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Title

e The title of the article should be hot

o Title is the most important factor affecting
citations

e The title should be Max 20 words, but the
average is generally desired to be 12 words.
The title should summarize the whole article
No abbreviation/ Acronyms in the title
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e The abstract tells the reader what the
research is about,

e which methods are used and
e What is your novelty and contributions
e |t should explain what was found.
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The ideal summary should include:

The purpose of the research should be defined
Research metods should be determined
The main results of the study should be summarized

The effectiveness of the proposed model should be
explained

The abstract should be between 150 and 200 words

It should not contain
equations.

Keywords- should generally be a maximum of 6 and
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e Abbreviations should be defined if they appear
first time

o If the abbreviation is well established in the field
(for example, IT for Information Technology)
definition is not necessary. Remember,
excessive use of abbreviations reduces

readability.
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ARTICLEINFO

ABSTRACT

Keywords: Metaverse is defined as a fictional universe that could serve as a simulation environment of reality. Beginning in

Urban transportation the past with games, it becomes increasingly integrated into human life as time passes. Metaverse usage is

Mctaverse inevitable in every aspect of life. One of its potential application areas could be urban transportation. A novel

MFPQM .. 3 trigonometric based on the combination of the Full Consistency Method (FUCOM) and Combined
4

Multi-criteria decision making A _ _ 5 . . .

F o tric weichted Compromise Solution (CoCoSo) is proposed to rank three alternatives with twelve criteria under four major

aspects: managerial, safety, user, and urban mobility. In the first stage, fuzzy FUCOM methods are used to
calculate the weights of the criteria. In the second stage, the fuzzy trigonometric based CoCoSo method is applied
to evaluate and rank the alternatives. The proposed model enables the nonlinear processing of complex and
uncertain information using fuzzy trigonometric functions. The findings demonstrate focusing on a particular age
group can make it easier to integrate the metaverse with urban transportation. The findings of this study have the
potential to serve as a guide for decision-makers. The metaverse-based applications could be started by poli-
cymakers, which is a promising opportunity with potential boundaries beyond human comprehension making
this statement weaker.
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1. Introduction

Recently, the metaverse has advanced, and it is rapid growth will be
anticipated. The term METAVERSE, combining the prefix “meta”
(implying transcending) with the word “universe,” refers to a hypo-
thetical synthetic environment connected to the physical world (Lee
et al., 2021). It can be characterized as a made-up world that can mimic

Knowing that the metaverse has enormous potential to influence and
benefit our lives, it is preferable to use it positively by integrating the
metaverse into urban transportation could be a huge step forward in
solving current and future problems. Even if the implementation of the
imaginary world of the real world is not at the desired level, next-
generation solutions are not far away given advances in computer sci-
ence. The goal of this research is to support policymakers in choosing the
best alternatives for urban transportation solutions by using intelligent
decision support based on multi-criteria decision-making models inte-
grated into the metaverse. Hence, this paper proposes a novel concept
for MCDM in which two modules are implemented. The first module
defines the weighting coefficients of the criteria and is based on the
application of the fuzzy full consistency method (fuzzy FUCOM). The
second one implements an original methodology for evaluating alter-
natives based on fuzzy nonlinear trigonometric weighted functions.
Fuzzy trigonometric functions are implemented in the combined
compromise solution algorithm (CoCoSo) model. The advantages and
contributions of the proposed multi-criteria framework are presented
below:

the real one. Many examples, particularly in the gaming industry, have
emerged in recent years. Examples include Second Life (2003) and
Half-Life: Alyx (2020). Interestingly, META, the parent company of
Facebook, Instagram, and WhatsApp, is actively working to raise public
understanding of what the “metaverse” is.

