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Received 17 October 2022; Revised 16 November 2022; Accepted 5 April 2023; Published 26 April 2023

Academic Editor: S. E. Najaf
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Te application of Industry 4.0 (I4.0) in the feld of logistics leads to the emergence and development of the concept of logistics 4.0.
Many I4.0 technologies have been applied in the feld of logistics.Te goal of this research is to analyze the applicability of nine key
I4.0 technologies in logistics centers (LC). For this purpose, an integrated MEREC (MEthod based on the Removal Efects of
Criteria)—fuzzy MARCOS (Measurement of Alternatives and Ranking according to COmpromise Solution) model was de-
veloped. Te applicability of nine I4.0 technologies was evaluated based on 15 subcriteria within three main groups of criteria,
namely, technological, social and political, and economic and operative. Using the MEREC method, the weight values of the
criteria and subcriteria were determined, while the technologies were ranked using the fuzzy MARCOS method. Based on the
results obtained by applying this integrated MCDM (multicriteria decision-making) model, CC was identifed as the best al-
ternative, i.e., the technology that is most applicable in logistics centers, followed by IoTand big data. An analysis of the sensitivity
of the obtained results to the change in the importance of the criteria was carried out, which shows certain changes in the ranking
when the importance of the most important criterion changes.

1. Introduction

Te interest in logistics is growing every day, i.e., the great
importance and impact of logistics on the countries’
economies are attracting growing attention.Te efciency of
logistics systems signifcantly afects the success of trade [1].
In addition, logistics contributes to the “attraction” of direct
foreign investments [2], has a positive impact on the growth
of the gross domestic product [3], and ultimately contributes
to sustainable economic growth [4]. Logistics centers (LCs)
are home to many and diverse processes and activities, such
as storage, transportation of goods, handling, reassembly,
clearing, dismantling, quality control, and social services [5].
LCs are of great importance in optimization of logistics
chains because they determine the quality of stock distri-
bution and the efciency of order fulfllment. Realization of

logistics activities through the LC enables better cooperation
and better access to high value-added services [6]. Creating
value in logistics services to meet customer expectations is
becoming more important than ever to maintain compet-
itiveness in the market. Te ultimate goal is to provide lo-
gistics services that will maximally satisfy the demands and
needs of clients. It sounds simple, but with increasingly
complex and longer supply chains, the task of satisfying the
increasing demands of customers with minimal costs be-
comes very complex and complicated. Consequently, it is
necessary to follow key trends, introduce various in-
novations, and apply the latest modern technologies in all
logistics processes and systems. Industry 4.0 (I4.0) enables
a new andmore efcient way of realizing activities within the
supply chain through the connection of diferent parts and
processes of the supply chain and the implementation of new
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modern technologies [7]. In the last few years, in many areas
including logistics, I4.0 technologies such as Internet of
Tings (IoT), autonomous vehicles (AVs) and automated
guided vehicles (AGVs), artifcial intelligence (AI), virtual
reality (VR) and augmented reality (AR), big data, block-
chain, electronic and mobile marketplace, cloud computing
(CC), and 3D printing are increasingly used. Te previously
mentioned technologies are being applied more and more
every day in the feld of logistics, which leads to the de-
velopment of the concept of Logistics 4.0. Te application of
the previously mentioned technologies in the feld of lo-
gistics provides logistics service providers with many ad-
vantages such as signifcantly lower costs, signifcant
increase in efciency, better delivery service (delivery on
time and quality of delivery), reduced workload of em-
ployees, reduced susceptibility to errors, reliable forecasts,
more precise planning of demand and deployment of all
resources, very high fexibility, reduction of negative impact
on the environment, and increased transparency along the
entire logistics chain. Terefore, logistics 4.0 actively uses
modern technology to strengthen organizational agility,
logistics capabilities, and competitiveness [8].

I4.0 technologies experienced a skyrocketing demand
after the outbreak of the 2020 pandemic. COVID-19 has
made reliable delivery more important than ever before and
logistics management a little more complicated. But with the
help of automation, it is possible to perform complex logistics
operations that end with reliable order fulfllment and satisfed
customers. Today, the IoT and advanced ERP (enterprise re-
source planning) software simplify challenging logistics op-
erations with real-time data and information fow. Using new
technologies, many companies are developing cyber-physical
systems that can change the competitive environment [9]. For
the efcient development of logistics processes and activities,
i.e. for the achievement of efcient supply chains, logistics
networks play a key role. Tese networks consist of nodes, that
is, LCs of diferent categories and sizes and connections be-
tween them, which are realized by diferent modes and
technologies of transport. Modern LCs increasingly apply
various I4.0 technologies to increase the productivity and
economy of their operations [10].

1.1. Motivation and Contribution of the Study. According to
Moslem et al. [11], the COVID-19 pandemic has adversely
afected the transport sector, which has experienced a drastic
reduction in passenger trafc across all modes of transport.
Also, according to Mićić and Mastilo [12], there is almost no
business operation that has not been afected by the pan-
demic. Freight transport has no such problems. Conse-
quently, the subject and goal of this paper is the analysis of
the applicability of key I4.0 technologies in LCs. For this
purpose, a new hybrid MCDM model was developed that
combines the MEREC and fuzzy MARCOS methods. Given
that there is no study in the literature that integrates these
twomethods, this example presents themain contribution of
the work from the methodological aspect. Te applicability
of this model was verifed through an example of assessing
the applicability of I4.0 technologies in LCs. Given that

a multicriteria model was considered on the example of nine
alternatives and 15 subcriteria distributed in an even hier-
archical structure, it is possible to conclude that the de-
veloped hybrid model provides certain advantages
manifested in the remainder of the paper.

Te research results indicate that themost applicable I4.0
technologies in LCs are CC, IoT, and big data. In the end, we
can conclude that logistics is proftable for all parties and
participants. Nevertheless, the concept of I4.0 is still poorly
researched in the feld of logistics, and there are many areas,
systems, and processes of logistics in which it can fnd
application. LCs are systems where the possibilities of ap-
plying I4.0 technologies have not been sufciently explored
so far. Tis study tries to fll those research gaps.

In addition to the introductory considerations given in
the frst section, the paper is structured through fve more
sections. Te second section defnes the concept of I4.0 in
more detail and lists and describes the key technologies and
their areas of application. Te overview of the concept of
logistics 4.0, LCs, as well as the methods that make up the
hybrid model, are also presented within this section. Te
third section presents the research methodology based on
the MEREC and fuzzy MARCOS methods. Te application
procedure and basic characteristics of the mentioned
methods are explained in detail. In the fourth section, the
term LCs 4.0 is defned and the business segments where I4.0
technologies can be applied are identifed. In the ffth sec-
tion, the applicability of key I4.0 technologies in LCs was
evaluated using the proposed MCDM model. In addition,
a sensitivity analysis of the obtained results was performed.
Concluding considerations are given at the end of the paper.

2. Related Works

In this section, the concept of I4.0 is presented and its impact
on the entire economy and society is analyzed. In addition,
the key I4.0 technologies are presented and analyzed, in order
to highlight all the possibilities and efects of the application of
these technologies in various felds. I4.0 technologies are widely
accepted in many areas which indicate great adaptability of
technologies to diferent and specifc needs. In addition, the
concept of logistics 4.0 is defned, and the possibilities of ap-
plying modern I4.0 technologies in the feld of logistics are
described. In addition, this part of the paper provides a brief
overview of the literature on analyzed problems related to LCs.
Afterwards, an overview of the application of the MEREC and
fuzzy MARCOS methods for solving various problems con-
cerning LCs, as well as in other areas, was given. Based on the
review and analysis of I4.0 and LC, technologies which will be
further considered and analyzed in terms of their applicability
were singled out.

2.1. I4.0 Concept. I4.0 is a digital revolution that completely
changes the way people live and also provides great op-
portunities in terms of sustainability [13]. Te concept of
Industry 4.0 refers to a large number of technologies and
solutions that enable vertical and horizontal integration of
processes and activities, which leads to better performance of
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companies [14]. Industry 4.0 leads to a signifcant change in
productivity, quality improvement, delivery time, market
costs, increased employment, and economic growth [15].
I4.0 provides information and data in real time, which
enables more efcient organization and better dynamic
control [16]. Using I4.0 technologies, enterprises can in-
crease their organizational agility, fexibility, and resilience
to deal with unforeseen circumstances and high competition
in the market [17].

