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Abstract

Similarity measure is ameasure in fuzzy set theory, which is often used to measure the closeness
between two fuzzy sets. In the decision making problem in the environment of interval-value in-
tuitionistic fuzzy set, the superiority and disadvantage of a similarity have an important impact on
the accuracy of the decision result. In previous studies, a large number of interval-values intuitio-
nistic fuzzy similarity measures have been proposed, and in the process of analyzing these simi-
larity measures, it is found that most of them have counterintuitive cases. From the perspective of
entropy, based on the correlation between entropy measure and similarity measure, this paper
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derives a corresponding similarity measure from a two-parameter entropy, proves that it satisfies
the axiomatic definition of similarity measure, and illustrates its validity and superiority through
comparative analysis. Finally, it is combined with the traditional VIKOR method and applied to
multi-attribute decision-making problems.
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1. 518

X B B ASOA 42 (MR 2 - Atanassov Al Gargov [1]7F 1989 £EHHY, MhBAEAN 70 2 RO 45 1 3 @
FERESR S Y B —AM0, 1 X, RS AEEZWAHEEER. #4, Atanassov [2]
NIX [AME B S A T — SR R RS A . Bk, XIRME B BRI A2 B T ok, I
W5l T KEMSFESTCHATHI . BEITUR, FET BB SEH0 0 FE SR, AL 2T FE iR
NI X A B R SR PR T

AEABARE SR SR B R () — /N BB A, A7 BTk SR PR SO R TR AR LLRE B2, 7R pR SR ) j e ] DL
PR, AT B EE AT TR . N2 — 282 i st i, Xu [3] [414E 2007 5| N T X
TP LB R0 AL S A LA B — SS B BN A . 2009 4F, Xu A1 Yager [S1HF 70 1 A0 X R {F BL 5 AR 24 455
N HIR AT % R AL o ARG 1 SR P R R SRR JE 2 00 22 SN KB 1 22 AR KR, MR igdE
gt AR EEAME M . Xu A1 Xia [6]5 H T AR ALLRE 3 2% B8 T IR BRI Il R, s R T 2 B AR ALLRE 1)
BRBE. FIRERT, Wu S8 N[71H4R H T 25 B8 TR I X (A1 B o SO AR L BE B T B KRG iz e

EZ Gt , S0 S T 5 2 0 X R B ACRIAR LR . Singh [8]249 X 1E L B BB 4 7T
KT =P AR sZARLEE, IR HE N TR0 . Luo AT Liang [9]55 NTFR T —Fl 3T AR ALLE K fift v
DX I L SRR IR 885 1) 22 o U e 56 ) R, Jeevaraj [10]32 H 1 — Rl A 36 T AR 7245 20 0 800 X 148 FL
DO BCIARLRE , R R TR U R A A . Verma A Merigo [L13&H T — R BT I £ fa B
o BRI P DX R L ORI SR X AR LS, I 5 ST R IR X A B Bk R sZ AR LR . Tiwari
Gupta [12]FF K& T X [ B3 ORI AR ()R 25 . AHALEE A4S . Rathnasabapathy F1 Palanisami [13]2 X [A]{E
EUOCBORI AR BT T AR SZARAEE, ST IS A PSR ), s BRYT 2. Suo [14]# 5 T —
AN P pR R, K PR 5 T BRAR R AR AL HE Y R A H R A 45 - Chen A1 Ke [15]3& H T R5ZAHALEE,
R FH X ] AR A e R AR ke 22 U e 5 1) . Nayagam [16]%8 A\ $R HY 1 —Ff 3 4% Gk A B ASR
LR 2 T S AR AL