It is safe to predict that Metaverse will be the future of the Internet
and modern civilization (Ramesh et al.,, 2022). Furthermore, the

11
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The abstract should include the following keywords:

e The aim of this study is to present.....

o We propose a novel/

e new model/

e improved/

e developed or the new model is presented......
e This study introduces/presents.......

e The results show/indicate that.......
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Interval type-2 fuzzy sets based multi-criteria decision-making model
for offshore wind farm development in Ireland

s
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ARTICLE INFO ABSTRACT

Am'd_f history: Offshore wind energy takes up an important place in Ireland’s renewable generation portfolio thanks to
Received 8 October 2019 its abundant offshore wind resource. Optimal offshore site selection and developing site-specific energy
Received in revised form policy instruments are of key importance to the success of offshore wind energy investments. In this

zzﬁx“?ﬁgﬂl 2020 respect, this study aims at developing a multi-criteria decision-making (MCDM) model considering
Available onli March 2020 technical, economic, environmental and social criteria to assess Ireland’s most promising offshore wind
/hm.ﬁ\ sites in terms of their sustainable development. An interval type-2 fuzzy sets based MCDM model is
K developed that integrates the score function with positive and negative solutions to achieve better re-
Keywords: z 2 F &' . .
Offshore wind e sults. Moreover, advanced energy economic metrics such as levelized cost of electricity with higher
Site selection resolution are integrated into the decision-making process to make more precise decisions. Case studies
Levelized cost of electricity (LCOE) are conducted for the five of the offshore sites in development pipeline. Results are compared to those of
Decision-making other state-of-the-art MCDM methods. It is found that Arklow Bank-2 is the most favorable site while
Interval type-2 fuzzy sets Sceirde is the least site. The rankmg of other sites is found to be Oriel > Dublin Array > Codllng Park. It is

Renewable energy shown that the proposed approach is superior in terms of stability and implementation as compared to
its counterparts.

© 2020 Published by Elsevier Ltd.
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Rough sets based Ordinal Priority Approach to evaluate sustainable
development goals (SDGs) for sustainable mining

Muhammet Deveci ", Pablo R. Brito-Parada ™, Dragan Pamucar“, Emmanouil
A. Varouchakis *

* Royal School of Mines, Department of Earth Science and Engineering, Imperial College London, London SW7 2AZ, UK
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ARTICLE INFO ABSTRACT
L ——

Keywords:
Sustainable mining
Sustainable development goals
Rough sets

Multi-criteria decision making
Decision support system

The Sustainable Development Goals (SDGs) have been adopted by countries and companies, including mining
companies around the world. The aim of this study is to investigate the degree of importance of the seventeen
sustainable development goals (SDGs) on sustainable mining using a rough sets based decision making approach.
SDGs classification. Firstly, a survey is conducted to receive a response from internationally experts across
different countries. Each participant is asked to evaluate the importance of each SDG. Secondly, the analyses are
carried out to make a distinction among groups of participants who respond similarly and discover viewpoints
from the industry, academia, and non-governmental organizations. Finally, the degree of importance of each SDG
for sustainable mining is found using a novel decision making approach including Ordinal Priority Approach
(OPA) based on rough sets. The survey of the results indicated that for all the participants of the survey, inde-
pendently of their background, the most important SDG for sustainable mining was “SDGS8: Decent work and
economic growth™, while the one perceived as the least important was “SDG14: Life below water™. The main
objective of SDGS is to promote economic growth through job opportunities and decent work for all. This in turn
s to a more sustainable, long-term economic growth.
rough sets based decision making method provided a rational and objective evaluation performance of their
perceived priority in the mining sector.
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An integrated multi-criteria decision-making and multi-objective i
optimization model for socially responsible portfolio selection

g
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* School of Economics and Management, Southeast University, Nanjing, Jiangsu 211189, China
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ARTICLE INFO ABSTRACT
Keywords: Thc mﬂucncc of soclally rsponslblc mwstmcnt (SRI) has caused much attcnuon from both msutuuonal and
Socially responsible investment . §

