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VS�Y[e^Wb>[eQY�®V g RWbp[©Q!`}RWkNQ_��QY`qRWhn�Y[�TW[qR�T][e��[\`}RUh�V!X¨L�Fd|�k>TWh�Xp�
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«�X>V_RWb>[f^�`fVYo�o�VYX��p^aQY`}RUhn`f[�hnT�RWV
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ßGà¬áYâGã\ä!å\á�ãeä!æ�æGá�çéè�èÕê}ëSä�êUì>í¡êIí�çÈìéì>âGêUî�êUâ�æGã�èÕä!ïWá�èÕã\ìéä!æGçéãeð©ñeè�æGá�ê�ò�óSôÕõ�öU÷jøeù¯èÕãeìéä!æGçéã\ð>ú



VYX>[��<Q_�!^UQYXp�Y[do�kp��RWhn�p�nh�[e^�QSR�QlRWhno�[YL�JIb�k>T ¢ Q_X�hnX>`q^U[fo�[fX�RaQ_�pQ_�>�p^WV�QY`ab ¢ �Abph�`ab�[��©`qhn[fX�RU��|
kp�4�pQSRU[eT�QYX�[f¦PhnT]RWhnXp�
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��[f^ g VY^Uo�QYX>`q[\TIQ_X>�,RWb>[�X�k>o�m�[f^AV g ����RU[fX>�pTARWV�mN[�o�k>`ab'bph��!bp[f^�× Ü_ÙÒL
J<V,RUbp[�mN[\TGR�V g V!kp^ { X>VS�A��[\�P�Y[ ¢ RWbp[�VYX>��|®hnX>`f^W[eo�[eX�RUQ_��QY���!VY^UhÈRUbpo T]k>�Y�Y[\TGRU[e��T]V g Q_^�RUV
[q¦pQ!`}RW�n|�TWVY�n�Y[lRWbp[ ²_³w´�µ_¶}· ¸±µGºa»d¼®½_¶C¾Y¿ÁÀ�� V!�PRWhno�h�£\QSRUh�V!X'�>^WV!mp��[eo ¢ b>Qv�Y[�mN[e[fX
�P[\TW`f^WhnmN[\�
m�|�c@QYk��@[fX�m�[f^U�Yb>TIQYX>�,�¬V!�Y�!h�V�QSR�× �SÙÒL�JIbph�T�Q_�n�YV!^Wh�RWbpo ¢ b>QYX>�P�n[eT��
	 ¿w½��U½_»C¿wÅ hnX>`q^U[fo�[fX�RaT
m�|�TWVY�n��hnXp��Q�TW|�T]RW[eoÝV g �nh�Xp[\Q_^A[\�!kNQSRWhnVYXNTI^W[\T]kp��RW[\� g ^UVYo¹Q��>Q_^aQ_o�[qRU^Wh�` RW^aQ_X>TU`q^Uh��pRWhnVYX'V g
RWb>[�
�
�J `qVYXN�PhÈRUh�V!X>TeL®JIbphnT�Q_�p�>^WV�QY`ab�hnT�T]V!o�[e�Ab>QSR�`q�nV!TW[�RWV
RUbp[©V!Xp[©hnX>�P[f��[fXN�P[fX�RW�n|
�P[e�Y[f�nVY��[e��bp[f^U[�Q_X>�,�@[lV���[e^IQ�o�VY^U[lRWbpV!^WV!kp�Yb'`qVYo��>QY^Wh�TWVYX©hnX�RUbp[��Ph�TW`fk>TWTWhnVYX,TW[e`qRWhnVYX¨L
EÕX�RWb>hnT��>Q_��[f^����@[©h�X�RU^WVP�Pk>`f[�RG�dV-Xp[f� o�[qRUbpVP�pT��P[e^Whn�Y[\� g ^WV!oK�>QY^UQYo�[qRW^Uh�`����*RU[e`abP�
Xph���kp[eTeL�JIbp[�RG�dV�o�[qRUbpVP�pT�Q_^U[�m>QYTW[e�-VYX�RWbp[©TUQ_o�[ g ^UQYo�[f�@VY^ {�¢ �Abph�`ab��d[�`eQ_�n����Q_^aQS�
o�[qRU^Wh�`��l�PRUh�o�hn£eQSRUh�V!X g VY^�
�[e^WX>[f��o�[fRWbpVP�pT,�w����
��dZ � ¢ Q_X>�ÑQY^W[�[\TWTW[fX�RWh�Q_�n�n|®RWb>[,TUQ_o�[
o�[qRUbpVP�PVY�nVY�!|,Q_�>�p��hn[e�'RUV©T]V!o�[f�Ab>Q_Rl�Ph���[e^W[eX!R��>^WV!mp��[eo�TfLIJIbp[�¥>^aT]R o�[qRWb>V��
TWVY�n�Y[\TIRWb>[
¥p¦P[e��mph�QYT@�p^UVYmp�n[fo ¢ �Abph��n[�RWbp[�TW[e`qV!X>��V!Xp[�T]RUQY^]RaT��Ah�RWb�Q_X,VY�PRUh�o�QY��TWVY�nkPRWhnVYX g VY^IQ�¥>¦�[\�
mph�QYTl�p^UVYmp�n[fo QYX>�-Q!�v§Gk>T]RUTlRWbp[�mph�QYTlkpX�RWhn�¬RWbp[�VY�pRWhno�QY�¬�vQY��k>[�h�T g V!kpX>�±L��dQY`ab®V g RWb>[eTW[
o�[qRUbpVP�pT�`eQ_X�m�[�k>TW[e��hnX>�P[e�N[eX>�P[fX�RU��|�RWV�T]V!���![�RWbp['���lHÔRU^UQYh�X>h�Xp�-�p^WV!mp�n[fo�L JIb>[
o�V!T]R�h�X�RU[f^U[eT]RWhnXp�
Q_�p�p�nh�`fQSRUh�V!X ¢ b>VS�d[e�Y[f^ ¢ h�T�Q_��RW[e^WX>Q_RWhnXp��mN[fRG�d[e[fX�RWb>[�RG�dV�o�[qRUbpVP�pT�RUV
VYmpRUQ_hnX�Q�kpXph��!k>[lhnX>`q^U[fo�[eX!RaQ_�4Q_�n�YV!^Wh�RWbpo�L�O�[l�Ahn���±TWbpVS��bpVS��m�|�k>TWh�Xp��RWbph�T�Q_�>�p^WV�QY`ab
�@[I`eQ_X�QY�v§GkNTGR¬RWb>[AVY�PRUh�o�Q_�pTWVY�nkPRUh�V!X�QYT¬o�V!^W[I�pQSRaQ�mN[\`qVYo�[\T�Qv�vQYh���Q_m>��[ ¢ Q_X>��m�|�Q_�p�>��|�hnXp�
¸4ÃfÄ�ÃaÅf»C¿ÁÆSÃ�¸±½S· Ç�Äé¿ÁÀ�¾ RU[e`abpXph���kp[eTI�@[�o�Qv| g kp^WRWbp[e^�mNV�V�TGR�`qV!X��Y[f^U�Y[eX>`q[�^aQSRW[!L
F@V_RUbÑVYkp^�o�[fRWbpVP�pT�`qV!X��![f^U�Y[�Q g RU[f^�Q
¥>Xph�RW[©X�kpo�mN[e^�V g h�RW[e^UQ_RWhnVYX>TeL�EÕXÑ�p^WhnX>`fh��p�n[ ¢ RUbphnT
X�kpo�m�[f^�o�Qv|,m�[�[f¦P�NV!Xp[fX�RWh�Q_�<h�X®RWbp[�RW^aQ_hnXphnXp��TW[qR�TWhn£f[ ¢�� L�� VS�d[e�Y[f^ ¢ TWhnX>`q[��NQ_^aQ_o�[qRU^Wh�`
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�kpbpXp�ÒJ<k>` { [e^l�4
�
�J��@Xp[e`f[eTUTWQY^W|©QYX>�,TWk5�©`qhn[fX�R `fVYX>�Ph�RWhnVYXNT6�

7 8:9<;=9?>/@BADCE>GF�AIH6H6H6A �
J �LK�M 8:9 �3N 9:>O@PAQC:>GF�A6HIH6H�A �
R SBTU8 >/@BA � F �
V M�W 8�XZY�S�X[; M N > M]\ A
^ @`_a8[_ K A�;�bZ@PA N ba@BH

cedZf!çhgpêUâGêaðSæ�çéð!ïUâGê�i�êaðSæ]ñeì>ñ6jkj!âGã\ñeï]á�èÒæGê�i�è<înâGã=i ñ å\êaãIi�êUæÕâGçéïAçéð_æGêWâlj!âGêUæ]ñqæGçÈãeð�ãfî4æGá�ê1j!âGçmi�ñeìj!âGãIn�ìéê�iporqAêaêUâÕæGá!ç¬êUæ�ñfìÁúts u�v¬í¬êUâGê�æGá�ê�w�âGèÒæ�æGã�èÕä�åeå\êaèÒæ�ñ©ð�êañfâGêaèÒæ�jPãeçéð_æ�n�ñqæGïWá�ñeìéå\ãfâGç æGáki
ñeðkf�qAã}í�ñfìéï�xey�z s {�v:jYâGã6|_ç}f!ê�f©æGá!ê�ã\ð�~Cìéçéð�ê�|\êUâGèÕçéã\ðNú�à¬á!êey�á�ñfð�f!ìéê�f�æGá�ê�çÈð!èÕê�j�ñqâ]ñIn!ìÈê�í�ç æGá,æGá!ê
í¬êUìÈìh~Lz_ð�ã}í�ð®æÕâ]ñeð�èÒînãeâli�ñqæGçÈãeð��� ���� ���l� ����� ñfð�f �� �� �6� í�á!çÈï]á®êaèÒæ]ñIn!ìéçÈèÕá®æGá�ê�ê}ëSä�çm|eñeìéêað!ïaênPêUæCí¬êaêað�æGá�ê
�AøI�Õõ��,øI���e÷���ñeðkf�æGá�ê��������I��� ���¢¡¤£?��øI�¥�e÷���ãIj!æGçmi�çmx}ñfæGçéãeðpj!âGãIn�ìéê�i�èaú¦ddì æGá�ãeä�åeá
æGá�ê�§I�����I���°ñeðkf æGá!ê������]�I���Ñá�ñ�|\êEnPêaêaðlèÕá�ã}í�ðlæGã�yYçéêaì}flêaë_ä!çm|\ñfìÈêUð_æ4å\êað!êUâ]ñeìéçmx}ñfæGçéãeð�jYâGã=jPêUâÕæGçéêaè �ç æ�çÈè�ãfînæGêað�ãIn�èÕêUâl|\ê�f�¨ÁïUîCú©s u�v«ª¬æGá�ñfæ�æGá!ê@î�ãfâli�êUâ©i�êUæGá�ã¬f�âGêaèÕä�ì æGè�çéð�ñ�è3i�ñfìÈìéêUâ�ð_äki
nPêUâ¬ãfî?­�® ú�¯Cæ
çéè@ãIn�|_çéã\ä!è1n�y�æGá�ê ñInPã�|vêAæÕâ]ñfð�èÒî�ãfâli�ñfæGçéã\ð�æGá�ñfæ�æGá�ê°§I���]�I���)���¢¡¤£¦��øI�¥�e÷���çéè�æGá�ê]i�ã\èÒædå\êað!êUâ]ñeì­�®�± ã=jYæGç}i�çmx}ñqæGçéã\ðpjYâGã=n�ìéê�i�ú²aà¬á!ê�f!êWæ]ñeçéìéê�f,èÒæ]ñqæGê�i�êaðSæGèIãeî<æGá�ê�ñfìéå\ãeâGç æGá�i�è�ñeð�f�æGá�êlèÕäkj�jPãeâÕæGçéð�å�ìÈêei�i�ñeè@í¡êUâGê�ã=i�ç æÕæGê�ff!ä!ê@æGã�è3j�ñeïaêAìéçmi�ç æ]ñfæGçéã\ð � ñeðkf�ï}ñfðpnPê@înã\ä�ðkf�ñfæ�s ³�vjú



�Abp[e^W[ 8������ h�T�RUbp[��Y[e`qRWV!^�V g �<Q_�!^UQYXp�Y[Ao�kp�ÈRUh��>��hn[f^aT ¢ Y hnT�RWbp[�mph�QYT��wTU`fQY�nQY^a��QYX>� ; QYX>�N�QY^W[�RUbp[ � �Ò�Phno�[fX>TWhnVYX>QY�<�![e`}RUVY^aT�V g T]��QY` { Q_XN�®T]k>^W�p�nk>Tl�SQ_^UhnQYmp��[\T ¢ ^U[eTW�N[\`}RUh��![f�n|YL S h�T�Q
�Y[\`}RUVY^�V g �nQYmN[e�nT ¢�� F L W*hnT�RWb>[l��Q_m�[f��[fX>`fVP�P[e� { [f^UXp[f�No�QSRW^Uh�¦ ¢ h�L [!L W 9	� > S 9 S ��
 �
� 9 A � � � ¢\�h�TIRWb>[��Y[e`qRWV!^@V g QY��� F Ó TIV g �n[fX>�_RWb � Q_X>�#K�hnT@RUbp[��N[eX>Q_��RG|,Q!TWTWVP`qh�QSRU[e�©�Ah�RWb�[e^W^UVY^aTfL
E g �d[,QYTUT]kpo�[�RUb>QSR�RWbp[©�SQY��kp[�V g RWbp[�mphnQ!T�h�T�¥p¦P[\��RWV-TWVYo�[��p^U[e�P[f¥>Xp[\���vQY��k>[ Y ¢ RWbp[eX
`qV!X>�Ph�RWhnVYX R �Ph�TWQY�p��[eQ_^aT g ^WV!o�RWb>[�T]|PT]RW[fo&� F �dQYX>��`qV!X>�Ph�RWhnVYX V mN[\`qV!o�[\T

M�W 8�XZ; M N > M]\�M Y�S ���!�
cdVYXNT]h��P[f^IRUbp[ g VY�n�nVS�Ah�Xp��o�VP�PhÈ¥N[e�'�>Q_^aQ_o�[fRW^Uhn`�T]|PT]RW[eo V g 
�
�J$`fVYX>�Ph�RWhnVYXNT

8 9 ; 9 >/@BAQC:>GF�AIH6H6H6A �
�LK�M 8:9 �lN 9¦>O@PAQCE> F�A6HIH6H�A � �L���
M�W 8�XZ; M N >��`X�� �lM]\�M SBY M � � A
@p_Z8[_ K A�;�ba@PA N ba@BA

g VY^�TWVYo�[��![e`}RUVY^ � L�EÒR�hnT�[eQ!T]|�RUV®¥>X>� � ¢ 8G; QYX>�tN-TUQSRUhnT g |�h�X>�Þ�L��� g V!^ �/> @ L��pV!^
[q¦pQYo��>��[ ¢ VYXp[©o�Qv|��ph�` { 8 > @ ¢ ; > \ ¢ N > @ Q_XN� � > M�W 8 X/; L��pVY^ � > F RWb>[
TW|�T]RW[eo�T,�4�!��^U[e�pk>`q[\T�RWV-RWbp[�¥p¦P[e�Ñm>hnQ!T�TW|PTGRU[fo�L �lkp^�¥p¦P[e�Ñm>hnQ!T�o�[qRUbpVP�°T]RUQ_^WRUT�QSR�Q
TWVY�nkPRWhnVYX�RUV��L��� g VY^ �#> @ Q_X>��m�|�h�X>`f^W[\QYTWh�X>� � �Abphn��[ kp���>QSRWhnXp� 8 ¢ ; Q_X>�pN�TWV�RWb>Q_R�RUbp[f|
TUQSRWh�T g |-�L��� ¢ V!mPRUQYh�X>T@RUbp[�VY�pRWhno�QY�¨T]V!��kpRWhnVYX g VY^ ��>GF L
��hno�h���Q_^U��|Þ�d[®`eQ_X�VYmpRUQ_hnX�T]V!��kpRWhnVYXÞRWV¯� F ��m�|ÞT]RUQY^]RUh�Xp�ÑQ_R�Q�¥p¦P[e��mph�QYT�TWVY�nkPRWhnVYX�QYX>�
kp�4�pQSRU[ Y ¢ �Abphn��[�o�QYh�X�RUQYh�X>h�Xp� 8 ¢ ; QYX>��N g [eQ!T]hnmp�n[ g VY^����Y� ¢ k>X!RUh��:RWbp[�VY�PRUh�o�QY�:�SQ_�nkp[ g V!^Y hnT�^U[eQY`ab>[e�±L�JIbp[�VY�PRUh�o�Q_���SQY��kp[�V g RWb>[�m>hnQ!Tlh�T�^U[e`qV!�YXphn£f[\�®�Abp[eX-RUbp[�`qV!^W^U[eTW�NV!X>�PhnXp�
TWVY�nkPRWhnVYX�TWQ_RWh�T g |�� F � ¢ X>QYo�[e��| 8 T S >O@ L
F@V_RUb©RWb>[eTW[lo�[qRUbpVP�pTIQ_^U[lmNQYTW[e��V!X©RWb>[�TUQ_o�[ g ^UQYo�[e�dV!^ { V g QY�v§Gk>T]RWhnXp��Q�TU`fQY�nQY^��>QY^UQYo��
[qRU[f^�hnX-RUbp[�^Whn�Yb�R�b>QYX>��TWh��P[�V g Q#
�
�J TW|PTGRU[fo�L�EÕX�RUbp[�Xp[q¦�R�T][\`}RUh�V!X��@[��Ahn�n���p^U[eTW[fX�R
RWb>[�o�[fRWbpVP� g VY^�Q!�v§Gk>T]RWhnXp��RWbp[�mph�QYT��CQY�v§Gk>T]RWhnXp� � hnX��4�!�@h�TI�Y[f^U|�T]hno�h���Q_^ ¢ TUQv�Y[ g V!^�Q g [f�
RW[\`abpXph�`fQY�N�Ph���[e^W[eX>`q[\TU�qL¡« X�QY�p�vQYX�RUQ_�![IV g RWbph�T�TW��[e`qh�Q_��`fQ!T][Ah�T¬RWbNQSRdh�RdTWVY�n�Y[\T¡RWbp[lVY^Uh��!h�X>QY�
�p^UVYmp�n[fo�Q_X>��`fQYX ¢ hnX'�>^WhnX>`qhn�>QY� ¢ m�[�Q_�p�>��hn[e��� g ^UVYo TU`q^aQSRa`ab��pL

