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K}LZY8[8giLNQiQ I S H M:oPY�n L H QioBc LZY�NS�n�¥Wo3OPgiM8giSUl�VmY8S`O�o3M8M:o3M � K � c z KCM��VmY8S�nJgj¥Wo�LhVmY�gilXOPgbVXQbo3¥�LZV��
VmY8SULNO¡ [:S�VXQiLNlmlmgjlW£ Tmlm¥moPY�TXlmO�oPY8[8LNgil�[ I ]	k.lW�¢SNY8[8TmlmLZ[:o3Q I aWM:oPnNoPYLNQ�M:SUTWY�O�o3M�SN��gil�[:YLNO�[8L H giQ��
gb[ I OPTWY�Y8o3l�[8Q I Qigi��gi[B[8¡Wo�LZVmVGQigiOPLZ[8gbSUl SN��K � c z K#Mh[:SyM8gi��VXQbo�VmY8S H Qbo3� MP] t ¡Wo��¢SUQiQbS��BgilW£
[8¡Wo3M8gjM7giM�O�SUlmO�oPY�lWo3¥��0gb[8¡ SUlWo*M:SUTWY�O�o*SN�}gil�[:Y�LNO�[8L H giQjgb[ I gjl VXLZY8[8giOPTmQjLZY3aJlXLN��o3Q I [8¡mo H o3QjgboP�
M:[8LZ[:o���SUlXgb[:SNY�gilW£ [8LNM��!] s MhLNl�LZ£No3l�[Eo��Jo3OPTm[:o3M*L VGQiLNl�a�gb[.��TmM:[h[:Y�LNO��d[8¡mo�M:[8LZ[:o�SN�C[8¡Wo
��SNY�Qi¥ HJI TWV�¥mLZ[8gjlW£�gb[8M H o3QjgboP�¢M��Bgb[8¡yY�o3M:V�o3O�[0[:S¦[8¡Wo�OPTWY8Y8o3l�[0M:[8LZ[:oN] t ¡Wo3l1a H LNM:o3¥dSUl�gb[8M
OPTWY8Y�o3l�[ H o3QigboP� MPa	[8¡WoxLZ£No3l�[ OPLNl)QbSJS�� TWV [8¡WoylWo��`[�LNO�[8gbSUl)[:S�o��`o3OPTW[:o gil)gb[8M�VGQiLNl�] w/l
��LNl I M8gb[8TmLZ[8gbSUlXMPaRLNl LZ£No3l�[ � L I�H o�Y8o3¤�TXgbY8o3¥�[:Sd¥mo3OPgi¥Wo�gil�Y8o3LNQ���[8gi��o��B¡XgiO�¡�LNO�[8gbSUl [:S
o��`o3OPTW[:oElWo��`[P] t ¡�TXMPa�o�� OPgbo3l�[7LNQb£NSNYgb[8¡m��M�[:S�TWV�¥mLZ[:o.[8¡Wo.OPTmY8Y8o3l�[ H o3QigioP��M8[8LZ[:o��CSUTmQj¥ H o
¥Wo3M8giY�L H QboN] k.lW�¢SNY8[8TmlmLZ[:o3Q I aFo��`LNO�[ H o3QigboP�7M:[8LZ[:ox��SUlmgi[:SNY�gilW£y[8TmY�lmM SUTW[ [:S H o nNoPY I [8gi��o
O�SUlmM8TX��gilW£��¢SNYB��LNl I ¥mSU��LNgilmMP]

t ¡mgiM�[8¡Wo3M8gjM7gil�[:Y�SJ¥mTXO�o3M�L�nZLNQiTWo�� ¥XgbY8o3O�[:o3¥¦� YLN��o��CSNY�� [:S�LNlmLNQ I � oELNlm¥ ¥Wo3M�gb£UlxLZV��
VmY8S!�`gj��LZ[8gbSUly��oP[8¡mSJ¥mMB[8¡mLZ[0M8V!oPo3¥dTWV [8¡mo ��SUlmgb[:SNYgilW£�[8LNM��!] t ¡WoE£NSULNQ�SN�	LZVmVmY�S"�Wgi��LZ[:o
H o3QigboP�BM8[8LZ[:o ��SUlmgb[:SNYgilW£�giM�[:S[:Y�LN¥moy��SUlmgb[:SNY�gjlW£ LNOPOPTmY�LNO I � SNY�o�� OPgbo3lmO I ] t ¡JTmMPaC[8¡mgiM
�¢Y�LN��o���SNY�xSUTW[8Qigilmo3M�L�VmYgilmOPgbVXQio3¥¦LZVXVmY8SULNO�¡d[:S ¤JTmLNl�[8gb� I [8¡mo gi��VGLNO�[�SN�	LZVmVmY8S!�`gj��LZ[8gilW£
H o3QigboP��M:[8LZ[:o3M.SUly[8¡Wo SNY�gb£UgilmLNQ1VXQiLNl�]7^`gilmO�oELZ[hLNl I V�SUgil�[Bgilx[8gj��oNaGLNldLNO�[8gbSUldgjM7o��Jo3OPTm[:o3¥
H LNM:o3¥ SUl�[8¡WoBOPTmY8Y8o3l�[ H o3QigboP�GM8[8LZ[:oNa`gi[	��L I�H o7V�SUM8M8g H QboC[8¡XLZ[CLEQbo3M�M	¥Wo3M8gbYL H Qbo7LNO�[8gbSUl o3lm¥mM
TWV H o3gilW£�o��`o3OPTW[:o3¥ LNM�L�Y�o3M8TmQb[�SN��[8¡moELZVmVmY8S!�`gi� LZ[8gbSUlmM7TmM:o3¥ [:S�gjlW� oPY�[8¡WoEOPTmY8Y8o3l�[ H o3QjgboP�
M:[8LZ[:oN]

