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jVl<J�W \ YSJ \ lt^ \ NHY[m \ NO�«YSLtJ�N)YXWSPRJ�Q¯YXj�J�}Bkt^ \ YSJ�YSLtPhQ�jVlHr
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K�j-kOWSQXJVmHYSLOPRQ�éSYXj�re�bJMre}	PR}�P KMuVJ��tê.jVl<J�W \ YSj-W(K \ NB�<J \ lOWXjV�Hr
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J��Og-J�Q0'%eT@6��CE îð{3�[zµñÎm³ÅPhYXL�YSLOJ�kONO�tJ�WSQXY \ Nt�OPRNOg	YXL \ Y/YSLOJ
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control rules
{ yi -> ui }

control
actions ui
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parameters

controlleromniscient 
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JM�¡J�K�YXPhU-J�^R~�Ph�tJ�NHYSPa` \ �t^hJ-v E
_ Q \ N�PR^R^hktQSYSW \ YXPhj-N#m�K5jVNOQXPh�tJ�W#YXLOJúï�n _ QSLtj�ÅN�PRN�ndPRgVktWSJ��<v
ý J5WSJVm%YSLOJBK�j-NHYSWSj-^R^hJ5W�K \ NÍQSJ�J�jVNO^R~¯YXLOJB`<WSQSY�K�jHjVWX�OPRN \ YXJ
j��.J \ KMLË�h1i� < 8�QXY \ YXJVm�ÅLtPhKMLÍ}	J \ NOQ�1 R�l x�m&1 R%l R \ NO��1 R�l â
\ WXJ¯PRNO�OPRQSYXPRNOgVkOPRQXL \ �O^RJVv ý j�Å/J�UVJ5W[mYXLOJ¯PR�OJ \ ^.YSW \%� J�K5YSjVWX~
�?WXjV} 1 R�l x[m>�GFç�3Hr��HÜ��FB��Hr�3Hr�{z%z/z 8�m�PRQ�QXPRgVNOPa`bK \ NHYS^R~¯�OPa�¡J�WSJ�NHY�?WXjV}k1 R%l R Ù Q�PR�OJ \ ^-YSW \%� J�K�YXjVWX~X�IHÜ��Hr�3Fç�3Hr��HÜ��F{�3Hr�%z{z%z 8�m�J�YXKVv�c��132^4d257�K5jVkO^R�	�<J \ Nf~Bj³�¯1 R�l x ma1 R�l R jVW-1 R%l â mtYSLOJ�ÿ �¤^RJ \ WXNOJ�WÅ/jVkO^R�	j-NO^R~	QXJ�J�YSL \ Y.YXLOJ�PR�OJ \ ^¡QSYXW \ YXJ�gV~�Å/jVkO^R��} \ lBYSLOJ
jV�tQSJ�WXUVJ��Íé�w�ê�YXj \ K�YXPRjVN�é3H-ê�YeÅ(j�YXPR}	J�Q�PRN�YXLOWSJ5JVm \ NO�®é�FMê
YSLtJWSJ�QXY(j³��YXLOJYSPR}	J-v¡ILOJ�<J�QSY/PRY�K5jVkO^R�B�Oj<m�LOJ�WXJVmHPRQ�} \ l
w8YSj�H�°¿J�PRYSLtJ�W \ ^R^fj³��YXLOJ.YXPR}	JVm�jVW�wKJVò8j��¡YSLOJYXPR}	J[´5v#ILOPRQ�m
LOj�Å/J�UVJ5W[mOPRQ/�OPRQ \ QSYSWXjVkOQ�m \ QPhY/ÅPR^R^b^RJ \ �6YXj�YXLOJ�J�ÐHYSWXJ�}	J�^R~
