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Entropy, Distance Measure and Similarity Measure of Intuitionistic Interval-valued Fuzzy Sets

YU Feng YANG Cheng-wu
(School of Power Engineering, Nanjing University of Science and Technology, Nanjing 210094 ,China)

Abstract Entropy, distance measure and similarity measure are three basic concepts in fuzzy set theory. In this paper
. we give the axiom definitions of entropy, distance measure and similarity measure of intuitionistic interval-valued fuzzy

sets, and discuss basic relations among them, Different from the former intersection and union calculation, we propose

the addition, multiplication calculation of intuitionistic interval-valued fuzzy sets, and discuss the properties on these

calculations of entropy, distance measure and similarity measure.
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1 EXREE&EHSE

EN 1,10

D={ala=<([a sa" Js[a sa" >,[a”,a"]<=[0,1],
[a”sa" ]=[0,1],a" +a* <1},

a<b=a"<b ,a"<bT ,a =b at =6,

aVé={a Vb ,at V& ],[a” Ab sa* A& ] ),

aNb={[a~ Ab™,a" AT ],[a" Vb ,a" V&,
MERXFEEEAE D, <OR—IREEHK,(1,1],[0,0D 5
<[070]v[1vl]>ﬁ$“ﬂ‘]ﬁj§f55ﬁd\fﬁo

EX 12U AEpH XHWERXEEEMEA,BE
Bt

A:X—D,

—~A@=([A" (), AT (©)],[A™ (x), AT (D]

[A~ (@,AY (©]<[0,1],[A” () At (©]<f0,1],A
(D +A@LI,
# X EHBEX E A E 2SR IIVES(X), B “Intu-
itionistic Interval-valued Fuzzy Sets” B &,

EX 1.3 i A,BEIIVFS (X)), AEFREBUNT .

(DACBSA™ (2)<B™ (0),AT (0)<<B" (2), A" ()=
B (), AT (x)=B* (2);

(2)A=B&=BCB,BZA;

DA (@D=({A" (@),AY (@ ],[A (), AT (@]

WAUUB()=(A " (x)VB (), At (x) VBT (©],

[A~ () AB (2),AY (@) AB" (2) )
GYAUB () =@A" () AB~ (®),AT(x) AB" (2) ],
[A (@ VB (@0,A* (VB (0],

2 ERXEMEHRIE RN . 25 SR A O Er
ABUEN

EN 2.1 BRERSS e: IIVFS(X)—[0,1]4 IIVFS(X)

M A, FENREERE TR S RS HOMR.

B — A5, QR e W R T AP R
(De(A)=0 & A BH%;
(2e(A)=1[A (1), AT (©)]=[A" (©),A" (x)],

Vz€X; ‘
GO TFALEH ACTIVES(X) ,e(A)=e(A°);

(WX FHEER A, BEIIVFS(X),% B~ (0)<B (2,

BY* (»<B"(2) B, H A (DB (2),A" (2)<B" (1),

A™ (=B (2),AT (=B (2), VzEX, REH B~ ()=

B (2, B (x)=2B" () B, A ()=2B (2),A" (©)=

BT (2), A" (0)<<B™ (), AT ()<B" (2), V€ X, U] e(A)

<e(B). ‘

EX 2.2 FRgest 4. IIVFS(X) X IVFS(X)—~[0,1]

3 MVES(XO B —EEBWIEE, IR d W R T IR bER -
(1Dd(H,H®)=1 < H R4,

(2)A=B & d(A,B)=0;
GOXFIEEM A, BEIIVFS(X) ,d(A,B)=d(B,A);
(WX FEEZEH A,B, HCIIVFS(X) , i ACHCB &

# BCHCA,N d(A, H)<{d(A,B)H d(B,H)<d(A,B),
EX 2.3 FREE s IIVES(X) XIIVFS(X)—~[0,1]%

IIVFS(X) B — M AE LU EE , ISR s W62 T I AITEm
(1)s(H,H®)=0 & H RJ4E,

@)s(H,H)=1;

()X FIEEH A, BENIVFS(X),s(A,B)=5(B,A);

(DOXFFEZH A, B, HCIIVFS(X) , i ACHCB &,
# BCTHCA, W s(A, H)>s(A,B)H s(B, H)=>s(A,B).

