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Abstract

Nowadays, despite the growing awareness of evaluating suppliers
based on sustainability aspects, there are still limitations in selecting
suppliers according to sustainable performance due to the lack of a
comprehensive list of sustainability criteria and well-developed
methods for assessing them. Given the complexity and uncertainty
surrounding these criteria and the supplier evaluation process, along
with the need for high precision and sensitivity, this study aims to
apply a rough-fuzzy DEMATEL-TOPSIS approach to rank meat and
livestock suppliers. This hybrid method is designed to manage both
internal and external uncertainties as well as the complexity of
sustainability criteria. In the first phase, the rough-fuzzy DEMATEL
method is used to determine the weights and interrelationships among
the criteria. In the second phase, the rough-fuzzy TOPSIS method is
employed to rank the suppliers. The applicability of this approach is
examined through a case study in the meat supply chain. The results
reveal that five criteria—cost, livestock health and meat freshness,
impact on the local community, delivery reliability, and technological
capability—are the most influential factors in selecting sustainable
suppliers.
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Introduction

The selection of sustainable suppliers for meat and livestock has
become a central topic within the food supply chain (Mohammed,
2020; Islam et al., 2024). Given the increasing global concerns
regarding climate change, improving animal welfare conditions, and
ensuring food quality and safety, the need for suppliers adhering to
sustainability principles is becoming more urgent. Sustainable
suppliers must not only comply with environmental requirements but
also pay special attention to social and economic aspects to meet
customer and community needs (Masudin et al., 2024; Singh et al.,
2025). This paper examines the criteria and challenges associated with
selecting sustainable suppliers in the meat and livestock industry and
discusses innovative methods for evaluating and improving their
performance.

This study proposes a methodology for selecting sustainable
suppliers by developing a rough-fuzzy DEMATEL-TOPSIS approach
that considers internal and external uncertainties. This approach offers
several advantages: first, it combines fuzzy and rough sets—merging
internal and external uncertainty management (Chen et al., 2019).
Second, the proposed rough-fuzzy method simplifies the
understanding of uncertainty using convex polygons. Third, the
integration of fuzzy sets and rough sets provides a clear approach to
managing various types of uncertainties, reducing distortions that
could lead to incorrect outcomes (Chen et al., 2019; Stevi¢ et al.,
2025). In this research, the Shahrvand Company was selected as a
case study.

Literature review

Regarding the selection of meat and livestock suppliers, although
selection criteria have been well developed, there is no consensus on
the number of criteria or the overarching theory that defines the
sustainability criteria chosen. Alikhani and colleagues (2019) show
that strategic meat supplier selection is a multifaceted process that
requires considering various factors, including sustainability and risk,
yet no comprehensive research has simultaneously addressed both
factors. According to them, traditional decision models in this area
cannot distinguish sufficiently between different candidates,
especially under conditions involving subjective judgments and
separate criteria for each supplier. This study presents a multi-criteria
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approach utilizing fuzzy sets and a Data Envelopment Analysis (DEA)
model that considers risk and sustainability simultaneously in supplier
evaluation. Mohammed (2020) indicates that evaluating and selecting
meat suppliers based on sustainability, involving environmental,
social, and economic criteria, requires multi-criteria decision-making
methods and integrated fuzzy multi-criteria techniques. This research
develops an integrated approach based on fuzzy multi-criteria
techniques for assessing, selecting, and optimally allocating suppliers
in the meat supply chain, contributing to more comprehensive and
sustainable decision-making processes. Khan and Ali (2021)
demonstrate that selecting a sustainable supplier in the meat
distribution chain involves analyzing multiple factors, including
environmental, economic, and social dimensions. Furthermore,
innovative methods such as interpretive structural modeling (ISM) and
fuzzy VIKOR were employed to identify key factors and evaluate
suppliers in the Pakistani meat chain.

Developing a systematic methodology that simultaneously
considers these two types of internal and external uncertainties is
essential. To address this issue, Chen et al. (2019) used rough-fuzzy
sets within a DEMATEL-ANP framework to evaluate the needs for
sustainable value in product service systems, providing a valuable
reference for managing internal and external uncertainties
concurrently.

Methodology

In this study, after gathering the effective criteria for supplier
evaluation from a review of the literature in reputable databases and
through interaction with the planning, commercial, production,
research and development, and quality control departments of the
studied company, a total of 14 sustainability indicators were selected.
Additionally, five supplier companies were evaluated as decision-
making model options. One of the objectives of this research is to
examine the interrelationships among sustainability criteria across
economic, social, and environmental dimensions. The proposed
approach introduces a new framework for evaluating and selecting
suppliers based on sustainability criteria. In the first stage, the rough-
fuzzy DEMATEL method is used to determine the internal
relationships among these criteria and their weights. In the second
stage, the rough-fuzzy TOPSIS method is employed to rank the
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suppliers. The use of fuzzy numbers allows for consideration of
external and internal impacts in selecting a sustainable supplier,
providing more precise information for decision-making regarding the
criteria and improving the accuracy of the ranking results (Chen et al.,
2019).

Discussion and conclusion

Based on the rankings derived from the rough-fuzzy DEMATEL
method, the five top criteria are cost, livestock health and meat
freshness, impact on the local community, delivery reliability, and
technological capability, in that order. The analysis and ranking of the
factors influencing the selection of sustainable suppliers for meat
supply show that cost, livestock health, and meat freshness are the
highest priority criteria. These findings suggest that organizational
managers should primarily focus on controlling and improving factors
related to cost and product quality, namely livestock health and meat
freshness, as they directly affect customer satisfaction, supply process
effectiveness, and organizational credibility. The criteria related to
impact on the local community and delivery reliability also hold
significant importance but are ranked lower; this indicates that,
alongside quality and cost, special attention should be given to social
interactions, especially considering the requirements for development
and long-term sustainability.

Therefore, organizations should consider strategies that not only
focus on economic criteria but also emphasize social aspects, enabling
them to identify and develop leading and sustainable suppliers in
competitive markets. This ranking also provides suppliers with
insights to recognize their weaknesses and areas needing
improvement, guiding them toward performance enhancement and
alignment with sustainability goals.

Keywords: Supplier selection, Sustainability Criteria, Meat Supply
Chain, Rough-Fuzzy DEMATEL, Rough-Fuzzy TOPSIS.
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1 DEMATEL (DecisionMaking Trial and Evaluation Laboratory)
2 TOPSIS (Technique for Order of Preference by Similarity to Ideal Solution)



\Fe ¥ Ab|VAo)W|r}m3¢v«ydh|@MQﬁMQw&sl Yo

Mohammed, 2020; ) ol 4 5 1 5 o3lizals ;o Sl 08 0S8 el (snasy sl
e S el ol ol sl s gy el (Lietal, 2019; Memari et al., 2019
Sl 5555 5 e JTodn) Joomol ) 4y Bl Aol o 56035 0l o Jomol
2B sy ol (Sangaiah et al., 2015) 5,05 Olejes 5 sbas | i JTes! Jomol
Slowlos ol 5 YL G:L_wt»@l,\su,d,:fw clan F i s Shes ol
2335 ge ool 5 (s Coabilpde 4w g Ll ol ST (S oI (s3ue
B G 4;3J;u“;4;‘udz”@\éiﬁagiw,,TC.?wfﬁo@,,;Q,w
B (s CombaBpds ST dilie Ol 5 sba losbilpds 755 1 L Al 5 ool
(Chen et al., 2019) ol 085 8 waad Sl 5 0L 5 S 3 (63,5 ol
48T Cl LS s 5 LMl 1 (b5 pmm ol (6,8 roes 03T 3 Y pone
NS Gl sl 08, e 1§ el SELG o b (83 L Y pone
O yomie 45 U5 e LS 4 L sl et e g SLST Sl sl 1y oegee
23S Sl 5 55 Mo a oyl Cualaipde Sl 53555 o0 s Conbibps
2,80 leas 658 e slonl Cilibes D8 WS et (slaglab 5 sl
}4;56_5Q,wgfgba&ub;;)\juq,},uuj}u6ufﬁhuﬁfw
b Caladpde ¢ 55 pl o5 0 ¢ e Sl oL o) 5 bial 4 ote L 5LE
Sladidos Liails 535,825 8 Sl 5§55 4 45 ol (63 305 Slaslis
S s sl (Stevi€ et al., 2025) ol S slize (slaol s plesl (g1 Ay Collan
3 Ol Slaas gezs 5 (63U laas same | i 4 ol 5 s S
Chen et al., ) coul ods osliul OB Ay 3 Lo 57 o jlna ki é,fw sl i,
21y Lazaabieds (bl T 5 dsb ys oS 5 1 .(2019; Pamudar et al., 2018

S a6 S o Lyl il 5 Laesls 5> s S 5l s 5,8 o

Lol JUss & Yl ol andllas (B gb Loz s g0 iy oK 05 S s (sl

1 Fuzzy Sets
2 Rough Sets



YOV | 3 teunlapis s 33 U a3 S9) SeS w e S b oS el bl

5 el ool slal a4 5 L 0L laslne Sl (el (Slas gazes
el 0, (6l UL oS el il glaslme Ol et b jlas (ol ool olazr|
S o B el s e 0l pls 5 Ci 8 els g (b Bes B glaS
S YO L WS (I S TP ESURSNIR g I3 (JNTEC g L RO JURR v
5 S oo 1S Il lalas wlul 1y OB aiS el 0l b aiS eslizul (556
el bl ool 5 ol hags ST bl cdnes Hla, 5 5 (oYL e
Lajbe ol s Sl (Sils 3 8 a3 53 b (651 slasbme ulul 3 0B WS s
\J_?\L;,\.\igéu,guﬁﬁo\fww‘u&g;)lw&iqu,;s»:rw
Ul 45 555 oo arlos (56015 Jraws Sleslizal b glbly (slaslne 05 .5 55 00
St S5Oy g6 515 301 1y ooy (laslns s Ly 0 8 iy 55 VL
AST e eslanal O S el guas,
odd Ol (635 g0 anlllas Ol gio s Ly s Slods 9 YIS OS5 gy cpl 5o
Floe 0 48T Sl Ol 53 STl gy g 0 i 0 5 408 g 51 (S s e S
oo 3348 Glor s oLl s am 5§ L S 5 ol das o (Slo s el (55l
i S ) 53 o gasas o0l 3 OB S s hls 05 55587 53 e Y e
5 0l Gl e sy 5 oy S50 2525 0L el 4 ax 5 Ll
g0 3m crl eIl Slal ull k5,60 08 0 55 2 OB S el Gl
TS T TGN PE - g 5 g PP R PRE-PE- I g =P A W R
el> s i S OB US s ol asj:fpwﬁ Sl ) 6,8 o bl