� � Ì��p�B(<���PÏ Ë�� ���! �Ï#"�(:Í%$ÑÏG���&� .@Ì('WÎA�pÏGÌ Ë
�¨[fR�� 8 � Y � A�; � Y � A Np� Y �]�lmN[�Q©¥p¦P[e�®m>hnQ!TlTWVY�nkPRWhnVYX g VY^�Q©�!h��![fX Y L�JIb>[�QY���!VY^UhÈRUbpo RUb>QSR��@[
�p^U[eTW[fX�R<b>[f^U[�hnT<m>Q!T][\��VYX�hnX>`f^W[\QYTWh�Xp���wVY^¬�P[e`f^W[\QYTWh�X>��� Y o�V!XpV_RUVYXph�`fQY���n| ¢ kpX�RWhn��RWbp[dVY�PRUh�o�Q_�Y�) h�T g VYk>X>� ¢ �Abphn�n[�kp���>QSRWhnXp�©QYX>��o�QYh�X�RUQYh�X>h�Xp�
� 8 � Y � A�; � Y � A Np� Y �W�}L
�¨[fR
k>T�h�X�RU^WVP�Pk>`f[ÑT]V!o�[�XpVYRUQSRUh�V!X¨L%�pVY^®QÞ�Yhn�Y[eX Y Q_X>�*Q_XN� QÞ¥p¦P[e� mph�QYT
TWVY�nkPRWhnVYX ¢
� 8 � Y � Ae; � Y � A Np� Y �W� ¢ �d[��>QY^]RUhÈRUh�V!X"RUbp[
hnX>�P[q¦�T][fR+* >-,�F�A6H6HIH�A �/. hnX�RWV�RWbp^U[f[
TW[qRaT0*21�� Y � ¢
*�3\� Y �AQ_X>��*54S� Y �Ah�X
RUbp[ g V!���nVS�Ah�X>���@Qv|U�/6 C7� *21�� Y � ;=9 � Y �98 @ QYX>� 8¦9 � Y � >+@ ¢ 6 C!� *�3v� Y �N 9 � Y �!8 @ Q_X>� 8 9 � Y � > K@Q_XN�:6 C;� * 4 � Y � ; 9 � Y � > N 9 � Y � >/@ Q_X>� @p_Z8 9 � Y � _ KSL<EÒR�h�T¬[eQ!T]|
RWV�TW[f[�RUb>QSR;* 1 � Y �5<=* 3 � Y ��<=* 4 � Y � > *�Q_X>�>* 1 � Y ��?=* 3 � Y � > * 3 � Y �5?=* 4 � Y � > * 1 � Y ��?=* 4 � Y � >A@ L
O�[��Ahn�n��`fQ_�n�¬RWb>[��NQ_^WRWh�RWhnVYX��B*21�� Y � A *�3\� Y � A *�4S� Y �]� �ARWbp[�V!�PRWhno�Q_���>QY^]RUhÈRUh�V!X g VY^�Q,�Yhn�Y[eX Y L
O�[��Ahn���¡^W[ g [f^ RWVC*54�QYTARUbp[EDGF5H�I�JLKNMOKLH]L FIQYTW[e�'V!X®�>Q_^WRWh�RWhnVYX°��*21 A *�3 A *54q�A�@[��P[f¥>Xp[pWP4Q4
�4W 3#4 W 4Q3 W 3#3 ¢ W 124 ¢ W 1R1 ��QYT�RWbp[�TWkpmpo�QSRU^Wh�¦ÑV g WÛ�Ab>V!TW[,`qV!��k>o�XNT�QY^W[©RWbp[�`qV!��kpo�X>T
V g W¹hnX>�P[f¦�[\��m�|-RUbp[�TW[qRE*54��B*�3 ¢ *�4 ¢ *�3 ¢ *21 ¢ *S1v��QYX>���AbpV�T][�^UVS��T�Q_^U[�RWb>[�^UVS��T�V g W
hnX>�P[q¦P[\��m�|T*54,��*�4 ¢ *�3 ¢ *�3 ¢ *�4 ¢ *21v�qL©O�[©Q_��T]V
�P[f¥>Xp[ S 4,� S 3 ¢ S 1\��QYX>� 8 4,� 8 3 ¢ 8 1\��QYX>�
RWb>[�TWkpm��Y[\`}RWV!^UT V g S QYX>� 8 �AbpV�T][�[fX�RW^Uhn[eT�Q_^U[�hnX>�P[q¦P[\�®m�|�*�4©��*�3 ¢ *21v�qL�F@|�\L4��4\L3U� �@[
�P[eXpV_RU[�Q��![e`qRWVY^IV g QY���±V!Xp[eTIV g RWb>[�Q_�p�p^UVY�>^Wh�QSRU[�TWh�£e[YL
« TUTWkpo�[�RUb>QSR��@[�Q_^U[��!h��![fX�Q_X�h�Xph�RWh�Q_���!kp[eTUTVU Y 1�W Y�) L�J:V'h�X>hÈRUhnQ_RW[�RWb>[�QY���!VY^UhÈRUbpoª�@[
XVY á�êUæGá!êUâ �OZN[Z�S\ ï}ñfð#nPê�f!êUæGêUâli�çéð!ê�fpn�y©ê�|\ñfìéä�ñfæGçéð!å�];^ T`_ ¨ �RZ ª¤o@ç î7];^ Ta_ ¨ �OZ ª=bdc�æGá�êað� Z [ � \ � ãeæGá!êUâÕí�çéèÕê � Z b � \ � çéð�í�á!çÈï]á'ïañeèÕê�æGá�ê�ñeìéå\ãfâGç æGákiÝçéèAêaèÕèÕêaðSæGçÈñeìéìhy,æGá!ê�èGñIi�ê � èGñ�|vê�înãeâã=n¬|_çéã\ä!è�ï]á�ñfð�åeêaèaú



QYTUTWkpo�[�RUb>QSR��d[ { XpVS� RWbp[�V!�PRWhno�Q_���>QY^]RUhÈRUh�V!X��B*21 1 A *�3 1 A *�4 1 � > �B*21�� Y 1 � A *�3v� Y 1 � A *�4S� Y 1 �]�
RWbNQSRl`fVY^U^W[\T]��VYX>�>TIRWV 8 1 >+8 � Y 1 �qLAO�[ { XpVS�$RUb>QSR�6 C=� *21 8¦9'> @ Q_XN�C6 C=� *�3 8¦9 > KSL
O�[�QY�nTWV { XpVS��RUb>QSRpM�W 9 8 XZS 9 Y�> M F ¢ 6 C � * 4 �wbp[f^U[pW 9 h�TlRWbp[ C �CRUb®^UVS��V g W��qL�O�[
`fQYX,�A^Uh�RW[�RWb>[�T][fRIV g Q!`}RUh��![�`fVYX>T]RW^aQ_hnX�RUTIQYT

