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A, A∗

�
X ° ������±�² B, B∗

�
Y ° ������±�² R

��³�´�µ¶ ¢ª·�������¸�� ¹ �
A → Bº�» ®
A∗¼

B∗

(1)½��ª�
CRI

����¼ ¡ �
B∗(y) = sup

x∈X

A∗(x) ∧ R(A(x), B(y)), y ∈ Y ;

·�������¸�� ¹ �
A → Bº�» ®

B∗¼
A∗

(2)½��ª�
CRI

����¼ ¡ �
A∗(x) = inf

y∈Y
B∗(y) ∨ R(A(x), B(y)), x ∈ X,
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[1,7−14]. �	� » �������	��®�Ä�Å���Æ�Ç�È�É�� [6]
���	�³�´�µ ¶

R0  �¡	�	� I
µ���¢ ��������¸

(1)
��� � I

µ����	�	����¯�� �	� ¼�� B∗
ã����¹ �

A → B � A∗
�	�	�	�	��ä

(A → B) → (A∗ → B∗) = 1
�	�	�

B∗,
º

B∗(y) = sup
x∈Ey

A∗(x) ∧ R0(A(x), B(y)), y ∈ Y.

 �
Ey = {x ∈ X |R0(A(x), B(y)) + A∗(x) > 1}; R0 : [0, 1] × [0, 1] → [0, 1], R0(a, b) =

{

1, a ≤ b;

a′ ∨ b, a > b.
a′ = 1− a, a, b ∈ [0, 1].

��å	!�� £ ¤�¥	"�§�¨ � ©�«�¬	#�®
R0(a, b) = a → b.��������¸

(2)
��� � I

µ����	�	����¯$� �	� ¼�� A∗
ã���� ¹ �

A → B � B∗
�	�	�	�	�ä

(A → B) → (A∗ → B∗) = 1
�	�	%

A∗,
º

A∗(x) = inf
y∈Ex

B∗(x) ∨ (R0(A(x), B(y)))′ , x ∈ X.

 �
Ex = {y ∈ Y |R0(A(x), B(y)) > B∗(x)}.

©Ê«'&Ê� � I
�Ê�Ê¼'(Ê�Ê�Ê�Ê¸

(1) (
�Ê�Ê�Ê¸

(2))
�

B∗(A∗)
�	)	* �	� I-FMP( � I-FMT)

¼	(	)	*�¢©�«	&
(A → B) → (A∗ → B∗) (3)

�	� I +	, ¸�¢-	.�©�«	/	0 � I-FMP
��¼	(	)	*�¢ìæ�ç ° �ì� +	, ¸ (3)

���21
B∗(y) ≡ 1, 3	+	, ¸ (3)4	�	%	5

1. 6 �	7	8�� � I-FMP
¼	(��	)	*���� ¹ �

A → B 9 A∗
½�¼	: +	, ¸ (3) ; �	%5�½��	�	�

B∗. < ß	=�� ©�«	>�å Ó	?	� I-FMT @	A�° ��· (3) ; �	%	5 1
½�� ¼	�	���

A∗.B	C�©�« �	D C	E	F	G � I H ¸	IKJML � � (2)
�	(	N�� < ß����ª��À	O�©�«'P'�	�Ê����Ê¸

(1) QÊ¡ ('NÊ¢ªæÊç ° �ª�'R'
'SÊÍÊ�Ê�Ê�Ê�Ê¸ (1)
� � ¼Ê� B∗

>Êå'TÊ�'. ¾
A∗ �'U�Ê�

B∗, V !'WÊå A → B �'U �Ê� A∗ → B∗.
�'X'Y'> +'Z'� (A → B) → (A∗ → B∗).· V B∗

�	>�å	T��	.�å
A → B �	U �������$W�¾ A∗

�
(A → B) → B∗,

�	X	Y	> +	Z	�
A∗ → ((A → B) → B∗). [	\ �ª©�«	�	>�å	] B∗

è�½�¾
(A → B) 9 A∗

��� ¡ ���ª�	X	Y	>
+	Z	� (A → B) ⊗ A∗ → B∗. ^ ����Æ�Ç	_	` L∗

��©�«	a	b	c ¨
(A → B) → (A∗ → B∗) ≈

A∗ → ((A → B) → B∗) ≈ (A → B) ⊗ A∗ → B∗,
��À	O��

≈ +	Z >	c	d	e�� ⊗ +	Z	f	; ¢È�¿ °	g �	/	0��ª©�«Kh V E	F	Gi	j
1

¹ �
A → B 9 A∗

½��$: +	, ¸ (3) ; �	�	5�½	�	%�� B∗
�	k	l��	IKJ

< ß	=��ª©�«	4i	j
2

¹ �
A → B 9 B∗

½��$: +	, ¸ (3) ; �	�	5�½	�	��� A∗
�	k	l��	IKJ� @	m ��×	n	o'/�p�q	r	s 1;

