scientific and professional public, as well as to all
those interested in the impact of innovation on development..

Belgrade, Editors
December, 2021 Darjan Karabasevi¢, PhD
Svetlana Vukoti¢, PhD

Gabrijela Popovi¢, PhD



CAAPKAJ / CONTENT

PAIOBU CA KOH®EPEHIIMNJE

CONFERENCE PAPERS

Ahmet Aytekin
Sel¢uk Korucuk

Caglar Karamasa

RANKING COUNTRIES
ACCORDING TO LOGISTICS
AND INTERNATIONAL TRADE
EFFICIENCIES VIA REF-II1

Tujana HBykuh
Mapuja Janommuk

["a6pwujena [Tomosuh

PAHTUPAILE AJIATA
MOCJIOBHE
WHTEJUTEHIUJIE
MMPUMEHOM PIPRECIA U
EDAS METOJIA

11

Selguk Korucuk
Ahmet Aytekin

Caglar Karamasa

RANKING THE BARRIERS
HAPPENED IN GREEN
LOGISTIC APPLICATIONS: A
CASE STUDY FOR TEXTILE
FIRMS

18

Bophe ITynap BUINEKPUTEPUJYMCKU
I'abpujena ITonosuh HPUCTYII U3BOPY
Y WUH®OPMALIMOHO- 26
Hapjan Kapabamesuh ~ KOMYHHUKALIMOHE OIIPEME
Tamapa PanucaBsreBuh ONTUMAJIAH MOJEPAH
Hymian PajueBuh MNPUCTYII PA3BOJY 34
Maxup 3ajmosih MOBWJIHUX AINIMKALIAJA
IPUMEHA 3] TEXHOJIOTHJA
Munosan [Tayauh Y U3PAIM
Maprko ®umrjosuh MEPCOHAJIU30BAHUX 44
KOIITAHUX TKHUBA
Ivona Brajevié¢ A MULTI-STRATEGY
Miodrag Brzakovic ARTIFICIAL BEE COLONY
& ALGORITHM FOR SOLVING 51
Dugan Rajgevié MINIMAX PROBLEMS
SIGURNOST I ZASTITA
Ines Isakovié PODATAKA U BOLNICKOM
INFORMACIONOM SISTEMU 58
SA PRAKTICNIM PRIMJEROM
Ivona Brajevi¢ A POPULATION-BASED
BEETLE ANTENNAE SEARCH 67

Miodrag Brzakovi¢

ALGORITHM FOR INTEGER




Goran Jocié

PROGRAMMING PROBLEMS

Jelena Arandelovié

CHALLENGES IN E-

Darjan Karabasevi¢ COMMERCE 74
Gabrijela Popovié
l'abpujena lonosuh  prpyyyp K PUTEPHIVMCKH
Hparuma Cranyjkuh HNPUCTYII OVIYUUBABY Y 84
Florentin Smarandache JOrHCTHIH
Ljiljana Stanojevi¢
Gordana Tomié ARTIFICIAL INTELLIGENCE
IN E-GOVERNMENT SERVICES o1
Pavle Radanov
Jejan Bumyka INPUMEHA MOBUJIHUX
Kpucruia Javiopuh OIIEPATUBHUX CUCTEMA.:
o K AHAJIN3A WINDOWS PHONE 99
H " ANDROID OIIEPATUBHHUX
Maxup 3ajmoBuh CUCTEMA
PERFORMANSE PRIMJENE
TELEMEDICINE SA
Ines Isakovi¢ AKCENTOM PRIMJENE 107
HEARTVIEW P12/8 MOBILE
UREDAJA
THE MATHEMATICAL -
.. PHYSICAL DESCRIPTION OF
Dusan Rajic THE ESSENCE OF AN 116
INVENTIVE PROBLEM
E-HEALTH AND
Flavia Topan TELEMEDICINE SOLUTIONS: 126
DO ROMANIANS USE THEM?
Aparan Jlosannua "KUBOTHU [TUKJTYC
Jlazap HBoxoBuh NHXEBEPCKOI' 1 136
Mapuja Lzejuh MHOBATHUBHOI ITPOJEKTA
Hejan Bunyxa HOBA METOJIOJIOTHJA 3A
Maxup 3ajmoBuh MN3B0P OIIEPATUBHOT 145

Anexkcannap [llujan

CUCTEMA Y OBPA3ZOBABY




Mapuwuja Janommk

WHOBAIIMJE KAO ®AKTOP
Tujana Bykuh CTULHAHA KOHKYPEHTCKE 154
Cgetnana Bykoruh NPEJHOCTH
Jasmina Lozanovié
Sajic WOMEN IN SCIENCE,
, , _ RESEARCH, AND INNOVATION 165
Maja Purovic¢-Petrovi¢
CroGonan Backh YTHUIIAJ EKOJIOIIKHAX
WHOBAIIMJA HA PA3BOJ 172
Jacmuna Cexepym EKOJIOIIKOT TYPU3MA
ANALYSIS OF THE STATE OF
Romina Alkier TOURISM OF THE REPUBLIC
Goran Perié OF CROATIA AND
DEVELOPMENTAL 182
Vedran Milojica PERSPECTIVES IN THE POST-
PANDEMIC PERIOD
Alexander Dubovitski THE INFLUENCE OF
o INNOVATIVE DEVELOPMENT
Elvira Klimentova ON REGIONAL ECONOMIC 197
Matvei Rogov GROWTH IN RUSSIA
BLOCKCHAIN TEHNOLOGIJA
Ana Radulovi¢ —EVOLUCIJA KA , SMART,, 205
LUCI
. VJOI'A BEIITAYKE
Mapko ®unujosuh WHTEJWTEHIWJIE ¥V
Munosan [1aynuh CBEMUPCKUM 214
HCTPAKHUBABIMA
Haba ITerpoBuh
Sr—— WHTEPHET MAPKETHUHT ¥
AP JIOBA TTAHAEMUJE 223
Hemama CtojxoBuh
Milog Ivanis SPECIFICNOSTI INOVATIVNIH
. PROCESA U SAVREMENOM 299
Zivan Baji¢ BANKARSTVU
;ag‘f"f‘a Dragicevié MOBILNOST STUDENATA U
adicevic VREME KOVID-19 PANDEMIJE
Srdan Novakovi¢ TRADICIONALNA VS. ONLAJN 238
L NASTAVA
Ivana Lesevic
Vlado Radi¢
Nikola Radié DIGITALNO LIDERSTVO 244

Marija Markovié




Blagojevi¢

HUCTOPUJCKH PA3BOJ
Tarjana JanoBan TEOPHJCKHUX CXBATAIbA 255
KOHLIENTA JIMAEPCTBA
Bk M . HETATUBAH YTULIAJ
yk MupHdern KOPOHABHPYCA HA
Caetnana BykoTtuh TYPU3AM: KAJIA 261
Hapjan Kapabamesuh OYEKMBATH ,,HOBY
HOPMAJIHOCT?
Sanja Anastasije ANGAZOVANJE LIUDSKIH
arkovic RESURSA I SPECIFICNOSTI
Cipriana Sava RUKOVODENJA 268
. USTANOVAMA KULTURE
Adam Malesevié
STRUCTURAL
CHARACTERISTICS OF
Belma Hadjikamber UNEMPLOYMENT IN THE 275
REPUBLIC OF NORTH
MACEDONIA
IT{ag?‘f‘a Dragicevié POTENCIJAL ZEMALJA
adicevie ZAPADNOG BALKANA U
Milica Nestorovic DIREKTNOM STRANOM 282
Azemina Mashovic INVESTIRANJU
TEORETSKA | EMPIRIJSKA
Seidefa Dyafte ANALIZA UTICAJA FISKALNE
d POLITIKE NA EKONOMSKI 288
RAST
I'opnana [TerpoBuh
EKOHOMCKMU 3HAYAJ
Hparo IlBujanosuh MEBYHAPOJHHUX 297
Tyma Asrh TYPUCTUYKUX KPETAFA
. B ANALIZA POLOZAJA
Nikola Radi¢ ZEMALJA PROIZVODACA U
Vlado Radié STRUKTURI EVROPSKE 306
AUTOMOBILSKE INDUSTRIJE
Sata St SOCIETY BASED ON
asa stepahov KNOWLEDGE AND
Milena Cvjetkovic¢ EDUCATION AS THE 317
Milovan Cvjetkovi¢ FOUNDATION OF
SUSTAINABLE DEVELOPMENT
I'opnana Muies HOPMATHUBHA MOR 1
PA3BOJ ITOJIUTUKE O 325

JacMmua Manrass

EKOJIOIIKUM




Cama I'pyjuh

MN3BETVIMIIAMA Y
KOHTEKCTY BE3BEJHOCHHUX
N3A30BA

Pyxmua bepsuna MAPKETHHT KOHIIENT ¥
Anpuana Pagocasar MAJIUM 1 CPEABUM 337
Byx Mupsernh MPEJY3ERMMA
T'oprana Tomuh 3HAYAJ MAPKETHHTA Y
Jbusbana CranojeBuh PA3BOJY OPTAHCKOTI 344
ITaBsie PaganoB CEKTOPA
IZBOR OSIGURAVAJUCIH
Milena Filipovic RIZIKA KOD OSIGURANJA 350
STAMBENIH OBJEKATA
Olgica Milosevi¢ 5
Svetlana Markovié ZAKLJUCENJE UGOVORA O 256
OSIGURANJU
Srdan Novakovié
OSNOVNA RADNICKA PRAVA
Adnan Salkié U DOBA KORONA KRIZE U
EUROPSKOJ UNIJI U ODNOSU 365
NA BIH
Ivan Radojkovi¢ RAZVIJENOST
DOBROVOLJINIH PENZIJSKIH 373
Boban Gaji¢ FONDOVA U SRBIJI
UPRAVLJANJE PODUZECEM
Jozo Pilji¢ ZA VRIJEME KRIZE 380
IZAZVANE KORONA VIRUSOM
Milog Tvanis PROMENE KAO POKRETAC I
. N REZULTAT RAZVOJA 388
Zivan BaJlC PREDUZEC’ A
B 3 UVODENJE KRIZNOG
Biljana Ili¢ MENADZMENTA U SVRHU
Gordana Dukié POZITIVNIH PROMENA U 398
DOBA COVID -19
06 . EHEPTETCKHU PECYPCH Y
nobonan Lseranosul oy NMUTH PABBOJA U
Cphan Munuhesuh YTULIAJ DAHJAEMUJE KOBUJL 409
19 HA EHEPTETCK
Hparan Typamanud C91/IFYPH OCT CKY
Mapnja Mapuetuh JIUTUTAJIHA CTPATETHJA
INNEIUTEPCKE 417

Cuexana PanuBojeBuh

OPTAHU3AIINJE ®PUATA




ZNACAJ IZRADE BIZNIS

Milena Filipovic PLANA PREDUZETNICKIH 424
RADNJI
INOVACIJE UPRAVLJACKOG
Kosana Viéentijevi¢ RACUNOVODSTVA U 430
DIGITALNOJ EKONOMIJI
ZNACAJ
Nemania Gogic RACUNOVODSTVENIH
JaLog PODATAKA ZA DONOSENJE 436
ODLUKA
3ACTYIIJBEHOCT ETHKE Y
Hemama Byxumup HACTABH PAYYHOBO/ICTBA 445
— OCBPT HA HLIBEACKY
WBana Jlemesuh VJIOTA MEJIHJA Y
ITaBne bp3akosuh KPEUPAILY JABHOI' MIBEIbA 456
Tasie Pajatos Y YCJIOBUMA KPU3E
Mil Pod AN INSIGHT INTO THE
Iiena Fodovac MOTIVATION OF YOUNG
Romina Alkier PEOPLE FOR STAYING IN THE 463
. CITIES OF THE REPUBLIC OF
Maja Lena Lopatny SERBIA
.. ECOLOGICALLT-
Dusan Rajic CONTRADICTION MATRIX 473
Haba Ilerposuh INPUMEPH HAPUHCKE
Cphan Hobaxosuh IIPAKCE PEITIYBJIUKE CPBUJE
p KPO3 MEBYHAPO/IHE 483
Januma Henagosuh CIIOPA3YME
Criciun Sabiu LEASING FINANCING AN
R ALTERNATIVE IN TIMES OF 491
Cristina Mihaela Nagy  cRrisIs
EJEKTPOHCKO
IMPETJVIEJAIE TECTOBA HA
Cphan Mapuunh 3ABPIIIHOM UCITUTY HA 197
I'opan CrankoBuh KPAJY OCHOBHOT
OBPA30BAILA U
BACIIMTAIBA
MAPKETHHIIIKA KAHAJIN
Bojkan Bikih KOMYHUMKALIMJE Y 505

CABPEMEHOM CIIOPTY




Tamapa PanucassbeBuh
Hyman PajueBuh
WBona bpajesuh

TEHETCKH AITOPUTMM —
MMPUMEHA T'EHETUKE Y
PAUYHAPCKHUM 511
CUCTEMHMA

Dalibor Petkovié

Vladan Ivanovié

EVALUATION OF

INFORMATION TECHNOLOGY
INDUSTRIES IMPACT ON

ECONOMIC GROWTH BY 520
NEURO FUZZY

METHODOLOGY







Ranking Countries According to Logistics and International
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Paurnpame 3eMasba mpeMa e(puMKacCHOCTY AOTUICTVIKE U
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Abstract: There is a two-way interaction between logistics and international trade. For countries, your logistics
sector and infrastructure must be both adequate and integrated with the rest of the world if you want to raise
your share of international trade. With a new MCDM method, REF-III, and two different model, this study
attempted to investigate countries’ activities in the context of infrastructure, logistics, international trade, and
economic growth. China and Russia were found to be at the forefront according to the findings of both models.
The United States, on the other hand, came out on top in a model that looked at efficiency in international trade
and economic growth. However, certain Caucasian and Balkan countries, which have endured different crises,
wars, and turbulence over the last four decades, came in last in both models. The investments, and reforms
related to infrastructure and logistics carried out by the countries at the forefront of the world trade and
logistics’” sector should serve as a model for the remaining countries.

Keywords: Efficiency, international trade, infrastructure, logistics, REF-I1I, MCDM.

Ancmpaxm: [Tocmoju dséocmepna unmepaxuuja usmehy rozucmuxe u mehynapoore mpzosutie. 3a semaue, 6aul
AOZUCIUYKY CEKIMOP U UHGPACHPYKMYpa MOpajy Oumu u adexeamuuy U UHmMeZpUcanu ca oCrmanmxkom ceema
ako xeaume da nosehiame c6oj yoeo y mehynapooroj mpzosutiu. Ca rosom BKO memodom, REF-III, u déa
pasauuuma modera, 06a cmyoduja je NOKYWAAd 04 UCMPAXU AKMUSHOCMU 3eMabd Y KOHMeKCHYy
undpacmpyxmype, rozucmuxe, mehyrapoore mpzosute u exoHomckoz pacma. Ymephero je da cy Kuna u
Pycuja npedrvauure npema narasuma ooa modera. Cjeduroene Apxase cy, ¢ opyze cmpatie, usauwire Ha 6px Y
Modery Koju je nocmampao epuxactocm mehynapoore mpeosute u exonomcku pacm. Mehymum, nojedure
Kaskacke u OAAKAHCKe 3eM/be, Koje Cy npempneie pasiudume kpuse, pamose u mypOyieHyuje y nocaedrve
uemupu Jdeuenuje, HawAe cy ce HA nocaedroem mecmy y 0ba moderd. Mneecmuuuje u pedopme y 6e3u ca
UHPPACHPYKMYPOM U AOZUCUKOM Koje cnposode 3empe Koje Cy HA deAy ceKmopa ceéemcke mpzosuHe u
Aozucmuie mpeda 0a NoCAYke Kao Mo0eA 34 Hpeocmae 3eMue.

Kwyune peuu: Epuicactocm, mehyrapoona mpzosuta, urngpacmpyxmypa, rozucmuxa, PED-III, BKO.

Introduction

The concept of logistics arose from the requirement to meet military needs on time, in the right area,
and in full. It is now an important aspect of today's international trade. We can define logistics in its
modern sense as the collection of operations such as packing, shipping, and inventory that are carried
out to deliver required products or services at the desired time, amount, place, and quality.

The ability of countries to remark on foreign/international trade, which is defined as the acquisition
and selling of goods with the rest of the world, demonstrates their economic power. Countries and



firms should focus on logistics investments to take advantage of market opportunities and grow their
share of international trade. With functions such as logistics, international transportation, inventory,
customs clearance, and payment systems, the logistics plays a significant role in international trade.
Logistics activities have become increasingly important in international competition, in addition to
being an economic industry. The strength of the logistics sector in production and supply determines
the competitiveness of enterprises in countries operating in the same market by obtaining the low cost
and fast delivery speed they desire (Basar & Bozma, 2017; Gani, 2017; Marti et al., 2014; Pekmezci &
Mutlu, 2018; Tunali & Aytekin, 2017). To summarize, it is vital to assess if adequate production is
produced in exchange for logistics and infrastructure investments, or, in other words, efficiency.

In this context, efficiency analysis will be conducted utilizing the research countries' infrastructure
investments, logistical competences, and international trade data. REF-III, a new MCDM approach,
will be used for this purpose. As a consequence of the analysis, it is hoped that the differences across
countries would be revealed, as well as ideas for improvement.

Literature

The Logistics Performance Index (LPI) reports, which have been produced by the World Bank since
2007, are the most important research on countries” logistics performance. LPI is a survey study of
international logistics service providers around the world, and it is the most important indicator
showing the comparative position of the world logistics sector between countries (Arvis et al., 2018;
Marti et al., 2014; Pekmezci & Mutlu, 2018). In 2018, the sixth LPI report was released. LPI 2018
comprised country analyses based on six components, as shown below (Arvis et al., 2018):

The efficiency of customs and border management clearance

The quality of trade- and transport-related infrastructure

The ease of arranging competitively priced international shipments
The competence and quality of logistics services

The ability to track and trace consignments

The frequency with which shipments reach consignees within the scheduled or expected
delivery time

Apart from LPI, the highlights of research analyzing logistics and foreign trade jointly are described in
Table 1.

Table 1. Outline of the relevant research on logistics and foreign/international trade

Author(s) Benchmark Application(s)

Gani (2017) Regression analysis Regression analysis was used to investigate the effects of
countries' logistical performance on international trade. The
LPI data from 2007, 2010, 2012, and 2014 are used. Logistics
is said to have a favorable impact on international trade and

the local economy.

Sezer and Panel data analysis It has been argued that the logistics sector has a favorable
Abasiz (2017) impact on job creation, economic growth, and international
trade. Furthermore, it has been determined that the logistics
sector's developments are the most essential predictors of

economic growth.

Yeo et al. Generalized The need of growing middle-income countries' volume in

(2020) structured international trade through infrastructure investments and
component analysis improved logistics performance in achieving long-term
(GSCA) growth was underlined.




Marti et al. The gravity model It has been highlighted that logistics and transportation are
(2014) having a growing impact on international trade. It has been
stated that any improvement in any of the LPI components

produces a beneficial contribution to the relevant country's

trade.
Zhan and VAR model It has been claimed that in China's Sichuan Province, there is
Wang (2018) a considerable long-term relationship between logistical

performance and foreign trade.

Zhu and Granger causal In Shanghai, China, it was discovered that there is a
Yang (2011)  relationship test substantial long-term relationship between air logistics and
international trade. Improvements in air logistics, it was also

said, would have a positive impact on the economy.

Jiang and Descriptive The transformation that China had experienced up until 2002
Prater (2002)  assessment was investigated. The reforms that China would have
needed to develop in the logistics sector and infrastructure in
the future are underlined in the context of the data from the

relevant period and China's accession to the WTO.

Goh and Descriptive It was highlighted that China's engagement in the WTO
Ling (2003) assessment would attract more international investment, and that
improvements in the logistics and infrastructure sectors

would be necessary to meet rising demand.

He et al. The panel unit root International logistics is employed as an explanatory variable

(2021) test and the fixed ina model that attempts to explain foreign trade. Logistics, it
effect model has been said, has a dynamic effect on international trade.

Rashid et al. Descriptive In the area of logistics, a comparison was made between

(2016) assessment Turkey and Tanzania. Both countries, it has been argued,

require a strong and reliable logistics infrastructure in order

to develop economically.

Tung ve Granger causality There is a two-way relationship between logistics and

Kaya (2016)  test foreign commerce in Turkey, according to the findings.

Korkut et al. Panel cointegration, The current account balance and all infrastructure
(2021) panel causality expenditures have been determined to move together in the
long run. A two-way casuality relationship between railway
infrastructure expenditures and current account balance was
also discovered. There is a one-way causality between the
current account balance and highway infrastructure

spending, according to the theory.

Ofluoglu et The gravity model It has been suggested that logistics performance can be one
al. (2018) of the most important drivers in cross-national competition.
Countries should improve their logistics performance in
order to grow exports and become more competitive in the

worldwide market, according to the report.

The existence of a two-way relationship between logistics and foreign/international trade is
highlighted in general, as seen in Table 1. However, it has been noted in numerous studies that



advances in logistics and infrastructure have a positive impact on economic growth and international
trade. Evaluations will be done in the areas of logistics, transportation infrastructure, and foreign
trade in this study. The REF-III method will be used to rank the countries based on their performance
in this event. The key features and process steps of REF-III will be explained in the next section.

REF

Aytekin (2020) proposed the REF (nearest solution to REFerences) method, which is based on the ideal
value or range in the decision problem solution. So far, the REF-I and REF-II extensions of this
relatively new method have been developed. The basic goal of REF methods is to assist decision-
makers in making the best decision possible using references for each criterion. With features such as
defining the reference value as a range, considering successor values, and evaluating criteria
measured on different scales, REF methods differ from other MCDM methods in the literature
(Aytekin, 2020; Aytekin & Durucasu, 2021).

In the same choice problem, you can employ nominal (binary and multinominal), ordinal, interval,
and ratio scale criteria using REF-I. The decision-maker can use a specific point, range, or category as a
reference value for the criteria. REF's main purpose is to solve the decision problem by gaining a
better understanding of decision-makers' aspirations, preferences, and goals. REF-II eliminates the
rank reversal problem and the need for recalculation for existing alternatives when changing
alternative sets. The REF-II decision matrix values should be quantitative (including preference or
performance values taken with at least an interval scale).

The decision-maker determines reference values or ranges separately from the decision matrix in REF-
II. By normalizing the decision matrix to this reference, REF-II eliminates the rank reversal problem.
Additionally, in REF-I and REF-II, a parameter called the unacceptance value can be employed to
adjust the effects of points/ranges other than the reference point/range on the solution (Aytekin, 2020;
Aytekin & Durucasu, 2021).

Before moving on to the REF method implementation steps, some concepts in the context of the
decision matrix X in equation should be clarified (1).

X=lxy w2y 158 2y %] i=1l.mj=1...n (1)

The performance value of alternative i in criterion j is represented by x;; in equation (1). In the context

of decision criterion j, the reference is a specific value or range of values that the decision-maker uses
to evaluate the alternatives. This value is represented as R; if the reference is given as a specific value

for criteria j. If the reference (R;) is stated as a range, the range's lower limit is 1R, and the upper limit
is 2R ;. In the decision problem, the decision-maker may believe that the distances from the reference

point should be evaluated differently at a specified range/point, or in a specific direction. Values to the
right of a reference point/range may appear to be more acceptable than values to the left, or the levels
of preferability of values to the right and left of different ranges may differ. The successor value/range
is the value/range that is considered less essential than the reference in this circumstance. |:.='If:,- stands
for the successor value/range of criterion j. As a result, it is possible to determine many successor
ranges/values as v = 1,..., q in the criterion j. The influence of successor ranges on the decision problem
is determined symmetrically or asymmetrically by the decision-maker. Each successor value/range is
given an unacceptance value (ff) for this purpose. [ indicates the value remaining within the
successor range at an undesirable level relative to the reference point/range.

The value assigned by the decision-maker ranges from 0-1 for 8. The decision-maker should decide
the appropriate successor values/ranges for the solution in a consistent manner. To determine v}; and

ﬁj-, scientific instruments or approaches can be employed (Aytekin, 2020; Aytekin & Durucasu, 2021).

The application processes of the REF-III, a novel approach, are described in the following section.



The proposed REF methodology for efficiency rankings of DMUs: REF-III

DEA is commonly used to assess the efficiency of institutions or individuals. Inconsistencies exist,
however, between DEA-based methodologies employed in DMU ranking and DEA efficiency results.
EATW(I)OS and OCRA are two other approaches for determining DMU efficiency rankings. A novel
approach for evaluating DMU efficiency will be proposed in this study, based on the reference values
to be determined in the input and output criteria. The goal of this new method, known as REF-III, is to
evaluate DMU efficiency in terms of producing the most output with the least input. The steps for
implementing REF-III are as follows:

Step 1: Defining the decision problem and creating the input and output decision matrix: For each input and
output criterion, the decision matrix stated in equation (1) is created independently. As observed in
Egs. (2-3), G represents the input decision matrix and O represents the output decision matrix, where
j=1,...,g for input criteria and j=g+1,...,n for output criteria.

