
HAL Id: inria-00071909
https://inria.hal.science/inria-00071909

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.

Dérivée de forme pour des problèmes non-cylindriques
Raja Dziri, Jean-Paul Zolésio

To cite this version:
Raja Dziri, Jean-Paul Zolésio. Dérivée de forme pour des problèmes non-cylindriques. [Research
Report] RR-4676, INRIA. 2002. �inria-00071909�

https://inria.hal.science/inria-00071909
https://hal.archives-ouvertes.fr


IS
S

N
 0

24
9-

63
99

   
   

 IS
R

N
 IN

R
IA

/R
R

--
46

76
--

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

�
ube derivative for non-cylindrical problems

Application to Shape-Newton Method

Raja Dziri — Jean Paul Zolésio

N° 4676

Décembre 2002





Unité de recherche INRIA Sophia Antipolis
2004, route des Lucioles, BP 93, 06902 Sophia Antipolis Cedex (France)

Téléphone : +33 4 92 38 77 77 — Télécopie : +33 4 92 38 77 65

�����������
	���
�������
�������	����������! #"$�$���%	��$�!��"'&%	����%"$�)(+*
, &%&%"-���.�������/�0�1�02#34��&5�!��67�.89�1�/�;:<�.��34�=�

>�?�@-?BA%CEDGF-DIHKJMLN?MOQP�?SR�TVU.WXTZY\[]DZW

^`_ba$c�d�egf0hNijc�kblnm�opirqEstd�o
qvuwopirc�inxymzoyijqvs
{ d�xy|Nx}oya-c�d-x
~�qEc�ublrd$�wd-x

���pqz��d$o���u�mzljd
�)mvubuMqv�yo { dI�yd]~�_bd$��~�_bd�sM��e\�\�z�/f0�V�]~�d-c��b�pd��z�v�\��f0�v�gu�mz�Ed-x

���N�]���'����^`_bd%ubkb�puMqExyd4qz�Voy_binxgub�yd-uSqE�}ogijx/opq5�Eir�Ed#oy_�d�d$�Nu��yd]xyxyirqEsBqz�Voy_bdtx}_SmzuMd { d-�yij��m�opir�Ed
qv�
��kbs�~�oyijqvs�mvljxg�pd$lnm�oyd { oyq5c�q��\ijsb� { qvc=mzijs�x�d$�vqElrkboyijqvsBub�pqv��lrd-c�x-��^`_bd�c=mvirs�x}oyd-u�inx�opq { d���sbd
uMd$�yoyk���m�opirqEs�x�qz��m5�Eir�Ed$s sbqvsb¡¢~$|\ljijs { �pij~-mzl { qvc=mvirs�£ mvljxyq'~$mzljljd { oykb�Md�¤VkSx}ijsb�¥oy��mzs�xy�vd-�pxyd4�Ed-~�oyqv�
�Sd$l { x$�§¦Vs { d$�Im�x}c�qNqzop_bsbd-xpx�mvxpx}kbc�uwopirqEs©¨§m#opkb�Mdg~-mzs��Mdg�vd$s�d$��m�oyd { �N|ªm4xykbiropmz��lrdg�vd]~�oyqE�V�Sd$l {
x}opmv�}opirs��4���pqvc«iropx�ijsbiroyinmzl { qEc�mvirs¬�X^`_�ijx��pd$lnm�opirqEs�x}_�iru�oykb�Md�¡¢�vd]~�oyqE����d$l { mvlrljq�­)x�k�x�oyq { d$��sbdgoy_bd
�Sd$l {%{ d$�pir��m�opir�EdImzs { oyq��pd-~$qv�vs�ir®-d�op_bd�oyd-�yc�­
_bin~�_%~$qvs�x}oyiroykwopd-x`op_bd�xy_�mzuMd { d$�pij�¯mzoyij�vd���qv�)m=~$ljmExyx
qv�
sbqvsw¡°~�|Nljirs { �yin~$mvl���kbs�~�oyijqvs�mvljx-�¬±¥d4~�qEs�~�ljk { d�op_bd4uSmzuMd$�]¨©�N|¥mvubublj|\ijsb�top_bd#qv�bopmzijsbd { �yd]x}kblroIoyq
~$qvc�ubkwopd�oy_bd�xyd-~$qvs { qv� { d$�`qEuwoyijc=mzlji²o�|%~�qvs { i²opirqEs4��qE�)m�x}_�mvuSd�c�ijsbirc�ij®-mzoyijqvstub�pqv�bljd$ct�
³µ´�¶]��·�¸v¹��N����ºVqvsw¡°~�|Nljirs { �yin~$mvlvxy_�mzuMd���kbs�~�oyijqvs�mvljx-¨-»¼kblrd-�yinmzs { d$�pir��m�opir�Ed-x-¨�oy��mzsSx}�Ed$��x}d��vd]~�opqv�§��d-l { x$¨
xy_�mvuSd��v��m { ird-sEo
mzs { _�d-xpx}inmzs



��� 	���
 � ����� ����	�(+��&�����	��%�
*�&�	����t"��)(+�
* ���������! #"$�$���%	��������
*

�	� �-¶�
��b¸v¶v��
¬d��bkwo { d�~�d��pmvubuSqE�}o
d]x�o { d { qvs�sbd$�)l�� d��wub�pd-xpx}ijqvs { d�lnm { d-�yij�v�-d { dI��qv�pc�d { dI��qEs�~�¡
opirqEsbsbd-lrljd-x/mvxpx}qw~�ij�$d]x�� { d]x�ub�pqv��l��c�d]x { � �-�vqElrkwopirqEs sbqvsb¡¢~$|\ljijs { �pi��\kbdE��
©d�uSqEirs\o/~$lr� { d�~�d#oy��m¯�¯mvirl
�p�-xyi { d { mvs�x¼lnm { �$��sbiroyijqvs { d]x¼uMd$�yoykb�p��mzoyijqvs�x { � k�s { qvc=mvirsbdVsbqvsw¡°~�|Nljirs { �yi��\kbd�£ mzubuMd$lj�Vmvk�xyxyibopkb�Md�¤
d-s#kwopirljijxpmzs\o { d-x.~�_�mzc�u�x { d)�vd]~�opd$kb��x�op�pmvs�x}�Ed$��x}d]x$�vhwqvk�x { d-x!_N|\uMqzop_ba-xyd-x { d)�p�$�Ekbljmv�yiroy�]x$¨vkbs=oyk��Sd
uMd$kbo���op�yd
�E�$sb�-�y�
u�mv�¼kbs=~�_�mvcgu { d
�vd-~�oyd-kb�K~�qEsN�vd$sSmz�bljd
~�qvs�s�mzinxyxpmzs\o¼xyqvs { qvc=mvirsbd
ijsbiroyinmzl ���!d$o}oyd
�pd$lnm�opirqEs=oyk��Sd$¡¢~�_�mvc�u { d��vd]~�oyd-kb�.sbqvk�x.uMd$�pc�d�o { d { ����sbij�`kbsbd { �$�pij�v�$d�u�mz�.��mzubuMqv�yo.mvkw�4~�_�mzc�u�x
{ d/�Niroyd-xpxyd/d$o { � d-s { � { kbij�ydgl�� d$�Nu��yd]xyxyirqEs { dglnm { �-�yij�v�-d/uSmz���pmvubuMqv�yo���ljm���qv�pc�dv�¬��s5mvs�mzlj|wx}d/ljm
{ �$�pir��m�opirqEs { d���qEs�~�opirqEsbsbd$ljljd { d�opkb�Md�mExyxyqw~�ij�$d]x�� { d]x`ub�yqE�blja$c�d-x { |Ns�mvcgi��\kbd-x.sbqEs%~$|Nlrijs { �pi��\kbd]x$�
��sB~$qvs�xyi { a$�pd=lrd�~$mvx�u�mz�yoyin~�k�lrijd$� { d#l�� a$�Eqvljkwoyijqvs { � kbs�d=��qvs�~�oyijqvsbs�d$ljlrd { d { qEc�mvirs�d=d�o/l�� mzububljin~$m�¡
opirqEs mzkw��c��$oy_bq { d { � qv� { �pd#� { d�o�|\uMd#º)d-­`oyqEs �¬~�qEs�~�ljkwo�~$d=�pmvubuSqE�}o]¨Xd$s { qvs�s�mzs\o�lnm%~$qvs { i²opirqEs
s��-~�d]xyxpmzij�pd�x { � qEuwoyijc=mzlji²op� { k¥x}d]~�qvs { qv� { �pd�!��Zmvijxpm"�\s\o�ijs\oyd$�p�vd-sbij�Vljd/_bd]xyxyijd$s { d���qv�pc�d$#VuSqEkb��k�s
opd$l©u��yqE�blra-c�d { d�c�ijsbijcginxpm�oyijqvs¬�
%'&)(X·+*�´,
�-��v�/.bqEs�~�opirqEsbsbd$ljljd-x { d���qv�pcgdIs�qvsw¡°~�|Nljirs { �yi��\kbdv¨ { �-�yij��m�opirqEs%uSmz�
��mzubuMqv�yoVmzkw�t~�_�mzc�u�x
{ d��Niroyd]xyxydv¨�~�_Smzc�u4op�pmvs�xy�vd$��xydv¨ { �$�pir��mzoyijqvs%u�mz�
��mzubuMqv�yo0�/lnmg��qv�pc�d



���������
	��
�������������������������������� !�#"$�� �� %

& ���%"$�7�%�
* (+�������
	��
*

')(�* ¶ 
�´ -��1¸z¶,+�´ * -

.0/ �b�,+�¸t¶-´©´M¹�� 1
�b�32 ^1��mzs�x}��qv�pc=m�oyijqvsSx�¡54�d$ljqw~�iro�|gc�d$oy_bq { ���I���I�I���I���I���I���I�I���I���I���I�I���I� �
�b� �<^1kb�MdIuSd-�}opkb�p��m�opirqEs ���I���I���I�I���I���I���I�I���I���I���I���I�I���I���I���I�I���I� �
�b� % »��Nu�lrin~�iroVd��wub�pd-xpxyirqEs4qz�7698;:�<>= ?A@CBED$FAG#�I���I���I�I���I���I���I���I�I���I���I���I�I���I�H2¯�
�b� e I { ��qvijsEo)u��yqE�blrd-c mvxpxyqN~$ijmzoyd { oyqJ6 �I���I���I�I���I���I���I���I�I���I���I���I�I���I�H2,%
�b� KLI �pij�v_\o}¡¢_�mzs { oyd-�yc x}k�ubuSqE�}opd { �N|NMO8;PQ<Q���I�I���I���I���I���I�I���I���I���I�I���I�H2-e

RTS &)
!+VU � � +Z¹V+ ¶ ( *Q+ ¶,W/
�&N�,X &N¸z¶�¶-´¥¶,W &ZY &N¹ - '\[

-^] &)*�¶-´ * ·
_`W �aX & ³ &E¶!W¬´�- .b'
eS�32 d$�wuSd-s�x}ijqvs ���I���I�I���I���I���I�I���I���I���I�I���I���I���I���I�I���I���I���I�I���I� �E�
eS� � hwd-~�qEs {%{ d$�pir��mzoyij�vd�­
i²op_ { d$s�xyiro�|4�v��m { ird-sEo.��qv�pc�k�ljmzoyijqvs �I���I�I���I���I���I�I���I� �c%
eS� % »��bmzc�ubljd0���I���I�I���I���I���I�I���I���I���I�I���I���I���I���I�I���I���I���I�I���I� �dK

efehg�iaj
k
l�k



e �O�������������������a���#�
	9�#�\��� ����
������

� � ���1	��=�t�4�K�����/�
��|Ns�mzc�in~$mzlbxy_�mvuSd`~�qEsEop�yqElNub�yqE�bljd$c=x1��qv��x}|wx}oyd-c�x�c�q { d$ljij®$d { ­
iroy_ { |Ns�mzc�in~$mzlNsbqEsw¡°~�|Nlrijs { �pin~$mzl

��mv�}opijmvl\��i��Xd$�pd$s\opijmvlN»��EkSm�oyijqvsSx�!G�¼��»�#�mz�pdKd-s�~�qEkbs\oyd$�pd { irs���kbi { ¡¢x}oy�pk�~�oykb�pd!inxpx}kbd]x$¨-���pd$d.�SqEkbs { mv�y|
u��yqE�blrd-c=x$¨wd$op~z�j�j�
^`_�d`~$qEx}o1��k�s�~�opirqEs�mzlwijsN�vqvlj�vd { ijsgxyk�~�_/ub�yqE�bljd$c=x�ijx�d$�Nu��yd]xyxyd { irs/oyd-�yc=x�qz�Mirs\opd$�v��mzlnx1q��vd$�1oy_�d.s�qvsw¡
~$|Nlrijs { �pij~-mzl¼d-�vqElrkwopirqEs { qvc=mzijs mzs {�� qv�Iiropx�ljmzoyd-�pmvl¼�SqEkbs { mv�y|E��.bqElrljq�­
ijsb�'£ ¤!oy_binx�sbqEsw¡°~�|Nlrijs { �pin~$mzl
d-�vqElrkwopirqEs { qEc=mzijs%­
ijljl§�Sd�~-mzljlrd { mgopkb�Sd�mvs { ijx
qv�¬op_bd���qvljlrq�­
ijsb�g��qv�pc��

��� �
�! �"# �$

8&%,:('*),+ " <.- I.o : �0/21 + � � + =

^`_�d
irsbiroyinmzl��vd$qEc�d�oy�p|3+�ijx�~-mzljlrd { oy_bd
��mEx}d
qv�Sop_bd`oyk��SdE�Eº)qEs=x}c�qNqzop_�opkb�Sd]xKmv�yd { d]xy~$�yij�Sd { irst£ 2c2�¤
­
iroy_�_bd$lju4qv�§oy_bd�oyijc�d�~$qvsN�vd]~�opirqEs=qz�§oy_�d���mEx}d��N|gs�qvs4ljiju�xy~�_�i²op®$inmzs#�Ed-~�opqv�K��d$l { P#�54¢�©op_bd�ljmzoyd$��mzl
�Mqvk�s { mz�p| M9qz��oy_bdtopkb�Sd � inx#x}c�qNqzop_ d-sbqvk��v_ oyq'�vk�mv�pmvs\oyd$d�oy_�d d��wijx}oyd-s�~�dtqv��op_bd qvkwo�­`mz� {
s�qv�pc�mvlM��d$l {768 opqJM�¨Noy_bd-�ydId$�wijx}opx
xyc�q\qvoy_%sbqvsb¡¢mvkwoyqEsbqvc�qvkSx!�Ed-~�oyqv�.��d-l { x P x}k�~�_�oy_Sm�o

9 " 85PQ<�+ � + ";:=<?>A@ :CB;D /21FE < !E2$#
­
_�d$�pd?9 8;P <.inx
op_bd��Sq�­ mExyxyqw~�inm�opd { oyqNP=��Gtqv�pd�ub�pd-~$ijxyd$lj|v¨�oy_bdJ���C";�����H������qvkwo�­`mz� { sbqv�pc=mzl©�Sd$l {
68 B < >�IKJ { d���s�d { qvs�oy_bdIlnm�opd$��mzlX�Mqvkbs { mz�p| M qv� � ¨S~$mzs%�MdI­
�yiro}opd$s mvx !G~����j£ Lz¤ #

