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jlk�m'n$o7p`orq5s+n$t@u`vis tro7w`o@u tKx<yFwKo'zCq�{i|'n$}K~$�CoKu+{2�r{-qQo7p`�'z$�Fz$t��<�]�
�H�����]���
� tKu)�F���7�-�5�`�]� �8�'�>����{2z$o@u �2q5s+��n�z<�7��xCu+tKs+{-~$�7{2�7��yrz$oK|�{2z$oK�2t`{iv-o`m
v-t`�5�>�

� o`�Fu {iv-�`�rtK|Cz$�K�rt`n � t@uHtK{-tK�-y7�r{i|'n$qlwK}7 -qlzCtKu��7zCu
¡ ��¢�}`~Cq£{im'n$o7p`o¥¤>�2q5u�{2z$o@u �2q5s+t-�
¦)�C}`�]o`|'v-q£§ ∈ ¨ q>}Kn©z$o¥tKn5zFu � q5s ª
v-q>nCo�§«q5s+n$t@u�{2z$o@u �2q5s+o¬zCo`|®­
y¬t`n$y � q5u8{2z$o@¯ ¨ ��¦��$}K�ioK|'v-qr§ 6∈ ¨q>}Knrz$o/§®x$q>n£tKn<y � q5u�{@zCo ¨ �

° ��±cnCt²{-m'nCo'p`o � t`~Co`�Fs ³Cqlz$t@u�t'wK�czCt²{@zCoKu+�2q5s t�zCo`|@��´µ{-�2m'q5u��7w`���
p`¤>v-q£�����F� ¶K�<·C�¸���$·C¹0�5�8�¸�@�H·C¹5�£¦��$}K�ioK|'v-q ¨ = º �'zCt`n ¨ q5s+n$t@u
s+{-o¬v-q zCo º � t@u ¨ 6= º �7z$tKn£xCq>n£q5s nCtKu»�

¼©W`½]¾¿¾cÀiÁ@Â
Ã�Z)Àc^'Ä-\�Å<ÆH^`À]YHÄi\
¦�u t/o7w`o@u tKx<yFwKo'zCq�{im'n$o7p`t ¨£Ç¸º/ÇÈ¨ = º ↔ ∀ § ( § ∈ ¨ ↔ § ∈ º ) ÉÊ t�{im'n$o7p`t � tK~$oK�Cs+³$oKn5zCtKuKt7w`��zCtË{@zCoKu+�2q5s t�z$oK|'�F��Ì�nQwi� �H� ¨ q5s nCtKu'z$o{-m'n$o7p`o©zC��n�t`�<zCs+��n��]|'{iu �-Í n�tK�Cu+~$v Í n � t@u º z$o/{im'n$o7p`o©zC��n��i|'{]u �-Í n
ÎÐÏ�Ñ�ÒCÓÕÔ5ÖF× ØCÙ>Ú5Ù$× Û5ÖCÙ<Ü�ØFÝ�Þ¸Ù<Ü�ß�ÖFÜ�Ø$à5Ù5á5× ÖCØFÙ5â>ß�ÞÕÔ5ßQá>Ù5ãF× ä$Û5ß�å)æ8Ñ

∧
å)äCÑ$×+ç

∨
å8ÛFç

→
åQÖFÜ�èlÝéÚ5ê5ãCÝéÞ¸Ñ$×+ç

↔
åQÑ<è�äFÑ<×iØCë<è¸Ù<è Ñ5è<ç

∀
å�ã'× ÑräCê<ì¸Ýlç

∃
åQÜ¸Ú<ê5ÓlÒ$Ýµ×�í îrÝQà5ê<Ö$ÔÑ5Ü¸Þ¸Ù<â�ßHÞ¸Ù<Ü�ß8ÖCÜ>Ø<à<Ù>á<× ÖFØCÙ<â�ßHÞ¸Ù�Ñ5ï�ð ñ-ØFÑ�ÞÕÔ>ß8òÐä$Þ¸Ñ5ÖCÔ>ß8ØFÑ5ß�á5òóÝµ×$ë�Þl×Cô¬äCÑ$×$õ«Ýµð èlÑ<×Cð ÖCÑÑ5è�äFÑ<×'ØFë5èlÙ5è�Ñ<è�ã'× ÑTäFê5ìlÝ)ÖFâ�èlÙ>á5ÙTö�Þ¸Ù�ö�Ýµð èlÑ<×'Ö<Þ¸Ù$× ÒCÝµð Ù�Þ¸Ù<Ü�ô÷Þ¸ë�Þ¸Ý)äCÑ$×'ØCë<è¸Ù<è�Ñ<èÞ¸Ù�ö�Ýµð èlÑ<×7Ö<Þ¸Ù$× ÒCÝµð Ù�Þ¸Ù<ÜTõ�çFøÕÔ>á>Ñ<øÕÛ�Ñ5è�Þ¸Ñ�ô¥äFÑ<×`õ�òóÒCÙ5Ü>è�Þ¸Ñ ð ø�× Ñ�Ö$Þ¸Ù<× Ò$Ýµð ÑFí
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t`�Cu+~$v Í nËwKo`|©xCq>n�¤>�2oK|'nËz$�0v-o`�C�-y 2 ! + 1 z$�7z$q ¨ = º t � �Cu " Í �rqlw`q5u+x<y
� }`~$qr{2z$o@u �2q5s+o/zCo`| ¨ q5s nCtKu � tKu8{@zCoKu+�2q5s o¬z$oK| º � t@u�tKn5zFu {2z$�C�`�]���F��Ì��
{2�7v-q5u Í {-oK|'v-q
q>x Í �7zCu�� t`�C�@y�z$�7�©¤ � zCt`{-�7�©q5s+n$t@u�viu t®t`�C�@y�wKo`|÷nCoKu Í ª
~$o`|'v-q��'zFu-u {i�2m'q5u@ iu t�zCt£{im'n$o7p`t�­�{i|'n$xC¤>q5uKz$�7nËu {i�'z$�Fz$t = zC��n�{-|'nC�'p`��n
v-q�z$o£t`n$y � q5u n ∈ {2z$t£{-m'nCo'p`t@¯�t7p'p`}£x$q>n�q5s nCtKu@viu t
u xFu �7z<�FzCtrwKo`|Ë¤>�2q5u@viu tp`o7 iu � y¬tKn$t`  � tKu+�'z$�Fz$t t`nCq$#$tK�5z$yFz$���ËzCo`|0tKn
t`nCt`�]q>�$�Kv-t`{2z$q�{-qË{-m'nCo'p`t
y�{iq�}'p'p`t©tKn5zFu � q5s+v-q>n$t � tKu-tKn$q$#Ct`�<z<yFzC��� z$oK|ËzFu2q>nCn$oKo`m'v-q v-qTz<�
{-�2¤>{-�
∈ ��Ì�n� iu t/w`tK�$}Kx$q5u  -v-t�t`n<zCsH iu t�{-m'nCo'p`t�tKn$tK�iq>�C�`v-tK{@zCqË{iq�tKn$~C� Í w`oK|'�� tKu�v-q�zCo § ∈ ¨ q>n$nCo`oKm'v-q
�7zCu�o §�q5s+n$t@u� -o`nC¤>t`�
z$oK| ¨ z$�7z$q£� tK�$�@y
z<�7�0¤ � zCt`{-�7�/~Ct«v-t`�/¤lp`q� -q0�'zFu�x$m'o¿}`nC~$�C��wKoKu�w`oK|¥¤>�2o`|'n¬z$oK|'�¬s xFu oK|'�
 -o`n$q5s+�/~Ct®yFzCt`n¬wK}`n<z$t�s {ioKu�­és xFu o@u+¯ËwK�$}` -v-t®w`oK|¥xC¤>n÷u+{-�2m'q5u�­»w-� �H�¥xCm'o
t`x$¤lp`�Hu t@¯��% � z$�K�0zCo`|«t�#Fu Í v-t'zCo`�/z<�7��¤ � z$tK{2�7���'p`q>��oKuQ}'p'p`q>��t`�C�2¤>�0wKo`|®~Ct
q$#$qlz$}K{-oK|'v-qË~$t¬tK�ioK�$oKm'n
{@z$�7n'&$(C�C�
)`· � }'wKoKu+o`|/{-|'nC�'p`oK|@�

j	*®¤>~Co`xCoKu+��{-�@�7v-t7zCu+{-v-oKm0{i|'n$�7p`��n�+
¡ � � nCo`v-}K³$oKn5zCt`�©y�w`tK�$tK~$¤lzCo`n<z$tK�0�'p`t z$t®{@zCoKu+�2q5s t®q>n$�K�©{-|'nC�'p`oK|

w-� �H�Cz$or{im'n$o7p`o { ,QÇ.-�Ç�/ } q5s+n$t@u`tK|Cz$�Ëw`oK| z$tr{2z$o@u �2q5s+tËz$oK|�t'wKo'zCqlp`o`m'n<z$t@uv-�`n$oKn£t7w`�0zCt ,QÇ.-�Ç�/ �021 ¶$3-� �4+65�v-¤>~$oKx$oK�£tK|Cz<y÷q>�itK�$v-�K³$qlzCtKu8w'p7y7�C���
v-�`nCo {@zCt¬wKqlw`q>�CtFª
{-v-¤>n$t¥{im'n$o7p`t-�©¢Tt7z$tK�2�<�7{2zCu � }®v@wKo`�Co`m'v-q
nCt÷wKq>�Cu  -�$}K�ioK|'v-q
j¸t'zCqlp Í �5�
� tKuH}'wKq5u �Ct¬{im'n$o7p`t¬�7w`����wi� �H� N = {0 Ç 1 Ç 2 Ç878787 } �° �:9Ëq>��� Í n<z$tK� � }7w`o@u t u xFu �7z<�FzCt<; � tKu£{-�@�7v-t7zCs+³$oKn5zCt`� zCo {im$ª
n$o'p`o÷z$��n©tKn5zFu � q5u+v-¤>n$��n©w`oK|�u � t`nCo'wKoKu+o`m'n¬t`|Cz$y7n©z<�7n/u+xCu+�'z$�Fz$t¥x$�Fp-�]z$o
{ § | ; ( § )} � =Ê or{im'n$o7p`o�tK|Cz$�/­�tKn |Cw`}K�$�2q5u�¯�q5s+n$t@uKv-o`nCt`xFu � �£qlw`q5u+x<y�u {i�2m'q5u`�ËtK�$�@y
z<�7�Ë¤ � zCt`{-�7�F�

wi� �H��t`n�; ( § ) ↔ §£q5s+n$t@u'�i|'{]u � �K� � tKu'}K�5zFu oK��>Cz$�7z$q�z$o { § | ; ( § )} =z$o¬{-m'nCo'p`o/z$��n�tK�5zFs ��n7�
Ì�n zCo
q � �]�$tK{@zFu � �0v-t`� �K�< -tKn$o÷­
 @p Í {-{itK¯�¤>�2q5u-o`�Fu {2z$q5s � t'p Í ��z$�7z$q

