
HAL Id: inria-00073903
https://inria.hal.science/inria-00073903

Submitted on 24 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.

Domain Optimization Problem for Stationary Heat
Equation

Antoine Henrot, Werner Horn, Jan Sokolowski

To cite this version:
Antoine Henrot, Werner Horn, Jan Sokolowski. Domain Optimization Problem for Stationary Heat
Equation. [Research Report] RR-2788, INRIA. 1996, pp.26. �inria-00073903�

https://inria.hal.science/inria-00073903
https://hal.archives-ouvertes.fr


IS
S

N
 0

24
9-

63
99

ap por t  
de  r ech er ch e 

INSTITUT NATIONAL DE RECHERCHE EN INFORMATIQUE ET EN AUTOMATIQUE

Domain Optimization Problem for Stationary
Heat Equation

Antoine Henrot, Werner Horn, Jan Sokolowski,

N˚ 2788
Janvier 1996

PROGRAMME 6





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

-/.10
2435.�687/69.�:�2;09<>=?69:
.�69:/7�2;:�.�<�@%AB.DC%24E%2;F52HG/IJE>3 KL<

M�NPOHQ;NSRBTUT�VXWZY [\R9]_^a`4]cbJ^�deV fBgSdih�j4`4VHk>T�O%l4ma]ed_bSRngSdoO;fpVag�]oOHQHd_^�doVa]qf4`%T�m NPd_j4`4V
MqNPO9rSVag�s'`%TURng
t

u\RHv%v%O4NPgXl4V/NPV ^�t4V NS^�t4Vwfyx{z}|9|�Y�~HRHf4�4deV N�� �H�BW#Y�xHWUv%RnQHV b

�8�c��� ���>�9�9���Pf�g�t4V�v%RHv�V N�g
t4VUbS`%v%v�O;NPg�On�\Rpu\RBl4O;f�T�V RBbS`%NPV/d_b,bPVa]oV ^�gSV l�d_f�RHfpO4v4gSd_TUR9]
� RL�H����t4V�bPOH]_`4gSdoO;f?O9��g
t4V*bPV ^�O;f%l�O;NJl4V NUVa]o]od_v4gSd_^�V j;`%R9gJdeO4f�l4V v�V f%l%bpO;f?g
t4V�T�V bS`%NPV
�4d_Rpg
t4VUT�do�4V l�gP�%v%VU�%O4`%f%l%RHNP��^�O;f%l4dogSdoO;f%ba����t4V�Va�4d�b�gSV f%^�VUO9��R�bPOB]�`4gJdeO4fp� O;N,R8^�]_RHbSb,On�
l4O;T¡R9d_f,O;v4gSd_T�do¢ R9gJdeO4f/v%NPO;�4]oV TUb£d_bcbJt4O � f��c��t4V�NPVa]_R9�;V l¤�¥O4NST�`4]�RngSdoO;f#O9�%g
t4V¦O;v4gJd�T§de¢ RngSdoO;f
v%NPO4�4]eV T¡b�d_b�v%NPO;v�O;bPV l�����t4V#h�NSbPg�O;NJl4V N\f4V ^�V bJbSRHNP�8O;v4gSd_TUR9]odogP��^�O;f%l4dogSdoO;f%b�RBNPV/l4V NPdo�HV l��
¨ª©;«�¬P�®�� ¯��L� bJt%RHv%V�O;v4gSd_T�do¢ R9gJdeO4f�k>QHV f4V NJR9]ode¢aV l°bPOH]_`4gSdoO;f�k�u\RHl4O4f�T�V bS`%N�VHk�O;v4gSd_TUR9]odogP�
^�O;f%l4dogSdoO;f%b�k>t4V R9g�V j4`%R9gSdoO;f�k4O;v4gSd_TURn]�l4V bPdoQ;f

±¥²�³P´Pµ ¶¦³�·�¸�´º¹5» ¼

½¿¾ À
Á�ÀJÂeÃ£ÄÆÅºÇPÈBÉ ÊaË5È}ÌJÈ ÇSÍ�É Î_Ï

Unité de recherche INRIA Lorraine
Technôpole de Nancy-Brabois, Campus scientifique,

615 rue de Jardin Botanique, BP 101, 54600 VILLERS LÈS NANCY (France)
Téléphone : (33) 83 59 30 30 – Télécopie : (33) 83 27 83 19

Antenne de Metz, technopôle de Metz 2000, 4 rue Marconi, 55070 METZ
Téléphone : (33) 87 20 35 00 – Télécopie : (33) 87 76 39 77



� 	 ������������������ ������������1�����S��	���� � ������� ���+������ ��),+���������		���
����
��������+������������
��	�	����J���

���{�����������XRBf%b\^�Vag�RHN�gSd_^�]eVHk%f4O;`%b�f4O;`%b d_fBgSm NPm bSbPO4f%b���]�� O;v4gJd�T§d�bJR9gSdoO;f8l4VX]_R�� O;NST�V#l�Æ`%f
RHNJ^�^�t%RH`��yRHfHgL��s\O4`%b,T�O{l4ma]od_bPO;f%bZgSO;`4g,l�ÆRH��O;NSlp]oV�v%N�O;�4]oV T�V�V f�� Rnd�bJRHfHg#d_fHgJV NP�HV f4d_N,`%f4V
T�V bJ`%NPV�l4V¡u\RHl4O;f�k�l4O;fBgXf4O;`%b#R9]o]eO4f%b,^
t4V NS^�t4V Nak%V f�v%RHNPgSd_^a`4]odoV Nak��¡O;v4gSd_T�d_bPV N�]oVUbS`%v%v%O4NPg �
s�O;`%bUT�O4fHg
N�O;f%b�] � Va�;d_bPgSV f%^�V�l�Æ`%f4V�bPOH]_`4gSdoO;f�O4v4gSd_TUR9]oVHk�l�ÆRH��O;NSl°V fD`%f�bPV f%b8^�]_RHbSbPd_j4`4VHk
v%`4d_b�V f¡`%fUbPV f%b�QHm f4m NSRn]ed_bPm�V fUN�Va]�Rn�{RHfBg�]eV#v%NPO;�4]oV T�VH� s\O4`%b�m ^aNPdo�HO;f%b�RH`%bSb�d;]oV b¦^�O4f%l4degJdeO4f%b
l� O4v4gSd_TUR9]odogSm/l%`pv%NPV T�doV N�O;NJl%NPVH�
! ®>� ��¬S��"#��� ]�� O4v4gSd_T�d_bSR9gSdoO;fUl4V,]_RZ� O;NST�VHk4RHNS^�^�t%RH`�� RBfHg k4T�V bS`%NPV,l4V�u\RHl4O;f�k4]�� Va�4d�b�gSV f%^�V
l�Æ`%f4V/b�OH]_`4gSdoO;f8O;v4gSd_TUR9]oVHk%]oV b�^�O4f%l4degJdeO4f%bXl� O4v4gSd_TUR9]odogSm¤l%`�v%NPV T�doV N O;NSl%NPV



���������	��
������������������������������� ���"!#���%$&�'�(���)���&�(�+*-,.�/���021�34�����)�(� 5

687:9<;>=�? 7:@�A�=�9B=DC2;�A�=�7:? @�E>7:F�G%H�9 I%7:EKJLAM;�A-=D7:?8;NEPO
Q8HR;�ASH-T:UV;�A-=D7:?

WYXLZ�[2\�]_^�` K k&a XLZ�^�]P\cb
d Xfe�^�g�^�hi^ a e�g�jlk

mon =�poqDrDsLtfuivwqDx'syp
�Pfpg
t4d_b�v%RHv�V N � V � do]o]c^�O;f%bPd_l4V N�RUv%N�O;�4]oV T NPVa]_R9gSV l8gSO�g
t4V#� OH]o]oO � d_f4Q>��z�do�HV f�RR{�R9g�v4deV ^�V
O9�¦TUR9gJV NPd_R9]4| R�v%RHf4V,On�qQH]_RHbJb¦d_f�R � d_f%l4O � � O;N Va�%RHTUv4]oV%| � V¤RngSg
RH^�t�R�t4V R9gJd�f4Q � d_NPV,gSO
O;f4V/bJ`%N � RB^�V�O9�cg
t4d_b�T¡R9gSV NPd_R9] ����t4d_b � d_NPV,d_b�T�O%l4Va]e]oV lpRHb�R�^�O;fBgSd_f;`4O4`%b\^a`%N��HV¤^�O4f%f4V ^�gSd_f4Q
gSOªh>�;V l°v%OHd_fBg
b�} RBf%lV~U����V � RHfBg,gSOpd_fB�HV bPgSdoQ;R9gJV � t4d_^
t°^a`%NP�HV � O;`4]_l�O;v4gJd�T§de¢aV¡g
t4V
gSV T¡v%V NSR9g�`%NPV¤l4d_bPg�NPd_�%`4gSdoO;f8O;f8g
t4V,O;v%v�O;bPdogSV/bS`%Nº� RH^�V,R9g�R�QHdo�HV f8gJd�T§V��

�yO�Va]_RH�%O4NSR9gSV,g
t4V,v%NPO;�4]oV T � V/`%bPV,g�t4V#�¥OH]o]oO � d_f4Q�TUR9g�t4V TUR9gSd_^aR9]>T�O%l4Va]��
�>VagM� ��V/RUNPVaQHdoO;f8d_fpx��¿l4d_T�V f%bPdoO;f%Rn]L�q`%^�]od_l4V RHf�bJv%RH^�VH� ��V�h�f4V

�������V�����+���+�������4�
RHf%l

���M���������w��� ���2�����V�������
RHf%l �

�¡ ������¢�4�+���
g
t4V�£P�HV NPgJd�^aRn]¥¤���O;`%f%l%RHNP��O9���#���>Vag�¦4��RBf%l�¦§����V v�O;bPdogSdo�HV¡� `%f%^�gSdoO;f%bZO;f8����RHf%l8�2�Lk
}¨�©��ª4�D�/«¬���RBf%l®~¯�S��ª&�¬�+«��#��g � O*l4d_bPgSd_f%^�g v�OHd_fHg�bUd_f®���Hk\RHf%l"°²±_³¥�4�¬´�µ_¶ ����R
^�O;fBgSd_f4`4O;`%b�^a`%NP�HV�O9�£h�f4degJV,]eV f4QBg
tUd_f����9���>Vag_· ��V,g
t4V¤b�OH]_`4gSdoO;fUgJO/g
t4V,bPg
R9gJdeO4f%RHNP�Ut4V R9g
V j4`%R9gSdoO;f

¸2¹ ·º�¡�4�
O;f>�#k � dog
tp�%O4`%f%l%RHNP�U�9R9]_`4V b

 D»�·R¼ ½-�¡�4�
½c¾4¿aÊ�Ä¥À9Å_Á ÅMÂ,ÌÄÃ�ÅÆ¢Ç�ÌlÃ5Ä¥¿aÊLÅ/ÈÊÉyÈ�Ä¥Ë
ÅPÏ ¾5Ä¥Ã�Æ_Á Å%Ì Ï¿ÌJÈ ÇÍÅ Å Ë)Î�À/ÇiÃ�Æ/ÈÐÏ/Ñ/Ò+Ó/Ò�Ô1ÅP¾¿ÌSÈLÇPÀ
ÈYÎ Å�ÁLÅ¢Õ�ÈÐÌLÏ¿ÌSÈLÇºÅ/Ö�Å ËÇ�Ì�Ä Â ×oÅ ÅPÈ Ï À/Ã¿ÃË
Å¢ØaÌaÉ Ê È�Ä¥Ë�Ë_Î_ÇºÀ/ÇiÃ Å�É Î�ÏÙ2Ú Å�À9ÌSÏ�Ã�Ç�ÅPÈ�Ã�ÀSÎ&Â,ÌlÃ�ÅLÅ¢Ç'ÌÄÃ5ÄÆÇP¾¢È�ÎyÌ�Â Ä Î�À�Ï ÈaÄeÌ�Û�Ã¿ÌÄÃ ÅiÉyÈ�Ä¥Ë
ÅPÏ ¾5Ä¥Ã5ÍcÜ£À
Ï�Ã�ÅLÏ5Ä¥ÁØ�Å/È4Ý�Þ#Ý+Ý/ÝiÜyÀ�Ï�ÁÅLÀlß�Û�Ã¢È�Ü£À�Ï5ËÃ�ÅLÏ5Ä¥ÁØ�Å+È�Îáàãâ#ÝlÓ+Ó/Ò�ÈDÉÛ�àfÖ Å Ë�Ç�ÌPÄ Â ×oäoÅLÀ
Ï È9ÃÅaÊ ÅPÍ�É ÇP¾ Ê ÈBÉ Å¢Á Êå�æ È ¾�Ã5Ä¥Ã ÊÃ¾4Â ÄÆÅçÎ£ÌSÏ�Ã¿ÌJÈDÈ�è4ÌÄé}À�Ï¿ÌÄÃ ÀSÄÆÏ ÅfÁ ÅiÂ,ÌÄÃ�ÅÆ¢Ç�ÌlÃ5Ä¥¿aÊLÅº¾¢È�É£ÈaÄ¥Ë�ÅPÏ ¾5Ä¥Ã�Æçê£ÅPÈ Ï5Äìë4ÀJÄÆÈ ÇSÌJÏ�ÆçÜ�ÌSÈLÇºÍ æ ÈÔ£É ë4ÉÏ/Ó+â#ÈíÑÄî�Ñ+Ò/ï�ð�ÌJÈÁLÀaÅPÊËaÏ Å�Â¥ñP¾cÜ�ÌSÈLÇPÍòÎ�Å¢ÁLÅ�Õ�ÈÊÌLÏ¿ÌJÈ ÇPÅ�ÌJÈÁ:Û�Ía¾�Ã Å¢Ç\¾_ó�ÅP¾ ÅSÌSÏ ÇÍÅ æ ÈL¾�Ã5Ä¥Ã ÊÃ Å�ÀSÎiÃ�ÅLÅRë4ÀJÂ ÄÆ¾�Åà�ÇSÌlÁLÅ�Ç ÍXÀJÎÐÛaÇ ÄÆÅPÈ ÇPÅP¾¢ÈHÊaÂ_É�ÜyÅ¢ä�Å ÂÆ¾ Á
Ì2ï#È(Ò#Ý¿Ë	î+î�ôfõ�ÌJÏ ¾�ö�Ì�ä Ì#ÈDë4ÀSÂeÌJÈÁ�ÖHÅ¿Ë	Ç'Ì�Ä Â ×y¾ À�Á
ÀJÂeÃ£ÄÆÅPÇºÈBÉ Ê�Ë È}ÌJÈ ÇPÍ�É Î_Ï

óoó È&Ï/ô+Þ/Þ



� � �4�'���	�&�_,����4�l���������#�+�&�#�2,����/��������� $Ð�
	(�(� �����	����
 D»§·R¼����%� · ¸ ¦&���

RHf%l
  » ·R¼ ��� � · ¸ ¦ � ¸���� �

� t4V N�V � � d_b,RUv%O4bPdogSdo�HV�� `%f%^�gSdoO;f�^�O;f%^�V fBg
NSR9gSV l8R9]oO;f4Q8g
t4V/^a`%NP�HVP°����Xf4VU^�O;`4]_lpg�t4d�f���RHb��� gSOU�%V/RHf8RHv%v%NPO9�4d_TUR9gSdoO;f�On�qR�l4Va]eg�R��5� `%f%^�gJdeO4fpR9gi°�����t4V,v%NPO;�4]oV T ^aRHfpf4O � �%V/b�g
R9gSV l
RHb\�¥OH]o]oO � b��fz�do�HV f�R�g
RBNPQHVag � `%f%^�gJdeO4f�· K O;f��2��h�f%l�° bJ`%^
t8g
t%Rng��� ·�¼���� ¸ · K ��� ��
��V ^�O;T�V b�T�d_f4d_TUR9]£d�f�R�bS`4dog
RH�4]oV! ¦RHf%RH^�t8bSv%RH^�V#"��

��t4V�^aNS`4��O9�\g
t4V8TUR9gSgSV N�d_b,gSO8h�f%l°R�bS`4dog
RH�4]oV�RBl%T�d_bSbPd_�4]oV bPVag#� O;N#g
t4VU^a`%NP�BV b%°qk�RHb
� Va]o]qRBbXR8^�O;fB�HV f4doV fHg,T�Vag
NPd_^#O;fªg
t4d_b,bPVag�O9�\^a`%N��HV ba�#$�d_NSbPg#O9�\R9]o] k>dog � O;`4]_l���V�gSV TUv4gSd_f4Q
gSOpNPV v4]_RH^�V�RHfH�p^a`%NP�HV��H�8dog
b,v%RHNSRBT�Vag
NPdo¢ R9gSdoO;f§d�f�O;NJl4V N�gSO�t%RL�HV�R% ¦RHf%RH^�t�bPg
NJ`%^�g
`%NPV#O;f
g
t4V8bPVag,O9�'^a`%N��HV ba�'&\O � Va�HV Nak1dog,d�bZO;�B�;doO;`%b#g
t%Rng,g
t4d_b,v%OHd_fBg/O9���;doV � d_b/f4OHg/^�O4fH�HV f4doV fBg k
bPd_f%^�V/R�v%RHNSRBT�Vag
NPdo¢ R9gSdoO;f�d_b�f4OHgL£Pd_fHg
N�d�f%b�d�^Ä¤#V f4O;`4Q;t¡gSO�T�V RBbS`%NPVXl4d_bPg
RBf%^�V b¦On�cg � O/^a`%N��HV bak
RHb'g
t4V#�¥OB]e]oO � d_f4QUVa�%RHTUv4]oV,do]o]�`%b�g
NSR9gSV b��i�1Vag

°ì��±)( ª��+*Ä� � *+,
«��+*Ä� � �

RHf%l
° � ±-( ªá�+*l� � *

«��+*l� � � �OHg
t8On�cg
t4V bPV/v%RHNJRHT�Vag
NPdo¢ R9gJdeO4f%b�QHdo�HV,g
t4V/bJRHT�V,^a`%NP�HVHk%�%`4g. �
� ¼ °4�¬�+*Ä� ¸ ° � �+*Ä��¼ � �/*��®�4�

bSt4O � d_f4QUg�t%R9g�g
t4d_b�d_fHgSVaQ4NSR9]�l4O4V b�f4OHg#l4V�h�f4V/RUT�Vag
NPd_^�O;f8g
t4V/bPVag�O9�q^a`%NP�HV b��0 T�O4NPV¤^�]_RHbJbPd_^aR9]yd_l4V R�d_b�gJO � O;N1� � deg�t8g
t4V2&'RB`%bSl4O;N �qT§Vag
NPd_^9�3$HO;N�g � O§^a`%N��HV b�v%RHNSR��
T�Vag�NPdo¢aV lp�H��°ì�#�+*Ä�+�4*�5 ³¥�4�´#µ�RHf%l�° � �6*l�+� *�5V³ �4�´�µ1g
t4d_b�l4d_bPg
RHf%^�V,d_b�l4V�h�f4V l��H�

���'°4��Ä° � �i�87:9<; ( 7%9
;=?>�@ �BA �6C-D 72EGFH >�@ �BA �6C ¼ °4���+*Ä� ¸ ° � �JI(��¼ KV�L7:9<;H >�@ �BA �6CMD 7NEOF=?>�@ �BA �6C ¼ °4���+*Ä� ¸ ° � �JI(��¼ K�PRQ
��t4d_b8T�Vag
NPd_^�t%RHbUQBO;O%l�^�O;TUv%RH^�g�f4V bSb�v%NPO;v%V N�gSdoV ba�S$HO;N¡Va�{RHT¡v4]eVHk � O;NURBfH��bPV j4`4V f%^�V On�
^�O;T¡v%RH^�g¦bPVag
b3T » � t4d_^�tURHNPV�d_f%^�]_`%l4V l8d_f�b�O;T�V�]_RHNPQBV'�%Rn]e] k4g
t4V NPV�d�b�R�bS`%�%bPV j4`4V f%^�V � t4d_^�t
^�O;fB�HV NPQBV b�d_fUg�t4V�&�RH`%bSl4O;Nº�£T§Vag
NPd_^�gSOUR/^�O4TUv%RH^�g\b�Vag�T��VU�fB�¥O;N�g
`%f%R9gSVa]o�HkL� O;N¦R�bPV j4`4V f%^�V

æ ÜÊó æ à



���������	��
������������������������������� ���"!#���%$&�'�(���)���&�(�+*-,.�/���021�34�����)�(� �
O9�c^a`%NP�BV b T�»�g
t4V T�l4O4V b¦f4OBg¦t%R �BV�gSO/�%V#R/^a`%NP�HVHk4RHb�g
t4V�� OH]o]oO � d_f4Q/Va�%RHTUv4]oV�do]o]�`%b�g
NSR9gSV b��
��t4V#^a`%NP�HV b T-»�� ��«-���JEOFy����ª��+�/ª%5V³¥�4����µ��\^�O;fB�HV NPQBV\gJO,g
t4VXbPVagVT � ³ �4����µw�Y³ ¸ ´D�´�µ �>� g
g
t4V N�V��¥O;N�V\bPVaV TUb�f%R9g
`%NJR9]9g
t%R9g�O;f4V\t%RHb�gJO�d_TUv%O;b�V'b�O;T�V\RBl%l4degJdeO4f%R9]{^�O4f%bPg
NSR9d_fBg
b�O;fZg
t4V\b�Vag
O9�\^a`%N��HV b�^�O;f%bPd_l4V NPV l��#��t4V bPV�^�O;f%bPg
NSRnd�fBg
b�^�O4`4]�l��%V�O;fªg
t4V/]oV f4QHg
tªO;N�O;fªg
t4V!&�RH`%bSl4O4N �
T�V RBbS`%NPV#O9�qg�t4V/^a`%NP�HV ba����t4V#� OH]o]oO � d�f4QUbPV ^�gJdeO4f%b � do]o]cVa]_RH��O;NSR9gSV#O;f¡g
t4V bPV,d_l4V RHba�

�¿g¦d_b � Va]o] �+�4f4O � f	�ºb�VaVHk9� O;N�Va�{RBTUv4]oVHk�
>doV T�V N�cg
t%R9g�di�Ê°w»/d_b�R/b�V j;`4V f%^�V�On�£^�O4fHgSd_f4`4O;`%b
^a`%NP�BV b � t4O;b�VR&'RB`%bSl4O;N �DT�V RHbS`%N�V�d_b�`%f4di�¥O4NST�]o�*�%O;`%f%l4V l��H��R�f4`%T���V N�� k�RHf%l�di�M° »
^�O;fB�HV NPQBV\gJO�°8d�f¡g
t4V#&�RH`%bSl4O4N �ªT§Vag
NPd_^9k9g
t4V f-°�d_b�R9]_bPO�R�^�O;fBgSd_f;`4O;`%b�^a`%N��HVH�3&\O � Va�HV NakLdog
d_b,f4OHg�QBV f4V NSR9]o]o�pg
NS`4V,g
t%R9g�g
t4V ��d_NSRH^/�¿T§V RHbS`%NPV b�� ��� ^�O;fB�HV NPQBV � V R/���/gSO�� � �ºbPVaV�b�V ^�gSdoO;f
5����  `4g#g
t4d_b�d�b#Va�%RH^�gS]o�8g
t4V �Bd_f%l�O9� ^�O4fH�HV N�QHV f%^�V/f4V ^�V bSbSRHN���gSO8v%NPO9�HV,g
t4V�^�O4fHgSd_f4`4dogº�pOn�
g
t4V/b�OH]_`4gSdoO;f8O9��g
t4V/v%NPO;�4]oV T RH�%O9�HV � dog
tpNPV bJv%V ^�g�gSOU^a`%NP�BV ba�

� V*RHN�Vp�¿RH^�V l � dog
t�R�^�]_RHbSb�d�^aRn]¤bPdog
`%RngSdoO;f?d�f�bSt%RBv%V�O;v4gSd_T�do¢ R9gSdoO;f���g�t4V &�RH`%bSl4O4N �
l4d_bPg
RBf%^�V§t%RBb��HV N���QHO4O%l�^�O;TUv%RB^�g
f4V bSb�v%NPO4v%V NPgSdoV bak��%`4g#d�b,f4OBg¤bPg�NPO;f4Q�V f4O;`4Q;t�gSOUV f%bJ`%NPV
g
t%Rng\g�t4V/^�O;bPg � `%f%^�gJdeO4f%R9]yd_b�]oO � V N�bPV T§d �¿^�O4fHgSd_f4`4O;`%ba�$�d_f%R9]o]o�Hk � V � RHfHg¡gSO�v%OBd�fBg8O;`4g k�g
t%R9g¡g
t4V NPV bJ`4]eg�bUO9�/g�t4d�b8v%RHv�V N�R9]_bPO�t4OH]_l?di�/g
t4V
��RBv4]�RB^�d�RBfpd_b�NPV v4]_RH^�V l��H��T§O;NPV#QHV f4V NSR9]y`%f4di�¥O4NST Va]o]od�v4gJd�^�O;v�V NSR9gSO4NSba�

�Ên H��ix��q��§piv���s �"!�v�#$! �%��x'v�! #&��s'#ÍuLqDx'syp
��VURHbSbS`%T§V,g
t%R9g2� d_b#RUbPd_TUv4]o��^�O;f%f4V ^�gSV l�l4O;TUR9d_f8d_f)( * � RHf%l8]oVag���� ���V�����+���
�� V
l4V f4OHgJV����%�¡���V���w�;k����%�¡���V�����/RHf%l

�
�� Ð�º�����4�+���
����t4V NPV�� O;NPV

 y���¡���,+����-+ �

z�do�HV f?R�^a`%NP�HV�°/.<��� v%RHNJRHT�Vag
NPdo¢aV l*�B� I 5 ³¥�4�´#µ¿k � VpRHbSbS`%T�V¡g
t%R9g�} �<°���ì�XRHf%l
~ �<°�+´(�¤RHNPV¡h>�4V l�v%OHd_fBg
b�d_f����H� $HO4N�g
t4VpbPg
R9gSdoO;f%RBNP�*t4V R9g�V j;`%R9gJdeO4fV°?d�b§g
t4V�t4V R9g
bPO4`%NS^�VH�f�>VagX`%b�^�O;f%b�d�l4V N'g
t4V#�¥OB]e]oO � d_f4QUVa]o]od_v4gSd_^/V j4`%R9gSdoO;f��

�$02�#�'°�l�
12223 2224

¸2¹ ¦ � � d_f:�5765 » � � O;f
�

¸ 5865 » � ¦ ¸ ¦§� O;f��2�
¸ 5865 » � ¦ ¸ ¦�� ¸ � � O;f����

� t4V N�VM¦4���+¦§�\RBNPV�QHdo�HV f:9 � � `%f%^�gSdoO;f%b�kHRHf%l:� � d_b¦R ��d�NJRH^�T�V bS`%NPV�bS`%v%v�O;NPgSV l�O;f�g�t4V'^a`%N��HV
°��
��t4V,�9RHNPd_R9gSdoO;f%Rn]>� O;NST�`4]_R9gSdoO;f¡O9�cg�t4V/bPg
R9gSdoO;f%RBNP�Ut4V R9g�V j;`%R9gJdeO4f8d�b'QHdo�HV fpRHb � OH]o]oO � ba�$�d_f%lN¦ 5<; � �l�2�¦bS`%^�t8g
t%R9g �¥O4N\Rn]e] � `%f%^�gSdoO;f%b�=%5<; � �l�2�

�$0 � �'°�l� >���¦o��=4���9��?=4�

óoó È&Ï/ô+Þ/Þ



W � �4�'���	�&�_,����4�l���������#�+�&�#�2,����/��������� $Ð�
	(�(� �����	����
� t4V N�V

>���¦y��=��S� .���� ¦�� � =��wª�� . ��� ¦ =��	�
� . ��� ¦ =��	� �
�%�
9���=��S� . ��� ¦&�7=w���
� . ��� ¦�� =��	�
� . � =w�D° �ºx��

�PfUO;NJl4V N�gSO�t%R �BV�g
t4VXv%NPO4�4]eV T � Va]o]�l4V�h�f4V l¡dog\d_b�bS`� ^�doV fBg�gSO/bSt4O � g
t%Rng¦g
t4V�]od_f4V RHN � O;NST

� � ±:=�� ¶ . � =���°
d_b¦^�O4fHgSd_f4`4O;`%b£O;f�g
t4V�bSv%RH^�V ; � �l���
����VXRHNPV�QHOHd_f4Q#gSO,l4V�h�f4V�g
t4V�bPVag�O9� RHl%T§d�bJbPd_�4]eV#^a`%NP�HV b
°�d_fpbS`%^�tpR � R �¡g
t%R9g¦g�t4V,]ed_f4V RHN'� O;NST d_b�^�O;fBgSd_f;`4O;`%b��

�yO8g
t4d_b�V f%l � V�l4V f4OBgSV/�H��� g
t4V�^a`%��V�� � ���4�¬´��L�V���4�¬´��
k%�B���<.�� g
t4V�d�fBgSV NP�9R9]����� ¸ � � � ���� �����ì�;��8©�����5� � ®!�#"%$ 0 QHdo�HV f�^a`%NP�BVY°�d_bU^aR9]o]oV lDRBl%T�d_bSbPd_�4]oVpdÆ�,g
t4V NPV8Va�4d�b�g
b�R�O4f4V/|;gSO�|;O4f4V
TURBv%v4d�f4Q'& ±��(� ¶*)Uk � t4V NPV+)wl4V f4OHgSV b�RBf�O;v%V f¡f4VadeQ4t;��O;`%NSt4O4O{l�O9��°�d_f�����bS`%^
t§g
t%R9g&P�,���f��) &P�-�§�L�®° ��5��. & . / �10 2436587:9 9i� . &�; � . / �10 2<3>=?7:9 9 � � � �
M�NPV bS^aNPd_�4d_f4Q `%f4di� O;NST ��O;`%f%l%b	9 � 9 � � 9 � � �*RHf%l?RHbSbS`%T§d�f4Q°g
t%R9gUg
t4V8� OH]o]oO � d_f4Q
^�O;T¡v%RH^�g
f4V bSb�^�O;f%l4dogSdoO;f8d_b#bSR9gSd_b h>V l
�1@)�2z�do�HV f�R¡bPV j;`4V f%^�V�&y» � t4d_^
tpbSRngSdih>V b�`%f4di�¥O;NJT�]o��g
t4V,]_R9gJgSV N��%O;`%f%l%bak�g
t4V NPV#Va�;d_bPg
b�R

bJ`%�%bPV j;`4V f%^�VHk1bPgSdo]o]cl4V f4OHgSV lp�B�A&y»pbS`%^
t8g�t%R9g

¼B&+C» �D� �+�w��¼¬¶ ¼E&+C	�F� �/�w��¼ � V R �H]o�Ud_f<9 �+G ¸ ´H � ´H!I Q �����
� V/l4V�h�f4V�RBf�RHl%T§d�bJbPd_�4]eVZ� RBT�do]e�J<K>� �°pd_bXRBl%T�d_bSbPd_�4]oVò¼ �-@ �¦d_b�bSR9gSd_b h>V l�k . & . / �10 2<36587:9 9?RHf%l . &�; � . / �10 2<3>=87:9 9��
� t4V N�V�9®����d_b#R/QBde�BV fp^�O;f%bPg
RHfBg �

�¡© �°�>�MLN"O$ �?deg�t4O;`4g�g
t4V,RHbSbS`%T¡v4gSdoO;f)�1@)�¦O;f8g
t4V��¿RHT�do]o�PJ<K � V¤^aRHf%f4OBg\Va�%v%V ^�g�g
t%R9g
� O;N�RHfB�pbPV j;`4V f%^�V-�°w»4�".NJ<Kck1g
t4V NPV,Va�4d_bPg
b�R¡bS`%�%bPV j4`4V f%^�VHk�bPgJde]o]�l4V f4OHgSV lp�B���°w»4��bS`%^�t
g
t%Rng � ��� ¶ � � � V R/�(|��RQD��d�fªg
t4V/bSv%RH^�V��?; � �l�2�Ä� C Q

æ ÜÊó æ à



���������	��
������������������������������� ���"!#���%$&�'�(���)���&�(�+*-,.�/���021�34�����)�(� z

0 ^�O;`%fBgSV NPVa�%RHTUv4]oV¤^aRBfp�%V�^�O4f%bPg
NS`%^�gSV l¡`%bPd_f4QA&y»4��ªy�+«��L� ��ªo�/« � �» �6EGFo����ª��Ä�;��X`%N�v%NPO;�4]oV T ��V ^�O;T�V b�f4O � �
�8d�f4d_T�do¢aV�g
t4V,^�O;bPg��¿`%f%^�gSdoO;f%R9]

�Ê�Í°Ê�� . ¦ � ¸ ¦�� .
� t4V N�V�¦ � l4V f4OBgSV b�RUbPOH]_`4gSdoO;f¡gSO�g
t4V,bPg
R9gSdoO;f%RBNP�Ut4V R9g�V j;`%R9gJdeO4f�� O;N�RHfB��° 5�J<K�RHf%l¡g
t4V
��d_NSRH^�T�V RBbS`%NPV"� � d_f�g
t4VU�%O4`%f%l%RHNP��^�O;f%l4dogSdoO;f%bako¦ � d_b,R8QHdo�HV fª� `%f%^�gJdeO4f�kyRHf%l . � . d_b,R
f4O;NJTpk4O;N�RUbPV T�d_f4O;NST O;f8g�t4V/bSv%RH^�V ; � �Ä�2� � t4d_^
t � do]o]��%V/bSv�V ^�dÆh>V lª]_R9gSV Na�

�¡© �°�>�ML�� $ ��Vp`%bPV�g�t4V RH��O9�HV�l4V�h�f4dogSdoO;f°O9�¤R�b�Vag/O9�XRHl%T�d_bSb�d��4]oV�^a`%NP�BV b�J<K�kqb�d�f%^�V
� V � RBfHg�gSO RHv%v4]o��RHf�RHv%v%NPO;v%NPd_R9gJVUg
NSRH^�V¡g
t4VaO;NPV T O;fV°����;`%^
t�R�l4V�h�f4dogSdoO;f�d_bU��VagSgSV N
bS`4dogSV l¡� O;N O;`%N¦RHv%v4]od_^aR9gSdoO;f%b g
t%RBf�g
t4V,bPd_TUv4]oV/l4V�h�f4degJdeO4f8O9�c^a`%NP�HV b¦v%RBNSRHT�Vag
N�de¢aV l§O}�BV N�RHf
d_fBgSV NP�}Rn]¥�

�¡© �°�>�ML�	!$ ��V¤^aRBfUNPV v4]_RH^�V ��V�h�f4degJdeO4f��,�B�§R�T�O;NPV�QHV f4V NSR9]>f4OHgJdeO4f�O9�cR-�>d_v%bS^
t4dogS¢ad_RHf
TURBf4dÆ� OH]_l�k � t4V NPV#g
t4V#Va�;d_bPgSV f%^�V#O9�qRZQH]oO;�%R9]yv%RHNSRBT�Vag
NPdo¢ R9gSdoO;f�d_b�f4OHg\N�V j;`4d_NPV l��L��V/v%NPV�� V N
gSO � O4N�� � deg�t8g
t4V/QH]oO;�%Rn]cv%RHNSRHT§Vag
NPdo¢ R9gSdoO;f§�¥O4N¦g�t4V�bSR/�nV,O9� b�d�T¡v4]ed_^�dogP�H�,��t4V/bSRHT�V/N�V bS`4]og
^aRHf��%V8O;�4g
Rnd�f4V l � O;N,g
t4V8T�O;NPVUQBV f4V NSR9]\b�VagSgSd_f4Q�O9�XR �>d_v%bS^�t4dogS¢ad_RHf�TURHf4di� OH]_l�kqv%N�O}�4d_l4V l
g
t%Rng/g
t4Vp`%f4di�¥O;NJT ��O;`%f%l%b�RHNPVpv%NPV bS^aNPd_��V l � dog
t�g�t4V bSRBT�V��>d_v%bS^�t4dogS¢�^�O;f%bPg
RBfHg#� O;N�RHfB�
^�OH]o]oV ^�gSdoO;f O9�X^
t%RHN�g
ba� U'bPd_f4Q�R�v%RHN�gSdogSdoO;f�O9�¤`%f4dogP�*g
t4Vpv%NPO;�4]oV T ^aRBf���V�]oO%^aR9]ode¢aV l d_f�R
bPg�RHf%l%RHNSl � R �H�

�¡© �°�>�ML�
�$ �HO;T�V�^�]_RHbSbPV b8O9��RBl%T�d_bSbPd_�4]oV�^a`%NP�HV b¡d_f�g
t4V*v4]_RHf4V*RHNPV�d_fBg
NPO%l%`%^�V l��H�
��� �
��XRBf4de]od_`�� � �XRHf4do]ed_`��1ky� �4z%���cd_f�g
t4V#�¿NSRHT�V � O;N��ZO9��d�fBgSVaQ;NJR9]�V j;`%R9gJdeO4f%b¦d_f�f4O;fw�¿bST�O4OHg
t
l4O;T¡R9d_f%ba��Xf*g
t4V8OHg
t4V N�t%RHf%l�k�dog�bPVaV T¡b,gSO*�%Vpv%O4bSbPd_�4]oV�gSO�`%bPV b�O;T�V¡� RHT§de]odoV b�O9�¤RHl%T§d�bJbPd_�4]eV
^a`%NP�BV b/l4V�h�f4V l*�B�*`%bPd_f4Q ^aRHv%RH^�dogP��gP�{v�V§^�O4f%bPg
NSR9d_fBg
bak � t4d_^�t*v%NPO;�%RB�4]e�*RHbJbS`%NPV�g
t4VUVa�4d_b¢�
gSV f%^�V,On�£R�bPOB]�`4gJdeO4f8d�fpR�bP]odoQ;tBgS]o� � d_l4V N�^�]_RHbSb��  ¦`4g�g
t4d_b�RHv%v%NPO;RB^
t�d_b�NJR9g
t4V N¦^�O4TUv4]od�^aRngSV l
RHf%l deg,d_b�f4OHg,Va�;d_l4V fBg,g
t%R9g,bS`%^�t�� RBT�do]edoV bZO9�\RHl%T�d_bSbPd_�4]oVp^a`%NP�HV b#^aRHf��%VUO9��RHfB��d_fHgJV NPV bPg
� O;N,g�t4V§f4`%T�V NPd_^aR9]�T�Vag
t4O%l%ba����VpNPV�� V N#g
t4V�NPV RHl4V N#gJOpg
t4V�T�O;f4OBQ;NSRHv%t � 
>doV T�V Nak � �H|H���
� O;N�g
t4V�l4V�h�f4dogSdoO;f�RHf%l�v%NPO;v�V NPgSdoV b�O9�\^aRBv%RH^�dogº�Hk�RHf%lªgSO<�1 `%^a`%N�k'
>OB]eV b�deO1k>gSOpRHv%v�V RHN���� O;N
bPO4T�V�NPV bS`4]og
b#d_f°g
t4V�^aRHb�VUO9�'RBl%T�d_bSbPd_�4]oV l4O;T¡R9d_f%b � dog
t*^aRBv%RH^�dog
RHNP��^�O;f%bPg
NSRnd�fBg
b'�¥O4N,t4OD�
T�OBQHV f4VaO;`%b ��d_NPd_^
t4]oVag/v%NPO4�4]eV T¡ba���ºf�g�t4V§v%N�V bPV fHg/v%RBv%V N � VUNSR9g
t4V N#`%bPV�g
t4VUf4OHgSdoO;f�O9��R
QHV f4V NJR9]ode¢aV l�bPOH]_`4gSdoO;f8gSO�g
t4V/v%N�O;�4]oV T l4V�h�f4V lpd_fpbPV ^�gSdoO;f�5��
�,��®��®��D�5� �5® � "O$��á�(�����4*ò�������G�/�)�#� ����3w������° 5�J K ���4�_� ���&�/���!���/�

� � � ����� � . � �L��°

óoó È&Ï/ô+Þ/Þ



| � �4�'���	�&�_,����4�l���������#�+�&�#�2,����/��������� $Ð�
	(�(� �����	����
�� �+�(�4�����434��3 ��L���������ì�P�&���/�<���>���ì� ��34���L��&� �+���/��3w���D���. � � . K 9 � ��� �'°�� �ì�#�l� � � � � � �?92�������(��� � �'°�Ê��� � ��°��G_���ì�P� ���������ò�Í!2°	�
�����¬�Í!
� $HO;N/RBf�Va]oV T�V fHg � 5 ; � �l�2�#g
t4VUg
NJRH^�V�O;f����Ud_b/R9]_bPO�l4V f4OHgSV l��H� � RHf%l g
t4V
g
NJRH^�V�bSRngSd_b h>V b�� 5 ; �

� ��� � �
k � V�NPV�� V N�gSO<� 0 l%RHT¡bakc�L�4z ���\RBf%l �l�>doO;f%b�k � R9QHV f4V b�k�� �HWH|��
� O;N,R8v%NPO;On��� 0 h�NSb�gXd_TUv�O;NPg
RHfBg,j;`4V bPgJdeO4f�d_bak � t4Vag
t4V N#O;N#f4OHg,dog,d�b�v%O;bJbPd_�4]eV¡gSO�l4V�h�f4VUR
g
NJRH^�V�O;f-°p� O;N¦RBfH��Va]oV T�V fBg\On�cg
t4V,bSv%RH^�V ; �

� �������
����t4V,v%O4bPdogSdo�HV¤RBf%b � V N�d_b O;�4g
R9d_f4V l8�H�
RHv%v4]o�4d_f4Q�g
t4V,g�t4VaO;NPV T O9�  �V bPO9��|-U'bJv4deV f%b1�Hdod � 0 l%RHTUbak%��t%Tp�1z;� �H|��+�

��t4V,d_farSV ^�gSdoO;f8On�qg
t4V,bSv%RH^�V�; �
� �$( * � ��d_fHgSO	9 � �$( *.��d_bX^�O;fBgSd_f4`4O;`%ba�

�>Vag�`%b\bJt4O � g
t%Rng¦di�í¦%d_b�d_f); �
� ��� � ��g
t4V��¿`%fBgSdoO;f�¦ �¡¦�� &�l4V�h�f4V l8O;f ���%Va]oO;f4Q4b�gSO

g
t4V/bJv%RH^�V�; �
� � ���
�3&�V f%^�VHk%dog�d_b�bS`� ^�doV fBg�gSOUv%NPO9�HV#g
t%R9g�g
t4V#� OH]o]eO � d_f4QUd_fBgSVaQ;NSRn]>d_b�h�f4dogSV

� � . 5 . 5 D ¼��¦á��ª�� ¸ �¦���«���¼
¼ ª ¸ «�¼��� K � ��ª§��« �ºW��

� . 5 . 5 ¼ ¦á�,&P��ª��Ä� ¸ ¦��,&P�¢«4�l��¼ �
¼ ª ¸ «Ð¼ � �wª&�w«

��V/l4V f4OHgSV%ª&��� &P��ªá�+�+«���� &P��«��
kÐ¼��P& ; � ¼9g�t4V¤l4VagSV NJT�d_f%RHfHg�On�£~BRH^�O;�4d_RHf�� & ; � k;t4V f%^�V
� � . = . = ¼ ¦���ª§��� ¸ ¦���«��#��¼ �

¼E& ; � ��ª§��� ¸ & ; � ��«��¬��¼ � ¼��P& ; � ¼ �wª&�/�w«�� �Sz��
�Hd_f%^�V/g�t4V/TURHv%v4d_f4QP&�d_b%�1d�v%bJ^
t4dogS¢Hk

9i��¼E& ; � ��ª§��� ¸ & ; � ��«��¬��¼ � 9i�D¼ ª ¸ «�¼�� ¼E&P��ªá� ¸ &P��«���¼�� ¼ ª§� ¸ «��D¼ �º|��
RHf%l ¼��P& ; � ¼ 9 � � H 9 �� �º���

g
t4`%b � 9 H 9 �� 9 � � . = . = ¼ ¦���ª§��� ¸ ¦���«��¬��¼ �
¼ ª � ¸ « � ¼ � �wª&�/��«������

bPd_f%^�V�¦ 5<; �
� �������
�

��t4V/g
NJRH^�V/O;v�V NSR9gSO4N�TURHv%b ; �
� �,� �\d_fBgSO 9 � �,�_�¬�X�B�pg
t4V�g
t4VaO;NPV T On�� qV b�O}��RBf%l U�b¢�

v4doV f%b��Bdod¥k d_b�l4V�h�f4V l��B��T�V RHf%bZO9��g
t4V�TURBv%v4d�f4Q &�k¦RHb�Rpg
NSRB^�VUO;v%V NJR9gSO;N'�¥O4N,g
t4V�bJv%RH^�V; �
� � )��¦d_fHgJOUg
t4V/bSv%RH^�V 9 � �Í°Ê��k9�¿`%NPg
t4V NST�O4NPVHk. � . K � 3 � 7:9 � . � .�� �� 3>=87 9 � . � .�� �� 3 ��� 7

