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H�IKJ LNM	OQPSRUTWVXMZY\[,]^V\_a`,T>IK`,LbLNM c3Ld[e]fIg_aTKM,h
_iLd[kj,MZlZh<mK`eTKTKnZMZlZhK]�`,TKTg[k_ol\lX[eTg]�M9l

pqY\`krsM�Vutwvsxut
yu[kzKzF`eYXVwm@M{Y\MZ]fIKMZY\]fIKM�TQ|eO,},~k��PSt�<YX_i�B~k�,�e�	P�~k��zg[ejeMZl

�>���Z� ���K�e�e� t#zKY\M���MZYXMZTWVX_o[k�kMZT,Vf[k_i�aLNMZT,V_il�m@M��7TKMZm��<�{[��K_iTg[kY\�wY\M �o[�V\_a`,T�h9`eYF��zKY\M���MZYXMZTg]�M5Y\M �o[�V\_a`,T<�f�
H�Ig_ilQYXMZ�i[kVX_i`eT�Ld[����FM�[eLb`,TKj�_iT,V\M Y\zKY\M�V\[kVX_i`eTglZh�`eY�lXM�Vfl	`e��_iTWVXMZYXzKY\M�Vf[�V\_a`,Tgl h�`eYb[kLN`eTgj>��l�V\[kVXMZls�
� Ig_i]fI�[eYXM���] `ezK_iMZls�	`k�q_iT,V\M Y\zKY\M�V\[kVX_i`eTglw`eY�`k��lXM�V\l�`k�q_iTWVXMZYXzKY\M�Vf[�V\_a`,Tgl ��H�IK_il�zKY\`��<_imKMZl���`,�KY� <_iTgmKl
`e��zKY\M���MZYXMZTWVX_o[k��M TWVf[k_i�aLNM TWVfl �¡H�IKM�zg[ez7MZYDm@MZ[e�ilNLd[e_aTK�i� � _aVXI�zKY\`ezF`,lX_¢V\_a`,Tg[k���i`ej,_i]eh�IK` � M �,M YN_¢V
mKMZl\]�Y\_a�FMZlN[k�olX`£VXIgM.lX_aVX�g[kVX_i`eT¤_aTC�gY\l�Vd`eYfm@M Yb�i`eje_o]k�¦¥K`eYN_iTgl�V\[kT7]�Meh�VXIKM�V\IK_aYfm#Tg`kVX_i`eT¤zKY\MZlXM TWVXM9m
[e�7`��,Mu] [eTD�7M�l�MZM T>[,l�[ � [���VX`QlX_iLQ�K�o[�V\MuVXIgMwLd[k_iT>[elXzFMZ]^Vfl�`e�§VXIKM�l�_iLNzK�iMZl�V��gYflsV¨TK`kV\_a`,T � IKM T�_¢V
_ol�m@M �gTKMZm�_iT�VXIKM	zgYXM9m@_i]Z[�V\M{]Z[k�o]��K�i�glZh � IK_i�aM	l�V\[��<_iTKj�_iT�VXIKMQzKYX`,z7`Wl�_aVX_i`eT7[k�§] [e�i] �K�a�7l �5RUTgmKM MZm�h@VXIKM
V\IK_iY\mNTK`eVX_i`eTD[e�a�i` � lq[el�Ld[kT<�b] `ezK_iMZl�`k�§_iT,V\M Y\zKY\M�V\[kVX_i`eTgl�[el � M � [kTWVq��`,Y�[	] `eLNzK�iM�VXMuVXIKMZ`eY\�eheMZ�eMZT
_iT£V\IKMbzKYX`,z7`Wl�_aVX_i`eT7[k�]Z[k�o]��K�i�glZh§[kTgm.V\IK_ol�_ol�zKY\MZ]�_olXM �i� � Ig[kV�I7[kzKzFM Tgl�_iT�VXIgM�zKY\MZmK_i]Z[�VXMb] [e�i] �K�a�7l �
©¡I7[�V � MQm@`>IKM Y\MQ_ol�V\`>zKY\`��<_im@M	[>]fIg[kYf[e]�VXM Y\_iªZ[�V\_a`,T�Y\MZlX�K�aVw��`,YuVXIgMZlXM	��`e�gYw <_aT7mKlu`e�qzKYXM ��M Y\M TWVX_o[k�
MZTWV\[k_i�iLbMZTWV\lZ�#©�M�]fIK`<`Wl�M�zKYX`,z7MZY�V\_aM9l�[,lNl�_iLNzK�aM�[eTgm#Tg[kVX�KYf[k��[,l�zF`,l\lX_a�K�iMeh�[kTgm¦l�`,LbM VX_iLNMZl � M
zgYX`��<_om@M{��[eYX_i`e�7l�]fIg[kYf[e]�VXM Y\_iªZ[�V\_a`,Tgl���`eY�VXIgMQlX[eLNM�TK`kV\_a`,T��qR«Vw[kzgz7M9[kYfl¨VXIg[kVuVXIKM	[ezKzg[eYXMZT,V\�a�>Lb`WlsV
] `eLNzK�i_i]Z[�V\MZm�TK`eVX_i`eT	zF`,l\lXMZl\l�M9lB�<���¬[kYVXIKM�lX_aLNzK�iMZl�V�]fI7[kYf[e]^V\M Y\_aª9[�V\_a`,T�Y\MZlX�K�aVZ��tC�<�Wc3zgYX`@m@�g]�V`e�g`e�KY
Y\MZlX�K�aV\lw_iluVXIg[kVwVXIgM	��`e�gY�V\I�TK`kV\_a`,T�_ilwMZW�K_i��[e�aMZTWVwVX`DVXIKMbl�M9]�`eT7m.TK`kV\_a`,T�® � M	Ld[��.m@M��gTgMQm@_iYXM9]^VX�i�
V\IKM�Y\M �o[�VX_i`eT�[kLN`eTgjNlXM�Vfl�`k��_aTWV\M Y\zKYXM V\[kVX_i`eTglZh<M �i_aLN_iTg[�V\_aTKjbV\IKM�TKM M9m���`eY��XlsVf[�VXM9lU��_aT�VXIg_ilu]Z[elXMe�
¯�°W±*²\³Q´ ��µ��e� pqYXM ��M Y\M TWVX_o[k�gM TWV\[e_a�iLNM TWVZh,TK`eTdLN`eTg`kVX`,TK_o]�Y\MZ[,l�`,TK_iTKjghe] `eLNLN`eTdlXM TglXM�YXM9[elX`eTK_iTKj7h
 <TK` � �iMZmKjeM�YXMZzKYXM9l�MZTWV\[�V\_a`,T�h<zKY\`ezF`,lX_¢V\_a`,Tg[k�*�i`eje_o]k�

¶o·§¸X¹«ºZ»�¸�¼�½i¹«¾3¿�À

ÁBÂ9ÃÅÄBÃÅÄ§ÆÇÂ�ÈqÉÇÈsÄÇÈXÊfÉ¬Ë«Â�É¬ÈsÌeÍ^É�ÆBÎ�È�É¬Ä3ÃÅÍ^Ï�ÍfÐgÊ¨Ì�ÊfÌkÈsÉÄÇÑ�Ò�Ó�Ã Æ¬Æ3ÈsÔ�ÃÅÏ�Õ�ÊfÏZÑ�ÊfÉ¬Ö�×eØ^Ù^Ù^Ù
ÚNÛ�Ü�Û¬ÝZÞ ×�ß§ÊfÓ�Ì�Ñ�Ä�Ô�ÈNà*È�ÊfÑ�áÅÃÅÈsÑW×qâ^ã^Ùfä�Ø ÜBåFæ�æå*Ý ç ß§ÈsÔ�ÈUè�é Ü�Þ�æ ß å ×§Æ3ÈsáoêÅë£ìiâ^â�í�ØDî^î�ïfä�ðfâ�ñ�â9×5È ç ÓuÊfÃÅáoë

Ó�Í^ÃÅÏ�ÊfÉÇÔ�ò�ÃÅÉÇÃÅÄ3Ê9ê ÐiÉó Û�Üô{Þ�Ü ×*ß§ÊfÓ�Ì�Ñ�Ä�Ô�È�à*È�ÊfÑ�áÅÃÅÈsÑW×Bâ^ã^Ùfä�Ø ÜBåFææ�åFÝ ç ß*ÈsÔ�ÈUèDé Ü�Þ�æ ß å ×gÆ3ÈsáoêÅëNìiâ^â�íwØ�î^îbØ^ï�õ^Ù�ñ�î9×�È ç ÓuÊfÃÅáoë
Ü ÊsÖ9Ó�Í^Ï�Ô,ê Ü Í^áÅáöÊfÏ�Ô�ò�Ñ�Ï�Ã Î ç ÉÇÈsÏ�Ï9È�Ä�ñ^ê ÐiÉ

Unité de recherche INRIA Rennes
IRISA, Campus universitaire de Beaulieu, 35042 RENNES Cedex (France)

Téléphone : 02 99 84 71 00 - International : +33 2 99 84 71 00
Télécopie : 02 99 84 71 71 - International : +33 2 99 84 71 71



