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| _8� lws3lwrQloTW_ml¶eDTWrhlmP9sL�ic�ehgieQr��XtV(XSpk_wX�eG¨©Xts ¤XtrQOhXte�q3OBvXteQXtsirBvXtXte��{lmRScBOQX��LeQPSsir1T ��ah�^vXtXteL�T"_8�hvX�aDODTWs �k�8_ X�ehr
TW_mPSOQe�qkPSeQehlmjB_mX��iX�aDOBvXtXtOGP9c��iX�ah�kTWOhR9XtOGc3s�V(PB� �Xt_mX1�iX�qBOQPBaDXteheQcBe��

�fPSOQeUn9cBXSp3Xts�_8� T`jBehX�s?aDX��f� P9jSxDXtr^aDPScBODTWsir �
� _8� T9aDrhlmP9s ½ � � 	B» � Xtehr�lmsi�SPBn9c^vXtXSp�_mXte�nSckTWrhOQX²aDP9sBehrQlwrQc?TWsirQe�RvXtPSV�vXtrhOQlonSc3XteL�f� cBs�V(P¡�f�Xt_mX�¡X
qBOhPBaDX�ehehc3e[T`qBq?T`OUTWlmeQehXtsir1�3TWsBe^_oT[¨¯Xts ¤XtrQOhX R XtrGaDXt_mcBl zhaDl¢�¡Xt�ilwX�sMr^P9jSxDXtrGaDP9cBOUT`sir�®:aU¨µ�k�QNS°tp

� _8� T9aDrhlmP9s ¾ ¹�	��<X�ehrGlmsi�SPBn9c^vXtX9pBcBs�VLX�sMc��IvXtOQPScB_oTWsirGT`qBq?TWODT�¤ Kmr�piqkXtOQVLXtrQrUTWsir"�T�_:� cBrQlm_wlmeDTWrhX�cBO§�¡X
aQ�BPSlmehlmOIXtsirhOQX[�¡Xte³fah�3lwX�OheG�iXur8gMqkXGR9OUT`qB�Blon9cBX�®Ñ³ aQ�BlmXtOhe^qBOBvX�akvX��¡XtVLV(Xtsir�aDOBvX�XteGeQPScBeI_8�hvX5�ilmrhXtcBO
RSODTWqB�Blon9cBX�°�PSc��iXteI³ aQ�BlmXtOQeG�iX�r8giq?X�rhXd£¡rQX�® ³ aQ�BlmXtOQeGaDPSsirQXts?TWsirG�ic(ehP9cBOUaDX��ilmRSs?T`_b° �WXtsBeQcBlmrhX
cBs ¦9jBOhP
�^eQXtOh¦K®¯P9c!¨¯X�s´¤XtrhOQX��iXLeBvXt_mX�aDrhlmP9s¬�¡X"³ aQ�BlmXtOQeU°�XteQrLT ��aQ�^vX��T_:�QvX�adOUTWs ® �{lmRScBOQX1P9°�Xtr
_8� c3rhlm_mlweDTWrQXtcBOIq?Xtc3rGTW_mPSOQe§aQ�BP9lweQlmO�cBs(³ aQ�BlmXtO5piVLPB�il ³?XtO�_wXu³?_mrQOhXGP9c�TWsBsicB_mXtOI_8� T9aDrhlmP9s �B®8aQ¨ N3�m��°tp

� cBsBX�T9aDrhlmP9s��il �1vXtOhXtsirQX¥�iX�eG�iXtci£�qBOBvX�akvX��iX�sMrQXte�XtehrulmsM�9PBnSc^vXtXSpBX�_w_mXuOhXteQrhX�eUTWs3e^XD� X�r��
����TSaDrQlwP9s � 	 5 � qkXtcBr�¤XtrhOQX�lmsi�SPBn9c^vXtXL�T�rhPSc3rGVLP9V"Xtsir��Sª�s�VLX�sMc��IvXtOQPScB_oTWsir^qkXtOhV(XtrG�iX�aQ�BPSlmeQlwO

XtsirhOhX �
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�{lmRSc3OhX;P �@_mX�jBOQP
�^ehXtO

� cBsBX�eDTWcB�9XtRMT`OU�iX�aDP9VLqB_8�XtrQX��icLqBOQPSR9OUTWV(VLX^eQPScBeI¨¯P9OhV(XGRSODTWqB�3lbn9cBX9p
� cBsBX�eUT`cB�SX�RMTWOD�iX��ic�VLPB�f�Xt_mXGaDP9cBOUT`sir�®:aW� XteQr8z��T5zh�ilmOhX�_mX1V(PB� �Xt_mXG�iX�qBOhPBaDX�ehehc3e1_mXuqB_mcBe�lmsirhX�OhsBX
n9cBl¢aDP9sirhlmXtsir^_8� P9jSxDXtr^aDPSc3OUTWsirD°IehPSc3e^¨¯P9OhVLX^R9OUT`qB�Blon9cBXSp

� cBsBX�eDTWcB�9XtRMT`OU�iX�aDP9VLqB_8�XtrQX�ehPSc3eI¨¯PSOQVLX^rhXd£¡rQcBXt_m_mX"®¯eQPScBODaDX��ilmR9s?TW_o°tp
� cBsBX�eDTWcB�9XtRMT`OU�iX��ic�V(P¡�f�Xt_mX1aDP9cBOUT`sMr^eQPScBe�¨¯PSOQVLX^rQXD£BrhcBXt_m_mXS�
\IP9VLV(Xq?P9cBO^_mX1aQ�?T`OhRSX�VLXtsir�p9cBs(¦SjBOQP
�^ehXtOQ¦LTWqBq?T`OUT5¤ Kwr��T�_8�hvX�aDODTWs�XtrI_:� cBrQlm_wlmeDTWrhX�cBOqkXtcBrGaQ�BPSlmeQlwO