{@z$o { § | ; ( § )} ¤>�2oK|'v-q�z<��{-|'nC}`~C�$o@u {-�ËzC��n j¸oK�Cu+{@zFu �-Í n$�Q{@zCoKu+�2q5s ��n�zCo`|?�@�ACB	D�E �
Ì��«{-�7v-q5u ��~$q5s��'zFu�� xCq>mCz$q>�$� v-¤>~Co`xCo`�¿q5s nCtKu�w@u o  -q>nCu � y t'wK�²z$�7n

w`� Í z<� tK�ioKmTw-� �H�)z$o�{-m'nCo'p`o { ,QÇ.-�Ç�/ } v@w`oK�$q5s'n$t�o`�Fu {2z$q5s'��� { ,QÇ.-�Ç�/ } =
{ § | § = , ∨ § = - ∨ § = / } �
F.G

(
ö
)
Ö$Ô5ØCÑ$ð èlÝµ×7ë�Þl×'Þ¸Ù�ö�òóÒCÝµ×FÞÕÔ5èQ× øl× ë�ÞÕÔ�Þ¸ÑHG
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J ����¹$>8{im'n$o7p`t÷wKo`|÷v@w`oK�$oKm'v-q£nCt¥o`�Fs {io`|'v-q � t'z�K8t`|CzC�÷z$oKn©z$�C�'wKo

v@w`o`�Cq5sHn$t¬v2�7n
|Cw`}K�$�2oK|'nCL
M _ON]ÀiW�PRQ`_iÁ`_«^`_]a'SUT2V�V8WYX
% {@zC�Z; ( § ) q5s nCtKu�� u xFu �7z<�FzCt § 6∈ §8�\[QwK}`�C�2q5uTzCo {im'n$o7p`o ¨ =

{ § | § 6∈ § } ] % {2z$� �7zCu�|Cw`}K�$�2q5u»� Ê �'zCq/q5s z$q ¨ ∈ ¨ q5s z$q ¨ 6∈ ¨ �cÌ�n
¨ ∈ ¨ z$�7z$q©qlw`q5u+x<y÷zCo¥Ì�tKn<y � q5u�{@zCo¥Ì�~Ct w`�C¤lw`q5u�n$t¿u � tKn$o7w`o@u q5s�z$�7n
u xCu+�'z$�Fz$t¬§ 6∈ §¥o'wK�'zCq ¨ 6∈ ¨ ��Ì�n ¨ 6∈ ¨ zC�'zCq zCo/Ì ~Ct�u � tKn$o7w`o@u q5s]z$�7nu xCu+�'z$�Fz$t¬§ 6∈ §¥}K�$t0zCo/Ì ~$t¬tKn<y � q5u�{@zCo/Ì£�4^
�Fp`tKx<y
¨ ∈ ¨ → ¨ 6∈ ¨
¨ 6∈ ¨ → ¨ ∈ ¨

} t`n<zCs+�itK{2�2�

Ì��Ct �K{-oKnctK�ioK�$} z<�7n<&$(C�C�
)`·�{-|'nC�'p`��n¿z$t o'wKoKs+t w`q>�Fu  -�C}`�]o`|'v-q
v-¤�{i� � }'wKoKu+��n�u xFu o7z<yFzC��nQwK�$¤lwKq5uFn$t�q5s+v-t`{2z$q�qlw@u �]|Cp`t � zFu � o@s�� Ê �7n�mCw`tK��#$�
t`|Cz<y/~Ct0z<�7n£q$#Ct`{i�it7pKs {io`|'v-qrv-¤>{-� t�#Fu ��v-}'zC��n`�

V�W@X
Y8Z)[]\`_bac_
¨ ⊆ º ⇔ ∀ § ( § ∈ ¨ → § ∈ º )

¨ & º ⇔ ¨ ⊆ º & ¨ 6= ºd7e � 1 &5�C�gf ¨ = º ⇔ ¨ ⊆ º & º ⊆ ¨h7
¨ ∪ º = { § | § ∈ ¨ ∨ § ∈ º }
¨ ∩ º = { § | § ∈ ¨ ∧ § ∈ º }
¨ \ º = { § | § ∈ ¨ ∧ § 6∈ º }

∅ = { § | § 6= § } = �i�F�5¶ �b&F�5�$37�
P( ¨ ) = { § | § ⊆ ¨ } = �>�÷�YiF�>�<�]�@�b&F�5�$37� �5�ji ¨

k��7v-q5u Í {@zCq��'zFu-{2z$oK|'��w`tK�$t7w`}Kn$�²oK�Cu+{-v-oKm'��oK�Cs+³$oK|'v-q�zCt ¨ ∪ º > ¨ ∩ º >
¨ \ º > ∅ > P( ¨ ) � }`nCo`n<z$tK�«z$�7n�|CwK�`~Cq>{2� �7zCu�|Cw`}K�$�2oK|'nCL Ì��< -�7z$q>�Ct
~$t x$oKm'v-q��7zCu8��mCwKt`��#<y¬zCo`|'�
q$#$tK{-�]t'pKs+³$qlzCtKu�t7w`��zCt t�#Fu Í v-t'zCt�w`oK|¬~Ct
xCu t7z$|Cw Í {io`|'v-qC�k�Ä-Zml'Â
Ã�YHÄon *«u t£w`�Co`{iq � zCu � y
tKn$}` -n$��{2�£z$oK|�{i|'vp"`o'pKu+{-v-oKm£~Ct©v-t`�
x Í {iq5uFzFu ��{i|'n<y7~Cq5u �T¤>nCn$o@u q>�QzC��n�wKt`�Ct'wK}`nC�«oK�Cu+{-v Í n7� Ê o ¨ ⊆ º {2�7v-t@s ªn$q5uH�7zCu � }`~CqË{2z$o@u �2q5s+o/z$oK| ¨ q5s+n$t@u � t@u�{@zCoKu+�2q5s o/zCo`| º �q* w`oK�$q5s��`v-���z$o º n$t�wKq>�Cu+¤>�2q5u � t@u){2z$o@u �2q5s+t÷w`oK|�x$q>n/t`n$y � o`|'n/{2z$o ¨ �sr�¤>v-q£�'zFu ¨q5s n$t@uti$('�K�b&F�5�83'��z$oK| º y¥�'zFu)zCo º ��uF�p37��v �$��zCo ¨ ��kQz$�7n0w`q>�Fs w7z$��{2�
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w`o`| ¨ $ º zCo ¨ q5s nCtKuxu7��yF�-� �©|CwKo`{im'n$o7p`o0z$oK| º � % s+n$t@u-w`�Co`�]t`nC¤>�Ë�'zFu{-m'v-�i��n$t v-qËzCo t�#Fs ��v-t�z<�7�
¤ � zCt`{-�7�£ iu t nCt t'wKo`xCq5s #Co`|'v-q
�'zFu ¨ = ºt`� � q5sHnCt¬t7w`oKx$q5sz#$oK|'v-q�wK� Í z$t¬�7zCu ¨ ⊆ º � t@uHv-qlzC}/�7zCu º ⊆ ¨ �Ê o ¨ ∪ º ­
�¿¤>n$��{2�®z$��n ¨ � tKu º ¯�oK�Cs+³$qlzCtKu����0zCoc{-m'nCo'p`o¿wKo`|z$t�{2z$o@u �2q5s+t¬z$oK|/tKn<y � oK|'n©q5s z$qr{@zCo ¨ y¬{@zCo º �H^©�Fp`t`x$y/j¸v-tK³$q>m'q5u+��z$t{@z$o@u �2q5s+tczCo`| ¨ � tKuQzCt {@zCoKu+�2q5s t�z$oK| º {iq�¤>n$t q>nFu t@s o²{-m'nCo'p`oi� Ê o
¨ ∩ º ­
�÷zCo`v2y zCo`| ¨ � tKu º ¯Ë{i|F  � q>n5zC� Í n$q5u�zCt � oKu+n$}¿{2z$o@u �2q5s+t¥zC��n
¨ � tKu º t`�]o`m  iu t«n$t«t`n$y � q5u�z$o®§ {@zCo ¨ ∩ º wK�$¤lwKq5u�nCt®tKn<y � q5u � t@u
{@z$o ¨ � t@u�{@zCo º � Ê o ¨ \ º ­�{i�2qlzCu � �«{i|'v@w'p7y7�C��v-t®zCo`| º {2z$o ¨ ¯{-|F  � q>n5zC� Í n$q5u�zCt®{2z$o@u �2q5s+t zCo`| ¨ w`oK| x$q>n¬tKn<y � oK|'n�{2z$o º �{rT¤� -qlz$t@u� tKuixFu tK�ioK�$}©zC��n ¨ � t@u º � t@u- -�C}`�]qlz$t@u]v-q>�Cu � ¤>���]o`�C¤>����� ¨ − º � Ê o
∅ >8zCo � q>nC�«{-m'nCo'p`ob>�v@w`oK�$q5s�nCt«o`�Fu {2z$q5s����£zCo«{-m'nCo'p`o¥zC��n�{@zCoKu+�2q5s ��n§®w`oK|÷u � tKn$o7w`o@u oKm'n¬viu t tKx$m'nCt'z$� u+xCu+�'z$�Fz$t÷wi� �H�Ë§ 6= §)� Ê o ∅ x$q>n0¤>�2q5u� t`n$¤>nCt¬{2z$o@u �2q5s+o � t@u] iu+t¬o'wKoKu+t`x$yFw`o7z$qË§¥�
wK�$�7z$tK{2�0§ ∈ ∅ q5s nCtKu]w`}Kn5zCt| q>|'x<y7�F� Ê o P( ¨ ) q5s nCtKu]z$o¬{im'n$o7p`o¬�7p`��nrzC��n£|Cw`oK{-|'nC�'p`��n�z$oK| ¨ �

}~Pb�p�ol8�iW`Àc^`ÃH� Y)ap�`[b�2ÃH�
% {@zC� ¨ x$oK~$¤>n£{im'n$o7p`o-�TkT|'vp"`o7pKs ³Co`|'v-q�zCo ¨ \ � v-q �`� � t@uH¤>{@zC�

� Ç���Ç�� ∈ P( ¨ ) � Ê �7z$qru {i�2m'o`|'n�z$t¬t � �'p`oK|'~$tb+
­ ¡ ¯�Ì�n<zCu+v-qlz$tK~$qlzFu � o@s�n$�Kv-oKu�+ � ∪ � = � ∪ �¥Ç�� ∩ � = � ∩ �
­ ° ¯����Co`{iqlz$t@u �Fu {2zCu � oKs8n$�Kv-oKu�+ ( � ∪ � ) ∪ � = � ∪ ( � ∪ � ) Ç

( � ∩ � ) ∩ � = � ∩ ( � ∩ � )

­ I ¯ % wKu+v-q>�Cu+{@zFu � o@s@n$�Kv-oKu�+ � ∪ ( � ∩ � ) = ( � ∪ � ) ∩ ( � ∪ � ) Ç
� ∩ ( � ∪ � ) = ( � ∩ � ) ∪ ( � ∩ � )

­ w ¯����Kv-oKuF{i|'v@w'p7�7� Í v-t7z$oK��+ �`��� = ( �`� ) � = �¥Ç�� ∪ �`� = ¨�Ç�� ∩ �`� = ∅ Ç
¨�� = ∅ Ç ∅ � = ¨

� u-nC�`v-o@u)­ ¡ ¯��]­ w ¯To`nCo`v-}K³$oKn5zCtKuT�5¶<�]�`���5�ji���������� � tKui�
v-t`~$�7v-t'zFu � y
x$o`v2yj�

〈P( ¨ ) Ç ∪ Ç ∩ Ç�� 〉 o`nCo`v-}K³$qlzCtKu���3�u$���-�`�®�5�ji
�YiF�>�$�]�K�biF�5¶83'�jir{2z$o ¨ �� îrÑ5ì¸Ô>ØFÑ�Þl× ä$ÛQø¸Ù<Ø$Û�Ýµð è¸Ñ$×$òóè¸Ñ�ÖCâ>è¸Ù5á>ÙQÝ.�'Ù<øl× Ñ5ÖFØCòóèlÙQØFÝ]Ú5Ólê5ïlÝµ× ß��+Û8�läCÑ$× �-ÖCÒCòóÖCÝµ× ß�íÚFí Ò`íC����ØCÑ<ìÕÔ5ØCÑ>Þl× äCÛ8��ølÙ5ØCÛ
〈N � + � · ��  〉 Ýµð èlÑ<×KÞ¸ÙËÖFâ�èlÙ>á5Ù N

Þ¸ñ-èH�'Ü>ÖF× ä�¡-è�Ñ<Ól× ì¸Ø�¡-èÝ.�FÙ<øl× Ñ5ÖFØCòóèlÙ©ØCÝ Þl× ß Ú<Ó¸ê<ï¸Ýµ× ß
+
äFÑ<×

·
ÞÕÔ5ß Ú5Ólë5ÖFì¸ÝóÖCÔ>ß�äCÑ$×]Þ¸Ù<ÜrÚ<Ù>á>á>Ñ>Ú>á5Ñ5Ö'× Ñ<ÖCØFÙ5âäCÑ5ì�¡-ß�äCÑ$×7ØCÝ)ÞÕÔ�ÖFÒ$òóÖCÔ   Þ¸Ù5ÜTØ'× äFÓ¸ë>Þ¸ÝóÓ¸Ù<Ü$í
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£ N¥¤t¦R§©¨�ª�«�¬©N¥­QP�U6®o¯�°�§©¨�ª	«
± z$tKnc¤>�2o`|'v-q®x$m'o {im'n$o7p`t § � tKu³² v@wKo`�Co`m'v-q®n$t �]t`n<z$tK{@zCo`m'v-q«�'zFu
|Cw`}`�C�2q5u8zCo {im'n$o7p`o { § Ç ² } wKo`|÷¤>�2q5u)���
{@zCoKu+�2q5s t z$oK|�v-�`nCo`n0z$o § � t@uz$o'²i� Ê o®{im'n$o7p`o { § Ç ² } o`nCo`v-}K³$qlzCtKu�­�v2�®xCu+t'zCqlz$t` -v-¤>n$o@¯U´Õ�C&ju$�K¹0wKo`|{-�@�7v-t'zFs ³Cqlz$t@u`t7w`��zCo�§ � tKu'z$o©² � t@u7v@wKo`�Cq5s`n$troK�Cu+{@zCq5s7��� { § Ç ² } = { µ |
µ = § ∨ µ = ² } � Ê o�³$q>mF -oK��t`|CzC��x$q>n
qlw@u "`}7p'p`q5u � tKviu }�xFu }7z$tY#<��{@zCt/§� tKu
²R>@x<�Fp`tKx<y { § Ç ² } = { ² Ç § } >K iu�K@t`|CzC� � t@u@p`¤� -qlzCtKuiv2�CªóxCu+t'zCqlz$t` -v-¤>n$oi�kTq�t`n<zCs+~$q>{-� v-q�t`|CzC�
�F�»�-�l�$�¸�4u<�8�'�5�s´µ��&ju$�`¹�q5s+n$t@uF¤>nCt�t`n<zCu � q5s v-q>nCo 〈 § Ç ² 〉w`o`|�t`n<zCu+{@zCoKu+�2q5s){iq � }`~Cq�x$m'o tKn5zFu � q5s+v-q>n$t § Ç ²¥¤lz${]u Í {@zCqrnCt¥u {i�2m'q5u8�q$#<y7��"`tK{iu � y¬u xFu �7z<�FzCt4+

〈 § Ç ² 〉 = 〈 § ′ Ç ² ′〉 ⇔ § = § ′ � t@uR² = ² ′ ­ ¡ ¯
Ê o²t`n<zCu � q5s v-q>nCo t`|CzC�²qlw@u "`}7p'p`q5u�viu+t²xCu+}'zCt�#$� {2z$t²§ � t@u�² ­»z$o §

q5s n$t@uiw`� Í zCo � tKu�v-qlz$}¬q5s+n$t@uiz$od²2¯ � t@ub"`¤�"`tKu+t¬tKn$tKv-¤>n$qlzCtKu��7zCuHtKn�§ 6= ²
z$�'zCq 〈 § Ç ² 〉 6= 〈 ² Ç § 〉 {-q�tKn5zFs ~Cq>{2�÷v-qËz<�7n0tKn5zFs {2z$o@u �@� u+xCu+�'z$�Fz$t÷zCo`|�v2�CªxCu t7z$qlzCt7 -v-¤>nCo`|/³$q>mF -oK|'�F�¶ �K¶·�b3H·¸�8�R+¸��t`"`�Co`m'v-q/¤>nCt«{i|'n$o7p`o`~Cq>���$�FzCu � �coK�Cu+{-v-�«z$oK|¥xFu t7z$q¸ª
z$t7 -v-¤>nCo`| ³$q>mF -oK|'��>�wKo`| n$t�¤>�2q5u�z<�7n²u xFu �7z<�FzCt\¹p¹-�º5 t7w`}Kn5z$�7{2� {oK
t`|Cz$�
z$o©q>� Í z<�7v-t©~Ct©q5s nCtKu2z$o£wK� Í z$o£wKt`�C}`xCq5u  -v-t
zCo`|rw Í � viu t©v-tK~<�7v-t'ª
zCu � y©xFu t@u {i~<�FzFu � } � t7z$tKn$oKo`m'v-q>n$�0¤>nCn$o@u t/v@wKo`�Cq5sinCt0oK�Cu+{@zCq5s]v-q tK|'{@z$�7�$�
z$�$�7w`o�{2z$oKn j � t`~Ct`�C�`� � �`{iv-o¿z$��n {i|'n$�7p`��n`�»9�t�t � o7p`o`|'~$y7{-oK|'n � t@u
}'p'p`q>��¤lzC{iu Í {@zCqËnCt÷{@zCoKu+�2q5u oK~$qlz$�7~$q5s8�¬}'wKo | �¬�7zCu8�7p`t/zCt�v-tK~<�7v-t7zCu � }
t`n5zFu � q5s+v-q>n$t�q5s nCtKu�q>n5zC¤lp`q5uH{-m'nCo'p`tb>iv-q z<�7n£¤>nCn$o@u t��'zFuH{-q��7p`t0z$t¬v-tK~<�Cª
v-t'zCu � }
xCu+tKu+{-~$�FzCu � }
tKn5zFu � q5s+v-q>n$t÷­��i|'{]u � o@sg>@�$�Fz$o@sg>7wK�$t` -v-t'zFu � o@s-t`�Fu ~Cv-oKs
� � p-� wi� ¯ tKn5zFu {2z$o@u �2oKm'n0w@u {2z$¤>�©t7w`q5u � o`nFs {iq5u �
zCo`|'�©{2z$oKn � �K{-v-o z$��n/{i|$ª
n$�'p`��n7�¼*¥K�t`|Cz$y z$�7n�¤>nCn$o@u t¿{2z$oKn � �K{-v-o®w`oK|¥q$#$qlzC}`³Co`|'v-q/|Cw`}K�$�2oK|'n
v-�`n$o�{-m'nCo'p`t � t@u`o`�Fu {iv-¤>n$t�t7w4K't`|CzC}�t`n<zCu+{@zCoKu+�2o`m'n�wKu+{@zC}r{2zCu+�� -n$��{@zC¤>�
v-t`�Ëv-tK~<�7v-t7zCu � ¤>�r¤>nCn$o@u q>�0­��7p`t¬q5s+n$t@uH{-m'nCo'p`tbL ¯��
V�W@X
Y8Z)[]\�½�ac_»¾.¿'T8hCd@f$gYÀdV8ÁoÂ·ÃÅÄ �Rv�´��jiÕ�8� 〈 § Ç ² 〉 = {{ § } Ç { § Ç ² }}