J�ÐHl<J�NOQSPRU-Jf1´x l xQSY \ YXJVv
ILOJÿ � ^RJ \ WSNOJ5W[mj-N«YSLOJÆjVYSLtJ�W	L \ NO�#m/Å/jVkO^R��QXJ�J�YSL \ Y
l<J�We�?j-WS}�PhNtg.YSLtJ�F \ K�YXPhj-NBjVN�QSJ�J5PhNtg¯é�w³ê�PRQ�}BktK�L�Q \ �?J�W�m \ Q
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°��¤´/ILOJÏK�jV}�}	J�NHYSQ \ �<j�UVJÏQSuVJ5YSKML¯YSLtJ�lOWXjHj���j���YSLtPhQ8�OPar
WSJ5K�YSPRjVNdõ�YSLOJ¯J5ÐfYXJ�NO�OJ5�)YXJ�KMLONOPRK \ ^�WXJ�lbj-WSY®î � i�ï�yV|µñ�ltWSj�r
UHPR�OJ�Q}	j-WSJ8�OJ�Y \ PR^hQ�v

_ Q \ N«PR}�}	J��OP \ YSJBK�j-WSjV^R^ \ WX~fm/NOj-YSJ¯YXL \ Y�ÿ � PhQ \ gVjHjH�
^RJ \ WXNOJ�WBPa��°±PRY�L \ Q \ WX�OPRYSW \ WS~®}�J�}	j-WS~ \ NO�b´ÏYSLOJ�WXJ¯PRQ�Ntj
l<J�WSK�J5lOYSk \ ^ \ ^RP \ QSPRNOg<õVûeìðë�ìRmHPa�[' )#* °U1<´?�;' )#* °�1a]¿´�� 1X�
13]?v��8jVYXJVm¡LOj�Å/J�UVJ5W[m¡YXL \ Y�Ò �¸} \ ~	�<J�QSkO�HrejVltYSPR} \ ^¡J�UVJ�N
Pa��YXLOJ�WSJÏPhQNtjBlbJ�WXK�J�lOYXk \ ^ \ ^hP \ QSPRNOgbv
i�PRUVJ5N¯K�jVNt�OPRYSPRjVNOQ�°Sz�´���°�òV´5mOÅ/J�K \ N¯kOQXJ�YXLOJ \ �bj�U-J�lOWXjfj³�
YSj��<jVkONO��jVNBYXLOJ�Nfkt}B�bJ�W%j��#YSW \%� J�K5YSjVWXPRJ�QYSL \ Yúÿ��öNtJ�J��OQ
YSjÆjV�OQXJ�WSU-J6@ � PRNOK5JAÒ � @r� E $ PRQ \ Å(J�^R^are�OJM`bNOJ5���?kONOKMr
YSPRj-N#m�YSLOJ5WSJ¯PRQ�jVNO^R~®jVNtJ	YSW \%� J�K5YSjVWX~¤QSY \ WSYXPhNtg¯�?WXjV} J \ K�L
PRNOPRYSP \ ^�QXY \ YXJVv	ÿ � ÅPR^h^�YXLOJ�WSJµ�?jVWXJBg \ YXLOJ�W \ ^R^�j��PRNH�?jVWX} \ r
YSPRj-N�PRY¡NOJ5J��OQ \ �?YXJ�W#QXJ�J�PRNOg8jVNOJ�YXW \%� J�K�YSj-WS~ \ QSQXjfK5P \ YSJ��ÏÅPhYXL
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K�j-kOWSQXJVm�� 1 2546257 �<PRQ�YSLOJBNHkO}B�<J�W8j��QSY \ YSJ�QÏYSL \ Y�L \ UVJ�NOjVNHr
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J \ K�LBj³�#YSLOJBéXNOjVYÎr�ktNO^RPhu-J�^R~Hê.WSktNOQ�Pa��PRY�W \ NO�tjV}	^R~�jV�tQSJ�WXUVJ�Q
�B° �.^RN��¡´�YSW \%� J�K5YSjVWXPRJ�Q[mtÅLOJ�WSJ��X�� ���³PRQ�YSLtJYSjVY \ ^<NHkO}Br
