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Å¨ÆtÇ=È?É?ÊSË5È5ÌÎÍ e�ÏSp��3d,Ð�Ñ5Ò�dBÓK�3g�p,²he5��p�gQÔ&��p,¶bd=�h²+p�ghd�Õ;¶beAÖ�¶+Ð?×Øe5²h�Q³Sp.µ;±�¶b¹ÚÙÛ²h±�¶FÜÂÝßÞ=à
n_á�â&ãmäæåæe,g®�bÔ+ÏSp��3d.²=Ð�²hd=d¨ç;èKè5éÚê3ëìëìí�î;ï,é&ðKñ
ò&í�è
ó�ô�ï�õ;ö;÷�l Í ³SdWÏ&±�²3�3g�±�¬
�b�h±�e5¶Áe,å
×®p,²h²3d.²�g�±�²3d.²øg�p�Ô&±�ÏS��i[�3e?ÖFp�g�ÏW�h³bd���eAÖFd=gÚ×®p,²h²3d.².Ð;Ï&ùmúûnÁü&ý�þ ÿ
Ð;ÖH±��h³`�h³bd���e?Ö��
d.²3�ØÙ ²�±�¶FÜ�¬]d.±�¶S¹ªà;l�Þ�� n_á�â&ã äæåæe,g�� «�� Ñ	�5Ò � ÷�l Í ³bd¨ÏS±�²3�3g�±�¬&�b�h±�e5¶ e,åÚe,g�¬&±��
²h±�
=d¨ghd=µ,d.p,��²Øp·×®±�¶S±�×¯�S× ¶bd.p�g���
 à;l��·­�� p,¶SÏ p,¶ ±�¶SqBghd.p,²�±�¶b¹ª¶K�S×¯¬]d=g¯e,å
Ô&��p,¶bd=�h²H±�¶k��p�gh¹,d=gÚe,g�¬&±��h²"ä�Ï����
ÏS��e,¹���� à�÷�l��2¶SÏbd=d.Ïk×Øe,ghd"dBÓK�3g�p,²he5��p�gHÔ&��p,¶bd=�h²
p�ghd Õ;¶beAÖ�¶½e,gh¬&±��h±�¶b¹�¬]d=i,e5¶SÏ Þ ­�� �h³&p,¶½ÖH±��h³&±�¶+Ð;ÖH±��h³½²�±�¹5¶S²Je,å*pN��p�gh¹,d Ô]e,Ô��
�S��p��h±�e5¶·¬]d=i,e5¶SÏ��¨­��"l+jÁdØg�d=Ôoe,g����h³Sd��&g�²3��Ô&��p,¶bd=��e,gh¬&±��h±�¶b¹N¬]d=i,e5¶SÏ��¨­��¯Ð
�h³bdWe5�b�3d=g�×Øe5²h�[e,å��h³bghd=dWÔ&��p,¶Sd=�h²¯p�ghe5�&¶SÏ �	�"!Jp,¶SqBg�±�l Í ³bd=g�d¨±�²�p,¶ e,¬KµK±�e5�S²
��p,qhÕ_e,å4×®p,²h²h±�µ,d¯Ô&��p,¶bd=�h²[ä�n#� � n_á�â&ã0÷Úe,gh¬&±��h±�¶b¹®ÖH±��h³&±�¶_à;l��`­��"Ð+±�¶&ÏS±�q=p��$�
±�¶b¹®�h³&p����h³bd[×®±�¹,g�p��h±�e5¶_×Ød.q�³Sp,¶S±�²h× ±�²Úd.±��h³bd=g�±�¶Sd&%Nq=±�d.¶ì�Úe,g��3eKe¨d&%Nq=±�d.¶ì�Håæe,g
�h³bd.×kl Í ³bdFe,gh¬&±��hp,�ìd.q=qBd.¶ì�3g�±�q=±��h±�d.²*e,å
p,���ìdBÓ;�3g�p,²3e5��p�g*Ô&��p,¶bd=�h²*p�ghdJ²3Ô&ghd.p,ÏØ¶bd.p�g���i
�S¶S±�åæe,g�×®��i åæghe5×(')
 à �3e à;l¿ÒìÐ�±�¶&ÏS±�q=p��h±�¶b¹0�h³Sp��k²3e5×Ød ghe,¬&�&²3�¨×®d.q�³Sp,¶S±�²h×
qBe5×®×Øe5¶S��i[e;q=q=�bg�²4�h³Sp��4Ô
�S×ØÔ&²*�h³SdÚd.q=qBd.¶��3g�±�q=±��h±�d.²=l�!J���bd.²*�3e¯�h³S±�²4×®d.q�³Sp,¶S±�²h×
qBe5×ØdØåæghe5× �h³bdØ×¯�S���h±�Ô&��d+*�Ô&��p,¶bd=�H²3i;²3�3d.×®²$e,åøÖH³S±�q�³0Þ=àkp�ghd�Õ;¶beAÖ�¶+l °be5�bg�e,å
�h³bd.²3d�²3iK²h�3d.×®²4g�d=µ,d.p,�
²3d.q=�&��p�gøp,¶SÏ¨×Ød.p,¶`×Øe,�h±�e5¶`ghd.²3e5¶Sp,¶SqBd.²øÖH³S±���dJ�h³bdHe,�h³Sd=g
Ô&��p,¶bd=�hp�g�i ²hiK²3�3d.×N²"p�ghd-,3³S±�d=g�p�g�q�³S±�q=p,�/.;Ð�qBe5¶S²h±�²3�h±�¶b¹ke,å�ÖH±�ÏSd.��i·²hd=Ô&p�g�p��3d.Ï0e,g0�
¬&±��h²=l Í ³Sd.²3d`��ÖøeÁ²3i;²3�3d.× p�g�q�³S±��3d.qB�h�bg�d.²Ø×®p.i0ghd.²h�S���¯åwg�e5×Û×[�S���h±�Ô&��d®Ô&��p,¶bd=�h²
×®±�¹,g�p��h±�¶b¹Á±�¶ p µK±�²�qBe5�S²�ÏS±�²3Õ ²he5×Ød=�h±�×Ød.²®��d.p,ÏS±�¶b¹·�3eÁ�h³bd.±�g®×[�b�h�Sp,�Jq=p�ÔS�h�Sghd
±�¶¨ghd.²3e5¶Sp,¶&qBd.²=lF´;�b¬
²3d�1ì�Sd.¶��Fd.q=qBd.¶��3g�±�q=±��!i¨Ô&�S×®Ô&±�¶b¹[p,¶SÏWe,�h³bd=gJÔ]d=gh�h�bgh¬
p��h±�e5¶S²
×®p.i¨ghd.²h�&���J±�¶Wq=��e5²3d�d.¶SqBe5�S¶ì�3d=g�²Ú��d.p,ÏS±�¶b¹[�3e®²hq=p��3�3d=g�±�¶S¹®p,¶SÏWd322d.qB�h±�e5¶ke,åtÔ
��p,¶4�
d=�h²=l Í ³&±�²H²hqBd.¶&p�g�±�eNÖFe5�S��Ï½dBÓKÔ&��p,±�¶½�h³bd¯ghd.²3e5¶Sp,¶&qBd.²�qBe5×N×Øe5¶S��ik²3d=d.¶·p,¶SÏª�h³bd
d.q=qBd.¶��3g�±�qWe,gh¬&±��h²[qBe5×®×Øe5¶ p,×®e5¶b¹�²h±�¶b¹5��dNÔ&��p,¶Sd=�h²=l�°�±�¶Sp,����i,Ð��h³bd=g�dWp�g�dW±�¶SÏS±5�
q=p��h±�e5¶S²$e,åFp¨��d.²h²�Ôod=g��h�bgh¬]d.Ï_Ô]e,Ô&�&��p��h±�e5¶½e,åø¹5±�p,¶ì��Ô
��p,¶bd=�h²�p��6�7*
Þ=à½­�� �h³&p��
Öøe5�&��ÏW¬]d��h³bd p,¶Sp,��e,¹5²He,åÂe5�SgH²3e5��p�gH²hiK²3�3d.×½l
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­�²øe,å��$qB�3e,¬]d=g���à,à �KÐb�h³bd=ghd�p�ghd$Ñ5Ò"²3�3ghe5¶S¹"Ô&��p,¶Sd=�øq=p,¶SÏS±�ÏSp��3d.²4e,g�¬&±��h±�¶b¹ °Âc��"n *��!iKÔod
×®p,±�¶¯²3d�1ì�Sd.¶SqBdF²h�hp�g�²=l*­����5ÖFd=ghdFÏ&±�²hqBeAµ,d=g�d.Ï¯¬Ki Ïbd=�3d.qB�h±�¶S¹��h³bdFÖFe,¬S¬&��døe,åb�h³bdF³Se5²3�Â²h�hp�g
p,² ±�¶båæd=ghghd.Ïªåæghe5× ÔSghd.q=±�²hd « e,ÔSÔ&��d=g ×Ød.p,²h�bghd.×®d.¶��h²®äæd,l ¹bl�Ð����b�h��d=g$d=�"p,��l¨Þ.Ñ,Ñ	�5÷�l Í ³bd
×®p 23e,g�±��!iÁe,åHdBÓK�3g�p,²he5��p�g¯Ô
��p,¶bd=�h²[³Sp.µ,dkÙÛ²h±�¶�Ü�Ý �·n_á�â&ã p,¶SÏ0ghd.²h±�ÏSdN±�¶ Ï&±�²3�h±�¶SqB�h��i
¶be5¶ *ìq=±�g�q=�S��p�g¨e,gh¬&±��h² ä�n_p�g�qBi,Ð !Fe;q�³Sg�p,¶! Ûnªp.i,e,g ��à,à,à�÷�l �HÔ+ÏSp��3d.²¨e,å"p,���HÕ;¶beAÖ�¶
Ô&��p,¶bd=�h²Fp,¶SÏ`�h³bd.±�gøe,gh¬&±��hp,�
Ô&p�g�p,×Ød=�3d=g�²øp�ghd�ÔSghe?µK±�Ïbd.ÏNp��#"Âçbèìè�éÚê2ëKë�íìî;ï�é
ðìñ�ò&í5èoóÂô2ï�õKö
l

Í ³Sd�Ïbd&�
¶S±��h±�e5¶`e,åQ�h³bd��3d=g�×kÐ ,2Ô&��p,¶bd=� .Ø±�²�qBe5¶ì�3gheAµ,d=g�²h±�p,�+¬]d.q=p,�S²3d�²3d=µ,d=g�p,�+åwe,g�×®p �
�h±�e5¶ ²hqBd.¶Sp�g�±�e5²$ghd.×®p,±�¶ªµK±�p�¬&��dkäæd,l ¹bl�Ð%$Q±�²h²hp,�bd=g�Þ.Ñ,Ñ	�'&t�Fe5²h² ��à,à,à�÷�l�ù�e5¶bd=�h³bd.��d.²h².Ð+�h³bd
ÏS±�²3�3g�±�¬&�b�h±�e5¶¨e,å�×®p,²�²3d.²�ÏSd.��±�¶bd.p��3d.²H�h³bd Ô&��p,¶Sd=�HÔ]e,Ô&�S��p��h±�e5¶�ä�²3d=d[°�±�¹5�SghdNÞA÷�l Í ³bd }�¾)(
z=x=y�v,xh¥ ¶K�S×¯¬]d=gJe,åtÔ&��p,¶bd=�h²JÏbd.q=��±�¶Sd.²J²3e®Ïbg�p,×®p��h±�q=p,����iNåæghe5× Þ"nªáhâ
ã_�3e+*Nn_áhâ
ã_�h³&p��
pÁ¶be5×®±�¶&p,�F�SÔSÔ]d=g���±�×®±��[åwe,gØÔ
��p,¶bd=�Ø²3�hp��h�S²`q=p,¶ ¬]dW²hd=�®p��_Þ���nªáhâ&ãtÐFqBe5¶ìµ,d.¶S±�d.¶ì�h��i
qBe,ghghd.²3Ô]e5¶SÏ&±�¶b¹[�3e®�h³bd"Ïbd.�S�3d=g�±��S×�*�¬
�bg�¶S±�¶S¹"��±�×®±��=l

Í ³Sghd=dHÔSg�±�×®p�ghi�e,¬&²3d=g�µ
p�¬&��d.²4d.×Ød=g�¹,d�åæghe5× �h³bd « e,Ô&Ô&��d=g�×Ød.p,²h�bghd.×®d.¶��h²#"*Ô
��p,¶bd=�
×®±�¶S±�×¯�S× ×®p,²�²¯ä�Ù ²h±�¶�Ü�÷�Ð&e,gh¬&±��hp,�+Ô]d=g�±�eKÏÁäæd�1K�S±�µ�p,��d.¶��h��i¨²3d.×N±5�!×®p 23e,g�p
Ób±�²=Ð��
ÐSåwg�e5×
��d=Ô&��d=g-,(² �
g�Ï.$tp.Ö�÷�Ð�p,¶SÏß�h³bd_e,gh¬&±��hp,�Hd.q=qBd.¶��3g�±�q=±��!i,Ð '5l Í ³bd½ghd.��p��h±�e5¶S²h³S±�Ô ¬od=��Öød=d.¶
¬]d=�!ÖFd=d.¶0�h³Sd.²3d`�h³Sghd=d`e,¬
²3d=ghµ�p�¬&��d.²[p,¶SÏ �h³Sd.±�g¯ÏS±�²3�3g�±�¬&�S�h±�e5¶ åæ�&¶SqB�h±�e5¶S²¯²h�bghd.��i ghd#/&d.qB�
�h³bd åæe,g�×®p��h±�e5¶kp,¶&Ï½²h�b¬&²hd�1ì�bd.¶ì�ÚÏbi;¶Sp,×®±�q=²�e,åÂdBÓ;�3g�p,²3e5��p�g�Ô&��p,¶bd=�hp�ghiW²3i;²3�3d.×®²=l

Í ³Sd « e,ÔSÔ&��d=gø�3d.q�³S¶&±/1ì�Sd�²h�;f]d=g�²4åwghe5× ¶be,�hp�¬&��d���±�×N±��hp��h±�e5¶S²=l ���4ghd.×®p,±�¶S²4ÏS±/%Nq=�S���
�3e·ÏSd=�3d.qB�ØÔ&��p,¶bd=�h²¯�h³Sp���±�¶SÏS�SqBd`p_ÖFe,¬S¬&��d`e,åH��d.²h²¯�h³Sp,¶ Þ=à × ²Bü�0H±�¶ �h³bd¨³Se5²3�[²h�hp�g
ä�qBe,ghghd.²3Ô]e5¶SÏ&±�¶b¹"�3e®à;l���nªáhâ
ãªp���Þ$­��$÷Fp,¶SÏWp,��²he�Ï&±�%Nq=�S���ø�3eØÏbd=�3d.qB�JÔ&��p,¶bd=�h²�³SpAµK±�¶b¹
p,¶Áe,gh¬&±��hp,�tÔ]d=g�±�eKÏ·eAµ,d=g¨Þ=àWiìgAÐQ��e5¶b¹,d=g��h³Sp,¶ �h³Sd®ÏS�bg�p��h±�e5¶ e,åø�h³bd « e,ÔSÔ&��d=g ²��bghµ,d=i;²=l
Í ³bd�²3�hp��h±�²3�h±�q=p,����ikg�p�ghd[å�p,qBd+*�e5¶Áe,gh¬&±��h²�Ô&��pAike5¶S��i_p¨×®±�¶Se,g�ghe5��d[±�¶ª�h³bd�Ïbd=�3d.qB�hp�¬&±���±��!i
p,¶SÏÁ×®p,²h²$d.²h�h±�×®p��3d.²Nä215e,g�±�²h²3d.¶·d=� p,��l ��à,à,à�÷�lNn_�&���h± *�Ô&��p,¶Sd=��²3i;²3�3d.×®²$e�f]d=g"p,¶be,�h³Sd=g
²3d=��e,å��&²3d=åæ�&�4e,¬&²hd=ghµ
p�¬
��d.²�p,²�ghd.²3e5¶Sp,¶SqBd.²Øp,¶&Ï0¹,g�p.µ;±��hp��h±�e5¶Sp,�Ú±�¶��3d=g�p,qB�h±�e5¶S²[¬od=��Öød=d.¶
�h³bd"×[�S���h±�Ô
��d�Ô
��p,¶bd=�h²J×[�S²3�H²3�3d.× åwghe5× pØghd.²3�3g�±�qB�3d.Ï½²3d=�Úe,åÂåwe,g�×®p��h±�e5¶kÔ&p��h³&²=l

