WA (B ARIERDA7(6):1178—1189,2024
Journal of Shanxi University (Nat. Sci. Ed. )

DOI: 10.13451/j.sxu.ns.2023107
BH AR X RIS B SRS B HEp sk i

KRB FEA IS
(RT3 B TRABE WL FHL 316022)

T OE AR RO A G 6 R A R R A B, SUE B AR T MR R ) S F A A 2R AL
ESLH A ER . K TR R A R IRAAN LAY I B N E A SE B M 3R R T — AR IR B AU A X ) SR AR UG
W JE B i AT ALE SRR R SR Ak B R R A R TROBE A b A e i E AR A5 42 A R AR R X 1A
AL TG AR B M e BAR TR B b, B 5 ) S AR T 2R RS0 5, RS mh b AR W AGE KA R
R E, 4418 U7 32 48 it HF B> % (Technique for Order Preference by Similarity to an Ideal Solution, TOPSIS) 7 =& T
— P R o B AT AR R A R TRAEN % Btk RAEA . EH oM Fe R R T AT A RISIE T ATR R0 A
oM T R S AT AR K AR AT ROBMAE AT, B T AR A Rk B B R AR T — A e B3k,
KR M R ) PR G s B s R AR s TOPSIS 7 ik 5 % B ik R

FES2S:0159;C934 XHFRERG: A XEHE:0253-2395(2024)06-1178-12

Distance Type Probabilistic Interval-valued Hesitation Fuzzy Entropy and
Its Decision Application
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Abstract: Aiming at the situation that the uncertainty of probabilistic interval-valued hesitant fuzzy sets (PIVHFSs) is difficult to
evaluate accurately, this paper firstly proposes the basic criterion of axiomatic definition of probabilistic interval-valued hesitation
fuzzy entropy. Based on the distance measure and the pseudo distance measure of probabilistic interval-valued hesitant fuzzy ele-
ments (PIVHFEs), a new entropy measure of PIVHFESs is proposed, which meets the requirements of axiomatic definition and then
is extended to PIVHFSs. The new entropy measure can comprehensively characterize the individual and collective uncertainties of
PIVHFEs, and possesses some advantages of simple structure and easy understanding. On this basis, the entropy weight method is
used to obtain the attribute weight, and a probabilistic interval-valued hesitation fuzzy multi-attribute decision-making model with
unknown attribute weights is constructed using TOPSIS (Techniquefor Order Preference by Similarity to an Ideal Solution) method.
The effectiveness and practicability of the proposed method are verified by example analysis and results comparison among differ-
ent operators, and the sensitivity analysis of relevant parameters is carried out to illustrate its stability. In conclusion, the new entropy
measure provides a new way to solve the multi-attribute decision making problem.
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0 55

Z @ M R R R U R TR A BRI AT 1Y A 3k S v AR A O R 8 PEAE SR AT D SR, DI ik S B AR T
MR SR A BACRE 22 RN R 0 A R, 52 B ke 5 aok R v o B AR 18 22 1) R R L R RIS i
HE L FEUR S MUK A BEACRIR 25, R A SR B AT E ARG . Zadeh!! ' F 1965 A4 H T
BT EE (Fuzzy set, FS) M-S, 14 R iF o BB 0 5 1 A9 “AE L B 7 M & 9 R B AE PR IX R) [0, 1]
Hh U Y 5K T B bR A, A0 VAR T SRR eR SOOI 1 2 I S v A BRI R . R AR BRI AR S AL B
B {5 B 0 A 8T B ) 2 0 TR ] BRSPS L SRS A B TR A AR L T AR
FEAE S e 3 4o el v E B0 kS 1), RAF IR AR SE .

Torra'®' F 2010 4F % X T # B2 45 h 4E (Hesitant fuzzy set, HFS ) , 76 A5 42 F] FH B AN 52 80(H 3R 15
B XS E B AR BT OR BN LA AT REME , Sl T PSR A A DR O AR b IR O T S
AN BEAR SR Y SE PR N 5 o SR, HES Tl A EE S e R E THEAMREE AR A A T
ASANTAE , H 2 33X S0 {H A 2B A 250 2 AH 55 1Y, 3K 78 Ab B R S0 4 e B I I 23 2R 0. T, Xu VR
Gao S5 ARG F Y T MR 4R £E (Probabilistic hesitant fuzzy set, PHFS) , H: LA i T H k4
R B A M T (Probabilistic hesitant fuzzy element, PHFE) , PHFE 7£ HFE (Hesitant fuzzy element,
HFE) (9 2 il b7 54> SR @ B2 AR N 9% 0 & 1 T =5 5 PSR {5 8., 2 XTI PR R 4 8 K 1
HCHERHET . AR, S SR BB A 1Y £ B UL T5 B R TE SE PRI SR A R, i T A UL R
(19 52 Z PR RN AN 52 PR DL S ek 38 H BN HOKT 14 Ry BR A e 5k 8 AR XE FH JL A K 0 SR s R 3R L
T 315 5., AR AR A T h i SRR AR AE AV R N B 3 . T2, Zhang 50 XA A 0 48 &
Bl AME R G B AE LT HE SR X (8] J 7 4R R 42 (Probabilistic interval-valued hesitant fuzzy set,
PIVHFS) , I 45 1 1 — & 51 iz 5 00 00 A1 AR 8 7 55 0 AR D BRYT o 58 401 ol 5 i 1) ¢ 8 Oy 1), M 36 IX.
BRI R8T ) iy, — X s N SE R 7 E RSN — K
W 22 J@ M PSR 7 1 i B A 5 X [A) A0 SRRSO PR B rp DO G, RN A O TR 3R X R AR
M A i A JL fa] (Probabilistic interval-valued hesitant fuzzy ordered weighted geometric, PIVH-
FOWG) 55, - R T o0 2% BeL I W S R s b s & RAE SR T &3 2 G EAR
564 BE I ZR G ORI R A, O 5L T 2R G OCHK R A0 2 Jm PR AR 8 A R B0 4 O N 1) 2 s P D SR R
R AL S5 URIEGY TR DX ]G B R A 04 B 0 R G AR HE Y 15 (Technique for order pref-
erence by similarity to an ideal solution , TOPSIS ) Jy % , 34 H. N H F 72 Wi .