Ì wK�`xCq5u #$�©z<�7��u xFu �7z<�FzCt`�¸¹p¹4+
{{ § } Ç { § Ç ² }} = {{ § ′} Ç { § ′ Ç ² ′}} ⇔ § = § ′ � t@uR² = ² ′

⇐ +����$oK�itKn<y7�F�
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⇒ + • Ì�n�§ 6= ²�zC�'zCq { § Ç ² } 6= { § ′} qlw`q5u+x<y { § Ç ² } ¤>�2q5u7x$m'oË{@zCoKu+�2q5s tb>}`�$t { § } = { § ′} � tKu { § Ç ² } = { § ′ Ç ² ′} ��Ì��$t/§ = § ′ � t@uR² = ² ′ �
• Ì�nË§ = ²©zC�'zCq { § Ç ² } = { § Ç § } = { § } ��Ì��Ct
z$o {{ § } Ç { § Ç ² }} =

{{ § }} = {{ § ′}} ��Ì��Ct/§ = § ′ � t@ub"`¤�"`tKu+t/§ = § ′ = ² = ² ′ �
*®q£qlwKt7 -�� 2y÷{2z$o¼Ç²v@wKo`�Co`m'v-q
nCt¥o`�Fs {io`|'v-q�zFu �©xCu+t'zCqlz$t` -v-¤>n$q>�ÈÇiª

}`x$q>�F�

〈 §
É +1 Ç §4É Ç878787<Ç § 1〉 Ê�Ë= 〈 §
É +1 Ç 〈 §
É Ç878787<Ç § 1〉〉
 iu+t¬�'p`t0zCtdÇ ≥ 2

% m � o'p`t�t7w`oKx$q5u � n$m'qlzCtKu�v-q�qlwKt7 -�� 2y
〈 § 1 Ç878787<Ç §4É 〉 = 〈 ² 1 Ç878787<Ç ²�É 〉 ⇔ §

1 = ²
1 ∧ 78787 ∧ §4É = ²�É

V�W@X
Y8Z)[]\�½�a�½ Ì�Í Î � × �ÏÊ�Ë= {〈 § Ç ² 〉| § ∈ � ∧ ² ∈ � } Ì � t`�<z$q>{]u tKn$�
 iu+n$�Kv-q>n$o Î
Ä �Rvc´l�jiÕ�)� � 2 = � × � �-�K�4(7� �huC�F�$���
� � É = � × � × � × · · · × �

︸ ︷︷ ︸É�Ð �<�K�C¹
Ì�ÍgÍ ÎÒÑ v»�¿xFu v-qlp7y7�0{-�2¤>{-�`Ó {@zCt � � t@u � ��v��>�K���'�>�Ôi$(F�@�b&F�5�$37�¿�5�ji

� × ��Õ
Ì�ÍgÍgÍ ÎÒÑ v»��xFu v-qlp7y7��{-�2¤>{-�{Ó�{@zCo � ��v��>�K���'�>�¼i$('�K�b&F�5�83'�÷�>�ji � × �»Õ
Ì�ÍgÖ�Î k�|'n$}K�5z$�7{2�c�p(`¶®�5� � �H�>� � ��v��>�K�]�2v»�¥� 1 �<�H·t× �H�Õ� � �-�K� ��C�>�-�����H�¸�¼u-��� �4�
Ø5�r§ ∈ � i$(��$� 1 �$���'�K�]� �)��¹©�'�>�{² ∈ � ���H�¸�

〈 § Ç ² 〉 ∈ × Õ�Ù �Õ�)�
�5¶`�l�£¶`�>���5� � ��v
�>�@���>�
wKq>xCs+o©o`�Fu {iv-o`m¿�<·C¹6× ÕÚ ��� Ð �jiÕ�8��² = × ( § ) �]�$�$vQ�5�ji 〈 § Ç ² 〉 ∈ × Õ
Ì�Ö�ÎÒÛ �U× ��v
�>�@�£�biF�$�C�]�<·F�H· �8�Ô('�$��v ���$�]�»�F�]�j& �ÒÜ �5¶`�l�Ýu2�»� �
�4Ø5�

i$('�K�b&F�5�83'� ¨ ⊆ � �>�®wKq>xCs+o¥zFu v Í n/z$�7�d× {2z$o ¨ �>����('��v �ÔØ$�
u>��� Ð �jiÕ�8� ��¹�× [ ¨ ]

Ì y�q5u � �Kn$t®�>�ji ¨ �p(`¶©�$·K�2× Î ��v��>�K���5�£�b&F�5�83'�
{ § | ∃ ² ( ² ∈ ¨ �2�@� 〈 ² Ç § 〉 ∈ × )}

Ì�Ö�Í ÎÒÛ �`× ��v
�>�@�0�b&F�5�83'� �F���i�¸�C�Õ�bu5�)�F�>���Ô´µ��ijuF��� �l�$�5�`� � ���H�l�²���]�
〈 § Ç ² 〉 ∈ × �-�K� 〈 § Ç	µ 〉 ∈ × �5¶`�l� �>�²� 1 �jiÕ�)�U² = µpÜ 37�Õ�)�¿¶K���·©× ��v��>�K�H{-|'nC}`�<z<�7{-� Õ Û �H× �biF�$�$�]�$·F�H·0�<�Rvc´l�jiÕ�)�
Þdß�à�á�â Ç ( × ) = ('�$��v �÷�$�]�»�F�]�j&¬�<·C¹4× = { § | ∃ ² (〈 § Ç ² 〉) ∈ × }



ù8ú û]üCý'þFÿ���þ������	�`þFÿ�

�����
��ú û����lú ÿ������iü�� �Fÿ������	����� � ã
Ó á ÇRäYå ( × ) = (F�C��v �¥��� �����
�$·C¹4× = { ² | ∃ § (〈 § Ç ² 〉) ∈ × }

Ú ��� Ð �jiÕ�8�«�biF�5�Y(@�>�+�4�ÔæC��ç �2�@��è�éêu2�»� �¸�Oëì��ç{í Ígî �2�@��è6í î é��
�H�$��v
�H�>�K� 1 � Õ Û �©× �biF�$�$�]�$·F�H·0�2�@� ¨ = ï ß�à ( × ) Ü Ó³ä ( × ) ⊆ º�5¶`�l��× ��v��>�K���biF�$�$�]�$·F�H·
�p(`¶¥�5� ¨ �H�5� º �b&Õ� Ð ���>�£�8�¬�>�2�©(`� �
(��]�>� �<�]�
�F�]¶ð¹p¹��-�K� Ó³ä ( × ) = × [ ¨ ] Õ¼ñ ·�3K�K��y£�2v»�c�biF�$�C�]�<·F�H·× ��v��>�K���biF�$�C�]�<·F�H·©�Y(K¶¥�5� ¨ �H�>� º �]�6Ó³ä ( × ) ⊆ º�Õ

Ì�Ö�ÍgÍ ÎÒÛ �6Ó ��v��>�K��� 1 �5�H·0�H�¸� � �2�@� � �5¶`�l�
Ó −1 Ê�Ë= {〈 ² Ç § 〉|〈 § Ç ² 〉 ∈ Ó }

Ì�Ö�Í�ÍgÍ Î`ò �ÏÊ�Ë= { × | × �biF�$�$�]�$·F�H·©�Y(K¶¥�5� � �H�>� � }
k Ä-Zml'Â
Ã�YHÄon ± z$tKncoK�Cs+³$oK|'v-q¥z<�7n¥× ���«{i|'n$}K�5z$�7{2� t7w`� zCt � {2z$o
� jµwK�$o � t`~Co`�Fs ³Co`|'v-q>�rzCt wKq>xCs+t«o`�Fu {iv-o`m � tKu�zCu+v Í n/z<�7� ­�oK�Cu+{-v-�K��¹p¹K¯��
kQz<�7n÷w`q>�Fs w7z$��{2�®wKo`|¿o`�Fs ³Co`|'v-q/z$�O× t7w'p Í ������{-m'nCo'p`o xCu+t'zCqlz$t` -v-¤¸ª
n$��n�³$q>|F  Í nC>�z$t¥wKq>xCs+t«o`�Fu {iv-o`m � t@u�zCu+v Í n¬j¸q>nC|Cw`}K�$�2oK|'n$�£{2z<�7n�× � t@u
v@w`o`�Co`m'n
n$t � t`~Co`�Fu {2z$oKm'n£j¸q � zC��n£|'{2z$¤>�C��nC�>�

Ì���{-�7v-q5u Í {-oK|'v-q/ -q>nCu � }��'zFuQ�¿{-|'n$y7~<�7�÷v-t`~$�7v-t'zFu � y¿w`�Co`{i¤� 2 iu {-�
 iu t/zCu+�r{i|'n$tK�5z$y7{-q5u+�/­
y/ iu t/zFu ��{-�2¤>{iq5u �<¯�q5s nCtKu�nCt�o`�Fs ³Co`n<z$t@u�"`}`{iq5u � tFª
n$�`nC��n£wi� �H��o`�Fs ³Co`|'v-q�viu+t÷{-|'nC}`�<z<�7{-��{2z$oK|'�rw`tK�$t` -v-t'zFu � oKm'�
tK�Cu+~$v-oKm'�ó
( § ) = § 3 �H^/s nCo`|'v-q�x<�Fp`tKx<y/zCo`n � t`nC�`nCtU"`}K{-q5uHzCo`|¬o'wKoKs+o`|¬t'wKo � zCo`m$ª
n5z$t@u-o@u@zFu v-¤>� ( § 3) z$�7��{i|'n$}K�5z$�7{2�7���7z$tKnËxCo`~Cq5s2z$o©�K�Cu+{-v-t©§)��Ì�n<zCs+~$qlzCt4>{-m'v-�i��n$t v-q/z<�7n®{-|'nCo'p`oK~$q>���<�FzFu � y o'w7zCu � y����÷{-|'nC}`�<z<�7{-��~$q>���$q5s z$t@u
z$oc{-m'nCo'p`o��'p`��n�z$��n÷xFu t7z$qlzCt7 -v-¤>nC��n¥³Cq>|F  Í n�wKo`|«tKn5zFu {2z$o@u �2oKm'n¥{2z$t
o`�Cs+{-v-t7z$t � tKu){@zFu �£t`n<zCs+{@zCoKu+�2q>�rzFu v-¤>� � t'zC} � }7w`o@u o�z$�C�'wKo÷tKn$q$#C}`�<z<�FzCt
t'w`��zCo`|'�
q>n$xCq>�2�`v-q>nCo`|'� � t`nC�`nCq>��w`oK| � t`~Co`�Fs ³Co`|'n/tK|Cz<y¬z$�7n0t`n<zCu+{@zCoKu ª
�-s t-�Qk�q�wKu+o©�Hu p`oK{-oK�]u � y© @p Í {i{-t
p`¤>v-q �'zFu-��wK� Í z<��wK�$oK{-¤� 2 iu+{2�0o`�Fs ³Cq5u
z<�
{-|'nC}`�<z<�7{-�©q>n<z$tK{iu+t � }¥­�����wK�$oK� z<�7nr¤>n<z$tK{2�`¯�q>n Í o©xCq>mCz$q>�Co`��q � zCtFª
{iu t � }®­�����w`�Co`��z$�7n£¤ � z$tK{2�`¯��
V�W@X
Y8Z)[]\�½�a�ôõÛ � ¨ ��v
�>�@���b&F�5�$37�÷�biF�5¶$3$���r�$�Rv�´��jiÕ�8�
Ì�Í Î ⋃ ¨\Ê�Ë= { § |∃ � ∈ ¨ � Õ � Õ § ∈ � } Ü �`·�3K�K��y��5� ⋃ ¨ �biju'�-�'�$�Ð�`���l�$�

�@� �F�>�©�b&F�5�$37�£¶83K�/�Õ�0�H�>�K� 1 ��v»�/�¸�����H�>�K� 1 ��v»�����>�ji ¨¸Õqö �@�]�Ri'�>¶u-���i��v��5�¬§ ∈
⋃ ¨ �
� 1 &5�C���>¶K�¸�/�-�K���]¶2�5�@���>¶K�¸�«�>�¬§ ∈ � u-���

�4�Y('�`� � �H�>�K� 1 ��v � � �5�ji ¨ÈÕ
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Ì�ÍgÍ ÎÒÛ � ¨ 6= ∅ �5¶`�l� ⋂ ¨øÊ�Ë= { § |∀ � ( � ∈ ¨ → § ∈ � )} Ü �`·�3K�K��y�5� ⋂ ¨ �biju'�-�'�$�Ð�`���l�$�8�@���F�>�/�b&F�5�83'�0¶$3K���¸�/�H�5�`� 1 ��v��{('�ji���v��>�K�

���`���$�
�@��¶$3K�0�¸�
�H�>�K� 1 ��v»�0�5�ji ¨¸Õqö ��ù$�Ri'�>¶{u2�»�-�$v8�>� ⋂ ¨ �]��y5�i�$��@���
�4Ø5� � (F�ji���v
�>�@���H�>�K� 1 ��v �®�5�ji ¨ÈÕ ú
V�W@X
Y8Z)[]\�½�azû Ì�Í Î\Ä �+����u$�'�l�$�»���biF�5¶83<�����)� �$��v��8�l�$¹ �H�5���b&F�5�$37��ü Ü��v
�>�@���2v»� �biF�$�$�]�$·F�H·¸× �p(`¶²�>�ðü �@�¬�
�p(F�K� �c�b&F�5�$37�c�biF�5¶$3$��� ÕÛ �¸u-���¬�4�
Ø5� â ∈ ü Ü × (

â
) = ¨³ý u���� Ð �jiÕ�)��× = 〈 ¨³ý 〉 ý ∈ þ Õ( Õ 1 Õ ·¿�K�+����u$�'�l�$�»� 〈(− 1É Ç 1É )〉 É ∈N

�8� (− 1É Ç 1É ) ⊆ R (F�$�]�
�H���H�l�$�
¶83K� �Õ� �H�5�`� 1 �	� �F���2�H��y¸�8�-�¸� �<·C¹¬�]�<� Ð yC¹ (− 1É Ç 1É ) u-����¶$3K� �Õ�
Ç ∈ N Õ

Ì�ÍgÍ ÎÒÛ �o× = 〈 ¨ ý 〉 ý ∈ þ �`���H��uC�F�l�C�����biF�5¶$3$��� Ü �<�Rvc´l�jiÕ�)� ⋃

ý ∈ þ
¨ ý = ⋃

{ ¨ ý | â ∈
ü } �-�K�]�8�¬�<·K�ì(l�K�ji$(K¶pØ5�<�H·©¶`�>�Rü 6= ∅ Ü ⋂

ý ∈ þ
¨Hý =

⋂

{ ¨³ý | â ∈ ü } Õ
Ì�ÍgÍgÍ Î ñ �
Ø5��v
�H·C¹ �����@¹©�K�+����u$�'�l�$�»�K¹ 〈 ¨Hý 〉 ý ∈ þ �$�Rv�´��jiÕ�8���>�ÿu2���5¶5�)�F�5�®�$·C¹�K�+����u$�'�l�$�»�K¹

∏

ý ∈ þ
¨ ý ��¹���)�yC¹�f

∏

ý ∈ þ
¨ ý Ê�Ë= {

ó
|
ó
∈ þ (⋃ý ∈ þ

¨ ý ) �2�@�xu-���¬�4�
Ø5� â ∈ ü ó ( â ) ∈ ¨ ý }
= �>� �b&F�5�83'�÷¶83<���£�¸�����K�+����u$�'�l�$�»��� 〈 § ý 〉 ý ∈ þ���H�¸��§ ý ∈ ¨ ý u2�»�¬�
�4Ø5� â ∈ ü

ÌcÚ �'��v+�i�CiC�H·¬�5�ji ö �C�]�¸�<�-���H�5�j& Ú �
�5�<�8�'�5�ji Î
k�Ä-Zml'Â
Ã�YHÄon 5 oKu � o7 -¤>nCq5u t²{i|'n$�7p`��n«t`n<zCu+{@zCoKu+�2q5s�{-q�¤>nCt {-m'nCo'p`o

{-|'n$�7p`��nrwKo`|£zCo � tK~$¤>nCt/j¸�]¤>�$q5u+��¤>nCt/xCq5s � z$�2� Ê o0 -q� -oKn$�K�r�'zFu-zCo � }K~$q
{-m'n$o7p`o ¨Hý z$�7�
oKu � o7 -¤>nCq5u tK�©¤>�2q5u)¤>nCt xCq5s � z$� â wKq>�Cu  -�$}K�iqlzCtKu�v-qrz$o nCtp`¤�v-q��7zCuizCo ¨ â q5s nCtKuH�
zCu+v2y/viu tK�Ë{i|'n$}K�5z$�7{2�7�/­»z<�7�s×�¯T{2z$o¬�K�Cu+{-v-t â �� o`�Fu {iv-�`�©zCo`| ∏ ý ∈ þ ¨ ý q5s nCtKu��  -q>nFs � q>|'{-� z<�7�/¤>n$nCoKu+t`�©zCo`| � tK�>ªz$q>{iu+t`nCo`m÷ iu nCo`v-¤>nCo`|c­»w`oK|¬zCo¥¤>�2o`|'v-q£y7x$� o`�Fs {iq5u�{2z<�7n0w`q>�Fs w7z$��{2��zCo`|
� � Ú5ÓlÙ��lÚ5ë<ì¸ÝóÖCÔ£ô

