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1 � ��������� �����¡�¢�£���¤�¥�¦�§©¨«ª�¬��«��¡«¢�­«®°¯²±´³�µ�¶«·
A ¸ ±©¹�º�  B, »µ�¶�·

A∗,
¹�º�¼�½¿¾ÁÀ�Â�Ã�Ä�·�������Å� �ÆÇ�È

1.1 É²Ê
A −→ BË�Ì�Í
AÎ

B∗

(1.1)

��������Ï�Ð�Ñ�Ò�Ó�£�Ô�Õ
[1−6],

Â�¥�Ö�×�Ø� �Æ
i) Ù A, B, A∗ Ú�Û�Ü Î�£ B∗ Ý Fuzzy Þ�ß�à�á ±©â ¸�ã�ä�å�æ�ç�è�é�ê�ë §
ii) Ù´ì´í´ë´î A → B

Ã´Ä´·
X×Y ï £´ª´¬´�´�´ð´­ R, ñ Ã´Ä´ò´ó´ô R : X×Y → [0, 1].

iii) Ù Ì�Í A∗( ñ µ�¶ ) õ�ö�÷�ø ¯²£�����ð�­ R ù�ú ò ñ�û µ�ü B∗ = A∗ ◦ R.ý�¼�Æ
Zadeh

£ ú ò�����Ô�Õ (Compositional Rule of Inference)
 

B∗(y) = sup
x∈X

[A∗(x) ∧ R(x, y)] = sup
x∈X

[A∗(x) ∧ Rz(A(x), B(y))],

â�þ�±
Rz à�á Zadeha ì�í�ë�ÿ §�������

[4,7]
¯�����������	�
�� ë £�� î ��
�­�® L∗ � õ�� ¨���� ï������ £ R0- ��«±����«ü��«�«�«�«��� ì«í�� I

Ô«Õ
[8],
À«�«�«�«�«£�� Ý���� ���«£� �! ��"�# £«¹ ú�$ß §©��������� ì�í�� I

Ô�Õ�£�¥�Ö�×�Ø� �Æ
%

A, A∗, B
 ���� Þ ±�&�'�
 (1.1)

¯²£
B∗
 �(

(A(x) → B(x)) → (A∗(x) → B∗(y)) (1.2))+*-,/.
: 2004-04-050+1+2-3
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F�G�H�I ¸ £ G�J ��� Þ §

(1.2) î ¯²£ G�H�I õ�K I�L � ì�í«ë«ÿ £ Í ��Ï«ð«± �����M��N�O [4,8]
¯ ã�P�Q�ì�í�ëÿ Ì ü���'�
 (1.1)

¨
(1.2) î�R ��S�Ï�T�£�ª�¬�U Q�V�W § ��������Ô î £�Ð�X � G�Y�Z�[�\» ¨ (1.2)

¯ ä�] F ì�í�ë�ÿ £�Ð�X � [4], ^�ì�í�ë�ÿ £�Ð�X ��_ Í � K I�L £�Ð�X � § Ö N ¯` ] F £ K I�L  ba BR0 ë�ÿ�c Í £�¥�¦ BR0- � � [10] � R0- d�e�f�g W
[4]

,
Ö N £ Y�Z¹�h�¼�S�Æ

1). i ¤�¥ � ¥�¦ BR0- � ��£���������� ì�í�� I ë Õ�± Ó ¸ ± ã ª�j ì�í�ë�ÿ Ì ü���Tk�¨�£�ª�¬�U Q�V�W §
2).
À�¥ �

BR0- � ��£���������� ì�í�� I ë Õ�l Ý � R0- d�e�f�g W , m Ä N�O [8]
¯

� I ë Õ�¹�º�£�nbo²±�p�q \ »�� I ë Õ õ�� l�£�r�s�­�®�£�t�u�v�­�§
3).
À�¥ ��w�x ¥�¦

BR0- � ��£���������� ì�í�� I ë Õ õ ¥�¦«����	�
�� ë � î ��
­�®
L∗
¹ ú�$�ß ±zy ^ p�q \ » ��â�Ñ ë Õ `�{ Ï�£����� �! � ±ÁÓ ¸�|�} o�� R0-

Å � I ëÕ�  õ ¥�¦ L∗
­�® ����� £���������Ô�Õ�§

2 ~�������~�� BR0- ��������������������� I ���
R0- � ��  ��������N�O [4]

¯²·�����	�
�� ë £�� î ����­�® L∗ ^ ����£ ����� £����
P�Q §|Ö N ö ª ù�� ¨ ��������� S ��N�O [10,11]

¯���ü���¥�¦
BR0- � ����¤�± ^ À R0- �� ù ·�¥�¦ BR0- � ��£���ý�±�� ��N�O [10,11]

¯�nbo�������£
MV- � � ã  �¥�¦ BR0- ���£���ª���ý�§©Ö��°¯�� ç�i ¤�¥ ��w�x ¥�¦ BR0- � ��£���������� ì�í�� I ë Õ�§���

2.1
[10]

%
M
 

(¬,∨,→)
Å � ��±©¼�º�Æ�

M ï Ï� �¡ ≤
(

(M,≤)
ò�·�Ï�¢ Q�� L ± Ë ∨

 �ð � ¡
≤ ^�£ £ M

¯²£ ï�c ¢ êë�¤¦¥
¬
 �ð � ¡

“≤” ^�£ £�§�¡ å�ú�å l�§¨ å a, b, c ∈ M , Ú S V�W ò���§
BR0C1 : ¬a → ¬b = b → a.

