
HAL Id: inria-00074181
https://inria.hal.science/inria-00074181v1

Submitted on 24 May 2006

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

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

Taylor Expansions for Poisson Driven (max,+)-Linear
Systems

François Baccelli, Volker Schmidt

To cite this version:
François Baccelli, Volker Schmidt. Taylor Expansions for Poisson Driven (max,+)-Linear Systems.
RR-2494, INRIA. 1995. �inria-00074181�

https://inria.hal.science/inria-00074181v1
https://hal.archives-ouvertes.fr


IS
S

N
 0

24
9-

63
99

ap por t  
de  r ech er ch e 

INSTITUT NATIONAL DE RECHERCHE EN INFORMATIQUE ET EN AUTOMATIQUE

Taylor Expansions for Poisson Driven ���������
	�� -Linear
Systems

François Baccelli Volker Schmidt

N˚ 2494
Février 1995

PROGRAMME 1





���������
	������������������������	������������ �"!#	$�&%�'(� ���������
	���)+* ����',�-	/.0���213'(45�

6�7�8:9(;<>=:?A@CB 8 <><>D�EFEG?�H I�=JELKJD 7�M <ON�PQ?LR2STHUH

VXWZY\[�W^]�_0_a`cbedgf(WZhjilknmo`&hUmjpqWZ`&r�sq]�W^]utntFv`Utw`&ryx{zq]�r^`&r$|q`}|qY\~{~X�`&`&ryx�W>�`&r^`&]�p��C`Um�r��{r�m&v`&_a`&rX|lkwr�mjW�kwzqp��`&r
V�W^Yu��`Um���kwr�moW^]ut

�e]�sqs+Y�W�m$|q`,W^`&hoiq`&W^hoiq`�~
���O���\�(dg�}�`U�lW�kw`&Wcby�����(d��u��sq]�[\`&r

