
���������	��
���
��	�������	��������
������������! "�#�$�# %���!&('�&*)����!+,��
-
/.#01�
2436587$9$:$:<;=24>@?BA	CED�FG?BH�I�JLKMD�N@CPORQ#SUT$V

W 7#T$V�X�KMQ@D�FYN@C[Z\O^]_?B`aIED-ORHG?bKM>�V W$WRc :$7^d�ORZbCE>�X�Cfe�g�hig@jkV*l�5Ymonqp"r

sutwvyx!z|{/}�~�}��������G�a��x#{�v6���Ez��*�a}

5YC�F��aKM>�F-OR`@ZbC^�������w�������1���L���a ¡ i� ¢k£�Q@?B�aC��a��¤�¥�¦P§!¨���¥��	¦ª©�«i¬E��¦P¥�­¯®�¥P¦P�R®|«�°i±�¥
²�³�´[µ�¶%·¹¸k³»º[¸½¼=³[¶"·P¾u´[¿^¸k·RÀ=Á

ÂÄÃ�¿�ÅÆÅ�Ç¹·R´[¿^¸È·wÀ=Á�ÉÊº�ËÍÌÆ¿^¶LÎ�µU³qº�É
º�Á º�Áª¼y·P¶"ÀÏÁÆÁUº�Ë º�Áª¸ÊÐª¿�¼^¿ ÑÒ¿�¶"ÂUÓiÔÖÕ

­¯×�¨Æ®|��ØÚÙ¡���"ÛL�aÜ�ÝÈÞ
ß$àMá�â#ã$ä#å$æ!ç�è�àMé�ä*ê�ë�á�ì¹é#å$ä�í#ã�àMá�î%ëðï	ä

ñ�ò�ò�ó"ôöõ�õ í#ã ó�ò ì	êwæ�ï#å�ëöè�àMé�ä*ê�ë�á�ì¹é#å$ä�í#ã�àMá�î%ëðï	ä õ!÷ ß	àMá�â#ãMä@åMæ õ
øÈCED�FG?bKM>���T$ùú: ûoCEDG>@?büED�C�D�IEA!?bFG?bKM>�� W�ý Q@?B>6þ$:$:#T

ÿ�����������;om¡A	C�X�Z�� C/S!�@ZbK$FG?bKM><N#Q X�K
	�	�CED�X�C%IEZbC�XEHGD�KM>@?b£�Q�C$V¹N@C�Z\OLH�IEZbIE�
��KM>@?bC�	�KM`@?BZbCÈCEHiN@C�F�`aC�F�KM?B>�F
N�� ?bN@CE>�HG?��*XPORHG?bK$>�V�Z\O�X�KM>��*N@CE>�HG?\ORZB?BH�IfCEH4Z\O�F�I�XEQ@DG?BH�I<N@C�F4I�X��*OR>
�	C�F[F�KM>�H4N@CEA�CE>�Q�C�F4N@C�FY��DG?bKMDG?BH�I�FPù�]�C�F
F�KMZBQ@HG?bKM>�F%OMXEHGQ�CEZBZbC�	�CE>!HÈ�@D�KM�aK$F�I�C�FÈF�KM>�H�`*OMF�I�C�FkFGQ@D������������! #"�$&%'�( �ù	p"CEHGH�C1XPORDGH�C�N#?bF��aK$F�C�CE>�C�)�CEH
N@Cq>�K
	<`@D�CEQ#S�ORH�KMQ@H�FYF�I�XEQ@DG?BH-OR?BD�C�F4CEH��aCEQ@HYF*�úOMN�OR�@H�CED,+�N�C-	<Q@ZBHG?B�@ZbC�FY�@D�KM`@Zbü.	�C�FPù
ûqOR>�F4Q@>*C �@D�C.	^?büED�C��*ORDGHG?bC$V�>�KMQ�FoA�CEDGD�KM>�FoZbC�FoXPORD-OMXEH�IEDG?bFGHG?b£�Q�C�F[�@DG?B>�XE?B�*ORZbC�FqN@C�F[X�ORD�H�C�F/+��@Q�X�C�F[CEH
X�K
	�	�CE>�H<Z\O�H�C�X��@>�KMZbK
�$?bC ý OPA$O¯O�D�IEQ�F�F�?�+ªF*� ?0	�	^?bF�X�CEDfOPA	C�X�FGQ�X�X�ü�F<N�OR>�F�ZbC�	�KM>�N@C�N@C^Z\O¯XPORDGH�C1+
�@Q�X�C[�aKMQ@D1X�KM>�F�HGDGQ@?BD�C[Q@>�CqXPORDGH�C/	<Q@ZBHG?�2ðOR�@�@ZB?bXPORHG?BA�C������43'��5��768���:9*ù�r�>�FGQ@?BH�C$V�N�OR>�F�Q@>�CqF�C�X�KM>�N@C
�*ORDGHG?bC$V�>�KMQ�F��@D�I�F-CE>�H�CED�KM>�F ZbC�F;�$D-OR>�N@F F�H-OR>�N�ORD�N@F N@C�Z\OªXPORDGH�C1+��@Q�X�C�£�Q<� Q@HG?BZB?bF�CE>�H `aCPORQ�X�KMQ@�uN@C�F
�@D�K�N#Q@?BH�F1X�K
	�	�CED�XE?\ORQ#Sª£�Q�C4>�KMQ�FL�@D�I�F�CE>�H�CED�KM>�F1N�OR>�F�ZbO<HGD�KM?bF�?bü�	�C[�*ORDGHG?bC$ù@r�>���>ª>�KMQ�F�C/S#�aK$F�CED�KM>�F
ZbC�F1N@IEA�CEZbKM�@�aC.	�CE>�H�FYZbK
�$?bXE?bCEZbF4£�Q�Cq>�KMQ�FYOPA�KM>�F�D�IPORZB?bF�I$ù
� ©�=^�?>A@CB���� �ED!F�G�HJILK/M?N
DOIOPRQSF
T�F�UVF
GXW�PVYAZ!D.N[GO\]HJZOP^I�_1`!F
GXa.NbZ
ced �<=�ÿ c @C=Ò;gf ?BHX��HX��C�C/S#�@ZbK$FG?bKM> K�h4CEZbC�XEHGD�KM>@?bXª`@Q�FG?B>�C�F�FPVV	�KM`@?BZbC�H�CEZbCE�
��KM>Si�OR>�N >�C�C�N@F^K�h
?bN@CE>�HG?��*XPORHG?bKM>�V[HX��CUX�KM>��*N@CE>�HG?\ORZB?BHjiÚOR>�N�HX��C�F-C�XEQ@DG?BHjiÄK�h<HX��C�HGD-OR>�F-OMXEHG?bKM>�FyORD�C6�@DG?bKMDG?BHG?bC�F¹ù dk��C
F�KMZBQ@HG?bKM>�FYXEQ@DGD�CE>�HGZ0iªFGQb���	CEF�H�C�NªQ�F�C[HX��Cml(ng�?���L�(�?�:9*ù
oð> O4��D�FGH��*ORDGHPV,p"C�p�?BZBZqF!��K*p HX��C�	�OR?B>qh CPORHGQ@D�C�F¯K�hfFX	�ORDGH¯XPORD�N@F�OR>�Nr��K*p ý OPA$OuH�C�X��@>*KMZBK
��i
FGQ�X�X�C�C�N@C�N�?B>�`aC�X�K
	^?B>
� O�	�O(s�KMD�H�C�X��@>�KMZbK
��itp�?BHX�@?B> FX	�ORDGH�XPORD�N H�KU`@Q@?BZbN Ou	<Q@ZBHG?�2ðOR�@�@ZB?bXPOMHG?BA�C
XPORD�N_�^�wv� x3'�?5[�y68�?�A9�ùkdk��CE>�V!?B>¯OfF�C�X�KM>�N=�*ORDGHPV�p"C8p�?BZBZ_FX��K*p�HX��C8	�O(s�KMD�FX	�ORDGH�XPORD�N�F�H-OR>�N�ORD�N@F
Q�F�C�Nª`SiÏ�@D�K�N#Q�XEH�F4FX��K*p"C�Nª?B>¯HX��CqHX�@?BD�Nª�*ORDGHPùkl�?B>*ORZBZ0i	V
p"C/p�?BZBZiF�C�CqKMQ@DYF�K�h HjpLORD�C�N@CEA	CEZbKM�
	�CE>�HPù
z�{,|e} ©^ÿ=­6���~Y�_mF
G�HRD!F�GXW�P�QSF
T(F�UVF
GXW�PVYAI!D.N[GO\]H]�

�J�.�X�O�k�O���-�������.�X�O�!�����O���X�8���!���*�������V���J�O�(�w���!���:���O�E���������]�������X�8���J�O�(�w���!���:���O�?�:���-�8���������]�*�]���w�^�w�����(�� (���8��¡(�
¢ �(�£���X�-�A�J�����w�<�O�
�,����¡����<�w���(�A�����¤���w 
¥¦¡��§���(��¡����E���E�����(�w¨��w���(���A�<���?�:���-�8�������O�]�(�]�����^�w�������O 



þ



© ª¬«®­°¯ ±²¯´³ µ ª·¶4¸°¹»º¼¯´³

=%×@«°½��¿¾���¥�¨Æ×#¦¹®�§��w��¥ À
Á�Øa¦P�(Â�¾�°EÃ	¦¹®�ÂaØ Ä
Å @ ×
¾¡�R�bÆVÂ*«i¬E�ÇÃ	¦¹®�Èð¥��	¦1¾¡±��(Â�°&½|��¨Æ��Øa¦m¾�° ¨�±�¨¼Â�®|�R� É

T$ùBT pLOMN#D�C ù�ù�ù�ùqù�ù�ùqù�ù�ùqù�ù�ù�ùqù�ù�ùqù�ù�ùqù�ù�ùqù�ù�ù�ùqù�ù�ùqù�ù�ùqù�ù�ùqù�ù�ùqù Ê
T$ùúþ Ë4`�sGC�XEHG?�h F[ù�ù�ùqù�ù�ùqù�ù�ùqù�ù�ù�ùqù�ù�ùqù�ù�ùqù�ù�ùqù�ù�ù�ùqù�ù�ùqù�ù�ùqù�ù�ùqù�ù�ùqù Ê
T$ù W û[IED�KMQ@ZbC.	�CE>�H4N#Qx	�I.	�KM?BD�C ù�ù�ùqù�ù�ùqù�ù�ùqù�ù�ùqù�ù�ù�ùqù�ù�ùqù�ù�ùqù�ù�ùqù�ù�ùqù 9
T$ù c 54C.	�CED�XE?BC.	�CE>�H-F ù�ùqù�ù�ùqù�ù�ù�ùqù�ù�ùqù�ù�ùqù�ù�ùqù�ù�ù�ùqù�ù�ùqù�ù�ùqù�ù�ùqù�ù�ùqù 9

Ì Bk×U¦P�ÇÃ
Í¡Ø'Â?½�Â���®|�xÎ_×ÇÏ@×Ð@ ×@�(¾ Ñ
þ#ùBT Ò�D�I�F-CE>�H-ORHG?bKM>yN@CqZ\O�XPORDGH�CÓ+��@Q�X�C ù�ù�ùqù�ù�ùqù�ù�ùqù�ù�ù�ùqù�ù�ùqù�ù�ùqù�ù�ùqù�ù�ùqù Ô

þ#ùBT$ùBT Õ4Q<� C�FGHYX�C�£�Q<� Q@>�C�XPORDGH�CÓ+f�@Q�X�CEÖ½ù�ùqù�ù�ùqù�ù�ù�ùqù�ù�ùqù�ù�ùqù�ù�ùqù�ù�ùqù Ô
þ#ùBT$ùúþ ]iC�F1N#?�)_IED�CE>�H�C�FYXPORDGH�C�F,+��@Q�X�Cuùqù�ù�ùqù�ù�ùqù�ù�ù�ùqù�ù�ùqù�ù�ùqù�ù�ùqù�ù�ùqù Ô
þ#ùBT$ù W ]iC�F1N#?�)_IED�CE>�H�C�FYXPORDGH�C�F�	<Q@ZBHG?�2ðOR�@�@ZB?bXPOMHG?BA�C�F ù�ù�ù�ùqù�ù�ùqù�ù�ùqù�ù�ùqù�ù�ùqù TPþ

þ#ùúþ ]iO ý O¹AMO�pLORD�N ù�ù�ùqù�ù�ùqù�ù�ù�ùqù�ù�ùqù�ù�ùqù�ù�ùqù�ù�ù�ùqù�ù�ùqù�ù�ùqù�ù�ùqù�ù�ùqù TP7
þ#ùúþ#ùBT Õ4Q<� C�FGHYX�C�£�Q�C ý OPA$O�pLORD�N×Ö ù�ùqù�ù�ùqù�ù�ùqù�ù�ù�ùqù�ù�ùqù�ù�ùqù�ù�ùqù�ù�ùqù TP7
þ#ùúþ#ùúþ ]iC�FYOPA$OR>�H-O��	C�FYN@CqZ\OfH�C�X��@>�KMZbK
�$?bC ý OPA$O�pLORD�N ù�ù�ùqù�ù�ùqù�ù�ùqù�ù�ùqù�ù�ùqù TP7
þ#ùúþ#ù W Ò�D-IEF-CE>�H-ORHG?bKM>yN@CqZ\O ý OPAMO�pLORD�N ù�ù�ùqù�ù�ùqù�ù�ù�ùqù�ù�ùqù�ù�ùqù�ù�ùqù�ù�ùqù TP7