°S�&¶SÏSp,×Ød.¶ì�hp,� 1K�bd.²3�h±�e5¶&²Úghd.×®p,±�¶½ghd=¹5p�g�Ï&±�¶b¹®�h³bd¯e,g�±�¹5±�¶½e,å*�h³bd"qBe5¶S²h±�Ïbd=g�p�¬&��d"e,g0�
¬&±��hp,�+d.q=qBd.¶ì�3g�±�q=±��h±�d.²�p,¶&Ï½�h³bd[²3�3d=d=ÔªÔ
��p,¶bd=�H×®p,²�²�ÏS±�²3�3g�±�¬&�S�h±�e5¶+l Í ³Sd"Ïbi;¶Sp,×®±�q=p,�+Ô&ghe �
qBd.²h²3d.²��h³&p�� ��d.p,Ï �3e½ghd.²3e5¶&p,¶SqBd.²$ghd.×®p,±�¶Á�&¶SÏbd=g�²3�h�SÏbi,l3��d=i p,¶��h³bg�e,Ôoe;qBd.¶ì�3g�±�q 1ì�Sd.²$�
�h±�e5¶S²4ghd.×®p,±�¶Øg�d=¹5p�g�ÏS±�¶b¹��h³SdHe;q=q=�bghghd.¶SqBdHe,å 2h�bÔ&±��3d=g$*ì×®p,²h²*Ô
��p,¶bd=�h²��h³&p��4ghd.²3d.×¯¬&��dJe5�Sg
15�bÔ
±��3d=gN±�¶ �h³bdÁ´;e5��p�gW´Ki;²3�3d.× p,¶SÏß�h³Sdªe;q=q=�bghghd.¶&qBd_e,å�d.p�gh�h³ *ì×Np,²h²¨Ô&��p,¶bd=�h²=l Í ³bd
« e,ÔSÔ&��d=gJ²h�bg�µ,d=iK²�³SpAµ,d�¬&p�ghd.��iN��p,²3�3d.ÏW��e5¶b¹[d.¶be5�b¹5³W�3eØÏbd=�3d.qB�Úp 23�SÔ&±��3d=g$*ì×®p,²�²øÔ
��p,¶bd=�
±�¶ p�q=±�g�q=�S��p�gØe,gh¬&±��®p�� �Á­�� �h³Sp��®ÖFe5�S��Ïß²hd=ghµ,d_p,²Np ²h±�¹5¶bÔ]e5²3��e,å�p�²3e5��p�g`²3iK²h�3d.×
p�g�q�³&±��3d.qB�h�bghd,l

�ø��p,¶bd=��ÏS±�²hqBe?µ,d=g�±�d.²Øp�ghdk¶be?Ö Ô&�S²h³S±�¶b¹_±�¶ì�3eÁ²3d=µ,d=g�p,�J¶bd=Ö ghd.p,��×N²�e,åÚÔ&p�g�p,×Ød=�3d=g
²3Ô&p,qBd4"�Ô]d=g�±�e;ÏS²*��e5¶b¹,d=g4�h³Sp,¶_Þ=à"iìg.Ð�Ô&��p,¶bd=�4×Np,²h²3d.²4��d.²h²*�h³Sp,¶½Þ�n�57698*Ðìp,¶SÏ`×¯�S���h±�Ô&��d+*
Ô&��p,¶bd=��p�g�q�³S±��3d.qB�h�Sghd.²=l;:4p�g���i¯ghd.²��S���h²�åæghe5× �h³bd.²3d�¶bd=Ößghd.p,��×N²*ÖH±����K¬]dJÏbd.²hqBg�±�¬od.ÏØ³Sd=ghd,Ð
p,��e5¶b¹ØÖH±��h³k×Øe,ghd"²3d.q=�Sghd"²3�hp��h±�²h�h±�q=p,�+ghd.²h�&���h²�åwg�e5× �h³bd�ÖFd.��� *�e,¬&²3d=g�µ,d.Ï½Ïbe5×®p,±�¶�l
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´Kd=µ,d=g�p,�Âghd.²3d.p�g�q�³ �3d.p,×®²�³SpAµ,dØqBe5¶��3g�±�¬&�b�3d.Ï·�3eW�h³bd[ÏSd=�3d.qB�h±�e5¶ e,å�dBÓ;�3g�p,²3e5��p�g$Ô&��p,¶Sd=�h²=Ð
ÖH±��h³ ×Øe5²3�$åæe5�S¶SÏ·¬Ki_�h³bdNc�d.¶bd=µ�pW�3d.p,× p,¶SÏ·e5�bg$�3d.p,× äæd,l ¹bl�ÐÂ���b�h��d=g�d=��p,��l ��à,à �
¬K&
°�±�²hq�³Sd=g4d=��p,��l ��à,à �'&
´;p,¶��3e5²ød=�øp,��l���à,à �'&4��Ïbghi�d=��p,��l ��à,à �KÐ���à,à �5÷�l���d=ghdHÖFd�±�¶&q=���SÏbd
e5¶S��i½�h³Sd�×®e5²3��²3d.q=�bghd®Ïbd=�3d.qB�h±�e5¶S²$åwg�e5× çbèKè5éÚê2ëKëìí�î;ï�é
ðKñ
ò&í5èoó�ô�ï�õKö
l¯ä�°be,g"dBÓ;p,×ØÔ
��d,Ð
ÖødWdBÓbq=���SÏbd � « *	� �	� ��q�Ð�� « Þ.Ñ	�	�	�	�Á¬ ä����b�h��d=gØd=�Øp,��l-��à,à ��pL& �Hd.¶bg�i,Ð « e5¶Sp,³ì�Sd
 ��p,��±��S¶&p,² ��à,à �5÷�Ð¯p,¶SÏ ²3d=µ,d=g�p,�"e,�h³bd=g_ÏS�b¬
±�e5�S²`Ô&��p,¶bd=�h²=l¿÷ ­�ÔSÔSgheAÓ;±�×®p��3d.��i ��à,à,à
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dN/dM ∝ M −0.70

(M < 8 MJ)

All  Known  Companions
 0 − 15 MJUP

 Butler, Marcy,
 Fischer, Vogt

°�±�¹5�bg�dHÞ�l nªp,²h²Â³S±�²3�3e,¹,g�p,× e,åbp,���ìÑ5ÒÚ²3d.q=�bghd.��i$Õ;¶beAÖ�¶ dBÓ;�3g�p,²3e5��p�gÂÔ&��p,¶bd=�h².l
Í ³Sd4g�±�²hd4�3e$²h×®p,����d=gÂ×®p,²h²3d.²�±�²Âq=��d.p�g���i�µK±�²�±�¬&��d�p,¶SÏ[±�²t¬]d.²3�3* �S�Â¬ìi Ï����
Ï
Ù ú
Ù ü&ý�þ ÿ[åwe,g¯×®p,²h²3d.²¯��d.²h²��h³Sp,¶ *½n á�â&ã lN�4��p,¶bd=�h² ��d.²h² �h³Sp,¶ ÞNn áhâ
ã ²��;fod=g
±�¶&qBe5×ØÔ&��d=�3d.¶bd.²�²=Ðb±�×ØÔ&��i;±�¶b¹�pØ²3�3d=d=Ô]d=gHg�±�²3d�p�åw�3d=g�qBe,ghghd.qB�h±�e5¶�l

¶bd.p�gh¬Ki`°tc �"n ×Np,±�¶W²3d�1ì�Sd.¶SqBd�p,¶SÏW²h�b¬S¹5±�p,¶ì��²3�hp�g�²J³SpAµ,d ¬]d=d.¶¨²��bghµ,d=i,d.Ï+Ðb±�¶Sq=���SÏS±�¶b¹
×Øe5²3�½²h�&q�³ ²3�hp�g�²½ÖH±��h³S±�¶ ��à Ô+q p,¶SÏ¼¬Sg�±�¹5³��3d=gk�h³Sp,¶¼¸ 
 * ×®p�¹bl Í ³Sd « e,ÔSÔ
��d=g
Ô&��p,¶bd=��²h�bg�µ,d=iK²�p�ghd$��d.²h²�qBe5×ØÔ&��d=�3d�åæe,gÚn ÏbÖ�p�ghå�²ø¬]d.q=p,�S²hd�e5¶S��i ��d.qhÕ¨p,¶SÏ`¸H$ Í ³SpAµ,d
²h��%Nq=±�d.¶��Jp�Ô]d=gh�h�bghd��3e®p,q�³&±�d=µ,d"p[ÔSghd.q=±�²�±�e5¶Ne,å �[× ²Bü�0.l �$�Sg � d.qhÕW²h�bghµ,d=i`e,åøÞ���àNn
ÏbÖ�p�ghåæ²H±�²�e5¶S��i �[i,d.p�g�²Hp,��e5¶b¹bl

< Ì � Ì =JIæÊ?�%@ìÈ��ûÊSÇ.Ç�@KÇ
Í ³bd�×®p,²h²FÏS±�²3�3g�±�¬&�b�h±�e5¶�e,å�p,���&ÕK¶SeAÖH¶`dBÓK�3g�p,²3e5��p�g�Ô&��p,¶bd=�h²ø±�²F²h³beAÖ�¶`±�¶`°�±�¹5�bghd"Þ�l Í ³bd
Ô&��p,¶bd=��×®p,²h²ØÏ&±�²3�3g�±�¬
�b�h±�e5¶ ghd=µ,d.p,��²Øp ²h³&p�ghÔ g�±�²3d¨�3eAÖ�p�g�Ï ��e?Öød=g®×®p,²�²3d.²=Ð4Ïbe?ÖH¶ �3eßÞ
n�57698 ä�nªp�g�qBi. ���b�h��d=g ��à,à,à�÷�l ­ �S�®¹5±�µ,d.²¨Ï����
Ï&Ù úÛÙ ü&ý�þ ÿWp,¶SÏ �h³bdªp,qB�h�&p,�
g�±�²3d�±�²4Ô&ghe,¬&p�¬&��i�²3�3d=d=Ô]d=g�¬]d.q=p,�S²3dH�h³Sd���e?Öød.²3�J×®p,²�²4Ô&��p,¶bd=�h²�äæ¬]d.��e?ÖûÞ$n_á�â&ã+÷*ghd.×Np,±�¶
×Øe,ghd"Ï&±�%Nq=�S���F�3eNÏbd=�3d.qB�=l�ù�e,�3d"�h³Sp��Ú�h³Sd « e,Ô&Ô&��d=gH×Ød=�h³SeKÏ½×®d.p,²h�bghd.²Je5¶&��iWÙ ²h±�¶�Ü�Ð
p,¶SÏ ±�¶ª�h³bd[qBe5¶ì�3dBÓ;��e,å��h³bd « e,ÔSÔ&��d=g�ÔSghe,¹,g�p,×N²�ÖFdØ×Ød.p,¶ÁÙ ²�±�¶�Ü�ÖH³bd.¶·Öød[ghd=åæd=g$�3e
Ô&��p,¶bd=��×®p,²h²3d.².l ��eAÖFd=µ,d=g.Ð%15e,g�±�²h²hd.¶_d=��p,��lØä ��à,à,à�÷$³SpAµ,d�²�³beAÖH¶·�h³Sp����h³bdØqBe,ghghd.qB�h±�e5¶
åwe,gø²h±�¶FÜQ±�²�µ,d=ghiØ²h×Np,���Ke5¶®p.µ,d=g�p�¹,d,Ðb²3e��h³SdÚÏS±�²3�h±�¶&qB�h±�e5¶¯±�²*×®±�¶be,g*±�¶Øp�²3�hp��h±�²3�h±�q=p,�S²3d.¶&²3d,l

Í ³Sd¨g�±�²h±�¶b¹ ×®p,²h²NÏS±�²3�3g�±�¬&�b�h±�e5¶0q=p,¶ ¬]dkdBÓK�3g�p�Ô]e5��p��3d.Ï�Ðø²3Ô]d.q=�S��p��h±�µ,d.��i,Ð4�3e ��eAÖFd=g
×®p,²h²3d.².ÐÂ±�×®Ô&��i;±�¶b¹N�h³Sd®dBÓ;±�²3�3d.¶SqBdNe,åJ×Øe,g�dNùHd=Ô&�h�S¶bd+*ì×®p,²h²¯p,¶SÏÁÔ]d=g�³Sp�Ô
²ØÞ=à :4p�g��h³ *
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°�±�¹5�bg�d �Kl :4q=qBd.¶ì�3g�±�q=±���iªµ;²=l"²3d.×N±5�!×®p 23e,g$p
Ób±�²$åæe,g p,���tÕK¶be?ÖH¶ dBÓ;�3g�p,²3e5��p�g
Ô&��p,¶bd=�h²=l¯�ø��p,¶bd=�h²�±�¶ ×[�S���h±�Ô
��d+*�Ô&��p,¶bd=�$²3i;²3�3d.×®²�p�ghd®Ï&±�²3Ô&��pAi,d.Ï·ÖH±��h³ p,²3�3d=g0�
±�²hÕK²=l�:4q=qBd.¶ì�3g�±�q=±��h±�d.²t²hq=p��3�3d=g�¬]d=�!ÖFd=d.¶�à;l(à$p,¶SÏ"à;l¿ÒìÐ5Ö�±��h³"p,¶[p�ÔSÔ&p�ghd.¶ì�t�SÔSÔ]d=g
��±�×®±��*p�� ' 
 à;l¿Ò p,¶SÏNp,¶`±�¶SqBghd.p,²�±�¶b¹ �bÔSÔ]d=g*d.¶ìµ,d.��e,Ô]dH¬]d=�!ÖFd=d.¶���
 à;l�Þ *ìà;l��Kl
�ø��p,¶bd=�h²W±�¶ ×¯�S���h± *�Ô&��p,¶bd=�¨²3i;²3�3d.×®²W³Sp.µ,dÁd.q=qBd.¶ì�3g�±�q=±��h±�d.²k²h±�×®±���p�g®�3e ²h±�¶b¹5��d
Ô&��p,¶bd=�h²=lHä � « *�à ��à �®¬�ÐbÖ�±��h³ ' 
 à;l9Ñ	�KÐ]²h±��h²�e�fÁ�h³bd"Ô&��e,�3�3d.Ïkg�p,¶S¹,d,l¿÷

×®p,²h²$Ô&��p,¶bd=�h²$�h³Sp,¶ �h³bdØ²hp��h�bg�¶S²�p,¶SÏ 23�SÔ&±��3d=g�²�e,¬&²3d=g�µ,d.ÏÁ²3ekåæp�gAl Í ³bd�å�p,±����bg�d"e,åF�h³bd
Ô]eAÖFd=g ��p.Ö �3e½p,Ïbd�1K�Sp��3d.��i �S���h³bdØe,¬&²3d=ghµ,d.ÏÁ×Np,²h²�ÏS±�²3�3g�±�¬&�b�h±�e5¶_p�¬oe?µ,d *kn_á�â&ã ä�²hd=d
°�±�¹5�bghd·ÞA÷ ±�×®Ô&��±�d.²��h³&p��[pªÔ&��p,¶bd=�¯×®p,²h²�²hq=p,��d`dBÓ;±�²h�h²¯p��Øp½åæd=Ö n_á�â&ãtlª­�¬oe?µ,d`�h³&p��
²hq=p,��d,Ð5�h³Sd�×Np,²h²�ÏS±�²3�3g�±�¬&�b�h±�e5¶"åæp,����²Qå�p,²3�3d=g*�h³Sp,¶��h³bd�Ô]eAÖFd=g*��p.Ö"lÂjÁdÚ±�Ïbd.¶��h±�åwi��h³bdJ×®p,²�²
ÏS±�²3�3g�±�¬&�b�h±�e5¶ ²h³SeAÖH¶ß³Sd=ghd½ÖH±��h³ßÔ&��p,¶bd=�h²Nåwe,g�×®d.Ïß±�¶ ÔSg�e,�3e,Ô&��p,¶bd=�hp�ghi ÏS±�²3ÕK²®¬od.q=p,�&²3d
p,���3d=g�¶Sp��h±�µ,dW×®d.q�³Sp,¶S±�²h×®²¯åwe,g��h³bdWåæe,g�×®p��h±�e5¶ e,åH²3�hp�g�²½ä�p,¶SÏ ¬SgheAÖ�¶0ÏbÖ�p�ghå�²�÷"ÏbeÁ¶be,�
ÔSghd.ÏS±�qB�ÚpØg�±�²3d��3e?ÖFp�g�Ï_×®p,²h²hd.²Ú¬]d.��eAÖ Þ"n_á�â&ãÂløù�e5¶bd=�h³bd.��d.²�²=ÐSåæe,gH×®p,²h²3d.²�p�¬]eAµ,d�� *
n_á�â&ã·±���ghd.×®p,±�¶S²FÔ&��p,�S²h±�¬&��dÚ�h³Sp��J¬Sghe?ÖH¶kÏbÖ�p�ghåtqBe5×®Ô&p,¶S±�e5¶S²�p,��²heØe,gh¬&±���²3�hp�g�²�ÖH±��h³S±�¶
� �H­��"l Í ³bdF²3d.×®p,¶ì�h±�qFÏS±�²3�h±�¶&qB�h±�e5¶$¬]d=�!ÖFd=d.¶¯Ô
��p,¶bd=�h²Qp,¶&Ï¯²h�&q�³¯¬SgheAÖ�¶"ÏbÖ�p�ghå�²Qq=p�ghg�±�d.²
��±��3�h��d�×Ød.p,¶&±�¶b¹ØÖH±��h³Se5�b���h³bd"p,²h²3e;q=±�p��3d.Ï_Ô&³�i;²h±�q=p,�]Ô&gheKqBd.²�²3d.²Je,åÂåwe,g�×Np��h±�e5¶+l

