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dfe�gchikjUlDh
m	n�oprqtsvuwuwxzy<sBq�xw{ |�}~scp3�P�L��|a�knt{B� �L|�q�{��D��sv|a�<p�p���|�q�x�svucp�qt����xz|
� sc�8nt{ � { uw�L���ku�svn�p�qtn��P�%q��~n����c��ntx��D��sBqtxz{c|����7|��{cnrqt�k|~sBqt��uwo �
q�}k���D{vqrqtuz�L|k�L���!xwp�qt}~sBqJq�}~����n�oprqts uzuwxzy<sBqtxz{c|!�knt{�8�Lptp�xwpJ���kxzq��
�8{ � �kuw�8�3�"��q��Lsv|�qts � ��sv| ofq�x � �¡��nt{ �£¢ �L���p&q�{¤o �Ls ntp
q�{;{ �kqtsvxw|¦¥xz§Dn�s �8q�xw{ |¨©���~svuwx�q�oS��n�oprqts uwpL����� �L|��~|~¥��n�q�}k�
n�xwª }�q��8{c|~¥xzq�xw{ |~pL��«6q�}k�Ln4x�p�p��k�Lp�xz|P�8uw�~¥�7qt}k��qtx � ��s |~¥��8{�p�q
xz| � {cuz�c�L¥�xw|¬q�sv� xz|~ª�q�ntx�svu�ps |~¥®qt}k�&�~n��<pr�L|~�8�&{v�6�c��nto���� ¢�P{�prxzq�xw� �¯p�s � �~uz�<p&xw|�s ¢ x�¥�¯s |~¥Su�svntª �Luzo¤�k|~¥k�8q��Ln � xw|k�L¥
�~svn�s � �8qt��n�p��~s ��� �

° | oS}k��uw�]xz|�¥xwn��<�%q�xw|kª;pt�8xw��|�q�x�p�q�p�±�svqrq��L|�q�xw{ |�q�{Zq�}k�
}k{vq�p��D{vqtp7xz|�qt}k���{ |~�����qt�~svu²��n�oprqts uzuwxzy<sBqtxz{c|�p��~s ��� ¢ {c�ku�¥uz�<s ¥aqt{�xz|~��n��<s p��L¥!�8³´�8xw��|~��o9xw|���n�oprqtsvuwuwxzy<sBq�xw{ |9q�ntxws uwpL��µ�}~xwp
¢ {cn���x�p�sv|�sv�k�~uzx���svq�xw{ |&�Ls p��ap�qt�~¥o´{c| � xw|kxz|~ª � � � �kn�sv|~�
�kn�{ q��Lxz|��8nto prqts uzuwxwyLsBqtxz{c|´qtn�x�svu�p	q�{¶�knt�L¥x��%q�|k{B�c��u3�8{c|~¥xzq�xw{ |~p
¢ x�qt}�s�}kxwª }�uzxw� �Luzxw}k{ {¥�{v�Juz�<s ¥xw|kª�qt{´�8ntop�q�svuwuzxwyLsvq�xw{ |��	·¡�
�~pr�®p��kxzqtsv�~uz�¬p��k�D��nt��x�p��L¥�uz�<svnt|kxz|~ªfs uzªc{ ntx�qt} � p&q�{ � {¥��u
q�}k��¥ksBq�sB¨©pr�Ps �8��sv|~¥2�kn��<¥x��%q�s9|k{B�c��u1pr��q�{ �²�8nto prqts uzuwxwyLsBqtxz{c|
�8{ |P¥x�qtxz{c|~pL��«��kn��kn��Luzx � xz|Psvnto ¢ �8q�uws �P{cntsvq�{ nto´nt�Lp��kuzqtp�svnt�
� ��nto2�L|~�8{c�kn�svª xw|kª¶sv|~¥ ¢ �9�D��uwxz�L� ��qt}kxwp ¢ { nt�2pr}~{ ¢ p�ª nt�Lsvq�kn�{ � xwp�� ��·¡���8{c|~�8uw�~¥� ¢ xzq�}&sa� xz� ¢ { �1q�}k���8nto prqts uzuwxwyLsBqtxz{c|
pr�~sc�8�c���~s p��L¥�{ |¯{ �knant�Lp��kuzqtpL� ¢ }kx���}¯p�}k{c�kuw¥¡�knt{B� ��~pr�����ku
��{ n����qt�kn��9prq��P¥xz�<p�xw|2qt}kxwp6svnt�Lsk�

¸ ¹�º hik»�¼�½6lDhk¾�» º
µ�}k��prq��~¥ko�{ � � � � �~nts |k�7�knt{vqt��xw|~p4x�p�{c|k�6{ �3�kn�x � �6x � �P{cnr¨
qtsv|P�8�¶xz|®s uzuU�kn�sv|P��}k�Lp�{v���knt{vq��L{ � x���pL��µ�}k�Lo¡s n���xz|�qt��ª n�svu
q�{9�8�Luzuw�ku�svnJ���k|P�%q�xw{ |´sc�%qtxz|kª9scp � �L¥x�sBqt{ n�pJ�P��q ¢ �L��|�q�}~�6�8�Luzu
sv|~¥Zx�q�p¶��| � xznt{ | � �L|�qL�Zµ�}~�Lp���nt� � s n��Bsv�~uz�&�kn�{ q��Lxz|~p��ku�sQo
x � �D{ n�qtsv|�q¶n�{cuz�<p!xw|¿�L|k��ntª o�qtnts |~pt¥�~�%qtxz{c|�������uwu�p�xwª |~s uzxw|kª~�
sv|~¥ � svxw|�qtsvxw|kxw|kª�q�}k�axw|�q��Lª ntx�q�o´{ ��qt}k�9�8�Luzu�p�xw|�q���nt|~s u3��| � x�¨
n�{c| � ��|�qL�JÀ7{ ¢ ���c��n<�Qq�}k�Ln���x�p4prq�xwuzuP� ��nto9uwx�q�q�uw�7� |k{ ¢ |�sv�D{ �q
q�}k�LxznU���~|~�%qtxz{c|2prxw|~��� � s | o!{v�1qt}k��xwn	prq�nt�~�%qt�knt�LpUnt� � svxw|¶�k|¨
��|~{ ¢ |��ZÁ xw|~�8��prq�nt�~�%qt�knt��uw�Lsc¥kpq�{¡���k|~�8q�xw{ |���¥x�p���{B� ��ntxw|kª
q�}k�7prq�nt�~�%qt�knt��{v�Dq�}k�<pr��nt� � svnt�Bsv�kuw���knt{vq��Lxz|Pp ¢ xzuwu~}k�Luz�¶uw�Lsc¥
q�{��k|~¥�Lntprqts |~¥xw|kª9qt}k��xwn����k|~�%qtxz{c|&s |~¥ ¢ xwuzu3s xw¥2xz|��8nt�LsBqtxz|~ª
¥n��~ªcp	��{ n7s�}k{�p�q�{v�J¥x�pr�<s p��LpL�JÀ6{ ¢ �L� �LnL� �8{ � �Psvnt�L¥�qt{´pr{cu�¨
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�~�kuz�&�knt{vq��Lxz|Pp���q�}~��nt�2x�ps¡¥�Ls nrqt}®{v� � � � �knts |k�´�knt{vqt��xw|~p
¢ xzq�}�� |k{ ¢ |�prq�nt�~�%qt�kn��c���©|�{cnt¥�Ln�q�{�{c�qts xz|�q�}~�!p�qtn��P�%q��~n��
à ¢ x�qt}&}~xzªc}2nt�Lp�{ uw�q�xw{ |Pá4{v�Js9�knt{vqt��xw|�� � sv| o�p���xz�L|cqtxwprqtp�nt��uwo
{c|aq�}~�	�D{ ¢ �Lnr���~ucqt�L��}k|~xw���k��{v�kâ6¨Nn�sQoa¥x�§1n�s �%qtxz{c|�� ¢ }kx���}9nt�8¨
���kxwnt�Lp�s9�knt{vqt��xw|2�8ntop�q�svuN��À6{ ¢ �L� ��n<� {c�qts xz|~xz|kªª { {¥´���~svuz¨
xzq�of�8nto prqts uwp´{v� � � � �~nts |k���knt{vq��Lxz|Pp�xwp&sv|Ss nt¥�~{ �~p¶q�s p��
¢ }~��|��{ � �~s n��<¥�q�{ ¢ svq���nJp�{ uw�k�kuw���knt{vqt��xw|~p���µ�}kx�p�x�pJ¥�k�	q�{qt}k���@s �8q�qt}~sBq � � � �kn�sv|k���knt{vq��Lxz|Pp�q�o��~xw�Lsvuwuzo�ªc�8q�q�n�sv�k�D�L¥
scp2s |Sxz|�qtntsc�%qts �kuw��svªcª nt��ªcsvq���¥�~n�xw|kª¬qt}k�¡��n�oprqts uzuwxzy<sBqtxz{c|
�~n�{�8�<p�pL� uzx � x�qtxz|~ª´s �����Lptp�q�{�q�}~��xwn6p�qtn��P�%q��~n���ã ä<åN�

µ�}k�´pt�8xw��|P�8�¶{v���8nto prqts uzuwxwyLsBqtxz{c|�x�pap�qtxzuwu����kxzq����knt��uwx � xz¨
|Psvnto¡sv|P¥¯q�}k�Ln���x�p9�c��nto�uwx � xzq��L¥¬��|~{ ¢ uz�<¥ª ��{c| ¢ }PsBqsc�%¨
qt�~svuwuwo¬��sv�Ppr�<p��n�oprqtsvuwuwxzy<sBq�xw{ |¬q�{�{���8�~nL�¬À6��|~��� �	��n�oprqts u�¨
uw{ ªcnts �k}k�Lntp¶svnt����{ n��8�<¥¬qt{¿proprq�� � svq�x���s uzuwo¿p�x��Ýq�qt}kn�{c�kª };s
¢ x�¥�¬�Psvn�s � �8qt��n�p��~s ��� à ��{cn��8�ks � �~uz�c�9�k} oprxw{v¨©��}k� � x���s uX�
�~xz{c�k} o p�x���svuN���~xz{cuz{cª x���svu �~svn�s � �8qt��n�ptá~qt{7ª nt{ ¢ ��n�oprqtsvu�p ¢ xzq�}ªc{ { ¥!¥x�§1n�s �%qtxz{c|��}~s ntsc�%qt��ntxwprq�x���pL�²µ�}kx�p�q�ntxws u�¨©sv|~¥¨N�Ln�nt{ n²s �¨
�~n�{�s ��} à |k{ q��k|~uzxw� ��pr�<svn���}kxz|~ª¶��{ n6|~���L¥kuz�<p6xw|�s�}~sQoprqtsc���á
}Ps p	�P�L��|&p�}k{ ¢ |�qt{�D��¥x�³´���ku�q7¥�~�6qt{!qt}k���~}k��|k{ � ��|~s uzuwo
u�svntª ����{cprq!sv|~¥¯qtx � �´nt�L���kxwn�� � ��|�qtp�qt{��P�Lnr��{cn � q�}~�2�8ntop�¨
q�svuwuzxwyLsvq�xw{ |��8��D��ntx � ��|�q�p��

° p´s®�8{c|~pr�<���k��|~��� �	q�}k��p��8q´{ ����{ |~¥kx�qtxz{c|~p´�8�~n�nt��|�q�uwo
� � �kuz{Boc�L¥¶x�p4�~scpr�<¥´svu � {cprq���|�qtxznt��uwo{c|´�Ls n�uwxw��n4��� �D��ntx � �L|¨
q�svu²p��~�L�8�Lptp��Lp9ãzæLçQå���µ�}k�Lp��9�8{c|~¥xzq�xw{ |~pL� ¢ }kxwuw�9|k{vq7n�sv|P¥{ � �
s n��¡|k{vq�p��P�<�8xz�P��s uzuwoS¥�Lp�xwª |k�<¥;��{ n�sZ�~svn�q�x��8�~uws n&�knt{vqt��xw|��
è n�{ � sZprqtsvq�x�p�qtxw�Lsvu��D��n�pr�D�L�8q�xw� � ��q�}~xwp�s � {c�k|�qtp2q�{f{B� �Lnr¨
pts � �kuwxw|kª��8��n�qts xz|�nt��ª xw{ |Pp	xw|�q�}k� � �kuzq�xz¨�¥x � ��|~p�xw{ |~s u²�8ntop�¨
q�svuwuzxwyLsvq�xw{ |2p��~sc�8� �UÁ �~��}�p���n��L��|~p�n��L�knt�Lp���|�q ¢ }~svq�x�p�� |k{ ¢ |scp7s´p��~svn�p�� � svq�ntx��3��µ�}k�Lp��!p��~svn�p�� � svq�ntxw���Lp7scp�p�� � ��q�}PsBq
¥kx�§1��nt��|�q��knt{vq��Lxz|Pp ¢ xzuwu7�8ntop�q�svuwuzxwy����k|~¥k��n¶q�}~��p�s � ���8{c|¨
¥kx�qtxz{c|~p��¯µ�}kx�p!s ptp�� � �q�xw{ |¬x�p|k{vq¶�8{ � �kuw�8qt��uwo¡�Bs uzx�¥SãzæLçQå��
µ�}~��nt�8��{ nt� �	n��<pr�<svn���}k��n�p9}PsQ� ��sBq�q�� � �qt�L¥Zq�{®�Bs n�o®{c|k��{ n
q ¢ {�{v�²qt}k�a��}k� � x���s u1��{ � �D{ |k�L|cq�p	��n�{ � pr�P���8�<p�pr���ku3�8{ � �kxz¨
|PsBq�xw{ |Pp6qt{�{ �q�svxw|�|k� ¢ �@sQ� {c�kn�sv�kuw���{ |~¥xzq�xw{ |Pp��¶�7|��{cnrqt�¨
|PsBq��Luzo�qt}kx�p�}~s p � �8q ¢ xzq�} � x���L¥¯p��~�����Lptp�sv�Ýq��Ln�nt�L���kxwntxz|kª
� s |�o´q�n�svxwuwp�qt{�ªc�8q7s���� ¢ ª { {¥&��n�oprqts uwpL�

µ�}k���~n�{�8�<p�pJ{ �P�knt{vqt��xw|��8nto prqts uzuwxwyLsBqtxz{c|!xw| � { uw� �<p��~prxw|kª
s¯�knt{vqt��xw|DéQuwxw�kxw¥ � � � �kn�sv|k��q�}PsBq2x�p � �L��}~s |kxw�Lsvuwuzo � xz��L¥
s |~¥´�~n�{c�kª }�q�q�{��8{cn�nt�L�8q ¢ sBqt��n��8{c|cqt��|�q�sv|~¥2q�� � �D��n�sBqt�knt� �
° q¿q�}kx�p¿prqts ª � �&pr�kxzqts �kuw�-��}k� � x���s u´n��<svªc��|�qtp®s n��Ssc¥k¥�L¥
s |~¥]�knt{vq��Lxz|��8ntop�q�svu�p�svnt�¯q�}k�L|�s uzuw{ ¢ �L¥-q�{f��{ n � �êµ�}k�
nt�Ls ª �L|cq�p²�Lsv|!�D��ª nt{ �k�D�L¥9xz|�q�{��8u�s ptp��Lp�pr�~��}�s p��knt�L��xz�kxzqts |�qL�
sc¥k¥xzq�xw� �c�~�k�§1��n<�Ps |~¥�¥��q���ntª �L|�qL��µ�}k�aq�� � �P�Lntsvq��knt� �~q�o��D�



sv|~¥��8{c|~�8�L|cqtntsvq�xw{ |�{v�¡q�}k�¦uwxz�~xw¥ës |~¥ìnt�Ls ª �L|cq�pfsvnt�]{ �
�q � {cprq�x � �P{cnrq�sv|~���¬xz|í�kn�{ q��Lxz|î��n�oprqtsvuwuwxzy<sBq�xw{ |²�ïµ�}k�<pr�
�k} o p�xw{v¨©��}k� � x���svuJ�8{c|~¥xzq�xw{ |~pas |~¥¡n��<svª �L|�qtp6q�{ ªc�8qt}k��n���{ n �q�}k�;�8ntop�q�svuwuzxwyLsvq�xw{ |ípt�8nt���L|�� ° ¥k¥xzq�xw{ |~s uzuwo �¶qt}k�;�8�kntn��L|�q
}�o �D{vqt}k�Lp�xwp�x�p�q�}PsBqaq�}~��{ �qtx � � � �8{c|~¥xzq�xw{ |~p à q�}k{�pr��qt}~sBq
��sv�Ppr��q�}~���P�<p�q9nt�Lp�{ uw�q�xw{ |¯�8ntop�q�svu�ptá�svnt���kn�{ q��Lxz|¨©p��P�<�8xz�P�v�
«�� ��n�svuwuN��xzq&x�p2�@svxwn�uwo¤¥kx�³´�8�~u�q&q�{¿{c�qts xz|S��n�oprqts uwp2{v�!sv| o
�c�Psvuwx�q�oc�¦·;x�qt};q�}kx�p&xz| � xw|~¥3�7xzq�prqts |~¥kp�qt{¿nt�Lscpr{c|¿qt}~sBq
x�� ¢ �¶��s |¡�knt{¥�~����s&ª nt�Lsvq���n�| � � �D��na{ �	�8{c|~¥xzq�xw{ |~p�qt}~sBq
¥{®xz|f�@sc�%q2�~n�xw|kª¬sv�D{ �kq&�8ntop�q�svu�p�� ¢ ���Lsv|;s ptp�� � ��pr{ � �
�P�Lnt����|�qts ª ��{v�~qt}k� �ð¢ xzuwuk}~sQ�c����n�oprqts uwp�{v�Dª { {¥¥kx�§1ntsc�%qtxz{c|
�c�Psvuwx�q�oc�&«��qts xz|kxw|kª � �~u�qtxz�kuw�2��n�oprqtsvu�p�xwp!svu�pr{�ª { {¥¯prxw|~�8�
q�}kx�p�s ¥k¥kp2q�{Zn�{c�k�~prq�|k�<p�p�sv|P¥;n��Luzx�sv�~xzuwx�q�of{ �aq�}k�¯n��<pr�~u�q�p��
Á �P�<�8xz�P��s uzuwo �4q�}k����|P¥¬ª {�svu�xwpqt{¯¥�L� �Luz{c�¿s¡pt�8nt���L| à ¢ xzq�}¥x�§1��nt��|�q��n�oprqts uzuwxzy<sBqtxz{c|¯��{ |~¥xzq�xw{ |Pptá�qt}~sBq�xwp9{ �qtx � svu���{ n
sa�~svn�q�x��8�~uws nU�kn�{ q��Lxz|´s |~¥ � sB�x � xwy��<pUq�}~�7| � � �D��n	{v�3}kxwª }¨
n��<pr{cuz�qtxz{c|&��n�oprqtsvu�pL�

�©|Zq�}~xwp��Ls p���prq��~¥ko � ¢ ���8{c|~prx�¥�Ln!qt}k���8nto prqts uzuwxwyLsBqtxz{c|
pr�~sc�8��qt{´�P�!�kn�{�s ¥uwo&��uwscp�p�xz�~�L¥�xw|cqt{¶q�}knt���svnt�Ls pL� � sv�k�D�L¥
q�{2��uwscp�p��Lp7ñ~�²æ9s |~¥�ò��µ�}k�<pr�!s n��9s |~svuw{ ªc{ �~p�qt{¶q�}k�!q�}knt���
uz�L� ��u�pL���8uw�Ls nL���knt�L�8xw�kxzqtsvq���sv|~¥]�8ntop�q�svuwuzxw|k� ���knt{ �D{cp��L¥;� o
ó x � �P�Ln�ô�õ�öv÷zø�ã ùvåN�;µ�}k�¯ú }k{vq´p��P{ qtpL±4svnt�2qt}k��svnt�Lscp9qt}~sBq
o�xw��u�¥�kn�{ q��Lxz|��8nto prqts uwp à ��uwscp�pUòcá%� ° u�svntª �	�~svn�qU{v�kqt}k��pr�Ps �8�
�8{ |Pprx�p�q�p4{ �²�8uw�Lsvn	{ n6ú |k{ ¨N}~x�q<±csvnt�LscpUqt}~sBq�svnt�7|k{vq��8{c|~¥�~��xz�c�
��{ n�q�}k���knt{ ¥k�~�%qtxz{c|�{v�	��n�oprqts uwp à �8u�s ptp�ñcá%��µ�}k�Ln���svnt�svu�p�{
svnt�Ls p2q�}PsBq�¥{f|k{vq�o xw��u�¥���n�oprqtsvu�p&�k�q��knt{¥�~�8�¯�knt{vqt��xw|
�kn��<�8xw�kxzqtsBqt�Lp à �8u�s ptp�æ<á%�

Á{ � �6nt�Lp��Ls nt��}k�Lntp�ãzæLçk�PæBûLåD¥x�pt�8�~ptp4qt}k�6� xwnrqt�k�Lp�{v��n�sv|¨
¥{ � pts � �kuwxz|kª&{ |�qt}k�¶�8nto prqts uzuwxwyLsBqtxz{c|�pr�Ps �8�c�6·¯��D��uwxw��� �
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� {¥�Lu�qt}k�9nt�Lp��P{c|~pr��{c�q��k�kq à ��n�oprqtsvu�pL�k�knt�L�8xw�kxzqtsvq��Lp7{ n7|k{
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{c|kuwo2pr�P���8�<p�pr���ku1qtn�x�svu�p��

Á �L� �Lnts u9n��<pr�<svn���}k��n�p¯ã ç~��ù�æLçQå��!svntª �~�¬�8{ | � xw|~�8xw|kª uwo
qt}~sBq�s!��{ � �knt��}k�L|~prxw� ��xw|��{cn � sBqtxz{c|´nt���D{cp�x�qt{ nto9��{ n��8ntop�q�svu
ªcn�{ ¢ qt}��8��D��ntx � ��|�q�p à �D{vqt}��D{cp�x�qtxz�c�s |~¥�|k�LªcsBqtxz�c�aq�ntx�svu�ptá
x�p����k|~¥ks � ��|�qts uJq�{�q�}k����{ � �k�q�sBq�xw{ |PsvuUsv|~s uzop�xwp�{ �4q�ntxws uwpL�
µ�}~xwp�p�qt{ nt�L¥;xw|��{cn � sBqtxz{c|;xwp�|k�<�8�<p�ptsvnto¬qt{¤¥x�pt�8{B� �Ln´ª �L|¨
�Lnts u�n��kuw�Lp¶{cn¶�kn�xw|~��xz�kuw�Lp¶�~|~¥��ntuwo�xw|kª¡q�}k��ªcn�{ ¢ qt}¿�knt{�8�<p�p
��{cn���n�oprqts uwpL�s p ¢ �Luzu�scp4qt{ªc�kxw¥k��qt}k��n��<s p�{ |kxw|kªs uzªc{ ntx�qt} ���{cn¶�kuws |k|kxw|kª¯�8��P�Ln�x � ��|�qtpL� ° p�|k{vqt�L¥Z� o®q�}k��s �P{B�c�2nt�8¨
p��Ls nt��}~��n�p��Lq�}k��sv�~�kuzx���svq�xw{ |{v�P¥ksvqts � xz|kxw|kª�sv|~¥!� |k{ ¢ uz�<¥ª �¥kxwpt�8{B�c��nto�svuwª {cn�xzq�} � p�qt{�p��~��}¿¥ksvqts p��8q�pax�pprq�xwuzu	xz|¿x�q�p!xw|¨
�@s |~�8oc�Um�s nrqt��nUsv|P¥�m�s nrqt��n�ãÒû<å ¢ ��nt��{c|k��{v�Dq�}k���PntprqJq�{a�knt{v¨
�D{cp��q�}k���~p���{v��prqtsvq�x�p�qtxw�Lsvu4pts � �kuwxz|~ª2qt�L��}k|kx����k�Lp���{cn�q�}kx�p
�~n�{c�kuz� � ��Á ��ªc��uw� �¶ã�æBû<å²s ptp��Lptpr�<p���n�oprqts uzuwxzy<sBqtxz{c|�pt�8nt���L|~p�xz|
qt��n � p�{ ��p�s � �kuzxw|kª�sv|~¥´p�}k{ ¢ p�q�}k��s ¥k�Qs |�qtsvªc�Lp�{v�²n�sv|~¥k{ �pts � �kuwxw|kª~�ì«6q�}~��n�p¡ãzæLçQåa�D��uwxz�L� ��q�}~svq�n�sv|~¥k{ � p�s � �kuzxw|kª
� sQo�|k{ q��D��q�}k���D�Lprq9pr{cuz�kq�xw{ |¡p�xw|~�8��x�q!¥k{��<p�|k{vqa�~p��!qt}k�
sQ�Bs xzu�sv�kuw�¯�kn�xw{ n�� |k{ ¢ uw�L¥ªc���8§1�L�%qtxz�c��uwo �ëÀ7{ ¢ ���c��n<� � {�p�q
s �k�knt{csc��}k�Lp�q�sv�c��|¿� o®�8ntop�q�svuwuz{cª n�sv�k}~��n�p9p�qtxzuwu�n��Luzo�{c|¿��xz¨
qt}k��n�nts |~¥{ � { n4prq�n�sBq�xz�~�<¥�pts � �kuwxw|kªa{v�Dq�}k�7��n�oprqts uzuwxzy<sBqtxz{c|
p��~sc�8� �����k�k��ã�æ<çQåN�Jsvu�p�{�svntª �k�<p�q�}~svq!xz|Zs�}kxzªc}�q�}knt{ �~ª }¨
�~�q���| � xznt{ | � �L|cq<� ¢ xzq�};s¡uws n�ªc�&| � � �P�Ln�{v��¥~sBqts¯�D{ xw|�qtp
s |~¥auwx � xzq��<¥9�kntxz{cn�� |k{ ¢ uw�L¥kª � �Qs6p�� � xz¨�s �q�{ � sBq��<¥ � s ��}kxw|k�
uw�Ls n�|~xz|kªéB¥ksvqts � xw|kxz|~ª&¥ntxz�c��|�s �k�knt{cs ��}�x�p�sv�~p�{ uw�q��Luzo��Lpr¨
p���|�qtxws uX���©|!pr�~x�qt��{v�qt}k�Lp�� ¢ {cn��p�¥x�pt�8�~ptprxw|kª�qt}k���~pr�	{v�~¥ksvqts
� xw|kxw|kª�svuwª { ntxzq�} � pL�1q�{�q�}k���D�Lprq9{v��{ �kna� |k{ ¢ uw�L¥kª �q�}k�Ln��
}Ps p��D����|�|k{¶�kntxw{ n ¢ {cn��2xz|�q�}~xwp�¥xwnt�L�%qtxz{c|��
�  .¡ ��i ¡ ¾��£¢(»�¤´»�½7i;d~¥¦¥6ik»4jUlQ§
µ�}~��knt{vqt��xw|¯��n�oprqts uzuwxzy<sBqtxz{c|�pr�Ps �8��}~scp��D���L|¯��{ |~�����qt�~svuz¨
xwy��<¥9s p�sv|9|k¨�¥x � ��|~p�xw{ |~s u } o �P�Lnt���k�P��ã�æ<çQå ¢ x�qt}sB��<p�nt���knt�8¨
p���|�qt�L¥�� o�q�}k����}k� � x���svuJ�8{ � �P{c|k��|�qtp�sv|~¥�{vq�}~��n6�Psvn�s � �8¨
qt��n�p��Jµ�}k���Qs n�xw{ �Pp��8ntop�q�svuwuzxwyLsvq�xw{ |��8{c|~¥xzq�xw{ |¶qtn�x�svu�p�s n��7{c�¨
q�svxw|k�L¥&� o2pts � �kuwxz|kªq�}~xwp7p��~sc�8� ��«��kn�prq�n�sBqt��ª o¶��{cn � xw|kxw|kª
qt}k���knt{vqt��xw|���n�oprqtsvuwuwxzy<sBq�xw{ |pr�~sc�8��x�p4s��8uw{cp��L¥9uw{ { �¶�8{c|~prx�prqr¨
xw|kª�{v�D��{ �~n4p�q�svª �<p��Bnt���~n��<pr�L|cqt�L¥xz|�qt}k��¨~{ ¢ ��}~svn�q�xw| è xwª �~n��
òk�

þª©�«£¬ %T3���ª%T>�79!�:J®�!�7&!�¯ µ�}~�Z¥ksvqts;{c�qts xz|k�<¥]��n�{ ��kn�xw{ n�����P�Ln�x � ��|�qtp¶x�p´�~p��L¥fscp�q�n�svxw|kxz|~ª¬¥ksBq�sk�-µ�}kx�p
¥ksBq�s��8{ |Pprx�p�q�p9{ ��p��8q�pa{v�7��{ |~¥xzq�xw{ |Ppaq�}PsBq!}~sQ�c���P�L��|
� � �kuw{Bo �L¥��P����{ nt�xw|¯��n�oprqts uzuwxzy<sBqtxz{c|�q�ntxws uwpL� ° |¡x�p�p��k�
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Model of the Crystallization Space

Model-based Stratified Sampling 

Experimental Validation of novel 
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Constraints
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¢ x�qt}¡�Pprxw|kª2�~n�xw{ n�¥ksBq�s2x�p�q�}~svq�xzqa}~s p��D����|¯{ �kqtsvxw|k�<¥
svu � {cprq���{ � �kuw�8qt��uwoS��nt{ � qt}k�¬pts � �®n��Lª xw{ |~p�xw|]q�}k�
�8ntop�q�svuwuzxwyLsvq�xw{ |�pr�~sc�8�c��µ�}k�<pr�4nt��ªcxz{c|~p1}~sQ�c�U�P�L��|9{B�c��n�¨
p�s � �kuz�<¥¶n��L�P�<sBqt�L¥uwo � ° |~{vq�}~��n�xwptpr�~�7xwp�q�}~�6u�svntª ���kx�s p
�knt�Lp���|�q�xw|�qt}k��¥ksBq�s p��8q<� ¢ x�qt}¯s�prxwª |~x��P�Lsv|�q � sA@�{ ntx�q�o
{v��qt}k�ap�s � �kuz�<p�n��<pr�kuzq�xw|kªxz|&�@svxwuz�~n��<p��J·¯��¥x�pt�8�~ptp	q�}k�
��}~svn�s �8q��Ln�x�p�qtxw�Lp6{ ��qt}k��¥ksBq�s p��8qaxz|�¥��qtsvxwu4xw|�qt}k��|k����q
pr�<�%qtxz{c|��

þª´ =��d%[:���>dµ�7&�d%C# ¬ !��f%Q¯ µ�}~��� � �kxwntxw�LsvuBqtnts xz|kxw|kª6¥~sBqts
xwp9�~pr�<¥¡q�{��k�kxwu�¥®pr�k�D��nt� xwp��L¥ � {¥��u�pa{c|¡qt}k���knt{vqt��xw|
�8ntop�q�svuwuzxwyLsvq�xw{ |¿p��~s ��� �¤·¡���D��uwxz�L� ��q�}PsBq´pr�~�P�Ln�� x�pr�<¥
uz�<svnt|kxw|kª9svuwª {cn�xzq�} � pUp��~��}´s p��8u�s ptprxz�~��n�pUsvnt���~p��8���ku~��{ n
q�}kx�p��knt{ �kuw� � scp4qt}k��o´�Lsv|2�Ppr��q�}k��q�n�svxw|kxw|kª¥~sBqts�sv|P¥
� |k{ ¢ |!�8u�s ptp��Bsvuw�k�Lp�q�{��~s nrqtx�qtxz{c|aq�}k��p��~s ���	��³´�8xw��|�q�uwo �
À7�L|~�8�c� ¢ �6sv�~�kuzoq�n�s ¥kx�qtxz{c|~svu~��uwscp�p�xz�~��n�pUsv|~¥¶�~�kxzu�¥´s |
��|~p�� � �kuw�´�~p�xz|kª�q�}k�´�D�Lprq���uwscp�p�xz�~��n�p�q�{�xw|~��n��<s p��¶q�}k�
�knt�L�8x�p�xz{c|]{ ���~n��<¥xw�8q�xw{ |��ï��q�x�p�x � �P{cnrq�sv|�q�q�{S|~{vq��
q�}~svq�q�}kx�p�sv�~�kn�{�s ��} ¢ xwuwuaxz|kxzq�x�svuwuwo-�D�¯uwx � xzq��<¥�prxw|~�8�
q�}k�¿� � �kxwn�x���s u¥ksvqts;�8�~n�nt��|�q�uwo�sQ�Bs xzu�sv�kuw�®nt���knt�Lp���|�qtp
{ |kuwo®s���� ¢ nt��ª xw{ |Pp�� ° uws n�ªc�&s � {c�k|�q{v�6q�}k��pr�Ps �8�
xwp��kn��<pr�L|�q�uwoS�k|k� |k{ ¢ |�� À6{ ¢ �L� �LnL��{ �kn�prq�n�sBqt��ª o-xwp
¥o |~s � x��¿s |~¥¦xw|~�8nt� � ��|�q�svuN� ° p ¢ �¿xzq���n�sBqt� � � { nt�
n��Lª xw{ |~p4{v�3q�}~��p��~s ��� ¢ xwuzuD�P��s ¥~¥�L¥¶xw|�q�{!{c�kn4qtnts xz|~xz|kª
¥ksBq�sî��{cn � { ¥k��uwxz|kªP� ·¯�¦�knt�Lp���|�qf¥k�8qts xzu�pf{v�¯{ �kn
� { ¥k��uwxz|kª�qt�L��}k|kx����k�axw|�Á�L�%qtxz{c|�äk�

þª´ =��d%[:E¶��!�#9%[�¸·�783�!�7&��¹d%[�º#9!� ¬ :���>dµ¼»½��7&�º�+=?>�¶
#87&3�!���>�79#¾=?¿À79�"%Á�f=Q>d�"��7&�;=Q>º# ¬ !��f%?¯ ·¯���Ppr��q�}k�
� { ¥k��u9{ �qt}k�¬¥ksBq�sB¨©pr�Ps �8�¯qt{;uz�<s ¥��~p�q�{fqt}k�®ntxzªc}cq
n��Lª xw{ |~p&��{cn�pts � �kuwxw|kª~�asv|P¥Sqt}k�¬�8u�s ptprxz�~�Lntp2q�}~svq ¢ �q�n�svxw|k�L¥�q�{��kn��<¥x��%qa�8u�s ptp7�Bsvuw�k�Lp�{ ��|k{B� �Lu���{ |~¥xzq�xw{ |Pp��
·¡�¯�D��n���{ n � p�qtntsvq�xz�~�L¥Spts � �kuwxw|kªZ{c|;q�}~�¯�~n��<¥xw�8q��<¥
�8{c|~¥xzq�xw{ |~p�qt{î{B� �Lnt��{ � �¤q�}k��{B� �Lnr¨©p�s � �kuzxw|kª]xwptp��k� �
µ�}k�4{c��@��L�8q�xw� �Ux�p3q�{�¥xwpt�8{B�c��n3|k� ¢ n��Lª xw{ |~p3xw|�q�}~��pr�Ps �8�
q�}~svq&}~sQ�c��|k{vq&�P�L��|S� x�prxzq��<¥;�Ls n�uwxz�Ln2sv|P¥¤q�}~svq&}~sQ�c�
}kxwª }��D{vqt��|�q�x�svu���{ n�o xz�Luw¥kxz|kª��8ntop�q�svu�p��9«��kn�sv�k�~n�{�s ��}
xwp6x�qt��n�sBqtxz�c�!sv|~¥�xz|~��n�� � ��|�qts uX� ° q��Ls ��}�xzq��Lntsvq�xw{ |�� ¢ ��knt{cs ¥k��|¯{ �kn!p��Ls nt��}�p��~s ��� �2·¯�´�~p��´prq�n�sBq�xz�~�<¥®p�s � ¨
�kuwxz|kª�{c|¡{c�knant�Lp��ku�q�p�xz|�{cnt¥�Ln�q�{ � svxw|�qtsvxw|¯�~svu�sv|~��� �

·¡�7s uwp�{a|k���<¥q�{ � xz|~x � xwy���qt}k�7| � � �D��n�{v�3�8{ |P¥x�qtxz{c|~p
q�{!�D�7qt�Lprq��<¥2sv|P¥���|~p��knt�6s9}~xzªc}2pr�P���8�<p�pr¨�ntsvq�� à nt�L¥k�~�8�
�@svu�pr���D{cp�x�qtxz�c�Lp�á%�´·¯�´uw���c��n�svª �q�}~xwpa� o¡�~prxw|kª�s�nt��u�sB¨
q�xw� ��uwo2prq�ntxw�8q � �8q�ntx��6��{cn��knt�L¥x��%qtxz{c|��
° q7q�}k��p�s � �aq�x � � � ¢ �!|k���<¥�q�{&��{ |~p�x�¥��n6��{ |~prq�n�svxw|�qtp
à �k} oprxw{v¨©��}k� � x���s uX�a�~}�op�xw�Lsvu�sv|~¥¦�~xz{cuz{cª x���svuÝá�{v��qt}k�
�8nto prqts uzuwxwyLsBqtxz{c|¡p��~s ��� �2µ�}~�Lp��´�8{ |Pp�qtnts xz|�qtp � sQo��D�2s
�@s �%qt{ nJ{v�Dq�}~�7�8{ |P¥x�qtxz{c|~pJ{ nJxw|�q���nt|~s u�~svn�s � �8qt��n�pJpr�~��}
s p�q�� � �P�Lntsvq��knt�´sv|~¥�p�{ uw�k�kxwuzxzq�o �&·¡���~n��<pr�L|cq!¥k�8qts xzu�p
{v��{c�kn7pts � �kuwxz|kª�pt��}k� � ��xw|�Á�L�%qtxz{c|�çk�

þª©�«£¬ %T3���ª%T>�79!�:À��%T7Â:�!��ÄÃ !�:��;�"!�7&��=?>Ä=Q¿Å>d=[ÆQ%[:
�+=?>"�d�j79��=?>"#f¯ «�|~���í|k{B�c��u���{ |~¥xzq�xw{ |Pp-}~sQ�c�¦�P�L��|
¥xwpt�8{B�c��nt�L¥3� ¢ ��|k���<¥¿qt{®q��<p�q2q�}k� � ��� �D��ntx � �L|�qtsvuwuwo �
«�|k�î{v��qt}k�îx�p�p��k�Lp ¢ x�qt} �8��D��ntx � �L|cq�sBqtxz{c|�x�p;qt}k�
�8��P�L|~p�� ��xw| q��Ln � p¤{v��q�x � �¦s |~¥ ��§D{cnrq<����{ n¤�Ls ��}
�8nto prqts uzuwxwyLsBqtxz{c|�q�ntxws uX� ·¡�ð�Qs uzx�¥ksvq��îqt}k�ðpts � �kuw�L¥
�8{ |P¥x�qtxz{c|~pL��svªcs xz|"�8{ |Pprx�¥��ntxw|kªð��{ |~prq�n�svxw|�qtp¤{v��qt}k�
�8nto prqts uzuwxwyLsBqtxz{c|��knt{�8�LptpL�µ�}k��n��<pr�~u�q�p���n�{ � q�}kx�pap�qt���
�����L¥~p��~s ���¦xw|�q�{]q�}k�¤�~n�prq®prq��L�ð{ �2qt}k�;|k�8� q®uw{�{c���
«��kn!��� �D��ntx � �L|�qtsvu	�Bsvuwxw¥ksvq�xw{ |®nt�Lp��kuzqtp!s n��2�kn��<pr�L|�q��L¥
xz|�Á �<�%q�xw{ |�û �

Ç È j�hjUgf��h � i~»�¥ ��ihk¾}��g
µ�}~�Zxw|kxzq�x�svu�¥ksBq�s;qt}~sBq ¢ scp��Ppr�<¥�q�{]�k�kxwuw¥íq�}~� � {¥��u�p
��{cnZ�~n��<¥xw�8q�xw{ | ¢ scpZs pr��q¤{ �¡pt�8nt����|Pp¿{ �ÉMî�~n�{ q���xw|~pZ¨
{c�q��Ln � � � �kn�sv|k�¡m	{c�~svu�s � xw|fq�n�sv|~p��P{cnrqt��n à �	q��$��á%���~sc�%¨
qt��ntxz{cn�}~{ ¥k{ �~p�xz| à �$�6á¯sv|~¥�L²À�ò ¢ x�qt}ís-p��8q¯{v�ÊMSuzxw�kx�¥kp
¨�ù~� ù ÿ °{Ë ��û � û ÿ °{Ë �!sv|P¥ðù~�Òû ÿ °{Ë sv|P¥ðs¦p��8q¬{ �
ÌTÍ ñîprqts |~¥ks nt¥ ��{ |~¥xzq�xw{ |Pp¬qt}~sBq¤{ ntxzªcxz|~svq��;��nt{ � À�s � �¨
qt{ |�nt�Lp��Lsvn���}���sf�8{ � �~s | oSq�}PsBq�p��P�<�8x�svuwxzyL�Lp�xw|î¥���c��uw{ �¨
xw|kª��knt{¥�~�%q�p���{ n!�kxz{cuz{cª x���s u � sc�8nt{ � { uw�L���kuws n���n�oprqts uzuwxzy<sB¨
qtxz{c| à }�qrqt��ý é é ¢�¢�¢ � }~s � �kq�{ |~n��<pr�<svn���}�� ��{ � évá8�ÏÎ	s ��};�knt{v¨
qt��xw|DéQuwxw�kxw¥ � xz� à qt}k��nt��s n��6ä!�8{ � �kxw|~sBqtxz{c|~pU{ �kq	{v�3qt}k�6�D{cpr¨
p�xw�kuz��ù�á ¢ s p��k�kqUq�}knt{ �kªc}!qt}k�Lp����8{c|~¥xzq�xw{ |~pJ{c|�s�p��8qU{v�P�~� �
ùcç ¢ ��uwu7�ku�sBqt�LpL�iÎ�s ��}¤�ku�sBqt� ¢ s p�qt}k��| � sv| �~s uzuwo¿pt�8{cn��<¥
¢ xzq�}¬s�|�� � �D��n9��nt{ � ñB¨©ùk��xw|~¥x���sBqtxz|~ª�q�}k�&�k}~scpr�BéQ�knt{vqt��xw|
��{ |~¥kx�qtxz{c|��Uµ�}kxwp�¥k�Lp�xzªc|~sBqtxz{c|2x�p�n�������ntn��<¥�q�{�scp�qt}k�9�8ntop�q�svu
n�sBqtxz|~ª~�

µ�}k�¡��}k� � x���svu��8{ |P¥x�qtxz{c|~p�xw|~�8uw�~¥�¡s � s xz|f�k�k§D�LnL�7s
�~n��<�8xw�kx�q�sv|�q�s |~¥�{ |~�9{ n � {cn��s ¥k¥xzq�xw� �<p���µ�}k�!�k�~n��D{cp��!{ �
qt}k�´�k�k§D�Ln�8{ � �P{c|k��|�q9xw|¬s�p���n��L��|�x�p�q�{���{B� �Ln9s��8��n�qts xz|
�PÀSn�sv|kªc� à sv|P¥¶q�} �~p���}~svntª ��¥x�prq�ntxz�k�kq�xw{ |Pá�{ |¶qt}k�6�knt{vqt��xw|��
xw|~¥�L�P�L|~¥�L|cq�{ �!q�}~�¡{ q�}k�Ln���{ � �D{ |k�L|cq�p�sv|~¥-q�}k���~Àï{ �
qt}k��{ ntxzªcxz|~s u��~n�{ q���xw|¡p�{ uw�qtxz{c|��£�	�k§D�Lntp ¢ xzq�}�¥x�§1��nt��|�q��~À
�Bs uz�k�<p��Lsv|�qt} �~p��P�¶�8{c|~prx�¥�Ln��<¥�¥xz§D�Ln��L|cq<�aµ�}k��nt��s n��9q ¢ {
� sA@�{ n�q�o��D�Lp�{ �~�knt�L�8xw�kxzqts |cq�p��B}~xzªc} � { uw�L���kuws n ¢ ��xwª }�q��P{cuzo�¨s uw��{ }k{cuwp à uwxz�c��ü�Î Ë p�á4sv|P¥´p�s u�q�p��Uµ�}k��s ¥k¥kx�qtxz�c�Lp	�~pr�<¥ � sQo
�D�7�k�k§D�LntpL�c�~n��<�8xw�kx�q�sv|�qtp4{ n�s |�o¶��}k� � x���s uq�}PsBq � xwª }�q�}k�Luz�
��n�oprqts uzuwxzy<sBqtxz{c|��OÎ	s ��}�pts � �kuw��xz|]qt}k�¬¥ksBq�s p��8q��8{c|�qtsvxw|~p
sf��n�oprqtsvu�n�sBqtxz|kªP�ëµ�}k�¬�8ntop�q�svu�ntsvq�xw|kªcp�s n��¡��{ n � �~uwsvq��L¥
scp���{cuzuw{ ¢ p��7ñv¨©ò � �<sv|~p&uws � ��uwuws n´{ n�¥xwp��D��n�pr�<¥;�k}~scpr�c�{MB¨
ä¿xw|~¥x���sBqt�Lp��knt{vqt��xw|S�knt�L�8xw�kxzqtsvq�� ��sv|P¥-çB¨©ù¬xw|~¥x���svq��<p2qt}k�
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ñ æLùcùcä Í çk� û
æ æQûvñ û� M
ò æ&Mcç ç
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��{ n � svq�xw{ |&{v����n�oprqts uwpL��µ�}~��| � � �P�Ln�{v�Jñk± p	xw|&q�}k�a¥ksvqts p��8q
svnt��� ��nto�}kxwª }¬s |~¥�s p�qt}k�´n�sBqtxz|kª�xw|~��n��<s p��LpL��q�}~�´| � � �D��n
{v�ap�s � �~uz�<p�}~sQ� xz|~ª¡qt}~sBq´�Bs uz�k��¥k�L�8nt�Lscpr�<p���µ�}k��| � � �D��n
{v��pts � �kuw�Lp�n�sBqt�L¥¿ù¡x�p¶� ��nto�uz{ ¢ �¤µ²{¯�D��n���{ n � s ¥�<�c�PsBq��
�8u�s ptprxz�P��svq�xw{ |�� ¢ ��nt�L���kxwn��´s��D�8q�q���n�¥x�p�qtn�xw�k�qtxz{c|���À6��|~��� �
�Qs uz�~�Lp��P��q ¢ �L��|�ñ!sv|P¥&òsvnt��s ptp�xzªc|k�L¥¶qt{���uwscp�p�ñk� �D�8q ¢ ���L|M�sv|~¥¬ä�svnt�´s ptprxwª |k�<¥¡q�{���uwscp�p�æc�Usv|~¥��Bsvuw�k�<p9�D�8q ¢ ����|¬ç
sv|~¥�ù�svnt��scp�p�xwª |k�<¥aq�{9��uwscp�p4òk�Jm	u�s ptp4ò�xwpJqt}k�7¥�<prxwn��<¥��uwscp�p
xz|~¥kxw�LsBq�xw|kª�q�}~����{ n � svq�xw{ |�{v�U�8ntop�q�svu�p��

µ�}~��nt�&svnt�2s�q�{vq�svu	{v��ò� M ñ~æ�q�ntx�svu	��{ |~¥kx�qtxz{c|~p à ä��knt{v¨
q���xw|DéBuzxw�kx�¥¡��{ � �~xz|~svq�xw{ |~p Ñ ÌfÍ ñ&�8{c|~¥xzq�xw{ |~p��Lsc��}�¨6ù ù2��uw�8¨
� �L|�qtp ¢ }k��nt�6|~{�¥ksvqts!qts � ��|Dá ¢ xzq�}&�Qs n�xw{ �Pp��knt{vqt��xw|�� uzxw�kx�¥3�
�k�§1��n<�vs ¥k¥xzq�xw� �c�B�knt�L�8xw�kxzqts |cqJ�8{ � �kxw|~sBqtxz{c|~pL��µ�}k�	�P�Lnt����|�qr¨
svª �<p�{v��qt}k��q�}knt����¥x�pt�8nt�8q�xwy��<¥�n�sBqtxz|~ªcp�xz|¯q�}~�¶¥~sBqtscpr��q9svnt�
ª xw� ��|¤xw|¤µ�sv�kuw�®æ �f��q2�Lsv|¤�P��p����L|¿qt}~sBq2¥ksvqts¯x�p�prxwª |kxz�k¨
��sv|�qtuzo��kx�s p��L¥ ¢ xzq�}�svnt{ �k|~¥ Í û+Òî{v�3qt}k��pts � �kuw�Lp	�8u�s ptprxz�~�<¥
s p�ñk�J�©|´qt}kxwp ¢ { nt�1� ¢ �7qtn��<sBq�q�}k��¥ksBq�s!pts � �kuw�Lp�s p	|k{cn � svu
��sBqt��ªc{ ntxw�Lsvu~¥ksvqts~�Jµ�}~xwp�x�p	s�p�sv����scp�p�� � �q�xw{ |&prxw|~�8��xz|2q�}kx�p
sv�k�kuwx���sBqtxz{c|��cq ¢ {�k�§1��n�p ¢ xzq�}�¥x�§1��nt��|�q��~À��Qs uz�~�Lp���sv|2�P�
�8��P�<�%qt�L¥�q�{a�D��}PsQ� ��¥xz§D�Ln��L|cqtuzoc��Î�s ��}¶pts � �kuw��xwp4s����<sBqt�kn��
� �L�8q�{cn�{ �Jp�xwy��aç¶�8{ |Pprx�p�qtxz|~ª�{ ��ý

þ ü4nt{vqt��xw|´¨��	q��~���k�$�]{ n±L�À�ò
þ L�xw�kx�¥2¨�ù~� ù ÿ °{Ë �1û � û ÿ °{Ë {cn�ù~�Òû ÿ °{Ë
þ ���§D�Ln�¨�Î4ªP�Uñk�wæ ÿ Ð6s ° �8��qtsBqt���~À Ì � ç
þ¿ÿ svxw|�ü4nt�L�8xw�kxzqts |cq	¨�Î4ªP�Jñ~� ä ÿ ÿ svª |~�Lp�xz� � è { n � sBq��
þ ° ¥k¥kx�qtxz�c��¨�Î4ª~�4ò ÿ Ð6s2m	}kuw{ ntx�¥�
þ m	uwscp�p�Ó4s uz�~��¨�ñk�3æ�{ n6ò
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° p ¢ � � ��|�qtxz{c|k�L¥ �<svntuzxw��n<�´qt}k�S�knt{vqt��xw| �8nto prqts uzuwxwyLsBqtxz{c|
pr�~sc�8�9�Lsv|��P�L��|�nt���knt�Lp���|�qt�L¥�s p7s |�|¨�¥kx � ��|Pprxw{ |~s u²} o �P�Lnr¨
�8�k�D� ¢ x�qt}�sB��LpJnt���knt�Lp���|�qt�L¥9� oaqt}k�7��}k� � x���s uk�8{ � �D{ |~��|�qtp
sv|~¥®{ q�}k�Ln!�~s nts � �8q��LntpL��µ�}k�&n��Lª xw{ |~p9xz|¿q�}kx�pp��~sc�8��qt}~sBq
o�xw��u�¥¿��n�oprqts uwp¶svnt�&�Lsvuwuz�<¥Sú }k{ q¶p��P{ qtpL±z� è {cn¶s¡ª xw� �L|¿�knt{v¨
q���xw|��~q�}k�Ln��9���xwprq�s¶u�svntª �a| � � �D��n6{v�4�8{c|~¥xzq�xw{ |~p ¢ }~xw��}�¥{
|k{vq�uz�<s ¥�qt{¡�knt�L��xz�~x�q�sBq��<p��¯�©|¿p�{ � �&��{ |~¥kx�qtxz{c|~p��U�~n�{ q���xw|~p
�kn��<�8xw�kxzqtsBqt���k�q�¥{9|k{ qU��{ n � ��n�oprqtsvu�pL�²·¯�6�~p��7pr�~�P�Ln�� x�pr�<¥
uz�<svnt|kxz|~ª à ��uwscp�p�xz�P��svq�xw{ |Pá3q�{ � {¥�Lu�q�}k���knt{vq��Lxz|��8ntop�q�svuwuzxwyLsv¨
q�xw{ |fpr�~sc�8���~p�xz|~ª¡qt}k��� � �kxwn�x���s u7¥ksBq�sk�f·¯���D��uwxw��� ��qt}~sBq
�8u�s ptprxz�P��svq�xw{ |;x�p�s¬ª { {¥ � ��q�}k{¥;qt{Z�Psvn�q�xzq�xw{ |;qt}k�¯¥~sBqts
pr�~sc�8�asv|P¥2�knt�L¥kxw�8q6�8u�s ptp	�Bs uz�k�<p���{ n�|~� ¢ pts � �kuw�LpL�

×���� ·�� ¬ %T36Æ���#9%[� Ø�%[!�3�>d��>dµÚÙÊ:�µ?=$3���7&�dÛ#+¯ �©| q�}kx�p
p��L�8q�xw{ |�� ¢ ���~n��<pr�L|cq�¥�8q�svxwuwp&{v�aqt}k�¡p��k�D��nt� xwp��L¥;uw�Ls n�|~xz|kª
s uzªc{ ntx�qt} � p ¢ ���~p�� �
Ü !$�jÆQ%.Ýr!f5Q%[#Þ��:�!�#9#9�j¹�%f3�#f¯ Ð6s xz�c�r��sQo �<p���uwscp�p�xz�~��n�p�s n��
�Ps p��L¥�{ |J��sQo �<p�±~n��kuw�9{ �U��{ |~¥kx�qtxz{c|~svu��kn�{c�~sv�~xzuwx�q�oc�	��q��~p��Lp
s uzu�sBq�q�ntxz�k�kq��Lp�sv|P¥;svuwuz{ ¢ p´q�}k� � qt{ � sv�c���8{c|cqtn�xw�k�qtxz{c|~p
qt{¬qt}k�®¥�L��xwp�xz{c|-s p&xz�!q�}~��o ¢ ��nt�¡svuwu��L���~s uzuwofx � �D{ n�qtsv|�q
s |~¥�xw|~¥�L�P�L|~¥�L|cq9{ �	{c|k��sv|k{ q�}k�LnL��µ�}k���8u�s ptprxz�~��na�Lsv|��D�
��{cn � s uzuwo´¥�8�P|k�L¥�s p
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¢ }~��nt��é�x�p�q�}k�9��uwscp�p�s |~¥Àñ í svnt�6qt}k�����Lsvq��knt�Lp à svqrqtn�xw�k�qt�Lp�á%�
®�%[�+�;#&�;=Q>ôó�!���:�%[#f¯ �6�<�8x�prxw{ |fq�sv�kuw���8u�s ptp�x��~�Lntp�s n���nt�kuw�8¨
�Ps p��L¥��8u�s ptprxz�~�Lntp�qt}~sBq�s n���q�o �kx���s uzuwo-�~p��L¥]|k{ q�{ |~uzo-��{ n
�~n��<¥xw�8q�xw{ |��k�kq6� xwp��~svuwxwyLsBqtxz{c|�{v�Jq�}~�!sBq�q�ntxz�k�kq��p��~sc�8�´ãzæ<ä<å��
° ¥�<�8x�prxw{ |êqts �kuz� ª �L|k��n�svuwuwo�}Ps p�q ¢ { �8{ � �P{c|k��|�qtpL�¿s
pt��}k� � ��sv|~¥2s9�D{ ¥ko �4µ�}k��p���}k� � �6x�p�qt}k�6uwx�p�q�{v��svqrqtn�xw�k�qt�Lp
qt}~sBq�svnt�´�~p��L¥¯q�{¡�knt�L¥x��%q9qt}k�&��uwscp�p9�Qs n�x�sv�~uz�c��µ�}k�´�D{ ¥ko
��{ |~p�x�p�q�p¶{v�as®pr��q´{v�as ptprxwª |k�<¥¿�Bs uz�k�<p¶��{ n��<s ��}fsBq�q�ntxz�k�kq��
xw|îqt}k�;p���}~� � � �£µ�}~�¤��uwscp�p¯�Bsvntxws �kuw�Lp�q�}~svq�s n��¤{v�´qt}k�
pts � �¶q�o �D���@svuwu4xw|cqt{�s��knt{csc¥¯�LsBqt��ª {cn�o��Lsvuwuz�<¥®�8�Luzu�p���µ�}k�
¥~sBqtscpr��q�xwp7p�{ n�q��<¥2� o�qt}k�9�knt{csc¥�Lprq��P{�p�p�xz�~uz���~�Luw¥ à { n��~�Luw¥
¢ xzq�}¯qt}k��uz�<s prqa|�� � �D��na{v��sBq�q�ntxz�k�kq��¶q�o �P�<ptá8� è nt{ � }~��nt� �
qt}k��p��8q2{ ��nt{ ¢ p ¢ x�qt}fq�}k�¡p�s � ��q�o �D��xz|;�<s ��}fsBq�q�ntxz�k�kq��
s n���ªcn�{c�k�P�<¥Sqt{ ªc�8q�}~��n�xw|¦s;�8��uwuN� Ë ��|~��n�svuwuzoc��q�}k�®nt�kuw�Lp
{ �&�8{c|~prq�nt�~�%qtxz|kª�s]¥�L��xwp�xz{c|îq�sv�kuw�Zxw| � {cuz�c� � sv�k�~xz|kª�svuwu
�D{cptp�xz�kuw�®�8{ � �kxw|~sBqtxz{c|~p�{v��q�}k�¬svqrqtn�xw�k�qt��p��~sc�8�¯q�{S��uwscp�p
�Bs uz�k�<p���µ�}kx�p7��|Ppr�knt�Lp�qt}~sBq���� �Ln�o�prxw|kªcuz�axw|k�k�q�� �L�8q�{cn ¢ xzuwu}PsQ� ���P�L��|íscp�p�xwª |k�<¥�p�{ � �¿¥�<prxwª |PsBq�xw{ |²�ïµ�}k�¿�kn�{cª n�s �qt}k��| p�x � �~uzo n��~|~p®qt}kn�{c�kª } qt}k�;qts �kuw� ¢ x�qt} q�}k��xz|~�k�q
�c�L�8q�{ n	q�{¶¥��q���n � xz|~� ¢ }~xw��}��8u�s ptp	�Bs n�x�sv�kuw�6x�p�sv�k�~n�{c�kn�x�sBqt� �
�Ê!�>d�"=?öõ�=Q36%[#&7&#f¯ ° �7sv|P¥{ � è {cn��<p�qxwp�sv|¬�L|~p�� � �~uz�
��uwscp�p�xz�P��svq�xw{ |¶q��<��}k|kx����k� ¢ }kx���}2x�p	�P{c�k�ku�svn�¥�k��q�{!xzqtp�}kxwª }
sc�����kntsc�8oc�ð�©|�q�}kx�p � �8q�}~{ ¥���p����c��n�svu���uwscp�p�xz�P��svq�xw{ |;qtn��L�Lp
s n��;��{ |~prq�nt�~�%qt�L¥ � o pts � �kuwxw|kª ¢ x�qt} n��L�ku�s �8� � ��|�q®��n�{ �qt}k��{cn�xwª xw|~s u7q�n�svxw|kxw|kªZ¥~sBqts~�ð�©|-{ n�¥��n2q�{Z�~|~¥fqt}k�¡�D�Lprq
p��kuwx�q�sBq&s�|k{¥��xz|fqt}k��qtn��L� ��å£n�sv|~¥k{ � svqrqtn�xw�k�qt�Lp2s n��
��}~{cp���|�s |~¥-q�}k�®{c|k� ¢ xzq�}]qt}k�®�P�<p�q�p��kuwx�q�s � {c|kªZq�}k� �x�p´�Ppr�<¥3� è �~nrqt}k��n � { nt� ��q�}k��q�nt���<p�q�}PsBq�s n�����{ |~prq�nt�~�8q��L¥
s n���|k{ q-�knt�k|k�<¥3� m	u�s ptp�x��P�LsBqtxz{c|"x�p-¥{c|k�¦�~p�xz|~ª �Ls ��}
qtn��L��q�{¬p����~s ntsvq��Luzo¿��uwscp�p�xz��o¬q�}~��q��Lprq&¥ksvqts~� è xz|Psvuwuzoc�	qt}k�
� sA@�{ ntx�q�o�{v��qt}k��� { q��Lp���nt{ � �Lsc��}�q�nt����x�p���}~{cp���|�qt{�D�6qt}k�
�~n��<¥xw�8q�xw{ |�{ |&q�}k��qt�Lprq6p�s � �kuz�c�
��:;!�#&#9�j¹��+!�7&��=?>÷Ýr!�#9%T�ø=Q>øÙ�#9#&=��+��!�7&��=?>d#+¯ µ�}kx�p�x�p
s]qt�L��}k|~xw���k�S�Ps p��L¥ { | scp�p�{�8x�sBq�xw{ | nt�kuz��¨N�Ps p��L¥ �8u�s ptprxz�k¨
�LsBqtxz{c| ã Í å�� ¢ }kxw��}î�Lsv|¦�D�Z�Ppr�<¥��8§1�L�%qtxz�c��uwo�{ |î¥x�p���n���q��
¥~sBqtscpr��qtpL� ° ptpr{��xwsvq�xw{ |¯n��kuw�Lp�x�¥�L|cqtx���o¯�8{cuzuw�L�8q�xw{ |~p�{ ��¥ksvqts
svqrqtn�xw�k�qt�Lp²q�}~svqJs n���p�q�sBq�x�prq�x���svuwuwo�nt��u�sBqt�L¥axw|9qt}k�	�~|~¥��ntuwo�xw|kª



