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Distance Measure of Interval-valued Intuitionistic Hesitant Fuzzy Sets Based on
Hesitancy Preference and Its Decision-making Application

ZHU Yong, LI Dechao’, GUO Qiannan, SONG Jinjie
(School of Information Engineering, Zhejiang Ocean University, Zhoushan 316022, China)

Abstract: Interval-valued intuitionistic hesitant fuzzy set (IVIHFS) can describe a lot of uncertain information in reality. Aiming at
the general distance measures of IVIHFSs, considering the preference of decision makers for hesitancy degree in decision-making, a
new distance measure formula is defined, and proved that it meets the axiomatic definition, which makes up the deficiency of exist-
ing distance measures. Aiming at the problem that attribute weights are difficult to evaluate in general decision-making process, the
interval-valued intuitionistic hesitant fuzzy entropy is defined, and attribute weights are calculated by entropy weight method. Then
the corresponding weighted distance measure formula is given when the attribute weights are known. Finally, considering the multi-
attribute decision-making method of interval-valued intuitionistic hesitant fuzzy sets under the new entropy and distance measures
with TOPSIS (Technique for Order Preference by Similarity to Ideal Solution) method, the effectiveness and practical value of the
proposed method are illustrated with an example, and the effectiveness and stability of proposed distance measure formulas are fur-
ther illustrated through simulation experiments.
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DX 1H) BB BRI 4R TVIFS . Horha (o) [0, 1) %Rz e XX FHEA A MR E XM, 9;,(x)C[0,1]
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PSR A(x,) T B(x,) B R SR T B .
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XHA>00 BA=1,20F, IRA ) CHE B 0 18 A 7 W B 2 MR A I B 8, 20 9130 4 Dun (A, B)
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TE B[]

3.4 XEEZRGEME
T DX ) L AR R AR A A PR R BRI R T 1
EX12 #AEIVIHFS(X), ¥ TAEE N 2 € X, A (R R 752 X F .

1 [ (2)) = (o () |y (20) — (v, ()"
SA(‘Z)Z,‘;( 2 + 2 ), (9)
AW T XnF
14 —(u;(x)) —(v;(2))  1—(u;(x)) —(v;(x))"
H(x)= /42( 5 + 5 ) (10)
EAEEEXBIHO<S,(2)<<1,0<H(x)<<1,HO0<S(x)+ H;(zx)<1,
T T FAM, A BB S . FARMIE SLIF
G(x)=—1 xlog,x +(1 —x)log,(1—x)],x€[0,11], (11)
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B AR E(A) 2 A X ] B 58 20 B A9 495
EN14 W ACIVIHFS(X), M5 E:IVIHFS(X)—[0,1], # E(A) J& — A X 8] 11 % 3 B A5k
5, ECA) il 2 an F e .
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(DHE(A)=04A404YreX h (2)={<z, [1,1], [0,0]>}8ih;(x)={<z, [0,0], [1,1]>};
(2)E(A)=1Y4HAUY Ve € X, h(x)={<x, [0,0], [0,0]>};

(3)E(A)=E(A");

(4)E(A)B@S( ) B3 TR/ B A H () B8 385 KM 3G K

B2 WAECIVIHFS(X), IR 45E X 13 E(A)=F(S,, H;) &—~ X [a] B35 90 B B 4

iERA 53 /\ﬁﬁﬁﬁsuuiﬂﬂwn%n(@,/H\Z%T*Mimi
(1) X F G(x) K FH, 158 G'(x)=—log, ,xe[0, 1], B A 2€[0,05]10F, G(x) & H

B AE 2 €005, 118, G(a) A2 B9 3 0 1 o
NHFGx)FEL0, 1] b#Ese, I 2 FF 16 e RAE A& /AME, TPk max {G(x) )= G(0.5)=1,

1_

min {G(2)}=G(0)=G(1)=0, Y2 E€X,0<S,(x)<1,0<H(z)<1,M 4 0.5<HS;(I”)<
1 O<H"ﬁ;x')<o5o
% F E(A)=— G(HSM)+G<H4(1 )) Y E(A)=0W, % |G (1+S“‘( )))zo
2n =~ 2 2 5
0 o H;(x;) 04 l_'_Sﬂ(xi)il HA(L)*O FFLLS ()= 1. H. (2)— 0. 5 A () —
; 2 =04 2 T 9 T ) =1, H;(x,)= 0,152 h;(x)=
(<2 [1,11,[0,0]>) 8% hy(2)={<z, [0,0], [1,1]>}.
(4) %
+1 +1 +1 1
(= el el - e

aF ( xy) IF(zx,y)

S F(a, y) i x, y K5 4K #n LA53 .

dy
aF(x,y) ll 21+I<O;
dx 1—=x
dF(x,y) 1 y
=— " log,—2— =0
oy 210g227y 03

PRI F (e, ) B8 o (0 3 T80/ B 35 oy 9 38 KT 1 Ok, B ECA) B S ; () 9388 R 6/ L B2 H; ()
(g 38 K TR KL AFE . ECA) ] SR 1 X T0) 1 56 A0 BR S A 0