_wXusBPSV �f� cBs�³ aQ�BlmXtO�p3PSc�TWsBsicB_mXtO^_8��TSadrhlmPSs �
��� lwsi�9P¡a�TWrhlmP9s[�¡X^_:��T9aDrhlmPSs ½ ¹ � F�$ ¾¯� qBOhPW�9P¡n9cBXI_8��TWqBq?T`OhlmrhlmP9s[�´� c3s�V(Xtsic��IvXtOQPScB_oTWsirn9cBliq?X�OhVLX�r�p

ehPSlmr^�iX�aDPSV(qBlm_mXtO_mXGqBOQPSR9OUTWV(VLXIrhP9cBr�X�sMrQlmXtO�p3ehPSlmr^�iX�aDPSV(qBlm_mXtO_mXGV(P¡�f�Xt_mX1�iX�qBOQP¡adXteheQcBe1aDP9cBOUT`sir�p
ehPSlmr�iXGaQ�BP9lweQlmO¢_mXte�PSqBrQlwP9sBe�iXGaDP9VLqBlm_oTWrQlwP9s �D|G�ST`sirµ�´� T`qBqkXt_mXtO_mX§adPSVLq3lw_oT`rhXtcBO5p5lw_3Xtehrs^vX�aDXteQeUTWlmOQX[�¡X
eUTWc3�SXtRiTWOU�¡XtO�_mXuqBOhP9RSOUT`VLV(XehP9cBe�c3sBXu¨¯PSOQVLXIrhXD£BrhX�cBrQlm_wlmeDTWjB_mXIq?TWOI_mX1aDP9VLqBlm_oTWrQXtcBO��9ª^sL¦9jBOhP
�^eQXtOh¦
q?XtOQVLXtrG�¡X�aQ�BPSlmehlmOu_wX�sBPSV �ic(³ aQ�BlmXtO��iX�eDTWcB�9XtRMT`OU�iX��kcBsBX�ehX�aDP9s?�iX�¨¯Xts ¤X�rhOhX�XteQr1c3rhlm_mlweBvXtXSp3e�� lm_ g�T
_wlmXtc{piq?P9cBOI¨¯PSc3OhsBlmO^_mXteGqkTWOUT`V²�XtrQOhXteG�¡X�aDPSV(qBlm_oTWrhlmP9s �W� T�rhODTS�ickaDrhlmPSs<�f� cBs�qBOhP9RSOUT`VLV(X�R9OUTWq3�BlonSc3X
Xts�c3s"qBOhP9RSOUT`VLV(X¢rQXD£BrhcBX�_?XteQr��IvX�adOhlmrhXuXts�PB��YB�W�´XteOBvX�ehcB_mrUT`rhe^�iX^_oTGaDP9VLqBlm_oTWrQlmPSs�ehP9sMrµ¨¯PScBOQsBlme�BTWsBe
cBsBX�TWcBrQOhXu¨¯Xts ¤XtrhOQXL® � lmR9cBOhX;<S°��
�´X1aQ�BP9l¶£��¡Xte�P9qBrhlmP9sBe�eQXu¨:TWlmr@q?TWOI_8� lwsirQXtOhV�vX��iloTWlmOhX^�f� cBsBX�¨¯Xts ¤X�rhOhX�aDPSV(q?P9eBvXtX��iXGjkPScBrQPSsBeI¦SrQPScBr

PScLOQlmXtsB¦LaDP9OhOhX�ehqkPSs?�BT`sir¥�T�_8� XtsBehX�V"jB_mXG�iXteGP9qBrhlmP9sBe^q?P9eheQlwj3_wX�e�® �{lmRScBOQX >9°t�B�´XteGP9qBrhlmPSs3e^eBvXt_mX�aDrQlmPSsiz
s§vXtXteuehPSsirGaDX�_w_mXteG�¡PSsir^_mX1jkPSc3rhPSs�T`ehehPBaDl5vX�XteQrGsBP9lwO5�
N{P9cBO§adPSsBs?T5¤ KmrhOhXu_oT�ehlmRSs3l¶³fatTWrQlwP9s¥�¡XteG�il �1vX�OhXtsirhX�eGPSq3rhlmPSsBeI�ic�aDP9VLqBlm_oTWrQXtcBO5pSaDPSs3ehcB_mrhX�O�_8��TWsBs3XD£BX

| �icLV�TWsicBXt_ �i�h���^|1� ® � � �Ñ°��

� T��IvX�ehlmRSs?T`rhlmPSsL�¡c"j?P9cBrhP9s � �B�t� »G�IvX�rhOhc3lwrI_8��TWOhj3OhXGaDP9VLqB_mXtrX�r�XD�fX�aDrQcBX�cBsBXuOBvXtlmsBlmrhloT`_wlmeDTWrhlmP9s�RvXts^vXDz
OUTW_mXS�Bª�sBX�aDPSs¡³?OhV�TWrhlmP9sLXteQrG�iXtV�T`s?�IvXtX9�
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� lmR9cBOhX;< �@_mXte^OBvX�ehcB_mrUT`rhe��iX�aDPSV(qBlm_bT`rhlmPSs

