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À il�qnl©�sq�j�l���j�ji�f¯r%���z����K¤sq� �z��kl��{q©¤�z��hqsz}²{qnpklhjizf�s�r��lhqmg 
nz 

•
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.
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•
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f�hjilk%n²��{����zx%iur��%vwilk%nz 
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�ji��ji%vw�¸�j�ji@sjh��z����f)hj�¤v���hz}1�u�jf
}´i��9�zizy%npkurl��hjs�}]��i%vw�qnp�q��hqilx%i#il�j��{qnl�qil{qnz 
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vw�zv�n � ��� � .=hqn@xl{qnphjsq¿j����	g 
À il��n|tunl�j��r��%f���kli¸f�s�r��lhjilx%i´�j{jsjhq¿jsj�qn v�np��f�s�vw��v�n@k%m�kli1�zsq�jf
}²sjtDf¯rl�����1�

��K¤��°¸rl��v�v�mg�j�j{jsqhqn1�%r%��©gn<K¤��° �� ��)il�q���� 
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� â�÷g÷�öÓç½è��-A 	 � r%��v�v�n��)il�q��n1�]¾���f����Iî �º�
rlr�sq�q��sq���pf��jsj°ûil�j��{qnl�qil{ hqn
tunlvw�qhj���qi%v¥£Dnp{�� �

⊂ R � kls���n´� ,�  �   " ����n .]��x�rzn1�z�qn�}²k � ����hj�j¿qsz}q�%�jnp�qn�}q�
�j�qi9îd� .��

>
�  �¾�{����z�jiur%i-©�sqv����j�qi .F�zizf���sjx%np�u�Xv�np�zf�sqvw�zv�nKhqn��ji%�������  xl{qnphqsj¿qm � � ���j{js�����v klhj�z��{js¥£Dnp{�n . � .»� �  �
  ¡ ilxp��n��j{�ils�t�kli1�zhqn�} .Z�ji

{qn��zsqn�r��lhji%vw�]kl���q�qil{j�¸k��ji%�������#�jiur%i-©�sq�q��r��lhqnz��µ � /��
 . # �  
� ô
�ö���ö
	�â-ä��-5 	�õ�ô
	 À r1}����j{�i K¤��hjsz}9izy�ipt�hqnu����hqsj°½�½�j{����z�jiurli|©�sqv����q�ji

£Dnp{ � ���zsjhjs���hqm�°½� . ∣
∣
∣� 6

� �-s�.»� �  ��ú �   ��nlf�f�vwi1�j{jsqvd����hj�j¿jsj���
∈

ý
∞
� �

tun1�jnphjhj��� �)il{qvw�lrlil° ��������ú �
− �

��
	�� �

−
�
− � ��xp�z�� # � kl� K¤�|f��jkl��hjhji��

��s�f¯rli��qn �j�����wú
|
�
|
 �³)��xl��i´kls��z�u�j���j�j�ji

îd�D�z� ∣∣
∣ �

ú� 0 �
− �

��
	�� � � ' ( 
 � ( � 
 ü��²���� �

1
¾�ip�u�ji%vw�����%r1}X��i�f��jnl�qi%��hji¥y�iur��p£¤s�~����î=�D��� # � kBi�yurznlf��js 	;ú �

\
�

′
�

xp�z� �
′ ⊂

� £Dnp{Zf´¿j��hq�j{�i%v k � sP{�n1�zsj��f�i%v �  � "  ·³)��xl��i=kls��z�-�������q�ji
�%r1} 	

� " � . −
	 � � � k �

′
 �¾'izf���iur��l��� �9ú � h�n´xl{�nphjsj¿j� � ��s�t�f¯rznpy�ilx%i

�j{qsjhj¿jsj��n v�np�zf�sqvw�zv�n�f¯r%���z���u�����j�qi�.
−
	 � � � k´i�yurznlf��js 	���s=�zizf���sjx%np�-�

v�np�zf�sqvw�zv�nºk �    ��h�nu��sq�½���q{�ilsjt�kli1�zhqn�}²µ�� /��
 � .
−
	 �z� ∣∣

∣ � � 6
� ��hqiº��iur��²f���il{�i

µ�� / �
 � ∣∣
∣� � �

� �qv�mÂ�jiur��z�jnp��vªµ � / �
 . ∣
∣
∣� �

# �  -��m �zil��n|tun�r�s]rl��v�vw� ��il�q�'nz 
ß9�ô�å �·öjå�æ·âoã�ô-·ö��jö
	�âuä �
5 	·õqö 5%æ�ä��qå�ô���ôûà·á�æ·å�ó�æ·à�öo÷�ö6 5%æ»÷ %�÷�ö�è