R R SRR R = 8 v A TR M L R e e 3 R U N SR o o 3V 1 5 b ST TR o N
HU, B X T — PR D0, 2 AT 37 2 M RIS A TR RS R AR TS, R R 8 DG Bk BT ik R B
W AT AR BE TR ER G AROR R IR (%) F 9 AR AR R A B . Zadeh PR ST AR MR AROR A (1) ARE
L, TR AR BRI b, RO Ok B 1 O 4 O B MR L — BRI AR B R KR 1 BH X S O
EBIRE MR R . I E O RO e TP A, B R s AR AN E, BT TR X
(i) 0 T A5 A0 o 7 B O 5 /0 DR T . A A DG SCHR TR IR TR D0 R R R S 0 R AR BLE =2 (R A
TE— 2 546 & . Farhadinia" "/ ¢ T A0 BT 48 S HL X ]I 245 10 77 R g 0 B R R0 2 R4 0 2
(A B A 7, IF R TR 28 4 M b s Hu 8810 5L 1 I 0 B RN AR S8 6 R T = R IR I U
R, 91 0 T 22 0@ PR o 5 b s X A0 TR IR T R BOR BE AR BB B AR T — R R BB
R, BB 02 25 A AL BB T 09 B ML 9T 51 A BB s e e 4% 58 TOPSIS ik, N T2
J& PR S T T UK AR IR A P R T R IR BOR JT Y A R AN, 2 B MR R B T A R AN iff
8 PE RV ARAS O PR T — SRR G R ME S0 B T RN A SO B AT L 2 DR R LA EE
TFF 53 M 23 DX ] 00 TR A5 R0 42 %) B 5 U0 000 B . pR T AR IX (B AR R B AR B % TR R B R 4%,
T T AE S SR MR XA A $ AR R ) B oY RS 1 B AT T N M R X [E] A AR A 3 AT RS
AL BE . 225 DL SOk AR S 0 R AR T4 5 B BRIE T i, W S VSRR TR OR TR B R A A
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AR AL R 1 5 R T AR A B O AR TR R SR 0 A B E R TE S ORI SR B9 07 k5 Lin SR URGE A I T SE B RS
— 2H W 33 A A ) 1) M 238 00 TR T AL Y Tk Ak B ARE R 0 BB 5 O UKAE X B R R AT B
4R T BT BAG B aas BN S R B BRI A o AR SCER TR —
LM S 3 A3 AN [R] 9 HE 25 DX TR] S0 340 ASH) oo R 1 Ak BE B9 7 3%

b Xt M P Ak B ) A R X ) A0 BB 4R L AR SO ST AR T AR X T A0 S M 2 B AL S
FR) RE A VU, &5 Y — 1 TR AR 3R DX R) 0 FOAS M oo a0 R 2% 5, 38k H i R o AL E SCRY EOR R
e 4 A T 300 M S DX TR S TR RO 4R L 5 e B R R ARE 3R DX ) 10 TR R A0k 0 R ) BE b L 45 5 0 AL
€ J& PEAUHE , 3T TOPSIS J7 & Ml 1 R 1 PEAE (9 22 i P e SRR 2R, 0] P — 1 [0 265 BEL 13 52 4] 36
UEZR ST 388 75 ¥ 1A S0 Az A, OF XA e S H0E AT T U A

1 figg s

AR A A 28 DX R R BB R A A AR A R DG R
11 MZRXERLERME

EX 1P WX E— D, X g — 2R X ] 5 7 4558 45 (Probabilistic interval-valued hesi-
tant fuzzy set, PIVHFS) & Xk :HZ{<x,h(x)>|1‘€X},:EEEP%%/L(I):{U{ (2),r ()| p ()i =

1,2, ---,Z}%Tﬁiﬁ’fﬁ%@l‘ﬂj WA B2 1) He A TR B Oy ME 238 X TR] 08 2 450 H JT ((Probabilistic interval-
valued hesitant fuzzy element, PIVHFE), [, (2), 7 (2)]C[0,1]3/R X IT R 2 J8 TR X B LB
BOWI A H 25 T A ol REPE Bk  3J8 B IX 1), p (o) € (0, LIRS [ (&), ()]0 = 1,2, -+, [HI S BK
MHE W I — k1 D pi(a)=1.

