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¹�º Y[�»# ÕÍ¿[ W ¤ V�W Í º Y[ V º W ¼k£ÕÍ Ö ¹Ø× Îhd W  ¥ÈvÙ¿cZ¼ º Í¿[�¡K¾¿Úrn_ÎvÛ�¡Kc ×�Ü#Ý
g�Ú¿¡KÂ3  W ¡_¤½[�¾ º [\¤=�o¼_mÞ[ W �\¡KÍ º ¡ W ¤ ß º ¡ W �#à�Ìe¡K»	»½[\á ÖÞÌ × ÎvÌNa × � Î Üâ× Ì�Ìeã�a Ý
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g�Ú¿¡KÂ3  W ¡_¤½[�¾ º [\¤ º ¡ �X� ¼ º ¤½[�¾ º ß º ¡ W�æ�o¼k ¢»�Û�¡ º ¼k¾X»#»	  W  ¥[ ÖËç�ÌNß�ÎvgØa � Ìe¡K�	èh¡ W ÎhÛ �êé Ý
g�Ú¿¡KÂ3  W ¡_¤½[�¾ º [\¤ º ¡ �X� ¼ º ¤½[�¾ º V�W ¤½¼k  W [ × ¡K¾Xá\ã ÖÞÌ × Öìë�i ×�Ý Î�Ìea × � Î Ü ç�Û Ý
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ä [ º [�Â�[ º �\ ¥[=�	èh¡K£¥[�¾ º [�¾X»#[�Â�[ W ¤ V�W Í º Y[ V º W ¼k£¢ÍEÍ�Ê ¡�ÈK¼k  º ¡K�\�o[ � ¤ Y[AÍ¿[ � º Y[�»	 ¢Í¿[ º £¢[��½¾ º ã�Í¿[=�o[\¤½¤½[�¤#è É[�»½[KÙ ä [
£¢¾X v»#¾X ¢» º [��o¼ WXW ¡K ¢»#»#¡ W ¤½[AÍ¿[�»�Ê��[\¤ º [,  W ¤ Y[ º [�»#» Y[ É¡.Â�¼ W ¡ �X� º ¼ê�	è¿[�»#¾ º £¥[��Ñ¼ º Â3¡K£¢ ¢»#Â3[ V £¥¤#¡ ×  ¢�\¡6[\¤NÍ¿[�Â Ê ¡�ÈK¼k  ºº [�Â3 Õ»�»#¾ º £¥[ Í º ¼k ¥¤3�	èX[�Â3  W [ W ¤#¡ W ¤�Á�¾¿[ Í Y[\¤½[ W ¤½[�¾ º ÍX¾��½Í¿¼��kÂ�[ V £¥¤#¡ ×  ¢�\¡��êÙ ä [ »#¾X ¢».¤ º É[�» è¿¼ W ¼ º Y[\[�Í¿[
£¢¡ � ¡ º ¤# ¢�\  � ¡_¤# ¥¼ W Í¿[ �ïèX¡K�\¾ W ÍX[�»3Â�[�ÂCÀ º [�»3ÍX¾��#¾ º ã�Í¿[ �o[\¤½¤½[�¤#è É[�»#[KÙ ä Ê ¡K N[�¾@£¢¡r�	èX¡ W �o[�Í¿[ £¥[�»�� º ¼k Õ»½[ º
¡K¾x�o¼k¾ º »�Í¿[ Â3¡°Èê ¥[ Í¿[ Í¿¼ê�o¤½¼ º ¡ W ¤½[µ[\¤3�	èX¡K�\¾ W É¡ »#¡rÂ3¡ W   É[ º [ Â Ê ¡r¡ �X� ¼ º ¤ Y[�Í¿[�» Y[��\£Õ¡K  º �\ ¢»#»#[�Â�[ W ¤#»E»#¾ º
ÍX ¥ÈK[ º »½[�»�Á ¾¿[�»#¤# ¥¼ W »\Ù ä [ º [�Â�[ º �\ ¥[ � ¡ º ¤# ¢�\¾X£Õ  É[ º [�Â�[ W ¤�c Y[�¡_¤ º  ¢�o[Ec Y[ º ¡ º Í©Î©ß º ¡ W�æ�o¼k ¢»AÛ�¡ º ¼k¾X»#»	  W  ¥[O[\¤ V�W ¤½¼k  W [× ¡K¾Xá\ã6Í�Ê ¡åÈK¼k  º ¡K�\�o[ � ¤ Y[�Í�Ê��[\¤ º [ º ¡ �h� ¼ º ¤½[�¾ º »�Í¿[��o[\¤½¤½[=¤#è É[�»#[KÎ ä [�¡ W m ¹  ¥[ º#º [�g�£¢£¥¼ûã,[\¤ × ¼KÀ$[ º ¤ é ¡K£¢[\¤½¤½[�Í�Ê ¡åÈK¼k  º
¡K�\�o[ � ¤ Y[.Í�Êó[oÚê¡KÂE  W [ º �o[O¤ º ¡�È_¡K ¢£ËÙä [EÈK¼k¾XÍ º ¡K ¢»O[oÚ � º  ¢Â3[ º ¤½¼k¾¿¤½[ Â3¡�� º ¡_¤# ¢¤#¾XÍ¿[E[ W ÈK[ º »�í�£¢ ¥Èê ¥[ ºO× ¼k¾êÚ [\¤6ß º ¡ W �#à Ìe¡K»#»½[\á � ¼k¾ º Â Ê ¡�ÈK¼k  º
[ W �\¡KÍ º Y[\[KÎ�[ W �o¼k¾ º ¡�� Y[\[ [\¤,»½¼k¾X¤½[ W ¾¿[KÙ�í�£¢ ¥Èê ¥[ ºA× ¼k¾¿Ú�[�»½¤6¾ W ÍX  º [��o¤½[�¾ º Í¿[3¤#è É[�»#[E[oÚ¿ ��K[ W ¤6Á ¾h �£¢¡K ¢»#»½[ É¡�»½[�»Y[\¤#¾XÍX ¢¡ W ¤#» ¾ W [�� º ¡ W Í¿[r£¢ ¥À$[ º ¤ Y[°¤½¼k¾¿¤ [ W £¥[�» �o¼ W �o[ W ¤ º ¡ W ¤µ»#¾ º ¾ W Àh¾¿¤ � º Y[��\ ¢»\Ù! º ¡åÈ~¡K ¢£Õ£¥[ º ¡�ÈK[�� ß º ¡ W �#à
Ìe¡K»#»#[\á"�ì¾¿¤�¾ W [�[oÚ � Y[ º  ¥[ W �o[ º  ¢�	èX[�[\¤ � ¡K»	»# ¥¼ WXW ¡ W ¤½[KÎ  Õ£XÂ Ê ¡6¡ �X� º  ¢»�À$[�¡K¾X�o¼k¾ � Í¿[��	è¿¼k»½[�»eÁ�¾¿[��½[ W [ � ¼k¾ º#º ¡K Y[ W ¾hÂ Y[ º [ º ÂE¡K ¢»�¤½¼k¾¿¤ � ¡ º ¤# ¢�\¾X£¢  É[ º [�Â3[ W ¤�£¢¡ º  #�k¾¿[�¾ º [\¤Ø£ËÊó¼KÀ$�%[��o¤# ¥Èê ¥¤ Y[KÙ ä [ W Êó¼k¾¿Àh£¢ ¢[ º ¡K %�½¡KÂ3¡K Õ» W ¼k»�¡ � º É[�»%m�ÂE ¢ÍX 
¤ º ¡åÈ~¡K ¢£�ÍX¡ W »�£¥[AÀv¾ º [�¡K¾�&K]ên_Ùä [�»	¾X ¢»Z¤ º É[�»�è¿[�¾ º [�¾X»½[�Í�Ê ¡�ÈK¼k  º=º [ W �o¼ W ¤ º Y[O[\¤NÍ¿[AÂ Ê��[\¤ º [,  W ¤ Y['� º Y[\[CÍX¡ W »e£¥[(� º ¼k¾ � [ V £¥¤#¡ ×  Õ�\¡êÙêi6Ê ¡ WXWZY[\[�»
[ W ¡ WXWZY[\[�»�Îh¾ W [ º Y[\[�£¢£¥[OÍXã W ¡KÂE ¢Á ¾X[�[\¤=¾ W [(� º ¡ W Í¿[O�o¼kè Y[�»# ¢¼ W »½[O»½¼ W ¤=� º Y[\[\[�»\Î��o[�£¢¡�Â Ê ¡ Y['�k¡K£¥[�Â�[ W ¤�  W »#¾$) Y[
ÍX¾µ�o¼k¾ º ¡��K[KÙ ä [ º [�Â�[ º �\ ¢[,¤½¼k¾¿¤ � ¡ º ¤# Õ�\¾X£¢  É[ º [�Â�[ W ¤ V £¢¡K  W+* º  �,�¡K¾X£¥¤ � ¼k¾ º »½¼ W è ¾hÂ3¡ W  ¥¤ Y[6[\¤�»½[�»�[oÚ¿�o[�£¢£¥[ W ¤#»
�o¼ W »½[� Õ£¢»\Ù
ÌZ[\¤½¤½[N¤#è É[�»#[ W [Z»#[ º ¡K ¥¤ � ¡K»��o[�Á ¾©Êó[�£¢£¥[Ø[�»#¤�»#¡ W » V ãêÂ�[ º  Õ� é   W �o[ W ¤\ÎKÂ�¼ W�-/.102 . 243�57698;:!<>=?8 � ¼k¾ º�º [ � º [ W Í º [

»½[�»N¤½[ º Â�[�»\Ù ä [,£¥[ º [�Â�[ º �\ ¥[A[ W ¤ º [,¡K¾¿¤ º [ � ¼k¾ º ¤½¼k¾X» W ¼k»�Â�¼kÂ3[ W ¤#»�Í¿[@�%¼k ¢[A[\¤=Í�Ê   W ¤½[ W »½[O�o¼k£¢£Õ¡_À�¼ º ¡_¤# ¥¼ W Ù
Û�¡°È� ¥[ Íh¾�£¢¡_À$¼ º ¡_¤½¼k  º [A�½¼k¾¿[ »#¾ º £¢¡rÁ�¾X¡K£¢ ¥¤ Y[ ÍX¾ ¤ º ¡�È_¡K ¢£e[\¤(�\Ê ¡K N[�¾�£¢¡r�	èh¡ W �o[�Í�Ê ¡ �X� ¡ º ¤½[ W   º É¡r£ËÊ Üâº �Pm

