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Type-2 fuzzy decision-making theories and methodologies: A systematic
review

QIN Jin-dong"?t, XU Ting-ting

(1. School of Management, Wuhan University of Technology, Wuhan 430070, China; 2. Research Center for Data
Science and Intelligent Decision Making, Wuhan University of Technology, Wuhan 430070, China)

Abstract: The type-2 fuzzy set is a set produced by expanding the membership function of fuzzy set into the type-1 fuzzy
set. With the advantage of expressing deeper uncertainty, it is able to greatly enhance the description of uncertainty in
the objective world. Therefore, the research on decision-making theories and methods in the type-2 fuzzy environment
has been booming in recent years. This paper systematically surveys type-2 fuzzy decision-making theories and methods,
sorts the development of this field, clarifies the research trend of existing work, and summarizes the main research results
of type-2 fuzzy information aggregation and decision-making. Firstly, the development process and fundamental theory
research of the T2FS are introduced. Then, the research status of decision fundamental theories (information fusion theory,
preference relation theory and measure theory) and decision methods based on type-2 fuzzy information are summarized
respectively. Finally, prospects of future research directions of type-2 fuzzy decision-making theories and methods are
presented.
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method
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22 >R B T AN R A0 2 A1 T B 9 Oy, Bl 2 7= AR
T — RFNFE R RREAS SR, B 2 2 5F
IREL ) H 28 IR ANAN 8 , BSOR ER AL R AN i TR 3R
EETTMHIL T — e 2R RBRYE. T A %)
1 T Ak B X G 5T % R SR AR JS B AN T 2 1, ZadehP! 7
1975 44 A% GO B8 v 1) 5 Ja oR Bl Ji8 Jly — A5
£E (type-1 fuzzy set, TIFS), H7E Sl Bde 7 =Y
TR B (PR A&, FLAS T b XS B 10— 2D R4k,
45 BT = 2B 1 RO 45 B 1 R R BELIR Z IR AN
SE M, A ORORE PS8 I 165 5 o) 2 Wt AN 5 A 1 Ak B
A

U MBI RS T AR H 40 295, (H 2
BT RO R A B AR R LT LR St
SRS T T T LA 1R 2 e, AR K — B[R] Y AR
SEE AN AN EF AT O, B 32000 4F 74 47, £ 5
BN K 24500 44 243 Mendel 2 22425 BT F £
fili ik G RN () R I HES) R, AR B
W IR 7T AR A B O AN E 22 GERiE 7T 1) #4 i 40
B R ) A 20 4K, P B R — RUBOR R S A
SRR TR PO R, — RO p SR B 5 T T
KR 2 3 O, FEAEAS B Rl G B10-1117-26] R i O
ZRHRLTA00 ) g iy [12-15:41-561 1 ke 5% Ty v 5-795-76]
GITIMIAT T — KA F5 R ik 2 Tl i B0 3R
=RV S Y A R R Gt R - K (o
ATHER A2 — TSR] R T E VA 0 1 s X ) R, 1)
[X 5] — AR £E (interval type-2 fuzzy set, IT2FS, tHFK
o IX Ti) BSR4 (161 U B R 4 i B W 3 26 7 AN 1
AT I8, A RO B AR T S R, i DA DX ] = 2R AR
8 IUHGERRE (A IEZS) X TR AU BRI 4207 i
TR AU Y sk B AN B AT AL 2 TR,
T RUBOR B SR EE 18 5 D A R AL E A 3 AR
TE X 8] — RUBOR Sk S B .

KT ZRIBD AR BR (P SCERERR, BT E 2250 A
PR 7 TH R S R R GRS T AT R
D757 L E S R R 407 1 SRR B A
SN AT 14, Castillo 251501 75 2014 4F £ X6} [X. /] — 7
TR 12 48 70 R e A2 il v B B EAT T 2R3R. 2020 4,
ARG BT IX [A] — RUBOMI SR AN RSE3EAT T &
SR ATH 2538, ) B T RUBOM R S T
WAEL B AT VAT 7T 07 R T R SR 7 VA T T 2Rk B AT
F B Celik 2583 7E 2015 =5 [X ] R AR 22 UE
MRS TV BT B8 S B ZRR A6 X Ta) — BRUASOR e 3
TIEHEAT TR R G FIRLEL 2019 4F, Qi 45 4 1

KT ZRIUBIRIME B8 B FLAE 22 4 WU ke 35 1 2
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X [8]) 82 Z Ge v B 2508 2w B A A2 WL 31 )
1. J34b, T ZARUBOMI A B A I Re % R oR HIRZ
ARV (R AL 35 DL R R S 208 IR 3l 7 VR AE AL PR
B RS I R (1) R O, e R T R A O
B ) USRS T VR AR 1 S o K B8R T it e A% 41
SR RAT MV R R BRUAS R4 )+ 2 R 48 5% 230
1, oF 3 T R S E R DR Bl ) RS AR SR B T
15 S FL SR B T AL B 3 AT 4k B A AL
R OSCMBLSANME. Bk %2021 4210 A 31 H 7EH
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F “type-2 fuzzy decision making” >4 3 i) 3t 1T £
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FEH I TS BORBEAT 70 2R S5 T PR, A 2 —
RUREA e S AR 5 T vk B SR 5% — 7 1, e A
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19754F, Zadeh® 25 tH T n BUBRISE (type-n fuzzy
set, TnFS) 11 5E Y.
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ISR & R BODUE Fyn — 1 ARUBOR AR, D) L — U A



1512 # % 5

AR 1) SR e ek B VG A [0, 1.

I WK BT P X JA) [0, 1) 1 A — B RO SE 1 18
B, 856 Bk E SCRT AN, — RUBDRI R 1) 20 ok N
A* = {{z,pa(z))|z € [0,1], pa-(z) € [0,1]}. P
— B LN — BB AR 2 MR iR N X =
[0, 1] I B & B — PR BRI 4R 4] 1 i, — 2R A8E
ISR N BRI EE. T Ak, Hn = 21, AT LIS 24
N RUBOI AR I BR 4R E

* R #38%
EX2 — RO 3R R e —
TUBORA4E.

2 SCIRATIBUE F T8 5 1 TS AHERE, T A ok
SRR AU TR S ek m o A N A 45, Rl ok — E
Bz BRI e RA A B, F2 80k
58 S T AN RIS BGEE T O8492), A SO I s gt
TP SR E SO O 280 X, B AR R 1
. NHEE 2B XX P RE SCGEAT VR SR AN 7 A

*1 “REMSIIAE XHIREMT

LES eSS SCHR
FaE X BRI R S h i R B R IA A U A T A AT R IR ik [16,87,90,92]
LSS5 TRUBERISE SR 0 B R R A S A 5% R UHEAT A LR [84-86, 88]

Mizumoto 2584 7F 1976 5= X} i 4f — B BRI 45 11
NES AT T ¥R, R4 T~ e L.
EN3 FHk X R — M A2 A,
D) FE SR J R B 4 8 XN
i X —[0,1)7 (1)

Fort g g (o) FRONBR E, 2 7€ XAE [0, 1)(2R [0, 1] 5
&) BB — MR,

G568 SC1RIE L2 W], RO A 1 SRR
BRI — TR B, MRS 0% R 1 1 T AT
FIEEX3TRBR B pg EX Ap; + X —
TIFS([0, 1) B p; © X — TIFS([0,1]7) F A
24, Hop TIFS(]0, 1)) A1 TIFS([0, 1]7) 43 5l 2 7% [0, 1]
A[0,1])7 s A i — RUBDRIBE M R 5. O T T (3R
R Al T R BORI SR RO A DG E X, AT = [0,1]. 2009
4, Rickard Z5161 SO0 “RUBORISEHEAT 140 T E X

EXA4 B AR RO A, L mT i = 1Y
pi: X xI—1, )

o
pi: X =>{fe2:1-1}, 3)

Hodr Q5 XAET LR R B RS

EAS 33 = 1) A2, 08 4 IGE 8 R ) 1R 8
B A X TH), S B b A B SR R 38R [0, 1] 1Y
TR 1) L2 AR A/ 9, R 7 B 2 A S B v SR
oS R BORIE B, TRR JE ek A (RD — B BOR) £
1) 38 J& R 250 B VR 3 AN AN R R T S A7 BT X ), AR
P S BRI R SRR B AT B . BN, X T AR 4R
B AH I 5E St 556 IR A B 22 Mendel 2619871 FH Mo
SF88-901 5] 1, Mendel %516 T~ 2002 425 X 7 H A &%
7z R ) RO £R (1 2 i) DA R IX ) — Y