< Ì < Ì E$Ë5Ë @L�oÈAÉ��æË �wÈ���@ìÇ
Í ³bdJÕ;¶beAÖ�¶�e,gh¬&±��hp,�bd.q=qBd.¶ì�3g�±�q=±��h±�d.²�p�ghdÚÔ
��e,�3�3d.Ï®p�¹5p,±�¶S²h��²3d.×®±5�!×®p 23e,g4p
Ób±�²�±�¶Ø°�±�¹5�Sghd �Kl
�4��p,¶Sd=�h²øÖ�±��h³S±�¶`à;l(à �Ø­�� p,���
ghd.²h±�Ïbd�±�¶`q=±�g�q=�S��p�gFe,gh¬&±��h²=Ðb��±�Õ,d.��i®p[ghd.²h�S���øe,åQ�h±�Ï&p,�oq=±�g�q=�4�
��p�g�±�
.p��h±�e5¶ª¬Ki_�h³Sd�²h�hp�g.l Í ³Sd[g�d.×®p,±�¶S±�¶S¹NÔ&��p,¶Sd=�h²�dBÓb³S±�¬
±���d.q=qBd.¶ì�3g�±�q=±��h±�d.²�ÏS±�²3�3g�±�¬&�b�3d.Ï
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¶bd.p�g���i �S¶S±�åwe,g�×N��ik¬]d=�!ÖFd=d.¶ à½p,¶SÏ à;l¿Òìl Í ³bd=g�d�±�² p,¶�p�ÔSÔ&p�g�d.¶��"�SÔSÔ]d=g$��±�×®±��$p���'�

à;l¿Ò�p,¶SÏ½p,¶ªp�ÔSÔ&p�ghd.¶ì�J�3ghd.¶SÏ_±�¶W�h³bd �bÔSÔ]d=gJd.¶ìµ,d.��e,Ô]d ¬]d=�!ÖFd=d.¶ � 
 à;l�Þ *ìà;l��`­��"l Í ³bd
²3�hp�g � « *�à ��à � ä�ù�p�d=å�d=�$p,��l ��à,àbÞA÷�³Sp,²Hp`²3�3d.����p�g�qBe5×ØÔ&p,¶S±�e5¶�Ð&Ô]e5²h²h±�¬
��iNghd.²hÔoe5¶&²h±�¬&��d
åwe,g�±��h²JdBÓ;�3ghd.×Ød d.q=qBd.¶ì�3g�±�q=±���ike,åÂà;l9Ñ	�KÐ
e�fÁ�h³bd Ô&��e,�=l

Í ³Sdke,g�±�¹5±�¶ e,å��h³bd½d.q=qBd.¶ì�3g�±�q=±��h±�d.²®åæe,gN²h±�¶b¹5��d¨Ô
��p,¶bd=�h²®±�²Ø¶Se,�®Öød.���Ú�S¶SÏbd=g�²3�3eìe;Ï+l
�4��p,�&²h±�¬&��dÚ×®d.q�³Sp,¶S±�²h×®²�±�¶Sq=���&ÏbdÚ¹,g�pAµK±��hp��h±�e5¶Sp,�]±�¶��3d=g�p,qB�h±�e5¶S²F¬]d=�!ÖFd=d.¶W�h³bd�Ô
��p,¶bd=��p,¶SÏ
e,�h³bd=gWÔ&��p,¶bd=�h².ÐH²3�3d.����p�gWqBe5×ØÔ&p,¶&±�e5¶S²=ÐÚe,gW�h³bd·ÔSghe,�3e,Ô
��p,¶bd=�hp�ghi Ï&±�²3Õ ä � p,²�±�e  Û°be,g�Ï
Þ.Ñ,Ñ	�'&K$Q±�¶� �2ÏSp½Þ.Ñ,Ñ5Ò9&Qnªp�g 
.p�g�±  jÁd.±�ÏSd.¶S²hq�³&±�����±�¶S¹���à,à �'&tc$e5��Ïbghd.±�q�³� ´;p�g�± ��à,à �'&
n_p,��³be,�3g�p ��à,à �5÷�l :4q=qBd.¶ì�3g�±�q=±��!ikÔ&�S×®Ô&±�¶b¹�p,×Øe5¶b¹¨×¯�S���h±�Ô&��d�Ô&��p,¶bd=�h²H±�² 1K�S±��3d�ÔSghe5×N±�²$�
±�¶b¹_ä $Qd=d  �Âd.p,��d ��à,à �'& !�³S±�p,¶b¹bÐS°�±�²�q�³bd=g.Ð? Í ³be5×®×Ød.² ��à,à �'&onªp�g�qBiWd=�Hp,��l���à,àbÞA÷�l

 Histogram of Semimajor Axes
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 97 Planets Total

°�±�¹5�bg�d �Kl « ±�²3�3g�±�¬&�b�h±�e5¶¨e,å*²3d.×®±5�!×Np 22e,gHp
Ó;d.²�p,×Øe5¶b¹®dBÓ;�3g�p,²3e5��p�g�Ô&��p,¶bd=�h²
ä�±�¶"d�1ì�&p,����e,¹$±�¶ì�3d=ghµ
p,��²�÷]²h³be?ÖH±�¶b¹�p�×®±�¶S±�×[�S× p��tà;l���­��"Ð�p,¶SÏ¯pÚg�±�²hd��3eAÖ�p�g�Ï
�[­��¯l���¶SqBe5×®Ô&��d=�3d.¶bd.²h²�±�²�²3d=µ,d=g�d�¬od=i,e5¶&Ï ��­��¯ÐS±�¶SqBg�d.p,²h±�¶b¹¯�h³bd���±�Õ,d.��±�³Seìe;Ï
�h³Sp����h³bd"¶K�S×¯¬od=gHe,å*¹5±�p,¶���Ô&��p,¶bd=�h²H±�¶SqBghd.p,²3d.²�ÖH±��h³_²3d.×®±5�!×®p 23e,g�p
Ó;d.²�åwghe5×
à;l��7* �N­��"l

< Ì��+Ì ��@�� ����� Ê����
ÉNÅ+GK@ìÇ
Í ³bd·ÏS±�²3�3g�±�¬&�b�h±�e5¶ e,å e,gh¬
±��hp,�H²3d.×N±5�!×®p 23e,g`p
Ó;d.²¨±�²N²h³be?ÖH¶ ±�¶ °�±�¹5�bg�d �KÐH²h³be?ÖH±�¶b¹ p
×®±�¶S±�×¯�S× ¶Sd.p�g[à;l��ª­��"ÐÂ±�¶SÏS±�q=p��h±�¶b¹½p½Ô
p,�Sq=±��!iÁe,åJÔ
��p,¶bd=�h²"p��[�h³Sp��[ÏS±�²3�hp,¶SqBd,l Í ³S±�²
×®±�¶S±�×¯�S× ²h�b¹,¹,d.²3�h²$�h³&p����h³Sd�×N±�¹,g�p��h±�e5¶ ×Ød.q�³Sp,¶S±�²h× äæd,l ¹bl�Ð%$t±�¶ªd=�$p,��l®Þ.Ñ,Ñ	�5÷�g�p�ghd.��i
p,����e?ÖH² �h³bd.× �3e·²h�3e,Ô0¶bd.p�g�à;l��½­�� ä215e5¶bd.² d=��p,��l ��à,à �5÷�l Í ³SdN¶ì�&×"¬]d=g e,åJÔ&��p,¶bd=�h²
±�¶SqBghd.p,²hd.²$åwe,g ²3d.×N±5�!×®p 23e,g$p
Ó;d.² ��p�g�¹,d=g��h³Sp,¶Áà;l��W­��"Ð+e5�S���3e �W­��¯l��Fd=i,e5¶SÏ��W­��¯Ð
�h³bd « e,ÔSÔ&��d=g ²��bghµ,d=i;²�³Sp.µ,dN³&p,ÏÁ±�¶Sp,Ïbd�1K�Sp��3d®��±�åæd=�h±�×Ød.²Øä � *¨iKg�÷��3e_²3d.q=�Sghd.��iªÏSd=�3d.qB�
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Ô&��p,¶bd=�h²[±�¶ �h³bd`qBe,ghg�d.²3Ô]e5¶SÏS±�¶b¹5��i·��e5¶S¹_e,gh¬&±��hp,��Ô]d=g�±�e;ÏS²=l �2¶SÏbd=d.Ï+ÐÂ�h³bd=ghdW±�²"ÔoeKe,g�Ïbd �
�3d.qB�hp�¬&±���±��!i�e,å]Ô&��p,¶bd=�h²*åæe,gø²hd.×®±5�!×®p 23e,gøp
Ó;d.²�¹,ghd.p��3d=gF�h³Sp,¶�� ­��¯Ð�ÖH³bd=g�dJÔ&��p,¶bd=�h²*Ö�±��h³
Ù Ý Þªn áhâ
ã p�ghd_q=�bg�ghd.¶��h��i ÏS±/%Nq=�S�����3e0ÏSd=�3d.qB�=ÐÚ¹5±�µ,d.¶ß�h³Sd½ÔSghd.q=±�²�±�e5¶ p,¶SÏ Ï&�bg�p �
�h±�e5¶ªe,å�²h�bghµ,d=i;²=l Í ³K�S²=Ðo°�±�¹5�bghd �®²3�3ghe5¶S¹5��i½±�¶SÏS±�q=p��3d.²Ú�h³bd[dBÓ;±�²3�3d.¶SqBd"e,åøp®g�±�²hd¯±�¶_�h³bd
ÏS±�²3�3g�±�¬&�b�h±�e5¶`e,åÂÔ&��p,¶bd=�h²JÖ�±��h³k±�¶SqBghd.p,²�±�¶b¹�e,gh¬&±��hp,�+Ï&±�²3�hp,¶SqBd�åæghe5× �h³bd¯³be5²3�Ú²3�hp�g.l

�$�SgF²h�Sghµ,d=iØe,å ��à�q�³Sghe5×®²3Ô&³Sd=g�±�q=p,����i 1K�S±�d=��²3�hp�g�²�p�� $Q±�q�Õ+��¬&²3d=ghµ�p��3e,ghiN³&p,²øÔ&ghe �
qBd=d.Ïbd.Ï_²�±�¶SqBdØÞ.Ñ4*5ÒìÐ
p,¶SÏk±�¶SÏbd=d.Ïk²3e5×Ød�Ô
��p,¶bd=�h²J±�¶k��e5¶S¹ *�Ôod=g�±�eKÏ¨e,gh¬
±��h²Jp�ghd�d.×Ød=gh¹5±�¶b¹bÐ
²h�Sq�³0p,² �	� !Jp,¶SqBg�±4Ï p,¶SÏ � Ò �$n_p·q�Ð*¬]e,�h³ ±�¶0²3e5×Ød=ÖH³&p��¯q=±�g�q=�&��p�g"e,gh¬
±��h²=l½­ åæd=Ö
×Øe,ghd[i,d.p�g�²�e,å « e,ÔSÔ&��d=g$×Ød.p,²h�Sghd.×Ød.¶ì�h²�p�g�d[¶bd=d.ÏSd.Ï_�3ekqBe5¶S²3�3g�p,±�¶_�h³Sd¯d.q=qBd.¶ì�3g�±�q=±��h±�d.²
åæ�Sgh�h³bd=g.l
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°�±�¹5�bg�d � l « ±�²3�3g�±�¬&�b�h±�e5¶�e,å]e,gh¬&±��hp,�bÔ]d=g�±�e;ÏS²�p,×Øe5¶b¹"�h³SdHq=��e5²3d+*ì±�¶NÔ&��p,¶bd=�h².l
Í ³Sd=ghdÚ±�²�p�g�d.×®p�ghÕ�p�¬&��d�Ô&±���d+*ì�SÔØe,åoÔ
��p,¶bd=�h²�ÖH±��h³®Ôod=g�±�eKÏ&²te,å+p,��×®e5²3�*dBÓ;p,qB�h��i
�Kl(à®Ï�l

Í ³SdÚ±�¶SqBghd.p,²h±�¶b¹ ¶ì�&×"¬]d=g�²*e,å]Ô&��p,¶bd=�h²�±�¶®��p�gh¹,d=g4e,gh¬
±��h²�±�²�qBe5¶&²h±�²3�3d.¶ì��ÖH±��h³N×ØeKÏSd.��²
�h³Sp���±�¶�µ,e,Õ,døe,gh¬&±��hp,�ì×®±�¹,g�p��h±�e5¶"p,¶SÏ¯p�qBe5¶ì�3d.×ØÔ]e,g�p,¶bd=e5�S²Âq=��d.p�g�±�¶b¹Úe,åb�h³bdF¹5p,²3d=e5�S²ÂÏS±�²3Õ
�3e�dBÓ;Ô&��p,±�¶ �h³bd��&¶Sp,�5Ô]e5²h±��h±�e5¶S²+e,åS¹5±�p,¶��ÂÔ&��p,¶bd=�h²Fä�­Hg�×®±��hp�¹,dFd=�Âp,��l ��à,à �'& Í g�±�����±�¶b¹�d=��p,��l
��à,à �5÷�lFnªp,¶�i¨Ô&��p,¶Sd=�h²ø¬]d=i,e5¶SÏ �[­��ûp�ghd�²h±�×ØÔ&��i���d=åw�J²3�3g�p,¶&Ïbd.Ï¨�h³bd=ghd$ÖH³bd.¶`�h³bd�ÏS±�²3Õ
¹5p,²Fµ
p,¶S±�²h³bd.²=l4´;�Sq�³`×®eKÏbd.��²�ÔSghd.Ï&±�qB�4�h³bd�dBÓb±�²3�3d.¶SqBd�e,åQp¯Ôoe,Ô
�S��p��h±�e5¶Ne,å�¹5±�p,¶ì�øÔ&��p,¶bd=�h²
�h³Sp��ø²h�h±����;ghd.²h±�ÏbdHp�� �"­��"ÐK¶bd=µ,d=g�³Sp.µ;±�¶b¹"×N±�¹,g�p��3d.ÏN±�¶�Ö�p�g�Ï+l ��å]�h³bd�ÏS±�²3Õ�q=��d.p�g�²ø±��h²�¹5p,²
e5¶ pJ�h±�×®d4²hq=p,��d4²�³be,gh�3d=g��h³Sp,¶ �h³bd4×®±�¹,g�p��h±�e5¶Sp,���h±�×Ød�²�q=p,��d,Ð��h³bd.¶�¹5±�p,¶ì��Ô&��p,¶Sd=�h²+¬]d=i,e5¶SÏ
� ­�� qBe5�S��Ï ¬]d½×Øe,ghd½¶K�S×Ød=ghe5�&²��h³Sp,¶ �h³bdkdBÓ;�3g�p,²3e5��p�gNÔ&��p,¶bd=�h²ØÏS±�²hqBeAµ,d=ghd.Ï ²3eÁå�p�g.l
n½e,g�d=eAµ,d=g.Ð�²h�&q�³½Ô
��p,¶bd=�h²�×®p.ikÖFd.���Q³&p.µ,dØ²h�;f]d=ghd.Ï½åæd=Öû¹,g�p.µ;±��hp��h±�e5¶Sp,�tÔ]d=gh�h�bgh¬
p��h±�e5¶S²=Ð
��d.p.µ;±�¶b¹[�h³bd.× ±�¶¨q=±�g�q=�S��p�gøe,gh¬
±��h²=Ð;¶be,�F�&¶S��±�Õ,d��h³Sp���e,å�e5�bg 15�bÔ
±��3d=gøp,¶SÏ½´;p��h�Sg�¶+l Í ³K�S²
°�±�¹5�bghd �¨³S±�¶ì�h²$p�� pWÔoe,Ô
�S��p��h±�e5¶_e,åFp,²3*�i,d=�3*ì�&¶be,¬&²3d=ghµ,d.Ï�¹5±�p,¶���Ô
��p,¶bd=�h²$p�� �7* ��à½­��
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°�±�¹5�bg�d �Kl nªp,²h²øµK²=l�²hd.×®±5�!×®p 23e,gøp
Ób±�²�åæe,g�p,���bÕ;¶beAÖH¶`dBÓ;�3g�p,²3e5��p�gFÔ&��p,¶bd=�h².l
Í ³Sd=ghdN±�²¯p½ghd.×®p�g�Õ
p�¬&��d`p�¬&²3d.¶&qBdNe,åÚ×®p,²h²�±�µ,dNÔ&��p,¶bd=�h² ghd.²�±�ÏS±�¶b¹kÖ�±��h³S±�¶Áà;l��
­��¯l

