
HAL Id: inria-00072592
https://inria.hal.science/inria-00072592

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.

Optimal Control of Discrete Event Systems under
Partial Observation

Hervé Marchand, Olivier Boivineau, Stéphane Lafortune

To cite this version:
Hervé Marchand, Olivier Boivineau, Stéphane Lafortune. Optimal Control of Discrete Event Systems
under Partial Observation. [Research Report] RR-4046, INRIA. 2000. �inria-00072592�

https://inria.hal.science/inria-00072592
https://hal.archives-ouvertes.fr


IS
S

N
 0

24
9-

63
99

   
   

 IS
R

N
 IN

R
IA

/R
R

--
40

46
--

F
R

+
E

N
G

ap por t  
de  r ech er ch e 

INSTITUT NATIONAL DE RECHERCHE EN INFORMATIQUE ET EN AUTOMATIQUE

Optimal Control of Discrete Event Systems under
Partial Observation

Hervé Marchand, Olivier Boivineau, Stéphane Lafortune

N˚4046

Novembre 2000

THÈME 1





���������
	����������������������������� �!���#"%$��&�'��(*)+�,���-�
�/.0��10�2�435	�������	��
�768���2��$9	:�������8;

<�=?>A@CBEDGFH>AIKJLFHM N!OQPSRUTU@�TV=?>+W*XCTY@�TVM =ZFH[L\]OQ^�_]BZ` J FHM =ba-FdceXC>A_][ M =Zf

g2hji�kml+n9oqp&rAstlAuwvyxzl�{|s~}ys~{ti�kml]s
�������el�{-�Q�L���Lg&p

p-uw�j�H�w�t{&�jl:�tl]��hjl�����hjl����w�?���Z��o��-�K�?l�k'�j�tl:���?�w��o����*��uw�wlAs

�z���A �¡K¢j£w w¤ ¥ lmu���l�¦§�Z{tlA�tl]se{�lA�S¦§��uz�jl�¨���©§u?sts|��ªQ�?�y{t¦§k+u�© ���?�?{��t�?©����t�?�j©«lAk+s&ª¬�w�®9¦§s�����l�{�l'���?l��Z{�¯°}yse{�l�k+s
± |�!¯j²´³ ¥ l'uw�y�?�y{-{th�l:ª¬�w��k+u�©§¦§stkµ�wªLstvj�Hl����°¦§st�w��}z���?�Z{t���w©C{th�l��w��}b¶§n]�¸·�u��d�8k*�y�ylA©,{�hjl�st}°s~{tlAk4u?s2{thjl'k+u���¹wlA�
©ºu����wv�uw�wl»�wl���l���uK{tl]�¼�°}�u'½���¦¾{�l�se{�uK{tl:k+u?��hj¦«��l ±U¿ ¯yÀb²´³ÂÁ9vj�-���?�Z{t���w©C�j���w�j©§l�k�ª¬�?©«©§�K¨-s!{th�l®{thjlA�w��}¼¦«�Ã¶§n��K·�u����
¦ºs»��h�u���uw��{tl���¦§Ä�lA���°}0{thjl'�j�tl]s~lA����l���ª�vj�����w�Z{t���w©§©ºu��j©§l�l��?l��Z{�sAÅj{�hjl*�j��{�¦«�?�S��ª��y����vj�t��l��d��l�u��d�Æ���?�?{��t�?©����?s~{�s&ª¬�?�
lA�wlA�?{�s'uw����u�¨!�w��se{t���Auwstl¼�w�y�el]�´{�¦«�?lzª¬vj�d�´{t¦§�w��³�Ç-�K¨!l��?l��]Å����wkm��uw�tl]�Ã{t��{th�l0¨!�w��¹E¦«�G¶«nA�K·�ÅQ¨!l�¨&¦ºs~h�{t��{�uw¹wl
¦§�Z{t�Ãuw�A���wv��?{*��u��t{t¦ºu�©2�?��s~lA�t�Kuw�j¦«©§¦«{e}w³ÈÁ9vj�+st�w©§vy{t¦§�w��uw�j�j���?u?��h����?��s~¦ºs~{�s'��ª|{e¨!��s~{tlA��sA³Èg2hjl�½���se{+se{�l���¦§s'{�hjl
�jl���¦«�KuK{�¦«�?�É��ª|uw�Ê�w��stl����wlA�:ª¬�w�'{th�lz��uw�~{�¦§uw©«©§}�v��j�w��stl����Ku��j©§l ¿ ¯yÀÉÅL�Au�©§©«l]�Êu�ËQ���w��stl����wlA�AÅ�¨&hj¦º��h�u�©§©«�K¨-s�v�s'{t�
k+u?s~¹+{�hjl�vj�d�yl���©«}°¦§�j�+�j�?���yl�{�l���km¦«�j¦ºstk4u��d�z{��¼���?��se{��tvd�´{|u��Suw�j�j���¸x°¦§k+uK{�¦«�?�z��ª�{th�l�vj�j�?��s~lA�t�Kuw�j©«l»{���u��elA�´{��w��}
���?s~{�sA³ ¥ l:{�hjl��Æ�yl�½��jl:{�hjl��Hl��tª¬�w��k+u�����l:k*l]uwstvj��l:�w�0{thj¦ºs-�?��stl����wl��&��uK{�hjl��-{th�uw�S�w�0{thjl��w��¦«�?¦«��uw© ¿ ¯yÀ#¦«{�stl�©«ªe³
ÌÍ��{th�l¼s~l]���w�d�bs~{tl���Å�¨!l*vds~l*{th�lmuw©«�?�w��¦¾{�hjkÎ�j��lAstl��Z{tl]�b¦§��¶«nA�K·�{t�Sst}°�?{�hjlAst¦§Ä�lmu��E�w�y{�¦«k+u�©�stvj�jk+u?��hj¦«��l*�wªQ{�hjl
ËQ���w�ds~lA�t�?l��]³�g2hj¦ºs-stvj�jk+uw��hj¦§�jl®©§lAuw��s!{t�*{thjl��jlAst¦«��lA�0s~v��dlA�t�°¦ºs~�?��ª¬�?�2{thjl�st}yse{�l�k8³
ÏSÐZÑCÒ�Ó�Ô ¡KÕ��w¤ 9¦ºst���tl�{tl:���?l��Z{|¯°}yse{�l�k+s�ÅCÁ9�y{t¦§k+u�©�Ë��w�Z{��t�?©UÅ°�Lu��t{t¦ºu�©�Á9��stl����KuK{�¦«�?�

Öº×,Ø~Ù�Ú]Û!Ø&Ü�ÝºÙ�ÞUß�à

�-©ºs~�¼uw�j�dl]u���s&uws-p-lAstlAu�����h8p&l��H�w�t{|�-��Ë2á®p-�?�K��nA��ÅdË��w©§©«lA�wl®��ª ���j�?¦«�jlAl���¦«����â+Ë��w�Z{t���w©�á»���wvj�Sp&lA�d�?�~{�s9â
ã|�j¦§�wl���st¦¾{e}+�wª ÀS¦º��hj¦§�?uw�,Åj�-�j�S�|�t�H�w�|¯°lA�y{tlAk��Hl��|�w�w�w��³
ä2å,æ¸çéèLêYë~èUë~ì�êUí�æ�çéè èUî¸ï¸ï�ð´êYñUëeò*çéó�ïKì�ê¬ñ�ô�õ®ö¬÷�ø,öúùÊì�ó¸ò�ô�õ®ñUæ¸ë!û�ëeïKì�êYñUü&ëeó�ñQð�ýCû�ëÍý§ëeó¸èUë2ø,ë~èUë~ì�êUí�æ'þ�ÿdó��´çéó¸ëeëeêYçéó����§û û ø�þLÿ��

� î�� ñVçéò]çéèVíeçéï��éçéóKì�ê¬õ	��ó¸ç 
�ëeêUèUç ñúõSø,ëeèVë~ì�êUíVæböúó]ç ñVç ì�ñUç 
�ë�� � ��ø,ö��|ð´ó�Zð��Gÿdó¸ëeê���õSÿ��éëeíÍñUêUð´ó¸çéíeè�û�ëeèUç��´ó8ý§ð´ê � ð´ô¸ç��éë���� ì�ñYý§ð´êYü&è®ì�ó]ò
ü-ì�óKì��´ëeò»ô�õ|ñUæ¸ëLù�êUüQõ|ø�ëeèVë~ì�êYí�æ����&íeë��«ù ø����Cî¸ó¸ò]ë~ê��´êUì�ó�ñ û�ù�ù��! �"�#%$'&(#*)+#, '-/.'.10

2 ÿ3�éëeíeñUêYçéí~ç ñ54�ò¸ë76KêVì�ó]í~ë'8?û�ç 
AçéèVçéð´ó9ø�ëeí�æ]ë~êYí�æ¸ëQëÍñ û�49
�ë9�éð´ï¸ï�ëeü&ëeó�ñ:0�)'8�ì9
�ëeóAî¸ëQò¸î<;!4~ó=4~êUì���û�ë>; ì�î����éë7$'?=)9"�)A@�� ì�ü-ì�êYñ!@Cëeò¸ë+BC#
6KêVì�ó¸íeë

D û�ëeï]ñ:0�ð�ýÂÿ��éëeí'0!ÿ�ó���0�þE@Âð´ü&ï]î]ñVëeê>FAíeçéëeó¸íeë'8G��ó¸ç 
H0Qð�ý � çéí�æ¸ç���ì�óI8�):-' =)KJCë~ì��Hì9
�ëeóAî¸ë'8Zù�ó¸ó�ù�êYô�ð´ê:8 � çéí�æ¸ç���ì�ó�"/L=): '$(#,?=):?'?=0
èUñUë~ï]æKì�ó¸ë�M�ëeë~íeè:0 î¸ü&çéí�æI0 ëeò¸î

Unité de recherche INRIA Rennes
IRISA, Campus universitaire de Beaulieu, 35042 RENNES Cedex (France)

Téléphone : 02 99 84 71 00 - International : +33 2 99 84 71 00
Télécopie : 02 99 84 71 71 - International : +33 2 99 84 71 71



��'� �
	���10� �:�z�����
	���� 1��#��)m�,���-�
�&�����2$��&�0�-�
�&������1������Q� �!���4����.0�
�:68���2��$9	®������� �8	:�������&�����

�	� ��
� � ¤ �-�?v�s-�j�?v�s&¦§�Z{tr���lAs�st�w��s2¦º��¦�mvj�jl��j�?vj�wlA©«©§l���©ºuws�stl®�jl��j���w�j©§i�kmlAs|�yl����?k*k+uw���yl:�w�j{t¦§kmuw©«l?³�� �?vj�
��l�©ºujÅy�j�?v�s&uw�j�w�y{��w��s2©§l»ª¬�w��kmuw©«¦ºstk*l®¦ºststv8�yl:©§u'{�hjr��?�t¦§l:�yl:©§umst}°�?{�hjiAstl:�yl:���?�?{����?©«lAvj�&�yl+¶§n]�]·�l�{&k*�y�yrA©«¦ºst�w��s2©§l
st}yse{�i�kml��:���?�Z{t���w©§l��L���?k*kml&r�{�u��Z{Q©§l&©ºu��j�Zu��wl2k+u����Zvjr2�wrA�jr���r2��u���v��jl&k+uw��hj¦§�jl��®r�{�uK{�sL½��j¦ºsA³��l&�j�t�?�j©§i�kml-�yv
���w�Z{t���w©§l2���w�ds~¦º�yr���r!lAs~{Lst¦§k*¦§©ºu�¦§�tl��»��l�©§vj¦��jl»¶§n���·�l�{�stl2�Au���uw��{tr���¦ºs~l!��u�� ©ºu»�j�tr]s~lA����l&��� r��?r��jlAkml��Z{�s�¦§�����?�?{��t�?©§uw�j©§lAs
l�{:©§u0�j�w{t¦§�w�Ã�yl*ª¬�w����{t¦§�w�Ã�yl+�����j{�s:stvj�:©«l]s»r��wrA�jl�kmlA�?{�s�³mg��wvy{�l�ª¬�w¦ºsAÅ,��u��:��u����d�?�~{:u�vyxS{���u¸�Kuwvyxb�yl8¶«nA�K·�Å��j�?v�s
���wv�s:��©§u����w�ds:�ju���s�©«lz�Auw�y��l+��� vj�jl¼�?��s~lA�t�Ku�{t¦§�w�E��u��t{t¦§l�©§©«l¼�jvÊs~}ys~{ti�kml?³��-�w{t��l¼s~�?©«vj{t¦§�w�És~lmªYuw¦¾{'l��Ê�8r�{�u��HlAs��
���w��sL©ºu:�j��l�km¦«iA�tl?Åw�j�?v�s��yrA�t¦§�w�?��s��yv�s~}ys~{ti�kml-�du��t{t¦§l�©§©«lAk*lA�Z{��w��stl����wr&vj�+�?��stl����¸u�{tlAvj�AÅZu��j�Hl�©§r��! #"�$#%'&'(#)*&'(´Å+�?v�¦
, kmr�km�w��¦ºs~l.-!vj�jl-uw�j�j���¸xy¦«k+uK{�¦«�?�*�jv¼�����j{Q�ylAs {���u��elA��{t�w¦§��lAs �j�?�y�V�?��stl����¸uw�j©§lAsA³�ã-�jl|�j��{�¦«�?�m�jl|�����y{�sL�?��stl����¸uw�j©§lAs
stvj�+©§lAs*{���u��elA�´{��w¦§�tl]s�l]se{z�jr�½��j¦§l/�E��u��t{t¦§�¼�ylS��l�{~{tlS�?��stl����¸u�{tlAvj�A³�|v���uw�?{+©ºuÃs~l]���w�d�yl8r�{�uw�dl?Å����wv�smvy{�¦«©§¦ºs~�?��s
©0� u�©§�w�w��¦«{thjkmlQ���tr]s~lA�?{�r��juw��s!¶«nA�K·j�H�wvj�Lst}Z�Z{�hjr�{�¦§stl���vj�jl&st�wv�s�k+uw��hj¦§�jl!�w�y{�¦«k+u�©§l2�yv+ËQ�~Á9��stl����wlA�AÅ¸���?�t��lAst�d�?���juw�?{
uwv0���wkm�H�w�t{tl�kmlA�?{&�?�y{t¦§k+u�©,�yvSst}°s~{tiAkml»¦§�j¦«{t¦ºu�©
1�Ô  ]� Ò £�2 � ¤ ¯y}°s~{tiAkmlAs��*r��?r��jlAk*lA�Z{�s&�y¦ºst���tl�{�sAÅj���?k*k+uw���yl®�w�y{�¦«k+uw©«l?Åj�w��stl����KuK{�¦«�?�z��uw�~{�¦«lA©«©§l