× � o'/�p�q	r	s 2;
×	t	o'/	u�×	n	o'/  �¡ � °	v'w µ������Í	
	x	
	y�����������²ª×	z	o	/���Á	{	|	}��	~	�	�Ê¢

2 ��� 1 �����©�«	a	b	�	��Í�� ¹ �
A → B 9 A∗

�	�	�	���ª·
B∗ ≡ 0

½�� +	, ¸ (3) ; �	�	5 º �
(A(x) → B(y)) → (A∗(x))′
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=







1, R0(A(x), B(y)) ≤ (A∗(x))′;
(A∗(x))′, R0(A(x), B(y)) > (A∗(x))′, R0(A(x), B(y)) > A∗(x);
(R0(A(x), B(y)))′ , R0(A(x), B(y)) > (A∗(x))′, R0(A(x), B(y)) ≤ A∗(x).

(4)

�
(4)
>�å	T ¡ �ª· R0(A(x), B(y)) ≤ (A∗(x))′

½��
(3)
�	�	�	5��

1, � (3)
�	�	%	5	���

1,L	���$r	s
1
����¼��

B∗(y) ≡ 1.
� \ �ª· R0(A(x), B(y)) ≡ 0

½��
(3)
�	�	�	5	���

1,
L

����À	�	�	�	����r	s
1
����¼��

B∗(y) ≡ 1.
� g ©�«	#	��å °	� ���	�	���	��½�����¼	r	s

1
� � ¼�� B∗(y).�'�

1 ( °'v'w µÊ� I)
�

X, Y
�Êà'�Ê±Ê�

A, A∗ ∈ F(X), B, B∗ ∈ F(Y ).
�'�'S

y ∈ Y ,
£

x ∈ Ey , 3 � F(Y )
��:

(3) ; �	�	5��	�	� B∗(y)
8�±�� °	v	w	�

C∗(y) = inf
x∈Ey

((A∗(x) ∧ (A∗(x))′), y ∈ Y, (5)

��À	O��
Ey = {x ∈ X |R0(A(x), B(y)) > (A∗(x))′ ∨ A∗(x)}, F(X) 9 F(Y )

/ " ��â	 
X 9

Y ° �	�	������±�¢¡	¢ 1
C(y) ∈ F(Y ).

�	�	S
y ∈ Y ,

£
C(y) < C∗(y),

B	C	�	�	S
x ∈ Ey,

4
C(y) <

A∗(x) ∧ (A∗(x))′
�	��¢ªÀ	l�©�«	>�å�� ¡

A∗(x) → C(y) = (A∗(x))′ ∨ C(y) (6)

9
C(y) < R0(A(x), B(y)). (7)£ Á	¤�� ¾

(6), (7) 9 x ∈ Ey,
©�«	>�å	¥	¦

(A(x) → B(y)) → (A∗(x) → C(y)) = R0(A(x), B(y)) → (A∗(x))′ ∨ C(y)

= (R0(A(x), B(y)))′ ∨ (A∗(x))′ ∨ C(y) = (A∗(x))′.

[ ÁÊ� g � ; D(y) ∈ F(Y ).
£'§Ê�

y0 ∈ Y
:'¦

D(y0) > C∗(y0) = infx∈Ey0
((A∗(x) ∧

(A∗(x))′),
B	C	a	b	¥	¦	§��

x0 ∈ Ey0

:	¦
D(y0) > A∗(x0)∧(A∗(x0))

′.
£

A∗(x0) ≤ (A∗(x0))
′,

3 D(y0) > A∗(x0),
���	4

A∗(x0) → D(y0) = 1.
L	�

(A(x0) → B(y0)) → (A∗(x0) → D(y0)) =

1 > (A∗(x0))
′.
£

A∗(x0) > (A∗(x0))
′,
B'C

D(y0) > (A∗(x0))
′. � L � A∗(x0) → D(y0) ≥

(A∗(x0))
′ ∨ D(y0)

�	���ªÀ	l	4
(A(x0) → B(y0)) → (A∗(x0) → D(y0)) ≥ R0(A(x0), B(y0)) → (A∗(x0))

′ ∨ D(y0)

≥ (R0(A(x0), B(y0)))
′ ∨ (A∗(x0))

′ ∨ D(y0) = D(y0) > (A∗(x0))
′.À	l�©�«�ã	¨�� � ®����	c ¨ ¢©

1
·

x ∈ Ey

½��
(5)
P §�¨ � ¹ �

A → B 9 A∗
�	�	�	���$:	¦

(3) ; �	�	5��	��
B∗
8�±�� °	v	w � C∗.

