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A/BDCFE!GIHKJLBFG�CFMON@P�Q@MSRUT8GIVXW�Y&Z/[]\�G�BD^`_aQ@VXbSc
dXegfihkj�lnmpo*fiqam�rIsut+rIo*hwv!mpfxlzy!{i|}fiq~{if��w�����+fxlp�}|}q��]���~���a���@�@�����5�����!���@���@�a���u���a�

� eKfihwj�lnmpo*fiqam�r�s�t+r�o*hwv!mpfxlzy!{x|�fxqw{if��~�gq~|}��fxlp�n|�mpfi|�m��zmnlpfi{2�am��!�a���] ��¡��¢a�a�I£��~¤i�!¥@�a �¦¡�§���5�§�!�

¨6©«ªi¬i­�®k¯I¬�°*± �~f/²uj�lnmp�´³�r���fxl�µ �geK|}�¶m2jIq~{if6·¸²+³�e8¹�rIq�º�fi|}»I�@mpfi¼½h]rI|}q@m¾�nfxmp�
|}��j�¼!|}�¶m2jIqw{xfKo*f�jI�nv!lpfgº�|�mp�0o6j�qa¿6jIh~hw�}|}{�j�mp|}r�q~�iÀOy@|�q~{ifzmp�~fxlpfKj�lpf8qwrÂÁ@qwr�º�q
fxÃ~j�{xm�j��}»�rIlp|�mp�~o*��mpr8{irIo*hwv~mpf�mp�~f�o*|�q~|}o�vwoÄ²+³�eÅvwqw¼~fxl5mnl2j�qw�¶sÆr�lpo6j�mp|}r�q~�i�
|�mÇ|}�Çv~�nfxsÆv~�ÂmprÈfi�¶mp|}o6j�mpf�mp�wfUo*|�q~|}o�vwo�²�³�eÉvwqk¼!fxl½�Ij�lp|}r�v~�´{i��jI�n�nfi�&rIs
mnl2j�qw�¶sÆr�lpo6j�mp|}r�q~�iÀ]�wr�l�º�fi|}»��ampf�¼0h]r�|}qamz�nf`mp�¾|}q�mp�~f8hw��jIq~f��!º�fKº�|}�}�¡�n�wr�ºÊj*Ë�Ì
j�hwh~lpr�Ã!|}o6j�mp|}r�qUjI�}»�r�lp|�mp�woÍsÆr�l8mnl2jIq~�n�Dj�mp|}r�qw�i��j0Î�ÌÏj�hwh!lpr�Ã!|}o6j�mp|}rIqUj���»IrIlp|�mp�wo
sFrIl�lp|}»�|�¼6o*rImp|}r�q~��jIqw¼0j�q�Ð�ÌÏj�hwh!lpr�Ã!|}o6j�mp|}rIq0j��}»�rIlp|�mp�~oÑsÆr�l��n|�o*|}��j�lp|�m�¿*mnl2jIqw�¶Ì
sFrIlpo6j�mp|}rIqw�iÀ ± �wf+lpv~q@mp|}o*fusÆrIl5mnl2j�qw�n��j�mp|}r�q~�5|��uÒL·ÆÓgÔ¡Õ/Ög·Ø×«ÙnÚ´¹n¹`��mp�wfulpvwqamp|}o*f
r�s�mp�~fÂ��j�mnmpfxlgm�º�r�jI�}»�r�lp|�mp�wo*�g|}�gÒL·Ø×SÚ�Ó Ô¡Õ�Ö ·Ø×«ÙnÚX¹n¹`�wº��wf`lpfÂÓ Ô¡Õ/Ö ·Ø×«ÙnÚ´¹
|}��mp�wfKmp|}o*fKmprL{irIo*hwv~mpfzmp�wf	²�³�eÜÛ]f`mÏº�fxfiq�mÏº+rLÝwÃ!f�¼6º�fi|}»��ampf�¼Xh]rI|}q@m¾�nfxmp�
º�|�mp�U×Þj�qk¼½Úßh]rI|}q@mp�i�Olpfi�nh]fx{xmp|}��fi��¿aÀ�àz�}��mp�wfi�nfLjI�}»�r�lp|}mp�~o*�	j�lpfLÛwjI�nf�¼½r�q&j
o*r�lpf�»�fiq~fxl2jI�~�¶mnlpvw{xmpv!lpf���qwjIo*fi��¿/r�q�lpf`sÆfxlpfiq~{if�h]r�|}qamp�iÀ ± �~|��5�}f�jI¼~�5mpr8fi�}fi»�j�q@m
»Ifiqwfxl2j��}|�áij�mp|}r�q~�5mpr¾�w|}»I�wfxl5¼!|}o*fiqw�n|}r�q~�iÀ�â�fu»�|}��f+j¾{irIo*h~lpfi�~fiqw�n|}��f�¼~|}�n{iv~�n�n|}r�q
r�s«lpfxsÆfxlpfxqw{if8h]rI|�qamp��sÆr�lzº+fi|}»��ampf�¼�h]rI|}q@m��nf`mp��º�|�mp��lpfx�nh]fi{xm�mpr�mp�wfK²+³�e�À

