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Abstract

Purpose: Using hesitant fuzzy numbers as a combination of two common types of evaluation: self-evaluation and evaluation
by judges, in order to make real and fair evaluations. Updating the Choquet integral method to apply with hesitant fuzzy
numbers in the evaluation process, and use it to solve decision problems such as evaluating employees and organizations.

Methodology: The method of conducting these studies is based on the pattern of library studies.

Findings: Deficiencies such as showcasing the evaluators during the evaluation period on the one hand, and the lack of mastery
of external judges on some organizational complexities and the apparent and hidden motivations of the evaluators for unrealistic
evaluation in the self-evaluation process, on the other hand, are some of factors that challenge the evaluation results, and these
defects in the hybrid evaluation model are eliminated using hesitant fuzzy numbers. In addition, evaluation indicators in many
cases interact with each other and have so-called positive and negative effects on each other. Choquet Integral is able to take
this into account and take the assessment one step closer to becoming more realistic. Therefore, its computational development
with hesitant fuzzy numbers, which has been considered in this article, can helps the evaluation system and performance of
employees and organizations.

Originality/Value: Computational development of hesitant fuzzy numbers with the help of Choquet integral, using the

Choquet integral of hesitant fuzzy numbers in solving multi-criteria decision making problems such as employee and
organizational evaluation.

Keywords: Choquet integral, Hesitant fuzzy numbers, Ranking of alternatives, Multi attribute decision making problems.

Corresponding Author: abazar_keikha@yahoo.com d-} 10.22105/dmor.2021.238906.1177
Licensee. Journal of Decisions and Operations Research. This article is an open access article distributed under the
@@ terms and conditions of the Creative Commons Attribution (CC BY) license
(http://creativecommons.org/licenses/by/4.0).


mailto:dastam66@gmail.com
https://orcid.org/0000-0002-8796-8879

Ollos 30 GER g (5 g5 aonctd

YOF=YV+ (V4 r) Y o ladk # 0,90

Journal of Decisions and
Operations Research

www.journal-dmor.ir

@ oy 8- o Ao ty

22 (S S ol Plamo Jo g Lo lo o (LSS (guizady 9 (bl s Jo
O350 63 buxo o duas Ll

"GQH‘WMMW 3 *“lﬁ:,:f).SU
UIJJI ‘).@(.u.\‘).sl LﬁA.J.ys oEisls gfﬁ}Lc IRCAIRY L‘sabli) 05)5‘

oS>

- 4

el B Py O U R P B FY e P S RS PR s 92 oS S5 Jele glsie 4 35,0 (631 slael 31 eslanal B
J> s O 3l eslimad 5 ool Aal b 53550 (530 slael 3l eslinal (gl S5 gSem JLSSH oy Slwyissa w¥ole 5 adls sla oLl
Laple sl 5 OLSHS L) dsle (6 S e Jils

o gl (165 Sllan (5,801 SAllne il plosl S E s ool s

o Ol B Ll pde G Gl Q8L AL s L)l erss 53 s Seled dile il claasly
G305 53 803 (s 3 (31093 Al B 5 (oaBly b 2L5l sl DS sl Ole 5 M slaesSSl 5 Sledle gla S
Ot e s e Gy 3350 (5316 sl ) a3l b oS5 a5 Jbe 53 Gl ol o S e Gl 4y o) gl
3B 5 S JI,SS 08 e e 5 e S Kder bl wr.ab().ab& 3 ok 3590 53 L)) sla e la
orl 53483350 636 5ol b o glwlons muns 11 les G355 s 5 aly 40 03 oS ) bl et S s 53 1) o ol o

Aled UL SeS agle sl 5 LSS s Shas 5 b3l plas 4 il 5 oo cnsl 0353 a5 3 50 Lo

3350 (63 lael 5 S IS5 3l ealinad o558 5o ST KaS 5 33 50 (53 lisl Slowloes ans 3 todke 039381 1/ cILal
Anple 3 5 SIS ool dile 4 L Aoy (6 S s oot o 3

RIS NS (5)25(..:«43 Sl claayy 35 Gduady 3,0 (550 slael (5 sSem SR CHHEYS PRNLS

doddo - )

L ol ) (S s gmpn a3 i o 31 cilites Coliar (o) 2 b b O 534S 1S oo 025 L) pbanige alis) Lo 51 S

' Multi-attribute Decision Making (MADM) Problems

J . ® 'L"“".'. }3 *
abazar_keikha@yahoo.com
10.22105/dmor.2021.238906.1177 d


mailto:dastam66@gmail.com
https://orcid.org/0000-0002-8796-8879

Yov

Jlas Jo= 5 Laglos b QLSS (guady 5 2Ll oo g5 dke 48]

Lo iy (5 S o

35,0 551 aos y3 aps

r.LG el L&QTC,...»).)jwbﬂ u;)bféj G L;)Lwd.ba ‘ubd‘ocﬂ.&kj€4§)‘ Jl%)) 6‘)‘3)%&3‘) DL&'&\J;GLJJJ
S oSl Uas i SaS a5 (Yo v 0 TSV 5) anl 20l glas Jalas ' 518 dile ldzeils 31 (6 sk 53l 53 Cannlad
Sy (Y1) *,:.\564:.&?@ el Q,\_&Jbul{liuidlsjda@Tchwﬁbjleg}_faj\&\ Syl CBs 05 s YL L (Y e vy
gmaes 5,50 55 opl 0o .J.L:S‘Jjéwlﬁd\ﬁ—\.&Q\‘};GA{\JQTsaJAT)USCﬁ*b}rJﬁJJ:»cb}a)'\Q\M\)U>ﬁ§:)'yajb0'
a5 48 Ay o oy 90 (LT (o sp Il 636 (gla g5 oS 0 IS a5 50 S - (59,5 QLIS 38 51 25 S ol
WIS sy Pl boapss n ps Gl e 5,555 55 plaly (il 3350 Glacaly sdiSas g Il s YL
badpe Swh BB b 4 lasite 5 sl 5 (SW e 0l b pls gt coslis 8 gLl e Ao sla s

..L}Jj.gdé)w

sl sl b (Sidoey b Blos 5 "aslole sl (Solo b Blas olsie Cod o5 4 (VAEA) *5s 1y Jilaws 31 i ss o)
Jﬁw&lfjgu)wdwupnjﬁuuaj)ga:»ﬁ&owdjl5};&u¢6@yoj)§4§wl.sz:uj.us_;o@\ﬁrb
Wﬁx)JL;%%Bjd}b‘}j‘J{é@)j)«{wsb‘-}jw prr 4 5 23503 32 9 35 el i alie slUS
0% ysp (saidS 4y 4S iy S5 3 e sl e "aBlglesle (S U Jlows il 5 55 8l5 (513 Jilows 3 oachae
33 55030 528 S ) Cualad o 5l plamdse b og) s 230l 1y adbplasle (Siamy b filas B 2ils 505 ploy Jls
B VL 4 S8 w0545 005 8w lpo o5 S (68 e ST ALe s 53 (55 p0e (St il
phe laas samme a5 55 5 o)l ey s and b Al i 4535 ey 08 35 e 53 @Blg53 053 (SHlud e 5 o
by g 55 o5 sl 4 o630 4t ISl g T usle S a5 51 eslizad (bl ol Jaol bisla p SV e iy 15 Sonlad
dgrln 53 oMl s Shas (ivaih 5 o 35 (oo o Coabad oo 5 o DS 53 (VAN Y ool il 2315 sl filws
o 53 ol as Ll S sl Aitas s Conios 535 Lo 4 B LT (Rl L Dol &S placndss b
(Y1) oS5 1y Coalad oo Ciliie Ol i Lol (G 513 55 2 55 ol 31 3lom 3 3 5 At SISy 36 Cala ot

sl 035 3l g 0yl 58 o LSS 55 Y0V E et oS il 4 55

L5 o 31 e pazen 5 51 paanS Ol (53 (slaas garme 4 a5 (Colad ple Cio 5 sl 2L eblie 151 S
Sl s T 5345 1, Y =5 (650 (slaae goms 455 ((14V0) Tosly BT a3 S @byl JuoVI 1l dneils (1410) ol
S (VAAY) P aubll 1y o3 Slaas games 4y a5 5 6J—<1’ (oo 3505 Gl L35 (538 Glaassomen d9> (sire A Ly gine
SHNVAAY Jla 3 4 pams sae 8 4 Sy gias pde 5 o e Sl ol OLusl b 53585 (650 (slaas e 4 ki ol
e (Y A (Y ) VS L 5 3555 oo (53 (SBAE gazeo 53 o gia a3 353 Hlde el a5 ool Lol

