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THÈME 1





���������	��
����������
��������������
�� �"!#�	�	������$�&%�'(�*),+-�.��������
�#� �#�0/&�21

3$46587�9�:<;�4>=@?A7�5B?A;DCFE�46G	GH?JI�I�4

K�LNMPORQTSVUXW�YPZ[Q�\^]6_�QP`aZ[b6Zc`cM�ORQPZ
dfe `Pgihkj@K�lcm�n

Wa\poAoJhkqc`arsQfq[Q e LAQPq e LNQtj�uwvkxzyVU|{�Y e QPOR}Aq[Qfyzvkvkv~U�uw�ToJ\^�kQ�Z

���s�������T�f�.Q e hkORoNg���\p`cQP]AqJ�A��r.����Zc`[QPqcQ��AQPZc`�}�\^Z[Y�Zc]Nq�]Aj�q�\	�RjAQ�ORQPj6`.ZcY�O#\^j6`[g��z]AQ�r6Q���\ e \p]AZ�\p��gi`[Y
e hzqcq[QPZcoJhkj�rN\^j6`R\^]6_@� e giq e ]Agi`[Z e hkjNZc`cq[] e `[g��<ZB��rN\^jAZ��iQRr6hzO#\pg�jNQ�r6]�O�\^`[YPqcgiQP�B .��\�Z[YPO#\pj6`cg��z]AQFQ�Zc`
oAq[YPZcQ�jw`[YPQ>o�\^qT]Aj¡Q�jAZcQPO2}N��Q�r6Q�qcMP�z�iQPZ�r¢� gij6�<YPqcQPj e Q@rA\^jAZ2�iQ$Zc`Bb6�iQ#r6Q���\�ZcY�O#\^j6`[g��z]AQ2jJ\^`c]NqcQP�i�iQk 
£¤hk]AZ�\	�khkjNZ2oAqchz]A�kY$�8hzqcORQ����iQPO$QPj6`���\ e hkqcq[Q e `[g�hzj¥r6Q@��\>`[q�\krs] e `cgihzj¦r¢� ]NjAQ�o�\^q[`cgiQ@Zcgi�zjAg¨§ e \^`[gi�kQ
r6]©��\pjA�w\p�kQ�QPj e g�q e ]Agi`cZ�\p]@ORh^bzQPj#r6]©Zcb6Zc`[MPORQFrsQ�oAqcQ�]A�kQPZ�m�hA�$QP`frsQFZ[hkj@gij6`cQPq,�ª\ e Q�]A`cgi�igiZ�\p`cQP]Aq
r6giZ[o�hzjAgi}A�iQ~rN\^jAZam�QPj6`�\^]Aq	 
��\�jAhz]A�kQP�i�iQ2ZcY�O#\^j6`[g��z]AQ e hkjAZ[`cqc] e `cgi�kQ@r.����Z[`cQPq[QP�a\@r.��\p}�hzq�r�Y�`cYRY e qcgi`cQ�QPj«K�b6oJhk�B¬�r6hzjAj�\pjw`

r.� ]AjNQ�o�\^q[`a]Aj©g�j6`[QPqcoAq[MP`cQTQPj®¯qchk�ihz�2QP`�r.��\^]A`[qcQ�o�\pqc`V]AjAQ�Z[o�Y e g�§ e \^`[g�hzj@QPj®m�hA�J ���\2`[q�\krs] e `cgihzj
QPj e giq e ]Ng�`�°V��\�}�\^Z[Qfr6] e hkORoNg���\p`cQP]Aq���Z[`cQPq[QP�.�A��\�YP`[Yfr6giq[Q e `cQ�ORQPj6`�ZcoJY e g¨§�YPQ�QPjRm�hA� QPjR]A`[gi��giZ�\^j6`
�B� hkq�r6qcQ@Z[]AoJYPqcgiQP]Aq	 ��.Q@oAq[gij e gio�\^�V`cq�\	�k\^gi�a\ e hkjNZcgiZc`[Y®° e Q�qc`cg¨§�Q�q#�iQ e hzORoAgi��\^`[QP]AqT�s�>Q�j¥m�hA��QPj
q�\^giZchzjAj�\^j6`�Z[]Aq e QPZVZcoJY e g¨§ e \p`cgihkjAZ	 
±³²J´H��µ�¶p·8�>�"��\^jN�w\^�zQPZ�o�\^q�\^�i�iMP�iQPZ�Zcb6j e LAq[hkjAQPZ	¬���Z[`cQPq[QP���A�A¬A�q[QP]A�kQ�Z��8hzqcORQ����iQPZ	¬wm�hA�J¬A¸6oJY e g¨§ e \H¹
`[g�hzj@r6Q e giq e ]Agi`[Z�¬�m�Q�qc`cg¨§ e \^`cgihzj�rsQ e hkORoNg���\p`cQP]Aq	 
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Unité de recherche INRIA Sophia-Antipolis
2004 route des Lucioles, BP 93, 06902 SOPHIA-ANTIPOLIS Cedex (France)
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�	�¯��´�
��¶^´z��K�LAQ��A� e hzORoAgi�iQPq.hp�¢��Z[`cQPq[QP�Jg�Z�}�\^Z[Q�rThkjT\aq[Q�§�jAQ�ORQPj6`�h^� e \^]AZ�\^�igi`Bbf`[L�\^` e hzqcq[QPZcoJhkj�rsZ
`[h@`cLAQ�� e hzjAZc`[qc] e `[gi�kQ e g�q e ]Agi`cZ,��gij�L�\pq�r���\^q[Qk 2K�LAQ e hkjAZ[`cqc] e `cgi�kQ$ZcQPO�\^j6`cg e Z�giZFr6Q §�jAQ�r>}6b�\RZ[QP`
hp�fgij6�8QPq[QPj e Q�q[]A�iQPZ2�ig��zQ2gij £a\p`c]Aq�\^��¸6QPO�\^j6`cg e Z	 ���Q$L�\	�kQT�<hkqcO�\^�ig��PQ�r�\pj�r>oAqch^�zQ�r e hkq[qcQ e `2`cLAQ
`[q�\^jNZc��\^`[g�hzj�h^� \�Z[g��zjAg¨§ e \pjw`.oJ\^qc`�h^� �¯Zc`cQ�qcQP�Agij6`ch e hkjAZ[`cqc] e `cgi�kQ e giq e ]Agi`cZ�¬���g�`[LAgij�`cLAQ�oNqch6h^� \pZcZ[g�Z[`�\pjw`
m�hA�J 
K�LNQ e hzjAZc`[qc] e `[gi�kQ@Z[QPO#\pjw`[g e ZFhp�~��Z[`cQPq[QP��L�\^Z §�q[Zc`2}JQPQPj���q[g�`[`cQPj gij¡K�b6o�hz��gij«`cLAQ@m�QPj6`�\p]Aq

QPj6�6giqchzjAORQPj6`	¬^b6g�Q���rsg�jN�f}Jhk`[L#\��q[hk�ihk��Z[o�Q e g¨§ e \^`[gihkj��<Q�_AQ e ]A`�\^}A�iQ���\^jJr2\�m�hA��Z[o�Q e g�§ e \^`[g�hzj� �K�LAQ
`[q�\^jNZc��\^`[g�hzj®hp�¤�¯Zc`cQ�qcQP��oAq[hk�zq�\^O$Z�g�j6`[h e g�q e ]Agi`cZ L�\^Z�}JQPQPj¡rsg�q[Q e `[��b>giORoA�iQPO$QPj6`cQ�r$gij¡m�hA�J¬.]AZcgijA�
LAgi�zLAQPqRhzq�r6Q�q� -K�LNQ@oAqch6hp�~hp� e hzqcq[Q e `cjNQPZcZ@LJ\^ZR`[LAQPj }JQPQPj³o�QPq,�8hkq[ORQ�r¢¬�qcQ	\^ZchzjAgijA�¡\^}Jhk]N`2`cLAQPZ[Q
Z[o�Q e g�§ e \^`[g�hzjAZ� 
�����.µ! �²"
$#��^� ¸6b6j e LAqchzjAhk]AZ���\pjA�w\p�kQPZ	¬���Z[`cQPq[QP���s�N¬��q[h6h^��`cLAQ�hkqcb6¬�m�hA�J¬Am�giq e ]Ng�`[ZaZ[o�Q e g�§ e \^`[g�hzj�¬
m�QPq[`cg¨§ e \p`cgihkj�hp� e hkORoNg��iQPq[Z� 
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£¤hk]AZarsY e qcgi�zhkjAZarA\pjAZ e Q�q�\^oAoJhkq[`�]AjAQ�oAq[QPORgiMPq[QfY�`�\^oJQ�o�hzZcZ[g�}N��Q��zQPqcZV��\ e QPq[`cg¨§ e \p`cgihkj�QPj@m�hA�
� ����r6] e hzORoAgi��\^`[QP]Aq��A�Rr¢� �¯Zc`cQ�qcQP�B .£�hz]AZ e hkjAZ[g�r6YPqchzjAZ���\T`cq�\zr6] e `[gihkj�r6QPZ�oAqchz�kq�\^ORO$QPZ�r6]@jAh^b6\^]
r.����Z[`cQPq[QP� �ª�¯Zc`cQ�qcQP���]Aq �ÙQPj e giq e ]Agi`cZ	¬k`[QP�i��Qa�z]�� QP�i�iQ�QPZ[`�oAq[YPZcQ�jw`[YPQ�rA\^jNZ � y��c km�QP`[`cQajNhk]A�zQP�i��Q�`cq�\kr6] e ¹
`[g�hzj�QPZc`�}�\pZcYPQTZc]AqV]Aj@q�\	�RjAQPO$QPj6`�Z[YPO#\pj6`cg��z]AQ�r6Q���\ e \^]NZ�\^�igi`cYz¬��z]Ag e hkqcq[QPZcoJhkjJr®°���\TjNhk`cgihzj#r6Q
���	�
�������������������������� ��� rN\^jAZ��iQ�rshkO#\pgijAQ�r6]®O�\^`[YPqcgiQP�B .£�hz]AZ�\	�khkjNZa]A`[g��igiZcYT�iQFZ[b6Zc`cM�ORQ2r6Q2oAqcQ�]A�kQ
gij6`cQPq�\ e `[g¨�¤m�hA�©o�hz]Aq�r6YP�kQ���hzoAoJQPq�]AjAQ2oNqcQPO$g�M�qcQ2\^oAoAq[h	_Ag�O�\^`[g�hzj@r6QF��\$oAq[QP]A�kQRrsQ e hkq[qcQ e `[gihkj¡r6Q
��\�`[q�\krs] e `cgihzj� wm�hA�~�8hk]NqcjAgi`�]Aj$QPj6�6g�q[hkjAjNQPORQPj6`�rsQ�L�\^]A`�jAgi�kQ	\^]�¬ e hkj6�8hzqc`�\^}A�iQaoJhk]Nq�q�\pg�Z[hkjAjNQPq�Z[]Aq
r6Q�Zahk}�� QP`cZ�r6Y�§�jAgiZ�o�\pq�� e h��Bgij�r6] e `cgihkj� 