ã äwå¾æ]çOè8é/êÂë¡æOìpè¾å

íKî G�ï¾Q@H`^ îÄð YaE~G�H�ñ ò�óÂCÆò2^xQ@M�W�G�Y!MÊôzGICDõ î ^`GIR?b�Y~CDMw^Çò`G�^iòXCFò´QÈE!GIH`öø÷�ò2G�ù¸÷OB	R]CÆòp^iQ@MSW�G
V�G�Q!ò`÷OHxG�ù¸Y~H�G~[ õ�[«ò î Q!b�G�V´Qa^iW î CDMSõSú«W�Y~BDY~÷OH2û¶üSQ~ò2G�R�CDV´Q@õ~G0HxG�^xH`CFG�EaQ!B�Q!MSRÞV0÷Sò`CFW�ò`W�Y!HxG
VXQ@^xW î CFMOõ�ú�ò`G�G�ý þ�ÿ¶ú�ý �@ÿÏú�ý���ÿ¾Q@M�R?ý�����ÿ�ù¸Y~H�VXY~H`G�CDMOù¸Y!HxVXQ@^`CFY!M5[��SY!H�^ î G�ò2G´Q!bObOBFCFWIQa^`CFY!M�ò
C�^�CFò�÷Sò2G�ù¸÷OBz^`Y î Q�E~G½Q	�w÷OCÆWi_ G�òp^xCDV´Qa^xCDY~MøY!M ^ î G½VXCDMSCDV0÷OV R]CFò2^xQ!MSW�G&ü�G�^pôzGIG�M ^pôgY
ôzGICDõ î ^xGIR�b¡Y!CFM~^+ò2G�^xò5ô î CFW î WIQ@M*ü¡G¾Q!W î CFG�E~GIR�÷OMSROG�H�Q8W�Y!MSò`CÆR]G�HxGIRLW�BÆQ!òxò«Y!ùw^xHxQ!MSò2ù¸Y!HxVXQ@û
^`CFY!MSò�
´[ íKî ÷�òÂôgG6ôKQ@Mw^Â^xY
�SMSR Q@BFõ!Y!HxCD^ î V´òK^xY&W�Y~VXbO÷]^`G�Q@M Q!bObOHxY��]CDV´Qa^xCDY~M�ô î G�HxG
��������������� �"!$#&%('*) VXCFM,+ �$���	�-����./�-!0#1#&23.(4 
65~[ íKî CÆò0bSH`Y~üOBDGIV;ôgQ~ò �SHiò2^
H`GIõ~Q@HiR]G�RXüwöÇZzY î G�M � ý þaÿ # [87ÂG�W�Y!MSò2^`Hx÷SW�^`GIRÇQ@M½CD^`GIHxQ@^`CFE!G9�+BFYaôKû í HxQ!MSò2ù¸Y!HxVXQ@^`CFY!M´Q@BFõ!Y!û
H`CD^ î V�úkô î CÆW îÇî G/bOHxYaE!GIR�^xY�W�Y!MkE!GIH`õ~G!ú@üS÷]^8MOY@^gMOGIW�GIòxò`Q!H`CFBDö0^`Y0^ î G/õ~BDY~üSQ@B�V�CFMOCFV�÷OV�[
: MX^ î CÆò�bSQ!b�GIH�ôgG8ô8CDBFBO^iQ@_!G8Q6ROC<;�G�HxG�Mw^¾Q@bSbOH`YwQ!W î Q@MSR�÷Sò`G	HxG�ù¸GIH`GIMSW�GKb¡Y!CFM~^iò�^xY*õ!G�^¾Q!M
Q@bObOHxY��]CDV´Q@^`CFY!M�Y!M�^ î G8bSH`Y~üOBDGIV�[ íKî GIò`G8b¡Y!CFM~^iò î Q�E~G8Q@BFH`G�Q!R]ö6ü¡G�GIM´CDMw^xH`Y]R]÷SW�GIR�CFM�ý���ÿ
Q@MSRÈý =aÿ«^`Y½W�Y!MSò2^`Hx÷SW�^	Q!bObOHxY��kCFV´Qa^xCDY~MÇQ@BFõ!Y~H`CD^ î V´òzù¸Y!H8V´Q@^xW î CFMOõ´W�Y~V�b�Q!W�^	ò`÷OüSò`G�^iòKY@ù
>@? ÷OMSROG�H�^xHxQ!MSò2BÆQa^xCDY~MSòIúaH`CFõ!CÆR�VXY!^`CFY!MSò�Q!MSRXò2CFVXCDBÆQ@HxCD^pö*^`HiQ@MSò2ù¸Y!HxV´Qa^xCDY~MSò�ô8C�^ î H`G�ò2b¡GIW�^
^`Y*^ î GA7/Q@÷SòxR]Y!H�;¡û¶R]CÆò2^xQ@M�W�G![CBÂBFò`Y�Q!bObOHxY��kCFV´Qa^xCDY~M�Q!BDõ~Y!HxC�^ î V´ò�÷Sò`CDMOõ�H`G�ù¸G�HxG�MSW�G8b�Y~CDMw^xò
ù¸Y!HgVXQ@^xW î CFMOõ0ô8C�^ î HxGIò`b�G�W�^¾^xY6^ î G�BÂH`G�Q*Y@ù@DkökV�VXG�^`HxCFW/óÂC�;¡GIH`GIMSW�G î Q�E~G	ü�GIG�M&õ!CFE!G�Muú
E ± �w|}�¡lpfi�nfij�lp{2�/º�j��«�nvwh~h]rIlnmpf�¼8Ûa¿Kmp�wfueKfiv!mp�n{`�~f+�~rIlp�n{2�!v~qw»I�n»�fio*fi|}q~�n{`�wj�sFm¡º�|}mp�~|}qÂmp�~f+²5v~Ì
lpr�h]f�j�q½»Il2j�¼!vkj�mpf�h~lprI»Il2j�o µ t+r�o/Ûw|}qkj�mprIlp|}{i�i�GFgfirIo*fxmnln¿´j�qk¼Çt+r�o*h~v~m2j�mp|}rIq�µ�·IHzr~À�FKJML
N ÐIÐ�O�ËI¹`À



ò2GIGÞý �@ÿzQ@MSRÄý�� =aÿÏ[ B õ!G�MSG�HiQ@B�R]CÆò`W�÷Sòxò2CFY!M Y@ùKHxG�ù¸G�HxG�M�W�GXb�Y~CDMw^�VXG�^ î Y]ROò6ù¸Y!H6V´Qa^iW î CFMOõ
Q!W�W�Y!HiR]CFMOõ½^xYÇ^ î G
7ÂQ@÷�ò`R]Y~H1;¡ûnR]CFò2^xQ!MSW�G î Q!òLü¡G�GIM õ~CDE~G�MÞCFMÄý<��ÿÏ[,7ÂG�HxG0ôgG0ô8CFBFB�G �k^`GIMSR
^ î GUR]G �SMSC�^xCDY~MÅY@ù	HxG�ù¸GIH`GIMSW�G´b¡Y!CFMw^xò�^`YÞôgG�CFõ î ^`G�R b�Y~CDMw^Xò2G�^xò�Q!MSRøõ~G�^6ù§Q~òp^XW�Y!M�òp^iQ@Mw^
ù§Q!W�^xY!H�Q@bObOHxY��]CDV´Q@^`CFY!M�Q@BFõ!Y!HxCD^ î V´òKù¸Y~HÂV´Qa^iW î CDMSõ½ôzGICDõ î ^`GIR�b¡Y!CFMw^�ò`G�^iò	÷OMSROG�H	^xHxQ!MSò2û
BFQ@^`CFY!MSòIúSHxCDõ~CFRUVXY@^xCDY~MSòÂQ!MSR�ò`CDVXCFBFQ!H`CD^pö½^xHxQ!MSòpù¸Y~H`V´Q@^`CFY!MSò8ô8CD^ î HxGIò`b¡GIW�^Â^`Y´^ î G0ï ð ó�[
�/÷OC�^xG6HxGIW�GIMw^`BFö!ú¡ZgQ!ü�GIBDBFY½G�^�Q@BÏ[ � ý �@ÿ #Kî Q�E~GLü�GIG�MÞôgY!Hx_kCDMOõXY~MÞò2CFVXCDBÆQ@H	bSH`Y~üOBDGIV´ò�[ íKî G
Q!R]EaQ@Mw^iQ@õ!G*Y!ù�Y!÷OHÂQ!bObOHxY~Q~W î CÆò8^ î Qa^/^ î G6HxGIò`÷OBD^xòÂõ!CFE!G�M�WIQ@M�ü¡G�Q@bObSBDCFGIRU^xYÇQ@HxüOCD^`HiQ@Hxö
R]CDVXGIMSò2CFY!M�Q@MSR0R]CÆòp^iQ@MSW�GzVXGIQ~ò2÷SH`GzY!M6^ î Ggõ!HxY!÷OMSR�ò2G�^Iú�G�E~G�M�Y~M6VXY!HxG¾^ î Q@M�^ î GgCFM�^ î CFò
Q@üSò2^`HiQ!W�^KVXGIM~^xCDY~MOGIR�� � ûnR]CFò2^xQ!MSW�G�ò�[ íKî G�HxG�ù¸Y!HxG/^ î G*HxGIò`÷OBD^xò8Q@HxGLô8CFROG�BFöÇQ@bObSBDCÆW�Q!üOBDG~[
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hCY3ikj
D � �HGIGlG �nm�o
N�SZAHipA`f e Pq_rMsW^Y3P]\tBOP]\�> ?uM3\�U
' e 4 >7vw P]Bx_ycVY[ibipAC_xW^Y3\*U3P]\'Q-NOACPRQ5S'B%z
?0AHB`{}|~D#� Jel� P ' eLK A�B9SZA�B%Y3B%M3�7NOACPRQ5S'BXY;h9��z?0AHB�� ? K A�B9SZA�_HACBrYnh�M[�]��NOAHPRQ5S'B%AVU�W^Y3P]\tB�_HACBx_�P]\ >@?�M3\�U�� ?�� � K A�B9SZA�_HACBLYnh�M[�]�
NOACPRQ5S'B%AdU�W^Y3P]\tBO_HAHB�_�P]\�> ?uN
P]B9S-B%Y3B%M3��NOAHPRQFS�B
� 4 > v z
: Mø^ î GÇù¸Y!BFBDYaô8CFMOõÞôgGÇô8CFBFBg÷�ò2GÇQ W�Y~MSò2CÆR]GIH`G�RøW�BÆQ!òxò6Y@ùÂ^`HiQ@MSò2ù¸Y!HxV´Qa^`CFY!M�ò*Y!MÅü¡Y@^ î