3 EXRXEESNEASE.ERNEMBUNEZ
BlH X #&

R 3.1 7EE B IX RIMEAR N SR 0 BT A BE B AT
M BE 2 18, FRfE— N —— R R R, E— M WE d
Xt BRI s ZEWBRE d+s=1. R s=1—d £
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BRI d BREABIN B R d=1—s BREIAELIIEE s &8
FH R WA

B ATRE 3. 1 O] %0, BE B0 A FAR DU FE X R A, PR
WERTFEEMA IVF RS AUNERTFERH S
IIVF R34,

W32 RdEIVFS(XOMBENE, H e(A)=1—
d(A,A%), HHh ACTIVFS(X), ] e(A) & TIVFS(X) | —4
1, R (A RHAEENE 4 BF .

HEEA R 0<Cd(A,AY)<1, FT L 0<Ce(A)T,

(DA FDHES dAA)=1 S (A)=1—d(A,A%)=0,

O A=A (),A" (], [A™ (), A" (D],
A (@) =(A(,A"@W],[A~ (), AT (DD,

AEA (0),A" (]=[A" (®) AT (D ]eA=As
d(AA9) =0 & e(A)=1—d(A,A°)=1,

QOHEN dA,AD) =d (A%, A), FFLL e(A)=1—d(A,
AC)=1—d(A°,A)=1—d(A%,(A°) ) =e(A°),

WFA@W=(A (2),A (], [A” (@), A D],
A‘(I)=([é_ (x) ,é+ (], A @A (@D ,

B(x)=([B~ (»),B" (0)],[B™ () » B ()], B ()=
([B~(2),B"(x)],B (2),B"(x)) ,

H[B™ (),B" (0 I<[B (o),B" () I8}, &

[A~ (0),A" () I<B™ (2),BT ()],

(A~ (©,A" (@ ]=[B (»,B (x)]VxEX,
Bl ACBC B, it &Yt BC BT AC, ffl ACBC BCC
A BB W BEE X, o] 8
d(A,A°)=d(B,A)>d(B,B°),
NIy
e(A)=1—d(A,A")<1—d(B,B)=e(B),
R1¥E, %[B™ (x),B" (1)]2[1_3_ (x),B* ()] &K
[A~ (), A" () ]=[B (2),BT (],
[A™ (@®),A" () I<[B” (»,B" (»], Y z€ X,
S5 e(A)<e(B),

W33 s ZEUVFSCOMMBEME, B (A =5s(4A,
AS),H VAETIVFS(X), | e(A) £ IIVFS(X) —M4,
B e(A)RHBMLINE 4 53094,

EH : BAR 0<Ce(A) =5(A, A9,

(DA AN HE © s(A,A°)=0 S e(A)=0,

2)i%

Ax)=(A" (2),A" (@) 1,[A™ (@), AT (@)L, A () =
(A~ (@, A" (D ],[A @, AT @]

EIEE

(A~ (@©,A" () ]=[A"(0),AT (») ] A=A s(A,
A9) =16 e(A)=1,

(O FEEH ACIIVFS(X), BAH s(A,A%) =s(A°,
A), it

e(A)=s(A,A)=35(A",A)=5(A°,(A°) ) =e(A°).

€554

A@)=({A (v, A (D], [A~ (), A" (D) D, A ()=
([é_ (x) ,éJr O ],A @A DD,

B(x)=(B (x),B* ()], (B~ (.r),_li+ (DD ,B ()=
((B™(x):B*"(x)],[B~ (2),B* ()] .

Y[(B (»),B" (0 I<[B™ (), B () I8t , H

[A~ (), AT () I<[B (©),B" () ],[A (&),

A" (]=[B (»,B" (@], V€ X, B ACBC B, ik
i BCB°CAC, Bk ACBC B CAC, R ML 52 s
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g
s(A,A9)<s(B,A%)<s(B,B),
Mm ’ﬁ‘
e(A) =5(A,A<s(B,B)=e(B),
R, %(B (x),B" (=B (@) »B" (o) ]t
[A~ (,A" (@ ]1=[B (»),B" () ],[A™ (D),
AT (I[B @ » BT ()], Y z€ X,
S5 e(A)<e(B),