��jToAq[hk�kq�\^O$ORQ��¯Zc`cQ�qcQP�.QPZ[`�]Aj! ��"���#%$ e hkO$o�hzZcY�r.� ]Aj $����&$  (' #%$)"�$*",+��-#%.��
.�����/��� Q�`¯r¢� ]Nj �����102�
$�3/+����,4. ' #%$ �8gijAZc`[qc] e `cgihkj@oNqcgij e gio�\p��Q��P .£�hz]AZajAhz]AZaoN��\,5�hkjNZfrA\pjAZa�iQ e \zr6qcQ2r.����Z[`cQPq[QP���]AqVh�6@Z[QP]A�iZ
�iQPZ�Zcgi�kjJ\^]6_Rr.� QPj6`cq[YPQ&7^Z[hkq[`cgiQ�Zchkj6`�rsY e ��\^q[YPZ�QP`�ZcQP]A�iQPZ��iQPZ�g�jNZc`cq[] e `[g�hzjAZ�oAqcgiORgi`[g��zQPZ�rsQ e hzjw`[q
8z��QVZchzjw`
e hzjAZcg�r6Y�qcYPQPZ �<��Q�ZagijAZc`[qc] e `cgihkjAZarsQ)9�hk`[Zar6Q�r6hkjNjAYPQPZVjAQ�Zchkj6`�o�\pZ�oAqcgiZ[QPZaQPj e hkO$oA`cQ��� 
£¤hk]AZ Zc]AoAoJhkZ[QPqchzjAZ2o�\pq���\�Zc]Agi`[QRr6giZcoJhkZcQ�q�r.� ]AjNQRgij6§�jAgi`[YRr6Q2Zcgi�kjJ\^]6_¡r6hkj6`�]NjAQRo�\pqc`[g�QT§JjAgiQ

Z[QPq�\�]N`cgi�ig�Z[YPQTo�\^qV��Q�ZfoNqchk�zq�\pORORQ�Z� Am�Q e gÙjAhk]AZ�oJQPqcO$QP`c`[q�\�r.� g�r6QPj6`cg¨§�Q�qf]Nj®oAq[hk�zq�\^O$ORQ�\	�kQ e Zchzj
e hzqcoAZVQPj�Zc]AoNoAqcgiO#\pj6`���\ o�\^q[`cgiQ�r6Y e ��\^q�\^`[g�hzj� 

��� giORoN��\pj6`�\^`[g�hzj�rsQPZFoNqchk�zq�\pORORQ�Zf��Z[`cQPq[QP�f�]NqFo�\pqFr6QPZ e giq e ]Agi`cZTZcY��z]AQPj6`[g�Q���Z	¬�\^Z[Zch e giQR�iQPZTQPj6¹
`[qcYPQPZ�7^Z[hkqc`[giQPZar.� ]Aj�oAq[hk�zq�\^O$ORQ�\	�kQ e �iQPZ�QPj6`cq[YPQPZ�7^Zchzqc`[g�Q�Zar6] e g�q e ]Agi`� zm�L�\k�z]AQ�gijAZc`�\^j6`�r.��\ e `[g��k\p`cgihkj
e hzqcq[QPZcoJhkj�r>° ]Aj e b e �iQFr.� LAhkq[�ihk�kQ�r6] e giq e ]Ng�`	 

�¤j@YP`�\^`frs] e g�q e ]Agi`cZ �Br6hkjAjNY�o�\^qV�B� Q�jAZcQPO2}N��Q�r6QPZ�qcQ��kgiZc`[qcQPZ � e hkqcq[QPZcoJhkjJr>o�hz]Aq�jAhk]NZf°2]Nj@QPj6¹
Z[QPO2}A�iQar6Q�oJhkgij6`�r.��\^q[q
:P`�r6]2oAq[hk�kq�\^O$ORQ � e hArA\p�kQV}Agij�\^giqcQar¢� ]NjFYP`�\^`�r6Qa�B��\^]N`chkO�\^`[Q¯rsQ e hzjw`[q
8z��Q��P 
d&e L�\k�z]AQ e b e �iQfr.� LAhzqc�ihk�zQk¬^�iQ e giq e ]Ng�` e \p� e ]A�iQ�]AjRjAhz]A�kQ���YP`�\^`�Q�` r6QVjAhk]N�kQP�i�iQPZ�Zchkq[`cgiQPZ�QPj2�<hkj e `[gihkj
r6Q �ª� YP`�\^` e hk]Nq�\^j6`�QP`�r6QPZ�QPj6`[qcYPQPZ	 

�hk]Aq��kY�qcg¨§�QPq���\ e hkq[qcQ e `[gihkj@r6Q���\�`cq�\kr6] e `cgihkj�¬6gi�J�ª\p]A`��zYPqcg¨§�QPqa�z]AQ�oJhk]Aq�]NjRoAq[hk�kq�\^O$ORQ�r6hkjAjNY
QP` ]Aj®Y��kYPjAQ�ORQPj6`�r.� QPj6`cq[YPQRr6hkjNjAYk¬.��\2q[Y�\ e `cgihkj e \^� e ]N��Y�Q2o�\^q���\ �&+  ./����1;-��$����/�������������	<�$ QPZ[`���\
O=:PORQR�z]AQ e QP�i��Q e \p� e ]A�iYPQ@o�\pq2�iQ e g�q e ]Agi` e hkqcq[QPZcoJhkjJrA\^j6`� �£¤hk]AZ2oJhk]A�zhkjAZ2Y�jAhkj e QPq#r6Q©O#\^jNg�M�qcQ
gij6�8hzqcO$QP�i��Q e QP`c`[Q�oAqchzoAqcgiYP`[Y e hzORORQ�Z[]Agi`&>

��j©oAqchz�kq�\pORO$QaQPZ[` �������
$���
$  $���?�  0@#%.���
+ o�\^q�]Aj e g�q e ]Agi` �ªr6hzj6`a�iQPZ�qcQP�zgiZc`cq[QPZ�Z[hkj6`�g�jNg�`[g�\^�iQ�¹
O$QPj6` ° �PY�qch ��¬AZ[g�oJhk]Aq�`[hk]A`�YP�zYPjAQPO$QPj6`ar.� QPj6`cq[YPQ�hkj@\2>
Sk ��B� Y��kYPjAQ�ORQPj6`�rsQ�Z[hkqc`[giQ e \^� e ]A�iY�o�\^q���\�Z[YPO#\pj6`cg��z]AQ e hzjAZc`[qc] e `[gi�kQ�QPZ[`�g�r6Q�jw`[g��k]NQ ° e QP�i]AgJr6hkjAjNY
o�\^q��iQ e giq e ]Agi`�¬

yA ��iQ�oAqchz�kq�\^ORO$Qar6YPq[g��zYFhz}A`cQ�jw]©QPZc` �������
$���
$  $���?�  0A#B.��C4+ oJ\^qa�iQ e g�q e ]Agi`frN\^jAZVZchkj©jAhk]A�zQP�
YP`�\p`ar6Q�q[QP�kgiZc`[qcQk 

��\�Z[o�Y e g�§ e \^`[g�hzj rsQ®��\>oAq[hkoAq[g�Y�`cY¡r6Q e hkq[qcQ e `cgihkj&r6Q>��\ `cq�\kr6] e `cgihkj¥rshkgi`R`[QPjAgiq e hkO$oA`cQ®rs]
e \pq�\ e `cMPq[Qagij6§�jNgwr6] e hkO$o�hzqc`[QPORQPj6`.r.� ]Aj�oAq[hk�zq�\^O$ORQ�qcY�\ e `cg¨�.QP`�r6] e giq e ]Agi` e hkqcq[QPZcoJhkjJrA\^j6` �ªr6hzjAjAY
o�\pq�]AjAQ�Z[]Agi`cQ�gij6§�jAgiQ�r6Q�qcY	\ e `[g�hzjAZ �� 
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£�hz]AZ�jAhz]AZa�igiORgi`cQ�qchkjNZ�¬krA\pjAZa�iQ e \zr6qcQFrsQ e Q�q�\poAo�hzqc`	¬�°T��\�oNqcQP]A�zQFr6Q�`[q�\zr6] e `[g�hzj@r6Q���\ToJ\^qc`[giQ
e hzO2}Agij�\^`[hkgiqcQarsQPZaoAq[hk�zq�\^O$ORQPZ���Zc`[QPqcQP���]Nq��8oJhkgij6`�Sfr6Q ��\Tr6Y�§JjAgi`cgihkj e g¨¹,r6Q�ZcZc]NZ �P 
�hz]Aq�YP`�\^}A�igiq���\ e hkq[qcQ e `[gihkj#rsQa��\V`cq�\zr6] e `[gihkj�¬zjAhk]NZ�\	�khzjAZ e LNhkgiZcg.r6QajNhk]AZ�}J\^ZcQ�q�Z[]Aq���\��kQ�qcZcgihzj

���  0���� 4$  $-��
.�#%$ r6QT��\$ZcYPO�\^j6`cg��z]AQ e hzjAZc`[qc] e `cgi�kQRr6Y e qcgi`cQRrN\^jAZ��iQ e L�\poAgi`cq[Q���r6Q � y��, .m�QP`[`cQ2Z[Y�¹
O�\^j6`cg��z]AQ?' ���*��
$�0 jAhk]AZ�o�\pq�\���`�o�\pqc`[g e ]A�ig�M�qcQPO$QPj6`�}AgiQPjR\zrA\^oA`[YPQa\^]s_FoAqcQ�]A�kQPZ�r6Q e hkq[qcQ e `cgihkj� 6�hk]Aq
�8hzqcO�\^�igiZcQPq���\�`cq�\kr6] e `cgihkj$jAhk]NZ�\	�khzjAZ�]A`[g��igiZcQ�q���\�q[QPoAqcY�ZcQPj6`�\p`cgihkj��zq�\^oNLAg��k]NQar6Qa�B� giORoA��\^j6`�\	`cgihkj�QPj
e giq e ]Agi`cZ�r6Y e qcgi`cQ2rA\^jNZa�iQ e L�\^oNg�`[qcQ�SkSz ���\Tq[QPoAq[YPZcQPj6`�\^`cgihzj��kq�\poALAg��z]AQ�r.� ]Aj e giq e ]Agi`aZ[Y��z]AQPj6`cgiQP��Q�Zc`
r6hzjAjAYPQVo�\^qÙ]Aj2QPjAZ[QPO2}A�iQar6Q�oJhkqc`[QPZ��ihk�zg��z]AQ�Z�Q�`�r6Qaq[QP�kgiZ[`cqcQ�Z�q[QP�ig�Y�Z�o�\pq�r6QPZÙ§��iZ� z���i��Q�jNhk]AZ�\~o�\^q[]
��\ oA�i]AZa\kr6Y	�k]J\^`cQ o�hz]Aq�]AjAQV�8hzqcO#\p�ig�Z�\^`[g�hzj�rN\^jAZam�hA�J 

