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remaining °exible. Smart logistics applications and demand forecasting, which have an

important place in ensuring customer satisfaction and increasing competitive advantage, came
to the fore even more in this period. However, smart logistics applications are often bogged

down by several barriers, and then there is the need to choose the most ideal demand forecasting

method despite these barriers. The main purpose of this study is to assess the barriers to the

smart logistics applications in companies that receive and provide logistics services with cor-
porate identity in Ordu Province, and to choose the most ideal demand forecasting method

during the COVID-19 period. This study has the characteristic of a roadmap that helps the

construction of smart logistics transformation applications by detecting barriers related to
smart logistics applications and determining the most ideal demand forecasting alternative in

logistics sector. Fuzzy FUCOM (FUll COnsistency Method)-based interval rough EDAS

(Evaluation based on Distance from Average Solution) methodology was used to weight the

barriers and to rank and choose the most ideal demand forecasting method during COVID-19
period, respectively.

Keywords: COVID-19; smart logistics implementation; demand forecasting methods; fuzzy
FUCOM; interval rough EDAS.

1. Introduction

The changing expectations and demands of the customer as a result of globalization

have led to the proliferation of technology-based elements, thus the di®erentiation

and diversi¯cation of the activities need to be carried out.1 The process of Industry

4.0, which describes the interconnectivity of the period we presently live in, has

brought about digital transformation and highlighted smart logistics applications,

also known as Logistics 4.0.2 The concept describes a logistics system with increased

°exibility, self-regulation according to market needs, and becoming closer to the

customer.3 Scherf,4 on the other hand, de¯ned smart logistics as a concept that

explains how digitalization and automation in the ¯eld of logistics should be shaped

and supported, as well as the e®ects of Industry 4.0 on transportation and cross-

functional coordination tasks. According to Kauf,5 smart logistics is a form of

structure used together with advanced arti¯cial intelligence solutions based on new

smart technologies, equipped with computer support systems that allow fully

automated processes. In other words, smart logistics is smart application that pro-

vides real-time communication between people and machines as a result of advanced

internet use.1

Logistics 4.0, that is, smart logistics applications, are components that aim to

increase the e±ciency, the e®ectiveness, and the performance of supply chain

members in businesses.6 Barreto et al.3 desired e±cient, powerful, and e®ective smart

logistics applications based on technologies such as resource planning, warehouse

management systems, transportation management systems, intelligent transportation

systems, and information security. This concept states that the optimal pro¯t that all

companies operating in the supply chain obtained as a result of cooperation will exceed

the sum of the optimal pro¯t that the companies can achieve on their own.7

Czaja8 de¯nes the purpose of smart logistics applications in terms of e®ectiveness

(°exibility, individualized services, processes, and products), e±ciency (transparency,

process speed, error reduction, and consolidation), and supply chain partners
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(wholesalers, retailers, logistics service providers, and customers) and improved the

information and communication technologies with decentralized decision-making

structures.

During the duration of the COVID-19 epidemic, smart logistics applications have

gained even more prominence especially the incorporation of digital components to

achieve an interruption-free supply chain management. In general, the barriers

to smart logistics applications in the COVID-19 period have been classi¯ed as

technological barriers, economical barriers, social barriers, ecological risks, and legal

and political risks.

The technological barriers include cyber-attacks on the ¯rm (data-related

problems, service frustration, etc.), lack of specialized personnel for smart logistics

technology (there is a need to provide continuous education), and the requirement

for integration between the technologies used. The economical barriers consist of the

high-cost structure of information technology investments, newly developed tech-

nologies used in smart logistics investments, and preference level by consumers or

other ¯rms. The social barriers include the requirement for fewer people, a low

adoption rate of technology usage by older employees, and the negative e®ects of

corporate culture on smart logistics applications.

Ecological risks consist of the increase in energy consumption, expenses related to

economic growth in the macrodimension, and not using eco-friendly equipments.

Legal and political risks include lack of regulations, lack of incentives, and national

climate.

During the COVID-19 period that has been characterized as economic crisis,9 it is

important to identify the barriers to the smart logistics applications mentioned

above while still e®ectively running the supply chain and forecasting demand.

According to G€orçün,10 anticipating demands in supply chain management is an

issue that needs to be carefully considered in order to manage the supply chain well.

Demand forecasting, the determination of which product will be in demand, how

much demand will be shown for these products, how long the demand will last, and

whether the demand is periodic or not, plays an important role in making the

planning realistic. Planning without determining the general and speci¯c char-

acteristics of the demands may fail to re°ect the real situation.

The goals of demand forecasting are not limited to the increase in the level of

customer service and minimizing logistics costs, but also cover the reduction of

investment in the supply chain to acceptable optimum levels.11 Demand forecasting

methods are based on the principle of determining the amount of future demand by

using numerical parameters. In other words, a determination is made on the kind of

changes expected in future demands based on the current and past sales within the

framework of dependent and independent variables of sales in the past periods.12

Due to its stated importance and considering the COVID-19 pandemic, demand

forecasting methods are vital for both businesses and people. In this context, demand

forecasting methods are generally composed of the causal model, time series analysis
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method, qualitative approach, simulation method, and machine learning-based

forecasting method.

The COVID-19 pandemic has ushered in a new age in the world,13 so one of the

main motivations for this study was to ¯nd an e®ective and applicable solution to the

barriers to smart logistics applications of enterprises in the logistics sector during the

COVID-19 period as well as to the decision-making problem in the choice of a

demand forecasting method.

The authors also demonstrated how criteria and alternatives used in the study

related to the COVID-19 outbreak and also identi¯ed interdependencies between

them. All in all, the study provides a practical roadmap for the logistics industry

regarding the barriers to the implementation of smart logistics and demand-fore-

casting methods. Even though the results of the study are from the logistics sector,

the structure of the methodology used allows the study to be replicated in other

sectors, hence extending its contribution to the literature.

Based on the expertise, experience, and knowledge of the decision-makers, smart

logistics applications have emerged as one of the most promising areas to implement the

technological developments that have come out with Logistics 4.0, which are geared

toward providing competitive power and customer satisfaction in enterprises that receive

and/or provide logistics services. The study was carried out during the COVID-19 period

to help identify the barriers to smart logistics applications and to provide a roadmap for

the transformation of smart logistics applications and determine the best alternative in

demand forecasting. With its complex structure due to the many con°icting criteria and

the uncertainties involved, choosing the right and appropriate demand forecasting

method is a very di±cult process for decision-makers in logistics services.

