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r ∗ Î ∈ K̂
q¨ùÒö�
���
X
5÷�ùY��.8��ùY.C��þ���
Fö|÷
ø���.8
��Iú4øk��
5÷´ú8
z��ùËø�þ�û�þN=O.`û ù¦ö ú�û ö��?þC��ö�����qc÷�ö�w

÷7�8û|ø�÷�ö
a ∗ r = r = r ∗ a,

úTþ	��þvùËø$�`ø
a ∈ K

�
2

i�^r¿�e ¾¦°r¾¦À�e »�· å ,B
?þ
(U, ◦, •)

.��
K(a,+,×)

+T
5÷´úTþ���ö ø��	
z��ù´ø���ö¦þ�ûp�:,B
?þ
K̂ =
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Û
÷7
	û�
5÷\��
��Pø�=�ö/��þN.r÷�.Tþ�û�=�
��4ù&
*�|o?w��@�0� ¥

�?w@y?�2o7�
«�¯:Ø�ßhØ�_
¾¦°r¾KÀ<e »�· ç ,B
?þ

(U, ◦, •)
.��

K(a,+,×)
+k
5÷´úTþ���ö ø��	
R��ù´ø�� ö¦þ�ûp�J,�
þ
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fh{h�zy��0o?�2gX�?�v�2o��xT}z�|wZ�zy?����0gT}z��}z�0o?p�y?y�w@{|{|p�y�o�xzo�}T�C�K�0y��0gr��0o	y��0o?xT{C�5pD}zw@o	�2g
{Cw@o�}z���K�0y?�2gX�?�0o�gz�C�@�2{|�0o�}z���2w@gzo¡�y?xz�2�0�C�@g�}z��xzg©{|���Dp�gr�5p����|�2gX�?wv�|o?wD��@�z�C�0wT��fho
��w�y��0{C{|wj��w@y�{|w � xT��o?���CgX�?�0gX�p�yõ9�0o��p��z{C�0�0�2y��2w@gz}z�C�0�|w�gz�0o�o?xT�4�2�|�2gX�?�0o�pj{�p�o�Co?w��?w@�z�|p�oFxT�?�|{C�C�
p�}zp�oF�4p�y?pZ�0w@gzo��0q�xz�|yÚpDo?�~{C{|�2qrp�yFpZy?�0o�xz{C�p�}zw@o	�0w@�T�0y?�2gX�?�0o��2g
�2{¨�z{���C��wW}z��{Cw@o�gz���@�0{C�0o�}z�0o��0y��C�w�o0m,�0o¡�wZ�2o0m,�0g��0{�gz�C�@�2{¨}T���zy?w�s@�0�2�0�|��g��\S�w
w��zo��p�gX�?��m*pµ{�p��zw@y?pµ}z�j�2gz�0w�gX�y?p�yWy��0o?xT{C�5pD}zw@ov�zyõD�2��C�0w@o2m�gXxz�0o¡�y?wd�?yp��4p:��w
�2o��õ��4p�o?p�}zw��0g£{|w@o�y��0o�xz{C�p�}zw@o�w��T��2gz�|}zw�o��0g¯� Õ � �zp�ypj{�pj�2w@gzo¡�y?xT�0�0�C�@gR}T�
{Cw@o�}z�C�K�2y?�2gX��2oZ��C��w@o�}z���Co?w`�0o¡�y?xT�2�xTyp�o �vpD�?�0�võD��C�0p�o0� Å��C� �Tw@o y��0o�xz{C�p�}zw@o

