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������F<�FN%"O-G=5 !��$,+-.� /0)*�,-!
2�������F<�FNP�%$H1 [12−20], 4 [16, 17] 478 G;9�&.!Æ
1!53�I$ G�:>H�4�����Q�F<�FN!I$� GIJ"�%�$

/!20?I"F<�FNP�JG@5R�������#��Q!�#��Q�KK
1L!ML4A8�����5N=&.L!F<�FN1=,��$O!!"$P0BC

M�F<�FNP��

84Æ@Q'&.�*=�P� [21,22] ND����'!%2�����'&.�*=

�P�Q&.E?R�����'!:**=�P�,:* Chen ! Tan %2�-53' [8]

F-.�GO1=F�!R-=*��:�����'&.�:HS�!+(*=�S%1

�(*� �T**=�P�!84%2�������F<�FNP�!TP�4#��

Q1L�U4.,�#��Q1L�U4.P!F�������$%!�5N& !*I

UQ$P��$/�

2 9:;<
=> 2.1[1] J X ���:%%&!9 A = {〈x, uA(x), vA(x)

〉|x ∈ X} + X &����

��!V+ IFS,.+ uA : X → [0, 1], vA : X → [0, 1]K(/LW 0 ≤ uA(x)+vA(x) ≤ 1,x ∈ X ,
uA(x) ! vA(x) 5,+ X +RM x �� A �#��!�#���

X &F$ IFS V+ IFS(X). πA(x) = 1−uA(x)−vA(x) (* x �� A ����!Szmidt
! Kacprzyk[23] 9 πA(x) + X +RM x �� A ����V�N,0!O πA(x) = 0, - A P

X+' �����

=> 2.2[1] J A, B ∈ IFS(X), .4S%2
1) A ⊂ B ⇔ uA(x) ≤ uB(x) WK vA(x) ≥ vB(x), ∀x ∈ X ;
2) A = B ⇔ A ⊂ B WK B ⊂ A;
3) A = {〈x, vA(x), uA(x)

〉|x ∈ X};
4) A ∪ B = {〈x, max{uA(x), vA(x)}, min{uA(x), vA(x)}〉|x ∈ X};
5) A ∩ B = {〈x, min{uA(x), vA(x)}, max{uA(x), vA(x)}〉|x ∈ X}.
X + x �� A �#��,�#��F?X�$O4 (uA(x), vA(x)) 9+����' [6,7].

!"!*/Y X &������ A+.�����'��,!Z*V A = {(uA(x), vA(x)
)|x ∈

X}. + YQ[!����'��Z��V+ (a, b), .+ a ∈ [0, 1], b ∈ [0, 1], 0 ≤ a + b ≤ 1.

R?����'��,V+ Q.

3 @ABCDEFGHIJKL
S\TT+[[U05>4\; 3;9GO]<:�J5>4A� 3(?,$(

?S��1,)-.*����' α = (a, b) (*!-.��� π(α) = 1 − a − b. π(α) V
]!UV5>4T 3�(?S�,$(?S��*=^X_WV]�XS&!21,)-
.+ (a, b) �!5>4T 3�(?��*=Y.+@Q' [a, a + π(α)] , F)�$(?��
*=Y.+ [b, b + π(α)]. !"!25>4 3�1,)-.+����'�!4����'
�&.*�4 [21,22] +2�@Q'&.�*=�P�^-�

=> 3.1 J α1 = (a1, b1), α2 = (a2, b2)+R�����'!π(α1) = 1−a1−b1, π(α2) =
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1 − a2 − b2. 2 π(α1) = π(α2) = 0 �!9

p(α1 > α2) =

⎧⎪⎪⎪⎨⎪⎪⎪⎩
1, a1 > a2,

0, a1 < a2,

1
2
, a1 = a2

+ α1 > α2 �*=��

=> 3.2 J α1 = (a1, b1), α2 = (a2, b2)+R�����'!π(α1) = 1−a1−b1, π(α2) =
1 − a2 − b2. 2 π(α1), π(α2) $R+ 0 �!9

p(α1 > α2) =
max{0, (a1 + π(α1)) − a2} − max{0, a1 − (a2 + π(α2))}

π(α1) + π(α2)