�a���U�&�O�q�u�\���
� �U¡ ¢y�¤£2¥l£^¦&§ ¨&©���ª�«�£U¬�G¡®¨&¬2¯n¨&©>°L±&� ²X�Z£y¬3¢j£o§´³&�¤¨U¯µ°L±&�2¶�£U¬&¨&¬&¡´¶�£o§yG°L£o°F¡ ¨&¬�£U©·¦¸G°L£o°F�¤¢j£U©¹¡º£U»&§ �^q¼o½-¾�¿3À�¼^Á�¾JÂ3Ã�¾�¿¨j¯u¨&«��^¬$Ä¹²Å£oª\ÆÈÇ3ÉwÊË§®¡´¬&�^£U©lG°F¨�¶È±µ£yG°G¡º¶:G¦�F°G�^²$>Ì ¡®°L±$Í>¨U¡ºLG¨&¬2¡º¬µ«�³&°J«�©¹¨�¶È�^L�ÎZ°L±�£o°q¡ºlG¦�G°G�^²$lÌ ¡®°L±ÅÄË°L©F£U¬�G¡ �^¬U°�É�F°L£o°F�:¢j£U©¹¡º£U»&§ �^J¼ZÁ�¾\¿L£o°F¡´·¯n¦&¡´¬&�$°L±&�¸¢U�^¶È°G¨&©·¡´£o§\©¹�^¶�³�©GG¡®¨&¬�Á�¾µÏJÐ2ÀÒÑ2¾�Á�¾$Ó0Ô ¾µÏJÐ�Ã�¾�ÏJÐ3¡´¬e°L±&¡º £o§ �y�Z»�©F£�ÎyÌ2±&�^©¹�Å¼ZÃ\¾>¿3¡º2£�Í>¨U¡´AG¨&¬$«�¨U¡´¬U°Õ«µ©·¨�¶È�ZA�Îµ£U¬�Ö¼oÑ2¾�¿�£U¬�Ö}¼yÔ ¾>¿�£U©·��F�Z×&³&�^¬�¶È�ZJ¨j¯:©G£y¬µÖ&¨&²Ø²$£o°L©·¡´¶È�^2L£o°F¡´·¯º¦&¡º¬&��¶È�Z©·°L£o¡º¬�¡´¬�Ö&�Z«��^¬�Öy�^¬�¶È�$«�©¹¨µ«µ�^©¹°F¡ �^�Ù
Íq©¹¨&»�£U»&¡ §®¡´G°F¡´¶¤��ª�«�©¹�^LF¡ ¨&¬�q£U©¹�ÕÖy�^©·¡ ¢U�^ÖX¯º¨&©q¶È¨&��Ú�¶È¡ �^¬U°Lq¨j¯>£o§ §O¨&©FÖy�^©F�ÎU³µ¬�Ö&�^©:¶È�^©¹°A£o¡´¬$¡º¬U°G���&©F£U»&¡ § ¡®°¹¦Å¶È¨&¬�Öy¡®°G¡®¨&¬��Û\°A±&��ÜUÊË°A±�¶È¨&�ÈÚe¶A¡®�^¬U°¡´¬�°A±y�¸¥l£^¦&§ ¨&©l��ª�«�£U¬�G¡ ¨&¬$¨U¯\°L±&��ÝwÊw°L±e¶È¨&²$«�¨&¬&�Z¬U°JÞ ßJ½�à¾ ¨j¯lÞ ß{½
¾,¡´+°L±&�2��ª�«µ�^¶È°L£o°F¡ ¨&¬�¨j¯l£$«�¨U§ ¦�¬&¨&²�¡º£o§µá�â ÏJÐ ÄGã$àä Æ�å�å�å�ÆÈã$àâ ÉLÎ�æ&¬y¨jÌ2¬¡´¬���ª�«&§ ¡´¶È¡®°X¯º¨&©F²eÎ¤¨j¯ç°L±&�c©G£U¬�Ö&¨&²�¢j£U©¹¡º£U»&§ �^�ã$àä Æ�å�å�å�ÆLã$àâ Î¤Ì2±&�^©¹�
ã$à¾ ÀTÄ¹Ñ¸èqÐ¤å�å�åLÑ¸è�¾�Ô�è�¾lÉ·àÈÙa¥ç±y�c«�¨U§ ¦�¬&¨&²�¡º£o§´�¼Èá�âU¿-£U©·�e¨j¯¡´¬�Ö&�^«µ�^¬�Ö&�^¬U°3¶È¨&²X»&¡´¬�£o°G¨µ©¹¡´£j§l¡´¬U°G�^©·�ZF°�Û °L±&��¡´©�²�¨&¬&¨&²�¡º£o§´2»���§ ¨&¬&�e°G¨(£eL³�»�G��°2¨j¯:°L±&¨&G�X¨&»&°L£o¡º¬&�ZÖ(¡´¬(°L±&��²�³&§®°G¡´¬&¨&²X¡´£o§l��ª�«�£U¬�G¡ ¨µ¬�é°L±&��¦(£U©¹�¸£o§ºG¨$¡º¬U¢o£U©·¡´£U¬U°ç»U¦e¶È¦�¶A§®¡´¶¸«µ�^©F²�³&°L£o°F¡ ¨&¬(£U¬�Öe»U¦e°L©G£y¬µF§´£o°F¡ ¨&¬� £o§®¨&¬&��°A±y�X²$£o¡º¬,Ö&¡º£o�U¨&¬�£o§¹Ù
¥ ±&�X²���°L±&¨�Öe¯º¨µ©2«µ©·¨o¢&¡º¬y��°A±&�ZF��©·�ZA³y§®°L ¡º2»µ£yG�^Ö�¨&¬e°·Ì¤¨�¡´¬&�&©·�^Öy¡®�^¬U°L�Û¤£&ÉJ°L±&��Ä·²$£oª\ÆÈÇ3ÉwÊw§ ¡´¬&�^£U© ©·�^«µ©·�^G�^¬U°L£o°F¡ ¨&¬e¨j¯{°L±&�ÅG°L£o°F¡ ¨&¬�£U©·¦G°A£o°G�¸¢o£y©¹¡´£y»y§®�^Õ£yJ¯Ë³�¬�¶A°F¡ ¨&¬�£o§º2¨j¯:°L±&��¡º¬µ«�³&°�«�¨U¡´¬U°�«�©¹¨�¶È�^L�é�»OÉ¤°A±y�Å¥l£Z¦&§®¨&©¤��ª�«�£U¬�G¡ ¨&¬(©¹�^«�©¹�^G�^¬U°A£o°G¡®¨&¬�¨U¯{¯w³µ¬�¶È°G¡®¨&¬�£o§´2¨j¯:²Å£U©Gæo�^Ö«�¨U¡´¬U°2«�©·¨�¶A�^LF�ZZÎy£U¬�Öe¡´¬(«�£U©¹°F¡´¶�³&§´£U©¤¨U¯:Í>¨U¡´LF¨&¬�«µ¨y¡´¬U°2«�©¹¨�¶È�^LG�^�Ù