F "



o����Kxzgz}zp��v�2gX�p�g£�2gR�2{�xzo?w�}z�2{AgT�C�@�0{�q@�0gT�0ypD{��4p�ypj{�p9�0w�gzo��?y?xz�2�0�|��gR}z��xzg
{C�2�DpDgX�5pD�v�C�0gr�wv�Co?w��?�@�z�C�0wz�~��w�g©�0{C{|wv�Ty?�2�?�0gz}T�0��w@oFpD}z�0�võ�o�}4p�y��2w@gzo?�Co��?�0gz�2��p
p�{|w�o*}z���K�0y��0gX�?�0o"xzo�w@o"�zyõ�����C�0w@o � xz�	�5p�gr�wWu>p�gX�?�|{|{��P�0w��vw�o?xzo"�0w@{|p���w@y?p�}zw@y��0o�4pDg }4p�}zwvp�{�p��|o�w���2w@y?�|p�}z�ÚuTpDgX��C{|{C�¦�
��w@g��`�Co��5p�p�{|w�q@yp�y"�0o��p�q@�2gz�0y?p�{|�C�
p��2�|��gj}z��gXxz�0o¡�y?wZ�2o��?xz}z�|wZpD{�y?�2o��?wZ}z�

gz���@�0{C�0o�}z�F�0w�gzo��?y?xz�2�0�|��g �0o��0w@gr�@�0gz�C�0gr��	�0w��v�2gz�
p�yA�v�´��w@yp�gT}zw�{�p�}z�2�zgz�|�2�|�@g
}z�	{C�2�Dp�gr�5pD�v�C�0gX�?w��Co?w��?�@�z�|�2w��|grs@�0����C�@wTm4}zp�}4p��2g9{|p�Å��2�4gz�C�0�C�@gJ2`� k��

i�^r¿¨ec¾Ò°r¾KÀ�e Ü · Õ � ��û�þ8÷r�5ø��D��ö���ö ø���
5÷<��
�û�þ j 
tsu�4ö���ö����k�����5qB.���û�
��8þ	�4ùIþ	=�ö�
��8+ù´øjö|÷�ø8ù!� ú�ö��5øJ��
vû�þ1
5÷�ù|�R.8��ù|.���þ
E
÷7
{��ö��z
Ú�CgXs@�2�2����@wd÷�öA÷7
��	
�� ö s?�?þ�o$.l
	úTþ	�?þ

ù´ø$�`ø�÷
X,Y ∈ E

ùIþ�û�
5÷Xo$.l

X̂ = Ŷ
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}z�Ú�Wp�gT�0yp

�|gz���0}T��pD�pT� ( {to?�2y
X̂
�
Ŷ
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s

��w@yF�5p�gr�wzm
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mzo?�F��0gT}zyõ � xz� X̂×̂Ẑ = X̂×̂Ŷ
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�

fhg£�4p�y��?�|�2xz{�p�y2m�o?��w��T��C�0gz� � xz��{|pj�Co?w@o�xz�Wp9�0g K̂ � xz�0}zp�}z�2�4gT�|}4p©�2g�?w`}zw(�
p�o�w¤�2w@�vw
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â+̂Ŝ = â ? S =
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K̂(â, +̂, ×̂)

+´ö|÷�ø7
5÷´úTþ���ö ø*�	
z��ùËø�� ö¦þ�ûh�z
5÷´ú8
z��ù´ø©þ©û�þ�=O.`û ùÒö ú�û ö��?þ���ö�����q*÷�örw ÷7�8û|øZ÷�ö
R̂′ = Ŝ−S
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Kc�2w@g�{|w��0x4p�{Òm��4p�o��pZp��z{C�|�
pDy

y��0o����0�2�?�C�DpD�v�2gX�?��{Cw@o"p��4p�y¡�5p�}zw�o�ÿ¦� � sµÿ¦� � }z�0{�_,�2�Wp:4z�º4v�4p�y?p�w@�T�?�0gz�2y
{Cw@o�y��0o?xT{C�5pD}zw@o*�zxTo?�
pD}zw@o0�

2

_,{|�0q@p���w@oF�2gµ�4p�y¡��C�0xz{|p�y��0w�gµ�0{hy?�2o?xz{��5p�}Tw9p�gX�?�0y��|w@y	p � xz��{|p��|o�w@o?xz�vp ◦̂�2g
Û
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(Û , ◦̂, •̂),
�5ø��R�z
5÷´ú4ø��D��ö�
��4ù!
�þ�û�þ�ö|÷�ø8ùËø5ú�ý¦þ*��
N
�û�
�=�
��4ù´ø�÷*úD� ö/����ö úzþ�û�
5÷