EGE ST

0 x

(a) =4EVinEs (b) HEFHER
B2 —EEHE ANTRET

SE SO X 1 — A ZRUBOI4E Ay

RREA . HA, R (4) ITELEN S N
A= Lex fuer wilx,u)/(z,u)dudz, J, CI. (5)
ool [ [ FORFAT 2 8w 136, X T 8 B B
T, [ Y ARER I, 2 g () = 1, R A
X ) — RU AR £, Rk R
A= LEX fu% 1/(z,w)dudz, J, CI.  (6)
TE ML Al 1, Zho 260U F 2022 4E 45 tH 7 RUAE
FI%4 (type-2 fuzzy number, T2FN) FIHE &, Kn A ()
= (u, p(w)), Hew M po(w) 73 500 g 32 HE 55 Jg AR5
JeB. e AR ) B ), H L2 ], AR AR Y
SR JE R B — TR A, B LA Bk s b g, C T(RD
J, A BT P X ) ) 7 IX )y 3R N J, € TIES([0, 1])
N, 2 )5, Mendel 25087 75 2016 4F 3t — 25 %t &
NCSHHATAEIERITREE, 25 0 7R e .
EX6 IR X Ei—A B4 AN
A= {(z,u), pi(z,u)|z € X,ucT}. (7)
20144, Mo %508 JCHT AL A 70 il 45 Hh 7 T iy
b BRSO B e S, Hod e 8 FR O AR R 1
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PR E X, HUGEBRAT AR — DL U o x J, iR
EXT BARNBEX EE— AT RBME g o 08 R w5 er

B A B E O G 7B 2,18 5 LT ~ S XL 93K 3 — RUBERA 4
i X o), ®) M5 ek, B C(27) 3 i K A T 14—

12— N R e, 7 TUBOR FE BT K4 I 46 4, UK SR T o 08 17 L T
) ST P X F) T 20 TR, B % 0 T — I, IREA

pi U zxJe— 1 ©)] . A i .
wEX w € L#HHI/s = {f|f : I — I}.Chiclana %P2 7E

o C(21) 9 9 IX 1] 1 4 P4 28 V7 S g A
B s A 48309 3 R ORI 3 IR R G % T
e € X, BRIBIE T, b o 1AL .

EXS WX Ef—A BB ES A $
witX - U I, (10)
reX
BIXf TAEE x € X AFAEREL f € 7=, f§115

Hd e = {f|f:J. = I}.
2015 4, Mo S50 5 LT an R BRI AR, AR
R R A ) — B e B,

EMN9 WiE XAERI X E—A BB 4R
HAN
A={(z,u,2)|lx e X,ueJ, eC2,
z = p5(z,u) € I}. (12)

Hofo, u Mz 08 E S RS 322 & T, NERE
&, A2 AamE s, B

ph: X = C(27), (13)
B TAEE 2z € X, f#4E J, € C(21), {13
(@) = Jo. (14)
i U axJ, =1 (15)
zeX

Horp ©(27) 9 5L X TR] T AR R 45 P 5 S A B 4R

2013 4EXF 58 L2 HEAT T 4001, 45 H T AR Y — R AR
LERESE X
EMN10 EXRHX F— D REHES A
H
A= {(z,p;i(2)|z € X, nz(z) € TIFSU)}. (16)

3581 15 (2) = { (s 3 () () € Ty € U, px(2)(w)
€ U}, TIFS(U) /2104 U rh 4 i — B ASR 55 74 1)
£45.

BAREXI0HA = {(z,p5(x)|z € X, pui(x)
€ TIFS(U)} X} 5E 3 2 B e, de i — YA
B8 T 4 e SOV ) R AR AR (E R AR e 1, — Y
R B 1) S5 Ja R A 0 i 4s 2 R P IXC 1] [0, 1], i BA
HA SRR L 14 () (u) FIBUETEHE FRIE N g () (u) €
[0, 1] 55 H.

ORI AR A -2 1Y X JE] T B
LR399 B IR X TA) — BRSO AU 0 X (] (— )
RSO AEN O [ 3 B, He vt UMF(A) RoR B 5k

J& PR %X (upper membership function), LMF(A) &7~
72

IF=-==-==-

UMF(4)

3 XIEZBRMIE A

*2 TRUEMSEMIPIRHIRINK

FERHHT 5 WS 2 SCHik
T2FS (%2 FERHNE 5 SCHR[9,16]
r-Z2 30 IT2FS BN I8 Fe bl K Biikiz 5 SCHR [94]
HAEH IT2FS (301 ke T bl i 38 ik [95-96]
T2FS (A5 2 Fsk 5 e ia 5 SCHR[97]
Hey ik IT2FS HEF 7% XHR[12, 64,98-100]
. T2FS (50 Hk[101]
AN E I IT2FS [f9)5 0 FE5. BORIRE . 7 2 L) R (R ik [12-13,101]
b BECH. (B BB LK E AT T2FS SRR [89,102]
FOU T2FS [ FOU Xiik[16,78, 88]
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R J& B8 % (lower membership function), FOU(A) &7~
AN %€ 78 @5 35 (footprint of uncertainty)). 1T 43K, —.
RSO B B il B8 T TR I HH VF 2 AR 7 I T A Rk
SROA2-13.16.64.94-102] 5y 1 e 152 5 B 0 B 1 —
TR RSOR 52 A A S SERER V8 1 70, AR SO — RUBER{E 2
HIEAE S HEP 77 A E . 39500 & FOU
S5 5N J7 TR 3 U OCHEREAT 1A B, 45 R anEk 2
HoR.
2 BRI

eI R R 1R A2 20 S SRR 2 1 B A R
AT R YL A ATt T B AL H AT B2 S SR
RIS B 7T ZEAE TP E 3N TS B R
W o0 R B DA B B AR, A AU &R
S AR VSRR A T R PR R, B T AU B
1) Rl AR (810117261 | ffgy - 5 22 31 14 (27400 v i 2
P l12-15.41-561 2 o 55 FEAt R 8 0 Bl R 22 35 A1 9% 1 48

21 Z“ARMES AR EIEL

5 LA R R R U I R R R R R
20 H B AR, J2 Y 3 40 i v de o BRI 1)
WL T HE. B LR, TR 11 2 & M5 R
L, iR & F 44 (hybrid average, HA) &1+ ALY
(weighted average, WA) 5 LA S AL LA (weighted
geometric, WG) 5145, X T Z A5 B AL il 18
IR AL IR, Qint® 45 th T RGFTER LRI, iX B
TN PAT 3 R HEAT T B IA -

1) = ARUBOHIE 5 0BT 3 (linguistic weighted
average, LWA) B 1. B8 In B 45 (fuzzy weighted
average, FWA)!'03 & — Y BORS 12 48 2210 A Tk 36 K
M EE TR, AR HIRZ R T2 2H IR
11041060 — A e 55 ) g v, 2% R B A AN SRS
S R RO (5 S 34T R IR i O DA & A
T AL 3, Wu S50 FWA 57 ¥ g 31 X [|] — 78
RO IR B T, 25 T IX R — BB LWA 5 7. 78
Fefih b, John FEM 32 17 X [A] — B KA F LWA B
T BT HREHELFE W T A HE S RERREH
LML s B 4, Zhou S8 17181 LT OWA -1/ 78 1
T RUBIH OWA 1 DU B 4 il DA — B 48 % X
FKAEHIEFE B

2) USRI X BT 44 (symmetric mean, SM) 5.
TN T RO RS ) b BT A AR E B
KR, PE s R &k, SMETIBE T TAER
B 7Tz R, W X A) A BOH PR 5T R ) Maclaurin
XIFRF 35 (MSM) X1 Maclaurin % 532 (DMSM)

HFEH Maclaurin Xf #5115 (EMSM) = 2R i 1)
AT OIS X A% = A X ] — BYASOR) HM 57200 DL R A
FEIX ] — TROBOR MSM 48 il 121 4%

3) RV G 3 S DR R AR 23\l LA
% JE R PR AE B A A8 AR A OCEE G &, BT LA
TERRIA 73 A28 3 57 1 () Sty b i 9 SR R AR 4 B 1
BN B Rl A ) — AN ATE 7T B, e A AL I
F& 5T Choquet #1143 B, Sugeno £ 73 I £E B, 4 [X
(] — B4 Choquet FA 73 £ il B 1122240 X [a] AH)™
SRR Sugeno AR 4 11251 Banzhaf [X ] 7Y
i Archimedean Choquet(AC) &1~ [X [ — R4
i AC &1 UL J 2-7] il Banzhaf [X [i] — AR AC 5
FROEE X 3 RE A T BE BT E T 7 a2
& T RTHE AL A R B8 B G R BA S R BRAE
HABRRTE A A LRSS S R A BT, AR KR
FEM R T ARG B RS B,

