
HAL Id: inria-00071563
https://inria.hal.science/inria-00071563

Submitted on 23 May 2006

HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.

L’archive ouverte pluridisciplinaire HAL, est
destinée au dépôt et à la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche français ou étrangers, des laboratoires
publics ou privés.

Locks and Barriers in Checkpointing and Recovery
Ramamurthy Badrinath, Christine Morin

To cite this version:
Ramamurthy Badrinath, Christine Morin. Locks and Barriers in Checkpointing and Recovery. [Re-
search Report] RR-5021, INRIA. 2003. �inria-00071563�

https://inria.hal.science/inria-00071563
https://hal.archives-ouvertes.fr


IS
S

N
 0

24
9-

63
99

   
   

 IS
R

N
 IN

R
IA

/R
R

--
50

21
--

F
R

+
E

N
G

ap por t  


de  r ech er ch e 


INSTITUT NATIONAL DE RECHERCHE EN INFORMATIQUE ET EN AUTOMATIQUE

Locks and Barriers in Checkpointing and
Recovery

Ramamurthy Badrinath and Christine Morin

N˚5021

Novembre 2003

THÈME 1





���������
	���
���	������������
���������������������! �����"#	��$
&%'���(�*)�����+

,�-/.0-1.32�46587:90;�-1<�48=?>�-/5@7BAC-1>�<EDF7�48=HG658=?>�I�JEKL46=?>NM

O�PRQ�S�T�UWV#X�Y6Z[T6\^]`_CT�a*Z[b`ZcadQ�S�T6Z
egf[h^icT�a�ekj*X�lnm

Xo\^pqp/hrfnaos`TtfdT6uvPRT�fvuvPqTxw!yrz^{r|qU$V~}oh��rT�S!�Rf[Tt|�{r{^��V�U���pR\��rT6Z

�C���6�����q�^�^��� T�p1T�wRs`T6wRu�bFadfd\ruv����wq�t�1T�ac��T�T6w�u�h^S�S�]qwq��u�\�ad��wR�tad\rZn�`Z���Zg\^w���S�p1h^f[ad\^wra�u�h^w/u�T�pqa(��w
�/\^uv����\^fds�T�fdfdh^f:fdT6u�h��^T�fdb���hrf�pR\^fd\^ � �T� r\�pqpq ���u�\�ad��hrwRZ6¡�¢�wqTgu6\�wtT�_�adT�wRsta[PqT(a[fv\^s`��a[��h^w/\� rsqT�p1T�wRs`T6wRu�T
adfd\ruv����wq�FS�h`s`T� k��hrf�S�T6ZdZ[\^�^TWpR\^ZdZn��wq��Znb`Zna[T6S�Z�adh�a[fv\^uv��s`T6p/T6wRs`T6wRu���T6Z��1T�ac��T�T6w$Z[PR\^f[T8sCS�T�S�hrf[b
\^wRs0ad\rZn�0pqfd����\�a[T£Znad\�a[T6Z���h^f$ZnPR\^f[T8s0SFT6S�h^fdb0\^pqpq ���u6\�a[��h^w/Z�¡¤O�PqT£h^�`icT8u¥a[���^T£h���a[Pq��Z�pR\�p1T�f���Z
adh¦\�wR\^ �b�§�T�a[PRT¨��ZdZn]RT6Z��^T6wqT�fv\�adT6s©��b© �h`uv�`Z�\�wRs0�R\^f[fd��T6fdZ���wªpR\^fd\^ � �T� o\^pqpq ���u6\�ad��hrwRZ�Znh3a[P/\�a��(T
u6\�w0uvPqT6uv��p1h^��wraFad\rZn�`Z�\�a�\^w�b�ad��S�T¦«�T6�^T6wª��PqT6wªPRh^ �s`��wR��hrfF��\���a[��wq����h^f� �h�uv�`Z�\�w/s©�R\^f[fd��T�fvZd¬�¡
l­w¦p/\�f[a[��u�]q �\�f���TC\�ana[T6S�p`a�a[h£T�_�a[T6wRs¦T6\^f[ ���T�f�s`T6p/T6wRs`T�w/u�b3a[fv\^uv����wq�¨S�T6uvPR\^wq��Z[S�Z�a[h£ �h`uv�`Z�\�w/s
�/\�fdf[��T�fvZ�¡�®3T�\rsqs`fdT6ZdZ��/h^a[P¨u�h�hrfds`��wR\�a[T6s�\�wRs$]qw/u�h�h^fvs`��wR\�adT6sCuvPRT6uv��p/hr��w�ad��wq��ZduvPqT�S�T8Z�¡
¯¨°�±L²d³!´ ��µ��^�·¶ h�uv�L¸L�R\^f[fd��T6f6¸LZ[b�w/uvPqf[hrwq��§6\�ad��hrw:¸LuvPqT6uv��p1h^��wrad��wR�R¸L�R\^uv����\�fvs$T�fdf[hrf*fdT6u�h��rT�fdb^¸1s`T�¹
p1T�w/s`T�wRu�b�adfd\ruv����wq�/¸�u� �]/ZcadT�f
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 	 � ¶ \�s`Y�adT6u¥ad��hrw s`T6Z�s`Y�p1T�w/sq\�wRu�T6Z*T�w�a[fdT�s`T6Zoa��ruvPqT6Zou�h^S�S!]Rwq��u6\�w�a[T8Z�T6Zna*]qw u�h^wRu�T�p`a
��S�p/hrfnav\�w�agsq\^wRZ  �T6Z�pRf[h^a[h`u�hr �T8Z s`TofdT6u�hr]q��f[T6S�T�w�a�\�fdf[��Q�fdT�p/hr]qf� �T6Z�\^pqpq ���u6\�a[��h^w/Z pR\�fv\� � �Q� �T6Z6¡ l­ RT8Zca
p1hrZdZ[���q �T�s�� Y�a[T6wRs`fdT� �T�S�h`s`Q6 �T�s`T�s`Y�adT6u¥ad��hrw�s`T�s`Y6p/T6wRsq\^wRu�T8Z*adfd\rs`��a[��h^wqwqT6 �sR\�wRZW �T6Z�Znb`Zna[Q6SFT8Z��
Y8uvPR\�wR�^Tts`TtS�T6ZdZ[\^�^T8Z�\��Rw¨s`T!s`Y�a[T8u¥a[T6fo �T6Zos`Y6p/T6wRsq\^wRu�T8Z�T�w�a[fdT� �T8Z�Y�av\�avZ�pqfd���rY6Z�s`T8Z�a��ruvPqT6Z�T�ao �\
S�Y6SFhr��fdT pR\^fnav\��^Y6T�p/hr]qf: �T6Z \^pqpq ���u6\�ad��hrwRZLpR\�fv\� � �Q� �T6Z1��h^w/s`Y�T8Z Z[]qf: �T�pR\�fv\^sq���rSFT s`T(u�h^S�S�]qwq��u�\�ad��hrw
p/\�f�SFY6S�h^��f[TWpR\�f[ad\^�^Y6T^¡ ¶ � hr�`icT6u�a[����s`T�u�T�a�\^fnad��u� �TWT6Zna�s�� \^wR\� �b`ZnT6f( �T6Z�pqfdh^�R �Q6SFT8Z(Z[h^]R �T6�^Y6Z(pR\^f( �T6Z
�rT�fdf[hr]RZ�T�a  �T8Z��R\�fdfd��Q6f[T8Z�sq\^wRZ� �T8Z \�pqpR ���u�\�a[��h^wRZ�pR\^fd\^ � �Q� �T6Z� �h^fvZ���]�� �� `Z�� \^�^��a�sqT�p1h^]R�^h^��f Z[\^]q�^T6�r\^fds`T6f
]Rwªp1h^��w�a�s`T fdT�pqfd��ZnT�� adh^]`a�S�h^S�T�S�w�a¨«�S���S�T p/T6wRsq\^wra���]�� ]qwqT�a��ruvPqT$sqY�a[��T�w�a�]qw0�^T6f[fdh^]¦hr]
��]qT�s`T8ZWa��ruvPqT6ZtZ[h^w�at�q �h���]qY6T6Z�Z[]qft]qwqT��R\^f[fd��Q�fdT8¬¥¡ ��w�pR\�f[a[��u�]R ���T�f8¸:wqhr]RZWa[T6wradh^wRZts�� Y�a[T�w/s`f[T� �T6Z
S�Y8u�\�wR��Z[S�T6Z s`Tos`Y�a[T8u¥a[��h^w�s`TosqY�p1T�wRsq\^wRu�T8Z T�_`��Zcav\�w�adZ�p1h^]Rf�pqfdT�wRs`fdT�T�w�u�hrS�p`a[T� �T6Z �rT�fdf[hr]RZ�T�a� �T6Z
�/\�fdf[��Q�fdT6Z6¡ }ohr]RZ�wqh^]/Z���w�a[Y6f[T8Z[Z[h^w/Z�\^]`_!Zcadfd\�a[Y6�^��T6Z�s`T�Z[\^]q�^T6�r\^fds`T(u�h�h^fvs`h^wRwqY�T�T�a wqhrwFu�h�hrfdsqh^wqwqY6T
sqTWp1h^��w�adZosqTtf[T6pqf[��Z[TWs`TtpRf[h`u�T8Z[Z[]RZ6¡
!�´ �8� ² �#" 	 � $ T�fdf[hr]:¸o�R\^f[fd��Q6f[Tr¸�Znb�wRuvPqfdh^wR��Zd\�ad��hrw:¸�p/hr��w�a¨s`T£fdT�pRf[��ZnTr¸ofdT6u�hr]q��f[T6S�T�w�a�\�fdfd��Q6f[Tr¸
sqY�a[T8u¥ad��hrw$s`T�sqY�p1T�wRsq\^wRu�T8Z�¸R�^fv\�pqp1T
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j�Ztu� �]RZna[T�f�u�h^S�pq]`ad��wR� Z[b`ZcadT�S�ZtZ[]qpqp1h^f[a[��wq�$a[PqT � m-, pqfdh^�^fv\�S�S���wq�CS�h`s`T� (u�h^S�TFa[h �1T�S�h^fdT
����s`T8ZnpqfdT6\rs!��w�]RZ[T^¸rZ[]qpqp1h^f[a[��wq���Ì\^]q  a adh^ �T�fv\�wRu�T���wFa[PRT6Z[ToZnb`Zna[T�S�Z P/\^Z \�a[a[fv\^u�a[T6s�\W �h�a�h��L��wradT�fdT6Zna6¡
m`T��^T6fd\^ ���h^fd��Z�P/\@�^T�s`T8\� �a�����a[P T6�@\^ �]/\�a[��wq� adPqTCh��rT�fdPqT6\rs£h^����\^f[��h^]RZ!uvPqT6uv��p1h^��wrad��wR�¨pqf[h^a[h`u�hr �Z
«/.�U@|�0�pqf[h�����s`T6Z�\CZ[]qfd�^T�bq¬�1RadPqT�b¨PR\@�rT!s`T8\� �a�����a[P adfd\ruv����wq��sqT�p1T�wRs`T6wRu���T6Z2.�U8z�¸k�30�\�w/s Zn]Rpqp/hrfnad��wR�
Z[h^S�TtuvPqT8uv��p1h^��w�a�hrp`a[��S���§8\�ad��hrwRZ4. 5`¸:U8{30¿¡