A sl e, S,

TRIF Ny
‘ﬁj}gmdugkﬁfo@mw‘u&g;,\ Gl slalae 415 5 5L

Hendiani et al., 2020; Mohammed, ) JUlod s lulis 08 s 5 o5 Lo s

1 Rough-Fuzzy



\fof Ab|VAo)W|r}m3¢u«ydh|@MQﬂMQw&sl Yoy

oMol slaslas 4ty 53 5 s Ll «(2020; Mishra et al., 2024; Singh et al., 2025
el 45 K oy g mal anlllan als (glaos ol 5 5 i S OB Sl L
Asle e sl 51 Bdlas La g s, 25871 sl o i3 53 ) slate opl (61
3ol Sl 5 ol 5 Y e s ot Oltabl Sl 5 kS s
OHLSen 5 s o5y i g5 e o3lial sl glaesgl b 5 ot S O WS s
S s weili (aes 8 oS s St AT 3 3 (68 e (T4A)
L (119) 0L 5T S .ol 0T L a3 o (sla Sy 5 5104 slasbns
Jolse 4 68 Gl il (T3 0t 8 okt el oK 351 ) ol o7 i e
93 2 aS malar gy 055U Lalosyls L Sy 5 Gl bl alex 1 il
A5 s o OLE (YY) T e 5 0l ok planil 03,87 3 55 0lajen |y bels
ol (g3dnze Jal g o e iU ‘w;@; 0 ) 53 Ll oS el Slbusl
(Y YF) TOL A3 5 o 3 b o olair] 5 (o5Lal  Jamen s 5 slasl ol &S
plost (b 8 als 03 53 05 94 (g ME 31sm el (Sloe i )3 4 ias o DL
5 Sl K A ML 4 alies (1 elatrl 5 damenony 5 gLl sla
b o o 5 3l ) Sy pte Sl o lasdin Glacgilude 5 s (slas S5,
oIS a5 Ol (6l (il el oy S0 (Y YF) 01 b(‘y\*ﬁ‘
ShalS o gslaml 8T sl a8 Wisls @l ke aeass 6554l 5 b S
ol 3 S mr 53 Wl il syl A ST Gl gl Lasl 5 glie Sluls
U 0y Sy e 53 08 S el L5 (oIl slaslas oot 4 Slalllas
w\;ﬁolfr;Q\,ﬁﬁg@).xwwccal?u:),aiiwuﬂa,u;tb,w;
bl i S 0B S el Slssl 4 by o Sladlas 3 Caned ¢ IS sbas .l o

1 Mohammed

2 Alikhani

3 Khan & Ali

4 Najafi & Zolfagharinia
5 Islam



YOY | £8 tuCanlaBpue Bl 5 )3 enmtli- Jrasd 9y S8 & a8 5k 0o el s

e GG S e 1 S5 03 5 il s ol 3,50 55 K 3 g ple
.(Mohammed, 2020) Coul 1T 5 4 (glo s 2 oSS 5 4 ja

Sl obrndin (58 vanal (SLa s anm s 5 (b re 308 ans g b
Oln 53 Lol 43,8 513 08 ey 5 38| aom 555 g0 Iy oS al il 5 S5
S Jres 5 (ANP) oSt Jow il 3 (AHP) ' 51 e alds o ile s 25,
Chen et al., 2020; Alikhani et al., 2019; Tadi¢ et al., ) Calises Qlf_x;mws by
Jress Shay el ol oslanal s jlae W09 pens (612 (2014; Awasthi et al., 2018
3,055 &S5 Ol peay Caliben (o slan s Jisbnem o alasly 88 i 55 s o
51.(S0ng & Cao, 2017) ol st sl Laylas 055 et 53 o 5 o o
et B YN TOLn 5l 5 (2008) 65 5 5 586 13l o5 0,03 (S 5
Gluddy 5> o 5 IPROMETHEE 4 ELECTERE VIKOR U 4w lis s
S il 5 ol (slaasy 8 8L 53 4 g5k wal s, 5 O84S
o3litulsy g0 B8 i 5 S Lo 5 &S sl g Jreos oy 53 oS 5 A8 s es
Li et al., 2020; Sangaiah et al., 2015; Baykasoglu et al., 2013; ) ! ujf ol
sLazel ol 5 dig o plmadin 5 odoen Luol 5 531, Lsffw «(Zhang & Su, 2019
Sl 0

il 5 33 S s (o e (1014) 0,80 5 Sl oo 54
Lyl 3 o5 s el GlL LIS g 5 BB Dl 15 e OB WS s
(et 9% 9) OB LS ol b5l (Sl ooy laslme a7 ol o 5 03 ol
g,txla%.x;g,u.u;u@,?J:.N“;dj)éuw\o%ufﬁ‘wtja\)g.x};yw

,;‘uot_f,g\)u;j,m\(vw\)%\)@,w;dﬂgtﬁ.xtoa\gfwljj,dlja

1 Analytical hierarchy process (AHP)
2 Analytic Network Process (ANP)

3 Opricovic & Tzeng

4 Zimmer et al.

5 Dalalah et al.



\Fe ¥ Ab|VAo)W|r}m3¢v«ydh|@MQﬁMQw&sl Yof

s Combadpe O s 6l 656 Slaas sz Sl eslinal 5 GL5 D) sons Jalse
LS =20 Ol ol e (656 sluel 31 eslizal (baosT SN s S !
B S0 leslinal L (Hie (6515 3ue S5 4 5L Ol Jos b e (sla o pLua3
5 s Coabibede Ly e Gl romen L ph Dy e el en ey )y ple
5 e s 3 el eals Ol i 53 6 K05 01 K p g 08 5 S pled
9 2l aS dias e OLES (YY) dases (& g (6l o les ST eslinal (656 U
eSS plesl el coolnl Lasbme ol 3 b S OE WS el Sl
Sl L 638 sl 1 520 5 42 LSS 3,55 S cadllan )l (6506 0 Lnakr
Aas s dre 5 b S el 0,y 45 O A el dig e 5 Olsl o Qb3
ub\(63,_5)L}_Ls\;g._:xi:sr,\_;g.m,\_ﬂ,m;\G:ju;,.dugﬁ,.uu:j,&_l%;\
Oloear 5 ¢ 55 5 (B (62,3 ) (ol Somlapde Sy e 4y 506 Lol clias o
3l 53 S5 (s 51 .(Chen et al., 2019) s Calises S8, S st
S s sl bmntiz (5 8 vmnad (sla s £l 55 Ol 40 gz Sl (S Slalllas
o 2dxie Sl sLdd mand )3 5,00 o) ol ol eslital ol Coalsdpde
(el (23 8 OB L8 e 4 by o SIS DAL (g5l o8y Ty Collanil (glae 3L
3 s oMl oS el Sl als la e b3l aa} 53 LS o e
S S ol sLa jbg, 51 (SONg & Cao, 2017; Singh et al., 2025) 5 iy 5
=YL CbB 6 Wl S eslizal Coly Jrass Al oy (lade gome 1 e o jlmeckis
wtﬂ&bg;ﬁbé(a.ul{@mg\ﬁgkﬁ‘x)\zﬁjuwrxgﬁﬁmﬁ
93 S5O0 sliel e gazen 5 (Y1) OLLKas 5 o ctlins ol Jom (610 oA
A s 8l 03353815551 U e Sledst 0t S50 (12 Jros-ANP i
S ;.:xlaér.xp Olejpd Ly ks (81 Sk oo o &S W5 S eslamal (g Il Colual

Sy -l slael (Y \/\)Y()l)lg.us 305 gl pioman 55T s V.A‘JE )

1 Chen
2 Pamucar et al.



YO8 | £ 8 tuCarlaBpie Bl 1 )3 enmtli- Jrasd gy S8 4 a8 Sk 0o el s

i3S ol BWM) ' oy 5 e s 5ol

2 55 B o5 4 5L 45T 5,8 edaliie Ol 55 o (G ey ()2 b
R 03l 4 gl sl 251 3 s Sl oS el Sl ol
ols 5 omi 8 OB S s b5l pamien oL slasbas o lolid posdle ol
L osd oo oslimal jsbte pl gl (656-C01) sl 5 Jrass Gla gy S 5 5l o
SLaslas o et 53 O ot D3l 5 pled (oSG 51l Coonl ¢ S oy 4 4 5
oS el 5 ot S OB S i sl Altes 53 (38005 ress B Sl eIk
T 5 s Caabede Sy e 5 baslee opl G (Jsbee 5 o Sl o e
s |y Laslme ol 059 Olg U 3 58 oo 03lizal OT Lo gzt 55 O o &gl
L 6lm 0T S 58 bl as a5 b (360015 sl Slegpl 2 ogdle 13 87 oo
55 n oslimal HlL 08 S el

S0
3148 0B s el Lol s e gl 03T o 5 dm calllan (ol 5o
\Web of Science (SCopus Lsle cxe o35 LaolSl 45 Lis i ditu ow
3 @'l_?)jb, d>l3 L Juslw 5 45T cws 4 ScienceDirect 5 Google Scholar
3345 s a0l OLalia )8 mean 5 adlans g0 oS 8 ciS J xS
o 53 50l 8 ol G La VF g cimen ;8 )55 s 8 oyl 3
sbal bl o 08 S el oL glasbae cJdar cpl 3 is 03,57 ) o)l
03,51 (EN) loeelus 3 5 (SC) slazx! ((EC) galoasl dm am 55 5,100
i 350 58 e Jie slaay B Ol e ay OE WS al imees L Lilo s

26 8wl s

1 Best-Worst Method (BWM)



\fof Ab|VAo)W|r}MJMJL«|@MQJLMQWM| Yas

OB S el a5l (gull (slaslms N Jgu

&l (S Sbxo Sles
‘ C,,jl F /.U - . . .
Mohammed, 2020: Islam etal., | <~ £ 5 gl sl
2024; Najafi & Zolfagharinia, Sluls Sals 5 6 e oo e o | EG
2024; Singh et al., 2025 e caS S
<
Sy o5 bt 5l S e
Masudin et al.é%g?; Singh et al., JES 5 g sl 5 s e Gss b5 | EC,
) 156 &t b alblin s
Mishra et al., 2024; Islam et al., f”' G i
2024; Najafi & Zolfagharinia, | oeb sbauT 0 0L pie go | i oles) | ECy
2024 ..
s s
0RO s ey fis QUS|
Najafi & Zolfagharinia, 2024; ol g b oY Olyebl k6 EC
Masudin et al., 2024 T e T s N
=S
Khan & Ali, 2021; Mishra etal.,, | oW s50oolie | 0
2024; Islam et al., 2024 el o) Olain 5 08 1S s T °
JEsJom by 5 Lo e glaay o
Mohammed et al., 2018; Alikhani foT c. ..
et al., 2019; Mohammed, 2020 3ol TSNS e s = ECs
oz
_ e S 5 BT slaaal
Sl 0| it e | 5 | s
, L e
9 Golwdis (Olles s Culed
M'Sggazjt_ Zli'ﬁgt?i?;a:smzrgz? Ao | s ottt 4 e sl S | Sl sl | s
’ ’ dbb 5
. . 5 53 O e
Najafi & Zolfagharinia, 2024; 3 @l 33 553 65y 5t
Masudin et al., 2024; Singh et al., b ks o (Jove el o bz SCs
2025 ; sl dnelr
el o i)
] Sl (s sl Sy e s 5 g o]
Mohammed et al., 2018; Alikhani | <&~ 5% (o T8 =B | SO e
etal., 2019; Ecer & Pamucar, o) Jl o oled 3 et el SC,
2020 e s