The fact that smart logistics applications are a new concept may increase the

barriers to contain uncertainties, especially during the COVID-19 period. The

COVID-19 pandemic period makes it particularly hard to choose a demand fore-

casting method. The pandemic also expands the list of criteria and alternatives

related to the barriers to smart logistics applications and demand forecasting

methods. The evaluation of such a large number of contradictory qualitative and

quantitative criteria may complicate the choice.

It is thus important to create an e®ective decision-making model that can over-

come the above-mentioned complex alternatives and criteria in order to obtain re-

liable, logical, and reasonable results. The proposed model, which consists of the

fuzzy FUCOM (FUll COnsistency Method) technique and the interval rough EDAS

(Evaluation based on Distance from Average Solution) approach, is thought to have

many valuable theoretical contributions. In addition to its theoretical contributions,

the study has very important implications for decision-makers who receive and/or

provide logistics services and others who are interested in the subject. On top of the

opportunity to evaluate the barriers to smart logistics applications during the

COVID-19 period, the study also pioneers a basic algorithm to choose the optimal

alternative in the demand forecasting method. It provides a °exible decision-making

environment that takes di®erent views into account. Using the proposed model,
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decision-makers can determine a new roadmap for smart logistics and its applica-

tions, as well as demand forecasting in a way that takes the COVID-19 period into

account. The study also o®ers a completely updated set of new criteria suitable for

real-world decision-making problems encountered in the logistics industry. It can

also be inspiring for future researchers and applied in di®erent sectors and industries.

The purpose of the study was to determine the barriers to smart logistics appli-

cations in companies that receive and/or provide logistics services with corporate

identity in Ordu Province, and to choose the most ideal demand forecasting method

in line with these determined barriers. The study proposes a robust, powerful, and

practical decision-making model consisting fuzzy FUCOM-based interval rough

EDAS that can deal with current uncertainties thereby contributing to the permanent

solution of the relevant decision-making problem for the logistics sector at a desirable

level. The study seeks to ¯ll the theoretical gaps in the literature by using the

advantages of the proposed methods to provide a robust methodological framework.

This paper is arranged as follows. The literature on the barriers to smart logistics

applications was examined in Sec. 2. Fuzzy FUCOM and interval rough EDAS

methods are explained in Sec. 3. The method of the study was applied to the problem

in Sec. 4. Sensitivity and comparison analyses are given in Sec. 5. Discussion and

conclusion including future suggestions are presented in Sec. 6.

2. Literature Review

There are limited studies in the literature in which the criteria that are e®ective in

determining the barriers to smart logistics applications and/or evaluations, some of

them are given as follows. Xie14 evaluated the status of smart logistics applications in

Chinese hazardous chemical logistics and stated that resource support and technical

equipment research should be increased to enable modern logistics development.

Wen et al.15 focused on how to design an e±cient communication and management

platform in smart logistics applications of robot swarms and pointed out that it is one

of the main problems in the smart logistics industry. Krykavskyy et al.16 examined

the reasons for the transition to smart logistics in the study they applied in Ukraine

and analyzed the problems encountered in this transition with secondary data sur-

veys. Barczak et al.17 investigated the changes brought by digitalization to logistics

management and the resulting macro-environment, functional, and micro-environment

risks using a survey method. Karag€oz and Doyduk18 examined the Logistics 4.0

applications within the framework of the logistics sector and found that the logistics

enterprises in Turkey are not very open to innovation, and they also see technology

investments as a major cost item. Liu et al.19 investigated sustainable risk

management in the smart logistics ecological chain and evaluated the elements

of technological, governmental, and external stakeholder risks as risk sources.

Kodym et al.20 classi¯ed the risks in smart logistics applications as economic, social,

technological, legal, and political risks and evaluated them.

Studies related to FUCOM can be seen as Table 1.
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According to Table 1, it is seen that FUCOM method has been integrated with

a number of di®erent methods such as WASPAS, MARCOS, MABAC, MAIRCA,

CoCoSo, CODAS, SAW, AHP, and VIKOR in various environments (fuzzy, rough,

grey, D numbers, Z numbers, and neutrosophic). Besides, FUCOM method has

been used in several areas such as contractor selection, assessment the performance

of airlines, evaluation of human resources, improving service quality measurement,

providing sustainable supplier selection, location selection related to bridge

construction, construction machines selection, evaluating fuel vehicles in providing

sustainable road transportation, proposing new stock management model, crypto-

currencies investment decision, tra±c safety level determination, mineral and

groundwater potential mapping, forming a resilience-based model for healthcare

sector, and measurements related to TDM.

Studies related to EDAS are presented in Table 2.

As it can be seen from Table 2, EDAS method has been used in many

di®erent environments such as fuzzy, bipolar fuzzy, interval type-2, intuitionistic,

hesitant, pythagorean, neutrosophic, q-rung orthopair, and picture. Also, it has

been applied with other methods namely MACBETH, SWARA, MULTIMOORA,

WASPAS, and COPRAS. Application areas of EDAS method can be summarized as

construction safety assessment, green supplier selection, ranking barriers related to

renewable energy development, weighting national sustainable development goals,

personnel selection, evaluating energy-saving design projects, site selection for a new

hospital, and mobile payment platform selection.

In the detailed literature review, the absence of any other study on the assessment

of the importance of the barriers related to smart logistics applications and

the selection of the most ideal demand estimation method via integrating

fuzzy FUCOM with interval rough EDAS is an issue that should be emphasized,

but it can also be considered as an overlooked situation. In addition, this study,

in which the phenomenon of demand estimation method is pointed out in

today's COVID-19 period, is important, and it is thought that the research will

contribute to the literature in terms of the method and application area used in

the study.

3. Methodology

Fuzzy FUCOM considering fuzzy Bonferroni mean (BM) operator in terms of

aggregation and interval rough EDAS methods is explained in this section.

3.1. Fuzzy Bonferroni mean (BM) operator

The values of the interval fuzzy vector of weight coe±cients are aggregated using a

fuzzy Bonferroni aggregator62,63 [Eq. (1)], because it allows the representation of the
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interrelationships between the aggregation elements.