�h³Sp��JdBÓ;Ôod=g�±�d.¶SqBd.ÏWp�¹,d.¶��h��d=gHÏbi;¶Sp,×®±�q=p,�o³S±�²3�3e,g�iN�h³Sp,¶W�h³Sp��Je,åt�h³bd�Õ;¶beAÖH¶WdBÓ;�3g�p,²3e5��p�g
Ô&��p,¶bd=�h².l

­���� � à;l(à � ­��¯Ð��h³bd=ghdk±�²�p,¶ p�ÔSÔ&p�ghd.¶ì�¯Ô
±���d+*ì�bÔ e,åÚÔ&��p,¶Sd=�h²=l Í ³S±�²[±�²�²h³be?ÖH¶
±�¶Á°�±�¹5�bghd � ÐtÖH³S±�q�³ÁqBe5¶��hp,±�¶S²"pk×®p�¹5¶&±��Sd.Ï µ;±�d=Ö e,åF�h³bdNÏS±�²h�3g�±�¬&�b�h±�e5¶½e,å��h³bd®q=��e5²3d.²h�
Ô&��p,¶bd=�h².lt°�±�¹5�bghd � ²h³beAÖ�²%*�Ô&��p,¶bd=�h²�³SpAµK±�¶S¹Hp,¶�e,gh¬&±��hp,�,Ô]d=g�±�e;Ï$e,å��7* � ÏSp.i;²=Ð�p,¶SÏ�e5¶bdøp��
�Kl9Ñ4*,ÑØÏ�ä � « *	� �	� �Ø¬o÷�l�!���d.p�g���i®�h³S±�²FÔ&±���d+*ì�bÔ¨±�²F²h�hp��h±�²3�h±�q=p,����iN²h±�¹5¶S±/�&q=p,¶��=l Í ³Sd�Ô
±���d+*
�bÔ`²��b¹,¹,d.²3�h²F�h³Sp���²3e5×Ød$×Ød.q�³Sp,¶&±�²h× ×[�S²3�ø¬]dHghd.²3Ô]e5¶S²�±�¬&��d�åæe,gF³Sp,���h±�¶b¹ �h³bd$×®±�¹,g�p��h±�e5¶
e,å*Ô&��p,¶bd=�h²�p���p,¶ªe,gh¬&±��hp,��Ôod=g�±�eKÏ½e,å��®ÏSpAiK²=l�´;e5×Ød"³be5��d[±�¶k�h³bd¯ÔSghe,�3e,Ô&��p,¶bd=�hp�ghikÏS±�²3Õ
dBÓK�3d.¶&ÏS±�¶b¹Ø�3e � d=Ô&��d=g�±�p,¶¨Ô]d=g�±�e;ÏS²Fe,å�� 
 ��e,g �ØÏSp.i;²Ú²3d=d.×N²Hp®��±�Õ,d.��i`q=p,�S²hd,l

< Ì���Ì �ûÊSÇ.Ç���Ç,Ì ��@�� ����� Ê����&É`Å G �æÇ
°�±�¹5�bghd"��²h³be?ÖH²¨p�Ô&��e,�`e,å�Ô&��p,¶bd=�¨×®p,²h²`µK².l e,gh¬&±��hp,��²3d.×®±5�!×®p 23e,gWp
Ó;±�².l Í ³bd=ghd·±�²
p,¶ e,¬KµK±�e5�&²®��p,qhÕ e,å$×®p,²h²h±�µ,dkÔ
��p,¶bd=�h²®³SpAµK±�¶b¹Á²h×®p,���J²3d.×N±5�!×®p 23e,gNp
ÓKd.².ÐF±�l d,lß±�¶ �h³bd
�bÔSÔ]d=g���d=åw��1K�Sp,Ïbg�p,¶ì��ä�²3d=d��]�Sq�Õ,d=gF n_p 
=d.³ ��à,à �5÷�lF�4��p,¶Sd=�h²�ÖH±��h³W×®p,²h²3d.²Jp�¬]e?µ,d � l�Þ
n_á�â&ã p�g�d¨p�¬&²hd.¶��[ÖH±��h³S±�¶ à;l��·­�� p,¶SÏ0åæd=Ö ×Np,²h²h±�µ,d¨Ô&��p,¶bd=�h²¯ghd.²h±�ÏbdNÖH±��h³S±�¶ Þ¨­��¯l
��¶_qBe5¶��3g�p,²h�=ÐtÞ7� �Øe,å��h³bd�dBÓ;�3g�p,²3e5��p�gHÔ&��p,¶Sd=�h²J¬]d=i,e5¶SÏ�Þ ­�� ³SpAµ,d[Ù ²h±�¶�Ü � � n_á�â&ãÂl
Í ³K�S²=Ð�°Â±�¹5�bghd��_²h�b¹,¹,d.²3�h²[d.±��h³Sd=g¯�h³Sp��[Ô&��p,¶Sd=�h² ÖH±��h³0×®p,²h²3d.²[p�¬]eAµ,d � nªáhâ
ã g�p�ghd.��i
×®±�¹,g�p��3d·±�¶ìÖFp�g�Ï e,å®Þ_­�� e,g¨�h³&p��N�h³bd=i ×N±�¹,g�p��3dªp,���Ú�h³bd·ÖFpAi ±�¶ì�3e �h³bd ²3�hp�g.lm­��
ÔSghd.²3d.¶ì�=ÐSÖFd"q=p,¶S¶be,�ÚÏ&±�²3�h±�¶b¹5�&±�²h³`¬od=��Öød=d.¶_�h³bd.²3d Ô]e5²h²�±�¬&±���±��h±�d.²=l
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­HÔ&ÔSghe.Ób±�×®p��3d.��i"��à�� e,åF�h³SdN²3�hp�g�²"�h³Sp��¯²h³SeAÖ q=��d.p�g¯d=µK±�Ïbd.¶SqBd®e,å�e5¶bd®Ô
��p,¶bd=�=ÐQd=µ,d.¶��
�h�Sp,����i ²h³be?Ö « e,ÔSÔ
��d=g d=µ;±�Ïbd.¶SqBd®e,åÚp,Ï&ÏS±��h±�e5¶Sp,��Ô
��p,¶bd=�h²`ä�°�±�²�q�³bd=g[d=�¯p,��l ��à,àbÞA÷�l � d �
×®p�ghÕ�p�¬&��i,ÐFÞ=à½×¯�&���h±�Ô&��d+*�Ô
��p,¶bd=��²3i;²3�3d.×®²"p�g�dN¶beAÖ ÕK¶SeAÖH¶+Ðt±�¶Sq=���SÏ&±�¶b¹ �HÔ&²�±���e5¶Á­�¶SÏ+Ð
�	� !J¶Sq�Ð4c 1
*5Ò �KÐ � « �5ÒKÞ�� � Ð�� « Þ��	�	�;Þ�Ð � Ò ��nªp;Ð � « Þ��4* �	� �KÐ�� « �4*	�	�,ÑKÐFp,¶SÏ
� « *	�,Ñ5Ò � p,¶SÏ·e5¶bd[e,g��!ÖFe½q=p,¶SÏS±�ÏSp��3d[²hiK²3�3d.×N²=l Í ³bd[ÔSghe,Ô]d=gh�h±�d.²�e,å4�h³Sd¯Ô&��p,¶bd=�h²$±�¶
×¯�&���h±�Ô&��d�Ô
��p,¶bd=��²hiK²3�3d.×N²�×®pAi½¬]d"qBe5×ØÔ&p�g�d.Ïª�3e¨�h³be5²3d¯e,å4²h±�¶S¹5��d ¹5±�p,¶ì�HÔ&��p,¶bd=�h²=Ð]p,¶SÏ
�h³bd"e?µ,d=g�p,���Â²3�3g��SqB�h�Sghd.²He,å*�h³Sd¯×[�S���h± *�Ô&��p,¶bd=�Ú²3i;²3�3d.×®²�²3d=d.× �3e¨å�p,���Q±�¶ì�3e®��Öøekq=��p,²h²hd.²=Ð
±�¶ì�3d=g�p,qB�h±�¶b¹®p,¶SÏ_³S±�d=g�p�g�q�³S±�q=p,��Ðbp,²�Ïbd.²hqBg�±�¬]d.ÏW±�¶W�h³S±�²J²3d.qB�h±�e5¶+l

�+Ì � Ì � >ÂÇ-� I��D�¼Å � �ÂÉ�� � @'�ÂÊ @
Í ³bd �Sg�²3�¨×¯�&���h± *�Ô&��p,¶Sd=�`²3i;²3�3d.× ÏS±�²hqBe?µ,d=ghd.Ï+Ð �HÔ&²¨­�¶SÏ+ÐH³Sp�Ô&Ôod.¶Sd.Ïß�3e ³Sp.µ,dÁ�h³Sghd=d
Ô&��p,¶bd=�h²®ä����b�h��d=g�d=�"p,��lWÞ.Ñ,Ñ,Ñ5÷�l Í ³bd®q=�bghg�d.¶���ÏSp��hpkp,¶SÏ �h³Sghd=d+*�Ô&��p,¶bd=� �&� p�ghd®²h³be?ÖH¶
±�¶k°�±�¹5�bghd �Kl
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°�±�¹5�bg�d �Kl ��g�¬&±��hp,� �S� åæe,g �h³bg�d=dNÔ&��p,¶Sd=�h²�e,gh¬&±��h±�¶b¹ �HÔ
²h±���e5¶Á­�¶SÏ+lWn½d.p �
²h�Sghd.ÏNµ,d.��eKq=±��h±�d.² ä�Ïbe,�h²�÷Fp,¶SÏ¨�h³bd$¬]d.²3�3* �S�J×Øe;Ïbd.��ä���±�¶bd?÷4qBe5¶S²h±�²h�h±�¶b¹[e,åQ�h³bghd=d
��d=Ô
��d=g�±�p,¶¯e,gh¬&±��h²�±�¶&Ïbd=Ô]d.¶SÏbd.¶ì�h��i$Ôod=g��h�bgh¬&±�¶S¹Ú�h³bdÚ²3�hp�g.l*�Fe,�h³��h³bdJµ,d.��e;q=±��h±�d.²
p,¶SÏ·×Øe;Ïbd.�Qp�g�d¯²h³be?ÖH¶·p�åw�3d=g�²h�b¬&�3g�p,qB�h±�¶b¹`�h³bd"dBf]d.qB�h²$e,å*�h³bd�±�¶S¶bd=g�ä � l��NÏ
÷
Ô&��p,¶bd=�=Ðbåwe,g�q=��p�g�±���i,l

°be,gød.p,q�³NÔ&��p,¶bd=�=Ð5e5�Sg « e,Ô&Ô&��d=g4×Ød.p,²��bghd.×Ød.¶ì�h²�Ïbd=�3d=g�×N±�¶bd��ÁÖH³S±�q�³Ø±�²��h³bdHp,¶S¹5��d,Ð
p,²Qµ;±�d=ÖFd.Ï åæghe5× �h³Sd4²3�hp�g.Ð�¬]d=�!ÖFd=d.¶"Ô]d=g�±�p�Ô&²3d*e,åb�h³bd�Ô
��p,¶bd=�Qp,¶SÏ¯pÚghd=åæd=ghd.¶SqBdF��±�¶bd�ÖH³Sd=ghd
�h³bdØÔ&��p,¶Sd[e,åF�h³bdN²hÕìi·q=�b�h²��h³bdØe,gh¬
±��hp,��Ô&��p,¶bd,l Í ³Sd[µ�p,���bd.² e,å��¼åæe,g �h³bdØe5�b�3d=g¯�!ÖFe
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Ô&��p,¶bd=�h²Jp�g�e5�S¶SÏ ��Ô&²h±���e5¶¨­�¶SÏkp�ghd � � ��� p,¶SÏ �	�,Ñ���Ðbd.p,q�³½ÖH±��h³kp,¶_�S¶SqBd=gh�hp,±�¶ì�!iWe,å � �
l
« iK¶Sp,×N±�q=p,�Úq=p,��q=�S��p��h±�e5¶S²Ø²h³be?Ö �h³Sp��N�h³S±�²ØqBe5±�¶Sq=±�Ïbd.¶SqBd½��±�Õ,d.��i0±�×ØÔ
��±�d.²[�h³Sp��®Ô&��p,¶bd=�h²
q_p,¶SÏ Ïßghd.²�±�Ïbd½±�¶ p ²3d.q=�S��p�gNghd.²3e5¶&p,¶SqBdª±�¶ßÖH³S±�q�³�� � ��±�¬Sg�p��3d.²Np�¬]e5�b�`à�ÖH±��h³ p,¶
p,×ØÔ&��±��h�SÏbd[e,å � ��à��_ä !�³S±�p,¶b¹bÐ Í p�¬&p,q�³S¶S±�ÕoÐ% Í ghd.×®p,±�¶bd ��à,àbÞ�&A$Q±�²h²�p,�bd=gJ � ±�µ,d=g�p
��à,àbÞA÷�l

´;�&q�³ pª²3d.q=�&��p�g¯g�d.²3e5¶Sp,¶SqBd¨e,Ô]d.¶S² �h³bd 1K�bd.²3�h±�e5¶0e,åHÏbi;¶Sp,×®±�q=p,�4e,g�±�¹5±�¶�lªc�d.¶��h��d
×®±�¹,g�p��h±�e5¶`e,åQ�h³bd$�!ÖFeØÔ&��p,¶bd=�h²F±�¶ì�3e[�h³&±�²øÏSd.��±�q=p��3d$ghd.²3e5¶Sp,¶&qBd$±�²4ghd�1K�S±�g�d.ÏNg�p��h³Sd=gF�h³&p,¶
Ïbd=d=Ô ²hq=p��3�3d=g�±�¶b¹bl n_eKÏSd.��²Ø�3e p,q�³S±�d=µ,d_�h³&±�²�¹,d.¶��h��d_²3d=�3�h��±�¶S¹�±�¶�µ,e,Õ,dª×®±�¹,g�p��h±�e5¶ ±�¶ p
µK±�²hqBe5�S²[ÏS±�²3ÕÁp,¶SÏ0Ô]e5²h²h±�¬&��dØdBÓ;q=±��hp��h±�e5¶0e,åH�h³bd`d.q=qBd.¶ì�3g�±�q=±��!i e,åJ�h³Sd`e5�b�3d=g�Ô&��p,¶bd=�=Ð*Ï+Ð
¬ìiÁ�h³Sd`ÏS±�²hÕ
l_´Kd.q=�S��p�g¯±�¶ì�3d=g�p,qB�h±�e5¶S²¯¬]d=�!ÖFd=d.¶ Ô&��p,¶bd=�h²¯qNp,¶SÏ0Ï0qBe5�S��Ï ³SpAµ,d¨p,����eAÖFd.Ï
dBÓ;q�³Sp,¶b¹,d¯e,åtd.q=qBd.¶ì�3g�±�q=±��h±�d.²Ú¬]d=�!ÖFd=d.¶½�h³bd"�!ÖFe®Ô&��p,¶bd=�h²¯ä !�³S±�p,¶b¹B nª�bghg�p.i ��à,à �5÷�l

