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�� E���A+ ���6� ��� <=A� �D =A! ��6�I� 1� E6o� �D �\	� TD ,���� �$ �+ =.�3 "� ��6�I�
L�r� ��6	� �+ <=A� �D_� ��*�� ��6�I� E��+ �-/J " ��J� 1�� " �3 CD�-� �
 ���� �6Y" B��
5�] �+ ��6� �� ��J� �6e �+ ��D1 ,��
 8��-� �\O � 1�� " �3 ��6� �� 5�] ���K� ��6�I� E��+
�6e �+ " C/-	� �; >�"��� �
 @D��� E� ��6�I� �+ 1�� �_. <��
 �"�oJ fO� TD ��6F �D ��6+
�2�	� =D6o� <�6� �� �$b� E1�K E ��6�I� ,��6�I� 96 8D� �+ <�6� CD�-� ~��J��� �FD���
1� ��� <�6� �� ���+ ,=�� TD " �b2 8�+ E��� �
 =D6o� �Y�� �+ U� E1�K E�! ��6�I� ��
��6�I� �D�Z <@D1���� �� T��l
 E�! ��6�I� C�26� �+ E1�K E�! ��6�I� E �D�Z �+ 8$h����
1� BFJ E1�K ��6�I� E �D�Z y�� �_. " =�� T��l
 E�! ��6�I� �D�Z 1� �-��6� E1�K E�!

<=�� ��6�� E��
 ~�-/J� T��l
 E�! ��6�I� @�!�b� E�����K
�D�� >6� 8�."� �
 ���� �6Y" ��6�I� �D�� E��+ �b�$O� E�! >�� T��l
 ��6�I� TD ��

�=�� ��6�I� �; �2�	� �D�� ,��6�I�
A = {x1, x2, · · · , xn}

�=�� ��6�I� �2�	� ���26\h CD�-� ,�D�� >6� 8��"�
A = {x ∈ X | p(x)}

��6�I� 1� ��6�I� �D1 TD A ��	
 ��K <=�� �\O � Q+�� 1� >��b$�� ,�D�� >6� 8��6� "
��6� �� CD�-� �D1 ��62 �+ A �\O � Q+�� <���+ X QY��

μA(x) =

{
1 x ∈ A
0 x /∈ A

~%<%�
�	-D <=�� {0, 1} E6o� "� ��6�I� �; ��+ " QY�� ��6�I� ,�\O � Q+�� �	��� �
 ��	
 �Y6�

μA(x) : x −→ {0, 1}



s ���6 ��� 8
�0V" 8��W� .X.
��62 8D� ��H �� " TD ����� 6o� �; E�1� �+ �; �\O � Q+�� ,���+ A ��6�I� 6o� E�\	� ���
��62 �+ Q+�� �! ,w*��+ " ���� �\O � Q+�� TD ,��6�I� �! �
 =�� u:�" <���� �� �b2 �����

<�	
 �� fO � " CD�-� �� ��6�I� TD ����J� X�+
i"1 ��62 �+ ��6� �� �� ,X �� A T��l
 ��6�I� >�� �; ,���+ �2�	� 1� E� ��6�I� X ���

���� ��  BD� [�� �+ G���
A = {(x, μA(x)) | x ∈ X}

=A! �Z ��6� ��6�I� 6o� �D �\	� TD ,T��l
 E�! ��6�I� �� �6� �� �Z3l� �
 �6e ���!
�2 ���+ ��6�I� 6o� �Z ��6� �\	� ��� <=A� i��h =.�3 "� 8D� 1� ��D� ���F� �+ ,=A� �D

<=A� �; 6o� �2 �� �2 ���F �; 6o� ��� " =�� �; 6o� �2 ��
fO � " �-/J �6e �+ �
 =�� G��	� ���!�b� E��+ T��l
 E�! ��6�I� ,56K G.�/� �+ �Y6� �+
�; E��+ fO � " �-/J �6e �+ ��6� �� �
 ���� �6Y" ���!�b� �
 �.�3 �� <�	$A! CD�-� B+�J
��K L�r� ��6	� �+ <��� B�* � �� T��l
 ��6�I� �; |��� �+ " ��
 fO � E1�� " �3 �!
�$� �$�� %'n E"�A� �D �$��U+ �! �; �J �
 �	��+ E���K� ��6�I� (A) �J �	�+ ���K� ��6�I� ��	