~a ij ¼ ða l
ij ; a

m
ij ; a

u
ijÞ ¼

a l
ij ¼

1

eðe� 1Þ
Xe
i; j ¼ 1
i 6¼ j

a lp
i � a lq

j

0
BB@

1
CCA

1
pþq

am
ij ¼ 1

eðe� 1Þ
Xe
i; j ¼ 1
i 6¼ j

amp
i � amq

j

0
BB@

1
CCA

1
pþq

a u
ij ¼

1

eðe� 1Þ
Xe
i; j ¼ 1
i 6¼ j

a up
i � a uq

j

0
BB@

1
CCA

1
pþq

8>>>>>>>>>>>>>>>>>>>><
>>>>>>>>>>>>>>>>>>>>:

; ð1Þ

where e represents the number of experts participating in the research, while p; q � 0

are a set of non-negative numbers.

3.2. Fuzzy FUCOM method

This section presents the algorithm of fuzzy FUCOM method64 through its steps

given as follows:

Step 1. Creating a set of criteria.

Step 2. Ranking the criteria on the basis of experts' preferences by criterion

importance.

Cjð1Þ > Cjð2Þ > � � � > CjðkÞ; ð2Þ
where k denotes the ranking of the last-ranked criterion.

Step 3. Comparing the criteria using TFNs (triangular fuzzy numbers) and a

fuzzy linguistic scale. Speci¯c criterion importance is identi¯ed by all experts, so

averaged criterion importance is determined using the fuzzy Bonferroni aggregator.

Referring to the averaged criterion importance, fuzzy comparative importance

~’k=ðkþ1Þ is obtained using the following equation:

~’k=ðkþ1Þ ¼
~$CjðkÞ

~$Cjðkþ1Þ
¼

ð$ l
CjðkÞ ; $

m
CjðkÞ ; $

u
CjðkÞ Þ

ð$ l
Cjðkþ1Þ

; $m
Cjðkþ1Þ

; $u
Cjðkþ1Þ

Þ : ð3Þ

Hence, a fuzzy vector of comparative importance for the evaluation criteria is

obtained as follows:

~� ¼ ð~’1=2; ~’2=3; . . . ; ~’k=ðkþ1ÞÞ; ð4Þ
where ~’k=ðkþ1Þ is the importance of the criterion of CjðkÞ rank in comparison to the

criterion of Cjðkþ1Þ rank.
Step 4. Calculating the optimal fuzzy weights. The ¯nal values of the fuzzy

weight coe±cients of the criteria ð ~w 1; ~w 2; . . . ; ~wnÞT are obtained. The ¯nal values
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of the weight coe±cients should meet the conditions given by the following

equations:

~wk

~wkþ1

¼ ~’k=ðkþ1Þ; ð5Þ

~wk

~wkþ2

¼ ~’k=ðkþ1Þ � ~’ ðkþ1Þ=ðkþ2Þ; ð6Þ

’k=ðkþ1Þ is the comparative importance of CjðkÞ and Cjðkþ1Þ criteria.
Then, it is required to calculate the values of the weight coe±cients of the

criteria ð ~w 1; ~w 2; . . . ; ~wnÞT meeting the condition that j ~w k

~w kþ1
� ~’k=ðkþ1Þj � � and

j ~w k

~w kþ2
� ~’k=ðkþ1Þ � ~’ ðkþ1Þ=ðkþ2Þj � �, with the minimization of �. Considering the

above, the ¯nal nonlinear model ð ~w 1; ~w 2; . . . ; ~wnÞT is de¯ned.

min�

s:t:

~wk

~wkþ1

� ~’k=ðkþ1Þ

����
���� � �; 8 j

~wk

~wkþ2

� ~’k=ðkþ1Þ � ~’ ðkþ1Þ=ðkþ2Þ

����
���� � �; 8 j

Xn
j¼1

~wj ¼ 1;

w l
j � wm

j � wu
j ;

w l
j � 0; 8 j

j ¼ 1; 2; . . . ; n

8>>>>>>>>>>>>>>><
>>>>>>>>>>>>>>>:

; ð7Þ

~w j ¼ ðw l
j ;w

m
j ;w

u
j Þ and ~’k=ðkþ1Þ ¼ ð’ l

k=ðkþ1Þ; ’
m
k=ðkþ1Þ; ’

u
k=ðkþ1ÞÞ.

3.3. Interval rough EDAS

Interval rough EDAS consists of the following steps65:

Step 1. After de¯ning input parameters, which include de¯ning m alternatives

and n criteria, it is necessary to model a group decision-making process by forming a

group of k experts who will evaluate the alternatives, considering each criterion

individually.

Step 2. Transformation of individual decision matrices into a group interval

rough matrix as shown in the following equation:

IRN ðXijÞ ¼
A1

A2

. . .

Am

C1 C2 . . . Cn

IRN ðx11Þ IRN ðx12Þ . . . IRN ðx1nÞ

IRN ðx21Þ IRN ðx22Þ IRN ðx2nÞ
. . . . . . . . . . . .

IRN ðxl1Þ IRN ðxl2Þ . . . IRNðxlnÞ

2
6664

3
7775

m�n

: ð8Þ
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Step 3. In this step, it is necessary to calculate an average solution by forming an

IRNðAVjÞ matrix (9)

IRNðAVjÞ ¼ ½av L
j ; av

U
j �; ½av L 0

j ; avU 0
j �1�n; ð9Þ

by applying the following equation:

Xm
i¼1

IRNðxijÞ
m

¼
Xm
i¼1

IRN ðx L
ij Þ

m
;
IRN ðx U

ij Þ
m

" #
;

Xm
i¼1

IRNðx L 0
ij Þ

m
;
IRNðx U 0

ij Þ
m

" #
: ð10Þ

Step 4. Calculation of positive distance IRN(PDAij) (11) and negative distance IRN

(NDAij) (12) in relation to the average solution IRN(AVj) for all criteria.