¥ksBq�sk� ° |�scp�p�{�8x�sBqtxz{c|�nt�kuw�9x�p6{ ��qt}k�9��{cn �¸ùûúýü ¢ }k�Ln��
ù sv|~¥ ü s n��¡¥xwp�@�{ xw|�q���{ |�@��~|~�%qtxz{c|~p�{v�svqrq�ntxw�k�q���¨N�Bs uz�k�
�~svxwntpL��µ�}~�6pr�~�k�P{cnrq4{ �1q�}k�7nt�kuw��xwpUq�}k�7{c�~p���nt� �L¥!��nt�L���k��|P�8o
{v� ù s |~¥ ü �Cþ�ã à ùJÿwü á8�êµ�}k�¬�8{c|�P¥�L|~�8�®{ �qt}k�®nt�kuz�
xwp�qt}k�;{ �Ppr�Ln��c�L¥¦��nt�L���k�L|~�8oð{v� ü ª xw� ��| ù �²þ�ã à ü ò ù á%�
Ë xz�c��|&s¶¥ksvqts �~s p��6{ �²q�n�sv|Pp�sc�%q�xw{ |Pp��s � xw|kx � svu��8{c|�P¥�L|~�8�
q�}knt�Lp�}k{ u�¥3��sv|~¥¤s � xw|kx � svu6p��k�k�D{ n�q¶q�}knt�Lp�}k{ u�¥3��q�}k��ªc{csvu
{v��s ptp�{ ��xwsvq�xw{ | nt�kuz� � xz|kxw|kªðxwp¿q�{¦�P|~¥ìs uzu�s ptpr{�8x�sBqtxz{c|
n��kuw�Lp ¢ }k{�pr�f�8{c|�P¥�L|~�8�<p¡s |~¥ pr�k�~�P{cnrq�p¯s n��¤sv�D{B� �¿q�}k�
�8{ ntnt�Lp��P{c|~¥xw|kª�q�}knt�Lp�}k{ u�¥kpL���©|�q�}kx�p��Ls p�� �P�Ls ��}�nt{ ¢ { �Jq�}k�
¥ksBq�s p��8q���sv|��D�9�8{ |Pprx�¥��nt�L¥´q�{¶�D�9sp����~s ntsvq���q�n�sv|~pts �8q�xw{ |��
¢ x�qt}´q�}~���Bsvuw�k�<p�xw|2�<s ��}2��{ uw� � |´�P�Lxz|~ª!qt}k��xzq�� � p4��{cn�qt}~sBq
q�n�sv|~pts �8q�xw{ |���µ�}k� ° �~n�xw{ ntx	s uzªc{ ntx�qt} � ã òQå	x�p!s���{ �¶� { |kuwo
�~pr�<¥ês uzªc{ ntx�qt} � ��{ n � xz|~xz|kªëscp�p�{�8x�sBq�xw{ |ënt�kuw�LpL� µ�}k�
svuwª { ntxzq�} � ¥xwpt�8{B�c��n�p�n��~uz�<p���{ n�¥���D��|P¥��|~��xz�<p7�D�8q ¢ ���L|�q�}k�
��uw� � ��|�qtp9q�}~svqsvnt����nt�L���k�L|cq<��xN� � �4ptsBq�x�pr��o¡p�{ � � � xz|~x � � �pr�k�~�P{cnrq�s |~¥ � xw|kx � � � �8{c|�P¥�L|~�8�í��{ |~prq�n�svxw|�qtpL� ·¡�
q�}k�L|¯�Ppr��q�}~�Lp��¶��n��<�c�~��|�qan��kuw�Lp�qt{��P�Lnr��{cn � �8u�s ptprxz�P��svq�xw{ |��
·¡�S}PsQ� �¤q�ntxz�<¥ ¥xz§D�Ln��L|cqZ�Qs uz�~�Lp®{ � � xw|kx � � � pr�~�k�P{cnrq
sv|~¥ �8{c|�P¥�L|~�8�¤q�}~n��<pr}k{cuw¥~p�� ·¯�f�~|~¥ðq�}~svq¬�~p�xz|kª�uw{ ¢pr�k�~�P{cnrq à äTÒá	sv|P¥´}kxwª }��8{ |k�P¥��|P�8� à ç ñ[Ò�áUqt}kn��<pr}~{ u�¥kp�svnt�
s ¥�<�c�PsBq��7��{ n	¥kxwpt�8{B�c��ntxz|kªascp�p�{�8x�sBq�xw{ |�nt�kuw�Lp���� �L|¶��{ n	uws n�ªc�
¥ksBq�s p��8qtpL�
Ü %T!�36%[#&7 Ü %[�;µQ����=Q3ÁÃ =$79��>dµ�¯ �©|¦qt}kxwp¡qt�L��}k|kx����k� � ¢ ��k�kxwuw¥ p����~s ntsvq�� |k�<svnt�Lprqr¨�|k��xwª } �D{ n �8u�s ptprxz�~�Lntp ��{cnì�Lsc��}
sBqrqtn�xw�k�qt� � è { nS�<s ��} sBqrqtn�xw�k�qt��� ¢ xzq�} �Bsvuw�k��� í � ¢ �xw¥�L|�q�xz��o�q�}k����nt{ ¢ p7xw|�qt}k��¥~sBqtscpr��q6qt}~sBqa�8{c|cq�svxw|�s´�Bs uz�k�
�8uw{cp��Lprqqt{¡qt}k���Bsvuw�k��� í �fµ�}k��| ¢ ���~p���q�}k���8u�s ptp��Bsvuw�k�Lp
�kn��<¥x��%q��<¥�� o�qt}k�Lp����]nt{ ¢ p�q�{]�8{ � �~�q��¿s-prxw|kª uw�¬�c{vq��
�Qs uz�~� ��·¡�!qts � ��q�}~� � {¥�9{v�Jqt}k�����8u�s ptp�x��P�LsBqtxz{c|~p7s p�q�}k�
prxw|kª uw��� { q��®�Bsvuw�k� � µ�}kxwp��kn�{���Lptp�xwp�nt���D�Lsvq��<¥-��{cn��Lsc��}
sBqrqtn�xw�k�qt� à � í á�nt�Lp��kuzq�xw|kª�xz|�pr�L� �Lnts uDp�xz|~ª uw���c{vq����Bsvuw�k�LpL�Uµ²{
qtsvuwuwo®q�}k���c{vqt�&�Bsvuw�k�<p�� ¢ ��{c|~�8��svª�svxw|Z�~p���q�}k� � {¥��q�{
�kn��<¥x��%q�q�}k�9��uwscp�p�{ ��qt}~sBq7pts � �kuw� �
·�� ¬"¬ =$367 Ã %T�+7&=Q3 ´ !$�9�d��>d%[#+¯ Á �k�~�P{cnrq¾ÓU�L�%qt{ n ÿ sB¨
��}kxz|~�Lp à Á[Ó ÿ p�á�ãzæ&M�~æ Í åPs n����Ps p��L¥{ |�q�}k���8{ |P�8���kq4{v�3¥�L��x�¨
prxw{ |��ku�sv|k�<p�q�}PsBq�¥���~|k�!¥k�L�8x�p�xz{c|��P{c�k|~¥ks n�xw�LpL� ° ¥k�L�8x�p�xz{c|
�kuws |k��pr�L�~svn�sBqt�Lp¶s�pr��q�{v��{ ��@��<�%qtp¶}PsQ��xw|kª�¥xz§D�Ln��L|cq2��uwscp�p
� � � �D��n�pr}~xz�~pL�ìÁ �k�~�P{cnrqÀÓU�L�8q�{cn ÿ s ��}kxw|k�Lp�svnt���Psvn�q�x��8�¨
uws n�uwo´pr�~x�qt�L¥2q�{�}~sv|~¥kuzxw|kª��8u�s ptprxz�P�LsBq�xw{ |´qts p��p	q�}~svq�xw| � {cuz�c�
�8{ � �kuw�8�¿¥k�L�8x�p�xz{c|¿�ku�sv|k�<p���s p{ �k�D{cp��L¥¿q�{¯uwxz|k�<svn��8u�s ptp�x��k¨
��sBqtxz{c|��ðµ�}~��o ¢ {cn��Z� of��{ |~prq�nt�~�8q�xw|kª¿} o �P�Ln��~uws |k�Lp2xz|-s
� �kuzq�x�¥x � �L|~p�xz{c|~svu4p��~s ��� �´µ�}k����uwscp�p�x��P��n � sv�~p�qt}k��xw|k�k�q
� �L�8q�{cntp¶qt{Zs¿}kxzªc}k��n�¥x � �L|~p�xz{c|~svu�pr�Ps �8�c�6sB�Ýqt��n ¢ }kxw��}-x�q
�~|~¥kpas&uzxw|k�<svnapr�L�~svn�sBqtxz|~ª&} o �P�Ln��~uws |k� ¢ xzq�}¡q�}~� � sv� x � svu
� s n�ªcxz|&xz|�qt}k�a}kxwª }¨©¥x � �L|~p�xz{c|~svu�p��~s ��� �
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¢ {cn��p��8³´��xz�L|cqtuzo���{ n�q ¢ { ¨���uwscp�p��knt{ �kuw� � p ¢ }~xzuw�ª��Á[Ó ÿ�P�Lnr��{cn � p ¢ ��uwu´��{cn � �~u�qtx�¨©�8u�s ptp¿��uwscp�p�x��D��sBqtxz{c|ð�~n�{c�kuz� � p��
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� Ü �Ê�":;%?¯ ü�Ð��7�kuz�c�!�knt{ �D{cp��L¥]� o	� {�pr}kx�8q¡s u&ãzæ Ì å��!x�p
s�n��kuw�8¨��~scpr�<¥¯��uwscp�p�xz�~��n!¥k�Lp�xzªc|k�L¥¯qt{�}~s |~¥uw�2pr�c� ¢ �L¥®��uwscp�p
¥kxwprq�ntxz�~�q�xw{ |~pL�ëü�Ð¦���kuw� ¢ {cn��p�xz|]q ¢ {Z�~}~s p��LpL� �©|�qt}k�
ü �~}~s p�� �¡x�q�¥kxwpt�8{B�c��n�pf�P{�prxzq�xw� �¦nt�kuw�Lpfqt}~sBq���{B� �LnZqt}k�
q�svntª ��q¡�8u�s ptp�� �©|íq�}k�~Ð*�~}~s p�� �x�q®ª �L|k��n�sBqt�Lp�n��kuw�Lp¡{ |
qt}k�¶|k��ª�sBqtxz�c����uwscp�p�q�{��Luzx � xz|~svq����@svu�p����D{cp�xzq�xw� �Lp���nt{ � qt}k�
pts � �kuw�Lp��8{B�c��nt�L¥�xw|¿qt}k��üí�k}Ps p�� �¬µ�}k��n��~uz�<p�s n��&�~s p��L¥
{c|Sprxw|kªcuz��svqrqtn�xw�k�qt���Bsvuw�k�LpL�îµ�}k��qt�Lprq�pts � �kuw�Lp´s n���n��k|
qt}knt{ �kªc}®q�}k���D{cp�x�qtxz�c��s |~¥®|k�LªcsBqtxz�c�2nt�kuw�LpL� ° ����{ n�¥xw|kª uwo �
s�q��Lprq�pts � �kuw�9x�p���uwscp�p�xz�~�L¥��D{cp�x�qtxz�c�9{ |~uzo�xz�4x�q�xwp6��{ �k|P¥�q�{
ptsBqtxwpr��o2s��D{cp�x�qtxz�c��nt�kuw�9sv|~¥&|k{¶|k�LªcsBqtxz�c��n��kuw�LpL�
×���� ´ %T783����$¯ Áxz|~���¶{ �kn�ª {�svu�xwp�qt{�¥x�pt�8{B� �Ln�|~{B� ��u�q�ntx�svu
��{ |~¥kx�qtxz{c|~p3�~p�xz|~ª7�8u�s ptprxz�P��svq�xw{ |�� ¢ �4s n��Unt�Ls uzuwo7xw|�q���nt�Lprq��<¥�xz|
� �<s p��kn�xw|kª�}k{ ¢®� s |�o�{v�qt}k���D{cp�xzq�xw� ��uwo��kn��<¥x��%q��<¥9pts � �kuw�Lp
s n��´sc�%qt�~svuwuzo¯�D{cp�x�qtxz�c� ���©|®{vqt}k��n ¢ {cnt¥kpL��q�}k�´�~n��<�8x�prxw{ |®{ �
�~n��<¥xw�8q�xw{ |�xwpUq�}k���c��o �����[è�
���������6svnt��q�}k�7pts � �kuw�Lp�qt}~sBq	s n��
�~n��<¥xw�8q��<¥�qt{��D�´�P{�prxzq�xw� �&sv|~¥�è�
��� ç���� ����s n��¶qt}k�2pts � �kuw�Lp
qt}~sBq6s n���s �8q��~s uzuwo´�D{cp�x�qtxz�c� � qt}k�a�knt�L�8x�p�xz{c|&x�p�ª xw� �L|&� o

þ�ã��6é ���!�"
�#Já%$ è�
�������&�('�è�
��� ç���� ��� $$ è)
� ������� $à ä�Òò á
·¯� ¢ { �~uw¥;uwxw� ��qt{¿�D{ xw|�q&{ �kq&qt}~sBq&q�}k��s �L�8�kn�s ��oZ{ �

��uwscp�p�xz�P��svq�xw{ |!xw|¶q�}~xwp4�Ls p���xwp4|k{vq4�~s nrqtxw���ku�svntuzo9�Ppr�����kuX�Uµ�}kx�p
x�p¶¥�k�&q�{¡q�}k���@sc�%q¶q�}~svq¶s¡|~s xz�c�&�8u�s ptp�x��~�Ln!qt}~sBq��knt�L¥kxw�8qtp
��uwscp�p�ñ¡��{ n¶���c��nto¬p�s � �kuz� ¢ xwuzu�o xw��u�¥Zs¡}kxwª }fs �����kn�s �8o�{ �
Í û+Ò à ¥�k��qt{qt}k�9p�xzªc|kx��D��sv|�q��kx�s p�xw|�q�}k�9¥ksvqtscpr��q�á%�
×��+* ��:�!�#9#&��¹d�f!�7&�;=Q>~�Ê%T#9�d:j7&#
×��+*���� óC�"%.Ýr��!$#Ê��3�=Q�d:;%T ¯ ·¡�¶p��kuzxzq��k��qt}k����n�oprqts u�¨
uwxwyLsBqtxz{c|!¥ksvqts p��8q�nts |~¥{ � uwo�xz|�q�{6q�n�svxw|kxw|kª�s |~¥�q��<p�qUp��8qtpL� ° p
¢ � � ��|�qtxz{c|k�L¥f�<svntuzxw��n<��q�}k�¯�8nto prqts uzuwxwyLsBqtxz{c|¤¥~sBqtscpr��q&�8{c|¨
p�x�p�q�p�{ �2sSu�svntª � � s�@�{cn�xzq�o à Í ûfÒ�á�{v�´|~��ªcsvq�xw� �¿pts � �kuw�LpL�
µ�}~xwp��sv�Ppr�<p9prxwª |~x��P�Lsv|�q!�kx�s psv|~¥®sv§D�<�%q�p!�8u�s ptp�x��~�Lntp!pr�~��}
scp!m�� ° sv|~¥ÅÐ6�Lsvnt�LprqCÐ7�Lxzªc}��D{ n9s |~¥���s �~pr�<p9svuwuUqt}k���knt�8¨
¥kxw�8q�xw{ |~p�qt{��P�a{ ���8u�s ptp�ñk�

µ�}k�ð�knt{ �kuw� � {v�¬uw�Ls n�|~xz|kª ¢ x�qt} �kx�s p��L¥ ¥ksvqts }Ps p
�D���L|ís ¥~¥n��<p�p��L¥îxz|íp����c��n�svu ¢ {cn��p�xw|îqt}k�¤¥~sBqts � xw|kxw|kª
uwxzq���n�sBqt�knt� � ° p ¢ � � ��|�qtxz{c|k�L¥��Lsvntuwxz�LnL�1ü�Ð¦���kuw� �1q�}~�nt�kuw�8¨
�Ps p��L¥]�8u�s ptprxz�~��n ¢ s p��~n�{c�P{�pr�<¥Sqt{;}~sv|~¥kuz�¬p�� � ¢ �<¥���uwscp�p
¥kxwprq�ntxz�~�q�xw{ |~pL��·¡�&}~sQ� ��x � �kuw� � ��|�q��<¥¬ü�Ð¦���kuw�´�k�q�~|~¥
qt}~sBq���{ n�{ �knJ¥ksvqts p��8q<�<q�}k��|k��ª�sBqtxz�c�4n��~uz�<p ¢ �	¥x�pt�8{B� �Ln²�8{B�c��ns uzu�qt}k��p�s � �~uz�<p��!À6��|~��� � ¢ ����s |k|k{vq�{ �kqtsvxw|¡s | o��P{�prxzq�xw� �
�~n��<¥xw�8q�xw{ |~pL�¯·¡��}~sQ�c��q�ntxz�<¥¬�Bsvnto xz|~ª�q�}k��|k�Lªcsvq�xw� �´nt�kuw�Lp
�Ps p��L¥¤{ |fnt�L��s uzuN��s p ¢ s p�p��kªcª �Lprq��<¥3���k�q&¥k{®|k{vq2{c�qts xz|
s | o�x � �knt{B� � � �L|�q�xw|�q�}k�ant�Lp��kuzqtpL�

µ�}k� � svxw| � ��q�}k{¥kp�p��kª ªc�Lprq��L¥&��{cn6�~s uws |~�8xw|kª2p�� � ¢ �<¥qtnts xz|~xz|kª ¥ksvqts�xz|P�8uw�~¥� ¥{ ¢ |~pts � �kuwxz|~ªìqt}k� |k{ |k¨Xq�svntª �8q
��uwscp�pL�²�~�~p�s � �kuzxw|kª�qt}k�´q�svntª ��q!�8u�s ptp9sv|~¥�ªc��|k�Lntsvq�xw|kª�|k� ¢pts � �kuw�Lp�{ �²q�}~��qtsvntª ��q���uwscp�pL�UÁ ÿ «�µ±Î�ã�æ<ñQå�x�p�s!qt�L��}k|~xw���k�
qt}~sBq�ª �L|k��n�sBqt�Lp&|k� ¢ p�s � �~uz�<p&{ �9q�}~��q�svntª �8q��8u�s ptp&�~prxw|kª
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�8u�s ptp�x�p�� �Ln�o¡pr�~s ntp�� ¢ x�qt}¯nt�Lp��D�L�%q�qt{&qt}k� � s�@�{cn�xzq�o��8u�s ptp��
À7��|P�8� �Dqt}k�s �k�kuwxw�LsBq�xw{ |�{ �	Á ÿ «�µ±Î-n��<pr�kuzqtp6xz|¡s � x�� qt�kn��
{v�~qt}k���8u�s ptpr�<p à {B� �Lnr¨�ª �L|k��n�svuwxwyLsBqtxz{c|Pá ¢ }kx���}x�pJ� �Ln�oa}Psvn�¥aq�{
pr�L�~svn�sBqt� �"��svq�x�p�q�s���q4svu²ã Ì å~�L�Qs uz�PsBq��<¥¥kx�§1��nt��|�qUq��<��}k|kx����k�Lp
��{ n²�Psvu�sv|~��xz|kª6q�n�svxw|kxw|kª6¥ksvqts6s |~¥���{c�k|~¥�qt}~sBqJnts |~¥{ � {B�c��n�¨
p�s � �~uzxw|kª�{v�Pq�}k��q�svntª �8qU�8u�s ptpJ�D��n���{ n � p ¢ ��uwuxw| � {�p�q4��scpr�<p��
�6p�xz|kª�qt}kxwp6|k{vqtxz{c|�� ¢ �9¥���c��uw{ ��sv|���|~p�� � �kuz�9s �k�knt{csc��}´q�{
��uwx � xw|~sBqt�2qt}k�&�~xwscp�~n�{c�kuz� � �¯·¯��ª �L|k��n�sBqt�&p���� �Lnts u�n�sv|¨
¥{ � p��k�¨©p�s � �kuz�<p6{ �4q�}~��|~��ªcsvq�xw� ���8u�s ptp�s |~¥ � ��ntª ���Lsc��}
{v�Uq�}~� � ¢ x�qt}�{B� �Lnr¨©pts � �kuw�L¥��P{�prxzq�xw� �!�8�ks � �kuw�LpL�6µ�}kx�p6nt�8¨
pr�kuzqtp´xz|;p���� �Lnts u��~svu�sv|~���L¥¤pr�~�~pr��qtp¶{ ��qt}k��{ ntxzªcxz|Psvu�¥ksBq�sk�
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ntsvq���uwo�sv|~¥��Ppr��Ls ��}�{ �Uq�}k� � q�{&�kn��<¥x��%q6qt}k���uwscp�p6�Bsvuw�k�Lp
{v��q�}k�aqt�Lprq�¥ksvqtsk� è xz|~s uzuwo � ¢ �a�Ppr� � s�@�{cn�xzq�o´�c{vq��9¥k�L�8x�p�xz{c|
���~prxw{ |¶qt{9�8{ � �kxw|k��qt}k�7�knt�L¥x��%qtxz{c|~pU{ �1�<s ��}¶{v�Dq�}~�6xw|~¥xw��x�¥ ¨
�~svuD�8u�s ptprxz�~��n�pL��·¯�6{c�qts xz| � �~��}´�D�8qrqt��n�n��<pr�~u�q�p4�~p�xz|~ªaq�}kx�p
sv�k�knt{csc��}��Bsvuzq�}k{c�kª }�xzq�¥{ �LpJ|k{ qU��{ � �kuw�8qt��uwo9��uwx � xw|~sBqt��q�}k�
�kxwscp��knt{ �kuw� � �
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�kn��<�8x�prxw{ |&{v�Uä Í Òí��{cn�q�}k�C���L��xwp�xz{c|&µ�sv�kuw�!m	uwscp�p�xz�~��n<� � {�p�q
{v�4qt}k����uwscp�p�xz�~��n�p7}~sc¥�qtn�{c�k�kuw�p����~s ntsvq�xw|kª�q�}~��pts � �kuw�Lp�xz|
q�}k�ÀMB¨©�8u�s ptp���s p�� � ° |fxw|cqt��nt�Lprq�xw|kª¯{ �~p���nt�BsBq�xw{ | ¢ � � s ¥�
¢ x�qt} q�}k�Snt�Lp��kuzqtp®x�p®qt}~sBq¤s�uws n�ªc�¤| � � �P�Ln¿{ ��pts � �kuw�Lp
�P�Luz{c|kª xw|kª¯q�{®�8u�s ptp�æ ¢ �Ln����@s uwp���uwo¬x�¥��|�q�xz�~�<¥¤scp��8u�s ptp´ò�
·¡��uw��� �Lnts ª �6q�}kx�p�{ �Ppr�Ln��BsBqtxz{c|2s p���{cuzuw{ ¢ pL���©|&q�}~��qtnts xz|~xz|kª
�k}~s p�� � ¢ ����{ |~p�xw¥k��n�s uzu~pts � �kuw�LpJ{ ���8u�s ptp�æ�q�{a�D�7{v�3�8u�s ptp4ò�
° uzq�}k{c�kª }¶qt}kxwp�¥{ �Lp�|k{vq	n�� � {B�c��q�}k�6�kxwscp���xzq	xw|~�8nt�Lscpr�<p�q�}k�
�P�Lnt����|�qts ª �!{ �	pts � �kuw�Lp��P�Luz{c|kª xw|kª&q�{&��uwscp�paò���n�{ � çTÒìq�{
æ&MTÒ2�·¡���D��uwxz�L� �q�}~svqaq�}kx�p�uw�Ls ¥~p6qt{��P��qrq��Lna�~svn�q�xzq�xw{ |~xz|kª
��o¡q�}~����uwscp�p�x��P��n�p���·¯�´qt}k��nt�8��{cn��´�~n��<¥xw�8q{c|~�8�2s ªcs xz|®{c|
q�}k��qt�Lprq6pr��qtpL��~prxw|kª�q�}~xwp7scp�p�� � �qtxz{c|��

·¯���P|~¥¤q�}k��x � �knt{B� � � �L|�q´xz|;�knt�L��xwp�xw{ |¤q�{¬�D��p��k�¨
p�q�sv|�q�x�svuN�4Î4�c��nto�xz|~¥kxz� x�¥�~svu4��uwscp�p�xz�~��n�x�p6��{c�k|~¥�q�{��knt�L¥x��%q
� {cn��¶s �L�8�kn�sBqt��uwo��k|~¥�Ln�q�}kx�p9pt�8�L|~svntxz{P�µ�}k��nt�Lp��kuzqtp�{v��äQ¨
��{ u�¥��8nt{cptpr¨N�Bsvuwx�¥ksBqtxz{c|���o�s uzu�qt}k���8u�s ptprxz�~��n�p6s n���knt�Lp���|�q��<¥
xz|�q�}~�CMvn�¥&��{ uw� � |�xw|�µ�s �kuw�aòk�	m�� ° �kn�{¥�P�8�L¥�¥n�s � svq�x��
x � �knt{B� � � �L|�q à æQäfÒSq�{�çcäTÒ�á%��µ�}~��Ð�svxw� ����sQoc�Lp�q��L��}~|kxw���k�
svu�pr{¶x � �~n�{B�c�L¥´�~}k��|k{ � ��|~s uzuwo à svuzq�}k{c�kª }�xzqtp��D��n���{ n � sv|~���
xwp�prq�xwuzu��D��uw{ ¢ �~svn%á%� µ�}k�¡q�}~n��L���D�Lprq���uwscp�p�xz�~��n�p2s n��c�7xz|
{ n�¥��n<�����L��xwp�xz{c|;µ�s �kuz�c��m�� ° s |~¥;Á �k�k�D{ n�q²ÓU�L�8q�{cn ÿ sB¨
��}kxz|~�LpL�
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qtxz{c|~p���nt{ � qt}k��q�}knt����xw|~¥xw� xw¥�Psvu��8u�s ptp�x��~�LntpL��q�}k�a�L|~p�� � �~uz�
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à ä� Mcá
·;}k�L| ¢ �-�~p��Sqt}k�]��|~p�� � �kuz�]�8u�s ptprxz�~�Ln®q�{ �knt�L¥x��%q

�Bs uz�k�<pZ��{ n¤q�}k�]qt�Lprqr¨©pr��qtp ¢ �]{ �kqtsvxw| sí�knt�L��xwp�xw{ |ì��uz{�pr�
qt{ æLñ ñ[Ò2� À6{ ¢ �L� �LnL��qt}k��|�� � �D��nS{ �¡�D{cp�x�qtxz�c��uwo �knt�8¨
¥kxw�8q��L¥ìp�s � �~uz�<p¬x�p¿�c��ntoðuw{ ¢ à äQ¨�æLñ�á%� µ�}~xwpZxwp¤¥�k�-q�{
{c�kn"��{ |~prq�n�svxw|�qìqt}~sBq svuwu-qt}kn��L� xw|~¥xw� xw¥k�~svu��8u�s ptprxz�~�Lntp
|~���L¥�qt{;�kn��<¥x��%q�sf�D{cp�x�qtxz�c�®n��<pr�kuzq���{ n�s;pts � �kuw��q�{;�D�
��uwscp�p�xz�~�L¥��D{cp�x�qtxz�c� �,µ�}kx�p¯s ptpr� � �qtxz{c|î��s |î�P�Zn��Luwsv��L¥3�
° ����{ n�¥xz|~ª uwo � ¢ �&�kn�{�����L¥¯qt{¡��}k{ {�pr�´pts � �kuw�Lp ¢ }kx���}¬sv| o
q ¢ {�{v��qt}k�&��uwscp�p�xz�~��n�pa�knt�L¥x��%qt�L¥®scp9�D{cp�x�qtxz�c� ��µ�}kx�p!ªcxz�c�Lp
�Pp®s-u�svntª �Ln¡| � � �P�Ln®{v�&�D{cp�xzq�xw� �;p�s � �kuz�<p à òvñv¨zMcñcá¡sv|~¥
s7�kn��<�8x�prxw{ |a{ � Í çTÒS{ |�qt}k�4qt�Lprq�¥ksvqts�sB�Ýq��Ln���n�{�p�p3�Bs uzx�¥ksBqtxz{c|��

| Õ »�¼{�"�z�<e�jUgf��¼~}	hikj�hk¾=���²¼�}�jK� ¥¦�r¾ º �
° p � �L|cqtxz{c|k�L¥��Lsvntuwxz�LnL�D{ �kn�ª {�svu²xw|�qt}kxwp ¢ { nt�&x�p�|k{vq�{ |kuwo
qt{ � {¥�Lu1q�}k�a�8ntop�q�svuwuzxwyLsvq�xw{ |2p��~sc�8���k�q�q�{�¥x�p���{B� �Ln	|k{B�c��u
nt��ªcxz{c|~p�q�{¶p�s � �~uz����{ n��D{cp�x�qtxz�c����{ |~¥kx�qtxz{c|~p���Î	svntuzxw��n ¢ {cn��p��{���~p�p��L¥&��|�qtxznt��uwo�{ |�nts |~¥{ � uwo´pts � �kuwxz|kªq�}~����n�oprqts uzuwxzy<sB¨
qtxz{c|Spr�Ps �8�c���7s |~¥{ � pts � �kuwxz|kªZsvuw{ |k��¥k{��<p2|~{vq2�L|~pr�~n��
p��~�L�8�LptpL�¿·¯���D��uwxw��� ��s � { nt�&xw|�q��Luzuwxzªc��|�q�uwo¿¥�<prxwª |~�L¥¿s �¨
�~n�{�s ��}9��s |!o xw��u�¥!�D�8q�q���nJ�D��n���{ n � sv|~��� �"�6sv|~¥{ � p�s � �kuzxw|kª
� sv� x � xzyL�Lp�q�}~���Qs n�x�sv|P�8��{v�~qt}k�7¥ksvqts�pr�Ps �8�c�²·¯���knt{ �D{cp���s
� {cn���kn�xw|~��xz�kuw�L¥¡sv�k�~n�{�s ��}��Dsv�k�kuwo xz|~ª�¥{ � svxw|�� |k{ ¢ uz�<¥ª �qt{6pts � �kuwxz|kªP�Bprx � xzu�svn²q�{6x�¥�<s p��~n�{c�P{�pr�<¥���o ��svxwuw��o�¨ ó �Luzuw{ ªcª
s |~¥��7s � sv� ntxwp�}k|~s |¡ã MBå��

·¯�¿� � �~uz{Bo¦sfq ¢ {v¨©p�q�svªc�¬p�qtntsvq�xz�~�L¥îpts � �kuwxw|kª;q��<��}¨
|~xw���k��xw|¿qt}kxwp¶nt��ª�svn�¥3�¬�©|Zq�}k���Pntprq¶prq��L��� ¢ ��ª �L|k��n�sBqt��s
u�svntª �6|�� � �D��n�{v��n�sv|~¥k{ � p�s � �kuz�<p��J·¯���L|~p��kn��6q�}~svq�q�}k�<pr�
pts � �kuw�Lp�svnt�	p��³´�8xw��|�qtuzo9¥xz§1��nt��|�q���nt{ � qt}k��p�s � �~uz�<p�xw|9qt}k�
qtnts xz|~xz|kª�¥ksvqtsk��µ�}k��p�s � �kuz�<p�svnt�!qt}k��|��knt�k|k�<¥��~p�xw|kª2qt}k�
}~��uw�!{v�~s�¥{ � s xz|9����P�Lnrq<�Qq�{���|��{cnt�����k} oprxw{v¨©��}k� � x���s u �8{c|¨
prq�n�svxw|�qtp�pr�P��}¿s p��8{ � �PsBq�xw�kxwuzxzq�o®�D�8q ¢ ����|¤��}k� � x���s uwpL�¡·¯�
�Ppr��qt}k�!�8u�s ptp�x��~�Lntp ¢ xzq�}�qt}k�9�D�Lprq6�D��n���{ n � s |~�8��qt{´�knt�L¥x��%q
qt}k���uwscp�p6�Bsvuw�k�Lp�{v�Uqt}k�Lp���pts � �kuw�Lp6�~s p��L¥�{ |�qt}k�9qtnts xz|kxw|kª
¥~sBqts~�6µ�}k���8u�s ptprxz�~��n�p��~s nrqtx�qtxz{c|�q�}~�pts � �kuw�Lp7xw|�q�{&n��Lª xw{ |~p



{v�!�8u�s ptp´ñ~�9æ�sv|P¥-ò�î�©|Sq�}k�¯pr�<�8{ |P¥Sp�qt����� ¢ ���D��n���{ n �p�qtntsvq�xz�~�L¥�pts � �kuwxw|kª´{ |�q�}k�n��<pr�kuzqtp�{v�Uqt}k�¶�8u�s ptprxz�~��n�pL��·¡�
�kn�{c�P{�pr�4q ¢ {�p���}k� � �Lp3qt}~sBqU��s |9�D�	�~p��L¥9��{ n�p�qtntsvq�xz�~�L¥p�s � ¨
�kuzxw|kªP�k¥���D��|~¥kxz|kª�{c|�q�}k�9��{ |�q�����q<ý

þ �©|�q�}k�òB¨���uwscp�p�pt��}k� � �c� ¢ �a{B� ��n�¨©p�s � �~uz��n��Lª xw{ |~p	qt}~sBq
svnt�&�~n��<¥xw�8q��<¥®q�{��D���8u�s ptp¶ò�{ n���uwscp�p&æ�sv|~¥¿�k|~¥�Lnr¨
p�s � �kuz��qt}k�an��Lª xw{ |2q�}~svq7xwp��~n��<¥xw�8q��<¥´qt{��P�9��uwscp�p�ñk�

þ �©|�q�}~��MB¨©�8u�s ptp�pt��}k� � � � ¢ �9{B� �Lnr¨©p�s � �kuz��nt��ªcxz{c|~p��knt�8¨
¥x��%q��<¥;qt{¿�D�¡�8u�s ptp�ò®sv|~¥S�k|~¥�Lnr¨©p�s � �kuz��q�}k�¡{vqt}k��n
q ¢ {9��uwscp�p��LpL��µ�}~�7�knt{ �D{ n�q�xw{ |�{v��p�s � �kuz�<p4��}k{�pr�L|!qt}~sBq
svnt�7{v�²��uwscp�p	ñ9x�p�uw�LptpUqt}~sv|´q�}k���knt{ �D{ n�q�xw{ |¶{v�²pts � �kuw�Lp
��}k{cp���|&q�}PsBq��P�Luz{c|kª¶q�{���uwscp�p�æc�

µ�}k�´p�s � �kuz�<¥¡��{ |~¥kx�qtxz{c|~p9svnt�q�}k�L|����L¥¡q�{�s |¯s �q�{ � svq��<¥
n�{c�P{ q�qt}~sBqê��{ |~¥k�~�%q�p q�}k� ����P�Ln�x � ��|�qtp �~p�xw|kª q�}k�<pr�
�8{ |P¥x�qtxz{c|~pL�����kntxz|~ªqt}kx�p��knt{ ���Lptp����{ |~prq�n�svxw|�qtp�{ |�xz|�qt��nt|~svu
�~svn�s � �8qt��n�p���pr�~��}�s p&qt� � �P�Lntsvq��knt��sv|~¥]pr{cuz�~�kxzuwxzq�o à ó p��
�Qs uz�~�Lp�á%�cs n���s �k�kuwxz�<¥3��m	�kn�nt��|�qtuzoc�Bq�}kx�p4�~n�{�8�<p�pJx�p � s |��Psvuwuzo
¥{ |k��� o¿¥{ � svxw|Z��� �D��n�qtpL�f·¡���Ppr��q ¢ {¡� xw|~¥kp�{ �6�~uzq��Lntp
xz|�q�}k�®�~n�{�8�<p�pL��{ |k�¯q�{fnt� � {B� �¡xz|P�8{ � �~svq�xw�kuw����}~� � xw�Lsvu
�8{ � �kxw|~sBqtxz{c|~p�s |~¥�x � �knt{ �Psv�kuw�¬�@sc�%q�{cn�uw���c��u�p à ���k�8�Lptp�xz�c�
�kn��<�8xw�kxzqtsv|�q¿��{ |~����|�q�n�sBqtxz{c|~p���}~xzªc} ü�Î Ë �8{c|~�8�L|cqtntsvq�xw{ |~p
�8qt�<á¶sv|~¥Zqt}k��{vqt}k��n¶qt{®n�� � {B�c����{ |~¥kx�qtxz{c|~p¶q�}PsBq2svnt��|k{vq
� ��nto�|k{B�c��uN�
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�~prxw|kª�qt}k����{ |~¥xzq�xw{ |Pp3��nt{ � q�}k��À6s � �qt{ |a� xzqL�²·¯���Ppr�<¥�q�}k�
�kn�{ q��Lxz|4�	qt�k�s |~¥�q�}~�	uwxz�~xw¥ ¢ scpJû�Òû ÿ °{Ë �Qµ�}~�	nt�Lprq�{ �q�}k�
�8{ |P¥x�qtxz{c|~p ¢ ��nt�7n�sv|~¥k{ � uzo�ª �L|k��n�sBqt�L¥���nt{ � q�}k��¥ksvqtsk��xN� �c�z�
s�nts |~¥{ � �k�§1��n<�~�~n��<�8xw�kx�q�sv|�qL�1sv|P¥�s ¥k¥xzq�xw� � ¢ ��nt�!��}k{�pr�L|
��n�{ � qt}k��p��8q�{v�7�k|~xw���k�&��uw� � ��|�qtpxw|®q�}k��À6s � �q�{c|¬� x�q�p��
Î�s ��}��c�L�%qt{ n ¢ scp9�8{ � �Psvnt�L¥ ¢ xzq�}®qt}k� ÌTÍ ñ�À�s � �q�{c|®� x�q
�8{ |P¥x�qtxz{c|~p�q�{¶�L|~pr�~n���q�}~��nt� ¢ �Ln���|k{´¥�k�~uzx���svq��LpL�

Áxz|~���îqt}k�íqtx � �í��{ n]�8��P�Ln�x � ��|�qtsvq�xw{ |ëx�p�s � s�@�{ n
�P{ qrq�uw��|~�L���2xw|�q�}kx�p�qt�L��}k|~xw���k�c� ¢ �9��}~{cp���qt{��P�Lnr��{cn � pr{ � �
�kn��Luzx � xz|Psvnto6�8��D��ntx � �L|cq�p3�~p�xz|~ª�q�}k���kn��<¥x��%q�xw{ |Pp3{v�ks�p�xz|kªcuz�
�8u�s ptprxz�~��n<�¯·¡����}k{cp��´qt}k��¥�L��xwp�xz{c|¬q�sv�kuw�&��uwscp�p�x��P��n<�4prxw|~�8�
x�q�{ �qt�P�Lnr��{cn � �<¥�svuwu²qt}k��{vq�}~��n�p7��{cn�Mv¨���uwscp�p��8u�s ptprxz�P��svq�xw{ |��
µ�}k��p��8q²{ ����LsBqt�knt�4� �<�%q�{cntp ¢ s p²n��~|�q�}knt{ �kªc}�q�}k��svuwª { ntxzq�} �sv|~¥¶�<s ��}�p�s � �kuz� ¢ scp4s ptprxwª |~�L¥¶s9�8ntop�q�svukn�sBqtxz|~ª~�UÁs � �kuw�Lp
¢ �Ln��a��}k{�pr�L|2qt{¶��{ n7��� �D��ntx � �L|�qtsvu3�Bs uzx�¥ksBqtxz{c|��~prxw|kª¶qt}k�CMB¨
�8u�s ptp�pt��}k� � �c�

·¯��{ �kqtsvxw|k�<¥¯ùcç��8{ |P¥x�qtxz{c|~pasv|P¥¡��{ |~¥�P�%q��<¥��8nto prqts u�¨
uzxwyLsvq�xw{ |��8��D��ntx � ��|�q�p7xw|�{ �kn�uws �P{cntsvq�{ nto��~p�xz|~ª�q�}k�<pr�c��·¡�
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n��<svª �L|�qtp ¢ ��nt�9�knt���~s n��<¥�q�{�pr�D�L��x��~�<¥���{ |~����|�q�n�sBqtxz{c|~p7sv|P¥
�~À à ¢ }k�L|¯s �k�kuwxw�Lsv�kuw�<á6xz|¯}k{c�~pr�c�!µ�}k�¶�knt{vqt��xw| ¢ s p��8{ � ¨
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��}~sv|kx���s u � xz� xw|kªP� ° n�{c�P{ q ¢ s p´q�}k�L|-�~p��L¥Sq�{ � xz�fq�}k�
n��<svª �L|�qtp�sv|~¥�¥x�p��P�L|~pr���D{vqt}�q�}k� ¢ ��uwu��8{c|~¥xzq�xw{ |~p7s |~¥2q�}k�

�~n�{ q���xw|DéBuzxw�kx�¥¿�8{ � �kxw|~svq�xw{ |�� ° uwu7pt�8nt����|Pp ¢ ��nt��pr��q�xz|fù ç
¢ ��uwuk�ku�sBqt�Lp ¢ }kxw��} ¢ ��nt�7p��Lsv|k|~�L¥¶sBq��Bs n�xw{ �~p�qtx � �7xw|�q��Ln��Bsvu�p
��{cn7�8ntop�q�svu�p	�Pprxw|kª�s�uzxwª }�q � xw��n�{�p���{ �D� �

Á xw|~���9q�}~�¥�<�8x�prxw{ |�q�sv�kuw�!��uwscp�p�x��P��n6o xw��u�¥kp6s2�knt�L�8x�p�xz{c|
{ �¡ä Í Ò ��{cn¬q�}~�ÂMv¨���uwscp�p®�~n�{c�kuz� � �2q�sv� xz|~ªís �L�8{ �~|cq¿��{ n
����P�Ln�x � ��|�qts u���ntnt{ n�p�� ¢ �2�8��P�<�%qt�L¥�qt}k�&�~�k�P�Ln�D{ �~|~¥®{ |
qt}k�a| � � �D��n�{v�U�8ntop�q�svu�p�{ �q�svxw|k�L¥&q�{��D�!s n�{c�k|~¥ Ì ñ~��µ²nt�k�
qt{���{cn � ��q�}k�Ln�� ¢ �Ln��ÊM�û���{ |~¥xzq�xw{ |Pp!{ ��q�}k��ù ç�qt}~sBq ¢ �Ln����{c�k|~¥¶qt{9�knt{¥�~�8���8ntop�q�svu�p�� ° � { |kª!q�}k��}kxzqtpL�cqt}k����n�oprqts uwp
n�sv|~ª �L¥�xz|�prxwy����nt{ � ä ñ � xw��n�{c|~p�q�{�ù ñ � xw��n�{c|~p à è xzªc�knt�Lp
M2sv|~¥ Ì á%�7�©|�qt��nt�Lprq�xw|kª uwo �1s´u�svntª �a| � � �P�Ln�{ ��qt}k��|k��ª�sBq�xw� �
qtn�x�svu�p�o xz�Luw¥k�L¥&�kn�{ q��Lxz|��knt�L�8xw�kxzqtsvq��Lp à �8u�s ptp�æ<á8�

100 microns

100 microns

è xwª �knt�ÏM~ý��"y}c�� gu^xf\zy�Z t \ÉRfu}�AU+cTg_]_U��ïu}�&m U+]_g_PS\^PS�9kÁy�Z&e t ]gwu^x+\zy�Z tSt PV³_Z8y}PS�9k$��a"u^x+\zy�Z t \�Z8u}]±g_P u}g t ]KUoPSk���YTP y}]

100 microns

è xwª �knt� Ì ýd°r�&u}]��"y}c��Jgwu^x+\zy�Z t \�R+u}�AUfcfg_]KU��ïu}�&mÂU+]_g_PS\^PS�9kCy�Z&e t ]gwu^x+\zy�Z tSt PV³_Z8y}PS�9k$��a"u^x+\zy�Z t \�Z8u}]±g_P u}g t ]KUoPSk���YTP y}]
·¯�¬qt�Lprq��L¥�{c�kn��L|~pr� � �kuw�ZòB¨���uwscp�p���uwscp�p�xz�~��n�{c|�q�}kx�p

p��8q�{v�9��� �D��ntx � �L|�qtsvuwuwof¥k�8q��Ln � xw|k�L¥-p�s � �~uz�<p��ð·;}k��| ¢ �



�~pr�<¥¶q�}~���L|~pr� � �kuw�6{c|�q�}~��ù ç�8{c|~¥xzq�xw{ |~pL� ¢ �6{c�qts xz|~�L¥�æ9M
�P{�prxzq�xw� ���knt�L¥x��%qtxz{c|~pL��Á xw|~�8��qt}k���knt�L��xwp�xz{c|!{ �~q�}~����|~p�� � �kuz�
�8u�s ptprxz�~��n ¢ s p Í çTÒ2� { |P�8��s ªcs xz|2��{ |~p�x�¥��ntxz|~ª!�8��D��ntx � �L|cq�svu
��ntn�{cntpL� ¢ �!�8��P�<�%qt�L¥�qt{´ª ��q��8ntop�q�svu�p�xz|¡sBq � {cprq Í {cn�ù�{ �
q�}k�<pr��q�ntx�svu�p��J·¯� ¢ �Ln����kuw�Lscpr�<¥´qt{�ªc�8q7�8ntop�q�svu�p�xz| Í {v��q�}k�
æ&Mq�ntxws uwpL� è �~nrqt}k��n � { nt� � ¢ � ¢ �Ln����kuw�Lscp�s |cqtuzo&pr�knt�kntxwp��L¥2q�{
{ �q�svxw|2�knt�L��xz�kxzqtsvq��<p à �8u�s ptp�æ<á�xz|&q�}k��|k�Lªcsvq�xw� �7qtn�x�svu�pL�Jµ�}~xwp
xwp��L���kxw�Qs uz�L|�qUq�{!s¶æ<ñ ñTÒ¦�knt�L�8x�p�xz{c|�xw|¶q�}~��òQ¨©�8u�s ptpUp�����|~s n�xw{~�
Ë xz�c��|Zq�}~svq�q�}k��| � � �P�Ln´{v���8nto prqts uwp¶ªc��|k�Lnts uzuwo®{ �kqtsvxw|k�<¥
��n�{ � ��n�oprqts uzuwxzy<sBqtxz{c|�p���n��L��|~p�svnt�!� �Ln�o&��� ¢ sv|~¥�q�}k�!q�ntxws uwp
q�o��~xw�Lsvuwuzo��8{c|~pr� � �&s�u�svntª �´s � {c�k|�q!{v��qtx � � �U{c�kn!nt�Lp��kuzqtp
svnt���~pr�����kuN��µ�{�xwuzuw�~prq�n�sBqt��q�}kx�pL� ¢ �´�8{ � �~svnt�¶q�}k��sQ� �Lnts ª �
|�� � �D��n4{ �P�D{cp�x�qtxz�c�7p�s � �~uz�<p���n�{ � �Lsc��}{ �Pqt}k�6ä�À6s � �q�{c|
�kn�{ q��Lxz|¨�uwxz�kx�¥]�8{ � �kxw|~sBqtxz{c|~p ¢ xzq�}�{c�kn�n��<pr�kuzqtp��Pprxw|kªZq�}k�
p�s � �~uz�<p��kn��<¥x��%q��<¥2� o2q�}k�C���L��xwp�xz{c|�µ�sv�~uz�a�8u�s ptp�x��~�LnL�Uµ�}k�
¥x�§1��nt��|P�8�7��s |¶�P�7{c�~p���nt� �L¥!xz| è xwª �knt�7ä�JÀ9æ�¨�À�ä�n��L�kn��<pr�L|�q
q�}k��ä��knt{vq��Lxz|k¨Nuwxz�~xw¥���{ � �~xz|~svq�xw{ |~p�xz|´q�}k��À6s � �qt{ |2pt�8nt���L|
��xzqL��µ�}~�&sQ� �Lnts ª ��| � � �D��n�{v���D{cp�x�qtxz�c�2p�s � �kuz�<p�évù ç ¢ ��uwuwp��{ n®svuwu´ä-À�s � �q�{c|ðpt�8nt���L|~p¯xwp�svnt{ �~|~¥íä� ¢ }k�Ln��<s p ¢ ��kn��<¥x��%q�M û��P{�prxzq�xw� �&�8{ |P¥x�qtxz{c|~pa�~p�xw|kª½@��~prq{c|k�2pt�8nt����|®{ �
ù ç¬��{ |~¥xzq�xw{ |Pp��ð·¡� ¢ {c�ku�¥Ssvu�pr{¿uzxw� ��q�{¿�D{ xw|�q&{c�q2qt}~sBq
q�}k���8{ |P¥x�qtxz{c|~p ¢ ��{ �q�svxw|k�L¥ ¢ ��nt�6s ¥k�L���~sBqt��uwo¶|k{B� �Lu ¢ }k�L|�8{ � �~s n��<¥�qt{&qt}k�´�8{c|~¥xzq�xw{ |~p�xw|¡q�}k�´À�s � �q�{c|¡� xzq ¢ }kx���}{B� ��n�¨©p�s � �~uz�<¥¶q�}k�9pts � �ap��~s ��� �
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è xwª �~n��&äký�ad�&m R[Z8u}PS\^�&k e�]y���]w]_kby}YT]4��Z8m Rfy}�9k�\^gwu}]_]_kf\�Z&kTU
�&cfu�Rfu}]_UfPSgwy}]KU4\}Z&m R t ]_\

µ�{ð��{ uwuz{ ¢ ¨��k��� ¢ ��ªc��|k�Lntsvq��L¥ìsí�c��nto u�svntª �]pr��q¤{ �
nts |~¥{ � � �<�%qt{ n�p¬sv|~¥ �Ppr�<¥ { �knZ��|~p�� � �kuw�-�8u�s ptprxz�~�Ln¬q�{
�kn��<¥x��%q9{ |¡q�}~� � �2·¯��{ �q�svxw|k�L¥���uz{�pr��q�{�ò ñ ñ��8{c|~¥xzq�xw{ |~p
�~prxw|kªíq�}k���kn��<¥x��%q�xw{ |Pp¬��nt{ � q�}~�]��uwscp�p�x��P��n<� ·¡�]}~sQ�c�
pr��q!�k��q�ntx�svu�pa{ |�qt}k�Lp��2�8{c|~¥xzq�xw{ |~p!sv|~¥���� �D�L�8q9q�{�{ �q�svxw|
�@sQ� { �~nts �kuz��n��<pr�~u�q�p��� �;� ®���#9�+�d#&#9��=?> «��~na�kn��Luzx � xz|Psvnto�n��<pr�kuzqtpas n��¶�L|~�8{c�knr¨
svª xw|kªP�²À7{ ¢ ���c��n<�Lxzq�x�p�x � �D{ n�qtsv|�q�q�{�|k{vqt�	p�{ � ��uwx � xzqtsvq�xw{ |~p
q�{�q�}~xwpp�qt�~¥o ��·;}kxwuz�&sv�k�kuwo xz|~ª�¥ksBq�s � xw|kxw|kª�svuwª {cn�xzq�} � p
q�{9�k�~xzu�¥ � {¥��u�pU��{cn	�8ntop�q�svuwuzxwyLsvq�xw{ |��8{c|~¥xzq�xw{ |~p��knt�L¥x��%qtxz{c|
xwp7s¶ªc{ { ¥�s �k�knt{cs ��}�sv|P¥&�~n�{B� x�¥�Lp � sv| o&�P�L|k�8�kq�p�� ¢ �9svnt�

uwx � xzq�xw|kª�{ �kn�p���uw� �Lp4��o¶�~p�xw|kª!qt}k��À6s � �qt{ |2��n�oprqts uzuwxzy<sBqtxz{c|
¥~sBqtscpr��q ¢ }kxw��}î¥k{��<p�|k{ q�n��L�kn��<pr�L|�q�s¤qtn��~uzo�nts |~¥{ � { n
�L� �L|kuzo&¥xwprq�ntxw�k�q��<¥�p�s � �~uz��{v��q�}k�9��n�oprqts uzuwxzy<sBqtxz{c|&p��~s ��� �

è { n�xw|~p�q�sv|~��� � qt}k�9À6s � �kq�{ |�� x�q6��{ |�qts xz|Pp���n�oprqts uzuwxzy<sB¨
qtxz{c|fq�ntxws uwp2xz|k��{ n � svq�xw{ |f��{cn2qt}kn��L���knt{vqt��xw|~p��ð�6p�xz|kª¬q�}kx�p
xw|��{cn � sBqtxz{c|�� ¢ ���Lsv|f�knt�L¥x��%q��8{ |P¥x�qtxz{c|~p¶��{cn´{ |kuwoZq�}k�<pr�
qt}knt�����knt{vq��Lxz|Pp��4Á xw|~�8�9¥kx�§1��nt��|�q��knt{vq��Lxz|Pp�n��<s �%q7¥xz§1��nt��|�q�uwo
qt{¬qt}k�¯pts � �¯�8{ |P¥x�qtxz{c|��7xzq � sQo¤|k{vq��kn�s �8q�x���svu6q�{ � s � �
�~n��<¥xw�8q�xw{ |~p���{ n7{ q�}k�Ln7�knt{vq��Lxz|Pp���µ�}k�9p�s � �a}k{ u�¥kp�qtn��~����{ n
qt}k�!��}k� � xw�Lsvu�p�q�}~svq6}~sQ�c�a�P�L��|��~p��L¥3��·¯�!��s |��8nt�Lsvq��a|k� ¢��{ � �kxz|PsBq�xw{ |Pp�{v��q�}k�<pr�´��}k� � xw�Lsvu�pasv|~¥¯�knt�L¥x��%qa��{cnaq�}~� � �
À6{ ¢ �L� �LnL�Bxzq4xwp4x � �D{cptprxw�kuw��q�{a�knt�L¥kxw�8qU��{ n4p��8qtp4{v�3��}k� � x���svu�p
qt}~sBq7}PsQ� ��|k{vq��P�L��|��~p��L¥�xw|�q�}k�9¥ksvqtscpr��qL�	µ�} �~pL�qt{´s �����¨
n�sBqt��uwo¡pts � �kuw��x�qxwpax � �P{cnrq�sv|�q9qt{�¥���c��uw{ �®s�p���n��L��|¯q�}PsBq
��{B� �Lntp�q�}k���L|cqtxznt��pr�~sc�8�c���©|q�}kx�p ¢ { nt�D� ¢ ��s ¥�c{ �LsBqt��s |xw|¨
��n�� � ��|�qts uksv�k�knt{csc��}9qt{�qt}kx�pU�knt{ �kuw� � � ¢ xzq�}¶�<s ��}�x�qt��n�sBq�xw{ |
{ ��qt}k��uz{ {c��uw�Ls ¥kxz|kª��~pap�uw{ ¢ uzo�qt{ ¢ s nt¥kp�ªcn��L��|k�Ln��Ps prq��knt�Lp
��{cn7p�s � �kuzxw|kªP�

° n��Luwsvq��L¥¶x�ptpr�k�6xwp4q�}k��uws n�ªc�7s � { �k|�q�{ �3q�x � �6nt�L���kxwn��<¥
��{cn-��� �D��ntx � �L|�qtsBqtxz{c|�� ���Lp��kxzq��ðn����~|k� � �L|cq�p-{B�c��n;qt}k�
oc�Ls ntpL��qt}kxwp�prq�xwuzu�n�� � svxw|~paqt}k�2ªcn��<sBq��<p�q�P{ qrq�uw��|~�L���¯xz|®qt}k�
��n�oprqts uzuwxzy<sBqtxz{c|ð�knt{�8�<p�pL� µ�}kx�p � xz|~x � xwy��Lp¬q�}k��s � { �k|�q
{ �6�8��D��ntx � �L|cq�svu��Bsvuwxw¥ksvq�xw{ |®qt}~sBq���s |¿�D�&�D��n���{ n � �L¥3���©|
{c�kn ¢ { nt�D� ¢ �®}~sQ� �¯qtn�xw�L¥]qt{ � xw|kx � xzyL�®q�}k�¿|�� � �D��n�{ �
��{ |~¥kx�qtxz{c|~p�q�{��D�¶q��<p�qt�L¥®s |~¥�¥�L��n��<s p��qt}k�¶�@svu�p����P{�prxzq�xw� �
n�sBqt� �

° |�x � �D{ n�qts |�q6{ �~p���nt�BsBqtxz{c| ¢ �9}PsQ� � � s ¥k�9��nt{ � q�}kx�p
prq��P¥o�xwp	qt}~sBq7�8{c| � ��|�qtxz{c|~svuD¥xwprqts |~�8� � �8qtn�x���p���s |k|k{ q�s ¥k�8¨
���~svq��Luzo���sv�kq��knt��q�}k��¥xwprqts |~�8�6�P��q ¢ �L��|�prx � xzu�svn	�8{ |P¥x�qtxz{c|~p
xw|�q�}~�´�knt{vq��Lxz|¬��n�oprqts uzuwxzy<sBqtxz{c|¯p��~s ��� ��µ�}kx�p9x�p9��� x�¥��|P�8�L¥
� o�qt}k�a�D{�{cn��P�Lnr��{cn � s |~�8��{v��q�}k�CÐ6�Ls n��<p�q{Ð7�Lxzªc} �P{cn�s uzªc{v¨
ntxzq�} � ��µ�}kx�p!¥k� � { |~prq�n�sBqt�Lps�|k���<¥���{ n�¥x�p�q�sv|~��� � �8q�ntx���p
qt}~sBq�svnt�2pr�L|~p�x�qtxz�c��q�{�qt}k�&¥k{ � svxw|��Us ppr�kªcª �<p�qt�L¥¯� o ° ªv¨
ª�svn ¢ s u xz| ã�æ�åN� ° p��kxzqtsv�~uz�6¥kxwprqts |~�8�����k|P�%q�xw{ |²�cxw|¶q�}kx�p4�Ls p�� �
¢ { �~uw¥¶|k�L�L¥�qt{!�8{c|~prx�¥�Ln4q�}~�6�k} oprxw{v¨©��}k� � x���s uk��}~svn�s �8q��Ln�x�p�¨
qtxw�Lp�{ ��q�}~��nt�Ls ª ��|�q�p4�~p��L¥´scp ¢ ��uwu1s p��8{ ntnt��u�sBq�xw{ |Pp4�D�8q ¢ ����|qt}k� � �

µ�}k� ¥xz§D�Ln��L|~�8� xz|ê�kn��<�8x�prxw{ |ë�D�8q ¢ ���L| qt}k� òB¨���uwscp�p
��uwscp�p�xz�P��svq�xw{ | sv|~¥ Mv¨���uwscp�p®��uwscp�p�x��D��sBqtxz{c| xz|~¥kxw�LsBq��<p�q�}PsBq
nt��ªcxz{c|~p�q�}~svq¯o xw��u�¥í�knt�L��xz�~x�q�sBq��<p à �8u�s ptpZæ<á¯svnt�Z��uz{�pr�Zq�{
}~{vq9pr�D{vq�p���µ�}kx�p ¢ scp�p��k�k�D{ n�q��<¥�� o�qt}k�¶�@s �8q�qt}~sBq�qt}k�½MB¨
��uwscp�p��8u�s ptp�x��~�Lntp � xwpr¨���uwscp�p�xz�~�L¥´su�svntª �7| � � �P�Ln�{ ��pts � �kuw�Lp
�D��uw{ |~ª xw|kªaq�{��8u�s ptp6æ�s p	�8u�s ptp�ò!p�s � �~uz�<p���Î4�c��|�xw|´q�}~� ¢ �8qu�sv����� �D��ntx � �L|�qtpL� ¢ � ¢ �Ln��9p��knt�kntxwp��L¥&q�{´�~|~¥�q�}PsBq�s�u�svntª �
| � � �P�Ln�{ �	pts � �kuw�Lp��kn��<¥x��%q��<¥�qt{&�D����uwscp�p�ò��D��uw{ |~ª �L¥�q�{
��uwscp�p�æc�4«��~n�{c�~p���nt�Qsvq�xw{ |~p�p��kª ªc�Lprq	qt}k����{ uwuz{ ¢ xw|kª�� xz� ¢ { |
qt}k�a�knt{vqt��xw|���n�oprqtsvuwuwxzy<sBq�xw{ |�pr�Ps �8�cý

þ ° nt�Ls p�����n�q�xwuz����{cn&��n�oprqtsvuwuwxzy<sBq�xw{ | à }~{vq�p��D{vqtp´¨���uwscp�p
ò á¯svnt�Z{ �Ýq��L| ¢ ��uwu´p����~s ntsvq��L¥�� µ�}kx�p�xwp®p�{ � � ¢ }~sBq��� xw¥k��|~���L¥¡��o�qt}k�¶�P{ {cna�P�Lnr��{cn � sv|P�8�!{ ��qt}k��|k�Ls n��<p�q
|k��xwª } �D{ n��8u�s ptprxz�~�LnL�

þ µ�}k�Lp��¤s n��<s p¯svnt�Zp��kntn�{c�k|~¥�<¥¦� oîsvnt�Ls p ¢ }kx���} s n��



|k{vqZª { {¥ ��|k{c�kª } qt{î�knt{ ¥k�~�8�-��n�oprqts uwp®�~�qZo xw��u�¥
�knt�L�8xw�kxzqtsvq��Lp à ��uwscp�p�æ<á%� ° u�svntª ���~s nrq&{v��q�}k�¯pr�Ps �8�
�8{ � �~n�x�pr�<p!{ ��|k{ ¨N}~x�q´svnt�Lscp ¢ }~xw��}¤¥{�|k{vq�o xz�Luw¥¤sv| o
�8ntop�q�svu à ��uwscp�p�ñ�á%�
·¯�&�Lsv|�qt}k��nt�8��{cn���} o �P{ q�}k�<prxwy��´q�}~svq9q�}k���8ntop�q�svuwuzxwyLsv¨
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