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ÉCOLE POLYTECHNIQUE FÉDÉRALE DE LAUSANNE

POUR L’OBTENTION DU GRADE DE DOCTEUR ÈS SCIENCES
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soumise à l’approbation du jury:

Prof. R. Hersch, président
Prof. Wulfram Gerstner, directeur de thèse
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; <>=@?BABCEDGFIHJ?BKLCM= N
OQPRO S�T>UWVYXZXZT>[]\_^�T>V`Xbadce^�TW\gfihdXZj�k�lmS�^�^�konpP�P&PqP�PqPqPqP�P&PqP�PqPqPqP�P&PqP�PqPqP�PqP&PqP r
OQPts u�T>[`TWXbadceUvhJ[`kZwyxYTWXbaQ\ZwzhJ[`k>P]PqP�P&PqPqP�PqPqP�P&PqP�PqPqPqP�P&PqP�PqPqPqP�P&PqP�PqPqP�PqP&PqP {

OQPts�PRO |}XZhd~�czT>���G������hJ[YT>[]\ZwRadcExYT>UWa���hd���dXoadx`wzT>[]\�wR[Y�LhdXb��aQ\ZwzhJ[eP�PqP�P&PqP�PqPqP�PqP&PqP �
OQPts�Pts ��hJcRVY\ZwzhJ[E�}�ihJ[�k�\Zad[�\�TWXZXZhdX�UWaQXZhJV�k�T>cRkWP�P�PqPqPqP�P&PqP�PqPqPqP�P&PqP�PqPqP�PqP&PqP �

OQPt� |}XZTW��wRhJV`k�ad[`x�S�T>cRaQ\�T>x���hdXZj�PqPqP�PqPqP�P&PqP�PqPqPqP�P&PqP�PqPqPqP�P&PqP�PqPqP�PqP&PqP �
OQPt��PRO S�^�^�k�P&PqPqP�PqPqP�P&PqPqP�PqPqP�P&PqP�PqPqPqP�P&PqP�PqPqPqP�P&PqP�PqPqP�PqP&PqP �
OQPt��Pts S�^�^�k��dTWXbkbV`k���\Z�YTWX���T>�]V`T>[`UvT&|�Xbh�UvT>kZkbwR[Y�������`XZhJadUb�`T>k PqP�P&PqP�PqPqP�PqP&PqP ¡

OQP£¢ ��V`\ZcRwR[YT PqPqP�P&PqPqP�PqPqP�P&PqPqP�PqPqP�P&PqP�PqPqPqP�P&PqP�PqPqPqP�P&PqP�PqPqP�PqP&PqP ¤
¥ ¦iA¨§`DGKy?¨K©C@=I§Mª�«�¬e¦%­ ;M;
s�PRO ®YhdXbfiaQXbx¯|GadkZk°P&PqPqP�PqPqP�P&PqPqP�PqPqP�P&PqP�PqPqPqP�P&PqP�PqPqPqP�P&PqP�PqPqP�PqP&PqP O>s
s�Pts ±IT>aQXb[`wR[Y�²PqPqP�P&PqPqP�PqPqP�P&PqPqP�PqPqP�P&PqP�PqPqPqP�P&PqP�PqPqPqP�P&PqP�PqPqP�PqP&PqP O>�
s�Pt� ³´adk�j�k���hJcz�dT>xµf�wz\Z��³IXoadx`wz\ZwzhJ[`adcE±G��³�¶	P�P&PqP�PqPqPqP�P&PqP�PqPqPqP�P&PqP�PqPqP�PqP&PqP Ov¢

· «i¸�§`A¨=´Km=I¹º?�Cº»�C�A¨¹�¸]?J¼�½%C@=@?BKm=EFI§�ªi¾qA¨¸�D´KLHd?BKLC@=�¿2Ky?¨ÀÁ«�¬E¦�­ ;�N
��PRO ÂÃ[�\�Xbh�x`V�Uv\ZwzhJ[�P�P&PqPqP�PqPqP�P&PqPqP�PqPqP�P&PqP�PqPqPqP�P&PqP�PqPqPqP�P&PqP�PqPqP�PqP&PqP O>r

��PROQPRO ±�wR��wz\Zk�hd�´\�Xbadx`wR\ZwzhJ[`adcE±´�Y³�¶ PqP�P&PqP�PqPqPqP�P&PqP�PqPqPqP�P&PqP�PqPqP�PqP&PqP O>r
��Pts ��hJcyVY\ZwzhJ[E�Ä®YhdXZ�dTW\�u�aQ\�T>k�PqP�P&PqPqP�PqPqP�P&PqP�PqPqPqP�P&PqP�PqPqPqP�P&PqP�PqPqP�PqP&PqP O>{

��Pts�PRO ®`hdXZfiaQXox�|GadkZk_hd�G�Ä��\�T>[`xYT>x�±´��³�¶Åf�wz\Z��®`hdXZ�dTW\�u�aQ\�T>kÆPqP�P&PqP�PqPqP�PqP&PqP O>{
��Pts�Pts Ç�adUbj]f�aQXbx²|´adkbk�hd�Ä�Ä��\�T>[`xYT>x�±G��³�¶Èf�wz\Z��®YhdXZ�dTW\qu�aQ\�T>kÉP�P&PqP�PqPqP�PqP&PqP O��
��Pts�Pt� ��hJ����czTv�Ywz\g��P�PqPqP�P&PqPqP�PqPqP�P&PqP�PqPqPqP�P&PqP�PqPqPqP�P&PqP�PqPqP�PqP&PqP sQÊ

��Pt� ������TWXbwR��T>[�\Zk�P�P&PqPqP�PqPqP�P&PqPqP�PqPqP�P&PqP�PqPqPqP�P&PqP�PqPqPqP�P&PqP�PqPqP�PqP&PqP s�O
��Pt��PRO ��hJ[�\ZwR[�V`adcE���&~�T>x`xYT>x�S�TW~�TWX�u�Xbad��� aQX�|�XZhd~MczT>�	P�PqPqPqP�P&PqP�PqPqP�PqP&PqP s�O
��Pt��Pts ^�TW\gfihdXZj�³�hd��hJczhd�d�2ad[�x�|GaQXbad��TW\�TWXbk"P�PqPqPqP�P&PqP�PqPqPqP�P&PqP�PqPqP�PqP&PqP sd�
��Pt��Pt� ���}S_uËS_T>kbV`cz\ZkÌPqP�P&PqPqP�PqPqP�P&PqP�PqPqPqP�P&PqP�PqPqPqP�P&PqP�PqPqP�PqP&PqP s¨¢
��Pt��P£¢ ��[`adcz��kZwRk�hd�´\Z�YT����}S_uËS_T>kbV`cz\Zk P&PqP�PqPqPqP�P&PqP�PqPqPqP�P&PqP�PqPqP�PqP&PqP sdr
��Pt��Ptr ��hJ[�\ZwR[�V`adcE^�hJwRk��µ³IT>���@hdXoadcI��XbxYTWX�|}XZhd~�czT>�ÍP�P&PqP�PqPqPqP�P&PqP�PqPqP�PqP&PqP sdr

��P£¢ �ihJ[�UWcRV`kZwzhJ[ P�P&PqPqP�PqPqP�P&PqPqP�PqPqP�P&PqP�PqPqPqP�P&PqP�PqPqPqP�P&PqP�PqPqP�PqP&PqP sd¡
Î Ï2AQK©?BÀ�ÐÑ¸]?BKLH²Ò�Ó}¸]A¨§Y?BKLCM=�Ô�CM=Õ½%C@=@?BKm=EFI§�ªi<>=�Ó´FI?µ¬�?�AB¸�§�ÐÑÔ ¥�Ö
¢YPRO ÂÃ[�\�Xbh�x`V�Uv\ZwzhJ[�P�P&PqPqP�PqPqP�P&PqPqP�PqPqP�P&PqP�PqPqPqP�P&PqP�PqPqPqP�P&PqP�PqPqP�PqP&PqP sd¤
¢YPts ������TWXbwR��T>[�\Zk�P�P&PqPqP�PqPqP�P&PqPqP�PqPqP�P&PqP�PqPqPqP�P&PqP�PqPqPqP�P&PqP�PqPqP�PqP&PqP sd¤

¢YPts�PRO ^�TW\gfihdXZj�³�hd��hJczhd�d�2ad[�x�|GaQXbad��TW\�TWXbk"P�PqPqPqP�P&PqP�PqPqPqP�P&PqP�PqPqP�PqP&PqP �QÊ
¢YPts�Pts S�T>kZV`cz\Zk PqPqP�PqPqP�P&PqPqP�PqPqP�P&PqP�PqPqPqP�P&PqP�PqPqPqP�P&PqP�PqPqP�PqP&PqP �QÊ

¢YPt� �ihJ[�UWcRV`kZwzhJ[ P�P&PqPqP�PqPqP�P&PqPqP�PqPqP�P&PqP�PqPqPqP�P&PqP�PqPqPqP�P&PqP�PqPqP�PqP&PqP ��O
wywRw
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N «i¸�§`A¨=´Km=I¹Ñ¾qA¨¸]H�KLÔ>¸�¦�KmÐÑKm=�¹�¿ÝK©?BÀÁ¾�¸�¸]ÓGÀIC@ªL¸²«�¬e¦%­ ·M·
r�PRO ÂÃ[�\�Xbh�x`V�Uv\ZwzhJ[�P�P&PqPqP�PqPqP�P&PqPqP�PqPqP�P&PqP�PqPqPqP�P&PqP�PqPqPqP�P&PqP�PqPqP�PqP&PqP �d�
r�Pts ����\�T>[`x�wR[Y��±´��³�¶Éf�wR\Z��Þ�|�TWTW�M�YhJczT��ihJ[�[YT>Uv\ZwzhJ[`kZßàPqP�P&PqP�PqPqPqP�P&PqP�PqPqP�PqP&PqP �¨¢
r�Pt� ®YhdXbfiaQXbx¯|GadkZk°P&PqPqP�PqPqP�P&PqPqP�PqPqP�P&PqP�PqPqPqP�P&PqP�PqPqPqP�P&PqP�PqPqP�PqP&PqP �dr
r�P£¢ u�Xoadx`wzT>[]\ÃágÇiadkZT>x�Ç�adUZj�fiaQXox¯|GadkZkàP�PqPqP�P&PqP�PqPqPqP�P&PqP�PqPqPqP�P&PqP�PqPqP�PqP&PqP �d{
r�Ptr ������TWXbwR��T>[�\Zk�P�P&PqPqP�PqPqP�P&PqPqP�PqPqP�P&PqP�PqPqPqP�P&PqP�PqPqPqP�P&PqP�PqPqP�PqP&PqP �J�

r�Ptr�PRO ^�TW\gfihdXZj�³�hd��hJczhd�d�2ad[�x��Ä����TWXbwR��T>[]\ZadcE|GaQXbad��TW\�TWXbk"PqPqPqP�P&PqP�PqPqP�PqP&PqP �d¡
r�Ptr�Pts ¶�T>adkZVYXowR[Y�Ý����wRjdT�â�T>cRa���k�lã¶²�Yâ�n¯P&PqP�PqPqPqP�P&PqP�PqPqPqP�P&PqP�PqPqP�PqP&PqP �d¤
r�Ptr�Pt� u�T>[YTWXbaQ\ZwR[Y��³�wR��T>x�����wRjdT>k&läu�³��`noP&PqP�PqPqPqP�P&PqP�PqPqPqP�P&PqP�PqPqP�PqP&PqPp¢��
r�Ptr�P£¢ |´TWXbwRh�x`wyU�®�V`[`Uv\ZwzhJ[¯u�T>[YTWXbaQ\ZwzhJ[ålm|}®�uqn�PqPqPqP�P&PqP�PqPqPqP�P&PqP�PqPqP�PqP&PqPp¢d¢
r�Ptr�Ptr u�T>[YTWXbadc���~Mk�TWXZ�QaQ\ZwzhJ[E��^�TW\gfihdXZj�wR[`wz\ZwyadcRwzæ>aQ\ZwzhJ[çP&PqP�PqPqPqP�P&PqP�PqPqP�PqP&PqP r�O

r�Pt{ �ihJ[�UWcRV`kZwzhJ[ P�P&PqPqP�PqPqP�P&PqPqP�PqPqP�P&PqP�PqPqPqP�P&PqP�PqPqPqP�P&PqP�PqPqP�PqP&PqP r�O
è ¬eKmÐºÓGªL¸�½%C@=@?�¸]éE?�»IA¨¸]¸²§�=�DÕ½%C@=@?�¸]éE?µ¬�¸�=IÔBKy?¨Kyê@¸¯«i§�=�¹MF�§`¹�¸�Ô N�·
{�PRO ÂÃ[�\�Xbh�x`V�Uv\ZwzhJ[�P�P&PqPqP�PqPqP�P&PqPqP�PqPqP�P&PqP�PqPqPqP�P&PqP�PqPqPqP�P&PqP�PqPqP�PqP&PqP rd�
{�Pts ������TWXbwR��T>[�\Zk�P�P&PqPqP�PqPqP�P&PqPqP�PqPqP�P&PqP�PqPqPqP�P&PqP�PqPqPqP�P&PqP�PqPqP�PqP&PqP r¨¢

{�Pts�PRO ³�XbadwR[�wR[Y��ad[`x�³�T>k�\ZwR[Y�ÑPqPqP�PqPqP�P&PqP�PqPqPqP�P&PqP�PqPqPqP�P&PqP�PqPqP�PqP&PqP rdr
{�Pts�Pts ^�TW\gfihdXZj�³�hd��hJczhd�d�2ad[�x��Ä����TWXbwR��T>[]\ZadcE|GaQXbad��TW\�TWXbk"PqPqPqP�P&PqP�PqPqP�PqP&PqP rdr
{�Pts�Pt� |}XZTW��wzhJV`k�XZT>kZV�cz\Zk_PqP�P&PqPqP�PqPqP�P&PqP�PqPqPqP�P&PqP�PqPqPqP�P&PqP�PqPqP�PqP&PqP rd{
{�Pts�P£¢ ±G��³�¶ëS_T>kZV�cz\ZkìPqP�P&PqPqP�PqPqP�P&PqP�PqPqPqP�P&PqP�PqPqPqP�P&PqP�PqPqP�PqP&PqP rJ�
{�Pts�Ptr ��[`adcz��kZwRk�PqPqP�PqPqP�P&PqPqP�PqPqP�P&PqP�PqPqPqP�P&PqP�PqPqPqP�P&PqP�PqPqP�PqP&PqP rd¡

{�Pt� �ihJ[�UWcRV`kZwzhJ[ P�P&PqPqP�PqPqP�P&PqPqP�PqPqP�P&PqP�PqPqPqP�P&PqP�PqPqPqP�P&PqP�PqPqP�PqP&PqP {ds
í ¦�KmÐº¸�¬�¸�A¨KL¸�Ô ¾qA¨¸�D´KLHd?�§�î´ªL¸ï¦%À�ABC@FI¹@À"¦�KmÐº¸�ðZñÈKL=�D´C]¿ÅÏ2Ó´Ó�A¨C�§�H¨À�¸]Ô èM·
�]PRO ÂÃ[�\�Xbh�x`V�Uv\ZwzhJ[�P�P&PqPqP�PqPqP�P&PqPqP�PqPqP�P&PqP�PqPqPqP�P&PqP�PqPqPqP�P&PqP�PqPqP�PqP&PqP {d�
�]Pts ������TWXbwR��T>[�\ZadcI��TW\ZV`� PqPqP�P&PqPqP�PqPqP�P&PqP�PqPqPqP�P&PqP�PqPqPqP�P&PqP�PqPqP�PqP&PqP {¨¢

�]Pts�PRO ^�TW\gfihdXZj�³�hd��hJczhd�d�!P&PqPqP�PqPqP�P&PqP�PqPqPqP�P&PqP�PqPqPqP�P&PqP�PqPqP�PqP&PqP {dr
�]Pt� ¶¯adUZjdTW�]áòu�cRadkZkq����aQhd\ZwRU�³_wR��T%��TWXbwzT>kóPqP�P&PqP�PqPqPqP�P&PqP�PqPqPqP�P&PqP�PqPqP�PqP&PqP {dr

�]Pt��PRO |}XZTW��wzhJV`k���hdXZjpPqP�P&PqPqP�PqPqP�P&PqP�PqPqPqP�P&PqP�PqPqPqP�P&PqP�PqPqP�PqP&PqP {d{
�]Pt��Pts S�T>kZV`cz\Zk PqPqP�PqPqP�P&PqPqP�PqPqP�P&PqP�PqPqPqP�P&PqP�PqPqPqP�P&PqP�PqPqP�PqP&PqP {d{
�]Pt��Pt� ��[`adcz��kZwRk�PqPqP�PqPqP�P&PqPqP�PqPqP�P&PqP�PqPqPqP�P&PqP�PqPqPqP�P&PqP�PqPqP�PqP&PqP {J�

�]P£¢ ±�adk�TWX�â�aQ\Za P�P&PqPqP�PqPqP�P&PqPqP�PqPqP�P&PqP�PqPqPqP�P&PqP�PqPqPqP�P&PqP�PqPqP�PqP&PqP �¨Ê
�]P£¢YPRO |}XZTW��wzhJV`k���hdXZjpPqP�P&PqPqP�PqPqP�P&PqP�PqPqPqP�P&PqP�PqPqPqP�P&PqP�PqPqP�PqP&PqP ��O
�]P£¢YPts S�T>kZV`cz\Zk PqPqP�PqPqP�P&PqPqP�PqPqP�P&PqP�PqPqPqP�P&PqP�PqPqPqP�P&PqP�PqPqP�PqP&PqP �Qs
�]P£¢YPt� ��[`adcz��kZwRk�PqPqP�PqPqP�P&PqPqP�PqPqP�P&PqP�PqPqPqP�P&PqP�PqPqPqP�P&PqP�PqPqP�PqP&PqP �Qs

�]Ptr �ihJ[�UWcRV`kZwzhJ[ P�P&PqPqP�PqPqP�P&PqPqP�PqPqP�P&PqP�PqPqPqP�P&PqP�PqPqPqP�P&PqP�PqPqP�PqP&PqP �Q�
ô ½�CM=�H�ªmFIÔ�KLC@= í N
¡�PRO ¶¯adwR[¯�ihJ[]\�Xbwz~MVY\ZwzhJ[`kiP�PqPqP�P&PqPqP�PqPqP�P&PqP�PqPqPqP�P&PqP�PqPqPqP�P&PqP�PqPqP�PqP&PqP �Qr
¡�Pts ®`V`\ZVYXZT�fihdXZj�ad[`x���hJkZkZwz~MczT�aQ����cRwRUWaQ\ZwzhJ[�k�hd�Ä±G��³�¶ºP8P�P&PqP�PqPqPqP�P&PqP�PqPqP�PqP&PqP �Q{

Ï õ�Ðïî�¸�D´D�¸�D�ö2¸]î}¸]A�÷2A¨§�ÐåÐº§`A�¬@?�§`?BKLÔW?BKLHJÔ íMí
ø ¾�¸�¸]ÓGÀIC@ªL¸¯«�¬E¦�­ ¿ÝK©?BÀÁ»�C�A¨¹�¸]?�÷2§`?�¸]ÔÝKL="¾qÔ>¸�F�D�C`ðbHJCED�¸ í Ö
ö2¸]ùú¸]A¨¸�=IHJ¸�Ô ôM·
¾�¸]A¨Ô>C@=I§�ªiö2¸]H�C�A¨D ÖMû
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½�À�§`Ó�?�¸�A2¥

u�TWXbk&%i®�P��%P'%��YUb�`��wyx`�]V`~@TWX(%!)`P'%"*É��V�����wR[`k�%G®iPçlãsQÊdÊdÊ�noP ±eT>aQXb[`wy[Y�¯\�h��LhdXZ�dTW\W�¯�ihJ[]\ZwR[�V`adc
�`XZT>x`wRUv\ZwRhJ[Ýf�wz\Z��±´��³�¶ P�+-,/.103254�6!758�9:.<;=2>;@?A75BC%!D5EÄlÃOWÊ�n�%Es¨¢�r�O�F�s¨¢]��OQP
u�TWXbk&%Ä®iP��%P'%���Ub����wRx`��VY~�TWX�%G)YP'%�*,��V`��� wR[`k&%I®iPºlÃO>¤d¤d¤¨~@noP ±eT>aQXb[`wy[Y��\�h��LhdXZ�dTW\W�Ý�ihJ[]\ZwR[�V`adc
�`XZT>x`wRUv\ZwRhJ[�f�wz\Z�å±´��³�¶ P�ÂÃ[IH�0J7(K(LNM56PO�+�+RQ STSVU�M�BW;=LX6!75B�Y&LZ75B[O�0/;@? \�K�?@2>4!+-,/.103254]+-,&;@^_750�`(a
lcbÄhJcãPMsd%`�eP�¡drQÊ¨áú¡drdrJnoP���x`wR[]~�VYXZ�J�e%`��Uvhd\ZcRad[�xE�ÄÂò���f%`±IhJ[`xYhJ[EP