m�Q�q�\poAo�hzqc` e hzORoJhkq[`cQRu>o�\pqc`cgiQPZ	 ���\@oAq[QPORgiMPq[Q�o�\^q[`cgiQR`[q�\^gi`[Q�rsQ#��\��8hkq[O#\p��giZ�\^`cgihzj®r6Q���\@Z[Y�¹
O�\^j6`cg��z]AQ e hkjAZ[`cq[] e `cgi�zQk¬�r¢� ]NjAQRo�\pqc`FrN\^jAZ��iQ2�zYPjAYPq�\^`cQ�]Aq�r¢� Q�jw�6giqchzjAjAQPO$QPj6`�r6QRoAq[hk�zq�\^O$O#\	`[g�hzj
m�QPj6`�\^]Aq	¬�r.��\^]A`[qcQ2o�\pqc`2rA\^jAZ �ª��\pZcZcgiZ[`�\^j6`F°���\$oAq[QP]A�zQ#m�hA�J �£¤hk]AZ2\	�khzjAZ�\^gijAZcg�hk}N`cQPj6]¡rA\pjAZF]Nj
oAq[QPORgiQPq�`[QPORoAZÙ]AjFQ�jw�6giqchzjAjAQPO$QPj6`�r6Q�oAqchz�kq�\^ORO�\^`[g�h^j�¬��z]Ag e hzORoAq[QPj�r ]Aj2\^j�\p��b6Z[QP]Aq�Z[bwj6`�\	_Ag��k]NQ
QP` ]Aj�gijw`[QPqcoNq
:P`[QRoJhk]AqF�¯Zc`cQ�qcQP�a�]Nq e hkjNZc`cq[] e `[g��� ��]Ng�Z jAhk]AZ�\	�zhkjAZV�8hzqcO#\p�ig�Z[Y e QP`[`cQ$ZcYPO�\^j6`cg��z]AQ
rA\pjAZam�hA�J¬AQPj�hkO$QP`c`�\^j6`�rA\^jAZ�]NjAQ�oAqcQPO$giMPqcQ�\^oNoAqch	_AgiO#\p`cgihkjT�iQPZ�gijAZc`[qc] e `[gihkjAZ�Z[]Agi�k\^j6`cQPZ�>

� �B� gijAZ[`cq[] e `cgihzj#r6Q�}Jhk] e �iQ �i�c�ih6hkos� �Ùo�hz]Aq�YP�6gi`cQPqV�iQPZ�oAqchz}A�iMPORQ�Z r6Q�Z e LNg���hkoALAq[YPjAgiQk¬

� �iQPZ�gijAZ[`cq[] e `cgihzjAZ r¢� \p`c`[QPj6`cQ �i�coJ\^]AZ[Q�� ��Q�` r6QVZc]AZ[o�Q�jAZcgihkj �i�cZ[]AZcoJQPj�rz�!�P¬6oJhk]Nq�jAhz]AZ e hkj e QPj6`cqcQ�qZc]AqV��\�o�\pqc`[g�Q e hzO2}Agij�\^`[hkgiqcQarsQPZ e giq e ]Ng�`[Z� 
��\�r6QP]s_sgiMPO$Q�o�\^q[`cgiQfrsg�Z e ]A`[Qf�iQPZ�r6g	�.YPqcQPj6`[QPZa\^oAoNqch e LAQPZ�oJhkZcZ[gi}A�iQPZa�z]AQajAhz]AZ�\	�khkjNZ�QPj6�6g�Z�\^�zYPQPZ

oJhk]Aq�q[QPoAq[YPZcQPj6`[QPq���Q�Z e giq e ]Agi`cZarA\pjAZ�m�hs�TQ�`��8hzqcO�\^�igiZcQPq���\�`cq�\kr6] e `cgihkj� A£�hk]NZ�Q�_AoA�ig��z]AhkjNZ�g e gJjAhk`[qcQ
e LAhzg�_ rsQR�<hkqcO�\^�igiZ�\p`cgihkj� .{�\^jNZF]AjNQ#`[qchzg�Z[giMPORQ2o�\pqc`[g�Q�jAhz]AZ2\^}Jhkq�rshkjAZ2��\©oAqcQP]N�kQ@r6Q e hkq[qcQ e `cgihkj
oAq[hkoAq[QPORQ�jw`�r6gi`cQz w£¤hk]AZ�r6hkjNjAhkjAZ�QPj�\^jAjAQ _sQ�
«��\~ZcoJY e g¨§ e \p`cgihkj e hkO$oA�iMP`cQar6QV��\�`cq�\kr6] e `cgihkj�rA\^jAZ
m�hA�R\pgijAZcg��z]AQ e QP`c`[Q�oAqcQ�]A�kQFrsQ e hkq[qcQ e `cgihkj� J��j6§�j�¬�rA\pjAZ�]AjAQFrsQPqcjAgiMPq[Q�o�\pqc`cgiQk¬NjAhk]NZ�oAqcY e g�Z[hkjAZV�iQ
`[q�\	�k\^gi�.�z]�� g��NqcQPZ[`cQ�°��B\^giqcQ�oJhk]Aq e hzORoA�iMP`[QPq���\�oAq[QP]A�kQ�QP`�jAhz]AZ�Y��khA�z]AhkjAZ e QPq[`�\pg�jNQPZf\poAoAqch e LAQPZ��z]Ag
jAhz]AZ�o�\pq�\^giZ[ZcQPj6`f\poAoAq[hkoAq[g�Y�QPZ� 
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��\2`[q�\krs] e `cgihzj*r.����Z[`cQPq[QP���]Aq�QPj e giq e ]Agi`[Z e hkj e QPqcjNQ2��Q�ZfgijAZ[`cq[] e `cgihzjAZ�oAq[g�O$gi`cgi�kQPZarsQ e hzj6`cq
8z�iQ
r.����Z[`cQPq[QP��r6hkj6`��zhkg e g.��\��igiZc`[Q�>
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£�hz]AZ�\	�khkjNZ�gij�r6g��z]AYa°Frsqchkgi`[Q���\~Zcb6j6`�\	_AQVLAYPqcgi`[YPQ�r6] e \p� e ]A�.r6QaoAq[h e QPZcZ[]AZf�z]AgJQPZ[`�]A`cgi�igiZcYPQ�rA\^jAZ
� y���o�hz]Aq�r6Y e q[giqcQ2��\TZcYPO�\^j6`cg��z]AQ e hkjAZ[`cqc] e `cgi�kQz �m�QPZ�gijAZc`[qc] e `[gihkjAZ�Zchzj6`fgiO$o�YPq�\^`[g��zQPZ�QP`��iQP]Aq e hkO�¹
oJhkq[`cQPO$QPj6`�gij6`c]Ng�`[g¨��QPZc`ÙQ�_AoA�ig��z]AYarN\^jAZ��iQ e L� �y�r6Q � y��c ^£�hk]NZ�q�\poAo�Q���hzjAZ�Z[g�O$oA�iQPORQ�jw`J�iQPZ�oAq[gij e gio�\^�iQPZ
r6g	�.YPqcQ�j e QPZ�\	�kQ e ��\�Z[bwj6`�\	_AQ�r.� hkqcgi�zg�jNQfr6]�jAh^b6\^] >
¹ �B� gijAZc`[qc] e `[gihkj2��Y.Z�[ \<�P¬ �z]Ag�jAQ�`[QPqcO$g�jNQ �P\^O�\^giZ�¬zQPZ[`aqcQ�ORoA��\�5 YPQ�o�\pqa�B� g�jNZc`cq[] e `[g�hzj2��]�Z�^�_�`[���z]Ag�ZcQ

`cQPq[ORgijAQ�°T�ª� gijAZ[`�\^j6`�Zc]Agi�k\pjw` �&Y�Z�[ \bac[ d;d8]/].Z�^�_:`(`.e.f$��¬
¹f�B� g�jNZc`cq[] e `[g�hzj#��f�d "7g Z�\&h�Y.i	e�j*¸w��]A`[gi��giZ[YPQ2o�hz]Aq�gij6`cQPq[qchzORoAq[QF]AjNQRgijAZc`[qc] e `cgihkj " °$o�\pqc`[g�qTr6QPZ

gijAZc`�\^j6`cZ��k]Ng^Zc]Agi�kQ�jw`��iQ�oNqcQPO$g�Q�q.g�jNZc`�\pj6`�¬PZ�\^jAZ.�B� Q�_AY e ]N`cQPq �8oNqcYPQPO$oA`cgihzja�<hkqc`[Q��P¬�QPZc`�qcQPO$oA��\�5�Y�Q
o�\^q��B� gijAZc`[qc] e `cgihkjT��_-^�_-]�`.e.f "Gg Y.`.e�¸w� ¬A�z]Ag.Z[]AZcoJQPj�r©�B� gijAZ[`cq[] e `cgihzj " ¬

¹��iQ@Z[g��zj�\^� \&i�h�kk¬�`[hk]&��hz]AqcZ$oAqcY�ZcQPj6`�¬VoJQP]A`!:P`cq[Q®gij6`cq[hAr6]Agi`Ro�\pqR]Aj³Zcgi�zj�\^�V��h e \p�B¬�QPj³Q�_AY e ]A`�\^j6`
�B� gijAZ[`cq[] e `cgihzjRZc]Ng��k\pj6`cQ�QPj�o�\^q�\^�i�iMP�iQ�>
% �;�8
���(� �Bl:mon�NJ6
������&�

����)Jp
�Ù� hkoJYPq�\p`cQP]AqJ� K ���8Z[LAg¨�8` �JQPZ[`�]A`[gi��giZ[Y�rA\^jNZ.��\�rsY�§�jAgi`cgihzj~rsQPZ�gijAZ[`cqc] e `cgihkjNZ�r6YPq[gi�kYPQ�r.����Zc`[QPqcQ��ª¬	oJhk]Aq

r6Y e \^�iQPq��iQ e hAr6Q2r6Q�`[QPqcO$g�jJ\^giZchzj#r.� ]AjAQ Zchk]NZB¹Bg�jNZc`cq[] e `[g�hzj®Q�jA�k�ihk}JYPQ�oJ\^qa]NjR��\�qrZ�]��  .�\^qVQ�_AQPORoA�iQk¬
�B� gijAZc`[qc] e `[gihkj¡��f�d "sg Z�\&h�Y�i	e�j-¸z�@QPZc` e hAr6Y�Q�o�\^q�> �Atu" a H;vw�F3 K ",6�T�x�@	v���6���*�T<+:��x�>�I  �£¤hk]AZ
]A`[gi��giZ[hkjAZ���\�Z[b6jw`�\	_AQ�� e \^� e ]N�srsQ�oAqch e Q�ZcZc]NZB�frA\pjAZ e Q��z]AgkZ[]Agi`�o�\pq�Z[hk] e giZ�r6Q e hkj e giZ[g�hzj� ��\pq�Q _sQ�ORoA�iQ
�iQ�oAqchz�kq�\^ORO$Q�>
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Z[QPq�\$jAhz`cYT`chz]A`�ZcgiORoA�iQPO$QPj6` H;� @ T;I  ��¢QPZ e hAr6QPZFr6QT`cQ�qcORgij�\pgiZchkj N S T e hkq[qcQPZ[o�hzj�r6QPj6`2°2�B� g�js¹
r6g e QRrsQR{aQ 
�q[]Ag ��j �B\^]A�zORQPj6`[Y�r6QRy ��\^ZcZ[h e giYR°R�B� gij6`cqchAr6] e `cgihkj>r6QPZ�Q�_ e Q�oA`cgihkjNZ� �{f\pjAZ��B� Q _sQ�ORoA�iQ
oAq[Y e Y�rN\^j6`�¬Ù�ª� gij�r6g e QTQPZ[` T � ���FT �P¬�oA]AgiZ��k]�� gi��Z[QRq[Y��8MPq[Q�°©��\$oAqcQPO$giMPqcQ �8QP`T]AjAg��z]AQRrA\pjAZ e Q e \pZ �
Q�_ e Q�oA`cgihkj©qcQPj e hkj6`cq[YPQFQ�j#q[QPORhzj6`�\^j6`�rA\^jNZ���Q�oAq[hk�zq�\^O$ORQk 

