
HAL Id: inria-00071798
https://inria.hal.science/inria-00071798

Submitted on 23 May 2006

HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.

L’archive ouverte pluridisciplinaire HAL, est
destinée au dépôt et à la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche français ou étrangers, des laboratoires
publics ou privés.

Some results on the controllability of planar variational
inequalities

Bernard Brogliato

To cite this version:
Bernard Brogliato. Some results on the controllability of planar variational inequalities. RR-4788,
INRIA. 2003. �inria-00071798�

https://inria.hal.science/inria-00071798
https://hal.archives-ouvertes.fr


IS
S

N
 0

24
9-

63
99

   
   

 IS
R

N
 IN

R
IA

/R
R

--
47

88
--

F
R

+
E

N
G

ap por t  
de  r ech er ch e 

THÈME 4

INSTITUT NATIONAL DE RECHERCHE EN INFORMATIQUE ET EN AUTOMATIQUE

Some results on the controllability of planar
variational inequalities

Bernard Brogliato

N° 4788

April 2003





Unité de recherche INRIA Rhône-Alpes
655, avenue de l’Europe, 38330 Montbonnot-St-Martin (France)

Téléphone : +33 4 76 61 52 00 — Télécopie +33 4 76 61 52 52

���������	��
������
�������������������	������� ��!���!��#"$��%'&������(� �*)+���,!�� ��!��������
!�����-��(����!���!���


.�/1032	450367.80395:<;>=>4#?@9BA

CEDGF�H�IKJ8LNMPOQH�RGSUTWVXOZY\[]I�V�Y_^`VXOZH�OUabTcVbOQY_[
d I�abePafVbFgH�Iga�h�Y\H�^GSZI�i`Iga

jlkbY_mnI�VpoqOZ^5Y_^

rpT_^G^5Y_kbV d I kbI3h�DGI�k�h�DGIs[5t,J`uWv\vwLyxp^GkXOZS,zc{_{\|KL~}3|8^�Tc�\Iga

���,�g���W�G�_�_� CEDGOQaK[�YcVbI d I3TcSUaK��O�VXD�VbDGI�h�Y\[1VbkXY_SQSQT_�GOZSQOZVne�Yc�qT]h�SQT\aba�Yc�q^GSUTc[�T_kKh�Y_H�^GSQI�H�I�[1V�TckXO�Vne
d e1[#TcH�OQhgTcS�abePafVbIgH�a��`��DGOUh�D]h�Tc[]TcSUabY8�5IK�POZIg��I d T\aE^GSQT_[�TckE�WTckXOUTWVbOQY_[#TcS<OZ[�Ig�1R�TcSQOZVbOQIgag�,��VpOUa�abDGYW��[
VXD�TWV�VXDGI�h�Y\H�^GSZIgH�I�[1VXT_kbOZVne�h�Y\[ d OZVbOQY_[�aEOQ[`��RGIg[�h�I�T8SQYcVEVbD�I�h�Y_[1VXkbY\SZSUTc�GOQSQO�Vne�Y_��VXDGI�afe`afVbIgH��
���1�<�X��  �W¡,�_� �WTckXOQTcVbOQY_[�T_S�OZ[�Ig�1R�TcSQOZVbOQIgag�5h�Y_H�^GSQI�H�I�[1VXT_kbOZVne(abe`anVXI�H�ag��^GkXYcmnI3h¢VbI d�d eP[�TcH�OUh�ag��RG[�O�£
SUTWVXI�k�TcS d eP[�T_H8OUh�ag�Gh�Y\[1VbkXY_SQSQT_�GOZSQOZVne_�

¤�¥§¦,¨©¥«ª¬¨@®¢¯3°n±Uª,²´³c°nµb¶�·c¥§¨,¸�¹»ºK¼¢¯�½¿¾c¼¢¯@¯@¼�½f¶�À¢Á¢Á�ÂnÃ�°n¯gÄ@°wÅ@°�²UÆ Ç#Ä@ÈÉ¼¢³c°�¶KÊ¢Ë¢Ê¢Ê�ÌÍ¸3Â�Î´¯�½¿±U¥«µ>Ï�Î´°nÈf¶ÑÐWÈ¿Â�¯@Òn°¢¶
Ó °fÈÉ¯WÂ�ÈÉÅ1Ô Ó ÈÉ¼¢Õ¢²´ÎÖÂX½>¼�×,Î´¯@ÈÉÎÖÂ�²´³c°nµbÔ ØZÈ



��� 
��(�¢���K��
 &�� � ��!���!�����!¢�	��
 
����*��� ����� ��������� �]!���!�� � ����

!�� � -����K��!����(
¬)+� �	!��K��!����(����������
 �������

	�
 ���� 
 ��� I�VbVbI][GYcVXI�h�Y_[�h�I�kX[GI�SQT h�Y\H�H�T_[ d T_�GOZSQOZV�� d�� R�[GI�h�SUT_aXafI d I�afe`afVbFgH8I3a d I�h�Y_H�^GS���£
H�Ig[\V�TckXO�V��_���1RGO^#IgRG�_Ig[\V���VbkXI �PR�aph�Y\H�H8I d Iga�OQ[��g�1R�TcVbOQY_[�ap�@T_kbOUTWVXOZY\[G[GIgSZSQIga d I d OZH�I�[#afOQY_[wz`���+[
H�Y\[\VXkbI��\R�I�SQIga�h�Y_[ d O�VXOZY\[�a d I�h�Y\H�^GS��gH�I�[1VXT_kbOZV���OZ[`�#RGI�[�h�I�[1V+SUTckX�_IgH�I�[1VÑSUT�h�Y\H8H�T_[ d Tc��OZSQO�V�� d I
h�Iga�abe`anVXF�H�Igag�
�   �3� � ��� 
 ��� � [��g�1R�TcVbOQY_[�aE�WT_kbOUTWVXOZY\[G[GI�SQSQIgag�Gafe`afVbF�H�I3a d I�h�Y_H�^GS���H�I�[1VXT_kbOZV��\� d eP[�TcH�OU�1RGI ^GkXYcmnI�£
V���I\� d eP[�TcH�OU�1RGIKRG[GOQSQTcV���k�TcSQI_�`h�Y_H�H�Tc[ d T_�GOQSZOZV��\�



���������	��
�
������
��������������������� ���� ���!�
"���$#&%('��
)����� #�* |

+ , ����	� ���(� ��!����-ÑeP�GkbO dBd eP[�T_H8OUh�T_S abePafVbIgH�a�h�Y\[�anVXO�VXR`VbI(T��_IgkbewSUTckX�_I�h�SQT\aba�Yc��afe`afVbI�H�a/. z10��]��V�OUa�h�Y\[�abIg�1RGI�[1VXSZe
[�Igh�I3abaXTckXe VbY �§Y`h�R�a�Y_[ ab^#I3h�O�2#h�afR��5h�SQT\ababIga8VXYBH�T43_I�VbD�I�OQk�anVXR d e'^#Y1ababOZ��SZI\�qabI�I]I_� ���5.Z}gJ�06.Q}1710.Q}98�0 �§Y_k8h�Y\[\VXkbY\SZSUTc��OZSQO�Vne OQaXafR�Iga�OQ[Í^GOQIgh�I���OUafI�£>SQOQ[GIgT_k�afe`afVbI�H�ag��xp[ÍOQ[1VbI�kXIgafVbOQ[G� abRG�<h�SUT_aXa OUa�H�T d I
Y_�KabYc£ h�T_SZSQI d h�Y\H8^�SZIgH8Ig[1VXTckXOZVne afe`afVbIgH�a�.Q}g|�06.Z}(0>� MPOZH�OQSQT_kbSQeBVXY VbDGI]�ÉT\h¢V�VbD#TWV�VbD�IwanV�Tc�GOQSZOZVne Y_�
R�[GOZSUTWVXI�k�TcSQSZe'h�Y_[#anVXkXT_OZ[GI d afe`afVbI�H�a�hgTc[ abOZ�\[GO�25h�Tc[1VXSZe d O�:<I�k��§kbY\H VbD#TWV�Y_�+VXDGI�OQk�RG[#h�Y_[#anVXkXT_OZ[GI d
h�Y_RG[1VXI�kX^�TckbV;. |�0<. J�0��©O�V ��OQSZS �5I�afD�YW��[wVbD#TWVKVbDGIgOZk h�Y_[1VbkXY_SQSQT_�GOQSZOZVne]^GkbY\^#IgkfVXOZI3aKh�Tc[ d O�:5Igk�T�SQYcV�T_a
�qI�SQS>�	CED�OQa kbIgOZ[`�§Y\kXh�IgalVbDGIÑ�ÉT_h¢VqVbD#TWVqabR�h�D�[�Y_[�abH�Y1Y_VbD d eP[�T_H�OQhgTcS#abe`anVXI�H�a d IgabI�kX�_IE�§RGSQS�TWVbVbI�[1VXOZY\[
T_[ d TckXI�[GY_V�T�H8IgkbI�I�i1VXI�[�abOQY_[�Yc��R�[�h�Y\[�anVXkXT_OZ[�I d Y\k �GOQSQTcVbI�k�TcSQSQewh�Y_[#anVXkXT_OZ[GI d abe`anVXI�H�a���� [�VbD�OQa
[�YcVbI��qI���OZSQSlkXIgafVbkXOQh�V Y_RGk�afIgSZ�\Iga+VbY�T][�T_kbkXYW� h�SUT_aXaKYc��h�Y\H�^GSZIgH�I�[1VXT_kbOZVnewafe`afVbIgH�ag�©VXD�TWV��qI�h�T_SZS
^�SQT_[�Tck�I��_Y\SZRGVbOQY_[��WTckXOQTcVbOQY_[�T_S�OQ[GIg�1R�T_SZOZVbOQIgag�	CEDGIgabI+abe`anVXI�H�a�T_kbI+TcSUafY�abY_H�I�VbOQH8I3a�hgTcSQSZI d ^GkXYcmnI3h¢VbI d
d e1[#TcH�OQhgTcS�afe`afVbI�H�a=. |�0>. 8�0 Tc[ d T_kbI�R#afI d VbY'H8Y d IgSÑVXDGI d e1[#TcH�OQhga�Y_��Y_SQOZ�\Y_^5Y_SQOQafVbOUh]H�Tck?3_I�V�a��
ab^�TcVbOUTcS<^GkXOQh�I+I3�\R�OZSQOZ��kbOQRGH]�`I�SUT_afVbOUh d I�H�Tc[ d Vbk�T�@�h+Ig�1RGOQSZOQ�GOQkbR�HA. |�0>�lx+a�OQSQSZR�afVbk�TWVXI d TWVqVbDGIKIg[ d Y_�
VXDGI�[GY_VbI_�©VbDGIge h�T_[�T_SQabY�H8Y d IgS abY_H�I�I�SQIgh¢VXkbOUh�T_Slh�OQkXh�RGOZVXaK��OZVbD O d IgTcS d OZY d I3a���� [�VbDGOUa [GY_VbI�OZV�OQa
abDGYW��[�VbD#TWVpVXDGI�h�Y\[1VbkXY_SQSQT_�GOZSQOZVne�Yc�labR�h�D�afe`afVbI�H�ag����OZVbD�^GOQIgh�I���OUafI�h�Y_[1VXOZ[PRGY\R�aEOZ[�^GR`VXag� d I�^5I�[ d T
SQYcV�Y\[(VXDGI�h�Y\[P�_I�i�abI�VEVXD�TWVp��OZVbDGOQ[]��DGOUh�D(VXDGI�afVXTWVXIKOQa�h�Y_[�afVbk�TcOQ[GI d VbY�Ig�_Y_SQ�_I\�

� Bs������� � �E)��������,!����~)+� �	!��K��!����(���Í!�����-8������!¢��!���


CED�IpSZOQ[GI3Tck�h�Y_H�^GSQI�H�I�[1V�TckXO�Vne8afe`afVbI�H�aDC E � M�FG.Q}�0<��IÑT_kbI d IgTcSQOQ[G����OZVbD�OQ[�VbD�OQaqanVXR d e\�\^5Y\aXafI3abalVbDGI
�§Y\SZSQYW��OQ[G� d e1[#TcH�OQhga HIIIIJ IIIIK

LM�NGOPM�QSRUTWVNYXLM�QZO\[>RUT VQ X]_^ Xa` TWMDRcbed ] Cn}1F
��D�I�kXI TfOhg�TGNWTYQ1ikjml nWo�p Q � TGN;jml nWo Tc[ d TYQ_jql nWo TckXI VbDGI�Vn��Y�h�Y\SZRGH�[�a+Yc� T � brjsl n Q �X jtl n o �8CEDGI8[GY_[`£�[GIg�\TWVXOZ�POZVne]OQaKRG[ d I�k�anVXYPY d h�Y\H8^5Y_[�I�[1Vn��OQabI_��CED�I_E � M�OQ[uCf}1F+OUa+I3�1RGOZ�WT_SZIg[\V
VXY8VbDGI SQOZ[�IgTck�Ig�_Y\SZR`VXOZY\[(�WT_kbOUTWVXOZY\[�TcS<OQ[GIg�1R�T_SZOZVne=Cwv+�xFHJ Kzy LMDRt{DMDRc|}["~x�}�sM��Yd ] ~��!�ej��M$gw�xiYj���~"���Yd ] C¿z4F
��D�I�kXI M_O�g M N ~?M Q i V j�l n Q � {�O�� ] �]�]U� � |�O�� ] �m� � ��O���g�M N ~	M Q i�j�l n Q�� T N M N RuT Q M Q Rb�d ]�� �
��V�OUaE[GYcVXI��qY_kbVbDPe8VbD�TcVg�GabI�I�[��§kbY\H¬Tc[�E � M�^#Y\OZ[1V�Yc���1OQI�� �PVXDGI h�Y\[\VXkbY\SZSQI d�d eP[�TcH�OUh�aqOZ[sCn}�F�OQa

k�TWVXDGI�kKT�[�TckXkXYW� h�SQT\abag�6-ÑYW��Ig�_I�k+VbD�I>v+�p�§Y\kbH�TcSQOUafH OQ[uC>z4F�abDGYW�papVXD�TWV OZV OQaK[GY_VKabY�kbI3anVXkbOUh¢VXOZ�\I
�§kXY_H Tc[ Tc^G^GSQOUh�TWVXOZY\['^5Y_OQ[1V�Yc���1OQI�� �EabOZ[�h�IrvÑ��TckXI(��O d IgSZe'R�afI d OQ[ afY\H�I d Y_H�TcOQ[�a�Yc�Kabh�OZIg[�h�I
¨�¨*¯��GÌ(��Ë¢Ë



J � #����!���� � �?���4
)� �� �
C¿afIgI�. |�0�§Y\kÑH�Tck?3_I�V+Tc[ d 2�[�Tc[#h�I�T_^G^GSQOQhgTWVbOQY_[#a?F��GvÑ�ph�T_[wTcSUafY�kbIg^GkbI3afIg[1VÑafY\H8I�I�SQIgh¢VXkbOUh�T_Sh�OQk�h�RGOZVXa
��OZVbD O d IgTcS d OQY d Iga;. J40>� CEDGI_E � M�OZ[uCn}1FÑOUa+T�^�TckbVbOUh�RGSUTck+�_k�T d OQI�[1VKh�Y_H�^GSQI�H�Ig[\V�TckXO�Vne]abePafVbIgH .´u�0>�
��D�OQh�D�OUa OQ[�VbR�kb[�I3�1RGOZ�WT_SZIg[\V VbY�abYc£ h�T_SZSQI d ^GkXYcmnI3h¢VbI d�d eP[�TcH�OUh�T_S#abePafVbIgH�a<. |�0�. 7�0". 8�0>�lMPY�Y_RGkqanVXR d e
h�Y_RGS d �5I(VbD�TcV�Y_�+h�Y\[1VbkXY_SQSQT_�GOZSQOZVne Y_�Ñ^�TckbVbOUh�R�SQT_k�^GSUTc[#Tck8^GkbY_mnIgh�VbI d d eP[�TcH�OUh�TcS�abe`anVXI�H�a��ÍCED�I�kXI
h�I�kbVXT_OZ[GSQeBkXI�H�TcOQ[�a�T �GOZ� �1Tc^ �#I�Vn��IgI�['VbDGOUa��qY_k?35��Tc[ d Y_�`V�TcOQ[GOQ[G�BafOQH�OZSUTck�kXIgabRGS�V�a8�§Y_k��_Ig[GI�k�TcS
^�kbY_mnIgh¢VXI d�d eP[�TcH�OUh�T_Safe`afVbIgH�a�C§VbY�aXT@e�[GY_VbDGOQ[G���§Y_kÑ�_I�[�I�k�TcS E � M�F�����VpOUa��qY_kbVbDPe�VbY�kXI�H�T_k	3�VXD�TWV
Y\[GSQe�VbDGI�anV�TWVbI�ab^�T\h�I�Vbk�Tc[�af�§Y_kXH�TWVXOZY\[�a�� O�� M ��O�VXD ��� V OPl Q �G��DGIgkbI l Q OQaEVXDGI
	��	8O d I�[1VbOZVne_�
^�kbI3afIgkb�\I�VbDGIK�WTckXOUTWVbOQY_[#TcS5OZ[GI3�1R�TcSQO�Vne��§Y\kbH�T_SZOUafH OQ[mC>z4FD. J�0>� � Y\[�abIg�1RGI�[1VXSZe8VbD�I�kXIgabRGSZVXaETc^�^GSZe�VXY8T
kXIgafVbkXOUh¢VbI d h�SQT\abaqY_�,^GSUTc[#Tck�I��\Y_SQR`VbOQY_[avÑ�qY_[GSQe_� M`OZ[�h�IKVbDGI�afVbR d OZI3a�Y_[]h�Y\[1VbkXY_SQSQT_�GOZSQOZVne�Yc�,VbDGOUaEVneP^#I
Y_� d eP[�T_H�OQhgTcS©abePafVbIgH�a�TckXI�k�TckXI_�1VXDGOQap^�Tc^5I�k�[GIg�_IgkfVXDGI�SQIgaXaqD�T_a�abY_H�IKOZ[1VXI�kXIgafVg�

	(� Í�`��������� ���	#���#(�$#(�	�
��(
��*?*_���6*&��*�� # � *��&����*�� *&��*>�x�������1��*������ {5O ��� �] ] � �����6*(� � #�?#?�
 ��� ����#_*(#��&�������?�! ��� { �&��c#&�*���
)���&#_*(#(�G� � g ] ~ ] i �(�W��#&#��4�&"�$#&%('*)+��#(�U$,",$
)�����-�qr�&(��#/.*�� #0,",$���-��,!�	�1�?#���' �	#3254$66�����7,!�	#8.)��#&#��4�&"�$#/���!,!' � [rO:9[�� � Q M�NY� � M�Q!; ���$#��&��<,$' �Y����#�*���*�� # �' �+�4#(�W����#S����� � HJ K y L=MDRc{ =MDRc|9["~?>\� =M���d ] ~"�+> j =�cg�M�N�i
=M$gw�xiYj =�tg�M�N�i�~ �e�Yd ] CÉ|�F

 @��#��?# =M O g M N ~ =M Q i V ; =M Q O M Q � M Q�A ;6M Q�A O � � M N ; =�cg M N imO �1> � > O ��� =M�~	��jh� � O�1> � TB>PRPb6RPTf� ]
� M�N � d ] � 'C)+��#�*���*&� # � ��� �0D %r� *_�E��#(�	#������	#�GF+HI ���E�m*�� �� #<�4#5,�#��+�4#(���

�&������#�J>*(#(� =�cg�M�N(iLK ����#D*(#�� =� � ����#�*��*D�E��#W*&� �� #�#(����
)��#�*L'I)���#7 S#(
�
M.N,���*(#$���$#�*&*D*���'O��� #�*������k*�'O�$�F+H6*�#&# � �����_�E��# � � � #(���<
)� � ��� #$�r� �QP=���?#?�'SR *;*& S#&#5,$�����T,$�	�1�&#�*&*72VU(W ;YX D ' D 6 ; �Z'�#1'Q ����� {fO ] ')+��#}�4�(� ����$#��;*���*�� # � � *k�
)*��I�&�
�
�#���[,���	4�&��
��Z�6%('��*���. ������ ���� ���!�
 ���!#?%('��
������('Q\>#S,���*��].N,����$#W�E��#*���'O��������*&'O���^�����$ � �Z�&�
_�&�������	��
�
�#��e*���*�� # � *k� �/Z�&' ��' �	#}��� � #1'
CEDGIEkXIgabRGSZVXa,OZ[�. J�0�Tc[ d . v�0�T_aXafR�kbI VbD�TcV h�Y_[1VbOQ[PRGY_R#a�abY_SQR`VbOQY_[#a�Y_�"C>z4F��O�VXD�SQY`h�TcSQSQe d O�:<I�kXI�[1VXOQT_�GSZI

d I�kXOZ�WTWVXOZ�\IlI�i`OUanV	Tc[ d TckXI RG[GOU�1RGI Y\[<` ] ~&R�aUi �3�§Y\k,T_SZSPh�Y\[\VXOZ[PRGY\R�aT_[ d SQY`h�TcSQSQe d O�:<I�kXI�[1VbOUTc��SZIlOQ[G^GRGVXa[ gVb i �
c���dfefg � gÉ �e � )+��#_*���*�� # � ��� � U�% � #&%�' �����
�#(����
)����� � �8%�%�� *;*(��Z��� �=�?# �t� �&��� ���?��
�
����
�# ; � �e�� �*�� �� # M!h�j�� �&��s�?#;�	#&"�$��#$�D�&�	� � ����e*�� �� # M�iSj��j; ��� 3kS����� #;���}���lkS����� #}��� � #3m ; ����< �������m"� � � *?*�� �(
�#;���!,!' � [ gVb i '
x d H�OUababOQ�GOZSQOZVne�Yc�lVXDGI�OQ[G^GRGVKH�I3Tc[�aÑVbD�TcV+VXDGI���IgSZSZ£�^#Y1afI d [GIgaXaÑh�Y_[ d O�VXOZY\[�a+T_kbI�kbI3af^5Igh�VbI d ��n I

d Y8[�YcVpH�T�3\IÑVXDGI d O�:5IgkbIg[�h�I �5I�Vn�qI�Ig[/2�[�O�VXI�Tc[ d OQ[ 2�[GOZVbI m VbY�abOZH�^GSQO��§e�VbDGI ^�kbI3afIg[\V�TWVXOZY\[©�
CEDGI�Y\�`mnIgh�VbOQ�_I�Yc�qVbD�OQa���Y\k	3�OUaKVbY�^�kbYW�\I�VXD�TWV3��RG[ d I�k�abY_H�I�kXIgafVbkXOQh�VbOQY_[�a�Y_[�VXDGI�h�Y\[1�\I�i abI�V� �<VbDGI�afVXTcVbI�� gVb i h�T_[ �5I�anVXI�I�kXI d OZ[#afO d I � CÉOZ[#h�SQR d OQ[G��VbDGI��5Y_RG[ d TckXe^o � F��§kXY_H T_[Pe�Op jt�

VXY�Tc[Peq� Nkjr� � C�Y��#Ig�_OQ[���OZVbDwT_[ d VbY�H�YcVXOZ�WTWVXIKVbDGI�afVbR d e_�#SZI�VpR�a�kXI�H�Tck?3�VbD�TcVpOZ[whgT_abI7r O �
T_[ d � O �1M � M�Qqd��[s�~�sut ] � � VbD�I�[ afRGkXI�SQe VbD�I]abe`anVXI�H OUa8[GYcV �t� h�Y_[1VbkXY_SQSUTc�GSQI_��� [ d IgI d M�N
hgTc[ Y_[�SZe'H8YW�\I��§kbY\H VbD�IwSZI��«V�VbY VXDGIwkXOZ�\D1V�OQ[ VbD�I�^GD�T_abI�^GSUTc[GI\��afOQ[�h�I LM N O M Q d �[s*v ] �

¥§¦,¨©¥«ª



���������	��
�
������
��������������������� ���� ���!�
"���$#&%('��
)����� #�* 7
CED�OQa�h�Y_[1VXkbY\SZSQI d vÑ� OUa�T\h�h�IgaXafOQ�GSQIr.Z}\}�0���OZVbDÍkXIgT\h�D�Tc��SZI�abRG��ab^�T_h�IgaK�§kXY_H g M�N�g ] i�~	M�Q4g ] i	i Ig�1R�T_SlVbY� g M�N1~?M1Q1i � M�NDduM�N�g ] i�~	M�QWd �[s � �`�GR`Vp[GY_V �t� h�Y_[1VbkXY_SQSQT_�GSQI_�
	(� Í�`����� H��G� *6�!���3�(
�#&�� ���/ ��E� � *}*�� � ,$
�#�' ���&��� ���?��
�
����
�#I�&�*�# ; �&��' 
 �r�&#e#$J4� #(���4#��a� �T� � �1��#����� � #(��*�� ����*L'EI�VKR�a�[GYcVXI�VbD#TWV T dGd OQ[G��afY\H8I��nOQH�Tc�\OZ[�T_kbe���anV�TWVXI�kXI�£�OZ[�O�VXOQT_SZO��gTcVbOQY_[�kXRGSZI3aÑY\[uo � abR�h�DwVXD�TWV�c� h�Y\[\VXkbY\SZSUTc��OZSQO�Vne�DGY_S d ag�POQaq[GY_VqIg[1�POUabT_�_I d DGI�kXI�abOQ[�h�IÑVbDGI d eP[�T_H8OUh�T_S5abe`anVXI�H�a�OZ[sCn}�FlY\kkC>z4F�TckXI
VXDGI�VXY_^GOUh�Y_��VbDGI�anVXR d e\�q-pYW�qI��\I�k�H�Y_VbOQ�@TcVbI d �Pe VXDGOUa�abOZH�^GSQI�I�iGTcH�^GSQI�Yc�p[GY\[`£ h�Y_[1VXkbY\SZSUTc�GOQSQO�Vne\�
Y\[GI��\RGIgaXabIga�VXD�TWV T�h�kXR�h�OUTcS	anVXI�^wOQ[wVXDGI�anVXR d e���OQSZS	�5I�VXY(^GkXYW�_I���DGI�VXDGI�k�Y_k�[GYcVKY_[�I�OUa�T_�GSQI�VbY
H�YW�\I�Y_[ o � OQ[ÍY_k d I�k�VbYwkXIgT\h�DÍafY\H8I(anV�TWVbI3a���DGOUh�DÍTckXI�YcVXDGI�kX��OUafI�R�[GkbI3T_h�D�T_�GSQI_�	�ÑR�I�VbY VbDGI
h�Y_H�^GSQI�H�I�[1V�TckXO�Vne�h�Y_[ d OZVbOQY_[#a�C«VbD�OZk d SZOQ[GI OQ[mCf}1FxFq��D�OQh�D]OQH8^�SZe�VbD�TcVqVXDGI �_I3h¢VXY_kY2�I�S d OQapH8Y d O�2�I d
��D�I�[ o � OUapTWVbVXT_OZ[GI d �PVbD�OQa���OQSQS©RG[ d Igkph�IgkfV�TcOQ[�h�Y_[ d OZVbOQY_[#aE�#I ^5Y\aXafOQ�GSQI_�


 � ��!�� �,��
��(���

CED�I+�§Y\SZSQYW��OQ[G��T_aXafRGH�^`VXOZY\[(OUaEH�T d I�T_[ d afRG^�^#Y1afI d VXY�DGY_S d OQ[�VbDGI�abIg�1RGIgS�

�(�g� ������ gÉ �e � )+��#6*(#�� � ���*6B,���*���������# � #?�*�' �	#}��� l n Q '
��VpOUaEIgT\afe�VbY�h�Y\[�anVXkbR#h¢V T T_[ d b afR#h�D(VXD�TWV�OQ[ d IgI d � O�� Y\kqOZVpD�T\a���I�kXY�H�IgT_abRGkXI_�EI�V R�a d I�[�YcVbI�VbD�I �ÉT\h�Iga,Y_�GVbDGI�h�Y_[P�_I�i abI�V � T\a�� i �cabR�h�D�VbD�TcV�� i�� ��M � � i M N R�� i M Q R_b i O ] � �
� [�YcVXDGI�k��qY_k d a�VbD�IK�ÉT_h�I3a�TckXI afIg�_H�I�[1VXaWCÉ^#Y1ababOZ��SZe�R�[1�5Y_R�[ d I d �GSZO 3_IKOQ[�VbDGI�hgT_abI � OUapT�h�Y_[�I_�`Y_k
OZ� � OQa d I(2�[GI d T_a�T�D#TcSZ�«£�ab^�T_h�I1F��<T_[ d VXDGI�afIg�_H�I�[1VXa�h�T_[ �5I�I�iPVbI�[ d I d VbY]anVXkXT_OZ�\D\V�SZOQ[GI3a+��D�Y\abI
I3�1R�TWVXOZY\[�aÑOQ[wVXDGI�^GSUTc[GI�TckXI � i M N R�� i M Q Rub i O ] � ��^��D^ r���CEDPR�a T N O g � N ~�������~ � o i V �©Tc[ dTYQZO5g�(N�~������ ~�� o i V � b>Ozg�b N�~������ ~	b o i V � E©I�V R�a	^GSUT_h�IEY\RGkXabI�SQ�_I3aOQ[�VbDGI�^GD#T_abI�^GSUTc[�IqY_��VXDGI�afe`afVbI�H]�
��OZVbD�VXDGIKVn��Y�TciPOUa g ] ~	M�N�i T_[ d g ] ~?M1Q1i �lCEDGIg[�VbDGIK�§Y\SZSQYW��OZ[���OUaEVbkXRGI
 ��  Í� � )+��#6*���*&� # � ��� � U&% � #&%(' �����
�#�� ��
������ � �8%�%e� * �t� �&��� ���?��
�
����
�#6� �6����/����
)�e� �}����#��	#}� *�!�<��"�?#>��� � *�'O�$�r������ K

! ����#��?#6� *6�,�������� ���s�x� � i  ����� k�� ��� #}�$#0���������#6*�
��$,�#_���m����#}��� ��� � � �	#�*], 'k
�#��&� %a�x���E��#[,��������
� i#" �1M � M�N�O ] � ;  @��#�� � � *6�&#�
��/ � �	#�* , 'W4�&����#5% � i '

! � i � *_��#(�����Z�?�
S��+��4�&����# � �	#�*], 'r�&#(
��! +% �1M � M N O ] � � � � � *_���t�E��#_��� ��� � � �?#�*], 'a
�#��&� %r�x�
� i '

! � i � *T��������$1��� � �
G����m��� �E��#q���
 ��. *],�"�&# �1M � M Q t ] � � �?#�*], ' �1M � M Q v ]�� %�� � � � *��?#(
��/ 
� �	#�*], 'k��&����#5% � i '