68 8;:�< � MN MPO;QSRT
8FU Q T 8$:�< 156? @ B <

­
_�d$�pd 6? @ B B < > inx¬op_bdWV�_�qv�pir®-qvs\opmvlYXKqEkwo�­.mv� { sbqv�pc=mzlE��d$l { opq?+ " �z^`_�d$s�mzsN|�x}kHZ=~$ird-s\oylj|�x}c�qNqzop_s�qvsw¡°mzkwopqvsbqEc�qvk�x!�vd]~�oyqE�`��d$l { P x}k�~�_�oy_Sm�o
PQ8;:�<>= 6? @CB � Q T 8$:�<7qvs M !G�"#

��kbirl { x`op_bd�oyk��Sd � !�qE�
d �\kbij�¯mvlrd-s\oylj|[��xpm�oyinx}��d-x !�2$# #��
�!qEsN�vd$��xyd$lj|v¨Soyq mzsN| sbqEsw¡¢mvkwoyqEsbqvc�qEk�x��vd-~�oyqE���Sd$l { P#¨§qvsbd=~$mvs¥mExyxyqw~�inm�opdv¨Xirs5oy_�d�oyijcgd=ijs\oyd-�y��mzl
D /H1.E]\ ¨Sm�opkb�Md � 8;PQ< !Zmzlnxyq { d$sbqvoyd {^� F #.�N|4x}d$o}opirsb�_+ " � 9 " 8;PQ<>8`+O<p����N�NirqEk�xylr| ! �"#.inx`oy_bd-s xymzoyinx���d { qEs4op_bdIlnm�oyd-�pmvlX�SqEkbs { mv�y| MO85P <¼qv� � 85P <p�
^`_�d)��kbs�~�oyijqvs�mvljx.~�qEs�xyi { d-�yd { c=m¯| { d$uMd$s { s�qzo`qvsblj|/qEs=oy_�dVopkb�Sd�~�qEs\opmzijsbijsb�Iop_bd�d-�vqElrkwopirqEs�opmbavd-x
u�ljmE~�dK��kwo¼mzlnx}q�qvs/mV��d-l { oy_�mzo��bk�irl { x�oy_�ijx1oyk��Sd`­
_bin~�_��Ed$�pi²��d]x1xyqvc�d!d��Noy��m)ub_N|wxyij~-mzlN~�qvs { i²opirqEs	!G~����
£ �¯¤ #�� 4°s�op_�m�o�xyuSd]~�ir�S~`x}iroyk�mzoyijqvs©¨]op_bdK��k�s�~�opirqEs�mzlNinx1s�q�c�qv�pd!mVoyk��Sd.��kbs�~�oyijqvs�mvlwmvx�i²o { d-uSd-s { x�qvs�oy_bd
opkb�Md��bkwo�mzlnx}q=qEsªm=x}uMd-~$i²�S~��vd-~�oyqE�
��d$l { P=� .bqE�
oy_�mzoV�pd-mvxyqvst­.d�~�qEs�x}i { d-�)sbq�­ mvx)ijs { d-uSd-s { mvsEo
��mv�yinmz�bljd
ijs�oy_bd�ub�yqE�bljd$ct¨vsbqvo¼oy_�d
oykb�MdViropxyd$lr�©�bkwo!oy_bdV�vd-~�oyqE����d$l { P ­
_�qExydc��q�­ c�mvububijsb���bk�irlropx
op_bd�oykb�MdIx�o�mz�yoyijsb�����pqvc�m��vij�vd$s���mvxyd�+��N±¥d { d-xyir�Es�m�opdV�N| � F oy_bd�oyk��Sd��bkbijlro`�N|#mvs4m { c�inxyxyij�blrd
�Ed-~�oyqv�.��d-l { P mzs { ­.dI~�qEs�x}i { d-�!��k�s�~�opirqEs�mzlnxed#8gf <Kijs�op_bd���qv�pc

d#8gf < �0h 8gf 1jilk <>=
± _bd-snm { d-uSd-s { x
d$�w~$lrkSx}ij�vd-lr|=qEs � F ­!d��vd$o*�

d#8gf O;o < � d#8gf < 1 @ oqp = rd=ts o 1vuxwey D k G{z �}| qvs�~ k?1

��� e����



���������
	��
�������������������������������� !�#"$�� �� K

op_binx�cgd]mzs�x1op_�m�ovd { d-uSd-s { x�qvs�lr|IqEs�oy_�d`xy_�mvuSd.qz�Soy_bd.oyk��Sd !�iro�ijx-¨¯oy_Nk�x-¨�~$mvlrljd { m)opkb�Sd`��k�s�~�opirqEs�mzl #��
^`_�d { d-uSd-s { d-s�~�d�qz�Pmªqvs%m���d-l { P ~�qvc�d]x$¨N�vd-sbd$��mzljlj|v¨E���yqEc9�SqEkbs { mv�y|=~�qEs { iroyijqvs�x`mExyxyqw~�inm�oyd { oyq
op_bd�x}opm�opd�d �\k�m�opirqEs©�
.�qv��m4�Mqvk�s { d { oyk��Sd � ¨Moy_�d$�pd/d$�Ninx}opx�m4�Mqvk�s { d { qvuMd$s'x}d$o�� !Z~-mzljlrd { m�_bqvl { ¡°mzljl�#�x}kS~�_ªoy_Sm�o �
mvs { iropx`uMd$�yoyk��y��mzoyijqvs�x!�pd$c=mzijs4ijs 8 /H1.E < )��ª�b^`_�m�o
~�|Nljirs { �yin~$mvlSopkb�Md�­
ijljl§�Sd�ijs\��mv�yinmzs\o!k�s { d$�
mvlrl
op_bd�oy��mzs�x}��qv�pc=m�oyijqvsSx¼­.d�xy_�mzljlM~$qvs�xyi { d$�`x}q�oy_�mzo!op_bd��vd-~�oyqE�K��d-l { P mExK­.d$ljl§mvxKoy_bd�ub�pd�oyk��y��mzoyijqvs�x
�Sd$l { x�� ­
ijljl¬xymzoyinx���|#oy_bd�~$qvs { iroyijqvs �

s�� 8$:�< 156?�� z � / qEs 8 /21FE <C)	�
� !�%�#

­
_�d$�pd 6? � inx.oy_bdIqEkwo�­.mv� { sbqv�pc=mzlM��d-l { oyq��ª¨b~����w��qE�)d��bmzc�ubljd�£ ��¤¬qv�I£ L¯¤¢�
^`_�d)mzijcµinx�oyq�~�_�mv�pmE~�opd$�pir®-d¼oy_�d { d$�pij�¯mzoyij�vd`­
iroy_��yd]x}uMd-~�o�oyq�op_bd`��d$l { qz�Moy_�d`��kbs�~�opirqEs�mzl d
�;8 f 1 o <y�
4°s mg����x}o�x�opd$ut­.dIqv��mzopmzijs m��vd-sbd$��mzl§d$�Nu��yd]xyxyirqEs�ijs%oyd-�yc=x)qv�1op_bd ";�>���2�� !���j���.��d$l {�� �b±5d/x�opk { |
op_bd4u��yqE�blrd-c ­
_bq\x}d � inx/xyqvljkwoyijqvsBmvs { ­.d#d��wubljij~$i²o/oy_bd4�v��m { ijd$s\o�­
iroy_BkSx}d#qv�`oy_bd4oy��mzs�xyuSq\x}d {
d$�\k�m�opirqEs%xyqvljkwoyijqvs����r�
±¥d#�Eir�Ed#x}k Z#~$ird-sEog~�qvs { i²opirqEs�x�k�s { d$�/­
_bin~�_
d�inx����zoyd-mvkw� { i��Xd$�pd$s\oyinmz��lrd4mzo/m%��d-l { P#� .�qv��mvs
qEuwoyijc�ir®]m�opirqEs4ub�pqv�bljd$ct¨N­.d�ub�pq��vdVoy_�mzo.ir�¬op_bdIx�o�m�opd { d-uSd-s { x`qEs#oy_�d��Sd$l { qEsblr|=�N|�op_bd��SqEkbs { mv�y|
~$qvs { i²opirqEs�x$¨Eoy_�dV��d-l { �v��m { ijd$s\o���85P <�ijx.xykbubuMqv�yoyd { �\|JM F ���!kbo!ir�¬i²o { d-uSd-s { x.qvsblj|�qvs=op_bd�x}_�mvuSd
qv�¬op_bd�oykb�Mdv¨
��8;PQ<¼_�mvx.op_bd���qvljlrq�­
ijsb�/��qv�pc

��8;PQ<>8;:�< ������ B D$FAG 8�� 8;P <�8$:�<;?A@CBED$FAG><
­
_�d$�pd�� " 8;PQ< � � 8#+ " 85P <><�mzs { � �� B;D$F`G ijx¼oy_bd�m { ��qEirs\oKqv�§oy_bd)oy��mv~�dVqvuMd$��m�oyqE�¼qvs � " 8;P <p¨!� 8;PQ<>8;:�<CBD "$#&% J 8'� " 8;P <�< \ � � .�qv�`oy_�d-xydI�yd]x}kblropx`qEsbd�_�mvx.opq=mvxpx}kbc�d?+ " opq=�Sd)(*#N¨ @ :WB D /21FE]\ �

efehg�iaj
k
l�k



� �O�������������������a���#�
	9�#�\��� ����
������

� � ��*1��� �1�=��"$*

����� �	��

������������
������������! #"%$���&'�(�*)+�,"'��-.��/
.�ij�px}o-¨wljd�o
k�x.�pd-~$mvlrl§xyqvc�d���mvxyij~��pd-xykbl²o�x { d-mvlrijsb�g­
i²op_��Ed$ljqN~$i²o�|l�Sq�­)x$� 
©d$o E z / ¨�� m/~$qvsN�vd$�X¨

xyc�qNqzoy_tmzs { �Mqvkbs { d { qvuMd$s xyd�o)ijs < > � �!qvsSx}i { d$�
mg�vd]~�opqv�`��d-l {
P,0vD /H1.E]\ ) � U�1 < > 1 8$: 1�2 <43 U51 P 8$:�<�8 2 <4687�9� P 8$: 1�2 <Bx}k�~�_�oy_Sm�o

P 8$:�<�= ?�� �0/ qEs �
� 1 @ :WB;D /H1.E]\ = !�e)#
G qv�pd$q��vd-�-¨\­.d�mExyxykbc�d

85P <
:; < @ 2 B � 1 PQ8>= 1=2 <CB?>�8(D /H1.E]\ - < > <@BA z /H1 @ 2K1=C B � 1ED PQ8>= 1=2 <xU PQ8>= 1=C < DGF DIH �KJ $KLNM O'P GRQ A�S 2 U C'S

­
_�d$�pd PQ8�= 1�2 <!inx
op_bd���kbsS~�oyijqvs :T3 U�1 P 8$: 1=2 <y� .bqE�VmzsN|VU B � ¨Mmvxpx}qw~�inm�opd�oy_bd/x}qElrkwopirqEs 2 F 8�= 1 U <
qv�¬op_bdIqv� { ijs�mz�p| { i �Md-�yd-sEopijmvl§d �\k�mzoyijqvsW X 2X : 8;:�< � P 8$: 1�2 8$:�<>< 1 :�B 8 /21FE <2 8 / < � U
.�qv�)mvs\| :�B D /21FE]\ ¨b­.d�_Sm¯�vd�mgoy��mzs�x}��qv�pc=m�oyijqvs

9 " 8;P <�0 � U�1 �,-
UY3 U�1 9 " 8;P <�8ZU <4687�9�[2 F 8;: 1 U <�=
^`_�d�c=mvububijsb�Z8$: 1 U <%3 U51 9 " 8;P <�8ZU <¼inx { d-sbqzopd { 9 8;P <¼qv� 9�i²��sbq=~�qEsw��k�xyirqEs�inx`uSq\xyxyij�blrdE�¦Vs { d-�)mvxpx}kbc�uwopirqEs 85P <p¨woy_bdIc=mvu
9�_�mEx.oy_bd���qElrljq�­
irs��/ub�pqvuMd$�yoyijd-x �:\\\\\\\\; \\\\\\\\<

8 9 J <
@ U B � 1 9 8>= 1 U < B?> J 8(D /H1.E]\ - < > <Kmvs {?@BA z /H1
@ U 1R] B � 1^S_S 9 8�= 1 U <�U 9 8�= 1=] < F%` DaH �GJ $KLbM O'P G S_S Q AcS U U ]dS

8 9 R < @ :WB D /H1FE]\#1 UY3 U�1 9 " 8ZU <�0 � Ue1 � ijx`�bi ��d-~�oyij�vd

8 9ef#< @ 2 B � 1 9 % J 8�= 1�2 <CB?>�8(D /H1FE]\ - < > <Kmzs {?@BA z /H1
@ 2K1=C B � 1^S_S 9 % J 8>= 1=2 <KU 9 % J 8�= 1�C < F DaH �GJ $KLbM O'P G SbS Q A�S 2 U C'S

4°s\op�yq { k�~$d�oy_bd �`mzsSmv~�_�xyu�mE~�dv¨hg Bjik #l 8'�N< � % Q Bj> # 8 � 1 <*> <�< S Q = ? � � / qvs��
�^'
mvs { oy_bd���qElrljq�­
irs��gs�qzopmzoyijqvs�x��

A 8am�<%687�9�on=phqr�st'u S m 8 C <xUvm 8 2 < SS C U 24S - A # 8Im�<�687�9� wx yhx t # A 8'� y m�<���qv��g{z M =

��� e����



���������
	��
�������������������������������� !�#"$�� �� �

^`_�d��yd-�vkblnmz�piro�|#�yd]x}k�l²oVx}opmzoyd { �Md$ljq�­Q��qv�)op_bd*��q�­ mvxpxyqN~$ijmzoyd { opq4m=�vij�vd-st�vd-~�oyqE�`��d$l { P inx { d-�vd�¡
ljqvuMd { ijs¥£ %�¤¢�
� 
�´ X¼´M� + ¶,+�´ * '
.�qv�)mvlrl`P B >�8(D /H1.E]\`1 k #l 8'�N<><y¨�g B i ¨bxyk�~�_4op_�m�oA # 85P 8;:�<�< Q A 8���qv�)m�~�qEs�x�o�mzs\o A z / ijs { d$uMd$s { d$s\o)qz� :�< 1 !$K"#

iro)inx
mvxpx}qw~�inm�opd { m�kbsbi��Ek�d�c=mvu
9 8;P�<PBj> J 8(D /H1FE]\#1 > # 8 � 1 <?> <><��V>�8(D /H1FE]\#1 � # IKJ J � 8'� 1 <*> <�<�=

G qv�pd$q��vd-�Kop_bd�c=mzububijsb� :PU�1 P 8;:�<��P9 " inx`irs�� � 8 /H1.E - � # IxJ J � 8 � 1 < > <�<p�
^`_�d=oy��mzs�x}��qv�pc=m�opirqEs 9 " 8;PQ<Vijx�qvsbd$¡Gopqz¡¢qvsbd#mvs { c=mzu�x � irs\oyq � � .�qv��d]mv~�_ :tB�D /21FE]\ ¨1qEsbd#~$mvs
~$qvs�xyi { d$�
op_bd�op�pmvs�x}��qv�pc�mzoyijqvs^9 % J" mzs { s�qzoyin~�d�oy_�mzo�iro�inx
oy_�d?��q�­I¨Mm�o�� � :�¨Sqz��op_bd��Ed-~�opqv�
�Sd$l {
P " { d���s�d { �N| P " 8	�c< � U�PQ8;:eU
�c< !G~����¬£ ��¤¢¨¬£ %¯¤ #�� ¦Vxyirs��=oy_binx)mv�y�Ekbc�d$s\o)­!d�~-mzstub�pq��vd�oy_�mzo 9 % J B>�8jD /21FE]\#1 > #a8 � 1 < > <�<�mvs { ­
iroy_ oy_bdtijc�ublrin~�iro���kbs�~�oyijqvs oy_bd-qv�pd$c qvs�d%~-mzs�u��yq��Ed=oy_bd%��qElrljq�­
irs��
�pd$�Ekblnmz�pi²o�|��pd-xykbl²o]�
� 
�´ X¼´M� + ¶,+�´ * .
^`_�d�c=mvububijsb��D /21FE]\ Ue1 (*# 8 � 1 < > < 1 :43 Ue1 9 % J" inx
~�qEsEopirsNkbqEk�xylr| { i��Xd$�pd$s\oyinmz��lrdE�
� 
�´©´���
 