�<J�W(j³�#QSY \ YSJ5Q[v���](~�K�jVNHYXW \ QXY[mHÅ/JQ \ Å \ �<j�UVJYXL \ Y/ÿ ��K \ N
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YSjBY \ u-J.��WSjV} J \ KML�QSPRYSk \ YSPRj-N#v
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PRNOg \ LHkO} \ N¯�tWSPRUVJ�W{Ù Q�QXYSJ�J�W�m�PRN®WSJ5QSl<jVNOQXJ6YXj¯YSLtJ	UHPRQSk \ ^
jV�tQSJ�WXU \ YSPRj-NOQ	j³��YXLOJ¯K�ktWSWSJ5NfY�WXj \ �dv)T8NH�?j-WSYSktN \ YXJ�^R~®�?j-W
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L \ �B^hPRYXYS^RJ(J5Ðfl<J�WXPhJ5NOK�J	ÃO¾-Ë��bJ5PhNtg�PRNBYSLOJ \ lOlOWXjVlOWXP \ YSJ^ \ NOJ
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W \ YSJ�} \ ~B�bJÏQSJ�Y8YSj \ NH~�j���QSPRÐ�lbj-QSQXPh�t^hJ�U \ ^hktJ�Q[vntjVWjVktW
J�ÐHl<J�WSPR}	J5NfYXQ[mHÅ/J.kOQXJ�� \ QSPR}BkO^ \ YSjVWdYSL \ Y(ltWSj�UHPR�OJ�Q \ U-J�WS~
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K�j-}	lO^RJ�YXJ�uHNOj�Å^RJ��OgVJ�j��/�bj-YSL�YSLOJ�NOjVNÇr�j-�OQSJ�WXU \ �O^RJ�QSY \ YSJ
l \ W \ }�J�YSJ5WSQ \ Nt�6YXLOJ��?ktYSkOWXJ�PRNOlOkOYj³�,Å \ QXYSJ�Å \ YXJ�W.YXjBYSLOJ
lO^ \ NHY�v
ndPRgVkOWXJ	p	QXLOj�ÅQ�YXLOJ \ }�}	jVNtP kO} \ NO�®j�ÐH~HgVJ�N�K�kOWXUVJ�Q�j��
YSLtPhQ%K�jVNHYSWXjV^R^RJ�W°¿�<jV^R��^hPRNOJ�´#j�U-J�W \ z[ò-{8LOjVkOW�l<J�WSPRjH�#m-K�jV}�r
l \ WSJ���YSj�YSLOJBK�j-NHYSWSj-^R^hJ5W.K�kOWXWSJ�NHYX^h~ÆPhNtQSY \ ^R^hJ5��°¿YXLOPRN^RPRNOJ[´5v
ù®J�K \ NktQSJBjVktW�uHNOj�Å^RJ��tgVJ�j��(YXLOJ�j-lOYSPR} \ ^¡K�j-NfYXWSj-^ \ KMr
YSPRj-NOQ/�?jVWQXjV}�J.QSY \ YXJ�Q�YSjB²Hk \ NHYXP ��~BYSLOJ�l<J�WXK�J�lOYXk \ ^ \ ^RP \ QÎr
PRNOg�Å(J \ WSJ�� \ K�PRNOgÜ@8Å/JBK \ N®�OJ5YSJ�WX}	PRNOJBYSLtJBPhNÇ�?jVWX} \ YXPRjVN
g \ PRN#mHûeì ë³ìhmHYXLOJ \ }	jVktNfY/j���PRNH�?j-WS} \ YSPRj-N�g-PhU-J�N��H~	YSLtJ�l \ r
W \ }	J�YXJ�WSQ�m¡jVN�ÅLOPRKML \ K5YSPRjVN�YSj�KMLOjHjVQXJ�PRN \ gVPRU-J�NQXY \ YSJVv
