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Î
m � xz�F�|gz�2w@y?��w@y?pÚ�
�2y?���|gzw@o��|gr�
�0q�y
p�{C�0o0�( {�p��2o��
y�xz�2�?xzy
pµy?�2o?xz{��5p�gr�
� o?�9{|�Z�0w@gTw`�0�jp����
x4p�{C�v�2gX�?� �2w@g(�2{"gzw����Ty?� }z�

ö|÷�ø8ù´ø5ú4ø8û|ø?ü�ý¦þ���
*)�÷0þ�ürþ8÷�+-,�ø�.�� û�þ8÷�w��T�|�0gPm,ù´ø5ú4ø8û|ø?ü�ý¦þvý/�4ù!
 ü	�5ø�+0��ö ��
���
�����ö¦þ�û �
( �zw�y
p �z�C�0g�mc�0gµ{�p��?w@��w@{Cw@q@�|p��zy?w��zxz�0o¡�5p9��w@y	n o?p�qrp�o	sµu>w@xzy�{�p�o2m p�����w@o

�2w@gzo?�C}z�0y?p��4p�g
R̂ = R

mF�4pD�0�C�0gz}zwáxzo?wí��w@y��5p�gr�
wá}z�0{	w@y�}z�0g xzo�x4p�{	�0g
R�zgT�|�
pD�v�2gX�?�	�2g9{|p�}z���4gz�C�0�|��g }T�

T̂
�

fhg �2o��
�	p�y��?�|�2xz{|wÚ�@�0y��0��w@o � xz�	�2o*�2w@gX�@�2gz�|�2gX�?�	q@�0gT�0y
pD{|�|�0p�y��2{P�
y?p��4p:��w�}z�
nco
pDqrp�o�sdu>w�xzy?{|p�o��zp�y
p �2{t�
pDo?wj�0g � xz� R̂ 6= R

m �
p�o�w � xT�vsrp �KxT�v�zy?�C�v�2y?wp�gzp�{|�C�
p�}Tw���w@y"uTp�gr�
�|{C{C�<�0g1� ã � ÿK�@�0p�gzo?���4õ�q��|g4pDo3254D¥&2@Ã � �
Å����z�2�5�zwzmÛ�0o¡�
���z{��
�|��wv�?�|��w�}z��{|���Dp�gr�5p����|�2gX�?w��|o�w��
�@�T�|�0wWsrp��4pD�z��p�o��|}zw

�?y
pD�
p�}zw©��w@y��0{��zy�w@�z�Cw�uTpDgX�
�C{|{��t�2g i
k@k@l£ÿÞ�@�
p�o��6� è ��� mh�2x4p�gz}zw��zy�w@�zxzo�w���w�y
�zy��|���0y?p��@�2�W{|pZ}z�|o¡�
�|gT�0�|��g��2gX�?y?�9ö|÷�ø7��.8
��´ú4ø�÷9��
:,<þ	�4ùÒöÞû�û ö3��
:;<� ö/=�
���)Ûö ú4ø��
ö|÷�ø7��.8
��Iú�ø�÷>��
?,<þ	�4ù¦öÞûÞû ö@��
A,B
 ü	.C�D�`ø�)Ûö ú4ø8m�y��
p�{C�|�0p�gz}zwE��� ¥�F��HG���p�gTq�xTg��0o¡�
xz}z�Cw
�võ�o�}z���5p�{C{�pD}zw �2gI2�Á@Á
2�ÿK�@�0p�o?�J� »���� ��Å����5p�{h�Kw�y?�vp � xz��m����|�0gr�
y?p�o � xz�W{Cw@o�Co?w`�0xT�0y?��w�oW}z�j�zy?�C�v�2y��?�|��w

K̂I

o?w@g¤p � xz�2{|{Cw@o��0gM{|w�o � xz�j{�p��|o�w@xzgz�C}4p�}í}z�uTpDgX�
�C{|{C�
Î
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Î ∈ V

ù þ�û~o$.8
6
`}@ö|÷�ù!
�÷�.íö/�8�	
��5÷0þ
T = Î−I��
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�
2