+ α1 > α2 �*=��

=> 3.3 O p(α1 > α2) > p(α2 > α1), -9 α1 / p(α1 > α2) �*=�:� α2, V+

α1

p(α1>α2)� α2;
O p(α1 > α2) = p(α2 > α1) = 0.5, -9 α1 JLZ� α2, V. α1 ∼ α2;

O p(α2 > α1) > p(α1 > α2),-9 α1 / p(α2 > α1)�*=�H� α2,V+ α1

p(α2>α1)≺ α2.

�@Q'&.�*=�P�(/�#[ [21,22], \\]V
=N 3.1 J α1 = (a1, b1), α2 = (a2, b2), α3 = (a3, b3) + 3 �����'!-
1) 0 ≤ p(α1 > α2) ≤ 1;
2) p(α1 > α2) = 1 ⇔ a1 ≥ a2 + π(α2);
3) p(α1 > α2) = 0 ⇔ a2 ≥ a1 + π(α1);
4) (_U#) p(α1 > α2) + p(α2 > α1) = 1, N,0!2 α1 = α2 �! p(α1 > α2) =

p(α2 > α1) = 1
2 ;

5) J a1 ≤ a2, b1 ≤ b2. - p(α1 > α2) ≥ 1
2 ⇔ a1 − b1 ≥ a2 − b2; ;�c0! p(α1 > α2) =

1
2 ⇔ a1 − b1 = a2 − b2;

6) (O'd#) 4� α1 = (a1, b1), α2 = (a2, b2), α3 = (a3, b3), O p(α1 > α2) > 1
2 K

p(α2 > α3) ≥ 1
2 ] p(α1 > α2) ≥ 1

2 K p(α2 > α3) > 1
2 , - p(α1 > α3) > 1

2 ; O p(α1 > α2) = 1
2

K p(α2 > α3) = 1
2 , - p(α1 > α3) = 1

2 .
4����' α = (a, b), T* Chen ! Tan %2�-53' [8] *`] α �-53'.

S(α) = a− b. 4E?R�����'!-53'.V]!-F)�����'V:�S�%
$:��*-53'!**=�P�&.R�����'�25e

=N 3.2 4E?R�����' α1 = (a1, b1) ! α2 = (a2, b2), p(α1 > α2) ≥ 1
2 2Ka

2 S(α1) ≥ S(α2); ;�c0! p(α1 > α2) = 1
2 2Ka2 S(α1) = S(α2).

O f5# � S(α1) ≥ S(α2), *- a1 − b1 ≥ a2 − b2, !" (a1 + π(α1)) − a2 ≥
(a2 + π(α2)) − a1. O (a2 + π(α2)) − a1 ≤ 0, -�%$ 3.1 +� 2) *- p(α1 > α2) = 1; O
(a2 + π(α2)) − a1 > 0, - (a1 + π(α1)) − a2 > 0, !"!

p(α1 > α2) =
(a1 + π(α1)) − a2

π(α1) + π(α2)
=

(a1 + π(α1)) − a2

a1 + π(α1) − a2 + (a2 + π(α2) − a1)
≥ 1

2
.

O S(α1) = S(α2), - a1 − b1 = a2 − b2. $gJ a1 ≤ a2, -$ b1 ≤ b2, ^�%$ 3.1 +�
5) *- p(α1 > α2) = 1

2 .
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P0# � p(α1 > α2) ≥ 1
2 ,- p(α1 > α2) �= 0,^�%$ 3.1+� 3)*- a2 < a1+π(α1).