! � i O��1M � M Q O ]�� '

¨�¨*¯��GÌ(��Ë¢Ë



8 � #����!���� � �?���4
)� �� �
xÑ[ OZSQSZR#anVXkXTcVbOQY_[KYc�1VbDGI3afI �WT_kbOQY_R�ah�T_abIga<OUa�^GkXYW�PO d I d OZ[W2��\RGkXIq}\��CEDGIlabe`anVXI�H7OQa�[�YcV �aN�� h�Y\[\VXkbY\SZSUTc��SZI\�

�5IghgTcR�abI�VXDGI+Y\[GSQe8�ET@e�VXY�TcVfVXT_OZ[(T�^5Y_OQ[\VqY_[�VXDGIÑSQI��«VEYc��VXDGI��_I�kbVbOUh�T_S�SQOZ[�I g���i �§kXY_H»T�^5Y_OQ[1V�Y\[�VbDGI
kXOQ�_D1V�Yc� g���i �GOQaqVXY��§Y_SQSZYW� VbDGI �5Y_RG[ d TckXe�Yc� � � -ÑYW��Ig�_I�kEY\[�h�I�VbD�I ^#Y\OZ[1V { D�T_aE�5I�Ig[]kbI3T_h�DGI d �`O�V
OUa�OQH�^#Y1ababOZ��SZIKVXY�H8YW�\IKY_[o � N VbYW�ETck d a {�� ��CEDGI�abe`anVXI�H*h�Tc[]�5I�anVXI�IgkbI d Y\[�VXDGI�SQOZ[�I {Z{�� Y_[GSQe
OQ[�VXDGI d OQkbI3h¢VXOZY\[�Yc� | � CEDGIgkbI��§Y_kXIpTcSQS�^5Y_OQ[1VXa�OZ[ � N ��DGOUh�D�TckXIÑafOZVbR#TWVbI d Y_[�VXDGIÑSQI��«VqYc� g���i �Ph�T_[G[GYcV
�5I�TcVfVXT_OZ[�I d �§kbY\H ^5Y_OQ[1VXa�OQ[ � N Y\[�VbDGI�kXOQ�_D1VpYc� g���i �ECEDGI�abe`anVXI�H¬OUa � Q � h�Y\[\VXkbY\SZSUTc��SZI\�`DGYW��Ig�_Igk
T dGd OQ[G�(VbDGI d T\afDGI d ^5Y_kbVbOQY_[�VXY � Q ��Y\[GI�Y\�`VXT_OZ[#a ��� T_[ d VXDGI�afe`afVbI�H�OQa�[GY_V ����� h�Y\[\VXkbY\SZSUTc��SZI\�
� [ d I�I d VXDGI ^#Y\OZ[1V�aEOZ[ ��� Y_[(VbDGI SQI��«V�Y_� g���i �GhgTc[��#IKkXIgT\h�DGI d Y_[GSQe��Pe��§Y_SQSQYW��OZ[G�To ��� TcSQY_[G� T ���
��V+OQaÑ^#Y1ababOZ��SZIKVXY�H�YW�_I�TcSQY_[���VbDGI �ÉT\h�I	� T �§kXY_H
� VbY T �5�GR`V T h�Tc[]�5I�TcVfVXT_OZ[�I d Y_[GSQe]T_abe1H�^`£
VXYcVXOQhgTcSQSZe\�PT_[ d OZVph�T_[G[GYcVE�5IKh�kbY1ababI d �,CEDPR�aE^5Y_OQ[1VXaqY_[ T � hgTc[G[GY_Vq�5IKkbI3T_h�DGI d �§kXY_H VbD�I�kXOQ�_D1VqY_�g���i �5T_[ d VbDGI�^#Y\kfVXOZY\[�Yc� � � VbD�TcV+OUaÑY\[]VbDGI�SZI��«V+Yc� g���i OUa+RG[GkXIgT_h�D#Tc�GSQIK�§kbY\H ^5Y_OQ[1VXaÑY_[�VXDGI�kXOZ�\D1V
Y_� g���i �lCED�I�afe`afVbI�H¬OQa ����� h�Y\[\VXkbY\SZSUTc��SZI\�
CEDGI3afI��WTckXOZY\R�a�kbI3afRGSZVXaET_kbIKT�h�Y_[�abIg�1RGIg[�h�I�Yc�©VXDGI h�Y\H8^�SZIgH8Ig[1VXTckXOZVne�h�Y_[ d O�VXOZY\[�aqOZ[mCn}1F��`��DGOUh�D

^�kbI3h�SQR d I�VXDGI�R#afI(Yc� �� � h�Y\[1VbkXY_SlOQ[G^GR`V [ gVb i Y_[ o � � ["g?b i D�T_a�VbY�T_aXafRGkXI�VXD�TWV�VbDGI(Vbk�TWmnI3h¢VbY\kbe�?# � �����* Y_[ o � �
��

��

��

��
��

��

� �

� ��

������! 

����� "

#

$&%�')(

*,+
�.- �0/ �
������

� -�1/

2�OQ�_R�kbI�} ��3li`T_H�^GSZI3aEYc� �t� h�Y_[1VbkXY_SQSQT_�GSQIÑTc[ d �c� RG[�h�Y\[1VbkXY_SQSQT_�GSZI�afe`afVbIgH�ag�
oqI��§Y\kbI�^GkXYW�POZ[G�8SQI�H�H�T(}\�`SZI�V�R�a�anV�TWVXI�OQ[1VbIgkbH�I d OQTcVbIKkbI3afR�S�V�a���D�OQh�D]h�D�Tck�T_h�VbIgkbO���IÑVbDGIKH�YcVXOZY\[

Y\[�VXDGI �5Y_RG[ d TckXe<o54+�
6 �   �   � g � gÉ �e �87 #(�<' *��&����*&�Z��#��_�E��#>*���*�� # � ��� � U&%���� � �8% ;  ���E� T�N6O � j l n
;�TYQ;O �;j l n
;b�O s>jsl n ' 7 #(�G' *���#ZkS�$#>�E��#q�&�1���������$�� #q���������#:9 � N O ��M N � � M Q R<;>=?� Q O � M N R ��M Q R*s 'j\>#I��#��!��� #��*A@�E��#e����� #��&*(#������ ���c�&#(�  S#&#(� ����#_
)���!# � M�N R ��M�QGR s;O ] ����r����# M�N .xLJ�� * ; �Z'�#1'B@ � *>����#/����� �4���U�x��E��#6�$#L r�&�	 � # g � N�~ � Q9i ��+�e�E��#��?����*����	���� �Y�&��' �+�4����/� * � � � � QDO ] � '�)+��#(�

¥§¦,¨©¥«ª



���������	��
�
������
��������������������� ���� ���!�
"���$#&%('��
)����� #�* u

����������
����������

����������

����������
	�	�	
�
�


��������������

����������

����������
�����
�����
�����
�����

����������

����������

���
���
���

�
�
�

���
���
���

���
���
���

���
���
���

���
���
���

�
�
�
�

�
�
�
�

�
�
�
�

 
 
 
 

!
!
!

"
"
"#

#
#

$
$
$

%�%
%�%
%�%
%�%

&
&
&
&

'�'
'�'
'�'
'�'

(
(
(
(

� �

� �
) �) �

*p
*

) �

) �

* *

+-,/.10 230 4657.98 ,/+-5:;5=</>?230 4657.98 ,/+@5

2,OZ�\RGkXI z � CEDGI [GI�� h�YPY_k d OQ[�TWVXI��§kXT_H8I\�

A@A@A
A@A@A
A@A@A
A@A@A
A@A@A
A@A@A
A@A@A
A@A@A
A@A@A
A@A@A
A@A@A
A@A@A
A@A@A
A@A@A
A@A@A
A@A@A
A@A@A
A@A@A
A@A@A
A@A@A
A@A@A
A@A@A
A@A@A
A@A@A
A@A@A
A@A@A
A@A@A
A@A@A
A@A@A
A@A@A
A@A@A

B@B
B@B
B@B
B@B
B@B
B@B
B@B
B@B
B@B
B@B
B@B
B@B
B@B
B@B
B@B
B@B
B@B
B@B
B@B
B@B
B@B
B@B
B@B
B@B
B@B
B@B
B@B
B@B
B@B
B@B
B@B

C@C@C
C@C@C
C@C@C
C@C@C
C@C@C
C@C@C
C@C@C
C@C@C
C@C@C
C@C@C
C@C@C
C@C@C
C@C@C
C@C@C
C@C@C
C@C@C
C@C@C
C@C@C
C@C@C
C@C@C
C@C@C
C@C@C
C@C@C
C@C@C
C@C@C
C@C@C
C@C@C
C@C@C
C@C@C
C@C@C

D@D@D
D@D@D
D@D@D
D@D@D
D@D@D
D@D@D
D@D@D
D@D@D
D@D@D
D@D@D
D@D@D
D@D@D
D@D@D
D@D@D
D@D@D
D@D@D
D@D@D
D@D@D
D@D@D
D@D@D
D@D@D
D@D@D
D@D@D
D@D@D
D@D@D
D@D@D
D@D@D
D@D@D
D@D@D
D@D@D

E@E@E@E
E@E@E@E
E@E@E@E
E@E@E@E
E@E@E@E
E@E@E@E
E@E@E@E
E@E@E@E
E@E@E@E
E@E@E@E
E@E@E@E
E@E@E@E
E@E@E@E
E@E@E@E
E@E@E@E
E@E@E@E
E@E@E@E
E@E@E@E
E@E@E@E
E@E@E@E
E@E@E@E
E@E@E@E
E@E@E@E
E@E@E@E
E@E@E@E
E@E@E@E
E@E@E@E
E@E@E@E
E@E@E@E
E@E@E@E

F@F@F@F
F@F@F@F
F@F@F@F
F@F@F@F
F@F@F@F
F@F@F@F
F@F@F@F
F@F@F@F
F@F@F@F
F@F@F@F
F@F@F@F
F@F@F@F
F@F@F@F
F@F@F@F
F@F@F@F
F@F@F@F
F@F@F@F
F@F@F@F
F@F@F@F
F@F@F@F
F@F@F@F
F@F@F@F
F@F@F@F
F@F@F@F
F@F@F@F
F@F@F@F
F@F@F@F
F@F@F@F
F@F@F@F
F@F@F@F