�+Ì < Ì ���	��

�
c 1 *5Ò �$³Sp,²Â²3Ô]d.qB�3g�p,�K�!iKÔ]d�n � ¸ p,¶SÏ�×®p,²�²Âà;l��	�$n��FÐ,×®p�ÕK±�¶b¹�±��Q�h³bdJ��e?Öød.²3�*×®p,²�²Â²h�hp�g
ÖH±��h³¯p,¶ dBÓ;�3g�p,²3e5��p�g�Ô&��p,¶Sd=�=l ���h²t×Ød.p,²��bghd.Ï µ,d.��eKq=±��h±�d.²tq=p,¶¯¬]d �S�Fä�p,��¬od.±��Q±�¶Sp,Ïbd�1K�Sp��3d.��iS÷
ÖH±��h³kpØ×Øe;Ïbd.�]e,åÂ�!ÖFeNÔ&��p,¶bd=�h²�e,gh¬&±��h±�¶b¹Ø±�¶W²h±�×ØÔ&��dØä�±�¶SÏbd=Ô]d.¶SÏbd.¶ì��÷A� d=Ô&��d=g�±�p,¶W×Øe,�h±�e5¶
p�ghe5�S¶SÏ½�h³bd"²3�hp�g�ä�n_p�g�qBikd=��p,��l ��à,àbÞA÷�Ð+p,²H²�³beAÖH¶_±�¶k°�±�¹5�bghd[Òìl Í ³bd e,g�¬&±��hp,�]Ô]d=g�±�e;ÏS²
p�ghd ��à;l�Þ®p,¶SÏ��;Þ�l(à½ÏSp.i;²=ÐQ±�¶SÏS±�q=p��h±�¶S¹`�h³bdØÔ]e5²h²�±�¬&±���±��!iWe,åFpW¹,g�p.µ;±��hp��h±�e5¶Sp,��±�¶��3d=g�p,qB�h±�e5¶
¬]d=�!ÖFd=d.¶`�h³SdHÔ&��p,¶Sd=�h²4��d.p,ÏS±�¶b¹ �3e¯p[Ïbi;¶Sp,×®±�q=p,�Sghd.²3e5¶Sp,¶SqBd,lø´b�Sq�³`p��'"�Þ�×Ød.p,¶ *ì×Øe,�h±�e5¶
ghd.²3e5¶Sp,¶&qBd®±�¶SÏbd=d.Ï ±�²$±�¶SÏ&±�q=p��3d.Ï·¬ìi·²h±�×[�S��p��h±�e5¶S²�e,åF�h³bd��!ÖFe ��Ô&��p,¶bd=�"²hiK²3�3d.× �h³&p�� ±�¶4�
q=���SÏbdF�h³bdJÔ&��p,¶bd=�$��Ô&��p,¶bd=��±�¶ì�3d=g�p,qB�h±�e5¶S²�ä � ±�µ,d=g�p  $t±�²h²hp,�bd=g ��à,àbÞ�& $�d=d  ¼�Âd.p,��d ��à,à �5÷�l
Í ³bd Ô
��p,¶bd=�h²ÚÖ�±����+��±�¬&g�p��3d p�¬]e5�b�Ú�h³S±�² �'"�Þ g�p��h±�eNe,å*e,gh¬&±��hp,�+Ô]d=g�±�e;ÏS²J±�¶SÏbd&�
¶S±��3d.��i,l Í ³bd
d.²3�hp�¬&��±�²h³S×Ød.¶ì�Je,å*�h³S±�²Jg�d.²3e5¶Sp,¶SqBd[×®p.i½³SpAµ,d[±�¶�µ,e5��µ,d.ÏªqBe5¶�µ,d=g�¹,d.¶���×®±�¹,g�p��h±�e5¶½p,²��h³bd
e5�b�3d=gHÔ
��p,¶bd=�H×®±�¹,g�p��3d.Ï½�3e?ÖFp�g�Ïª�h³bd"±�¶S¶bd=gÚe5¶bd,Ð
Ô&�S²h³Sd.ÏW�3e,¹,d=�h³bd=g$¬ìiW¬]eìe,Õ *�d.¶SÏk¹5p,².Ð
p,����e?ÖH±�¶b¹��h³bd.× �3e`²3d=�3�h��d"±�¶ì�3eNp �'"�Þ ghd.²3e5¶Sp,¶SqBd¨ä $�d=d  �Âd.p,��d���à,à �5÷�l

Í ³Sdø��Öøe�Ô&��p,¶bd=�h²Âe,gh¬&±��h±�¶S¹$c 1 *5Ò ��Ô]d=gh�h�bg�¬¯d.p,q�³Øe,�h³bd=g�e5¶Øp��h±�×Ød�²hq=p,��d�e,å&i,d.p�g�².Ð
p,¶SÏ¨�h³bd$dBfod.qB�h²Hp�ghd�Ïbd=�3d.qB�hp�¬&��d ±�¶`�h³bd$dBÓb±�²3�h±�¶b¹�×Ød.p,²h�Sghd.×Ød.¶ì�h²=l�°�±�¹5�bghd Ò¯²h³beAÖ�²��h³bd
¬]d.²3� �S���3e®�h³bd$µ,d.��e;q=±��h±�d.²Jp,q�³&±�d=µ
p�¬
��d�ÖH±��h³WpØ×Øe;Ïbd.�o�h³Sp��Ú±�¶Sq=���SÏbd.²ø�!ÖFeN±�¶SÏbd=Ô]d.¶SÏSd.¶��
��d=Ô&��d=g�±�p,¶_e,g�¬&±��h²=l Í ³Sd[µ�p,���bd[e,å�� ���¯±�² �Kl � ÐQp,¶&Ïª�h³Sd � n ´½e,åø�h³bd�ghd.²h±�Ï&�Sp,��²�±�²�Þ��
× ²Bü�0=ÐS¬]e,�h³k±�¶SÏ&±�q=p��h±�¶b¹��h³Sp��Ú�h³Sd �S�Ú±�²Ú±�¶&p,Ïbd�1ì�&p��3d,l

­ ×Øe;Ïbd.�F�h³Sp��N±�¶Sq=���SÏbd.²¯�h³bd½Ô&��p,¶Sd=�3*�Ô&��p,¶bd=�Ø±�¶ì�3d=g�p,qB�h±�e5¶S²Ø��eAÖFd=g�²Ø�h³bdkµ�p,���bdke,å
� � � åæghe5× �Kl � �3eWÞ�l�� e?µ,d=gJ�h³bd�×®eKÏbd.�&�h³Sp���Ïbeìd.²F¶be,�F±�¶Sq=���SÏSdJÔod=g��h�bgh¬&p��h±�e5¶&²�ä � ±�µ,d=g�p
 $t±�²h²hp,�Sd=g ��à,àbÞ�&?$tp,�b¹5³S��±�¶  !�³Sp,×¯¬od=g�²���à,à �5÷�lFn_e,ghd=e?µ,d=g.ÐS�h³bd�Ô&��p,¶bd=�h²Fq=p,¶S¶be,��¬]d
p�gh¬&±��3g�p�g�±���ik×®p,²h²�±�µ,d,Ð�p,²$�h³bd�Ô]d=gh�h�bgh¬&p��h±�e5¶S²Hp�ghdØ×Øe;Ïbd.²3��±�¶·×®p�¹5¶S±��h�SÏbdkäæghe5�b¹5³S��i0Þ=à
× ² ü�0 ÏS�Sg�±�¶b¹ ²3d=µ,d=g�p,�
i,d.p�g�²�÷�l Í ³K�S²ø�h³bd�e,g�¬&±��4Ô
��p,¶bd�q=p,¶&¶be,�ø¬]d�p�gh¬&±��3g�p�g�±���i[åæp,qBd ��e5¶+Ð
p,¶SÏ�²h±�×¯�S��p��h±�e5¶S²$��±�×®±����h³bdØµ�p,���bdØe,å�²h±�¶�ÜH�3e½¬]d®à;l��7*ìà;l *0ä � ±�µ,d=g�p  $t±�²h²hp,�bd=g ��à,àbÞ�&
$Qp,�b¹5³&��±�¶
 �!�³Sp,×¯¬]d=g�² ��à,à �5÷�l � d.qBd.¶ì�¯p,²3�3g�e5×Ød=�3g�±�qØ×Ød.p,²��bghd.×Ød.¶ì�h²�e,åF�h³bdØÖøe,¬&¬&��d
e,å�c 1 *5Ò ���
¶SÏ`p,¶¨e,gh¬
±��hp,�]±�¶Sq=��±�¶&p��h±�e5¶Øåæe,gJ�h³bd�e5�S�3d=gJÔ&��p,¶bd=�Fe,å�* � ��� Þ=à � Ðb±�×ØÔ&��i;±�¶b¹
p®×®p,²h²Úe,å�Þ�l *,Ñ � à;l�� � nªáhâ
ã ä��Fd.¶bd.ÏS±�qB�Úd=�Hp,��l���à,à �5÷�l

�+Ì��+Ì �����¯ÊD�QË5É��
Í ³bdÁc * ×Np,±�¶ ²3d�1K�bd.¶SqBd ²3�hp�g �	�-!J¶Sq½ghd=µ,d.p,��d.Ï p0µ,d.��e;q=±��!i Ô]d=g�±�eKÏS±�q=±��!i e,åNÞ � l��0Ï
p,¶SÏ ÙÛ²h±�¶�Ü�
 à;l9ÑKÐÚ¬&�b�`p,��²3e g�d=µ,d.p,��d.Ï¼p��3ghd.¶SÏ ±�¶ �h³Sdªµ,d.��e;q=±���i ghd.²h±�ÏS�&p,��²Ø�3e �h³bd
��d=Ô&��d=g�±�p,¶ �S� ä����b�h��d=gkd=�_p,��l Þ.Ñ,Ñ5Ò,÷�l Í ³bd.²3d µ,d.��e;q=±��!i¼ghd.²�±�ÏS�Sp,��²¨ghe5²hdÁåwghe5× Þ.Ñ4*,Ñ
�S¶ì�h±��4Þ.Ñ,Ñ	�KÐQÏSd.q=��±�¶S±�¶S¹Ø�h³bd=ghd.p�åæ�3d=g.l ��¶ì�3d.¶S²3d�×Øe5¶S±��3e,g�±�¶b¹ªäæd.²hÔod.q=±�p,����ik¬Ki « ­�° ÏS�Sg�±�¶b¹
�h³bd�Ô&p,²3��åwe5�Sg�i,d.p�g�²�÷Hghd=µ,d.p,��²$�h³Sp���pW×®±�¶S±�×¯�S× ±�¶ª�h³bd¯µ,d.��eKq=±���i_ghd.²�±�ÏS�Sp,��²�³Sp,²$¬]d=d.¶
ghd.p,q�³Sd.Ï+ÐJ±�¶SÏS±�q=p��h±�¶b¹Áq=��e5²h�bghdke,å��h³Sd½e5�b�3d=gNe,g�¬&±��_ä�nªp�g�qBi d=�Np,��l ��à,à �5÷�l Í ³bd½g�pAÖ
µ,d.��e;q=±��!ik×Ød.p,²h�Sghd.×Ød.¶ì�h²Úåæe,g �	� !�¶Sq�p�g�d ²h³beAÖ�¶½±�¶k°�±�¹5�bghdJ*Kl
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55 Cancri "d"

P = 14 yr

°�±�¹5�bg�d�*Kl Í ³Sghd=d_Ô&��p,¶bd=�h²®e,gh¬
±��h±�¶b¹��	� !�p,¶SqBg�±�l $�d=åæ�#" � p.Ö µ,d.��e;q=±��h±�d.²
µ,d=g�²��S²"�h±�×Ød,l � ±�¹5³��#" Í ³bdN¬od.²h�"�h³bghd=d+*�Ô
��p,¶bd=���S�"�3eª�h³bd`µ,d.��eKq=±��h±�d.²=Ð*p�åw�3d=g
²h�S¬S�3g�p,qB�h±�¶b¹[�h³bd ±�¶&¶bd=gø��ÖøeNÔ&��p,¶bd=�h²=l Í ³bd��h³&±�g�Ï¨Ô&��p,¶bd=��ghd.²�±�Ïbd.²�p�� � �[­��
±�¶kpN¶bd.p�g���i¨q=±�g�q=�S��p�gJe,g�¬&±��=l
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Í ³Sd �	� !�p,¶SqBg�±o²3i;²3�3d.× q=��d.p�g���i®³Sp,²Fp,¶¨e5�b�3d=g�Ô&��p,¶bd=�Fp��F¶Sd.p�g���i �¯­��"Ðbp,²�²h³be?ÖH¶
±�¶¨°Â±�¹5�bghdH*¨äæg�±�¹5³ì��÷�l�­ ��Öøe *�Ô&��p,¶bd=���S�4�3e �	��!�p,¶SqBg�±&��d.pAµ,d.²�ghd.²h±�ÏS�&p,��²��h³Sp��FdBÓb³S±�¬&±��Fp
Ô]d=g�±�e;ÏS±�q=±���iÚe,å �	� ÏSpAiK²=Ð
Ô]e5²h²h±�¬
��iÚq=p,�S²3d.Ï"¬ìi�pJ�h³S±�g�Ï$Ô&��p,¶bd=�hp�g�i�qBe5×ØÔ
p,¶S±�e5¶+l �He?Öød=µ,d=g.Ð
�h³bd�ghe,�hp��h±�e5¶ Ô]d=g�±�e;Ï½e,åø�h³bdØ²3�hp�g�±�² �	�7* � �kÏSpAiK²=Ð�p,²�²�³beAÖH¶ª¬Ki ��d.¶bghi½d=��p,��lNä ��à,à,à�÷
åwg�e5× Ô]d=g�±�e;ÏS±�q=±��h±�d.²¯±�¶ �h³bd !�p � � �� � ��±�¶Sd,l Í ³K�S²ØpÁÏSp,¶S¹,d=g®dBÓ;±�²3�h²Ø�h³Sp��Ø�h³bd �	� *
ÏSp.i0Ô]d=g�±�e;Ï ±�¶0�h³bdWµ,d.��e;q=±��h±�d.²�×®p.i0¬]d`q=p,�S²3d.Ï ¬Ki ²3�3d.����p�gØ²h�bghå�p,qBd¨±�¶S³be5×Øe,¹,d.¶bd.±��h±�d.²
ÖH³S±�q�³ ghe,�hp��3d½±�¶ì�3e p,¶&Ï e5�b��e,åH�h³bdWµ;±�d=Ö p,qBghe5²h²Ø�h³bdk³bd.×N±�²3Ô&³bd=g�d,l0c�ghd=¹ $Qp,�b¹5³&��±�¶
³Sp,²"²�³beAÖH¶ �h³Sp��[�h³bd),3×®±�Ï&ÏS��d�.kÔ&��p,¶bd=�=ÐÂ±�åøghd.p,��ÐÂ¶be,�¯e5¶S��i ÖFe5�S��ÏÁ¬]dN²3�hp�¬
��d`p�¹5p,±�¶&²3�
�h³bd_Ô]d=gh�h�Sgh¬&p��h±�e5¶S²�e,å��h³Sd_e,�h³bd=g¨�!ÖFe0Ô
��p,¶bd=�h²=Ð�¬&�b�`p,��²3e�ÖFe5�S��Ï ghd.²h±�Ïbd½¶Sd.p�g¨p-�'"�Þ
ghd.²3e5¶Sp,¶&qBd ÖH±��h³W�h³bd¯±�¶S¶bd=g�Ô&��p,¶Sd=�Je,åtÔ]d=g�±�e;ÏÁÞ � l��ØÏ+l