O a1 > a2+π(α2),-$ a1−a2 > a2+π(α2)−(a1+π(α1)) = b1−b2. !"!a1−b1 > a2−b2,
S(α1) > S(α2); O a1 ≤ a2 + π(α2), - p(α1 > α2) = a1+π(α1)−a2

π(α1)+π(α2) , ^� p(α1 > α2) ≥ 1
2 , *-

1−b1−a2
1−a1−b1+1−a2−b2

≥ 1
2 , !"! a1 − b1 ≥ a2 − b2, S(α1) ≥ S(α2). 1&F^!� p(α1 > α2) ≥ 1

2

*- S(α1) ≥ S(α2).
J p(α1 > α2) = 1

2 . O π(α1) �= 0,π(α2) �= 0, -$ a2 < a1 + π(α1) ! a1 < a2 + π(α2),
!" p(α1 > α2) = a1+π(α1)−a2

π(α1)+π(α2)
= 1−b1−a2

1−a1−b1+1−a2−b2
= 1

2 . �"*-! a1 − b1 = a2 − b2,

S(α1) = S(α2). �$*]!2 π(α1) �= 0, π(α2) = 0] π(α1) = 0, π(α2) �= 0�!S(α1) = S(α2).
2 π(α1) = π(α2) = 0 �! a1 = b1, a2 = b2, h; S(α1) = S(α2) = 0. 1&F^!�
p(α1 > α2) = 1

2 *- S(α1) = S(α2).
�%$ 3.2 *-!4E?R�����' α1, α2 ;9&.!�*=�P�!� Chen !

Tan[8] �-53'-.�GO1=F�!$gJ+ α1 � α2. R�*=�P�-.�1=$
a:�� α1, α2 �:H25!;K:� α1 � α2 �*=�+ p(α1 > α2), <>�����'
82@$�%��#�NH!+(*=�S�%1�(*� �i 4 bT*����'&.
�*=�P�%2������F<�FN�

4 @ABCPGQRSTJUVWX
J X = {x1, x2, · · · , xn} �$_H (4`) ��4E?R������ Ai = {Ai(xk)|xk ∈

X} = {(uAi(xk), vAi(xk))|xk ∈ X}, i = 1, 2, Li ! Cheng[13] :��$2����� A1, A2 �

F<#F��j_

=> 4.1[13,16] J M : IFS(X)× IFS(X) → [0, 1] +��>`! Ai ∈ IFS(X)(i = 1, 2, 3),
-9 M(A1, A2) + A1 ! A2 �F<�!O3(/LW

S1 M(A1, A2) ∈ [0, 1];
S2 M(A1, A2) = M(A2, A1);
S3 O A1 = A2, - M(A1, A2) = 1;
S4 O A1 ⊂ A2 ⊂ A3, - M(A1, A3) ≤ M(A2, A3), M(A1, A3) ≤ M(A1, A2).
Y %2 4.1 +�LW S3 a"��f5#LW! Mitchell[12] Æ"LW7;+
S3′ M(A1, A2) = 1 ⇔ A1 = A2. Li ! David[17] �Æ Chen[14], Hong ! Kin[18] " Vague

��F<�FN+�LWa5.%2 4.1.
S5 M(A1, A2) = 0 ⇔ ∀xk ∈ X, A1(xk) = (0, 1), A2(xk) = (1, 0); ] A2(xk) = (0, 1),

A1(xk) = (1, 0).
I$������F<�FNP�20J"�>b�k4A8�����5l=&.