À Bk��¥�¥P¦�×*ØE¾�×@�(¾�¥��	¦e½���¥�¥:Øk±SÃ�®�Ù&Ã	×#¦¹®�Â�Ø¡¥m¾���¥mÃ	×@�w¦P��¥1Ú�Ø�°'Ã	� Ì¦Å
W ùBT oXÛ
ËÜÊM9#T:Ý ù�ùqù�ù�ùqù�ù�ùqù�ù�ù�ùqù�ù�ùqù�ù�ùqù�ù�ùqù�ù�ù�ùqù�ù�ùqù�ù�ùqù�ù�ùqù�ù�ùqù þ#T
W ùúþ Þ;Û!3 ùqù�ù�ù�ùqù�ù�ùqù�ù�ùqù�ù�ù�ùqù�ù�ùqù�ù�ùqù�ù�ùqù�ù�ù�ùqù�ù�ùqù�ù�ùqù�ù�ùqù�ù�ùqù þ#T
W ù W rk3yø ùqù�ù�ù�ùqù�ù�ùqù�ù�ùqù�ù�ù�ùqù�ù�ùqù�ù�ùqù�ù�ùqù�ù�ù�ùqù�ù�ùqù�ù�ùqù�ù�ùqù�ù�ùqù þ$þ
W ù c Ë4�aCE>ßÒkZ\ORH�C�h KMDX	 ù�ùqù�ù�ùqù�ù�ù�ùqù�ù�ùqù�ù�ùqù�ù�ùqù�ù�ù�ùqù�ù�ùqù�ù�ùqù�ù�ùqù�ù�ùqù þ W
W ùú7 Ë4�aCE>�pLORD�N�l�D-O�	�C.p"KMDXà ùqù�ù�ù�ùqù�ù�ùqù�ù�ùqù�ù�ùqù�ù�ù�ùqù�ù�ùqù�ù�ùqù�ù�ùqù�ù�ùqù þ c
W ù�Ý Ò%p^á�Û@p8ù�ù�ù�ùqù�ù�ùqù�ù�ùqù�ù�ù�ùqù�ù�ùqù�ù�ùqù�ù�ùqù�ù�ù�ùqù�ù�ùqù�ù�ùqù�ù�ùqù�ù�ùqù þ c
W ù¤Ê 54I�FGQ
	�IqN@CqZ�� IEH�CE>�N#Q�C N@C�F1N#?BA�CED�F1FGH-OR>�N�ORD�N�F1�@D�I�F�CE>�H�I�F�ù�ùqù�ù�ùqù�ù�ùqù�ù�ùqù�ù�ùqù þ$7

â Á�¨gØ&½|±!¨��!Øa¦P×#¦¹®�Â�Øi¥��	¦1ã�®�¦P¥�Î�×ÇÏ@×Ð@ ×@��¾¡¥��åäi®|¥�¦P×�Øa¦P¥ Ì É
c ùBT ]§�úOR>@>�CPORQ ý OPAMOxæ ý O¹AMO^51?B>
�Sç�ù�ù�ùqù�ù�ùqù�ù�ùqù�ù�ùqù�ù�ù�ùqù�ù�ùqù�ù�ùqù�ù�ùqù�ù�ùqù þåÊ
c ùúþ ]�C�FYXPORDGH�C�F,+��@Q�X�C ý OPAMO ùqù�ù�ù�ùqù�ù�ùqù�ù�ùqù�ù�ùqù�ù�ù�ùqù�ù�ùqù�ù�ùqù�ù�ùqù�ù�ùqù þ$9

c ùúþ#ùBT ]iC-à!?BH1N@C�N@IEA	CEZbKM�@�aC.	�CE>�HoN@CCÛ�Q@>�3�?bXED�K$FXi#FGH�C.	�FPVbo >�X$ù�ùqù�ù�ùqù�ù�ùqù�ù�ùqù þ$9
c ùúþ#ùúþ ]iC�F^à!?BH�F1N@CqN@IEA�CEZbKM�@�aC.	�CE>�HoCEH�ZbC�F1?0	^�@ZbI.	�CE>�H-ORHG?bKM>�F ý OPAMO�pLORD�N�ù�ùqù�ù�ùqù þ$9

W



Ä ­ª±åÏa�S½�Â�Ø&Øk��¨Æ��Øa¦1½�Â*�a®�Ã�®��[½ À Å
7#ùBT l�?bX��@?bCED,èåéSê ùqù�ù�ùqù�ù�ùqù�ù�ù�ùqù�ù�ùqù�ù�ùqù�ù�ùqù�ù�ù�ùqù�ù�ùqù�ù�ùqù�ù�ùqù�ù�ùqù W T
7#ùúþ Ò�D�I�F-CE>�H-ORHG?bKM>yN@C�F1XPORD-OMXEH�IEDG?bF�HG?b£�Q�C�F4N@Cq>�KMHGD�C�KMQ@HG?BZÒù�ù�ù�ùqù�ù�ùqù�ù�ùqù�ù�ùqù�ù�ùqù W þ
7#ù W Ò�D�I�F-CE>�H-ORHG?bKM>yN@CqZ�� ?B>�H�CEDwh OMX�C N@Cq>�KMHGD�C�KMQ@HG?BZ�ùqù�ù�ùqù�ù�ù�ùqù�ù�ùqù�ù�ùqù�ù�ùqù�ù�ùqù W þ
7#ù c Ë4`�sGC�XEHG?�h FYN@CqX�CEHYKMQ@HG?BZ�ù�ùqù�ù�ù�ùqù�ù�ùqù�ù�ùqù�ù�ùqù�ù�ù�ùqù�ù�ùqù�ù�ùqù�ù�ùqù�ù�ùqù W 7
7#ùú7 m,	�IEZB?bKMD-ORHG?bKM>�F8+fD�IPORZB?bF�CED ù�ù�ù�ùqù�ù�ùqù�ù�ùqù�ù�ùqù�ù�ù�ùqù�ù�ùqù�ù�ùqù�ù�ùqù�ù�ùqù W 7

ë ì ���R¥:Øk�ÇÃ$¦¹®�Ïa��¥ À¦É
Ý#ùBT ]�Cq�@D�K�sGCEHYCE>�HGD�CqZbC�]iOMJL5×o"CEH,Û!rk543ym d¡C�X��@>�KMZbK
�$?bC�F�ù�ù�ùqù�ù�ùqù�ù�ùqù�ù�ùqù�ù�ùqù W Ê
Ý#ùúþ ]iO�HX��ü�F-C pRoöl�5Yr ùqù�ù�ùqù�ù�ù�ùqù�ù�ùqù�ù�ùqù�ù�ùqù�ù�ù�ùqù�ù�ùqù�ù�ùqù�ù�ùqù�ù�ùqù W Ê

@ÓÂ�Ø'ÃÇ½ °¡¥¹®�Â�Ø À�Ñ
ÿ=±ÇÈ ±��w�!ØEÃ���¥ â<Å
=%×@«°½��¿¾���¥�Ù���°¡�w��¥ â À
BÈ®|¥�¦P�u¾¡��¥^¦P×@«&½|��×�°Eä â À
í ½�Â�¥P¥P×�®|�w� â Ä
Á�ØE¾��åä â?ë

c



î�ï ¶gº4ðñ±óòóôõ¶4¸°ð ï

ö Z�� ��CEQ@D�CoN@C1Z��£o >!H�CEDG>�CEH"CEH%N@C�FÈ>�KMQ@A�CEZBZBC�F%H�C�X��@>�KMZbK
�$?bC�FPV#ORZbKMD�F"£�Q�C1Z\O�F�I�XEQ@DG?BH�I4N@CEA!?bCE>�H%Z�� Q@>�CYN@C�F
�@D�I�K�X�XEQ@�*ORHG?bKM>*F"�@DG?B>�XE?B�*ORZbC�F¹V�Z\O XPORDGH�C-+��@Q�X�C4C�F�HÈQ@>=N@C�F"KM`�sGCEH�F%ZbC�F%�@ZBQ�F"FX÷@D�F"£�Q@?��@Q@?bF�F�CE>�HLC�S#?bFGH�CEDPù
Û!KM>yN@IEA�CEZbKM�@�aC.	�CE>�HoF-Cq`*OMF�C FGQ@D1Z�� Q@HG?BZB?bF-ORHG?bKM>�N@C�F1H�C�X��@>�KMZbK
�$?bC�F8	�ORH�IEDG?bCEZBZbC�F4ZbC�F1�@ZBQ�F4F�I�XEQ@DG?bF�I�C�F4CEH
ZbC�Ff�@ZBQ�F�F-C�XED�üEH�C�FPù�û[CE�@Q@?bF^£�Q�CEZb£�Q�C�F^OR>@>�I�C�F�Z\OyXPORDGH�C�+y�@Q�X�C=X���CED�X���C¯ORQ�F�FG?^+yF:� ?0	^�aK$F-C/D^X�K
	�	�C
Z�� KM`�sGCEHLQ@>@?BA	CED�F-C/Z_N��úORQ@HX��CE>!HG?��*XPORHG?bKM>�CEH�N@C[F�I�XEQ@DG?bF-ORHG?bKM>¯N�OR>�F"ZbC�F�FXi#FGH�ü.	�C�F"?B>�h KMDX	�ORHG?b£�Q�C�F1C/H�N�OR>�F
Z\O=A!?bC^£�Q�KMHG?bN#?bCE>@>�C$ù¡p"CEHGH-C^D�IEA	KMZBQ@HG?bKM>uC�FGH�CE>�X�KMQ@D�F;�$D�øMX�C�ORQ#SUXPORDGH�C�F;	<Q@ZBHG?�2ðOR�@�@ZB?bXPORHG?BA�C�F<CEHq�@ZBQ�F
�*ORDGHG?bXEQ@ZB?büED�C.	�C�>�H,�$D�øMX�CÓ+fZ\O�H�C�X��@>�KMZbK
�$?bC ý O¹AMO�pLORD�N_ù

7



Ý



ù úüûþý ÿ ����� �
� ª ±²º¼¯	�óð «�
u¯´ôõ¶4¸
�×³ ¯7¶ ±���º4ð òó­°¯´µ ¯ ï ¶ ±óò
µ �´µ ð ¸°º¼¯

����� ���������
]iC§	�I.	�KM?BD�C"N@C%û[rkm F�CÈN@IED�KMQ@ZbCLORQfF�CE?B><N@CÈZ�� I�£�Q@?B�aCkÛSi#FGH�ü.	�C�F�CEH°Ë4`�sGCEH�F¡ûo?bFGHGDG?B`@Q�I�F�N#Qf]iOMJL5×o

F�KMQ�FÈZ\O�D�C�FG�aKM>�F�OR`@?BZB?BH�IoN@C-Û!CEDX�	C�� �"!"#%$4g'&�&�g_ù[oðZ�F:� ?B>�F�XEDG?BH"CE>Ï�*ORD-ORZBZbüEZbCoN�� Q@>�C4X�KMZBZ\OR`aKMD-ORHG?bK$>ªCE>�HGD�C
ZbC[]¡OMJ"5,oÈCEHLZ\O�F�K�XE?bIEH�IÓÛ!rk5Y36m8d¡C�X��@>�KMZbK
�$?bC�FYFGQ@DLQ@>ª�@D�K�s�CEH�( Û!I�XEQ@DG?BH�I ý OPA$O^pLORD�N*)ÏF�KMQ@H�CE>�Q¯CEH
��>*OR>�X�I��*ORD1ZBC�3y?B>@?bFGH�üED�C�N@C[Z��£oð>�N#Q�FGHGDG?bC$ù

]¡OÆF�K�XE?bIEH�I�Û!rk543ym d¡C�X��@>�KMZbK
�$?bC�FPV"F�?BHGQ�I�Cu+gÒ�C�F-F-OMX$V%N#?bFG�aK$F�CyN�� Q@> p"r�Û!d^oßæ�p"CE>�HGD�C6N�� ¢�A$O(2
ZBQ*ORHG?bKM>��aKMQ@D^Z\OgÛ!I�XEQ@DG?BH�I¯N@C�F�d¡C�X��@>�KMZbK
�$?bC�F�N@C�Z��£oð>�h KMDX	�ORHG?bKM>?ç�O��$D�I�I��*ORD^Z\O�û�p^Û
Û[o�æ ûo?BD�C�XEHG?bKM>
p"CE>�HGD-ORZbC�N@C�Z\OxÛ!I�XEQ@DG?BH�I�N@C�FCÛSi#FGH�ü.	�C�F�N��£o >�h KMDX	�ORHG?bKM>?ç/ù�]¡O�û�p^Û
Û[o/V_£�Q@?kC�FGH[Z�� KMDX��OR>@?bF!	�C�N@C^X�CEDw2
HG?��*XPORHG?bKM>xh|D-OR>,+POR?bF1N@C�F1FXi#FGH�ü.	�C�F�N�� ?B>�h KMDX	�ORHG?bKM>�V*C�FGH�Q@>¯F�CEDGA!?bX�CqN@IE�aCE>�N�OR>�HYN#QßÒ�D�C.	^?bCED�	^?B>@?bFGHGD�C$ù
]�Cfp"r�Û!d^o�N@CCÛ!rk543ym d¡C�X��@>�KMZbK
�$?bC�FoC�FGH1ZbC�F�CEQ@Z�p"rRÛ!d^o�(L�*ORD�N�p�ORD�C�)�+^�aK$F�F�I�N@CED1Q@>6O��$D�I.	�CE>�H
�aKMQ@D"ZbC�F%ZbK
�$?bXE?BCEZbF�N@IEA	CEZbKM�@�aI�FLCE> ý OPAMO�pLORD�N_ù�]�� KM`�s�C�XEHG?�h¡�@DG?B>�XE?B�*ORZa�aKMQ@D�Û!rk543ym d¡C�X��@>�KMZbK
�$?bC�F1ORQ
F�CE?B>=N@CoX�CEHGH�CoX�KMZBZ\OR`aKMD-ORHG?bKM>ªC�FGH"N@CoN@IEA	CEZbKM�@�aCEDLQ@>�C4`aKM>@>�CoC/S!�aCEDGHG?bF�CoN@CYZ\O<FGHGDGQ�XEHGQ@D�CoN@C�F%�@D�K�N#Q@?BH�F
D�IE�aKM>�N�OR>�HoORQ#SªFG�aI�XE?��*XPORHG?bKM>�F ý OPAMO�pLORD�N_ù

���.- /1032,�547698;:=<
]�� KM`�s�C�XEHG?�h¡�@D�? >*X/?B�*ORZ�N@CoX�C,	�I.	�KM?BD�C[IEH-OR?BH�N@C,	�CEHGHGD�C[CE>=�@Z\OMX�CoZbC�F"`*OMF�C�FLN@C4HGD-OPAMOR?BZ�>�I�X�C�F�F-OR?BD�C�F