N LA () DX TR L o BRI A AL RE R AR DG SCHRFI B AUk, &3 H RIARBLRE R ZAREE R E 1S
B, TEVEX Gy BE O A A AUREFE o DR, AR SCOMJRR I 52 1) FE T R, T 000 AR ARLAB 2 2 1) P A
KKFR, FH—AWSEBETEE T — A8 0 DX R E BRI AR LR, IE W L3 2 X B B 5 AR A AL
I ABRAE Lo Z S5, 18— RS, SR ARG &t . B&EHHE VIKOR s &, i
T — MR 2 JE PR SR ) R T, N T2 R I YR R
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2. MEHIR
X L[1]H X M EEHRES, WA
A= {X’<|:IUAL (X)’/uAR (X)]’[UAL (X)’UAR (X):|>‘X € X}

EXAE X _Ff— /\EIEWEE i AU 4E (Interval-valued intuitionistic fuzzy set, IVIFS), H.
NG [yAL X), g (%) ] 5 )=[0a (X).0e (X) ] < [0.1] HHIFETR xe X W TS A BRI
B, WAERMMERE xe X, OS/JAR(X)+UAR(X)<1

FERIETS 2 g (X) = tag (X) 5 Op (X) =0 (X) B X TR EL RSO AR A SRAL 9 EL BRI .
Ak, ﬂA(X)z[l—,uAR X) = Upg (%), 1= g1 (X) =0 ( }?%FE%E xe X TS AKIIREE.

R T IAESE I, 5 o= ([, e ], [00,0x]) 9K I ELSE BB AL VIEN) s 36 [, 1] <[0,1] 5
[UL,UR]Q[O,l], 0< g +05 <1,
52 2 [2]% A:{x,<[ﬂAL(x),yAR(x)],[UAL(x),UAR(x)MXE x| #i

{<[/‘BL e (%) ][0 () ]}‘Xex}mﬂiﬁ/\ IVIESs, T4

1) A { < /uAL /UAR( ):' [UAL(X)’UAR(X):D‘XGX};

2) AQBZ{X,<|:/JAL(X)£/JBL( )/uAR( )</uBR(X):| >‘ X}-
[UAL(X)ZUBL(X)’UAR >UBR )]

Y Anb X,<[mm{uAL<x) tau (X)} min{ 1 (), uBR<x>}]>X€X |
[maX{UAL(X) UBL(X)} maX{UAR(X) UBR(X)}:|

4) AUB= X’<|:max{/uAL(X) /uBL(X)}lmax{/uAR(x) :uBR(X)}:">X€X ;
[min{uAL(x) UBL(X)},mIn{UAR(X) UBR(X)}:|
l:ﬂAL(X)+ﬂBL(X)_#AL( ) gy (),

5) A+B=1x, ﬂAR(X)+ﬂBR(X)_ﬂAR( )/UBR(X)_ Xxe X
[UAL(X) Vgt (X),0pr (X) UBR(X):|
[ﬂAL(X)’ﬂBL(X)n/‘AR( ) :uBR(X):I

6) A-B=4x |:UAL(X)+L)BL(X)—UAL(X) uBL(x)} xe X
Uag (X) + Ugg (X) =g (X) - 0gg (X)

SEX 3 [17]—SAEBRELS 1 IVIFS x IVIFS — [0, 1] U IX 178 B S AR 2 RO ARLURE G SR 12 LA R 2%

(&
S1) 0<S(AB)<1:

S2) S(AB)=1=H{{* A=B;

S3) S(AB)=S(B,A):

S4) WK AcBcC, M4 S(AC)<S(AB)HS(AC)<S(B,C)-

RE X 4 [L7]—NIALRREL & IVIFS (Z) — [0, 1] M fif X R (i B S BERISR A0 H 4 R 2 LA 2% A
E1) &(A)=0HHAH AZ—ANRIH%;
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E2) AHER X e X o E(A) =12 HACA [y (%) ttar (%) ] = [0a (%), 0 (%)]

E3) &(A)=¢(A%);

E4) SMER x e X » HHASBI, 15 (%) <vg (%) H sgr (%) < 0gg (%) 2L

BB A, g (%) Z0p (%) H e (%) 2 0gr (%) #BE E(A)<E(B), WIFRE(A) N IVIFS A FI

3. MHXEMEESEARME I E
SCHR[L8] it T X 1] 8 S A

g(a’ﬂ)(A)zﬁél_[e(#AL( ) UAL( ))(:uAL( ) UZL(Xi))
+(1_9)(#AR( ) UAR( ))(IUAR( ) U/fR(Xi)):|° 1)

a>0,4>00¢(0,1)

Ho A AN IVIFS, H &P ik X 4.