t ¡Wo �¢Y�LN��o���SNY�¥WoPnNo3QiSNVmV�o3¥O�SfnNoPY�M�L#�Bgi¥Wo�YLNlW£No SN��LZVmVXY8S"�Wgi��LZ[8gbSUl ��oP[8¡WS`¥mM
gilmOPQjTm¥mgilW£ VmY�S%$/o3O�[8gbSUl M8O¡Wo3��o3M�LNlm¥6¥Wo3lmM8gi[ I [:Y8oPo3MP] � gbY�M:[PaFM:oPnNoPYLNQ H SUTmlX¥mM*SUl6[8¡Wo QbSUM8M
gil�¥Wo3OPgjM8gbSUl�¤JTmLNQigb[ I ¥mTmo�[:SdLZVmVmY�S"�Wgi��LZ[:o H o3QigboP��M:[8LZ[:o ��SUlXgb[:SNY�gilW£xLZY8o ¥WoPY�gbnNo3¥�] t ¡Wo3l�a
£UgbnNo3l�LBOPQiLNM�MRSN�mLZVmVXY8S"�Wgi��LZ[8gbSUl ��oP[8¡WS`¥mMPaZL��¢o��6M8o3LZY�O�¡�LNQb£NSNY�gb[8¡X��MRLZY8oCVmY8SNV�SUM:o3¥ [:S0M:oPo��
LyY�o3QiLZ[8gbnNo3Q I £NSJSJ¥6LZVmVmY�S"�Wgi��LZ[8gbSUl M8O�¡Wo3��o&�Bgb[8¡Xgil�[8¡Wo £UgbnNo3l OPQjLNM8MP] t ¡Wo3M8o LNQb£NSNY�gi[8¡m��M
o3M8M:o3l�[8giLNQiQ I [:Y I [:S ��gilXgi��g � o�[8¡Wo H SUTXlm¥mM	¥WoPYgbnNo3¥�]F{Bo��`[Pa`L nNo3O�[:SNY7M:VXLNO�o.LNlmLNQ I M8giMCgiM	V�oPY��
�¢SNY���o3¥ [:S�£ULNgilxM:SU��oEgjlmM8gb£U¡�[8M#Y�oP£ULZY�¥mgilW£'�B¡XgiO�¡¦VmY8SNV�oPY8[8gio3M#SN�}LZVmVmY8S!�`gj��LZ[8gbSUl ��oP[8¡WS`¥mM
LZY8o*Qig��No3Q I [:S�o3lXM8TWY8ohL���gilmgi� LNQXgi��VGLNO�[CSUlx¥Wo3OPgjM8gbSUl¦¤�TmLNQjgb[ I ] � gilmLNQiQ I a�� LNM:[:oPY�LNQb£NSNY�gi[8¡m��M
� [8¡mLNl)[8¡moyVmY8oPn`gbSUTmM�SUlWo3M ��LZY8oy¥Wo3M8gi£UlWo3¥ [:S M:o3LZY�O¡ �¢SNY LZVmVmY�S"�Wgi��LZ[8gbSUl ��oP[8¡WSJ¥XM�[8¡mLZ[
o��W¡mg H gb[7M8TXO�¡xVmY�SNV!oPY�[8gbo3MP]
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pZ]ip K	Y�S H Qbo3��M:[8LZ[:o3��o3l�[©]E]*]E]E] ]*]E]E]*]E]E]*] ]E]E]*]E]E]*] ]E]E]*]E]E]*] ] p
pZ] ± w/QiQiTmM:[:YLZ[8gbnNo v �WLN��VXQbo ]*]E]E] ]*]E]E]*]E]E]*] ]E]E]*]E]E]*] ]E]E]*]E]E]*] ] >
pZ]?> � SUl�[:Y�g H Tm[8gbSUlmM] ]*]E]E]*]E]E] ]*]E]E]*]E]E]*] ]E]E]*]E]E]*] ]E]E]*]E]E]*] ] @
pZ]A@ � TW[8QjgilWo ]*]E]E] ]*]E]E]*]E]E] ]*]E]E]*]E]E]*] ]E]E]*]E]E]*] ]E]E]*]E]E]*] ] B

C D �E�������%�%GFIHJ�&	����'K�E�=%��MLN�E;/���'POQ���R��	����.� D ;�<�S��	�	���	MT D HJLNO D 	�U V
±J]ip c SJ¥Wo3Q z o3M�O�Y�gbVm[8gbSUl ]E]*]E]E] ]*]E]E]*]E]E]*] ]E]E]*]E]E]*] ]E]E]*]E]E]*] ] q

