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� �������"����� �	��
��	��
��
������
-���	���
�	��
����������	�����

��� o��	� � u�� EW^XC�]1;1J�EGNDJLfw]�ST;Gxz^8PWFYC�VXNDA�CD;�^ZJDPW^XC�FX^�EgSTlGPZNLfTJD6Y9�;OVYPZFXN ~WA�NDf��Y;:N SwE�~UfT~sEW]�fTJLA�[X;�C�NLA:CL;:EGFUH\[8;�M(;�JDNDfZV.PW^X[XA�NDA�C
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]1PW9kV8fTS�;:[ fw^(' M�;�JL;:NDCDPW^�x�<:cGbY<zx(d-FXNDEGJDEYx0<:cGbWc*)��,+Z;�~G;:NDEGSO|g;�K�NL;:CDF8STJDCk6XEs~W;I�.;1;�^ PW�8J�Egfw^8;�[ Pz~G;:N�JD6X;	KW;�EGN�C��.-4^ J�68;
^8;�lWEGJLfT~G;ICDfT[X;Gx�STf�~W;�^8;:CDC�6XEGC%�.;1;�^ VXNLPz~W;�[�]1P !�%BM ! ]�PZ9%VXS�;�JL; ��PZN�lW;�^8;:NDEGS�M(;1J�NLf�^8;1J�CkEGC�y";1STS�EGC���PWN��ªNL;�;	]�68PWfT]1;I^8;1J�C
' /gPZ^8;�C
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J�68;1PZNL;:9 �9' �OPW9k9%PW^X;�N�x�<�c�5Ga:)��4EGSTCDP VXNDPz~Zfw[8;:C\E ]�6YEGN�EG]�JD;�NDf<;:EgJDf�PZ^���PWN\STfT~G;�^X;�C�C}fT^ �ªND;1; ]�68PWfT]1;k^X;1JDC �ª;�HXV !�JLfw9%; fw^ J�68;
y"PWN�CL;4]1EWCL;z�°�(d PWND;>ND;�]1;�^ZJLSTKGxUJD6X;4N�EG^X|%J�68;1PZNL;:9��=' � ;�CD;1S�EG^X[?>�C�VXEGN9;�EYx�<�cGc�@:)��O6XEWCOVYNLPz~Ufw[8;�[ E�VYPWS�K8^8PZ9%fTEGS0EGS�lWPWNDf�J�6X9
JDP ]�68;�]�| y";1STS�!���PWN�9%;�[X^8;:CDC��¶S�fT~G;:^8;�C�CIEW^X[ �.PWFX^X[X;�[X^8;:CDC��%PG�4�ªND;1; ]�68PGfw]�;-^X;1JDC��A+ZPW9%;-ND;�C�F8STJDC	6XEs~G; �.;1;:^ PW�8J�Egfw^8;�[
��PZN�y";1fTlW6ZJL;:[�CLK8CDJL;�9kC�� 5�68;	]�EGCD;�Pg��yO;�f�lZ6ZJL;�[�9kEWND|G;�[ lWN�EGVX6YC\y"EWC�CDJDFX[8fT;�[ fT^�' 5�;�N�F8;1SB���1032�4Tx�<:cGcWa:)�� 5�68; ]1EGCD;�Pg�
y";1fTlW6ZJL;:[};��UFXEGSW]�PZ^DCYfw]�J�^8;1J�C fwC�CDJDFX[Xf�;:[}fT^E' 5�;�N�F8;1S EW^X[F+Zf�ST~zEXx�<:cGc�G�)Uy�68;:NL;�J�68;ON�EG^Y|�JD6X;1PWND;�9 fwC�;1HUJD;�^X[X;�[\JDP�yO;�f�lZ6ZJL;�[
CDK8CLJD;�9kC1� v ^�J�68fwC�VYEGV.;�N�xzyO;�VXND;�CD;�^ZJ�EW^�EGS�lWPWNDf�J�6X9 JLP}]�68;�]�|4STf�~W;�^8;:CDC�PWN(CDJDN�FX]�J�FXNDEGSWSTfT~G;�^X;�C�C�PG�.y";1fTlW6ZJL;:[�^8;1J�C"�¶V.PWC�CLfw�8STK
FX^U�.PWFX^Y[8;�[.�Oy�6XfT]�6	fTC��YEGCD;�[ PZ^IJ�68;}JL;:]�6X^8fw�ZFX;}[X;1~G;�S�PZVY;:[ fw^H' I�EG]�]�;1STSTfB���J0�2�4Tx�<�cWcGiUx�I�EG]�]�;1STSTf�EW^X[FK4EGFsQLEGS¶x�<:cGcWi*)�EG^X[
E ]�PW^ZJDfT^UF8PZFXC�EWVXVXNDPsHUfw9kEgJDf�PZ^ PG��JD68; ^8;1JkVXND;�CD;�^ZJL;:[ fT^(' �OPZ68;�^L���10�2<4Tx�<�cWcGiUx�K4EGFsQLEGS¶x�<�cGcWiGE:)�� 5�68fwC�EGS�lWPWNDf�J�6X9 EgSwCLP
VXNDPz~UfT[X;�C�EkS�fT~G;:^8;�C�C�]1NDf�JD;�NDf�PZ^ ��PZN�]�PZ^WJDfT^UF8PZFXC"M(;1JDNDf�^8;�JDC�EW^X[ PGJD6X;�N�VXNDPWV.;�NDJLfT;�C��
5�68;k��PWS�STPzy�fw^8l�fTC\PZNLlZEG^8fM;1;:[-EWC4��PGSTS�Pzy�C��N+Z;�]1JLfTPW^�a VXND;�CD;�^ZJDC\J�68; [8;��.^8fTJLfTPW^ Pg��yO;�f�lZ6ZJL;�[ JLfw9%;�[ M(;1J�NLfO^8;1J�C1x�EG^X[