Te I4.0 technologies are of particular importance for
the small and medium-sized enterprises, which play a key
role in driving the economy of a country, since they have
great potential for improving the efciency of the supply
chain in the industry in which these enterprises operate
[18]. Terefore, the implementation of I4.0 technologies
has a positive efect on organizational resilience and per-
ceived performance [19], which helps company managers
and decision makers to increase organizational resilience,
fexibility, efciency, and competitiveness on the market
[20]. I4.0, in addition to afecting economic progress, also
has a very large impact on social progress [21]. Te de-
velopment of I4.0 is accompanied by the development of
various intelligent and information technologies. In ad-
dition to the fact that such technologies increase pro-
ductivity, they also contribute to a large extent to social and
environmental sustainability [22]. In addition, techno-
logical innovation has a positive impact on energy ef-
ciency [23], sustainable development of circular economy
[24], and reducing the negative impact of business oper-
ations on the environment [25]. In addition to the fact that
Industry 4.0 brings great technical, organizational, and
economic advantages, it is important to note that many
experts believe that I4.0 will also bring a large number of
disadvantages or threats such as increased unemployment,
social stratifcation, cyber security threats, and privacy
violations [26]. Challenges and factors that may occur in
I4.0 and thus hinder the spread of its achievements are
related to security problems of information technologies,
lack of unifed leadership that makes integration and co-
ordination between units difcult, inability to react to
unforeseen obstacles to information technology imple-
mentation that can cause expensive production and
downtime, the need to protect industrial knowledge, lack of
knowledge about I4.0, suppliers and IT outsourcing part-
ners, lack of the appropriate expertise that would speed up
progress towards the full implementation of I4.0 tech-
nologies, the fact that companies have a hard time
accepting major changes, i.e. lack of courage to initiate
a digitization plan, job losses caused by the IT-driven
automated processes, etc. [27]. Despite this, I4.0 tech-
nologies fnd wide application in many areas because they
enable the compatibility and integration of diferent
processes in the organization due to the attributes of real-
time interconnection.

2.2. I4.0 Technologies. Te following technologies have the
large infuence on the development of the Logistics 4.0 concept:
cyber physical systems (CPS), T, big data, cloud computing,

blockchain, E-marketplace, artifcial intelligence, 3D printing,
autonomous and automatically driven vehicles, and advanced
robotics.

Cyber physical systems (CPSs) enable the efcient
connection of physical reality, computers, and commu-
nication infrastructure into one system [28]. Data ex-
change is the most important feature of the CPS that
allows it to send and receive data over the network. Te
internet-connected CPS is often referred to as the “In-
ternet of Tings” [29].

Internet ofTings (IoT) represents a network of physical
objects which are linked by sensors, software, and other
technologies in order to connect and exchange data with
other devices and systems via the internet or other com-
munication networks [30]. Te application of IoT in busi-
ness provides many benefts such as the following: efective
management of work, increased productivity and business
efciency, creation of new business models and revenue
streams, increased safety at work, improved staf pro-
ductivity and reduction of human labor easily and seam-
lessly, and connection of the physical business world with
the digital world to achieve the set values and goals faster.
IoT is applied in many areas such as manufacturing [31],
logistics and supply chains [32, 33], automotive industry
[34], trade [35], construction industry [36], health care [37],
and “smart houses” [38]. Technologies that are often
implemented in the IoT domain are machine-to-machine
(M2M) communication and radio frequency identifcation
(RFID) [39]. RFID is a technology that uses a reader to
communicate through radio frequency (RF) signals and tags
for unique identifcation. RFID technologies are widely
adopted in retail, agriculture, transportation, logistics, and
healthcare [40].

Big data technology is a software utility created with the
goal of more efcient analysis and processing of information
from extremely complex and large data sets. Te data ob-
tained in this way greatly facilitate decision-making in
companies. Big data technologies are necessary in order to be
able to analyze huge amounts of data in real time and reach
conclusions and predictions in order to reduce risks in
future business [41].

Cloud computing is the delivery of diferent services via
the internet. CC is a popular option for people and com-
panies for many reasons [42]. CC in I4.0 can provide
computing power needed to apply machine learning and AI
approaches, but also other smart technologies.

Blockchain is a distributed database that is shared among
the nodes of a computer network. Te innovation of
blockchain is that it provides fdelity and security of data
records and creates trust without the need for a trusted third
party [43, 44].

E-marketplace enables the exchange of products and/or
services via digital networks which mean integration of
innovative information and communication with the aim of
harmonizing supply and demand, i.e., connecting the seller
and the buyer. [45].M-marketplace is nothing but a subset of
e-commerce and includes mobile commerce. In short, M-
marketplace means providing an optimal e-commerce ex-
perience for mobile users [46].
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Artifcial intelligence is the simulation of human in-
telligence processes by computer systems. AI implies the
ability of computers to execute tasks usually performed by
intelligent beings, primarily observations, inferences,
problem solving, learning, and communication [47].

3D printing is a manufacturing process that is widely
used to describe additive manufacturing [48].

Automated guided vehicles are driverless vehicles that
move with an automatic control system [49]. AGV vehicles
are primarily used in industrial transport, i.e., internal
transport, while their wider application in external transport
is still under development. It is very important to distinguish
between automatically driven vehicles and autonomous
vehicles.

Advanced robotics: some of the advantages of advanced
robotics are faster performance of work tasks, greater safety
and security during work, as well as precision, increased
productivity, and higher quality [50].

I4.0 technologies are widely accepted in many areas such
as agriculture [51], medicine [52], logistics/supply chains
[53, 54], smart homes/cities [55], trade [56], public sector
[57], education [58], tourism [59], retail [60], and civil
engineering [61].

2.3. Concept of Logistics 4.0. Trough the 4th industrial
revolution, technological solutions and tools have become
available today and enabled the progress of logistics systems
in which the whole supply chain can be managed auto-
matically [62]. Logistics 4.0 implies the active use of modern
logistics technologies, i.e., I4.0 technologies with the aim of
increasing the efciency and efectiveness of logistics systems
and achieving the best results with minimal costs [8]. Lo-
gistics 4.0 or as many call it “smart logistics” is a system that
afects the increase in the fexibility of the supply chain and
the level of satisfaction of customer requirements.

I4.0 technologies that have found the widest application
in logistics are autonomous vehicles, tracking and decision-
making systems capable of maintaining inventory control,
cloud-supported networks to improve information fow,
real-time vehicle big data analytics, various IoT technologies
for vehicle location and optimal routing, and autonomous
collaborative robots which, in cooperation with humans,
efciently perform various tasks such as picking, palletizing,
and AGV [63–65]. It is important to note that only through
the successful implementation of Logistics 4.0 can compa-
nies create the necessary foundations for overcoming the
future challenges of Industry 4.0.

Tanks to these types of innovations, a total savings of
34.2% in costs and additional revenues of 33.4% based on
logistics activities are expected [66]. Customers and em-
ployees also beneft from networked and automated pro-
cesses. It is worth noting the following advantages:
signifcantly lower costs, signifcant gain in efciency, better
delivery service (on-time delivery and quality of delivery),
reduced workload of employees, reduced susceptibility to
errors, reliable forecasts, more accurate demand and
scheduling planning, very high fexibility, reduction of over-
and under-delivery, less negative impact on the

environment, and transparency along the entire logistics
chain. On the other hand, there is a lack of digital
competence on the part of companies or individuals, as
well as nonacceptance of new technologies or funda-
mentally changed processes—obstacles that can be
overcome with training, best practices, and strict adher-
ence to compliance rules.

2.4. Logistics Centers. Logistics transformation has led to the
creation of large logistics operation centers near major cities.
Tese areas, also known as logistics zones and hubs, cargo
areas, and industrial parks, are specifcally designed to
concentrate logistics and transport activities [67]. Rimiene
and Grundey [68] distinguish the following six types of LCs
in relation to the functions and scope of activities in freight
transport and logistics: logistics hub, freight settlement,
logistics center, transport terminal, distribution center, and
warehouse. According to the primary mode of transport,
Leitner and Harrison [69] list the following types of LCs:
inland waterway ports, air cargo ports, maritime feeder
inland ports, trade and transportation centers, and inland
ports. Based on the above, we can conclude that depending
on the characteristics and characteristics that the authors
observe during the analysis, there are numerous diferent
ways of categorizing LCs in the literature. LCs are the subject
of numerous researches and studies with the aim of opti-
mizing various business segments, as well as solving nu-
merous problems that arise in the LC due to the complexity
of the processes, activities, and fows that it encompasses.
Terefore, numerous problems related to LCs are solved in
the literature, such as choosing the optimal location [70, 71],
optimization of warehouse operations [72], application of
digital technologies and analysis of their business oppor-
tunities [73], prioritization of development characteristics
when planning and designing an LC [74], selection of ef-
fcient types of LCs [75], analysis and selection of quality
function deployment tools through the development pro-
jects [76], analysis of the potential of mass LCs [77],
identifcation of typical LC structures [78], analysis of the
efects of LCs on the volume of trade [79], and analysis of the
factors of efcient logistics of high-risk cargo in ports [80]. It
is evident that there are many problems that are solved in the
area of LC operations, and the vast majority of these
problems are solved by applying various MCDM methods.
However, the possibilities of applying the key I4.0 tech-
nologies in LCs have been poorly explored. In addition, it is
necessary to point out the fact that efective models for
assessing and evaluating the applicability of the I4.0 tech-
nologies in the LC have not yet been developed. Tis paper
attempts to fll those gaps by developing a new integrated
MCDM model.