Portfolio selection

Corporate social responsibility
Multi-criteria decision-making
Multi-objective optimization

bccommg an emerging topic in economics and managcmcnt ‘1'hc aim of tlus paper is to dcvclop a hybnd SRI

portfolio sclcctlon modcl with muln-cntcna decision malung (MCDM) and muln—ob]ccuvc optimization problcm
undame

dicators, CSR criteria, and stock market factors, is put forward for SRI to make the decision results more
comprehensive and applicable. Second, a multi-stage MCDM decision mechanism including the affinity propa-
gation clustering (APC) algorithm, the best-worst method (BWM), and the MULTIMOORA (Multi-Objective
Optimization on the basis of a Ratio Analysis plus the full MULTIplicative form) is implemented. The APC al-
gorithm is used for the reduction of financial indicators. The BWM is applied to determine the financial and CSR
criteria weights. The MULTIMOORA method is integrated to derive the financial and CSR performance of the
firms. Third, a multi-objective SRI portfolio selection model adding financial, CSR, and stock market performance
is constructed, which serves as an extension of the classical mean-variance model. The compromise solution is
utilized when solving the MOOP. Finally, a case study related to the medical stock investment is examined to
recommend the optimal portfolio allocation for investors. Sensitivity and comparative analyses are performed to
demonstrate the robustness, effectiveness, and superiority of the proposed methodology.
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A fuzzy Einstein-based decision support system for public )
transportation management at times of pandemic T
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ARTICLE INFO ABSTRACT

Article history: Optimal decision-making has become increasingly more difficult due to their inherent complexity
Received 25 May 2022 exacerbated by uncertain and rapldly changmg env1ronmental condmons in Wthh they are deﬁned
Received in revised form 4 July 2022 . . oo oo th ng

thls paper 1ntroduces an lmproved fuzzy Einstein Comblned Compromise Solutlon (CoCoSo) method

Accepted 8 July 2022

Available online 14 July 2022 ology. Such a CoCoSo model improves previous CoCoSo proposals by using nonlinear fuzzy weighted

Keywords:

Pu)l;:‘i/c transportation management determining the criteria weights based on the fuzzy logarithmic function, therefore it allows decision-
Fuzzy sets makers a better perception of the relationship between the criteria, as it considers the relationships
CoCoSo between adjacent criteria; high consistency of expert comparisons; and enables the definition of
Einstein norms weighting coefficients of a larger set of criteria, without the need to cluster (group) the criteria.
Logarithmic additive function Nonlinear fuzzy Einstein functions implemented in the fuzzy Einstein CoCoSo methodology enable

the processing of complex and uncertain information. Such characteristics contribute to the rational
definition of compromise strategies and enable objective reasoning when solving real-world decision
problems. The efficiency, effectiveness, and robustness of the proposed fuzzy Einstein CoCoSo model
are illustrated by a case study to create a conceptual framework to evaluate and rank the prioritization
of public transportation management at the time of the COVID-19 pandemic. The results reveal its good

performance in determlmng the transportatlon management systems strategy

Ilcense(http //creatlvecommons orc/llcenses/by-nc nd/4. 0/)
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The ideal introduction should include:

The introduction should start with a strong first

sentence, begin with generalizations, gradually narrow
the focus and highlight contributions.

o Listing literature without explanation should be
avoided.

e The purpose of the research should be stated

e The introduction should highlight the novelty and
motivation of the work.

e The main contribution to the existing literature
should be noted
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e The introduction should answer these
guestions:

Why is the research topic important? Or why
are you working on this topic?

What has been studied so far?

What is the feature of the method you
recommend?