"��������	��
 ������0(���
�������&'(���� (�������
 "�$#%'&'(#)���������� �

� � �'��� �+10.��Q������� 	��01 � �®���´$9	®�������

ÌÍ�b�wl���l���u�©VÅj{th�l��jvj���H�?stl���ª��?�y{t¦§k+u�©����w�Z{t���w©�¦§s|{t�0se{�v��y}0{thjl'�dlAh�u¸�°¦«�?��uw©,�j���w�Hl��t{t¦§lAs&�wªQu¼st}°s~{tlAk ± u�©ºst�z��uw©«©§lA�
��©§uw�?{´²´ÅLkm�y�yl�©§lA��uws�ub|¦ºst���tl�{tl����wlA�?{+¯°}yse{�l�k+s ± |�!¯j²´Å {��Æ{�uw¹wlzu?�y�Ku��Z{�uw�wl+�wª|uS��u��t{t¦º��v�©§uw��se{��tvd�´{tv��tl?Å�u����
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�?�y�elA��{t¦§�wl+ª¬v����´{�¦«�?�,³ÊÇ-�K¨!l��?l��]Å����wkm��u���lA�É{t�Æ{�hjl0¨��?�t¹E¦«� ¶«nA�K·&u����È���wkm��uw�tl]�E{t�b{thjl0��{�hjl��*¨��?�t¹ys'�ylAuw©«¦§�j�
¨&¦«{thÃ�?�y{t¦§k+u�©Q���w�Z{t���w© ��ª&9��¯�¶ ��Å,+jÅQnA�¸·�Å�¨!l+¨&¦§sthE{t�0{�uw¹wl+¦§�Z{t�Suw�A���wv��?{:��uw�~{�¦§uw©L�w��stl����Ku��j¦§©§¦¾{e}�-�¦«�É���?�Z{t��uws~{AÅ
{�hjlS�j��l��°¦§�wv�s'{th�l��w��¦§lAsm�w��©«}��jlAu�©&¨&¦«{th�{���{�u�©§©«}Ê�?��stl����¸uw�j©§l0st}yse{�l�k ��l��j��lAstl��Z{�uK{t¦§�w�ds�³%¯°l��?l���u�©&���?����lA�y{�szu����
���t�?�dlA�~{�¦«l]s��wª�{�hjlÊs~v��dlA�t�°¦ºs~�?�t}%���?�Z{t���w©®�j���w�j©§l�k v����yl��S�du��t{t¦ºu�©®�w��stl����KuK{�¦«�?� ¨!l���lEs~{tv��j¦«l]� ¦§� ¶ �jÅ&��Å�.ZÅ�/¸·
uwkm�w�j�»��{�hjl���s�³ Ç-�K¨!l��?l��]Å¸{thjlA}��?�j©«}��j�t�?�d�Zs~l2u �Zv�u�©§¦«{�uK{�¦«�?l!{thjlA�w��}:ª¬�w� {�hjl-���?�?{��t�?©°��ªÂ|¦ºst���tl�{tl&���?l��Z{�¯°}ys~{tl�k+sA³