���	���	��
��������B��
���	��������� ������������������������������������
� ��!�!����

�	� ��
� � ��� TKM�_iT@��n Y\M T7]�M�zgYXn ��n Y\M TWVX_iM �i�aM¨MZl�V5m@n��gTg_aM¨zg[kY��KTKM�Y\M �o[�V\_a`,T	�K_iTg[k_iYXM,h�[kzKzFM �in M5�sY\M �o[�V\_a`,T
mKMwzKY\n���nZYXMZTg]�M��f����M�VXVXMwY\M �o[�V\_a`,Tdz7MZ�@V���VXY\Mwm@n �gTK_iM�lX�KY�m@MZl�_aTWV\M Y\zKYXn V\[kVX_i`eTglZhe`,�Dl��KY�m@M9l�MZTgl�MZLQ�K�iMZl
m�� _iTWVXM Y\zKY\n�Vf[�VX_i`eT7l h§`,��lX�KY�m@MZlu��n�Vf[�V\ls�bW�K_qlX`eTWV�m@MZlu�X]�`,zK_aM9lU��m�� _iTWVXM Y\zKY\n�Vf[�VX_i`eT7l�`,��m�� M T7l�MZLQ�K�iMZl
m�� _iTWVXM Y\zKY\n�Vf[�VX_i`eT7l ����MZ�i[�mK`eTKTKM�m@`eTg]dW�g[kVXY\Md�eMZY\lX_a`,Tgl{m�� _aT@��nZYXMZTg]�M9l�zKY\n���nZYXMZT,V\_aMZ�a�iMZlZ����M>zg[kzK_iM Y
lXMN]�`eT7]�M TWV\YXMNl��gY��iMN] [el{m@MN�o[>�i`ej,_iW�KM�zKY\`ezF`,lX_¢V\_a`,TKTKM �i�iMeh§Ld[k_ol�_a�qm@n9]�Y\_¢V{n jW[k�iM LNM TWV{�i[�lX_¢V\�g[�V\_a`,T
mg[kTgl��aMN] [,l{m@M��o[D�i`ej,_iW�KMbm@� zKYXMZLN_aMZY�`,Y\m@Y\Me��tw_aTglX_3h§�i[DVXY\`e_ol�_iJ LNMb�eM YflX_a`,T�_aTWVXY\`@m@�K_aVXMN]�_ac«mKMZl\l��gl
zFM �KV�� VXY\M�]�`eT7l�_om@n Y\n M.]�`,LNLbM��KTKM.Ld[kTg_aJZYXM.m@M�l�_iLQ�g�aMZYd�aM9l�zgYX_iTg]�_izg[e���¦[elXzFMZ]^VflNm@M.�i[ �eMZY\lX_i`eT
�o[�zK�a�7ldl�_iLNzK�aM��¬�i[ zKY\M LN_iJ Y\M���,�7[kTgmCM �i�aM.MZl�VDm@n��7TK_aM�mK[eTglb�aM�]Z[em@Y\M�mK�¤]Z[k�o]��K��m@M9lNzKYXn9m@_o] [�Vfl h
V\`e�@VDMZT$m@M LNMZ�KY\[eTWVNMZT¡�a`,je_oW�KM.zKYX`,z7`Wl�_aVX_i`eTgTKM �i�aM,®�M T¡M! FM VZh�]�M V�VXM£VXY\`e_ol�_iJ LNM��eMZY\lX_i`eT¦[e�@VX`,YX_olXM
mg[kTgl¨�iM{]Z[el¨zKY\`ezF`,lX_¢V\_a`,TKTKMZ�*[e�@V\[eTWV�m@M�] `ezK_iMZl�m�� _aTWV\M Y\zKYXn V\[kVX_i`eTgl�W�KM{�"� `eT��eMZ�@V�z7`,�KY��KTKM�VXIgn `eY\_iM
] `eLNzK�iJ�V\Mehq]�M.W�K_¨MZl�Vb�o[�lX_¢V\�g[�V\_a`,T¦m@�¤] [e�i] �K�¨mKMZl�zKYXn9m@_o] [�Vfl �#��M�zg[kzK_iM Y���`e�gYXTK_aVbmKMZlbYXn9l��g�¢Vf[�V\l
mKM�] [eY\[,]^V\n Y\_il\[�V\_a`,T�hKM T£VXM Y\LNMZl�m@MQzgYX`,zKYX_in�V\nZl��i`ej,_iW�KM9luzK�gYXMZLbMZTWV�lX�WTWVf[��@_iW�KM9l h7z7`,�KY��aM9l�W�g[kVXY\M
�,M Yfl�_i`eT7l5m�� _iT@��nZYXMZTg]�M�zKYXn ��n Y\M TWVX_iM �i�iMe��$0]fIg[,,�gM���`e_ol hW�aM9lqzKY\`ezgYX_in�V\nZl5�iMZl�zK�a�7l�lX_aLNzK�iMZl�M�V¨Tg[�V\�KYXMZ�a�iMZl
zF`,l\lX_a�K�iMZl�l�`,TWV�]fIK`e_olX_aM9l h7M�V�z7[kYX��`e_oluzK�i�glX_aMZ�KY\lwYXn9l��g�¢Vf[�V\l�m@M�]Z[kYf[e]�VXn Y\_olX[kVX_i`eT.l�`,T,V���`e�KY\TK_oluzF`e�KY��i[
L��ZLbM�TK`kV\_a`,T�� � TKM{]�`,TglXnZW�KM T7]�Mwm@M�]�M9l�Y\nZlX�K�aV\[�VflqM9lsV�W�KMw�o[QW�g[kVXY\_aJZLbMw�eM YflX_a`,TdT�� M9lsV¨M T�YXn9[k�i_¢V\n