��½��
C∗
��Á�®�Ü	:

(3) ; �	�	5�¢ª
1
1

X = Y = [0, 1], A(x) ≡ 0.4, B(y) ≡ 0.3, A∗(x) ≡ 0.5, 3 ¾ (4)
�	��½

(3)
�	�	�

5��
0.5.

�	«	¬	c��$�	�	S��
B∗(y) ∈ F(Y )

º ��ä
B∗(y) < C∗(y) ≡ 0.5 ­ 4 (0.4 → 0.3) →

(0.5 → B∗(y)) ≡ 0.5
�	��¢ ^ £	u B∗(y)

�
0.5 ®	6 � 3 4

(0.4 → 0.3) → (0.5 → 0.5) ≡ 1 > 0.5.
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C∗(y)
��Ü	:

(3) ; �	�	5�¢�'�
2 ( °'v'w µÊ� II)

�
X, Y

�Êà'�Ê±Ê�
A, A∗ ∈ F(X), B, B∗ ∈ F(Y ).

�'�'S
y ∈ Y , Ò	¯ x ∈ Ky, 3 � F(Y )

��:
(3) ; �	�	5��	�	� B∗(y)

8�±�� °	v	w	�
C∗(y) = inf

x∈Ky

(R0(A(x), B(y)) ∧ (R0(A(x), B(y)))′), y ∈ Y. (8)��À	O
Ky = {x ∈ X |R0(A(x), B(y)) > (A∗(x))′, R0(A(x), B(y)) ≤ A∗(x)}.¡'¢ 1

C(y) ∈ F(Y ).
�'�'S

y ∈ Y ,
£

C(y) < C∗(y) = infx∈Ky
(R0(A(x), B(y)) ∧

(R0(A(x), B(y)))′),
B	C	�	�	S

x ∈ Ey,
4

C(y) < R0(A(x), B(y)) ∧ (R0(A(x), B(y)))′ ,
����©«	>�å�� ¡

C(y) < A∗(x). (9)¾
(9)
>��

A∗(x) → C(y) = (A∗(x))′ ∨ C(y). (10)L	�	°	±
(10) 9 x ∈ Ky

4
(A(x) → B(y)) → (A∗(x) → C(y)) = R0(A(x), B(y)) → (A∗(x))′ ∨ C(y)

= (R0(A(x), B(y)))′ ∨ (A∗(x))′ ∨ C(y) = (R0(A(x), B(y)))′ .

[ Á � g �²1 D(y) ∈ F(Y ),
º #³�³§ �

y0 ∈ Y ,
:

D(y0) > C∗(y0) = infx∈Ky0
(R0(A(x), B(y0))∧

(R0(A(x), B(y0)))
′)
�³� �²B³C³§ �

x0 ∈ Ky0
,
:³¦

D(y0) > R0(A(x0), B(y0))∧(R0(A(x0), B(y0)))
′.£

R0(A(x0), B(y0)) ≤ (R0(A(x0), B(y0)))
′, 3 4 D(y0) > R0(A(x0), B(y0)).

����©�«	>	¦�¯´§�
x0 ∈ Ky0

,
:	¦

D(y0) > (A∗(x0))
′ > (R0(A(x0), B(y0)))

′. (11)

� �$a	b	c ¨
A∗(x0) → D(y0) ≥ (A∗(x0))

′ ∨ D(y0). (12)L	�	°	±
(12), x0 ∈ Ky0

9 (11)
4

(A(x0) → B(y0)) → (A∗(x0) → D(y0)) ≥ R0(A(x0), B(y0)) → (A∗(x0))
′ ∨ D(y0)

≥ (R0(A(x0), B(y0)))
′ ∨ (A∗(x0))

′ ∨ D(y0) = D(y0) > (R0(A(x0), B(y0)))
′.£

R0(A(x), B(y0)) > (R0(A(x), B(y0)))
′,
B	C	4

D(y0) > (R0(A(x), B(y0)))
′.
L	��¾

(12)
�

(A(x0) → B(y0)) → (A∗(x0) → D(y0)) ≥ R0(A(x0), B(y0)) → (A∗(x0))
′ ∨ D(y0)

≥ (R0(A(x0), B(y0)))
′ ∨ (A∗(x0))

′ ∨ D(y0) ≥ D(y0) > (R0(A(x0), B(y0)))
′.À	l�©�«�ã	¨�� � c ¨ ¢©

2
·

x ∈ Ky

½��
(8)
P §�¨ � ¹ �

A → B 9 A∗
�	�	�	���$:

(3) ; �	�	5��	�	�
B∗
8�±�� °	v	w � C∗.