Î
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Ŝ ′
w
¦
qv�5ø��

R̂′ = Ŝ ′
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Â× B̂ : Â ∈ ℵ̂1X̂ , B̂ ∈ ℵ̂2Ŷ
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Ĉ
÷�öz÷�ö�
��D�`ø�þ���8
��z
��4ù!
�þ

Ĉ
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Ĉ
÷7
�û�
N��
��Pø�=�ö/��þ

�Co?w`�2{�p�xTo?xzyp�}z�
Ĉ
w�÷7
X��
��Pø8ùIþ	ú4ø��
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s
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�@�2y?���4�
p � xz���0o��0{h{|�2�8p�g>¥�p�}zwW�|o?wD��@�z�C�0wv}z��xzg��TxzgX�?w

X ∈ C
m � xz��op����2�vw�o � xz���2oFp�}z�z�2y?�2gX��

pD{��zy?w��z�|w
C
m*{|{C�0qrpDy?�|pD��w�ovp � xz� X̂ gzw¢o?�@{Cw¢�2o�p�}z�z�2y?�2gX��©o?�Cgzw � xz�

�2o��Co?wrp�}T�z�0y��0gr���p
Ĉ
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Ĉ = Cl(Ĉ)
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Ĉ ⊆ M̂

q*û�
��8þ	�4ùIþ�`ø�ö|÷�ø8ù!�5ú<ö��5ø*��
O.����5ø����R.C�4ù´ø
C ⊆ M

q3w*.��
ö|÷�ø5úD.��4ù´ø

X̂ ∈ M̂
qFû�
��8þ	�4ùIþ�`ø ö|÷�ø8ù&�5ú�ö��5øJ��
�.���úD.C�4ù´ø

X ∈ M
q�÷7
���.�=�ú�û�


o$.8

X

5÷�ö/�4ù!
���ö ø���þ

C
÷�ö�w�÷7�8û|øF÷�ö

X̂

5÷�ö/�4ù!
���ö ø���þ

Ĉ
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Â ∈ ℵ̂X̂

m���w@y
�0w@gzo¡�y�xz�0�2�|�@gP� ( o?�Òm

X̂
�0o*�|gr��0y��|w@yAp

Ĉ
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Ĉ
q?
5÷�ùËø�
5÷zq¨÷ ö<
`}@ö|÷�ù!
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Ĉ
q>�5ø��T÷�öY��
���þ	�D�`ø�þ

M̂
� ø�=Wø�
5÷´úTþ���ö ø�ù´ø5ú4ø8û��?ü�ö��5ø	�

j ö/��
�=Wø�÷�o$.8

X̂

5÷Ú�Co?w@�CgX��2y?�Cw@yF�0gd�0{tgT�C�@�0{~}z�v�zy?w�s@�0�2�0�C�@g£p

Ĉ
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�
( �zw@y?pTm`��w@y�o?�2y
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Ĉ
p��z�C�0y��?w�}T�

M̂
o��0y?õ
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M̂1
⊆ int(Û

M̂1
)
� ( �zw�yp

�T�|�0gPmT��w@y��0{�p��4pDy��5pD}zwZÿÒp � }z��{�p\�hy?w@��w�o?�|�2�|�@g�Ä>� �Tm>�?�0gz�2�vw�o � xz� int(Û
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�Únc�0gz}Ty?�0��w@o � xz� X̂ ∈ Û = int(Û)
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Â ∈ ℵ̂1

�5pD{ � xz� X̂ ∈ Â ⊆ Û
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�
Ĉ
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înt(Ĉ) ⊆ înt(D̂)
m��0w��vw��2o��õ��4p���w@o

