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 ¥�� » umnzy ¬ y�l � nqy|~�t �mscl xzsclzlq~�uvx���s]l­�2» uvtvs � xqy ¬|¬ s � ~fuvx�s�©kw]��umnzs�x��ms]l ���v��¬ y�� � nqy|~�t�l lz��y|s�tm¹
nzy·«E{fu�scl#{Juvy5xzsc{Juvy|p�xzs�tJn[u�tvs � x � t��vs � u�y|lzl � t���se�msÇ� ��¬ ��u ¬ sclon � nqnqx � �±nzyª�fs�r � y|l#��~�r �v¬ y|{Juvwcse�vu
� ~�y|tJn��ms �kuvs �ms ¬ » umnqy ¬ y|l � nzs�uvx]µ � salojmlonqpcr[s �G» s�© ��¬ ~fy·n � nqy|~�t ¶´y � t�s � w�nzwa��~ft���u � ~�uvx#®²~fuvxztvyªx
u�tvs��ky�loy|~�t lqyªr �v¬ yª«�w�s��vs ¬�� � xzy ¬ª¬ s � um©Àumnzy ¬ y�l � nqs�u�xzlcµÇ¶´y � tvs�nqx � yªnqs��vs ¬��Ç� x � t��vs#wc���vs ¬ª¬ s��2» uvtvs
� xqy ¬|¬ s s�n.�muS��~fr � ~�xqnqscr1s�tJn��mjkt � r[y�{Juvs��vscl�t

1

2

u��vl�sct umnzy ¬ y|l � tJne�mscl�xqw]los � um© ¬ ~ � y�{Juvscl ��� y|xo¹
� ¹ ��� y|x[��~�r1r1s�®²~ft�� � nzyª~ftGµ�� � t�l1��s ����� y|s�x]¿¯tv~fu�l[r[~ftJnqxz~�t�l � ~fuvx�{fu�~�y�y ¬ s]l�n[nqxzpcl[y|tfnzw�xzsclzl � tJn
�G» umnzy ¬ y�loscx.�ms]l.xqw]los � um© ¬ ~ � y�{Juvscl�l�nzxqu���nquvxzwcl�s�netv~ft l�nzxqu��±nqu�xqw]l � ~�uvxe��~ft�lonqxzuvyªxzsa��s�xqn � y|t�l.loscxo¹
�ky���s]l��ms�� � uvn.tvy|��s � u �muSlojmlonqpcr[s-�2» s�© �v¬ ~�yªn � nzyª~ft ¶´y � t�s�µ } ~fuvx.r[~ftJnqxzs�x ¬ » yªtJnqwcx���n.�ms-tv~�nqxzs
���v� xz~m���vs�¿�t�~�u�l¯�vw�n � y ¬|¬ ~�t�l ¬ s]l�®²~�t���nqy|~�tvt ��¬ y·nzwcl¯�ms­�ms�um©#lqs�xz�Jy���s]l��ms�¶­y � tvs�� � low]l¯lou�x¸�mscl¯xqw]los � um©
¬ ~ � y|{Juvs]l ��� y|xq¹ � ¹ ��� yªx]µ��´~�u�l � xqw]losctJnq~�t�l � u�lzloyE�mscl¯xqw]lou ¬ n � nzl�s�© � wcxqy|r1s�tJn � um©¨~f�mnqsctJu�l¸lquvx ¬�� � xzy ¬|¬ s
�G» s�© � w�xzy|r[sctJn � nzyª~ftAÃ�xqy��2»Ä���f���Ç{Juvy�r[~ftJnqxzs�tJn ¬�� � ����� ��y·nzw��ms ¬ » y|tm®²x � l�nzxqu��±nqu�xqs��vs�¶´y � t�s�¿�� � lowcs
lquvx��mscl¸xqw]los � um© ¬ ~ � y�{fu�sclc¿ � ��� lqlqs�x � ¬ » wc����s ¬|¬ s�s�n<lq~�t#y|tfnzw�x���n � ~�u�x ¬ » y|r �v¬ wcr1s�tJn � nqy|~�t��ms­loscxq�ky���scl
�vy|lonqxzyª��uvwclcµ
��Ë ¡]  É ¤�� 
 ¥ � xzy|�C��~�r � uvnqy|t � ¿�xqw]los � um© ¬ ~ � y|{Juvs]l�¿ � sclonqy|~�tvt � y|xqs.�2» ���v�v¬ y|� � nzyª~ftG¿ ��¬ª¬ ~m� � nzyª~ftC�ms
xzsclzlq~�uvx���s]l�¿J¶´y � tvs
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�´~8° � � � jml�¿�tkuvr1scxqy�� ��¬ lqy|r=u ¬�� nzyª~ftC� � l � t yªr � ~�xqn � tJn �v¬�� ��s.y|t losc��s�x ��¬ lz��y|s�tJnqyª«���«�s ¬ �vl#°5��s�xzs
xzs ��¬ s�© � s�xzy|r[sctJn � nzyª~ftWy�l¸s�© � s�t�loy|��s�~fx<y|r � ~Jlqlqy|� ¬ sfµBA � tkj1lq��yªsctfnzy·«E� �����v¬ y�� � nqy|~�t�l¸xqs]{Juvyªxzs ��¬|� x � s
� r1~�uvtJn¸~�®Gxqs]lo~fuvxz��scl"nz� � n5� � tvtv~�n<��s � xq~8�ky��msc�1�kj � lqyªt ��¬ s�°<~fx ¼ lon � nqy|~�tGµ�ikyªt���s�nz�vs ¬�� lon<�ms]� � �ms�¿
� ¬ u�l�nzs�x�l � t�� � xzy|��l$� � ��s���s]��~fr[s � nonqx � ��nqy|��s<®²~�x�nz�vs5s�©msc��umnqy|~�t[~�®2lqu���� ���v�v¬ y|� � nzyª~ft�l�µDC ��� ��¬|¬ s�t � s
®²~fx�nq�vs1y|t�l�nzy·nzumnqy|~�t�l tvs�s]�my|t �.�.¬�� x � s[��~�r � uvnqy|t �e� ~8°�s�x�y|l�nz~e� � xztvsclzl � �fs�xzj ¬|� x � s � r[~fuvtJn�~�®
�f~ ¬�� nzy ¬ s­xzsclq~�u�xz��scl��my�l�nzxqy|�vumnzsc�.~�te�my&EEscxqsctfn´lqyªnqscl�y|t �[� xzy|�2µ
Â-s � xz~ � ~flqs �Ç� xzy���~ � scx � nqy|t � lqjklonqscre¿"� ��¬|¬ s]��¶­y � tvs�¿"nz~aloy|r �v¬ y·®²j�nq�vs�u�los�~�® �e� xzy|�Gµ
F­tvs

~�®$nz�vs�r � y|te®²s � nquvxzscl�~�®�¶´y � tvs y�l5nz� � n�yªnzl­�my|lonqxzy|�vumnqs]�Çloscxq�ky���s]l � xzs � � lqsc�.~�t � t.y|tm®²x � lonqxzu��±nzuvxzs
��~�r � ~flqsc��~�®"�vsc��sctJnqx ��¬ y&Gcsc��~8��s�x ¬�� jklcµ
½¾t nq�vy�l ����� s�x]¿�°�s � xzsclqs�tJn�nz�vs �msclqy � t � xzyªt���y �v¬ s]l�~�®=¶´y � t�s-Ã�xzy|� ~ � s�x � nqy|t � lqjml�nzs�r � t��

�vs�r1~�t�lonqx � nzs=°5�kjey·n y�l´��y � � ¬ j �vsclqyªx � � ¬ s�nz~�u�los´��~�y|tfn ¬ j lonqxzu���nquvxzsc� � t��Çu�t�l�nzxqu��±nqu�xqs]� ~8��scx ¬�� jml
y|t.nq�vs=¶´y � tvs y|tm®²x � lonqxzu��±nzuvxqsfµ¯Â-s=�msclz��xzy|��s§nz�vs�° � j#nq�vs§n�°�~ ¼ yªt��vl5~�®�~8��scx ¬�� jml � xzs�u�los]��y|ten�°�~
lqs�xz�ky|��scl�~�®N¶­y � tvs�~ � scx � nqy|t � lojmlonqs�reµ�Â-s ��¬ lo~ �my�lz��u�lzl¯s�© � s�xzy|r[sctJn ��¬ xqs]lou ¬ nzl¯~��mn � y|tvsc�[s�©ms]��umnzyªt �
¶­y � tvs ~�t.nz�vs¨Ã�xzy|�2»Ä���f���!Hvxzs�t����et � nqy|~�t ��¬ nqs]l�nz��s]� � t���nz� � n­lq�v~8° nq�vs=lz� ��¬|� �vy ¬ yªn�jW~�®"nq��s�¶´y � tvs
y|tm®²x � lonqxzu��±nzuvxzs � t�� yªnzl � x � ��nqy�� ��¬ yªtJnzs�xzsclonW~�t nq�vsas�© � r �v¬ sÇ~�®�nq�vsa¶´y � tvsÇxzsclq~�uvx���s ��¬ª¬ ~m� � nzyª~ft
lqs�xz�ky|��s�µ
Á��vs¨xqs]l�n­~�®�nq��y|l ����� s�x­y|l � l�®²~ ¬|¬ ~8°�lcµ5½¾t�iks]�±nzyª~ft��m¿E°<s � y|��s � tÇ~8��s�xz�kyªsc°b~�®�nq�vs¨¶´y � tvs¨~ � ¹

scx � nqy|t � lojmlonqscr � t�� � xqs]losctfn5yªnzl��vsclqy � t � xqy|t���y �v¬ sclcµ¯Â-s s�© �v¬�� y|t�nz�vs�xzsc{Juvy|xqscr1s�tJnzl�~�®$nz�vs ¶´y � tvs
lqs�xz�ky|��scl y|tÀnzs�xzr1l¨~�®��my�lonqxzyª�vuvnqsc�A~��m��s]�±n=t � r1yªt �a� t�� ¬ ~m� � nqy|~�tÀr1sc��� � tvy�lor#l=yªtCimsc�±nzyª~ft > µa½¾t
imsc�±nzyª~ft'I.°<s[�my|lz��u�lql´nq�vs[y|tfnzs�xzsclon�~�®¯u�lqyªt � ��~�y|tJn ¬ j l�nzxqu���nquvxzsc� � t��auvt�lonqxzu��±nzuvxqs]� � s�s�xq¹Unq~�¹ � s�s�x
~8�fs�x ¬|� jml � l � ®²~fuvt�� � nqy|~�t1®²~�x�¶´y � t�s´loscxq�ky���s]l�µ"½¾t�iks]�±nqy|~�t.�§°<s­�ms�n � y ¬ n�°�~=lqs�xz�Jy���s]l�y|r ��¬ scr[sctJnqsc�
y|tW¶­y � tvs­lqjml�nzs�r nq� � n�u�los��myJENs�xzs�tJn � scs�xq¹Pnz~�¹ � scs�x¸~8�fs�x ¬|� jmlcµG½¾t.imsc�±nzyª~ft��v¿J°�s � xzsclqs�tJn � tWs�© � s�xzy·¹
r1sctfn ��¬ s�� ��¬ u � nqy|~�t�~�®�nz�vs lq� ��¬�� �vy ¬ y·n�j1~�®$¶´y � tvs§~8��scx ¬�� j[yªtm®²x � lonqxzu���nquvxzs � t�� � xq~8�ky��ms � xzs ¬ y|r[y|t � xqj
� s�xq®²~�xzr � t���s=xzsclqu ¬ nzl´®²~�x�nq�vs1¶­y � tvs¨xzsclq~�u�xz��s ��¬|¬ ~m� � nqy|~�t�loscxq�ky���s�µ Â-s1�my|lz��u�lql�xzs ¬�� nqs]�Ç°�~�x ¼ l­y|t
imsc�±nzyª~ftÇ� � t��.°<s�«�t ��¬ª¬ j���~�t�� ¬ u��vs yªtÇiksc��nqy|~�t
Kvµ

L 	���
��$�#��
�� ��6NM �����.


Â-s � xqsÇ�vu�y ¬ �my|t � nq��sa¶´y � t�s�Ã�xqy��OF � s�x � nqy|t � ikjmlonqscrQPUÃ;F§i)R1y|t ~�x��ms�x1nz~ xzs ¬ yªsc��sÇu�lqs�x�l � t��
� xq~ � x � r1r1s�x�l�®²xz~�r nq�vsÇ�vu�xz�msct ~�® �ms ��¬ y|t � °5yªnq� �vy � � ¬ jA�my�lonqxzyª�vuvnqsc� xzsclq~�u�xz��scl[~8��scx � lqs�nW~�®
�f~ ¬�� nzy ¬ s=tv~m�ms]l�µ=½¾tanz�vy|l lqsc��nqy|~�t�°<s � xzsclqs�tJn´nz�vs#�msclqy � t � xzy|t���y �v¬ scl�°<s � �v~ � nzsc�Çnz~ � ���vy|s��fs�nq��y|l
� ~ ��¬ ¿ � t���°�s � y|��s � te~8��scxq�ky|s�° ~�®"¶­y � tvs�» l5loscxq�ky���s]l�µ

S.Æ  3T:U-VXW§¢�T5V"¤YT[Z � Æ   Á$~��ms]loy � t nq�vs.loscxq�ky���scl=~�®�¶­y � tvs�¿�°�sW®²~ ¬ª¬ ~8°<s]�-nq�vxzs�s�r � y|t � xzyªt���y ��¬ s]l�µ
H"y|xzlonc¿�nq~ � xz~8�Jy��ms�u�lqs�x�l � t�� � xz~ � x � r1r1s�x�l$°5y·nz� ����0\(]�&
´� ��lonqx � ��nqy|~�t�l"~�®�nq��s��my|lonqxzy|�vumnqs]� � �kjklqy�� ��¬
xzsclq~�u�xz��sclc¿8nq�vs§lqs�xz�Jy���s]l¯~�®G¶´y � tvs � xq~8�ky��ms +]�����Y�&
9+-�.���/
�0_^�0`�3�a
 PUivik½bR±µ ¦ loscxzl � t�� � xq~ � x � r1r1s�x�l
� � ��s�nz�vs�y ¬|¬ u�loy|~�t�nq~[°<~fx ¼ ~�t � lqyªt ��¬ s­��~fr � umnqscx�nq� � n �J� nq��s�x�l¯nz�vs­xzsclq~�u�xz��scl¯~�® ��¬|¬ nq�vs�tv~m�ms]l<~�®
nz�vs � xzy��2µ
iks]��~ft��2¿vnz~#s�t�lquvxzs§nq� � n�nq��s¨Ã;F§i.y|l � � � y ¬�� � ¬ s � t��.nq� � n ���v��¬ y�� � nqy|~�t�l�xzuvt ��~fxqxzsc��n ¬ j��ms]l � yªnqs

nz�vs[��~ ¬�� nzy ¬ yªn�j.~�®¯tv~m�msclc¿Nnq��s[lqs�xz�ky|��scl�r¨u�lon��Es �*
*� 76c:d)
6�e�f����� µ¨iks ¬ ® ¹º�vs ��¬ y|t � loscxq�ky���s]l5nq~ ¬ scx � nqs[losc�f¹
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scx ��¬ tvs � xq¹º��~�y|t���y��ms�tJnWxzsc��~�tm« � uvx � nqy|~�t�l � t�� ® � y ¬ uvxqs]l�¿ � t�� xzsc��~ftm« � uvxqs.nz�vs�r#lqs ¬ ��sclWnq~Ànz~ ¬ s�x � nzs
xzsc��~�tm« � uvx � nzyª~ft�l � t���® � y ¬ uvxzscl ���f� yªtGµ�½¾t ��� xqnqy���u ¬|� xc¿ ��¬ª¬ lqs�xz�ky|��scl�r=u�lon��Es��msc��s�tJnqx ��¬ y&Gcsc�2µ
Á��vy|x��2¿�nq~�r ��¼ sWnq�vselojmlonqscr lz� ��¬ s�nq~ ¬|� x � sWtkuvr=�Es�x�l=~�®�tv~m�msclc¿�nq��seÃ;F§iÀlqs�xz�ky|��scl¨lo�v~fu ¬ �

��~�tJnqsctJn�°5yªnq� �&� 46��� ���2�����&
6%*��
 ~�®"nq�vs�lqjml�nzs�r³lon � nqsfµ¯Á��vy|l�scl � s]��y ��¬|¬ jW��~ ¬ �vl�®²~�x�nz�vs r1s�r¨��scxzlq�vy �
lqs�xz�ky|��s�¿J°5�vy�����y�l¸xzscl � ~ft�lqyª� ¬ s�®²~fx5��~�t�tvsc��nqy|t � nz�vs­¶­y � tvs�tv~m�msclcµ�½¾t��ms�s]�2¿mr � y|tJn � y|tvy|t �¨� ��sctfnzx ��¬ ¹
y�G�s]� ��¬ ~�� ��¬ n � � ¬ s�~�® �1¬�� x � s§tkuvr¨��scx�~�®¯��~ftvtvs]�±nqs]�.tv~m�mscl��vscl � y·nzs§nq�vs=��~ ¬�� nzy ¬ yªn�jW~�®�nq��sclqs tv~m�mscl
��~�t�lquvr1scl�nz~k~[r¨u����.� � t��v°5y|�knz�.nq~#xzuvt.�vy|lonqxzyª��umnqs]� ���v�v¬ y|� � nzyª~ft�l�s
	W��y|s�tJn ¬ jfµ
Á��vsÇlqs ¬ ® ¹U��s ��¬ y|t ��� t�� ¬ ~m� ��¬�¼ tv~8° ¬ sc� � s � xzyªt���y �v¬ s]l1�mxqy|��s.~�u�x[���v~fy|��s�~�®´u�lqyªt �-� s�s�xq¹Unq~�¹ � s�s�x

~8�fs�x ¬|� j§tvs�n�°<~fx ¼ l � l�� � lqy|���vuvy ¬ �myªt � � ¬ ~m� ¼ l"nq~ �ms]loy � t[¶´y � t�s�» l¯loscxq�ky���s]l�µ$½¾t1iks]�±nzyª~ft > ¿�°�s � xqs]losctJn
��~8°�~�uvx´nq�vxzs�s[�msclqy � t � xzyªt���y �v¬ s]l´y|t��mu���s[xqs]{fu�yªxzs�r1s�tJn�l5®²~�x�� � loy���~f�m��sc��n ¬ ~k� � nzyª~ft r1sc��� � tvy|lqr#l�µ
Á���sclqsatvscsc�vl.�mxzyª�fsa~�u�x.���v~fy|��s ~�®¨u�loy|t � ��~�y|tfn ¬ j � l�nzxqu���nquvxzsc� � t�� � t uvt�lonqxzu���nquvxzsc� ~8��s�x ¬�� j
t�s�n�°�~�x ¼ µ

�
� Æ ¢�� T ÆJÊ³Ë���� T5U]V Æ��  �� Æ ¢�� TP¤ Æ   C­l � tkj¨~ � s�x � nqy|t � lqjml�nzs�re¿ � Ã;F§i=�ky|xonzu ��¬ y�G�scl�nq�vs � �kjklqy�� ��¬
xzsclq~�u�xz��scl�nz~ � xz~8�ky|�vs�u�lqs�x�l � t�� � xz~ � x � r[r1scxzl�°5yªnq�.loy|r �v¬ s � ��l�nzx � �±nzyª~ft�l�µ"Á�~=nq�vy�l�s�t��G¿m¶´y � tvs­y|l
��~�r � ~flqsc��~�®k�vy � � ¬ s���s ¬ �my�l�nzxqy|�vumnzsc� lqs�xz�ky|��sclG��~�r � xzy|lqyªt �����v�v¬ y|� � nzyª~ft§lz���vs]�mu ¬ yªt � ¿ � s�x�lqy|lonqsctfn�� � n �
r � t ��� s�r1s�tJnc¿m�f~ ¬�� nzy ¬ s � � n � r � t ��� s�r1s�tJn��ª� >�� ¿ � t��.~�® ¬ ~8° ¬ s��fs ¬ lqs�xz�ky|��scl���~fr � xqy�loy|t � xzsclq~�uvx���s]l
� ����sclzl���~�tJnqxz~ ¬N� t���r1s�r¨��scxzlq�vy � µ�½¾t�nq�vy�l ����� s�x5°�s � xzsclqs�tJn<nz�vs ���v��¬ y�� � nqy|~�telq���vs]�mu ¬ yªt � lqs�xz�ky|��s
~�®E¶­y � tvs5°5�vy���� � ��lonqx � ��nzl���~fr � umnqy|t � xzsclq~�uvx���s]l�µ"Á��vs�n�°<~§r � y|t1r1sc��� � tvy|lqr#l�~�®Enq�vs ���v�v¬ y�� � nzyª~ft
lz���vs]�mu ¬ yªt � lqs�xz�ky|��s � xqs ���v�v¬ y|� � nzyª~ft¨r � t ��� scxzl � t�� � xqs]lo~fuvxz��s ��¬ª¬ ~m� � nq~�x]µ$Á���sclqs5r[s]��� � t�y|lqr#l � xzs
��uvy ¬ n�~�t �1� s�s�xq¹Unq~�¹ � s�s�xq¹ ¬ y ¼ s­yªtm®²x � lonqxzu���nquvxzs�µ
Á$~ � ��l�nzx � �±n���~�r � uvnqy|t � xzsclq~�uvx���s]l�¿�nq�vs§lz���vsc�mu ¬ y|t � lqs�xz�ky|��s´xzuvt�l<s � ��� ���v�v¬ y�� � nzyª~ftWuvt��vs�x�nq�vs

��~�tJnqxz~ ¬ ~�® � �ms]�my�� � nzsc��xqs ¬ y � � ¬ s ��� s�tJn�� ��¬ª¬ sc� �����v¬ y�� � nqy|~�t-r � t ��� s�x]µ C�t ���v�v¬ y|� � nqy|~�t-r � t ��� scx
� �±n�l<~ft��Es�� ��¬ ®$~�®$nq�vs u�loscx<nz~1xquvt.s
	W��yªsctfn ¬ jWnq�vs �����v¬ y�� � nqy|~�t � t��Wnq~1s�t�louvxzs�nq� � n5y·n�nqscxqr1y|t � nzscl
��~�xzxqs]�±n ¬ jf¿N�vscl � y·nzs1tv~m�mscl ¬ s � �ky|t � nz�vs#lojmlonqscr�~�x§uvt��vs�x � ~�y|t � ® � y ¬ uvxzsclcµ¨Á$~exqu�t nq��s ���v�v¬ y�� � nzyª~ft
s�	W��y|s�tJn ¬ j�¿_nz�vs ���v�v¬ y|� � nzyª~ft�r � t ��� s�x � umnz~�r � nzy|� ��¬|¬ j§lqs ¬ sc�±n�lGnz�vs�tv~m�mscl"~�t=°5�vy|���=nq�vs���~fr � ~ftvs�tJnzl
~�®�nz�vs �����v¬ y�� � nqy|~�t�xquvt�¿ � t��.r1~8��s]l���~�r � ~�tvsctJnzl�nq~#t�~k�vscl�~8°5tvy|t � ��s�nonzs�x�xzsclq~�uvx���s]l¸°5��s�tÇlou����
t�~k�vscl � xzs��my�lz��~8��scxqs]�2µ ��~m�ms ¬ s � �fscl � xqs.� � t�� ¬ sc� �kjÀr1~8�kyªt � ��~�r � ~ftvs�tJn�l¨xzuvtvt�yªt � ~�tAnq�vs]los
t�~k�vsclW~ftJnq~ ~�nq�vscx�tv~m�ms]l�µ(��~m�ms ® � y ¬ uvxzscl � xzs � � t�� ¬ s]� �kj � ��~ftm« � u�x � � ¬ s ���v�v¬ y|� � nzyª~ft ® � u ¬ no¹
nz~ ¬ s�x � t���s � ~ ¬ y|��j�¿k°5�vy����#®²~�x�s�© � r �v¬ s­��~�t�lqy�l�n�l¸y|tWxzsclon � xqnqy|t � nz�vs ���v�v¬ y�� � nzyª~ft#®²xz~�r � ���vs]� ¼k� ~fyªtJncµ
C �v�v¬ y|� � nzyª~ft�r � t ��� scxzl � xqs � xzsclqs�tJnqs]�Wy|t iksc��nqy|~�t �mµÄ�mµ
Á$~#los ¬ s]�±n�nq�vs t�~k�vscl�~�t.°5�vy���� � t ���v�v¬ y|� � nzyª~ft.lq�v~�u ¬ ��xqu�tG¿knq�vs ���v�v¬ y|� � nqy|~�t.r � t ��� scx�u�los]l �

xzsclq~�u�xz��s ��¬|¬ ~k� � nz~�x]µ�Ã�y|��sct � �msclz��xzy � nqy|~�t�~�®$t�s�sc�vsc��xqs]lo~fuvxz��sclc¿�®²~fx5s�© � r �v¬ s � tkuvr¨��scx5~�®�� } ¦ l
~�® �#� y|��sct.��yªt � xqj � x����vyªnqs]�±nqu�xqs � t��.nq�vscyªx­r1yªtvy|r=u�r l � s�sc�G¿�nz�vs�xzsclq~�uvx���s ��¬ª¬ ~m� � nz~�x��my�lz��~8��scxzl �
lqs�n¨~�®�lou�y·n � � ¬ s#xqs]lo~fuvx���sclc¿ � t��Àlqs ¬ sc�±n�l§nq��s�r1~flon ���v� xq~ � xqy � nzs#xqs]lo~fuvx���scl­®²~fuvt��2µ Á��vs�xqs]lo~fuvxz��s
��¬ª¬ ~m� � nq~�x�y�l � xzsclqs�tJnqs]��y|t iksc��nqy|~�tÇ�mµ|��µ

� %��=����4 	��
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imyªt���s5nq��s´loscxq�ky���s]l�~�® � Ã;F§i[� � t�� ¬ s5~f�m��sc��nzl¯nq� � n � xzs5�my|lonqxzy|�vumnqs]�1~8��scx�nq�vs�°5��~ ¬ s´lojmlonqscr.¿�nq�vs]los
lqs�xz�ky|��scl�� � �fs=nz~.xzs ¬ j ~ft-�my�lonqxzyª�vuvnqsc��t � r[y|t �Ç� t�� ¬ ~m� � nzyª~ft�r1s]��� � tvy�lqr1l­®²~fx§nq�vs#~f�m��sc��nzl�nq��s�j
� � t�� ¬ s�µ1½¾t-nq��y|l�lqsc��nqy|~�tG¿�°<s#�mx � ° nz�vs#xqs]{Juvyªxzs�r1sctfn�l­®²~�x§nq��sclqs[t � r1yªt � � t�� ¬ ~m� � nqy|~�t lz���vs�r1scl
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®²xz~�r(nq��s­�ms]loy � t � xzy|t���y �v¬ scl¯°�s´� � ��s � �v~ � nzsc�[nq~¨�vuvy ¬ �W¶´y � tvsfµ"Â-s­lq�v~8° yªt.iksc��nqy|~�t,I nz� � n<nq�vs]los
xzsc{Juvy|xzs�r1s�tJnzl � xqs l � nqy�lo«�sc���kjW~8��scx ¬�� j1tvs�n�°�~�x ¼ l��vsclqy � tvsc��yªtexzsc��s�tJn � scs�xq¹Pnz~�¹ � scs�x�xqs]los � x����Gµ
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! uvy ¬ �myªt � ivik½­loscxq�ky���scl´~�tÇnz~ � ~�® � °5y��ms � xzs � �my�l�nzxqy|�vumnzsc��lojmlonqs�r tvscsc�vl ¬ ~k� � nzyª~ftm¹Uy|t��ms � sct��msctfn
�f¬ ~f� ��¬ t � r[y|t � lz���vs�r1sclcµ H�~�x y|t�l�n � t���s�¿2u�lqs�x�l§lo��~�u ¬ �a�Es � � ¬ s¨nq~ � �c��sclzl´« ¬ s]l§°5y·nz�v~�uvn§t�s�sc�vyªt �
nz~ ¼ tv~8°�°5�vy���� tv~m�mscl��v~flon nq�vs]los1« ¬ s]l�µeikyªr1y ¬|� x ¬ j�¿$u�lqs�x�l lo�v~fu ¬ ���Es � � ¬ s1nz~ � s�n nq�vsWlon � nqu�l ~�®
nz�vs�y|x§xqu�tvtvy|t �����v�v¬ y|� � nqy|~�t�l´°5yªnq�v~fumn ¼ tv~8°5yªt � °5�vy���� tv~m�ms]l­xzuvtanq�vscyªx �����v¬ y�� � nqy|~�t�lcµ � ~m� � nqy|~�tm¹
y|t��ms � sct��msctfn�t � r1s]l ��¬ lq~�loy|r �v¬ y·®²j.nq��s¨�ms]loy � tÇ~�®�lqjml�nzs�r lqs�xz�Jy���s]l#" ¬ ~m� � nqy|~�tÇy|tm®²~fxqr � nzyª~ft � �E~�umn
� tÇ~��m��s]�±n´y�l­y|lq~ ¬�� nzsc�ey|t � l � s]��yª«�� ��� xon­~�®�nq�vs[loscxq�ky���s � xq~8�ky��myªt � nq�vs¨~��m��s]�±nc¿ � t��etvs�s]�Çtv~�n���s
u � � � nqs]�As ¬ lqs�°5�vscxqs�yªtCnq��selqjml�nzs�r lqs�xz�ky|��sclcµ � ~m� � nqy|~�tm¹ºyªt��ms � s�t��vs�tJn[t � r1scl � xzs ��¬|¬ nz�vser1~�xzs
�vsclqyªx � � ¬ s­nq� � n5nq�vs tv~m�ms]l�~�®"nq�vs�lqjml�nzs�r � xqs§�f~ ¬�� nqy ¬ s�µ
Á$°<~=xqs � lq~�t�l��mxzy|��s�nq��s´tvscsc�[®²~�x ¬ ~m� � nqy|~�tv¹Uy|t��ms � sct��ms�tJn¸t � r1scl$"$~f�m��sc��nzl�r � j[tvs�s]�[nq~=��� � t � s

nz�vs�y|x ¬ ~m� � nqy|~�t�¿ � t��C~��v��sc�±n�l[r � jÀt�s�sc� nq~ �Es.xzs ��¬ y�� � nqsc� ~8��s�x1lqs���scx ��¬ t�~k�vsclcµ Hv~fx � s�x�lqy|lonqsctfn
~f�m��sc��nzlc¿ ¬ y ¼ s�« ¬ s]l�¿Nyªn�y�l´t�~�n­xzs � lo~ft � � ¬ s nz~�tv~�nqyª®²j ��¬|¬ tv~m�ms]l�~�®�nq��s¨lqjklonqscr ~�® ¬ ~m� � nzyª~ft ��� � t � scl
�Esc� � u�lqs§�vxz~ � ��� � lon � xq~�nq~m��~ ¬ l��m~1tv~�n´lq� ��¬ s­°�s ¬|¬ nz~[��y � �.tkuvr¨��scxzl�~�®$tv~m�ms]l�µ

� ~k� � nzyª~ft���� � t � s]l � xqs[tvs]��sclzl � xzj�®²~fx§nq�vs1�vy � � � � � y ¬|� �vy ¬ yªn�jÇ~�®�~��m��s]�±nzlcµ`Hv~�x§y|t�lon � t���s�¿$loy|t���s
t�~k�vscl[r � j ¬ s � ��s�nq�vsÇlqjklonqscr � n � tkj nzyªr1s � t��Clo��~�u ¬ �A�Es � � ¬ s�nq~À�m~�nq�vy�l1°5y·nz�v~�uvn1t�s�sc�vyªt �
nz�vs ����� xq~8� ��¬ ~�®�~�nq�vscx tv~m�msclc¿ ¬ ~�t � ¹ºxquvt�tvyªt � ��~�r � umn � nqy|~�t�l ¬ ~m� � nqs]�a~ft �.¬ s � �ky|t � t�~k�vsWlo�v~fu ¬ �
r1y � x � nzs´nz~#tv~m�mscl�xzs�r � y|tvy|t � yªt.nz�vs lojmlonqs�r³yªte~fxz�mscx�nq~1� � ��s � ��� � t���s�nq~#��~�r �v¬ s�nqsfµ
ik~fr1s­~f�m��sc��nzl<tvs�s]�#nq~[�Es�xzs ��¬ y�� � nqsc�W~�t�lqs��fs�x ��¬ tv~m�mscl<yªt.~�x��mscx¯nq~[xzs�r � y|t � � � y ¬|� � ¬ s­�ms]l � yªnqs