ê ��¢U�^©G£o§+£U«�«&§ ¡´¶�£o°F¡ ¨&¬�¸¨j¯+°A±y�^G�(©·�ZA³y§®°LX£U©¹�(«�©¹¨&«�¨&G�^Ö-Ì ¡®°L±&¡´¬�°L±&��¯Ë©F£U²���Ì¤¨&©Fæ}¨j¯ÕF°G¨�¶È±�£UG°F¡´¶�Í>��°L©·¡ ¬&��°L�Ù}Þ·°�¡´¸Ì¤��§ §çæ&¬&¨oÌ2¬-°A±µ£j°Ä¹²Å£oª\ÆÈÇ3ÉwÊË§®¡´¬&�^£U©¸G¦�G°G�^²$X£o§ §®¨oÌë¨&¬&��°F¨�©¹�^«�©¹�^G�^¬U°ÅG°G¨�¶È±�£UG°F¡´¶eÍ>��°L©·¡ ¬&��°L$»���§ ¨&¬&�U¡º¬y�
°G¨-°A±y�(¶È§´£yL3¨j¯2��¢y�Z¬U°¸�&©F£U«�±µZÙ
¥ ±&¡º�¶È§´£UA¶È¨&¬U°L£j¡´¬�{¢j£U©·¡ ¨&³�q¡´¬�G°L£y¬µ¶È�^q¨j¯�×&³&�^³&��¡º¬&�$¬&��°¹Ì+¨&©Gæ&q§ ¡ºæo�2£U¶È¦�¶È§ ¡º¶ ¨&©q¶A¦�¶È§®¡´¶+¯º¨&©FæUÊ®ì¹¨U¡´¬�×&³&�^³&��¡´¬&�$¬&��°¹Ì+¨&©Gæ&ZÎZí�¬&¡ °F��¨&©l¡´¬yí�¬y¡®°G�¸¶�£U«�£U¶È¡ °·¦°L£y¬µÖ&�^²�×&³&�^³y��¡º¬y� ¬y��°·Ì¤¨&©Fæ&3Ì ¡®°L±�¢o£y©¹¡ ¨µ³µX°¹¦�«��^�¨j¯Õ»&§ ¨�¶ÈæU¡º¬&��Ä¹²$£y¬&³U¯w£U¶È°L³�©¹¡º¬y� £U¬�Ö ¶È¨&²Å²�³�¬&¡´¶�£o°G¡®¨&¬OÉLÎ¤G¦�¬�¶È±�©¹¨µ¬y¡®î��ZÖ�×&³&�^³&��¡´¬&�¬&��°¹Ì+¨&©Gæ&���°L¶jÙÅÞ·°�£j§´G¨c¶È¨&¬U°L£o¡º¬�ÕF¨&²���»�£UG¡º¶$²$£U¬&³y¯Ë£y¶A°A³�©¹¡´¬&�
²�¨�Ö&��§º�L³�¶È±-£y�ï�£U¬&»�£U¬}¬&��°·Ì¤¨&©Fæ&�Î{ð^¨&»&Ê ê ±&¨&«-F¦�G°G�^²$���°L¶jÙ�¥ ±&�£U«�«&§ ¡º¶�£y»y¡®§ ¡®°¹¦�¨j¯Õ°A±&¡´���ª�«�£U¬�G¡ ¨µ¬ ²X��°A±&¨�Ö ¡º$Ö&¡´L¶�³�LG�^Ö
¯º¨&©$F��¢y�Z©F£o§+G¦�G°G�^²$X¨j¯ç°L±&¡º$°¹¦�«��yÙ ÞG¬�°A±y�
ñ}òyóô¶�£UG�(Äw¡wÙ �UÙ0£o§ §çG�^©¹¢&¡´¶È�°G¡º²��^3£y©¹�$Ö&��°G�^©F²�¡´¬&¡´F°G¡´¶^ÉAÎ�°L±&��£y«µ«�©·¨&£U¶È±e¡´¸×&³y¡®°G��«�©F£U¶È°G¡´¶�£o§¹Î>£U2£o§ §J¶È¨&��Ú�¶È¡ �^¬U°L2¨j¯:°A±y�Å��ª�«�£U¬�G¡®¨&¬}£y©¹��¨µ»y°A£o¡´¬&�^Ö}¡º¬-¶È§ ¨&G�^Ö�¯º¨&©F²eÙÞF¬,°L±&�eñcòUõ2Þ2¶�£UG�yÎu°L±&�$¶È¨&²Å«µ³&°A£o°G¡®¨&¬}¨j¯:°L±&��¶È¨&��Ú�¶È¡ �^¬U°2¨j¯:¨&©FÖ&�Z©�Üc¶�£y¬}»��$G���^¬}£U2°A±µ£j°2¨j¯�ì·¨U¡´¬U°�Ö&¡´F°L©¹¡º»�³y°F¡ ¨&¬��¡´¬c£�F°G¨�¶È±�£UG°F¡´¶ÍJß:öl¥��&©G£y«µ±(¨j¯ £U¬,¨&©FÖ&�Z©2Ì2±&¡º¶È±,¡´�§ ¡º¬&�Z£y© ¡´¬-ÜOÎl£e«µ©·¨&»&§ �^²ô¯º¨&©2Ì2±&¡´¶È±c¬y¨(«�¨U§ ¦�¬&¨&²X¡´£o§q£o§®�U¨&©·¡ °L±�²$�£U©·��£U«�«�£U©¹�^¬U°F§ ¦cæ&¬y¨jÌ2¬\ÙÕ�-�¬&��¢U�^©¹°L±&��§ �^LçL±&¨oÌÒ°A±µ£j°¤��ª�«�£U¬�G¡ ¨&¬�J¨j¯{§ ¡º²�¡ °F�ZÖ(¨&©GÖ&�^©¤¶�£U¬(»��3¨&»&°A£o¡´¬&�^Ö�¡´¬e��ª�«&§®¡´¶È¡ °+¯n¨&©G²÷£o§®¨&¬&�$°L±&�^G��§ ¡º¬&�ZZÙ
ø(ùUú>ûGüXýuþ^ÿ���� ê °F¨�¶È±�£UG°G¡º¶(Í\��°A©¹¡2¬&��°�Î¤«�¨U¡´¬U°�«µ©·¨�¶È�ZA�Î:G°A£o°G¡®¨&¬�£U©¹¦�©·���y¡´²��yÎ Í>¨U§ §º£U¶Èî��ZæUÊFï�±&¡´¬�¶È±&¡´¬&�Å¯º¨&©F²�³&§´£�Î+ñ}òUõ2Þ¹Êw°·¦�«µ�(×&³&�^³&�ZZÎ©¹�^L«�¨&¬�G��°G¡º²��yÙ