G=lry gy i%Fx o xpg] i=Laamj=1l.g )
0= [.Jr:J_IEI+L e Xy PR D xpo Xpn] i=La.mj=g+1,..n 3)

Step 2: Determining the criteria’s reference, successor points/ranges, and unacceptance values: For each
criterion, reference points/ranges are defined. Successor points/ranges with associated unacceptance
degrees can also be determined in the required criteria. The references and successors should be
determined in the input criteria in a way that uses the least amount of resources. In the output criteria,
on the other hand, the references and successors should be set in such a way that the most products or
outputs are produced. Furthermore, using utopian or ideal approaches, reference and successor
values/ranges can be defined independently of the decision matrix.

Step 3: Determining the criteria weights: In decision problems, the priority levels of the criteria evaluated
are frequently different from one another. Subjective judgments or various techniques can be used to
determine the weight values of the criteria in REF-IIL It is critical for scaling that the criteria weights
be in the range of 0-1 and that the sum of the weights equal 1.

Step 4: Calculating the weighted normalized distances: The output and input matrices are used to perform
two different evaluations. The input-weighted normalized distance value (#;;) of the i.th alternative in
criterion j is calculated using Eq (4).

|r|:_|._R_|.|L'IS_|.
=w

i T8 (|xj-rileg;) )
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&

The output-weighted normalized distance value (&;;) of the i.th alternative in criterion j is calculated

using Eq (5).
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If the reference of criterion j is specified as a range, R; values are determined according to Eq. (6) in
Egs. (4-5).

R = {1R; .x;; < 1R; 2R; .x; > 2R; x; .1R; < x; < 2R, 6)

Step 5: Obtaining overall input and output scores: For each alternative, an input-overall score (¥;) and an
output overall score (&;) are calculated. Eqs. 7-8 demonstrate how to compute ¥; and &; respectively.

P, =%, #; @)
0;= E_?:gﬂ. EI'_i' )

Step 6: Ranking alternatives: As shown in Eq. (8), the overall efficiency distance score (&;) is calculated
by proportioning the output overall value to the input overall value.
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Alternatives are ranked from smallest to largest based on their overall efficiency distance score. For an
alternative with utopian or ideal efficiency, §; will equal 0.

Results

The importance of the LPI in assessing a country's logistics performance is obvious. However, since
LPI reports and data for the post-2018 period have not yet been published, data compiled from
various sources were also used, especially in light of the effects of the Covid 19 pandemic. Data on
logistics and international trade was collected from a variety of sources. The criteria used in this study
are K1 (total inland transport infrastructure investment, euro), K2 (total inland freight transport,
tones-kilometers, millions), K3 (road injury accidents, number), K4 (road motor vehicles per one
thousand inhabitants), K5 (roadways length, total; paved and unpaved), K6 (airports, number), K7
(gross value added by transport, storage, and communication, billion USD), K8 (highways, total, per
1000 people), K9 (motor vehicles, per 1000 people), K10 (railway length in kilometers), K11 (road
density, km of road per 100 sq. km of land area), K12 (rail lines, total route-km), K13 (logistics
performance index), K14 (export, trade volume, USD), K15 (import, trade volume, USD), and K16
(GDP per capita current, USD). Two different models, called Model 1 and Model 2, will be used in the
efficiency analysis of countries. In Model 1, the number of accidents and logistical performance
outcomes will be used as output criteria, while infrastructure and transportation investments will be
utilized as input criteria. Infrastructure and logistical criteria will be used as inputs in Model 2.
Economic growth and international trade indicators will be the output criteria in Model 2. The criteria
in Model 1 and Model 2 are given in Table 1.

Table 2. Input, Output Criteria and Models

Model 1 Model 2
Input Reference Output Reference Input Reference Output Reference
s s s s s s s s
K1 ~ 34.928.249 K3 0 K1 34928249 K14  17.692x10°
K2 1.195 K7 929,19 K2 1.195 K15  17.692x10°
K4 18 K13 5 K4 18 K16 190.512,7
K5 2.875 K5 2.875
Ké6 2 K6 2
K8 1 K10 288
K9 12 K11 5
K10 288 K12 288
K11 5 K13 1
K12 288

As shown in Table 2, the reference values are taken as single points. In K14 and K15, the global trade
volume is used as a reference value. The data of the countries according to the input and output
orientation were used to determine the reference value in other criteria. References were determined
as points in this study, and successor points/ranges were not used. The criteria are also given equal
weight. Table 3 shows the country rankings based on REF-IIL



Table 3. REF-III results for efficiency of countries

Model 1 Model 2

Country P 8, d; Rank & &, d; Rank
Albania 0,0026 0,0484 18,66 48 0,0015 0,0231 15,02 50
Armenia 0,0020 0,0494 24,10 51 0,0011 0,0231 20,80 51
Australia 0,0279 0,0413 1,48 3 0,0212 0,0182 0,86 10
Austria 0,0141 0,0386 2,73 15 0,0089 0,018 2,11 25
Azerbaijan 0,0030 0,0510 16,75 47 0,0030 0,0231 7,59 46
Belarus 0,0069 0,0499 7,24 40 0,0058 0,0228 3,95 38
Belgium 0,0176 0,0389 2,21 7 0,0146 0,0183 1,25 16
Bosnia-Herz. 0,0038 0,0536 14,23 46 0,0026 0,0230 8,98 47
Bulgaria 0,0058 0,0449 7,68 41 0,0048 0,0225 4,65 42
Canada 0,0388 0,0572 1,47 2 0,0389 0,0179 0,46 6
Chile 0,0055 0,0479 8,78 43 0,0048 0,0221 4,64 41
China 0,1476 0,0857 0,58 1 0,1741 0,0091 0,05 2
Croatia 0,0064 0,0447 6,99 39 0,0045 0,0223 4,98 44
Czech Rep. 0,0124 0,0398 3,21 24 0,0113 0,0207 1,83 21
Denmark 0,0106 0,0325 3,07 20 0,0072 0,0182 2,53 27
Estonia 0,0134 0,0405 3,02 18 0,0059 0,0216 3,68 37
Finland 0,0127 0,0329 2,60 9 0,0093 0,0194 2,07 24
France 0,0265 0,0450 1,70 5 0,0277 0,0174 0,63 8
Georgia 0,0025 0,0519 21,01 49 0,0017 0,0231 13,27 48
Germany 0,0260 0,0896 3,45 27 0,0302 0,0125 0,42 5
Greece 0,0084 0,0437 5,22 36 0,0073 0,0219 3,01 33
Hungary 0,0133 0,0422 3,17 23 0,0106 0,0216 2,03 22
Iceland 0,0152 0,0413 2,71 12 0,0046 0,0189 4,13 39
India 0,0497 0,1351 2,72 14 0,0651 0,0215 0,33 4
Ireland 0,0120 0,0389 3,25 25 0,0063 0,0163 2,57 28
Israel 0,0053 0,0427 8,11 42 0,0042 0,0198 4,77 43
Italy 0,0187 0,0695 3,72 29 0,0182 0,0184 1,01 12
Japan 0,0269 0,1080 4,01 32 0,0280 0,0167 0,60 7
Korea 0,0227 0,0826 3,64 28 0,0237 0,0182 0,77 9
Latvia 0,0115 0,0470 4,07 33 0,0051 0,0221 4,34 40
Lithuania 0,0113 0,0444 3,94 31 0,0064 0,0218 3,40 34
Luxembourg 0,0107 0,0365 3,41 26 0,0071 0,0145 2,04 23
Mexico 0,0168 0,0457 2,72 13 0,0191 0,0205 1,07 13
Moldova 0,0023 0,0510 22,66 50 0,0017 0,0231 13,60 49
Netherlands 0,0143 0,0353 2,47 8 0,0124 0,0165 1,33 17
New Zealand 0,0129 0,0356 2,75 16 0,0067 0,0201 2,99 32
Norway 0,0116 0,0361 3,13 22 0,0067 0,0179 2,65 29
Poland 0,0165 0,0435 2,63 11 0,0171 0,0208 1,22 15
Portugal 0,0084 0,0430 5,15 35 0,0058 0,0214 3,66 35
Romania 0,0081 0,0487 6,03 37 0,0082 0,0220 2,69 30
Russian Fed. 0,0493 0,0799 1,62 4 0,0659 0,0208 0,32 3
Serbia 0,0052 0,0487 9,33 44 0,0042 0,0228 5,38 45
Slovak Rep. 0,0073 0,0447 6,12 38 0,0059 0,0215 3,67 36
Slovenia 0,0106 0,0414 3,91 30 0,0072 0,0214 2,95 31
Spain 0,0190 0,0544 2,86 17 0,0173 0,0195 1,13 14
Sweden 0,0163 0,0339 2,08 6 0,0125 0,0186 1,49 18
Switzerland 0,0119 0,0366 3,07 19 0,0090 10,0151 1,69 19
Turkey 0,0082 0,0773 9,44 45 0,0091 0,0217 2,39 26




Ukraine 0,0103 0,0515 5,00 34 0,0135 0,0229 1,69 20
United Kingd. 0,0188 0,0577 3,07 21 0,0194 0,0174 0,89 11
United States 0,1604 0,4194 2,61 10 0,1924 0,0073 0,04 1

In the Model 1 evaluation, China, Canada, Australia, Russia, and France were ranked first to fifth,
respectively. Armenia, Moldova, Georgia, Albania, and Azerbaijan are in the last five rows from
bottom to top. According to the studies in the literature section, China, as one of the top five countries,
has made significant investments in the logistics sector. Furthermore, apart from France, the countries
at the forefront of the event are all large countries in terms of surface area. This circumstance may
make it less likely to see a big number of accidents. I It's worth noting that the last five countries on
the list are Caucasian and Balkan, and that they've had a lot of war and turmoil in the last forty years.

Model 2 included an examination of economic growth and international trade. The top five countries
in the Model 2 evaluation were the United States, China, Russia, India, and Germany, in that order.
From bottom to top, Armenia, Albania, Moldova, Georgia, and Bosnia and Herzegovina are in the last
five rows. The United States' dominance in global trade is evident, as proven by the fact that it ranks
first in Model 2 results. It is unsurprising that the United States is currently in first place in terms of
efficiency, followed by its rival China in the recent phenomenon known as trade wars. Model 2's
findings were similar to Model 1's, with the Caucasus and Balkan countries placing last.

In light of the Model 1 and Model 2 findings, it can be concluded that countries that spend wisely in
infrastructure and logistics can benefit from considerable increases in international trade and
economic growth. China's investments in the logistics sector were highlighted in the studies included
in the literature section. Table 3 shows that China's investments pay off, and it is a leader in terms of
efficiency in this field. It has also been noted that the United States stands out in terms of logistics,
infrastructure, foreign trade, and economic growth efficiency.

Conclusion

Many studies have stressed the two-way relationship between logistics and international or foreign
trade. In this research, country efficiency analyses were conducted based on the relationships between
infrastructure, logistics, and traffic accidents, as well as infrastructure, logistics, international trade,
and economic growth. Two alternative models were analyzed in this context using a new MCDM
method called REF-IIL

China and Russia were found to be at the forefront of both models, according to the findings. The
United States, on the other hand, came out on top in a model that looked at efficiency in international
trade and economic growth. However, some Caucasian and Balkan countries, which have suffered
different crises, wars, and turbulence over the last four decades, came in last in both models. The
infrastructure and logistics reforms and investments carried out by the countries at the forefront of the
event should serve as an inspiration for the remaining countries.

There are some limitations to the research. The most significant limitation is the difficulty in obtaining
current and complete logistics and infrastructure data. Some countries' recent statistics could not be
accessible. Due to lacking data, many countries and criteria could not be included in the study.
International organizations have a critical role to play in keeping infrastructure and logistics data up
to date on a global scale. Extensive analyses can be carried out in the future if the data is kept up to
date in terms of countries and criteria. Also, because of its understandable structure and ease of
application, the REF-III proposed in this study is thought to be applicable to a wide variety of decision
problems.
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Panrnpame azaTta HOCAOBHE VIHTEAUTE€HIMje IIPYIMEHOM
PIPRECIA 1 EDAS meToaa

Ranking of the business intelligence tools by using the
PIPRECIA and EDAS methods
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Ancmpaxm: Y o6om pady usspuieHo je pavzuparoe arama MNOCAOGHE UHMeAUzeHuuje 3ACHO6AHO HA
suuexpumepujymcrkom npucmyny. Y npovec esaryavyuje yoyueno je mpu arama u mo: Oracle, SAP u Atlas,
Koju cy paneupanu y odHocy Ha wecm kpumepujyma. Ipuopumusayuja kpumepujyma na Kojuma ce o6asupa
e6AAYAUUJA NOMEHYMUX AAAMA NOCAO6HE UHMmMeAuzeHyuje usspuiena je npumerom Plvot Pairwise RElative
Criteria Importance Assessment - PIPRECIA memode, dox je KOHAUHO paHzuparbe aAMepHAmusea pearusosato
y3 nomoh Evaluation based on Distance from Average Solution - EDAS memode. Ocrosru yup 0602 pada jecme
yxasusaroe Ha Mozyhnocm mnpumere Memooda GUUEKPUMEPUJYMCKOZ 00AyHuearba Yy mnpouecy usbopa
a0ex6amHoz aAama NoCAOGHe UHmMeAuzeHyuje 34 UMNAeMeHmayujy.

Kwyune peuu: Buuwexpumepujymcko odayuusarve, PIPRECIA memoda, EDAS memoda, aramu nocroste
uHmeAuzeHyUje

Abstract: In this paper, the ranking of business intelligence tools based on a multi-criteria approach is
performed. Three tools are included in the evaluation process: Oracle, SAP and Atlas, which are ranked
according to six criteria. Prioritization of the criteria on which the evaluation of the mentioned business
intelligence tools is based was performed using the Plvot Pairwise RElative Criteria Importance Assessment -
PIPRECIA method, while the final ranking of alternatives was realized using the Evaluation based on Distance
from Average Solution - EDAS method. The main goal of this paper is to point out the possibility of applying the
methods of multi-criteria decision-making in the process of choosing an adequate business intelligence tool for
implementation.

Keywords: Multicriteria decision making, PIPRECIA method, EDAS method, business intelligence tools

YBoa

VMudopmaimonn cucreM 3a yIpabbame bYACKUM pecypcuMa (HRIS) mocrao je momyaapaH
ocaMgeceTux roauHa XX seka ynorpedbom ERP (Enterprise Resource Planning) anamkatusHuX coprsepa
U ca IIpeaacKkoM ca MejH(ppejM (mainframe) cucreMa Ha KAUjeHT cepsep (client-server) TexHoaornjy. ERP
copreepu 06e36ehyjy cBOjUM KOpMCHMIIMMA XOAMCTUUKM IIOIAe] Ha BUXOBY pagHy cHary (Leci¢,
2016). Hexu o Hajmosnatujux coprsepa cy: Oracle, SAP u Atlas.

Oracle eaeKTPOHCKM ITOCAOBHM MaKeT Cajp KM HEKOAMKO IIporpama, Kao IITO Cy OHM 3a: AOTVCTUKY,
JunancHje, IpoAajy U ylnpasdbame byACKUM pecypcuMa. OBo MH(POPMAIMOHO pelllelhe je HaIllo
IIMPOKY IIPUMEHY U AaHac ce KOPUCTM Yy MHOTMM OpraHmu3anujaMa mmupom cseta. Kopucru ce 3a
pykoBobeme ocobmeM Koje Ipe/cTaBba HajOMTHUjM acleKT y I10CAOBamby KOMIIaHMje ¢ 003MpoM Ja

11



3a40BO/bHI paJHUIIN IIOCTIDKY Hajoobe pesyartate. Vimajyhm y Buay aa ce obGaBba crucreMaTn30BaHO
O/BUjarbe IIpolleca aKTMBHOCTH, CEKTOp Koju ce GaBy yIpabbameM 3arocleHrMa uma mMoryhHoct
Mamber yTpoOIllKa BpeMeHa 11 PpUHaHCHja ¢ 0O3UPOM Ja MM je Ha pacrodaramy 1 ogpebenn gogatHu
BpPeMEHCKM OKBMP Aa o0aBe joII HeKe IocA0BHe Iporjece. Kao KbydHM e1eMeHT MOKe ce HaBeCT! Aa
ce IIPMMEHOM OBOT co(TBepa BpILM IIpela3 ca aKTMBHOCTU aAMIHICTpaTUBHe IIPMpPOJe Ha OHe Koje ce
Joxycupajy Ha crparernjy. AusajHupajy ce ckaagumra nuHPOpMalMja O CBUM CIIPOBEAEHUM
aKTMBHOCTUMA (OAHOCHO JeTabaH MPUKa3 HIXOBMX eleMeHara), cA1adbuM TadyKaMa JICTUX Ha Koje je
HEOIIXOAHO OOpaTUTH MaKiy, Kao U O CBMM I11aHOBMMa Koju ce uspabyjy 3a aase mocaosame. Cpxa
IIpMMeHe jecTe AOHOIIEIbe CTPaTelIKIX O4lyKa Koje Cy OCHOBa ycllexa opraHmsanuja Ha gomahem u
MHOCTpaHOM TpKumITy (Stanin, 2015).

SAP xopriopanmja je HeMadka MyATHHaIlMOHaAHa cOpTBepcKa KOpIiopaljuja Koja je CBeTCKM AuAep Y
IIPOM3BOAILM ITOCAOBHMX aIlAMKAaTUBHUX codTBepa yCMepeHMX Ha yIpaBdbame IIpuxoiuma. laxo
cMmemteHa y Baaaopdy, nma OpojHe permonHaaHe KaHmeaapuje mmpoM csetra. Ha ocHoOBy Tp xumiHe
KalliTaAn3alyje Halasu ce Ha TpeheM Mecty y cBeTy Kao Hajsehm HesaBucHM Tpoussobad codrsepa.
I'aaBHM mpousBoa oBor mocaosHor cucrteMa je SAP ERP. SAP Human Resources Management System je
jeaan oz Hajsehmx moayaa y SAP P/3 cucreMy, Koju ce cacToju 04 MHOTUX MOAyAa KOjy IIOTIIOMaXKy
yHpasaarbe syAckum pecypcuma (Lecic, 2016).

Atlas Business Solutions, Inc. — ABS je Hekaaa 6mo Bogehu mpomnssobau yrpassaukux codprepa, AaKux
3a yueme 1 ynorpedy. Ocnosana 1991. roaune, koMIlaHMja je IIpello3HaTa Kao AUAep Y MHAYCTPpUjU 3a
copTtBepcka pemerma. KommanHuja je passmaa crparemke ogHoce ca BogehuMm codprTBepcKkum
KoMITaHMjaMa nonyT Microsoft-a y 1iuay Oobe mpumene codprsepa. ABS pemrerba AMpeKTHO CBOJe
TPOIIKOBE, IIITeJe BpeMe I ycMepasajy IIOCAOBHe IIporiece 13 004acTu byACKUX pecypca, AOIIpUHOCe
6o.seM pacniopebuBamy 3armocaeHnx, Te KOHaYHO ITOCAOBHOM ILAaHUPAIbY.

BeoMma je 113a30BHO 3a MeHaIIMEHT OpTraHM3anyje 4a 0Apeau Koje copTBEPCKO pelllerbe 04 MpUKa3aHUX
01 HajBuIlle JOIIPMHEAO ONTMMU3anuju mocaosama. Oadyka ce oOMYHO 3acHMBa Ha Behem Opojy
MehycoOHO KOHQAMKTHMX KpuTepujyMa, IITO JAOBOAM JO 3aKbydKka Ja je IpUMeHa MeToJa
BUIIEKPTEPUjYMCKOI OA/AydMBama y IIOTIIYHOCTM a/eKBaTHA. DBUIIEKpUTEPUjyMCKO OA/AydUBarbe
IpeAcTaB/ba IT0ceOHy 001acT HayKe O MeHAIIMEHTY Koja ce M3y3eTHO Op3o passuja 1 Koja je IIoHyAuaa
BUIIIE Pa3AMYUTUX MeToza Koje Mory Omtu kopuimrheHe 3a JOHOINEHE OAAyKa y Pa3sANdUTUM
obsacTuMa IIocaoBama M IIpuBpebuBama, 300r HMXOBe IINMPOKE IIPUMEHAbUBOCTU U BEAUKOT
npaktigHor 3Hadaja (Nikoli¢, 2012). BumekpurepujyMcka aHaam3a IOCTaje CBe IIOIyAapHHja Kako y
CBETYy TaKO U KOZA Hac M KOPJWCTHU Ce 3a pelllaBarbe pa3AMIUTUX TUIIOBa IpoOaeMa (Zavadskas &
Turskis, 2011; Zavadskas et al., 2014; Kumar et al., 2017; Sadi-Nezhad, 2017; Stojci¢, 2019).

Y oBOM pajy M3BPIIIEHO je paHIMparbe aJaTa ITIOCAO0BHE MHTEANTeHIIN]y y3 IpMMeHy oArosapajyhmx
MeToJa BUIIEKPUTEPUMjYMCKOT OAAyduBama. Hajope cy aedmHimcane TeXXmHe KpuUTepujymMa Ha
KOjMa ce 3acHUBa epaAyaumja mpumeHoM Plvot Pairwise RElative Criteria Importance Assessment —
PIPRECIA metoge xojy cy passuanu Cranyjkuh u cap. (Stanujkic et al., 2017). Hakosn Tora je nsspieHo
KOHAYHO paHIMpame pasMaTpaHMX aaTepHaTuBa y3 momoh Evaluation based on Distance from Average
Solution - EDAS meToae xojy cy npeaaoxuan Kemasapr I'opaGe n cap. (Keshavarz Ghorabaee et al.,
2015). IIpumMeHANBOCT OpeJA0XKeHe MEeTOAO0AOTHje je IIpMKazaHa Ha OCHOBY HyMepPHYKOI IpuMepa
yCMEpeHOT Ha paHIMparhe asJara IIOCAOBHE WHTeAMTeHI[Ujeé Ha OCHOBY IIeCT eBaAyallMOHMX
KpuTepujyMa.

IIpeaaoxena MmeTog0a0rMja

PIPRECIA meToaa

PIPRECIA wmetoza kojy cy passuanm Cramyjkmh m cap. (Stanujkic et al, 2017) mpeacrassa
moandukanujy SWARA meroze xojy cy npeaaoxuan Kepmryanene u cap. (Kersuliene et al., 2010).
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Pauyncka mmporiesypa oBe MeTOJe ITpuKasaHa je myteM caeaehux xopaxa:

Kopaxk 1. Ms60p kpurepujyma xoju he 6utn ykayuenn y mpouec epaayanyuje. 3a pasanky o4
KkaacaHe SWARA metoge, PIPRECIA ne 3axTeBa 00aBe3HO coOpTHpambe KpuTepujyMa ImpemMa
O4YEeKMBAHOM 3HAYajy.

Kopaxk 2. Oapebnpare peaaTusHOr 3Hauaja sj, IOYEBIIN O/ APYTOT KpUTepHjyMa, Kao IITO CAeAMN:
s; = {3} lwhen C;=C;_y 1when C;=C;_, <lwhen(;<C;_, } (1)
Kopaxk 3. Oapebusame koepuiimjenra kj Ha caeqehn HaumH:
k={lj=12-s5j=1} 2)
Kopak 4. Ogpebnpare npepadyHaTe Bpe4HOCTH gj, KaO IITO CAEAM:

qj-=[1_,r'=1q;;—:_'_,r':=-1}. ©)

KopaK 5. OApebMBa}be peaaTUBHIUX Te>XKNMHa pa3dMaTpaHUX KpI/ITepI/ijMa Ha C/leﬂ,ehl/[ Ha4ylH:
o=
b Rl (4)

Er: =1 Ii‘r:’
rAe wj O3HadaBa pe/laTI/IBHy Te)KI/IHy KpI/ITepI/ijMa ]
EDAS meToaa

EDAS metoay cy npeaaoxuan ayropu Kemasapr I'opabe n cap. (Keshavarz Ghorabaee et al., 2015).
CymTinHa oBe MeToJe ce HaJa3) y KOpMIIhemy ABe Mepe 3a IIPOIeHy pacTojarba M TO: IO3UTUBHOT
pacrojama o4 rnpoceute Bpeanoctu (Positive Distance from Average - PDA) v HeTaTMBHOT pacTojarba 04,
npoceure Bpeanoctu (Negative Distance from Average - NDA). Ilpoueaypa npumene EDAS metoge
MOXKe OUTHU ITpuKa3aHa caedehioM cepmjoM Kopaka:

Kopak 1. MM360p aaTepHaTMBe U KpuTepujyMa Koju Ha OAFOBapajth HauMH OINCYjy AaTe
aaTepHaTuBe 1 pOpMIparbe MaTpulle 0O4Ay4dnBama X, Kao IITO je IPMKa3aHo :

X=lagy xpp v 2y Xog X o g FHEE Xy Xy 0t Xy ], ®)
TAe Xij TIpejcTaBsba PejTHHI IepdopMaHce adTepHaTUBe [ y OAHOCY Ha KPUTEPUjyM j.

