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§��T���w£;�3¢p�x���«�¾£C���E©p� �p©���� ¢3�y�;§c ¨©C����¢C§C¿9 Å�� �©C���g�«�Ê��¢p�ª�����¾£C���J�  ¨©�¢����Ê�#��� �J�j - V¢C§» Å�g£C�3�ª§;² Â ©C����¢C§�¿
 »�#¢3�º� �C¢p�V�«� ��§y ¨©3�ª����©C�3��� §¨��©C�3�«� �C¢p�^¿��Ê£C�3��¢C )� ��§��E©p� �p©��3£C�3¢C�.��ä^Ô*�t�ª�3�p°C��§��¾£j ¨©C��¢;�� )� °C���.�p§��  )� �t£
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eGp f�h X­qUhio�]3e@hBf�\$s�Z�]¶uVf�Â�»<X²qOf�\$¦�]�\ÁhBfµ©�\1]8l�]�q�h�hio�] ®D\$s�g!]�e�®D\1fJg � \Ss�hBhHp¾X²q�Z � f.qOhGo�]Ëk�p ]�s�\$s�q�kG]3hGo�s�h
hio�]�\$s�X¾p'X e ]�q�Zts�Z�]�¦�m�X hio�_°ºLe�hio�]	e@hBf�\$s�Z�]�uVf�ÂrX e·g�f�l�]�¦�hBfrsrq�]�mÜ©�fVeGX h¨X fJq¶®�f�\<eD]�p ]�kGhHX²q�ZPsµq�]�m
Å p hB]�\C»�hio�]°f�p�¦ Å p hB]�\<X e g�f�l�]�¦OfJq�hBf·hio�]O\$s�XÇp Ä ®D\1f.g´hio�]3s�kGhi[�s�hBf�\jÆ)sÃq�¦·hGo�]·q�]�m Å p hB]�\�X e	g�f�l�]�¦Uf ö
f�®)hGo�]Ë\$s�XÇp�fJq3h�fOhio�]·ªH]�§�f.q	hio�]	s�kGhi[�s�hBf�\B_

±�o�] s�kGhi[�s�hBf�\�hio�s�h�mdX¾p¾p�¦J\jX l�]�hio�] Å p hB]�\Ás�q�¦	®D\$s�g!]�h�f·s�q�¦	®D\1fJgÓhio�]	u�]�sÃg¯X e�s�q	s�X­\ÁkG§�p¾X²q�¦�]�\è_
±�o�]·kG§�p¾X²q�¦�]t\�X hBe@]Vp ®;m�XÇp¾pÁo�s�l�]OhBfµuV]�©�\1f�©�]�\�p §�uVsGÎ·]�¦J»�hi[�q�]�¦J»�s�q�¦zk�[�e�o�X fJq�]�¦rX²q·fY\S¦�]�\'h�fz©�\1]�l8]�q�h
hio�] Å p hB]�\>e!®D\1fJg×uV]�X²q�Zz¦�s�g�s�ZV]�¦�_°º�p¾p�hB]�e@hHX­q�Z�m�XÇp¾p'u�]P¦�fJq�]Of.q·s Å p hB]�\<hB]�e@h�u�p�s�q�ª·s�q�¦¬®D\$s�g�]�_!º
p¾X²q�]�sV\�uVs�pÇpJuV]�s�\�X²q�ZOhDs�u�p ]�mdX hio s�q	X²q�hB]�Z.\$s�h�]�¦¶p ]�s�¦	eñk�\1]�mng�f�l�]8e�hio�]�]�q�hHX²\>]°uVs�q�ª!f�® Å p hB]�\1e�X­q°f�\$¦�]�\
hBfOe@]�p ]�kGh;s�q�]�m Å p hB]�\B_<±�o�]·g!fVh�f�\�hi\$s�l�]Vp e�m�X hGo3hGo�]�h@s�u�p ]	hBfY©·X­q	hio�X e�k�s�eD]�_

±�o�]°eDhBfY\Ss�ZV]Ou�f�ÂO®�f�\'hGo�] Å p hB]�\>e�X e�kGf.q�e@hi\C[�kGhB]�¦¶X­q	e8[�k�o	s	m)sG§	hio�s�h!u8§	eGX­g°©�p §�\>]�g!fVl�X²q�Z·hio�]
\1]�sV\<kGfVl�]�\C»Ás�q�¦µs�hBhDs�kVo�X²q�Zzsµo�s�q�¦Yp¾X²q�ZÀuVs�\�hBf�hio�]�uVs�k�ª	f�®�]�s�k�orX²q�¦YX l�X ¦J[�s�p Å p hB]�\C»�f.q�]¹X e3s�u�p ]·hBf
p¾X ®�h;s�pÇptf�®LhGo�] Å p hB]�\1e�f.[�h�f�®Áhio�]	g�]�k�o�s�q�X e8g�®�fY\�e@hBf�\$s�Z�]�f�\<\1]�©�p s�kG]�g�]�q�h�X­q�hBfOs eGX­g°X¾p�s�\Lg!]�k�o�s�q�X e�g
fJq�hio�]µe8o�f�\1hOk�s�g�]�\$s�_¯ä'\1]�p¾X²g X²q�sV\1§�k�s�p k�[�p s�hHX fJq�eÀo�s�l�]À¦�]�hB]�\Cg X²q�]�¦òhio�]ég�s�e@e·f�® hio�]µeDhi\C[�kGhi[�\1]
Ä X­q�k�p­[�¦YX²q�ZÖ`�Ñrg�s�e�ªieGÆ<hBf�uV]Os�©�©�\>f�ÂtX²g�s�hB]�p §3Ñ�ÒrªGZ5_

WYX Z.[�\1]�^._�`8øµe�o�f�m�eOs Å p hB]�\�®D\$s�g�]�s�h hio�]¶]�q�¦¸X hBe	hi\$s�l�]�pv_éWYX ZJ[�\1]r^._�`8ù¹e�o�f�m�eOs�q�X eDfJg�]�hi\jX�k
l�X ]�mnf�®Lhio�]PWÃÙ.Ù'_
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WYX ZJ[�\1]3^._�`�ï.b�±�fY©·s�q�¦¶]tq�¦Ul�X ]�m�e�f�®)hGo�] Å p hB]�\'e@]�\1l8]�\�e@§8e@hB]�gO_
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±�o�]U®�f�pÇp f�m�X²q�ZÀe@]�kih¨X fJq�eÌ¦�]�eHk�\�XÇuV]¶hio�]OeDhG\¤[�kGhi[�\$s�p�X­q�h�]t\�®¤s�kG]OhBf¹hio�]ÖÞ	s�Z�]�p¾p sÃqrhB]�p ]�eHkGf�©�]8e�»Ás�q�¦¹hio�]
g�s�X­qOe@]�Z.g!]�q�hBe�f�®;hio�]¶X­q�e@hi\C[�g!]tq�h�e@hi\C[�kihG[�\>]�_�±do�]Ohio�\1]8]�g�s�X­qOe@hi\C[�kGhi[�\1]�]Vp ]�g�]�q�hBe�»�hio�]°®�f�\1m�s�\S¦
fY©�hHX k�s�p'e�[�©�©Vf�\1h e@hi\C[�kGhi[�\1] Ä WÃáÍÙJÙ�ÆH»�g�stX­q�fY©�hHX k�s�pÁe�[�©�©VfY\>h�e@hi\C[�kGhi[�\1] Ä ÞUáÍÙJÙ�ÆH»;g�s�X­qG®D\$s�g!]�»LsÃq�¦
X­q�e@hi\C[�g!]tq�h�k�s�\¤\jX�s�ZV]·s�\1]·¦�]�eñk�\jX¾u�]�¦�_!ºÉ©t\1]�p¾X²g X²q�sV\1§ Å q�X hB]O]�p ]�g!]�q�h g�f�¦�]�p�f�®;hio�]rg�s�X­qG®D\$s�g!]ËsÃq�¦
ÞUáÍÙJÙ�X e�©t\1]�eD]�q�hB]�¦J»ÁsÃq�¦¼X²g�s�ZV]Àg!f�hHX fJq�e·¦J[�]�hBf�eDhG\¤[�kGhi[�\1]�¦�]i³J]�kih¨X fJq�eËs�\1]rk8stp k�[�p s�h�]�¦Ö®�f�\�hCmLf
f�\1hio�f�ZVfJq�s�p�ZJ\$s�l�X hC§�l�]�kGhBfY\>er\1]�©�\>]�e@]�q�hHX­q�Zé\1fVhDs�hHX fJq�e�f�®3hGo�]�X­q�e@hi\C[�g�]�q�hOs�uVfJ[�h·hGo�]zfY©�hHX k�s�p�sGÂ�X e�_
WYX²q�s�p¾p §i»'sOu�\jX ]G®)¦�]�eHkV\jXÇ©�hHX fJq f�®Lhio�]UX­q�e@hi\C[�g�]�q�h�k�sV\C\jX s�ZV]3sÃq�¦PsÃ[GÂtXÇp¾X�sV\1§Oe�[�©�©Vf�\1h�eD§�e@hB]�gôs�\1]�Z�X l�]tq�_

T�9<8�·�9zL �Î>NI��ZIBY^I7bc�R?��xI��xU)V@bÃCvA��xGËI�V�CÆU)V�C
IBA&ÍKF��ÐI

±�o�]�Þ3s�ZV]�p¾p�s�qµhB]�p ]�eHkifY©V]�e	©�\>f�l�X ¦�]¶h¤m<fÀg�s�X²qµX­q�hB]�\�®¤s�kG]�e�h�frhio�]Öì�s�e�g�§�hio¹X­q�e@hi\C[�g!]tq�hd®�f�k�Xv_�±�o�]
Å \1e@h�X e�hGo�\>fJ[�ZJo hio�]·ì�s�e8g!§�hio	X­q�e@hi\C[�g!]tq�h�\1f�hDs�hBf�\ Ä ì�c���ÆH»�s·\1fJ[�q�¦�©�p s�hB]3s�hBh@s�k�o�]�¦	h�fOhio�]�eiX�¦�]8e�f�®
hio�]	]�p ]�l�s�hHX fJq·¦YX e8ªGe�_!±�o�]rì�c��¿X e�®D\jX�kih¨X fJqG«è¦J\jX l�]�q·s�q�¦�]�q�kGf�¦�]�¦¹X­qOf�\$¦�]�\�hBfr©�\1fVl�X ¦�]·¦�]�\1f�hDs�hHX f.q	f�®
hio�]�®�f�k�[�e \1]�p s�h¨X l�] hBf¶hio�]·ìÁs�e�g!§8hGo3¦�]�k�ªV»Js�e \1]�ÏJ[�X­\1]�¦�u�§ º�p hHX hi[�¦�]G«¤º<È�X²g3[�hio	hB]�p ]8eHkGf�©�]�e�_

±�o�]°eD]�kGf.q�¦UeDhG\¤[�kGhi[�\$s�pYX­q�hB]�\�®¤s�kG]OX e�hio�\1fJ[�Z.o°hio�]Pì�s�e8g!§�hio3¦�]�k�ª	X h�eD]�p ®ñ_�Ù�g�s�pÇp ]�\�X­q�e@hi\C[�g�]�q�hBe
g�si§	©�\$s�kGhHX k�s�pÇp §·[�e@]LõH[�e@h�hio�]Oì�c��'»�s�q�¦�g�s�ªH]d®�]8m¿f�\<q�fP\1]�ÏJ[�X­\1]�g�]�q�hBe<fJq hio�]�¦�]�kVªÌX hBe@]�p ®ñ_�c>Þ°º�ß'Ù
m�XÇp¾p'g�s�ª¨]Ë[�e@] f�®;u�fVhio	hio�]·ì�c��¸s�q�¦zì�s�e�g�§�hio	¦�]�k�ªd®�f�\'e�[�©�©Vf�\1h8_

T�9<8�·�9zT =¨CvA��@�«C´�HAKI�D�?�V@�RIH��Ccb

±�o�]¶©t\jX²g�s�\1§�®D[�q�kGhHX fJq	f�®�hio�]UX­q�e@hi\C[�g�]�q�h�e@hi\C[�kGhi[�\1]8edX e�h�fOe8[�©�©�f�\1h;hio�]	fY©�hHX k�s�p�e�[�u�«¤e@§�eDh�]tg!e�e8[�k�o
hio�s�h�X­g�s�Z�]3g!fVhHX f.q�e�¦J[�]�hBf l�s�\�X�s�hHX f.q�e�X²q�hGo�]�Z.\$s�l�X hC§!l8]�kGhBf�\JmdX¾p¾pYuV]°p ]�eDe<hio�sÃq�hio�]�ÒJ_�`�©�X Â�]Vp�³J]GÂÃ[�\1]
eG©V]�k�X Å k�s�h¨X fJq�_nº×l�s�\jX ]�hC§zf�®Ës�©�©�\1fts�k�o�]�e�»;¦�]�eñk�\jX¾u�]�¦¼u�]�p f�m�»°o�s�l�]éuV]�]�qzh@s�ªH]�q¸X­q�hio�]¹eDhi\C[�kGhi[�\1]
¦�]�eiX Z.q	hBfrg!]�]�h�hio�s�h�fYuDõC]�kGhHX l�]�_

±�o�]�\1];s�\1]�f�hio�]�\.kGfJq�eDhi\$s�X²q�hBe'fJq�hio�]�eDhi\C[�kGhi[�\1]Ám!o�X k�o�u�X s�eLhGo�];¦�]�eiX Z.q�s�eÁm<]�p¾pv_�±�o�]!X­q�e@hi\C[�g�]�q�h
e@hi\C[�kihG[�\>] g	[�e@h;s�hBhDs�kVo°]
�Pk�X ]�q�hHp §3sÃq�¦O] ö ]�kGhHX l�]�p § h�fOhio�]Pì�s�e8g!§�hioOX²q�eDhG\¤[�g!]�q�h�g�fJ[�q�h8_�º�p hio�fJ[�ZJo
\1f.[�h¨X­q�]�\>]�g!fVl�s�p�s�q�¦�\1]G«DX²q�eDh@s�p¾p�s�hHX fJqOf�®;hio�]¶X­q�e@hi\C[�g�]�q�h;s�\1]�q�fVh \1]�ÏJ[�X­\1]�¦J»'X h�X e s	ZVf�s�p�hBfµu�]Ës�u�p ]
hBf¼\1]�g�f�l�]�hio�]µX­q�e@hi\C[�g�]�q�h kGf.g°©�p ]�hB]�p §¬®D\>fJgÊhio�]�hB]�p ]�eñkGfY©V]µX­q¹f.q�]µ¦�si§�_À±�o�]¹eDhi\C[�kGhi[�\1]Oe�o�f.[�p�¦
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s�pÇp f�m´]�s�eD§Os�k�kG]8e@e�hBf·hio�]UX­q�hB]�\Cq�s�p.kGfJg ©�f.q�]�q�hBe�»�]�eG©V]�k�X s�pÇp §Ohio�f�e@] hio�s�h \1]�ÏJ[�X­\1]!®D\1]�ÏJ[�]�q�h;k�o�s�q�Z�]�e8»
©�\�X²q�k�X¾©Vs�pÇp §	hio�]·g�s�e8ª!e@]t\1l�]�\C»Ju�[�h;s�p eDf¶hio�] Å p h�]t\�e@]�\>l�]�\1e8»Ys�q�¦Ohio�] ¦YX ei©�]t\1e@]�\�e@]�\1l8]�\B_'±�o�]°eDhi\C[�kGhi[�\1]
e�o�f.[�p�¦éuV]�\1]�p s�h¨X l�]�p §µl8]�\1eHs�hHX¾p ]�»Áe�[�k�o�hio�s�h�®D[�hi[�\1]µg�f�¦YX Å k�s�hHX f.q�eOf�\�s�¦�¦YX hHX fJq�e·h�fzhio�]¹X­q�e@hi\C[�g�]�q�h
s�\1]Ös�e¶eiX²g ©�p ]Às�er©�fVe@eGX¾u�p ]�_É±�o�]µe@]Vp ® mL]�X Z.o�h¶f�® hio�]µeDhG\¤[�kGhi[�\1]�m�XÇp¾p;s ö ]�kGh�X h�e¬¦�]G³J]�kGhHX f.q�e�»;sÃq�¦
o�]�q�kG]Oe8o�fJ[�p ¦¸u�]Ps�e¶p¾X Z.o�hOX²q�m<]VX Z.o�h s�eU©Vf�eDeGX¾u�p ]Ã_�±do�]PkGfVe@h�f�®�hio�]¶eDhi\C[�kGhi[�\1] m�XÇp¾p<uV]¶eDfJg!]8m!o�s�h
¦�]�©V]�q�¦�]�q�h�fJqrX hBe m<]�X ZJo�hi»'s�e m<]�p¾p�s�eUX hBe Z�]�f.g!]�hi\1§ ü eGX­g°©�p ]¶m<]Vp�¦Jg�]�q�hBe!f�®�©�p s�hB]�e3s�q�¦¹hi[�uV]�e�m�X¾pÇp
]�s�e@]·g�sÃq�[G®¤s�kGhi[�\1]ÌsÃq�¦ro�]�p¾©OhBfrg°X­q�X²g X Èi]Okif�e@h8_