4 St

AR AR R g ) R R B N 5, AR X R AR 58 4 R Y IXC R B v A T RO IR B R
TOPSISﬁ/zE%%E-MK%?WJ PPV T — i 3 7R A0 R 2 G 22 MR P R T v, I X AR N 1 S
BOHEAT T OB A3 B, e A B SE G HE— 25 UL T P R 0 N X A SOhE R E M
41 RRSE

A={ALA, - A YRR mAHENTE, B={B), By, -+, B, Fmn NEMAL . IFHH PR
A,-EIU%%%AN,-—{<VI],/1A’ x; >’xj€B i=1,2,,m;j=1,2,,n, E‘&(Ij)%/%%i/l\ﬁ%
TEAE AN B L ST 1Y BT A A D S8, T LA g Dy, BT A 1 Wk 6 (B0 2 8 T4 IXC 1] B B A
B 0w, BRI Y o = 1o SRS T

Step 1 R # X 75 %8 BT A1 J 1k {EL ﬁﬂ:fﬁ 2 R R B, PR O fE BN IVIHFEs 3R, # &
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IVIHFS W) 8 565 B FEH = (1), 0
WM, R T g Mzﬁﬁkzwu}% P, X B AR B AR E AT A0 T R L Ak Dl sk 2 A
hy=<z, ([uz,u;], [v;, v, ])>= <, (Luy, ], Lo, ])>,/~106M10
<z, ([ vy, v 1), [u u; 1>, hy €M,

A BN JE R T IVIHFEs EPEI‘@E%*%*@H@%%&T%ﬁ*ﬂﬁf(@xﬁ%iﬁﬁd\ () IVIHFEs
HEATH 78, 3 FL A 38 R 5 3 1) XU i 2 SR WA, B @ = 15 88 )5 4% IR X (3) % BT A IVIHFEs o X [i]
ELE A BN K BN AT HE R, B A5 S bR AR B D SR A B EE H = (D)o

Step 2 # I BEASJ7 %E F & M B IVIHFE AR xR (9 IEBRAR JC A =<<([ 1,11, [0,07) > FH X )i
i S FRARIC Ay =<<([0,0], [1,1D)>, e ([1,1], [0,0DA([0,0], [L, 1) &4 &4, HH Xt
1) IVIHFE A9 X 8] F 50 4580 2501~ 20 ] .

Step 3 7E T4 H 19 X [7] L5 A0 P2 A5 B0  10) SE ek -, 1) 0 ARk T 530 J PR AR

1 1 E(B,
_ZZE(BI] ),wj: B ( j) 9j:192a""no (14>
i=1

n—ZE(Bk)

Step 4 AR BT BN AR 45 1 I R 00 82 5K, 20l RO SR R PR (EL O P A A A 5 O OE S B AR
JU R BEES , fe i A B R AE SRR Al T 55 A T AR A A i AR B

DHHIU(AI’ E+):2DHH (}le'j’ ]Nl;)uvj 9DHH-w(A~[’ ili):zDHH (ilijs il;)u'jo (15)
j=1 j=1

(13)

Step 5 #4E TOPSIS J7 ¥k 155 B4~ R M X 3 BE R(A,), Hivh
R(A,)= PTHw(A"’hf) i =1,2, 3 =1,2, s (16)
Dy (A )+ Dy (AL )

Step 6 MR AR X I 3T B B /N BT A O R BEATHERE , RCA) (BB, D7 28 Y 8% SR i -

F bk R B3 E X2, T LA B A T ([1,1], [0,0]) 48 A% /4 1F B A JT /9 38
BERZERZO0, I H R A T 0,0, [1,1]) Frdl iy i AR ST R R 2 & 0, XA, %]

AR A B S AT, AR BTSN T E A BT & B 2=
4.2 BHI5H

B T E X — AN A AT A A R (AL i =1,2,3,4) itk ARG A H
FgTIﬁELEﬁ%Uﬁnm%I}L ﬁwﬁ*ﬁaé 0 35, % 6 VA B8 R AR EAT T PR, A0l KBS M (B LR
HEYE (B,) K E (Bs) AT BRAEYE (B, ¥ 3035 PE A8 B, T8 Pk 48 Br 00 BCEE A 10, 3 16 e A i 4% ¢
jj—%[%]

$BRI BWELRABMEAN T EIAE MR H KA, 5 P48 8] b fE kR E B M
H=(hy), (1),

H$B2 WIEROMHEEAL(12)HEH R EB)=08207,E(B,)=0.79%2, E(B;)=0.7928,
E(B,)=0.7915, A4 8 A0 A (14) 7 5545 2 @ M ALE w, = 0.2239, w, = 0.257 0, w; = 0.258 7,
w, = 0.2604

0.7904 0.7904 0.8145 0.8370
0.8574 0.8181 0.8399 0.7904
0.8574 0.7904 0.7264 0.7904 |
0.7777 0.7777 0.7904 0.7481

]I ETMAUR AWM IVIHFS E I &, X I a=05,1=1, EEENECHHEL T,
P A 2 (15) 8 O R 45 0F BAR R B N ALEE B Dy (AL R D5 5645 100 AR 7 1 I AL G
Do (A ) SRJEARAE A R (16) 8 7 Z MM X 3T 3, 485 SR 36 1 A 2 i .