Kopaxk 2. dedunncatu cpeame pelleme y 04HOCY Ha CBe eBaayalllioHe KpuTepujyme:

2= (2 K xh), ®)
rae je
. Lty X

w=m Mg @)

4 m

Kopax 3. V3pauyHaTyt IO3UTUBHO pacTojarbe 04 IIPOCedHe BPesHOCTH .j VI HeraTMBHO pacTojarbe 04,
IpoceyHe BpeAHOCTU d ij, Y 3aBUCHOCTM O/ THUIIa KpuUTepujyma (IIPUXOAHM MAM PacxogHu), Ha
IpUKa3aHU HauMH:
[ Oxgj—x510 ) [ 0:(x5—%i0) .
dl’} = { . P JE Do . i JE i (8)
Ij Ij
(O(x:—X;:10 (DX —%371)
- _ i L gTE
d|'j' - {x—' LR — . PJE Qi s (9)

i i

rae ﬂﬂ;gx u ﬂmm OpeACTaBAbajy ceT MPUXOAHNX U PACXOAHMX KpUTEPUjyMa, PECIIeKTUBHO.

Kopaxk 4. Jedpunucatu cymy PDA, 7, xao u cymy NDA, 7, 3a cse aatepnatuse y3 momoh ¢pripmyaa
(10) m (11):

QI:‘- = _?:J. w:i'dl:_‘i:r (10)
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Q- =Xk, wdj. (11)

Kopak 5. Hopmaansosatu BpeaHocTu noHgdepucane cyme PDA u nmonaepucane cyme NDA 3a cse

aATepHaTI/IBeZ
s & 12
5P = mazx g7 ! ( )
g & 13
5' =1 max Qi ’ ( )
L

rae & |'+I/I 5 { IpeACTaB/bajy TEXXUHCKU HOpMaan3osaHe cyMe PDA n NDA, pecrieKTUBHO.

Kopaxk 6. V3pauyHaTy KOHa4HM Pe3yATar Si 3a CBe aATepHaTIBe Ha IIPUKA3aHU HauMH:
1 -
5= (87 +57). (14)

Kopak 7. Panruparu aatepHaTuse npema omagajyhem pegocaesy. Aarepnarusa ca Hajsehom Si
BpeaHONThy IIpecTaB/ha ONTUMaAaH U30op.

Hymepmaku npumep

Y osoM geay paga Omhe mnpuxasaHa HpuMeHa IIpejJOXKeHe MeTOA0AOIMje 3a epaAyalujy U
paHrupame asaTa IIOCAOBHe uHTeAureHuuje. Kpurepujymm na xojuma he ce sacHmBatu mporec
eBaayanuje cy caegehm:

Jopmupame Oase 3arrocaAeHMX
ycaBpIlIaBarbe 3aIl0CA€HIX

nosehare 3a40B0/bCTBa 3aIIOCAEHMX
cMarbeHa MOryhHOCT rpemaka
cTaHAapAM3alyja IIOCAOBHIUX IIpoLieca

6e3beaHOCT ITOJaTaKa y CHCTEMY.

AATepHaTHBHM alaTi IIOCAOBHe MHTeANUTeHIIUje Koju he OMTH MOABPTHYTH eBalyaruju Cy:

o Oracle
SAP
o Atlas

VMannujaana wmaTpuila ogaydmBaiba Koja CadpKM IIperdej IIpeAJOKeHNUX aJdaTa IIOCAOBHe
MHTeAUTeHIIUje KOju Cy NOABPTHYTM OLleHM, Iperde/, eBaAyallMOHUX KpUTepujyMa, Kao U IIperaej
OlleHa AOHOCKOIIa 044yKe, TpuKa3aHa je y TaGean 1.

Tabeaa 1. Vaunujaana Mmatpuiia o44y4mBarba

C1 C2 Cs Cs Cs Cs
C -
®opmupame ITosehame CMmameHa TaHAaPAM be3beanoct
. Ycaspmasambe 3anmja
Kpurepujym Gase 3a40BObCTBA moryhaocT rmojaTaka y
3aroCcAeHmxX TIOCAOBHIIX
3ar10CcaeHmx 3aII0CAeHMX rpemiaka cucremy
nporeca
Tun . .
. max max max min min max
KpuTepujyma
A Oracle Peopleso.ft 4 4 3 4 5 3
Human Enterprise 5
A2 SAP 5 4 4 4 5 4
Atlas Business
Az Solutions, Inc. — 3 4 3 3 4 4
ABS

Ussop: Vcrpaknpame ayTopa
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ITomrTo cy y nmuramy KBaAMTaTMBHU KPUTEPUjyMH, OLielbMBaibe je BPIIEHO IIpUMeHOM /liKepToBe
ckaze 1 -5 (1-Hajaommjn, 5-HajoobM).

Y mponec oagayduBama yKAbydeH je caMo jedaH AOHOCHAALl OAAyKe jep je LA pada yKasuBaibe Ha
jeAHOCTaBHOCT U IPUMEH/AMBOCT IIpeAao>keHor Mmogeaa. IlpsodutHo he Outu oapeben 3Hauaj
OCHOBHIX KpUTepHUjyMa Ha OCHOBY Kojux he ce BpmmTy epadyanyja aslara IIOCAOBHE MHTeAUTEHIIYje.
To he ourtn peaansosano y3 nomoh ¢popmyaa (1)-(4). Y Tabeam 2 npuxasanu cy 4001jeHU pe3yATaTI.

Tabeaa 2. PeaaTnBHe TeXX1He KpUTepujyma

Kpurepnujymm Sj ki qi wj
C1 1 1 021

C2 1,06 095 1,05 023

Cs 08 1,20 087 0,19

Cs 060 1,40 062 0,13

Cs 09 1,10 056 0,12

Cs 1,00 1,00 056 0,112

4,66 1,00

Napop: Vcrpakusame ayropa

Ha ocHOBy s00mjeHmx pesyaTaTa MOXKe cCe 3aKabydnTu Ja Hajsehm 3nauaj mma kpurepujym Ci —
Cmarvena mozyhrocm zpeuiaxa kao u Cs— Cmandapousaluja nocA0sHUX npouecd.

Caga he Ourm usBpiIeHa KOHaYHa eBalyanyja aaTepHaTusa mpumeHoM EDAS meToze.

Hajnpe cy PDA u NDA Bpeanoctu, Koje cy npukasane y TaGeaama 3 u 4,
$opmyaa (8) n (9).

oapebene mpuMeHom

Tabeaa 3. ITo3uTnBHO pacrojarse 04 Ipoceure — &

Arepanme | G @ o @
A1 0,00 0,00 0,00 0,00
A2 0,25 0,00 0,20 0,00
As 0,00 0,00 0,00 0,18

Ussop: Vcrpaxnpame ayTopa

Tabeaa 4. HeraTusHO pacrojare 04 IIpOceyHe BpeAHOCTI —

Aseprarme | © G © @
Ar 000 000 010 009
A 000 000 000 009
As 025 000 010 0,00

Nssop: Vcrpaxxnpame ayropa

Y3 momoh ¢opmyaa (10) n (11) oapebene cy cyme PDA u NDA, a TeXXMHCKI HOpMa/AM30BaHe CyMe
PDA n NDA aedpunucane cy npumenoMm ¢opmyaa (12) u (13). JobujeHe BpeaHOCTH HpUKa3aHe Cy y
TaGean 5.
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Tabeaa 5. Ilonaepucane 1 TeXXMHCKM HOpMaan3oBaHe cyme 3a PDA 1 NDA

* = + = .

AaTepHaTuBe Q; Q; Si Si i
A1 0,00 0,03 0,00 0,57 0,28
Az 0,09 0,01 1,00 0,83 0,92
As 0,02 0,07 0,26 0,00 0,13

Mssop: Vcrpaxxnsame ayropa

Konaunu paHr azaTta 11ocA0BHe MHTEANTEHIIVje U3BPIIEH je y3 tomoh ¢opmyae (14) u nmpukasaH je y
TabGeamn 6.

Tabeaa 6. Panrupame aatepHarusa

AarepHaTtuse Panr
A1 2
A2
As 3

Ussop: Vcrpaxnsame ayropa

Ha ocHoBy pesyarara mpukasanux y TabGeam 6 moxe ce 3aKbyduTH Aa aaTepHaTuBa A2 — SAP
IpeAcTaB/ba ONTUMAaJHy OMIIMjYy, AOK ce Kao HajHeIIOBOMHUjM M300p IOKasala aaTepHaTmBa A3 —
Atlas.

3akmbydak

Y oBoM pady W3BpIIEHO je paHIupame aJlaTa IIOCAOBHe WHTeAUTeHIMje y3 IoMoh MeToa
BUIIIEKPUTEPUjyMCKOT OAAyduBama. Ipu aiTepHaTuBHa aaaTa Koja ykaydayjy Oracle, SAP wn Atlas
paHrupaHa Cy y 04HOCY Ha IIIecT eBaAyallMoOHNX Kputepujyma. TexxuHe kputepujyma gepuHucase cy
y3 nmomoh PIPRECIA metoge koja, Oe3 oO3upa Ha jeAHOCTaBHOCT ITpuMeHe, oOesbebyje aobujame
peaeBanTHUX pesyatata. EDAS Meroga je mckopumrheHa 3a KOHa4HO paHTMpame pa3MaTpaHMX
aatepHaTusa. I[lopes peaaTtnsHO jegHOCTaBHE padyHCKe IIporielype, oBa MeToaa obesbebyje s06mjame
peAeBaTHUX pe3yATara IITO je HOoTBpheHo 1 HpojHUM UCTpakUBarbUMa.

OcHoOBHM AOIIPUHOC OBOI paja Oriega ce y IpejJaraimby TaKBOT IIPMCTyIla KOjii Cce 3acHUBa Ha Ape
MeToAe BUINEKPUTEPUjyMCKOT oaaydyuBarba. Ha peaatmBHO jegHOCTaBaH HauyuH YCIICIIHO je
JedpmHMCaH 3Hadaj KpuTepujymMa, Kao U KOHayaH paHI pa3MaTpaHNMX aATepHaTHBa.
BuirekpurepujyMcky IPUCTYII O/akillaBa IIOCAOBHO OJAy4MBame jep omoryhasa N3Hala’Kerbe
aJeKBaTHOI pelllelba y3 yBa’kaBambe CBUX KpuUTepujyMa Koje Tpeba yseTu y 003up HIPUAUKOM
peaausaliyje Iporeca o4Ay4nBama.

Kayann HegocTaTak oBor paga jecte TO IITO je OAAyduBambe 01110 IIOBEPEHO CaMo jeJHOM AOHOCUOLY
0A4yKe, Te Cy CaMUM TUM A0OMjeH! pe3yATaTy y BUCOKOM CTeIleHy CyOjeKTUBM3MpPaHN. YKbYIMBambeM
seher 6poja goHOCKAaIIa 0aAyKe 400MjeHn pe3yaTaty Ou Omau noysAaHuju u peaesantHuju. Takobe,
y HyMepU4IKOM IpuMepy KopuirtheHn cy nean 6pojesy, Te caMM TUM HUje yBakeHa HeM3BECHOCT U
IIPOMEH/BVBOCT OKpYy>Kema. Y NNAY IpeBasilakerba OBOI He40CTaTKa IIOTPeOHO je yKayduTu ¢asnu,
rpej mau HeyTpocopTiake Hpojese.

ITopes cBera HaBeaeHOT, MpeJJ0’KeHa MeTOA0AOTHMja je IOTBPANAA CBOjy KOPVMCHOCT U ONPaBAaHOCT
IpuMeHe NPUANKOM OAAyduBaimba O M30OpYy adaTa IIOCAOBHE MHTeAUTeHIMje 3a MMILAeMeHTaljy.
Camo 3acHUBame 0AAy4MBamba Ha 0AToBapajyhuM MaTeMaTMUKIM MeTojaMa I MoJeanMa obeszbebyje
JAOHOIIIerbe peleBaHTHNX ojAayKa. llltasuire, mpuMeHy OBe MeTOA0A0THje He Tpeba OrpaHMIUTU CaMO
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Ha INTame 130opa aslaTa IIOCAOBHe MHTeAureHInje, seh mweHe MmoryhHoctn Tpeba mcnmraty u y
ApyruM o6aacTiMa I10CAO0Bamba.
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Abstract: Different strategqy and elements emerged by affecting the working structure and process of businesses
with quickly developing commerce and technology, integrated supply chain, and changes in customer needs and
requirements. Businesses have started to put emphasis on sustainable environment due to precautions and
incentives taken by governments for protecting environment. Additionally firms apply integrated green
applications in terms of designing working structures and digitalized processes. Despite having factors that lead
firms to green applications, it is necessary to take barriers into the account too. Accordingly in this study it is
aimed to evaluate criteria related to barriers happened in green logistic applications. A case study is implemented
for textile firms having 10 and more employees and operated in Ordu province. Depth literature review is made
for determining barriers happened in green logistic applications. SAW as a MCDM method was selected for
ranking criteria. According to the results while ‘Lack of Technological Infrastructure’ was obtained as the most
important criterion related to barriers happened in green logistic applications, ‘Government Policies and Lack of
Legislations’ was found as the least important one.

Keywords: Green Logistic, Barriers for Green Logistic Applications, MCDM, SAW Method.

Ancmpaxm: Pasauvume cmpamezuje u eAeMeHmMu npousawiAu cy u3 ymuyaja na padny cmpyxkmypy u npoec
10CA06aILA CA MPOSUHOM U MEXHOAOZUJOM Koja ce Op30 passuja, uHmezpucanum Aaruem crablesaroa u
npomenama y nompebama u saxmesuma xynaya. Ilpedyseha cy nowera da cmasbajy Hazaacax Ha 00pxKusy
Kueommy cpeduny 3002 mepa npedocmpoxHocmuy U nodcmuuaja koje cy npedysere 6Aade 34 SAuLmumy
kueomne cpedune. Iloped moza, Komnanuje npuMervyjy unmezpucave 3ereHe ANAUKAyUje Yy CMUCAY
npojexmosarva padHux cmpykmypa u OuUumaru3osarnux npoveca. Maxo nocmoje gpaxmopu xoju 0osode upme
00 3eAeHUX ANAUKAYU]A, HeonX00HO je y3emu y 003up u bapujepe. Cxo0Ho mome, Y 060j cryduju uma 3a yuo 0a
npoyeru Kpumepujyme xoju ce 00Hoce Ha bapujepe Koje ce jaspajy Y 3eAeHUM AOZUCMUNKUM ANAUKAUUJAMA.
Cmyduja cayuaja je cnposedena 3a mexcmurme $upme koje umajy 10 u euumie 3an0CAeHUX U NOCAYJY Y
nposutiuuju Opdy. Hanpasven je demasvar npezaed aumepamype 3a odpehusarve npenpexa xoje ce jaspajy y
3eAeHuM Aoeucmudkum anauxayujama. SAW xao BKO memoo je usabpar 3a kpumepujym pareuparoa. Ilpema
pesyamamuma, 00K je Kao HAJEAXHUjU KPUMepujym y 6esu ca npenpexama Y 3eAeHUM AOZUCHIUUKUM
aniukayujama dobujer , nedocmamax mexHoAouLke ungpacmpykmype”, Kao najmarve eéaxar je ymephero
»6AA0UHE NOAUMUKE U HedoCmAmaK 3aKoHo0ascnea

Kwyune peuu: 3erera rozucmuxa, bapujepe 3a seaene rozucmuyie anauxauyuje, BKO, SAW memo0.
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Introduction

Globalization and sustainable environmental applications termed as the return of commerce have
gained importance related to logistic sector in recent years. Environmental based approaches in public
institutions and private companies have transformed into crucial sustainable projects due to
economic, social and legal pressures related to protecting environment, reducing energy consumption,
reprocessing and production, and recycling. Green logistic applications are considered as one of these
sustainable projects (Korucuk, 2018).

Green logistic can be defined as an effort that was made with the purpose of reducing natural resource
usage and their environmental effects caused from actions such as substitute items to the lowest level.
Therefore green logistic is stated as minimizing the environmental effects of logistic applications
(Rogers & Tibben-Lembke, 2001). Larsen (2000) deals this concept as studies related with reducing the
environmental effects of logistic applications to the lowest level and highlighted the environmental
sustainability.

Green logistic is not only been considered from the environmental viewpoint. Because it is defined as
a logistic approach consisting of social and economic functions (Vasiliauska et al., 2013).

The aim of green logistic applications is to provide the activities of storing, stock-piling, packaging
and transporting by meeting the customer requirements with recyclable and environmentally friendly
resources, and minimum cost (Abduaziz et al., 2015). According to Bajdor, (2012), main purpose of
green logistic is to coordinate all of the facilities with minimum environmental cost by using the
supply chains more efficiently. Nowadays the concept of cost is considered as additional cost of
logistical activities (climate change, air pollution, waste etc). Wanga et al. (2013), stated the concepts of
green procurement, collaboration with shareholders and economic design as sub-dimensions of green
logistic applications.

On the other hand, there are two main elements that is used for measuring the performance of green
logistic. These are environmental and organizational performance. Environmental performance is
defined as reducing the emission, waste and pollution caused from logistical activities. Organizational
performance is minimizing the environmental damage of activities related to transporting and
processing goods (Lai & Wong, 2012).

Green initiatives are generally being approved and promoted by executives in order to provide
successful application. Big businesses tend to adopt green applications and novelties more easily than
small and medium sized enterprises (SMEs) due to having sufficient resources and robust
infrastructure. SMEs suffer from lack of financial resources in adopting green logistic applications.
Additionally big businesses are liable at applying environmental activities too. Because they have
more environmental effect on society and shareholders remain under the pressure (Lin & Ho, 2011).

Environmental issues emerged and scarcity of natural resources are provided due to industrialization
and urbanization. So consumers are started to become conscious and governments take necessary
precautions. Businesses need green logistic applications for overcoming these issues (Gokbunar,
1995).

Businesses that aim to provide sustainable environment to society and people, are exposed to various
barriers related to green logistic applications. Generally barriers happened in green logistic
applications for businesses are determined as costs (Sarkis & Zhu, 2004), lack of technological
infrastructure (Halis, 2000), government policies and lack of legislations (Khiewnavawongsa &
Schmid, 2009), lack of information/resource (Karakog et al., 2020), social and cultural challenges
(Ozkaya et al., 2019), issues happened in storages (Karakog et al., 2020), environmental challenges
(Kog, 2015) and lack of experience (expert views) respectively.

In this context it is aimed to rank the barriers happened in green logistic applications for textile firms
having corporate identity and, 10 and more employees in Ordu province. Remaining parts of the
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study is summarized as follows. Literature review related to green logistic applications are presented
in the second part. Simple additive weighting (SAW) methodology that is used for weighting the
barriers is explained in the third section. Case study and the findings are presented in the fourth part.
Conclusion, limitations and suggestions are mentioned in the last section.

Literature
Studies related to green logistic and green logistic applications are given as below:
Stock et al. (2002), analyzed the effect of green logistic applications on the operational cost levels.

Nikbakhsh (2009), detected the performance and productivity levels of green logistic and supply chain
applications for firms.

Kactioglu et al. (2010), handled the green logistic applications for packing wastes in Turkey.

Perotti et al. (2012), examined the environmental, economic and operational performance levels of
green logistic applications.

Sisman, (2015), proposed a model considering the social cost of carbon emission in sustainable supply
chain management for marble enterprise.

Korucuk and Mert (2017), examined the effect levels of green logistic applications for the units in PTT.

Rostamzadeh et al. (2018), proposed a fuzzy MCDM approach for risk management evaluation in
sustainable supply chain.

Wang et al. (2018), evaluated the relationship between green logistic and international trade for a total
of 113 developed and developing countries.

Korucuk, (2018), detected the effect of green logistic applications on competitive power and the
performance of hospital.

Stolka-Sereko and Kubicka-Ociepa, (2019) examined the effects and relationship between green
logistic and transformation economy.

Karamasa, (2020) evaluated the green logistic applications for food enterprises via neutrosophic
DEMATEL method.

According to the depth literature review, it can be seen that there is not enough study related to the
ranking of barriers happened in green logistic applications for enterprises. So this paper will
contribute to the literature from the viewpoint of methodology and application field.

Methodology

In this study SAW as a MCDM method is used for ranking green logistic based barriers for textile
firms having 10 and more employees in Ordu province. Because MCDM methods that consider and
evaluate objective and subjective factors together are being applied different from statistical analysis
techniques. Analysis are being made according to the experts’ views including one or group (Korucuk,
2021).

SAW Method

SAW method developed by Churchman and Ackoff (1954) consists of matrix normalization and
alternative ranking by using following equations respectively. Alternatives are ranked in descending
order and the first alternative are determined as the best one (Savitha & Chandrasekar, 2011). Steps of
the SAW method can be summarized as follows (Janic & Reggiani, 2003; Yeh, 2003; Ergiin et al., 2020):
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Step 1: Normalizing Decision Matrix: Decision matrix consists of m alternative and n evaluation
criterion is being normalized according to Eq (1).

I .1 L. minxij | _ . L
5= {—mm_j_ i=l..m j=Ll..n _xu'_i' i=1l....m j=1...n (1)
Step 2: Calculating the preference values of alternatives: Total preference values of each alternative is
computed by multiplying the weight of each criterion with obtained values.

S= I Wi is..m, ¥

Case Study

In this study a multi criteria decision model is formed with the purpose of ranking barriers happened
in green logistic applications for textile firms. In this context firstly criteria related to green logistic
applications are determined by utilizing the literature review (Sarkis & Zhu, 2004; Halis, 2000;
Khiewnavawongsa & Schmid, 2009; Karakog et al., 2020; Ozkaya et al. 2019; Karakog et al. 2020; Kog,
2015) and expert views’ ( one academician and 6 textile firm managers) according to the decision
model. Decision criteria are given in Table 1.

Table 1. Decision Criteria

Criteria Mark
Costs Ci
Lack of technological infrastructure Cz
Government policies and lack of legislations GCs
Lack of information/resource Cs
Social and cultural challenges Gs
Issues happened in storages Co
Environmental challenges Cr
Lack of experience Cs

Weighting Criteria

A survey is formed for evaluating criteria according to the SAW method. A total of 7 experts (6 textile
firm managers and 1 academician) are responded the survey. Within this context steps of SAW
method are presented in the following tables. Decision matrix of the study is given in Table 2.
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Table 2. Decision Matrix

Criterion | DM1 DM:2 DMs DMa4 DMs DMs DMz~ Max /Min
Type r-Rj
Ci Min. 5 4 6 4 3 2 5 2
C Min. 3 2 7 3 3 2 2 2
Cs Min. 1 4 7 5 6 3 5 1
Cs Min. 8 4 4 3 5 5 3 3
Gs Min. 5 5 6 7 8 4 3 3
Co Min. 2 3 4 6 7 4 5 2
Cr Min. 2 3 5 5 3 2 3 2
Cs Min. 2 3 2 4 5 3 4 2
Following to that normalized decision matrix is created and given in Table 3.
Table. 3 Normalized Decision Matrix

DM DM: DM DMs DMs DMe DMy

C1 0,400 |05500 |0,333 |0500 |0668 |1,000 | 0,400

C2 0,668 | 1,000 |0,286 |0,668 |0,668 |1,000 | 1,000

GCs 1,000 |0,250 |0,143 |0,200 | 0,167 | 0,333 | 0,200

Cs 0375 |0750 |0,750 | 1,000 | 0,600 |0,600 | 1,000

GCs 0,600 | 0,600 |0500 |0429 |0375 |0,750 | 1,000

Co 1,000 | 0,668 |0500 |0333 |0,286 |0500 |0,400

Cr 1,000 | 0,668 | 0,400 | 0,400 | 0,668 | 1,000 | 0,668

Cs 1,000 | 0,668 | 1,000 |0,500 | 0,400 | 0,668 | 0,500

Finally results of analysis are presented in Table 4.
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Table 4. Weights of Criteria

C C2 GCs Cs GCs Cs Cy Cs

Weight 0,112 | 0,156 | 0,068 | 0,149 |0,125 | 0,109 | 0,141 | 0,140

Ranking | 6 1 8 2 5 7 3 4

According to the Table 4 the most important green logistic based barrier for textile firms was obtained
as “Lack of Technological Infrastructure”. Other crucial barriers are stated as “Lack of
information/resource”, “Environmental challenges”, “Lack of experience”, “Social and cultural
challenges”, “Costs” and “Issues happened in storages” respectively. On the other hand,
“Government policies and lack of legislations” was acquired as the least important criterion.

Conclusion

Green applications as environmental approaches have gained importance for providing sustainable
and livable environment to future generations in the last decades. Governments are started to take
precautions related to environmental protection and sustainability. However businesses put emphasis
on green approaches and determine various strategies. But there is a set of barriers, challenges for
green logistic based applications.