31 sla) 5 Emnygn 3 1 536 Slaassamn oty £ A b 0T BLSI 5 o ) 11530 (5306 40 sames U 4 Lnas gomes ol )

' Kelvin

" Pollack

" Salicone

Klir

° Weaver

* Organized Simplicity

¥ Disorganized Complexity

* Organized Complexity

* Smithson

' Denoeux

"' Fuzzy Sets Theory

‘" Zadeh

'" Zadeh

'* Type-2 Fuzzy Sets Theory
'* Atanassov

" Intitionistic Fuzzy Sets (IFSs)
¥ Torra and Narukawa
"“Torra

"% Hesitant Fuzzy Sets (HFS)



3l ) ealis] o 45 (530 lrasgazes 5 55 ol ¢ 23l Sl Jilus o saam o D.L:;lcj.hﬂ Sollaw duaib a5 L b
ooty LT 3l 03lias] a3 5 40155 55 0 a8l sl Slow Sy b Jilws Comle b el 55 (VL S oy a4 )5 o line
b 73350 636 polie s 5 Laasgamas pl b 3Ll (Y 11) 555y L daasgoms pl Sl S pgateny (3L
cLSL.uV.A oyl il o3l ‘..:za\.a.a IFSs s HFES - L)l (sls 1 50550 (Byae guze 14 o guze Ol s 4505w (lgisas
LAHFE}‘S}ML'),:;E)M caalsl 53 (DY + 1) ‘rj}}j L&) s sed i, |y LHFE L;j)gf,’aj@_?du.ol w5be 6 S oyl 3
by 1 ‘jij?) JJJ)MWJJ\)JLAwafJJMM(‘A;\ cwuﬁdrgj\gﬁg)dw‘cw|W))bbjan‘
mﬁim@jsijr@uﬁjﬁp)‘\ 35,0 (631 (saas game y aliols a3 (DY 0N € SoblKen 5 gl @Y N g ‘2O\JL§M_9‘9;L:S
YT 55 5 KB DY V) s 5L QY N CLs 5 955) 3,5 o L Foslinulsyge es las S 55 a8 Co

D3 G osls slgly iz 3 o8y S AL atils slae alie Lol ol yids slaas 4 A3l 5 o ba HFE 558 0 ala>Dlo o5 5 5bjlen
PS5t s (5,58 game 5l 45 ol HFE 5,000 il glus sliasl sldas Bl & bs HFE ¢ sl Jlesl Ciy 5 )
HG| )}J\io U:'j) w.’u‘%' L ULQ‘;(JTL‘ c.b).Jv Jﬂ‘)“‘; Ao.\.ﬁ:mm ‘_SLGS HFE ML)’\L—&‘}J\.\JL.{ Ut'):“”g .LiL: 4.13)‘.3&:-:>' w‘ )\ )‘J\.&A
S Slabsas 5 9T 0 HFE & jluie o 208 35,8 o) d(alin oy CI-) Slabsa 5 9T 0 HFE 2 5ldis o 38,5 03,8 4L
slizel 3luxs U HFE j» cliasl Jl5 o Kbe g3 5e5 alil ((Coglis o CI-) Slabsa s HFE & 2/0 e 43,8 @l «(wlo s
‘}}5-} L:> by ) cj}ﬁ-} L::-) Jdlaéja.': (’l‘)‘s‘i"‘::‘&"“"’ o O._{l “ 4.>)3 NEEY ‘J'<i° dhj; J)LE.A B .C)Ltfa)du.) JQJ:AS

KK PANTES AV COUSIIRN T RRIIALEII R\ EAFIANPERI T\ RRF IR R SN

Slonn oalize sl y w38 aline slad Sizedy Gk ) S5 43S e b sy sl Jis 4 Lo ges MADM Blows
sl s S Y M) Cl sl 656 b 5 (63l ladass 53 olas g5 o) o Sl s3daie Gla s it
i) 350 Wslins oloies o 38 Vamn dla gy ol 53 (T 1) ViSilgpn 5 K5 Y 0¥+ M hlKan 5 iy <Y 0 Y0
e byt s by 35 Blis o le sl Jan 0 53 45 Ligd o 550 poond g Slo U &y s Lo 53 L5 bt ca 553
s 4 5l somad @l 5 Jas 3 555158 Slaeseds 4 O el a5 sl 53 Sasliel Aty 38 algd 5lel ks Waylone
0le 03ls 5 S0ls 4 015 oo @l ) (2 ten oo 3] g it Sl R (Sokiadr ul 5 Slas et @l Jas 53 ] o0
YN M) 5 S oplal s IS e Sbe «35Sse JIL,S) max/min @15 mkin :Sle (35 51035 ke 13035
Jils o 55 0T 31 5 4Bl 3 28 35 50 (630 (sla o 4y ¢ Jolaze (slasline S pae 3 (558 Sl gad G Ol (35S IS
Al (Y s YN Toben 55 Y VT T b 5 i Y VT LS 5 ) ol sdlislinal (6 S o
S oy or Sy s Olsie S ek 555 Jaugi b s Jams 3 gl bl e Lot U daay 38 05

Sk dac Il (55 ) smes paass 5 Laplosle ([ Sdaey diiea 55 slisls g0 Sdday Jyls 457 oLl 31 B30 gy 93 ol

' Xia and Xu

" Hesitant Fuzzy Elements (HFESs)
" Xia and Xu

‘ Liao et al.

° Liao etal.

* Xu and Xia

Y Tongand Yu

» Adjusted HFEs (AHFEs)
* Liao and Xu

'* Liao and Xu

" Liao and Xu

'* Liao et al.

" Wei

'* Deli

'* Garg and Arora
'* Ranjbar et al.

¥ Tzeng and Huang
'* Keikha

'* Joshi and Kumar
" Meng et al.
“Yuetal.

YoA

§,

3

38 S o | o L

23 G

YOF-YV e N e uL‘lM.:U ¥ a)\.,c.:« ¥4 093 W



Yeod

50 g ke )

L

49y 9 g

Sl o 5 Laplejlas QLSS 5t

Lo iy (5 S o

35,0 551 aos y3 aps

a3 o ol 3 Pt o ) (g1 s5 03 ity Slatel oS (61 i3 Olgs o3l 53 0 e a3 s (2 UL
e 33 I3 a8 (YY) TS Y0 Y (hiKen 5 SH18) 350 (536 3o ol 4 i o g 31 oslial Gy b 31 i
@3 050 Jblos B S oS 0 5 sl ULl Wl b glaslial 3l ple s cenl Slie= HFE 5 jlade- >
Sk Jels 35 5laae-HFE 5ls oL ),ls 55 C,u Jele Ol e i ide .ol odilas Sl w0 551, r\.xs,a £ g O S
o2l 6ok e 5 Ste DI g A Jis o ) Lssd Wlons (o3l 5loo 53 45l & 45 b ooy dals oyl 0l
2 Sodl3 (65 lugunan LT3 55 )T 51 eslinal 53550 (636 shel Sy IS b yme allie ol 53 b (golgilin sy iy o