�zxzo?�0p�gz}zwT�
� � u>��}z�0��xz�2o��?yp9p�g4õ�{Cw@qrp����0gX�?��p {|pZ�zy�xz�0�zp9}4pD}4p }z�2{�pD�4p�y¡�5p�}zwdÿK� � }T�
{�pO�~y�w@��w@o��|�0�C�@g9Ä`� �>m4o��|���z{|�2���0gr���y?�2�0o?�2y?�C�z�|�2gz}zw ̂ �0g {|xTqrp�yA}z� ̂ �

} � fh�`�C}z�0gr��Ap"�4p�y¡��|yÛ}z��{|p~�hy?w��<w�o?�C�0�|��g�Ä>�º4zm�p�{Xo?�2y��|grs@�0������Dp���w�y �z�C������2o?�|o
{�p��|o�w��w��z��p�xT��C{|�C�0p�}4p>m�o?�C�0gz}Tw¢p�o��

X̂
�|gr��0y��|w@y�p

Ĉ
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̂∪α∈AUα ∈ Υ̂

m4�2w@��w � xT�0y?�|p���w@o��zy�w@�4p�y2�
2

Å��d�2o��pí�Kw@y��WpTm
Υ̂
��C�0gT�µ�0o¡�y?xT�2�xTyp(}z�µ�?w@��w@{Cw@q@�|p>m�o��|�2gz}zw(��w@y �p�gX�?w

Υ̂
¥´p��z�C�0y¡�w@oÚ{|w@o�o�xz���0w@g:��xzgX�?w@o � xz��{|p9�Kw@y��WpDg�� ( }z�2�Wõ�o2mtpD{�o��0y�{C�2�DpDgX�5pD}zw@o�Co?w��?�@�z�C�0w@o�}T��p��z�C�0y��?w@oF}T�

Υ
mÛ}T�|y?�2�vw�o � xz��{|w�oFo�xz���0w@g:��xzgX�?w@o�}z� Υ̂ o?w@g

Υ̂
+

ö|÷�ø0þ�0ö�
�� ù´ø�÷X��
	û�þWö|÷�ø8ù´ø5ú4ø8û|ø?ü�ý¦þ��
� w@y�w��?y?wµ{|p�}zwzm�{C{�p���p�y��0��w�o

Υ̂
+´ö|÷�ø7
��4ù´ø��R�Pø1��
�.�� ö|÷�ø5úD.��4ùËø

X̂ ∈ M̂
p

�?w`}zw o?xz���2w@g8��xzgr�w
Â
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mz�5pD{|�0o � xz� X̂ = Ŷ
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f̂ : Û → R̂ : X̂ → f̂(X̂) = f̂(X)
� � �J��ö��z�4øN�?þ8÷�ø7q f̂ ÷7
�ûÞû�þ	=�þ	�Tn��Co?w��KxzgT�0�|��g}z�

Û
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R̂
mz�2o*}z�0�2�|y2m � xz��p��0p�}4p��0{C�0���0gr�w

X̂ ∈ Û
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Û÷�ø	�$��

R̂
�>,B
3��
tsu��
�
�û��|o�w@���`}zxz{|w�}z�

f̂
�5ø�=Wø

|̂f̂(X̂ )̂| = I(|f(X)|) = ̂|f(X)| �

fhg��
pDo?wZ}T� � xz� � xz�0y?p���w@o��ypD�4p8�?pDy��0g��0{�gz�C�@�2{�}z���zy�w:s@�2�0�2�|�@gPm,gzw@o��|g`¥
�?�0y��0opDyõ � xz� f̂ o?�
p�xzgzpW�Kxzgz�0�C�@g©}z� Û o?w��zy?�
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_Ûp¤}z�2�zgz�|�2�|�@gÂ�2o��0w@�z�2y?�2gX��Dm��zxz�2oµp�{�o��0y��|grs@�0������@w �0{�{C�2�DpDgX�5pD�v�C�0gr�w
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m>�2w@g�{Cw��2x4p�{