æ ÜÊó æ à



���������	��
������������������������������� ���"!#���%$&�'�(���)���&�(�+*-,.�/���021�34�����)�(� �

� dog
t � � � ��9f���9 � �
k�9i����9 � RHN�VXg
t4V��1d�v%bJ^
t4dogS¢�^�O;f%bPg
RHfBg
b�O9�:&"RHf%l & ; � ���ºf�v%RHNPgSd_^a`4]_RHN9º�/9i�.� 9 � � O;N�° 5 J Ky���ºf��4doV � O9�¦g�t4V/^�O;fHgJd�f4`4dogP�pO9�¦g
t4V,g
NSRB^�V/O;v�V NSR9gSO;N�; � �l�2� � ¶
; �
� ��� � �¦dog�� OH]o]eO � b'g
t%R9g . � . K � 3 � 7 9 � . � . � � 3 � 7 �
�����

� dog
tpR¡^�O;f%bPg
RHfBg � � � ��9i�¬��9 � �#�2�
�c��t4V NPV��¥O4NPV

����
. � �L��° ����

9 � �'°� G . � � � �D° I �� 9 � � �'°� . � . � �13 � 7
� t4d_^�t�^�O;T¡v4]eVagJV b¦g�t4V/v%NPO;On���0 fpRHl%T§d�bJbPd_�4]eV�^a`%NP�HV,d_b�l4V�h�f4V lªd�f8g�t4V/v%RHNSRHT�Vag�NPd_^�� O;NST

( ªá�+*l� � & � �+*/�+�w�
«��+*l� � & � �+*/�+�w� *�5 � ¸ �� � �� �

� t4V N�V�& � �,&���F& � � d�b��4d¥|§�>d_v%bS^
t4dogS¢�TURHv%v4d_f4Q>�V$HO4N�° 5�J<K�dog��¥OB]e]oO � b�g�t%R9g

� �'°�L� . �
�; �� � ª C � �+*l����« C � �+*l�¢�/*f� . �

�; �� D  !& �
 Ðª

� �+*/�+�w�!�  !& � �ª
� �+*+�/�w� K �� � * 9�� H 9

g
t4V N�V��¥O;N�VUg
t4VU]oV f4QHg
t°O9�XRHl%T�d_bSb�d��4]oVp^a`%NP�HV bZd�f�g�t4V�bPVag�J K�d�b�`%f4di� O;NST�]o����O;`%f%l4V l�k��%`4g
g
t4Vp`%f4di�¥O4NST��%O;`%f%l4V l%f4V bJb/On�'g�t4VU]oV f4QHg
t°d�b�R � V R �9V NX^�O4f%l4degJdeO4f�� O;N,R�^a`%N��HVUg
t%RHf g
t4V
^�O;f%l4dogSdoO;fªgSOU�%V�R�T§V T���V N O9� J Kc�

��t4V�^�]_RHbSb+J K d_b/bS`�p^�deV fBgS]o�*bSTUR9]o]�gSOpO4�4g
R9d_f*RHf�Va�4d�b�gSV f%^�V�NPV bS`4]ogZ�¥O;N#g�t4V§v%N�O;�4]oV T
`%f%l4V N�^�O4f%bPd_l4V NSR9gSdoO;f%ba�

�,��®��®��D�5� �5® ��� $��2� �����V�'��/1�34�����/���Í! �#3�� ��� 2°�»V�	� J<K �����ì���l���	����+��R� ��3w� ���%°�5 J<K
�������N+34� ��/1�34�����/��° »�
 +3 � �:���ì���

� � � 
 ¶ � � �i�+�
	���� QD�%���>���ì� ���� �/�.��; � �Ä�2�l� C
� ��� � �

� � � � 
 ����� ¶ � � � ����� !�������	��� 5<; � �l�2�

�����¬�Í!
��z�do�HV f °�»-� &o»§�,�.�� 5�J Kck � V,t%R �BV. &o» . / �10 2 9 9 RHf%l . & ; �» . / �10 2 9 9

óoó È&Ï/ô+Þ/Þ



��� � �4�'���	�&�_,����4�l���������#�+�&�#�2,����/��������� $Ð�
	(�(� �����	����
 ��8g
t4V,g
t4VaO;NPV T O9� 0 bS^�OH]odyg
t4V NPV#Va�4d�b�g
b�R��¿`%f%^�gSdoO;f�& � t4d�^�t8d_bX^�O4fHgSd_f4`4O;`%b O9�HV N �"bS`%^�t
g
t%Rng¦� O;N�RUbS`%�%b�V j;`4V f%^�V�&y» 
&o» 
 �¢ª��L¶ &P��ªá� `%f4di�¥O4NST�]o��O9�HV N � Q
��t4V��¿`%f%^�gSdoO;f%b &y» 
 RHN�VX`%f4di�¥O;NJT�]o�Y�1d�v%bJ^
t4dogS¢,^�O;fBgSd_f;`4O;`%b � dog
t�g
t4V,^�O;f%bPg�RHfHg-9�k4g
t4V#bSRHT�V
NPV T¡R9d_f%b��}R9]od_l8� O;N &�k%g
t4`%b<& 5�� � A � �,��� � dog
t . & . / �10 2 9 9����V�l4V f4OBgSVM°>� &P�,� � �
�$;`%NPg
t4V NST�O4NPVHkHg
t4V,d_f4V j4`%R9]odogº� . & ; �» . / �10 2(9 9�d_TUv4]odoV b�g�t%R9g

¼B&o»4�¢ª�� ¸ &y»4��«���¼�� ´9 ¼ ª ¸ «�¼ �Ðªo�/«!5�� �
�H�%�
t4V f%^�V�g
R/�Bd�f4Q�g
t4V,]od_T�dog#deg'�¥OH]o]oO � b�g
t%Rng

¼E&P�¢ª�� ¸ &P��«���¼�� ´9 ¼ ª ¸ «�¼ �Ðªy�+«!5 � �
� x��
� t4d_^�tDbSt4O � b�g
t%Rng &�d_b¡O;f4V/|;gSO(|;O;f4VH����V l4V f4OHgJV )S� &P�,���
k g
t;`%b§g
t4V NPV8Va�;d_bPg
b§g
t4V
d_fB�HV NSbPV�TURHv%v4d_f4QP& ; � ±�) � ¶ �¡k & ; � �%Vad_f4Q��>d_v%bS^�t4dogS¢�^�O4fHgSd_f4`4O;`%b � dog
t8g�t4V�^�O;f%bPg�RHfHg9 d�fª�;doV � On�qg
t4V,]_R9gJgSV N d�f4V j4`%R9]odogP�H�¦��t4V NPV�� O;NPV%° 5 J<Ky�$HO;N�g
t4V/bSR �9VXOn�qbPd_TUv4]od_^�degP� � V,l4V f4OHgSV/�B��°�»Ug�t4V/bS`%�%bPV j4`4V f%^�V_°�» 
 �

� V,RHNPV�QHOHd_f4Q,gSO�bJt4O � g�t%R9g,� � � ^�O;fB�HV NPQHV b�gSO � � �q�£O/g�t4d�b V f%l � VXRBbSbS`%T�V�g
t%R9g�g�t4V NPV
d_b�QHdo�HV fpRU^�O;fBgSd_f;`4O4`%b¦O4f ���¿`%f%^�gSdoO;f ��k{t4V f%^�V�� O;NPg�t

� � � � � ���f� . � � �L�D° » � . �
�; �� ���-& » �6*+�+�ì�l��¼B& C» �6*+�+�ì��¼ � *

��t4V/b�V j;`4V f%^�V'& » bJR9gSd_b h>V b�`%f4di� O;NST�]o� � � �
k4`%bPd_f4QUg
t4V/RHbSbJ`%TUv4gSdoO;f �-@)�¦dog��¥OH]o]oO � b g
t%R9g

¼E&+C» �F� �/�w��¼(¶ ¼E&+C	�F� �/�w��¼ � V R/�B]o�Ud_f<9 � G ¸ ´H � ´H I Q
�Hd_f%^�V ��d_b#^�O;fBgSd_f;`4O;`%b�k;t4V f%^�V�`%f4di� O;NST�]o�p^�O;fBgSd_f;`4O;`%b O;f ���Hk

���-&y»&�F���+�w�l�y¶ ���-&P�F� �/�w�l��d�f 9 � G ¸ ´H � ´H I
g
t4`%b

� � � � ����� ¶ . �
�; � � ���-&P�+*+�/�w�l�&¼E& C �+*+�/�w��¼ � *� � � � �����

��t4V/bJRHT�V,NPV bS`4]ogX^aRHfp��V,O;�4g
R9d_f4V l¡� O;N�RHf�RBNS�4dog
NSRHNP� � 5); � �l�2�¦bPd_f%^�V � � �2���); � �l���¦d_b
l4V f%bPV�d_f); � �Ä�2�
�

æ ÜÊó æ à



���������	��
������������������������������� ���"!#���%$&�'�(���)���&�(�+*-,.�/���021�34�����)�(� �H�

�>Vag�`%b�^�O;f%bPd_l4V N/R�bPV j;`4V f%^�V8O9��RHl%T�d_bSbPd_�4]oV ^a`%N��HV b_°w» RHf%l g
t4V�RHl%T�d_bSb�d��4]oVp^a`%NP�HV�°
bS`%^�t�g
t%R9g&� � � ^�O;fH�BV NPQHV b�gSO)� � � V R/�B]o�pd�f�� ; � �l����� C �%� VUl4V f4OHgJV��B�:¦4»��+¦�bPOH]_`4gSdoO;f%b�gSO�$02�8�XO;N���0 � ��� O;N#g
t4V���O;`%f%l%RHNP��l%R9g
R)� � � k � � kcN�V bSv%V ^�gSdo�HVa]o�H����V�RHNPV�d_fBgSV NPV bPgSV l d�f g
t4V
^�O;fB�HV NPQBV f%^�Vc¦ » ¶ ¦£�
�,��®��®��D�5� �5® � 	 $��á��� ��°�»4���l° 5 J<K �/� ��� ��������+3 � �ò���4���'� � � ¶ � � �i�/�
	�� *P��� � ; � �l�2� � C �
� �ì�#�

¦ » ¶©¦ �	�); � �l�2� �i�+�
	�� * �(�������	9 � �l�2� +���l�����D� * Q
�����¬�Í!
�®¦�»�d_b�g
t4V/`%f4d_j4`4V�bPOB]�`4gJdeO4f8gSO�g
t4V#�¥OB]e]oO � d_f4QU�9RHNPd_R9gSdoO;f%R9]yv%NPO4�4]eV Tªk

>4��¦ » ��=4���� » ��=�� � =%5<; � �l��� �
�5��
� t4V N�V

�f»&��=��� . ��� ¦§�7=��	�
� . ��� ¦4�7=w���
� . ��� =w�D°w»$;NPO4T g�t4V�v%NPO;v�O;bPdogSdoO;f?�Udog��¥OH]o]oO � b,g�t%R9g . �f» . K 9 � k � t4V NPVUg
t4V8^�O;f%bPg
RHfBg � d_b�d�f%l4V��
v�V f%l4V fHg�O9��"� ´D� H � QGQ�Q{��t4V§�4do]od_f4V RHNZ�¥O4NST >��F� � � ���%Vad_f4Q ^�O4V NS^�do�HV��B��g
t4V�d_f4V j4`%R9]odegP�*On�$;NPdoV l%NPd_^�t%bÍ|>MyOHd_f%^aRHN�mHk � VXO;�4g�R9d_fpl4d�N�V ^�gS]o�U�¿NPO;T g
t4V,�9RHNPd_R9gSdoO;f%R9]1� O;NST�`4]_R9gSdoO;f�g�t%R9g

	 . ¦ » . �� � 3 � 7 9 >4�¢¦ » �+¦ » �f��� » �¢¦ » � 9 � . ¦ » . � �R3 � 7
g
t4V N�V��¥O;N�V,g
t4V�bPV j4`4V f%^�V�¦4»�k � �²´D� H � Q�QGQ �Hd_b,��O;`%f%l4V l�d�f ; � �l�2�
�#��t4V NPV/Va�4d_bPg
b#R�bJ`%�%bPV��
j4`4V f%^�V/O9��g
t4V/bPV j4`4V f%^�V�¦4»�k>bPgSdo]o]cl4V f4OHgSV l�¦�»>k>bS`%^�t8g
t%R9g

¦4»�¶©¦ K � V R/�B]e�8d_f<; � �l�2�¦RHf%lpbPg
N�O;f4QH]o�Ud_f)9 � �l���
g
t4V8bPg
NPO;f4Q8^�O;fH�BV NPQHV f%^�V,� OH]o]oO � b,�H��RHf�RHv%v4]od_^aR9gSdoO;f�O9��g
t4V8u¦Va]o]od�^�t�g
t4VaO;N�V Tp�_��V�bSt4O �
g
t%Rng�¦ K �¡¦£� q��g
t4V � V R/�,^�O;fB�HV NPQHV f%^�V O9�>g
t4V�bPV j4`4V f%^�V_��¦4»���d�f ; � �l�2��k}bPd_f%^�V�g�t4V\g�NSRH^�V\T¡RHv%v4d_f4Q
d_b�]ed_f4V RHN�RHf%lp^�O;fBgSd_f;`4O;`%b�k � V/t%RL�HV#g
t4V#� OH]o]eO � d_f4Q�^�O4fH�HV N�QHV f%^�V�O9��g
t4V,g
NSRB^�V b

¦ » ¶ ¦ K d_f<9 � �¢� � �¦RHf%l8d_f<9 � �¢� � �
t4V f%^�VZ�¥O;N�RHfB��h>�4V lpgSV b�g¦�¿`%f%^�gSdoO;f)='5<; � �l���

>4��¦ » ��=��¶ >4�¢¦ K ��=��
RHf%l � deg�t8O;`%N�RHbSbJ`%TUv4gSdoO;f%b . ��� =w��°�»�¶ . � =w�D°

óoó È&Ï/ô+Þ/Þ



� x � �4�'���	�&�_,����4�l���������#�+�&�#�2,����/��������� $Ð�
	(�(� �����	����
� t4V f%^�V

�i»§��=4�¶ ����=4� Q
��V/O4�4g
R9d_f >4��¦ K ��=4�������=4�/�
RHf%lªg
t4V/bPOH]_`4gSdoO;fªgSOUg
t4V/v%N�O;�4]oV T �$0 � �'°� �q��Vad_f4Q�`%f4d�j4`4VHk1deg�� OH]o]eO � b'g
t%R9gM¦ K �º¦ � t4d_^�t
^�O;T¡v4]eVagJV b�g
t4V/v%NPO4O9�S�

�¡© �°�>�ML � $ �ºf¡O;NSl4V N gSO�bJt4O � g
t%R9g�¦ » ¶©¦pbPg
NPO;f4QB]e��d_f); � �l�2��dog\d_b�bS`� ^�doV fBg�gSO�t%RL�HV
g
t4V#� OH]o]oO � d_f4Q�^�O;fB�HV NPQHV f%^�V . � � ¦�»ì��°w»�¶ . � ¦&��° �
� � �
bPd_f%^�VHk�`%bPd_f4QUg
t4V,�9RHNPd_R9gSdoO;f%R9]1� O;NST�`4]_R9gSdoO;f�On�qg
t4V,v%NPO;�4]oV T ��0 � �
k � V,O;�4g
R9d_f. � ¼ � ¦�»Ð¼ � ��ªò¶ . � ¼ � ¦¼ � ��ª �
� ���

U'bPd_f4Q�g
t4V�RB�%O9�HV�NPV bJ`4]eg�b � V�RHNPV¡d�f�v%O4bPdogSdoO;f*gJO v%NPO9�HVURHf�Va�4d_bPgSV f%^�VpNPV bS`4]og��¥O4N#g
t4V
O;v4gJd�T§de¢ RngSdoO;fpv%NPO;�4]oV T `%f%l4V N�^�O;f%bPd_l4V NSR9gSdoO;f%b�� 0 bSbS`%T§VXg
t%Rng¦g
t4V NPV#d_b�QHdo�HV fpRZ�¿`%f%^�gSdoO;f%R9]
��F� ��^�O;fHgJd�f4`4O;`%b � dog
tUNPV bSv�V ^�g�gSOR¦ �¡¦á�'°��d_f¡g
t4VXf4O;NST gJO;v%OH]oOHQB�/O9�yg
t4VXbJv%RH^�V&9 � �l�2��O;N
� V R/�B]o�,]eO � V NybPV T§d�^�O4fHgSd_f4`4O;`%b£O;f�; � �l�2�
��>Vag�`%b�^�O;f%bPd_l4V Nak9RHb�RHf,Va�%RHTUv4]oVHkLg
t4V�� OH]o]oO � d_f4Q
^�O;b�g�� `%f%^�gJdeO4f%R9]

�Ê�'°�L� . � ��¦��'°� ¸ ¦ � � � �wª�� . � ¼ � ¦��Í°Ê� ¸ � ¦ � ¼ � ��ª �
� W��

���y©4®���© � "O$ � �ì���l�P� ����+��R�N���� 3w���)�����'�-���ì�P�����4�	��� ���(���)��� �Ð�l�D��� �#�EGF��� >��
	 �Ê�'°� �
�9z��
�����¬�Í!
�8�>Vag��°�»��Xl4V f4OHgSV�R/T�d_f4d_T�do¢ad_f4QUbPV j;`4V f%^�VHkBg
t4V fZ�¥O4N�R,bS`%�%bPV j4`4V f%^�VHk;bPgSdo]o]�l4V f4OBgSV l
�B�:�¬° » � � V,t%RL�HV

¦á�'°�»��L¶ ¦��'°� d_f<; � �l�2� � V R/�B]o� �
� |��
t4V f%^�V

� EO7 EGF�� ��'°�»�� � ��'°�

æ ÜÊó æ à



���������	��
������������������������������� ���"!#���%$&�'�(���)���&�(�+*-,.�/���021�34�����)�(� �5
� t4d_^�t�^�O;T¡v4]eVagJV b¦g�t4V/v%NPO;On�cO9��g
t4VaO;NPV Tp�

�>Vag `%bpv%N�V bPV fHg8RHf4OHg
t4V N§�¥O4NST�`4]�RngSdoO;f�O9�,g
t4V*v%NPO;�4]oV T � t4d�^�t � `%NJf4d�bJt4V b�R�bST�O4OHg
t
bPOB]�`4gJdeO4f��2��VUl4V f4OHgSV��B� � . ( * � � ��g
t4V�`%f4dog,l4d_b��>�%��V�l4V f4OBgSV��B����g
t4V�^�OB]e]oV ^�gSdoO;f
O9�¦t4OH]oO;T�O4NSv%t4d_^�� `%f%^�gSdoO;f%b�l4V�h�f4V lªO;f � � deg�t8�}R9]_`4V b�d_f:���Hk

�2���w�L�
��»��§� >�»	� » >D»R5 � g
t4V¤b�V NPdoV�^�O;fB�HV NPQHV b d_f �>� �2���w� 5:���

��t4V/^a`%N��HV_°�d_b�l4V�h�f4V l��H�8g
t4V#� OH]o]eO � d_f4Q�v%RBNSRHT�Vag
N�de¢ RngSdoO;f

�w�+*Ä�i�
��»
�§� > » * » *V5�� ¸ ´H � ´H� Q

�Pf��¿RH^�g k��B� g�t4VUg
t4VaO;NPV T O9���HgSO;f4V/|���VadoV NSbPg�NSRHbSbakyRBfH�*^a`%NP�HV¡]eO%^aR9gSV l°d_f���� ^aRHf°�%VpRHvw�
v%NPO9�4d_TUR9gSV l8�H�8g
t4V/^a`%NP�BVXO9��g
t4d_b � O;NSTp�U'bPd_f4Q#g
t4V\b�Vag�� � V O;�4g
R9d_fZg
t4V¦Va�4d_bPgSV f%^�V¦On�>g
t4V\bPOB]�`4gJdeO4f#� O;NyO4`%Nyv%NPO;�4]oV T bPd_f%^�V\di��g
t4V
bPV j4`4V f%^�V�������� � >
� � d�b�R�T§d�f4d_T�do¢ad_f4QpbPV j;`4V f%^�VHk%`%bPd_f4QUg�t4VXg
t4VaO4NPV T�O9� ��O;fBgSVa]>dog�� OH]o]oO � bak
bPd_f%^�VM���¦d_b¦��O;`%f%l4V l�RHf%l��������w��5����Hk9g
t%Rngcg
t4V N�V¦Va�4d�b�g
b�RXbJ`%�%bPV j;`4V f%^�V � t4d_^�tU^�O;fB�HV NPQHV b
`%f4di� O;NST�]o��O;f�RHfB� ^�O;TUv%RB^�g k�Rn]eO4f4Q � dog
t*R9]o]¦l4V NPdo�}RngSdo�HV ba���ºf g
t4d_b,^aRHbPVUg
t4VURHbJbS`%TUv4gSdoO;f�-@ �Xd_b/bSRngSd_b h>V l��/�Pf*v%RHNPgJd�^a`4]_RHN�� C� ^�O4fH�HV N�QHV b�gJO�g
t4V¡]ed_T�dog�� C O4f�g�t4V�d_fBgSV NP�9R9]P� ¸ � � � �� �
� t4d_^�tpd_TUv4]odoV b�g�t%R9g � ��� ¶ � � � V R/�B]o�Ud_f � ; � �l��� � C �
�Ln�� �&p �&r�! #Íx����&t ��s'#ÍuLqDx'sop ��qDs®tfs � !�x'p s !LqDx�� x���!§qDx'sop"!ir�s #,#��$�
��V�bPg�RHNPg � dog
tªg
t4VU^�]_RHbSbPd_^aR9]�l4V�h�f4dogSdoO;f�O9�\RpbPOB]�`4gJdeO4f:¦ 5 � � A � �l�2�
k´ 9&% � � � k�gSO8g
t4V
bP�%bPgSV T �$02�8�¦d_fpg
t4V�� O;NST

�$02�#��'�l�
12223 2224

¸2¹ ¦ � � d_f��5765 » � � O;f
�

¸ 5765 » � ¦ ¸ ¦§� O;f��2�
¸ 5765 » � ¦ ¸ ¦�� ¸ ' O;f����

� t4V N�V(' d_b#R8u\RHl4O4f�T�V RBbS`%NPV,bS`%v%v%O;N�gSV l8O;f����9�
� V�RHNPV8QHOHd_f4Q�gSO�v%NPO9�HV¡g
t4VpVa�;d_bPgJV f%^�V�RHf%l�`%f4d_j;`4V f4V bSb¡O9�Xg�t4V�bPOH]_`4gSdoO;f�gSO 0 � ��'�
�$�d_NSbPg k � V/NPV ^aRn]e]�g
t4V2$;N�deV l%N�d�^�t�Æb�gP�{v�VXd_f4V j4`%R9]odegP��NPVa]_R9gJV l8gSO�O;`%N�v%NPO;�4]oV Tp�

) © � �*� "%$ �á�#�Ê� . ( *�* �+�����/��3��������'+�	���Ð� * �/���4�&���#�'��� �D�������	� �L�����R/� �¬�����N�/��3��,+
�D�(�+*

�
�¡ �� ��-°<. �

� �D�������N���� �L�	��� ¼.-°í¼����0/� �
�

��ª��i�®� � � �ì�#�����ì���l�%� ���G+��2� �/����+�'���4�

óoó È&Ï/ô+Þ/Þ



� � � �4�'���	�&�_,����4�l���������#�+�&�#�2,����/��������� $Ð�
	(�(� �����	����
� � � �¢�_� -°�� % � +3 � �:���ì���

. = . K � 3 � 7 9 � � *� � ���
. � ����   = Ðª � ���� � ��ª�� . /� ¼ =Ð¼ � �

�
��ªá��� �� � =%5�� � A � ���%�

$;NPO4T ]oV TUTUR��8dog�� OH]o]eO � b§g
t%R9g/g�t4VpV j;`4do�}Rn]eV fBgpf4O;NST d_f�g
t4V�bSv%RH^�V�� � A � ���%�/^aRHf��%V
l4V�h�f4V l��H� . = . � A � � � *� � ���

. � ����   = Ðª � ���� � ��ª�� . /� ¼ =�¼ � �
�

��ªá��� �� Q �
� ���
��V�^aRBf8Va�}R9]_`%R9gSV,g�t4V/f4O;NST . � . � A �Z�B��l%`%R9]odogP�Hk � t4V NPV���bSR9gJd�bºh>V b �� � �� � ´Hk

. = . � A �M� �	��
� � A����A ��� > K�� 3 � 7� � > K � 3 /� 7*�� �§��� ��� � K�� ���

( *�� ���
. ��� �   =

 �ª � �wª'� . /� = � ���
�

��ªá� P �ºx ���

� V�l4V f4OHgSV,�H� . � .���� 3 ½ � 7 g
t4V/f4O;NJT�l4V�h�f4V l��H�

.�� . � � 3 ½ � 7 � �	��
� >! � 3 ½ � 7��"�§�
¼ � �L� � ¼. � . �

�,��®��®��D�5� �5® � 
�$ �o���i� . ( * * �$# � H �/���>�+��3w���D� �'+�	�2��� * �/���4�&� ���'� � �D�������	���L�	���+���¬�����ò�/��3��������+*
�

�
�

�'+ �
�
�í¼

�
��¼w����� '®���/��3��������&%2� �D������� +3w�l� +3#�D�����/�'� �����

�
���

� �ì�#�����	����+��c���4��3w�4��1�34� ���� 3w���)����¦ 5 � � A � ���%�1��!�������	� % 5 �	´D� ** ; �(' �'�����ì���Ð�l�D�#� ���

�$0*)w�
123 24 ¸2¹ ¦ � � �	�Y�5765 » � � �(�

�
�5765 » � ' ¸ ¦ ���

�
�

�����l�/� ���#� . ¦ . / �10 � 3 � 7:9 . ' . � � 3 ½ � 7
�����¬�Í!
�¨�>Vag�`%b¤h�NSbPg/^�O;f%bPd_l4V N_� � �,+��

�
�¢ª��
k-+ 5 � �

�
� ��kyRHf%l*RL� gSV N � RHNSl%b � VU`%bPV¡g
t4V

l4V f%bPdogP�pRHNPQ;`%T�V fBg �

æ ÜÊó æ à



���������	��
������������������������������� ���"!#���%$&�'�(���)���&�(�+*-,.�/���021�34�����)�(� � �
��t4V NPV�Va�4d_bPg
b¡g
t4V `%f4d_j4`4V*bPOH]_`4gSdoO;f®¦ 5 ; � ���%�
k�bSRngSd_b �¥�4d_f4Q�¦ 5 � � A � ���%�
k�gSO°g
t4V

v%NPO4�4]eV T 0���d_fpg
t4V,�9RHNPd_R9gSdoO;f%R9]1� O;NST. � � ¦�� � =��wª�� . ½ � ¦ =��
�

��ªá�L� . ½ � + =w�
�

��ª�� � =%5<; � ���c�
z�do�HV f � ��5 � � �

�
��\RBf%l>� � ��
QGQGQ � � * ��5��������%�Ä� * k � V,l4V f4OHgSV/�B��=Ug�t4V/`%f4d�j4`4V�b�OH]_`4gSdoO;f

gSO¡g
t4V�� OH]o]oO � d_f4QUVa]o]ed_v4gSd_^�V j4`%R9gSdoO;f

�$0 C� �
12223 2224

¸2¹ = � *�� ��� 5��	�5�� � d�f>�
5��5 » � � O;f

�
�5��5 » � + ¸ = O4f

�
�

�>Vag ���,# ��VUh>�4V l�k��H��g
t4V¡d�farJV ^�gSdoO;f°g
t4VaO;NPV T On� �HO4�%OH]oVa��kcg�R/�Hd_f4Q�d�fBgSO�RH^a^�O;`%fBg,g
t4V
�9RHNPd_R9gSdoO;f%R9] �¥O;NJT�`4]_R9gJdeO4fUO9���$0 C� ��RHf%lpg
t4V/l4V�h�f4dogSdoO;fªO9�¦g
t4V/f4O;NJT �H�pl%`%R9]odogP�Hk>dog��¥OH]o]oO � b
g
t%Rng . = . K 2 3 � 7 9 � . = . / �10 � 3 � 7�9 � D *�� ��� . � � . K � 3 � 7 � . � � . K � 3 ½ � 7 K Q
$;`%NPg�t4V NST�O;NPV

*� � �Ð�
. ��� �  �¦

 �ª � ��ª�� . ½ � � ��¦&�
�

��ª��L� ¸ . � ¦ ¹ =��wª'� . ½ � � �¦&�
�

��ªá�

� . � � ¦�� � =��wª�� . ½ � ¦ =��
�

��ªá�Ê� . ½ � G  Ð¦
  � ��¦ I =��

�
��ªá�

t4V f%^�VZ�¥O;N�R9]o] � � � Q�QGQ � � * k

�����
*�� ���
. ��� �  �¦

 �ª � �wª'� . ½ � � �¦&�
�

��ªá� �����
9 ����  �¦

  � ��¦ ���� K �D3 ½ � 7 . = . K 2 3 ½ � 7
9 � ����  �¦

  � ��¦ ���� K � 3 ½ � 7 D *� � �Ð� . � � . K � 3 � 7 � . � � . K � 3 ½ � 7 K Q
$HO;N % g
t4V8^�O;far
`4Q4R9gSV�O9� �4k % � ** ; � bPd_f%^�V �:� #�k��H��g
t4V8l4V�h�f4degJdeO4f*O9��g
t4V�f4O;NJT��H�
l%`%R9]odogP�Hk%dog�� OH]o]oO � b g
t%R9g