B LA 2R AT 4N, o g2 LWA 5118 /& SM 5L 1
IREGE RIRFR > H -, B ATE) L BB A5G T 1
BfF 50 SR AL LR B = . [ B % R A 24 B A
5 S RO 2R A U T ORI AT A L A
TAEARE, PrilE Ta ik (mwAR T WGH
T HAR 755 1) Z R BORI ML R S i 1 7 22—
A2 e A N R P ity ¥ U E i
BRI HAE FIE N A, RO B T & Fh T
RSO S R ok B R AL 59 A6, R T Qinl®) (1) 2R ik mT
PRI, IA 1 88 AR - 10 789075 RE U B B (1) 5=
FSCATE A, Tr] R, B 5 T 5040 B 20 1) — PR SR B i 1t
& MERIRNR R B FTIT 0], DRt = A 4R
B, LR T X R R SR U T, 2
AR AU PSR AR B R A B SO R i — A B
Iy
22 ZHURHIEEMREFXRER

W 5 S o R SR I i S LA 55 e 1 1 ) & 389 0,
XTI S R SR ), R SR RT B CVE BRI T RAE
AN JE PR EE R VP AN AR, BBl 4 5% 2R 48 Bl P o
HRIEH WG EEN—MEZE TR Hil&%¥
ENERM A M mIF X R FEANR IR ER
Pl 1 9% F8 (AR A 2 5 50)UO7), 802 |2 IR 3 i vk
(analytic hierarchy process, AHP)!07) (% 0o JE Ailf, e 32
BLFE PR TR MR 1/9 ~ 9 T HUE LA H 5
XA T7 58 (BH A7) AT LU S i 28 2 28 2
BRI B 96 FR (PRSI (i 2 ¢ 22)1108),) FL L A AR
PR3 R AL P X ) b ) MBSk R A B X
TP TT % (B8R FR) w5 5. 0 Ak, AU
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WHE B L 8 REIR IS T — & BB 7T 27400,
FLrb o K 22 B i SR AR R R X TR) B ASOR e £ 0% &
FIAIE A b, an, X TE] — RO AHP AR X
5] — YA 9 2% 43 MT (analytic network process, ANP)
T3 000 DL K J T RV i B 0% F R0 22 A U 23 SR 3L
Y IX 5] — RYAERE AHPSort (an AHP based method for
sorting problems)IT 7 ¥ABY 2. K il #1, Runkler Z5032)
FE DX 18] — RUBDR P85 T 06 RS {4 AT AR, K e T
BT 4R 1 Ik B 1) — BRI o 2 7 1. Chen %503
5 X [8] Z RUBDRI IR 5E  X 2 U 4 0% R AT BT, A
TSR LT 6 &R, 7RI EEA -, Chenl3*35 X LLSR
WP REATAZ IR, 45 T X IR) — BRSO PR 858 T 2 T
U 2R RS 77k, Urela 450300 JE T e vdi% 3 14 52
ST X ] RGBT B S WL 8 R — 2,
BT T — PR & AR I 58 &R AG THAN T8 4
15 B[ 77 7%, Hendiani Z537) ) B [X 18] = A4 56 T AR
Bonferroni £ i 51 1438 1 5 T LSR8 9 [X ] — 24
TR TR R 4T 0 &R, H i 2l 1 5% 2 1) R LS
BT TR e A SR ) RO

B FIRZRAR T LLE H, RSl i o0 RELIR 1)
T 7 = B e X [R) BRI RS, oG T A
B I 17 5% 2% HRAIE 70 ) R T il L B = 1)L A 0T 7
A K 22 B FRAE AR G I O SR IR, k= B
Ve A AR . — RO e 4 O A 1) P R
CO P AR ) — Btk A7 A B RS B 1) — A i
I 5k 28 DA R — RORSORI i 47 5% B Ik e B0 45 D7 THD R
FILTA T2 F P B 25 b, % — BBOH 15 08 R 1
— 30 S H— B AR IR AME TR S B 9, WDk ik
SR ) BSR4 % FR A RS I8 58 4 1) R B
Pt 5% 2, FE 7 S B 98 LA RCEAN TAE S B e 3 ] i
HH R R P e A R — AR i 21 O R B 9 AU (LA
T O P AT R
23 ZAURMHE S RN

0 2 PR AR AN RS A L B TR 1) AR B 2K
P 480 S L 92 ) R ke A 22 O B X )R Y, T L2
JE T AR A HE P (TOPSIS) 5 v 2 e N 2Z W HE
(VIKOR) J5 % MAGE IR B 5 145 28 h e 3
JE AR R T B 5T ARl — A (E B R A R
% AL B AN M O B, DR b, 30 ok — AR
5 S R AL IR 5] T 2 S BT T R
Tz KA.

9T W E B AR B TS A B E M,
Zadeh!"! - 1965 £ & U 1 BB HO M. IS
TR B K L 40 J 5 0 B R I B AL A T I K,

v Z R AORIT A5 N E R A% A Ak kb e ik — R BRI (S
PR B AN E AR B, R AR R TR T
Ft R SR N2-13414655] 7 [X ) — 784 B 4 77 18I, Burillo
SEFUVE RN T X R R O ME S, 25, Zeng
U i — D IS T XA ARUBORTE 1) A B AL E
X AE S EEA b, VR 22 A U2 B ILT & R T B
T AN DX 1) — ROASOR G A 2. n, Zeng Z5 1B By
P A B P B2 5 AN B R B 4t 1 X TR) — B R 1o
AT WuZE ISR i A 29 AR I e B ) Al b 25 H
7 Well-shaped [ [X_ [a] — B BORA 42 i A =0 78T X
T RUBOR % 5 T, Hwang S5 G 57 7 ) X B AROR
S5 I8 BRAK E X, I3 T LT B A B A
J7 SRR A 3. ARSI R b, AR AR AR S
BN 1 5B F A T — M) LB AR
S50 5 1) 8 B4 58 S, 970 ) 50 N R R S i W R
HAMGREEGH 7T X RBRERE A . de
Miguel %5461 3£ T Lebesgue Wl i 45 H — BRSO A2 40465
) 2> BAL E S I HE— B HR T RSOk 405 5 ) A

A~

P AR P I 2 AE A T b — AR &,
ATT 40 S50 W PR S A [R5 R G 2 ) () I RN 3
AR PR BT T B DL 1) 48 PR BN B T B RR G
PEEG. MEEARRES. M2 RIA R DL K I ] K i
FRBS A, VI 2 5 0 — R ASORIT E 25 ARRH ARL A ) sk
1T TIRZRE M I, H A B8CA R M TAE A Hwang
S0 TR AOR G2 A BRI B 1 A Ak e S B e
T S R ROR S AE AL W ) A FEAK E S, FEA
FAARAMAE 5605 BE R A6 40 00 RAR H T X BUBOH
AR AL A 3. Figueroa-Garcia Z5471 73 Jil) 5t F - £
AT FE 1 DX 18] = ZRASOR 380 1) 15 ] < J0r i e B
T Wu S A R AR AL U B 1 2:1548-500 47 1 7%
NS LB A A, 3 T — Fher DL 2 PR
FSCAS P DX 8] AR ASOR AR ALL 1 00 B2, FE 0 T S R AR
BB (R REACUIEE DU B2 R AT T AT MR R 250, AR 5 & T
JURTRRREZG B T T S BB B2 1) Jaccard AHBA DN
FEBU, McCulloch P2l it b b FRIBEMIA T
X J) = R ABOR B P P 5 A 3, T 265t TR AR 11
7 AR, 0 A DX TR AT S ARASORI A 85 T A
ACRAE WU B2 3E AT VR 20 BV 5T 23 B 5 RS,

ABERYE 55 N 55— i UL SR N B, AR P A
BORN £ 2 () AE L 2 RO F2 B, e S M R i )
DA B ARACLEE I B2 2 18] A — 8 A SR &L i =+
SRR, VF 2 5 N RO LB I B AT T R A S
35, H AR A AR ME M TR Zeng S5 1431 X 1R
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AL I B (1 N BRAK B SUEAT IR JE, 45 X ] — 2R AL
RIER A5 W2 1) 28 BEAK 58 S, IFIE AT T X ] AR ASE )
R PIARAEAL BE B AEACLPE WU BE | g R S S I 2
I AR 2. 7R IR b RS i Y 4R — s
B8 b TREE R BOHE IX A RS B
AT THE T B R A F A E S8R AL S
A5 I E (M LS 6 5¢ 2. Hwang S5 141 I T 1508 42
TR A A E R FE T — &) L AR
R A 1B 5 I BE 1) A B4R e S, IR A Sugeno £ 43
HHAEEANX T TIZESEAXSHANXLL L
FHABLPE A 2 [ 3 R