≤̂
�0o��y?p�gzo?������@wz�

L7W



nc�0gz�2�vw�o�p�o�� � xz� ≤̂ �0o*xzg w@y?}T�0g o?w@�Ty?�
K̂
�

_Ûpµo?�2q@xzgT}4pd�4p�y��?�9}z�0{"�0gXxzgz�0�|p�}zwdo?�9w@�T��C�0gT�9o?�Cg(�WõDo � xz�j�2w@gzo?�C}z�0y?p�y{|p£}z���4gz�|�2�|��g }z�
K̂

s¤}z�
≤̂
�¤_ÛpR�4p�y��0��pD{|�C}zp�}¤�0o ���>�C}z�0gr��DmF�zxz�2o9�R'>�|o��?�0g

�Co?w@gX�z���0y�w@o	w@y�}z�0g4pD�z{|�2o��2g
K̂
o?�hs�o?�@{CwZo?�~�R'T�Co��?�0gµg`�z���0y�w@o�w�y?}z�2g4p��z{C�0o��2g

K
ÿ¦p � xz�0{C{|w�o�}z��{Cw@o � xz���zy?w��`�|�0gT�0g � �k_ÛpW�w��p�{|�C}4pD}©o���w��T��C�0gz����2gz�|�2gz}zwZ�2g�2xz�0gr�5p � xT���0w@��w�srp��`�|��w@o~��'>�|o¡���xzg4pÚ�0w�y?y?�2o?��w@gT}z�0gz�2��p��T�Cs@�0������DpÚ�2gX�?y?��{|w@o�2{|�2�v�2gX�?w@o�}z�

K
s�{|w@ot}z�

K̂
�u� w�y��p�gX�?wzm

K̂
�0o��w��p�{|���2gX�?�"w@y?}T�0g4p��T{|����w@y��0{

�Co?w`w@y�}z�0g
≤̂
o?�C��{|w��0o

K
y��0o����0�2�?w�pD{,w�y?}z�2g

≤
�

2

( gr��2oÚ}z�vo��0q@xz�CyÚp�}T�0{�pDgX����0w�gdgXxz�0o¡�y?wj�2o��?xz}z�|w9�0p����v�z{|p�gX�?�
p�y�o?��{|pZgzwD¥
�2�|��gW}z���|o?w��|q@x4pD{C}4p�}��2g��4pDo?��p�{��|o?w`w�y?}z�2g�m`�0o��?w��0o2mT�0p������zy��0q@xzgr�5pDy?o?��o��<o?�2y?�|p
gT�0�0�2opDy?�|wF�?�0gz�2y � xT�*xzo?p�yhxzg�o��|q@gzw =̂ �2g�{Cxzqrp�y }z�

=
�hu>�|g��2���4p�y?q�wzmrpD�?�0gz�C�0g`¥

}Tw@gzw@o¨p�{�p�}z���4gz�C�0�C�@g�}z���|o?w`w�y?}z�2g � xT�*pD�
p��4pD�vw@o }z��}4p�y0m�y?�2o?xz{��5p � xz��m@}4p�}zw@o
a, b ∈ K

mT�0gX�?w@gz�2�0o
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â+̂b̂ = â+ b
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q�úzþ	��þvù´ø$�`ø�÷

a, b ∈ E
�

nc�0gz�2�vw@o���w@y��p�gX�?w � xz�F{�p��0w�gz}z�C�0�|��gZp�{|p � xz�	�zp��0�|p���w@o�y?���K�0y��0gz�2��p��0w@gp�gr��2y?�|w�y?�|}zp�}�p�{�p�}z���4gz�C�0�|��g�i�ÁT��i�l�� � xz���Dp�{C�Ap�}z�0�2�|y � xz�A{�p��|o�w��w��z��p"xT�?�|{C�C�
p�}zp�2o"�0w��v�4p8��|�T{|��y?�2o?���0���wWp
+
s�y��0o����0�2�?w�p