�oã W � ¾X Õ»�¡K¾*Û�¡_À º  ËÙ ä [ º [�Â3[ º �\ ¥[E£¥[�» Y[�Á�¾X  � [�»A¤½[�Â � » º Y[\[�£CB_ç�¼åÈK[�».[\¤Cç é  �»#  � ¼k¾ º £¥[�¾ º ¡K�\�\¾¿[� ¢£�¡KÂE ¢�\¡K£ËÙ
ç�[ º �\  W ¼K¤#¡KÂ3Â�[ W ¤ É¡6ß º Y[�Í Y[ º  Õ��ë�[ º À º [\¤½[�¡K¾�Îêçµ ¢�ïèX¡ED[�£ V Í Y[�£¢¡FD G¢ÍX[�[\¤ * º Y['�K¼k  º [ � ¾X¤ º [ � ¼k¾ º £¢[�¾ º » º [�Â3¡ º Á�¾¿[�»
�#¾XÍX ¢�\ ¥[�¾h»½[�»\Ùä [3¤# ¥[ W » É¡ º [�Â�[ º �\ ¥[ º Â�[�»,�o¼_mÞÀh¾ º [�¡K¾êÚ�f V�WXW [Eçµ¡ W ¼k¾ º ãKÎ V ¾XÍ¿[ ç�¡K ¥¤ º ¼K¤\Î1HØ¡ WXW  ¢�	àrÛ©[ W   º Î ×  ¢�ïèX¡ º Í
ç�¼ ¼K¤�[\¤ × ¼k£¢¡ W Í�ce¡ º#º  ¥¼K¤ � ¼k¾ º ¡åÈK¼k  º »#¾ �X� ¼ º ¤ Y[6Â�[�»�� º ¡K»	Á ¾¿[�»�Â3¡K ¢»�»#¾ º ¤½¼k¾¿¤ � ¼k¾ º £¥[�¾ º »½¼k¾¿¤# ¥[ W [\¤�£¢[�¾ º »
�o¼ W »½[� Õ£¢»\Ù ä [ º [�Â3[ º �\ ¥[�£¢[�»C  W �Ñ¼ º ÂE¡_¤# ¢�\ ¥[ W »A¤#è Y[�»	¡ º ÍX»6¼k¾*ÍX¼��o¤½[�¾ º »CÁ�¾X  W Êó¼ W ¤ � ¾ [�Â � �[��	è¿[ º Í¿[�»6� º ¡K»#è*[\¤
��¼ º Â3¡_¤½¤#¡��K[�»6  W ¤½[�Â � [�»#¤# ���»�Í¿[3Íh ¢»#Á�¾¿[�»�ÍX¾ º »\Î$Â�[ º �\  É¡ � [\À©Î�i� ¢ÍX ¥[ º Î©çµ ¥à�[\¤ * ¾X ¢£¢£Õ¡K¾XÂ�[KÙ ä [ º [�Â�[ º �\ ¥[�£¥[�»
¤#è Y[�»#¡ º Íh»6»	¡ W »CÁ�¾X Z£¥[�» � ¡K¾X»½[�»\Î�£¥[�»6»½¼k  º Y[\[�»\Î�a�¼k  º Â�¼k¾¿¤# ¢[ º Î V ¤½¤#¡K�	à*[\¤.£¥[�» � ¤½¼ ¼��K[�» W Ê ¡K¾ º ¡K ¥[ W ¤ � ¡K»6[�¾�£¥[
ÂI�[�Â�[A»½[ W »�Ùêç�[ º �\  É¡KJ º  ¢»½¤½[�£Õ£ËÎ�ß º [�Í©Î ¹  ¥[ º#º  ¢�	àvÎ¿Ì Y[�Í º  ¢�_Î¿ë Y[�£ É[ W [KÎ ¹  ¥[ º	º [�ç Î Ü Â3¡KÍ©Î ä ¾X£¢ ¥[ W Î ß º ¡ W �	àvÎXç�[�èXÍX 
[\¤=£¥[�»=¡K¾¿¤ º [�»\Ù
g W$LhW ÎM�oÊ ¡K ¢Â3[ º ¡K ¢»�[oÚ � º  ÕÂ�[ º ÂE¡ º [��o¼ WhW ¡K ¢»#»#¡ W �o[ É¡ �o[�¾êÚµÁ�¾X �Â3[6»½¼k¾X¤# ¥[ WXW [ W ¤�¡K¾�Á�¾¿¼K¤# ¢ÍX ¥[ W [\¤ � º   W m

�\  � ¡K£¢[�Â�[ W ¤ V Úê[�£¢£¥[°fN�%[ º [�Â�[ º �\ ¥[ Â3¡O�ì¡KÂ3 ¢£¢£¢[ Í¿[ W Ê ¡�ÈK¼k  º �#¡KÂ3¡K ¢»�ÍX¼k¾¿¤ Y[�Í¿[ Â�¼k e[\¤EÍX[ Â Ê ¡�ÈK¼k  º Í¿¼ WXWZY[
¤½¼k¾¿¤½[�Â3¡P��¼ º �o[KÙ ä [ º [�Â�[ º �\ ¢[6Â�[�»A¡KÂE ¢»6Ö�¼k¾X¤ º [��o[�¾êÚ�Í Y[Q� É¡ �\ ¥¤ Y[�» Ý Í¿[ � ¾ É[�Í¿[KÎ�Í¿[.cZ[�£��k ¢Á�¾¿[KÎ�ÍX[.ß º ¡ W �o[.[\¤
Í¿[Oa�¡�È_¡ º#º [KÙ
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n_Ù¢n Û©[C�o¼ W ¤½[oÚê¤½[ ÙOÙ,ÙAÙOÙOÙAÙOÙOÙ,ÙAÙOÙOÙAÙOÙOÙAÙ,ÙOÙOÙAÙOÙOÙAÙ,ÙOÙOÙAÙOÙOÙAÙ,ÙOÙOÙAÙOÙOÙAÙ,ÙOÙAÙ �
n_Ù ] Û©[C£¢¡ W �k¡��K[,Í¿[OÂ3¼�Í Y[�£¢ Õ»#¡_¤# ¥¼ W V £¥¤#¡ ×  Õ�\¡ ÙOÙAÙ,ÙOÙOÙAÙOÙOÙAÙ,ÙOÙOÙAÙOÙOÙAÙ,ÙOÙOÙAÙOÙOÙAÙ,ÙOÙAÙ nKn
n_Ù j ÌZ¼ W ¤½[ W ¾µÍX¾ Í¿¼ê�\¾XÂ�[ W ¤�ÙOÙOÙ,ÙAÙOÙOÙAÙOÙOÙAÙ,ÙOÙOÙAÙOÙOÙAÙ,ÙOÙOÙAÙOÙOÙAÙ,ÙOÙOÙAÙOÙOÙAÙ,ÙOÙAÙ n�]

n_Ù j�Ù¢n Ü W ¤ º ¼�ÍX¾h�o¤# ¥¼ W ÍX¾ ¤½[�Â � »�ÍX¡ W » V £¥¤#¡ ×  ¢�\¡ ÙAÙOÙOÙAÙ,ÙOÙOÙAÙOÙOÙAÙ,ÙOÙOÙAÙOÙOÙAÙ,ÙOÙAÙ n�]
n_Ù j�Ù ] Ü W ¤ º ¼�ÍX¾h�o¤# ¥¼ W Í¿[�» � º  ¥¼ º  ¥¤ Y[�»N¤½[�Â � ¼ º [�£Õ£¥[�» ÙAÙOÙOÙAÙ,ÙOÙOÙAÙOÙOÙAÙ,ÙOÙOÙAÙOÙOÙAÙ,ÙOÙAÙ n�j
n_Ù j�Ù j  º ¡KÍX¾X�o¤# ¢¼ W »½ãêÂ,À$¼k£¢ ¢Á�¾¿[�Í¿[�»�Â�¼êÍ É[�£¥[�» V £¥¤#¡ ×  ¢�\¡.¤½[�Â � » º Y[\[�£�ÙAÙ,ÙOÙOÙAÙOÙOÙAÙ,ÙOÙAÙ no`
n_Ù j�Ùó`  º ¡�È_¡K¾êÚ [oÚ¿ ¢»½¤#¡ W ¤#»=ÙOÙ,ÙAÙOÙOÙAÙOÙOÙAÙ,ÙOÙOÙAÙOÙOÙAÙ,ÙOÙOÙAÙOÙOÙAÙ,ÙOÙOÙAÙOÙOÙAÙ,ÙOÙAÙ no`

n_Ùó` � ¤ º ¾h�o¤#¾ º [OÍX¾ Í¿¼ê�\¾XÂ�[ W ¤NÙOÙOÙ,ÙAÙOÙOÙAÙOÙOÙAÙ,ÙOÙOÙAÙOÙOÙAÙ,ÙOÙOÙAÙOÙOÙAÙ,ÙOÙOÙAÙOÙOÙAÙ,ÙOÙAÙ n�l
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]�Ù¢n Û©[CÂ�¼�Í É[�£¢[,Í¿[�»�¡K¾¿¤½¼kÂE¡_¤½[�» É¡��o¼ W ¤ º ¡K  W ¤½[�»�ÙAÙ,ÙOÙOÙAÙOÙOÙAÙ,ÙOÙOÙAÙOÙOÙAÙ,ÙOÙOÙAÙOÙOÙAÙ,ÙOÙAÙ n��

]�Ù¢n_Ù¢n i�[�»=»#ã�»½¤ É[�Â�[�» º Y[\[�£¢»�Ù,ÙAÙOÙOÙAÙOÙOÙAÙ,ÙOÙOÙAÙOÙOÙAÙ,ÙOÙOÙAÙOÙOÙAÙ,ÙOÙOÙAÙOÙOÙAÙ,ÙOÙAÙ n��
]�Ù¢n_Ù ] ¹Øº Y[�£¢ ¢Â3  W ¡K  º [�» ÙAÙOÙOÙ,ÙAÙOÙOÙAÙOÙOÙAÙ,ÙOÙOÙAÙOÙOÙAÙ,ÙOÙOÙAÙOÙOÙAÙ,ÙOÙOÙAÙOÙOÙAÙ,ÙOÙAÙ&]_^
]�Ù¢n_Ù j a�¼K¤#¡_¤# ¥¼ W » ÙOÙOÙAÙOÙOÙ,ÙAÙOÙOÙAÙOÙOÙAÙ,ÙOÙOÙAÙOÙOÙAÙ,ÙOÙOÙAÙOÙOÙAÙ,ÙOÙOÙAÙOÙOÙAÙ,ÙOÙAÙ&]_^
]�Ù¢n_Ùó` Û�[�»=»½ãê»½¤ É[�Â�[�»�Í¿[A¤ º ¡ W »# ¢¤# ¥¼ W »�fXÈ_¡ º  ¢¡_¤# ¥¼ W »N»	¾ º ¾ W ÂI�[�Â�[C¤#è É[�Â�[2ÙOÙOÙAÙOÙOÙAÙ,ÙOÙAÙ&]ên
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 �� N :[0,7]
�������� n :[0,7]
��������� joue
��������� n>0 |- joue -> n:=n-1;

n>1 |- joue -> n:=n-2;
n>2 |- joue -> n:=n-3;
n>3 |- joue -> n:=n-4;
n>4 |- joue -> n:=n-5;
n>5 |- joue -> n:=n-6;
n>6 |- joue -> n:=n-7;� � � � n=7
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AvaJouer |- joueurA ->

AvaJouer := false;
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�P����� Marienbad�©¨�ª R : Arbitre;
L1, L2, L3, L4 : Paquet;��«'�K¬

<R.joueurA, L1.joue?, L2.joue?,
L3.joue?,L4.joue?> = 1;

<R.joueurB, L1.joue?, L2.joue?,
L3.joue?,L4.joue?> = 1;� � � � L1.n := 1, L2.n := 3,

L3.n := 5, L4.n := 7;�'����� £¢h¤¥
� > A m ¦®§ � � �� � / 
"; �"/ ��� ����>��� �*� § ; �

40/ ���86;$�\ �E�$� � �����^�L�P���K��t;� � ��t;�jF=���^�P� �°¯ �^±�Y ® [�²<¯=�~��FP����� � �¦t;�J�z� � ����}� � �Q� � ���$���!�!�!��� 2³8´Vµc´V³ ¶¸·¹ ·¹»º�¼�½¿¾`À1¼�¹6Á(ÂVÀjÃÄÃ1ÅÆÀjÁ�Ç^ÈM¾3É ¶ ½�º�ÉÆ¹»ÃÄº�ÊÌËÎÍ ÊÌÏ�É�Ã�¾IÇ^ÈM¾3É ¶ ½�º�É
I � �� ��	�$42�� �,&(��!��40; � &(����&(�	4 ��;$�!� � ;��/ ��	40; 4 &��/ � �
�� � ( ; � #$�$40/1���� � ��� ���j�=�·}�V� t;��� �)( ���9��M ��� C � �";3Ð,/1&	;

�� ��� &(���N� ��
0;$�!� C � �";3Ð /1&	; >~I ;9� /1
"��2;�� � ; � &(���6
"/1
���� 2;:��4 ;$��
�Ñ �$40� �	4 ��� � � ��2� � � C � �";3Ð /1&	;Q�/ ��	40; 4 &��/32 �*�� &(���h�3�$4"�";$���,�*�
 
�����
�����M:����
 � ��+��� � � ��2� � � �� � ��� ��!�";$/ 40� � ���7&(���N� ��
0;$�!� 
0;$��
 
�����
 &(���h�3��
";$�!� � >Ò � XY�k^suÓY�Z\Y � ; ¤ XY XY|��s�a£_ b s'YqcÔ b ]@]�Õ b c{Y~]<��k`Z�5,k^f�[^]`_:Ö µ k a.×»×xØ�D�Ù ���l�V�~�·�»eV��� � ¨¸ÚMÛxÜR®�u0® -® � � ®������1® � � ® � vÛN® -<w/ ��Ý � ���x���P�$� � ��°���� � � � �¦���N�»eV���J�P���G� �=� � �N�¦�5� �~�.�������~�'�P���^�Þ  �=�=t����.t3��� � ���D����U���U���� � �l�*�����$��t;��ß���!§D�^�l�!����� W�à �$���G� U3W$á �z�����W����d�P�\º ���`����� 2 º t�� � ��t3���0�e��P�N��� �!�!¯����P�0�=���^�¸����G��t3��� � � 2 � 2â �äãV¨ â Þ Gã 2



� m � Ô;[$_�Y�7lalY�s�7lk��`ah�zalY|7��"7j_�[ ¤ ah��[
� �	� ; � #$�$40/ ���� �9�
�� /1�N� � ;$������ ��;$�6
����	��
 � � /1� ? � ;�� � �� �PO3�	� � ( ���*�"/ � � �	� 2;¦� � ; �'�����6
 � �
�� � �32� � �


;� ;$���,�*������	40/;4��	4 ���
U��4"����4 / ��	����
 >� ����
 � ��	�$� � �����3����
 &(�	�����5/1�h� � ;$�!�"; �"/1��� ��;$��
 � ;�� ; 4"�"/ ��� > � > m >4 p5Y�Z6587jY mA;'=)Y b ceY?>B[�s�alY�]"re[�cA@*±�]1DäE ���~�!�lt �£���Ut:� º t ��� » ����t|H��L���¿L W O ; ��&�*�	� �~��� � �0����� � �|}�U� t����5t3��»eV��� f|� � ���=�`���z�J���,���|�����^�`�Wt�� � � � � ����=�=�^�����!�����\�z�����P���^�K�~� � t:� ���$�!�jt
�z���$�*t;� S �;��� � �CN 2hU`à`2�\ �%��¡'���z}�=�N������L�$� � �����yl � ��=�����l������¯=�~�R���P� t ��¯=�^�Wt3���h��� ¯=�^���z��t �£�����=�jt �!�~�� 2\ �K� � �������!�Vt ��� � ���z�P�*���~�����h�������Q��������t3���%����P�0���W����� ���!�!�!�����W�j�^�l�!����t3���L�E��=��}� � ��� ��� ��������l� 2 E �q�jtlt �G�P� � ��~�`�0�$�!�jt �£�=���!����� �~�'�������Pt3�x�z� ���	��
 �P� � ���P¢~� � �=¢����^� t3��� A � ��=�����l��� ���S�������P�;���`�z�Pt3��� 2 E �q�$�P�$�%�����`t ��¯=�^� ��~��� � ¯=�����K��������������l�*�`�W�=���^�5�~�'�Q�������=����� �z�=t;�P�RkU`2 ��� � Y�� �"! _�a �F�® � A � � ¨ A ® � � � �.¨ � ® � � � �.¨ l ® �1m � �.¨ ���ZkÌY FP�������P�J� � �=�Q��� � ���E�����!�e� � �P� � � ����d�N���l�$�W�~�`�Q��tlt �~�0�=����� � ����� �X[ �`�E�~��� ��� ���$�'�jF=���^� � t;� � �P¯=�^�Q�������*t3���K�~�z¯=�^�=�l�%�=���^�U������� t3�=�l� �N 2 �#� � Y$�%��! _�a =F'® � A � � ¨ ? ® � � � � ¨ � ® � � � � ¨ l ® �1m � � ¨ ��� � �#� � Y$�%��! _�a =F'® � A � � ¨ A ® � � � � ¨� ® � � � ��¨ l ® �jm � �S¨ ��� � �#� � Y$�%��! _�a =F'® � A � � ¨ A ® � � � ��¨ � ® � � � ��¨ m ® �jm � �¸¨ �������L�#� � Y$�%�'&
! _�a �F�® � A � �½¨ A ® � � � �B¨ � ® � � � �B¨ l ® �jm � �B¨(� �<��� ��� �P���~���`�z�P�^�h�����.������§
��� � ���!�!���$�q�K}�nY �=�[ ���^��F=��� ������������������l���P�0�=�^�K���U�^� �����U�P�`��� � �h��������� � �z�dY 2 º �d�N���l�$� � ��tlt �~�0�=�����P�Q���^�U���j���~� � � ��z��� �dY �`�E���P�$�xF=���^� � t�� � �P¯��D� �~�`�W���P�~t;�W�~�`�Q��tlt �~�0�=�������h��� ¯=�^� 2W�2 ��� � Y$�%��! _�a =F'® � A � �©¨ ? ® � � � �«¨ � ® � � � �«¨ l ® �1m � �«¨ ��� � �)� � Y$�%��! _�a =F'® � A � �©¨ ? ® � � � �³¨� ® � � � �¸¨ m ® �1m � �¸¨ ��� � ��� � Y$�%��! _
a =F'® � A � ��¨ A ® � � � �¸¨ � ® � � � �¸¨ m ® �1m � �S¨ ��� � ��� � Y�� �*&
! _�a �F�® � A � � ¨ ? ® � � � ��¨ � ® � � � ��¨ l ® �jm � �S¨+� ����� � Y$�%��! _�a =F'® � A � �{¨ A ® � � � ��¨ � ® � � � ��¨l ® �jm � � ¨,� � � �$� � Y�� �"! _�a �F�® � A � �@¨ A ® � � � � ¨ � ® � � � � ¨ m ® �1m � � ¨,� ��kE�����$��������������§
��� � �y��!�����$� � �lt5�N��� ¯��������"����tjt �~�0�=�����h�����$�Q�z�=���Q�~��¯=�^���l�Q��� p|�� � �P�^�l� 2 E �y���P�V��t�� � ��������� � ��h¯=�^� � ����� � ����z�������P�0�P� �K���^�K�=�<t ���=� �=�K�^� ���P�R�z�=t �;�z������� � �P�0�P� � }�bY �z�jFP���^� � 2ix2 �#� � Y$�%��! _�a =F'® � A � � ¨ ? ® � � � � ¨ � ® � � � � ¨ m ® �1m � � ¨ ��� � �#� � Y$�%��! _�a =F'® � A � � ¨ ? ® � � � � ¨� ® � � � ��¨ l ® �1m � ��¨-� � � �#� � Y�� �"! _�a �F�® � A � �©¨ ? ® � � � ��¨ � ® � � � �³¨ m ® �jm � ��¨-� � � �#� � Y$�%�.&
! _�a �F�® � A � ��¨ A ® � � � � ¨ � ® � � � ��¨ m ® �jm � � ¨/� �bk°�^� �����R�~�N���P�dt3�W����P�0������� ��������� � � ��tjt �~�0�=����������^�q����~�� � ���!� � ����P�����CF��P���=�K�����$� � �~��¯������l�Q��� py�� � �P� �l� � � � �P���R�*����������=��� � �=�N�=�^�q}�R[ �z�F=���^� � 2à`2 ��� � Y$�%��! _�a =F'® � A � �©¨ ? ® � � � �³¨ � ® � � � �«¨ m ® �1m � �«¨0� �"kL���=�����<�G� � ����}� � �q������§
��� � ���!������� ����������P�;��� �z�=t;�J��� ��� �P���~���`� }�qt������j���$� � �!�!����� �z�Cm¸��tjt �~�0�=���������z���$�om ���'����� p|�� � �P�^�l�¦����� � �P���y}�GY �G�F=���^� � 2E �¦�$�=�$�U�=�y�U�������� � ��t3�Q� ���0� � �N�1����������l��� ���y���������������=t;�P�E�~��� � �~�gF=�=� �z��1%�l� �E��P�W�� � ��tN}� � �~��¯������l� ��lt`�P���~� � ���!� � � � ���d�`���0� � �h�5����=�����l�Q����� � �����~�l�Kt ��� � ��t;�P�S��=�����l�%�����l�'���^�l�Rk

» ��� � 2 ����§
��� � ���!�����$� 1����0� � �
3 �������*t;�P�R�$��¯=�^�=�l�W�P���^�5� t3�P�l�$� ¯ ��º ���y�P��t=}�P���*�~�`�Q��tlt ���0�������������$�54'�%6�a 87�� ¯ =�
3 ���y�P��t=}�P���*�~�`�Q��tlt ���0�������������$�54'�%6�a 87�� �=�94'�%6�a 87#: ¯<;���������y�P��t=}�P���*�~�`�Q��tlt ���0�������������$�������G�*t3���K�$��¯=�^�=�l� ¯ ��

����� �qt;�d� ���0� � ���z� �����½��=�����l�<�l� ���������������Pt3���q���P�)= � ¯ �� ¨ � � 2?> ����=�¶� � ��¯=�^�=�N�=�^� � ���%���"�d������§
��� � �y��!�����S�#� � Y�� �"! _�a �F�® � A � �°® � � � �°® � � � �°® �jm � � �Q�$�'���)}���z�¦�~�q�~��¯��^�=�£� � �����^���P�`���^� � ��tjt �~�N���������¦�G���h���j�$�¯=�D� �j�^�l�!����t3�P�0�P�^�Q����� t ��� � ���Pt;�J���P�$�Q���G�������=���=�@��=� � � }�IY ¯=�^�Z[ �z�CFP���^� � 2 E ���������~�'���0�~� � ���G�=��� t;��5A � �©¨ 4 �=�V�$� � ��¡��{��=� � ��� ���{�z�=�!���P� �*t3� � �������t������U�~��� � �������¦t3�����~��¯��^�=�l� 2 Y ���([ FP�����=�^�cF����P¯=�D��}��t;�������§
��� � ���!����� �#� � Y$�%��! _�a =F'® � A � �°® � � � �°® � � � �°® ��� 2�B �$���~�l��� � ���jY �����=�^���G�TFP���^� � �~��� � �������P�l� � � �x���������� ���~���Ptlt;�%������§
��� � ���!����� � �lt � ���!� � �W���z�������P�0�P�^�94\��tjt �~�0�=�������%�����$� �1mq���D�^� ���P�0}�o[ �z�cFP����� � 2 E �x��t�� � � � Y