ILOJ/PRNH�?jVWX} \ YSPRjVNg \ PRN�j��bYXLOJ(YeÅ/jjV�tQSJ�WXU \ �O^RJ/l \ W \ }	J5YSJ�WXQ
PRQ�{Ovð{-p \ Nt��{Ovð{����OPRY�l<J�W�YSJ�QXY�WXJ�QSl<J�K�YXPRUVJ�^R~Hm�ÅLOPR^hJ�QSj-}	J
j��#YXLOJ�NOjVNÇr�j-�OQSJ�WXU \ �O^RJ8l \ W \ }	J5YSJ�WXQ�Å(j-kO^R�BlOWSj�UHPR�OJ8kOl	YXj
{OvðòÏ�OPRYSQl<J�W.YXJ�QSY�v/ceN6j-WS�OJ5W.YSjBYXJ�^R^¡ÅLOPRKML6j³��QSPRÐ	l<jVQXQSPR�O^RJ



K�j-NfYXWSj-^ \ K�YSPRjVNtQ(PRQ�j-lOYSPR} \ ^em�Å/J.NOJ�J5�	^RN R °?þV´o� wazðpVs8�OPRYXQ
j���PRNH�?jVWX} \ YSPRjVN¤° \ ^h^ \ K5YSPRjVNOQ \ WSJ \ �<jVktYBJ�²Hk \ ^R^R~®^RPhu-J�^R~O´�v
i�PRUVJ5N¸YSL \ Y¯YSLOJÍjV�OQXJ�WSU \ �O^RJ�l \ W \ }	J�YXJ�WSQ¯ltWSj�UHPR�OJ�j-NO^R~
{azð{-p��OPRYSQ�J \ KML#m%PRY�PRQ�U-J�WS~ÍkONO^RPRuVJ�^R~�YSL \ Y \ Nf~�K�j-}B�OPRN \ r
YSPRj-N6j³��YXLOJ�} ÅPh^R^¡lOWXj�UHPh�tJ�J5NOjVkOg-L�PhNÇ�?jVWX} \ YXPRjVN�YSjBPR�OJ�NHr
YSPa�?~BQXY \ YSJ�Q�v(�/jVNtQSPR�OJ�WXPhNtgBYSLOJ�}�J \ QXkOWSJ5}	J�NHYSQ/j���YSLOJÏl \ QXY
�BLOj-kOWSQ�mbÅ/J \ WSJ \ �O^RJ�YSjBg \ PRN�kOl¯YSj	{tvð{VpVpÏ�OPRYSQ�vô�NOj�Å^ar
J��Og-J \ �bj-kOY�YSLtJ.l \ QSY�}�J \ QXkOWSJ�}�J�NHYSQ�PRNOK�WXJ \ QXJ�QYSLOJ8PRNH�?jVWÎr
} \ YSPRjVN \ �bj-kOY�YSLtJjVlOYXPh} \ ^ \ K�YSPRjVNdmV�OktY�YXLOJ/� \ K�Y�YSL \ Y�YSLOJ
} \ ÐHPh}�kO} �tjfJ5Q�NtjVY�J�ÐHK�J�J��¤{azð{Vp-p��OPRYSQ�lOWXj�UfPR�OJ5Q�QSYXWSjVNtg
J�UHPR�OJ�NOK5J�YXL \ Y%YSLOJ8QS~HQSYXJ�} PRQ�NOj-Y�JM�¡J�K�YSPRU-J�^R~BPh�tJ�NHYSPa` \ �t^hJ-v
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ndPRgVkOWXJúþ*QSLOj�ÅQ�YSLtJjVlOYXPh} \ ^�K�j-NHYSWSj-^ \ K�YXPhj-N6°±~-r \ ÐfPRQM´¡j�UVJ5W
YSLtJ.U \ ^RkOJ/j��#j-NOJ.j³��YXLOJ.j-�OQSJ5WSU \ �t^hJ8l \ W \ }�J�YSJ�WXQ.°¿Ð-r \ ÐHPRQ�´5v
�/^RJ \ WX^R~fmHYXLOJ�WSJBPRQNOj�jV�HUHPRjVkOQK�j-WSWXJ�^ \ YSPRj-N6�<J�YeÅ/J�J�N®YXLOJ�QSJ
U \ ^RkOJ5Q[v�ù®J�kOQXJ�� \ N®ÿ � r�QXYe~f^RJ \ ^RgVj-WSPRYSLt} �?jVW8PhNt�OkOK�YXPhj-N
j���WSPRlOlO^RJ8�Oj�ÅN	WXkO^RJ�Q�°±ûeì ë³ìhm-WSkt^hJ5QÅPhYXL	NOJ5QSYSJ5�¯J�ÐHK�J�lOYXPRjVNOQ