«�¯:Ø�ßhØ�_
¾¦°r¾KÀ<e »�· è  ø��T÷�öY��
���
�=Wø�÷*û|ø�÷*÷�ö|÷�ù!
�=�þ8÷E��
~�	
z��ù´ø��z
5÷v
�ö|÷�ø��	
z��ù´ø���
5÷
β = {e1, . . . , en}

w
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Û(X̂, ĝ, K̂)

5÷m.C�Z�Co?w`�0oË¥

�zp��0�Cw9�@�2�2�
w�y?��pD{t�v���
y��|�0wµ÷�ö�q�÷�ö�
��D�`ø�.���þ�ö|÷�ø8ù´ø5ú�ý¦þ6��

U
q\
5÷9.C�áö|÷
ø�
5÷´úTþ���ö ø

�	
z��ù´ø�� ö¦þ�û ÷�ø	�$�z
{
�û¨ö|÷�ø7��.l
��Iú4ø
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Ê
�2o��5õ�g y?�2{�p��2�|w@gzp�}zw@oA�z�Cxzgz�C�@w`�0p����0gr�
���

( �zw�y
p¢�z�|�2g�m��2g �0{�gz���@�0{�}z���zy?w�s@�0�2�0�C�@g o?���zxz�2}z��}4pDy?o?� � xz� X̂ = Ŷ�4pDy
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Ê
�0o*�|gXs��0�2�?�C�@wzmz�2w@��w � xT�0y?�|p���w@o��zy�w@�4p�y2�

±~�0p��vw�oWp��zw�y
p�{�p��z{��
�C�vp��4pDy��
�9}z�2{��2g`xzgT�0��pD}zwz��� w�yv�0w@gzo¡�
y�xz�0�2�|�@g(srp
�`�C�vw�o � xz� π �0y?p�xzgzpµp��T{|�|�0p��0�C��gRo�w@�zy��2s@�0���
���DpTm��0w@gí{Cw��0xzp�{ m~�
�0gT�|�0gT}zwµ�2g
�2xz�0gr�5p�{|w�o�y��0o?xT{C�5pD}zw@o � xz�FpD�
p��zp��vw�o�}z�"�@�0y0m>�0o¡�5õ��0{|p�y?w � xz���0g��0p�o�w�}z� � xz��2{,{|���Dp�gr�5p����|�2gX�?w � xz���2w@gzo��?y?xTs@� Ê o��
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Ê(+̂, ×̂, ◦̂, •̂, ...)
��.Tþ�ûpo$.`ö�
���ö|÷�ø7
5÷�ùY�R.l��ùY.��?þE=vþ�ù!
�=Nn�ù¦ö/+

�?þ6
��dû�þ8÷{�5ø��D��ö���ö ø���
5÷:��
�û�þ j 
tsu�4ö���ö����1�����5q¨úD.���ö�
��D�`øW÷7
���ú4ø���ù þ	�4ùËø��5ø��8+
÷�öY��
���þ
�rþ��5ø��Z÷�.J
5÷�ùY�R.l��ùY.��?þN=�þ�ù!
�=Nn@ù¦ö��?þ��5ø��8�	
�����ö ø���þ�ûB�5ø��R��
5÷´ú4ø��D��ö�
��4ù&
$�?,B

ù¦ö�
���
{
��4ù´ø����z
5÷No$.l
�÷�ö~
�û�û�
��8þ	�4ùIþ	=�ö�
��4ù´ø�ö|÷�ø8ù!�5ú�ö��5ø�o$.8
{�5ø��T÷�ù|�R.�w¨


Ê
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â+̂b̂ = â ? b
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(Û , ◦̂, •̂)


5÷*.��
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s���w@y*�2w@gzo¡�
y?xT�0�0�C�@g�mz�
�0gT�0��w@o"p��z{C�|�
pDgz}zw

�2{h_,�0�vp�4T� l � xz� R̂ = Ŝ−S = Ŝ = S ∗ Î
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I � q Ŝ ′ w ¦ � ��
:
�û�
�=�
��4ù´øN.C�4öY�rþ
� S ′ � qr
�û�
�=�
��4ùËø�÷\��
�ö|÷�ø8ùËø5ú�ý¦þ�o$.l
x�R.��4ù´ø�þ Î
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m4�4p�y?p��?w`}zw