±�o�\1]�]�¦YX e@hHX²q�kih<e@hi\C[�kGhi[�\1]ÍkGfJq�ki]�©�hBe�o�s�l�]°uV]�]�q X²q�l8]�e@hHX Z�s�hB]�¦�_<±�o�] Å \>e@hÁm�s�e�s	©�p s�h�]i«Cm<]Vp�¦Jg�]�q�h
¦�]�eiX Z.q¬©t\1fY©Vf�eD]�¦�s�q�¦�¦�]�l8]�p f�©�]�¦Öu8§·ÙYhB]�l�]��;[�q�q�]�p e!f�® äJsV\$s�Z�fJq¬ç�q�ZYX­q�]�]�\�X²q�Z.»'s�q�¦¬e8o�f�m!q·X²qzWYX Z�«
[�\1]·^._ÇÐ�Ò._¶±�o�]ru�]�q�] Å hBe�f�®�hio�X e3¦�]�eiX Z.q¹X­q�k�p­[�¦�]¶eiX²g ©�pÇX k�X hC§¶f�®�®¤s�u�\jX k�s�hHX f.q�»�kifJg°©Vs�kGhiq�]�eDe�»<\>]�p�s�hHX l�]
]�s�e@]�f�®ÔsÃq�s�p §�eGX e;s�q�¦Ì®¤s�u�\jX k�s�hHX f.q�_<±�o�]�©�\jX­q�k�X¾©Vstp�mL]�s�ª�q�]�eDe@]�e'f�®�hio�X e�¦�]�eiX Z.qÌX­q�k�p­[�¦�]�¦YX �Pk�[�p h<s�k�ki]�e@e
hBf�X²q�hB]�\¤q�stpÃkGfJg ©�f.q�]�q�hBe�»Js�q�¦�s�eDe@]�g u�p §3kGf.g°©�p¾X�k�s�hHX fJq�e�¦J[�]�hBfOhGo�]�®¤s�kGh�hio�s�h�hio�] e@hi\C[�kGhi[�\1]�m<f.[�p�¦
o�s�l�]	hBf�uV]3¦YX eñs�eDe@]�g u�p ]�¦UhBfr\1]�s�k�o e@f.g!]	X­q�hB]�\Cq�s�p.kGfJg ©�f.q�]�q�hBe�e8[�k�o	s�e�hio�]3kGfYp¾p¾X²g�s�hBf�\B_

±�o�]°eD]�kGf.q�¦OkGfJq�kG]V©�h�m)s�e�s	ei©Vs�kG]!®D\$s�g!]Ì¦�]�eGX ZJq�»Jm�o�]�\1]Ìstp¾pJhio�]	X­q�e@hi\C[�g�]�q�h<e8[�u�«CeD§�e@hB]�g�e�s�\1]
s�hBh@s�k�o�]�¦¹hBf�]�s�k�o¶fVhio�]�\�m�X hior¦�]�hB]�\¤g°X­q�s�hB]·hi\C[�e@eD]�e�_·±do�]�©t\jX²g�s�\1§ru�]tq�] Å h�f�®�hGo�X eO¦�]8eGX ZJqµX e	hio�]
s�u�XÇp¾X hC§¸hBf¼©�[�hOe@hi\C[�kGhi[�\1]Ög�s�e@eO]GÂ�s�kih¨p §�m�o�]�\1]�X h¹X eµg�f�eDhO] ö ]�kGhHX l8]�_n±do�]zhi\C[�e@eO]�p ]�g�]�q�hBe·k�s�\C\1§
fJq�p §rsGÂ�X s�p<p fts�¦�e�»�s�q�¦¹hio�]O]�p ]�g!]tq�h�k�\>f�e@eB«CeD]�kGhHX fJq�e k�s�qru�]·hi[�q�]�¦¹hBfÀg°X­q�X²g X Èi]·m<]�X ZJo�h�m�o�X¾p ]�eDhHXÇp¾p
©�\>f�l�X ¦YX²q�Z hio�]�\>]�ÏJ[�X²\>]�¦!e@hHX ö q�]�e@e�_Ôº�ei©Vs�kG]�®D\$s�g�]�s�p eDfO©�\1fVl�X�¦�]8e�©V]�\Co�s�©�e<hio�]�o�X ZJo�]8e@h�p ]�l8]�p�f�®'s�k�ki]�e@e
hBf¶hio�]3e�[�©�©VfY\>h�]�¦¶kGf.g°©VfJq�]�q�hBe�_Íó�]�sÃªVq�]�e@eD]�e�X²q�k�p²[�¦�]r\1]Vp�s�hHX l8]�p §rg�f�\1]3kGfJg ©�pÇX k�s�hB]�¦�¦�]�eiX Z.qU] ö f�\1hi»
g!f�\1]ÌkGfJg ©�pÇX k�s�hB]�¦Ë®¤s�ut\jX�k8s�hHX fJq�»

º×hio�X²\$¦¼kGf.q�kG]�©�hzo�s�eµu�]8]�qés�¦�fY©�hB]�¦J»�m�o�X�k�oéX ezs�o�§�u�\�X�¦éf�®Ëhio�] Å \1eDhOhCm<f.»!s�q�¦nX ere�o�f�m�q
X­q�WYX ZJ[�\1]À^._ÇÐ�`�_Ü±do�]é©t\jX­g�s�\1§zfYuDõC]�kGhHX l�]¹®�f�\�hGo�X e�eDhG\¤[�kGhi[�\1]rkGf.q�kG]�©�hOm�s�e�hBfng�]�]�h	hio�]r³J]GÂÃ[�\1]
eG©V]�k�X Å k�s�h¨X fJq�e·u�§�[�eiX²q�Zzhio�]¹uV]�e@h�®�]�s�hi[�\1]�e�f�®�hio�]µg�fJq�f�kGf�ÏJ[�]zs�q�¦¸©�p s�hB]�mL]�p�¦Jg�]�q�h ¦�]�eiX Z.q�e�_�º
©�p s�hB]�m<]Vp�¦Jg�]�q�h�eDhi\C[�kGhi[�\1] Ä k�s�pÇp ]�¦°hio�] g�stX­q!f�©�hHX�k�s�p�e8[�©�©�f�\1hÁe@hi\C[�kGhi[�\1]t»Gf�\ÁÞUáÍÙJÙ�Æ�X e�[�eD]�¦!hBf3k�s�\C\1§
hio�]OkGf�pÇp¾X­g�s�hBfY\¤»'¦YX ei©�]t\1e@]�\'eD]�\1l�]�\¤»�sÃq�¦rk�s�g�]�\$s�e�_�ºneG©Vs�kG] ®D\$s�g!]OX eO[�e@]�¦·h�f¬k�s�\C\1§3kGf.g°©VfJq�]�q�hBe X²q
hio�]�eGp¾X h)s�\1]�s�»�s�q�¦UX e�k8stp¾p ]�¦	hio�]�®�fY\>m�s�\$¦!f�©�hHX�k�s�pVe�[�©�©Vf�\1h�eDhi\C[�kGhi[�\1] Ä WÃáÍÙJÙ�Æi_.W.X­q�s�pÇp §i»Js�¦�]8h�]t\Cg°X­q�s�h�]
hi\C[�e@e8»�k�s�pÇp ]�¦rhGo�]Pg�s�X­qG®D\$s�g!]�»'X eË[�e@]�¦¶hBfrs�hBhDs�k�oOhGo�]¬ÞUáÍÙJÙµhBf�hio�]¶X­q�e@hi\C[�g!]tq�h�g!f.[�q�hHX²q�Z¶³5s�q�Z�]
s�q�¦¶hio�]·ì�c��Á_

±�o�]µo�§�ut\jX ¦µe@hi\C[�kGhi[�\1] m�s�e	eD]�p ]�kGhB]�¦rs�e°hio�]r©�\1]i®�]�\C\1]�¦P¦�]�eGX ZJq�»LsÃq�¦µhio�]P¦�]�l�]�p fY©�g�]�q�h�f�®�hio�]
WÃáÍÙJÙ�»ÔÞUá�Ù.Ù�»�s�q�¦rg�s�X­qG®D\$s�g!]�»�X e�¦�]�eHkV\jXÇuV]�¦¶X­q	hio�]�®�fYp¾p f�m�X²q�ZPe@]�kGhHX fJq�e�_



¡�¢èú��

WYX Z.[�\1]O^._ÇÐVÒJb äÔp s�hB]Om<]�p ¦Jg!]�q�h;e@hi\C[�kGhi[�\1]	u8§ �;[�q�q�]�p e�_�±�o�]Ok�X­\$k�[�p s�\Áe@]�kGhHX fJqOs�h�hio�]	hBf�©Om�s�e!®�f�\Ás
¦YX eG©V]�\1e@]t\�m�o�]�]�p­»JhGo�]3p f�m<]�\Á¦YX e�ª	X e!hio�]Og�fJ[�q�hHX­q�ZU³5s�q�Z�]�_
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±�o�] \1]�Z�X f.q!f�®Ôhio�]!X­q�e@hi\C[�g!]tq�hÁk�p fVe@]�eDh'hBf°hio�]Ìì�c���kGfJq�hDs�X­q�e�hio�] g�s�e8ª�eD]�\1l�]t\Ye@§8e@hB]�g Ä Þ	ÙJÙ�ÆH»�Z.[�X�¦�]
s�q�¦rÙ�o�s�k�ª¨«CB�s�\>hGg�s�q�qOk�s�g!]�\Ss�e�m�X hio·s�e@eDf�k�X�s�hB]�¦�g!fVhHX f.qUeDhDs�ZV]�e�»�hGo�]Ëk�s�pÇX¾u�\Ss�hHX fJq�p sÃg ©�e�»'s�q�¦�hio�]
Å ]�p�¦Op ]tq�e�_�WYX Z.[�\1]�^J_¾Ð�Ð e�o�f�m�e�hio�]�®�f�\1m�sV\$¦ s�\1]�s�kGfJg ©�f.q�]�q�hBe;sÃq�¦PWÃáÍÙJÙ'_�±�o�] ©�\jX­g�s�\>§�®D[�q�kGhHX f.q!f�®
hio�] WÃáÍÙJÙ¶X e<hBf�e�[�©�©Vf�\1h'hio�]!p f�k�s�p�f�©�hHX�kGeLs�q�¦¶g�f�hHX f.q�e@hDs�Z�]�eÁe�[�k�o�hio�s�h'hio�]�\1]�e8[�p hHX­q�Z!³.]GÂ�[�\1]�e;g!]8]�h
hio�]°X­g�s�ZV]¶g�f�hHX fJq�eG©V]�k�X Å k�s�h¨X fJq�e�_�á�®�©VsV\1hHX�k�[�p s�\�X­g°©Vf�\1hDs�q�kG]°X e�hio�]	\�X Z�X�¦·kGfJq�q�]�kGhHX f.q	u�]�h¤m<]�]�q�hio�]
eGp¾X h�g�s�e8ªGeLs�q�¦°ZJ[�X ¦�]�k�s�g!]�\$s�e�_�WYp ]GÂ�[�\1]�u�]8hCm<]�]�q;hGo�];ZJ[�X ¦�]�k8sÃg�]�\$s�eLsÃq�¦�hio�]�eGp¾X h�g�s�e8ªGeÁm�XÇp¾pJ\>]�e�[�p h
X­q	]�\C\1f.q�]�fJ[�e�Z.[�X�¦�]3eGX ZJq�s�p e!hBf·hGo�] hB]�p ]�eHkifY©V]�»Js�q�¦µg X eB«H\1]8ZYX e@hi\$s�hHX f.q°f�®�hio�] Å ]�p ¦Uf.q	hio�] eGp¾X h g�s�e8ª�_
W�f�\'hio�f�e@]P\1]�s�e@f.q�e�»�s	eGX­q�ZYp ]�»<\jX ZYX ¦¹eDhi\C[�kGhi[�\1] X eO[�eD]�¦¶hBfPk�s�\C\1§·u�fVhio�_°ö�[�]OhBfrX hBe ©�\1f�Â�X­g°X hC§3h�f·hio�]
eGp¾X h!g�s�e�ª�»�hio�] Å ]�p ¦�p ]�q�e�X e�s�p e@f·k�s�\¤\jX ]�¦Uu�§�hGo�]ËWÃáÍÙJÙ'_�±�o�]	©�\�X²g�s�\1§�®�]�s�hG[�\>]�e<f�®Lhio�]OW�á�ÙJÙ·s�\1]�hio�]
e@hHX D�]�q�]�¦Uu�[�p­ª�o�]�s�¦	hBf3m!o�X k�o�hio�] k�s�g�]�\$s�e�»�eipÇX h�g�s�e�ªV»�sÃq�¦ Å ]�p ¦¶p ]tq�e�s�hBh@s�k�o�»�s�q�¦	hio�]�¦�]8h�]t\Cg°X­q�s�h�]
hi\C[�e@e;m�o�X�k�o3s�hBh@s�k�o�]8e�hGo�]3u�[�p²ªVo�]�s�¦¶hBfOhGo�]·g�stX­qG®D\$s�g!]Ã_

T�9<8�·�9z× ¯°F7[#Vu���7Cc[\�RFNY'='�:�x�:?NA�CÎ=�CvA��@�«Cí��AKI?>.¯u��=!=A@

±�o�]	g�sBõèf�\jX hC§�f�®'hio�]!f�©�hHX�k�s�p�g�s�eDe�X²q3c1Þ º�ßÔÙ¹X e�kifJq�kG]�q�hi\$s�hB]�¦°X­q!hio�]3\1]�Z�X f.q�s�\1f.[�q�¦°hio�]�kGf�pÇp¾X²g�s�h�f�\
]GÂ�X h!©�[�©�X¾pv_�±�o�]Og�stX­q	f�©�h¨X kGe8»�X­q�k�p²[�¦YX­q�Z·hGo�]ÌkGfYp¾pÇX­g�s�hBf�\C»�¦YX eG©V]�\1e@]t\�eD]�\1l�]�\¤»5p fJq�ZPk�s�g!]t\$s�»Js�q�¦Ue8o�f�\1h
k�s�g!]t\$s�s�\1]zs�pÇp;k8s�\C\jX ]�¦éu�§ÀsµeGX­q�ZYp ]�m<]�p ¦Jg!]tq�hG»Ík�s�pÇp ]�¦éhio�]¸g�s�X²q�fY©�hHX k�s�p�e�[�©�©Vf�\1h	eDhG\¤[�kGhi[�\1]�»<f�\
ÞUáÍÙJÙ'_'±�o�]µg�s�k�o�X²q�]�¦¬®¤s�kG]�e f�®Íhio�]�ÞUáÍÙJÙ�]�e@hDs�u�p¾X e8o¶hio�]¶f�©�hHX�k�s�pÔsGÂ�]�eOu�]8hCm<]�]�qOhio�]·kGf�pÇp¾X²g�s�h�f�\
s�q�¦Uhio�]�h¤m<f·k�s�g!]�\Ss�e�_'±do�]O©t\jX²g�s�\1§�f�uDõC]�kGhHX l8]Ì®�f�\�hio�]·ÞOá�ÙJÙµX e�hBfrg�s�X²q�hDs�X­q	hio�]	X²q�hB]�Z.\jX hC§�f�®Lhio�]
s�q�ZYp ]�e�uV]�hCm<]�]tq�hGo�]ÌkGfYp¾pÇX­g�s�hBf�\C»�¦YX eG©V]�\1e@]t\C»�sÃq�¦�p fJq�ZPk�s�g!]�\$s!«�hio�]	X­g�s�ZV]¶g�f�hHX fJq	eD]�q�eGX hHX l�X hHX ]8e�®�f�\
hHXÇp hBe�s�u�f.[�h�hGo�] Z.\$s�h¨X­q�ZPs8Â�]�e�s�\1] hio�]	p s�\1Z�]8e@h!X­q	hio�]	X­q�e@hi\C[�g�]�q�h8_