X i s Al (T (Sl pans 5 (53 (sladesare o (o004 oY (25w 3 LIS le o5 4 dlie cpl sl ioe Sos
LSS 55350 3B slael (& i 53 .S e byl |y MADM alis G IS jlislos 5 S5 585 LSS Glos gunen ol el
Lalgs 13 Eousype 33,0 (556 Jasee )3 MADM dis &G o gy 5 5l b <0 (250 3 dd dalys b pme Lagl S35

Wl Wl (g3lgrty 0ot skl 5 gl ol cade Jlie S Joli T i 23 S

O spests 9 5318 sLracgozo - Y

Sas o Ja o3l g5 1530 (3B Glaassanse 5 (63585 OB Glaaegenme (U laasgomme (Bins (oo i (pl 3

23S el S (6 b Joai L1230 (556

V-¢95 ) slrasgame -V -)

el w5 i 48 s iy 2 55 GLogl 0505 Ol (55 o8 31 (Sl b aas gazes 4,5 a3 L (14710) 0l
.5 g0 05ldiwl 3 4 [0,1] 6@)\.3{0,1} (SL?QQTAﬂASq};QoGUJ'IJ;S)l::}\w\jsdob&b‘,u)\mj;j‘é’b’ﬂaf
S ogd e odol aaielo &G a-X —){0,1} ol 38 A={(X, za(¥)) Ixe X} X & wyeree Sl JLey Wy
—&yé)bw}w&idﬁ@e%ﬁbdﬁwcb #AX —)[0,1] oT)>4S A={(X,/JA(X))|X€ X}}Q«\J}wwjvu
RSLERT .,uN(/1x1+(1—/1)x2)Zmin{,uN(xl),,uN(xz)}:‘..,:b. sl X, % €X 2 il S dusS cdow |y A Ll )
A A A

)}194.3 Li“".""‘}'.:’,("“ Co pre CU} k53.:5> slael « X & 4 goeo QT))‘\SC,.«\ e \—Cy 6)\3 4L gaeo é@b)) c\—C}}
f}j&\“%@“@&)%@}h‘oﬁjﬂdﬁu\—Cfdjbb‘.)&‘)‘u&lﬁamayl @\wﬁ&\w
LeS) Wled el iy 5 1y (31 sldel anulin 5 (guuady (53U slael oy alols (636 slasl g9, ool dles! s omnlis

LY\

V-¢95 638 swacgoxo-T-¥

a3 4 da b 55 s e (65 (Slaas samms) b @ asete O plaal 5 S35 pde 0l sl ooy caudes |3 i 5o Solr
(_}ilj‘ BE) QLL:{\ J}Ju.c o3l QL.:..: [0,1] &é)b‘)l u&]aéd)\.L&AbQT)\ obSJJ A.Pj,o}uﬂ)‘bgja AL oo )\}.A_F«JA CA__:}.A_F
asgames 3« X Cg-fw)wélﬂébﬁ.@b ((Y—@debéuwﬂu» b;,ﬂubrﬁéb‘jj}dqjﬁ?&:» sliaa gans
. < W) . T
GU fX.[O,l]—>[0,1] ol > aS ﬂZ(X): f XT S edeol Y=g (530 Glaassazs | 01 ) A={(X,/JZ(X))|XEX}
uely

‘Q\Q}UQW@U‘\M‘QA\S‘) JXC[O,l] dojl{jqjslig;.lwcbgu}_g U a5l Cosize T (U) a5l Cu siae
S sn X e sl Ly sias

' Garg et al.
" Keikha



SO9eb (531 (sLrasgozxo -T-F

s gares (5l (65 13,5 Wl Jsems (631 slaas sares 3l oowetS Ol et cauwblT Jaw 5 VAAY Jlu 53 (63565 (531 (lras sanes
pohe 453 5 S plas 4 yd Sl 5 4 V;\(X) g /JZ\(X) S1ol 5 A=1(x, u;\(X),vA(X)) [Xe X} Gaesome s e X amyo

S IFS 6 s s b 4 05 4555 3 Slys podle bl IFS G 1) sl e A o X Cyyias
sl 0oy 25 0 ST, (X) 1 &S TTA(X) =1— 11, (X) —va(X)

S0 ‘5)'15 ‘5&4.25,0.7;0 -y-¥

Sl olea ) [0,1] ol ) polis 51 oalize (slassanms  Jsane (55 baas gazms | Lavand Olsioas 3350 (550 (slaas gores

LRI JLA.G‘X‘_S}) 39 S el u.aub X &y ol 25 HFS & el et 6‘”}""."" X J.:.Supjﬁ -\ 55.‘3}*3

S dis sdlosls asgams 4 X E X Sy gize Sas Ol=)3 74 €[0,1] OF s34 h={p1, 75, ¥} &S o b =Y iy,
olT .5l ol s HFE

el D 3lnal B Sis h(x)=S(h)= %Zn]% (A
i=1

_ 1 n —
S e N s sy, ¢(X)=1/EZ(% ~h(x)* (&
i=1
1
Al e w;g)t,t,Var(h):ﬁ IZ(yi—yJ—f (o
YirYj

a bl e (dige) wW|}(dhnh)@¢om b 35,0 laakols . .S L a1y hy shy ol 5o HFE 55 Y i a5

Bl B o5
1
dhnn (M, ) = I__tl‘hl(i) - hzm‘v
I=

dhne (hl’ h2) = \/% It‘hl(l) - h2(i) ‘2 .

=1
o Ll S S 5l el TNy g 0 liosls GLHFE Jsb atio | o j5 a8

)

Bl St A golde 35 A4 g e | Jele S a L HFE 1ol s glacashy (=1,2,..,0) 48 05 -§ Cy a5
ST iy Ny SorsS haie cpalt 1, WO (] e 2 o1, 8]

Y.

§‘

3

38 S o | o L

3

YOF-YV e N e uL‘lM.:U ¥ a)\.c.:« ¥4 093 GOE.LA.GJJ



YA

35,0 551 s 5o Wukdﬁmg};u J>= s Lolele (QLS)IS giwas; 5 2b5)) s dde 41

Dh? {(ha(t) )ﬂ It = 1,2,...,|};

2)2h ={1—(1—h6(t))ﬂ It =1,2,...,|};

3)h, ®h, ={hf“) oy R =1,2,...,|};

4)h, ®h, :{hf'(t)h;(t) |t=1,2,...,|}; v

n o
5) @, h; = 1—1‘[(1—hj “’)u —12,.1%
j=1

N o)
n -
6)®j:1hj= | Ilhj t=1,2,....1¢;
j=

Jay 5wl (AHFES) e | Juls & 8 WHFE 51 olsds slawshj(J=12,.,n) &S o5 -0 &5

i=1
)1 ke 5 4 eaaS 55 00 (630 LI30 s eSike hes 5 ok

n o) | i
AHFWA(hy hy,.. ) =@l wihy =11- ] 1-h; t=12,...1
=1

w
; o(t) J
AHFWG (... 1) = &y (1) = ]D](hj J t=12,...
j=1
aas Ll wiz (6 S e Plwo -1
Ao Ay 0yLal 3556 (656 aes ;3 MADM  Blas Jo= (s 555 e 5 5l gonod @\jsfﬁd.{\xg\ dlis oyl s
oo g @olgs Y1

S35, p\de (Saen ) ;L;,a oy fuol ldide S sbay (unl Hldde S 4 (S3de e fpdiar A NUH éb)s Solwsmar