��½��
C∗
��Á�®�Ü	:

(3) ; �	�	5�¢ª
2
1

X = Y = [0, 1], A(x) ≡ 0.6, B(y) ≡ 0.5, A∗(x) ≡ 0.6, 3 ¾ (4)
�	��½

(3)
�	�	�

5��
0.5.

�	«	¬	c��$�	�	S��
B∗(y) ∈ F(Y )

º ��ä
B∗(y) < C∗(y) ≡ 0.5 ­ 4 (0.6 → 0.5) →

(0.6 → B∗(y)) ≡ 0.5
�	��¢ ^ £	u B∗(y)

�
0.5 ®	6 � 3 4

(0.6 → 0.5) → (0.6 → 0.5) ≡ 1 > 0.5
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��� §�¨ ��½
C∗(y)

��Ü	:
(3) ; �	�	5�¢¾�®��

1 9 ®�� 2,
©�«	4

�	�
3
£

X 9 Y
� � à	��±�� A, A∗ ∈ F(X), B, B∗ ∈ F(Y ). 3 � F(Y )

��:
(3) ;�	�	5��	�	�

B∗(y)
8�±�� °	v	w	�

C∗(y) = ( inf
x∈Ey

((A∗(x) ∧ (A∗(x))′)) ∧ ( inf
x∈Ky

(R0(A(x), B(y)) ∧ (R0(A(x), B(y)))′)), y ∈ Y,

��À	O��ª©�«	µ�®�·
Ey 9 Ky( ¶	· ®�� 1,2) ­ �	��±�½�� C∗(y) = 1.

3 ��� 2 �����©�«	a	b	T�Í�� ¹ �
A → B 9 B∗

�	�	�	���ª·
A∗ ≡ 1

½�� +	, ¸ (3) ; �	�	5 º �
(A(x) → B(y)) → B∗(y)

=







B∗(y), R0(A(x), B(y)) > B∗(y), (R0(A(x), B(y)))′ ≤ B∗(y);
(R0(A(x), B(y)))′ , R0(A(x), B(y)) ∧ (R0(A(x), B(y)))′ > B∗(y);
1, R0(A(x), B(y)) ≤ B∗(y).

(13)

�
(13)

>�å	T ¡ �ª· R0(A(x), B(y)) ≤ (B∗(y)
½��

(3)
�	�	�	5��

1, � (3)
�	�	%	5	���

1,L	���$r	s
2
����¼��

A∗(x) ≡ 0.
� \ �ª· R0(A(x), B(y)) ≡ 0

½��
(3)
�	�	�	5	���

1,
L

���$r	s
2
����¼��

A∗(x) ≡ 0.
� g ©�«	#	��å °	� ���	�	� �	��½Ê�$�Ê¼	r's 2

� � ¼��
A∗(x).�'�

4 (
� v'w µÊ� I)

�
X, Y

�Êà'�Ê±Ê�
A, A∗ ∈ F(X), B, B∗ ∈ F(Y ).

�'�'S
x ∈ X , Ò	¯ y ∈ Ex, 3 � F(X)

��:
(3) ; �	�	5��	�	� A∗(x)

8�±��	� v	w	�
D∗(x) = sup

y∈Ex

((R0(A(x), B(y)))′ ∨ R0(A(x), B(y))), x ∈ X, (14)

 ��
Ex = {y ∈ Y |R0(A(x), B(y)) ∧ (R0(A(x), B(y)))′ > B∗(y)}.¡	¢ 1

C(x) ∈ F(X),
�	�	S

x ∈ X ,
£

C(x) > D∗(x) = supy∈Ex
((R0(A(x), B(y)))′ ∨

R0(A(x), B(y))),
B	C	�	�	S

y ∈ Ex

4
C(x) > ((R0(A(x), B(y)))′ ∨ R0(A(x), B(y)).

L	��©�«
>�å	¥	¦�¯$�	�	S

y ∈ Ex,
4

C(x) > B∗(y). (15)