WYX Z.[�\1]�^._ÇÐV^¬e8o�f�m�e hio�]ÖÞUá�Ù.Ù'_'±do�]r©�\�X²g�s�\1§	®�]�s�hi[�\1]�e	X­q�k�p­[�¦�]�hio�]·kG]�q�hi\$s�p�¦YX e�ª�»'m�o�X k�ors�hè«
hDs�k�o�]�e hBf�hGo�]Ög�s�X²qG®D\SsÃg�]¶hio�\1f.[�ZJozsòuVfYp hB]�¦Ö³5s�q�Z�]�»�s�q�¦�hio�]µ©�p�s�hB]�m<]Vp�¦Jg�]�q�hBe°m�o�X k�orh�fVZ�]�hio�]�\
k�s�\¤\1§ hGo�] ³�s�q�ZV]�ed®�f�\;g!fJ[�q�hHX­q�Z¶hio�]ËkGfYp¾pÇX­g�s�hBf�\C»'p f.q�Zrk�s�g!]�\SsÃ»�s�q�¦�e�o�f�\1hÍk�s�g!]�\SsY_;±do�]Ë¦YX ei©�]t\1e@]�\
e@]t\1l�]�\.s�hBhDs�k�o�]�e<hBf hio�] Å Â�]�¦O©�fVe@h�s�h<hio�]�®D\1f.q�h<f�®Ôhio�]3ÞUá�Ù.Ù'_�±do�]�s�[GÂ�X¾pÇX s�\1§ e�[�©�©Vf�\1hLs�kih�e�hio�\1f.[�ZJo
hio�]�\jX­gÜf�®�hio�]Oki]�q�hi\$s�pJ¦YX e�ªt_!±�o�]	eDhi\C[�kGhi[�\1] Å q�X hB]3]�p ]tg!]�q�h�g!f�¦�]�p�X²q�k�p­[�¦�]�e�hio�]PÞUáÍÙJÙ�»'s�q�¦rk�s�q
uV]°eD]�]�qOX²q3ÙY]�kih¨X fJqË^J_�` î _¾ï



wBxzyU{<|P}�~i�H�1�>���1����~��r���i���������!�������������������z�H���L���3yd��~@�>�<�V � �  ¡�¢èú�¡

W.X ZJ[�\>]	^._ÇÐVÐJb�W�f�\1m�s�\$¦	f�©�hHX�k�s�p�e�[�©�©Vf�\1h�eDhi\C[�kGhi[�\1] Ä W�á�ÙJÙ�Æi_



¡�¢èú�£

WYX ZJ[�\1]3^._ÇÐ�^.b!Þ3stX­qOfY©�hHX kGe�e�[�©�©Vf�\1h�e@hi\C[�kGhi[�\1]�_
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±�o�]rg�s�X­qG®D\$s�g!]¶©t\1f�lVX�¦�]�e�hGo�]·kifJq�q�]�kGhHX fJq�uV]�hCm<]�]tq°hio�]	h¤m<fµ©�\�X²q�k�X¾©Vs�pÁ\1]�Z�X f.q�e�f�®;hio�]¶X­q�e@hi\C[�g�]�q�h
«;hio�]�eGp¾X h�sV\1]�s	s�q�¦¶hio�]·g�s�X­q	fY©�hHX kGe�s�\1]�sY_<±�o�]Pg�s�X²qG®D\SsÃg�] kGf.q�eGX e@hBe�f�®�hio�]OX­q�e@hi\C[�g!]tq�h�g!f.[�q�h¨X­q�Z
³5sÃq�ZV]�»�hio�]µeGX ÂÀe@hi\C[�hBe8»�m�o�X k�o�h�fVZ�]�hio�]�\�®�f�\Cg s¸¦�]8h�]t\Cg°X­q�s�h�]PhG\¤[�e@e�»ÍsÃq�¦ÀhGo�]½ÞUáÍÙJÙÉg!f.[�q�h¨X­q�Z
³5sÃq�ZV]�_�±do�]·g�stX­qG®D\$s�g!]3s�p e@fr©�\1fVl�X�¦�]8e�hGo�]·g�fJ[�q�hHX²q�Z�©VfYX­q�hBed®�f�\'hio�]�eGp¾X h�s�\1]�s e@hi\C[�kGhi[�\1]�_

WYX Z.[�\1]O^._ÇÐ î e�o�f�m�e�hGo�]Pg�s�X­qG®D\$s�g!]	eDhi\C[�kGhi[�\1]�_<±�o�]rg�s�X­qG®D\$s�g!]3s�p eDf�©�\1fVl�X�¦�]8e!hio�]·g!f.[�q�h¨X­q�Z
©VfYX­q�h�e�®�f�\�hio�]	X²q�eDhi\C[�g!]�q�hÁ]�q�k�p f�e8[�\1]�e8»Ys�q�¦	hio�]�k�s�u�p ] m�\$s�© Ä ®D\1f.gnhGo�]Ë\1f�hDs�hHX²q�Z·X²q�eDhG\¤[�g!]�q�hÁhBf	hio�]
Å Â�]�¦�ìÁs�e�g!§8hGo ©�p�s�hC®�f�\Cg°Æ¨_�±�o�]�e@hi\C[�kGhi[�\1] Å q�X hB]�]�p ]tg!]�q�h�g�f�¦�]�pYX­q�k�p­[�¦�]�e�hio�] g�s�X²qG®D\SsÃg�]�»�s�q�¦Ok�s�q
uV]°eD]�]�qOX²q3ÙY]�kih¨X fJqË^J_�` î _¾ïJ_

T�9<8�·�96; S�AKIBY^[#GJ[#V@FXAKP°Mx[#VN[aCcI Ê�Y^IHGJI�V7C��ÎVNFNY^P�bc[\b

º¼©Vs�\$s�g!]�hi\jX k Å q�X h�]�]�p ]�g!]tq�h�g�f�¦�]�p�f�®ÔhGo�]3ÞOá�ÙJÙPsÃq�¦·g�s�X­qG®D\$s�g!]�e@hi\C[�kihG[�\>]�e�o�s�eduV]�]�q�Z�]�q�]t\$s�h�]�¦
hBfr]GÂVs�g°X­q�]¶hio�]	³.]GÂ�[�\$s�p'uV]�o�s�l�X fY\�f�®Íhio�]·kGfJq�kG]V©�h�_3±do�]zg!f�¦�]Vp'X eO©Vs�\$s�g�]�hi\jX�kOX²q�hio�]OeD]�q�e@]3hGo�s�h
l�X­\1hi[�s�pÇp §rs�pÇp�hio�]OeDhG\¤[�kGhi[�\1]O©Vs�\$s�g!]�hB]�\>e�s�\1]·¦�] Å q�]�¦µu8§Ol�s�\jX s�u�p ]�eOX­q·sÃqrX²q�©�[�h Å p ]�_ ±�o�]¶l�s�\jX stu�p ]�e8»
m�o�X�kVo�¦�] Å q�]¶hio�]OZ.\1f�eDe�e@hi\C[�kGhi[�\1]Ë¦YX²g�]�q�eGX fJq�e8»'hGo�]OZV]�fJg�]�hi\1§Of�®Íhio�]¹©�p s�h�]8e s�q�¦µhG[�uV]�e8»'s�q�¦¹hio�]
g�s�hB]�\jX s�p'©�\1f�©�]t\1hHX ]�e8»�k8sÃqru�]Pk�o�s�q�Z�]�¦¹]�s�eGX¾p §�_O±�o�]�q�»<u�§Ol�s�\1§�X­q�Zµhio�]�©Vs�\$s�g�]�hB]�\1e�sÃq�¦À\1]G«ñ\C[�q�q�X­q�Z
hio�]¸X­q�©�[�h Å p ]�» q�]�m Å q�X hB]�]�p ]�g�]�q�h�g�f�¦�]�p ePk�s�qéu�]zZ�]�q�]t\$s�h�]�¦és�[�h�f.g�s�hHX�k8stp¾p §G»�m�o�X�k�o�eiX²g ©�pÇX Å ]8e
\1] Å q�]�g�]�q�h�s�q�¦¶fY©�hHX­g°X È�s�hHX fJqOf�®Lhio�]°eDhi\C[�kGhi[�\1]�_

WYX Z.[�\1]O^._ÇÐ�Ñ·e�o�f�m�e�s�©�]t\1eG©V]�kGhHX l�]	l�X ]�mÓf�®;hio�] Å q�X hB]O]�p ]�g�]�q�h�g�f�¦�]�p�_Oì'f�hB]	hio�s�h�hio�]�g�f�¦�]�p
k�[�\C\>]�q�hHp §·¦�f�]�ePq�f�hOX­q�k�p²[�¦�]·hio�]¶eipÇX h3s�\1]�s·fY\ Å ]�p�¦¸p ]�q�e�_�ö�[�g	g!§·hi\C[�e@eD]�e3o�s�l8]µu�]8]�q¹X­q�k�p­[�¦�]�¦¸X²q
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IMACS 

Image motions from structure finite element model

file: scam_gx.xs3

BCB 3/10/99

15 micron pixels

0.1 Px image motion spec. − 1.5 microns

long camera

600 l/mm grism 

gravity on, Gx

allowed

error for FEA image image 

no flex. a single dipl/rot motion motion

Optic error sensit.  1/sens. source radians−meters arcsec−um microns pixels

field lens Rx 0.1269 um/arcsec 7.880 11.820 arcsec 0.000e+00 0.0000 0.0000 0.00

field lens Ry 0.1246 um/arcsec 8.026 12.039 arcsec 0.000e+00 0.0000 0.0000 0.00

field lens Tx 0.0150 um/um 66.667 100.000 um 0.000e+00 0.0000 0.0000 0.00

field lens Ty 0.0153 um/um 65.359 98.039 um 0.000e+00 0.0000 0.0000 0.00

coll Rx 0.6697 um/arcsec 1.493 2.240 arcsec 1.032e−05 2.1291 1.4258 0.10

coll Ry 0.6595 um/arcsec 1.516 2.274 arcsec 7.192e−06 1.4835 0.9784 0.07

coll Tx 0.2094 um/um 4.776 7.163 um 6.289e−06 6.2894 1.3170 0.09

coll Ty 0.2067 um/um 4.838 7.257 um 4.525e−07 0.4525 0.0935 0.01

grism Rx 0.2172 um/arcsec 4.604 6.906 arcsec 4.268e−06 0.8804 0.1912 0.01

grism Ry 0.0476 um/arcsec 21.008 31.513 arcsec 2.357e−05 4.8621 0.2314 0.02

grism Rz 0.4944 um/arcsec 2.023 3.034 arcsec 1.377e−06 0.2839 0.1404 0.01

camera Rx 1.7649 um/arcsec 0.567 0.850 arcsec 1.277e−06 0.2634 0.4648 0.03

camera Ry 1.7574 um/arcsec 0.569 0.854 arcsec 2.482e−05 5.1203 8.9985 0.60

 totals 13.8411 0.92

allowed

 error FEA image image 

with flex. single dipl/rot motion motion

Optic error sensit.  1/sens. source radians−meters arcsec−um microns pixels

field lens Rx 0.0305 um/arcsec 32.787 49.180 arcsec 0.000e+00 0.0000 0.0000 0.00

field lens Ry 0.0281 um/arcsec 35.587 53.381 arcsec 0.000e+00 0.0000 0.0000 0.00

field lens Tx 0.0020 um/um 500.000 750.000 um 0.000e+00 0.0000 0.0000 0.00

field lens Ty 0.0022 um/um 454.545 681.818 um 0.000e+00 0.0000 0.0000 0.00

coll Rx 0.0510 um/arcsec 19.608 29.412 arcsec 1.032e−05 2.1291 0.1086 0.01

coll Ry 0.0274 um/arcsec 36.496 54.745 arcsec 7.192e−06 1.4835 0.0406 0.00

coll Tx 0.0064 um/um 156.250 234.375 um 6.289e−06 6.2894 0.0403 0.00

coll Ty 0.0156 um/um 64.103 96.154 um 4.525e−07 0.4525 0.0071 0.00

grism Rx 0.1294 um/arcsec 7.728 11.592 arcsec 4.268e−06 0.8804 0.1139 0.01

grism Ry 0.0448 um/arcsec 22.321 33.482 arcsec 2.357e−05 4.8621 0.2178 0.01

grism Rz 0.2417 um/arcsec 4.137 6.206 arcsec 1.377e−06 0.2839 0.0686 0.00

camera Rx 0.0389 um/arcsec 25.707 38.560 arcsec 1.277e−06 0.2634 0.0102 0.00

camera Ry 0.0369 um/arcsec 27.100 40.650 arcsec 2.482e−05 5.1203 0.1889 0.01

 totals 0.7961 0.05

WYX ZJ[�\1]3^._ÇÐ�ø.b�Ù�o�fY\>h!ßÔsÃg�]�\$s3sÃq�¦6�'Â·X²g�s�ZV]�g�f�hHX f.q�e�_
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IMACS 

Image motions from structure finite element model

file: scam_gy.xs3

BCB 3/10/99

15 micron pixels

0.1 Px image motion spec. − 1.5 microns

long camera

600 l/mm grism 

gravity on, Gy

allowed

error for FEA image image 

no flex. a single dipl/rot motion motion

Optic error sensit.  1/sens. source radians−meters arcsec−um microns pixels

field lens Rx 0.1269 um/arcsec 7.880 11.820 arcsec 0.000e+00 0.0000 0.0000 0.00

field lens Ry 0.1246 um/arcsec 8.026 12.039 arcsec 0.000e+00 0.0000 0.0000 0.00

field lens Tx 0.0150 um/um 66.667 100.000 um 0.000e+00 0.0000 0.0000 0.00

field lens Ty 0.0153 um/um 65.359 98.039 um 0.000e+00 0.0000 0.0000 0.00

coll Rx 0.6697 um/arcsec 1.493 2.240 arcsec 1.192e−05 2.4579 1.6460 0.11

coll Ry 0.6595 um/arcsec 1.516 2.274 arcsec 1.381e−09 0.0003 0.0002 0.00

coll Tx 0.2094 um/um 4.776 7.163 um 1.144e−09 0.0011 0.0002 0.00

coll Ty 0.2067 um/um 4.838 7.257 um 1.890e−07 0.1890 0.0391 0.00

grism Rx 0.2172 um/arcsec 4.604 6.906 arcsec 2.940e−05 6.0650 1.3173 0.09

grism Ry 0.0476 um/arcsec 21.008 31.513 arcsec 6.911e−10 0.0001 0.0000 0.00

grism Rz 0.4944 um/arcsec 2.023 3.034 arcsec 5.571e−11 0.0000 0.0000 0.00

camera Rx 1.7649 um/arcsec 0.567 0.850 arcsec 2.975e−05 6.1354 10.8283 0.72

camera Ry 1.7574 um/arcsec 0.569 0.854 arcsec 7.839e−10 0.0002 0.0003 0.00

 totals 13.8314 0.92

allowed

 error FEA image image 

with flex. single dipl/rot motion motion

Optic error sensit.  1/sens. source radians−meters arcsec−um microns pixels

field lens Rx 0.0305 um/arcsec 32.787 49.180 arcsec 0.000e+00 0.0000 0.0000 0.00

field lens Ry 0.0281 um/arcsec 35.587 53.381 arcsec 0.000e+00 0.0000 0.0000 0.00

field lens Tx 0.0020 um/um 500.000 750.000 um 0.000e+00 0.0000 0.0000 0.00

field lens Ty 0.0022 um/um 454.545 681.818 um 0.000e+00 0.0000 0.0000 0.00

coll Rx 0.0510 um/arcsec 19.608 29.412 arcsec 1.192e−05 2.4579 0.1254 0.01

coll Ry 0.0274 um/arcsec 36.496 54.745 arcsec 1.381e−09 0.0003 0.0000 0.00

coll Tx 0.0064 um/um 156.250 234.375 um 1.144e−09 0.0011 0.0000 0.00

coll Ty 0.0156 um/um 64.103 96.154 um 1.890e−07 0.1890 0.0029 0.00

grism Rx 0.1294 um/arcsec 7.728 11.592 arcsec 2.940e−05 6.0650 0.7848 0.05

grism Ry 0.0448 um/arcsec 22.321 33.482 arcsec 6.911e−10 0.0001 0.0000 0.00

grism Rz 0.2417 um/arcsec 4.137 6.206 arcsec 5.571e−11 0.0000 0.0000 0.00

camera Rx 0.0389 um/arcsec 25.707 38.560 arcsec 2.975e−05 6.1354 0.2387 0.02

camera Ry 0.0369 um/arcsec 27.100 40.650 arcsec 7.839e−10 0.0002 0.0000 0.00

 totals 1.1518 0.08

WYX ZJ[�\1]3^._ÇÐ�ù.b�Ù�o�fY\>h!ßÔsÃg�]�\$s3sÃq�¦6�Á§OX²g�s�ZV]�g�f�hHX f.q�e�_
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IMACS 