½�À�§`Ó�?�¸�AÝ·
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XbwR\Z��w�UvhJ[��dT>[Yæ>wRhJ[`adcRwEx`wEaQ�`��XZT>[`x`wR��T>[�\�h<%�~�adkZaQ\ZwekbV`c��dXbadx`wzT>[]\�T>%`�`ad[`[`h�~MwRk�hd�J[Yh�x`w@\�XZhd���@h�\�T>����h���TWX
wR����aQXbaQXZT�a ��T>��hdXbwzæWæ>aQXZT²xYT>cRczT�wy[Y�©hdXo��aQæ>wzhJ[`w�UvhJ[-wR[�\�TWXb�¨adcRcyw�\�T>���@hdXoadcRw_cRV`[`�J�`wãPÁ±IaºXbaQ�JwzhJ[YT��`XbwR[�á
UWwz�MadczT[£T cRaåXbaQ�MwRx`aåxYT>UvXZT>kZUWwz\Za�x`T>cRcA�£TWXZXZhdXbT�XZTW\�XZhd��XZhd��aQ�JaQ\�h lL~�adUbj�áä��XZhd��aQ�JaQ\ZwzhJ[ TWXZXZhdX noP°±IT�XZTW\Zw�x`w
\Zwz��h�czhJ[Y�Qágkb�YhdXZ\�\�TWXb� ��T>��hdXZ�)lm±G��³�¶ïn%h5�@XbhJ[YhºV`[`aïk�hJcyVYæ>wzhJ[YT�a ��VYT>k�\�h��`Xbhd~�czT>��a1%��`XZhd��hJ[YT>[`xYh
V`[P� aQXbUb�`wR\�TW\�\ZVYXba²xYh��dT�wRc"��V�kZk�hïxYT>cRcA�£TWXZXbhdXZT Xbwy��ad[YTµUvhJk�\Zad[�\�TdP � kZad[`xYh�cA� wR[�UWcRwR[`aQæ>wzhJ[`T xYT>ci�dXbadx`wzT>[]\�T
lL�dXbadx�wzT>[�\�xYT>kZUvT>[]\on�%@czT&XZTW\ZwI±G��³�¶ë��hJkZk�hJ[Yh wy����aQXbaQXZTq��V`ad[`x`h V`[e� wR[`�©hdXb� aQæ>wzhJ[YT�xYTW�dT�T>kZk�TWXZT&��T>��hQá
XbwRæWæ>aQ\Za�Tq�]V�ad[`xYh��Qa�kZV`UWUvT>kZkbwz�¨ad��T>[�\�T&V�kZaQ\Za�P
¡�V`T>k�\Za�\�T>kZwJad[`adcywzæWæ>a1%BT>kZ\�T>[`xYTÄT>x&aQ����cRwRUWa�cA� adcz�dhdXowz\Z��h�±´��³�¶ PB��wdwyxYT>[�\Zw¤��UWad[Yh�x`VYT�x`wR�©TW\�\ZwdxYT>cycA� adcz�dhdXbwz\Z��h
�`XbTWT>kZwRk�\�T>[]\�T¥¢T�kZw���XZhd��hJ[Y�dhJ[Yh�x`VYT�T>k�\�T>[�kZwzhJ[`w��`XowR[`UWwz��adcyw�xYT>cycA� adcz�dhdXbwz\Z��hïUo�YT�Xbwyk�hJcz�dhJ[Yh w��`Xbhd~�czT>��w
XbwykZUvhJ[�\�XoaQ\ZwãP�Âò[Á��aQXZ\ZwRUvhJcRaQXbTd�ÑlÃO�n���wzT>[YT�wRx`T>[�\Zw'�MUWaQ\�h V`[Áx`wz�LTW\�\�h xYT>cRc=� adcz�dhdXbwz\Z��h�±G��³�¶!Ub�YT�adUWUWadx`T
��V`ad[`xYh2cA� wR[Y�MVY\w¢T�UvhJ[�\ZwR�JVYh<%eUWwzh1£T�[YhJ[ïa2�`XbwzhdXbw�kZV`x`x�wz��wyk�h�wR[ïk�hd\�\�hJk�T>��VYT>[YæWT�UvhJ[�wR[�wzæ>weT-��[`w´x`wRk�\Zwy[�\ZwãP
ÂÃ[��]V`T>k�\�h UWadk�h<%@cA� adcz�dhdXbwz\Z��h�[YhJ[�£T&wR[��dXoadxYh�x`wexYTW\�TWXo��wR[`aQXZT���V`ad[`xYh�cya�XZTW\�Tq�Qa�Xbwz��hdXZ\ZaQ\Za�adcRcRh�k�\ZaQ\�h
wR[�wzæ>wRadczTµT¯w_�¨adczhdXow�wR[]\�TWXb[`w���hJkZk�hJ[`hºUvXZT>kZUvTWXZTïwRcRcywR��wz\ZaQ\Zad��T>[]\�T�UWadV`kZad[�xYhºV`[`a ��aQXbadcRwRkbw�xYT>c�kZwyk�\�T>��a�P
ÂÃcÄXbwR��T>x`wzhµ�`XZhd��hJk�\�h�kZw�~�adkZa�kZVÑV`[`a�[�VYh��Qa�V�[`wz\h£a���hJcz\ZwR��cRwRUWaQ\Zwz�QaïlL�JaQ\�T2V`[�wz\on�adx`aQ\�\ZaQ~�wRcRT Ub�`wyad��aQ\�h
ÞÃ�LhdXZ�dTW\��JaQ\�T>ß�P}�}kbkZa&��TWXb��TW\�\�T�adx2V`[`a%UvT>cRcRa�xYT>cRcRa�XbTW\�T�±G��³�¶8x`w@wR����aQXoaQXZT�a%Xbwz\�hdXb[`aQXbT�adxµV`[Yh�k�\ZaQ\�h
�`XbT>UvT>xYT>[�\�T%wR[���hJ��T>[]\ZwEhd�`��hdXZ\ZV`[�wA%�cywz~�TWXbad[`xYh�UvhJk £ wEXbwyk�hdXbk�TqwR[]\�TWXb[YTdP
lãsJn���wGwRx`T>[�\Zw'�MUWaÝV`[ïx`wR�©TW\�\�h�[YT>cRcRh2kZUo�YT>��a�xYT>cyczT�UvhJ[�[YT>kZkZwzhJ[�w�xYT>cyczT%XbTW\ZwÄ±´��³�¶ÌT�czh�kZw´XbwRk�hJcz�dT�wR[]\�XZhQá
x`V�UvT>[`xYh¯UvhJ[�[YT>kZkZwzhJ[�w�Uo�`wRad��aQ\�TÁÞÃ��TWTW���YhJcRT2UvhJ[`[`T>Uv\ZwzhJ[`kZß�Pº��kZk�T�UvhJcRczTW�Jad[`hïc=� V`[`wz\h£a¯UvT>[�\�XbadcRTºlvÞ�UvhJ[�á
k�\Zad[]\�TWXZXZhdX_UWaQXZhJV�k�T>cRß�nixYT>cRcRT�UvT>cRczT�adcRcRT�V`[�wz\h£a%��hJcz\Zwz��cRwyUWaQ\Zwz�dT�Uo�YTqczT�k�\Zad[`[Yh�aQ\�\�hdXb[YhYP�Âò[µ��VYT>k�\�h���h�xYh
�dT>[Y�dhJ[`hÝ�LhdXb[`wz\�T%adcRczT&V`[�wz\C¢a�wR[Y�LhdXb��aQæ>wRhJ[`wET>k���cywRUWwz\�TqkZV`cycRa�UvhJ[`x`wRæ>wzhJ[YT&xYT>cycA�£hd�d�dTW\�\�h2x�wIUWV`w�UvhJ[�\�XZhJcycRad[Yh
cA� adUWUvT>kbk�hYP&��w���hJk�\�Xba2wR[YhJcz\�XZT�Ub�YT�czT%��TWTW���YhJczT�UvhJ[`[YT>Uv\ZwzhJ[`k�k�hJ[`hµ[`T>UvT>kZkZaQXbwzT���TWX�[�V`��TWXbhJkZwe�`Xbhd~�czT>��w
T�Ub�YT�[YhJ[¯XbwRx`V�UvhJ[Yh kZwz�J[�w'��UWaQ\Zwz�Qad��T>[]\�T%cRa �@TWXb�©hdXb� ad[`UvT%xYT>cyczTqXZTW\Zw´±´��³�¶ kZV���XZhd~�czT>��we�`XZT>UvT>xYT>[]\�Tvá
��T>[]\�T&aV��XZhJ[]\ZaQ\ZwãP

±�a�\�T>kZwEaQ�`��cywRUWa�cA� adcz�dhdXbwz\Z��h�±G��³�¶ÅT>k�\�T>k�h UvhJ[��©hdXZ�dTW\��JaQ\�T>k_T���TWTW���YhJczT�UvhJ[`[`T>Uv\ZwzhJ[`k_a��`Xbhd~�czT>��w
Uo�YT�[YT>kZkbV`[�adcz\�XZh%adcz�dhdXbwz\Z��h&�@TWX�XZTW\ZwYXbwyUvhdXZXZT>[]\ZwY��V¦£hqXowRk�hJcz�dTWXZT&lmUvhJ���`XZT>k�h�czT_XZTW\Zw`±G��³�¶ \�Xbadx`wRæ>wzhJ[`adcRw©no�
�`Xbhd~�czT>��w`x�w`�dXbad��� aQ\ZwRUWa1§��`XZhd~�czT>� w�x`w�hdXbx`wR[`ad��T>[�\Zw�\�T>����hdXbadcRw�Uo�YT�UvhJwR[��dhJcR�dhJ[Yh�wy[Y��VY\}UvhJ[]\ZwR[�V`wA§�hd�Yá
TWXbaQæ>wRhJ[`wGaQXbwz\Z��TW\ZwRUo�YT�kZV�wR[Y�MVY\�UvhJ[]\ZwR[�VYh<§e�`XZhd~MczT>��w´Ub�YT�XbwyUb�`wzT>x`hJ[Yh2V�[`aÝUvhJ[]\ZwR[�V`aµT��`XZT>UWwRkba2� wRkZVYXba
xYT>c´\�T>����h<§ecRa2�dT>[YTWXoaQæ>wzhJ[YT�x`w��LV�[Yæ>wzhJ[`w���TWXbwzh�x`wRUb�`TqT�XbwRUvhJ[YhJkZUWwy��T>[�\�h�x`w´�dXbad� ��aQ\ZwRUb�`T�UvhJ[�\�Tv��\Ãáä�©XbTWT
T�UvhJ[�\�Tv��\Ãágk�T>[`kbwz\Zwz�dTdP�ÂÃ[<��[YT�kZw�wyxYT>[�\Zw¤��UWad[YhÝx`T>w�cRwy��wz\ZwexYT>cycA� adcz�dhdXbwz\Z��hÝ±´�Y³�¶�T>k�\�T>k�h�XZT>cyaQ\Zwz��w�a2�`XZhd~Yá
czT>� w´x�wG�`XZTW��wRkZwzhJ[YT�x`wÄkZTWXbwzT�k�\�hdXbwyUb�YT�Uo�YT k�hJ[Yh�XbwRk�hJcz��wz~�wycRwex`adcRcya2UWcyadkZk�T�x`wÄ��TW\�h�x`wÄ~MadkZaQ\Zw�kZV���[`T>k�\�XZT
\�T>����hdXbadcywãP
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czT>aQXo[`wR[Y��adcz�dhdXbwR\Z�`���LhdX�XZT>UWV`XZXZT>[]\�[YT>VYXbadc�[YTW\gfihdXZj�k�lmS�^�^�konoP_³_�`T&adcz�dhdXbwz\Z����wRk�UWadcyczT>x»ºc¼G75B}�r�<�d750/;
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³_�`T%S�^�^�k�fiT�UvhJ[�kZwRxYTWX��YTWXZT�UvhJ[`kZwRk�\�hd�}V`[`wR\Zk�wR[]\�TWXbadUv\ZwR[Y�µwR[¯x`wRkZUvXZTW\�T%\ZwR��T���wya x`wzXbT>Uv\�T>xe%MfiT>wz�J�]\�T>x
UvhJ[`[`T>Uv\ZwzhJ[`kÄf�wR\Z�%fiT>wz�J�]\Zk�ÍfÎÐÏ lL�©XbhJ� V`[`wz\]Ñó\�hqV`[�wz\!ÒãnoPÄ�}�dTWXZ��V�[`wz\Ä�`adk�ad[�adUv\ZwR�¨aQ\ZwzhJ[~Ó�lcÔZn´VY�Ex`aQ\�T>x
aQ\�TW�dTWXZ��\Zwy��ToÔ�ÕÆO5ÖbsdÖ&×&×&×BP�³_�YT�adUv\Zwz�QaQ\ZwzhJ[`k�hd��\Z�YT�V`[`wR\Zk_�LTWT>x`wR[Y�µwR[]\�hÝhd\Z�YTWX�V`[�wz\Zk_�LhdXb�8\Z�YT�k�\ZaQ\�T
hd�´\Z�YTq[YTW\úf�hdXZj@P���[�adUv\Zwz�QaQ\ZwzhJ[rÓ Î hd�GV`[`wz\�ÒGwRk�VY�Ex`aQ\�T>xµ~��µUvhJ����VY\ZwR[`��wR\Zk_[YTW\gfihdXZj�wR[Y�MVY\ikbV`�¾ØGÙ&Ô Î %

ØGÙ�Ô Î lcÔ�n�ÕÛÚ Ï ÍfÎÜÏÝÓ Ï lcÔ5Þ�O�n�Ö

ad[`x�Þ�kb�]V`adkb�`wR[Y�Jß�wz\�f�wz\Z��a�x`wß��TWXZT>[]\ZwRaQ~�czT��mV`[`Uv\ZwzhJ[rà$%`adUWUvhdXbx�wR[Y�Y�
Ó Î lcÔZn�Õ¹àÄlcØGÙ�Ô Î lcÔZn�ná×

ÂÃ[Y��VY\�ad[`xµhJV`\���VY\�\�h�\Z�YT%[YTW\gfihdXZj�aQXZTq\ZwR��Tváä�¨aQXZ��wR[Y��kZTWXbwzT>k�hd�G�dT>Uv\�hdX�áä��aQ\�\�TWXb[�k�UWadcRcRT>x�k�T>��VYT>[`UvT>kWP
��T_x`T&��[YT�czT>aQXb[`wR[`��wR[�S�^�^�kÄadkÄhd�`\ZwR��wRæ>wR[Y��a�x`w'�@TWXZT>[]\ZwRaQ~�cRT}hd~1â�T>Uv\Zwz�dT��mV`[`Uv\ZwzhJ[�ã~%]kZV`����T>x�hB�dTWX

adcRc´\ZwR��T�kZ\�TW��k�hd�iadcyc´kZT>�]VYT>[�UvT>kWP%~��¯adx�aQ�`\ZwR[Y�µ\Z�YT�UvhJ[`[`T>Uv\ZwzhJ[ïf�T>wR�J��\ZkWP�ã wyk�~Madk�T>xïhJ[ kZVY��TWXZ��wRk�T>x
\ZaQXZ�dTW\Zk�ÔJäl%`f��`TWXZTså�wR[`x`Tv��T>k�\Z�YT&hJVY\���VY\_V`[�wz\Zk�hd�G\Z�YT&[YTW\úf�hdXZjµf�wR\Z��adUv\Zwz�QaQ\ZwzhJ[`kfÓ1äJP���[�Tv��ad���MczTqwRk
\Z�YTqkb�]V`aQXbT>x�TWXZXZhdX_hd~<âÃT>Uv\Zwz�dT&�LV`[�Uv\ZwzhJ[E�
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f��`TWXZT_Ù ä xYT>[Yhd\�T>k�\Z�YT�Tv��\�TWXb[`adcycz��wy[VâÃT>Uv\�T>x&TWXZXZhdX�§>ã2lcÔ�nEXZTW�`XZT>k�T>[]\Zke\Z�`T�TWXZXZhdX´aQ\I\ZwR��T!Ô��LhdXIhJ[YTik�T>��VYT>[`UvTUvhJ����hJ[YT>[]\�UWadcRczT>xï��aQ\�\�TWXo[EP%®YhdX%aµ\g����wRUWadcÄx`aQ\Za�k�TW\qUvhJ[�kZwRk�\ZwR[`�Ýhd�ik�T>�]V`T>[`UvT>k�hd�}�MaQ\�\�TWXb[`k&%Gã wRk�\Z�YT
kZV�� hd�]ã2lcÔ�n�h��dTWX�adcycE��aQ\�\�TWXb[`k_hd�GadcycEk�T>�]V`T>[`UvT>k_wR[µ\Z�YT%k�TW\WP
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®Gwz�JVYXbT�OQPROQ�}±ITW�©\W��®`TWT>x�áä�©hdXbfiaQXbx�[`T>VYXbadc�[YTW\gfihdXZj@P�¶¯wRx`x`czTd�G±Ia��dTWXZT>x�[YTW\úf�hdXbj f�wz\Z�2ad[�wR[Y�MVY\�cRa��dTWX�%`a
�mV`cRcz� XZT>UWVYXZXZT>[]\_�`wRx�xYT>[µcRa>�dTWX�ad[`x�ad[�hJVY\��MVY\_cRa>�dTWX�P}S�wz�J�]\W�}®`V�cRcz�ÝUvhJ[�[YT>Uv\�T>x�XZT>UWV`XZXZT>[]\_[YTW\gfihdXZj@P

�°�dXbadx`wzT>[]\�xYT>kZUvT>[]\qczT>aQXb[`wR[`�Ýadcz�dhdXbwR\Z�`�8�©hdXqS�^�^�k&%ekZV`Uo�ïadkq±´��³�¶N%�UvhJ����VY\�T>k�\Z�`T��dXoadx`wzT>[]\�hd�
ã°f�wz\Z�µXZT>k���T>Uv\_\�h T>adUb��fiT>wz�J�]\fÍfÎÜÏ \�h xYTW\�TWXb� wR[YT�\Z�YT�fiT>wz�J�]\�Ub�`ad[`�dT>k�ó�ÍfÎÐÏ&�
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Ö
f��`TWXZTsõåwRk_UWadcRczT>x�\Z�YT&czT>aQXb[�wR[Y��XbaQ\�TdP�®`hdX�ad[�Tv�YUvT>cRczT>[]\�wR[]\�XZh�x`V`Uv\ZwzhJ[µ\�hÝ�dXbadx`wzT>[]\_czT>aQXb[�wR[Y��wR[�S�^�^�k
k�TWT&�-wRcycRwRad��kiad[`xR÷�wR��k�TWX&lÃO>¤d¤dsJnoP

³��YT�UvhJ[`[YT>Uv\ZwzhJ[�kbUb�YT>��T�hd��a�[YTW\úf�hdXZj�wRkÄUWadcRcRT>x�\Z�YT�[YTW\gfihdXZj�aQXbUb��wz\�T>Uv\ZVYXZT�hdX�\�hd��hJczhd�d�dPÄ��XbUb��wz\�T>U á
\ZVYXbT>k�f�wR\Z�YhJVY\�czh�hd��k�aQXZT�UWadcRczT>x��LTWT>x�áä�LhdXZf�aQXbxï[YT>VYXbadc�[YTW\gfihdXZj�k�lm®Gwz�JV`XZT2OQPRO5%EczTW�L\onoP�S�^�^ \�hd�@hJcRhd�JwzT>k
Xbad[`�dT��©XZhJ����aQXZ\Zcz�ÝXZT>UWVYXZXZT>[]\&%Y\�h��mV`cRcz� XZT>UWVYXZXZT>[]\_[YTW\úf�hdXZj�kWPi��[µTv�Yad����czT�hd�Äa���aQXb\Zcz�ÝXbT>UWVYXZXZT>[]\_[YTW\Ãá
fihdXZj wRkia�cRa>�dTWXbT>x�[YTW\gfihdXZj f�wz\Z�Ýx�wRk�\ZwR[`Uv\iwR[Y��V`\}ad[`x2hJVY\���VY\�cRa��dTWXbk&%�f��YTWXZT�\Z�YT�XZT>UWVYXbXZT>[`UvT�wRk�cywR��wz\�T>x
\�h�\Z�YT��`wyx`xYT>[²cRa>�dTWXBlmk n�%�adkqkZ�`h�f�[ïwR[²\Z�YT���wyx`x`czT%hd��®Gwz�JVYXZT�OQPROQP�ÂÃ[ï�LV`cycz��XZT>UWVYXZXbT>[�\�[YTW\úf�hdXZj�k�T>adUo�
[Yh�xYT��dTW\Zk�wR[Y��VY\i�LXZhJ��adcRc�hd\Z�YTWX�[Yh�xYT>kqlm®Gwz�JVYXZT OQPRO5%�Xbwz�J�]\onoP
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S�^�^�k�UvhJ[�k�\Zwz\ZVY\�T�aq�dTWXZ� �@hBf�TWXb�LV`cMUWcRadkZk�hd�eUvhJ����VY\ZaQ\ZwRhJ[`adcM��h�xYT>cyk&%]UWaQ��aQ~MczT�hd�Iwy[`k�\Zad[]\ZwRaQ\ZwR[Y�&adcy��hJk�\
aQXZ~Mwz\�XbaQXZ�2xY��[�ad��wRUWkqlä��wzTW�dT>cy��ad[`[r*°��hJ[]\ZaQ�<%�O>¤d¤�O�noP
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aQXZT��`XZT>UWwRk�T>cR��wR[]\�TWXZT>k�\�T>xP%��YhBf�TW�dTWX(%�wy[�\Z�YhJk�T�kZwz\ZV`aQ\ZwzhJ[�kÄf��YTWXZT�\Z�YTWXZT�wRk�[Yhy2i9:0|?A750�?�j�[YhBf�czT>xY�dT�hd��\Z�`wRk
j�wR[`xEP