©d$o :CB 8 /21FE <p��^`_bdIc=mzu
9 " B ( # 8 � 1 < > <y� �!qvs�xyi { d$�.oy_bdIc=mvububijsb�

� 0�D /H1.E]\ ) ( #&% J 8 � 1 <?> <WU51 ( #&% J 8 � 1 <?> <
{ d���sbd { �\|

�O8$: 1�� < � 9 85P�<>8;: 1�� <xU�� X
4¢o�inx/~$lrd]mz��op_�m�o��O8$: 1 9 " 85P < % J < � / � G qv�pd$q��vd-��� inx/~$qvs\oyijsNkbqvk�xylj| { i �Xd$�pd$s\oyinmz�bljdv��^`_bd%u�mz�yoyinmzl
{ d$�pir��m�opir�Ed-x`mz�pdl�

� " �O8$: 1�� < � PQ8;: 1 9 " 8;PQ<�� � <.- �����O8;: 1�� <	� � 8'�_9 " <�� � = �
4¢o�inxg~$lrd]mz�/oy_�mzo�� � �O8$: 1�� <�ijxgijs mvkwo 8 (*#&% J 8 � 1 < > <><y��±¥d { d { k�~$d4���pqvc op_bdtirc�ubljin~�iro/��kbsS~�oyijqvs
op_bd$qE�yd-c oy_�mzo*9 % J B ( J 8(D /H1FE]\ - ( #&% J 8 � 1 < > <�<y�1^`_bd$s5oy_bd�c=mzu�ubirs�� : U�1 �{9 % J" � 8'�{9 " < % J �9 % J" ijx
mvljxyq�irs ( J 8jD /21FE]\ - (*#&% J 8 � 1 < > <><y��^`_�d$�pd���qv�pd�oy_bd�mvsbsbqvk�s�~�d { �pd$�Ekbljmv�yiro�|=inx`ub�yq��Ed { ����a� ����� " � " � ���.����
%����� �

.��yqEc«sbq�­�qvs5­!dgmvxpx}kbc�d gvz M ��I uMd$�yoykb�p��m�opirqEsªqz�.m#opkb�Sd � F ijs5m { ir�pd-~�oyijqvs � ~$mzs5�Sd
qE�wopmvirs�d { �N|B~$qvs�xyi { d$�pirsb��oy��mzs�xy�vd-�pxyd#op�pmvs�x}��qv�pc�mzoyijqvs�x	!�­
_bin~�_ mz�pd4op�pmvs�x���qE�yc=mzoyijqvs�x/mv~�opirs��5qEs
{ qvc=mzijs�x`�bkbijlroVm�o`oy_bd�xpmzc�d�oyijc�d$#��

efehg�iaj
k
l�k



� �O�������������������a���#�
	9�#�\��� ����
������


¬d�o + :*: � qv��~$ljmExyx�> #/�SdI�Eir�Ed$s§¨\��qv�
mvs\|=xyk Z#~�ijd$s\oylj|#xyc�mvlrlXuMqExyi²opir�EdVu�mv�pmvc�d�oyd-� �E¨N­.d�~$qvs�xyi²¡
{ d$�!oy_bd�c�q��\ijsb� { qvc=mzijs � D;F I ��� G¼mEx¼op_bd�uMd$�yoyk��y��mzoyijqvs�qz�§oy_�d�opkb�Md � F ijs#oy_�d { ir�pd-~�oyijqvs#qv�©oy_bd�Sd$l { � � 4¢o)inx)~$qvc�uSq\x}d { qv�¬op_bd�x}d$opx

+ " 85P O � � < � 9 " 85P O � � <�8`+O< 1 @ :WB;D /H1.E]\ =
I«oy��mzs�xy�vd-�pxyd%oy��mzs�x}��qv�pc=m�oyijqvs inx4m'��k�s�~�opirqEs ­
_bin~�_ c�mvu�x + " 85P </qEs\oyqA+ " 8;P O � � <���qE��mzsN|
:PB D /21FE]\ !Gmzs { ��qvs\oyq � #��CI �\kbi²opdIs�m�opkb��mzl§qvs�d�inx

� "� � 9 " 85P O � � <��P9 " 8;P < % J =
4¢��op_bdg�yd-�vkblnmz�pi²o�|%mvxpx}k�cguboyijqvs�x�8g9 J <eU 8g9'f�<
mz�pd�xpm�opijx}��d { �\|%op_bd�c=mzu�ubirs�� 8	� 1=2 <T3 U51 � "� 8 2 <.��qv�mvsN|J: B D /H1.E]\ ¨�oy_binxVoy��mzs�x}��qv�pc=m�oyijqvst~$mvs �Sd/~�qvsSx}i { d$�pd { mEx
oy_�d*��q�­ qz��oy_�d��vd]~�oyqE�
��d-l { £Xx}d-d���qv�
ijs�x}opmvs�~�d�£ 2�¤j¤

� " 8 � 1 =3< ��� �
� � �

"��� � � "� 8 =\< % J � D � � 9 " 8;P O � � < \ �P9 " 85P O � � < % J = !Z��#

	 &w� � & '

¬d�o � � �Md#m4s�d$ij�v_N�SqE�y_�q\q { qz�!®-d$�pq �AP mzs { � �Md$ijsb�tijs�( 8(D /H1.E]\ -Rk #l 8'�N<><Vxymzoyinx���|Nijsb�%~$qvs { i²opirqEs!;K"#���^`_bd�c=mzububijsb�

� � U51 ( 8jD /21FE]\ -R> #&% J 8 � 1 <?> <�<
�*Ue1 9 8;P O � � <

inx
~�qEs\oyijs\k�qvk�xylr| { i��Xd$�pd$s\opijmv�blrdImvs { � � 8 9 " 85P O � � <><!xymzoyinx��Sd-x!��qv�)mvs\|J:CB;D /H1FE]\ ¨
� � D 9 " 8;P O � � < \ ��
 "� �Z85P O �&� <�8
� 1 9���85P O � � <>< � � D 9���85P O � � < \ X �
O 
 "� � 8
� 1 9 � 85P O � � <�< X � = ! � #

� 
�´©´���

9 " 8;P O � � <KU 9 " 85P O � l � <

� 
 "� 8;P O �&� <�8
� 1 9 � 85P O � � <><KU 85P O � l � <>8�� 1 9 � 8;P O � l � <�< X � =
SbS 9 " 85P O � � <KU 9 " 8;P O � l � < F���� ` D � G S_S Q S � U
� l 
 "� SbS � 8
� < S_S F���� ` D � G X �
O������"�� H �KJ $GL SbS ��PQ8;:�< O � l � � 8$:�< SbS F ��� ` D � G 
 "� SbS 9�� 85P O �&� <xU 9���8;P O � l � < S_S F ��� ` D � G X �

��� e����



���������
	��
�������������������������������� !�#"$�� �� L

IVubublj|\ijsb��op_bd ���yqEsN­.mvlrlXijsbd �\k�mvlriro�|v¨wiroV~�qEcgd]xS_S 9 " 8;P O � � <KU 9 " 8;P O � l � < SbS F ��� ` D � G Q E S � U
� l SbS_S � F DaH �GJ $KLbM F ��� ` D � GVG S_S
O E S � U
� l S S_S � F DIH �KJ $KLNM F ��� ` D � GVG SbS 
 "� � � q 8$:eU � < X �

^`_Nk�x.��qE�)mzsN|�:PBnD /H1.E]\ �SbS 9 " 85P O �&� <xU 9 " 8;P O � l � < S_S F ��� ` D � G Q E S � U � l S SbS � SbS F DIH �KJ $KLNM F ��� ` D � G�G�� " =
^`_�ijxVub�yq��Ed-x`op_�m�oVoy_bdg~�qvsSx}i { d$�pd { c=mzu�ijxVirs � J J � 8 � � -�>�8(D /H1FE]\ -R> # % J 8 �[- < > <�<><`mvs { mzlnxyq=�vij�vd-xop_bd���qvljljq�­
irsb�gkbsbir��qv�pc �Mqvk�s { d { sbd-xpx !�­
iroy_t�pd-xyuSd]~�o
oyq � #��

MS � U
� l S S_S 85P O � � <�8
� 1 9��b85P O � � <�<xU 85P O � l � <>8
� 1 9�� 85P O � l � <�< SbS F ��� ` D � GQ SbS � 8
� < SbS F ��� ` D � G O E � � qcE � � �"�� H �GJ $KL S_S �JPQ8$:�< O � l � � 8$:�< SbS F ��� ` D � G S_S � 8�� < S_S F���� ` D � G
^`_�d$s=mv~-~�qv� { ijsb��oyq�op_bd 
©d]x}�Md$�Ekbd.oy_bd-qv�pd$ct¨�op_bd { d-�yij��m�oyij�vd
d$�wijx}opx�d-�vd$�p|N­
_bd$�pd`irs�� � mzs { xpm�opijx}��d-x
!¢� #��H4¢o
_�mvx.op_bd���qvljlrq�­
ijsb��d��wub�pd-xpxyirqEs��
� � D 9 " 8;P O � � < \ � 
 "� � � q % 
 "� �Z85P O � � <�8
� 1 9 � 85P O � � <�< X � ' � 8 � 1 9 � 85P O �&� <>< X �\=

��
 "� �{9 " 8;P O � � <>=�D �{9 � 85P O �&� < \ % J � 8 � 1 9 � 8;P O � � <�< X �\=
4¢o)inx
~�ljd-mv�`oy_�mzo
oy_binx`d��wub�pd-xpxyirqEs4inx)~�qEsEopirsNkbqEk�x.irs � � �

¬d�o�� " 8 �#< � � � D 9 " 85P O � � < \ =�^`_bd-s � " 8 � 1�2 < � � " 8 �c<��P9 " 8;P O � � < % J �H4°s�oy_bdIs�d��NoVx}d]~�opirqEs©¨wi²o­
ijljlM�Md�x}_bq�­
s#oy_�mzo!op_bdV�Sd$l {4{ d-�yij��m�oyij�vd]x¼qv�¬sbqvsb¡¢~$|\ljijs { �pij~-mzlb��k�s�~�opirqEs�mzlnx`mz�pdVd��wub�pd-xpxyd { ijs#oyd-�yc=x
qv�)oy_�d4op�pmvs�x}�Ed$��x}d=�Ed-~�oyqv�/��d-l { 698;: 1�2 < � � " 8 /21�2 <y��^`_bd$�pd���qE�ydE¨1qEsbd4_Smvx�oyq a\s�q�­9cgqE�yd%mz�Mqvkwo
op_binx��Ed-~�oyqv����d-l { � 4°s5u�mz�yoyin~�kblnmz�]¨Mi²o�­
irljl��Mdgxy_bq�­
s op_�m�o�6Q~$mvs��Mdg~�_�mv�pmE~�opd$�pir®-d { mvxVoy_�dgk�sbi��\kbd
xyqvljkwopirqEs�qv�

� " 6 O D 6 1 P \ � � irs 8 /21FE <P)�� !���#
6 8 /21 =3< � / irs	� !gL�#

­
_�d$�pd D 1*\
{ d-sbqzopd-xIop_bd	
¬ird �!��mv~jaEd�o�x$� .�qv��op_�m�ogubkb�puSq\x}d=ljd�ogk�x�~$qvs�xyi { d$��oy_bd#�Ed-~�oyqv����d$l { � ¨
� 8$: 1 =3<%687�9� � " 8 /21 =3< � 6 8$:�<��P9 " 8;PQ<y�	 &w� � & .
^`_�d���k�s�~�opirqEs � inx.oy_bdIk�sbi��\kbdI�Ed-~�oyqv�.��d-l { ¨birs ( J 8jD /21FE]\ -R> #&% J 8 � 1 < > <�<p¨�xymzoyinx���|Nijsb�

� 8;:�< � 
 "� � 8
� 1 9 � 8;P <�< X � O 
 "� ��P 8
� 1 9 � 8;PQ<�< � 8
� < X � = !�2-��#

efehg�iaj
k
l�k



2]� �O�������������������a���#�
	9�#�\��� ����
������

� 
�´©´���
 
©d$o����Sd�op_bdIc=mzubu�irsb� { d$��sbd { �N|
� 0�D /21FE]\ ) > #&% J 8 � 1 <?> <�1[> #&% J 8 � 1 <?> <
8$: 1�� <
1 ��PQ8;: 1 9 " 8;PQ<�< � O � 8$: 1 9 " 8;PQ<�<�=

.�qv��mvs\| :*B D /H1.E]\ mzs { mzsN| � B > #&% J 8 �N<�¨�� 8$:�<)inx�m Z=sbd=mzs { � 8�= 1�� <)inx�~�qEs\oyijs\k�qvk�x-�©hNqtoy_bdd$�wijx}oyd-s�~�d�mvs { kbsbi��\kbd$sbd]xyx)qz� !E2]��#`mz�pd��vij�vd-s%�N|�oy_bd �.mzk�~�_N|\¡ 
¬iruSxy~�_biroy®�op_bd$qE�yd-c%��Gtqv�pd$q��Ed$�.oy_bd
xyqvljkwopirqEs�_�mEx.oy_bd���qElrljq�­
ijsb�/d$�wub�yd]xyxyijqvs

� 8;:�< � 
 "� � � q % 
 "� �JPQ8
� 1 9�� 85P <>< X � ' � 8	� 1 9 � 85P <>< X � 1 @ :CB D /H1.E]\ =
��
 "� �{9 " 8;P <�= D �{9 � 8;PQ< \ % J � 8	� 1 9 � 85P <�< X �

	 &w� � & R4¢��� B > J 8jD /21FE]\#1 > #&% J 8 � 1 < > <�<¼inx)x}kS~�_4op_�m�o
� " � O ���O= P B?>�8(D /H1.E]\`1 > #&% J 8 � 1 <?> <><

mvs { xpm�oyinx}��d-x !'��#°¡ ! L�#�¨1oy_�d$s	� � 9 85P�<��Md$ljqvsb�\xIopq > J 8jD /21FE]\#1 > #&% J 8 � 1 < > <�<�mzs { xpm�opijx}��d-x !E2-�)#��
�!qEsN�vd$��xyd$lj|v¨�i²� � B > J 8(D /H1.E]\`1 > #&% J 8 � 1 < > <><�inx©x}qElrkboyijqvs�qz� !E2]��#�¨�oy_bd-s � � 9 8;P < % J B?> J 8(D /H1FE]\#1 > # % J 8 � 1 < > <><xyk�~�_�oy_�mzo

� " D � �P9 85P < % J \ O � D � �P9 8;PQ< % J \ = P ijx`ijs >�8jD /21FE]\#1 > #&% J 8 � 1 < > <�<
mvs { xymzoyinx���d]x !��)#¢¡ !gL�#��
� 
�´©´���
;4¢��� �Sd-lrqEsb�Ex.opqd> J 8(D /H1.E]\`1 > #&% J 8 � 1 < > <�<y¨boy_bd-s%iro)inx`oy_bd�xpmzc�d���qv�`op_bdIc=mzubu�irsb� :
3 U51
�O8$:�<��P9 " mvs { ­!d�_�m¯�Ed3�

� " 8
�O8$: 1 9 " <>< � D ��PQ8;:�< \ �P9 " =���8$: 1 9 " < O � 8;:�<��C9 " =
^`_Nk�x�� � 9 8;P�<§xymzoyinx���d]x !E2-�)#��"�!qvsN�Ed$��x}d-lr|E¨-xyirs�~$d � B?> J 8(D /H1.E]\`1 > #&% J 8 � 1 < > <�<Xijx�xyqvljkwoyijqvs/qz� !�2-��#mvs { 9 % J ijx¬irs	> J 8jD /21FE]\#1 > #&% J 8 � 1 < > <�<y¨]iro�~�qEc�d-x§op_�m�o � �b9 8;PQ< % J inx¬ijs > J 8jD /21FE]\#1 > #&% J 8 � 1 < > <�<mvs { ­!d�_�m¯�Edt�

� " 8 � 8;: 1 9 % J" <>< � D � " �x\ �P9 % J" O D � �K\ �P9 % J" = � " 8g9 % J" <
� %]D ��P \ �P9 " = � O � �P9 " ' �P9 % J" U 8 � � < �P9 % J" �Z8 9 % J" <�= P�8$:�<
� ��P =38 � �P9 % J" < O � U � 8 � �P9 % J" <�= P 8$:�<

­
_�ij~�_t~�qEs�~�ljk { d]x.oy_bdIub�pqNqz���

��� e����



���������
	��
�������������������������������� !�#"$�� �� 2d2

� W�&N´ 
 &w� '
^`_�d��Sd$l { 6 ijx`op_bdIkbsbi��\kbd��vd]~�oyqE�`��d$l { irs> J 8(D /H1.E]\`1 > #&% J 8 � 1 < > <><y¨
xyk�~�_ oy_Sm�o � " 6 O �J6�= P B >�8(D /H1.E]\`1 > #&% J 8 � 1 < > <><y¨
xyqvljkwoyijqvs qv�u��yqE�blrd-c !��)#¢¡ !gL)#��
� 
�´©´���
 �!qEs�xyi { d-�)op_bd=x}qElrkwopirqEs � qv� !E2]��#�¨§~$qvc�uSq\x}d/�N|
9 8;P < % J mzs { c�mbavd/k�x}dgqz�Koy_bdglrd-c�c�m%��

�	&w� � 
�� '
^�m aNijsb�
ijsEopqVmv~-~�qEkbs\o©oy_bd!~�_�mz��mv~�oyd$�pij®-m�opirqEs�qv��6
¨]­!d { d { kS~�d�op_�m�o�i²o¬_Smvx§op_bd¼��qElrljq�­
ijsb�
d��wub�pd-xpx}ijqvsl�

6 8$:�< � % 
 "� �_9 " 85P <>=�D �{9 � 8;P < \ % J � 8 � 1 9 � 8;PQ<�< X �b' �P9 " 85P < % J = !�2c2$#

�.|�oy_bd=­`m¯|�mtk�xyd���kblKub�yqEuSd-�}o�|�qz��6 inx�oy_�mzo�i²��P mvs { � mv�yd�qz�`���pd$d { ij�vd-�y�Ed$s�~$d/op_bd$s 6�oyqNq��
4°s { d$d {
� 
�´ X¼´M� + ¶,+�´ * R

¬d�o�P mzs { � irs?>�8jD /21FE]\#1 k�#l 8'�N<>< 1 gVz M ¨Sx}k�~�_�oy_Sm�o !$K�#!_bqvl { x-�CIVxpx}k�cgd

{ ir�aP � { ir� � �0/ irs	�Z=
^`_�d$s�oy_bd���d-l { 6 inx
qv� { ij�vd-�y�Ed$s�~$dV���pd$d{�

{ ir�C6 � / ijs � =

� 
�´©´���
 
©d$o�� B "�8'�Z<y��^`_bd=op�pmvs�x���qE�yc=mzoyijqvs�x*9 " 8;P O � � <�mzs { 9 " 85P < % J c=mzuSx � qEsEopq�� �
^`_�d$s©¨ 


�
� � � "� X 2 � 


�
� X 2 =

4°s { d$d { xyijs�~�d P mzs { � mz�pd�qv�1���pd$d { ij�vd-�y�Ed$s�~$dv¨N­.d�_Sm¯�vd



�
� X 2 ��
�� B5D;F I ��� G�D � BED$FAG � ` D � GVG � X 2
� 
�� B;D$F`G � ` D � G � �P9 " 8;P O � � < X 2 � 


�
��� � "� X 2 =

.��yqEc9oy_�ijx
­.d { d { k�~�d�op_�m�o XX � ��
 � � � � "� X 2 � � /
^`_�d�c=mvububijsb����3 U�1 � "� inx`irs?> J 8 � � -R> #&% J 8 � 1 < > <�<p¨boy_Nk�x


�	� � =�6 X 2
� /21 @ �,B "J8'�N<�=
qE�`d �\kbij�¯mvlrd-s\oylj| { ij� 6 � / irs " � 8 �N<>=

efehg�iaj
k
l�k



2¯� �O�������������������a���#�
	9�#�\��� ����
������

����� ��� ��$=��&'���v"�� ����" �B�B��� � �����	��

���������������
4°s4oy_bd�x}d$�Ek�d$l ¨E­.d�~$qvs�xyi { d$�!m�x}d$o + qv�¬~�lnmvxpx (*# !ag=ijxPavd-uwo!�E�yd]m�oyd-��oy_Smzs 2 #�� IVx!­!d�­
irljlXx}d-dVijs

op_bd�mzububljin~$m�opirqEs�x-¨vop_bd�d$�wub�yd]xyxyijqvs#qv�©oy_bd�»�kbljd$�pinmzs { d$�pir��m�opir�Ed { d-uSd-s { x.qvsZ6
���Vd$s�~$dv¨Ni²o)xyd$d-c�xKoyq
�Md�s�d-~�d]xyxpmz�p|=opq#irs\op�yq { k�~$dIo�­.q4m { ��qEirs\o�x}opmzoyd]x$�§��sbd�mvxpxyqN~$ijmzoyd { opq=oy_�d/x}opm�opd�d �\k�mzoyijqvs mzs { oy_bd
qvoy_bd-�Kopq�op_bd)��d-l { 6
� .�qv�`mI��kbs�~�oyijqvs�mvl { d���sbd { qEs4mIopkb�Sd � F !�­
iroy_4oy_bd�irsbiroyinmzl { qEc=mzijs +0#�¨\oy_�ijx
k�s\kSx}k�mvl©x}iroykSm�oyijqvs%c�ir�E_\o)�Sd�m¯�Eqvi { d { �\|�~�qvsSx}i { d$�pijsb��op_bd���kbs�~�oyijqvs�� { d$��sbd { �N|

�a8;:�< � 856 8$:�<>= ? " <��P9 " 8;P <'qvs 8 /21FE <C) � 8'� � ��+O<�=

	 &w� � & -
^`_�d�c=mvububijsb� :43 U�1 9 " 85P <¼inx
irs?> J 8(D /H1FE]\ -R> #a8 � 1 < > <><y��^`_bd-�yd$��qv�pd

:
3 U�1H? " �P9 " � � 8'�{9 " < % J ?S_S � 8'�{9 " < % J ? SbS inx`irs > J 8jD /21FE]\ -R> #&% J 8'�7<><
?�mvs { ? " mz�pdtoy_bd5qvkwo�­`mz� { sbqv�pc=mzlV��d$l { x��yd]x}uMd-~�oyij�vd$lj|Bopq7+ mvs { + " 8;P <p¨!qEs �µmvs { � " ��4¢opx{ d$�pir��m�opir�Ed�inx
�Eir�Ed$s%�\|��

� " 8�? " �P9 " < � s ��P = ? " 1 ? " z � 9 " ? " �P9 " U � �JP �P9 " ? " �P9 " =

� 
�´ X¼´M� + ¶,+�´ * -
^`_�d���k�s�~�opirqEs��_Bj> J 8(D /H1.E]\ -�> #&% J 8�� <�<Kinx.oy_bdIk�sbi��\kbd�xyqvljkwopirqEs�qv�

� " ��8$:�<*U � 8$:�< �P9 " 85P <!��8$:�< �#" 8$:�< �P9 " 85PQ<'qvs 8 /H1.E <C) � !�2]�"#
�a8 / < �0/ qvs � !�2 %�#

­
_�d$�pd$� 8$:�< � s ��P = ? " 1 ? " z'¨ " 8$:�< � � 8$:�<�= ? " �
� 
�´©´���
�^`_bd�c=mzubu�irsb�Q:
3 U51 6�8$: 1 9 " < � � 8;:�<�inx { i �Xd$�pd$s\oyinmz�bljdv�b^`_Nk�x

� " D 6�8$: 1 9 " <>=>? " �P9 " \ � � " 8 6 �P9 " <C=�? " �P9 " O 698;: 1 9 " <>= � " 8$? " �P9 " <� s 8 � 8$:�< O ��P 8$:�<>= � 8$:�<�< �P9 " 1 ? " �P9 " z O s ��P =�? " 1 ? " z � 9 " 8 698;:�<>= ? " <��P9 "U s 8'��P =
69< �P9 " 1 ? " �P9 " z� 8 � 8$:�<�=�? " <��P9 " O s ��P7= ? " 1 ? " z � 9 " 856�8$:�<�=�? " <��P9 " =
»¼�vd$s\opk�mzljlr|#oy_bd { d]x}ij�pd { �yd]x}kblro
ijx)qv�wo�mzijsbd { �

��� e����



���������
	��
�������������������������������� !�#"$�� �� 2,%

�	&w� � 
�� .
»��Nu��yd]xyxyirqEs4qv� ��ijs%oyd$�pc=x`qz��oy_bd { m�opm
�
.��yqEc !E2¯�"#!­.d { d { k�~$d�oy_�mzo

� " D � � � q 8 
 "� � 8	�c<��P9 � X �#< \�� D � 8$:�< �P9 " � O � " � \ � � q 8 
 "� � 8 �c<��P9 � X �c<
� " 8$:�<��P9 " � � q 8 
 "� � 8 �c<��P9 � X �c<>=

�Vd$s�~$d �#~$mvs��MdId��wub�pd-xpx}d { mEx.��qvljlrq�­)x

�C8;:�< � 
 "� " 8 �c<��P9 � 8;P < � � q 8FU 
 "� � 8 � < �P9���85P < X � < X �c= !�2$e)#

� 
 "� D � 8 �c<>= ? � \ �P9 � 8;PQ< � � q 8FU 
 "� s ��PQ8 � <$? � 1 ? � z � 9 � 85P < X � < X �d=
����� � /�� � �=� � ����� � $�" � 

�B� � &'��
��B"%/ �B� �

I�x�xy_bq�­
s'irs¥oy_�d#ub�pq\qv�.qv� 
©d$c�c=mZ%%oy_�d4x}qElrkboyijqvs'qz��!��)#¢¡ !gL)#�ijxIqE�wopmvirs�d { �Nijm m ~�_Smzsb�Edgqv�
��mv�yinmz�bljdv�z^`_�d$s=ir��	 8'�N<1ijx¼m �.mvs�mv~�_�xyu�mv~$d
qz�X��kbs�~�oyijqvs�x { d���sbd { qvs=�/¨Ex}opmv�blrdV�\|/c�kblroyijubljij~-m�opirqEs
�N|���kbs�~�opirqEs�x/irs > #&% J 8 �N<y¨1oy_�d4xymvc�d#ub�pqN~$d-xpx��vd-sbd$��m�opd-x�op_bd4xyqvljkwoyijqvs qv�!op_bd�m { ��qvijs\o�ub�pqv�bljd$cmExyxyqw~�inm�opd { opq�6)�

� W�&N´ 
 &w� .

¬d�o4m B�� R 8�8 /21FE <(-
	 8 �N<�<p�z^`_bd$�pdKd$�Ninx}opx�m)kbsbi��\kbd�� B >�8jD /21FE]\ -
	 8 �N<�<©xyk�~�_Iop_�m�o � " � O ����= P B
� R 8>8 /H1.E <.-�	 8'�N<><!xyqvljkwoyijqvs%qz�

U � " � U ���O= P U � ��P = �;U 8 { ir�CP�< � � m !�2,K"#
�O8 E < � / = !�2-��#

� 
�´©´���
/�!qvsSx}i { d$�
�lB?> J 8jD /21FE]\ -
	 8 �N<�<¼op_bdIkbsbi��\kbd�xyqvljkwoyijqvs%qz�1oy_bdI��mE~jaN­.mv� { ub�yqE�bljd$c
U�� " �*U D � 8 ��P <��P9 " O 8 { ij�aP <��P9 " \ � � m �P9 "�C8 E < � / =

IVubublj|Nirsb� � � q 
 "� D 8 � ��PQ8 �c<�<��P9 � O 8 { ij�aPQ8 �#<><��P9 � ( \ X ��¨b­!d��Ed�o
U�� "�� � � q % 
 "� D � 8 ��PQ8 �#<>< �P9 � O 8 { ij�aPQ8 �#<><��P9 � ( \ X �b'��a8$:�<�� �
� � q %�
 "� D �#8'��P�8	�c<�< �P9 � O 8 { ir�aP 8	�c<�<��P9 � ( \ X � '�m �P9 " =

efehg�iaj
k
l�k



2-e �O�������������������a���#�
	9�#�\��� ����
������

�.|#ijs\oyd-�v��m�oyijqvs�­!d { d { k�~$d�mzs%d��wubljij~$i²o)d$�Nu��yd]xyxyirqEs4qv� �^�
�a8$:�< � 
 $" � � q %5U 
 "� D � ��P 8 � <��P9 � O 8 { ir�aPQ8 � <�<��P9 � ( \ X �]'�m 8	�c<��P9 � X �d=

� 
 $" � 8'�{9 " < % J � 8 �{9 � <Im 8 �c<��P9 � � 8 �#< � 8;:�< % J X �
^`_�d$s'opmbaNirsb�ª��qv��� � ��� 9 % J" ¨�i²ogijx�d-mEx}|5oyq�xyd$d#oy_�mzo$� inxIop_bd4k�sbi��\kbd%x}qElrkboyijqvs qz��!�2,K"#°¡ !�2-�)#
­
_�ij~�_©¨1��qv�gmªxykbi²o�mz�bljd4�pij�v_\o}¡¢_�mzs { opd$�pct¨1­
ijlrl.�pd$ub�pd-xyd$s\o�op_bd�m { ��qvijs\o�ub�pqv�bljd$c mvxpx}qw~$ijmzoyd { opq 6
mExyxyqw~�inm�opd { opq=m��vij�vd$s%~�q\x�o`��kbs�~�oyijqvs�mvlG�

����� � �h����- � � -.