ôzGICDõ î ^xGIR�b¡Y!CFM~^¾ò`G�^iò¾Q!MSRXR]CFòxW�HxG�^xG	ò2÷SüSò2G�^xò�Y!ù >@? [��zö�Q�^`HiQ@MSò2ù¸Y!HxV´Qa^xCDY~M0Y~MXQLôgG�CFõ î ^`û
GIRÞb¡Y!CFMw^6ò2G�^�ôgG0VXG�Q@MÞ^xYÇ^xHxQ!MSò2ù¸Y!HxVß^ î G´W�YkY!HiR]CFMSQa^xGIò/Y@ù�^ î G�ôzGICDõ î ^xGIR b�Y~CDMw^xòLQ!MSR
BDG�Q�E!G/^ î GICDH	ôgG�CFõ î ^iòz÷SMSW î Q@MSõ!GIR5[

� G6MSYaôÑCFMw^`HxY]R]÷SW�G6^ î G�W�G�Mw^xG�HÂY!ù�VXQ~ò`òIúSô î CFW î bSBFQ�ö]ò	Q!M�CDVXb¡Y!H`^xQ@Mw^�H`Y~BDG*CFMÞY!÷SH
Q@bObOHxY��]CDV´Q@^`CFY!MøQ@BFõ!Y~H`CD^ î V´òI[ íKî GUW�Y~V�bS÷]^xQ@^`CFY!Mø^xCDVXGÇY!ù8^ î CÆò�b�Y~CDMw^�CFò0BDCFMOG�Q@H�ú�ò`Y CD^
R]YkGIòKMOY!^ÂQ ;�GIW�^8^ î G*Hx÷OMw^`CFV�GLY!ù�^ î G*bOHxGIò`G�Mw^`G�R&Q!BDõ~Y!HxC�^ î V´ò�[
��������������������"p�y�'�*�����#�t���#�^���3254�?�AHB0��D + �gf e ��' e # eI� P ��������� J 5 4�� ?�� � K A�M
NOACPRQ5S'B%AdU-W^Y3P]\tBL_HACB�hCY3i-_HY3� A�� 4 > v z�¡*SZAucVAH\^B%AHi¢Ynh-�£M3_d_¤Ynh
�¥Pq_¦U§Ax¨`\*AVU~M5_
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JeI� P ' e f e z
BÂò´ôgG�ô8CDBFB/ò`G�G~ú�^ î G W�GIM~^xG�H½Y!ù�V´Q~ò`ò´CÆò½Q!M�CDMSò2^xQ!MSW�G�Y!ùLQ VXY~H`G�õ~G�MOGIHxQ!B	W�BÆQ!òxò

Y@ùLVXQ!bObOCFMOõ~òIú�MSQ!VXG�BFö HxG�ù¸GIH`GIMSW�G�b¡Y!CFM~^iò�[�­uQ@^`G�H´ôgG�ô8CFBDB/bOH`YaE~GU^ î GÞW�Y!HxH`G�W�^`MSGIòxòXY@ù
Q@üSò2^`HiQ!W�^/Q@BFõ!Y~H`CD^ î V´ò8ü�Q!ò`GIR�Y!MÞ^ î CÆò/W�BFQ~ò`òÂY@ù�V´Q@bSbOCDMSõ~òI[t�gö&bSBD÷Oõ~õ!CFMOõ½CFM�^ î G�W�G�Mw^`GIH
Y@ù�VXQ~ò`ògôgG*ô8CDBFB5õ~G�^	W�Y~MSW�HxG�^xGLQ!MSR&CDVXbOBFG�VXG�Mw^iQ@üOBFG6Q@BFõ!Y~H`CD^ î V´òI[
������������������®¯";°��'�±���3���7²§�u,������*�3254y6]8%³n<>= ?�ACB�´ K A M�_ba K _HAHB/Y;h�� ?µM[\�U�¶62�´¯·
´#¸ > vw K A£M�U[Pq_bB±M[\�cdA��£AdM3_da�iVAyY[\�´�z�?�AHB@¹I¹ )�¹l¹�2 >@? ¸ > vw K A£M3\^º�\�Y3ib�»Y[\&> ?*z
¼ � MVW1W�P]\'Q ½�2^´¯¸ > ?¾Pq_ cdM3�]�lAdU¢M£¶'T%ipAxhCACiVAC\*cVAXWZY[P]\^B�hCY3iX´¿N
P]B9SÀipAC_>WZAdcHBkB±Y-M�_HACB
Y;h�B>ipM3\^_9hCY3ib� M3B>P�Y3\Z_ 
 Y[\�´�oOP h�B9SZAªhCY3�]�lY[N
P]\�Q�B>NOY�cdY3\*U3P]B>P�Y3\^_XSZY3�IU§Á
³§zXÂkÃHa�P]Ä5M[ibP�M3\�cdA�N
P]B9S-ipAC_>WZAdcHBªB%Y 
 Á�Å0Y[irM3�]� ��4�´»M3\*U�. 4 
 NOAXS^M3Ä3A

½ �-./���A#�#�D ./�9½ �-��#1#bG
Æ zX?�P W�_CcdS'P]B9ÇHTncdY3\^B>P]\^a�P]B>º§Á�¡*SZAHipAyPq_rM�cdY3\^_bB±M[\^B�ÈXÉËÊ�o�_ba^cVS¢B]S^M3B*hCY3iyM[�]��� �"! 4�´yo

¹l¹ ½ �-�A#OÌu½ ��!$#�¹l¹ %ÍÈK)�¶ ��� �"!$#bG
Î-A�cdM3�]��È£B]S^AyÃHa^M3�gP]B>º�Ynh�B]S^A�¶'T%ipAxhCAHipAC\*cdA@W^Y3P]\tB�½Zz



: M0ò`GIW�^xCDY~My��[ �/ôgGzô8CFBDBOW�Y!MSò2^`Hx÷SW�^�Q!bObOHxY��kCFV´Qa^xCDY~M�Q@BFõ!Y~H`CD^ î V´òuù¸Y!H�ò`CDVXCFBFQ!H`CD^`CFGIòI[ �OY~H
^ î CÆò¾HxGIQ~ò2Y~M0ôgG	ô8CFBDB î Q�E~GK^`Y6HxGIòxW�Q!BDG8Y~MOG	Y@ù�^ î GÂôgG�CFõ î ^`G�R�b�Y~CDMw^gò`G�^iò�[��	M]ù¸Y~H2^x÷OMSQ@^`G�BFö!ú
H`G�ò`WIQ@BFCDMOõÈCFMÄQÈôKQ�ö ^ î Q@^´^ î GÞROCFQ!V�G�^`GIHxòXY!ù/^ î G�÷OMSR]GIH`BFökCDMSõÈb¡Y!CFMw^½ò2G�^xò´CFM > ??Q@HxG
G �w÷SQ@BÏú�ROYwG�ò6MOY!^�ôgY!Hx_¡[ íKî G½_!GIö ^xY Q�ôgY!Hx_kCDMOõ�Q!BDõ~Y!HxC�^ î V�CÆò*^xYÞHxGIòxW�Q@BFGX^ î GÇò2G�^0CFM
Q½ôKQ�ö½^ î Qa^�^ î G0MOY!HxV´Q@BFC��IGIR&�SHiòp^/V�Y~VXG�Mw^xò/ô8C�^ î HxGIò`b�G�W�^	^xY½^ î G�CFH/HxG�ù¸GIH`GIMSW�G�b�Y~CDMw^xò
W�Y!CFMSW�CFR]G~[ 7	G�HxG�ôzG/õ!CFE!G	^ î GLôzGIBDB�_kMOYaô8MÇROG �SMOCD^`CFY!MUY@ùu^ î G�MOY!HxV´Q@BFC��IGIR ��Hxò2^gVXY~V�GIMw^
Y@ù�Q0ôgG�CFõ î ^xGIR&b�Y~CDMw^	ò2G�^	ô8C�^ î H`G�ò2b¡GIW�^8^`Y´Q@M�Q@HxüOCD^`HiQ@Hxö´b�Y~CDMw^ f 4 >@? [
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� Y@^xG*^ î Qa^	^ î G6MOY~H`V´Q@BFC���GIR �SHiò2^	V�Y~VXG�Mw^ÂY@ù�Q´ôgG�CFõ î ^xGIRUb�Y~CDMw^/ò`G�^/ô8C�^ î H`G�ò2b¡GIW�^
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�OY!H�^ î G	HxGIò2^�Y@ù¡^ î GÂbSQ@b¡G�H�^ î G	R]CÆòp^iQ@MSW�G8VXGIQ!ò`÷OHxG � ÷Sò2G�R�CDMX^ î GÂR]G��SMOCD^`CFY!MXY@ù�^ î G