��\~ZcYPO�\^j6`cg��z]AQ e hzjAZc`[qc] e `[gi�kQfr¢� �¯Zc`cQ�qcQP��QPZc`�r6hkjNjAYPQ�rA\^jNZ � y��.Zchk]NZ��iQPZ�`[qchzg�ZÙ�8hzqcORQ�Z�L�\^}Ng�`[]AQP�i�iQPZ&>
��\$ZcYPO�\^j6`cg��z]AQ e hkjNZc`cq[] e `[g��zQ e hzORoJhkq[`cQPO$QPj6`�\^�iQk¬N��\RZ[YPO#\pj6`cg��z]AQ e hzjAZc`[qc] e `[gi�kQRhzo�Y�q�\^`[gihkjAjAQ����iQTQP`
��\ ZcYPO�\^j6`cg��z]AQ e hzjAZc`[qc] e `[gi�kQ�o�\^q�YP`�\^`cZ�¹�hz]F�[QPjAZcQ�O2}A�iQar6Q�o�hzg�j6`[Z r.��\pqcq
:�`B�P w£¤hk]AZar6Y�`�\^gi�i�ihkjAZ�rA\^jAZ
e Q@�z]Ag�Z[]Agi`F��\$ZcoJY e g¨§ e \^`cgihzj r6]«��\pjA�w\p�kQ2��Zc`[QPqcQ��frA\pjAZFm�QPj6`�\p]Aq�¬�oN]AgiZ�Z�\�Z[o�Y e g¨§ e \^`[gihkj rN\^jAZT�iQ
Z[bwZ[`cMPO$Q#m�hA�J �m�QPZ2r6QP]6_¡Z[o�Y e g¨§ e \^`[gihkjAZTjAhk]NZ e hzj�r6]Agiq[hkjAZFr¢� ]NjAQ2o�\^q[`�°�]Aj�QPj6�6g�q[hkjAjNQPORQPj6`�r6Q
oAq[hk�zq�\^O$O#\p`cgihkj�hzo�Y�q�\^`[gihkjAjAQ��ª¬Jr.��\^]A`[qcQ�o�\pqc`a° ]Aj�QPj6�wgiq[hkjAjAQ�ORQPj6`ar6Q�oAq[QP]A�kQz 

����� �
	������������������������� "!$#��%����&�'
£¤hk]AZ�\	�khzjAZar6Y e q[gi`a�iQ�jAh^b6\^]@r.����Zc`[QPqcQ���rA\^jNZfm�QPj6`�\p]AqaQ�j@]A`cgi�igiZ�\pjw`���\TZ[YPO#\pjw`[g��k]NQ e hkjAZ[`cqc] e ¹

`[g��zQ e hzORoJhkqc`[QPORQ�jw`�\^�iQ�o�\^qVYP`�\p`� �m�Q�`c`cQTZcY�O#\^j6`[g��z]AQ�]A`[gi��giZ[Q�]AjAQ2r6Y�§�jNg�`[gihkj@YP`[QPj�r6]NQRr6QPZ�`cQPq[ORQPZ
�<`cQPq[ORQPZ���r6Y e hzqcYPZ,� �V�z]Ag.oAqcQ�j�r�QPj e hzORoA`[Qa��\�jAhz`cgihkj�r6Q�o�hzg�j6`[Z r.��\pqcq
:�`cZ�¬No�Q�qcORQ�`c`�\pj6`a\^gijAZcgJ�iQ e h^¹
rA\p�kQFrsQPZaYP`�\^`[ZaZc]Nqa�iQ�oAqchz�kq�\pORO$Q�g�jNg�`[g�\^�B  d ]A`cq[QPORQ�jw`�r6gi`�¬ e � QPZ[`a]AjNQ�ZcYPO�\^j6`cg��z]AQ�o�\pq�QPjAZcQ�O2}A�iQ
r6Q�oJhkgij6`cZ2r.��\^q[q
:P`2�z]Ag�o�Q�qcORQ�`�r6Q$�6g�Z[]�\^�igiZcQ�qF��\�oAq[hk�zqcQPZ[Zcgihkj-r6QPZ2Y�`�\^`[Z2Zc]Aq2�iQ$oAqchz�kq�\pORO$Q�gijAg¨¹
`[g�\p�B �{�\^jAZVZ�\$�kQ�qcZcgihzj e hkO$o�hzqc`[QPORQPj6`�\^�iQk¬ e QP`c`[Q2ZcYPO�\^j6`cg��z]AQ�ZcQToAq
:�`cQ2o�\pqc`cg e ]N��giMPq[QPORQ�jw`V}AgiQPj®\p]
Z[]Agi�wg�r6Q Zc]&��Q�`~rsg�Z[o�hzjAgi}A�iQ�QPj®Z[YPO#\pj6`cg��z]AQ�j�\^`[]AqcQP�i�iQk Jm�Q e g�oJQPqcO$QP`aQ�jw`[qcQ2\^]A`[qcQFrsQF�6giZc]�\p�ig�Z[QPqa�iQPZ
gijAZ[`cqc] e `cgihkjNZf\ e `cgi�kYPQ�ZfrA\pjAZ��B� gijAZ[`�\pjw`ÙQP`fr6Q�q[YPo�hzj�r6q[Q�°Tr6QPZV}�QPZ[hkgijAZar6QTr6QP}A]A�J 
�Ù� QPj6�wgiq[hkjAjAQ�ORQPj6`frsYP�kQP�ihzoAo�YRrN\^jAZ�m�QPj6`�\p]Aq�oAq[hkoJhkZ[QRr6Q e L�\^q[�kQPq�]Nj�oAqchz�kq�\pORO$Q~rsY e hkq[Y2QP`

r6Q ��]Ng�\^oNoA�ig��z]AQ�q�]AjAQ�`cq�\^jAZ[g�`[gihkj�o�hz]Aqa]Nj#Y��kYPjAQ�ORQPj6`fr¢� Q�jw`[qcYPQTr6hkjAjNYk .�.Q�jAhk]N�kQ�\p]@oAqchz�kq�\^ORO2Q
r6Y e hkq[Y�\poAo�\pq�\ �i`F\p�ihkqcZ2°���\�oA��\ e Q#r6Q$�B� \pj e giQPj� �����QPj6�6giqchkjNjAQPORQ�jw`T�k]NQ?��Q$�wgiQPjNZ�r.� YP�zhA�k]NQPqFQ�Zc`
hzo�YPq�\^`[g�hzjAjAQP�B NlB�.�w\^�zjAQPq�\^gi`�`[hk]A`[Q��8hzg�Za° :�`cqcQ e hkO$oA�iYP`cY�r6Q���\~�ª\,5�hkj�Zc]Ng��k\pj6`cQ�>

¹ r6QPZ e qcgioA`[g�hzj@r6Q���\�Z[YPO#\pj6`cg��z]AQ e hzjAZc`[qc] e `cgi�kQ e hkORoJhkq[`cQPO$QPj6`�\p��Q�Q�j#Z[YPO#\pj6`cg��z]AQaj�\p`c]Aq[QP�i�iQk¬
¹�`cq�\zr6] e `[gihkjF\p]A`chzO#\^`[g��k]NQ¯rsQPZ�r6QP]6_FZ[o�Y e g¨§ e \^`[gihkjAZ e hkORoJhkq[`cQPO$QPj6`�\p��Q�Z �ª\	�kQ e QP`�Z�\^jAZ�Y�`�\^` ��rA\^jAZ

m�hA��¬
¹�oAqcQ�]A�kQFrsQf�B� Y��z]Agi�k\^�iQPj e Qfr6Q e Q�Z~rsQP]6_#Z[o�Y e g¨§ e \^`[gihkjAZ�rA\^jAZam�hA�J 

lB�6qcQ�Zc`cQVYP�w\p�iQPORQPj6`�r6Q�Z�Q �.hkqc`[Z�°��B\^giqcQ�\p]FjNg��zQ�\^]Tr6]�o�\pqcZcQ�q��8Z[QP]A�A��\�Z[b6jw`�\	_AQ�� e \p� e ]A�Ar6Q�oAqch e QPZ[Zc]AZ,�
QPZ[`�r6Y e q[g�`[Q��P¬�\^gijAZcg��z]���\^]@jAgi�zQ�\^]@r6Q��B� Q�_A`cQ�jAZcgihkj>r6QF�B� QPj6�6giqchkjNjAQPORQ�jw`	¬koJhk]NqfoNqcQPj�rsqcQTQPj e hkORoN`cQ
�iQPZVg�jNZc`cq[] e `[g�hzjAZ 9�hz`cZar6QFrshkjAjAY�QPZaQP`��iQPZ�gijAZ[`cq[] e `cgihzjAZfr6Y�qcgi�kYPQ�Z� 

m�hkO$ORQ$jAhk]AZ�\^�i�ihkjAZ2�iQ>�khzg�q2O�\^gij6`cQPjJ\^j6`�¬�jAhz]AZ@\	�khzjAZR]A`[gi��giZ[Y@��\>ZcYPO�\^j6`cg��z]AQ e hzjAZc`[qc] e `cgi�kQ
e hzORoJhkq[`cQPO$QPj6`�\^�iQ�oJhk]Aq�ZcoJY e g¨§�Q�qa��\�`cq�\kr6] e `cgihkj�r6QPZ�oAq[hk�zq�\^O$ORQPZ���Z[`cQPq[QP��Q�j e g�q e ]Agi`cZ�rA\pjAZam�hA�� 

���ED����



�

����� �
	������������������������� "!$���
�¢QPZ�gijAZ[`cqc] e `cgihkjNZ r.����Z[`cQPq[QP���]Aq�Zchzj6`�r6Y e q[gi`cQPZarA\pjAZ�m�hA� o�\^q��B� QPjAZ[QPO2}A�iQ�gij�r6] e `cg¨���������. k£¤hk]AZ

