
HAL Id: inria-00071746
https://inria.hal.science/inria-00071746

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.

Comments on “Dynamical properties of hybrid
automata”, IEEE Trans. on Automatic Control, vol.48,

pp.2-14, 2003
Bernard Brogliato

To cite this version:
Bernard Brogliato. Comments on “Dynamical properties of hybrid automata”, IEEE Trans. on
Automatic Control, vol.48, pp.2-14, 2003. RR-4839, INRIA. 2003. �inria-00071746�

https://inria.hal.science/inria-00071746
https://hal.archives-ouvertes.fr


IS
S

N
 0

24
9-

63
99

   
   

 IS
R

N
 IN

R
IA

/R
R

--
48

39
--

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

Comments on “Dynamical properties of hybrid
automata”, IEEE Trans. on Automatic Control,

vol.48, pp.2-14, 2003

Bernard Brogliato

N° 4839

June 2003





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

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

���������	��
����������������������������� �!�"�#�
���	�$��%'&(��)��*��+
��,-
�����.
*�0/ 1�2435363 78� ���9��:;���=<>,-
�����.
*���?������
@� ���A1CB����A:ED�FG1

����:IHKJL	D-1MH.N�N�O

P�QSRUT V4RUWXP(RUY4Z\[^]^V`_aY�b

c#dfehg�i.j(kmlonpg�qfrtsvuInxwzy{i�u	wA|}uInxg�nt~�s�u�npwAy
� i�~��o~�u�e�g�i�~	��wzg�|frxih�}i�~

����wA�Ei�uK��nx|4wA|
�Ks�|�|`wz��u � i!�Ii���dfi��I��d�i�y4�jz�z�A�"km�zqfyfi����z�A��k=���(|�sA�Ai�~

�-�*���h�v�f�A�A  c#dfiCs�¡4wv¢Ai�£¤g�ihySu�npwAy�i � |`s�|4ih�¥��wzyzu�s�npy�~�s8�Aihy�ih��s�r	s�y�sArx�}~�np~(wA¦0do�o¡f��n �'� �oy�s�g�nt�hs�r
~��}~EuIihg¥~�§*¨8ihrprx£^|4wz~�i � y�i�~I~�sAy � ~�uIsA¡fnprxnxuE�¥��iU~�q�r©u�~�sA��iª|f�Ii�~�ihySu�i � §*«¬y-uIdfnp~#y�w�u�iª�i0|4wAnpySu#wzq}uK~�wzg�i
rpnpg(nxuIs�u�npwAy�~�wA¦®uIdfi�~�i{��iU~�qfrxuI~(	dfnt��d¯s��Ii�~�wAg�ih	d`svu�dfn ��� ihy¯¡o�°s²±zq�n©uIi�q�y}¦³wA��u�qfy`svu�iC��dfwznp�hi9wA¦
uIdfi�nxrprxq`~EuI�Is�u�npyf�´ih�}sAg�|frxiz§8µ	��u�q�sArxrp��nxu(d�sA|f|4ihy�~�u�d`svu(~�w�£¬�hsArxrpi � ��wAg�|frpihg�i�yzu�s��In©uE�8g�i���d�sAyfnt�hs�r
~��}~EuIihg¥~KsA��iz¶}u�w-sGrpsA���ziªih�ou�ihySuU¶�wAqfuI~�n � i�u�dfi�~I��wz|`i�w�¦*u�dfi � ih¢zihrpwA|4i � u�dfi�wA�I�A¶4��wAySuI�IsA����uIwG	d�svu
uIdfi!i��fsAg(|�rxi.g�nx�zdSu#rpi�uKwzyfi.¡`i�rxnpih¢ziA§
·C¸S¹\ºI»�¼ �v½*�A  ¾ �S¡���n � ~��o~�u�i�g¥~h¶(��wAg�|frpihg�i�yzu�s��In©uE�¿~��}~�u�i�g�~�¶�q�yfnxrtsvuIih��s�r(��wAy`~EuI�IsAnxySuI~�¶��ihrpr©£
|4wz~�i � yfi�~I~h§

ÀCÁ³Â*Ã�ÁÅÄÆÃ@ÇaÈÊÉUËEÌtÄ*ÍÏÎ�ËEÐ�Ñ�Ò�Á³Ã*ÓhÔ�Õ.ÖÊÉh×ÙØ�ÖÊÉaÉaÖ�×�Ñ�ÚÊÛÊÛ8ÜEÝ�ËEÉ�ÞaËMßaË�Ítà á`ÞaâãÖÊÎ�Ë�Ñ.äÊåÊäÊä�æ°ÓUÜ�çÏÉ�×ÙÌtÁÅÐ^è	çÏËEâ�Ñ®évâÙÜ�ÉaêEËÊÑ
ë Ë�âãÉvÜ�âãßSì ë âãÖÊíÊÍÏçîÜI×^Öhï*çÏÉaâãçîÜ�ÍÏÎ�ËEÐ�ì ðxâ



���������	��
*���Ê� �	���@,9� �����!�@
*��� �h�>��� �¥�9�����h� ���°�9� �!�"�#�
���	�Æ��%
&(�()�� ��+ ��,G
�����.
�0/ 1�2\36363 78� ����� :;��� <>,G
�����.
��� ������
@�*���A1

B����A:�D�FG1����²:�HKJL	D-1MH.N�N�O

��� ���	� �  �
 ihu�u�i yfw�uIi���wAySuInxi�yzu@±Sqfi�rp±SqfiU~���wzg�g(i�ySuIs�np�Ii�~ ~�qf��qfy�sA��uInp�hrxi��hwAy�~IsA�h����#rps � �Sy`s�g�np±Sqfi
� i�~ ~��}~EuIehg�i�~�dS�o¡f�In � i�~�§	�®wAq�~ g�wAySu��IwAy�~�rxiU~�rpnxg�nxu�i�~ � i®r�� s�y�sArx�}~�i#¦ãs�nxu�i � sAy�~ �hi�u sA��uInp�hrxiz¶z±Sqfn\~�wzySu
g¥sz~�±Sq���i�~0|�s��.qfy²��dfwAnx�Mg¥s�rpdfihq���i�q}� � i�r�� i��}i�g(|�rxi(nxrprpq�~EuI�Is�u�nx¦ �Iih|f�Int~®uIwAq}u�sAq´rpwAyf� � i�r�� s���u�nt��rpiA§
� yM¦ãs�nxu!rxiU~.~��}~�u�ehg�iU~ � nxuI~ � i���wzg�|fr���g�ihySuIsA��nxu��yfi��IihySuI��i�yzuª|�sA~�¶ ihy"����y��h��s�r^¶ � s�y�~ªrpi(��s � �Ii � i
rts�u�d���wA�Inxi � ��¢Ai�rxwz|f|���i � s�y�~	�hi.|�s�|fnpih�U§
��¼ �U� º ��� � �²  lo�}~EuIehg�i�~�dS�o¡f�In � i�~�¶ l}�o~�u�e�g�i�~ � i9��wAg�|fr��hg�i�yzu�s��In©u��A¶ ��wzyzuI�IsAnxySuIi�~.qfyfnprtsvu���IsArxiU~h¶
l}�o~�u�e�g�i�~#¡fnpihy{|4wz~��~�§



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

L 24��
@� �¥+�,9� 
�����

c#d�i�sA¡`wv¢zi�£¤g(i�ySu�npwAyfi � |�s�|4ih� � i�sArp~*	nxu�d(~�i�¢Aih��s�rSsA~�|`iU�Êu�~wA¦�do�o¡f��n ��� �oy�sAg�np��s�r}~��}~�u�i�g�~rpn�0zi �ihrpr©£
|4wz~�i � yfi�~I~21³ih�ont~�u�ihy`��i!w�¦ ~�wArpq}u�npwAy�~�¶}qfyfnt±Sqfihy�i�~I~	w�¦ ~�wzrxqfu�npwAy�~�¶���wzySu�npySq�wAq�~ � i�|`i�y � i�y���i!wzy�npyfnxu�nts�r
�hwAy � n©uInxwzy�~ 3�¶ s�y � ~�uIs�¡�nxrpn©uE�z§ c#dfnt~(np~¥�hih��uIs�npyfrp��s´yfnt��i{s�y � npg�|`wz��u�s�ySu��hwAySu��Inp¡fq}u�npwAy°u�w8dS�o¡f�In �
� �Sy`s�g�np��s�rA~��}~EuIihg¥~@sAy�s�rp�}~�nt~�¶�s�y �  i��wAq�r � rpn�0zi u�wK|4wAnpySu@wAqfu~�wzg�i�w�¦}nxuI~�rpnpg(nxuIs�u�npwAy�~@	dfnt��d!g(wS~Eu
�Ii�s � ih��~#g�nx�zdSu0yfwAu0~�q`~�|4i���u � qfi�u�w¥uIdfi�qfyf¦³wA��u�qfy�s�u�i���d�wAnt��i!w�¦ uIdfi�nprxrpq�~�u���svuInxyf�-i��fs�g�|frpiA§	«¬yMsArxr
	d`svu�¦³wzrxrpwvK~ �i®~�d`s�rpr � iUs�r�	nxu�d-g(iU��d�s�y�np��s�r�~��}~EuIihg¥~h¶S	dfwS~�i	¢zi��ÊuIwA��wA¦��Ai�yfih��s�rpnp~�i � ��wowz� � npy�s�u�i�~
nt~ � i�yfw�uIi � sA~547698 ¶�8;:=< >@?�nt~ uIdfiK��wzy�A��Aq��Is�u�npwAy�~�|�sz��iA§5B�ihu�q�~ g¥s�0zi�u�dfi#¦³wzrxrpwv	nxy��ª�hwAg�g�ihySuI~
sA¡`wzq}u#u�dfi�sA¡`wv¢zi�£¤g�ihySu�npwAyfi � |�sA|`i��DC

E c#dfi{u�d�ihwA�Ii�uInp��s�r#�Ii�~�qfr©u�~¥s��Ii{nxrprxq`~EuI�Is�u�i � ¡o��u�d�iM~�wA£¤��s�rprxi � �Iwo��0onpyf�8¡frxw}��0\§ ¾ wv�ih¢zih�(u�dfi
� �oy�s�g�nt�hsAr@g�w � ihr*w�¦ uIdfi��Iw}��0onxyf�¥¡�rxw}��09u�d�s�u0nt~0~�u�q � nxi � 1ã~�i���u�npwAyM«�«Ê§ �F3®nt~®yfwAuªsz�h��i�|}uIsA¡frpi
¦³��wzg s(g�i���d�sAyfnt�hs�r\|4wAnpySuKw�¦¢onpih!¶f¡4i���s�q�~�i*C
E � c#d�i!q�~�i � �Ii�~�u�nxu�qfu�npwAy{rpsa5np~Ks�~�nxg�|frpnt~EuInp�.�IqfrpiA¶}rtsA��0onxy���wA¦*|fdo�}~�np��s�r\¦³wAq�y � svuInxwzy�¶
E � c#d�i � �oy�s�g�nt�hs�r\g�w � ihr@np~	npy��hwAg�|frpi�u�iz§