In this context it is aimed to rank the barriers happened in green logistic applications for textile firms
having 10 and more employees in Ordu province. According to the findings the most important
barrier in green logistic applications for textile firms was found as “Lack of Technological
Infrastructure”. Other crucial barriers are determined as  “Lack of information/resource”,
“Environmental challenges”, “Lack of experience”, “Social and cultural challenges”, “Costs” and
“Issues happened in storages” respectively. On the other hand, “Government policies and lack of
legislations” was acquired as the least important criterion too.

Findings of the study are only related to the textile firms, so it can be considered as limitation of the
study. In this context application area can be expanded for different sectors apart from textile via
applying different MCDM based methods for future studies.
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BumexkpurepujyMcKu IpucTyn n3doopy naH$popmManimoHo-
KOMYHVKAaIIVIOHe OoIIpeMe

Multicriteria approach to the choice of information and
communication equipment

‘Hopbe Ilymiap?!, 'abpujeaa Ilonnosnh?, dapjan Kapabamesnh?
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Saxyamem 3a npuMerbeHu MeHAUMEHN, eKoHOMUJY U Ppunaricuje, Yrusepsumem I1puspedna axademuja y
Hosom Cady, Jespejcka 24, beozpad, Cpbuja, darjan.karabasevic@mef.edu.rs

Ancmpaxm: V300p adexeamte uUHPOpMAYUOHO-KOMYHUKALUOHE OnpeMe npedcmasoa jedarn 00 eremenama
BAXHUX 30 YCHEUWLHO 006Ujatbe NOCAOBHUX aKkmueHocmu. Janac je meuiko 3amucaumu 0uro xoje npedysehe —
Pupmy Koja Hema Hexy epcmy mexnuuke onpeme. Onpema sHauajHo uimedu epeme, AAU tbeHa yeHa je 4ectno
sucoxa, na je npasu usbop éeoma saxan. IIpsu paxmop y usbopy 0uro Koje 6pcme onpeme jecme pasymesarve
nompeoHux 3axmeea Koju cy, eeoma uecmo, MehycoOHo cynpomcmasoenu. Y yuby yeaxasarba Ceux
KpUmepujyma 3HauajHux 3a usdop onmumarte onpeme, npumena mMemooa sUULeKpUmepujymckoz 00y uearoa
je nomnyno adexeamma u onpasdana. Y osom pady je npedroxena npumena mooera sacrosaroz na PIPRECIA
memodu (Plvot Pairwise RElative Criteria Importance Assessment) u KOMNPOMUCHOM NPoZpaMUparby.
PIPRECIA wMmemoda je npumervena 3a OJedpunucarbe meXuna Kpumepujyma, a KOHAYHO paHZUpAaroe
aAmepHamuea u3eedeHo je y3 nomoh xommnpomuctoz npozpamuparod. Ilpumenouocm npedroxeroz modera
demorcmpupana je nomohy npumepa y 6esu ca u300pom adexsaninoz Aanmona 3a Habasxy.

Kwyune peuu: Buwexpumepujymcxo odayuusarve, PIPRECIA Mmemoda, KoMnpomucHo mnpozpamupatve,
Aanmon

Abstract: The choice of information and communication equipment is one of the important for successful
performance of the business activities. Today, it is difficult to imagine any company, that doesn’t have some kind
of technical equipment. Possessing the correct equipment significantly saves time, but it can also be expensive, so
the right choice is crucial. The first factor in the choice of procuring any kind of equipment is the understanding
of the requirements which are, very often, mutually conflicted. In order to acknowledge all criteria meaningful
for optimal equipment selection, the use of the multiple-criteria decision-making is adequate and justified. This
paper proposes the model based on the PIPRECIA method (Plvot Pairwise RElative Criteria Importance
Assessment) and compromise programming. PIPRECIA method is used for defining the criteria weights, while
the final ranking of alternatives is performed by using compromise programming. The applicability of the
proposed model is demonstrated by the example regarding the selection of an adequate laptop for purchase.
Keywords: Multicriteria decision making, PIPRECIA method, compromise programming, laptop

YBoa

ITocebHO 3HayajaH cerMeHT KOju y MHOIOMe yTide Ha YCIeIIHOCT peaau3aliyje IocJoBama y 0140
K0joj o0aacTu (HIIp. y 00pasoBamy, TPIOBMHIY, YCAY>KHUM AeAaTHOCTMMa Pa3AMdUTOr TUIIA UTA,.) jecTe
xkopumthena wnHpopMalMOHO-KOMYHMKAI[IOHa OIlpeMa Koja oOyxBaTa padyHape, IITaMIlaye,
Te/eKOMYHMKaIlVIOHy OIIpeMy M, HapaBHO, JAamToliose. /lallTONOBM MIpPeACTaBbajy jedHy O/
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CYIITMHCKMX HoTpeba Kako 3a IOjeAMHIIA TaKO M 3a MHCTUTyHOMje. Y 3aBMCHOCTM OJ, TOora Koje
(yHKITMje TTIOTIIOMaXy, Pa3ANKYyjy ce IBIX0Be Bep3uje 1 06AnIN. /1anTONoBN Cy 3aMUIILbEHN Aa Oy Ay
MIPeHOCUBU padyHapy, Koju 6u omoryhuan Opku u 6061 paj bYyAu.

JaHac Ha TPXXUIITY IIOCTOje pa3AndmMTe KaTeropuje AamlToloBa Kao IITo cy: tablets, notebooks,
ultrabooks. J3pasu kao mro cy notebook man laptop ce wecro xopucre cuHoHNMMHO. CBaKM AaIIToII ce
pasaukyje o4 Apyror IO AMMeEH3HMjaMa, TEeXWHM, XapABepYy, HaMeHU U OIIepaTUBHOM CHCTEMY.
/lamnrTorioBn KOMOUHYjy input/output KOMIIOHEHTe AECKTOIl padyHapa y jeAHy jeauHuIly. 3a pa3saAuky
0A AeCKTOIl padyHapa, AaIllTOIIOBU Ce HaIlajajy YHyTpammoM OaTepujoM, mTo uM omoryhyje paa 6e3
norpeOe KOHCTaHTHOT Hallajarba. Y CaBpeMeHMM YyCAOBUMa PeTKO IIOCToje pasauke maMeby Kaaca
AaITOIIOBA, jep ce mIUXOoBa yIoTpeba IIpOMeHIAa TOKOM BpeMeHa.

JoHolllele oOAAyKa Be3aHNMX 3a M300p ogrosapajyhe muH(OpMalMOHO-KOMYHUKAI[IOHE OIIpeMe,
OAHOCHO AaIITOIIOBa, II0CTA0 je M3y3eTHO CAOXKEeH IIporec. ModepH!U AalTOIOBM Cy HaIlpaBbeHU Aa
oAroBapajy Ha Bullle pyHKLMja, a jedHa 04 HajOMTHMjUX CTBapU je M300p AalToIlla ca oArosapajyhem
xapAsepoM. XapaBep jeaHOT AallTolla ce O4HOCH Ha IIPOIIeCOPCKY jeAMHNUITy, paM MeMOpWjy padyHapa,
OIILIMOHAAHY IpapMUKy KapTHUlly (€KCTepHYy MAU MHTEPHY), IIOCTOjame jeAHOT UAU BUIle MeAujyMa 3a
CKagMINTerbe OIepaTHBHOI cucreMa 1 octaanx nadopmaruja (SSD, HD nan pebe suben xnbpnaun
Mozea SSHD koju xoMOnHyje BeAMduHy Xap4 Aucka u ogpebeny Opsuny SSD ancka), jaquHy Tpajarba
Oartepuje, Kao 1 IoceAoBarbe aAeKBaTHOT eKpaHa.

Jlakae, Kao IITO je TO cAydaj ca CBaKMM TUIIOM MH(pOPMaIl[IOHO-KOMYHUKAIIMIOHe OoIlpeMe, 1 M300p
AanTona ce 3acHmBa Ha Behem Opojy kpurepmjyma Koju dYecto Mory Owmtm MebycoGmo
CyIIpoTCTaBAbeHN. JaBame IIpeHOCTH MarbeM Opojy KpUTepujyMa Mo>Ke 40BeCTH A0 AOIINX 04AyKa Te
caMuM TMM U A0 m3bopa HeaJeKBaTHe OIIpeMe IITO, AYTOPOYHO ITOCMaTpaHO, MOXKe yTMIJaTH M Ha
YCIIEITHOCT peaausanyje IOCAOBHMX akTusHOCTM. OBakBa HeXXedbeHa CUTyallMja ce Moxke msbehu
IIPMMEHOM MeTOJa BUIIeKpUTepUjyMCcKOr ojayunBama. Haume, ose meToge omoryhasajy ysaskapare
CBUX KpHUTepUjyMa YKAbY4eHMX y IIpollec esaadyauuje odpebeHor cera aaTepHaTmBa INTO KOHAa49HO
omoryhasa M3HaJa>keme ONTHMMAaAHUX pelllerha M JAOHOIIEHme TaKBUX OJdAyKa Koje Cy y CKaagy ca
nocrojehum ycaosuma. Y oBOoM pady IpeadokKeHa je IpMMeHa BUIIEKPUTEPUjyMCKOT MoJjeaa
sacHopanor Ha PIPRECIA MeTogu 1M KOMIPOMMCHOM HporpaMupamy padyu IIojedHOCTaBberbha
mporeca oaJdyduBarba Be3aHOT 3a M300p a4eKBaTHOI JalTHona 3a HabOaBKy u I1osehama
peAeBaHTHOCTM HauumbeHNx mnsbopa. OgayumBame je peaams3oBaHO YKiydemeM Beher 6Opoja
AOHOCHAaIa OAAyKe, a CBe ca I[M/beM MUHNMMU3Mpaa CyOjeKTMBHOCTH ca KOjOM je IToBe3aH 011410 KOjI
BUJ OAAydHBarba.

MeTtogoaormuja
PIPRECIA MmeToaa

Ilpsa d¢asza panrmpama pasmMaTpaHUX aATepHaTWBa IIpMMEHOM OmMA0 Koje 04 MeToJa
BUIIEKPUTEPUjYMCKOT OAJlyduBarba IIOApasyMeBa oJpebuBame 3Hadaja MAM, Apyraduje pedeHoO,
TeXMHa Kpurepujyma. TexXuHe Kpurepujyma Mory Omtm JgedpuHNUCaHE IIPUMEHOM pPa3AMIMUTUX
MeToJa Kao 11To cy: Analytic Hierarchy Process - AHP (Saaty, 1980), meToga entponuje (Shannon, 1948),
Step-Wise Weight Assessment Ratio Analysis - SWARA (KerSuliene et al., 2010), KEmeny Median Indicator
Ranks Accordance - KEMIRA (Krylovas et al., 2014), uta. Y oBoM pagy TexxmHe Kpurepujyma 6mhe
oapebene npumenom PIPRECIA meToge koja je passujeHa og crpae Cranyjkuha u cap. (Stanujkic et
al., 2017). OBa Meroga je A0 caja HpuMemeHa paju AepUHMCama 3HA4Yaja pasAMIUTUX TUIIOBA
Kpurepujyma (Stanujkic, et al., 2018; Popovic et al., 2019; Jaukovi¢-Joci¢ et al., 2020; TomasSevic¢ et al.,
2020). Pauyncka mponeaypa PIPRECIA meTtoge oOyxsaTa caeaehy cepujy kopaxa.

Kopak 1. Oapebusame xpurepujyma Ha kojuMma he ce 3acHuBaTM eBaayanmja. 3a pasauKy o4
SWARA wMetoge Ha kojoj je sacHosaHa, PIPRECIA wmeToza He 3axTeBa IIOYETHO COpPTHpame
KpUTepujyMa IIpeMa O4eKIBaHOM 3Hauajy.
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Kopak 2. JdedpmHucambe peaaTmBHOr 3Hauaja sj. I[loMeHyTum pesaTuBHmU 3Hadaj ogpebyje ce
TIOYEeBIN O APYTOT KpUTepHUjyMa Ha IIpUKa3aHy HauMH:

5; = {:=- lwhen G = C;_;, LwhenC;=C;_, < Lwhen (< C;_, } (1)

Kopak 3. Jdepunncame koepurmjenrta kj. ITomenyrn xoedpunujeHT ogpebyje ce y3 momoh
Jopmyae (2):

={1j=12-s5j=>1]). @)

Kopaxk 4. Jepunncame npepadyHare BpeaHocTu gj. Hasegena npepauynara speanoct ogpebyje ce
Ha caeaehn naunn:

qj—1

L

gj={1i=1%j>1}. ®)

Kopak 5. JdedmuHucame peaaTMBHMX TeXNMHa eBaldyanmoHux Kpurepmjyma. Ogpebusarme
peJaTMBHIX TeXXMHa pa3MaTpaHIX KpUTepujyMa BpIu ce y3 momoh ¢popmye (4):
4j

W T @)

=y @
TJe wjIIpeAcTaBhba peAaTUBHY TeXKMHY KpUTepujyMa j.
Kopaxk 6. JedpuHncame TeXXnHa y ycA0OBMMa I'PYIIHOT OjgAyuMBarba. ¥ caAydajy Kada je y Ipoliec

oJay4mBarba yKbydeH sehn O0poj goHOCnAana oaayke, puHaAHe Te>XKHe KpuTepujyma ce oapebhyjy Ha
caeaehu paumH:

/R
w= (T, wfm)™, ()

W= ©)

T e

rae W/ o3HayaBa TeXUHy Kputepujyma j AeduHucaHy 04 CTpaHe UCHUTaHMKa r, R IipeacraBsba
yKyIIaH Opoj MCIUTaHNKa, W] je IpyIIHa TeXXMHa KpuTepujyMa j mpe mpuaarobasarma pasu UCIyHberba

ycaA0Ba EIL : wj=1La w; IpeACTaBba ¢uHaaHY TeXMHY KpUTEpUjyMa j.
KomimpomucHo nporpammpaibe

KomnipoMucHo nporpaMmparbe IpeAcTasAa jeAHy 04 MeTOAa BUIIeKPUTEPUjyMCKOT 0AAyduBarba Kojy
cy passuam 3eaenu (Zeleny, 1973) m Jy (Yu, 1973). Ilpema o0BOj MeTOoAM ONTHMAa/AHa je OHa
aATepHaTHBa KOja je HajMame yJabeHa o4 udeaaHe Ttaudke (Zeleny, 1973). KommpommcHO
IporpaMmparke Cy ayTopy KOPUCTUAM Yy pellaBamy PasAMYUTUX ITOCAOBHUX mpobaema (de Sousa
Xavier et al., 2015; Mokallaf Sarband et al., 2019; Canales et al.,, 2020). 3a morpeGe oBor pasa
KOMITPOMIICHO ITporpaMupame he 6urtn nckopuurheno 3a gegpuHincame onTuMaaHe MHGOPMaIVIOHO-
KOMYHMKAI[MIOHEe OIlpeMe, TauHuje AarTorna Koju Tpeba HabaBUTH.

Mepa pacrojama Ha K0jOj je KOMIIPOMICHO IIpOrpaMuparbe 3aCHOBaHO IIpuIlaga MOPOAULI MeTpUKe
U 1ICKa3yje ce Ha ITpMKa3aH HaulH:
1/p
— vm =N Py
Lpl’ - { j=1 1""’_;' {-r_i' _-rl'_i'}| } ’ (7)
rae je L, ; TOKaszaTes y4asbeHOCTHU i-Te alATepHaTHBe 3a IlapaMeTap p, parametar p o3Hauasa (pakTop
DasaHca Koju IpeAcTaBba CTaB AOHOCHOLLA OAAyke (P =Lp =2.p =00, w;je Texuna j-Tor
KpUTepujyMa, *; je HajlioXKesHUja BpeAHOCT oAropapajyher j-tor kpurepmjyma, X;; je pejTuHT
nepdopmaHce i-Te aATepHATIBE Y OAHOCY Ha j-Tu Kputepujym, 3a i = L2....muj=12....n

Y unay unsberasara epekra pasMepe U CUTyalluje Y KOjoj Cy CBU KpPUTEpUjyMH IIPOIOPLMOHAAHI,
¢opmyaa (7) je nobosIraHa 1 HaMcaHa Kao IITO CAEAN:
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TAe X; IpeACTaBAa HajHETIOXeAHMjy BpeaHOCT. IIpumermennu mocrynak HopMaamsanuja odesbebyje

Aa ce pe3yATar A00UjeH IpUMeHOM IIpuKa3aHe jeAHaunHe yBeK Kpehe nsmeby speanoctu 0 i 1.

Hymepmaku npumep

MN3bop agexsaTHe MHQOPMaAIMOHO-KOMYHUKAIIMOHE OIIpeMe je M3Yy3eTHO 3HadajaH, jep O4 HeHOT
IpaBMAHOT 1300pa 3aBucu 1 Aa Au he mocaosambe (PYHKUMOHMCATY Ha ONTMMAasAaH HadyMH. Y VALY
yHarnpebera 1 IojegHOCTaBAberba Ipoljeca OAAydMBama y OBOM JOMEHY, IIpeJJo’KeHa je IpuMeHa
Mogeaa zacHoBaHa Ha PIPRECIA MeToau M KOMIPOMMCHOM IpOrpaMupamy y yCAOBMMa TIPYIHOT
oaayunsama. [IprMeHAUBOCT MIpea0KeHoT MoJeda TecTUpaHa je Ha IpuMepy u30opa ONTHMaAHOT
Tuia Aanromna. ITporecy epaayanuje mogBprHyTH Cy cAedehn TUIIOBM AaIlTOMa:

e Lenovo IP5

e Dell Inspiration 15

e HP 27K56EA

e Acer Swift SF314-41-R3H4
e McBook Pro

Kpurepujymn Ha KojuMa ce 3acHuBa eBaadyaliuja IIPeTXOAHO IPMKa3aHUX aATepHaTVBa AepUHUCAaHN
cy Ha ocHOBY padosa Cranyjkuha u cap. (Stanujkic et al., 2018) u Agaan n Mmmxka (Adal & Isik, 2017).
Y nuramy cy caeaehn xpurepujymm:

e Opsuna nponecopa (Ghz)

e RAM memopuja (GB)

e SSD (GB)

e TexmHa AanToma (kg)

e 1leHa (AUH.)

® BeANYMHa eKpaHa (MHY)

e pesoay1uja (orjeHa 1-3; 1 — Hajaommuja, 3 — Hajooba)

Kao mrto ce moxe BugeTH, epaayalyja aATepHaTHMBHMX AalTOIIOBa je 3acHOBaHa Ha pPa3AMYUTUM
NPUXOAHNM U PacXOAHMM KpUTepUjyMIMa, a CBe ca IjubeM JoOujamsa IITO pealHUjuX pesyaTaTa.
/lucTta mpejAoXKeHMX KpUTepujyMa y OBOM pady HMje KOHayHa M MOXKe OUTM AOMyIeHa APYIUM
Kpurepujymnma mro he gonpunern rnoysaaHoctu epalyanuije.

Y nuay MuMHMMM3Mpama CyOjeKTMBHOCTM Yy IIpollec eBadyalldje je YK/bydeHO IIeT HaCyMIYHO
nsabpaHUX UCIUTAHUKa OAHOCHO JOHOcUAana oaayke. Kpurtepujym Koju je mpuMemeH IPUANKOM
n300pa MCINTaHMKA jecTe Ja Cy y IUTamy CTpydmany u3 odaactu MHPOPMaIMOHMX TEXHOAOINja,
Kako Ou ce n30era0 4o0mjarbe HeadeKBaTHIX U HeTaYHMX pe3yATaTa.

Y TabGean 1 nmpukaszaHu Cy IIOYeTHM ITOAaIM Ha KOjuMa he ce sacHMBaTHU IIpoliec eBalyanuje 1 u3dopa
aanrona. Ilogany sesanu 3a mepgopmance AanToIoBa IIpey3eTH Cy ca ojrosapajyhux cajrosa 3a
IIpoAajy TexXHMKe.
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Tabeaa 1. IToueTHn mogariu

A1

A2

As

As

As

C1 C: Cs Cs Cs Cs Cy
Kputepujym bpsuna RAM . SSD Texnua Iera Beanransa Pesoayipja
mporecopa  MeMopuja aarrTona eKpaHa
Jeaumma Ghz GB GB kg Av. i 1-3)
Mepe
Ty . .
. max max max min min max max
Kpurepmjyma
Lenovo IP5 3,70 16,00 512 1,38 99.990 14 2
et 3,40 800 256 250 74990 156 1
nspiration 15
HP 27K56EA 2,60 8,00 256 1,40 62.990 15,6 2
Acer Swift
SF314-41- 2,60 8,00 256 1,50 59.770 14 3
R3H4
McBook Pro 2,30 8,00 128 1,37 122.768 13,3 3

ITpumenom PIPRECIA mertoge m dopmyaa (1) — (4)

Napop: VMcrpakusame ayropa

Aeq)I/IHI/ICEiHe Cy Te>XMHe eBadyallIOHUX

kputepujyma. C 003MpoM Ha TO Aa Cy TeXXMHe KpuUTepujyMa Jo0ujeHe 04, MeT JOHOCKAAIla OAAYKe, Y

unay JepuHucarma jeAMHCTBEHNX TeXXMHa KpuTepujyma IpuMemeHe cy ¢opmyae (5) u (6).

HOjEAI/IHa‘IHe Te>KIHe U’ I‘eOMeTpI/IjCKa CpeariHa CBMX Te>XKIMHa KpI/ITepI/ijMa IIpuKasaHe Cy y Tabeamn 2.

Tabeaa 2. TexxuHa KpuTepujyma

Kpurepnujymu DOn DO: DO:s DOxs DOs wj
C1  bpsuna nporecopa 0,1656  0,1312  0,1311 0,1669 0,1647 0,1471
C:  RAM memopuja 0,1656  0,1381  0,1457 0,1669 0,1647 0,1517
G SSD 0,1505 0,1726  0,1457 0,1669 0,1647  0,1557
C:  Texmuna 0,1254 0,1439 0,1457 0,1517 0,1373  0,1369
Cs  llena 0,1394 0,1599 0,1619 0,189 0,1144 0,1470
Cs  Beanuuna expana 0,1267  0,1332 0,1349 0,1580 0,1271  0,1321
Cr  Pesoaynuja 0,1267  0,1211 0,1349 (0,1580 0,1271  0,1296

Aezentda: DO1 — npsu donocuray, 00ryxe, DOz — dpyzu donocuray, 0dryxe, DOs — mpehu donocuray, 0dryxe, DO —

yemepmu dorocuray, 00ayxe, DOs — nemu dorocuray, odryxe.

Ussop: Vcrpaknpame ayTopa

Y3 momoh ¢opmyae (8) msBeseHa je epaayaliyja aATepHATMBHUX JAalTOIlOBa. Y INAY AoOujarba

jeAVIHCTBEHOT paHra aATepHaTHBa, IpMMemeHa je TeOMeTpHjcka CpedMHa Te>XKMHa CBUX AOHOCKHAala

oaayke. Pesyararu cy npuxasanu y TabGean 3.

TaOeaa 3. Panrupare aaTepHaTMBHMX 4alITONOBA

Ly

Ly

Panr Paur g Paur
p=1 p=2 p=0
A1 0,2517 1 0,1465 1 0,2517 1
Az 0,5890 4 0,2675 4 0,5890 4
As 04470 2 0,2267 2 0,4470 2
As 04787 3 0,2363 3 0,4787 3
As  0,7335 5 0,3285 5 0,7335 5

Nzpop: Vcrpaxxusame ayropa

Kako ¢unaaHu pesyataTu 1okasyjy, 6e3 o631pa Ha Bapupame apaMeTpa p, ONTUMaAHN AalTOIl KOju

npejcTaBba KOMIIPOMICHO pelllelhe y IIOCMaTpaHOM cAyd4ajy, jecTe aanrton Lenovo IP5, ogHocHO
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aatepHaTtusa A1 Hajaommjn nsbop y ogHocy Ha npeasubeHe ycaose jecte aamrton As - McBook Pro.
Jobujenn peayartatu cy naycrposann u rpadpuuaxu (Canka 1).
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Hp=1 mMp=2 mMp=¥

Camuka 1. Paurupame aaTepHaTUBHUX AalTOIIOBA
Napop: VMcrpakusame ayropa

AucKycrja 1 3aKbydak

CrposeZeHO WMCTpakuBame je UMMaao 3a IUAd Ja  yKaXe Ha MoryhHocr mpumeHe
BUIIIEKPUTEPUjYMCKIIX MeTO4a M Mogeaa y 004acTy eAeKTPOHCKOT ITocaoBamsa. Ilpernnsuuje peueno,
1A je 6140 yKasaTy Ha MOTYhHOCTM M KOPMCHOCT OBMX MeTOJa Kao adaTa KOjyi MOTY OAaKIIaTu
Ipoljec oAAyduBarba y HaBeJeHOj 00JacTu. ¥ KOHKPEeTHOM CAydajy aklleHaT je CcTaBbeH Ha M300p
oarosapajyhe mHpOMpanmoHo-KOMyHMKaI[IOHe OIpeMe KoOja IIpeACTaBhba OCHOBY 3a peaamsaliujy
€4eKTPOHCKOT TI0CAOBaba.