BR0C2 : 1 → a = a, a → a = 1.

BR0C3 : b → c ≤ (a → b) → (a → c).

BR0C4 : a → (b → c) = b → (a → c).

BR0C5 : a → b ∨ c = (a → b) ∨ (a → c).

a → b ∧ c = (a → b) ∧ (a → c)

(
â�þ

1
 

M
£ G�H�© ±�� Ú 0 ª ¬1).«�¬�­

M
·�¥�¦

BR0- � ��± ª�ù BR0- � � M ,
��À

a → b ª�ù R0(a, b). ®�¯ M
 ª�¬ w�x L ±�&�­

M
  w�x ¥�¦

BR0- � ��§° Æ©â�þ Ì ü w�x ¥�¦
BR0- � ��£�±�²� �³�·�´�µ�¨�Î�T���������� ì�í�� I ë Õ ¸ ZÝ�¶ M

¯�·�ª ÿ�Þ £ ï�c ¢�¸�S c ¢�§¹�º
2.1

[10]
%

M
 

BR0- � ��± a, b ∈ M ,
&

a ≤ b
³ Ë�» ³

R0(a, b) ≤ 1.
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Á�Â Ã�Ä�Å
. ¯ a ≤ b,

&
b = a ∨ b.

a
bR0C5 û

R0(a, b) = R0(a, a ∨ b) = R0(a, a) ∨ R0(a, b) = 1.

¯ R0(a, b) = 1,
y ^ a BR0C2 û

(R0(a, b), R0(1, b)) = R0(1, b) = b (1)Æ a
BR0C1

��¹ ú BR0C3 û Æ
R0((a, b), R0(1, b)) = R0((¬b,¬a), R0(¬b, 0)) ≥ R0(¬a, 0) = R0(1, a) (2)¹ ú (1),(2)
� ®�Ç l Ý BR0C1 û b ≥ a���

2.2
[10]

%
M
 

BR0- � ��± Í � ⊗ : M2 → M , å (a, b) ∈ M2,⊗(a, b) = a ⊗ b =

¬(a → ¬b).
��­

⊗
·

M ï £�È�É ê�ë §¹�º
2.2

[10]
%

M
 

BR0- � ��± a, b, c ∈ M ,
&

1) a⊗b = b⊗a; 2) (a⊗b)⊗c = a⊗(b⊗c)

. ñ È�É ê�ë�Ê�Ë�Ì�Í�Î ±©¹ ú�Î §Á�Â
1) a ⊗ b = ¬(a → ¬b) = ¬(b → ¬a) = b ⊗ a.

2) (a ⊗ b) ⊗ c = ¬(a ⊗ b → ¬c) = ¬(¬(a → ¬b) → ¬c)

= ¬(c → (a → ¬b)) = ¬(a → (c → ¬b))

= ¬(¬(c → ¬b) → ¬a) = ¬(c ⊗ b → ¬a)

= (c ⊗ b) ⊗ a) = a ⊗ (b ⊗ c).¹�º
2.3

[10]
%

M
 

BR0- � ��± a, b, c ∈ M ,
&

a ⊗ b → c = a → (b → c).Á�Â
a ⊗ b → c = ¬(a → ¬b) → c = ¬c → (a → ¬b) = a → (¬c → ¬b) = a → (b → c).Ï ¹ ú ��Ð 2.1 ����Ð 2.3 ä�û

a ⊗ b ≤ c
³ Ë�» ³

a ⊗ b → c = 1
³ Ë�» ³

a → (b → c) = 1
³ Ë�» ³

a ≤ b → c.³�Ñ�Ò�Ñ ê�ë ⊗,→
 

BR0- � � M
¯²£�Ó�Ô å [4].

â�ª�¹�º�Ó ¸�|�à o²¨ w�x BR0- � � M¯²±
(∨ixi) ⊗ a = ∨i(xi ⊗ a), a → ∧iyi = ∧i(a → yi)

[4].¹�º
2.4

[10]
¨

BR0- � �°¯²± R0(a, y) = a → y
ð �

y
 �Õ�¡�ó�ô�§

Á�Â %
M
 

BR0- � ��± a, y1, y2 ∈ M1, y1 ≤ y2,
a

BR0C3 ����Ð 2.1 û
R0(a → y1) → R0(a → y2) ≥ y1 → y2 = 1.³�Ñba ��Ð 2.1 û R0(a → y1) ≤ R0(a → y2).¹�º

2.5
[10]

%
M
 

BR0- � ��± a, b ∈ M ,
&

a ⊗ (a → b) ≤ b.Á�Â
a ⊗ (a → b) → b = ¬[a → ¬(a → b)] → b

= ¬b → (a → ¬(a → b)) = ¬b → ((a → b) → ¬a)

= (a → b) → (¬b → ¬a) = (a → b) → (a → b)

= 1.
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a ��Ð 2.1

& û a ⊗ (a → b) ≤ b.¹�º
2.6

[10]
¨

BR0- � �°¯ R0(x, b) = x → b
ð �

x
 �§�¡�ó�ô�§

Á�Â %
M
·

BR0- � ��± x1 ≤ x2,
a

BR0C1, BR0C3, BR0C2 û
R0(x2, b) → R0(x1, b) = R0(¬b → ¬x2) → R0(¬b → ¬x1) ≥ ¬x2 → ¬x1 = x1 → x2 = 1.