J�68;>J�NDEW^XCL��PWN�9%EGJLfTPW^XC�PWV.;�N�EgJD;�[�PZ^ JD6X;4^8;�JOJDP�PZ�8JDEGfT^ f�J�C"]�EG^8PZ^8fw]1EgSY��PWN�9 JD68;}^8PWJLfTPW^�PG��]�PZ^WJDfT^UF8PZFXCOJLfw9�;:[ M(;1J�NLf�^8;�JDC��
+Z;:]�JDf�PZ^O" CD68Pzy�C>JD6X;%]1PWN�NL;:CDV.PW^X[XfT^8l	]�PWFY^WJD;�N4;��UFXEGJLfTPW^XC��P+Z;�]1JLfTPW^OG VXND;�CD;�^ZJ�CBJ�68;%EGS�lWPWNDf�J�6X9 JLP JL;:CLJ}STf�~W;�^8;:CDC>Pg��J�68;
]1PW^ZJLfw^UF8PWFXC�9%P8[8;1S��&+Z;:]�JLfTPW^Q@�CD6XPzy�C�68Pzy JD6X;�EgSTlGPWNDfTJD6X9 fwC�EG[XEWV8JL;:[IJDP�]�68;�]�|�CDJDN�FX]�J�FXN�EgS�STf�~W;�^8;:CDC"Pg��JD68;�FY^X[8;�NDSTKZfw^8l
[8fwC�]1ND;1JL;\^8;�J1��R(fw^XEgSTSTKGxS+Z;:]�JLfTPW^�ikC�68Pzy�C�E%]1PW^X[Xf�JDf�PZ^	JDP�]�68;�]�|�STfT~G;�^X;�C�COPG�(Ek[8fwC�]1ND;1JL;\^8;�J1�
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« �t��i�����M�;�JDNDf�^8;1J4fwC\E M(;1J�NLf�^8;�J}y�f�J�6 JL;:9kVYPZNDEGS([YEgJDE EgJDJDEW]�68;�[-JLP JDN�EG^XCDf�JDf�PZ^XCn­�®
¯ § ¢�°S±�v!²]�9y=�N£(zPy�²³£´� ©y�68;:NL;
°	±�v!²]��lGfT~G;�C�J�68;�[XFYNDEGJLfTPW^	Pg�(JD68;�² !�JD6��.NDfT^Xl%PG��J�NDEW^XCDf�JDf�PZ^?�U� v ��J�NDEW^XCLfTJLfTPW^��%�Y;�lGfw^XC�JLP �0NL;}��PZN�JD68;
² !�JD6 JDfT9%;

EGJ>;:VYP8]�6OµZx�J�68fTC��.NDfw^8lIy�fTS�S(;:^X[ EGJB;:VYP8]�6Oµ�¶·°	±�v!²]�9¸ JDPW|g;:^XC4EGND;�JD6X;�^ JDEG|G;�^ PZF8J4Pg��fw^XVXF8J\V8SwEG]1;�C��ªf��OJ�68;1K EWNL;%CLJDf�STS
Es~zEgfTSwEG�8ST;s�OEG^Y[	VXFXJ�fT^ PWFXJDVXF8J�VXSTEW]�;�C�PG�]��EG]�]�PWN�[8fw^8l%JLP�JD6X; �.NLfw^8lkNDFXS�;\PG��JD6X;�FX^ !�JLfw9�;:[ M�;�JDNDf�^8;�J1�
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  68;:^�E V8SwEG]�;�� 6YEGC\CD;1~G;:NDEGS(PWF8J�VXF8J�J�NDEW^XCLfTJLfTPW^YC1x�JD68; VXND;�CD;�^Y]�;�Pg��JLPZ|g;:^XC}fT^���9kEsK ]�NL;:EgJD;kE ]1PW^DC.fT]1J��Y;�J yO;�;�^ f�J�C
PZF8JDVXFXJ�JDN�EG^XCDfTJLfTPW^XC�EW^X[ PW^8; 6YEGC\JDP ]�68PUPWCD;kE-VYPWS�fw]�K JLP CDPGST~G;kJD68fwC�]1PW^DC.fT]1J1� v ^ J�68;���PWS�STPzy�fT^XlYx�y";�y�fTS�S"]�68PUPWCD;%J�68;
NDPWF8JDfT^Xl�V.PGSTfT]1K%J�6XEgJ"CLPWS�~W;�C�JD68;}]�PZ^DCYfw]�JO�ZKkfw9%V.PWCDfw^8l�E�NLPZF8JL;>JLP�;:EG]�6kJDPW|g;:^�;�^ZJD;�NDfT^8l�V8STEW]�;1� �(M�SwEG]�;1�I6XEWCOE�NLPZF8JLfw^8l
CD;��UF8;:^X]�;�ÃDÄ ¤3�ÆÅÇ�	¡gxZy�68;�ND;�Ã�ÄDvx²]��lGfT~G;�C�JD68;>JDN�EG^XCDf�JDf�PZ^�ÈB£j�	¡�JLP�y�6XfT]�6kJ�68;�² !�JD6kJDPW|g;:^kJLP�;:^ZJL;�NOV8SwEG]�;�� fTC"NLPZF8JL;:[��
  ;�C�EsKIJ�6XEgJ�ÃDÄ%fwCB��0���m�f´�h�-CL;:^X[XC�JDPW|G;�^XC�JDPIEgSTS�PZF8JDVYF8JBJ�NDEW^XCLfTJLfTPW^YC�fT^ �.^8fTJL;1STK�Pg��JD;�^�x8�x4��:4�ÉMÊMËjÌ�ÍPÎÆÏj¢�Ðoy=ÃDÄ�v�Ð	� §� ©|§ÒÑ xU��PZN�EgSTSh� £��o¡z�Ã�Ä\fwCO]1PW9kVXEGJLfw�8S�;>y�f�J�6 J�68;By";1fTlW6ZJDCOf���y�68;�^X;1~G;:N�PZ^8;BJDPW|g;:^kfTC"NDPWF8JD;�[�JDP�JDN�EG^YCLfTJLfTPW^E�Uxs{�vM��y9���h]�PZ^XCD;�]1FXJLfT~G;�JDPW|g;:^XC