z7[el�zK�a�7l�jen Tgn Yf[k�iMwW�KM��o[bm@M ���@_iJ LNMe®�`,T>zFM �@Vum@n �gTK_iY�mK_aY\MZ]�VXM LNMZT,V��o[QY\M �o[�V\_a`,T>l��gY¨�iMZl¨MZTgl�MZLQ�K�iMZl
m�� _iTWVXM Y\zKY\n�Vf[�VX_i`eT7l h@l\[kTgl�[��,`e_iY�Y\MZ] `e�KYfl�[k���b��n�Vf[�VflU��mK[kTgl�] M�] [elZ�
%�´ �9� ² �'& � � RUT@��nZYXMZTg]�M�zKY\n���n Y\M TWV\_aMZ�a�iMeh�Y\[e_ilX`eTgTKM LNM TWVQTg`eT�LN`eTK`eVX`,TKMeh�Yf[k_ol�`,TKTKM LNMZT,Vbm@M>lXM Tgl
] `eLNLQ�gT�h@YXMZzKY\nZlXM TWV\[kVX_i`eT�mKMZl�]�`,TKTg[e_il\lX[eTg]�M9l h<�i`ej,_iW�KM�zKY\`ezF`,lX_¢V\_a`,TKTKM �i�iMe�
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H�IgM�TK`kV\_a`,T�`e��zKY\M���MZYXMZTWVX_o[k�*M TWV\[e_a�iLNM TWVuIg[,l�l�IK` � T�VX`d�FM��eMZYX�>�gl�M ���K��_iT. WTg` � �aM9m@jeM�YXMZzKY\MZlXM TWV\[kc
V\_a`,T�h � IgM TDm@M9[k�i_aTKj � _aVXIDlX`eLNMu[,l�zFMZ]�V\l5`e�*] `eLNLN`eTdl�MZTglXM�YXM9[elX`eTK_iTKj�l��7]fIN[,l5_iLbzg�a_o]�_aV� <TK` � �iMZm@j,M
`,Y{YX�K�iMZl � _aVXI M!�@] M z@V\_a`,TglZ��pqY\M���MZYXMZTWVX_o[k�5M TWVf[k_i�aLNM TWVfl�[kY\M�zg[eY�V\_i] �K�o[kY{_aTK��M Y\M Tg] Mb`,z7MZY\[kVX_i`eTglZh�[kT7m
��[eYX_i`e�glw <_aTgmgl�M!�@_il�VZ��H�IKMbjeMZTKM Yf[k�_im@M9[D_ol{[elw��`e�i�a` � lZ® � MN[kY\M	j,_a�,M T�lX`eLNM�[eLN`e�KTWV�`e� �¬] M YXV\[e_aT �
 <TK` � �iMZmKjeMehgYXMZzKYXM9l�MZTWVXMZm�[,lw[DlXM�V�`k�5��`eY\LQ�g�i[,l ��H�IK_ol�lXM�V�] [kT��7Mb[el\l�`@]�_o[�V\MZm � _aVXI£��[kY\_i`e�gl� <_iTgmKl
`e�q`e�@rsM9]^Vfl �{¥K`,Yw_iTglsVf[kTg] Meh*_aV{]Z[kT£�FMb[,lXlX`@]�_o[�V\MZm � _aVXI�V\IKMblXM�V{`k�q_aV\l�LN`@m@M �ol h*`,Y�M9,�g_a��[k�iM TWV\�a�._iT
V\IKMuzKY\`ezF`,lX_aVX_i`eTg[e�K] [elXMeh � _¢V\INVXIKM�l�M V�`k�*VXIgMw]�`,Lbzg�aM VXM�VXIgM `eY\_iMZl � IK_o]fIdM TWVf[k_i�@VXIKMwje_i�eM Tb��`,YXL��K�i[,l �
�£`eY\MdjeM TgM Yf[k�i�a�,h_aV�] [eT#[k�ol�`��FM�[,lXlX`@]�_o[�V\MZm � _¢V\I VXIKM�l�M VQ`k�w[e�a��VXIKMDVXIKMZ`eY\_aM9l � IK_o]fI#M TWV\[e_a��VXIKM
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mKM��¬[k�g�¢V��f®5_iT�VXIKM	[e�gl�MZTg]�M{`e�`kV\IKM Y�_iT@��`,YXLd[�V\_a`,T�h � M{] `eTg] �a�7m@M{VXIg[kV � M{j,M�Vu[k�ol�`d[e�a�*V\IKM{��`eY\LQ�K�o[el
[,lXlX`@]�_o[�V\MZm�VX`�V\IK_ol	Y\MZm@�g] MZm�lXM�VQ`e��`e�@rsM9]^V\lZ��H�IK_olQ[k�i�i` � l{VX`£Y\MZ[,l�`,T _aT#[�Tg`eT�LN`eTK`eVX`,TK_i] � [��eh
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_¢� K � % . u .0-H1C1 VXIgM T 3 H � 5 	 E ;HG u .6��!. � KL%CKqi6�71C1 Q,��!. K 1 h _3� M,�ah
% . u .:-�1C1l� % � .0- 1 � OX� P