±J]ipZ]ip ^J[8LZ[:o�^JVXLNO�oXW ]*]E]E] ]*]E]E]*]E]E]*] ]E]E]*]E]E]*] ]E]E]*]E]E]*] ] pP²
±J]ipZ] ± s O�[8gbSUl M8VXLNO�oZY ]E]E] ]*]E]E]*]E]E]*] ]E]E]*]E]E]*] ]E]E]*]E]E]*] ] pNp
±J]ipZ]?> t Y�LNlmM8gi[8gbSUl �¢TXlmO�[8gbSUl�[ ]E]E]*]E]E]*] ]E]E]*]E]E]*] ]E]E]*]E]E]*] ] pNp
±J]ipZ]A@ � H M:oPY8nZLZ[8gbSUlyM:VXLNO�o]\¯]*]E]E]*]E]E]*] ]E]E]*]E]E]*] ]E]E]*]E]E]*] ] p3±
±J]ipZ]?^ � H M:oPY8nZLZ[8gbSUlx� TmlmO�[8gbSUl`_ ]E]*]E]E]*] ]E]E]*]E]E]*] ]E]E]*]E]E]*] ] p3±
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±J]ipZ]?B | o���LZY�¥ �¢TXlmO�[8gbSUl�� ] ]*]E]E]*]E]E]*] ]E]E]*]E]E]*] ]E]E]*]E]E]*] ] p�>
±J]ipZ]�� u SNY�g � SUl��yLNlm¥y¥XgiM8O�SUTml�[7�¢LNO�[:SNY�� ] ]E]E]*]E]E]*] ]E]E]*]E]E]*] ] p�>

±J] ± K�SUQigiOPgbo3M ]*]E]E] ]*]E]E]*]E]E] ]*]E]E]*]E]E]*] ]E]E]*]E]E]*] ]E]E]*]E]E]*] ] p @
±J] ±J]ip z o	�Xlmgi[8gbSUl°]E]E]*]E]E] ]*]E]E]*]E]E]*] ]E]E]*]E]E]*] ]E]E]*]E]E]*] ] p @
±J] ±J] ± v n LNQiTXLZ[8gbSUl ]E]*]E]E] ]*]E]E]*]E]E]*] ]E]E]*]E]E]*] ]E]E]*]E]E]*] ] p
�

±J]?> ^JSUQiTm[8gbSUl s Qi£NSNY�gb[8¡m��M¬]*]E]E] ]*]E]E]*]E]E]*] ]E]E]*]E]E]*] ]E]E]*]E]E]*] ] p3q
±J]?>J]ip w/lmO�Y8o3��o3l�[8LNQRK#Y�TmlmgjlW£ ]*]E]E]*]E]E]*] ]E]E]*]E]E]*] ]E]E]*]E]E]*] ] p3q
±J]?>J] ± K�SUQigiO I w [:oPY�LZ[8gbSUl ]E]E] ]*]E]E]*]E]E]*] ]E]E]*]E]E]*] ]E]E]*]E]E]*] ] ±�>

±J]A@ K�oPY8�¢SNY���LNlmO�o gjM8M8TWo3M ]E]*]E]E] ]*]E]E]*]E]E]*] ]E]E]*]E]E]*] ]E]E]*]E]E]*] ] ±�^
±J]A@W]ip ^JSUTmY�O�o3M7SN�}w l�[:Y�LNO�[8L H gjQigb[ I ]E]*]E]E]*] ]E]E]*]E]E]*] ]E]E]*]E]E]*] ] ±�B
±J]A@W] ± � LNO�[:SNY�o3¥ | oPVmY8o3M:o3l�[8LZ[8gbSUl ]E]*]E]E]*] ]E]E]*]E]E]*] ]E]E]*]E]E]*] ] ±�B

±J]?^ \�o3QigboP�	^J[8LZ[:o�c SUlmgb[:SNYgilW£ ]E] ]*]E]E]*]E]E]*] ]E]E]*]E]E]*] ]E]E]*]E]E]*] ] ±Nq
±J]?^J]ip c SN[8gbnZLZ[8gbSUl ]E]*]E]E] ]*]E]E]*]E]E]*] ]E]E]*]E]E]*] ]E]E]*]E]E]*] ] ±Nq
±J]?^J] ± z I lmLN��giO*\�L I o3M�giLNld{0oP[ ��SNY�`M � z \�{.M� ]E]*]E]E]*] ]E]E]*]E]E]*] ] >`p
±J]?^J]?> s VmVmY8S!�`gj��LZ[8gbSUlyc oP[8¡WSJ¥XMx]E]*]E]E]*] ]E]E]*]E]E]*] ]E]E]*]E]E]*] ] >�>

±J]?B t ¡Wo3M�giM s M�M8Tm��Vm[8giSUlmM ]*]E]E] ]*]E]E]*]E]E]*] ]E]E]*]E]E]*] ]E]E]*]E]E]*] ] >��
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>J]ip K#QjLNlyM��Bgb[8O¡mgilW£ ]*]E]E]*]E]E] ]*]E]E]*]E]E]*] ]E]E]*]E]E]*] ]E]E]*]E]E]*] ] @U²
>J]ipZ]ip ^ �0gb[8O�¡yM8oP[BO�SU��VXTW[8LZ[8giSUlmM ]E]*]E]E]*] ]E]E]*]E]E]*] ]E]E]*]E]E]*] ] @mp
>J]ipZ] ± ^ �0gb[8O�¡yM8oP[�oPY8Y8SNY H SUTmlX¥mM ]E]*]E]E]*] ]E]E]*]E]E]*] ]E]E]*]E]E]*] ] @��

>J] ± s Qb[:oPY�lmLZ[8gbnNo VXQiLNlmM�]E]E]*]E]E] ]*]E]E]*]E]E]*] ]E]E]*]E]E]*] ]E]E]*]E]E]*] ] ^�>
>J] ±J]ip s Qb[ � M:oP[BO�SU��VXTW[8LZ[8gbSUlmM�]*]E]E]*]E]E]*] ]E]E]*]E]E]*] ]E]E]*]E]E]*] ] ^;@
>J] ±J] ± s Qb[ � M:oP[�oPY�Y8SNY H SUTmlm¥mM5]*]E]E]*]E]E]*] ]E]E]*]E]E]*] ]E]E]*]E]E]*] ] ^��

>J]?> �	LNQiTWo�� ¥XgbY8o3O�[:o3¥ M8o3LZY�O�¡6]*]E]E] ]*]E]E]*]E]E]*] ]E]E]*]E]E]*] ]E]E]*]E]E]*] ] BZ²
>J]?>J]ip ~ LZ[:[8giO�o SN��VmY8S%$:o3O�[8gbSUlyM8O¡Wo3��o3M ]E]*] ]E]E]*]E]E]*] ]E]E]*]E]E]*] ] B`p
>J]?>J] ± e.Y�oPo3¥ I M:o3LZY�O�¡d]*]E]E] ]*]E]E]*]E]E]*] ]E]E]*]E]E]*] ]E]E]*]E]E]*] ] B�>
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@W]ip �Fo3O�[:SNY*M:VXLNO�oE�¢SNY���TmQiLZ[8gbSUl ]E] ]*]E]E]*]E]E]*] ]E]E]*]E]E]*] ]E]E]*]E]E]*] ] BNq
@W] ± �Fo3O�[:SNY*M:VXLNO�o M�Bgb[8O�¡ [:o3M8[�]E] ]*]E]E]*]E]E]*] ]E]E]*]E]E]*] ]E]E]*]E]E]*] ] �Z±
@W]?> �Fo3O�[:SNY*M:VXLNO�o M8o3LZY�O�¡ ]E]*]E]E] ]*]E]E]*]E]E]*] ]E]E]*]E]E]*] ]E]E]*]E]E]*] ] rZ²
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^J]ip K	Y�S�SN��SN� � SUlmO�oPVm[ ]E]E]*]E]E] ]*]E]E]*]E]E]*] ]E]E]*]E]E]*] ]E]E]*]E]E]*] ] r;@
^J] ± v �`V�oPY�gi��o3l�[8M7]E] ]*]E]E]*]E]E] ]*]E]E]*]E]E]*] ]E]E]*]E]E]*] ]E]E]*]E]E]*] ] r��

^J] ±J]ip ^Jo3LZYO�¡yYTmlmlmgilm£ [8gi��o ]*]E]E]*]E]E]*] ]E]E]*]E]E]*] ]E]E]*]E]E]*] ] rNq
^J] ±J] ± v Y8Y8SNY H SUTmlm¥¦oPnZLNQiTmLZ[8gbSUl ]E]*]E]E]*] ]E]E]*]E]E]*] ]E]E]*]E]E]*] ] q`p
^J] ±J]?> ^Jo3LZYO�¡ LNQi£NSNY�gb[8¡m��O�SU��VGLZY�giM:SUl ]E]*] ]E]E]*]E]E]*] ]E]E]*]E]E]*] ] q�>
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BJ]ip ^`Tm� ��LZY I ]E]E] ]*]E]E]*]E]E] ]*]E]E]*]E]E]*] ]E]E]*]E]E]*] ]E]E]*]E]E]*] ] pP²Ur
BJ] ± � TW[8TmY8o � Y�LN��o��CSNY� v lm¡mLNlmO�o3��o3l�[8M�]*]E]E]*] ]E]E]*]E]E]*] ]E]E]*]E]E]*] ] pP²Uq
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\.] ± � gi¥W£NoP[BK#Y8SJ¥XTmO�[8gbSUl>]E]*]E]E] ]*]E]E]*]E]E]*] ]E]E]*]E]E]*] ]E]E]*]E]E]*] ] pNp3r
\.]?> K}L3nNo3��o3l�[*c LNgil�[:o3lmLNlmO�o�]E]E] ]*]E]E]*]E]E]*] ]E]E]*]E]E]*] ]E]E]*]E]E]*] ] p3±N±
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±J]ip ~ K � ¥WSU��gilXLNlmO�o*[:o3M:[��#nNo3O�[:SNY	� giM�¥WSU��gjlmLZ[:o3¥ H�I�
��� ��� �0¡Wo3l����)²`] ] ±`p
±J] ± z K�VXY8SJO�o3¥XTWY8o ] ]*]E]E]*]E]E] ]*]E]E]*]E]E]*] ]E]E]*]E]E]*] ]E]E]*]E]E]*] ] ±N±

