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1. Introduction

Economic and societal development, coupled with rapid population growth and the consequent increase in water demand, has
ed o increasingy severe water scarcity and poliution [1]. In this context, cross-border water resources hase gradually become
a strategic econamic resource for countries, and their importance s self-evident. The transnational nature of cross-barder water

resources implies shared ownership among basin countries. However, govemance systems are often complex due to averlapping
clains regedieg ovnendp, usge g, d reguator rspasibes. Unclne crossborde water rghts 45k of ot
on their own water needs,
neﬂeﬂlng the overall ecological environment M!M ‘basin. This can harm the kltem(so(olher hlsin countries, resulting o ongoing
conflicts (2], Mild water conflicts can lead to palitical, economic, enviranmental, and civil disputes; severe ones can even cause
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1. Introduction

The alocation of medical resaurces in China exhibits @ pronounced “ioveried pyramid” structur, with tetiry hespitals concentratieg he

maorty ofteourcs, Inclcing advanced cquipment, ghly iled medical personel,and extensise clinal expertie (1) n contest, prary

bealdbcare nstitutions face a relative Jack of resource, This tertiary-ceairic diagnostic and treatment model ot only aver ilizes hig-quality
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Low carbon Zy of itive firms under cap
and trade mechanism — Evolutionary game analysis based on
complex network

LIU Peide, LI Xina, LI Jialu

(School of Management Science and Enginecring, Shandong, University of Finance and Economics, Jinan 250000, China)

Abstract Cap and trade is considered to be the most effective market incentive mechanism
for carbon emission reduction to deal with global climate change. In order to study the optimal
decision-making of production, emission reduction and carbon trading as well as the diffusion of
low-carbon technology under this mechanism, we build two emission reduction game models of
low-carbon technology and traditional technology under cap and trade mechanism for competitive
firms. "The impact of various on the optimal decision-making is analyzed; at the
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oo I st 0 Becmogesons mut e g decon, meking (MIGIRS) problme it
s infer e ineomuplhte welghts 45d ¢rung orthopalr fizzy (JROF) truth degrees, whes

Evciericzy cunpuearion o crits v o iy e e capaotds s v, bt e s

2eddsne sumy messme

and q ROF values (4-ROFVs), and muiple types of interactions exit, Le., poskive synergetic
Interactions, negative synergeti Interactions nd independence, 3 novel muli-objective g-ROF
programming appoach Is proposad. In pasticula, in onler 10 globally eapiure the Interserior

g it oo e rlative st 4ecs e deeloped baseh on 4 tech e
for integral. Then, the

o 1) and the g-ROF Ol
incons stency index (4-ROFCGIN) are defined. Next, 10 derive optinu] 2-aldiive furzy measures
erkorta set and optimal experts' welghts, a new muk-objective 4-ROF mathemiical

GeL.
Subequently, i based on the adupiive non-dominated wriing genetic algorihm 1L
(A-NSGALID b designed to solve the established model. Aflerwards, the Choguet based overal
relaive closenes degrees of the alemtives e wsed 10 obiain ther preferred ordering. Fnally,
e effcetiveness and advantage of the proposad approsdh Is veriad usng four real cxes
conceming the evaluation o social comnsercs.

1. Tntroduction

Social commerce (s-commerce) refers ta the use of sacial media and Web 2.0 tools to enhance the interactions of individuals an
the Internet in order to suppert consumers' scquisition of products and services (0] In recent years, with the inereasing maturity
o s-commerce, increasingly mare consumers, mi.uy the new generation, have taken part in s-commerce [14]. However, due
0 the virtual and anonymous nature of s-commerce, consumers camot see merchants and commodities [35]. There is also s time
ey beeeen ey nd s enes, which ks pesable. o mrshants t commis easd daing waneacions ). For
these reasons, consumers may suffer from high credit risks, which would negatively affect their purchase intention. With the help.
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A Multiattribute Group Decision-Making Method
With Probabilistic Linguistic Information Based on
an Adaptive Consensus Reaching Model
and Evidential Reasoning