î � KMLbyVþHm � KMLby-p�ñ?´�YSjÆ�OJ�QSK5WSPR�bJ�YXLOJ	WXJ�^ \ YSPRj-N®�bJ�YeÅ/J�J�N¤YXLOPRQ
jV�tQSJ�WXU \ �O^RJ/l \ W \ }	J5YSJ�W \ Nt��YXLOJjVlOYXPR} \ ^ \ K�YSPRj-N�UHP \ WXkO^RJ�Q[v
ù®J�^RJ \ WSNOJ��ÆWSkO^RJ�Q�ÅPRYSL \ N \ K5K�kOW \ K�~¯j³�(kOl¯YXj6wVp���mO�OktY
YSLtJ�WSkO^RJ�Q�Å/J�WSJÏK�jV}�lO^RJ�YSJ�^R~�kON \ �t^hJ�YXj	uVJ5J�l¯YSLtJ�lO^ \ NHYPRN
\ QXY \ �O^RJ�QSY \ YSJ-v�ù®J�YSLOJ5N�OJ5YSJ�WX}	PRNOJ�� \ K�jVQXY�} \ YXWSPRÐ��?j-W
QSkt�Hr�j-lOYSPR} \ ^ \ K�YSPRj-NOQ[mdÅLOjVQXJXÕ"���6J5^hJ5}	J�NHY�}	J \ QSkOWXJ�Q�YSLOJ
^RjVNOg³r�YXJ�WS} K5jVQSY�j³��KMLOjHjVQXPRNOg�j-lbJ�W \ YXPhj-N Õ�ÅLtJ�N)j-lbJ5W \ r
YSPRj-N��Å(j-kO^R�®�bJ�j-lOYSPR} \ ^ev�ù®J��?jVkONt��YSL \ Y�jVNOJ \ K�YXPhj-N
K \ kOQSJ��ÍJ�ÐHYSWXJ�}	J�^R~¯LtPhg-Ll<J�N \ ^RYSPRJ�Q�ÅLOJ5N®NOjVY�l<J�We�?j-WS}�J��
PRN \ QSPRYXk \ YXPhj-N®ÅLOJ�WXJ6PRY�Å/jVkt^h�®�<J	j-lOYSPR} \ ^evBILOJ�WSkO^RJ�Q
}	PRNOPR}BPRø�PRNOg�YSLtJ�J�ÐHlbJ5K�YSJ��®}�PRQSK�^ \ QXQSPa`bK \ YSPRjVNBK5jVQSYXQ�YSLOJ�WXJMr
�?j-WSJ�K�jVNHY \ PRNOJ��¯YXLOJBQSPRNOg-^hJÏWSkO^RJ6@ \ ^RÅ \ ~fQltWSJ��OPRK�YXPRNOg�YSL \ Y
\ K5YSPRjVN#v�¶*�#K�jVktWSQSJ-mHYSLOPRQ�WXkO^RJ�OjHJ�Q(NtjVY�JM�¡J�K�YSPRU-J�^R~BK�jVNHYSWXjV^
YSLtJ�lt^ \ NHY
	
_ K�jVNHYXWSjV^R^RJ�W8^hJ \ WSNtJ���H~�YSLtJ	ï.cS�%¶ � K�^ \ QXQSPa`bK \ YSPRjVN�QS~HQer
YSJ5}�î � ùqy��5ñ ÷ \ LH~H�OWSPR��QSY \ YSPRQXYSPRK \ ^¿x³NOJ�kOW \ ^ \ ^hg-jVWXPhYXLO}m
YSL \ Y�Å \ Q�W \ NOu-J��¤YSLOJ��<J�QSYB^RJ \ WSNOPRNOg \ ^RgVj-WSPRYSLt}m¡j-N \ U-r
J�W \ gVJ-m�jVN®YXLOJ6�,kOWSj-lbJ \ N � Y \ Y �¡j-g¯lOWXj � J�K�Y�îðª � I.y³��ñ ÷uVJ5lOY�YXLOJ�QS~HQSYXJ�} PhN \ QSY \ �O^RJ�QSY \ YSJVm%�OkOY�YSLOJ�K�j-NHYSWSj-^R^hJ5W
K�j-NOQSkO}�J�� \ N�J�ÐHYSWSJ5}	J�^R~	^ \ WSgVJ \ }�jVkONHY�j³��j�ÐH~HgVJ�N#v��,WSj�r
UHPR�OPRNOg	YXLOJ�QXJ�K�j-NO�®jV�OQXJ�WSU \ �O^RJBl \ W \ }�J�YSJ�W \ NO��YSLtJBl \ QXY