Ẑ ∈ K̂
�

Å��	�2o��5p��Kw@y?�vp�{C{|�0q@p���w�oAp � xz� M̂ �0o�xzgZ�|o�w`�0o?�zp��0�Cw��
w@��w@{C�@q@���0wzm`�0w@��w
� xz�2y?�|p��vw�o��zy?w��4p�y0�

� �
⇒��pDy
p£���0y � xz� M �0oZxzg �0o��4p��0�CwR�
w���w@{|�@q��C�0wTm"�4p�o��
p�y
õ£�0w�gzo?�C}z�0y?p�yZ{|p
�¦pD�v�C{C�Cp

ℵ = ∪X∈M{ℵX : ℵ̂X = ℵ̂X̂}
� fho��
w£�0o2m

ℵ
�2o��0{��2w@g8��xzgr�
w

�Kw�y?�vp�}zw���w@y*{�p�oA�¦p����|{��|pDo
ℵX

� xz��o?���2w@gzo��?y?xTs@�2gj�?w@�vp�gz}zw��4pDy
p��0p�}4p
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Â ∈ ℵ̂
X̂

s
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Â × B̂ ∈ ℵ̂
(X̂,Ŷ )
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Ĉ
�

� ÷\��
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Ĉ
q>�5ø��T÷�öY��
���þ	�D�`ø�þ

M̂
�5ø�=Wø{
5÷Iúzþ���ö ø�ù´ø5ú4øDûU�
ü�ö��5ø	�

j ö/��
�=Wø�÷Ao$.8

X̂

5÷ �|o�wrp�}z�T�0y?�2gX�?��p

Ĉ
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z��ö/��qt÷�ö Â ∩ Ĉ 6= ∅ qúTþ	��þ9ù´ø$�`ø
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Ĉ
÷�ö�÷�ö�
��D�`ø

þ
���8
���
��4ù&
vþ
Ĉ
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Cl(Ĉ) ⊆

Cl(D̂)
�

i�^>bµØ<_�×�¯:¬4°r¾¦À�e
p � Å�p�}zw

X̂ ∈ Ĉ
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mzp�{Po?�2y
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m��?�0gz�C�0gz}Tw@o?�©}z�©�2o��5pd�Kw�y?�vpµ{�pµ�zy��|���0y?p

�zp�y��?�	}z�0{,�2g`xzgT�0��pD}zwz�
±~�0p��vw�o�p��zw�y
pv{|p�o?�0q�xzgz}4pW�4p�y¡�
�Ú}z�2{ y?�2o?xz{��5p�}zwT�~��p�y?pv�0{C{|w��
w@���0��w@o"�2g

�Ty?�|���0y�{|xzq@p�yFxzgµ�2�0y?y?p�}zw
C
}T�

M
�Wu>���
�2gz}zy
õZ�0gX�?w@gz�2�0o � xz� C = Cl(C)

�
Å��Ú�0o¡�5p��Kw@y��Wp>m
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Ĉ = Cl(Ĉ)
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Ĉl(Ĉ) ⊆ Ĉl(D̂)

�
� � Å����z�2�5�zwzm`o?�

M̂
�0otxzgv�|o�w`�0o?�zp��0�Cw��|o�w��
w@��w�{|�@q��C�2w	�2w@gzo¡�
y?xT�|}zw���w@y~�v�2}z�|w

}T�~xzg4p��|o�w��
w@�T��p��|grs@�0���
�C�8pTm:�0gr�
w@gz�2�0o
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Ĉ = Ĉl(C) = Cl(Ĉ)
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Ĉ ⊆ D̂
m`o?�0y?õ
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p � xz� Ĉ �0oh�|o?w`�2gX�?w@y?gTwF}z�A�
w`}zw�oho�xzo~�Co?w@�zxTgX�
w�o0�
["�2o?xz{��5p��2gX�?w@gz�2�0o � xz���4p�y?p��
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Û
M̂1
=

{X̂ ∈ M̂1 : ∃ Ŷ ∈ M̂2
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M̂2
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M̂1
) = Û
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Ĉ = int(Ĉ)
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Ĉ
xzgápD�z�|�2y��
w©}z�

M̂
m~o��0y
õ
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mXsrp � xz� int(Â)
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înt(Ĉ) ⊆ int(Ĉ) ⊆ Ĉ
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qu�`ø��D��

Ûα
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Â ∈ ℵ̂Υ̂

X̂

�áf½'>�|o��?�Z�0gX�?w@gz�2�0o
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Û
�FÅ����2o��
pW�Kw@y��WpTm��R'>�|o��?�
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�0o�xzg4p��|o?w��4p�o?��}z�
M̂

ÿK�@�0p�o?�{� Õ ��� �*fho��
õW�2{�pDy?w
� xz���2g��0o¡�
w@oh�0p�o?w@o2m@�
w`}zwF{C�2�8p�gX�
p�}zwF�Co?w��?�@�z�C�0w�}z�Axzg��2o?�4p��2�|w 2 Ñ N m@o?�Cq@xz�|�2gz}zw�2o��?w@o"��w`}z�0{Cw@oA}z���Co?wD�
w@�z�|p�o0mTo��0y?õ�g9�Co?w`�2o?�4p��2�|w@o

2 Ñ N �
±~�0p��vw�o*{Cw@o��2w@gz�0�2�T�
w�o�pDgX�
�2y?�Cw@y?�2o*�2g9�2{,gz�C�@�2{,}z�	�zy�w:s@�2�0�0�C�@gB�

i�^r¿�e ¾¦°r¾¦À�e ã · Ô�,B
?þ
M̂

.��µö|÷�ø7
5÷´úTþ���ö øvù´ø5ú4ø8û��?ü�ö��5ø�÷�ø	�$�z
\.��µö|÷�ø7��.8
��´ú4øvö|÷�ø�+
�R��
?þ�û

R̂
� j ö/��
�=Wø�÷Eo$.8


M̂

5÷�.��v�Co?w`�2o?�4pD�0�|wÚ}z��§�p�xTo?}zw@y0Ï(ø � xz��o?pD�
�Co��¦p��2���0{

p�'T�Cw@�vpÚ}z�Fo��0�4p�y?p��2�|�@g
T2
q�÷�ö�û|ø�÷0þ�ùÒö|÷t�2þ��z
X�5ø�=Wø9
5÷´úTþ���ö ø�ùËø5ú4ø8û��?ü�ö��5ø�÷�ø	�$�z


R̂�5ø�=Wø���.l
��Iú4ø	�
"7d



� �¢
�û½�?þ8÷�ø�
��6o$.l
 M̂ ÷7
?þ9.C��ö|÷�ø7
5÷´úTþ���ö ø�ö|÷�ø8ù´ø5ú�ø8û��?ü�ö��5ø7qx��ö/��
�=Wø�÷Xo$.8

M̂
5÷X.��Z�|o�w`�0o?�zp��0�Cwv}T�Ú�|o�w@�4p�xzo�}zw@y0Ï ø � xz��o?pD�
�Co��¦p��2���0{cp�'>�|w��Wp�}T�Úo?�2�4p�y?p��0�C�@g

T̂2
qW÷�ö�qv÷�ö�
��D�`ø�
�û�û�
��8þ	�4ùIþ
�`ø£ö|÷�ø8ù!�5ú�ö��5ø���
6.C�Ò
5÷´úTþ���ö ø���
�ÓFþ	.X÷$�`ø��/Ô?q�
5÷

þ�÷�.¡�	
T��.��Mö|÷�ø7
5÷´úTþ���ö ø6��
{ÓFþ	.r÷$�`ø��tÔ?q:
5÷�ù´ø�
5÷zqko$.l
��rþ
�`ø�÷*�>ø�÷�ö|÷�ø5úD.��4ùËø�÷
��ö|÷�ù¦ö/�4ùËø�÷E��.zþ�û�
5÷$o$.`ö�
���þN
��

M̂
q�ú4ø$��
�=Wø�÷�
����5ø5�zù|��þ	�~�`ø�÷*ö|÷�ø0þ
�0ö�
���ù´ø�÷~��ö|÷t�R.��4ù´ø:÷

��
	û�þWö|÷�ø8ù´ø5ú4ø8û|ø?ü�ý¦þWþ8÷�ø7��ö¦þ
�rþWþ
M̂
q<o$.l
	û|ø�÷F÷7
´úTþ	��
$�

fhg�{|pÚ}z���4gz�C�0�C�@g�p�gX�?�0y��|w@yt�z�2�vw@o��z�0�5�zw�}z�|o¡�
�|gT�0�|��gv�0gr�
y?���|o�w`�0o��4p��2�|w
T2
�

�Co?w`�0o��4p��2�|w
T̂2
m��4pDy
p��vp�gX�?�0gz�2yF{|pW�|}z�0p��4õDo?�|�0p�}z��{|pW�|o?wD�
�0w�y?��pv}T���0w@gTo?�0y¡�Dp�y

p�'>�Cw@�WpDo0�hS"w�w@�zo¡�5p�gr�
��m4o���{C{|�0q@p�p�{|p�o��|q@xT�|�2gX�
�5�

«�¯:Ø�ßhØ�_
¾¦°r¾KÀ<e ã · ÙÕ)�ø$�`øáö|÷�ø7
5÷´úTþ���ö øRö|÷�ø8ù´ø5ú4ø8û��
ü�ö��5ø
M̂
q�o$.l
�÷7
?þ(û�
��8þ	�4ù þ
�`ø

ö|÷�ø8ù!�5ú�ö��5ø9��
�.��¢
5÷´úTþ���ö ø�ùËø5ú4ø8û��?ü�ö��5ø
M
q<o$.l
�÷7
?þ

T2
qx=�
T��ö¦þ	�4ù!
�.���þWö|÷
øDù´ø5ú�ý¦þ

ö/�8w

z��ùÒö/�8þ�q?
5÷�.C��ö|÷
ø�
5÷´úTþ���ö ø
T̂2
�

i�^>bµØ<_�×�¯:¬4°r¾¦À�e ·
_Ûpá}z�2�vw@o¡�
y
pD�0�C�@g �0ojp�gzõ�{|w�qrpRpá{|pR}4p�}4pá�zp�y
pR{�p��hy?w���w@o?�C�0�C�@g kT��2>m�o?�

�z�C�0g �zp�s � xz��y��0�2o?�0y��|�z�Cy ̂ �<w�y ̂ s��4p
s � xz�	�?�0gz�2y"�2g9�0xT�0gX�
p�{�p��|grs@�0���
���>�C}4p�}}z�2{h{|�2�8p�gX�
p����|�2gX�
w��|o?wD�
�@�T�|�0w��2x4p�gz}Tw9o���o��$#4p�{C� � xz� Û ∩ V̂ = ∅
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m
o��Z�?�|�2gz� � xz� |̂f̂(X̂ )̂| = ̂|f(X)| = ̂|f(Y )| = |̂f̂(Ŷ )̂| mt�zxz�2o X = Y
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â≤b̂
÷�ö^w�÷7�8û|ø�÷�ö

â≤̂b̂
qhøX
To$.>ö/�8þ�û�
��4ù!
�=�
��4ù!
zq

÷�ö�w�÷7�8û|ø�÷�ö
a ≤ b

�

fh{h�z�2�5�zw9}z���|����w@gz�0y � xT���2{h{|���Dp�gr�5p����|�2gX�?w��Co?w��?�@�z�C�0w�o��
pZ�CgXs@�0���
���@wZ�0o�zp�y
p � xz�	{|p�}z���4gz�|�2�|�@g�o?�0p��0w@�T�0y?�2gX�?��m��Txz�0o"p�o?��gzw��zxT�0}z�	}4p�y�o?�	�2{,�0p�o?w���w@y�´���0���z{Cw��0g � xz��o��
p â = ĉ
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mÛ�zp�y
pW�
w`}zw
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Û
y��0o?���2�2�?w

◦̂
�

� w@y"�z{C�?�|��wTmz}z�0���2y?�0��w@o��|����w@gz�2y��5pD���z�|�2g {�p��0w��v�4p8�
�|�T�|{��C}zp�}Z}z�Ú{�p��Co?wD¥
�?w@�z��p�xT�?�|{|���
p�}4p�y?�2o?���0���
w£pµ{�pDo�w@���0y?p��0�Cw@gz�2o