IRN ðPDAijÞ ¼ ½pdaL
ij ; pda

U
ij �; ½pdaL 0

ij ; pda
U 0
ij �m�n; ð11Þ

IRN ðNDAijÞ ¼ ½ndaL
ij ; nda

U
ij �; ½ndaL 0

ij ; nda
U 0
ij �m�n: ð12Þ

In order to obtain the elements of these matrices, it is necessary to take into account

the type of criteria, so if it is necessary to be maximized, i.e., if it belongs to the

bene¯t group, the following equations are applied:

IRN ðPDAijÞ ¼ ½pdaL
ij ; pda

U
ij �; ½pdaL 0

ij ; pda
U 0
ij �

¼ bLij

av U 0
j

;
bU
ij

av L 0
j

" #
;

bL
0

ij

av U
j

;
bU

0
ij

av L
j

" #

IRNðBijÞ ¼ ½bLij ; bUij �; ½bL 0
ij ; b

U 0
ij �

¼ maxð0; ½x L
ij � avU 0

j ; x U
ij � av L 0

j �; ½x L 0
ij � avU

j ; x
U 0
ij � av L

j �Þ;

ð13Þ

IRNðNDAijÞ ¼ ½ndaL
ij ; nda

U
ij �; ½ndaL 0

ij ;nda
U 0
ij �

¼ bLij

av U 0
j

;
bUij
av L 0

j

" #
;

bL 0
ij

av U
j

;
bU

0
ij

av L
j

" #
;

IRN ðBijÞ ¼ ½bLij ; bUij �; ½bL 0
ij ; b

U 0
ij �

¼ maxð0; ½av L
j � x U 0

ij ; avU
j � x L 0

ij �; ½av L 0
j � x U

ij ; av
U 0
j � x L

ij �Þ;

ð14Þ

As can be seen, the di®erence is in the calculation of IRN(Bij). If the criterion needs

to be minimized, i.e., if it belongs to the cost group of criteria, the following equations

are applied:

IRN ðPDAijÞ ¼ ½pdaL
ij ; pda

U
ij �; ½pdaL 0

ij ; pda
U 0
ij � ¼ bL

ij

av U 0
j

;
bUij
av L 0

j

" #
;

bL 0
ij

av U
j

;
bU 0
ij

av L
j

" #

IRNðBijÞ ¼ ½bLij ; bUij �; ½bL 0
ij ; b

U 0
ij � ¼ maxð0; ½av L

j � x U 0
ij ; avU

j � x L 0
ij �;

½av L 0
j � x U

ij ; av
U 0
j � x L

ij �Þ;

ð15Þ
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IRN ðNDAijÞ ¼ ½ndaL
ij ; nda

U
ij �; ½ndaL 0

ij ; nda
U 0
ij �

¼ bLij

av U 0
j

;
bU
ij

av L 0
j

" #
;

bL
0

ij

av U
j

;
bU

0
ij

av L
j

" #
;

IRNðBijÞ ¼ ½bLij ; bUij �; ½bL 0
ij ; b

U 0
ij �

¼ maxð0; ½x L
ij � avU 0

j ; x U
ij � av L 0

j �; ½x L 0
ij � avU

j ; x
U 0
ij � av L

j �Þ:

ð16Þ

The formulas previously created require additional constraints due to the nature

of interval rough numbers. Precisely due to the nature of the IRN, i.e., the existence

of the lower and upper limits, the following situations related to the IRN(Bij)

calculation are possible:

(1) if the sum of the lower and upper limits of the interval rough number is less

than zero, then the following equation is applied:

if ½bLij þ bUij �; ½bL 0
ij þ bU 0

ij � � 0 then IRN ðBijÞ ¼ 0: ð17Þ
(2) if the sum of the lower and upper limits is greater than zero and each element of

the IRN is greater than zero, then the value of that IRN number is retained in the

IRN(Bij) as shown by the following equation:

if ½bLij þ bUij �; ½bL 0
ij þ bU

0
ij � > 0 and if ½bLij > 0; bU

ij > 0�; ½bL 0
ij > 0; bU

0
ij > 0�

then IRNðBijÞ ¼ IRN ðBijÞ ð18Þ
(3) if the sum of the lower and upper limits is greater than zero, and the lower limit of

IRN is less than zero, then the absolute value of that number is taken, i.e., IRN(Bij)

as follows:

if½bLij þ bUij �; ½bL 0
ij þ bU 0

ij � > 0 and if ½bL
ij < 0; bUij > 0�; ½bL 0

ij < 0; bU 0
ij > 0�

then IRN ðBijÞ ¼ IRN jBij j ð19Þ
Step 5. Multiplying the interval rough matrix IRN(PDAij) and IRN(NDAij) by the

weight values of the criteria, Eqs. (20) and (21).

Multiplying the interval rough matrix by the weight values of the criteria yields

the following equations:

IRNðVPijÞ ¼ ½vpL
ij ; vp

U
ij �; ½vpL 0

ij ; vp
U 0
ij �m�n

¼ ½pdaL
ij � wL

j ; pda
U
ij � wU

j �; ½pdaL 0
ij � wL 0

j ; pdaU 0
ij � wU 0

j �; ð20Þ

IRN ðVNijÞ ¼ ½vnL
ij ; vn

U
ij �; ½vn L 0

ij ; vn
U 0
ij �m�n

¼ ½ndaL
ij � wL

j ; nda
U
ij � wU

j �; ½ndaL 0
ij � wL 0

j ; ndaU 0
ij � wU 0

j �: ð21Þ
Step 6. Calculation of the sum of previously weighted rough interval matrices, as

follows:

IRN ðSPiÞ ¼ ½spL
i ; sp

U
i �; ½spL 0

i ; spU 0
i � ¼

Xn
i¼1

IRNðVPijÞ; ð22Þ
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IRN ðSNiÞ ¼ ½sn L
i ; sn

U
i �; ½sn L 0

i ; snU 0
i � ¼

Xn
i¼1

IRN ðVNijÞ: ð23Þ

Step 7. Calculation of normalized values for matrices from the previous step for all

alternatives, as follows:

IRN ðNSPiÞ ¼ ½nspL
i ; nsp

U
i �; ½nspL 0

i ; nspU 0
i � ¼ IRN ðSPiÞ

max IRN ðSPiÞ

¼ spL
i

max spU 0
i

;
spU

i

max spL 0
i

� �
;

spL 0
i

max spU
i

;
spU 0

i

max spL
i

� �
; ð24Þ

IRNðNSNiÞ ¼ ½nsnL
i ; nsn

U
i �; ½nsnL 0

i ; nsnU 0
i � ¼ 1� IRNðSNiÞ

max IRNðSNiÞ

¼ 1� sn L
i

max snU 0
i

;
snU

i

max sn L 0
i

� �
;

sn L 0
i

max snU
i

;
snU 0

i

max sn L
i

� �
: ð25Þ

Step 8. Calculation of the values of all alternatives IRN(ASi) and their ranking in

descending order, as follows:

IRN ðASiÞ ¼ ½asLi ; asUi �; ½asL 0
i ; asU

0
i � ¼ IRN ðNSPiÞ þ IRN ðNSNiÞ

2

� �
: ð26Þ

4. Results

In this study, criteria and subcriteria related to the barriers of smart logistics

applications which are determined according to the depth literature review and

expert opinions are presented in Table 3.