M�W 4Q4 8 4©M K6WP4 3�\L3 > M]\L4©M S 4 Y �jÜ��
E g W 4Q4 h�T�X>VYX>TWh�X>�Ykp��Q_^��jRWbp[ ������� K���K � K
	OD�H K�`fQ!T][v� ¢ RWbp[eX 8 4 �p[f��[fX>�pTl�nh�Xp[\Q_^U��|'VYX®TU`fQY�nQY^Y L,�Ph�o�hn�nQY^W�n| ¢ �d[©`eQ_X�[q¦P�p^U[eTUT ; 1©Q_X>� N53�QYT��nhnXp[eQY^ g kpX>`qRWhnVYX>T�V g Y L�E g WP4Q4�hnT�T]hnXp�Yk>�nQY^
�ÁRUbp[ � K��GK � K�	2DGH#K�`eQYTW[\� ¢ RWbp[eX ¢ RUbp[ TW[qR�V g QY���P��V!TUT]hnmp�n[�T]V!��kpRWhnVYX>T 8 4@`ab>Q_Xp�![eT¡�nh�Xp[\Q_^U��|��AhÈRUbY QYT��nVYXp�
Q!T�RWbp[©�NQ_^WRWh�RWhnVYX�^W[eo�QYh�XNT�VY�PRUh�o�Q_��L©EÕX�[fh�RWb>[f^�`eQYTW[ ¢ h g @ W 8 4 W K ¢ ; 1 8 @
Q_XN��N53 8 @ RWb>[fX-TWk5�©`qhn[fX�RW�n|�T]o�Q_�n�<`abNQ_Xp�![eTAhnX Y �p^U[eTW[f^U�Y[�RWb>[eTW[�`qV!X>TGRU^UQYh�X�RaTfLI«@Rl[\QY`ab
h�RW[f^aQSRUh�V!X Y `eQ_X�hnX>`q^U[eQ!T][IkpX�RUh��NVYXp[�V g RUbp[ g V!kp^�RG|���[eT�V g hnXp[\�!kNQ_�nhÈRG|�`qVYXNTGRU^UQYh�X�RUT¬m�[e`fVYo�[eT
QY`qRWhn�Y[!L¡JIbp[eX ¢ RWb>[lV!�PRWhno�Q_���>Q_^WRWh�RWhnVYX©h�T@kp�4�pQSRU[e� ¢ Xp[e����hnXp[\Q_^@[q¦P�p^U[eTUT]hnVYX>T�V g RUbp[�QY`}RUh��![
�SQ_^UhnQYmp�n[eT@RWb>^WV!kp�Yb Y Q_^U[�`qV!o��>kPRW[\� ¢ QYX>�,RWbp[�QY���!VY^UhÈRUbpo h�RW[e^UQ_RW[\TfLdO�[�RU[f^Uo�h�X>Q_RW[��Abp[eX
S T 8 W @ ¢ RWb>Q_Rlh�T Y 8 Y ) L�JIbp[�¥>X>Q_�¡h�RW[f^aQSRUh�V!X��Yhn�Y[eT�k>T�RUbp[�`fVY^U^W[\`}R�VY�pRWhno�QY�<Q!`}RWhn�Y[�T][fR
Q_XN��V!�PRWhno�Q_�¨�>QY^]RUhÈRUh�V!X�� g ^UVYo�RUb>QSR��@[�`fQ_X�[\QYTWh��n|©`qV!o��>kPRW[ Y�) Q_X>� 8/) L
« �Y[eVYo�[qRU^Wh�`�h�X�RU[f^U�p^W[fRUQ_RWhnVYX�V g RWbp[�QY���!VY^UhÈRUbpo�hn`�T]RW[e�>T�TWkp�Y�![eT]R�RUb>QSR��@[©Q_^U[�RW^U|�h�Xp�'RUV
o�VS�Y[¬RUbp[�TW[f�>QY^UQ_RWhnXp�Ib�|���[f^U�p��Q_Xp[�m�|�h�X>`f^W[\QYTWh�X>�@h�RUT:mph�QYT¨QYX>��QSR±RUbp[dTUQ_o�[¬RWhno�[�QY�S§Gk>TGRUh�X>�
h�RUT�VY^Uh�[eX�RUQSRUh�V!X®T]V,hÈR�T]RUQv|PT V!�PRWhno�Q_� g VY^lRWbp[�`fkp^W^U[fX�R m>hnQ!TfL�«@R�[eQY`ab-hÈRU[f^aQSRWhnVYX-�d[�o�VS�![
RWb>['b�|���[f^U�p�nQYXp['kpX�RWhn��[fh�RWbp[e^�Q�TWkp�p��VY^WR��Y[\`}RWV!^�h�T��P^UVY�p��[e� g ^UVYoÐRWb>[®T]kp�>�NV!^]R�T][fR ¢ Q
TWkp�p��VY^WRl�Y[\`}RUVY^�m�[e`fVYo�[eT ��hnVY��QSRU[e� ¢ Q©��hnVY��QSRU[e����VYhnX!R�mN[\`qV!o�[\T Q©TWkp�p��VY^WRl�![e`qRWVY^ VY^lQYX
hnX>QY`qRWhn�Y[��NV!h�X�R�§GV!h�X>T@RUbp[�TWkp�p��VY^WR��Y[e`qRWV!^ITW[qR\L
JIbp[�QY���!VY^UhÈRUbpo h�T��!k>Q_^aQ_X�RW[e[e�-RWV�RU[f^Uo�hnX>Q_RW[�Q g RW[f^�¥>Xph�RW[f�n|�o�QYX�|-h�RW[f^aQSRUh�V!X>TeL,«@R�[\QY`ab
h�RW[f^aQSRUh�V!X�RWb>[�QY���!VY^UhÈRUbpo�`qVS�Y[e^UTdQ_X©hnX�RW[e^W�SQ_��RUb>QSRA`qV!^W^U[eTW�NV!X>�pT�RWV�QYX�V!�PRWhno�Q_���>Q_^WRWh�RWhnVYX¨L
JIbp[�TUQ_o�[l�NQ_^WRWh�RWhnVYX,`eQ_XpX>V_RA`qVY^U^U[eTW�NV!X>��RWV�RG�@V��Ph��4[f^U[fX�RAh�X�RW[e^W�SQY�nT@Q_X>��RWb>[�X�kpo�mN[e^IV g
�>QY^]RUhÈRUh�V!X>T h�T ¥>Xph�RW[ ¢ bp[eX>`q[�T]V,hnT RWb>[�X�kpo�mN[e^ V g hÈRU[f^aQSRWhnVYXNT��w` g L�× F ¢�
 Ùj�}L¤�¬[f^W��h�RW[e^UQ_RWhnVYX
`qV!o��p��[f¦PhÈRG|��P[e�N[eX>�pT@VYX©�Ab>[qRWb>[f^AQ_X©h�RW[e^UQ_RWhnVYX©h�T@�P[f�![fXp[e^UQ_RW[ V!^�XpVYReL�« XpVYXN�P[f�![fXp[e^UQ_RW[
h�RW[f^aQSRUh�V!X�RUQ { [eT���� ��� * 4 � � X ��� � * 4 � �\��QY^Wh�RWb>o�[fRWh�`�VY��[f^aQSRUh�V!X>T ¢ �Abphn��[�Q��P[e�Y[eXp[f^aQSRU[�hÈRU[f^W�
QSRUh�V!XÞTWbpVYk>�n�"h�XÞRWbp[eVY^U|�RUQ { [ ��� � � � *�4 � � ��V!�N[e^UQ_RWhnVYX>T ¢ mpkPR�hnXÞ�>^UQ!`}RWh�`q['h�R�V!Xp�n|�RUQ { [eT����� ��� *�4 � � �}L���VYRW[�RWb>Q_R�RWbp[��P[e�Y[fX>[f^aQY`q|�VP`f`fkp^aT �Abp[eX-RUbp[�QY`}RUh��![�TWkp�p��VY^WR��Y[e`qRWV!^UT�Q_^U[
�nh�Xp[\Q_^U��|��P[f��[fX>�p[fX�ReL�JIbp[A��Q_^U�Y[e^¡h�T¬RUbp[A^UQYX { V g RUbp[ { [e^WX>[f�Po�QSRU^Wh�¦�RWb>[���[\TWT¬�nh { [f�n|�h�T�TWk>`ab
Q�T]h�RWkNQSRWhnVYX:L�JIbp[�TGRUVY^aQ_�![ ^U[e��kphn^W[eo�[eX�RIV g RUbp[�Q_�n�YV!^Wh�RWbpo hnT]��� � � X ��� � * 4 � � �qL

� Ê!Ë �4�P(?&)( Ë ��� '�~ ' � Ì��>ÏÕ����&
EÕX>`f^W[eo�[eX�RUQ_�¬Q_XN�
VYXP�Ò�nh�Xp[�Q_�n�YV!^Wh�RWb>o�TlQ_^U[�Q_hno�[e��QSR RW^aQ_hnXph�X>���p^UVYmp�n[fo�T g VY^��Abph�`ab®RWb>[
�pQ_RUQ©m�[e`fVYo�[eTlQv�SQ_hn�nQYmp��[�h�X-RWbp[�`qVYk>^UTW[�V g RU^UQYh�X>h�Xp�NL¤��kN`ab-Q_X-QY���!VY^UhÈRUbpo ¢ �Ab>[fX®�!h��![fX
Q_X�VY�pRWhno�QY��T]V!��kPRUh�V!X g V!^�Q�RU^UQYh�X>h�Xp��TW[qR�V g TWhn£f[ ��¢ Q_XN��Q!�p�Ph�RWhnVYX>QY���ÐRU^UQYh�X>h�Xp�'��VYhnX!RaT ¢
b>Q!T@RWV�[��©`fh�[eX!RU��|©¥>X>�,RWbp[�V!�PRWhno�Q_�:TWVY�nkPRUh�V!X�RUV�RUbp[�[q¦�RU[fX>�P[\� � X �ªRW^aQ_hnXphnXp��T][fReL
« TUTWkpo�[��@[�b>Qv�![�Q_X°V!�PRWhno�Q_�IT]V!��kpRWhnVYX$� 8©A�Y�Ae;�A NY� g VY^�Q®�!h��![fX°�pQ_RUQ-TW[qR�� V g TWhn£f[ � L
�pV!^�[eQY`ab�Xp[f� �NV!h�X�R�RWbNQSR�hnT�Q!�p�P[e� ¢ �d[�RUQ { [�RWbp[ g V!���nVS�Ah�X>�'Q!`}RWhnVYXNT6��Q,X>[f� �<Q_�!^UQYXp�Y[
o�k>�ÈRUh��p�nhn[f^ 8 ��� Ö > @ h�T�QY�p�p[e�"RWV�RWbp[
TW[qR�V g o�kp��RWhn�p�nh�[e^UT ¢ RUbp[fXÞRWbp[®�phnT]RUQYX>`q[,RWV�RWb>[o�Q_^U�YhnX�hnT�[e�SQ_�nk>QSRU[e� g VY^�RWbph�T���VYhnX�ReL�E g RWbp[©��VYhnX�R�h�T�XpVYR���h�V!�nQ_RW[e� ¢ RUb>QSR�h�T�h g ; ��� Ö >
� T � ��� ÖPM SG��� Ö Y M F 8 @ ¢ RUbp[fX�RWbp[IXp[e�"��V!TWhÈRUh��![@TW��QY` { ; ��� Ö hnT¬Q!�p�P[e��RWVlRWb>[ITW[qR�V g T]��QY` {�SQ_^UhnQYmp�n[eTeL¨E g RUbp[d��VYhnX�R¡h�T¡��h�V!�nQ_RW[e��RWbp[eX ; ��� Ö >GF h�T¬QY�p�p[e��RUV�RUbp[AT][fR¡V g T]��QY` { �SQ_^UhnQYmp�n[eTeL��� V_RUhn`f[ ¢ RWbNQSRAQSR@RWbph�TI�NV!h�X�R@RWbp[�`fVYX>�Ph�RWhnVYX � T � ��� Ö X S&��� Ö Y:X ;5��� Ö > M F hnT@��hnVY��QSRW[\�±L �« TWkp^U�p��kNT��vQY^Wh�Q_m>��[ N ��� Ö > @ hnT©QY�nTWVÑQY�p�p[e�ÞRWV�RUbp[-TW[qR©V g TWkp^W�>��k>T©�vQY^Wh�Q_m>��[\TfL$JIb>[VY�pRWhno�QY�N�NQ_^WRWh�RWhnVYX©h�TdQ!�v§Gk>T]RW[\��QY`e`qV!^U�PhnXp�!��|!L<JIbp[��p^UV�`f[eTUT�h�T�^U[f��[eQ_RW[\� g VY^IQ_�n�>RUbp[��NV!h�X�RUT
RWbNQSR�b>Qv�![�RUV
mN[©Q!�p�P[\��Q_R�RWbp[��!h��![fX�TGRU[f�¨L,E g X>V
��hnVY��QSRU[e���NV!h�X�RaT��d[e^W[�[eX>`qV!kpX�RW[f^U[e� ¢