m�T6�^T6fd\^ :Znb`Zna[T�S�Z���hrfouvPqT6uv��p1h^��wrad��wR��\^wRs$f[T8u�h��rT�fdbFh^��\^pqpq ���u6\�ad��hrwRZ�f[]Rwqwq��wq��h^w � m�, S�h`s`T6 �Z
P/\@�^T*�1T�T6w�s`T8Z[u�f[���1T6s���w$ ���a[T6fd\�a[]qfdT^¡�6�T�a8¸`��w$pqfv\^u¥ad��u�T^¸ � m�, Z[b`ZcadT�S�Z�h��^T�f�u�hrSFS�h`s`��acb�PR\�fvs`��\�fdT
adPR\�aWZn]qpRp/hrfna��Ì\^]q  a*a[h^ �T�fv\�w/u�TtPR\@�rTW�1T�T6w Z[u6\�fvu�Tr¡g® Pq�� �T7. 5R¸ U6{�0�s`T8\� :��S�pq ���u���a[ �b ��� adP ZnT ��]qT�w�a[��\� 
u�h^wRZ[��ZcadT�wRu�bCS�h`s`T� �Z�¸1u�h�h^fvs`��wR\�adT6s uvPqT8uv��p1h^��w�a[��wq��\�w/s�fdT6u�h��^T6f[b���b�f[hr � ��R\^uv�L¸8.�U��R¸:9`¸�U6�30�\�wRs;.Îz30
]/ZnT$f[T6 �T8\^Z[T$u�h^wRZ[��ZcadT�wRu�b^¸�]qw/u�h�h^fvs`��wR\�adT6s©uvPRT6uv��p/hr��w�ad��wq�3\�wRsªfdT6u�h��rT�fdb���b fdT�pR �\@b���wq��Z[h^S�T$ �hr�
��w`��hrf[S�\�ad��hrw:¡<.�UrU�0:s`T6Zdu�fd���1T6Z(u�h�h^fvs`��wR\�adT6s�uvPRT6uv��p/hr��w�ad��wq�!��w�adPqT�u�h^w�adT�_�a(h^� \!Z[b�Zna[T6S ]RZn��wq� ¶ X>=
u�h^wRZ[��ZcadT�wRu�b�SFh`s`T6 H¡

m�T6�^T6fd\^ 1h^� adPqT6Z[Tt�(hrf[�`Z�Zn]/uvP$\rZ?. @30 \^ �Z[h�f[T8u�hr�^wq��§�T*a[PqTt��Z[Z[]qT8Z(h^��fdT6u�h^wRZna[fd]Ru�a[��wq��adPqT�Zcav\�adTWh^�
 �h`uv�`Z:h^f��R\�fdfd��T6fdZ6¸6\^wRs�a[PRT(Znad\�adTgh^��adPqT � m-, S�\ruvPq��wqT^¡�l­wA. 5�0radPqT(\^]`a[PRh^fvZ:fdT6\� ���§�T�a[PRT(��S�p/hrfnav\�wRu�T
h^��pqfdh�����sq��wq�FwqT6�r\�ad���rTW\ruv��wqh��� �T8s`�^S�T6wravZghrf�	CB�����"D�g��PqT6w$��a���Z�sqT�a[T8u¥adT6s�a[PR\�ao\ � m-, h^p1T�fv\�ad��hrw
hrf�\�Znb�wRuvPqfdh^wR��§8\�a[��h^wCpqf[��S�� ad���rTtu�\�wRwqh�ao�1Ttu�h^S�pq �T�adT6s$��w�adPqTtpqfdT6Z[T�wRu�T�h���\��Ì\^]q  a8¡

l­wE. ��0oadPqT£\^]`a[PqhrfdZ�]/ZnT �/\�fdf[��T�fvZF��w hrfds`T6f�a[h¦ �h��(T6f�Znb�wRuvPRf[hrwq��§8\�ad��hrw©h��^T6f[PRT6\^sRZ���wNuvPqT8uv�r¹
p1h^��w�a[��wq�¨��w�\¨Z[T���]qT6w�a[��\� � �b£u�h^wRZ[��ZcadT�w�a � m�, ��� adP u�h�h^fvs`��wR\�adT6s3uvPqT6uv��p1h^��wrad��wR�R¡�l­w�a[PRT�f[T6 �T8\^Z[T
u�h^wRZ[��ZcadT�wRu�b S�h�sqT� ?¸�����a[P¦]RwRu�h�h^fvs`��wR\�adT6s3uvPqT6uv��p1h^��w�a[��wq� \^Zt��wF.�U��q¸�9R¸gU8�30g��a!��Z!wR\�ad]qfv\�  adh¨]RZnT
 �h`uv�`Z(��w h^fvs`T�f�adh�uvPqT6uv��p1h^��wra�av\^Z[��Z�\^wRs$SFT6S�h^fdb�Zcav\�a[T8Z�¡

l­w$a[PR��Z*pR\�p1T�f���T�Zcad]Rs`bCa[PqTt��S�pR\^u�aoh��� �h`uv�`Z�\�wRs$�R\^f[fd��T�fvZ(hrw$uvPRT6uv��p/hr��w�ad��wq��\^wRs u�h^S�pq]qad\�¹
ad��hrw�h^��fdT6u�h��^T�fdb� ���wqT8Z���w \�ZnT �r]RT�w�a[��\� ku�hrwRZ[��Zna[T6wraoZ[b`ZcadT�S
Z[]RuvP \^ZHG�T�fdf[���^PRT6sI.Î|20:��Pq��uvP$Z[]qpqp1h^f[adZ
�1h�adP � m-, \^Z*�(T6 � �\^Z*S�T6ZdZ[\^�^TtpR\rZ[Z[��wR��pR\�fv\^sq���rS�Z6¡>G�T�fdfd���rPqT6s���ZW\�Z[b`ZcadT�S ��Pq��uvP ]RZ[T6Zo�rT�fdwqT� 
 �T��rT� �Zn]Rpqp/hrfnaW��h^ftuvPqT8uv��p/hr��w�a[��wq�$\�wRs£f[T8u�h��^T6f[br¡�l­w�. |�0 �(TFpqfdh^p1hrZ[T�u�h�hrfds`��wR\�a[T6s£uvPqT6uv��p1h^��wrad��wR�
��hrf�G�T�fdfd���rPqT6s$\�wRs T6��\� �]R\�adTt� avZop1T�f[��h^fdS�\^wRu�Tr¡�O�PRTta[T8uvPqwq� �r]RT6ZopRf[T8ZnT6wradT6s�a[PRT�fdT!s`h�wqh^a*PR\�w/s` �T
 �h`uv�`ZW\^wRs��R\�fdf[��T�fW��Z[Z[]qT6Z���w�a[PqT� �\�fd�^T�f�u�hrw�a[T�_�ath���p/h�Z[Z[���q �T�]RZ[T���w3]qwRu�h�h^fvs`��w/\�a[T8s£uvPqT8uv��p/hr��w�an¹
��wq�/¸�hrf!hrp`a[��S���§6T6s u�h�hrfdsq��wR\�a[T8s3uvPRT6uv��p/hr��w�ad��wq��\�wRs¦fdT6u�h��^T6f[br¡�l­w¦adPq��Z!pR\^p/T6f!��T�adf[b�a[h3Zcad]Rs`b
adPqTCs`T6p/T6wRs`T6wRu���T6Z!�^T�wRT�fv\�a[T8s�\^S�h^wq� av\^Z[��Z��/T8u�\�]/ZnT�h^�� �h`uv�`Zt\�wRs��R\^f[fd��T�fvZ�¡$¢�]Rf!\���S ��Ztadh �/T
\^�q �T�a[h���S�pq �T6S�T�w�a�S�T6uvP/\�wq��ZnS�Z�adPR\�aW���� � �\^ � �h�� ]RZ�adhCZn]Rpqp/hrfna8¸q��hrf*��wRZcav\�wRu�T^¸1Znb`Zna[T�S'��wq� ad��\�a[T8s
uvPRT6uv��p/hr��w�ad��wq����� adP adPqT  �h`uv�¦h^fF�R\^f[fd��T6f!��w0\^wª\^f[�q��a[fv\�fdb�Zcav\�a[Tr¡¦®�T¨Z[Pqh�� Pqh�� adPq��Z���S�pR\^u�adZ
]RwRu�h�h^fvs`��wR\�adT6s�\�wRs u�h�hrfds`��wR\�a[T6s�uvPqT6uv��p1h^��w�a[��wq��\�wRs�f[T8u�h��rT�fdb^¡

l­w�m`T6u¥ad��hrwC|W�(T�s`T6Zdu�fd���1T�adPqTo�^T6wqT�fv\� /s`T�p1T�wRsqT�wRu�b!adfd\ruv����wq�tS�T6uvP/\�wq��ZnS ��w��qf[��T��c¡�l­wCm�T8u¥ad��hrw
� \^wRs¦m�T6u�a[��h^w�� �(T�s`T8Z[u�f[���1T�adPqT���Z[Z[]qT8Ztu�h^w/u�T�fdwq��wq�  �h`uv�`Zt\�w/s£�R\^f[fd��T�fvZ�fdT6Z[p1T6u¥ad���rT� �b£Z[Pqh�����wR�
��wNT8\^uvPNu�\rZnT£Pqh�� a[PqT6b S�\@b0�1T3\rsqs`fdT6ZdZnT8sk¡KJ���w/\� � �b ��T£u�hrwRu� �]Rs`T���wEm`T6u¥ad��hrwEz¦����a[P ZnhrS�T
hr�RZ[T�fd�@\�a[��h^wRZ6¡

L M �������$
$�����(+ON3��	��������$"

®3T�u�hrwRZ[��s`T6fo\�pR\�fv\� � �T� :\�pRpq ���u�\�a[��h^w$��� adP S!]q �a[��pq �Ttad\rZn�`Z���Pq��uvP¨u�h^S�S�]qwq��u�\�adT���b�T�_`pq ���u�� aoS�T8Zc¹
Zd\��rT�T�_quvPR\�wR�^T�« adPqf[hr]q�^P��4�4�
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¢�wqTF]RZ[T6Z�a[PRTFs`T6p/T6wRs`T6wRu�b ��w`��hrf[S�\�ad��hrw£u�\^p`a[]Rf[T8s¨��b a[PqT8ZnT�\�a[a[fd���q]qa[T6Z�s`]Rf[��wq��a[PqT�\�wR\^ �b`Z[��Z
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j  �h`uv�CZcav\�adT�u6\�w �1T�s`T6Zdu�fd���1T6s���b�a[PRT���h^ � �h�����wq�Fac�(hF��\�fd��\^�q �T6Z��
U^¡ ����������9 O�PR��ZF��\�fd��\^�q �TC��wRs`��u�\�adT6Z�a[PRT$��s`T6wrad� �/T�f¨«Ì\^ �Z[h�u6\� � �T8s e�l � ¬Fh��oadPqT�ad\^Z[��a[P/\�a�PR\^Z
u�]qfdfdT�w�a[ �bCZ[]Ru�u�T6ZdZc��]q � �bC\^u��r]R��fdT6s�a[PqTt �h`uv�C\�wRs$wqh^a�b^T�aofdT� �T6\rZnT8s���a6¡
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	 � !%�&��9�� O�Pq��Z���ZW\� ���Znath��(egl � Z�h^�gad\rZn�`Z*a[PR\�atPR\@�^TFT�_`T6u�]`a[T8s£\�f[T ��]qT6Zna�adh¨\^u ��]q��fdT^¸L�q]`a
PR\@�^T�wqh^a�b^T�a*Z[]Ru6u�T�T8s`T6s:¸q\�wRs�PqT�w/u�T�\�fdTW��\^� ad��wq�Fadh�\^u ��]q��fdT^¡

l¿��� f[T6pqf[T8ZnT6w�adZg\�fdT6u�h��rT�fdb! ���wRT^¸�
 \� �h�uv�L¸`\�w/s�� 3�����
46���Z(a[PqTtZ[]q�RZ[T�a�h��:av\^Z[�`Zgh^��� a[PR\�a�PRh^ �s
\F �h`uv��
c¸�adPqT�u�hrwRZcadfd\^��w�a���S�p1hrZ[T6s$��b� �h�uv�`Z�hrw��¤u6\�w �1T�Zcav\�a[T8s�\rZ
�

�g´ ��� � ��" ° ��� 
���� 3�� ��
46gPR\^Z�Z[��§6T�\�a�S�hrZnatU^¡
l¿��� 3�� ��
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c¡�O�Pq��Z���Z hrwq �b�p/h�Z[Z[���q �T
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\�f[hr � ��R\^uv�FZcav\�adTo��Z(h^wRTo��PqT�fdT*\�av\^Z[����Z���wC\t �h`uv� � Zg��\^� a ��]qT6]qT^¡g¢*� u�h^]qfvZnT���TowqT6T6s�S�T8uvPR\�wq��Z[S�Z
adh�uvPqT6uv��p1h^��w�a \^wRsFf[T8Zcav\�f[a�ad\^Z[�`Z ��w�\� �h`uv�!��\���a ��]qT�]qTo\^wRs�a[htfdT�¹¿��wR� ad��\^ ���§�T� �h�uv��h���wqT�fvZ[Pq��p�Znad\�adT^¡