ORQÏX�K
	�	�CE>�X�C.	�CE>!HLN�� Q@>�C1H!��ü�F�CopRoðl�54r1VÇ+qZ\OqD�CE>�HGD�I�Coþ$:$:#T$V�?B>�HG?BHGQ@ZbI�C>(q¢�HGQ�N@C4CEHÈD�IPORZB?bF-ORH�?BKM>�N�� Q@>
CE>�A!?BD�KM>@>�C.	�CE>�H N�� C/S#�aIEDG?0	�CE>�H-ORHG?bK$>ÆCEH�N@C 	�K�N@IEZB?bF-ORHG?bKM>��aKMQ@D�ZbC�F[>�KMQ@A�CEZBZbC�FqH�C�X��@>�KMZbK
�$?bC�F C.	<`*ORDw2
£�Q�I�C�F���OR�@�@ZB?bXPORHG?bKM>�+fZ\O^F�I�XEQ@DG?BH�I�N�OR>�F1Q@>¯CE>!A�?BD�KM>@>�C.	�CE>�H ý OPAMO�pLORD�N?)	ù

]¡O4D�IPORZB?bF-ORHG?bKM>�N@CLX�CEH�KM`�s�C�XEHG?�ha? >*X/ZBQ*OR?BH�Z\O,	^?bF�CLCE>��@Z\OMX�CLN@CLN@K�XEQ
	�CE>�H-ORHG?bKM>*FkFGQ@D�Z\OYH�C�X��@>�KMZbK
�$?bC
ý OPA$O�pLORD�N¯CEHYO^N@KM>@>�IqZB?bCEQ¿+��

;»%A@V ¿$°�CBÇl
 D@°�!�?�FEHG9@ 9~ þ���y�! (�åv�@5G��IGKJLEj ¼3'�?5[� 68���:9 ZbC�þ$91h IEA!DG?bCED�þ$:$:#Tß D@MJ��=G?%
$¦ t9~ 
�X�:��5��9EJ�^9? ��ONPBRQS%AE $� ?SL���:�,TUEjlRV;�RG?n#$�G?l��9@°�! XWZY T\[

;»%A@þ�A�Ç$?$"G�����E]@°�! Ç�^@V 19?%`_V�,a�bdc�bebgf=h'iAjlkmfon�hqp�rRs�EH@°�FEJ�X%<�IBet�ue_V�¿�! (�Çv�@
G?�vGwJ,E� �3E�?5��
68�?�A9yx�ù

oðZ°h ORZBZ\OR?BH<ORQ�F-FG?kN@I�XE?bN@CED<N@C�Z��úOMX��*ORH<N�� Q@>gà!?BH�N@C�N@IEA	CEZbKM�@�aC.	�CE>�H�O(��>ÆN@C^�aKMQ@A	KM?BD<N@ü�FqZbC�X�K
	 2
	�CE>�X�C.	�CE>�HªN@C¯Z\O�HX��ü�F�Cß	^?bCEQ#SÄOR�@�@D�I.��CE>�N@CED�Z\OU�@Z\ORH�C�h KMDX	�C6CEHÏZbCEFÏ�@D�KM`@Zbü.	�C�F�X�KM>�XED�CEH�F�£�Q@?oF�C
�aK$F�CE>�HPù

Ê



24>�F�C�X�KM>�N�KM`�s�C�XEHG?�hkN@C X�C/	�I.	�KM?BD�C<IEH-OR?BHYQ@>�C��@D�I�2 IEHGQ�N@C<N@C�F1�@?bFGH�C�F,+�C/S!�@ZbKMD�CEDY�aKMQ@D×	�CE>�CED8+
`@?bCE>¯ZbC�F�?B>�A�C�FGHG?0��ORHG?bKM>�FYD�CEZ\ORHG?BA	C�F,+�Z\O�F�I�XEQ@DG?BH�I £�Q@?�F-CED�KM>�H1IEHGQ�N#?bI�C�FY�aCE>�N�OR>�HYZ\OfHX��ü�F�C$ù

���Hz {}|
�l~����;�����5��6������	|���~�8F���
]¡Ou	�IEHX��K�N@KMZbK
�$?bCy£�Q�C�>�KMQ�FÏOPA	KM>�F�X���KM?bF�?bCªN@C¯FGQ@?BA�D�C�ZbKMD�F�N@Q�N@IED�KMQ@ZbC.	�CE>�HÏN#Q 	�I.	�KM?BD�C¯N@C

û[rkm C�FGH�Z\O^FGQ@?BA$OR>�H�C^�
;ÄN#D�C�F�F-CED�Q@>¯?B>�A	CE>�H-OR?BD�C N@C�F1F��aI�X/?��*XPORHG?bKM>�F4C/S#?bFGH-OR>�H�C�F7[
;ÄN#D�C�F�F-CED�Q@>¯?B>�A	CE>�H-OR?BD�C N@C�F�?0	^�@ZbI.	�CE>�H-ORH�?bKM>�FoCEH^à!?BH�F1N@CqN@IEA�CEZbKM�@�aC.	�CE>�H4C/S#?bFGH-OR>�H�F7[
;ÄIEHGQ�N#?bCED4X�C�F1FG�aI�XE?��*XPORHG?bKM>�FPù
rk>y�*ORD-ORZBZbüEZbCfN@C Z�� IEHGQ�N@C<N�CEFoFG�aI�XE?��*XPORHG?bKM>�FPVa>�KMQ�FoOPA�KM>�FoCE>�HGD�CE�@DG?bF4ZbC<N@IEA�CEZbKM�@�aC.	�CE>�HqC/> ý OPA$O

N�� Q@>yKMQ@HG?BZ�N@C�A�?bFGQ*ORZB?bF-ORH�?BKM>6CEH4N@C/	�K�N#?��*XPORHG?bKM>�N��úOR�@�@ZB?bXPORHG?bK$>�FoKMQyN@C��*OM£�Q�CEH-O��	C�F ý OPAMOÏpLORD�N_ù�]�C
N@IEA�CEZbKM�@�aC.	�CE>�H4N@C�X�CEHYKMQ@HG?BZ¡Of�aKMQ@DYKM`�sGC�XEHG?�h�N@CqD�IPORZB?bF�CEDYN@C�FYORH�H-OM£�Q�C�FYFGQ@D�Z\O^XPORDGH�C$ù

���]� �������
��4%8;�����5��69<
ý C�HG?bCE>�F�+ÆD�C.	�C/D-X/?bCED¿Û!CEDX�	C�� ��!"#�$Yg,&l&_g �aKMQ@D�	x�úOPA�KM?BD=�@D�KM�aK$F�I6X�C¿	�I.	�KM?BD�C$VR	�OR?bF�ORQ*F�FG?

�aKMQ@D�	x�úOPA�KM?BD%KMDG?bCE>�H�IYN�OR>�F�	�C�FkD�C�X���CED�X���C�FPù ý CYF�KMQ
�*OR?BH�C4ORQ*F�FG?�D�C.	�CED�XE?bCED%ZbC�F§	�C.	<`@D�C�F"N@C�Z�� I�£�Q@?B�aC
ÛSi#FGH�ü.	�C�F1CEH8Ë4`�s�CEH�FYûo?bFGHGDG?B`@Q�I�FY£�Q@?�	x� KM>�H1H�KMQ�FYFG?��	CE>�HG?0	�CE>�HoOMX�XEQ�CE?BZBZB?�ORQ�F�CE?B>¯N@CqZ�� I�£�Q@?B�aC$ù

ý C�A�KMQ�N#D-OR?bF<ORQ�F�FG?�D�C.	�CED�XE?bCED<ûqOPA!?bN�� gL��!"#A�O&7æ IEHGQ�N#?\OR>�H<N#QÆû[rkm-ç[£�Q@?ÈO�IEH�I�	�KM>�(=]���d r'�
p"K
	^�*OR>@?bKM>�)	ù�r�>���>�VåsGCqHG?bCE>�F,+^D�C.	�CED�XE?bCED4H�KMQ@H�C�FYZbC�F1�aCED�F-KM>@>�C�F4N@CqZ\O�F-ORZBZbC N#Q�û[rkm �aKMQ@D4Z��úO�	 2
`@?\OR>�X�C�F�?�X��*ORZbCEQ@D�CEQ�F�C £�Q@?<i�OfD�I.�$>�I$ù

9



ù úüûþý ÿ ����� �
� ª ¶¼¯»ôy� ï ð ­°ð�� ¸°¯ � ª�� ª � ª¬º4±

ûqOR>�FiZ\O��@D�C.	^?büED�CÈ�*ORDGHG?bC%N@CÈX�CÈX��*OR�@?BHGD�C$V¹>*KMQ�F�OR`aKMD�N@CED�KM>�F¡ZbC�F¡N#?�)�IED�CE>�H�C�F¡H�C�X��@>�KMZbK
�$?bC�F�Q@HG?BZB?bF�I�C�F
�aKMQ@D%ZbC�F%XPORDGH�C�Fk+q�@Q�X�C$ùSÒ�Q@?bF"N�OR>�FÈZ\O�F�C�X�KM>�N@CY�*ORDGHG?bC$V�>�KMQ�FÈA�CEDGD�KM>�F%X�K
	�	�CE>�H"Z\OqH�C�X��@>�KMZbK
�$?bC ý OPA$O
pLORD�N^F:� ?B>�H�I.�$D�C1N�OR>�F�X�C�N@K
	�OR?B>�C$ùSÛ�?#A�KMQ�F�N@I�FG?BD�Co���@ZBQ�F�N�� ?B>�h KMDX	�ORHG?bKM>�FÈFGQ@D�X�C�F��aKM?B>�H�F�A	KMQ�F��aKMQ@A�Co�
A�KMQ�F�D�CE�aKMDGH�CEDoORQªD-OR�@�aKMDGHY?B>�H�CEDG>�C N@Cq]iOMJL5,o%545^2-TPþ$7�Ô(2ð:#T�� WR  ù
- ��� ¡¢��|5<L�5��69�£698;~��¤���¥�;�	4%���L6l�¥¦�§>��4��
¨
©]ªA©]ª «*¬�­¯®L°R±³²m®¢´
¬�­µ¬·¶·®y²m¸�¹^±^®»º½¼¾¬¾²m®�¿

û[C=Z\Ou	�À.	�C�H-OR?BZBZbCª£�Q<� Q@>�CªXPORDGH�CªN@C�XED�I�N#?BHPV�Q@>�CªXPORDGH�Cx+y�@Q�X�CªC�FGH�Q@>�CªXPORDGH�C��@Z\OMFGHG?b£�Q*C�£�Q@?
X�KM>�HG?bCE>�HÈQ@>�XE?BD�XEQ@?BH%IEZBC�XEHGD�KM>�?B£�Q�CYXPOR�*OR`@ZbCYN@Ck	�OR>@?B�@Q@ZbCED8æ FGH�K�X�à�CEDPV	X�ORZbXEQ@ZbCEDPV�CEH�X*ç�N@C�F�?B>�h KMDX	�ORHG?bKM>�FPù
24>�CqXPORDGH�CÓ+��@Q�X�C�C�FGH�Q@>�KMD�N#?B>*ORH�CEQ@DY�aKMDGH-OR`@ZbC CEH1D�I�FG?bFGH-OR>�H4ORQ#S¯ORZBH�IED-ORHG?bKM>�FPù
¨
©]ªA©v¨ Á�®L°?Â·ÃÅÄ�Æ,¹Ç®L¶%±^®L°È²m¸�¹^±^®L°Èº�¼É¬·²m®

oðZ"C/S#?bFGH�C���Z Q*FG?bCEQ@D�F�F�KMDGH�C�F�N@C=XPORDGH�C�Fm+¯�@Q�X�C�£�Q�CÏZ�� KM> �aCEQ@H^XEZ\OMF�F�CED�N@CÏ�@ZBQ�FG?bCEQ@D�FLh Ow+�KM>�FPùVË4>
�aCEQ@H�F�KM?BH8h OR?BD�C�Q@>UXEZ\OMF�F�C.	�CE>�H�CE>�HGD�C�ZbC�FqXPORDGH�C�FÓ+e	�I.	�KM?BD�C^CEH[ZbC�FqXPORDGH�C�FÓ+e	^?bXED�KM�@D�K�X�C�F�F�CEQ@D F-KM? H
CE>�HGD�CqZbC�FYXPORDGH�C�F,+�X�KM>�H-OMXEH4CEH�ZbC�FYXPORDGH�C�FYF-OR>�F1X�KM>�H-OMXEHPù
Bk×gÃ	×@�w¦P�¿Ú�¨Æ±�¨gÂa®|�w�

p"CEHGH�C4XPORDGH�C1�aK$F�F�ü�N@C1Q@>�C1�@Q�X�C�	�I.	�KM?BD�C4CEH%CEZBZbC1�aCEQ@H"ORQ�F�FG?*X�K
	^�aKMDGH�CED"Q@>�C1ZbK
�$?b£�Q�CYX:øR`@ZbI�CY>�KM>
�@D�K
�$D-O�	�	�OR`@ZbC-æ|?B>�FGHGDGQ�XEHG?bKM><�@D�K
�$D-O�	�	�I�C%CEH�>�KM> D�CE�@D�K
�$D-O�	�	�OR`�ZbC*ç�	�OR?bFi�*OMFiN@CV	^?bXED�KM�@D�K�X�C�F�F�CEQ@DPù
]iO�H-OR?BZBZbC�N@CqZ\O 	�I.	�KM?BD�C C�FGH1N@C�T3Ê4K1+ c Ê4K@ù
Bk×gÃ	×@�w¦P�¿Ú�¨u®�Ã��(Â?Ø¡��Â¦Ã���¥P¥¹��°¡�

p"CEHGH�C�XPORDGH�C¯C�F�H�X�K
	^�aK$F�I�C�N�� Q@> 	^?bXED�KM�@D�K�X�C�F-F�CEQ@DÏCEH�N@C¯N#?�)_IED�CE>�H�F�Hji!�aC�F�N@C�	�I.	�KM?BD�C�FuæXDÌË=ÍÎ£ÏvÐ%ù�þ#ùBT*ç/ùa]�C �@ZBQ�FoF�KMQ@A�CE>�HYZ\O�XPORDGH�C �aK$F-F�ü�N@C�Q�>��@D�K�X�C�F-F�CEQ@D[9�`@?BH�F,	�OR?BF4?BZ�C/S#?bFGH�C N@C�F,	�K�N@üEZbC�F-+
`*OMF�CoN@CY�@D�K�X�C�F�F-C/Q�D�FoT:Ý<CEH W þ `@?BH�FPù
Ë4>=N#?bFG�aK$F-C×	�À.	�CoN@C4�@D�K�X�C�F�F�CEQ@D�F^+<ORD�X��@?BH�C�XEHGQ@D�Cq5×oXÛ@poù#pÉÑMH�I
	�I.	�KM?BD�C X�C�F1XPORDGH�C�FYCE>�X�K
	^�aKMDGH�CE>�HYH�D�KM?bF�Hji!�aC�F��

;Ä]iO�5�Ëo3 æ 54CPOMNeË4>@Z0i^3yC.	�KMDXibç�£�Q@?�><�úO[�*OMFÈ`aCEF-KM?B>�N�� IE>�CEDX�$?bCY�aKMQ@D%F-ORQ@A�C.��ORD�N@CEDÈZ�� ?B>�h KMDX	�O(2
HG?bKM>�£�Q<� CEZBZbC�X�KM>�H�?BCE>!HPù	r�ZBZbC1F�CEDGH�+oF�H�K�X�à	CED�ZbCYp^Ë/Û#æ pLORD�N1Ë4�aCED-ORHG?B>
� ÛSi#FGH�C.	eç�CEHkN@C�F�N�KM>@>�I�C�F

Ô



Î£ÏIÐ£Ò�þ#ù To;=2Y>�	^?bXED�KM�@D�K�X�C�F-F�CEQ@D4N@C�XPORDGH�CÓ+f�@Q�X�C
�aCEDX	�OR>�CE>�H�C�FPù�r�ZBZbC�C�FGHo�@D�K
�$D-O�	�	�I�C�CE>6Q�F�?B>�CfCEH[>�C<�aCEQ@H[�@ZBQ�F3ÀEHGD�CL	�K�N#?��*I�C��*ORDoZ\O=FGQ@?BH�C$ù
r�ZBZbC<OfZbCq�@ZBQ�F1F�KMQ@A�CE>�H1Q@>�C[H-OR?BZBZbC N@C^T:ÝÓÊ4K�	�OR?bF�?BZiCE>¯C/S#?bFGH�C�N#?bFG�aK$F-OR>�HYN@C�þ c Ê4K@ù

;Ä]§� rÈr§Òk5�Ëo3 æ r�ZbC�XEHGDG?bXPORZ�r�D-OMF�OR`@ZbCCÒ�D-K
�$D-O�	�	�OR`@ZbC�5YCPOMN�Ë4>@Z0i¯36C.	�KMDXi
ç1£�Q@?i�aCEQ@HoX�K
	�	�C
Z\O�5�Ëo3 �@D�I�F�CEDGA�CEDÏF�KM>�?B>�h KMDX	�ORH�?BKM>õ	�À.	�Cy£�Q*OR>�N�Z\OUXPORDGH�C¯><� C�FGH��@ZBQ�F�F-KMQ�F^H�CE>�F�?bKM>�ùÈ]iO
N#?�)_IED�CE>�X�C4OPA�C�X1ZbO�5�Ëo3 C�FGHÈ£�Q<� CEZBZbC1�aCEQ@H¾ÀEHGD�C�	�K�N#?��*I�CY�*ORDÈQ@>�C4OR�@�@ZB?bXPORHG?bKM>�ù
Û#O[H-OR?BZBZbCYAMORDG?bC
N@C 9>Ê4K1+�Ý c Ê4K@ù

;Ä]iOÏ5Ymo3óæ 54OR>*N@K
	 m1X�X�C�F�F436C.	�KMDXibç1£�Q@?¡C�F�HYQ@HG?BZB?bF-IECfX�K
	�	�CfC�FG��OMXECfN@C<FGH�K�X�à$O��	C H�C.	^�aK�2
D-OR?BD�C��$D�øMX�C#+�Z\O�D-OR�@?bN#?BH�IªN@C�FfH�C.	^��F�N��úOMX�X�ü�FPù�r�ZBZbC=�aK$F�F�ü�N@CÏQ@>�XPORD-OMXEH�üED�C�>�KM> �aCED�FG?bF�H�CE>�HPV
X�� C�FGH^+ N#?BD�C4£�Q�C4N@ü�F"£�Q�CYZ\O XPORDGH�C4><� C�FGH"�@ZBQ�F"F�KMQ�F%H�CE>�FG?bKM>�V!CEZBZbC4�aCED�N=F�KM>=X�KM>�H�CE>�Q�ù#r�ZBZbC4�aCEQ@HÀEHGD�CqZBQ�C�CEH1I�XEDG?BH�C�?B>���>@?0	�CE>�HPù~Û#O^XPOR�*OMXE?BH�I C�FGH1N@C þ$7�Ý^K�XEH�CEH�F,+�T�Ê4K@ù

]iO^XPORDGH�C;+L	^?bXED�KM�@D�K�X�C�F�F�CEQ@D4X�KM>�HG?bCE>�H4ORQ�F-FG?_F�KMQ@A�CE>�H�Q@>¯X�KM�@D�K�X�C�F�F�CEQ@DYXEDXi!�@H�K
�$D-OR�
�@?b£�Q�C OMF�F-K�XE?bI/+
Q@>x�	IE>�IED-ORH�CEQ@D4N@Cq>�K
	<`@D�C�F4ORZbIPORH�KM?BD�C�F45Yn/Þ·æ 5oOR>�N@K
	�n4Q
	<`aCED8Þ[CE>�CED-ORH�KMDOç/ù
Bk×gÃ	×@�w¦P�¿Ú�ÃåÂaØa¦P×
Ã$¦

]iC�F�XPORDGH�C�F1+�X�KM>�H-OMXEH��aKMQ@D��aKMQ@A	KM?BD�h KM>*X/H�?BKM>�>�CED�N@KM?BA	CE>!H�ÀEHGD�C�?B>�F-IED�I�C�F�N�OR>�F^Q@> ZbC�XEH�CEQ@D�N@C
XPORDGH�C�FPù�r�ZBZbC�F1Q@HG?BZB?bF-CE>�H1Q@>�C�X�K
	�	<Q@>@?bXPORHG?bKM>6F�IEDG?bCqA�?\O ��Q@?BHYX�KM>�H-OMXEH�FCæXDÔËCÍlÎÉÏIÐ%ù�þ#ùúþåç/ù
Bk×gÃ	×@�w¦P�y¥P×�Ø¡¥mÃåÂ�Øa¦P×
Ã	¦

m¡A�C�XoX�CEF�XPORDGH�C�FPV!ZbC�FL�@D�KM`@Zbü.	�C�F�D�CE>�X�KM>�HGD�I�F�N�OR>�FLZbC�F�XPORDGH�C�F�+<X�KM>�H-OMXEH�><� C/S#?bFGH�CE>�HL�@ZBQ�FL�@Q@?bF�£�Q�C
X�C�F4XPORDGH�C�FY>�C F�KM>�H1�*OMFY?B>�F�IED�I�C�F4N�OR>�FYQ@>�ZbC�XEH�CEQ@DPù�r�ZBZbC�F4X�K
	�	<Q@>@?b£�Q�CE>�HoA�?\O�Q@>�CfOR>�H�CE>@>�C N�OR>�FYZ\O
XPORDGH�C,æXDÌË=ÍwÎ£ÏvÐ%ù¹þ#ù W ç/ùw]iO��@Q�X�CkHG?BD�CÈF-KM> IE>�CEDX�$?bC%F�KM?BH¡N�� Q@><X�KMQ@�@Z\O��	C%XPOR�*OMXE?BHG?�h'æ X�KMQ@�@Z\O��	C%?B>�H�IEDG?bCEQ@D°+LZ\O
XPORDGH�C$V<ICÍ�ÕDÍ#Q@>�Co`*ORHGH�CEDG?bC*ç"F�KM?BHLN�� Q@>ªX�KMQ@�@Z\O��	C[?B>�N#Q�XEHG?�h^æ X�KMQ@�@Z\O��	CqN#?bFGH-OR>�HPV#X�KMZBZbC�XEH�I[�*ORD"Z��úOR>�H�CE>@>�C*ç/ù

TP:



ÎÉÏIÐ£Ò�þ#ùúþ ;=]iO^XPORDGH�CÓ+^X�KM>�H-OMXEH
]�CÏX�KMQ@�@Z\O��	CÏ?B>�N#Q�XEHG?�h�h KM>�XEHG?bKM>@>�C=FGQ@D ZbC��@DG?B>�XE?B�aC=N#QÆHGD-OR>�Fwh KMDX	�ORH�CEQ@D�KwÖuQ@>�C�`aKM`@?B>�CÏ?B>�N#Q@?BH<Q@>
X�KMQ@D-OR>�HkN�OR>�F�Q@>�C�ORQ@HGD�C"`aKM`@?B>�C$ù$]iO×h|D�I�£�Q�CE>�X�CLN@C%HGD-OR>�FX	^?bF-FG?bKM>�Q@HG?BZB?bF�I�CLC�FGH�N@C%Z�� KMD�N#D�C�N@C"£�Q�CEZb£�Q*CEF
3³×��	ù�]iO��@Q*XEC�C�FGHoXPOR�*OR`@ZbC�CE>�X��*OR>
�	CPOR>�HqF-O�D�I�FG?bFGH-OR>�X�C$V�N@C HGD-OR>�F!	�CEHGHGD�CfZbC<FG?0�$>*ORZ�£�Q@?�C�FGH[XPOR�@H�I
�*ORD1ZbC[ZbC�XEH�CEQ@D4CEH1?B>�H�CEDG�@D�IEH�I X�K
	�	�CqQ@>�FG?0�$>*ORZiN@C�N@KM>@>�I�C$ù

ÎÉÏIÐ£Ò�þ#ù W ;=]iO^XPORDGH�C�F�OR>�F1X�KM>�H-OMXEH
Bk×gÃ	×@�w¦P�¿ÃåÂa¨6«�®

p"C�F1XPORDGH-CEF1>�CqF-KM>�H�>@?_�@ZBQ�F�>@?�	�KM?B>�FY£�Q<� Q@>�C�X�K
	<`@?B>*OR?bF�KM>yN@C�F1XPORDGH�C�F×+�X�KM>�H-OMXEH4CEH1N@C�F1XPORDGH�C�F
F-OR>�F"X�KM>�H-OMXEHPù!r�ZBZbC�FLN#?bFG�aK$F�CE>�H"N@C�F"N@CEQ#S��aK$F�FG?B`@?BZB?BH�I�F"N@C4X�K
	�	<Q�>@?bX�ORH�?bKM>�V#X�C4£�Q@?aCE>1h OR?BH"N@C�F"XPORDGH�C�F

T$T



(<?bN@IPORZbC�F )	ù
¨
©]ªA©vØ Á�®L°?Â·ÃÅÄ�Æ,¹Ç®L¶%±^®L°È²m¸�¹^±^®L°*ÙÚ¬·ÛÅ±ÇÃIÜo¸�¼·¼¾ÛHÃ]²Ý¸l±ÇÃÔÞ7®9°
�»�xB~=�©=�

362o]!d×Ë/ÛªC�FGH1Z\O��@D�C.	^?büED�C<XPORDGH�CÓ+^�@Q�X�C�KMQ@A�CEDGH�C$Vb�*ORQ@H�C.	�CE>�HoF�I�XEQ@DG?bF�I�C CEH1�aK$F�F-I�N�OR>�H1Q@>yFXi!FX2
H�ü.	�C�N�� C/S#�@ZbKM?BH-ORHG?bKM>ß	<Q@ZBHG?�2ðOR�@�@ZB?bXPOMHG?�h,æ N�� KwÖ�3624]!dR2�Ë/Û
ç/ù

24>�X�KM>�F�KMDGHG?BQ
	 ?B>�N#Q�FGHGDG?bCEZ�V#>�K
	�	�I[36m,Ë/Û@p^ËfV!C�F�HLX��*ORDX�	I[N@Co�@D�K
	�KMQ@A	KM?BD13624]!d×Ë/ÛÏX�K
	�	�C
FXi#FGH�ü.	�C�N�� C/S#�@ZbKM?BH-ORHG?bKM>4	fQ@ZBHG?�2ðOR�@�@ZB?bXPORHG?�hY�aKMQ@D ZbC�F<XPORDGH�C�FL+ª�@Q�X�C$ViN@Cm�	IED�CED ZbC�F<FG�aI�XE?��*XPORHG?bKM>�FfN@C
3624]!d,Ë-Û�V�N@C¿h KMQ@DG>@?BDªZbC�FªZB?bXECE>�X�C�F�CEHªZbC�FªX�CEDGHG?��*XPORHG?bKM>�FyN@C�F-CEDGA�?bX�C�F¯3y2o]!d×Ë/Ûaù�]�C�F�	�C.	<`@D�C�F
h KM>�N�ORH�CEQ@D4N@QyXEKM>*F�KMDGHG?BQ
	 36m×Ë/Û@p^Ë F-KM>�H �*m,	�CEDG?bXPOR>6r�S!�@D�C�F-FPV*û[OR?¡n4?B�@�aKM>¿Ò�DG?B>�H�? >b��V�36KM>�N@C/S
oð>�H�CEDG>*ORHG?bKM>*ORZ¡]_H�N_V?Û�?bC.	�CE>�F¹V�l�Q
sö?BH�F�Q�V'×4? H�OMX��@?�V�3yKMH�KMD�KMZ\O#V*36OMF�H�CED�pLORD�Nxoð>�H�CEDG>*ORHG?bKM>*ORZ�VLÊqC.i#X�KMDG��ù