Wei 25 N\ [17]58 ST — %6 X [0) {8 B3 AORA 85 AARLEE 2 18] B AH 26 56 &R, I I U AH 5% ¢ R 15405 A AR
PUERTUAMESH, EBZ ik, A1) B — A0 KA BUE .
3.1. FTHOAR{LE B EERR

PRI S'E
EX5BWAFBRX ={x,%, X} FIEHA IVIFSs,

{ <[yAL g )},[UAL(X),UAR(X)MXGX}; B={X,<[,UBL s Mg (X ][UBL Uge ( :MXEX},

th A I B S — /M HTHG IX RO (A,B) W1 F s

1 maX{|ﬂAL )= e (% ||UAL )= UBL(Xi)|},

W agn (% >
l max{|'uAR )~ Hr (% )| |UAR ~Ugr (% )|}
Wasa (% > ’
'//AB3( i):1+min{|ﬂAL( ) Ha (ZX' | |UAL ) UBL(Xi )|} ,
L m|n{|ﬂAR )= e (%) |oar (%) = vsg (% )|}
'//ABA( .

|
(Xl) mm{‘/’ABl(X ) l//ABz(X, )}' Hy(aB)R (Xi): max{‘/’ABl(Xi )v'//Asz(Xi )} ’

(X.) min {l//Ass (%)W aga (% )} 1 Uy (aB)R (%)= max{‘/’ABs (%)W aga (X )} °
v (AB)={x, (%), 1My (aB)R (% ):|’|:Uy/(A,B)L (Xi)'uy/(A,B)R (% )]>‘ X € X} °

%@igw(MAB»Eg@@Eﬁmm%Aﬁs—ﬁmmg,ﬁmgwmﬁmﬁ¢mﬁc
UEW]: N TAEWIZE L, H5AEsE (3) A AN P

S1) EANMER Ae X, 0<&“(A)<1. Xy (AB)eX , AiLLo<& ™) (y(AB))<1.
S2) Mg &) My (A B) HUSE XTTAE, IHTE x e X, & (y(AB))=1e
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Hyney (%) =0, e (%) Hyamr (%) =0, (%) <, ﬂAL(Xi)_ﬂBL(Xi)|:O’ |UAL(Xi)_UBL(Xi)|:O’
|,uAR(Xi)—,uBR(Xi)|:O, |UAR(X — Ugg (X )| 0 < A=B.
S3) HIEX (), R w(AB)=y(B,A), T
249 (1 (AB)) = £ (8. 1))
S4) %A, B, CREAXIEMEEEEMEH AcBcC, K4
Har (%) < e (%) S e (%) tam (%) < g (%) < pie (%) 5

O (%) 2 Vo0 (%) 2 06 ()03 (%) 2 03 (%) 2 s (%) -

GE!
|ta (%) = e (%) 2 |ta (%) = 22 (%) »
[oac (%) = (4] Joa (%) = s (%)
|t (%) = g (%) 2 2 (%) = 1135 (%)
[oar (%) = vea (%) = oar (%) = s ()
TRA
s sy (%)=t (%) Jome (%)= v ()]} = max e (%)~ st (%) o (%) =0 (%)} @
max{[taq (%) = Ao (% )] [ose (%) = ven (% )} 2 max {|asaq (%) = s15e (%) [0 (%) =g (%)} » 3)
min {[aa (%) = e ()], oa (%) =vew (%)} 2 min {lasa (%) = e (%) o (%) = (%)} (4)
min{| g (%) = Her (% )] 0as (%) =0er ()]} 2 Min{[ g (%) = Hgr (% )] [0ss (%)= var (%)} 5)