N�ÆJø � �����o�Eÿ����w# � �i�e���]� ù 
"�p���
��V`X�k�hJcRVY\ZwzhJ[�\�h&\Z�YT��`XZhd~�cRT>�/aQ~@hB�dT�wRkÄ\�h%V`k�T_adx`aQ�`\ZwR�dT ÞÃ�©hdXb�dTW\��JaQ\�T>kZß%f��`wRUo��czT>aQXb[�\�hqXZT>kZTW\}��T>��hdXZ�
~�cRh�Ubj�k�hJ[�UvT \Z�YT>wzX�UvhJ[�\�T>[]\Zk�aQXZT�hJVY\%hd��x`aQ\�TÝad[`xÑ�YT>[`UvT V�k�T>czT>kZkWPµÇi�ïXZT>k�TW\Zk%f�T2xYh�[Yhd\%hJ[`cz�ï��T>ad[
wR� ��T>x`wRaQ\�T�XZT>k�TW\Zk�\�h�æWTWXZh�~MVY\_adcRk�h��dXbadx�V`adcEXZT>k�TW\Zk�UvhdXZXZT>k���hJ[`x`wy[Y��\�h kZczhBf�cz� �madx`wR[`��UvT>cycek�\ZaQ\�T>kWP

¶�hdXZT�k���T>UWw'��UWadcRcz�>%dfiT�XbTW��cRadUvT_\�Xbadx�wz\ZwzhJ[`adc`±G��³�¶{� k}UvhJ[`kZ\Zad[�\����i�åfiT>wz�J�]\�OQP Ê%~]��\Z�YT��%V`cR\Zwz��cRwRUWa¨á
\Zwz�dT��LhdXZ�dTW\��JaQ\�T%adUv\Zwz�QaQ\ZwzhJ[wÓ.Ê@Pi��TWT&®Gwz�JV`XZTq��PROQPT	���	�
� Ë����EÌ�'I�6(z��'IBbB`�"02���	$b�+!3(#�+(ÍÁ);	Â@Ã Ì4&´$�q�Ë�����1"�.$pÎp'+$E��B
��cRc�T>��V`aQ\ZwzhJ[`kÄhd�@\�Xbadx`wR\ZwzhJ[`adcY±´�Y³�¶N� k��©hdXZf�aQXbx��MadkZkÄTv�YUvTW�`\��LhdX}T>��V`aQ\ZwzhJ[�lãs�Pt{JnÄf�wRcRc�XZT>��adwy[��¨adcRwyx�adcRk�h
�LhdX_Tv��\�T>[`xYT>x�±G��³�¶Åf�wz\Z�µ�LhdXZ�dTW\_�JaQ\�T>kWP

³��YT��©hdXZ�dTW\��JaQ\�T�adUv\Zwz�QaQ\ZwzhJ[wÓ.ÊÝwyk�UWadcRUWV`cRaQ\�T>x�cywzjdT�\Z�`TqadUv\Zwz�¨aQ\ZwRhJ[`k�hd�´\Z�YT�hd\Z�YTWX_�JaQ\�T>k59)k�TWTqT>��V`a¨á
\ZwzhJ[�kqlãs�PRO�n�ad[`xºlãs�PtsJno�

ØGÙ&Ô Ê £JlcÔZn�Õ�Ú Ï Í Ê £ Ï Ó Ï lcÔVÞ O�n�§�Ó Ê £ lcÔZn�Õ¹à Ê £JlcØGÙ�Ô Ê £�lcÔZn�n	× lã��PRO�n
Ä�TWXZT�ØGÙ&Ô Ê £�wRk�\Z�YT�wR[Y�MVY\_�LXZhJ�,\Z�YT�[YTW\gfihdXZj¯\�h�\Z�YT��©hdXZ�dTW\��JaQ\�TdP���T�V`k�T�\Z�YT�czhd�JwRk�\ZwyU%kZwR�J��hJwRx¯f�wz\Z�
Xbad[`�dT�« Ê1Ö>O�¬�adk�kZ��V`adkZ�`wR[`�º�mV`[`Uv\ZwzhJ[¹à Ê £ P Âú\Zk�hJVY\���VY\2~�T>UvhJ��T>k�\Z�YTïfiT>wz�J��\�hd�%\Z�YT k�T>cz�&XZT>UWVYXZXZT>[]\
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yc

wh yout yout

output gating

ouput gate

outnetout

sch(  )output squashing

wg yin

wc

cnet

netg(    )cinput squashing

w

iny
input gate

innetin
input gating

memorizing and forgetting

cc
ins = s y + g y yϕ

forget gate

ϕnetϕ

ϕ

®Gwz�JVYXbT ��PROQ��¶�T>��hdXZ�ï~�czh�UZj²f�wz\Z� hJ[`cz�²hJ[YT UvT>cRcÄ�LhdXq\Z�YT Tv��\�T>[`x`T>xº±´�Y³�¶ Pe� ��V`cz\Zwz�McRwRUWaQ\Zwz�dT��LhdXZ�dTW\
�JaQ\�T�UWad[�XZT>k�TW\_\Z�`T&UvT>cRcA� k�wR[�[YTWX_k�\ZaQ\�T�� � P
UvhJ[`[`T>Uv\ZwzhJ[�hd�Ä\Z�YT%wR[�\�TWXo[`adcIk�\ZaQ\�T�� � wR[�T>��V`aQ\ZwzhJ[ lãs�Pt{JnoP_³_�YTqXZTW��wRk�T>x¯VY�Ex`aQ\�T�T>��V`aQ\ZwzhJ[¯�©hdX)� � wy[�\Z�YT
Tv��\�T>[`xYT>x�±G��³�¶ëadcz�dhdXbwz\Z���ówRkqlL�©hdX�Ô�²�Ê�no�� ��±£ lcÔZn�Õ Ó Ê £ lcÔZn � ��±£ lcÔ5Þ�O�n�®IÓ � � £ lcÔZnÏ�@lcØGÙ�Ô �
±£ lcÔZn�n	Ö lã��PtsJn
f�wR\Z�H� ��±£ lmÊ�n�Õ Ê�P��Ä��\�T>[`xYT>x�±´�Y³�¶N� k��mV`cRc��©hdXbfiaQXbx²��adkbk�wRk�hd~`\ZadwR[YT>xï~��¯adx`x�wR[Y�2T>�]V`aQ\ZwRhJ[`k�lã��PRO�n�\�h
\Z�YhJkZTqwR[����`aQ�`\�TWX�s�ad[`x�XZTW�McRadUWwR[Y��T>��V`aQ\ZwzhJ[ºlãs�Pt{Jn�~]� lã��PtsJnoP

Ç�wRadk�fiT>wz�J�]\Zk��LhdX_±´��³�¶É�JaQ\�T>k�aQXZTqwy[`wz\ZwRadcRwRæWT>x f�wR\Z�2[`TW�JaQ\Zwz�dTq�QadcRVYT>ki�©hdX�wR[Y��VY\iad[`xµhJVY\���V`\��JaQ\�T>k
lmk�TWT���T>Uv\ZwzhJ[²��Pt��PtsJn�%@��hJkZwR\Zwz�dTq�QadcRVYT>k��LhdX��LhdXZ�dTW\��JaQ\�T>kWP_³_�`wRk�wR����cRwRT>k59-UvhJ����aQXbT�T>��V`aQ\ZwzhJ[�k%lã��PRO�n�ad[`x
lã��PtsJn�9"\Z��aQ\�wR[�\Z�`T�~@TW�Jwy[`[`wR[Y��hd�G\Z�YTq\�Xbadwy[`wR[Y�����`adkZT�\Z�YTq�LhdXZ�dTW\_�JaQ\�T%adUv\ZwR�¨aQ\ZwzhJ[�f�wRcRc@~�TqadcR��hJkZ\&OQP Ê1%
ad[`x \Z�YT�T>[]\ZwzXZT�UvT>cRc`f�wycRc�~�T>�`a>�dT�cRwzjdT�a&\�Xbadx`wz\ZwRhJ[`adc`±´�Y³�¶8UvT>cRcãPGÂú\�f�wRcRcY[`hd\}Tv����cRwRUWwz\ZcR�&�LhdXZ�dTW\iad[]��\Z�`wR[Y�
V`[]\ZwRc�wz\_�`adk�czT>aQXb[YT>x�\�h �©hdXZ�dTW\WPT	���	�:� Ð�'I*6Ñ<Ì@'I�6(z��'�BbB`��02���	$E��!3(3��(ÍÁ);�ÂAÃ Ì4&�$�q/Ë��"��1��.$pÎp'Ò$E��B
±G��³�¶{� kq~�adUbj]f�aQXbxå��adkZk�wRk%ad[ÑT&�ÝUWwzT>[�\��mV`kZwzhJ[�hd��kZcRwz�J�]\Zcz����h�x`w'�`T>xe%�\�XbV`[`UWaQ\�T>xå~�adUbj �`XZhd�MaQ�JaQ\ZwzhJ[
\Z�YXbhJVY�J�)\ZwR��TÁlmÇ�|}³_³�nïlLTdP£���)wRcRcRwRad� k�*Ì|´T>[Y�ÕO>¤d¤QÊ)n2ad[`xçaÁUWV`kZ\�hJ��wzæWT>x)�dTWXbkZwRhJ[çhd�%XbT>adc�\ZwR��T
XZT>UWV`XZXZT>[]\2czT>aQXo[`wR[Y�"lmSG³_S�±´n²lLTdP£�YP S_hd~MwR[`k�hJ[X*Å®�adcRcRkZwRx`TÑO>¤d¡J�dnoPÆ��V`\���VY\ÝV�[`wz\Zk2V`k�TïÇi|i§�hJV`\���VY\
�JaQ\�T>k�V`k�T�kZcRwz�J�]\Zcz�2��h�x�w'�`T>xe%�\�XbV`[`UWaQ\�T>x�Çi|�³_³�P���T>wz�J�]\Zk_\�h UvT>cycRk&%YwR[Y��V`\��JaQ\�T>k�ad[`x�\Z�YTq[YhB�dT>cE�LhdXZ�dTW\
�JaQ\�T>k&%��Yh�fiTW�dTWX�%IV`kZT�a2\�XbV`[�UWaQ\�T>x¯�dTWXokZwzhJ[²hd��SG³_S�±�P�³IXbV�[`UWaQ\ZwzhJ[ï��T>ad[`k�\Z�`aQ\qadcRc�TWXZXZhdXok�aQXbT�UWV`\�h5�
hJ[`UvT2\Z�YTW�ºcRT>aQj hJVY\�hd�_a²��T>��hdXZ� UvT>cRc�hdX��JaQ\�T>%}adcz\Z�YhJVY�J�Ñ\Z�YTW�ºx`h²k�TWXb�dTÝ\�h�Ub��ad[Y�dTµ\Z�YTÝwR[�UvhJ��wR[Y�
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fiT>wz�J�]\ZkWP�³_�YT&T/��T>Uv\�wRk�\Z�`aQ\�\Z�YT�������k�aQXbT&\Z�YT%hJ[`cz�µ��aQXZ\_hd�Ä\Z�`T%k���k�\�T>��\Z�`XZhJVY�J��f��`wRUb��TWXZXZhdXbk�UWad[
�`hBf ~�adUbjµ�©hdXZTW�dTWX�Pi³_��wRk���aQjdT>k�±´��³�¶{� k_VY�Ex`aQ\�T>k_T&� UWwzT>[]\�f�wz\Z�`hJVY\_kZwz�J[`w¤��UWad[�\ZcR�ÝaV��T>Uv\ZwR[Y�ÝcRT>aQXb[`wR[Y�
��h�fiTWX>�qTWXbXZhdX��`hBf°hJVY\ZkZwyxYT�hd��UvT>cycRk�\�T>[`x`kq\�h�xYT>UWa>��Tv����hJ[YT>[]\ZwRadcRcz�²ad[���fia���l@Ä�h�Ub�`XZT>wz\�TWX�%iO>¤d¤�O�noP2ÂÃ[
\Z�YT T>�]V`aQ\ZwRhJ[`kq~�T>czhBf�% ¢ÔÓÕ f�wRcRcGwR[`x`wyUWaQ\�T�f��YTWXZT�fiTÝV�k�T�TWXZXZhdX%\�XbV`[`UWaQ\ZwzhJ[ºad[`xe%I�LhdX%kbwR����cRwyUWwz\g�>%IV�[`czT>kZk
hd\Z�YTWXbf�wRk�T�wR[`x�wRUWaQ\�T>xe%YfiTqadkZkZV`��T&hJ[`cz�Ýa kZwR[Y�JczT�UvT>cRc���TWX_~Mczh�UbjMP
��T&kZ\ZaQXZ\_f�wz\Z�µ\Z�`T&V`kZV`adcEkb�]V`aQXbT>xµTWXZXZhdX_hd~1â�T>Uv\Zwz�dT%�LV`[�Uv\ZwzhJ[µ~�adk�T>x�hJ[�\ZaQXZ�dTW\ZkiÔJäJ�

ãÝlcÔZn�Õ O
s Ú ä

Ù ä lcÔZnçæ®§iÙ ä lcÔZni�èÕ¥Ô ä lcÔZn]ÞéÓ ä lcÔZn	Ö lã��Pt�Jn

f��`TWXZToÙ ä x`T>[Yhd\�T>k�\Z�`T&Tv��\�TWXb[`adcRcz��wR[5âÃT>Uv\�T>x�TWXZXZhdX>P���T���wR[`wy��wzæWT�ãÆ��wya��dXbadx`wzT>[]\�x`T>kZUvT>[�\�~��µadx�x`wR[Y�fiT>wz�J�]\qUb�`ad[Y�dT>k-ó�ÍfÎÜÏ°\�h�\Z�YT�f�T>wR�J��\ZksÍfÎÜÏ lL�LXZhJ�ÉV`[�wz\�ÑÌ\�h�V�[`wz\mÒãn�V`kZwR[Y�µczT>aQXb[�wR[Y�2XbaQ\�Tyõàl´Õ�� © wRk
\Z�YT]}qXZhJ[YT>UZjdTWX�xYT>cz\Za�no�

ó�ÍfÎÜÏ%lcÔZn Õ Þiõ ö ãÝlcÔZn
ö ÍfÎÜÏ

ÕáÞiõ®Ú
ä
ö ãÝlcÔZn
ö Ó ä lcÔZn

ö Ódä�lcÔ�n
ö ÍfÎÜÏ

Õ�õ¾Ú
ä
Ù ä lcÔ�n ö

Ó1ä]lcÔZn
ö ÍfÎÐÏ

Õ õ Ú
ä
Ú Î|Ö Ù ä lcÔ�n ö

Ódä�lcÔ�n
ö Ó Î¤Ö lcÔZn ö Ó

Î Ö lcÔZn
ö ØGÙ&Ô Î¤Ö lcÔZn ö ØGÙ&ÔJÎ Ö lcÔ�nö ÍfÎÜÏ

Õ õ Ú
ä
Ú Î Ö Ù ä lcÔ�n ö

Ódä�lcÔ�n
ö Ó Î¤Ö lcÔZn ö Ó

Î Ö lcÔZn
ö ØGÙ&ÔJÎ¤ÖúlcÔZnØ× Õ/Î¤ÖßÎeÓ Ï lcÔVÞ O�n�® ö ØGÙ&ÔJÎ Ö lcÔZn

ö Ó Ï lcÔ5Þ�O�nbÙ
�}XZXZhdXbk�aQXbT�\�XbV�[`UWaQ\�T>x f��YT>[�\Z�YTW��cRT>a>�dT�a%��T>��hdXZ��~�czh�UZj�~���k�TW\�\ZwR[Y�%\Z�YT��LhJcRczhBf�wR[Y�&x`TWXbwz�QaQ\Zwz�dT>k}wR[ \Z�YT
aQ~�h��dT&T>�]V`aQ\ZwRhJ[�\�h�æWTWXZhY��Ú �bÛ ¢ÝÜ Ö
Þ ¢àßÚwáãâ Þ ¢ ¯yä ß ¢ÔÓÕ2Ê��LhdXiÒ�å�æWçJè_Ödé=Ø!Öã��ª©.ê P

ó�ÍfÎÜÏ�lcÔ�n ¢ÔÓÕ õ Ú
ä
Ù ä lcÔ�n ö

Ó1ä�lcÔZn
ö Ó Î lcÔ�n

ö Ó
Î lcÔ�n

ö ØGÙ&ÔJÎglcÔZn
Ó Ï lcÔVÞ�O�n

Õ õ ö Ó
Î lcÔZn

ö ØGÙ&ÔJÎglcÔZnAë Ú ä ö Ó ä lcÔZn
ö Ó Î lcÔ�n

Ù ä lcÔZn5ìí îðï ñò%ó6ô Ü Þ ¢àß
Ó Ï lcÔ5Þ�O�n	× lã��P£¢]n

®YhdX�ad[åaQXZ~�wz\�XbaQXb�²hJV`\���VY\&V`[�wz\ l@Ò:ÕZåKåyn�\Z�`TÝkZV`�ëwR["lã��P£¢]nqXZT>x`V�UvT>k&\�h�Ù ä lLf�wz\Z�IåsÕ åKåRnoP�Çi� x`wß��TWX�áT>[]\ZwRaQ\ZwR[Y�²T>��V`aQ\ZwzhJ[çlãs�Pt¤Jn%f�T2hd~`\ZadwR[å\Z�YTµV`kZV�adc}~�adUbj�áä��XZhd��aQ�JaQ\ZwzhJ[ fiT>wz�J�]\�Uo�`ad[Y�dT>k��LhdX�\Z�YTÝhJV`\���VY\
V`[�wz\ZkW�

ö Ó ä lcÔ�n
ö ØGÙ�Ô ä lcÔ�n

Õ¹à åä lcØGÙ�Ô ä lcÔ�n�n�Õ�õ Õ ä lcÔ�n�Õ�à åä lcØGÙ&Ô ä lcÔ�n�n�Ù ä lcÔZn	× lã��PtrJn

³�h¯UvhJ���MVY\�T \Z�YTÝf�T>wR�J��\�Ub�`ad[Y�dT>k%�LhdX%\Z�YTÝhJVY\���VY\&�JaQ\�T>k�ó�Í8�>¡D¢|£ Ï f�T2k�TW\2l@ÒiÕ÷öJøWÔZn�wR[�lã��P£¢]noP²³_�YT
XZT>kbV`cz\ZwR[Y��\�TWXb��k�UWad[�~�TqxYTW\�TWXb��wy[YT>xµ~]�µx`wß��TWXZT>[]\ZwRaQ\ZwR[Y��T>��V`aQ\ZwzhJ[`k%lãs�PRO�n�%Glãs�P �dn_ad[`xºlãs�Pt¤Jno�

ö Ó
�5¡l¢|£ lcÔZn

ö ØGÙ&Ô �5¡l¢|£�lcÔZn Õ¹à å�5¡l¢|£ lcØGÙ&Ô �5¡l¢|£�lcÔZn�n	Ö ö Ó1ä�lcÔZn
ö Ó �5¡l¢|£ lcÔ�n Ù ä lcÔ�n�Õ��Il´� ��±£ lcÔZn�n"Í ä ��±£ Õ ä lcÔ�n	×