YOV | 3 teunlapis L)y 33 b o3 S9) SeS w e S b oS el bl

&be T Jbwo Slos
&l o DLl 5 a6l |
Banaeian et al.égf;i Calik et al., s 1 S gt | EN,
oS el glac e
. Slols Calb 5 mals
Mohammed, 2020; Khan & Ali, 3 Hhbs bt ”A/ oy
2021; Mishra et al., 2024; Islam gl 5 305 135 5a Sl 6,5 o EN,
etal., 2024 s o bl
D ¥ gladkul 2 s
Slwlw Cule )y 5 cp 9l 5 pke
Mohammed et al., 2018; Alikhani
! ! | b S L wlow
et al., 2019; Mohammed, 2020 Bl St s e g | BN
Sl solul b
dgn ST Ltals SISl ol >
Najafi & Zolfagharinia, 2024; i Sl 53 S 5T SoSTdss | EN,

Masudin et al., 2024

el

GAasy 6l 5Oy s Jmass (S 5 5,005 5 g5y ol o
(YY) 0L 5 oo Jaw g 45 (g5 ol Jrass i) 355 oo ealinul OB uS b

Gam g L oS el obsl g 36Ol sl Soas b Sl 4Bl drmn 5
Llyy 5Ly Jrass (osy OSGSS gl al e 53 0358 o0 oS 5 (651G (slalre

41>-J.n):.JQ@P@&QTQJ'})&u;g@lcé:@éidu)gﬂngjz

o3l b ol o3lizd D8 S el 48y a5l (3Bl B s 93

13 5 sl Calabede IS 03,055 ol 53 3L 5 Ol (slaes pems |
53,8 55 15 08 WS el 5 ol slasbme o5l 5o 15 08 o slaslias
J=1,» (Chen et al., 2019) > -5 O S nl (Suas ) )3 (6 S wwmndd 352 Sl

sl ol 0355T Y S 53 (6560l sl 5 2003 3,55 55 (Slowloes




\fFef ﬁblVAb}le}ﬁjMdthngMQwUﬂnl YoA

GGl by Jroas (oS 5 ) Glwle Jl ) IS

i
i
Ao L8273 als

P S sta ] o gy eayTin § szl 2 adn o b » aile L oy
| \ . . . &5 g o lalgy - .
| Wil 4gl gy GRS -l daly) gl by
| sabalisl
i
il | Ry.R, R = s = - er |
| ¢ ) | Ry ..Rs..Rg R | RF(R)
i { = | 1 ;
|
|
[ )
: 3l gaz dpclme T alorye
! il e by e slosgis iy uePla B aloye -yl uayTla S il
| iy e ity S s il e s
|
I RF(R) Mo |
| e -
| RF(C) | RF(T) |4 | RF(H)
|
|
|
|
: (Sl gyTym by 420 ST Al G-y gy alyy 4 SAT D s @laylans 3 e 10 aler s
: 5y el s e el L8 IS s PEET -y, st | Sl eulifrnnly iyl
: ol aggde S 22T ol el ey o, olimiily o gorlady, P
| I I I I

. G
: |ﬁ F; ‘—‘ & ‘—‘ A; l I ,-_’_'f H x5,y —I—El—
|
I

N R

wrilt) alyl paas®

weaile 25 D ity

G Py

RF(V) |e—— RF (V") | (o——

sla i) Sty Ay

03338 (&) padaat

Sl Dy el i

_

(#2335 e paans T g FLESETELIESE JUEN 3 Coin floal cuusd 5 alarys
S anls e 3ote fleal gousifpuals il ol
elin
, df RF*(V)
cc |4 i Y]
i d; RF‘(P}-'] A—

S-S, s Sy

A @)}3 Qlfﬁwc&f\}b MU‘}WJ":‘[AOJ‘} ‘5))-‘{@2- L5|j, “J:—Q.-'.: U:‘.'j))"

(SO Jrass has Jolm disd o hdS oS Dlle 4 Dlle ol Y Jai



Yod |8 SoosnlaBps 1310 33 a5 fry 3 S9) SeS w e S b oS el bl

S Ayl et ddail; sla g Sl sbml ) A
S i 03,8 G SN OE WS el sl et i N o Lty (6,8 03100 s
Sl Sl el 0l LB s ps o &g OM) 08 8,8 s S 51 JSize

Db JSE 25 D) sot o g el S L 4l e dlasy o Lo

s s
0 h, - I
s s

Rs — IP21 0 e rln (\ )
rnsl rnsz e 0

\,;,\;\_?u_,,,;‘ur\j,\_:Mw,r\i,@d@,gj\rlsaﬁ;&g;)1 S ol

el OB S a1 laslre sl N 5 O 5 sliw S 5 das e Ol

36 adyl i alasl; gl s Sl LSS Y A
oAl B ole ¥ g (656 ulde bl 5 5 (YOIA) 0L 5,18 50l Gbo
3 mi;s ‘Ii;s oS u—i‘-—’ (3 5o oa J‘."u FijS =(|i55,miﬁsyuiﬁs \ ;“L"L fa (53 slael 4 R? g}"LJ

rs
ij

Area e 656 sue a (YL g lawg (ol sl LS S a U

(Chenetal., 2020) jbLj b i gl p 2hte 556 slasl julde .Y J g

e 536 Lolide S WbMao! o3l
(0,0,0) (NI) 5t o5 \
(0, 0, 0/5) (VLI) o8 sl 26 Y
(0/5, 1, 1/5) (LD) s st v
(1/5, 2, 2/5) (MI) L e 50 ¥
(2/5, 3, 3/5) (HI) 55 56 5
(35, 4, 4) (VHI) 545wy 30 4

1 Triangular Fuzzy Numbers (TFN)



\fof ,-_A\i|vm)u.;z|r,ﬂjwdu|gm;ﬁﬁuoww| (£

1355 o Sl 5 oot R (656 ad sl sy oo Slo ¢ o

&S &S
0 r-12 rln
=S &S
ﬁs _ 7 0o .- M (v)
A 0

o.&fbrtﬁ:‘ 6JU 4.:!3‘ V?E'”“_‘h‘,“ﬁj 6\#&}‘.@ W Y ‘\l}f
ol J S5 0,5 S o 5 48 SaSS b (63 adl tamalal s (sla oy o e
:J}&@J:QJ,L}Q)erMCL&b\dj\éQ)\w—@bmJEb

0 A12 Aln

A 7 0 .- f

R )
nl I’;nz 0

o 1 S ~ AN A

ety = {my M E el = {05 = () S o\ -

O Pl pomad o.\_.j:cl_.'os\ —ke gL sluel 4 Uy :{u;,...,u;,...,uﬁ}
)

n =1 =S =S
D gd oo Ol r (ru,...,rij o

53035 ) iy o o S5 8 Al o
23 Slkes a5y G Kl fy ediplisl e 50 slel VYD) 'S4 b

W LS 56l sl 4
S by 5 YU slacy @ oy = {0 B B} skiplesl e (56 slael sl

-b‘w:bu\aly@j)s_))ybwj;ﬂbr] u.a‘

AT =T <11 <) -
Apr( )= U{fijt e f /6> 7;5} ®)

Chenetal )-L.._«»Ar L;YLJwLu,me.’suApr( ))M(ﬁjs) S&B

1 Pawlak



Y9N | 28 tunCarlaBpis S )3 penmt i Jrasd 9y S8 0 a8 5k 0o el s
Db dmloue ) Do sen B ol s 5 Vb e e (2020

ixil ixim ixiu
Lim(£}) = (Lim(), Lim(m), Lim(u])) = | 2=, 8 5 ®©

Zy. Zy. Zy.

Lim(F?) = (Lim(l;), Lim(m; ), Lim(ug) ) =| &2, <2 —, @

Se sl st S oml e 6ln nl o B pole i a X 5 X xS Gl
e SV o & ole Ca s a Y 5y oY s dmeal e 5l sae YL
sl ag N 5 N coman Az B (2hie (650 oo (VU 50 5 Jamn e 50 0y

iyl oylal B e (g3 sue VL o8 5 ml a8 )3 393 50 35050
I Do B RE() 50-0ly 8 000 oo b G56-OLp 2 o

1255 Oly Ll g o

RE() =[50 ] =[5 mius), (50 mi i) | ®)
(.50 ] =[ Lim(F?), Lim(7;) | ©
(I ms*, ust) = (Lim(ls), Lim(mg ), Lim(u;)) (10)
(Y, m” us) = (Lim(1;), Lim(m?), Lim(u;) Oy

sL

s i RRE(F) (56—l sde byt 5 Yl i 5 5 4 BV

T ﬁfijSL‘gui‘?
4—>&~;;_;4—1miiujm; C A RN(l)dbbu\&wbb}YwaJvﬁlju
sde Gl de s Vbt C 5 4 U 5 U sz RN(ME) ol sde ol A 5 YL

53531, sle) moamd b RE () Jan n (63651 34 s iea RN(UF) 3,



\fof Ab|VAo)W|r}m3¢u«ydh|@MQﬂMQw&sl sy

T g s & 25 o) 3oty L) daloms gl Sl eslizal b RE(F) oudiples
Rp(ﬁj)z[rL ru] (12)

ij *lij

S S S
2N Zl:m;L DUy

rijL _ (r”IL , riij, r.JUL) _ s:ls , = s , s:lS (13)
: U : U > U
I m; us
FU _ (rIU rmU ruU)_ ; ! ; ! ; ! (14)
ij — \ij T 1 0j - S ' S 1 S

i Az RFE(F) s56-Coly o5l e ol dm s Vb Cs 54 B 5 1 oS ol
Yod> i o m) s mp ez RN() Oy o3l ol i s Va5 a 1)
Oy ol ml = s YL d= C5 5 4 Uf 5 Uy s RN() Oy sde ol o
(Chenetal., 2020) 4x.s RN(U;)
g b Sl Sl la ks s adaly 4 b g e sliel D3 g ol 0
Chenetal., ) 5-b .Coul odld sslizul (VF) 5 (VW) adal, 55 O = N

b g ) D)ot 08 o 56Ol ady) eiis daly e 5L (2019

0 RF(f,) -+  RF(f,)
RF(R) = RF:(le) ? RFffzn) (10)
RF(fnl) RF(fnZ) 0

=) s =) REE) =[] S o

i i ol



YEX | 28 tunCarlaBpis B )3 sl Jrasd 9y S8 0 a8 5k 0uisS el s

U515 0 dlo 5 e alasl ) o 5o 05551 Cows 4.0 a0
Ly, oo b RF(I:I):[RF(ﬁij)JnXH 3l et e dtamalaly s Slo
L‘;J.-L"- Lb_,.&u.a J..v‘.X.J Ls)b—db ol o];jl.ﬁj A:j)‘ r.:m—c\.]aab w;tﬁ LY (V&)-(\A)
Sy e G ) el oSG sl RE(R) = (BB B ), () 0 i )| o