4 MESFRETH IVF &£

£ E5ZEINA BN RA Zadeh BHF (A, VIEE L,
Zadeh BT ML S RZE T, BT AWM EBILAMESN, 528
FEBEMM. EREAE, BARBVNEE, B EEH
THERRRBTENRTHR"ER, HRNBEBR/NER
ERT MV ERERXEE, N ESHINERERBT
i L E R, KANBERRKEESFT. HNRA
Zadeh BF , ARAEEHBESLHFRABERBA BB EE
FREITE, A TENAR MRS, R XCFETHE IVF £X
Fhunsk R EEE RERMER L IR T IVF EX T
PN e 5 B A | B A A R

FEX—1, RATE RS T IVF £XTNEARENEE
BAERR.

R4
A

APB={(x,[A~ (@)+B (x)—A~ ()+B (1)+A" (2),
BT (x»)—A* (),B" ()],

(A~ (©,B (©),A" (©),B (0D |z€ X},

A®B={{z,[A” (2),B™ (x),A" (x),BY ()],

[A~(@,B () —A (2),B (2),A* (2),B" (2) —
AT (BT (] lxre X},

M ADBMAOB#EIEH X iy IIVF £,

VEBA ALHEIN 2, FREAAUATE, B 0<KA™ ()<KA™ (o)
<1,0<B (<B" ()<L, TH 01— (1—A (@D —
B ()H)<1-(1—-A () A—B" ()<, /)

0<A (0)+B (2)—A (0B ()<A " ()+BT (o)
—A" (0B ()1, “4.D

H 0<KA™ (0<KAY (<1, 0<KB™ (0 <B" (1K1,
Fr LA

0<KA™ (0 +B™ (<A (@) +B" (01
BE AT (@ +A" (0<1,B* () +B" (<1, A
AY (@B ()< —A" () (1—BY ), 55

At (D +B" () —A" ()B* () +AT ()BT (0)<1

4.3

ZE5U D-(LH=RX,EH ADB RBI X i IIVF
£,

" 2A=APA,3A=APAGEA, ---, B4

2A={{z,[1-(1—A" (2))?,1—(1—A" ()], [(A”
(x))? ,(é+ @) hlzeX],

3A={z,[1-U—A" (@), 1—-(U—A" (=))*],[(A~
(@), (AT (@)D € X},

# A, BEIIVFS(X), & X miEs: a5

4.2)

nA={{z,[1-1—A" (@N",1—A—A" ()" ],[(A~
@™, (AT (@) Dize X},

R, 7§ A=ACA,A'=AQAQA, -, WH

A ={(z,[A" @ AT (@], [1-(1—A" (20?1
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—(A—AT (@)D |z€ X},
A ={z,[A (), A" (@N*],[1—A—A (x))3,1
—(A—-AT @)D z€ X},

A=z, A~ (@), (AT (x))"],[1-A—A" ())",1
—A—AT @) PlzeX) .

BT, AR e M T IR -

W42 MR n,m BREBK, H n<m, AC TIVFS
(X0, n ATmA,A"CA",

w43 WMB.REEHK,ABCIVFS(X),H ACB,
W nA<nB,A"CB",

wE 44 MEnZEEEH,ABCIVFS(X), M n(AD
B)=nA@nB,(A®B)"=A"®B",

UERA R EE ke L, B

n(A@B)

= {{z,[1—(1—A" (x)—B  (x) +A~ (x) B~ (2))*,

1—-Q—AY (x)—B" (x) +A* (x) BT ()],

[(A" (@B @) (AY (@B ()" D |z€ X}

={z,[1—A—A ()H)"Q—B~ ()",

1-QA—A* ()" (1—B* (=N ],

(A~ (@) (B~ (@), (AT (@) (BT ()" D |z€ X},
F#, il H

nA®@ nB

=z, [1-QA—A (@) +1—-1—B ())"—(1—QA
—A"(@)"HA—AQ—B (@)™,

1-Q—A* () +1—A—B* ()" — A —(1—A"
@) A—A—-Bt ()],

LA™ @ (B @)™ (AT ()" (BT (" D | z€ X}

=z, [1—A—A" ())"A—B ()",

1—A—A* ()"A—B* (@) ],

[A™ (@) (B (@)™, (AT ()" (BY (o))" D |z€ X},

A, n(ADB) =nADnB Bk, X F (AOB)"=A"OB"
ZEfBLATHE .