�����	�
��� �	�����
�����

� Þ��2ö¤Þ�� Ê ê ¨&«�±&¡´£��2¬U°G¡º«µ¨U§®¡´XÄ���©G£U¬�¶È�jÉLÎl¼���©G£U¬�¶È¨U¡º�Ù  J£U¶�¶A��§®§ ¡n¿"!ÕG¨µ«µ±&¡º£�Ù ¡º¬µ©·¡´£�Ù ¯Ë©Èé&°L±&��Ì¤¨µ©Gæe¨j¯J°A±&¡´¸£U³&°L±&¨&©2Ì £U�L³�«�«�¨&©¹°F�ZÖ
»U¦}°L±&�ÍJö$#&%'#3ÍJß�«µ©·¨Uì·�Z¶È° °A±&�$ß ê Í:ö¤ÞF¥)(* +ö$�,+�²�¡º«µ2«�©·¨Uì¹�^¶È°�Ù
�-�/. ¬&¡ ¢U�^©FG¡ °·¦,¨U¯ . §º² ÄFõç�^©F²$£U¬U¦OÉLÎ>¼10{¨y§´æo�^©ÈÙ ê ¶È±µ²X¡´Ö&°È¿�!�²$£o°A±&�Z²Å£o°G¡ºæOÙ ³�¬&¡ Ê·³&§´²eÙ Öy�yéu°A±y�ÅÌ¤¨&©Fæ�¨j¯:°A±y¡º�£U³&°L±&¨&© Ì £yÕA³µ«�«�¨&©¹°F�^Ö}»U¦°L±&�ÅÍ:ö'#&%$#¸ÍJß
«�©·¨Uì¹�^¶È°�Ù
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=(~{|q`&W-mjiq`C~qYum^kwY�~ Y�>(]�~÷Y�s+`&~?'L_a]u�*) +-,A@Ftnkw~q`&]�W�r�mjYlhoiq]\r�m^kwhar��lr�mo`&_ Y\~q`Cpq~q|{`&W^r�mo]\~{|qrc] r^`�B>pq`&~qh&`DC�EGF6H�Y�>
W^]�~q|qY�_��\`&hUmoY\WZrer^]um^kwrI>·�>kw~q[�moiq`}W^`&h&pqWZr�kwY�~JE F�KML�NPOQFSR E FSTVU�F�KMLRXW�F�KML�Y iq`&W^`,mji{`
]�|q|lknmZkwY\~ T _0`&]�~qr
mj][Z�kw~q[Qmjiq`�_0]��lkw_�p{_ ]�~q|T_�p�tnm^kwsltnkwh&]um^kwY�~ R _a`&]\~qr\+S]�C W^F H kwrÒ]\~�kw~qh&WZ`&]\r�kw~q[ërZ`�B>pq`&~qh&`�Y�> WZ`&]Ot_@G�O]utwpq`&|
W^]�~q|qY�_ �u]\W�kw]\zltw`&rUx�]�~q|`C O F6HQ]�~q|PC U F*HQ]�W^` r�mo]OmZkwY\~q]�W��÷rZ`�B�p{`&~qh&`&r0Y�>�W^]�~q|qY�_ _0]umjW�kwh&`&r�]balpqhoi r��lr�mo`&_0r
]utntwY Y Y\~{`(moY�W^`&sqWZ`&r^`&~�m$mjiq`}|l�l~q]�_�kwh&r$Y�>¸r�moYlhjiq]�r�mZkwheV�`UmoW�k2~q`Umjr�z¤`UtwY�~q[Okw~{[-mjY�moiq`chUtw]�r^r�Y�>�`U��`&~\m,[\WZ]\sqi{r�'Fr^`&`c �>xd�e3, ]gf�~÷sq]\W�m^kwh&pltw]�Wyxçmji�kwr�hUtw]\rZr�h&Y�~\mo]Okw~{r-�O]\W�kwY\p{r�kw~qr�mo]\~{h&`&r
Y�>-B>pq`&p{`Ukw~q[�~q`Um Y Y\W4Z>r�tnk�ZO`�]�hU�lhUtnkwh�Y�W�hU�lhUtnkwh
>FY�WhZ[@n��Yukw~XB>pq`&pq`Ukw~q[�~{`Um Y Y�WhZ>ryxgi:~lknmj`CY\W
kw~�iJ~lknmo`�h&]�sq]�hUknmÈ��mo]\~q|{`&_jB>pq`&p{`Ukw~q[�~q`Um Y Y\W4Z>r Y knmji �O]�W�kwY�pqr�mÈ�ls¤`&r
Y�>ÅzltwYlh Z�kw~q[k'L_0]�~>p�>F]�hUmjp{W�kw~q[�]�~q|�h&Y�_0_�pq~�kwh&]OmZkwY\~l,oxqr��l~qhji{W^Y�~lk�m&`&|DB>pq`&pq`Ukw~q[a~q`Um Y Y�WhZ>r,`Umjh�]*fÈm-]OtwrZY�h&Y�~�mj]ukw~qr
r^Y�_0`�zq]\r�kwhc_a]\~>p�>G]\hUmopqW�kw~{[(_0Yl|{`UtwrXrZpqhjiÒ]�rbnc]�~>zq]\~C~q`Um Y Y\W4Z>ryx�o\Y�z�@paliqY�s�r��{r�mj`&_arX`Umoh�]qf�~Ò]Otnt¤mji{`&r^`(_aYl|q`Utwryx
W^F kwrÅmjiq`}]\WZW�kn�O]ut2`&s+YlhoiCY�>�moiq`Qr^@Gmji�h&pqr�mjY�_0`&W3kw~Òmjiq`}~q`Um Y Y\W4Z�]�~q|Cmji{`ch&YlY�W^|lkw~{]Omo`&r�EksF Y�>�mji{`cr�mj]umj`e��`&hUmjY�WEGF N '3E LF )/t/t�t!)uEwvF ,eWZ`&sqW^`&rZ`&~�me]\zqrZYOtwp�mj`}m^kw_a`&rS'Gtnk�Zu`�mji{`
z¤`&[ukw~q~lkw~q[aY�>�mjiq`�r�@Fmoi�rZ`&W��>kwh&`-kw~�mji{`9xA@GmjiyB>pq`&pq`�,
Y ilkwhoi�[�W^Y Y mjYCkw~�iJ~lknmÈ� Y i{`&~kr kw~qh&W^`&]�r^`&r�pq~>z+Y�pq~q|q`&|�tn�[]+�qY\W,mji�kwrcWZ`&]\rZY\~+x:Y�~q`�kwr}]\hUmopq]utntn��_0Y�W^`}kw~�mj`&W^`&r�mj`&|