Í ³Sdªe5�b�3d=g_Ô&��p,¶bd=�=Ð �	� !�¶Sq Ï+Ð�±�²`�h³Sd �&g�²3�WdBÓK�3g�p,²3e5��p�gkÔ&��p,¶Sd=�WÏ&±�²hqBeAµ,d=g�d.Ï¼�3e
e,gh¬&±��H¬od=i,e5¶&Ï �®­�� åwghe5× ±��h²�²3�hp�g.l��2¶SÏbd=d.Ï+Ð
ÖH±��h³½p`¶bd.p�g���ikq=±�g�q=�&��p�gHe,gh¬
±��¯ä '�Ý à;l��5÷
±��Ø±�²�q=��d.p�g���i0�h³bdkdBÓ;�3g�p,²3e5��p�gØÔ&��p,¶bd=�Ø×Øe5²3�Øghd.×®±�¶S±�²hqBd.¶ì�¯e,å�e5�bg 1��bÔ&±��3d=g�p�� �Kl��Á­��¯l
�He?Öød=µ,d=gAÐ �	� !J¶Sq�Ï�³Sp,²�p½��p�g�¹,d®×®p,²h²=ÐQp��¯��d.p,²3� � nªáhâ&ãÂÐQp,¶SÏ �h³Sd®p�g�q�³S±��3d.qB�h�bghd®e,å
�h³bd �	� !�¶Sq[²3iK²h�3d.× p,²�p¨ÖH³Se5��d,Ð]ÖH±��h³·±��h²��!ÖFe½±�¶S¶bd=g�23�SÔ&±��3d=g$*ì×®p,²�²HÔ&��p,¶bd=�h²=Ð+q=��d.p�g���i
ÏS±�f]d=g�²�åæghe5× �h³&p��¯e,å�e5�bg�²3e5��p�g[²3iK²h�3d.×kl Í ³bdN±�¶S¶bd=g ��Öøe·¹5±�p,¶ì�"Ô&��p,¶Sd=�h²"p�ÔSÔ&p�g�d.¶��h��i
²h�;f]d=ghd.Ï[²h±�¹5¶S±��
q=p,¶��Q×N±�¹,g�p��h±�e5¶+Ð�¬&�S�Q¶be,��²3e�åæe,gÂ�h³bdøe5�S�3d=gÂe5¶Sd,l �2¶��3d=g�d.²3�h±�¶b¹5��i,Ð,ù ��¬]eKÏbi
²h±�×[�S��p��h±�e5¶&² ¬Ki c[l;$Qp,�b¹5³&��±�¶ ä�nªp�g�qBi d=�Øp,��l���à,à �5÷�²h³be?Ö �h³&p���pª�3d=ghghd.²h�3g�±�p,� *ì×®p,²�²
Ô&��p,¶bd=��ÖFe5�S��Ïª¬od�²3�hp�¬&��d[±�¶ªe,gh¬&±���¬]d=�!ÖFd=d.¶��	� !�p,¶SqBg�±Âq�p,¶SÏ Ï+Ð+×®p�Õ;±�¶b¹¨�h³S±�²�²3�hp�g p
¹,eìe;Ï½q=p,¶SÏ&±�ÏSp��3d�åæe,g�ÏS±�g�d.qB��±�×®p�¹5±�¶b¹bl

Í ³SdJ�h³bghd=dHÔ
��p,¶bd=�hp�ghi�²3i;²3�3d.×®²4ÏSd.²hqBg�±�¬]d.ÏØp�¬]eAµ,d,Ð���Ô&²h±���e5¶Ø­�¶SÏ+Ð;c 1 *5Ò �KÐbp,¶SÏ �	�
!�¶Sq*p�ghd�p,×®e5¶b¹"Þ=àÚ×[�S���h± *�Ô
��p,¶bd=�+²3i;²3�3d.×®²+Õ;¶beAÖ�¶��3eHÏSp��3d�ä�²hd=d�ç;èKè�éJê3ëìëìíìîKï,é&ðKñ�òSí�è
ó�ô2ï5õ;ö;÷�l
­�×®e5¶b¹��h³bd.²3dÚ±�² � « *	�,Ñ5Ò � ÖH³S±�q�³�p,��²3e$ghd=µ,d.p,��²4p6�'"�ÞJghd.²3e5¶Sp,¶&qBd"ä :F´ � ��g�d.²h² � d.��d.p,²hd
à�Ò	�
àbÞA÷�l Í ³bd.²3d$åwe5�Sg�²hiK²3�3d.×N²J²h³beAÖ ²�±�¹5¶S²øe,åtghd.²he5¶Sp,¶SqBd.²Jq=�bghg�d.¶��h��i,Ðbp,¶SÏ¨ÔSg�d.²h�S×®p�¬&��i
×Ød.p,¶4�!×Øe,�h±�e5¶[p,¶&Ï¯²3d.q=�&��p�gQghd.²he5¶Sp,¶SqBd.²�qBe5¶S²3�3g�p,±�¶"�h³bdFÔ&��p,�&²h±�¬&��d*Ïbi;¶Sp,×®±�q=p,�5d=µ,e5���b�h±�e5¶
�h³Sp��¯qBe5�&��Ï���d.p,Ï �3e_�h³bd.²3d¨qBe5¶��&¶bd.Ï ²3�hp��3d.²=l Í ³bdNghd.×®p,±�¶S±�¶b¹k×¯�S���h± *�Ô&��p,¶bd=� ²hiK²3�3d.×N²
p�ghd"¶be,�Ú±�¶We,¬ìµ;±�e5�S²Jg�d.²3e5¶Sp,¶SqBd.²�p,¶SÏ½²3d=d.× �3e`ghd.²h±�ÏSd$±�¶kp®ÏS±�f]d=ghd.¶ì�Úq=��p,²h²=l

��Ì ����@KÉ?Ê&É?Ë��%�æË5ÊDI = IwÊD� @ìÈAÊSÉ � � � Ç.È-@��0Ç

­�×®e5¶b¹N�h³bd¨Þ=à`×[�S���h±5*�Ô&��p,¶bd=�H²hiK²3�3d.×N²ÚÕ;¶beAÖH¶ª�3eWÏSp��3d,Ð �NqBe5¶S²h±�²h�He,å*�!ÖFe¨Ô&��p,¶bd=�h²�±�¶
ÖH±�Ïbd.��iN²3d=Ô&p�g�p��3d.Ï_e,gh¬&±��h².l Í Öøe®²��Sq�³½q=p,²hd.²�p�ghd � « �5ÒKÞ�� � p,¶SÏ � « Þ��	�	�;Þ�l

¸*d.��e;q=±��h±�d.²�åæghe5× Þ.Ñ,Ñ5Ò�* ��à,à,à0åwe,g � « �5ÒKÞ�� � ghd=µ,d.p,��d.Ïßp Ô&��p,¶bd=�[ÖH±��h³ p Ô]d=g�±�e;Ï
e,å Þ��	�·Ï p,¶SÏ Ù ²�±�¶�Ü 
 Þ�l(à äæ¸*e,¹,�[d=��p,��l ��à,à,à�÷�l ���b�¯²��b¬&²3d�1K�bd.¶ì� µ,d.��e;q=±��!i ×®d.p �
²h�bghd.×®d.¶��h²k±�¶ ��à,àbÞÁp,¶SÏ ��à,à � ä��F�S�h��d=gkd=�kp,��l ��à,à �
¬o÷Wghd=µ,d.p,��d.Ï p,¶¼e5�b�3d=g½Ô
��p,¶bd=�
ä � 
 Þ���à,à � ��à,à Ï
÷¯±�¶ p,ÏSÏS±��h±�e5¶ �3eÁ�h³bd½±�¶S¶bd=g[e5¶bd ä�²3d=dª°Â±�¹5�bghdkÑ5÷�l Í ³bdW¬od.²h�3* �S�
d.q=qBd.¶��3g�±�q=±��!ike,åÂ�h³bd e5�S�3d=gÚÔ&��p,¶bd=�Ú±�²�åwe,g�×Np,����i`¶Sd.p�g '�
 à;l¿ÒìÐ&¬&�b���h³bd"µ
p,���Sd�e,å � � ghd �
×®p,±�¶S²H±�¶S²h±�¹5¶&±��&q=p,¶ì�h��i`ÏS±�fod=ghd.¶ì�Úåæe,g '�
 à;l � *ìà;l *Kl ��eAÖFd=µ,d=g.Ð+ÏbiK¶&p,×®±�q=p,��²h±�×¯�S��p��h±�e5¶S²
¬ìiNe5¶bd$e,åt�S²�ä « ­�°�÷Fp,¶SÏ¨¬ìikc�ghd=¹ $Qp,�b¹5³&��±�¶N²��b¹,¹,d.²3�J�h³Sp����h³bd$³S±�¹5³bd=g�d.q=qBd.¶ì�3g�±�q=±��h±�d.²
q=p,¶ß¬]d½dBÓbq=���SÏbd.Ï ÏS�bdk�3e �h³Sd½ghd.²h�S���h±�¶b¹Á�S¶S²3�hp�¬
��dke,gh¬&±��=l °be,g�' � à;l¿ÒìÐJ�h³bd_e5�S�3d=g
Ô&��p,¶bd=��p�ÔSÔ&ghe5p,q�³bd.² �h³bdØ±�¶S¶bd=g$e5¶bd��3eKe½q=��e5²3d.��iªghd.²h�S���h±�¶b¹`±�¶ ²h�S¬&²3d�1K�bd.¶��$d323d.qB�h±�e5¶Áe,å
e5¶bd®e,åF�h³bd.×kl¨°bghe5× �h³Sd.²3dNÏbi;¶Sp,×®±�q=p,�*qBe5¶&²h±�Ïbd=g�p��h±�e5¶S²=Ð+�h³bd®e5�S�3d=g"Ô&��p,¶Sd=��ÔSghe,¬&p�¬&��i
³Sp,²�p,¶_d.q=qBd.¶ì�3g�±�q=±���i_��d.²h²��h³Sp,¶ � à;l��	�Kl Í ³S±�²�²3i;²3�3d.× ��iìÔ
±��Sd.²Hp`¹,ghe?ÖH±�¶b¹¨¶ì�S×¯¬]d=gHe,å
×¯�&���h±�Ô&��d+*�Ô
��p,¶bd=��²hiK²3�3d.×N² ±�¶·ÖH³S±�q�³ ÏbiK¶&p,×®±�q=p,��qBe5¶S²h±�ÏSd=g�p��h±�e5¶S²�±�×®Ôoe5²hd[qBe5¶S²h�3g�p,±�¶ì�h²
e5¶k�h³bd Ô
��p,�S²h±�¬
��dHe,gh¬
±��h²=l

jÁd$±�¶ì�3gheKÏ&�SqBdH�h³bd�q=��p,²h²h±/�&q=p��h±�e5¶),3³&±�d=g�p�g�q�³S±�q=p,�/."åwe,gFÖH±�Ïbd.��i[²3d=Ô
p�g�p��3d.��iNÏbe5�S¬&��d+*
Ô&��p,¶bd=�Ú²hiK²3�3d.×N²=l4jÁd�Ïbd&�&¶bd ³&±�d=g�p�g�q�³S±�q=p,�]Ô&��p,¶Sd=�hp�ghi¨²hiK²3�3d.×N²Hp,²Ú�h³Se5²3d¯±�¶WÖ�³S±�q�³½�h³bd
g�p��h±�e0e,å�e,g�¬&±��hp,�ÚÔ]d=g�±�eKÏS²Ø±�²®¹,ghd.p��3d=gW�h³Sp,¶ �'"�Þ�lm´;�Sq�³ ²3i;²3�3d.×®²¨p�ghdª�S¶&��±�Õ,d.��i0�3e0¬]d
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Lick and Keck Data

°�±�¹5�bg�d�ÑKl ,0��±�d=g�p�g�q�³S±�q=p,�/."Ïbe5�b¬&��d+*�Ô
��p,¶bd=��²3i;²3�3d.×®²�� « �5ÒKÞ�� � ä���d=åæ��÷*p,¶SÏ
� « Þ��	�	�;Þ"äæg�±�¹5³ì��÷�l Í ³bd�µ,d.��e;q=±��h±�d.²*p�ghd �S��ÖH±��h³�p�Ïbe5�S¬&��d+*9��d=Ô&��d=g�±�p,¶"×®eKÏbd.�
ä�²3e5��±�Ï0��±�¶bd?÷�l Í ³bd¨ÖH±�Ïbd.��i ²hd=Ô&p�g�p��3d.Ï Ô]d=g�±�e;ÏS²"ghd.¶SÏbd=g[�h³bd.²3dk²3i;²3�3d.×®²�,3³S±��
d=g�p�g�q�³S±�q=p,� . ä�²3d=dÁ�3dBÓ;��÷�l °be,g � « Þ��	�	�;Þ�Ð$�h³bdªµ,d.��eKq=±��h±�d.²¨p�g�d·åæghe5× ��d.q�Õ
ä�ÏS±�p,×Øe5¶SÏS²�÷øp,¶SÏ $Q±�q�Õ ä�Ïbe,�h²�÷�l

p,qB�h±�µ,d.��i�d.¶b¹5p�¹,d.Ï`±�¶®×Ød.p,¶ *ì×®e,�h±�e5¶Øe,gø²hd.q=�S��p�g�ghd.²he5¶Sp,¶SqBd.²=l �2¶®³S±�d=g�p�g�q�³S±�q=p,�b²hiK²3�3d.×N²=Ð
¶bd.±��h³bd=g`�h³bd·e,gh¬&±��hp,�HÔ&p�g�p,×Ød=�3d=g�².ÐÚ¶be,g¨��±�¶bd.p�g`qBe5×¯¬&±�¶&p��h±�e5¶S²®�h³Sd=ghd=e,å�Ð�p�ghdª��±�Õ,d.��i �3e
q=±�g�q=�S��p��3dke,g`��±�¬&g�p��3d½p�¬]e5�b�®²3e5×Ødªµ
p,���Sd,l ��¶&Ïbd=d.Ï+ÐF�h³bd.±�g®Ô]d=g�±�e;ÏS²�p�ghd·²3e ÏS±�²hÔ&p�g�p��3d
�h³Sp��H±�¶ì�3d=g�p,qB�h±�e5¶&²Úp
fod.qB���h³bd ×Øe,�h±�e5¶&²Je5¶S��i`e5¶k�h±�×Ød ²hq=p,��d.²Ú�h³Sp��Úp�ghd¯��e5¶b¹®qBe5×ØÔ&p�g�d.Ï
�3e®�h³bd e,g�¬&±��hp,�]Ô]d=g�±�e;ÏS²=l

°be,g � « �5ÒKÞ�� � ÐH�h³bd½Ô]d=g�±�eKÏS²Øp�g�d Þ��	� p,¶&Ï Þ���à,à0Ï�Ð�q=��d.p�g���i ghd=ÔSghd.²3d.¶ì�h±�¶b¹ �h³bd
³S±�d=g�p�g�q�³S±�q=p,�Jq=��p,²h²®e,å�Ïbe5�b¬
��dWÔ&��p,¶bd=�h²=l j ³S±���dW�h³bd=i Ïbe5¶�, �N±�¶ì�3d=g�p,qB�¨²3�3ghe5¶b¹5��i ¶be?Ö Ð
e5¶bd ÖFe5¶SÏbd=g�²H±�åt�h³Sd �!ÖFeNÔ&��p,¶bd=�h²Ú³SpAµ,d"d=µ,d=g�±�¶��3d=g�p,qB�3d.Ï·²3�3ghe5¶S¹5��i¨±�¶W�h³bd.±�gÚÔ&p,²h�=lø­�¶�i
Ô&p,²3��q=��e5²3d�d.¶SqBe5�S¶ì�3d=g�Öøe5�S��Ï`³SpAµ,d$ghd.²h�S���3d.Ï`±�¶¨��p�gh¹,d�e,gh¬&±��hp,�&d.q=qBd.¶��3g�±�q=±��h±�d.²=Ð;¬&�b�F²h�Sq�³
±�²Ø¶be,�®�h³Sd½q=p,²3d,l Í ³Sd.²3dk�!ÖFe Ô&��p,¶bd=�h²Ø³Sp.µ,d·¶bd.p�g���i0d�1ì�&p,�Jµ
p,���bd.²Øe,å�Ù ²h±�¶�ÜNÐ�p,¶SÏ
�h³bd`±�¶S¶bd=g"Ô
��p,¶bd=�¯³&p,²�' 
 à;l�Þ�Ð4¶bd.p�g���iÁq=±�g�q=�S��p�g.Ð�±�¶SÏS±�q=p��h±�¶b¹k�h³Sp���±��¯Ï&±�Ï�¶be,��²h�;f]d=g
p`q=��e5²3d¯²hq=p��3�3d=g�±�¶b¹Wp,²�±��h²���p,²h��Ïbi;¶Sp,×®±�q=p,�Qd=µ,d.¶��=l$���b�H�h³Sd¯e5�b�3d=g�Ô&��p,¶Sd=��³Sp,²�p`��p�gh¹,d
d.q=qBd.¶��3g�±�q=±��!i e,å�'�
 à;l � *ìà;l��KÐ ��d.p.µ;±�¶b¹ p ×"i;²3�3d=ghi e,å¯±��h²¨e,g�±�¹5±�¶ ±�å¯¶be,�W¬ìi p q=��e5²3d
²hq=p��3�3d=g�±�¶S¹bl �$¶bd�×®±�¹5³ì�øÖFe5¶SÏbd=g�±�åQ²h��eAÖ dBÓ;q�³Sp,¶b¹,d�e,å�d.q=qBd.¶ì�3g�±�q=±���i`×®pAiN¬]dHe;q=q=�bghg�±�¶b¹
¬]d=�!ÖFd=d.¶ �h³bd��!ÖFekÔ&��p,¶bd=�h²�µK±�p`�h³Sd3��e	
.p,±�g�d.²3e5¶Sp,¶SqBd½ä ��e	
.p,±JÞ.Ñ	�	�5÷�l ��å4qBe5�bg�²hd,Ð+�h³bd
e,gh¬&±��hp,�
±�¶Sq=��±�¶Sp��h±�e5¶S²*p�ghd$�S¶bÕ;¶be?ÖH¶Ø¬&�b�Fp�ghd$¶bd.qBd.²h²hp�ghiØ�3e�Ïbd&�&¶&±��h±�µ,d.��i�p,¶��h±�q=±�Ô&p��3d$p,¶�i
±�¶ì�3d=g�p,qB�h±�µ,d"Ïbi;¶Sp,×®±�q=²=l