�8_fX�ehrGV(lme@³?s �T�_oT�ehXteQehlmPSs<�f�hvX��ilmrhlmPSs"X�s²�IvXteQlwR9s?TWsirI_mX1jkPSc3rhPSsBH � $©» �icBs�¦9jBOhP
�^eQXtOh¦LT`qBq?TWODT�¤ Kmr�p
q?XtOQVLXtrQrUT`sMr^�f� XD�fX�aDrQcBXtO�cBsBX�eDTWcB�9XtRMT`OU�iX9pBehl{s^vX�aDX�eheUT`lmOhXS�
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� T�¨¯Xts ¤X�rhOhX(rhXD£BrQX�aDP9sMrQlmXtsir1_mX"rQXD£BrhX�T`eheQP¡adl�vX²�T(_8� PSjSxDX�r�aDPSc3OUTWsir�ehl^aDXtr�PSjSxdXtr�XteQr�_8� c3s��iX�e�PSjSxDX�rhe
aDl z¿�iX�ehehP9cBe��k�fX�rQXD£BrhX�X�ehrGq3OBvX�akvX5��vXL�f� cBsLlms?�¡lba�TWrhX�cBOGqBOBvX�aDlmeUT`sirG_oT�a�TWrBvX�RSPSOQlmX�ehgisirUT £¡lon9cBXL�T�_oTSn9cBXt_m_mX
lw_fTWq3q?TWOQrhlmXtsir��k\IXtr^lms?�iloatTWrQXtcBO^qkXtcBr�¤XtrhOQX �

� ������\ �¢e5� lw_ke���T`RSlmr§�´� c3s�lo�iX�sMrQl ³ atTWrQXtcBO
� ���1� R�y\ �i�h����e5� lw_@e5� T`RSlmr��f� cBsBX"_mlmehrQX"PSqBrQlwP9sBsBXt_m_mX"�iXL�IvX�aD_oT`OUTWrQlmPSsBe��¡X"ehlmRSs?T`ci£ ®©XtsirhOBvX�Xte�p
ehP9OhrhlmXte5pk�STWOhloT`jB_mXte�_mPBatT`_wX�e�piq?T`OUTWV²�XtrhOQXteU°��

� ��y N~���\ � e�� lm_fe���TWR9lmr§�f� cBs3X1Xd£¡q3OhXteQehlmPSs²�¡X1q3OhPBaDXteQehcBe5�
� �QR1y�\ �i�h��� e�� lm_fe���T`RSlmr��iX�_oT��IvX�aD_oT`OUTWrQlmPSs��f� cBsLeQlmRSs?T`_ TWeheQPBaDl�vX��T�c3s�qkPSOQr��
� � �h�^}Gy �@e�� lm_?e5� T`RSlmr^�iX�_8� lwsirQXtO8¨:T9aDX1�´� c3s�V(PB� �Xt_mXGP9c��f� cBsBX�XD£BqBOQXteheQlmPSs²�iX�qBOhPBaDXteQehcBe5�

�ilf_8� P9jSxDXtr^aDPSc3OUTWsir^s � XteQrGq?T`e^_8� c3s��iXteuPSjSxDX�rheGaDl zh�iXteheQcBe�pk_oT[¨¯Xts ¤XtrQOhX�s � Xtehr^qkTWe^qBOBvXtehXtsirQX�T�_8�hvX�aDODTWs �
\�� XteQrGq?T`OG_8� lmsMrQXtOhV�vX��iloTWlmOQX1�iX�adXtrhrQX�¨¯X�s´¤XtrhOQXLn9cBX�_8� cBrhlm_mlmeUTWrQXtcBOIq?X�cBr�VLPB�il ³?XtO^_mX�rhXD£BrQX¥T`ehehPBaDl5vX

�T�_8� PSjSxDX�r§aDP9cBOUT`sir�®:aU¨N3� �M°t�
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�{lmRSc3OhX;> � _mXteuPSqBrQlmPSsBe^�iX�aDP9VLqBlm_oTWrQlmPSs
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�fX^jkPScBrQPSs]G �i¾ F�X�ehrIcBs"lms?�iloatTWrQXtcBOjkPiPS_5vXtXts�n9cBl8pW_mPSOheDn9c � lw_3Xtehr��T�T1~�|G�tpWlmsB�3lwjkX^_8��TSaDrQlwP9s¥adPScBODTWsirhX
Xtr�X�s«�IvX�adOhlmr�_mX"V(P¡�¡XL�iX"¨¯P9s?aDrQlwP9sBsBXtV(Xtsir��BT`sBe�cBsBX�¨¯Xts ¤X�rhOhX��iX(VLXteQeUT`RSXte5�¢�´PSOheDn9c � cBsBX�T9aDrhlmP9s
Xtehr��IvXteQlmRSs^vXtX"TW_mP9Ohe1n9cBX"aDXtr�lwsk�iloatTWrQXtcBOGX�ehr��iOUT`l8pB_mX�ehX�cB_XD�fXtr��iX"aDXtrQrhXL�IvX�ehlmRSs?T`rhlmPSs	Xtehr��iP9s?a��¡X
qBOhPB�icBlmOQXG�BTWsBeIcBsBXI¨©Xts ¤XtrQOhX�_mXtelmsi¨¯P9OhV�T`rhlmPSs3e s^vX�adXteheDTWlmOhXte"�TucBrhlm_mlmeUTWrQlmPSs"�iX1aDX�rhrhX�TSaDrQlmPSs �i� T�³?R9cBOhX
��VLP9sMrQOhX�_oT(¨¯Xts ¤X�rhOhX�T ��ah�^vXtXL_mPSOQeUn9cBX"_8� cBrhlm_mlmeUT`rhXtcBO�T��IvXteQlwR9s^vXL_mX"jkPScBrQPSs � �i¾©� » � ®:T5�9X�a]G �i¾ F �T
�MODTWlo°t�

�{lwR9cBOhX�� �@cBsBX�¨©Xts ¤XtrQOhX��f� lmsi¨¯P9OhV�TWrhlmP9s
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��OUT`qB�Blon9cBXtVLX�sMr5pS_mXteuPSjSxDX�rheGV�TWsBlmqBc3_�vX�e�q?T`O^_8�hvX5�ilmrhXtcBOuehP9sMrG�¡X�rhOQPSlme^r8giq?Xte��3_wX�e^j?PW¤ KwrQXte�pk_mXte^qkPSOQrhe
Xtr^_mXte^_mlwX�sBe��
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�fXte^jkP ¤ KmrhX�e^ehPSsir^cBrQlm_wlmeBvXtXteGqkPSc3OGaDPSsBeQrhOQcBlmOhX��iX�eGVLPB�f�X�_wX�e�XtrG�¡XteGXD£BqBOQXteheQlmPSsBe��iX�qBOQP¡adXteheQcBe��
�S�I_mXteGV(P¡�f�Xt_mXte§�¡X1q3OhPBaDXteQehcBe

�{lmRScBOQX"��� �@cBs�VLPB�f�X�_wX��iX�qBOhPBaDX�ehehc3e

y@s�qBOhX�s?TWsir1adPSVLV(X�Xd£¡X�VLqB_mX1adXt_mcBl¢�iX�_oT�� lmR9cBOhX"���3picBs�VLPB�f�Xt_mXG�iX�qBOQPBaDXteheQcBe�vX�rUTWj3_wlmr^cBs3X
�IvXteQlwR9s?TWrQlmPSsLX�sMrQOhXucBsLsBP9V ® 	 P9sBX������ , 3���3 ,�� � 0�� �BT`sBe�_8� XD£BXtV(qB_mX�°{Xtr�c3sBX�XD£BqBOhXte¿z
ehlmPSs��iX��IvXd³?sBlmrhlmPSs��iX�eQlwR9s?TWc¡£�® 	 P9sBX�\��BaDPSOQqBe1�ic�V(P¡�f�Xt_mX�°�vXt�9XtsirhcBXt_m_mXtV(Xtsir^q?TWODTWV�vX�rhOBvX�X �
_mXte"q?TWODTWV²�XtrhOQXte�eQPSsirLTW_mP9Ohe"�BTWsBe�_oT 	 PSsBX�N ® $ " » � * � ��� - ° �@c3s VLPB�f�X�_wX(q?X�cBrLT5�SP9lwO��iXte
ehP9cBe8z8VLPB�f�Xt_mXte��iPSsir�_mXte1�IvX�aD_oTWODTWrhlmP9sBe�ehX�rhOhP9cB�SX�sMr��BT`sBe�_oT 	 PSsBX]R�N ®8�BTWs3eG_8� XD£BXtVLqB_mXSp3lm_ g
T�cBsLeQPScBe¿z:V(PB� �Xt_mXGsBP9VLV�vX ��3 ,�� � 0�� °��Bª^s�VLPB�f�Xt_mX��iXGqBOQPBaDXteheQcBe�Xtehr�TWlmsBeQl?OQXtqBOBvX�ehXtsirBvX
q?TWOGn9c?T`rhOQX�j?PW¤ KmrhXteGaDP9sBsBXD£BXteuXtrGR9OUT`qB�Blon9cBXtVLX�sMrIlmsi�STWOhloT`sMrQXte��
YB�I_mXteGXD£BqBOQXteheQlmPSsBe��iX�qBOhPBaDXteQehcBe
ª^sBX�XD£BqBOhXteQehlmPSs��iX�qBOQPBaDXteheQcBe�Xtehru_oT�aDP9VLqkPSeQlwrQlmPSs"�iX�ehPSc3e8z8XD£BqBOhXteQehlmPSs3e[n9cBlfqkXtcB�9Xtsir�¤XtrQOhX �
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z�OBvX5aDcBOheQlm�SXtV(Xtsir1�iXte^Xd£¡q3OhXteQehlmPSsBe�R9OUTWq3�BlonSc3Xte�®¯Xts�R9OhlmeBvX��BT`sBeG_oT[³?RScBOQX"�S��°
z§�ic�rhXd£¡rQX�ehlmR9s?TW_@®©Xts�RSOhlmeBvX[�3TWsBeu_bT[³?R9cBOhX"��Y9°