G µ�g�q���d´¡4i�u�u�i��ªg�w � i�r �hwAy�~�nt~Eu�~®wA¦ ihg�¡`i �f� npyf�-uIdfi(��w}��0onxy��G¡frpwo��0{npySu�w{~�wA£¤��s�rprxi � � ���H�����"I
�J�"�!
.���#�K
L��+����M����������M�#�N�#
O�"�P� ¶z	dfnp��d(¦³wz��g sª~�|4i���n�A`�K�hrpsz~�~ wA¦4do�o¡f�In ��� �oy�sAg�np��s�rf~��o~�u�i�g¥~h¶
¡fq}u���s�y²s�rt~�w{¡4iG¢onxi� i � sz~ � n�Q4i���i�yzuInpsAr�npy���rpq�~�nxwzy�~h¶*~�i�i,R Sf¶UTNV¤§9c#dfnt~!s�rprxwvK~.wzyfiA¶nxy²|�sA��£
u�nt��qfrts��U¶\u�w�~�wzrx¢zi�uIdfi�|���wz¡frxi�g>�IsAnp~�i � s�u0uIdfi(ihy � w�¦ ~�i���u�npwAy�~0«�«Ê§ �¿sAy � «.W�§ µ s�¡4wAqfuXAf�}i �
|`wznxySu�~	w�¦u�dfi!�Iw}��0Snpyf�(¡frpwo��0\§

Y[Z s�yo��g�i���d�sAyfnt�hs�r\~��o~�u�i�g¥~ ~�qf¡}�EiU�Êu�u�w�q�yfnxrtsvuIih��s�r\��wzy�~EuI�IsAnxySu�~h¶ � w�y�w�u#|`wS~�~�i�~I~ uIdfi!��wAySuInxy}£
qfwAq`~ � ih|4ihy � ihy��hi	wAy�npyfn©uInpsAr���wzy � nxu�npwAy�~ |���wz|`i���uE�\Rp�A¶^]DV^¶z	dfnt��d(nt~��h��q��hnpsAro¦³wA� uIdfi	i��ou�i�y�~�nxwzy
w�¦*u�dfi�Bszl}sArxrpi�� ~#npyS¢vsA��nts�y��hi0rpihg�g¥sf§ «¬y9¦ãsz�ÊuU¶fn©uKd`s�|f|4ihy�~	u�d�s�u	u�dfi��hwAy��hrxq�~�npwAy�~#wA¦_B�i�g�g�s
«�«�«Ê§ � � wCyfw�u�d�wAr � ¦³wz��g¥s�yo�"�hwAg�|frpihg�ihySu�s��In©uE�Mg�iU��d�s�yfnt�hsAr�~��}~�u�i�g�~�~�qf¡f�Ei��Êu�u�w ��-��`
$� �����
-��!�K����
O�"�����_�����!��
L�����K�!
$� RÏ�}¶���V^§ «¬yC|�s���u�nt��qfrts��U¶ou�d�i���w}��0onpyf��¡�rxw}��0GuE�o|fnt�hsArxrp�9~�dfwvK~	~�q���d � nt~E£
��wzyzuInxyoqfnxu�npi�~�¶�¦³wz��sªrpsA���zi ��s�yf�zi wA¦4nxuI~�|�s���s�g�i�uIih��~F1ãg¥sA~I~h¶ � nxg�i�y�~�npwAy`~ 3�§ba0y�u�dfi	wAu�dfi�� d�s�y �
u�dfi���i.ih�ont~�u	�hwAg�|frpihg�ihySu�s��In©uE��g�i���d�sAyfnt�hs�r ~��}~EuIihg¥~ u�d�s�u � w(y�w�uK~�s�u�nt~E¦³�Gµ0~�~�qfg�|}uInxwzy9j^3 wA¦
c#dfihwz��i�g$«�«�«Ê§ �(¡�q}uK	dfwz~�i!~�wzrxqfu�npwAy�~	sA��i.��wzyzuInxyoqfwzq�~�rx� � i�|`i�y � i�yzu0wAy�nxyfnxu�nts�r��wAy � n©uInxwzy�~�§

c c#dfi(��iUsA��d�sA¡frxi�~�i�u�~0sAy �,dHe rpnxg�nxu.~�i�u�~®wA¦�g�i���d�sAyfnp��s�r*��wAg�|frpihg�i�yzu�s��In©uE�{~��o~�u�i�g¥~®g¥sa�{¡`i
±Sqfn©uIi�|`iU��qfrpnpsA�!sA~.�i(~�d�s�rpr ~�i�i�	nxu�d�~�nxg�|frpi(i��fs�g�|frpi�~�§ ¾ ihy��hi(|4wz~I~�nx¡frp�M�	iUsA��d!fhg «¬yfnxu�¶
¢onxwzrps�u�npyf�¥µ®~I~�qfg�|}uInxwzy{«�«Ê§Ï��wzy9	d�np��diB�i�g�g�s(«.W�§x�!�IihrpnxiU~h§

jlk nxy�sArxrp��u�d�i®�ihrpr©£¤|`wS~�i � yfiU~�~ w�¦�g�i���d�sAyfnt�hs�r\��wzg�|frxi�g�ihySuIsA��nxuE�(~��}~EuIihg¥~(1ãi��}nt~EuIihy��hiA¶oqfyfnt±Sqfi�£
yfi�~I~ªw�¦ ~�wArpq}uInxwzy�~ 3Kd�sA~ª¡4ihi�y´rpwAyf��~EuIq � npi � nxy´u�dfi�µK|f|�rxnpi � Z svuIdfihg¥s�u�nt�h~ªrxnxu�i��Is�u�qf�IiA§!c#dfi
g�wz~�u ��iU��i�yzu�sAy � nxg�|4wA��uIsAyzu �hwAySu��Inp¡fq}u�npwAy`~ s��Ii	nxy,Rp�A¶��mTNV¤§*µ®y�s�rp�}��nxuE��w�¦\uIdfi � s�uIsªnp~ ���Iq���nts�r
u�w{�Aihuªq�yfnp±Sqfi�yfi�~I~ªw�¦#~�wzrxq}uInxwzy�~�Rx�	V^§�c#dfi(�ArpwA¡�sAr5B@nx|`~���dfnxu�n���wzySu�npySq�n©uE�CwA¦ ¢AiU�ÊuIwA�XA�ihr � ~!sA~
��iU±Sqfnx�Ii � npy�µ®~I~�qfg�|}uInxwzy�«�«Ê§p�¥np~�yfw�u�~IsvuInp~oA�i � ¦³wz��g�wz~�uPB@s��z�IsAyf�Ants�y8~��}~�u�i�g�~�§-µ®rp~�w�¶u�dfi
i��fsA��u�y�svuIqf�Ii(wA¦#~�wArpq}uInxwzy�~!sA~!~�uIs�u�i � npyqp®i"A�yfnxu�npwAy�~!«�«Ê§ �f¶@«�«Ê§ �CsAy � c#d�ihwA�Iihg «�«�«Ê§p�¥nt~!yfw�u
¢Ai����-�hrxiUs��#npy9uIdfnt~K~�ihu�uInxyf�`§

ÃÃ É�rfæ�åÊä#s



j � �	�#������+ � � ���*�`���
.�

� ¸��*¸ �a� � � ¼ ½ ¸ �\� � ½ »�¸ � � º�� ¼ � ¸ ½ �*¸ �U�z  c#dfi�~�i#|`wznxySu�~��s�nt~�i iU~�~�ihySu�nts�rz¦³i�s�u�qf�Ii�~*wA¦`g�i���d�sAyfnt�hs�r
�hwAg�|frpihg�ihySu�s��In©uE�(~��}~�u�ihg¥~X1 Z 
 l 3�¶z	d�np��d�uIw�wAqf� wA|fnpyfnpwAy.�Eq�~�u�nx¦³�(u�dfi®¦ãsA��u�u�d�s�u Z 
 l(d`sa¢Ai#u�w�¡`i
�hwAy�~�n � ih�Ii � sA|�s���u�¦³�IwAg uIdfi®uIdfihwz��� � i�¢Ai�rxwz|`i � npyGu�d�iªsA¡`wv¢zi�£¤g(i�ySu�npwAyfi � |�s�|4ih�U§ «¬yGu�d�i®¦³wzrxrpwv	nxy��
�i¥	nprxr ~�qf|f|4wA��u�wAq�����rts�npg�~�¡S�8~�npg�|frpi¥i��fs�g�|frpi�~�§ k nx��~�u�w�¦	s�rprÙ¶rxihu�q�~�~�uIs�u�i�u�d`svu!u�d�i¥��w}��0onxy��
¡�rxw}��0{~��}~�u�ihg{¶4	n©uId´npy�~�uIs�ySu�s�yfi�wAq�~	¢zihrpw}��nxuE���Eqfg�|�~.s�u0npg(|`sA�Êu�~h¶4¡4ihrpwAyf�S~	u�w-u�dfi�¦³wArprxwv	npyf�-�hrpsz~�~
wA¦yfwzy}£¬~�g�wow�uId � �oy�sAg�np��s�r�~��o~�u�i�g¥~h¶}	dfnt��d�d�sA~#¡4ihi�y�npySu��Iw � q���i � ¡S� Z wA�Ii�sAq;R �f¶f�f¶@���NVOC

������	 �����


�� 4����4������4����4�������� �"!��4#��$
%"& !��4#�(')$+* %
�4,�-�/.01�(�32�465 7"8:9;=<?>,@BAC@EDGFIHGH=JK�LNM ��POQ�-� 0 ��� L

1E�m3

	d�ih�Ii*C
R �� 4��!nt~!u�d�i-|4wz~�n©uInx¢zi � i	A`yfn©uIi-npyfih��u�nts{g¥svuI��nx� ¶,���4����4S�����!��wzyzu�s�npy�~ 
 wz��npwArpnp~�¶ ��ihySuI��nx¦³qf�zsArÙ¶
��wzy�~�i���¢vs�u�np¢AiA¶zs�y � i��ou�i���y`s�r}¦³wz�I�hi�~ITUu�wz�I±SqfiU~h¶�!S� 4�� 6 < >VU(¶?$i6,< >VU nt~�s.¢zi��ÊuIwA� w�¦ B@sA�A��s�yf�zi
g�qfrxu�np|frpnxi��I~�¶}s�rt~�w(�hsArxrpi � s�~�rtsA��0�¢vs��Ints�¡frpi®npyGyfwzyfrxnpyfiUs���|f��wz�A��s�g�g�nxy���¶?�XWont~ uIdfi ��q���rpn � i�sAy
�A��s � npihySuU¶
R u�dfi�~�iU��wzy � rxnpyfi9np~�s �����(�M���"���	��
O���#�K
$� ���	� ��
L���� ¡4i�uE�ihi�yY!S� 4#��s�y � $ 1ãnÙ§ iA§´sM|�s���u�nt��qfrts��

�����!
.�*�"
 �J�m+*�"� ¶f	dfnt��d{np~#g�nt~�~�npyf��nxy�u�d�i�s�¡4wv¢Ai�£¤g�ihySu�npwAy�i � |`s�|4ih�#3Ê¶
R u�dfi-u�dfnp� � rxnpyfi-nt~�sAy²nxg�|�sz�Êu��IqfrpiA¶ L �[Z e �4��-�]\0^�Ê¶�_`�4S�-������nt~!uIdfi¥u�s�yf�zihySu���wzyfi¥uIwCu�dfi
s � g�nt~�~�np¡frxi � wAg¥s�npyba3�dc�� 4����4��fe�!��4#�g* %ih Rx�U�}¶�z�#V¤¶�!S�/jk�#nt~0~�q���d{u�d`svuf_l� 4#�nm�po�¦³wz�0sArxr
476qa0¶
R � 0 �Ai�yfih�Int�hs�rprp� � i�yfw�uIi�~	uIdfi�npg�|�sA��uKu�npg�i�~�¶ svu®	dfnt��d{u�d�i�¢Ai�rxw}�hn©uE�d�4S��j �®qfy � i����zwoi�~Ks.�Eq�g(|
�hsArp�hqfrps�u�i � ¦³�IwAg�uIdfi!npg(|`sA�ÊuK�IqfrpiA¶V�4,�-�/.0 �(�srB8:7 DGtVD Fvu Dxw#D F �4��G���Ê¶V�4��-� \0 ���3r:8B7 DGtVD Fyu Dxz{D F �4S�G���Ê§

a0yfiCy�w�u�nt��iU~�¦³�IwAg 1��m3�uId�svu Z 
 l'|4wz~I~�i�~I~�nxy'¦ãsA��u9s8qfyfnt±SqfiM¢AiU�ÊuIwA��A�ihr � ¶KsAy � u�d�s�u¥u�dfi�nx�
� �Sy`s�g�np��~G~�	n©u���dfi�~¥¡4i�uE�ihi�y rxwv�ih��£ � nxg�i�y�~�npwAy`s�r	~�q�¡�~�|`sA��iU~h§¿c#dfnt~G|frtsA�hi�~ Z 
 l'npy6s°~�rxnp�AdSuIrx�
� n Q\ih�IihySu@|4ih��~�|4i���u�np¢Ai ¦³�IwAg¿g¥s�yo�®wAu�dfi���uE�o|4i�~�wA¦}dS�o¡f�In � ~��}~�u�ihg¥~F1Åu�d�wAqf�zd.u�dfi��ª��s�y!¡4i ihg�¡`i �f� i �
npySu�w�p0i	A�yfnxu�npwAy{«�«Ê§x�N3Ê§
�9¸ �°�}�}| E[~ ' � �����(�M� �	���	��
O���#�K
$� ���"����
L����!� �������M��
 )��q+�� �$�!�"� �"��+��b�K
K'�� ~ ' �"� �������K
O��� 
 ' �
+ �	
.�*��'^���"�!
2� ���M+��K
$���� � +�-��#�K�?��� ' ���"�#� �o%�����
L������b�K
 ' !��6� 4��n� % %	�����"�����X� &d��&d� ��� �
�#-!��'X�!' �N�"�	�]�_
 ' �X��-��`
$� ���`��"�H� � 
K'!�H�"���`-�
$���� �o%(��� �K�M�����X�����H�����	���"�!
.���#�K
L� �M��� )	� �	�����C�S�y�,�y���,���6���~ '!�	�9��������� �"�X%�-��M+*���J�"�!
.��� %	���2
 ' ��� '!����� �	
.�	�#� �"��
$����q�o%��]�	-��K�`�)"�#�K-�� � ���K�!
$�]�F�N�@��' �y�b�q)��	� �y�(�

c#dfi��Iwo��0onpyf�K¡frpw}��0!~��}~�u�ihg���s�y�¡4i �Ii���sA~�u@npyzuIw�1��m3Ê¶v	d�ih�Ii(�C��� 4��*s�y � ���N� 4��g�sa�ª¡4i���dfwS~�i�y�sA~
uIdfi®q�yfnxrtsvuIih��s�r��hwAy�~�u���s�npySuI~(!S� 4�� M �p�-� � �4#����� � � 4����Ê¶fsz~�~�dfwv	y¥wAyJA��zqf�Ii��A§*«¬yGwA� � i�� u�w(~�npg�|frxnx¦³�
uIdfi�sAy�s�rp�}~�nt~	wzyfi�g¥sa�-¦³q���uIdfih�.sA~I~�q�g(i�u�d�s�u®u�d�i���wzySuIsA��u®|4wAnpyzu�~ � wGyfw�u.~�rpn � i�wAyMu�dfi�¡`wzqfy � sA���� a0¶ � i�~�|fn©uIi(u�dfi¥��wzy�~�u���s�npyzuªnp~ª¦³�Int�Êu�npwAy�rxiU~�~�§�c#dfnt~!sA~I~�qfg�|}u�npwAy�¶\uIdfwAq��Ad8yfw�u!¢Ai����{�Ii�sArxnt~EuInp��¦³�IwAg
s Z i���d`s�yfnt�h~0|`wznxySu.w�¦�¢onpih!¶\d�sA~ªrpn©u�u�rpi�npyQ��q�ihy��hi�wzyCu�dfi(g¥svuIih�InpsAr � nt~I��q�~I~�i � npyMu�d�np~ªyfwAu�iA§!c#dfi

Á³Â*Ã�ÁÅÄ



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

y�i��ou0uIdfihwz��i�g np~.s���wzg(|�nxrtsvuInxwzyMw�¦ |���wz|`wS~�nxu�npwAy´�S�}¶ |f�IwA¡�rxi�g��G¶\uIdfihwz��i�g¥~0��¶ ����s�y � ��wA�IwArprts��I�
�-w�¦(Rp�#V¤§�c#dfi(��iU~�qfrxuI~0npy�Rp�#V���wAy`~EuIn©uIq}u�i�u�dfi�g�wz~�uªs � ¢vs�y��hi � �Ii�~�qfrxuI~ªs�¡4wAq}uª¦³�Inp��u�npwAyfrpi�~I~ Z 
 l{u�w
� svu�iz§

0

���

�

�

�

�
�
	

�

�

��
���

; �
A���� @B;�� u ��� u�� H

� �

k nx�zqf�Ii(� C�c#dfi.|frts�y�sA�	��w}��0onxy���¡frpw}��0\§

��� ¸o¼ � ¸ � E �/��� � ���#-��J�2
K'!��
 
K'!�P������!S�*-�����
L����7������� %	����+ 8 �b
K'!��%�-����	
L����!� !{���4#� �(� &��^&Y� �
���M+ 
 ' �,��� � �M�K��� ��� 4S���4������ �����7�������`��
L�����
 ' �2%�-����	
L����!� !{��� 4�� ��� �2%�-��M�"
$����M���`� �K�M+*�.�!�	��+*�"�!
P�
���M+P
K'!��
 eBe ��� 4S�#"#�����=eBe A &%$ �-��� � � �'&#� 4S�o4S� % ���C� eBe "�e:e A � �b�K
 ' $ �-��� 6)( J�+*�, �< >.-�< > . � � &#� 4���4S� % ��� � �H
 ' �
/ ��"�J���!������;+�� �#
.����� ��)��	
 � ���	� 4 ���M+J
 ' �2�K�!�K
L����^�!�N�#�K
L���� 4�� % � � ���M+ eBe=jyeBe A � � 
 ' �10��K���	
L��2�����#���~ '!�	� �"���`-�
L����!���&%32/��49�65 � �#
 ��� < > . ���M+ ������-����G�	-!���b�K
 ' 4��/jk� � )#�"���`-�
O�"�`�9�����!
L�K�!-!��-^�]�(� '!�	� � ���

 ' �87N�"���m�	�K
L� �4,�/jk� � �2�#�E�N'^
 � ���!
L�K�!-!��-^�@�&%����D����� )���-��M+ ��+97����#���
L������1:;�������;7��"��
K'!��� ��� �"���"����
L���� � �
�7�J������-�� � &<" � c��4 h &C�1�=&<>@? �g� ' �"��� c#�4 h � � �BA �m) �	����-!�\�K�!
.�x����� )	� �X%�-����	
L������@���M+ &<>@? � �9���
��
O������2�J���N�#-����g�b�K
 ',�J� ��-��!
.�*)"���X�"�	
 �o% ��
O���P�@���7�����J�����(�!�*�"
b
$�K��� �K�!
.�	��7����C2&��
.����� �����K���	�+ ��b�K
 ',�K�(�!�*�"
F
L�K�J�	�D4C�

«¬y9w�u�d�ih� �wA� � ~�u�dfi0g(w � i�r`npy 1��m3�np~���wzg(|�rxihu�i0sAy � ��s�yG¡4i®npySu�ih�z�Is�u�i � wAy < > . § ¨"iªyfwAu�iKuId�svu
uIdfi��Ii�~�qfrxuI~KnpyqRp�	V|4ih�Ig�n©uªg�wA�Ii!�Aihy�ih��s�r�npg�|�sA��u®��q�rxiU~	u�d`s�yCnpy�1E�N3Ê¶\~�i�i\Rx�A¶�� ±Sq�§ 1E�mT 3.V^§Kc#dfi�wA�Iihg
�9s�|f|4i�sA�I~.uIwM¡4iGg�q���d�g�wz��iG|4wv�ih��¦³qfr u�d`s�y�nxuI~(��wAq�yzuIih�I|�s���u�c#dfihwz��i�g «�«�«Ê§p�A¶ ~�nxy��hiGnxu�s�|f|�rxnpi�~
uIwMyfwzy}£¤sAq}u�wzyfwAg�wzq�~ Z 
 l²s�y � |f��wv¢on � i�~.wzyfiG	nxu�d°sz�h��q��Is�u�iGs�y � q`~�sA¡frxi-nxy}¦³wz��g¥s�u�npwAy�~!wzy²u�dfi
y`svu�q���i(w�¦ u�dfi¥~�wArpq}u�npwAy�~�¶ 	dfnt��d"d`sA~.��wzy�~�n � i��IsA¡frxi�nxg�|4wA��uIsAy���i�npy"¢onpih wA¦�~�qf¡�~�i�±SqfihySu!s�y�sArx�}~�np~
sAy � ��wAySuI��wzrÙ¶�~�ihi�¡4ihrpwv!§Jp0i	A`yfn©uInxwzy�~.«�«Ê§Ï�{s�y � «�«Ê§ � � w{yfwAu!�hwAySuIsAnxy"u�d�iG~�wzrxq}uInxwzy�~ªnxy8uIdfi¥~�i�y�~�i
wA¦®uIdfihwz��i�g �A¶�¡4i��hsAq�~�i9uIdfiCih¢zihySu�u�npg�i�~GsA��i{wA� � i��IsA¡frxiz¶ u�d�i´~Eu�svuIi 4��/jk��g¥sa�°yfwAuG¡`iCwA¦ªrpw}�hs�r
¡4wAq�y � i � ¢vs��Inps�u�npwAy�¶�sAy � ~�wzrxq}uInxwzy�~(~�dfwzqfr � ¡4i � n Q\ih�IihySuInpsA¡frxi�wAy u�dfi{npySu�ih�I¢vs�rt~J<����FE G ���#GIH�#J wA�
<�K �LE G�K �#GIHK �#	dfi�yNMPO3�RQ C�uIdfnt~Knt~K��rpi�sA��rp�-yfwAu®~�s�u�nt~&A`i � ¡o�-uIdfi�~�wArpq}u�npwAy�~®sA~#npy{u�dfi�wA�Iihg �
1DS	3�§ c#d�i	¦ãsA��u u�d�s�uT&U"�|`wS~�~�i�~I~�i�~*u�d�i®s�¡4wv¢Ai � iU��wAg�|4wz~�n©uInxwzy�¶Ad`sA~ ��wzy�~�i�±Sqfihy`��i�~�wAy(u�dfiXB��zsA|fqfyfwv¢
V Ô�ÇaË ðxÞaÉaê¬×^çÏÖÊÉRW8XZY\[]_^+Y �'`6aZbdcfe ^8ghdikj a\l ç ×ÙÇmWn^ `6a\oqp çÏÐ@êEÖÊÉh×ÙçÏÉ�ÞUÖÊÞaÐ ÖÊÉ9r p�st`vu Ñ�ç ×*çÏÐçÏÉ�wvÉaç ×ÙËEÍ xªßaç yAËEâãË�É�×ÙçîÜ�ØaÍÏËÖÊÉzr p�st`6a ÑAØaÞU×*çÏÐç ×ÉaÖ�×*Ö�ð4Ø�ÖÊÞaÉaßUË�ß.Ý�Ü�âÙçîÜI×ÙçÏÖÊÉ�ÖÊÉzr p�s#`vu|{ ×^Ü�}ÊË~Y�� ��`Co �� ��� j

ÑU�m� p ×ÙÖKê¤ÇaËEêD}®×^ÇvÜI× ç ×^Ð�ÝÊÜ�âãçîÜI×^çÏÖÊÉ

ÃÃ É�rfæ�åÊä#s



T � �	�#������+ � � ���*�`���
.�

~�uIsA¡fnprxnxuE��s�y�sArx�}~�np~�u�d�s�u��hs�y�¡`i#rpi � ¡o��~�u�q � �Snpyf�0u�dfi � i�y�~�nxuE�!w�¦�u�dfi B��Ss�|fq�yfwv¢®¦³q�y��ÊuInxwzy � i���np¢vsvuInx¢zi
	nxu�dC�Ii�~�|4i��Êu®u�w¥uIdfi�|4wz~�n©uInx¢zi!g(iUsA~�qf�Ii8&U> � &���� &U>@?9Rp�mSmV¤§#«¤u0nt~KyfwAu�ih�wA��u�do�¥uId�svu0g(wS~Eu0w�¦ u�dfi
�ihrprx£^|4wz~�i � y�i�~I~#��iU~�qfrxuI~#wz¡}uIsAnxy�i � ~�w�¦ãsA�#¦³wA� Z 
 l\¶ � w¥yfwAuK��i�rx�9wAyCs�yo�Gdo�o¡f�In � ~��}~EuIihg¥~	|4wAnpyzuKwA¦
¢onpih!¶\¡fq}u!��svuIdfih�0wAy"�hwAy�~�n � ih�Inxy�� Z 
 lMsz~J1³yfwzy}£¤~�uIsAy � sA� � 3 � n Q\ih�IihySuInpsAr*npy��hrxq�~�npwAy�~ªs�y � g¥s�0onxy��
q`~�i#w�¦ ��wzyo¢Ai���sAy�s�rp�}~�nt~u�wowArt~ RÏ�o¶ ]S¶A��¶}���}¶��DTNV¤¶zsAy�ih�}�hih|}uInxwzy�¡4ihnpyf��R �NV¤§*c#dfiKs �f� nxu�npwAy(w�¦ 
 wAqfrpwAg�¡
¦³�Int�Êu�npwAyGu�w,1E�m3�¦³qf��u�dfi��	��wAg�|frpnt�hsvuIi�~ u�dfi.s�y`s�rp�o~�nt~(Rp�DTNV�sAy � |frtsA�hi�~ u�dfi.~�nxg�|frpi�~�u Z 
 l�¦ãs���wAqfuI~�n � i
uIdfi�~I��wz|`i!wA¦ u�dfi�s�¡4wv¢Ai�£¤g�ihySu�npwAy�i � |�s�|4ih�U§Kc#dfi���ih¦³wA�Ii�p®i"A�yfnxu�npwAy�~®«�«Ê§Ï�Gs�y � «�«Ê§ �f¶\s�y � c#dfi�wA�Iihg
«�«�«Ê§p��sA��i�nxy�s � i�±Sq�s�u�i�u�w9~�u�q � � Z 
 l\§\«¤uªnt~0yfw�uIih�wA��u�do�-uId�svuªu�d�i�¢onpwArtsvu�npwAyCwA¦ µ®~I~�q�g(|fu�npwAy´«�«Ê§x�
nt~#yfwAu	u�dfi!g¥s�npy�|f��wz¡frpihg$¡fqfuK�Is�u�dfi��Ks�uIi���dfy�np��s�r |4wAnpyzuU§

� ¸��¼ � ¹ ����Ù½ � ¹ �h� ¸ �°�A  ¨ dfi�uIdfih�#wz� yfwAu�~��o~�u�i�g¥~ 	dfwS~�iª~�wzrxqfu�npwAy�~ qfy � i����zw�npy�A�yfnxu�i�rx�¥g¥s�yo�
� ih¢zihySuI~��Knxy9A�yfnxu�i0u�npg�i!s��Ii®npy���rpq � i � npy-uIdfiªsAy�s�rp�}~�nt~ w�¦�uIdfiªsA¡`wv¢zi�£¤g�ihySu�npwAyfi � |�sA|`i�� nt~�yfw�u#¢Ai����
�hrxiUs��U§ l}ih¢Ai��IsAr`~�ihySu�i�y���iU~X1 ��� ihyfw�do�o¡f�In � s�q}uIwAg¥svu�s�	nprxr\yfwAu ¡4iª~�u�q � nxi � ¦³qf��u�dfi�� npyGuIdfnt~ |`s�|4ih�	��

i�y � wA¦ ~�iU�ÊuInxwzyM«�«�«Ê§ µ�
4¶ � c#d�i���wzy���rpq�~�nxwzyMw�¦ uIdfnt~0ih�fs�g�|frpi���wzqfr � s�rt~�w-d�sa¢Ai�¡4ihi�y � i���np¢Ai � q�~�nxyf�
uIdfi�|f��wz|`i���uE�²wA¦ � ihyfw"i��}i��hq}u�npwAy`~��
²ihy � w�¦0~�i���u�npwAy «.W�§ µ�
4¶ � ~�wAg�i-wz|`i�y |f�IwA¡frpihg¥~�§x§p§ C � ihy�w
do�o¡f�In � ~��}~EuIihg¥~h¶ ��
9~�i���u�npwAy,W�
 3#rxiUsa¢Aiªu�d�i!��iUs � i��		n©uIdMs(¦³q n"n��9npg�|f��iU~�~�npwAy�§ Z 
 l�q�~�q`s�rprx��s��Ii
� ihyfw`¶�s�y � uIdfi{g�i�sA~�qf�Ii�&<>@?q1ã~�ihi9u�dfi�wA�Iihg��m3��hsAy�uIs*0Ai�s´��wzg�|frxih��¦³wA�Ig ¡`iU�hs�q`~�i-u�dfi{~�ihu(wA¦
� np~I��wzyzuInxyoqfnxuE�¥uInxg�i�~#wA¦ s�¦³qfy`�Êu�npwAy{wA¦*¡4wAqfy � i � ¢vs��Inps�u�npwAy9g�sa�-yfw�u	¡4i!wA� � ih��s�¡frpiA§

��� ¸ ��� � ������� �	� ¸   � ±Sqfnx¢vsArxi�yzuIrx�-wAyfiªg¥sa� � i	A�y�i0uIdfi.��iU~EuIn©uIq}u�npwAy9rpsa 1ã��wz���Ii�~�|4wAy � npyf��u�w(u�dfi
�Ii�~�i�u	g¥s�|,>"���?�o4���nxy�uIdfi�s�¡4wv¢Aih£^g�ihySuInxwzyfi � |�s�|4ih�#3�sA~