TG S0 L T HE K BRI E A= ()= {[r ]| i =12, ) R BN R
h“:{[l —r1—=r]|p.i=12, "',l}o H A b i oo 28 4 B DR SR Jm B2 [, " JEAT RE P RS, K
B 7 B0 0 G

EX2Y AW RXEE [a,b ] F[asnb.]e #Fa+b>a+ b, B 2Ala,b 1>as, b, ] 45
at+b=a+b,Hb —a <b,—a , B2Lla,b]>]as,b,]s

ENX 3 &h:{[r,’,rﬂ‘p",z‘:LZ,--°,Z}%E%éﬁﬁfﬂ@ﬂ%@I‘Eﬂﬁﬁ%ﬁ*ﬁﬁ,Z%,ﬁ\%’fﬂ(,mﬂ
PIVHFE & B 553 B B0E LN -

.s(h)—jr’;ﬁpz (1)
R0 BB T G2 B B A, 1A B0 R e T B SObR v 25 10 e 25 pRB, € L PTVH-
FEh 14 fif 22 oR 80N -

v<h>—jj[“g”’ —M)} pe (2)

TE AT AT B S WS ME R X ] 3 B T Ay R A, sChy) Bl s(hy) 2 FEAS 43 pREL, o( ) R
v(hy) S Ho A 22 pRE, IR 4

(1) %7 sChy) > sChy) I8 A ME 232 DX B P AN T hy > e, BRA DT Do

(2) 45 s(hy)<<s(hy), BB ABEZ X RI L BAM T by < hy , RN hy 5T Do

(3)# s(hy)=s(hy), #F— 20 L3 HoAl 25 bR A : 45 o(hy) <<o(hy), B4 by > hos 35 v(h) > o(hy),
ﬂB/Ahl<h2;%v(/11):"0(}l2),ﬁ|§/4\}ll’“}lz,ﬁ(ﬂ‘j}lllﬁhzﬂﬁﬁﬁuo
1.2 MERRXBERBEMITI N T iE

b TR R 2 RS bR P S () R 6 AT A — AR DX (R A IR BR T, SRR RO A R AN A
S G P S0 R 0T 3ok 2 ARE A DX JR] I TR M) T R AT R Ak A 3L 5 R A ) i R R, DAE AT 4
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B b A . 225 LUFE SCHR b A G 9 I8 R0 3305 8 B0 52, 42t — o X E 3R X I 08 P ASE A8 e LY
TEAL B 71k

BN 5 T AT R — 2 3 O 45 1 WA X AR BB I8 Ay = ([ ] [ P i =12, L) =
1,2, -, R IR 38 G 24 030 1 6 A7 VG F Ak 2L, L 908 b b 3 15X 2E$%$Elﬂﬁﬁ%@%*ﬂ757u%
,%%yzhj:{[rj,,rj, Pl =12, 0} = 1,2, o Hort 378 X 4 PIVHFEs J [f] 19 3£ 50, n %05
X 4 PIVHFEs (99> %. BAR P BRINE

A n AN PIVHFEs b= {[r; . 1| proi= 1.2 )= 1 2o by R [y 19 IR X2
L7 HESY . A8 5 o R 7€ PIVHFEs 1 T Ab 7 &, 48 5 B F R AT o D 0 R I HER Z /1,

St B AR AR SS9 0 A PIVHFES by = [y ] [ pli = 1,2, 0} j = 1,2, ..

Stepl: & a=1,8=0,

Step2: L n MEFEICE pl, p, oo, p IR/, 2 m, = min{ ph, p™, =+, p"} o

Step3: & j =1,

Stepd: WA p-=>m, ¥ r,,r, ‘p’ Yook lr 1| m, M, ]‘(p’"—mu),[r_,:,rjﬂ|maﬁ*§
PIVHFEA, 1 [r, r 1| pr R BT A B2 8 L Ly ]| (p — m, ) 48 A I PIVHFEA, P58 o 545 a + 14
JCRZ 8] ; R p = m, , PIVHFE b, 4 4\;@%{5&%%@0

Step5: W j<<n, % j=j+ 1,317 Stepd ; 75 W $447 Step6 .

Step6 : 5 =4+ m.,.

Step7: FIWr g =12 WM r . W, AT Step8; BN, 2 a = a + 1 I 4T Step2.,

Step8: Hi t A IR 0 by = ([ 1| pli = 1,20 = 12,0

44

25 1ok il 5 1 ML A AL B 1 M R DX 1) A RS JC AN 23 5 W A B (Y BE SR A L OF B 4
PR S L Al 22 R B DR 1 AN, DRI, G 35 1 DRSR AR S S A7 A Al 46 2, ARF 4 DR SR 10 DR SR
Ko TSI —A B AR 07 BEAT UL

Bl i

h, ={[0.40,0.551(0.2, [ 0.35,0.45]0.8},
h, =1{[0.20,0.401/0.3, [ 0.15,0.45 0.4, [ 0.10,0.45]]0.3},
hs=1{[0.58,0.721/0.3, [ 0.50, 0.66 110.5, [ 0.42,0.60 ],0.2},

Xt Ry, oy b AT RLAEACAL B, 15 3]

hy={[0.40,0.551]0.2, [ 0.35,0.45](0.1, [ 0.35,0.45 0.4, [ 0.35,0.45]|0.1, [ 0.35,0.45]/0.2},
h,={[0.20,0.401|0.2, [ 0.20,0.40 /0.1, [ 0.15,0.45 /0.4, [ 0.10,0.451/0.1, [ 0.10, 0.45](0.2},
hy={[0.58,0.721/0.2, [ 0.58,0.721(0.1, [ 0.50, 0.66 10.4, [ 0.50,0.66 10.1, [ 0.42,0.601,0.2},