³�Ñba ��Ð 2.1 û R0(x2, b) ≤ R0(x1, b).���
2.3

%
M
 �ª w�x

BR0- � ��± X
 �·�ª�Ö�× Þ�ú ± F : X → M

 �y
X ¶ M£�ª�¬�ó�ô�±-&�­

F
 �¤�Ø

X ï £�ª�¬ M - Fuzzy Þ ±�¤�Ø X ï £�� \ M -Fuzzy Þ h�ò�£ ÞÙ ª�ù F(X).���
2.4

[8] (R0-
Å�� ì�í α- � I Ú & )

%
M
·

BR0- � ��± α ∈ M, A, A∗ ∈ F(X), B ∈

F(Y ),
&�'�


(1.1) î ¯²£�T B∗
 

F(Y )
¯�(

(A(x) → B(y)) → (A∗(x) → B∗(y)) ≥ α, ñ
R0(R0(A(x), B(y)), R0(A∗(x), B∗(y))) ≥ α. (2.1)

å · R (x, y) ∈ X × Y Û ò���£ G�J Fuzzy Þ ±©¨�Ñ Ú &�S�Î�T B∗
£�Ô�Õ�­�·

R0-
Å��

ì�í α- � I
Ô�Õ�§³

α = 1 ¸ ±-­ R0-
Å�� ì�í α- � I Ú &�· R0-

Å�� ì�í�� I Ú &�±-­ � l�£�Î�T B∗
£Ô�Õ�·

R0-
Å�� ì�í�� I ë Õ�§Ï â�þ

(2.1) ä ��T�'�
 (1.1)
£�T

B∗ ∈ F(Y )
l�( É²Ê

A(x) → B(y) å A∗(x) → B∗(y)£�Ü�Ý�Þ
[4]
Ò J �

α, ^ α = 1 ¸ '�
 (1.1)
£�T

B∗ ∈ F(Y )
l�( É²Ê

A(x) → B(y)
��ß�Ü

Ý
A∗(x) → B∗(y).��à

2.1
¨ w�x

BR0- � �°¯²±á'�
 (1.1)
ð �

R0-
Å�� ì�í α- � I Ú &�£�T� �k�¨�£�±Ë

B∗(y) = sup
x∈X

[A∗(x) ⊗ R0(A(x), B(y)) ⊗ α].

Á�Â â�ã nbo å · R (x, y) ∈ X × Y ,

(A(x) → B(x)) → (A∗(x) → A∗(x) ⊗ R0(A(x), B(y)) ⊗ α) ≥ α.â� �³�·�ä�å ��Ð 2.3, ��Ð 2.4,BR0C2
Ï

α → ((A(x) → B(y)) → (A∗(x) → A∗(x) ⊗ R0(A(x), B(y)) ⊗ α)

= α ⊗ (A(x) → B(y)) → (A∗(x) → A∗(x) ⊗ R0(A(x), B(y)) ⊗ α)

= α ⊗ R0(A(x), B(y)) ⊗ A∗(x) → A∗(x) ⊗ R0(A(x), B(y)) ⊗ α

= A∗(x) ⊗ R0(A(x), B(y)) ⊗ α → A∗(x) ⊗ R0(A(x), B(y)) ⊗ α

= 1,

y ^ a ��Ð 2.1 û
(A(x) → B(y)) → (A∗(x) → A∗(x) ⊗ R0(A(x), B(y)) ⊗ α) ≥ α.Â Ç nbo å B∗(y) ∈ F(Y ). ¯

(A(x) → B(y)) → (A∗(x) → B∗(y)) ≥ α,
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&�Ï
A∗(x) ⊗ R0(A(x), B(y)) ⊗ α ≤ B∗(y). (1)â� �³�· ¯

(A(x) → B(y)) → (A∗(x) → B∗(y)) ≥ αa ��Ð 2.1 û
α → ((A(x) → B(y)) → (A∗(x) → B∗(y))) = 1y ^ a ��Ð 2.3, ��Ð 2.2 û

A∗(x) ⊗ R0(A(x), B(y)) ⊗ α → B∗(y) = 1,

®�Ç a ��Ð 2.1 û
A∗(x) ⊗ R0(A(x), B(y)) ⊗ α ≤ B∗(y). (2)¹ ú (1),(2)

��ä�å ��Ð 2.5 û
B∗(y) = sup

x∈X

[A∗(x) ⊗ R0(A(x), B(y)) ⊗ α].

æ�ç
2.2

¨ w�x
BR0- � �°¯²±�'�
 (1.1)

¨
R0-
Å�� ì�í�� I ë Õ Ú &�S�£�T� �k�¨£�± Ë

B∗(y) = sup
x∈X

[A∗(x) ⊗ R0(A(x), B(y))].