�����\µ s XY�f�Y~]`_�[$_�alk`] � XY�] XY�s�[x7lYqc
Y:7�Ô�[�_�Y|7!alY�s�7lk��`ah�zalY|7��"7j_�[ ¤ ah��[ � l £¢h¤¥
� > A l ¦"§ � �32� � �:����>���7�*� § ; 40/ ���86;$�7� / 
:2;h� � ; �

� �=�!� � �N���z�������P�0�P� �"4 & A ��tjt �~�N���������������$�T�1m � � �~�£� [ A �������T�1m|�=�K�^� ���P�V���q����� � �z�°Y �G�FP���^� � �����$�t;�¦������§
��� � ���!����� 2E �N�$�P�$�d����z��t3�P�0�=�^�°���V�~���=� � t��¦¯=�^���P�!�!�����z�W� � ���~��� � ���"� �P� � ���$����������z����� ���^���U�~��� � t:� �����z���cF=���^�P� � ��=�K���������Q¯=�^���P�!�!���y�P���d����!����������������$�XHPJ � �¿LyN�O 2
����� �	��
�������������������� 
��� 
� � � ���"!#�$�&%��������'��� � ���(����)��*���,+-�.�/�102��)3�

� �	�����R�6; 4"�"/ � �
����*�
��"/1� ��	�'2;E��4 ��
�������	4 � �
 � ;$�$#�;�#$�
 C � �";3Ð / &	;#�	� � �
 ;$�6; � � 
"�
 �*��
:� 
��(2�� �
e2���/��3��*�$����T�	��4"�7; � �$40
54 ��; � /1
 ��	�
+2;q�6; 4"�"/149�*� 
:� ��&	/;4 &	; �"/ ����
 C � �";3Ð /1&	; >�C �64	2�
��64 ��
���!� ��+/ ��Ñ �$4 � � �1� �� ���� � ;�
:� �!�"; ) �
�*�
�� � ��2� � �
 C � �";3Ð,/1&	; � �*����
 �()~��40/1� ����
 � ; � ��=46��/ �"/ ���?Ñ �$40� � �1� �����
�;$�*����� ; ���
 2; &(������40;$/1�����
 � 4 Ð�5 m � >
� �
 
:� 
��(2�� �
#�*� ��4 ;$��
"/ �"/ ���6
�
������ � � Ñ �����*�� ���� ���
 ��/;O ��	4"����"
 � ;$�$#�;�#$�
 C � �";3Ð /1&	; > � �
 �*�	40��/ �	4 
�
��	4"�����
���
"�6/ ���%��4 ��
��������
,;$/1�6
"/)2���� � ;�83��T 6 ��� 2; ���*�"/ � 
 C � �";3Ð,/1&	; >7 �
���� ��	4 ; ����*40
R� �	4 � �	���";$�!� �)( �()��640/1� �	4��*�
,�/ ��	40; 40&��/ �
��)( ;$������� ; ���
 2;:&(���!��40;$/ �!���
����!� ��	� �� ;�>���������

;$� � � �32� � � � 8 ��/ ?�? � � &(�
 ��� ��	4 ; ����*40
 
��	40���!�#� ��	�$� � ����� ��
 � � ����	40/ ��*40�� ��!� ��;$��
 � ;��6; 4"�"/ � � > � > � � � ;��3�	40� �	�
�*� &(����
���4 ��/ 4"� ��� � ;$�$#�;�#$�\�/ ��	40; 40&��/32 �*� ��� � � � �� � /1
"; �"/ ��� ��42�
7�()~��4"�
0
"/ Ñ:;����3� � �� C � �";3Ð /1&	; >19 � �()*/1
����
��4"��/1
�� ; 4 /1;$�!���
 �*�'&(� � ;$��#�;�#$� 4"�=��4 ��
"��!� ��	�
 ��;$�6
 � ; g /;#���4"� � > A �:�	� � ��	�";$/ �1� ��	�
 ��;$��
 � ; 
��&(�"/ ��� � > m > A > � �

� ;$�$#�;�#$�
��64 ��
���!�������� ��;$��� ��/ ��
 �*�
 &	; 40;$&(����	40/1
��"/32 �*�
 &(��� �9���*�
 / ������/ ���
5�6; 4 � � � � ��2� � � �*�
 ;$�*����� ; ���

2; &(������40;$/1�����
 � &(�
,; ����40/ 86�*�"
 
��	4"�����E��4 ��
��������
,��+� ��	�";$/ � 
 ��;$�6
 � ; 
��&(�"/ ��� � > � �6;�#$� � � � +
: [�s�aj[^r�7lY�f<; ��� � ;$��/;� � � ���*�
 � ; 4 /1; 8 � �
 � � &	; � �
 � � �
 � ; 40/1; 8 � �
��)(.��	�"; � � �	� �*�
 � ; 40/ ; 8 � �
��6; 4"�";�# ��	�
 � � �


� ; 40/1; 8 � �
#�*�>=@?BA�C��k`]`_�s�[ al]`_�YGf<;>DFE�GIH�J �/K H�H�D�L@EMGON (QP���� EMD 2R? GTSUNVGIH�W KYX JZS P D X JZGIH # E K L P E�GIH[H ? S�E�GIH]\ P S*D P L@EMGIH#N (Q?VX_^#K N/`GIE�Gba
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f<;�G X J PbX J 2R? GkE PbX$#YP�# GO`P \ P S*D P L�E�GIHTlhE�GIHeJZS PbX H�DMJ�D KYX HeH KYX J #YP S'N dGTGIH GTJ ^#K NVD 4 G X JeE�GIH
\ P E�G ? S'H NBGIH1\ P S*D P L@EMGIH1N (mdGTJ P J C
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fn;kE�G � S K N ? D�J H�o X W'pBS KYX DFH dG }�¦t;�0º � � ��t;�y� 1*�l�'��� � C S X�5bq l C S X@5 m � GIHZJ dGTJZG X N ?d�/KY? S�E�GIH
^�K N�`GIE�GIHfN dGTS*D�\ PbX JfNVGIH Pb? J KY^�P JZGIHr`P W KYX JZS P D X JZGIHIats XuK���dGTS P JZG ? ScNVG�HZo X W*pBS KYX DMH P J�D KYX �@P S�J�DFW ? EMD�GTSIl
P��^� GIE dG � � �����z���'�P��v:��� pE����������w lhG A DMHZJZG + DME � GTS ^ GTJ�NBG�N dG 4@X D�S ?VX G X HZG ^ L�E�G�NVG(\bGIWxJZG ? S*H1NVG�HZo X W'pBS Kzy
X DMH P J�D KYXrK S*N KYXVX�dG �@P S�J�DMGIEME�G ^ G X J �@P S ?VX GkS*GIE P J�D KYX N ({K S*NVS�G C�ea XY�s'[�s
�y�eajY|;>E�G ^#K N�`GIE�G � GTS ^ GTJ NBG>H �edGIWTD 4 GTS�NBGIH(H KY? H ^#K N/`GIE�GIH v dGIE dG ^ G X J P D�S�GIH KY? pVD dGTS P S*W*pVD 2}? GIH w N PbX H
?@X~^�K N�`GIE�Gba I GIHgNVG ?hA�K��edGTS P J�D KYX H<pVD dGTS P S*W'pVD 2R? GIHrH KYX J<E P HZo X W*pVS KYX DMH P J�D KYX NBGIH dGT\ dG X G ^ G X J�H�N ?
^�K N�`GIE�GfGTJ(NBG>HZGIH�H KY? H y�^#K N�`GIE�GIHTlBGTJ�E (QP H�HZGTS�J�D KYX H ? S1J KY? JZGIH�E�GIH1\ P S*D P L@EMGIHe\RDMH*D�L@E�GIHeN PbX H(E�G ^#K N�`GIEMG C5es'alk^s�aj_ XY|; KYXd� G ? JeG A�� S'D ^ GTS NBGIH � S*D K S*D�J dGIH1G X JZS�G dGT\ dG X G ^ G X J�HTa

I P g D #Y? S�G q a A � H*W*p dG ^�P J�DMH�GcE�GIH1D X WTE ? H�D KYX H�HZo X J P�A D 2R? GIH NVGIH NVD O(dGTS�G X J�H(E PbX$#YP�# GIH C E�J P3Ð DMW P L P H dGIH�H ? S
E�G ^#K N/`GIE�G�NVGIH Pb? J KY^�P JZGIHc`P W KYX JZS P D X JZGIHeGTJ1E�GIH KY? J�DMEFH P H�H K WTD dGIHf`P W*p P W ?@X a  KY? H � S dGIHZG X J KYX H1WxGIH1E PbX�#YP�# GIH
N PbX H(E P�� S K W*p P D X GkHZGIWxJ�D KYX a³8´M�j´�� � ¹xÏ?ÈMÉ Ã�� É/� ¹»Ï�Ç^È¿¾3É ¶ ½©º�É

I GIH P JZJZS'D�L ? J�H�W KY^�^U?VX H#`P J KY? H�E�GIH ^#K N/`GIE�GIH�N dGTS*D�\ dGIHkNBGIH Pb? J KY^�P JZGIH[`P W KYX JZS P D X JZGIH ÑjKY? S X DMH*HZG X J�NBGIH
Kb�edGTS P JZG ? S'H�NVG ^#K N dGIEMDMH P J�D KYXq2}? D ÑjP WTDFEMD�JZG X J(E P H ��dGIWTD 4 W P J�D KYX NBGIH(H�oRHZJT`G ^ GIHIa I GIH�E PbXV�YPz� GIH C E�J P3Ð DFW P H KYX J
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ARDF £¢h¤¥
q a A � ¦ 8 E PbX NBGfE�� P JZGIEFD�GTS C EMJ P3Ð DMW P

NBGIH�E PbXB�YPz� GIH�NBG>H �edGIWTD��@W P J�D KYX NBGcp Pb? J X D�\bG Pb? GTJ ?VX NBGIH � S*D X WTD � GIHeNBGfE�� P JZGIEMDMGTS C EMJ P3Ð DMW P GIH�J�NBG>JZS PbX H yÑjK S ^ GTS�WxGIH ^#K N/`GIE�GIH�\bGTS'H�NBGIH Ñ K S ^�P EMDMH ^ GIH�NBG � E ? H L P H X D�\bG Pb? GTJ�NBG JZS P N ? D�S�G E�GIH ^#K N�`GIEMGIH K LVJZG XR? H�N PbX H
NBGIH ÑjK S ^�P J�H(S�GIW KYXVXR? H �@P S�NBGIH KY? J�DMEFH1NBGk\ dGTS*D��@W P J�D KYX a