® � y ¬ uvxzsclcµ´iky|t���s¨tvs�n�°�~�x ¼�� t��Çtv~m�ms=® � y ¬ uvxzscl´r � j�~m����uvx � n � tkj�nqy|r1s�¿Nxqs �v¬ y|� � nqy|t � ~f�m��sc��nzl´y|l´nq�vs
~ft ¬ jÇ° � jenz~ ¼ s�s � nq��s�r � � � y ¬�� � ¬ s�µ �­s � s�t��myªt � ~�t nz�vs#xzs �v¬ y|� � nzyª~ft�lz���vs�r1s � t��a~�t�nq�vs1~��v��sc�±n
lqs�r � tfnzy|�cl�¿8��~�r1r=uvt�y|� � nqy|~�t�l2��s�n�°<scs�t � t�s�tJnzy·n�j � t�� � xzs �v¬ y|� � nzsc� ~f�m��sc��n$r � j­y|tk��~ ¬ �fs ��¬|¬ xzs �v¬ y�� � l
~�®�nz�vs�~f�m��sc��nc¿�~fx¯~�t ¬ j �§� xqy|r � xzj�xzs �v¬ y|� � ¿f~�x�~�t ¬ j=nq�vs�xzs ��¬ y�� � °5�vy����1y|l¸tvs � xqs]l�n�nz~ nq�vs5sctJnqyªn�j�µBC´l
� xqs]lou ¬ n]¿ � lqlqy � tvy|t �=�=¬ ~m� � nqy|~�t#« � uvxzyªt � y|tWnq��s­t � r1s´~�® � xzs �v¬ y|� � nzsc�#~f�m��sc��n�r � j1��s � t�~�tm¹¾losct�lqs
� t���r � j � �v�.��~fr ��¬ s�©kyªn�j#nz~1® � u ¬ no¹Unq~ ¬ scx � t���s�r1sc��� � tvy|lqr#l�°5�vs�t.nz�vs ¬ ~m� � nqy|~�t.r=u�lon´��� � t � sfµ

H"y|t ��¬|¬ jf¿�nz~�s�tv®²~�x���s5~�u�x¸�msclqy � t � xzyªt���y �v¬ s]l � xzsclqs�tJnqs]�1yªt�imsc�±nzyª~ft��m¿�nq�vs�t � r1yªt � lq����s�r1scl�u�los]�
�kj�nq�vs=Ã;F§i.lqs�xz�Jy���s]l5lo��~�u ¬ ���Es=lqs ¬ ® ¹U��s ��¬ y|t �#� t��e��~ftJnqs�tJn5°5yªnq� ¬ ~k� ��¬2¼ tv~8° ¬ sc� � s§~�®"nq�vs�lqjml�nzs�r
lon � nqsfµ
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Á$~Ç�m~es
	W��y|s�tJn�xzsclq~�uvx���s ��¬|¬ ~k� � nzyª~ftG¿Nnq�vs#~ � scx � nqy|t � lojmlonqscr lo��~�u ¬ � � xq~8�ky��ms ¬|� x � s[lz� ��¬ s#lqs � x����
r1s]��� � tvy�lqr1lcµ\H�~�x�s�© � r �v¬ s�¿�nq~�xquvt � t �����v¬ y�� � nqy|~�tG¿�nq��s¨xzsclq~�uvx���s ��¬ª¬ ~m� � nqy|~�t lqs�xz�Jy���s r¨u�lon­«�t��
� lquvyªn � � ¬ sÇlqs�n#~�®�tv~m�mscl1y|tAnz�vs � xzy��2µ ! s]� � u�los�nq�vsÇ�ms]lq��xqy � nzyª~ftC~�®­xzsclq~�uvx���s]l=xzsc{Juvy|xqs]� �kj � t
���v�v¬ y|� � nzyª~ft y|l�{Juvyªnqs1��~�r �v¬ s�©2¿Nxzsclq~�uvx���s=lqs � xz��� � � t t�~�n­�Es � scxo®²~fxqr1sc� °5y·nz� � t�s�© � ��n ¬ ~m� � nzyª~ft
r1s]��� � tvy�lqr.µ�Â yªnq� � tÇs�© � ��n ¬ ~m� � nqy|~�ter1sc��� � tvy�lore¿vnz�vs¨��~�tJnqsctJn�~�®�nq�vs¨{fu�s�xzyªs]l5r=u�lon­� � lq�vsc��nq~
� xq~m�mu���s � uvtvy�{fu�s#t � r1s�µ C´l§® � x � l � nonqxzy|�vumnqs]l ~�® � {Juvs�xzj r � j tv~�n�� � ��s#lz� ��¬|� x � ��¬ u�sclc¿�yªn�y|l
�fs�xzjW�my 	#��u ¬ n5nq~ � xz~8�ky|�ms � te� � lo��®²uvt���nqy|~�t.nq� � n´��~ft�lqs�xz��s � ~k~k� ¬ ~ � �m¹U� ��¬|� t���y|t �[� xz~ � s�xqnqy|sclcµ
Á$~��ms ��¬ °5y·nz� ¬�� x � s=lz� ��¬ sf¿ � ��sctfnzx ��¬ y�G�s]�Ç�msclqy � t r¨u�l�n���s � ��~fy|�vsc�2µ­½¾t��ms�s]�2¿Ny·n ��~fu ¬ �Çyªt��mu���s

�E~�nqn ¬ s�tvs]� ¼ l�~�x[loy|t �f¬ s � ~fyªtJnzl¨~�®5® � y ¬ uvxzs#nq� � n1°<~fu ¬ �À��~�r � xz~�r1y�los#nz�vs�sctJnqy|xqs�lqjml�nzs�reµ H�~�x¨nq�vs
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xzsclq~�u�xz��s ��¬|¬ ~m� � nqy|~�tWlqs�xz�ky|��s�¿ � ��sctfnzx ��¬ y�G�s]�#� � n � � � los�nz� � n5��~ftJn � y|t�l ��¬|¬ y|tm®²~�xzr � nqy|~�t � �E~�umn¸s�©my|lono¹
y|t � xqs]lo~fuvx���scl´yªtanq�vs � xqy��Ç°�~�u ¬ �alqyªr �v¬ yª®²jenq�vs#�ms]loy � t ~�®¸nz�vs[lqjml�nzs�r �vuvn§°�s=� � ��s�nz~�x � �vy|� ��¬|¬ j
s�©v� ¬ u��ms§y·n]µ

C­l � xqs]lou ¬ nc¿_nz�vs�Ã;F§i�tvs�s]�vl � �my�l�nzxqy|�vumnzsc� � t��§® � u ¬ n"nq~ ¬ scx � tJn$los � x����§r[s]��� � t�y|lqrS®²~�x"xqs]lo~fuvxz��s
�vy|lz��~8�fs�xzj[y|t �[¬|� x � s�lz� ��¬ s§s�tk�ky|xq~ftvr1s�tJncµ
½¾tÇ��~ftJnqx � lon�°5yªnq��nq�vs ¬ ~m� � nqy|~�t � t��.t � r1y|t � xqs]{fu�yªxzs�r1s�tJn�l�lq�v~8°5t.yªtÇiks]�±nqy|~�t > µ|��¿knz�vs�lqs � x����

r1s]��� � tvy�lqr r=u�lonW� � t�� ¬ se��~�r �v¬ s�© los � x����vsclcµC½¾t��ms�s]�2¿¸nz�vs lqjklonqscr r¨u�l�n#«�t�� s�tJnqyªnqy|scl#y|t nq�vs
lqjml�nzs�r,°5yªnq�v~fumn ¼ tv~8°5y|t � nz�vs�y|x ¬ ~m� � nqy|~�t�~�x¯nz�vs�y|x�t � r1sf¿J��umn�~ft ¬ j[u�loy|t �¨� �msclz��xzy � nqy|~�tW� � lqsc�#~ft
lqs��fs�x ��¬ ��xqyªnqscxqy � µ5½ºn�y|l´yªr � ~�xqn � tfn­nq~Wt�~�nqs=nq� � n � ��xqyªnqscxqy|~�tÇy�l´l � sc��yª«�s]�Ç�kj � lq� ��¬�� x�� ��¬ uvs�~fx´�kj
� x � t � s­~�®"� ��¬ uvs]l�µ�Á��vy�l5uvt��ms�x ¬ y|tvs]l�nq�vs���~�r �v¬ s�©my·n�j�~�®"lqs � xz����sclcµ

� ��������� �[�����¨�$�±� /[����'�4¸�$'��"
5) ���.) ���.�2����'�4¸�$'��"
5) � 
5
����m�$���
� 
5
���	���
��������#�

C5�c��~fxz�my|t � nz~´~fuvx"�vsclqy � t � xzyªt���y ��¬ s]l�¿]nq��s�lqs�xz�ky|��sclG~�® � Ã;F§i lq�v~fu ¬ � � xz~8�Jy��ms¸lqy|t ��¬ s<lqjml�nzs�r yªr ��� s�¿
�Es�lqs ¬ ® ¹U�vs ��¬ yªt � ¿ � t�����~�tJnqsctJn�°5y·nz� ¬ ~m� ��¬2¼ tv~8° ¬ s]� � s§~�®$nz�vs�lojmlonqscr.µ¸Â�s � xqs]losctfnzsc��yªt iks]�±nzyª~ft >
nz�vs¸xzsc{Juvy|xzs�r1s�tJnzl2nq� � nGnq�vs]los � xzyªt���y ��¬ s]l � sctvs�x � nzs�~�t � � loy���t � r1yªt �­� t�� ¬ ~m� � nzyª~ft§r[s]��� � t�y|lqr#l�µ$½¾t
nz�vy�l�los]�±nqy|~�t�¿�°�s�lq�v~8°Ànz� � n � s�scxo¹Unq~�¹ � s�scx�~8��s�x ¬�� jkl$lou�y·nzs�nq�vs]los�xzsc{Juvy|xqscr[sctJnzlcµ�H"yªx�lonc¿�°�s � xzsclqs�tJn �
lq�v~fxon"~8��s�xz�kyªsc° ~�®��ms]��sctfnzx ��¬ y�G�s]� � s�s�xq¹Unq~�¹ � s�s�x$~8��scx ¬�� jml�µG�´s�©knc¿8°�s�lq�v~8° nz� � n�°<s�lq�v~�u ¬ ����~�r=��yªtvs
n�°�~en�j � s]l�~�®�~8�fs�x ¬|� jÇtvs�n�°<~fx ¼ µ H$y|t ��¬ª¬ j�¿�°�s � xqs]losctJn�yªtJnqscxqs]l�nzyªt � ~ � nzyªr1y�G � nzyª~ft�l nz~Çxqs]�mu���s#nq�vs
~8�fs�xz�vs � �#~�®�u�lqyªt � n�°�~ � scs�xq¹Pnz~�¹ � scs�x�~8��scx ¬�� jml�µ
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 s�xzs�¿E°<s¨~�t ¬ j � xzsclqs�tJnzl��msc��s�tJnqx ��¬ y�G�sc�e~8�fs�x ¬|� jml��Esc� � u�lqs¨��s�tJnqx ��¬ y&Gcsc�e~ftvscl­r � j.lqu$ENs�x�~�®<lqyªt ��¬ s
� ~�y|tJn<~�®2® � y ¬ uvxzs � t��Wlz� ��¬|� �vy ¬ yªn�j � xz~�� ¬ scr1lcµ�Á��Ju�l�¿J°<s­yªtJnzxq~m�mu���s�nz�vs­��~�t���s � n�l¸~�® �6����" 4*�:"$��
6%[� t��
"$� ���:��" 4*�:"$� 
 %#� scs�xq¹Pnz~�¹ � scs�x�~8��scx ¬�� jml�µ

�G¡�¢ �"¤�¡ ��¢ Æ Ì � � Æ ¢ �P£ È   Á��vs¯r � y|t=��~�t���s � n�y|t=lonqxzu��±nzuvxzsc��~8��scx ¬�� jmlNy|l ¼ s�jJ¹º� � lqsc��xz~�umnzyªt � µ$iku����
� xq~fumnqy|t � yªr �v¬ yªs]l­nq� � n�tv~m�ms]l­lqs ¬ sc��n­nz�vs�y|x§tvs�y � �k�E~�x�l � ����~fxz�vyªt � nq�vscyªx�t � r1s]l�µ§½¾t � l�nzxqu��±nqu�xqs]�
~8�fs�x ¬|� jf¿fs � ���etv~m�ms y�l5xzscl � ~ft�loy|� ¬ s§~�® � lqs�n�~�® ¼ s�jmlcµ¯½¾t }�� l�nzxqj �ª�3I � ¿ ¼ scjkl � xqs§~fx �J� tvy�G�s]� � xz~�u�t��
�[¬ ~ � y|� ��¬ xqy|t �#� t���s � ���.tv~m�ms y|l5l � xzs � ��~ft�nz�vs xqy|t � y|t � � ¬ ~m� ¼ °5y|lqs�~�x��ms�x]µ
½¾t � lonqxzu���nquvxzsc��~8��s�x ¬�� j�¿�yªn�y|l � ~flzloy|� ¬ s´nz~=«�t�� � tkj ¼ s�j1®²xz~�r � tJj1tv~m�ms§y|t �¨¬ y|r1y·nzsc��tkuvr=�Es�x

~�®��v~ � lcµDH�~�x�s�© � r ��¬ sf¿�yªt }�� lonqxzj§nq��s � ��s�x ��� s¸tkuvr¨��scx�~�®N�v~ � l�y�l
log(n)

¿�°5�vscxqs
n
y�l"nq�vs5tkuvr¨��scx

~�®$tv~m�ms]l5y|t�nz�vs�lojmlonqscr.µ
iJnzxqu��±nqu�xqs]� ~8��scx ¬�� jml � � t ��s.s�t�xqy����vsc� �Jj � �v�my|t � �my�lonqxzyª�vuvnqsc� � � lq�Àn � � ¬ scl=nq~ � xq~8�ky��ms�lqs ¬ ®

xzs ��¬ y�� � nqy|~�tWnz~#s�tJnqyªnqy|sclcµ
Á��vs�r � y|t � lqlqs�n�~�®�lonqxzu��±nzuvxqs]�#~8��scx ¬�� jml�xzs ¬ yªs]l¸~ft#nq�vscyªx � �vy ¬ yªn�j¨nz~ ¬ ~m� � nqs´°5yªnq��s�© � ��nqtvs]lql � tkj

sctJnqyªn�jWt � r1s]��°5yªnq� �[¼ scjWy|t�nz�vs�lqjklonqscreµ

!#" é !%$
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C­l � r � y|t �mx � °5� � � ¼ ¿�y·n�y|l��my 	W��u ¬ n�nq~À«�t�� � t sctfnzy·n�j ¼ tv~8°5y|t � ~�t ¬ j � �msclz��xzy � nqy|~�t tv~�n
y|t�� ¬ u��vyªt � y·n�l ¼ scj�µ�Á��vy|l�y|lzlou�s�y|l´��xzy·nzy|� ��¬ yª®�nq�vs=�vsclz��xzy � nzyª~fteyªt�� ¬ u��mscl­losc��s�x ��¬ ��xqyªnqscxqy � ¿�scl � s]��y ��¬|¬ j
yª®­lq~�r1s�~�®5nq�vse��xzyªnqs�xzy � � xzs�s�© � xqs]lqlqsc� � l=x � t � scl=~�®�� ��¬ uvscl¨~�x ¬ s�® n1uvt�l � s]��yª«�sc�2µ ½¾tAnq�vy�l1� � lqs�¿
¬ ~ � �1� ��¬�� t���y|t � y|lzlquvscl¸r � j[~m����uvx¸�Esc� � u�lqs�yªn<y�l¸�my 	W��u ¬ n¸nz~¨l � xqs � �[s�tJnzy·nzyªs]l � xq~fuvt�� ��¬|¬�¼ s�jmlc¿�yUµ sfµª¿
� xq~fuvt�� ��¬|¬ tv~m�msclcµ