ï ð óÜô8CDBFBSü¡G8^ î G	VXG�^`HxCÆW8CDM�R]÷SW�G�RXükö�^ î G	MOY~H`V ÷Sò2G�RXCDMX^ î GÂR]G��SMOCD^`CFY!M´Y!ù¡^ î GÂï ð ó	û
H`G�ù¸G�HxG�MSW�Ggb¡Y!CFMw^I[ ��î GIMXôzY~H`_kCFMOõ/ô8CD^ î ôgG�CFõ î ^`G�R6b¡Y!CFMw^¾ò2G�^xò�CFM > ? ôzGKô8CFBDBOWIQ@BFB > ? ^ î G
õ!HxY!÷OMSR ò2G�^LQ!MSR � 2 > ?�·	> ?¢¸ > vw ^ î GXõ!HxY!÷OMSR�ROCFò2^xQ!MSW�G~[ : ù � CÆò	^ î G´ï�÷SW�BDCÆR]G�Q@MóÂCÆòp^iQ@MSW�G!úkôgGÂô8CFBDB«Q@BÆò`Y6÷Sò`G/ï¾ï ð ó Q!òzQ6MOY!^xQa^xCDY~M½ù¸Y~H¾^ î G/ï¾÷SW�BFCFROGIQ@M&ï¾Q@H`^ î&ð YaE!GIHIñ ò
óÂCÆòp^iQ@MSW�G![ : ù � CÆògQ!Mkö�� � û¶R]CÆò2^xQ@M�W�G/ù¸Y!H�� %Àf %�B ôzG�ô8CDBFB�ô8H`CD^`G ����� � ^`YXR]GIMOY@^xG^ î G6ïzQ@H`^ î�ð YaE!GIHIñ òzó/CÆòp^iQ@MSW�G*üSQ!ò`GIR&Y!M&^ î CÆò	R]CÆò2^xQ@M�W�G*VXGIQ~ò2÷OHxG![
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: M&^ î CÆò	ò2G�W�^xCDY~M&ôgG*R]CFòxW�÷�ò`òg^ î G*G �]CÆòp^xG�MSW�G�Y!ù�ï ð óÂûÏHxG�ù¸GIH`GIMSW�G�b�Y~CDMw^iò�[ � G6ò2^xQ@H`^Kô8C�^ î
Q0MSG�õ~Q@^`CFE!GLHxGIò`÷OB�^�[
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­5G�^ ½ ü¡GgQ!Mkö�HxG�ù¸GIH`GIMSW�Gzb�Y~CDMw^�ô8CD^ î HxGIò`b¡GIW�^+^`YÂ^`HiQ@MSò`BÆQa^`CFY!M�ò�[�T8G�õwQ@HiR]CFMOõ8^ î GgôgG�CFõ î ^xGIR
b�Y~CDMw^¾ò`G�^xò � 2�D + �Rf � � # 5wú ! 2�D + �
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ò2GIGX^ î Q@^ �����	�-��� © #LD �$���	�-!�� © #LD¯Ê Q!MSR ^ î GIH`G�ù¸Y!HxG ½ ���A#rD�½ � © #rD�½ �-!0# [
A/M ^ î GÞY!^ î GIH î Q@M�R«ú ! CÆò½QÈ^`HiQ@M�ò2BÆQa^xCDY~M Y!ù � ükö � Ì¾f��D¥Ê Q@MSR ^ î G�HxG�ù¸Y!HxG!ú�ükö
G �w÷OCFE�Q!H`CÆQ@M�W�G!ú ½ ��!$#�î Q!ò6^`Y ü�GUQ�^`HiQ@MSò`BÆQa^`CFY!M Y!ù ½ ���A# üwö �yÌ¦f ú�ô î CÆW î BFGIQ!RSò*^`Y Q
W�Y!Mw^xHxQ~R]CFW�^`CFY!M5[ íKî GIH`GIükö½ôzG î Q�E~GLbOH`YaE~G�MÇ^ î GLù¸Y~BDBFYaô8CDMSõ�^ î G�Y~H`GIV 2
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P]B9S¾iVAb_>W^AVcHBXB±YÀM3�]�OB>ipM[\Z_9hCY3ib� M3B>P�Y3\~_HACBx_ B]S^M3BXP]\�cH�ga^U§A�B>ipM3\^_d�IM3T
BxP�Y[\Z_Hz