��/ � " �h� � ����� ��� � " / �T)������ �

¬d�o �[B � R 8 MO8;P <><Smzs { mExyxykbc�d�oy_Sm�o§oy_�d¼c=mzububijsb� :
3 U51 � �� B 8 � 8$:�<;? " <S�Sd-lrqEsb�ExXopq � R 8�8 /21FE < 1 	 8 �N<�<p�

±¥dIub�pq��vd { ijst^`_�d$qv�pd$c ��op_bdId��winx�opd$s�~$dIqz��mgkbs�i��\kbd � B >�8(D /H1.E]\`1 	 8'�Z<�<!xyk�~�_�oy_�mzo

U � " � U ���O= P U � ��P = �;U { ij�aP � � ���� B 8 � 8$:�<;? " < !�2¯� #
��8 E < � / =

±¥d�xy_�mvlrlMub�pq��vd`oy_Sm�oKop_bd�xyqvljkwopirqEs ��inx-¨Eijs=�Zmv~�o-¨Nx}k�ubuSqE�}opd { �N|/oy_bd�lnm�oyd-�pmvl��Mqvkbs { mz�p|QMO85P <�x}ijs�~�d
op_bd#�pir�E_\o}¡¢_�mzs { oyd-�yc7irs'op_binxIub�pqv�bljd$c7ijxIiropxyd$lr�)x}k�ubuSqE�}opd { �N| MO85P <�mvs { oy_bd-�yd=inx�sbq { i��Xk�xyirqEs
opd$�pct�
	 &w� � &
	

¬d�o ��B � R 8 /21FE -�� R 8'� " <><y��^`_bd-�yd�d$�Ninx}opx
mgkbsbi��\kbd�x}qElrkboyijqvs%irs>�8jD /21FE]\ - � R 8�� " <�<Kxyk�~�_�oy_�mzo � "�� O � � B � = P B�� R 8 /H1.E - � R 8�� " <><¼qz��oy_bd���qElrljq�­
ijsb�/u��yqE�blrd-c� � "�� 8$:�< O � � B � = P O � { ij�CP � � 8$:�<'qvs�
 " 8&%!:('?) � " <� 8 E < � / qEs � $
� 
�´©´���
�º)qvoyin~�d�oy_Sm�o

D � "�� 8$:�< O � � B � = P \ x � B �P9 " � � " 8 � �P9 " < x �mvs { ~�qvsSx}i { d$� � B >�8(D /H1FE]\ - � R 8'�7<><�oy_bdIkbs�i��\kbd�xyqvljkwoyijqvs%qz�
� " � O 8 { ir�CP <��P9 " � � � 8$:�<��P9 " qvs 8 /H1.E <C) �� 8 E < � / qvs � =

­
_�ij~�_t~$mvs��MdId��wub�pd-xpx}d { mEx �
� 8$:�< � U 
 $" � � q %�
 �

" 8 { ir�aPQ<��P9 � X � ' � 8 �#< �P9 � X �
� U 
 $" { d$o �{9 � = 8 { d$o �{9 " < % J � 8	�c<��P9 � X �

��� e����



���������
	��
�������������������������������� !�#"$�� �� 2!K

^`_�d$s � ¨ { d���sbd { �N| � 8$:�< � � 8$:�< ��9 % J" ¨Sinx�xyqvljkwopirqEs qz��oy_�d/~�qEs�xyi { d-�yd { ub�yqE�bljd$ct�M¦Vsbi��Ek�d$sbd]xyxVijx
qE�N�\ijqvkSx$�

� W�&N´ 
 &w� R

¬d�o ��B � R 8 /21FE -�� R 8'� " <><y��^`_bd�xyqvljkwopirqEs � qv� !�2¯� #!inx
x}k�ubuSqE�}opd { �N| MO8;PQ<y���¼�yd]~�inx}d-lr|

��8;:�< � U ���� B 8 � 8;:�<$? " < 1 :CB 8 /21FE <�= !�2 ��#

­
_�d$�pd � ijx { d$��sbd { ijs'
©d-cgc=mQKw�
.�qv�`��kb�yoy_�d$�
ub�pqvuMd$�yoyijd-x`qv���A8>= <Kxyd$d=£ �]¤¬qE��£ K�¤ �
� 
�´©´���
 hNd$o�� 8$:�< � U � �� B 8 � 8$:�<;? " <C8.B 	 % J 8 � 1 < > <�<>=�±5d�xy_bqvk�l { i { d$s\oyir��|#op_bd { inx�op�yij�bkwopirqEs

U�� " � U ��� = P�U � ��P7= � U 8 { ij�CP <�� =
.�qv�`op_�m�o)ljd�o � B "�8>8 /21FE <P)��N<p¨woy_Nk�x

s U�� " � U ��� = P U � ��P = � U 8 { ij�\PQ<�� 1�� z��	�3DVD �GJ $ G�
 � G J � DVD �KJ $ G�
 � G
� U 
 $� 


� B � 8$:�< s � " �c1 ? " z X � " X : O 
 $� 

� B � 8$:�<Ps U�� � = P O �JP7= �c1 ? " z X � " X :

^`_�d)����x�o!oyd-�yc
� J � U 
 $� 

� B � 8'� " � <>= ? " X � " X :¥ijxKoy�pd-mzoyd { mEx¼��qElrljq�­)x �N¦Vxyijsb��op_bd)op�pmvs�x���qE�yc=mz¡opirqEs 9 " 8;PQ<

� J � U 
 $� 

�
� �P9 " D 8'� " � <��P9 " \ =�? " �P9 "�� 8$:�< X � X : 1 � 8$:�< � X � :�8 �{9 " < D � �{9 % J" = ? D O P

� U 
 $� 

�
s � " 8 � �P9 " <KU 8'� � = PQ<��P9 " 1 ? " �P9 " z � �P9 " � 8$:�< X � X :

��
 $� 

�
s � �P9 " 1 ? " �P9 " z � " 8 � �P9 " < � 8$:�< O s � �P9 " 1 � " 8 � 8$:�<c? " �P9 " <Cz � �P9 " X � X :

O 
 $� 

�
s 8 � � = PQ<��P9 " 1 ? " �P9 " z � �P9 " � 8;:�< X � X :�=

efehg�iaj
k
l�k



2]� �O�������������������a���#�
	9�#�\��� ����
������

�.kwo � 8;:�<$? " �P9 " ��� 8$:�< � �{9 % J" ? �b­
_bd-�yd � 8$:�< � { d�o �_9 " x}q
� J � 
 $� 


�
� " 8 � �P9 " <Ws � �P9 " 1 ? " �P9 " z � 8$:�< X � X :

O 
 $� 

�
s � �P9 " 1 � " 8 � 8$:�< � �{9 % J" <;? <Wz � �C9 " X � X : 1

O 
 $� 

� B � s � � = P 1 ? " z X � " X : 1

��
 $� 

�
D � " � O � � B � = P \ �P9 " s � 8;:�<A? " �P9 " 1�� �P9 " z X � X :

O 
 $� 

�
� �P9 " s � �P9 " 1 � " 8 � �_9 % J" <;? z � 8;:�< X � X :

O 
 $� 

�
� �P9 " s � �P9 " 1 � " 8 � 8;:�<�< � �{9 % J" ? z X � X : O 
 $� 


� B � s � � = P 1 ? " z X � " X :
��
 $� 


� B
D � " � O � � B � = P \�� = ? " X � " X : O 
 $� 


� B
s � � = P 1 ? " z � X � " X :

O 
 $� 

�
� �P9 " s � �P9 " 1 ? " �P9 " z � 8$:�<78 { ir�aPQ<��P9 " X � X :

U 
 $� 

�
� �P9 " s � �P9 " 1 � 8 ��P <��P9 " ? " �P9 " z � 8$:�< X � X :

��
 $� 

� B
8 � " � O � � B � = P < � = ? " X � " X : O 
 $� 


� B � s � � = P 1 ? " z X � " X :
O 
 $� 


� B � � = ? " { ij�\P X � " X :eU 
 $� 

� B � s �JP7= � 1 ? " z X � " X :�=

.�ijs�mzljlj|#­!d�qE�wopmvirs
s U�� " � U ��� = P U � �JP7= � U { ir�aP � 1 � � � J � z
� 
 $� 


� B
8 � " � O � � B � = P O � { ij�aP < � = ? " X � " X : � 
 $� 


� B
� 8;:�< � 8$:�<>= ? " X � " X :

­
_�ij~�_%ijx)d �\kbij�¯mvlrd-s\o-¨wijstm { inx}oy�pir�bkboyijqvs x}d-s�xydv¨Noyq
U�� " � U � � = P U � ��P = � U { ij�aP � � � �� B 8 � 8$:�<;? " <

G qv�pd$q��vd-�!iro)inx
~�ljd-mz�.op_�m�o�� 8 E < �0/ �
.��yqEc9oy_�dIkbsbi��Ek�d$sbd]xyx.op_bd$qE�yd-c��w¨w­.d { d { k�~�d�oy_Sm�o �O8$:�< � U � �� B 8 � 8$:�<$? " <y�

��� e����



���������
	��
�������������������������������� !�#"$�� �� 2��

� � �
	���
����%�-"$���M 8�����3 	��
*¬&��
�K�9�1� ��3����%�)"$�
I�x=c�d$s\oyijqvsbd { �Md���qE�ydE¨�­!d mv�ydtijsEopd$�pd-x}oyd { ijs�op_bdªx}oy�pk�~�opkb�ydtqv�Voy_�dª»�kbljd$�pijmvs { d-�yij��m�opir�Ed%qv�

s�qvsw¡°~�|Nljirs { �yin~$mvlS��k�s�~�opirqEs�mzlnx`qz��oy_bd���qElrljq�­
ijsb��o�|NuMd:\\; \\< � 8;PQ< � 
�� D$FAG m 8$: 1=2K1�� 8;PQ<>8;: 1�2 <>< X 2 X :
­
_bd$�pd � 8;P < �	� �! �"# �$ 8.%,:('*)
9 " 85P <>8#+O<�<

E inx)mgsbqvsw¡¢sbd-�Em�opir�Ed�xp~$mvljmv�-�
+ m { qvc=mvirs%irs < > �m�0 � 8 � D /21FE]\ <C)�� ) < > � 1 < ( J �^`_�d���kbs�~�opirqEs � ijx�x}qElrkwopirqEs'qz�
mt­!d-lrlr¡ uMqExyd { sbqEsw¡¢~$|Nlrijs { �pij~-mzl¼�¼��»
¨1qz�`qv� { d$��

�5¨�� B i � ¨¬ijs� 8;P < �

� " � O�� 8 � < � � ijs � 8;P�< !�2 L�#
���c8 � < � ���+qvs MO8;P < 1n/ Q�� Q � U M ! �z��#
� 8 / < ��� � irs[+ ! �\2$#

� inx
m { i �Md-�yd-sEopijmvl©qvuMd$��m�opqv�.qz��qv� { d$�)�zc%�����inx)mg�Mqvkbs { mz�p| { i �Md-�yd-sEopijmvl§qvuMd$��m�opqv�`qz��qv� { d$����� ! / Q ��� Q 
�� U M #��
4°s%op_bdIx}d$�Ek�d$l ¨woy_bd���qElrljq�­
ijsb�/s�qzopmzoyijqvs�x`­
ijljl©�SdIkSx}d { �
] ´S¶ �b¶ +�´ * � '
I�xyxykbc�d%oy_bdtd$�Ninx}oyd$sS~�d%qz�Vop_bd { d$�pij�¯mzoyij�vdE¨�mzo�� � / ¨�qz��oy_bdtc=mzu�ubirs��
�v1 � � 8�= 1 =3< ��� 85P O� � <�8�= 1 9 � 8���8	�c<>8>= <><Kirs�� R 8 � 1 	 R�� 8`+ " 8;P <�<���qE�`oy_bdI­.d-mba=qv�`op_bd�x�op�yqEsb�/oyqvuMqvljqv�E|v� 4¢o)inx { d$s�qzoyd {

�� 8;P - � <>=
¦Vs { d-�`oy_bd�xpmzc�dImvxpx}k�cguboyijqvs©¨wljd�o

� � 8;P_- � < � �� 85P{- � <�U � u � =
69=	 &w� � & 1
I�xyxykbc�d�oy_�mzo-¨w��qE�)mzsN| { ij�pd-~�opirqEs�� B ( 8(D /H1FE]\#1 "J8'� 1 < > <�<p¨woy_�d { d$�pir��mzoyij�vd�� 8;P_- � <¼d��winx�o�x`irs�� R 8 � 1 	 R�� 8`+ " 8;PQ<�<><!mzs { oy_Sm�o

� � 8;P{- � < { d-uSd-s { x
ljijsbd-mv�ylj|=qvs � =
^`_bd-sgoy_bd.��kbs�~�oyijqvs�mvl � 8�=3<©ijx ���zoyd]mzkw� { i��Xd$�pd$s\oyinmz��lrd
m�o P�mzs { op_bd$�pd`d��wijx}opx�m�opirc�d�¡ { d-uSd-s { d$s\o

{ ijx}oy�pir��kwoyijqvs	��8;P <WB�� J 8 /H1FE - "��;8'� 1 < > <><¼­
i²op_txyuwo D ��85PQ<�8$:�< \ : + " 85P <Kxyk�~�_4op_�m�o
� � 8;P_- � < � 
 $� s ��8;P <>8;:�< 1 � 8;:�<Cz � � D � J O P G J � D � J O P G X :�=

efehg�iaj
k
l�k



2&� �O�������������������a���#�
	9�#�\��� ����
������

� 
�´©´���
 4°s=oy_bd�uSd-�}opkb�p�Sd { oykb�Md � 85P O � � <y¨voy_bd�~�qEx}o¼��kbsS~�oyijqvsSmzl�_Smvx�op_bd)��qElrljq�­
ijsb�Id��wub�pd-xpx}ijqvs^�
� 8;P O � � < � 
 $� 
 @ B D$F I � � G m 8;: 1�2x1�� 8;P O �&� <�8$: 1=2 <�< X 2 X :

� 
 $� 
 �
� D �
B G$D @ B D$FAGVG m 8$: 1�2x1�� 8;P O � � <>8;: 1�2 <>< X 2 X :

� 
 $� 
 @CB D$FAG m 8$: 1 9 � 8 � " <>8 2 < 1�� � 8$: 1=2 <�< X 2 X :
�V|NuSqvoy_bd]x}inx�������<�d$sSx}kb�pd-x.op_bdId��winx�opd$s�~$d�qz�

d � 8gf - o < ���
� p
d#8gf OAp o < x � t
	 =

�¼�yd]~�inx}d-lr|#­.d�_�m¯�vd

� � 8;P{- � < � 
 $� 
 @ B D$F`G � u m 8$: 1=2K1�� 8;: 1�2 <><>=
6O8$: 1=2 < O � r m 8$: 1�2x1�� 8$: 1=2 <�<�= �� 8;: 1�2 <
O m 8;: 1�2x1�� 8$: 1�2 <�< { ir��6 8$: 1=2 < X 2 X :

­
_�ij~�_%ijx)d �\kbij�¯mvlrd-s\o.opq

� � 85P{- � < � 
 $� s � r m 8$: 1=2K1�� 8;: 1�2 <><.- �� 8;: 1�2 <eU � u � 8;: 1�2 <�= 6 8$: 1=2 <Cz X :
O 
 $� 
 @ B D$F`G { ir��D m 8$: 1�2x1�� 8$: 1=2 <�<E6�8$:�< \ X 2 X :

­
_�ij~�_%­!d��pd$­
�pi²opdv¨wkbs { d$�Vxyc�qNqzoy_�sbd-xpx`mvxpx}kbc�uwopirqEs�x-¨bmvx.��qvljljq�­)x

� � 8;P{- � < � 
 $� 
 @�B5D$F`G � r m 8$: 1=2K1�� 8$: 1=2 <><>= � � 8$: 1=2 < X 2 X : ! �v�"#