���" % �\O � �Y�� �+ =�� �$� �$�� %'n E"�A� �D �$��U+ ����J� �! �; �J �
 E���K� >�� �; <=��
" >�6F A ��6�I� 6o� =�� �$� �$�� %'n 1� �$*]6
 �! �; �J �
 E���K� " �6� �� A ��6�I�
�; �J �
 �\O� 8�+ E� �Z3l� B+�J �"�b� =�-J�" �� ��� <�6+ �!�6h �b2 �! �; �\O � �Y��
E ��! �D� 1� " �� Ba�J ��6� �� =�� �$� �$�� %m'�j �; �J �
 �\O� �+ =�� �$� �$�� %'n
��6�I� TD ��62 �+ �� ��6� 8D� @�!�6h �� �$J" �." <�6� �� ��K �	�+ �J fO� "� �! N���
�J �
 E���K� N��� �I�$ �� <@D6� Ba�J ���K� E��+ �3 TD @D��]� T��l
 ��6I� �� @�!� �D��
�+ �\O� " ���� �� ���J �	�+ �J ���K� ��6�I� �� =�� �$� �$�� %'n �+ E"�A� �D �$��U+ �! �;
�D�Z ,�! ��6�I� ���+ �� �\�� 8D� QK� E��+ <���� �� ���J ��6�I� 8D� �� �$� �$�� %m'�j �J
CD�-� B+�J �6hz�h =D6o� Q+�� �+ ���\�	� E1�K ��6�I� �! <=�� >�� �a��� E1�K E�! ��6�I�
WX6�-� =D6o� �Y�� 8D� <���+ �� =D6o� �Y�� TD E���� ��6�I� �; Bh�� �� 6o� �! " >�6+
�D1 ��62 �+ �	�+ �J ���K� E1�K ��6�I� E��+ =D6o� Q+�� L�r� ��6	� �+ <���� ���J TD " �b2 8�+

����+ ��

μA(x) =

⎧⎨
⎩

1 x ≥ 190%,n 8�+ E��� 170 < x < 190
0 x ≤ 170

~(<%�
�=��� @�!�6h �6� ��6	� �+ ��62 8D� ��

μA(180) = 0.6

μA(179/5) = 0.52

μA(201) = 1



m /�"�9" X.
L�r� ��6	� �+ <=�� �"�b$� ��+��
 �	��1 " 96:6� �+ �$A+ E1�K ��6�I� �� =D6o� Q+�� B*� �$F.�

<���� �b�$O� CD�-� �*D��� " ��"�� ,�J�� E���; E�!�6 
 �� �J E�	�+
[�� �+ �D�! G��� i"1 ��6�I� ,X �� Ã E1�K ��6�I� >�� �; ,���+ �2�	� 1� E� ��6�I� X ���

�=�� �D1
Ã = {(x, μÃ(x)) | x ∈ X}

<=�� Ã ��6�I� �� x =D6o� �Y�� �D =D6o� Q+�� μÃ(x)

T��l
 ��6�I� TD ,�Z ��6� ��6�I� >�� �; ,���+ TD " �b2 ����� B��� �)	� =D6o� Q+�� ���
,�Z ��6� ��6�I� >�� �; ���+ TD �� �b2 8�+ ����3 ����� B��� =D6o� Q+�� ��� " �6+ �!�6h
(∼) =�l� 1� =�� E1�K ��6�I� ,�Z ��6� ��6�I� �
 8D� ���+ E��+ <=�� E1�K ��6�I� TD

<=�� E1�K ��6�I� TD ����+ Ã " T��l
 ��6�I� TD ����+ A �	-D <�6� �� >��b$��

���6 ��� 8
�0V" �4�4� /�&	0
 ,X.X.
=D6o� Q+�6� GA3 �+ @��6� �� �� E� ��6�I� E�!����� �
 =�� �$* 8D� �� =D6o� Q+�6� =��!�

��6� �� CD�-� �D1 ��62 �+ ��6+ ��6�I� �D1 �/+�� L�r� ��6	� �+ <@�	
 ���+
Ã ⊆ B̃ ⇔ μÃ(x) � μB̃(x) ∀x ∈ X.