®3Tgwqh��¦\rZn�W� �q��Tgu6\�w�a[fdT6\�a:a[PRTg �h�uv��\^Z�\ouvPqT8uv��p1h^��w�ad\^�q �T T6w�a[��acbW\^wRst��wradf[h`s`]/u�Tgs`T6p/T6wRs`T6wRu���T6Z
�1T�ac��T�T6w! �h`uv��Z�\^wRstav\^Z[��Z�Z[hW\rZ:adht\^uvPq��T��rT(\�f[T8u�h��^T6f[bW ���wqT(a[P/\�a�ad\^�^T6Z� �h`uv��u�h^w �/��u�adZ���wradhW\ru�u�h^]qw�a6¡
®3TFwqh�adT�adPR\�aWa[PRTFhrwq �b$��w�a[T6fd\ru¥a[��h^w/Z*��w��^h^ �����wR��\� �h`uv� \�fdT�adPqT#"%$'&�(�)+*-,F\^wRs.*-,�/ ,�"102,Fh^p1T�fv\�ad��hrwRZ�¡
O�PRToh^wq �b! �h`uv��Znad\�a[T6Z a[PR\�a�\�fdT�h��k��wradT�fdT6Zna a[h�]/Zg\�fdToZnad\�adT6Z ��PRT�fdTo\t �h`uv����Zg�/T6��wq�tPRT� �s���b�\Wad\rZn�L¡
®3T�s`T6wqh�adTW��b�
 ' a[PqTtZnad\�adTth���a[PqTt �h`uv��
�\�� a[T6f�a[PRT!0 -)/ "%$3&�(4)+*-,^¡

¢�wqT�u�\^w adf[T8\�a�T��^T6f[b¨Z[]Ru�u�T6ZdZc��]R �"%$3&�(4)+*5,�\�w/s.*-,�/ ,3"106,F\rZ�\�ac��h���\@b¨s`T�p1T�wRsqT�wRu�b¨�/T�ac�(T6T�w�\
 �h`uv��\^wRs¨\�ad\rZn�L¡ Jqhrf*��wRZnad\�w/u�T^¸/h^wqT!S�\@b�S�h�sqT� �a[PqT� �h`uv�$\rZo\�Z[PR\�fdT6s$S�T�S�hrf[b$u�h^w�av\���wq��wR��a[PqT
\�anadf[���q]`adT6Z�S�T�w�a[��h^wRT6s�T6\�fd ���T6f6¸�\^wRstadf[T8\�a T��rT�fdb�\^u�u�T6ZdZ�\�wRs�f[T6 �T8\^Z[T(\rZ�SFT6S�h^fdbt��f[��a[T8Z�¸^Z[��wRu�T�a[PRT�b
uvP/\�wq�rT(adPqTo\�a[a[fd���R]`a[To��\^ �]qT8Z�¡�O�Pq��Z�u�fdT6\�a[T8Z Zn]�2�u���T6wragsqT�p1T�wRs`T6wRu���T6Zg�q]`a����� � 1u�fdT6\�a[T�\� �h^a�h��1�Ì\� �ZnT
«Ìh^fW]qw���\^w�a[T6s/¬os`T6p/T6wRs`T�w/u���T6Z6¡�j�sRs`� ad��hrwR\� � �b$��aWa[Pqfdh��oZo]qp£a[PqT���]qT6Zna[��h^w£h�� a[PRTFuvPqT8uv��p/hr��w�ad\^�q �T
Znad\�a[TW��PqT�fdT�\�fdT���]qT6Znag��hrf�\� �h�uv��P/\^Z(�/T6T�w$S�\rs`T*�R]`a�a[PqTt\^u���]q��fdTo��adZ[T� ���PR\rZgwRh�a�b^T�a�Z[]Ru�u�T�T6sqT6sk¡
O�h�]qwRs`T6fdZnad\^wRs!�Ì\� �ZnTos`T6p/T6wRs`T6wRu���T6Z u�h^wRZ[��sqT�f�a[PR��Z T�_q\�S�pq �T(¹�j0ad\^Z[�!\ru ��]q��f[T8Z�\^wRs�f[T6 �T8\^Z[T6Z�\� �h`uv�
\^wRs 	 	B	S���������� !�����!"D�o\�fdT7B���7���� ��"��!� 	C�����-�����o\�w/s 	87�" ���P"��!�
����	 ��	�����¸/a[PqT6f[T���ZowRh�f[T8\�  sqT�p1T�wRs`T6wRu�T
�1T�ac��T�T6w$a[PqT� �h`uv��\^wRs�a[PqTtav\^Z[�L¸qT���a[PqT6f*u�\^w f[hr � ��R\^uv�C��� adPqh^]`a�T:9LT6u¥ad��wR��a[PqT�h^a[PqT6f6¸R��PqT�fdT6\rZ�a[PqT
�W� $ ���� � �fdT6u�h^fvs�adPR\�a�a[PqT6f[T�\�fdT�s`T�p1T�wRsqT�wRu���T8Z*�1h�adP ��\@b`Z6¡(l¿aW��Z*��S�p1h^f[ad\^wra*a[h�wqh^a[T!a[PR\�a�Zn]/uvP
�Ì\^ �Z[T�s`T�p1T�wRsqT�wRu���T8Zt\�fdT!T6ZdZ[T�w�a[��\� � �b u6\�]RZ[T6s£� ���(T�\^ZdZ[]qS�T!adPR\�a�Z[]Ru�u�T6ZdZn���^T���wRZnad\^wRu�T8ZWh��gPqhr �sq��wq�
adPqTF �h`uv�L¸;
 ' \^wRs<
 '5= �!\�fdT�u�\^]RZd\� � �b fdT� �\�a[T8sk¡?>*Z[��wR��a[PRT!adfd\rs`� ad��hrwR\� �wqh^ad\�ad��hrwª«ÌT��R¡�¸1��f[hrS .�U�0 ¬*�(T
T�_`pqf[T8Z[Z�adPq��Z!\^ZdZn]qS�p`ad��hrw3\rZ@
 'BA 
 '5= ��¡ JR]qf[a[PqT6f�Zn��wRu�T�hrwq �b£h^wqTFad\rZn�£��Zt��w��^hr ��rT6s ��w�\� �h`uv�£\�a
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u6\�w$�/TtT6� adPqT�f8¡ l­w��Ì\^u¥a8¸R\F �\�a[T8ZcaofdT6u�h��^T�fdb� ���wqT���Z�wqh�a�]qwR� ��]qT6 �b$s`T��RwRT6sk¡
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�r]R\�fv\�w�adT�T6s:¡�®3T!���� �  wqh��x\^ZdZ[]qS�Tta[PR\�a���T�����ZnP ��wRs`T6T6s$adhC�1T�\��R �TtadhCuvPqT8uv��p1h^��w�aoa[PRT�ad\rZn� \�a
\^w�b�a[��S�T^¡

®3T�pqfdT6Z[T�w�a���w¨j* ��rh^fd� adPqS Ut\�PqT6]qf[��Zna[��uWa[h�u�hrSFpR]`a[T�\�fdT6u�h��^T�fdb� ���wqTr¡(O�PqT6f[Tt\�fdT�T6ZdZnT6w�a[��\� � �b
ac��h©Zna[T6pRZCS�\^f[�rT6s��8�£\�wRs�� � ��Pq��uvPNfdT6Z[h^ ��^T s`T6p/T6wRs`T6wRu�b fdT� �\�adT6s \�w/s f[T8Znhr]qfvu�T£u�h^w�a[T6wrad��hrw
fdT6Z[p1T6u¥ad���rT� �b^¡ O�PRTg��]qw/u¥a[��h^w
	���
�� (��8,�� ,�$�����,4*�����)���, ��Z�a[PqT(a[fv\^sq� ad��hrwR\� �uvPqT6uv��p1h^��wra��^fv\�pqPtadfd\@�rT�fvZ[\^ 
fdT6u�h��^T6f[bW ���wqT�u�hrS�pq]`ad\�a[��h^wF\� ��^h^fd��a[PqS&1���a�h^p1T�fv\�a[T8Z hrw��F¸^a[PqT�a[fv\^sq� ad��hrwR\� `uvPqT8uv��p1h^��w�a��rfd\^pqP:¸�\�w/s
�F¸@adPqT� �\�a[T6Zna�ZnT�a�h^�1Znad\�a[T6Z�\@��\��� �\��q �T���hrf�T8\^uvP!ad\^Z[�L¡�O�PqT6w���T�u�h^S�pq]qa[T! #"�¸�a[PRT�Z[T�a h^�R �h`uv�`Z���Pq��uvP
\^f[T*��w$u�h^w�adT�w�a[��h^w���w�adPqTWwqT��� �b�u�hrSFpR]`a[T8s�fdT6u�h��rT�fdb! ���wRT �F¡ O�PqToadT�fdS���wR\�a[��h^w$u�h^w/s`� ad��hrw���ZgadPR\�a
adPR\�a�a[PR��Z�ZnT�a$ %" 3��-6��1T�T6S�p`acb^¸��?¡ Tr¡�¸���T�PR\@�rT*\�fdT6u�h��^T6f[b� ���wqTW��� adPCwqhFu�\�]/Z[\^ ���acbFu�h^w �/��u�adZ�\^Z(�(T6 � 
\rZ*wRhC �h�uv�¨u�h^w�a[T6wrad��hrw:¡�O�PqT���]qw/u¥a[��h^w&� ,'0'��/ ��,(�)� $)*+	,�-�.�8,/�.��) �-��fdT6Z[h^ ��^T8Z*u�hrw�a[T�w�ad��hrw ��h^fW �h`uv�`Z*h^�
 %" 3��-6¥¡�O�PqT�f[T8Zn]R  a���Z \WS�h`s`� �RT6sFp1h�a[T6w�a[��\� `fdT6u�h��rT�fdb� ���wqTB� ��Pq��uvP�S�\@b�����h^ �\�a[T�u�\^]RZd\� �� acbr¡ �oT6wRu�T
��T�wqT�T8s�a[h�f[T�¹?T�_`T6u�]qa[TWa[PqTt �h�h^p:¡

m���wRu�T�a[PRT�fdT���Z*wqh�]qwR� ��]qT� �\�adT6Zna*fdT6u�h��rT�fdb� ���wqTr¸1Z[T��rT�fv\� kPqT6]qfd��Zna[��u�Z*S�\@b$�1T�]RZ[T6s ��b0� ,30'��/ �1,�1
�)� $/*+	������8,�����) ���!adh$Z[T� �T6u�aWadPqT�ZnT�aWh^�gav\^Z[��ZW��w � adh�fdh^ � ��R\^uv�L¡�j*Z�T�_q\�S�pq �T6Z6¸kh^wqTFS�\@b¨f[hr � ��R\^uv�
\^ � ��q]`aWh^wqT�av\^Z[��Zo��f[hrS
adPqT!Z[T�a � 3�� �6
 6�\�fd�q� adfd\^f[�� �b^¸qhrwqT�S�\@b�fdh^ � ��R\^uv��hrwq �b�hrwqTtad\rZn�L¸/h^wqT�S�\@b
fdh^ � ��R\^uv��adPqTtav\^Z[�C��Pq��uvP PR\^Zoa[PqTt��T6�(T8Zcaow�]qS��/T6foh�� pqfdT�����h^]RZ*uvPqT6uv��p1h^��wravZ�¸`T�adu^¡�j* �Z[hR¸Rh^wqT�S�\@b
uvPRh�h�ZnT�a[hCT�_`T6u�]qa[T�adPqT�Zna[T6p0� ����h^f�\� � � �h`uv�`Zo��w2 " h^fWh^wR �b���h^fWh^wqT� �h`uv�L¸1�/T���h^fdT!pqfdh`u�T�T8s`��wq��a[h
adPqTtwqT�_�a���a[T6fd\�a[��h^w$h^w3	���
�� (��8,�� ,�$�����,4*�����)���,r¡