IEEIEG
Wact (%) <Was (%) Waco (%) <Wasa (%) Wacs (%) 2Wass () Waca (%) 2Wasa (X))
Pty (AC)cw(AB) . Boh HQ)~G)IERFH 050 (%) <0, 08 (%)
Hyimo (%) S0, oy (%) o THRUETE XL 4 FFARESD), A £ (y (AC))<E“”) (y(AB)) . B,
£ w(AC)) =& ((B.C))
s EFTR, £ (y(AB)) R AN AT IX M ELSERERANS -
Bl 1 TS X A K I E B4 A= {x,([0.2,0.3],[0.5,0.6])[x e X | F

B={x([0.1,03],[0.4,05])xe X | KA. ﬁtﬁ%iﬁe:—,m%m@l Wapr(2) =045, v, (2) =045,
Vies (2) =055, 1,50(2)=05 TRy (AB)={x ,<[O.45,0.45],[0.5,0.55]>|XeX} :

Table 1. Values of the proposed similarity measure
= 1. FBECERITESR
a=p 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8
cf(“'ﬂ) (z//(A, B)) 0.9988 0.9978 0.9969 0.9962 0.9956 0.9950 0.9946 0.9942
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3.2. SIEHEIERELB T

3.2.1. —E IR
1) Xu A1 Chen [19]AIAHALLEE «

p p
SXC(A,B)ZP%ZL ,UAL(X) /UBL(X)| p+|luAR(X) ,UBR(X)|p . ©)
+|UAL(X)—UBL(X)| +|UAR(X)—UBR(X)|
2) Wei %5 A\ [17]HIAHALLEE :
SW(A,B)=£Z": 2_min(luiL’UiL)_min(;uiR'UiR) . )

NS 2—max (4,0 )~ maX (g, U )

i, gy = |IUAL (X) ~ Mg (X)| » Hig = |:uAR (X) ~ Her (X)| by = |UAL (X) —Ug (X)| v Urp = |UAR (X)_UBR (X)| °
3) Luo £ Liang [9]HIFHIBLEE «

o |-

p

| [(/“AL (X) = tg, (X))+(IUAR (X)— Her (X)):|

1 n
S, (AB)=1- %Z ®)

3.2.2. LS
Bl 2 = A X TAE E A B4 A=([0.3,04],[05,0.7]), B=([0.4,05],[050.7]).

C=([0.4,05],[0.4,06]) . & (y), Sy 5 ABRACKMBELRERES 25 & (y), S, if
5AB A1 AC HIMBUESE RIBRIEER 35 £ (y), S, iHE A B AIAC HIARILE &5 B R RAE L 4.

Table 2. Values of £“” (y) and S,
F2. & (y)FS, MITHEER

AB AC
Se 0.9 0.9
&P (y) 0.99 0.96

Table 3. Values of &“”) (y) and S,

F#3. & (y) TS, MITHER

AB AC
Su 0.21 0.21
D (y) 0.99 0.96
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Table 4. Values of £“”) (y) and S,
a4 £ (y)HS, M ELEER

AB AC
S, 0.93 0.93
D (y) 0.99 0.96

A2 B AT, S, Sy Sy ToWEDC AN K I LSRR 2 IRLRE, TR A TR AL
FERENS A X 4

4. ETHBMBIER VIKOR 753&
4.1. FESR

Bbs BOLWRRATE R, o BB (A A, A TR R R T RS
{C,Cy,-++,C, } AT RINE RN SRS, A% R SRR

Cl Cz : Cn

A1 Zy Ly ©

[ Az 221 222 Z2n
A’ﬂ Zml Zmz o Zmn

Se 2, = ([t tae ][on g ) R TAITRIE BRI =12 m, =120
b R R,
([t o0 ) X TR IR

Z; =
J <|:UijL 1UijR :|’|::uijL s Hijg ]>, XF T BOA & 1

B WHIERAER PIS =(z7)  FIGURALAR NIS =(2;)
Ixm Ixm
Zf=<[”j+L'ﬂfR]’[Uva“fRJ> ’ Z}=<[”IL'P‘IRJ’[”;L'“1+RJ> o SR g =max o i = MaX g s
My =Mingy > fp =MiN e > O} =MaXVy s Vjg =MaXVp > Ly =MiNyy » LV =MiNVE, i=12..-m,
j=L12,-n.