Besides related criteria are determined by making a pilot study with expert group

consist of managers working in ¯rms that receive and/or provide logistics services

and academicians in the ¯eld. According to the views of expert group, related criteria

set is constructed and applied to ¯rms that receive and/or provide logistics services.

The signi¯cance of the criteria and subcriteria for the barriers to smart logistics

applications is determined via fuzzy FUCOM method by taking into account the

views of 10 experts (4 managers working in ¯rms that receive logistics services, 4

managers working in ¯rms that provide logistics services, and 2 academicians in the

¯eld). The experts considered consist of individuals who have more than 10 years of

work experience in companies that receive and/or provide logistics services, and who

understand the importance of smart logistics practices and demand forecasting, and also

have industry experience in managerial positions. The two academicians are a

group working in the ¯eld of production and operation management, supply chain, and

logistics management and have many international publications in the relevant ¯eld.

4.1. Determining the signi¯cance of the criteria using the

fuzzy FUCOM method

This section presents the calculation of the weight values of the criteria using the

fuzzy FUCOM method. A total of 10� 6 models were formed and each was solved
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separately using the fuzzy FUCOM method, and for each group, aggregation was

performed using the fuzzy Bonferroni mean operator. An example of the ¯rst expert

for technological barriers group and the model formed using Eq. (7) in the fuzzy

FUCOM method is given as follows:

min�

w l
2

wu
3

� 1:10

� �
� �;

wm
2

wm
3

� 1:15

� �
� �;

wu
2

w l
3

� 1:20

� �
� �;

w l
3

wu
1

� 1:25

� �
� �;

wm
3

wm
1

� 1:52

� �
� �;

wu
3

w l
1

� 1:64

� �
� �;

w l
2

wu
1

� 1:38

� �
� �;

wm
2

wm
1

� 1:75

� �
� �;

wu
2

w l
1

� 1:96

� �
� �;

ðw l
1 þ 4 � wm

1 þ wu
1 Þ=6þ ðw l

2 þ 4 � wm
2 þ wu

2 Þ=6þ ðw l
3 þ 4 � wm

3 þ wu
3 Þ=6 ¼ 1;

w l
1 � wm

1 � wu
1 ; w l

2 � wm
2 � wu

2 ; w l
3 � wm

3 � wu
3 ; w l

1;w
l
2;w

l
3;� 0:

8>>>>>>>>>>>>><
>>>>>>>>>>>>>:
The same calculations that have been performed for main criteria and the results for

10 experts are shown in Table 4.

Table 3. Criteria and subcriteria related to the barriers of smart logistics applications.

Criteria Subcriteria References

C1 ��� Technological barriers C11 ��� Cyber-attacks on the ¯rm (data-related
problems, service frustration etc.)

3, 66

C12 ��� Lack of specialized personnel for smart

logistics technology (there is a need to provide

continuous education)

19, 67

C13 ��� Requirement for integration between the

technologies used

19, 68, 69

C2 ��� Economical barriers C21 ��� High-cost structure of information
technology investments

7, 18, 70, 71

C22 ��� Newly developed technologies used in

smart logistics investments

20, 72

C23 ��� Preference level by consumers or other

¯rms

20, 73

C3 ��� Social barriers C31 ��� Requirement for fewer people 20, 74
C32��� Low adoption rate of technology usage by

older employees

20, 75

C33 ��� Negative e®ects of corporate culture on

smart logistics applications

20

C4 ��� Ecological risks C41 ��� Increase in energy consumption 3, 66

C42 ��� Expenses related to economic growth in

the macro dimension

19, 68

C43 ��� Not using eco-friendly equipments 71, 77

C5 ��� Political and legal risks C51 ��� Lack of regulations 20, 71
C52 ��� Lack of incentives 20, 77

C53 ��� National climate 20, 77
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Weights for subcriteria for all 10 experts are shown in Table 5.

Then, the fuzzy Bonferroni mean operator was applied to obtain the ¯nal criteria

weights. An example of calculation for the C11 is as follows:

BMp¼1;q¼1

ð0:22; 0:23; 0:28Þ; ð0:25; 0:27; 0:31Þ; ð0:35; 0:35; 0:35Þ;
ð0:25; 0:27; 0:31Þ; ð0:41; 0:46; 0:48Þ; ð0:38; 0:38; 0:40Þ;
ð0:38; 0:41; 0:43Þ; ð0:40; 0:46; 0:47Þ; ð0:29; 0:29; 0:29Þ;
ð0:25; 0:27; 0:31Þ

8>>>><
>>>>:

9>>>>=
>>>>;

¼

$ l
C1ð1Þ ¼

1

10ð10� 1Þ
X10
i; j ¼ 1

i 6¼ j

$ lp
C1ð1Þi

$ lq
C1ð1Þj

0
BBB@

1
CCCA

1
1þ1

¼ ð0:01ð0:221 � 0:251 þ 0:221 � 0:351 þ 0:221 � 0:251 þ � � �
þ 0:251 � 0:291ÞÞ 1

1þ1 ¼ 0:313;

$m
C1ð1Þ ¼

1

10ð10� 1Þ
X10
i; j ¼ 1

i 6¼ j

$mp
C1ð1Þi

$mq
C1ð1Þj

0
BBB@

1
CCCA

1
1þ1

¼ ð0:01ð0:231 � 0:271 þ 0:231 � 0:351 þ 0:231 � 0:271 þ � � �
þ 0:271 � 0:291ÞÞ 1

1þ1 ¼ 0:336;

$u
C1ð1Þ ¼

1

10ð10� 1Þ
X10
i; j ¼ 1

i 6¼ j

$up
C1ð1Þi

$uq
C1ð1Þj

0
BBB@

1
CCCA

1
1þ1

¼ ð0:01ð0:281 � 0:311 þ 0:281 � 0:351 þ 0:281 � 0:311 þ � � �
þ 0:311 � 0:291ÞÞ 1

1þ1 ¼ 0:360:

8>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>><
>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>:

Table 4. Weights for main criteria obtained using fuzzy FUCOM method.