WE 4.5 TR A, BEIVFS(X),H A°©B° =
(ADB)C ,A“©B*=(A®B)°,

EH AR B InE A ek 2 S, T8

AOB={(zx;,[A” (®)B (A" (©)B" (1) ],

[A~(@+B (x)—A  (£)B* (x),AT (x) +BY () —
At (@Bt (o) |x€ X},

APB={(x,[A~ (x)+B (x)]—A" (©)B™ (2),A" (x)
+A* (0)—AT ()B" (0 ],[A” (0B (1) ,A" (x) BT ()]
lz€X},

FRYl A @B =(A@B)*. REAHEA“DB°=(AOB)°,

Bk

®H4.6 £ ABECIVFS(X),MANB (AUB)=A

B,(ANBY®AUB)=AQ®B,

4.7 #A,BEIIVFS(X),M AOBZANBZAUB

CACB,

5 MESRETH v

IIVF &4 Fimgk sz T M -5 3Cs e X m
B LM BREXE AR,

EW5. 1 % e £ IVFS(X) M —AH. F e Ry IIVFS
GO 48, MBEM T EEM A€ IIVFS(X) T B HI4r A%
B, & .

e(A)=e(A®B)+e(A®BS),
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Wl 5.2 X IIVFS(XOM »4, Y H{X X FEEHN
AEIVFS(X) , £ B M4 B. K

e(A)=e(ADB)te(ADBY),

IER N EE, 8 e 9 IIVES(X) B 48, WISt FAEE®
AETIVFS(X) L B4 HI4E B, e(A)=e(A®B) +e(A
©B%), ki

e((ADB))=e((A@B) ®B) +e((ADPB) ®B°),e(AD
BY) =e((AC@B°)®B)+e((AC@B°)®B),

EE:]

([1,1],[0,0]),zEB

B(I)—<<[o,o],[1,1]>ze3 ’
(1,13,l0,0]),xEB
B(I)_<<[o,o],[1,1]>ze3 ’

B

(A®B)®B=B, (A®B)®B*=A®B, (ADB*)®B=
BC,(A®B°)®B‘=A@®B, &3] ¢(B)=0,e(B°)=0, 4§

e((ADB))=e(B) +e(AQB’) =e(A®B) , e (A@DBOC)
=e¢(B°)+e(A@B)=e(A®B),

Bl e(A) =e(A®B)+e(A®B),

Fo AT,

®E5.3 X IVFS(XOH 48, B E{N LS FEEH
AETIVES(X) ,{E EHI4rBA4E B, H e(A) =e(A@PB) +e(A
®B),

ER .ot STFEEN ACTIVESX) . EZHM 458
#£ B, e(A)=e(A®B)+e(APB), XHY

[1,1],[0,0]>,zEB
B(’)=<<[o,oj,[l,1j>ze3
FrEL
(A®B) (x)=((A®B)®B) (x)
1,1],[0,00>, &€ B
- { ([A~ () ,A" (I)JvEEé_ (x) ,1_4_+ ], x¢B

N5 e(A) =e(AOB) +e((AOB))@®B), XfF IIVF £
AG®BC,4rH% B,/
e(AQB°) =e((A®B“)®B)+e((A®B°) B)

TE3
_¢<[1,1],[0,0]>,2z€B
(ABEYOB(=) (([0,0],[1,1]>ze3
A e ((A@BC)®B) =0, Wit e(A®B°) =e((A
®OB°) B)»# e(A)=e(A®B) +e(A®B), Bl e iy IIVFS(X)
B Y-8, 3T EASRATE.