◦
�

( gr��0o*}z�	�0w@gr��|gXx4p�y��2o"�2w@gX�@�2gz�|�2gX�?��}z�0o¡�5p��0p�y"�2{,o?�Cq@xz�|�2gX�?�Fy?�0o�xz{C�p�}zw��
«�¯:Ø�ßhØ�_
¾¦°r¾KÀ<e Õ ¼,· Õ Ô j þ�rþ6.���þI
5÷�ùY�R.l��ùY.��?þ�=�þ�ù&
�=Nn�ù¦ö��?þ

E(+,×, ◦, •, ...)
q

÷�öE�5þ`�
øjû�þ8÷��5ø��D��ö���ö ø���
5÷{��
�û�þ j 
tsu�4ö���ö����¡�����5qk
�û�û�
��8þ	�4ùIþ	=�ö�
��4ù´øjö|÷�ø8ù!�5ú�ö��5ø
.`ùÒöÞû öp��þ�`ø úTþ	�?þ û�þ �5ø��T÷�ùY�R.l�z��ö���� ��
 .C��þ ö|÷�ø7
5÷�ùY�R.l��ùY.C��þ =�þ�ù&
�=Nn�ù¦ö��?þ
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Ŝ ′

û|ø�÷9
�û�
�=�
��4ù´ø�÷\.C�4öY�rþ��
5÷\��
5÷´úl
z��ù¦ö/��ø�÷O��

U
w
Û
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 Û ÷7
A�Tþ	w@þ�ø	�0ù!
��4öY�`øv=�
T��ö¦þ	�4ù&
?.C��þ�ö|÷�ø8ùËø5ú�ý¦þO�5ø�=O+
úTþ�ùÒöY�0û�
\��
5÷´ú8
z��ù´ø�þ

◦
q�÷7
9��.�=�ú�û�
Oo$.8
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 Û ÷7
?�Tþ	w�þ�ø	�0ù!
��4öY�`ø�þ*úTþ	� ùÒö/�3��
r.���þÚö|÷�ø8ù´ø5ú�ý¦þ\o$.l

÷�ö�ürþ\
�ûC=Wø$��
�û|øE��
~�5ø��T÷�ùY��.8�z��ö�������
�û`ö|÷�ø5úD�ø$�H.8��ù´ø7q��Tþ���ö�
��D�`ø~.r÷�øX
��

�ûl�4ö/�	
�ûXü�
���
���þ@ûl��
3.���
5÷´úTþ���ö ø��	
z��ùËø�� ö¦þ�û

(U, ¦,2)
qÛ÷7
���.�=�ú�û�
�o$.8


ùIþ�û�ö|÷�ø8ù´ø5ú�ý¦þ%
5÷¢�5ø�=�úTþ�ù¦öY�0û�
���
5÷´ú8
z��ù´øRþ
◦
÷�ö\wd÷7�8û|ød÷�ö

(U, ¦) ≡

(U, ◦)
�

i�^`bdØ�_2×�¯:¬4°r¾KÀ<e
_,w@oWp��zp�y��p�}zw@ojÿÒpT��i � s ÿK���Ci � o��|q@xz�2g(�|gz���0}T��pD�p����0gr��Z}z�9{�p�o�w��zo?�2y��Dp:¥

�2�|w�gz�0o*}4pD}4p�o"p�gr��0o*}z�	{�p�Å��2�zgz�|�2�|�@g�i�ÁT��i�lT�
_,w@o"p��zp�y��p�}zw@o�ÿÒp>�Ã2 � s�ÿ¦����2 � o?�	�@�2g9��w@y*}Tw@�z{C�	�C�v�T{|���
pD�0�C�@g��

P�F



p �
⇐f¨�`�|}T�0gX�?����w@y��0w@gTo��y�xz�0�2�|��g��

� �
⇒c � �?p�}zw�o

a, b ∈ K
s
X,Y ∈ U
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m�pD{,o��0y
|a| ≥ 0