�{lmRSc3OhX"�S���@j?PW¤ KmrhX�RSOQlweBvXtX��Bl5vXtODTWODah�3lweBvXtX
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ª^s qkPSOQr�X�ehr"cBs!qkPSlmsir¥�¡X�aDP9sBsBXD£BlmPSs �T�cBs3XLjkP ¤ KmrhX(ehPSlmr�Xts X�sMrQOBvXtX9p^®:y��^}G~Gy�y PSc±y^���BTWsBe�_oT
³?RScBOQX��5�S°tpieQPSlmrIXts�ehPSOQrhlmX�®8� ��~@}^�hy!P9c��f�1�3TWsBeI_oT�³?R9cBOhX����9°t�i�8_fXteQr^OhXtqBOBvXtehX�sMrBvX�qkTWOIcBs�rhOhloT`sBRS_mX
�TL_8� lmsirBvXtOQlwX�cBO1�iX"_oT(jkP ¤ KmrhX�q?P9cBO�_mXte�qkPSOhrQe��f� XtsirhOBvXtXSp^�T(_:� XD£BrBvXtOhlmXtcBO��iX"_oT"jkP ¤ KmrhX�q?P9cBO�_mXte�qkPSOQrhe��¡X
ehPSOQrhlmXS�iª^s"qkPSOQr�OQXtqBOBvX�ehXtsirhX�cBs"ehlmRSskTW_f�iPSsir_mXte�ST`_mXtcBOhe�ehPSsir^aDPSs3ehPSV(V�vXtX�e¢eQl?X�_w_mXteIehP9sirXtsLX�sMrQOBvXtX9p
qBOhPB�icBlmrQXteehlkXt_m_mXteeQPSsirXts"eQPSOhrQlmXS�Mª�s"q?P9OhrqkXtcBrG¤XtrhOQXG_mPBatTW_¢�T[cBsBX^jkP ¤ KmrhX�®8aDPSV(VLXy^�^XtrI�f�G�BT`sBe_oT
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\IX"rhXD£BrhX(q?X�cBrL¤XtrQOhXLV(PB�il ³�vX¥T`c²V(PWgSXts<�iXL_8�hvX��ilmrhX�cBO��ic!ehgiehr��XtVLX"�@¤PSrhXLT`eheQP¡adl�vX9��ilPSs!OQXtVLP9sirhX
�iX�aDX�r"PSjSxDXtr"aDP9cBOUT`sMr5p@_mXte�V(PB�il ³ atTWrQlmPSsBe�eQPSsir�eUTWs3e�XD�fXtr5��N@TWO"aDPSsirQOhXSp�_wP9OheDnSc{� P9s �IvX�aDlo�iX��iX(_mX
�STW_mlo�iXtO�RSOW¤TSaDX�TWc!jkPScBrQPSs ½ ¹ "�� � � pfaDXLrQXD£BrhX�XteQr¥T`ehehPBaDl5vX!�T�_8� P9jSxDXtr�adPScBODTWsir�X�s!OhXtV(qB_oTSaDXtV(Xtsir
�iX^ehP9sLaDPSsirhX�sMc(qBOBvX5a?vX��iXtsir�®8aDXtrhrQX��STW_mlo�BTWrQlwP9s��IvXtrQOhcBlmODT�_oTGOQXtqBOBvXtehXtsirDTWrhlmP9s�RvXtPSV�vXtrhOQlonSc3XLvXt�9XtsirhcBX�_w_mX
�icLaDPSsirQXtsic?°t�9|GqBO��Xte^�STW_mlo�BT`rhlmPSs�OBvX�cBeheQlwX�®8TWs?T`_wgieQX^ehgisirUT5£Blon9cBXGaDP9OhOhX5aDrhX�°�pB_8� PSjSxDX�r�aDPSc3OUTWsirX�ehr^aDXt_mcBl
nSc3lfehXtODTWlmrGTWrQrhXtlmsir^q?TWO^OQXtVLP9sirBvXtX��ilm_fXteQrGlms?aQ�?TWs3RvX�Xts�atTWe��f�hvX�aQ�BX�aW�

V�� 2 � � 3  F � �B��� $¯¹ " � � � F �W¹ ½`�B������
N P9cBO^TWeheQPBaDlmXtO1�ic�rQXD£BrhXL�T�cBsBX�XD£BqBOQXteheQlwP9s²�iX�qBOQP¡adXteheQcBe�pklm_k¨:TWc3r�gL�iX�eUaDXtsk�iOhXS�{�fX�rhXD£BrQX�XtehrGT`_mPSOhe
T ��aQ�^vX^�BTWsBe@_oTI¨©Xts ¤XtrQOhX^}��SN@TWO ½ ¹ "�� � � pD_mX�rQXD£BrhX^XteQr�TWs?T`_mgMeBvX�X�r¢e5� lw_iXteQrehgisirUT £Blbn9cBX�VLXtsir¢adPSOhOQX�aDr5p
_bTu_mlmehrQX§�iX�e�lo�iXtsirQl¶³fatTWrQXtcBOheIXD£BrhX�OhsBXteG�¡XGaDX^rhXD£BrQXGXteQr§�IvX�rhXtOQVLlms^vXtXS�9�8_Bg�T�TWs?T`_wgieQX§�icLadPSsirhXD£BrQX1T5³ks
�iX1�IvX�rhXtOQVLlmsBXtOI_mXtesBP9VLe��iX�e�XtsirQOBvXtXteuXtrIehPSOQrhlmXteG�iX�e�V(P¡�f�Xt_mXte�TWq3q?Xt_5vXteG�3TWsBe_8� XD£BqBOQXteheQlwP9s �B\I�?T9nSc3X
lb�¡Xtsirhl ³ atT`rhXtcBO^�h�(XteQr1T`_wP9OheIrhP9cBO��T�rhP9cBOGT ��aQ�^vX��BT`sBe^_oT�¨¯X�s´¤XtrhOQX�} XtrG_8� cBrhlm_mlmeUT`rhXtcBOIqkXtcBr��
�S�IehP9lwrG�IvXtehlmRSs3XtO1T5�9X�a�\��B�

� cBs�qkPSlmsirGXts!�iXt�BP9Ohe��¡X�_oT"jkP ¤ KmrQX �f�h��XteQr�TW_mP9OheGc3s²q?T`OUT`V²�XtrQOhX �?lm_@XteQr1lmsBeBvXtOBvXL�3TWsBe�_oT
_wlmeQrhX1�¡Xte^q?TWODTWV²�XtrhOQXte§�¡cLVLPB�f�X�_wX^X�sBRS_mPSjkTWsir��i�ilf�h�LadPSOhOQXtehqkPSsk���T�cBs(ehlmRSs?T`_ �¡X1eQPSOQrhlmXSp
cBsBX�XtOhOQXtcBO�XteQr^XtsBRSX�s?�iOBvX�XS�

� cBs"q?P9Ohr��¡XG_oTuj?PW¤ KwrQX��Wehlk_mX^q?P9OhrIXtehrIcBs"qkPSOQr��f� XtsirhOBvXtX�®©OhXteQq?X�adrhlm�SXtV(Xtsir§�¡XGehP9OhrQlwX5°Xtr�ehl
_wX�sBP9V adPSOhOQXtehqkPSsk�«�T�cBs�ehlmRSs?T`_¢�f� XtsirQOBvXtX(®OhXteQq?X5aDrhlm�SX�VLXtsir��iX�eQPSOhrQlmX�°tpfTW_mP9Ohe^_mX�qkPSOhr
Xtehr^sBP9VLV�vX^�h�fpiehlmsBP9s�c3s�V(XteheDTWR9X1�f� XtOQOhXtcBOuXtehr�T ��aQ�^vXS�

� cBs"q?P9lmsMr�BT`sBe_mX^�?T`_wP��iXG_oTujkP ¤ KmrhXGn9cBlBs{� T`qBq?T`OhrhlmXtsir@q?T`e1�T�cBs"qkPSOQr �WcBs"sBP9cB�SX5TWc"qkPSOhr
XtehrGaDOBvXfvX�Xtr^sBPSV(V�vX^�h�f�

YB�IehP9lwr^�IvXteQlmRSsBXtO^c3s�qkPSlmsir��BT`sBe^_oTu¨¯Xts ¤XtrhOQX�RSODTWqB�Blon9cBX�T5�SX�a�_wXuj?P9cBrhP9s1\�� \ �9_8� lb�¡Xtsirhl ³ atT`rhXtcBO
ehcBlm�ST`sMr^X�ehr^ehP9cBVLlme5�
�B�IehP9lwr��IvX�ehlmRSsBX�O�cBs<qkPSlmsir[�3TWsBe�_oT¥¨¯Xts ¤XtrQOhX(RSOUT`qB�Blon9cBX"T5�SX�a�_mX�j?P9cBrhP9s \��B~ �k_bT(qBOQPBa?vX��icBOQX
�f��TWeQehPBaDloTWrQlwP9sLXteQr1T`OhO�¤X�rBvXtXS�

V�� 2 � ' � �W¹�F � $M�� »¢��B� �7 � " F�¹��W»
�Gs�qkXtcBrGT`rhrhOQlmjBcBXtOucBs�r8gMqkXSp3cBs�sBPSV<pScBs3X1lmsBlmrQlbT`_mlweDTWrQlwP9s�T�c3s�qkPSOQr��
�S�Ilms?�ilm�ilb�¡cBXt_m_mXtVLXtsir �5PSs��iX�eUaDXtsk�"�BTWsBe@_mXqkPSOQr�p5eUT��IvX�ad_bT`OUT`rhlmPSs�adPScBODTWsirhXu®¯eQlMX�_w_mXXd£¡lmeQrhX�°T`qBq?T z
OUT5¤ Kwr^�BT`sBe�_oTu¨©Xts ¤XtrQOhX�}�p9Xtr^_8�hvX��ilmrhXtc3O§�iXurhXD£BrQX�Xts�T`cBrhP9OhlmehXu_oT�V(P¡�¡l¶³fatTWrQlwP9s �W� T��IvXteQlwR9s?TWrQlmPSs
�iX ½ ¹ "�� � � T5�fX�aDrhX�aDXtrhrQX¥�IvX�aD_oTWODTWrhlmP9s�TWc�qkPSOQr^ehl X�_w_mX�XteQr1aDP9OhOhX5aDrhX�ehgisirUT £¡lon9cBXtV(Xtsir��
YB�IRS_mPSjkTW_mXtVLX�sMrfqkTWO@lmsMrQXtO8¨8TSaDX �`q?P9cBOaDXt_oTBpWlm_9¨:T`cBr¢�iX�eUaDXtsk�iOhX��BT`sBe@_bT�_mlweQrhX^�iXteqkPSOQrhe�iX^_oT^jkP ¤ KmrQX
®¯Xts!�IvXteQlmRSs?T`sMr�_oT"jkP ¤ KmrQX�T5�SX�a \���\ p?_oT�rhPSckah�3X¥\I}G~u� �ic!aD_oT5�ilwX�OGXtsi¨©PSs?akvX�X�°��k_oT"_mlmehrhX��iXte
ehlmRSskTWci£��f� XtsirhOBvX�X�Xtru_oT�_mlmehrQX��iXteuehlmRSs?T`ci£�¡X�ehP9OhrhlmX�T`qBq?T`OUTWlmeQehXtsir1�3TWsBe^_oT�¨¯Xts ¤XtrhOQX�} �BX�_w_mXte
q?X�cB�SXtsir�¤XtrhOQX�VLPB�il ³GvXtX�e��B� T��IvXteQlmRSs?T`rhlmPSs��iX ½ ¹ "�� � � T � X5aDrhX�aQ�?T9aDcBsBX��iXteG�IvX�ad_bT`OUT`rhlmPSsBe��T
aQ�?TSn9cBX�q?P9OhruehXt_mPSs	_wX�cBOheuPSOU�¡OhXte�OhX�ehqkX�aDrhl ¨¯e�ehl _mX�s3PSV"jBOQX[�¡X�q?P9OhrQeGXteQr²vX�RMTW_@TWc�s3PSV"jBOQX[�¡X
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�IvX�aD_oT`OUTWrQlmPSsBe �f�BT`sBe�_mX�atTWe��f� lms^vXtRiTW_mlmrBvXSpi_8��TWeQehPBaDloTWrQlmPSs�Xtehr�XD� X5aDrhc^vX�X��IvX�ad_bT`OUT`rhlmPSs�qkTWO1�IvX�aD_oT5z
OUT`rhlmPSs �i_8� PSOD�iOhX��iXteuq?P9OhrQeGXteQrG_mX�ehcBlm�STWsir �?�f��T`j?P9OU�(_mXte^q?P9OhrQe1�f� XtsirhOBvXtX�qBc3lweGadXtci£²�iX�eQPSOhrQlmX
Xtr�q?P9cBO1aQ�?T9aDcBs!�iX�aDX�e[�¡Xtci£�XtsBeQXtV"jB_mXte�pf�f��T`j?P9OU��_mXteuq?P9Ohrhe��ic�jkPSOD��RiTWc?aQ�BX��¡X�_oT�j?PW¤ KwrQXSp
qBcBlmeGaDXtc¡£	�¡c�jkPSOD���iOhP9lwr5piXtrGqkPSc3O^cBs�j?P9OU���iPSs3s§vXSp?�¡X1�kTWcBr^Xts�j?T`e��

V�� 2 � & � ��B½`¾ 	 �
	3»%$©¹ " �u¾ ¹ ½ 	 ¾©�B� �	 � " � ¹ � ��i¾©�
�ilB_8� cBrhlm_mlmeUTWrQXtcBO{qBOhP9q?P9ehX^cBs"rQXD£BrhXGaDP9sMrQXts?T`sMrI�iXteIPSjB_mlmrBvXtODTWrQlwP9sBe�iXI�STWOhloT`jB_mXteI®:y �9TBpSy��WT � j pWy���T�� j?°tp
lw_k�iPSlmr�aDP9sBehrQOhcBlmOQX1_oT��IvX�ad_bT`OUT`rhlmPSsL�iX�aDXte^�ST`OhloTWjB_mXte5�SN{PScBO^aDX�¨:TWlmOhX9pSlm_i¨:T`cBr��iX�eUaDXtsk�iOhX��3TWsBeI_oT 	 PSsBX
R1N<�ic�VLPB�f�Xt_mXX�sBRS_mPSjkTWsir®©_bTurQPSc?aQ�BXG\I}G~u�"Xtsi¨©PSs?akvX�X�°tp9VLPB�il ³?XtO{_mX�rQXD£BrhX1T ��aQ�§vX§�3TWsBe@_oT�¨¯Xts ¤XtrQOhX
}�piqBcBlmeI¨:TWlmOQX ½ ¹ "�� � � �
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ª^s!qBOQPSRSODTWV(VLX��i�h���^|1�¬rhXD£Brhc3Xt_GXteQr�OQXtqBOBvXtehXtsirBvX�q?TWO�ehP9s«T`OhjBOQX��iX(ehgisirUT5£BX�TWjBeQrhOUT`lmrhXS��RuXL_oT
V²¤XtV(Xk¨:T?·aDP9s pt_mP9OheUn9cBX�_:� cBrQlm_wlmeDTWrhX�cBO �iXteQehlmsBX^�iXte jkP ¤ KmrQXte�pW�iXte@qkPSOQrhe�pW�iX�e _mlmXtsBe�p�cBs�T`OhjBOQX§�i�h���^|1��X�ehr
aDPSsBeQrhOQcBlmr��S\IXtr^TWOQjBOhX^X�ehr^��vX�aDP9OBvX1�´� T`rhrQOhlmjBcBrQe¢R9OUT`qB�Blon9cBXte�n9cBlBOQXtRSOQPScBqkXtsirIrhPSc3rhXteI_mXtelmsi¨¯P9OhV�T`rhlmPSs3e
RvXtP9V�vXtrQOhlon9cBXte®©rUT`lw_m_mXXtrµ¨¯PSOQVLX�iXtejkP ¤ KmrQXte�pS�¡XteqkPSOhrQe�pS�¡Xte_mlmXtsBe�p`q?P9ehlmrhlmPSs��iXte��il �1vXtOhX�sMrQePSjSxdXtrhe5�w�m��°t�
\IXteGTWrQrhOhlmjBc3rhe^ehP9sirGXtci£iz8V²¤XtV(X^OhXtq3OBvXteQXtsirBvXte�qkTWOG�iXteGT`OhjBOQXte��
\IXGaQ�BP9l £¥�iX^OhX�qBOBvXteQXtsirUT`rhlmPSs(lwsirQXtOhsBX^c3sBlonSc3XGTG_8��T5�STWsirDTWRSX�iX^_oT`lweQehXtO��TG_8� cBrQlw_mlmeUT`rhXtc3O¢_oT�q?P9ehehlmjBl z

_wlmrBvX§�iX^OQXtsirhOQXtO�eQPSs"qBOQPSR9OUTWV(VLXaDP9VLVLX@lm_B_8� XtsirhXtsk� �WeQPSlmrXtsirQl:�X�OhXtV(Xtsir¢R9OUT`qB�Blon9cBXtVLX�sMrBxDc3eUn9c ��TWci£
XD£BqBOhXteQehlmPSs3e[�¡X�j?TWeQX"®:T � X5aDrUT`rhlmPSsBe5p?T`qBq?X�_we��iX�V(P¡�f�Xt_mX��m�m� °�piehP9lwr^R9OUT`qB�Blon9cBXtVLX�sMr xdcBeUn9c �o�T�cBs�aDXtO¿z
rUTWlms!sBlm�9X�TWc p{rhXd£¡rQcBXt_m_mXtVLX�sMr�XtsBeQcBlmrhXS�\IX5aDlGqkXtOhV(Xtr"�f��TWcBrQOhXLqkTWOhr5p�iXLqkPSc3�SPSlmO�lmsBeBvXtOhX�O��BT`sBe�c3s
qBOhP9RSOUT`VLV(X§�IvX5aDOhlmrGeQPScBe^c3sBXu¨¯PSOQVLXGRvXtPSV�vXtrhOQlonSc3X1�iXteuVLPB�f�Xt_mXte^�iX�q3OhPBaDXteQehcBe��IvX�adOhlmrheuehPSc3eI¨¯PSOQVLX
rhXD£Brhc3Xt_m_wX9�
\IX�rhrhX	OhXtqBOBvXtehX�sMrDTWrQlwP9s�cBsBlon9cBX�qkXtOhV(Xtr vX�RMTW_mXtV(Xtsir¥�¡X�r8giqkXtOL_mXte"jkP ¤ KmrQXte"q?TWO"_mXte"eQPScBe¿z¿T`OhjBOQXte