. ¦ . / �10 � 3 � 7:9 � ����  �¦
  � ��¦ ���� K � 3 ½ � 7 � � . + . K � 3 ½ � 7 � � . + . ��� 3 ½ � 7 Q

óoó È&Ï/ô+Þ/Þ



� W � �4�'���	�&�_,����4�l���������#�+�&�#�2,����/��������� $Ð�
	(�(� �����	����
�Hd_f%^�V�g�t4V�bSv%RH^�V � �

�
���d�b8l4V f%bPVpd_f�g
t4V�bSv%RB^�V����l�

�
���
k�g
t4d_bU^�O4TUv4]oVagSV b�g
t4V�v%NPO4O9�XOn�

v%NPO4v%O;bPdogSdoO;f��$;`%NPg�t4V NST�O;NPVHk � V,t%R �BVXg
t4V#� OH]o]oO � d_f4QU�}RHN�d�RngSdoO;f%R9]1�¥O4NST�`4]�RngSdoO;f. � � ¦
� � � ��ª�� . ½ � ¦ � �
�

��ª��L� . � ��' � � 5 �-�$( * * � �ºx%�%�
$HO;N # ����g
t4V�]_R9gJgSV NZ�¥O;NJT�`4]_R9gJdeO4f*NPV TUR9d_f%b��9R9]od_l�k\�B��l4V f%bPdogP�Hk�� O;N�RHf�RHNS�4dog
NSRBNP��gSV bPg
�¿`%f%^�gSdoO;f � 5 ; � �¢�%�
kybPd_f%^�Vp�H��g
t4V �HO;��OH]oVa� d_T��%V l%l4d_f4Q�g
t4VaO;N�V T ; � ���%��. � � �c�XRHf%l
g
t4V,d_fBgSVaQ;NSRn] � � � '�d�b � Va]o] l4V�h�f4V l��$;NPO;T v%NPO4v%O;bPdogSdoO;f � � V#O;�4g
R9d_f8g
t4V#� OH]o]oO � d�f4Q8NPV bS`4]og �

�,��®��®��D�5� �5® � � $ �2�����#�R� ��/1�34�����/�� '�»§�.��! %�� �D�(�R���/�
+3w�l� �+3��������/�'���_�(�
�

� � . '�» . � � 3 ½ � 7 9
� �ç���ì�#���P� ���G+��R�N+34� ��/1�34�����/� � /�����	� �����&���'� ��� ' » � ������� %2� �D�������/�
+3w��� ' 5�� � � � � �+3 � �:���4���

'Ð»�¶ ' �	�����Ä�
�

��� �i�+�<	 ¸ � QD�%�
¦4»�¶ ¦ �	� � � A � ���%� �i�+�
	 ¸ � QD�M�
¦4»�¶ ¦ �	��9 � ���%�+� ´ � % � ## ¸ ´ �

� �ì�#�l�R�#*�¦4» �i� �D���&�(�'�R�N���� 3w���)�(�N�'�-���ì���Ð�l�D�#� �#� 0��#��'�»§���
��t4V\v%NPO4O9�%O9��MqNPO;v�O;bPdogSdoO;f ��d_b�O;T�dogSgSV l,t4V NPVHkLdogq`%b�V byg
t4V g
t4VaO;NPV T O9�) ¦RHf%RB^
t�| 0 ]_R9OHQH]_`

RHf%l8g�t4V/bSRHT�V,RHNPQ;`%T§V fHg�RHb�d_fpg
t4V/v%N�O;O9��O9�¦MqN�O;v%O;b�degJdeO4fY5%�
� V�bSt%R9]o]c^�O;f%b�d�l4V N'g
t4V¤RBl%T�d_bSbPd_�4]oV�T�V RHbJ`%NPV b O9�qg�t4V#�¥O;NJT

'�� +�� �
� dog
t8bPO;T§V'N�VaQ;`4]_RHNPdogP��v%NPO;v�V NPgSdoV b�d_TUv�O;bPV l¡O;f�g
t4V#l4V f%bPdogº� + 5<9 � �'°�cRHf%l§O;f�g
t4VX^a`%N��HV
°>�XbS`%v%v,'��¦��t4V�NPV RHb�O;f,gSO,^�O;f%bPd_l4V N�bS`%^�tUR#^�]_RHbSb�d_b�g
t4V � OH]o]oO � d�f4Q1k9deg d_b�V RHbP�/gJO¤^�O;f%b�g
NS`%^�g
R�bPV j;`4V f%^�V-°�»�bS`%^�t�g
t%RngXg
t4V¡]eV f4QBg
t�O9��g
t4VU^a`%NP�HV�°�»�d_b/`%f4di�¥O4NST�]o� ��O;`%f%l4V l�k�RHf%l�g
t4V
� OH]o]oO � d�f4Q8^�O;fH�BV NPQHV f%^�V#g
R/�9V b�v4]_RH^�V�� � � ¶ +�� � � V R/��| � Q��
�
�
	�� �  " © "%$ �1Vag'`%b�^�O;f%bPd_l4V N�g�t4V��¿RHT�do]o��On� ^a`%NP�BV bak��>� ´D� H � QGQGQ��

°w»�� ��ª�»4�+*Ä�+�+«¬»4�+*Ä�l� *�5 ³¥�4�´#µ
� t4V N�V

ª4»4�6*l�L�8*/� «¬»&�6*l�L� 13 4 �4� *�5 � �4� �
� � + � �� �¬´ ����» �6EGF��� �oªy� *�5�� �� � �� ' Q

æ ÜÊó æ à



���������	��
������������������������������� ���"!#���%$&�'�(���)���&�(�+*-,.�/���021�34�����)�(� �9z

� gX^aRHfp�%V�bSt4O � f¡g
t%R9g � � � ¶ +�� � � V R ��|4� QD�
� t4V N�V

°>��� ª �¡ª��+*Ä�L�8*+� *V5V³¥�4�¬´�µ �«-�¡«��+*l�L�¡� *V5V³¥�4�¬´�µ Q
RHf%l +��+*Ä�L� 13 4 ´�� *V5 � �4� �

� � +�� �� �´ � �9�� *V5 � �� � �� ' Q
� dog
t)9"� � �� � ´ ����� � � �L*�� *�� ´H�
�>Vag#`%b�NPV ^aR9]o]yg
t%Rng¦� O;N�RUbPV j4`4V f%^�V,O9�¦u�RHl4O;fpT�V RHbJ`%NPV b�� '�»&�/bS`%^�t8g
t%R9g'�»�¶ ' � V R/�(|ì�RQD�
� V/t%RL�HV#d�fªQHV f4V NSR9]�g
t4V#O;f4]o�pd_fB�¥O4NSTUR9gSdoO;f§O;f8g
t4V/bS`%v%v�O;NPg�O9��g
t4V,]od�T§deg

bS`%v%v,' . � EG7��	��
»�� � bS`%v%v,' »
� t4V N�V,g
t4V � EO7 �	��
�d_b�g�R/�9V f8d_f8g
t4V/bPV f%bPV,On�	�X`%NSRngSO � b��Bd¥�$HO;N�g
t4V/^�t4OHd_^�V � V/TUR/�9V�'�� +�� � k>b�d�f%^�V. �L��'>� . � �f�,�í��+��,������
dog��¥OH]o]oO � b g
t%R9g . ' . � � 9 9��'°� . + . K 2 � � t4V NPV 9��Í°Ê�� . � �	�
d � VH�_k 9��'°�ql4V f4OBgSV b�g
t4V,]oV f4QHg
t8On�cg
t4V/^a`%NP�HV_°��

s\O � ]oVag 	 � �� RBf%l:� �®���%V#QHdo�HV f�^�O4f%bPg
RHfBg
bak � V�d_fHg
N�O{l%`%^�V#g
t4V,bPVag¦O9�cRHl%T§d�bJbPd_�4]eV
u\RBl4O;fpT�V RHbS`%N�V b¦On�cg
t4V#� OH]o]eO � d_f4Q�� O;NST


�� A <� � '�� + � � ¼ ° � ��ª��D� �+�+«��F� �Ä� 5(� � � A � � �����´�� � �. �
� �+ª C � �6*l� ��« C � �+*l� ' � � * 9 � � . �

� ¼�+���ª��+*Ä�+�+«��+*Ä�l��¼ � ª C � �+*Ä� � « C � �6*l��� * 9 � �

���y©4®���© � � $ �2� �����:� ��/1�34�����/� ' » 5 
 � A  �L���ì���l�P� ����+���� +34� ��/1�34�����/� ��+���	��� �D�#�&���'� �
�#*('�»-�ç�-��� +3w�l� '�5 ���������¬��������� �#3�� ����° +3 � �����ì���'�»�¶ ' �	� ����������#�i�+�<	 �¬� QD�

óoó È&Ï/ô+Þ/Þ



� | � �4�'���	�&�_,����4�l���������#�+�&�#�2,����/��������� $Ð�
	(�(� �����	����
� �ì�#�l�

°:� +3#�D� '�� ��ª��F� �+�+«��F� �l��5 � � � A � � ���4�´(� � � Q
��3��/���ì���/�����l� �i� !����ì�!���	� � �L����� �/�������	���)�(��.���l� ���������ç� �
�. +» . K � 3 ��� 7 9 � !��� ��(� � % � ´D� �L����� � 9 � ��� �� �

����� � ª C � �+*Ä� ��« C � �+*l� ���V�®� !�������	�
�3*V5>���4�´(�
���ì�#�����ì���l���	����+�����!�3w����������� + 5<9 � �'°��/3 � �:���ì���

'�� +�� �
�����¬�Í!
� $�d�NJbPg kXb�d�f%^�V"��ª4»4�w����«¬»w��RHNPV�g
t4V*�%O;`%f%l4V l�bPV j4`4V f%^�V b8d_f�g
t4V �HO4�%OH]oVa��bJv%RH^�V
� � A � � ���4�¬´�� � t4d_^�tpd_b,R�N�V/{>Va�;do�HV' RBf%RH^
tpbJv%RH^�VHk��B�pg
t4V�g
t4VaO;NPV T On��u¦Va]o]ed_^�t*^�O;TUv%RB^�gS]o�
d_T��%V l%l4V l°d_f�g�t4V�bSv%RH^�V�O9�\^�O;fBgSd_f4`4O;`%b�� `%f%^�gJdeO4f%bak�dog#�¥OH]o]oO � b#g
t%R9g#g
t4V NPV�Va�4d_bPg,Va]oV T�V fHg�b
ªy�+«!5 � � A � � �����´���bS`%^
t8g�t%R9g �¥O;N�bS`%�%b�V j;`4V f%^�V bak1bPgSdo]o]cl4V f4OHgSV lp�B�:��ª4»4���#��«¬»w�;k

ª4»�¶©ª `%f4di� O;NST�]o�8d�f�³ �4�´�µ�RHf%l � V R/�B]e�8d_f)9 � � �¢�4�´�� �ºxHx��
«»�¶ « `%f4di� O;NST�]o�8d�f�³ �4�´�µ�RHf%l � V R/�B]e�8d_f)9 � � �¢�4�´�� �ºxD5�� ��8]eO � V N�bPV T�d_^�O;fBgSd_f;`4dogP�8O9�cg
t4V/f4O;NJT � V,O;�4g�R9d_f. �

� ��ª%C � �6*l� ��«C � �+*Ä� ' � �/* 9 � EG7 EGF�� . �
� �+ªOC» � �+*l� ��«�C» � �+*l� ' � � * 9 �

g
t4`%b�g
t4V/^a`%N��HV_°:� ��ªo�/«4�,d_b�g�t4V/RHl%T�d_bSbPd_�4]oV�bS`%v%v�O;NPg � O;N g
t4V�T�V RBbS`%NPV � V,RHNPV,QBOHd_f4QUgSO
^�O;f%b�g
NS`%^�g ��Xf8g
t4V,OHg
t4V N�t%RHf%l�k%g�t4V/bPV j;`4V f%^�V�� +»4�,d�b#�%O4`%f%l4V lpd_f)9 � �'°w»4�
k. �

� ¼ +»��¢ª4»§�+*l�+�/«¬»��6*l�l��¼ � ª C» � �+*l� ��« C» � �+*l�¢�/* 9 �
d � VH�_k£g
t4V��¿`%f%^�gSdoO;f *�� ¶ +»4��ª�»4�+*Ä�+�+«¬»w�+*l�Ä� � ª C» � �+*Ä�!� « C» � �+*Ä�Xd_b/��O;`%f%l4V l*d_f 9 � ���4�¬´��
�P� V
l4V f4OHgJV/�H� '�»�g
t4V/T§V RHbS`%NPV,l4V�h�f4V l8d_fpg
t4V#� OH]o]oO � d�f4Q � RL�Hk. =w� 'Ð»�� . �

� =���ª4»��+*l�+�/«¬»4�+*l�Ä��+»w��ª4»4�6*l�+�/«»��+*l�l� � ª C» � �+*l� ��« C» � �+*l�¢�/*

æ ÜÊó æ à



���������	��
������������������������������� ���"!#���%$&�'�(���)���&�(�+*-,.�/���021�34�����)�(� � �

� O;N�RHfB� = 5 � � �f���
�*��t4V N�V��¥O;N�VHkyg
t4V NPV8Va�4d�b�g
b�R bJ`%�%bPV j;`4V f%^�VHk bPgSdo]o]'l4V f4OBgSV l��B��� '�»§�;k
bS`%^�t8g
t%R9g . =w��'�»�¶ . =w��' � O;N�RHfB��=!5 � � �f���
� t4V N�V,g
t4V,]od�T§deg,T�V bS`%N�V¤bSRngSd_b h>V b

bS`%v%v,'��®°
bPd_f%^�V =���ª�»4�+*l�/�+«¬»w�+*l�l�L¶ =4��ªá�+*l�/�+«��+*l�l� `%f4di�¥O;NJT�]o��O;f�³ �4�´�µ�Q
�>Vag*`%b�bSt4O � g
t4V�b�V ^�O;f%l v%RBNPgpO9�Ug
t4V�g
t4VaO;NPV Tp���£ODg
t4d_bªV f%l � V*O;�%b�V NP�HV*g
t%Rng��H�
O;`%N�RHbJbS`%TUv4gSdoO;f%b g
t4V,bPV j4`4V f%^�V b%� +»4�F� �l�;k � � ª C» � �F� �!� « C» � �D� ���*RHNPV,�%O4`%f%l4V l8d�f)9 � �'°w»4�
k
9 � ���4�´(�
k;NPV bJv%V ^�gSdo�HVa]o�Hk � t4V N�V % � ´/RHf%l 	 � �� �
�HVag �V� � � ���� � � ; � k%bPd_f%^�V % � ´,RHf%l H 	 � ´#deg'�¥OH]o]oO � b�g�t%R9g �8� ´,RHf%l � V#�HV NPdi� �Ug
t%R9g g
t4V
bPV j4`4V f%^�V � + » ��ª » �+« » � � ª C» � ��« C» � �°d�b��%O;`%f%l4V lªd�f)9��&�¢�4�´����L�>Vag