���	4
C(x) → B∗(y) = (C(x))′ ∨ B∗(y). (16)

� C(x) > ((R0(A(x), B(y)))′.
L	�	4

(C(x))′ < R0(A(x), B(y)). (17)À	l	°	±
(16), (17) 9 y ∈ Ex

>��
(A(x) → B(y)) → (C(x) → B∗(y)) = R0(A(x), B(y)) → (C(x))′ ∨ B∗(y)

= (R0(A(x), B(y)))′ ∨ (C(x))′ ∨ B∗(y) = (R0(A(x), B(y)))′ .
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[ Á � g �¸1 D(x) ∈ F(X),

£³§ �
x0 ∈ X

:
D(x0) < D∗(x0) = supy∈Ex0

((R0(A(x0), B(y)))′∨

R0(A(x0), B(y)))
�	���$B	C	§��

y0 ∈ Ex0

:	¦
D(x0) < (R0(A(x0), B(y0)))

′ ∨ R0(A(x0), B(y0))�'�Ê¢ª£
(R0(A(x0), B(y0)))

′ ≤ R0(A(x0), B(y0)),
B'C

D(x0) < R0(A(x0), B(y0)),
£ �'4

(D(x0))
′ > (R0(A(x0), B(y0)))

′. � D(x0) → B∗(y0) ≥ (D(x0))
′ ∨ B∗(y0).

L	�	4
(A(x0) → B(y0)) → (D(x0) → B∗(y0)) ≥ R0(A(x0), B(y0)) → (D(x0))

′ ∨ B∗(y0)

≥ (R0(A(x0), B(y0)))
′ ∨ (D(x0))

′ ∨ B∗(y0) = (D(x0))
′ > (R0(A(x0), B(y0)))

′.£
(R0(A(x0), B(y0)))

′ > R0(A(x0), B(y0)),
B'C

D(x0) < (R0(A(x0), B(y0)))
′,
À'lÊ©Ê«'>Ê�

§Ê�
y0 ∈ Ex0

:'¦
(D(x0))

′ > R0(A(x0), B(y0)) > B∗(y0)
�'�Ê¢ � D(x0) → B∗(y0) ≥

(D(x0))
′ ∨ B∗(y0).

L	��©�«	4
(A(x0) → B(y0)) → (D(x0) → B∗(y0)) ≥ R0(A(x0), B(y0)) → (D(x0))

′ ∨ B∗(y0)

= 1 > (R0(A(x0), B(y0)))
′.À	l�©�«�ã	¨���®����	c ¨ ¢

©
3
·

y ∈ Ex

½��
(14)

P §�¨ � ¹ �
A → B 9 B∗

�	�	�	���¹:
(3) ; �	�	5��	�	�

A∗
8�±�� °	v	w � D∗.

��½��
D∗
��Á�®�Ü	:

(3) ; �	�	5�¢ª
3
1

X = Y = [0, 1], A(x) ≡ 0.5, B(y) ≡ 0.2, B∗(y) ≡ 0.4, 3 ¾ (14)
�'�Ê½

(3)
�'�'�'5Ê�

0.5.
�'«'¬'cÊ�$�'�'S

A∗(x) ∈ F(X)
º �Êä

A∗(x) > D∗(x) ≡ 0.5 ­ 4
(0.5 → 0.2) → (A∗(x) → 0.4) ≡ 0.5

�	��¢ ^ £	u A∗(x)
�

0.5 ®	6 � 3 4
(0.5 → 0.2) → (0.5 → 0.4) ≡ 1 > 0.5

��� §�¨ ��½
D∗(x)

��Ü	:
(3) ; �	�	5�¢�'�

5 (
� v'w µÊ� II)

�
X, Y

�Êà'�Ê±Ê�
A, A∗ ∈ F(X), B, B∗ ∈ F(Y ).

�'�'S
x ∈ X , Ò	¯ y ∈ Kx, 3 F(X)

��:
(3) ; �	�	5��	�	� A∗(x)

8�±��	� v	w	�
D∗(x) = sup

y∈Kx

((B∗(y))′ ∨ B∗(y)), x ∈ X, (18)

 ��
Kx = {y ∈ Y |R0(A(x), B(y)) > B∗(y), (R0(A(x), B(y)))′ ≤ B∗(y)}.¡'¢ 1

C(x) ∈ F(X).
�'�'S

x ∈ X ,
£

C(x) > D∗(x),
B'C'�'�'S

y ∈ Ex ­ 4
C(x) > (B∗(y))′ ∨ B∗(y).