C1 C2 C3 C4 C5

DM1 (0.25,0.27,0.27) (0.14,0.18,0.19) (0.17,0.2,0.21) (0.14,0.19,0.19) (0.14,0.19,0.19)
DM2 (0.17,0.2,0.2) (0.25,0.27,0.27) (0.14,0.18,0.18) (0.19,0.22,0.22) (0.13,0.16,0.16)

DM3 (0.21,0.24,0.25) (0.26,0.27,0.27) (0.16,0.18,0.19) (0.13,0.16,0.16) (0.14,0.17,0.17)

DM4 (0.25,0.26,0.26) (0.2,0.23,0.24) (0.14,0.17,0.17) (0.16,0.19,0.2) (0.13,0.17,0.17)

DM5 (0.27,0.29,0.29) (0.16,0.19,0.19) (0.14,0.18,0.18) (0.18,0.21,0.22) (0.12,0.15,0.15)
DM6 (0.17,0.2,0.2) (0.25,0.27,0.27) (0.14,0.17,0.17) (0.19,0.22,0.22) (0.12,0.16,0.16)

DM7 (0.26,0.3,0.3) (0.16,0.19,0.19) (0.19,0.21,0.21) (0.14,0.18,0.18) (0.12,0.14,0.14)

DM8 (0.24,0.25,0.25) (0.16,0.19,0.19) (0.18,0.2,0.21) (0.19,0.23,0.23) (0.13,0.16,0.17)

DM9 (0.19,0.23,0.23) (0.24,0.25,0.25) (0.18,0.2,0.21) (0.16,0.19,0.19) (0.13,0.16,0.17)
DM10 (0.24,0.25,0.25) (0.18,0.2,0.21) (0.13,0.16,0.17) (0.19,0.23,0.23) (0.16,0.19,0.19)

FINAL (0.22,0.25,0.25) (0.2,0.22,0.22) (0.15,0.18,0.19) (0.17,0.2,0.2) (0.13,0.16,0.17)
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The ¯nal criteria weights are obtained by multiplying the weights of the main criteria

and subcriteria.

w11 ¼ ð0:070; 0:083; 0:089Þ; w12 ¼ ð0:066; 0:077; 0:081Þ;
w13 ¼ ð0:074; 0:086; 0:091Þ; w21 ¼ ð0:061; 0:075; 0:079Þ;
w22 ¼ ð0:062; 0:077; 0:081Þ; w23 ¼ ð0:058; 0:071; 0:075Þ;
w31 ¼ ð0:047; 0:059; 0:063Þ; w32 ¼ ð0:056; 0:073; 0:078Þ;
w33 ¼ ð0:041; 0:052; 0:058Þ; w41 ¼ ð0:059; 0:072; 0:075Þ;
w42 ¼ ð0:053; 0:066; 0:070Þ; w43 ¼ ð0:049; 0:061; 0:067Þ;
w51 ¼ ð0:047; 0:061; 0:065Þ; w52 ¼ ð0:045; 0:058; 0:061Þ;
w53 ¼ ð0:034; 0:044; 0:050Þ;

Weights of criteria/subcriteria are given in crisp form as Fig. 1.

According to Fig. 1, while the technological barriers (C1) criterion was found as

the most important barrier related to smart logistics applications, the political and

legal risks (C5) criterion was acquired as the least important one. In terms of sub-

criterion while the requirement for integration between the technologies used (C13)

was obtained as the most important one, national climate (C53) was found as the

least important subcriterion related to the barriers of smart logistics applications.

Fig. 1. Weights of criteria/subcriteria related to the barriers to smart logistics applications.
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4.2. Evaluation of alternatives using the IRN EDAS method

In this section, we have shown details about the application of the IRN EDAS

method for the evaluation of demand forecasting methods. Demand forecasting

methods which are determined according to the depth of literature review and expert

opinions are given in Table 6.

After evaluating the alternatives according to the criteria by 10 experts, it is ¯rst

necessary to transform the values of individual decision-makers' responses in group

decision-making. Initial interval rough matrix is shown in Table 7.

Table 6. Demand forecasting methods as alternatives.

Mark Alternatives Explanation References

A1 Causal model Finding out the strength of the
relationships between variables

and how these variables a®ect each

other

10, 78, 79

A2 Time series analysis method A conceptual model for predicting
future events based on previously

known events

10, 80, 81

A3 Qualitative approach A process of holistic examination of

events and phenomena in a realistic
environment

10, 82, 83

A4 Simulation method A technique that evaluates the

properties and behavior of a

dynamic system by using
computers

10, 83, 84

A5 Machine learning based

forecasting method

A method that allows learning from

data and generalization of learned
information

10, 85, 86

Table 7. Initial interval rough matrix for the IRN EDAS method.

A1 A2 A5

C11 [3.87, 5.6] [4.04, 6.21] [3.62, 6.06] [4.49, 6.55] ..
. [4.31, 6.37] [5.15, 6.95]

C12 [3.62, 5.03] [4.09, 5.46] [2.61, 4.77] [3.12, 5.62] [3.93, 6.58] [4.32, 6.62]
C13 [4.59, 6.29] [5.24, 7.01] [3.37, 6.02] [3.89, 6.74] [3.01, 4.46] [3.19, 5.29]

C21 [3.02, 5.77] [3.9, 6.56] [2.93, 4.35] [3.66, 4.84] [3.69, 5.71] [4.2, 6.47]

C22 [4.51, 6.49] [4.89, 6.94] [4.01, 5.46] [4.4, 6.2] [4.13, 5.64] [4.46, 6.29]

C23 [3.87, 5.8] [3.91, 6.2] [3.02, 5.56] [3.48, 6.48] [3.05, 5.62] [3.86, 6.03]
C31 [2.94, 4.62] [3.31, 5.31] [3.44, 5.32] [4.31, 5.86] [4.29, 5.93] [4.96, 6.87]

C32 [2.86, 5.2] [3.79, 5.89] [4.31, 5.85] [4.48, 6.21] [3.46, 5.53] [3.76, 5.92]

C33 [2.87, 5.36] [3.49, 5.95] [4.21, 6.31] [4.49, 6.38] [3.54, 6.03] [3.82, 6.53]
C41 [3.36, 6.11] [3.69, 6.7] [3.26, 4.57] [3.82, 5.22] [3.36, 5.15] [3.85, 6.08]

C42 [2.59, 4.67] [3.2, 5.22] [3.1, 5.05] [3.38, 5.58] [4.46, 6.16] [4.94, 6.82]

C43 [3.68, 5.56] [4.49, 6.39] [4.69, 6.79] [5.28, 7.45] [4.27, 6.38] [4.64, 7.13]

C51 [3.47, 6.18] [4.16, 6.36] [3.11, 5.19] [3.69, 5.83] [3, 5.33] [3.58, 6.1]
C52 [3.82, 5.91] [4.52, 6.65] [3.7, 5.3] [4.12, 5.84] [2.86, 5.36] [3.41, 5.4]