Á�Â ¨ Í �
2.1
¯ F

α = 1 ñ�ä §���
2.5

¼�º�³
A õ B Ê�Ë�V�W P ¸ a²ª�Ñ�Î�T�'�
 (1.1) î £ ë Õ�³ A∗ = A ¸ Î û£�T

B∗ = B,
&�­�â�Ñ ë Õ�· P - è�é�ë Õ�§��à

2.3
¨ w�x

BR0- � �°¯²± R0-
Å�� ì�í�� I ë Õ�  P è�é�ë Õ�±|â�þ ��Ð P

� Æ
k�¨

a ∈ X
( û A(a) = 1.Á�Â a²��¤

2.2

Ê Ý R0-
Å�� ì�í�� I

Ô�Õ�Î û '�
 (1.1)
£�T

B∗(y) = supx∈X [A∗(x)⊗

R0(A(x), B(y))].
³

A∗ = A ¸ ±©Ï
B∗(y) = sup

x∈X

[A∗(x) ⊗ R0(A(x), B(y))],

a ��Ð 2.5 û
B∗(y) = sup

x∈X

[A(x) ⊗ R0(A(x), B(y))] ≤ sup
x∈X

[B(y)] = B(y),

Æ a � k�¨
a ∈ X ,

( û A(a) = 1,
³�Ñ

B∗(y) = sup
x∈X

[A(x) ⊗ R0(A(x), B(y))] ≥ A∗(a) ⊗ R0(A(a), B(y))

= 1 ⊗ R0(1, B(y)) = B(y).

³�Ñ
B∗(y) = B(y).S�µ�� ç l Ý � ì�í�� I

Ô�Õ�¨
BR0- � �°¯²Î�T FMT

'�
�§
Fuzzy Modus Tollens

'�

(m ­ FMT

'�

)
��Õ�¼�S�Æ
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Ç�È

2.2 É²Ê
A → BË�Ì�Í

B∗Î
A∗

(2.2)

���
2.6

[8] (R0-
Å�� ì«í α- � I FMT Ú & )

%
M
 

BR0- � � ¯ § α ∈ M, A ∈

F(X), B∗ ∈ F(Y ),
&�'�


(2.2)
¯²£�T

A∗
 

F(X)
¯�(

(2.1) î�å · R (x, y) ∈ X × Y ê ò��£ G�H
Fuzzy Þ ±�ë�Ñ Ú &�Î�T (

'�

2.2) î ¯ A∗

£�Ô�Õ�­�·
R0-
Å�� ì�í α- � I FMT

ÔÕ�§ ³
α = 1 ¸ ±�­�â�Ñ ë Õ�· R0-

Å � I FMT
Ô�Õ�§

��à
2.4

¨ w�x
BR0- � �°¯²±�'�
 2.2

ð �
R0-
Å�� ì�í α- � I FMT Ú &�£�T� �k¨�£�± Ë

A∗(x) = inf
y∈Y

[α → ((A(x) → B(y)) → B∗(y))]

= inf
y∈Y

[R0(α, R0(R0(A(x), B(y)), B∗(y)))].

Á�Â â�ã nbo å (x, y) ∈ X × Y, α → ((A(x) → B(y)) → B∗(y)) Ê�Ë 2.1 î ±©â� �³�·ä�å
BR0C4 Û BR0C2 û

α → ((A(x) → B(y)) → ((α → ((A(x) → B(y)) → B∗(y))) → B∗(y)))

= α → ((α → ((A(x) → B(y)) → B∗(y))) → ((A(x) → B(y)) → B∗(y)))

= (α → ((A(x) → B(y)) → B∗(y))) → (α → ((A(x) → B(y)) → B∗(y)))

= 1.

³�Ñba ��Ð 2.1 û
(A(x) → B(y)) → ((α → ((A(x) → B(y)) → B∗(y))) → B∗(y)) ≥ α. (1)

Â Ç nbo ¯ A∗(x) ∈ F(X)
( û
(A(x) → B(y)) → (A∗(x) → B∗(y)) ≥ α.

&
α → ((A(x) → B(y)) → B∗(y)) ≥ A∗(x). (2)â� �³�· ¯ (A(x) → B(y)) → (A∗(x) → B∗(y)) ≥ α.

a ��Ð 2.1 û
α → ((A(x) → B(y)) → (A∗(x) → B∗(y))) = 1,

a ��Ð 2.3 û
α → (A∗(x) → ((A(x) → B(y)) → B∗(y))) = 1,

A∗(x) → (α → ((A(x) → B(y)) → B∗(y))) = 1.
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³�Ñba ��Ð 2.1 û A∗(x) ≤ α → ((A(x) → B(y)) → B∗(y))
a ��Ð 2.6,

��¹ ú (1),(2) û
A∗(x) = inf

y∈Y
[α → ((A(x) → B(y)) → B∗(y))]

= inf
y∈Y

[R0(α, R0(R0(A(x), B(y)), B∗(y)))].

æ�ç
2.5

¨ w�x
BR0 � �°¯²±�'�
 2.2

ð �
R0-
Å�� ì�í�� IFMT Ú &�Ï�T�§ ^ Ë

A∗(x) = inf
y∈Y

[R0(R0(A(x), B(y)), B∗(y))] = inf
y∈Y

[(A(x) → B(y)) → B∗(y)].