6= ∅
Ýµð è¸Ñ$×HÑ�Ú<Ñ5ÓlÑ<ð ÞÕÔlÞÕÔFí��2èËô

= ∅
Þ¸ë>Þ¸Ý ÖFâ�Ø��'ñ-è¸Ñ
ØFÝ�Þ¸Ù5èÙ5Ól× ÖCØFë/ìlÑ¬òóÒ$Ù<Ü�ØFÝËë>Þl×�Þ¸Ù

∩
ô Ýµð è¸Ñ$×�Þ¸Ù¬ÖFâ�èlÙ>á5Ù¬ë>á5ñ-èrÞ¸ñ-è
ÖFÜ�èlë>á5ñ-è����T× ë�Þl×8Þ¸ÙÙ�Ú5Ù$× Ù<øÕÛ�Ú5Ù>Þ¸Ý�ö�× äCÑ<è¸Ù>Ú5Ù$× Ýµð7ÞÕÔ5èQÚ5Ólë�Þ¸Ñ<Ö$Ô

∀ � ( � ∈
ô

→
ö
∈ � )

Ñ��'Ù5â�ãF× Ñ�Þ¸Ù äFê5ìlÝ
� Þ¸Ù � ∈ ∅

Ýµð èlÑ<×
	'ÝóÜ�ølòóß��
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ü = {1 Ç 2} w-� �H�To`�Fs {it`v-q�z$o ¨ 1 × ¨ 2
¯�� Ê o ¨ 1 × ¨ 2

q5s nCtKu8u+{-oKv-o`�C�]u � �
v-q©z$o ∏ ý ∈{1 
 2} ¨ ý v-q0z<�7n¥¤>n$nCoKu+tc�7zCu�z$oc³Cq>mF -o`� 〈

á
1 Ç á 2〉 ∈ ¨ 1 × ¨ 2v@w`o`�Cq5s@n$t£~Cq>���$�7~$q5s2�'zFu@q5s nCtKu ó : {1 Ç 2} → ¨ 1∪ ¨ 2
�7w`oK| ó (1) =

á
1
� t@uó

(2) =
á
2
��ÌQ|CzC�¥~$t¥v@wKo`�Co`m'{iq
n$t«u {i�2m'q5u) iu t¥�7p`q>�£zCu+��wKqlw`q>�Ct`{iv-¤>n$q>�

w`q>�Cu w'z Í {iq5u ��x<�Fp-��z$o ¨ 1 × ¨ 2 × · · · × ¨ É/~Ct0v@w`oK�$oKm'{-q�q5s z$q�n$t0oK�Cu+{@zCq5s����{-m'nCo'p`o/xCu+t'zCqlz$t` -v-¤>n$��nsÇiªó}`xC��nrq5s z$q�u {io`xCm'n$tKv-t0nCt0t`n<zCu � t'zCt`{2z$tK~$q5s
t'w`�÷z$o ∏ ý ∈{1 
 2 
 � � � É } ¨³ý ��k�z<�7n
wKq>�Cs w'zC��{-�÷�`v-���rw`oK|/z$o¼ü q5s nCtKu�}'wKq5u �Cox$q>nT¤>�2o`|'v-q�z<��x$|'nCt'zC�'z$�Fz$trn$t�oK�Cs+{-oK|'v-q�z$o ¨ 1× ¨ 2×· · ·× ¨ É ×· · · wKt`�C}v-�`n$oKn©��� ∏ ý ∈{1 
 2 
 � � � } ¨³ý �H^
�Fp`tKx<y¬�dÇiªó}`xCt÷{@z$�7n
}7w`q5u+�<�/w`q>�Fs w7z$��{2�¬~Ctq5s n$t@u8viu+t÷{-|'nC}`�<z<�7{-� ó : ü → v-q�zCu+v-¤>�£t`n<zCs+{@zCoKu+�2t÷ iu t � }`~Cq â {@zCo ¨Hý­ ó ( â ) =

á ý ∈ ¨ ý ) ¯�� � oK�Cu+{-v-�K� tK|Cz$�K��p`o@u wK�`nË���Tw@u o£ -q>nFu � �K� v@wKo`�Cq5s2nCt~$q>���$�7~$q5s����©oK�Cu+{-v-�K��> � }K~$q£wKq>�Cs w'zC��{-�
>8zCo`| � tK�5zCq>{iu+t`nCo`m  iu nCo`v-¤>nCo`|@�
5�zCt`mCzFu {-�®t`|Cz$y
>��'zCt`n¬z$oÿü®q5s+n$t@u�wKqlw`q>�Ct`{iv-¤>n$ob>�p`q5u zCo`|'�$ -q5s�v-q£z$o«nCt
~$q>���$y7{-oK|'v-q z$�7nrwK�$oK�itKn<y¬�i|'{]u � y/tKn5zFu {2z$o@u �-s+t4+

�
:
∏

ý ∈ þ
¨ ý ��

� tK�5zCq>{iu+t`nC�¬ iu nC�`v-q>nCo0zC��n ¨ ý

w-� �H��tKnhü = {1 Ç 2} zC�'zCq �
:
∏

ý ∈ þ
¨ ý �� ¨ 1 × ¨ 2

�
(
ó
) = 〈

ó
(1) Ç ó (2)〉  iu+t¬�7p`t0z$t ó ∈

∏

ý ∈ þ
¨ ý

kËa@Z��]_4�]X
Y8Z)[]\��l_]W@X
Y8Z)_�Â ¦��$}K�ioK|'v-q
•
ó

: ¨ → º t`n ó {-|'nC}`�<z<�7{-�/t7w`�0zCo ¨ {@zCo º �
•
ó

: ¨ � º tKn ó q5s nCtKu��]�@�5�<�]�<� Ð �
�F�]¶`¹¬y ¡ � ¡ x<�Fp-�¥§ 6= ² →ó
( § ) 6= ó

( ² ) �
•
ó

: ¨ � º t`n ó q5s nCtKu���(7� �]�<� Ð �
�F�]¶`¹
y®��(�viz$oK| º x$�Fp-� ∀ ² ( ² ∈
º → ∃ § ( § ∈ ¨ &

ó
( § ) = ² )) �

•
ó

: ¨ �� º t`n ó q5s+n$t@u ¡ � ¡ � tKu@qlw@s]­¸�<� Ð � �]�2�5�K��y¸�8�]�$�$·Ë�]�$�>�»�H�5�`���1 v��-¯��
• Ì�n ó : ¨ → º � t@u�� ⊆ ¨ � Ê �'zCq ó � � = {〈 § Ç ² 〉 | 〈 § Ç ² 〉 ∈ó

∧ § ∈ � } ���©�Ct ó � � : � → º ��5 ó
� � q5s+n$t@u]o`('�¸�]� �$�]�»�F�]¶K¹

z$�7� ó {@zCo��
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• Ì�n ó : ¨ → º � t@u�� ⊆ º >�z$�7z$q ó −1[ � ] = { § | ∃ ² ( ² ∈� ∧
ó
( § ) = ² )} � � n$oKv-}`³Cqlz$t@u � t@uË�H�$��v
�H�Ð�K� Ð ·«q5u � �Kn$t�z$oK|��

v-¤>{i� z$�7� ó �
• Ì�n ó : ¨ → º � t@u4ä : º → � zC�'zCqHä ◦ ó = {〈 § Ç	µ 〉 | ∃ ² (〈 § Ç ² 〉 ∈ó

∧ 〈 ² Ç	µ 〉 ∈ ä } q5s+n$t@u){i|'n$}K�5z$�7{2�
>)���b&F��Ø5�5�H·©z$��n0{-|'nCt`�<z<y7{iq>��nó � tKubä]�
• Ì�n ó : ¨ � º z$�7z$q ó −1 = {〈 ² Ç § 〉 ∈

ó
} q5s+n$t@u�{-|'nC}`�<z<�7{-� � t@uó −1 : Ó³ä ( ó ) �� ¨ �25 {im'n$~Cq>{2��z$��n ó � tKu ó −1 q5s nCtKu`���Õ�Ri'�>�K�����oy

{i|'n$}K�5z$�7{2�Uü ï � % s nCtKu ∀ §'ü ï ( § ) = §8�

� À]W`À2^'¾iW'Ä-Y�Ä�n Ì�n ó � t@u�ä�{-|'nCt`�<z<y7{iq5u ��+ Ê �7z$q ó = ä ­»zCt`|CzFs ³CoFª
n5z$t@u����/{-m'nCo'p`t@¯ËzC�'zCq � t@u�v-�Kn$oKn¬zC�'zCq ï ß�à (

ó
) = ï ß�à ( ä ) � t@u ∀ § ∈

ï ß�à (
ó
) Ç ó ( § ) = ä ( § ) �

V�W@X
Y8Z)[]\�½�a��õÑ �»� �F� �)��3�yC¹©� 1 �<�H·tÓ �H�5� �b&F�5�$37� ¨ ��v��>�K�
Ì�Í Î tK|Cz$o7w`tK~<y7� Ü �H�T§bÓ�§ Ç ∀ § ∈ ¨¸Õ
Ì�ÍgÍ Î tKn5zFu {i|'v-v-qlz$�Fu � y Ü �H�T§bÓ�² ∧ ²YÓ�§ → § = ² ∀ § Ç ² ∈ ¨¸Õ
Ì�ÍgÍgÍ Î v-qlzCtj"`t7zCu � y Ü �H�T§bÓ�² ∧ ²pÓ µ → §RÓ µ ∀ § Ç ² Ç	µ ∈ ¨ÈÕ
Ì�ÍgÖ�Î {i|'v-v-qlz$�Fu � y Ü �H�T§bÓ�² → ²YÓ�§ ∀ § Ç ² ∈ ¨ÈÕ