\	�zhkjAZ e hAr6Y ��Q�Z�Zcgi�kj�\p]6_#oJ\^q��iQPZ�QPj6`cgiQPq[Z�¬.r.� h�6��B��\^q[�k]AO$QPj6`�QPj6`cgiQPq��k]Ng�\^oAo�\pq�\���`�rA\pjAZa�iQPZ�gijAZ[`cqc] e ¹
`[g�hzjAZar.� YPO$g�Z[Zcgihkj2Q�`fr6Q�oAq[YPZcQPj e Qk 
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£¤hk]AZ�\	�khkjNZ r6hzj e o�\^qarsY�§�jAgi`cgihzj >

����� vwN?+ 	 x H%� � ��� �J+ � ����� � N �� �;���
�¯j#q�\^giZchzjAj�\pjw`�r6Q��B\�5�hzjRZcgiO$g���\pg�q[Q�oJhk]Nq���Q�ZaYPO$g�Z[ZcgihkjNZ�r6Q�Z[g��zj�\^]s_RjAhk]AZ�hz}A`cQ�jAhkjAZ�>

����� v&����+ 	 x H%� � ����� � � �� � � + � ����� � � �� �;���
�¢Q�Z[QP]A� e hAr6Qar6Q�`[QPqcO$g�jJ\^giZchzjF�z]AgAoJQP]A` :P`[qcQa\p`c`cQ�g�j6`�Q�Zc` � e \pq�]AjAQ�YPO$giZcZcgihzj�`cQPq[ORgijAQ�`[hk]&� hk]Aq[Z� 

�hk]Aq��iQ�`cQPZ[`ar6QaoNqcYPZ[QPj e Qk¬J�iQPZ e \^Z�h�62�iQVZcgi�kj�\p��Q�Zc`�oAqcYPZ[QPj6`�hk]�\^}AZ[QPj6`�Z[hkj6`�Z[giORoA�iQPZ�>^gi��Z[]6�R`�r6Q
q�\^oAoJQP�i�iQPq��iQ�oAqcY	r6g e \^`�qcY e ]AqcZ[gi�kQPO$QPj6`� ��¢hkq��k]NQ��iQ�Z[gi�kj�\p�^QPZc`�gij�r6YP`[QPqcO$gijAYk¬P\^] e ]Aj�Z[g��zj�\^�^jNQ�r6hkgi` :P`[qcQ
YPO$giZ�QP`�\p] e ]Aj e hsrsQar6Q�`cQPq[ORgij�\pg�Z[hkj�jAQar6hzgi` :P`[qcQf\p`c`[QPgijw`	 ^lB�6jAhk]NZ��ª\^]N`¯rshkj e giORoJhkZcQ�q�]Aj e hzj6`cq
8z�iQ
�!H I Zc]AqÙ`chk]N`¯\poAoJQP�AqcY e ]AqcZ[g¨�� w�¢QPZ�Zcgi�kjJ\^]6_@7 e hsrsQPZ��z]Ag6jAQ�oJQP]A�kQ�jw`Ùo�\^Z :P`[qcQ�YPO$g�Z�7^q[QP`chz]AqcjAY�Z�Zchzjw`
rA\pjAZ��B� gij6`cQPq[ZcQ e `[gihkjFr6Q e QP]6_��z]AgzjAQ�oJQP]A�zQPj6`�oJ\^Z��B� :P`[qcQ�oJhk]Aq��iQPZ�Z[hk]AZ,¹ªgijAZ[`cqc] e `cgihkjNZ� ^m�Q e g6ZcQ�`cq�\kr6]Ng�`
�ª\ e gi�iQPORQPj6`.�zq�\ e Qa°��B� hkoJYPq�\p`cQP]Aq�	�qwZ[]Aq���Q�Z¯¸ e hk`[`B¹c\kr6g��z]AQPZ �8Q�jFQ �.QP` � ��� �MH J�� ��H J8Q�� ��H J �P 
£¤hk]AZ�\	�khkjNZ r6hzj e >

��� � vw��*�",+�'/+ 	 x H 01 2 ��� � v ",+ 	 x 3 4 	 vw��x H K��� � vw';+ 	 x 354 	 vo��x H J
��� G v	",+ 	 x $ � ��� G vo';+ 	 x 354 	 vw��x H I

�hk]Aq ��\$Z[Y��z]AQPj e Qz¬�`cqchzgiZ e \^Z2r6hzg��zQPj6`�YP�w\p��Q�ORQPj6`):P`cq[QRQPj6�6giZ�\p�kYPZ�Z[QP�ihkj���\$�k\^�iQP]AqTr6] e hAr6QRr6Q
`[QPqcO$g�jJ\^giZchzj*r6Q$��\�oAqcQ�ORgiMPqcQ2gijAZ[`cq[] e `cgihzj¡o�\pZcZcY$QPj e hkj6`cq 8k�iQR°@��\�r6QP]s_sgiMPO$Q2gijAZc`[qc] e `[gihkj� �lB��Q�Zc`
giORoJhkq[`�\pjw`	¬�rA\pjAZ��iQ e \^Z�h,6 e Q�`c`cQ2�k\p�iQP]AqaQ�Zc` I ¬Jr6QTq�\^oNo�QP�iQPq qcY e ]NqcZcgi�zQPORQPj6`!
�� \	�zQ e I Z[]Aq���\
r6Q�]6_Ag�M�ORQ�gijAZc`[qc] e `[gihkj� 

����� v ",6�'G+ 	 x H
0
����1
����

2
����� �� v ",+ 	 x $ � ��� �� vo';+ 	 x +
��� � v "9+ 	 x � � �� J �&$ � ��� � vo';+ 	 x � 3 4 ��� � v ",+ 	 x-vw��x H K

��� � v	",+ 	 x 3 4 ��� � v ",+ 	 x-vw��x H J
����� �� v ",+ 	 x $ � ��� G� vw';+ 	 x +
��� � v "9+ 	 x � � �� J �&$ � ��� G vw';+ 	 x � 3 4 ��� � v ",+ 	 x-vw��x H I

�hz]Aq��ª� gijAZ[`cqc] e `cgihkj>o�\pq�\^�i�iMP�iQk¬.hzj®]N`cgi�ig�Z[QF`[hk]A` ZcgiORoA�iQPO$QPj6`��B� \poAoJQP��qcY e ]AqcZ[g¨�fr6]�oAqcY	r6g e \^`�Z[]Aq
�iQPZ�r6QP]6_�Zchk]NZB¹Bg�jNZc`cq[] e `[g�hzjAZ�¬J�z]AQ��B� hkj e hzO2}AgijAQf\	�zQ e ��Q�Z�hkoJYPq�\p`cQP]Aq[Z 	 q.QP`�	 Z�
C>

��� � v " @ '/+ 	 x H%����� �� v "9+ 	 x $ � ��� �� vo';+ 	 x�+ � �-L v ��� � v "9+ 	 x�+ ��� � vw';+ 	 x&x �
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��\FrsY�§�jAgi`cgihzj�rs]#oNqcY�r6g e \p`�o�hz]Aq��iQPZ�gijAZc`[qc] e `cgihkjAZ�r.� Q�_ e QPoA`[gihkj�QP`ar6Q�Z[LAg¨�8`�QPZc`V`cqcgi�6g�\^�iQ�>

����� v H:"?I!+ 	 x H%� ������ v	",+ 	 x=+ . ����� v ",+ 	 x �
����� v K "7+ 	 x H%� ������ v	",+ 	 x + K ����� v ",+ 	 x �

�hz]Aq���\arsY e ��\^q�\^`cgihzjFr.� ]Aj�Z[g��zj�\^�6�ih e \^�B¬�`cqchzgiZ e \^Z�r6hkgi�zQPj6` :P`[qcQ�YP`c]�rsg�Q�q�ZcQP�ihzjF]Aj oAqcQPO$giQPq e \p� e ]A�
r6Q�
��¡\	�kQ e ]Aj@Zcgi�zj�\^� � gij�r6Y�`cQPq[ORgijAYk J�.QToAqcQPO$giQPq e \^Z�gij6`cQPq[�6g�Q�jw`V�ihkqcZ��z]AQ��B� hkj "��/�% oJ\^ZcZ[QPq�o�\^q
�B� gijAZc`[qc] e `[gihkj¡Q�`��z]AQ��iQRZ[g��zj�\^� � "��/�% :P`cq[Q#Y�ORgiZ&>�hkj \^oAoJQP�i�iQ#\^�ihzqcZ�q[Y e ]Aq[Zcgi�kQPO$QPj6`�
��¥\	�kQ e �iQ
Z[`�\^`[]A`�r6Q�oAqcY�ZcQPj e Q~\pZcZ[h e g�Y�° �  6�.Qar6Q�]6_Ag�M�ORQ e \^Z�\^oAoJ\^q�\pgi`��ihzqcZ��z]AQ��iQ�Z[g��zj�\^�Ar6Y e ��\^qcY �@$ 0C$��, 0�.��
:P`[qcQ�YPO$giZ�rA\^jAZ��B� gijAZc`[qc] e `[gihkj�¬	�k]NQP���k]NQ�Z[hkgi`���\��k\^�iQP]Nq�r6] e hkj6`[q
8k�iQ�>	hzjF\^oAoJQP�i�iQ�\^�ihzqcZ�q[Y e ]Aq[Zcgi�kQ�ORQPj6`

�� \	�zQ e �iQTZc`�\p`c]A`�r.��\^}AZ[QPj e QR\pZcZ[h e g�Y2° �  .��j6§�j�¬.Zcg��iQ�Zc`�\^`[]A`�r6Q � q[QPZc`[Q2gij�r6YP`[QPqcO$g�jNYF\^oAq[YPZ��iQ
e \p� e ]A��rsQ 
���¬NhkjR�6\^q�r6Q e QFr6QPq[jAgiQPqf\poAoJQP��q[Y e ]Aq[Zcg¨�� RDVj�oJQP]A`aq[YPZc]NORQPq e Q�Za`cq[hkgiZ e \pZf\^gijAZ[g�>
¹�hkj$oAqchzo�\^�zQf�iQPZ��cO2]NZc`B����� ���ihkq��k]NQf�B� hkj�r6hkgi`�o�\^Z[ZcQPqVo�\^q��B� gijAZc`[qc] e `cgihkj � e hzjw`[q
8z��QT°�� �P¬
¹�hkj$oAqchzo�\^�zQf�iQPZ�� R�O�� � ���"���ihkq��z]AQ��B� hkj$o�QP]N`�o�\^Z[ZcQPqVo�\^q��B� gijAZc`[qc] e `[gihkj � e hzj6`cq
8z�iQ~°��Rhz] I �P¬
¹�hkj$jAQ�oAq[hko�\p�kQ�qcgiQPj�ZcgijAhzj� 

����� v "XW��/+ 	 x H 01 2 ���	� v "9+ 	 � � �� K � x 354 �[H K/Q�� ���	�
� v "9+ 	�� � �� I � x�vo��x H K