Image motions from structure finite element model

file: lcam_gx.xs3

BCB 3/10/99

15 micron pixels

0.1 Px image motion spec. − 1.5 microns

long camera

1200 l/mm grating 

gravity on, Gx

allowed

error for FEA image image 

no flex. a single dipl/rot motion motion

Optic error sensit.  1/sens. source radians−meters arcsec−um microns pixels

field lens Rx 0.1112 um/arcsec 8.993 13.489 arcsec 0.000e+00 0.0000 0.0000 0.00

field lens Ry 0.1578 um/arcsec 6.337 9.506 arcsec 0.000e+00 0.0000 0.0000 0.00

field lens Tx 0.0206 um/um 48.544 72.816 um 0.000e+00 0.0000 0.0000 0.00

field lens Ty 0.0144 um/um 69.444 104.167 um 0.000e+00 0.0000 0.0000 0.00

coll Rx 0.6698 um/arcsec 1.493 2.239 arcsec 1.032e−05 2.1291 1.4260 0.10

coll Ry 1.0267 um/arcsec 0.974 1.461 arcsec 7.192e−06 1.4835 1.5231 0.10

coll Tx 0.3328 um/um 3.005 4.507 um 6.289e−06 6.2894 2.0931 0.14

coll Ty 0.2128 um/um 4.699 7.049 um 4.525e−07 0.4525 0.0963 0.01

grating Rx 4.6085 um/arcsec 0.217 0.325 arcsec 4.268e−06 0.8804 4.0571 0.27

grating Ry 4.4402 um/arcsec 0.225 0.338 arcsec 2.357e−05 4.8621 21.5886 1.44

grating Rz 3.0516 um/arcsec 0.328 0.492 arcsec 1.377e−06 0.2839 0.8665 0.06

camera Rx 2.7833 um/arcsec 0.359 0.539 arcsec 3.425e−07 0.0706 0.1966 0.01

camera Ry 2.7940 um/arcsec 0.358 0.537 arcsec 5.292e−06 1.0915 3.0496 0.20

 totals 34.8971 2.33

allowed

 error FEA image image 

with flex. single dipl/rot motion motion

Optic error sensit.  1/sens. source radians−meters arcsec−um microns pixels

field lens Rx 0.0257 um/arcsec 38.911 58.366 arcsec 0.000e+00 0.0000 0.0000 0.00

field lens Ry 0.0376 um/arcsec 26.596 39.894 arcsec 0.000e+00 0.0000 0.0000 0.00

field lens Tx 0.0036 um/um 277.778 416.667 um 0.000e+00 0.0000 0.0000 0.00

field lens Ty 0.0020 um/um 500.000 750.000 um 0.000e+00 0.0000 0.0000 0.00

coll Rx 0.0708 um/arcsec 14.124 21.186 arcsec 1.032e−05 2.1291 0.1507 0.01

coll Ry 0.1258 um/arcsec 7.949 11.924 arcsec 7.192e−06 1.4835 0.1866 0.01

coll Tx 0.0370 um/um 27.027 40.541 um 6.289e−06 6.2894 0.2327 0.02

coll Ty 0.0172 um/um 58.140 87.209 um 4.525e−07 0.4525 0.0078 0.00

grating Rx 0.1801 um/arcsec 5.552 8.329 arcsec 4.268e−06 0.8804 0.1586 0.01

grating Ry 0.1540 um/arcsec 6.494 9.740 arcsec 2.357e−05 4.8621 0.7488 0.05

grating Rz 0.1909 um/arcsec 5.238 7.858 arcsec 1.377e−06 0.2839 0.0542 0.00

camera Rx 0.0146 um/arcsec 68.493 102.740 arcsec 3.425e−07 0.0706 0.0010 0.00

camera Ry 0.0200 um/arcsec 50.000 75.000 arcsec 5.292e−06 1.0915 0.0218 0.00

 totals 1.5622 0.10

]2^ _(`�a�bdc;efc�Ò.b!ã�fJq�_rßÔsÃg�b�a$s3sÃq�¦g�æÂh^­g�s�_�b·g�f�h=^ f.q�e�e
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IMACS 

Image motions from structure finite element model

file: lcam_gy.xs3

BCB 3/10/99

15 micron pixels

0.1 Px image motion spec. − 1.5 microns

long camera

1200 l/mm grating 

gravity on, Gy

allowed

error for FEA image image 

no flex. a single dipl/rot motion motion

Optic error sensit.  1/sens. source radians−meters arcsec−um microns pixels

field lens Rx 0.1112 um/arcsec 8.993 13.489 arcsec 0.000e+00 0.0000 0.0000 0.00

field lens Ry 0.1578 um/arcsec 6.337 9.506 arcsec 0.000e+00 0.0000 0.0000 0.00

field lens Tx 0.0206 um/um 48.544 72.816 um 0.000e+00 0.0000 0.0000 0.00

field lens Ty 0.0144 um/um 69.444 104.167 um 0.000e+00 0.0000 0.0000 0.00

coll Rx 0.6698 um/arcsec 1.493 2.239 arcsec 1.192e−05 2.4579 1.6463 0.11

coll Ry 1.0267 um/arcsec 0.974 1.461 arcsec 1.381e−09 0.0003 0.0003 0.00

coll Tx 0.3328 um/um 3.005 4.507 um 1.144e−09 0.0011 0.0004 0.00

coll Ty 0.2128 um/um 4.699 7.049 um 1.890e−07 0.1890 0.0402 0.00

grating Rx 4.6085 um/arcsec 0.217 0.325 arcsec 2.940e−05 6.0650 27.9506 1.86

grating Ry 4.4402 um/arcsec 0.225 0.338 arcsec 6.911e−10 0.0001 0.0006 0.00

grating Rz 3.0516 um/arcsec 0.328 0.492 arcsec 5.571e−11 0.0000 0.0000 0.00

camera Rx 2.7833 um/arcsec 0.359 0.539 arcsec 5.365e−06 1.1065 3.0798 0.21

camera Ry 2.7940 um/arcsec 0.358 0.537 arcsec 1.288e−08 0.0027 0.0074 0.00

 totals 32.7257 2.18

allowed

error FEA image image 

with flex. single dipl/rot motion motion

Optic error sensit.  1/sens. source radians−meters arcsec−um microns pixels

field lens Rx 0.0257 um/arcsec 38.911 58.366 arcsec 0.000e+00 0.0000 0.0000 0.00

field lens Ry 0.0376 um/arcsec 26.596 39.894 arcsec 0.000e+00 0.0000 0.0000 0.00

field lens Tx 0.0036 um/um 277.778 416.667 um 0.000e+00 0.0000 0.0000 0.00

field lens Ty 0.0020 um/um 500.000 750.000 um 0.000e+00 0.0000 0.0000 0.00

coll Rx 0.0708 um/arcsec 14.124 21.186 arcsec 1.192e−05 2.4579 0.1740 0.01

coll Ry 0.1258 um/arcsec 7.949 11.924 arcsec 1.381e−09 0.0003 0.0000 0.00

coll Tx 0.0370 um/um 27.027 40.541 um 1.144e−09 0.0011 0.0000 0.00

coll Ty 0.0172 um/um 58.140 87.209 um 1.890e−07 0.1890 0.0032 0.00

grating Rx 0.1801 um/arcsec 5.552 8.329 arcsec 2.940e−05 6.0650 1.0923 0.07

grating Ry 0.1540 um/arcsec 6.494 9.740 arcsec 6.911e−10 0.0001 0.0000 0.00

grating Rz 0.1909 um/arcsec 5.238 7.858 arcsec 5.571e−11 0.0000 0.0000 0.00

camera Rx 0.0146 um/arcsec 68.493 102.740 arcsec 5.365e−06 1.1065 0.0162 0.00

camera Ry 0.0200 um/arcsec 50.000 75.000 arcsec 1.288e−08 0.0027 0.0001 0.00

 totals 1.2859 0.09

]2^ _(`�a�bdc;efc2itb!ã�fJq�_rßÔsÃg�b�a$s3sÃq�¦g��§�^­g�s�_�b·g�f�h=^ f.q�e�e
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»«¼[HW½PH[¾�QPF¢¾«A¿X¯½P_¯¾ÀA ÁÂQpÃGÄcQGX[_�¬¯^`_EX¯^[Q[Å[H�Ä HGX[ÁÂÆ­¾�¼[_PÁ�H�ÇKQ[Z�ÈÉQ¯^PÊÌËÍQ¯^`HÎÁTZ�¼[HC¥»¥<¨ÏË¨_´^[QPÄ�ÃGÄcQGX[HÐQeX¯½
ÁÑH]FIÅ[H[ÁÂQ[ÁÒZ�¼[HÓÅ¯Q¯^PDGDGSÔÁ�H¯QPÄMA¿X[C�Á[DGFYËÍQÕ^�HÓË¨_´F�Z�¼[Hp^PF×Ö`_ÉÁÑZ�Q[Z[JØ»Ù¼[HØÄ HGX[ÁpA Á�Z�¼[HÓÚRX¯QPÄ�HPÄ HGSTH]X[ZÛA¿XpZ�¼[H
^[QGSTH]FUQÜÄ HGX[ÁOQ[ÁÑÁ�HGSÌÈGÄ ÖÎJ�»«¼[H�^PFIÖ�_PÁ�ZÑQ[Z�Ë�FI_aX[Z�ÃGÄ QbZÝHÞ^`_aX[Z�QPA¿X[Á�QÂFIH¯^`H[Á�Á¢QPÈÉ_aD[Zp¿3¬bLÌZ�¼[H«H¯½PCÉH«Z`¼PA ^PÊÉX[H[ÁÑÁ
_ÕË�Z�¼[HÒÄ HGX[ÁbJ¢»«¼[HÌÁÎSzQPÄßÄaÄMAßÃpA¿X�Z�¼[HTË�FI_EX[ZTÃGÄ QbZÝHÂ^`_EX[ZÑQPA¿X[Á�QGX�_ÕàxF§A¿X[CÓZ�¼¯Q[Z«^`_EX[Z�QÕ^�Z\ÁOZ�¼[H�ÈÉQ¯^PÊzÁ[DGF¹ËÍQ¯^`H
_ÕËRZ�¼[HzÄ HGX[ÁOQGX¯½ÛÃ]FI_PÅÉAc½PH[Á�Z�¼[H«Å¯Q¯^PDGDGSÏÁ�H¯QPÄYJ�áâÈÉH[ã`HÉÄ[ÚaZÝÁ�QPF×_aDGX¯½ÌZ�¼[HäFIH]SzQPAåXPA¿X[CÒÃP_´FIZ³A _aXz_¯Ë�Z�¼[HzÄ H]X[Á
Z�¼¯Q[Z�ÃGFI_ÉZ�F­D¯½PH[Á�Ë�FI_ESæZ�¼[H«Ë�FI_aX[Z­à�ÃGÄcQ[ZÝHGç´QGX¯½ÓA Á�Ç�D[ÁÎ¼z¾ÙA Z�¼zZ�¼[HÙË�FI_EX[Z�ÄßAMÃÂ_ÕË Z�¼[HäÄ HGX[Á�Æ­Á�H[HÂ@BA CEDGFIHäèaJYéÕêëJ
»«¼PA Á�ÈPHÎã`HPÄ]ÁÑHGFIÅÎH[Á¢ZÝ_ÓÃ]FI_PZÝH¯^`Z Z�¼[HÌÄ HGX[ÁÎç�FIH[Z�QPA¿X[ÁÙA Z�¾�¼[HGXzZ�¼[Hz^PF×Ö`_ÉÁÑZ�Q[Z�A ÁÞX[_PZ�H[Å¯Q¯^PD¯Q[ZÝH¯½aç´QGX¯½ÓQPÄßÄ _¯¾�Á
H¯Q[ÁÑÖWFIH]ST_PÅbQ]Ä´_¯Ë¢Z�¼[HÒÄ H]X[Á«¾T¼[H]XÓX[H¯^�H[ÁÑÁxQPFIÖÎJ

¤�¥§¦K¥¨¦K¥íì ©«ª­¬¯®a°�±³²´±pî�®Rºï¬

»«¼[HÌÈÉ_´½PÖz_¯Ë�Z�¼[H�^[QGSTHGFdQT^PF×Ö`_ÉÁÑZ�Q[Z�A Á«ÈÉQbÁ�H¯½Ì_EXTZ�¼[H«Á[D¯^Î^`H[ÁÑÁÝË�DPÄÎ½PH[Á`A CaXÂD[ÁÑH¯½zË¨_BFaZ�¼[H�¥ð@q¯�»tñMÝRò´é0¿'Ý
^[QGSTH]FUQ´J�óKQbZ�¼[HGF�Z�¼¯QGXÓD[Á�AåX[CWQÂ^[QGSTHGFdQÜ¾«A Z�¼�^`ÖÉÄMA¿X¯½aF§A ^[QPÄaÁÑÖ]S�STHÎZ`F×Ö`çÉZ`¼[HÞÁ³ôaD¯QPFIHY¥�@q¯�é0¿'Ýt½PH[Á�A CEXÓA Á
ST_´FIHÒÁÎDPA ZÝH¯½õZÝ_öZ�¼[HõX¯Q[Z�DGFUQPÄ�CÉH[_aS�H[Z�FIÖÒ_ÕË÷Z�¼[HÛË¨_´^[QPÄ ÃGÄcQGX[H´JW»«¼[Hp^[QGS�HGFUQöÈÉ_´½PÖøA Á�QPÃGÃ]FI_[òGAåSÞQ[Z\HÉÄ Ö
LPL�±BSÂSùò�LPL�±´S�SúAåXõ^PF×_PÁÑÁÞÁÑH¯^`Z³A _aXÐQeX¯½�QPÃGÃ]FI_[òGAåSÞQ[Z\HÉÄ Öa¿�±�±BS�S�Z�¼PAc^PÊÉç QeX¯½ûA ÁäÁ[¼[HPÄßÄ H¯½øZÝ_øQp¾�QPÄßÄ
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CED�:GFIHJ<�KG?�L�CNMO<QP$?.<,RSHUT/V,W$@3<>C)XZY\[�2^]_:`?A=7acb�b�b übýed
Z�¼PAc^ÉÊPX[H[Á�Á�_¯Ë�QPÃGÃGFI_[òGA¿SzQ[ZÝHPÄ Ö�¿ÉèÓSÂSÒJ�»«¼PA ÁzÄcQÉFICPHäQPÄ¿DGSÌA¿XGDGSæË�FUQGSTHäA ÁÞ¼[_PCÉCPH¯½Ò_aD[Z�_ÕËðQzÁ`A¿X[CBÄ HÒÈGAMÄßÄ HÎZ
_ÕËÜQPÄåDGSäAåXGDGSfJt»«¼[HÐ¥»¥9¨ Á�A ZÝÁpA¿XöZ�¼[Hõ^`H]X[Z\H]F�_¯ËäZ�¼[HõLPL�±BS�Sjò LÉL�±BSÂSÔÁ³ôaD¯QPF×HõQ[Z�Z�¼[H�X[_aSäAåX¯QPÄ
Ë¨_´^[QPÄ�ÃGÄ QGX[HtÃP_ÉÁ`A Z³A _EXûñEJMèâS�S ÈPH]¼PAåX¯½ ÈÉQ¯^PÊõÁ[DGFYËÍQÕ^�Hö_¯ËäZ�¼[Hõ¾ÙA¿X¯½P_¯¾ÞJ á�ÄßÄ�Ë¨_EDGFTÁ`A ½PHø¾ðQ]ÄßÄ Áø¼¯Q[Å[H
Ä QPFICPHWQ¯^[^�H[ÁÑÁäÃP_´FIZÝÁäÆ­Á�H[Hõ@BA CaDGFIHÐéÕê�Jgf A¿SÌAßÄcQÉF�ÃGFIH[ÅÉA _ED[ÁÒST_ÉÁ³QPAc^Ò^ÎQeS�HGFUQÒ½PH[Á�A CEX[Á�Æ6×<¯ ñ'Ý�ç»¥�@q¯�é0¿'Ý�ç
á¢áih�° @aV êÐ¼¯Q¯½ Z�¼[HöË¨_´^ÎQ]Ä«ÃGÄ QGX[H Q[Z\Z�Q¯^P¼[H¯½ Z\_ Z`¼[H AåXGX[H]Fz¾�QPÄMÄ Áõ_ÕËÂZ�¼[H�^[QGSTH]FUQûÈP_´½PÖ�çÞQ]ÄßÄ _Õ¾«A¿X[C
F§A CBA ½ S�H¯^P¼¯QGXPA ^[QPÄ�Q[ZÝZ�QÕ^É¼GSTHGX[ZÞQGX¯½øH¯Q[ÁÑÖõQ¯^[^`HÎÁÑÁzZÝ_�QPÄßÄ�Á`A ½PH[ÁÂ_ÕË�Z�¼[HÛË¨_´^ÎQ]Ä�ÃGÄcQGX[H´J�VYXpZ`¼[HØVAjÌá<¥kf
^[QGSTH]FUQGçaZ`¼PA Á�¾�Q[Á�X[_ÉZÌÃÉ_PÁ�Á`AßÈGÄ HpÈÉH¯^[QGD[ÁÑHä_¯Ë�Z�¼[HÐX[H[H¯½�Ë¨_BF Z�¼[Hml à�n¢à�o Z�FUQGX[Á`Ä QbZ³A _aXÒÁÑZ�Q[CPHÎÁÙË¨_´F Ë¨_´^ÉD[Á
QGX¯½�ÇEH`ò´DGFIHW^�_aSÌÃÉHGX[ÁxQbZ³A _aX´JÓVYXWZ`¼PA Áä½PH[Á�A CEXGç�Z`¼[Hpl à�n¢à�oâÁÑZ�Q[CPHÎÁäQ[Z\Z�Q¯^P¼ÒZÝ_pZ�¼[HW^[QGSTHGFdQ�ÈÉQ¯^PÊ¯ÃGÄcQ[ZÝH
Æ­Á�H[HÐ@BA CEDGFIHÂèaJ:¿Gê�J�qBQ[ÁÑÖfQ¯^[^`H[Á�Á`AßÈGAMÄßA ZÍÖÓA ÁTÁ�ZëAßÄßÄ�SÞQPAåX[Z�QPAåX[Hb½Ó¾«A Z�¼ÒQPÄßÄBË¨_´^[QPÄ�ÃGÄ QGX[HÒQGX¯½ÓÁ�ZÑQ[CÉHÓ¼¯QÉFU½P¾�QPFIH
Q[ZÝZÑQ¯^P¼[Hb½ ZÝ_ Z`¼PA ÁpÈÉQ¯^PÊ�ÃGÄcQ[ZÝHGç�H`òÉ^`HPÃ¯ZäË¨_´FÙZ�¼[HõHPÄ H¯^`Z�FI_EXPAc^`ÁW^ÎQ]ÈGÄßA¿X[CâQGX¯½t^`_G_BÄßA¿X[C Á�Z�FUQPÃ¯Á[ç�ÈÉ_PZ�¼ø_ÕË
¾�¼PAc^É¼pQ[ZÝZÑQ¯^P¼WZÝ_øÃP_´AåX[ZÝÁÂ_aXÓZ�¼[HÒÁ�Ac½PH`àÍ¾�QPÄßÄ ÁbJrfBZ³AßÄMÄ¿ç�ÈÉH¯^[QGD[ÁÑHÒ_¯Ë«Z�¼[HØXGDGSTHGFI_ED[ÁÌÄ QPFICÉHpQ¯^[^�H[ÁÑÁ�ÃÉ_´FIZÝÁ[ç
Q[ÁÑÁ�HGSÌÈGÄ ÖÂQeX¯½ÐQÕ½>s³D[Á�Z`S�HGX[Z¢_¯Ë«AåX[ZÝHGFÍX¯Q]ÄEÃÉQPFIZÝÁ«Á[¼[_EDPÄc½pÈPHÂÁÑZ�FUQPA Ca¼[Z­Ë¨_´FI¾�QPFU½KJ