� ! � �4S�G� 0 ��� M �4��-�/.0���� e � � �"! � � 4��-� 0 ��� M �4S�G� \0(� 1Ù�*3
¦³wz�!s�rpr �hwAy�~�u���s�npySuª~�qf��¦ãsA��iU~ cm4�e#!���� 4��f� %Qh 	dfnt��d8sA��i(sA�ÊuInx¢zi(s�uf� 0 ¶@s�y � uIs*0Snpyf���}� � % §�c#d�np~
�hwAg�¡fnxy�i � 	nxu�dCuIdfi�s�rp�Aih¡��IsAnp�2Bs��A��s�y��Ants�y � �oy�s�g�nt�h~ªsvuf� 0 ¶ s�rprxwvK~	wzyfi�uIw-�Ii�uI��npih¢zi!u�dfi(npg(|`sA�Êu
�Iqfrpi!nxyq1��m3Ê§#c#doq�~	nx¦ � � � u�dfnt~Knpg�|�sA��uK��q�rxi!�Ii � q`��i�~	u�w�u�d�i�~Eu�s�y � s�� � npyfihrtsA~�u�nt� �Ki�#u�wzy � ~®rpsa!§
µ yfwzy}£Onhih�Iw´�Ii�~�u�nxu�qfu�npwAy¯�hs�y'i�sz~�nprp��¡`i{npyzuI��w � q`��i � §'c#dfi{npg�|�sA��u��Iqfrpi{nxy 1E�N3�nt~�yfwAu(uIdfi{wAyfrp�
|4wz~I~�nx¡frpi.wAyfiJRp�U�mV¤§ ¾ wv�ih¢zih�	s���dfwAnt��i.d�sz~�u�w¥¡4i!g¥s � iª¦³wA�KsAy�s�rp�}~�nt~#s�y � �hwAySu��IwAr\|fqf�I|4wz~�i�~�§ c#d�np~
wzyfiKd�sz~ rpnpg(nxuIs�u�npwAy�~�¶SwAyG	dfnt��d¥�i0~�d�s�rpr�yfwAu ih�SuIihy � nxy¥uIdfnt~ yfwAu�iz§*«¤u�np~ dfwv�ih¢zih� � i"A�yfnxu�i�rx��g�q`��d
¡4i�u�u�i���¶*¦³�IwAg s Z i���d�sAyfnt�hs�r |`wznxySu�wA¦#¢onpih!¶*u�d`s�y²u�d�iG��q�rxiG|���iU~�i�yzuIi � npy²u�dfi�s�¡4wv¢Ai�£¤g�ihySu�npwAy�i �
|`s�|4ih� loiU�ÊuInxwzy¥«�«Ê§ �K¶z	d�np��d�nt~�d�sA� � rp��sz�h�hih|}u�s�¡frpiA§ k wz��nxy`~Eu�s�y��hiA¶Anx¦\u�dfi®¡frxw}��0���wzrxrpn � i�~ uIdfiK�A�IwAq�y �
	nxu�d9��wA�Iyfi�����	dfnprxi��6nt~ sAnx�I¡`wz��y�iA¶Awzyfi®sA|f|frpnxiU~ s �®ih#u�wzy � ~��Ii�~�u�nxu�q}uInxwzy�u�w�uIdfi®y�wA�Ig�sArf¢Ai�rxw}�hn©uE�
s�u��G¶�	n©uId6��woi��G�hnxi�yzu�� ? 6 E % � � J § «¬y �hsA~�i{w�¦!s²��wArprpnp~�nxwzy ¡4i�uE�ihi�y'uE w²¦³�Inp��u�npwAyfrpi�~I~�¡4w � nxiU~h¶
~�q���d8s9g�w � i�rxrpnxy�����dfwznp�hi(��s�y8¡`i��Ii	A�y�i � ¡fq}u!np~.	n � i�rx�´sz�h�hih|}uIi � sz~.s9�zwow � g�w � ihr Rp���NV¤§(c#d�np~
	nprpr@yfiU��i�~I~Is��Inxrp�G�Ii�~�qfr©uKnpy �� �G� . 0��^�[>"� � � $ �6(N���� � �G�]\0��I��� ? � �� �G�]\0��Ê¶\sA~K��s�y{¡4i��hsArp�hqfrps�u�i � ¦³�IwAg Rp�U�o¶
� ±zq@§ 1$Tf§ �A� 3.V ¡o�8��d�wSwS~�npyf� $

J
� % §Cc#dfih�Ii¥nt~�yfwM�Ii�sz~�wzy´uId�svu�> � � � $ ��( ���� � �-� \0(����� ? �J6 E % � � J npy

wz� � ih�\u�w®�Aq�sA�IsAyzuIihi_0onxyfihu�nt� ihy�ih�I�A�®rpwz~I~bRp�U�o¶ 
 d�sA|}u�i��UT�V¤§ 
 wzyS¢zih��~�i�rx�K~�uIs�u�npyf�	uId�svu �� �-�/.01�(��� �� �-� \0(�
g¥sa�¥�Ii�~�qfrxu#npyCs�y�nxg�|�sz�Êu	rtsa5yfwAu	~IsvuInp~�¦³�onxy�� Rp��¶f� ��wz|`wS~�nxu�npwAyiSNV¤§ 
 rxiUs��Irx��uIdfi!��iU~EuIn©uIq}u�npwAy�rtsa5npy
ßaç Ý�ËEâÙíÊËEÐ Ð^çÏÉUê�Ë�×ÙÇaË*ÐÙË�âãçÏËEÐ � j

! ßaç Ý�ËEâÙíÊËEÐ�ì "¬ì4Ó�Þaê^Ç0Ü ðxÞaÉaê¬×ÙçÏÖÊÉ0Ü�ÎUÎvÜ�âÙËEÉ�×^Í xKÐ^ÜI×^çÏÐ�wvËEÐ\×^ÇUËâãË�#�ÞaçÏâãËEè	ËEÉh×ÙÐ�çÏÉ%$*ËvwvÉaç ×ÙçÏÖÊÉaÐÁÙÁ¤ì & Ü�Éaß®ÁÙÁ¤ì äUì�ÁÅÉKÖ�×^ÇUË�â l ÖÊâãßaÐ�ÑU×ÙÇaË Ë'UËEêEÞU×ÙçÏÖÊÉaÐ@Ü�Ð\×^ÇUËtx0Ü�âãË ßaËvwvÉaËEß®çÏÉ	×^ÇaË Ü�ØAÖ�Ý�Ë¬ÌÅè	ËEÉh×ÙçÏÖÊÉaËEß0ÎaÜ�ÎAËEâ ßaÖ ÉaÖ�× çÏè	ÎaÍ x×^ÇvÜI×TWn^�( a çÏÐ Ö�ð@ÍÏÖhê�Ü�Í4Ø�ÖÊÞaÉaßaËEß�Ý�Ü�âÙçîÜI×ÙçÏÖÊÉSì0é�çÏÉaÜ�ÍÏÍ x!ðpÞaÉUêE×ÙçÏÖÊÉaÐ Ö�ð@ØAÖÊÞUÉaßaËEß(ÝÊÜ�âãçîÜI×ÙçÏÖÊÉ�Î�ÖÊÐ^Ð^ËEÐÙÐ�Ü®ê�ÖÊÞUÉh×^Ü�ØaÍÏË®Ð^Ë¬× Ö�ðßaçÏÐ^êEÖÊÉ�×^çÏÉhÞaç ×ÙçÏË�Ð�ÑvØaÞU×�×ÙÇaçÏÐ@Ð^Ë¬×@èKÜ#xKÉaÖ�×@Ø�Ë ÖÊâÙßUË�âÙÜ�ØaÍÏËÊì

Á³Â*Ã�ÁÅÄ



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

1^�*3ª~Isvu�nt~oA�i�~!µ0~�~�qfg�|}u�npwAy²� 30wA¦#c#dfi�wA�Iihg «�«�«Ê§Ï�}¶@	d�ih�Ii�sA~0uIdfi¥��wAy � n©uInxwzy�~.w�¦ B�i�g(g¥s�«�«�«Ê§x�¥�Ii�s �
sz~s�4��-� .0��96 _l� 4��-� 0 ���(s�y � _l� 4��-� 0 ��� m� o}§²«¤u¥~�s�u�nt~&A�iU~�uIdfi{��wAy`~EuIn©uIq}u�np¢Ai�do�S|4w�uIdfi�~�nt~�wzy°	dfnt��d
uIdfihwz��i�g>�0s�¡4wv¢Ai®��i�rxnpi�~XRx�z¶��I�f§ �f¶ � ±Sq�§ 1$SA� 3OV¤¶o	dfnprxi0u�dfiªw�uIdfih���Ii�~�u�nxu�q}uInxwzy-rtsa �Aihy�ih��s�rprx� � woi�~ yfw�u
sAy � ~�dfwzqfr � ¡4i � nt~��Iih�Ss�� � i �´� i�~�|fnxu�i¥nxuI~�sA|f|�s��IihySu!~�npg�|frpnp�hn©uE�z§G«¬y8~�qfg�g¥s��I�A¶nxy8wA� � ih�.uIwCs�|f|frp�
uIdfihwz��i�g �z¶`wzyfi�d`sA~	uIw9~�uIsA��u0¦³��wzg sAyMnxg�|�sz�Êuª��qfrpi�~�npg(nprts��KuIwGuIdfi�wzyfi�npy�1E�N3Ê¶\	dfnt��d � i"A�yfnxu�ihrp�
� wSiU~#yfw�uKrpi�s � uIw¥s(�hwAy�~�uIsAySu	�hwoi��G��npihySu��26 E % � � J s�y � �� �G�/.01�(� � �� �G� \0(�Ê§
� � �}�v�f��� ¸ � �Ù���f� � ¼#� ¼��K¸�� � �����³�*��� �	� � ¼ � � ���z 
� ¸ � �°� E[~ ' �~! 5^��+X�!���K�!
$� 4�� �&%@
 ' �8:q�
	 �K� 2/��4\�������	���`-�
L���� �P�o%2
K'!�N� �	���	� ���`� �"��+9�]�"-!��
L����

�	 
 ��� 4���� % �����,� �"!��4��v��$% & !S� 4��=��' $ * % 1ã� 3

	dfi���i(nxu.nt~ªuIs*0Ai�yMnxySuIw{sz�h�hwAqfySu®uId�svu��4��-�/.0 �f� % nx¦q�4S�G� \0 �N� % ¶ ¡`iU�hsAq�~�i % 6�_l� 4#�®¦³wz�.sArxr54
1Ù~�npg�nxrts�� u�w�µ0~�~�qfg�|}uInxwzy9�*3 wA¦Up®i"A�yfnxu�npwAyG«�«Ê§ T 3Ê§ «¬y¥|�sA��uInp�hqfrpsA��¶S~�wzrxqfu�npwAy�~ w�¦�1ã� 3���wzySuIs�npy¥yfwAu wAyfrp�
uIdfi¥uE�w 1³qfy`~Eu�s�¡frpim3.iU±Sqfnxrpnp¡f��ntsC�znx¢zihy²nxy°~�i���u�npwAy²«�«Ê§ � wA¦�uIdfi-sA¡`wv¢zi�£¤g(i�ySu�npwAyfi � |�sA|`i���¶*¡fq}u�u�dfi
1Ù~Eu�s�¡frpim3	i�±Sqfnprxnp¡f�Inxqfg uId�svu0�hwA�I��iU~�|4wAy � ~#u�wGu�dfi�¡frxw}��0�svu0�Ii�~�u®wzy{u�dfi�¡4wAq�y � s��I� � a 1³u�doq�~�1ã� 3	np~
npy9u�dfnt~	�hsz~�i0u�dfi �#
.��
L��P�]�	-��K� �)	�#�K-�� wA¦@u�d�iªg¥sz~�~�wAy-u�dfi!�z��wzqfy � ¶o~�qf¡}�Ei���u#u�w��A��sa¢on©uE��s�y � �A�IwAq�y �
�Ii�sz�ÊuInxwzyn$�3�§ c#d�np~*nt~npg�|`wz��u�s�ySu*~�npy���i u�dfnt~*np~*npy � i�i � uIdfi�wAyfrp�@Af�}i � |4wAnpySu w�¦fnpyzuIih�Ii�~�u¦³wz�*~�uIsA¡fnprxnxuE�A§
c#d�iK��wAg�|frpihg�i�yzu�s��In©uE����i�rps�u�npwAy�~ npyi1E�N3 s��Ii#yfi��hi�~I~�sA���!uIw.uIs*0Ai#u�d�np~ ~Eu�s�¡frpi	i�±Sqfnprxnp¡f�Inxq�g |4wAnpySu�nxySu�w
sz�h�hwAqfySu�§(c@w{¡4i�u�u�ih��Af�Mu�d�i(n � iUsA~�¶@��wzy�~�n � i��0uIdfiG~�nxg�|frpi�~�u Z 
 l\¶ n^§ iz§�s�wzyfi � ih�A�Iihih£^wA¦Å£Ù¦³�Iihi � wAg
¡4wAq�y���npyf�²¡�s�rpr^§ «¤¦.wAyfi � woiU~�y � u�uIs*0AiC��wzg(|�rxi�g(i�ySuIs��InxuE��nxySu�w�sz�h��wzqfySu�¶ uIdfi � �oy�sAg(nt�h~�nt~��Anp¢Ai�y
¡o�� �4 � e���4��G�/.01�(� e �(�4��-� \0�� ¶ 	dfnt��d´wz¡S¢onpwAq�~�rp��|4wz~I~�i�~I~�iU~Kyfw9Af�}i � |`wznxySu�� 
 wAg�|frpi�u�npyf�-u�dfi�g�w � ihr