� V" �¡c¢ �"¤�¡ ��¢ Æ Ì � � Æ ¢ �ë£ È   ½¾t ��~�tJnqx � lon1nq~ lonqxzu��±nzuvxqs]� ~8��s�x ¬�� jklc¿¯y|t uvt�lonqxzu��±nzuvxzsc� ~�tvs]l ¬ y ¼ s
Ã�tkumnzs ¬|¬|� � K � ¿ktv~m�ms]l���~�t�tvsc��n¸nq��s�r#los ¬ �fscl¸nq~¨nq�vs§lqjklonqscr,°5y·nz�v~�umn�n ��¼ yªt � � � xqs­~�®Gnz�vs�y|x<t�s�y � �k��~fxzl
t � r1s�µ  ~8°<sc��s�x]¿Etv~m�mscl§��~ftvtvs]�±nqy|~�t�l´r � j.n ��¼ s=y|tJnq~ � �c��~�u�tfn ¬ ~ � �a� ��¬�� t���yªt � ��xzyªnqs�xzy � ~�x§~�nz�vs�x
� ~ ¬ y���y|sclcµ

C­l´lq~J~ft � l � tv~m�ms���~�y|t�l�nq�vs�lqjml�nzs�re¿vyªn´sclon � � ¬ y�lq�vscl5lqs��fs�x ��¬ ��~ftvtvs]�±nqy|~�t�l�°5y·nz�Ç~�nq��s�x5tv~m�ms]l�¿
� ��¬|¬ s]�.tvs�y � �k�E~�x�l�µ�Á�~�lqs � xz��� � tesctfnzy·n�j.y|tenq�vs=lqjml�nzs�re¿ � t�~k�vs=losct��vl � {fu�s�xzjWnq~#yªnzl´tvs�y � �k�E~�x�l�µ
½º® � tvs�y � �k�E~�x<�v~flonzl¯nq�vs�los � x����vsc�1sctfnzy·n�jf¿fyªn�xqs �v¬ y|scl¯nq~=nq�vs­xqs]{fu�sclonqs�x]µ F´nq�vscxq°5y�los´y·n�®²~�xz° � xz��l�nq�vs
{Juvscxqj[nz~¨yªnzl�~8°5t�t�s�y � �k��~fxzlc¿ � t���lo~¨~�t�u�tfnzy ¬2�¨� y|��sct��ms � nq�Gµ¯Á��vy�l��ms � nq�.y|l�lqyªr1y ¬|� x¸nz~=nz�vs´nzyªr1s
nz~ ¬ y|��s PëÁ5Á � R�~�® ��� � ¼ s�n�l<y|te½ } tvs�n�°�~�x ¼ l�µ�Á��vy�l�n�j � s ~�®"lqs � x�����y�l�� ��¬|¬ s]����~k~m�my|t � los � x����Gµ
Á��vs=r � yªt � �m� � tJn ��� s§~�®�uvt�lonqxzu��±nzuvxzsc�.~8��scx ¬�� jml¸xzs ¬ yªs]l5~�t.nz�vs�y|x � ��y ¬ y·n�j�nq~ � s�xq®²~�xzr7��~�r �v¬ s�©

lqs � xz����sclc¿�s��fs�t1nq��~flqs�� � lqsc�1~ft#r=u ¬ nqyª¹¾��xzy·nzs�xzy � x � t � s�{Juvs�xzyªs]l�µ���sc��scxonz�vs ¬ sclzl�¿�nq�vs���~Jl�n¸~�®���~k~k�vyªt �
nz�vs�tvs�n�°<~fx ¼ r1y � �fn­��s � xq~f�vy|�vy·nzyª�fs�yª®"nz�vs¨�vs � nz� y|l´�vy � �Gµ�Á$~��ms]��xzs � lqs§nq��y|l­��~flonc¿E~ � nqy|r[y�G � nqy|~�t�l
� � ��s���scs�tÇl�nzu��my|sc� �|�c�m¿)I � µ
Á��vs5r � yªt1�mx � °5� � � ¼ ~�®2lqs � x�����y|t1uvt�lonqxzu��±nzuvxqs]�=~8�fs�x ¬|� jml�y|l�nz� � n�yªn¯y|l�y|r � ~Jlqlqy|� ¬ s�nz~ ��s�xqn � yªt ¬ j

«�t�� �¨� yª�fs�t.s�tJnqyªn�jW~fx�nq~1r ��¼ s � t�s�©k� � u�lonqy|��s lqs � x����Gµ
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½¾t iks]�±nzyª~ft I�µª�f¿v°�s�lo�v~8° nq� � n­lonqxzu��±nzuvxqs]� � t��.uvt�lonqxzu���nquvxzsc� � s�s�xq¹Unq~�¹ � s�s�x5~8�fs�x ¬|� jml<� � ��s �my|��scxo¹
� s�tJn � y|r1lcµ�C­l � lqy|t ��¬ s ¼ y|t��=~�®�~8��scx ¬�� j§� � t¨tv~�n � ���mxqs]lql ��¬|¬ xqs]{Juvyªxzs�r1sctfn�l$®²~�x"�vuvy ¬ �my|t � ~ � s�x � nzyªt �
lqjml�nzs�r7lqs�xz�ky|��sclc¿k°<s����v~k~Jlos­nq~1u�lqs ��~�nq�e~8��scx ¬�� jml � l � � � lqs­®²~fx��msclqy � tvy|t � ¶´y � tvsfµ
� s]{Juvyªxzs�r1sctfn�l1yªtCnqscxqr#l1~�®­t � r[y|t �À� t��As�© � �±n ¬ ~m� � nqy|~�t � � tA�Ese®²u ¬ « ¬ª¬ sc� �kj � l�nzxqu��±nqu�xqs]�

~8�fs�x ¬|� jfµ�Hv~fx5nq��y|l´xqs � lq~�tG¿v°�s y|r ��¬ scr[sctJnqsc� � l�nzxqu���nquvxzsc�e~8�fs�x ¬|� j#� � lqsc�.~�tenz�vs }�� lonqxzj�xz~�umnzyªt �
��¬ª� ~�xzy·nz�vr#l��ª�3I �<� t��-~�t �������vyªnzl=t � r1y|t � l ��� ��sclcµ�iku���� t � r1y|t � l ��� ��scl � xzs ¬|� x � s1s�tv~fu � ��®²~�x
y��msctfnzy·®²jky|t � tv~m�ms]l5y|tenq�vs¨Ã�xzy��e~�x�~�nq�vscx�~��m��s]�±n�l ¬ y ¼ s ���v�v¬ y|� � nzyª~ftÇr � t ��� s�x�l�~�x´lq� � xzsc�.r1s�r1~fxqj
lqs � r1s�tJnzlcµ

H�uvxonz�vs�xzr1~�xzs�¿ }�� lonqxzj � scxo®²s]�±n ¬ j�«vnzl�nq�vs�xqs]{Juvyªxzs�r1sctfn�l§~�®5xzs ¬ y � � ¬ s ¬ ~m� � nqy|~�t ~�® � t sctfnzy·n�j-y|t
nz�vs�lqjklonqscr�®²xz~�r � tJj�tv~m�ms � t���°5yªnq� � lor ��¬|¬ tkuvr=�Es�x´~�®$��~ � lcµ
Á��vs�tvs�s]� ®²~�x[��~fr ��¬ s�© lqs � xz���-nq��xq~fu � � �Ç¬�� x � sWlz� ��¬ s�lojmlonqs�r�y�l ®²u ¬ « ¬|¬ s]� �kj�u�t�l�nzxqu��±nqu�xqs]�

~8�fs�x ¬|� jmlcµGÂ-s yªr �v¬ s�r1s�tJnzsc� � t�u�t�l�nzxqu��±nqu�xqs]��~8�fs�x ¬|� j[°5�v~flqs�r[scr=�Es�x�lo��y �.� xz~�nq~m��~ ¬ y|l�� � los]�W~ft
iv� � r � � � � µ F­t#lou���� � t¨~8�fs�x ¬|� jf¿]r¨u ¬ nqyª¹ � nonqxzy|�vumnqs]l � t��=x � t � s�{Juvscxqy|scl�� � t[��s � s�xq®²~�xzr1sc�¨��s]� � u�los
��¬ª¬G� nonzxqy|�vumnzscl � xzs�®²~�xz° � xz�vsc� � t��.� � t.�Es � t ��¬ j G�s]��~ft�nz�vs	��~k~m�msc�.tv~m�ms]l�µ

! ~�nz�blonqxzu��±nzuvxzsc� � t�� u�t�l�nzxqu��±nqu�xqs]� ~8��scx ¬�� jml#� � �fs � ~k~m� � xq~ � scxonzyªs]l�xzs �J� x��myªt � nq�vs ¬ ~m� ��¬
¼ tv~8° ¬ sc� � s���~�t�lonqx � y|tJncµÀ½¾tAnq�vsÇlonqxzu��±nzuvxqs]� ~8�fs�x ¬|� j-yªr �v¬ s�r1sctfnzsc�Ayªt ¶´y � tvsf¿¸s � ��� tv~m�mse� � l �
xz~�uvnqy|t � n � � ¬ sÇnq� � ne��~�tJn � yªt�l

log(n)
~�nq�vscx�tv~m�ms]l Pë°5�vs�xzs

n
y�lWnz�vsatkuvr¨��scx�~�®�t�~k�vscl�yªt nz�vs

lqjml�nzs�r,R±¿ � t�� �[¬ s � ®�los�n�~�®
24
tvscy � �k��~fxzlcµ �<~�t�lqy|�vs�xzyªt � lqy&Gcs ~�®�nz�vs xz~�umnzyªt � n � � ¬ s�¿mr1sclzl ��� s]l�� � t
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�Es´xz~�uvnqsc�[nz~ � tkj¨tv~m�ms´y|t � �E~�uvn
log(n)

�v~ � lcµDH�uvxonz�vs�xzr1~�xzs�¿ ¬ s � ®ëlqs�n<y�l ¬�� x � s5sctv~�u � �1nq~ � xqsc��sctfn
nz�vs�lqjml�nzs�r ®²xq~fr ��� xonzyª~ftvy|t � yªtC� � lqs#~�®�lqyªr¨u ¬ n � t�s�~�u�l§® � y ¬ u�xqs]l�µÇ½¾t nz�vs�uvt�l�nzxqu���nquvxzsc� ~8�fs�x ¬|� jf¿
s � ���1tv~m�ms5� � l � tvscy � �J�E~�xz�v~k~m�=~�®

log(n)
tv~m�msclcµ�Á��ku�l¯lqs � x����vs]l"� � t#�Es � scxo®²~fxqr1s]�¨°5yªnq� ��� ~k~m�

��~8��scx<x � nzs � t��.°5y·nz�v~�uvn�u�loy|t �#�[¬|� x � s�Á5Á � P²n�j � y|� ��¬|¬ jW®²xq~fr³�=nq~��eR�µ
H"y|t ��¬|¬ jf¿Jlz� ��¬|� �vy ¬ yªn�j=y�l¯y|tJnqxzyªt�lqy���nq~=�vsc��sctJnqx ��¬ y&Gcsc� � scs�xq¹Pnz~�¹ � scs�x�~8�fs�x ¬|� jmlcµ � s �J� x��my|t � uvt�lonqxzu��±¹

nzuvxzsc�1~8��scx ¬�� jml�¿8� � lqy|� ��~J~m�my|t � r1y � �Jn<�Es � � s�xq®²~�xzr � t���s5y|lzlou�s��vumn ����� t��m~�r(Â ��¬ª¼ r1sc��� � tvy�lor
°�~�u ¬ �#lqy|�vsclonqs � yªncµ ! ~�nz�W~8��scx ¬�� jml"� � ��s � ~J~m� � xz~ � s�xqnqy|sclc¿��kj#�ms]loy � tG¿fxqs �f� xz�my|t � �mjkt � r1y|�5�Es�� � �f¹
y|~�x � t���® � u ¬ n5nq~ ¬ scx � t���sfµ

���&� � ����
 ��
�� ��� 
-� �/5 �	��� � 
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-�)0 � ��� 0A*<C�0A�	�
Â-s lq�v~8°7�vscxqs.nz� � n�u�loy|t � ��~�nq� n�j � scl1~�® � s�s�xq¹Unq~�¹ � s�s�x#~8�fs�x ¬|� jml¨y|l1t�~�nW° � lonqs�®²u ¬ µ ½¾t ¶­y � tvs�¿
°�s=xzsc�vu���s¨nq�vy�l�~8��scxq�vs � �e�kj.n ��¼ y|t � yªtJnq~ � �c��~fuvtJn´nq��s¨s�©ky�lonqs�t���s[~�®¯nz�vs[lonqxzu���nquvxzsc�Ç~8�fs�x ¬|� j�®²~�x
y|r �v¬ s�r1s�tJnqy|t � nz�vs§uvt�lonqxzu��±nzuvxqs]�.~�tvsfµ

H"y|xzlon<~�® ��¬|¬ ¿fnq�vs­uvt�lonqxzu��±nzuvxzsc�#~8�fs�x ¬|� j=lq� � xqs]l�nq�vs�t � r[y|t � lz���vscr[s´~�®�lonqxzu��±nzuvxqs]�#~�t�s�µ�Á��Ju�l�¿
yª® � xqscr[~�nqs§tv~m�ms y�l5y|tÇ��~�nq�e~8��scx ¬�� j#tvs�y � �k�E~�xz�v~k~m�vl�~�® � tv~m�ms�¿mnz�vs xzs�r1~�nzs tv~m�ms yªtv®²~�xzr � nqy|~�t�l
� xqs�tv~�n´�mu �v¬ y|� � nzsc�.~�t�nq�vs ¬ ~m� ��¬ tv~m�ms�µ
Á��vsctG¿G°5yªnq� im� � r �a� xz~�nz~m��~ ¬ � � � ¿2nq�vscxqs1y�l ��� xq~f� ¬ scr y·® ��¬|¬ tv~m�mscl§u�lqs¨nq�vsWl � r1s[��~k~�n�l�nzx ���

�Esc� � u�lqs�nq�vs5t�s�y � �k��~fxq��~J~m�¨~�® ��¬|¬ tv~m�mscl�°5y ¬|¬ ��s5scr � n�j�µ"½¾t1¶´y � tvsf¿�°�s�lq~ ¬ ��s�nz�vy|l � xq~f� ¬ s�r�lqyªr �v¬ j
�kj.���v~k~flqyªt �#� x � t��v~�r tv~m�ms=yªt.nq��s�tvs�y � �k�E~�xz�v~k~m��~�®$nz�vs=lonqxzu��±nzuvxqs]�.~8��s�x ¬�� j�µ¯Á��vy�l5y�l � ~Jlqlqy|� ¬ s
�Esc� � u�lqs5~�u�x�yªr �v¬ s�r1s�tJn � nqy|~�t#~�®�nz�vs´lonqxzu��±nzuvxzsc�[~8��scx ¬�� j s�t�lquvxzscl"nz� � n¸yªnzl¯tvs�y � �k�E~�xz�v~k~k�[y�l�tvsc��s�x
scr � n�j�yª®�nq�vs[lojmlonqscr³y�l´��~�r � ~Jlos]�.~�®�r1~�xzs§nq� � tÇ~�tvs�t�~k�vs � t��e�Esc� � u�lqs � tv~m�ms���~�y|t�l5nz�vs � xqy��
«�xzlon ¬ jW�kj ��~�y|tvy|t � nq��s�l�nzxqu���nquvxzsc��~8��scx ¬�� j � t�� ¬�� nqscx�nq�vs u�t�l�nzxqu��±nqu�xqs]��~ftvs�µ

H�uvxonz�vs�xzr1~�xzs�¿ � lzlou�r[y|t � nq� � n#nq��sÇtvs�y � �k�E~�xz�v~k~k�C~�® � tv~m�msÇy|t nq�vs lonqxzu��±nzuvxzsc� ~8��scx ¬�� j y|l
t�s���scx s�r � n�jf¿�¶´y � t�s[u�los]l � loy|r �v¬ s#r1s]��� � tvy�lqr ®²~�x§nz�vsWlos ¬ ® ¹º�vs ��¬ yªt �e� xz~ � s�xqn�j ~�®¸nq��s#uvt�lonqxzu��±¹
nzuvxzsc�.~8��scx ¬�� j�µ�½¾t��mscsc�2¿�y·®�nz�vs tvs�y � �k�E~�xz�v~k~m��y|tenq�vs=uvt�lonqxzu��±nzuvxqs]�.~8��s�x ¬�� j[�Esc��~�r1scl�s�r � n�j�¿�nq�vs
t�~k�vs�� � l¯��u�lon´nq~�xqs�¹ª��~fyªt.nz�vs=uvt�l�nzxqu���nquvxzsc� ~8��s�x ¬�� j#�JjÇ���v~k~Jloy|t � x � t��m~fr ¬ j � ��~k~�nzlonqx ��� y|tÇnq�vs
lonqxzu���nquvxzsc��~8��scx ¬�� j1tvs�y � �k�E~�xz�v~k~k�Gµ
½¾tC~�x��ms�x nz~��ms ��¬ °5y·nz�C�mjkt � r1y|����sc� � �kyª~fxc¿��E~�nq� � scs�xq¹Pnz~�¹ � scs�x=~8�fs�x ¬|� jml§r¨u�l�n1�ms�nzsc��n[tv~m�ms