� � % � H 	 ¸ ´H 	 RHf%l � K � % � H 	 ¸ ´% ¸ ´ bPO�g
t%R9g ´� � ´� K � ´��
�B� RBfpRHv%v4]od�^aRngSdoO;f8O9��g
t4V2&��B]�l4V N'd�f4V j4`%R9]odogP��dog��¥OH]o]oO � b g
t%R9g. �

� ¼�+»4��ª�»4�+*Ä�+�+«¬»w�+*l�Ä��¼ � �lªOC» � �+*Ä� ��«�C» � �+*l� '
	 � �/*
9 G . �

� ¼ +»��¢ª4»§�+*l�+�/«¬»��6*l�l��¼ ��� �+ª C» � �+*Ä� ��« C» � �+*Ä� ' ��� � � �� � �/* I
�
� � D . �

� ��ª C» � �6*l� ��« C» � �+*Ä� '  � ��� � � �� ��� � ½ �/* K �
� ½

� G . �
� ¼�+»4��ª�»&�+«¬»4��¼ � � ª C» � � « C» � � * I

�
� � G . �

� �+ª C» � � « C» � ' � �/* I
�
� ½

� . +» . ��K � 3 ��� 7 � . ª C» � ��« C» � . � ½K  3 �BA � 7 9 � �� � � ½g
t4V,]_R9gJgSV N d�f4V j4`%R9]odogP�8�¥OH]o]oO � b��H�8O;`%N�RBbSbS`%TUv4gSdoO;f%b�k;t4V f%^�V. +»4�¢ª4»&�/«»�� � ª C» � ��« C» � . K 	 3 �BA � 7 9 � �
� 	 � � ½ 	 � � � � � �� � 9 � Q

��t4V N�V��¥O;N�VHk;g�t4V NPVXVa�4d_bPg
b�RBf8Va]eV T§V fHg � 5<9��&�¢�4�´���bS`%^�t8g
t%R9g+»4��ª�»&�+«¬»4� � ª C» � ��« C» � ¶ � � V R/�B]o�Ud_f<9 � ���4�¬´��ç�

óoó È&Ï/ô+Þ/Þ



x � � �4�'���	�&�_,����4�l���������#�+�&�#�2,����/��������� $Ð�
	(�(� �����	����
. � . K 	 3 �BA � 7 9 � EG7 EGF�� . +»4��ª�»&�+«¬»4� � ª C» � ��« C» � . K 	 3 �BA � 7 9 �

RHf%l . =w� 'Ð»�� . �
� =���ª4»��+*l�+�/«¬»4�+*l�Ä��+»w��ª4»4�6*l�+�/«»��+*l�l� � ª C» � �+*l� ��« C» � �+*l�¢�/*

¶ . =w��'>� . �
� =4��ªá�+*l�/�+«��+*l�l� �f�+*l��� *

bPO¡g
t%R9g � V¤l4V�h�f4V +���ªá�+*l�+�/«4�6*l�l�o� �f�+*Ä�
� ª C � �+*Ä� ��« C � �+*Ä�

� dog
t + 5<9 � �'°�qRHf%l
. + . K � 3 � 7 � . �

� ¼�+���ª��+*Ä�+�+«��+*Ä�l��¼ � ª C � �+*Ä� ��« C � �6*l�'�/*f� . �
� ¼ �f�+*Ä��¼ � * 9 . � . K 	 3 �BA � 7 9 �

g
t4`%b '�� +�� � 5�� � A  Q
�/®!�c� " ���D� ®!�:$ 0 ^a^�O;NSl4d_f4Q�gSO�g
t4VaO;NPV T x%kBg
t4V NPV#Va�;d_bPg
b�R�b�OH]_`4gSdoO;fUgJO�g�t4V¤T�d_f4d_T�do¢ R9gSdoO;f
v%NPO4�4]eV T 72EGF) > �  0 � ���'�
� O;N¦R�^�]_RHbSb�On�£^�O4bPg�� `%f%^�gJdeO4f%R9]_bakHVH� Q1� ���'�i� �

� �¢¦ ¸ ¦§� � �wªykw¦p�%Vad_f4QUR/bPOB]�`4gJdeO4f�gSO 02�¬��'�
�
�Ln 7 ! q(x � ! #'x q��¡v4sopftix�qDxÍsop,�
��V*bPg
RHN�g � dog
t g
t4V�RH`4�4de]od_RHNP�DN�V bS`4]og
b�O;f�g
t4V�l4d ��V NPV fHgJd�RB�4de]odogP�DO9�,g
t4Vª�¥OH]o]oO � d_f4Q�bSt%RHv�V
�¿`%f%^�gSdoO;f%R9]

°�¶ . � � ��° Q
��VXRHbJbS`%T�V�g
t%R9g£g
t4V � `%f%^�gSdoO;f � 5<9 � �'°��T¡R �,l4V v%V f%l�O;fZg
t4V�^a`%NP�HVL°��o��V�`%bPV�g
t4V�bSRHT�V
RHv%v%N�O;RH^�tpRHb�d_fªg
t4V�^aRHb�V/O9��g
t4d_f�bSt4Va]o]¥k � t4V NPV � V/^�O;f%bPd_l4V N#R�^a`%N��HV�°�O;f8g
t4V�TURHf4di� OH]_l�k
t4V NPV����,d�bç{�R9gXbPVag �

æ ÜÊó æ à



���������	��
������������������������������� ���"!#���%$&�'�(���)���&�(�+*-,.�/���021�34�����)�(� x%�

�>VagUg
t4V�bS`�p^�deV fBgS]o�DbST�O4OHg
t�TURHv%v4d_f4Q J H ± ( * � � ¶ ( * � �%V�QHdo�HV f�k�I 5 ³ �4�����,d_b
R*v%RBNSRHT�VagSV N�kqbJ`%^
t g
t%R9g�& H � J H�� 5 �¥O;N�RHfB� I 5B³¥�������/bSR9gSd_b h>V b�g
t4V�RHbJbS`%TUv4gSdoO;f%b�On�
l4V�h�f4dogSdoO;f°�Hk%d � VH� & H � ���L��) & H �1�&�L�®°. & H . / �10 2 3 5?7:9 9i� . & ; �H . / �10 2 3 =?7:9 9 �
z�do�HV f�v%RHNSRHT�Vag�NPdo¢ R9gSdoO;f���ª H �+*Ä�+�+« H �+*Ä�l�;k�*V5V³¥�4�¬´�µ¿kHOn�cg
t4V/^a`%NP�HV%° H k � V/l4V f4OHgSV

�§�JI��L� . ��� � H ��° H � . �
� � H ��ª H �+*l�/�+« H �+*l�l� � ª C �H �+*Ä� ��« C �H �+*l�'� *

��t4V/l4V N�de�9R9gSdo�HV,g
R �9V b g
t4V#�¥O4NST

� C � I��i� . �
� �   � H LI � � � H ��ª H �+*l�+�/« H �+*l�Ä� � � H �+*l� � � ª C �H �+*Ä� ��« C �H �+*Ä���/*

� . �
� � H ��ª H �+*Ä�+�+« H �+*Ä�l��� H �+*Ä�8� � � H�/* �+*Ä���/*

� t4V N�V�� H �+*l�f� 3
���� 3 = 7 A 	 � � 3 = 7 7� � � �� 3 = 7 �
	 � �� 3 = 7 d_b�g
t4V¦`%f4dogyg
RHf4QBV fHg��HV ^�gSO4N%gSO2°�RHf%l � H �+*Ä�L� �

� H ��ª H �+*l�+�/« H �+*l�Ä���U'f%l4V N,NPVaQ4`4]�RBNPdogº��RBbSbS`%TUv4gSdoO;f%b�k�RL� gSV N�d_fHgSVaQ4NSR9gSdoO;f��H��v%RHNPg
b�g
t4V�]_R9gSgSV N�d_fHgSVaQ4NSR9]�^aRHf
��V�NPV � N�degJgSV fUd_fªg
t4V�� OH]o]oO � d_f4Q��¥O4NST. �

� � H ��ª H �+*l�+�/« H �+*l�Ä��� H �+*l�?� � � H�/* �+*Ä��� *
� ¸ . �

� � � � H ��ª H �+*l�/�+« H �+*Ä�l� ����ª H �+*l�+�/« H �+*l�Ä��� H �+*l�?� � H �+*Ä� � � H ��ª H �+*l�/�+« H �+*Ä�l� ��� H� * �+*l�8� � H �+*l���_�/*� � H ��ª H �+´��+�/« H �/´��l��� H �+´(� � � H �+´�� ¸ � H � ª H �¢�w�+�+« H ���w�Ä��� H �¢�w� � � H ���w��Xf�g�t4V�OBg
t4V NXt%RBf%l�k � VU^aRHf�`%bPV�g
t4VUTURngSV NPd_R9]cl4V NPdo�9R9gSdo�HVUT�Vag
t4O%l�gSO�O4�4g
R9d_f�g
t4VUbSRHT�V
l4V NPdo�9R9gSdo�HV�� C �JI��
� s�RHT�Va]o�Hk � V,d�fBg
NPO%l%`%^�V,g
t4V,�HV ^�gJO;N�h>Va]_l

-�JID�/ªo�/«&� �w�o� G   J H LI � J ; �H I �¢ªo�+«§� �ì�
RHf%l¡RHbSbS`%T�V�g
t%R9g�g
t4VXbJ`%v%v%O;NPg�On� g�t4V��HV ^�gSO;N£h>Va]_l¡d_b¦d_f%^�]_`%l4V l8d_f�R�bSTUR9]o]>f4VadoQ;t4�%O;`%NJt4O;O%l)��'°��O9��g
t4VU^a`%NP�HV�°�d_f ( * � �%$;`%NPg�t4V NST�O;NPVHk � VURHbSbS`%T�V�g
t%Rng#�¥O;N.��ªy�+«§� �w� 5N)��'°��RHf%l
bS`�p^�deV fBgS]o��bSTURn]e] �'5�� ¸�� � � �
k � ���%k%g
t4V#h>Va]_lpd_b�On�cg
t4V#� OH]o]eO � d_f4Q�� O;NST

�� ID�+ªy�+«§� �w�y�
��
�
 � �JI��+ªo�/«4�Ð�#�JI��+ªo�/«4�

�
���
� ���� ID�+ªy�+«§�+�w�

óoó È&Ï/ô+Þ/Þ



xHx � �4�'���	�&�_,����4�l���������#�+�&�#�2,����/��������� $Ð�
	(�(� �����	����
��t4V/bJt%RHv%V#�¿`%f%^�gSdoO;f%R9] � V,^�O;f%bPd_l4V N�g
R �9V b g
t4V#�¥O4NST

�Ê�'°�L� . � � �D°�Q
�?deg�tpg
t4V,�HV ^�gJO;N h>Va]�l  � V/RHbSb�O{^�d_R9gSV#g
t4V/TURBv%v4d�f4Q

� H ����®± ( * � � ¶ ( * � �
d_f�v%RHNPgSd_^a`4]_RHNak1`%f%l4V N�O;`%N�RHbSbS`%TUv4gJdeO4f%b�O;f8g
t4V�bS`%v%v%O;N�g�O9�¦g
t4V#h>Va]_l 8k>bS`%v%v  .()��'°�
k
dog��¥OH]o]oO � b g
t%R9g�� H �  ���N��O4f	( * ��� )R�Í°Ê��k � t4V NPV��pl4V f4OHgSV b g
t4V,d_l4V fBgSdogP� TURBv%v4d�f4Q1�

�>VagX`%b�l4V�h�f4V�g
t4V���`4]oV NPd_RHf�bPV T§d�l4V N�de�9R9gSdo�HV

� ��'° � P�L� � EG7H�� � ´I � ��	� H �'°�l� ¸ �Ê�Í°Ê�Ä� Q
$HO;N

° H �
� H �'°�+� I 5V³¥�������
dog��¥OH]o]oO � b g
t%R9g ��C���� � �L�¡� �Ê�'° � P�
RHf%l8g�t4V NPV��¥O4NPVHkH�H�8RHf�RBv%v4]ed_^aR9gJdeO4f8O9�cg
t4V,bPg
NS`%^�g�`%NPV�g
t4VaO;N�V T � O;N�g
t4V,bSt%RHv�VXQ4NSRHl4doV fHgLk � V
O;�4g�R9d_f

� ��'° � P�f� . �
� �   � H LI � H �&� � � � ��ª��6*l�+�/«4�+*Ä�l� � � �6*l��� � ª C � �+*l�!� « C � �+*l��� *

� . �
� � ��ªá�+*l�/�+«��+*l�l� ���

� * �+*Ä�8� � �+*Ä���/*� � ��ªá�+´��+�/«4�+´(�l� �§�+´ ; �8� � �+´�� ¸ � ��ªá���w�+�/«4�¢�w�l���§��� � �8� � ���w�
bPd_f%^�V �� ID�+ªá�+*l�/�+«��+*l�+�/�w�o� � � H �+*Ä�+�+�ì�c� O;N3*�58³¥�4�´#µ¿k;RHf%l8g�t4V,�HV ^�gSO;N��§�+*Ä��5����Hk�*�5������´��
k
d_b�g
RHf4QHV fBg#gSO�°���� � � �6*l� 5����Hk *�5������´��
k�l4V f4OHgSV b#g�t4V�f4O;NSTURn]c�HV ^�gJO;N�h>Va]_l°O;f>°�k�g
t4V
V j4`4do�}R9]oV fBg�� O;NST O9�cg�t4V#h�NSbPg�d_fHgSVaQ4NSR9]yNPV RHl%b. �

� �   � H LI � H �§� � � � �¢ª��+*Ä�+�+«��+*l�Ä� � � �+*Ä��� � ª C � �+*Ä�!� « C � �+*Ä��� *
� . �

� �   � H LI � H �§� �®³ � � ��ª��6*l�+�/«4�+*Ä�l� � � �+*l�'µ � �6*l� � � �+*Ä��� � ª C � �+*Ä� ��« C � �+*Ä��� *

æ ÜÊó æ à



���������	��
������������������������������� ���"!#���%$&�'�(���)���&�(�+*-,.�/���021�34�����)�(� xD5
bPd_f%^�V�g
t4V°d�fBgSVaQ;NJR9]/v%RHNPg�O9�Y� ��'° � P�
k��H��g
t4V�bPg
NS`%^�g�`%NPV�g
t4VaO;NPV Tpk,l4V v�V f%l%b�O4f4]e� O;f
g
t4V*f4O;NJTUR9]X^�O;T¡v%O;f4V fBg  ���4�/ª��+*Ä�+�+«��+*l�/�+�w�:���<� � �+*l�<� � �6*l�
k * 5 ���4�´(�
k¦On�/g
t4V�h>Va]�l-���4�/ª��+*Ä�+�+«��+*Ä�+�l�w�
�§��V�l4V f4OHgSV. � �� �D° � . �

� �   � H )I � H �§� � � � ��ªá�+*l�/�+«��+*l�l�!� � �+*l��� � ª C � �+*l� ��« C � �+*l��� *
. � � � C ��P�D°>� . �

� � �¢ª��+*Ä�+�+«��+*l�Ä� ���
� * �6*l�8� � �+*Ä��� *

��ª��+´(�+�+«��+´��l�y� ��ª&�¬�+«��#�+� ��ªá���w�+�/«4���ì�l�o� ��ª����/«¬��
�,�a® �®��D�5� � ®!��� $ � �ì�  �ì�+���.!�3w�4�������&��� ��'°�Y� � � � ��° ��R �ì�Ä�&� ��� �_���l���4�����D��� � �c���ì�

0�3�� ���/�����R��#��� �D�#�+�����(��� ���_�'�
	D� _���ì� !#���	� � �L�	����!���+�
� �Ê�Í° � _�f� . � �� �D°
� . � � �	CO�����°�� � ��ª&�¬�+«��#� �§��ª ;� �/«O;� �?��-���4�+ª§���+«��¬�+�w�

¸ � ��ª4���+«¬��� �§�¢ª �� �/« �� �8�� ���4�+ª����/«¬���/�w�� �ì�#�l� �� �D���&�(�'� _���ì�P� �(�'���/�)��� �D�#�+�����(��� �����Í! � ���>���ì� �����l� ���������:�Í!����ì�������#�'��� �ç�#� �  �
�¡© �°�>�ML��!$��Pf�v%RHNPgJd�^a`4]_RHN � O;N � � ´Hk ��'°�L� ¼ °i¼���� � ��°�k

� �Ê�Í° � P�L� . � �'�
� (� �4�D° Q
��V�t%RL�HV#g
t4V/v%NPO4v%V NPgP�

¼ ° H ¼�� ¼ � H �'°��¼(� . � � �D° H � . � �D° ° H � � H �'°�
v%NPO9�4d_l4V l8g
t%R9g�g
t4V,�HV ^�gSO4N�h>Va]_l "bSR9gJd�bºh>V b�g
t4V,V j4`%R9gSdoO;f. � � C ��P�D°
� �§��ª ;� �/« ;� � ��-���4�+ª � �+« � �+�w� ¸ �§��ª �� �+« �� �8�� ���4�/ª � �+« � �/�w��¡�

s\O � k � V�RHNPV�d_f�g
t4VUv%O;b�degJdeO4f�gJO�O;�4g�R9d_f�g�t4V�bSt%RHv�VUl4d ��V NPV fBgSd_RH�4do]edogP�*O9�\b�OH]_`4gSdoO;f%b#gSO
g
t4V/v%N�O;�4]oV T 02���'°�
�

óoó È&Ï/ô+Þ/Þ



x � � �4�'���	�&�_,����4�l���������#�+�&�#�2,����/��������� $Ð�
	(�(� �����	����
� V*l4V f4OHgJVV� H � � H �l�2�
k2¦ H 5 � � A � �Ä� H �Ug
t4V�`%f4d�j4`4V*bPOH]_`4gSdoO;f?gSO�g
t4Vp� OH]o]oO � d_f4Q

d_fBgSVaQ;NSR9]�d_l4V fBgSdogº�.��
�
� ¦ H � � �L�4� H � . � �� ¦ H �L��� H � . � �� ¦ H �L�	� H � . � �� ¦4� �L�	� H � . � �� ¦&� �L�	� H � . � � �L��° H

� O;N�R9]o] � 5�� � A � �Ä� H �
k � t4V NPV�� H� �
� H ��� � �
k�����4�´Hk�° H �
� H �'°�
�
��t4VUd_fHgJVaQ;NSR9]�d_l4V fHgSdogP��d_b/g�NSRHf%bSv�O;NPgSV lªgSOpg
t4V�h>�4V l*l4O;TURnd�f �XkcbPO � V�l4V f4OBgSVY¦-H �

¦ H � � H 5 � � A � �l�2��k�bPVag���� = � � ; �H kyRHf%l��H��bPg�RHf%l%RHNSl�^
t%RHf4QBV/O9�¦�9RHNPd_RH�4]oV b#dog#�¥OH]o]oO � b
g
t%Rng�¦ H d_b�g�t4V/`%f4d�j4`4V�b�OH]_`4gSdoO;f8gSO�g
t4V#� OH]o]eO � d_f4QUd_f4VaQ;NJR9]�d�l4V fBgSdogP�Hk. � � }.�JI(� � � ¦ H � � = � � � � ��� � . ��� ¦ H =��2�JI����	�'� . ��� ¦ H =��2� I����	�

� . ��� ¦ H� =��2�JI(���	�'� . ��� ¦ H� =��2� I����	�
� . � =��§�JI(���D°
� O;N�R9]o] =%5�� � A � �Ä�2�
k � t4V NPV�g
t4VXTUR9g�NPdo�R}.�JI��
kBg
t4VX��O;`%f%l%RHNP��gSV NSTUb��2�JI(�+�	�§�JI(� RHN�V\QBde�BV f�k
bS`�p^�deV fBgS]o��bST�O4OHg
t�� `%f%^�gSdoO;f%b'O9� bJv%RH^�V,�}RHN�d�RB�4]eV b�RHf%lRI�5 ³¥�4�����
k

}.�JI(� � 
����� � � H � � � ; �H � K � � ; �H
�2�JI(� � . 
����� � � H � K � � ; �H � � . � � �
�&� I��S� D ª C �H �+*Ä� � « C �H �+*l�

ª C � �+*Ä� � « C � �+*l� K
�
� �.��ª��+*Ä�+�+«��+*Ä�l� 5�°L�f° H �
� H �'°�+�3*�5��¢�4�´��VQ

 q�DRBfDRHv%v4]od_^aR9gSdoO;f O9�/g
t4V�d_TUv4]od_^�dogp�¿`%f%^�gSdoO;f�g�t4VaO;NPV T �¥O4N�bPOB]�`4gJdeO4f%bUO9�,g
t4V�]�RngSgSV N
d_fBgSVaQ;NSR9]1d_l4V fHgSdogP� � V�O;�4g�R9d_fUg
t4V�Va�;d_bPgSV f%^�V,On� g�t4V � V R/��TUR9gJV NPd_R9]>l4V NPdo�}R9gJde�BVXd_f � � A � �Ä�2�
k
´ � % � � � k

�¦ò� � EO7H � � ´I �¢¦ H ¸ ¦á� Q
��t4V/TUR9gSV N�d�Rn]�l4V NPdo�}RngSdo�HV �¦ 5 � � A � �l�2��bSR9gSd_b h>V b g
t4V#� OH]o]oO � d�f4Q¡d�fBgSVaQ;NJR9]>d_l4V fBgSdogº�.����
�¦
� � =w�4� � .�� � }<C����w� � � ¦y� � = � � � � �4� � . ��� �¦ =��	�
� . ��� ¦ =�� C����w���	�
� . ��� �¦ =w�	�

� . ��� ¦ =�� C �¢�w���	��� . ��� � �¦ � � ¦ � � C ���w�Ä��=��	�'� . ��� � �¦ � ��¦ � � C �¢�w�l��=w����� . � =�� C ���ì���D°V�
� t4V N�V � V,l4V f4OHgSV

} C ���w� � 
 E�� ��¢�w�-� ¸ � -���w� ¸ K � -���ì�
� C ���w� � 
 E�� ��¢�w� ¸ � � ����ì� � �Ê��� � � � �
� C ���w� � �'�
� ����w� ���

æ ÜÊó æ à



���������	��
������������������������������� ���"!#���%$&�'�(���)���&�(�+*-,.�/���021�34�����)�(� x��
$�d_f%R9]o]e�Hk1g
t4V � V R/�UbSt%RHv�V¤l4V N�de�9R9gSdo�HV_¦ C � �¦ ¸ � ¦'�  d�f)9 � �l�2�
k§´ � % � � � k%bSRngSd_b h>V b g
t4V� OH]o]oO � d�f4Q¡d�fBgSVaQ;NJR9]�d�l4V fBgSdogP�

¸ .� ¦ C ¹ =w��ª � ¸ . � =�� C � ��D°
� =4�¢ª&�¬�+«������§��ª!;� �+«%;� �?��������+ª&�#�+«����+�w�
¸ =���ª����/«�����§��ª �� �+« �� �8�� ���4�/ª4���+«¬���/�w�

� O;N�R9]o]ygSV bPg �¿`%f%^�gSdoO;f%b =%5 � � A � �l���
k 5 �5 » �¡��O;f
�
k 5��5 » � = �¡��O;f����,+>�2� �

���y©4®���© � 	!$ � ���� 3����������'�-���ì�P�R�	�4�	�R�������������-�Ð�l�D�#� �#�EGF��� >�� 	 �Ê�'°�
��(���G��ç� R���ì� �i�1+�2��� �D���%�&� �+� �����/*Y�Ä�Ð���	����� ����* �+�����(����������

� �Ê�Í° � P�L�¡�
!�������	�Ê� �������+����� ����� ���'��� �ç��� �
 '� � �ì���l�

� ��'° � P� � H . � �'¦��'°� ¸ ¦��(� �¦&��� � H . � � � ¦��'°� ¸ � ¦���� � �¦ � � � � ���
¸ H . � � K � (� � �¢¦��'°� ¸ ¦ ���+� � ��¦á�'°� ¸ ¦��¬� � � � � ���� .� ��¼ � ��¦á�'°� ¸ ¦ � ��¼ � �¡¼ ¦��Í°Ê� ¸ ¦ � ¼ � ' 
 E � ����

�¡© �°�>�ML � $ $HO;N�RHfH�8�HV ^�gSO4N�h>Va]_l  bS`%^�t8g
t%R9g

 ���w� � � �¡�§O;f�°�� -���4�/}_��� ���4�+~ �L�¡�
dog�� OH]o]oO � b,g
t%R9g�� ��'° � P�-� �%k�g
t4V NPV�� O;NPV � V8O;�4g
R9d_f�g
t4V¡� OH]o]eO � d_f4Q8zXNPVaV f°� O;NST�`4]_R8� O;N
bS`%^�t¡h>Va]_l%b

� � H . � ��¦á�'°� ¸ ¦ �¬� � ¦�� ��¢�w������ H . � � � ¦á�'°� ¸ � ¦���� � � � ¦'� -���w�l� � � � � ���
¸ H .�� � K �  � � �¢¦��'°� ¸ ¦ � �+� � ��¦á�'°� ¸ ¦ � � � � � � ���� . � ��¼ � �¢¦��'°� ¸ ¦ �¬��¼ � �º¼ ¦á�'°� ¸ ¦ ��¼ � ' 
 E � ����

óoó È&Ï/ô+Þ/Þ



xHW � �4�'���	�&�_,����4�l���������#�+�&�#�2,����/��������� $Ð�
	(�(� �����	����
�¡© �°�>�ML��!$

�ºf�g
t4V#v%RHNPgSd_^a`4]_RHN�^aRHbPV�O9��g
t4VX^�O;b�g�� `%f%^�gSdoO;f%Rn]O�&�'°�o� � ��� �¢¦��'°� ¸ ¦��¬� � �w�,kHdog �¥OH]o]oO � b
g
t%Rng

��§�'° � %�f� H . ��� ��¦��Í°Ê� ¸ ¦ � �ì¦ C �'° � P���w�#Q

E ��� �&r��§piv�� �
�������
	��� ������������������ ��!��#"%$'&(��)+*�,�$.-�0/1��2����03'�546287:9;3�	<	>=@?A3�B�CED�9<F@
GIH 2 H 9�=�JK���LM�ONMD�PQ3�	<4QDR=>SM 7:Q�UTOV0W�X6YZ$'[0-�X\��[R*#"�-�]�*^)�$A�^)�_`X6YKXQa�*>_bX\�#[(c0[RW�$'de_f]+$A,^*.)+*�,�XQ_<*�d^g(,^��[0-^_bd<*�X6[+_\-

h D5��i�iM3��#9A4%LjSMRJk4mln:oepM
J��#L�4QP%4 H F@=�q� q�����>���������:T(��[0-�YZ���r_\]s!^��c0[RW�*#d^g5&�*�"tc�$�)Md<��!'"%$'Y(-�X6[
_\]�$�)R"Q*�[R$'�/u?8� H F���=0vjD�	�2^D H

�f4QLw� H 	<	;46��LR�'
x D�l@�y�#L�Lz=e{K | x E��LM�~}+D�F�D0�6D�BA	;F04`=:SMm���������>�������#Y�*#X6[��^)�_bX6YKXQa�*>_bX\��[�)Md<��!'"%$'Y����#dK)+*#d<*�!^��"mX\,

$^�'c�*>_bX\��[�+/�J��z���A3�iMD�9 h ?ADM�������=0� H�� 	<� H 9 � =M��3�9;�y��L0�0
x D�l@�y�#L�Lz=R{K | x z�#LR�s}0D�F�D���D�BA	<F04b=MSRm���>���#�����k��[0_<$�dQ��*�,^$5�^)�_`X�Y�XQa�*r_`X\�#[j)Rd<��!�"Q$�Y�-��>��dk)+*#d<*�!^��"mX\,

$^�'c�*>_bX\��[0-�+/���D�L h 9<D�Pz�#LR�5���0�M3�9<L�3 h 462^	>=@�@�����=0i�iz0���0�>���0����
� 4QD�L�	�SR � Q=�vs� � 3�L�3�	OoAM�^���������'���Ed<��!'"%�'YZ$^-�*�c��5"mX6Y�X�_ �.-8[R��[¡]+�#Y��.¢���[R$.-�0/£J H L�D��@=�7:��9<4Q	>
}+D�F�D0�6D�BA	;F04`=0SMR�#LR�jNMD�PQ3�	<4QDM=�SR |<7:m�������������:��[0_bd<��W#c�,^_bX\��[�_<�K��]+*^)�$
¤:)�_bX6YKXQa�*>_bX\��[�¥���]+*.)+$�-�$'[0-�XQ¦

_bX6&>XQ_bg�*#[R*�"mg>-.X�-.+/u}0i�9;4%L � 3�9k§e3�9<P6� � =0?A3�B�CED�9<F@
NM4Q3��
3�9A7: ¨�M�������������K©�$^*>ª�"tgK�OX «8$�d<$'[0_bX\*�!'"%$�¬@c0[R,^_bX\�#[0-�0/u}0i�9;4QL � 3�9A§I3�9<P6� � =�?A3�B�C�D�9<F@

æ ÜÊó æ à



Unité de recherche INRIA Lorraine, Technopôle de Nancy-Brabois, Campus scientifique,
615 rue du Jardin Botanique, BP 101, 54600 VILLERS LÈS NANCY

Unité de recherche INRIA Rennes, Irisa, Campus universitaire de Beaulieu, 35042 RENNES Cedex
Unité de recherche INRIA Rhône-Alpes, 46 avenue Félix Viallet, 38031 GRENOBLE Cedex 1

Unité de recherche INRIA Rocquencourt, Domaine de Voluceau, Rocquencourt, BP 105, 78153 LE CHESNAY Cedex
Unité de recherche INRIA Sophia-Antipolis, 2004 route des Lucioles, BP 93, 06902 SOPHIA-ANTIPOLIS Cedex

Éditeur
INRIA, Domaine de Voluceau, Rocquencourt, BP 105, 78153 LE CHESNAY Cedex (France)

ISSN 0249-6399