­�¶be,�h³bd=g ,3³S±�d=g�p�g�q�³S±�q=p,�/.$Ïbe5�b¬&��d+*�Ô
��p,¶bd=�t²hiK²3�3d.× ±�² � « Þ��	�	�;Þ�Ð�ÖH±��h³[��Öøe�Ô&��p,¶bd=�h²
³Sp.µ;±�¶b¹`Ô]d=g�±�e;ÏS²Úe,å��	��àWp,¶SÏ Þ � à�Ò¨Ï+l�°Â±�¹5�bghdØÑN²h³SeAÖH²��h³bd�q=�bghghd.¶ì�H¬]d.²3���!ÖFe *�Ô&��p,¶Sd=�
�S�=Ð��S²�±�¶b¹$µ,d.��e;q=±��!iØ×Ød.p,²h�Sghd.×Ød.¶ì�h²*åwg�e5× ¬]e,�h³ $Q±�q�Õ[p,¶SÏ ��d.qhÕ�e,¬&²3d=g�µ
p��3e,g�±�d.²Hä�°�±�²hq�³Sd=g
d=�Fp,��l���à,à �5÷�lø­¼ghd.²3e5¶&p,¶SqBd�±�²4�S¶&��±�Õ,d.��i��3e[¬od�q=�bghghd.¶ì�h��i®p,qB�h±�µ,d�±�¶N�h³S±�²ø²3iK²h�3d.×kl*j ±��h³
d.q=qBd.¶��3g�±�q=±��h±�d.²$e,åFà;l��Wp,¶SÏ à;l��KÐt±���ghd.×®p,±�¶&²�Ô]e5²h²�±�¬&��d �h³&p��$±�¶��3d=g�p,qB�h±�e5¶S²$Ô&��pAi,d.ÏÁp`g�e5��d
±�¶ ²h³Sp�Ô&±�¶b¹N�h³bd.±�g$q=�Sghghd.¶ì��e,gh¬
±��h²$p,¶SÏ·�h³Sp�� p,¶ e5¶b¹,e5±�¶b¹W±�¶ì�3d=g�p,qB�h±�e5¶Áp,qB�h±�µ,d.��i·q=p,�S²hd.²
p,¶kd.q=qBd.¶ì�3g�±�q=±���ikdBÓ;q�³Sp,¶b¹,d¨ä ��e5��×®p,¶½d=�Hp,��lÚÞ.Ñ,Ñ5Ò9& !�³S±�p,¶b¹�d=�Hp,��l���à,à �5÷�l

�]Ì E$Ë5Ë @L�oÈAÉ��wË9��È�� @KÇ¨Ê?� ��� @KÇ��D�tÊ?�tË @ìÇkÅ � �D��� �K� ����I�@ÁÊ?� � � ��IwÈ���>�I�@ =JIæÊ?� �
@ìÈAÇ

��±�¹5³Ne,gh¬
±��hp,�&d.q=qBd.¶ì�3g�±�q=±��h±�d.²�p�ghd�qBe5×N×Øe5¶Wp,×Øe5¶b¹Ø²h±�¶b¹5��dÚÔ&��p,¶bd=�h²Fp,¶SÏ`ghd.²3e5¶Sp,¶&qBd.²Jp�ghd
qBe5×®×Øe5¶·p,×Øe5¶b¹W×¯�&���h±�Ô&��d+*�Ô
��p,¶bd=�Ú²3i;²3�3d.×®²=l��$¶bd ÖFe5¶SÏbd=g�²�±�å��h³bd=ghd[±�²Hp¨qBe5¶S¶bd.qB�h±�e5¶
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¬]d=�!ÖFd=d.¶��h³bd.²3dN�!ÖFe·�S¶SdBÓKÔ]d.qB�3d.ÏÁÔSg�e,Ôod=g��h±�d.²=l®­�ghd®d.q=qBd.¶ì�3g�±�q=±��h±�d.²"Ô&�S×ØÔ]d.Ï ±�¶Á²h±�¶b¹5��d
Ô&��p,¶bd=�h²¯¬Ki pªÏ&±�fod=g�d.¶���×Ød.q�³&p,¶S±�²h× �h³Sp,¶ ±�¶ ×¯�S���h±�Ô&��d+*�Ô&��p,¶bd=� ²3i;²3�3d.×®²�� Í eÁ±�¶ìµ,d.²$�
�h±�¹5p��3d½�h³S±�²=Ð4e5¶bd½×Np.i qBe5×ØÔ&p�ghdk�h³Sd½d.q=qBd.¶��3g�±�q=±��!i ÏS±�²3�3g�±�¬&�S�h±�e5¶S²"p,×®e5¶b¹ ²h±�¶S¹5��dkp,¶SÏ
×¯�&���h±�Ô&��d+*�Ô
��p,¶bd=��²3iK²h�3d.×®²=l

°�±�¹5�bg�d��W²�³beAÖH² e,gh¬&±��hp,��d.q=qBd.¶ì�3g�±�q=±���i µK²=lØ²3d.×N±5�!×®p 23e,g p
Ó;±�² åwe,g p,����Ñ5Òk²3d.q=�bghd.��i
ÕK¶SeAÖH¶_Ô&��p,¶bd=�Ú²3i;²3�3d.×®².Ð
²h³be?ÖH±�¶b¹ØÖ�±��h³½p,²3�3d=g�±�²3ÕK²Ú�h³be5²3d"Ô
��p,¶bd=�h²J�h³Sp���ghd.²h±�ÏSd ±�¶½×[�S�5�
�h±�Ô&��dJÔ
��p,¶bd=�4²3i;²3�3d.×®².l Í ³bd=ghdHp�g�d �	� ²��Sq�³NÔ&��p,¶bd=�h²=Ðìghd.²h±�Ï&±�¶b¹ ±�¶½Þ=à¯×¯�&���h±�Ô&��dÚ²hiK²3�3d.×N²=Ð
�!ÖFe e,å&Ö�³S±�q�³�p�ghdJ�3g�±�Ô&��d,l �Q¢;x�¥�u�zB{�y�u�¾B b{�u�}�s½}2~�}�y.¾Bu�{����ox�¦�¦�xBs&{�y�u�¦.uæ{�u�x�z��,�Ø},sì��{æ¢;x*�
����s (
x={æz�uws0�� K��{�u����
����sox={Hz�|
zB{!xB�[z[uwz�uws
¥,u�zB{�uwsì�5 ;u�z�¢K��¾B��xH~�y3}�� {æ¢;�,{�}2~®{æ¢bx�z�uwsì�5��x$�
����sox.{æzB�
n½e,g�d=eAµ,d=g.ÐJ�h³bdªÏS±�²3�3g�±�¬&�b�h±�e5¶0e,å�²3d.×®±5�!×®p 23e,gNp
Ó;d.²®e,å$Ô&��p,¶Sd=�h²�ÖH±��h³S±�¶ ×[�S���h± *�Ô
��p,¶bd=�
²3i;²3�3d.×®²Ú±�²H±�¶SÏS±�²h�h±�¶b¹5�S±�²�³Sp�¬&��dJåæghe5× �h³Sp��He,åt�h³bd¯²h±�¶b¹5��d$Ô&��p,¶bd=�h²J²h³be?ÖH¶+l

Í ³Sd4²h±�×®±���p�g�±���i�±�¶"�h³bd4d.q=qBd.¶ì�3g�±�q=±��h±�d.²tp,¶&Ï¯²3d.×N±5�!×®p 23e,gtp
Ó;d.²te,åS²�±�¶b¹5��d�Ô
��p,¶bd=�h²Âp,¶SÏ
×¯�&���h±�Ô&��d+*�Ô
��p,¶bd=�h²Â²h�b¹,¹,d.²3�h²4�h³Sp��*�h³bdJe,g�±�¹5±�¶�e,å
�h³bdJd.q=qBd.¶ì�3g�±�q=±�d.²�×®p.i�¬]d�1ì�&p,��±��hp��h±�µ,d.��i
²h±�×®±���p�g.lQ­ ²h±�×®±���p�g*×Ød.q�³Sp,¶&±�²h× ±�²�ghd.×Np�ghÕ
p�¬
��d,Ð5¬]d.q=p,�S²3dJ�h³bdJÔ
��p,¶bd=�h²�±�¶�×[�S���h± *�Ô
��p,¶bd=�
²3i;²3�3d.×®²�p�ghd®Ïbd&�
¶S±��3d.��ikÔ]d=gh�h�bg�¬od.Ï_¬ìiªd.p,q�³ e,�h³bd=g.Ð�p,² ²3d=d.¶ÁÏSiK¶Sp,×N±�q=p,����i½±�¶·�h³bdNc 1
*5Ò �®²3i;²3�3d.× ä � ±�µ,d=g�p  $Q±�²h²�p,�bd=g ��à,à �5÷�l

« ±�²3�h±�¶SqB� ×Ød.q�³&p,¶S±�²h×®²¯³Sp.µ,d`¬]d=d.¶�ÔSghe,Ô]e5²3d.Ï��3e_dBÓ;Ô&��p,±�¶ �h³bdNe,gh¬&±��hp,�*d.q=qBd.¶ì�3g�±�q+�
±��h±�d.²=Ð*¶Sp,×®d.��i�Ô&��p,¶Sd=�3*�Ô&��p,¶bd=�[±�¶��3d=g�p,qB�h±�e5¶S²�p,¶SÏ Ô&��p,¶bd=�[×®±�¹,g�p��h±�e5¶ ��d.p,ÏS±�¶b¹½�3e ghd.²he �
¶Sp,¶SqBdkq=p�ÔS�h�bg�d ä�nªp�g 
.p�g�±  jÁd.±�Ïbd.¶&²hq�³S±�����±�¶b¹ ��à,à �'&�°Se,g�Ï+Ð � p,²h±�e  ��4� ��à,à �'& $Qd=d
 �Âd.p,��d���à,àbÞ�&�!�³&±�p,¶b¹  Ûn_�Sghg�p.i ��à,àbÞ�& !�³S±�p,¶b¹bÐJ°�±�²hq�³bd=g.Ð  Í ³be5×N×Ød.²���à,à �5÷�l
c�e5��Ïbg�d.±�q�³
 ´;p�g�±�ä ��à,à �5÷$p,��²3eWqBe5¶S²h±�ÏSd=g�Ô&��p,¶bd=�3*ìÏS±�²3Õ½±�¶��3d=g�p,qB�h±�e5¶S²=Ð+p,²$Ïbeìd.²6!�³&±�p,¶b¹
ä ��à,à �5÷�l

­ qBe5×®ÔSghd.³bd.¶S²�±�µ,d[×®eKÏbd.�Âåæe,g$e,gh¬&±��hp,�Âd.q=qBd.¶ì�3g�±�q=±��h±�d.²$×®pAiª±�¶ìµ,e5��µ,dØ²3d=µ,d=g�p,�*qBe5×��
¬&±�¶Sp��h±�e5¶S²�e,å$Ô&�S×ØÔ&±�¶b¹ ÔSghe;qBd.²h²3d.²®p,qB�h±�¶S¹0²h±�×[�S���hp,¶Sd=e5�S²h��i�e,g¨±�¶ß²3d=g�±�d.²=l ��¶bd½²h�Sq�³
²hqBd.¶Sp�g�±�e·±�¶ìµ,e5��µ,d.²���ÖøeÁe,gØ×Øe,ghdWÔ&��p,¶bd=�h²�×®±�¹,g�p��h±�¶S¹ª±�¶ pªµK±�²�qBe5�S²�ÏS±�²3Õ�p��ØÏS±�f]d=ghd.¶ì�
g�p��3d.²=ÐSÏbd=Ô]d.¶SÏ&±�¶b¹ e5¶W�h³bd�¶bd.±�¹5³�¬]e,g�±�¶S¹ ¹5p,²Ú±�¶`�h³bd�ÏS±�²3Õol4´;�Sq�³¨Ï&±�fod=g�d.¶��h±�p,�o×®±�¹,g�p��h±�e5¶
p,����e?ÖH²"�h³Sd.× �3e q=p�ÔS�h�bghd¨d.p,q�³ e,�h³bd=gØ±�¶0×Ød.p,¶ *ì×Øe,�h±�e5¶ ghd.²he5¶Sp,¶SqBd.²=l Í ³bd®g�d.²3e5¶Sp,¶ì�
±�¶ì�3d=g�p,qB�h±�e5¶S²Úq=p,¶½Ô&�S×ØÔk�h³bd�d.q=qBd.¶ì�3g�±�q=±��h±�d.²Úe,åÂ¬]e,�h³WÔ&��p,¶bd=�h²Ú�SÔk�3e®µ
p,���bd.²Jp,²H³S±�¹5³kp,²
à;l¿Òkä $�d=d  �Âd.p,��d ��à,à �'& !�³S±�p,¶b¹ ��à,à �5÷�Ð]p,²Úe,¬&²hd=ghµ,d.Ï+l

Í ³Sd`¹,ghe?ÖÚ�h³ ±�¶0d.q=qBd.¶��3g�±�q=±��h±�d.²=Ð�d.²hÔod.q=±�p,����iÁp,²��h³bdWÏS±�²3Õ�ÏS±�²h²h±�Ô&p��3d.².ÐÂq=p,¶ ghd.¶&Ïbd=g
�h³bd$�!ÖFeØe,gh¬&±��h²��S¶&²3�hp�¬&��d$p,²Jq=��e5²3d$Ô&p,²h²�p�¹,d.²�eKq=q=�bgAl ��¶WÏbd=d=Ôkghd.²he5¶Sp,¶SqBd.²=Ðb�h³bd$Ô&��p,¶bd=�h²
×®p.i¯¬]dø±�×®×[�S¶bdø�3e�²h�Sq�³�±�¶&²3�hp�¬&±���±��h±�d.²�ä Í ³be5×®×®d.²=Ð,Ô]d=g�²3e5¶Sp,�ìqBe5×®×¯�&¶S±�q=p��h±�e5¶+Ð ��à,à �5÷�l
���b�k±�¶ Öød.p�Õ,d=gªghd.²3e5¶Sp,¶SqBd.².Ð�e,g½�S¶&Ïbd=g`�h³Sd�p,qB�h±�e5¶¼e,å[p,Ï&ÏS±��h±�e5¶Sp,��Ô]d=gh�h�bgh¬]d=g�².ÐJ�h³bd
²3i;²3�3d.× qBe5�S��Ï ¬]d.qBe5×Ød¨q�³Sp�e,�h±�qWÖH±��h³S±�¶�p ²3�3d.����p�g[��±�åwd=�h±�×®d,lÁ´;�&q�³ pª²�qBd.¶Sp�g�±�e ×®±�¹5³ì�
��d.p,ÏW�3eØ�h³bd ×®p�g�¹5±�¶Sp,����i®�&¶S²3�hp�¬&��d$qBe5¶SÏS±��h±�e5¶S²�±�¶ìµ,e,Õ,d.Ïk¬ìi � p,²�±�eB °be,g�Ï ä2Þ.Ñ,Ñ	�5÷Úp,¶SÏ
¬ìi nªp�g 
.p�g�±H jÁd.±�Ïbd.¶S²hq�³S±�����±�¶b¹ ä ��à,à �5÷�l °be,g�Ï�Ð � p,²h±�e  ��4�ûä ��à,à �5÷¨³Sp.µ,d ²h³be?ÖH¶
�h³Sp��Úq=��e5²3d�Ô
p,²h²hp�¹,d.²Úe,åæ�3d.¶½��d.p,ÏW�3eNd322d.qB�h±�e5¶½e,åt�h³bd ��d.²h²J×®p,²h²h±�µ,d�Ô&��p,¶bd=�=Ðb��d.pAµK±�¶S¹Øe5¶bd
¬]d.³S±�¶SÏ+l Í ³S±�²H²hd�1ì�bd.¶ì�h±�p,�Â²3d=�$e,å�ÔSghe;qBd.²h²3d.²�ÔSghe?µK±�Ïbd.²�p¨¶Sp��h�bg�p,�QdBÓ;Ô&��p,¶Sp��h±�e5¶_åæe,g$�h³bd
ghd.²3e5¶Sp,¶&qBd.²kp,¶SÏ d.q=qBd.¶��3g�±�q=±�d.²We,¬&²3d=ghµ,d.Ï p,×®e5¶b¹ ×¯�S���h±�Ô&��d+*�Ô&��p,¶bd=�N²3i;²3�3d.×®²Wp,¶SÏ åæe,g
�h³bdNd.q=qBd.¶ì�3g�±�q=±��h±�d.²"e,¬
²3d=ghµ,d.Ï ±�¶�²h±�¶S¹5��dØÔ&��p,¶bd=�h².l½´b±�¶b¹5��dØÔ&��p,¶bd=�h²"×®pAiÁghd=ÔSghd.²hd.¶��¯�h³bd
²h�bghµ;±�µ,e,g�²�e,å�×[�S���h±�Ô&��d+*�Ô&��p,¶bd=�FÔSghe,¹,d.¶S±��3e,g�²=l