sz~
�	 
 �4 � e�� �Y$%"& 4 '3$q* %�4,�-� .01��� e �(�4S�G�]\0�� s�rprxwvK~®wAyfi�u�w{~Eu�svuIi�u�d`svu�� 4����4��g� � % � % �	nt~0u�dfi,1ã~�uIs�u�nt�D3®i�±Sqfnprxnp¡f�Inxqfg{§


 wzg�|�s��Ii�1ã� 3�	nxu�d{uIdfi��hwAy � nxu�npwAy`~	nxyip0i	A�y�n©uInxwzyC«�«Ê§ T C �hwAy � nxu�npwAy²�N3#w�¦bp®i"A�yfnxu�npwAyC«�«Ê§ T � woiU~	yfw�u
u�s�0zi®npyzuIw(sz�h�hwAqfySu uIdfi0¦ãsA�Êu�u�d`svu Z 
 l¥g¥sa�¥rpnx¢zi®wAy9rxwv�ih� � npg(i�y�~�nxwzy�s�r\~�q�¡�~�|`sA��iU~h¶}sAy � u�d`svu#u�dfi
¢zi���u�wA� A�i�r � nt~	g�w � n A�i � ¡S�Gu�dfi.g�q�r©uInx|frpnpih�g$@§ low(u�dfi��hwAy��hrxq`~�npwAy9u�d�s�uK�hs�y�¡4i.¦³wAqfy � s�u�uIdfi!ihy �
wA¦@~�iU�ÊuInxwzyG«�«Ê§ �HC � � % � % � np~�yfwAu�s�y-i�±Sqfnprxnp¡f�Inxqfg{¶}~�nxy��hi®nxu ¢onpwArtsvu�iU~�uIdfiHA`�I~�u��hwAy � nxu�npwAy-w�¦Up0i	A�yfnxu�npwAy
«�«Ê§ T���¶Syfw�rxwzyf�Ai�� dfwzr � ~ nx¦�u�dfi.��wzg�|frxi�g�ihySuIsA��nxuE�(�hwAy � n©uInxwzy�~ sA��i0nxy`��rpq � i � nxy-u�dfiªg�w � ihr^§ µ	��u�q�sArxrp�
nxu!��wAq�r � i�¢Ai�yM¡`i�~Is�n � u�d�s�u.�hwAy � n©uInxwzy°�m3Kw�¦Fp0i	A�y�n©uInxwzy´«�«Ê§ TGnt~.��wz���Ii���u�¶4n©¦ wzyfi�sz�h�hih|}u�~KuId�svuªu�dfi
¢zi���u�wA� A`ihr ��� �GO���4#�#nt~Kg�w � n�A�i � 	nxu�d{uIdfi�~�qfnxuIs�¡�rxi�g�qfrxu�np|frxnpih�0	dfihyMu�dfi�~��}~EuIihg ih¢zwArp¢Ai�~#wzy{u�dfi
¡4wAq�y � s��I� � a0§
� ¼#� � � � � ¼ ���½ ¸?� ¸�� ½ ¸�� � ¸C¼{� � � �ã� �ã� � � ¼{� ½ �ã� � ¼{� �A  B�ihuKq�~	yfwv¿~EuIq � ��s(±Sqfnxu�i�~�npg(|�rxi���sA~�i
wA¦ s Z 
 l\¶\y�s�g�ihrp�Cs-|`s���u�nt��rpi�u�d`svu.¡`wzqfy���iU~®npy"s���wz��y�ih�U¶4~�ihiPA��Aqf�Ii(�f§!c#dfi�0onpyfi�uInp�(s�y��Arpi Rp�U�o¶��Tf§Ï�NV�¡4i�uE�ihi�y{u�dfi.uE�wG��wzy�~EuI�IsAnxySu	¡4wAqfy � s��InxiU~�1³iU±zq`s�r�npy�u�dfnt~K|�sA��uInp�hqfrts��K�hsz~�i.uIw�u�dfi ��q���rpn � i�sAy
sAyf�Arpim3ªnt~ � ihyfwAu�i � sz~ � 0 � ? §{«¤¦ � 0 � ? 6p� % ��� K �!s�y � uIdfi-npyfi�rpsz~EuInp��npg�|�sA��u�rpsa npy 1E�N3.np~�q�~�i � ¶ wA�

ÃÃ É�rfæ�åÊä#s



� � �	�#������+ � � ���*�`���
.�

nx¦ � 0 � ? � � K ¶@u�dfi�y"uI�Is��Ei���u�wA�Inpi�~0w�¦21E�m3 � ih|4ihy � ��wzySu�npySq�wAq�~�rx�Cwzy8u�dfi¥npyfnxu�nts�r � s�uIs R`]S¶��#V¤§¥¨ dfihy
i�n©uIdfih� � 0 � ? 6�� � K �����Kwz�KuIdfi��Ii�~�u�nxu�qfu�npwAyMwzyMi�sz��dM~�qf��¦ãsA�hi�nt~®y�w�uXn�ih�Iw�¶�u�dfi�y"~�wArpq}u�npwAy�~0w�¦(1��m3®s��Ii
� np~I��wzyzuInxyoqfwzq�~0nxy´u�dfi�npyfn©uInpsAr � svu�s 1ãg(wz��i(sA����qf��svuIihrp�A¶4u�dfi(g¥s�|f|�nxyf��	dfnt��d"sz~�~�w}��ntsvu�iU~KuIdfi�~Eu�svu�i�4S�G���I���4,�-�����ªsvuªu�npg(i �	uIw-uIdfi�npyfnxu�nts�r ~�uIsvuIiX�4S� % �I�S�4,� % \ ���0s�ug�N� % 
M~�wzg(ihu�npg�i�~ª�hs�rprpi � uIdfi�� ����b�K
 ' �����K�`� �#����!� Rx�a�mV 
9np~ � nt~��hwAySu�npyoqfwAq�~KnxyCuIdfi�npyfnxu�nts�r*��wAy � n©uInxwzyMsv¦ÅuIih�KuIdfi�A`�I~�u®npg(|`sA�Êu#3Ê§®c#d�np~®np~
iUsA~�nxrp��¢Snt~�q�s�rpnp~�i � ¡S�C��dfwowS~�npyf�¥¦³wz�0npy�~�uIs�y`��i � 0 � ? � K �� ¶ � � � � ¶ s�y � nxyfnxu�nts�rpnt~�npyf�GuIdfi�~��}~�u�ihg>wzy
¡4w�uIdG~�n � iU~ w�¦4u�dfi®¡fnp~I~�i��ÊuIwA� �����mH-� 	n©uId¥s.¢Aih��u�nt�hsArf¢Ai�rxw}�hn©uE�z§@«¤u nt~����Iq��hnpsAr}u�w!yfwAu�i#uId�svu�uIdfnt~�nt~ yfw�u
� qfiKuIw�u�d�i0|�sA��uInp�hqfrts�� ��dfwznp�hi®wA¦ u�dfi0nxg�|�sz�Êu#��qfrpiKnpy 1��m3 	d�ihy¥uIdfi0|`s���u�nt��rpi®dfnxuI~ u�dfiª��wz��yfi�� s�u��(¶
¡�q}u®nt~KnpyzuI��npy�~�np�ªuIw�u�dfi�~��}~�u�ihg 1ãsz~K~�wSwzyCsA~	wzyfi�sA����ih|fuI~#uId�svu �®ih#uIwAy � ~KrtsaXnt~KsG�hwA�I��iU�Êu	g�w � ihr
¦³wz��~��}~�u�i�g�~.npg�|�sA��u�npyf�Ms{~�npyf�zrxi¥~�g(wowAu�d²��wAy`~EuI�IsAnxySu�3�§ � �fsA��u�rp�Cu�dfiG~Is�g�i¥|fd�ihyfwzg(i�yfwAy8w}�h�hqf�I~
	nxu�d5u�dfi²�Iw}��0Snpyf�°¡�rxw}��0\¶ � i�|`i�y � npyf�'wAy5nxuI~ � npg�ihy�~�npwAy�~{s�y � 	dfi�uIdfih�C�hwA�Iyfih��� d�n©u�~9¡4i�¦³wz��i
�hwA�Iyfih� � wz��u�d�i9��wzyo¢Aih��~�i71Åu�d�i90onpyfi�uInp�9s�yf�zrxiGnt~�i�±Sq�s�r u�w � K 	dfihy $ �	� �K (�	n©uId sAy�nxyfi���uInps
g�wzg(i�ySu�qfg <`� U

J K
� $ K � ( K �2Rp�U�o¶4|�§ �f�N]NVK3�§ p®nt~��hwAySu�npyoqfwAq`~ � ih|4ihy � ihy��hi�wzyCnxyfnxu�nts�r*��wzy � nxu�npwAy�~®np~

uIdfih�Ii�¦³wz��i�sG¡�sz~�nt����d�sA�Isz�ÊuIih�Inp~�u�nt�.w�¦�g�wz~�u Z 
 l Rp�A¶
�#]NV^¶ ~�ihi�sArp~�w7R �NV R j�¶ � �fs�g�|frpi��f§ ��V*¦³wA�ªw�uIdfih�
ih�fs�g�|frpi�~�§ 
 wzy�~�i�±SqfihySuIrx�(u�d�i.�hwAy��hrxq`~�npwAy�~ w�¦5B�i�g(g¥s�«�«�«Ê§ � � w(yfw�u	s�|�|frx�Gu�w(g(wS~Eu#w�¦ Z 
 l¥	nxu�d� *�
}§ Z wA�Iihwv¢Ai��0~�wAg�i Z 
 lM	nxu�d � *�
 � w�yfw�u�~IsvuInp~�¦³�Mµ®~I~�q�g(|fu�npwAy8j 3®w�¦�c#d�ihwA�Iihg «�«�«Ê§Ï�}¶
¡�q}u#u�dfi�� � w(ihyv�Ewv�¥uIdfi!��wzyzuInxyoqfwzq�~ � ih|4ihy � ihy��hiª|���wz|`i���uE�iR`]DV¤§�c#dfihwz��i�g�«�«�«Ê§Ï�(s�y � B�i�g(g¥s(«�«�«Ê§ �
sA��iªnpy�s � iU±Sq�svuIi0uIwG~EuIq � � Z 
 l\§f«¬y�u�dfnt~K~�i�u�u�npyf��n©uKnt~Ks�rt~�w��wA��u�d���iUs � npyf� Rx��]DV¤§