L!h;aF<�FN1=bmcÆ��Æd$�c4! Chen[14] :��`]R�����

��F<�P�+

MC(A1, A2) = 1 −

n∑
k=1

|S(A1(xk)) − S(A2(xk))|
2n

,

.+ S(Ai(xk)) = uAi(xk)−vAi(xk), i = 1, 2. "P�$(/LW S3′ �P0#�XS&!4(/
S(A1(xk)) = S(A2(xk)), 1 ≤ k ≤ n, �E?R������ A1 ! A2, d$ MC(A1, A2) = 1.
7c!2 A1 = {(0.3, 0.4)}, A2 = {(0.4, 0.5)} �! MC(A1, A2) = 1, 7de,��$O�
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Hong ! Kim[18] ��� MC(A1, A2) �>b!W:�S��F<�`]P�

MH(A1, A2) = 1 −

n∑
k=1

|uA1(xk) − uA2(xk)| + |vA1(xk) − vA2(xk)|
2n

.

"P�MH(A1, A2)+!$=@5 uA1(xk), uA2(xk), vA1(xk), vA2(xk)�KK1L!WK4
(/ |uA1(xk)−uA2(xk)|+ |vA1(xk)−vA2(xk)| = |uA1(xk)−uA3(xk)|+ |vA1(xk)−vA3(xk)|�E
?����� A1, A2, A3, d$ MH(A1, A2) = MH(A1, A3). c4!2 A1 = {(0.3, 0.5)}, A2 =
{(0.3, 0.2)}, A3 = {(0.4, 0.3)} �!�� |0.3 − 0.3| + |0.5 − 0.2| = |0.3 − 0.4| + |0.5 − 0.3|, !"
MH(A1, A2) = MH(A1, A3). 4 [12, 20] ���F<�FNP�eIJ"7c�>b�S�f
ÆT*����'&.�*=�P�!%2������F<�FNP��TP�"�%S

�&*/IU MC(A1, A2), MH(A1, A2) �P��$/�
J α1, α2 +R�����'!P (α1 > α2)+ α1 > α2 �*=�� S(α) + Chen ! Tan[8]

%2�-53'�%23'

M1(α1, α2) =

{
1 − |2P (α1 > α2) − 1|, S(α1) �= S(α2),
1 − |2P (α̃1 > α̃2) − 1|, S(α1) = S(α2),

(1)

.+ α̃1 = (a1,
a1+1−b1

2 ), α̃2 = (a2,
a2+1−b2

2 ).
J Ai = {Ai(xk)|xk ∈ X} = {(uAi(xk), vAi(xk))|xk ∈ X} (i = 1, 2), +R������!

%23'

M2(A1, A2) =
1
n

n∑
k=1

M1(A1(xk), A2(xk)). (2)

S�Y]V M2(A1, A2) (/%2 4.1 +�LW�
ZN 4.1 4E?R�����' α1 = (a1, b1) ! α2 = (a2, b2), M1(α1, α2) (/S��

#[
1) M1(α1, α2) ∈ [0, 1];
2) M1(α1, α2) = M1(α2, α1);
3) M1(α1, α2) = 1 ⇔ a1 = a2, b1 = b2;
4) ∀α3 ∈ Q, O α1 ≥ α2 ≥ α3, - M1(α1, α2) ≥ M1(α1, α3), M1(α3, α2) ≥ M1(α3, α1);
5) O a1 > 1 − b2 ] a2 > 1 − b1, - M1(α1, α2) = 0. N,0!O α1 = (0, 1), α2 = (1, 0)

] α2 = (0, 1), α1 = (1, 0), - M1(α1, α2) = 0.

O 1) �%$ 3.1 + 1): ∀α1 = (a1, b1), α2 = (a1, b1), 0 ≤ P (α1 > α2) ≤ 1, !%2 4.1 +
P� (1), *- 0 ≤ M1(α1, α2) ≤ 1.

2) �%$ 3.1 + 2): ∀α1 = (a1, b1), α2 = (a1, b1), P (α1 > α2) + P (α2 > α1) = 1 !%2
4.1 +P� (1), \- M1(α1, α2) = M1(α2, α1).

3) f5# O a1 = a2, b1 = b2, - S(α1) = S(α2), α̃1 = α̃2. !"! P (α̃1, α̃2) = 0.5,
M1(α1, α2) = 1.