]iC�F1IEZbI.	�CE>�H�F4XEZbI�F1N@CqZ\O��@Z\ORH�C�h KMDX	�C 3624]!d,Ë-ÛªF�KM>�H��
; Q@>�C ORD�X��@?BH�C�XEHGQ@D�CÓ�*ORQ@H�C.	�CE>�H4F�I�XEQ@DG?bF�I�C5[
; Z\O��aK$F�FG?B`@?BZB?BH�I�N��úOPA�KM?BD1�@ZBQ�FG?bCEQ@D�F4OR�@�@ZB?bXPORHG?bKM>�F4F�Q@D�Z\OL	�À.	�C XPORDGH�C5[
; Z�� ?B>�H�CED�KM�aIED-OR`@?bZB?BH�I<CE>�HGD�CqZbC�FYOR�@�@ZB?bXPORHG?bKM>�F7[
; Z�� ?B>�N@IE�aCE>�N�OR>�XPC N@C�F4OR�@�@ZB?bXPORHG?bKM>�FY�*ORD1D-OR�@�aKMDGH8+fZ\O��@Z\ORH�C�h KMDX	�Ceæ ORQx	�ORH�IEDG?bCEZ�çl[
; ZbC�X��*ORDX�	C.	�CE>�H4CEH1Z�� C�)_OMX�C.	�CE>�H4N@C�F4OR�@�@ZB?bXPORHG?bKM>�F4N#Q@D-OR>�HYZ\OfA!?bCqN@CqZ\O�XPORDGH�C5[
; Z\O^X�K
	^�*ORHG?B`@?BZB?BH�IfOPA	C�XqZbC�F1FGH-OR>�N�ORD�N@F1?B>�N#Q�F�HGDG?bCEZbF×oXÛ
ËÜÊM9#T:Ý^CEHYrk3�ø�ù
Ò�KMQ@D1ZbC�N@IEA	CEZbKM�@�aC.	�CE>�HoN@C�FYOR�@�@ZB?bXPORHG?bKM>�FPV�3yKM>�N@C/S�oð>�H�CEDG>*ORHG?bKM>*ORZ¡]�H�N�OL	^?bFYC/>¯�@Z\OMX�C��
; Q@>¯Z\OR>
��O��	C KM�@HG?0	^?bF�Iq�aKMQ@D1ZbC�FYXPORDGH�C�F,+f�@Q�X�C��@36rk]ræ 3y2o]!d×Ë/Û�r�>*OR`@ZB?B>
�=]iOR>
�$Q*O��	C*çl[
;ÄN@C�FYFG�aI�XE?��*XPORHG?bKM>�FY�aKMQ@D1ZbC�F1m8Ò§oöF�362o]!d×Ë/Ûaù

Hardware de la carte à puce 

crédit & débit
EMV fidélité accès

interpréteur MEL (machine virtuelle)

e-cash

MULTOS (système d’exploitation)

chargement de certificat par l’application

Firewall

Î£ÏvÐ£Ò�þ#ù c ;Ïm4D�X��@?BH�C�XEHGQ@D�C N@C�3y2o]!d×Ë/Û
362o]!d×Ë/Û�F:� C/S@I�XEQ@H�C�F�Q@D�Z\O��@Q�X�C N@CqZ\O^XPORDGH�C$ù�m,Z�� ?B>�F�H-ORZBZ\ORHG?bKM>yN�� Q@>�C�>�KMQ@A�CEZBZbC OR�@�@ZB?bXPORHG?bKM>�V*Z\O

XPORDGH�C +��@Q�X�Cf362o]!d×Ë/Û¯A	IEDG?��*C<Z\O�AMORZB?bN#?BH�IfN@C<Z��úOR�@�@ZB?bXPORHG?bKM>U£�Q@?�O�IEH�IfCE>�A�K*i	I�C$V�ORZBZbKMQ�C<Q@>�C�FG�*OMX�C
	�I.	�KM?BD�CÏ�@D-KMH�I.�	I�ORQu�@D�K
�$D-O�	�	�C=A!?bO¯ZbC`(#��D�C.pLORZBZ�)	ù�p��*OM£�Q�CÏ>�KMQ@A�CPORQ F-CEDGA�?bX�CÏKMQ�OR�@�@ZB?bXPORHG?bKM>
C�FGH���ORD�N@I DG?0�	KMQ@D�CEQ�F�C.	�CE>�HoF-IE�*ORD�I$V��*ORD1ZbCq(C��D�C.pLORZBZ5)	V�N@C�FoORQ@HGD�C�FY�@D�K
�$D-O�	�	�C�FoN@I�sX+�FGQ@D1Z\O�XPORDGH�C

TPþ



O(��>Ï£�Q<�úORQ�XEQ@>=N�� CEQ#S�V�CE>ÏXPOMFÈN@C1N#?bFXh KM>�XEHG?bKM>@>�C.	�CE>�H�F¹V�>�C��@Q@?bF�F-C�?B>�H�CEDwh IED�CED"FGQ@DkQ@>�CYKM�aIED-ORHG?bKM>=N�� Q@>
ORQ@HGD�Cq�@D�K
�$D-O�	�	�C$ù

362o]!d×Ë/Û�C�FGH��aKMQ@D1ZbC/	�K
	�CE>�HY?0	^�@ZbI.	�CE>�H�I FGQ@DYN@C�F1XPORDGH�C�F,+��@Q�X�C��
; �*ORDYû[n,Ò OPA�C�XqN@C�F1�@Q�X�C�Fkh�OR`@DG?b£�Q�I�C�F��*ORD�×4?BH-OMX��@?Ç[
; �*ORD�ÊqC.i#XEKMD��yOPA�C�XqN@C�F��@Q�X�C�F^h�OR`@DG?b£�Q�I�C�F1�*ORD8Û�?bC.	�CE>�FA[
; �*ORDY36KMH�KMD�KMZ\O�OPA�C�XqF�C�F��@D�KM�@D�C�F1�@Q�X�C�F¹ù
oðZ�C/S#?bFGH�C�N@I�s!+[N@C�FÈN#?ß�¹OR?B>�C�F%N��úOR�@�@ZB?bX�ORH�?BK$>�FÈ�aKMQ@D%3y2o]!d×Ë/Û�I�XEDG?BH�C�FÈ�*ORDkZbCEFVh�OR`@DG?bXPOR>�H�FÈN@C1XPORDGH�C�F

+f�@Q*XEC XEK
	�	�CLÞ[C.	^�@ZBQ�F¹V?Û!X��@ZBQ
	<`aCEDX�	CEDPV�ûoC�]iO^51Q�C$V?Ë4DX��O#V�CEH�X$ù
]�� ?0	^�@ZbI.	�CE>�H-ORH�?bKM> D�IPORZB?bF�I�Cª�*ORDeÊqC.i!X�KMDG� C�FGH^Z�� ?0	^�@ZbI.	�CE>�H-ORHG?\KM> X�K
	^�@ZbüEH�C�N@Cª3624]!d×Ë/Û c ùú:

`*OMF�I�C6FGQ@DÏZ\O��@Q�X�C�Û!]�r�Ý�Ý N@C�Û�?bC.	�CE>�FPù�p"CEHGH�Cy?0	^�@ZbI.	�CE>�H-ORHG?bK$> C�FGH=X�CEDGHG?��*IUORQ >@?BA�CPORQÄr�ÝÆN@C�F
XEDG?BH�üED�C�Fßoöd×Û!r%pñæ]oð>�h KMDX	�ORHG?bKM>,d¡C�X��@>�KMZbK
��i Û!C�XEQ@DG?BHji r�A$ORZBQ*ORHG?bKM> p%DG?BH�CEDG?\Oåç�h OR?bF�OR>�H�OR?B>�FG? N@CUX�C
�@D�K�N#Q@?BHYQ@>�C�N@C�F1XPORDGH�C�F1ZbC�F��@ZBQ�FYF�I�XEQ@DG?bF�I�C�FYN#Qx	�KM>�N@C$ù

]iC�F1XPORD-OMXEH�IEDG?bFGH�?B£�Q�C�F4N@C�X�CEHGH�C�XPORDGH�C�F�KM>�H �
; Q@>�Cq?0	^�@ZbI.	�CE>�H-ORHG?bK$>yX�K
	^�@ZbüEH�C N�Cq3624]#d×Ë/Û�[
; T:Ý^KMQ W þÓÊ4K�N�� rkr§Òk5×Ëo3à[
; Z\O��aK$F�FG?B`@?BZB?BH�I�N@C�X�K
	�	<Q@>@?bXPORHG?bKM>6CE>�HGD�CqZbC�F4OR�@�@ZB?bXPORHG?bKM>�FA[
; Q@>�C/�	C�FGHG?bKM>�COá�XPOMX�C N@CqZ\OL	�I.	�KM?BD�C5[
; ZbC�FYFGH-OR>�N�ORD�N@FYN@CqF-I�XEQ@DG?BH�I�N@C�3y2o]!d×Ë/Û c [
; Q@>x�*ORQ@H1>@?BA�CPORQ¯N�CqXEDXi!�@H�K
�$D-OR�
�@?bC$ù

} ® Ø'¾'ÂÝâ�¥�ÈjÂ*�ª��¨�×@�w¦�@ ×@��¾ ¾��ß� ®�Ã	�(Â�¥:Â�È ¦
]¡O,fÄ?B>�pLORD�N_VM�@D�KM�aK$F�I�CL�*ORDk3y?bXED�K$F�K�h|HPVMC�F�H�Q@>�CLXPORDGH�Ck	<Q@ZBHG?�2ðOR�@�@ZB?bXPOMHG?BA	C1KMDG?bCE>�H-IECYORQ@HX��CE>�HG?��*XPO(2

HG?bKM>�ù*p"K
	�	�C�X�CEHGH�CqXPORDGH�C�C�FGHLQ@>¯FGH-OR>�N�ORD�N#h CEDX	�I$V#>�KMQ�F�>�CqN#?bFG�aK$F�KM>�F1£�Q*C[N@C[�aCEQ¯N�� ?B>�h KMDX	�ORHG?bKM>�V
	�À.	�C�X�K
	�	�CED�XE?\ORZbCPFPù

]iC�F1XPORD-OMXEH�IEDG?bFGH�?B£�Q�C�F4N@C�X�CEHGH�C�XPORDGH�C�F�KM>�H �
; Q@>�FXi#FGH�ü.	�CqN�� C/S!�@ZbKM?BH-ORHG?bKM>6F�I�XEQ@DG?bF�I OPA�C�X^�

•

Q@>�X�KM>�HGD;ÑMZbC N��úOMX�X�ü�F1�aKMQ@D1Z�� I.	�CEHGH�CEQ@D4N@C�XPORDGH�CÓ+�Q@>¯FXi#FGH�ü.	�CqN@C-�*X��@?bCED�FYl#mkdqV
•

N@C�F4m,Ò�oðF�fÄ?B> W þ�C�	f`*ORD�£�Q�I�C�FÓ(�Z\OR>
�$Q*O��	C�2�>�CEQ�HGD-ORZ�)gæ�\ÅÍ�ICÍ�£�Q@?i>�C N@IE�aCE>�N@CE>�Ho�*OMF4N#Q
Z\OR>
��O��	C�Q@HG?BZB?bF�I*ç/V

•

Q@>�CE>�A�?BD�KM>@>�C.	�CE>�HoN�� C/S@I�XEQ@HG?bKM>�V
•

N@C�FÏORZ0�	KMDG?BHX�
	�C�FÏN@C¯XEDXi!�@H�K
�$D-OR�
�@?bCyN@CEF��@ZBQ�F�F�I�XEQ@DG?bF�I�F¿æ!ICÍ�ÕDÍÈ5-Û!mfV�û[r�ÛaV W û[r�Û�CEH
ÛÝ×om-ç"X�C�£�Q@?_Z\OfD�CE>�N#D-OR?BHYA!?BDGHGQ�CEZBZbC.	�CE>�HY?B>�A!?bKMZ\OR`@ZbC5[

;ÄN@C�FYKMQ@HG?BZbF1N�CqN@IEA�CEZbKM�@�aC.	�CE>�H4N��úOR�@��Z ?bXPORHG?bK$>�FYD-OR�@?bN@C�F4OPA�C�X^�
•

ZbC�FGQ@�@�aKMDGHYN#Q�FXi#FGH�ü.	�CqN@CqN@IEA�CEZbKM�@�aC.	�CE>�H4ø4?bFGQ*ORZ&Û�HGQ�N#?bK@V
•

Q@>�FG?0	<Q@Z\ORH�CEQ@D,Ò%pÄ�aKMQ@D1ZbC�N@IE`aK
��O��	C N��úOR�@�@ZB?bXPORHG?bKM>�FPV
•

Q@>�C=XPORDGH�C#+¯�@Q*XEC�N@CÏN@IEA�CEZbKM�@�aC.	�CE>�H�OPA�C�X�Q@>�Ce	�I.	�KM?BD�C�N@CÏHji��aC=l�]�m-ÛÝ× KwÖ Z�� KM>
X��*ORDX�	CED-O^ZbC/	�OMF�£�Q�C�[

;ÄN@C�F4OR�@�@ZB?bXPORHG?bKM>�F4FG?0	^�@ZbC�F^h KMQ@DG>@?bC�F4OPA�C�X[Z\O^XPORDGH�C�CEH1�@D;ÀEH�C�F,+>ÀEHGD�C�N@IE�@ZbK*i�I�C�FPù
]iC�FqOR�@�@ZB?bXPORHG?bKM>�Fq�aKMQ@D[Z\Oef ?B>�pLORD�NUF�C<�@D�K
�$D-O�	�	�CE>�H CE>6øo?bFGQ*ORZ�J�OMFG?bXfKMQ�ø4?bF�Q*ORZkpZã3ã �aCEDw2

	�CEHGH-OR>�HfORQ��@D�K
�$D-O�	�	�CEQ@D<Z�� Q@HG?BZB?BF�ORHG?bKM>uN@C�F�CE>�A!?BD�KM>@>�C.	�CE>�H�F<N@C�N@IEA�CEZbKM�@�aC.	�CE>�H<N@I�s!+�C/S#?bFGH-OR>�H�F¹ù
p"C�F%Z\OR>
��O��	C�F"�aC/D!	�C/H�H�CE>�HLN�� I�XEDG?BD�CoN@C�FLOR�@�@ZB?bXPORHG?bKM>�FL£�Q@?*�aKMQ�DGD�KM>�H£ÀEHGD�CYH�IEZbI�X��*ORDX�	I�C�FLN@Q@D-OR>�H%Z\O�A!?bC
N@CqZ\O�XPORDGH�C$ù