® � y ¬ uvxzsclcµÇ½¾t ¶´y � t�s�¿�°�sWu�lqsWnq��s�l � r1s#® � y ¬ uvxqs��ms�nzsc�±nz~�x=®²~�x=�E~�nz� ~8��scx ¬�� jml�µ
H�uvxonz�vs�xzr1~�xzs�¿"y·® �
�vy|lon � tfn�t�~k�vsW��s ¬ ~ft � y|t � nz~ ��~�nq�À~8�fs�x ¬|� jml­� � l � ® � y ¬ uvxzs�¿$nq��y|l¨�my|lon � tJn�tv~m�msW°5y ¬ª¬ ��s��vy|lz� � xz�ms]�
®²xz~�r7��~�nq�e~8��scx ¬�� jml � l�lq~k~�t � l5lonqxzu��±nzuvxzsc��~�x5uvt�lonqxzu���nquvxzsc��~8��scx ¬�� j#�ms�nzsc�±n�l�nq��s§® � y ¬ uvxzs�µ
½¾te¶´y � t�s�¿m°�s­xzsc�mu���s�nq�vs���~flon�~�®$u�lqy|t � l�nzxqu���nquvxzsc� � t���uvt�lonqxzu���nquvxzsc� � scs�xq¹Pnz~�¹ � scs�x�~8��scx ¬�� jml

�Esc� � u�lqs�°<s�� � ��s<yªr �v¬ s�r1sctfnzsc� �´¬ y � �Jn�°<scy � �Jn$uvt�lonqxzu���nquvxzsc�=~8��s�x ¬�� j´nz� � n�u�lqscl�losc��scx ��¬f� xz~ � s�xqnqy|scl
~�®2nq�vs�l�nzxqu��±nqu�xqs]�#~8��scx ¬�� j�µ�Á��ku�lc¿k¶´y � tvs­��sctvs�«�nzl�~�®G�E~�nz�#n�j � s�~�® � s�scxo¹Unq~�¹ � s�scx¯~8��scx ¬�� j � n ��¬ ~8°
��~floncµ

� � �W�=3 +e��
5� ��6b/#
��$�#��4�
5�7��� M �����.


Â-s � xzsclqs�tJn#n�°�~Alqs�xz�Jy���s]l1yªr �v¬ s�r1sctfnzsc� y|t ¶´y � t�s � t�� � � los]� ~�t nq��sau�lqs ~�® � �ms]��sctfnzx ��¬ y�G�s]�
� s�scxo¹Unq~�¹ � s�scx§~8��s�x ¬�� j�"�xzsclq~�uvx���s ��¬|¬ ~m� � nqy|~�t � t�� ���v�v¬ y|� � nzyª~ft�r � t ��� scr1s�tJncµ#Â-s � lzlou�r[s1y|t nq�vs
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xzs�r � yªt��vs�x<nq� � n�s � ����tv~m�ms§~�®�nz�vs l�nzxqu��±nqu�xqs]�W~�x�uvt�l�nzxqu���nquvxzsc��~8��scx ¬�� j¨xzs � xqs]losctfn � tv~m�ms§yªt�nq�vs
� xqy��2µ
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F­t�s¨~�®¯nq�vs � yªr#l­~�®<¶­y � tvs[y|l­nq~.s�©ms]��umnzs ���v�v¬ y|� � nqy|~�t�l­°5yªnq��~�umn§u�lqs�x�l­t�s�sc�vyªt � nq~.°�~�xzxqj � �E~�umn
nz�vsWxzs ��¬ s�©msc��umnqy|~�t ¬ ~m� � nzyª~ftGµ�Á$~Çnz�vy|l=s�t��G¿�nz�vs�Ã;F§i-r=u�l�n=�Es � � ¬ s1nz~Ç«�t�� � t�� ��¬|¬ ~m� � nqs1®²xzs�s
xzsclq~�u�xz��scl<yªt.nq��s � xzy|��nq~1xzuvt ���v�v¬ y�� � nzyª~ft�lcµ
Á��vs[xzsclq~�uvx���s ��¬ª¬ ~m� � nqy|~�talqs�xz�ky|��s=� � l�n�°�~�r � y|t ®²s � nzuvxqs]l#"´xqs]lo~fuvxz��s=�my�lq��~8��scxqj � t��axqs]lo~fuvxz��s

lqs ¬ sc��nqy|~�tGµ
� s]lo~fuvx���s§�my|lz��~8�fs�xzj#��~�t�loy�l�n�l�yªt�«�t��my|t �#� los�n�~�®$xzsclq~�uvx���s]l¸��~�xzxqs]l � ~�t��vyªt � nq~ � l � sc��y·«�� � nzyª~ft

� xq~8�ky��msc�Ç�kjenz�vs1u�loscx­y|t-~�x��ms�x­nq~.xqu�ta�vy�l ���v��¬ y�� � nqy|~�t y|t � ~k~k�a��~�t��my·nzyª~ft�lcµ=Á��vs1l � sc��y·«�� � nzyª~ft
y|t�� ¬ u��vscl¯lqs��fs�x ��¬ xqs]{Juvyªxzs�r1sctfn�l�~�®Enq�vs ���v�v¬ y�� � nzyª~ft[lqu���� � l"nz�vs � xz~m��s]lqlq~�x � x����vyªnqs]�±nqu�xqsf¿8nq�vs5tkuvr[¹
�Es�x<~�® � xz~m��sclzlq~�x�l�¿_nz�vs´~ � scx � nqy|t � lojmlonqscr.¿�nq�vs�� ¬ u�lonqs�x<lq���vs]�mu ¬ s�x]¿�nz�vs ¬ yª��x � xqy|sclc¿8nq��s´r1s�r1~�xzj�¿�nq�vs
®²xzs�s �my�l ¼ l ��� ��sf¿ms�n���µ
Á��vs]los=xqs]{fu�yªxzs�r1s�tJn�l ¬ y ¼ s=r[scr1~�xzj�~fx5®²xqscs=�my�l ¼ l ��� ��s � xzs tv~�n§lq� ��¬�� x���xqyªnqscxqy � µ#Hvu�xonz�vs�xzr1~�xzs

� t ���v�v¬ y|� � nzyª~ft�r � j#u�lqs �¨¬ y|�vx � xqj�°5�v~flqs­�fs�x�loy|~�t�tkuvr=�Es�x5y�l�yªt�� ¬ u��msc�.y|t � l � sc��yª«���x � t � s�µ�½¾t �
lonqxzu���nquvxzsc� � s�scxo¹Unq~�¹ � s�scx�~8��scx ¬�� j�¿vyªn­y�l��my 	W��u ¬ n­nq~ � scxo®²~fxqr los � x����vscl�y·®¸{Juvscxqy|scl´� � ��s tv~�n�lz� ��¬|� x
� nonzxqy|�vumnzsclcµ�½¾t��mscsc�2¿2yªn y|l�� � xz� nq~�«�t�� � ��~fxqxzsc��n­� � lo�a®²uvt���nqy|~�t�®²~�x lou���� � nqnqxzyª��umnqs]l�µ¨ims � x����vs]l
� � t1�Es´�m~�t�s5°5y·nz� �§� xzs � n�s�© � xqs]lqlqyª�fs�tvs]lql"°5yªnq� � t#uvt�lonqxzu��±nzuvxqs]�[~8��s�x ¬�� j�µ�Á�� � n�®²u ¬ « ¬ª¬ l ��¬ª¬ ~�®2~�uvx
xzsc{Juvy|xzs�r1s�tJnzl­y|tanzs�xzr1l�~�®¸r=u ¬ nqyª¹¾��xzy·nzs�xzy ��� t��ax � t � s�¹U� ��¬ uvs¨� � lqsc� lqs � xz����sclcµ;Hv~�x­nq��sclqs[xzs � lo~ft�lc¿
°�se�msc��y|�ms]� nz~ u�los � tAuvt�lonqxzu���nquvxzsc� � scs�xq¹Pnz~�¹ � scs�x1~8��scx ¬�� j�nq~ � scxo®²~fxqr xzsclq~�u�xz��s��my�lq��~8��scxqj y|t
¶­y � tvs�µ
Â-s yªr �v¬ s�r1sctfnzsc��nq��xqscs � xq~�nq~m��~ ¬ l<®²~�x�xzsclq~�uvx���s§�my�lq��~8��scxqjfµ$Á��vs§«�x�lon�~ftvs§y|l � � � loy�� ��~k~k�vyªt �

� xq~�nq~m��~ ¬ µ"Á��vs5los]��~�t��=~ftvs�y|l � x � t��m~fr�° ��¬ª¼ � xq~�nq~m��~ ¬ ¿ ¬ sclzl"s�© � s�t�lqyª�fs�nq� � t ��~J~m�my|t � yªt[nzs�xzr1l�~�®
� � t��m°5y��knz�1��~�t�lquvr � nzyª~ftGµ"Á���s�nq�vy|xz�[~ftvs5yªr � xz~8��s]l$nq�vs5x � t��v~�r ° ��¬|¼�� xz~�nz~k��~ ¬ u�lqy|t ����¬ s � xztvyªt �
r1s�nq�v~m��nq~1~ � nqy|r[y�G�s§nz�vs�{Ju ��¬ yªn�jW~�®"xqs]lou ¬ nzl � t��.� � t��m°5y|�mnq�Ç��~ft�lou�r � nqy|~�tGµ

C�® nqs�x � xqs]lo~fuvxz��s.�vy|lz��~8�fs�xzj lonqs � ¿ � los�nW~�®­xzsclq~�u�xz��scl[y|lWxqs�nqxzyªsc��sc� � t��Cnz�vsÇr1~flon#lquvyªn � � ¬ s
xzsclq~�u�xz��s´y�l����v~flqs�t � �c��~�x��my|t � nq~ � l � sc��y·«�s]� � ~ ¬ y���j�µ �<u�xqxzs�tJn ¬ j�¿m~fuvx � xz~�nq~�n�j � s ���v~k~flqscl<nz�vs ¬ s]lql
¬ ~ � �msc��lou�y·n � � ¬ s­t�~k�vscl��vumn5~�nq�vscx � ~ ¬ y���y|scl�� � t��Es�y|r �v¬ s�r1s�tJnqs]� � l�°<s ¬ª¬ µBHv~fx�y|t�lon � t���sf¿Jyªn5°<~fu ¬ �
�Es�y|tJnqs�xzsclonqy|t � nz~=���v~k~flqs � xqs]lo~fuvx���s � n � lo�v~fxon¸�vy|lon � t���s5®²xz~�r � « ¬ s´lqs�xz��s�x�y|t#~�x��mscx�nq~ r1y|tvyªr1y�G�s
nz�vsÇ��~Jl�n1~�®�®²s�nz���vy|t �À�����v¬ y�� � nqy|~�tA« ¬ s]l�µA½ºn1°�~�u ¬ � ��¬ lo~���sey|tfnzs�xzsclonqy|t � nq~À�ms��fs ¬ ~ � � ~ ¬ y���y|scl¨®²~�x
xzsclq~�u�xz��s­��~�¹ ��¬ª¬ ~m� � nqy|~�tG¿J®²~�x5s�© � r �v¬ s­nz~#xqu�t.��~k�vs§��~�u ��¬ y|t �#���v��¬ y�� � nqy|~�t�lcµ
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½¾tWnq�vs­¶´y � tvs­~ � s�x � nqy|t � lqjml�nzs�re¿fnq�vs ���v�v¬ y�� � nzyª~ft#r � t ��� s�x�loscxq�ky���s5y�l � ��xzu���y ��¬�� ~fyªtJn�yªtWxzs ¬�� nzyª~ft
nz~ ���v�v¬ y�� � nzyª~ft�l ¬ yª®²s�µ Á��vs �����v¬ y�� � nqy|~�t r � t ��� s�x1lqs�xz�Jy���s.s�t�louvxzscl¨nz� � n �����v¬ y�� � nqy|~�t�l1��~�r �v¬ s�nqs
��~�xzxqs]�±n ¬ jfµ

C­l�nq��s ���v��¬ y�� � nqy|~�t1r � t ��� s�x�r¨u�lon � xz~8�Jy��ms���~�xzxqs]�±n�s�©msc��umnqy|~�t#~�® ���v�v¬ y|� � nzyª~ft�l�¿f°<s5y|tJnqxz~m�mu���s
® � u ¬ n�nq~ ¬ s�x � t���s���~�t���s � nzlcµDC5� ��� n � � ¬ s � ~ ¬ y���y|scl¯� � t[��s5u�lqsc�GµDH�~�x�y|t�l�n � t���s�¿f°5�vs�t[nq��s ���v�v¬ y�� � nzyª~ft
r � t ��� s�x5�ms�nzsc��nzl5nz�vs§® � y ¬ uvxqs ~�® � t�~k�vs °5�vs�xzs � t ���v��¬ y�� � nqy|~�te° � l ¬|� uvt����vs]�2¿vyªn´� � t.xzs�¹ºs�©ms]��umnzs
nz�vs ���v�v¬ y|� � nqy|~�t1~ft � tv~�nq�vscx¯tv~m�ms�µ�Á��vy�l � ~ ¬ y|��j[� � t1�Es´s�t�� � t���sc�[�kj � s�xzy|~k�vy|� ��¬|¬ j[���vsc� ¼k� ~�y|tfnzyªt �
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nz�vs ���v�v¬ y|� � nzyª~ftGµ(Á��ku�lc¿�nz�vs ���v�v¬ y|� � nqy|~�t r � jCnqscxqr1y|t � nzs���~�xzxqs]�±n ¬ j �mscl � yªnqs ® � y ¬ uvxzsclcµ F´nz�vs�x
� ~ ¬ y���y|scl ¬ y ¼ s�xzs ��¬ y�� � nqsc��s�©ms]��umnzyª~ft � xqs ��¬ lq~ � ~flzloy|� ¬ s�µ
Â �vsct � u�lqs�x�lou��vr1y·n�l � t ���v�v¬ y|� � nzyª~ftG¿ � t ���v�v¬ y|� � nzyª~ft=r � t ��� scx�y�l"��xqs � nzsc� � t���y�l"xqs]l � ~�t�loy|� ¬ s