M IR GEIR AT DL H, RSO PRI T (0
Y HIE 70 7E — RO JE Al B AR AT 70 oP R B e ¥ I,
T AR I AE DY AR B 2 1) ) B AR PR A 5 |
% S WS BT H AR . =R EY R A [H]
ARG 0 HT, RS T e [ R o
A AHRE AP WA IR E X,
Ut A Wt 525 A S A ELVE F G 0 B0 B A i Ty
T, IVASLIPE 5 00 55 PRI RIE 90 X /b, s B N A
BRI LA F I 9 AR ARG RS, Ja ) 2 1 2 2
e SCUA R 455 2> 2 A i e BEAR 75 B3 — AP i U A
SE. DL AR T ARUBOR I HOR B A A E AR R
PRI 5T 7 17, ELA AR K BRI IE 7 2% ) 0 2 FH i 53¢
3 ZHIEMGE BRIRE A

TR R AU — M 48 BT 7T
75 1), = B ik FF (selection) 9] . 433 (sorting)
I 8 LA K HE T (ranking) 7] &, 7 fif £ 3 2 ) 5  5d
TR R R T VF 2 RER8 AR UL 2 B 1) R 22 B 5 7
AN VR 55 T EL 4540 TOPSIS J5 5. VIKOR 72, %2
X Z )R (TODIM) J7ik . % 4w ir 2k M k)
(LINMAP) J7 V% 18 25 5k 4% 4 (ELECTRE) /772 LA
AR T ORISR 12 4 HE 2 R 55
3.1 XEZBURMIERIRR G X

ST DX T) L RRY 4 R 6% 50 B0 Hh R R 5K
R E M, H AT T RS MR T RE
YR T 35N FAth e 5% T L X T) — R BOR e 5 5 v
(I T 52 3 T Rk 22 5 I DG, 9 o — BUAER
YRR AU B TR R IR 43 3

BT BN 8 ML SR 51 X TR) R AR e 5
PRI USRI N 7 15638405559 Foeh B AR
(1) TAEA : Chen S0 7E H 4 tH A HEF (AP (Y 2541 E
T UK TOPSIS 7 i 4 Ji 21 X i) — BUBDRI A 58 o, 45
T X TR AYARCR TOPSIS J7 3. A2 b LRt 1, 247

2535 14056-391 45 i) N KM (Karnik-Mendel) 512 . o B 4E
HEFFPAE A2 25 23 BT (social network analysis, SNA)-.
HRAR R ASLI DA R RSOR A ALLJBE 55 22 A A X X (1] — 2
BIPA 5L R (1 TOPSIS 77 #4758 8 . IRR L U AN
JSLFH. A, X ] — RO PR T oA 28 i e 3 07 1k
(RRIE S0 AR FH AR 52 B 22 F AT T2 QVE. 14, Chen
ZEIO1 ffF 5 7 IX ] — B AR K QUALIFLEX (qualitative
flexible multiple criteria method), F >k fif v {8 ¢ (55 97
HH IR B B SR ) . Qin SEC AE 22 4t i 1 2 1t R K
R BT 5 th BRI 2 A gyt T — A X A
RUOH LINMAP J7 . Zhong 250551 3£ 7 ELECTRE-I
TITFE T XA ORI IR T 10 22 ok N RE DR SR 7
V2%, I LS FH T Bt I R e 5 B T R B U B )
i

B TR A RIFETTVEI [X 8] Z BRUBOR $h 5 7 V21
WF T I 32 B VF 2 57 3 10 75 R, X LA A1 46 — L&
FREEVE IR FT R 40, Celik 257 8 Ik (8 5 Bk 40 A
AN TOPSIS J5 v 1 Hefils W 58 7 —Fh i v B S0 30 A
IR o> F A8 VE AN I 3 1 X 1) — AR AR 22 v U] ke 5
77 ¥, Qin 25001 T VIKOR J ik MpT s E g 44 1
— T A X TA) AR 22 J8 A o ST i, R N
FH T BB AR $5% 5% 1) 1F Al G2 491 9F 55 . Qin %5161
¥ TODIM J7 i 55 1 SEES AR 45 &, 2L T X i) — A
B PR 5T 42 T 46 & 1) TODIM 77 72 DA fif o 4 € it
7 e 32 3 1) . Wu SO0 B At - 95 7 15 (best-worst
method, BWM) 5 VIKOR J7 £ tH Rl &, B 58 1 X 5] —
BRSO 22 A R DL ST V5, R H N T e i R
e ] L. Liu 259301 ANP 55 VIKOR J7 LAl &, 44
7 — ol e e O 2R 10 DX ) — B ASER) 22 4 D A
TETT VR AT 5 S A I e 326 43 i et

BT A vk SR TR R IXCTA) RS ROR ok SR 7
IR 5] T VF 2 A e AT O, o LA AR
M ¥ B SR A Chen Z5164651 43 3] ) HE PP {8 Al EKM
(enhanced KM) 502 95> F 2 0F H -T B HERE IO Ak
R T VEREAT T B 7RIS . Tian 25000 &1 SNA
P T TR A A 58 A X TA) AR5 B R SR )
(R R AR Wk 556 7 7%, Tiirk Z5107D B S0 58 K i B
F T XA B RORI PR B vy 25 HY 1 — Aol ok 70 F vl a6
1k B 22 1R 0 e 3R 77 1. Yu SELO8) I T XA ARk L
IR, $2 T 2 8 PR S i R, Qin 4516
B TR AP SERT FT 1 X IR) — BUBORI A5 T 1 2%
R AN R 27 77325, ChiaoSM B AL T B th i [X
() — FRUROR 4 1) S50 U E 22 4 U e 55 4 i 7 vk
FRRLH.
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32 X ZBUSHIERIRR A

BT RO AR L e R R B = B AN
SE PRI A, ) FH 5 T OR8N 54 Bk 50 1) 7 et
I SE R S 1] R AT AR AT (AR 4 A, 2 A
B3 R AN ECH XK BT 1)) S RSO 1 3 7V Y 9T
TAEIZ A 5] S T AR A 2 2 1) i o Oy

IR R NI 8 v BE =P U1l = 11 A
OB P 5 11 25 JRATE 7 T8 B A 2 T R 8 SR gk AT vk
G g . AR SR R R R 22 56 A S ASOR RN,
SR FH BR300 1 7 1 3R AT RSB HE 2, DA skt sk 2 e 5
7 850 (18] 5 AN A S T, v R S A ) R
R Naim S0V T B0 18 48 41 R U 25 H —F ™
N RO B TR 3R 7V, 7R T TF-Then R 22 45
F) JE A JE B A 5 ¥, B S, Naim 26071 3Lt — 2D L T
BB-BC(Big Bang-Big Crunch) fi AL BEEM 7 T X
T RURSORIE H J7 , FH SR AR R 22 A DU U 5 ) AL 2R
TREEU2V 4 Petri ) 5 15080 18 48 L W 3E A7 A&, B AL T
I~ X AR EREE N (3] T SRR FH SR R Uk BT R
PN B TR 1) 8. Fazel 251730 WA iC 86 31 (1) 2 Bt 2t
HRER I BORRLIN), B FH A B R T T
RIS A EE N 5T il R R 10 22 B bR A S92, ok
i PRATARRE A 12 Wy BT P 3R 1) R Jiang!¥ @R T
PIRR T LR B Zh AL T L R TR B )
BURIT™ SC BRI HE B B, HAE L LAl 153 2R
HA TR T AL,

X T 52 2% PR SR R S [ B, N7 v (R AL ER AR 1Y

LA A 2 R I M 5, (L 17 T A A IR S i) R 2]
HBAE = A K BB, DR M3 T 40 I 3 AN o TR 5
HR 5I7E R T8 X% 58 #5491 4, Shukla
SEUSVRIFH ™ S BRSORA B 0] W 5 1] P I BR H A
FBOR 29 AT EAS, B 98 7 B B & e s X
RO BN A SR A BT AR Y 2R RO SE TS 1 R
WS R MEARATL &, RGEE T 2T AR 5 HdE Ik
Bl ) RUROR o S A LER, — T, AR e AR A
B ES T R B Atk s Rt T AR TR 55—
THI, A B IR Bh 3R 45E T (1) BB YL ok SR R Ge i
REAIE TR T 5B A B FE Rt AN g 9k 3 4.