��� � v	",+ 	�� � �� J � x 354 ��� �� v "9+ 	�� � �� I � x�vo��x H J
��� � v	",+ 	�� � �� I � x 354 ��� �� v "9+ 	�� � �� I � x�vo��x H I

£¤hk`[hkjAZR�z]AQ@�iQ e \pZRh�6 � H I QP` � \^Z[Zch e giY*°
�«QPZc`$g�O$o�hzZcZ[g�}N��Qz  Daj oJhk]Aq[q�\ �kYPq[g�§JQPqRoA�i]AZ
�zYPjAYPq�\^�iQPORQ�jw`a�z]AQ��iQ�oAqcY	r6g e \^`%
 �©jAQ�oJQP]A`�QPjA�zQPj�r6q[QPq�r6Q	�RZcg&�?H I  

�	�w� � 
��J��� �.Q e hArA\^�zQFr6Q�
 �,�� Q�`�� .�� �z]Ag�o�QPq[ORQP`ar¢� hz}A`cQ�jAgiq�
 ��O$YPqcgi`[QPq�\pg�`�r.� :P`[qcQ��8hzqcO�\	¹
�igiZcYPQ oA�i]AZ�oNqcY e giZ[YPORQPj6`	 ���\ToNqcQP]A�zQFr6Q���� G v	",+ 	 x�v� x �H K o�hz]Aqcq�\^gi` :P`cq[Q��ª\pg�`[QfrA\pjAZfm�hA�J 

��\¤ZcoJY e g¨§ e \p`cgihkjRrs]�oAqcY	r6g e \^`-
��RrA\pjAZ�m�hA��QPZc`�hz}A`cQPj6]AQarsg�q[Q e `[QPORQPj6`�°�oJ\^qc`[giq¯rsQ���\arsY�§�jAgi`cgihzj
�6]AQ�oNqcY e Y	r6QPORO$QPj6`� 6lB�.Z	� \p�kgi`�r.� ]Aj�oAqcY�rsg e \^`ar6Y�§JjAg�gij�r6] e `cgi�kQ�ORQPj6`�r6hkj6`��khzg e g��iQ�r6YP}N]A`&>
�
	���������������(6"� ����0�����N�0�0�2 ')(=����.��5')(!����0�����Y����)� ')(!����0�����Y������?')(!����0�����Y������?')(���9�0*1Z���
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$��(6��*1�9���:��*	 ���6� ��2*1�B��"� ����0*����N�0�0)2 #, :���� 	����$#, �1 "�@,������. �$#, �� " �"! "�#,�����)0�����Y����)� #+?��2*1�B�� � P ��9�0!')(: �� :���#-��0*	��!')(  ��(6?��2*1�B��-1����"!$#$#?')( ��(6[��2*1�B��  �1�9���:��*	��?:��F17@$#����"!$#$#
�
�
�

���ED����



S��

��\TqcQP��\p`cgihkj@r6Q�`[q�\pjAZcgi`cgihzj "�� ���  � �
�
" � r6hzjAjAYPQFrN\^jAZV��Q e L �2r6Q � y���QPZc`VYP�w\p��Q�ORQPj6`�ZcoJY e g¨§�Y�QRrA\^jAZ

m�hA��o�\pqa]Aj©oAqcY�rsg e \^`�r6Y�§�jNg�gij�r6] e `[gi�kQPO$QPj6`�QP`�jAQFoJhkZ[QFoJ\^Z�r6Q�oAq[hk}A�iMPO$Q�o�\pqc`cg e ]N��giQPq	 .£�hk]NZaQPj
r6hzjAjAhzjAZ��iQPZ�oAqcQ�ORgiMPqcQ�Za�igi�kjAQPZ�>
�
	���������������	��Y�-����
���) /-,�A����0�����Y����)� ')(!����.��5')(!����.��5')(?����0�����Y����)�[')(-	����<')(���9�0*1Z���
��9��*	�:�����0*.�1 2"� ��,� ����0�����Y������ #, ��,� 	��*�$#  ��	��Y�-�� �
���) /- �  ��0*.�1�2������)0 	 �$#  ��0*.�1�2������)0
	= #�����9�0 �$#
$#��9��*	�:����*.6� �,� :��R� 	����$#  ��"� ����0��)��Y����)��# ��	��Y�-����
���) *-��  �*.6���?:���#  ��0*.�1�2������ 0*	? #7 -��/. ����9�0?:�� 0*	�� #- #
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K�hz]A`cQ���\¤ZcoJY e g¨§ e \p`cgihkjRrA\pjAZ�m�hA��rsQ���\�Z[YPO#\pj6`cg��z]AQ e hzjAZc`[qc] e `[gi�kQ e hzORoJhkqc`[QPORQ�jw`�\^�iQ�r.����Zc`[QPqcQ��
�]Nq��8Z�\^jAZ$}�hz] e �iQ@QP`2Z�\^jAZ$Zc]AZ[o�Q�jAZcgihkj"�RQ�Zc`#rshkjAjAY�Q@QPj-\^jAjNQ�_AQ�
a ���\>q[QP��\^`cgihzj¦rsQ#`[q�\pjAZcgi`cgihzj
jAQ>jAhz]AZRZ[QPqc�6giq�\«o�\pZRoJhk]Aq$��\ oAqcQ�]A�kQ�r6Q e hzqcq[Q e `cgihzj�¬a�z]AQ>jAhk]AZ�\	�khzjAZRq[QPZc`[qcQPgij6`cQ¡°>��\�oJ\^qc`[giQ
e hzO2}Agij�\^`[hkgiqcQarsQf��\ `cq�\kr6] e `cgihkj�QPj e giq e ]Agi`� ��¯���iQVjAhk]AZ�Z[QPq�\T]N`cgi�iQfoJhk]Nq�YP�khA�z]AQPq��B� Q�_A`cQPjNZcgihkj@r6Q���\
oAq[QP]A�zQF°T��\�o�\pqc`[g�Q�q[QP�kgiZc`[qcQ �<oAqcgiZ[Q�QPj e hkO$oA`cQ�r6Q��B� \p`c`[QPj6`cQ�QP`frsQf��\ Zc]AZ[o�Q�jAZcgihkj"�arA\pjAZ��iQ e L� ��N 

�  !���
��P�@
�����	���"��� �	� ���������
��������������� /&�21

£¤hk]AZ2\^�i�ihkjNZf`[hk]A`2r.��\^}Jhkq�r>}AqcgiYP�zQPORQ�jw` q�\^oNo�QP�iQPq2�iQPZ2r6g	�.YPqcQPj6`[QPZ2Zchz��]N`cgihkjAZ2�z]AQRjNhk]AZF\	�zhkjAZ
YP`[]�r6giYPQPZ	¬A\	�k\^j6`�rsQ e LAhkgiZ[g�q e Q����iQa�z]AgAjNhk]AZ�\Vo�\pqc]2��\�O$QPgi�i��Q�]AqcQ�o�hz]Aq�]AjAQVg�O$oA��\^j6`�\p`cgih^j�rA\^jNZ�m�hA�� 

�¤jAQaoNqcQPO$g�M�qcQf\poAoAq[h e LAQ��z]Ag.�6g�Q�jw`�°��B� QPZcoNqcgi`�o�\pqc`�r6Q���\~`cq�\zr6] e `[gihkj2�<hkqcO�\^�igiZcYPQ�rA\pjAZ��iQ e L� �S	�
r6Q � y��, �m�QP`c`[Q#`[q�\zr6] e `[g�hzj�QPZc`2r6Y�§JjAgiQ2qcY e ]NqcZcgi�zQPORQPj6`TZc]AqT�iQPZ�oAq[hk�zq�\^O$ORQPZVQP`2\^ZcZ[h e giQ#° e L�\k�z]AQ
oAq[hk�zq�\^O$ORQ e hkjNZc`cq[] e `[g���]Aj$QPjAZ[QPO2}A�iQar.� Y��z]�\^`[gihkjR}Jh6hk�iYPQPjNjAQPZ� A¸N\��8hzqcO�\^�igiZ�\^`[gihkj�QPZ[`�`cq[YPZ�oAqch e LAQ
r6Q �ª� gij6`cQPq[oAq
:�`cQ�giORoN��\pj6`cY�QPj®m� A�¯���iQ�jAY e QPZcZ[g�`[Q2]AjAQ��zQPZc`[gihkj�Q�_AoA�ig e gi`cQ�r6QPZVjAhkO$Z r6Q~§��iZ�¬Agij e ��]J\^j6`
�iQPZVoAqchz}A�iMPORQPZ�r6Q�qcQ�jAhkO$O#\^�zQk¬^Z[]A}AZc`[gi`c]A`[g�hzj�¬AQ�` e  
£¤hk]AZ�\	�zhkjAZ�oAqcY��<YPqcY�jAhz]AZ�r6giqcgi�kQ�q��kQ�qcZ�]AjNQ \poAoAqch e LAQ�oA�i]AZ�\^}AZ[`cq�\^gi`cQk¬ph�6��iQPZ�§��iZ�Zchzjw`�q[QPoAqcY�ZcQPj6¹

`[YPZ�o�\^qar6Q�Zf\^}NZc`cq�\ e `[gihkjAZ	  �¯j#]N`cgi�ig�Z�\^j6`��B� hkq�rsqcQ�Zc]AoJYPq[g�Q�]Aq�r6giZcoJhkjAgi}A�iQfrN\^jAZ�m�hs�J¬NjAhk]AZ�oJhk]NqcqchzjAZ
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\pg�jNZcg�}JYPjAY § e giQPq�r6QPZVhkoJYPq�\p`cgihkjAZarsQfq[QPjAhzORO#\p�kQ�QP`VZc]A}NZc`cgi`[]A`cgihkj�¬6�kYPq[YPQPZ�]AjAQ��<hkgiZ�oJhk]Nqa`chz]A`cQ�\p]
jAgi�zQ�\^]�ORY�`�\A 
{VQP]s_®Zchz��]N`cgihkjAZ�hzjw`�YP`[YRQPj6�6giZ�\p�kYPQPZ ZcQP�ihkj e QP`[`cQ�r6QP]6_AgiMPORQ2\^oNoAqch e LAQk¬��z]Ag�Z�� gijAZ[oAgiqcQPj6`�`chz]A`cQ

r6Q�]6_®r6Q���\ qcQ�oAqcYPZ[QPj6`�\p`cgihkj@�zq�\poALAg��z]AQ�r6QPZ e g�q e ]Agi`cZarshkjAjAY�QFrA\^jNZ���Q e L� iSkSz 
��\ToAqcQ�ORgiMPqcQ QPZc`�\^�i�zYP}Aqcg��z]AQ�>NQP�i�iQFr6Y e q[gi`a]Aj e g�q e ]Agi` e hkORO$Qa]AjNQFZ[`cqc] e `c]Aq[Q2qcY e ]AqcZ[g��zQ�rsYPo�Q�j6¹

rA\pj6`Fr6QRr6QP]s_¡QPj6`cgiQPqcZ	 ��¢Q2oAqcQ�ORgiQPq�qcQPoNqcYPZ[QPj6`cQ@�iQ2jAhzO2}AqcQ#�¡r6Q�§��iZ�QPj6`cq�\pj6`FQP` ��QRrsQP]6_AgiMPORQT�iQ
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Z�\��k\^�iQP]AqÙo�hz]Aq�� H I  k£�hz]AZ�Q�_AoA�ig��z]AhkjAZ	¬krA\pjAZ��iQPZ��z]AQP���z]AQPZÙ��gi�zjAQPZ��z]AgAZ[]Agi�kQPj6`	¬k�iQPZ�q�\^giZchzjAZ�oJhk]Aq
�iQPZ��k]NQP�i��Q�Z���QVo�hzgijw`Ù§A_AQ�r.� ]AjAQ¤�8hkj e `cgihkj e hkj6`cgij6]AQVZc]Aq�E;G�o�Q�]A` :P`cq[Q�hk}A`[QPj6]#Q�j#]NjAQagi`cY�q�\^`[gihkjRZ[]Aq
I  
WV\^oAoJQP�ihkjNZ~�z]AQ$�iQPZ��8hzj e `cgihzjAZ e hzjw`[gijw]NQPZ�Zc]NqF�iQ e oJh?E;G ¬¢O2]AjAg�r6QR�B� hkq�r6qcQTo�\pqc`cgiQP� I�� J QP`