�
� �
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� ( �zw@yp��T�|�2g�mT}4p�}zw � xz�F�0{�{C�2�8p�gX�p��v�C�0gr�w��|o�w���@�T�|�2wxT��C{|�C�0p�}zw��Wp�gr��C�0gz���0{ �2{|�0���2gX�wWw��zxz�0o¡�w��0g

Û
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′

= X̂ ◦̂Ŷ −
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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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q�úTþH��þvù´ø$�`ø�÷
B̂ ∈ ℵ̂
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[x + 2,+∞) = ̂[x,+∞) ∈ Υ̂ordx̂
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T̂ x̂
�<�r�4ø5��þm�0ö�
���q@��
5÷�.>û ù þXo$.8
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�|o?w`�2w@gr��|gXx4pTmT�2w@�vw��zy?����0gT}z��p���w@o��zy�w@�4p�y2�

� � u>�
p�g
f̂ : (M̂1, ℵ̂M1) → (N̂1, ℵ̂N1)

s
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K̂(â, +̂, ×̂)
.��¢ö|÷�ø7��.8
��Iú�øZþ8÷�ø7��ö¦þ�`øZþ

K(a,+,×)
þ"úTþ	� ùÒö/�~��
3.���þ�ö|÷�ø8ù´ø5ú�ý¦þk��
v
�û�
�=�
��4ù´ø:÷�úD��ö/����ö úTþ�û�
5÷
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X̂, Ŷ , Ẑ, ...,
w


5÷�ù�n��`ø8ù þ�`ø{��
\.���þ���ö|÷�ù þ	����ö¦þÚú4÷7
�.��`ø�={y�ùY� ö��?þ
d′ : M̂ × M̂ → K̂

� � ÷�ù´ø�
5÷zqù þ�ûÁo$.l
AúTþ	�?þvù´ø$�`ø�÷
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�
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W7W



� �%
�ûA�?þ8÷�ø�
���o$.l
�û�þ6��ö|÷�ù þ	����ö¦þ d′ ÷7
?þJ=�y�ùY��ö��?þ � 
5÷�ù´ø6
5÷�q"÷�öA÷7
���.�=�ú�û�
o$.8
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′(Ŷ , X̂)+̂d′(X̂, X̂0)<̂µ̂+̂ρ̂ = ε̂ − ρ̂+̂ρ̂ = ε̂

�\��w�g�{|w��2x4p�{Òm
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Ẑ ∈ Bd′(Ŷ , µ̂)

� ( o�� m
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d′(Ẑ, Ŷ )<̂µ̂

�
( �z{C�|�0p�gz}zw��2{cpD�4p�y��p�}zw9ÿÒp � p�gr��0y��|w@yA��w`}z�0��w@o"p�o?�2q@xzy?p�y*�0gX�?w@gz�2�0o � xz���'>�|o¡��0g

ρ̂1
m
ρ̂2>̂Ŝ
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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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�:�Ap�o¡�5p��w@�vp�y
K̂ =

Bd′(X̂, ε̂)
mz�Txz�0o*}z���Kw@y��Wp����>�C}z�0gr��

K̂ ∈ ℵ̂d
′

X̂

sW�D�?p�}Tw
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f̂(Ŷ ) ∈ Bd′′(f̂(X̂), ε̂) ⇔ |̂f̂(X̂) − f̂(Ŷ )̂|<̂ε̂
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��fho�}z�0�2�|y2m<{|{C�0qrpD��w@o"pv{�p�gzw`�2�|�@g