« RF(F;
RE(R,) = RN((:)) (16)
RN(r):{maxirij“L,maxirij””},i,je{1,2,...,n} an
=1 =1

T s 4y 5 D) sty Ll 5 0 RE(R) G 3o alaly 53 3,8 Jhiys b

. r* (e rt r " Y
RE (h” ) — ] ] ] ] ] ] - (18)

n ! n ! n 1 n ! n !
max > rt max Y rt max Y rt || max Y max ) r max
=t =t -1 =t =t =t

‘Sju—d‘)‘;ls ‘\k..t‘) w;u bb)j’{ Co.wbﬂ‘.:-\ 41?;&
Ho =0 ] eHy =[] eH =[h] Tduw;t_ﬂu:_,:fl_f ol 3

S o ) ! RF(H) s 5la 5l Hyy =[ 9 ] cHy =[] oHy =[]

g o A ) O g die gl Hyy :I:hilju:| sHL :I:hile] Sl 5l
IL IL . IL U (8} . 1V]
1 2 n 1 2 n
DL R I L B 19
o he e hy e b hy
Dy dls 5 D)ot 5=y (IS dal) e Sl
RF(T) = RF(H)(1-RF(H))" (20)
4 S sl > o s RE(T) =[RF()] - 56| |

e RF(f;) :[(li;L,m;jL,u;;),(li;U,m;ju v )]



\fof )‘.:a“\q’|V/\ o)wl r}m}é‘-«-ﬁdd\mlw QﬁMQWUﬁ»l Ys¥
To=[t ], =H (0 -H)? 1)

Ty

|:'[inU :|nxn =Hy (I -Hy )71 (22)

LT [6° ], o T =6, T =[], Tu =[t1 ], cmele slin s5ba

AT s 4 Ll g5 o (YO)-(YY) Lasl g 5l el

nxn

$HB-S,) daly s Sl L0 g 5 Ll aer 4wl V Al

)Lﬁg_)a”b)ta.’.-‘LSJUQ—J‘)LH{A_E{‘)m}LA)D‘(Y'\V)\)lSj&Lw&j

o513 OLERF(C) 3 RF(P) (s3L-Csly layls s O sieas 5B o &)y gupds 0 52

et
RF(P)=[RF(R)],, =[(R".R™.R").(R",R™.R") ] ,
[( n n n n n T (23)
S[PIEDTED RIS FERTY
L\ =l j=1 j=1 j=1 j=1 j=1 s
RF(C)=[RF(C)],, =[(C".C™ R*).C".c™.C) ] |
B n n n n n n 7 (24)
S[PEDADTI DD ¥y
L\i=t i=1 i=1 i=1 i=1 i=1 ot

5§ saen 5 ol RF(T) o~ sle ol sy § pazms odiasOlis RF(R) lkie
OMas calie 5 sbar o bjlas plo 51 Hlre 457 Aas g0 LA | olins 8 5 roline
48Ty s b 3 s SN S JST 5 Cosl RE(T) oy j5lo | 052 § a0 RF(C)

s o 0L ) LS o 3L 55 Laslme plu Sl pl 5Lne

(ol Slaslne Combabpde ar )5 5 (ool O3 ety § 55 065 HIRs (e S
by aS 1,8 o e oolgii i) &G bl (g5l Al - 5 ki

aS RE(X;) 36-Coly Hls 5 5d oo astlu (ol ol B ,ae (Y419) Qb\i.u:j&g-

1 Song & Cao



Y50 | £ 8 tunCarlaBpie B )3 enmsli- Jrasd 9y S8 & a8 Sk 0o el s

b T o Caws 4 RF(C) 4 RF(P) 035381 L 3 58 g0 acasli (| (g 36-C315 (65

< RF(P) é—ij‘s l_, ;j_,.i,u_ﬂ Ou\_:.ﬂl.; (1Y‘_;)'\é—g'}b 4@\))) )‘Jjg ny RE(Y,) )‘-’Ji ‘4'.‘L‘i"°
Wb g g5 Dot Oy o 1) RE(X)) a3 58 o0 4l RF(C))

RF(X|) = [(Xi"_! XimL! XiUL)’ (XiIU ! XimU ! Xiuu )]n 1 -

[(R“+C" P™+CM™ R +C),(RY +CY ,P™ +C™ RV +CM) |

(25)

RF(YI) — [(YiIL,YimL,YiUL), (YiIU ,YimU ,YiuU ):'n ) _
I:(Pill_ _CiIL’ PimL _CimL7 PiuL _CiuL), (PiIU _Cilu , pmy _Cimu ’ PiUU _Ciuu ):|

(26)
nx1
S G 5 slas el i 6l P={pf = (X V) 1K =12, 6} LS 45 gores &S

Xik c {XiIL7 XimL, XiuL,XiIU , Ximu , Xiuu}

@7)
A ARARER AR RS

Sl P bl e gazme Glone el i 61 (658 -1 (65 —laly 4t S5 61

S 4y B bl 4 same ol p3Y ditzl 135 o 030ital G ay Sudoen O 3l

aen OT 53 487 oS s B™ ={p* = (¢, V) [k =12,...,6} Lt Ll 4 yazms

PR WP fusas) Lk e e Cole slaw e S ) P = (LY b
b o syl 55 e

S ol LS G R LLE e saze 55 0 ke Ol s ) B = (X T)

FS eaii 4 pfoabi a (AXAYY) s Slaes Y = D Y16 5K =) X /6

1<k<6 1<k<6
1) (g Sl o LAY =Y =V 5 AX =X =X 1355 o0 danle Oy g0t P
¢AG =arctan(Ay, / AX) a5 gl S s (AP AG)) b Slaiies 4

Ssbe it B

k

4B b as gora o J55 S 50 G Guad, bl

1 Rough-fuzzy prominence
2 Rough-fuzzy relation



\fof ,-_A\i|vm)w|r,ﬁjwdu|gm;ﬁﬂuoww| Yss

36— 55 pmalal, O Y S

el M

Rough-fuzzy relation

i p(p;7)

Rough-fuzzy prominace

(O (st &0 Glonn 1o sl B o sdiid o bl 40 goome 3 L
st (ol 0 0305 OLaS ¥ IS 55 4S5 5b0ken (gebns 33 damins 53 G Aty s
OLL 1y ol Hlame Jaslsy 5 6 5 5L- 3 aikaie G o8, el las 6l 355 o
I GJSM Olieblpde AP aibie 348 oo abeie AY Colue b gas 4 Aas o
Calslpls) Slomar 5 g 55 oS uSais 45 dns o OLE | ol Slome o s
S5 o Al ) O poan y Coal (A3l Coabibede) SL plel 5 ()l

:(Steger, 1996)

6
AG — Z (Xi*k x yi*k+1 _ Xi*k+1 x yl*k) (28)

@\}__JGJ_&M@Q%MCE\”; Al V=Y s X =Xl cpl s oS
.(Chenetal., 2019)

ol e - 30 ol Sus K25 4 a0

Ma@&ﬁ;féw,,a CO (X, ye) Aol 0355 g0 oalin ¥ S5 55 &8 5 5b0las



YEV | 8 teunlapis L s 33 b a3 S9) SeS w e S b oS el bl

OMJQLAJW":J:MJOJ}_)CIG J_{J.AA_:J;}_:JA ylc vj@u\:u} XIc Gzﬁ‘MC.m\

_;};.4_:,,0\,,_4]1)'Q)y:\{.U\}:Gajc_,.wlr\i)l:md’.lzé((da{btjsnj«‘_gjﬁ»

6

Xic :% ((Xi*k + yi*k+l)><(xi*k yi*k+1_xi*k+1yi*k)) (29)
6,6i k=1
1 8 . . - kil
v :72((yik +X kﬂ)x(xikyikﬂ_Xikﬂ)/ik)) (30)
GﬁG k=1

s Jsdnn 5 (e 03,8 g3 a1y Lajkas ¥ Ll (YA 4S5 Sl i
P S il Cote 0T e o8 55 i e 03 5 4 (Sokas 55 A4S oo
Sl 553 Glaslne 4 47 3,8 o 513 (Jhan 055 03 sles pl Bl ke Y7 lutde
s g (5, Y7) 0313 s sazmn S B L Ol or | (s Jshro 5 (o 513 505

s o &yl |y Calides (slajloms o Jolainy s 53 sdaline JsB oDl o575, 5T

SR laslae O35 a0 A

3o Sulda CF (655 50 S o Tie 5145 OCP sy A Jsb b slre Soas!
1358 o dunle 5 Doy sod S 300 03l OLLS

d = JOO) +(yF)? (31)
sdoasOlis a5 d Hls , dsb 05,5 Jb L Ll g oo ¢\i,L_M odd Jbo 5 (B pnes
1355 o dlons 25 Doty 0l K03 (slaslne o 53 slas 2l 55

dioc
i Z d oc (32 )

S~ sl 2
LS’Li)J‘ LQ‘J" (\44¥) Q\)&M} \Lg‘}f Ja_«jf SL;)LB—J\) mu Ui'}) cu;>u ui‘))

sys0 33 08 L Sbj bl ,S e 15 eslizals s ge (sl o @il OB aS el

1 Lai



\fof ,-_A\i|vm)u.;z|r,ﬂjwdu|gm;ﬁﬁuoww| YSA

Sl Jol o 555 oo fa3 (53600 05l 308 & lae a4 ar g L OB S s

1wl ol 0505 OLLS aalst s

@b) 4.:.3}‘ v-:««a-? 6hw;b bb.r.g" A 4.1:-}0
SlaeN a5 Lol )8 o al S o 55 4 ls 5 g 5 0lilS b p Sl 55 L
w5 L 05,8 el ol § Lo ST VE G5 gl b5 e 5l cdiph on b5

:J}";@ Jbuw‘ﬁ) O gl Sl ol

S S S

Vip Vi n

VS VS . VS

s 21 22 2n
Vislo oo 33)

S S S

Vpl sz Vpn

oo ol oS als 5, e 3550 53 0i 1S el (8 (S5 it suliasOLEs V
.(i:l,2,...,p)¢,.w|¢\j)l2&a

o.\.&f‘i«:‘ SoL ] ik S5 de s
oot U = (M7 UR) & Vo GL5 e 5l Wy ol OF Jsder (550 ol ol

ij !