3a morpebe oBor paga kopumrhen je Mmogea sacHosan Ha PIPRECIA metoan, xoja je mpumerseHa 3a
AepuHuCame TeXMHA KPUTEPHUjyMa, M KOMIIPOMMCHOM IpOrpaMupamy Koje je mckopumheHo 3a
¢unaany esaayanmjy um paHrupame aaTepHatusa. IIpuMeHAUBOCT IpeaaoXkeHOr MoJeaa je
IpMKa3aHa Ha IIpuMepy Mu30opa ONTMMAaAHOI AalTolla. ¥ Mpollec epadyaluje je yKbyuyeHO IeT
aATepHaTHBa Koje Cy OllelbMBaHe Ha OCHOBY cedaM KpUTepujyMa O/ uera je IeT IPUXOAHOTI, a ABa
pacxogHor tuna. Pagu nsberasama cyOjekTususanmje pesyAraTa, y Ipoliec 0AAy4nBama je YKAbydeHO
IeT AOHOCKAlla 0AAYKe, CTPydmbaka 13 004acTy MH(POPMALIMIOHNX TEXHOAOTHja.

Y mmay AedpuHucama 3ajeHMUKMX TeXMHa KpuUTepujyMa IIpUMeeHa je reoMeTpujcka CpeluHa, a
Ao0ujeHM pe3yATar je yKaszao aa Hajpehy BaxxHocT uMma Kpurepujym Cs — SSD (0,1557), a 3a muM caese
kputepujymn C2 — RAM wmemopuja (0,1517) n Ci — Bpsuna npoyecopa (0,1471). Cama esaayanuja
aATepHaTHUBa je 3aCHOBaHa, IIpe CBera, Ha KBaHTUTATMBHO JICKazaHUM IleppopMaHcama JAalToIIOBa.
Pesyaratu cy mokasaan ga aarepHatusa A1 — Lenovo IP5 mpeactaBsa ontmMasaH nsbop, AOK je, y
CKJady ca 3aJaTUM YCAOBMMA, Kao HajAollNja OMNIMja O3HauyeHa aaTepHaTusa As — McBook Pro.
Uumenuna ga je, 6e3 ob3upa Ha Bapupame IapaMeTpa p PaHT aATepHaTHBa OCTaO HeIpOMelheH,
yKazyje Ha CTaOMAHOCT M IIOY34aHOCT AOOMjeHNX pe3yATaTa. YKOAMKO ce OCBpHEMO Ha IlepdopMaHce
ZamToIoBa Koje cy npukaszaHe y Tabeam 1, MoxkeMo BuAeTH Aa AanTol Lenovo IP5 3amcra npeAcTasba
OIITMMAaAHO 1 KOMIIPOMIICHO pelllere Koje IoJjelHaKo 3a40B0.baBa CBe I10CTaBbeHe KpuTepujyMe.

IIpeaaoxeHn MoJea cBakako MMa U odpebheHa orpaHudJersa Koja je HeonxoaHo npesasuhu oyayhum
ucTpaxusamnuma. Hajope, pauyncka nporeaypa je 3acHoBaHa Ha IIpMMeHH 1eAMX OpojeBa Koju HIUCY
IIOTOAHI 3a MCKa3MBalbe HeM3BeCHOCT! VM HepelM3HOCTM IOjeAMHMX IoJaTaka. Taj HegocTrarak Ou
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Morao Outu ImpesasubeH mnpumeHoM a3y, MHTYUTHMOHUCTUYKMX MAM CUBUX OpojeBa Koju Ou
omoryhman muxkopnopupame HemsBecHocTu y Behoj mepm. Ilopea Tora, y mpoliec ogaydusama je
YKAbY4eHO IeT JAOHOCKAAaIa OAAyKe; IMPOIINpermeM OBOTI Opoja mosehao Ou ce cremen moysaaHocTu
Ao0ujeHnx pesyarara. Takobe, eBasyanuja je 3acHOoBaHa Ha cegaM Kpurepujyma. ¥ IIAY I100ObIIamba
MoJeaa 01a0 61 IOXKebHO IIpeABUAETH jOII KpUTepujyMa y Be3n ca IepdpopMaHcaMa JAaIlTola Koje
OBOT IIyTa HICY YKAby4JeHe.

be3 003Mpa Ha ITOMeHyTa OrpaHidera OBOI paja, IPUMEH/AUBOCT U KOPUCHOCT IIPeAJ0>KeHOT MoJela
He MoXe Ourtu omnosprayra. Ha peaaTMBHO Aak M jejHOCTaBaH HadyMH YCIIEINHO je AedVHMCaH
OnTMMalaH TUII JalTolla Koju Tpeba Habasutu. IlpmMeny mnpegaoskeHor Mogela He Tpeba
OTPaHMYNMTH CaMO Ha 004acT eAeKTPOHCKOT IocA0Bama 1 n3bop oarosapajyhe ompeme, seh merose
MoryhHocTu TpebGa poBepuUTH 1 y APyruM o0AacTuMa II0CA0Bama 1 04Ay9nBamba.
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Ancmpaxm: Ynompeba mobuinux ypebaja je nocmara ocros céaxodresHuue danauitrbez 4osexa. Paseoj
ANAUKAUUJA 0602 MUNA NPEOOUNHO je 3aX1Me6ao no3HAGArbe MeXHOA0ZUja pasiudumux npoussohaua. Osaxas
Npucmyn je Henpaxmuuan u 3aXmeea AHzAX06Arbe SUULe PASAUMUMUX MUNO06A NPopamepa 34 pasiuuume
naamgopme ypehaja. Osaj npodrem ce peurasa ynompedom paoHux oxeupa xoju obesbehyjy jedHom nanucan
K00 Koju ce npesodu Ha pasiuvume naampopme. Osaj pad uma 3a yub aHAAU3Yy jedHoz maxeoz padHoz oKeupa
Y3 0C6pm HA HAYUH PYHKYUOHUCAILA ONEPAMUGHUX cucmeMa Koju nokpehy mobuAre ypehaje.

Kwyune peuu: react, javascript, android, ios, java, swift

Abstract: Mobile device usage has become an everyday norm. Mobile app development required knowledge of
technologies by different vendors. This approach is impractical and requires hiring multiple kinds of developers
for different device platforms. The problem is solved by implementing a framework that provides compiling a
single source code into multiple platforms. The paper aims to analyze one such framework with a reference to the
operation of operating systems that drive mobile devices.

Keywords: react, javascript, android, ios, java, swift

YBoa

Pa3Boj MOOMAHNX anamkaluja Moxke OMTY M3y3eTHO cAoKeH. [locTojame pasaAMumMTUX M CAOSKEHMX
Pa3BOjHMX OKpYy>Kerba, Kao U BeAMKe pa3Auke MeDy mIMMa y IlOraegy CHHTaKce M AOTMKE, 3axTeBa
aHTa>kOBare OABOjeHMX TUMOBa IIporpaMepa, IITO je camMO IO ceOu CKymo 1 HeepUKacHO, a
OueKMBarba Cy BIICOKa.

Y epu HempeKMAHMX IIPOMeHa U yHarpeberma MOOMAHUX TEXHOAOIMja, KaO ¥ KOHCTAHTHOT pacTa
TPKMINTa MOOMAHMX allAMKallyja, jaBuaa ce rmorpeba 3a cTBapameM pPa3BOjHOI OKpYXKeiba, Koja he
HOBUTET® Y MOOMAHO] MHAYCTPUjU MCOPATUTU ¥ TOHYAUTU e(UKACHUjU TPUCTYII y PasBojy
MOOMAHMX anAuKalyja, a MCTOBPeMEHO CMamUTH TPOIIKOBE U pecypce KOMIIaHuja. 3axTeBu Cy
UCITYHeHU I0jaBOM paJHOT okBupa React Native.

React Native je JavaScript pagHu OKBUP 3a pasBUjarbe HATMBHMX, OAHOCHO WM3BOPHUX MOOMAHMX
anankanuja, 3a iOS u Android onepatusHe cucremMe. 3acHOBaH je Ha JavaScript Omubamotern React.
Canyno Oubamorenu React, kopucHuuky wuHTepdejc React Native amamkanuja 3acHMBa ce Ha
KOMIIOHEHTaMa, y3 MPeAHOCT Aa ce KopucHdky untepdejc React Native ariankanyja MoxKe IpUKa3aTu
Ha BUIIe Pa3ANIUTUX ILAaT(GopmMu, KOMIIajanpameM JavaScript koaa y ussopau Android u iOS xoa. 3a
pasBoj oba mmpojekta, React u React Native, 3acay>kHa je HeKaJalllha KoMnaHuja Facebook.
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IIpeaycaosu 3a paa ca paauuM OokBupoMm React Native

3a pasBoj React Native MOOMAHNX arAMKallyja IIPBEHCTBEHO je ITIOTPeOHO UCIIYHUTI HEKOANKO Ba>KHIX
npeaycaosa. IIpBo, HEOIIXO4HO je OCHOBHO pasyMeBambe IIpOTpaMCKOr je3uka JavaScript, Node]s
naardopme, React]S bubanoreke, kao n nosHasamwe Android SDK u React Native pa3BOjHIX OKpY>Kema.
Caeaehe, mpe came uspade MOOUAHe allAMKallje, MOTpeOHO je MHCTaampaTu cse React Native
saBucHocTM — Nodefs, Android Studio, passojua okpyxema Expo CLI u React Native CLI, n Visual Studio
Code TexcT egutop.

JavaScript

Hakon mTo je 3sannuno Hactao World Wide Web, xommnianuja Netscape je 1995. roanne xpenpaaa Ipsu
CKpMIIT je3UK, 4uji je IpuUMapHHU Inb OMO Aa ce moseha amHaMmMYHOCT BeO-CTpaHMIIA, OAHOCHO
noseha mIxoBa MHTepakTUBHOCT. [IpBOOUTHO, TO je OMO Tako3BaHM CKpuUNT jesuk Mocha, xoju je
HeAyTO 3aTUM IIpeuMeHoBaH y LiveScript, za 61 ce Ha Kpajy yCBOjIO Ha3UB 1104, KOjUM je je3MK M JaHac
TIIO3HaT, a To je JavaScript.

JavaScript je jeaaH o4 Tpu OCHOBHa je3uka 3a pas3soj BeO-crpanmna. Jox HTML (Hyper Text Markup
Language) n CSS (Cascading Style Sheets) Aepunuiy cagpskaj u usraes Ha BeO-cTpaHuiama, JavaScript
YBOAM MHTEPAaKTMBHOCT y CTaTM4Ke BeO-cTpaHulle n AepuHuIle AMHAMUKY Ha KAMjeHTCKOj cTpadn. V1
3amcra, AyTM HU3 ToAMHa, JavaScript je3auK je Ha ogpebenn HaumH OMO Be3aH MCK/AYIMBO 3a MHTEPHET
IpeTpa’kuBaue 1 HeroB 3ajaTak je O1o caMo Ja ce OaBu IOHaIlalbeM eJeMeHaTa Ha BeO-cTpaHuIlaMa
1 Huje OMO y cTamby Aa 00e30eau BUIIIe O TOra.

Bpemenom JavaScript ce pasBuo y MogepaH OOjeKTHO-OPMjeHTMCAHM IPOTPaMCKM je3UK, KOoju je
IIOAP>KaH O/, CTpaHe CBUX OIlepaTMBHUX cucTeMa 1 BehuHe caBpeMeHnx pe6-nperaejada daxsasyjyhn
pasBojy Node.js maatdopme, Jquery m React 6ubamorteka, kao nu Angular, Vue]S n React Native pasaux
OKBUpa, JavaScript je cBOjy IIpUMeHy HalllaO U y pas3Bojy cepBepa M MOOMAHMX anaukanuja. M3 Tux
pasaora, JavaScript ce cMaTpa jeAHUM O/, HajIIOIyAapHUjIX IPOTPaMCKIX je3aMKa JaHalllbUIle.

Node.js

byayhu aa je JavaScript 6Guo BesaH MCKAYINBO 3a BeO-IIperlejade, OH HMKada HUje OMO y CTamy Ja
HeTloCcpeAHO KOMYHMIIMpa Ca XapABepOM padyHapa, Beh je yBeK MOpao Ja IIOCTOjM je3UYKM CAOj
usMmeby JavaScript M3BPIITHOT KOHTEKCTa M caMe MarnmHe. Taj je3anukm ca0j je 3ampaBo Omo browser
engine xoju je 6mo nmcan y C++ jesuKy, a cBakm oZ ITIO3HATMX IIpou3Bohava MHTEpHeT Iperiejada je
caM pasBujao csoje browser engine-e. Google je 3a csoj Chrome pa3Buo open-source engine, Kora je Ha3Bao
V8. Ilporpamep Pajan Jaa je nsoaosao V8 us Chrome nperaegada u oMmoryhno ga ce oH caMOCTaAHO
MHCTaAupa Ha padyHapy, Ha HauMH KOjJ Cce MHCTaAmpa 01ao Koju Apyru mporpaM. Tako je HacTtaaa
Node.js nmaardopma 3a mmcarme U pa3soj JavaScript aniauKanyja U3BaH BeO-Iperaejada.

Y ocnosu, Nodes je camocraaHa [avaScript MammHa, yuMju yrpabeHm Moayam m maxety, uameby
ocraaor, oMoryhasajy nssBpinasame JavaScript Koga. YOIIIIITEHO, MOAYAM IIPeACTaBAbajy A€o IporpaMa
Koju crieriupuUKyjy Ha Koje ce Apyre AeAoBe IIporpaMa OH OcAarba U Koje MOryhHoOCTH OH Aaje ocTaaum
AeaosuMa nporpama. OgHocu nsmeby Mogyaa ce HazmBajy 3aBucHocTH. [lakeTn mpeacrasaajy Aeaose
KOJa KOjI ce MOTy MHCTaAMpaTy, KONMpaTu U AUCTpUOyMpaTH. JedaH IakeT MOXe Ja caap>Ku jedaH
nau sume mMoayaa. OcuMm MoAyaa, TIakeTH cajp>Ke M AOKYMeHTalujy M Ioceldyjy mHpopMaliuje o
TOMe OZ KOjUX APYTUX ITaKeTa 3aBUCH.

Konnenr pasa 3acHOBaH Ha IakeTMa M MOAYAMMa 3axTeBa yIpaBbarbe UCTUM. ¥ TOM CMICAY, MOpa
mocTojatu oarosapajyha nudpacrpykrypa, 04HOCHO MeCTO 3a CKAajUIITerme I MpOHalaXkerbe ITaKeTa,
Kao M jegHOCTaBaH Ha4MH 3a IbUXOBO MHCTaAupame U aXypuparme. Y cBery JavaScript je3uka, OBaKBy

uHppacTpyKTypy 0be3bebyje aaar npm.

35



Npm npeacrasaa Hajpehu codprsepcku pernucrap Ha cseTy. Npm perucrap cajp:Ku rakeTe, 04 KOjux cy
MHOrM Node moayau, man caapxe Node moayae. To je, aakae, jaBHM cepBuC OZakae je Moryhe
npeysetu nocrojehe maxere u rmocrasuTu HoBe. Ja Ou makeT 010 06jaBbeH y npm PerucTpy, oH Mopa
Aa caapxu package.json agatorexy, Takobe, npm mpeacraBsa KOH30AHM IIpOTpaM, KOjU Ce ayTOMaTCKI
MHCTaAupa IIPUAUKOM MHCTaaupama Node.js OKpy>Kerba. ¥ KOHTEKCTy KOH304e, npm ce KOPUCTU 3a
UHCTaAVpare U yIIpaBbambe ITaKeTuMa.

Mucraaanuuja Node,js-a je Bpao jeaHocTaBHa. [loTpeOHO je moceTnTy 3BaHMYHY MHTEPHET CTPaHMILY
https://nodejs.org m ogaTae mpeyseTu, CXOAHO OIEpATMBHOM CUCTeMy, ogrosapajyhy sepaujy Node.js
OKpy>Xema. HakoH Tora, oTpeOHO je IOKpeHyTN MHCTaAallMOHY AAaTOTEKy VM IpaTUTU MHCTPYKIIuje
JapoOmaka ¥ BUIIECTPYKIM KAMKOM Ha gyrme Next 3aBpIINTY MHCTaAalIOHN IIPOLIeC.

React]$S

React]S je JavaScript GubamnoTeKka OTBOPEHOT K0Aa, KOjy jy je pa3Buo MHXKemep HeKajallllhe KOMIIaHuje
Facebook, 1lopaan Boaxe. Kopuctu ce 3a msrpadmy MHTEpPaKTMBHOT U AVMHAMMUYKOT KOPVCHIYKOT
nHTepdejca 3a BeO-cTpaHMIle, a TOCe0HO 3a pa3Boj single-page anankalinja, rae ce mojany pePAexTyjy
y peaaHoM BpeMeny. Y React-y KopucHIMIKM nHTepQejc usrpabe je nckayunso nomohy JavaScript -a.

Ipe nojase React-a, mporpamepu cy 6uam cyodeHH ca IperncuBameM U IIOHaB/bameM sehnHe Koga n
IocTojada je peaaHa IIoTpeOa 3a HOBMM HAuMHOM, Ha KOj MOXe Jako Ja pa3dujy caoskeHe
KOMIIOHEHTe 1 IIOHOBO MICKOPVCTH Taj VICTY KOA.

Y MVC (Model-View-Controller) apxutextypmu, React je 3asyxeH 3a ca0j mpukasza — View. Cbakn
BIU3YeJHM JeO amlAMKalyje je CIIaKoBaH Y caMoOCTalaH MOAYJ, IIO3HaTUjM Kao KOMIIOHEHTa.
KomnonenTe cy ocHosHM rpagusHu 040K React anankanuja, a KOpUCTe ce 3a IpUKa3 ¥ MHTepakuujy y
camnM anaukanyjama. OHe omoryhasajy passoj araukanuja Oes IIpenmcHBamba U IIOHaBbamba KoJa.
3anmcane cy momohy JSX koaa, JavaScript XML cuHTaKCHOT mpommperba, BpAo camaHor HTML
cuHTakcy. PyHKIMja render, yHyTap KOMIIOHEHTe, OATOBOPHa je 3a pad ca JSX-om. [SX ce kopucTu 1 3a
nosusame KoMIoHeHTH. KoMIioHeHTe MOry ga ce AepMHMINY Ha 4Ba HauMHa, Kao QyHKI[Mja A Kao
KJaca, y 3aBMCHOCTU O/, TOra KOAMKa HaM je KOHTpoAa IIoTpeOHa Haj, KOMIIOHEHTHOM.

I'raBHe KapakTepucrtuke React-a jecy Virtual-DOM u jegHOCMEpHU TOK IIOAaTaka. JesaH oA Hajuerrhmx
3ajaTaxa, y pady ca JavaScript-oMm, jecte marumyaanuja DOM-om (Document Object Model). C o63npom
Ha TO Ja je axypupame DOM-a Beoma criopo, y React-y ce Hukaga Hehe mMemarn AMpeKTHO. YMecTO
Tora, axxypupahe ce suptyearnn DOM. React popmupa ase xonuje Virtual-DOM -a, m To opurnHaasHe
U aXXypupaHe Komuje, Koje pepAeKTyjy IpoMeHe IpuKasaHe y View-y. /lBe caduyBaHe KoIluje ce 3aTUM
ynopebyjy u xaga agobe 40 Oma0 KakBUX IpOMeHa pearyjy AMPeKTHO M Hu3y3eTHO Opso Ha View
aXXypuparme.

Android Studio SDK

Android je jeaan o Bogehmnx omepaTusHIX crcTeMa 3a MoOuAaHe ypebaje, ca Mmanonnma anamkanuja
u nipexo 108 Mmanjapay mpeysmumarmsa UCTHUX. 3a pas3Boj Android MOOMAHUX allAMKanuja IIOCToje ABa
MIpUMapHO MHTerpucaHa pas3BojHa okpyxkema (IDE), a To cy Eclipse n Android Studio. Android Studio je
pasBojHO OKpy>Kewe KommaHuje Google. Vima mogpymky 3a Windows, Linux n MacOS omeparusHe
cucreme. 3acHosaH je Ha Intellifl IDEA pa3sojHoM okpyxemy. Kopuchauukn nntepdejc je kpeupas Tako
Jda cy Hajuemhe kopmmrheHm azaTm yBeK AOCTYIHM M Ha BMAMUBMM MecTMMa. Takobe, mpyka
MoryhHOCT peopranmsanyje rmadeTa alaTa OHaKO KaKO KOPUCHUKY oArosapa. Android Studio Hyan n
BIIIIIe HETO AOBO/bHO OMIlMja 3a HeoMeTaH! pa3Boj Android MOOMAHMX anlAMKaIlyja.

IIpsu xopak y mporpammpamy Android MOOMAHMX allAMKallMja jecy IIpeysuMarbe 1M MHCTaAaliuja
passojuor oKpyxkema Android Studio u Android SDK (Software Development Kit). Csaxu myT xaga Google
o0jaBy HOBY Bep3ujy Android onepaTHBHOT cucTeMa, n3Aaje ce 1 oarosapajyhmu SDK.
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Android SDK je ceeobyxBaTaH cKyn pa3pojHux aaata. OH yKaydyje moTpebHe 6ubamoTexe, pedeBaHTHY
AOKYMeHTaIlWjy, VIyTcTBa 3a Android omepaTUBHU CHCTeM, HIpUMepe W3BOPHOT KoJja, debugger u
emyaaTop ypebaja. Kommonente Android SDK-a Mory ce mpeyseTtu 3acebHo. dogaum tpehnx crpana
Cy Takobhe AOCTYyIIHU 3a IIpey3uMarbe.

3a pasBoj React Native anaukauuja y Android OKpy>Kelby, HEOIIXOAHO je MHCTaAupaTu HeKoAuKo SDK
KOMIIOHEHTIL:

e  Android SDK Tools,

e Android SDK Platform-tools,

o Android SDK Build-toold,

e SDK Platform,

o Intel x86 Atom_64 System Image,
o Intel x86 Atom System Image,

o Android Support Repository.

Haxon wuncrazanmje morpebumx SDK KOMIIOHeHTH, IIpeocTaje Ja ce Kpeupa M KOHQpUIypUIIe
oaroBapajyhu suprtyeann mobuanmu ypebaj, nmomohy aaara Android Virtual Device (AVD) Menager.
Android emyaaTop je 3ampaBo cumyaaTop Ha KoM ce mokpehe m tectmpa React Native moOmaHa
arnAukaunyja.

React Native pa3BojHa OKpy>Kemba

IlocToje ABa HaumHa Ha KoOju ce MOry KpempaTu React Native anankanyje, KopunihemeM jeJHOT 04
nntepdejca komaHane amHmje, React Native CLI nm Expo CLI. Obe amamkanuje KOMaHAHe AVHUje
rokpehy ce 13 KOH304e/TepMIHazAa U IIpeAcTaB/bajy rAasHu nHTepdejc nsmehy nporpamepa u asara
KOje HyJe.

Expo je maardpopma 3a ctBapame yHuBepsaanux React Native anaukanuja. Ilpeacrasda ckyn asata u
ycayra usrpabenux oxo React Native-a u u3sopHux naargopmu. Expo asatu u ycayre omoryhasajy
pa3Boj 1 npuMeHy ucror JavaScript xoaa Ha iOS, Android u Beb-anaukanujama. Expo HyAu OpucTyn
MHOITBY U3BOpHMX APl-ja (Application Programming Interface), 3a Xoje 6m MHaue Mopaamu ja ce
KOPJICTe MOAYAM MAU Aa Ce HAIIMITy COIICTBEHN MOAYAM.

Expo CLI (Command Line Interface) je KOH304Ha amAmMKanuja Koja HyAM IIMPOK CIeKTap Hapea0u 3a
Kpenparme 1 paspoj React Native mpojekra.

Komangaa 3a rao6aany uncraaaunjy Expo CLI je
o npm install -g expo-cli.

Crpykrypa Expo kxomaHAM je o0anKa
o expo [command] [options].

Hajsaxuuje Expo napeaOe 3a passoj React Native anauxanuje 3a Android jecy:
® expo init — KOMaH/Ja 3a Kpeupame Expo rpojekra;

e expo install — KOMaHAa 3a MHCTaAMpame IOTpeOHMX IaKkeTa; OHIjMja -—-npm KOPUCTU npm 3a
MHCTaJallyjy IOTpeOHMX ITaKeTa U MOAyAa;

e expo run:android — mokpehe AokaaHo Android anankauujy;

e expo build:android — xpeupa APK daja 3a Google Play Store.
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React Native CLI, noniyt Expo CLI, Hyamu ycayre u aaate, aau C ApyrauujuM IPUCTYIIOM U A0AaTHUM
npegHocTUMa. AmAMKaIuje Koje ¢y MHCTaaupaHe Kopunrhemem React Native CLI mpy>kajy moryhHOCT
CTBaparba COIICTBEHNX M3BOPHIIX MOAYyAa Y allAMKaIlyjama.