>J]ip ^ �Bgi[8O�¡x[:o3M:[BVmY8SN£NY�LN��[:S ¥WoP[:oPY���gilmohgi�R[8¡WoPY8o o��`giM8[8M�L H o3QigboP��M8[8LZ[:o��.M8TmO�¡
[8¡mLZ[0[8¡Wo VmY�S%$/o3O�[8gbSUl��)Qbo3LN¥XM�[:S L M��Bgb[8O¡y�¢Y8SU�����F[:S���Z] t ¡Wo*nZLZY�giL H Qio3M
LZY8o��6LNlm¥�o3LNO�¡6O�SU��V�SUlWo3l�[ � �"! �0SN��[8¡Wo�nNo3O�[:SNY#� Y�oPVmY8o3M:o3l�[8gilW£yL H o3QigboP�
M:[8LZ[:oN]$� � a%� � a%�'&hLNlm¥(� LZY8o����Jo3¥©LNlm¥�[8¡WoPY8oP�¢SNY8o I gbo3Qi¥�[8¡Wo nZLZY�giL H Qbo
O�SJo�� OPgbo3l�[8MP] ]E] ]*]E]E]*]E]E] ]*]E]E]*]E]E]*] ]E]E]*]E]E]*] ]E]E]*]E]E]*] ] @�@

>J] ± ~ K � M��Bgb[8O¡y[:o3M:[.�¢SNYBVmY8S%$:o3O�[8gbSUldM8O�¡Wo3��o3MP] t ¡WoEnZLZY�giL H Qbo3M�LZY8o�� LNlm¥ o3LNO�¡
O�SU��V�SUlWo3l�[�� �"! �ELNlm¥)�+* �"! �.SN��[8¡Wo nNo3O�[:SNY�M,��LNlX¥)�+*�Y�oPVmY8o3M:o3l�[8gilW£ H o3QigboP�
M:[8LZ[:o3MP]�� � a-� � a.�'&CLNlm¥6ca�LZY8o � �Jo3¥ LNlm¥[8¡WoPY�oP� SNY8o I gio3Qi¥�[8¡Wo�nZLZY�giL H Qbo
O�SJo�� OPgbo3l�[8MP] ]E] ]*]E]E]*]E]E] ]*]E]E]*]E]E]*] ]E]E]*]E]E]*] ]E]E]*]E]E]*] ] @R^

>J]?> /1032 � M:oP[ z K VmY8S`O�o3¥mTWY8o ]*]E]E] ]*]E]E]*]E]E]*] ]E]E]*]E]E]*] ]E]E]*]E]E]*] ] ^��

@W]ip �E^ � M��Bgb[8O¡�[:o3M:[F� SNY}VmY�S%$/o3O�[8gbSUl�M8O¡Wo3��o3MP] t ¡moCSNVm[8gj��g � LZ[8gbSUl VmY8SN£NY�LN� ¡mLNM
L M:[:Y�giO�[8Q I V!SUM�gb[8gbnNo S H $/o3O�[8gbnNo�� TmlmO�[8gbSUl#�B¡Wo3ld[8¡WoPY8o�o��`gjM:[8MhL H o3QigboP�FM:[8LZ[:o
�5476�18:97M�TmO�¡�[8¡mLZ[ � � �P�;4<6�=8?>�LNlm¥�L lWSUl ��V�SUM8gi[8gbnNo S H $/o3O�[8gbnNo�� TmlmO�[8giSUl
�B¡WoPY�o*[8¡WoPY8o ¥WSJo3M8lA@ [7o��WgiM:[8MBM8TmO�¡ L H o3QigboP�RM:[8LZ[:oN]©]*]E]E]*] ]E]E]*]E]E]*] ] ��@
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@W] ± ~ gjlWo3LZY �E^ � M��Bgb[8O¡x[:o3M:[��¢SNYBVXY8S%$/o3O�[8giSUlyM8O�¡mo3��o3MP] t ¡mgiM ~ K ¡mLNM�L�M8[:Y�giO�[8Q I
V�SUM8gb[8gbnNo S H $/o3O�[8ginNod� TmlmO�[8gbSUl �B¡Wo3l)[8¡WoPY�o o��WgiM:[8M H o3QigioP�.M:[8LZ[:o3M � 4 6�18:9
LNlm¥ �+*A4 6�=8?>hM8TmO�¡¦[8¡mLZ[ � � � ��� �+* � �>�#�¢SNY�LNQjQ!� LZY8£UgilmLNQiM�� ¥Wo	�GlWo3¥ HJI
VmY8S%$:o3O�[8gbSUl��dLNlm¥�LhlWSUl ��V�SUM8gb[8gbnNoCS H $:o3O�[8gbnNo��¢TmlXO�[8gbSUl �0¡Wo3l [8¡moPY8o�¥mS�o3M8l @ [
o��WgiM:[BM8TXO�¡ H o3QigboP��M:[8LZ[:o3MP]F]E]E] ]*]E]E]*]E]E]*] ]E]E]*]E]E]*] ]E]E]*]E]E]*] ] � ^