What are your contributions?
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The ideal introduction should include:

e The objective/aim/goal of this study is to
iInvestigate.......

o The motivation of the study......

e The main contributions of the study are as
follows:...
XXXXXX

Yyyyyy
/727777

o The advantage of the proposed model/used

@ Springer

ELSEVIER



M. Deveci et ol

climate change and epidemics such as COVID-19 have been observed to
have a significant impact on freight transportation, even bringing these
openaonstoalal! (Gonzalez et al., 2022). lnplemunnmof&uﬂu

P aamunsofmmpnng

&ed&nds&hmwbﬂe intaining full op | efficiency.
Freight tra - horities and decisi kers are looking
for ways to improve the fluidity of their operati The panies do

Mmuldlmdzmnusdﬁqhﬁnduymt
applications. One of the most commonly utilized approaches is the
collecting of data, such as GPS data, from each mode of operation
(Cedillo-Campoas et al., 2019). Shipping ports are another data source
used to gauge system fluidity, and data obtained from this source is
mostly used for long«term freight planning and travel demand fore-
casting (Asbormo et al., 2020). Even if these measurement techniques
appear to be effective, mlmmdndopanmnqmm

of delivering more di fl tools and

Mmmeﬁmdymmthnrﬁeghmm

systems. One example of such new technology is 2y
Blockchai hnology and the M have quickl d

whmmmmmmdﬁpﬂmwhthm
the real world in the digital verse, is one method that the Metaverse can
be implemented in real life (Han et al., 2022). Creating digital twins of
Mhtmmwnmwmnmm
verse to track freight P and analyze freight
Mqh&ahdpmnﬂnmdmmmdm
utilizing blockchain technology. Freight movement data gathered
through the metaverse can be shared with clients in applications because

Computers & Industrial Engineering 174 (2022) 108773

@) msmdynddsmtheﬁddbymwgmm&nghﬂmdny
freight

grating T into
Meovenel’ntthiity and developing global
8 of freight activities for fluidity measurement using
existing data.

(-)Amsﬁynhﬂoﬂmmuahﬂmh&em
evaluations, which may guide auth and &
the ition to a more developed and ady *‘(mighﬂmdny
measuring system.

(iii) The proposed model enables decisi kers to better perceive
the ionship b iteria, which contributes to rational
rmnmngndoh’mmhanmdalm

(iv) EDAS method pr P and p I
of alternatives.

(v) The application of the triangular fuzzy numbers based Dombi
function improved the flexibility of the traditional EDAS method

(vi) Thereisa ity of h on the integration of freight fAuidity

with This paper contributes signifi.
cantly to the field by p ing vari It ive integrati
approaches.

(vii) The findings of this study can be used as a guide for autharities
and decision-makers who seck to carry out projects such as the
alternatives in this study because they can select the most ad-
vantageous alternative over this study.

The rest of this study is built as follows: Section 2 contains a literas
ture review on &nghl ﬂudly nnd fxugh ﬂmdny mumml

data sharing can be handled using blockchain technology just as it is ethods. The definiti
used for data gathering (Fan et al., 2018). For example, customers can mthunndyupwndednsenwnl.xcnondymtheprw
track products being transported and purchase desired things while they methodology of the study. The case study, results of the proposed
are being ported, allowing prises to provide goods before they mhoﬁbgyandﬂiﬂymuphndms«:cuon.: The results and
reach their destinati vlhichisthe b This type of solution is d in Section 6. Section 7 discusses the managerial
mtkpani’kbyungftadu ics in M Aside from mdpob:ymplnxn:.?mily Section 8 provides the conclusion.
7 th oponﬁtdﬁumdywdmhjn
fl ,utbe‘ lop of global gor of freight operati 2. Li
ing fluidity through available data.

Creating a global center for governing freight transportation con- There are 1 dies in the lit on the imp and

cems is a promising application in terms of collecting all data in one utility of freight fluidity and freight fluidity assessment methods. As