 Uà¬á!çéè@ñfèÕèÕäki�êaè�èÕãeì}|_çéð�å�èÕä!ïWá�ñ�j!âGãIn�ìéê�i n�y�ñeð�çÈðSæGêUâGçéãfâ1jPãeçéð_æ©i�êUæGá!ã¬f



� � ç}|\êað f�ñqæ]ñ�èÕêUæ [�� � ^ b � ñlèÕã\ìéä!æGçéã\ð#¨ _ Z � � Z ��� Z �¢� Z ª � ñeð�f�ð�êUíZjPã\çéðSæGè [�� � ^ b��
	���
	 ß

 ­YêUæ�� � ]��(] � ^ � _ �
	�� � � ��	�� � c ��� �
	�� � ]�� ] � ^��
	���� ¨ � ��	��Lª T�� ��� � � � ����� ���
� ¯Cî � ��	�� � c � ­_êUæ!� �
	�� o � ]]¨ � �
	�� ª T � �"� ��� �
	�� � �

# ìéèÕê$� ��	�� o � ]�� ] � ^%��	��
& � o � �('*)+� ��	 ß � ����� � � ��	���, � ^�o � ¨ ^ ß � ����� � ^�� � ^%��	 ß � ���e� � ^%��	���ª- ¯Cî!�/.� ]��(] �10^

2 ñeìéì436587*9;:8<�=?>A@�BDC EGF=¨ � � ^ � _ � � ���=�4��� �5ª
2 ñeìéì436587*9;:HEG@AIKJ?FMLNBDC EGF�¨ � � ^ � _ � � �A�=�¢� ª

O ¯Cî�æGá�êWâGê�ñfâGê�i�ãeâGê�f�ñfæ]ñ
jPã\çéðSæGè�åeã�æGã � �
�¡hn�Ykp^U[ F �1�lkPRU��hnXp[�V g RWb>[�h�X>`f^W[eo�[fX�RUQY�¨Q_�n�YVY^Uh�RWbpo �QPSR s
TVU rXW � �

RWb>[fXÑXpV g kp^WRWbp[e^�QY`qRWhnVYX�h�T�Xp[e`f[eTUTWQY^W|!L©JIbp[©`qkp^U^U[fX�R�T]V!��kPRUh�V!X�hnT�V!�PRWhno�Q_��QYX>��RWbp[©m>hnQ!T
h�T�kpX>`ab>QYXp�Y[\�±L�E g QSR��n[eQ!TGR�V!Xp[��NV!h�X�R�h�T���h�V!�nQ_RW[e� ¢ RWb>[fX�RWb>[�Xp[f��TW[qR�� 81AeY�Ae;�A NY��h�T�XpVYR
g [eQ!T]hnmp�n[ g VY^IRWb>[ 
�
�J T]|PT]RW[eo � F �@�Ah�RWb,RWb>[�[q¦�RW[eX>�P[e�'�pQ_RUQ�T][fReL � VS�d[e�Y[f^ ¢ hÈR�h�TI[eQ!T]|�RUV
¥>X>� � TWk>`ab�RWb>Q_R�� 8©A�Y�Ae;�A NY��h�TdV!�PRWhno�Q_� g VY^��L���}L�JIb�k>T@�d[�`fQYX�¥>^aTGRAQ_�>�p��|�RUbp[�¥p¦P[e�©m>hnQ!T
Q_�n�YV!^Wh�RWb>oÛRWV,¥>X>��Q�X>[f� TWVY�nkPRUh�V!X�QYX>�
RUbp[fXÑQ_�>�p��|�RUbp[�QY�v§GkNTGRaQ_mp�n[�mphnQ!T�Q_�n�YVY^Uh�RWbpoÛRUV
¥>X>�,RUbp[�VY�PRUh�o�QY�¨T]V!��kPRUh�V!X'RWV�RWbp[�X>[f�*[q¦�RW[eX>�P[e�,�p^UVYmp�n[fo&�wTW[f[:�¡h��!kp^U[ F �}L
EÕXÚRWbp[eVY^U|"QY�>�Ph�X>��[e�Y[eXÞV!Xp[
�NV!h�X�R©o�Qv| g V!^U`f[,RUbp[®Q_�n�YV!^Wh�RWb>oÐRWVÑ�@VY^ { QYT�b>QY^U�ÚQYT�h g
h�R��@[f^U[�TWVY�n��h�X>�"RUbp[��p^WV!mp�n[fo � g ^UVYo TU`q^aQSRa`ab��pLÝF@kPR
hnX �p^aQY`qRWh�`q[�hÈR
��h�^WRWkNQ_�n��|�Xp[e�Y[e^
b>QY�p�N[eX>TeL�EÕX
VYkp^A[f¦P�N[e^Whno�[fX�RUT ¢ §Gk>T]RlQ g [f��h�RW[f^aQSRUh�V!X>TIV g RWb>[�¥p¦P[e�'mph�QYTAQYX>��QY�v§Gk>T]RUQYmp�n[
mph�QYT¡Q_�n�YV!^Wh�RWbpo�T±�@[f^U[�TWk5�©`qhn[fX�R:RUV�¥>XN��RWb>[dTWVY�nkPRWhnVYX�RUV�RWb>[d[f¦�RU[fX>�p[e���p^UVYm>��[eo'L'�l�Y[e^UQY��� ¢
RWb>[I`fVYo��pkPRaQSRUh�V!X>Q_�P`qV!o��p��[f¦PhÈRG|�V g RWb>[@hnX>`f^W[eo�[eX�RUQ_�PQY���!VY^UhÈRUbpo�hnT¬[f¦P�N[\`}RW[\��RUVlm�[���� � � �}L