AL

b5t o w6 S 1y AT T ST 5018 5 a5 b 6 a Bl Sid slas] Sl elpds lel 1 S1 - G e
S5y sl inf ) AV () =inf 7, sup o AV () =supl slagls

es
3 A(l) (X) =X a)\}o.ﬁ (g—d\

¢ AD (X, %, X) = X (o

A (X4, X000 %0) < AV (YL, Yoy V) o ST ksl 51350 1T gl % <y sabasly S (2

' Adjusted Hesitant Fuzzy Weighted Average (AHFWA) Operator
" Adjusted Hesitant Fuzzy Weighted Geometric (AHFEG) Operator



d‘)ﬁ\ cmaX/min cb; cwu\...h u,:f.rl.:.a ‘w}';)\.)u)j u.;fJL:A ‘)‘J[))'j J:§JL:A o3l u.:f.rl.:a 4;0‘)366 c\j U'l‘ U’.'-J:")}‘é‘:“ﬂ 4\.l.o.>)\
LY V8 58 5 S o)lal oy Gl She 5555

gy JI Kl Y-

5 oMl S 5l el bl T gy IS oLy (S UL 31 g5 0et V40 s Tl 53 (5l B Ol k5 ¢ 58 S
e 1 SG Blsiear 5 6V At ans S5l 53 i ey e i ol (T VT d5e) 5.8 1 (630 6311 6 4y o L)
sl 0y 25 Sl e 13, 1y (yredasl (latalig SUanl 5 g0 Sy sllas (3 (610 (65 e (545 53 1) 555 oy Gl
3 e 35 515035 (eSiks b [y T D a5 as3 s Coaal l303s 5o0los Sl gomed alis o (23S JILSS
S AL AL s, gl Cueal 31 olgBa ls oS sl B s 08 o e (55U 03] ol 585 sl 5 b 51 s e
Sl e 0 C55S 5 JLSE1 il 2813 mer Consls (631 |1 4S5y gu053 33,5 I3 5 (glo s Sl 31 Ml G s

(YN0 g 5 5eS) il a5 OWA Sl e 4 AL axils oy )lize Conols S1 s WA

SIS Slasgarme w5 oST il P(X) 15 asgemme b oalie glassame X ={X0, X000 X} 48 23 =V iy p25

ol o atenS (3B Iy (X)) =1, u(p) =0 « by 5 1P(X) —)[0,1]

plrs coliasl (3,51 o5l b baoplil olyzear p(%) = 8,1 =120, N 5 (X)) =1 81 X = {Xg, X000 X | (81245 Sl 0zl
n

Ao ez &y Sy SaS 4 X asgane 5 8 (039) el amiyo s 4 jliis L+ A= [ [ (14 200%)) adolas Jo 51 ity

i=1

VE,F e P(X): s(E U F) = u(E) + u(F) + Au(E) u(F). ()

ST LX) =W i < ABL W= (W Wy W) 0535 32 b ol Slaegaoms X = (X0 XXy} 5 o =A o3

(C)J. fd,u :wa P(X) S M 6)U¢)\Ju\} fi = f(XI) ﬂJUuL: X S5 b-)v:k_i:).’: f J..:.J%o)‘.)u‘ g;"“"’l" CU C,stj%- J‘Jﬁ’b‘
Dl el Oyle
n
(C)Jl fd,u = ZI: f(l) - f(i—l) :',Ll{X(I) y X(i+l) yoeny X(n)}. (O)
i=1
gy S Fi) S S oy Sosbar ol (X0, X1 X } O 22Kl { Xy Xy Xy 0T 53 &S

H el s s Ol | Xg Xo, Xq SIS aw (5,8 slays, sl f &b (Sl y o 68 Gy uS o b - e
:ﬁgpwb,mp;ts,ahszjw&wnux;su&@,w\u}g

f(x)=6,f(x2) =3, f(X3) =4; (X)) =5, (%) =6, u(x3) =7.

3
Xj 5 % S5 55 oea S s sdbastle Sy e sl | (X, %) ¢ijs oyl S Jl- ._[fdysz(xi)y(xi)zm JET
i=1

polez 35505 ¢ 3xAT =51 gl jsyam 53\ 1%, %) =14, 1u(Xy, Xg) =13, (%5, Xg) =9, te(X) =17 el 4> 5 oS oS
355 % 53 (2l LS olen Sl s Ka ey 3lu g Sns o V0 aleBe Xy SIS R 5T 5, 55 0 il 51x13
ol 5555 JLSE pled ol dal g5 aslu Ky o VY sl

' Gostav Choquet

' Choquet Integral (CI)

" Weighted Averaging (WA)

‘ Ordered Weighted Averaging (OWA)
° Keikha and Nehi

YAy

§‘

3

38 S o | o L

3

YOF-YV e N e uL‘lM.:U ¥ a)\.,c.:« ¥4 093 GCJE.L».FJJ



yay

Jlas Jo= 5 Laglos b QLSS (guady 5 2Ll oo g5 dke 48]

Lo iy (5 S o

35,0 551 aos y3 aps

Z-\yljul._;uzj:..,fﬁ b glalases 4 MADM  flus )5 Julaze (slaslne 35,8 Co pde U155 s 4 5l sanen (]

ol o b me o (656 e

3350 536 CigSen JI Kl -F-Y

J2 53 01 51 5 4Bl S 3350 (630 gladames 4 ¢ Jolate lalns S e 53 (638 Sl gmed G Olieas (3585 J1S)
chKAA}jﬁ Y \Y ‘\Q‘)mﬁdﬁ YoV ‘d‘)mﬁ& AR G)LAJSj ;5‘:"}’) | o ldvoslarul szs('.?«..,a.: JSL.MA

YNy

) E W g Bl WS Wy, W, Wy ) 035 100 b (alite (Slas gaome X=Xy, Xg, X | IS 503 =8 iy o5
L P(X) s it 3B eIl s h = h() pslis b X g5 et (121,200, 0) hy GLHFE CiS5m JI,S51 o5

S5l sl s (C).[hd u sl

(C)I fd = HFCI(h(xy),h(x3),...h(x,)) = '(%1h(i)(ﬂ(x(i))'#(x(i-l))) )

-y Shgy SeShyy Ssosba Xy ={Xa Xy Xo | ol 54
13 5 Sl 33,0 (631 o8 Sym 3350 (30 ol 555 IS ) sdelowsas ldie a5 165, Sl (Y 1Y) o, Ken 5

HFCI (h(x1),h(Xy),....h(x,)) = U {ﬁ(y(i))(u(x(i))—u(X(i1)))} )

Y@ -7 (nyhmy Li=1

oo).o G}Lé .!a.o:.o )a MADM JSLw.o J> -Y-¥

33 3 Pl g ool Jo sl 88 55 5315 {Cp,Capens Gy Dlxet 5 {AL A A} 54255 M U MADM alis G
Oszmen W isy ol 3 A (Y0 (Klgsn 5 K5) Gl odaily) oz B esles 31 (305 sla iy 3850 5 335 lases
b oS peanas Jaus) U5 Ols Oy OF 53 8 D=[dy | poead G ile S5 5 o s SWA (CI TOPSIS
)‘ L.S:NL’L}MMU‘%J:’LA 6[.&!4.3“).5 45&[};:“’)‘ Ll )‘}:wu‘ ‘MD@ OL‘:‘" b r‘ J )L:M M&;w.v.:r‘l ‘\g;)‘ (OJU‘}:MUL”)J‘
w\&éuu:))u:fmflﬂjMobo.hC,.g.l:.’%n)&j‘JL?JJQLIL}&@QQ@Q)'Q‘)Q;QL:M@L.M.’:\ slaglab
g;’l'i))‘ Sldde gl g 4;'.9J§ )90 °J"’j:§g":?°*’j ,1:..4}3 u"LiJ)‘ J..:Supjﬁ Jal el J..:'J%L:u\.:a-\ d:i:b &tha.‘@w MJELMA tj.:
b ool Al o b au S o e Sl gl A8 e 0l Ny s HFE LT Cf Jlms o Cod A (g 5551 o 55

sl slgioa |y 5 éurlf(Y ) oLKer 5 55

Py i=L,m =10 O soa HFE L 0T ol 5 blire ae 5 Gl baasy 55 oles b0 = ftf

La)le a8 sames ) a0 5 8 (630 Slaeslil pas = Y (\f

¥ ;’@ S ol HFE poalis (ginas) sl baay 38 gunas; - € (\f

L.MI}; cLA‘L..{;JA&Uj} )\ QKJJ;M cald d‘xﬂj JL:))\ Cj; U'i‘ ¢LAQT UJ"‘;’J“'”‘JJ JJL..\..A 6[.5&;% “ 4})3