 KY? HeNVD�S KYX H�� ? � ?VXg^#K N/`GIE�G C E�J P3Ð DMW P GIHZJ
	 �������lt'� G X<?VXgPb? JZS�G ^#K N/`GIE�G�H�D/E�G ^�K N�`GIE�G C E�J P3Ð DMW PU� G ? JTGTJZS�G Pb? J KY^�P J�D�� ? G ^ G X J�JZS PbX H ÑjK S ^ dG�G X E�G NBG ?hA D `G ^ G ^#K N�`GIE�Gba 8 P S�G A G ^#� E�Gbl H�D ?VX#^�K N�`GIE�G C E�J P3Ð DMW Pk� G ? JTGTJZS�G�JZS PbX H ÑjK S ^ dG�G XO?VX G ^�P W*p@D X G]`P dGTJ P J�H�� X D�Gbl KYX N KYXVX G�E P H dG ^[PbX J�D�� ? G�N ?[^�K N�`GIE�G�GTJ KYX E P S*G � S dGIHZG X JZG
H KY? H ÑjK S ^ GkN�� ?@X G ^[P W*pVD X G�`P|dGTJ P J�H�� X D�Gba C D X H�D lhE�G ^#K N/`GIE�G ����¯����� GIH�JeW KY^�� DME dGkG X E�� Pb? J KY^[P JZG>N KYXVX�dGO`P
E P g D �Y? S*G q a m a
�"7j_�[ ¤ aV�z[:@C��7l[�f�f�al´ b Y I G(E PbXV�YPz� G C E�J P3Ð DMW P ��� I 8�� 5�� l C ��8 Ð ?�? l 8 K D ?�? � GIHZJ�G AhP WxJZG ^ G X J�L P H dG�H ? S�E�G

^�K N�`GIE�GUNBGIH Pb? J KY^�P JZGIH�`P W KYX JZS P D X JZGIHTa/s X�^#K N�`GIEMG C E�J P3Ð DMW P � X D lVW��{GIH�J y `P�y NVD�S�G�� ? GfE�GIH�G X HZG ^ L@E�GIH
NVGIHe\ P S*D P L@E�GIH�H KYX J�� X DMHTl}EMGIH�N KY^�P D X GIHeNBGIH�\ P S*D P L@E�GIHeH KYX J�� X DMH�GTJ E��{G X HZG ^ L@E�G�NBGIH dGT\ dG X G ^ G X J�H(GIHZJ
� X D l � G ? J v J KY?��.KY? S*H w TGTJZS�GfW KY^�� DME dGkG X ?VX G ^[P W*pVD X GO`P|dGTJ P J�H�� X D�GblhG X ?VX<P S�LVS*G�NVG>N dG ÑjP DMEFE PbX WxG��1GTJ
?@X S dGIHZG Pb? NVG 8 GTJZS'DtHZJ K W*p P H�J�D�� ? Gba I �{G Ah� S�GIH�H*D�\RDMJ dG>N�� C E�J P3Ð DMW P � X D/GIH�J(WxGIEME�G>NBGIH Pb? J KY^�P JZGIH � X DMHTa

�"7j_�[ ¤ aV�z[ i [$_�[�!T7jk#" � G�E PbXB�YPz� G � S Kb�/K HZG WxGTS�J P D X GIHgS dGIHZJZS'DMWxJ�D KYX HgH ? SgE�G ^#K N�`GIE�G,NBGIH Pb? J KY^�P JZGIH `P
W KYX JZS P D X JZGIH%$3E�GIHU\ P S*D P L@E�GIH]H KYX J]G X XBKY^ LVS�G&� X D C E�GIH]N KY^�P D X GIHUNVGIHc\ P S*D P L�E�GIH]N�� dGTJ P J�H[H KYX J#NBGIH
D X JZGTS�\ P EME�GIH'� X D�N��{G X J�D�GTS*H C E�GIHf\ P S*D P L�E�GIHcNVG =@?hA H KYX J]N PbX H'( GTJ ?VX DMNVD�S�GIWxJ�D KYXVX GIEME�GIH C DFE X �{o P X D
� S*D K S*D�J dG X D LVS KYP N@W P HZJ C E�GIH P H�HZGTS*J�D KYX HkH KYX J>H�D ^#� EMD�� ÑIdGTGIH(GTJ>W KYX JZS P D �YX G X JfE�GIH =�?hA a � GTJZJZG�\ P S*D PbX JZG
GIH�J dG�� ? D�\ P E�G X JZG Pb?BA ���)�����*�+�,P�x�-x�N���- � § Ð�5�� l Ð(Pb? ? q�� a I �{G AR� S*GIH�H�D�\hD�J dG<NBGgWxG ^#K N�`GIE�GgGIHZJ#E P
^xTG ^ G.� ? G�WxGIEFE�G(N�� C E�J P3Ð DFW P a}s X[Pb? J KY^�P JZGkNBG ^#K NVG�� X DBH�G�W KY^#� DFE�G G Xg?VX G X HZG ^ L@E�G�NBG ÑjK S ^U? E�GIH
L KRK E dGTG XVX GIH v GTJ �@P SfW KYX H dG�� ? G X JfG XuP S�L@S�G#NBG�N dG ÑjP DFEME PbX WxG w GTJ � G ? J TGTJZS�GOD X JZGTS � S dGTJ dG[G Xu?VX S dGIH�G Pb?
NVG 8 GTJZS'DtHZJ K W*p P H�J�D�� ? Gba
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Y:7�Ô�[�_�Y|7!alY�s�7lk��`ah�zalY|7��"7j_�[ ¤ ah��[ � �Ò alZ\Y�c �"7j_�[ ¤ aV�z[|Yz_ �"7j_�[ ¤ ah��[��`o5res'alceY I GIH ^#K N�`GIEMGIHOH KYX JOEMGIH Pb? J KY^�P JZGIHu`P W KYX JZS P D X JZGIHgJZG ^#�/Kzy
S'DMH dGIH ; � � 8 Ð��Yq'� S*GIH � GIWxJ�D�\bG ^ G X J EMGIH Pb? J KY^�P JZGIH(`P W KYX JZS P D X JZGIH3p}o}L@S*DMNBGIH�� a 7 PbX H3WxGIH3NBG ?hA \ P S*D PbX JZGIHTl
KYX W KYX H�DMN�`GTS�G�NBGIH \ P S'D P L@E�GIH �@P S*J�DMW ? EMD `GTS�GIH(`P \ P E�G ? S'H3N PbX H ( � ? DBH ? DM\bG X J�NBGIH t����j���5���P����t �)�`����� l W��{GIH�J y
`P�y N@D�S�G NVD�S*G�� ? �{GIEFE�GIH \ P S'D�G X J Pb? W KY? S*H�N ? JZG ^#� HIa I GIH�E K DMH3W KYX H�DMN dGTS dGTGIHeN PbX H C EMJ P3Ð DMW P p}oRLVS*DMNBGeH KYX J
� E ? H � dG X�dGTS P E�GIH4� ? G�WxGIEFE�GIH�NBG�� D ^ GIN C E�J P3Ð DMW P a�s X�Pb? J KY^�P JZG `P W KYX JZS P D X JZGIHgJZG ^#�/K S*DMH dG v S*GIH � a
p}oRLVS*DMNBG w � X D l�W��{GIHZJ y `P�y NVD�S�G�� ? GUEMGIH(G X H�G ^ L@EMGIH�NBGIH�\ P S*D P L@E�GIHIl�NBGIH dGT\ dG X G ^ G X J�HTl NVGIH�N KY^[P D X GIH�NBGIH
\ P S*D P L�E�GIH1NVDMH�WxSI`GTJZGIH�H KYX J�� X DMHIlhH�G>W KY^#� DME�GkG Xn?VX<Pb? J KY^�P JZGcJZG ^#�/K S*DMH dG v S�GIH � aVp oRLVS*DFNBG w a³8´M�j´V³ � ¹xÏ�ÊÌÀ1¾`½©È©Ï"Í Ê�À1¼^Á1¹xÏIËÎÊ8Á��¹xÈM¹»Ï�Ç^È¿¾3É ¶ ½�º�É

I G ^#K N/`GIE�G�NBGIH Pb? J KY^�P JZGIHe`P W KYX JZS P D X JZGIHtGIHZJ JZSI`GIH �idG X�dGTS P E GTJ X G ÑjP DMJ Pb? W ?VX G�p}o �/K J�p�`GIHZG �@P S�J�DMW ? EMD `GTS�G3NBG
� X DMJ ? NBGba 8 KY? S �/KY? \ K D�S Pz�V� EFD�� ? GTS NVGIH P E �bK S*D�J�p ^ GIH3N dGIWTDMN P L@EMGIHTlYNVD O(dGTS�G X JZGIH�S�GIHZJZS*DFWxJ�D KYX H KYX J dGTJ dG�S dG P EMDFH dGTGIH
�/KY? S�D ^#� E PbX JZGTS�EMGIH�E PbXB�YPz� GIH � S dGIW dGINBG X J�HTa	� X H ?B�V�/K HZG'� ? G]E�GIH�G X HZG ^ L@E�GIH�NBGU\ P S'D P L@E�GIHTl�N�� dGT\ dG X G ^ G X J�H
GTJeE�GIH�N KY^�P D X GIH�H KYX J�� X DFHTa 7 GIH KY? J�DMEMH�N�� PbXVP E�ohHZG�H KYX JeD X J dG � S dGIH N PbX H�E�� P JZGIEFD�GTS �/KY? S dGTJ ? NVD�GTSeE�GIH�HZoRH�Jx`G ^ GIH
� S�G X@PbX J1G X G X JZS dGTG]NBGIH ^#K N/`GIE�GIH C E�J P3Ð DFW P#KY? C E�J P3Ð DMW P 7 P J P g E K�
 a
���	��
 � C 4 � 5 m l �)� � � l � D X�� � L � GIHZJ ?VX#^#K NBGIE y W*pVGIW � GTSeN KYX J�E�G(E PbXB�YPz� G�NBG(H �edGIWTD���W P J�D KYX[P E0�{G AR� S*GIH�H�D y

\hD�J dGkNBGIH Ñ K S ^U? E�GIH�N ?�/y W P EFW ? E dGTJZG X N ?gP \bGIW�E�GIH�� ?VPbX J�D��@W P JZG ? S'H�N ?[� S�G ^ DMGTS K S*NBS*G(GTJeE�� dG �YP EMD�J dGba�� X
� G ? J P D X H�D \ dGTS'D��VGTSfNBGIH � S Kb� S*D dGTJ dGIHUNBG�E Kb� D�� ? G#JZG ^#�/K S�GIEFE�G#H ? S ?VX Pb? J KY^�P JZGa� X D a � GTJ KY? J�DME�HZGTS P
� S dGIHZG X J dG � E ? H P \ PbX J(N PbX H E P]�@P S�J�DMG � a q a ���	�)
{¨ C E�J P3Ð DMW P�� � KY?B� D�G