Á�Â ¨ Í �
2.4
¯ F

α = 1
��ì Ý BR0C2 ñ�ä�û Ö���¤ � ¹�º�§��à

2.6
¨ w�x

BR0- � �°¯ R0-
Å�� ì�í�� I FMT ë Õ { Ï P è�é � § â�þ P

� k¨
a ∈ Y

( û B(a) = 0. è�é � � ³ B∗ = B ¸ ±�ì Ý R0-
Å�� ì�í�� I FMT ë Õ�Î û '�


2.2
¯²£�T

A∗ = A.Á�Â a²��¤
2.5

Ê '�

2.2 î ð � R0-

Å � I FMT ë Õ�T
A∗(x) = inf

y∈Y
[(A(x) → B(y)) → B∗(y)],

³
B∗ = B ¸ Ï A∗(x) = inf

y∈Y
[(A(x) → B(y)) → B(y)],

a � k�¨
a ∈ Y

( û B(a) = 0,
³�Ñ

A∗(x) = inf
y∈Y

[(A(x) → B(y)) → B(y)] ≤ (A(x) → 0) → 0

= ¬A(x) → 0 = ¬¬A(x) = A(x). (1)

Æ a � å · R y ∈ Y

A(x) → ((A(x) → B(y)) → B(y)) = (A(x) → B(y)) → (A(x) → B(y)) = 1,

³�Ñ å · R y ∈ Y ,
Ï

A(x) ≤ (A(x) → B(y)) → B(y),
³�Ñ

A∗(x) = inf
y∈Y

[(A(x) → B(y)) → B(y)] ≥ inf
y∈Y

A(x) = A(x). (2)

¹ ú (1),(2) ä Ê Æ A∗(x) = A(x).

3 ~�� R0- í�î�ï�ð W � R0- ñ�� I ���¨ N�O
[4,8]

¯²± ����� i ¤���¥ � R0- d�e�f�g W
£

R0-
Å � I ë Õ�±ò� F û ��ª�ó�ôZ ò�º�±©Ö���� ç À ö�÷ ��£�¹�º�l Ý � R0- d�e�f�g W , ^ À R0- d�e�f�g £�¹�º�õ ù   ö÷ ��£���¤�± â�X�ö�Ò�÷�ø H £�ù�ú�� N�O [8]

¯²£�nbo�û�ü�± Ë p è ª ø \ » ��â�Ñ ë Õ � �l�£�r�s�­�® ��g £�t�u�v�­�§â�ã � ç l Ý BR0C5
nbo

BR0- � ��£�ª�¬�ô Z ��Ð §¹�º
3.1

%
M
 

BR0- � ��± a, b ∈ M ,
&

a → b ≥ ¬a ∨ b.
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Á�Â ³�·

¬a ∨ b → (a → b) = ¬(a → b) → ¬(¬a ∨ b) = ¬(a → b) → a ∧ ¬b

= (¬(a → b) → a) ∧ (¬(a → b) → ¬b) = (¬a → (a → b)) ∧ (b → (a → b))

= (¬a → (¬b → ¬a)) ∧ (b → (a → b)) = (¬b → (¬a → ¬a)) ∧ (a → (b → b))

= 1,³�Ñba ��Ð 2.1

Ê
¬a ∨ b ≤ a → b.���

3.1
%

M
 

BR0- � ��±©¼�º å � · R a, b ∈ M ,
Ï

BR0C6 : (a → b) ∨ ((a → b) → ¬a ∨ b) = 1,&�­
M
·

R0- � ��§��à
3.1

%
M
 ���¡

R0- � ��±�& ¯ a > b ¸ ± a → b = ¬a ∨ b.Á�Â a �
a 6≤ b,

³�Ñba ��Ð 2.1 ä Ê a → b < 1,
Æ

M
 ���¡

BR0- � ��±ýa V�W BR0C6û (a → b) → ¬a∨ b = 1,
³�Ñba ��Ð 2.1 û a → b ≤ ¬a∨ b. ® ¹ ú ��Ð 3.1 û a → b = ¬a∨ b.���

3.2
[4]
%

I = [0, 1],
¨

I ï�Ú Í
a ∨ b = max{a, b}, ¬a = 1 − a, a → b =

{

1 a ≤ b,

¬a ∨ b a > b&
(I, (∨,¬,→))

 �ª�¬
R0- � ��±���­�Ñ R0- � ��· R0- d�e�f�g ± ª�ù W .þ�ÿ

R0- d�e�f�g  �ª�¬ w�x BR0- � ��±�³ ^  �ª�¬ w�x R0- � ��§æ�ç
3.1

¨
R0- d�e�f�g W

¯²± '�

(1.1) î ð � R0-

Å � I Ú &�£�T� �k�¨�£�± ^ Ë
B∗(y) = sup

x∈Ey

[A∗(x) ∧ R0(A(x), B(y))],

Â°¯
Ey = {x ∈ X |(A∗(x)′ < R0(A(x), B(y)))}.Á�Â a²��¤

2.2

Ê Â�T�k�¨�± ^ Ë
B∗(y) = sup

x∈X

[A∗(x) ⊗ R0(A(x), B(y))]

= sup
x∈X

[¬(A∗(x) → ¬R0(A(x), B(y))]

= sup
x∈X

A∗(x)≤¬R0(A(x),B(y))

[¬(A∗(x) → ¬R0(A(x), B(y)))]∨

sup
x∈X

A∗(x)>¬R0(A(x),B(y))

[¬(A∗(x) → ¬R0(A(x), B(y)))]

= sup
x∈X

A∗(x)≤¬R0(A(x),B(y))

[0] ∨ sup
x∈Xy

[¬(¬A∗(x) ∨ ¬R0(A(x), B(y)))]

= sup
x∈Ey

[A∗(x) ∧ R0(A(x), B(y))].