Mucrasanuja React Native CLI moctike ce Hapea00oM
o npm install -g react-native-cli.
Ocnosne React Native CLI Android xomaHAae jecy:

e react-native init — reHepUIlle OCHOBHM M3BOPHU IIpojeKart, ca 3ace0HMM U3BOPHUM IIPOjeKTIMa
3a i0S u Android maatrdpopme;

e react-native run-android — noxpehe Android ipojexart;
e react-native log-android — mpukasyje Android log-ose.
BaskHe cTaBKe yHyTap IIpojeKTa reHepucaHoOT react-native init HapeaOoM jecy:
e android — yaanpea xouurypucan Android Studio mpojekar, ca React Native moApIKoMm;
e ios — Xcode TIpojexat, Koju je yHarIpe KoHpurypucas ca React Native 1moapikom;

e node_modules — Qoagep xoju caapxxu React Native pagHu OKBUPp U Apyre JavaScript
bubanorexe;

* index.js — I0Aa3Ha Tayka allAMKaIiyje;

e App.js — ocHOBHa KOMIIOHEHTa aIlAMKanuje.

OcuosBHe React Native KOMIIOHEeHTe

View xoMmioHeHTa

EaeMeHTapHa KOMIIOHEHTa 3a Kpeupame KopucHMYKOr nHTepdejca je View. Kommonenra View
oapebyje kako ce amamkanuja Npukasyje Ha ekpany. View je Au3ajHUpaH Tako Jda MOXe OUTH
BUIIECTPYKO YIHheXaeH. MoxKe ce cTMAM30BaTU IIPeKO style CBOjcTBa, a IOAp>KaH je M 04 cTpaHe
FlexBox-a. YuyTap View-a MoTy ce mpuKasaTu 61110 Koje 4pyre KOMIIOHEHTe.

IIpumep npumene View KOMITIOHEHTe:
<View
style={{
flexDirection: "row”,
height: 100,
padding: 20
}
>
<View style={{ backgroundColor: "blue”, flex: 0.3 }} />
<View style={{ backgroundColor: "red”, flex: 0.5 }} />
<Text>Hello World!</Text>

</View>
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Text xoOMIIOHEeHTAa

Text je KOMIIOHEHTa 3a IIpMKa3uBarbe TeKcra. ¥ React Native-y Texcr he ce mpukasaTu Ha eKpaHy caMo
YKOAUKO Ce HaJasu yHyTap Text KOMIIOHeHTe. Y CyIPOTHOM, IIpuKasahe ce CMHTaKCHa IpellKa.
Kommonenta Text, momyT View KOMIIOHEHTe, IOAP>KaBa yIHheXXJaBarbe KOMIIOHEHTU U CTUAN30Bambe.

ITpumep Text koMIIOHeHTe:
<View>
<Text style={{ fontSize: 20, fontWeight: "bold"}} > Hello World! </Text>
</View>
Image xomrionenrTa

Image je React Native KOMIIOHEHTa 3a MpUKa3VBame pa3ANINTUX TUIIOBa cAnka. ObaBe3aH aTpuOyT je
source, y OKBUPY KOT ce, y popmu JavaScript objekTra, HABOAM MAU allCOAyTHA IIyTama, YKOAUKO je
CAMKa CKAaAzuITeHa AoKaaHo, maum URL cauxke. Y [mage KOMIIOHEHTH, IIOApa3yMeBaHa BJCHMHA U
ImMpuHa cAuke cy mo 0 px, crora je HeonxogHo, mmomohy style atpubyra, AdepuHucaru BUCHMHY U
IIUPUHY CAVKe, KaKo OU ce JcTa IIpyKa3ala Ha eKpaHy.

ITpumep Image KOMIIOHeHTe:
<View >
<Image
style={{ width: 50, height: 50 }}
source={require(’@expo/snack-static/react-native-logo.png’)}
/>
<Image
style={{ width: 50, height: 50 }}
source={{
uri: "https://reactnative.dev/img/tiny_logo.png’,
}
/>
</View>
TextInput KoMIIOHeHTa

To je ocnosna React Native KOMIIOHeHTa 3a YHOC TeKCTa y aIllAMKaIlijy IIpeKo TacTatype. ATpuOyTu
Textlnput-a omoryhasajy KoHpurypanmjy pasAnduTiX TUIIOBa TacTaTypa 3a YHOC TeKCTa, ayTOMaTCKy
KOPEeKIIMjy TeKCTa, OIIC TeKCTyaAHOT 110ba, u canaHo. Kako 6u anankanuja perucrposada u cadaysala
VHeT TeKCT, HeOIIXOAHO je depmHmcaTu ABa csojctBa — onChangeText u value.

ITpumep nnpumene TextInput KOMIIOHeHTe:
import React, { useState } from "react”;
import { View, StyleSheet, TextInput } from "react-native”;
const TextInput = () =>{
const [text, onChangeText] = useState(””);

return (
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<View>
<TextInput
onChangeText={onChangeText}
value={text}
/>
</View>
);
b
export default TextInput;

StyleSheet xOoMIIOHeHTa

Moxe ce pehu aa je StyleSheet HauMH Ha Koju ce KOMIIOHeHTe cTuAu3yjy y React Native-y. To je
arictpaknyja camyHa CSS-y. Ctumamsosambe yHyTap React Native KOMIIOHEHTU HUje IpakTUYHO, jep

9UHU KO TeXKNMM 3a umMTame. 300r Tora mocroju (pyHKIMja create, Koja ce rmosmsa Hag StyleSheet

KOMIIOHeHTOM 1 00esbebyje crmansopame Ban KoMIIOHeHTH, Y Buay JavaScript o6jexra. Victu JavaScript

O6jeKaT ce MO’Xe ITPMIMEHNTN 3a CTUAN30Bambe pasAmMImnTINX KOMIIOHEHTH.

INpumep nmnaemenTanuje StyleSheet-a:

import React from “react”;

import { StyleSheet, Text, View } from “react-native”;

const App = () =>{
return (
<View style={styles.container}>
<Text style={styles.title}>React </Text>
<Text style={styles.title}> Native</Text>
</View>
);
5
const styles = StyleSheet.create({
container: {
flex: 1,
padding: 24,
backgroundColor: "#eaeaea”
/,
title: {
color: "#20232a”,
textAlign: "center”,
fontSize: 30,
fontWeight: "bold”
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1
export default App;

React Hasuranmja

React Native He oceayje yrpabenn API 3a HaBuranujy, Kao IITO je caydaj ca BeO-Iiperaegaunma, seh
roceAyje COIICTBEHM HaBUTALIMIOHU CHCTeM. React HaBUTalMjy YMHM HEKOAMKO OCHOBHUX OMOAMOTEKa
Ha KOjuMa je 3acHOBaHAa uYMTaBa CTPyKTypa HaBuUTranuje y anAukauyjama. bubamoreke Koje
IpeJCTaBAbajy IpalViBHe 0A0KOBe U 3ajeHNMUKY OCHOBY CBMX HaBMUTaTOpa jecy @react-navigation/native,
react-native-screens u react-native-safe-area-context.

Mucrasanuja HaBegeHnx 6ubanoreka y React Native mpojekTuMa roctiske ce caedehum Hapegbama:
o npm install @react-navigation/native
o npm install react-native-screens react-native-safe-area-context

Kaxo om mcnpasHo paamno Ha Android ypebajuma, react-native-screens 1makeT 3axTeBa jejaH AOJaTHU
kopak KoHpurypanmje. IlorpebHo je y oksupy MainActivity.java asaToTeKke, Koja ce Haalasu y
android/app/src/main/java/<your package name>/MainActivity.java, ysectm mnaxet android.os.Bundle u
Aozatu caegehu xog y Teao MainActivity xaace:

@Qverride
protected void onCreate(Bundle savedInstanceState) {
super.onCreate(null);

/

OcHoBHa komIioHeHTa Hapurauuje je NavigationContainer. OHa ympaBsba cTabAOM HaBuUTallMje U
cagpxm crame Hapurarnuje. Crame Hapuranmje IojpasyMeBa CTPYKTYpPy HaBUTanyje U VICTOPWY
anankanuje. NavigationContainer KOMIIOHeHTa Mopa Ja oOOyxBaTU CTPYKTypy CBUX HaBUTaTopa
debmHncannx y amamkanuju. O6mdHO ce IpUKasyje y KOpeHy amnamKanmje, yoOudajeHO y App.js
AATOTeLI.

Iloctoje Tpu TMna React nasuranuje — Stack, Tab n Drawer nHaBuranuja. CBakoM THUIIy O4roBapa
rocebHa 6mbAMOTeKa, KOoje je MoTpeOHO MHCTaAMpaTn. 3a cBaky Tii obesbebena je mocedna Ppynkmja
3a Kpenparbe Hapuratopa. Csaka o4 HaBMTanMoHMX PYHKIINMja Cagp>K ABa OCHOBHA CBOjCTBa — Screen u
Navigator. Oba cBojcTBa IpeacraBibajy React Native KOMIIOHEHTe M cAyKe 3a KOH(pUIypucarbe
Navigator-a. Navigator KOMIIOHEeHTa cajp>KU Ipou3BobaH Opoj Screen koMmmoHeHTH. Cpaka Screen
KOMIIOHEHTa Mopa MMaTu JeUHICaHa ABa CBOjCTBA — 14me CBOjCTBO, KOjUM ce crielnduiinpa Ha3uBs
IyTame, 1 component CBOjCTBO, KOjuM ce oApebyje koja React Native KOMIIOHeHTa ce IIpMKasyje. 3a
CBaKM Screen MOTy ce cienupuUIIMpaTH U OIIIMje, 3a IIITa je 3acAy>KaH aTpuOyT options.

Android cietimmpuanae React Native komnoHeHnTe 1 API-ju
BackHandler API

BackHandler API moctoju camo 3a Android. Paa osor APIl-ja 3acHOBaH je Ha JAeTeKIIUjU IPUTHCKA
Tacrepa 3a KOpak yHasag, IPUAMKOM HaBuranuje nusmeby pasanunrtux ekpaHa MOONUAHe allAMKaluje.
Owmoryhasa perucrpaiiujy ocaymikusada gorabaja kojum ce gepuHuIIe 11 KOHTPOANIIIE HAUMH Ha KOjU
he moOmaHa amamkanuja pearoBatu Ha Hpurtucak tacrepa. KopucHo je y caydajeBuma kada je
noTpebHO Ja ce ogpebeHn ekpaH IpuKaske UAM 3aTBOPU IPUAUKOM APYIOT IPUTHCKA Ha AyIMe 3a
HaBUTaLNjy.
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DrawerLayoutAndroid xoMmoHeHTa

DrawerLayoutAndroid xommioneHTa je React Native HaBUTaIlIOHa KOMIIOHEHTa HaMeHeHa MCK/bYYUBO
Android naatpopmu. DrawerLayoutAndroid xomoHeHTa oOe30ebyje mpmkas HaBUTaIIMOHOT MeHNja,
KOjU MHUIIMjaAHO HUje IpUKa3aH Ha eKpaHy, adll ce MOKe IIpMKa3aTu IoBJAaderbeM C AeBe MAM JecHe
CTpaHe ekpaHa MoOuaHOr ypebaja, y 3aBuUCHOCTM 04 TOT € KOje CTpaHe je MeHU IO3UIIVOHMpPaH.
3amemyje DrawerLayout KOMIIOHEHTY KoOja ce ImpuMemyje Ha obe maardopme, i0S u Android. Osa
KOMIIOHeHTa Hacaebyje cBojcTBa View KOMIIOHeHTe, aau U IoceAyje COIICTBeHa.

OcnosHa cBojctBa DrawerLayoutAndroid KOMIIOHeHTe Cy:

o drawerBackgroundColor — aeguHUIIe To3aguHy Drawer HaBuranmje. Ilogpasymesana spegHocT
je beaa 60ja;

e drawerLockMode - omoryhasa 3akmyuaBarme HaBMraumoHor MeHuja. Ilogpasymesano
rogeniaBame je "0TKAby4aHo';

o drawerPosition — mpermsupa nosuiujy Drawer naBuranmmonor Menwuja. Ilogpasymesana
Ho3uiiuja je Aeso;

o drawerWidth — pgedpynnme mupuny Drawer HaBuranuje;
PermissionsAndroid kKomnoHeHTa

PermissionsAndroid py>ka npucryn HosoMm Android M Mmoaeay so3Boaa. Ilocroje Tako3BaHe HOpMaaHe
A03BOJe, Koje ce IoApa3yMeBaHo J0JeAyjy IPUANKOM MHCTaJaljyje allAMKanyje Ha Modnanu ypebaj
u aeo cy AndroidManifest.xml manngecra. Mebyrtnm, mocroje n "omacue" 403Bo.e, IIOIYT A03B0Je
IIPUCTYIIa KOHTAKTMMa KOPVICHMKA, KaMepU U Talepuju MoOuAHor TededoHa. YIIpaBo ce 3a IPUCTYIL
IIOTEHIIMjaAHO OCET/bUBUM KOPUCHUYKIM IoJannmMa Kopuctu PermissionsAndroid MoAya 3a 403BoJe.

ToastAndroid KoMImoHeHTa

ToastAndroid je Moaya 3a mpuKa3 A0KaAHMX HOTHM(QUKanuja. ¥ Ty cBpXy, obesbeben je show(message,
duration) MeToA 3a mpmKa3 HoTumKaiyja. [lapamerpn show PpyHKIUje Cy moOpyKa 1 Ay>KIHa Tpajamba
npukasa Hotudukanyje. Onmnuje 3a Ay>xuny tpajama cy ToastAndroid. SHORT u ToastAndroid. LONG.

AatepHaTuBHO, MOXe ce kopuctutu showWithGravity(message, duration, gravity) PpyHKIIMja, KOja yBOAK
Tpehu mapamerap, 3a gepuHncame Io3nnuje IpMKaza HOTM(PUKalje Ha ekpaHy. Moryhe omiiuje
gravity mapametpa cy ToastAndroid. TOP, ToastAndroid. BOTTOMuau ToastAndroid. CENTER.

3akmbydak

Ilpe nojase React Native-a, JavaScript je OO0 HaMereH MCKAYINBO M3paiu Beb-ananKanuja u 6mao je
He3aMICAMBO KOPMUCTUTH JavaScript MpOorpaMcKM je3K 3a M3paly HaTUMBHMX MOOMAHMX arAMKaliuja.
Takobe, mpe Hero mrTo je Hekajamma kommanuja Facebook crsopmaa React Native, mobuane
arLAmMKaliuje cy ce passrjade oasojeHo 3a iOS u Android xopucrtehm pasamanre IporpamMmcke je3uke u
passojue maatdopme. To je 3axTeBaao aHra’kopame MMHMMYM /JBa THUMa IIporpamepa, jejHOT
3aay>KeHOT 3a pas3Boj iOS anaukanuje, KopunrhemeM MporpaMckor jesuka Swift-a nau Objective-C, u
ApYyTor, 3a pa3soj Android MobuAHe ariauKanuje, romohy jesuka Java naun Kotlin.

Aaxae, React Native omoryhasa mucarme M3BOPHUX allAMKalluja Ha je3uky JavaScript, 1 A03BObaBa
Kopuirheme cBMX M3BOPHUX React Native komnoHeHTH Ha iOS u Android ontepatuBHUM cucreMuma. To
3Ha4M Ja je ImporpaMepmma IIpy>KeHa MoryhHocT mmcama Koga caMO jeAHOM U MMILAeMeHTaruje
MCTOT Ha Pa3dANIUTUM I11aTdopMama.

Pedepeniie
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IlpuMmena 3/ TexHoaormuja y uspaau repcoHaan3OBaHIX
KOIITaHVIX TKVBa

Application of 3D technologies in the manufacture of
personalized bone tissues

Mmaosan I[layanh!, Mapko ®nanjosuh?,

"Nnosauuonu yenmap, Mawuncxu paxyamem y beozpady, Kpavuue Mapuje 16, beozpad, Cpouja,
mpaunic@mas.bg.ac.rs

2Amuncku uncmumym 3a odpasosarve u ucmpaxusaroe (Athens Institute for Education and Research -
ATINER), Valaoritou Street 8, Kolonaki, Amuna, I'puxa, mfilijovic@yahoo.com

Ancmpaxm: Owmefieno xouwmaro mxueo Koje Huje y cmarey 0a UCnyrbasa Kpumepujyme HoCU60CHIU
OKOAHUX CHPYKmMYpa U CUAA KOje 6AA0ajy Y padHuM YCAOUMA, HEONXO0OHO je 0jauamu UAU 3AMeHUmu y
najkpahem nepuody. Penapayuja dedexama Kocmujy moxe ce YcneurHo u3spuLasamu npumeHom 3ameHcrkoz
(aymoAozioz) Kowmanoz mMKuUea U MUMAHUJYMCKUX PUKCAUUOHUX nAOuuua. Y nocaedroe speme GeAUKU
Hanopu cy ynepemu Ka HOGUM mexHorozujama 3/ Ouonpunmunea kaxko Ou ce 3A00UmAU  Hedocmauu
docadamroe memode. ITpumerom mpuxaryujym docpama, xoju je mozyhe wmamnamu cmepeorumozpaPpcrom
memodom 34 wimamne, mozyhe je cmeaparoe 3ameHcK02 KOUMAHOZ MKUSA HAAUK NPUpooHoM. Y mom cayuajy
C6AKA WMAMNANA KOMNOHEHMA CASPULEHO 00206apa nayujermy jep je zenepucariu modea dodujer na ocrosy LT
cxertepa. Q60 ca coboM HOCU uiecmpyKe n0200HOCHU 3002 KOjUX 064 Memo0a U3A3U6A 6eAUKO UHINEPecosarve
HAYYHUKA KOjU HACMOje 0a ONMUMU3Y]Y HAYUH penapatiuje 00HOCHO sametie outmeheroz Koumanoz miued.
Kwyune peuu: 3/ ouonpurimunz, mandubyaa, noposna xepamuxa, mpuxaryujym gocam, 3/ wmamna

Abstract: Damaged bone tissue that is not able to meet the required stress criteria and working loads of the
surrounding structures needs to be strengthened or replaced in the shortest possible time frame. Bone defect
repair can be successfully performed using replacement (autologous) bone tissue and titanium fixation plates.
Recently, significant efforts have been made towards new 3D bioprinting technologies in order to overcome the
shortcomings of the previous method. The use of tricalcium phosphate, which can be printed with the
stereolithographic method of 3D printing, makes it possible to create a replacement bone tissue similar to natural
bone. In that case, each printed component perfectly fits the patient, because the generated model was obtained
on the basis of a CT scanner. This brings multiple benefits, which is why this method arouses great interest
among scientists who are trying to optimize the way of repairing and replacing damaged bone tissue.

Keywords: 3D bioprinting, mandible, porous ceramics, tricalcium phosphate, 3D printing

YBoa

Penapanuja komraHux dedekaTa ce y Mpakcy Hajuemrhe BpIy IpuMeHOM (PUKCAIIMOHUX ILAOYMIIA
uspabennx oz serypa turanujyma, Hepbajyher ueanka u CO-Cr aerypa. [Ipumep xupypiikor 3axsaTa
(Balakrishnan et al., 2014) nogpasymesa ¢uxcanmjy mpeaoMa IocTaBbameM I1104nIe 1 mpadosa 3a
Tpajuy ¢uxcaunjy. [Ipema Atik et al. (2016) 06ank ¢pukcanmoHe raodniie yTude Ha HAIIOHCKO CTarbe
Kao U Ha HaJerame (UKCalOHe IIA104YMIle Ha KOINTaHy MOBpIHIMHY. Takobe je aHaamsmupaHo u
HaIlOHCKO CTame HOBOI Ju3ajHa (PUKCAIMOHMX ILdoumuia u3pabeHux o4 XmapoxcmamaTUTHUX
crpykrypa (Paunic et al., 2019). Komrano TKuBo 4iMHI ITOPO3HA CTPYKTYypa Koja y3 MMHUMAJAHY Macy
MOXe Ja MogHece pajHa onTepehera aan g4a MCTOBpeMeHO ITOAp>KaBa 1 heamjcku pacT u TpaHCIOPT
HyTpuTHjeHara (Basu, 2017).
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Y caydajy ga ce mopa oacrpanutu Behu 4eo KocTu (KaHI[epO3HO TKMBO), HEOIIXOAHO je IIOCTaB/barbe
3ameHcKor (Hoceher) komraHor TKmMBa Kako Ou ce odyBada KomrTaHa (QyHKIIUja. Y PpaHUjUM
mporeAypama, XuUpPypr je Mopao Ja aHaamsupa 2/ peHATeHCKy caAuKy U (opMyAaulie
npegonepanyonu 3/ maan paga. Oso je y ogpebenoj mepu mpeacrassaso mpobaem y caydajy
KOMILAEKCHMjUX CTPYKTypa jep XUPYpr HHUje MOTao y IOTIIYHOCTH Aa BU3yaAmU3yje MecTo Ha Kome he
Ooutn usspmena omnepanuja. KacHujum yHampebemem TexHoaormja, 2/ camke cy Morae OWUTU
obpabene Ha TakaB HaumH Ja ce Aobuje 3/ BUpPTyeaHU MOAeA aHATOMMje CBaKOI IT10jeAVHAIHOT
HnalmjeHra.

YoOuuyajeH 3axsatr odpasyMesa y3Marbe ayTOAOTHOT KOIIITAaHOT TKMBa (Hajuenrhe ca KykKa ITaIjyijeHTa)
KOje ce IIOCTaBdba Aa OU ce NCIIyHNIAA IIpa3HMHA HacTala OTKAamameM omnTeheHor Tkusa. Y HacTaBKy
Ce KOpIUCTe 3aBpTHM U (PUKCALIVIOHE IIA0YNIIE KOje XUPYPr 00AMKYyje IIPUANKOM OIleparyje Kako Ou
mTo 00/be Hazerale Ha OKOJAHO KOIITaHO TKMBO. OBaj mpotiec ca cobom Hocn ogpebene HeagocTaTke o
kojuMa he OuTy peun y HacTaBKy a IIpuAMKa 3a yHanpebeme ce Buan y npumenn 3/, GuonpuHTHHTA
OMOKOMITaTMOMAHMX KepaMIUYKIX MaTepujasa.

PasBoj ypebaja 3a MegunmHCcKO caukame omoryhmo je gerasHy aHaAM3y MHAUBUAYAAHOT CKeAETHO-
mumunhnor cucrema. Bupryeanu Mogeau reHepucaHyt Ha OCHOBY MEAMIIMHCKMX CAMKA, IIPeACTaB/bajy
0AAMYaH HauVH 3a [A1aHNparbe XMPYPLIKOT 3aXBaTa 3a CBaKM I0jedMHAauYHI CAy4aj jep XUPYypr MOXe Ja
caraeja OIlepalMOHM IIpoOJAeM M3 CBAaKOI yraa. Y WMHXKeHmepCTBY TKMBa, IepCOHaAM30BaHM HOcay
IpeAcTaBAba Hajo0AY ONLM]y 3a ONTUMAaAHYy pereHepanujy.

Jeaan oz marepujasa Koju ce MOKe IITaMIIaTH je TpuMKaanujym ¢ocdar Koju IpeacTaBsba Hocehy
CTPYKTYpPy OAHOCHO “cKeay” Koja MMa 3ajaTak Aa oApebenu spemencku mepuog uMa IMOTIOPHY yAOTY
AOK Ce JCTOBpeMeHO HOBO KOIITaHO TKMBO M XpaH/bUBe Marepuje yrpabyjy y ckeay. Ckeaa mma
3ajatak ga MMuUTHpa 610A0mKy (PYHKIMjy Y CMUCAY CTPYKType M MeXaHWJYKUX OCOOMHA bYACKOT
TKMBa aAM U Aa VCTOBPEMEHO IoAcTide pacT Hosux heauja (Rezwan et al., 2006).

30o0r TOra je HeOIIXOAHO Ja ce IIPUAUKOM AN3ajHUparba y3My y 003Mp MHOTOOpOojHI (pakTOpM Kako 61
ce 200110 ONTMMa/aH IIepCOHAAN30BaH! MMIIAAHT. Y OBOM TPEeHYTKy IlepCOHaAM3anyja MMIL1aHaTa ce
ppmin nomohy 3/ mramme koja omoryhasa m3pady KOMIIAEKCHMX CTPYKTypa IITaMIIaleM Y
caojesuma (Choong et al., 2017).

IlocTymak

IIponeaypa gobujama $u3MIKOr MoAela MMILAaHTa CacToju ce U3 HeKoAuko ¢asa mouesmn og, LIT
cKkeHepa (KoMITjyTepcka ToMorpaduja) ma cse 40 Mogemnasama apamerapa 3/ mramie. LT ckenep je
arapat Koju paau IpMMEHOM PeHATEHCKOT 3paJerba Koje ce eMuTyje u3 peHarencke nesu. OHa 3ajeqHO
ca JeTeKTopuMMa 3pauera poTupa OKO mnanmjeHTa (camka 1). Ilpuaumm paga KomIjyTepcke
ToMorpaduje 3acHMBa ce Ha MOTYNHOCTM peKOHCTPYKIjlje ABOAMMEH3MOHaAHe TeoMeTpuje objeKTa 13
HIU3a IIpOojeKIirja u3MepeHnx oko mera. [Torpebua cy apa xopaxa kaxo 6u ce mpousseaa LT cauxka.

Ipso je moTpebHO PU3MIKO Meperbe caabbera PeHATEHCKOT 3paderha Koji ITpo/ase Kpo3 MalijeHTa y
Ppa3sANIUTUM IIpaBlMMa a 3aTMM MaTeMaTU4YKM IIpopadyH AMHeapHOT Koe(uiiujeHTa caabsberba 4yK
npoctuparba. Iloctynak je caegehm — mamujeHT ocTaje HEITOKpeTaH Ha CTOAY 3a MCIIMTHBame JOK ce
IleB KOja TeHepuIlle PeHATEHCKO 3pauerme OKpehe ITyTamOM KpY’KHHUIle OKO IaljijeHTa y paBHU
yIIpaBHOj Ha IIOAY>KHY OCy HallMjeHTa.

Kopucru ce cHOIl Koju MMa IpOMEHbUBY Ae0AbVHY U KOjU je A0BOBHO jaK Aa IIpobe Kpo3 IarujeHTa.
Lles 3a reHepannjy spaka mnogpasyMmesa Kopuirherme KoanmMaTopa Koju ogpebyje ob6amk cuoma. OH
oapebyje ae0auny 3paka a Takobe 1 Aydan yrao. Koanmarop ce Mo>ke IpnAaroguTH 3a BeoMa TaHKe
2e6apuHe caoja (1-10mM). Koanmaropu cy msyseTHO OMTHM 1M 300T TOTa IITO PeAyKYjy M3A0KEHOCT
HalmjeHTa 3pademy. Penarencka 11eB je cAnMyHa aam CHa>kKHMja O/ LIeBU KOje ce KOPUCTe y ILAaHapHO)
paanorpapuju. Jda Ou ce PpopMmmpasa cauka IOTpeOHO je BUIle CTOTMHA MaAuX AeTeKTOpa KOju
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IIpUXBaTajy 3pauerbe J HacTaadll CHTHAA Iasy Ka KOMIGyTepy KOji HakOH OpOjHMX IpopadyHa
IPOM3BOAY TOMOIpaM MallijeHTa.
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Camnxa 1. Illemarcku npukas Tpehe renepanuje LIT ckenepa. ['enepuiire ce cHom 3paka Koju 3axBara
IINPU yrao U yOp3asa BpeMe CHUMarba. PeHATeHcKa 11eB 1 HI3 JeTeKTopa Cy KPYTO Be3aH! U Kpy>Ke
oxo nanujenTa Da li treba ovaj opis slike ovde ili u integralnom tekstu?

Ussop: Goldman, 2007

JeTexTopu Mepe pPeHAIeHCKO 3paderbe Koje IpoJasy Kpo3 MallMjeHTa y pasAMdUTUM IIpaBIiMMa
popmupajyhn npojexunjy mnanmjerra. Ounrasame jeAHOT JAeTeKTOpa IIpeAcTaBba M3MepeHO
caabaeme Ayx myTa ogpebenor spaka. Kaga cy ounrasama ca getekTopa mocaara Ka KOMIjyTepy Ha
CKAaAUIITee, IIeB ce poTupa 3a ogpebenn yrao n mpasu HOBy npojekuyjy. Hakon mormyse poraiuje,
CTO ca IaIMjeHTOM ce TpaHcAMpao odpebeHo pacrojame Ay IpaBIla oce oOpTarba Tako Ja ce y
HacTaBKy IIOCTYIIKa MOXXe (opMmmupaTy HapeAHM cA0j. HakoH 3aBpIIeHOr cHMMama CBUX CAOjeBa,
caeay asza PeKOHCTPYKIIMje CAMKe IIPUANKOM Koje ce, 3axBabyjyhu KOMIjyTepckuM aAropuTMmMa,
CTBapa BUIIEAMMEH3VOHAaAHM IIPMKa3 Ha OCHOBY aHaAl3e IIPojeKIiyje U3 CBUX YIA0Ba.

C ob63upom Ha ITogaTKe Koju ce 400mjajy M3 IpojeKijja Kpo3 CBe eAeMeHTe 3alpeMuHe, Moryhe je
0ApeAUTH IIpOcevYaH AMHeapHM KoeUIUjeHT caabberba 3a CBaKy eleMeHTapHy 3allpeMUHy Koja ce
HasuBa Bokce. Ha aucniaejy ce msmepene spegHoctu koeduiiyjeHaTa NpuUryIeha MOTY IIpeACTaBUTH
CMBOM CKaJAOM TIJe Cy HajMame BpeAHOCTH oOelesXKeHe ITpPHOM a Hajsehe Geaom Gojom (camka 2a). Ja
01 ce MCTaKAM AeAOBM O/ 3Hadaja, cAMKy je Moryhe amrmraano obpaantm kako 0m 6maa aaxire
pasyM/buBa.

Hapeana ¢asa je yunrasame Mogeaa y mporpaM 3a 3/ mramiry Kako 61 ce MOrAu yHeTU ITOTpeOHM
napameTpu. ¥ oBoj a3y ce BpIIM ceaeKIMja geda CHMMKa KOjU je 0/ 3Hadaja O4HOCHO ceTMeHTalluja
MoJjeaa (camka 20). Ha osom Mogeay je Mmoryhe usspmmTn “pesose” momohy pasBHU 1M IIpOrpaMcKu
OACTpPaHUTH NPOOAEMATUIHO KOIITAaHO TKMBO. TO TKMBO KOje je IIporpaMcKM W3ABOjeHO 3a
OACTpalbMBame je yIpaBo AM3ajH MMIL1aHTa Koju je moTpebaH 3a mrammy. OpakaB Am3aju he
CaBpIIIeHO HaJleraTy Ha IIOCMaTpaHO MecTo momTo he 6MTH MaeHTHYHA KOIMja OPUTMHAAHOT TKIBa
caumMaeHor LIT ckenepoM.

Hapeana ¢asa je 3/ mramma 04HOCHO cTepeoanTorpadpcka MeToda Koja mpeAcTaBhba TeXHUKY U3pade
3/ objekTa momohy ceaeKTMBHOT CTBpArbaBarba CMOAa Kpo3 (POTOIOANMEePU3aLNjy UHUIIMjAaAN30BaHy
3axsasyjyhu arcoprmuju cseraocHe enepruje. Crepeoantorpaduja je y moryhuoctu aa crsapa 3/
objekaT CUMyATaHMM CTBpArbaBambeM 11eA0r cA0ja yMecTo yoOudajeHe TexHuke Ipahera KOHTypa
npopuaa. Crepeoantorpadpckyu IIpollec 3axTeBa pasBUjarbe TeXHOAOTUje 3a CBaKM CHelUpUIHI
MaTepujal ca KeseHUM KapakTepuctukama. Osum mporecom je Takobe moryha mramma suire
pasAnInTIX MaTepujada ucroppeMeno (Huang et al., 2020). I1poriec ce Mo>ke BuAeTM Ha CANIIN 2.
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Mogen MecTa onepatyje

Cnuke Beher 6poja cnojesa 3/1 Mogen ca cuMynauujom MepcoHanu3oBaHn UMMNaHT

Canxa 2. Tpu ¢ase y Hacranky 3/ nMmmaanra: a) caojesuto cankame nomohy LT ckenepa 6)

MIOCTIIpOIlecupame ca IN/beM reHepucama 3/ Mojeaa B) TaMIla MoZeAa 6110A0IIKOT MMILAaHTA
Mssop: Wong, 2016

IlpuMmeHoM MeToAe KOHauHMX eleMeHara Moryha je aHaamsa IOHalllama MMILAaHTa y OAHOCY Ha
pasHe ycAoBe Ha MeCTy IIOCTaBdarba. MeToja KOHAYHIX e/leMeHaTa ce 3acHMBa Ha (PU3UYKO]
AVCKpeTM3alliju pa3MaTpaHOT CUCTeMa Ie Ce 3a Pa3AMKy OJ OCTaAMX HyMepMYKMX MeTOAa BpIIN
MareMaTM4Ka AVCKpeTm3aluja. 3axBasyjyhm ToMe, ymecto eleMeHTa AndepeHIUjalHO MaAuX
AMMeH3Mja UMaMO T0ApyYja KOHAaYHUX AVIMEH3Hja OAHOCHO KOHAaYHU e1eMeHT.

Camka 3. HpI/IKaS HaITOHCKOT CTama: a) Ha ITOBPINVHN BIAMYHE KOCTM 3a ABa pa3zA4inTa MmoJeAaa

AEHTaAHOT UMIIAaHTa 0) Y YHYTpaIUkbOCTU BUAMYHE KOCTH 32 ABa pa3AnM4nTa MOJela UMILAaHTa
Ussop: Lee, 2021

Crame y IojegHAYHIM e/JeMeHTIIMa ce Y TOM CAydYajy ONICyje OOMYHUM aArebapcKuM jegHauMHaMa
IITO je MHOIO jeAHOCTaBHUje HETO y caAy4ajy AndepeHIMjalHMX WAM WHTETPalHUX jedHadMHa
IPUAMKOM IIpUMeHe MaTeMaTudke Auckperusaiiuje. [[puMep nmpuMeHe MeToae KOHAaYHMX eJeMeHaTa
4at je Ha caunu 3. Hajuenrhe xopumrhenn codprsepu cy ABAQUS u ANSYS. Ykoauko cy rosHate
AOKaJHe cude, OKOAHO TKMBO Ce MOXKe 3aMeHMTM peakliMjaMa Be3e TaKo Ja Cce MOXKe CUMyAupaTi
HaIIOHCKO CTarbe 3aMeHCKOT KOIITaHOI TKMBa IIpe oIeparuje. YKOAMKO je HOCMBOCT 3a40BObaBajyha,
HacTaB/ba Ce Ca OIePALIIOHNM 3aXBaTOM.

IloposHocT OMoOMaTepujaaa

Iloposuu 6uomarepujaayu uMajy MOTeHIMjal 3a IMUPOKY YIOTpeOy IIPMAMKOM perapanyje 1 3aMmeHe
komraHor Tkusa. [loposna crpykrypa so03sobaBa HOBUM heanjama ga mpogpy y maTepujaa Kao u
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A00py BacKyAapHOCT HOBOT TKMBa. [lIoposHN MaTepujaa je HEOIIXOAHO MpOpadyHaTH IIpe IITaMIIama.
Jda OmcMo Moram mpeABNAeTM IIOHAIIalhe MaTepujala, MHOTpeOHO je 0OpaTUTM MaXmy Ha
eleMeHTapHM CTpYKTypHu Husbo. Ilpema Balac et al. (2012) nHampas.beH je gsodasam u TpodasHu
MoJea jedVHUYHe CTPYKTypHe 3alpeMmHe. Y pady je 3aKaydeHO Ja KapaKTepUCTHKe ABO(a3HOTr
MoJeda OATOBapajy IpeaBubeHNMM KapaKTepuCTHKaMa AOOMjeHUM Ha OCHOBY TEOPUjCKUX jeAHadMHa.
BasxHOCT OBOT MOJesa orieja ce y TOMe IITO OBaj HAYMH MOXKe ONUTU MPUKAaJaH 3a IPOjeKTOBambe
IIOPO3HUX (IIepCOHaAM30BaHNMX) MaTepujala ca >KebeHUM KapaKTepuCTMKaMa y CMUCAy ODAuKa U
BeANYMHe IIopa Kako Ou ce 40011a oNTHMaAHa IIOPO3Ha CTPYKTypa 3a pa3AndnTe HaMeHe.

Y paay Sun et al. (2020) anaamsupas je 3/ mramanu gerpajaduann Kaanujym-gpocdarHu Hocad ca
KOHTPOANCAHUM OTIYyIITaeM aHTUOaKTepUjCKUX CBOjcTaBa Kao M (YyHKIMja 3a pereHepaniujy
KomTaHor TKuBa suanme. CTyauje cy mokasade Ja je oBakaB HOCAd4 MMHUMAaAHO IMTOTOKCHYAH I

A)

Canxa 4. I'padpruky mpmkas: a) Maasauile 3/ mraMnada Koju mraMia MehycoOHo ympasHe caojese

0) MUKPOCKOIICKM IIpUKa3 UMIIAaHTa I4e ce yodaba IOPO3Ha CTPYKTypa
MsBop: Sun et al., 2020

Ha camnu 4 mpuxasaH je HoOCTyIak IITaMIle Tje ce Kao pe3yATaT A00uja MOpo3HU Ouomarepujaa
3axBasyjyhnu mrammnamy BaakaHa 1104, IIpasuM yraoM. [loposHu marepujaa npeacrasba IpUBpeMEHY
Hocehy CTPyKTypy Koja BpIINM IIOAYIIMpambe CBe AOK HOBOHACTalO KOIITaHO TKMBO He IIpey3Me Ty

yaory.

IIpeanocTtu 1 HeagoCcTaM

byayhnu aa je y muramy mHOBaTMBHaA MeTO4a M3pade 3aMeHCKOT OM0AO0IIKOT TKIBa Koja je joII yBeK Y
II0BOjy, OYeKMBaHO je Ja IIocToje oapebene mpempeke Koje je moTpeOHO mpesasuhu y HapeAHUM
roguHaMma Kako Ou ce IIporiec ONTUMU30Ba0 ¥ KOMepPIIjaa30Bao.

OcHoBHa 1 HajBa>kHMja ITIPeAHOCT OBe MeToJe je Ta mTo 3/ ImTaMIIaHM eAeMeHT CaBpIIIeHO oAroBapa
TayHO oJpebeHoM malujeHTy rAe cTaHAapAHa IIporedypa ysuMama rpapTa HUKaJ He MOXe
OCTBApUTU CaBPIIEHO HaJerame. YKOAMKO ce He Kopuctu 3/ mTaMmnaHM eAeMeHT HEeOIIXOAHO je
kopumtheme TpaanmoHalHe MeTode QUKCHMparba TUTaHUjyMCKUM Itaoumnama. llltamImaHo TKuso
MOXe OuTH ydyspirheHO He caMO TUTaHMjyMCKMM (UKCAIIMOHMM IAouniiaMa seh u mramimanum
eaeMeHTNMa 3a $ukcanujy uspabeHnM o4 MexaHMYKM CYIIEpUOPHMX MaTepujada ITOIYT LMPKOHUje,
Ha 4ujeM ce yHampebemwy TexHoaoruje ImramIile MHTEH3UBHO paau (Suominen et al., 2019). YV Hekum
cAydajeBMa TUTaHMjyMcCKe (UKCAIMOHe ILA04mIle He MOIY A0BOAHO A00pO HaleraTu Ha KOIITaHY
HNOBPIIMHY IIa Ce MOTy jaBUTH IIOMeparba, INTO MOXe JOBecTu A0 OTKasa HMMIIAaHTa aAu U
ocTeogerpadalniyje MCIoA TUTAaHUjYMCKUX I1A04YNIIa yCae/ BeAlKe pa3AlKe Y MOAyAMMa eAacTUIHOCTH
KOIIITAHOI TKMBa I MeTaJa. 300T Tora KepaMuKa ITOIIyT LMpPKOHMje IpeAcTaBba 34aTHY CpeauHy
HOBUX MaTepujasa 3a pukcupame ko0joj y 6yayhHoct Tpeba Texxutm jep mpyxka 3agosombasajyhy
MeXaHMJIKY HOCUBOCT ¥ OMOKOMITAaTUONAHA je Ca OKOAHUM TKUBOM.

Ha mnouerky je HamomeHyTO Ja TpaAuIlMOHaAHa Ipoliedypa Ilogpa3yMesa AOJaTHY onepanujy
(ysuMame ayTOAOTHOT KOINTaHOI TKMBa Hajuemmhe ca Kyka) 30or dera IalmjeHT TpIM JOAaTHe
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HeJarogHoCTU a mocTtoju u oapebenm pusuk o4 XKoMmamkamuja. Y3eTO TKMBO je HEOIIXOAHO
NPUIIPEMUTH TOKOM oIlepalyje Tako Aa IITO 00be 04roBapa MecCTy IJe ra je oTpebHO PpuUKcHpaTH a
TO AMPEKTHO IIPOJY>Kyje BpeMe olleparuje. 300r Tora je BeAuky 3Hauaj 3/ mrramie rae je moryhe aa
XMpYPT IIpe oIepaluje uMa clipeMAbeH eleMeHT KOji je IOTpeOHO 4a yrpadu Iia je U BpeMe IOTpeObHO
3a onepanujy kpahe.

VHTepecanTHa KapakTepucTuKa Kaanujym gpocdara je 4a Moxxe 0uty aricopoosaH (Oropecopbadnian
Marepmjaa) 04 CTpaHe KOIITaHMX heaAmja UM TuUMe AMPEKTHO IIOTIIOMa’ke U3TPajmy OAHOCHO
pereHepanujy KoITaHor TKuba. bpsuHa kojom ce kaanujym ¢gocdat paszaake oaropopa Op3vHI pacTa
HOBOT KOIIITaHOT TKMBa TaKO Aa He IIOCTOju OIacHocT da he y 6110 koM TpeHyTKY HOoceha cTpykrypa
OuTH HapyIlIeHa.

Takobe, Texnoaoruja 3/ mrrammne MoKe ga ce IIpUMEHM He cCaMO Ha ITaMIly MMILAaHTa Beh u Ha
IITaMIIy MOJAeAa OKOAHOT TKuBa rae he ce spmmntu onepanuja. Kao mro je seh panuje Harmomenyro,
xupypr mma npucryn LT cHMMKy mipe 3axBaTa M HEOIXOJHO je Ja CaMOCTaAHO ITPOCTOPHO
BU3yaAu3yje MecCTo onepanuje. ¥ sehuHu caydajesa oBo je 40BObHO A0Dap HauMH pasa. Mebyrtum, y
HEKIM cAydYajeBrMa 300T KOMILA€KCHOCTM OKOAHOI TKMBAa XUPYPT HUje Y CTamy Aa ca CUTYpHOIIhy
UCIIAaHMpa IIOCTyIIaK ollepanyje Beh ce maaHmpame M3BpIIaBa TOKOM OIlepaliMIOHOTI IIpolleca Kada
PasANIUTI CHOMbAIIBN (PAKTOPM MOTY Ja AOBedy AO AOIle OAAyKe M ITOTeHIMjaldHO CMPTOHOCHOT
ucxoga. 3axsasyjyhu 3/ mramnm y caydajy KOMILAEKCHOT 3axBaTa, XUPYPT ce MOXKe IIPUIIPEMUTH Ha
oAroBapajyhu HauMH ¥ MaKCMMaAHO ONTMMM30BATHU IIOCTYIIaK OIlepalllje jep Ce Y IerOBUM pyKama
MOXXe Hala3uTu PU3NIKM MOJeA MecCTa oIepaliuje ca CBUM OKOAHMM JeTasnuMa. Ha osaj Haumn
MoryhHOCT rperke je MMHMMaAM30BaHa IITO je BeAMKa IIPeAHOCT Y OAHOCY Ha KAACUYIHY MeTOAY.

INoctoje m oapebenn nHegocranm 3/ OGHMONPUHTMHTA KOINTAHOT TKMBa KOjII CBakaKo Tpeba JAa ce
rocMaTpajy Kao INpuAMKa 3a Jasby ONTMMM3allMjy ITpolleca a He Kao Ha HecaBAaAMBY IIpelpekKy.
Heaocratak MeToge mITaMmIlamha 3aMeHCKOT KOIITAaHOT TKMBa IpejcTaBba OIpaHMYeHOCT Mu3bopa
Marepujala KOju ce MOTy IITaMIIaTi CTepeoANTOrpapckoM MeTOAOM jep je IOTpeOHO 3a CBaKU HOBU
Marepujaa OCMMCAUTH TexHoaorujy mramne (Huang et al., 2020). Iloctynkom 3/ mTamie HIIp.
uupkoHyje (Suominen et al., 2019) KOja MMa OAAMYHe MeXaHM4YKe KapaKTepUCTUKe, yTpreHo je Aa
rocroju mpobaeM oko MehycoOHOT 1ToBe3uBama cA0jeBa IITO je 40BeAO A0 HICKE CaBOjHEe UBpcTohe u
AUPEKTHO MOXKe AOBeCTM A0 OTKa3a MMILIaHTa TaKO Ja y OBOM TPeHYTKy He cHaja y THOJecHY
TEXHOAOTIjy 3a OMOA0IIKe UMILAaHTe.

3akmbydak

IIpnmena 3/ mramire He IIpeAcTaBba HOBY TEXHOAOIH]y jep je Beh caga roroso cBuMa A0CTynHa, aau
IIpyIMeHa OMOnmpMHTMHTA Y INTaMIINM IepPCOHAAM30BaHMX OMOKOMIATMOMAHMX MMILAaHaTa
IpeAcTaB/ba HOBY TpaHy MHTepecoBara HaydHMKa Koja y IIOCJejrbe BpeMe 3acAy’KeHO AoOmja Ha
3Hauajy. CBaka TexHOAOTHja U3paje M IIOCTaB/barba MMILAaHTa ca CoOOM Hocu opebeHe mpegHOCT 1
HeAOCTaTKe, a Y OBOM TPeHyTKY BAaja BeAUKO MHTepecoBame 3a OBy 004acT Ie ce TpaKy ONTMMaAHa
nporedypa koja he 6mrtm morogHa 3a maljujeHTa, XMpPypra, jeAHOCTaBHa 3a M3pajy M ca aclekTa
TpOIIKOBa ucnAaTuBa. IIpmanka 3a KOoHayHO pelleme ce IMOTEHIIMjadHO Hasupe y npumeHu 3/
TexHoaoruja kKoje ©6u omoryhasase mepconHaamsanujy MMILAaHTa 3a CBaKOI MHaljUjeHTa, IPUTOM
oapkaBajyhm 3agososbasajyhy HocusocT. Takobe ce msberaBajy AogaTHM IIOCTYHIIM IIPUAUKOM
IIOCTaBAarba Kao U IOoHOBHe omnepanuje. Obehapajyhm pesyaraTu mokasyjy 4a osakBa TeXHOAOTHja
Ipy>ka MHOTOOpOjHe morogHoctu 1 seh y HapeAHNX HEKOANMKO ro4MHa MOJKe Ce OYeKMBaTU IIpVIMeHa
3/ 6uoxoMnaTHONAHE KepaMuKe y IINIpPO]j yIIOTpeOn.
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Abstract: The artificial bee colony (ABC) algorithm is a notable swarm intelligence algorithm which has many
applications in solving hard optimization problems from different areas. In this paper a novel multi-strategy
artificial bee colony algorithm (MSABC) is proposed for solving minimax optimization problems. In the
proposed method three search equations with diverse search advantages are combined to obtain a good ratio
between exploration and exploitation and to improve the search capability of the artificial bee colony algorithm.
Experiments are conducted on ten well-known minimax problems and obtained results were compared to the
results obtained by artificial bee colony algorithm. The experimental results reveal that the proposed method can
considerably enhance the performance of the artificial bee colony metaheuristic.

Keywords: minimax problems, global optimization, artificial bee colony algorithm, multi-strategy, nature
inspired metaheuristics

Ancmpaxm: Arzopumam uncnupucan pojesuma niera (ABC) je ucmaxnym arzopumam urmeruzeruuje
pojesa Koju ce MoXe MpUMEHUMU 34 peuiasarve Meukux ONMmuMUSAUUOHUX NPpoOAEMA U3 PASAULUMUX
obracmu. Y 060m pady npedroxeH je HOU SUULECHIPAMEUjCKU AAOPUMAM UHCNUPUCAH POjeSUMA N1eAd
(MSABC) 3a pewasaroe munumaxc npobrema. Y npedroxenoj memodu mpu jednauue npempaze xoje umajy
pasauvume npedHoCcmy NPUAUKOM Npempaxuearoa ce Komounyjy da ou ce nocmuzao dobap ooxoc usmehy
excnaopayuje u excnioamayuje. Ha oeaj wnawumn ce mnoboouiasa cnocodHocm npempaze aA0pUMMA
uHcnupucanoz pojesuma nuerqa. Ilpedroxenu npucmyn mecmupan je 3a peuiasaroe odecem NOIHAMUX
Munumaxc npodorema. AJodujenu pesyamamu cy ynopehenu ca pesyAmamuma O0CHOEHOZ AAZOPUMMA
UHCNUPUCANOZ POjesUMA NHeAd U NOKA3YjY 04 NpeoroXeHu AA0pUmaMm 3HauajHo nobovuiasa neppopmatrce
0CHOGHO0Z AAZOPUTHMA.