I�� K ¬.Z[hkj6`��iQPZ��<hkj e `[gihkjAZ�O$hkjAhz`chzjAQPZaZ[]Aq/E G � n � � l:m �,)���� � � � �-l � �	� � � m � mrl � m�� ���P �m�QP`[`cQ
e hzj6`cgij6]Agi`cY2oJQP]A`TZ�� Q�_AoAqcgiO$QPq�r6Q2O#\pjAgiMPqcQT`cq[MPZFZ[giORoA�iQFrA\pjAZ��iQ e \pZ�o�\^q[`cg e ]A�igiQPqFrs] e o�h>r6QR¸ e hz`c`
o�\pq���\�oAq[hkoAq[giYP`cY�Z[]Agi�k\^j6`cQ,>

� ��E;G�� E;G Q 3 �1R9����� 4 � �8Q a
� v I#x �H I � � v�J x H�� v K8x H�� v I#x
�¯j@Q �.QP`�¬��@QPZ[` e hzj6`cgij6]AQ���@QPZ[`aO$hkjAhz`chkjNQ

��� v I#x�� � v�J x QP`�� v I#x�� � v KVx
� v � v I#x H I#x hz] v � v I#x �H I QP`�� v�J x H�� v K8x H�� v I x&x�p  

¸sg�� Q�Zc` e hzjw`[gijw]NQk¬�r.��\^oAq[YPZ2�iQR`[LAYPhkq[MPORQ�r6Q�K�\^qcZ �6g�gi��Q�_Ag�Z[`cQ�]Aj oA�i]AZTo�Q�`cgi`FoJhkgij6` §A_AQ#�z]Ag
Z	� hz}A`cgiQPj6`�o�\pq�gi`cYPq�\^`cgihzj*°$o�\pqc`cgiq�r6Q�� v I#x  ,DVj®oJQP]A` Z���\^q[q
:P`[QPq�°$��\2oNqcQPO$g�M�qcQ2gi`cYPq�\^`[g�hzj*rN\^jAZ e Q
e \pZ� �£¤hk]AZ�\	�zhkjAZ�Zc]NoAo�hzZcQPq g e g¯�z]AQT��\T�8hzj e `[g�hzjR��� � p v � � � 	 � � �� �!� x � vw��x �2QPZ[` e hkj6`[g�j6]AQ	�8�iQPZ
e giq e ]Agi`cZ�giORoA�ig��z]AYPZ�rA\^jNZ���\�`cq�\kr6] e `cgihkj2YP`�\^j6` e hkO$o�hzZcYPZ�°~o�\^q[`cgiq rsQPZ e hkjAjAQ e `cQP]NqcZ ��� ¬,����� QP`�� �-l
�z]Ag�Zchkj6`�QP]s_w¹BO�:�ORQ e hzjw`[gijw]NZ �P 

�.Q�ZaqcM��k�iQPZfrsQ�`cq�\kr6] e `cgihkj@r6hzjAjAYPQPZ�oA�i]AZ�LJ\^]A`ar6Y §�jAgiZcZ[QPj6`f]Nj#oNqcY�r6g e \p`f�z]Ag�QPZc`VZcoJY e g¨§�YTg�jJr6] e ¹
`[g��zQPORQ�jw`�rA\^jNZFm�hA�#rsQ2O#\^jNg�M�qcQ�j�\p`c]Aq[QP�i�iQk �£�hz]AZ�QPj�r6hkjAjNhkjAZ��iQ�rsYP}A]A`	¬��iQTqcQPZ[`cQ2oJhk]A�k\pjw`):P`[qcQ
e hzjAZc]N��`[Y�QPj@\^jNjAQ�_AQ 
V 

�
	���������������	��Y�X,�/����.��5')( 6���9��!')(���9�0*1Z���
��9���������0*.�1�2R� ��,� 	����$# ��	��Y�X ��0*.�1�2������)0 	 �$#0��  "� ����0�����N�0�0�291 0 �,� ����0�����Y����)�/14�����0�����Y����)��" ����0�����Y�������(  �����9�0;"  -��/.�����9�0�� �  #�#�#
$#��9��������*.6��� �

���ED����



yAS
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�

�¤jAQ®\p]A`cq[Q#Z[hk�i]A`[g�hzj o�hz]Aqcq�\^gi`2oAqcQ�j�r6qcQ>QPj e hkORoN`cQ#rsQ@O#\pjAgiMPqcQ$Q�_AoA�ig e g�`[Q@��\ e hkj6`cgij6]Agi`cY@r6Q
��� � p v � � � 	�� � �� ��� x � vo��x �  J�hz]AqaoJhk]N�khkgiq�]A`cgi�igiZcQPq��iQ�oJhkgij6`�§A_AQFr6Q e QP`[`cQ �8hkj e `cgihkj�¬A\p]�jAgi�kQ�\p]
r6Q2��\$`cq�\kr6] e `cgihkj�r6]�Z[g��zj�\^���ih e \^�B¬Jhkj>oJhk]Aq[q�\^gi`F\���hk]A`[QPq���\2oNqcQP]A�zQ#r6Q e QP`[`cQ e hkj6`cgij6]Agi`cY ",.���� ��\
r6Y §�jAgi`cgihkj@r6Q���\ `cq�\zr6] e `[gihkj� NlB�.Z���\^�zg�`�r6Q�q�\���hk]A`[QPqa]Nj�\pqc�z]AORQPj6`�r6Q e hkj6`[g�j6]Agi`[Y~rsQf��\~�8hkj e `cgihkj

� � p,v ��� 	�� � �� ��� x � vo��x
\p]RoAq[Y�r6g e \^`a�z]AgJZcoJY e g¨§�Q ��\~`cq�\zr6] e `[gihkj� ��@\pgiZ�gi�N�ª\^]�rsq�\�YP�6\^�iQPO$QPj6`�q�\-� hk]A`[QPq��iQPZ \pqc�z]AORQPj6`[Z�oJhk]Aq
��\ e hkj6`cgij6]Agi`cY�r6Q�Z��8hzj e `cgihzjAZ�Z[]Agi�k\^j6`cQ �B° e \^]AZ[QFr6Q���\�Z[Y��z]AQPj e Q��->

��� p,v ��� 	 x � vw��x� � p,v ��� 	�� � �� �!� x � vw��x��� p,v ��� 	 x � vw��x
m�Q e g�jAhz]AZar6hzjAjAQ�]AjAQ�Z[o�Y e g¨§ e \^`[gihkj@rA\^jNZam�hs�$�z]Ag�\T��\��8hzqcO$Q�Zc]Agi�k\^j6`[Q�>
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£¤hk]AZ�\	�khzjAZ�r6Y��kQP�ihkoNo�YV��\~oAqcQP]N�kQfrsQ e hkqcq[Q e `[g�hzjRQPj$Zc]Agi�k\pjw`Ù��\ r6QP]6_AgiMPORQa\poAoAq[h e LAQ��6]AQ�rA\^jAZ
�iQ e L�\^oAgi`[qcQ�oAq[Y e Y�rN\^j6`� 
¸shkgi`�� ]Aj¡oNqchk�zq�\pORORQ2��Z[`cQPq[QP��r6Q e hkq[oAZ "  �m�hkORO$QFQ _soN��g��z]AY�rA\^jAZ � y��c¬�oJhk]Aq e \p� e ]A�iQPq2��\

q[Y�\ e `[gihkj ���� � � � � r.� ]Aj�oAqchz�kq�\pORO$Q ��Z[`cQPq[QP��hkj�oAq[h e M�r6Q�QPj@r6Q�]6_@YP`�\po�QPZ	 
Sk �DVj�rsYP`cQPq[ORgijAQ�� �kq�\ e Q�\^]�oAq[Y�r6g e \p`#���2 
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yA �DVj e \^� e ]A�iQ��iQfoNqchk�zq�\pORORQ�r6YPq[gi�kY�� � �zq�\ e Q�°T��\ qcQ���\p`cgihkj�r6Q�`cq�\^jAZ[g�`[gihkj " � �  � ����
�
" �

�¢QaoAq[Y�r6g e \p` ���³Z[]6�R`�oJhk]Nq e \p� e ]A�iQPq��ª� YP�zYPjAQPO$QPj6`�r6Q�Zchzqc`[g�Q�r.� ]AjAQVqcY�\ e `cgihkj$QP` e hkO$ORQ�jAhk]AZ
jAQ�jNhk]AZ�gij6`cYPq[QPZcZ[hkjAZ�o�\^Z�g e g�\p]6_FoAq[hk�zq�\^O$ORQPZ�rsYPqcgi�kY�Z�¬^jAhz]AZ�jAQ�jAhz]AZ�ZcQPq[�wgiq[hkjAZ�oJ\^Z�r6Q���\�q[QP��\^`cgihzj
r6Q2`[q�\pjAZcgi`cgihzj� .{aQToA�i]AZ	¬�jNhk]AZ�jAhz]AZ�oA��\�5�hzjAZ�rA\^jAZ��iQ e \^Z�h,6@�iQPZ�Zcgi�kjJ\^]6_*rsQFZ[hkqc`[giQ ��� �VjAQ2Zchzjw`
o�\pZF�i]AZ	 �£�hz]AZ�j���\p]AqchzjAZFr6hzj e o�\^ZTr.� g�`[YPq�\p`cgihkj�Z[]AoA�iYPO$QPj6`�\^giq[Q�\p] e hk]Aq[Z�rsQ2��\$oAq[QPORgiMPq[Q2YP`�\po�Qz¬
oJhk]AqarsYP`cQPq[ORgijAQPqV�iQaZc`�\^`[]A`fr.� YP�zQPj6`c]AQ���Z��[gijAoA]A`[hk]A`[oA]A`,�  