VLD BT Q)R E 20 e B
BT R RS PR — A R PR R

gles) :%il{mum —moy, )z(muﬁ’L —mui‘j’L)Jr (MU — Moy )2(muifR —muifR)}  is12n.

IR R R UL -
W, =1-&“, j=12..n

R Ja BEAT A — A B R AL

. = I, i=12,---,n
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ST BT HHRHIHBLE & () HHEBHTERR S, RS IEIR R -
. (. ) +
Si:z%g( 4) {M}lz
() Tvlein)

5 VIKOR $8%1Q, :

FNW

575 1o R ii12m.

s-s R"-R

&N “CRZEHEN HEuE B E B A KRR
=050, FRINHIEEEE 11 HLH]E J 35

Q=¢

HA st =maxS,, S =minS,, S*=maxS;, S =minS, .
BHRE . £>0.5If, FRHE K2 BN =2 I E 5K
£ <05, FRMRYEHEL 11D E R .

B WHEHAT. WIS, R, QHMEN TR, EMNELF, AR =MHT AR

BB FMPTETTR R, BT LVRE Q RUMEX 7 S HE R . ik A 21X Q 1
EHEFP S —IT %, BEMEARQ, .

FAF 1. FIHEEZARH.

Qz_lem—l ’

o Q NHET AR 0TI 5 A,y MAE, m ik 7 AL
S 2: PRSI PRI AR P AR Q B I EE —HEF R A I S, AT R, MBI R —HEF 7 &R e
WR L ERAEE — AR, KRR AR . PTEREE AN
(@) WERAT LRI 2, WAy, A, BTN,
(b) wnRAH 2 A 1, ET
1

Q-Qi< m-1

?%i”%j_\‘% k’ Atl)’ptz)"”’
4.2. KBS HT

A Hu [20]4 OB B] 7o — S i 17 i B R R A R THRIPP A AR 36— 4> USB & $%
At o ﬁ@%fﬁfﬁ ALA, AT A B . FRATHI DA S8 PSR EATTEAT PPA « Cl%ﬁlﬁ%, C, 7

A BIRHT AR

G CoREUR, C, 2L . REH ] X E BB A AT % A (i=1,2,---,m) B IURN &
PEC,(j=12,--,n) HEATIET
B @OLBSRAERE R W 5 R,
Table 5. The decision matrix R,
%5 ORFIEMER;
C, C, o C,

A ([0.6,0.7],[0.1,0.2]) ([05,0.6],[0.2,0.3]) ([0.4,05],[0.3,0.5]) ([05,0.7],[0.1,0.3])

A, ([0.2,03],[0.4,0.6]) ([0.4,05],[0.1,0.2]) ([0.4,05],[0.3,0.5]) ([0.4,05],[0.2,0.3])

A, ([0.3,0.4],[0.5,0.6]) ([0.4,05],[0.2,0.3]) ([0.4,06],[0.3,0.4]) ([0.4,05],[0.2,0.3])

A ([05,0.6],[0.3,0.4]) ([0.6,0.7],[0.2,0.3]) ([05,0.6],[0.3,0.4]) ([0.4,0.6],[0.3,0.4])
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b WRARHERSAIERE R, o PUAPTA BIERR AaE Y, PTLAR, =
B I IEEAER PIS =(ZT)1Xm FOSERARAR NIS = (27), » SiRILA 6.
Table 6. The positive and negative idea solutions
& 6. [EFIRIEMR
A A A A
PIS ([06,07],[0.0.2])  ([0.6,0.7],[0.1,02])  ([05,0.6],[0.304])  ([0.50.7],[0.10.3])
NIS ([02,03],[05,0.6])  ([0.4,05],[0.2,03])  ([0.4,05],[0305])  ([0.4,05],[0.30.4])

HL: e EWRMERE. 45SRILEL T,

Table 7. Valuesof &, Wand o
7. &, Wand o BIfE

C, C, C, C,
< 0.9189 0.9255 0.9834 0.9481
0.0811 0.0745 0.0166 0.0519
@ 0.4 0.3 0.1 0.2

A BHTERR S, BRI PR R BT R S R R TR 8.