' Wei et al.



sl pprlb 8 e by O S o T 348 ol e 35 250 31 (6803 39 03,8 oo )3 aidass 350 O35 L3
5 1 S Dl Sl o350 JolST | ol ) p 5 825 sl 5 el all (Lo e Sla)lne 1 5 ajlne Sl
oAl S ) e 358 g0 S b5 olm355 OT 4 S bl Sl g cnl 03 813 S o3l L S pends 03,5 p 5 Connsy

21 ol | aasy 55 (Suad 0l oo (b Slaeged 3l (S5 4 cpmrand

33150 (6 sl 3 Ll Al S35 Coandls 4 cpnopo ISCET 5 0l (5Ll 40 00l ) QLT s 0 il oo 2l g0 o) 43S
s e S Y SaeS 1S3 ) 3,8 o 3 KIS 350 <0l S e b L) 500 Jane ok cuie il
ool GsSde bl g5 A —SpL G ('-i)" dead Allds ol s s Hlsy s (6 2SI Hliel S slialy s Cosdly
3B 2l 43350 (36 gl parms mungs S oo 53k oy nl 53 1) Lo T sl s @ Loy 58 55550 Sl ) (55035

.&Izﬁmﬁlj&ﬂgd.x&uisgpa&(\“\’\ S Y Y s 5 S8 Col 53,6
2040 53l olucl -¥
ol Jgame (630 308 5l ol J- L HFE Sedlan Ol 5 o 1y 93,0 (530 2de

KT AL s JAL&A slass b $lae gaen h(a):{}/“/E[O,l]}j ae s Ay X NWLY U’DJ'Q -\ ;_5_;}33

el 33,0 (550 s0e Sy a= <a; h(a))

5350 63638 555 ol Jlesl ol ST bl A€ 533,50 536 las) D= (B;N(D)) 5 a=(aN(@)) S o3 =\ Y iy o5

Dab 2 ) K
(1) a+b = (a+b;h(a) U/ h(b)),
(2) 2a=(2a;h(a)),

3) 51 =(a*;h(@)), )

(ab;h(a) /7h(b)) if h(a) /7h(b) # ¢

ab; min Y if h(a) /7h(b) = ¢"
peh(@eh (b){m 7i} (@) /7h(b) = ¢

(4)ab=

- ay Z . - . P

5 Skl &b S(a)=HZ;/i ST il 23, 30 ke K a=(a {100 tn)) S Jop VY e
i=1

- - 1
b 24e ol lls 1 Var(a) = a, ’HZ(% -7)?
=}

asb ST S()=S(b) S1¢a~b oST S(@)>S(0) 51 .uutly 5350 556 305 55 b=(bh(b)) 5 a=(a;h(@) wS o3

5 S a=h lime 4 Var(Na)z Va(Nlj, S(é)zS(t;) S el s a5 .Var(é)<Var(5) S o Gl S
o aeldl 5 Sl ) e

asbdSTasb Sh-adl

@.Mfc;,ywlﬂ;,;.ya,»ybﬁl a > b ol caigss i x5 1 =maxh ) 5 y, =maxh(a) s o5 ca=b Sl-o

2 S e 5 Dl 0 58

Ya¢

§‘

3

38 S o | o L

3

YOF-YV e N e uL‘lM.:U ¥ a)\.,c.:« ¥4 093 GCJE.L».FJJ



Yo

50 g ke )

L

49y 9 g

Sl o 5 Laplejlas QLSS 5t

Lo iy (5 S o

35,0 551 aos y3 aps

2350 518 Lauzxo ;0 MADM alicuo J> g 0050 (53U slucl CigSas 1,01 -0

Lg,_fr.:.“aj41.:.....»&QT&ASQWJ‘.:&-\J};V@\?JJJAL;)'Lé;\.x.plc,.‘.jsﬁdljfzj‘.xi.x?ui:j)uj)m@u:glui.;gwl)s

'35 50 (5318 Slusl CgSer ISl -0-1

W = (W, W, Wh) 0333 5135 b 33,50 (636 slasl 31 (las @1 = (@3 { g Higooons Vit ) (i = 1,200000) A5 o3 =Y iy 5
D&T c.\.'...:l.{

~ nl- ~ - - ~

(©)fadu= Z{a(i)— a(i—l)}ﬂ({a(i) : a(i+1),---,a(n)}j- Q¥
i=1

I ,u[{;.(i),;.(i-v-l),...,é(n)}] D) Z;(i) -<f;1(i+1) <...<;1(n) SGusba {1,2,..,n) 3ol SR P {(D.(2),....(n)} ol o aS

J.Jda Cewd Slael ‘_SJ‘JG.:‘ K3Y) )‘.)J.g )‘ 6)b o)‘.b‘ r)w )‘ oalai! L:j OJ‘?AL: {a(i),a(i+l):...,a(n)} ri\j O)s

3l (s lool dlest 4y 5L O gum 5o 1ALl 35,0 (63 3de K s 63955 alds i ‘dljﬁﬁlwljl Sl e

2300 o3litul 33 50 (631 sliel Ay 53 3 440 ‘..:J:Lu Nols e soha (ghuady 9 amalio Jile JIL1 ) Sl
3340 (531 o ;o MADM alewco J= -0-Y

W:(Wl’WZ""’Wn) Q)})‘Jﬁbwdujw LJ.:SU.&).Q &ﬁ#}}‘)ﬁﬁb‘vu@)béMADMwﬁc}i&

.D :|:<dij’{7ij1'7ij2""'7ijki }ﬂ ‘..”ML: ails 5 il odd (gilwdde 350 (551 slasl L’M sl glaals s Jolaze
G s byl S 4 e el S Skl S el ol el e
a8 ol 2l Skiel Gamlons gl e el 53 K 5 5, <di1'{7i11!7i12v'"!7i1ki }>'""<din'{7inll7in2""*7inki }>

Ly g Slgrt 25 SaplS IS nl (51wl ool SisSin JLSEI SaS 4 (6 S lsmmad S35

S dloes |y Ly lns 48 gome 15 48 garms eliasl (sann pl 5 o3lutl - ) ftf

S dsloes ) (ko laaslys 51 S b Bl il 5 Slel oo - Y f\f
.%SQJAL;JNQJMQ‘)Yr@j‘ybﬂ:uﬂ}\aéu:wn\L{\)%Abbf&)’u:\lﬁ‘ —\'flf

S Ol | (6 o slawsl s 5S4 JILSS) ‘mﬁw@u;mmw—zf\f
.J%;s)\;:w;u&ujaw&uénﬂbzuxdurg-o‘,\f
.@gfégijﬂ%uj‘or@;‘yunjﬁ&;uglmwg)\”;gmﬁ;uﬁwwg-wflf

S 30 T ol Sl 5455 e a5 =V I8

' Choquet Integral of Hesitant Fuzzy Numbers (CIHFNs)



o Jlo -

a8 (ay 38) agleslu opl 5 (6 25 @l l8 4 sloms T by 93l V snady sl b ol s < cnl 5o
(losls janats ol s (235 8 Sliliel ( obosl=555 Aol b j5aS ol o b

goue Jlio-5-1

‘( Cl) QLA)LM‘)L:,LN C)A..p‘ ulS ()l:a.n) B ‘}:o ‘JAL\A‘ » ASM &LAOLA)LMA7_9 AB,AS,A4,A3,A2,A1 -ltngu.éjﬁ