V�W@X
Y8Z)[]\�½�a���� �F� �)��3�yC¹©� 1 �<�H·tÓ �H�>� ¨ ��v
�>�@�
Ì�Í Î {i�2¤>{2�£u {io`xC|'n$tKvis tK� Ü �]����v��>�K���bi'�5��(F�
ØjyC¹ Ü �biÕ�H�)�$�ó�]�+�my��2�@�K�)�$�¸�
��)�i�����oy
Ì�ÍgÍ Î v-q>�Fu � y¿xCu+}'zCt�#$� Ü �H�©��v
�>�@���bi'�5��(F�
ØjyC¹ Ü �]�$�>�»�biÕ���8�C�Ð�]���oy��-�K���8����¸���)�i�����oy
Ì�ÍgÍgÍ Î o7pKu � y£­
y� -�$tKv-viu � y`¯8xCu+}'zCt�#$�0�H����v��>�K�C�)�¸�]���oy �F�g�i�Õ�p)`·��2�@� ∀ § Ç ² ∈

¨ §RÓ�²êy�²pÓ�§ Õ
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� W7[-^`ÀiY�ÄÒ½�a! #" �H�Õ� Ó � 1 �5�H·÷�
�i�`�YiF�>�$�2v»�K¹��H�>� ¨ �-�K��u2�»� á ∈ ¨ìÜá

= { $ | $ ∈ ¨ ∧ $ Ó á } Ì Ù ��uC�$�¸�K�-�2�@� � p`}`{-��u+{-oKx$|'nCt`vis+t`�¬�>�ji áCÎ Õ&% ¶K�¸��]� á Ç'$ ∈ ¨ �¸�ð(F�$�`�7�
�i�Õ� ��v��>�K���
�i�`�Y&F�>�$��� Õ
( Õ á Ó $
) Õ á = $
* Õ á ∈ $
+ Õ á ∩ $ 6= ∅

¼hN][bQ�l'X
Á'Ä�n
1 → 2 + á ⊆ $ xFu �7zCu�tKn£§ ∈

á zC�'zCq�§�Ó á o7w`�7z$qrqlw`q5u+x<yá Ó $ � t@u�Ó v-qlzCtj"`t7zCu � y0§�Ó $ x$�Fp-��§ ∈ $ � � v-o@s ��� $ ⊆ á �
2 → 3 + % wKq5u x$ydÓ tK|Cz$o7w`tK~<y7� á Ó á x<�Fp-� á ∈ á o'wK�'zCq á ∈ $ �
3 → 4 + % wKq5u x$y á ∈ $ � tKu��7w`���
w`�Co7�' -oK|'v-¤>n$��� á ∈

á > á ∈
á
∩ $x<�Fp-� á ∩ $ 6= ∅ �

4 → 1 +�±c{@zC� µ ∈ á
∩ $ ­�¤>n$t/zC¤lz$o@u o µ |CwK}`�C�2q5u�qlw`q5u+x<y á ∩ $ 6= ∅ ¯���©�$t µ ∈

á � t@u µ ∈ $ x$�Fp-� µ Ó á � t@u µ Ó $ � % w`q5u+x<yÒÓ {-|'v-v-qlzC�Cu � y
¤>�@oK|'v-q á Ó µ � tKuHqlwKq5u x$ydÓ v-qlzCtj"`t7zCu � y á Ó $ � � � % � ^÷�k�Ä-Zml'Â
Ã�YHÄon 5 {i�2¤>{2�«u+{-oKx$|'nCt`vis+t`�¬xFu tKv-q>�Cs+³$q5u�zCo«{im'n$o7p`o ¨ {@zFu �
#$¤>n$q>�rv-qlz$tY#$m
z$oK|'� � p`}`{iq5u ��u+{-oKx$|'nCt`vis+t`�F�q* w`oK�$q5sHnCt¬~$q>���<�7~Cq5sH���Ëviu t
qlw`¤ � z$tK{2�¥z<�7��u+{-�7z<�FzCt`�¬v-q
z$�7n÷¤>n$nCoKu+t¿�7zCu�jµzCt`|CzFs ³Cq5u ��z$t¿tKn5zFu � q5s+v-q>n$t
w`o`|0t`n$y � o`|'n
{2z<�7n©s xFu t � p`}K{2�2�

k�z$o
qlwK�`v-q>nCo�wKt`�C}`xCq5u  -v-t©~Ct
xCo`m'v-qTw Í ���2�$�7{iu+v-o'wKoKu Í n<z$tK��tK|Cz<yrz$�
v-¤�~Co`xCoËz<�7�TjµzCt`mCzFu {-�7�5��x$�Fp-��v-¤>{i�«viu+t`��{-�2¤>{-�7��u+{-oKx$|'nCt`vis+t`��v@w`oK�$oKm'v-q
n$t � t'zCt`{ � q>|'}`{io`|'v-qr{-m'nC~$qlzCq>�rv-t`~$�7v-t'zFu � ¤>��x$oKv-¤>�F�
� ÀiW�PbQ�l'X��8Z)ÀÔ½�a�, Ì ö �-�¸�@�K�i�Ci$y��5�ji0�biF�5¶83'�ji¬�Õ�����'�i�¸�`�pv���� Z �p(`¶«�>�
�b&F�5�$37� N

Î Õ
Ì���|Cw`oK~$¤>{io`|'v-q��'zFuF¤>�2o`|'v-q�zCo�{im'n$o7p`o N = {0 Ç 1 Ç878787 } z$��n��i|'{]u �-Í nt`�Cu+~$v Í n � t@u@t`��|CwKo`~C¤>{-oK|'v-qTqlw@s {-�7���'zFuK{2z$o N ¤>�2q5uKoK�Cu+{@zCq5s`��wK�$�K{-~Cq>{2�

+ >7��{i�2¤>{2�Ëz<�7��xFu }7z$tY#<�7�.- � t`~ Í � � t@u@�7zCu2t`|CzC¤>� u � tKn$o7w`o@u oKm'nË�'p`q>�TzFu � -n$��{2z$¤>��u xFu �7z<�FzCq>�F�� �Cs+³$oK|'v-q ∼= {〈〈
á Ç'$ 〉 Ç 〈 /CÇ�ï 〉〉 | á Ç'$$Ç'/CÇ�ï ∈ N � tKu á + ï = $ + / }^©�Fp`t`x$y 〈

á Ç'$ 〉 ∼ 〈 /CÇ�ï 〉 ↔ á
+ ï = $ + / �
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5�{i�2¤>{2� ∼ q5s+n$t@uK{-�2¤>{-�ru+{-oKx$|'nCt`vis+t`��{2z$o N2 �T­
ÌQ{ � �7{2�
L ¯¸9Ë¤lz$oK|'v-q
〈
á Ç'$ 〉 = {〈 /CÇ�ï 〉 ∈ N2 ∧ 〈 /CÇ�ï 〉 ∼ 〈

á Ç'$ 〉} � t@uQoK�Cs+³$oK|'v-q Z n$tcq5s+n$t@u�z$o
{-m'n$o7p`o0zC��n � p`}K{-q>��n
u {io`xC|'n$tKvis tK�rx$�Fp-�

Z Ç ­�oKuHt � ¤>�$t@u o@u+¯ = {〈
á Ç'$ 〉 | 〈 á Ç'$ 〉 ∈ N2}

´µ{-�2m'q5u�t`n 〈 á Ç'$ 〉 ∈ N2

¡ � á - $ → á
+ Ç = $$Ç  iu+t � }7w`o@u oUÇ ∈ N → 〈

á Ç'$ 〉 = 〈0 Ç Ç 〉
° � $ ≤ á

→
á

= $ +
à Ç  iu+t � }'wKoKu+o à ∈ N → 〈

á Ç'$ 〉 = 〈
à Ç 0〉 �

¢�tKu�qlwKq5u x$y¼"`¤�"`t@u t¿ iu t � }`~Cq á Ç'$ ∈ N u+{-�2m'q5u á - $ y $ ≤
á �7p`t

z$t/{2z$o@u �2q5s+t0z$oK| Z q5s+n$t@u�­éu+{-oKx$m'nCt`v-t@¯�z$�7�Ëv-o`�C�-y7� 〈 à Ç 0〉 y 〈0 Ç à 〉 �QkTq� }`~$q � p`}K{2��u+{-oKx$|'nCt`vis+t`� ­�x$�Fp`t`x$y�{-q � }K~$q�{2z$o@u �2q5s+o zCo`| Z ¯�|Cw`}K�$�2q5u7¤>n$tv-o`n$tKxCu � �¬{2z$o@u �2q5s+o®­�q � w`�C�`{i��wKo`�<¯�wKo`|©¤>�2q5uiz<�0v-oK�$�iy 〈 à Ç 0〉 y 〈0 Ç à 〉 �kQz<�7n�wK� Í z<�®wKq>�Cs w'zC��{-�¿{-|'vp"`o7pKs ³Co`|'v-q/zCo 〈
à Ç 0〉 = +

à ­�~CqlzCu � � à ¯
� tKuH{@z$�0xCq>mCz$q>�$� 〈0 Ç à 〉 = −

à ­�tK�$n$�FzCu � � à ¯��
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0«X
À2^'¾iW'Ä-Y�Ä«^`ÃH�¥Y8a
�`ÀiW'^'¾iYolCÃH�
Ì��©|CwKo`~C¤>{-oK|'v-q
�7zCu × : ¨ É → ¨ �©¦)�C}`�]o`|'v-q£z$�7z$qÈ× (

á
1 Ç878787<Ç á É )t`n5zFsHz$oK|d× (〈

á
1 Ç878787<Ç á É 〉) �q[QwKo`~C¤lz$oK|'v-qrt7wKs+{2�7�£�'zFu ∼ q5s+n$t@u�vis+t÷{-�2¤>{-�

u {-oKx$|'nCt`vis+t`�¿{2z$o ¨ � tKu á � � p`}K{2� u {io`xC|'n$tKvis tK�¿�'wK���«¤>�2q5u oK�Cu+{@zCq5s
t`n$��z$¤>�C�T� % {2z$� ¨ = {