� � ´ � ° ��� ± ! p � � �	����5;+2�	�YsrA�F��	��TG�<H6 �T	8� 2�9[�0���C! �¬y&� � ��<&2�� �0Y86 �¬p � �
p�YX`<`k�s® R«�Su .0-H1a� �0 .0K 1 [kT7m - � ��!. � KL%CKqi6�71 V\IKM TBh��W� �ÇyJ� �^h u .:�� . � KL%�Kqi �71�1 �u .:-�1 3 ��!. � KL%�K i ��1@�Y��!. K 1 �5y�M LNM L��7MZY�VXIg[kV ��!. � KL%�K i ��1 Q\��!. K 1
Z ��!. K i 1 �

� �K[eLbzg�aM9l¨lXIK` � V\Ig[�V9hWMZ�eMZTD��`eY�[	L��K�aVX_ac3zKY\M���MZYXMZTWVX_o[k�FM TWV\[e_a�iLNM TWVZh���p ��mK`WM9l�Tg`kV�_aLNzK�i� �¬yJ� �^h
Ig` � MZ�eM Y �¬p ��� �¬x � ���	_iLNzK�a_iMZl	�¬yJ� � � � 
«��H�I<�gl��¬lXM MDV\IKM `,YXMZL %@�$#9O.�7MZ�a` � ��h���`eY�zKYXM ��M Y\M TWVX_o[k�
MZTWV\[k_i�iLbMZTWV\lZh ��p �>_ol.MZW�K_i��[k�iM TWV�VX` �¬yJ� ����� �K[kLNzK�iMZl.lXIK` � [k�ol�`CVXIg[kV£[ �¬LQ�K�aVX_ ��zKYXM ��M Y\M TWVX_o[k�
MZTWV\[k_i�iLbMZTWV�Ld[��d�¬[e�ilX_a��� ��p �F� � 
3�lk
� K�� � � Z `VZ�
�UgNf`CT��fT R � c^`VN�� Nf`CNhR UgTAZ���NhR UgZ\T���� N RYUVa
o�° 1 � ����� ´ � ! p � ¥g`eYu[kT<�DzgYXM c«] _aYf]��KLdl\]�Y\_azKVX_i`eT�u�h � M�m@M��7TKM{VXIKM�zgYXM ��M Y\M Tg] M�Y\M �o[�V\_a`,T ���� �<�*®

K ���� W _a� K Q W [kT7m u .:��!. K 1C1�dQ,��!. K 1F% `eY
KhdQ W�% u .6�0 .[W]1C1 Q,��!.:W]1 [kT7m ��!. K 1@� u .6�0 . � KL%4W �71C1��

����� � �

¥g`eYu[eTW�dL��K�aVX_ac3zKY\M���MZYXMZTg]�M{Y\M �o[�V\_a`,T �0/ h � M�m@M �gTKM{V\IKM�zKY\M���M Y\M T7]�M{YXMZ�i[kVX_i`eT ���/(Q ���� C 3 � ������ �
# ° �#�#� ! p ! ¥K`,Yu[kT<�dzKY\M�cU]�_iY\] �KLdlX] YX_iz@VX_i`eTBu£[eTgm.[kT<� -b� # h � M�I7[��eMe®

#e� K�� %���� % .0- 1 _  K�� % .0-H1 [kTgm K � ? H � 5 	 E ;�G %���� % .6�0 . � KL%CK i �71 �
~@��¥K`,Yu[kT<� KL%CKqi _aT % h � M{Ig[��eM
K�� %���� % .6�0 . � KL%CKqi6�71 _  u .6�0 .0K 1C1LQ\�0 .0K 1 [eTgmvu .6��!. � KL%CKqi ��1C1f�Y��!. K 1 �

OK� % � .0-H1 Q % ��� % .0-�1 �
p�YX`<`k�s® #,�5RULNLbM9m@_o[�VXM,�qtujW[k_iT�h@YXMZLNM LQ�FM Y�V\Ig[�V ��!. � KL%CK i �+Q/��!. K 1
Z���!. K i 1 �

~K� H�IgM0Y\MZlX�K�¢V#_ol#`,�<�W_i`e�7l�_¢� K Q Kqi hDVXI<�gl � M ] [kT lX�KzKzF`,lXM K dQ Kqi � R«� K _ol#_iT
%���� % .:�� . � KL%�Kqi �71 h � M¤Ig[��eM K d���� K h�VXI<�gl u .:�� .0K 1C1 Q ��!. K 1 � tw�ilX`gh � M¤Ig[��,M Kqi\d����
K hDVXI<�gl �0 .0Kqi�1 d� u .:��!. � KL%�Kqi ��1C1 � ¥K`,Y#[kT<� KL% Kqi\� % h � M¡Ig[��eM,u .:�� . � KL%�Kqi �71�1b�� ��!. � KL%�Kqi �71F%��0 .0K 18% �� .0Kqi 1F%�#�� � H�I<�gl hu[,l K�dQaKqi h � M�Ig[��eM ��!. Kqi 1hd� u .6��!. � KL%CKqi6�71C1
_  u .:�� . � KL%�Kqi �71�1@�h��!. K 1 �

��`,TW�,M Yfl�MZ�a�,h5�aM Vb�7ldl��Kzgz7`Wl�Mvu .6��!. K 1�1>Q ��!. K 1 [kTgm/u .6�0 . � KL%CKqi �71C1 � ��!. K 1 ��©�M.jeM VZ®
K*d���� K [eTgm§h*_¢� KqifdQ K h ��!. Kqi 1�d� u .:��!. � KL%�Kqi ��1C1 h*V\I<�gl Kqild���� K [kT7m K _il�LN_iTK_aLd[e���`,Y ���� _iT
� KL%CKqi:��Q % .:�� . � KL%�Kqi6��1C1 �

Og�5©�M�zKY\`��eM�VXIgM{��`e�i�a` � _iTKjbYXM9l��K�aVZh � Ig_i]fI._ol�`e�<�<_a`,�gl��i�dMZW�K_i��[k�iM TWV�VX` % � .0-H1)Q %���� % .0- 1 �
K � %���� % .:-�1 _  K�� % .0- 1 [kTgm K � ?�H � 5 	 E ;HG % . u .6�0 . � KL%CK i �71�1C1 h

_  K�� % .0- 1 [kTgm � KU��Q ? H � 5 	 E ;�G % . u .:��!. � KL%�Kqi ��1C1C1 �
���iMZ[eYX�i�eh ? H � 5 	 E ;�G % . u .6��!. � KL%CKqi6�71C1�1 � � KU� � ¥gYX`,L #�[kTgm$~Khu_¢� K � % .0- 1 h � M£jeM VZ®

KY� % � � % .:-H1 _  �h�u .6��!. K 1�1�Q ��!. K 1 [eTgm§hF��`eY{[kT<� Kqix� % .:-H1 h
u .:��!. � KL%�Kqi ��1C1��D��!. K 1 h*_Ç� Me�
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_  �h*��`eY�[kT<� Kqij� % .:-H1 h�u .:��!. � KL%�Kqi ��1C1T����!. K 1 h§_3� Me��_  KY�Y?�H � 5 	 E ;�G % . u .6��!. � KL%CKqi ��1C1�1 �k
L M Y\M	[kY\MwV � `N_aLNLNMZm@_o[�V\M	]�`,Tgl�M9W�KM Tg] MZl¨`k���aMZLNLN[ %@� %�c«Og�

� � ´ � ° ��� ± ! p 0 � 2�	�YsrA�T��	��FG�<H6s�F	8� 2�9:�0��Bu !L6T�9:� 6$#�YF6 ��p ��� � % . u .0-�1�1f� %�� � % .:-H1 DF��	���� ; -b�
# � k
� � ´ � ° ��� ± ! p 4 N D � / � 6&�(< G�� 9[� r 2�	�Y:DFYF	4YF� �4YJ	�YT����9[�0���C! �L��9 � u Q u � 3 ! 9 � YT� %�� �3 .0-�1)Q % � .0-H1
DF�	���� ; -�� # � k

L M Y\M	[kY\MwV\IKYXMZM{_aLNzF`eYXV\[kTWVuzKY\`ezFM YXVX_iMZl�V\Ig[�Vw[bLQ�g�¢V\_¢c«zKY\M���M Y\M T7]�M{YXMZ�i[kVX_i`eT�Ld[��dz7`WlXlXMZl\l �
o�° 1 � ����� ´ � ! p)� 	 #e��t�L��K�aVX_ac3zKY\M���MZYXMZTg]�M�YXMZ�i[kVX_i`eT �0/ _ol��?��<&2]�9:�0=T��Y �L��9 � YF� YF<>YF� 9\�	8;+Y �TG�� R7� r

��YT� �?Y�h�`,Y % �4Y?YX'�h9_a�sh9��`eYB[eT<� -b� # [kTgm{[kT<��M �iM LNM TWV\l - % - � % - i[% - i � `k� !dlX�g]fI�VXIg[kVH# . - 1 Q # . - i 1
[kTgm�# . - � 1 Q # . - i � 1 h � M�Ig[��eM)- �0/ - � _  - i �0/ - i � �

~@��t�L��K�aVX_ac3zKY\M���MZYXMZTg]�M�YXMZ�i[kVX_i`eT � / _ol�< ���5��<>����� ; �?��<&25��9[�0=F��Y �L��9 � YT��YT< YT�59Z��	8; Y �FG�� R���� YF� �4Y h
`eYD%\<��?Y?YX'�h�_¢�sh���`eYd[kT<� - � � [eTgmC[eTW� - � % - � _iT8! l��g]fICVXIg[kV # . - � 1$Q # . - �U1 h � M�Ig[��,M
- � � ! �43 .:-H1 _  (- �T� ! �43 .:-�1 �

OK��tCL��K�aVX_ac3zKY\M���MZYXMZTg]�M�YXMZ�i[kVX_i`eT � / � 6,	4Y � G����	§`eYS%[	4Y � '5_¢�shk��`eY[eT<� -�� # h � M�I7[��eMe®�% � .0- 1 Q
%�� 3 .:-H1 h � IKM Y\M"u Q u � 3 �

�Ç]�M M ��_iLNzK�a_iMZl	��Ld]�MZM�� �¬`e�<�<_a`,�gl ��[kTgm �¬Ld]�M M �{_iLbzg�a_iMZl	��Y\M j � �¬lXM MD�iM LNLd[ %<� #9~��FM �i` � �^��H�IKM
] `eT<�eMZY\lXMZl�[eYXM��¬[k�olXM ��M �K[eLbzg�aM9l�_aT � �.
 �^� L ` � M �,M Y � M � _i�i�lXM M�_iT�V\IKM `,YXMZL %@�$#9O��FM �i` � VXIg[kV�l�`,LNM
_iLNz7`,Y�Vf[kTWV � M9[k D] `eT<�eMZY\lXMZl�[kY\M�VXY\�KMe�

H�IKM9l�M{zKY\`ezFM YXVX_iMZl¨[kY\M{[k�i�FY\M �o[�V\MZmDVX`�VXIKM��¬[e]�V�VXIg[kV¨V\IKM{LQ�K�aVX_ac«zKYXM ��M Y\M TWVX_o[k�FM TWVf[k_i�aLNM TWV�u ��3 _il
_iT��¬[e]�V�[bzKY\M���MZYXMZTWVX_o[k�§M TWVf[k_i�aLNM TWV �¬lXM M{V\IKM `,YXMZL %<� #ZO��FM �i` � h<VXIK_ol�_ol�_aLNLNMZmK_i[kVXM���`eY �Ç]�M M � ���

� � ´ � ° ��� ± ! p)�+� �!��	���5;>< G�� 9:� r 2�	�Y:DFYF	�YT�59[�0���3YF� 9\���� < YT�59xu Q u � 3 �)Y � � R7Y !�DF�	����5; -�� # �

%�� 3 .0-H1f� % � .0-H1)Q �H 5 	 E ;HG �H � 5 	 E ;HG
%�� 3 .6��!. � KL%CK i �71�1��

p�YX`<`k�s® Q ®t�l�[kT<�Nl��g�gl�M V�`k�U� KL%CKqi � _il�[	]��i`,lXMZmNlXM�V �¬�7MZ_aTKj	�gTK_aVXM���h@[kTgmd[,l�%�� 3 .:�� . � KL%�Kqi �71�1@�� KL%CKqi:� h � M{jeM�V %�� 3 .6��!. � KL%CKqi ��1C1 Q % . u .:��!. � KL%�Kqi ��1C1C1 �qH�IKM T.�glXM{zKY\`ezFM YXVs� %<� O�c #e�
%�� 3 .0-H1(� % � .0-H1 ®BR«� K � %�� 3 .0- 1 h�V\IKM TQ��`eY�[kT<� K i � % .0-H1 h � M�Ig[��eM -b�Y��!. � KL%CK i �71C1

[eTgm�]��iMZ[eYX�i� K!� % .:��!. � KL%�Kqi ��1C1 ��¥KY\`eL zKY\`ezFM YXVs���K� .kc # � MQjeM V Kh� % �43 .6�0 . � KL%CKqi6�71�1 hFVXI<�gl
K � ? H � 5 	 E ; G % �43 .6�0 . � KL%CKqi6�71�1 hg[eTgm§hg[,l � M{Ig[��,M�[e�ilX` K�� % .0-H1 h K � % � .:-H1 �lk
# ° �#�#� ! p � � R«�5[NLQ�K�aVX_ac«zKYXM ��M Y\M Tg] M�Y\M �o[�V\_a`,T � / _ol �¬LN] M M �^h@V\IKM T._aVu_il �¬YXMZj �^�
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p�YX`<`k�s® R«� K\� % � .0-H1 h§V\IKM T K\�!?�H � 5 	 E ;HG % � 3 .6��!. � KL%CKqi6�71C1 ��Y\`eL m@M �gTK_aVX_i`eT�%<�Å~D[kT7m���Y\`eL
V\IKM�MZW�g[k�i_aVs� % � 3 .6��!. � KL%CKqi6�71C1>Q % . u .6�0 . � KL%CKqi6�71�1C1 �CR«� K 4 [kTgm W 5 [kY\M�] `ezK_iMZl�`k�wLN`@m@MZ�il
`e� - h � _¢V\I8# .0K 4 1 Q K [eTgm # .:W 5 1�Q W h � M£Ig[��eM - � ��!. � KL%4W ��1 � R«� W 5 � / K 4 h¨VXIKMZT K 4 E�
! � 3 .:�� . � KL%?W �71�1 [kT7m§hF��YX`,L �¬Ld]�M M �^h*TK`�]�`ez<� K � `e� K ] [eT£�7M�_aT !�� 3 .6��!. � KL%4W ��1C1 h7VXI<�gl K E�
% ��3 .6��!. � KL%4W ��1C1 h � IK_i]fI�] `eTWVXYf[em@_o]^Vfl K,� ? H � 5 	 E ;�G % ��3 .:��!. � KL%�Kqi ��1C1 �DH�I<�glZh�TK`�lX�g]fI W65
]Z[kT£M!�@_il�VZ® � MQjeM V K 4 � ! ��3 .0-H1 hFVXIKMZT Kh� % ��3 .:-�1 �{H�I<�glZh % � .:-�10� % ��3 .0-�1 h�[kTgm§h7��Y\`eL
zgYX`,z7MZY�Vs� %@�$#-#eh�% � .0-H1 Q % �43 .:-H1 �lk
� � °<´ � ° � ! p � � � �	&���5; < G�� 9[� r 2�	�Y:DFYT	�YF� 9:�0���YT�59Z����� <>YT�59 u Q u � 3 !!9 � Y DF������� �L������2�	��425YF	89[�0YF6J�	�Y
Y �TG�� R7���YT�59>�
%Z�F'�u � 6��+2�	4Y0DFYT	�YT�59[�0���3YT�59Z����� < YT�59 �
%\� ' u Q u � K3 � � YF	�Y � �/ � 6 �Ç]�MZM�� �
%\��� ' u Q u � �3 � � YF	�Y � �/ � 6 �¬Ld]�M M � �
%\����� ' u Q u ���3 � � YF	�Y � �/ � 6 �¬YXMZj � �
%\� R ' u 6T��9[� 6�#,Y86 �¬x � ��� �
%AR '�u Q u � 3 � �

p�YX`<`k�s® �¬` ��� �¬_ ��®qtuT<�>zgYXM ��M Y\M Tg] M�Y\M �o[�V\_a`,T�_ol¨VXY\_a�<_o[k�i�a� �¬]�MZM����
�¬_ ��� �¬_a_ �^® ���W�<_i`e�glZ�
�¬_a_ ��� ��_i_i_ ��®)A�MZLbLd[ %<� #9~K�
�¬_a_i_ ��� ��_i����®�y�MZLN[eYX DOg� .ec«Ob[kT7m�zgYX`,z7MZY�Vs� %@� OkcU~K�
�¬_a� ��� ��� �^®¨©�MQjeM�V % � 3 � Q % � �<��zKYX`,z7MZY�Vs�2%<� }K�¨¥KY\`eL �Çx � ���w[kTgm.zgYX`,z7MZY�Vs� %@� OkcU~Kh � M

j,M�V %�� 3 � .:-H1T� % . u .0- 1C1 h�VXI<�gl ��V . % � 3 � .0- 1C1"� % . u .0-H1C1 hB_Ç� Me� % � C 3 � .0- 1#� % . u .0-�1�1 �
¥gYX`,L zKYX`,z7MZY�Vs� %@�$#-# � M>jeM V�% � 3 .0- 1 � % � .:-H1 hqVXI<�gl ��V . %�� 3 .0- 1C1��2�0V . % � .0-H1�1 h�_Ç� Me�
% . u .0- 1C1@� % . u � 3 � .0- 1C1 �5© M�jeM V % . u .:-�1C1)Q % . u�� 3 � .:-�1C1 hK_Ç� Me�(u Q u � 3 � �

�¬����� ��` ��® � / � _ilu[bzKY\M���MZYXMZTg]�M{Y\M �o[�V\_a`,T �¬lXM M	mKM��gTK_aVX_i`eT %<� � ���lk
L M Y\M	_il�[dm@_iYXM9]^VwzKY\`<`k��`k� ��_ ��� ��` �^h � Ig_i]fI�_oluTK`eVwTKM9]�MZl\l\[kY\�d��`eYwVXIKM	zgYX`<`k��`k��V\IKM�VXIgM `eY\M L.h

�g�@V � IK_o]fI�_ol�_i�a�i�gl�VXYf[�VX_iTKj7®
H`Q[kT<��LQ�K�aVX_ac3zgYXM ��M Y\M Tg] MuYXMZ�i[kVX_i`eT �0/ � Ig_i]fId_ol �Ç]�M M �^hW�aM V��gl�m@M��7TKM�VXIgMu��`e�i�i` � _aTKj�zgYXM ��M Y\M Tg] M

Y\M �o[�V\_a`,T � ® K � K _¢� K E� # . ! 1 [eTgm K � W _a��VXIKMZYXM�M �@_olsVfl - � % - � _iTQ!$lX�g]fI V\Ig[�V # . - � 1 Q K h
# . - �U1 QEW [kTgm�- � �0/ - � �¬[eTgm>Tg`kVXIg_aTKjdMZ�ilXM����qH�IKM TBh � M�j,M�Vu]��iMZ[eYX�i�*®Uu ��3 Q u �

H�Ig[eTK @l�V\`�VXIK_ol�V\IKM `,YXMZL.h � MD[k�iY\MZ[emK��jeM V�[£]fIg[eY\[,]^V\M Y\_aª9[�VX_i`eT�`k��zKY\M���MZYXMZT,V\_i[e�qM TWVf[k_i�aLNM TWVfl h
�<�£�7l�_iTKj£[k�olX`>V\IKM `,YXMZL �K� #*#,�b© M � _i�a�q_iLNzKY\`��eMbVXIK_ol�Y\MZlX�K�aVZh�Y\M zK�o[e] _aTgj � ��p �{�<��[ � MZ[k ,M Y�[kT7m
lX_iLbzg�aMZYu]�`eT7m@_¢V\_a`,T��qH�I<�glZhK�aM Vu�gl�_iT,V\YX`@m@�7]�Mehg_aT�V � `bM9W�K_a��[e�aMZT,V���`,YXLdlZhK[kTK`eVXIKMZY�zKYX`,z7MZY�Vs�NV\Ig[�Vw[
zgYXM c«] _aYf]��KLdl\]�Y\_azKVX_i`eTDLd[��DzF`,l\l�M9lXlZ�
o�° 1 � ����� ´ � ! p)� � � lXM M�m@M �gTK_aVX_i`eT %<�Å~.
Bt zKY\M�cU]�_iY\] �KLdlX] YX_iz@V\_a`,T u£l\[�V\_il��gM9l �¬p i �¨_¢�shK��`eY�[kT<� *h��#
[eTgm�[kT<� -b� # � M{Ig[��eM,®
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