b e JSES 515 D) pots $36 rand e le g i oo

~S S ~S
Vip Vi eV,
S S S

\75 _ Voo Vo oot VY, (34)
7S L] 7S
Vpl sz cese Vpn

(Dalalahetal., 2011) S35 s pie gl o e (550 slael ubie ¥ Jgu

G3B ulde S5 Sl o bod
(0175, 1, 1) (VG) o5 b 1
(0/5, 0/75, 1) ©G) o 2
(0/25, 0/5, 0/75) (F) stiae 3
(0, 0/25, 0/5) (P) conss 4
(0, 0, 0/25) (VP) Cans sl 5




Y54 | 28 tunCarlaBpie B )3 sl Jrasd gy S8 0 a8 5k 0uisS el s

ot L suate (655 (sla s 5le 2 0305 Olis 5 p V s kiplesl (36 s Sle
l_gaJ_erGJ\‘_g)\Jw;J;LA )‘J_.MJ_A w\awdeﬂaub;rws.k.w};
OLES 1) Sy g 45 LT oo s 4 (G5B oo Sl S Sl b gy jo 3 it olie S 5

GO PN PR

>
>
>

1 12 12
\i _ \721 \722 A2n (35)
Voo Vi Von
o 1 S 1 s v v 4
ety ={mit, e mi b = {0 O = (O ST sl
- . . S . ala . a AV 1 vS
O P d Oz ou\_,w(u:l u—"""" Lg)l_9 sld_el 9 ui‘{ _{ui‘J{ ""'ui\j{s""'uij }

Ssd 0 0L (vu, e v”)

S-S, o gl S Y A
oo s flo 4 o Ll 5 g0 eddplonl (5B eanal o Sle ((F)-0VF) Lol L

355 6360,

RF(V,) RF(V,) RF (V,,)
. | RF(@W,) RF( . RF@

ey o FFU) REG) oo REGL) a6

RF(Vpl) RF(VpZ) RF(\,I\pn)
U=V V) s B = () REQ) =[50 ] S s
09550 58-S, aad T L Y A R AT E g
1358 g dbmn 5 Sy oty RE(V) 03550 (656 =015 s e 3Uin ¢ s
RF(V;) =w, xRF (¥;) = [(W vIJ WV WVER), (wve wovEY J.v;“)] a7

*IL * *L *IU *U
=[O v v g v i) |



VEF 5ol | VA 05l | p g 5 Comy Sl | dinio oy pits Slaillas | YV
G-y e 5 cute STyl puens 0 o 0
wu.‘jl_a )‘ ﬁ) Jaa‘j) )‘ eale_w) \—‘LSJU_J‘)W)‘:—;‘ JTav\_L| LSL“J—"”‘)

g g oS 56— sﬁfw ]

RF* (V) = max RF(V;) where ¥[" = mngg“u (38)
RF™(V]) =min RF (%;) where ¥ = mln\f'L (39)

OLas 1y (g5l-Coly gite 5 e JToubs) 68 1 5 sba RFT(V)) SRF7(V)) 0T o 8

.MJLSA

o 5 Coa gdToyl 5 438 a Aol ond T Al e

bl 15 Sadsa b b iie 5 e sladTols] 5 OGS cpaol B o sl

ZJJ}?@
n *IL *+||_ *mL *+mL *uL *+uL —
6 =1 _(Vijlu +IU ) + (V mu +mU ) + (V Vl+uU )2
n *|L * 1L *mL 7mL *uL —uL
di— _ lz (V* ) +(V ) ) +(V ) + (41)
65| (v —v 7'“) + (™ =V (v —VJ*“U)Z_

3 g e 5 Oy oty LOT (Gtizad ) g OE S el (S35 o

cc. = 4i

42)
bodfdT

el

Ygdﬁ).)ui!))Qi‘comﬁ‘)‘dM}&j&‘)KQJ‘)QW&‘j&&Q&‘)J

. N - 5 5 . Z . PO .
03 ina 5 B me sLaslg 3 (oS8 ES 8 s e 4 8IS g s Sleds

1 Closeness Coefficient (CC)



YW | 3 teanlaps s 33 U o3 S9) SeS w e S b oS el bl

S i S e bbbt VIS g5 5 Sledst @il aias 3 &7 ol O
Y e LaOT 55 48 ol 55287 1l 5 (gl i (slaol&g 5 (51,1 s 0
L 5 ey o i i YIS s 5 (SCs S0 e 2T ¢ sl o STy
w@.ﬁﬁcb‘,ﬁ-Lgbbog.ﬁvfé4{\AQTijS'jQ\fu\.&f@j}\j\éb)y&uygw%
ols 5 Lot 8 OS h ol 53 5Ly se Y a1 (S LS o L] el 0 i 5
ol el gl o ilites (gla (Wl 5 (S boms 51 0T el AnT 5 48 sl 0
J_guljswdc,_wlo\ﬂ..aL;:.t.ngajJ%-Q&;,@d,&gQH;;@f
Sl ais 55150 Lds Sblu g sl L1085 eS8 ol Sledst iS55 Shas
LAy gtoms (Y pmme i 1 8> Sl 4 L s il DS
(D 0 i) 55 (Siwad la il o Fs glacls 31 A6 Slyslo 5 Sl
OIIals 4 Conns SN 5 olaim] Sl 5 (olels py (ool Ol i e 15T
pls 5 Eb S el pe 55 L S8 & s IS el (San one
o ,e Gl 3 5 Ok yde 09155, 5L 4 a5 L 5 (g IS a5 0T
Skl 487 SEUS a5 b OT Ay 5 el 3 oS Il pls 5 22 S
gﬁé\ﬂum;,;c,fj_;ﬁ\‘wwgﬁb)\,gw@u}w;@
5 OB ity ol 53 Sl L3 53 gy Camdgn 4 glid (51 395 il 5 Shas
oy pls 5 ot 8 s (g oS el s Ol OS5l B1 0 ke
Sl 3Lty O ol s landls (59 08 LI dre 5 (S5l &S Ol seay
Lt ol oLl sbslme alul p 0B S ol bl gl &S 8 pl 4 &SWS
D 3las (S 5 oS U ST 5 8550 ladels b Jalas 1 ¢y glate p 3 58 o0
Jols 0B S el ol Lis Sl LIS Ol e pls 5 i S oS ad e S s
ol 53 Slo iy SLaelig 3 L oS o 5558 5l Gt S iS5 085 oS
Lot S g OISl 485538 pls ) pal Sty 088 S oo (5, 8en samis 2 5

éi_iu,u‘_s_ﬁralj_;\,@uj&\;,\jg;tolfxf@,mé\ﬁgwéuw



VEoF Sl | VA 05l | p s 5 oy Jl | ini g ke Slalllns | YVY
SLaelig b sl doamie 5 036 b S i 4 45 O 53 e (St 0S5
33 fa 20 8 SLaes 5T 5 OS5 6 ol Jgrtn oo 5 Lig e Sle S5
S8 8 5 S e )Sen b S 4 e (sl o s S8 s 5L oS T
J1s lapls 53t b S ol w536 gl Gu,wwwfﬁsﬁp
Slaslne L5l glacins 5 & bl glyls 08w el ol 5165 a il 428
L (3Lt Ol SRS LOT () 2 Sl g U8 OS5 5 L (5500
S G 5l 5 0T 5 5 5liny s b S al g 3l

c,f,&o,,“o,,;,‘\um@;\Ji;»olfﬁsj\ﬁﬁgcwwdlp
Sl e 5 Il lasbne bl 5 Ay b (6l a8 s S g
S bls s ol 5o 08 US4 K gy 3 50 OB A8 el
uTw;@wu)K&‘ﬁkmu;uy@u{.,xcum;u}&.:}fu
Al sl L sl (6555la8 sber Sl 5l wlinlS S i S el o b
JxS e s B30 pe Tl 5 G5 Slaj e sk 5 OB LS b oMo
33 LS ablu Jlw os 1 Jias &S 8 a5 s g s o lde 5lge el 5 kS
).s(aj‘ﬁgb_ﬁ.x_a\_i&éﬁb&&\)isﬁ‘SW\@w.xﬂ;:fwﬁf
ol 53 (B 5 5 5035 5558 2ol b s L 51 s 8 el s e
Ol 5 s oy ot O 5l kit s g (55l (slaslns 5 OB S b
Sl U s S )l 0B S el gl 5 paisis Wobne S o sas 551555
Al Ly ,es O pe 5L05 5 90 sla Jdod (6l golazel LB 5 (535

ol Gl e oslinal s gy 5l eed i glulis glaslas ol 5 S s (ol
3 Jrole O o Dk 53 o Kea U s ST 555 4w s (ils Sl ¢ glte
Jsde (ECy ECy, ..., EN) 08 S ol (g bl obisl e la VF ¢ o olulia 8
Slaslne Olsioan Laslas ol b a8 8 el pl oLt tulinls ants Las o ) )
L g oslizl O S el L



YVE | 28 tnarlaBpie S )3 i Jrasd 9y S8 0 a8 5k 0uisS el s

(S5 Sl e b1y 35 Sl 5 OB 5 ol 516 o claesls (65T par (51
3 See 5 510l oS als b5l Slasbae o st 53355 05 5S4 4 5 L
2Ol Slae 14 Lty (6,8 6510 gl 1l ST e Ol 0B S el w2 S
L) SLaslas Ol LY Jgdar plie ol 5 b s 0 Sses oy glael 51
Lt s e 5 S1as gazms D8 AS a5 S50 Sla e s Jaslsy o s )3
et adaly (Gl s Slo a3 LSy gl aeliiin y Ol o |y ol s alas
¥ Jsda e ol U5 bl ads) gl s Sile sl 355 0 g8 S5 o)
canalsl 5354 adgs o, O L5l Latld e a5 b3 el oS el 0 (ol
o) 08 AS e gy ol 5 b5 Sl 5=l g Jos s sla 20,
55 s
Sl s 51 5 Bae iy ol cadlie b s sitoe 4 42 5 |
L Lasbne 059 ot AT 3 S 0 @151 1y (651l U= oo ) oS
03,5 las! 51K ja .l o o3ls OLES aalsl 3 (g5l-C5l) Jres 3y Sl eslizal
L5l m 1 Sl slassbad Y Jstr wlide bl 5 4 455 emnad
et adaily (Gl oy Fls cameys 5 LS e ) L oS el 25l (slaskne
3 eslial U 080 18 read L5 Sl gl e 355 on o213 0T (5L 4
et adal ) (5La s Sle 1S5 (g o8 L 58 o o5 (36 el 4 Y Jpr
Cazg L F)-0F) Lty ¢SS b 5l ol ool bajlms (g1 (g 56-C01 4 !
Js 6l (et Dlles T oo Conns 4 odiplisl (50 pditue—alasly (Slo s Sile
siplesl (b0l (55 Slaglin oy il 4 olplesl (636 (55 Slaglin s jle
Vo s yh e 25 ECo Jlas 53 SCy ks 3T (658 5o 4y by e Je S5
(/0 N /D) (YD O D) e 5 L ECy jlirs 53SCp jlime 15U ) 530 L
S M, ={81324} (ojyse pl 53 Sl (/0 F F) 5 (10 Y (Y/0) o(Y/0 o &¥/0)

se b S i 55 1y Sl 0 o5l Ol akples) (56 55 Sl s Sle 5



\Ff ,-_A\i|vm)u.;z|r,ﬂjwdu|gm;ﬁﬁuoww| Yve

::)}TC.M:@(\")—(\\)@IJJ'I oLl L Ol g5 g0 1y jrie o 6l (651l
Lim() =1 LimL) =(1+2+3+3+4)/5=26
Lim(2) = (1+2)/2=15 Lim(2) = (2+3+3+4)/4=3
Lim@3) =(1+2+3+3)/4=225  Lim(3)=(3+3+4)/3=333
Lim(4) = (1+2+3+3+4)/5=2.6 Lim(4)=4
RN(m.,) = RN(m,) == [ Li_m(s),ﬁ(s)] =[2.25,3.33]