}	J \ QSktWSJ�}�J�NHYSQ/j��#�<jVYSL�jV�OQXJ�WSU \ �O^RJ�l \ W \ }	J5YSJ�WXQ \ Q(PRNOlOktY
WSJ5�OkOK�J��qYSLtJ¯j�ÐH~fg-J�N¤K�jVNtQSkO}�lOYSPRjVN¤QX^hPRg-LfYX^R~«°SzMrSw��B´��?j-W
�<jVYSL \ ^RgVj-WSPRYSLt}	Q[m �OkOY�YSLOJ�WSJ�QXkO^RYSQBÅ/J�WSJ�QSYXPR^h^/kON \ K�K�J�ltYer
\ �t^hJ-v¸�.j-YSJVm8YSL \ Y	YXLOJ¯L \ NO�HreK�W \ �?YSJ��qK�j-NfYXWSj-^h^RJ�W�mÅLOPRKML
\ ^RQXj�QXJ�J�Q�j-NO^R~�jVNtJ(l \ W \ }	J�YXJ�W[m�l<J�WÎ�?jVWX}	Q��bJ5YSYSJ5W(YXL \ N�YSLOJ
K�j-NfYXWSj-^h^RJ�WXQ(g-J�NOJ�W \ YXJ��	�H~�YSLOJ8^hJ \ WSNtPhNtg \ ^RgVjVWXPRYSLO}�Q[v<ceY(PRQ�m
LOj�Å/J�UVJ5W[m�kONH� \ PRW�YSj¯�O^ \ }	J�YSLOJ�^hJ \ WSNtPhNtg \ ^RgVjVWXPRYSLO}�Q�?j-W
YSLtPhQ�� \ ��l<J�We�?j-WS} \ NOK�J-õ _ lOlO^RPRJ���YXjYXLOJ	Q \ }�lO^RJBQSY \ YSJ�Q�m
YSLtJ	L \ NO�HreK�W \ �?YSJ��¤K�j-NHYSWSj-^R^hJ5W�~HPhJ5^h�tQ�YXLOJ	j-lOYSPR} \ ^ \ K�YXPhj-N
^RJ�QSQ�YXL \ N¤z[p�� j��(YXLOJBYSPR}	J-mOÅLOPR^RJ�YSLtJBWSkO^RJ�Q \ KMLOPRJ�U-J \ N
\ K5K�kOW \ K�~�j����bJ�YeÅ/J�J�N�wVp�� \ NO�¯òV{���v
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ndPRgVkOWXJ	|a@ _ K5jVNHYSWXjV^R^RJ�W�kOQXPhNtg¯jVNO^R~�YSLOJ�jV�OQXJ�WSU \ �O^RJBl \ r
W \ }	J�YXJ�WSQ
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_ QBj-kOWBLH~Hlbj-YSLOJ�QXPRQB^ \ NOgVk \ gVJ-m�Å(J�KMLOjVQXJ \ ^RPRQSY�j���WSkO^RJ�Q
ÅPRYSL PRNHYSJ5WSU \ ^�K�j-NOQSYXW \ PhNHYXQ���jVW¤YSLOJqlOWXJ�QSJ�NHY \ NO� l \ QXY
}	J \ QSktWSJ�}�J�NHYSQj��/jV�OQXJ�WSU \ �O^RJ�l \ W \ }�J�YSJ�WXQ[m<ÅPRYSL¯J5Ð \ K�YS^R~
jVNtJ®WSkO^RJ�lbJ�W�l<jVQSQXPR�O^RJ \ K�YSPRjVNdm�ÅLOJ�WSJ®YXLOJ®jVWX�OJ�WXPhNtg«j��
YSLtJ¯WSkO^RJ�Q�PRQBQSPRgVNOPa`bK \ NHY[vq¶.ktW6ÿ ��reQSYe~H^RJ¯^RJ \ WSNOPRNOg \ ^RgVj³r
WSPRYXLO}"lOWXjVl<jVQSJ5Q \ K�j-NHYSWSj-^R^hJ5W[m�ÅLOPRKML�YXLOJ�N¤K�jVNHYXWSjV^RQ�YSLOJ
lO^ \ NHY��?jVW�z[òV{�LtjVkOWXQ6j³��QSPR}BkO^ \ YSJ��ÍYSPR}	JVv ILOJj�U-J�W \ ^R^