AT LLE B B A AL RS 1 o, o, b FAT AR TR0 580, OF HLE AT AS B (9 B S5 4 A A0 HE P 06 & OF
BAT K AT A 28 A, AT S5 R KO Ol 22 R I E A AR 35 A2 o B f A B 1% HUE 3 X 1] A0 T3 A5 A
TCARH A 5y I AT BSR4y T, AE I FE A b, S S T LU B e X — RAVE AN RS T FR
e S5 o AR SO T 7 S S A I A R B R A 1 BB IX — 2 51 PIVHFEs HA7 A 5] 9 565/
1.3 HRER X () 4L FRARHA TT BE RS i) B

SCHK L8 12 SCHA AR A IX 1) 0 A0 T B B 8 0 38 AT 45 0 ) 1

EX 6 ¥ hy 1 h, W PIVHFESs, hIZ{[rf,rf] ‘pl',iz 1, 2, ---,Z}, hgz{[r{,r{] ‘pz',i:

1,2, ---,Z},ﬁB/AEﬂ‘]ZI\Eﬂ ) Hamming #2590 B % LR
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d(hy, hy)= 22 | plry — pirs | pt ol — Pl s (3)

IZFE>27 &hl %nthJw‘j/\PIVHFESah]_{[rl,’r], ‘P ,i:1,2,"',l},}Lzz{[f‘zﬁ’,rg‘,]‘])z',i:
1,2, e R B AT 22 0 0 0 0 T 5 SN
dl(hlyhz):|5(h1)_5(h2) ’
;H\:q:‘9(}11)%[[Y(hz)%%”ﬂ‘jhl%nhzﬂgﬁg‘%l‘zlﬁo

2 PR RUREAR X [A] S TSR AR

A T R X R A0 AR TR D R 2 B A S, T B R I R RO A ) E 4R A — i
B AR AE 2% X ) 90 T A ke T B A 2, ORI UE T O R S AR E U AR S SRR R LT
M4 DX ] P R £ 1 o
2.1 ABUENX

XS W h={{rrr]|p =12 0| =R X BB T, A= {[1—r"1—
ro P i =12 L) E R — AW Ech > [0,1]0 #5 E(h) W2 BUF ABAL A AF AR ECh) i
AR IX (8] S B AE A T A9 0%

(DO<E(h)<1;

(2)E(h) =024 B4 h={[0,0][1}8h={[1,1]1};

(3)E(h) =124 HA*4 h={[0.5,0.5]1};

(4)E(h)=E(h");

(5)E(h) 5 h 1 AC Z [6] fo 78 00 J3E 67 A0 G, 55 A R A 22 18] A8 D B g 3000 B 6 G

X RS REAT U, S () B TR B A RS, 25 1F (2) A (3) 1 BT T 40 IR e K /M B
IS B RF R A 0, 254 (4) 36 1 A1 0 B8 v 4R & 5 AR SR (R AH 55 9 25K, A5 10 (5) BLRE T B
T Y B . DL B 5 A2 B JR A, o0 B b 3238 T M R IXC ) AJE TR MY e A T B ) I

i T M A DX [ 0 4 BRI I8 B9 Hamming BE 280 B2 403X (3) , 2% 300 A AT Aoy B s 40 00 2 2 =X

(4)

El(h):_i[l—(|r,f—o.5|+\rﬁ—o.5|)}p", (5)
o
Eln=>[1—2/7 5] (6)
1 —; 2 . Po

T TR 3R A B T R S HE AT A BT
T 5 AR A G AR 0 AR Y U AR — BRI AR v ORI R B S ORI AR 0 AN B 1,
T L AR A 0 S J BE O O B 1 B, (B SR /N R O 5 B 42 A SR BE Ol 0.5 B, (B 05 R ol 1 B 4
B SR J B B T 0.5, B K s SO B 55 B 0 A B R 0 A 4 o
fﬁﬁﬁ?ﬁ\PIVHFEs,hl:{[0.2,0.8]|1}\hg:{[0,1]|1}$[Ihg:{[O.B,O.S]Il},%%IJFHEI(/L)ﬂ
) AT . HE(R) RS E(h)=E{(h,)=E{(h;)=1, BV E{(h) JIEXF hy, ho, by 317 X
6} ANFE A BRI B 1 BESR o Xt Ay (AT \ffﬁﬁ;zfjbh X Ja] SR JE B FUTE A5 0.5 U, Ui A xR )
TR 0 AN 2 R SR R, I DL B KR Ay B (B S KR 1, Ay R Ay BB B /N T 15 5 by R b, W] LA
F R, by v X ] SR BE A A A E Ay EANEE VT 0.5, T LA Ay BORAE N % KT heo FHE(R) BEATHEE
Tu @J E(h)=04,E (h))=0,E (hy)=1, 010}, E,(h)<<E,(h))<<E,(hy), BT LA E,(h) M L F
Ge Ko A THE AT LU IR E () W 2 A U 5% 4#(1) (3) . (4)BYZER , 4K, B T 7E %
hzz{[o,l]ll}iﬁﬁﬁ%ﬁ,a (hy)=0,3X 2R E Y, 75 HAW 2 A A (2) B 2K,
AL LLgS AT T B AT A . RO A — A RSN VAL S A X R R
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A B, gy R P AR ST DU E SR X R] A B o0 A ={[1,1110.5, [0,0]]0.5} R Ko, h R
BAERX AR A — 0L 5N X G 58 il 2 JE A 55— A X G 5E A A 2 R A It
W, 2 BRE N %2 KT 0/NT 1. SRR E ()RR E () =0, RMFAER, S5 1, il
X Ey Ch) S XA 38 R B, By Ch) 48 B0 2 MR 3 DX ) 00 S5 AR I v 7 A DX ) S s 38 S s P 4
U 327, R — Fof et AR A i 1 1 B