Wﬂm&mﬂhnhmﬂ&uﬂh&ym

stated in different studics, efficiency, safety, and travel time reliability

are imp P of supply chains, and increasing freight fluidity

Mtypeofq:plicxdmmgxuﬂyuisallmnhwiiumd‘
makers in optimizing their operati ible big data and
mmngbeﬂmhhydﬁuﬂnmwﬂuhadnpmml
mmpwemmhbiandmﬂxqbymng&uﬂn

means improving these aspects (Bueno-Solano et al, 2022 Natonal
Research Council Canada, 2022; Pisarski, 2016). According to a previs
ous study, freight fluidity in sea transportation strives to boost journey

gested modes to time reliability and reduce supply chain end. d shi

tedweddaysmduz i "j £ ble modes of (Kruse et al, -ola)lxsalmdlmedthnﬂ:el.BAmyEnpneu
—elialsnoCiation R h lndbl.-vdopnentmmmd‘l‘axmwum
The motivation of this h is to p novel freight fluidity | Institute collaborated to impl ht fuidity sys
measuring methods and utilize expert comments to rank them in order | tem at ports to evaluate these parts qunnmd

dwmAmm-m&qmdnmmd WMAaﬂm&u’x pp
during the procedure, and each all ive is d ag to the devels "byﬂgUSAmy R ndl‘ dop Center
mmmwhu:hn ined following a th ‘It the fuidity y of vessels traveling between the most
review. The eval dure is ied out by developing a ques- l\a‘ﬂylnﬁdedmbynmdmaxhamdm

nmmwh:hud:pnnhhyuutdmheevﬂumdmexh
mmm?heqmmmmbﬁdmspaﬂmhm
view of the al ives. Multi-cri g (MCDM) tech.

mqn:luvebemmxmfnﬂynmpa:dlmmmyruufepoblems

Thssmdynmmmxandﬁaemfmybmhhedm

lnd Evllmm bnd on Di i'nm Average Solution (EDAS)
(l\tih:\arz Ghorabaee et al, 2015) method for solving the freight

y problem. The Dombi based LMAW (Pamucar
et al, 2021) is applied for calculating the weight coefficients of the
criteria. The Dombi based EDAS method is propased for the evaluation

weather conditions, directional flow currents, and so on (Mitchell et al.,
2019). The goal is to identify the factors that influence trip time relic
ability. According to another study, efficient freight fluidity increases
serviceability and predictability, which are two of the most essential
quality indicators in supply chains (Swai et al, 2021). As a result, it is
enymmmam;meﬂmhlnydiu;htmmn

mnnl.‘ropn-nnuﬂm-y freight fl ", g Sy are
quired so that can be impr
Mmmrdmldmfmfn@nﬂﬂyml

systems in their current state. Freight fluidi is critical for

mmhmpmwdnrﬁqhtmm
opam(l—ucleet_l 01(:). B iﬂﬁt‘ di

of al ives. The main ibutions of this study are as foll

deci k mynﬂlyndam‘y
mdn:nfylhemsﬂlwxwdmgmamdynnl&uﬁtﬂmdny
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the LR that concludes your discussion

e In this paragraph, how your work differs from
other works
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Literature Review (LR)

At the end of the LR, the necessity of this study
should be demonstrated using one of the
following patterns:

e The lack of investigation of .......

e None of previous papers considers.....
o To fill this gap
e To best our knowledge, no study has...
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Spacecraft tracking control and synchronization: An assessment
of conventional, unconventional, and combined methods

Muhammet Deveci “”*, Dragan Pamucar ©, Ilgin Gokasar “, Madjid Tavana '

2. Literature review

Spacecraft technology is a relatively new technology
that has grown in importance since the twentieth century.
As of the twenty-first century, this technology has become
even more intense due to human curiosity to explore space
and seek life on other planets. Spacecraft, like cars, trains,
and engines on land, provide transportation in and out of
the atmosphere. It is a problem that these spacecraft are
not in a gravity environment and are exposed to meteor
fragments while in transit. As a result, artificial intelligence
methods are developed for these vehicles to continue oper-
ating as efficiently as possible, and non-Al methods are
constantly updated. According to the research, a non-
linear control law has been proposed to avoid the obstacles
that spacecraft in transit may encounter and make the for-
mation styles most efficient. The most accurate rotation
study has been carried out by developing special potential
functional methods to avoid obstacles. According to one
study, the simulation outputs of their proposed method
resulted in advantageous flight configuration and fast-
tracking results (Hu et al., 2015a).