P0# O M1(α1, α2) = 1, - S(α1) = S(α2) (XS&!O S(α1) �= S(α2), $gJ
S(α1) > S(α2), -�%$ 3.2 *-! P (α1 > α2) > 0.5. !"! M1(α1, α2) < 1). �
S(α1) = S(α2)!M1(α1, α2) = 1, *- P (α̃1 > α̃2) = 0.5,!"!a1− a1+1−b1

2 = a2− a2+1−b2
2 ,

^� a1 − b1 = a2 − b2, */- a1 = a2, b1 = b2.
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4) � α1 ≥ α2 ≥ α3, *- a1 ≥ a2 ≥ a3, b1 ≤ b2 ≤ b3, h;! S(α1) ≥ S(α2) ≥ S(α3).
WK*/]V S(α1) = S(α2) = S(α3) 2Ka2 a1 = a2 = a3, b1 = b2 = b3. !"!2
S(α1) = S(α2), S(α1) = S(α3) �! P (α̃1 > α̃2) = P (α1 > α2) = 1

2 , P (α̃1 > α̃3) = P (α1 >

α3) = 1
2 . "�! M1(α1, α2) = 1 − |2P (α1 > α2) − 1|, M1(α1, α3) = 1 − |2P (α1 > α3) − 1|.

^� S(α1) ≥ S(α2) ≥ S(α3) e%$ 3.2, - P (α1 > α2) ≥ 1
2 , P (α1 > α3) ≥ 1

2 . !"!
M1(α1, α2) = 2 − 2P (α1 > α2), M1(α1, α3) = 2 − 2P (α1 > α3).

O a1 ≥ a2 +π(α2), -� b2 ≤ b3, *- a1 ≥ a3 +π(α3). !" P (α1 > α2) = P (α1 > α3) =
1, M1(α1, α3) = M1(α1, α2) = 0; O a1 < a2 + π(α2), -$

P (α1 > α2) =
a1 + π(α1) − a2

(1 − b1 − a1) + (1 − b2 − a2)
=

1 − b1 − a2

(1 − b1 − a1) + (1 − b2 − a2)
.

O a1 ≥ a3 + π(α3), - P (α1 > α3) = 1, M1(α1, α3) = 0 ≤ M1(α1, α2); O a1 < a3 + π(α3), -
� a1 + π(α1) ≥ a3 + π(α3) ≥ a3 e 1 − b3 ≤ 1 − b2, *-

P (α1 > α3) =
a1 + π(α1) − a3

(1 − b1 − a1) + (1 − b3 − a3)
≥ 1 − b1 − a3

(1 − b1 − a1) + (1 − b2 − a3)
.

f t = 1 − b1, l = 1 − b1 − a1 + 1 − b2. � a1 < a2 + π(α2) *-! 1 − a1 − b2 > 0, h;
1 − b1 + 1 − a1 − b2 > 1 − b1, Z l > t > 0. 7c! P (α1 > α3) ≥ t−a3

l−a3
, P (α1 > α2) = t−a2

l−a2
.

f f(x) = t−x
l−x . � f ′(x) = t−l

(l−x)2 < 0, *- f(x) �gnopdf3'�!"!� a2 ≥ a3,

*- t−a3
l−a3

≥ t−a2
l−a2

, F/$ P (α1 > α3) ≥ P (α1 > α2), M1(α1, α2) ≥ M1(α1, α3).

�$*]! M1(α3, α2) ≥ M1(α3, α1).
5) O a1 ≥ 1 − b2, - P (α1 > α2) = 1, �P� (1), M1(α1, α2) = 0; O a2 ≥ 1 − b1, -

P (α1 > α2) = 0, !" M1(α1, α2) = 0. de!2 α1 = (0, 1), α2 = (1, 0) ] α2 = (0, 1), α1 =
(1, 0) �!$ M(α1, α2) = 0.