£ �	4
C(x) > B∗(y).

L	�	4
C(x) → B∗(y) = (C(x))′ ∨ B∗(y). (19)¾

y ∈ Kx

>��
(R0(A(x), B(y)))′ < (B∗(y))′. (20)¾

(20) 9 C(x) > (B∗(y))′
>��

(R0(A(x), B(y)))′ < C(x).
L	�	4

R0(A(x), B(y)) > (C(x))′. (21)
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À	l	°	±
(19),(21) 9 y ∈ Kx

>��
(A(x) → B(y)) → (C(x) → B∗(y)) = R0(A(x), B(y)) → (C(x))′ ∨ B∗(y)

= (R0(A(x), B(y)))′ ∨ (C(x))′ ∨ B∗(y) = B∗(y).

[ Á�� g �¹1 D(x) ∈ F(X),
£	§��

x0 ∈ X
:

D(x0) < D∗(x0) = supy∈Kx0

((B∗(y))′ ∨ B∗(y)),

3 §�� y0 ∈ Ex0

:	¦
D(x0) < (B∗(y0))

′ ∨B∗(y0).
£

(B∗(y0))
′ ≤ B∗(y0), 3 D(x0) < B∗(y0)),£ �	4

D(x0) → B∗(y0) = 1.
L	�	4

(A(x0) → B(y0)) → (D(x0) → B∗(y0)) = 1 > B∗(y0).£
(B∗(y0))

′ > B∗(y0), 3 D(x0) < (B∗(y0))
′,
£ �	4

(D(x0))
′ > B∗(y0) > (R0(A(x0), B(y0)))

′.
	S�Í
D(x0) → B∗(y0) ≥ (D(x0))

′ ∨ B∗(y0).
L	�	4

(A(x0) → B(y0)) → (D(x0) → B∗(y0)) ≥ R0(A(x0), B(y0)) → (D(x0))
′ ∨ B∗(y0)

≥ (R0(A(x0), B(y0)))
′ ∨ (D(x0))

′ ∨ B∗(y0) = (D(x0))
′ > B∗(y0).À	l�©�«�ã	¨�� � ®����	c ¨ ¢©

4
·

y ∈ Kx

½��
(18)

P §�¨ � ¹ �
A → B 9 B∗

�	�	�	����:
(3) ; �	�	5��	�	�

A∗
8�±�� °	v	w � D∗.

��½��
D∗
��Á�®�Ü	:

(3) ; �	�	5�¢ª
4
1

X = Y = [0, 1], A(x) ≡ 0.6, B(y) ≡ 0.2, B∗(y) ≡ 0.5, 3 ¾ (13)
�'�Ê½

(3)
�'�'�'5Ê�

0.5.
�'«'¬'cÊ�$�'�'SÊ�

A∗(x) ∈ F(X)
º �Êä

A∗(x) > D∗(x) ≡ 0.5 ­ 4
(0.6 → 0.2) → (A∗(x) → 0.5) ≡ 0.5

�	��¢ ^ £	u A∗(x)
�

0.5 ®	6 � 3 4
(0.6 → 0.2) → (0.5 → 0.5) = 1 > 0.5

��� §�¨ ��½
D∗(x)

��Ü	:
(3) ; �	�	5�¢¾�®��

4 9 ®�� 5
4

�	�
6
�

X, Y
��à	��±��

A, A∗ ∈ F(X), B, B∗ ∈ F(Y ). 3 F(X)
��:

(3) ; �	�	5�	�	�
A∗(x)

8�±��	� v	w	�
D∗(x) = ( sup

y∈Ex

((R0(A(x), B(y)))′ ∨ R0(A(x), B(y)))) ∨ ( sup
y∈Kx

((B∗(y))′ ∨ B∗(y))), x ∈ X.

��À	O�©�«	µ�®�¯ª·
Ex 9 Kx ­ ��½�� D∗(x) = 0.