In another study, they continued to work on position
controls for one or more spacecraft. A finite-time controller
was designed by considering the finite-time monitoring atti-
tude. Hence, it has been seen that attitude synchronization
1s possible in finite time. It aims to reduce possible negativ-
ities by proposing a finite-time control law on the routes of
spacecraft (Du et al., 2011). Gao et al. (2022) sought to
improve the control performance of a straight-line conver-
gence trajectory during rendezvous and docking missions,
as well as reduce the energy consumption associated with

research, and it is a method that can be used (Sun et al.,
2019). Zhao et al. (2021) investigated distributed attitude
synchronization for flexible spacecraft. The rotation
matrix-based controller suggested is a combination of fun-
damental and additional patterns. Minimum learning
parameter techniques are believed to increase the stability
of finite time and reduce the computational overhead.
Additionally, a surface with a modified sliding mode is
used, which has the potential to eliminate singularity.
Gao and Wang (2021) offered a fault estimation, and
fault-tolerant control technique is offered as a new model.
When an actuator malfunction is detected, the objective
is to synchronize the follower spacecraft with the leader
spacecraft. Numerical practical examples are conducted
to identify the success of the model, and it is observed that
the model is effective. In another study, the disrupted track-
ing control problem was examined by considering the dis-
connections  experienced by  spacecraft  during
communication. The study concluded that the tracking
and estimation errors converged to zero with the proposed
method, considering the Lyapunov-Krasovskii functional
approach (Wang et al., 2019). Lawton and Beard (2002)
proposed two control strategies have been proposed to pre-
vent spacecraft position alignment failures in or out of
earth’s orbit. They have shown that it is analytically possi-
ble to prevent the problems experienced in position align-

ment with their proposed method. Jg _the best _of the

authors’ knowledge, no study has evaluated three alterna-
tive techniques, including non-Al methods, Al methods,
and mixed approaches, for the tracking control and syn-
chronization of spacecraft employing a fuzzy decision-
making method.
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In addition, fuzzy Delphi method studies have been used for

identifying and assessing the criteria [71], prioritizing failures

[72], and identify critical sustainable transportation indicators [73].

Also, IT2FSs have been applied to various decision-making prob-

lems such as electric vehicle charging station allocation [74],

selection of a car sharing station [75], and the assessment of

smart city projects [76].

I choramg to the literature review, the research gaps dare: I

(i) The indicators of sustainable VSF location selection have
not been identified and categorized before;

(i) None of the available studies for ELV management has inte-
grated entropy and Delphi method into a unique decision-
making framework;

(iii) No IT2FS-based decision-making approach for ELV manage-
ment has been applied before;
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sites for a sustainable offshore wind development.

The rest of this paper is organized as follows. Section 2 presents
relevant literature used in multi-criteria OWF site selection and
fuzzy based decision-making models. Section 3 introduces the
methodology, the site description, and the decision-making vari-
ables selected. The proposed IT2FS model is developed in Section 4.
Experimental and comparison results are discussed in Section 5.
Finally, Section 6 provides the concluding remarks.

2. Related work
2.1. OWF site selection

MCDM has been a common practice in offshore wind energy
development planning since this process incorporates many deci-
sion criteria from various perspectives in its nature [12]. This pro-
cess requires a pre-selection of eligible offshore sites based on
multi-criteria site selection analysis [13). As such, the site selec-
tion is of key importance to the success of offshore wind energy
investments. Primary investigation of technical and regulatory

restricted areas is first conducted to eliminate unsuitable sites [ 14].
Then the cite eolactinn inunlusac analitative and anantirative sual.