O 
 $� 

� B5D;FbG

m 8$: 1=2K1�� 8;: 1�2 <>< 6O8;:�<>= ? " X � " X :�=
I
~-~�qE� { ijsb� opq¥mExyxykbc�uwopirqEsBiri #gmzs { oy_bd%ljirsbd]mz� { d$uMd$s { d$s�~$d�qv� 6 qvs � ¨�­.d%qv�wo�mzijs oy_bdtljirs�d-mz�
{ d$uMd$s { d-s�~�dIqv�Hd �;8gf - o <¼qEs	� �

�!qEs�xyi { d-�yijsb��� oy_�d#x}qElrkwopirqEs'qz�!u��yqE�blrd-c !�2,K"#°¡ !�2-�)#V­.d=~$mvs¥d$�wub�yd]xyx�op_bd#�Mqvkbs { mz�p|ªirs\opd$�v��mzl�qEs
6 8$:�<�= ? " d��wubljij~$i²oplr|�irs%opd$�pc�x`qv� � 8;:�<>= ? " �H4¢o)ijx.op_bdIqv�b��d-~�o)qv�¬op_bd���qvljlrq�­
ijsb��ljd$c�c=mb�	 &w� � & [

¬d�o.m �Sd�m�xyk Z#~�ijd$s\oylj|�xyc�q\qvoy_���kbs�~�oyijqvs { d��Ssbd { qvs MO8;PQ<y��^`_�d$s


 $� 

� B D$FAG

m 8;:�< 6�8$:�<�= ? 8;:�< X � " X : �
��� e����



���������
	��
�������������������������������� !�#"$�� �� 2 L


 $� 

� B5D$FAG

� 
 $" m 8	�c<��P9 � 85P <��P9 " 8;P < % J X ��� � 8$:�<�= ? 8;:�< X � " X :
� 
�´©´���
 
 $� 


� B
m 8;:�< 6�= ? " X � " X : � 
 $� s U�� " �AU ���O= P U � �JP7= � 1 67z X :

��
 $� s � " 6 O � 6 = P U ��P7=
6 1 � z X : � U 
 $� 

� B D$F`G � 8$:�< � = ? " X � " X :

� 
 $� 

� B

 $" m 8	�c<��P9 � �P9 " 8;P < % J � 8$:�<�= ? 8;:�<jD � 8 �c< � 8$:�< \ �P9 " 85P < % J X � X � " X :

�	&w� � 
�� R4°s5�Zmv~�o-¨X­.d�~-mzs5k�x}d/oy_�dgd$�wublrin~�iroyd�d$�Nu��yd]xyxyirqEsªqz� 6Q�vij�vd-s��N| !E2d2$#)oyqtqv�wo�mzijsªop_bd�d��wub�pd-xpx}ijqvsªqv�
op_bdIijsEopd$�E�pmvlMijs%oyd-�yc=x`qz� � mvs { �N|E¡¢u�mExyx!oy_�d�m { ��qEirs\o
ub�pqv�bljd$c mExyxyqw~�inm�opd { opqJ6
�
4°s�oy_bd`xyd �\kbd$l ¨¯i²o�­
ijlrlN�Md.xy_bq�­
sIop_�m�o�oy_bd`d-kblrd-�yinmzs { d$�pir��mzoyij�vd!~$qvijs�~�i { d]x¬­
iroy_�oy_bd`x}_SmzuMd { d-�yij��m�opir�Ed
­
_�d$s/oy_bd.��kbs�~�oyijqvs�mvl { d$uMd$s { x�qvsblj|Iqvs/oy_�d`xy_�mvuSd`qz��oy_bd`opkb�SdE� .�ir��x�o�ljd�o�k�x { d$��sbd
m�"$���������\���
";�����
!Z�yd]x}u¬�b"$���������\���
";��������� #��
	 &w� � &��
4¢� � 8;P O � < �	� 8;P�< 8 � � � �A=�d#8gf OAo < � d�8 f <><�¨���qv��mzsN|%xyk Z#~�ijd$s\oplr|tx}c�qNqzop_ P9mzs { � x$� o-�
� 8;:�<>= ?A@ B D$F`G � / qEs MO85P <p¨§oy_bd-s � 8 � � � �A=,d�< { d-uSd-s { xIqEsblj|�qvs5oy_�d4x}_SmzuMdgqv�!op_bd#~�qEs�xyi { d-�yd {
opkb�Mdv�H4¢o)inx)~$mvlrljd { m "$���������\� ��"$���#� !Z�yd]x}u¬�a"$���������\� ��"$���#� ��� #��
� 
�´ X¼´M� + ¶,+�´ * 	
^`_�d�_N|NuMqzoy_�d-xyd-x`qz� 
©d-c�c�m���mz�pdImvxpx}k�cgd { opq��Sd�xpm�opijx}��d { �
2v�c4¢� � { d-uSd-s { x.qvsblj|=qvs4oy_bd�op�pmE~�dv¨\qvs4oy_bd�lnm�opd$��mzlM�SqEkbs { mv�y|�MO8;P <y¨Nqv�©oy_bd���d-l { P�¨Nop_bd$s�oy_bd
�v��m { ijd$s\o ��8;PQ<¼ijxVx}kbu�uSqE�}opd { qvs MO8;P <Kmvs { oy_bd-�yd�d$�Ninx}opx < 8;PQ<WB � J 8 /21FE - "��;8�� " 85P <><Kx$� o-�

��8;P <>8;:�< � ���� B D$FAG 8 < 8;PQ<>8;:�<�<
­
_bd$�pd � �� B D$FAG ijx`op_bd�m { ��qvijsEo
qv�¬oy_�d�oy��mv~�d�qEuSd-�pmzoyqv�`qEs � " �

�w�c4¢� � ijx
m/oyk��SdI��k�s�~�opirqEs 8¼xyqgi²o)inx { d-sbqzopd { � 8 � F <><y¨wop_bd$s
� � 8;P_- � < � / ��qv�)mvs\| � �d= :�= � 8$:�<�= ?A@�BED$FbG � / �5? � " 85P < �	� ��
 = � = :PB;D /21FE <>=

%b�9IVxpx}k�cgd + qz�`~�lnmvxpx (*#N¨ g z M mzs { oy_bd�ljirs�d-mz�Ic=mvububijsb� � 3 U�1 d�8 f - o <�~�qEs\oyijs\k�qvk�x�ijs
( 8(D /H1FE]\ -R> #\8 � 1 < > <�<p�M¦Vs { d-�)oy_�d/mvxpxykbc�uwoyijqvs�x)qz� 
©d-cgc=m#�4mzs { ir� � inxVmgoyk��Sd���kbs�~�opirqEs©¨oy_bd-�ydId$�wijx}opx
m/oyijc�d�¡ { d$uMd$s { d$s\o { inx�op�yij�bkwopirqEs��S¨�� 8$:�<WB;D "$#&% J 8�� " 8;P <�< \ �G¨�x}kS~�_4op_�m�o

d � 8gf - o < � 
 $
	
s � �� y D k G 8�
 8 f <�8gr#< u�� < 1 o 8 r#<Cz ��� ��� D�� G � J ��� ��� D�� G � r

efehg�iaj
k
l�k



�v� �O�������������������a���#�
	9�#�\��� ����
������

� 
�´©´���

2v�0
©d$o � �SdKm.�Sd$l { x}k�~�_�op_�m�o � 8;:�<CB "�8'� 1 < > <Mmzs { xyuwo � 8;:�< � + " 85PQ< ��� ��qv�¬mvsN|O:PBnD /H1.E <y�
^`_Nk�xe9 " 8;P O � � <#+ � 9 " 8;P <�+ 8 � + " 85PQ<><y��^`_bd$�pd���qE�yd � 8;P O �&� < � � 8;P <y�E��sIop_bd!qvoy_bd-�}¡
_�mzs { ¨ � 8;P O � � <>8;:�< x � B D$FAG ��� 85P <�8$:�< x � B5D$FAG�mb� dv�virs�D /H1.E]\ �N^`_bd)­.d$ljl²¡¢uMqExyd { sbd]xyx�qv�Xoy_bdV�K��»xymzoyinx��Sd { �\| � ijc�ubljird]x`i²o�x
kbsbi��\kbd$sbd]xyx-�bhNq�¨wijs�oy_binx)~$mEx}dE¨N­!d�_�m¯�Ed � 8;P O � � < ��� 85P <¼mb� dv�
irs � 85P <p��^`_binx`ub�yq��Ed-x!oy_Sm�o d ��8 f - o < � | �Shwq�xyuwo ��8;P <�8$:�< : + " 8;PQ<Kmb� dv�wijs D /H1.E]\ �
�.|/xyirc�ijljmv��mv�y�Ekbc�d$s\opx�mvs { ~�qvsSx}i { d$�pijsb���Ed-~�oyqv����d-l { x � xyk�~�_/oy_�mzo � 8$:�<WB "�8`+ " 85P < 1 < > <��qv�`mzsN| :CB;D /H1FE <p¨N­!d)u��yq��Ed
oy_�mzo.xyuwo ��85PQ<�8$:�< : + " 8;P <��K��qv�`mzsN| :CB D /21FE <p� �Vd$s�~$dv¨N­.dV~$mvs~�qEs�~�ljk { d�op_�m�o)xyuwo ��85PQ<�8�=3< : MO85P <p�

�w�
»��wub�pd-xpx}ijsb�goy_bd���k�s�~�opirqEs�mzl]d�m�o
oy_�d V�uMqvijs\o&X P O � � ¨b­.d�qE�wopmvirs

� 85P O � � < � m 85P O �&� 1(� 85P O � � <�< � m��bP O � � 1 �
�! �"# �$

D %!:('*)J� "� + " 85P < \��
­
_bd$�pd � "� � 9 " 8;P O � � <��P9 " 85P < % J �^`_bdB~�qEs { iroyijqvs � 8$:�<�= ?A@ B D;FAG � / ��qv��mvs\| : B D /H1.E <#irc�ubljird]xtoy_Sm�o�9 " 8;P O � � <#+ �
9 " 85P <�+ 8 � + " 85P <�<p�H4¢oV~�qEc�d-x!oy_�mzo � 8;P O � � < � � 85P <p�2Gtqv�pd$q��Ed$� � 85P O � � < ��� 8;PQ<y¨
oy_bd-s	�c8;P O �&� < � d#8gf <y�M^`_bd$�pd���qE�ydCd �$8 f - o < �0| �

%b�
^`_bd#~�qEs\oyijs\k�i²o�|ªqv�Kop_bd=c=mzububijsb� � 3 U�1 d#8 f - o <Virs ( 8(D /H1.E]\ -�> # 8 � 1 < > <><�mzs { oy_�d��Zmv~�ooy_�mzo©oy_�d¼�v��m { ijd$s\o*��8;PQ<>8;:�< ��� �� B5D$F`G 8 < 8;PQ<>8$:�<><y¨]�vij�vd�oy_Sm�o < 8;P <CB � J 8 /H1FE - "�%
# IKJ 8'� " 85P <�<><y�Gtqv�pd$q��Ed$�
� � 8;P{- � < � 
 $� s < 85P <>8;:�< 1 � 8$:�<Cz � � ��
 ` J � ��� ` X :

� 
 $� s < 85P <>8;:�< 1 >�8$:�<Pz X : O 
 $� s < 85P <>8;:�< 1 8 � 8$:�<�= ? " 8;P <><$? " 8;P <Wz X :
� 
 $� s < 8;P <>8$:�< 1 8 � 8$:�<>= ? " 85P <�<f? " 85P <Cz X :

­
_bd$�pd > inx)mvs%m { c�ijxpx}ij�bljd��vd-~�oyqE�!�Sd$l { xyk�~�_�oy_�mzo>�8;:�< � � 8;:�<KU 8 � 8$:�<�= ? " 85P <><`? " 8;P <'qvs�� " 85P <�=
±5d*aNsbq�­ oy_�mzo � � 85P{-R>�< � / �MhNq�kbs { d-�`oy_bd�xyuSd]~�ir��d { _N|NuSqvoy_bd]x}d]x

< 85P <�8$:�< � � �� B 8�� 8;PQ<>8$:�<;? " 8;PQ<�<>=
­
_bd$�pd � � B ijx.op_bdIsbqv�pc=mzlXop�pmE~�dv�

��� e����



���������
	��
�������������������������������� !�#"$�� �� �a2

�	&w� � 
�� -
2v� Gtqv�pd��Ed$sbd-�pmvlrlj|%i²� � { d-uSd-s { x�qvs�lr|tqvsªoy_bd/oy��mv~$dv¨Mqvs op_bd/lnm�opd$��mzl��SqEkbs { mv�y| MO85P <y¨Xqv�¼oy_bd
��d$l { P mzs { < 8;PQ<WB � J 8 /21FE - "�%
# IxJ 8'� " 8;PQ<�<¼op_bd$s
� �$85P{- � < �


 $� s < 85P <>8;:�< 1 8 � 8$:�<�= ? " 85P <><`? " 8;P <Pz X : O 
 $� s < 85P <�8$:�< 1 >�8$:�<�z X :
­
_bd$�pd�oy_�dI����x�oVijs\oyd-�v��mzl§qz��oy_�d��yij�v_\oy¡ _�mvs { oyd-�yc�ijx`op_bd�xy_�mzuMd { d-�yij��m�opir�Ed�mvs { oy_�d�x}d]~�qEs {
qvsbd�inx
ubkb�pd$lj| { |Ns�mvc�ij~�mzs { inx { kbd�opq�oy_bd���mz�pinm�oyijqvs%qz�1oy_bd�o�mzsb�Ed$s\oyinmzl©~$qvc�uMqvsbd-sEo
qv� � �

�w�9IVxpx}k�cgd5oy_�d5d$�Ninx}oyd$sS~�d�qv��mB�Ed-~�opqv�4��kbs�~�opirqEs < ­
iroy_ < 8;:�< B ��� 8�� " 8;P < 1 < > <y¨	�+z M ¨x}kS~�_4op_�m�o ��85P <>8;:�< � � �� B D$FAG < 8$:�<y�S^`_bd$s©¨�kbs { d-�`oy_bdImvxpxykbc�uwoyijqvs�x`qv� 
¬d$c�c=mg��mvs { i²��oy_bd{ d$sSx}iro�|���xpm�oyinx}��d-x ��8;:�< � < 8;:�<>= ? " B���� 8'� " 8;PQ<�<y¨X­.d�_�m¯�Ed�mzs ijsEopd$�E�pmvl¬�pd$ub�pd-xyd$s\opmzoyijqvs���qv�oy_bd { d$�pir��m�opir�Ed
� � 8;P_- � < � 
 $� 