Q�Q ÍSR2T�U�V�W



5 ��	 ������� 	�" � ��� �������

¢�wqT!S�\@b \� �Z[h�wqh�adT�a[P/\�aoadPqT�s`T6p/T6wRs`T6wRu�b¨s`]qT�a[hC �h`uv�`Z�S�\@b�fdT���]q��f[T�Z[��SF�� �\�f*S�h`s`� �/u�\�a[��h^wRZ
adh�\�w�bC��\�fd�R\��rTtu�h^ � �T6u¥ad��hrw¨\� ��^h^fd��a[PqS�Z�a[P/\�a*S�\@bC�1T!]/ZnT8s���w a[PRT�u�\rZnTth^��]RwRu�h�h^fvs`��wR\�adT6s uvPqT8uv�r¹
p1h^��w�a[��wq�R¡

� ��� � � �RjxuvPqT8uv��p1h^��w�a��^fv\�pqP �F¡
´ � ������� �Rj ��\� ���s$fdT6u�h��^T�fdb� ���wqT?�F¡
� °�� �)�

� � ¶ \�a[T8ZcaoZ[T�aoh���f[T8u�h��rT�fv\��q �T*p1h^��w�adZ�h�� \� � Lad\rZn�`Z21
³�� � " °��
	���
 µ ´

��� � � 	,�-
 ��(.�8,(� ,3$ �/�1,�* ����)��1, 3�� � �-6��
	,�-
�� (��8,  %" 3��+6#� ����, ���1,?02, �#��� / � $)*'0��B) ��� $ �-�.�8,/�.��) �-�!)�� ���
� �  #" 3��-6 � ! "�# $&%('�)�*,+�-/.0+�)�12.
-��3�

��4 � � � ,'0'��/ ��,(�)� $)*+	,�-�.�8,/�.��) �-� 3�� �  " 65�
° ��µ

° ��µ
�
" �1´ �)��� � 
761� X�T6u�h��^T�fdb���fdh^S >*wRu�h�h^fvs`��wR\�adT6s =(PqT6uv��p1h^��w�adZ�����a[P ¶ h`uv�`Z

l­w�adPqT�u6\^Z[Toh�� � ´:´ ��µ��)���`� ° µ uvPqT6uv��p1h^��w�a[��wq��s`]qfd��wR��f[T8u�h��rT�fdb��(T���wqh��©adPR\�a(a[PqT� �h`uv��u�\^w��/T
fdT���wq��a[��\� ���§6T6sFadh�a[PRT�uvPqT8uv��p1h^��w�a[T8s�Zcav\�a[Tr¸�pqf[h�����s`T6sFh^� u�h^]RfdZ[TP	 	B	^ad\rZn�`Z����� � /fdh^ � ��/\^uv�98@fdT6Znad\^fna8¡:®�T
S�\@b���\�w�a�adh�hrp`a[��S���§6T�\^wRsFs`T6u���s`T�wqh^a�adh�fdh^ � ��/\^uv�t\� � �ad\^Z[�`Z�¸�hrwq �b�adPqhrZ[T���Pq��uvPFPR\@�rT(s`T6p/T6wRs`T�w/u�b
hrw�adPqT(p1hrZna uvPqT6uv��p1h^��wra�\^u�a[������acbth��Ra[PqT(�Ì\��� �T8s�av\^Z[�`Z�¡�JRh^f� �h�uv�`Z a[Pq��Z�S�T6\�w/Z adPR\�a����;: ' f[hr � �Z��R\^uv�Wa[h
\�Zcav\�adT*��PqT6f[To��a�Pqh^ �sqZ( �h`uv�  o¸`\�wRsC\�wqh^a[PqT6f�ad\rZn��: * Pqhr �sRZ�adPqT� �h`uv�� ª\�a(�Ì\��� �]qfdT�sqT�a[T8u¥ad��hrw�a[��S�T^¸
adPqT�w<: * S!]/Zca��/T�fdh^ � �T8s¨�R\ruv��adh���adZW �\�adT6Zna�uvPqT8uv��p/hr��w�a*adh�hR¡�O�Pq��Z�uvPqT6uv��p1h^��wra�a[h$��Pq��uvP=: * fdh^ � �Z
�/\^uv������ � 1�/T�u�hrwRZn��Zna[T�w�a���� adP�adPqT�fdh^ � �T6s��R\ruv�FZnad\�a[TWh��>: ' a[P/\�wq�`Zga[h�u�h�h^fvs`��wR\�adT6s�uvPqT8uv��p1h^��w�a[��wq�R¡
O�P�]RZ(\�a�SFh�Zca(h^wqT�av\^Z[������ � /�1To��hrfdu�T6sFa[h�f[hr � ��R\ruv����h^f(S�\���wrav\���wq��wq�� �h�uv��u�hrwRZ[��Zna[T6wRu�b$«�p1T�f� �h`uv�q¬¥¡

O�h u�hrwRu� �]Rs`T¨adPq��Z�ZnT8u¥ad��hrw:¸� �h`uv�`Z�s`h¦wqh^a�f[T ��]q��fdT¨]RZ�adh¦��w�adf[h`s`]Ru�T£\�wqT6� T6wrad� acb0��wradh¦h^]qf
S�h`s`T6 H¡ O�PqT6b�s`h�wRh�a(u6\�]RZ[T���w�adT�f av\^Z[��u�\^]RZd\� Rs`T6p/T6wRs`T6wRu���T6Z6¡ O�PqT�b�s`htPqh���T��rT�f fdT���]q��f[T�]RZ�a[h�s`h
fdT6Z[h^]Rfdu�T�u�h^w��R��u�a�fdT6Z[h^ �]`ad��hrwth^w�fdT6u�h��^T�fdb^¡kl­w�h^fvs`T�f a[h���S�pq �T�S�T�w�a uvPqT6uv��p1h^��w�a[��wq����h^f�\�pRpq ���u�\�a[��h^wRZ
]/Zn��wq�� �h`uv�`Z��(T�wqT6T6s�S�T6uvPR\^wq��Z[S�Z(a[h�s`T�adT6u�ao �h`uv�`Z��/T6��wq��PqT6 �s$��bC\^wRs�\@��\���a[T8s���b�\F�^���^T6w�ad\rZn�L¸
\^wRs3Z[\@�rT!adPq��Z���w`��hrf[S�\�ad��hrw3\^ �hrwq�$��� adP�adPqT�ad\rZn� � Z�uvPqT6uv��p1h^��wra8¡FO�PR��Zt��w`��hrf[S�\�ad��hrw£wqT6T6sqZWadh¨�/T
\@��\^�� �\��q �T�a[hFa[PqTtfdT6u�h��^T6f[b� ���wqT�u�h^S�pq]`av\�ad��hrw�S�h`s`]q �T^¡

? ��	���������� �� �	t ���� 	��$
 M ���3����
$���$�(�����

@�\^f[fd��T6fdZ \^f[To\t��h^fdS h^�kZna[fdh^wR��Znb�wRuvPqfdh^wR��§8\�a[��h^w�\�S�hrwq�tad\rZn�`Z6¡�j�a�\t�R\�fdfd��T6f�\�u�T6fnav\���w�w�]RS!�1T�fgh^�
av\^Z[�`Z�Z[b�wRuvPqfdh^wq��Z[T^¸�\�w/s�\^w�b�av\^Z[�!s`T6pR\�f[adZ�h^wR �b!\�� a[T6f�a[PR\�agu�T�f[ad\^��w�w�]qS!�1T�f h^�Rad\rZn�`Z�PR\@�rT�\^f[fd���^T6s:¡
®3T�a[fdb�adh���w��^T8Zcad����\�a[T�a[PqT�u�hrwRZcadfd\^��w�avZop1hrZ[T6s¨��b �R\�fdfd��T6fdZ*h^w¨adPqT�fdT6u�h��^T6f[b� ���wqT^¡tj�Z��1T���hrf[T��(T
S�\@b�����ZnPCa[hFT�_�a[T6wRsChr]qf�s`T�p1T�wRsqT�wRu�b�a[fv\^uv����wq��S�h`s`T� Ladh��R\^f[fd��T�fvZ�¡�jE�/\�fdf[��T�f(PR\^Z(a[PRT*��hr � �h�����wR�
Znad\�a[T���\�fd��\^�q �T6Z��
U^¡ ����A79&�7� ( O�PRTtw�]RS!�1T�f�h���ad\rZn�`Z�a[h��1T�\@��\���a[T6s�\�a�a[PRTt�R\�fdf[��T�ft«H\^ZdZn]qS�T8s�Znad\�a[��u6¬¥¡

=?> Q@=BA



���������
	��
����	��������������������������� !�����!"#���%$&	��
��'�������(�����) @

|`¡ ��9;9"!%�&� � (cO�PqT� ���Zna�h���e�l � Z!h���ad\rZn�`ZWa[P/\�a!PR\@�rT�\�fdf[���^T8sk¡�l¿��adPq��Zt��Z�wqh^w�T�S�p`acb�� a�S�T8\�wRZ
a[PR\�a�a[PqTt�/\�fdf[��T�f���Z�\^u¥ad���rT^¡

®3TFwqh�adT!adPR\�a�� a���Z�wRh�a�pqf[T8s`T��/wqT6s�\^Z*a[h$��Pq��uvP£ad\rZn�`Z����� � �pR\�f[a[��u���pR\�adT�\^wRs ��PqT�a[PqT6f*adPqT�Z[\^S�T
Z[T�a�h��gad\^Z[�`ZW���� � �\� ���\@b`Z*pR\�f[a[��u���pR\�adT���w adPqT��R\�fdfd��T6f6¡ @�]`at��w3wqhrf[S�\� �pqfdh^�rfd\^SFS���wq��pqfv\^u�a[��u�TF� a
��Z�wR\�a[]qfv\� Ladh�PR\@�^T�a[PqT�Zd\�S�TtZ[T�aoh���ad\rZn�`Z�\^f[fd���rT*fdT�p1T6\�a[T6sq �b$\�a�a[PqTt�/\�fdf[��T�f8¡�m�h^S�TWa[��S�T6Z�adPq��Zo��Z
sqT��RwqT8s$��b$ZnhrS�TW����wq��h��S$���� �� ���� ��hrf�ad\^Z[�`Z�\�fdf[������wR�F\�a�a[PqTt�R\^f[fd��T�f8¡ JRh^f�adPqTtpqfdT6Z[T�w�ao\�wR\^ �b`Z[��Z
��Tos`htwqh^a�S�\��^T�adPq��Z�\^ZdZn]RSFpqa[��h^w:¡ ¶ \�a[T�fg�(ToZ[p/T8u���\� ���§6T�a[h�adPqT*u�\rZnT���PqT6wFa[PqT�av\^Z[��Z[T�a���Z���wqh���w:¡
l­w�a[PRTW�rT�wqT6fd\^ ku�\^Z[TW�(T�wqh^a[��u�TWa[PR\�a�ic]RZcao\rZ���h^f� �h`uv�`Z6¸�Z[]Ru6u�T6ZdZ[���rT���w��^h`u�\�a[��h^wRZ(h���a[PqTt�R\^f[fd��T�f�\�fdT
wRh�a���b$adPqT�S�Z[T� ��^T6ZWs`T6p/T6wRs`T�w�ath^w£T6\^uvP£h�a[PRT�f8¡W®3T�T�_`pq �\���w¨a[PR��Z���]qf[a[PqT6ft\�� a[T6f���w�a[fdh`s`]Ru���wq��a[PqT
wRh�ad\�a[��h^w$�/T6 �h��B��h^f�T8\^Z[TWh^��pqfdT6Z[T�w�av\�a[��h^w8�
U^¡�� ' ��O�Pq��Z���Z�adPqT 0 -)/���wRZnad\^wRu�T�«���w��^h`u�\�a[��h^w/¬gh���a[PqTt]/Z[\^�^TWh���a[PqTt�R\^f[fd��T�f��@¡
|`¡ � 3�� ' 6 ��O�PRT�ZnT�a�h^��av\^Z[�`Z���w��^hr ��rT6sC��w$a[PRTW�/\�fdf[��T�f�� ' ¡
�q¡B�xs`T�wRh�a[T8Z�\!p1h�adT�w�a[��\� LfdT6u�h��rT�fdb� ���wqTW\^wRs�� 3�� 6���Z(a[PqTtZ[T�a�h���Znad\�a[T8Zgadh���PR��uvP�a[PqT�ad\rZn�`Z���w
ZnhrS�T�Z[T�a � h���ad\rZn�`Z�fdT6u�h��rT�fvZ�«Ì�H¡ T^¡�¸��xfdT6Zna[fd��u¥a[T8s�adhFa[PqT�Z[T�a ��¬�¡