posed a tuzzy MCDM lor the evaluation ol GIS based onshore wind
farm site selection in the Southeast of Spain. Ayodele et al. [16]
applied a multi-criteria GIS based model which includes interval
type-2 fuzzy AHP for onshore wind farm site selection in Nigeria.
Hofer et al. [37) conducted a study to evaluate wind farm sites using

to the offshore site selection problem, the interval type-2 fuzzy
hybrid MCDM method which includes positive and negative ideal
solutions, and relative assessment matrix has not been used in
finding the best offshore site selection. The hybrid model can pro-
vide better representation of vagueness with simplified calcula-
tions. In addition, the interval type-2 fuzzy captures uncertainty
better than type-1 fuzzy sets [38]. This reflects less uncertainty in
decision-making assessments.

a spatial AHP aEproach in Stadteregion Aachen.
As inTable 1, while the type-1 fuzzy sets have been often applie:

3. Methodology

The methodology used in the MCDM process includes 4 steps as
shown in Fig. 1. Step-1 starts at determining evaluation criteria that

turned out to be 3 main and 24 sub-criteria. Studies on the offshore
cite eoloctinn analucic tunicallu roliee an the oeneric rara cote

Table 1
Overview of studies on OWF site selection analysis.

Author(s) Study Area Main-criteria  Sub-criteria Number of alternatives  Method[Tool Energy Economic Considerations

[17] Taiwan - - 5 GIS Cost benefit

[22 North Sea - 18 Unspecified GIS LCOE

[23] Greece - 5 10 AHP and GIS None

[19] South Korea 5 9 8 Multi-criteria analysis Cost benefit

[24] Iran 6 31 4 Fuzzy ANP, DEMATEL and ELECTRE Cost benefit

[25] United States - 8 3 GIS None

[26] Germany - 9 Unspecified GIS and Ordered Weighted Averaging Method None

[20] China 6 22 5 Intuitionistic fuzzy ELECTRE External Resources
[14] Europe 6 - 3 GIS None

[21] South Korea 4 14 Unspecified GIS Cost benefit

[12] Baltic States 3 G 15 GIS Only Cost (OPEX/CAPEX)
[15] Greece 3 8 12 AHP and GIS None

[27] China 4 10 5 Fuzzy AHP None

[11] Turkey 3 - 3 Multi-criteria analysis LCOE

[13] Turkey - 8 55 Multi-criteria analysis None
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A three-stage methodology for initiating an effective management
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i 8. Conclusion

i &« gg According to the study’s findings, integrating freight activities into
Metaverse for measuring freight fluidity is the most advantageous
alternative, while doing nothing and leaving the system as it is is the
least advantageous. This study contributes to the literature by intro- —
ducing new technologically advanced ways of freight fluidity measure- ELSEVIER
ment alternatives and by employing a novel MCDM model to advantage
prioritization. The results can also serve as a guide for authorities and
decision-makers seeking to improve freight fluidity.

—The Taation of the sinly & 1he canpuiabonal conplenty of (e
Dombi operator. A software tool can be developed for this in future
studies. In future studies, various operators such as the fuzzy Aczel-
Alsina function, Einstein function, and fuzzy Hamacher for aggrega-
tion can be integrated to handle the uncertainty in the information. Also,
various decision-making models such as the Ordinal Priority Approach
can be used to calculate criterion weights in the proposed model.
Another limitation of the study is that the metaverse is a relatively new
technology with few uses, such as those proposed in the alternative. As a
result, the developed metaverse fluidity measurement system’s
problem-free continuity may not be possible in the short run. Further-
more, there is a lack of solid data privacy policies governing data ac-
quired and used in the metaverse. Because the metaverse’s main value is
the simplicity of data collecting, a lack of a policy in this area may cause
problems in the short term. In addition, the number of experts in this
feld i her limitati

In future investigations, the choices and criteria of the study might be
varied and extended in quantity to increase the study’s adaptability. In
addition, a pilot region can be chosen and the alternative implemented
in the area to assess the real-life applicability and real-life advantages of
the most favorable alternative, which is integrating freight activities into
Metaverse for measuring fluidity. The results of the pilot project may
provide a greater understanding of the alternative’s potential if it is
implemented on a bigger scale.
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\section{Introduction}
\label{ Tntro Ton}

Artificial Neural Networks (ANN) are powerful learning
algorithms inspired by the brain to store information
\cite{/7}. similar to the human brain, ANN is based on
a collection of neurons with many connections between
them. Neural networks have been used to find unknown
relationships between various parameters based on large
numbers of examples. Examples of successful
applications of neural networks are object detection,
image classification, computer vision, speech
recognition. Moreover, neural networks are more and
more used in medical applications. There are many types
of neural networks architectures. Examples of various

multilayer perceptron, the Boltzmann machine, and the
Kohonen network.