� B D$F`G
� 8;P�<�8$:�< � 8;:�<>= ? " X � " X :�=

� 67�.89�������§2#34��&�� :<�.��34�=�

±¥d�mzu�ublr|#oy_bd�u��yd-�\ijqvkSx.oykb�Md�mzsSmzlj|NxyinxKopq#m�k�xyk�mzl¬xy_�mvuSd���kbs�~�oyijqvs�mvlCm 8`+O<p�,.bqE�Vmg�vij�vd-s��Sd$l {
P#¨�op_bd { qvc=mzijs + " 8;PQ<.inx { d���s�d { ��qE��mvsN| :`op_bd$s5­!d/�vd$oVoy_�dg~$ljmExyxyij~-mzl1d��wuSd-s�xyirqEs !G�dK"#`op_�m�o�­!d
op�yd]m�o���qvljlrq�­
ijsb��oy_bd�ub�pd$�Nijqvk�xVoyk��Sd���kbsS~�oyijqvsSmzl¼mzu�ub�yq\mv~�_©�X^`_bd?V}irsbiroyinmzl�X { qEc=mzijs +��Md$ijsb�t�vij�vd-s
mEx
­.d$ljl1mvx)oy_bd�oyijcgd�: � ¨����yqEc ! �cK"#`oy_bdI��k�s�~�opirqEs�mzlPm 8#+ "�� 85P <�<!oykb�ps�x)oyq#�Md/mg��kbsS~�oyijqvsSmzl � 85PQ<Kqv�op_bd4xyuSd-d { �vd]~�opqv����d-l { P#¨ � 8;P < � m 8`+ "�� 85PQ<><V�Md$ijsb� { d��Ssbd { �N|ªop_bd#�pir�E_\o�_Smzs { xyi { d=qz� !G�cK�#��^`_�d$s ­.d�mzubu�lr|%qvkb��ub�pd$�NirqEk�x`opkb�Sd { d$�pij�¯mzoyij�vd�~-mzln~�kbljk�xV­
i²op_toy_bd/k�x}d�qz��oy_�dIoy��mzs�xy�vd-�pxyd���d-l {��
mExyxyqw~�inm�opd { oyq op_bd4uMd$�yoyk��y��mzoyijqvs¥��d-l { � � �!qvs�~$d$�psbijsb�toy_bd%x}_SmzuMd4mzs�mvlr|wxyijx�­!d4m { qvubo�sbq�­ oy_bd
~$ljmExyxyin~$mzlboyd$�pc�irs�qvljqv�vijd)ijs\oy�pq { k�~�d { irs�£ �z¤ ¨M£32¯�]¤§~�qvsS~�d$�psbijsb�Iop_bdVsbqvoyijqvs�x!qz�¬xy_�mvuSd { d$�pir��m�opir�Ed�!Z�yd]x}u©�
�Mqvk�s { mz�p|�x}_�mvuSd { d-�yij��m�oyij�vd #�qz� { ijx}oy�pij�bkwoyijqvsSx { d$��sbd { qvs�m�c�q��Nirsb� { qvc=mvirs !Z�yd]x}u¬�EqEs4m�c�q��Nirs��
�Mqvk�s { mz�p|�qE�¼x}k��}�ZmE~�d$#��".bqE�¼d��bmvcgu�lrd`op_bd)�Mqvkbs { mz�p|/xy_�mzuMd { d-�yij��m�oyij�vd`qv�Mop_bd)sbqE�yc=mvlw�vd-~�oyqE����d$l { ¨
{ d$sbqvoyd { �N|�?��� 85P <¼inx`�vij�vd$s%�N| ?��� 8;PQ< � U � � 8.s P 8 / < 1 ? z <Kx}d-d�£ K]¤¢�

I�xyxykbc�d�oy_bd��Zmzc�irlj|4qv� { qvc=mzijs�x.oyq=�Md�xycgqNqvoy_td$sbqEkb�v_¬¨bxym¯| + qz��~�lnmvxpx.> #/­
i²op_toy_bdIijs\oyd-�vd$�g{z M �b±¥d a\s�q�­ oy_Sm�o
��qv�)mvsN|
P B�� �KJ # 687�9� > � 8jD /21FE]\#1 k #l 8'�Z<�<

op_bd�mExyxyqw~�inm�opd { ��q�­`mzs { iropx!ijs\�Ed$��x}dI¨]9 85P�<�mvs { 9 85P�< % J ¨Nmz�pd)d-lrd-cgd-s\opx!qz� ( J 8jD /21FE]\#1 (*# 8 � 1 < > <><>=
�!qEs�xyi { d-�#m x}_SmzuMd ��kbs�~�oyijqvs�mvl?m 8�=3< { d��Ssbd { qEs m xyk�~�_ �Zmvcgijlj|�qz� { qEc=mzijs�x	� ~�qEsEo�mzijsbijsb�'oy_bd
{ qvc=mzijs�x

% + � 8 ] < � 9 � 8 ] <#+�- @ �*B D /21FE]\#1 @ ] Bjk #l 8'�N<.'d=
hwkbubuMqExydtm5x}_�mvuSd { i �Xd$�pd$s\oyinmz�bljd�qvstmzsN|�� B
�=�b±¥d { d$sbqvoydI�N| X m 8 �_- ] <�oy_�d�x}_�mvuSd { d-�yij��m�opir�Ed
qv�*m qEsBmzsN|�� B��«ijs oy_bd { ir�pd-~�oyijqvs ] �x4¢� �«inx/irs (*# 8 � 1 < > <y¨©op_bd$�pd4d$�wijx}opx/m�"�inx�op�yij�bkwopirqEs

efehg�iaj
k
l�k



�E� �O�������������������a���#�
	9�#�\��� ����
������

��8 �Q<¼qv�1��s�i²opdIqv� { d$�]¨ ��8 �Q<PB " #&% J 8'� 1�� � < �1x}k�~�_�oy_Sm�oX m 8 � - ] < � s ��8 �Q< 1R] z � ��� ` D � J ��� G � J � ��� ` D � J ��� G =
± _�d$s?g � M oy_Sm�o
�v��m { ijd$s\o
inx
m !Z�vd]~�oyqE� #!c�d-mEx}k��ydIxykbubuMqv�yoyd { �N|=oy_�dI�SqEkbs { mv�y|E������ "�� � "%���B��� �

±¥dKmvxpxykbc�d�oy_�mzo§oy_bd¼�E�pm { ijd$s\o§ijx©xyc�qNqzoy_�d-sbqvkb�E_�irs�opirc�dv¨d8 ��1 ��8`+ � 8;P <9<lB � J 8 /H1.EH1 "$��8 � 1 < > <a<y¨op_bd$st­.d�qv�wo�mzijs4op_bd���qvljlrq�­
ijsb��d��wuMd$s�xyijqvs �
� 85P < � m 8#+ " � 85P <�< � m 8`+O< O 
 "��� s ��8#+ � 8;PQ<�< 1 P 8	�c<Wz X � ! �#%�#

±¥d�xpm¯|�oy_�mzo
oy_bd�xy_�mzuMd���kbs�~�oyijqvs�mvlWm�inx.o�­
ij~$dIx}_�mvuSd { i��Xd$�pd$s\oyinmz��lrd !Zxyd$d�£ 2-�z¤ #.ir�
� ^`_bdIc=mzubu�irsb�_+ 1 ��8`+O<Kinx
xy_�mzuMd { i��Xd$�pd$s\opijmv�blrdE¨woy_Sm�o)inx �
@ P�¨boy_bdIc=mzu�ubirs��

< U�1 " #&% J 8 � 1 <?> < �
� 3 U�1 ��8`+ � 85P <><

ijx { d$�pir��mz��lrdE�z^`_bd
x}_�mvuSd { d-�yij��m�opir�Edv¨�­
_bin~�_/inx�oy_�d { d$�pir��mzoyij�vd`m�o � � / ijx { d-sbqzopd { ����8#+�-�P <y�
±5dImExyxykbc�dVop_�m�o`op_bd�c�mvububijsb� � U�1 ���;8`+ � 85P < 1 � <�inx`~�qEsEopirsNkbqEk�x.mzs { oy_bd-s !�xyd$dg£ �]¤ ¨§£ ��¤# { d$uMd$s { x
qvs�lr|#qEs PQ8	�c<�op_bd$st­.d��Ed�o ���;8`+ � 85P < 1 � < � ���$8`+ � 85P < 1 � 8	�c<�<p�Gtqv�pd$q��Ed$�1­!d
mvxpxykbc�dKop_�m�o�oy_�d
c�mvububijsb� � 1 ���;8`+ � 85P < 1 � <©inx�lrijsbd]mz�¼mzs { ~�qEs\oyijs\k�qvk�x�mzs {x}ijs�~$d���+ � 85P <¼inx
x}c�qNqzop_©¨N���pqvc9op_bdI�vd-sbd$�pij~�mz�p�vk�cgd-s\o { d-�vd-lrqEubuSd { ijs'£32]�¯¤©­.d { d$�pir�Ed�op_�m�o
���;8`+ 1 =3<!­
ijljl { d-uSd-s { qEstoy_bdgmzkwopqvsbqEcgd-qvk�x
��d$l { P9qEsblj|4op_b�yqEkb�v_tiropx�sbqv�pc=mzl�~�qvc�uMqvs�mvs\o
qvs%oy_�dI�SqEkbs { mv�y|E¨Eop_�m�o)inx ���$8`+ � 85P <><>= �0������;8#+ � 8;P <�<>= 8	�C8	�c<><¼­
_bd$�pd
�a8 �#< � s � 8 �c< 1 ? � zI�±5d { d��Ssbd#op_bd�mExyxyqw~�inm�oyd {���
 ���a��� �!�(�����#� !)­
_�ij~�_B~-mzs �Md%xyd$d-sBmvx�m�~�qvs\opirsNkbqEk�x�ljirs�d-mz�
qvuMd$��m�opqv� # ����;8`+ � 8;P <><WB�� 8 "J8�� 1 < > < 1 "�8 � 1 < > < ��<y�

� ±5d�xykbubuMqExyd�oy_bdIc=mvububijsb����3 U�1 ���;8#+ � 8;PQ<�<y¨boyq=�Md�~�qvs\opirsNkbqEk�x$�^`_bd { d-�yij��m�oyij�vd�qv� � qEsNP ijs�oy_bd { ij�pd-~�opirqEs�� inx

� � 8;P_- � < ��
 "��� s � � 8`+ � 85P <�<��,6 1 P z O s���8`+ � 8;P <>< 1 � z X �
.��yqEc £ L¯¤\oy_bdKx}oy�pk�~�oykb�pd�oy_�d$qv�pd$c !©£ L¯¤X£ �¯¤¢¨v£ ez¤ #X��qE�©�v��m { ijd$s\o]¨�oy_bd-�ydKd��wijx}oyd!m
xy~-mzlnmz� { inx}oy�pir�bkboyijqvs©¨

~-mzljlrd { xy_�mvuSd { d-s�x}iro�|4�E�pm { ijd$s\o-¨ � 8 �Q<¼ijs "$#&% J 8 � � < �©xyk�~�_%oy_Sm�oX m 8 �_- ] < � s ��8 �Q<(- ����� 8 ] <>= ? z � ��� ` D � G � J � ��� ` D � G ! ��e)#
±¥dIirs\op�yq { k�~$d�oy_bd�~$ljmExyx`qv��hN_�mvuSd { i��Xd$�pd$s\oyinmz��lrd���kbs�~�oyijqvs�mvljxVmvx.��qvljljq�­)x �

S & Y * + ¶,+�´ * '
^`_�d4x}_SmzuMd=��kbs�~�oyijqvs�mvl m ijx�irs�� J 8 � <�ir�)i²ogijx/x}_SmzuMd { i �Md-�yd-sEopijmv�bljd4m�o/mvsN| � B�� mzs { ir�
oy_bd
{ d$s�xyi²o�|4�v��m { ijd$s\o���8 �Q<¼qz�cm5mzo�� B
� �Ed$�pi²��d]x�� ��8 �Q<WB 	 `

� 8'� �Q<p�

��� e����



���������
	��
�������������������������������� !�#"$�� �� �c%

I�xyxykbc�dlm�ijs � R 8 � <!mzs { ~$qvs�xyi { d$�.oy_bd���qElrljq�­
ijsb��d��wuSd-s�xyirqEs �
m 8#+ " � 8;PQ<�< � m 8`+O< O 
 " �� s���8`+ � 8;P <>< 1 P 8	�c<Cz X � ! �cK"#

±¥dtmz�pd#irs\opd$�pd-x}oyd { irs ~�qvc�ubkboyijsb�ªop_bd4�S�px}ogqE� { d$��qEuwoyijc=mzlji²o�| ~$qvs { iroyijqvsB��qv�/oy_bd%c�irsbijc�ir®]m�opirqEs
u��yqE�blrd-c � ���F m 8#+ " � 8;PQ<�< 1 : � �Md$ijsb���b�wd { =

±¥d�x}k�ubuSq\x}d�oy_Sm�o-¨ @ P�¨wop_bd�c�mvububijsb� ��3 U�1 ����;8#+ � 8;PQ<�<y¨boyqg�Sd�~$qvs\oyijsNkbqvk�x-��!1^`_�mzo
ijx`d$�Ek�ir��m�¡ljd$s\o�oyq xpm¯|�op_�m�o�op_bd/c=mvububijsb�[+ 1 ���$8`+O<
ijxI~$qvs\oyijsNkbqvkSx)��qEc ��d$�Ek�irubuMd { ­
iroy_5oy_bd��7���\�>�#�C"
� ��"$������� ���c���Q�����2� !Gx}d-d�£ ev¤ #.ijs "�8'� 1 < > <p�
���a� 	 " &e� ��/ /." �h��
�
�����
�"�
 ��� - /."%���B�(�*) ����

/���" ��� �����h� ��$�
������ �

^`_bd { d$�pir��m�opir�Ed�qz� � qvsZP irs�oy_�d { ir�pd-~�oyijqvs	� inx

� � 8;P_- � < � 
 "��� s�� � 8#+ � 8;PQ<�< ��698 �c< 1 P z O s���8`+ � 85P <�< 1 � z X �
4¢��­.d��pd$­
�piroyd � ijs%oyd$�pc=x
qz��oy_�d { d$s�xyiro�|4�v��m { ird-sEo�� 8�� � 8;P <><Kmvxpx}qw~$ijmzoyd { oyq ��8#+ � 8;PQ<�<p¨bk�xyirsb�op_bd��Zmv~�o`oy_�mzo

��8`+ � 8;P <>< � ���� � D$F`G 8�� 8�� � 8;P <><c? 8�� � 8;PQ<�<>< ! �z��#
hwq/op_�m�o

� 8;PQ< � m 8`+O< O 
 "��� 

� � D$FAG

� 8�� � 8;P <�<{s PQ8	�c< 1 ? 8�� � 8;PQ<�<Wz X � � X �
op_Nk�x.oy_bd { d$�pir��m�opir�Ed�qz� � m�oVmguMqvijsEo�P#¨birs%op_bd { ij�yd]~�oyijqvs	� ¨b_�mEx
mgcgqE�yd�d$�Nu�lrin~�iro
d��wub�pd-xpx}ijqvs©�
� 
�´ X¼´M� + ¶,+�´ * 1
I�xyxykbc�d
2v�.oy_bd { m�opm�xyk Z#~�ijd$s\oylj|�xyc�qNqzoy_
�w�.oy_bd%x}_SmzuMd { d$�pij�¯mzoyij�vd�� � 8�� � 85P <(- ] <�d��winx�o�xI��qv�gmzsN|5m { c�ijxpxyir�bljd4mvkwoyqEsbqvc�qvkSx { ij�yd]~�oyijqvs ]mzs { mvs\| � B;D /21 : � \ �

^`_�d$s � � 85P <y¨
� � 85P{- � < ��
 "��� 


� � D;FAG
8 � � 8'� � 8;PQ<.-�6 8 �c<�< s P 8	�c< 1 ? 8�� � 8;P <><Cz O

��8'� � 85P <�< s�� 8	�c< 1 ? 8�� � 8;P <><Cz O X � Q � � D$FAG�8 � 8�� � 85PQ<>< PQ8 �c<�<_s 6�8 �#< 1 ? � z Os � � � 8 ��8'� � 8;PQ<�<9< 1 P � � D$FAG�8	�c<_zns 6 8	�c< 1 ? � z
O ��8'� � 85P <�<_s ��PQ8 �c<>= ? � 1 ? � z s � 8	�c< 1 ? � z < X � � X �

mvs { i²o { d-uSd-s { x
qEs�� 8 �c<�oy_b�pqvkb�E_ � 8	�c<p�

efehg�iaj
k
l�k



�ze �O�������������������a���#�
	9�#�\��� ����
������

� 
�´©´���
 �.| { ij�pd-~�o�~-mzln~�kblnm�opirqEs©¨X��qvljljq�­
irsb� { d-�yij��m�oyij�v�]x��yk�lrd]xImzs { sbqzo�m�opirqEs�x !�£ ��¤¢¨¼£ K¯¤ #���� �Sd-irsb�
op_bdIc�d-mvs%~$kb�y��mzoykb�pd�qz�¬op_bdIc=mzsbir��qvl { ¨b­.d��vd$o �

� � 8;P_- � < � 
 " �� 

� � D$F`G

8$� � 8�� � 8;PQ<.-�6�8 �#<><7s PQ8 �c< 1 ? 8'� � 85PQ<><Wz O
� 8�� � 8;PQ<�<{s�� 8	�c< 1 ? 8�� � 8;P <><Wz O � 8�� � 8;PQ<�<_s P 8	�c< 1 ? � 8�� � 8 Q <(- � 8	�c<�<Pz O
����8'� � 85P <�<_s PQ8 �#< 1 ? 8'� � 85P <�<Pz s 698 �c< 1 ? 8'� � 85P <><Cz

O s ��P 8	�c<>= ? � 1 ? � z s � 8	�c< 1 ? � z < X � � X �
ºVq�­ mEx ?���8'� � 8 Q <(- � 8	�c<�< � U � � � D��
G�8Fs � 8 �#< 1 ? � z <p¨©k�xyirs���o�mzsb�Ed$s\oyinmzl��N|ªuSmz�yo�ijs\oyd-�v��m�oyijqvs5­!dqE�wopmvirs !G�\� #��

±¥d/mExyxykbc�dIoy_�d���qElrljq�­
irs��=lrijsbd-mv�yiro�| � � ��8'� � 8;PQ<.-�6 8 �c<�< � �� �V8'� � 85P <�<�=�s 6 8	�c<�< 1 ? � zI¨S­
_bin~�_inx�oy�pkbd/���yqEc oy_bd�x�op�ykS~�oyk��yd { d$�pij�¯mzoyij�vd�oy_bd-qv�pd$c !�£ �-¤¢¨�£ ��¤ #�¨©mvx�x}qNqEs�mvx � �$8�� � 8;PQ<.-�6 8 �c<�<
ijx�ljirs�d-mz�mvs { ~�qvs\opirsNkbqEk�x�­
i²op_5�pd-xyuSd]~�o�oyq � ¨Moyqv�Ed�op_bd$�I­
iroy_5oy_bd��pd$�Ekbljmv�yiro�|tqz�!oy_bd=�Mqvkbs { mz�p|v�§^`_bdg����x�o
opd$�pc ~$mvs��MdI�pd$­
�pi²oyoyd$s mEx �


 " �� 

� � D;FAG

8 � � 8�� � 85PQ<(-�6 8	�c<�< s PQ8	�c< 1 ? 8�� � 8;PQ<�<Cz X � � X �
� 
 " �� 


� � D$F`G
8 �� � 8�� � 8;P <>< � =Hs PQ8 �#< 1 ? 8'� � 85P <�<Wzns 698 �c< 1 ? 8'� � 85P <><Cz X � � X �


¬d�om 8	�c< � �� � 8�� � 8;P <�< � =Hs PQ8 �#< 1 ? 8'� � 85P <�<Pz O � 8�� � 85P <>< X � Q P�8	�c< O s � � � D$FbG � 8�� � 8;P <�< 1 PQ8 �#<Wz
^`_�d$s

� � 8;P - � < � 
 "��� 

� � D$FAG

m 8	�c< 6�8 �#<�= ? 8 �c< O � 8�� � 8;PQ<�< � 8	�c<>= ? 8	�c< X � X �
.�ijs�mzljlj| ­!d { d-�yij�vd¥oy_�d¥�pd-xykblroª~�qvsS~�d$�psbijsb� oy_bd'sbd]~�d-xpxpmz�p| ��uboyijc�mvlriro�| ~$qvs { iroyijqvsQ��qv� � 85P < �
m 8#+ "�� 8;PQ<�< �
� 
�´ X¼´M� + ¶,+�´ * [
^`_�d�s�d-~�d]xyxpmz�p|=qvuboyijc�mvlriro�|4~$qvs { iroyijqvs mExyxyqw~�inm�oyd { opq�~$qvs�xyi { d$�pd { c�irsbijc�ir®]m�opirqEs�ub�pqv��lrd-c�ijx?�


 = � = �¥ijs 8 /21 : � <^% 
 " �� m 8 � < �P9���8;PQ<��P9 � 8;P < % J X � ' O ��8'� � 8;PQ<�< � / < 
 = � =
ijs�� � 85P <
^`_bd4ub�yqNqv�.inx���mEx}d { qvs 
©d-c�c�m¥�N�©±¥d4~$mvsBmzlnx}q kSx}d�op_bd�m { ��qvijs\o�ub�yqE�bljd$c7xyqvljkwopirqEs � mzs {{ d$�pir�Ed#d��wubljij~$i²ogd��wub�pd-xpx}ijqvs¥��qE��op_bd4�E�pm { ird-s\o�qz�
op_bd#��kbsS~�oyijqvsSmzl � ijs�qE� { d$�Iopq { d-�yij�vd4m5x}d]~�qEs {

qE� { d$� { d-xp~�d-s\o`c�d$oy_bq { ��qv�`op_bd�x}_SmzuMd���kbs�~�opirqEs�mzl m��,.��yqEc��#%g­.d��vd�o


 $� 

� B
m 8$:�<\6 = ? " X � " X : � U 
 $� 


� B D$FbG � 8$:�< � = ? " X � " X :
��� e����



���������
	��
�������������������������������� !�#"$�� �� �dK

hwq/op_�m�o?�
� � 8;P - � < � 
 "��� 


� � D$FAG
8 � 8 �#< O � 8�� � 8;PQ<�<N<7s�� 8	�c< 1 ? 8	�c<Cz X � X �

± _�d$�pd � x}qElr�Ed-x!oy_bdI�Smv~jaN­.mv� { ub�pqv�bljd$c��
� " � 8$:�< O � � B � = P O � { ij�aP � m 8;:�<¥qEs�
 " 8F%,:('?) � " < 1 � 8$: � < � / qvs � "��

����� ��� 

� ��$�"
.�ijs�mzljlr|E¨vljd�o.k�xK~$qvs�xyi { d$��oy_�d)��qvljljq�­
irsb����k�s�~�opirqEs�mzlMmzs { op_bdVmvxpxyqN~$ijmzoyd { c�ijsbijcgij®-mzoyijqvs=q��Ed$� P �

� 8;P < � m 8`+O<xU M
 
 " �� 

� B D$FAG

8 � C "
��? " < R s PQ8;:�< 1 ? " z X � X :

^`_�d�d-kbljd$�pijmvs { d-�yij��m�opir�Ed�qv� � irs%oy_�d { ir�pd-~�oyijqvs	� inx
�vij�vd-s��N|[�
� � 85P{- � < � U M
 
 " �� 


� B D$FAG
8vD 
98 � C "

� ? " < R s P 8$:�< 1 ? " z O { ij� 8 S � C " 8;PQ< S R PQ< \ s 6 1 ? " z

O 8
� C "
� ? " < R s � 1 ? " z < X � X :

hwq/op_bdIsbd]~�d-xpxpmz�p|=qvuwopirc=mzljiro�|4~�qEs { iroyijqvs%­!qEkbl { �Md�oy_bd���qElrljq�­
irs��
�


 "��" D 
a8 � C �
� ? � < R s PQ8 �#< 1 ? � z O { ir� 8 S � C � 8;PQ< S R P 8	�c<�< \ �P9 � 85P <��P9 % J" 85P < X � O 8 � C "

� ? " < R � /

� � � � 	��)�4�.�
*

£32$¤?G � ¡ ���z�Vd-l²��qEkb��mzs {�� � ¡°�1���Xqvlj�-xyirqS�Nh\op�ykS~�oyk��yd.qz�Xx}_�mvuSd { d-�yij��m�oyij�vd]x©��qE��sbqvsgx}c�qNqzop_ { qEc=mzijs�x$�
�a�#�\��� ��� � ���A�\� ��"$���#� �#���O� ��� 	 ��� ��¨A2]�zeS¨b2 LbL\�w�

£ ��¤?G � ������d$lr��qvk��#mzs {	� � ¡¢���
�MqElr�]x}ijq���hN_SmzuMd%mvs�mzlj|wx}inx��Ninm�qE�yijd$s\opd {�{ ijx}opmvs�~�d���kbs�~�oyijqvs�x-�0���
�A�\� ��"
���O�������j¨`2]�#% !E2 # � 2 � 2-��¨�2 LbLzeS�

£ %z¤?G � ���!��d$lr��qvk���mzs {�� � ¡¢�����Xqvlj�-xyirqS� ��
 ���a��� �#� ��� �����Q��"$�����!��¨!�Eqvljkbc�d e qz�����# !�#� ���!�N���
���!�����c� �#� � � �#�C";�>���²�!h]4EI G ¨���_bijljm { d$ljub_binmb¨�I)kb�Ek�x�oV�v�v�a2E�

£ ev¤?G � ���`��d$lr��qvkb�tmzs {�� � ¡¢�����Mqvlj�-xyirqS� ��
 ���a��� ��� ��� ��� � ��";��������� I { ��mzs�~$d-x#ijs ��d-xyir�Es mzs {
�!qEs\oy�pqvl ��hNqw~$ird$o�|'��qv�l4°s { k�x}oy�pinmzl
mzs { I)ubu�lrijd { G m�op_bd$c=m�opij~-x !Gh]4EI�G #�¨K�¼_birlnm { d$ljub_binmb¨���I�¨
�v�v�C2v� I)s�mvlr|wxyijx-¨ { i �Md-�yd-sEopijmvl©~$mvlj~$kblrkSx$¨�mvs { qvuwopirc�ij®-m�opirqEs©�

£ K�¤ ..�§�I�§��d-xpmzijsEo�mzs {�� � ¡¢�����MqElr�]x}ijq�� G mzsbir��qvl {ª{ d-�yij��m�opir�Ed�ijsªoy_�d�lnmzublnmv~$d�¡¢�Sd-l²op�pmvcgi�d �\k�mzoyijqvs©�
�����A�\� ��"����O�������j¨A2!K\2)!E2$# � �#%ze � �v�bLb¨ 2 L5L\�w�

efehg�iaj
k
l�k



�v� �O�������������������a���#�
	9�#�\��� ����
������

£ �z¤I������®$ij�pi`mvs { � � ¡°���
�Mqvlj�-xyirqS�5��|Ns�mzc�in~$mzl`xy_�mzuMd%~$qvs\oy�pqvl!irs sbqvsb¡¢~$|\ljijs { �pij~-mzlKsSm¯�\ijd$�y¡°x�opqbavd]x
d$�\k�m�opirqEs�x$�c��� �7���� !� � � �O�������j¨A2 LbL5Lb�

£ �¯¤ � d-mvsw¡°��mvkbl1mvs { � d-mzsb¡¢��mzk�l �Mqvlj�-xyijq��c4 { d$s\opi²�S~-m�opirqEs { d { qEc�mvirs�d�u�mz� { d���qE�yc=m�opirqEs©� 4°s ��� ���
" ������"���� �
" ��"Q����� �#" 
 
 �Q��";�����C����¨!¦Vsbij�vd$��xyi²op� { dªº)in~�dE¨¼u�mz�Ed-xN2 � e Kv�b���Vd a]avd$�]¨¼º)d-­��¼qv�(aM¨
2 L\� Lb�

£ �z¤ � mzs¥hNqbaEq
	�q�­)xFaNi©mzs { � d]mzsw¡°��mzkbl �Mqvlj�-xyijq����
�C";�>� �#�C�
";����� " �_� 
 ���a����� "$� ��� �,��";�����S¨M�Eqvljkbc�d�2]�
qv� � ������� � ��� � ���������9��� �7� � � �\"5�#"$���#� ��� � ��" 
 � � �#"$���!���MhNub�pijsb�vd-�}¡54�d$�pljmv��¨&�!d-�yljijs©¨ 2 LbL\�w�bhN_�mvuSd
xyd$sSx}iroyij�Ni²o�|%mzs�mvlr|wxyijx-�

£ Lz¤ � � ¡¢��� �MqElr�]x}ijq��
���d�
��"$� � ����";����� �d���c� � �#��� �!� �a��� �5
 �
�#� � �#"$���#�H���g^`_�a-xyd { d { qw~�opqv��m�o { � ��opmzo-¨
¦Vsbij�vd$��xyi²op� { d�º)in~�dv¨ .b��mzs�~$dv¨b2 LN� L��

£ 2-�z¤ � � ¡¢�����MqElr�]x}ijq��54°sEop�yq { kS~�oyijqvs�oyq�x}_SmzuMd!qEuwoyijc�ir®]m�oyijqvs�ub�yqE�bljd$c=x�mzs { ���yd-dK�Mqvkbs { mz�p|Iub�yqE�bljd$c=x$�
4°s ��
 ���a� ��� "$� ��� �,��";����� �#� � ���>��� �����\���c�#��������� � �#�C";�>�������K	���������������¨w�vqElrkbc�d�%!�v�Iqv�f���
� �
�O�� � � �
� �!�
�H��"
� � ��� � ��� ��" 
 �2	 
 	 � � � ��� �j¨vuSmz�vd]x %bL\� � e KE�N�#"�ljk\­.d$� I
~-m { �z��k��blG�j¨E��qv� { �pd-~�_\o-¨2 LbL\�w�

£ 2c2$¤ � � ¡¢��� �MqElr�]x}ijq���hNd$o)­!d]m a#d-�vqvljkwopirqEs%mvs { op�pmvs�xy�vd$��xyd)��d-l {
��mv�yinm�opirqEs�mzl`mzubu�lrin~$mzoyijqvs�x�mzsSxgxy_�mvuSd { i �Md-�yd-sEopijmvl`d �\k�m�opirqEs©���)mvubuMqv�yo { dt�pd-~�_bd-�p~�_�d4eE�ve5L�¨
4�º�� 4EI�¨Ssbq��vd-c��Md$�)�z�E�E�b�

£ 2]��¤ � d-mvsw¡°��mvkbl �Xqvlj�-xyirqS�`^`_�d�c=m�opd$�pijmvl { d$�pij�¯mzoyij�vd !Zqv��x}uMd$d { #
c�d�op_bq { ��qv��x}_SmzuMd�qvuwopirc�ij®-mzoyijqvs©�
4°s$� � "$� ��� �,��";����� � ���#� ��"$���$�
�\"5��� �\�#�>���Q��"5���{��"$���C��";�\�>�����&%��#���'�(�)�*���,+ � � ��";	#�����-+ �#�.����/�����¨
�Eqvljkbc�d�Kz��qv�b� �
� � �O�� � � "$�C�#	0���H��"
� � ��� �2143 � � ����� � ��� �j¨Eu�mv�vd]x 2-� �5L � 2c2,Ka2v�]º)i ��_bq ��¨E^`_bd��mz�Ekbdv¨b2 L �a2E�

��� e����



Unité de recherche INRIA Sophia Antipolis
2004, route des Lucioles - BP 93 - 06902 Sophia Antipolis 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 Rhône-Alpes : 655, avenue de l’Europe - 38330 Montbonnot-St-Martin (France)

Unité de recherche INRIA Rocquencourt : Domaine de Voluceau - Rocquencourt - BP 105 - 78153 Le Chesnay Cedex (France)

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


���������� ��� ���

ISSN 0249-6399