A

}
N
L
“
13
~
:
3
\\,;<
Y
=
:
‘i
:
+
i
LN
3
3
S
>
%
>
>
j.
Re]
9
>
0
o
a
>

(Sl o el ) (Cy) (550,80 sliy) 5 5 senS (SLiab 35ugs (Cg) (Sludl aila s S ke (€5) Kip 2SN Cl g amas 55
SG o sltel i S 3 et 5 Lol 3y b €(Cg) 5 ,S0es o it ol 1 El 5 (C5) 5S35 (5 Aot s
ool Skl b o5 sl 515 Ag 5438 il e Hlaal WWe 5100 (e VO Y (VY0 o5y (B ysome il
ool 3l ol e cad S5l 3 aploslan Slasl 53 0dls b 2y 5l alag b ol ols 5 .ujj;rL?.;\ sskiea Kl ys sl 8
A o s 55 kel Dl gy 4 Cibbgo o b 53 3550 a5 S a pllas i > oo Oloslu b3 e
AL D e 5l Doty Al e ) el

c c c c

C C

1 2 3 4 5 6

Ab 124 321 175 82 144 127

A, 123 324 160 88 147 125
p=A; [123 327 170 85 148 127
A, 121 329 173 85 147 129

A, |125 327 171 90 149 130

A 125 325 172 90 145 129

A? 122 325 172 89 147 129

L1 o) sWsoms 035 S b At ebie o 1 5 b)) uolis Bpo Dy 5le slawlys o8 1L sl e
$14 550 Camdly ol (61 S 05Kl Lagle slus 31 G a8 zels s LS W = (0.125; 0.33; 0.175; 0.09; 0.15; 0.13)
b baay 38 e slajlns 4 425 L b Spes alis 4 ol8T 50,5 lisi)lS ey 51l (ol 53 iyl S oS (5590 el &S
Shilta) 31 al e ) S B oS ol el iyl bt [0,1] sl s o) I s 531y Shilinel 5 s 513 ol 30

Wl dES 0 ) e Sle 534S 35 il HFE Oy 0y

£03.0.4050502} {0.1,04,070809  {0.2.0.6,06,0405
{0.30508,06,09F {0.30506.0509 {09.09,0.9,0.9,09}
{030506.0.7.09} {0.10506.09.09} {0.3.05.0.7.0.6.0.9}
HFED =| {0.9.0.7,0.8,0.9.09}  {0.10.7,0.3.08.09}  {0.2.0.6,0.7,0.4 0.5}
(0101010101 {0102010201 {0.2,0.2,03,0.1,0.1}
{0.8,08,09,0809} {09.0807,0809} {0.2,0.2,03,04,05}
{0.400405,06.09} {0.8,0506.0906} 0305060606}
{0.7,0.7,05,06,09}  {0.3.02,0.6,0.303}  {0.3,0.4,0.6,0.7,0.7}
{0.7.08.050509} {0.3.0.4.04,06.08  {0.8,0.80.809.009}
{0706.0506.09} {03030506.06} {0.6.07.08086.009}
{0.8.0.7.05.0506} {0.1.05040509}  {0.7,0.3.0.3,0.4.0.5}
{0.10202,02.02}  {0.1,02,0.1.030.3}  {0.3.0.1.02,0.2,0.1}
{0304050502} {0.107,060809} {05.0.3.07.04.05}
{0305.05,0609} {0.7,0.7.0.506.08  {0.3.05.0.6.0.4.04}
ksl fool 3 o 50,0 3B sl Janlio HEND sdom el g 5le 580 050 55 (250 polie oS5 )

o



Yayv

HFND =

<124; (0.3,0.4,0.5,0.5,0.2}>

123;{0.3,0.5,0.8,0.6,0.9}
123;{0.3,05,0.6,0.7,0.9}
121;{0.9,0.7,0.8,0.9,0.9}

125;{0.1,0.1,0.1,0.1,0.1}
125;{0.8,0.8,0.9,0.8,0.9}
122;{0.4,0.4,05,0.6,0.9}

82;{07,07,0.5,06,09}
88;{0.7,0.8,0.5,0.5,0.9}
85;{0.7,0.6,0.5,0.6,0.9}
85,{0.8,07,0.5,0.5,06 }
90,{0.1,0.2,0.2,0.2,0.2}
90;{0.3,0.4,05,0.5,0.2}
89,{0.3,0.5,0.5,0.6,0.9}

<321; {0.1,0.4,0. 7,0.8,0.9}>

324;{0.3,0.5,06,05,0.9}
327,{0.1,05,06,09,0.9}
329;{0.1,07,0.3,0.8,09}
327;{0.1,0.2,0.1,0.2,0.1}
325;{0.9,0.8,0.7,0.8,0.9}
325;{0.8,0.5,0.6,0.9,06}

144;{0.3,0.2,06,0.3,0.3}
147;{0.3,0.4,0.4,06,0.8}
148;{0.3,0.3,0.5,0.6,06 }
147;{0.1,05,0.4,0.5,0.9}
149;{0.1,0.2,0.1,0.3,0.3}
145;{0.1,0.7,0.6,0.8,0.9}
147;{07,07,0.5,06,0.8}

<175; {0.2,0.6,0.6,0.4,0.5 }>

160,{0.9,09,0.9,0.9,09}
170;{0.3,0.5,0.7,0.6,0.9}
173;{0.2,06,07,04,05}
171;{0.2,0.2,0.3,0.1, 0.1)>
172;{0.2,0.2,0.3,0.4,05}
172;{0.3,05,06,06,06}

127;{0.3,0.4,0.6,07,07}
125;{0.8,0.8,0.8,0.9,0.9}
127;{06,07,0.8,0.6,0.9}
129;{07,0.3,0.3,0.4,05}
130;{0.3,0.1,0.2,0.2,0.1}
129;{0.5,0.3,0.7,0.4,05}
129;{0.3,05,0.6,0.4,0.4}

et S3lmgma o 3T 0 4 58 ol Lol Glgiear -y Sl G SsSr J1,Sl SGaS 4 1 HEND o 5ls Jlas o
C_«w‘ OJMT \ dj-l? BE Lﬁdﬁ; Ls.)»dﬂ\a:‘)) E:)Lv\ﬂbbﬂ U'i‘ @L’b

g dalgs 5 e e ey 58 (suad ) onl b
%<ﬁ<%<%<%<%<%

Loy 35 (adnady § 9950 (5318 rnonci Ly yilo (gL o (g g =) Jguiz
Table 1- Align hesitant fuzzy decision matrix rows and rank options.

a5 bl JSsl Jol> a8
98.965  (197.93{0.1,0.2,0.30.4,050.6,0.7,08,0.9) A

118.35 (197.25,{0.3,0.4,05,0.6,0.7,0.8,0.9) A,
111.089 (199.39,{0.1,0.3,05,0.6,0.7,08,0.9})  Ag

Jlas Jo= 5 Laglos b QLSS (guady 5 2Ll oo g5 dke 48]

40.162 (20081{0.1,02,0.3})  As

rﬁ-\a:’

Lo i 55

99.795  (199.59,{0.1,0.2,0.3,0.4,05,06,0.7,08,09)  Ag

119.658

6
2
3
4 10022 (200.44;{0.1,0.2,0.30.4,05,06,0.7,080.9}) A4
7
5
1

(199.43{0.30.4,05,0.6,0.7,0.8,09}) A,

Goue Judi -F-Y

MUJ}\M&L@J))&f\J\)M@)A)L}\ cbijnksju.ja._?u):(nJ)JJle\ybd%@)w)ﬁjw)jﬁw@

e o coslin Jl30 s Sole s o nSols s

35,0 551 aos y3 aps

i oz ool ) 4238 2 ol Sl 5 00 S0 5 03 1) D oala el g 5o s 5 b5l 55 Slilnel Jais S

HGSVIEY {..:m\j> fv.:':‘.kg coddodls H9 Hls u:ejgjla., 23Ok daay S

A2<A&<A3<A4:A7<AB<A5.