5 s�r��lhqm�°K�j{jsqhj¿jsj�¸v�np�zf�sqvw�zv�n@hj��vw���%rl��hjhqi²f¯rl���z���-��sjtDf¯rznpy�ilx%i¸�j{qsjhj¿jsj��n
v�np�zf�sqvw�zv�n)s¤rl��v�v�m ��il����nz  À ��°qf���kls��j��r��lhji��%�q��f�����rlil�qn�r��lh�m�°²v�np�zf�sqvw�zv
����hj�j¿qsjs�.9�zizf���sjx%np�-�jf
}²k#�ji%����� �

∈
Þ¹��n�� � ú

{
�

∈
Þ

|
.�������ú .�� ���

}
 

��f¯r�s�.@hj� �jizf��ji|}1hjhqi��|�qi�k%f���xp��ngf��7K¤�|f���kl���u�º£Dnp{½�pklhj�z��{���hjhjizf�������i1�qil{�ilx1i
hj���j��{��pf����qnp�u���¤�ln�xl{qnphqsj¿qn)�j��{��|f����qnp�u���l�j{qsq����v=k¤�ji%������rlil��n�r��lhjilx%i@v�np���
f�sqv���v�n �   �¾�izf���iur��l���¨�q{�ilsjt�kli1�zhqn�} .dk��  hj��hj�lrl��k%n�}P�Ã�ji@r%��v�vw����il����n1�
�
�u�qi�hjsj�qnp�¸hj� vwi-©��u�9y%m���� r%il�qn�r��lhqm�°=v�np�zf�sqvw�zv����j{�i1��sjklil{�����sq�l 

Å¤Æ���Æ�� Ò�Ü#Ô@Ê �#×��²ÍDÏ � �_Í'Õ#×
e�f�hqilklhqn�}¤�j�|il{���v�n�x%�|i%vw�u��{qsjs¤��{qv�sq�jilk%m�~¤vwhqilx%i�izyl{qn|t�sq°D�j{jsqhqn1�%r%��©�sq�D¾  
¢�i1�z��£¤ilhj�� 

ß�à�á�âzã�â-ä�â�å�æ�â=ç½è���C�è ¾���f����"!K�q��{qv�sq�jilk%n��)il{qv�n���i%v���rl���zf�hjilx%i���{qvwsq�qilk%n
vwhqilx%i�izyl{qn|t�s�}¥ÞÓ� � � �

C

Þ ú -w  �¨�u�j{jsj�qnKh�n9Þ hqn|tum�k%np�u�qf
} ÷�â 	·á·æ �ô
�
� ô½ã&%$#=ô�å·ö ���|f¯r�s �&%�»��! � − . ��ú �  
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" âjô�á�â�÷�öRç�è��-L
	 �ê¾  �¢�i1�z��£¤ilh½� " &���� �²¾'��f����ª�þÞ , !�� ! ��i%vw��np�q��hji��l�w��i%vw�
��rl���zf�hji��l�g��{qvws��jilkli -��ðvw��{jhqi��Zvwhjilx%i�izyl{qn|t�sj�l  ¡ ilxp��n f��7K¤�|f���kl���u�Ó���zsjhj�
f���kl��hjhqn�}#�êfw�qi%��hjizf����l�Z��i��jizf��ji|}1hjhjilx1i'vwhji|©�sq�j��r1}z���jiurli|©�sq�j��r��lhqn�}D����hq���
¿jsz}��

∈
ý

∞
Þ �jnp�qn�}q���j�qi � !Z��vw�-��{jsj�qn@¢�i1�z��£¤ilhqnz 

� ô-·ö���ö
	�âuä �
5 	·õqô�è � ö�� é�	 À i�f��qnl�ji%��hji�hqnp°q��sX����hj�j¿jsj� � # � �qn|�
�����º�j�j�qi �&%�»� � ! � − . ��ú �   ¡ ilx|��n��]ú � .��

�
� − .
�  

� ö � � 	 ��nlf�f�vwi���{jsqvo��sq���)��{���hj¿jsqn�r��lhqm�°´il�j��{�nl�jil{

 �� ����ú �&%�»� � ! � − . �!
�

���u�ji¸k%m�{qnl©���hqsj�@sqvw�|�u��f�v�m�f¯r����ji1�ji%v������j�ji]�j{�izf���{qnphqf���kli´��il{�voizy32���v�n
hqn´Þ i1�zhji%vw��{jhqi���n²�qnlf���hji�� �)il{qvFizy32���v�n��u�qi]����hj�j¿qsz}z�
 �³���xl��i¸kls��z�u�j���
�j�ji  ¹�
rlr�sj����sq���pf��jsj°Iil�j��{�nl�jil{½� f9�j��vÉ©���f�sqv�kliurli%v����j�jiB�Xil�q��{qnl�jil{qn
³)np��rznlf�n=�þ�zil�qnl©�sq�q�g�u�ji��
 