T W



Û�Q@D�Z\O�Î£ÏvÐ%ù�þ#ùú7#VqZbC�FÆX�K
	^�aK$F-OR>�H�Fu£�Q@?�KM>!H
ZbC�F�`aKMD�N@F¼�*OMX���I�FÆF-KM>�HÆKM�@HG?bKM>@>�CEZbFPù<r�>(C�h�2
h CEHPV!CE>�Q@HG?BZB?bF-OR>�HLZbC8à�?BH�N@CoN@IEA�CEZbKM�@�aC.	�CE>�HPV@ZbC
N@IEA�CEZbKM�@�aCEQ@D¯�aCEQ@H�F�IEZbC�XEHG?bKM>@>�CED�ZbC�F¯X�K
	^�aK�2
F-OR>�H�FÈN#QÏFXi#FGH�ü.	�C1N�� C/S#�@ZbKM?BH-ORHG?bKM>=£�Q<� ?BZ*N@I�F�? D-C
XED�IPOR>�HYOR?B>�FG?�ZbC8	�OMF�£�Q�Co£�Q<� ?BZ_X��*ORDX�	CED-O�FGQ@DLZ\O
XPORDGH�C$ù(Ò�KMQ@D�ZbC§	�K
	�CE>�H�F-CEQ@Z�Z�� CE>�A�?BD�KM>@>�C.	�CE>!H
N�� C/S@I�XEQ@HG?bKM>�æ�\ÌÍ�ICÍwZ�� ?B>�H�CEDG�@D�IEH�CEQ@DOçi�aKMQ@D¡øo?bFGQ*ORZ
J�OMFG?bXqC�F�H1N#?bFG�aKM>@?B`@ZbC$ù

de fichiers
Système

graphie
Crypto-

I/O

(Autorisation/Authentification)

API Interne

d’exécution
Environnement

(vérifiées)

ISO 7816

Commandes(non vérifiées)

Applications

Contrôle d’accès

Î£ÏvÐ£Ò�þ#ùú7�;8mYD�X���? H-CEXEHGQ�D�C N@CÐf ?B>�N@K*p1Fuh KMD
ÛS	�ORDGHopLORD�N

ÞqC.	^�@ZBQ�FPV@OPA	C�XoZ��úOR>@>�KM>�X�CqN@C/ÞqC.	eÛS�@?bCEZbN_V�O<IEH�IoZ\O �@D-C�	^?büED�CqF-K�XE?bIEH�I;+ D�IPORZB?bF�CEDLQ@>�C[XPORDGH�C[FGQ@��2
�aKMDGH-OR>�H&f ?B>�N@K*p1FEh KMD°ÛS	�ORDGH�pLORD�N_ùwû[CE�@Q@?bFPVw£�Q�CEZb£�Q�C�F�ORQ@HGD�C�F�F�K�XE?bIEH�I�F¡H�CEZBZbCEF�noC/S�ÛS	�ORDGHiH�C�X��@>*KMZBK
��i
KMQ�û1m'f�m45 H�C�X��@>�KMZbK
�$?bC�F¹V*KM>�HYN@IEA	CEZbKM�@�aI N@C�F^fÄ?B>�pLORD�N@FPù

]¡O¯XPORDGH�CÏN@CÏn4C/S�ÛS	�ORDGH<H�C�X��@>�KMZbK
��igf ?B>�N�K*p1FCÒ�K*pLCED�C�NþÛS	�ORDGH�pLORD�N¼f ?BHX� p%DXi��@H�K��aK$F�F�ü�N@C
ZbC�F1XPORD-OMXEH�IEDG?bFGH�?B£�Q�C�F4FGQ@?BA$OR>�H�C�F��

; Q@>�FXi#FGH�ü.	�CqN�� C/S!�@ZbKM?BH-ORHG?bKM>¿f ?B>�N�K*p1F�Ò�K*p"CED�C�NuÛS	�ORDGHopLORD�N�T$ùBT�[
; Q@>¯�@D�K�X�C�F�F�CEQ@DY5,owÛ@p�9f`�? H-FA[
; Q@>�X�KM�@D�K�X�C�F�F�CEQ@D4XEDXi��@H-K
�$D-OR�
�@?b£�Q�C�TP:$þ c `@?BH�FA[
; W þÓÊ4K�N@C-	�I.	�KM?BD�C l�]�m/ÛÝ×ä[
; W þÓÊ4K�N�� rkr§Òk5�Ëo3\[
; T�Ê4K^N@C�5Ymo3\[
;ÄX�K
	^�*ORHG?B`@?BZB?BH�IfOPA�C�X[ZbC�FGH-OR>�N�ORD�NxoXÛ
ËÜÊM9#T:ÝªT�2 c ù

Bk×U¦P�ÇÃ
Í�ØEÂ~½�Â*��®|�ßÎ�×ÇÏ@×Ð@ ×@��¾
p"K
	�	�CÏZ\O ý OPAMO6pLORD�Nqæ�\ÌÍ�ICÍiZ\O�XPORDGH�C1	<Q@ZBHG?�2ðOR�@�@ZB?bX¹ORHG?BA�CÏQ@HG?BZB?bF-OR>�HfZ\OªH�C�X��@>�KMZbK
�$?bC ý OPA$Oyp�ORD�N�ç

C�FGH�O�	�CE>�I�C;+fX�KM>@>*ORåbHGD�C[Q@>#�$D�K$F�FGQ�X�X�ü�FPV!>�KMQ�F"ZBQ@?_X�KM>�F-OMXED�KM>�F�Z\OfN@CEQ#S!?bü.	�C[�*ORDGHG?bC[N@C[X�C[X��*OR�@?BHGD�C$ù

T c



- �.- æg�	ç��·è¾�é���Z�l�
¨
©v¨5©]ª «*¬�­¯®L°R±³²m®¢´
¬·®äê�¸'Þl¸ìëd¸�¹DÂ³¿

p"CEHGH�C[H�C�X��@>�KMZbK
�$?bCq�aCEDX	�CEH1ORQ#S�XPORDGH�C�F�+ �@Q�X�CqCEH^+fN��úORQ@HGD�C�F��aIEDG?B�
��IEDG?b£�Q�C�F,+Ó	�I.	�KM?BD�C[ZB?0	^?BH�I�C
N@CÓh OR?BD�CÓh KM>*X/H�?BKM>�>�CED[N�CEFqOR�@�@ZB?bXPORHG?bKM>�FqI�XEDG?BH�C�FqCE>yZ\OR>
��O��	C ý OPA$O#ùa2Y>*C ý OPA$O�pLORD�N6C�FGH4Q@>�CfXPORDGH�C +
�@Q�X�Co£�Q@?��aCEQ@HLX��*ORDX�	CEDLCEH"C/S#I�XEQ@H�CEDLN@C�F%�@D�K
�$D-O�	�	�C�F�I�XEDG?BH�F"CE> ý OPAMO#ù@p"KM>�HGD-OR?BD�C.	�CE>�HYORQ#S�XPORDGH�C�Fk+
�@Q�X�C HGD-OMN#?BHG?bKM>@>�CEZBZbC�F¹V�ZbC�FY�@D�K
�$D-O�	�	�C�F[C/S#I�XEQ@H�I�F4�*ORD4Z\O�XPORDGH�C >�C F-KM>�HY�*OMF�h KMD�X�I.	�CE>�H×h KMQ@DG>@?bFY�*ORD
Z�� I.	�CEHGH�CEQ@D4N@C�XPORDGH�C$ù

Ò�KMQ@DÏD�I�FGQ
	�CEDPVÈZ\OUH�C�X��@>�KMZbK
�$?bC ý OPA$OupLORD�N N@I���>@?BHÏQ@>�C¯�@Z\ORH�C�h KMDX	�CyF-I�XEQ@DG?bF�I�C¯�aKMQ@D=XPORDGH�C�F�+
�@Q�X�C$V@�aKMDGH-OR`@ZbC CEH�	<Q@ZBHG?�2ðOR�@�@ZB?bXPORHG?bK$>y£�Q@?_?B>�X�KMDG�aKMD�C�`aCPORQ�X�KMQ@�6N@C�FYOPA$OR>�H-O��	C�FYN#QªZ\OR>
��O��	C ý OPA$O#ù
¨
©v¨5©v¨ Á�®L°*¸'Þl¸"¶%±^¸lí7®L°?Â·®¢Û]¸y±^®L²Dî¾¶�ï7Û]ïAí7ÃÅ®�ê�¸'Þl¸ìëd¸�¹DÂ

]iC�FYOPAMOR>�H-O��	C�F4OR�@�aKMDGH�I�F1�*ORD�Z\OfH�C�X��@>�KMZbK
�$?bC ý OPA$O�pLORD�N�ORQ#S�N@IEA�CEZbKM�@�aCEQ@D�FYN��úOR�@�@ZB?bXPORHG?bKM>yF�KM>�H
CE>ß�$D-OR>�N@C��*ORDGHG?bC�ZbC�F�	�À.	�C�F4£�Q�C�X�CEQ#S¯£�Q<�úO��@Q6OR�@�aKMDGH�CED ý OPAMO�ORQ#SªZ\OR>
��O��	C�F4N@C��@D�K
�$D-O�	�	�ORHG?bKM>
XEZ\OMF�FG?b£�Q�C�F��

; Z\OLh OMXE?BZB?BH�I�N@C�N@IEA�CEZbKM�@�aC.	�C/>!H4N@C�F4OR�@�@ZB?bXPORHG?bKM>�FA[
; Z\O^F�I�XEQ@DG?BH�I5[
; Z�� ?B>�N@IE�aCE>�N�OR>�XPC��*ORD1D-OR�@�aKMDGHoORQä(C�*ORD�N�pLORD�C�)�[
; Z\O^XPOR�*OMXE?BH�I N@CqFGH�K�X�à$O��	C�CEH1N@C/�	C�FGHG?bKM>�N@C/	<Q@ZBHG?B�@ZbC�FoOR�@�@ZB?bX�ORH�?BKM>*FA[
; Z\O^X�K
	^�*ORHG?B`@?BZB?BH�IfOPA	C�XqZbC�F1FGH-OR>�N�ORD�N@FYC/S#?bFGH-OR>�H�FYFGQ@D�ZbC�F1XPORDGH�C�F,+��@Q�X�C$ù

¨
©v¨5©vØ ðe¹ÇÆ9°R®9¶7±^¸l±ÇÃÅï7¶�Â·®¢Û]¸Úê%¸'Þ�¸ìëd¸�¹DÂ
ì �R±�¥P�!Øa¦P×#¦¹®�Â�Øõ¾���¥:ÂaØ�×@��Ã
Í¡®�¦P�ÇÃ	¦¹°i�R�

p"K
	�	�C1>�KMQ�FkZ��úOPA	KM>�FkA!Q^�@D�I�X�I�N@C.	�	�CE>�HPV�ZbC�FÈX�KM>��b�$Q@D-ORHG?bKM>�F�	�I.	�KM?BD�C�F%N@C�FÈX�ORD�H�C�F�+o�@Q�X�C1F�KM>�H
N@C^Z�� KMD�N#D�C�N@C¯TÓÊ4K¯N@C�5Ymo3 V�T:ÝUÊ4K¯N�� rkr§Òk5×Ëo3 CEH N@C�þ c Ê4K¯N@C�5�Ëo3 ù_2Y>g�$D-OR>�N�N@I��uN@C^Z\O
H�C�X��@>�KMZbK
�$?bC ý OPAMO<pLORD�NÏOqIEH�IYN@C1F:�úOMN�OR�@H�CEDk+qX�C�FÈX�KM>�HGD-OR?B>�H�C�F%�aKMQ@D%X�KM>�FGHGDGQ@?BD�CYQ@>�C1XPORDGH�C ý OPAMOqH�KMQ@H
CE>�X�KM>�F�CEDGAMOR>�HoOMF�F�Co��N@Cq�@Z\OMX�Cq�aKMQ@D1ZbC�FYOR�@�@ZB?bXPORHG?bKM>�F¹ù

]¡O�F-KMZ Q�HG?bKM>ßh|Q@H4N@C<FGQ@�@�aKMDGH�CEDoF�CEQ@ZbC.	�CE>�HoQ@>yF-KMQ�Fw2 CE>�F�C.	<`@ZbC<N@C�F4XPORD-OMXEH�IEDG?bFGHG?b£�Q�C�F[N#Q�Z\OR>
��O��	C
ý OPA$OfCEH�N@CqN@I�X�KMQ@�aCED�Z\OL	�OMX��@?B>�C[A!?BDGHGQ�CEZBZbC ý OPAMO�æ ý p%ø[3�ç"CE>ªN@CEQ#S=�*ORDGHG?bC�FPù@2Y>�Co�*ORDGH�?BCq£�Q@?_F:� C/S@I�2
XEQ@H�CqCE>ªN@C.��KMD�F1N@C[Z\OfXPORDGH�CqCEHLQ@>�C[�*ORDGHG?bCq£�Q@?_F:� I/S@C�XEQ@H�C[F�Q@DLZ\OfXPORDGH�C$ù@]iOf�*ORDGHG?bCqN@C[Z\O ý p%ø[3 C.	 2
`*ORD�£�Q�IqF�Q@D�Z\O�XPORDGH�C�X�K
	^�@D�CE>�N¯�@DG?B>�XE?B�*ORZbC.	�CE>�H4Z�� ?B>�H�CEDG�@D�IEH�CEQ@DoN@C[`Si!H�C�X�K�N@C$ù�JLCPORQ�X�KMQ@��N@CqH�øMX���C�F
>�C F�KM>�HY�@ZBQ�FYD�IPORZB?bF�I�C�F8+^Z�� C/S#I�XEQ@HG?bKM>u	�OR?bF4F�KM>�H4N@IE�aKMDGH�I�C�F4A	CED�FYZbO^�*ORDGHG?bC<N@C�Z\O�	�OMX��@?B>�C A�?BDGH�Q�CEZ ZbC
��KMD�FfXPORDGH�Cuæ!ICÍPÕñÍ¡ZbC�X��*ORDX�	C.	�CE>�H^N@C�XEZ\OMF�F-C�FPV�Z\OªA�IEDG?��*XPORHG?bKM>�N@C�`Si!H�C�X�K�N@C$ViZ\O¯D�I�F�KMZBQ@HG?bKM> N@C�ZB?bCE>�FPV
Z�� KM�@HG?0	^?bF-ORHG?bKM>�V�CEH�X*ç/ù