�	M]ù¸Y~H2^x÷OMSQa^xG�BFö!ú íKî G�Y!HxG�V � î Q!ò�Q�R]G�GIbøCDVXbSQ~W�^6Y!M ^ î G½÷SòxQ@üSCDBFC�^pö Y@ùg^ î GÇH`G�ù¸G�H`û
G�MSW�G�b¡Y!CFMw^ÂQ@bObSH`YwQ!W î ù¸Y~H	ò î Q!b�G*V´Q@^xW î CFMOõ´ò2CFMSW�G�CD^	V´Q@_~GIògC�^	CFVXb�Ywò`ò`CFüOBDG�^xY�÷�ò2GL^ î CFò
Q@bObOHxY~Q~W î ù¸Y~H�bSQ!H2^xCFQ!B�V´Qa^iW î CDMSõ Q@bObSBDCÆW�Q@^`CFY!MSòI[ �SY!H�Q�VXY~H`GÇROG�^xQ!CDBFGIRøROCFòxW�÷Sòxò`CDY~MÈY~M
bSQ@H`^`CÆQ@B«V´Qa^iW î CFMOõX÷Sò2CFMOõ ð Q~ò`ò í HxQ!MSò`b�Y~H2^iQa^`CFY!MUóÂCÆò2^xQ@M�W�GIòIúOò`G�G´ý �@ÿÏ[
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: M�^ î G0MOG �k^Lò2G�W�^`CFY!M�ôgG6ô8CFBDB+bOHxGIò`G�Mw^/Q!bObOHxY��kCFV´Qa^xCDY~M�Q!BDõ~Y!HxC�^ î V´òKù¸Y!HÂ^ î G�ï ð ó ÷OM]û
R]G�H/^`HiQ@MSò2ù¸Y!HxV´Qa^xCDY~MSò8÷Sò`CDMSõ&ï ð ó	û¶H`G�ù¸G�HxG�MSW�G6b¡Y!CFM~^iò�[�DkCFMSW�G0^ î CFò/ôzY~÷OBÆR�ü�G�÷Sò`G�BFGIòxò	CDù
^ î GIH`GgôgQ~òuMSY/ï ð ó	û¶H`G�ù¸G�HxG�MSW�G¾b¡Y!CFMw^Iú�ôzGgô8CFBDBkHxGIò2^`HiQ@CFM*^ î GKW�Y~MSò`CFR]GIHxQ@^`CFY!M*^xY/ôgG�CFõ î ^xGIR
b�Y~CDMw^8ò2G�^xògô8C�^ î G �~÷�Q@B¡^`Y!^xQ@B¡ôgG�CFõ î ^I[ : M½^ î CFò8WIQ!ò`G!ú~^ î G�G �w÷OCFEaQ@HxCFQ!MSW�G/Y@ù«^ î G*W�G�Mw^xG�HgY@ù
VXQ~ò`òg÷OM�R]G�H	Q3�XMSG/^xHxQ!MSò2ù¸Y!HxVXQ@^`CFY!MSògCÆòKôzGIBDB�_kMOYaô8M�Q@MSRÇ^ î G�bSH`YkY@ù+Y@ù�^ î G�­5CFbSòxW î CD^$��û
W�Y!Mw^xCDMk÷OCD^pö Q!bOb�G�Q@HxGIRÄQ@BFHxGIQ!ROö?CFM ý þaÿÏ[ íKî G�HxG�ù¸Y~H`G�ôgG W�Q!MÄù¸Y!HxV�÷OBÆQa^xG�^ î G�ù¸Y~BDBFYaô8CFMOõ
^ î GIY!HxG�V 2
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�Âò`CDMOõ�^ î G�W�GIM~^xG�HzY@ù5V´Q!òxò�^xY�W�Y~MSòp^xH`÷�W�^zCFVXbOBFG�VXG�Mw^xQ!üOBFG/Q@BFõ!Y~H`CD^ î VXò�HxQ!CFò`GIò�^ î G �~÷SGIò2û
^`CFY!MUC�ù+^ î GIH`GLCÆò8Q�ü¡G�^`^`GIH	H`G�ù¸G�HxG�MSW�G/b¡Y!CFMw^I[ � G*W�Q@MUbOHxYaE!G/^ î Q@^K^ î G*W�GIMw^`G�H8Y!ù�V´Q!òxògCFò
Y!b]^xCDV´Q@B�CFMÞ^ î G�ò`G�M�W�G0^ î Q@^/^ î G�HxG0CÆò�MOYÇHxG�ù¸GIH`GIMSW�G0b�Y~CDMw^*CFMSR]÷SW�CDMOõ�Q½ü¡G�^`^`GIH �w÷SQ!BDCD^pö![
�z÷O^ÂôzG0R]Y´MOY@^/_wMSYaôÑò`YXù§Q@H	CDù�^ î GIH`G�CFò/QXH`G�ù¸G�HxG�MSW�G*b�Y~CDMw^ÂCFMSR]÷SW�CDMSõÇQ@bObSH`Y��]CFVXQ@^`CFY!M
Q@BFõ!Y!HxCD^ î V´ògô8C�^ î QXü�G�^2^`GIHÂQ@bSbOH`Y��]CFV´Qa^`CFY!M½ù§Q!W�^xY!H�[
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íKî GKù¸Y!BFBDYaô8CFMOõ�^ î H`GIGKò`GIW�^`CFY!MSò�Q!H`GKY~H`õwQ@MOC���G�R�Q!ò+ù¸Y~BDBFYaô	ò 2 : M�G�Q!W î ò2G�W�^xCDY~M�ôgG8W�Y~MSò2CÆR]GIH
QÇW�BÆQ!òxò/Y@ù�^xHxQ!MSòpù¸Y~H`V´Q@^`CFY!MSòIú�W�Y!MSò2^`Hx÷SW�^LQ@M Q!bObOHxY��]CDV´Qa^xCDY~MÞQ@BFõ!Y~H`CD^ î Vßù¸Y!HLV´Qa^iW î CFMOõ
÷OMSR]GIH�^ î GIò`GÇ^xHxQ!MSò2ù¸Y!HxVXQ@^`CFY!MSò6ù¸Y!H�õ!GIMOG�HiQ@Bgï ð óÂûÏHxG�ù¸GIH`GIMSW�GÇb�Y~CDMw^xò�Q@M�R �SMSQ!BDBFö ÷Sò`G
^ î G6W�G�Mw^`GIH8Y@ù�VXQ~ò`òz^xY´õ!G�^	QXW�Y~MSW�HxG�^xG*Q@BFõ!Y!HxCD^ î V�[
�OY!H	^ î G0H`G�òp^ÂY!ù�^ î G0bSQ@b¡G�H/BDG�^ � D + �Rf e ��' e # el� P ��������� J 5~ú !¯D + � � ! �?# ! # ! � P ��������� ' 5 4� ?�� � ü¡G8^pôgY6ôzGICDõ î ^`GIR�b¡Y!CFMw^gò`G�^xò¾CDM½ROCDVXG�M�ò2CFY!M � ô8C�^ î b¡Y~ò`C�^xCDE~G	G �w÷SQ!BO^`Y!^xQ!BSôgG�CFõ î ^

� 4 > v [���BFGIQ~ò2G�ü�G�HxG�VXCDM�R]GIRÇ^ î Q@^K^ î G/ù¸Y!BFBDYaô8CFMOõ�H`G�ò2÷SB�^iògROY0MOY!^ î Y!BÆR½ù¸Y~HgôgG�CFõ î ^xGIR
b�Y~CDMw^*ò2G�^xò�ô8C�^ î ÷SMOG �w÷SQ!B�^xY@^iQ@B�ôzGICDõ î ^I[��O÷OH`^ î G�H�ú¡BFG�^ ½ 2Z� ?�� � ¸ > ? ü¡G�Q!M ï ð ó	û
H`G�ù¸G�HxG�MSW�G´b�Y~CDMw^�ù¸Y~H6ôgG�CFõ î ^`G�R b�Y~CDMw^0ò`G�^iò6ô8CD^ î HxGIò`b�G�W�^6^xY�^ î GUW�Y~MSò2CÆR]GIH`G�RÈW�BFQ~ò`ò6Y@ù
^`HiQ@MSò2ù¸Y!HxV´Qa^`CFY!M�òKô8C�^ î �w÷SQ@BFC�^pö È [�­5G�^������
� ��m # ü¡G*^ î G�^`CFVXG6^`Y&W�Y!VXbO÷O^`G6^ î G�ï ð ó	û
H`G�ù¸G�HxG�MSW�G�b¡Y!CFMw^*Y@ù � ú������! ��m �?� # Q@MSR"�������# �9m �$� # ü¡GX^ î GX^xCDVXGX^`Y�W�Y!VXbO÷]^xG
^ î G ����� Q!MSR � �$��� ü�G�^pôzGIG�M � Q!MSR ! Q@MSR$� �&%�' ��m �?� # ü¡G/^ î G/^`CFVXG/MOGIGIR]G�R´^xY
�SMSR�Q�H`Y!^xQa^xCDY~M)( Q@HxY!÷OMSRUQ$� �]GIRUb¡Y!CFM~^8VXCFMOCDVXC���CFMOõ �����	��� � ( ��!$#�# [
B	M½÷ObSb�GIH¾ü¡Y!÷OMSR½Y!M*�����# ��m �?� # Q!MSR+�������# �9m �?� # CÆò-, ���9m<� # c�BDY~õ ��m/.+� #1#

÷Sò2CFMOõÊQ?ò2^`HxY!MOõ~BDöÊb�Y~BDökMOY~VXCFQ!B/VXCFMOCDV0÷OV�W�Ywòp^$0SYaô>Q@BFõ!Y~H`CD^ î V üköÜA/H`BFCDM � ý 1aÿ # [ : M
bOHxQ~W�^xCFW�G!ú�Q@MÄQ@BFõ!Y~H`CD^ î V ÷�ò2CFMOõ ^ î GÞò`CDVXbOBFG � V�G�^ î Y]R?^`Yøò`Y!BFE!G&^ î G�BFCDMOG�Q@HXbOHxY!õ~HxQ!V
ô8CDBFBzü¡G½ù§Q~òp^xG�H�[ DkCFMSW�G½ôzG&Q@HxGÇR]G�E~G�BFY!bOCFMOõÞQ!bObOHxY��kCFV´Qa^xCDY~M Q!BDõ~Y!HxC�^ î V´ò6Q@MkökôKQ�ö!ú«Y!MSG
W�Q@M W�Y!M�ò2CÆR]G�H0÷Sò`CDMOõÈQ@M � � .�2�# û¶Q!bObOHxY��kCFV´Qa^xCDY~M Q!BDõ~Y!HxC�^ î V�ù¸Y!H0^ î G�ï¾Q!H2^ îÅð YaE!GIHIñ ò
óÂCÆòp^iQ@MSW�G*üköUZgQ@ü¡G�BFBDYXG�^ÂQ@BÏ[ � ý �@ÿ # ô8C�^ î Hx÷OMw^`CFVXG3, � J54
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íKî G��SHxò2^	Q@BFõ!Y~H`CD^ î VÍô8CFBDB ��MSR�Q@M&Q!bObOHxY��]CDV´Qa^xCDY~M´ù¸Y!Hg^ î G6ï ð ó ÷SMSR]G�Hg^xHxQ!MSò2BÆQa^xCDY~MSò 2

B	BFõ!Y!HxCD^ î V ¡�ipM[\Z_b�lM[BxP�Y[\ ¼ W�7 2
�![ÂZzY!VXbO÷O^`G ½ ���A# Q@M�R ½ �-!0# Q@MSRX^xHxQ!MSò`BFQ@^`G ! ükö ½ �-�A#�Ì¢½ �-!0# [Z­uG�^ !38
ü¡GL^ î G*CFV´Q@õ!G�Y@ù ! [