ÂÃ[`k�TWXZ\Zwy[Y�Ý~�hd\Z��\�TWXo��kqwR[ïT>��V`aQ\ZwzhJ[�lã��P£¢]n��Jwz�dT>k_Õ ª�5¡l¢|£ %e\Z�YT�UvhJ[]\�Xbwz~�V`\ZwzhJ[ïhd��\Z�`T�~�czh�UZj�� k)§Jáä\Z�ÑUvT>cRcG\�hÕ �5¡l¢|£ Pi��k_TW�dTWXZ��UvT>cycewR[�aÝ��T>��hdXZ�µ~�czh�UZjµUvhJ[]\�Xbwz~�VY\�T>k�\�h \Z�YT&f�T>wz�J�]\�Uo�`ad[Y�dT%hd�´\Z�`T&hJVY\���V`\��JaQ\�T>%@fiT
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�`a��dT&\�hµkZV`�óhB�dTWX�adcRceUvT>cRcRk�§�wR[�~�czh�UZj�¦Ý\�h2hd~`\ZadwR[�\Z�`Tq\�hd\Zadc�Õ �>¡D¢|£ hd�G\Z�YT)¦Qáä\Z�²��T>��hdXZ��~Mczh�Ubj lLf�wz\Z�¨ © UvT>cRcRkono�
Õð�5¡l¢|£�lcÔ�n_Õ¹à å�5¡l¢|£ lcØGÙ&Ô �5¡l¢|£�lcÔZn�n¼ùúpû £Ú ª ò ä �Il´� ��±£ lcÔZn�n<Ú ä Í ä ��±£ Õ ä lcÔ�n5üý × lã��Pt{Jn

���]V`aQ\ZwRhJ[`k�lã��P£¢]n�%ilã��PtrJnòad[`xÁlã��Pt{Jn�xYT&��[YT%\Z�YT�f�T>wz�J�]\�Ub�`ad[`�dT>k��©hdX�hJVY\���V`\�V`[�wz\Zk�ad[`x²hJVY\��MVY\��JaQ\�T>k�hd�
��T>��hdXZ��~�czh�UZj�kWPÄ³_�YT>wzXixYTWXbwz�QaQ\ZwzhJ[ fiadk�adcR��hJkZ\�k�\Zad[`x�aQXbxÝÇ�|�³_³n%�f�wz\Z��TWXZXbhdXikZwR�J[`adcRk�\�XoV`[`UWaQ\�T>xÝhJ[`UvT
\Z�YTW��czT>a��dTÝ��T>��hdXZ�ï~�czh�UZj�kÝlmwR[`UWcyV`x`wR[Y�µwz\Zk��JaQ\�T>k noP�³_�`wRk�\�XbV�[`UWaQ\ZwzhJ[ xYh�T>k&[`hd\&aV�@T>Uv\�±´�Y³�¶N� k&czhJ[Y�
\ZwR��T�cyaQ� UWaQ��aQ~�wRcywz\ZwzT>ki~�VY\�wRk�UvXbV�UWwRadc��©hdX�adcRc�T>�]V�aQ\ZwzhJ[`k�hd�´\Z�YT�~�adUbj]f�aQXbx��MadkZk�ad[`x�kZ�`hJV`cRx2~�T�jdTW�`\_wR[
��wy[`xEP
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�`XbT>x`wRUv\ZwR[Y��\Z�`T2[�V`��TWXZhJV�k%kZ�`hdXZ\&\ZwR��T2cRaQ�²TW�dT>[]\Zk�hd�_\Z�YTµS_TW~�TWX%�dXoad����aQX noPï³_�YT2kZad��TµwRk&\�XoVYT �LhdX
adcRc´hd\Z�YTWX�~Mczh�Ubj�k�Tv�YUvTW�`\�\Z�YT�\Z��wzXbxEP���hJ����hJ[ï\�h�adcRcG��T>��hdXb��~�czh�UZj�k�wRk�\Z�`aQ\�\Z�YTW�ïczT>aQXb[`T>x¯\�h�XbT>k�TW\
\Z�YT>� k�T>cz�dT>k_wR[�ad[�aQ�`�`XZhd�`XowRaQ\�T��Ladkb�`wzhJ[EP
T	��T	�,x ?A�"!%$�&
!	=#'�� Vþ�"&>By-/Â ���7� ����'��cok�6(3�G�W�
���"�C���+�
����\�T>[`x`T>xq±´��³�¶°k�hJcR�dT>kE\Z�YTi����S_u �`XZhd~MczT>�)f��`wRcRT´\�Xoadx`wz\ZwzhJ[`adcd±G��³�¶ xYh�T>ke[Yhd\WPGÇiV`\IUWad[q\�Xbadx�wz\ZwzhJ[`adc
±G��³�¶,k�hJcz�dT��`Xbhd~�czT>��k�f��`wRUo� Tv��\�T>[`xYT>x�±G��³�¶ÈUWad[�[Yhd\�Ç���T�\�T>kZ\�T>xµTv��\�T>[`x`T>x�±´��³�¶ÈhJ[ÝhJ[`T�hd��\Z�YT
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®Gwz�JVYXbT���Ptr���³�hd�e��ÂÃ[]\�TWXb[`adcGk�\ZaQ\�T>k2�y��hd��\Z�YT�\gfih�UvT>cRcRk�hd�}\Z�`T�kZT>cz�yáäXbT>k�TW\�\ZwR[Y�µ\Z�`wzXox¯��T>��hdXZ��~�cRh�Ubj�wR[
ad[2Tv��\�T>[`xYT>x�±´�Y³�¶É[YTW\úf�hdXbjÝx`VYXowR[Y�%a�\�T>k�\_kZ\�XZT>ad�ó�`XZT>kZT>[�\ZaQ\ZwzhJ[eP�³_�YT��`�JVYXZT�kZ�YhBf�k�O��¨Ê�kZV`UWUvT>kbkZwz�dT
k����%~@hJcyk�\ZaQjdT>[��©XbhJ�ó\Z�YTqczhJ[Y�dTWX_kZT>�]VYT>[�UvTq�`XZT>k�T>[]\�T>x�\�h a�[`TW\gfihdXZjµ\Z�`aQ\_czT>aQXb[YT>xµ\Z�`T����}S_u�PM��\ZaQXZ\Zk
hd�I[`TWf-��S�uàkZ\�XbwR[Y�JkiaQXZT�wR[`x`wRUWaQ\�T>xÝ~����dTWXZ\ZwRUWadc�cRwR[`T>k}cRaQ~�T>czT>xÝ~]� \Z�YT�kZ���%~�hJcRk�l ¾ hdX ¦ nÄ\�h�~�T�kZ\�hdXZT>x
V`[]\ZwRc�\Z�YT�[YTv��\�kZ\�XbwR[Y�µk�\ZaQXZ\WP�Ç�hd\�\�hJ����kbwR�%V�cz\Zad[YTWhJV`k��LhdXZ�dTW\��JaQ\�T�adUv\Zwz�QaQ\ZwzhJ[`k�hd��\Z�YT�kZad��T���T>��hdXZ�
~�cRh�UbjMP

��hJkZ\&x`w'� UWV�cz\�[YhJ[`cRwR[`T>aQXqczhJ[Y��\ZwR��T�cRaQ��\Zadk�j�kqTW�dTWX�k�hJcz�dT>xº~]��ad[ÑS�^�^&��Þ�^�hJwRkZ�ï³�T>����hdXbadc���XbxYTWXbß
lm^�³��qn�lL\Zadk�j�{¨~¯\ZaQjdT>[��LXZhJ��Ä�h�Uo�YXZT>wz\�TWXm*°��Ub����wRx`��VY~�TWX�O>¤d¤J�ÝnoPY²¦�Ò`S ³_�YT��dhJadcMwyk�\�h%UWcyadkZkZwz�L��kZT>�]VYT>[�UvT>k}hd�eczh�UWadcRcz��XZTW�`XbT>k�T>[�\�T>x2k����&~�hJcRk>P´��adUb�µk�T>��VYT>[`UvT�kZ\ZaQXZ\Zk
f�wR\Z��ad[{ã~%´T>[`x`k&f�wz\Z��a_- lL\Z�YTºÞÃ\�Xbwz�d�dTWX�k����&~�hJcRß�n�%´ad[`x hd\Z�`TWXZf�wRk�T�UvhJ[�kZwRk�\Zk&hd�iXoad[`xYhJ��cz�²Ub�YhJkZT>[
k����%~@hJcyk��©XbhJ� \Z�YT²k�TW\kçD�:Ö �hÖã�hÖ0y ê Tv��UvTW�`\2�LhdX \Z�YXZTWT¯T>czT>��T>[]\ZkÝaQ\Ý��hJkZwz\ZwzhJ[`k�Ô ä Ö3Ô æ ad[`x Ô�zµ\Z�`aQ\µaQXZTT>wz\Z�`TWX<{�hdX}|ëlm®Gwz�JVYXZT���P �dnoP�³_�YT�k�T>��VYT>[`UvT�czT>[Y�d\Z�ïwRk�Xbad[�xYhJ��cz��Uo�YhJk�T>[ï~�TW\gfiTWT>[ÁOWÊdÊ�ad[`x OdOWÊ1%¦Ô äwRk�Xoad[`xYhJ��cz�ÑUb�YhJk�T>[Á~@TW\úf�TWT>[ OWÊ ad[`xÁsQÊ1%"Ô æ wyk�Xbad[`xYhJ��cR�ºUb�YhJkZT>[�~�TW\gfiTWT>["�d��ad[`x ¢��d%�ad[`x Ô�zµwRkXbad[�xYhJ��cz��Uo�YhJk�T>[ï~�TW\gfiTWT>[ {d{µad[`x �Q{�P&³_�YTWXbT�aQXZT�¡2k�T>��VYT>[`UvT�UWcRadkbk�T>k}~�Ö0��Ö�¨$Ö&�"Ö9�!Ö0�oÖ0-�Ö9� f��`wyUb�
xYTW��T>[`xÁhJ[�\Z�YT²\�T>����hdXbadc�hdXbxYTWXÝhd�q\Z�YT[{²kµad[`x�|�kWP ³��YT�XbV�czT>k aQXZT�lL\�T>����hdXbadc�hdXbxYTWXJo UWcyadkZkono�{RÖ�{gÖ�{ o ~�§s{gÖ�{RÖ0|�o ��§s{RÖ0|_Ö�{ o ¨"§s{RÖ0|_Ö0|�o �-§�|�Ö�{gÖ�{ o �~§�|�Ö�{gÖ0|�o�o§q|_Ö0|�Ö�{ o -�§q|�Ö0|_Ö0|so ��P�³´aQXZ�dTW\Ýkbwz�J[`adcRk�h�UWUWVYX�hJ[`cz� aQ\�\Z�YT�T>[�x hd��a�kZT>�]VYT>[�UvTdP�³_�YT
�`Xbhd~�czT>�w� k���wR[�wR��adcM\ZwR��TqcRaQ��kZwRæWTqwRk_¡QÊ�l�� noP}®YhdXb�dTW\�\ZwR[Y�Ýwyk�hJ[`cz�Ý��aQXb���mV`cMadk�adcRc@XZT>czTW�Qad[�\�wR[Y�LhdXb��aQ\ZwzhJ[
�`adk_\�h�~�T�jdTW�`\�V`[]\ZwRc@\Z�YTqT>[`xµhd�Äa�kZT>�]VYT>[�UvT>%�aQ�©\�TWX�f��`wRUo�µ\Z�YTq[YTW\úf�hdXZj�wyk�XZT>k�TW\�ad[]�]f�a>�dP
��T�V`kZTÝ\Z�YT�[YTW\úf�hdXbjº\�hd��hJczhd�d�Ñx`T>kZUvXbwz~�T>xºwy[åkZT>Uv\ZwzhJ[���Pt��Pts²f�wz\Z� ¡¯wy[Y��VY\�ad[`x�¡�hJVY\��MVY\�V�[`wz\ZkWP

� kZwR[Y�åaÑcyaQXZ�dT¯~MwRadk²lãr�P Ê�n �LhdXµ\Z�YT¯�LhdXZ�dTW\µ�JaQ\�T>k&%�Tv��\�T>[�xYT>x)±´��³�¶	kZhJcz�dT>x�\Z�`T²\ZadkZj�adkµ�]V`wyUZj�cz�Áadk
\�Xbadx�wz\ZwzhJ[`adc�±G��³�¶plLXZT>UWadcyc}\Z�`aQ\�a²�`wz�J� �LhdXZ�dTW\��JaQ\�Tµ~�wRadk&� aQjdT>k%Tv��\�T>[`xYT>x ±G��³�¶(xYTW�dT>[YTWXbaQ\�T�wR[]\�h
\�Xbadx�wz\ZwzhJ[`adc´±´��³�¶²noP � kbwR[Y�µa2��h�xYTWXoaQ\�T�~MwRadk�cRwzjdT�\Z�YT%hJ[`T�V�k�T>x²�©hdX%����S_u,lÃOQP Ê�n�%eTv��\�T>[�xYT>x�±´��³�¶
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®Gwz�JVYXbTï��Pt{�� ³Ihd�I�Ñ�Ä��\�T>[`xYT>xç±G��³�¶{� kµk�T>cz�©áäXZT>k�TW\�\ZwR[Y� k�\ZaQ\�T>k��LhdXµ\Z�YT��`Xbk�\µUvT>cRc�wR["\Z�YT��`Xbk�\2~�czh�UZj@P
Çihd\�\�hJ�����©hdXZ�dTW\��JaQ\�T%adUv\Zwz�QaQ\ZwzhJ[`k�hd��\Z�YTs�`Xbk�\_��T>��hdXZ�Ý~Mczh�UbjMP

}X
Y{ }X

Y{a.b,c,d
noise

a.b,c,d
noise

a.b,c,d
noise}X

Y{
10 - 20

a.b,c,d
noise

E

recurrent connection for continual version

33 - 43 66 - 76 100-110

B

0

®Gwz�JVYXZT&��P �]�i^�³��àad[`x¯��^�³��à\Zadk�j�kWPi��TWT�\�Tv��\��©hdX�x`TW\ZadwRcRkWP

\�h�hdj aQ~�hJVY\i\Z�YXZTWT�\ZwR��T>kiczhJ[Y�dTWX�hJ[µa>�dTWXbaQ�dT>%`~MVY\�x`wyx k�hJcz�dT�\Z�YT��`XZhd~MczT>��PG³_�YT�kZczh�fiTWX�czT>aQXb[`wy[Y�&k���TWT>x
XZT>kbV`cz\Zk��LXZhJ�ó\Z�YTq[YTW\��`a>��wR[Y��\�h cRT>aQXb[µ\�h�XZT>��T>�%~�TWX_TW�dTWXZ��\Z�`wR[Y��ad[�x�[Yhd\_\�h��LhdXZ�dTW\WP
u�T>[`TWXbadcRcz��k���T>aQj�wR[Y�<%@f�T��`a��dT�[Yhd\��dTW\�T>[�UvhJV`[�\�TWXbT>x�a �`Xbhd~�czT>� \Z�`aQ\�±´��³�¶ kZhJcz�dT>k�f��`wRcRTqTv��\�T>[�xYT>x
±G��³�¶Éx`h]T>k_[`hd\WP

½�Y¯¦�Ò�S ^�hBf fiTq\ZaQjdT&\Z�`Tq[YTv��\�hd~]��wzhJV`k�k�\�TW�²ad[`xµ\�Xbad[`kZ�©hdXb��\Z�YTq^�³��ËwR[]\�h�a�UvhJ[�\Zwy[]V`adce�`XZhd~Yá
czT>� \Z��aQ\�xYh�T>k�XZT>��V`wzXZT��LhdXZ�dTW\�\ZwR[Y�<%>â�V`kZ\_adk�wR[�k�T>Uv\ZwRhJ[¯��Pt��PRO5%@~]�2�dT>[YTWXbaQ\ZwR[`� UvhJ[�\Zwy[]V`adcIwR[Y��VY\�k�\�XbT>ad��k
UvhJ[`kbwRk�\ZwR[Y�&hd��UvhJ[`UWaQ\�T>[`aQ\�T>x�^�³�� k�T>��VYT>[`UvT>kqlm®Gwz�JVYXbT���P �dnoP}|}XZh�UvT>kZkZwR[Y��kZV`Uo�2kZ\�XZT>ad��kif�wz\Z�YhJV`\�wR[]\�TWX�á
��T>x�wRaQ\�T�XZT>k�TW\Zk&%`\Z�`T�[`TW\gfihdXZj�wRk�XZT>��V`wzXZT>xÝ\�h czT>aQXb[µ\�h�UWcyadkZkZwz�L� ^�³��àk�T>��VYT>[`UvT>k_wR[�ad[µhJ[�cRwR[YT��Ladkb�`wzhJ[EP
��adUb��wR[Y��V`\ek�\�XZT>ad�ËwRk´k�\�hd�`��T>x&hJ[�UvT�\Z�YT�[YTW\úf�hdXZj%��aQjdT>kÄad[%wy[`UvhdXZXZT>Uv\GUWcRadkZkZw¤��UWaQ\ZwzhJ[qhdX�OWÊdÊ�kZV`UWUvT>kbkZwz�dT
^�³��Ëk�T>��VYT>[`UvT>k��`a��dT&~�TWT>[�UWcRadkbkZw'�`T>x�UvhdXZXbT>Uv\Zcz�dP�±eT>aQXb[`wy[Y� ad[`x�\�T>kZ\ZwR[Y�ÝadcR\�TWXb[`aQ\�T>§�\Z�`T&��TWXZ�LhdXb��ad[`UvT
��T>adkbVYXZT�wyk}\Z�YT�a>�dTWXoaQ�dT&kZwzæWT�hd�}OWÊ%\�T>k�\�k�\�XZT>ad��k&%Y��T>adkbVYXZT>xÝ~]��\Z�`T�[�V`�%~@TWX�hd�I\Z�YT>wRX�^�³�� k�T>�]V`T>[`UvT>k
lLT>adUo�åUvhJ[]\ZadwR[`wy[Y��~�TW\gfiTWT>["OWÊdÊ²ad[`xÁOdOWÊ²wR[Y�MVY\qk����&~�hJcRkonoPµ³�XbadwR[`wR[`�µwyk&k�\�hd�`��T>xÑaQ�©\�TWX�aQ\%��hJkZ\ÝOWÊ�X
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³IXbadx�wz\ZwzhJ[`adcE±G��³�¶ Ê�l©áòn OWÊdÊLZL¢<×t{^\
±´��³�¶Éf�wR\Z��®YhdXZ�dTW\�u�aQ\�T>k s¨¢²lÃO>¡QÊ��d�dn �Q{_ZÃO>sd×ts^\
±´��³�¶Éf�wR\Z��®YhdXZ�dTW\�u�aQ\�T>k
ad[`x�k�T>�]V`T>[�\ZwRadc¦õÑx`T>UWa>� �J��lãsdsd{dr¨¢]n {d�_ZÃOdO5×t¡^\

³´aQ~�czT���Pt���i�ihJ[]\ZwR[]V`hJV`k�^�hJwRk��Ý³IT>����hdXbadce��XoxYTWX�lä��^�³��&no�Y�ihJcyV`��[åÞbV�|´TWXZ�©T>Uv\���hJcäP ß���|�TWXoUvT>[�\ZaQ�dTqhd�
ÞÃ��TWXZ�LT>Uv\Zß�k�hJcRVY\ZwzhJ[�k�lmUvhdXbXZT>Uv\_UWcRadkZkZw¤��UWaQ\ZwzhJ[2hd��OWÊdÊdÊ�kZV�UWUvT>kZkZwz�dTq^�³�� k�T>��VYT>[`UvT>k�wR[ïOWÊ�\�T>k�\_k�\�XZT>ad� kon�§
wR[���aQXZT>[]\Z�YT>k�T>kW��[]V��&~�TWX�hd��\�XbadwR[`wy[Y�Ýk�\�XbT>ad��k��`XZT>k�T>[]\�T>xEP&�ihJcRV`� [�ÞbV�|GaQXZ\ZwRadc���hJcäP ß��_��TWXbUvT>[�\ZaQ�dT�hd�
k�hJcyVY\ZwzhJ[`k´ad[`x�a>�dTWXbaQ�dT�k�\�XZT>ad�/kZwRæWT�lL�QadcRVYT�wR[�ad[Y�JV�cRaQXG~`XbadUZjdTW\Zk n�cÕOWÊdÊ�PÄ��cyc]XbT>kZV`cz\ZkGaQXZT�a>�dTWXoaQ�dT>k}hB�dTWX
OWÊdÊ�wR[�xYTW��T>[`xYT>[]\Zcz�%\�XoadwR[YT>xµ[YTW\gfihdXZj�kWPi��\Z�`TWX�adcR�dhdXbwz\Z�`��k�lmÇ�|}³�³n%YS´³�S�±ïTW\ZUQP n�aQXbT�[`hd\�wy[`UWcRV`xYT>xÝwR[
\Z�YTqUvhJ����aQXbwRk�hJ[P%Y~@T>UWadV�k�T�\Z�YTW�µ�Ladwyc�TW�dT>[�hJ[�\Z�YT&T>adkZwzTWX�%`[YhJ[YágUvhJ[�\ZwR[�V`adce^�³���P