ST A SR A A A B A A 1 i *ﬁ%EbbEEM"F@TM) TGN D s ) 2 5K

E.(h)=1—2|s(h (7)

SR E,(h) HUwE 2 2 B4 & 1R (1) L (2) L (4), T%E S (3) o W, E(h) X h=
{[1,1]10.5, [0,0]j0.5} #ATH BB R E()=1, AFHER ., FL L, W WEE T LF 2
E, Ch) J2 068 MR 3 X 1) 0 340 5 90 O 8 R 1 e PR A9 2 4o I, B2 258 B () T E, () K45 31 — i e
8 T B 6 A R A A 1 R A 3 A A A 9 A 3R X1 00 TR ) E % 5K
2.2 BEFESBUMEER X (8 4 SR AR A ST B

EXO Beh={[rr ]| pli= 1,2, L} A HE 5 I [0 A B B0 T, FL B 80 0 0 2 8 X
%%ﬂ?ﬂﬂ

Eu(h)=(1—=@a)E(h)+aE,(h)=1— 2als(h)—0.5| —(1 — a) 2 (frm =05+ " —0.5)p, (8)

E e () J2 60 A8 2 X 8] S0 50 MM 0 P S R 1) A A A i 8 P R A PR A 1 P A9 2 5 LAl . TG
S8 ac(0,1) AU R B, S8 a = 080 1 AFF A A SO I8 [ B SEBr i O, X 280 a B9 23 BT, A

SCPFAESRS 4719 AT .
REIR1 E L9 H Ay IR s L I 2% X A2 SE 8 Hh 8 BRAR E o
1ERA

(Dl Fo<s(h)<<1,80<<2ls(h)—05<<1; WK [r,r,]C[0,1]FF Hp'€(0,1], FrLL0<

!
= 05<<05,0< " — 0.5/<0.5, B4 0< S (I — 0.5+ " —0.5]) p'< 1.
=1

!
MM O < E,e(h)=1—20als(h)— 0.5 —(1 —a)>] (I~ — 0.5+ " — 0.5]) p' << 1.

=1

(2)E Ewe (W)=0, MEBZHa, T a AFET OB, HES TR RH AT
‘5( )—0.5|=0.5,

!
>3 (=05 + =05 p'=1,i=1,2, -, 1,

i=1

(9)

KRR 7 B 41 (9) 45 — 50T LLAS 8] [ — 0.5] + [ — 0.5 = 1, S BEXHT 2% £, 2<|r;—o.5|+|r,.+—

0.5)p' =1 . HTO<|r, —o5|<05 O<|r —0.5<<0.5, B Al r, — 0.5+ |, — 0.5 =1
B, HEES I — 0.5 =r" *05\—05 B4 r =0 =r =18Fr =0,r =1, KIMHA
HBri=ri=08r =r =154 QE%—IHE’J%? ro =0,r = 1032 |s(h)— 0.5 =0, NFF
HER ﬁﬁﬁ%iﬂﬂ’ﬂ%ﬁlﬂﬂﬁﬁ%*ﬁ*ﬁmh {[0,0]1} 8 hA={[1,1]11}. FE/\@I_J#TEO

(3 EE.(W)=1,MEESHa, H T a AN ETO L, FES TR BN
ls(h)—0.5|=0,
j (I — 051+ —0.5]) p=0,i=1,2, -, ., (10)

MG R (10) 55 — 3 AT LIS & [r, — 0.5+, — 0.5/ =0, 84 r, =r = 0.5, Hif 24
— T AL o XA B AR AR X R LR A T 2 =({[0.5,0.5 1}, s PE Sk
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OXMEREA={[rr V| pi=1.2, o R AC={[1 = 1= ] | pi=1, 2, o, L[ E o (R =

(1—a)E1(h(‘)+aE2(hC):1—2a|0.5—s(h)|—(1—a)2(|O.5—rf|—0—|0.5—r,-+|)pi:Enew(h)o
(5) X F Enew(h):1—2a|s(h)—0.5|—(1—0()Z[:(|rf—0.5\—0—|rf—0.5|)P'>:1—aIS(h)—

uww—u—ny%j<mf—u+mﬁ—wmp=1—mwm#»41fawwwwﬁﬂu%ﬂEww>

5 hR RS 22 6] PR R O, 5 R A 2 T i B I B A
L5 1, B (h) W 252 S8 0 7 AT 028 BB AL 4
2.3 BEESEVKRER X E) AL TRASHA SR B
EXI10 WX R, X ={x,20 2, b, H= (@, h(2))| 0 € X | I XAEX L HHE S IX
) A1 P M0 B L 9 — R B ABE 2 I ) A B T T ROk by = ([ ) i =120 L =
1,2, ne EAFTEWLGT E: H—[0, 1], {f i 2 -
(DO<E(H)<1;
(2)E(H)= 0% HACGX AT B 2,(j = 1,2, ,n), by
(3E(H)=14HICYMMEE 2 (j=1,2,- )h
(4)E(H)=E(H),
TR 2 E () S M 56 X 0] 90 B9 05000 4 19 00
488 23 X 1) 900 T A MH0 T PR e, () HE ™ 60 408 250 DX 1) A0 T A M0 4 v, 7T U785