RN(m2) = Lim(1), Lim(1) | =[1,2.6]
RN (m,) = Lim(2), Lim(2) | =[L.5,3]
RN () = Lim(4), Lim(4) | =[2.6,4]

Oy e o i Sl OVD-0F) Ll gy b oy 5 slel sl e by
o calin Sl slaas g, 3551 L5y dal = RN(,) =[1.92,3.25] &) o
4 RN(0,) =[2.3,354] 5 RN(I,,) =[1.52,2.75] &y Uy 5 by (sl oy (s50e
GOl sus sl dpl il (655 slacsluds (oslg s AT e G
sl s 4 L 58 e Jid RN(F,) =[(1.52,1.92,2.3),(2.75,3.25,3.54) |
et 4 b A5 e okiplesl adsl it alaly s Sl 5 sdiplesl Hie (656 sl
2 S (65Ol sl it alaly Sl 5 Jils (560 sde 4 D) s
Lulsy Gb ools o 0L a5, 15 2ol lasbae 5B 4T o le pl ey dl a5
—Ooly A adaly e Sl (g 5 b D (560015 el s Sl 4 (V9)-0VA)
el o) GO s 5 e ez caalsl s AT s Cas 4 (V)-(YY) Laily,y b (556
b o drwloes (YF) 5 (YF) Lty b
ol lbns 180 a0 by o i Sl 5 ) Dl
ol 0l 03,5 3TF Jgdior 53 5 amlows (YO)-(F+) Laslyy bl Il oS el
s Al b ((gdm g3 amin S5 5 Y S wiler Slatbes | CAES L
s sl (30315 6 oy 428 aslas ) 316K 8 4 by e (OSTH)
Sl 15 coaslome 518G o L s e (Al iz 2 45T dps e 0L 15 505 0!



YVO | 8 tuncarlaBpie S i )3 i Jrasd 9y S8 0 a8 5k 0uisS el s

bz a Cols .l Hla el () 1 SLSKe Comdge 5 oIl a5l aseine
4ol 03 6855 el ol balona 51K o b o e (556315 03100 diasols
g5 5 (s Colaboe) SLj plsl pai) CombaBpds (21530 (Gl 4 alokir
LS Cnd s 5 0311 S5 e (0l ()b Canbadple) (25 8 Sl 5
o3 (T on s 4 5lmn 2 sl BB )l Il L o7 (OB, ey Al i 2
)\,\_aﬁ@.wt,ugt_(m.mgm\,,@ﬁﬁ)u}&bq&u(&owﬁau
abialy Jlme ;2 035 Ao am s prman 5 K05 Glasles 535 ol 2 50
ol (53U it 5 5 6113 ENg jlms o das oo OLES il .S o
3308 5 la g, a8 S e Ol cpl ool APV Sl b (akbdinr S la)
.Mg;_:xuc,\_pﬁuﬂ‘ﬁ;af,ﬁdl,bu,guﬁu,Emw&uu@b;m
i (63 8 Dlad I (U (s Cmbiade) SUS plel &S Sl ol 5 23
ECs coml = osdhe ol ol Sy 35 25 8 (slao s I (56 oyl Conbipte
@5@\duu@\96@\@&,&13%@},\90;\,\;\w:e_{?;d\)\;
o Ll e S S o300t cml 5 y1s Slae cpl (Slaslas s (g raS a3ls 6,

a1 3,0 5L e Gla o)z 4 lme plaST ST &S5 (sl g 5 B

S0, alddin las S Ll e 5L & i

ws| D, P P, P, P p; A
- (3/432,-| (3/849, | (2/249, | (1/629, | (1/309, | (1/839, | (3/432, 0/441
1/638) | -1/269) | -1/009) | -0/759) | -0/869) | -0/959) | -1/638)
£c, | (3/165,- | (3/430, | (1/430, | (1/530, | (1/830, | (2/230 | (3/165 0/170
2 1/145) | -1/021) | -0/521) | -0/451) | -0/521) |,-0/781) |, -1/145)

EC (3/108, - | (3/416, | (2/316, | (1/426, (1/116, (1/816, | (3/108, 0/413
3 1/118) | -1/010) | -0/610) | -0/410) | -0/037) | -0/712) | -1/118)

EC (3/065, - | (3/460, - | (2/230, - | (1/560, - | (1/130, |(1/830,-| (3/065, 0/548
41 1/735) | 1/231) | 0/961) | 0/742) | -0/581) | 0/991) | -1/735)

ec.| (1758, | (1/226, | (1/316, | (2/326 | (3/845 | (3/316, | (1/758 0/438
5| 0/657) | 0/470) | 0/310) |, 0/560) |, 0/9370)| 1/012) |, 0/657)

en, | (/114 -1 (2/016, - | (1/346, - | (0/486, - | (0/516, - | (0/816, - | (1/114, - 0/117
*| 0/258) | 0/450) | 0/210) | 0/110) | 0/130) | 0/212) | 0/258)




\fof ,-_A\i|vm)w|r,ﬂjwdu|gm;ﬁﬂuoww| Yvs

OLL sl o 6l s 1) 501y adasl) (bl ol sla el 0 ol st
CP 55 o S350 doms 5 (Bl s SSblas 681 5 by y7 5 X7 (sla el s e
CP 55 1o 4 e 31 aS" el OCE Jls 5 Jsb oiasilis 0 .diteas jlme absdis
355 oo o3limal ol T 5Lae Coanl &y 3 GS oIl (gl byl pl 3 gd o Culis

sl o 31 5 A Il oS el g5l sl slns O35l (seivas
(Ao amsler (5, SBISCy (e 8 S56 5 pls CuDWEC, (a32)ECs s
P obre g Olsisan o 5 4 ()3l (GUIFEC, 5 (| s Olb! CLBEC,
EC1 el o oals QLS ¥ ST 50 Jgda 534S 5 5b0ken cogdlay i3 o et
Yo Olambee 3lie |5 cyls Ghas Jolae 05,5 4 ENy 5 SCy (ECq EC, (EC3 (EC,
Lo lne sy oSl 0 0315 OLES O il 55 650 3de Oy gty 5 ol e W00 T

Lgh o lils ediS Sla s o slaslas Ol s

Ljbre 4, 9 055 om b .0 g

45 Wi di* yi X; ol
2 0.090 2.788 -1.163 2.534 EC,
5 0.082 2.526 -0.798 2.397 EC,
6 0.079 2.452 -0.764 2.329 EC;
4 0.084 2.598 -1.139 2.334 EC,4
8 0.075 2.316 0.658 2.221 ECs
1 0.091 2.816 -0.842 2.687 ECs
13 0.043 1.345 0.254 1.321 SCy
12 0.058 1.804 0.654 1.681 SC,
3 0.085 2.631 0.954 2.452 SCs
10 0.064 1.969 0.123 1.965 SC,
9 0.073 2.260 0.741 2.135 EN,
11 0.063 1.952 0.542 1.875 EN,
7 0.078 2.407 0.974 2.201 ENa
14 0.035 1.084 -0.233 1.058 ENy4




YWV | 3 tenlaons L) i 33 ey b i3 S9) SeS w e S b oS el bl

Ls.&\-e.'«:ﬁ QSJJJJ LQ)L:'-& JJMJWLL;J‘ \’JS.&

1.500

0.500

Relation

1.000
® ENA

-0.500

-1.500

® EN3 ® SC3

® EN1
® ECS

® EN2Z

® S5C4

2.000

L% ) ® [C6

® EC4 @ FC1

Prominence

3.000

b‘f*“s&:‘t’ SHuad )

—Qb 6..&2.4_5 LI_.J.A JTav\i\ J>-o|) 33 «(FY)-(9) Ja.g\)) )‘ oslaiwl b Cond cJ‘i‘ B

3t 3Ll el s e 5 oo GTodl G Slo N J g

RO odel & d}u\?‘ BER) o.l.flux.:.wbu 6)[.9

o JTow! ol cwio JTow! ool ool
[(0/014, 0/028, 0/043), (0/042, [(0/009, 0/024, 0/028), (0/033, EC
0/057, 0/057)] 0/048, 0/053)] !
[(0/018, 0/031, 0/045), (0/030, [(0/006, 0/014, 0/021), (0/017, EC
0/043, 0/052)] 0/030, 0/043)] 2
[(0/008, 0/028, 0/037), (0/036, [(0/001, 0/007, 0/006), (0/022, EC
0/058, 0/079)] 0/040, 0/065)] 3
[(0/023, 0/041, 0/059), (0/052, [(0/007, 0/025, 0/027), (0/043, EC
0/070, 0/073)] 0/061, 0/073)] 4
[(0/009, 0/023, 0/037), (0/026, [(0/002, 0/014, 0/022), (0/019, EC
0/040, 0/054)] 0/033, 0/047)] >
[(0/011, 0/027, 0/042), (0/030, [(0/001, 0/014, 0/023), (0/025, EN;




\fof ,-_A\i|vm)u.;z|r,ﬂjwdu|gm;ﬁﬁuoww| YVA

e JTows! ool

Cwin JTow! ool oels

0/046, 0/061)]

0/041, 0/056)]

[(0/000, 0/018, 0/036), (0/042,
0/061, 0/071)]

[(0/000, 0/012, 0/024), (0/024,

0/043, 0/058)] EN,

J_.aMbcwf‘ﬂ|):‘ﬁ_w|6)u—d‘)muu:u}‘)‘;’%fmbyf\/d}b

353 d n dwlous (FY) 5 (F2) Lalyy b gite 5 oo JTodl 31 (oS pal) 4 5

Oyt s S Oy sliel 03,5 (5l s Oldas ¢ Jool b ol dnlons b el o -
S S sbOles S el a ad) 5 (o35 co e «(FY) daly Jles !l b ¢ o 23,5 o0