kw~�moiq`c|�k_z+`&W^`&~{h&`&r�{|sF N EksF~} W�F 'Gtnk�Zu`-mjiq` Y ]OknmZkw~q[�mZkw_0`}Y�>�moiq`Qr^@Gmji�h&p{r�mjY�_0`&W�pq~�m^knt2moiq`}z+`&[ukw~q~lkw~q[ Y�>¸i�kwr
r^`&W��>kwh&`�kw~XB>pq`&pq`�x4,ox Y ilkwhji ]�W^`C`j�{s+`&hUmo`&|�mjY�]�|q_ knm ]�r�mj]um^kwY�~q]�W���r�mj]umj`G{ s9N tnkw_~F��9��{ sF p{~q|q`&W-h&`&W�mo]Okw~
W^]umj`�h&Y�~q|lknmZkwY\~{r�][=(~�>FY�W�mjp{~q]Omo`Utn�Ox�kw~a_0]�~���h&]\rZ`&r�knm�kwrXkw_as+Y�r^r�kwzltw`�mjY-|q`Umo`&W^_�kw~{`Xhoiq]�W^]�hUmj`&W�kwr�m^kwh&r2Y�>+moiq`�W^]�~q|qY�_
�\`&hUmoY\W�{ N 'p{ L )/t/t/t�) {Pvl,�kw~ëhUtwY�r^`&|�>FY�W^_�]��3�\`&~y>FY�W,mjiq`�`j�{s¤`&hUmj]um^kwY�~Ò�\`&hUmjY�W�f ��{ N '3f �b{ L )/t�t/t�)If ��{Pv�,jx
]�~q]Otn�>mZkwh&]Ot�>GY\WZ_�pltw]\r ]\WZ`�Z>~qY Y ~�Y\~�tn�X>FY�W0]Qr^_0]utnte~>pq_�z¤`&W�Y�>}W^]umjiq`&W�rZs+`&hUk_i:h�_aYl|q`Utwryx3r^`&`�`�] [�] c bµ��e�]b��i�kwr
pq~qrZ]OmZkwru>G]\hUmoY\W��cr�knmopq]um^kwY�~�_0Yum^kn�O]umj`&|�Y�pqW¸WZ`&r^`&]�W^hoi}mjY-|q`&W�kn��`�]-_0`Umji{Yl| Y i�kwhjia_0][ZO`&r2knm$s+Y�r^r�kwzltw`$mjY}|q`Umo`&W^_�kw~{`
]�~�`j�{sq]�~qr�kwY\~~>FY�Wbf �b{�]
f(rZr^pq_ kw~q[amjiq]um�C W FlHakwr-]�iqY�_0Y�[\`&~{`&Y\pqr�VÕYOkwrZr^Y�~�sqWZYlh&`&r^r Y knmoi�kw~�mj`&~{r�knmÈ�(�Q]�~q|�moiq]Om,mjiq` r^`�B>pq`&~qh&`&r9C O F*H
]�~q|wC UQF H�iq]y�\`�h&`&W�mo]Okw~Ckw~q|{`&s+`&~q|{`&~qh&`(sqWZY\s¤`&W�mZkw`&ryx Y `�|q`&W�kn�\`-]\�2]&�>twY\W,`j�qs{]\~qr�kwY\~\>GY\W�f �b{ Y knmoi�W^`&rZs+`&hUm$moY
mji{`
]�W^W�kn�O]ut2kw~\mo`&~qr�knmÈ�w�¤x Y iq`&WZ` Y `�pqrZ`�]�[�`&~q`&W^]ut2_0`UmoiqYl| Y i�kwhji�h&Y�~qr�kwr�mjrÅkw~�`j�{sq]�~q|lkw~q[ mjiq`-`j�{s+`&hUmo]OmZkwY\~CY�>
]���`&hUmjY�Wu@G�O]Otwp{`&|G>Gpq~qhUm^kwY�~q]ut+Y�>�]�_0]�WhZu`&|�s¤Yukw~\m�sqWZYlh&`&r^r/]l�qY�W�pq~lkn�O]�W�kw]umj`�'L~qY�~�@L_0]�WhZu`&|l,�s¤YOkw~�mesqWZYlh&`&r^rZ`&ryx�moilkwr
h&Y�~qh&`&slm(iq]�r-z+`&`&~�|q`U�\`UtwY�s+`&|�kw~ c ��eXr�mj]�W�m^kw~{[G>GW^Y�_ ]�h&Y�W^W^`&rZs+Y�~q|lkw~{[�iJW^r�mh@LY\WZ|q`&W(`j�{sq]�~qr�kwY\~�Y�zlmo]Okw~q`&|�kw~ c :�e�]
�e`Utw]umj`&|�i�kw[\iq`&WI@AY�W^|{`&W(`j�{sq]�~qr�kwY�~qrQ>FY�W�>Gpq~qhUm^kwY�~q]utwr(Y�>$kw~q|q`&s¤`&~q|q`&~�m^tn��_0]�WhZu`&|�V�Yukwr^rZY\~QsqW^Ylh&`&rZr^`&rei{]&�\`az+`&`&~
h&Y�~qr�kw|q`&WZ`&|Ckw~ c �u�{x2��d�xç�O�!eFx2]�~q|#>FY�W(_aY\WZ`
[�`&~q`&WZ]Ot2_0]�WhZu`&|�s+Yukw~�m(sqWZYlh&`&r^r^`&r$kw~ c b&�>x¸bµ��eFx rZ`&`�]OtwrZY0moiq`-r^pqW��\`U�
[ukn�\`&~Òkw~ c b�:�e�]
=(~{|q`&W h&`&W�mj]ukw~(_aY\~{YOmoY\~lkwhUknmÈ�e]�~q|,kw~�mj`&[�W^]�zlkntnknmÈ�ch&Y�~q|lknmZkwY\~qr Y�~�C O Fl) U FlH\x Y `X|q`&W�kn�\`�]esqWZY\zq]�zlkntnkwr�m^kwh¸`j�{sqWZ`&r^r�kwY\~
>FY�W$mji{`(h&Yl`/�0hUkw`&~�mjr�/s��Y�>�]Otnt2Y�W^|q`&WZr��CY�>2mjiq`}`j�{sq]\~{r�kwY�~