A 4y S e ss 5 ol 03,8 S 1) 5 ady (Bl b SlLael b Ay (b (au S ooy cpl 03 s e daDle Sp L

.w\ob;‘%dﬂcbjwﬁ'“g@



02013 55 ¢ D e 5le (sl (g 5503l 513005 eSSl s, Jlesl b

.%<ﬁ<%<@<%<%<%

O o 2 (S3lgaman Go b 511y 58 58 5l 5488 i 53 1) HFED oeds oy 5o sims 0 S ool sl o351 B0 S
B el sl s 0 S5 5 IS s

.%<ﬁ<&<@<%<%<%
.b)‘.bJLLQL.»LMJDJL:«))‘—éyw.BUJ:&Q‘)L}A‘ b_u cJ)\JbJLﬁ)}\ °'>)ui);g)ﬁ.L.’. AS d&ﬁ&@;d)ﬁ@ o>

Ol obslmas5 Syl 5 o@.uxfw Sk 5l gl e eslizul 53 dlis ool @olgii o) sl b baguuady ol amolis
sl Yz Sl & ol (foe) Camdly 4 a5 b obisl=a55 Jhg) Sllel Sl eslinal ale gy ) &5 Ao oo
gz okl gy 4 S OBL iy | 2 5 Ohlwpanal oa B osd oo Sl gy0nlil s e 0L 1) i ST

.C,.&-I:Jir.:.aljp'-}:s oo e bl 4 gl 28 5 53 b esdle Laulas 5B, sa¥sle 5 Dslial s 5 Saliaie

P9y (el -7 =Y

263, ) sy G (il (5l slone a4 (Y0 2 A) 360G 5 5 Sl

S ok S 5 a3 ol oS o 3l 5 (5435 S b g b 4 S ST 5 S 05 035 0100 ST Slrs (03T
A Sl A U3 (St Toslne i (5 S e 50 oy o3 Y bne g0

4 Ol 0325 05 5 IS Sl 55 alis o=l 1l QLG il 5 Sl 55 8 55 MCDM e G Ol Yl 5001
U odelowsay (glaag, SRuper s Lol Jo= s MCDM dis 5 dim | 53 4 MCDM alians 45 3555 = MCDM alins 55 psckior

L;iki‘f’ L;/}ij )‘ oslaiwl
13 ol gy 235 50 0k byme sy 3350 55y Bgb e de S ) ol
2235 25 o) Shlaal b Ay 5435 53l A g b g S A4S o b

{(122;{0.4,0.7,0.2,0.5,0.5}),(324,{0.5,0.2,0.3,0.6,0.3}),(169;{0.3,0.8,0.6,0.6,0.5})
(87:{0.4,0.9,0.1,0.2,0.2}),(145,{0.6,0.6,0.5,0.3,0.3}),(126,;{0.4,0.7,0.6,0.7,0.7})}.

O el b 43 5 (197.7:40.1,0.2,0.3,0.4,0.5,0.6,0.7,0.8,0.9F) oyt Cl 55 b (3lugomed 31 g 4355 0l S

;@l;ﬂd@ﬁéguséﬁﬁéﬁjbb A<A<SA<SASA <A A cluad; skl b dales QA A0 ok

Sl 0 iS5

SALA AL ALAL AT P A A AT AL Ao A, A Ak s S LMCDM alis Slezr 40 s S
A A A~ A< By S i 4 Lol el w5 4 S @ s (A A A A AR

' Wang and Triantaphyllou
* Multi Criteria Decision Making (MCDM)

YA

§,

3

38 S o | o L

3

YOF-YV e N e uL‘lM.:U ¥ a)\.,c.:« ¥4 093 GCJE.L».FJJ



A

50 g ke )

L

49y 9 g

Sl o 5 Laplejlas QLSS 5t

Lo iy (5 S o

35,0 551 aos y3 aps

"l e SF N Ll A A S AT ASASASASASASASA ASKBSIASASA

%<ﬁ<%<%<%<%<%
.L.Sda éwbﬁaﬂ)w Mjba.k.fw\j\)\ U:));f."‘lgl)'i‘
o.).&,gibwua.osksﬁfd.a.ﬁl}—v

(o H> D) losls dns 53 a5 5 (s e SIS i )lS) (635 s 53 4 ¢ b3l gl o' Jldas 5 wilis L 4 o) 4l
O3 plosil Sk 55 Shas 5l ol 3,5 il i gl gt (oo s G5 SV g ¢ gt GlACS S
oo b el B il led 58555 51 el 4 5513 (ool 3,1 5 oS ) e byl 2y Jolod 5 4 ) 50
ol OIS Ol Ssliad ol 515 s b3l pliesll 31 gl (S S LSS Sdamy «amass
Gy & e 548 pamn 53 ot s plam Ao e i 41 et ST pe 13 4 4SS (55l b g 4815 e BLI S,
33l S (gl 53 Somdls haled b s bl e 31 b alil =03 Al 5 QA3 S0 G 51 antS e
S5 () s 03 he sy 53 S5 L alie 53w s L3 B85 050 il @ QL b)) Sos ol el
3 M Js on )| Lo oslns omly (553 3 4l 2 45 b ik (55headibe 3350 (5306 sltel LB 3 35 s b
O3 o o 5o o 2 (65 lgma 53 5 3Lty 33,0 (530 35S g ISl o ol 55 cdipls JSUSG 2 gdte 5 St S 51
O 5 ol Sladlas 531035 ey 2 o) i )il codaliamwsa gl ko 5 5de Jlie G o b 55 0Lk 3 b eslizud

.3 g% oslizul Lagyl 5l MADM Blss o 555 B ome 35,0 (63 555 5 330§ LB (sla 2g, B A dal g
nales Syl e yaly sl -’-’Jg;s"uwff"“’ Oy 5 3"
OB g aolisidlgs

Jlie u%‘ ASM'LMJAMW ..b\o_SJSJr.;L“:} odaliv JMJ\)\JJQ‘)&L@WASJ.J)\)L;o r}&&\ Jls U'il dlfwy
AL e Las) S ol Jl s b sl S 5 ol St 5 ool il

S 3l Sl

du.ac,.:a.ﬁgig\;\ g0 U::"-)} oJu)LNQ‘J)anASfwa d\)j\—’)\ b &yﬂjﬂw g_,J\JAUJ.:)\J Jﬁ\.& d@‘)""‘”i}’

&L b 5
.J)‘J\.’J }y}‘\}ww‘ )L.:J.:‘ ))j.ﬂ BE C’%L’\ﬂ).’ dbu @h 45.)3)‘.5& r}k“‘ Q@M‘}J

&b

Atanassov, K. (2016). Intuitionistic fuzzy sets. International journal bioautomation, 20(S1), S1-S6.
https://www.proquest.com/openview/488e821e83b74821060562dc9b20f49e/1?pg-origsite=gscholar&chbl=4720765

Deli, 1. (2020). A TOPSIS method by using generalized trapezoidal hesitant fuzzy numbers and application to a robot
selection problem. Journal of intelligent & fuzzy systems, 38(1), 779-793. DOI: 10.3233/JIFS-179448

Denoeux, T. (2014). Dempster-Shafer theory, Introduction, connections with rough sets and application to clustering.
RSKT, Shanghai, China. https://www.hds.utc.fr/~tdenoeux/dokuwiki/_media/en/rskt2014.pdf

Garg, H., & Arora, R. (2020). TOPSIS method based on correlation coefficient for solving decision-making problems
with intuitionistic fuzzy soft set information. AIMS mathematics, 5(4), 2944-2966. DOI: 10.3934/math.2020190


file:///C:/Users/jpour/Downloads/10.3233/JIFS-179448
https://doi.org/10.3934/math.2020190

Garg, H., Keikha, A., & Mishmast Nehi, H. (2020). Multiple-attribute decision-making problem using TOPSIS and
choquet integral with hesitant fuzzy number information. Mathematical problems in engineering.
https://doi.org/10.1155/2020/9874951

Joshi, D., & Kumar, S. (2016). Interval-valued intuitionistic hesitant fuzzy Choquet integral based TOPSIS method for
multi-criteria  group  decision making. European journal of operational research, 248(1), 183-191.
https://doi.org/10.1016/j.ejor.2015.06.047

Keikha, A. (2016). Fuzzy Choquet integral and its application in multi-attribute decision making (Doctoral dissertation,
University of Sistan and Baluchestan). (In Persian).
https://scholar.google.com/citations?view_op=list_works&hl=en&hl=en&user=_3QbY6sAAAAJ

Keikha, A. (2021). Introducing a new type of HFSs and its application in solving MAGDM problems. Journal of intelligent
& fuzzy systems, 40(5), 9333-9344.