®²~fx1nq�vs ¬ y·®²s ��jm� ¬ s.~�® ���v�v¬ y|� � nqy|~�t�µ Á$~Àloy|r �v¬ yª®²j nz�vsÇu�lqs�x]» l[y|tJnqs�x � ��nqy|~�t�l[°5yªnq� nq��s ���v�v¬ y�� � nzyª~ft
r � t ��� s�x§yªtÀ� � lqs[~�®<xzsc��~�tm« � uvx � nqy|~�t�l­~fx�® � y ¬ uvxzsclc¿Gnz�vs �����v¬ y�� � nqy|~�t-r � t ��� s�x§y�l xzs � xzsclqs�tJnqs]� �kj
� ¼ s�j�yªt � �  Á§µDC­l � xqs]lou ¬ nc¿ � n¨lou��vr1y|lzloy|~�t nzyªr1sf¿�nq�vs�lqjml�nzs�r ��~fr � umnqs]l � i  C5¹��W� � lo�À~�®
nz�vs ���v��¬ y�� � nqy|~�ta��yªt � xqj A ���.lquvre¿2nqy|r1sclon � r � ¿Gt � r1s1~�®��v~flon§nqxzy ��¬ s�ncµ1Á��vs1xqs]lou ¬ n y|l ��¼ scj y|t
nz�vsWlonqxzu��±nzuvxqs]� � s�scxo¹Unq~�¹ � s�scx�~8�fs�x ¬|� jet � r1yªt � l ��� ��s�µ1Á�� � t ¼ l�nz~ i  C�¹z� � xz~ � s�xqnqy|sclc¿G��~ ¬ª¬ y�loy|~�t�l
� xqs.s�©knzxqscr[s ¬ jÀx � xzs�¿ � t��C°<sÇ� � t � lzlouvr1s�nq� � n#s � ��� � sctvs�x � nzsc� ¼ s�jÀy�l1uvtvy�{Juvs�µ ½º® � s�t�s�x � nqs]�
¼ s�j ��¬ xzs � �mj s�©my|lonzlc¿¸scxqxz~�x1��~m�ms.y�l1xqs�nquvxztvsc� nq~ u�lqs�x]¿¸°5�vy����Ay|r �v¬ yªs]l[nq� � n1��s.r¨u�lon1xzs�¹¾lquv�vr1y·n
nz�vs �����v¬ y�� � nqy|~�tGµ  ~8°�s��fs�x]¿klqu����Ç��~ ¬ª¬ y�loy|~�t�l5lq�v~fu ¬ �.~m����uvx�lqs ¬ �m~�r³y·®�s��fs�x]µ F­t���s§nq�vs uvt�y|{Juvs ¼ s�j
y�l[~��mn � y|tvsc�G¿ � r1s]lql ��� s�y�l¨xz~�uvnqsc� nq~�nq�vsetv~m�ms.y|t ��� � x � sW~�®´nq�vs ¼ scjÀyªtC~�x��ms�x¨nq~ ��xzs � nqs�nq�vs
���v�v¬ y|� � nzyª~ft�r � t ��� scxcµ
Á�� � t ¼ l­nq~ey·n�l§uvtvy�{Juvs ¼ s�jf¿ � t ���v��¬ y�� � nqy|~�tar � t ��� s�x§� � t���s1xzs � ���vsc�a�Jj � tkjÇs�tJnqyªn�j ~�®<nq�vs

lqjml�nzs�reµ Hv~fxWy|t�l�n � t���s�¿�y·® � u�lqs�x#° � tJnzl[nz~ ¼ tv~8° nz�vs � xz~ � xzsclzlqyª~ftAl�n � nzu�l#~�®­nq�vs ���v�v¬ y�� � nzyª~ft
s�©msc��uvnqy|~�tG¿��vs.xz~�umnzscl � xzsc{Juvs]l�n¨nq~�nq�vs ���v��¬ y�� � nqy|~�t r � t ��� scxc» l ¼ s�jfµ C³xzsclq~�uvx���sWy|tm®²~fxqr#l¨nq�vs
���v�v¬ y|� � nzyª~ft�r � t ��� scx¸nz� � n5nz�vs s�©ms]��umnzyª~ft�� � l5��~fr ��¬ s�nqsc�.u�lqy|t � nq�vs�l � r1s§r1sc��� � tvy|lqreµ
iky|t���s �  Á"l1� � los]� ~�t l�nzxqu��±nqu�xqs]� ~8��scx ¬�� jml � xz~8�ky|�ms ¬ ~m� � nqy|~�tv¹Uy|t��ms � sct��ms�tJn#t � r[s]l[s���sct yª®

xzsc��~�tm« � uvx � nzyª~ft�l=~m�c��uvx]¿ � t ���v�v¬ y|� � nqy|~�t r � t ��� scx¨y�l1nqx � t�l ��� xqsctJn ¬ j-r1~8�fsc�Anq~ � t ~�nz�vs�x#tv~m�ms
°5��s�t nz�vs[tv~m�ms=�v~Jl�nzyªt � yªn�y�l§�my|lz��~ftvtvs]�±nqs]�e®²xz~�r:nq�vs1lqjklonqscreµ H�~�x�s�© � r �v¬ s�¿Enz�vy|l�r � je� ����� sct
°5��s�t � t � �vr[y|tvy�l�nzx � nq~fx5r=u�lon � scxo®²~fxqr³~��#y|tvs ~ � s�x � nzyª~ft�l�~�t � tv~m�ms�µ<½¾tenq�vy�l�� � lqs�¿vyª®$nz�vs�tv~m�ms
��~flonzl � t ���v�v¬ y�� � nzyª~ft r � t ��� s�x ~f�m��sc��nc¿$nq�vs ���v�v¬ y|� � nzyª~ft-r � t ��� s�x °5y ¬ª¬ ��sWr1~8�fsc��nq~Çnz�vsWtv~m�ms
t�s�° ¬ j¨xzscl � ~ft�lqyª� ¬ s5®²~fx¯nq��s ¼ scj¨~�®Nnq�vs ���v�v¬ y�� � nzyª~ft#r � t ��� s�x]µ�C­l � xqs]lou ¬ nc¿J°5�vsct#nq�vy�l ���v�v¬ y�� � nzyª~ft
r � t ��� s�x�y|l¸��~�tJn � �±nzsc� ���J� y|tG¿8nq��s5r[s]lql ��� s�y|l�xz~�umnzsc�¨nq~ yªnzl¯tvs�° �v~flon¯tv~m�msfµ$Â yªnq�1nz� � n � xz~ � s�xqn�j�¿
lonqxzu���nquvxzsc� � s�scxo¹Unq~�¹ � s�scx<~8�fs�x ¬|� j¨s�t�lquvxzscl¸nq� � n�nq�vs ���v��¬ y�� � nqy|~�tWr � t ��� scx�lqs�xz�ky|��s´°5y ¬ª¬ °�~�x ¼ sc��sct
y|t.nq�vs sc��sctfn5~�® � tv~m�ms��ms ��� xqnquvxzs�µ

C­l ���v�v¬ y�� � nzyª~ftWr � t ��� scxzl � xzs���xqs � nqs]� � tkjk°5�vscxqsf¿fr � jk��s�~�t�uvtvxzs ¬ y � � ¬ s­xzsclq~�uvx���s]l�¿�nq�vscjW� � t
�vyªs � xqscr � nquvxzs ¬ j�¿f��s�®²~�xzs5nq��s�s�t��W~�®Nnq�vs ���v�v¬ y�� � nzyª~ft#s�©msc��umnqy|~�t�µ�ik~�¿�nz�vs­Ã;F§i[r¨u�l�n ��¬ lo~ �Es � � ¬ s
nz~axzs��vu�y ¬ �A�my�l ���v� s � xqs]� ���v�v¬ y�� � nzyª~ft r � t ��� scxzl °5yªnq�Anq�vsel � r1s�lon � nqsWnz� � n1�Es�®²~�xzsW® � y ¬ uvxzs�µ C´l
lonqxzu���nquvxzsc�e~8�fs�x ¬|� jW~YEEscxzl­��~ftJ�fs�tvy|s�t���scl5®²~�x´~f�m��sc��n­xzs �v¬ y�� � nzyª~fteyªt �  Á§¿ ���v�v¬ y|� � nqy|~�tÇr � t ��� s�x�l
� � t �Es � umnz~�r � nzy|� ��¬|¬ j.xzs �v¬ y|� � nzsc�2µ�Á��ku�l­°5�vs�t � t ���v�v¬ y�� � nzyª~ft r � t ��� scx­�my�l ���v� s � x�lc¿�nz�vs#Ã;F§i
nzx � t�l ��� xzs�tJn ¬ j#u�lqscl � xzs �v¬ y|� �1� t���nq�vs s�©msc��uvnqy|~�t.~�®"nq�vs ���v�v¬ y|� � nqy|~�t.lou�xq�ky|��scl��ms]l � y·nzs§® � y ¬ uvxzsclcµ

���&� 8 
�5)� .�5)5)
-� �

Â-s´� � ��s � xzsclqs�tJnzsc�[n�°�~=loscxq�ky���s]l�nq� � n<u�lqs � �my&EEscxqsctfn � scs�xq¹Pnz~�¹ � scs�x¯~8�fs�x ¬|� j=°5y·nz���my&EEscxqsctfn � y|r#l�µ
Á��vs­xqs]lo~fuvx���s ��¬|¬ ~k� � nzyª~ft1lqs�xz�ky|��s�y�l¸� � los]�1~�t � tWuvt�lonqxzu��±nzuvxzsc� � s�s�xq¹Unq~�¹ � s�s�x¸~8��s�x ¬�� j���s]� � u�los

yªn�r=u�l�n � s�xq®²~�xzr7��~fr ��¬ s�©.lqs � x����vs]l¸°5yªnq�e�vy � �es�© � xzsclzlqyª�fs�tvs]lqlcµ
F´nz�vs�xz°5y|lqs�¿�nq�vs ���v�v¬ y|� � nqy|~�t[r � t ��� scx�lqs�xz�ky|��s�y|l�� � lqsc�¨~�t � l�nzxqu���nquvxzsc� � s�s�xq¹Unq~�¹ � s�s�x�~8�fs�x ¬|� jf¿

nz� � n � xq~8�ky��mscl�s�© � ��n � t��exzs ¬ y � � ¬ s�t � r1y|t �W� t�� ¬ ~m� � nqy|~�te®²s � nqu�xqs]l�µ5Á��ku�lc¿ � tkj.tv~m�ms=� � t ¬ ~k~ ¼ u �
� tkj �����v¬ y�� � nqy|~�t r � t ��� scxk��u�lon ¼ tv~8°5y|t � y·n�l ¼ s�j�µDHvuvxqnq��s�xzr[~fxqsf¿]lonqxzu���nquvxzsc��~8��scx ¬�� j � xz~8�ky|�vsclN® � u ¬ n
nz~ ¬ s�x � t���s¨r1s]��� � tvy�lqr1l ¬ y ¼ s � umnz~�r � nzy|�[�mu �v¬ y�� � nzyª~ft�~�®�~f�m��sc��nzlcµ[Á���y|l§y�l§u�lqs�®²u ¬ ®²~fx��mu �v¬ y|� � nzyªt �
���v�v¬ y|� � nzyª~ft�r � t ��� scxzl � t��.�vs ��¬ °5yªnq�.® � y ¬ uvxzsclcµ
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½¾tC¶´y � tvs�~ � s�x � nqy|t � lqjml�nzs�re¿"nq�vselonqxzu��±nzuvxqs]� � t�� uvt�lonqxzu��±nzuvxqs]� � s�s�xq¹Unq~�¹ � s�s�x¨~8��scx ¬�� jml � xzs
��~�r �v¬ s�r1s�tJn � xzj#yªt.nq��s�y|x5u�los � t�� � xzs ¼ s�jmlonq~�t�s´nz~#�vuvy ¬ �.�vy � � ¬ sc��s ¬ loscxq�ky���sclcµ

� � �#+�
�����3 
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½¾t�~�x��ms�x�nz~�� ��¬ y|� � nqs´nq�vs­s
	W��y|s�t���j[~�®G¶´y � t�s�¿J°<s���~�t��mu��±nzsc�[n�°�~ ¼ yªt��vl¸~�®2s�© � scxqy|r1s�tJnzlc¿J��~�nq�W~ft
nz�vs Ã�xqy��2»Ä�����f�§nqs]l�nz��s]� � � � µ¯Ã�xqy��2»Ä���f��� y�l � t � nqy|~�t ��¬ nzsclonq�Esc��®²~�x � xzy|��lo~�® n�° � xqs­°5�vs�xzs´tv~m�ms]l � xzs
��uvxzxqsctfn ¬ jWl � xzs � ��~8�fs�x5losc��sct�lqy·nzsclcµ

����� >������-�B,/
 ��
 � 
�� � � C�0 ��� 0A*���� 
��;� � * �	5 ��*<./��� .�* 0
Â-s-� ��¬ y�� � nqsa��s�xzsa~�u�x ���v� xz~ � ��� y|t nzs�xzr#l�~�®¨lq� ��¬�� �vy ¬ y·n�jfµ(Â-s � xqs]losctfn � t s�© � scxqy|r1s�tJn�nz� � n
��� � x � �±nzs�xzy&GcsclGnq�vs � r1~fuvtJn�~�®E��~�t�lquvr1sc�=� � t��v°5y|�knz�1�Jj �E~�nz� � scs�xq¹Pnz~�¹ � scs�x"~8��s�x ¬�� jklcµ2½¾t��mscsc�2¿�nq�vs
lonqxzu���nquvxzsc�-~8��scx ¬�� jer=u�lon=r � y|tJn � yªt xz~�umnzyªt � n � � ¬ scl � t�� ¬ s � ®ëlqs�n � t���nq�vs�uvt�lonqxzu��±nzuvxqs]�-~8��s�x ¬�� j
r¨u�lon�r � yªtJn � yªtetvscy � �k��~fxq�v~k~m�vlcµ"Á���y|l�y�l�®²uvt�� � r1s�tJn ��¬ yªt � �mjkt � r[y��§s�tk�ky|xq~ftvr1s�tJncµ
Â-s=� � �fs�u�lqsc�e~ftvs��kuvt��mxzsc�a��~�r � uvnqs�x�l5�Es ¬ ~�t � yªt � nq~ � s�tvt�sclc»EÃ�xzy|�2»Ä���f���#lqy·nzs�µ �<~fr � umnqscxzl

� xqs��vyª¹ � xq~m��s]lqlq~�x�scy·nz�vs�x C9A �XF � nzs�xz~�t � n´�mµÄ�1Ã  G ~�x5½¾tJnzs ¬�� sc~�t � n´�vµ IWÃ  Gfµ
½¾t-nq��y|l s�© � scxqy|r1s�tJnc¿$°<s1� � �fs1��~�t�lqy��ms�xzsc� �.� y|��s�t-tkuvr=�Es�x ~�® ¬ ~ � y|� ��¬ tv~m�ms]l,PP�����v¿¸�c��� � t��

�����f�aR±µ
C­l�nz�vs�tkuvr¨��scx¨~�® ¬ ~ � y|� ��¬ tv~m�mscl=y|l¨�vy � �vscx�nq� � t nq��s�tkuvr¨��scx=~�® � �Jjmlqy|� ��¬¯� xq~m��s]lqlq~�x�lc¿
r1~fxqs�nq� � t.~�tvs ¬ ~ � y�� ��¬ tv~m�ms§xqu�t.~ft �[� �kjmlqy|� ��¬2� xz~m��sclzlq~�x]µ
�´~k�vscl � xqxzyª� ��¬ l � t����ms ��� xqnqu�xqs]l<y|t.nq�vs�lqjml�nzs�r � � ��s§��scs�tÇlqyªr¨u ¬|� nqs]��°5yªnq� �[} ~�y�lqlq~�t ¬|� ° µ
Á��vy�l1s�© � s�xzyªr1sctfn#uvt��ms�x ¬ y|tvs]l[nq�vsÇlqs ¬ ® ¹U�vs ��¬ yªt ��� xz~ � s�xqnqy|scl[~�®­¶´y � t�s�µ ½¾t��ms�s]�2¿¸°5yªnq� lqu���� �

�vjJt � r1y|�­�Es�� � �ky|~�x]¿J�E~�nz� � s�scxo¹Unq~�¹ � s�scx<~8�fs�x ¬|� jml�r¨u�lon5�vs ��¬ °5yªnq�.r=u ¬ nqy �v¬ s tv~m�ms­® � y ¬ uvxzscl � t���lq~�¿
nz�vs�j r¨u�lon���~�tJnqy|tku ��¬|¬ j�xzs�¹¾��~ftm« � uvxqs¯nq�vscr1lqs ¬ ��s]l�µ"Á��ku�l�¿�y·®E¶´y � tvs�y|l � � ¬ s<nq~ �ms ��¬ °5yªnq�¨nq�vy�l"�v~flonqy ¬ s
�vjJt � r1y|���Es�� � �ky|~�x]¿my·n�°5y ¬|¬ ��s � � ¬ s­nz~#°<~fx ¼ «�tvs yªt �[¬ sclzl5�v~flonqy ¬ s � t�� ¬|� x � s�lz� ��¬ s§sctJ�ky|xq~ftvr1s�tJnc¿
� ¬ ~Jloscx�nq~1xqs ��¬ y·n�j�yªt � t.y|t��mu�lonqxzy ��¬ u�lqs ~�® � xqy��2µ