Table 8. Valuesof S, and R,

#8. S MR WITELE

a=p 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9

S, 1.0146 1.0277 1.0394 1.0496 1.0584 1.0659 1.0722 1.0774 1.0815
S, 1.0025 1.0048 1.0069 1.0084 1.0087 1.0102 1.0128 1.0138 1.0146
S, 1.0032 1.0062 1.0089 1.0114 1.0136 1.0155 1.0172 1.0186 1.0199
S, 1.0127 1.0241 1.0342 1.0430 1.0507 1.0572 1.0628 1.0672 1.0707
R, 0.4129 0.4247 0.4351 0.443 0.4523 0.4591 0.4648 0.4696 0.4733
R, 0.4013 0.4026 0.4037 0.4047 0.4057 0.4065 0.4073 0.4079 0.4085
R, 0.4026 0.4051 0.4074 0.4095 0.4113 0.4130 0.4145 0.4158 0.4169
R, 0.4111 0.4212 0.4301 0.4380 0.4449 0.4507 0.4556 0.4597 0.4629
HNH: VIKOR 53 Q it HA R E/REL 9.

Table 9. Values of Q,

9. Q WItEZER

a=p 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9
Q 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0
Q, 0 0 0 0 0 0 0 0 0
Q, 0.0861 0.0884 0.0907 0.0930 0.0953 0.0976 0.0998 0.1021 0.1044
Q, 0.8416 0.8411 0.8408 0.8405 0.8403 0.8401 0.8400  0.83970  0.8396
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Wb WL 8 ML 9 W LIEZERNEL S, . R QX RIHFLERENA >A>A >A-
FB)UP: RBIFTETE.

B Q- Q, <§ , AWERAME L, WEKME2, TRIEQ,-Q,> %%ﬁ#ﬁm@ A, FiLA,
W BAVE I B3R LR JUA 7347 L% -

1) Zhang [21]42 H (05 T 42 5258 SURB IR JE (1) TOPSIS J7i2 .

2) Narayanamoorthy [22]42 i (1) [X [8] B 3 S 5K VIKOR J7i% .

3) Hu [20]#2 HH 3L T IVIFGWHM 551k 56 7%

R RIREK 10,

Table 10. Comparison result
= 10. LB

Jii: o
Zhang A>A>A>A
Narayanamoorthy A>A>A>A
Hu A>A>A>A

M 10 F1 R LLFE H Zhang F1 Narayanamoorthy #7772 FIERAT T3 tH 0 7 245 B &5 R AEE, 5 Hu 19
GERMR . TPk AR R Z A 7E T Zhang Al Narayanamoorthy i % i 1 6 38 A8 A% 4 ([1,1],[0,0]) A1
([0,0],[1,1]) » ANExBHVFANMEL Y ST 04 « Zhang {3 — AN PEMURIE AL T 578 AL, Narayanamoorthy
FNFRAT T e SR AR Hu fHE MAE & T R EEAA . TR IR B AR AR AN 50 77 R 2 IR i)
Z LIRS, Narayanamoorthy 5 /& 0 —1k Hamming FEESINEE, 1 FATE A28 4 H AR ALLRE
AR SRR, BATEE R R A 0 BB — e ek .

5. &g

ARG T X (AE BRI T A BLRE , ST XT B A B A AE S B3, ek m H SO 2
EOARACIRE E R 1), 3 X TR B O AR S t 1 — T B0 DX T EL e OB AR DU, 25 S AREA AR (B
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