(E(sz))4x4:
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Table 1 Evaluation information from experts

UES B, B, B, B,

B <([0.4,0.6],[0.1,0.37), <([0.2,0.41,[0.3,0.5]), <([0.2,0.4],[0.1,0.3]), <([0.1,0.3],[0.2,0.4]),
A ([0.3,0.5],[0.2,0.4])> ([0.1,0.3],[0.4,0.6])> ([0.3,0.4],[0.4,0.6])> ([0.2,0.3],[0.4,0.6])>
. <([0.2,0.47,[0.3,0.5]), <([0.2,0.4],[0.1,0.3]), <([0.2,0.3],[0.2,0.4]), <([0.3,0.5],[0.2,0.4]),
Az ([0.1,0.31,[0.2,0.4])> ([0.3,0.51,[0.4,0.5])> ([0.2,0.4],[0.3,0.5])> ([0.1,0.3],[0.4,0.6])>
B <([0.3,0.5],0.2,0.4]), <([0.4,0.6],[0.1,0.37), <([0.5,0.6],[0.3,0.4]), <([0.2,0.4],[0.3,0.5]),
As ([0.1,0.3],[0.2,0.4])> ([0.2,0.4],[0.3,0.5])> ([0.2,0.4],[0.3,0.5])> ([0.1,0.3],[0.4,0.6])>
B <([0.4,0.6],[0.2,0.3]), <([0.4,0.6],[0.2,0.4]), <([0.3,0.5],[0.2,0.4]), <([0.4,0.61,[0.3,0.47]),
A ([0.3,0.51,[0.2,0.4])> ([0.3,0.51,[0.2,0.3])> ([0.1,0.31,[0.4,0.6]) > ([0.2,0.4],[0.3,0.5])>

®2 FEALERRAFTEES

Table 2 Distances of scheme A, between positive and negative ideal schemes

LES Dy (Ah™) Dy (A7) HIXILEE R(A,)
A, 0.3276 0.298 3 0.476 6
A, 0.3348 0.304 1 0.476 0
A, 0.3227 0.316 0 0.494 8
A, 0.2956 0.326 4 0.524 8

S| A MM R GE 48 bR K /N B AT HE )Y R(AD>R(A)>R(A)>R(A,), |l
A=A A= Ay I A R B 7 % . 3% 5 30k 26-27 ) B d O 5 — 2K
O3 A% RESCHR [ 6 ] [ 14 ) r ity g 0 52 2 sCE AT TH 50, 5 A SO s 00 88 R A B AR, S 2R Ak 3
B o
K3 ZHMEFFLER LK

Table 3 Comparison of the calculation results among three measures

A R(A)) R(A,) R(Ay) R(A,) ES: Hht
SCHR[6] 0.470 7 0.4711 0.493 3 0.5324 AA-A, A,
k(14] 0.4777 0.477 2 0.494 8 0.5255 A=A - A=A,
ARSI 0.476 6 0.476 0 0.494 8 0.524 8 AA-A A,

X5 A ST R A B AR, AL R AR O R . IR H, i A SR Y
TG T T P 5K 3 M B A2 B LU I B D S A TR @, B0 EL AT SR 3 R R S P P, O 3E ) 1—3 #9 4
B 56 UE T T R R N U A Rk TR IR B R R RS R BRI A S %
i .

4.3 BRMSHT

AR SCHRE R TR A B I E N SRR AR TE RSB 2 S 8 a TN A, B A 0 S 3k T A 2 Y R R
b, URE R EE, SA=1,88% a BURFEME, 2 a=01 UK 0.1 InE 0.9,k )5 &
BB o 5 A T7 A X W B AT HET s RIEF 4 a = 0.5, X AR R I, 22 =1
DA K D3GR 9, BT T A 6 W B T HE Y R e AR B S R R 1 2 RO

ATUAE S, FEA RN, A a=0.1, RO B B I 22 25 5 0 o5 A B 35 /0N A9 B4, S 1) B 25
METFTHFEHERFERS6]TEAEEE - MBEE WK, FERIEFSERE N
A=A > A > Ay, 5ECHRI14 145 R AR . X B, 50 B O 22 22 53 AT R/ A S8 45 R T 1
BRMF W, — B R R, T4 e = 0.5,

B a A2 EAE BRI, TRA LA BHFE &4 724k, Wit A, > A, 8 A > A, R
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Fig. 1 Variation curve of relative closeness with parameter a Fig.2 Variation curve of relative closeness with parameter 4
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Fig. 3 The same number of optimal schemes for each experiment under two measures
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