�N$ 4.1, \\]V
=N 4.1 ∀Ai = {Ai(xk)|xk ∈ X} = {(uAi(xk), vAi(xk))|xk ∈ X} ∈ IFS(X), i = 1, 2, 3,

M2(A1, A2) (/
1) M2(A1, A2) ∈ [0, 1];
2) M2(A1, A2) = M2(A2, A1);
3) M2(A1, A2) = 1 ⇔ A1 = A2;
4) O A1 ⊂ A2 ⊂ A3, - M2(A1, A3) ≤ M2(A2, A3), M2(A1, A3) ≤ M2(A1, A2);
5) O ∀xk ∈ X , uA1(xk) > 1− vA2(xk) ] uA2(xk) > 1− vA1(xk), - M2(A1, A2) = 0. N

,0!O ∀xk ∈ X , A1(xk) = (0, 1), A2(xk) = (1, 0); ]= A2(xk) = (0, 1), A1(xk) = (1, 0), -
M2(A1, A2) = 0.

�%$ 4.1 *h! M2(A1, A2) (/ Mitchell[12] :��������F<�%2�4&
��c[!2 A1 = {(0.3, 0.4)}, A2 = {(0.4, 0.5)} �! M2(A1, A2) = 0.5, ; MC(A1, A2) = 1;
2 A1 = {(0.3, 0.5)}, A2 = {(0.3, 0.2)}, A3 = {(0.4, 0.3)}�!M2(A1, A2) = 0.57, M2(A1, A3) =
0.40. "1=$�� MH(A1, A2) = MH(A1, A3). XS&!4(/

S(A1(xk)) = S(A2(xk))

]

|uA1(xk) − uA2(xk)| + |vA1(xk) − vA2(xk)|
= |uA1(xk) − uA3(xk)| + |vA1(xk) − vA3(xk)|, 1 ≤ k ≤ n
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������!P� M2(A1, A2) &P� MC(A1, A2) ! MH(A1, A2) "�%S�&$%!�
5N=&�

P� M2(A1, A2) $(/LW S5 �P0#�XS&!4(/ uA1(xk) > 1 − vA2(xk), ]
uA2(xk) > 1 − vA1(xk) ������

A1 = {(uA1(xk), vA1(xk))|xk ∈ X}, A2 = {(uA2(xk), vA2(xk))|xk ∈ X},
I$ M1(A1, A2) = 0, 7K� M2(A1, A2) �>b�!"";*"P��0\?aFN���
���(/

[uA1(xk), uA1(xk) + π(A1)] ∩ [uA2(xk), uA2(xk) + π(A2)] �= ∅.

5 ]^_
84:������'&.�*=�P�e#[!""gq&!:��������F

<�FNP�!i"+������F<�FN�S�-M�gh!RT Ge$�%�>
b�,-F<�FNP�IJ"$�S��h_#!!"i$r�478 G`;�c0i
j!+�����"')(+�(*!��$,� ��)*�S%?�$%14�
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A METHOD TO MEASURE THE SIMILARITY DEGREE OF

INTUITIONISTIC FUZZY SETS BASED ON

THE POSSIBILITY DEGREE

WEI Cuiping

(College of Operations and Management, Qufu Normal University, Rizhao 276826)

TANG Xijin

(Academy of Mathematics and Systems Science, Chinese Academy of Sciences, Beijing 100190)

Abstract The method of measuring the similarity degree between two intuitionistic fuzzy
sets is studied. A possibility degree formula for the comparison between two intuitionistic fuzzy
numbers is defined, and some properties of the formula is given. On the basis of the possibility
degree formula, a new similarity measure for intutionistic fuzzy sets is presented, and then,
the advantages and the disadvantages of the similarity measure formula are analyzed. Finally,
it will provide better methods to apply intuitionistic fuzzy sets to decision making, pattern
recognition and medical diagnostic reasoning.

Key words Intuitionistic fuzzy set, possibility degree formula, similarity measure.