¤�¥§¦K¥¨¦K¥
t ©«© á °�²K¸Eº ©«© ávu ®a°`²E¶xwNyG®kw¯²�z4âizM²K¸/{

»«¼[HC¥b¥9¨�ÁWD[ÁÑH¯½õAåXWZ`¼[HõVAjÌá<¥|fûñMÝÏ^[QGSTHGFdQÓQPF×H�Z�¼[H}f�Vß» H9fa»�àK±�±�¿¯á,¿�±�¾GñùÈQ¾�±�²c~ø½PH[ÅÉAc^`HÎÁz¾«A Z�¼
é[èN�¢S ÃGA ò¯HPÄ Á¯Jâ»«¼[HÇ¥b¥9¨�ÁpQÉFIHøÃÉQ¯^PÊ�Q[CPH¯½tAåX LbàÍH¯½PCPH È´D[Z\Z�QPÈGÄ HGçÙA¿X[Å¯QPFzÃÉQ¯^PÊ�Q[CPH[ÁW½PHÎÁ`A CaX[H¯½�ZÝ_ ÈÉH
D[ÁÑHb½ÓAåXWST_ÉÁ³QPAc^ÞQPF­FUQ`ÖÎÁ¯J�»«¼[HÒÃÉQ¯^PÊ�Q[CPH�A Á�QzÁ`A¿SÌÃGÄ HÛA¿X[Å¯QPF�Á`Ä Q]ÈÂ¾«A Z�¼ÂQÌÁÎSzQPÄMÄe^ÕAåFd^PDPA Z«ÈÉ_GQPFd½ÒQ]Ä _aX[CWZ�¼[H
Á[¼[_´FIZ�H¯½PCPHÞ^`_aX[Z�QPA¿XPAåX[CWQäL��[àÑÃGA¿XaØ�QGX[_aXPA ^`Á«^�_aXGX[H¯^`ZÝ_´FÝJ »Ù¼[H�Á`Ä QPÈÒA ÁÞSzQ¯^P¼PA¿X[H¯½ÌÇïQbZ�_aXzZ�¼[HÌÈÉQ¯^PÊ�Á`A ½PH
QGX¯½ø¼¯Q[Á�Ë¨_aDGF»¾Õà]¾�±ÓZ�QPÃGÃPHb½ö¼[_´Ä H[Á«Ë¨_´F QbZÝZ�Q¯^P¼PA¿X[CÓZ�¼[HO¥b¥9¨ ZÝ_WQpST_EDGX[Z³AåX[CWÁ[DGF¹ËÍQ¯^`HeJ¢»Ù¼[HO¥»¥<¨ QeX¯½
ÃÉQ¯^PÊ�Q[CPHÂQPFIHÒAßÄMÄ¿D[ÁÑZ�FUQ[ZÝH¯½pAåX�Z�¼[HÒS�_PÁxQ]A ^�½aFdQ`¾«AåX[CÒÁÎ¼[_Õ¾�XÓA¿XÐ@EA CaDGF×H�èEJMLEJ

Ø _ÉZÝH´N�Z�¼[HH¥»¥9¨�Á�QbÁzÃ]FI_PÅÉAc½PH¯½õÈ[Ö�f�Vß» HÐX[H[H¯½�ZÝ_õ¼¯Q[Å[H�Z­¾�_õSÌA¿X[_BF�S�_´½BA Úï^[Q[Z³A _EX[Á¯N
é]JÙ»«¼[HÂ½PH[ÅPA ^`H�A ÁTÃ]FI_PÅÉAc½PH¯½Ò¾«A Z�¼äQä¾ÙA¿FIH�ÈÉ_aX¯½W^`_ÉÅ[HGF�Z�¼¯Q[Z�ÁÑZ³Ac^ÉÊ`Á�DPÃp¼PA Ca¼äHGX[_ED[Ca¼äZ\_
ÃÉ_PÁ�Á`AßÈGÄ Ö�^[QGD[ÁÑHpÃGF×_BÈGÄ HGSTÁbJz»Ù¼PA ÁÂ^`_PÅÎHGF¢ÁÑHGF×Å[H[ÁäÄMA ZÝZëÄ HõD[ÁÑH�Ë�DPÄ�Ã´DGF§ÃÉ_PÁ�HpQGX¯½pÁ[¼[_EDPÄc½
ÈÉHpF×HGST_ÉÅ[H¯½KJ

¿EJÙ»«¼[H�f�Vß» HûÃÉQ¯^PÊ�Q[CPH A ÁõÃGF×_PÅPA ½PH¯½û¾«A Z`¼ QöÇKQ[ZW^[QPÈGÄ HtSzQ[ZÝH¯½û¾«A Z�¼øZ�¼[H¸Ø QGX[_aXPA ^`Á
^�_aXGX[H¯^`ZÝ_´FÝJW»Ù¼PA ÁÓA ÁÒÃGFI_ÉÅPA ½PH¯½øÁÑ_ QbÁäZÝ_ØQ[Å[_BA ½Ï¼¯Q[ÅPA¿X[C�Z\_ SÞQbZÝHÐQGX¯½�½BA Áx^`_aXGX[H¯^�Z
Z�¼[HõË�FUQ[CBAßÄ HÃØ QeX[_EXPAc^�Áõ^`_aXGX[Hb^`ZÝ_BF J¡×¢X`Ë¨_BF×Z`DGX¯Q[ZÝHPÄ Ö�ç�Z�¼[HöÇïQbZW^ÎQ]ÈGÄ HûÃ]FI_PÅÉAc½PH¯½ÏÈÎÖ
f�VM»KHõD[ÁÑH[ÁÂFUQ[Z�¼[HGF¢ÄcQÉFICPHÒ¾«A¿FIH[Á�Z`¼¯Q[Z«¾«AßÄMÄ�^`H]FIZ�Q]A¿XPÄ ÖW^[QGD[ÁÑHÒQ¯½G½BA Z³A _EX¯Q]Ä DGXGX[Hb^`H[ÁÑÁxQPFIÖ
Z�¼[HGFÍSzQPÄGÄ _]Q¯½Û_EXzZ`¼[H�Ë¨_´^ÎQ]ÄEÃGÄcQGX[H´J¢»«¼PA Á�ÇïQbZO^[QPÈGÄ HTÁÎ¼[_aDPÄ ½Ò½PH`ÚRXPA ZÝHPÄ Ö�ÈÉHÒFIHGS�_PÅ[H¯½
QGX¯½ÏF×HPÃGÄcQ¯^`Hb½ ¾«A Z`¼ØQöÇEH`ò ^[QPÈGÄ HØZ`¼¯Q[ZÐD[ÁÑH[ÁfèbàxSÌAßÄ¢¾«Ac½PHh±EJMè�_PãØ^`_BÃGÃÉHGF«Z�FUQ¯^`H[ÁbJ
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fKAåSäAMÄ QPFzÇaH`ò ^¯AåFU^ÉDPA ZÝÁØ¼¯QbÅÎH ÈÉH[HGXtD[Á�H¯½ûË¨_´FT_PZ�¼[HGF�¥»¥9¨�ÁõQGX¯½ Z�¼[H[Ö�¾�_BFÍÊøôaDPA ZÝH
¾�HPÄMÄ QeX¯½âÃGFI_ÉÅPAc½PHõZ�¼[HGF­SÞQPÄ�A ÁÑ_´ÄcQ[Z³A _EX QbÁÂCP_G_´½âQ[ÁWQø^`_EX[Å[HGX[Z³A _aX¯QPÄ ¾ÙA¿FIH ¼¯QPF­X[HÎÁÑÁ
SÞQ¯½PHTË�FI_aS·è[à³é0±öSäAMÄe^`_aX[Á�ZÑQGX[Z�QGX´J�»«¼[HWSzQ[Z³AåX[CWQGX¯½õDGXGSzQ[Z³AåX[CÒ_¯Ë¢Z�¼[HSØ QGX[_aXPA ^`Á
^�_aXGX[H¯^`ZÝ_´FIÁÒA ÁÒQûF×H¯QPÄ�^`_EX¯^`HGF­X´JØ»Ù¼[HÎÁÑHWÅ[HGFIÖpÁxQGSTHõ^`_EXGX[H¯^`ZÝ_´FIÁÂQPFIHØD[ÁÑH¯½ø_EXp_aX
Z�¼[Haå�åa¥»¥�V;¨ à$¿�±õÃÉQÕ^ÉÊ`Q[CÉH[Á[çEQeX¯½W¾¢HÒ¼¯Q[Å[HÒ^�_aX[Á`A ½PHGFUQPÈGÄ HäH`òGÃÉHGF§A HGX¯^`HWSzQ[Z³AåX[CWQGX¯½
DGXGSÞQ[ZëA¿X[C ¼GDGX¯½aFIH¯½PÁ�_¯ËzZ�¼[HGSfJ�j�Q[ZëA¿X[Câ^`Öb^ÕÄ HÎÁ�Á[¼[_EDPÄc½âÈPHØQ[Å[_BA ½PH¯½KJt»«¼[H�ÈPHÎÁÑZ
QPÃGÃ]FI_GQ¯^P¼ ¾¢_aDPÄ ½ ÈÉH�ZÝ_âQ[Z\Z�Q¯^P¼�Z�¼[HâX[H[¾úÄ _¯¾¢à­Z�¼[HGFÍSzQPÄ à�Ä _GQ¯½ ÇaH�òâ^[QPÈGÄ H�ZÝ_ Z�¼[H
¥»¥9¨ÏQGX¯½��
�����$���
�&���_���>��J