º�tZ�0� » ����t � � 8 K D � � � S�G � S KY?B� G�E�GIH KY? J�DMEMH � S Kb� S�GIH Pb? E PbXB�YPz� G�GTJ KYX J �/KY? S K L � GIWxJ�D Ñ N�� P DMNBGTS Pb? NBGTL ?B�b�YPz� G
NVGIHcW KY^#�/K H PbX J�H dGIWxS*D�J�HcG X C E�J P3Ð DMW P a I GIH dGIE dG ^ G X J�H � S*D X WTD ��Pb?hA H KYX Ja$ ?VX \ dGTS*D��VG ? ScHZo X J P�A D�� ? Gbl
?@X<KY? J�DME�� ? D � GTS ^ GTJ WxGTS�J P D X GIH S dG dGIWxS*D�J ? S�GIH�H�o X J P�A D � ? GIH(NBGIH ^#K N�`GIE�GIH C E�J P3Ð DMW P v G X dGIEMD ^ D XVPbX J1E�GIH
L@S KYP NVW P HZJ �@P S�G A G ^#� E�G w l ?@X H K E�\bG ? SgNBG W KYX JZS P D X JZGIHTl ?VX�^ D X D ^#K NBGIE y W'pBGIW � GTS4� ? D W P EMW ? EMG NBGIH
�/K D X J�Hd� A GIHTlVNBGIH JZS P N ? WxJZG ? S'H1G X JZS*G C EMJ P3Ð DMW P GTJ I ? HZJZS�Gbaº > 3 ���'�p� »  	 ¢z� ��t;���+�0�� A v C E�J P3Ð DFW P 7 P J P g E K�
 � K}K E 4 K&A w S�G � S KY?B� G � E ? H�DMG ? S*H KY? J�DMEMH �/KY? S C E�J P3Ð DMW P 7 P�y
J P g E K�
 a C D X H�D l º��{��t���� � � Ð � 5��'� GIH�J ?VX KY? J�DME �/KY? S(E P WxS dG P J�D KYX l/E P#� S dGIHZG X J P J�D KYX GTJ�E�GfJZS P D�JZG ^ G X J
N�� P S�LVS�GIHiNBG�N dG Ñ P DMEME PbX WxGIH v N dGIW KY^#�/K H�D�J�D KYX N�� ?VXfP S�LVS�GblIS*GIW*pBGTS*W'pBGIH G��[W P WxGIH � GTS ^ GTJZJ PbX JiN�� P JZJZGID X NBS�G
JZSI`GIH�S Pz� DMNBG ^ G X J X �QD ^#�/K S�JZG]� ? GIE G X NBS K D�J�NBGcE�� P S*LVS�Gbl@GTJ�W w GTJ�N�� dGT\ dG X G ^ G X J�HTa�� Xn� G ? J dG �YP E�G ^ G X J
WTDMJZGTS E�G H�D ^U? E P JZG ? S<HZJ K W*p P H�J�D�� ? G ��t �0�y� �p��� � ? D dGT\ P E ? GuEMGIHr\ P E�G ? S*HrNBGIH<E K DMHrNBG NVDMH�JZS*D�L ? J�D KYX G XÑjKYX WxJ�D KYX N ? JZG ^#� HIaf|� 	 �y� > � ��� D � 5 l � GIH�J ?VX E Kb� DMWTDMGIE�NBGIH�J�D X�dG Pb?BA JZS P D�JZG ^ G X J�H � S K L P L@DMEMDMH�JZGIH>NBGIH]HZohHZJx`G ^ GIH�NBo XVPb^ D�� ? GIH
W KY^�� E�G A GIH �/KY? SUE�GIH_� ? GIEMHUDME�S dG P EFDMHZGrNBGIH]H�D ^U? E P J�D KYX HfNBG § KYX JZG � P S*E K `Pn�@P S*J�D�ScN�� ?@X|^#K N�`GIE�GrNBG
W KY^���K S*JZG ^ G X JkN dGIWxS*DMJ�`P E�� P DFNBGcNBG ÐrdGIHZG Pb?BA NBG 8 GTJZS*D HZJ K W*p P HZJ�D � ? GIH�D X JZGTS � S dGTJ dGIHTais X G]E K D NBG � S Kzy
L P L@DMEMD�J dG GIH�J P'O GIWxJ dGTGg`P W'p P � ? G�JZS PbX H�D�J�D KYX a 7 `GIHd� ? � ?VX G(JZS PbX H�D�J�D KYX NBGT\hD�G X J�\ P EMDMNBGbl E0�QD X HZJ PbX J�NBG�H KYX
J�DMS�G O GIWxJ�D Ñ GIHZJ dGT\ P E ?�dG�G X[? J�DMEMDMH PbX J�NBGIH XBKY^ LVS�GIH Pb? p P H P S'N v H�D ^U? E P J�D KYX NBG § KYX JZG � P S'E K w S dG �@P S*J�DMH
H�GIE KYX E P E K D�NVG � S K L P L�DMEMD�J dG�S�GTJZG X}? Gba³8´M�j´Vµ � ¹xÏ ·¹�¾`ÀÁ1¹xÏIÁ1¹®º�É Ï�É��Ì¹»º�Ç^È¿¾3É ¶ ½©º�É

I P L K�T 6 JZG	`P KY? J�DMEFH � E�J P3Ð DMW P v HZGIH�E PbXB�YPz� GIH GTJ HZGIH KY? J�DFEMH w P dGTJ dG Pz�@� EMD�� ?�dGTG �/KY? S NBGIH dGTJ ? NBGIH�NBG
W P HTa 7 PbX H � � � ����� l�EMGIH Pb? JZG ? S*H�S�GIW*pBGTS'W*pBG X J ?VX G ^|dGTJ�p K N K E Kb� D�GnN�� ? J�DMEMDMH P J�D KYX N�� � E�J P3Ð DMW P,� GTS ^ GTJZJ PbX J
NBG ^#K N dGIEFDMHZGTS�NVGIH P S'W*pVD�JZGIWxJ ? S�GIH�E Kb� DMWTD�GIEME�GIH�NBGIH HZoRH�Jx`G ^ GIH NBG Jmo � G ���<��������¯=� .�N�����~t������_ �l� �$�����e� GTJ
N�� dGT\ P E ? GTS�E�G ? S'HfW Pz�@P WTD�J dGIH,`P J K E dGTS�GTS[GTJ]W KYX � X GTS]E�GIH ÑjPb? JZGIHIa I G ? S#W*p K D A H �{GIHZJ �/K S�J dG<H ? S � E�J P3Ð DMW P W P S
E�G E PbXV�YPz� G�H �edGIWTD��@G Ñ K S ^ GIEME�G ^ G X J�NBGIH�HZohHZJT`G ^ GIH�G X�� S dGIH�G X WxG(NBG Ñ Pb? JZGIH3GTJ�NBG ^�PbX D `GTS*G ^#K N ? E P D�S*Gba I � PbXVP�y
E�ohHZG�NVG N dG Ñ P DMEME PbX WxGIHOHZG � S Kb��Pz� G PbX J<N PbX H ?VX HZohHZJx`G ^ GuW KY^#� E�G A G GIHZJOS*GIE P J�D�\bG ^ G X J<NVD��[WTDMEMG ^�P DMHgE�GIH
E! 56 t�H=G 7 G : HEm#" b 1%$ 6vn m
&  56 t�H=G 7 G : H('*) b 1%$ 6vQ "
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W P S P WxJ dGTS*DMH�J�D�� ? GIHkNBG ^#K N dGIEMDMH P J�D KYX N ? E PbXB�YPz� G v E PO� S Kb�@Pz�YP J�D KYX NBGIH =VK J�H w S dG �/KYX N�G AhP WxJZG ^ G X J Pb?hA L/G y
H K D X HTa�� X � X lVE�GIH KY? J�DMEMH�� ? D P WTW KY^#��Pz�YX G X J�E P�^�K N dGIEMDFH P J�D KYX<� GTS ^ GTJZJZG X J ?@X G dGTJ ? NBG P H�HZG�� Pz�@� S K3ÑjKYX NVD�Gba
� � dGTJ ? NVG>NBG�W P H �/K S�JZGkH ? S ?VX H KY? H1H�oRHZJT`G ^ GkG ^ L P SA� ?�dGY� ? D�W KYX JZS TK E�G>E�G�N dG � E P WxG ^ G X J NBG�E�� P \RD KYX G X"ÑjKYX W y
J�D KYX NBGIH K S'NBS�GIH3N ?U� DME K JZG�GTJ�NVGIH �@P S Pb^ `GTJZS�GIH�NBGe\ K EBNBG1E�� P \hD KYX a � KYX \ P D X W ? H NBG1E�� P N dG�� ?VP J�D KYX N�� � E�J P3Ð DMW P
P \bGIW<NVG[JZGIEMH]HZohHZJx`G ^ GIHTl3E�GIH ^xTG ^ GIH Pb? JZG ? S'H KYX J ^#K N dGIEFDMH dGgEMGgHZohHZJT`G ^ G<p}oRNBS Pb? EMD�� ? G�N�� ?VX P D�S�L ? H � � q �
P \bGIW � EMJ P3Ð DMW P � 4 ��� � �Yq�� a7 PbX H ��� S*D � � � l E0� Pb? JZG ? S ^#K N dGIEFDMHZG[GTJ]\ P EMDMNBG v H KY? H�� ? GIE�� ? GIH>S dGIHZGTS*\bGIH w ?VX|� S K J K W K E�GgNVGOJ dGIE dG � p KYX D�G
^#K L@DFE�GbaYs X G G X JZS*G � S*DMHZG1\ KY? E P D�J�LVS*GT\bGTJZGTS ?VX HZoRH�Jx`G ^ G�NBG(W KY^[^�PbX NBGU`P NVDMHZJ PbX WxG �U��� � 	 �`�l����� �v � � 	 �`�l����� ��-P���p�����������«�=���£�R� � �*�~� �~�Pt'� �^¢����hU�~� �o�0�z�Pt� P D X H�D�� ? G�E�G � S K W dGIN dGcNBG ^ DMHZG�G X��f? \}S*Gba � � Pb? JZG ? S P N KYX W
^#K N dGIEMDMH dGgE�G � S K J K W K E�G � S Kb�/K H dG[GTJ ? J�DMEMDMH dG ���	�*
 �/KY? S P H�H ? S�GTSfE�GIH � S Kb� S'D dGTJ dGIHUH KY? p P D�J dGTGIH ��P SfE��{G X JZS�G y
� S*DFHZGba � � Pb? JZG ? S P JZS KY? \ dGONBGIH PbXVKY^�P EMD�GIH>N PbX H>E�G � S K J K W K E�G#GTJ ^#KYX JZS dGa� ? �QDME ÑjP EFE P D�J�S�GIE TP W'pBGTScWxGTS�J P D X GIH
W KYX JZS P D X JZGIHTa