H"y � uvxzs#� lo�v~8°�l�nz�vs nz~�n ��¬ � � t��m°5y|�mnq� ��~ft�lquvr � nqy|~�t � t�� H"y � uvxzs,�1lq�v~8°�l�tkuvr=�Es�x´~�®�tv~m�mscl
��~�tvt�sc�±nzsc�2µ¯ik~[yª®"°�s´n ��¼ s­y|tJnq~ � ����~�uvtJn�nq�vs�nz~�n ��¬ � � t��v°5y|�knz�.�vyª�ky��msc���kj1nq�vs§tkuvr=�Es�x5~�®�tv~m�ms]l�¿
nz�vy�l�x � nqy|~�y�l���~ft�lon � tJn�°5� � nqs��fs�x"nq��s5tJu�r=�Es�x�~�®Etv~m�mscl#P:H"y � uvxqs > R±µ Hvuvxqnq�vscxqr1~fxqsf¿8nq�vs5� � t��m°5y��knz�
��~�t�lquvr � nzyª~ft � s�x�t�~k�vs�y�l5xzs � lo~ft � � ¬ s´°5yªnq� � t � �fs�x ��� s­� ��¬ uvs§~�® >	� !�
 l�µ
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� �fs�t[y·®�nq�vs5�mjkt � r1y|�<��sc� � �kyª~fx$y�l��v~Jl�nzy ¬ s<�Esc� � u�lqs � scs�xq¹Pnz~�¹ � scs�x"~8��s�x ¬�� jklG� � ��s<nq~�xqs�¹º��~�tm« � uvxzs
nz�vs�r:{Juvy·nzs ~�® nzs�tG¿mnz�vs�lqjklonqscr7� � t.lz� ��¬ s§xzs �J� x�� ¬ s]lqlcµ

���&% � 
-
 C � 0 � 0�� >@07* ��
���0 � �B����.�� � 
�� �
Â-sWtv~8° s�� ��¬ u � nqs#nz�vsWxzsclq~�uvx���s ��¬ª¬ ~m� � nzyª~ftÀloscxq�ky���s1°5�vy����Ày|l=~�tvs#~�®�nz�vsW�vy � � ¬ s��fs ¬ loscxq�ky���scl§~�®
¶­y � tvs�µ"Â-s­lq�v~8°Anz� � n<nq�vy�l¸lqs�xz�ky|��s�¿f�vuvy ¬ n�~�t1nq��s�nq~ � ~�® � s�s�xq¹Unq~�¹ � s�s�x¸~8��s�x ¬�� jklc¿8y�l¸{Juvyªnqs´s�	W��y|s�tJncµ
Â-sA� � �fsÀu�lqsc� > � > ��~fr � umnqscxzlÇ�Es ¬ ~�t � y|t � nq~ nq�vxzs�sCÃ�xzy��2» �����f� lqyªnqscl P ! ~�x��ms � um©2¿�F­x�l � jf¿

� s�tvtvs]l R�µ��<~fr � umnqscxzl � xzse�vy·¹ � xz~m��sclzlq~�x,C\A � F � nzs�xz~�t � n.�vµ � Ã  G�¿ C9A � F � nzs�xz~�t � ne�mµÄ�
Ã  G � t���½¾tJnqs ¬ � sc~�t � n­�mµ I#Ã  G�µ
Á$~ � xq~m�mu���s � ta�vs � �kj ¬ ~ � �Ç~�t ��� xq~m��s]lqlq~�x]¿E°<s[� � ��s¨u�lqsc� � tayªnqscx � nqy|��s¨� ��¬ ��u ¬ u�l���~m�msfµ�½ºnzl

s�©msc��uvnqy|~�t�nqy|r[s��vs � s�t��vl�~�®"nq�vs§s�©ms]��umnzyª~ftelqyªnqs�µ

Ã�xqy��2»Ä�����f�=lqy·nzs � } ¦ u�lqsc� � ©ms]��umnzyª~ft�nzyªr1s
! ~�x��ms � um© KaK �_��If�=l
F­x�l � j I��]� � � ����l

� sctvtvs]l;P }�� x � ��y R �]�YK �]� �Y> l
� s�tvt�scl�P }�� x � lo~ ¬ R ���_� ���aK � l

Á � � ¬ s1� " �<~fr � umnqscxzl��my�l � s�x�lqyª~ft�~8�fs�x�Ã�xqy��2»Ä���f���[loyªnqs]l � t��.��� � x � ��nqscxqy�l�nzy|�cl

Á � � ¬ s � lq�v~8°�l[nq��sa�my�l � s�x�loy|~�t ~�® � xq~m��s]lqlq~�x�l � ��xq~Jlql#Ã�xzy|�2»Ä���f��� lqy·nzsclcµb½ºn�lq�v~8°�l ��¬ lq~ nq�vs
s�©msc��uvnqy|~�t¨nqy|r[s´yªt#lqsc��~ft��vl�~�®�nz�vs�� ��¬ ��u ¬ u�l¯��~m�ms�°5�vsct¨nz�vs´��~k�vs�y�l�s�©ks]��umnzsc�[~�t � ®²xzs�s � xz~m��sclzlq~�x]¿
°5yªnq��~�umn´��~�t���uvxqxzs�t���j�µ
Â-s ¬�� u�t����vsc�a��If�§��~f��l P � l­r=u���� � l � xq~m��s]lqlq~�x�l6R�r � nqscxqy ��¬ y&Gcsc�e�kj�nq�vs1� ��¬ ��u ¬ u�l´��~m�msf¿�sc��scxqj

���elos]��~�t��vl�µ�Â�s#uvt��ms�x ¬ y|tvs#�vscxqs1nz�vs � ��y ¬ y·n�j�~�®�nq�vs�xqs]lo~fuvxz��s ��¬ª¬ ~m� � nqy|~�t loscxq�ky���s[nq~e«�t�� � ®²xzs�s
xzsclq~�u�xz��s�nq~´xzuvt � ��~��¨yªt�~fxz�vs�xGnz~ � �f~�y���~8��s�x ¬ ~ � ��~�® � lqr ��¬ª¬ tkuvr=�Es�x"~�® � xq~m��s]lqlq~�x�l � t�� y|t � ��nqy|�Jyªn�j
~�®<~�nq�vscxzlcµ=½¾t��vs�sc�-yª®<r1~�xzs[nq� � t�~ftvs���~��-y|l ¬�� u�t����vsc�a~�t �.� xq~m��sclzlo~fxc¿Nyªnzl§s�©ms]��umnzyª~ftanzyªr1s#°5y ¬ª¬
lonqxz~�t ��¬ j#yªt���xqs � lqs�µ
½º® ��¬ª¬ ��~���l � xzs¯uvtvyª®²~�xzr ¬ j l � xzs � ��~ft ��¬|¬�� xz~m��s]lqlq~�x�l�¿�nq�vs � ��scx ��� s�s�©msc��umnqy|~�t§nzyªr1s<y|l�nq�vs � ��scx ��� s

s�©msc��uvnqy|~�tenqy|r1s � yª�fs�teyªt�Á � � ¬ s�� � t��e� ��¬�� t���sc� � �c��~fxz�my|t � nq��s=tkuvr=�Es�x­~�® � xz~m��s]lqlq~�x�l � scx­lqy·nzs�µ
Á��ku�lc¿myªn�y|l � � ����lqsc��~ft��vlcµ
½¾tÀ~fuvx�s�© � s�xzyªr1sctfn]¿�nz�vs � �fs�x ��� s¨s�©msc��umnqy|~�t nzyªr1sW~�® � ��~f�Ày|lW� � � Kelos]��~�t��vl�µ
F­uvx�xzsclqu ¬ n�y|l

¬ y � �Jn ¬ j1��s�nonqscx�nq� � t�y|tWnq��s­� � los­°5�vs�xzs¯��~f��l � xzs�uvtvyª®²~�xzr ¬ jWl � xzs � �2µ"Á���y|l�lo��~8°�l¯nz�vs­s�	W��y|s�t���j[~�®
nz�vs xzsclq~�uvx���s ��¬|¬ ~m� � nqy|~�teloscxq�ky���sfµ
Á��vs���s�nonzs�x � ��s�x ��� s�xzuvt nzyªr1say|t ~fuvx�s�© � s�xzy|r[sctJn�y|l��muvsanq~Ànz�vs ® � �±n�nz� � n=��~���l � xzsÇtv~�n

¬�� u�t����vsc� � n¯nq�vs�l � r1s�nqy|r[s � t��[® � l�nzs�x � xq~m��s]lqlq~�x�l � xzs5u�lqsc�[nz~�xqu�t#r[~fxqs���~f��l�nz� � tWl ¬ ~8°<scx¯~�tvs]l�µ

� �³
5���§�$
5)�� ���$!#�

Â-s � t ��¬ j G�s�xzs ¬�� nzsc�e°�~�x ¼ l��kj.��~�t�lqy��ms�xzyªt � t � r1y|t � ¿Exzsclq~�uvx���s��my�lz��~8��scxqj � t�� ���v�v¬ y�� � nzyª~ftÇr � tm¹
��� scr[sctJn � xqy���lqs�xz�ky|��sclcµ

!#" é !%$



���������
	���
�����������
����������������! #"$���&%'	�()
*�����������,+-�.���/
�01+2
*���3�546
���7����98����:��
;+246���&
=<����5%.� � >

� ��� ���	��
���
��	���������	��������������
�� �

Á$~ ¬ ~k� � nzs xqs �v¬ y|� � l1~�®§« ¬ sclc¿´Ã ¬ ~��vu�l � xq~8�ky��mscl �À� s �v¬ y�� � � ~k� � nzyª~ft ims�xz�Jy���s P � � i R#� � losÇ~ft �
��yªscx � xz���kja~�® � s ��¬ y�� � � ~m� � nqy|~�tÀ½¾t��ms�© P � � ½bR �Ä� � µ  ~8°<sc��s�x�nq�vs � � iÀy|l¨tv~�n#lqs ¬ ® ¹U�vs ��¬ yªt � " � �k¹
r1y|tvy�l�nzx � nq~�x�l�� � ��s nz~�l � s]��yª®²j.~ft °5�vy���� tv~m�ms]l�nz�vs � � ½�l­xquvt�µ­½¾t��Ä� ��� lqs ¬ ® ¹º�vs ��¬ y|t ��� � iÇ� � los]�
~ft � lonqxzu��±nzuvxzsc��~8��s�x ¬�� j�tvs�n�°<~fx ¼ y�l � xz~ � ~flqsc�2¿��vumn nq��s � xq~ � ~Jlos]�alz���vs�r1s1xzs�r � y|t�l ¬ y|r1y·nzsc��nq~
¬ ~m� � nqy|t � xqs � �k¹º~�t ¬ j[« ¬ sclcµ

� s � y|~�t � t�� Ã ¬ ~f��s � xqs�~f�m��sc��no¹º� � lqsc��lojmlonqscr1l2nq� � n ¬ ~m� � nqs�~f�m��sc��nzl2u�lqy|t ����¬ ~m� � nqy|~�tv¹Uy|t��ms � sct��ms�tJn
t � r1yªt � lqs�xz�ky|��s�µ¨Á$~Ç��~fr[r¨uvtvy�� � nqs[°5y·nz� � t�~f�m��sc��nc¿ � tas�tJnzy·n�jÇ«�xzlon xqs�nqxzyªsc��scl � t � ���mxqs]lql´®²xz~�r
nz�vs´t � r1yªt � loscxq�ky���sf¿ � t��[nq�vsct ¬ ~m� ��¬|¬ j[�vy|t��vl � xqs�®²s�xzs�t���s5nq~ nz�vs´~f�m��sc��n¯nq~�nq�vs­xqs�nquvxztvsc� � �v�mxzsclzl�µ
� s � yª~ft �|�]� � u�los]l � ��yªscx � xz���vy�� ��¬ ��~�r1s�¹º� � lqsc� ¬ ~m� � nqy|~�t lz���vs�r1s[yªt °5�vy����-� ¬|� lql§~f�m��sc��nzl�xzs � y�lonqs�x
nz�vs ¬ ~k� � nzyª~ft�l�~�® ��¬|¬ nq��s�~��m��s]�±n�l�~�® �1� y|��s�te� ¬�� lzlcµ ! sclqy|�ms]l�nq�vs�lz� ��¬|� �vy ¬ yªn�jWy�lqlquvs ~�t.nz�vs tkuvr=�Es�x
~�®�~f�m��sc��nzl ~�® �e� y|��s�tÀ� ¬|� lqlc¿Gnz�vs ¬ ~k� � nzyª~ft lqs�xz�ky|��s1~�® � s � y|~�t-u ¬ nzyªr � nqs ¬ j-xqs ¬ y|scl ~ft � xq~k~�n=� ¬|� lql
~f�m��sc��n5°5�vy|���ey�l � loy|t ��¬ s � ~fyªtJn�~�®�® � y ¬ uvxqsfµ
Ã ¬ ~��Es � �v�mxzsclzlqscl¸nq�vs lz� ��¬�� ��y ¬ y·n�j#y�lzlouvs�u�lqyªt �[� �my�l�nzxqy|�vumnzsc�elos � x����#nqxzs�s�~�x �f� tvy�G�sc� � ����~�x��my|t �

nz~-nq�vsÇtvs�n�°<~fx ¼ �vy|lon � t���s]l1��s�n�°<scs�t tv~m�mscl � t��C~��m��s]�±nzl �|� � µ Ã ¬ ~��Es ��¬ lq~Àlou �v� ~fxon�l1xqs �v¬ y|� � nqs]�
~f�m��sc��nzl � l � ®²uvt�� � r1s�tJn ��¬E� xq~ � scxon�jfµ  ~8°<sc��s�x<nq��s§�vy|lonqxzyª��umnqs]��lqs � xz���1nzxqscs�y�l�l�n � nzy|� ��¬|¬ jW�ms�«�tvs]�
�kj � �mr1yªt�y|lonqx � nz~�x�l�¿ � t���~ft ¬ jWnq~ ¬ s�x � nzscl�nzs�r � ~fx � xqj1® � y ¬ uvxzsclcµ
Ã�xzy|�]F§i.u�los]l �1�f¬ ~f� ��¬ t � r1yªt � loscxq�ky���s�� ��¬|¬ s]� � xzy|�vl ��� ��sclc¿knq� � n­y�l5n � x � s�nqsc��nz~Wxqs]lo~fuvx���s �my�l�¹

��~8��scxqj � t�� ��¬ª¬ ~m� � nqy|~�t��|��� � µ(½¾t s � ��� ~fx �J� tvy�G � nqy|~�t ��� xonzy|��y ��� nqy|t � nz~ nq��s � xqy��2¿5tv~m�ms]l�� ��¬|¬ s]�
xz~�uvnqs�xq¹ ��¬|¬ ~m� � nq~fxzl�r � y|tJn � y|t �a� xzy|�vl ��� ��s�¿$nq� � n1xqs � y�l�nzs�x�l§nq�vs.t � r[s]l � t�� � xz~ � s�xqnqy|scl¨~�® ��¬ª¬ nq�vs
xzsclq~�u�xz��scl�~�®Gnq�vs�~�x �f� tvy�G � nzyª~ftGµ � ~fumnqscxo¹ ��¬|¬ ~k� � nz~�x�l�s�©v��� � t � s´lquvr1r � xzyªs]l¯~�®Gnq�vscyªx � xzy��vl ��� ��s]l¯�Es�¹
n�°�s�sctW~�x �f� tvy�G � nzyª~ft�lcµ � y ¼ s­uvt�lonqxzu��±nzuvxqs]� � s�scxo¹Unq~�¹ � s�scx¸~8��scx ¬�� jml�¿ � xzy|�vl ��� ��scl � xzs´tv~�n<°�s ¬|¬ lquvyªnqs]�
nz~ � ����s]lql´xqs]lo~fuvx���scl´�kj ¬ ~m� � nqy|~�tm¹ºyªt��ms � s�t��vs�tJn­t � r1sclcµ§Ã�xzy|��l ��� ��s]l´��~fu ¬ � �Es¨r � �vs¨lqs ¬ ® ¹U�vs ��¬ yªt �
u�loy|t � nq�vs§loscxq�ky���s­r[~f�vy ¬ yªn�j#r1sc��� � tvy|lqr � xz~ � ~flqsc�#�kj�Ã�xzy|�]F§iN¿f��umn5tv~ � umnq~fr � nqy���r1s]��� � tvy�lqr�y|l
� xq~8�ky��msc�Wnq~W���v~k~flqs�tvs�°Stv~m�mscl�nz~1xquvtexz~�umnzs�xq¹ ��¬ª¬ ~m� � nq~�x�lcµ
Â yªnq�'C5��nqy|��s � � r[s]l �ª�8� ��� t.s�tJnzy·n�j � ����sclzlos]l � t�~f�m��sc��n5nq�vxz~�u � � � ��� � yªt.~�®"t � r1s§xzsclq~ ¬ ��s�x�lcµ