2.5. Applications of the MCDM Methods in Logistics and
Transport. As stated above, the new integrated MEREC-
fuzzyMARCOSmodel for evaluating the applicability of I4.0
technologies in LCs is developed in this paper. Te MEREC
is an objective method for determining weighted criteria
values developed by Keshavarz-Ghorabaee et al. [81]. Te
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MEREC is a newer method that gives more reliable and
stable results compared to other methods. Although it is
a relatively new method, in combination with other MCDM
methods, the MEREC found its application when solving
problems such as assessment and selection of the distri-
bution center location [82], selection of pallet forklifts [83],
development of a model for increasing the resistance of
transport systems [84], and selection of food waste treatment
technology [85].

Te fuzzy MARCOS was developed by Stanković et al.
[86] based on its crisp version [87, 88]. Te advantage of
fuzzy MARCOS compared to other methods is that it shows
more signifcant and greater stability and reliability of re-
sults. Bakır and Atalık [89] apply fuzzyMARCOS to evaluate
the quality of e-services in the airline industry and
Büyüközkan et al. [90] to analyze the digital transformation
strategy in the airline industry. Puška et al. [91] use this
method when selecting sustainable suppliers. Tadić et al.,
[92] evaluate intermodal transport scenarios using fuzzy,
and Kovač et al. [93] use it to evaluate concepts of urban
logistics based on drones. Apart from the feld of logistics,
this method has also found application when solving
problems in other felds, e.g., to determine the performance
of insurance companies in the COVID-19 pandemic in
terms of health services [94] and to determine the com-
petitiveness of spa centers [95].

Some other researchers applied diferent MCDM
methods to evaluate the transport sector. Te two-stage
model including picture fuzzy AHP and linear assignment
has been applied for the assessment of public transport in
Budapest. Kutlu Gündoğdu et al. [96] have concluded that,
changing timetable is the best solution using the mentioned
hybrid MCDMmodel. A similar study in Budapest has been
performed in [97], where a combination of AHP and
MOORA methods was used. In the paper [98], the frst real-
data application of Pareto-efciency testing on a public
transport development decision problem is introduced. For
this purpose, the AHP method has been used.

3. Methodology

Te detailed methodology developed within this paper is
shown in Figure 1. It consists of four main steps. All steps
and activities within them are defned and described in more
detail in the following.

Te frst step contains the following: forming the list of
alternatives and criteria, selecting scales for their evaluation,
and selection of the methods for evaluating the criteria
weights and for ranking the alternatives. Te applicability of
the next 9 I4.0 solutions in LCs was analyzed: (IoT)-A1,
(AGV)-A2, autonomous vehicles (AV)-A3, (AI)-A4, big
data (BD)-A5, blockchain (BC)-A6, (CC)-A7, (E/M mar-
ketplace)-A8, and advanced robotics-A9. Based on a review
of previous research and studies in this area [99–101], 15
subcriteria were defned, which were grouped into three
main categories. Table 1 presents the criteria that were used
to evaluate the technologies in this paper.

3.1. MEREC Method. Te next steps are used to calculate
objective weights by the MEREC [81, 82, 102]. Te method
description partly reproduces the wording of the previously
mentioned authors.

Step 1: construct the decision matrix. Te elements of
this matrix are denoted by xij, and there are n alter-
natives and m criteria:

X �

x11 x12

x21 x22

⋮ ⋮

. . . x1j

. . . x2j

⋱ ⋮

. . . x1m

. . . x2m

⋱ ⋮

xi1 xi2

⋮ ⋮

xn1 xn2

. . . xij

⋱ ⋮

. . . xnj

. . . xim

⋱ ⋮

. . . xnm

⎡⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎣

⎤⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎦

. (1)

Step 2: normalize the decision matrix (N).

n
x
ij �

minkxkj

xij

, if jϵB,

xij

maxkxkj

, if jϵC.

⎧⎪⎪⎪⎪⎪⎪⎨

⎪⎪⎪⎪⎪⎪⎩

(2)

Step 3: computation of the overall performance of the
alternatives (Si).

Si � ln 1 +
1
m

􏽘
j

ln n
x
ij􏼐 􏼑

􏼌􏼌􏼌􏼌􏼌

􏼌􏼌􏼌􏼌􏼌⎛⎝ ⎞⎠⎛⎝ ⎞⎠. (3)

Step 4: calculate the performance of the alternatives by
removing each criterion. Let us denote by Sij

′ the overall
performance of the ith alternative concerning the re-
moval of the jth criterion:

Sij
′ � ln 1 +

1
m

􏽘
k,k≠j

ln n
x
ik( 􏼁

􏼌􏼌􏼌􏼌
􏼌􏼌􏼌􏼌⎛⎝ ⎞⎠⎛⎝ ⎞⎠. (4)

Step 5: calculation summation of absolute deviations:

Ej � 􏽘
i

Sij
′ − Si

􏼌􏼌􏼌􏼌􏼌

􏼌􏼌􏼌􏼌􏼌. (5)

Step 6: determine the fnal weights of the criteria:

wj �
Ej

􏽐kEk

. (6)

3.2. Fuzzy MARCOS Method. Te fuzzy MARCOS method
consists of the next procedure [86, 103]. Te method de-
scription partly reproduces the wording of the previously
mentioned authors.

Step 1: forming an initial fuzzy decision-making
matrix.
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Step 2: forming an extended initial fuzzy matrix by
creating the fuzzy anti-ideal􏽥A(AI) and fuzzy ideal
􏽥A(ID) solution.
􏽥A(AI) � mini xij if j ∈ B and maxi xij if j ∈ C, (7)

􏽥A(ID) � maxi xij if j ∈ B and mini xij if j ∈ C. (8)

Step 3: forming the normalized fuzzy matrix.

􏽥nij � n
l
ij, n

m
ij , n

u
ij􏼐 􏼑 �

x
l
id

x
u
ij

,
x

l
id

x
m
ij

,
x

l
id

x
l
ij

⎛⎝ ⎞⎠ if j ∈ C, (9)

􏽥nij � n
l
ij, n

m
ij , n

u
ij􏼐 􏼑 �

x
l
id

x
u
id

,
x

m
ij

x
u
id

,
x

u
ij

x
u
id

􏼠 􏼡 if j ∈ B. (10)

Step 4: computation of the weighted fuzzy matrix.

vij � v
l
ij, v

m
ij , v

u
ij􏼐 􏼑 � 􏽥nij ⊗ 􏽥wj � n

l
ij × w

l
j, n

m
ij × w

m
j , n

u
ij × w

u
j􏼐 􏼑.

(11)

Step 5: calculation of the 􏽥Si fuzzy matrix.

􏽥Si � 􏽘
n

i�1
vij. (12)

Step 6: calculation of the utility degree of alternatives
􏽥Ki.

􏽥K
−

i �
􏽥Si

􏽥Sai

�
s

l
i

s
u
ai

,
s

m
i

s
m
ai

,
s

u
i

s
l
ai

⎛⎝ ⎞⎠, (13)

􏽥K
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i �
􏽥Si

􏽥Sid
�

s
l
i

s
u
id

,
s

m
i

s
m
id

,
s

u
i

s
l
id

⎛⎝ ⎞⎠. (14)

Step 7: calculation of the fuzzy matrix 􏽥Ti.

􏽥Ti � ti � t
l
i, t

m
i , t

u
i􏼐 􏼑 � 􏽥K

−

i ⊗ 􏽥K
+

i

� k
−l
i + k

+l
i , k

−m
i + k

+m
i , k

−u
i + k

+u
i .

(15)

Ten, it is must to determine a new fuzzy number 􏽥D as
follows:

􏽥D � d
l
, d

m
, d

u
􏼐 􏼑 � maxi tij. (16)

And then, it is necessary to defuzzify the number 􏽥D as
follows:

dfcrisp �
l + 4m + u

6
. (17)
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Figure 1: Applied methodology.

6 Journal of Mathematics



Ta
bl

e
1:

D
es
cr
ip
tio

n
of

cr
ite
ri
a
fo
r
ev
al
ua
tio

n
of

te
ch
no

lo
gi
es
.

C
ri
te
ri
on

D
es
cr
ip
tio

n
of

cr
ite
ri
a

Be
ne
ft
/c
os
t
cr
ite
ri
on

Te
ch
no

lo
gi
ca
lc
rit
er
ia

C 1
Le
ve
lo

fd
ev
el
op

m
en
t

It
re
fe
rs

to
th
e
le
ve
lt
o
w
hi
ch

th
e
te
ch
no

lo
gy

is
de
ve
lo
pe
d

Be
ne
ft

cr
ite
ri
on

C 2
Po

ss
ib
ili
ty

of
in
te
gr
at
io
n

It
im

pl
ie
s
th
e
co
m
pa
tib

ili
ty

w
ith

ot
he
r
ap
pl
ie
d
te
ch
no

lo
gi
es
,c
on

ce
pt
s,
an
d

or
ga
ni
za
tio

ns
Be

ne
ft

cr
ite
ri
on

C 3
C
om

pl
ex
ity

of
im

pl
em

en
ta
tio

n
It
re
fe
rs

to
th
e
am

ou
nt

of
ef
or
t
re
qu

ir
ed

to
im

pl
em

en
t
th
e
te
ch
no

lo
gy

C
os
tc

ri
te
ri
on

C 4
St
an
da
rd
iz
at
io
n

It
re
fe
rs

to
th
e
po

ss
ib
ili
tie
s
of

st
an
da
rd
iz
in
g
ce
rt
ai
n
te
ch
no

lo
gi
ca
la

sp
ec
ts

Be
ne
ft

cr
ite
ri
on

C 5
A
da
pt
ab
ili
ty

It
im

pl
ie
st
he

po
ss
ib
ili
ty

of
m
od

ify
in
g
an
d/
or

im
pr
ov
in
g
th
e
te
ch
no

lo
gy

in
or
de
rt
o

ad
ap
tt
o
ch
an
ge
s
in

th
e
en
vi
ro
nm

en
t

Be
ne
ft

cr
ite
ri
on

So
ci
o-
po
lit
ic
al

cr
ite
ria

C 6
Sa
fe
ty

It
re
fe
rs
to

th
e
de
gr
ee

to
w
hi
ch

te
ch
no

lo
gy

po
sit
iv
el
y
af

ec
ts
th
e
w
el
l-b

ei
ng

of
th
os
e

in
vo
lv
ed

in
th
e
pr
oc
es
se
s

Be
ne
ft

cr
ite
ri
on

C 7
La
bo

r
m
ar
ke
t
im

pa
ct

It
re
fe
rs

to
th
e
ef
ec
tt
ha
tt
ec
hn

ol
og
y
ha
s
on

cr
ea
tin

g
ne
w

jo
bs

an
d
in
cr
ea
sin

g
em

pl
oy
m
en
t

Be
ne
ft

cr
ite
ri
on

C 8
En

vi
ro
nm

en
ta
li
m
pa
ct

It
re
fe
rs
to

th
ee

fe
ct
so

ft
ec
hn

ol
og
y
on

th
ee

nv
ir
on

m
en
ti
n
te
rm

so
fn

oi
se
,v
ib
ra
tio

n,
pa
rt
ic
ul
at
e
em

iss
io
ns
,w

as
te

ge
ne
ra
tio

n,
an
d
th
e
lik

e
C
os
tc

ri
te
ri
on

C 9
C
ul
tu
ra
lf
ra
m
ew

or
k

It
re
fe
rs

to
tr
ad
iti
on

,v
al
ue

sy
st
em

,w
ay

of
lif
e,
bu

sin
es
s,
an
d
ca
re

fo
r
th
e

en
vi
ro
nm

en
t

Be
ne
ft

cr
ite
ri
on

C 1
0

Po
lit
ic
al

fr
am

ew
or
k

It
re
fe
rs

to
th
e
ac
tio

ns
ta
ke
n
by

ad
m
in
ist
ra
tio

ns
at

di
fe
re
nt

le
ve
ls
in

or
de
r
to

pr
om

ot
e
or

de
gr
ad
e
ce
rt
ai
n
te
ch
no

lo
gi
es

Be
ne
ft

cr
ite
ri
on

Ec
on

om
ic
-o
pe
ra
tio

na
lc
rit
er
ia

C 1
1

Im
pl
em

en
ta
tio

n
co
st
s

T
ey

in
cl
ud

e
th
e
co
st
s
of

eq
ui
pm

en
t,
so
ftw

ar
e,
te
ch
no

lo
gy

de
ve
lo
pm

en
t,
an
d

im
pl
em

en
ta
tio

n
C
os
tc

ri
te
ri
on

C 1
2

En
er
gy

co
ns
um

pt
io
n
ef

ci
en
cy

It
re
fe
rs
to

th
e
pr
ot
ec
tio

n
of

lim
ite
d
en
er
gy

re
so
ur
ce
s,
i.e
.t
he

us
e
of

al
te
rn
at
iv
e
an
d

re
ne
w
ab
le

en
er
gy

so
ur
ce
s

Be
ne
ft

cr
ite
ri
on

C 1
3

Se
cu
ri
ty

It
re
fe
rs

to
th
e
vu
ln
er
ab
ili
ty

of
te
ch
no

lo
gy

in
te
rm

s
of

th
ef
t,
m
an
ip
ul
at
io
n,

or
de
le
tio

n
of

da
ta

re
qu

ir
ed

fo
r
th
e
op

er
at
io
n
of

te
ch
no

lo
gy

Be
ne
ft

cr
ite
ri
on

C 1
4

O
rg
an
iz
at
io
na
lr
ea
di
ne
ss

It
de
te
rm

in
es

th
e
nu

m
be
r
of

ch
an
ge
s
w
ith

in
th
e
or
ga
ni
za
tio

n
th
at

ar
e
ne
ed
ed

to
re
ac
h
th
e
fu
ll
po

te
nt
ia
lo

ft
he

te
ch
no

lo
gy

C
os
tc

ri
te
ri
on

C 1
5

Lo
gi
st
ic
s
se
rv
ic
e
qu

al
ity

It
re
fe
rs

to
th
e
im

pa
ct

of
te
ch
no

lo
gy

on
th
e
re
lia
bi
lit
y,

fe
xi
bi
lit
y,

av
ai
la
bi
lit
y,

ac
cu
ra
cy
,v

isi
bi
lit
y,

an
d
tr
ac
ea
bi
lit
y
of

fo
w
s
in

th
e
LC

Be
ne
ft

cr
ite
ri
on

Journal of Mathematics 7



Step 8: determination of utility functions in relation to
the ideal f( 􏽥K

+

i ) and anti-ideal f( 􏽥K
−

i ) solution.

f 􏽥K
+

i􏼐 􏼑 �
􏽥K

−

i

dfcrisp
�

k
−l
i

dfcrisp
,

k
−m
i

dfcrisp
,

k
−u
i

dfcrisp
􏼠 􏼡, (18)

f 􏽥K
−

i( 􏼁 �
􏽥K

+

i

dfcrisp
�

k
+l
i

dfcrisp
,

k
+m
i

dfcrisp
,

k
+u
i

dfcrisp
􏼠 􏼡. (19)

After that, defuzzifcation for 􏽥K
−

i , 􏽥K
+

i , f( 􏽥K
+

i ), and
f( 􏽥K

−

i ) and apply the following step:
Step 9: determination of the utility function of alter-
natives f(Ki).

f Ki( 􏼁 �
K

+
i + K

−
i

1 − f K
+
i( 􏼁/f K

+
i( 􏼁 + 1 − f K

−
i( 􏼁/f K

−
i( 􏼁

.

(20)

Step 10: ranking the alternatives.

4. Results

4.1. Logistics Center 4.0. Logistics centers as links in the
logistics chain represent a link in connecting all partici-
pants, thus creating a unique transport system with the
possibility of ftting into a single transport market
[75, 104]. Logistics centers not only connect certain en-
tities (demanders, providers, and organizers of transport
services) into a single transport chain but also solve
multiple tasks that rationalize processes and operations.
Te operation of LCs goes beyond the storage of goods
because they directly participate in the following pro-
cesses of the supply chain: receiving goods (these facilities
receive huge quantities of goods from a large number of
production centers and suppliers every day, during which
the proper organization of the loading area has a great
impact on the efciency of the center’s operations),
storage (the storage phase should ideally be very short,
and the goods should be shipped as soon as possible),
internal transport, inventory management (maintaining
a minimum stock of high-trafc items is very important),
shipping, and distribution of goods (goods are further
distributed by diferent means of transport to the users
[105]).

All processes and activities performed within the lo-
gistics center, within which the application of I4.0 tech-
nologies is possible, can be observed through the following
four subsystems, i.e. business segments: cargo handling
management, information management, storage manage-
ment, and transport management [106]. Handling man-
agement includes all cargo movement fows within the LC,
cargo storage, and control, while information management
ensures the interaction and exchange of information among
order processing, inventory control, cargo units, warehouse
operations, and accounting. Warehouse management in-
cludes goods receipt, storage, order-picking, and dispatch of
goods [107]. Transport management includes all activities of
planning and control of transport activities such as routing

of transport means, consolidation, scheduling and revision
of cargo, as well as information exchange with LC man-
agement systems [108]. Terefore, by applying numerous
I4.0 technologies in the previously defned business seg-
ments of the LC, the new concept of the logistics center 4.0 is
emerging and being developed (Figure 2).

Te implementation of these technologies is spreading
increasingly in LCs by areas of activity. IoT enables vehicle-
to-vehicle communication, which facilitates various pro-
cesses such as location determination, toll collection,
avoiding trafc jams, and fnding the optimal route [109].
Te introduction of new software and IoT technologies has
made it possible to increase the cooperation and exchange of
information between suppliers, carriers, and customers
because all information about stocks, i.e. the quantity, lo-
cation, and condition of goods, is available in real time.
Tese innovations have made it possible to achieve levels of
efciency that were previously unattainable. IoT in combi-
nation with RFID sensors enables the digitization of the
entire storage and transport system. RFID sensors can
identify each individual item in the warehouse and all
storage and transportation equipment and assets and reg-
ulate the entrances, exits, and passage of operators and
conveyors in diferent areas of the LC. In this way, every
operator can have an insight into the stock situation in real
time [110]. Collection and accumulation of raw data through
various devices such as RFID readers are made on a large
scale. However, that information gains importance only
when important data are processed, analyzed, and extracted.
Ten, it is necessary to apply technology such as big data,
which will realize all this in a fast and efcient way.

Big data is used for predictive analysis of transport where
it helps management to predict and estimate cargo volume
by days, weeks, or months. It then enables the various types
of data necessary for better decision-making. In addition, big
data technology allows insight into routes and can be used as
a tool to predict the time required for each load and
therefore plan further operations accordingly. Big data can
also be used to analyze information coming from customers
in the entire market, which would allow the LC to con-
tinuously develop its service in order to satisfy the cus-
tomers, thus increasing customer loyalty [111]. Big data
analysis can improve the transparency and quality of LC
service management [112].

In order to establish a good information platform of the
LC, the integration of big data and cloud computing
technologies is necessary. In this way, the LC can have full
control over the life cycle of data through the analysis and
integration of data extracted from big data systems. Fur-
thermore, a complete logistics information platform can
collect data and information that will infuence the supplier
and the customer to improve mutual understanding. Te
supplier and the customer can get a better logistics service
through the exchange of information, agreement, and in-
tegration of the logistics solution plan using this platform. By
tracking shipments and collecting data on new trafc
conditions, the application of modern technologies enables
more efcient routing and utilization of the capacity of
transport means.
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CC solutions allow all authorized persons’ access re-
gardless of time and location with a high level of data se-
curity, which enables the connection of all decentralized LC
facilities into one efcient system [113]. Tese software
solutions aim to optimize various logistics activities, so for
example TMS generally enables planning, control, moni-
toring, and optimization of transport networks and logistics
chains, while WMS enables simpler monitoring and control
of all activities and fows in the warehouse [107].

Te possibilities of blockchain technologies in the LC are
many. Te development of big data technology has infu-
enced the development of blockchain technology. Te ad-
vantage of blockchain technology is that it enables more
secure monitoring of all types of transactions, thus reducing
the possibility of various errors that can lead to drastic costs
and delays in the implementation of important processes
[114].

Te task of artifcial intelligence is to connect numerous
data generated in logistics processes, analyze them, and
recognize inherent patterns. For example, the average travel
time depends on the time of day, whether the total available
capacity of storage space corresponds to the actual demand,
and whether the locations are evenly used. By evaluating the
enormous amount of data, the intelligent system can predict
future developments with extreme reliability and adjust
logistics processes accordingly. By applying AI, it is possible

to achieve an enviable degree of automation of warehouse
activities, and in this way, we can achieve better performance
and greater efciency when receiving and shipping goods,
keeping records of goods, handling goods, etc. [115]. In
addition, AI technologies eliminate the need for intensive
training of workers and help overcome language barriers in
all business segments of the LC.

By applying intelligent robots in internal transport and
storage, signifcant improvements are achieved. Terefore,
advanced robotics has so far been mainly used for collecting,
ordering, and sorting goods. Certain studies show that ro-
bots are three times more efcient when picking small goods
in a warehouse compared to humans [116].

Automated guided vehicles can reduce labor costs, speed
up and facilitate processes in given subsystems, and increase
safety, accuracy, and productivity. However, the technology
of autonomous vehicles is somewhat newer, which, unlike
AGVs, are mainly used in external transport. AVs are
predicted to have a major change in the way transportation
systems work around the world and their impact on trafc
safety and trafc congestion. Te development of the E/M-
marketplace platforms led to the intensive development of
the logistics market. Logistics service markets are actually
becoming part of electronic markets because the customer
now automatically buys the logistics service with the pur-
chase of the product.
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Figure 2: Te logistics center 4.0.
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4.2. Evaluation of the I4.0 Technologies Applicability in LCs.
In this section, the procedure for evaluating the applicability
of 9 I4.0 solutions in LCs is presented. Applicability of the
following technologies was assessed: IoT-A1, AGV-A2,
autonomous vehicles-A3, AI-A4, big data-A5, blockchain-
A6, CC-A7, E/M marketplace-A8, and advanced robotics-
A9. Tese technologies were evaluated on the basis of three
groups of criteria that include a total of 15 subcriteria, which
are previously explained in more detail in Table 2. At the
very beginning, the calculation of weight values of the
criteria using the MEREC method was presented, followed
by the evaluation process, i.e. the ranking of technologies
using the fuzzy MARCOS method. Expert evaluations of
alternatives based on defned criteria as well as the results of
the previously mentioned model are presented as follows.

4.2.1. CriteriaWeight Calculation Using the MERECMethod.
Te MEREC is an objective method that is implemented
through six simple steps, which have been defned in Section
3.1. At the beginning, an initial decision-making matrix was
formed for the three groups of criteria, i.e. technological
criteria—CT, social and political criteria—CSP, and eco-
nomic and operational criteria—CEO (Table 2), followed by
the initial matrix for all 15 subcriteria (Table 3). It is im-
portant to note that the weight values of the main criteria are
determined separately, and then the values of the subcriteria
are determined individually within each group to which the

criteria belong. At the end, the obtained values are combined
to obtain the fnal weight of criteria, i.e. subcriteria. Te
obtained results are presented as follows:

In the second step, by applying (2), the values of the
normalized matrix for the subcriteria were obtained and are
presented in Table 4.

By applying equation (3), the total efect of alternatives Si

was calculated (Table 5), and then by applying equation (4),
the performance of alternatives was calculated by removing
each criterion Sij

′ (Table 6).
Afterwards, the sum of absolute deviations Ej was cal-

culated using equation (5) and the weight of criteria wj using
equation (6). Te following Ej values were obtained:

E1 � 0.746; E2 � 0.710; E3 � 0.642; E4 � 0.642; E5 � 0.609;

E6 � 0.255; E7 � 1.626; E8 � 0.462; E9 � 0.674; E10 � 0.644;

E11 � 0.526; E12 � 0.545; E13 � 0.289: E14 � 0.850; E15 � 0.803.

(21)

Te following criteria/subcriteria weights were obtained:

CT � 0.382; CSP � 0.453; CEO � 0.165;

w1 � 0.223; w2 � 0.212; w3 � 0.192; w4 � 0.192; w5 � 0.182;

w6 � 0.070; w7 � 0.444; w8 � 0.126; w9 � 0.184; w10 � 0.176;

w11 � 0.175; w12 � 0.181; w13 � 0.096; w14 � 0.282; w15 � 0.266.

(22)

After combining the previous criteria and subcriteria
values, the following fnal subcriteria weights are obtained:

w1 � 0.085; w2 � 0.081; w3 � 0.073; w4 � 0.073; w5 � 0.069;

w6 � 0.032; w7 � 0.201; w8 � 0.057; w9 � 0.083; w10 � 0.080;

w11 � 0.029; w12 � 0.030; w13 � 0.016; w14 � 0.046; w15 � 0.044.

(23)

Table 2: Te initial matrix of the main criteria group evaluations.

Linguistic ratings Numerical ratings
CT CSP CEO CT CSP CEO

A1 VH M EH 8 5 9
A2 H FH VH 7 6 8
A3 VH H VH 8 7 8
A4 EH H H 9 7 7
A5 EH VH EH 9 8 9
A6 H FH VH 7 6 8
A7 EH H VH 9 7 8
A8 FH VH H 6 8 7
A9 VH VH H 8 8 7
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4.2.2. Technologies Ranking by Applying the Fuzzy MARCOS
Method. Fuzzy MARCOS is implemented by applying ten
steps, previously explained in Section 3.2. Te frst step

entails the formation of the initial decision matrix, which is
presented in Table 7.

Afterwards, it was necessary to form an extended
initial decision matrix by applying equations (7) and (8),
respectively. Further, it was necessary to calculate the
normalized values using equations (9) and (10). Te ob-
tained values of the normalized matrix are presented in
Table 8.

Te next step was the calculation of the weighted fuzzy
matrix by applying equation (11) and previously obtained
criteria weight. Te values of the weighted fuzzy matrix are
presented in Table 9.

􏽥Si was calculated using equation (12). Afterwards, the
utility degree of each alternative was determined based on
ideal and anti-ideal solutions, applying equations (13) and
(14). Ten, it was necessary to summarize the ideal and anti-

Table 3: Te initial matrix of the subcriteria evaluations.

Technological Socio-political Economic-operational
C1 C2 C3 C4 C5 C6 C7 C8 C9 C10 C11 C12 C13 C14 C15

Linguistic ratings
A1 VH EH H M EH VH FH VH L H FH H M H EH
A2 EH M FL FH L H L FL FH VH FL VH M M H
A3 L L L M L M L M FH FL L M FL FL FH
A4 L H FL L FH FH FL H H M M FH FH H FH
A5 FH FH VH FH VH H H FL FL FH FH H M EH VH
A6 H VH FH FH VH FH VH L FL M FH VH H VH H
A7 H VH VH H EH FH VH L M M H H FH H H
A8 VH FL VH M FL M VL H H H M M FL M L
A9 M L L M L H N FL H L FH FL M L FL
Numerical ratings
A1 8 9 3 5 9 8 6 2 3 7 4 9 5 3 9
A2 9 5 6 6 3 7 3 6 6 8 6 8 5 5 7
A3 3 4 7 5 3 5 3 5 6 4 7 5 4 6 6
A4 3 7 6 3 6 6 4 3 7 5 5 6 6 3 6
A5 6 6 2 6 8 7 7 6 4 6 4 7 5 1 8
A6 7 8 4 6 8 6 8 7 4 5 4 8 7 2 7
A7 7 8 2 7 9 6 8 7 5 5 3 7 6 3 5
A8 8 4 2 5 4 5 2 3 7 7 5 5 4 5 3
A9 5 3 7 5 3 7 1 6 7 3 4 4 5 7 4

Table 4: Te normalized matrix for the MEREC method.

A1 A2 A3 A4 A5 A6 A7 A8 A9

C1 0.375 0.333 1.000 1.000 0.500 0.429 0.429 0.375 0.600
C2 0.333 0.600 0.750 0.429 0.500 0.375 0.375 0.750 1.000
C3 0.429 0.857 1.000 0.857 0.286 0.571 0.286 0.286 1.000
C4 0.600 0.500 0.600 1.000 0.500 0.500 0.429 0.600 0.600
C5 0.333 1.000 1.000 0.500 0.375 0.375 0.333 0.750 1.000
C6 0.625 0.714 1.000 0.833 0.714 0.833 0.833 1.000 0.714
C7 0.167 0.333 0.333 0.250 0.143 0.125 0.125 0.500 1.000
C8 0.286 0.857 0.714 0.429 0.857 1.000 1.000 0.429 0.857
C9 1.000 0.500 0.500 0.429 0.750 0.750 0.600 0.429 0.429
C10 0.429 0.375 0.750 0.600 0.500 0.600 0.600 0.429 1.000
C11 0.571 0.857 1.000 0.714 0.571 0.571 0.429 0.714 0.571
C12 0.444 0.500 0.800 0.667 0.571 0.500 0.571 0.800 1.000
C13 0.800 0.800 1.000 0.667 0.800 0.571 0.667 1.000 0.800
C14 0.429 0.714 0.857 0.429 0.143 0.286 0.429 0.714 1.000
C15 0.333 0.429 0.500 0.500 0.375 0.429 0.600 1.000 0.750

Table 5: Te total efect of alternatives Si.

Ctechnological Csocio-political Ceconomic-operational

A1 0.646 0.627 0.535
A2 0.400 0.502 0.372
A3 0.148 0.394 0.194
A4 0.292 0.562 0.430
A5 0.622 0.521 0.617
A6 0.595 0.478 0.578
A7 0.696 0.505 0.491
A8 0.509 0.499 0.165
A9 0.186 0.237 0.194
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ideal utility degrees of the alternatives, i.e. to apply equation
(15) to obtain the fuzzy matrix 􏽥Ti. Te results obtained by
applying equations (12)–(15) are presented in Table 10.

Afterwards, a new fuzzy number 􏽥D was calculated
using equation (16), as well as its crisp value using
equation (17).

􏽥D � d
l
, d

m
, d

u
􏼐 􏼑 � maxi tij � (2.466, 3.458, 7.243).

dfcrisp �
l + 4m + u

6
� 3.924.

(24)

Table 7: Te initial decision matrix of the fuzzy MARCOS method.

A1 A2 A3 A4 A5 A6 A7 A8 A9

Linguistic ratings
C1 VG EG P P MG G G VG M
C2 EG M P G MG VG VG MG P
C3 G MP P MP VG MG VG VG P
C4 M MG M P MG MG G M M
C5 EG P P MG VG VG EG MP P
C6 VG G M MG G MG MG M G
C7 MG P P MP G VG VG VP EP
C8 VG MP M G MP P P G MP
C9 P MG MG G MP MP M G G
C10 G VG MP MP MG M M G P
C11 MG MP P M MG MG G M MG
C12 G VG M MG G VG G M MP
C13 M M MP MG M G MG MP M
C14 G M MP G EG VG G M P
C15 EG G MG MG VG G G P MP
Ratings with TFNs
C1 (7, 7, 9) (7, 9, 9) (1, 3, 3) (1, 3, 3) (5, 5, 7) (5, 7, 7) (5, 7, 7) (7, 7, 9) (3, 5, 5)
C2 (7, 9, 9) (3, 5, 5) (1, 3, 3) (5, 7, 7) (5, 5, 7) (7, 7, 9) (7, 7, 9) (5, 5, 7) (1, 3, 3)
C3 (1, 3, 3) (5, 5, 7) (5, 7, 7) (5, 5, 7) (1, 1, 3) (3, 3, 5) (1, 1, 3) (1, 1, 3) (5, 7, 7)
C4 (3, 5, 5) (5, 5, 7) (3, 5, 5) (1, 3, 3) (5, 5, 7) (5, 5, 7) (5, 7, 7) (3, 5, 5) (3, 5, 5)
C5 (7, 9, 9) (1, 3, 3) (1, 3, 3) (5, 5, 7) (7, 7, 9) (7, 7, 9) (7, 9, 9) (3, 3, 5) (1, 3, 3)
C6 (7, 7, 9) (5, 7, 7) (3, 5, 5) (5, 5, 7) (5, 7, 7) (5, 5, 7) (5, 5, 7) (3, 5, 5) (5, 7, 7)
C7 (5, 5, 7) (1, 3, 3) (1, 3, 3) (3, 3, 5) (5, 7, 7) (7, 7, 9) (7, 7, 9) (1, 1, 3) (1, 1, 1)
C8 (1, 1, 3) (5, 5, 7) (3, 5, 5) (1, 3, 3) (5, 5, 7) (5, 7, 7) (5, 7, 7) (1, 3, 3) (5, 5, 7)
C9 (1, 3, 3) (5, 5, 7) (5, 5, 7) (5, 7, 7) (3, 3, 5) (3, 3, 5) (3, 5, 5) (5, 7, 7) (5, 7, 7)
C10 (5, 7, 7) (7, 7, 9) (3, 3, 5) (3, 3, 5) (5, 5, 7) (3, 5, 5) (3, 5, 5) (5, 7, 7) (1, 3, 3)
C11 (3, 3, 5) (5, 5, 7) (5, 7, 7) (3, 5, 5) (3, 3, 5) (3, 3, 5) (1, 3, 3) (3, 5, 5) (3, 3, 5)
C12 (5, 7, 7) (7, 7, 9) (3, 5, 5) (5, 5, 7) (5, 7, 7) (7, 7, 9) (5, 7, 7) (3, 5, 5) (3, 3, 5)
C13 (3, 5, 5) (3, 5, 5) (3, 3, 5) (5, 5, 7) (3, 5, 5) (5, 7, 7) (5, 5, 7) (3, 3, 5) (3, 5, 5)
C14 (1, 3, 3) (3, 5, 5) (5, 5, 7) (1, 3, 3) (1, 1, 1) (1, 1, 3) (1, 3, 3) (3, 5, 5) (5, 7, 7)
C15 (7, 9, 9) (5, 7, 7) (5, 5, 7) (5, 5, 7) (7, 7, 9) (5, 7, 7) (5, 7, 7) (1, 3, 3) (3, 3, 5)

Table 6: Obtained values of the Sij
′.

A1 A2 A3 A4 A5 A6 A7 A8 A9

C1 0.537 0.240 0.148 0.292 0.545 0.496 0.608 0.384 0.097
C2 0.523 0.329 0.097 0.157 0.545 0.480 0.593 0.474 0.186
C3 0.553 0.379 0.148 0.269 0.478 0.531 0.562 0.346 0.186
C4 0.591 0.302 0.056 0.292 0.545 0.515 0.608 0.446 0.097
C5 0.523 0.400 0.148 0.183 0.511 0.480 0.580 0.474 0.186
C6 0.576 0.461 0.394 0.541 0.480 0.455 0.483 0.499 0.183
C7 0.415 0.360 0.234 0.390 0.258 0.179 0.216 0.411 0.237
C8 0.484 0.484 0.348 0.461 0.502 0.478 0.505 0.390 0.212
C9 0.627 0.415 0.296 0.461 0.486 0.441 0.441 0.390 0.094
C10 0.532 0.376 0.355 0.502 0.435 0.412 0.441 0.390 0.237
C11 0.467 0.351 0.194 0.385 0.555 0.513 0.382 0.106 0.097
C12 0.435 0.272 0.157 0.376 0.555 0.497 0.420 0.126 0.194
C13 0.509 0.341 0.194 0.376 0.593 0.513 0.440 0.165 0.157
C14 0.431 0.325 0.168 0.313 0.382 0.427 0.382 0.106 0.194
C15 0.398 0.248 0.073 0.336 0.505 0.478 0.427 0.165 0.145
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Further, the utility function in relation to the ideal
f( 􏽥K

+

i ) and anti-ideal f( 􏽥K
−

i ) solution is calculated using
equations (18) and (19), as well as the utility function of
alternatives f(Ki) using equation (20). Te results obtained
by applying the last three steps of the fuzzy MARCOS
method are presented in Table 11.

Based on the results, it can be concluded that the best
ranked alternative is A7, i.e., cloud computing, while the
worst ranked alternative is A9, i.e., advanced robotics.

5. Discussion and Sensitivity Analysis

An analysis of the obtained results’ sensitivity to the
changes in the weights of the fve most important criteria
was performed. Te weights of the criteria were changed

in the range of 15–90% and by applying the following
equation:

Wnβ � 1 − Wnα( 􏼁
Wβ

1 − Wn( 􏼁
. (25)

All simulated criteria weights through the newly formed
30 scenarios are presented in Table 12.Te simulated criteria
weights are then used to obtain rankings of the alternatives.
Te obtained results are shown in Figure 3.

As it can be concluded on the basis of Figure 3, when
changing the importance of criteria, there are certain
changes in the ranking of alternatives, i.e. I4.0 technologies.
TeA7 alternative, which was in the frst place in the original
model takes the second place in the S5 and S6 scenarios,
while the best ranked is the A1. In these two scenarios, the

Table 9: Te weighted fuzzy MARCOS matrix.

C1 C2 . . . C14 C15

AI (0.009, 0.028, 0.028) (0.009, 0.027, 0.027) . . . (0.007, 0.007, 0.009) (0.005, 0.015, 0.015)
A1 (0.066, 0.066, 0.085) (0.063, 0.081, 0.081) . . . (0.015, 0.015, 0.046) (0.034, 0.044, 0.044)
A2 (0.066, 0.085, 0.085) (0.027, 0.045, 0.045) . . . (0.009, 0.009, 0.015) (0.024, 0.034, 0.034)
A3 (0.009, 0.028, 0.028) (0.009, 0.027, 0.027) . . . (0.007, 0.009, 0.009) (0.024, 0.024, 0.034)
A4 (0.009, 0.028, 0.028) (0.045, 0.063, 0.063) . . . (0.015, 0.015, 0.046) (0.024, 0.024, 0.034)
A5 (0.047, 0.047, 0.066) (0.045, 0.045, 0.063) . . . (0.046, 0.046, 0.046) (0.034, 0.034, 0.044)
A6 (0.047, 0.066, 0.066) (0.063, 0.063, 0.081) . . . (0.015, 0.046, 0.046) (0.024, 0.034, 0.034)
A7 (0.047, 0.066, 0.066) (0.063, 0.063, 0.081) . . . (0.015, 0.015, 0.046) (0.024, 0.034, 0.034)
A8 (0.066, 0.066, 0.085) (0.045, 0.045, 0.063) . . . (0.009, 0.009, 0.015) (0.005, 0.015, 0.015)
A9 (0.028, 0.047, 0.047) (0.009, 0.027, 0.027) . . . (0.007, 0.007, 0.009) (0.015, 0.015, 0.024)
ID (0.0660.085, 0.085) (0.063, 0.081, 0.081) . . . (0.046, 0.046, 0.046) (0.034, 0.044, 0.044)

Table 10: Results of the steps 5–7 of the fuzzy MARCOS method.

􏽥Si
􏽥K

−

i
􏽥K

+

i
􏽥Ti

AI (0.141, 0.273, 0.296)
A1 (0.529, 0.688, 0.839) (1.790, 2.522, 5.936) (0.529, 0.761, 1.187) (2.319, 3.283, 7.124)
A2 (0.401, 0.529, 0.604) (1.356, 1.937, 4.275) (0.401, 0.584, 0.855) (1.757, 2.521, 5.130)
A3 (0.250, 0.385, 0.454) (0.847, 1.410, 3.213) (0.250, 0.425, 0.643) (1.097, 1.835, 3.856)
A4 (0.377, 0.463, 0.642) (1.276, 1.697, 4.544) (0.377, 0.512, 0.909) (1.653, 2.209, 5.453)
A5 (0.550, 0.669, 0.794) (1.861, 2.452, 5.619) (0.550, 0.740, 1.124) (2.411, 3.192, 6.742)
A6 (0.556, 0.651, 0.791) (1.880, 2.387, 5.601) (0.556, 0.720, 1.120) (2.436, 3.107, 6.721)
A7 (0.563, 0.725, 0.853) (1.903, 2.657, 6.036) (0.563, 0.801, 1.207) (2.466, 3.458, 7.243)
A8 (0.383, 0.517, 0.667) (1.294, 1.896, 4.722) (0.383, 0.572, 0.944) (1.676, 2.468, 5.667)
A9 (0.247, 0.381, 0.404) (0.836, 1.395, 2.859) (0.247, 0.421, 0.572) (1.083, 1.816, 3.431)
ID (0.706, 0.905, 1.000)

Table 8: Te normalized matrix of the fuzzy MARCOS method.

C1 C2 . . . C14 C15

AI (0.111, 0.333, 0.333) (0.111, 0.333, 0.333) . . . (0.143, 0.143, 0.200) (0.111, 0.333, 0.333)
A1 (0.778, 0.778, 1.000) (0.778, 1.000, 1.000) . . . (0.33, 30.333, 1.000) (0.778, 1.000, 1.000)
A2 (0.778, 1.000, 1.000) (0.333, 0.556, 0.556) . . . (0.200, 0.200, 0.333) (0.556, 0.778, 0.778)
A3 (0.111, 0.333, 0.333) (0.111, 0.333, 0.333) . . . (0.143, 0.200, 0.200) (0.556, 0.556, 0.778)
A4 (0.111, 0.333, 0.333) (0.556, 0.778, 0.778) . . . (0.333, 0.333, 1.000) (0.556, 0.556, 0.778)
A5 (0.556, 0.556, 0.778) (0.556, 0.556, 0.778) . . . (1.000, 1.000, 1.000) (0.778, 0.778, 1.000)
A6 (0.556, 0.778, 0.778) (0.778, 0.778, 1.000) . . . (0.333, 1.000, 1.000) (0.556, 0.778, 0.778)
A7 (0.556, 0.778, 0.778) (0.778, 0.778, 1.000) . . . (0.333, 0.333, 1.000) (0.556, 0.778, 0.778)
A8 (0.778, 0.778, 1.000) (0.556, 0.556, 0.778) . . . (0.200, 0.200, 0.333) (0.111, 0.333, 0.333)
A9 (0.333, 0.556, 0.556) (0.111, 0.333, 0.333) . . . (0.143, 0.143, 0.200) (0.333, 0.333, 0.556)
ID (0.778, 1.000, 1.000) (0.778, 1.000, 1.000) . . . (1.000, 1.000, 1.000) (0.778, 1.000, 1.000)

Journal of Mathematics 13



alternatives, A9 and A3, originally ranked as eighth and
ninth, swapped their rankings. Diferences in ranking are
also present with alternatives A8 and A2, which exchange
positions with each other in the following scenarios: S12,
S15–S18, and S24. In addition, alternative A5, which was
originally ranked as the third, changed ranking in sce-
narios S23 and S24, i.e. it was ranked as the second. Te

biggest changes in ranking occur in scenarios S5 and S6,
when the value of the most important criterion C7 is
reduced by 75% and 90%, respectively. Generally, it can
be concluded that the changes in the scenarios are not
signifcant, i.e., that the originally obtained ranking is
stable enough and could therefore be adopted as the fnal
solution.

Table 11: Final results of the fuzzy MARCOS method.

f(􏽥K−

i ) f(􏽥K+

i ) K− K+ fK− fK+ Ki Rank

A1 (0.135, 0.194, 0.303) (0.456, 0.643, 1.513) 2.969 0.793 0.202 0.757 0.714 2
A2 (0.102, 0.149, 0.218) (0.346, 0.494, 1.089) 2.230 0.599 0.153 0.568 0.387 6
A3 (0.064, 0.108, 0.164) (0.216, 0.359, 0.819) 1.616 0.432 0.110 0.412 0.195 8
A4 (0.096, 0.130, 0.232) (0.325, 0.433, 1.158) 2.102 0.556 0.142 0.536 0.335 7
A5 (0.140, 0.188, 0.286) (0.474, 0.625, 1.432) 2.881 0.772 0.197 0.734 0.671 3
A6 (0.142, 0.184, 0.285) (0.479, 0.608, 1.428) 2.838 0.759 0.194 0.723 0.648 4
A7 (0.143, 0.204, 0.308) (0.485, 0.677, 1.538) 3.094 0.829 0.211 0.789 0.785 1
A8 (0.098, 0.146, 0.241) (0.330, 0.483, 1.204) 2.267 0.602 0.154 0.578 0.396 5
A9 (0.063, 0.107, 0.146) (0.213, 0.356, 0.729) 1.546 0.417 0.106 0.394 0.179 9

Table 12: Simulated criteria weights in the newly formed 30 scenarios.

W1 W2 W3 W4 W5 W6 W7 W8 W9 W10 W11 W12 W13 W14 W15
S1 0.088 0.084 0.076 0.076 0.072 0.033 0.171 0.059 0.087 0.083 0.030 0.031 0.016 0.048 0.046
S2 0.092 0.087 0.079 0.079 0.075 0.034 0.141 0.062 0.090 0.086 0.031 0.032 0.017 0.050 0.047
S3 0.095 0.090 0.082 0.082 0.077 0.035 0.111 0.064 0.093 0.089 0.032 0.033 0.018 0.052 0.049
S4 0.098 0.093 0.084 0.084 0.080 0.036 0.080 0.066 0.096 0.092 0.033 0.034 0.018 0.054 0.051
S5 0.101 0.096 0.087 0.087 0.083 0.037 0.050 0.068 0.099 0.095 0.034 0.035 0.019 0.055 0.052
S6 0.104 0.099 0.090 0.090 0.085 0.039 0.020 0.070 0.102 0.098 0.035 0.037 0.019 0.057 0.054
S7 0.072 0.082 0.074 0.074 0.070 0.032 0.204 0.058 0.085 0.081 0.029 0.030 0.016 0.047 0.045
S8 0.060 0.083 0.075 0.075 0.071 0.032 0.207 0.059 0.086 0.082 0.030 0.031 0.016 0.048 0.045
S9 0.047 0.084 0.076 0.076 0.072 0.033 0.210 0.060 0.087 0.083 0.030 0.031 0.016 0.048 0.046
S10 0.034 0.085 0.077 0.077 0.073 0.033 0.212 0.060 0.088 0.084 0.030 0.031 0.017 0.049 0.046
S11 0.021 0.087 0.078 0.078 0.074 0.034 0.215 0.061 0.089 0.085 0.031 0.032 0.017 0.050 0.047
S12 0.009 0.088 0.079 0.079 0.075 0.034 0.218 0.062 0.090 0.086 0.031 0.032 0.017 0.050 0.048
S13 0.086 0.082 0.074 0.074 0.070 0.032 0.204 0.058 0.071 0.081 0.029 0.030 0.016 0.047 0.045
S14 0.087 0.083 0.075 0.075 0.071 0.032 0.207 0.059 0.058 0.082 0.030 0.031 0.016 0.048 0.045
S15 0.089 0.084 0.076 0.076 0.072 0.033 0.209 0.060 0.046 0.083 0.030 0.031 0.016 0.048 0.046
S16 0.090 0.085 0.077 0.077 0.073 0.033 0.212 0.060 0.033 0.084 0.030 0.031 0.017 0.049 0.046
S17 0.091 0.087 0.078 0.078 0.074 0.034 0.215 0.061 0.021 0.085 0.031 0.032 0.017 0.050 0.047
S18 0.092 0.088 0.079 0.079 0.075 0.034 0.218 0.062 0.008 0.086 0.031 0.032 0.017 0.050 0.048
S19 0.086 0.069 0.074 0.074 0.070 0.032 0.204 0.058 0.085 0.081 0.029 0.030 0.016 0.047 0.044
S20 0.087 0.057 0.075 0.075 0.071 0.032 0.207 0.059 0.086 0.082 0.030 0.031 0.016 0.048 0.045
S21 0.088 0.045 0.076 0.076 0.072 0.033 0.209 0.059 0.087 0.083 0.030 0.031 0.016 0.048 0.046
S22 0.090 0.032 0.077 0.077 0.073 0.033 0.212 0.060 0.088 0.084 0.030 0.031 0.017 0.049 0.046
S23 0.091 0.020 0.078 0.078 0.074 0.034 0.214 0.061 0.089 0.085 0.031 0.032 0.017 0.050 0.047
S24 0.092 0.008 0.079 0.079 0.075 0.034 0.217 0.062 0.090 0.086 0.031 0.032 0.017 0.050 0.047
S25 0.086 0.082 0.074 0.074 0.070 0.032 0.204 0.058 0.085 0.068 0.029 0.030 0.016 0.047 0.044
S26 0.087 0.083 0.075 0.075 0.071 0.032 0.206 0.059 0.086 0.056 0.030 0.031 0.016 0.048 0.045
S27 0.088 0.084 0.076 0.076 0.072 0.033 0.209 0.059 0.087 0.044 0.030 0.031 0.016 0.048 0.046
S28 0.090 0.085 0.077 0.077 0.073 0.033 0.212 0.060 0.088 0.032 0.030 0.031 0.017 0.049 0.046
S29 0.091 0.086 0.078 0.078 0.074 0.034 0.214 0.061 0.089 0.020 0.031 0.032 0.017 0.050 0.047
S30 0.092 0.087 0.079 0.079 0.075 0.034 0.217 0.062 0.090 0.008 0.031 0.032 0.017 0.050 0.047
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 . Conclusion

Te ongoing digital transformation, initiated by the I4.0
initiative, has infuenced the development of the new con-
cept of logistics 4.0. Application of technologies I4.0 in the
feld of logistics brings many advantages for all participants,
i.e. it enables greater productivity, agility, speed, quality,
competitiveness, proftability, improvement of delivery,
vertical and horizontal integration, saving of resources,
reduction of operating costs, adaptability, and quality of
work. Accordingly, this paper evaluated the applicability of
nine I4.0 technologies (IoT, automated guided vehicles,
autonomous vehicles, AI, big data, blockchain, CC, E/M
marketplace, and advanced robotics) in LCs. Te technol-
ogies were evaluated based on the technological, social and
political, and economic and operational groups of criteria,
which included a total of 15 subcriteria. To assess the ap-
plicability of technologies based on the defned criteria,
a hybrid MCDM model was used, which integrated the
MEREC and fuzzy MARCOS methods. By applying the
MEREC, the criteria weights were determined, while by
applying fuzzy MARCOS, the technologies were ranked.
Based on the results obtained, it can be concluded that CC is
the best alternative, i.e. most applicable I4.0 technology in
LCs, followed by the IoT and Big Data. Te advanced ro-
botics resulted as the least applicable technology. CC, IoT,
and big data are compatible technologies and very useful for
data management. Data are an invaluable asset in logistics,
especially today when it is imperative to have access to all
data for better decision-making. After evaluating the ap-
plicability of I4.0 technologies in LCs, a sensitivity analysis of
the obtained results was performed by changing the weights
of the fve most important criteria (C7, C1, C9, C2, and C10).
Te sensitivity analysis showed that the biggest impact on

the change in the ranks of the alternatives is a decrease in the
value of the most important criterion C7 by 75%–90%.

Te main contribution of this paper is the establishment
of a new integrated MCDMmodel, which can serve as a tool
for experts and decision-makers when deciding on the
applicability of various modern technologies in the feld of
logistics, especially in logistics centers that represent the
places of greatest concentration of logistics fows and lo-
gistics activities. In addition, the paper provides an extensive
overview of the possible applications of I4.0 technologies in
various areas of logistics, as well as the advantages that these
technologies bring. Although this research provides a great
contribution from the theoretical perspective, the practical
implications are yet to be confrmed. Te future research
should perform a detailed analysis of the applicability of I4.0
technologies in real-life LCs. Te future research should also
include a larger number of experts from several stakeholders
(e.g. operators and owners of the centers, users of services,
and society). In addition, one of the directions of future
studies can be manifested through a detailed analysis of the
limitations and challenges that may appear during the ap-
plication of various technologies in certain business seg-
ments of logistics centers.

Data Availability

Te data supporting the conclusions of the study are pre-
sented within the paper.

Disclosure

Tis research was performed as part of the employment of
the authors in the following institutions: University of East
Sarajevo, Faculty of Transport and Trafc Engineering;

SE
T 

0

SE
T 

1

SE
T 

2

SE
T 

3

SE
T 

4

SE
T 

5

SE
T 

6

SE
T 

7

SE
T 

8

SE
T 

9

SE
T 

10

SE
T 

11

SE
T 

12

SE
T 

13

SE
T 

14

SE
T 

15

SE
T 

16

SE
T 

17

SE
T 

18

SE
T 

19

SE
T 

20

SE
T 

21

SE
T 

22

SE
T 

23

SE
T 

24

SE
T 

25

SE
T 

26

SE
T 

27

SE
T 

28

SE
T 

29

SE
T 

30

A1
A2
A3

A4
A5
A6

A7
A8
A9

0

1

2

3

4

5

6

7

8

9

Figure 3: Results of alternatives rankings with new criteria values.
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[75] S. Tadić, M. Krstić, and N. Brnjac, “Selection of efcient types
of inland intermodal terminals,” Journal of Transport Ge-
ography, vol. 78, pp. 170–180, 2019b.

[76] R. G. Korkut, M. Çelik, and S. Özkaynak, “A critical review of
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structures of the intermodal terminals,” Quantitative
Methods in Logistics, Faculty of Transport and Trafc En-
gineering, University of Belgrade, Belgrade, Serbia,
pp. 67–86, 2020b.
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