Peide Liu®, Member, IEEE, Ying Li, Xiaohong Zhang®, and Witold Pedrycz™, Life Fellow, IEEE

Abstract—This aréicle 3 2w e group e i of MAGDM s b fdthe bt alermaive o bt
decign-making (MAGDM) method with probabiisic the ranking order of aiternatives according 10 the assessments
e information that considers the folloving three pecis 30 provided by u group of experts fegarding multiple atribuLes.
on M fgnorance jnfortation, & reAlFAlR of BIOWP €OR- (o ered with multiatiribute decision making (MADM) with
a single expert, MAGDM is conducive o gathering the wis-
dom of experts in different flelds and undersianding problems
from different perspectives. to improve rationality in decision
making. Thus. many studies have been conducted 10 address
“laptivly by optmiring the alocation of nformation gramies  MAGDM problems (S|, 7], (5], [1L}-{17]. [37]. [S0]- Since
oF LTs with the particle swarm optimization (PSO) algorithm, (e process in MAGDM is centered on humans, who arrive
With n objective to reduce the information o during agerega- Wil hei inherent subjecivty.
s he procesof neriing compreheonive msement n the triculation of OpINIoRS. 1 5, AVANARECLS 10 expres
evaluations with linguistic information [2].
To effectively express the qualitative linguistic evalua-

I ket i e vk oo R oo
presented. Therefore, a new method is developed based on the

. mixedt
ing modules. Unlike the methods used in most previous studies. this system exploits the
tremendous potential of mixed frequency dacs. in addition. 3 multi-objective opeimizer-

Foreeasting system

rndels. An empirical

Furth
was applied o improve the performance of mutiple frecs
wi o

s
g d s o othe: tields,

and can e emplayed tor data mo win I
2022 Elsevier Inc. Al rights reserved.

1. Introduction

‘With the rapid development of the global economy, Y 3
problems s lobal warting, To bolster economic develupment and protect e environment, the use of renewable
energy has hecome increasingly common, In recent years, renewahle energy has occupied an increasing proparion of the
global energy supply. Wind energy, swhich is among the cleanest renewable energy sources, fered to be an effective
alternative to fossil fuel encrgy. However, the randomness and nonlinearity of wind speed directly affect the utilization of
wind encrigy |1, An eltective wind speed forecasting model can capture future wind specd changes, which is necessary to
ensure adequate and efficient wind power system operation.
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Finally, the applicability of s demonstrated
solving aslstion problem of u financal echnology company,
Comparative analyses are conducted to show the sdvantages of
e proposed mshod.
ez, Terme_frideoal vemoning, (W) siporiten,
anulation (IG), multisttribute group
mhu: TMACDA, proballsic Enguistc term sct ers-\

L. INTRODUCTION
ULTIATTRIBUTE group decision making (MAGDM)
is a sigaificant part of the area of decision making
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tions of experts, several linguistic representation models have
been proposed in the evisting literature: 1) single linguistic
terms [43]: 2) hesitant furzy linguistic terms (HFLT) [30]
and unbalanced linguistic assessments (ULAS) [31; and 3) lin-
guistic distribution assessments (LDAS) [55] and probabilistic
Imgmiuc term sets (PLTSs) [25]. Compared with the first
tic representation models, the third model can not
m.n Elpress the hesitation information with several linguistic
terms (LTs) but also reflect the importance of each LT with a
probability. Moreover, PLTSs have an advantage over LDAS
when addressing complex situations where partial ignorance
exists hecause they allow the sum probabilities of all LTs 1o
be less than 1. Thus, PLTSs ex t flexibility and com-
prehensivensss in expressing hesitant and ignorant qualitative
linguistic evaluations.

With the emergence of PLTSs, they have been
widely applied to practical MAGDM problems, such as
venture capital [4], personalized restaurant - recommenda-
tions [28], [S11, selection of financial technologies 2], and
emergency rescue planning [561. Morcover, a number of rele-
vant probabilistic linguistic proup decision making (PLGDM)
methods have been rtz\zlnpa‘i These methods have focused
on the following st

1) Allecation 1/] lgm/mme  Infornaton: The cisence
of ignorance information is in practical PLGDM
et knowledge or the
complexity of the decision envirnment. According 1o the
review of [23], the allocation of ignorance information of
PLTSs can be divided into five categories according 10 the
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1. Intsoduction 21, 20113 In September 2020, the Chinese gaverncnt announced
1. Introduction 101, e SI60 donble carbon s SUmig 0 e €0z emisions ek
e ‘.