æ�ç
3.2

¨
R0- d�e�f�g W

¯²± å α ∈ W ,
'�


(1.1)
ð �

R0-
Å�� ì�í α- � I Ú &£�T� �k�¨�£�± ^ Ë

B∗(y) = sup
x∈Ey∩Ky

[A∗(x) ∧ R0(A(x), B(y))] ∧ α,
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Â°¯
Ey = {x ∈ X |(A∗(x))′ < R0(A(x), B(y))},

Ky = {x ∈ X |α′ < A∗(x) ∧ R0(A(x), B(y))}.Á�Â a Í �
2.3

Ê Â�T�k�¨�± ^ Ë
B∗(y) = sup

x∈X

[A∗(x) ⊗ R0(A(x), B(y)) ⊗ α]

= sup
x∈X

(A∗(x))≤R0(A(x),B(y))

[(¬(A∗(x) → ¬R0(A(x), B(y))) ⊗ α]
∨

sup
x∈X

(A∗(x))>R0(A(x),B(y))

[(¬(A∗(x) → ¬R0(A(x), B(y))) ⊗ α]

= sup
x∈X

(A∗(x))′<R0(A(x),B(y))

[¬(¬A∗(x)
∨

¬R0(A(x), B(y))) ⊗ α]

= sup
x∈X

(A∗(x))′<R0(A(x),B(y))

[¬(A∗(x) ∧ R0(A(x), B(y)) → ¬α)]

= sup
x∈Ey,x∈Ky

[A∗(x) ∧ R0(A(x), B(y)) ∧ α]

= sup
x∈Ky∩Ey

[A∗(x) ∧ R0(A(x), B(y))] ∧ α.

æ�ç
3.3

¨
R0- d�e�f�g W

¯²±�'�

2.2
ð �

R0-
Å�� ì�í α- � I FMT Ú &�£�T� k�¨�£�± ^ Ë

A∗(x) = inf
y∈Ex∩Kx

[B∗(y) ∨ R′
0(A(x), B(y))] ∨ α′,

â�þ
Ex = {y ∈ Y |B∗(y) < R0(A(x), B(y))},

Kx = {y ∈ Y |B∗(y) ∨ R′
0(A(x), B(y)) < α}.Á�Â a Í �

2.4

Ê Â�T�k�¨�± ^ Ë
A∗(x) = inf

y∈Y
[α → ((A(x) → B(y)) → B∗(y))]

= inf
y∈Y

R0(A(x),B(y))≤B∗(y)

[α → 1] ∧ inf
y∈Y

R0(A(x),B(y))>B∗(y)

[α → (R0(A(x), B(y)) → B∗(y))]

= inf
y∈Ex

[α → R′
0(A(x), B(y)) ∨ B∗(y))]

= inf
y∈Ex

α≤R′

0
(A(x),B(y))∨B∗(y)

[1] ∧ inf
y∈Ex

y∈Kx

[¬α ∨ R′
0(A(x), B(y)) ∨ B∗(y))]

= inf
y∈Ex∩Kx

[R′
0(A(x), B(y)) ∨ B∗(y)] ∨ α′.

æ�ç
3.4

¨
R0 d�e�f�g W

¯²±�'�

2.2
ð �

R0-
Å�� ì�í�� I FMT Ú &�£�T� �k�¨£�± ^ Ë

A∗(x) = inf
y∈Ex

[R′
0(A(x), B(y)) ∨ B∗(y)].



350 7 6 8 9 z D E 26 �
Á�Â ¨���¤

3.3
¯ F

α = 1 ñ�ä §æ�ç
3.5

� ¨
R0- d�e�f�g W

¯²±�'�

(1.1)

£
R0-
Å�� ì�í�� I ë Õ�  P - è�é�ëÕ�§©â�þ

P
� k�¨

a ∈ X ,
(

A(a) = 1.¥ ¨
R0- d�e�f�g W

¯²§�'�

(2.2)

£
R0-
Å�� ì�í�� I FMT ë Õ�  P - è�é�ë Õ�±²âþ

P
� k�¨

b ∈ Y
( û B(b) = 0.Á�Â â�þ�³�·

R0- d�e�f�g W ã  �ª�¬ w�x BR0- � ��± ³�Ñ�l Ý Í � 2.3,
Í �

2.6
�

� û Ö���¤�§õ N�O [4,8]
¯²£�nbo ��� " ± Ö N £�nbo²Ò » û�ü m�d ± ^ Ë U Q ì Ý � R0- � ��± ��� 

BR0- � ��£ ��Ð ± Ò�÷�(�Â�û�ü�p�q ú ��± ^ Ë | \ » ��r�s�­�® W
¨�� ì�í Å � I

���Ô�Õ°¯²£ ù Ý §
4 R0- ñ�������� I ���������
	
�
��

�
���
� BL∗ ���������	�
�� ë � î ��
�­�® L∗

  �������
1997 � ��ü�£ [12].