á
|
á
∈ ¨ } �`9�t«~C¤lp`t`v-q0nCt«v-qlzCt`�]¤>�$oK|'v-q
z$�{-|'n$}K�5z$�7{2�h× t7w`��z$o ¨ {-qT{i|'n$}K�5z$�7{2� × {2z$o ¨ ��^
�Fp`tKx<y£n$t
o`�Fs {io`|'v-q

× : ( ¨ )
É
→ ¨ ��� × (

á
1 Ç878787<Ç á É ) = × (

á
1 Ç878787<Ç á É )V Y8a2Z��i_b�iX
Y)Z)[i\ ^`_]a�_iW@X
Y)Z)_21 lFÂc�`À�X�N]ÀiW`À4N4�-Àb�'Ä2^@X»Æ8[i\ � ¦�q¸ª

nCu � } x$q>n¿v@wKo`�Co`m'v-q¥nCt qlw@u p`¤$#Co`|'v-q jµzCo`� á ý t7w`�²z$o á ý � 9�t |Cw`}K�$�2q5u
viu t¬{-|'nC}`�<z<�7{-�U× w`oK|0n$t÷u � tKn$o7w`o@u q5sHz$o/wKu+o0w`}Kn$� v-�`nCo¬tKnrzCo¬{-m'nCo'p`o
{〈〈

á
1 Ç878787<Ç á É 〉 Ç × (

á
1 Ç878787<Ç á É )〉 | á 1 Ç878787<Ç á É ∈ ¨ } q5s nCtKu-{-|'nC}`�<z<�7{-�
x<�Fp-�

⇔ 〈
á
1 Ç878787<Ç á É 〉 = 〈 $ 1 Ç878787<Ç $ É 〉 → × (

á
1 Ç878787<Ç á É ) = × ( $ 1 Ç878787<Ç'$ É )

⇔
á ý ∼ $ ý â = 1 Ç8787875Ç Ç → × (

á
1 Ç878787<Ç á É ) ∼ × ( $ 1 Ç878787<Ç'$ É )V£W@X
Y8Z)[]\ � k�z$o w7p`tKs+{iu+o zCo`| t`nC��zC¤>�$� {i|'vp"`o'pKu+{-v-oKmcp`¤>v-q¥�'zFu��

{-�2¤>{2� ∼ �F�»�-�$·l�K��v2z<�7nh× tKn
á ý ∼ $ ý â = 1 Ç878787<Ç Ç → × (

á
1 Ç878787<Ç á É ) ∼ × ( $ 1 Ç878787<Ç'$ É )

�©�Ct¬|Cw`}K�$�2q5uH� × ⇔ ∼ xFu t7z<�7�Cq5siz$�7nh×©�
� À]W�PbQ�l'X��8Z)À ��kQzCo/{im'n$o7p`o Z wKo`|0¤>�2q5uHo`�Fu {2z$q5s]wKu+o0w`}Kn$� tKn

; : (N2)2 → N2 v-q
; (〈

á Ç'$ 〉 Ç 〈 /CÇ�ï 〉) = 〈
á

+ /CÇ'$ + ï 〉
z$�'zCq
t`n¬¤>�2o`|'v-q 〈 á Ç'$ 〉 ∼ 〈

á ′ Ç'$ ′〉 � tKu 〈 /CÇ�ï 〉 ∼ 〈 / ′ Ç�ï ′〉 ~Ct¥¤>�2oK|'v-q
tKn5zFs ª{@z$o@u �2t á + $ ′ =
á ′

+ $ � t@u / + ï ′ = ï + / ′ }`�Ct � tKu ( á + / )+ ( $ ′ + ï ′) =
( $ + ï ) + (

á ′

+ / ′) >-x$�Fp`t`x$y©zCqlpKu � }
; (〈

á Ç'$ 〉 Ç 〈 /CÇ�ï 〉) ∼ ; (〈
á ′ Ç'$ ′〉 Ç 〈 / ′ Ç�ï ′〉)

�©�Ct/� ∼ xCu+t'z$�7�$q5s]z$�7nh;
�± ~$q>n£|CwK}`�C�2q5uH{i|'n$}K�5z$�7{2� ;�¤lzC{iu Í {@zCq
; (〈

á Ç'$ 〉 Ç 〈 /CÇ�ï 〉) = 〈
á

+ /CÇ'$ + ï 〉
% s nCtKu ; : Z2 → Z ��¦�u+t á Ç'$ ∈ Z  -�C}`�]o`|'v-q á + $ tKn5zFsiz$oK| ; (

á Ç'$ ) �% p`¤� 4#5zCq�+ á + −
á

= 〈0 Ç 0〉 x<�Fp`tKx<y²zCo 〈0 Ç 0〉 q5s nCtKu�zCo o`|'xC¤lz$q>�Co{@z$o@u �2q5s+o0z$�7��wK�$�K{-~Cq>{2�7�F�
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�����
��ú û����lú ÿ������iü�� �Fÿ������	����� � ¡ w
V�W@X
Y8Z)[]\�½�a�3 ^�o`v2y�v-q>�Cu � y7�£xCu+}'zCt�#$�7����v
�>�@���F�>�'´µ��&ju$�`¹ 〈 ¨�Ç Ó 〉 ¶Y(F�jiÓ ��v
�>�@�i�)�¸�]���oy/�F�g�i�Õ�p)`·0�H�>�¥�b&F�5�$37� ¨ÈÕ Û � 〈 ¨�Ç Ó 〉 �2�@� 〈 ¨ ′ Ç Ó ′〉 ��v��>�K��Y&$�£�'�5�)�$¹��8�l�]�+�myC¹��F���-�¸�Y)`·C¹x37�Õ�)��¶`�>�-��v��>�K�`u {io`v-oK�$�Hu � ¤>�£�H� ∃ ó : ¨ �

� ¨ ′ �$�5�-�����H�l� §�Ó'² ↔ ó
( § ) Ó ′ ó ( ² ) ∀ § Ç ² ∈ ¨¸Õ

kQz<�7n¬q5u+xCu � y÷w`q>�Fs w7z$��{2�¥�'wKo`| ¨ q5s nCtKu�{-m'nCo'p`o«{-|'nC�'p`��n¬~Ct¥ -�$}K�ioK|'v-q
〈 ¨�Ç ⊆〉  iu t¬nCt¬x<�Fp Í {-oK|'v-q�z$o 〈 ¨�Ç Ó 〉 �7w`oK|

Ó = {〈 �¥Ç�� 〉| �¥Ç�� ∈ ¨ � t@u � ⊆ � }
x<�Fp-�2z$oUÓ�q5s nCtKu]�/{-�2¤>{-�0{2z$o ¨ w`oK|0q5u {i}7 -qlzCtKuHt7w`�/z$o ⊆ �

4Èl65�W'Ä-Z)À»½�ac_87 ¾'4Èl95�W'Ä-Z)À ÀR�`À
N]ÀiW�P]YH^`À]YHÄi\©^'Äi\¬ZmlCW@X»ÆH¾-\ðQ@XcP2^`À]Á'Ä-\CÃ
Û � 〈 ¨£Ç ≤〉 ��v��>�K�K� v��/�'�<��yT�)�¸�]���oyC¹Ë�F���-�¸�Y)`·C¹£�>¶K�¸�Èi$(��$� 1 �$�]�'�>�/�b&F�5�83'��biF�5¶$3$��� º ⊆ P( ¨ ) �$�5�-�����H�l�

〈 ¨�Ç ≤〉 ∼= 〈 º/Ç ⊆〉 (∼= : �
�i�5�]�$� Ð �»�F�]¶K¹ )
¼hN][bQ�l'X
Á'Ä ���$¤lwKq5u�n$t'"`�Co`m'v-q º ⊆ P( ¨ ) � tKu ó : ¨ �� º Í {2z$qá

≤ $ ↔ ó
(
á
) ⊆

ó
( $ ) �¦�u t � }K~$q á ∈ ¨ ¤>{2z$� ó

(
á
) = { § | § ∈ ¨ � tKuH§ ≤

á
} >£¤>{@zC�

º = {
ó
(
á
)|
á

∈ ¨ } � Ì w`��o`�Fu {iv-�4> º ⊆ P( ¨ ) � t@u ó : ¨ � º­�q¸w@u v-oK�$�Hu {iv-�`�<¯��
­;:�¯ Ê Í �$t á ≤ $ ⇒ { § | § ≤

á
} ⊆ { § | § ≤ $ } ⇒

ó
(
á
) ⊆

ó
( $ ) >�t7w`�v-q¸zCtj"`t7zCu � �'z$�Fz$ti�

­;:<:�¯
Ì�n5zFs {2z$�Co`�]t4>�tKn { § | § ≤
á
} ⊆ { § | § ≤ $ } zC�'zCq á ≤ $ xCu+�'zFuá

∈ { § | § ≤
á
} qlw`q5u+x<y á ≤ á }K�$t á ∈ { § | § ≤ $ } x<�Fp-� á ≤ $ �­;:<:<:�¯ % {@zC� ó ( á ) =

ó
( $ ) zC�'zCq { § | § ≤

á
} = { § | § ≤ $ } ��¦�u+t
z$oKn�s xFu op`�7 -orv-q�z$o/­;:<:�¯�¤>�2o`|'v-q á ≤ $ � t@u $ ≤ á ��Ì��Ctrt7w`��t`n<zCu+{-|'v-v-qlzC�Cu � �'z$�Fz$tá

= $ ­�}`�Ct ó ¡ � ¡ ¯��


