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Interval-valued Intuitionistic Fuzzy Entropy Based on Exponential Weighting and Its Application

ZHANG Mao-yin ZHENG Ting-ting ZHENG Wan-rong
(School of Mathematical Sciences, Anhui University, Hefei 230601, China)

Abstract Entropy is an important means to describe the uncertainty degree of fuzzy sets. To depict the uncertainty of
interval-valued intuitionistic fuzzy sets,this paper first put forward the definition of core interval of interval-valued intui-
tionistic fuzzy sets based on Hukuhara difference ( H-difference) of interval numbers, which can effectively reflect the
fuzziness generated by the force comparison between membership degree and non-membership degree of interval-valued
intuitionistic fuzzy sets. Considering the uncertainty of interval-valued intuitionistic fuzzy sets is codetermined by the
fuzziness and hesitancy, this paper proposed the basic criterion of the uncertainty measurement of interval-valued intui-
tionistic fuzzy sets,which more accords with human intuition. Due to the difficulty for completely determining the pro-
portion of fuzziness and hesitancy,in order to better describe the influence of the fuzziness and hesitancy on the uncer-
tainty degree of interval-valued intuitionistic fuzzy sets, this paper presented a new interval-valued intuitionistic fuzzy
entropy based on the exponential weighted method. Comparison example analysis under properties discussion and diffe-
rent for interval-valued intuitionistic fuzzy entropy demonstrates that when hesitancy degree interval is the same, the in-
terval-valued intuitionistic fuzzy entropy decreases with the increase of the number of left and right intervals of the core
interval,and when core interval is the same, the new fuzzy entropy increases with the increase of the number of left and
right intervals of the hesitancy degree interval, which are accord with basic principle of uncertainty measurement. The
proposed method completely shows that the uncertainty can increase with the increase of the fuzziness and hesitancy,
which is accordance with human intuition. Secondly, this paper analyzed and verified that when the interval-valued intui-
tionistic fuzzy sets degenerate into the intuitionistic fuzzy sets,the new fuzzy entropy constructed by the proposed me-
thod can measure the degree of uncertainty of the intuitionistic fuzzy sets effectively. Finally.the proposed new entropy
formula is applied effectively in multiple attributes decision-making analysis with unknown attribute weights and the ra-
tionality of the method is verified by an example, which provides a new way to solve multi-attribute decision-making

problem.
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Table 1  Comparison of interval intuitionistic fuzzy entropy under different methods
A, S x, 101s] ol13] 30193 4[20] [HREN l18] new
([0.2,0.37.00.4,0.5] [0.2.0.2] [0.2,0.4] 0.73  0.97  0.37  0.73  0.06  0.73  0.61
¢[0.3,0.4],[0.5,0.6]) [0.2,0.2] [0,0.2] 0.77 0.95 0.16 0.77 0.01 0.85 0.57
([0.1.0.2].[0.5.0.6]» [0.4,0.4] [0.2,0.4] 0.53 0.93 0.67 0.53 0. 06 0.53 0. 47
¢[0.1,0.37,[0.5,0.6]) [0.4,0.4] [0,0.4] 0.50 0. 86 0.32 0.50 0.04 0.56 0. 45
([0.2,0.27,00.4,0.67) [0.2,0.4] [0.2,0.4] 0.63  0.93  0.38  0.63  0.06  0.63  0.55
[0,0].[0,00]) [0,0] [1,1] 1. 00 1. 00 1. 00 1. 00 1. 00 1. 00 1.00
o0,07,[1.1D [1,1] [0,0] 0.00 0.00 0.00 0.00 0.00 0.00 0.00
([1,17,[0,07) [1.1] [0,0] 0.00  0.00  0.00  0.00 0.00 0.00  0.00
([0.1,0.6].[0.3,0.4]> [0.2,0.2] [0,0.6] 0.73 0.97 0. 50 0.73 0. 06 1.00 0.63
([0.2,0.3],[02,0.30]> [0,0] [0.4,0.6] 1.00 1.00 0.57 1.00 0.18 1.00 0.81
[0.4,0.57,00.4,0.5]) [0,0] [0,0.2] 1. 00 100 0.16 .00 0.0l .00 0.74
([0.2,0.2].[0.1,0.1]» [0.1,0.1] [0.7,0.7] 0. 89 0.99 0.70 0. 89 0. 40 0. 89 0. 81
¢[0.15,0.157,[0.15,0.15]> [0,0] [0.7,0.7] 1.00 1.00 0.70 1.00 0. 40 1.00 0.87

WM Aw = {((x,[0.2,0.3],[0.2.0.3] [x€ X},
An={(x,[0.4,0.5],[0.4,0.50 |z € X} Fl Ay = {{x,
[0.15,0.151.[0.15.,0. 15> =€ X}, EMIRRBEE 5I:F
B HE A AH B A% X R S R XA B Sy (2) =S, (2) =
Sa, (@ =[0,0],py, (x)=ws (2)=[0.2,0.3],p, (x)=
va, (@) =[0.4,0.5], 1, (2)=v, (2)=[0.15,0.15],{H =
H IR XA B A ARYE T 1./ 2. 070k 4071 6
THE 45 2 A RR R 24 R 1, I I T SR A AR Y 1 O
ARG AT ESE . B MW%TZM%I“EMF’:@EE’J*%H
P FTLAE ¥R 1 2 0k 4 0k 6 MEHFEERL,

T A =1{(x.[0.2,0.21,[0.1.0. 1D [2€ X}, Ay =
{(2,[0.15,0.157,[0.15,0. 15]) [« € X} AT 1, 5 2 19 AL 74 %
[X i) ¥4 AH 45, Bp ma, () =m, (2)=1[0.7,0. 7], # X [H
Sa, (@)=[0.1,0.17,Sa, (x)=[0,0]. ¥ 875 3 500, 15
BB EAL) =E(A;) =0, 7, VBRI L — R, BLEH 7

% 3 %A R X WA TR AR B 5, 3K 5 AT A
HAFF .
WM A ={(x,[0.2,0.3],[0.4,0.5) |z€ X}, A, =

{¢(x,[0.1.0.27,[0.5,0. 6 [2€ X}, A; = {(x.,[0.2,0. 2],
[0.4,0. 6 [z€ X}, = HMMBE X BIAME, Y H 7, ()=
ma, () =ma () =[0.2,0. 4], (B 28 X I8 ¥ KR A0 55 448 T7
5 RYTHE AT =AY X JA] B A I AR 4L 3 0 0. 06, BRI
=H MBI E BUAR R . R RRRE X)L RO AR e Ak o B

BRI AR L T 2 R A AE — — X R OC R L ek # v
FETEE BRI,

BJE  MRAEER 1 b ey A A, = {<x.[0.3,0. 2],

[0.5,0.6])|a€ X}, Ay ={<(x,[0.1,0.6],[0.3,0. 4] [x€
XA Sa, (@) =Sa, () =[0.2,0.2],7, (2)=m, (2)=0,
7 () =0. 2,78, (x)=0. 6,74, (2) <mx (x). 155 H X [H]
BRI E(A,)=0.57,E(Ay) =0.63,E(A,)<<E(A);
PAHr Ay =1{(x,[0.1,0.2],[0.5,0. 6] |z€ X}, A = {{a,
[0.1,0.3],[0.5,0. 6 2 € X} A HI,S, (2) =S5, (2)=
[0.4,0.4],my (2)=my (2)=0.4,7m, (2)=0.2,7, (2)=0,
my, () >my () TR X E SRR E(A;) =0. 47,
E(A)=0.45,E(A;))>E(A,) , Btgs L IX i BB ECA
ST ay (o) M oay (o) BB 440 A= ((x,[0. 2,
0.31,00.4,0.5D 2€ X}, A; ={(x.[0.2,0.2],[0.4,0.6])|
x€ X)L m, (2) =ma m:[o. 2,0.47,Sy () =S4 ()=
0.2.S4 (£)=0.2,S4 (x)=0.4,Si (2)<Si (). AKX
] BRI 8 ECA ) =0. 61, E(A;) =0. 55, E(A,) >
EA) 08 Ay = ((2,[0.1,0.27,[0.5,0. 6 ) |2 € X}, As =
{{z,[0.2,0.2],[0.4,0.6] |z € X} %l 7, (2)
[0.2,0.41,S5 (x)=S; (x)=0.4,Ss (2)=0.4,S; (x)=
0.2,Sa, ()>8Sy, (), W3R X 8] BB E(A) =
0.47,E(As)=0.55,E(A;)<<E(A;), [H I, X [A] B 5 K8 55
E) T Si () Sy (o) B i, Kb, 48 S0 2
S DR8] B 56 ASER 0 23 U AF & Lk T 510 4% 300 2L A 4G 0

5 FHMXEEXRRMEESEERRFHNA

HY T2 UL 5 40 4 52 2R M FUAS A R L DA BT JE 4 g
PR H AR IR K B9 R BR L AT 4 #HE’JH%%%%E&T

=m, (2)=
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2019 4F

FiE LUK ) 809 3, T IXC 0] 90 5 00 4R R 6% AR 4 b 48 34 R 1
RIPR AR B . PR, 76 X ) 50 M B 5 T 19 22 ) 1k e 5K 1)
R J A R R TR AT R Y ) R, A AL B A R 5E 4
AN 22 8 M g S ) v, B G B 0 25 B2 0 E AN B MR
B . AR SCHE H T — 3 50T A X (0] 5 SR 0 1) 0 5 R
BCE 7 .

B A= (A Ay s AR ELE.C=(C,Co s+, C))
HEMELE AR TN R A ST IR 15 2 X [A] B SE AR R
B A =G [, (C oped (CH Ty, (Covy (CHDC €
Ch it Ay AR A FEEME C; F Y JE M8, 1F 1 45 21 e 5k 46
B M= (A; ), BIEBHESE C=(C\,Coyer, C) X R
EIRA W= Cor w0 R Do = 1w, €[0,17,
Ja P 1) e A AR . B R R PR AR 1] a5 A R T T 3R )
B, — MRS T GEPP A 1 B8R R4 BT vk CAHP) 45 5 ) 2 i T
O AL JE X Fh B ik &2 8L K A B BRI L K Gl
IRV B 5 W A7 A5 Aok o v 4 S UL PR 2 5 R TR (A5 e 3R
GEOL F W, EE XL RPN KR R AT I A A R G
AR SCH) R HR R R A T B A Y A TR R
FEA T R A0 R K U2 T e R A e SR AR B
kb, DR O 2 M R T B NP AR X R iR AR R T
A G WA T 125 Ay 2 WL 0 80, 45 DR 5 485 SR T % 0L L B 27
M 43X — 3, 7 R PEA AL AL R

1—E
"2,

9)

w; =

S Ee =L BB, ) JECA, ) FR I B BORE A, 101X
i S REA

2 1 X 1] 5B S A (01 Sfe R BE I ] e ¢ J I
] 2 5] 26 5% i EL 75 91 F40 05 I i A% I ] 22 -4l 7 9 R T
A SCHE B Y Hamming B 8 11 1 DU A 5] 56 B4
S 22 I 0 2 S T B 4 3 T 99 I I D M R
A5 b 109 T A DA T 48 8 76 AT 6 4 R 9 B R X
M) 2 T e 3R 1) A B AR

H T BB ARG AT B E AR AT = (G
(11,0000 [CECH I HFREN IR A SHMMA 2
I B AL B 4 d NGRS A BT AR A Lt
7 M . R T4 O I AL Hamming BEBS AL, A,
BEIVIFS(X) ,5& X

d-=d(A,B),

:iéw,-[\/xx () —py e | Ly (o) —py () |+

lub (e —vb e |4 vy () —vp (e |+ | xf () —
s ) |+ lay () —my () |+ 1St () —
St (e |+ 1Sy (e)—Sg (2 |] (10)
W7 AR AL B Hamming 6 B & 647 HE 5 8 4
T H R AR PSR A R
BT RAEACE R X (OB IR M= (A;),...
FOALEE 1) i W= {01,y st s, ) o
9% 2 ARIE AL Hamming 85 8 2 (10 525 )7
FEHHARMZ R & =d(A A .

HUR 3 MRS R S AR B A AR B J° Xt
77 R AT HE T FERAL
il 2t AR — AN BN R B — AN E HEAT R R, —
HAETHAANTEHITEZE. D —MEERMEAF ;2D -8
E A 33— A H A R ) — D EEKRATR . KA S
FECN T 3 AN T T R AR B KU A BT L R R L AR AR A B
FE 15507 . DR RERE B R
A, ={C,,[0.4,0.5],[0.3,0.41>,¢(C,,[0.4,0.6],
[0.2,0.4]),¢Cy,[0.1,0.3],[0.5,0.6])}
A,={(C,,[0.6,0.7].,[0.2,0.3]>,¢C,,[0.6,0.7],
[0.2,0.3]),(Cs,[0.4,0.7],[0.1,0.2]>}
A;={(C,,[0.3,0.6],[0.3,0.41>,¢(C,,[0.5,0.6],
[0.3,0.41),¢Cs,[0.5,0.6],[0.1,0.31])}
A, =1{(C,,[0.7,0.8].[0.1,0.2]>.¢C,,[0.6,0. 7],
[0.1,0.3]).,¢(C;,[0.3,0.47,[0.1,0.2]>}

PR (0) 145 45 J 1 0 AL T 45 51 <oy =

HPR 1 153"

58 46
T 1537 153°

AUE 2 HE AL A Hamming FE 35 R (10) 8 4407
5 AR MR 2 A AINALIE B ) di =0.3269,d5 =0.2267,
ds =0.2893,d; =0.2322,

HPR 3 MRAEGA RS A Z B NAE R d
HREHITHIF B A A A A L HIERIE T RN A,
X5 ek 22 25 AT .

SERIE T IX A B AR A S S AR e T AR
B SR AR SRR B T8 T AR T R T 7 A R M A R
J& B RS IR B 22 (8] J B b A AR 1 AL I e 34 LU
IR 202 B BB U S S g . R AR SO e R X
V) B30 AY -2 R X I 4004 (I P AF DG A1 R8T A% IXC i) 1 A
A TGRSR R B AR SR B e 2 BT A 0B L B
JNAF A BT DX IR] B8 ASDR B 1 S 1 E B T L AR R
S5 W T — B L8 BOMABLY X ) A . A AT IR, Y
DX ] SR A1 AR A G B AR A I 2 T AT AR E .,
J R AN 5 A A N Y X ) B RO 22 I A O ] R AT
THRGT 4 T 3 XA L AR () J A R E T vk 4
Je MRS B4~ T 52 45 AR A9 N AL Hamming BH 55 %t 7 %€ 3k
TTHEF AEEAR . 3h DX R) B0 ASTR 4R 00 R o e e B S P T
T B4 SR L I A S B0 T R A A B B A

2 % X W
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