EWNL;�NDPWF8JD;�[��ªNLPZ9��kJLP
�U�8RYPZND9%;:NLSTKGxgJ�68fwC�9%;�EG^YC(JD6XEGJ&Ã Ä vtÐ	��¦§ �Dy=Ã Ä v�Ð�¶FÓ3� § � §hÔ Ã Ä v�Ð�¶�Õ9� § �Dy�Õ § Ó6y�Ö�Ö:Ö�y={�vM��y9�����%>PGJL;%JD6YEgJBfw^ J�68fwC>]�EGCD;Gx0yO;%]1EG^-]�PW^YCLfw[8;�ND;�[�J�6XEgJ4JLPZ|g;:^XCBEWNL;�NDPWFXJL;�[ fT^ �XFX^X]�68;:CBPG��JD68;%CLfM;1;�Pg��J�68;�y";1fTlW6ZJ�C�PW^-EGN�]1C
�.;1J y";1;:^ VXSTEW]�;�C�EW^X[	JDN�EG^XCDf�JDf�PZ^XC��
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�Y;\E
[8fwC�]1ND;1JL;�^8;�J�EG^X[�� E4]1PW^ZJLfw^UF8PWFYC�^X;1Jhy�fTJD6%JD68;�C�EG9%;�JLPZVYPWS�PWlGK��¶]�EgSTS�fTlWN�EGVY68fT]OST;1JLJD;�N�C(y�f�STSYEGS�y�EsK8C�ND;���;:N(JLP\[8fwCD]�NL;�JL;�^8;1J�C
EW^X[I]�EGV8fTJDEGS0ST;1JDJL;:NDCOJLPk]�PZ^WJDfT^UF8PZFXC"^8;1J�C°����5�68;4[Xf! �;�ND;�^X]1;4�.;1J y";1;:^ J�68;4�.;�6YEs~ZfTPWN�Pg��J�68;}J yOP%CLK8CDJL;:9%COfwCOfTSTSTFXCDJDN�EgJD;�[IfT^
J�68;}��PGSTS�Pzy�fw^8lk;�HXEW9%VXS�;k�xR(fTlWFXND;k<s���
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R(fTlWFXND;k<3® �OPW^ZJLfw^UF8PWFYC�EG^X[ [8fwCD]�NL;�JL;\^8;1J�C

v ^�J�68;>]1PW^ZJLfw^UF8PWFYC�9%P8[8;1S�x��xR(f�lZFXND;�<G� EZ��xWJ�68;BJ�NDEW^XCLfTJLfTPW^jÈ(ST;1J�C*)D6XEGS´�,+>E�JLPW|G;�^�lWP�JD6YNLPZF8lW6%�ªNDPW9 JD68;4�YPWJLJDPW9 V8SwEG]1;Gx
y�68fTST;%fw^ JD68;�[8fwCD]�NL;�JL;k9%PU[X;1S�x��xR(fTlWFXND;�<G� �.�°x ^8P�JDPW|g;:^-]�EG^ lWP	J�6XNDPWF8lZ6 JD6X;%J�NDEW^XCDf�JDf�PZ^���5�68fwC4fTC\E	lG;:^8;�N�EgS(VXNDPWV.;�NDJ K
J�6XEgJ"JD68;4]�PZ^WJDfT^UF8PZFXC�9%P8[8;�S0lWf�~W;�C�EW^�)DFXVXV.;�N"�YPZFX^X[-+BPG� JD68;}[8fwCD]�NL;�JL;�PZ^8;���CL;�; '�K4EGFsQLEGS¶x <:cGcWiG�6).��PZN��ªFYNLJ�68;�N"[8;1J�EgfTSTC�PW^
J�68fTC��ªEG]�J��°�

¹&º/. ���10ªÁ��32�½4�$

08¿�À�½BÁ5�H½42�¿�65�87 ½��5��9
v ^	JD68fwC�CD;�]�JDf�PZ^�x8y";4VXND;�CD;�^ZJ�CL;�~G;:NDEGS.J�NDEW^XCR��PZND9kEGJLfTPW^XCOPg��JD68;\^8;�J"y�6XfT]�6	y�f�STS VXND;�CD;�ND~G;>JD68;\�.;�6XEs~UfTPWN"VXNLPZVY;:NLJDf�;:C"Pg��J�68;
^8;�J}fT^-PWN�[8;�N>JLP VXF8J}JD68;k^8;�J4fw^ZJLP E	]�EG^8PZ^8fT]�EgS���PWN�9 CDF8fTJDEW�8ST;���PZN>;:�UFXEgJDf�PZ^XEgS�[8;�C�]1NDfTVXJLfTPW^�� v ^-JD68;���PGSTS�Pzy�fw^8l��YlWFXND;�C�x
PZND[8fw^XEWNLK �¶PWN�CDfT9kV8ST;s�"EWND]�C"6YEs~G;\^8Pk;�HXV8STfT]1f�J�y";1fTlW6ZJ�C1�

: 5�68; �.N�CLJ�JDN�EG^YCR��PZND9kEgJDf�PZ^<;s~\EG[Y[XC�E�J�NDEW^XCDf�JDf�PZ^	EW^X[	EkV8SwEG]1;B��PZN�;�EW]�6INDPWF8JDfT^8l�V8SwEG]1;GxUJLP�CD;�VXEWNDEGJL;4JD68;�C�FXV.;�N�VYP>=
CLfTJLfTPW^ EG^Y[	J�68;�]�68PWfT]1;G�h5�68fwC�JDN�EG^XCL��PWN�9kEgJLfTPW^IfTC�[X;�V8fw]�JD;�[ fT^?R(fTlWFXND;�a8�

: 5�68;}^8;�H8J�JDN�EG^XCL��PWN�9kEgJDf�PZ^<;$?>]�PW^YCLfwCLJ�C"fT^ CL;:VXEGN�EgJDfT^Xl�JD68;\CDK8^X]�6XNDPW^8fM;�EGJLfTPW^XCOy�f�J�6IJ�68;}yO;�f�lZ6ZJDCOfT^	fT^Y]�PW9%fw^8lkEGN�]g�-4^X]�;\EGlWEgfw^�xUJD6XfTC�fwC�[8PZ^8;\EgJ�JD6X;�^8;1J�ST;1~W;1S�STPU]�EgSTS�KW��5�68;}JDN�EG^XCL��PWN�9kEgJDf�PZ^ fwC�[8fTC�V8SwEsKG;:[Ifw^?R�fTlWFYNL;�"X�

@3A

@�B

@>A

@CB

R(f�lZFXND;}as®&+Z;�VXEWNDEGJLfTPW^IPg�hCDFXV.;�N�V.PWCDf�JDf�PZ^	EW^X[	]�6XPGfw]�;�C
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@3A

@CB

@3A

R(f�lZFXNL;�"�®�+U;�VXEWNDEGJLfTPW^ PG�(CDK8^X]�6XNDPW^8fM;�EGJLfTPW^XC"EG^Y[	y";1fTlW6ZJ�C

@3A

@��

@CB

@��

@3A

����� @>A�� @	��


@�B

�
�

R(f�lZFXND;|GS® � ;:]�PW9kV.PWCDf�JDf�PZ^ fT^ZJLP��8fw^XEWNLKI]�6XPGfw]�;�C

@>A

@�B

@CB

@3A

R�fTlWFYNL;
@�®&+U;�VXEWNDEGJLfTPW^ PG��y";1fTlW6ZJDC�EW^X[ ]�68PGfw]�;:C

: « JD68fwND[ JDN�EG^YCR��PZND9kEgJDf�PZ^ ;
�%Pg�"JD68;�^8;�J}[X;�]�PZ9kVYPZCL;:C>J�68;�]�68PGfw]�;:C4fT^ZJLP��8fw^XEGNDK ]�68PWfT]1;�C}�ZK-NL;:V8SwEG]�fw^8l	f�J�C\]�68PGfw]�;
V8SwEG]�;\�ZKIEk�8fw^XEGNDK J�NL;�;G��5�68;}JDN�EG^YCR��PZND9kEgJDf�PZ^ fwC�[8fwCDVXSTEsKW;�[ fw^?R(f�lZFXNL;�G.�

: 5�68; SwEGCDJ�JDN�EG^YCR��PZND9kEgJDf�PZ^�;
� JD6YEgJ�y";IV.;�NL��PWN�9 PZ^ JD68; M(;�JDNDf"^8;�J�fwC�JDP-CL;:VXEGN�EgJD;�yO;�f�lZ6ZJL;�[ EWND]�C�EG^X[�]�6XPGfw]�;�C��
5�68fwC�]1EG^��.;�[8PW^X;}�ZK STP8]1EGS�JDN�EG^XCL��PWN�9kEgJLfTPW^YC"EGJ�JD68;�^8;�J�S�;�~G;�S¶x8fTS�SwFXCDJDN�EgJD;�[ �WKNR(f�lZFXNL;�@8�

« ��JL;�N�EGVXVXS�KUfw^8l JD68;:CL;�J�NDEW^XCL��PWN�9%EGJLfTPW^XC4y�68;:^8;1~W;�N�V.PWC�CDfT�8ST;Gx�yO;�PZ�8JDEGfT^ E�R �&%B;1J�FY^X[8;�N?��0��	�����x��0�2S����mni%� 5�6XfTC�^X;1J
6XEWC�JD6X;�C�EG9%;��Y;:6XEs~Uf�PZN�EGC�J�68;�PZNLfTlGfw^XEgS ^X;1J1� v ^�J�68;\��PGSTSTPzy�fT^8l.xXy";\y�f�STS�EGS�y�EsK8C�]�PW^YCLfw[8;�N�^X;1JDC>FX^X[8;:N�J�68;1fwN�]1EW^8PW^XfT]�EgS
��PZND9 y�f�J�68PWF8J�;1H8VXS�fw]�fTJ�9%;�^ZJLfTPW^ Pg��f�J��
%>PGJL;BJD6XEGJ�fw^ ]1EW^8PW^8fw]1EGSY^8;�JDC�xZ^8PZ^�FX^8fTJ�y";1fTlW6ZJDC�EGND;�PW^8STKkCLfTJDFXEGJL;:[kPW^ )DCLfw9kV8S�;>EGN�]1C +°xWJD6XEGJ�fTCOPW^�EWND]�C(�ªNDPW9 E�CLfw^8lWS�;