C53 [2.94, 4.38] [3.94, 5.38] [3.6, 5.54] [3.63, 5.73] [3.71, 5.41] [4.25, 6.24]
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Then, in the third step, using Eqs. (9) and (10), the average solution is calculated

forming a matrix:

IRN ðAVjÞ ¼

½3:87; 5:67� ½4:49; 6:32�
½3:57; 5:78� ½4:07; 6:31�
½3:61; 5:53� ½4:03; 6:07�
½3:51; 5:38� ½4:19; 6:14�
½3:83; 5:93� ½4:28; 6:37�
½3:42; 5:43� ½3:89; 6:01�
½3:41; 5:48� ½4:01; 6:2�
½3:42; 5:43� ½4:05; 5:9�
½3:63; 5:92� ½4:11; 6:32�
½3:3; 5:49� ½3:71; 6:12�
½3:41; 5:4� ½3:84; 6�
½3:68; 5:6� ½4:36; 6:45�
½3:16; 5:41� ½3:81; 5:98�
½3:55; 5:6� ½4; 5:97�
½3:65; 5:47� ½4:18; 6:06�

2
66666666666666666666666666666666666664

3
77777777777777777777777777777777777775

;

Xm
i¼1

IRNðxijÞ
m

¼

½3:87þ 3:62þ 3:06þ 4:51þ 4:31�
5

� �
¼ 3:87

½5:60þ 6:06þ 4:10þ 6:22þ 6:37�
5

� �
¼ 5:67

½4:04þ 4:49þ 3:92þ 4:84þ 5:15�
5

� �
¼ 4:49

½6:21þ 6:55þ 5:06þ 6:85þ 6:95�
5

� �
¼ 6:32

2
66666666666664

3
77777777777775
:

After that, a positive distance matrix IRN(PDAij) and a negative distance matrix

IRN(NDAij) for the average solution IRN(Avj) are calculated for all criteria. Since

this research includes the criteria that belong to the bene¯t group, Eqs. (11)–(14)

and Eqs. (17)–(19) are applied.

An example of calculation for the element ðpda11Þ ¼ ½0:0; 0:00�; ½0:29; 0:60� is the
following:

ðpda11Þ ¼
0:00

6:32
;
0:00

4:49

� �
;

1:63

5:67
;
2:34

3:87

� �
;

ðB11Þ ¼ ½0:00; 0:00�; ½1:63; 2:34� ¼ maxð0; ½3:87� 6:32; 5:60� 4:49�;
� ½4:04� 5:67; 6:21� 3:87�Þ:
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The calculation of the element ðnda11Þ ¼ ½0:0; 0:00�; ½0:20; 0:63�, is performed as

follows:

ðnda11Þ ¼
0:00

6:32
;
0:00

4:49

� �
;

1:11

5:67
;
2:45

3:87

� �
;

ðB11Þ ¼ ½0:00; 0:00�; ½1:11; 2:45� ¼ maxð0; ½3:87� 6:32; 5:60� 4:49�;
� ½4:04� 5:67; 6:21� 3:87�Þ:

In the ¯fth step, the interval rough matrices IRN(PDAij) and IRN(NDAij) are

multiplied with the weight values of the criteria using Eqs. (20) and (21).

ðvp11Þ ¼ ½0:00; 0:00�; ½0:02; 0:05�
¼ ½0:00� 0:082; 0:00� 0:082�; ½0:29� 0:082; 0:60� 0:082�;

ðvn11Þ ¼ ½0:00; 0:00�; ½0:02; 0:05�
¼ ½0:00� 0:082; 0:00� 0:082�; ½0:20� 0:082; 0:63� 0:082�:

In the sixth step, the sum of previously weighted rough interval matrices is calculated

using Eqs. (22) and (23), respectively.

sp1 ¼

½0þ 0þ 0:02þ 0þ 0:02þ 0þ 0þ � � � þ 0� ¼ 0:04

½0þ 0þ 0:05þ 0þ 0:04þ 0þ 0þ � � � þ 0� ¼ 0:09

½0:02þ 0:02þ 0þ 0:02þ 0:01þ 0:02þ 0þ � � � þ 0:01� ¼ 0:20

½0:05þ 0:04þ 0:08þ 0:06þ 0:06þ 0:06þ 0þ � � � þ 0:02� ¼ 0:65

2
66664

3
77775;

sn1 ¼

½0þ 0þ 0þ 0þ 0þ 0þ 0:02þ � � � þ 0� ¼ 0:06

½0þ 0þ 0þ 0þ 0þ 0þ 0:03þ � � � þ 0� ¼ 0:10

½0:02þ 0:01þ 0þ 0:02þ 0þ 0:02þ 0:01þ � � � þ 0� ¼ 0:21

½0:05þ 0:06þ 0þ 0:07þ 0þ 0:04þ 0:06þ � � � þ 0:04� ¼ 0:67

2
66664

3
77775:

Then, normalization for the matrices from the previous step is performed for all

alternatives using Eqs. (24) and (25), respectively.

ðnsp1Þ ¼ ½0:05; 0:36�; ½1:57; 10:74� ¼ 0:04

0:82
;
0:09

0:24

� �
;

0:20

0:12
;
0:65

0:06

� �
;

ðnsn1Þ ¼ ½�6:51;�0:23�; ½0:49; 0:93� ¼ 1� 0:06

0:77
;
0:10

0:19

� �
;

0:21

0:17
;
0:67

0:09

� �
:

In the eighth step, the values of all IRN(Asi) alternatives are calculated using

Eq. (26) and they are ranked in descending order, as shown in Table 8.

ðas1Þ ¼ ½�3:23; 0:07�; ½1:03; 5:84�

¼ 0:05þ �6:51ð Þ
2

;
0:36þ ð�0:23Þ

2

� �
;

1:57þ 0:49

2
;
10:74þ 0:93

2

� �

The results presented in Table 8, obtained using the original developed Fuzzy

FUCOM ��� IRN EDAS model, show that A4 ��� simulation method has the best
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characteristics out of the set of alternatives considered in this research. On the

other hand, the A3-qualitative approach was found as the least important demand

forecasting method. The demand forecasting methods can be ranked as A4 > A5 >

A2 > A1 > A3.

5. Sensitivity and Comparative Analyses

5.1. Checking the robustness of the solution in comparison to

other IRN MCDM methods

This part of the paper presents the veri¯cation of the Fuzzy FUCOM–IRN EDAS

model through several phases. First, a comparative analysis of the obtained results

was performed with already developed methods: interval rough SAW.87 Interval

rough CoCoSo,34 interval rough ARAS (additive ratio assessment), and interval

rough COPRAS88 methods. The results of the comparative analysis are shown in

Fig. 2, while the ranks in the comparative analysis are shown in Fig. 3.