^J]ip K � c z K©M:V�o3OPg �XOPLZ[8gbSUlmM��¢SNY�[8¡Wo �¢LNO�[:SNY I o��WLN��VXQbo¯]E]E]*] ]E]E]*]E]E]*] ] r�^
^J] ± � SU��VGLZY�giM:SUl SN�F¥mg ��oPY8o3l�[�¥mgiM:[8LNlXO�oE��o3LNM8TWY8o3M]E]E]*]E]E]*] ]E]E]*]E]E]*] ] r��
^J]?> ^JSUQiTm[8gbSUlxM:[8LZ[8giM:[8gjOPM7� SNYB[8¡WoE[8¡WY8oPo [:o3M:[�VmY8S H Qbo3��M ]*]E]E]*] ]E]E]*]E]E]*] ] rNr
^J]A@ ^Jo3LZY�O¡yY�TXlmlmgilW£�[8gi��o ]*]E]E] ]*]E]E]*]E]E]*] ]E]E]*]E]E]*] ]E]E]*]E]E]*] ] rNq
^J]?^ � S���oPo VmY�S H Qbo3� �}oPY8Y8SNY H SUTXlm¥ O�SU��VXLZY�giM8SUlmM�LZ[ p�^�M8[8LZ£No3MB[:S�£NS>]E]E]*] ] qN±
^J]?B � gi¥W£NoP[�VmY�S H Qbo3� �}oPY8Y8SNY H SUTXlm¥xO�SU��VXLZY�gjM:SUlmM7LZ[ p�^�M8[8LZ£No3MB[:S�£NS ]E]*] ] qN±
^J]�� K}L3nNo3��o3l�[.VmY8S H Qbo3� �FoPY8Y8SNY H SUTmlm¥ O�SU��VGLZY�giM:SUlmM7LZ[ p�^�M:[8LZ£No3MB[:S�£NS ]*] ] qN±
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±J]ip t Y8oPoEY8oPVmY�o3M:o3l�[8LZ[8giSUlySN�}L�[8¡WY8oPo�� M:[:oPV O�SUlm¥mgb[8giSUlmLNQ�VXQiLNl)]*] ]E]E]*]E]E]*] ] p�^
±J] ± | o3OPTmY�M8gbnNo ¥mo	�Xlmgb[8gbSUl¦SN�}L�O�SUlm¥mgi[8gbSUlmLNQ�VXQiLNl ]E]E]*]E]E]*] ]E]E]*]E]E]*] ] p�B
±J]?> e.oPSU��oP[:YgiO �hgbo��&SN� �	LNQiTWo � TmlmO�[8gbSUl¯]E]E]*] ]E]E]*]E]E]*] ]E]E]*]E]E]*] ] p3r
±J]A@ � gilmgb[:o�M8[8LZ[:o0O�SUl�[:Y8SUQiQboPY	�¢SNY#LEM�gi��VXQbo�K � c z K �Bgb[8¡�[ ��S LNO�[8gbSUlXM#LNlm¥�[ �CS

S H M:oPY�n LZ[8gbSUlXMP],] ]*]E]E]*]E]E] ]*]E]E]*]E]E]*] ]E]E]*]E]E]*] ]E]E]*]E]E]*] ] ±;@
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^J] ± � S���oPoBVmY�S H Qbo3� �RO�SU��VXLZY�giM:SUl�SN�![8¡mo�L3nNoPY�LZ£NohOPTm��TmQiLZ[8gbnNo�oPY�Y8SNY	S H [8LNgilmo3¥
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^J]A@ K}L3nNo3��o3l�[�VmY8S H Qbo3� �0O�SU��VXLZYgiM:SUl�SN��[8¡Wo�L3nNoPY�LZ£No¦OPTm� TXQiLZ[8gbnNo�oPY8Y8SNY*S H �
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^J]?^ K}L3nNo3��o3l�[ VXY8S H Qbo3� �hO�SU��VXLZYgiM:SUl SN�C[8¡mo�L3nNoPY�LZ£No oPY8Y8SNYE¥mTWo�[:S L M8gilm£UQbo
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VmY8S%$:o3O�[8gbSUldM8O�¡Wo3��o3M �Bgb[8¡y� LZY8£UgilmLNQiM�SN�FLZ[B��SUM8[ pZaG±JamSNY*>�n LZY�gjL H Qbo3MP]E] ] pP²S^
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OPTm��TmQiLZ[8gbnNo oPY8Y8SNY �B¡Wo3ly[8¡mo M:o3LZY�O¡dgjM7Y8o3M:[:Y�gjO�[:o3¥ [:S VmY8S%$:o3O�[8gbSUldM�O�¡Wo3��o3M
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w �CSUTmQj¥�Qig��No�[:S LNO��JlWS��BQbo3¥W£No [8¡Wo�gil�n LNQjTmL H Qbo�O�SUl�[:Y�g H TW[8giSUldSN�7��LNl I V!oPSNVGQbo �B¡WSy¡mLfnNo
¡Wo3QbV�o3¥ ��o�¥mgbY8o3O�[8Q I SNYygilX¥mgbY8o3O�[8Q I gil [8¡Wo�LNOPO�SU��VXQigjM8¡m��o3l�[ SN� [8¡mgiM �CSNY�!] � gbY�M:[ LNlm¥
�¢SNY8o3��SUM:[Pa1� I M8TWV�oPY8n`giM:SNYfa � Y�LNgb£ \�SUTW[8giQigioPY3aG¡mLNM.VXQjL I o3¥�L&�No I Y8SUQbo�gild£UTmgi¥mgilm£�� I �mY�M:[
M:[:oPVXM gil [8¡Wo���SNY�Qi¥ SN�.Y8o3M:o3LZY�O¡�] � gb[8¡WSUTW[�¡mgjM�M8TWVmV�SNY8[�LNlm¥)O�SUl�[8gil�TmSUTmM�LN¥Wn`giO�oNa�[8¡mgiM
��SNY� �CSUTXQi¥ lWSN[�¡mL3nNo H oPo3l V�SUM8M�g H QboN] � Y�LNgb£ ¡XLNM H oPo3l L ��o3l�[:SNY�LNM ��o3QiQXLNM�L �¢Y�gbo3lX¥�LNlm¥
¡mgiM�£No3lmoPY8SUTmM�M8TmVmV�SNY8[7giM�£NY8o3LZ[8Q I LZVmVmY�o3OPgiLZ[:o3¥�]