PZF8JDVXFXJ�V8STEW]�;\JDPkEkCDfT^XlGST;4fw^XVXFXJ�JDN�EG^XCDf�JDf�PZ^��

� � ��� �����
���������}�������I


��;1J�� �Y;�EkJDfT9%;�[ M(;1J�NLf ^X;1J1�B  ;}y�fTS�S�EWCDC�FX9%;}JD6XEGJ���fwC�FX^Y[8;�N�]�EG^8PZ^8fT]�EgS0��PWN�9 �
v ^�� yO;\VXEWNLJDf�JDf�PZ^IJ�68;�CL;�J�Pg��JDN�EG^XCDf�JDf�PZ^XC�fw^WJDPkJ yOP�CD;1JDC:®
:�� fTC�J�68;�CL;�J�Pg�(EgSTS JDN�EG^XCDfTJLfTPW^XC"y�fTJD6�CL;�~G;:NDEGS0fw^XVXFXJ�V8STEW]�;:C
:�� fTC�J�68;�CD;1JPz�� � xXJ�68;�CL;�J�Pg�hEgSTS�JDN�EG^XCDf�JDf�PZ^XC�y�fTJD6 PW^8STK PZ^8;}fT^XVYF8J�V8SwEG]�;W�
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Z	��[]\_^ p ^ª�	\���� q � ��p ^x\	��
 � \ tgp ^��o\
���hm9��i¥�!�D��m9�����t�����

����������	���1Ã�Ä��3�����	���&����m���06�n�jm9�����!���D�Juo2�03���8���8cB�|�6���B�	�_����m
������mn¬E�tm90���
n���!�x���N� £��o¡����!�D�&�����	���!�x�����N±���¬��

� Å � �D<s�

² Å ������ � ? Ó"!$#&%�')( �+*,� ±$-{�v ¡ �Dy=��� .�/ ��aW�

���OcB��m=��
��0�N±�v!²]���3������

�x���
�S��ij�=��m
�����e��������
|
������&���E�!m90��s
n���t�x�����F0�������ml²³���������s
���0����������e��m9���|u	2�06����¡��s4�N±>fwC���0���m�y�NDf�JD;�C
ÉMÊMË� Í
Î �N±�v!²]� § Ñ /

v ^ �"5�M�%�xXJD68;�NDPWFXJLfw^8l%�ªFX^X]�JDf�PZ^1� fwC�ND;�V8SwEG]1;�[I�ZK	JD68;2�&2�����m�
43 ± �
  ;\[8; �.^X;>��PZN�;1~W;�NDK%J�NDEW^XCDf�JDf�PZ^��UxXJ�68;\]�PU;65 ]�fT;�^ZJ23 ± J�6XEgJ�lGfT~G;:C"JD68;\VXNDPWV.PWNDJLfTPW^IPg�hC0F8fT[ [8fwNL;:]�JD;�[	JLPkJDN�EG^XCDfTJLfTPW^��

[8fT~UfT[X;�[��ZK JD68;\y";1fTlW6ZJ�PW^ EGN�] ¡ �Dy=�U�
  ;�CDEsK�J�6XEgJ�3 fTC"�ªEGfTN�f�� 7

� £.zPy23S±�¦8 ¨ /
�"5�M�% ]1EW^ EgSwCDP �Y; ~Uf�;�yO;:[ EGC EGVYVXNLPsH8fw9kEgJLfTPW^YC�Pg��[8fwC�]1ND;1JL; CLK8CDJL;:9%C�� v �RxBfw^ JD6X; [8fwC�]1ND;1JL; ]1EGCD;GxBJD68; NLPZF8JLfw^8l

�ªFX^Y]�JLfTPW^ fTC�;�NDlGP8[8fw]gx"���x4��*4-��PWN�EGS�S��g£Az
y9É<ÊpË � Í
Î:9 ' ( ; *; ;�H8fwCLJ�C ��^8PGJD;�[=<�±��D�°xhJ�68;�^�J�68;?>1���x�g0�u6uSm9�A@3��ij0��t�x��� Pg��J�68;
5�M�% fTC�JD68; �"5�MB% y�f�J�6�JD68;�CDEW9�;\JDPWV.PGSTPGlWKIEG^X[�y�fTJD6 E �.S�JD;�N�3 ± § < ± ��PWNBEgSTS JDN�EG^XCDfTJLfTPW^��U� v ^�J�6XEgJB]�EGCD;GxXJ�68;�C.FXfT[
EWVXVXNDPsHUfw9kEgJDf�PZ^ VXNDPz~Zfw[8;:C>EW^-FXVXV.;�N\�.PWFY^X[ ��PZN4JD68;�[8fwCD]�NL;�JL;k�Y;:6XEs~Uf�PZN '�K4EGFzQLEgS�x <�cWcGiGE:)���5�68;�ND;1SwEgJDf�PZ^XC>�.;1J y";1;:^-J�68;
C.FXfT[�EGVYVXNLPsH8fw9kEgJLfTPW^	EG^X[	fTJDC�[8fwC�]1ND;1JL;\]1PWFX^ZJL;:NDVYEGNDJOy�fTS�S�EgSwCLPk�Y;}�ªFYNLJ�68;�N�[XfTC�]1FXC�CD;�[	fT^CB�@%EW^X[DB°iX�
.�ºe¹ �g½B¾�Á&¿�� � �
R.PWNBE JDN�EG^XCDf�JDf�PZ^Q�kfT^ � x.ST;1JFE ± v!È=��[8;�^8PWJL;�J�68;?���������e��m�EGC�CDPU]1fTEGJL;:[	y�fTJD6O��EgJ�JDfT9%; È°�GE ± v!È=�OfwC�J�68;�^UFX9��Y;:N�PG��JLfw9�;:C
J�NDEW^XCLfTJLfTPW^�� 6XEGC%CLJ�EGNDJL;:[ �.NLfw^8l FXV JDP-JLfw9%;NÈ°�´+Zfw9�fTSwEGNDS�KWx(��PWN%E JDN�EG^YCLfTJLfTPW^L�L£ � x(JD6X; ]1PWFX^ZJL;:N�EGJ�JLfw9%;?È}y�fTSTS��.;
[8;:^8PGJD;�[DH ± v!È=�D�
  ;%C�6XEGS�S(]�PZ^XCLfw[8;:N�JD6X;%]�EGCD;�y�68;:^ �.NDfT^XlIJLfw9%;�C}EGND;�EGS�Sh]�PZ^XCDJDEG^ZJ�x0V.PWCDf�JDf�~W;Gx�EG^Y[ fw^WJD;1lW;�NB9�F8STJLfwV8S�;:C4Pg�OE	]�PW9k9%PW^