G@G
G@G
G@G
G@G
G@G
G@G
G@G
G@G
G@G
G@G
G@G
G@G
G@G
G@G
G@G
G@G
G@G
G@G
G@G
G@G
G@G
G@G
G@G
G@G
G@G
G@G
G@G
G@G
G@G
G@G

H@H
H@H
H@H
H@H
H@H
H@H
H@H
H@H
H@H
H@H
H@H
H@H
H@H
H@H
H@H
H@H
H@H
H@H
H@H
H@H
H@H
H@H
H@H
H@H
H@H
H@H
H@H
H@H
H@H
H@H

I
I
I
I
I
I
I
I

J
J
J
J
J
J
J
J
J
J
J
J
J

K
K
K
K
K
K
K
K
K
K
K
K
K

L@L@L@L
L@L@L@L
M@M@M
M@M@M
N@N@N
N@N@N
O@O@O
O@O@O
P@P@P
P@P@P
Q@Q@Q
Q@Q@Q
R@R@R
R@R@R
S@S@S
S@S@S
T@T@T
T@T@T
U@U@U
U@U@U

V@V@V
V@V@V
W@W@W
W@W@W

X@X@X
X@X@X
Y@Y@Y
Y@Y@Y

Z@Z@Z
Z@Z@Z
[@[@[
[@[@[

\@\@\
\@\@\
]@]@]
]@]@]

^@^@^
^@^@^
_@_@_
_@_@_

`@`@`
`@`@`
a@a@a
a@a@a

b@b@b
b@b@b
c@c@c
c@c@c

d@d@d
d@d@d
e@e@e
e@e@e
f@f@f@f
f@f@f@f
g@g@g@g
g@g@g@g
h@h@h@h
h@h@h@h
i@i@i@i
i@i@i@i
j@j@j@j
j@j@j@j
k@k@k@k
k@k@k@k
l@l@l@l
l@l@l@l
m@m@m@m
m@m@m@m
n@n@n@n
n@n@n@n
o@o@o@o
o@o@o@op@p@p@p
p@p@p@p
q@q@q@q
q@q@q@q

r@r@r
r@r@r
r@r@r
s@s@s
s@s@s
s@s@s

t@t@t
t@t@t
t@t@t
u@u@u
u@u@u
u@u@u

v@v@v
v@v@v
v@v@v
w@w@w
w@w@w
w@w@w

x@x@x
x@x@x
x@x@x
y@y@y
y@y@y
y@y@y

z@z@z
z@z@z
z@z@z
{@{@{
{@{@{
{@{@{

|@|@|
|@|@|
|@|@|
}@}@}
}@}@}
}@}@}

~ �

~ �

�

�����;������� �����;������� �����;�3����� �����;�������

2,OQ�_RGkXI | � Ck�TWmnI3h¢VXY_kXOZI3a�Y\[ o54zC§�_IgkfVXOQhgTcS<�ÉT\h�Iga&F¢�

¨�¨*¯��GÌ(��Ë¢Ë



v � #����!���� � �?���4
)� �� �
! � ,���*&��������#W*�
��$,�#V%7Hw� � ? ; v ] ; ���O ] ; ����3,�������� � N�h �����E��# �?����*����	���� ���&��r�&#}���� ����!#�� �&�?� ��� �B,�������� � N?i�d � N?h '
! � �$#0���������#D*�
��$,�#V%7Hw� � ? ; t ] ; ���O ] ; ����#������� ,������ � � N�h ��������#7�?����*����	���� ���&��r�&#W���� ����$#���&�	� � �� � ,������ � � NVi ^ � N�hO; ����=����
,������ � � N�h ���t�E��#<�&����*����?������B�?��U�&#����� ����$#����&�?� ��� �q,������ � � N?i_d � N?h ����
)� ���\�E��#=LJ�� * � N�j ` @ ~&R�aUi '�P����	#&����#����E��#
,������ ��@ �&�� �&#���� ����$#��D�&�	� � �� � � N?i�v ] ����
��/�*�� � ,!� �����Z�&�
�
)�('

H � � O ] �E��#(������#;�&��' ���4������ *6
��������$1��� � �
 
)���!# M�QZOz��=; ����
! � � � � v ] ���� s t ] %���� � � t ] ���� sBv ] % ; ���	��(#��(� ����� #�* � ����# �&�	� � �E��#�
 # �&��� �_����#}��� ��� � ;
! � � � � v ] ���� s v ] %���� � � t ] ���� sBt ] % ; ���	��(#��(� ����� #�* � ����# �&�	� � �E��#���� ��� ��� �_�E��#6
�# �&� ;
! � � s<O ] ����#����E��#}*���*�� # � �?# � �����*k*���'O�$#/��� o � �� �E��#��&��� � "����������,��������5'

H � �GO ] �E��#(�=�E��#>�&��' ��������e� *6e��#(�����Z�&�
�
)���$# M�NGO�� =? ����
! � � � � v ] ��+� sIv ] %���� � � v ] ��+� sTt ] %a�E��#(� �E��#>*���*�� # � � *q�&�������	��
�
�4�(
�#e���c����#>*(#���1M � M�QBt ] � ��+�a����e���	��(#��(� �����e��������� �
)��$1#��a���=�E��#�*�#(� �1M � M�Qkd ]�� �4#(� "�$��#�*S�&�?� � o � ;
! � � � � t ] ��+� sIt ] %���� � � t ] ��+� sTv ] %a�E��#(� �E��#>*���*�� # � � *q�&�������	��
�
�4�(
�#e���c����#>*(#���1M � M Q v ] � ��+�a����e���	��(#��(� �����e��������� �
)��$1#��a���=�E��#�*�#(� �1M � M Q ^U]�� �4#(� "�$��#�*S�&�?� � o � '

EI�V�R�a [�YcVbI8VXD�TWV VXDGI�h�T\afI � O �>O ] OUa H�IgTc[�OZ[G�\SZI3abaKabOZ[#h�I�VbD�I�afe`afVbI�H�OQa [�Y�SQY_[��_I�k�h�Y_[`£
afVbk�TcOQ[GI d � DGIg[�h�I�OZV�OUa�[GYcV�VXkbI3TWVbI d OQ[ ^GkXY_^5Y\abO�VXOZY\[ }_� CED�I�[�I�� h�YPY_k d OQ[�TWVXI��§k�TcH�I g � N�~ � Q1i OQa
d I�^GOUh¢VXI d Y\[t2��\RGkXI�z`� n�I([�YcVbI(VbD#TWV8VbDGI(Vn��Y d Ig^GOQh�VbI d h�T\afI3a�hgTc[Í�5I�kbY_VXTWVXI d VXY Y\�`VXT_OZ[ VbDGI
T d H�OQaXabOZ�GSQI d Y\H�TcOQ[��#IgSZYW� VXDGIÑ�5Y_RG[ d TckXe_�	CEDGI+Tci`OQa g @ ~ � Q�i ^#Y\OZ[1V�a OQ[�abO d IpVbDGI�T d H�OUababOZ��SZI�afI�V � �
CED�I d T\afD�I d T_kbkXYW�pa Y\[Qo � OQ[ d OUh�TcVbI+VbDGI d OQkXIgh¢VXOZY\[�a�OZ[���DGOUh�D�Vbk�TWmnI3h¢VXY_kXOZI3a h�T_[��5I�h�Y_[1VbkXY_SQSQI d Y\[o � � �+RGI�VbYKVXDGIÑh�Y_H�^GSQI�H�I�[1VXT_kbOZVne�h�Y_[ d OZVbOQY_[#a��\O�Vl�§Y\SZSQYW�pa,VbD#TWV OQ[�afY\H8I�kXI��\OZY\[�a	Yc� o � �WVXkXTcmnIgh�VbYc£
kXOQIga�TckXIKkbI3anVXkbOUh¢VXI d VbY�H�YW�_IKOQ[�T�afOQ[G�_SQI d OQkbI3h¢VbOQY_[ CÉYcVbD�I�kX��OQabI�VbDGIge(SQIgT@�\IBo � F�� CEDGI�hgT_abIgaE��DGIg[
VXDGI �5Y_RG[ d TckXe�OQa��\I�kbVbOUh�T_S¿�POUa d I�^�OQh�VbI d OQ[�2��_RGkXIK|G�

6 �  © ��  �� �,�   �   � g � gÉ �e �#� ��V OUa+abOQH8^�SZI8VbY�h�T_SQh�RGSQTcVbI�VbD�TcV�Y\[ � � � � Q;O ] � VbDGI�abePafVbIgH D�T_a
VXDGI d eP[�T_H8OUh�a HJ K L� N<O�� ? ;? ��� ; � � NY� � [� ? �? � � ; � � NSR �&[ ^ ] C§J�F
��� � �O ] VbDGIg[�VbDGIK�§IgI d ��T\h&3 [�Oz� N? 	 �WR ? ;? �
� ; � � N�� ePOZIgS d aHJ K L� N O\�� � NY� ;? � ^u] C�74F

¥§¦,¨©¥«ª



���������	��
�
������
��������������������� ���� ���!�
"���$#&%('��
)����� #�* �

��D�I�kXI � OUaKVXDGI�[GI�� OZ[�^GR`Vg�In�I�[GY_VbOUh�I8VbD�TcV�O�� � � NZ� ;? ��O ] VXDGI�[�VXDGI�afe`afVbIgH �n�\kXT ��I3a �
o � �
��� � ? ; v ] � � �O ] �<VXDGI�[ [GIgh�IgaXabT_kbOQSQe � ^ � ? ; � N �©T_[ d � hgTc[ �5I�h�DGY\abI�[ t ] afY(VbD�TcVB� N h�Tc[ �#I
H�T d I8VbY d Igh�kbI3T_abI���D�OZSQI�anV�T@e1OQ[G��Y_[ o � ����� � ? ; t ] � � �O ] ��VXDGI�[ [GI3h�I3abaXTckXOZSQe � d�� ? ; � N ������ N t ] VbDGIg[ �v ] �<abY�Y_[ gx� a\~ ] i ��� N h�T_[�Y_[GSQe(OQ[�h�kbI3T_abI_� �+[ g ] ~&R�aUi�� � N �5Y_[�I�h�T_[wh�DGYPY\abI�_O�� ? ; � N afY�VbD#TWV @ OQa�TcVfVXT_OZ[�I d Y_[GSQe�T\afePH�^`VbY_VbOUh�T_SZSQe��§kbY\H¬Tc[Peq� NVi v ] �
�ÑYW� OZ� � O ] �PVbDGI d eP[�T_H�OQhgaEY_[o � OUa��_OQ�_Ig[(�PeHIIIIJ IIIIK