�R¡�	 3�� ' 6 ��
@�-" �-� ��h^��� ' �oO�Pq��Z���Z*a[PqT�Z[T�a�h^�g\� � �Znad\�a[T8Z*h^� a[PqT!ad\^Z[�`Z*h^� � 3���' 6*\�� a[T6fW\^f[fd������wq��\�a
a[PqTt�/\�fdf[��T�f�� 'n¡�}oh�adT�a[PR\�ao� ao��wRu� �]RsqT6Z�ad\rZn��Zcav\�a[T8Z���Pq��uvP$P/\@�^TW �T�� a�a[PqTt�R\^f[fd��T�f8¡

z`¡ 
 3
� ' 6���� 	���"(h^��� ' ��O�PR��Z!��Z�a[PqTCZ[T�a�h��o\� � gZnad\�adT6Z!h���a[PqTCad\^Z[�`Zth�� � 3
� '46��1T���hrf[T�s`T�pR\^fnad��wR�
��f[hrS
adPqT!�/\�fdf[��T�f�� '[¡o}oh^a[TtadPR\�a�a[Pq��Zo��wRu� �]RsqT6Z*ad\^Z[��Znad\�a[T8Zo��PqT6f[T!Z[h^S�T�h^��a[PqT!ad\^Z[�`Z�PR\@�rT
wqh�a�b^T�a�\^f[fd���^T6s¨\�a�adPqT��R\�fdfd��T6f6¡�O�P�]RZ�a[PqT6f[T���Z�\�p/T6f[��h`s ��PqT6f[T!a[PqTF��]`ad]qf[T�\�w/s¨a[PRT�pR\rZca
h���\�w ��w��^h`u�\�a[��h^w0��w�a[T6fdZ[T6u�a6¡ O�Pq��ZC��Z�a[PqT£sq]qfd\�a[��h^w ��PqT6w a[PqT 0 -)/���w��^h`u�\�a[��h^w0��Z�\^u�a[���^T^¡
# 	 3�� ' 6����: 	 3�� '
6���
 3�� ' 6 ;L\^wRs # 
 3
� '46��� : 
 3�� '
6���	 3
� ' 6 ;LfdT6Z[p/T8u¥a[���^T6 �bFs`T�wRh�a[Toa[PqT
��"#�����4"q��]`ad]qf[T
\�wRs ��"#������"kpR\rZcaoh^��� '[¡ ®3T�Z[\@b 	 ��"#��(3�)3�� ��� ' 6���Z�adf[]qTt��� \�wRs�h^wq �bC����a[PqT6f[T���Zo\�ad\^Z[�CZnad\�a[Tt��w
\Fp/h^a[T�w�ad��\^ :f[T8u�h��rT�fdbF ���wqT �x��PqT6f[TtZ[h^S�TWad\^Z[����Z���\^� ad��wR�FhrwCadPqTt�R\^f[fd��T6f���wRZnad\^wRu�T�� ' ¡

O�PqT�u�h^wRZna[fv\���w�adZ���SFp1hrZ[T6s$��b��R\^f[fd��T�fvZghrw \FfdT6u�h��^T�fdb� ���wqT?��u6\�w$�/T�Znad\�a[T8s�\rZ���h^ � �h��oZ��
� �q�8�)� ° � � ��" ° 61� � 0 ��� ��: � 3 ��3�� ' 6 6���	 3�� ' 6 ;��&: � 3 � 3
� ' 6 6�� 
 3�� ' 6 ;
� �q�8�)� ° � � ��" ° � � � � �"!$\�aoSFh�Zca�hrwqT 0gZn]/uvP�adPR\�a
	 ��"#��(3�)3�� ��� ' 6�Pqh^ �sqZ6¡

O�PqT �RfvZna�fd]q �T�Zd\@b`Z:adPR\�a���hrf�T8\^uvP���wRZnad\^wRu�T�h��/T6\^uvP��R\�fdfd��T6f�\^ � �fdT6u�h��rT�fdbWZnad\�a[T8Z�S!]RZna��1T�h^w�a[PqT
Zd\�S�T�Zn��s`T�«ÌuvPqfdh^wqhr �hr�^��u�\^ � �bq¬1h��`a[PRT��/\�fdf[��T�f8¡:O�P�]RZ 	�B�	��������4�<���!��" 	��
���#� ' ���:"D���2� �!�����H� �  !�4�
�C�4�
�4�����
B��4" � ���4�;��" 	�" ��� �27P" 	3� ������� ��3�� ' 6¥¡!l¿�(��h^f�Z[h^S�TFf[T8u�h��^T6f[b$ ���wqT#� \^wRs£Z[h^S�TF�R\�fdf[��T�fW��wRZcav\�wRu�T$� ' ¸
adPqT�\��1h��^Topqfdh^p1T�f[acb�s`h�T6Z�wqh�a�Pqh^ �s���T�Zd\@b�a[PR\�a(adPqT��/\�fdf[��T�f�\�wRs�adPqTWf[T8u�h��^T6f[b� ���wqT�u�hrw �R��u¥a(����a[P
T8\^uvP$h�adPqT�f8¡

=(hrwRZn��s`T6f�ac�(h���wRZnad\�w/u�T6Z�h��Wa[PqT ��w��^h`u�\�a[��h^w0h��Wa[PqT£�R\�fdf[��T�f$� �£��� adP � 3�� ' 6 � 
 : �%� : � �£\�w/s
��3�� '5= � 6 � 
 :&%	�
:('��r¡0l¿�5: � fdh^ � �Z��/\^uv��a[h¦\�Znad\�adT ��w # 
 3 ��3�� ' 6 6¥¸(a[PR��Z�s`h�T8Z�wqh�a���SFpR �bªf[hr � ��R\^uv�
fdT���]q��fdT6s ��hrf � 3
� '5= � 6�¡�O�P�]/Z�¸ � �!������������(3� ���!(��2��	�"#�����!� �27
" ���7B�	����������A	�� � �
��" B4) " ���
�
�4�
	 (����A�C� �
 !�4�
�C�4�!" ���;��	C��� ��"��!���*)(®3TtS!]RZnaoS�\��^TtZ[]qfdT�adPR\�ao��� �(T�]RZ[T�\�w�b��rfd\^pqP�a[fv\@�^T�fvZd\� LZ[uvPqT6S�T�adPqT�w
��Tts`h�wqh�ao��wRu�h^fdp/hrfd\�a[T+� ' A � '5= � T6sq�^T6Z���w$a[PqT�sqT�p1T�wRs`T6wRu�T�\^wR\� �b`Zn��Z6¡

Q�Q ÍSR2T�U�V�W



U8{ ��	 ������� 	�" � ��� �������

O�PqT�ZnT8u�h^w/s f[]q �T!Znad\�a[T6Z�a[PR\�a���w \�w�bCfdT6u�h��^T�fdb� ���wRT�h^wqT!�(hr]q �s fdT6u�h��^T6f�\��R\�fdf[��T�f�adhC\�a�SFh�Zca
hrwqT�h���� avZ�\^u¥ad���rT���w��^h`u�\�a[��h^w$Zcav\�a[T8Z�¡ O�PR\�ao��Z6¸`��� : �W\�w/s : �W��w ��\�fdT�fdh^ � �T8s��R\ruv��a[h�Znad\�a[T6Z���PRT�fdT
adPqT�b�\�fdT(��w!adPqT���\^� a ��]qT6]qT�h��1sq�+9LT�fdT�w�a ��w/Zcav\�wRu�T6Z�h��/a[PqT�Zd\�S�T(�/\�fdf[��T�f#�@¸@adPqT�wFa[PRT�fdT���Z�\�u�h^w��R��u�a6¡
6�T�a�a[Pq��Z���Z�wqh�a*sqT�p1T�wRs`T6wRu�TtfdT� �\�adT6sk¡ j�Z���h^f� �h`uv��Z6¸ "��-� � � �P	 � ���4� �-� ���
�������<����"?¡

¢�wqTtS�\@b�Z[]qpqpq �T�S�T6wra�adPqT�s`T6p/T6wRs`T�w/u�Tt��w`��h^fdS�\�a[��h^w$��w�adPqT �W� $ Zo\^Z���hr � �h��oZ��
� Jqhrf�\�av\^Z[� : ����w�\^sqs`��a[��h^w adh �W� $ ¸1S�\���wrav\���w a[PqTFZnT�a�� � 
 � ' ��:� �T�� a � ' �!��w a[PqTFu�]qfdf[T6w�a
uvPqT6uv��p1h^��w�a(��wradT�fd��\� ?¡�¢�wRTWu6\�w�����T���� \^Z�\�w�T�_�a[T6wRZ[��hrw�h��:adPqT ��� $ adh��R\^f[fd��T�fg��wRZnad\^wRu�T8Z�¡

� Jqhrfo\��R\�fdf[��T�f �W� $ �1jo � kad\rZn�`Z�Z[T���]qT6wRu�T�w�]qS!�1T�fvZ�h���ad\rZn�`Z�adPR\�aoT6wradT�fdT6sCa[PqTt�/\�fdf[��T�f8¡����
�S�B	B	 ���������� !�����:"H"��-� �P	87�" ���P��	 ��� � �!��������� 7���	����!(��2��	�"#����� ��� �� �	 ��" ���¥¡�}oh^a[T�a[P/\�a�a[PR��Z ��� $ ��Z
wqh�aWu�]qS�]q �\�a[���^Tth��rT�fopqfdT�����h^]RZ���w��^h`u�\�a[��h^wRZoh���a[PqT��R\�fdf[��T�f8¡�m`��wRu�T���TtwqT�T8s$a[hCs`��Zna[��wq�^]q��Z[P
s`� 91T6f[T6wraF��w/Zcav\�wRu�T6Z�h���a[PRTC�R\^f[fd��T6f6¸���TC\�a[ad\^uvP©��� adP T6\ruvP¦��wRZnad\^wRu�T$\¨�R\^f[fd��T6f���w��rh`u�\�ad��hrw
w�]qS!�1T�f8¡ O�Pq��Zgu�\�w��1T*Z[T�T�w�\rZ�\�wR\^ �hr�^hr]RZ�a[htadPqT*uvPqT8uv��p1h^��w�a�ZnT �r]RT�wRu�T�w�]RS!�1T�f���w�a[fdh�sq]Ru�T8s
��w$adPqTt�^T6wqT�fv\� LS�h`s`T� ?¡