£�hz]AZ�\^�i�ihkjAZ�YPjAhzj e QPq���\¤oAqcQP]N�kQar6Q e hzqcq[Q e `cgihzjRr6Q���\¤`cq�\zr6] e `[gihkj2r6hkjAjNYPQ�QPj §���  ��Q�j2ZcYPO�\^j6`cg��z]AQ
j�\p`c]Aq[QP�i�iQ�oJhk]Aq�r6QPZ�q�\pgiZchkjNZ�r6Q��ig�Z[gi}Agi��gi`[Yk P�.QPZ�r6Q�]6_���Q�ORORQ�Z�Z[]Agi�k\^j6`cZ�jAhk]AZ�ZcQPq[hkjAZÙ]A`cgi�iQPZ�rN\^jAZ e QP`c`[Q
oAq[QP]A�zQk 

�¢QPO®S � " � �

v � J 	 x H � � ��� � + � ��� � �
�¢QPO#y � " � �

v � I 	 x � v � x �H K � v � I 	 x � v � x �H K
m�Q�Z�r6QP]6_2�iQPORO$QPZ�Z[QaO$hkj6`cq[Q�o�\pq�gij�r6] e `cgihkjTZc]AqÙ��\~Zc`cq[] e `[]AqcQ�r6Qa��\VoAqcQ�]A�kQ�r6Q���\aoNqchkoJhkZ[gi`cgihkj >

" � �T 
£¤hk]AZ�\p���ihzjAZaO�\^gij6`cQPj�\pj6`ar6hkjAjNQPq��iQPZ��kq�\^j�r6Q�Z��ig��zjAQPZ�r6Q2��\2oAq[QP]A�kQRrsQ e hzqcq[Q e `cgihzj¡r6Q2��\2`cq�\	¹

r6] e `cgihkj� AlB�.Z���\p�kgi` rsQfO$hkj6`cq[QPq&>

e hzqcqcQ e ` ��`cq�\kr �
��� � v "9+ 	 x H � 	 �o+�� � " � �

v � � 	 x H �:	 � + � �
m�Q2`[LAYPhzqcMPO$QFZ[QRORhzj6`cqcQ o�\^q�q[Y e ]Aq[qcQPj e Q�Zc]Aq���\$Zc`[qc] e `c]Aq[Q�rsQ2��\$oAq[QP]A�zQRr6Q2��\RoNqchkoJhkZ[gi`cgihkj >

��� � v ",+ 	 x H%� 	 �w+ � �� klB�N�ª\p]A`�YP`[]�r6giQPq e L�\ e ]Aj#r6Q�Z e \pZ e hkqcq[QPZcoJhkjJrA\^j6`a\^]s_®S���q[MP�k�iQPZ�r.� gijw`[qchp¹
r6] e `cgihkj@r6]�oAq[Y�r6g e \p`�
��� 

� �.Q e \pZ�h�6��?H J Z[Q�qcYPZ[hk]�rT`[qcgi�6g�\^�iQPORQ�jw`.Q�jR\^oAoA�ig��z]�\^j6`���Q��iQPORO$Q��¢QPO®SÙYPjAhkj e Y�oA�i]AZ�L�\^]N`� lB�.jAhk]NZ�q[QPZc`[QFr6hkj e ° YP`[]�r6giQPq��iQPZ e \^Z�oJhk]Aq��iQPZ��z]AQP�iZ#� �H J ¬6�z]AQ�jAhk]AZ�\	�khzjAZ�qcQP�zqchk]No�YPZVo�\^q
gijAZc`[qc] e `[gihkj@rA\^jNZ e QF�z]Ag.Zc]Ng�`	 

� N +b���
�.QPZ e \^ZV`cq�\^gi`�\pjw`��iQ e hsrsQFr6Q�`[QPqcO$g�jJ\^giZchzjRQP`V�ª� YPO$giZcZcgihzj2Z�� Q�_AoAqcgiO$QPj6`�o�\^qar6Q�Zf\	_AgihkO$QPZ�r6QPZ
oAqcY	r6g e \^`[Z�
��®Q�`�� ����� ¬J�z]Ag e hkjJr6]AgiZcQPj6`�°Fr6Q�]6_#YP�6\^�igi`cYPZ�`[qcgi�6g�\^�iQPZ� 

� ��*�"9+:'
�.QPZ�r6Q�]6_®oAq[QPORgiQPq e \^Z�r6]>`cQPZ[`�r6QFoNqcYPZ[QPj e Q e hkq[qcQPZ[o�hzj�rA\^j6`F\p]6_@Zc`�\^`c]N` K QP` J ZcQ2ZcgiO$oA�ig�¹
§�QPj6`�QPj>]A`[g��igiZ�\pj6`a�iQF�iQPO$ORQ��.QPO>S �8oJhk]Nq ' QP` " qcQPZ[o�  �P¬�oA]AgiZ�ZcQTqcYPZ[hk�i�kQPj6`�Q�j*\poAoA�ig��k]J\^j6`
�B� L6b6oJhk`cLNMPZcQ�r6Q�q[Y e ]Aq[qcQPj e Q2Zc]Aq " Q�` ' Z[]Agi�k\^j6`��iQ e \pZ� 
�.Q2r6QPq[jAgiQPq e \pZ e hkq[qcQPZ[o�hzj�rA\pjw`T\^]>Zc`�\p`c]A` I QPZc` YP�w\p��Q�ORQPj6`�`cq[gi�wg�\p� e \^q�o�hz]Aq � �H J hzj*\
�8hkq e MPO$QPj6` � � I H I ¬ e Qa�z]AgJjAhz]AZ�oJQPqcO$QP`�r.��\^oNoA�ig��z]AQ�q��iQPZ�r6QP]6_2L6bwoJhk`[LAMPZ[QPZar6Q�qcY e ]Aqcq[QPj e Q
Zc]Aq " Q�` '  
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K�qchkgiZ e \^ZVgijw`[QPqc�6giQPjAjNQPj6`�g e gª 
Sk ��B� gijAZc`[qc] e `[gihkj " rshkgi`a`[QPqcO$g�jNQPq�QP`�o�\pZcZcQ2]Nj e hzj6`cq
8z�iQ ���Jvo��x YP�w\p��° K °$�B� gijAZc`[qc] e `[gihkj
'  �¸6hzgiQPj6`�� QP` �0�iQPZ e giq e ]Agi`[ZR�k]Ng�giORoN��\pj6`cQPj6` " Q�` '  ���j \poAoA�ig��z]�\^j6`��B� L6bwoJhk`[LAMPZ[Q
r6Q>qcY e ]Aqcq[QPj e Q«Zc]Aq " hzj¦rsY�r6]Agi`#�z]AQ v � � 	 x � vw��x H � � vw��x H K  ��hk]NqRoJhk]A�zhkgiq
\poAoA�ig��k]NQPq��iQPZ�L6b6o�hz`cLAMPZ[QPZfrsQaqcY e ]Aqcq[QPj e QTZc]Nq " QP` ' gi�A�ª\p]A`�]A`cgi�igiZcQPq��iQ¤�ª\^gi`��z]AQ��=H K  
{T��\^oAq[MPZT��Q��.QPO�y�hkj¡\�� � p�v � I 	 x � v � x �H K ¬ �DjAQRoJQP]A`Rr6hzj e oJ\^Z :P`cq[Q I e \^q
v � � 	 x � vo��x H K  "DVj®\�r6hzj e }Ng�Q�j�7H K ¬ e Q��z]Ag�jAhz]AZ�o�QPq[ORQP`�r6Q §�jAgiqV��\�oAqcQ�]A�kQ
QPj©]A`cgi�igiZ�\^j6`��B� L6b6oJhk`cLNMPZcQ�r6Q�qcY e ]Aqcq[QPj e Qz 

yA ��B� gijAZc`[qc] e `[gihkj " jAQFoJQP]A`�o�\pZa`[QPqcO$g�jNQPqaQP`�o�\pZcZ[QF]Aj e hkj6`cq 8k�iQ ��� vo��x Y��w\^��° J °��ª� gijAZ,¹
`[qc] e `[gihkj '   DVj2r6Y�r6]Ng�` e hzORO$Q�rA\pjAZ���Q e \^Z�oAq[Y e Y�rA\pj6`��z]AQ v � ��	 x � vw��x H ��� vo��x H J  
�¢QPZ�Y��z]�\^`[g�hzjAZaZ[QFZ[giORoA�ig¨§�QPj6`�\^�ihkq[Z��ª\ e gi��Q�ORQPj6`��kq�\ e QT\^]@�iQPO$ORQf�¢QPO®S�Q�`ahkj©qcYPZ[hk]�r
e Q e \^ZVQPj@\^oAoA�ig��z]�\^j6`��B�6L6b6o�hz`cLAM�ZcQFr6Q qcY e ]NqcqcQ�j e Q2Zc]Nq "  

�A ��B� gijAZc`[qc] e `[gihkj " o�\^Z[ZcQ@]Aj e hkj6`cq 8k�iQ ��� vo��x Y��w\^��° I °��B� gijAZc`[qc] e `cgihkj '  MDVj&r6Y�r6]Ng�`
e hzORO$QfoNqcY e Y	r6QPORO$QPj6`��k]NQ v � � 	 x � vo��x H ���Jvo��x H I  JlB��Zc]s�R`~\p�ihkqcZ�r.��\poAoA�ig��k]NQPq
�iQPZVLwb6oJhk`[LAMPZcQ�Zfr6Q�qcY e ]Aqcq[QPj e Q2Z[]Aq " Q�` '  

� " @ '
m�Q e \^ZVZcQ�qcYPZ[hk]�r�`cqcgi�6g�\^�iQPO$QPj6`�QPj®\poAoA�ig��k]J\^j6`��iQPZ�L6b6o�hz`cLAMPZ[QPZ�r6Q�qcY e ]Aqcq[QPj e Qk 

� " W��
lB��Q�_AgiZc`[Q�`cq[hkgiZ e \^ZaZ[]Agi�k\^j6`��iQ�Zc`�\p`c]A`�r6Q � qcQP`[hk]Aq[jAYTo�\^q��B��\^oAoJQP�.q[Y e ]Aq[Zcg¨�¤rs]#oNqcY�r6g e \p`�
��� 
{�\^jAZ e LJ\ e ]Aj2r6QPZ e \pZ�¬	hkj ]A`cgi�igiZcQ�`chz]A`�r.��\^}Jhkq�rV�B� L6bwoJhk`[LAMPZ[Q�r6Q�qcY e ]NqcqcQ�j e Qaq[QP��\^`[g��zQ�°��B��\^oNo�QP�
qcY e ]AqcZ[g���r6Q�
�� �B\	�kQ e ]Aj�Z[`�\^`[]A` I o�hz]Aq � �P¬J\	§�j@r6Q�r6Y	r6]AgiqcQF�z]AQ ��Q�Z[`�\^`[]A`ar6Q � qcQ�`chk]NqcjAY
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