LM N O�� =;M Q O���=;[>R � X O ] Tc[ d X d ]�� �&[ ^U] C 8�F
CED�I�kXIgabRGSZVpIgT\afOQSZe��§Y\SZSQYW�pag�,��� �GO ] VXDGI d eP[�TcH�OUh�aEY\[ o � OQaE�\OZ�\I�[��PeHIIIIJ IIIIK

M�NGO�� =?LM�QZO\[M Q R � X O ] Tc[ d X d ]�� � M Q ^ ] C>u�F
CED�I�kXIgabRGSZVpOQa�T d OQkXIgh¢VÑh�Y_[�abIg�1RGIg[�h�I�Yc�GC>u4F¢�

6 �  © ��� �� � �  Í� �5� CEDGI�^GkXY1Y_�ÑR�abIga�VbD�I(kXIgabRGSZVXa8Yc�Ñ^�kbY\^#Y1afOZVbOQY_[ }\� C�Y�afVXT_kfV���O�VXD©� SQI�V
R#a�h�Y\[�afO d Igk8Y\[�h�IwT_�\T_OZ[ VbDGIwabI�V �aN Y\[u2��_RGkXI }_� CEDGIg[ �§kbY\H ^GkXY_^5Y\abO�VXOZY\[7}�OZV��§Y_SQSZYW�pa8VXD�TWV
VXkXTcmnIgh�VbY_kXOQIga	h�T_[8Y\[GSQe��5I��§Y_k�h�I d VXY H�YW�_IE�§kXY_H { � VXY { �1�GR`V [GY_V VbDGIÑkbIg�_I�k�abI_� � Y\[�abO d Igk [GYW� ��Q �
CED�I�[�VXkXTcmnIgh�VbY_kXOQIga hgTc[(�#IKh�Y\[\VXkbY\SZSQI d �§kbY\H � VbY T �PVbDGY\RG�_D T OUa�kXIgh�D#Tc�GSQIÑOQ[�OQ[ 2�[GOZVbI�VXOZH�I�Y_[GSQe_�
x+ababRGH�I�VXD�TWV T OUa�mnR�afV �5I�SQYW� VbDGIÑTci`OQa ��M � M�N�O ] � ����V �§Y_SQSZYW�pa	�§kXY_H ^GkXY_^5Y\abO�VXOZY\[(}pVbD�TcV o ��Q h�T_[
�5I8Vbk�T_h&3\I d h�SZY`h&31£>��OUabI��Pe Tc^�^GSZePOQ[G�]afY\H8I�abRGO�V�Tc�GSQI�af��OZVXh�DGOQ[G��OZ[�^GR`Vg��CEDPR�ag��VbDGI�^5Y_OQ[1VXa�Y_[ VbDGI
kXOQ�_D1VqY_�VXDGI �_IgkfVXOQhgTcS<SZOQ[GI g���� i hgTc[��#I afVbIgI�kXI d VbY�Tc[PeP��DGI�kXI�OZ[ � Q �Pe_2�k�anV�H�YW�POZ[G��Y\[�� ��� �+[GI
H�T@e�aXT@e VXD�TWV VXDGI d eP[�T_H8OUh�a	OUalabRGOZVXTc��SZe�H8Y d O�2�I d Y\[8VbDGI��5Y_RG[ d TckXe�� � afYKVXD�TWV M N hgTc[ d Igh�kbI3T_abI
OQ[�VXDGIk2�k�anV��1R�T d k�Tc[1V3��� [�VbDGI aXTcH�IÑ�ET@e8VbDGI abePafVbIgH»OQa �
	�� h�Y_[1VXkbY\SZSUTc�GSQIÑT_[ d � � � h�Y\[\VXkbY\SZSUTc��SZI\�
��R`V+OZV+OUaÑ[�YcV ����� h�Y\[\VXkbY\SZSUTc��SZIeC«VXDGI�anV�TWVbI3apY\[]VbDGI�SZI��«V�Y_�,VXDGI�SQOQ[GI g���i hgTc[G[�YcVÑ�5I�kXIgT\h�DGI d �§kXY_H
T_[Pe1��D�I�kXIpOZ[ � Q F¢� CEDGI afe`afVbIgH OUa �
	�� h�Y_[1VbkXY_SQSUTc�GSQIÑabOZ[�h�I�T\aqOZSQSZR#anVXkXTcVbI d T�afVXTcVbI M h VXD�TWV�h�T_[G[GYcV
�5I�TcVfV�TcOQ[GI d �§kXY_H M i �1OUT�T�Vbk�TWmnIgh�VbY\kbe(��DGOQh�D kbIgH�T_OZ[#aÑOQ[ ��� o � �5hgTc[w�5I�TWVfV�TcOQ[GI d �1OUT�T�^�TWVXDM�i�{Z|6M!h �
CEDGI�^GkXY1Y_�lYc�lSQI�H�H�Tw}�OUa d Y_[GI��Pe�Y\��abI�kX�1OQ[G��VXD�TWV�RG[ d IgkÑVXDGI�afVXTcVbI d h�Y_[ d O�VXOZY\[�ag�5T_[ d �§kXY_H

^�kbY\^#Y1afOZVbOQY_[�}_��VbDGIg[wTc[Pe�^5Y_OQ[1VÑOZ[ � hgTc[]�5I�anVXI�IgkbI d �Pe ["g?b i VbY�Tc[Pe(YcVbD�I�kp^5Y_OQ[1VÑOZ[ � ��� [ d I�I d
OZ�lT�anV�TWVbI M�h h�Tc[�[GYcV��5I�TWVbVXTcOQ[GI d �§kXY_H M�i �POQT�T�Vbk�TWmnI3h¢VXY_kXe�OZ[ �� o � �`VbDGIg[wT�^#Y\kfVXOZY\[]Yc�	^�TWVXD
hgTc[B�5I�VXkXT\h&3_I d Y\[*o � � 2�Y_k8OZ[#anV�Tc[�h�I��§kbY\H VbDGI�kbI3afR�S�V�a�Yc�p^�kbY\^#Y1afOZVbOQY_[ }\�,Y\[GI(abI�I3a VXD�TWV8VbDGI
�5Y_R�[ d TckXe�Yc� VbD�I d Y\H�T_OZ[ ��� Y_[�2��_RGkXI�z�hgTc[w�5I�VXkXT\h&3_I d h�SZY`h&3P��OUafI\� � Y_[�abIg�1RGIg[1VbSQe�T_[1e�^5Y_OQ[\VM!h Y\[ VXDGI�kbOQ�_D1V Yc��VbDGI�SQOQ[GI g���i hgTc[ �5I�TcVfV�TcOQ[GI d �§kXY_H�T_[1e ^#Y\OZ[1V M�i Y_[ VbDGI�SQI��«V�Y_� g���i ��CED�I�kXI
D#T_aKVXYw�#I(T]^#Y\kfVXOZY\[�Y_�EVbDGI�VXkXTcmnIgh�VbY_kXe�VXD�TWV�Ig�_Y\SZ�\IgaKY_[ o � VXYwkbI3T_h�D M!h �§kXY_H M�i �]CED�I�abT_H�I
kXIgT\afY\[GOQ[G��h�T_[��#I d Y_[�I��§Y_k �
	 � CEDGI�h�Y_[ d O�VXOZY\[�a�Yc�©SQI�H�H�T�}ÑT_kbIÑabR @�h�OQI�[1Vq�GR`V�h�Tc[�T_SQabY��5I+abI�Ig[
¨�¨*¯��GÌ(��Ë¢Ë



}3{ � #����!���� � �?���4
)� �� �
VXY��5Ip[GIgh�IgaXabT_kbe\�W�§Y_k�O��©Y\[GI�Yc�<VXDGI�H �ÉTcOQSUa VbD�I�[�VXDGI�kXI�I�i`OUanV�a h�Y\RG^GSQIga Yc�©anV�TWVXIga OQ[ � ��DGOUh�D�h�T_[G[GYcV
�5IEmnY_OQ[GI d �Pe(T�h�Y_[1VbkXY_SQSZI d VXkXTcmnIgh¢VXY_kXe_�n�I [GYcVXIKVbD�TcVpOZ[��_Ig[GI�k�TcS5VXDGI OZ[�^GR`V+abOZ�\[�TcS [ gVb i OQap^GOZI3h�Ig��OQabI h�Y_[1VXOZ[PRGY\R�a��
	(� Í�`����� 7 #(�6' *�&����*��Z��#����E��#u�&�*(# � O �1M � � g M i�d ]��  ����� � g?b i  �&����������'���' *W�&' �+����� ���
� ,���*&*�� ��
��I��� �Z#(�	#�� ��� ���
 #6�
 � ��*&�Y#���#����! @��#��?#}��� 
)� ; �Z'�#l' o � � ��������#}��r���1k��������>�x�B�&�����$#(�&*]%('�H�����9#�*��$���S*�'��C�?#6� �/$,",$�	�lJ�� � �� #;�E��#��?������#�J/*(#(� � �(�_*(� � #[,���
)�l��#����?��� 9� � � ; �����$,",$
)�����-�
 # ��� jU ; � �j�&�����(
)'O�4#���&��' ���E��# 9� � �&�������	��
�
������
������t�����E��#a*���*�� # � '*H��+�4#&#��m����#^�����! � �Z��*�� *� �1��� k #��r��� o � ; �!���Z��� o 9� '��!�a���<� *>�$#��&#�*&*(����a� �r#$J  � ���$#>�E��#>*���*�� # � Y_[ �E��#��&��' �+�4������x�� � �Q�?�����(
)'O�4#>4�&��' ���&��� ���	��
�
�4�(��
)�����('
	(� Í�`���	� )+��#k*���*�� # � *B�&����*��Z��#��	#��_���I2VU�
l6�2VU��6k����>�����E� � *D�!��� #���	#��$��� �E��#D*( � #1'��}� *L�(�	#0,+.����(� #�*���	# K �E��#(�I�?����*��Z�4#(�D*&��*�� # � *<�E����S#(����
)��#����
,���
)��� �$,�#�* � � �Z'�#1'W�&��' ����#����&������#�J>*(#(� *0% ; �����E��#<�����$ � �Z��*����s����#_������ ��' *G��(�&#�*e�x�6�E��#B,���
)��� ��,�#a��	#e�$���<* ,�#���� kY#��r�*;���Z� *Y�����I�&� � ,$
�# � #�� .� ���������*���*�� # � * �  @� �Z��� ; #�*],�#���� �
�
)� ; �?#�*������Z����*>�E��# �������Z�&#��������!,$' ��*���� o � %/'�� ���e����*�� ����&# 2VU� ;,!�	�$,���*������ ����*�
�'�U ; 
�' ��6�&����*��Z��#��a*���*&� # � *< ���E� �k@J #�� �?�������	��
�
 #$�j�����$ � �Z��* LMtO�� g�M�~	[!i&; ������� ��#�*���� ���� #�*� @��#��E��#(�/���_�$���Z�E��#(�	#/#$J�� *�� *e���#&#$���&(��#r���/,$' � [ g M i *�'O�$�s������ M$gVb i �&��U�&#e*&� #&#��?#$����m�E��#[,���
)��� �$,�#l')+��#T�&���+������� ����*_��	#e#�*&*�#(����� �
�
������m�E��#_����� #(��� ���� ���t���}����#6��#���� ����k #(
 � � g M ~x[ i ���E�/�	#�* ,�#���� � �}�E��#S,���
)��� �$,�# ��"�?#�*Z�!��� � �
$��#��(� ���&*8' � ������� #��	#�*������-��k #(
 �;�x�Z�?#�*(#&������q S��' 
 �_�&#k� �
����-#��E��#��
 ���������E� � �Z�7,�����Z�x�B2VU��?6_��+���E��#>�	#&(���������
������=�x�T�&� � ,!
�# � #(��� ��������a*���*�� # � * ; ��� �(#$�(��������E��#}*],�#��(� k �(�����/�x� �&� � ,$
�# � #�� � ��������e*���*�� # � *k���q����#�*���'O���('
� � � ������� &]���

�
�

� ��� �
�

� � ��� �
2,OQ�_RGkXIKJ#� xsabOZH�^GSQI I�SQIgh�VbkXOQhgTcS©h�OQk�h�RGOZVg�

¥§¦,¨©¥«ª



���������	��
�
������
��������������������� ���� ���!�
"���$#&%('��
)����� #�* }\}

EI�V�R#a�h�Y\[�abO d Igk VbD�I(abOZH�^GSQI�IgSZI3h¢VbkXOUh�TcS�h�OQkXh�RGO�V�OZ[ 2#�_RGkXI�J��,��DGIgkbI n OUa�T�kXIgabOUanVXY_k3� � OUa�T_[
OQ[ d R#h¢VbY\kg� T OUa�T�h�Tc^#T_h�OZVbY\kg�`T_[ d VXDGI d OQY d I OQa�abRG^G^5Y\abI d O d IgT_S¿� ��V�a d eP[�TcH�OUh�aEOUaE�_OQ�_Ig[(�PeHIIIIJ IIIIK

LM N O\M QLM�QZO � � � M�Q R � ��� �� � N� � M�N�� N� X]>^ X�` �<M�QWd ]
CÉv�F

��DGIgkbI M�Q�g?b i OUa+VbDGI�h�RGkbkXI�[1VKT_h�kXY\aXaÑVbDGI�h�OQk�h�RGOZV�Tc[ d � X OQa�VXDGI��_Y_SZVXT_�_I�Yc� VXDGI d OQY d I_� [ gVb i OQa
T �_Y\S�V�Tc�_I(h�Y_[1VXkbY\S¿� �+[GI]afIgIga�VbD�TcV�VXDGOQa�abe`anVXI�H�OQa8[GY_V�h�Y_[1VbkXY_SQSUTc�GSQI��PeBafOQH�^GSZI]Tc^�^GSZOUh�TcVbOQY_[ÍY_�
SQI�H�H�T�}_� �+[GIKH�T@e�VXkXT_[�an�§Y\kbH VXDGI�abe`anVXI�H�OQ[ CÉv�FqOQ[1VbY8VbD�I�h�Tc[�Y_[GOUh�T_S#�§Y\kbH OZ[sCn}�F¢�G�Pe�Tc^G^GSQePOZ[��
T�^GkXI�£>�§I�I d ��T_h&3 [ g M N ~?M Q i�O����!gw�xi R � � M Q R N� � M N �	� [(�ÉT_h�VqVXDGI anV�TWVXI M N g?b i hgTc[(Y_[GSQe d Igh�kbI3T_abI_�PY_k
�5I�h�Y\[\VXkbY\SZSQI d VbYwT�h�Y\[�anV�Tc[1V �WTcSQRGI�Y_[ o!4+��CEDGOUaKOUaKOZ[1VbR�O�VXOZ�\I�SQe afY\RG[ d afOQ[�h�I8OZV�h�Y\kbkXIgab^5Y_[ d aÑVbY
D#T@�1OQ[G��VbDGI�hgTc^�T\h�OZVbY\kqSQY\T d I d ��OZVbD�T8[GY_[`£�^5Y\abO�VXOZ�\IKh�RGkXkbIg[\V�TWVÑT_SZS<VXOZH�I3a��

� � ����������
!����

� [wVbDGOUaÑ[�YcVbI���I�D�T@�_I�^GkbY\^#Y1afI d T�h�D�T_kXT\h¢VbIgkbOUaXTWVbOQY_[�Yc� VXDGI�h�Y_[1VXkbY\SZSUTc�GOQSQO�Vne(^GkbY\^#IgkfVXOZI3apY_�l^GSQT_[�Tck
Ig�_Y\SZR`VXOZY\[��WTckXOQTcVbOQY_[�T_S�OZ[GI3�1R�TcSQO�VXOZI3aÑ��OZVbD h�Y_[1VXkbY\S©OZ[�^GR`Vg��CEDGIgabI�abe`anVXI�H�aÑT_kbI�T�afRG�<h�SUT_aXapY_� h�Y\H�£
^�SZIgH8Ig[1VXTckXOZVne d eP[�TcH�OUh�T_Safe`afVbIgH�ag��CED�I�e]TckXI�[�Y_[�abH�Y1Y_VbD�Tc[ d [�Y_[GSQOZ[�IgTck3��CED�I H�TcVbIgkbOUTcS©OQ[]VbD�OQa
[�YcVbIÑkbIgSZOQIga D�IgT@�POZSQe�Y\[8VbDGI+^GkbY\^#IgkfVXOZI3a Yc�5VbD�I+abePafVbIgH Y\[�VbDGIp�5Y_R�[ d TckXe�Y_�<VbDGI�h�Y_[#anVXkXT_OZ[1VlafI�V�Tc[ d
Y\[8VbDGIp�5I�D#T@�1OQY_R�k Yc�<VbDGIpVbk�TWmnIgh�VbY\kbOQIga,Yc��^GSUTc[#TcklabePafVbIgH�a OZ[�VXDGI�OQkl^GD#T_abI�^GSQT_[GI_� � Y\[�afI3�1RGI�[1VbSQe�T_[
I�iPVbI�[#afOQY_[8Yc�5VbDGOUa	�qY_k?3�afD�Y_RGS d kXI�SQe�Y\[�VXDGIÑTc[#TcSQe\VXOQhgTcS1VbYPY\SQa	OQ[�.Z}@z10GVbD#TWV h�D�T_kXT\h¢VbIgkbO���I VbDGIph�Y_[1VbkXY_S
hgTc^�T_�GOQSZOZVbOQIga,Yc�<T+abe`anVXI�H]�cY\[�VXDGIE�#Y\RG[ d T_kbe Y_�#OZVXa T d H8OUaXafOQ�GSQI d Y\H�TcOQ[©�,CED�IEh�SQT\aba,Y_�#afe`afVbIgH�a,VXD�TWV
OUaph�Y_[�abO d I�kXI d OQapT�[#TckXkbYW� h�SQT\abaEY_�	h�Y_H�^GSQI�H�I�[1V�TckXO�Vne d e1[#TcH�OQhgTcSabe`anVXI�H�ag�S-pYW�qI��\I�kqVbDGI�kbI3afRGSZVXa
abDGYW� VbD�TcV VbDGIÑh�Y_[1VbkXY_SQSUTc�GOQS�Vne Y_�<h�Y_H�^GSQI�H�I�[1V�TckXO�Vne d e1[#TcH�OQhgTcS�abe`anVXI�H�a d O�:5IgkXa afOQ�_[GO�2#hgTc[1VbSQe �§kXY_H
VXD�TWVpY_��RG[#h�Y_[#anVXkXT_OZ[GI d abe`anVXI�H�ag�

� ��%W�E�	���(�q��


.Z}(07ns� j	� �Í� -��!-ÑI�IgH8IgSQag���#� �B�#M`h�DPRGH�T_h�D�I�k3�#M<�On�I�OQSUTc[ d �<zc{\{_{���EOZ[GI3Tckph�Y_H�^GSQI�H�I�[1VXT_kbOZVne(abe`an£
VXI�H�a��W�#MP�nx��	���GxÑ^G^GSQOZI d � TWVbD�Z�G�\Y_S>� 8\{G�P[GY�J���^G^©�Q}3zc|_Jc£�}3z48 � �. z�0 x��_�WTc[ d I�k�M`h�D#TW�«Vg� -��PM`h�DPRGH�T_h�DGIgkg�1zc{_{\{ � �IH�� ���?�l��'O����� ���a� ��
��4�(���Z�W�}���! � �Z�?�
 �$��*�� # � * �
M`^GkbOQ[G�\I�k3��E � � �fM]z�7`}_� EY_[ d Y\[©�. |�0 x�� �ÑT_�_RGkX[GIge_� ����5D�Tc[����`} � � 8�� �	���(#��(� #��k�}���! � �Z�?�
 � ��*�� # � *<����^F ���� ���� ���$�
"H��!#?%('��
������ #�* ���E� � ,",$
)�Z�&���� ����* ���KSQR1�qI�k � a � [1VbI�kX[�TcVbOQY_[�T_S�MPI�kXOQIga�OQ[ �+^5I�k�TWVXOZY\[�a kXIgabIgTck�h�DBTc[ d �wTc[�T_�_I�£
H�Ig[\V+MGh�OQI�[�h�I_��oqY\afVbY\[©�. J40 ������YPI�SQI��\I�[©�`o��GoqkbY\�_SQOQTcVbY��Pzc{\{\z �XM1V�Tc�GOQSZOZVne�Tc[ d RG[�afVXT_�GOQSZOZVne�H�TWVXkbOUh�I3al�§Y\kqSQOQ[GIgT_kqIg�_Y\SZR`VXOZY\[
�WT_kbOUTWVXOZY\[�TcS<OQ[GIg�1R�T_SZOZVbOQIga ���GabRG�GH�OZVfVXI d �

¨�¨*¯��GÌ(��Ë¢Ë



}@z � #����!���� � �?���4
)� �� �
. 7�0 ��� �5D�T_[G����x�� �ÑTc�\RGkX[GI�e } � � 7 � �+[wVXDGI�anV�Tc�GOQSQO�Vne]Yc�q^GkXYcmnIgh�VbI dwd eP[�TcH�OUh�T_S	abe`anVXI�H�a ��� �#�5Y_�

�+^GVbOQH8O��gTcVbOQY_[�CEDGIgY_kXe�Tc[ d xp^G^�SZOUh�TcVbOQY_[�ag�G�_Y\S¿� v�7G�P[GY]}_�`^G^©� � u@£X}@zWJ#�. 8�0Kj	� �ÑR�^GRGOUa��Px�� �ÑTc�\RGkX[GI�e\�G} � � |�� �+eP[�TcH�OUh�TcS#afe`afVbI�H�alT_[ d �WTckXOQTcVbOQY_[�T_SPOZ[GI3�1R�TcSQO�VXOZI3a �¢�\xÑ[G[�T_SQa
Y_� �+^5I�k�TWVXOZY\[�aEr�IgabIgT_kXh�D�1�\Y_S>� J\J��P^G^©� � £�J1zG�.´u�07ns� j	� �Í� -�� -pIgI�H�I�SUag����� �B�#MGh�D1R�H�T\h�DGI�k3�GM<� n�I�OQSQT_[ d �#z_{_{_{��fjlkbY_mnIgh�VbI d�d eP[�T_H8OUh�T_S�afe`afVbI�H�a
OQ[�T�h�Y_H�^GSQI�H�Ig[\V�TckXe��§Y_kXH�TcSUafOQH ��� �+^5I�k�TWVXOZY\[�aEr�IgabIgT_kXh�D�E©I�VbVbIgkXag�`�_Y\S¿�´z\u`�1^�^©� v\|W£ � }\�. v�0 ��� ��Y1IgSZIg�_Ig[©� �Í� ��Y_VbkXIgT_[1R��v����YcVXkbI3Tc[PR©�Pzc{_{1z ���+[�VXDGIÑafVXT_�GOZSQOZVne8Y_�©anV�TWVbOQY_[#TckXe�abY_SQR`VbOQY_[�a
Y_��I��_Y\SZRGVbOQY_[ �WTckXOQTcVbOQY_[�T_S OZ[GI3�1R�TcSQO�VXOZI3a �¢��VbYwTc^�^#I3Tck�OQ[Íx d �WTc[�h�Iga�OZ[ �ÑY_[GSQOZ[�IgTck�vlT_kbOUTWVXOZY\[�TcS
� [�Ig�1R�TcSQOZVbOQIgag�. � 0�-�� �����KD�TcSQOZS>��} � � 8�� ����
)���!#?�� � ��*�� # � * ��zW[ d I d OZVbOQY_[�GjlkXI�[1VbOUh�I�£ -+TcSQS¿�.Q}g{�0 �Í� �KRG[ ��I\� �B� ��Y\[\VXI�OQkbY��wTck��1RGIgag�czc{\{_{ �bxp[8OZ[1VXkbY d R�h�VbOQY_[ VXY��wY_kXIgTcR � a,af�qI�Ig^GOQ[G�Ñ^GkXY`h�I3aba ���
OQ[ H � ,�(�(� *r����P=#$��������Z�&�
 � ��*�� # � * �ÑMP^GkXOZ[��_I�kaE©Igh�VbRGkXI �pY_VbI3a�OQ[ jlDPe`afOUh�aaE �pj 7�7`}\�Eo��
oqkXY_�\SZOUTWVXY�C�3 d � F¢��^�^©�Z}�£ 8\{G�.Q}_}(0W-�� �ÑO mnH�I�O mnI�k3�`x�� ���c�WT_[ d I�k�M`D�TW�«V3�#} � � {�� ����
����$#&�� �6���$ � �Z�&�
������ ���?��
 � ��*�� # � * �PMP^GkXOZ[��_I�kv IgkbSUTc�#�.Q}3z�0Kx�� x��EVbIg[ ��TcH]��3p� �+�qT_kXabDPRGOUa�� �#� � � n OQSZSQI�H�ag��} � � u ��CEDGI h�Y\[\V�T_h�V(^GkXY_�GSQI�H �§Y\k(SQOZ[�IgTck
h�Y_[1VbOQ[PRGY_R#an£>VbOQH�I d eP[�T_H8OUh�T_S�abe`anVXI�H�a �ÍT �\I�Y_H�I�VbkXOQhwT_^G^GkXY\T\h�D �W�E� 3�3�3 C�kXT_[�aXT_h¢VXOZY\[�a�Y\[
xÑR`VbY\H�TWVbOUh � Y_[1VXkbY\S¿�P�_Y\S¿� J1zG�P[GY�J��`^G^� J 7cvW£�JPu_z`�1xp^GkXOZS>�.Q}g|�0Ko��<oqkbY\�_SQOQTcVbY���z_{_{\|��XMPY\H8I�^#IgkXab^#I3h¢VXOZ�\IgapY\[]VbDGI�Tc[�T_SZe`abOQapT_[ d h�Y\[1VbkXY_S©Y_� h�Y_H�^GSQI�H�I�[1V�TckXO�Vne
d e1[#TcH�OQhgTcS�abePafVbIgH�a �¢�1VbY�Tc^G^5IgT_k�OQ[(� 3 3�3 Ck�Tc[�aXT_h�VbOQY_[�a Y_[]xpR`VXY_H�TWVXOQh � Y_[1VXkbY\S¿�1�_Y\S¿� J\v��\[GY8��.Q}�J40WE � � � �8� ��� �B��-ÑT_�#I�VXag� �#� -�� �WTc[ M`h�DPRG^G^5I�[©�Ezc{\{G}��fx*h�Y\[\VXkbY\SZSUTc��OZSQO�VneBkXIgabRGSZV��§Y\k�^GOQIgh�Ig��OQabI�£
SQOQ[GIgT_k�D1eP�GkXO d abe`anVXI�H�a �¢�`jlkXY`hc�GY_�VbD�I 3lRGkXY_^5IgTc[ � Y\[\VXkbY\S � Y_[`�§IgkbIg[�h�IA3 � � {�}_�`j	Y_kbVbY#�`j,Y\kf£
VXRG�\T_SSC � � r�Y_H�F¢�.Q}17�0WE � � � �8� ��� �B� -+Tc�5I�VXag� �#� -��©�WTc[BM`h�DPRG^G^5I�[�,zc{\{G} � � Y\[1VbkXY_S	Yc�q^GOZI3h�Ig��OQabI�£�SZOQ[GI3TckKDPe1��kbO d abe`an£
VXI�H�a�Y\[ afOQH�^GSZOUh�I3a�Tc[ d kXIgh�VXT_[G�_SQIga ����jlkXYPh_�Sn�Y_k?3PabDGY\^U-peP�GkXO d MPe`anVXI�H�a�� � Y_H�^GR`V�TWVXOZY\[
T_[ d � Y\[\VXkbY\S¿�<r�Y\H8I\�#��V�TcSQe_�©zcvc£�|\{ �wTck�h�D��!E©I3h¢VbR�kbI �pYcVXIgaÑOZ[ � Y_H�^GR`VXI�k�MGh�OQI�[�h�I_�©MP^GkXOZ[��_I�kv IgkbSUTc�#�GoqI�kXSZOQ[©�`^G^©�´z�8�}�£nz\uWJ��.Q}98�0Kx��#oqI�H�^5Y_k�T d ���8� 2GI�k�TckXOZ£�C�kbI3h�TcVbI_��B���wY_k�TckXO¿�Gzc{\{_{����+�#afIgkb�WTc��OZSQO�Vne�T_[ d h�Y\[\VXkbY\SZSUTc��OZSQO�Vne�Y_�
^�OZI3h�I���OUabIÑT�@�[GIÑT_[ d DPeP�GkbO d abePafVbIgH�a �¢�_� 3�3 3'C�kXT_[�abT\h¢VXOZY\[�a Y_[�xÑR`VbY\H�TWVbOUh � Y\[\VXkbY\S¿�\�_Y\S¿� J�7G�
[�Y�}g{G�P^G^�Z}3v�7WJ_£X}3v48_J�� ��h�VbY\�#Igkg�

� �����,�����,


�	� e �g�   ¡ �,�c� gÉ �e �

¥§¦,¨©¥«ª



���������	��
�
������
��������������������� ���� ���!�
"���$#&%('��
)����� #�* }3|

� 6 �¿� e �G� ���#  � ��� g¿  e�� �`� g �G� gÉ �e ��� gZe,��� �,��� g � g¿� � �

� � � gZe � � �����§� �

� � e ��� � ���� � ���
�
	  �e � � �,� g¿  e � �

¨�¨*¯��GÌ(��Ë¢Ë



Unité de recherche INRIA Rhône-Alpes
655, avenue de l’Europe - 38330 Montbonnot-St-Martin (France)

Unité de recherche INRIA Futurs : Domaine de Voluceau - Rocquencourt - BP 105 - 78153 Le Chesnay Cedex (France)
Unité de recherche INRIA Lorraine : LORIA, Technopôle de Nancy-Brabois - Campus scientifique

615, rue du Jardin Botanique - BP 101 - 54602 Villers-lès-Nancy Cedex (France)
Unité de recherche INRIA Rennes : IRISA, Campus universitaire de Beaulieu - 35042 Rennes Cedex (France)

Unité de recherche INRIA Rocquencourt : Domaine de Voluceau - Rocquencourt - BP 105 - 78153 Le Chesnay Cedex (France)
Unité de recherche INRIA Sophia Antipolis : 2004, route des Lucioles - BP 93 - 06902 Sophia Antipolis Cedex (France)

Éditeur
INRIA - Domaine de Voluceau - Rocquencourt, BP 105 - 78153 Le Chesnay Cedex (France)��������� �	��
�

���������� ��� ���

ISSN 0249-6399