Y Z "�[�(¨�NÏ�&)( Ë �p�
\^]NB`_�D�yvz�D�B<u!Dª=wBba�;Ps\uv9dce]!f¡Dhg JIbp[�o�V!T]R"TGRU^UQYh��!b�R]� g VY^U�@QY^U���IQv|�RWV�Q!`}RWhn�SQSRU[
����
��dZ*h�X�Q�m>QSRa`ab®o�VP�P[�h�T�RUV,`fVYX>T]RW^Uk>`}R RWbp[�RW^Uh���h�Q_�<�>Q_^WRWh�RWhnVYX�i�Q_X>�'RUbp[fX�Q_�p�>��|'RWb>[
QY�S§Gk>TGRaQ_mp�n[�mphnQ!T�Q_�n�YVY^Uh�RWbpo¹RWV'�Y[fRlRUbp[�VY�PRUh�o�Q_��TWVY�nkPRUh�V!X¨L�O�[�RW[e^Wo RWbph�T�o�[fRWbpVP� ¸4ÃfÄ ºa³
j ÀN¿Á» kml$n8o$p L � V_RU[ARWb>Q_R�RUbp[�hnXphÈRUhnQY�N�SQY��kp[ V g RWb>[�mph�QYT�h�T�o�V�TGR@��h { [e��| g Q_^�Qv�IQv| g ^UVYo RWb>[
�Y�nVYmNQ_��T]V!��kPRUh�V!X ¢ Q_X>��QYT¡T]kN`ab ¢ RWbp[@^U[eTWkp�ÈRaT:�>^W[\T][eX!RU[e��b>[f^U[@TWbpVYk>�n��m�[@^W[e�!Q_^a�P[\��QYT¡Q �nVS�d[e^
m�VYkpX>�¨L�O�[�[q¦pQ_o�hnXp[e�,�N[e^ g V!^Wo�QYX>`q[\TIVYX
Q�o�VP�P[e^UQ_RW[�TWh�£e[��p^WV!mp�n[fo ¢ RWb>[�«�m>QY��V!Xp[��pQSRaQ
TW[qR g ^UVYo�RUbp[rq�cdE¬ZA[f��V!TWh�RWVY^U|©× �vÙÒL<O�[ g [e��RWb>[IRW^aQ_hnXph�X>��QY���!VY^UhÈRUbpo��Ah�RWb�h�XN`q^U[eQYTWhnXp��TWkpmP�
TW[qRUT kp��RWV�RUbp[��AbpV!��[�T][fR��jV g TWh�£e[�Ü Fts%s �}LdJIb>[��Y[fXN�P[f^�[eX>`qVP�PhnXp�-�wo�Q_�n[�u g [eo�Q_�n[�uvhnX g QYX!R}�
�IQYT�o�Q_�p��[e��h�X�RUV , � F ¢ @ ¢ @ � ¢ � @ ¢ F ¢ @ � ¢ � @ ¢ @ ¢ F � . L�JIbp[fX ¢ RWbp[©�>QSRUQ,�IQYT�TW`eQ_�n[e�®RWV���hn[�h�X�RWb>[
× � F ¢ F Ù<hnX!RU[f^U�SQ_��LlO�[��p[fo�VYX>T]RW^aQSRU[�`fVYX��Y[e^W�![fX>`f[ g VY^��NV!��|�XpV!o�h�Q_� { [e^WX>[f�¡�AhÈRUb-hnX>`q^U[eQ!T]hnXp�
�P[e�Y^U[f[ ¢ �Ab>hn`ab�hnX-RUbphnT�T][fR]RWhnXp�
`qV!^W^U[eTW��VYX>�pT RWV��n[f�![f��V g �Ph���`fkp��RG|YL ��VS�@[f�![f^�X>Q_hn�Y[�VYk>^
hno��>��[eo�[eX�RUQSRUh�V!X®h�T ¢ VYXp[�`fQ_X-VYm>TW[f^U�Y[©�CT][e[ �¡h��!kp^W[E�Y��Q©��hnXp[eQY^l`fVYX��Y[e^W�![fX>`f[�^UQ_RW[�hnX
RWb>[
m>Q_RU`ab'o�VP�P[!L
\^]NB`_�D�yvz�D�B<u!D�=wBwvfB<uYyvDyx°D�B4s\; R ce]!f¡D�g «���RU����
���Z�h�T�RUbp[�hnX>`f^W[eo�[eX�RUQ_�¡Q_�n�YV!^Wh�RWbpo
�P[\TW`f^WhnmN[\��h�X�T][\`}RWhnVYX
ÜNLAO�[�[q¦pQ_o�hnXp[e�'RUbp[���[f^ g VY^Uo�Q_X>`f[�VYX�RUbp[>�!�Ph�Q_m�[qRW[\TV���>^WV!mp��[eo{z
RWbNQSRAb>Qv�Y[lmN[e[fX'k>TW[e�,m�|,c@QYk��d[eX�m�[f^U�YbNT�Q_XN�,�¬V!�Y�YhnV�hnX�× �SÙ±RUV�RU[eT]R@RUbp[��N[e^ g V!^Wo�QYX>`q[lV g
RWb>[fhn^�QY���!VY^UhÈRUbpo�L�O�[��p[fo�VYX>T]RW^aQSRU[�`fVYX��Y[e^W�![fX>`f[ g VY^�RWb>[�Z F!� { [f^UXp[e�¡�Ah�RWb�hnX>`q^U[eQ!T]hnXp�
��[fX>QY�ÈRG|��S�ac!���}La�<hn�Yk>^W[����P[eo�VYX>T]RW^aQSRU[eT@RWb>[�QY�P�SQYX!RaQ_�![�V g RWbp[�o�V!^W[�­>[f¦�hnmp�n[�Q_�>�p^WV�QY`ab

|G} ç�~Yçéð�å®æGá�ê n�çÈñeè�æGêUâli æGã nPê�ì�ñqâGå\ê�êUð�ã\ä!å\á ¨�jPã\èÕç æGçm|vê,ãeâ�ð!êaåvñqæGç}|\ê�ª�ñfð�fÑæGá�ê���ñeåfâ]ñeð!å\êi�ä!ì æGç}j!ìéçÈêWâGè¬æGã:c�ãeâ � n�ñfèÕê�f�ãeð�æGá�êaç â�ïaìÈñfèÕè
¨Áð!êaåvñqæGç}|\ê+�6jPãeèÕçéæGçm|vê�ª i�ê�i
nPêUâGèÕá�çmj>ú
� ñ�|eñeçéìÈñIn!ìÈê ñqæ���£�£���� ���PöGø��A����ô��Wô�� �A�1����ôÕõD�?�
�y�!öN�¬�Sô¤��£���ù�������÷«���e�Gô¤��ô¤�k£Cø
�



0 500 1000 1500 2000 2500 3000 3500 4000
0

2000

4000

6000

8000

10000

12000

14000

16000

Problem Size

N
o.

 o
f I

te
ra

tio
ns

SelfInit POKER: No. of Iterations vs. Problem Size

Linear Kernel
Poly Kernel: (<x,y>+1)2

Poly Kernel: (<x,y>+1)3

Poly Kernel: (<x,y>+1)4

Poly Kernel: (<x,y>+1)5

�¡h��!kp^U[ �5����[e� g EÕX>hÈR�����
��dZ��dcdVYX��Y[e^W�![fX>`f[
hnX�FIQ_RU`ab'o�VP�P[

0 100 200 300 400 500 600
500

1000

1500

2000

2500

3000

3500

4000

Chunk Size

N
o.

 o
f I

te
ra

tio
ns

AltPOKER: No. of Iterations vs. Chunk Size

C=0.1
C=1
C=10
C=25
C=50
C=75
C=100

�¡hn�Ykp^U[ �B��«���RU����
���Z���cdV!X��Y[f^U�Y[eX>`q[�hnX
EÕXN`q^U[fo�[fX�RUQY�±o�V��p[