Â��Á£� �·�����¡�¢°¯²£������������ L £���¤�¥�¦�§�� ç�å ����	�
�� ë � î ��
�­�® è�é ������± N�O [14]
¯ û¶ ��Â�ù è £�����­�®�±-ä�å m Ä�­�®�����¹�h�£�����± N�O [10,11]

¯���ü���¥�¦
R0- � � �¥�¦

L∗
­�®�± ��nbo��

 Lukasiewicz
����	�
�� ë ­�®�  BL∗

­�®�£���ª����
[15], MV- � � 

BR0- � ��£���ý [10].
Ö�� Y�Z i ¤ w�x £ BR0- � �°¯²£ R0

Å�� ì�í�� I ë Õ õ ����	
�� ë £�� î ��
�­�® BL∗
£�ð�­�§òy°¯�� ç À�õ ¶ R0-

Å � I ë Õ�  õ ¥�¦ BL∗
­�® ���

� £���������Ô�Õ�±�y ^�| \ » � � I ë Õ `�{ Ï�£����� �! � §���
4.1

[11]
a Ú S�£�� î�Þ F (S),

���
L∗1 −−L∗9 Û ��� Ú & MP  ò�£�­�®�­�·����	�
�� ë £�� î ��
�¥�¦�­�®�± ª�ù BL∗.

(1) ª S = {p1, p2, · · ·}
 �!�" ä � Þ ± F (S)

 ba
S # ò�£ (¬,∨,→)

Å � ��± F (S)
¯£ ©�$�% � î §

(2) F (S)
¯ { Ï Ú S�&�Ñ�� î £�� î · BL∗

­�®°¯²£����
L∗1 : A → (B → A ∧ B);
L∗2 : (¬A → ¬B) → (B → A);
L∗3 : (A → (B → C)) → (B → (A → C));
L∗4 : (B → C) → ((A → B) → (A → C));
L∗5 : A → ¬¬A;
L∗6 : A → A ∨ B;
L∗7 : A ∨ B → B ∨ A;
L∗8 : (A → C) ∧ (B → C) → (A ∨ B → C);
L∗9 : (A ∧ B → C) → (A → C) ∨ (B → C).

Ú ï ��¼ P ∧ Q
£�� î   ¬(¬P ∨ ¬Q)

£ m�' §
(3) BL∗

­�®°¯²£���� Ú &�·�Æ a A, A → B
� û B, m ­ MP Ú &�§(�à

4.1
[11] BL∗

­�®�ð �
BR0- � ��  w�x £�± ä�) £�§(�à

4.2
[11]

¨
BL∗

­�®°¯ ¯ Í � A ⊗ B = ¬(A → ¬B).
&

�
A ⊗ B → C ≈ A → (B → C),

¥
A ⊗ B ≈ B ⊗ A.

R0-
Å�� ì�í�� I Ú &� �Î�T�'�
 (1.1) î ¯²£ B∗

( ��Ê�Ë
(1) (A → B) → (A∗ → B∗) = 1; (2) ¯ (A → B) → (A∗ → C∗) = 1,

&
B∗ → C∗ = 1.
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a+*��
4.1 ä Ê â � ³ � ¨ BL∗

­�®°¯²±
B∗
l Ê�Ë

(1) ` (A → B) → (A∗ → B∗); (2) ¯ ` (A → B) → (A∗ → C∗),
&

` B∗ → C∗. (4.1)

, È
4.1

¨
BL∗

­�®°¯²± %
A, B, A∗ ∈ F (S),

Í �
B∗ = A∗ ⊗ (A → B),

&
B∗ - Ê�Ë

(4.1) î §Á�Â
1◦ A∗ ⊗ (A → B) → A∗ ⊗ (A → B) BL∗

¯ Í � [11]
.

2◦ A∗ ⊗ (A → B) → A∗ ⊗ (A → B) ≈ (A → B) → (A∗ → A∗ ⊗ (A → B)).
*��

4.2

3◦ (A → B) → (A∗ → A∗ ⊗ (A → B)) 1◦, 2◦, MP Ú &
4◦ (A → B) → (A∗ → B∗). 3◦,

Í �
³�Ñ

` (A → B) → (A∗ → B∗).
Æ ¯ ` (A → B) → (A∗ → C∗),

&
1◦ (A → B) → (A∗ → C∗)

É²Ê
2◦ (A → B) → (A∗ → C∗) ≈ (A → B) ⊗ A∗ → C∗

*��
4.2

3◦ (A → B) ⊗ A∗ → C∗ 1◦, 2◦, MP

4◦ B∗ → C∗ 3◦,
Í �

R0-
Å�� ì�í�� IFMT Ú &� �Î�T�'�
 2.2 î ¯²£ A∗ Ê�Ë Ú S V�W Æ

(1) (A → B) → (A∗ → B∗) = 1;

(2) ¯ (A → B) → (C∗ → B∗) = 1,
&

C∗ → A∗ = 1.l Ý *�� 4.1,
â � ³ � ¨ BL∗

­�®°¯²±
B∗
l Ê�Ë

(1) ` (A → B) → (A∗ → B∗). (4.2)

(2) ¯ ` (A → B) → (C∗ → B∗),
&

` C∗ → A∗., È
4.2

¨
BL∗

­�®°¯²± %
A, B, B∗ ∈ F (S),

Í �
A∗ = (A → B) → B∗.