DA b ZRiR 3 B, — BRSO o 58 5 V2 IRt 90 B
NEERR, C 2 N T B AR A ) 8 Fh Sz B )
BTG R T 8 & e 3 7 00 2 5 TR A YUk
JPETRER B T HA e 3 TR, H A X R = B AROR
TV T B S B B FH AR B 8, 9, DA
T B TE L VR AR, i H TR S 45 Bk
175328, 3 — S0 W R 2R VP8 B 7 5T TR gk AT A R8A
AR HE SR 5 2T B R AW MIELITF R R M E s &
TR FI N, 5 i 1 o R 2 0 SR i R 0 DL S I A 1 35
NELRVTAL 11X (8] — R ASER PP 1891,

B A IR W2 3 B s, AR 2 Fer R 4 it 5
TR TR R 8 i o 5 Y B SR T X JR) = Y
OIS B A 45, B AR N T 30 R AT, BT LA
FGEIR N HUKE 25 A X ] RROR Lk S VAT e
BB AT SR & — BB G SR 75 rp Rt 9 3 AR AT

*3 RURHMIRER T ERISEPRR A

JuE SEBR N i) SCHR IS FH PR3
Wk [5,31,37,55] [X ] — 7R AR
R % SCHR[38,61-62,65,98] X i) TR A
HR[91] T X TR
1% NHERE CHR [39,57,64-65] [X i) — AR
S P B UIRFE Sr EL R LR HR[19,56,59] [X i) — R A
gk ) R [34-35,66-67] [X i) — 7R AR

T WIS L
ST A SOV KT

X ) T ASCHY)
"X AR

IR [58,19,68]
SCHR[70-71]

AR HAT I 1] 3% SR [32,75] X[ ) S AU
BAEER Sk [91] T SRR
T2 SCHk[6,73] X[ ) S AU
{dEEST BE ST R T U T SCHR[55] I i) = TR A4
7 e B 2 s SOk [72,77] P X A A
R IE R [7,100] [X i) — B A4
IR A SOk [21,26] I i) = TR A4
o AV ARBIFTRE 7 RN SCHR[30] X [ii) = R A
PR/ PEAL et SCHR[10,33] [X [f] — A4
SRS PEA ik [29,60,69] [X ] — TR A
P AR SCER91] S TR
R ik [35,39-40,65] [X. ] — AR
S——— RS AT B 17 4 SCHR[89] I 7] = TR A4
ST 52 X L 4 5T R i R [89] IX [ — FL AR
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J7 1), H AT SRRSO ok STV R B T A X BN
[t =, Ak T2 M B A EEE P L
BB R G I B Ah BRI T b, 0T S R ok
FHERW IR R, H O AWK 2 2 DRI
PR IK S (1) 9 AN FE O J ST 1R #6282 B 56 53 D7 0%
EAT 6] B 8, B 2 BUR R IR I RGMERE I, o0, B
X S AU PG T 73 28 i R 1 e A AL M Pk 3R
TIEREFOE AL TN AR B B2, RGN
TR TR SR B AN 7 VAT R SRR R AL AR, I
HEAT ¥ R ANRAL A2 — RUBOR Y SR 70 v o 75 i TR 1)
PR,
4 REKBIRRE

RO ERAE AN E PSRRI R A B SR
WA T LR, B2 R T8 BRI & A ST,
3 TP L R R I BT L RS DA 60 DL R fi B 7 U7
L5 SR I . 2 T L SR AR RN R LR 2 IR AN 8 PR 1
SERKRE 1, RN R G TT R 5 T — RUBOHIE B Rk
Bt JrEM SR BB SR EAR N E S
) 2 FH T 5

Tl TH B R ABERY R SR AR 1) E PR LA, Y
R 45 YK AE B o B ARG S i B R TR I,
TR e 5% PR 85 Fp () S G v BRE B 40 ] 4 B, Fh
T2FE 3£ 7~ — M I (type-2 fuzzy element), SD 3
~BEANL 5 1K (stochastic dominance), ASD K 7 J 1 - Fifi
ML Hi It (Almost SD), PSD 7~ /il S B AL (4 1 (prospect
SD).

MR = BB P S B 5 T VR BT FURE 42 (0
BI5 BT, AR AT AT LA JUASJ7 T B 9T

1) 75 = BRI B (1) o8 ORI A G2 /77 1H, R
KA I T E it — 20 7 A Zadeh B 2 H 1) = BB
Y JE IR E S 1R H— AR U 5 H 5 T B L
AR A, 456 de Miguel S35 [ i 5¢ R AN
Chiclana %2 85 € X, 7€ S—Plol i) — BUBOHI 4
MBERERA = {(,pi)|e € X,uz(z) €
TIFS([0,1])}. [, 75 Z g — 0 40 i I A 1€ I Ek
B3, AAF & fiff e I S 57 ok 3R 22 4010 16 75 5K 9 4L,

Fr & e SO i e SR B 2 A X RR B — 2P
7 S8 0] A B ()47 L, RIS, B AR 80 1Y) S B 1R
FEE S BN, Zhu SOV B @ S RO Rk X
t(z) = (u, p(u)), FeFERJE u AT LIRS ST
FLSERE, RESR B p(u) R LA SERR L. e, 75
gk — Pt FT RO £R 1 1 A s BRI, DAR
SRR ]

2) W RO E B AR BB 5 I, fE A
LWA B 76l B RGBS EE B S
AT 2% FE R 38 0 3R A SR ) Y B, s — D
BIF 58— PRURSER M 2 B 1B T IR N8 7 A S A Joit
AR . o6 T8 P ST e R, 75 B — PR T
TR Choquet B 70 81 S Ho ™ g e 2. IR I =5 fE 31
F JE 1 I SG IR, T LD s et — AUV & Choquet
R B S HAH G B M o B I AT BN SMUE T
ALY R B X RN S BB RGBT AR
Tff B BT S, R LGBty A — PR ORI (5 S R & EE 12
R — B RGN VAT, a8 T
A lah R A AT SE v, v B
FivH SR AR 45 A 2 LA S AR  AT A T4
5 DR B0 1) — RO B BT VE SR AR — o 1) L.

3) £E BB 17 O¢ R B U7 1, R R AT DAk
— 5 5835 Z RUBOR) (e 10770 AT A5 AR 7 T R 7R, AN PR AR
— Bt IR M) A FE R, 5 T AR i 2 O
%*ﬁ‘ﬁﬁ‘]%)‘(,%tﬂﬁ%%ﬂiﬁ%ﬁiﬁ AR A
R SRR RO A L B L (e + &) =

e, $Eofts m A SRR R I, & A
N T R 5 B R RE KT = Rl AR
U5 LB R (3 8 R EE AT Wi
S5 31 ) it R — T B R 57 77 % 455
R R 1 BRI K0 — T SR R 2 2Bl
T4 2L A 5 5 4t — LB o
BTN L 40 4 F G (R R 04
7 — R R e M1 A X — TR
e R I R IE e — MR A1
L

| B — L ‘
| SR K A HeE. %)
: N L o e AL Aﬁﬁ@%%ﬁ‘ @yVﬁﬁk
1 I .
I

! [ A R i R i o 2O PSD) |

] YT T2FS. T2FN :
| i W T2FE e __ Loon !
| [ s B EEe |
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TRUBORE B R A H
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1P

T RUBORIAE S A L

Lal RO R

_»| T2FS AL 3R 2 DA% 5t A 58 > QAR B ] M R A — AR (E E T

Sl 7 i G

N

WnfeT e T LWA S5 SRR 5
DA LS 27 o1 58Tkt

z AR (2 i
£

] X
y g v -

o3 I I ey — b OB TR B ol i
T L X AR [ R G 4 L %
it &
5 ¥

BT DR (55 BRI ORI A B |

.

i
#5838 RO B (O RFF S0 TAE?

{21 Outranking.  F8g /7 41 [=] 15
R B ERMEOR IR T E ——

.

T ISR LR SR T S SR BT ?

El5 —REE#RRIBLSHENMTERE

4) 5 RIRSDR I R0 T 1T, AR AT T LA Y
ANT7 T I TR A © 25 RE 30 S ok 5 0] AN [R]
P [R) A0 A28 [) 7R DR R, K Choquet £R 43 5 6 NI &2
FHFL G T R — BB PR 5 T Choquet £143 405 1 52 1)
B 72, 76 b5l I DL Choquet #1434 HE K i R 90 AH 5%
005 23 2 A BT, 2 T P H R A SRR e V)
SR U SIS I R PSR TV, B L T B S R AN
SE PSR JL . @ FE — AN S B S ) b 7 B A T
BRI ER W B E A, 4T R B B AE TR SR )
A &Uts Hh 1 A O F R T e B A 2K AR
R OR 71 e s WA S [ LW L S DS N R
SRH G5 R DU 4 T H 25 RS S 0 3R 0 B A, [
BT AT ) 4 MR 2R AN EE R 7 VR T A e
DNt R B AR AR R (WA 58 77 11