^UFX9��Y;:N1xXy�6XfT]�6	y�f�STS��.;\JDEW|g;�^	;��UFXEGS�JLP�Ó}y�f�J�68PWFXJ�S�PZCDC�PG��lW;�^8;:NDEGS�fTJ KG�
  ;-]1EW^ ^8Pzy�lWf�~W; JD68; [8K8^XEG9%fw]�;��UFXEgJDf�PZ^XC C�EgJDfTC"�Y;�[ �ZK E 5�M�%��"5�68;�CD; ;��UFXEGJLfTPW^XC 6YEs~G; �.;1;�^ ;:CLJ�EG�8STfwCD68;:[+fT^

' I�EG]1]1;1STS�fB���J0�2�4Tx <:cGcWi*) ��PWN�PZND[8fw^XEWNLK ^8;�JDC�EW^X[ ]1EG^ �.;\;�H8JL;:^X[8;�[ JDP%J�68;\y";1fTlW6ZJL;:[	]�EGCD;G�IKJ �U� q � �MLN
OQPSRUTWV�XYR[ZY\^]`_"RaZcb)bAdfe[ghV,i,]"O�bkj0l�]"TGZcmnmªÐH£poajqV�XYRsr6]tdcOQV�i+OSup_vRvr&Vw]cT$b
¢&Ejv�Ð	�9yUH�v�Ð	� © b)ZxV,i b$lnyzV�XYR[l�]"mnm,]`{|i OSu}Rv_"]vm~d�V,i,]"ORv�td`Z�V,i,]"O�� EEvtÐ	� §�¨ y�H
vtÐ	� §�¨ y 7
Ð�� ¨ y �t"Z�ZfOQP�jYl�]cTlÐ�� ¨ j E�vtÐ	� § �� � � ? v�� �t� EEv�Ð ��<e���=� ��� H
vtÐ ��<��9� �!GU�

H
vtÐ	� § ��� �� � � ? v!� �
� H
vtÐ ��<��	¶,� �	� E�vtÐ ��<����	¶z�F� / ��@W���O�V�Xti+bFRv_v]"mwdxV,i,]"ODR&��dfZxV,i,]"OQjhv�� y � ��TURUb�g�Rvr&V�i�_"R�m�y�PSRUO�]tVwRFe�ZxV�T$i���g�T�]�PYdtr&V�bGZcOQP�ZSPxPfiwV�i�]cO�b�i O�V�XYR�vtË�Ê+��yn¶P��b�R6esi ��T�i OSu  b�RAR�¡£¢¤ZSrArURUmnm+i�;1J�EGS¶�nj�¥c¦`¦&§�¨�©6jª{«X�RUTUR6Zcb�ve¶ y � �¬PSR6OY]tV~R­V�XYRsb�Zce�RW]Ag	RUT�Z�V�i�]cO�b�\td�V�i O®V�XYR�r6]"O�_vR6O�V�i�]cOxZ"m«Zcm�u�Rc\"T�Z�¯}°hXYRe�Z�V�T�i�rUR6badcbUR&P�i+OpV�X�RFT�Rvr&dcT)T�R6OQrURFR&��dfZxV,i,]"O�b2ZfT�RaPSR6±�OYR&P�l�TU]"e�V�XYRGOYRcV|bAV�TAdSrvV�dcTURFZcb¤l�]"mnm,]`{«bA�
: °hXYR�² � ² � ² � ²�e�ZxV�T$i��}� � i b¬PSRU±xOYR&PC\6yD� �

v!�Dy=�"³!� §µ´ jYi l4V�XYR¬±�T$i OSu�V,i e�R[]"l]�"³_£ � i+bF<~jQZfOQPDV�XYR6T�RGi bGZWbURUT$i�Z"mgYm�ZSrUR?\SR"V~{«RkRUON� ³ £ � ZfOQP��^j0{|i~V�XN}�~A��eWZfT$¶^i OSu�Rv��dfZ"m|Vw] ´C·t¸ v § Ñ �ª]tV�X�RUTA{|i+bUR"¯	��l�V�XYRUTUR�ZfT�R2e�]"TURaV�XYZcO¹]"OYRb�R6T�i�Z"mYgYm�ZSr6RUb[\SR"V~{«RkR6O?� ³ ZcOQPj�^j�{«RKVwZc¶SR�ºaR&��dfZcm«Vw]­V�XYRFesi+Oti e�dfe»]"l4V�X�R�i TJ}�~A��eWZfT$¶^i OSu^b&¯
DFE_â�DHG
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: °hXYR?² � ² � ² � ²^eWZxV�T$i���� � i bFPSRU±xOYR&PD\6y1� �
vt�Dy9� ³ � § ´ jti+lªV�XYRG±�T$i OSu}V�i+e�R¬]"lh� ³ £ � i b¤<~jxZcOqPsi l�V�XYRUTUR¤i b¤ZKbURUT$i�Z"mgYm�ZSrURs\SR"V~{«RkR6ON� ³ £ � ZfOQP�� £ � j�{|i~V�X�} ~ ��e�ZcT)¶^i+OSu�R&��dfZcm«Vw] ´C·Y¸ ]tV�XYRUTA{|i b�Rc¯