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�(]�_0`Utn�Ox Y `�r^iqY Y moiq]Om~��s� N f ��� � KML�'��\s� )4�\sL )/t/t/t�)4�\s��, Y iq`&WZ`J�\sF kwr mjiq`~x�@Fmoi�h&Y�_0s¤Y\~q`&~�m-Y�>,mjiq`CW^]�~q|qY�_
�\`&hUmoY\Wg� F�N�O���LlR t/t/t R#O��*FR#U��*F ]q��iq`�_a]\s{slkw~q[�rl� �9 [¡ ¢ ��£ ¡ ¢ ]\WZ`�s+Yutn�l~qY\_ kw]Otwr Y ilkwhjia]\WZ`�|q`Umj`&WZ_�kw~q`&|
`j�{sltnkwhUknm^tn��]*��iq`U�C]\WZ`(Y�>2kw~q|q`&s¤`&~q|q`&~�mXh&Y�_�zlkw~q]umjY�W�kw]utqkw~�mj`&WZ`&r�m!]���iq`UkwW�_0Y�~qY�_�kw]utwrXz¤`UtwY�~q[}mjY�]�rZpqzqr^`Um�Y�>2mjiqY�r^`
Y�zlmj]ukw~q`&|�kw~amjiq`�_�pltnm^kw~qY�_�kw]utq`j�{sq]�~qr�kwY�~^¤�moiq`U��]\WZ`e]utwr^Y-kw~��O]�W�kw]�~\m$z���hU�lhUtnkwhes¤`&W^_�plmo]OmZkwY\~�]�~q|az\� mjW^]�~qr�tw]OmZkwY\~
]utwY\~q[
mjiq`,_0]ukw~�|lkw]�[�Y\~q]ut�]
��iq`�kw|{`&]÷Y�>�|q`&W�kn��kw~{[V�2]y��twY�W�`j�{sq]�~qr�kwY�~qr�>GY\WÒhoiq]�W^]�hUmj`&W�kwr�m^kwh&r�Y�>-h&Y\~�m^kw~>pqY�pqram^kw_a`���]�WhZOYy� hji{]Okw~qrCkwrÒ~qYum
~q` Y ]¦¥ë`Ciq]&��`�`j��mo`&~q|q`&|�moilkwr�]�sqsqW^Y�]�hji mjY�~qY�~�@L��]�WhZOYy�Ør��{r�mj`&_arcz�� pqr�kw~q[�mj`&hoiq~lk�B>pq`&r-Y\W�kw[Okw~{]OmZkw~q[Òkw~Qmjiq`
mji{`&Y\W�� Y�> s+`&W�mjpqWZzq]OmZkwY\~-Y�>çs¤Yukw~\m$sqWZYlh&`&r^r^`&r/]���i{`e`j�{sq]\~{r�kwY�~�_0`UmoiqYl|�h&Y\~{r�kw|q`&WZ`&|-kw~0moiq`�sqW^`&rZ`&~�mXsq]�s+`&WÕ]\~q| kw~c :lxl�lxJb&�lx+bµ�\x¤b�:>xq�u��x{��d>xq�u��e:kwrXzq]�r^`&| Y\~ mjiq`$kw~�mj`&[�W^]um^kwY�~�Y�>çh&`&W�mj]ukw~�ZO`&WZ~q`Utwr�Y&�\`&Wg>F]�hUmjY�W�kw]utq_0Y�_0`&~�m¸_a`&]\rZpqW^`&r
Y�>�mjiq`apq~q|q`&W�tn��kw~{[�s+Yukw~�m s{W^Ylh&`&r^r/] f(~Qkw_as+Y�W�mo]\~�m�>G`&]OmopqW^` Y�>�moilkwr-~q` Y ]�sqsqWZY\]�hoi�kwr-mji{]Om-knmjr�]�sqsltnkwh&]um^kwY�~ kwr
~qYum�tnkw_�knmo`&|�moY0r��{r�mj`&_ar Y knmoi�Y\~�tn��Y�~q`}Y\W�m Y Y0p{~�z¤Y�pq~q|q`&|Ch&YlY\WZ|lkw~q]umj`&r�'Gtnk�Zu`->GY\WÅkw~qr�mo]\~qh&`,h&Y\_asltw`j��@F�u]\W�kw]\zltw`
mj`&hoiq~lk�B>pq`&rUx Y ilkwhoië]�W^`�`&rZr^`&~�m^kw]utntn��tnkw_�knmo`&|�mjYCm Y YÒpq~>z+Y�pq~q|q`&|�h&YlY�W^|�kw~q]Omo`&r�, ]q�qp�mjpqWZ`�W^`&rZ`&]\WZhji Y kntnt$z+`&]�W(Y�~
mji{`c`j��mj`&~{r�kwY�~�Y�>�moilkwreh&Y�_0sqplmo]OmZkwY\~{]OtJs¤Yukw~\m4@As{W^Ylh&`&r^r�]�sqsqW^Y�]�hjiamjY mjiq`}|q`&W�kn�u]OmZkwY\~ÒY�>¸`j�{sq]\~{r�kwY�~qrb>FY�W�§2]�sltw]\h&`
mjWZ]\~{ru>FY�W^_arJ]�~q|-ilkw[�iq`&W _0Y�_0`&~�mjrUxU]\~{|
`U��`&~�mjpq]utntn�(moY�mjiq`3h&]\rZ`XY�>q~q`Um Y Y\W4Z>r Y knmoi�~qY�~�@AVÕYOkwrZr^Y�~(kw~qs{plm�sqW^Ylh&`&rZr^`&r/]
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� ~q`�h&]�~DiJ~q| r^`U�\`&WZ]Ot3YOmoiq`&We`&]�W�tnkw`&W}]OmZmj`&_0s�mjr$mjYC]�sqsqW^YU�lkw_a]Omo`-hjiq]�W^]�hUmj`&W�kwr�mZkwh&r�Y�>bB>pq`&pq`Ukw~q[Òr��lr�mj`&_0r�z\� `j��@
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m^kwY�~qr$Y�>�WZplkw~ÒsqW^Y�zq]�zlkntnknmÈ��]���� � �[�l� �M��	4��� ��� � �!A 'GmjY�]�sqs¤`&]\W ,