5) 1£ AR PSR TV D7 T, AR 9T T K
PAR M FE: @R T X BUBOR o 3 07 32 5 T, 1 2
BIF 58 1) e o) 15 B0 5 1o ) B 2 20, 43 U (0 A 4
EN e NSRS IS AT E S SR R MUNIUEE SRS
W85 J I S U BR e 07 ¥ P A0 75 B FE AR AR
AL . @ % T RUBOR 2 AE N 3 2K 75k U T, £ HE
W) 7328 2 2 ) e S v ) — AN SR LRI 7R U7 10, H RTAE
TSR PR S T DU K Gy S T R I O AE A
B 3 AN A SR R S 8 — RURERA 43 28 0 Y i 7T L
1E:1) 38 H = BUBORI 88 Z1 ) 43 2810 5 2 2% Al 22
% i, LAY 5 73 2R 25 J B 1 i) BIF 0B T4 0
L% (Outranking) 5% 5 (1) — RUBORIHE (K 73 25 07 15, F
TRRSOR 5 A e SR J 22 AE W)y SR T VR BEAT A B
s i) F A g 7 21 8] 3 5 RO U SR VA 4
BIF T8 RGBT 1) e S 8 5 SR i U7 2. @ L
T [71) R R AR DR 20 1) — RAOR e 5E  V, g — 2R A

ALE R ER 5 T 5o T SRR R Ol @ 4 T 11
LB HEAT S5, W T2 T 2R RSP T —
b T e 5 7525, RV 25 451 5 3 0 2 AN s DL i O AR
RERFERH, HF 7O T — BB (E B HITE 5 3 )2
BRI RS IR e B ST U, @
P RIS RIS 5N TR e S P2 SIS 5, 1
SEE T 1) TR R ) — 2R RSRY) R R SR Y R DR ST B
PRSIk AL B, BF I TR A ) R AR AR ROR
{1 — FRURO e SRR A R A ok TV R AL 5 R
Ik T 2 R ) B R SR 0 AT R R ) B AR AR
PRI 0 T T R BT SRR T, A
FUSER) I 5B 25 Sk R, N T 77 95 34 &
gt FEAVTFIR PR BRI XU PPAL L i e
PN R GNDIE S22 IV B ST -
PR PR A FAR J5 15 BE % FC IRV LA B, fun ey
B RO R AR T R 5 AUE B EOR, X B
B M P EBURAT N EINRELE L RS
BEAT 22 SR, R R AR e 5 AN TR A i) — 7
RO DR BRI R AE SRR AT IR AR R
HIBIF T PR

SE Tk (References)

[1] Zadeh L A. Fuzzy sets[J]. Information and Control, 1965,
8(3): 338-353.

(2]  ZRE bk, RUHTRE. —BOB kSR FNG 5 U VE R HERE
LA M]. B3 Bt R, 2019.
(Qin J D, Liu X W. Type-2 fuzzy decision-making
theories,  methodologies and its recommended
applications [M]. Beijing: Science Press, 2019.)

[3] Bellman R E, Zadeh L A. Decision-making in a fuzzy
environment[J]. Management Science, 1970, 17(4):

B-141.



1520

F %£38%

(4]

(3]

(6]

(7]

(8]

(9]

[10]

(11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

XuTT, Zhang H, Li B Q. Axiomatic framework of fuzzy
entropy and hesitancy entropy in fuzzy environment[J].
Soft Computing, 2021, 25(2): 1219-1238.

Chen T Y. An Electre-based outranking method for
multiple criteria group decision making using interval
type-2 fuzzy sets[J]. Information Sciences, 2014, 263:
1-21.

Chen T Y, Chang C H, Rachel Lu J F. The extended
qualiflex method for multiple criteria decision analysis
based on interval type-2 fuzzy sets and applications
to medical decision making[J]. European Journal of
Operational Research, 2013, 226(3): 615-625.

Celik E, Bilisik O N, Erdogan M, et al. An integrated
novel interval type-2 fuzzy MCDM method to improve
customer satisfaction in public transportation for
Istanbul[J]. Transportation Research— Part E: Logistics
and Transportation Review, 2013, 58: 28-51.

Qin J D. A survey of type-2 fuzzy aggregation and
application for multiple criteria decision making[J].
Journal of Data, Information and Management, 2019,
1(1/2): 17-32.

Zadeh L A. The concept of a linguistic variable and
its application to approximate reasoning[J]. Information
Sciences, 1975, 8(3): 199-249.

Wu D R, Mendel J] M. Aggregation using the linguistic
weighted average and interval type-2 fuzzy sets[J]. IEEE
Transactions on Fuzzy Systems, 2007, 15(6): 1145-1161.
John R, Hagras H, Castillo O. Type-2 fuzzy logic and
systems: Dedicated to professor Jerry Mendel for his
pioneering contribution[M]. Berlin:
25-47.

Wu D R, Mendel J] M. Uncertainty measures for
interval type-2 fuzzy sets[J]. Information Sciences, 2007,
177(23): 5378-5393.

Wu D R, Zhang H T, Huang J. A constrained
representation theorem for well-shaped interval type-2

Springer, 2018:

fuzzy sets, and the corresponding constrained uncertainty
measures[J]. IEEE Transactions on Fuzzy Systems, 2019,
27(6): 1237-1251.

Wu D R, Mendel J M. A comparative study of ranking
methods, similarity measures and uncertainty measures
for interval type-2 fuzzy sets[J]. Information Sciences,
2009, 179(8): 1169-1192.

Wu D R, Mendel J] M. A vector similarity measure
for linguistic approximation: Interval type-2 and type-1
fuzzy sets[J]. Information Sciences, 2008, 178(2):
381-402.

Mendel J M, John R I B. Type-2 fuzzy sets made
simple[J]. IEEE Transactions on Fuzzy Systems, 2002,
10(2): 117-127.

Zhou S M, Chiclana F, John R I, et al. Type-2 OWA
operators-aggregating type-2 fuzzy sets in soft decision
making[C]. IEEE International Conference on Fuzzy
Systems. Hong Kong, 2008: 625-630.

Zhou S M, John R I, Chiclana F, et al. On aggregating

[19]

(20]

(21]

(22]

(23]

(24]

(23]

[26]

(27]

(28]

[29]

(30]

[31]

uncertain information by type-2 OWA operators for soft
decision making[J]. International Journal of Intelligent
Systems, 2010: 25(6): 540-558.

FE k. B STV S AR AT T i
FH[D]. M KERE, 2016: 19-41.

(Qin J D. Type-2 fuzzy decision making methods
and the application in personalized recommendation[D].
Nanjing: Southeast University, 2016: 19-41.)

Qin J D. Interval type-2 fuzzy Hamy mean operators and
their application in multiple criteria decision making[J].
Granular Computing, 2017, 2(4): 249-269.

Wang H H, Liu P D, Liu Z M. Trapezoidal interval
type-2 fuzzy maclaurin symmetric mean operators
and their applications to multiple attribute group
decision making[J]. International Journal for Uncertainty
Quantification, 2018, 8(4): 343-360.

Havens T C, Anderson D T, Keller ] M. A fuzzy Choquet
integral with an interval type-2 fuzzy number-valued
integrand[C]. International Conference on Fuzzy
Systems. Barcelona, 2010: 1-8.

Bustince H, Galar M, Bedregal B, et al. A new approach
to interval-valued choquet integrals and the problem
of ordering in interval-valued fuzzy set applications[J].
IEEE Transactions on Fuzzy Systems, 2013, 21(6):
1150-1162.

Wu Y N, Xu C B, Huang Y, et al. Green supplier selection
of electric vehicle charging based on Choquet integral
and type-2 fuzzy uncertainty[J]. Soft Computing, 2020,
24(5): 3781-3795.

Melin P, Martinez G E. Extension of the fuzzy sugeno
integral based on generalized type-2 fuzzy logic[M].
Berlin: Springer, 2020: 29-36.

Tang G L, Chiclana F, Lin X C, et al. Interval type-2
fuzzy multi-attribute decision-making approaches for
evaluating the service quality of Chinese commercial
banks[J]. 2020, 193:
105438.

Kahraman C, Oztaysi B, Ucal Sari I, et al. Fuzzy analytic

Knowledge-Based Systems,

hierarchy process with interval type-2 fuzzy sets[J].
Knowledge-Based Systems, 2014, 59: 48-57.

Pedrycz W, Song M L. A granulation of linguistic
information in AHP decision-making problems[J].
Information Fusion, 2014, 17: 93-101.

Abdullah L, Najib L. A new type-2 fuzzy set of
linguistic variables for the fuzzy analytic hierarchy
process[J]. Expert Systems with Applications, 2014,
41(7): 3297-3305.

Wu T, Liu X W, Liu S L. A fuzzy ANP with
interval type-2 fuzzy sets approach to evaluate enterprise
technological innovation ability[C]. IEEE International
Conference on Fuzzy Systems. Istanbul, 2015: 1-8.