6 kS E TRV N E

W 6.1 % d N IIVFS(X) BB, Nzt TR
#) A,BEIVFS(X) , X EM %L H, F

d(A,B)=d(ADH,BPH)+d(ADH® ,BOH )= (A,
B)=d(A®H,B® H)+d(A® H°,BO H®),

iEH.“<”, # d(A,B)=d(A®H,BOH)+d(A
©H®,BOH®),l%F IIVF £ A©QH #1 BOH, % H,
GiE

d(APH,BOH)=d((AOH)OH,(BOH)OH) +d
((A@QH)®H®,(BEH)®H®),

WiEE—NRIEN,H

(A®H)®OH=H,(BOH)®H=H,(AGH)OH*=A
@H®,(BE&H)®H‘=BOHT,

Frd

(FHF 205 ®)
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fERT] H, LI 4 i T B A AR, 3 A8 8 (tree do-
main) FIE B2 F 38 (range domain) , Li 1E BA i3 B 4> 24 34
BiAERRAY . 3 B B B 195 9T 0 R RN LA AT T
BN ZIRE RE. RIGERT ROTEELRE R
W R AR, 3 ARP A BRI E 2 PTIME,

X34 AT RAOEEYRE, B— LM
W EARE, H BN —RFERAR = # y.

EE 33 Y RITEE LRI 2 &7 P HBR Y .

TEB 08 T 1 A oo B o IR0, 4 B HA 20 3R
R aFy BE BB x=c,c AB B, y= c,a WKF KR,
B 7y R (=0 A (y=c ) X B[R IR AR AR IR v
B, SRR AR N HINER RS, 2% Ll §9iF B8, BiaER T
AL,

ER 34 HCRVENEEARE,.DRH EAFER,
R D & 5235 B3 (admissible closed),

. ERERARMEE ANBEAERRNE L FR
ARAFMTILM 2=y, 275y, 2=c, 2 € (c1 ¢ ) (FEILAT LA
BRI v LIRIERNRBARME E R R ARRE
ﬁﬁ%ﬁﬁ?ﬁ?ﬁxyﬁﬂ Ie(Cl o) E (% ,c)V (e * )vfﬂﬁg
33X BY BREEARE LEW D B AWK
.,

LA AR BRE TR AT REE AR 2T

HRIE ASGENK Stuckey B9 CLP-CN #93E (5| A RT
BERUREI R, 45 1 T 7R R IMERR B P I — A O B AL
ZHRA G T HERBERRET BB e T RERH
ATSEMEANSE &, JFAHE SRR M AR EGEAT T BiTe,
HHTATRARE. #—FRTERRIIE S M AR
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d(A®H,BOH)=d(H,H)+d(A®H®,BOH )=d
(A®HC,BOH®),

b :E

d(ADHC , BOHS)=d(H¢ ,H®)+d(A®H,BOH)=d
(A®H,BOH),

5]

d(A,B)=d(A®QH,BOH)+d(AQHS,BOH )=d(A
@®HC®,BOH®)+d(ADH,BOH),

XHF“=>"F AU ATIE .

Bk

6.2 % dN IVFS(X) FH—ABEE W, 5 F1E
#M A,B, HCIIVFS(X) , tn & ACBC H, A&

d(A,BOH)>=d(B,A®H).

6.3 i%d N IIVFS(X) Fi—/ BB B, 3 F1E
B A,B,HCIIVFS(X) , in$ ACB, A&

d(A®H,BOH)=d(A,B).,

WM 6.4 #dN IIVFSX) ERM—AEEBWIRE, 5t F{E
&y A, BEIIVFS(X) , ME

d(A®B,A®B)=d(ANB,AUB).

7 MESRETRIELINE

HRELI B 5 B R O B A B AR B R B, BRATTPT RS
L HBAE B T 3 R .

@ 7.1 ¥ sk IVES(X) bRy B, X FEE
B A, BEIIVFS(X) IR HL H, 5

s(A,B)=s(A®QH,BOH)+s(AOQH® ,BOH)& s(A,
B)=s(A®H,BPH®)+s(A@H,BOH®),

®E7.2 ¥ sfd R IUVFS(X) FHEERAHELE
B FIBE B, WS FE /Y A, BEIIVFS(X) L& i 4383
% H!ﬁ

s(A,B)=s(A®@H,BOH®)+s(A® H°, BOH)& d(A,
B)=d(A®H,BDH)+d(ADH ,BPDH®),

7.3 ¥rs £ OVFS(X) R, BXHFEE
B A,BETIVFS(X) . {F BB A4 H, 338 s(A,B)=5(A
@H,BPH®)+s(AQH® ,BOH) , il th s WS RN v-1H.
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