=][ÂA/÷]^xbO÷]^ !38 ^xY!õ!G�^ î GIH�ô8C�^ î ^ î G8Q@bObOHxY��]CDV´Q@^`GzROCFò2^xQ!MSW�G �����	��� �"!38 # [
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P]\�Q�hCY3i�B>ipM3\^_d�IM3B>P�Y3\Z_�N
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� � V´Q � + m �$� 5 #�.
�����# �9m �$� #�#Hz`¡*S'Pq_�S^Y3�lU3_0hCY3isM[i K P]B>ipM[ibºyU3P]� AC\^_bP�Y3\ �-M3\*UrU[Pq_dB%M3\*cdA�� AdM5_ba�ipAsY3\�B9SZA
Q[ipY[a�\�U _CAHB%z

B	bObOBFökCDMSõ*^ î G�W�GIM~^xG�HzY@ù«V´Q!òxò�BFGIQ!RSò�^`Y�^ î G8ù¸Y~BDBFYaô8CFMOõ�W�Y~H`Y~BDBÆQ@Hxö![ íKî GÂQ@bObSH`Y��]CFVXQ@û
^`CFY!MUù§Q!W�^`Y!HKY!ù =0CÆòK^`CFõ î ^IúOQXbSH`YkY@ù�ù¸Y!HK^ î CFòÂW�Q@M�Q@BÆò`Y0ü¡GLù¸Y!÷OM�R&CFMøý <@ÿÏ[

�r�t�3� 


���� �� t4 ¼ � Q�Y3ibP]B9S'� ¡�iVM3\Z_b�lM[BxP�Y[\ ¼ W�7�a'_bP]\�Q�B]S^A£cVAH\^B%AHirY;h�� M5_d_yM5_yM[\¢Â * -rT
ipA�hCAHipAH\�cdALWZY[P]\^B�P]\*U3a^cdAb_�M[\ËMdW§W*ipY:71P]� M3B>P�Y3\�M3� Q1Y[ibP]B]S�� N
P]B]SÍMdW§W�iVY:71P]�£M[BxP�Y[\¤hCM§cHB±Y[i
= z��bBx_�iba�\^B>P]�£ALPq_ , � � ���# ��m �?� #1#�z



�04]� °���(���+Í�#�^�F�������
íKî GKù¸Y!BFBDYaô8CFMOõ*Q@BFõ!Y~H`CD^ î V CFò�QA�SHiò2^¾Q@bObOHxY~Q~W î ^xY�õ~G�^¾Q!M�Q!bObOHxY��kCFV´Qa^xCDY~M�Y!M�^ î G	ï ð ó
÷OMSR]GIH8H`CFõ!CÆRÇVXY!^`CFY!MSòIúOCÏ[ G~[OW�Y!V0üOCFMSQa^xCDY~MSòKY@ù�^`HiQ@MSò`BFQ@^`CFY!MSò8Q!MSR&H`Y!^xQa^xCDY~MSò 2

B	BFõ!Y!HxCD^ î V�� PRQ§P�U	*¦Y[BxP�Y[\ ¼ W�7 2
�![ÂZzY!VXbO÷O^`G ½ ���A# Q@M�R ½ �-!0# Q@MSRX^xHxQ!MSò`BFQ@^`G ! ükö ½ �-�A#�Ì¢½ �-!0# [Z­uG�^ !38
ü¡GL^ î G*CFV´Q@õ!G�Y@ù ! [

=][/�+CDM�R�Q@M�Y!bO^`CFVXQ!B	V´Qa^iW î CDMSõÅY@ù � Q!MSR ! 8 ÷OMSR]GIHÇHxY@^xQ@^`CFY!MSòXY!ù ! 8
Q@HxY!÷SMSR ½ �-��# [*­5G�^ !!8 8 ü¡GL^ î G*CFV´Q@õ!G�Y@ù !38 ÷OMSR]GIHK^ î CÆò8HxY@^xQ@^`CFY!M5[

�O[ÂA/÷]^xbO÷]^ !38 8 Q!MSRÇ^ î G6Q!bObOHxY��kCFV´Qa^xG�R]CÆò2^xQ@M�W�G �����	��� �"!38 8 # [

�L)��'�t�3��� ��4 ¼ � Q�Y3ibP]B9S'� � PRQ§P�U	*¦Y3B>P�Y3\ ¼ W�7O¨`\*U5_�M[\ MdW§W*ipY:71P]� M3B%AC�gº�YVW*BxP]� M3��� M3B%cdS'T
P]\�Q�hCY3iªibPRQ[P�Us� Y3B>P�Y3\^_ON
P]B]S�MdW§W�iVY:71P]�£M[BxP�Y[\/hCM§cHB±Y[i�È9. � P]\�BxP]� A , � � ���
� � V´Q � + m �$� 5 # .
�����# �9m �$� # . � �&%�' ��m �?� #1#�zL¡�S�Pq_ySZY3�IU5_�hCY3i�M[i K P]B>ipM[ibº¦U3P]� AC\^_dP�Y[\��ËM3\*U¤U3Pq_bB%M3\�cdA
�£AdM5_ba�ipAyY3\ÀB]S^AsQ§ipY3a�\*U£_HAHB±z
�r�t�3� 


���� ����4 ¼ � Q�Y3ibP]B9S'� � PRQ[P�U *¤Y[BxP�Y[\ ¼ W�7�a'_bP]\'Q�B9SZA�cdAH\^B%ACi¦Ynh¤� M5_d_ÀM5_-Â * -rT
ipA�hCAHipAH\�cdAªW^Y3P]\tB`P]\�U[a^cVAC_XM[\¦MVW§W*ipY:71P]� M3B>P�Y3\ÀM[� Q�Y3ibP]B9S'� N
P]B9S-MVW1W�ipY971P]�£M[BxP�Y[\yhCM§cHB%Y3i =
P]\¢BxP]� A , � � �&%�' ��m �?� # . �����# ��m �?� #1#Hzk¡*S'Pq_�SZY[�lU5_
hCY3iLM[i K P]B>ipM3ibº�U[P]�£AH\Z_bP�Y3\��ÀM3\�U
U3Pq_bB±M[\�cdAr�£AdM5_ba�ipA�Y3\ÀB]S^AsQ§ipY[a�\�U�_HAHB@z
DkCDM�W�GU^ î G�b¡Y~ò`CD^`CFY!MÊY@ùÂ^ î GÞï ð ó	û¶H`G�ù¸G�HxG�MSW�G&b¡Y!CFMw^ÇQ!òXHxY@^iQa^`CFY!MÊW�GIM~^xG�H´CÆò0� �]GIR«ú