»«¼[HöÁ�AåSäÃGÄ HÎÁÑZÂQPÃGÃGFI_]QÕ^É¼öË¨_´FTQpË¨_´^[QPÄ�ÃGÄ QGX[Hø½PHÎÁ`A CaXø¾¢_EDPÄc½ ¼¯QbÅÎHûÈÉH[HGXõZ\_�Áx^PFIH[¾·Z�¼[HØñ�f�VM»KH
¥»¥<¨�ÁOZ\_ÂQTÇïQbZ«ÃGÄ Q[Z\H]çïÈ´D[Z�Z�¼PA Á�¾�_aDPÄ ½pX[_PZ�¼¯Q[Å[HäQPÄMÄ _¯¾¢H¯½ÒQ¯½>s³D[ÁÑZ�STH]X[Z Ë¨_´F ¼[HPA CE¼[ZOQeX¯½�Z³AßÄ Z�Å¯QÉF§AcQ[Z³A _aX[Á
Ë�FI_ES ¥b¥9¨ ZÝ_C¥b¥9¨ ¾�¼PA ^P¼ÛA Á�H`òGÃÉH¯^`ZÝH¯½�ZÝ_öÈÉHÒÄcQÉFICPHGF�Z�¼¯QGXÌZ�¼[HÂ½PH[Á�AåFIHb½fÇïQ[Z`X[HÎÁÑÁ�Ë¨_´F�Z�¼[HÂQbÁ�ÁÑHGSäÈGÄ Hb½
Ë¨_´^[QPÄ ÃGÄcQGX[H´JÒ» _ ^`_aSäÃPH]X[Á³Q[ZÝH�Ë¨_BF¢Z�¼[H[Á�HÓÃÉ_PÁ�Á`AßÈGÄ H�¼[HÉA CE¼[ZäQGX¯½öZ³AMÄ ZzÅ¯QÉF§AcQ[Z³A _aX[Á[ç�QÓÁ[DPÈ[à�ÃÉQ¯^PÊ�Q[CPHW¾�Q[Á
½PH[Á�A CEX[H¯½�Z�¼¯QbZð^[QGX�ÈPHäQ¯½>s³D[ÁÑZÝH¯½TË¨_´F�H¯Q¯^P¼J¥b¥9¨ûZÝ_�HGX¯QPÈGÄ HzZ�¼[Hz^�_aX[ÁÑZ�F­D¯^�ZëA _aX�_ÕË�QTÇïQbZ�ç´QPÄMA CaX[Hb½ÛË¨_´^[QPÄ
ÃGÄ QeX[HeJ¢»Ù¼[H«ÁÎDPÈ[àÑÃÉQ¯^PÊ�Q[CPH�Q[ZÝZ�Q¯^P¼[H[Á Z\_äZ�¼[Hr¥»¥9¨ ÃÉQ¯^PÊ�Q[CPH«ÅPA QzZ`¼[H�Ë¨_aDGFq¾Õà]¾�±ÒST_EDGX[Z³AåX[CäÁ³^ÉFIH[¾�Á¯J�»«¼[H
Á[DPÈ[à�ÃÉQ¯^PÊ�Q[CPH�¬�¥b¥9¨ÏQ[ÁÑÁ�HGSÌÈGÄ ÖÓA ÁTZ�¼[HGXÂQ[ZÝZÑQ¯^P¼[Hb½ÛZÝ_ÐQÌÇKQ[ZzÃGÄ QbZÝHWÆ­Z�¼[HzË¨_´^[QPÄ�ÃGÄ QeX[HÐST_EDGX[ZëA¿X[CøÃGÄ Q[Z\HÉê
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A¿X[ÁÑZ�F­DGS�HGX[ZÝÁ¯J�»Ù¼[HÒZÝ_ÉZÑQPÄ´Z�¼[HGF­SÞQ]ÄKÄ _GQ¯½p_aXÒZ�¼[HV¥ð@q¯�éP¿MÝ A ÁäQPÃGÃGF×_bò]AåSÞQbZÝHPÄ Öõé[èW¾�Q[Z\ZÝÁzÆ�ÈÉQbÁ�H¯½
_EXöZ�¼[H�¼[_´Äc½ÕàÍZ³AåS�Hø_ÕËÞZ�¼[H�å�Øb¿ ½PH[¾�QPFzD[Á�H¯½�_aXõZ`¼PA ÁW^[QGSTH]FUQPê�J�»«¼[HÐ¥ð@q¯�é0¿'Ý Ë¨_´^[QPÄ�ÃGÄcQGX[H
A ÁÂè�±3Ú Ä QPFICÉHGF¢Z�¼¯QGXÛZ�¼[HõVAjÌá<¥kføË¨_´^[QPÄ ÃGÄcQGX[HGç¢È´D[ZäA Áä_PZ�¼[HGF×¾ÙA ÁÑHÒÅÎHGFIÖÒÁ`A¿SÌAßÄ QPFÙA¿XöA ZÝÁzZ�¼[HGF­SÞQ]Ä
Ã]FI_BÃÉHGFIZ³A H[Á¯J�»«¼GD[Á�Z`¼[HÂVAjÌá<¥kfp^ÎQeS�HGFUQ«Á[¼[_EDPÄc½p¼¯Q[Å[HÞQÒ¼[H¯Q[Z�Ä _]Q¯½�_ÕË�QPÃGÃGFI_[òGA¿SzQ[ZÝHPÄ Ö�é0±Ì¾�Q[ZÝZÝÁ¯J
á�Ä Z�¼[_aD[CE¼pQ¯^[^`_´FU½BA¿X[CÓZÝ_pZ�¼[Häál¹»¨ÏÁ`ÃÉH¯^`Á[ç�A Z«Á[¼[_aDPÄ ½øÈPHpÃÉ_PÁ�Á`AßÈGÄ HÒZÝ_ÐQ¯^P¼PA HÎÅ[Hõé���±'Ý ¾«A Z`¼ÒZ�¼PA Á
Ä _GQ¯½ö¾«A Z�¼ÓQÒÁ`A¿X[CBÄ HC¥�FIÖ`_ÉZ³A CÉHGF¢^`_G_´Ä H]F­ç�Z�¼[HÒ½PH[Á�A CEXõ¼¯QbÁÂÈPH[H]XÒ½PH[Å[HPÄ _BÃÉH¯½õZ\_ØD[ÁÑHÂZ­¾¢_W_ÕËOZ�¼[H[ÁÑH
^`_G_´Ä H]FIÁ«ZÝ_öA¿X[Á[DGFIHÞZ`¼¯Q[Z�ÃPHGFYË¨_BFÍSzQGX¯^`H�A ÁäX[_PZäSÞQPFICBA¿X¯QPÄYJ
»«¼[H�Z­¾¢_Â^`_G_BÄ HGFIÁOQ[ZÝZ�QÕ^É¼TZÝ_ÒQ�S�_aDGX[Z³A¿X[CÓÃGÄ QbZÝHzZ�¼¯Q[Z�AåXzZ�DGF­XäÈP_´Ä ZÝÁ�ZÝ_ä_aX[H�_ÕË Z�¼[H�Q¯^[^`HÎÁÑÁ�ÃÉ_´FIZÝÁ
_EXÌZ�¼[HäÁ`A ½PHä_ÕË�Z`¼[HÞÁ³ôaD¯QPFIHÜ^[QGSTHGFUQ�ÈÉ_´½PÖÎJ�»«¼[HGFIH�A Á�QÒ^`_BÃGÃÉHGF¢ÈÉQPF�Z�¼¯Q[Z«Q[ZÝZ�Q¯^P¼[H[Á�ZÝ_ÒZ�¼[Hä^`_´Äc½
¼[H¯Q¯½PÁ�_ÕËRZ�¼[Hz^`_G_´Ä H]FIÁ¯J¢»«¼[HÞ^`_BÃGÃÉHGFKÁÑZ�FUQPÃ¯Á�Ë�FI_ESÏZ�¼[HÙË¨_´^[QPÄ´ÃGÄcQGX[HäQÉFIHz^¯ÄcQGSÌÃÉH¯½äZ\_äZ�¼PA Á�^�_BÃGÃÉHGF
ÈÉQPF JÙá ZÝHGSÌÃÉHGFUQ[Z�DGFIHzÁ�HGX[ÁÑ_´F ¾ÙAßÄßÄ�Q]Ä ÁÑ_ØÈPHõS�_aDGX[ZÝH¯½ÓZÝ_pZ�¼PA ÁÌÈÉQPF ZÝ_õQPÄMÄ _¯¾�ST_EXPA ZÝ_´F§A¿X[Cp_ÕËOZ�¼[H
¥�FIÖ�_PZ³A CÉHGF�ÈÉQ[ÁÑHÞZ\H]SÌÃÉHGFUQ[Z�DGFIH´J�»«¼[Hä^`_BÃGÃÉHGF�Á�Z�FUQPÃ¯Áz¼¯Q[Å[HzZ�¼[HPA¿F�¾«Ac½PZ�¼ÂQGX¯½ÛZ�¼PA ^PÊPX[H[Á�ÁOQÕ½>s³D[Á�Z\Hb½
ÆÍHGSÌÃGA¿F§A ^[QPÄMÄ ÖPêOZ\_pÈ]F§A¿X[CÒZ`¼[H�Ë¨_´^[QPÄ�ÃGÄ QeX[HäZÝHGSäÃPHGFdQbZ�DGFIH�ZÝ_Ò¾«A Z�¼PA¿XÒèbàxéP±W½PH[CaF×H[H[Á�_¯Ë¢Z�¼[HÂ½PH[Á�AåFIHb½
_´ÃPHGFdQbZ³A¿X[CzZÝHGSÌÃÉHGFUQ[Z�DGFIH´Jaá�½G½BA Z³A _EX¯Q]ÄEFIH[CEDPÄcQ[Z³A _aXzA Á�Q¯^[^`_ESÌÃGÄßA ÁÎ¼[H¯½T¾«A Z�¼«Z�¼[H¢Ë¨_´^[QPÄPÃGÄ QeX[Hä¼[HbQbZÝHGF
FIHÎÁ`A ÁÑZÝ_´FIÁ¯JúÄ�QPF§A _aD[Á�ÅPA H[¾�ÁOQGX¯½�½PH[Z�QPAMÄ Á�_¯Ë�Z�¼[H�^`_G_´Ä HGF×Á�^ÎQeXzÈÉHTÁ�H[HGXzA¿XÒ@BA CEDGFIH[ÁOèaJYéPç¿èaJ:¿äQGX¯½�èEJ��EJ

¿aJJå�Øb¿W½PH[¾�QPF
»«¼[HÓË¨_´^[QPÄ¢ÃGÄ QGX[HØ^[QGXõQ]Ä ÁÑ_tÈÉHØ^`_G_BÄ H¯½�¾«A Z�¼õQø^�_aX[Å[HGX[Z³A _aX¯QPÄpå�Øb¿�½PH[¾ðQPFÝJõ»Ù¼[H STH¯^P¼¯QGXPA ^[QPÄ
FIHÎÁÑZ�F§A ^`Z³A _EX[ÁÌZÝ_ØZ`¼[HWZ�¼PAc^ÉÊPX[H[Á�ÁÌ_¯Ë�Z�¼[Hõ^[QGSTHGFdQeç�¼[_¯¾¢H[ÅÎHGF­ç�F×H¯ôaDPAåF×HÓZ�¼¯Q[ZäZ`¼[HÐå1Ø»¿�½PH[¾�QPF�X[_PZ



übýxþ[ÿ

@BA CEDGFIHÂèaJ��EN fKAc½PHäÅPA H[¾ _ÕËðZ`¼[HÜ½PH[¾�QPF¢A¿X[Z\H]F§A _´FÝJ
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CED�:GFIHJ<�KG?�L�CNMO<QP$?.<,RSHUT/V,W$@3<>C)XZY\[�2^]_:`?A=7acb�b�b übýxþ�d
H`òbZ\H]X¯½ö_aD[ZÂZ�¼[HöÈÉQ¯^PÊW_ÕËÞZ`¼[HÐ^[QGSTH]FUQGç�È´D[ZWFUQ[Z�¼[HGF�ZÝ_ØZ`¼[HÐÁ`A ½PH´Jø»«¼PA ÁWA ÁÎç�AåXpËÍQ¯^`Z�ç�Z�¼[HøÃ]FIH`à
Ë¨HGFÍFIH¯½�QPF­FdQeX[CÉHGSTH]X[ZÜË¨_´F�Z`¼PA ÁW^[QGSTH]FUQ ÈÉH¯^[QGD[ÁÑHõ_¯ËäZ�¼[H¡l�n�o ÁÑZ�Q[CPHÎÁÒ¾T¼PA ^P¼ø¾�_aDPÄ ½ SÞQGÊëH�Q
ÈÉQ¯^PÊ³à³S�_aDGX[ZÝH¯½p½PH[¾ðQPF�ÃGFI_´ÈGÄ H]SzQ[Z³Ac^GJz»«¼[HÌå1Ø»¿õ½PH[¾�QPF�A ÁÒÈÉHPAåX[CØ½PH[Á�A CEX[H¯½pÁÑ_pZ�¼¯Q[ZäA ZÞ^[QGXöÈÉH
A¿X[ZÝHGFU^P¼¯QGX[CPHb½Ì¾«A Z�¼zZ�¼[H�½aD¯QPÄ'¥�FIÖ`_ÉZ³A CÉHGF�^�_G_BÄ HGF�È[Ö�Á`A¿SÌÃGÄ ÖÒFIH]ST_PÅÉAåX[CÂ_aX[HÒS�_aDGX[Z³AåX[CWÃGÄcQ[ZÝHÞQeX¯½
Q[ZÝZ�QÕ^É¼PAåX[CÐQGX[_PZ�¼[HGFÝJ«VYX�_´FU½PHGF�ZÝ_WQÕ^É¼PA H[ÅÎH�Z�¼[HÂ½PH[Á`A¿FIH¯½õ¼[_BÄ ½ÓZ³AåS�HGçaZ�¼[HÂ½PH[¾�QPF�¾«AMÄßÄ�¼¯Q[Å[HÂZÝ_öÈÉH
ÁÎDPÈ¯ÁÑZ�QGX[ZëA QPÄYJ å1Ø»¿t¼¯QbÁfQû¼[H¯Q[Zä^ÎQ]ÃÉQ¯^ÕA Z­Öõ_ÕËÂé!~�±N¢�¬GSäÄYJõáj¼[HbQbZÂÄ _]QÕ½ _ÕËÂéP±ø¾ðQbZÝZÝÁWFIH¯ôaDPA¿FIH[Á
�EJ:¿øÄMA ZÝHGFIÁz_¯Ëgå1Ø»¿öZÝ_õQ¯^P¼PA H[Å[HWZ`¼[Hõ¼[_´Äc½õZ³AåS�HÒCP_GQPÄ�_ÕËÙL�±�¼GFIÁ¯J�¥�_aX[Á`A ½PHGF§A¿X[CõZ�¼¯QbZÞZ`¼PA Á�A ÁzZ�¼[H
Å[_´ÄåDGS�Hä_ÕË Z�¼[Hä^[QGXz¾�¼[HGXä_aXPÄ Ö5����� £�Ë�DPÄßÄåçaZ�¼PA ÁTÄ H¯Q¯½PÁ�ZÝ_WQTËÍQPAåF§Ä Ö�Á�A ãÎQPÈGÄ HÂ½PH[¾ðQPF ¾�¼[_ÉÁÑHÒAåX[ZÝHGFÍX¯Q]Ä
å�Øb¿ÓZ�QGXGÊ�A ÁzQW^`ÖPÄßAåX¯½PH]F¢QPÃGÃGFI_[òGA¿SzQ[ZÝHPÄ ÖO¿�±�±BSÂS�½BA QeS�H[ZÝHGF�QGX¯½C¾�±�±BS�S�Ä _aX[C)¤Þ»«¼[HäÁ`A ã`HfQeX¯½
¾¢HÉA CE¼[Z�_ÕËðZ`¼PA Á�½PH[¾�QÉF¢SzQ`ÖÒÈÉH�_´È�s Hb^`Z³A _EX¯Q]ÈGÄ H´J

�������¦¥ §^¨×�k©iª����¬«p­«�;®B�¯­°¨

¤�¥§¦K¥Uì�¥§¦ ±^²_³µ´�ª­²K¸B°!zM²´±�¶M®�¸¶��±³²/��{

»«¼[HÙÇEH`ò´DGF×H�^`_aSäÃPHGX[ÁxQ[ZëA _aXÂSTH¯^É¼¯QeXPA Á[S ¼¯Q[Á«ÈPH[H]XT½PHÎÁ`A CaX[H¯½äZ\_WD[Á�H�QeX�_�ÏKàÍZ`¼[H�à­ÁÎ¼[HPÄ Ë|l;n ÁÑZ�Q[CPH�Ë�FI_ES
¹B_BÄ Ö[ZÝH¯^S¹�V�Æ³ST_´½PHÉÄ¼¹Eà èBé!�aJ\¿¸·9å]êëJ�»«¼PA Á�ÁÑZ�Q[CPHÒA Á�QO¿bà QÎò]A ÁäÃGA HÎã`_¯àÝ½aF§A Å[HGXõDGXPA Z�¾«A Z`¼Y¿�¹c¹r�¢SmZ�FUQ[Å[HÉÄaAåX
H¯Q¯^P¼Þ½BAåFIHb^`Z³A _EXzQGX¯½�QÒFIH[Á�_BÄ¿D[Z³A _EXÌA Á�¿WXGS�çG¾¢HPÄßÄGA¿XzH`òÉ^`H[Á�Á�_¯Ë Z�¼[HäFIH¯ôaDPA¿FIHGSTH]X[Z[J�»«¼[H�ÁÑZ�Q[CPHäSTHbQbÁÎDGFIH[Á
é[èc¹BSÂSjòâé[èc¹BSÂSúQeX¯½�¾¢HPA Ca¼[Áõé]J ¾ Ê`CïJ VcZp¼¯Q[ÁWQ Ä _GQ¯½t^ÎQ]ÃÉQ¯^ÕA Z­ÖØ_ÕËÜètÊ`C QGX¯½t^[QGX�ÈPH�ÃGF×_PÅPA ½PH¯½
Á[DPA Z�QPÈGÄ ÖõÃGFIHÉÃÉQPFIH¯½ÌË¨_´F�¼PA Ca¼WÅ¯Q¯^PDGDGS·_BÃÉHGFUQ[Z³A _EX´JpºB_BÄ Ö[ZÝH¯^Iº VK^ÎQeXWQPÄ ÁÑ_�ÃGFI_ÉÅPA ½PHÒQGXÒHPÄ Hb^`Z�FI_aXPA ^`ÁÂDGXPA Z
Ë¨_´F«^ÕÄ _PÁ�H¯½ Ä _G_BÃ ^`_aX[Z�FI_´Ä�_ÕËÞZ�¼[HpÁÑZ�Q[CPH´J�»«¼PA ÁW^`_aX[Z�FI_´ÄMÄ HGF«^[QGX�ÈPH�A¿X[ZÝHGF¹ËÍQ¯^`H¯½õZ\_ Q ¼[_PÁ�Z�^�_aSÌÃ´D[ZÝHGF
Z�¼GFI_aD[CE¼äQÌÁ�HGF§A Q]Ä´ÃÉ_BF×Z[J »«¼[H�^�_PÁÑZ Ë¨_BF�Z`¼[H�Å¯Q¯^PDGDGS·ÃGFIHPÃÉQÉFIH¯½ÌÁ�Z�QbCÉHäQGX¯½Ò^`_aX[Z�FI_´ÄMÄ HGF�A Á«QPÃGÃ]FI_[òGAåSÞQ[Z\HÉÄ Ö
» Lc¹'ÝOJ