�D1 ��62 �+ ,=D6o� Q+�6� 1� >��b$�� �+ U� 9��$Y� " y��$�� ,@�$� E�! ����� CD�-� 8�	R�!
<���+ ��

���6 ��� 8
�0V" !0#"
�+ �D1 ��62 �+ �; �2�	� =D6o� �Y�� " �6� �� >��� ��  Ãc ��62 �+ Ã E1�K ��6�I� @�$�

��D; �� =��

μÃc(x) = 1− μÃ(x).

���6 ��� 8
�0V" [��#\�
�+ �D1 ��62 �+ (min) BJ��3 ����� E��� ��
 �+ �+ E1�K E�! ��6�I� y�$ � �2�	� =D6o� Q+��

��D; �� =��

μÃ∩B̃(x) = μÃ(x) ∧ μB̃(x) = min{μÃ(x), μB̃(x)}.



' ���6 ��� 8
�0V" 8��W� .X.
���6 ��� 8
�0V" ]�0#K�

=�� �+ �D1 ��62 �+ (max) �r
��3 ����� E��� ��
 �+ �+ E1�K ��6�I� "� 9��$Y� =D6o� Q+��
��D; ��

μÃ∪B̃(x) = μÃ(x) ∨ μB̃(x) = max{μÃ(x), μB̃(x)}.

=�� >�� CD�-� U� E��D� E�! ����� E1�K E�! ��6�I� 9��$Y� " y��$�� E��+ =�� �
� �+ N1X
<���+ �� �! �; 8D�� E��+��
 " 8D�� P"�-� 1� �r
��3 " BJ��3 E�! ����� ���

<�!� �� ��  �-/J ��6�I� TD �� �� �! ����� 8D� ��+��
 �D1 L�r�

���	
 ��K X.X.X. ^�_"

X = {1, 2, · · · , 10},

Ã = {(1, 0.2), (2, 0.5), (3, 0.8), (4, 1), (5, 0.7), (6, 0.3)},

B̃ = {(3, 0.2), (4, 0.4), (5, 0.6), (6, 0.8), (7, 1), (8, 1)}.

���62 8D� ��

Ã ∩ B̃ = {(3, 0.2), (4.0.4), (5, 0.6), (6, 0.3)}

"
Ã ∪ B̃ = {(1, 0.2), (2, 0.5), (3, 0.8), (4, 1), (5, 0.7), (6, 0.8), (7, 1), (8, 1)}.

8��� `���=D 7X.X.
�+ E1�K ��6�I� �2�	� 1� E� ��6�I� �D1 ��$A+ ,E1�K ��6�I� �! ��F�$ � ��6�I� X,X.X. `��=D

��6� �� CD�-� �D1 ��62 �+ " =�� =Fr� =D6o� �Y��
supp(Ã) = {x | μÃ(x) > 0}.

��	-D =�� % =D6o� �Y�� �+ �; �2�	� 1� E� ��6�I� �D1 ,E1�K ��6�I� TD �$A! X7X.X. `��=D
Core(Ã) = {x | μÃ(x) = 1}.



%n /�"�9" X.
BJ��3 A E1�K ��6�I� �� �! �; =D6o� �Y�� �
 X 1� E�2�	� ~�.6�-�� ��6�I� X@X.X. `��=D
�� ��  Ãα �+ " @�a6� ~A �+ �$A+�" α 1��� ��6�I�� A c�+qα �� ���+ 0 < α � 1 �
 α ���U+ �+

��	-D @�!�
Ãα =

⎧⎨
⎩

{x | μÃ(x) � α}, α ∈ (0, 1]

supp(A), α = 0

<���+ �� ��6�I� �; �2�	� =D6o� �Y�� �r
��3 �+ �+��+ E1�K ��6�I� TD 9�b��� X:X.X. `��=D
���D� ���F� �+

h(Ã) = supx∈XμÃ(x).