4 º�»�º�¼�½�¾À¿ÂÁ��ç	Ã��������ª©�«�Ë	Ä�Í Ò ����������¸�¯
µ 3 1: A11

º
A12

º
· · ·
º

A1n → B1µ 3 2: A21

º
A22

º
· · ·
º

A2n → B2

· · · · · · · · · · · · · · · · · · · · · · · · · · ·µ 3 m: Am1

º
Am2

º
· · ·
º

Amn → Bmº�» ®�¯
A∗

1

º
A∗

2

º
· · ·
º

A∗

n¼�¯
B∗
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 �

Aij � A∗

j

/ " �
Xj ° �Ê�Ê�Ê±Ê� Bj � B∗

�
Y ° �Ê�Ê�Ê±Ê� j = 1, 2, · · · , n; i =

1, 2, · · · , m. �	Å	Æ ���	Ç�� @	È P	É�â m = n = 2
�	�	��¢$Ê Ò ��������¸�¯

µ 3 1: A11

º
A12 → B1µ 3 2: A21

º
A22 → B2º�» ®�¯

A∗

1

º
A∗

2¼�¯
B∗

(22)

�
[14]
��� Q �	/	0 �	Ë ���������	§��	Ì	Í	Î	ÏÊ� ?'Ð 8	!Ê�  �¡'� Á	{'Ñ����Ê�$Ê	�

� ������¸ (22)
����¼��

B∗
�	��ä��	*

((A11(x1) ⊗ A12(x2)) → B1(y)) → [((A21(x1) ⊗ A22(x2)) → B2(y)) →

((A∗

1(x1) ⊗ A∗

2(x2)) → B∗(y))] = 1 (23)�	�	�	(�� º
B∗(y) = sup{A∗

1(x1) ⊗ A∗

2(x2)

2
⊗

i=1

((Ai1(x1) ⊗ Ai2(x2)) → Bi(y))|x1 ∈ X1, x2 ∈ X2}.

 ����
⊗ : [0, 1] × [0, 1] → [0, 1], a⊗ b =

{

0, a + b ≤ 1;

a ∧ b, a + b > 1.

� É�â����	Ç��ï©�«�­�® Ri(x1, x2; y) = (Ai1(x1)⊗Ai2(x2)) → Bi(y), i = 1, 2; A∗(x1, x2) =

A∗

1(x1) ⊗ A∗

2(x2). 3 (23)
>�å	Ò Æ	�

R1(x1, x2; y) → [R2(x1, x2; y) → (A∗(x1, x2) → B∗(y))] = 1.¾ m	Ó [14]
�

a → (b → c) = a ⊗ b → c,
 ��

a, b, c ∈ [0, 1]. 3 (23)
> £ Á	¤	Ò Æ	�

R1(x1, x2; y) ⊗ R2(x1, x2; y) → (A∗(x1, x2) → B∗(y)) = 1.

1
B∗(y) ≡ 1,

B	C�©�«	a	b	T�Í
R1(x1, x2; y) ⊗ R2(x1, x2; y) → (A∗(x1, x2) → B∗(y)) (24)Ü ; �³%³5 1. �³U³g �³/³0 < ß � © «³> å	� � � m [14]

� �   ¡ � ¼ B∗
� � �Ô� @³A °³Õ � ã��� » ®

A11, A12, A21, A22, A
∗

1, A
∗

2, B1, B2

8	!��$Ê » ®
R1(x1, x2; y), R2(x1, x2; y), A∗(x1, x2)8	!��$��¼	:

(24) ; �	%	5��	�	� B∗.
�	«	T ¡ �ª· B∗(y) ≡ 0

½��
(24) ; �	�	5

R1 ⊗ R2 → (A∗)′ =







1, (R1 ⊗ R2) ≤ (A∗)′;
(R1 ⊗ R2)

′, (R1 ⊗ R2) > (A∗)′, R1 ⊗ R2 ≤ A∗;
(A∗)′, (R1 ⊗ R2) > (A∗)′, R1 ⊗ R2 > A∗.

(25)

À	l�©�«Kh V� �¡i	j
3

¹ �
R1, R2 9 A∗

½��$: +	, ¸ (24) ; �	�	5�½	�	%�� B∗
�	k	l��	IKJ

< ß � r	s 1
�	Ö���� ¾

(25)
�	«	T ¡ � · (R1⊗R2) ≤ (A∗)′

½��×r	s
3
����¼��

B∗ ≡ 1,� g ©�«�¬	#	��å ° �	�	���	��¢
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�	�
7 ( °	v	w µ�� I)

�
Xi, Y

��à	��±��
Aij , A∗

j ∈ F(Xj), Bi ∈ F(Y ), i, j = 1, 2.
�

�	S
y ∈ Y , Ò	¯ (x1, x2) ∈ Ey, 3 F(Y )

��:
(24) ; �	�	5��	�	� B∗(y)