\�Xbadwy[`wR[Y��k�\�XZT>ad��k>P
ö2¸�Ô�F�ª©?�Ô�S ³´aQ~�czT���Pt�2kZV`��� aQXbwzæWT>k�\Z�YT�XZT>kZV`cz\Zk>P���T�hd~�kZTWXZ�dT�\Z�`aQ\�\�Xbadx`wz\ZwzhJ[�adcI±´�Y³�¶ÌaQ�JadwR[²�madwRcRk

\�hïk�hJcz�dTÝ\Z�YT2UvhJ[]\ZwR[�V`adc��`XZhd~�czT>��P��Ä��\�T>[`xYT>xº±G��³�¶(f�wR\Z� �LhdXZ�dTW\%�JaQ\�T>k�%}�Yh�fiTW�dTWX�%}UWad[åk�hJcz�dTµwz\WP��
UvhJ[]\ZwR[�V`adcRcz��xYT>UvXbT>adkZwR[Y��czT>aQXb[�wR[Y� XoaQ\�T�lAõ�xYT>UWa���wy[Y�µ~]�²aÝ�LXbadUv\ZwzhJ[ïhd�iÊ�Pt¤µaQ�©\�TWX�T>adUo� ^�³��Æk�T>��VYT>[`UvT
wR[�a�kZ\�XZT>ad�Ýn�czT>adx�k�\�h kZcRwR�J��\Zcz�Ý~�TW\�\�TWX_XZT>kZV`cR\Zk�~�VY\�wRk_[`hd\_[YT>UvT>kZkZaQXZ�dP

N�Æ�� � ���� ������@ÿ����
�ihJ[]\ZwR[�V`adc�wR[`��VY\qk�\�XZT>ad� k%�dT>[`TWXbadcRcz�ïXZT>��V`wzXZT h�UWUWadkZwRhJ[`adc}XbT>k�TW\Zk&hd��\Z�`TÝk�\�XZT>ad��áä�`XZh�UvT>kZkZwR[Y�²[YTW\gfihdXZj@P
|GaQXZ\ZwRadc�XZT>k�TW\Zk2aQXZT¯adcyk�hÑxYT>kbwzXbaQ~�czT��LhdX \ZadkZj�k2f�wz\Z���`wzTWXbaQXbUo�`wRUWadc_x`T>UvhJ����hJkZwz\ZwzhJ[EPç®YhdXµwR[`kZ\Zad[`UvT>%�XZTvá
h�UWUWVYXZXbwy[Y�ÝkZV`~`\Zadk�j�k�kZ�YhJV`cRx¯~�T�k�hJcz�dT>xï~���\Z�YT�kZad��T�[`TW\gfihdXZj²��h�x`V�czT>%�f��`wRUo�²kb�YhJV`cRx¯~�T�XbT>k�TW\�hJ[`UvT
\Z�YT kbVY~`\Zadk�j)wRk�k�hJcR�dT>xEP8��wR[�UvT²\ú�]�MwRUWadc�XZT>adc áäfihdXbcRx wR[Y��VY\µk�\�XZT>ad� k�aQXZTº[`hd\[2�9�0�?A750|?�x`T>UvhJ����hJk�T>x
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\�h�wR[`��VY\��JaQ\�T>%��LhdXZ�dTW\q�JaQ\�T>%Gad[`x�hJV`\���VY\��JaQ\�TÝaQXZTÝwR[`wz\ZwRadcywzæWT>x�\�h�Ê1× Ê1%qÞ�sd× Ê�ad[�xr®�sd× Ê1%IXbT>k���T>Uv\Zwz�dT>cz�dP
lm��cz\Z�YhJVY�J�¯[Yhd\�UvXowz\ZwRUWadcA%M\Z�YT>k�T��¨adcRV`T>k��`a��dT%~�TWT>[¯�©hJV`[�x�T>����wRXbwRUWadcRcz�Ý\�hÝfihdXZj�fiT>cRcA§Mf�T�V`k�T&\Z�`T>� �LhdX
adcRc�hJVYXqTv���@TWXowR��T>[]\ZkWP nÁ��cRcÄhd\Z�`TWX%fiT>wz�J�]\Zk&aQXZT2wR[`wz\ZwRadcywzæWT>x²\�h¯V`[`wR�©hdXb�,Xoad[`xYhJ�É�QadcRVYT>k&wR[�\Z�YTÝXbad[Y�dT«ßÞ_Ê1×RO5ÖZÊ1×RO�¬äPåÂÃ[åadx�x`wz\ZwzhJ[Ñ\�hï\Z�YTµ\Z�YXZTWTµ��TWTW���YhJczTµUvhJ[`[YT>Uv\ZwzhJ[�k�\Z�YTWXZT�aQXZT�Ov¢�adxVâ�V�k�\ZaQ~�czT2f�T>wR�J��\ZkW��¤
Þ�V`[�wz\Ãáä\�hQágV`[`wz\Zß UvhJ[`[YT>Uv\ZwzhJ[`k�ad[`x¯r�~�wRadk_UvhJ[�[YT>Uv\ZwzhJ[`kWP_³��YT&UvT>cRcA� k�wR[Y��V`\�kb�]V`adkb�`wR[Y���mV`[`Uv\ZwzhJ[`�µwRk�\Z�YT
wRx`T>[�\Zwz\ú�ï�LV`[�Uv\ZwzhJ[EP�³_�YTÝkZ�]V�adkZ�`wR[Y���LV`[�Uv\ZwzhJ[�hd�_\Z�YTÝhJVY\���VY\�V`[`wz\qwyk%a¯czhd�JwRk�\ZwRU kZwz�J��hJwRxºf�wz\Z�ºXbad[Y�dT« Ê1Ö>O�¬��©hdX�¶ï��âçad[`x�u�³���lLTv�YUvTW�`\if��YTWXZT�Tv����cywRUWwz\Zcz��k�\ZaQ\�T>x2hd\Z�YTWXZf�wRkZTBn�%�ad[`x \Z�YT�wyxYT>[�\ZwR\g���LV�[`Uv\ZwzhJ[��LhdX
|�®�u�Pilm�ókbwz�J��hJwRxï�mV`[`Uv\ZwzhJ[ f�hJV`cyx�f�hdXbj adkqfiT>cRcA%I~MVY\qfiT �Lh�UWV`kqhJ[º\Z�YTÝkZwR����cRT>k�\�k���kZ\�T>�Å\Z�`aQ\�UWad[
k�hJcR�dT�\Z�YTq\Zadk�j@P n

��VYX%[YTW\úf�hdXbj�k��`XZh�UvT>kZk�UvhJ[�\Zwy[]V`adcik�\�XZT>ad� k%hd��wR[Y��VY\Zk&ad[`xº\ZaQXb�dTW\Zk&§�hJ[�cz��aQ\%\Z�YT2~�TW�JwR[`[`wy[Y��hd��a
k�\�XbT>ad�°aQXZT�\Z�YTW��XZT>k�TW\WP�³_�`TW����V`k�\iczT>aQXb[�\�h�adczfia���k��`XZT>x�wRUv\Ä\Z�YT�\ZaQXb�dTW\�Ô ä lcÔZn�%]��XZh�x�V`UWwR[Y��a&kZ\�XZT>ad�°hd�hJVY\��MVY\��QadcRVYT>k�lL�`XZT>x`wRUv\ZwRhJ[`kon$Ó ä lcÔ�noP��)�`XbT>x`wRUv\ZwzhJ[ÝwRk}UvhJ[`kbwRxYTWXZT>xÝUvhdXZXZT>Uv\�wz��\Z�YT�aQ~Mk�hJcRVY\�T�hJVY\���VY\�TWXbXZhdX£ Ù ä lcÔZn £ Õ £ Ô ä lcÔZn�Þ[Ó ä lcÔ�n £ wRk�~�T>czhBf Ê1×£¢�¤µ�LhdXq~�wR[`aQXb��\ZaQXZ�dTW\ZkÝlã¶ï��â-%I^�¶²�YâÆad[�xÑu�³��¯\Zadk�j�kon�%�~@T>cRh�f
Ê1×t�²hd\Z�YTWXbf�wRk�T lm|}®´u8\Zadk�j�konoP���\�XZT>ad��k�aQXZT�kZ\�hd�`��T>xåadk k�h]hJ[�adk�\Z�YT�[YTW\gfihdXZj���aQjdT>k�ad[�wR[�UvhdXZXZT>Uv\
�`XbT>x`wRUv\ZwzhJ[e%]hdX�aQ�©\�TWX_a��Jwz�dT>[���a¨�YwR��adc@[�V`�&~�TWXihd��kZV�UWUvT>kZkZwz�dT���TWXbwzh�x`k�lmkZ��wzjdT>kono��OWÊdÊ�x`VYXowR[Y�q\�Xbadwy[`wR[Y�<%
OWÊdÊdÊÝx`VYXbwR[`�%\�T>k�\Zwy[Y�YP
±IT>aQXb[`wR[`��ad[`xq\�T>kZ\ZwR[Y��adcR\�TWXb[`aQ\�Td��aQ�L\�TWXGT>adUb��\�XbadwR[�wR[Y�_k�\�XZT>ad�r%¨fiTi�©XZTWTWæWTi\Z�YT�f�T>wz�J�]\Zk´ad[`xq�dT>[YTWXoaQ\�T
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®Gwz�JVYXbT�r�Pts���³��YXZTWTvágcRa��dTWXÝ±´�Y³�¶ \�hd��hJczhd�d�åf�wz\Z�åhJ[YT�wR[`��VY\�ad[`x hJ[YT�hJVY\���V`\�V`[`wz\WPåS_T>UWVYXZXbT>[`UvT�wRk
cRwy��wz\�T>x¯\�h�\Z�YT��`wRx`xYT>[²cRa��dTWX�%ef��`wyUb�ïUvhJ[`kZwRkZ\Zk�hd��a�kZwR[`�JczT�±G��³�¶Ì��T>��hdXZ��~Mczh�Ubj�f�wR\Z�²a�kbwR[Y�JczT�UvT>cRcãP
��cRce¤ïÞ�V`[`wR\Ãáä\�hQágV`[`wz\Zß�UvhJ[`[`T>Uv\ZwzhJ[`k�aQXbTqkZ�Yh�f�[e%Y~�VY\�~�wyadk�ad[`x���TWTW���YhJczT�UvhJ[`[`T>Uv\ZwzhJ[`k�aQXbT&[Yhd\WP

a�\�T>k�\�k�\�XZT>ad��P���VYX���TWXZ�LhdXb��ad[�UvT���T>adkZV`XZT�wRkI\Z�`T�adUo�`wzTW�dT>x�\�T>k�\�kZ\�XZT>ad�ËkZwzæWTd��OWÊdÊdÊ&kZV`UWUvT>kZkZwR�dT���TWXbwzh�x`k
aQXZT%xYTWT>��T>x²aºÞÃ��TWXZ�LT>Uv\Zß k�hJcRV`\ZwzhJ[EP�³IXbadwy[`wR[Y��wRk�k�\�hd�`��T>x�hJ[`UvT�a�\Zadk�j�wyk_czT>aQXb[YT>x�hdX�aQ�L\�TWX�aÝ��a¨�YwR��adc
[�V`�%~@TWX�hd��OWÊ^¤�\�XbadwR[`wy[Y��kZ\�XZT>ad��k&lÃOWÊ�¥��LhdX�\Z�YT&¶ï��âËad[`x�^�¶ï��âà\Zadk�j�konoP���T>wz�J�]\�Uo�`ad[Y�dT>k�aQXbTq��adxYT
aQ�L\�TWX�T>adUb�Õ\ZaQXZ�dTW\��`XZT>kZT>[�\ZaQ\ZwzhJ[ePÆ³_�`TïcRT>aQXb[`wR[Y�åXbaQ\�T[õ°wRk�k�TW\�\�hÕOWÊ ¯ X §&f�T V`kZT²\Z�`T ��hJ��T>[]\ZV`�
adcz�dhdXowz\Z�`� lm|�cRadVY\&%�^�hBf�cRad[e%C*ÝÄ�wy[�\�hJ[e%�O>¤d¡d{Jn�f�wz\Z�Ý��hJ��T>[]\ZV`� ��aQXbad��TW\�TWX�Ê�Pt¤d¤d¤��LhdX�\Z�YTqu�³���\Zadk�j�%
Ê�Pt¤d¤��©hdX�\Z�YT2|}®�u ad[`xÑ^�¶ï��â�\ZadkZj:%Äad[`xåÊ�Pt¤d¤d¤d¤¯�©hdX�\Z�YT2¶ï��âó\ZadkZjMP���T2XZhJVY�J��cz�ïhd�`\ZwR��wzæWT>xº\Z�YT
��hJ��T>[�\ZV`����aQXbad��TW\�TWX�~]�2\�XZ��wR[Y��hJVY\�x`w'�@TWXZT>[]\�hdXbxYTWXok�hd�´� aQ�J[`wz\ZV`xYTdP

®`hdX�\Zadk�j�k�u�³��2ad[`x�¶²�Yâo%�\Z�YT�k�\�h�Ub��adk�\ZwRU�wR[Y�MVY\�k�\�XbT>ad��k�aQXZT��dT>[YTWXbaQ\�T>x�hJ[�cRwR[YTdPG�Õ��TWXZ�LT>Uv\�k�hJcRV�á
\ZwzhJ[�UvhdXZXZT>Uv\Zcz�µ�`XZh�UvT>kZk�T>k%OWÊ�\�T>k�\�k�\�XZT>ad��k�%`\�hÝ��aQjdT�kZVYXZT�\Z�`T&[YTW\gfihdXZj��`Xbh���wRxYT>k_k�\ZaQ~MczTq��TWXZ�LhdXb��ad[`UvT
wR[�xYTW��T>[`xYT>[]\�hd�_\Z�YTµk�\�XZT>ad��~�TW�JwR[`[`wR[`�<%If��`wyUb�Ñf�T2�©hJV�[`x \�hï~�TÝUvXbwR\ZwRUWadcãP¯��cRc}XZT>kZV`cz\Zk%aQXZT�a>�dTWXbaQ�dT>k
hB�dTWX%OWÊ�wR[�xYTW��T>[`xYT>[]\Zcz��\�XbadwR[`T>x�[YTW\gfihdXZj�kWP
x	��x	�:� ÃØ�G'�Bb=#�6&>!#1/;<��&�Ñ��§¦p���
'.-#BT¨�Ã ;N¦ª©
³_�`Tq[YTW\gfihdXZj�wR[Y��V`\iwRk�a�k���wzjdT�\�XoadwR[e%�XZTW�`XZT>kZT>[�\�T>x�~]�µa�k�TWXbwRT>k�hd��hJ[`T>k�ad[`x�æWTWXbhJk&%`f��YTWXbT�T>adUb�-ÞÃhJ[YT>ß
wR[�x`wRUWaQ\�T>k}a�k���wRjdTdP�����wzjdT>k}h�UWUWVYX�aQ\�\ZwR��T>k«f�lcØ�n}k�TW\�¬r®7/MlcØ�n}k�\�TW��k�aQ��aQXb\&%�f��YTWXZT­¬ËwRk�\Z�YT���wR[`wy�%V`�
wR[]\�TWXZ�Qadc�~�TW\gfiTWT>[�k���wRjdT>k&%`ad[`x`/@lcØ�niwRk_ad[�wR[]\�TW�dTWX�h5�Ek�TW\&%MXbad[`xYhJ��cR��XZT>k�TW\_�LhdX_T>adUo�¯k��MwzjdTd�f�lmÊ�n�Õ®¬7®§/MlmÊ�nnÖ�f�lcØ�n�Õ¯f�lcØfÞ�O�n"®§¬Ï®§/@lcØ�n�lcØxæd° n�×
³_�`T%\ZaQXZ�dTW\&�Jwz�dT>[ aQ\�\ZwR��T>kmÔ�ÕDf�lcØ�n�wRk�\Z�YT�xYT>cya>�_/@lcØ�noPµlm±IT>aQXb[`wR[`�2\�h���T>adkZVYXZT�\Z�YT�\�hd\Zadc�wy[�\�TWXZ�Qadc¬�®±/@lcØ�n�9 \Z�`aQ\�wRk�%@adx`x�wR[Y� \Z�`T�UvhJ[`kZ\Zad[�\}¬Æ\�hµ\Z�YT�hJVY\���VY\�9 wRk�[`h2�`aQXoxYTWX>P n¯�/��TWXZ�LT>Uv\�k�hJcyVY\ZwzhJ[
UvhdXZXbT>Uv\Zcz�º�`Xbh�UvT>kZkZT>k�adcRc}��hJkZkbwz~�czT2wR[Y��VY\%\�T>k�\�k�\�XZT>ad��k>PÑ®YhdX�\Z�`Tµ[`hJ[�ágUvhJ[�\Zwy[]V`adci�dTWXbkbwzhJ[åhd��\Z�YTµ\Zadk�j
lm^�¶²�Yâ�n�a�k�\�XZT>ad� UvhJ[`kZwRk�\Zk�hd�Äa�kbwR[Y�JczT���TWXbwzh�x�lmk���wzjdTBnoP
­°¬�^ÈöÝ¸�Ô�F´ª©?�ÔES ³�aQ~MczT�r�PRO_XbTW�@hdXb\ZkÄXZT>kZV`cR\ZkÄ�©hdXi^�¶ï��âçf�wz\Z�²/MlcØ�n�æpç�Ê1Ö>O ê �LhdX}�QaQXbwzhJV�k���wR[`wy�%V`�

k��MwzjdT�wy[�\�TWXZ�QadcRk.¬�P�³_�YT�XZT>kZV`cR\Zk�kbVY�d�dT>k�\�\Z�`aQ\�\Z�YT�x`w¤� UWV`cz\ú��hd��\Z�YT�\Zadk�j�lm��T>adkZV`XZT>x�adk�\Z�YT�a>�dTWXbaQ�dT
[�V`�%~@TWX�hd�Ä\�XbadwR[`wy[Y� k�\�XZT>ad� k�[YT>UvT>kbkZaQXZ��\�hµk�hJcz�dT�wz\on_wy[`UvXZT>adk�T>k�xYXbadk�\ZwRUWadcycz�µf�wz\Z�[¬,lmk�TWT�®Gwz�JVYXZT�r�Pt�JnoP
�/��V`adcRwz\ZaQ\ZwR�dTqTv���McRad[`aQ\ZwzhJ[¯wRk_\Z�`aQ\�czhJ[Y�dTWX�wR[]\�TWXZ�¨adcyk�[YT>UvT>kZkbwz\ZaQ\�T���[YTWX�\ZV�[`wR[Y��hd�Ä\Z�YT%f�T>wR�J��\Zk&%@f��`wyUb�
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®Gwz�JVYXbT�r�Pt�������dTWXoaQ�dT�[�V`�%~�TWX}hd�e\�Xbadwy[`wR[Y�qk�\�XbT>ad��k}XbT>�]V`wRXZT>x��LhdX�\Z�`T�^�¶²��â \Zadk�j�f�wz\Z�´/MlcØ�n³æpç�Ê1Ö>O ê %
��cRhd\�\�T>x�aQ�JadwR[`k�\�\Z�`T&��wR[`wy�%V`�Æk���wRjdTqwR[�\�TWXb�¨adcµ¬�P
XZT>��V`wzXbT>k´��hdXZT�\�XbadwR[`wy[Y�YP�|´TWTW���YhJcRT_±´��³�¶�hJVY\���TWXZ�LhdXb��kÄ±´�Y³�¶ Pd³_�`T_UvhJ[�\ZwR[�V`adc`¶ï��â-\Zadk�j��©hdX3¬�ÕïOWÊ
f�wR\Z�T/MlcØ�n
æ/ç�Ê1Ö>O ê hdXi/MlcØ�n
æ�ç�Ê1Ö>O5Öbs ê %�wRk�k�hJcz�dT>xåf�wz\Z�ÑhdX%f�wz\Z�YhJVY\%�@TWTW�M�YhJczTÝUvhJ[�[YT>Uv\ZwzhJ[`k�lm³´aQ~�czT
r�PRO�noP
ÂÃ[å\Z�YTµ[YTv��\�Tv����TWXbwR��T>[]\%fiTµTW�¨adcyV`aQ\�T�\Z�YTµwR[<��VYT>[�UvTÝhd�_\Z�`T2Xoad[Y�dTµhd�­/MlcØ�n�%�V`kZwR[Y�²\Z�YT�wRxYT>[]\Zwz\ú�

�mV`[`Uv\ZwzhJ[�wy[`k�\�T>adx�hd��\Z�YT cRhd�JwRk�\ZwRU�kZwR�J��hJwRx�adkqhJV`\���VY\qkZ��V`adkZ�`wy[Y�µ�LV`[�Uv\ZwzhJ[EP���T2czTW\E/MlcØ�n�Xbad[Y�dT�hB�dTWXç�Ê1Ödé ê hdX_ç�Ê1Ö'×'×'Ödé ê �©hdX�adcRc�é æþç�O5Ö'×'×'Ö>OWÊ ê P�S�T>kZV`cz\Zk�aQXZT&XZTW��hdXZ\�T>x¯wR[�³´aQ~�czT�r�Pts��LhdX�^�¶²�Yâ/f�wz\Z�_¬�ÕºOWÊ�P
³_�`T2\�XoadwR[`wR[Y��x`V`XbaQ\ZwzhJ[�xYTW��T>[`x`k�hJ[Á\Z�YT�kZwzæWT�hd��\Z�YT�kZTW\��©XbhJ� f��`wRUo�¶/MlcØ�n�wRk xYXba>f�[e%�ad[`xÁhJ[�\Z�YT
��a¨�YwR��V`� x`wyk�\Zad[`UvT�lã¶¯âqnÄ~�TW\úf�TWT>[2T>czT>��T>[]\ZkiwR[�\Z�YT�k�TW\WP��çcRaQXZ�dTWX�¶�â czT>adx`k}\�h�a&~@TW\�\�TWX�k�TW��aQXoaQ\ZwzhJ[
hd���MaQ\�\�TWXb[`k&%�\Z��V`k��LadUWwRcywz\ZaQ\ZwR[Y�ÝXZT>Uvhd�J[`wz\ZwzhJ[eP�³�h�UvhJ[<�`Xb� \Z�`wRk&%@fiT�Xoad[�\Z�YT�^�¶²�Yâ \Zadk�j¯f�wz\Z�L¬[Õ OWÊ
ad[`x·/@lcØ�ncæjç�Ê1Ödé ê f�wz\Z�Hé)æjçBsdÖ'×'×'Ö>OWÊ ê lmkZwzæWT sd%�¶¯â¼éòn�%�adkqkb�Yh�f�[�wy[¯\Z�`T�~@hd\�\�hJ�Å�`adcz�}hd�i³�aQ~MczT r�Pts�P
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³´aQ~�czT&r�Pts���³_�YT���TWXbUvT>[]\ZaQ�dT&hd�G��TWXZ�LT>Uv\�k�hJcRVY\ZwRhJ[`k��©hJV�[`xe%`ad[`x�\Z�`T&��T>ad[�ad[�x�k�\Zad[`x`aQXox�xYTWXbwz�QaQ\ZwzhJ[�hd�
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\Zadk�jµf�wR\Z�J¬RÕïOWÊ�ad[`x��¨aQXbwRhJV`k�Ub�YhJwyUvT>k_�LhdX_\Z�YT&k�TW\�hd�´xYT>cya>��k¸/MlcØ�noP
x`w¤� UWV`cz\ú�²wR[�UvXZT>adk�T>kqXoaQ��wRx`cz�²�LhdX�cRaQXb�dTWX2éZP�³��]V`k&\Z�YT \ZadkZj:� k�x`w'� UWV�cz\g��xYh�T>k&[Yhd\%�dXZh�fócRwy[YT>aQXbcz�¯f�wz\Z�
\Z�YT�[�V`�%~@TWX�hd����hJkZkZwz~�cRT%xYT>cRa���k�%IUvhdXZXZT>k���hJ[`x�wR[Y� \�h��¨adcRV`T>k�lmk�\ZaQ\�T>kon�wR[�kZwRxYT�a�UvT>cRcG\Z�YT�[YTW\úf�hdXZjï��V`k�\
czT>aQXo[Ý\�h�x�wRk�\ZwR[Y�JV�wRkZ�EP�Âò[`kZ\�T>adxµf�T�hd~�kZTWXZ�dTq\Z�`aQ\_±G��³�¶,�maQXZT>k�~�T>k�\�aQ\_x`wRkZ\ZwR[Y�JV`wRkb�`wR[Y�&{�hdX���x�wß�@TWXbT>[�\
xYT>cya>��kWPï��[`TÝwRk&\�T>���`\�T>xå\�h²x`Xba>fóa�UvhJ[�[YT>Uv\ZwzhJ[å\�h¯\Z�`TåÞ���aQ�JwyUÝ[�V`�%~@TWXoß�hd����³çs¯wz\�T>��k%\Z�`aQ\�ad[
a��dTWXbaQ�dT ��V`��ad[ïUWad[ k�\�hdXZT�wR[ ���`hdXZ\�³�TWXb�É¶�T>��hdXZ��lä��³�¶ïn�lã¶�wRcyczTWX�%GO>¤drd{Jn�%I~�VY\�kZV�Ub�ïa�cRwR[Yj�kZTWT>��k
XbaQ\Z�`TWX_�LaQXZáä�©TW\ZUo�YT>x�\�h V�kWP

��T�adcyk�h�hd~�k�TWXZ�dT�\Z��aQ\�\Z�YT�XZT>kZV`cR\Zk%�LhdX]/@lcØ�n�æzç�Ê1Ö>O ê aQXZT�~�TW\�\�TWX�\Z��ad[ \Z�YhJk�T�hd~`\ZadwR[`T>x f�wz\Z��a
kZwR�J��hJwRx��LV�[`Uv\ZwzhJ[�lmUvhJ���MaQXZT�³´aQ~�czT�r�PRO�noP}®GcRV`Uv\ZV�aQ\ZwzhJ[`kÄwR[�\Z�YT�k�\�h�Uo�`adk�\ZwRU�wR[Y��VY\ÄUWad[�UWadV�k�T_\�T>����hdXbaQXZ�
kZaQ\ZV`XbaQ\ZwzhJ[�hd�GkZwz�J��hJwyx�V`[`wz\Zk&§Y\Z�`T�XZT>kZV`cz\Zwy[Y��\ZwR[��µxYTWXbwR�¨aQ\Zwz�dT>k_�©hdX_\Z�`Tq~�adUZj�f�aQXbx���adkZk�f�wRcRc@kZczhBf xYhBf�[
czT>aQXo[`wR[Y��lm±eTB��V�[e%`Çihd\�\�hJVe%���XbX�%W* ¶±¹V`cRczTWX�%EO>¤d¤d¡JnoP

­°¬�^ Ïµ=�§�ª:ZeÔ�KLÔES ±G��³�¶ÍczT>aQXo[YT>xº\�hï��T>adkZV`XZT \ZwR��T2wR[º\gfihï�`XbwR[`UWwR��czT>xïf�a>��kWP²³��YT��`Xok�\%wRk&\�h
kZcywz�J��\ZcR�ÝwR[`UvXbT>adk�T�\Z�YT%UvT>cyceUvhJ[�\�T>[]\Zk)� � aQ\�T>adUb�¯\ZwR��T&k�\�TW�G%�k�h�\Z�`aQ\�\Z�YTqT>cRaQ�Mk�T>x�\ZwR��TqUWad[¯~�T�XZT>adx�h5�
\Z�YT��QadcRVYT�hd��� � P&³_�`wRk�j�wR[`x¯hd��k�hJcRV`\ZwzhJ[ïwRk�kZ�Yh�f�[¯hJ[ï\Z�`T�cRTW�©\Ãág�`ad[�x²kbwRxYT&hd�i®Gwz�JVYXZT�r�P£¢YP2lm³��YT�k�\ZaQ\�T
XZT>kZTW\&��TWXZ�LhdXb��T>x�~���\Z�YT �LhdXZ�dTW\��JaQ\�T�wRkqT>kZkZT>[�\ZwRadc}hJ[`cz�ï�LhdX�UvhJ[]\ZwR[�V`adc�hJ[`cywR[YT��`XbT>x`wRUv\ZwzhJ[�hB�dTWX���ad[��
��TWXbwzh�x`kWP n ³_�YT�k�T>UvhJ[�x�fia���wRk�\�h�T>k�\ZaQ~�cywRkZ�ïwR[]\�TWXb[`adcGhJkZUWwRcycRaQ\�hdXbk�ad[`x x`TWXbwz�dT�\Z�YT�T>cRaQ��kZT>x�\ZwR��T��LXZhJ�
\Z�YT>wRX��M�`adk�T>k�lLXbwz�J�]\Ãág�`ad[`x�kbwRxYT2hd��®Gwz�JVYXbT�r�P£¢]noP�Çihd\Z��j�wR[`x`k%hd��k�hJcRVY\ZwzhJ[�k�UWad[Á~@TµczT>aQXb[`T>x f�wz\Z�åhdX
f�wR\Z�YhJVY\���TWTW���YhJczTÝUvhJ[`[YT>Uv\ZwzhJ[`k�%´adk�wz\&wRk%[YTW�dTWX�[YT>UvT>kZkZaQXZ� �`TWXZT \�h²UWczhJk�T \Z�`T hJVY\���V`\q�JaQ\�TÝ�LhdX���hdXZT
\Z�`ad[�hJ[YT�\ZwR��Tqk�\�TW� lmk�TWTq~�hd\�\�hJ��Xbh�fÕhd�Ä®Gwz�JVYXZT&r�P£¢]noP
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UvhJ[]�dT>[�\ZwRhJ[`adcq±´�Y³�¶pxYh�T>k�[Yhd\�czT>aQXb[-\Z�`wykÝ~�T>�`a���wRhdX>P ^�hd\�T \Z�`aQ\�wR[-k�hJ��T UWadkZT>k�\Z�YT>k�TÕÞ�UWczT>ad[`TWXbß
k�hJcyVY\ZwzhJ[`k�f�wR\Z����TWTW���YhJczT�UvhJ[�[YT>Uv\ZwzhJ[`k \�h]hdjÁczhJ[`�dTWX \�hº~�T�cRT>aQXb[YT>x lmUvhJ���MaQXZT²³´aQ~�czT>kÝr�PRO¯ad[`x-r�Ptsd%
~�T>UWadV`k�T�\Z�`TW�ÝXZT>��V`wzXbTq��hdXZTqUvhJ����cRTv�2~�T>�`a���wzhdX�P
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\Zadk�jµ�LhdX�¬RÕïOWÊ ad[`x`/MlcØ�n�æpç�Ê1Ö>O ê hdXcç�Ê1Ö>O5Öbs ê %Eadk_kb�Yh�f�[�wR[�®Gwz�JVYXZT&r�Pt{�lmcRTW�©\onoP
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aQ�JadwR[�k�\�\Z�YT&��wy[`wR��V`� kZ��wzjdTqwR[]\�TWXZ�Qadcµ¬�%Y�LhdX�/MlcØ�n³æpç�Ê ê P

÷�¦�¬)Ï2=�§�ª:ZeÔ�KLÔES ®Gwz�JVYXbT�r�P �ÝkZ�`h�f�k�\�T>k�\�XbV�[`k�f�wz\Z�²\�XbadwR[YT>x²[YTW\gfihdXZj�k��LhdX�\Z�`T�u�³���\Zadk�jMP�³_�YT
hJVY\��MVY\��JaQ\�T>k�hd�@T>[�hJ[`cz�µaQ\�\Z�YT%hJ[`k�TW\�hd�GaÝk���wzjdT%ad[`x�UWczhJkZT&aQ�JadwR[²wR����T>x`wyaQ\�T>cz�ÝaQ�L\�TWXZf�aQXbx`kWP�Ä�T>[`UvT>%
x`V`XbwR[Y��a2k���wzjdT>%�\Z�YT�hJVY\���V`\�hd��\Z�YT�UvT>cRc�T>�]V�adcRk�wz\Zk�kZ\ZaQ\�T�lm� wRx`x`czT&XZh�fËhd�}®Gwz�JVYXbT�r�P �dnoPq³_�YT%hd��T>[`wR[Y�
hd��\Z�YT�hJV`\���VY\q�JaQ\�TµwRk�\�XbwR�d�dTWXZT>x ~��ï\Z�YTÝUvT>cRc}k�\ZaQ\�T@� � �%wz\%k�\ZaQXZ\Zkq\�h¯hd��T>[ hJ[`UvTÝ\Z�YT wR[Y�MVY\��©XZhJ�Å\Z�YT
��TWTW���YhJcRTµUvhJ[�[YT>Uv\ZwzhJ[�hJVY\úf�T>wR�J�`k a�[YTW�JaQ\ZwR�dT�~�wRadk>P ³��YT�hd��T>[`wR[Y�ïk�T>cz�©áäXZT>wR[Y�LhdXbUvT>k���wRa�a UvhJ[`[`T>Uv\ZwzhJ[
�LXZhJ�8\Z�YT�UvT>cRc´hJVY\���V`\&%Ef��`wRUo�¯��XZh�x�V`UvT>k�\Z�YT��`wz�J�ï[YhJ[`cywR[YT>aQXbwz\ú��[YT>UvT>kZkZaQXb���LhdX��dT>[YTWXbaQ\ZwR[Y��\Z�`T�kZ��wzjdTdP
³_��wRk��`XZh�UvT>kZk�wRk_\�TWXb� wR[`aQ\�T>x¯~]�µ\Z�YT�UWczhJkZwR[`��hd�Ä\Z�YT&�LhdXZ�dTW\��JaQ\�T>%�\�Xbwz�d�dTWXZT>x¯~]��\Z�`T%UvT>cRcIhJVY\���VY\�kZ��wzjdTdP
��wy�%V`cR\Zad[YTWhJV`kZcz��\Z�`T&wR[Y��V`\��JaQ\�T�UWczhJk�T>k&%�kZh�\Z�`aQ\M� � wRk�XZT>k�TW\WP
ÂÃ[ \Z�`TÝ��aQXb\ZwRUWV`cRaQX&kZhJcRVY\ZwzhJ[ÑkZ�Yh�f�[ºhJ[Ñ\Z�YT2Xbwz�J�]\Ãág�`ad[`xºkbwRxYT�hd�_®Gwz�JVYXbT2r�P ���©hdXI¬¥Õ"rQÊ1%Ä\Z�YTÝXZhJczT

hd�_\Z�`T2�LhdXZ�dTW\��JaQ\�T�wR[Ñ\Z�`wRk��`Xbh�UvT>kZk�wRk%\ZaQjdT>[�hB�dTWX�~]�åa¯[`TW�JaQ\Zwz�dT�k�T>cz�©áäXZT>UWVYXZXbT>[�\�UvhJ[`[YT>Uv\ZwzhJ[ hd��\Z�YT
UvT>cRc@wR[2UvhJ[VâZV`[`Uv\ZwzhJ[Ýf�wz\Z�2a�kZwR��V`cz\Zad[YTWhJV`k�hd��T>[`wR[Y�%hd�e\Z�YT�hd\Z�YTWX�\gfih��JaQ\�T>kWP���T�\�T>[]\ZaQ\Zwz�dT>cz�ÝXZT>��hB�dT>x
\Z�YT��LhdXZ�dTW\_�JaQ\�TÝlL~��2��wR[`[`wy[Y�&wz\Zk�adUv\Zwz�QaQ\ZwzhJ[�\�h�OQP Ê�n�f�wz\Z�YhJVY\�Uo�`ad[Y�JwR[Y��\Z�YT�fiT>wz�J�]\Zk_czT>aQXb[`T>xR^!?@;c��\Z�YT
�LhdXZ�dTW\��JaQ\�T>� k��`T>cz�eP�³_�YT&[YTW\úf�hdXbj�\Z�YT>[���V`wRUbj�cR�2czT>aQXo[YT>x�a �@TWXb�©T>Uv\�k�hJcRVY\ZwzhJ[ePi±IT>aQXb[`wR[Y� �©XZhJ� kZUvXbaQ\ZUo�
^!?@;c�d75.<;%�©hdXZ�dTW\��JaQ\�T>%i�Yh�fiTW�dTWX�%}[YTW�dTWX���wzT>cRx�k&aïk�hJcRVY\ZwRhJ[@�¯³_�`TÝ�LhdXZ�dTW\��JaQ\�T�wRk%T>kZk�T>[]\ZwRadc�x`VYXbwR[`��\Z�YT
czT>aQXo[`wR[Y�����`adk�T>%�f��YTWXZT�wz\��`XbTW�dT>[�\Zk�\Z�YT&adUWUWV`��V`cRaQ\ZwzhJ[�hd�´wzXbXZT>czTW�Qad[�\�TWXZXbhdXbkWP

³��YT�Tv�YadUv\µ\ZwR��wR[Y�Ñhd�&aåk���wzjdT²wRkÝx`TW\�TWXb��wR[YT>x"~���\Z�YT¯�dXbh�f_\Z�)hd�_� � %_f��`wyUb�-wRk \ZV�[YT>x�\Z�`XZhJVY�J�
UvhJ[`[`T>Uv\ZwzhJ[`k%\�h²wR[`��VY\q�JaQ\�T>%��LhdXZ�dTW\��JaQ\�T>%}ad[`xÑ\Z�YTµUvT>cRciwz\Zk�T>cz�òP�³�h²k�hJcR�dT�u�³����LhdX»/@lcØ�nÄæ ç�Ê1Ö>O ê hdX/@lcØ�n�æWç�Ê1Ö>O5Öbs ê %M\Z�`Tq[YTW\gfihdXZj2T>kZk�T>[]\ZwRadcRcz�Ý\�Xbad[`kZcRaQ\�T>k�\Z�`TqwR[Y��VY\�wR[]\�h�a�kZUWadcRwR[Y���madUv\�hdX_�LhdX_\Z�YT��dXZhBf_\Z�
hd��� � lm®Gwz�JV`XZT&r�Pt¡JnoP
x	��x	��w �����6&���(3&>*pË#=3!C*K$�&��"! Îp��!#�G�6'+$�&
�"!¼¨ �@Ë)Îª©
��T�[YhBf \�Xbadwy[¯±G��³�¶�\�hµ�dT>[YTWXbaQ\�T�XZT>adc áä�QadcRVYT>x¯��TWXbwzh�x`wRU��mV`[`Uv\ZwzhJ[�k&%Madk�hd�`��hJk�T>x¯\�hµ\Z�YT�kZ��wzjdT&\�XoadwR[`k
hd��\Z�YT²u�³��å\Zadk�j@P-��\ÝT>adUb�-x`wRkZUvXbTW\�T�\ZwR��T�kZ\�TW��fiT��`XZhB��wRx`T�a�XZT>adc áä�QadcRVYT>x�\ZaQXb�dTW\&%�kZad����cRT>x f�wz\Z�
�LXZT>��VYT>[`Uv�´¬°�©XbhJ��a�\ZaQXZ�dTW\��mV`[`Uv\ZwRhJ[ràÄlcÔ�noP}^�h wR[`��VY\�wRk��Jwz�dT>[�\�h \Z�YT&[YTW\úf�hdXZj@P

³��YT�\Zadk�j�� k�xYTW�dXZTWT�hd�ex`w'�ÝUWV`cz\g��wyk}wR[<�MVYT>[`UvT>x�~���\Z�YT�kZ�`aQ��T�hd�$à�ad[`xÝ\Z�YT�kZad����cRwy[Y�q�LXZT>�]V`T>[`Uv�²¬�P
³_�`T_�©hdXo��TWXiUWad[Ý~�T_��aQXZ\ZwyadcRcz��Ub�`aQXbadUv\�TWXowzæWT>xµ~]��\Z�YT�aQ~�k�hJcyVY\�T���a¨�YwR��adc��¨adcRV`T>k}hd�ewz\Zk_�`Xbk�\iad[`x kZT>UvhJ[`x
xYTWXowz�¨aQ\ZwR�dT>k&%@� a¨� £ à å £ ad[`xï��a¨� £ à å å £ P%��wR[`UvT%f�T�fihdXZj�wR[²x`wRkbUvXZTW\�T%\Zwy��T>%Ead[`x²f�wz\Z�²[YhJ[�ágx`wß��TWXZT>[]\ZwRaQ~�czT
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®Gwz�JVYXbT�r�P �]�q³�T>k�\�XbV�[¯hd��aµ\�XbadwR[`T>xï�@TWTW�M�YhJczT�±´��³�¶�[YTW\gfihdXZj²�©hdX&\Z�YT u�³��¯\Zadk�jïf�wz\Z�7/@lcØ�n]æ ç�Ê ê %
ad[`xåa²��wR[`wR��V`�ëk���wzjdT2wR[�\�TWXb�¨adc�hd��¬�Õ OWÊ lmcRTW�©\onq��k>P>¬�Õ-rQÊålLXowz�J��\onoP�³�hd�e��\ZaQXZ�dTW\��QadcRVYT>koÔ ä ad[`x[YTW\úf�hdXbj�hJVY\���VY\�Ó ä §���wRx`x`cRTd��UvT>cRcMk�\ZaQ\�T)� � ad[`xÝUvT>cRc`hJV`\���VY\_Ó � §�~�hd\�\�hJ���ÄadUv\Zwz�¨aQ\ZwRhJ[Ýhd�E\Z�`T�wR[Y�MVY\G�JaQ\�TÓE� � %`�LhdXZ�dTW\_�JaQ\�ToÓ Ê %`ad[`x�hJVY\��MVY\��JaQ\�TsÓ��5¡l¢ÃP
k�\�TW���LV`[�Uv\ZwzhJ[`k&%�fiT&xYT&��[YTd�

à å lcÔZni�èÕ¹àÄlcÔl®µO�n]ÞNàÄlcÔZn�Ö ��a¨� £ à å £�½ ��a¨�¢ £ à å lcÔZn £ Ö ��a¨� £ à å å £^½ � a¨�¢ £ à å lcÔw®�O�n]Þ{àÄlcÔZn å £ ×
u�T>[`TWXbadcRcz��kZ�@T>aQj�wR[Y�<%E\Z�`T�cRaQXZ�dTWX�\Z�YT>k�T��QadcRVYT>k�%E\Z�YT��`aQXbxYTWX�\Z�`T�\Zadk�jMPi¬óxYTW\�TWXo��wR[YT>k�\Z�YT�[�V`�%~�TWX�hd�
x`wyk�\ZwR[Y�JV`wykZ�`aQ~�czT�wR[�\�TWXo[`adcYk�\ZaQ\�T>k�XbT>�]V`wRXZT>x�\�hqXZTW�`XZT>kZT>[�\�\Z�`T��@TWXowzh�x�wRU}�mV`[`Uv\ZwRhJ[�wR[�wR[]\�TWXb[`adcYk�\ZaQ\�T�kZ��adUvTdP
³_�`T&cRaQXZ�dTWX<¬�%M\Z�`T%�`aQXbx`TWX�\Z�YT%\Zadk�jMP���T��dT>[YTWXbaQ\�T�kZwy[YTqf�a>�dT>knà UvhJk %M\�XowRad[Y�JV`cRaQX��LV`[�Uv\ZwzhJ[`kià \�Xbw %�ad[`xXZT>Uv\Zad[`�JV`cRaQX}�mV`[`Uv\ZwRhJ[`k_à XZT>Uv\ %�adcRc`Xbad[`�JwR[Y�q~�TW\gfiTWT>[2Ê1× Ê%ad[`x¯O5× Ê1%]T>adUo�µkZad����czT>x�f�wz\Z��\úf�h��LXZT>�]V`T>[`UWwzT>k&%
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®Gwz�JVYXbT�r�Pt¡���³IT>kZ\�XbV`[ïhd��a�\�XbadwR[YT>xï��TWTW���`hJczT�±´��³�¶�[YTW\gfihdXZjï�LhdXq\Z�YT2u�³��¯\Zadk�jïf�wz\Z�·¬ Õ"OWÊ�ad[`x/@lcØ�nÄæ/ç�Ê1Ö>O5Öbs ê P ³Ihd�I��\ZaQXZ�dTW\��¨adcyVYT>ksÔ ä ad[`x [YTW\úf�hdXZjºhJVY\���VY\-Ó ä §}� wRx`x`czTd��UvT>cRcik�\ZaQ\�Tk� � ad[`xåUvT>cRchJVY\��MVY\�Ó � §Y~@hd\�\�hJ���}adUv\Zwz�QaQ\ZwzhJ[�hd�G\Z�YTqwR[`��VY\��JaQ\�TsÓE� � %`�LhdXZ�dTW\_�JaQ\�ToÓ Ê %`ad[`x�hJVY\��MVY\��JaQ\�TsÓ��5¡l¢ÃP¬RÕ�OWÊ�ad[`x`¬RÕ�sdr��
à UvhJk lcÔ�n ½ O

s × O�ÞºUvhJk × s¿¾NÔ¬ Ù8Ù õ ��a¨� £ à åUvhJk £ Õ)��a¨� £ à å åUvhJk £ Õ®¾meÀ¬ Ö

à \�Xbw lcÔ�n ½ÂÁ æ Þ ¢ FÃ� :ÀÄ ßÄ wz�çlcÔG��h�xi¬%n ² Ä æsnÞ æ Þ ¢ FÃ� :ÀÄ ßÄ hd\Z�YTWXZf�wyk�T õ ��a¨� £ à å\�Xbw £ Õçs^eÀ¬ Ö���a¨� £ à å å\�Xow £ Õ-¢�eÀ¬�Ö

à XZT>Uv\ lcÔ�n ½ÆÅ O wz�)lcÔG��h�x»f�n ² Ä æÊóhd\Z�YTWXZf�wRk�T õ ��a¨� £ à åXZT>Uv\ £ Õ)��a¨� £ à å åXZT>Uv\ £ ÕËO~×
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±´�Y³�¶ |´TWTW���YhJczT%±´��³�¶\��d\WP ® V ³IXoadwR[`wR[Y� V ³�XbadwR[`wR[`��m[EP ��hJcäP ��\�X>P�« OWÊ z ¬ g Ç�¨]ã ��hJcãP ��\�X>P�« OWÊ z ¬ g Ç�¨!ã

OWÊ ¤QÊ s¨¢]�d�­³��¨¢`O Ê1×RO>�<³ Ê1× ÊJ�d� OWÊdÊ Ov¢�r�³��ds Ê1×RO>¡<³ Ê1× ÊYO>{à UvhJk sdr Ê ²ÕOWÊdÊdÊdÊ 9 {QÊ Ov¢�¤�³Á� Ê1×RO��­³ Ê1× ÊYO>¤
OWÊ Ê ²ÕOWÊdÊdÊdÊ 9 OWÊdÊ ¡d{d¤�³�sQÊQ¢ Ê1×RO>�<³ Ê1× ÊYOv¢à \�Xow sdr Ê ²ÕOWÊdÊdÊdÊ 9 rQÊ ¢JÊJ{d�­³��QÊJ� Ê1×RO>�<³ Ê1× ÊJs¨¢
OWÊ Ê ²ÕOWÊdÊdÊdÊ 9 ¡QÊ OdOWÊ���³�¤J� Ê1×RO>s<³ Ê1× ÊYOv¢à XZT>Uv\ sdr Ê ²ÕOWÊdÊdÊdÊ 9 sQÊ �B¢�¡�³�sJ�Q¡ Ê1×RO>s<³ Ê1× ÊYO>s

³´aQ~�czT�r�Pt���²S_T>kZV`cR\Zk��©hdX \Z�YT�|}®´uÈ\Zadk�j�%�kZ�YhBf�wR[Y�ï\ZaQXZ�dTW\2�LV�[`Uv\ZwzhJ[ à$%�kZad����cRwy[Y�¯�LXZT>��VYT>[`Uv�§¬�%�\Z�YT
��TWXbUvT>[]\ZaQ�dT�hd����TWXZ�©T>Uv\�k�hJcRVY\ZwRhJ[`k��LhJV`[`xP%Mad[`x¯\Z�YT���T>ad[ïad[`x¯kZ\Zad[`x`aQXbx²xYTWXbwz�QaQ\ZwzhJ[�hd��\Z�YT�[]V`�%~�TWX�hd�
\�Xbadwy[`wR[Y�µk�\�XZT>ad��kqXZT>�]V�wzXZT>xe%Eadk�fiT>cRcÄadk�hd�i\Z�YT�XZh�hd\q��T>ad[ kZ��V`aQXZT>xïTWXbXZhdX»g Çz¨]ã��LhdXq\Z�YT��M[`adc´\�T>k�\
XbV�[EP

¾&»_÷ìö2¸]Ô�F´ª©?�ÔES ��VYX%Tv����TWXbwy��T>[�\Zadc�XZT>kZV`cz\Zk&�©hdX%\Z�YTÝ|�®�u \Zadk�j aQXZT2kZV`����aQXowzæWT>x wR[ ³´aQ~�czTµr�Pt��P
|´TWTW���YhJcRT¯±´�Y³�¶!�©hJV`[�x���TWXZ�©T>Uv\&%_kZ\ZaQ~�czT�k�hJcyVY\ZwzhJ[`k �©hdX2adcRc_\ZaQXZ�dTW\2�mV`[`Uv\ZwzhJ[`k²lm®Gwz�JVYXZT¯r�Pt¤JnoPà±´��³�¶
f�wR\Z�YhJVY\���TWTW���YhJczT%UvhJ[`[YT>Uv\ZwzhJ[`k�UvhJV`cRx¯k�hJcz�dT&hJ[�cz�Ãà UvhJk f�wz\Z�`¬NÕºOWÊ1%�XZT>��V`wzXowR[Y����ad[]����hdXZT&\�XoadwR[`wR[Y�k�\�XbT>ad��kWP �)wz\Z�YhJVY\&�©hdXZ�dTW\%�JaQ\�T>k&%Ä±´��³�¶�[YTW�dTWX�czT>aQXb[`T>x�\�h��`XbT>x`wRUv\�\Z�YT�f�a>�dTW�LhdXb���LhdX%��hdXZT \Z�`ad[
\úf�h kbV`UWUvT>kZkZwz�dT&�@TWXowzh�x�kWP

³��YT2x�VYXbaQ\ZwzhJ[Ñhd��\�Xbadwy[`wR[Y��XbhJVY�J�`cz� XbT&�`T>Uv\�T>x hJVYX�UvXbwz\�TWXbwya��LhdX�\Zadk�jÑx`w¤� UWV`cz\ú�dP²��T�x�wRxº[Yhd\�\�XZ�
\�hïadUb�`wRTW�dTµ� a¨��wR� adc}adUWUWVYXbadUv�Ñ�©hdX�T>adUb�å\Zadk�j@��\�Xbadwy[`wR[Y��f�adk�k�\�hd�`��T>x hJ[�UvTÝ\Z�YT ÞÃ��TWXZ�LT>Uv\�k�hJcyVY\ZwzhJ[`ß
UvXbwR\�TWXbwRa�fiTWXZTq�mV`c'��cRcRT>xEP���UWUWV`XbadUv��UWad[�~�TqwR����XZh��dT>x�~]��xYT>UvXZT>adkbwR[Y��\Z�YT%\�hJczTWXbaQ\�T>x�� a¨��wR��V`�óhJV`\���VY\
TWXZXbhdXqÙ ÏBÈ °ä x`VYXbwy[Y�q\�XbadwR[�wR[Y�<%�adcz~�T>wz\�aQ\�a�kZwz�J[�w'��UWad[]\}wR[`UvXZT>adkZT�wR[Ý\�XbadwR[`wy[Y�qx`VYXbaQ\ZwRhJ[EPÄâ�T>UvXbT>adkZwR[Y��Ù Ï�È °ä~���hJ[YT��`adcR�ÄlL\�h�Ê1×RO>rJn��©hdX�à UvhJk f�wR\Z�²¬RÕ�sdr%adcRk�hqXbT>x`V`UvT>k�\Z�YT�a��dTWXbaQ�dTEg Ç�¨!ã hd�ekZhJcRVY\ZwzhJ[`k�~]��aQ~�hJVY\
hJ[YT��`adcR� %��LXZhJ�ÈÊ1×RO��.³�Ê1× ÊYO>¤�xYh�f�[ï\�h�Ê1× ÊJ¡d{�³"Ê1× ÊdÊJs�P�|´TWXZ�©T>Uv\qkZhJcRVY\ZwzhJ[`k�fiTWXZT�czT>aQXb[`T>x²wy[²adcyc´UWadkZT>k&%
~�V`\ihJ[�cz�2aQ�L\�TWX�lãsJ�¨ÊQ¢�³å¢�¤JnN5JOWÊ z \�XbadwR[`wR[`��kZ\�XZT>ad��k&%�adk�hd�`��hJk�T>xµ\�h²lÃOv¢�¤<³Á�dn>5JOWÊ z \�XoadwR[`wR[Y��k�\�XbT>ad��k
lL��wzT>cRx`wy[Y��{QÊaV�k�hJcRVY\ZwRhJ[`kon}~�TW�©hdXZTdP
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l "3m n�(�o2p�&#qD.+*ro�1s&)(
·utwv<]yx r *sx6f�z|{(YZX�o�]�} r v~x6*�Xq`�xl]�}�f�x�} rZr�� z�x%i ¥���� µ�v~{�tdYZbDx6*s{(YZX�v~x%b r {-*3} ��r *3{So�x%X<X3z�t5^�vs}-X�x�X6_	X<YZo�]}-X��4o�{�t�vsz�tdY�} � ^-*3}-b�bD};* r *s{�� � x%b��6_�*3x%o�{-^�t�z|vsz|{�t�{-[�v~x%b r {-*/} ��� ��xJ­�v~x�tZiyx%ie_�ty{�z��<� r }�v~v~x6*3t�����¤R]�} r v~x6*������};*/z|v<]Zb�x�vsz/o�{ r x6*3}�vsz�{�t��J{�tCo�{�t�vsz�t	��} � z�t r �yvU�~v�*sx�}-bD�)}�tZi�*s{������~v��~v~{-*3};^�x�{-[O*3x�} � t��Qb��;x6*3�J}-oJ*s{��3�xJ­�v~x�tZiyx%i�vsz8b�x�z�t�v~x6*<f�} � ����¤R]�} r v~x6* ������xJ­	v�*/}-o�vsz|{�t�{��yz�t���{-*�b�}�vsz|{�tqo�{�tKf�x6��x%i �S�)vs¡�x-v~x%b r {-*3} � i�z��~vs}�tZo�x�;x�vw`�x�x�t�x6f�x�t�vs�¢}�tZi�£�x�tyx6*3}�vsz|{�t {�� r *3x%o�z��~x � �¤vsz�¥�x�¦�x�§�x�t�vs�J��¤U¡�}�¨�v~x6*�©������~vs}�� � x6£�x�tyx6*3}�vsz|{�t�{����s¥�{	{�vs¡}�t�¦ª¡�z|£�¡ � �«ty{�t � z�tyx�};*�¨;x6*3z|{�¦�z�¬¤v�*3}�!~x�¬�v~{-*3z|x�����¤U¡�}�¨�v~x6*�©����;­�x�¬�{�£�t�z|vsz|{�tª{���*sx�£�� � };*¤}�t�¦®¬�{�t�v~xJ­	v��N*sx�x}�t�¦�¬�{�t�v~xJ­�v¤�~x�t��sz|vsz|§�x � }�ty£���}�£�x�����¤U¡�}�¨�v~x6*)¯��/°� z�¥�x��~x6*3z|x��+�;x�t�¬/¡�¥D};*s±�¨Z*s{�� � x�¥����²{���t�¦³z�t³vs¡yx � z�v~x6*3}�vs�5*sx�´�¡�{�µ�x�§�x6*�´U{���v~x�t¶};*3x�¬�{�t�¬�x�¨�vs��} ��� ��sz�¥�¨ � x6*�vs¡�}�t�vs¡yx9}��;{�§�x�° � ¡yx6��{��²v~x�t·¦y{�ty{�v�*3x�¸���z/*sx�­W�4�)�6}�v6} ��� ´��;x�¬�}����~x9} ��� *sx � x�§�}�t�v�z�ty�²{-*3¥D}�vsz|{�t}��;{��yvUvs¡yx#tyxJ­�vUx�§�x�t�v¤z��U¬�{�t�§�x6��x�¦ª�S�«}+�²x�µ *sx�¬�x�t�v9x�§�x�t�vs�)¬�{�t�vs}�z�t�x�¦�µ9z|vs¡�z�t«}��s¥�} ��� vsz�¥�x�µ9z�t�¦�{�µ#°
å x6*sx µ6x�}�¨�¨ � � ¥r��� µ[v~{��s��¬3¡H*sx � }�vsz|§�x � �®�sz�¥�¨ � x#vs}��~±���´�v~{�x��~vs}�� � z��s¡ª} � z�¥�z|v�v~{�vs¡yx�¬�}�¨�}���z � z|vsz|x���{��vs¡yx ¥r��� µ��¹} � £�{-*/z|vs¡�¥ºz�t�z|vs� ¬��5*<*sx�t�v��²{-*3¥�°ª»¼x«�²{�¬�����{�t½v¾µ6{wz�t�v~x�t��sz|§�x �|¿ �~vs��¦�z|x�¦Àvs}��s±	��´-t�}�¥�x �|¿ ´¨Z*3x�¦�z�¬�vsz|{�tw{��Jvs¡yxmµ®}�¬3±�x ¿ �%Á � }��s���~x6*3z|x��«��µ®}�¬3±�x ¿³Â Á � }��s��´UÃ�Ä�Å�Å���}�t�¦À¬3¡�}�{�vsz�¬ � }��~x6*�¦�}�vs}½� � x�v�Æ���N*s{�¥B}D¬�{�t�v~x��~v)}�v9vs¡yx � }�t�vs}l³yxj·%t��svsz|vs�yv~xD�uÃ�Ä�Ä�Ç��/°