Ò�KMQ@D<�*ORZB?bCED�ORQ#S��@D�KM`@Zbü.	�C�FfN@CÏF�I�XEQ@DG?BH�IÏN�÷þ+ªZ��úOR`�F�CE>�X�CÏN@C�A	IEDG?��*XPORH�CEQ@D�C.	<`*ORD�£�Q�I$ViZ\O¯H�C�X���2
>�KMZbK
�$?bC ý OPA$O pLORD�N O¼h KMQ@DG>@?[Q@> CE>�A!?BD�KM>@>�C.	�CE>�H�N�� C/S#I�XEQ@HG?bKM>�V�ZbC ý p"5Yr æ ý OPA$O pLORD�N�5YQ@>�HG?0	�C
r�>�A!?BD�KM>
	�CE>�HOç X��*ORDX�	IÏN@C�h KMQ@DG>@?BDfN@C�F;	�I�XPOR>@?bF!	�C�FfF�I�XEQ@DG?BH-OR?BD�C�Ff£�Q@?È�aCEDX	�CEHGH�CE>�HfQ@>�C�F�IE�*ORD-ORHG?bKM>
XEZ\OR?BD�C�CE>�HGD�C[ZbCqFXi#FGH�ü.	�C[N@C[Z\O�XPORDGH�CÓ+f�@Q�X�CqCEH�ZbC�FYOR�@�@ZB?bXPORHG?bKM>�FCæ!IòÍPÕDÍ�ZbCe(Ó��D�C.pLORZBZ�)	V@CEH�X*ç/ù*p8� C�FGH�ZbC
ý p"54r�£�Q@?!CE>�XPOR��FGQ@ZbC"Z\OYX�K
	^�@ZbC/S#?BH�I�h KM>�N�O�	�CE>�H�ORZBC�CEH�ZBC�F�N@IEH-OR?BZbF�N#Q�FXi#FGH�ü.	�C%N@C�F�XPORDGH-CEF§+1�@Q�X�C-æXDÌË=ÍÎ£ÏvÐ%ù�þ#ù�Ýåç/ù�]�C�F[OR�@�@ZbCEH�F[N@C.	�OR>�N@CE>�H[N@C�F4D�C�F�F�KMQ@D�X�C�FoCEH4N@C�FoF�CEDGA�?bX�C�FoFXi#FGH�ü.	�C�FoORQ ý p"54rq+�HGD-OPA	CED�F
ZbC�F1m8Ò§oöFPùö XPORQ�F�CoN#Q=N@I�X�KMQ@�*O��	CoN@CYZ\O ý p%øo3 V�Z\O��@Z\ORH�C�h KMDX	�C[C�FGH%N@?BF�HGDG?B`@Q�I�CoCE>�HGD�CYZ\O XPORDGH�C-+��@Q�X�C4CEH%Z\O
	�OMX��@?B>�C�N@CLN@IEA	CEZbKM�@�aC.	�CE>�HÈN�OR>�F�ZbC"H�C.	^��F�CEH�N�OR>�F�Z�� C�FG�*OMX�C$ù	p"CEHGH�C1ORD�X��@?BH�C�XEHGQ@D�C1N@C"Z\OYH�C�X��@>�KMZbK
�$?bC
ý OPA$O�pLORD�N¯C�FGH1N@I���>@?bC��*ORD1ZBC�F1HGD�KM?bF1�*ORDGHG?bC�FYN@C[Z\O^FG�aI�XE?��*XPORHG?bKM>yF�Q@?BAMOR>�H�C��

TP7



JCRE
Java Card APIs

Java Card Virtual Machine

Hardware de la carte à puce et système natif.

Applet Applet
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DOIEù¯�°Z±�²´³�µ �·¶�¸W¶;oº¹T»,Þv¼q½º¾£¿£½'»6¼CÀ�½'Á#À�Â�» ± ÷Ã¸�Ä:Ô�Ô�Ôq¼�»£ÅÃ¸+ÆÈÇ�É�ÊyÂ
Ë�Ì�Ì�Í�ÎºÏ�Ï ������Ð�ÑCÒ�Ò�Ó©ÐÕÔ×Ö ÏCØ Ö�ÓAÙqÑqÓ�Ú�Ú Ï ø�Û�Ü�Ö�Ò Ï ø�Ý�Ö Ï×Þ�ß�à�á�áÃà Ò�ÚÃÓAâCÑqÒ à þ Ý�ÙÃÝmø�Ý�Ö�âcÐ Í â�Ô��Äyã   Û�ÅÃÉ�äæå ° Æ ± Ê+çqÊ+¸ ³ ä¤ÊyÂ
èCé�êAé�ë®é�ì+í�wyxïîmÍñðÇÍ�ðo��ò×ò��ôó�õÈé�ö�ó ��~���ì+� Õ�ì+é�÷6÷vó�~ñÕvøù~�öÕú�ìvËZé×õùú�Â
Ë�Ì�Ì�Í�ÎºÏ�Ï þ Ý�ÙqÝ�Ð+Ò�Ü�û�Ð;ø�ÛKÿ Ï�Í ÖÃÛ�â×Ü9ø Ì Ò Ï þ Ý�ÙÃÝmø�Ý�ÖCâ Ï þ Ý�ÙÃÝmø�Ý�Ö�âqü�ý�Ð Ë�Ì ÿ�Ú��Ä�þ  vÿ ÅÃÉ�äæå ° Æ ± Ê+çqÊ+¸ ³ ä¤ÊyÂ
èCé�êAé�ë®é�ì+í�wyxïîmÍñðÇÍ�ð�����~�ö�óñ÷Sú���~�êyó�ì+��~�÷Sú}~�ö��Õè�ë����
	v��ò�ú+õZó �EõÈé�ö�ó ��~�Â
Ë�Ì�Ì�Í�ÎºÏ�Ï þ Ý�ÙqÝ�Ð+Ò�Ü�û�Ð;ø�ÛKÿ Ï�Í ÖÃÛ�â×Ü9ø Ì Ò Ï þ Ý�ÙÃÝmø�Ý�ÖCâ Ï þ Ý�ÙÃÝmø�Ý�Ö�âqü�ý�Ð Ë�Ì ÿ�Ú��Ä
�  vÿ ÅÃÉ�äæå ° Æ ± Ê+çqÊ+¸ ³ ä¤ÊyÂ
èCé�êAé�ë®é�ì+í�wyxïîmÍñðÇÍ�ð���óñì�ö��Ãé�����é×õ}|�ó�~�ú���òÃúWõ�ó �EõÈé�ö�ó ��~�Â
Ë�Ì�Ì�Í�ÎºÏ�Ï þ Ý�ÙqÝ�Ð+Ò�Ü�û�Ð;ø�ÛKÿ Ï�Í ÖÃÛ�â×Ü9ø Ì Ò Ï þ Ý�ÙÃÝmø�Ý�ÖCâ Ï þ Ý�ÙÃÝmø�Ý�Ö�âqü�ý�Ð Ë�Ì ÿ�Ú��Ä
�  �� å�Æ ³Z° ¸+å ± É�� ³ É�¸+ÆÈÇ ²´³�µÃ³�² Ç ÿ ¶ ° ÅÃÆ+å�¸W¶ µÃ³ Ê ÿ çqÊ+¸���ä ³ Ê µ�� ½ÕÉ�� ± Æ+äSÇ�¸+å ± É�Â
Ë�Ì�Ì�Í�ÎºÏ�Ï ÒÝø×Ò�ÒCÓ
ÐHöCÛ�Ü�ÙEÐ'Ô×Ö Ï��Ä��  �� Ç
 �Ç"! ± Æ ²´µ Â
��~�í�ú}ì$#}ö é�~�í�óñ~ñÕQèCé�êAé�ë®é�ì+í¤îÝÍ&%�Â
Ë�Ì�Ì�Í�ÎºÏ�Ï ������Ð þ Ý�ÙqÝ��ÃÛ�ÖÃÚ�âEÐ;ø�ÛRÿ Ï þ Ý�ÙqÝ��ÃÛ�ÖÃÚ�â Ï þ � àAÞ('�à ý á�á�ß�Ï þ � à�Þ)'�à þ Ý�ÙqÝ�âqÑ�ÙEÐ Ë�Ì ÿ�Ú��Ä
*  �� Ç
 �Ç"! ± Æ ²´µ Â
��÷¤é�ì�ö£ë®é�ì+í����)ò�ìùó�÷Sú}ì}Â
Ë�Ì�Ì�Í�ÎºÏ�Ï ������Ð þ Ý�ÙqÝ��ÃÛ�ÖÃÚ�âEÐ;ø�ÛRÿ Ï þ � à ý�ü à ý á�á)+�Ï þ � à ýAü à þ Ý�ÙqÝ×âCÑ�Ù�Ð Ë�Ì ÿ�Ú��Ä
,  �� Ç
 �Ç"! ± Æ ²´µ Â
-��/. ö �0.®ì}ó�öÕúoéQè�é�ê�é�ë®é�ì+í éùò×ò��´ú�öÕ�8í�ú}ê�ú}���}òÃú�ì�ª #�Õ1�Có�í�ú�Â
Ë�Ì�Ì�Í�ÎºÏ�Ï ������Ð þ Ý�ÙqÝ��ÃÛ�ÖÃÚ�âEÐ;ø�ÛRÿ Ï þ � àAÞ(+�à ý á�á�á�Ï þ � à�Þ)+�à þ Ý�ÙqÝ'ø�Ý�ÖCâcÐ Ë�Ì ÿ�Ú�32/4  �� Ç
 �Ç"! ± Æ ²´µ Â
�£~Tó�~�ö�ì+�-í1�ÃõZö�ó���~Oö � ö�|qú�èCé�êAé5�*óñ~ñÕ×Â
Ë�Ì�Ì�Í�ÎºÏ�Ï ������Ð þ Ý�ÙqÝ��ÃÛ�ÖÃÚ�âEÐ;ø�ÛRÿ Ï þ � àAÞ)6�à ý á�á�ß�Ï þ � à�Þ76�à þ Ý�ÙqÝ×âCÑ�Ù�Ð Ë�Ì ÿ�Ú�32qÄ  �8 ÅÃÆ ±19�³ Ç�É;: ³�²´³Z°Z± äæäoÅÃÉÃå ° Ç�¸+å ± É�Ê ÿ ¸ÈÇ�É µ Ç�Æ µ Ê£½ÕÉ�ÊW¸+å�¸+ÅÃ¸ ³ Â
Ë�Ì�Ì�Í�ÎºÏ�Ï ������Ð�Ñ Ì Ò�Ó©ÐºÛ�ÖÝö Ï�32/2  =< ²�±1> Ç ²@?®² Ç�¸A� ± Æ+ä�Â
Ë�Ì�Ì�Í�ÎºÏ�Ï ������ÐHöCÚ�Û1BÃÝ�Ú Í Ú�Ý Ì ÔqÛ�Ö^ÿ�ÐºÛ�Öñö Ï�32�ã  =C 9�³ ÉD� Ç�Æ µT°Z± É�Ê ± Æ+¸+å�ÅÃä�Â
Ë�Ì�Ì�Í�ÎºÏ�Ï ������Ð�Û Í Ñ�û9ø�Ý�ÖCâcÐ�Û�ÖÝö Ï�32�þ   ? �FE ÿ �G! ± ÆIHKJ�Æ ± Å 9 Â
Ë�Ì�Ì�Í�ÎºÏ�Ï ������Ð Í ø�Òñø-�ÃÛ�Ö��ñö�ÖqÛ�Ü Í Ð ø�ÛKÿ Ï