TWci£?n9cBXt_me�Xt_m_wX�e"ehPSsir�OUT`rhrUT9aQ�§vXtXte �@_:�QvX��¡lwrQXtcBO�RSODTWqB�Blon9cBX(Xtehr��ilmOhlmRvX"q?T`O"_oT�ehgisirUT £¡X��ic±_oTWs3RMTWR9X �
_:� cBrQlm_wlmeDTWrhX�cBOsBX�qkXtcBr^qkTWeGaDP9sBehrQOhcBlmOhX�s � lmVLqkPSOQrhXGn9cBPSl8pi_8��TWOQjBOhX�TWjBeQrhOUT`lmrG�iPSlmrIOhXteQrhXtO�aDP9�§vXtOhX�sMr5�
y¢£¡X�VLqB_mXte �
ª�s�ehPSc3e8z8VLPB�f�Xt_mXGs3X1qkXtcBr�¤XtrhOQX�lmsBeBvX�OBvX�n9cBX��BT`sBeG_oT 	 PSsBX;R�N±�f� cBs�VLPB�f�Xt_mXS�
ª�sBX<j?PW¤ KwrQX²aDOBvX vXtX �BT`sBe�_bT 	 PSs3X²\ �f� cBs VLPB�f�Xt_mX�sBX<q?Xtc3radPSsirhXts3lwO�n9c � cBsBX	XD£BqBOhXteQehlmPSs �¡X

qBOhPBaDXteQehcBe5�
�´X�rhXD£BrhX�TWeheQPBaDl�vX��T�c3s�qkPSOQr^sBX�qkXtcBr�¤XtrQOhX"n9c � cBsBX��IvX�aD_oT`OUTWrQlmPSs��¡X1eQlmRSs?T`_:�
�´X�rhXD£BrhX�TWeheQPBaDl�vX��T�_oT 	 PSs3X�� �f� cBsLV(PB� �Xt_mX1�iX�qBOhPBaDXteQehcBe�sBX�qkXtcBr�¤XtrhOQX�n9c � cBsLsBP9V²�
�´X�rhXd£¡rQX�T`eheQP¡adl�vX��T!_oT 	 P9sBX!N �f� cBs�V(P¡�f�Xt_mX�¡X�qBOhPBaDX�ehehc3e²sBX	q?Xtc3r�¤X�rhOhX!n9c � cBsBX<_mlweQrhX²�¡X

��vX�aD_oTWODTWrQlwP9sBeG�iX�q?T`OUTWV²�XtrhOQXte��
�¡XtcB_mXteG_mXte^jkP ¤ KmrQXteGn9cBl aDPSsirQlwX�sBsBXtsir1�¡XteGXD£BqBOQXteheQlmPSsBe��iX�qBOQP¡adXteheQcBe�q?Xtc3�SXtsir1T5�9PSlmO��iX�eGqkPSOhrQe��
�8_¡¨:TWcBr@sBP9rhXtOIaDXtqkXts?�BT`sMrIcBsBXG�¡l¶��vXtOQXts?aDX�XtsirhOQXG_8��TWOQjBOhX^aDPSs3ehrhOQcBlmr1�T�q?T`OhrQlwO�f� cBs"rQXD£BrhXG�i�h���^|1�

XtraDXt_mcBlfaDPSsBeQrhOQcBlmr�T5�SX�a�_8�hvX��ilmrhXtc3O¢R9OUT`qB�Blon9cBXS�Sy@s"�i�h����|1�(rhXd£¡rQcBXt_8p9_wX�eµadPSsBsBXd£¡lmP9sBeXtsirhOQX^q?P9OhrQeehX
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¨¯PSsirIq?TWOulb�¡XtsirhlmrBvX��iXte�sBP9VLe^�iX�qkPSOQrheGR9O ¤T9aDX��T"�iXteuPSq^vX�OUTWrQXtcBOQe1rQXt_me1n9cBX�OhX�sBPSV(V�TWR9XSp9V�TWeDn9c?TWR9XSp
OhXtjkPSc?ad_bT`RSXSp`�STW_mlo�BTWrQlwP9s �tN{PScBO@_8��TWOQjBOhXLvXt_oTWjkPSOBvX§T`c�¨¯c3O¢X�r1�T^V(XtehcBOQXG�f� cBsBX^aDPSs3ehrhOQc?aDrQlwP9s"RSODTWqB�Blon9cBXSp
_wX�e§aDP9sBsBXD£BlmPSs3e^ehPSsirIOhXtq3OBvXteQXtsirBvXtX5e�q?TWO^_mXte^_mlmXtsBeIXtr^_8��TWOhj3OhXGs3X1qkPSeQe��X��¡X�q?TWe^�f� PSq^vXtOUT`rhXtcBOQeGrQXt_meGnSc3X
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Unité de recherche INRIA Lorraine, Technôpole de Nancy-Brabois, Campus scientifique,
615 rue de Jardin Botanique, BP 101, 54600 VILLERS LÈS NANCY
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Unité de recherche INRIA Rhône-Alpes, 46 avenue Félix Viallet, 38031 GRENOBLE Cedex 1
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