7 PbX HkWxG � S�G ^ D�GTS�W'p Pz� D�JZS�Gbl XBKY? H P \ KYX H>D X JZS K N ? D�J(EMG ÑjK S ^�P EMDMH ^ G � E�J P3Ð DFW P GTJkE�G ^#K N/`GIE�G#NBGIH Pb? J Kzy
^�P JZGIH1`P W KYX JZS P D X JZGIHTa  KY? H P EME KYX HtN dG � X DMStNBGIH ^�K N�`GIE�GIH1`P W KYX JZS P D X JZGIH JZG ^#�/K S*DMH dGIHiGTJip}o}L@S*DMNBGIH�`P(�@P S�J�D�SiNBGIH
Pb? J KY^�P JZGIHf`P W KYX JZS P D X JZGIHTa � �@P S�J�DMS�NBG�WxGIH XBKY? \bG Pb?hAg^#K N�`GIEMGIHTl XVKY? H�H ? D�\ KYX H�E P N dG ^�P S*W*pVG�NVG�W KYX H�JZS ? W y
J�D KYX N�� � E�J P3Ð DMW P GTJ XBKY? H K LVJZG XBKYX H E�GIH E PbXB�YPz� GIH�� D ^ GIN � E�J P3Ð DMW P GTJ
	(oRLVS*DMN � EMJ P3Ð DMW P a 7 PbX H E�G � S K W'p P D X
W*p Pz� D�JZS�Gbl XBKY? H �/KY? S'H ? D�\ KYX H E�GIH S Pz�@� GIEFH X�dGIWxGIH*H P D�S�GIH�`P E PXÑ K S ^[P EMDMH P J�D KYX NBG1WxGIH�E PbXB�YPz� GIH � E�J P3Ð DMW P JZG ^�� H
S dGTGIE a 8 KY? S�WxGIE P l XBKY? H1D X JZS K N ? DMH KYX HeE�GIH Pb? J KY^[P JZGIH(JZG ^#�/K S*DFH dGIH � � 7 5 m � GTJ(p}o}LVS'DMNBGIH � 	(G X�5���� a
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� GIH�HZohHZJx`G ^ GIH � p ohH�D�� ? GIH Kb� `GTS�G X JON PbX H ?VX JZG ^#� H�W KYX J�D XR? �@? DFH_� ? �QDMEMH � G ? \bG X J�W*p PbXB� GTSON�� dGTJ P J�Hu`P
X �QD ^���K S*JZG]� ? GIEiD X HZJ PbX JTa � GIH�HZohHZJx`G ^ GIH�JZG ^#� H�S dGTGIE � S�G XVX G X J G X W KY^#� JZGUE P NVD ^ G X H�D KYX H ?V�V� E dG ^ G X J P D�S�G
N ? JZG ^#� H1GTJ H KYX J(H KY?V^ DFHf`P NBGIH W KYX JZS P D X JZGIH JZG ^#�/K S�GIEMEMGIH1HZJZS*DMWxJZGIH N KYX J E P \hD K E P J�D KYXO� G ? J1G X JZS P.- 6MX GTS NBGIH
W KYX H dG�� ? G X WxGIH � S P \bGIHIa 8 P S G A G ^#� E�Gbl ?VX JZGIE HZohHZJx`G ^ G � G ? J �YP S PbX J�D�S�� ? G>E��{G A�dGIW ? J�D KYX NVGkJ -P W*pBGIH�S�GIH � GIWxJZG
WxGTS�J P D X GIH dGIW*p dG PbX WxGIHTa � KY? H�WxGTJZJZG�p}o �/K J�p�`GIHZGblhDMEhGIHZJ X�dGIWxGIH�H P D�S�G�NBG ^�PbX D �@? E�GTS0/21 �43 �`�`�0�+�`�65+87a83�� E�G JZG ^�� HTl
W��{GIHZJ `P NVDMS�G�G Ah� S*D ^ GTScNBGIHfW KYX N@D�J�D KYX H>W KY^[^ G:9<; �85R�=3h87a=3 �?>A@ 1 �B5=��=3DC �{�A7FE��G3	@HC- W @� 	 E43DC-8@4�BI��KJL@9<; �=5R�83 87a83 �NM a

8 KY? S ^�K N dGIEMDFHZGTS � S dGIWTDMH dG ^ G X JcE P NBo X@Pb^ D�� ? GUNVGIH>HZohHZJx`G ^ GIHTl KYX D X JZS K N ? D�J ?@X XBKY? \bG Pb? Jmo � G�NBG#\ P�y
S*D P L�E�GIH]$�E�GIH 5�� �I���PO 9 8@ 	 E43 �`�G3 1 L@ a ��EME�GIH � GTS ^ GTJZJZG X J>NBGE� ?VPbX J�D��VGTSkNBGIH � S PbX NVG ? S*H�W KY^�^ G#NBGIH ^ GIH ? S�GIH
D X JZGTS�\bG XVPbX J3N PbX H NBGIH ^#KY? \bG ^ G X J�H ^ dGIW PbX D�� ? GIH v XBKY? \bGIEME�G ��K H*D�J�D KYX N�� ?VX H K EMDMNBG Pz� SI`GIH Pz�V� EFDMW P J�D KYX N�� ?VX GÑjK S*WxG ��P S�G A G ^#� E�G w KY? N PbX H�NBGIH�S dG P WxJ�D KYX HeW*p@D ^ D�� ? GIH v � ?VPbX J�D�J dG�N�� ?VX�� S K N ? D�J3S dGIH ? E�J PbX J�N�� ?VX G(S dG P WxJ�D KYX
�@P SeG A G ^#� E�G w a � GIH�\ P E�G ? S*HeNBG�WxGIHe\ P S*D P L@E�GIH dGT\ K E ? G X J1G X�Ñ KYX WxJ�D KYX NBG�E�� dGIW KY? E�G ^ G X J N ? JZG ^#� Hd� ? D ��P H�HZG
GTJcNVGIH P WxJ�D KYX H � p}oRH*D�� ? GIH
� ? D�H ? S�\hD�G XVX G X JTa s X HZohHZJT`G ^ GrNBG[JZS PbX H�D�J�D KYX H P \bGIWgNBGIHc\ P S*D P L@E�GIH>W KYX J�D XR? GIH
G Ah� S*D ^ G]NBGIHkW KY^#�/K S�JZG ^ G X J�H P E�JZGTS XVPbX JkNBGIH �@P HkNVDFH�WxS�GTJ�H�GTJ>NBGIH �@P HkW KYX J�D XR? HTl�WxGIH>NBGTS X D�GTS*H dGTJ PbX JUp P�y
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7 PbX H<WxGuW'p Pz� D�JZS�Gbl XVKY? H � S dGIHZG X J KYX H N PbX HrE P HZGIWxJ�D KYX � a � E�G Ñ K S ^�P EMDMH ^ G�NBGIH Pb? J KY^[P JZGIH JZG ^#�/Kzy
S*DMH dGIHwS � 7 5 � l � 7 5 m U $zDFE}H � Pz� DMJ�N�� ?VX G�S�GIHZJZS*DFWxJ�D KYX NBGIH Pb? J KY^�P JZGIH�p}oRLVS*DMNBGIH�S 	�G X@5��qU JZGIEME�Gd� ? G1E�GIH \ P S*D P L@E�GIH
W KYX J�D X}? GIH \ dGTS*D��@G X J3J KY?��ZKY? S*H E P�^ -G ^ G dG�� ?VP J�D KYX N@DRQ dGTS�G X J�D�GIEMEMGba 9 E X �{o P N KYX W�� ? � ?VX HZG ? ERJmo � G1NBGe\ P S'D P L@E�G
W KYX J�D X}? Gbl Pz�@� GIE dG tZE�� 9 E��2 l GTJ�J KY? JZG�p K S*E Kb� G � H P J�DMH Ñ P D�J�E�� dG�� ?VP J�D KYX  ��� � a  KY? H � S dGIH�G X J KYX H�G X H ? D�JZG]E�G
^#K N/`GIE�G �idG X�dGTS P E NBGIH Pb? J KY^�P JZGIH[p oRLVS*DMNVGIHHS � 	 	 5 � l
	�G X@5��qU N PbX H]E P HZGIWxJ�D KYX � a q a 7 PbX H]E�GIH]NBG ?hA W P HTl
XBKY? H(H ? D�\RS KYX H EMG � E PbX H ? D�\ PbX J
$VG Xn� S�G ^ DMGTS(EMD�G ?<XBKY? H(N KYXVXVKYX H1E�GIH(N dG � X D�J�D KYX H Ñ K S ^ GIEME�GIH NBGIH ^#K N/`GIE�GIHTl
G X H ? D�JZG XBKY? H�S Pz�V� GIE KYX H3E�GIH PbXVP E�ohHZGIH�N dGIWTDMN P L@E�GIH �/KY? S�WxGIH�HZohHZJx`G ^ GIH�GTJ�G X � X#XVKY? H � S dGIH�G X J KYX H�NBGIH KY? J�DMEMH
NBG ^#K NBGIE y W'pBGIW � D XB� G A DMH�J PbX JTa

5k�76 8 �� �:9c�/�<; ���/�� ���=;?>g� � �* 
��
� GIH Pb? J KY^�P JZGIHOJZG ^#�/K S*DMH dGIH KYX J dGTJ dG,D X JZS K N ? D�J�H �@P S Ð(P=� GTGT\A@CB�D
E~GTJ 7 P \RDMNGF

¢
B�B Pb? N dGTL ? J�NBGIH

PbXVX�dGTGIH 5 � S � 7 5 ��U a � GIH Pb? J KY^�P JZGIH � S�G XVX G X J�G X W KY^#� JZG[E P NVD ^ G X H�D KYX JZG ^#�/K S�GIEME�Gba 8 KY? S>S*G � S dGIHZG X JZGTS
WxGTJZJZG#NBGTS X D `GTS*Gbl KYX D X JZS K N ? D�J(E�GcJZG ^#� H�N PbX H�E P H dG ^�PbX J�D � ? G]NBGIH dGT\ dG X G ^ G X J�HkGTJ �/KY? S ��KY? \ K D�S ^ GIH ? S�GTS
E�GIHd� ?VPbX J�D�J dGIH JZG ^#�/K S�GIEMEMGIHTl KYX D X JZS K N ? D�J�NVGIH1p K S*E Kb� GIHTa  KY? H1S Pz�V� GIE KYX H Pb?r� S dG P E P L@EMG>WxGTS�J P D X GIH XVK J�D KYX H
H ? S EMGkJZG ^#� H1GTJ(EMGIH p K S*E Kb� GIHIaµ8´�� ´�� � ¹Æ¾y¹»ËäÍ£Ï�¹�¾IÈ©¹xÏIHjÊ ¼�ÈMÊKJ ¹xÏ

L 87nIuE �p�6@  � ?VX H�oRHZJT`G ^ G]W KYX H�DFHZJZGr`P D X JZS K N ? D�S�G>NBGIH ^�PbX D �@? E P J�D KYX Hd� ?VPbX J�D�J P J�D�\bGIH�N ? JZG ^#� HTa 8 S P J�D y
� ? G ^ G X JTl KYX P=�.KY? JZGUNBGIH�\ P S*D P L@E�GIH]`P \ P E�G ? S�S dGTGIEME�GE� ? DiH KYX J ^#K NVD�� dGTGIH Pb? W KY? S*H�N ? JZG ^#� H(G XIÑ KYX WxJ�D KYX
NBG]E�� dGT\ K E ? J�D KYX NVGUE Pg� S PbX NBG ? Sy� ? �{GIEFE�GIH(S*G � S dGIHZG X JZG X JTa � PrXBK J�D KYX NBG �,87nIi@ GIH�J�\ P HZJZG]G X D X�ÑjK S ^�P J�D�� ? Gba
� � Pb? JZG ? S[NBG�S � K o 5bqvU D ^�Pz� D X G � E ? H�DMG ? S*H Pz�V� S K W*pBGIH[N ? JZG ^#� HIa � G JZG ^#� H#GIHZJ ?VX G X HZG ^ L�E�G N KYX J�E�GIH
dGIE dG ^ G X J�H � G ? \bG X J -GTJZS�GfNVGIHY$
� ^ h `.ji^z` h ;kWxGIE P W K S�S�GIH �/KYX N `P E P S dG P EMD�J dG � p}ohH�D�� ? Gbl KYX ^ GIH ? S*G � S dGIWTDMH dG ^ G X J�E�GIH(D X HZJ PbX J�HTl
� ^z` XZd : jx7.7 Xeh ; KYX HZG � E P WxG�H ? S>NBGIH dGIW*pVGIEME�GIHfNVG#JZG ^#� HkNBG�N ? S dGTG XBKYX XR? EME�Gbl ?VX G P WxJ�D KYX H ? S�\hD�G X JkN PbX H