ò2GIE!G�HiQ@BgR]G�õ~H`GIGIò0Y@ù/ù¸H`GIGIR]Y~V î Q�E!GÇü¡G�GIM GIBDCFVXCDM�Qa^`G�R Q!MSRø^ î GUbOH`Y~üOBFG�V;^`Y �SMSR?^ î G
Y!b]^xCDV´Q@B«HxY@^iQa^xCDY~MÇò î Y!÷OBÆRÇü¡GLGIQ~ò2CFG�Hg^ î Q@M&^ î GLY!MSG9�SM�R]CDMSõ0^ î GLY!b]^xCDV´Q!B«H`CFõ!CÆR½VXY@^xCDY~M
C�^iò2GIB�ùp[ �	MOù¸Y!H`^`÷OMSQ@^`GIBDö~ú�GIE!G�M ù¸Y~H�^ î CÆò�bOHxY!üSBDGIV#MSYÞG �½W�CFG�Mw^´Q@BFõ!Y~H`CD^ î V�CFò0_kMOYaô8M?ò`Y
ù§Q@H�[ íKî G�HxG�ù¸Y~H`GLCD^ÂôgY!÷OBÆRUü�G6MSCFW�G*^`Y î Q�E~G*Qa^	BFGIQ!ò2^ÂQ@MÞQ!bObOHxY��]CDV´Qa^xCDY~M&Q!BDõ~Y!HxC�^ î V ù¸Y~H
^ î CÆò�bOHxY!üOBFG�V�[ : M0^ î G8MOG��k^�BFG�VXV´Q�ôzGgô8CFBDBOõ~CDE~GgQ!M�Q!bObOHxY��]CDV´Qa^xCDY~M*ù¸Y!H+^ î G	ï�÷SW�BDCÆR]G�Q@M
óÂCÆòp^iQ@MSW�G�Q!òg^ î G6õ~H`Y~÷OMSR�R]CÆòp^iQ@MSW�G![ íKî CÆò8HxGIò`÷OBD^	ôgQ~ò	Q@BFH`G�Q!R]öÇbO÷OüOBFCFò î G�R�CDMøý �@ÿ¶[ � G��k^
ôzGUô8CDBFBK÷Sò`G½^ î CFòXBFG�VXV´QÞ^xY G��w^xG�MSRÅ^ î G�HxGIò`÷OBD^�^`Y Q@BFBk� � û¶ROCFò2^xQ!MSW�G�ò�úK� % f %�B [
�	M]ù¸Y~H2^x÷OMSQa^xG�BFö!ú]^ î G6Q@bSbOH`Y��]CFV´Qa^`CFY!M½ù§Q!W�^xY!H8ô8CFBDBuü�G*ôgY!Hiò2G/^ î Q@M	=�ù¸Y!H f
�D =O[
�O��� �µ�¾ �4�?�AHB@����!(4¢� ?¾K A�B>NOY�NOAHPRQ5S'B%AVULW^Y3P]\tB@_CAHBx_LM[\�Usf�� K A£M3\tº�WZY[P]\^B%z�?�ACB
(���� �Rf � # K A¦B]S^A¢_HAHB£Ynh¦M3�]�/iVY3B%M3B>P�Y3\Z_ÀM[ipY3a�\*U f � z�¡*SZAH\!B]S^ACipA¦Pq_¦M¾ipY[B±M[BxP�Y[\ ( 8 4
(���� �Rf � #�_ba^cdS-B9SZM3B ( 8ªM[�gPRQ[\^_`f � M3\*U�M3\tº BxNOY�WZY[P]\^Bx_rY;h/� M[\�U$! oªM[\�U

� �����	��� � ( 8 �-!0#1# % = ) VXCDM
� 0 � %�'
	 ����


� �����	��� � ( ��!$#�#bG

BÂòKVXG�Mw^`CFY!MSGIRÇQ!ü�YaE~G!úkôgG�ô8CFBFB«MOYaô ÷Sò`G�^ î GLBÆQ!ò2^KBFG�VXV´Q�^`YXG �k^`GIMSRÇ^ î G*HxGIò`÷OBD^z^xY
Q@BFBZ� � ûnR]CÆòp^iQ@MSW�GIòIú � %Àf % B [ íKî GKbOHxYkY@ùSCÆò�üSQ~ò2G�R6Y!M0^ î Gzù§Q~W�^�^ î Qa^�ù¸Y!H � %uf �$��% B
Q@MSRUQ@Mkö½E~GIW�^xY!H�� 4 > ? CD^ î Y~BFROòg^ î Qa^ ¹I¹ � ¹I¹ � %�� ��¹l¹ � ¹l¹ � [
�O��� �µ�À��4�?�AHB@����!(4¢� ? K A�B>NOY�NOAHPRQ5S'B%AVULW^Y3P]\tB@_CAHBx_LM[\�Usf � K A£M3\tº�WZY[P]\^B%z�?�ACB
(���� �Rf � # K A¦B]S^A¢_HAHB£Ynh¦M3�]�/iVY3B%M3B>P�Y3\Z_ÀM[ipY3a�\*U f � z�¡*SZAH\!B]S^ACipA¦Pq_¦M¾ipY[B±M[BxP�Y[\ ( 8 4
(���� �Rf � #�_ba^cdS-B9SZM3B ( 8ªM[�gPRQ[\^_`f � M3\*U�M3\tº BxNOY�WZY[P]\^Bx_rY;h/� M[\�U$! oªM[\�U

����� � �-��� ( 8 �-!0#1# % = � � ) VXCDM� 0 � %�'
	 � � 

����� � �-� � ( �-!$#�#bG



� � ����� 
���²1���1
�� � 
x(t�t�3�9�F) � �x����)7��, 
��Z�7� �KQ~ò2G�RøY!M?^ î G�BÆQ!ò2^0^pôgY BFG�VXV´Qa^iQ
ôzGÇQ!H`G½Q!üOBFG´^`Y W�Y!MSò2^`Hx÷SW�^�Q@MÅQ@bSbOH`Y��]CFV´Qa^`CFY!M Q@BFõ!Y~H`CD^ î V>ù¸Y!H�^ î GÇbOH`Y~üOBFG�V#Y@ù �SMSRkû
CDMOõ0Q@MXY!b]^xCDV´Q!BSHxY@^xQ@^`CFY!MXY@ù5QLôgG�CFõ î ^`G�RXb�Y~CDMw^zò`G�^gQ@HxY!÷OMSR0^ î G�CFHzW�Y!CFMSW�CÆR]CFMOõ*H`G�ù¸G�HxG�MSW�G
b�Y~CDMw^xòI[ : M0^ î CÆò�ò2G�W�^xCDY~M0ôgGzô8CFBFBOR]CFòxW�÷�ò`ò+^ î G8W�Q!ò`GgY@ù�ôgG�CFõ î ^xGIR6b¡Y!CFMw^�ò2G�^xò�CFM�^ î GKbOBFQ!MOG![

B	BFõ!Y!HxCD^ î V�� Y3B%M3B>P�Y3\ ¼ W�7
�![ÂZzY!VXbO÷O^`G	^ î GÂVXCFMOCFV�÷OV ����� YaE!G�HzQ@BFB�b¡Y~òxò2CFüOBFG/Q!BDCFõ!MOVXGIM~^iò�Y!ù«^ î G
W�Y~CDM�W�CÆR]CDMSõ�HxG�ù¸GIH`GIMSW�G�b¡Y!CFM~^iò	Q@M�R&Q!Mwö½^pôzYXb¡Y!CFM~^iòKY@ù � Q@MSR ! [

DkCDM�W�GL^ î G�HxGLQ!H`G , ��m<� # b¡Y~òxò`CDüOCFBFC�^xCDG�òg^`Y½Q@BFCFõ!M&^ î G*HxG�ù¸GIH`GIMSW�GLb¡Y!CFM~^ÂQ!MSR�Q@Mkö´^pôgY
b�Y~CDMw^xòÂY@ù � Q!MSR ! ú�^ î G�Hx÷OMw^`CFV�G�Y@ù�^ î CÆò�Q@BFõ!Y!HxCD^ î VßCFò�, �9m<� �����# �9m �$� #�# [ �Âò`CDMSõ
^ î CÆò´Q@BFõ!Y~H`CD^ î V�ú�ôgG&MOYaô õ!G�^½Q!M?GIQ~ò2ö ^xY CDVXbOBFG�VXG�Mw^½Q@M�RÅù§Q~òp^½Q@bSbOH`Y��]CFV´Qa^`CFY!M Q@BDû
õ!Y!HxCD^ î V ù¸Y!HLHxCDõ~CFRÞV�Y!^`CFY!MSòI[<�	M]ù¸Y~H2^x÷OMSQ@^`G�BFö!ú¡^ î G�ù§Q!W�^�^ î Qa^LôzG�MOYaô W�Y!MSò2^`Hx÷SW�^xGIRÞQ!M
CDVXbOBFG�VXG�Mw^iQ@üOBFG&Q!BDõ~Y!HxC�^ î V�V0÷Sò2^0ü¡G&bSQ!CFR üköøQ@M?CDMSW�H`G�Q!ò`GIRøQ!bObOHxY��kCFV´Qa^xCDY~M ù§Q~W�^xY!H�[
��CFõ!÷SH`G �*ò î Yaô	ò8Q@MUCDBFBD÷�òp^xHxQ@^`CFY!MUY@ù+^ î CÆò8Q@BFõ!Y~H`CD^ î V�[