þ)2
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2qÂ�Ä `£É äæå ° Æ ±19 Æ ±�°Z³ ÊWÊ ³ ÅÃÆ µÃ³�° Ç�Æ+¸ ³ba=9 Å °Z³ Â�Â�Â�Â�Â�Â�Â�Â�Â�Â�Â�Â�Â�Â�Â�Â�Â�Â�Â�Â�Â�Â�Â�Â Ä
4
2qÂ32 À�Ç ° Ç�Æ+¸ ³�av°Z± É�¸ÈÇ ° ¸ Â�Â�Â�Â�Â�Â�Â�Â�Â�Â�Â�Â�Â�Â�Â�Â�Â�Â�Â�Â�Â�Â�Â�Â�Â�Â�Â�Â�Â�Â�Â�Â�Â Ä�Ä
2qÂ ã À�Ç ° Ç�Æ+¸ ³ ÊÈÇ�É�Ê °Z± É�¸ÈÇ ° ¸QÂ�Â�Â�Â�Â�Â�Â�Â�Â�Â�Â�Â�Â�Â�Â�Â�Â�Â�Â�Â�Â�Â�Â�Â�Â�Â�Â�Â�Â�Â�Â�Â Ä�Ä
2qÂ þ »£Æ °dc å�¸ ³Z° ¸+ÅÃÆ ³�µÃ³ ¹e`&ÀK: C�ÿ Â�Â�Â�Â�Â�Â�Â�Â�Â�Â�Â�Â�Â�Â�Â�Â�Â�Â�Â�Â�Â�Â�Â�Â�Â�Â�Â�Â�Â Ä
2
2qÂ3� »£Æ °dc å�¸ ³Z° ¸+ÅÃÆ ³�µÃ³ ! å�É µÃ±�f ÊF� ± Æ ÿ äSÇ�Æ+¸�� Ç�Æ µ Â�Â�Â�Â�Â�Â�Â�Â�Â�Â�Â�Â�Â�Â�Â�Â�Â�Â�Â�Â Ä�þ
2qÂ3� »£Æ °dc å�¸ ³Z° ¸+ÅÃÆ ³�µÃ³�² Ç � Ç
 �Ç0� Ç�Æ µ Â�Â�Â�Â�Â�Â�Â�Â�Â�Â�Â�Â�Â�Â�Â�Â�Â�Â�Â�Â�Â�Â�Â�Â�Â�Â�Â Ä
�
2qÂg� À�ÇväSÇ °dc å�É ³  Cå�Æ+¸+Å ³�²�²´³ � Ç
 �Ç0� Ç�Æ µ�h � �ji8¹�k;Â�Â�Â�Â�Â�Â�Â�Â�Â�Â�Â�Â�Â�Â�Â�Â�Â�Â�Â�Â�Â Ä��
2qÂ3* À ³ Ê*¶�¸ÈÇ 9�³ Ê µ Å µ ¶l ³}²´±19m9�³ ä ³ É�¸ µ�� ÅÃÉ ³ Ç 9m9Ã²´³ ¸ � Ç
 �Çn��Ç�Æ µ Â�Â�Â�Â�Â�Â�Â�Â�Â�Â�Â�Â�Â�Â Ä
,
�qÂ�Ä »�o °dc Ç"J ³�µ Å °Z± ä 9�± ÊÈÇ�É�¸qp ³ Ç µÃ³ ÆMÂ�Â�Â�Â�Â�Â�Â�Â�Â�Â�Â�Â�Â�Â�Â�Â�Â�Â�Â�Â�Â�Â�Â�Â�Â�Â ã�ã
�qÂ32 »�o °dc Ç"J ³�µ Å °Z± ä 9�± ÊÈÇ�É�¸£» 9m9Ã²´³ ¸?Â�Â�Â�Â�Â�Â�Â�Â�Â�Â�Â�Â�Â�Â�Â�Â�Â�Â�Â�Â�Â�Â�Â�Â�Â�Â ã�ã
�qÂ ã »�o °dc Ç"J ³�µ Å °Z± ä 9�± ÊÈÇ�É�¸£½'ä 9�± Æ+¸ Â�Â�Â�Â�Â�Â�Â�Â�Â�Â�Â�Â�Â�Â�Â�Â�Â�Â�Â�Â�Â�Â�Â�Â�Â�Â ã�ã
�qÂ þ »�o °dc Ç"J ³�µ Å °Z± ä 9�± ÊÈÇ�É�¸r� ± É�Ê+¸ÈÇ�É�¸ ?©±�±�² Â�Â�Â�Â�Â�Â�Â�Â�Â�Â�Â�Â�Â�Â�Â�Â�Â�Â�Â�Â�Â�Â ã�þ
�qÂ3� »�o °dc Ç"J ³�µ Å °Z± ä 9�± ÊÈÇ�É�¸r� ² Ç�ÊWÊ=Â�Â�Â�Â�Â�Â�Â�Â�Â�Â�Â�Â�Â�Â�Â�Â�Â�Â�Â�Â�Â�Â�Â�Â�Â�Â�Â ã�þ
�qÂ3� » ? Æ ±19�± Ê µÃ³ Â�Â�Â Â�Â�Â�Â�Â�Â�Â�Â�Â�Â�Â�Â�Â�Â�Â�Â�Â�Â�Â�Â�Â�Â�Â�Â�Â�Â�Â�Â�Â�Â�Â�Â�Â�Â�Â ã�þ
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2qÂ�Ä � Ç�ÆÈÇ ° ¸W¶�Æ+å´Ê+¸+å{z�Å ³ Ê � Ç
 �ÇæÊ+Å 9m9�± Æ+¸W¶ ³ Ê ³ ¸ É ± ÉFÊ+Å 9m9�± Æ+¸W¶ ³ Ê)Â�Â�Â�Â�Â�Â�Â�Â�Â�Â�Â�Â�Â�Â�Â Ä
�
ãqÂ�Ä ¯ ¸ ³ É µ Å ³oµÃ³ Ê Ê+¸ÈÇ�É µ Ç�Æ µ Ê ³ ¸ µÃ³ Ê Ê 9 ¶ ° å}| ° Ç�¸+å ± É�Ê µÃ³ Ê ° Ç�Æ+¸ ³ Ê a~9 Å °Z³ Â�Â�Â�Â�Â�Â�Â�Â�Â 2/�
�qÂ�Ä Á ± Æ+äSÇ�¸ µÃ³ | °dc å ³ Æ µ�� ÅÃÉ °Z± ä 9�± ÊÈÇ�É�¸ µ Å 9 Ç1z�Å ³ ¸ÈÇ"J ³ Â�Â�Â�Â�Â�Â�Â�Â�Â�Â�Â�Â�Â�Â�Â�Â�Â ãqÄ
�qÂ32 À ³ Ê >�± å�¸ ³ Ê µÃ³�µ å Ç ²´± J�Å ³�µ å´Ê 9�± ÉÃå >Ã²´³ Ê a=9 Ç�Æ+¸+å�Æ µ Å °Z± ä 9�± ÊÈÇ�É�¸£» 9m9Ã²´³ ¸ Â�Â�Â�Â�Â�Â�Â ã�þ

þ�þ
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»&½ � h » 9m9Ã² å ° Ç�¸+å ± É ½ � ³ É�¸Wå�| ³ Æ�kF��¾ ± ä > Æ ³ ÅÃÉÃå{z�Å ³ Ç�ÊWÊ+å�J�É�¶ a ÅÃÉ ³ Ç 9m9Ã² å ° Ç�¸+å ± É�¼ a�°Z³ Æ+¸ÈÇ�å�ÉQ¸'ç 9�³ µÃ³
| °dc å ³ ÆWÊy¼ a ÅÃÉ ³ å�É�Ê+¸ÈÇ�É °Z³�µ�� ÅÃÉ ³ Ç 9�9Ã²´³ ¸ ± Å a ÅÃÉ 9 Ç1z�Å ³ ¸ÈÇ"J ³ � Ç
 �ÇqÂ

» ? � ` h » 9m9Ã² å ° Ç�¸+å ± É ? Æ ± ¸ ±�°Z±�² � Ç�¸ÈÇv`*ÉÃå�¸$kn�@`£ÉÃå�¸W¶ µÃ³SµÃ± ÉÃÉ�¶ ³ Êv¶ °dc Ç�ÉmJ×¶ ³ Ê ³ É�¸+Æ ³S² Ç ° Ç�Æ+¸ ³�a9 Å °Z³�³ ¸ ²´³ ¸ ³ Æ+äæå�É�Ç ² Ç�Å6ÉÃå� ³ Ç�Å µÃ³E² Ç °Z± Å °dc�³ Ç 9m9�² å ° Ç�¸+å ± É�Â/`£É6» ? � ` °Z± É�¸+å ³ É�¸®Ê ± å�¸
ÅÃÉ ³�°Z± äæäSÇ�É µÃ³ ¼
Ê ± å�¸ ÅÃÉ ³ ÆW¶ 9�± É�Ê ³ Â

» ? ½ h » 9m9Ã² å ° Ç�¸+å ± É 9 Æ ± J�ÆÈÇ�äæäæå�ÉmJ�½'É�¸ ³ ÆA� Ç °Z³ k�� � ¶�|�ÉÃå�¸ ²´³ Ê#ä¤¶�¸ c�±�µÃ³ Ê µ�� Ç 9m9�³�² Ê µ�� ÅÃÉ 9 Æ ± J�ÆÈÇ�äæä ³
Ç 9m9Ã² å ° Ç�¸+å}�cÇ�ÅFÊ+çqÊ+¸���ä ³�µ��·³��K9Ã²´± å�¸ÈÇ�¸+å ± É ³ ¸ aæµ�� Ç�ÅÃ¸+Æ ³ Ê*Ê ³ Æ� �å °Z³ ÊyÂ

» 9m9Ã²´³ ¸b�Ã» 9m9Ã² å ° Ç�¸+å ± ÉT¶ ° Æ+å�¸ 9�± ÅÃÆ ÅÃÉ ³�9Ã² Ç�¸ ³ � ± ÆWä ³ � Ç
 �Ç0� Ç�Æ µ Â
»�:�¿ h »£É�Ê f�³ Æ�: ± ¿ ³ Ê ³ ¸$k���� c Ç��´É ³�µ��·±�° ¸ ³ ¸WÊ ³ É( ± ç×¶ ³�9 Ç�Æ ² Ç ° Ç�Æ+¸ ³ Ç 9 Æ��ZÊ ÅÃÉ�Æ ³Zµ ¶�äSÇ�Æ+ÆÈÇ"J ³ Â
��» � h � Ç�Æ µ » °Z°Z³l9 ¸ÈÇ�É °Z³ � ³  Cå °Z³ k�� ? ¶�Æ+å 9mc ¶�Æ+å{z�Å ³ z�ÅÃå ³ Ê+¸EÅÃ¸+å ² å´ÊW¶ 9�± ÅÃÆ °Z± äæäoÅÃÉ�å�z�Å ³ Æ Ç
 ³Z° ÅÃÉ ³° Ç�Æ+¸ ³ba=9 Å °Z³ Â�½ ²�9�³ ÅÃ¸£Ç�Å�ÊÈÊ+å�� ± ÅÃÆ+ÉÃå�Æ ²�� Ç ² å�ä ³ É�¸ÈÇ�¸+å ± É ³ ¸ ² Ç~��ÆW¶�z�Å ³ É °Z³ba6² Ç ° Ç�Æ+¸ ³ba~9 Å °Z³ Â
�7�(� h � ± É( ³ Æ+¸ ³Zµ » ?�9Ã²´³ ¸$k���À ³ � ± Æ+äSÇ�¸ µÃ³ | °dc å ³ Æ�ÊW¸ÈÇ�É µ Ç�Æ µ;9�± ÅÃÆ ² Ç °Z± ä 9 Ç�¸+å > å ² å�¸È¶ > å�É�Ç�å�Æ ³vµÃ³² Ç 9Ã² Ç�¸ ³ � ± Æ+ä ³ � Ç
 �Ç;� Ç�Æ µ Â�`£É�| °dc å ³ Æ �7�(� °Z± É�¸+å ³ É�¸vÅÃÉ ³ Æ ³l9 ÆW¶ZÊ ³ É�¸ÈÇ�¸+å ± É > å�É�Ç�å�Æ ³�³$� ¶ ° ÅÃ¸ÈÇ >Ã²´³ µÃ³ Ê°�² Ç�ÊWÊ ³ Ê µ Ç�É�Ê ÅÃÉ 9 Ç1z�Å ³ ¸ÈÇ"J ³ � Ç
 �ÇqÂ
� Ç�Æ+¸ ³�a~9 Å °Z³ � Ç
 �Ç�� ° Ç�Æ+¸ ³ba=9 Å °Z³ Ê+Å 9m9�± Æ+¸ÈÇ�É�¸ ² Ç6¸ ³Z°dc É ±�²�± J�å ³ � Ç
 �Ç0� Ç�Æ µ Â
� C�ÿ h � Ç�Æ µ C 9�³ ÆÈÇ�¸+å�ÉmJ ÿ çqÊ+¸ ³ ä�k���À ³ äæå ° Æ ±"�Õ°Z±�µÃ³v°Z± É�¸ ³ É�Å µ Ç�É�Ê ² ÇS¿ C ¹ µÃ³�² Ç ° Ç�Æ+¸ ³~an9 Å °Z³³ ¸�z�ÅÃå ³ Ê+¸£ÅÃ¸+å ² å´ÊÈ¶ 9�± ÅÃÆ ² Ç °Z± äæäoÅÃÉÃå ° Ç�¸+å ± É µÃ³o² Ç ° Ç�Æ+¸ ³=an9 Å °Z³ ¼ 9�± Å�Æ ² Ç0J ³ Ê+¸+å ± É µÃ³o² ÇSÊW¶ ° ÅÃÆ+å�¸W¶ ³ ¸² Ç=J ³ ÊW¸+å ± É µÃ³ Ê µÃ± ÉÃÉ�¶ ³ Ê µ Ç�É�Ê ²´³ ÊF| °dc å ³ ÆWÊ µÃ³�² Ç ° Ç�Æ+¸ ³ba=9 Å °Z³ Â
<�ÿ ¹ h < ²´±1> Ç ² ÿ çCÊW¸ ³ ä�� ± Æc¹ ±1> å ²´³*°Z± äæäoÅÃÉÃå ° Ç�¸+å ± É�Ê$k�� h�± Æ+å�J�å�É ³�²�²´³ ä ³ ÉC¸ < Æ ± Å 9�³ ÿ çCÊ+¸d�}ä ³ ÊE¹ ±"�> å ²´³ k ²´³ Ê+¸ÈÇ�É µ Ç�Æ µ Ç µÃ±19 ¸W¶ 9 Ç�Æ�Ä
* 9 ÇyçqÊ 8 ÅÃÆ ±19 ¶ ³ É�Ê*Ç�|�É µÃ³8µ ¶l ³�²´±19m9�³ Æ�ÅÃÉ ³8°Z± ä 9 Ç�¸+å > å ² å�¸W¶ µ Ç�É�Ê ²´³ Ê

¸W¶ ² ¶ °Z± äæäoÅÃÉÃå ° Ç�¸+å ± É�Ê*ä ±1> å ²´³ Ê É�ÅÃä¤¶�Æ+å{z�Å ³ ÊyÂ
½ ÿmC �1*qÄ
��� � ±�° Å�ä ³ ÉC¸�z�ÅÃå µ ¶�|�ÉÃå�¸ ²´³ ÊW¸ÈÇ�É µ Ç�Æ µ�µÃ³ Ê ° Ç�Æ+¸ ³ Ê a=9 Å °Z³bav°Z± É�¸ÈÇ ° ¸yÂ
� ��¿ 8 h � Ç
 �Ç�� Ç�Æ µ ¿ ÅÃÉ�¸+å�ä ³ 8 É( Cå�Æ ± ÉÃä ³ É�¸$k=� 8 É( �å�Æ ± ÉÃÉ ³ ä ³ ÉC¸ µ��·³�� ¶ ° ÅÃ¸+å ± É 9�± ÅÃÆ ²��·³�� ¶ ° ÅÃ¸+å ± Éµ�� Ç 9m9Ã²´³ ¸ � Ç
 �Çn��Ç�Æ µ Â
� �ji&¹ h � Ç
 �Çe� Ç�Æ µ i£å�Æ+¸+Å�Ç ² ¹�Ç °dc å�É ³ k5��äSÇ °dc å�É ³  Cå�Æ+¸+Å ³�²�²´³ � Ç
 �Çv� Ç�Æ µ Â 8 ²�²´³ Ê ³¤°Z± ä 9�± Ê ³Sµ Å°Z± É( ³ Æ+¸+å´ÊWÊ ³ ÅÃÆ�z�ÅÃåq¸ ± ÅÃÆ+É ³Fc�± ÆWÊ ° Ç�Æ+¸ ³�³ ¸ µÃ³�²�� å�É�¸ ³ Æ 9 ÆÈ¶}¸ ³ Å�Æjz�ÅÃå ³ Ê+¸ ³ ä > Ç�Æ�z�Å�¶�ÊWÅÃÆ ² Ç ° Ç�Æ+¸ ³ Â)� ³ Ê µÃ³ Å �
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