c b�:�e ���tw]\r4m&h�mU�{r4mU�l~+x ��]nx��eYutwrhZ�kFx���]Å]\~{| alhoiq_�kw|�mµx ��]Q'^by�\�>��,S§ kw[\i�mh@GmjWZ]��ah�]\sqs{W^Yy��kw_0]um^kwY�~ kw~ B�p{`&pq`&r0]�~q|
W^`Utw]umj`&| r�mjYlhoiq]�r�mZkwh�_0Yl|q`Utwr/]�f�~   $(r^i{]Otw]utwY Y x o�] �9]�'F`&|^] , �^	4���l73��&�	h�#�3��� �*&%�*&��3�
�
5�
 �!��&�� �2��
 &�7 �6�!���k����
��	4���/��&�89� � �$� � V�W^`&rZryx �ÅYlh&]���]OmoY\~+x��2twY�W�kw|q]�]

c by��e �$Yy�{_0]lx � ] o�]�'Zb&� � �q, � ~ ]�mj]�~q|q`&_ B>pq`&pq`Ukw~q[�_aYl|q`Ut Y knmjiQkw|q`&~�mZkwh&]Ot�r^`&W��>kwh&` m^kw_0`&r}]um�z+Yumji h&Y\pq~�mo`&W^r�]
� ��$ � � ���*� �¦�b	4�0�h�0� � � � xldqb�d�@�d��u��]

c bµ��e �$Yy�{_0]lx � ] o�]�]\~q| $(]�|qpq~q]lx �9]-'^by���\�q,GalYu��Y�pqW^~÷mZkw_0`&r kw~ B>pq`&pq`Ukw~{[ë~q`Um Y Y�WhZ>r�] f�~   �2][Z�]\[ukFx �S]�'F`&|^] ,
5l7��!���6���!7%��� � ����� �!�����D�p� � ��8��"�67�&�	D���� � ��8�8 ���6� �h��73������56����7�&�89��]g�(Y�W�moi �,YOtntw]�~q|+xçf(_0r�mj`&WZ|q]\_Òx¤�\�qb�@
���u��]

c b�d�e �$iq`&~q[lx!$9]O]�~q|��X]�Y{x $S]�'Zb&����:q,*�2]\~q|{`&_ B>pq`&pq`&r Y knmoi
[�`&~q`&WZ]OtOz�twYlh�Z�kw~q[   ]�pq~lk_iJ`&|}_0Yl|q`Ut�]\~{|ch&Y�_0sq]�W�kwrZY\~
W^`&rZpltnmjr/]C$�� $-a   ��i{`&Y\W��0]\~{|�f,sqsltnkwh&]um^kwY�~qryx\�\Yut�]¤��'^by����:q,¸s{s^]J�u� � @È��:���]

c b � e 'S] �$Y�iq`&~+x $S]$,pqz+Yukwryx�o�] V ] �,pq]�|qW^]umµx�]\~q|Ò�(] �,kwYOm�]�f�tnkw~q`&]\W�r��lr�mo`&_�@Gmjiq`&Y�W^`UmZkwhX�>kw` Y Y�>¸|lkwr^h&WZ`Umj`e`U��`&~�m
sqW^Ylh&`&rZr^`&r/]�f�~   ��	4�!�4&h&����%�
���#�p�S7 �6&����q.��� � ������&�	4&���h&\����"�&������������(��� � � ���l7%	4��� ]*fu�� ��xçby����:�]

c b ��e 'S] �$Y�iq`&~+x $S]$,pqz+Yukwryx�o�] V ] �,pq]�|qW^]umµx�]\~q|Ò�(] �,kwYOm�]�f�tnkw~q`&]\W�r��lr�mo`&_�@Gmjiq`&Y�W^`UmZkwhX�>kw` Y Y�>¸|lkwr^h&WZ`Umj`e`U��`&~�m
sqW^Ylh&`&rZr^`&r:]\~q|,knmjr pqrZ`2>GY\W2s¤`&Wu>GY\WZ_0]�~qh&`+`U�u]Otwpq]um^kwY�~ekw~-_a]\~>p�>G]\hUmopqW�kw~q[�]��h
 

 ��	4�����!����73����������� � �67���8~��73� �� ���*73	4���´x¤f3�@A:��   �lby� �{�\�u�lx+by���>��]

c by��e-�qW^]�~6Zu`&~+xlVM]nx6n��Y�~lkw[{x $S]nx{f(WZ~q|lm&xq=S]�]\~q|#alhoiq_�kw|�mµx5��]^'^by�����[,�� �*&%�*&h������������3�l7¦��	4�!�4&h���!&h� �6o�]�¥ kntw`U���
alY�~qryx"�$ilkwhoiq`&r�mo`&W�]

ö2ö�¬2¨�© ª�« ª
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c �u��e-�qW^`U�OxÅfS]�]�~q| alhji{_�kw|lm&x ��]-'Zb&���>��,��2]y��twY�Wu@Lr^`&W�kw`&rÒ`j�qs{]\~qr�kwY\~V>FY�W�_�pltnmZkn�O]�W�kw]umj`�hoiq]\WZ]\hUmo`&W�kwr�m^kwh&r�Y�>
W�kwrhZ
sqW^Ylh&`&rZr^`&r/][f�~qr^p{W^]�~qh&`   ��]umjiq`&_a]OmZkwh&r¸]�~q|\�Xh&Y�~qY�_�kwh&r�'GmjY�]�sqs¤`&]\W ,

c �lb/e-�qW�kw`&|{_0]�~+x �9] $S]�'^by��d>��,3�e`&|qp{hUm^kwY�~�_0`UmoiqYl|qr2>GY\W�mo]\~q|{`&_ B>pq`&pq`Ukw~q[�r��lr�mj`&_ar�] ����&�	4�[7%������� �&h� � � � x b��lb�@
b�:qb�]