»«¼[HOl;n Á�ZÑQ[CÉHz^[QGXGX[_ÉZÙÈÉHz_´ÃPHGFdQbZÝH¯½ÂQ[Z�^ÉFIÖ`_ÉCPHGXPA ^TZÝHGSäÃPHGFdQbZ�DGFIHÎÁ[ç¯ÁÑ_�Z�¼[H«Ë¨_´^[QPÄaÃGÄ QeX[HfX[H[H¯½PÁ�ZÝ_
ÈÉH�Z�¼[HGF­SÞQ]ÄßÄ ÖÓA ÁÑ_BÄ Q[ZÝH¯½ÓË�FI_aSmZ�¼[H�Á�Z�QbCÉH´J�»«¼[HÒ^ÉDGF­FIHGX[ZO½PH[Á�A CEXö¼¯Q[Á�Z�¼[HÜË¨_´^ÎQ]Ä�ÃGÄcQGX[HõS�_aDGX[Z³AåX[CØÃGÄcQ[ZÝH
Á[D[Á�ÃPH]X¯½PH¯½õQ]ÈÉ_PÅÎHpZ�¼[HÓÁ�ZÑQ[CÉHÓÅPA QpZ�¼GFIH[HVÖOé!¹�Ú�ÈPHGF×CBÄ QbÁ�ÁäÁÑZ�QGX¯½Õà­_�Ï�ÁbJÓ»«¼[HWÁÑZ�QGX¯½Õà­_�Ï�ÁfQ[Z\Z�Q¯^P¼ÒZÝ_ØQeX
Q¯½GQPÃ¯Z\H]F�ÃGÄ QbZÝHÐDGX¯½PHGF�Z�¼[H�_ED[ZÝHGF¢ÃPHGF¨AåS�H[ZÝHGF�_ÕËOZ�¼[Hml�n ÁÑZ�Q[CPHÒQGX¯½pH[Å[H]FIÖ�H�Ï�_´FIZzA Á�SÞQ¯½PH�ZÝ_ÓCÉH[Z«Z�¼[H
^`HGX[ZÝHGFK_ÕË CEFUQ[ÅPA Z­Öä_ÕË�Z`¼[H«Ë¨_´^[QPÄKÃGÄcQGX[HäQ[Á�^ÕÄ _PÁ�HzZÝ_�Z�¼[HzÁ�ZÑQ[CÉHäQ[ÁTÃÉ_PÁÑÁ�AMÈGÄ H´J\·�_EDGX[ZÝHGFI¾¢HPA Ca¼[Z³A¿X[C�_¯Ë¢Z�¼PA Á
ÃÉ_BA¿X[ZTA ÁTÃÉ_PÁÑÁ�AMÈGÄ HäZÝ_ÓÈGF¨AåX[CÒZ�¼[Hg·bÖ ¾«A Z�¼PA¿XÌZ�¼[HäÈP_´½PÖÂ_ÕË Z�¼[HzÁ�ZÑQ[CÉH�ÆÑA Ë Z�¼PA Á�ÃGFI_ÉÅ[H[Á�ZÝ_WÈPHÒX[Hb^`H[ÁÑÁxQPFIÖPêëJ
»«¼[HzË¨_´^[QPÄ ÃGÄ QGX[HÒ^`_ESÌÃÉ_aX[HGX[ZÝÁ�Æ­Á[DPÈ[à�ÃÉQ¯^PÊ�Q[CPH[Á�QGX¯½õST_aDGX[Z³A¿X[CpÃGÄcQ[ZÝHPêÞ¼¯Q[Å[HÒÈPH[H]X�½PH[Á�A CEX[H¯½ÒÁÑ_WQ[Á«ZÝ_
SÌA¿XPA¿SÌA ã`HäZ�¼[HT¾�HPA CE¼[Z�_ÕË Z�¼PA Á÷Q[ÁÑÁÑH]SÌÈGÄ Ö[J¢»«¼[H�Ã]FIH[Á�HGX[Z Ë¨_´^ÎQ]ÄEÃGÄcQGX[HÂQ[ÁÑÁÑH]SÌÈGÄ Ö�ÆÑA¿X¯^ÕÄ¿D¯½BAåX[CI·;·(¼�Á`ê÷¼¯Q[Á
QpSzQ[Á�Á«_ÕËOQPÃGÃGF×_bò]AåSÞQbZÝHPÄ Öp½EJMèõÊ`CïJ�»«¼[H�l;n ÁÑZ�Q[CPHÂQ[Z\Z�Q¯^P¼[H[Á«ZÝ_WZ�¼[H5oaà Q`òGA ÁÙË¨_´^PD[Á�ÁÑZ�Q[CPHWÆÝ½PH[Áx^PF§AßÈPHb½



übýxþ+�
ÈÉHPÄ _¯¾«ê«A¿XzZ`¼[H«Ë¨_BÄßÄ _Õ¾«A¿X[C�SzQGXGX[HGF J�»«¼[HUl;nâÁ�Z�QbCÉHÒ¼¯Q[Á«QzÁ³ôaD¯QÉFIHz^�HGX[Z�FUQPÄa¼[_´Ä HzZ�¼¯Q[Z�CP_GH[Á÷QPÄMÄGZ�¼[Hz¾ðQ`Ö
Z�¼GFI_aD[CE¼zZ�¼[HzÁÑZ�Q[CPH´J¢»«¼PA Áä¼[_BÄ HäÁ`ÄßAMÃ¯Á«_ÉÅ[HGF�QWSzQ[Z³AåX[CpÈÉ_PÁ�Á�Z�¼¯Q[ZÙA ÁzÃÉQPFIZ�_ÕË�Z`¼[H�oaàÝQ`òGA Á�ÇaH�ò´DGFIHGçEQeX¯½pA Á
A ÁäF§A C´Ac½BÄ ÖW^ÕÄ QGSÌÃÉH¯½ÛË�FI_ES·Q]ÈÉ_PÅÎHÓÆ­Á�H[HW@BA CaDGFIHÂèaJßñeêëJ

�������¦¾ � �Î�����À¿UÁ¯�k© �U£Â§7­«�;ª¢£t��®]�ÄÃO�

»«¼[HpQÉF­FUQ`Ö�Ë¨_´^PD[ÁäÁ�ZÑQ[CÉHöA ÁÒÈÉQbÁ�H¯½ö_EXpQÛÇEH`ò´DGF×Hp½PH[Á�A CEXøD[Á�H¯½øAåXpZ�¼[HCÖ HGSÌA¿XPA�Ø HbQPF«VYX`Ë�FUQPFIH¯½�VYSzQ[CÉHGF
Æ6Ø�V×ó VåêøA¿X[ÁÑZ�F­DGS�HGX[ZÎJ�Ø�V×ó�VzD[ÁÑH[ÁÐZ­¾¢_tÁ�AåSäAMÄ QPFzÇaH`òeDGFIH[ÁWZ\_ S�_PÅ[H�Z�¼[H�¾�Q[Å[H`Ë�F×_aX[ZWÁÑHGX[Á�_BFäQGX¯½tZ�¼[H
Á³^¯A HGX¯^�H�½PHÎZ\Hb^`ZÝ_BF�QPF­FdQ`ÖÎJ�»«¼[HGØ�V×ó VK½PH[Á�A CEXpS�D[Á�Z�Ë�DGX¯^`Z³A _aXÒQ[Z÷^PFIÖ�_PCPH]XPAc^äZ\H]SÌÃÉHGFUQ[Z�DGFIH[Á[çÉ¾T¼[H]FIH¯Q[ÁzAåX
Z�¼PA ÁÞ½PH[Á�A CEXGç�Z�¼[HÜÇEH`ò´DGF×HÓA Á�S�_aDGX[ZÝH¯½ÓZÝ_WZ`¼[Hf^[QGSTHGFdQÛÈÉQ¯^PÊÒÃGÄcQ[ZÝHWQGX¯½ A ÁÞQbZ�QGSäÈGA HGX[Z«ZÝHGSäÃPH]FUQ[Z`DGF×H´J
»«¼[HÛÇEH`ò´DGF×HÓA Á�ôaDPA ZÝHÓÁÎDPÈ¯ÁÑZ�QGX[Z³AcQPÄKQGX¯½ ¼¯QbÁÂQø¼PA Ca¼Ð½PH[CaF×H[HÒ_ÕË÷ÁÑZ³A Ï�X[H[Á�Á�A¿XÓZ�¼[Hpl QGX¯½Ån ½BAåFIHb^`Z³A _EX[Á
Æ­¾«A Z�¼moõ½PH�Ú�X[H¯½ÂQ[Á�Z�¼[H�½BA¿FIH¯^`Z³A _aXÞQ]Ä _aX[CÒZ�¼[H«_´Ã¯ZëA ^[QPÄ]QÎò]A Á�ê�J¢á¢ÁO½PH[Á`A CaX[H¯½açGZ�¼[H«ÁÑZ�Q[CPHÂ¼¯Q[Á�Z`¼[HÞ½PH[Á�AåFIHb½
� þ S�SÔFdQeX[CÉHGç�QGX¯½ A Áz¾«A¿FIH`à¯q)¼�j SzQ¯^P¼PA¿X[H¯½p_aD[Zz_¯Ë«QWÁ`A¿X[CBÄ HöÈGÄ _´^PÊÒ_ÕË÷ZëA Z�QGXPAåDGSjÆÍÁÑH[HØ@BA CaDGFIHÎÁzèEJMñ
QGX¯½pèaJÇÆeêëJ

»«¼[HTË¨_´^PD[Á«ÁÑZ�Q[CPHä¾«AßÄMÄKÈÉH�Q¯^`Z�D¯Q[ZÝH¯½ÓÈ[ÖÂQWéPS�SÀÃGA Z�^P¼ÒÈÉQ]ÄßÄ´Á³^PF×H[¾â½aF§A Å[HGXÒÈ[ÖÂQBº�¼[Ö[Z�FI_EXÌÁ�Z\HÉÃGÃPHGF
ST_ÉZÝ_BF�_BÃÉHGFUQ[Z³A¿X[CûA¿X[Á`A ½PHpZ�¼[Hp^[QGS�HGFUQõ¼[H¯Q¯½KJp»Ù¼[HØÈÉQ]ÄßÄ�Áx^PFIH[¾·A ÁÂÁ[DPÃGÃGÄßA Hb½ø¾ÙA Z�¼p^`H]FUQGSÌA ^�ÈÉQPÄßÄ ÁfQeX¯½
A Áp^ÕÄ H¯QGX[H¯½tQGX¯½ÏÃGF×HPÃÉQPFIH¯½öË¨_´F�Å¯Q¯^PDGDGS D[Á�H´JÈº�¼[Ö[Z�FI_aX ^[QGX ÁÎDPÃGÃGÄ ÖØÁÑZÝHPÃGÃÉHGFäST_ÉZ\_´FIÁWôaD¯QPÄßA ÚEH¯½ûË¨_´F
Å[HGF×Öø¼PA Ca¼pÅ¯Q¯^PDGDGSÔÆÍÁÑH[Å[H]FUQPÄa_´FU½PHGFIÁÞ_ÕËäSÞQ[CaXPA Z`D¯½PHõÄ _Õ¾�HGF�Z�¼¯QGXöA ÁWX[H[H¯½PH¯½ÓË¨_´F�Z`¼PA Á�A¿X[ÁÑZ�F­DGS�HGX[Z³ê�Q[Á
¾¢HPÄßÄ�Q[ÁTË¨_´F�^PFIÖ�_PCÉHGXPAc^�_´ÃPH]FUQ[ZëA _aX´JÒ»«¼PA ÁäQPÃGÃGFI_]QÕ^É¼ø¼¯Q[Á�ÈÉH[HGXõD[ÁÑH¯½õôaDPA ZÝHÒÁ[D¯^[^`HÎÁÑÁ\Ë�DPÄßÄ ÖpAåXÌØ�V×ó VRQeX¯½
_PZ�¼[HGF�Q[ÁÑZ�FI_EX[_aSÌA ^[QPÄ´AåX[Á�Z`FÍDGSTHGX[ZÝÁ[çÉQGX¯½ÓA Á�ÃGFIH�Ë¨HGF­FIH¯½�_PÅ[HGF�QGXäQPF­FUQGX[CÉHGSTHGX[Z ¾�¼[HGFIH«Z�¼[HÂST_PZÝ_´F FIH[Á`A ½PH[Á
_aD[ZÝÁ�Ac½PHÂ_ÕËOZ�¼[H�^ÉFIÖ`_ÉÁÑZ�Q[Z�QGX¯½øS�D[Á�ZzÈPHf^`_aDPÃGÄ H¯½ÓZÝ_pZ�¼[HÒAåX[ZÝHGFÍX¯Q]ÄRSTH¯^É¼¯QeXPA Á[SmZ�¼GFI_ED[Ca¼ÒÁÑ_ESTHWFI_ÉZÑQÉFIÖ
Ë¨H[H¯½ÕàÍZ�¼GFI_aD[CE¼´J »«¼[HõH`òÉQ¯^`ZÂCPH¯QÉF§AåX[C�Ë¨_´FTZ�¼[HÓË¨_´^PD[ÁÐQ[ÁÑÁ�HGSÌÈGÄ Ö�A ÁWÁÑZ³AßÄMÄ�ÈÉHPAåX[C ¾¢_´F­Ê³H¯½ø_aD[Z�ç«È´D[Z�Z�¼[H
ST_ÉZÝ_BFK¾«AMÄßÄaÄßAåÊ³HPÄ ÖÒÈPHÜ^`_aDPÃGÄ H¯½�ZÝ_�Z�¼[HäÄ H¯Q¯½�Áx^PFIH[¾tZ�¼GFI_ED[Ca¼äQzCPHbQPF�Z�FUQPAåX�¾«A Z�¼ÂQÛF×H¯½aD¯^`Z³A _EXT_¯Ë�QbZ«Ä H¯Q[ÁÑZ
èaNYéGJ�»«¼[HÌÁ�ZÝHPÃGÃPH]F¢ST_ÉZ\_´F�¾«AMÄßÄ�ÈÉHÂQÒ^`_aX[ÅÎHGX[Z³A _EX¯Q]ÄEZ­ÖPÃÉHä¾ÙA Z�¼�½c¹�¹ÓÁ�ZÝHPÃ¯ÁTÃÉHGF�FIH[Å[_´ÄåD[Z³A _aXGçKÁÑ_WQ�Á�AåX[C´Ä H
ÁÑZÝHPÃf¾ÙAßÄßÄ�^`_´F­FIH[Á�ÃP_EX¯½ÓZÝ_õQ�ÄßA¿X[H¯QPF«ST_ÉZ³A _EXÛ_¯ËÞé��¢SfJ�V Ë÷QGXWQPÈ¯ÁÑ_BÄ¿D[ZÝHÒHGX¯^`_´½PHGF�A ÁfFIH¯ôaDPA¿FIH¯½açK_aX[HW^[QGX
ÈÉH�Q[ZÝZ�Q¯^P¼[H¯½WQbÁ«¾�HPÄMÄ J

·�_EX[Z�FI_BÄO_ÕËWZ�¼[H ST_PZÝ_´FÒA ÁØÁÑZ�FUQPA CE¼[Z­Ë¨_BF×¾�QPFU½KJjá«X[Ö ÁÑZÝHPÃGÃÉHGFÓS�_PZÝ_´F�^�_aX[Z�FI_BÄßÄ HGFÓÆ­¾«A Z�¼ SÌA ^PFI_Õà
ÁÑZÝHPÃGÃGA¿X[CW^[QPÃÉQPÈGAMÄßA Z­ÖPê�^[QGXÒÈPHäHGSäÃGÄ _¯Ö�H¯½KJ
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»«¼[HzVAjÌái·kfpS�_PÁxQ]A ^�½PHÎZ\Hb^`ZÝ_BF]^`_aX[Á�A Á�Z\Á�_¯ËRQeX÷QPF­FUQ`ÖO_ÕËKHÉA CE¼[Z�f�Vß» HU·�·i¼ø½PHÎZ\Hb^`ZÝ_BF×Á[ç[QO·�·(¼ ^�_aX[Z�FI_BÄßÄ HGF
ZÝ_Ò_BÃÉHGFUQ[ZÝHäZ`¼[HÂ½PH[ZÝH¯^�Z\_´FIÁOQGX¯½WQp¼[_PÁÑZÙº|· Z\_õA¿X[Z\H]F¹ËÍQ¯^`Hz¾«A Z�¼äZ�¼[H�^�_aX[Z�FI_BÄßÄ HGFÝJ

º F×HPÄMA¿SÌA¿X¯QPFIÖÂ½P_´^PDGS�HGX[Z�Q[ZëA _aXÒA ÁT_EX`àÑÄßAåX[HfQ[Zä¼[Z\Z³ÃENxÚ�Ú[¾�¾�¾ÞJ _´^ÕA ¾ÞJ H¯½aD�ÚcÛ�È´DGF§Ä H[Ö�Úb^[^[½�ÚÉÈÉQbÁ�H´J¹¼[Z�SäÄ¿J

���¦¥���� «B«IÜ «Ý­Ù��®B��­\¨Þ¨×�¢� ��� ��¡¢���¢�U���(¨ÝÜø� £G�
Ã��

»«¼[Hp·;·(¼Ï^`_EX[Z`F×_BÄßÄ HGF�HPÄ H¯^`Z�FI_EXPAc^�Á«^`_EX[Á`A ÁÑZÝÁ«_ÕË�ÁÑH[ÅÎHGX�^¯AåFU^ÉDPA Z�ÈP_]QPFU½PÁ
ß é9¼7fkºöZ³A¿SÌA¿X[CÓCÉHGX[HGFUQ[ZÝ_´F�ÈP_]QPFU½
ß ½}f A CaX¯QPÄ�Ã]FI_´^`H[Á�Á`A¿X[CpÈP_]QPFU½PÁ
ß ½B·�Ä _´^PÊÂ½aF§A Å[HGF�ÈÉ_GQPFd½PÁ
ß é9ºB_¯¾¢HGF�ÁÎDPÃGÃGÄ ÖÒÈÉ_GQPFU½
ß é9��Q¯^PÊÕÃGÄ QGX[HÒÈP_]QPFU½

A¿XÒQGXÌHGX¯^¯Ä _ÉÁ[DGFIHä¾«A Z�¼Â½BAåS�HGX[Á`A _aX[Á�_ÕËðèaJÇ½Pè,à�àïòÛñaJÇ¹$à�àaòÐéPéGJÇ¹$à�à¨J
qBQ¯^P¼p_¯ËzZ�¼[HØ^ÕA¿FU^PDPA ZÛÈÉ_GQÉFU½PÁpA Ápá^jBq]àÍÁ`A ã`Hb½KJû»«¼[HGFIHøA ÁõFI_G_ES AåXõZ�¼[HpHGX¯^ÕÄ _PÁÎDGFIHÓË¨_´F�Q�ËÍQGXGç�A Ë