'J‘iTu" Cwd (sl 0l 03ls LAY Jgd> s

ol iy 53 OB WS el ol 45y Sl Y Jods

W) CC;i dr di* ouius” (ol
5 0.365 0.102 0.177 1
3 0.569 0.169 0.128 2
2 0.581 0.182 0.131 3
1 0.605 0.069 0.045 4
4 0.532 0.115 0.101 5

g&'ﬁuéuuﬁjj WP,\F Sy phe ML&A

l_EQTA_miu.e_gLg‘jl_é—;.}‘)‘}_kib‘}))‘):ﬁ_:xﬁru\_p@.ﬁu\_naﬁcwaljb
}u_?.]a_w}? aJL&S.w‘J)}A J})}‘ abw.«»"l_gu_.}b cé)u cﬂ&bﬁ.}‘su&j)

Sler ol o Gl 35k e osls il (Y1) 5187 5 oKile 5 (YY) 0, Kan

J;sz,'lg@,\_;ﬁ?r,m;Q,wgﬁu@wéuw&jlgu’uwj”
Lk&j)u_i\)zg:))\_ﬂ.awﬁ‘}_p‘}sm?mgu‘@)&j&wadﬁ

S slaslas Sl s, sl opl e Sals anlie ) shieds (s (pl 533 4d e

dtuo\};cqsclorm:)g”&))EC3 f}w)gmﬁt})jﬁ)bdlfnﬁﬁfw@j;

M1 &y o1, SCa (55, ECy 3 a5 5 5 4 08 5 51 oy oS o0 03l
(sl ol 0313 OLE P i 3 4S5 3 bolas .dslesls sty MI 5 VHI VHI HI

Y}F}F}Y‘}Y Q)HQcauW)_ﬁﬁbQS&J})}JUQTL{JL&&




YA | 28 tunCarlaBpis B )3 i Jiasd 9y S8 0 a8 5k 0uisS el s

[0 CF] .0 F]¥,0 K01 1,0 ¥,0] 51 dolyle 56 ooy p3lie proman ol
VY ] 5 aSI,le Oty gy 4 b e bl i 5 ead 4 [V,0 Y,0]
SISOl gy am by e pslie 5T LS 55 5 Y 0] 5[F oF] ¥ F]Y,Y
s [Y Y88 5 [Y,88 080 ] (Y,88 080 (YT 08 ] (Y oY,49] 51 i ls
La0T (gabab ;3lie 45 (DMs) oy 5 DM1) Ul o ;5 ol SIS 40 o 5 L o 55
Ol ks g le S ol OLL |y Calides Coaladpde Sy e Sla g, Ol 5 (8 (el ¥
omly Sl (1,0) (656 s mly o oS s o 0L i 1S el 55
Cmbbpde L (65U Sy O cmml ol 55T o 12 oY) (g5L-015 )
S i i 531, 08 S s s o8 3 55,8 0 i 015 60 30500
G5 95 YU A s (6,208 e (Y,0) (656 iy 55 YU dom 0Oy o0 ot &
A U o s ([Y O] ) oty aals (VU dom ¢ pmen ool (Y,35Y) (56— ol
(O3l by 4T el (g it e ([Y (V9] i) (5Ll aials (YL
s e b el oo 3 8 i a5 s 1y LS elel 5 63305,5 Conbipus
V:M@Euijjjjaiﬁl_:n)\mGJJJ)LHJJQKM;MQUEdM
i 5Ol 5 Ol 3B e iy 5o 255 L sie slaesl 358 n e
A 45 s e OLES gl el Y50 OF V] 5 [Y58 00T Y0 ¥ L
5636 ) 53 5l dials sl d s e S3-Cl s 3 ks atals SV
s Cand s (-l iy 3 (B S s o3l ¢ IS sbas ls 15 Ol
S8 S Ol 5 on vt )3 S o oSaa 1) (53 30 5 (53 p05,55 sl oabadpde
NSl 5 SG8s G s Ol (s3lging 56-0l) 5o, ¢ bl anlllae 55 oS

.JJJT@r.h‘Jéb)‘.LL\g:owwE&EJJ‘M)J#JJygu)EMWJ



VECE 5l [ VA 631 | g 3 Gy Jlo [ 20 S jribo Slalllas | YA

e gla gy et slaojl amlie £ S5

[ Trouehfurey imtervall
4.0
4 4
3 917
1 e 4.0 - 4.0
3.476] i i
3.5 4 3.534 3.5
4 3.5 3.5 3.3
3.0 42987 2.967 ] _ 3.5 3.5
| 2.967 2.967 3.0 4 3.0
2.5 1 125 25
| 2.4532.5 - 2.5
2.333 ] 2.466 2.5 2.5
=9 2.0 2.0
1.5 4 1.5 1.5
1 - 1.5 1.5
1.0 1 1.0 1.0
0.5 + 0.5 0.5
0‘0 T T T T T T 0‘0 T T T T T T 0‘0 T T T T T T

DM1 DM2 DM3 DM4 DMS Avg DM1 DM2 DM3 DM4 DM5 Avg DM1 DMZ DM3 DM4 DM5 Avg

S S domt 5 Lo
&l ol OB WS e Ul sl slns glalis 4 Slosl )y » b Srass ol
At 035 pl3 5 S 8 OB IS als G551 s 4 65T b 303 5 oS 5
a.\_..fu,;;l_? Ll (6l (5=l b= Jrass i5y S 5 Sl ¢ 3515 5 o0
Lyl 5 656 slaas gozs (olgiin (55-001) Jraas gy S oo oalizal il
SLas sl U S o Gl 25 8 Dlowar 5 6 55 5 63,5 G5 pledd 085 5 5o
Olsn U S bus (5L-0) o slaoj a1y o 5 Wlid)l8 pdisr L)
i oSl Sl 3 ST Sy e Dlejen b Iy (ol 5 s Cualadpute
Coabapde L pls5 5 ooy Bl il 5 oo (636 =3l b= s> JB5) bl
3l o 53 ool on 3 K S s 08 S el b0 s 1) b slee
S3leia O ola 53 Vgl ol JLL W) el 5 cmwlis 0dS el Ol
S oyls ST Iuub oS el bl glalas Skt oluls , Cisa
2315 lin OB S a5 U S o ol 3 0l pke (51 (sl 3,51 o o L slons

U S oSS 0l s 40 Ul 5 e Laplas ol il bl me 5 Sl 1 gl



YAN | 8 teanlaps sy 33 U a3 S9) SeS w e S b oS el bl

o syl Lt a5l 5 o 5 G A 5 Al e 53 1y e GBS
clac L a\ﬂngc&,a}a%@\})cﬁﬂ_u).a Iy Jres> (Ul coslizuls ) 5o
53 )b ez Jlos il o S 5 csliodlan glaay B 8L 53 b s
o=l 3 53 ol l sl A8 oLl 6l o il o 0 Jess B
S o ol 3 OB WS el
(3l slal b Las e folge 51 5 oo 5T sdias Ol codeTowsay
A el oyl 1y sl i 5 Sl oSS 555 ol slezr 5 aome s
5 bl gl Laolle Jle Ol pde bow 5 Ll 5 o0 bajlae ol das o @511 &5
& OB S el Lo 5 ioman 5 L,8 15 05lials y 40 oS el o 2 olius]
Slosl o) s 53 dodar slajl 5ot T sladsy, Jdow 5 Cans bLa o 25
T 3Oy s By Sl edaT sty ibad; 4 4z 5 b oL, S & oS ey
Jre 57 Ol Sl ¢ oo anale 555 S« 8 (S50 5 pls St iy 32 s
Shuasy 9 o 53 Lsd e e S olre 2 Ol ey 5 5 4 ol ULy
48 das o O s o Zb S el 53 sl oS el Sl 108 5T gla s
Laassl ol il 518 Cu sl 53 e € (S50 5 pls Cudln s 4 o (sl s Lne
Sl e li 3o 9 J,S o) 58 a8 o i AL Olejle Oy &5 das e OLES
ST s 1,508 8 (S50 5 pls Sl i guamen kS iy b Lo e
S 5T 0l slael 5 0mals T3 s 31 (s 2 Lol Landitn Jol e
el 1 55 s g DLl Sl 5 (Homs amaler oy (65108 31 Jlome i
3548 das e 0Ll 614§ 515 5 ml sbaasy 5o Ll cylsy 5 g5 b
Slal iy a5 L ojo gan (slazal SMalai 4 glo s g a5 by jo 5 LokS LS
Ak Lol gl 2l 43,8 ) o Sty (551 5 Slana 5 SlaSL 4 o Sy
4 S sl iy S a3l slaslan L o 0K i s 1y a5l

Ly 67 ul OB aS el ¢ 8y slas T3l 5o sl b diady Coenl 5 eloz] sla



VECE Sl | VA 65l | p 3w 5 Comy dlo | mteo ke Slalllas | YAY
5 Cans bl U das oo oo p OB Wi sl 4 i gasy ol ST lulis
3 ety bty 53 5 s Gase 23 1) 555 S oy 53 U g Liejls slae
S S bty al b S sla s e IS > S

6 it Sliios 0y T 53 Lol el & g3 bl (glyls o3lizals y o sl gy 45 5|
s Sy Sl eslizal (glacy s sumes alaz 5l e (sl 555 plandl b 0T 5550 55 55
S 5 Cmmnl a5 315 a5 BOT o T g5 baslns 055 e 53 87 Sl
s 23S oLl AHP 5, 510155 e ) slate (ol 6l g2 ST (oo 4 5 LasLna
Ll Lokl &S 3313 Sloslradinr (Sladde 3 5gs 5 dmun 55 4 LS| 5 0 0 T Solallas
2Ll b as e slaeS ;5 Glles ¢ s slajbme dile S5 (sla el
Gladesua s adlg slaosls 31 (5,5 0 g ¢ pmman il azdls Q8 WS ol L
it 15 e cadiben gLas S5, 5l Jolo pu s a e 5 (il no
laa B plu plosh o)lys (6 iy Sladod (nl 2 ogBle 1398 e iy (5 2y e
L sres 5 (5306 4 somn 5| glosl jzolin b (63 545 (5306 45 somen Aila) (5306 a6 pamee
L 355t 1 SIS 55l (gt Sl B8 o0 3l (slaas gomea 4 35 5 Csla3l s slis
3,5 il B 5 Jras g, L 4 i Coababote

8\.:» oo

5)"'bg_$*3bup)w4")?€;‘“°"\"‘”if

ORCID
Mojtaba Farrokh https://orcid.org/0000-0003-1390-3105

1 Interval-valued intuitionistic fuzzy set
2 Interval-valued hesitant fuzzy set


https://orcid.org/0000-0003-1390-3105

YAY | 28 tunCanlaBpie B 5 )3 punmtli= Jrasd 9y S8 0 a8 50k 0uisS ol s

References

1. Alikhani, R., Torabi, S. A., & Altay, N. (2019). Strategic supplier
selection under sustainability and risk criteria. International Journal
of Production Economics, 208, 69-82. https://doi.org/10.1016/
j.ijpe.2018.11.018

2. Awasthi, A., Govindan, K., & Gold, S. (2018). Multi-tier sustainable
global supplier selection using a fuzzy AHP-VIKOR based
approach. International Journal of Production Economics, 195, 106-
117. https://doi.org/10.1016/j.ijpe.2017.10.013