c ����e '(Y�~q[lx[¥ ] ��]{]\~{| �(p¤xqo�] �9]�'^by�\�>��, ��iq`e��]�h�§2]�pqW�kw~�rZ`&W�kw`&rg>FY�W¸moiq`('�f�"�'�"{b�B>pq`&pq`�]���� � ���*� �¦�b	4�0�h�0� � A � x
b � d$�+b �\��]

c ��:�e �(YlY�[\i�kw`&_0r�moW^]>x�'9]nx�nc`&]�~q`Ox>�(]{]�~q|��O]�~C|q`e�e`&`Ox�a*]¦'Zb&�����q,�VÕY Y `&W$rZ`&W�kw`&rg>FY�WXr�mj]um^kwY�~q]\W���|lkwr�moW�kwzqplmZkwY\~{r¸Y�>
h&Y\p{sltw`&|�s{W^Ylh&`&r^rZY\W3_0Yl|q`Utwr/]l5
� � 
 � � � �[�l� ��
 �[7 ��� 	 � x2b�b��u��@ob�b�d[d�]

c �u��e �(p+x�o�] �S]2'Zb&���\�q,3f(~q]utn�>m^kwhUknmÈ��Y�>�r�kw~{[Otw`/@Lr^`&W��\`&WbB>pq`&pq`&r$kw~Ctnkw[\i�memoW^]��0h�] � �*&%�*&��3�
�\56����7�&�89�9'GmoY�]\sqs¤`&]�W�,�]
c ����e9n �Y�~lkw[lx $S]3]\~{|?alhji{_�kw|lm&x ��]�'Zb&�����[, �����[��8 �����3�l7��b	4�!�h&h� ��&h� ����] '9]�2`&pqzq~q`&WI@���`&W�tw]�[{xga>mjp�m^mj[�]�W�m~'·kw~

'(`&WZ_�] , ]
c ��d�e9ncWZYl`&r^`Ox$9]�VM]�]�~q| alhji{_�kw|lm&x8��]'^by�\�>��, ]�§ kw[\i�m4@FmoW^]��0h�]\~{]Otn�lr�kwr�>GY\W9B>pq`&pq`&r Y knmjiQr^sq]um^kw]utntn��|lkwr�mjW�kwz{plmj`&|

]\WZW�kn�O]utwr�] 
 ��7 � � ����&�	!� �&h� � '·mjY�]�sqs+`&]�W�, ]
c � � e9§2`F'(]utntFxlVM]l'Zb&���\�q,���iq`�Y&��`&W^]utntJr^Yu��Y�pqW^~-mZkw_0`$kw~�mo]\~{|q`&_PB>pq`&pq`&r Y knmoi�kw|q`&~�m^kwh&]utJr^p{h&h&`&r^r�kn��`$r^`&W��>kwh&`$mZkw_0`&r

]\~{|�WZ`&~q` Y ]ut¤kw~qsqplm�]^5l7��!��� � �b	4�!�!� � ���*� � ��A xÕb�d>��@^b � ��]
c � ��e 'S] o�] � twr^|q`&WUx�o�] fS]1��]u�e`&r�kw~q[{xµ�-] ��]�|{` ��W�kw`&ryxµ�(] al]�n}`&]\~{`Ox&]�~q| 'S] �(YlY�[�ilkw`&_0r�mjW^]�]!$�kwr^h&WZ`Umj`¸`U��`&~�m�r��lr�mo`&_0r

Y knmjiÒr�moYlhji{]\r�m^kwhesqWZYlh&`&r^r�kw~q[(mZkw_0`&r/] �h


 �6	4�����!����7%�������~��� � �67���8~�[7%��� � ���l7%	4���ºx¤f3�@�:>�   �u�\�$��:\�>��x¤b&������]
c �u��e-�e`Ukw_0]�~+x¤�(] f�]+]\~q| a>kw_0Y�~+x��] 'Zb&������, � s¤`&~DB�p{`&pq`Ukw~q[Cr��lr�mo`&_0r�kw~ tnkw[\i�m}mjWZ]��0h�]�
 ��7 ��� ����&�	!� �&h� � � 	 x

��d$�{�O��]
c :���e�a>kw_0Y�~+x ��]-'Zb&���[:�, �$]utwh&pltw]um^kw~q[ tnkw[�i\mCmjWZ]��ahÒtnkw_�knmjr~>FY�W0rZYO��Y�pqWZ~÷m^kw_a`&r�kw~TY�s¤`&~÷��]\W4ZOY&�>kw]�~�B>pq`&pq`Ukw~{[

r��lr�mo`&_0r/]l5l7��!���6����73� ��
 �!�[&�� � � x¤�lb�:$�q��:qb�]
c :qb/e9��iqY�W�kwr^rZY\~¤x��9]2'^by���>��,��iq`9B>pq`&pq` '�f�"�'�"lb   �2kw~�knmj`-_0Y�_0`&~�mjr$Y�>�mji{`chU�lhUtw`}�O]�W�kw]�zltw`&re]�~q|�pq~lk_>GY\WZ_�W^]umj`&r

Y�>�h&Y�~��\`&WZ[\`&~qh&`�]�5l7��!��� �2��	4�!�!� � �[�l� � ��� x ���!@L�\��]
c :>��e��¤]�m&]�~lkwryx�� ] fS]^'Zb&���>��,2f,~q]utn��mZkwhUknmÈ��Y�> V�Yukwr^rZY\~�@L|qW�kn�\`&~0r�mjYlhoiq]�r�m^kwh�r��lr�mj`&_0r/] � ��$ � � �[�*� ����	4��� ��� � A 	 xl��:>� �

�O�qb�]
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