}z���Co?w`�2w@gX�?�|gXxz�|}4pD} � xz��}z�C�vw@oW�0g {�p£Å��2�4gz�C�0�C�@gÂi�ÁT��2�ÁTm"o?�|�2gz}zwR��w@y��5pDgX�w
�2w@�z�0y��0gr��	�w`}zw��0{,}T�0opDy?y?w�{|{|w � xT���z�0��w@oA�@�0gz�C}zw��4p��2�|�2gz}zw��zp�o��5p�p��zw@y?pT�

fho	�CgX��2y?�2op�gr���w@�To?�0y¡�Dp�y	p�o��¨��w@y��´���0���z{|w � xz��{�p{�hy?w@��w@o��|�2�|�@g¢i�ÁT��2H2vy?��¥o�xz{C�p�xTg4p��0w@gTo?�0�2xz�0gz�0�|p��|gT�v�2}z��p8�5p�}z�	{�pO�hy?w@��w@o��|�2�|�@g�i@i@��2>�
Å����z�0�5�zwTmP{�pDo��2w@gz}z�C�0�Cw@gz�0o�}T��{�pvÅ����4gz�C�0�C�@gdi�ÁT��2�Á�gzw@o�pDo?�0q�xzypDg©{�p�xT�?��¥

{C�|�
pD�0�C�@gW}T�F�Co?w@��w@{|p�o��v���y��|�
pDo��0g�{|xzqrpDy�}z���zgz�C�
pD�v�2gX�����w@{|p�o��v���y��|�
pDo0m � xz��2oh{|w � xz��w`�0xTy?y?�A�0x4pDgz}zw	o��A�ypD�4p8�?p�}z���Kw@y?�vp�q@�0gz�2ypD{z�0w�g�{|p��|o?w`�2w@gr��|gXxz�|}zp�}}z��ª�pD}z�0�Co��`�|{C�Ò� Å����2o��5pR�Kw�y?�vp¢��2gz�0��w@oZ�0w@��wR�|o?w`�2gX�?w@y?gzw�oZ�v���y?�C�0w@o�{Cw@o
{C�2�DpDgX�5pD}zw@oW�Co?w��?�@�z�C�0w@o�}z�j{|w@o��0gX�?w@y?gTw@oW�v���y?�C�0w@o�}z�j�4p�y��?�|}4p>mA�0w@gM{Cwd�2x4p�{
o��0q@xz�C�vw�o�{�pW�2w@gzo��?y?xz�2�0�C�@g�}z�0{¨�2w@���|�0gT�0w�}T��{|pW�zy?�2o?�2gX���o?�2�0�2�|�@g�m,�zxT}z�|�2gz}zw
xT�?�|{C�C�
p�y��0w��z�0y��0gr��0���0gr���{|w@oAy?�0o�xz{C�p�}zw@o�w@�T��2gz�C}zw@o0�

fhg9�4pDy���C�0xz{|p�y0m>�4p:��w��0o¡�5p�o*�0w@gz}T�|�2�|w@gz�2o*{C{|�2qrp���w@o�p�{�o��|q@xT�|�0gr��Fy��0o�xz{C�p�}zw��
«�¯:Ø�ßhØ�_
¾¦°r¾KÀ<e Õ�Õ ·C»�» � � û�þ8÷��5ø��D��ö���ö ø���
5÷6��
�û�þ j 
tsh�4ö���ö����» � § qv÷7
?þ

f̂ :

M̂ → N̂
q>.���þZö|÷�ø0þ�ú�û ö��?þ���ö����¢
��4ùY�z
O�`ø�÷�ö|÷�ø7
5÷´úTþ���ö ø�÷�ö|÷�ø8ùËø5ú4ø8û��?ü�ö��5ø�÷

M̂
w
N̂
�

,B
��	
�� ö s?�?þ{o$.8
F÷�ö<
5÷�ù þ	=Wø�÷k
��©û�þ8÷k�5ø��D��ö���ö ø���
5÷��C
	û�þ j 
tsu�4ö���ö���� §�Ü ��� Ü qA
��8+
ù´ø����z
5÷

f̂

5÷�ö|÷�ø7�5ø��4ù¦ö/�8.zþ�÷�öuw�÷7�8û|ø�÷�ö¨÷7
�ùÒö�
���
\o$.8


f̂−1(Û)
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