En(H)=2% [1 — 2als(h)— 0.5 —(1—a) > (Jry — 0.5+ I —0.5] )p’}o (11)

(00,0 ]} Ay ={[1, 1]]1};
]{N&QHHL

ni= i=1
FEB R Z IR R BN EAATEES WX ={x, 2, 2, BHERE LY W=
{wi, wa, oo, w, }T, B2 HE 2 X R0 5Bk 4 0 0 B2 A9 I OB =K

Ep(H)=>w, {1 — 2als(h)— 0.5 —(1—a) > (Jry — 0.5+ I — 0.5 )p’} . (12)

3 EETURT RN 2 E M RAR TT i%

TOPSIS J5 ¥ 1 B A AR 70 A BR AT AT 1Y £ 35 5 8 v AR 4 Jr 22 J8 P A 3 Ui 2 1F B A8 7 8
I [R)EFEE fh BE AR 2R AR A Y T AT AR Ry SR A A R AR G O G BE T R bR R X Ak T R AT
FEOLHE T o AR SCHE SUAE T I B A 5, IF B X 22 8 M PSR O ik AT RR , PR UL R 1 AR R
DX T) 00 B ASE R0 905 45 5 5 A0 A a1 — i 87 B 1 35 T TOPSIS J7 6 10 22 J@ PR T SR A A
3.1 [B)EEA

BEXT & PR A 58 4 R F R BE R X R AL B 2 B e R A BT I A ={A, Ay, -+ A RIR
mATRE,C={C,Co,--,Cy KR n D BIEEL JBEAE M E W={w,w, -, w,}", Hh

wje[o,l],iwjzlo PSR X BT A e SR AR B AT AR B, 25 I B D SR IR R R B 2R LA R R A

%U\%WJ@FE S, VA (E ] PIVHFE Ay B2 O 3R , LSS 70 1 3k Br A Al € A5 B o hy R 5 1
TRAG=1,2,,m)TEBYE C,(j=1,2,++,n) F BIPEO(EL, 24900 R X (8] I A M OC , o Dk 3 3
20 A R R DX [ 0 T R e B B B AR R SR G

hll hlZ A hlu

Bt e
H=|"" "7 77

. . . .
hml hmZ ot /l zzzzz
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i
H:<h1j)m><n:
{Lri Gl o T [pH e} L (el (e D pM ) e (D () ()] p )
{Lre o, o T p )y AL (eo)ord (e Y[ )y e (D (a)ord (@) ] p () 1)
{[r. ()7 L]M I (EAE DRI | FHE T R EACANA T EC Al

Hor £, Rom MR X RN T hy (i =1,2, ,m; j=1,2, -, n) B IEHL,
3.2 RETE

Steplzﬁﬁiﬁﬁﬁﬂﬁm B0, M T AL aR L M A A B e o X PE A 9 VR O A B %.
C(j=1,2, ) MAR BN, 2 hy =05 (i =1,2, -, m); 56 =, %F by v X ) S J 2 4 TR % )
lﬁ]?LfFiHFﬂ BeL EREC(=12,- TE’JT%Z%EIETJZH%&*E%mEPEIETH%)%T“/\%&T
], D42 BRSO 5 v i B A 5 vk #ﬁmﬂ,@@fﬁ\ﬁ PEF B PIVHFEs B A # A i 5650, e
15 20 bR PN 5 B R H

Step2 : i 1 JB PERCE (o AR I N X (8) T H b Ay WRHE B C (= 1,2, n)
TR A (A (5 B OB, X R T A B T e BN . R TR
FH D0 2 25 3 (8) 45 4 I AN T 1t i Pk AR

1@ 1—E(C)

E(C)= mZE(h,»j),wj:”—],j:LZ,---,no (14)

n*zE(Ck)
Step3: i & IE B 7 . X B AIERMB T RA ={hl, by, ) MIAHBTTRA =
{h],hz,--',hu},,ﬁ:EF',hf—{[l,l] zl —{[o,o] H J=1,2, e n, RO HE AL AL B T

CjTh,,-<z'=1,2,---,m)é%ﬁ%%%zo

Stepd : 1+ H A, (i=1,2,,m) SIERHB T RA MA ZEBMAES., 768 M8 A E
W={w, w,, -, w,}’ B’Jﬁﬁtﬂj: *ETEHammmgﬂE%{ﬁ"Jf“/\T(S)ﬁ‘%t MHEASA A ZH
) Jin AN B

D+—2wdh h).D; = zwdh ) (15)

Step5 : ﬁ‘%ﬁ%ﬁﬁ_ﬁqf/l(z—l 2, o, m) ARG RE . BB D M Dy, i=1,2,--,m
F 4 TOPSIS 32 A X I 1 BE i a2 X, 1R A (=1, 2, -+, m) WA X I 30T B

D; .
D +D
Step6 : ¥4 B8 A X G VT BE R(A)ME R KNG T 5 BT B HER  RCA) [E R, SUR # -

4 S S

R FSCHK[6 ] Bty 1o 265 B 58 1) 45 45 AR SCRI 4R Y B9 22 J 1k ok 5 5 1 b A A 3, DL T LE e A
o .
41 &fl

BETT BB 1] A% 1 A BEAR ] O T TUI G T I 4% BELASG GE AN o0 A % I I 2 BRI Y A R, B K
W 3K — & ) 2% B P R gt . LA LB AN [A) 2 LAY I 2% BRI TN R 48 A (i = 1,2, ---,5) T fiE ik

R(Az): :1’29”'97”0 (16)
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B0 T ﬂﬁl‘]éﬁﬁifﬁ?ﬁm% L — 2R TR

AbE!—‘—‘

He BY 17

TS EAE AR (C) ERE (Co) A5 (Co) TR S5 7K (Ca), % 3 T b 0 265 BELIE 30300 22 ¢

PG BRI ARG A AR

mFE1.F20R,
Stepl : H%:,Fiilll/l\}%'@?'éﬁ C(ji=12,-

HATHES IFH G (=1
S M H = (hy
Step2-7FlJFHkFﬁ(ﬁ‘JT“/\JC(8)XTH

PR 1)

HBE 3R X ] A0 TR AS M 20 15 2 5%

4) ¥ MR by v IX JE] S

)TE’JPWHFEE%*HHE’JK%& e A TR AL . YRR 115
>X4,/\Eiﬂhl]jﬁ%1qﬂ$a VP ARE 25 DX () A0 R A O
(Pig)s s R FTA hy PEAT AL BE 3% B A AU R 0 = 0.5, 15 3

?E’Jﬂiﬁfﬁﬁﬁ PIVHFE &, (1 X ok s, B H 15 5 E’J%%ﬁéﬂﬁ B

1 MR ARBAM AR R

Table 1 Information of probabilistic interval-valued hesitation fuzzy evaluation

R4, Iiiﬁﬂﬂ%l%a#?zﬁd\?ﬁ})\ﬁn

¥4 1 I 19 IOy

S G &
A, {[0.6,0.8]10.5,[0.4,0.6]]0.2,[0,0.51(0.3} {[0.6,0.81]0.4,[0.5,0.71/0.3,[0.2,0.4 0.3}
A, {[0.5,0.7]]0.6,[ 0.4,0.6]]0.1,[ 0.2,0.4 ]]0.3 } {[0.4,0.6]]0.5,[0.3,0.5]]0.1,[ 0.1,0.3]]0.4 }
As {[0.7,0.9110.2,[ 0.4,0.6 ]10.4,[ 0,0.21|0.4 } {[0.6,0.8110.3,[0.3,0.5110.5,[ 0.2,0.4 /0.2 }
A, {[0.4,0.61]0.6,[0.3,0.5]]0.2,[ 0.2,0.4](0.2} {[0.4,0.6]10.4,[0.2,0.4]]0.4,[0,0.210.2}
A, {[0.6,0.8]/0.3,[0.2,0.41/0.4,[0.1,0.3]/0.3} {[0.7,0.91)0.6,[0.6,0.81]0.2,[0.3,0.5](0.2}
C, on
Ay {[0.2,0.4]10.5,[0.1,0.3]]0.4,[0,0.2]/0.1} {[0.7,0.91]0.3,[ 0.4,0.6 ]10.3,[ 0.2,0.4 0.4 }
A, {[0.5,0.7110.3,[0.4,0.6 ]10.5,[ 0,0.21]0.2 } {[0.7,0.91]0.6,[ 0.5,0.7110.3,[ 0,0.21]0.1}
A, {[0.4,0.61)0.7,[0.1,0.31/0.2,[0,0.21/0.1} {[0.7,0.9710.4,[0.2,0.4110.5,[0.1,0.3]/0.1}
A, {[0.6,0.8110.5,[0.5,0.7110.2,[ 0.3,0.5]10.3 } {[0.5,0.71]0.5,[0.3,0.5]10.3,[ 0.2,0.4 ]10.2}
Ag {[0.5,0.7110.4,[0.4,0.6 1/0.4,[ 0.1,0.3]]0.2} {[0.7,0.910.5,[0.4,0.6 110.1,[ 0.2,0.4 ]]0.4 }
R2 MR ERBAMEE LA
Table 2 Information of probabilistic interval-valued hesitation fuzzy entropy
EX C C, C, C,
Ay 0.78 0.78 0.48 0.79
A, 0.87 0.69 0.79 0.58
A, 0.64 0.82 0.73 0.74
Ay 0.82 0.64 0.76 0.86
As 0.66 0.56 0.84 0.69
1 1
WA (1) R Z R ER 8. E(C)= 52 E(h,-l):§(O.78+O.87+O.64+O.82+

0.66)=10.7540,E(C,)=0.6980,E(C;)=0.7200, E( 1)=10.7320,

T LT T TN TS ppie———
4— 2 E(C)

k=1

~

=0.2245, w,=0.2755, w;=0.2555,

w, = 0.244 5,

Step3: & IE BLAR J7 R AT ={hi, h, o iy, OB TT R A ={hi o, oo,

{[1,1] 'é}g,hjZ{[O,O] ’é} J=1,2,4,

hiy, o, hf=

Sm4ﬁwﬁ%mﬁmﬁﬁﬁﬁﬁlﬂ‘}ﬁkiﬁ%h ﬁ ]H%Zﬁﬁ*vﬂi

3

PRI S
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0.5417 0.4500 0.7580 0.4900
0.5867 0.6300 0.5500 0.6233
[d(hy k)] =[0.6000 0.5300 0.6867 0.5367 |,

0.5867 0.6600 04767 0.5367
0.6100 0.5933 0.5200 0.5633

0.5250 0.5500 0.2400 0.5100
0.5000 0.3700 0.4500 0.6700
[d(hy, h;)]sx ,=[0.4000 04700 0.4000 0.4900 |-

0.4400 0.3400 0.5900 0.4800
0.3900 0.7000 0.4800 0.5700
ECHBTEANTE W =1{0.2245,0.2755,0.255 5, 0.244 5} (Y 3ERE - BIEAR(15) 1154 A, 5IiF A

BITRAHA Z R AR, 42 A (16) THR 8 27 58 A, RUFI X W B2, S5 2R a3k 3 i .

R3 FTEALERREZTEED

Table 3 Distance of scheme A, between positive and negative ideal schemes

ES D/ D; AHX M R(A,)
A, 0.559 1 0.455 4 0.448 9
A, 0.598 2 0.4930 04518
A, 0.587 4 0.4413 0.4290
A, 0.566 6 0.460 6 0.448 4
A 0.5710 0.542 4 0.487 2

T AR T B2 7R 7 SR EF- B RCR BB BOR ORI
Note: The relative closeness degree represents the comprehensive effect of the scheme, the larger the value, the better the effect.
Step5 : #% BRAR X I 3w B2 X 7 AT FE L HE R L 1 T R(A5) > R(A,) > R(A)>R(A,) > R(A;),
TRA>A>A A A ASEGEGRUR R, Wi
e — 2 O, Be OCHR [ 5 ] PIVHFOWA 8.7, SCHR [ 6 ] PIVHFOWG 51, SCHR[ 23 ] iy
PIVIHFMSM( r =1, g(z2)=—In(2 — ¢/¢ ) ) 57X} 1 iR %048 E 17 4b 28, R AT 70 o) BO(E R/ 5 56
BEATHER S5 R R 4 s
R4 FREFTHFEHF>LHMAAEFLER

Table 4 Score function values and sorting results of schemes with different operators

HE A, A, A, A, As HEF
PIVHFOWA 0.491 4 0.4938 0.4951 04753 0.558 0 A=A A=A A,
PIVHFOWG 0.4184 0.466 4 0.456 6 0.436 6 0.5317 A=A, A=A A,
PIVIHFMSM 0.107 1 0.1174 0.1152 0.109 8 0.1339 A=A, = A=A A,

AT LLE B, AR RN R 45 R 5 A SCHRR I EM L, BOARTER o I R4 ¥ 1
FEES N EEAMH RSB A RIS A, Bk T A ST 46 058 07 125 A7 3 .
4.2 BEERMESH

AR ST A A R AR A SR AR RN S8 o, TR Ay T S R A X e O
RBym . 2 a=0.1RAK 0.1 INH] 0.9, FF7 55 0 W A% J& P A F1A W i BE R A5 3] 1Y 45
REE1I—KE 2T ER,

W &L a] DLE B, bl B AU 280 o 9 W03 0K, J&@ 1 Cy A Cy 9 B 8 52 AH Ly s/ & #5, JF B
Cy /NI BE TR R B, Ja % C, 1 Cy 22 JL-F- AR 7] A 38 K a3 IF H s A E (L 7E 0.2 8] 0.5 Z [A] £
i 7 ZRARAL, B w, = w, = ws = w, wy S wy S ws Wy, We Wy > wy > wy, Wi B E M ACE X AL
5 A o SRR B o USRI L AT DA B R A o B, JE A Z [a) A 22 SRk . ROARANER
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Fig. 1 Variation curve of attribute weights with tradeoff factor «

XF G T R /N # s JF BOJ5 SR A XIS OE B AR 05 1 0.8 Z A & T =

Bl R B R R o A

B2 ARG AU 2K o A £

Fig. 2 Variation curve of relative closeness with tradeoff factor «

1P 2 AT LR 2, B35 AU 28 80 o B9 AN T8 K, A B0 AR R I a0 J3E R 0 Kk Al,A;,Ag,A i H

A,

As > A= A= A= Ay, As > Ay > A= A= Ay, As > A= A > A= Ay, FFELH rgl Z—IL,{E
DU RPN LN i S S N SN AV U R AR P S £ N D s g )

EXT7 GEHEAT XS e o AR W2 2 550 a 19 728 A I OR B2 W e (0 T 8 A R 5, S ST ST 5 XA R K
14 72 AL I AN R

5 énlb

Jogs P AU L 4 R e ) R R T L AR 0 AL, SR AR Y IE ST R AR ST . AR SCHR T AR
DX i) IE T4 ASEAH 90 000 2 R A8 78 70 4t 2 M R DX TR) I BRI 4R I AN B E A, B W B SCUE L 5 TR
fife AL A . A AR RO A T — A T TOPSIS J5 12 9 8 25 X (5] S B A5E M) 22 Jeg Pk e 5 A
T ORE IO T T 1) 255 B T 0 A TR e % o, 5O [R) SR T B R L o A B T BT AR O 0k B A Ak S
SEAE o BRI, ZAS SR S M 23R DX T) 000 B3 AAS 0 00 R ke = 5 At [+ 26 2R 005 00 8 4 % LG o3 A, LS B

ROELAS RHE 5 73 A1, AR S I 38 ) 449 3 D = R] AR mTRE 1 X ) 00 40 M 4 v
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