In this homework, the focus is on two different neural
networks for solving two kinds of supervised Tearning

problems. For this reason, the analysis will be divided

into two building blocks:
\begin{ }
\item Rearession Task
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1. INTRODUCTION

Artificial Neural Networks (ANN) are powerful lcaming algo
rithms inspired by the brain to store information [1]. Similar to
the human brain, ANN is based on a collection of neurons with
many connections between them. Neural networks have been
used to find unknown relationships between various parameters
based on large numbers of examples. Examples of successful
applications of neural networks are object detection, image
classification, computer vision, speech recognition. Moreover,
neural networks are more and more used in medical applica
tions. There are many types of neural networks architectures.
Examples of variows types of ncural networks are the Hopficld
network, the multilayer perceptron, the Boltzmann machine, and
the Kohonen network
In this homework, the focus is on two different neural networks
for solving two kinds of supervised leaming problems. For this
reason, the analysis will be divided into two building blocks

1) Regression Task

2) Classification Task
The first architecture proposed is a simple neural network to
solve a regression problem. In this regression task, the goal is 1o
train a neural network that approximates an unknown function
As training point, there are only noisy measares from the tanget
function.
The second and last explored model is the convolutional ncural
network to classify MNIST handwritten digits into one of 10
classes representing integer values from 0 to 9, inclusively
This last dataset, called MNIST, consists of 70,000 images
of handwritten digits. To find the best architectures in both
problems, the hyperparameters were tuned using Optuna, an
automatic hyperparameter optimization software framework
The advantage of Optuna is that it allows to define search spaces
for the hyperparameters dynamically and uses pruning 1o dis
card low-quality trials easily. Through this approach, different
optimizers and regulanization methods were considered. In both
tasks, k fold cross validation was implemented to cvaluate the
final performance of the models. The report is structured as
follows. In Scction 2, there arc details about the methodology
applied. In Scction 3, there arc the results. An appendix is

one model for cach SL problem to solve. Google Colab was
the environment used 1o train and evaluate the models.

A. Regression task

Before building the neural network, the training dataset was
splitted into 80 samples for the training sct and 20 samples
for the validation set, while the test set remains composed by
100 samples. The structure of the neural network proposed
includes three fully connccted layers, in which cach of them
have respectively 26, 88, 38 hidden units and ELU as activation,
and an output layer, that retums an output value comesponding
to the prediction of the response variable

Layers [Tnput Shape | Outpot \'hp‘} Acthvathn function
[lnpet Layer | i )| % [
Tidden Layer 1 % = T
| W W Wil
v

TABLE 1: ANN architecture

The hyperparameters of the model are selected using a hyperps
rameter optimization framework, called Optuna 2], The range
and optimal valucs of these hyperparametens selected for the
model are shown in Table 2.

Ilyperparameter T Range l Optimal Value
Learmng rate 1000001001 (0]
[ “Train basch size | 12-10] * 4
) TAdam Adadchia, Adagrad, | Adaarad
Jtiomiast RMSprop SGD! Adagrac
| { {
Namber of lincar layors 1.23) | 3
[ Namber of units T
[4-128) %
foe inpet layer
! 4 4
Neamber of unity 1+128) s
for first idden layer
Namber of units
4-125) L]
fre scxved hadden Liycr

TABLE 2: The range and optimal values of hyperparameters
for NN.

Multiple values were tried for the Leaming rate between
0.00001 and 0.01
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