C,t � r1s1xqs]lo~ ¬ �fs�x � xz~k��sclzlos]l­nq�vs � l ¼ sc� t � r1s � t��-� � tanzx � t�lo®²~�xzr � t��anqx � t�l�®²scx§nq�vs#xzsc{Juvs]l�n§nq~
� tv~�nz�vs�x5t � r1s§xqs]lo~ ¬ �fs�x]µ A ~�xzs�~8��scxc¿ � t � r1s xzsclq~ ¬ ��scx�� � t � �v� � t � ® nqs�xq¹ºr[s�nq�v~m��nq~[nz�vs�xzsc{Juvsclonc¿
°5��y|���#y�l � ~ �v� sc� � t��[s�©msc��umnqs]�1~�t���s�nq�vs­xqs]{Juvsclonqs]�¨� � l�xzs � ���vsc�¨y·n�l¸�ms]l�nzyªt � nqy|~�t�µ C5��nqy|��s�� � r1scl
~YEEscx � ��s�©ky|� ¬ s � xz����y·nzsc�±nzuvxzs�nq~e�ms�«�tvs[� � xqy|~�u�l ¬ ~m� � nzyª~ft r1sc��� � tvy�lor#l � t�� � ~ ¬ y���y|scl­nq~.~ � nqy|r[y�G�s
xzsc{Juvs]l�n � ~flono¹ � xz~m��sclzlqyªt � ¿��vumn�~�t ¬ j � xq~8�ky��ms � ¬ ~8°�¹ ¬ s��fs ¬v� x����vyªnqs]�±nqu�xqsfµ"Á��vs �  Á ~�® � l�nzxqu��±nqu�xqs]�
� s�scxo¹Unq~�¹ � s�scx�~8��s�x ¬�� j1��~�u ¬ ����s y|r �v¬ scr1s�tJnqs]��u�loy|t � C5�±nzyª�fs�� � r1s]l�µ
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Á$~ � xq~8�ky��ms � xzsclq~�uvx���s��my|lz��~8�fs�xzjAr1sc��� � tvy�lore¿­Ã ¬ ~���u�lWu�lqscl�nq��s AÇ~ftvyªnq~�xzy|t �A� t�� �´y�lz��~8��scxqj
imjklonqscr1P5A ��i)R"� � lqsc�¨~�t � A � �m~m��u�r[sctJnzl � t�� �­��� nz�[{Juvscxqy|scl � � � µ � s]lo~fuvx���scl"y|tm®²~�xzr � nzyª~ft�l � xzs
lonq~fxqs]��y|t.nq�vs�A ��i.�kjWxzsclq~�u�xz��scl � t�� � xqs � s�xzyª~m�my�� ��¬ª¬ j�xzs�®²xzsclq�vsc�Gµ�½¾t � Â i � H$¹º��~�r �v¬ y � tfn�° � j�¿
sctJnqyªnqy|scl�� ��¬ª¬ sc��yªtm®²~fxqr � nqy|~�t�lq~�u�xz��scl � xq~8�ky��ms � Â�sc�.lqs�xz�ky|��s´y|tJnqs�xq® � ��s´®²~fx���~�r1r=u�tvy|� � nzyª~ft�l¸°5yªnq�
A ��iNµcÂ y·nz��u � ¹Unq~�¹º� � nqs � A � � � n � � � lqsclc¿�u�lqs�x�lG� � t {fu�s�xzj�nq��s�A �§i§°5y·nz����~fr ��¬ s�©�{Juvs�xzy|sclNnz~ � s�n
° � tJnzsc�Wxzsclq~�u�xz��s ¬ ~k� � nzyª~ftGµ¯Ã ¬ ~f�vu�l � ���mxqs]lqlqscl<nz�vs lq� ��¬�� �vy ¬ yªn�j#y�lqlquvs§�kj � xz~8�Jy��my|t �¨� �vy|s�x � x����vy�� ��¬
���v� xz~ � ����nz~ A �§i nz� � n[u�los]l�� �e� 
������/���6� µ  ~8°�s���scxc¿DA �§iÀtvscy·nz�vs�x � xq~8�ky��ms � lqs ¬ ®�~�x �f� tvy�G�y|t �
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t�~�x � los ¬ ® ¹º�vs ��¬ y|t � lqjklonqscreµ ½¾t��ms�s]�2¿<xzsclq~�u�xz��s � �mr1yªtvy�lonqx � nq~fxzl¨r=u�l�n�l � j nq~8° � x�� °5�vy���� A ��i
����� xqs �f� nz~�x¸nq�vscyªx5xzsclq~�uvx���s�y�l ¬ y|t ¼ s]��nq~�µ
} u�t����Cu�los]l!C5��nqy|��s��¯s ¬|¬ ~8° }���� s]l P:C5�±n�� } R �|�]� � nq~ � s�xq®²~�xzr nq�vs.xqs]lo~fuvx���s��vy|lz��~8�fs�xzj-lonqs �

y|t xqs]lo~fuvx���s ��¬|¬ ~m� � nqy|~�t�µ,C5�±n�� } y�l���~fr � ~flqsc��~�®5~ftvs#~�x r1~�xzs1xqs]lo~fuvx���s#� � n � � � los]l�¿ � xqs]lo~fuvxz��s
r1~ftvy·nz~�xzyªt � lqs�xz�ky|��s � t�� � xzsclq~�u�xz��s<r � t ��� scr1s�tJn � y � s ¬ y|tvs�µ�Á��vs´xqs]lo~fuvxz��s�r � t ��� s�r1s�tJn � y � s ¬ y|tvs
����� xqs �f� nzscl<�mjkt � r1y�� ��¬|¬ j ����0����&�e� xzsclq~�u�xz��scl�yªte~fxz�mscx�nq~#~ � nqy|r[y�G�s�nz�vs xqs]l � ~�t�los�nqy|r1s ~�®�{Juvs�xzyªs]l�µ
C5��n�� }S� �v�mxzsclzlos]l5nq��s[lz� ��¬|� �vy ¬ yªn�j.y�lzlouvs¨�vumn yªn�y�l�s
	W��y|s�tJn§~�t ¬ je°5�vs�t-{fu�s�xzyªs]l � xqs �6��0!���&�e� µ C5�±¹
��~�x��my|t � nz~ � umnq��~�x�l�¿Glqu�����lqyªnqu � nqy|~�t�l�~�® nzs�t-~m����u�xc¿N®²~fx�y|t�lon � t���s1°5�vsct ��¬|� x � s¨� ¬|� lql�y�l§°<~fx ¼ y|t �
~ft � �v~fr1s�°�~�x ¼W� lzloy � tvr1sctfn]µ
� nqxzs�r´Â-s�� � >�� y|l[� � los]� ~�t � � ¬ y|s�tJn 
 ��~k~�x��my|t � nz~�x 
 °�~�x ¼ scx ��� nonzs�xztGµÀÂ �vs�t � °�~�x ¼ scx5��~�y|t�l

nz�vs­lqjml�nzs�re¿Jy·n���~�tJn � �±n�l � ��~k~�x��myªt � nq~fx � t���losct��vl�nz�vs´xzsclq~�u�xz��s���� � x � ��nqs�xzy�l�nzy|�cl"nq� � n<yªn � xz~8�ky|�ms]l�µ
Á$~ xzuvt � ��~��G¿ � � ¬ yªsctfnelosct��vl � {Juvs�xzj nq� � n.�ms]lq��xqy|�EsclWxzsc{Juvy|xzs�r1s�tJnzlWnq~ � ��~k~�x��my|t � nz~�x]µ C´l
� nqxzs�r­Â�sc� y|l#� � lqsc� ~�t nz�vs (]"$��� r1~m�ms ¬ ¿5y|� ¬ sÇ°�~�x ¼ scxzl � l ¼ nz�vsa��~J~fxz�vyªt � nq~fx¨®²~fx ��~���l�µ C´l �
��~�t�lqsc{Juvsct���sf¿�� ¬ y|s�tJnzl<{fu�s�xzyªs]l�®²~�x¯xzsclq~�u�xz��s��vy|lz��~8�fs�xzj�� � t#�Es5®²u ¬ « ¬|¬ s]�#s � loy ¬ j���s]� � u�los­��~�r ��� xqy�lq~�t
y�l"r � �ms�~�t[��~k~�x��my|t � nz~�x"tv~m�msclcµ � nqxzs�r´Â-s�� � ���mxqs]lqlqscl�nq��s�lz� ��¬|� �vy ¬ yªn�j§y|lzlou�s<�kj u�lqyªt ��� �vy|s�x � x����Jj
~�®���~k~�x��myªt � nq~fxzl�y|t-nq�vs�lqjml�nzs�reµ  ~8°<sc��s�x]¿G��~k~fxz�my|t � nq~�x�l � xzs#lou ��� ~Jlos]�anz~Ç��s�xquvt ~ft � lon � � ¬ s
xzsclq~�u�xz��s­lq~¨® � u ¬ n5nq~ ¬ s�x � t���s§y|l�t�~�n5nq~k~ ¼ yªt � ����~fuvtJn<®²~fx���~k~�x��my|t � nz~�x�l�µ
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�<� � r1s ¬ s�~ft �|�c� �v� xz~8�ky|�vscl � t=y|tm®²x � lonqxzu��±nzuvxzs¸nz~­s�©ks]��umnzs ���v�v¬ y�� � nzyª~ft�l"yªt � ® � u ¬ n�nq~ ¬ s�x � tJn���~�tJnzs�©kncµ
�<� � r1s ¬ s�~ft yªtJnqxz~m�mu���scl C � A F � r[~f�vy ¬ s�~��m��s]�±nzlWnq~C� � t�� ¬ sa® � u ¬ n�nz~ ¬ s�x � t���s�µ_H�~�x�s�© � r �v¬ s�¿
�<� � r1s ¬ s�~ftÇ� � l����vsc� ¼k� ~�y|tJn9C � A F � l�¿N�vs � xqnq�Es � n C � A F � lc¿Es�©msc��uvnqy|~�t C � A F � l­~�x � ® � u ¬ n
nz~ ¬ s�x � t���s�r � t ��� s�x P5H�Á#A R C � A F � µ_Á��vs�H�Á#A C � A F � ~8�fs�x�loscsclN~�nq�vscx�C � A F � ~��m��s]�±n�l � t��
���v�v¬ yªs]l � ® � u ¬ no¹Unq~ ¬ scx � t���s � ~ ¬ y���j[nz~ ���v�v¬ y|� � nqy|~�t�s�©msc��umnqy|~�t � ����~�x��myªt � nq~¨nq�vs�u�lqs�x�xqs]{Juvyªxzs�r1sctfn�l�µ
H�Á#A C � A F � y�l´��s�tJnqx ��¬ y�G�sc�e��umn��<� � r1s ¬ s�~�t � xq~8�ky��mscl � ��~ft�loy�lonqs�tJn´� � � ¼ u � H�Á#A y|ta� � los�~�®
® � y ¬ uvxzs§~�®�nz�vs r � y|t
H"Á#A C � A F � µ
� nqxzs�r´Â-s�� � > �2� xz~8�Jy��ms]l � loy|r1y ¬�� x5lqs�xz�ky|��s�®²~�x�r � t ��� scr1s�tJn<~�® �����v¬ y�� � nqy|~�t�l<°5yªnq��nq�vs lz���vsc�k¹

u ¬ scx���~fr � ~�t�s�tJnW~�®§nq��sa��~k~�x��my|t � nz~�x]µ Á��vsalz���vs]�mu ¬ s�xWy|t�lon � tJnzy � nqscl�loscxq�ky���scl � t�� �����v¬ y�� � nqy|~�tG¿
r � t ��� scl<nq�vscyªx ¬ yª®²s���jm� ¬ s � t�� � xq~8�ky��mscl�® � u ¬ n5nq~ ¬ s�x � tJn � ~ ¬ y|��yªs]l�µ Hv~�x5r¨u ¬ nqy �v¬ s=xqs � lq~�t�l��my�lq��u�lzlos]�
y|t � > � ¿mnz�vs���~k~fxz�my|t � nq~�x�y�l5yªr �v¬ s�r1sctfnzsc�.y|t � ��s�tJnqx ��¬ y&Gcsc��° � jfµ

� � ���.4<��'.�������

Á���y|l ����� s�x§�ms]lq��xqy|��s]l ��� sctvs�x ��¬"���v� xz~ � ���enq~��vuvy ¬ � � lqs ¬ ® ¹U�vs ��¬ yªt � lz� ��¬�� � ¬ s ®²u ¬ª¬ jJ¹º�ms]��sctfnzx ��¬ y�G�s]�
lqy|t ��¬ s=lqjklonqscr³y|r ��� s�~ � s�x � nzyªt � lqjml�nzs�r:®²~�x � xzy|��l���~fr � ~flqsc�e~�® � ��scxqj ¬|� x � s tkuvr=�Es�x�~�®�tv~m�ms]l�µ
Â-s#lo��~8° nq� � n � s�scxo¹Unq~�¹ � s�scx­~8�fs�x ¬|� jml � xzs � lo~fuvt�� � � lqy|l­®²~�x§�vu�y|� ¬ y|t � nq�vs#�my�l�nzxqy|�vumnzsc��loscxq�ky���scl
~�® � Ã;F§i °5y·nz�anz�vs � �E~8��s � xq~ � scxonzyªs]l�µ�AÇ~fxqsc~8��s�x]¿�°�s1�ms�r1~�t�l�nzx � nqs�nz� � n§�E~�nq� lonqxzu��±nzuvxqs]� � t��
u�t�l�nzxqu��±nqu�xqs]�Ç~8��scx ¬�� jml � xqs=tvs�s]�msc� nq~Wr1s�s�n­nz�vs=xzsc{Juvy|xzs�r1s�tJnzl´~�® � Ã;F§iÇyªtÇnzs�xzr#l´~�® ¬ ~m� � nqy|~�tm¹
y|t��ms � sct��msctfn�t � r[y|t �§� t��=~�® � nonzxqy|�vumnzs�¹º� � lqsc���vy|lonqxzyª��umnqs]�=lqs � x����Gµ�Á���s���~flon$~�®�r � yªtJn � y|tvyªt � �E~�nz�
¼ y|t��vl<~�®�~8�fs�x ¬|� j¨y|l<xzs � lq~�t � � ¬ s � l<yªn�y�l � ~flzlqyª� ¬ s�nz~=n ��¼ s � �v� � tJn ��� s�~�®2nz�vs§l�nzxqu���nquvxzsc�W~8��s�x ¬�� j�nq~
r � yªtJn � yªtWnq�vs§uvt�lonqxzu���nquvxzsc�#~8�fs�x ¬|� jfµ�Â-s­� � ��s´��uvy ¬ n�¶´y � tvsf¿ ��� xz~�nz~�n�j � s­~�®Gnz�vs � xq~ � ~Jlos]��Ã;F§iNµ
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� © � s�xzy|r[sctJn � nzyª~ft�l�� � xzxqy|sc��~�umn�~ft.nq�vs=Ã�xzy|�G» ������� � xqy�� ��¬|� no®²~�xzr³�vs�r1~�t�lonqx � nzs�nq� � n�nq�vs=~8��s�x ¬�� j
y|tm®²x � lonqxzu��±nzuvxzs´lq� ��¬ scl¸xqs �f� x�� ¬ sclzl�nq��s­tkuvr¨��scx<~�®Gxqs]��~�tv« � uvx � nzyª~ft�lc¿8nq�vs�� � t��m°5y��knq����~�t�lquvr � nzyª~ft
�vuvs#nq~anq�vs�~8��scx ¬�� jÇr � y|tfnzs�t � t���s���scyªt � ��scxqj ¬ y|r1y·nzsc� � t��À��~ft�l�n � tJn=°5� � nqsc��s�x�nq�vs�tJu�r=�Es�x=~�®
t�~k�vscl"yªt=nq�vs�lqjklonqscreµDCCxqs]lo~fuvx���s ��¬ª¬ ~m� � nzyª~ft=lqs�xz�Jy���s � t�� � t ���v�v¬ y|� � nzyª~ft=r � t ��� scx�� � �fs¸�Es�s�t¨yªr[¹
��¬ scr[sctJnqsc�W~�t1nq~ � ~�®2nz�vs´~8�fs�x ¬|� j�y|tm®²x � lonqxzu��±nzuvxzs�µ } xqs ¬ y|r1yªt � xzj=s�© � s�xzyªr1sctfn�l<lq�v~8°Cnq�vs­s
	W��y|s�t���j
~�®�nz�vs xqs]lo~fuvx���s ��¬|¬ ~m� � nqy|~�t.loscxq�ky���s�µ
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