K�j-QSYSQ \ WSJÆWSJ�YXkOWSNOJ5�¬YSjÍYSLOJ�^RJ \ WXNOPRNOg \ ^RgVjVWXPRYSLO}�m�ÅLOPRKML
YSLtJ�N)l<J�WÎ�?jVWX}	Q \ gVW \ �OPRJ�NHY	�tJ�QSK�J5NfYÆQSJ \ WSKML«��jVW \ gVjHjH�
K�j-NfYXWSj-^h^RJ�W�v ù®J¤}�jf�tP `<J��¸YSLOJ¤K�j-NHYSWSj-^R^hJ5WSQ®�H~ \ �O�OPRNOg
NOj-WS} \ ^R^h~��OPRQXYSWSPR�OktYSJ��¤W \ NO�Oj-} NHkO}B�<J�WXQ�YSj \ ^R^/PhNHYXJ�WSU \ ^
�<jVkONO� \ WSPRJ�Q�m \ Nt���?kOWXYSLOJ�W�kOQXJ�� \ QSPR}�lO^RJ.}	J5K�L \ NOPRQS} �?j-W
QSYXJ�lHreQSPRø�J \ � \ lOY \ YSPRjVNdm \ Q	kOQXJ��«PRN¤J�UVj-^RkOYSPRjVN \ WS~ÍQSYXW \ YXJMr
gVPRJ�Q�î o*J�K[y³�bm#o*J�K[sVyóñSm#� \ QSJ��ÍjVN�K�jV}�l \ WXPRNOg	YeÅ/j¯QSktK�K�J�QÎr
QSj-WSQ�gVJ5NOJ�W \ YSJ��BÅPRYXL��OPa�¡J�WSJ5NfY�QXYSJ�lBQXPhø5J�Q[v _ �?YSJ�W \ �bj-kOY(z�{
}	PRNHkOYXJ�Q.j³�(K�jV}�lOkOY \ YSPRj-N6YXPR}	JVmtÅ(JÏ�?jVktNO� \ � \ PRWX^h~�gVjHjH�
K�j-NfYXWSj-^h^RJ�W�mÅLOPRKML¤Y \ u-J�Q	j-NO^R~�j-NOJ�jV�OQXJ�WSU \ �O^RJ¯l \ W \ }�JMr
YSJ5W \ QPRNOltkOY[v�ndPRgVkOWXJ�|�QSLOj�ÅQPRYSQ \ }	}�jVNOPakO} °±^hJµ�?Y�´ \ NO�
j�ÐH~HgVJ�N�°¿WXPhg-LHY�´�K�ktWSUVJ5Q[v��.j-YSJPRY�PRQ��<J�YXYSJ�WYXL \ N�YSLOJL \ NO�Hr
K�W \ �?YXJ��¯K�j-NfYXWSj-^h^RJ�W�tkOYÅ(j-WSQXJ�YXL \ Ndm \ NO��K�j-}	lO^RJ�YXJ�^R~B�OPa�¿r
�?J�WXJ�NHY�?WXjV}�m�YSLOJÏjV}	NtPhQXK�PRJ�NHY(K5jVNHYSWXjV^R^RJ�W[v

�T> � G�0 G.�H@�� G�C�9IDY�¬�FG�A8A��¡9�A
ILOJ��Oj-YSYSJ5�	^RPRNOJ.PRN	ndPRgVkOWXJ�þ�WSJM�?J5WSQ.YXj�YXLOJ�K�jVNHYXWSjV^<QSYXW \ Yer
J�g-~��?jVktNO���H~�YSLtJJ�ÐHlbJ�WXPR}	J�NHY \ ^H^hJ \ WSNtJ�W[õ-NOjVYXPRK�J(YXLOPRQ�K�jVNHr
YSWXjV^ \ K�YSPRjVN®PRQ�°¿WXjVkOg-LO^R~Ç´ÏPRNHUVJ�WXQSJ�^R~®lOWXjVl<jVWSYXPRjVN \ ^(YXj¯YSLOJ
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ndPRgVkOWXJ.þa@�¶.�tQSJ�WXU \ �O^RJ.l \ W \ }	J�YXJ�W.°±ÐVr \ ÐHPRQ�´ \ NO�BjVlOYXPR} \ ^ \ K�YSPRjVN�°¿~-r \ ÐHPRQ�´d��jVkONO�B�H~�ltWSjV�t^hJ5} QXjV^RUVJ5W[v�ï8jVYXYSJ��B^RPRNOJQSLtj�ÅQ