 ��� !

a���

�

>1@��]H

��� j������ ��� � �����

k np�Aqf�Ii!��C�µ;|�sA��uInp�hrxi.npy{sAy�sAyf�ArpiA§

�9¸ �f� � �}��� ¸ � ¸ �U�A  B�ihu�q�~���wzySu�npySq�i(	nxu�d8uIdfi¥|�s���u�nt��rpi¥i��fsAg(|�rxi¥s�y � uIdfiGnpg(|`sA�Êu!�Iqfrpi¥nxy 1E�N3Ê¶
	nxu�d�u�d�i�wz��np�Anpy!u�s�0Ai�y�s�uuIdfi	��wA�Iyfi����(§bB�ihu*q`~ sA~I~�qfg�i u�d�s�u � 0 � ? 6 � % � � K �Ê§ c#dfi�y(sArxrSu���sv�EiU�ÊuIwA�InxiU~uId�svu.��wzrxrpn � i�u�d�i(�hwA�Iyfih����svu0u�npg(i � 0 ¶ ��wzg(i(svuª��iU~Eu.svu��(¶ n^§ iA§ 4S�-� 0 � � % sAy � �4,�-� .01� � % §@B�i�u
q`~ªsArp~�w{~�qf|�|`wS~�i�u�d�s�u.u�dfi���i(np~!sAy´ih�SuIih�Iy�s�r*¦³wz�I�hi �,�-���ªsA��u�npyf��wAyMuIdfi�|�s���u�nt��rpi(|frpsa�onpyf�9u�dfi��IwArpi
wA¦�s�yCs � g�nt~�~�np¡frxi!¡4wAq�y � i � npyf|fqfu�1ã~�q���d{uId�svuKuIdfi��hwAy � nxu�npwAy`~	w�¦ u�d�ihwA�Iihg ��s��Ii.¦³qfr�A�rxrpi � 3Ê§Kc#dfi�y
sArxr*~Eu�svuIi�~n� % ���4 � �		nxu�d �4 � m� % ¶n�4 � 6 _l� % �Ê¶ s��Ii!qfyf�Ii�sz��d�s�¡frpi!¦³�IwAg>s�yo�{~Eu�svu�i�	n©uId;4 6 a�! � a0§
«¬y � ihi � uIdfi#¢Aihrpw}��nxuE���hsAyfyfw�u npy�~Eu�s�ySuIsAyfihwzq�~�rx���Eqfg�|(u�w.sªyfwAy}£Onhi���w0¢vs�rpqfi 	nxu�d�¡4wAqfy � i � ¦³qfy���u�npwAy�~

Á³Â*Ã�ÁÅÄ



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

�,�/jk�Ê§ ¾ wv i�¢Aih�ª¦³�IwAg s�g¥svuIdfihg¥s�u�nt�hs�r |4wAnpySu!w�¦#¢Snpih�u�dfiG~��}~EuIihg ��s�y8¡`i¥npyfnxu�nts�rpnp~�i � 	nxu�d�~�q`��d
~�uIs�u�iU~h§ k nxy`s�rprx�z¶�~�npy���i(¢Ai�rxw}�hn©uInxiU~0sA��i���np�AdSu�£¬��wzySu�npySq�wAq�~#¦³q�y��ÊuInxwzy�~h¶\uIdfi¥~Eu�svuIi�~0	n©uId;4�6 � a;s�y ��4[6 e _l� 4#���hsAyfyfwAu�¡4i-�Ii�sA��d�i � yfi�n©uIdfih�U§"«¬y°¦ãsA�Êu�wAy�rx�"u�dfi�wA�Inp�Anpy3� % � % � 1ã��wz��y�ih� � wAyqA��zqf�Ii
� 3ªs�y � ~Eu�svuIi�~.	nxu�d 4 6 � a s�y � � M� �4�� % �hs�y8¡4i(�Ii�sz��dfi � ¦³��wzg s�yo�´~�uIs�u�i�	nxu�d 4 6�a ! � a0§

 wzy�~�i�±SqfihySuIrx�Cµ®~I~�qfg�|}u�npwAy"«�«Ê§Ï�GwA¦�u�dfi¥sA¡`wv¢zi�£¤g(i�ySu�npwAyfi � |�s�|4ih�ªnp~ªyfwAu.~IsvuInp~oA�i � ¶�s�y � wAyfi�~�ihi�~
uId�svu Z 
 lG|4wz~I~�iU~�~	±Sqfnxu�i�~�|4i���n�A`�ª�Ii�sA��d`s�¡frpiª~�qf¡�~�|�sz��i�~�§

dHe � � � �ã�-� ¸ �U�A  B@i�u�q�~��hwAy�~�n � ih��sA�zs�npyMuIdfi¥wAy�i � ih�z��i�i�£¤w�¦Å£^¦³��i�i � wzg ¡4wAq�y���npyf��£¤¡�sArxr � �oy�sAg�np��~h§
k ��wzg u�dfi�wA�Iihg �KuIdfi.¢Ai�rxw}��nxuE��np~��Inx�zdSu�£¬��wAySuInxyoqfwzq�~�wA¦@¡`wzqfy � i � ¢vs��Intsvu�npwAy@§*c#dfi dHe rpnxg�nxu#~�i�u#w�¦s
uI�Is��Ei���u�wA�I�G	nxu�di4�� % ��� % np~Ki�±Sq�s�r�u�w+c�� % � % � h nx¦ �V� % § �®wvXnx¦��V� � ¶fu�d�ihy{u�d�i dHe rxnpg�n©u®~�i�u0np~
E % ��4�� J�� � e �4��b� �4�� J 	d�np��dGnt~�y�w�u��hwAg�|�sz�Êu�¶o��wzySu���s � nt�ÊuInxyf��µ®~I~�qfg�|}uInxwzyG«�«Ê§Ï�!sAy � ��wzy�~�i�±SqfihySuIrx�
B@ihg�g¥s�«.W�§p�A§ c#d�np~�~�d�wvK~�u�d�s�u9ih�}sz�ÊuGy�s�u�qf�IiMwA¦!u���sv�Ei���u�wz��npi�~�nt~-wA¦!q}u�g�wz~�u9npg�|`wz��u�s�y��hi{¦³wA�
~�qf¡�~�i�±Sqfi�ySu	sAy�s�rp�}~�nt~�§

� ¼#� � � �*� � ¼{�   Z i���d�sAyfnt�hs�r4��wzg(|�rxi�g(i�ySuIs��InxuE��~��o~�u�i�g¥~ sA��i	uIw�s�rts��I�Ai	ih�ou�ihySu�wAq}u�~�n � iKuIdfi0~I��wz|`i
wA¦Ku�d�i9uIdfihwz��ihu�nt�hsAr �Ii�~�qfrxuI~ � ih¢zihrpwA|4i � npy u�dfi{s�¡4wv¢Aih£^g�ihySuInxwzyfi � |�sA|`i���¶ s�y � u�dfiC��dfwznp�hi-w�¦0u�dfi
�Iw}��0onxyf�²¡frpw}��0 g�w � ihrªsA~¥sAy nxrprxq`~EuI�Is�u�npyf��i��fs�g�|frpiCnt~G±Sqfn©uIiMqfy}¦³wz��uIqfy�s�u�iA§�lonpg�|frxiM¦³��nt�ÊuInxwzyfrxiU~�~
ih�fs�g�|frpi�~KsA��i!��wzy�~�n � i���i � u�wG~�qf|f|4wA��uKu�dfi���rts�npg�~Kw�¦*u�dfnt~KyfwAu�iz§ «¤u®nt~Ky�w�u�i� wz��uIdo�¥u�d�s�u	u�dfi�g(i���i
s �f� nxu�npwAy¯w�¦ 
 wzqfrxwzg�¡ ¦³��nt�ÊuInxwzy 1ÅuId�svu-nt~¥i�y���wzg(|`sA~I~�i � ¡o� �hwAg�|frpihg�ihySu�s��In©uE� 3���wzg�|frxnt�hs�u�iU~�u�dfi
� �Sy`s�g�np��~ npyGs!~�q���dGs.#sa�\Rp�hjf¶`�DTNV`u�d�s�u nxu ~�i�ihg¥~ dfwz|`i�rxiU~�~�u�w!�Ii��hwv¢Aih�*uIdfiK�Ii�~�qfr©u�~ ¡o��i�g�¡4i �f� nxyf�
Z 
 l8nxySu�w"sCg�wA�IiG�Ai�yfih��s�r ¦³��s�g�ih�wA� 0\§9«¬y°¦ãsA�ÊuU¶ Z 
 l8|`wS~�~�i�~I~�sC¢zih�I�´�Inp��d � �Sy`s�g�np��~h¶ s�y � n©u
nt~.wAq��!wA|fnpyfnpwAy"u�d�s�u!u��I�Snpyf��u�w{i�g�¡4i � Z 
 l"nxySuIwMs9rts��I�Ai��ª�hrpsz~�~.wA¦�do�o¡f�In �8� �oy�sAg(nt�hsAr ~��}~�u�ihg¥~
nt~�s�u�¡`iU~Eu(q�~�ihrpi�~I~h§Clo|4i���nx¦³�onxy��M	dfnt��d°~�qf¡\��rtsA~I~!wA¦	�hwAg�|frpihg�ihySu�s��In©uE�´~��}~EuIihg¥~ 1ãyfw�u�yfi��hi�~I~�sA��nprx�
g�iU��d�s�yfnt�hsAr 3#��s�y{¡4i�s�y�sArx�}~�i � 	n©uId{u�dfi�u�wowArt~K|f�IwA|4wz~�i � npy{u�dfi�sA¡`wv¢zi�£¤g�ihySu�npwAyfi � |`s�|4ih�U¶fg�nx�zdzu
¡4i!npyzuIih�Ii�~�u�npyf��§

� �	%v�#� �	�9���	�

Rx�"V.� §4��sArxrts�� � ¶f���z�A�
	�c#dfi � �oy�sAg�np��~#w�¦ � np~I���Ii�uIiªg�iU��d�s�yfnt�hsAr�~��}~�u�i�g�~#	nxu�d{|4ih��¦³i���uKqfyfnprps�u�ih��s�r
�hwAy�~�u���s�npySuI~�	v¶}µK����dfnp¢AiU~ ¦³wz�K�KsvuInxwzy�s�r Z i���d�sAyfnp��~	s�y � µKy`s�rp�o~�nt~h¶}¢zwAr^§x�NSvj�¶oyfw¥��¶}|f|�§p���A��£¬� ]aj`§