: °hXYR?² � ² � ² � ²`e�Z�V�T$in�j� � i bGPSRU±xOYR&P¹\Uy�� �
v!�Dy=� ³ � § {�vt� ³ y:v!� ³ �e¡���jti l�V�XYR2±xT�i OSu­V�i+e�RF]"l�� ³ £ � i b4<
ZcOQPj¡���£gv!� ³ �e¡ ·

¨ ]tV�X�RUTA{|i+bUR"¯
: °hXYRa² � ² � ² � ²ve�Z�V�T�in��� � i b¤PtRU±�OYRvP1\6yj� �

vt�Dy9� ³ � § {�vt� ³ y�v!� ³ �e¡��$j^i lhV�XYR�±xT�i OSu�V,i e�R2]"lo� ³ £ � i bª<qZfOQP ¡���£gv!� ³ �e¡ ·
¨ ]tV�X�RUTA{|i+bUR"¯

: � i b�Z}² � ²�_vRvr&Vw]cT¤ZcOQP��|± § } ~ vt���)¯
: ��]cT2Z"m+m|_vR&rvVw]cT$b2]"l	i O�V~R)u�RUT)b¤Hajt�Ov�H��«i baV�XYR?_"R&rvVw]"T�]cl0i OQVwR)u�RUT)bA��Ov�H�� § v,� ?�v~H ?*�9y /k/A/ y��N±�v�H�±���� /

k�m=�:����4B5�68;:CL;O;��UFXEGJLfTPW^XC�EGND;�PW�8J�Egfw^8;�[�fT^�EBy"EsK>y�68fw]�6\fTC�CDfT9%fTSTEWN JLP>JD6XEGJ�FYCL;:[}��PWN�;�CDJDEG�XS�fwCD6XfT^8lBJD68;";1~WPGSwF8JLfTPW^};:�ZFYEgJLfTPW^
��PZNBPZND[8fw^XEWNLK ^8;1J�CBfw^´' I�EW]1]1;1STS�fB���1032�4Tx�<:cGcGi*)���R.PWNBfT^XCDJDEW^X]�;Wx.J�68;�^UFX9��Y;:NBPG� �.NLfw^8lZC�fw^8f�JDfTEGJL;:[-�ZK	J�NDEW^XCDf�JDf�PZ^Q�E£ � EgJ
JDfT9%;?Ð ]1EG^Y^8PGJ�;1HX]�;1;:[ JD68; 9%fT^8fw9�FY9!PG��JD68;	^ZFY9��.;�N�Pg��JLPZ|g;�^YC�EGN�NDf�~W;�[ fT^�J�68;	VXSTEW]�;�C�Pg��¡:���WK JDfT9%;?Ð�x�y�6XfT]�6 fwC
;1H8EW]�JDS�K �� � � ? vw� ��� EEvtÐ ��<����z� ��� H�v�Ð ��<e��� ± /
R0FXNLJ�68;�N�9%PWND;Gx^E ± vtÐ	��fwC�;:�UFXEgSXJDP�JD6XfTCO�ZFYEG^ZJLfTJ K%�.;�]�EGFXCD;�JDN�EG^YCLfTJLfTPW^XC�EGND;�EGC�CDFX9%;:[�JDP �.ND;BEGC�CLPUPW^kEWChJD68;�K%EWNL;�;:^XEG�XS�;:[��
5�P	PZ�8JDEGfT^O>��UFXEgJDf�PZ^ ��@W�°x�J�68;k|g;1K�PZ�XCL;:NL~zEGJLfTPW^ fwC4JD6XEGJ1x [XF8;%JLP PWFYN>VXND;1STfw9�fw^XEWNLK EGC�C�FX9kV8JLfTPW^�x�E	JDN�EG^XCDfTJLfTPW^F��y�6XfT]�6
�.;1STPW^8lZC�JDP � 6YEGC"EgJO9%PZCLJ�PZ^8;Bfw^XVXFXJOEGN�]gxZy�68fw]�6 EgSTSTPzy�C�FXCOJLP�y�NDfTJL;���@W��xZEW^X[ CDP�JD68;}^UFX9��.;�N�Pg� �.NDfw^8lWC�f�JOfT^8fTJLfwEgJD;�C"�ZK
JDfT9%;PÐ	fTC�CDfw9%VXS�K J�68;�� � ± ! �YS�JD;�NDfT^Xl �8Pg��JD68;\JDPGJ�EgS ^UFX9��.;�N�Pg��EWNDNDfT~sEGSTC�� Ä v�Ð	��fT^ZJDPkVXSTEW]�;J� § ¡1�UxYFXV JLPkJDfT9%;PÐ�xXJ�6XEgJ�fwC