®3T�wqh^a[T�PqT6f[T�adPR\�a��(T�wqT6T6s3adh T�_`pR\^wRs3h^]qf�wRh�a[��h^w�h^��adfd\@�rT�fvZ[\^ �h���a[PqTCuvPRT6uv��p/hr��w�a��rfd\^pqP
\^]q�^S�T6wradT6s ����a[P �R\^f[fd��T6fC��wRZnad\�w/u�T�s`T�p1T�wRsqT�wRu���T8Z�¡ ® PRT�w \ av\^Z[� :�f[hr � �Z��R\^uv�0a[PRT�adfd\@�rT�fvZ[\^ 
���� � (adT� � �]RZ�\� � (�R\^f[fd��T�fF��wRZnad\^wRu�T8Z�adh�fdh^ � ��R\^uv�L¸���Pq��uvP©���� � �a[T6 � �]RZ�\^ � (ad\rZn� Znad\�a[T6Z!a[h3fdh^ � ��R\ruv�L¡
l­S�pq �T�S�T6wrav\�ad��hrw�h^��adPqTtf[T8u�h��rT�fdbF�rfd\^pqP�adfd\@�rT�fvZ[\^ /S�\@b��1T�Z[p/T6T6s`T8sC]qp ]RZ[��wq� �
U^¡�O�PqT �W� $ h��:\t�R\^f[fd��T6f�a[h�PR��w�a(��PR��uvP�Z[T���]qT6wRu�T�w�]qS��/T6f�a[PRToad\rZn��S�\@b�PR\@�rT��/T6T�w���w���PqT6w
� a�T�_`��a[T8s�a[PqT��R\�fdfd��T6f6¡ O�Pq��Z���Z!�/T8u�\�]/ZnTr¸ ��w¦adPqT�adT�fdS���wqhr �hr�^b3h���S�T6ZdZ[\^�^T�p/\^ZdZn��wq� �R\rZnT8s
s`T�p1T�w/s`T�wRu�TW\^wR\� �b`Zn��Z6¸�a[PRTWZ[T�a�h��	�[ZnT6wRs`T�fvZ�
���ZgT ��]R\� /a[h!a[PqTWZnT�a(h��	�nfdT6u�T6���rT�fvZ�
���h^f�\��R\^f[fd��T�f8¸
�H¡ T^¡�¸`adPqT�ZnT�aoh���ad\rZn�`Z�a[P/\�a*\�fdfd���rT6sC\�ao\��R\�fdf[��T�f���wRZcav\�wRu�Tt��Z�T ��]R\� kadhFa[PqT�Z[T�aoh^��av\^Z[��Z�adPR\�a
s`T�p/\�f[a[T6sC��fdh^S adPR\�a���wRZnad\�w/u�T^¡

|`¡ @�b£S�\���w�ad\���wq��wq� \�w¦\^sqsq� ad��hrwR\� 
�[u�]qS�]q �\�a[���^T �W� $ 
���� adP�T6\^uvP3�R\^f[fd��T6f���wRZnad\^wRu�Tr¸�Z[h�adPR\�a
� a�PqT6 �p/Z(]/Z�\@�rh^��s�a[fv\@�^T6fdZ[��wq�tpR\^ZnadZ���PqT6f[T*a[PqT6f[TW��Z(wRh���w�a[T�fv\^u�a[��h^w�����a[P \Fu�T�f[ad\^��wC��wRZnad\^wRu�T
h��(\��R\^f[fd��T6f6¡tO�Pq��ZW���� �  Zcav\�adT!��hrf�T8\^uvP£�/\�fdf[��T�f���wRZnad\^wRu�T�a[PRT� �\�adT6Zna�Z[T���]qT6wRu�T�w�]RS!�1T�fvZ�h^�
ad\rZn�`Z adPR\�a�\�fdf[���^T8s�\�agadPqT*�/\�fdf[��T�f8¡�O�Pq��Z(��Z(s`�+9LT�fdT�w�a(��f[hrS�adPqT �W� $ ��h^f(\��R\�fdf[��T�fg��wRZnad\^wRu�T
S�T�w�a[��h^wqT8s�\��1h��^T^¸��/T8u�\^]RZnT���w3a[Pq��Z!u6\^Z[TFa[PqTCZ[T���]qT6wRu�T�w�]qS��/T6f� ¦��h^f�ad\^Z[�=:�Znad\�adT6Z�adPR\�a
�­adPqTt �\^Zna�ad��S�T :�\�fdf[���^T8sC\�a�adPqTt�R\^f[fd��T6f6¸���adZoZ[T���]qT6wRu�T�w�]qS��/T6f���\rZ� �
v¡

� ]qfd��wR��uvPqT8uv��p1h^��w�a[��wq�£��T�\rZ[Z[]qS�T�adPR\�a���T�u�\^wªuvPqT8uv��p/hr��w�a�av\^Z[��Z���Pq��uvPª\^f[T���\���a[��wq�£��h^fFa[PqT
�/\�fdf[��T�f(a[h�Zn]/u�u�T6T6sk¡�m�h���T�fdT���]q��fdT�S�T6uvP/\�wq��ZnS�Z(a[P/\�ao\� � �h��NuvPRT6uv��p/hr��w�ad��wq��\�w/s�fdT�¹¿��wq��a[��\� ���§6\�ad��hrw
h^��\�ad\rZn�C��w¨\F�R\�fdfd��T6f���\���a ��]qT�]qTr¡

JRh^f�fdT6u�h��rT�fdb���w$a[PqTtu6\^Z[TWh^� � ��� ´:´ �@µ��)���`� ° µ � ��° ��� � ´ �)�L�.�)� � ¸R�(T�PR\@�rT*adh�sqT6\� k����a[P �1h�adP
adPqTos`T6p/T6wRs`T�w/u�T*\rZ �(T6 � /\^Z�fdT6Z[h^]qfvu�T�fdT� �\�a[T8s�u�h^w �/��u�adZ6¡�j* ��rh^fd� adPqS |WfdT6Z[h^ ��^T8Z adPq��Z���w�ac��htpqPR\rZnT8Z�¸
ic]/Zca*\rZ�a[PqTtpqfdT�����h^]RZ�\^ ��rh^fd� adPqS
s`h�T6Z���hrf� �h`uv�`Z6¡

j*�r\���w �(T ]RZ[T a[PRT a[fv\^s`��a[��h^wR\^ ��^fv\�pqPªa[fv\@�^T6fdZd\� �\� ��^hrf[��a[PRS$¸ 	,�-
�� (��8,�� ,3$�����,4*�����)��1,C��hrf�a[PqT
sqT�p1T�wRs`T6wRu�b¨\^wR\� �b`Zn��Z�¸/�q]`aW�(T�wqh�adTta[PR\�a*adPqT���wqpq]qaWuvPqT8uv��p1h^��w�a*�^fv\�pRP¨��Z�\�]q�rSFT6w�a[T6s ��w¨adPR\�a�� a
fdT6u�h^fvsqZ�s`T�p1T�w/s`T�wRu���T8Z�s`]qT�adh��R\�fdf[��T�fvZ�\^Z���T� � H¡ ®3TtPR\@�^T�s`��Z[u�]RZdZnT8s�adPq��Z*\��1h��^T^¡

JRh^f�a[PqT�f[T8Znhr]qfdu�T u�hrw �R��u¥aCfdT6Z[h^ �]`a[��h^w pRPR\^Z[T ��T£wqT6T6s adh ]RZ[T�\ PRT�]qfd��Zna[��u \rZ��1T���h^fdT^¡ ®�T
u�h^S�pq]`adT�� ")3��-6*a[PqT�ZnT�aWh^�g�R\^f[fd��T6fdZo��� adP�S�h^fdT�adPR\�w�h^wqTF\^u�a[���^T!��wRZnad\^wRu�T8Z���w �F¡tO�Pq��Z�u�\�w��/T

=?> Q@=BA



���������
	��
����	��������������������������� !�����!"#���%$&	��
��'�������(�����) UrU

sqh^wqT���b!Zn��S�pq �b �RwRs`��wq��h^]`a���hrf�T8\^uvP!ad\^Z[��Znad\�adT(��w#� ��PR\�a �R\^f[fd��T�f ��wRZnad\^wRu�T���a���Z���\^� ad��wR����w$«�a[Pq��Z
��Z�pR\�f[a�h��:adPqTtuvPqT6uv��p1h^��wradT6s�ad\^Z[��Znad\�adT8¬�¡�l¿��a[Pq��Z�Z[T�a�h����/\�fdf[��T�f(��wRZnad\^wRu�T8Z�u�h^w�av\���wRZ(ac�(hFZnT6pR\�fv\�adT
��wRZnad\^wRu�T8Z�� ' \�wRs�� * h^�RadPqToZ[\^S�T��/\�fdf[��T�f �@¸�adPqT�wFa[PRT��/\�fdf[��T�f#�g��Z�pq]qa���w�a[PqToZ[T�a � " ¡�O�PqT���]qw/u¥a[��h^w
� ,30'��/ �1, � "4* * ) ,4* 	,�-�.�8,/�.��) �-������ � q��w���\� ���sq\�a[T�hrwqT�S�h^fdT�S�hrf[T���wRZcav\�wRu�T6Z h^�1T8\^uvPF�R\�fdfd��T6f ��� � "�¸^a[P�]RZ
pRf[h`s`]Ru���wR�*\oS�h`s`� �RT6s!p/h^a[T�w�ad��\^ rfdT6u�h��^T�fdb* ���wqT �F¡�j PqT6]qf[��Zna[��u a[P/\�a ZnT6T�S�Z fdT6\rZnhrwR\��R �T ��Z:adh�fdT�av\���w
hrwq �b�a[PRT�h^ �s`T6Znao��w��rh`u�\�ad��hrw�h^��a[PqT��/\�fdf[��T�ft«�hrwqT�����a[P adPqT�S���wR��S�]qS ��w��^h`u�\�a[��h^w$w�]qS!�1T�f¥¬¥¡ @�]`a6¸
\rZ���w a[PqT!u6\^Z[T���h^f� �h`uv�`Z�a[PR��Z*S�\@b��/T�\�w�b�PRT�]qfd��Zna[��ut\�w/s �(T�u�h^]q �s f[T8Znhr ��rT�h^wqT�hrfoS�h^fdTt�R\�fdfd��T6f
u�h^w �/��u�adZ���w �¤�/T���h^fdT�adf[b���wq�Fa[h�fdT�¹­\�wR\^ �b�§6��wq�!a[PqT�sqT�p1T�wRs`T6wRu�b���bCuvPqT6uv��p1h^��w�a��rfd\^pqP�adfd\@�rT�fvZ[\^ H¡

®3T*wqh^a[T�adPR\�aga[PqTo��ZdZn]qT�\^sqs`fdT6ZdZ[T6s���b�a[PR��Z(\� ��^h^fd��a[PqS S!]RZna(\� �Z[ht�/ToP/\�wRs` �T6s���b�\�w�b!��\�fd�R\��rT
u�h^ � �T8u¥ad��hrw$\^ ��rh^fd� adPqS a[PR\�aoS�\@b��/Tt]/ZnT8s�adh�pqf[]RwqTWa[PqT�Z[T�aoh^��uvPqT8uv��p1h^��w�adZ�adhFS�\^��w�ad\^��w ¡

� ��� � � �RjK=(PqT8uv��p1h^��w�a��Wfd\^pqP �F¸/\�]q�rSFT6w�a[T6s�����a[P �R\�fdfd��T6f�sqT�p1T�wRs`T6wRu���T6Z6¡
´ � ������� �Rj $ \� ���s$XoT6u�h��rT�fdb ¶ ��wqT �F¡
� °�� �)�

� � ¶ \�a[T8ZcaoZ[T�aoh���f[T8u�h��rT�fv\��q �T*p1h^��w�adZ�h�� \� � Lad\rZn�`Z21
³�� � " °��
	���
 µ ´

��� � � 	,�-
 ��(.�8,(� ,3$ �/�1,�* ����)��1, 3�� � �-6��
	,�-
�� (��8, � " 3��-6���� ����, ���1, 06,��%��� �%"4*�*�) ,�*-0 �B) ���

 ��*-, ���1"�������,@"%$���) �1,!)��10 �2"��%$:,'0 )��
�3�
� � � " 3��-6 � ! "�# $&% ' )�*�+�-�. +�)�12.
- 3��-6 �

��4 � ��� ,30'��/ �1, � "4* * ) ,4* 	,�-�.�8,/�.��) �-��3�� � � " 6 �
° ��µ

° ��µ
�
" �1´ �)�Ì� � 
 � � X�T8u�h��^T6f[bF��fdh^S >owRu�h�hrfdsq��wR\�a[T8s =(PqT8uv��p1h^��w�adZ�����a[P�@�\�fdf[��T�fvZ6¡