R ��V Z §al}��d`svu�n�g¥s�y�¶o���^]v��	�µ ��rtsA~I~ w�¦fy�wAyfrpnxy�i�s�� � n Q\ih�IihySuInpsArAi�±Sq�s�u�npwAy�~@w�¦f~�i���wzy � wA� � i���nxy�u�npg(i	v¶
�®wAyfrpnpyfi�sA�KµKy�sArx�}~�np~�¶fc#dfihwz���z¶ Z i�uIdfw � ~	s�y � µ®|f|frpnp��svuInxwzy�~h¶}¢zwAr^§ �f¶oyfwG�f¶}|f|@§ � S*Sa£¬� ]��f§

R ��V.¨�§ � § Z § ¾ § ¾ ihi�g(i�rp~�¶`�`§ Z §`l}��doqfg¥sA��d�ih�U¶`l\§�¨8ihnprts�y � ¶\���z�A��		B@nxyfiUs��K�hwAg�|frpihg�ihySuIsA��nxuE�9~��}~E£
uIihg¥~�	v¶`lo«Eµ Z ��§fµ®|f|frpnxi � Z svu�d@§x¶f¢zwAr^§ Tz�f¶oyfw�j�¶�|f|�§p�U���Aj�£��U�*TA�f§

R j*V Z § p�§ � § Z wzySu�ihnp�Iw�£ Z s���±Sqfi�~�¶����z�A� �P� �(�"���"�!
L������#���	�`-^�#���� �F�K�������!�����m��
 '�:7����' ���!�������� ���*)"I
� �	����� 	 ' �m��0�������+P�P�#��� �#��"
$���� ¶4� np� 0Sd`s�q�~�ih�U¶S��wS~EuIwAy�¶}� �XBUp �6�f§

R S�V!�ª§\����wz�Arpnps�u�w�¶��A�A�z� � lowzg(i�|`i��I~�|`iU�ÊuInx¢zi�~Kwzy{u�dfi���wAySuI��wzr@s�y � sAy�s�rp�}~�nt~	wA¦ �hwAg�|frpihg�ihySu�s��In©uE�
� �Sy`s�g�np��s�r�~��}~EuIihg¥~�Ê¶}« � � �6c��s�y�~IsA��u�npwAy�~�wAy{µKqfu�wAg¥s�u�nt� 
 wAySu��IwAr^¶o¢AwAr^§ jz�f¶oyfw�T�§

ÃÃ É�rfæ�åÊä#s



�U� � �	�#������+ � � ���*�`���
.�

R T�V.¨�§ � § Z § ¾ § ¾ i�ihg�ihrt~�¶z�ª§�����wz�Arpnps�u�w�¶��A�A�A� � c#d�i#�hwAg�|frpihg�ihySu�s��In©uE���hrpsz~�~ wA¦`do�o¡f��n �(� �oy�s�g�nt�hs�r
~��}~EuIihg¥~���¶ ��q���wz|`iUs�y{�Awzqf��y`s�r\w�¦ 
 wAySu��IwAr^¶onxy{|f�Ii�~I~�§

R ]NV2B §v� s�wArpn^¶z���z�z� � µ'ySq�g(i���nt�hsAr}~���dfi�g�i ¦³wz�*npg�|�sA��u |f��wz¡frpihg¥~*	n©uId�npyfihrtsA~�u�nt�#~�d�wo��0}~DC@sª��wAyo¢zih��£
�zihy��hi �Ii�~�qfrxu nxy�u�dfi#g�qfr©uIn©£¬��wzy�~�u���s�npyzu �hsz~�i���¶v���Iw}��§v«¬ySu�§ 
 wzy}¦³ih�Iihy`��i �KwAy`~�g�wow�uId#T �®wAy��hwAyo¢Aih�
Z i���d�sAyfnp��~'	n©uId µK|�|frxnt�hs�u�npwAy�~¯npy � yf�Anpyfihi���npyf�`¶ � � nxu�npwAy�~ � nxu�n^¶´c#dfiU~�~Is�rpwAyfn 0onÙ¶��ª�IihiU��iA¶
|�|�§ �*TA��£¬� ]aj�§

R ��V!�`§ ��§ Z wz��iUs�q�¶ ��� TA� 	"B�iU~®rpnpsAnp~�wAy`~®qfy�nxrtsvu��h��s�rpi�~0i�u.rxi(|f�Inxy��hnx|4i � i��.s�q�~I~ 	�¶ 
 § �!§ µ	��s � §�l}�A§x¶
� sA��nt~h¶�� S�T�¶S|�|�§ �^]o�h£¤�^]aj�§

R ��V!�`§ ��§ Z wA�Ii�sAq�¶ �U�A�A� 	"B�nts�nt~�wzy�~.qfyfnprps�u���IsArxiU~!~�sAy�~.¦³�Iw�u�uIihg�ihySu�ihu���dfw}�h~�nxy���rpsz~EuInp±SqfiU~ 	�¶ 
 § �!§
µ	��s � §4l}��§}� s��Int~h¶ouU§ �A�*Tf¶f~�h�Inpi0«�«Ê¶f|f|�§p�hj�]v�v£��hj�]�T�§

Rp����V.�`§ ��§ Z wz��iUs�q�¶®���A�z� 	��Kyfnprps�u�i��IsAr#�hwAySuIsz�Êu¥s�y �'� �I�²¦³��nt�ÊuInxwzy npy A�yfnxu�i�¦³��i�i � wzg � �oy�sAg(nt�h~�	v¶

 «�l Z 
 wzqf��~�iU~ sAy � B@i���u�qf�Ii�~�yfw¥�A�S�}¶o«¬ySu�i���y�s�u�npwAy�sAr 
 ihySu��Ii®¦³wz� Z i���d`s�yfnt�hsAr lf��npihy��hi�~�¶o�`§ ��§
Z wA�Ii�s�q{s�y � � § p�§`� sAy�s��znxwAu�wz|`wzqfrxwS~X1 � � ~�§ 3�¶4lo|���npyf�Ai���£OW ih�Irts���§

Rp�A�"V.�`§ �0§ ¾ nx�Ints���u�£��K�I��q}uE�z¶ 
 §UB�i�g¥s�������d�sArÙ¶����z�f� � -���+*���J�"�!
.��� �\�&% ����� 7N��5)�X�M���`�N�#� � ¶ lo|f�Inxy��Aih�
�ª�Iqfy � rxi�df��i�yCc@ih�Su � � n©uInxwzy�¶`��ih�Irpnxy�§

Rp�U��V.�ª§ ����wz�Arpnps�u�w�¶ �U�A�z� �P���!�#�J�m��
 ' :;��� '!������#� ¶ lo|f�Inxy��Aih� 
 
 � l\¶
��y � i � n©uInxwzy�¶ B@wAy � wzy�§ ������svuIqfg s�y � s �f� i�y � s sa¢vs�nprts�¡frpi svu
dSu�u�| C TCTv		!§ npyf�InpsArx|4i�~�§ ¦³��Ta¡�nx|#Tv|`i�wA|frpi}Tv¡f�IwA�Arpntsvu�wQTa¡f�IwA�zrxn^§ dzuIg�r

Rp����V.�ª§ ����wz�Arpnps�u�w`¶4µ�§ µ�§`uIihy p0sAg�¶ B §\� sAwArpnÙ¶ k §�� �hyfwAu�¶ Z § µK¡`s � npiA¶@�A�A�z� � �®qfg�ih�Inp��s�r ~�npg�qfrtsv£
uInxwzy"wA¦�A�yfnxu�i � nxg�ihy`~�npwAy�sArg�qfrxu�np¡`w � �"yfwAy�~�g�wow�u�d"g�i���d�sAyfnp��s�r ~��}~�u�i�g�~��Ê¶�µ0l Z �;µK|�|frxnpi �
Z i���d�sAyfnp��~	�	ih¢onpihK~�¶}¢AwzrÙ§ S*Sf¶Sy�w¥�f¶f|f|�§p���^]U£��mSA�f§

Rp�hj*V k §�� ��yfw�uU¶�ª§�����wz�Arpnps�u�w`¶*�U�A�z� � �Kih �Ii�~�qfr©u�~ªwAy8� sAnxy�rxi�¢���|�s���s � wa�oiU~�Ê¶ ��qf�IwA|4i�sAy"�zwAqf�Iy�s�r
wA¦ Z i���d�sAyfnp��~	µfTAlowArpn � ~h¶}¢zwAr^§x�U�f¶Syfw¥j�¶}|f|@§ T S��v£.T ]��f¶o�Aq�rx�S£¬µKqf�zq�~EuU§

Rp�mS�V.�ª§f���IwA�Arpntsvu�w`¶S�A�A�f� 	�µK¡`~�wzrxq}uIiª~�uIsA¡fnprxnxuE�Gs�y � u�dfi2Bs��A��s�y��Ai�£.p0nx�Inp��d�rxihu u�dfi�wA�Iihg�	nxu�d�g(wzyfw�£
uIwAyfi®g�qfrxu�np¢vs�rpqfi � g¥sA|f|fnpyf�z~�	v¶zjz�vuId�« � � � 
 wzy}¦³ih�Iihy`��i	wAy\p0i��hnp~�npwAyGs�y � 
 wAySu��IwAr^¶ a0�IrpsAy � w�¶
�ªl}µ�¶Mp®iU��i�g�¡4ih�	j�£o]o§}« �0�	«Eµ;�Iih|4wA��u	�®�#£^j�]v�Aj�¶Sdzu�u�| C TCTv		!§ npyf�Inps�§ ¦³��Ta�I�I��u�Tanpy � i�� § ihy�§ dSu�g�r

Rp�DT�V@p�§ �K§lSuIih#s���u�¶����z�A� 	h�	np�An � £^¡4w � � � �oy�s�g�nt�h~ª	nxu�d"¦³��nt�ÊuInxwzy"s�y � npg(|`sA�Êu�~ 	�¶�lo«Eµ Z �	ih¢onpih!¶
¢zwAr^§ jo�}¶oyfwC�z¶}|f|�§ �v£¬�A�f§

Rp�N]NV Z §Clf��d�svu nhg¥s�y�¶5���A�z� 	��®yfnt±zq�ihyfiU~�~¿s�y � ��wzyzuInxyoqfwzq�~ � ih|4ihy � i�y���i wzy � svu�s�¦³wz�¿wzyfi�£
� nxg�ihy`~�npwAy�sAr nxg�|�sz�ÊuK|f�IwA¡�rxi�g�	�¶ Z svuId�§ 
 wAg�|�§ Z w � ihrpnxy���¶}¢AwzrÙ§Ï����¶oyfw�j�£¬�f¶}|f|�§p��£�����§

Rp����Vª¨�§ �`§`lSu��IwAy��AiA¶��A�A�z� �#�(�!�*�"
 :;��� '!������#� ¶ 
 s�g�¡���n � �Ai	�Ky�nx¢zih��~�nxuE�¥���Ii�~I~h§

������
*�	��
*�

E�
 � ��� ¼ ½ �*��� � ¼#� Y

Á³Â*Ã�ÁÅÄ



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

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

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

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

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

���������� ��� ���

ISSN 0249-6399