­ ²hd.��d.qB�h±�e5¶¨dBfod.qB�Ú×Np.iNÔ
��p.i®p[ghe5��d$±�¶N�h³bd�³S±�¹5³`d.q=qBd.¶��3g�±�q=±��h±�d.²Fe,¬&²3d=ghµ,d.ÏWp,×Øe5¶S¹
�h³bd z�uæsì�5��x dBÓ;�3g�p,²3e5��p�gHÔ&��p,¶Sd=�h²FÏ&±�²hqBeAµ,d=g�d.Ïk�3eNÏSp��3d,løn_e5²3�JÕ;¶beAÖ�¶kdBÓK�3g�p,²3e5��p�gÚÔ&��p,¶bd=�h²
ghd.²h±�ÏSdFÖ�±��h³S±�¶��$­��¼ÏS�bdJ�3e��h³bd���±�×®±��3d.Ï�ÏS�Sg�p��h±�e5¶kä � Þ=à�iKg�÷te,å]�h³bd « e,ÔSÔ&��d=g�²��bghµ,d=i;²=l
Í ³K�S²Â�h³bd�Ô&��p,¶bd=�h²�Ïbd=�3d.qB�3d.ÏØ�3e Ï&p��3dÚ×®p.i¯ghd=ÔSghd.²3d.¶ì�*p$²h�b¬&²3d=���h³Sp���d.¶SÏSd.Ï[�SÔ[Ö�±��h³S±�¶ �
­��"l&c$±�p,¶��øÔ&��p,¶bd=�h²øÖH±��h³S±�¶ �"­�� ×®p.i®g�d=ÔSghd.²3d.¶ì�ø�h³Sd�²h�SghµK±�µ,e,g�²�e,å�²hq=p��3�3d=g�±�¶b¹�d=µ,d.¶��h²
±�¶WÖH³S±�q�³¨�h³bd e,�h³bd=gHÔ&��p,¶bd=��Ö�p,²Úd323d.qB�3d.Ï+Ð&q=p�ghghi;±�¶b¹®pAÖFpAikd.¶bd=gh¹,i¨åwg�e5× �h³bd"²h�bg�µK±�µ;±�¶b¹
Ô&��p,¶bd=�=l
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« �bg�±�¶b¹��h³bd ¶bdBÓ;�HÏbd.q=p,Ïbd,Ð « e,ÔSÔ
��d=gÚ²3d.p�g�q�³bd.²ÚÖH±����o¬od�p�¬&��d��3eNÏbd=�3d.qB� 2h�bÔ&±��3d=g�²�±�¶
e,gh¬&±��h²Qåwg�e5× �7* ��­��"l Í ³Sd.±�g�e,gh¬&±��hp,�5d.q=qBd.¶ì�3g�±�q=±��h±�d.²ÂÖH±����,²h³bd.Ï[��±�¹5³ì��e5¶¯�h³bd.±�gtÏSiK¶Sp,×N±�q=p,�
³S±�²3�3e,g�iªp,² ÖFd.���*p,²�e5¶��h³bd®ÔSghd=µ�p,��d.¶SqBdØe,åF¹5±�p,¶ì� Ô&��p,¶Sd=�h²�±�¶Áq=±�g�q=�S��p�g�e,gh¬&±��h²$ÖH±��h³Á¶be
¹5±�p,¶ì�4Ô&��p,¶Sd=�h²�±�¶ìÖFp�g�ÏNe,å]�h³bd.×kl ���F²3d=d.×®²ø��±�Õ,d.��i[�3e¯�S²4�h³Sp��4�h³SdH²3e5��p�gF²3iK²h�3d.× p,¶Sp,��e,¹5²
p�ghdFi,d=�Â�3e�¬]d4ghd=µ,d.p,��d.Ï+Ð5p,¶SÏ¯�h³bd=i"qBe5�S��Ï¯¬]d4d=µ,d.¶�×Øe,ghd�¶K�S×Ød=ghe5�S²Q�h³Sp,¶[�h³bd4Ô
��p,¶bd=�hp�ghi
²3i;²3�3d.×®²Jåæe5�S¶SÏW�3e¨ÏSp��3d,l

Å¨Ë��K�%���+I�@9� � � @'�oÈ?Ç,Ì jÁdÁp,qhÕ;¶beAÖH��d.Ïb¹,d �h³bdÁqBe5����p�¬]e,g�p��h±�e5¶ e,å�!�³bg�±�² Í ±�¶S¶bd=i,Ð
15p,q�Õ $t±�²h²hp,�Sd=g.Ð�c�ghd=¹J$tp,�b¹5³S��±�¶�Ð,c�g�d=¹ �Hd.¶Sghi,Ð « ±�×®±��3g�±ì�Âe5�bgh¬
p,±�ÓoÐ ���b¹5³B15e5¶bd.²=Ð !�³Sg�±�²
n_q7!Jp�gh�h³�i,Ð�15p,²3e5¶·jÁg�±�¹5³ì��p,¶SÏ �Fg�p,Ï�!�p�gh�3d=g.l jÁdØ³SpAµ,dØ¬]d.¶bd&�S�3�3d.Ï·åwg�e5× qBe5¶ìµ,d=g�²hp �
�h±�e5¶S²HÖH±��h³ :øÏ Í ³be5×N×Ød.²=Ð?:ø�b¹,d.¶bd !J³S±�p,¶b¹bÐ&­���p,¶½�Fe5²h².Ð�:ø�b¹,d.¶S±�e � ±�µ,d=g�p;Ðop,¶SÏ :4g�±�q
°be,g�Ï+lÂjÁdøp,q�ÕK¶SeAÖH��d.ÏS¹,dF²h�SÔSÔ]e,gh�]¬ìi�ù�´;°W¹,g�p,¶ì�t­�´ Í ��Ñ,Ñ4*4*�à *5ÒìÐ�ù�­$´b­0¹,g�p,¶��Âù�­Hc � �
Þ��;Þ�*	�$p,¶SÏ¯�3g�p.µ,d.�b²h�SÔSÔ]e,gh��åæghe5× �h³Sd�!�p�g�¶bd=¹5±�d ��¶S²h�h±��h�b�h±�e5¶"e,åbj�p,²h³S±�¶b¹,�3e5¶käæ�3e � �ø�Ú÷�Ð
ù�­�´;­ ¹,g�p,¶�� ù�­Hc � � *	�,Ñ,Ñªp,¶SÏÁù�´;° ¹,g�p,¶�� ­�´ Í Ñ	� � ��à �	� � äæ�3eªc�j n·÷�ÐQù�´;° ¹,g�p,¶ì�
­$´ Í ��Ñ,Ñ4*4*	�	�4* p,¶SÏ�ù�­$´b­ ¹,g�p,¶ì��ù�­Hc � � �	�	� �Näæ�3e[´&´K¸�÷�Ð�p,¶SÏ�¬Ki�´;�&¶�nª±�qBghe5²hiK²3�3d.×N²=l
Í ³S±�² ghd.²3d.p�g�q�³0³Sp,²[×®p,Ïbd¨�S²3d®e,åJ�h³Sd`ù�­$´;­ ­�²3�3ghe,Ô
³�i;²h±�q=² « p��hpÁ´Ki;²3�3d.×kÐ*p,¶SÏ �h³bd
´ �3n_��­ « Ï&p��hp�¬&p,²3d,Ð&e,Ô]d=g�p��3d.Ï_p�� ! « ´oÐ
´K�3g�p,²3¬]e5�bg�¹bÐ;°Sg�p,¶SqBd,l Í ³Sd p,�b�h³be,g�²�ÖH±�²h³¨�3e
dBÓK�3d.¶&Ï_²3Ô]d.q=±�p,�]�h³Sp,¶SÕK²J�3eN�h³be5²3d"e,å ��p.Ö�p,±�±�p,¶_p,¶&qBd.²3�3ghiWe5¶½ÖH³Se5²3d ²hp,qBghd.Ïª×Øe5�S¶ì�hp,±�¶
e,å�n_p,�S¶&p ��d.pØÖFd"p�ghd ÔSg�±�µK±���d=¹,d.ÏN�3e`¬]d�¹5�Sd.²3�h²=l

�+@'C @KÉ�@'�tË @KÇ

­Hg�×®±��hp�¹,d,Ð+�Âl 1Sl�Ð�$t±�µK±�ebÐon l�Ð�$t�b¬]eAÖ Ð+´ol �¯l�Ð� �4g�±�¶b¹5��d,Ð 1bl�:Úl ��à,à �KÐQn_ù � ­�´oÐ �	� � Ð
� � *

�Fd.¶bd.ÏS±�qB�=Ðoc�lS°øl�Ðon_q=­�gh�h³K�bg.Ð&��l?:Hl�ÐS°be,ghµ,d.±�����d,Ð Í l�Ð « d.��åæe5²h²3d,Ð��[l�ÐSùHd.��p,¶+Ð?:Úl�ÐS���b�h��d=g.Ð
� l+�tl�Ð�´KÔ&±�d.²h×Np,¶+Ð
jûl�Ðtnªp�g�qBi,ÐÂc[l+jûl�ÐÂc�e5��ÏS×®p,¶+Ð+��l�ÐQ�Âd=ghg�±�d=gAÐ !�l�Ð 1,dBf]d=ghi;²=Ð
jûl �¯l�ÐD nªp.i,e,g.Ð]n�l ��à,à �KÐ
­�ÔD1&ä $Qd=�3��÷�Ð ��à « d.qBd.×¯¬od=g ��à,à �

�Fe5²h²=Ð&­¯l&�Âl ��à,à,à;Ð
­�ÔD1SÐ �	�	�KÐD$4Þ=àbÞ
���b�h��d=g.Ð � l&�Âl�Ðonªp�g�qBi,Ð]c�l&jûl�ÐSj ±�����±�p,×®².ÐL:Hl�Ðonªq7!�p�gh�h³ìi,Ð !�l�Ð « e5²�p,¶ 23³�Ð
�Âl�ÐD ¸*e,¹,�=Ð

´]l
´ol�Þ.Ñ,Ñ	�KÐ
�]­�´;�ÚÐQÞ=à *KÐ ��à,à
���b�h��d=g.Ð � l
�Âl�Ð+n_p�g�qBi,Ð�c�l&jûl�Ð
j¼±�����±�p,×®²=Ð :Úl�Ð ��p,�S²3d=g.Ð �"l�Ð  ´b³S±�gh�h²=Ð
�tlÂÞ.Ñ,Ñ5ÒìÐ+­HÔD1SÐ

� Ò � Ð�$4Þ,Þ��
���b�h��d=g.Ð � lS�tl�Ðon_p�g�qBi,Ð]c[lSjûl�ÐS°Â±�²hq�³bd=gAÐ « lS­"l�Ð&�Fghe?ÖH¶+Ð Í l�Ð !�e5¶��3e5²=Ð
­"l�Ð?� e,g 
=d.¶S¶S±�ÕoÐ

´]l�ÐSù�±�²hd.¶S²3e5¶+ÐS�Âl�Ð&ù�eAi,d.²=Ð � lSjûlQÞ.Ñ,Ñ,ÑKÐo­HÔD1SÐ �	�	�KÐoÑ;Þ��
���b�h��d=g � lt�Âl�Ð�nªp�g�qBi,Ð4c[l�jûl�Ð�¸*e,¹,�=Ð4´olÂ´ol�Ð Í ±�¶S¶bd=i,Ð !�ltc[l�ÐA1,e5¶Sd.²=Ð �¯l � lQ­"l�Ð*nªq+�

!Jp�gh�h³�i,Ð !�l�ÐS�Âd.¶S¶�i,Ð
­"lD1Sl�Ð&­�ÔSÔ&²=Ð �Øl�ÐD !�p�gh�3d=g.ÐS��l ��à,à ��p;Ð]­HÔ�1bÐ �5Ò�*KÐ �	�	�
���b�h��d=g � lQ�Âl�Ð�n_p�g�qBi,Ð4c[ltjml�ÐÂ¸*e,¹,�=Ðø´olÂ´]l�ÐÂ°�±�²hq�³bd=g.Ð « lt­¯l�Ð ��d.¶bghi,Ð�c[l�Ð;$Qp,�b¹5³&��±�¶+Ð

c�l�ÐD jÁg�±�¹5³ì�=ÐD1Sl Í l ��à,à �
¬�Ð
­�ÔD1SÐS±�¶WÔSghd.²h²
!�³S±�p,¶S¹bÐL:Hl���l�Ð Í p�¬&p,q�³S¶S±�ÕoÐo´ol�Ð? Í ghd.×Np,±�¶bd,Ð
´ol ��à,àbÞ�Ðo­H1SÐQÞ��	�KÐtÞ���à�Ò
!�³S±�p,¶S¹bÐL:Hl���l�ÐS°Â±�²hq�³bd=gAÐ « l&­"l�Ð� Í ³be5×®×®d.²=Ð :Úl ��à,à �KÐ]­HÔ�1bÐ �	� � Ð?$øÞ=à �
!�³S±�p,¶S¹bÐL:Hl���l�Ð? n_�Sghg�p.i,Ð
ù"l ��à,à �KÐ]­�ÔD1bÐ��5Ò �KÐ � Ò �
!�³S±�p,¶S¹bÐL:Hl���l ��à,à �KÐo­�ÔD1bÐS±�¶WÔSghd.²h²
:F´;­ Þ.Ñ,Ñ5ÒìÐ Í ³bd6��±�ÔSÔ&p�g�qBe5²Úp,¶&Ï Í i;q�³be !�p��hp,��e,¹5�bd,ÐD:F´;­ ´;� ��Þ���à,à
°�±�²hq�³Sd=g.Ð « lo­"l�Ð�nªp�g�qBi,ÐQc[l&jûl�Ð+�F�S�h��d=g.Ð � l
�Âl�Ð]¸*e,¹,�=ÐQ´ol]´ol�Ð]°bg�±�¶bÕ
Ð+´ol�Ð� ­�ÔSÔ&²=Ð��Øl

��à,àbÞ�Ðo­HÔ�1bÐ �	�;Þ�ÐtÞ,Þ=à�Ò
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°�±�²hq�³Sd=g.Ð « l�­"l�Ðtnªp�g�qBi,Ð*c[l]jml�ÐQ���b�h��d=g.Ð � l��Âl�Ð�¸*e,¹,�=Ð*´olQ´ol�Ð �Hd.¶Sghi,ÐÂc[l�Ð�j�p,��Ô�Ð���l�Ð
nª±�²hq�³+Ð Í l�Ð�jÁg�±�¹5³ì�=Ð 1bl�Ð;�te5�Sgh¬&p,±�Ó]Ð « l�Ð  ­�ÔSÔ&²=Ð'�Øl�Ð ��à,à �KÐb²h�b¬
×®±��3�3d.ÏØ�3e�­HÔ�1

°be,g�Ï+ÐD:ÚlS��l�Ð � p,²h±�ebÐS°Fl&p,¶SÏ �4��Ð �Øl ��à,à �KÐ&�h³Sd.²3d ÔSghe;qBd=d.ÏS±�¶S¹5²
c�e5��Ïbg�d.±�q�³+ÐS�ÂlD ´;p�g�±�Ð � l ��à,à �KÐ]²h�b¬
×®±��3�3d.ÏW�3eN­�ÔD1bÐQä�p,²h�3ghe ��Ô&³�"(à ��à � � �	�5÷
�Hd.¶Sghi,Ð]c[l&jml�Ðo�Fp,��±��S¶Sp,²=Ð
´]l?$�l�Ð « e5¶&p,³ì�bd,Ð � l&­¯l�Ð
°Sd=Õ,d.��Ðo°Fl !$l�Ð� ´KeKe5¶+ÐSjûl ��à,à,à;Ð
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