� ´:´ ��µ � ���`� ° µ�� ��° ��� � ´ �)�L�.�)� �
	ªl­w adPq��Z�u6\^Z[T��(T$��wqh�� a[PR\�aFfdT��rT�f[a[��wq��	 	B	 av\^Z[��Z�a[h�a[PqT
 �\�adT6Zna�uvPqT6uv��p1h^��wra����� � gs`T��/wq� adT� �b£��h^fd� u�hrf[fdT6u�a[ �b^¡�j p1hrZdZn���q �TFhrp`a[��S���§8\�ad��hrw3��Z�adh \^wR\� �b�§�T�\�w/s
��wq��a[��\�adT*h^wR �b�wqT8u�T6ZdZd\�fdb!fdh^ � ��R\ruv�`Z�¡ Jqh^f��R\^f[fd��T6fdZ a[Pq��Z�f[T �r]R��fdT6Z�adfd\@�rT�fvZn��wq��adPqTWsqT�p1T�wRs`T6wRu�b��rfd\^pqP
adh3a[fv\^uv� \�w/sªfdh^ � ��R\^uv�¦\� � �ad\rZn�`Z�����a[P s`T6p/T6wRs`T�w/u�b adPqfdh^]q�rP©�R\^f[fd��T6fdZ «�a[Pq��Z���ZFa[PqT adfd\rs`� ad��hrwR\� 
hrp`a[��S���§8\�ad��hrw¦SFT�a[Pqh`sR¬�¡�l¿a�\� �Z[h f[T ��]q��fdT6Z�f[T8Znhr �����wq� fdT6Z[h^]qfvu�T�u�h^w �R��u¥avZ�¡3O�Pq��Z!u�\^w �1T$s`hrwqT���b
��w��^hr����wq��a[PqTCf[T8Znhr]qfdu�TFu�h^w �/��u�a�f[T8Znhr �]`ad��hrw¦ZcadT�p «ÌZna[T6p �@�8¬Wh^��j* ��rh^fd� adPqS |q¡�l¿����w�adPq��Z!ZcadT�p��(T
S�T6f[T6 �b fdh^ � ��R\ruv�$\^ � �av\^Z[��Z���w£adPqT� �\�adT�fW��w��rh�u6\�ad��hrw:¸L�(T��(hr]q �s£PR\@�^T�f[T8Znhr ��rT6s fdT6Z[h^]qfvu�T�u�h^w��R��u�adZ
�1T6u6\�]RZ[Ttu� �T6\^f[ �b�T6\^f[ ���T6f�uvPqT6uv��p1h^��wraoZnad\�a[T6Z�\^f[Ttu�h^wRZ[��Zna[T6w�a6¡

����
 �����
������������������ "!$#% "&(')�+*�*,���-*,#

j*  adPqh^]R�^P ��TCs`h wRh�a �/wRs \£u�h^S�S�h^w s`T �Rwq��a[��h^w¦��hrf!�R\^f[fd��T�fvZt��w© ���a[T6fd\�a[]qfdT^¸ \ u�h^S�S�h^w¦]RZd\��rT
h^�!�R\^f[fd��T6fdZC��Z�adh \rZ[Z[]qS�T adPR\�a adPqT3Zd\�S�T�ZnT�a$h^��ad\rZn�`Z \� ���\@b�Z�u�hrSFT�a[h \ª�R\�fdf[��T�f8¡ l­wBadPR\�a
u6\^Z[T�a[PqT�\�]q�rSFT6w�a[T6s�uvPqT8uv��p/hr��w�a��^fv\�pRPFwRT�T6sRZ a[ht�1T*T6wqPR\^wRu�T8s!adh���wRu� �]Rs`T*sqT�p1T�wRs`T6wRu�T8Z��1T�ac��T�T6w
Z[]Ru6u�T6ZdZ[���rTg�R\^f[fd��T6f���wRZnad\^wRu�T8Z�«Ì�H¡ T^¡�¸ � ' A � '5= ��¬�¡�l­w�a[PR��Z u6\^Z[T(��T�sqh�wqh^a wqT�T8s�adPqT�f[T8Znhr]qfdu�T(u�h^w �R��u¥a
fdT6Z[h^ �]`ad��hrw�ZcadT�pC\�a�\^ � ?¡�O�PRT*adfd\rs`� ad��hrwR\� /f[T8u�h��rT�fdb! ���wqTWu�hrSFpR]`ad\�a[��h^w�hrw�a[Pq��Z��^fv\�pqP�pRf[h`s`]Ru�T6Zga[PqT
fdT���]q��fdT6s�fdT6u�h��^T6f[b� ���wqTr¡
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m`��wRu�T��R\�fdf[��T�f�Znad\�a[T6Z�\^f[TtZ[S�\� � H¸`hrwqTtu�\�w$S�\���w�ad\���w \�w¨\@��\��� �\^�q �T�u�hrp�b�h���T6\^uvP Z[]Ru�u�T6ZdZc��]q � �bCu�hrS�¹
pR �T�a[T6s���wRZcav\�wRu�T�h���\��R\^f[fd��T6f6¡�O�PqT8ZnTt\�fdTWwqh�adPq��wR�F�R]`a��R\�fdf[��T�f�uvPqT8uv��p/hr��w�adZ6¸���� adPCadPqT�\^sRs`� ad��hrwR\� 
fdT���]q��fdT�S�T�w�ata[P/\�a�adPqTC�R\^f[fd��T�ft��Z!uvPqT8uv��p1h^��w�a[T8s¦\�a!T8\^uvP¦Zn]/u�u�T8Z[Zn��]q �u�h^S�pq �T�ad��hrw:¡ �oT6wRu�T���TCs`h
wRh�a�PR\@�^T*a[h�s`T6\^ 1����a[P�a[PRT�p1hrZdZn���q�� ���acb�a[P/\�a��(TWs`hFwqh�a�PR\@�^TW\�u�T�f[ad\^��w��R\�fdf[��T�f(��w��rh�u6\�ad��hrw���Pq��uvP
S�\@b��1TtwqT6T6s`T8sC��w¨ZcadT�p � ����w�hr]qfo\� ��^hrf[��a[PqS ¡

=(hrwRZn��s`T6f�\��R\^f[fd��T�fkadPR\�a ��Z�\^u¥ad���rTg\�a �Ì\��� �]qfdT^¡S=( �T8\�fd �b*a[Pq��Z�u�\�w�u6\�]RZ[T�hrwq �bWfdT6Z[h^]qfvu�T�u�h^w�a[T6wrad��hrw
fdT� �\�adT6s!f[hr � ��R\^uv�L¡ O�PR��Z���Z�PR\�w/s` �T8s!��b �/fdZna f[T8u�h^w/Zcadf[]Ru�a[��wq�oadPqT��Ì\��� �T6s��R\�fdf[��T�f���wRZcav\�wRu�T�Zcav\�a[T(��fdh^S
adPqT  ����^T$S�T�S��/T6fdZ���\���a[��wq�3h^w adPqT¨�R\^f[fd��T6f6¸ �1T���hrf[T$pqfdh`u�T�T8s`��wq������a[P0adPqT f[T8Znhr]qfdu�T�u�h^w�a[T6wrad��hrw
\^wR\� �b`Zn��Z6¡�l¿�<	 	B	^av\^Z[�`Zg��\���a[��wq�!hrw�a[PRT��R\^f[fd��T�fg��wRZnad\^wRu�T��Ì\��� �T8sk¸�a[PqT6w�adPqT�fdT���Z�wqh!pRf[hr�q �T6S ¸���a���Z�\^Z
����a[PqTt�R\^f[fd��T�f���w/Zcav\�wRu�TWwRT��^T6f�T�_`��Zna[T8sk¡

®3T�wqh�adT�Pqh���T��^T6f6¸LadPR\�a���a���Z�p/h�Z[Z[���R �TFa[h¨fdT6u�h^wRZna[fd]Ru�a�\ pqfdT�����h^]RZ[ �b u�h^S�pq �T�adT6s�Znad\�adT^¸:T6�^T6w
���oadPqT �R\�fdf[��T�fFuvPqT6uv��p1h^��w�aF��\^Z� �h�Zca8¡ O h�s`h�a[Pq��Z6¸gh^wªf[T8u�h��rT�fdb^¸�T6\ruvP¦ad\rZn� s`T8u� �\�fdT6Z!a[PqT$ �\�a[T8Zca
��wRZnad\^wRu�T���hrf�T6\ruvP��R\^f[fd��T�f�a[P/\�a!��a���Z�\@��\^f[TFh��t« adPq��Z���w`��h^fdS�\�a[��h^w���Zt��w�a[PqT �W� $ 8 =(PqT6uv��p1h^��wra
�rfd\^pqP/¬�¡o®�TFu�\^w  �h�hr�$\�a*a[PRT! �\�a[T8ZcaW�R\�fdfd��T6fo��w/Zcav\�wRu�T!uvPqT6uv��p1h^��w�a[T6s$��hrf*adPqT!�/\�fdf[��T�f8¡>Jqfdh^S'a[PR��Z
��Tou�\^w�f[T8u�hrSFpR]`a[To\^ � q�/\�fdf[��T�f ��wRZnad\�w/u�T6Zg��w�adPqT���]`ad]qfdToh��La[PRT*uvPqT6uv��p1h^��w�a[T6sF��wRZnad\�w/u�T^¡�j*ZdZ[]qS���wq�
adPR\�a�adPqT�s`T6�^fdT�T�h���a[PqTt�/\�fdf[��T�f���Zou�hrwRZcav\�w�a6¸`��a*��Z�p/h�Z[Z[���q �T�adh�s`T�adT6u�ao� � T6\ruvP$Z[]RuvP$f[T8u�hrwRZcadf[]/u¥a[T8s
��wRZnad\^wRu�T�PR\^Z�\�u�h^S�pq �T�adToad\rZn��Z[T�a8¡�l¿� wqh�a8¸�a[PqT6w�a[P/\�a���wRZnad\^wRu�TWwqT6T6sqZga[hF�/TW��w���\^ ���sq\�adT6sk¸`u6\�]RZ[��wR�
u�h^fdf[T8Znp1h^w/s`��wR��a[fv\@�^T6fdZd\� L\�w/s�fdh^ � ��R\^uv�L¡

l­w¨u�hrwRZ[ �]RZ[��h^w:¸q\��R\^f[fd��T�f�S�\@b��/T�u�h^wRZ[��s`T�fdT6s$\^Z�\�Z[T�pR\^fd\�a[T�uvPqT6uv��p1h^��w�ad\��R �T�T�w�ad� acbr¡ @�\^f[fd��T�fvZ
��w�a[fdh`s`]Ru�T�u�\�]/Z[\^ Rs`T�p1T�w/s`T�wRu���T8Zg�1T�ac��T�T6w�ad\rZn��Zcav\�adT6Zg\^wRs�uvPqT8uv��p1h^��w�a[T8s��R\�fdf[��T�f ��wRZnad\^wRu�T*Znad\�a[T8Z�¡
@�\^f[fd��T6fdZ�\� �Z[h���w�a[fdh�sq]Ru�TWf[T8Znhr]qfvu�T�u�h^w��R��u�adZ���Pq��uvP�wRT�T6s�adhF�1Tt\^sqsqf[T8Z[Z[T6s���h^f�fdT6u�h��rT�fdb� ���wqT�u�hrS�¹
pR]`ad\�a[��h^w:¡Fl­w�hrfdsqT�fWa[h Zn]Rpqp/hrfna�uvPqT8uv��p/hr��w�a[��wq�$h���\Cav\^Z[�¨]RZ[��wq� �R\^f[fd��T�fvZ�¸L��T�wqT6T6s£a[h ��wqh���\^ � 
�/\�fdf[��T�fvZ���a���Z���\^� ad��wq�C��h^f8¡tO�Pq��ZW��w`��h^fdS�\�ad��hrw wqT�T8sqZ*a[h$�/T�Zcadh^fdT6s \^ �hrwq�C����a[P£a[PqT�ad\rZn� pqfdh���\�adT
Znad\�a[T¨uvPqT8uv��p1h^��w�a6¡ O�PqT �W� $ ��h^f�av\^Z[��Z�wRT�T6sRZFa[h��/T \^]q�^S�T6wradT6s©a[h3a[fv\^uv�¦��w�a[T6fd\ru¥a[��h^w/Z�����a[P
�/\�fdf[��T�fvZ�¡