Keikha, A., & Nehi, H. M. (2015). Fuzzified Choquet integral and its applications in MADM: a review and a new
method. International journal of fuzzy systems, 17(2), 337-352. https://doi.org/10.1007/s40815-015-0037-0

Klir, G. J. (2006). Uncertainty and information: foundations of generalized information theory. Kybernetes, 35(7/8), 1297-
1299. https://doi.org/10.1108/03684920610675283

Lalotra, S., & Singh, S. (2020). Knowledge measure of hesitant fuzzy set and its application in multi-attribute decision-
making. Computational and applied mathematics, 39(2), 1-31.

Liao, H., & Xu, Z. (2017). Hesitant fuzzy decision making methodologies and applications. Springer Singapore.

Liao, H., & Xu, Z. (2014a). Subtraction and division operations over hesitant fuzzy sets. Journal of intelligent & fuzzy
systems, 27(1), 65-72.

Liao, H., & Xu, Z. (2014b). Some new hybrid weighted aggregation operators under hesitant fuzzy multi-criteria decision-
making environment. Journal of intelligent & fuzzy systems, 26(4), 1601-1617.

Liao, H., & Xu, Z. (2015). Extended hesitant fuzzy hybrid weighted aggregation operators and their application in decision
making. Soft computing, 19(9), 2551-2564.

Liao, H., Wu, X., Keikha, A., & Hafezalkotob, A. (2018). Power average-based score function and extension rule of
hesitant fuzzy set and the hesitant power average operators. Journal of intelligent & fuzzy systems, 35(3), 3873-3882.
Liao, H., Xu, Z., & Xia, M. (2014a). Multiplicative consistency of hesitant fuzzy preference relation and its application in
group decision making. International journal of information technology & decision making, 13(01), 47-76.

https://doi.org/10.1142/S0219622014500035

Liao, H., Xu, Z., & Zeng, X. J. (2014b). Distance and similarity measures for hesitant fuzzy linguistic term sets and their
application in multi-criteria decision making. Information sciences, 271, 125-142.
https://doi.org/10.1016/j.in5.2014.02.125

Meng, F., Wang, C., & Chen, X. (2016). Linguistic interval hesitant fuzzy sets and their application in decision
making. Cognitive computation, 8(1), 52-68.

Pollack, H. N. (2005). Uncertain science... uncertain world. Cambridge university press.

Ranjbar, M., Miri, S. M., & Effati, S. (2020). Hesitant fuzzy numbers with (o, k)-cuts in compact intervals and
applications. Expert systems with applications, 151, 113363. https://doi.org/10.1016/j.eswa.2020.113363

Salicone, S. (2007). Measurement Uncertainty: an approach via the mathematical theory of evidence. Springer science &
business media.

Smithson, M. (1988). Ignorance and uncertainty. New York: Springer.

Tong, X., & Yu, L. (2016). MADM based on distance and correlation coefficient measures with decision-maker
preferences under a hesitant fuzzy environment. Soft computing, 20(11), 4449-4461. https://doi.org/10.1007/s00500-
015-1754-x

Torra, V. (2010). Hesitant fuzzy sets. International journal of intelligent systems, 25(6), 529-539.
https://doi.org/10.1002/int.20418

Torra, V., & Narukawa, Y. (2009, August). On hesitant fuzzy sets and decision. 2009 IEEE international conference on
fuzzy systems (pp. 1378-1382). IEEE. DOI: 10.1109/FUZZY.2009.5276884

Tzeng, G. H., & Huang, J. J. (2011). Multiple attribute decision making: methods and applications. CRC press.

Xia, M., & Xu, Z. (2011a). Hesitant fuzzy information aggregation in decision making. International journal of
approximate reasoning, 52(3), 395-407. https://doi.org/10.1016/j.ijar.2010.09.002

Xia, M., & Xu, Z. (2011b). Methods for fuzzy complementary preference relations based on multiplicative
consistency. Computers & industrial engineering, 61(4), 930-935. https://doi.org/10.1016/j.cie.2011.06.005

Xu, Z., & Xia, M. (2011). Distance and similarity measures for hesitant fuzzy sets. Information sciences, 181(11), 2128-
2138. https://doi.org/10.1016/j.ins.2011.01.028

Wang, X., & Triantaphyllou, E. (2008). Ranking irregularities when evaluating alternatives by using some ELECTRE
methods. Omega, 36(1), 45-63. https://doi.org/10.1016/j.0omega.2005.12.003

Weaver, W. (1948). Complexity and science. American scientist, 36, 536-544.

Wei, G. (2012). Hesitant fuzzy prioritized operators and their application to multiple attribute decision
making. Knowledge-based systems, 31, 176-182. https://doi.org/10.1016/j.knosys.2012.03.011

Wei, G., Zhao, X., Wang, H., & Lin, R. (2012). Hesitant fuzzy choquet integral aggregation operators and their applications
to multiple attribute decision making. International information institute (Tokyo). Information, 15(2), 441-448.

Yu, D., Wu, Y., & Zhou, W. (2011). Multi-criteria decision making based on Choquet integral under hesitant fuzzy
environment. Journal of computational information systems, 7(12), 4506-4513.

Zadeh, L. A. (1965). Fuzzy sets. Information and control, 8(3), 338-353.

Zadeh, L. A. (1975). The concept of a linear variable and its application to approximate reasoning-1. Information science,
8(3), 199-249.

YV

§‘

3

38 S o | o L

3

YOF-YV e N e uL‘lM.:U ¥ a)\.,c.:« ¥4 093 GCJE.L».FJJ


https://doi.org/10.1155/2020/9874951
https://doi.org/10.1155/2020/9874951
https://doi.org/10.1016/j.ejor.2015.06.047
https://ir.library.louisville.edu/do/search/?q=author_lname%3A%22Banet%22%20author_fname%3A%22Dustin%22&start=0&context=6271994
https://doi.org/10.1007/s40815-015-0037-0
https://doi.org/10.1108/03684920610675283
https://doi.org/10.1108/03684920610675283
https://doi.org/10.1142/S0219622014500035
https://doi.org/10.1016/j.ins.2014.02.125
https://doi.org/10.1016/j.eswa.2020.113363
https://doi.org/10.1007/s00500-015-1754-x
https://doi.org/10.1007/s00500-015-1754-x
https://doi.org/10.1002/int.20418
https://doi.org/10.1109/FUZZY.2009.5276884
https://doi.org/10.1016/j.ijar.2010.09.002
https://doi.org/10.1016/j.cie.2011.06.005
https://doi.org/10.1016/j.ins.2011.01.028
https://doi.org/10.1016/j.omega.2005.12.003
https://doi.org/10.1016/j.knosys.2012.03.011