X[H¯^`HÎÁÑÁ³QÉFIÖÎJ »«¼[HÞ^[QPÈGÄ HÎÁ�¾�¼PA ^P¼ä^`_EXGX[H¯^`Z Z\_äZ�¼[HÞ½PH[¾�QPFa¾«AßÄMÄ´^�_aSTH«Ë�FI_ESÏZ�¼[HÌÈÉQ¯^PÊ¯ÃGÄcQGX[HGçKX[_PZ¢Ë�FI_ESÏZ�¼[H
A¿X¯½BA ÅPA ½aD¯QPÄ�^ÕA¿FU^PDPA ZTÈÉ_GQPFU½PÁbJ

VYX[Á`A ½PHöZ�¼[Hõ½PHÎ¾�QPF�Z�¼[HGFIHÐQPFIHÐZ­¾¢_ûÃ]FIH¯QGSÌÃGÄßA ÚaHGF�ÈP_]QPFU½PÁ¯Jt»«¼[HGF×H�SzQ`ÖØÈPHØQ�ÇEH`ò A¿X[Z\H]FU^`_aXGX[Hb^`Z
ÈÉ_GQPFU½õAåXäZ�¼[H�½PHÎ¾�QPF�Q[Á�¾¢HPÄßÄYJ

@BA CEDGFIH[Á«èEJ¹é!¹Bç�èaJ¹éÉé�QGX¯½WèaJYé�½ÒÁ[¼[_¯¾ Z�¼[HäQPF­FUQGX[CÉHGSTHGX[Z�_¯Ë¢Z�¼[HÂ½PH[ZÝH¯^`ZÝ_´F Á�Ö[ÁÑZÝHGSfJ

���¦¥��¦¥ «B«IÜ «Ý­Ù��®B��­\¨Þ¨×�¢�ãâO¨×� �Ë®B�¯­Ù���U��£

»«¼[H ½PH[Á`A CaX�_¯Ë�Z�¼[Hã·;·(¼j^`_EX[Z�FI_BÄßÄ H]FÌA ÁøÈÉQ[ÁÑH¯½t_aX Qt½BA CBA Z�QPÄ�Á`A CaX¯QPÄTÃ]FI_´^`H[Á�ÁÑ_´FzÆ�¼7fkº�ê³ç«ÃGF×_PÅPA ½BAåX[C
ÁÑ_¯Ë¨Z­¾�QPF×H�ÃGFI_ÉCaFUQGSÂSzQPÈGÄ HÂZ³AåSäAåX[CEç ÈGA¿XGXPAåX[CEç ^ÕÄ _´^ÉÊÌÅ[_´Ä Z�Q[CPHÎÁ[ç�QGX¯½ÓÁ�_Ó_EX´JÙ»«¼[Hf½PH[Á`A CaXpA ÁzQ�ÁÎDPÃPHGFYà­Á�H[Z
_ÕËOZ�¼[HÒCaDPA ½PHGF�^[QGS�HGFUQÒ½PH[Á�A CEXGç�¾«A Z�¼ÒZ�¼[HÒÁ³QGSTHWÈÉQbÁ�Ac^ÒQÉFU^P¼PA Z\Hb^`Z�DGFIHÂQeX¯½�SÞQeX[ÖÒ_¯Ë«Z�¼[H�ÁxQGSTHÒ^¯AåFU^ÉDPA Z
½PH[Á�A CEX[Á¯J

»«¼[Hr·�·i¼Ï^�_aX[Z�FI_BÄßÄ HGF�A ÁÌA ½PH¯QPÄBË¨_´F�QeXÂHPA CE¼[Z�½PH[ZÝH¯^`ZÝ_´F¢ST_ÉÁ³QPA ^r·;·(¼ÏQPF­FdQ`ÖÎJ�»«¼[Hr·�·i¼ ^ÕÄ _´^PÊÕA¿X[C
ÁÑHbôaD[HGX¯^`H[ÁÂQPFIHWCPH]X[HGFUQ[ZÝH¯½ûÈ[ÖpZ�¼[Hõ½BA CBA Z�QPÄ àÍÁ`A CaX¯QPÄ«ÃGF×_´^`H[ÁÑÁ�_´FÝJ�áOÄMÄ�_¯ËzZ�¼[Hõ½PHÎZ\Hb^`ZÝ_BF×ÁäQPFIHÐ^ÕÄ _´^PÊ³H¯½ûAåX
Ä _´^PÊëàÍÁÑZÝHPÃEJm»«¼[H ^`_EX[Z`F×_BÄßÄ HGF�Ã]FI_PÅÉAc½PH[ÁØAåX¯½PHPÃÉHGX¯½PHGX[Z�ç�Á�_ÕË¨Z­¾ðQPFIHûÃ]FI_PCEFUQGS�SÞQ]ÈGÄ HûÃÉQÉFUQPÄMÄ HPÄOQGX¯½ Á�HGF§A Q]Ä



übýxþ��
^ÕÄ _´^PÊpÅ[_´Ä Z�Q[CPH[ÁÒË¨_´F«H¯Q¯^P¼ø½PHÎZ\Hb^`ZÝ_BF J¶hOZ�¼[HGFTÃ]FI_PCEFUQGS�SzQPÈGÄ HÓË¨H¯Q[Z�DGFIH[ÁWAåX¯^ÕÄ¿D¯½PHøZ�¼[HpH�òGÃP_ÉÁ[DGFIHõZ³A¿STHGç
ÈGA¿XGXPAåX[CEçä^ÕÄ _´^ÉÊ Z³A¿SÌA¿X[Caç�Á`A CaX¯QPÄ«ÃGFI_´^�H[ÁÑÁ�AåX[CtC]QPAåXâQGX¯½ _,ä�ÁÑH[ZÝÁ¯Jm»«¼[H ^`_aX[Z�FI_´ÄMÄ HGFÒ¼¯Q[ÁpHPA Ca¼[Z é�~bà�ÈGA Z
Á`A CaX¯QPÄ�ÃGF×_´^`H[ÁÑÁ�AåX[C ^P¼¯QGXGX[HPÄ Á[ç¢H¯Q¯^P¼õ^[QPÃÉQPÈGÄ Hö_¯Ëäèc¹�¹tÊ¯ÃGA ò�ÚÎÁW^`_aX[ÅÎHGFIÁ`A _aX FUQ[ZÝH[Á¯J¶qBQ¯^P¼õ^P¼PAßÃt¼¯Q[ÁfQeX
A¿X¯½BA ÅPA ½aD¯QPÄ�ZÝHGSäÃPH]FUQ[Z`DGF×HÒST_EXPA ZÝ_´F­çKQGX¯½øÃGFI_ÉCaFUQGS�SÞQPÈGÄ HW¼[H¯Q[ZÝHGF ^PDGF­FIH]X[Z[J�»«¼[HÒ½BA CBA Z³A ã�H¯½ A¿SzQ[CÉHÒ½GQ[Z�Q
A Á«Z`FdQeX[ÁÝË¨HGF­FIHb½ÛÈ[ÖfQGX�ñc¹�jÛÈGÃ¯Á�_BÃ¯Z³A ^[QPÄKÄMA¿XGÊÌZÝ_WQIº)·¢VKAåX[ZÝHGFYËÍQÕ^�HÛA¿XäZ`¼[HW¼[_ÉÁÑZ«^�_aSÌÃ´D[ZÝHGF J

»«¼[H�^`_aX[Z�FI_´ÄMÄ HGF�ÃGFI_ÉÅPAc½PHÎÁ�QTÁ`A CaX¯QPÄÉZÝ_ÌZ�F§A CPCÉHGFKQGXTH`òbZ\H]F­X¯QPÄ¯Á[¼GD[ZÝZÝHGFÝJ�»«¼[H�ÁÑZ�QGX¯½GQPFU½ÒFIH¯Q¯½P_aD[Z Z³AåS�H
Ë¨_´F�Z`¼[HÜQPF­FUQ`ÖÒA Á�è�¹ÓÁ�H¯^`_EX¯½PÁ¯J�»«¼[HäHPÄ H¯^`Z�FI_EXPAc^`Á÷½BA Á�Á`AßÃÉQ[Z\H�å�¹Ò¾�Q[ZÝZ\ÁbJ

���¦¥��¦¾ «p­�æèç\ª�®G�¢�W�­�;®]�ð�>é�� ���

h�ÃPHGFdQbZ³A _aX�_ÕËÂZ�¼[HtVAjÌái·|f ½PH[ZÝH¯^`ZÝ_´FTQGX¯½tZ�¼[HØ½BA Á�ÃGÄcQ`Ö _ÕËÂZ�¼[H�·�·(¼ A¿SzQ[CÉH[ÁöA ÁpÁ�ÃGÄMA ZpQGS�_aX[CtZ­¾�_
^`_ESÌÃ´D[ZÝHGFIÁ7ê�QBëPAåXGD`ò[à�ÈÉQ[ÁÑH¯½ãº)·¢çKQGX¯½WQpf ÃÉQPFU^�¾¢_´F­Ê`Á�ZÑQ[Z³A _aXÒF­DGXGXPA¿X[CBf´_BÄ QPF§A Á¯J�»Ù¼[HäZ­¾�_W^`_aSäÃ´D[Z\H]FIÁ
QPFIHÒÄßAåXGÊ³H¯½pÈ[ÖÂQp¼PA Ca¼�Á�ÃPHÎH¯½�H[Z�¼[HGF­X[H[ZO^`_EXGX[H¯^`Z³A _aX´J

»«¼[H ÄßA¿XGD`òìº|·mA ÁÐ½PH¯½BAc^ÎQbZÝH¯½�ZÝ_tÄ _¯¾¢à�Ä H[ÅÎHPÄ�Ë�DGX¯^`Z³A _aX[ÁW_ÕËä_´ÃPH]FUQ[ZëA¿X[C Z`¼[HØ^`_EX[Z�FI_BÄßÄ H]FÝJÏVcZÒÁÑHGX¯½PÁ
^`_ES�SzQGX¯½PÁÂQGX¯½�^`_aX[Z�FI_´Ä�^�_´½PH[Á�ZÝ_øZ�¼[HÐ^`_aX[Z�FI_´ÄMÄ HGFg¼7f|ºBç QeX¯½âFIH¯^�HPA ÅÎH[ÁäQGX¯½ Ë¨_´F­SÞQ[Z\ÁÞZ`¼[HÐ½BA CBA ZëA ã�H¯½
A¿SzQ[CPHf½GQbZ�Q´J�VcZTA ÁÌÄßA¿XGÊëHb½ÛZÝ_ÒZ�¼[HÂ^`_aX[Z�FI_´ÄMÄ HGF¢È[ÖÂQGX�_BÃ¯Z³A ^[QPÄGÚ�ÈÉHGF¢AåX[ZÝHGFYËÍQÕ^�H´J

»«¼[HIf ÃÉQPFU^Ò¾¢_´F­Ê�ÁÑZ�Q[ZëA _aXøA ÁpD[Á�H¯½øZÝ_tAåX[ZÝHGFdQÕ^�Zz¾«A Z�¼pZ�¼[H�D[ÁÑH]FÙÆÍÅPAcQ�QpCEFUQPÃ´¼PAc^[QPÄ�A¿X[Z\H]F¹ËÍQ¯^`HPê³ç ZÝ_
½BA Á`ÃGÄ Q`ÖÒQGX¯½øSÞQeXPAßÃ´DPÄ QbZÝHÂZ`¼[HÂAåSÞQbCÉH[Á[çKQGX¯½ÓZÝ_Ò¾�F§A ZÝHÌZ�¼[HGS ZÝ_W½BA ÁÎÊGJ

»«¼[H�AåX[ZÝHGFd^`_aXGX[H¯^�Z�ÈPHÎZ­¾¢H[HGX�Z�¼[Hä^`_aX[Z�FI_´ÄMÄ HGF�HPÄ H¯^`Z�FI_EXPAc^`ÁÎçGZ`¼[HÜ½PH¯½BAc^ÎQbZÝH¯½Iº)·�çaZ`¼[HÙf ÃÉQPFU^`Á�Z�QbZ³A _aXGç
QGX¯½ÓZ�¼[HzZÝHPÄ H[Á³^`_´ÃPHäÁ�Ö[ÁÑZÝHGS·A Á«ÁÎ¼[_Õ¾�XÒAåX�@EA CaDGF×H�èEJ¹éÎLaJ

���¦¥��.í «p­«�;®´��­\¨Þ¨×�ð�Ø��­7é>®�îØ� ���

»«¼[H3¼7fkº Á�_ÕË¨Z­¾ðQPFIHÒ½BA¿FIH¯^�ZëÄ ÖÒ_BÃÉHGFUQ[ZÝH[Á�Z�¼[Hr·�·i¼ ^`_aX[Z�FI_´ÄMÄ HGF¢HPÄ H¯^`Z�FI_EXPAc^`ÁbJT»«¼[H3¼7fkºûCÉHGX[HGFUQ[ZÝH[Á«Z�¼[H
ÃÉQPFUQPÄßÄ HÉÄ¢QGX¯½�ÁÑHGF¨AcQPÄ ^ÕÄ _´^PÊp¾�Q[Å[H�Ë¨_BFÍSTÁ¯J V ZÂ¾�F§A ZÝH[ÁÂZÝ_øZ�¼[Hõ½BA CBA ZÑQPÄ à­ZÝ_¯àÝQGX¯QPÄc_PC ^`_EX[Å[HGFIZÝHGF×ÁÌZÝ_�Á�H[ZzZ�¼[H
Å[_´Ä Z�Q[CPH[Á�Ë¨_BF�Z�¼[Hp·;·(¼Ï^ÕÄ _´^PÊ�Á¯JTVcZzÃGF×_PÅPA ½PH[Á«Z�¼[HäÁÑH¯ôaD[HGX¯^¯AåX[CÒË¨_´F Z�¼[HäÁ`A CaX¯QPÄ�ÃGFI_´^`HÎÁÑÁ`A¿X[CWZ\_õF×H¯Q¯½Ó_aD[Z
H¯Q¯^P¼zÃGA ò¯HPÄ J�á«X¯½açaA Z«SÂDPÄ Z³AßÃGÄ H�ò¯H[Á¢Z�¼[HzA¿SzQ[CPH�½GQ[Z�QÙË�FI_ESÏZ�¼[H«HPA CE¼[Z¢QGX¯QPÄ _PCÕàÍZÝ_Õà ½BA C´AcZ�QPÄa^�_aX[Å[HGF×Z\H]FIÁ�_aX[ZÝ_
Z�¼[Hä_BÃ¯Z³Ac^ÎQ]ÄKÄßAåXGÊ]J

»«¼[HBëPA¿XGD`ò�º|· ÁÑ_¯Ë¨Z­¾�QPF×H�ÃGFI_ÉÅPA ½PH[ÁTZ�¼[HÒÄ _Õ¾¢à�Ä HÎÅ[HPÄ�A¿X[ZÝHGF¹ËÍQ¯^`HäZÝ_ÒZ�¼[H�^�_aX[Z�FI_BÄßÄ HGFÝJ�»«¼[H9º|· ½P_¯¾�X`à
Ä _GQ¯½PÁTZ�¼[HÒÃGF×_PCaFdQeS·^�_´½PHÛA¿X[ZÝ_ÓZ�¼[H9¼7fkºBçKQ[ZOÁÑZ�QPFIZ­àxDPÃEJ á�½G½BA Z³A _EX¯Q]Äï½GQ[ZÑQÓA ÁäÄ _]QÕ½PHb½öAåX[ZÝ_WZ�¼[H}¼7fkºøZÝ_
Á`ÃÉH¯^ÕA Ë¨Ö«Z�¼[H«Á`A ã`H«_¯Ë�Z`¼[H�QÉF­FUQ`Ö�çGÈGAåXGXPA¿X[CaçE^ÕÄ _´^ÉÊÙÅÎ_BÄ ZÑQ[CÉH[Á[ç´QGX¯½zZ`¼[H«Á�H¯ôaD[HGX¯^`H�_¯Ë�_BÃÉHGFUQ[Z³A _aX[Á¯J »«¼[Hp¼7fkº
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ÁÑH]X¯½PÁ�Z�¼[HÒAåSÞQbCÉHÂ½GQbZ�Q�ZÝ_ÒZ�¼[H}º)·tQ[ÁzA ZTA ÁäFIH¯Q¯½�Ë�FI_aS Z`¼[HÂ½PH[ZÝH¯^�Z\_´FIÁ�ÅPA QÒQGXÌ_´Ã¯Z³Ac^[QPÄGÚ�ÈPHGF¢A¿X[ZÝHGF¹ËÍQ¯^`H´J

á�ZäZ�¼[Hãº)·¢ç¢Z�¼[Hp_´Ã¯Z³Ac^[QPÄ�Ú�ÈÉHGFzÄMA¿XGÊpZÝHGF­SÌA¿X¯Q[ZÝH[Á�_EXøQ¶º|·�V àÑÈ´D[ÁpÃÉHGF§AßÃ´¼[HGFUQPÄ ^[QÉFU½KJ�»Ù¼[H]FIHøA ÁWQ
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