Kwoyune peuu: munumarxc npodbremu, z2A00aAHA ONMUMUSAYUJA, AA0PUMAM UHCHUPUCAH POjeSUMA NUueAd,
suule cmpamezuja, NpupoooM UHCHUPUCAHE Memaxeypucmure

Introduction

Artificial bee colony (ABC) proposed by Karaboga is a prominent population-based metaheuristic
method (Karaboga, 2005). The ABC and other metaheuristic algorithms such as particle swarm
optimization (PSO) (Kennedy & Eberhart, 1995), harmony search (HS) (Geem et al, 2001),
gravitational search algorithm (GSA) (Rashedi et al., 2009), firefly algorithm (FA), cuckoo search (CS)
(Yang, 2008), etc, have been successfully used for solving many hard optimization problems. The aim
of this paper is to improve the performance of the ABC algorithm for solving minimax optimization
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problems. There are numerous real-life applications where minimax optimization problems are found.
Some of them are optimal control, warehouse location problem, engineering design, game theory,
robot path planning problems, scheduling problem, signal, and data processing (Zhang et al., 2021;
Thiruvady et al., 2021).

Minimax optimization handles a composition of an inner maximization problem and an outer
minimization problem. The general form of the minimax problem can be defined as (Tawhid et al.,
2019):

min F(x), 1)
where
Fix}) = max f; (x), i = L2,...m, 2)

with fi(x): § € R®"—=R,i = L2,...m.

Additionally, a nonlinear programming problem, with inequality constrains, of the form

min F(x),

g(x) =0,  i=12..m ©)
can be transformed to minimax problems as follows:
min max f (x) i = 1.2,...m 4)
where
filx) = Fx),
flx) = Fla) — a(x)gi(x) (5)
a; = 0
for i = 1.2,...m. The optimum point of the minimax problem coincides with the optimum point of

the nonlinear programming problem when &; is large enough.

Minimax problems are challenging because these problems are often nonlinear with multiple local
optimums. The common strategies for solving minimax problems, such as sequential quadratic
programming and smoothing techniques perform local minimization and require derivatives
information for the objective function. This information is not analytically available in most
applications.

In the last decades, many metaheuristic algorithms were applied to solve minimax optimization
problems. These techniques are problem-independent optimization methods which can obtain high-
quality solutions in an acceptable amount of time. Their search equations use some randomness,
which can enable the algorithm to escape from the local optimum to search more beneficial regions on
a global level.

In this paper, a novel multi-strategy artificial bee colony algorithm (MSABC) is developed for solving
minimax optimization problems. The proposed MSABC algorithm uses three distinct ABC search
equations throughout the search process. The use of different search equations which have different
abilities so that they support each other during the search, helps the proposed algorithm to efficiently
investigate the vicinity of good solutions.
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The rest of the paper is organized as follows. Section 2 introduces the ABC algorithm. Section 3
presents the proposed multi-strategy artificial bee colony algorithm. Experimental results of the ABC
and MABC algorithms are given in Section 4.

The ABC algorithm

Foraging behavior of a bee swarm motivated the development of the artificial bee colony
metaheuristic technique (Karaboga, 2005). Employed bees, onlooker bees and scout bees are included
in a population of artificial bees. Employed bees make one-half of the population, while onlookers and
scout bees make the other half. All bees that are currently exploiting a food source are employed bees.
The onlooker bees aim to choose promising food sources from those discovered by the employed bees
according to the probability proportional to the quality of the food source. After the selection of the
food source, the onlookers search food around the selected food source. The scout bees are
transformed from several employed bees that abandon their disadvantageous food sources to search
new ones.

In the initialization step of the ABC algorithm a randomly distributed initial population is generated.
After this phase, employed, onlooker and scout phases are repeated for a certain number of
generations. The best-found solution is saved after each generation.

In the employed phase, the operator used to create a novel solution ¥; from the old one ¥; is given by:
vij = x5+ 'pl'{'rl'_i'_xi.'_i'} ] (6)

where xijdenotes the jth parameter of x;, jis a randomly picked index, ¢: is a uniform random number
in range (-1,1), x« represents the other solution selected randomly from the population.

Greedy selection between old and new solution determines whether the old solution will be replaced
by the new one. In the onlooker phase, the solutions which will be subjected to the update process are
selected according to the fitness proportionate selection. In this phase the update process is the same
as in the employed bee phase. In the scout phase, a solution that can not be updated through a
predetermined number of trials is replaced with a randomly generated solution in the search space.

There are many ABC variants for solving numerical and combinatorial optimization problems
algorithms due to its good performance. For instance, the ABC version which employs a control
parameter that determines how many parameters should be modified for the generation of a
neighboring solution is developed in (Akay & Karaboga, 2009). The proposed method is applied to
solve integer programming problems. A hybrid method, which combines firefly algorithm and ABC,
is developed for solving numerical optimization problems (Brajevi¢ et al., 2020). The ABC algorithm
that integrates the elitism strategy, recovery and local search methods is a recently proposed ABC
version for solving the operating room scheduling problem (Lin & Li, 2021). Generally, application
areas of the ABC algorithm are, neural networks, image processing, data mining, cryptanalysis, data
clustering and engineering (Karaboga et al., 2014; Brajevi¢, 2015).

Proposed algorithm: MSABC

The standard ABC algorithm in both bee phases uses the same solution search strategy, which
performs good in exploration but poorly in exploitation. Motivated by the advantages of combining
search equations which have different characteristics a novel multi-strategy artificial bee colony
(MSABC) algorithm is developed. In the proposed approach three search strategies coexist throughout
the search process and compete to generate more quality solutions.
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The first search strategy employed in the MSABC is given by Eq. (1). According to this search strategy,
the potential solution is generated by moving the parent solution to a randomly selected individual
from the population. Consequently, this search equation is random enough for exploration and can
obtain solutions with ample of diversity.

The second search equation used in the MSABC is given as follows:
v = {xg; + q:l,-j-{.r,-j- —.r;_.j-} + oy {j‘j- - .r;_._i-}. if R = MR x;;, otherwise (7)

where @ijis a uniform random number in range (-1, 1), wijis a uniform random numbers in range (0,
1.5), xxk is a randomly selected food source that is different from xi, y;j is the jth element of the global
best solution, R is a randomly chosen real number in range (0,1), MR is modification rate control
parameter whose value is in the range (0, 1), j € {1, 2, ..., D} and D is the number of optimization
parameters or dimensions of the problem. The novel control parameter MR controls possible
modifications of optimization parameters and it can take value between 0 and 1. This search equation
is inspired by particle swarm optimization (Zhu & Kwong, 2010) algorithm. As stated in Eq. (7), the
information of the global best solution is used to guide the search of candidate solutions. Therefore,
this search equation can improve the exploitation ability of the ABC algorithm.

The third search strategy employed in the MABC is described as follows:
vy = {xm + @i (X im — X ) i R = MR xuy. otherwise 8)

where m is a randomly chosen parameter index, ¢iis a uniform random number in range (-1, 1), x«
represents the other solution selected randomly from the population, R is a randomly chosen real
number in range (0,1), and j = 1,2...D. It is expected that the search equation given by Eq. (6) provides
good exploration ability but slower convergence speed. On the other hand, the Eq. (7) and Eq. (8)
could obtain better convergence speed and good exploitation.

Algorithm 1. Dynamic rule for solution search equation
lff('lf'|) <f(.1'|') then

X = v

7

{solution x; is updated and its assigned solution search equation 5; is kept for
further search}

else
Randomly select a strategy 5, from the set {S1. Sz, S5} and S =5
5; = 5y;
X = X

{solution ¥; is kept and its assigned solution search equation is replaced for

further search}

An encoding method is used with the intention to determine how to assign these search strategies to
solutions from the population. Let us denote the search strategy given by the Eq. (6) as S1, the search
strategy given by the Eq. (7) as Sz and the search strategy given by the Eq. (8) as Ss. At the start of the
search, each solution xiis randomly assigned a solution search strategy, Si, from the set {Si. Sz, Ss}.
During the search process, the value of Siis changed according to the objective function value of the
novel solution vi. If the solution vi has lower objective function value than its parent x;, it suggests that
the current solution’s search equation is appropriate for the search. In that case, the parent solution is
replaced with the candidate solution and the current solution’s search strategy is kept for the further
search. Otherwise, the parent solution is kept for next generation. Also, this case indicates that the
current strategy cannot improve the quality of solution and it is replaced. This encoding method is
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given as Algorithm 1. The parent solution x: and its assigned solution search strategy Si, the potential
solution vi and the objective function f are the input of Algorithm 1. The output of this algorithm is the
solution x: and its assigned solution search equation S: which will be used in next iteration.

Algorithm 2. Pseudo-code of the MSABC
Initialize algorithm's parameters SP, MNI and MR

Initialize population of search solutions %j, i = 1, 2, ..., SP randomly in the
search space;
Evaluate each x;,i=1, 2, ..., SP;
t=1;
while (¢ <= MNI) do
fori=1do SP do
Create new solution ¥; according to the search strategy 5
Update ¥; and 3; according to Algorithm 1;
end for
Update the best solution obtained so far;
t=t+1;

end while

The pseudo-code of the MSABC is presented in Algorithm 2. The input of Algorithm 2 includes the
population size value SP, the maximum number of iterations MNI, the modification rate MR and the
objective function f. The output of Algorithm 3 is the solution with the smallest objective function
value.

Experiments and results

A comparison between the developed MSABC and ABC adjusted to solve minimax optimization
problems through ten test benchmarks is presented in this section. Both metaheuristic algorithms were
implemented in Java programming language on a PC Intel(R) Core(TM) i5-4460 3.2GHz processor
with 16GB of RAM and Windows OS. To test the performance of the MSABC and ABC on minimax
programming problems, ten problems widely used in the literature are employed. The mathematical
models of these problems can be found in (LuksSan, L., & VI¢ek, J. (2000); Tawhid et al. (2019)). Table 1
presents the following characteristics of the used minmax problems: the name of the minimax
benchmark problems, the dimension of the problem, the number of fi(x) functions and desired error
goal.

Table 1. Properties of the minimax benchmark problems FMi-FMuo.

Function Dimension (D) #fi(x) Desired Error Goal
FM1 2 3 1.9522245

FM:2 2 3 2

FMs 4 4 -40.1

FMa 2 2 10+

FMs 10 10 10+

FMe 2 2 10+

FM7 4 4 -40.1

FMs 7 5 680.9

FMo 4 21 0.1

FMaio 9 41 0.61852848 - 102
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In the MSABC and ABC algorithms the size of population SP was set to 20 and the maximum number
of function evaluations executed by these methods for all benchmarks was set to 20,000. The run is
counted as successful when the desired error goal is achieved within the maximum number of
function evaluations. In the ABC, values of MR and limit control parameters were set to 0.8 and 5* D *
SP. The same values of these parameters are employed in the respective original paper (ABC integer,
2009). The results of the MSABC and ABC algorithms were reached over 30 runs.

To estimate the performances of the ABC and MSABC algorithms the following metrics are employed.
The mean number of function evaluations required to achieve the desired value can be considered a
measure of the convergence speed. The convergence speed is faster if the mean value is smaller.
Standard deviation (SD) values are measured to investigate the stability of each algorithm. The
performance of a method is less stable if the standard deviation value is higher. The metric success
rate (SR) is used to demonstrate robustness of metaheuristics. The success rate is defined as the ratio of
successful runs in the total number of performed runs. The mean, standard deviation values and SR
values of the artificial bee colony and proposed MSABC for the test functions FM1-FM10 over 30 runs
are presented in Table 2. The best mean results are in bold.

Table 2. Comparison results of the ABC and MSABC for the FM1-FM10 minimax problems. The best
results are indicated in bold.

ABC MSABC

Mean SD SR Mean SD SR
FM1 7522.0 5486.06 29/30 1515.33 467.46 30/30
FM2 1997.2 741.59 30/30 841.33 148.94 30/30
FMs 600.8 130.71 30/30 495.33 96.56 30/30
FMa4 1854.0 400.80 30/30 1259.333 152.9 30/30
FMs 19,022.8 2028.13 24/30 2441.33 288.718 30/30
FMs 2215.2 2197.82 30/30 495.33 219.31 30/30
FM~ 2986.8 2327.84 30/30 921.33 405.85 30/30
FMs 18,442.8 3 3707.93 18/30 7864.0 4473.15 28/30
FMo 32444 2562.20 30/30 1320.66 777.09 30/30
FMio 20,000.0 0.0 0/30 13644.6 5404.66 23/30

From the reached results, it can be noticed that the proposed MSABC algorithm outperforms the
standard ABC algorithm for all benchmark problems. The obtained mean and standard deviation
values indicate that the MSABC method converges faster and that it is more stable in comparison with
the ABC technique. Additionally, the SR results indicate that the MSABC performance is more robust
in comparison with the ABC on four benchmark problems (FM1, FM2, FMs, FMs and FMio), while both
methods reached the same SR results for the rest of the test problems.

Conclusion

In this paper, a multi-strategy artificial bee colony algorithm (MSABC) is proposed for solving
minimax optimization problems. To obtain more refined search of the search space, the proposed
approach uses three search strategies with different characteristics. The proposed MSABC algorithm
was applied to solve ten minimax problems taken from the literature and it showed a good
performance. Compared to the basic ABC, the MSABC method converges faster and it is more robust.
In the future work, the performance of the MSABC technique applied to other practical optimization
problems will be investigated.
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Sigurnost i zastita podataka u Bolnickom Informacionom
Sistemu sa prakticnim primjerom

Security and data protection in the Hospital Information
System with practical example

Ines Isakovié!
1Sveuciliste/ Univerzitet Vitez, Bihackih branilaca 3, Biha¢, BiH, isakovic.ines@hotmail.com

Apstrakt: Cilj pisanja naucnog rada iz oblasti informacionih sistema u zdravstvu nastala je i razvijala se iz
interesovanja za tom tematikom, a takoder i podstaknuta, prvenstveno, zainteresiranoscu trzista za uvodenjem i
zastitom informacionih sistema u zdravstou na podrucju Bosne i Hercegovine kao cjeline. Osnovna svrha
pisanja ovog naucnog rada je odredena kao naucni i strucni doprinos autora u cilju unapredenja i razvoja i
zastite informacionih sistema u zdravstvu te pribliZavanja zdravstvenih informacionih sistema korisnicima sa
akcentom na informacioni sistem u Kantonalnoj bolnici Dr. Irfan Ljubijanki¢. Takoder je predstavljen nacin na
koji je IT department u Kantonalnoj bolnici Dr. Irfan Ljubijanki¢ izvrsio zastitu zdravstvenog informacionog
sistema u domeni zloupotrebe informacija o pacijentima i neovlastenog pristupa sa akcentom na 1SO standarde.
Kljuéne rijeci: BIS, zastita BIS, 1SO standardi

Abstract: The initial goal is to write a scientific paper about health information systems that was developed due
to an interest in this topic. We also were encouraged, primarily, because there was an interest in implementation
and security of health information systems in the area of Bosnia and Herzegovina as a whole. The main purpose
of writing this scientific paper is defined as the scientific and professional contribution of the author to improve
the development and security of health information systems, as well as to bring health information systems
closer to users with an emphasis on the information system in the Cantonal Hospital. The way in which the IT
department performed the protection of the health information system due to the misuse of patient information
and unauthorized access with an emphasis on ISO standards.

Keywords: Hospital Information systems, HIS security, ISO standards

Uvod

Zdravstvo je Sirok pojam i on posjeduje vise svojih podsistema, od kojih je bolnica jedan kao
najslozeniji i najzahtjevniji podsistem. To je ustanova za lijeCenje bolesnika od strane specijaliziranih
uposlenika i opreme, koja treba da strucno i statisticki obraduje svoj bolesnicki materijal te da
rezultate analiza objavljuje u stru¢nim ili nau¢nim krugovima (Suad Sivi¢, 2014).

Kao i svaki informacioni sistem i bolnicki informacioni sistem predstavlja skup mehanizama i
postupaka kojima je cilj da obezbijedi prikupljanje, obradu i dostavu informacija za planiranje i
rukovodenje bolnicom, za pruzanje svih oblika zdravstvene zastite, istrazivanja u zdravstvenom
sistemu i obrazovanje zdravstvenih radnika (Suad Sivi¢, 2014). Cilj bolnickih informacionih sistema
jeste da se prikupe, arhiviraju i koriste informacije pacijenta.

Svrha bolnickih informacionih sistema je da omoguce pouzdanu, brzu, efikasnu obradu i ¢uvanje
podataka o pacijentima, uposlenicima, medicinskim materijalom, medicinskim uredajima,
finansijskim tokovima, troskovima, poslovnom planiranju i odlucivanju, kao i o edukaciji
zdravstvenih radnika. Bolnicki informacioni sistemi nam nude dvije vrste podataka struktuirane i
nestrukturirane, koje smo prethodno i definisali, ali u bolni¢kom okruZenju to znaci sljedece:
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e Struktuirani podaci su razli¢ite numericke vrijednosti, kodirane vrijednosti atributa,
rezultate mjerenja razlic¢itih bioloskih signala ili rezultati normiranih laboratorijskih
analiza, odnosno sve podatke koji su pogodni za racunarsku obradu.

e Nestrukturirani podaci su podaci kao Sto su tekst unesen u racunalo, zvucno
izdiktiran medicinski nalaz, prikaz slike ili biljeska.

Stacionar Poliklinika

Kirurski Dijagnoslika i I:nﬁgr:lh?rm (prijam)

Internistieki Patologa (lijetenje)

- . konzilijarni
Ostalo H:f':.' prijam Ljekama ( ljarni)

Kadrovska Nabava Fakturni Raéunovodstvo

Skladiste Osnovna

sredstva Kontroling

Slika 1. Idejna Sema organizacije i struktuiranja procesa u Klinickoj bolnici ,,Dubrave” za potrebe

implementacije informacionog sistema
Izvor: Sivi¢, 2014

Ono $sto bi svaki bolnicki informacioni sistem trebao imati su sljede¢i moduli:
e modul za pracenje rada ambulanti,
e modul za pracenje rada odjela,
o fakturiranje iz odjela i ambulanti,
e HL7 modul,
¢ DRG (dijagnosticko terapijske grupe) gruper,
e modul prehrane,
o lista cekanja,
e lista narucivanja i druge potrebne module za rad zdravstvenih ustanova.

Enmpnnbﬂncg

Druge
\

NARUCIVANJE

PP uwuw

APO
womomocon w

Slika: 2. Protok informacija u bolnickom informacionom sistemu (BIS-bolnicki informacioni sistem,
NZS-nacionalni zdravstveni sistem, LAB-Laboratorijski informacioni sistem, APO-IS apoteke, DTO-IS
dijagnosticko terapijskog odjela, NJP-IS njege pacijenata, UIP-IS upisa, ispisa i prenosa pacijenata,
OIP-IS obra¢una i potrazivanja, SDO-IS za angazman $ire drustvene zajednice, MZ-IS medicinskih
zapisa)

Izvor: Sivi¢, 2014

Kako vidimo iz gore predstavljanje slike bolnicki informacioni sistemi u sustini predstavljaju model
ERP (Enterprice Resource Planning) sistema koje ¢ine viSe integriranih modula / podsistema kao Sto
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su radioloski informacijski sistem, laboratorijski informacijski sistem, administrativni informacijski
sistem.

Sigurnost i zastita podataka u Bolnickom Informacionom Sistemu

Postoji niz zakonskih akata koji regulisu zastitu i sigurnost podataka pacijenata unutar bolnickih
informacionih sistema. 25. maja 2018. god. je stupila na snagu Opc¢a uredba o zastiti licnih podataka
(GDPR - General Data Protection Regulation). Stupanjem na snagu navedene uredbe uvodi se
procedura kojom se prema podacima treba postupati na ozbiljniji nacin i prebacuje se odgovornost na
korisnike li¢nih podataka. ISO standard 27001, koji govori o informatickoj sigurnosti i zastiti podataka
mozemo implicirati kod li¢nih podataka pacijenata kao Sto su ime i prezime, mati¢ni broj ili bilo koji
drugi podatak, gdje je potrebno zastiti od bilo kakve zloupotrebe, koja moze kompromitovati osobu u
smislu njegove identifikacije. Bolni¢ki informacioni sistemi su dostupni mnogim korisnicima za
razlic¢ite svrhe. Osnovni pojmovi vezani za gore pomenutu temu su: privatnost, bezbijednost i zastita
podataka. Svaki bolnicki sistem treba da ¢uva podatke na minimum dva mjesta, jedan backup server,
koji ¢e biti izmjesten iz bolni¢kog kruga i drugi u ,,Cloud”, gdje ovlastene i akreditovane kompanije
¢uvaju nasu kopiju podataka u slusaju da dode do sigurnosnog incidenta. U bolni¢kim informacionim
sistemima se prikupljaju i ¢uvaju podaci u svrhu lije¢enja, a GDPR je dobra platforma i zakonska
regulativa, koja omogucava da podaci budu sigurni od nestanka i neovlastenog pristupa.

Privatnost se moze definisati kao pravo pojedinca da odredi stepen do koga ¢e davati informacije o
sebi (Kantonalna bolnica Zenica, 2011). Informacije o pacijentu imaju svoj tok koji ovisi od korisnika
do korisnika, i moZe se daati samo uz prethodnu saglasnost osobe o kojoj se radi. Sa druge strane,
privatnost odnosno povjerljivost zdravstvenih informacija se moZe definisati i kao profesionalna
obaveza ljekara, sestara, vanbolnickog osoblja, nemedicinskih istrazivaca, potom onih osoba koje su
zaposlene u fondovima zdravstvenog osiguranja da o navedenim podacima ¢ute odnosno da ih drze u
tajnosti (Kantonalna bolnica Zenica, 2011).

S druge strane kako moramo voditi brigu o povjerljivosti podataka, tako moramo voditi brigu i o
bezbjednost ili sigurnost podataka. Kada govorimo o bezbjednosti podataka mislimo na zastitu
podataka od nezeljenih dogadaja odnosno onih koji mogu doprinijeti izmjeni, brisanju ili gubitku
generalija i ostalog Sto definiSe samog pacijenta. Sigurnost se odnosi, sa jedne strane, na zastitu
integriteta podataka , a sa druge strane, na obezbedenje privatnosti pacijenta i ljekara (Kantonalna
bolnica Zenica, 2011).

Sigurnost podataka podrazumijeva:

a) Povjerljivost - informacija je pristupa¢na samo onima koji su ovlasteni za pristup bolnickom
informacionom sistemu (sto definira ISO 7498-2);

b) Integriteta - cuvanje tacnosti i potpunosti informacije i nacina obrade ($to definira ISO 7498-2);

c¢) Dostupnosti - obezbjedenjem da, kada se zahtijeva, ovlaSteni korisnici imaju pristup
informaciji (Sto definira ISO 7498-2).

Sigurnost informacije se postize implementiranjem pogodnih pravila kontrole, Sto mogu biti politike,
prakse, procedure, organizacione strukture i funkcije software-a, odnosno uvodenjem odgovarajuceg
ISO standarda.

ISO 7498-2 objavljen je 1989. godine i ovaj ISO standard se primjenjuje kod sistema obrade informacija,
interakciju izmedu sistema, sigurnost arhitekture sistema. ISO 7498-2 definira sljedec¢ih pet kategorija
sigurnosti:

1. provjera autenti¢nosti,
2. kontrola neovlastenog pristupa,
3. povjerljivost podataka — omogucava da podaci ne budu dostupni neovlastenim korisnicima i
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4. integritet podataka.

Zakoni i propisi dobro rade na definiranju opsega informacijske sigurnosti i preciziranju uloge
informacijske sigurnosti u upravljanju rizicima. Oni imaju malo toga za rec¢i o tome sto je ucinkovita
sigurnost informacija ili kako je posti¢i. Sre¢om, International Standards Organization (ISO) razvila je
dva standarda koja to i ¢ine, a pridrzavanjem istih. Dva standarda, ISO 17799 i ISO 27001, zajedno
pruzaju najbolju praksu i certifikate za sigurnost informacija. Oba su izvedena iz britanskog standarda
BS7799, koji je dugi niz godina sluzio kao osnova za informacijsku sigurnost. BS7799 dolazi u dva
dijela; prvi dio, BS7799: 1, postao ISO 17799, dok je BS7799: 2 postao ISO 27001.

ISO 17799 daje preporuke najbolje prakse za pokretanje, primjenu ili odrzavanje sistema upravljanja
sigurnos¢u informacija. Sigurnost informacija definirana je standardom kao ocuvanje povjerljivosti
(osiguravanje da su informacije dostupne samo onima koji imaju ovlasten pristup), integritet i
dostupnost (osig