•
s
×
� fho��
wd�0o2m�{�p��Co?w��?w@�z�|p

xT�?�|{C�C�
p�}zp¢�0g {|p£�0w�gzo��?y?xz�2�0�|��g }z�
Û
s
K̂

}z�0�����@�0y��C�4�0p�y � xz���4p�y?p£�
w`}Tw@o
a, b ∈ K

s
X ∈ U

mz�0xz���z{|p � xz� â•̂X̂ = ̂a •X s
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|̂|X̂ ◦̂Ŷ |̂|≤̂|̂|X̂ |̂|+̂|̂|Ŷ |̂|
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Û

5÷�ö/�8w

z��ùÒö/�8þ�q3
��4ùËø����z
5÷Úû�þ

ö|÷�ø��Pø��R=�þ
|̂|.|̂| ≡ |̂|.||


5÷�.���þ��Pø��R=�þ�÷�ø	�$��

Û
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|̂â×̂b̂̂| = |̂â× b̂| = ̂|a× b| = ̂|a| × |b| =

|̂a|×̂|̂b| = |̂â̂|×̂̂|̂b̂|
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Ŷ ∈ Û
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Û
÷�ö>
5÷�ö|÷�ø7�5ø��4ù¦ö/�8.zþ�
��

X̂
q úTþ	��þ�ù´ø$�`ø

X̂ ∈ Û
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w`}zw Ŷ ∈ Û m`�2w@g |̂|X̂− Ŷ |̂|<̂δ̂ mXo?�"�@�2y?���4�
p � xz�

|̂f̂(X̂)− f̂(Ŷ )̂|<̂ε̂
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|̂f̂(X̂)+̂(f̂(Ŷ ))−Ŝ |̂ = |̂f̂(X)+̂ ̂(f(Y ))
−Ŝ
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Ŷ ∈ Û
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Û
m4y��0o?���2�2�?�C�DpD�v�2gX�
�D�

2

fho��
�	y?�2o?xz{��5p�}zw � xz��p��
p��zp���w@o�}z�	�zy�w@�4pDy*�2o"}T�F�>���5pD{��C�v��w@y¡�5p�gT�0�|p��0g {|p�Co?w��?�0w@y���p�}T��uTp�gX�?�|{C{C�Òmzo?�c�z�C�0g9�4p�o¡�5pWp��Tw@y
p�o����4p��T��p��
y
pD�4p8�?pD}zwvo��|�2�v�zy����0w@g
{|p��Co?w`�0w�gX�
�Cg`xz�C}4p�}�}z�Úª	pD}z�0�Co��`�|{C�hÿK�@�0p�o?�9� Ü �-� �

ð~ð QHg`ò�ÊPò~Ç�ñ>ÉËÇAó�ÉËÈ�Î~È Ì,Ç É&g>òAÌ@g¨«�Î~ÊPÉËòugRÉ0g`ò¨ñ>òu«Úò~ÏËôu¿~É¡Ê<òug

( �0w�gX�
�Cg`x4pD�0�C�@g��Dp���w@otp	�2o��?xz}z��pDy~}z�"gXxz�2�@wÚ�0{4�0w�gz�0�2�T�
wÚ}z�"�Co?w`�0w�gX�?�|g`xT�|}4p�}P�
_,wF�@�0y?�2�vw�o�p � xT�4�0g��0{4�0p�o?w�q@�2gz�2y
p�{ÒmX}Tw@gz}z�*o?��{|w	��w`}T�0��w@o~�4pD�z{�p�y¨}z�*�Co?w`}z�Co¡¥�
p�gz�0�|p�o��0g {Cxzqrp�yW}z���Co?w@gzw�y?�vp�o0�â� w@o��?�0y��|w@y��v�2gX�
�j�@�2y?�2�vw�o � xz��{�pdg`xz���Dp}z���4gz�C�0�|��gí�2ov� � xz���Dp�{|�2gX�?�9p�{�p � xz� �`�C�vw@o��0g({|p�o?�2�0�2�|�@gMpDgX�
�2y?�Cw@y��2x4p�gz}zw
�?y
pD�
p��vw�oc�0w�g��Co?w`�0o��4p��2�|w@o �Co?w@gTw@y?�vp�}zw@o2� fho��
p�g`xT�2�Dp�}z���4gz�|�2�|��gÚ�Dp�p��4p�o?p�y?o��
�2g9�2{,�0w@gz�2�0�T�?wv}z��p�}z�z�2y?�2gz�0�|p��>�Co��?wvpDgX�
�2y?�Cw@y?���0gr�
���

��w@���0gz�0p���w@o*�2o��?xz}z��pDgz}zw�{|p��Co?w`�0w�gX�
�Cg`xz�C}4p�}��2g9�2{,gz�C���0{,�Co?w��?�@�z�C�0w��

i�^r¿¨ec¾Ò°r¾KÀ�e Õ�Õ · Õ ,B
E��
��Pø�=�ö/��þ"�|o?w@p��z{|���
p��2�C�@g��|o�w`�0w@gr�
�Cg`x4p*
��4ùY�z
��`ø�÷"ö|÷�ø7
5÷�+
úTþ���ö ø�÷�ùËø5ú4ø8û��?ü�ö��5ø�÷

(M̂, ℵ̂
M̂
)
w
(N̂ , ℵ̂N̂)

þZùËø$�rþZö|÷�ø0þ�ú�û ö��?þ���ö����
f̂ : M̂ → N̂

q
o$.8
��5ø��T÷7
��R�8þ û�þ8÷Rþ
���8
��z
�����ö¦þ8÷zq6
5÷�ù´ø�
5÷zq©ù þ�ûOo$.l
júTþ	��þ ùËø$�`øí÷�.����5ø����R.��4ù´ø
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�0o"xTgjp��T�|�0y¡�
w�}z�
M̂

s
��w�y	�
p�gX�?w �0o�xzgµ�|o�w`�0gX�?w@y?gTw }z�

X̂
�Wfho��?w9�0o0m

f̂−1(Û) ∈ ℵ̂
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f̂−1(Û) ⊆ f̂ 1(B̂)

m4�2w@��w � xT�0y?�|p���w@o0�
} �

iv ⇒ vu`�
p
X̂ ∈ M̂

�áu>�
p
B̂ ∈ ℵ̂N̂

f̂(X̂)

��� w�y9ÿ¦��� � m
f̂−1(B̂) ∈ ℵ̂

M̂
X̂

�¡�Ap�o¡�5p
�?w@�vp�y �0gr�
w�gz�0�2o

D̂ = f̂−1(B̂)
m@�zxz�2ohy?�2o?xz{��5p � xz� f̂(D̂) = f̂(f̂−1(B̂)) =

f̂(f̂−1(B̂) = f̂( ̂f−1(B)) = ̂f(f−1(B)) ⊆ B̂
m4p�{�o?�0y

f(f−1(B)) ⊆ B
�

� �
v ⇒ iu`�
p�g
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5÷Úþ
�0ö�
���ù´ø9��
 M̂ q�úTþ	�?þvù´ø$�`øWþ
�0ö�
�� ù´ø
Û
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(ĝ ◦ f̂)−1(B̂) ∈ ℵ̂1X̂

�
��w@��w�{|w�p�gX�?�0y?�Cw@y�o?�Z�
�|�2gz�Z�4p�y
p��
w`}Tw@o

X̂ ∈ M̂1

s
B̂ ∈ ℵ̂3(ĝ◦f̂)(X̂)
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⇒ d̂(X̂, Ŷ ) = d̂(Ŷ , X̂)

�
� �
|̂| ̂X − Y |̂| = |̂| ̂X − Z ◦ Z − Y |̂| = |̂| ̂X − Z◦̂ ̂Z − Y |̂| ≤̂ |̂| ̂X − Z |̂|
+̂|̂| ̂Z − Y |̂| ⇒ d̂(X̂, Ŷ )≤̂d̂(X̂, Ẑ)+̂d̂(Ẑ, Ŷ )
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Ŝ
�0{,�zgT�|�0w�{C�2�Dp�gr�5p�}Tw��Co?w��?�@�z�C�0w�}z�

0 ∈ K
�

2

u>�F�@�0y��C�4�0p�p�}z�0�võ�o�{�p�o?�Cq@xz�|�2gX�?�	�

«�¯:Ø�ßhØ�_
¾¦°r¾KÀ<e Õ�Õ · Õ>å � ��û�þ8÷:�5ø��D��ö���ö ø���
5÷X��
Úû�þ j 
tsu�4ö���ö���� §
§ � § ¼�qh÷7
X�	
���ö/+s?�?þ{o$.8
$¦
d ?



þ � j þ
�`ø X̂ ∈ Bd′(X̂0, ε̂)
q?
`}@ö|÷�ù&


µ̂>̂Ŝ
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�

i�^`bdØ�_2×�¯:¬4°r¾KÀ<e

p � u>�
p
X̂ ∈ Bd′(X̂0, ε̂)

� u>�2y
õ
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Bd′(Ẑ, ρ̂2) ⊆
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�
��û½�5ø5�$�R.C�4ù´ø���
k
��4ù´ø����Pø�÷�=�y�ùY� ö��5ø�÷X��


X̂
÷7
	û�
\��
��Pø8ù þ	�TnFú4ø��

ℵ̂d
′

X̂

�
;*ø���Þ>û ù¦ö/=Wø7q<
��6
�û@�?þ8÷�ø"úTþ	��ù¦ö���.`û�þ	�m
���o$.8


d′
÷7
?þ�û�þ�ö|÷�ø$��ö|÷�ù þ	����ö¦þ�ö|÷�ø7
�.8��û ýY��

þ

÷�ø	�$��

R̂n � 
5÷r��
z��ö/��q,û�þ	ö|÷�ø$��ö|÷�ùIþ	����ö¦þ	þ8÷�ø7��ö¦þ
�rþ	þ	û�þX��ö|÷�ùIþ	����ö¦þ\
�.8��û ýY��
?þv.X÷�.Tþ�û � qû|ø�÷k
��4ùËø��R�Pø�÷�=�y�ùY� ö��5ø�÷Úþ8÷�ø7��ö¦þ
�`ø�÷�÷7
\��
��Pø�=�ö/��þ	�v�0gr�
w@y�gzw@o*�|o�w`�0xz�2{|�|}T�0w@o��

u>�F�
�C�0gz�F�0gX�?w@gz�2�0o"�0{,o?�Cq@xz�C�0gr�
�Fy?�2o?xz{��5p�}Tw��

«�¯:Ø�ßhØ�_
¾¦°r¾KÀ<e Õ�Õ · Õ>è ,B
?þ	�
d′
w
d′′
�`ø�÷ � ö|÷�ø � ��ö|÷�ù þ	����ö¦þ8÷ � ö|÷�ø �C� ú4÷7
�.��`ø � =�y ù|� ö/+�?þ8÷	÷�ø	�$��
X.���ö|÷�ø7
5÷´úTþ���ö øN�	
z��ù´ø�� ö¦þ�û
M̂
q3
���û�þ8÷:�5ø��D��ö���ö ø���
5÷X��
Úû�þ j 
tsu�4ö���ö����

§
§ � § ¼D�9,B
k�	
���ö s?�?þ�
��4ù´ø����z
5÷:o$.l

ℵ̂d

′

X̂
= ℵ̂d

′′

X̂

÷�öAw�÷7�8û|øv÷�ö�ù´ø��rþ��2ø8û�þ*=�y�ùY��ö��?þ
Bd′(X̂, ε̂)

�5ø��4ùÒö�
���
>.���þk��ø8û�þ
Bd′′(X̂, ρ̂)

w�ùËø$�rþk��ø8û�þ
Bd′′(X̂, δ̂)

�5ø��4ù¦ö�
���
r.���þ
��ø8û�þ

Bd′(X̂, µ̂)
�

i�^>bµØ<_�×�¯:¬4°r¾¦À�e
p �
⇒u`�
p

Â = Bd′(X̂, ε̂) ∈ ℵ̂d
′

X̂

�{��w@��w ��w@y	�z�|�����?�0o��|oF�
�2gz�2�vw@o � xz� ℵ̂d′

X̂
=

ℵ̂d
′′

X̂

m8o��0y?õ
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�
��w@��w	�
p�{ m��
�2gz}zy��0��w@o~�<w�y~�z�C�����
�2o?�|o � xz�"�R'T�Co��?�"xzg4p	��w@{|p Bd′′(X̂, ρ̂) ⊆

Bd′(X̂, ε̂)
� ( o?���Txz�0o2m*��'>�|o¡�
�jxzg4pµ��w@{|p

Bd′′(X̂, ρ̂) ⊆ Â
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o?xz{��5p � xz� Ŷ ∈ f̂−1(Bd′′(f̂(X̂), ε̂))

s p�o?�Òm
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