?@X WxGTS�J P D X D X JZGTS�\ P EME�G�NBGkJZG ^#� HIa 7 G ?BArP WxJ�D KYX H KYX J EFD�G ? G X ^�-G ^ G>JZG ^#� H H�D/GIEME�GIH P S�S'D�\bG X J N PbX H1E�G
^ -G ^ GcD X JZGTS�\ P EME�GkNBGkJZG ^#� HIlfNMOM��¢dqdcX ^ MPXehP� Ô �X : �X ^ XuY�X ^z` h ;kN PbX H�WxG#W P HTl KYX � G ? J�G AR� S'D ^ GTS�EMG ^#KY^ G X J K `?,?VX G P WxJ�D KYX P G ? EMD�G ?
G X�Ñ KYX WxJ�D KYX NBGIH Pb? JZS�GIH P WxJ�D KYX HIl `P H P \ K D�S P \ PbX J KY?nPz� ST`GIHTa

� GgW P H#HZJ PbX N P S*N NBGIH]HZoRH�Jx`G ^ GIH#JZG ^#�/K S*DMH dGIHUGIHZJ]E�GgJZG ^#� H]NBGIH]D X HZJ PbX J�HcGTJ XVKY? H X GgN dGT\bGIE Kb�@� GTS KYX H
� ? GnWxG,W P HON PbX H[E P H ? D�JZGba � GIH�S�GIE P J�D KYX H�JZG ^#�/K S�GIEFE�GIH#G XB� G X NVS dGTGIH ��P SOE�G JZG ^�� H[H KYX JOE0� dG �YP EFD�J dG KY? E P
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s X G 5�� 9r1 �+�`��Ev3 C ; tZE�� 9 E��2 H ? S%� GIHZJ ?VX G Pz�V� EMDMW P J�D KYX � $&�(' ("! � � ? D P Q�GIWxJZG ?VX G�\ P E�G ? S3S dGTGIEME�G �/K H�D�J�D�\bG
`P W*p P � ? G�p K S*E Kb� G�NBG)� a�� X,XBK JZG ( � ! � E��{G X HZG ^ L@E�G#NBGIH�\ P E ?VP J�D KYX H�N��Qp K S*E Kb� GIHIa 7 G ^ -G ^ Ga� ? G�N PbX H�E�G
W P HkNBGIH�\ P S*D P L@E�GIH�NVDMH�WxSI`GTJZGIHIl ?@X Gc\ P E ?VP J�D KYX N��Qp K S*E Kb� GUS�G � S dGIHZG X JZG�H dG ^�PbX J�D�� ? G ^ G X JkE�� dGTJ P J>NBGIH�p K S'E Kb� GIH
`PU?VX D X HZJ PbX JTa 8 KY? S 7 � ( ! � lRE P \ P E ?VP J�D KYX N��Qp K S'E Kb� G � � 7 GIH�J�N dG � X DMG �@P S � �I� � �&v�� � 7 wxvG�/ws� ��vG��w � 7
GTJ(W K S�S*GIH �/KYX N `P E�� dGIW KY? E�G ^ G X J�N ? JZG ^#� HTa
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|- marche ->;
res <2 & (R1.Y!=t | R1.Y>=100) & (R2.Y!= t | R2.Y>=100) |- vide -> res:=2��"��!# <marche, R1.marche?,R2.marche?> >=1 ;�$������ �� (res=0) => (R1.R=vrai & R2.R=faux);
(res>0) => (R1.R=faux & R2.R=vrai);�&%'������ &%������ (res=0) => (R1.Y <=100 & z<=10)%'�(%)� R1.s:=0,R2.s:=0,t:=0,res:=0,R1.x:=0,R2.x:=0,z:=0���$��
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	 AvaJouer : [0,2]; xa,xb: analog;	��
	��
� joueurA, joueurB, stop���
����� AvaJouer=0 & (xa<p & xb<p) |- joueurA -> AvaJouer := 1;
AvaJouer=1 & (xa<p & xb<p) |- joueurB -> AvaJouer := 0;
AvaJouer<=1 & (xa=p | xb=p) |- stop -> AvaJouer := 2;� � � � AvaJouer := 0,xa:=0,xb:=0;� � �
�
��� � ���
� (AvaJouer<=1) => (xa <= p & xb <= p);
(AvaJouer=0) => ( � dxa � =1 & � dxb � =0);
(AvaJouer=1) => ( � dxa � =0 & � dxb � =1);
(AvaJouer=2) => ( � dxa � =0 & � dxb � =0);	�����
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− relations

(ensemble de configurations

node N

edon

node C

....
edon

....

....

Commande:

− mise à plat

− relations sur le modèle

    (accessibilité, relation de bisimulation ...)

Réponse à la commande

Modèles AR

  vérifiant la propriété, BDD,
  bisimulation entre modèles ...)

sub C1: C sub D1:D

Mec V
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s0 s1

x<=100

s==0,R==0
marche!

s:=1,x:=0,R:=0

s==0,R==0
marche!

s:=1,x:=0,R:=1

s==1,x==100

arret!
s:=2,R:=0

s==1,x==100
arret!

s:=2,R:=1

s==1
fuite!

s:=2,x:=101,R:=0

s==1
fuite!

s:=2,x:=101,R:=1

s==0
fuite!

s:=2,x:=101,R:=0

s==1

fuite!
s:=2,x:=101,R:=1
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s0

h<=20

h==20

failure := Failure_R ,h:=0, Failure_R :=0,Failure_LR:=1

refresh!

h==20

failure := Failure_R ,h:=0, Failure_R :=1,Failure_LR:=1

refresh!

h==20

failure := Failure_R ,h:=0, Failure_R:=1,Failure_LR :=0

refresh!

h==20

failure := Failure_R ,h:=0, Failure_R:=0,Failure_LR :=1

refresh!

tu�vxw ±4X��3y 1 0�!#.1<-�(!#�V!#�6<Q$R.�')*W�45� © �	� �6� 	 c�cfe�e �

s0
h<=40

h==40

failure := Failure_L + Failure_R ,h:=0, Failure_L :=0,Failure_R:=0
refresh!

h==40

failure := Failure_L + Failure_R ,h:=0, Failure_L :=1,Failure_R:=1

refresh!

h==40

failure := Failure_L + Failure_R ,h:=0, Failure_L:=1,Failure_R :=0

refresh!

h==40

failure := Failure_L + Failure_R ,h:=0, Failure_L:=0,Failure_R :=1

refresh!

tu�vxw ±4X��0y 1 0�!#.1<-�(!#�>!#�6<Q$R.�')*3�C5� ©��	�� �6� 	 c�.cfe�e �

s0
s1

x<=20

x<=20, loc ==0

loc :=1

breakdown_R!

x==20, loc ==0

x:=0

Cmd!

tu�vxw ±4XI]�y 1 0/!#.1<-�(!#�%!#�6<Q$R.�')*3�C5�
� ��6� 	 c�cfe�e �
s0

s1

h<=20

failure :=1, Failure_LR :=0

breakdown_L!  failure :=1, Failure_LR :=1

breakdown_L!

failure :=1, Failure_LR :=0

breakdown_L!

failure :=1, Failure_LR :=1

breakdown_L!

 mode ==0, Failure_LR ==0,h==20, failure ==0

h:=0, Failure_LR :=0

reset!

 mode ==0, Failure_LR ==0,h==20, failure ==0

h:=0, Failure_LR :=1
reset!

mode ==0, Failure_LR ==1,h==20, failure ==0

mode :=1,h:=0, Failure_LR:=0
start_compute!

 mode ==0, Failure_LR ==1,h==20, failure ==0

 mode :=1,h:=0, Failure_LR :=1
start_compute!

 mode ==1,h<=20,h >= 10, failure ==0

 mode :=2,h:=0, Failure_LR :=0
cmd!

 mode ==1,h<=20,h >= 10, failure ==0

 mode :=2,h:=0, Failure_LR :=1

cmd!

tu9v;w ±4X � y 1 0�!#.1<-�(!#�G!#�6<Q$R.�')*W�45��� � �6� 	 c�cfe�e �
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s0
h<=20

 mode ==1,h<=20,h >= 10

 mode :=2,h:=0, Failure_RLB :=0
cmd!

 mode ==1,h<=20,h >= 10

 mode :=2,h:=0, Failure_RLB :=1
cmd!

 mode ==1,h<=20,h >= 10

 mode :=2,h:=0, Failure_RLB :=2

cmd!

 mode ==0, Failure_RLB <2,h==20

h:=0, Failure_RLB :=0
reset!

 mode ==0, Failure_RLB <2,h==20

h:=0, Failure_RLB :=1

reset!

 mode ==0, Failure_RLB <2,h==20

h:=0, Failure_RLB :=2

reset!

 mode ==0, Failure_RLB ==2,h==20

 mode :=1,h:=0, Failure_RLB :=0

start_compute!

 mode ==0, Failure_RLB ==2,h==20

 mode :=1,h:=0, Failure_RLB :=1
start_compute!

 mode ==0, Failure_RLB ==2,h==20

 mode :=1,h:=0, Failure_RLB :=2

start_compute!

tu�vxw ±4X s�y 1 0/!#.1<-�(!#��!#�6<Q$R.�')*3�C5��� � �6� 	 c�cfe�e �

s0

Z==20

Cmd

z:=0

tu�vxw ±4X ±�y 1 0/!#.1<-�(!#�²!#�6<Q$R.f]')*3�C5�a73.C�"��7D=/� � - � Ï �6� 	 c�cfe�e �

s3

FB0_h <= 20,CLRB0_h <= 40,CLR0_h <= 20

s1

FB0_h <= 20,CLRB0_h <= 40,CLR0_h <= 20,FR0_h<= 20

s2

FB0_h <= 20,CLRB0_h <= 40,CLR0_h <= 20,FL0_h <= 20

s0

FB0_h <= 20,CLRB0_h <= 40,CLR0_h <= 20,FL0_h <= 20,FR0_h<= 20

FR0_h==20
FR_Cmd!

FR0_h:=0,STEERING0_z:=0

breakdown_R!

breakdown_L!

FL_Cmd!
STEERING0_z:=0,FL0_h:=0

FL0_h==20,FL0_mode==2

breakdown_L!

FR0_h==20
FR_Cmd!

FR0_h:=0,STEERING0_z:=0

breakdown_R!

FB0_mode==2,FB0_h==20
FB_Cmd!

FB0_h:=0,STEERING0_z:=0

FB0_h==20

FB_reset!
FB0_h:=0

FB0_h==20
FB_reset!

FB0_h:=0

FL0_h==20
FL_reset!

FL0_h:=0

FB0_h==20

FB_reset!
FB0_h:=0

FB0_mode==1,FB0_h<=20,FB0_h>=10
FB_start_compute!

FB0_mode:=2,FB0_h:=0

FB0_mode==0,FB0_h==20

FB_reset!
FB0_mode:=1

FL0_mode==0,FL0_h==20
FL_reset!

FL0_mode:=1

FL0_mode==1,FL0_h<=20,FL0_h>=10
FL_start_compute!

FL0_mode:=2,FL0_h:=0

CLR0_h==20
CLR_reset!

CLR0_h:=0

CLRB0_h==40
CLRB_reset!

CLRB0_h:=0

CLR0_h==20
CLR_reset!

CLR0_h:=0
CLRB0_h==40

CLRB_reset!
CLRB0_h:=0

CLRB0_h==40
CLRB_reset!

CLRB0_h:=0

CLR0_h==20
CLR_reset!

CLR0_h:=0

CLR0_h==20

CLR_reset!
CLR0_h:=0

CLRB0_h==40
CLRB_reset!
CLRB0_h:=0

tu�vxw ±4XJISy 1 0/!#.1<Z�(!#�2!#�6<Q$R.�')*3�C5�G=&0f�#AC�+! ��6<-��<-*3� ��-$&73�(!
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