� ö �Iç 	 E n��j{�izf���{qnphqf��jkl� ý
∞

Þ {qnlf�f�vwi���{jsqv  0 �ðvw�u�j{jsj�����ztun1��nphjhj���
�)il{qvw�lrlil°

�Ãø , ùj��ú ∫

�
ø�ù�! � 1

5 il�j{z}�©���hqhqm�°Iil�j��{qnl�qil{o�  Évwi-©�hjiPk%m��jsqf�nl�j�=}1klhji���klizf��jiur��pt|ilk%npkp£¤s�f��
�)il{qvw�lrlil° 5 �qil��f�nz �¾'��f���� 

∈
ý

∞
ÞÓ  ( tº��il{�vw�przm 5 �jil�zf�n#�jiur��z�jnp��v

∫

�
 �� ���� ! � ú ∫

�
�&%�»� � ! � − . ��¥ú ∫

�
� ! � − . ∧ �&%�$ ,

�ji��pf����
 
∗
¥ú ! � − . ∧ � %�$!

� 1
� ö � �
	 ¾�i�f���iur��l���  

∗
tunphj�pr1}1�-�jf
}´hqnº��ilhqf��jnphq�jn|~��z��x%i@}��z{�iºi1�zhji%vw��{j�

hji¨k=f�s�r��4f�s�r��lhjilx%i=�j{jsqhj¿jsj�qn]v�np�zf�sqvw�zv�nB�þ�zil��nl©�sq�j�²�u�ji��
 ·¾�i��)il{qv��pr%�
sjh��z���zf�n²�%r1}´�
rlr�sj�q��sq�j�|f��jsj~´il�j��{qnl�qil{�ilk�k%�jil{�ilx%i´�jil{z}��z�qnz�q��il�qn|tunphjhjil°�k
�u�jil°9r%���j¿jsjs½��sjh�������f
 

∗
{qnpkl��h¥hj�lr�� ��t�hqn-��sq������x%iK��i|}��z{�i´i1�zhqi%vw��{jhji�  ( t

�u�jilx%i¸f�{qn|t��¨f¯r%���z���u�����j�qi@}��z{�i  û�ji-©��ºi1�zhji%v���{jhji��js=vw�u��{jsq�qn#¢qi1���1£¤ilhqn
���zsqhqf���kl��hjhqn¥f9�ji%��hjizf����l�Ú�zi4��ilhqf��jnphq�qmg  À r1}Zf��7K¤�pf���klilk%nphjsz}Ivw�u��{jsq�js
¢qi1���1£¤ilhqn¸izf��jn�r%i�f�����y����zs����%f
}q�½�j�ji�r��)y%n�}�hq��hj�pr%��k%n�}¥����hq�j¿jsz} .

∈ � /#.  k%f������]�qiurli-©�s��j��r��lhqnz�jr�sjy�i#k%f������]i���{jsj¿qnl�q��r��lhqnz 
� ö � ? 	 ¾���f��j� �

∈
� �  

∗
 ½¾'{qsqvw��hjsjk]�j{jsqhj¿jsj�=v�np��f�s�vw��v�nz�½v�mR�jiur��1�

��sqv��|�j�ji�k�il�q{��pf���hjizf���sDv�sjhjsqvw�zv�n ���u�u�jn�����hj�q¿jsz}�f���{�ilx%i)i1��{jsq¿qnl�j��r��lhqnz�
kgil�j{��|f��jhji�f��js@v�np��f�sqv���v�n�f���{�ilx%ig�qiurli-©�s��j��r��lhqn¸�Ã�j{�ilkl��{j�%�j���u�qi��
  ��f¯r�s²k
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}��z{��  Phqnp°��z�-�jf
}º����hj�j¿js�}�.·�1��i1�jil{�n�}#x|�z���ð�qiD�jiur%i-©�sq�q��r��lhqnz��x|�z���ð�qiDi1�j{js��
¿qnl�q��r��lhqnz��vwi-©�hqi]f���ilhqf���{j��sj{�ilk%nl���]����hq�j¿jsj� 
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ý

∞
Þ¹����i��jil{qn�}Kk%f��g�z�

�jiur%i-©�sq�q��r��lhqnz�qs¸�1�zilkur%�u��klil{z}1�-� ∫

�
.  ! � ú �  j¾�i�f���iur��l��� � �  

∗
f�ilkl�qn1��n|�
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∗
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hj��hq�pr%��k%n�}�����hj�j¿js�}�.
∈ � /#.  ûk%f����z�9�jiurli|©�sq�j��r��lhqnz�qr�sqy�i]k%f������¨i1��{jsq¿qn|�

�q��r��lhqnz -��m �zil�qn|tun�r�s=f�� K¤�pf���klilk%nphjsq� vw�u�j{jsj�jsK¢�i1�z�1£¤ilh�nz 
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∗
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ÿ�ö½ã�ö���öBç½è4��è À il��nl©�sq�j�l�½�j�qi]�u�jnKn�r�x%�pyl{qn¨�q{�izf��jnd�Ãhj�@sqvw�|�u�4�zkl��f��jil{�ilh��
hjsj~´s��z��n�r%ilk��
 
ÿ�ö½ã�ö���öBç½è ç�èFE np�ji%vwhj�º���j�qi¨�qnp{qnp��i%vw�qnp�q�jhji���v�hjilx%i�i�yl{�n|t�sj�²�u�qi�vwhqilx%ip�
izyl{qn|t�sj�l���zil�j��f��qnp��K¤�|�)r%il�qn�r��lhji]��ilhq����hji��¤{qn|tpylsj��hjsj�¤���zsjhjsq¿qmg  À il��nl©�s��
�q�l���j�ji��qnl©¤��i���{�nlf�f¯rli���hjsj��hqn1���qnp{�np��i%vw��np�q��hqm�v¸vwhqilx%i�izyl{qn|t�sq��v�ÞÁ}1kur1}%�
�u�qf
}¸�j{�}�v�m�vof¯rznpx%np��v�m�vÂ��{jsjklsqn�r��lhqilx%i�  Ý m�kl���zsq�q�Ds�tº�u�jilx1i����q�ji²�q{�i������
��sqklhqm���vwi1�z�lr�s4hqn��Bý

∞
Þ �u�ji��j{�i�f���{�nphqf���k%n¸f�������hjsq°Bx�rzn��z�js�~¥{qnlf�f¯r%i����

hjsq°½  À il�qnl©�sq�q�l���j�ji¸x�rzn1�z��i��´{qnlf�f¯rli���hjsj�²i1�zhjipt�hqn-��hji¸tun1��np�-�jf
}df���{q���q�j�1�
{�il°�ý

∞
Þí�ðvwi1�z�lr1}´hqn#�q{�izf���{qnph�f���kl�gf�������hjsj°� 

ÿ�ö½ã�ö���öBç½è��½è ¾���f����ªÞ �²{qsqv�nphjilkliFvwhqilx%i�izyl{qn|t�sq�l� �É� � ∗
Þ

−→ � ∗
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∗

ú
∗
�
∗

f�il�j{z}�©���hjh�m�°dil�j��{qnl�jil{�  À il�qnl©�sq�q�l�
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∗
�
rlr�sj�q��s����|f��qsj°½�

ÿ�ö½ã�ö���öBç½è@?�è ¾���f����´Þ ���j�u�jm�{��¯~�vw��{jhqi���{jsqv�nphjilkli²vwhjilx1i�izyl{qn|t�sj�l� � � Þ
���j{�izf���{qnphqf��jkli@�)il{qv��

∈ � 0 Þ¹�j�1��ilkurl�u��klil{�}1��K¤s�~
∗
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Þ
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ÿ�ö½ã�ö��·öBç�èBA½è ¾'��f����
C

��n�r�x%�pyl{qnKilxl{qnphqsq����hjhqm�~¨il�j��{qnl�jil{�ilkKhqn]xls�r��ly���{��
�jilkli%v �q{�izf���{qnph�f���kl�J*P��n

K ⊂ C
���j{�i�f���{�nphqf���kli]k%f��¯~¥��i%vw�qnp�q��h�m�~¨il�j���

{qnl�jil{�ilk�  À il�qnl©�sq�q�l�q�j�ji
K

���zkl��f��qil{�ilhqhjsj°¸s��z��n�r� 
ß�à·á�âzã�â-ä�â�å�æ·âdç�èDC�è�� np�q�jil{�n�r�x%�pyl{qn

C � K hqn|tum�k%np�u�jf
} ölä ��â �qá�ô-����ölä½ò
·æ�å�ö xls�r��ly���{��qilk%n��j{�izf���{qnphqf���k%n * � G ��1 � �����
 
ÿ�ö½ã�ö��·öBç�èBL����	�-è À il�qnl©�sq�q�l�1�j�ji n�r�x%�pyl{qn :Dn�r��jsjhqng�q{�izf��jn��Ãhj��f�i1�z��{q©�sq�
hj�u��{qsjklsqn�r��lhqm�~¨�zkl��f��jil{�ilhjhjs�~´s��z��n�rlilk��
 
ÿ�ö½ã�ö��·öBç�è�½è ¾'��f����7(Ó� *

−→
* ��ilxl{qnphqsq����hjhqm�°¨il�j��{qnl�qil{½  À il��nl©�sq�j�l�

�j�jiJ( ��{����zx%iur��%vwilk@�jilxp��n s]�qiur��l��i@�jilxp��nz����ilx|�jn ��x1i ��rznlfufº� (���k n�r�x1�|yl{��
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