[11]. Nevestheles, ia cercain sicuatons, the availsble imprecize data

Comparing, choosing, ranking, os saning ltematives wre common  may alio be relaed to fucure events o be derived from uarelisble
dacisionmsbing sctivitis that often sceur in everydsy ife, Resblife  sources and consequently cxbibit some degees of sacestainty and/os
decision problems, such 35 green logitics risk asmessment [1], stock  rik. To adeess this moue, that i, to describe th rik of Fa due to ridk
i elcion (3], ndsvice gl s (5], gl ot he Beberconce (1] o e o B ik
mvelve multiple sssessment seib — Bur
mkers (Dh), which makes Pt e of (M) L sdliion, oy
OMACON) v s war: e [N : MAGDM.pech-  suesousce o i o seseised with P s comsidered T, S
sl [15) presented the concept of Resets, which generalses 755, t0

szmnzqﬂlnfxi\lny—lusjwupnv‘ml:dbybdah (4] 12 model
hase dats Am impereant issue when employing 7 e oo consider seli-  relseed to furure svens and information sourees. Tsble | e the
sbility or waselisbiity of them for he problem. Thessfore, many  compusison of diffreat fozey models with Bssts. lnvesigating Table 1,
it Foe bave besa meodicad, sech s Besnt F3 (HF0) (5], it cles ot the Raet e moce apable f addbssing the vasions
nsuidoniadic 1 (IF5) (5], 7), Zmumber i B i i
), heditne fussy linguistc term set (HFLTS) [s], probabilicic  parameters might not be used in a realuworld problecs.
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considering pairwise comparisons of altematives with IT2F troth degrees. we define the making approuch with PLTSs is constructed to deal

Bt bised I2F iy constency e (NT2ERCT) and the Bansatased IT2F oy
{ % cights romramming with the ubove special situations simultaneously. To

I o coalishd e o he conse thasBISFRL it b AR ad ot
excoed the BITZERCI using a fixed [12F sct. Furthermore, we dosign an effective algorithm realize this goal, some basic models have been pro-

Zadltve fuzzy measure wsing an extesn based constiained state ransition algorlchi ta solve the estab-

posed. First of all, to truly reflect the importance of
ot attributes from the heterogencous relationships, a
16 its strong capatulity in addressing sisky MCOM m;:‘r;-ln;:wm Neau— weight determination model with gencralized Banzhaf

values is developed to analyze the interaction belween:
combinations of attributes. Then, for analyzing the
individual risk tendency of decision maker, the gen-
eralized Banzhaf TODIM method with PLTSs is con-

ekret theocy lished madel, Accordingly, the ranking order of alcernatives is decived using the Banzhaf-
b al

1. Introduction

Multicriteria decision-making (MCDM) has been extensively applied to different fields, such as postgraduate course

assessment |15, investment evaluation [13.19), rescarch and ﬂrvnlnymenr project selection |za| and cumpmhunnvt Togis- structed. Morcover, based on the above research
n selection [17]. line: techuique for nalysis i 3

o pRuAce TLINMALS, WD, whe toousd by Syl JL Seuaes THIE Aoty Ond ot maet wellhmoam results, the generalized Banzhaf TODIM-QUALIFLEX

MCDM approaches in modern decision theary because af ifs twio advantages: method with PLTSs is developed 1o solve d

making problems where the number of atlribules ex-
ceeds the number of alternalives, the combinations of

« Cortespeneing author, attributes are interacted with each other, and decision

o i engs163 o (G, Tang), vilong 9 1ang) (&t chie ek (K. Chiclans). i
g sam (. 15 bt om (. Waog. 2 A ’ maker is affected by individual risk propensity. Lastly,
etk org/ 101161 ins 2021.10.044 smartphones selection through online ratings is a
00200255 2021 Hsevier e Al sights reserved
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based group decision-making method

with incomplete probabilistic linguistic preference relations

Peide Liu, Member, [EEE, Peng Wang and Witod Pedrycz. Fellow, IEEE

Abstract—The use of incomplete probabilistic linguistic term sets  I0PLPR lmw probabilistic linguistic preference
(P
information exprosion epcilhy n deciom-aaing steaions  [0WG lnmwd ordered wighted geometic
hi stody.  [DA
we develop a metbod for group deckion-making (GDM) with | T
PRY. |15 Linguistic term set
s o e o oo . ja MLTGPLTS  Missing LT in nPLTS
ot oo e Toeeran MPINPLTS  Missiog probebiley in INPLTS
expocted multiplicative consistency of InPLPRs is introduced, OWG Ordered weighted geometric
which s conductive t estimating the missing mere PDHFLTS  Possibilty dstibution for HFLTS
accurately and _effectively, Subsequently. comidering the  PDM Preficence decis
consems of a indes, which comsders  PLPR Probabilstic linguistc preference rel
the principle of majority and minority, s devcleped to PLTS Probabilistic linguistic term set
the ngreement degree among moltiple individesh. Becswse  pyp Ty Proportional HFLTS.
QGDD Quartifier-gui wree

reaching. comensus, 3 conbtency- and_ conensurimproving - 4
mathematical programing modcl  considering RAOWG Reliabiliey-IOWG
distortion s presented. Thes, 1o aggregate ol individesl

relationships into a coletive one.  rebability . INTRODUCTION

degree comisiency
relatlanships. Furthermore, & multhphase
10PLPRs v developed 1o sabve GDM problems. Finally,

WING 1o (he laades complexity of devisior-making
Omum the uncertinry of the decision-making
‘envifoomest, more experts are needod o parcipate in
decision-making, thes GDM should be considered (1, 2.
Generally speaking, the evaluation of an object can be
performed in many ways, eg. though multiatribuie
decision-making. which involves cvaluating multple atibutes

of n objec anc then obbining 3 comprshensive cvaluation

y 20d 2 detailed
valldity test and comparative analysis are conducted to highlight
the advantages of the propased method.

Index Termy-—Group incomplete

linguisic  prefereace
multiplicative coasistency; conscovus; mathematical programing
modcl; induced ordered welghted geometric operator.

NOMENCLATURE
AP Analytic bierarchy process
BUM Basic uni-interval monotonic
CPLTS Complete probabilsic linguistc term st
CPLIR Complete probabilistic linguistic preference
sclation
DLPR Distibution linguistc preferesce relaion
EVCPLPR  Expected valuo-bascd complcte probabilistic
it preference
EHFLTS  Extended hesitunt fuzzy finguistic term
DM Group decisior-mking
Hesitant fuzzy linguisic tem
Hesitant fucey linguistc term st
Hesitant fuzzy linguistic prefereace relation
Incomplete probabilistic iaguistic clemeat
Incomplete probailstic inguistic term set
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atribute [3, 4), However, in
<ome decision.making situations with high fime pressure and
insufficient knowledge, PDM is more effective. Through an
AP, Saaty [5] repared preference relation, which is i form of
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gencraie rezsonable peeference information about cach object
comparcd based on spocific critera. Proference relation is
highly coosistar with people’s cvaluation babits and has
become the most common evaluation tool for presentiag
judgment information in decision-making.
The research of preference relationship in GDM mainly
focuses on coasistency and conscsus. Consisicncy fescarch
mvolcs. consisicncy fosts and improvemant. processcs. [
practical decision-msikiog. it is very dillicall to obiain a
decision matrix that represents 2 completely
reasonabl logical relationship. Therefore, a consistency test is
the first and key step in the decision-making process. At
presen, the most commonly uscd coRsiSiency measures are
additive consisiency (1, 6-8) and muliplicative consistency
1911 In addition, because the insonsistent jucgment matrix
scriously reswicts the accurasy of the decision resls, the
improvement of consistency has also attracted
considerable arcation [11.13]. There are two typical methds
1o improve the consistency, namely irerative and optimization
i . For instance, Zhou & Xu [13] intreduced an
erstive optmizaton algoritim to impmve the consisiney