&
A∗ - Ê�Ë

4.2 î §Á�Â
1◦ ((A → B) → B∗) → ((A → B) → B∗) BL∗

¯ Í � [1]

2◦ (((A → B) → B∗) → ((A → B) → B∗)) → ((A → B) → (((A → B) → B∗) → B∗)) L∗3
3◦ (A → B) → (((A → B) → B∗) → B∗) 1◦, 2◦, MP

4◦ (A → B) → (A∗ → B∗) 3◦,
Í �

³�Ñ
` (A → B) → (A∗ → B∗).

Æ ¯ ` (A → B) → (C∗ → B∗),
&

1◦ (A → B) → (C∗ → B∗)

É²Ê
2◦ ((A → B) → (C∗ → B∗)) → (C∗ → ((A → B) → B∗)) L∗3
3◦ C∗ → ((A → B) → B∗) 1◦, 2◦, MP

4◦ C∗ → A∗ 3◦,
Í �

R0-
Å�� ì�í α- � I Ú &�  Z Î�T�'�
 (1.1)

¯²£
B∗ Ê�Ë�V�W Æ

(1) α → ((A → B) → (A∗ → B∗)) = 1;
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(2) ¯ α → ((A → B) → (A∗ → C∗)) = 1,

&�Ï
B∗ → C∗ = 1, (4.3)

R0-
Å�� ì�í α- � IFMT Ú &�  Z Î�T�'�
 (2.3)

¯²£
A∗ Ê�Ë Ú S V�W Æ

1) α → ((A → B) → (A∗ → B∗)) = 1, (4.4)

2) ¯ α → ((A → B) → (C∗ → B∗)) = 1,
&

C∗ → A∗ = 1.l Ý *�� 4.1, ä Ê (4.3) î ��� � ¨ BL∗
­�®°¯

B∗
l Ê�Ë Æ

(1) ` α → ((A → B) → (A∗ → B∗)), (4.5)

(2) ¯ ` α → ((A → B) → (A∗ → C∗)),
&

` B∗ → C∗.l Ý *�� 4.1 ä Ê (4.4) î ��� � ¨ BL∗
­�®°¯²±

A∗
l Ê�Ë

(1) ` α → ((A → B) → (A∗ → B∗)). (4.6)

(2) ¯ ` α → ((A → B) → (C∗ → B∗)),
&

` C∗ → A∗.

(4.5) î � (4.6) î ¯ £�� î ¯ ü » � BR0- � � ¯ £ ©�$ α, ^ â«¨ Í � 4.1
¯  «Ò�/�0£�± ³�Ñ ¯�i ¤ (4.3) î ± (4.4) î�õ BL∗

­�®°¯ Í ��£�ð�­�± ã�1 Z ¨ BL∗
­�®°¯²£�� î�Þ

F (S)
¯+*�¶�	�
�2 © § ñ�Ù Â K I�L BR0- � �°¯²£ © ë ú ��£�Ô î�|�ù · F (S)

¯²£ é�ÿ 	
 ß�3�õ � î £ ú ò�§54�� ï ± â�Ñ # ò�� î�� ��£�Ô�Õ�¨ N�O [16–18]
¯ ã É+6�7 Ý § ¯ � ç7 Ý�8�9 £�Ô�Õ�À BR0- � �°¯²£ © | *�¶ ¶ � î�Þ F (S)

¯²±�& õ 	�
 4.1,
	�


4.2
£ � ":�;�õ ¶ Æ©¨ (4.5) î ¯ B∗ = α ⊗ (A → B) ⊗ B∗,

¨
(4.6) î ¯ A∗ = α = ((A → B) → B∗).À�Ö���£ i ¤ õ�ö�÷ ��£�¹�º�ö � " ä õ�ü�Æ R0-
Å�� ì�í�� I ë Õ�  õ ¥�¦ BL∗

­�®
����� £���������Ô�Õ�§
5 <�=

>�?�@�A�B�C�D�E�F
BR0- G�H�I R0- J�K�L�M�N I O�P�Q�R�S�T�U�VXW�Y�Z�[�\�I+]�^

R0- J�N I _�P�`�a�b�c�d+e�f�I @�A�g�h�i S BR0- G�H�b�j�k�l�m�npo�q�Z�[�\�b�r�s�t�uh�i�v ^�w�x�y�b�z�{�|�}�~���b�N I O�P�I+��n
���������
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Total Complication Triple I Method Based on Complete BR0-Algebra

WU Hong-bo, WANG Guo-jun, YU Hong-li
(Inst. of Math., Shaanxi Normal University, Xi’an 710062, China )

Abstract: We study the properties of BR0-algebra and the total complication triple I method on
complete BR0-algebra, and we apply the results to R0-Unite interval W . Not only we have simplified
the proof of the results of R0-type triple I method on R0-Unite interval W , but also we make the proof
to combine with the formal deductive system for fuzzy propositional calculus. This work also explains
that the R0-type triple I method is a matching fuzzy inference with BL

∗ system.

Key words: fuzzy logic; BR0-algebra; R0-unite interral W ; triple I method; BL
∗ system.