¥���� µÈz���*3��tÀ}��+}ÊÉu¨4�5*sx%�®}���v~{-*sx�£-*sx��s�sz�§�xw��Æ¤­¤�#¥�{	¦�x � vs¡�}�v+¬�}�t�{�t �|¿ }�¬�¬�x��s�+z�ty¨��yv��N*s{�¥Ëvs¡yx¬��5*�*sx�t�v6vsz�¥�x�Ì¹�~v~x�¨Í´d*sx�}�¦�z�ty£�{�t�x¤z�t�¨��yv-}�vU}�vsz�¥Dx�´�µ9¡�z � x�z|vs��¬�{�¥�¨;x�vsz|v~{-*3��ÎÏx�°Ð£y°|´�¥ � � vsz|Ì � } ¿ x6*�¨;x6*3¬�x�¨yÌv�*s{�t��¤��µ ¥ÍÑ �/�¢v�*/}�z�tyx�¦«� ¿ ��}�¬3±�ÌÒ¨Q*s{�¨�}�£�}�vsz|{�tÀ��Ó Ñ �¢ÎÔ�sz�¥ � � vs}�tyx�{���� �|¿ �~x�x��~x�§�x6*3} � �s��¬�¬�x��s�3z|§�x¤z�ty¨��yvs�z�t�}��s��z|vs}�� ��¿ ¬3¡�{��~x�tDvsz�¥Dx�µ9z�t�¦�{�µ#°�Õ9{�v~x)vs¡�}�v � z�¥�x�Ì¹Ö¤x � } ¿ Õ)x��5*3} � Õ)x�v¹µ�{-*s±��¤� � Ö�Õ¤Õ)�×��� å }ÙØ;tyx6* Â»À}�z|�;x � ´yÃ�Ä�Ä�Ç��-};*sx�ty{�v�¨��5*sx ��¿ Æ)­�´��2x�¬�}����~xUvs¡yx ¿ } ��� {�µ
�²{-*-¦�z�*sx�¬�v¢}�¬�¬�x��s�-v~{�¨�}��~v¢x�§�x�t�vs��°-Õ9x�z�vs¡yx6*-};*sxÕ¤Æ)­9ÚÛtyx�v¹µ�{-*s±��#��ÜÍz�t�x�v�} � °|´2Ã�Ä�Ä�¯��6µ9¡�z�¬3¡«} ��� {�µY�²{-*��~x�§�x6*/} � ¦�z��~vsz�t�¬�v6z�ty¨��yv�vsz�¥�x9µ)z�t�¦y{�µ9�)�²¨;{��s�sz�� �|¿{����sz|Ý�x�{�tyx��Uµ9z|vs¡�¦�zÞØ;x6*sx�t�vJv~x�¥�¨;{-*3} � {�Ø��~x�vs��°»¼xJ} � �s{¤x�§�} � ��}�v~xJ�~v~x�¨	µ9z��sx�§�x6*/�s����z|v~x6*3}�v~x�¦+v�*3}�z�t�z�ty£¤}��ß¨Q*s{�¨;{��~x�¦ � ¿ Ñ *3z�t�¬�z�¨2x6}�t�¦+8#�y{��uÃ�Ä�Ä�©��rv~{¥D}�±�x�­9Õ¤Õ¤� � x�};*/t«} ¦ ¿ t�}�¥Dz�¬�}�v~v�*/}�¬�v~{-*¢*3}�vs¡yx6*�vs¡�}�t«�3z�¥�¨ �|¿ }�¨�¨Z*3{%­yz�¥D}�v~x¤{��yv~¨��yv�°�·%v�µU}��6�²{���t�¦�� ¿Ñ *3z�t�¬�z|¨;x�´�­)}�vs¡�z|x�´�}�t�¦#8#�y{ �uÃ�Ä�Ä�Ç���vs¡�}�vrtyx��5*3} � t�x�v¹µ�{-*s±	�ßv�*3}�z�t�x�¦�µ9z|vs¡�z|v~x6*/}�vsz|§�x�v�*3}�z�t�z�ty£U{��yv~¨;x6*s�²{-*3¥v�*3}�¦�z|vsz|{�t�} � ¨Z*sx�¦�z�¬�vsz�{�t�} � £�{-*3z�vs¡�¥D�Uz�t�}�¨�¨Z*s{%­yz�¥D}�vsz�ty£�É�*3x�} � ��¬/¡�}�{�vsz�¬�}�v~v�*3}�¬�v~{-*/��°6ÓU}�±	±�x6*�´ � ¬3¡�{��yv~x�t�´
¯��
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³rz�£��5*sx�Å�°�Ã��6Æ¤­JÌ¹­)Õ)ÕW�~x�vs�y¨®��{-*)vsz�¥�x#�~x6*3z�x��U¨Z*sx�¦�z�¬�vsz�{�t�°
Á�z � x���´ � }�±�x�t���´¢}�t�¦ÀÓ � x�x�±Ê�äÇ�å�å�å��p*sx6±�t�x�¦¼vs¡yx�z|v~x6*/}�v~x�¦�v�*3}�z�t�z�ty£��s¬/¡yx�¥�x«}�t�¦¼��{���t�¦Àz|v��3�y¨;x6*3z|{-*�v~{�~v~x�¨	µ9z��sx�v�*3}�z�t�z�t�£y° å x6*sx#µ�x#¬�}�t�ty{�v9£�x�tyx6*3} ���|¿ ¬�{�t5±Z*/¥Bvs¡�z��R*sx��3� � v�°
l "uæ ç�è é·ê-p 1/ëìê�(¤o;í�,�î�ê�o;.�é
� ¡�x9vs}��~±�z���v~{+���~x�¬��5*<*sx�t�v �|¿ }�§�}�z � }�� � x9¨;{�z�t�vs�6z�tDvs¡yx¤vsz�¥�x��~x6*3z|x��6v~{ ¨Z*sx�¦�z�¬�v6vs¡yx¤�²�yvs�Z*sx�¨;{�z�t�v�´�ï�ðªñ�°� ¡�x-vs};*s£�x�v���{-*ßvs¡yxUtyx�v¹µ�{-*s±#ï�íUz�� vs¡yx�¦�zÞØ;x6*sx�t�¬�x6�2x�v¾µ6x�x�t�vs¡yx�§Ù} � �yx�� ò��²ï�ð9ó;�2{��yvs¡�x�vsz�¥�x��~x6*3z|x���ó+�sv~x�¨��}�¡yx�}�¦®}�t�¦�vs¡yx#¬��5*<*3x�t�vJ§�} � �yx�òr�²ïs�U¥ � � vsz|¨ � z|x�¦D� ¿ }��s¬�} � z�ty£+��}�¬�v~{-*¤ô�õ��¢ï�í��²ï~�-º�ô�õ�ö��²òr�²ï ð®ó;� Û òr�²ïs�~�-ºô õ öÙ÷+ò��²ï~�/°�ô õ �3¬�} � x��¤÷�òr�²ïs�J�;x�v¹µ�x�x�t Û Ã�}�t�¦�Ã���{-*¤vs¡yx v�*3}�z�t�z�ty£D�~x�v�´;vs¡yx+�s}�¥�x §Ù} � ��x��²{-*�ô õ z��¤���~x�¦¦��Z*3z�ty£ v~x��~vsz�ty£y° � ¡yx�¨Q*sx�¦�z�¬�v~x�¦�§�} � �yx#z��Jvs¡yx�tyx�v¾µ6{-*3±�{��yv~¨��yv�¦�z�§	z�¦�x�¦«� ¿ ô�õJ¨ � ���Uòr�²ïs�#��ø�z|£��5*3x�Å�°�Ã��/°Ö��5*3z�ty£�z|v~x6*3}�v~x�¦�¨Q*sx�¦�z�¬�vsz|{�t�µ9z|vs¡�ñ�º·ù+ú�ó�vs¡yx�{��yv~¨���v6z��U¬ � }�¥�¨;x�¦�v~{ vs¡�x�z�ty¨��yv)���sx � ��Ì¹z�v~x6*3}�vsz|{�t4��}�t�¦vs¡yx�¨Z*sx�¦�z�¬�v~x�¦�§Ù} � ��x���};*sx��²x�¦���}�¬3±�ùÀvsz�¥�x���°6øy{-*�¦�z�*sx�¬�vJ¨Q*sx�¦�z�¬�vsz|{�t ó
º·ñû}�t�¦�ù4ºÀÃ�ü��²{-*)�sz�t�£ � x�Ì¹�~v~x�¨¨Z*3x�¦�z�¬�vsz|{�t�óRºwÃ�}�t�¦�ù�º«ñ�°Õ){�v~xDvs¡�}�v#¦��5*3z�ty£·z|v~x6*3}�v~x�¦¼¨Q*sx�¦�z�¬�vsz|{�t ´2vs¡�xDtyx�v¹µ�{-*s±w�~vs}�v~x�}��²v~x6*#vs¡yx�ýZ*3�sv)¨Z*3x�¦�z�¬�vsz|{�tw¡�}���v~{��;x�~v~{-*3x�¦½}�t�¦�*3x�ÌÒx��~vs}�� � z��3¡yx�¦�}��²v~x6*�vs¡yx � }��~v+�~x � ��Ì¹z|v~x6*3}�vsz|{�t���°�ø�{-*�vs¡yx�z|v~x6*3}�v~x�¦½¨Z*sx�¦�z�¬�vsz|{�t�µ)z|vs¡�ó�þ'Ã}�t�¦�ù#þ®Ã�vs¡yx��~x�vs�y¨��;x�¬�{�¥�x��)¥�{-*sx#¬�{�¥�¨ � x�ÿ2� ó®¬�{�¨�z|x��J{���vs¡yx#tyx�v¾µ6{-*3±�¡�}�§�x�v~{�¨Z*sx�¦�z�¬�vJz�t�¨4};*3} ��� x � °� ¡�x tyx�v¾µ6{-*3±ª¨Z*3x�¦�z�¬�vsz�ty£«òr�²ïßðÊù®ö/ó;�9�~vs};*svs��µ)z|vs¡®ò��²ï~�/´ß}�t�¦���x�x�¦����4}�¬s±�vs¡yx+¨Z*sx�¦�z�¬�v~x�¦ª§�} � �yx���ù Û Ãvsz�¥Dx��9v~{�vs¡yx+z�ty¨���v��;x���{-*sx vs¡yx+�s}�¥�x+¨Z*s{�¬�x�¦��5*3x�z��)x�ÿ	x�¬���v~x�¦wµ9z|vs¡�}«�~x�¬�{�t�¦¼tyx�v¹µ�{-*s±®�~vs};*3vsz�ty£·µ9z|vs¡ò��²ï ðPÃ��9}�v)vs¡yx vs}��~±�{���¨Z*sx�¦�z�¬�vsz�ty£Dòr�²ïÍðPÃ�ð
ù®ö~ó;�/° � ¡yx z�t�v~x6*3t�} � t�x�v¹µ�{-*s±ª�~vs}�v~x+z��¤z�t�¦�z/*sx�¬�v �|¿ } � �~{v�*3}�z�tyx�¦+v~{�¥�{�§�x9�N*s{�¥ ç �²ï~�ßv~{ ç �²ï�ð�ó;�rz�t+{�tyx)z|v~x6*3}�vsz|{�t�° å x�t�¬�x�´�vs¡�x�z|v~x6*3}�v~x�¦D¨Q*sx�¦�z�¬�vsz|{�t+{��2{�tyx9�sx6*3z|x��µ9z�vs¡��~v~x�¨yÌ¹�sz�Ý�xJó�þ�Ãq*sx��3� � vs��z�t�vs¡yx�¨�};*/} ��� x � ¨Z*sx�¦�z�¬�vsz|{�t�{��2ó��sx6*3z|x���µ)z|vs¡+ó�¦�zÞØ2x6*3x�t�v9�svs};*svsz�ty£D¨;{�z�t�vs���ï~õ�ñ�� � ñSº¼å � Ã � Ç ��������� ó Û Ã�°+øy{-*#x�ÿy}�¥�¨ � x�´�£�z|§�x�t�ñ�º��Ù��}�t�¦«ó
	À¯w���Ïù
	³Ã����/´Íµ�x��~vs};*sv#}�v�ï~õ�ñ�� � ñ�	¼å}�t�¦�z�v~x6*3}�v~x�Ã��Dvsz�¥Dx��Uv~{D¨Z*sx�¦�z�¬�v�vs¡�x�§Ù} � ��x#}�v�ï�	��Ù�y°-»¼x#vs¡yx�t����~x#}�ty{�vs¡yx6*9¬�{�¨ ¿ {��ßvs¡�x#tyx�v¹µ�{-*s±�v~{¨Z*3x�¦�z�¬�vUï�	��Ù�¤ð'Ã��~vs};*svsz�ty£�}�v�ï~õ�ñ�� � ñ�	wÃ�}�t�¦��~{���{-*svs¡ °ÓU}�±	±�x6*�´ � ¬/¡y{��yv~x�t�´�Á�z � x���´ � }�±�x�t���´	}�t�¦+Ó � x�x�±·�äÇ�å�å�å��r¨Z*3{�¨2{��sx�¦�v~{#¥�zÞÿ�tyx�v¾µ6{-*s±�¨Z*sx�¦�z�¬�vsz|{�t��ßµ9z|vs¡vs¡yx�vs};*3£�x�v�§Ù} � �yx���¦��5*/z�ty£+z|v~x6*3}�v~x�¦�v�*3}�z�t�z�ty£y°���tyx#¬/¡�} ��� x�t�£�x�µ9z|vs¡�vs¡�z��U¨Q*s{	¬�x�¦��5*sx � z|x��Uz�t�ý�t�¦�z�ty£ vs¡yx
*3z�£�¡�v9¥�zÞÿ�z�ty£�¬�{�x���¬�z�x�t�v�°9ÓU}�±	±�x6*)x�v�} � °J���~x�¦�vs¡yx��s}�¥Dx�¬�{�t��~vs}�t�v¤§Ù} � ��x#vs¡5*s{��y£�¡�{��yv�v�*3}�z�t�z�ty£y° � ¡�z��¨Z*3{	¬�x�¦��Z*sx�¡�}��¤vs¡yx+¦�z��s}�¦�§Ù}�t�vs}�£�x+vs¡�}�v���}�¦®¨Q*sx�¦�z�¬�vsz|{�t��9}�v�vs¡yx �2x�£�z�t�t�z�ty£�{��6vs¡yx v�*3}�z�t�z�t�£�z�t�¦���¬�x�}
� {�v){���É~z�ty¨4�yv9ty{�z��sx%��°9»¼x+¥�{	¦�z|ý�x�¦®ÓU}�±	±�x6*�� ��z�¦yx�}�� ¿ z�t�v�*s{�¦���¬�z�ty£D}«¥�}Ùÿ�z�¥ ��¥?{��yv~¨��yv)x6*<*s{-*���� ����²{-*�z|v~x6*/}�v~x�¦�v�*3}�z�t�z�ty£®z�t¼¨ � }�¬�x«{���}®¥DzÞÿ�vs�5*sx�°�»'¡yx�t�vs¡yx�x6*<*3{-*�}�v vs¡yx�{��yv~¨4�yv���í«µU}�� � };*s£�x6*�vs¡�}�t
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� �3��ï?°��|ë ® /+�]� ® ïaî8ð
à ´8½ ³8¸.´WÉ�¾FÊp²GÀqÉ�¶f¾FÙ8¾F¸.¹#Ë
¶2Å+¹ é Ì+¶fÌ+¾MÀeÝ
¾MÅb½i¾ßÉ�¶�Ç%É%´W¸%ÉF·�Å+¶f´8µGÅãÛ�µGÁsÇ%Ì�É%ÌGÁ�Ç<É%Ì+¾MÇ%ÁsÇ Í
Ü Ý
¾MÏFÁs´8À&É%ÌG´8µGÕUÇ,³8¶�É�¶�½\¹bÝ�´W¸.¾MµCÉ%Ç é Ì+¶f´8À é ´M¹2ÇKÇ%²+Ý�Ý&¶8¸.É�¾MÅ)½i¾ßÁsµb¾FÙ8¾F¸%¹UÉ%ÌGÁsµ+³ à:é ´8µCÉ�¾MÅØÉ�¶�Å+¶ Í
â[Ì�ÁsÇ�É%Ì+¾MÇ%Á�Ç é ´8Ç�¶�µGÀe¹~Ý
¶�Ç%Ç%ÁeË�Às¾8·�Ë
¾MÏF´8²GÇ�¾]ò�²+¾F¸%³8¾Mµ Ü Ï�ÌG½fÁsÅGÌU²+Ë
¾F¸�Ç�¾FÉ<²+Ý�É%Ì+¾4± Ü â Ó ÝG¸%¶Wf�¾MÏ�É<´WÉ à È ÜUà Ä
Ásµ�ÏFÀs²GÅGÁsµG³KÉ%Ì+¾[Ý
¶�Ç%ÁsÉ%Áe¶�µ~É%ÌG´WÉ à É�¶U¶8Õ~Á�µ~É%Ì+¾KÀs´8Ç�É?¹8¾M´W¸.Ç Í È ²+¸.ÁsµG³Y´8À�ÀG½\¹~É%Ás½f¾[´WÉ à È Ü2à Ätò�²+¾F¸.³8¾Mµf´8À é ´M¹2Ç
Àe¾FÊjÉY½i¾lÉ%ÌG¾XÊj¸%¾F¾MÅ+¶�½ É�¶bÊj¶�ÀsÀe¶ é ½l¹ã¶ é µyÁsÅ+¾M´8Ç Í B4¾ é ´8ÇY¾�Â+Ï�¾MÀsÀe¾Mµ#ÉY´8Ç]Ç%ÏFÁe¾Mµ#É%ÁeÛ�Ïl¸%¾FÊ'¾F¸.¾MµGÏ�¾~Ý&¶�Á�µCÉY´8µGÅ
´8Ç[Ï�¸�ÁeÉ%ÁsÏYÉ�¶fÉ�¾MÇ�É4½\¹)ÁsÅ+¾M´8Ç,´W³�´8Á�µGÇ�É Í�à ³8¸%¾M´WÉ%Àe¹b´WÝGÝG¸.¾MÏFÁs´WÉ�¾MÅ é ¶8¸%Õ2Ásµ+³ é ÁeÉ%Ì)ÌGÁ�½ Í
àYé ´8µCÉXÉ�¶uÉ%Ì�´8µ+Õ á ²GÀeÊj¸.´8½ ÆY¾F¸.Ç�É%µ+¾F¸XÊ'¶8¸~´8ÏFÏ�¾FÝGÉ%ÁsµG³uÉ%Ì+¾�Ç%²+Ý
¾F¸%Ù2ÁsÇ%Áe¶�µó¶�Ù8¾F¸~É%Ì+¾×É%ÌG¾MÇ�¾MÇ Í B0ÁsÇ\Ï�¸�ÁeÉ%ÁsÏF´8À
Êj¾F¾MÅ+Ë�´8Ï.Õ é ´8ÇK´8À é ´�¹UÇ,Ù8¾F¸.¹bÌG¾MÀeÝGÊp²GÀ&Ê'¶8¸K½l¹ é ¶8¸%Õ Í
à ´8À é ´�¹UÇ�¾MµWf�¶�¹8¾MÅ�¾�Â+Ï.ÌG´8µG³�Ásµ+³=ÁsÅG¾M´8Ç é ÁeÉ%Ì È ¶�²+³�´8µGÅ@¿G¸%¾MÅq· é Ì+¶ é ¶8¸.Õ8¾MÅ é ÁeÉ%Ì�½i¾)¶�µ@É%Ì+¾ã± Ü â Ó
ÝG¸.¶Wfd¾MÏ�É Í
Ó ¹)Å+¾F¾FÝØÉ%ÌG´8µGÕUÇK³8¶�É�¶ Ó ´W¸.´�Ê'¶8¸0´8ÀsÀ!É%Ì+¾\É%ÌGÁsµ+³�Ç[Ç.Ì+¾\ÅGÁsÅãÊ'¶8¸0½i¾\ÅG²+¸�Ásµ+³i½\¹)É%Á�½i¾\Ásµã±a²+³�´8µ+¶ Í ä ´WÊp´8À
´8ÏFÏ�¶�½iÝ�´8µGÁe¾MÅ)½i¾8· é ¶8¸%Õ2Ásµ+³~¶�µãÌGÁ�Ç:É%ÌG¾MÇ%ÁsÇF·+Êj¸%¶�½ É%Ì+¾ßÅG´�¹×¶8Ê�½l¹�Ásµ#É�¾F¸%Ù2Áe¾ é ²Gµ#É%ÁsÀ
µ+¶ é ·G´8µGÅ à ÌG¶8Ý&¾ é ¾
ÏF´8µ|´8ÀsÇ�¶bÏ�¾MÀe¾FËG¸.´WÉ�¾XÉ%Ì+¾��dÉ%Ì+¾XÅ�´M¹2Ç0´WÊjÉ�¾F¸ �óÑ Ê'¶8¸YË
¶8É%Ìã¶8Ê:²GÇ�Ò<É�¶8³8¾FÉ%ÌG¾F¸ Í ¼ ÁsÏ é ´8ÇY´8À é ´M¹2Ç0É%Ì+¾F¸%¾XÊ'¶8¸Y´8µC¹
Ç%ÏFÁs¾MµCÉ%ÁeÛ�Ï0Å�ÁsÇ%ÏF²GÇ%Ç.Áe¶�µbÅ+¶ é µ)Á�µCÉ�¶iÝ�´8Á�µ+Êj²�À&ÅG¾FÉ%´8ÁsÀsÇ Í Ô Ù8¾F¸.¹#É%ÌGÁ�µ+³ é ¶�²�ÀsÅ)ÌG´MÙ8¾\Ë&¾F¾MµØ½l²GÏ�Ìã½i¶8¸%¾ßÅ�Á@��ÏF²GÀeÉ
é ÁsÉ%Ì+¶�²+É à Ù8¶XÅ+¸.ÁeÙ2Ásµ+³Y½i¾[É%ÌG¸%¶�²+³�ÌiÉ%Ì+¾[À�´8Ç�É�Ý�´W¸%É?¶8Ê�É%Ì+¾KÉ%Ì+¾MÇ%ÁsÇ é ÌGÁsÀe¾ à Ï�¶�²GÀsÅfµ+¶8É é ´8ÀeÕ Í Ó ´W¸�Ï�¶ � æ
´W�q´ �
Ì+¾MÀsÝ&¾MÅ�É�¶fÉ�¸�´8µGÇ�Êj¶8¸.½ ½l¹ à É%´8ÀsÁs´8µãÁ�µCÉ�¶ à É%´8ÀsÁs´8µ Í
â[Ì�´8µ+ÕUÇ�É�¶\¾FÙ8¾F¸%¹#Ë
¶2Å+¹l´WÉ à È ÜUà ÄN´8µ�Å� YÀsÅ ÖSà È ÜUà Ä@Êj¶8¸?Ï�¸%¾M´WÉ%Ásµ+³ß´ß³8¸%¾M´WÉ?´WÉ%½i¶�Ç�Ý�Ì+¾F¸%¾[Êj¶8¸ é ¶8¸%ÕUÁ�µ+³ é ÁeÉ%Ì
Àe¶8É%Ç[¶8ÊaÊp²Gµ Í
â[ÌG¾lÝ
¾F¸.Ç�¶�µ�Ç à ½f¾MµCÉ%Áe¶�µG¾MÅq·
Ë�²+ÉY´8ÀsÇ�¶b½f´8µC¹u¶8É%Ì+¾F¸.Ç0¶�²+É%Ç%Á�Å+¾X´8µ�Å|´W¸.¶�²GµGÅ à È ÜUà Ä ÅGÁsÅ|½X²GÏ.Ìy½i¶8¸.¾lÊj¶8¸
½i¾ é Ì+¾Mµ à<é ´8µ#É[É�¶ é ¸�ÁeÉ�¾]Ì+¾F¸%¾ Í â[ÌG¾F¹×Õ2µ+¶ é\Í