� Ä v�Ð	� § � �� � � ? v�� �	� H
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« CB��PZN>E �"5�M�%�x0J�68;�]�PZFX^ZJL;�N�CBEWNL;%[8; �0^8;�[ CLfw9%f�SwEGNDS�KW� v �&��£ � �¶ND;�C�V��
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LvxÕ�y9Õ9� § 3 � y
LvxÕ�y
�s� § ¨ v��F¦§ Õ=� /
%>Pzy\x8JD68;�]1PWFX^ZJL;:N�;1~WPGSwF8JLfTPW^I;��UFXEgJDf�PZ^IPG�(E��"5�M�% EWNL;6®
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« C���PZN��"5�M�%�x(JD6X; JDPGJ�EgS �.NDfT^8l ;��UFXEGJLfTPW^�fwCkCLfw9%f�SwEGN�� ��;�J � ���
�§ ��v Ñ �}EW^X[�� � �
�§ �jv Ñ �\[8;:^8PGJD;	J�68;�~G;�]1JLPZNDC]1PWFX^ZJLfw^8lkJD6X;\JLPGJ�EgS ^UFX9��Y;:N�Pg���.NLfw^8lZC�Pg�(JD68;}JDN�EG^YCLfTJLfTPW^XC��
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�Q£F¡��UxXJD68;�^ZFY9��.;�N�Pg�(JLPZ|g;:^XC�VXND;�CD;�^ZJ�fT^���EG^X[gm9���������E����cB0�m9��
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v ^.' I�EW]1]1;1STS�f�����032�4Tx�<:cGcGi*) J�68;}��PGSTSTPzy�fT^8l�ND;�C�F8STJ"fwC�VXNDPz~G;:[��
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���2 ���!�x���g��� �)����0��t�x����
j������rn�����j�p
�v Ñ y Ñ �n4
5�68fwC�9�;:EG^XC�JD6YEgJ�S�fT~G;:^8;�C�C PG�YEBNDPWF8JD;�[�^8;�J�]�EG^��.;O]�6X;�]�|g;:[}PW^\J�68;"JLPGJ�EgSU^UFX9��.;�N�Pg� �.NDfw^8lB;:�ZFYEgJLfTPW^YC1� « ^�EGS�lWPWNDf�J�6X9

JDP ]�68;�]�|kSTf�~W;�^8;:CDC��YEGCD;�[	PW^	JD68fwC�VXNDPWV.;�NDJ K fwC�[8;1~W;1STPWV.;�[	fT^.' I�EW]1]1;1STS�f EW^X[�K4EWFsQLEgS�x <:cGcGi*)��
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R(fTlWFXND;\bs® « ^8PZ^ !�STfT~G;}]�PW^ZJDfT^UF8PZFXC�^8;1J�y�fTJD6�^8P�[8;:EG[8STP8]�|

��� � � r�� b cB��������������kl���!mn�B�	���&cª���!�?m=�����t�����N�p
P2������P� ��0��o�N���S2�¬E� �B����m�032�26��0���m
m9�����!���D�������o���t�x�����F�B�!�D� i�������ij0�2

���2 ���!�x���g��� �)����0��t�x����
j������rn�����j�p
�v Ñ y Ñ �n4
k�m=�:����4B5�68; VYNLPUPg�OfTC\CDfT9%fTSTEWN}JLP�JD6X;kVYNLPUPg�"Pg����;�9k9kE�iX����;�J � �.;�E NDPWFXJL;�[ M(;1J�NLf�^8;�J�FX^X[8;:N\]1EW^8PW^8fw]1EGS���PWN�9 EG^X[
C�FXVXV.PWCD;BJ�6XEgJ"CLPZ9�;��ªEgfwN«�-xZJD6X;49%fw^8fT9�FX9 CLPWSTFXJLfTPW^�� § vwEByUH���fTC"^8PGJOfT^ �.^8fTJL;G����;1J"FXCOEWCDC�FX9%;�J�6XEgJ�� ?�y�� � y:Ö�Ö:Ö�y����
EWNL;�JD6X; �0^8f�JD;�;1ST;�9%;�^ZJ�C(Pg��� �]+ZP.xz��PWN(J�68fwCh;1~WPGSwF8JLfTPW^�Pg�.J�68;�^8;�J1xGJ�68;�JDN�EG^YCLfTJLfTPW^XC�PG�
	k]�PWN�ND;�C�VYPZ^X[8fw^8l>JDP�¢�� ?*y�Ö:Ö�Ö�y���� ©
�.ND;}E �.^8fTJL;}^UFX9��.;�N"PG� JLfw9�;:C1xU��PZNOEW^ZK%JDfT9%;:[ ;1~WPGSwF8JLfTPW^ Pg� JD6X;4^8;�J1����;1J�FXCO]�6XPWCD;>CDPW9%;>V.PWCDf�JDf�~W;B~zEgSwF8;:C���PZN�J�68;��.NLfw^8l
JDfT9%;�C>Pg��J�68;�J�NDEW^XCDf�JDf�PZ^XC1x0EG^X[�ST;1J�
 ~ �.;�JD6X;�;�V.P8]�6�y�68;�^-EgSTS�JD6X;�JDN�EG^YCLfTJLfTPW^XCBPg��	 CDJLPZV �.NLfw^8l fw^ J�68;�]1PWN�NL;:CDV.PW^X[XfT^8l
JDfT9%;�[�;�~GPWSTF8JDf�PZ^ PG��J�68;�^8;1J��&+ZPkyO;\6XEs~W;�� � v��_� § � � x8��PWN�EGS�S ¨�� Õ � 3�EG^X[��¹��
 ~ ����;1Jl� � £�	��

: v �8� � £ � xUJD68;:^��WKk�ªEGfTN�^8;:CDC"Pg�	�-x8JD6X;}VXSTEW]�;�� � § ¡�� � NL;:]�;1fT~G;:C�E �.^Xf�JD;}^UFX9��Y;:N�Pg��JLPW|G;�^XC�[XFYNLfw^8l%JD68;};1~WPGSwF8JLfTPW^
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�?�vxÕ=�	¶ÆÓ\EW^X[�� � £j�	¡g�
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Unité de recherche INRIA Sophia-Antipolis, 2004 route des Lucioles, BP 93, 06902 SOPHIA-ANTIPOLIS Cedex
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