Á9vj�8st�w©§vy{t¦§�w� uw�j�j���?u?��h����w��st¦ºse{�sz�wª:{e¨���se{�l���sA³ g2h�l�s~{�u��t{t¦§�j�Ê�H�w¦§�Z{0¦ºs0u ¿ ¯yÀ ¨&h�¦§��h5��l����tl]s~lA�?{�s+{�hjl
�?©«�?��u�©2�Hl�h�u¸�°¦§�w�m��ª:uE�w¦§�wlA��st}yse{�l�k8Å�¦§����©«v��j¦«�j�É¦«{�s¼vj�j�w�ds~lA�t�Ku���©«l8�y}°��u�km¦º��sA³ ¿ ���wk {�hj¦ºs ¿ ¯yÀÉÅ��?vj�¼u�¦§k ¦ºs
{����?l��jlA��u�{tlbuÈs~vj�Hl����°¦§st�w�z{th�u�{0�?l���¦¾½dlAszuw�°}����t�?�dlA�~{e}È{th�u�{0¨!lb¨!�wv�©§�%¨&¦ºsth%{t��uws�s~�y��¦ºuK{�lS{t��¦«{AÅ-ª¬���wk {�hjl
stl�{¼�wª»u?����lA�y{�uw�j©§l8���w�Z{t���w©§©§l���s*u?�����w���y¦«���b{��Ãst�wkml8km¦«��¦«km¦§ÄAuK{�¦«�?�%����¦¾{�l���¦«�?�,³%g2hj¦§s¼¦§s+¨&hduK{+h�uws¼�dlAl��%��uw©«©§lA�
{�hjlb9�L�~Á9�y{t¦§k+u�©§¦¾{e}È�j�t�?�dlA�~{e}�0��wª®u ¿ ¯yÀ ¶§n��K·�³GÌÍ�È{�hjlSª¬��u�kml�¨!�w��¹Ê�wª»��uw�~{�¦§uw©-�w�ds~lA�t�KuK{�¦«�?�,Å�{�hjlS½���s~{zse{�l��
¦ºs:{�hjl��jl���¦«�KuK{�¦«�?�É��ª-u��É�?��stl����wl��®ª¬�?��{�hjlz��uw�~{�¦§uw©«©§}bv��j�w��stl����Ku��j©§l ¿ ¯yÀÉÅ ��uw©«©§lA�ÉuEËQ�V�?��s~lA�t�?l��]³0g2h�¦§s'se{�l��Ê¦ºs
��lA��l]sts�u���}�st¦«����l-vj�j�?��stl����¸uw�j©§l!lA�wlA�?{�s�u�©§�w��l2�Au��j����{L{t��¦§�w�wlA��u:s~�HlA��¦¾½H�2�dlAh�u¸�°¦«�?����ªÂu:���?�?{��t�?©«©§l��]³ ¥ l-�yl�½��jl&{�hjl
�Hl��tª¬�w��k+u�����l�kmlAu?s~vj��l��?�8{thjl¼ËQ�V�?��stl����wl��&��uK{�hjl��|{th�uw�Æ�w�Æ{thjl'�w��¦«�?¦«��uw© ¿ ¯yÀ ¦«{�stl�©«ªe³®Ç-�K¨!l��wlA�AÅ�¨�l'¨&¦«©§©�k+uw¹wl
{�hjlz��lA��l]sts�u���}El21C�w�t{�s�{t�b¹?l�lA�É{t��uw��¹E��ª&{�hjl�¦§�yª¬�?�tk+uK{�¦«�?�Ã{th�u�{*hduws*�y¦§s�u����dl]u���lA�Ã¨&¦«{thÊ{�hjlz¦§�j¦«{t¦ºu�©&s~{t��v��´{�vj�tl?³
��s~�HlA��¦§uw©«©§}wÅ�{thj¦ºs-�?��s~lA�t�?l��&u�©§©§�K¨-s2v�s&{��¼�tlAkml�k��Hl��-uw�Æu��j���t�¸xy¦§kmu�{t¦§�w����ª {thjl'���?s~{�s-��ª {thjl�vj�j�w�ds~lA�t�Ku���©«l:���Zse{�s
�Hl�{e¨!l�lA�S{e¨!�¼�w��stl����Ku��j©§l:l��?l��Z{�sA³|g2hj¦ºs»u��j�j���¸xy¦«k+u�{t¦§�w�8��uwst¦º��u�©§©§}����?�t��lAst�H�w����{t�z{thjl'¨��?��s~{AÅH¦V³ l?³«Åd{thjl*hj¦§�whjl]se{]Å
���?s~{���ª&{�hjl��j¦31Cl���l��Z{'v��j�w��stl����Ku��j©§l+{���u��elA�´{��w��¦«l]s®{thdu����Au��É�y����vj�'�Hl�{e¨!l�lA�É{e¨!�Æ�w��stl����Ku��j©§l+l��?l��Z{�sA³ÆÌÍ���jl�lA�,Å
st¦§����lz{thjl]s~l+{���u��elA��{t�w��¦§lAs�uw�tl+����{'�?��stl����¸uw�j©§l¼¦¾{*¦§s'�j�w{'�H�?s�s~¦§�j©§l¼{t�b�tl]���K�wlA�:{th�l�¦§�*���?s~{�sA³ ¥ lz{thjlA�tl�ª¬�w��l¼�jlAlA�
{���u?ststvjkml+{thduK{�{�hjl0¨��?��s~{���u?s~l��°�A��vj��sA³bÀS�w��l��K�?l���u?s�¨!lz¨2u��Z{�{t�E�ylAuw©�¨&¦«{th��w�y{�¦«k+u�©2���?�Z{t���w©Q¨!l¼�jlAlA�Ê{t�
s~{t�?�tl®{�hjlAstl����?s~{�s-¦§�8{th�l��w�ds~lA�t�?l��]³�ÌÍ�8{�hjl'stlA���w���Ss~{tlA�,Åd¨!l�v�stl:{�hjl:{th�l��w��}0¦«�É¶§n��K·�{t��s~}°�Z{thjl]s~¦§Ä�l'u��S�w�j{t¦§kmuw©
���w�Z{t���w©§©§l��9���w���tl]s~�H�w�d�y¦«���+{t�0{th�l'�?�y{t¦§k+u�© �tl]se{��t¦º�´{�lA�b�dlAh�u¸�°¦«�?�AÅC¦§��s~�wªYu��®uws»¦«{»¦ºs:uw��hj¦§l��Kuw�j©«l'�°}Æu���u?�ykm¦§s�st¦«�j©§l
± ¦U³ lw³§ÅQ��hZ}yst¦§�Au�©§©«}É���w��s~{t��v��´{�¦«��©«l¸²�stvj�Hl����Z¦ºst�w�]³ ¥ l8v�stl���u?��¹Z�V�j���w�du��?u�{t¦§�w�Eª¬���wk#{th�l ± �w�j©§}j²��?�?uw©!s~{�u�{tl0��ª-{�hjl
�?��stl����wl��»{��S�wl���l���uK{tl*{�hjl¼s~v��dlA�t�°¦ºs~�?�AÅ,�duwstlA�E�w�Ãl��?l��Z{����Zse{:ª¬v����´{�¦«�?��s�³0g2hjl¼stvj�dlA�t�°¦ºs~�?�:¦§s�s~}°�Z{thjl]s~¦§Ä�l]�b¦§�Êu
k+uw�j�jl���{thduK{2�w¦§�wlAsQ{th�l�k/�?�y{t¦§k+u�©Cs~vj�j��s~{t��v��´{�vj��lwÅy���?��s~¦ºs~{tl��Z{!¨&¦¾{�hz{�hjl9����{t¦§�w����ª�9�L�~Á9�y{t¦§k+u�©§¦¾{e}+�wªQ¶§n��K·�³Lg2hjl
�?�y�elA��{t¦§�wl®ª¬vj�d�´{t¦§�w�Shduws|um¨!�w��s~{~�Í��uwstl9ª¬�w��k0³&g2hjl�{t��{�u�©,¨!�w��s~{~�Í��uwstl:���?k*��vy{�u�{t¦§�w��uw©����?k*��©«l�x°¦«{e}z�wª {thj¦ºs|stlA���w���
4 û�� #���ï]ñUçéü-ì��éç ñúõ&èUñVì�ó¸ò¸è,ý«ð´ê�û�õ]óKì�ü&çéí��dêYð'�´êVì�ü&ü&çéó�����ï]ñUçéü-ì��éç ñúõ 0
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s~{tlA��¦ºs-��vj�j¦º�®¦«��{thjl:�°vjk'�dlA�-��ª se{�uK{�lAs2¦§��{�hjl:�w�ds~lA�t�?l��]³

g2hj¦ºs&��uw�dlA�&¦§s-�w���?u���¦«ÄAlA�zu?s!ª¬�w©§©«�K¨-sA³LÌÍ�Æ¯°lA��{t¦§�w�Æ�yÅ°{�hjl:�jl]��lAs�s�u���}+�j��{�uK{t¦§�w�ds&u���l»¦§�Z{t���y�yv���l]�Â³Q¯°l]�´{t¦§�w�S�m¦ºs
�jl��w�w{tl]�+{t�'{th�l»���tl]s~lA�?{�uK{�¦«�?�z��ª�u�{e}°�Hl»�wª��?��s~lA�t�?l��Qª¬�w�&u��du��t{t¦ºu�©§©«}+�?��s~lA�t�?lA� ¿ ¯yÀÊÅj��u�©§©§lA�zu+ËQ���w��stl����wlA�A³�g2hjl
ËQ���w�ds~lA�t�?l��-¦ºs|¦«{�stl�©«ª�uw� ¿ ¯yÀ ¨&h��?stl's~{�uK{�lAs»���?�?{�u�¦§�Æ¦§�yª¬�w��k+uK{t¦§�w�Æ{th�u�{®uw©«©§�K¨-s-v�s9{��z¹wlAl��S{���u?��¹ ± ¦§��uz��l��t{�uw¦«�
¨2u¸}j²Â�wª�{th�l2���?s~{��wª�{�hjl2vj�j�w�ds~lA�t�Ku���©«l�{t��uK�el]�´{t�?�t¦§lAs���ªd{thjl2¦§�j¦¾{�¦§uw©js~}ys~{tlAk��m³ ¿ ¦§��u�©§©§}wÅ�¦§��{�hj¦§sLstlA��{t¦§�w�,Åw¨�l!l�x°{tlA���
{�hjl��j�w{t¦§�w�S�wªQ���w�Z{��t�?©«©ºu��j¦§©§¦¾{e}?³2¯°l]�´{�¦«�?�S�¼¦§s9�yl��?��{�lA�0{t��u+�jl�¨�����{t¦§�w�8�wª��w�y{�¦«k+u�©����?�?{��t�?©U³ ¥ l�¦§�?{��t�y�yvd��l:{�hjl
����{t¦§�w�S�wªQ���Zse{»��ªQum{���u?��l�©§lAu?�y¦«���+{t�z{thjlm�yl�½d�j¦¾{�¦«�?�Æ��ªQuw�S�w�y{�¦«k+uw© ± uws9¨�lA©«©�uws|9�L�~Á9�y{t¦§k+u�©ú²|stvj�jk+u?��hj¦«��l���ª
{�hjl�ËQ�V�?��s~lA�t�?l��]³ ¿ ¦«�du�©§©«}?ÅZ¨!l9sthj�K¨%hj�K¨%¨!l9�Au��zst�w©§�wl|{thjl�Á9�y{�¦«k+u�©Â¯°vj�Hl����°¦§st�w��}¼Ë��w�Z{t���w©H�����w�j©§l�k7¨&¦«{thj¦§�z�?vj�
��l�¨5ª¬��u�kmlA¨��?�t¹+v�st¦§�j�*{thjl®{�hjl��?�t}¼���tl]s~lA�?{�lA��¦«�Ã¶§n��K·�³
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ÌÍ��{thj¦ºs�stlA��{t¦§�w�,Å]{�hjlQk+u�¦§�����w����l��y{�s�uw���®�j��{�uK{�¦«�?��s�uw�tlQ�jl�½��jl]�Â³ ÀS�w��lQ�yl�½��j¦«{t¦§�w��s�¨&¦«©§©Z�dl��w¦§�wl��:¨&h�l����jl]��l]sts�u���}
¦§�0{thjl®ª¬�?©«©§�K¨&¦§�j�*stlA��{t¦§�w��sA³Lg2hjl:��lAuw�jl��2¦§s2��l�ª¬lA�t��lA�z{t�8¶ �K·Âª¬�?�-u��°}¼vj���jl�½��jl]�8���w�d��l��j{�sA³

��� Ð 1 Ô Õ Ð 2�� g2h�lÆs~}ys~{tl�k {t�É�HlÆ���w�Z{��t�?©«©§lA�È¦§s+uE½d�j¦¾{�lÆse{�uK{�l0k+u?��hj¦«��l ±Y¿ ¯yÀb²0¶ �K·9�jl�½��jl]���Z}Èu /¸�V{tvj�j©§l
��� ��!"!$#%!�&(')!�&+*�!$,.-´Å°¨&hjl���l !�¦ºsQ{thjl|½��j¦«{tl®s~l�{���ª,lA�wlA�?{�s�Å/# ¦ºs�{�hjl9½��j¦«{tl9stl�{2��ª�s~{�u�{tl]s�Å�&('»¦§sQ{th�l|¦§�j¦¾{�¦§uw©Âse{�uK{tl?Å
&+*G¦§s�{th�l»v��j¦ �Zvjl»k+u���¹wl]�¼se{�uK{�l ± ¦«���wl���l���u�©VÅZuw� ¿ ¯yÀ kmu¸}mh�u¸�?l9stl��?l���u�©�k+uw�t¹?lA�¼s~{�u�{tlAs�²´Åjuw���0,�¦§s�{th�l9��uw�~{�¦§uw©
{���uw��st¦¾{�¦«�?�8ª¬vj���´{�¦«�?���yl�½��jl]�S�K�wlA� !�1�23#54768#m³»g2hjl*�j��{�uK{t¦§�w�9,/:<;�!�&.=(>Âk*l]u���s-{th�u�{?,/:<;�!�&.=|¦§s»�yl�½��jlA�,ÅH¦V³ lw³§Å
{�hjl���l�¦ºs»u+{t��u��ds~¦«{t¦§�w�S©ºu��Hl�©§lA�S�°}8l��?l��Z{@;Ê�wvy{»��ªQs~{�uK{�l�&m¦§�bk+uw��h�¦«�jl��m³ ��¦«¹?l�¨&¦ºs~l?ÅA,/:CBD!$&.=|�jl��j�w{tlAs|{th�l*s~{�u�{tl
��lAu?��hjlA�b�°}S{�uw¹Z¦§�j��{thjl¼stl��ZvjlA����l*��ª!l��?l��Z{�s:�yl�½��jl]�b�°}S{���u?��l%B*ª¬�t�?k s~{�uK{�l%&z¦§��k+u?��hj¦«��lE�m³ ¥ l+��u���{th�¦«�j¹
�wª"� u?s'uw��vj�d���w�Z{��t�?©«©§lA�É��©§uw�?{*{thduK{¼se{�u��t{�s*uK{%& ' u��d�Êl�xyl]��vy{�lAsGF¸�wlA�jl���uK{�lAs'u�stl��ZvjlA����l���ª|lA�wl��Z{�s�{�h�uK{+u���l
u?����l��y{�lA�E�°}H,°³8Ì�{�¦ºs�u?ststvjkmlA��{thduK{�{e¨!�Sl��?l��Z{�s��Au��Ã�j�w{��dl¼{t��¦«�?�wl���lA�Ãst¦«k'vj©«{�u���l��wvds~©§}�-�km�?�tlA�K�wl��»{�hjl+{t¦§kml
�Hl�{e¨!l�lA�z{e¨!�+���?��s~l]��vy{�¦«�?l®l��wlA�Z{�s!l�xylA��vy{tl]�0�Z}I��¦ºs&�j�w{&�jl�{tlA�tkm¦§�jlA�0�jvj{-¦§s!½���¦¾{�lw³

¥ ¦«{th8u�st©«¦§�whZ{!�jvy{&���wkmkm�w��u��jv�stl|�wª,�j��{�uK{�¦«�?�,Å°¨�l»�yl��j�w{tl9�Z}J,®�H��{�h¼{�hjl9�du��t{t¦ºu�©d{t��u���st¦¾{�¦«�?�+ª¬vj����{t¦§�w�0u����
{�hjl+uw��{t¦§�wl�lA�wlA�?{:stl�{®ª¬vj����{t¦§�w�,³K,¼¦ºs»�jl�½��jl]�b�K�?l�� ! 1 2L#M4A6N#/¨&hjl��E¦«{®��l����tl]s~lA�?{�s-{�hjlm��u��t{t¦ºu�©�{t��u��ds~¦«{t¦§�w�
ª¬v����´{�¦«�?�,Åy�w���K�wl���# 476 !�¨&hjlA�z¦«{!��l����tl]s~lA�?{�s�{�hjl®uw�´{�¦«�?l|lA�wl��Z{2s~l�{�ª¬vj�d�´{t¦§�w� ± ¦V³ l?³L¨&hjl���¦¾{2��l�{tv��t��sQ{th�l®stl�{!��ª
lA�wlA�?{�s!{th�u�{9��uw�8�dl�l�xylA��vj{tlA�0¦§�Æum�w¦§�wlA�8s~{�u�{tl¸²´³ ¥ l��ylA�j��{�l:�°}I, 1 Å��yl�½��jlA�8�K�?l��O#P476 ! 1 Å�{thjl'uw�´{�¦«�?l � (��)��&
stl�{2ª¬vj�d�´{t¦§�w� ± uws&�?�j�d�Zs~l]�¼{��*{thjl�u?�´{t¦§�wl�&')*& ���,stl�{&ª¬v����´{�¦«�?�d²´³

g2hjl'�dlAh�u¸�°¦«�?�|�wªL{thjlms~}ys~{tlAk ¦ºs»�ylAs�����¦«�HlA�Æ�Z}8u¼�du�¦§�9�wª�©§uw�j�wv�uw�wl]s�Q":<�R=|uw���3QS*K:T�R=�³:g2hjl��j��l�½�xZ�Í��©§�?stlA�
©ºu����wv�uw�wlRQ@:T�R=*¶§n]�]·L¦ºs|{�hjlm©§uw�j�wvdu��wl��wl���l���uK{tl]�S�°}9�m³�Ì�{:¦§s®u0s~v���s~l�{»�wª$! 1 ÅÂ¨&hjl���l	! 1 �jl��j�w{tlAs|{th�lEU®©§l�lA�jl
��©«�Zs~v��tl®��ª�{th�l�s~l�{ !�¶ �¸·�³&¯°¦«km¦§©§uw�t©§}wÅj{thjl�©ºu����wv�uw�wl?Q * :T�R=&���w���tl]s~�H�w�d�js!{t�m{�hjl�k+u���¹wl]�z�Hl�h�u¸�°¦§�w�&�wª�{�hjl ¿ ¯yÀ
�mÅZ¦V³ l?³«Å?{thjl9s~l�{Q��ªC{t��uK�el]�´{��w��¦«l]s ��ªC{thjl9s~}ys~{tl�k l��d�y¦«����¦«�J& * ³�¯Z{�uK{�lO& * ��u��+�Hl&{�hj�wvj�?hZ{���ª,uws�{thjl|s~{�u�{tl-��lAu?��hjlA�
¨&h�l��8um�w¦§�wl��z{�u?s~¹¼¦ºs-���wkm�j©§l�{tl]�Â³

V 2 Ô £+WX<Y�Z�� �-� ¿ ¯yÀ ¦§s&s�u�¦º�¼{��m�dl�$ 
 �+��[����]\:¦«ª^Q":T�R=?_� Q * :<�R=2u������j�w�j�V�j©§�y��¹°¦«�j�*¦«ª`Q@:T�R=a� Q * :T�R=�Åy¨&hjl���l
b �ylA�j��{�lAs*{�hjlS�j��l�½jxÈ��©«�Zs~v��tl0��ª»{thjlS©ºu����wv�uw�wlcbÊ³%g2hjlAstlS���?����lA�y{�s¼�jlAstl����wl�ª¬vj�~{�hjl��¼���wkmkml��Z{�sA³%Ì�ªd� ¦ºs
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 :T� � # !�� � =»��ªi� � #
± ¦«�dse{�lAuw����ªUF � & � : d �
 :T� � # !,� � =�=~²�³�&�A���w���y¦§�j�*{t�z¯°l]�´{�¦«�?�0�d³ �dÅ°{thjl's~vj�Hl����°¦§st�w�&�Au��8�dl:l]uwst¦«©§}z�ylA�t¦§�wl]��ª¬�t�?k�{thj¦ºs ¿ ¯yÀÊ³ ¿ ¦«��se{]Åj¨!l:�w�j©§}zh�u¸�?l»{t�
���w��st¦º�yl��!{th�l�uw����lAs�s~¦§�j©§l9�du��t{2�wª�{�hj¦ºs ¿ ¯jÀÉ³�g2hjlA�,Åj¨!l®u?stst�y��¦ºuK{�l|{��*l]uw��h8se{�uK{�l»�wª�{�hj¦ºs ¿ ¯jÀÉÅy{th�l�s~l�{-��ª�lA�wlA�?{�s
{�h�uK{!h�u¸�wl|�dlAl��z�y¦ºs�u��j©§lA�+¦§�+{�hjl:ËQ���w�ds~lA�t�?l���� # ¦«�z�w���yl��Q{t����l�k+uw¦«�+¦§�'d �
 :<� � # !,���+=´³ Ì�{2¦§sQ�j�tl]s~lA�Z{tlA�¼¦«� ¿ ¦§�wvj��l
+ ± �j��{�l®{th�u�{-¨�l:u�©ºst�'��l���uwkml9{�hjl:l��?l��Z{�s�²´³

� ����0����.0�������

ÌÍ�b{thj¦ºs®��uw�dlA�AÅÂ¨!l'hdu¸�wl�¦§�Z{t���y�yv���l]�bu��jl�¨�{e}°�dl*��ªQ�?�y{t¦§k+u�©����w�Z{t���w©�ª¬�w�:9¦§s�����l�{�l'���?l��Z{�¯°}yse{�l�k+s�³����tlA�°¦«�?v�s
¨!�w��¹ysÂ¦§�:�w�y{�¦«k+u�©°���?�Z{t���w©w�yl]u�©?¨&¦¾{�h��°vjkml���¦§�Au�©w�Hl��tª¬�w��k+u�����lAsÂ¦§�'¯°v��dlA�t�°¦ºs~�?�t}:Ë��w�Z{t���w©K{�hjl��?�t}»¨&hjlA�:{thjl!s~}ys~{tlAk
{��+�dl����w�Z{t���w©§©§lA��¦§s&v����yl��-ª¬vj©«©��w��stl����KuK{�¦«�?�,³LÌÍ�Æ���?�?{���u?se{]Åy�wvj�-uw¦«k8Åj¦§�8{th�¦§s&�du��Hl��]Åj¨!u?s!{t�¼u?�����?vj�Z{&ª¬�w�&��uw�~{�¦§uw©
�?��stl����¸uw�j¦§©«¦«{e}wÅ�¨&h�¦«©§l-���?�?{��t�?©«©§¦§�j�»{thjl|st}yse{�l�k8³ g2hjl-s~}ys~{tlAk�{��:�dl|���w�Z{t���w©§©§lA�'¦§sL��l����tl]s~lA�?{�lA�'�°}'u�� ¿ ¯yÀ �G¨&¦«{th
u»vj��¦ �Zvjl&k+u���¹wl]�'s~{�u�{tl&��l��j��lAstl��Z{�¦«�j�9{th�l-se{�uK{tl&�wªH¦§�Z{tlA�tl]se{ ± {�hjl|u?��hj¦«lA�wlAk*lA�Z{ �wªHu»{�uwst¹:ª¬�w��l�xju�km�j©§l]²�u����mst�wkml
v��j�w��stl����Ku��j©§l:l��?l��Z{�sA³&g2hjl:½���s~{9se{�l��S¦ºs&{�hjl��ylA�t¦§�KuK{t¦§�w�S�wª�u��S�w�ds~lA�t�?l��2ª¬�w�-{thjl'��u��t{t¦ºu�©§©«}�vj�j�?��s~lA�t�Kuw�j©«l ¿ ¯yÀÊÅ
�Au�©§©«l]��uSËQ���w��stl����wlA�@� #AÅ�¨&h�¦§��hÃu�©§©«�K¨-s»v�s»{��8�tlAk*lAk��Hl��:u��Ãu����j�t�¸xy¦§k+uK{t¦§�w�b��ª!{thjlmvj�j�?��stl����¸uw�j©§l�{���u��elA�´{��w��}
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���?s~{�sA³ ¥ l�{th�l��Ê�j��lAstl��Z{�lA�ÉuS�jlA¨/�yl�½d�j¦¾{�¦«�?�Ê��ª|���w�Z{t���w©§©ºu��j¦§©«¦«{e}��jl���¦«�?lA�Eª¬���wk {thjl0��©ºuws�s~¦º��uw©��w�jl�¦«�Z{��t�y�yv���lA�
�°}8p-u�k+u?�y�wl�� ¥ �w�jhdu�k#¶«n¸�]·�Åd{�h�uK{®u�©§©«�K¨-s-v�s-{���u¸�?�w¦º�z{�hjl�v��j�w��stl����Ku��j©§l��j©§�y��¹°¦«�j�z��ªa�m³ ¥ l�{�hjl����yl�½���lA�
{�hjl¼�Hl��tª¬�w��k+u�����l*kml]uwstvj�tlm�?�Ã{thj¦ºs:�w�ds~lA�t�?l��:��uK{th�l��®{thdu��É�w�E{�hjl ¿ ¯yÀ
¦«{�stl�©«ªe³�ÌÍ�Ã{�hjlzstlA���?���Ese{�l��,Å ¨!lm½���s~{
{���uw��s~ª¬�w��k*l]��� #�¦«�Z{��R� � # �°}'sthj¦«ªú{t¦§�j�:{th�l-���?s~{���ªClAu?��hmkmu?�������Íse{�uK{�lQ{��®{thjl&lA�wl��Z{�s {th�u�{Q��uw�*�Hl-l�x°l]��vy{�lA�*¦§�'{�hj¦ºs
k+u?�������Íse{�uK{tl?³ ¥ l�{�hjl���v�stlA�S{�hjlmu�©§�w�w��¦«{thjk �j��lAstl��Z{tl]�S¦«�È¶«nA�K· {t�0s~}°�Z{thjl]s~¦§Ä�l*u����w�y{�¦«k+u�© stvj�jk+uw��hj¦§�jl'��ª�{�hjl
ËQ���w�ds~lA�t�?l��]ÅZ¨&h�¦§��hS©§lA�0{��+{thjl'�ylAst¦«��lA�8stvj�Hl����Z¦ºst�w�2ª¬�w�|{thjl's~}ys~{tl�k8³2g2hjl��Hl�h�u¸�°¦§�w�&�wª�{�hjl��?�y{�uw¦«�jl]�S���?�?{��t�?©«©§lA�
st}yse{�l�k ¦ºsm�w�y{�¦«k+uw©&¨&¦¾{�hÈ��lAst�dl]�´{m{t� ! � ÅQ¦§�È{�hjlSs~lA��stlz{�h�uK{J� #¼�Au����t¦§lAs'�w��{thjlS�HlAs~{¼u��j���t�¸xy¦§kmu�{t¦§�w�Ê�wª|{�hjl
v��j�w��stl����Ku��j©§l:{���u��elA�´{��w��¦«l]s&�Hl�{e¨!l�l��b{e¨��z�w��stl����Ku��j©§l�l��?l��Z{�s ± ¨&¦«{th��wvy{®�w��stl����°¦«���+{thjl'¨&hj�w©§l'st}yse{�l�k8ÅC¦¾{®¦ºs|�j�w{
�H�?s�st¦«�j©§l»{t�mh�u¸�?l9km�w��l»¦«�yª¬�?�tk+u�{t¦§�w��uw�d�?vy{2{thjl]s~l»{���u��elA�´{��w��¦«l]s�²�³LÀS�w��l��K�?l��Q¦«{&¦§s2�?�y{t¦§k+u�©Cª¬�?�k� � # u����z{th�l���l�ª¬�w��l
ª¬�?�k� # ± uws2l�xy�j©ºu�¦§�jl]�z¦§�Sp&l�k+u���¹+�Z²�³�g2hj¦ºs&�w�y{�¦«k+uw©«¦«{e}zs~{�uK{�v�s2¦ºs-�yvjl»{t�S¶§n���·V³

� �&�K�2� �&���!�&�

¶«n�·:p�³ h!l�©§©«k+u���³�|}°��uwk*¦º�»�j���w�w��u�kmkm¦§�j��³�����¦«����l�{��w�8ã-�j¦§�wlA��st¦¾{e}?Åy����lAs�s�Åj����Å,n + / .°³
¶ �K·:p�³ '³ h!��uw���°{AÅ��'³^Um³Lá®u�����ÅLp:³^U®vjk+u��]Å ¿ ³!��¦«��ÅQ¯C³ Ì´³�ÀÆuw����v�sAÅ uw��� ¥ ³LÀÉ³ ¥ �w�jh�uwk8³ ¿ �?�tk'vj©ºuws:ª¬�?�

�Au�©º��vj©ºuK{�¦«���mstvj�j��l�k+uw©,u������j�w��k+u�©,stvj�j©ºu��j�?v�u��?lAsA³�� �*% � & � % �����/���� � ( ��
7��&2��� &.(�%´ÅÂn / ± � ²#�§nwnwn��Hn?n�.°Å�n + +?�j³
¶ ��·�Ë9³�Ë!u?sts�u��d�y��u?s9uw���Ã¯C³ ��u�ª¬�w�t{tvj�jl?³ T ���0(�� ��� �2�������%� �SY � %l�.(�& � &�� ) &2� ��� �*%�� &2� %´³KU®©§v°¨�lA�»�&�Auw�ylAkm¦§�*��vj�j�

©§¦ºs~hjlA��sAÅÂn + + +�³
¶ �w·:Ç�³dË�hj�'uw����¯Â³	�d³yÀÆu�����vds�³�Á9�0s~v��j�tlAk+u�©H©§uw�j�wv�uw�wl]s���ª���©ºuws�s~l]s���ª�s~vj��©§uw�j�wv�uw�wl]sL{thduK{&u���¦§stl|¦§��stvj�Hl����Z¦ºst�w�

st}°�Z{thjl]s~¦ºsQ���t�?�j©«lAk+sQ¨&¦«{th���u��t{t¦ºu�©H�w��stl����KuK{�¦«�?�,³^� ��� � & � �����T�.% ��� �6�����0(���
 	`� � \�����
 % �����K� �*%�� &2� %´Å°� ± �w².� ��.
�
� +jÅÂn + � +�³

¶ /K·dUm³dÌÍ��u���³��-�?���yl�{tl���km¦«��¦§s~{t¦º��stvj�dlA�t�°¦ºs~¦§�w�8vj�d�yl��-�du��t{t¦ºu�©,�?��s~lA�t�Ku�{t¦§�w��sA³�ÌÍ�Æá*³CË��?hjl��Æuw������³j� ³ � v�uw�j��u�{AÅ
l]�y¦«{t�w��sAÅ�� ��� � T ��� � ����f�(� ��� � ����
 �*%�� % ��� � "�� ����� ��� ��������� ���d� �*% � & � %�	 Y � %l�.(�&2� &�� )*& ���i� �*% � & � %´ÅH�w�w©§vjkml
n + +*��ª�� �����HÅj��uw�wlAs2� +�Z� � Å�h!l���©«¦§�,Å�á»l���k+u��°}wÅ��?vj�jlmn + +��d³j¯°�j��¦«�j�?l��t���LlA�t©ºu��d³

¶ ��·:p�³ U®vjk+u��2u������'³ Um³°á®uw�t�d³�Á9�y{�¦«k+u�©Â���w�Z{t���w©H��ª��y¦ºs�����l�{tl»l��?l��Z{!�j}Z�du�km¦§�Au�©Âst}°s~{tlAk+sQv�st¦§�j�'��l�{e¨!�w��¹ 
��K¨
{�lA��hj��¦ �Zvjl]s�³ZÌÍ� � ( �+�f�����b[�� �g� � 
�
 &.(�� ���/����+�(� ���/���� � �����T� ��������� 	 ���� � (���
������ ���� � �������]\wÅ?Ë�h�u�km��uw¦«�?�,Å
Ì �QÅ�ã9¯j��ÅHÁ»��{t�w�Hl��:n + +�nw³

¶ .¸· ¿ ³ �,¦§��uw��� ¥ ³QÀÉ³ ¥ �w�jhdu�k8³ Á9���w��stl����Ku��j¦§©«¦«{e}É��ª:�y¦ºst���tl�{tl��Zl��?l��Z{+s~}ys~{tl�k+sA³ T �f�2� (��	��������� � �2� & �7��&.%´Å
�?� ± �?²#�§n�.���Cn + � Å�n + �?� ³

¶ � ·:Ç ÀÆuw����h�uw���ÂÅQÁ'³^h��?¦«�°¦§�jlAuwv,ÅLu���� ��uKª¬�?�~{�vj�jl�¯Â³ÉÁ9�É{�hjl8s~}°�Z{thjl]s~¦ºs��wª-�w�y{�¦«k+uw©!s���hjlA�jvj©«lA��s�¦«���y¦ºst���tl�{tl
lA�wlA�?{:���?�Z{t���w©����t�?�j©«lAk+s9¨&¦«{th�k�vj©«{t¦§�j©§lm�w�?uw©§sA³®g�l]��hj�j¦º��u�© p&lA�d�?�~{�Ë2á®p2� + � ��nA��ÅCË��?�?{��t�?© á»���wv��,Å�Ë��w©§©«lA�wl
�wª��Q�j�w¦§�jl�lA�t¦§�j�dÅjã-�j¦§�wlA�t¦ºse{e}+�wª ÀÆ¦§��hj¦§�?uw�,Åjã9¯j��Å��?vj©§}Æn + + � ³

¶ +�·:Ç�³?ÀÆuw����hdu����'u����*ÀÉ³���lkh��?�t�?�jlw³dÁ9�*{�hjl&�w�y{�¦«k+uw©����?�?{��t�?©°��ªC�d�?©«}°�j�?k*¦ºu�©j�j}Z�du�km¦§�Au�©jst}yse{�l�k+s �K�wlA��Ä F¸�jÄ?³
ÌÍ� � �g� T � � &'(�� ��������� ��
&� � (�[*%���� � ��� Y � %l�'(�&2� &�� )*& ���"� �*%�� &2� %´Å��du��wl]s�� � /��y� +w��Å�Ë!u��?©«¦ºu���¦UÅ�Ì�{�u�©§}wÅ �-v��wv�s~{
n + + � ³

¶§nA��·?Um³�ÀÉ³Â�Luws�s~¦§�j�Su������ ³��d³��-�Z{�s�u�¹°©§¦§sA³zÁ9�b{�hjl+�w�j{t¦§kmuw©����?�?{��t�?© ��ª&�y¦§s�����l�{�lml��wlA�Z{:st}yse{�l�k+sA³*ÌÍ� � (��f�f�����[ &�� � ����+�(�3Y &��2� %������ ����� ���� � ( ��
 Åj�du��wl]s&� .°n]��j� .°n � Åwg�u�km��u�Å ¿ ©«�?�t¦º�ylwÅd|l]��l�k'�dlA�:n + � +j³
¶§nwn�·»� ³���³wp|u�k+uw�y�?l-u���� ¥ ³wÀÊ³ ¥ �w�jh�uwk8³C¯°v��dlA�t�°¦ºs~�?�t}����w�Z{t���w©y�wªÂu®��©§u?stsL�wªC�j¦§s�����l�{�l&l��wlA�Z{ ���t�y��l]ststlAsA³� TO� �

�/� ���� � ( ��
 "�� �����%�§Åd� / ± n]².� �w�w���y���?�jÅ��?uw�Zvdu���}0n + � .°³
¶§n]�K·»� ³	��³?p-u�k+uw�j�wl&u���� ¥ ³ZÀÉ³ ¥ �w�jhdu�k8³Hg2h�l-���w�Z{��t�?©y��ªÂ�y¦§s�����l�{�l&l��?l��Z{Qs~}ys~{tlAkmsA³�� (��f��&�& ������\ %���� � � & T ����� )
� � &�� ����
�� %�%�� & ����Y�������� �T�#% ���=Y � %l�.(�&2� &�� )*& ���S� �*%�� &2� %´Å . . ± n]².� � n�� + � Ådn + � +j³
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¶§nA��·®p�³Z¯°lA�j�wvj�j{�u:u��d�¼¯C³���u�ª¬�w�t{tvj��lw³H�Lx°{tl��ds~¦§�w��sL{t�®{th�l&{thjlA�w��}��wªH�?�y{t¦§k+u�©����w�Z{t���w©j�wªC�j¦§s�����l�{�l&l��wlA�Z{Qs~}ys~{tl�k+sA³
ÌÍ�E¯C³ h!uw©«lAkm¦UÅH� ³7U9�wÄ���¹CÅduw���Sp:³,¯°kmlA�y¦§�j�ZujÅHlA�y¦«{t�?��sAÅ Y � %l�.(�& � & � )*& ��� � �*%�� & � %�Cd� � ��& 
 ����\ ����� �6�����0(���
¾Å
�?�w©§vjkmlÆnA�0�wª � (���\�(�&.%�% ��� � �*%�� &2� % ����� ���� � ( ��
5;�� & � (&�KÅL��u��?lAs+n�/����HnA�?�j³�h!¦«��¹°h���v�stl����LlA�t©ºu��ÉÅ^h2uwstl�©VÅ
¯y¨&¦¾{�Ä�l���©ºu����ÂÅ�n + +?�j³ ± �����y��³j�wª ¥ Á»|�!¯ � +Z�yÅj�2�?vy{�n + +?�yÅZ����u��?vjlwÅdË�ÄAlA��hj�Zs~©§�K�Ku�¹°¦§uZ²´³
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