� �����$� ���$� �������

l­wCa[Pq��Z�pR\^p/T6f(��T�pRf[T8ZnT6wradT6s�adPqT���ZdZ[]qT6Z�p1hrZ[T6s���b�ac��hFu�h^S�S�h^wCZ[b�wRuvPqfdh^wq��§6\�a[��h^w�pqfd��S���a[���^T8Z(��w�\
Z[T���]qT6w�a[��\� qu�hrwRZ[��Zna[T6wRu�b � m-,�Z[b`ZcadT�S ¸���w��R\^uv����\�fvstT�fdf[hrf�f[T8u�h��^T6f[b���fdh^S¤�Ì\��� �]qfdT6Z6¡�®�T�PR\@�rT�a[fd��T8s
adh*T�_�adT�wRs!h^]qf�T6\^f[ ���T�f ��h^fd� .�U�0`hrw!s`T�p1T�w/s`T�wRu�b�a[fv\^uv����wq��\^wRstfdT6u�h��rT�fdb* ���wRT�u�h^S�pq]`av\�a[��h^w���h^f � m-,
Z[b`ZcadT�S�Z6¡�®3T�wqh�ad��u�T�a[P/\�a a[PRT�fdT*\�fdT?" � ����ZdZn]qT8Z���w�adPqTofdT6u�h��^T�fdb�¹�u6\�]RZd\� �� acb!f[T6 �\�a[T6s�s`T6p/T6wRs`T6wRu���T6Z
\^wRs¨fdT6Z[h^]qfvu�T�u�h^w�adT�w�a[��h^w:¡�®3T�PR\@�^T�wRh�a[��u�T8s¨adPR\�a���Pq�� �TF �h`uv�`ZWs`h�wRh�a���w�a[fdh`s`]Ru�T�\�w�b¨u�\^]RZd\� �� acb
sqT�p1T�wRs`T6wRu���T6Z6¸��R\^f[fd��T�fvZ�s`h/¸^\�w/s!��w`��h^fdS�\�ad��hrw�u�\^w!�1T���w/u�h^fdp1h^fv\�a[T8st��w!adPqT�a[fv\^s`��a[��h^w/\� `uvPqT6uv��p1h^��w�a
�rfd\^pqP�adhF\^��s$u�\^]RZ[\^ ���acb�f[T6 �\�a[T8s�fdT6u�h��rT�fdb! ���wRT�u�h^S�pq]`av\�ad��hrw:¡ @(h^a[P� �h`uv�`Z�\�wRsC�R\�fdf[��T�fvZ���w�a[fdh`s`]Ru�T
fdT6Z[h^]Rfdu�T!u�hrwradT�w�a[��h^w3u�hrw �R��u¥adZ�\^wRs¨adPqT6Z[T�wRT�T6s a[h$�/T�fdT6Z[h^ ��^T8s¨��b¨PqT�]qfd��Zcad��u6Z�¡�JR]qfnadPqT�f���T�wRh�a[T
adPR\�aW�/T8u�\^]RZnT!h���a[PqT8ZnT�f[T8Znhr]qfvu�T�f[T6 �\�a[T8s¨u�h^w��R��u�adZ�\�]qwq� ��]qT! �\�adT6Zna*f[T8u�h��rT�fdb� ���wqT���Z*wqh�a�s`T��RwRT6sk¡
O�PR��Z�wqT8u�T8Z[Z[� av\�adT6Z�a[PRTt]RZnT�h^��PqT6]qfd��Zna[��u�Z6¡

l­w0a[PRT pqfdh�u�T6ZdZFh��Wa[PqT£\^�/h��rT$sqT6Zdu�fd��p`ad��hrwª��T¨PR\@�rT sqT6Zdu�fd���1T6sª��PR\�aCZ[]qpqp1h^f[a���wªadPqT ��h^fdS
h^�oS�T6uvPR\^wq��Z[S�Z���fdh^S l­e<= ��S�pq �T�S�T�w�av\�a[��h^w©�(T�wqT�T8s ��w h^fvs`T�f!a[h�Zn]Rpqp/hrfna�uvPqT6uv��p1h^��w�a[��wq�£\�w/s
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fdT6u�h��^T6f[br¡�j* �Z[h�a[PRT�\^sRs`� ad��hrwR\� �sq\�av\�Zna[fd]Ru¥ad]qf[T8Z�fdT���]q��f[T8s$��h^f�uvPRT6uv��p/hr��w�ad��wq��\^wRs fdT6u�h��rT�fdb�PR\@�rT
�1T�T6w¨s`T6Zdu�fd���1T6s:¡

¢�wqT¨S�\@b0\� �Znh¦u�hrwRu� �]Rs`T ��f[hrS h^]Rf�s`T6Zdu�fd��pqa[��h^w0a[PR\�aC]qwRu�h�h^fvs`��w/\�a[T8sªuvPRT6uv��p/hr��w�ad��wq�¦p1hrZ[T6Z
\rsqs`��a[��h^wR\^  uvPR\� � �T6wq�^T8Z�«Ìs`]qT�adh f[T8Znhr]qfdu�T�u�h^w �R��u¥avZd¬���PqT6w¦s`T6\^ ���wq�$��� adP�Z[b�wRuvPqfdh^wq��§6\�a[��h^w pRf[��S�� ¹
ad���rT6Z���w ZnP/\�fdT6s�SFT6S�h^fdbC\�pqpR ���u�\�a[��h^wRZ6¡�O�Pq��Z�S�\��^T8Z�a[PqT�u6\^Z[TW��h^f*u�h�hrfdsq��wR\�a[T8s�uvPqT8uv��p/hr��w�a[��wq����w
u� �]/ZcadT�fvZ�Zcadf[hrwq�^T6f6¡

j*w h^������hr]RZts`��f[T8u¥ad��hrw���h^f�fdT6Z[T6\^fduvP3��Z�a[h£Z[T�TC��PR\�a�u�h^wRZna[fv\���w�adZt\^f[T���S�p/h�ZnT8s���b�a[PRTCh�adPqT�f
Z[b�wRuvPqfdh^wq��§6\�a[��h^wWpqfd��S���a[���^T6Z:]RZnT8s���w�Z[PR\^f[T8s�S�T6SFhrf[bW\�pqpR ���u�\�a[��h^wRZ6¡ O�PqT���s`T8\^Z:s`��Zdu�]RZdZnT8sWPqT�fdT����� � 
�1T�\�pqpq ���T6s�adh!hr]qf(��S�pq �T�S�T�w�ad\�a[��h^w�h���uvPqT8uv��p/hr��w�a[��wq�!\^wRs�fdT6Znad\^fna(h���\^pqpq ���u6\�a[��h^w/Zg��w G�T6f[fd���rPqT6s:¡
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.�U40tX�¡ @�\rs`fd��wR\�a[P0\�wRsF=�¡S,¨h^fd��w ¡ =(h^S�S�h^w ,¨T6uvP/\�wq��ZnS�Z Jqhrf�m�]qpqp1h^f[a[��wq�;JR\�]R  a�O�h^ �T�fv\�wRu�T
��w � m-, \�wRs&,¨T8Z[Zd\��rT�e�\rZ[Z[��wq��m�b`ZcadT�S�Z�¡�O T8uvPqwq��u�\^  X�T�p1h^f[a*XoX�¹¿� 9RU6�R¸�lc}�X�lcj�¸1}oh��rT�S!�1T�f
|^{^{�|`¡�Pra[a[p@�(8�8������t¡ ��wqfd��\R¡ ��f 8@fdfdfna 8@fdfn¹¿� 9RU6�`¡ P�a[S� H¡

. |�0tX�¡�@�\^s`fd��w/\�a[P ¸ =�¡�,¨h^fd��w ¸^\�wRs �F¡ $ \� � �Y�T^¡ =(PqT6uv��p1h^��wrad��wR�W\^wRs�XoT6u�h��rT�fdb�h��Lm`PR\�fdT6s�,¨T�S�hrf[b
e \^fd\^ � �T� Wjopqpq ���u�\�ad��hrwRZ���wB\ =( �]RZna[T6f6¡�l­w �<� �������������%$�� �87 "��!����� ����� � ��� ���/�!�� 	� ��
�
�

�H��
 '������ ����� � ����7���� �4�
����« adh�\�pqp1T6\^fv¬�¸�, \@b�|�{r{^�R¡

. ��0tX�¡ @�\� �s`hrwq�H¸ �F¡�=(��h�2 ¸��/¡��*T� �\�fdb^¸�\�wRs , ¡8Xo\@b�wR\^ H¡ � ��f[T8u¥a�sqT�p1T�wRs`T6wRu�b�¹¿�R\^Z[T6s�s`T�a[T6f[S���wR\�ad��hrw
h^�gu�hrwRZn��Zna[T�w�a*�r �hr�R\� �uvPqT6uv��p1h^��wravZ�¡����!" ����� 	�"#�����
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���4�����%$^¸:U29/«cU@¬ � �r����� @R¸�|�{r{qUr¡

. �C0 �F¡�=�\^�q�� � ���u^¸
�F¡ , ]q � �T�f8¸k\�wRs£l¥¡/eg]R\�]`a8¡�O�PqTFp/T6fn��hrf[S�\�w/u�T�h^�(u�hrwRZn��Zna[T�w�a�uvPqT6uv��p1h^��wrad��wR�C��w
sq��Zna[fd���R]`a[T8s©Z[PR\�fdT6s�S�T�S�hrf[b�Znb`Zna[T6S�Z6¡ l­w��
) �> !�3���B��� ���;' ��	 ��	 B�	 �$��� ��"#����B��-" �����
)3��" �
�
�¥¸
p/\��^T8Z @C9��1U6{�z`¸`m�T�pqa[T�S��/T6ftU2@ @rz`¡

. z�0tX�¡ =(Pqf[��Zna[h`s`h^]R �hrp/hr]q �hr]©\�w/sªj!¡ @(�� �\^Z6¡ � b�wR\^S���u$sq\�av\£fdT�pR ���u�\�a[��h^w ��hrfFa[h^ �T�fv\�ad��wR�3Z[��wR�^ �T
wRh�sqT��Ì\��� �]qfdT6Z���w¨ZnP/\�fdT6s�����fnad]R\� kS�T6SFhrf[b�u� �]RZcadT�fvZ�h����(hrf[�`Znad\�ad��hrwRZ6¸��r]qwqT�|^{^{qUr¡

. 9�0 , ¡ =(hrZnad\R¸ e�¡ �W]qT8s`T6Z6¸�,¦¡Îm�T �r]RT���fd\R¸�}�¡�}oT��rT6Z6¸ \�w/s , ¡ =�\^Zna[fdhR¡ ¶ ���^P�ac��T����^P�a� �hr�^�^��wq����h^f
 �\�§6b£fdT� �T6\rZnT�u�hrwRZ[��Zna[T6wra�s`��Zna[fd���q]qa[T6s¦Z[PR\^f[T8s£S�T�S�hrf[br¡�l­w �� !�4� 	�"#���%$!�:)3��" ���P�+������� $C� 	��
�
���> �	 �
� �4�!" 	�"#�����/¸RpR\^�^T6Z�zC@�� ���q¸1U2@ @C9q¡

. �30 , ¡ �� �wqhr§6\�P�br¸ ¶ ¡1jo �����Z[�H¸!6*¹ ,¦¡1®3\^wq�R¸1\�wRs � ¡ @W¡"�^hrPqwRZ[h^w:¡�j¤Z[]qfd�^T�b�h�� fdh^ � ��R\ruv��¹?fdT6u�h��^T�fdb
pRf[h^a[h`u�hr �ZC��wESFT8Z[Zd\��rT�¹¿pR\^ZdZ[��wq�¦Z[b`ZcadT�S�Z�¡ O T8uvPqwq��u�\^ WX�T6p/hrfna =<, >�¹/=�m�¹ @C@�¹dU6� 5q¸>=�\�fdwqT6�^��T
, T� � �hrw >*wq���^T�fvZ[� acbr¸��r]qwqT�U�@C@ @q¡�jopqp1T6\^fdZ�\^ �Z[h���w =(h^S�pq]`ad��wR�Cm�]qfd�^T�b`Z6¸qm�T�p`adT�S��/T6f6¸/|^{^{�|`¡
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