1. Introduction

Ml of
uting seueons a0d catyiag mikie conticing emcmmees
fecision. It is a significant parc of the decision-

makm m«.ry [ |L Based on the discrete of continuous solution
ce. MCDK is usually divided into multi-auribute decision-
haking (MADM) 4né muli-abjective Gacison-makin, 1n tis
study. we used MCDN 10 represent MADM for convenience and
practicality, Owing, 1o (he evaluation mechanisin

sed owhog (0 it applicability aad operabiliy in practical appli
catians [ 10]. AP, proposed by Saaty [7.5], 1s based on pairwise
comparisons and s widely used 1 peactical management en-
wiroommensts such a5 public ot setvice development 1]
wrbar. planaing |12,13] and rban sustainabiliy assessment |14]
Further

practical deciions and the ambizity of human cmscinusiess,
fuzzy sets [ 151, intuitionistic fuzzy sets [16], Pythagorean fuzzy
et 117 st uzzy ses [18), oterval type-2 hesiant fuzy
sets [19] are proposed. Some #searchers have expanded the

of MCDM. it is widely applicable 10 7eal decision-
Fonments such as in 12 lullwuulio-lﬂ, e
o (4, . ol Dekds (58], Severad MCDM st have
been . such a5 the analytic hi
process uuuu uu] and the technique for order of preference
by similarity 1o ideal solution (TOPSIS) method (3) for dﬂuml
decision situations. Among the MCDM

= con b,
Eral ki, peide ot ccnn O L

it org 10161822 2021 Y0718
1 tsevier 3. All ighs reservst.

the aid of these fuzzy
1. Pezy AP 30} tulomcic ozzy AP (21} Ptbhagresn
fuzzy ] and hesicant fuzzy AHP [23] are proposed to

o s These fuzzy AIIP et
ods have a better comprehensive structore (han the traditional

criteria. For exixnple. Zyoud et <. [20] appiied the fuzey AP to
study bow t0 reduce water loss, and Liao and Xu |2 1] studied tie
mnmumrmmmx S in intuitionistic !uny

i AP (0 cvaluate oxvoputions et
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Multicriteria Decision Making With Incomplete
Weights Based on 2-D Uncertain Linguistic
Choquet Integral Operators

Peide Liu®, Shyi-Ming Chen®.

Beobems mhers th cali o the el a cxpemwed by 2D
rsn Enquise varables (RDULVah where the S are
lateractive ahd the crlera weghts are {ncony
i a1l paper; Pk,
e e same et operaonal Tee of TDUTNS ahich can
avaid the operational results exceeding the houndary of linguis-
term sets. Then, we propose four aperators to capture the
e 2 umcrtaa g

o
i (2DULCA) of
uumu Chaue seomiric (DU my nlmllor. he Shapley
2DULCA (SIDULCA! operator, and the Shapley 2DULCG.
(S2DULCG) operator, In addition, we e it e o

1o get the criteria weights. Finally, we propse two -ml Meost
‘methads under 2D unccrtain linguistic cnvironment
Tour cxampls are wed o cxplala e ceatd SICOM rcthods
‘Comparative experimental esals aes presented o bighlight the
superiorities of the created approa

Jndex Termy—2-D uncertuin linguistic variable (2DU
. pv

4GS, multicriteria decision making.

1. INTRODLCTION
INCE Zadeh [1) presented the notion of linguistic
variables (LVa), the study on muliciiteria 0
making (MCDM) with linguistic mfomlahon or s extensions
has gained widespread aiteation (2] and Xing [2]
exeended the viseKritrijumske. optimizacija e kompromisno
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resenje (VIKOR) appeoach to a peobabilistic linguistic envi-
ronment for MCDM. Wan e ol. (3] extended the elimination

ice translating reality 1l (ELLCTRE 1) method to
terval 2-tuple linguistic (2TL) MCDM problems.

urzy echnique
arity 1o leal solution (TOPSIS) methnd
for dealing with hesitant 2TL MCDM problems. It is obvious.
that the VIKOR method, the ELECTRE 11 approach. and the
TOPSIS methad can deal with fuzzy ICDM prob-
Teans. Abhoagh e the ranking of altermaives,
they cannot provide comprehensive criteria values of akierna-
tives. The MCDM methods based on fuzzy linguistic aggre-
ation aperatoes not anly provide the ranking of aliesnatives
butalso provide comprebensive criteria values of alteratives,
nmy. have widely been investigated recently. For instance,
e al. [5] explored a series of interval grey uncertain lin-
ic appregation operatans, Xi [6] proposed some triangular
Tuzzy hnguistic aggregation operators, and Ju ef . 7] imvest-
‘gated many trapezoid fuzzy 2TL agere p
have heen utilized o handle MCDM problens.
The MCDM methods in 2] [7] with fuesy linguistic
information are developed o perfoctly that it scems all fuzzy
linguistic MCDM problems can be well solved. But even so,
there are thrce isscs that need 10 he painied our.

1) The traditional fuzzy linguisic operations e 10t closed,
‘which could cause granularity problems [8] and logical
problems [8]. For example. let § = [slr 5
be 2 lioguistc term et (TS), and ler [, 5] and
52,521 be 1o uncertain LVs (ULV); then nmmg

153. 54] = [S6. 51
the hou

s issue, thal is, they cannot lescibe the T
mmmmon o dependabilicy of & DM's
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The new extension of the MULTIMOORA method for sustainable
supplier selection with intuitionistic linguistic rough numbers

Peide Lia'", Hui Gao™, and Hamido Fujita’
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Abstract: Due 1o the increasing awareness of environmental and sociil issues, sustainable Supplier

selcio (555 beomes n impartant problm. I order o cenifically vlitio the SS5,te s of

s papicr o & 1S5S method

Firsly, a novel concept of intuitionistic linguistic rough numbers (ILRN) is proposed to accurately

express the opinions of expert groups for SSS and to consider the iniersetive relationship among

experts. Then we present a ILRNs and i if distan
measure, comelation ranking rule i and i i
In addition, based on th jon coeflicients b ibutes, we introduce a weight determining

method. Moreover, considering the robustness of the ranking method, the muhtiplicative
Multi-objective Optimization by Ratio Analysis (MULTIMOORA) is enhanced by developing & new.
aggregated model and the improved Borda rule, which can consider both the subordinate utilty values
and ranks, and an intuitionistic linguistic MULTIMOORA method and an intuitionisti inguistic rough
MULTIMOORA method are developed respectively. Finally, a real case of a shared power bank $SS is
conducted 1o llustrate the application of the proposed method, and a comparison is performed to
feasibilty of

Keywords: Sustainable supplier selection: intuitionistic linguistic rough number, MULTIMOORA;
Borda rule.

1. Introduction

pollution, depletion, and npetit
and academic and professional institutes have reached a consensus on sustainable development [1].
However, the development of methods to balance the economic benefits and sustainable development
has already become a challenging task for contemporary enterprises in the course of sustainable supply
chain management (SSCM) [2.3]. Sustainable supplier sclection (SSS) is considered the most
significant issue in SSCM for advancing the close cooperative relationship between the purchaser and
supplier [1,234,5].

Economic, environment and social attributes are involved in the evaluation and selection of an ideal
susainable supplier [6], Consequently, SSS is regarded as  multi-attribute decision-making (MADM)
process. The purpose s fo sclect the optimal portfolio of sustainable supplicrs among a set of
altematives. The recent literature reviews from Govindan et al. [4] and Rajeev et al. [5] show that
MADM is one of the most common methods applied to SSS. Yu et al. [7] introduced a multi-atribute
group decision-making (MAGDM) $SS method. Mohammed et al. [8] proposed a hybrid MCDM
‘multi-objective optimization method for SSS and order allocation. Additionally, the vast majority of the
1

countries,
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Multiple-Attribute Group Decision-Making Based
on q-Rung Orthopair Fuzzy Power Maclaurin
Symmetric Mean Operators

Peide Lin®,

Abstract—To be able 1o describe mare complex Mz_\
wcerny {aormaton elfcticls, the comapt of
orhopai Turry st (G-ROFSS) was fst propesc by oger
The ¢-ROFSs can d\rnlnl) adjust the range of indication
of decision information by changing a purameler ¢ bused on
Th diffret hesiaion deree T the deconmakers, where
£ 10 they onpeiorm he tradona tufonise iy sl
and Pythagarean fuzzy sets. In real deciion-auaking problems,
n.m i often an interaction phemomennn between attributes.
or aggregating these complex fuzzy information. the Maclaurin
mmm ‘mean (NSM operator & more superiar by consider-

g-rung. orthopair fuzzy munibers (¢-ROFNs). Then, we pot for-
ward the g-rung orthopair fuzzy power MSM 1g-ROFPMSM)
operator and the g-rung -mmnulr fuzzy power weighed MM
g 7
propertis. Finally, e presenta nol ol atribte goup
decision-making (MAGDM) method based on the ¢-ROFPWA
and the g-ROFPWMSM operutors. The experimental results
shaw that the novel MAGDM method utperforms the existing
MAGDM methods for dealing with MAGD problems.

index Termy—Maclaurin symmetric mean (MSM) operu-
tor, multiple-sttribute group decision-making (MAGDM). power
average (PA) aperator, g-rung arthopair fuszy sets (g-ROFSs1.

1. INTRODUCTION
ULTIPLE-ATTRIBUTE group decision-
making (MAGDM} problems can he regarded as

a process which ranks altematises according to the cvaluating

atsibute values of the alteruatives from multiple experts
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and they have been extensively studied by more and more
scholars (3], [22]. [44]. MAGDM s a typical and important
decision problem. In she broad sense, the decision problems,
especially group decision-making {GDM) problems. contain
many types, which can be divided from the way of infor-
mation expression and the way of dealing with peoblems.
The most commonly used definition of GDM_problems is
hased on the four-field notation [3]. The first field X is the
evaluation value. which is represented by x;, its domain is
(“erisp" and “vague™); the second field CX s the degree of
confidence in g, which is represented by @, its domain is
4 probability ouanber within (0, 1 the third fiekd W is U
degree of importance of the expert, ic., the weight of the
cxp.ﬂ which is represented by v its domain is ferisp and
and the fourth fiekt CW is the degree of confidence
. which is represented by . its domain is a probahility
‘mumber within (0, 1]. Based on this notation, most decision
sitwations () can be expressed as: [erispivague, @,
crisphvague, f1]. Tn the existing literatures, many stodies hase
focused on the MAGDM problenss based on the situation of
[vague, 1, cisp, 1], und indecd, the research contributions
and concerns of this paper are based on this problem. For
MA(:DM provlems in fuzzy caviroomens, the description
st informaion, . the st ield X, is crucal, 50
we need 1o consider how - eflictively express evaluating
attribute values of allernatives. Due (0 the fuzziness of human
cognition and the complexity of decision environments,
exact values or linguistic variables are not enough 10 express
uncertainty information. In order to deal with this situation,
Atanassov (1], [2] fist introduced the fheory. initionistic
fuzzy sets (IFSs), which is extended from the theory of fuzzy
sets (FSs) [42]. The advantage of IFSs is that they can express
fuzzy information by & membership degree (MD), & nonmeu-
bership degree (NMD), and a hesitancy degree, respectively.
The theory of IFSs began 10 be studied by many researchers
and s widely been applied ta the fiekds of multiple atribute
decision-making (MADM) and MAGDM. The main results
can be divided into three aspests.

1) The Basic Theoretical Resuits of Inwitionistic Fuzzy
Nuwbhers (IFNs): Such as some_operarion rule [8),
some distance measures (6], (31], some
measures [4], [24]. the informaticn eatropy [11], e

2) The Extended Decision Evalution Metiods Bused on
IFNs: Such as the technique for order preference
by similuriy t0 an ideal solution {TOPSIS) method
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