QSYXW \ YSJ�g-~	��jVkONO���H~	J�ÐHl<J�WSPR}	J5NfY \ ^¡^RJ \ WSNOJ�W

U \ ^RkOJÆj���YSLOJ�jV�tQSJ�WXU \ �O^RJ¯l \ W \ }	J�YXJ�W[v �/jV}�l \ WXPhNtgYXLOPRQ
QSYXW \ YSJ�g-~	YSjBYXLOJ�jVlOYXPR} \ ^tK�jVNHYSWXjV^ \ K�YXPhj-NOQ/�OJ�YSJ5WS}	PRNOJ5�6�H~
YSLtJ�ltWSjV�t^hJ5} QXjV^RUVJ�W�mHÅ(J�QXJ�J�YSL \ YYSLtJ�J5Ðfl<J�WXPh}�J�NHY \ ^¡K�jVNHr
YSWXjV^R^RJ�W	l<J�WÎ�?jVWX}	Q	YXLOJ�jVlOYXPh} \ ^ \ K�YXPRjVN¤�?j-W	j-NO^R~)z[p�� j��
YSLtJ6Q \ }�lO^RJ�QXY \ YXJ�Q[m/ÅLOPR^RJBYSLtJ6J5ÐfYXW \ K�YSJ��¤WXkO^RJ�QBlbJ5We�?j-WS}
YSLtJ	jVltYSPR} \ ^ \ K�YSPRj-N��?jVW�w-p�� j��.YSLtJ	Q \ }	lO^RJ�QSY \ YSJ5Q \ NO�
~VJ5Y.l<J�We�?j-WS} QSPRgVNOPa`bK \ NHYS^R~	Å/jVWXQSJ�	8IL \ Y.PRQ[md» Â ËRºO¾-Ö�Ä[º®ËRºO¹
À�Ö Â ¹5Ó�»µÉVÉ�ÀX¾[È-½¿Ê�»VË�¹	ËRºO¹�É¡ÀS¾�v�¹ Á Ë�½¿¾VÃ®¾XÔBËhºt¹B¾MÉ¡Ë?½¿Ê�» Â ÓµË�ÀS»-Ë¿Ì
¹eÄVü�Ë�¾�Ëhºt¹Ó�ÉÇ» Á ¹.¾SÔ/¼�½RÓ�Öf» Â ÉO»VÀS»-Ê�¹�Ë�¹[ÀMÓ�·M¹�Ë?Ë�¹[À/ËRºO»VÃBËRºO¹8¹�È³Ì
ÉO¹[À�½±Ê�¹�ÃOË�» Â¿Â ü6¾-·[Ë�»V½±ÃO¹MÒ Á ¾VÃtË?ÀX¾ Â¿Â ¹[ÀBÒ-¾[¹5Ó���ËRºO¹�¹�ÈµÉO¹[À�½±Ê�¹�ÃHÌ
Ë�» Â�Á ¾-ÃOË?ÀX¾ Â¿Â ¹[À�» Á ºt½¿¹[¼�¹5ÓËhºt¹®·M¹[Ë�Ë?¹�À�ÀS¹5Ó�Ö Â ËUÛ ILOPRQ	PRQB�<JMr
K \ kOQSJ�YSLtJ6}�PR}BPhKMuHPRNOgBK�j-NfYXWSj-^h^RJ�W�PRQ�ktN \ �O^RJ�YSj�QSPR}BkO^ \ YXJ
YSLtJ�jVlOYXPR} \ ^¡K5jVNHYSWXjV^R^RJ�WÅPRYSL¯kONt^hPR}�PhYXJ��	l<J�WXK�J�lOYXPhj-N#m¡�OktY
YSLtJ6J5Ðfl<J�WXPh}�J�NHY \ ^(^RJ \ WSNOJ�WBÅ \ Q \ �t^hJ�YSjÆ`bNO� \ QXYSW \ YSJ�g-~
YSL \ Y~HPRJ�^R�OQ(g-jHjf��WXJ�QSkO^RYXQ.kOQXPhNtg�j-NO^R~BjVNOJ�jV�tQSJ�WXU \ �O^RJ�l \ r
W \ }	J�YXJ�W ÷ \ ^R�bJ�PRY \ QXYSW \ YSJ�g-~BYSL \ Y�PRQ�UVJ5WS~��OPa��J�WXJ�NHY���WSjV}
YSLtJ�j-lOYSPR} \ ^<jVNOJVv
ILOPRQ�K�^RJ \ WX^R~¯QSLOj�ÅQÏYSL \ Y�YXLOJBJM�¡J�K�YXQ�j³�úILOJ5jVWSJ5}�z�K \ N
�<J¯jV�OQXJ�WSU-J��qPhN�WSJ \ ^ reÅ/jVWS^R�¤QS~HQXYSJ�}�Q[mJ�U-J�N«YXLOjVkOg-L«jVktW
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