�Abph�`ab©Q_�n��VS��T��vQY^WhnVYkNT¬h�X>`f^W[eo�[fX�RdTWh�£e[eTI�<k>TWhnXp��h�XN`q^U[fo�[fX�RUT�V g VYX>��|�VYXp[���VYhnX�R�^U[eTWkp�ÈRU[e��hnX
Q��N[e^ g V!^Wo�Q_XN`q[ V g Q�T]hno�h���Q_^ATU`fQ_�n[lQ!TdRWb>Q_R@V g c@Q_k��@[fX�m�[f^U�Yb>TdQ_X>�,�¬VY�Y�!h�V ¢ mpkpRI�Ah�RWb,RWb>[
hnX>`q^U[eQ!T][�V g RWbp[�`ab�kpX { T]hn£f[\TI�d[�V!m>T][e^W�![l^aQ_�>hn�,h�o��p^UVS�Y[eo�[fX�RAh�X,RWbp[�`fVYX��Y[e^W�![fX>`f[l^aQSRU[YL
8:D R D�u_se= _ND
8¨;�x � R =wB¡z g O�[�`fQYX©k>TW[ RUbp[lhnX>`f^W[eo�[eX�RUQ_�4Q_�n�YV!^Wh�RWb>o [e�Y[fX,h�X'`fQ!T][��Ab>[fX,QY���RWb>[��pQ_RUQ�h�TlQv�SQYh���Q_mp�n[�hnX-QY�p�vQYX>`q[�RWV�hno��p^UVS�Y[�RWb>[�VS�Y[e^UQY���:[��©`qhn[fX>`f|YL�E g V!Xp[�`eQ_X®TW[f�n[e`qR
Q��YV�VP�©^U[f�p^U[eTW[fX�RUQ_RWhn�Y[�T]o�Q_�n�±T]k>m>T][fRAV g RUbp[��pQSRaQ�TW[qR ¢ RWbp[eX,V!Xp[�`fQYX�k>TW[lh�R g VY^@RU^UQYh�XphnXp� ¢
bpV!�ph�X>��RUb>QSRIRWb>[�o�Q_§GVY^UhÈRG|�V g RWbp[��pQ_RUQ��NV!h�X�RaTAQ_^U[l`q��QYTUTWhÈ¥>[\��`fVY^U^W[\`}RW�n|�k>TWh�X>��RUbp[�h�Xph�RWh�Q_�
TUQ_o��p�n[e���pQ_RUQ��_L¡O�[lQY�p�p�nh�[\��T][e��[\`}RUh��![�TWQYo��>��hnXp��Q!T�Q��p^U[f�p^UVP`q[\TWT¬hnX©hnX>`q^U[fo�[fX�RaQ_�po�VP�P[��
«@R�[\QY`ab°o�[fRUQS�Òh�RW[f^aQSRUh�V!X ¢ �d[,^UQYX { [\��RWbp[,�NV!h�X�RUT�QY`e`qV!^U�PhnXp��RUV�Q®�>^W[\�P[q¥>X>[e�°TW[f�n[e`qRWhnVYX
`q^Uh�RW[f^UhnVYX ¢ QYX>�©RUbp[fX��ph�` { [\��§GkNTGRARUbp[�RWV!�'V!Xp[eT g V!^IRWbp[�hnX>`f^W[eo�[eX�ReL
JIbp[ g VY�n��VS�AhnXp��TW[f�n[e`}RUh�V!X�`q^UhÈRU[f^UhnQIbNQv�Y[�m�[f[eX�k>T][\��hnX�VYkp^:[q¦P�N[e^Whno�[fX�RUTI� \ R�� J�� �ph�` { T±RWb>[
`q�nV!TW[eT]R¬�NV!h�X�R¬RWV�RWb>[I`fkp^U^W[eX!R�b�|��N[e^W�>�nQYXp[YL¡JIbphnT�QY�p�p^UV!Q!`ab�hnT¬hnX>TW�phn^W[\��m�|�QY`qRWhn�Y[@��[\Q_^UXphnXp�
TU`abp[fo�[eTl�Abph�`ab-T]RW^Uh��![�RWV,b>Q_�n�Y[�RWbp[��Y[e^UTWhnVYX®TW�>QY`f[YL ��VS�@[f�Y[e^ ¢ RWbp[�XpVYRWhnVYX®V g Q©�![f^aT]hnVYX
TW�>QY`f[�h�Tlo�V!^W[�`qVYo��p�n[q¦
�Abp[eX®RUbp[��>^WV!mp��[eoÛhnT�hnX>T][e�>Q_^aQ_m>��[!L�JIb�k>T ¢ hÈR�h�T ^U[eQ!T]V!X>Q_mp�n[�RUV
QY�>Q_�PR�Q��Y^U[f[\�P|'QY�p�p^UV!Q!`ab'�Ab>hn`ab-TW[f�n[e`qRUT RWbp[��NV!h�X�R�RWb>Q_Rl�Ahn���¬`fQYk>TW[�RWb>[���Q_^U�Y[f^l`ab>Q_Xp�![
hnX,RUbp[��SQ_�nkp[�V g RWbp[�V!mP§G[e`qRWhn�Y[ g kpX>`qRWhnVYX¨L
O�bphn��[lT]V!����hnXp��RWbp[ VY�PRUh�o�hn£eQSRUh�V!X��p^WV!mp�n[fo g V!^�Q_�n�p��V!TUT]hnmp�n[Ah�XN`q^U[fo�[fX�RUT�hnT�h�o��p^aQY`qRWh�`fQ_m>��[ ¢
h�R�o�Qv|°T]RWhn���I�@VY^WRWb��Abphn��[�RWV�Q_�p�p^UVv¦Ph�o�Q_RW[�RUbp[,��V_RU[fX�RWh�Q_�A`ab>QYXp�Y[�� c ;	�<8 R�
$�phn` { T�RWb>[
o�V!T]Rl��hnVY��QSRWhnXp����VYhnX�ReLlJIb>hnT�`qV!^W^U[eTW�NV!X>�pTIRUV,QYX
kp�p��[f^�mNV!kpX>�
[\TGRUh�o�QSRU[�V g RWbp[�`ab>Q_Xp�![
hnXÑRWbp['VYmp§G[e`}RUh��![ ¢ TWh�X>`f[©RUbp[,�SQY��kp[,V g RUbp['TW��QY` { �ÁRWhno�[eT`Kf��hnT�Q_X°k>�p�N[e^�m�VYk>X>�ÑRUV®RWb>[
g [eQ!T]hnmphn��h�RG|��!QY�¨L f�U�x
� �N[e^ g V!^Wo�V!Xp��| g [e�¯hÈRU[f^aQSRUh�V!X>T@V g RWb>[�Q!�v§Gk>T]RUQYmp��[�mph�QYT@Q_�n�YV!^Wh�RWbpo
Q_XN�©[q¦pQYo�hnXp[ RWbp[�`ab>Q_X>�Y[ hnX©RUbp[�VYmP§G[\`}RWhn�Y[l�SQ_�nkp[YL�JIbph�T@hnTITWh�o�hn�nQY^�RUV ¸N»�¶Wµ_À�¾���¶W½SÀ4Å��P¿ÁÀ�¾
RW[\`abpXph���kp[��Abph�`ab°h�T�kNT][\�Ñh�XÞmp^aQ_X>`ab°QYX>�Ñm�VYkpX>�°o�[fRWbpVP�pT g VY^�hnX!RU[f�![f^��>^WV!�Y^aQ_o�o�h�Xp�NL��[e^W[�h�R��p^UVS��h��P[\T@Q��nVS�@[f^ImNV!kpX>�'[eT]RWhno�QSRU[lRUV�RWbp[�`abNQ_Xp�![lhnX'RWbp[�V!mP§G[e`qRWhn�Y[��SQ_�nkp[YL
«���RWb>VYkp�!bÑ�N[e^ g V!^Wo�hnXp�®VYX>��| g [f� h�RW[f^aQSRUh�V!X>T�h�T�o�k>`ab°`abp[\Q_��[f^�RUb>Q_X"`fVYX��Y[e^W�!h�X>�,RUV
RWb>[
VY�pRWhno�QY�lTWVY�nkPRWhnVYX ¢ RUbph�T�RW[\`abpXph���kp[®h�T�T]RWhn���lo�V!^W[��P[fo�Q_XN�Ph�X>��RWbp[eX¯�p^U[f��h�V!k>T©TW[f�n[e`qRWhnVYX
o�[qRUbpVP�pTfL���[eX>`q[��d[�¥>^aT]R�^UQYX { [\��RUbp[���VYhnX�RUTAk>TWhnXp� \ R�� J	� � c ;	�<8 R�
���QYX>�'RWb>[fX®Q_�p�
�p�nh�[\� f U�x�� VYXp�n|°RUV�RWbp[�RUVY� g [f��L$J¡Q_m>��[ F �p^U[eTW[fX�RUT�RUbp[®Q_�>�p��h�`fQ_RWhnVYXÚV g RWbp[®QYmNVS�![
o�[fX�RWhnVYX>[e�-`f^Wh�RW[e^Wh�Q�RUV�RUbp^U[f[��Ph}�4[f^U[fX�R��p^UVYmp�n[fo�TeL�JIbp[�^W[\T]kp��RUT�`q�n[eQY^W�n|
T]b>VS��T�RUb>QSR�QY�P�
�SQ_X�RUQY�Y[�V g k>TWh�Xp��RUbp[�h�X g VY^Uo�Q_RWhnVYX'VYmPRaQ_hnXp[e�,m�| f�U�x
� [\TGRUh�o�QSRU[YL

�aà¬á!çéèAçÈè�f!çhgpêUâGêaðSæIî�âGã=i ñ�î�ä!ìÈìh~���ê�f!å\ê�f��$�e£Á÷ �eô��4ôÕøI�¤�!÷��¬��èÕï]á�êei�êlçéð©í�á�çéïWá©æGá�ê
f�ñqæ]ñ�çéèIð!ãeæ
ìÈñInPêaìéê�f � n!ä!æ�â]ñfæGá!êUâ�ëSä�êUâGçéê�f�ñfæ�èÕêaìéêaïUæGê�fpjPã\çéðSæGèaú



­_êaìéêaïUæGçéã\ð � c ��� ��� � Z � c ��� ��� � Z � c ��� ��� � Z2 âGç æGêUâGçÈñ � c c � �D� ���I{�³ { u
	 � �=u=u � c ��c 	%��	 ����	

 ã�­YêaìéêaïWæGçÈãeð �
	�� {�ut� 	 c=uI{±�ñ+~�­_ìmz �
��� 	 c
	 	={
� c±�ñ+~�­_ìmz���f���n�� ��� �
�
� 	%��{
�
2 ìéè Y ���6{ ��	
	 �=³Iu
�
2 ìéè Y ��f���n�� �
��� � c=u ���t��{

J¡Q_mp�n[ F ��JIbp[�hno��>QY`qR V g ¸4ÃfÄ�ÃaÅf»C¿ÁÆSÃ�¸±½S· Ç�Äé¿ÁÀ�¾ V!X,RUbp[ � V>L�V g h�RW[e^UQ_RWhnVYX>TIV g « �ÈRa����
���Z��
��|�X�RWbp[fRWh�`��pQSRaQ�� FI@ 
�¦��Y� ¢ �Yh�V!XpV!TWVY�pb>[f^U[5��× �vÙ:QYX>� �Y�Ph�Q_m�[qRU[eTR�,�C`qV!��kpo�X>T�VY^a�P[f^U[e��^W[\T]�¨L �

� � Ì Ë � 'WÎ ��ÏGÌ Ë �Ñ� Ë Í��$Ï]���±Î ����ÏGÌ Ë

O�[©�p^UVY��V!TW[©Q
Xp[f� ¥>X>hÈRU[f�n|�`fVYX��Y[e^W�![fX�R�o�[fRWbpVP��RUb>QSR�`fQ_XÑm�[�QY�p�p�nh�[\�Ñh�XÑm�V_RUbÑm>QSRa`ab
Q_XN��h�X>`f^W[eo�[fX�RUQY�po�V��p[eT¬RUV�T]V!���![IRWbp[ ²S³w´�µ_¶}· ¸4µGºa»¡¼-½S¶�¾_¿ÁÀ ���lHª�>^WV!mp��[eo�L*«lTWTWkpo�h�X>�
RWbNQSR�RWbp[�X�kpo�m�[f^�V g TWkp�p��VY^WRl�![e`qRWVY^aT�h�T�T]o�Q_�n�¬`qVYo��>QY^W[\��RWV�RWbp[�TWh�£e[�V g RWbp[��pQSRaQ ¢ RWb>[
o�[qRUbpVP��h�T¬[q¦P��[e`qRW[e��RUV��N[e^ g V!^Wo ��� � � �¡QY^Wh�RWbpo�[fRWh�`IVY��[f^aQSRWhnVYXNT ¢ �Abp[e^W[ � hnT¬RUbp[A�p^UVYmp�n[fo
TWh�£e[YL
«��p�>��|�hnXp� ¸4ÃfÄ�ÃaÅf»C¿ÁÆSÃ�¸4½S· Ç�ÄÈ¿ÁÀ�¾ RW[e`ab>Xphn��kp[\T�o�Qv| g k>^]RUbp[f^�mNV�V!T]R�`fVYX��Y[e^W�![fX>`f[�QYX>�
^U[e�Pk>`f[�`qVYo��pkpRUQSRUh�V!X,�nV!Q!�±L
�lkp^@o�[qRWb>V���hnT@hnX>�P[e�N[eX>�P[fX�RU��|��p[f�Y[e��V!�N[\� ¢ mpkPR�T]V!o�[f�Ab>Q_R@TWh�o�hn�nQY^�RUV�RWbNQSRIh�X�× �SÙ�L)�lk>^
o�[qRUbpVP� ¢ bpVS�@[f�![f^ ¢ h�T�o�VY^U[��![fXp[e^UQY�:�Ah�R�`eQ_X�mN[�Q_�>�p��hn[e�-RWV�TWVY�n�Y[�¥>¦�[\�-m>hnQ!Tl�>^WV!mp��[eo�T
QYT��d[e���:Q!TIVYmPRaQ_hnX�VY�PRUh�o�Q_�:mphnQ!T g ^UVYo�Q��!h��![fX'¥p¦P[e�'mph�QYT T]V!��kPRUh�V!X��
EÒR�h�TAXpV_Rl^W[\TGRU^Wh�`}RU[e�
RWV�hnX>`f^W[eo�[eX�RUTAV g TWh�£e[�VYXp[ ¢ mpkPR�^aQSRUbp[f^l`fQ_X'b>QYX>�P�n[�h�X>`f^W[eo�[fX�RUTAV g QY^Wm>hÈRU^UQY^W|©TWh�£e[��>« X>� ¢
h�RA`eQ_X,mN[�k>TW[e��RWV��Y[qRAQ_X,[eT]RWhno�QSRW[�V g RWbp[��P^UVY�,h�X�RWbp[��SQ_�nkp[�V g RUbp[�VYmP§G[\`}RWhn�Y[ g kpX>`qRWhnVYX ¢
�Abph�`ab�hnTAQ�k>TW[ g kp�<T][e��[\`}RWhn�Y[�TUQ_o��p�nh�X>��`f^Wh�RW[e^WhnVYX:L
�¡h�XNQ_�n��| ¢ h�Rdh�Td�NV�TWTWh�m>��[ARUV�[f¦�RU[fX>��RWbph�T�o�[fRWbpVP��RUV��p^UVP�Pk>`f[ Q�RU^Wkp[lVYXP�Ò�nh�Xp[lQ_�n�YVY^Uh�RWbpo ¢ m�|
QYTUTWkpo�h�Xp�,`q[f^WRUQYh�X
�>^WV!�N[e^]RUh�[\T�V g RUbp[��>QSRUQ>LÂJIbphnT ^W[f��hnX�RW^UVP�Pk>`q[\T TWVYo�[��![f^U|�hno���VY^WRUQYX�R
Q_�>�p��h�`fQ_RWhnVYX>T�V g RWb>[�VYXp���nh�X>[�RW[\`abpXpVY�nVY�!| ¢ T]kN`ab°QYT�Q!`}RUh��![©��[\Q_^UXphnXp� ¢ Q_X>���SQY^WhnVYk>T g VY^Uo�T
V g QY�pQY�PRUQ_RWhnVYX¨L���k>^UTWkphnXp��RWbph�T��Phn^W[\`}RWhnVYXÚ�Ah�RWb�Q�T]��[e`fhnQY�A[fo��pb>Q!T]h�T�VYX�o�QYTUT]hn�Y[��pQSRaQ
Q_�>�p��h�`fQ_RWhnVYX>T��w[YL �>L�TW�N[e[e`ab�^W[e�nQ_RW[\�,QY�p�p�nhn`eQSRWhnVYXNTU� ¢ hnTI�n[ g R g V!^ g kp^WRWbp[e^�TGRUk>�P|YL

� ( , (¨�B( Ë �U(:�
s��ev�d�ú��dú��¡êUâlzvêUì�ñeñfâ � �dú��vñeð!èÕêað � q�ú��dãSãeè � ñfð�f�à@ú�àNêUâGìÈñIz�ySú?­YêUð�èÕç æGçm|Yç æ4y�ñeð�ñfìhy!èÕçéè�çéð�¨¥fYêaå\êUð�êUâ3~ñqæGê�ª¬ëSä�ñIfYâ]ñfæGçéï�jYâGã\åeâ]ñ6i�i�çéð�å!ú:àNêaïWá!ð�çéï}ñfì���ê�jPãeâÕæ��
�6~��
� �! êaì î�æ#"dð�çm|vêUâGèÕç æ4y � �����
�Yú
s ��v 2 ú��:ú��¡ìÈñIz\ê�ñeð�f 2 ú!��±�êUâlxeú$" 2 ¯<âGê�jPãeèÕç æGãeâ3y�ãfî�i�ñeï]á�çéð!êIìéê}ñfâGð!çÈð!å�f�ñqæ]ñIn�ñfèÕêaè � �����I{Yú
s 	6v � ú 2 ñfä_í¡êað¬nPêUâGå\á!è:ñeð�f à@ú�%4ã\å\åeçéã!ú�¯Cð�ïUâGêei�êaðSæ]ñeì_ñeðkf
fYêaïUâGê�i�êUð_æ]ñfìSèÕäkj�jPãeâÕæ"|vêaïWæGãeâ"i�ñeï]á�çéð!êìéê}ñqâGð�çéð�åYú?¯�ð ��õD�D��÷��p� ô��¬�Òø
�'&���¡��I����øI£Á÷¥�6�)('�¢���WôWùGùG÷����°��*fù�£Cô¤�lù
§
+ � j�ñfå\êaè�� c
��,-�%��³ � �5c5c%�\ú
s �Iv 
 ú 2 âGçéèÒæGçÈñeð!çÈð!ç�ñeðkf.�!ú?­Yá�ñaí¬êe~Cà4ñ�yYìéãeâ}ú��©�/&���£��3�}õD���e£Á÷�� £L� ���+�����6�¤£10�ô��e£L�I����ø��U÷��pôWù�ø6�Põ

2 £ ��ô¤�43�ô¤���pô �h�65døeùUôÕõ �4ôÕøI����÷���� �'ô¤£ ���}õfù]ú 2 ñIi
n!âGç}f!åeê7"@ð!ç}|\êUâGèÕç æ<y)%¨âGêUèÕè � �5c5c c_ú
s ³�v�­Pú } çéð�ê,ñeðkf q�ú©­Yï]á�êUçÈð¬nPêUâGåYú8%4ã=zvêUâ�o.%±ñfâ]ñIi�êWæÕâGçÈï�ã=jYæGçmi�ç}xañfæGçéã\ðÑînâ]ñ6i�êUí¬ãfâlz�î�ãfâpzvêWâGð�êaìi�êWæGá�ã¬f!èaú±à�êaï]á�ð�çéï}ñfì>âGêejPãeâÕæ � ¯��'±�à@ú9�Yú Y ñqæGèÕã\ð)�dêaèÕêañfâGï]á 2 êaðSæGêUâ � �5c c1�\úE­Yä�nki�ç æÕæGê�f>ú
s �6v�à@ú�à@ú } âGçÈêUèÕè � 
 ú 2 âGçéèÒæGçÈñeð�çéð!ç � ñfð�f 2 ú 2 ñIi�j�nPêaìéìÁú¬à¬á!ê�zvêUâGð�êUìm~CñIf�ñfâ]ñqæGã\ð©ñfìÈåeãeâGç æGákipo¦dÞî�ñeèÒæèÕçmi�j!ìÈê@ìÈêañfâGð�çéð!å�j!âGãSïaê�fYä!âGê@înãeâ�­�®�±,ú"¯�ð:(E�3���+�"�¢¡�§�;I£ �<&�=�� � � j�ñeå\êUèr��{={�,y���
� � �����={_ú
s u�v�­Pú�­pú�qAêaêUâÕæGá�ç � ­Pú�q�ú�­Yá!ê�|\ñIf!ê � 2 ú��¡á�ñqæÕæ]ñeï]á�ñfâ3y¬y_ñ � ñeðkf�q�ú�� ú�q�ú¬±�ä!âÕæGá�ySúPd�îÁñeèÒæ¬çéæGêWâ]ñfæGçm|vêð!ê}ñfâGêUèÒæ1jPãeçéð_æ�ñfìéå\ãeâGç æGá�i înãeâ�­�®�± ïaìÈñeèÕèÕçhw�êUâ�f!êUèÕçÈåeðNú>&@?A?$?8B��¤��øeù ���©� � �
�Io�������,C	
� � �5c5c cYú
s {6v�d�ú�qAãqí¬ñeìéï�xey�zPú¦±�ñ?~Yçmi�ñeìPi�ñfâGåeçéð`jPêUâGïaêej!æÕâGã\ð>ú"¯�ð ��õD�føI�y�]ôWùA÷�� ��øI���Sô��,øI���e÷��/=!�éøeùGù]÷ ò¬ô¤�]ù �j�ñeåeêaè1u=³�,��
��	YúP±`¯�àD%±âGêaèÕè � ��c c5cYú
s �6vE��ú!à@ú���ãSï�z\ñqî�êaìéìÈñfâ}úF=?�I�G�����vø6£Cô7G��!ø
� ÷�£H*�øI�Põ 2 ��£Á÷��l÷JI}øI£Á÷¥�I�!ú:­�¯¢d�± � %:á!çÈìÈñIf!êaìmj�á!çÈñ � ����u��!ú