8�±�� °	v	w	�
C∗(y) = inf

(x1,x2)∈Ey

((A∗

1(x1) ⊗ A∗

2(x2)) ∧ (A∗

1(x1) ⊗ A∗

2(x2))
′), y ∈ Y,

 � �
Ey = {(x1, x2) ∈ X1 × X2|((A11(x1) ⊗ A12(x2)) → B1(y)) ⊗ ((A21(x1) ⊗ A22(x2)) →

B2(y)) > (A∗

1(x1) ⊗ A∗

2(x2)) ∨ (A∗

1(x1) ⊗ A∗

2(x2))
′}.¡	¢ >�å < ß�¿�®�� 1

£	Ø c ¨ ¢
�	�

8 ( °	v	w µ�� II)
�

Xi, Y
��à	��±��

Aij , A∗

j ∈ F(Xj), Bi ∈ F(Y ), i, j = 1, 2.�	�	S
y ∈ Y , Ò	¯ (x1, x2) ∈ Ky, 3 F(Y )

��:
(24) ; �	�	5��	�	� B∗(y)

8�±�� °	v	w	�
C∗(y) = inf

(x1,x2)∈Ky

((((A11(x1) ⊗ A12(x2)) → B1(y))⊗

((A21(x1) ⊗ A22(x2)) → B2(y))) ∧ (((A11(x1) ⊗ A12(x2)) → B1(y))⊗

((A21(x1) ⊗ A22(x2)) → B2(y)))′), y ∈ Y,

 � �
Ky = {(x1, x2) ∈ X1 × X2|((A11(x1) ⊗ A12(x2)) → B1(y)) ⊗ ((A21(x1) ⊗ A22(x2)) →

B2(y)) > (A∗

1(x1)⊗A∗

2(x2))
′, ((A11(x1)⊗A12(x2)) → B1(y))⊗((A21(x1)⊗A22(x2)) → B2(y)) ≤

A∗

1(x1) ⊗ A∗

2(x2)}.¡	¢ >�å < ß�¿�®�� 2
£	Ø c ¨ ¢¾�®��

7 9 ®�� 8,
©�«	4

�	�
9 ( °	v	w µ�� II)

�
Xi, Y

��à	��±��
Aij , A∗

j ∈ F(Xj), Bi ∈ F(Y ), i, j = 1, 2.

3 � F(Y )
��:

(24) ; �	�	5��	�	� B∗(y)
8�±�� °	v	w	�

C∗(y) =( inf
(x1,x2)∈Ey

((A∗

1(x1) ⊗ A∗

2(x2)) ∧ (A∗

1(x1) ⊗ A∗

2(x2))
′))∧

( inf
(x1,x2)∈Ky

((((A11(x1) ⊗ A12(x2)) → B1(y))⊗

((A21(x1) ⊗ A22(x2)) → B2(y))) ∧ (((A11(x1) ⊗ A12(x2)) → B1(y))⊗

((A21(x1) ⊗ A22(x2)) → B2(y)))′)), y ∈ Y.

5 Ù�Ú�Û� @	m ��©�«	�	P�p�q � r	s 1 9 r	s 2,
� º u	}	x	}	y °	v	w µ�������Í	
	x	
	y������������¢Ü� � I +	, ¸ ; �	5�½�¼	�	Ý�� B∗(A∗)

�	Þ	ß	à	T�� @	m � � I
µ��	�	���	á	â 9¨	ã�¢ [ Á�� g �ä�	~�â � ~�â��	c ¨ à	T�� @	m ��� [6] 9 [14]

����µ��	|	}	�	å�¢ @	m ���~�â	æ	~�â��	c ¨ E�ç
[6] 9 [14]

�	~�â	æ	~�â��	c ¨�è	é ¢
ê�ë�ì�í�î
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The Optimal Solutions as Triple I Formula Taking the Minimal Value

QIN Feng1,2

(1. Dept. of Math., Shaanxi Normal University, Xi’an 710062, China;
2. Dept. of Math., Jiangxi Normal University, Nanchang 330027, China )

Abstract: In this paper, for implication operator R0, a method which calculates the supremum (infi-
mum) of set of B

∗(A∗) such that triple I formula (A → B) → (A∗

→ B
∗) takes minimal value is given.

Moreover, this method is generalized into the general form of FMP. As far as finding the optimal solution
B

∗(A∗) such that triple I formula takes the maximal value or the minimal value is concerned, this paper
extends and perfects the idea of triple I method.

Key words: implication operator R0; triple I formula; triple I method.