B	BFõ!Y!HxCD^ î V�� PRQ§P�U	*¦Y[BxP�Y[\ ¼ W�7��0_bP]\�Q � Y[B±M[BxP�Y[\ ¼ W�7
�![ÂZzY!VXbO÷O^`G ½ ���A# Q@M�R ½ �-!0# Q@MSRX^xHxQ!MSò`BFQ@^`G ! ükö ½ �-�A#�Ì¢½ �-!0# [Z­uG�^ !38
ü¡GL^ î G*CFV´Q@õ!G�Y@ù ! [

=][/�+CDM�R�Q´ü�G�òp^/VXQ@^xW î CFMOõ´Y!ù � Q@MSR !!8 ÷OMSROG�HÂHxY@^iQa^xCDY~MSò8Y@ù !38 Q@HxY!÷SMSR
½ �-��#�D ½ �-!!8I# ô î GIH`G ½ ���A# Q@MSR?Q@Mkö ^pôgYÞb¡Y!CFMw^xò0CDM � Q@MSR !38 Q@HxG
Q@BFCFõ!MOG�R«[Z­5G�^ !!8 8 ü¡GL^ î G*CFV´Q@õ!G�Y@ù !38 ÷OMSR]GIH8^ î CÆòKHxY@^xQ@^`CFY!M5[

�O[ÂA/÷]^xbO÷]^ !38 8 Q!MSRÇ^ î G6Q!bObOHxY��kCFV´Qa^xG�R]CÆò2^xQ@M�W�G �����	��� �"!38 8 # [
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a 2
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a 2

a 3

a 1

a 3

a 2

a 1

a 3

a 2

Two arbitrary weighted point sets.

After second rotation.

After third rotation.

Now with coinciding reference points.

After first rotation with points on a line.

After fourth, there are two more!
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�L)��'�t�3������4 � A±Q�M3ipU[P]\�QyÂOÂ * - P]\¤B9SZA@W��lM[\�ACo ¼ � Q�Y3ibP]B9S'� � PRQ§P�U	*¦Y[BxP�Y[\ ¼ W�7��0_bP]\�Q§T
� Y3B%M3B>P�Y3\ ¼ W�7�¨O\�U3_¤M[\!MdW§W�iVY:71P]�£M[B±AH�gº�YVW*BxP]� M3�s�£M[B±cdS'P]\'Q-hCY3i¤ibPRQ§P�U~�£Y[BxP�Y[\Z_¢N
P]B]S
MVW§W*ipY:71P]� M3B>P�Y3\rhCM1cCB%Y3i = �xÈ . � #sP]\-BxP]� A , � � �&�
� � V´QC�G+ m �?� 5 #�.-m<� � �����# �9m �?� #1#�z

�Âò`CDMOõ ­uG�VXV´Q =0ôgG6W�Q!M&G��w^xG�MSR&^ î G*H`G�ò2÷SB�^K^`Y½Q!BDB�� � ûnR]CÆòp^iQ@MSW�GIò 2
�L)��'�t�3������4 � A±Q�M3ipU[P]\�Q ����� � P]\�B]S^A W*�lM3\*Abo � % f % B�o ¼ � Q�Y3ibP]B9S'� � PRQ[P�U[T
*¤Y[BxP�Y[\ ¼ W�7��0_bP]\�Q � Y[B±M[BxP�Y[\ ¼ W�7/¨O\�U3_XM3\¤MVW1W�ipY971P]�£M[B±AH�gº�YVW*BxP]� M3��� M3B%cdS'P]\�Q/hCY3iXibPRQ[P�U
�£Y[BxP�Y[\Z_�N
P]B9SËMVW1W�ipY971P]�£M[BxP�Y[\ÀhCM§cHB%Y3i = � = �xÈ�. � #�P]\�BxP]� A , � � ���
� � V´Q � + m �?� 5 # .
m<� �����# �� ��m �?� #1#Hz
B	bObOBFCÆW�Qa^xCDY~MÅY@ù8^ î G�W�G�Mw^xG�H�Y@ù	V´Q!òxò0Q~ò0Q!M?ï ð ó	û¶H`G�ù¸G�HxG�MSW�G½b¡Y!CFM~^XBFGIQ!RSò*^`Y ^ î G

ù¸Y!BFBDYaô8CFMOõ´W�Y~H`Y~BDBÆQ@Hxö 2
�r�t�3� 


���� �Ë®�4 ¼ � Q�Y3ibP]B9S'� � PRQ§P�U	*¦Y[BxP�Y[\ ¼ W�7��0_bP]\�Q � Y[B±M[BxP�Y[\ ¼ W�7�a'_dP]\'Q B9SZAycVAH\^B%AHi�Ynh
�£M3_V_rM3_�Â * -rT%ipAxhCACiHAH\�cdAkWZY[P]\^B�P]\�U[a^cVAC_rM3\ÀMdW§W*ipY:71P]� M3B>P�Y3\µM3� Q�Y3ibP]B9S'��N
P]B9S¤MdW§W�iVY:71T
P]�£M[BxP�Y[\LhCM§cHB±Y[i � P]\¤cdM5_HA�Y;hsB]S^A/Â�a^cH�gP�U§AdM3\ -LPq_bB%M3\�cdAXP]\-B9SZAOW��IM3\�ArM3\�U � � = hCY[i�M[\^º
Y3B9SZAHi � � U3Pq_bB±M[\�cdACo � %Àf % B�z��CB�_�iba�\^B>P]� A�Pq_ , �9m<� �����# � �9m �$� #�#Hz
: ML^ î CÆòuò`GIW�^`CFY!M*ôgG î Q�E!G�W�Y!MSò2^`Hx÷SW�^`GIR*Q!bObOHxY��]CDV´Qa^xCDY~M�Q!BDõ~Y!HxC�^ î V´ò�^`YÂV�CFMOCFVXC��IG�^ î G

ï ð ó Y!ùuôzGICDõ î ^`GIRÇb�Y~CDMw^	ò`G�^xòg÷OM�R]G�HKHxCDõ~CFRÇV�Y!^`CFY!MSògCFMÇ^ î GLbOBÆQ@MOG~[ íKî GIò`G�Q!BDõ~Y!HxC�^ î V´ò
î Q�E!G�G�BFG�õwQ@Mw^/õ~G�MOGIHxQ!BDC��IQ@^`CFY!MSòÂ^`Y î CFõ î GIHLROCDVXG�M�ò2CFY!MSòI[ : M W�Q!ò`G�Y@ùzR]CFVXG�MSò`CFY!M �¦É �Oú
^ î GÞQ!bObOHxY��kCFV´Qa^xCDY~MÅù§Q!W�^`Y~H´Y@ù�^ î G�CFVXbOBDGIVXG�Mw^xQ!üOBDGÞQ!BDõ~Y!HxC�^ î V ÷Sò`CDMSõ ^ î GÞW�G�Mw^`GIH´Y@ù
VXQ~ò`ò*Q~ò6QUH`G�ù¸G�HxG�MSW�G´b�Y~CDMw^6CÆò�= ?�� P � � �xÈ�. � # Q!MSR ^ î G½Hx÷OMw^`CFVXG´CFò!, �9m ? �����# # CDù
� D , ��m # úSò`G�G½ý <aÿ¶[

�04q® .0� �µ�

����3�������'�
: MÄ^ î G�ù¸Y~BDBFYaô8CFMOõøôzG bOH`G�ò2GIMw^ÇQ@bObOHxY��]CDV´Q@^`CFY!MÄQ@BFõ!Y!HxCD^ î V´ò�ù¸Y!HÇVXQ@^xW î CFMOõÅôgG�CFõ î ^xGIR
b�Y~CDMw^zò`G�^iò�÷OMSR]GIHzò`CDVXCFBFQ!H`CD^pö*^xHxQ!MSòpù¸Y~H`V´Q@^`CFY!MSòIúaC�[ G![wW�Y~V�üOCFMSQa^xCDY~MSò�Y@ù�^xHxQ!MSò2BÆQa^xCDY~MSòIúaH`Y!û
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