3. Baykasoglu, A., Kaplanoglu, V., Durmusoglu, Z. D., & Sahin, C. (2013).
Integrating fuzzy DEMATEL and fuzzy hierarchical TOPSIS methods
for truck selection. Expert systems with applications, 40(3), 899-907.
https://doi.org/10.1016/j.eswa.2012.05.046

4. Banaeian, N., Mobli, H., Nielsen, I. E., & Omid, M. (2015). Criteria
definition and approaches in green supplier selection—a case study for
raw material and packaging of food industry. Production &
Manufacturing Research, 3(1), 149-168. https://doi.org/10.1080/
21693277.2015.1016632

5. Najafi, M., & Zolfagharinia, H. (2024). A Multi-objective integrated
approach to address sustainability in a meat supply
chain. Omega, 124, 103011. https://doi.org/10.1016/
j-omega.2023.103011

6. Calik, A., Paksoy, T., & Huber, S (2019). Lean and green supplier
selection problem: A novel multi objective linear programming model
for an electronics board manufacturing company in Turkey. In
Multiple criteria decision making and aiding (pp. 281-309). Springer,
Cham. https://doi.org/10.1007/978-3-319-99304-1 10

7. Chen, Z., Ming, X., Zhang, X., Yin, D., & Sun, Z. (2019). A rough-fuzzy
DEMATEL-ANP method for evaluating sustainable value
requirement of product service system.Journal of Cleaner
Production, 228, 485-508. https://doi.org/10.1016/
j.iclepro.2019.04.145

8. Caccialanza, A., Cerrato, D., & Galli, D. (2023). Sustainability practices
and challenges in the meat supply chain: a systematic literature
review. British Food Journal, 125(12), 4470-4497. https://doi.org/
10.1108/BFJ-10-2022-0866

9. Chen, Z., Lu, M., Ming, X., Zhang, X., & Zhou, T. (2020). Explore and
evaluate innovative value propositions for smart product service
system: A novel graphics-based rough-fuzzy DEMATEL
method. Journal of Cleaner Production, 243, 118672. https://doi.org/
10.1016/j.jclepro.2019.118672

10.Chen, Z., Ming, X., Zhou, T., & Chang, Y. (2020). Sustainable supplier
selection for smart supply chain considering internal and external



VEE 50l [ VA 0)led | pgw 5 Cams o | o S pite Sllas | YAS

uncertainty: An integrated rough-fuzzy approach. Applied Soft
Computing, 87, 106004. https://doi.org/10.1016/j.as0c.2019.106004

11.Dalalah, D., Hayajneh, M., & Batieha, F. (2011). A fuzzy multi-criteria
decision making model for supplier selection. Expert systems with
applications, 38(7), 8384-8391. https://doi.org/10.1016/
j.eswa.2011.01.031

12.Ecer, F., & Pamucar, D (2020). Sustainable supplier selection: A novel
integrated fuzzy best worst method (F-BWM). and fuzzy CoCoSo
with Bonferroni (CoCoSo’B). multi-criteria model. Journal of Cleaner
Production, 266, 121981. https://doi.org/10.1016/
j.iclepro.2020.121981

13.Gokler, S. H., & Boran, S. (2025). A novel resilient and sustainable
supplier selection model based on D-AHP and DEMATEL
methods. Journal of engineering research, 13(1), 57-67. https://
doi.org/10.1016/j.jer.2023.07.015

14.Hendiani, S., Mahmoudi, A., & Liao, H (2020). A multi-stage multi-
criteria hierarchical decision-making approach for sustainable supplier
selection. Applied Soft Computing Journal 94. https://doi.org/10.1016/
j.as0c.2020.106456

15.Li, J., Fang, H., & Song, W. (2019). Sustainable supplier selection based
on SSCM npractices: A rough cloud TOPSIS approach. Journal of
cleaner production, 222, 606-621. https://doi.org/10.1016/
j.jclepro.2019.03.070

16.Li, X., Han, Z., Zhang, R., Zhang, Y., & Zhang, L. (2020). Risk
assessment of hydrogen generation unit considering dependencies
using integrated DEMATEL and TOPSIS approach. International
Journal of Hydrogen Energy, 45(53), 29630-29642. https://doi.org/
10.1016/j.ijhydene.2020.07.243

17.Lai, Y. J, Liu, T. Y. & Hwang, C. L. (1994). Topsis for
MODM. European journal of operational research, 76(3), 486-500.
https://doi.org/10.1016/0377-2217(94)90282-8

18.Khan, A. U., & Alli, Y. (2021). Sustainable supplier selection for the cold
supply chain (CSC) in the «context of a developing
country. Environment, development and sustainability, 1-30. https://
doi.org/10.1007/s10668-020-01203-0

19.Memari, A., Dargi, A., Jokar, M. R. A., Ahmad, R., & Rahim, A. R. A.
(2019). Sustainable supplier selection: A multi-criteria intuitionistic
fuzzy TOPSIS method. Journal of manufacturing systems, 50, 9-24.
https://doi.org/10.1016/j.jmsy.2018.11.002

20.Mohammed, A., Setchi, R., Filip, M., Harris, I., & Li, X. (2018). An
integrated methodology for a sustainable two-stage supplier selection
and order allocation problem. Journal of Cleaner Production, 192, 99-
114. https://doi.org/10.1016/j.jclepro.2018.04.131



YAB | £ 8 turCanlaBpie B 1 )3 penmtli- Jrasd 9y S8 & a8 5k 0o el s

21.Mohammed, A. (2020). Towards a sustainable assessment of suppliers:
an integrated fuzzy  TOPSIS-possibilistic  multi-objective
approach. Annals of operations research, 293(2), 639-668. https://
doi.org/10.1007/s10479-019-03167-5

22.Masudin, 1., Zuliana, P. E., Utama, D. M., & Restuputri, D. P. (2024).
Assessment and risk mitigation on halal meat supply chain using
fuzzy best-worst method (BWM) and risk mitigation number
(RMN). Journal of Islamic Marketing, 15(3), 842-865. https://doi.org/
10.1108/JIMA-08-2022-0240

23.Mishra, A. R., Rani, P., Pamucar, D., & Saha, A. (2024). An integrated
Pythagorean fuzzy fairly operator-based MARCOS method for
solving the sustainable circular supplier selection problem. Annals of
Operations  Research, 342(1), 523-564. https://doi.org/10.1007/
§10479-023-05453-9

24.Nasri, S. A., Ehsani, B., Hosseininezhad, S. J., & Safaie, N. (2023). A
sustainable supplier selection method using integrated Fuzzy
DEMATEL-ANP-DEA  approach  (case  study:  Petroleum
Industry). Environment, Development and Sustainability, 25(11),
12791-12827. https://doi.org/10.1007/s10668-022-02590-2

25.0pricovic, S., & Tzeng, G. H. (2004). Compromise solution by MCDM
methods: A comparative analysis of VIKOR and TOPSIS. European
journal of operational research, 156(2), 445-455. https://doi.org/
10.1016/S0377-2217(03)00020-1

26.Pamucar, D., Petrovié, L., & Cirovi¢, G. (2018). Modification of the Best—
Worst and MABAC methods: A novel approach based on interval-
valued fuzzy-rough numbers. Expert systems with applications, 91,
89-106. https://doi.org/10.1016/j.eswa.2017.08.042

27.Pawlak, Z. (1982). Rough sets. International journal of computer &
information  sciences, 11(5), 341-356. https://doi.org/10.1007/
BF01001956

28.Sangaiah, A. K., Subramaniam, P. R., & Zheng, X. (2015). A combined
fuzzy DEMATEL and fuzzy TOPSIS approach for evaluating GSD
project outcome factors. Neural Computing and Applications, 26(5),
1025-1040. https://doi.org/10.1007/s00521-014-1771-1

29.Stevié, Z., Karamasa, C., Demir, E., & Korucuk, S. (2025). Assessing
sustainable production under circular economy context using a novel
rough-fuzzy MCDM model: A case of the forestry industry in the
Eastern Black Sea region. Journal of Enterprise Information
Management, 38(1), 261-291. https://doi.org/10.1108/JEIM-10-2020-
0419

30.Singh, A., Kumar, V., & Verma, P. (2025). Sustainable supplier selection
in a construction company: a new MCDM method based on
dominance-based rough set analysis. Construction Innovation, 25(2),



VEF Sul | VA 05l | psu 5 Cons Sl | irio s Slalllas | YAS

328-362. https://doi.org/10.1108/Cl-12-2022-0324

31.Song, W., & Cao, J. (2017). A rough DEMATEL-based approach for
evaluating interaction between requirements of product-service
system. Computers & Industrial Engineering, 110, 353-363. https://
doi.org/10.1016/j.cie.2017.06.020

32.I1slam, S., Amin, S. H., & Wardley, L. J. (2024). A supplier selection &
order allocation planning framework by integrating deep learning,
principal component analysis, and optimization techniques. Expert
Systems with Applications, 235, 121121. https://doi.org/10.1016/
j.eswa.2023.121121

33.Steger, C. (1996). On the calculation of moments of polygons. Reporte
técnico, Technische Universitat Miinchen. https://mv.in.tum.de/
_media/members/steger/publications/1996/fgbv-96-04-steger.pdf

34.Tadi¢, S., ZeCevié, S., & Krsti¢, M. (2014). A novel hybrid MCDM
model based on fuzzy DEMATEL, fuzzy ANP and fuzzy VIKOR for
city logistics concept selection. Expert systems with
applications, 41(18), 8112-8128. https://doi.org/10.1016/
j.eswa.2014.07.021

35.Zhai, L. Y., Khoo, L. P., & Zhong, Z. W. (2008). A rough set enhanced
fuzzy approach to quality function deployment. The International
Journal of Advanced Manufacturing Technology, 37(5), 613-
624. https://doi.org/10.1007/s00170-007-0989-9

36.Zimmer, K., Frohling, M., & Schultmann, F. (2016). Sustainable supplier
management-a review of models supporting sustainable supplier
selection, monitoring and development. International journal of
production research, 54(5), 1412-1442. https://doi.org/10.1080/
00207543.2015.1079340

37.Zhang, X., & Su, J. (2019). A combined fuzzy DEMATEL and TOPSIS
approach for estimating participants in knowledge-intensive
crowdsourcing. Computers & Industrial Engineering, 137, 106085.
https://doi.org/10.1016/j.cie.2019.106085

23 = Jrass iy 6K 4 S S Il oS el OBl (VP F) L e 55 i ol 4y Sk
YAZ-YEY c(VA)rY (e S pede (L g,48 gSJ..z L;wtb.« 3)50) S Lfl’.." C..:x]aér.\p Lyl
DOI: 10.22054/jims.2025.86164.2972

Industrial Management Studies is licensed under a Creative Commons
Attribution-NonCommercial 4.0 International License.