Xu Z, Qin J D, Liu J, et al. Sustainable supplier
selection based on AHPSort II in interval type-2
fuzzy environment[J]. Information Sciences, 2019, 483:
273-293.



%6

BB F DABMR R Z 5 7 R AR A

1521

(32]

(33]

[34]

[33]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

Runkler T, Coupland S, John R. Interval type-2 fuzzy
decision making[J]. International Journal of Approximate
Reasoning, 2017, 80: 217-224.

Chen S M, Lee L W. Fuzzy multiple criteria hierarchical
group decision-making based on interval type-2 fuzzy
sets[J].
Cybernetics—Part A: Systems and Humans, 2010,
40(5): 1120-1128.

Chen T Y. A PROMETHEE-based outranking method
for multiple criteria decision analysis with interval type-2
fuzzy sets[J]. Soft Computing, 2014, 18(5): 923-940.
Chen T Y. An interval type-2 fuzzy PROMETHEE
method using a likelihood-based outranking comparison
approach[J]. Information Fusion, 2015, 25: 105-120.
Ureiia R, Kou G, Wu J, et al. Dealing with incomplete

IEEE Transactions on Systems, Man, and

information in linguistic group decision making by means
of interval type-2 fuzzy sets[J]. International Journal of
Intelligent Systems, 2019, 34(6): 1261-1280.

Hendiani S, Jiang L S, Sharifi E, et al. Multi-expert
multi-criteria decision making based on the likelihoods of
interval type-2 trapezoidal fuzzy preference relations[J].
International Journal of Machine Learning and
Cybernetics, 2020, 11(12): 2719-2741.

Qin J D, Liu X W, Pedrycz W. A multiple attribute
interval type-2 fuzzy group decision making and its
application to supplier selection with extended LINMAP
method[J]. Soft Computing, 2017, 21(12): 3207-3226.
Chen S M, Lee L W. Fuzzy multiple attributes group
decision-making based on the interval type-2 TOPSIS
method[J]. Expert Systems with Applications, 2010,
37(4): 2790-2798.

Sang X Z, Liu X W. An analytical solution to the TOPSIS
model with interval type-2 fuzzy sets[J]. Soft Computing,
2016, 20(3): 1213-1230.

Burillo P, Bustince H. Entropy on intuitionistic fuzzy
sets and on interval-valued fuzzy sets[J]. Fuzzy Sets and
Systems, 1996, 78(3): 305-316.

Zeng W Y, Li H X. Relationship between similarity
measure and entropy of interval valued fuzzy sets[J].
Fuzzy Sets and Systems, 2006, 157(11): 1477-1484.
Zeng W Y, Guo P. Normalized distance, similarity
measure, inclusion measure and entropy of
interval-valued fuzzy sets and their relationship[J].
Information Sciences, 2008, 178(5): 1334-1342.

Hwang C M, Yang M S, Hung W L, et al. Similarity,
inclusion and entropy measures between type-2 fuzzy
sets based on the Sugeno integral[J]. Mathematical and
Computer Modelling, 2011, 53(9/10): 1788-1797.
TR B, M BT KRS )
WO % @ Itk v 5 05V [0). tH LR, 2016, 36(9):
2535-2539.

(Wang C C, Yao D B, Li B P. Type-2 fuzzy multiple
attribute decision-making method based on entropy and
risk attitude[J]. Journal of Computer Applications, 2016,

36(9): 2535-2539.)

[46]

[47]

(48]

[49]

[50]

[51]

[52]

[53]

[54]

[55]

[56]

[57]

(58]

[59]

[60]

de Miguel L, Santos H, Sesma-Sara M, et al. Type-2 fuzzy
entropy sets[J]. IEEE Transactions on Fuzzy Systems,
2017, 25(4): 993-1005.

Figueroa-Garcia J C, Chalco-Cano Y, Roman-Flores H.
Distance measures for interval type-2 fuzzy numbers[J].
Discrete Applied Mathematics, 2015, 197: 93-102.
Bustince H. Indicator of inclusion grade for
interval-valued fuzzy sets. Application to approximate
sets[J].
International Journal of Approximate Reasoning, 2000,
23(3): 137-209.

Gorzatczany M B. A method of inference in approximate

reasoning based on interval-valued fuzzy

reasoning based on interval-valued fuzzy sets[J]. Fuzzy
Sets and Systems, 1987, 21(1): 1-17.

Mitchell H B. Pattern recognition using type-II fuzzy
sets[J]. 2005, 170(2/3/4):
409-418.

Wu D R, Mendel J M. Similarity measures for closed
general type-2 fuzzy sets: Overview, comparisons, and

Information Sciences,

a geometric approach[J]. IEEE Transactions on Fuzzy
Systems, 2019, 27(3): 515-526.

McCulloch J, Wagner C. Measuring the directional
or non-directional distance between type-1 and type-2
fuzzy sets with complex membership functions[J]. IEEE
Transactions on Fuzzy Systems, 2019, 27(7): 1506-1515.
McCulloch J, Wagner C. On the choice of similarity
measures for type-2 fuzzy sets[J]. Information Sciences,
2020, 510: 135-154.

v, MR, o, AR DI T RUBORIAR LR ALY
B [J]. 42 5 ¥k, 2011, 26(6): 861-866.

(Zheng G, Xiao J, Jiang Q, et al. Similarity and inclusion
measures between IT2 FSs[J]. Control and Decision,
2011, 26(6): 861-866.)

Zhong L, Yao L M. An ELECTRE I-based multi-criteria
group decision making method with interval type-2 fuzzy
numbers and its application to supplier selection[J].
Applied Soft Computing, 2017, 57: 556-576.

Yang Y Y, Liu X W, Liu F. Trapezoidal interval type-2
fuzzy TOPSIS using alpha-cuts[J]. International Journal
of Fuzzy Systems, 2020, 22(1): 293-309.

Chen S M, Hong J A. Fuzzy multiple attributes group
decision-making based on ranking interval type-2 fuzzy
sets and the TOPSIS method[J]. IEEE Transactions on
Systems, Man, and Cybernetics: Systems, 2014, 44(12):
1665-1673.

Wu T, Liu X W, Liu F. An interval type-2 fuzzy TOPSIS
model for large scale group decision making problems
with social network information[J].
Sciences, 2018, 432: 392-410.

Afshar M R, Shahhosseini V, Sebt M H. An interval
type-2 fuzzy MCDM model for work package
Soft

Information

subcontractor prequalification[J].
2021, 25(1): 635-648.

Qin J D, Liu X W, Pedrycz W. An extended VIKOR
method based on prospect

Computing,

theory for multiple



1522

# # 5

F %£38%

[61]

[62]

[63]

[64]

[65]

[66]

[67]

[68]

[69]

[70]

[71]

[72]

attribute decision making under interval type-2 fuzzy
environment[J]. Knowledge-Based Systems, 2015, 86:
116-130.

Qin J D, Liu X W, Pedrycz W. An extended TODIM
multi-criteria group decision making method for
green supplier selection in interval type-2 fuzzy
environment[J]. European Journal
Research, 2017, 258(2): 626-638.
Wu Q, Zhou L G, Chen Y, et al. An integrated approach
to green supplier selection based on the interval type-2
fuzzy best-worst and extended VIKOR methods[J].
Information Sciences, 2019, 502: 394-417.

Liu K, Liu Y W, Qin J D. An integrated ANP-VIKOR
methodology for sustainable supplier selection with

of Operational

interval type-2 fuzzy sets[J]. Granular Computing, 2018,
3(3): 193-208.

Chen S M, Yang M W, Lee L W, et al. Fuzzy
multiple attributes group decision-making based on
ranking interval type-2 fuzzy sets[J]. Expert Systems with
Applications, 2012, 39(5): 5295-5308.

Chen S M, Kuo L W. Autocratic decision making
using group recommendations based on interval type-2
fuzzy sets, enhanced Karnik-Mendel algorithms, and the
ordered weighted aggregation operator[J]. Information
Sciences, 2017, 412/413: 174-193.

Tian Z P, Nie R X, Wang J Q. Social network
analysis-based consensus-supporting framework for
large-scale group decision-making with incomplete
interval type-2 fuzzy information[J]. Information
Sciences, 2019, 502: 446-471.

Tiirk S, Deveci M, Ozcan E, et al. Interval type-2 fuzzy
sets improved by simulated annealing for locating the
electric charging stations[J]. Information Sciences, 2021,
547: 641-666.

Yu S M, Wang J, Wang J Q. An interval type-2 fuzzy
likelihood-based MABAC approach and its application
in selecting hotels on a tourism website[J]. International
Journal of Fuzzy Systems, 2017, 19(1): 47-61.

Qin J D, Xi Y, Pedrycz W. Failure mode and effects
analysis (FMEA) for risk assessment based on interval
type-2 fuzzy evidential reasoning method[J]. Applied
Soft Computing, 2020, 89: 106134.

Naim S, Hagras H. A general type-2 fuzzy logic based
approach for Multi-Criteria Group Decision Making[C].
IEEE International Conference on Fuzzy Systems.
Hyderabad, 2013: 1-8.

Naim S, Hagras H. A big-Bang big-crunch optimized
general type-2 fuzzy logic approach for multi-criteria
of Artificial
Intelligence and Soft Computing Research, 2013,
3(2): 117-132.

R, X, KT S BRI Petri 9 1) ] T SR AR
R[] AR RS 24 B AR AR, 2018, 50(3):
120-128.

(Li L, Liu H. Computing with words model based on

group decision making[J]. Journal

(73]

[74]

(73]

[76]

[77]

(78]

[79]

[80]

(81]

(82]

[83]

(84]

[85]

(86]

generalized type-2 fuzzy petri nets[J]. Journal of South
China Normal University: Natural Science Edition, 2018,
50(3): 120-128.)

Fazel Zarandi M H, Soltanzadeh S, Mohammadi A,
et al. Designing a general type-2 fuzzy expert system
for diagnosis of depression[J]. Applied Soft Computing,
2019, 80: 329-341.

Jiang Y C. A general type-2 fuzzy model for computing
with words[J]. International Journal of Intelligent
Systems, 2018, 33(4): 713-758.

Shukla A K, Muhuri P K. General type-2 fuzzy decision
making and its application to travel time selection[J].
Journal of Intelligent & Fuzzy Systems, 2019, 36(6):
5227-5244.

AR, AR, TR . RIR S EOR KB RO
Trid S M. AB5T: BhA AR, 2017: 116-175.
(LiC D, YiJQ, Zhang G Q. Knowledge and data driven
type-2 fuzzy methods with applications|[M]. Beijing:
Science Press, 2017: 116-175.)

Chen T Y. An interactive method for multiple criteria
group decision analysis based on interval type-2 fuzzy
sets and its application to medical decision making[J].
Fuzzy Optimization and Decision Making, 2013, 12(3):
323-356.

Mendel J M. Type-2 fuzzy sets and systems:
overview[J]. IEEE  Computational
Magazine, 2007, 2(1): 20-29.

Melin P, Castillo O. A review on the applications

An
Intelligence

of type-2 fuzzy logic in classification and pattern
recognition[J]. Expert Systems with Applications, 2013,
40(13): 5413-5423.

Castillo O, Melin P. A review on interval type-2 fuzzy
logic applications in intelligent control[J]. Information
Sciences, 2014, 279: 615-631.

Mittal K, Jain A, Vaisla K S, et al. A comprehensive
review on type 2 fuzzy logic applications: Past, present
and future[J]. Engineering Applications of Artificial
Intelligence, 2020, 95: 103916.

2, BEN, S, 5 X IR = B AR A A0 A
W ARG SRk 5] H a4k, 2020, 46(8):
1539-1556.

(WuDR, Zeng Z G, Mo H, et al. Interval type-2 fuzzy sets
and systems: Overview and outlook[J]. Acta Automatica
Sinica, 2020, 46(8): 1539-1556.)

Celik E, Gul M, Aydin N, et al. A comprehensive review
of multi criteria decision making approaches based on
interval type-2 fuzzy sets[J]. Knowledge-Based Systems,
2015, 85: 329-341.

Mizumoto M, Tanaka K. Some properties of fuzzy sets
of type 2[J]. Information and Control, 1976, 31(4):
312-340.

de Miguel L, Santos H, Sesma-Sara M, et al. Type-2 fuzzy
entropy sets[J]. IEEE Transactions on Fuzzy Systems,
2017, 25(4): 993-1005.

Rickard J T, Aisbett J, Gibbon G. Fuzzy subsethood for



%6

BB F DABMR R Z 5 7 R AR A

1523

[87]

[88]

(89]

[90]

[91]

[92]

(93]

[94]

[95]

[96]

[97]

fuzzy sets of type-2 and generalized type- n[J]. IEEE
Transactions on Fuzzy Systems, 2009, 17(1): 50-60.
Mendel J M, Rajati M R, Sussner P. On clarifying
some definitions and notations used for type-2 fuzzy sets
as well as some recommended changes[J]. Information
Sciences, 2016, 340/341: 337-345.

Mo H, Wang F Y, Zhou M, et al. Footprint of uncertainty
for type-2 fuzzy sets[J]. Information Sciences, 2014, 272:
96-110.

FRER, B, B BRI G 51 (M. duat
THER S, 2018: 53-65.

(Wang F Y, Mo H, Zhao L. Type [ fuzzy sets and
logic[M]. Beijing: Tsinghua University Press, 2018:
53-65.)

Mo H, Wang J, Li X, et al. Linguistic dynamic modeling
and analysis of psychological health state using interval
type-2 fuzzy sets[J]. IEEE/CAA Journal of Automatica
Sinica, 2015, 2(4): 366-373.

Zhu B, Ren P J. Type-2 fuzzy numbers made simple
in decision making[J]. Fuzzy Optimization and Decision
Making, 2022, 21(2): 175-195.

Chiclana F, Zhou S M. Type-reduction of general type-2
fuzzy sets: The type-1 OWA approach[J]. International
Journal of Intelligent Systems, 2013, 28(5): 505-522.
Herrera F, Herrera-Viedma E, Verdegay J L. Choice
processes for non-homogeneous group decision making
in linguistic setting[J]. Fuzzy Sets and Systems, 1998,
94(3): 287-308.

Lee L W, Chen S M. A new method for fuzzy multiple
attributes group decision-making based on the arithmetic
operations of interval type-2 fuzzy sets[C]. International
Conference on Machine Learning and Cybernetics.
Kunming, 2008: 3084-3089.

Deschrijver G. Arithmetic operators in interval-valued
fuzzy set theory[J]. Information Sciences, 2007, 177(14):
2906-2924.

Chiao K P. Closed forms of the interval type 2
fuzzy sets additions based on Archimedean T-norms
with application in decision making aggregation[J].
International Journal of Fuzzy Systems, 2020, 22(7):
2300-2318.

Torres-Blanc C, Cubillo S, Hernandez-Varela P. New
negations on the membership functions of type-2 fuzzy
sets[J]. IEEE Transactions on Fuzzy Systems, 2019,

27(7): 1397-1406.

[98] Chen T Y. Multiple criteria group decision-making
with generalized interval-valued fuzzy numbers based
on signed distances and incomplete weights[J]. Applied
Mathematical Modelling, 2012, 36(7): 3029-3052.

[99] GongY B. The new weighted magnitude mean value and
variance of fuzzy numbers[J]. Journal of Intelligent &
Fuzzy Systems, 2014, 26(5): 2303-2313.

[100] QinJD, Liu X W. Multi-attribute group decision making
using combined ranking value under interval type-2
fuzzy environment[J]. Information Sciences, 2015, 297:
293-315.

[101] Karnik N N, Mendel J M. Centroid of a type-2
fuzzy set[J]. Information Sciences, 2001, 132(1/2/3/4):
195-220.

[102] F KR, S40. 5T AU AL & i) — LU A A JL D],
EBhiLEAR, 2017, 43(7): 1114-1141.

(Wang F Y, Mo H. Some fundamental issues on type-2
fuzzy sets[J]. Acta Automatica Sinica, 2017, 43(7):
1114-1141.)

[103] Dong W M, Wong F S. Fuzzy weighted averages and
implementation of the extension principle[J]. Fuzzy Sets
and Systems, 1987, 21(2): 183-199.

[104] Liu F L, Mendel J M. Aggregation using the fuzzy
weighted average as computed by the karnik — Mendel
algorithms[J]. IEEE Transactions on Fuzzy Systems,
2008, 16(1): 1-12.

[105] Liu X W, Mendel ] M, Wu D R. Analytical solution
methods for the fuzzy weighted average[J]. Information
Sciences, 2012, 187: 151-170.

[106] Liu X W, Wang Y M. An analytical solution method
for the generalized fuzzy weighted average problem[J].
International Journal of Uncertainty, Fuzziness and
Knowlege-Based Systems, 2013, 21(3): 455-480.

[107] Satty T L. The analytic hierarchy process[M]. New York:
McGraw-Hill, 1980: 15-36.

[108] Orlovsky S A. Decision-making with a fuzzy preference
relation[J]. Fuzzy Sets and Systems, 1978, 1(3): 155-167.

fEE®EN
ST (1984—), 53, ISR, 1128 ST, SR w5

REHIS SRS AT NS BT S5 HETE RGSERT AT,

E-mail: ginjindongseu@126.com;

TRUEIE (1994—), L, A, AT HHCFEIE

PR 5 75T, E-mail: m15855440605@163.com.