According to Fig. 2, A3, A4, and A5 remain in their ranking places according to

the ¯ve IRNMCDMmethods. Only A1 and A2 have di®erent ranking places in terms

Table 8. Final results and ranking obtained using the IRN

EDAS method.

IRNðASiÞ Rank

A1 [ �3.23, 0.07],[1.03, 5.84] 4

A2 [�3.13, 0.16],[1.18, 5.71] 3

A3 [�3.82, �0.02],[0.78, 4.42] 5

A4 [�2.89, 0.11],[1.46, 7.27] 1
A5 [�2.75, 0.11],[1.07, 6.36] 2
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of IRN EDAS method apart from other four IRN MCDM methods. Results of

comparative analysis show stability of the proposed integrated Fuzzy FUCOM–IRN

EDAS model. Also, it can be concluded that analysis shows a high correlation be-

tween the proposed model and other MCDM methods.

6. Discussion

The technological transformation resulting from the e®ects of Logistic 4.0 notwith-

standing, smart logistics applications experienced various barriers during the

COVID-19 pandemic leading to reduced levels of service, productivity and com-

petitive power for businesses. This study was aimed at examining the barriers to

smart logistics applications and selecting the most ideal demand forecasting methods

for ¯rms that recieve and/or provide logistics services during the COVID-19 period.

According to the results of the study, technological barriers were found to be the

most signi¯cant barriers to smart logistics applications. Economical barriers were

ranked second while political and legal risks were found to be the least signi¯cant

barrier to smart logistics applications. The results also show that logistics ¯rms need

to emphasize the role of technological infrastructure, smart services, hardware,

equipment, and quali¯ed workforce in smart logistics/smart logistics applications.

The study also ¯nds that the government could help with the economical barriers

and could provide some incentives to projects that prioritize smart logistics. The

¯rms need to be transparent with their shareholders concerning their smart logistics

applications such as the technological components. Also, study (Ref. 89) con¯rms the

critical lesson learned from COVID-19 in agile companies must plan for a range of

incomprehensible contingencies to ensure business continuity and growth.

The study found the requirement for integration between the technologies used,

cyber-attacks on the ¯rm (data-related problems, service frustration, etc.), and lack

of specialized personnel for smart logistics technology (there is a need to provide

continuous education) as the most important three subcriteria are barriers to smart
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logistics applications. National climate, the negative e®ects of corporate culture on

smart logistics applications, and lack of incentives were to be the least important

three subcriteria in terms of barriers related to smart logistics applications. The

simulation method, which takes into account the weights of criteria related to the

barriers of smart logistics applications, was found to be the most ideal demand

forecasting method.

Demand forecasting methods will make a great contribution to ¯rms that receive

and/or provide logistics services and represent remarkable portion in national

economy. Accurate demand forecasting in providing nonstop service at desired level

leads to improve the ¯rms' e±ciency, productivity, and performance levels. Besides

the accuracy and reliability of every other activity, plannings based on demand

variable will increase too. While the results show parallels with the studies of Jain,90

Constantino et al.,91 Xie,14 Khaldi et al.,92 Karag€oz and Doyduk,18 Liu et al.,93 and

Kodym et al.20; it di®ers from Law and Au,94 Bulut,95 and Barczak et al.17 regarding

the barriers of smart logistics applications. This di®erentiation is caused by the

uncertainty and complexity of logistics sector.

7. Conclusions

Technological investments have become critical components in most organizations

due to globalization in the digitalized world. Businesses are in a race to keep up with

the digital trends occasioned by the increased technological investments that result

from Industry 4.0 transformation in various areas. To the enterprise, the digital

trends hold a promise of low operating costs, high pro¯tability, customer satisfaction,

and high productivity hence technological investments in these areas become nec-

essary. Smart logistics applications refer to the technological investments made in

line with the demands of Logistic 4.0.

Infrastructure of the technological transformations can be reinforced through

smart logistics applications with sights set on achieving high performance in logistic

operations, e±cient and productive transportation by cyber-physical systems, and

sensors all while ensuring customer satisfaction at the desired level and strengthening

competitive advantage especially during the COVID-19 period. Smart logistics

applications could also be integrated into demand forecasting to eliminate challenges

associated with the inventory such as declining accuracy and deviation levels.

There were several limitations to this study. First of all, the study was restricted

by time constraints and the inability of the researchers to increase the number of

experts in the study due to the COVID-19 pandemic. Second, the study was limited

only to the determined provinces and sectors, and the scope only focused on the

implementation of and barriers to smart logistics and demand forecasting methods.

The subject grouping made in the study was subjective at some points. The study

was also impacted by the absence of any criteria set regarding the theme of barriers

to smart logistics applications and the choice of a demand forecasting method in both

the interviews with the expert group and the literature review.
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Just as technological and economic factors could be considered as the main bar-

riers to smart logistics practices in logistic ¯rms, they could also be thought as the

main challenges to the technological transformation endeavors of businesses in

general. Smart logistics could be used as a platform for technological transformation

through the allocation of more resources to Logistics 4.0 and its practices in general

by businesses, and the support of the government. Smart logistics practices could

also be included as one of the essential parameters in the comparison of successful

business applications. Future studies, by evaluating smart logistics practices, bar-

riers to smart logistics, factors that a®ect demand forecasting, could examine issues

surrounding the performance of smart logistics, capacity, level of competition, eco-

nomic, technological, social, ecological, and political issues on smart logistics on a

wider business network as opposed to only logistics businesses.

Di®erent criteria/factors could also be considered and a comparison done on the

barriers related to smart logistics applications and the demand forecasting levels.

Di®erent group decision-making models51,96,97 can be considered. Also, di®erent

MCDM-based methods such as MABAC,19 DEMATEL,98 BWM,99,100 ROMETHEE

(Preference Ranking Organization METHod for Enrichment Evaluation),101 TOP-

SIS (Technique for Order Preference by Similarity to Ideal Solution),102–104 GRA,105

MEREC (Method based on the Removal E®ect of Criteria),106 MAIRCA,29,114

MARCOS,107 and MACBETH108 in various environments such as interval type-2,109

pythagorean,110 spherical,111 fermatean,112 and q-rung orthopair113 can be applied

for future studies too.
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