��6�I� ��62 8D� ��H �� ���+ % �+ �+��+ �; 9�b��� ��� =�� L��� Ã E1�K ��6�I� XNX.X. `��=D
<=�� L��� �D1 E1�K

�@���+ �$��� ��� =�� ^��� Ã E1�K ��6�I�
μÃ(λx1 + (1− λ)x2) ≥ min{μÃ(x1), μÃ(x2)},

<=�� TD " �b2 8�+ E��� λ �

3��a
 J���D @X.X.

�� B��
 �; E��+ G��	� =D6o� Q+�� TD CD�-� �+ �Z ��6� N6)b� E��+ E1�K ��6�I� TD CD�-�
�! �; E��+��
 �	��� " �	��1 �+ ��$A+ �! �; =D6o� Q+�� CD�-� " E1�K ��6�I� ��ID� >6� <�6�
��6�I� E��+ >�� CD�-� =D6o� Q+�� ��� ��D1 ,=�� @)� ���A+ G��	� =D6o� Q+�� CD�-� <����
�6� ��6	� �+ ����� �� <�6� �� P���� ��]� �; 1� w� E�! ����+ " B���� ���
 ���F G��	� E1�K

<@D1���� �� =D6o� Q+�� "� �K�-� �+

�_	_" 3��a
 J��D
�=�� �D1 [�� �+ �
 �6� �� CD�-� a, b, c �$����� �� S�6� �r�r� =D6o� Q+��

trn(x : a, b, c) =

⎧⎪⎪⎪⎪⎪⎨
⎪⎪⎪⎪⎪⎩

0, x < a
x− a

b− a
, a ≤ x ≤ b

c− x

c− b
, b ≤ x ≤ c

0, x > c

<=�� %<% B*� ��62 �+ �r�r� =D6o� Q+�� �D��



%% ���6 ��� 8
�0V" 8��W� .X.

�r�r� E1�K ��� �%<% B*�
�� 89���b 3��a
 J��D

��6� �� CD�-� ��62 8D�+ a, b, c, d �$����� ��)] S�6� E� ��1"� =D6o� Q+��

trp(x : a, b, c, d) =

⎧⎪⎪⎪⎪⎪⎪⎪⎨
⎪⎪⎪⎪⎪⎪⎪⎩

0, x < a
x− a

b− a
, a ≤ x < b

1, b ≤ x < c
d− x

d− c
, c ≤ x < d

0, x > d

<=�� (<% B*� ��62 �+ �; T����� �D�� �


E� ��1"� E1�K ��� �(<% B*�

���6 ���
� :X.X.
����+ �� ���� �� �D1 v�� �� BJ��3 �
 =�� ����3 ����� E"� Ã E1�K ��6�I� TD ,E1�K ���

<���+ L��� E1�K ��6�I� TD �D�+ Ã~%
<���+ �$A+ E >1�+ TD α ∈ (0, 1] ����� �! E�1� �+ Ãα �D�+ ~(

<���+ �"��� �D�+ Ã ��F�$ � ��6�I� ~&
E1�K ��6�I� TD ,E1�K ��� �! �I�$ �� ,=�� �$A+ >1�+ TD E1�K ��� �! 1� αc�+ �! �
 �Y �; ��



%( /�"�9" X.
<=A� 5��2 ��"U. G�/� 8D� w*� �$F.� <=�� ^���

�cD��" 8	'	4 G&	dD �����6 ,X.
1� g@7$A! "� �+ "� �b�$O� >��7-� �	] E�! E�7� @7�\� �+ >��1"� ���1 �� �� ,�:�3 �\� ��
�	�� �b�$O� E�!���-� Bd� ^�O$� N��	! L�r� �6e �+ <>��H " Bd� ^�O$� �� ��� �. �� ^�O$�
E�! �	DU� ,>���� @��\� ��K �
 ���+ �� [�/� >��H " ��*$+� ,=�Jlh ,����$Y� =�-J6� ,��;��
,�	DU! �6] ��"�b$� E�! ���-� U� LU	� ^�O$� E��+ <�I	A+ �!���-� 8D� �Fe �+ �D�+ �� C�$O�
8D� �Z 1� �� �	DU� 8D�$)+ �D�+ �
 ���+ �� [�/� >��H " �D�h U
��� �+ ���$�� ,��
 B�� �+ �*D�U

<��
 ^�O$� �! ���-�
E�!��:=�� 8*�� �/h 1"�+ �� =�� @)� E��J �+ E�7� @7�\� �I7$ ��J"� �!�� �$-	2 �2�� ��
U� �6 
 �X�� �Y�6+ @�Z	� �	�� �l
 E�! E��� @��\� �� <�	� B7��� �� �+ �� E��_�� ���FY
8D� �
 �	�D�� " >�6� L�F� �� >��H " �$-	2 �-�6� ,c16�; ,=�	�� �	�� �b�$O� P��!� 8�\\O$�

<�		
 �	�)+ �� P��!�
��	�� =�� "�+"� ��"��K �l* � �+ �b�
 " ��
 ���-� 8D�	] �+ E��� @��\� �	D;�K

�b7� E�!��7-� E�7� >1��� E��+ �����$�� 8$��� �
����*� �+ ~��� " �b7�� �!��7-� B��F� E��+ �3�" 8$��� �

N�� " ���7R7� ���Y 1� ,����	] E�!��7-� �+ E�7� @7�\� �	�;�K �+ v6+�� �l* � �+ �Y6� �+ ��	�:
8�� �� �6� �� t��+ " >�� �$��� E���1 ����� �+ E�7� @7�\� =J� " =��� 1� ,�����$�� �6Y"
E�! T�	*� �D T�	*� �
 =�� N1X "� 8D� 1� <���+ �$A+�" >��7� @7�\� ��K �+ E���1 ����� �+ �	�;�K
T�	*� %'mn L�� �� �6Z	� 8D�+ <�6� �3��e u��2 E��� @��\� " �	�)+ ^�O$� E��+ �F��	�
��MA� 8�	] B3 E��+ ( �$��� L� q|��6� S�6� �jk� �F���� ��A�� B���� �	D;�K �	-� �+ % AHP

@��\� E��+ >�� �3��e E�! @$A�� 8D�� Q��Y 1� �*D �F���� ��A�� B���� �	D;�K <�� �3��e E�
�@��6� �� �� �
 �Y �; 1� =�� ��� �	] E�! ���-� �+ E���

g@7	� �.6��K �� E�7� @7�\� �	�;�K �
g@��7�+ �Z �� �� C�$O� ��� " �b7� E�!��7-� �

g@7	� �.�A� ���" �� E�7� @7�\� E�! �	�U� �
<@7	� B7��� �� �!��7-� ��1 " �!��7-� E"� =7��A3 �

�	�;�K 8�� 1�$�� E�! ��#�" 1� �� @��"; �� =�� �+ �� @7�\� E���1��� " E���1�� ,�� 8�� >"l� �+
��A�� B���� �	D;�K <~�!� �� ��  �� �+ �� >�F$�� " �/h ����� @��\� TD E���1���� ���+ ��



%& �cD��" 8	'	4 G&	dD �����6 ,X.
<�1���� �� �! �; B3 �+ " >��
 BD�F� >��� ��*� �+ �� �! �; ,>��R�� " B* � Ba�A� E �DUI� �+ �F����
uD� � �+ B\K 8D� �� <=�� >��
 ���� ����$Y� " E��\$J� Ba�A� �� ��"��K E�! ��+��
 c"� 8D�

<@D1���� �� �; ����


�cD��" 8	'	4 G&	dD �����6 Y0� 8� ��&� !&0$D .X,X.
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