w LN� LNQiM:S�gilX¥WoPVm[:o3¥ [:S z L3n`gi¥&K�SJSUQbo LNlm¥ \CS H K	Y�gjO�o�� SNYy[8¡mo3gbYyO�SUlmM:[:Y�TXO�[8gbnNo
O�SU����o3l�[8M �B¡mgiO¡ O�SUl�[:Y�g H Tm[:o3¥ [:S [8¡Wo��XlmLNQ	�¢SNY�� SN�7[8¡mgiM [8¡Wo3M8giM3]yw��CSUTXQi¥ LNQiM8SdQig��No [:S
[8¡mLNl���\�S H �¢SNY	[8¡Wo0��LNl I gil�[:oPY8o3M:[8gjlW£ LNlm¥�¡mo3QbVm� TmQ`¥mgiM8OPTmM�M8gbSUlmM�SUl�nZLZY�gbSUTXM}[:SNVXgiOPM	Y�o3QiLZ[:o3¥
[:S�[8¡mgjM �CSNY�!]

w0LN�°£NY�LZ[:oP� TmQ}[:S [8¡Wo ~ L H SNY�LZ[:SNY I �¢SNY � SU��VXTm[8LZ[8gbSUlmLNQ�w l�[:o3QiQigi£No3lmO�o�LZ[h[8¡Wo�k.lmg��
nNoPY�M8gi[ I SN� \�Y�gi[8giM8¡ � SUQjTm� H giL��¢SNY¦VXY8Sfn`gi¥mgilm£��o#�0gb[8¡�L6M:[8gi��TmQiLZ[8gilm£o3l�n`gbY8SUlX��o3l�[ [:S
Qbo3LZY�l�LNlX¥OPLZY8Y I SUTW[*Y8o3M:o3LZYO�¡�]�whLNQiM:Sx[8¡mLNl � [8¡Wo ¥moPVXLZY8[8��o3l�[*SN��O�SU��VXTW[:oPY M8OPgio3lmO�o�LZ[
[8¡Wo k.lmgbnNoPYM8gb[ I SN� t SNY�SUl�[:S � SNY0[8¡Wo3gbYB¡WSUM8VXgb[8LNQigb[ I �B¡XgiQbohnJgjM8gb[8gilW£�gil [8¡mo �XlmLNQ I o3LZY.SN�F� I
cdLNM:[:oPY?@ MB¥moP£NY8oPoN]

� gjlmLNQiQ I aU� I M8V!o3OPgjLNQ�[8¡XLNl��JM}£NS � I VXLZY8o3l�[8M �B¡WSE¡mLfnNo�VmY8S�nJgj¥Wo3¥���o �Bgb[8¡�L ��LZY��
LNlm¥xM:[8L H Qboho3l�n`gbY8SUlm��o3l�[7gil¦[8¡Wo*o3LZY�Q I M:[8LZ£No3MBSN��� I Qigi� oN] t ¡mgjM ��SNY� giM�gil VXLZY8[�[8¡Wo*�¢Y�Tmgb[
SN�}[8¡Wo3gbY�QbS�nNo LNlm¥x[8¡mo3gbY�OPLZY8o �0¡mgiO�¡x¡XL3nNo O�SUl�[:Y�g H Tm[:o3¥x[:S M8¡mLZV�o*[8¡WoE� LNlxw�LN�«[:SJ¥XL I ]
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K}LZY8[8giLNQiQ I S H M:oPY8nZL H QbodcdLZY�NSfn©¥Wo3OPgiM8giSUl VmY8S`O�o3M8M:o3M � K � c z K#M� ¡mLfnNodY8o3O�o3ginNo3¥©O�SUlXM8gi¥ �
oPY�L H Qio¦LZ[:[:o3l�[8gbSUl LNM�L � YLN��o��CSNY�� �¢SNY�¥mo3OPgiM8gbSUl [8¡WoPSNY8oP[8giO¦VXQjLNlmlmgilW£W] t ¡Wo3giY £No3lWoPYLNQigb[ I
LNQiQbS��BMhSUlWo�[:S ��SJ¥Wo3Q}TmlXO�oPY8[8LNgil�[ I gil�LNO�[8gbSUl�o ��o3O�[8MPa�M8o3lmM:SNY*S H M:oPY�n LZ[8gbSUlXMELNlm¥�M:[8LZ[:o�SN�
�`lWS!�BQio3¥W£NoN] t ¡Wo I LNQiM:S LNQjQbS!� [8¡Wo�VmY�LNO�[8gi[8gbSUlWoPY	[:S �Xlm¥�LNl�SNVX[8gi��LNQmVGQiLNl � [8¡mLZ[#[8L �No3M�gil�[:S
LNOPO�SUTml�[0[8¡XgiM�TmlmO�oPY�[8LNgil�[ I � �Bgb[8¡xY�o3M:V�o3O�[�[:S SUlWo SNY0M:oPnNoPYLNQ�O�SUlmOPTmY8Y8o3l�[�S H $:o3O�[8gbnNo3MP] z o��
M:VXgi[:o#[8¡Wo3gbYFLZ[:[:Y�LNO�[8ginNo3lWo3M8M	LNM}LhO�SUlmO�oPVm[8TmLNQ`��S`¥Wo3Q aNK � c z KCM�¡XL3nNo7Qigi��gi[:o3¥ LZVmVXQjgiOPL H giQigi[ I
LNM�[8¡mo I LZY8o gil�[:YLNO�[8L H Qbo:�

� t ¡Wo .�� # " � M:o3LZYO�¡ �¢SNY L6M:SUQiTm[8gbSUl � SNVX[8gi��LNQ.VXQiLNlG��[:S)L6K � c z K�gjM SN�¢[:o3l�gil �
[:YLNO�[8L H Qbo�� ±Nrma�>Z²���]

� t ¡Wo . " 0 #&" � o��`o3OPTW[8gbSUl¦SN�1LNl SNVm[8gi��LNQXVXQiLNl�SN�¢[:o3l Y8o3¤�TXgbY8o3M H o3QigioP�!M:[8LZ[:oh��SUlmgi[:SNY�gilW£
�0¡mgiO�¡xOPLNl H oEgb[8M:o3Qb��gil�[:YLNO�[8L H QboN]
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��o3l�[8gbSUlWo3¥ o3LZY�QigboPYfa}M8SUQbnJgjlW£dK � c z KCM�gjM LNQbY�o3LN¥ I gil�[:Y�LNO�[8L H QboNa	M:S [8¡Wo LZVmVXQigjOPL H giQigb[ I SN�
[8¡WSUM:o LNQb£NSNY�gi[8¡m��M�giM Qjgi��gb[:o3¥�[:S�[:Y�ginJgiLNQ#VmY8S H Qio3��MP] t ¡mo Y�TXlmlmgilW£x[8gj��o OPLNl H o O�SUlXM8gi¥ �
oPY�L H Q I gi��VXY8SfnNo3¥ HJI gil�[:Y�SJ¥mTXOPgilW£�L�nNo3O�[:SNY M:VGLNO�oy� SNY� TmQjLZ[8gbSUl SN�h[8¡WoyLZVmVmY8S!�`gj��LZ[8gbSUl
VmY8S H Qbo3�x] t ¡XgiME�¢SNY���TmQiLZ[8gbSUl LNQiQbS!�0M TmM [:S�M:o3LZY�O¡ �¢SNY�L £NSJSJ¥ LZVmVXY8S"�Wgi��LZ[8gbSUl ��oP[8¡WS`¥
gil�Lx[8gj��o�O�SU��VXLZY�L H Qbo�[:Sy[8¡mLZ[ESN��M:SUQbn`gilW£xK � c z KCMP] t ¡mgjM.� L �No3ME[8¡Wo�nZLNQiTWo�� ¥XgbY8o3O�[:o3¥
�¢Y�LN��o���SNY� VmY�LNO�[8giOPLNQ7�¢SNY�VmY�S H Qbo3��M�[8¡mLZ[&�Co LZY�o OPTWY8Y8o3l�[8Q I L H Qbox[:S M8SUQbnNo TmM8gjlW£�M:[8LZ[:o
SN��[8¡Wo�LZY8[ M8SUQiTW[8gbSUl�LNQb£NSNYgb[8¡m��MP] t ¡Wo�VmY�giO�o�VXLNgj¥�� SNYE[8¡XgiM*o�� OPgbo3lXO I O�SUlmM�giM:[8M*SN��QbSJSUM:oPY
H SUTmlm¥mM�LNlX¥�O�SUlmM:o3¤JTWo3l�[8Q I a7[8¡Wo LZVmVmY8S!�`gi� LZ[8gbSUl M8O¡Wo3��o3M Y8oP[8TWY�lWo3¥ H�I [8¡WSUM8oyo�� OPgbo3l�[
M:o3LZY�O¡LNQb£NSNY�gi[8¡m��Mh¡mL3nNo�QiS!��oPYEV�oPY8� SNY��LNlmO�o�£UTmLZY�LNl�[:oPo3MP] � l [8¡Wo�SN[8¡WoPY ¡mLNlm¥1a!o��`V�oPY�g��
��o3l�[8M	M8TW£N£No3M8[8MF[8¡mLZ[	gil�VmY�LNO�[8gjO�o�[8¡mo7o��JV�o3O�[:o3¥�QbSUM8MFgjl�Tm[8giQigb[ I Y8o3��LNgilXM�Y�SUTW£U¡mQ I [8¡mo�M8LN��o
SUlyLfnNoPY�LZ£NoN]

s lWSN[8¡moPY0LNM:V�o3O�[�SN��[8¡WoEnNo3O�[:SNYhM:VXLNO�oE�¢SNY���TmQiLZ[8gbSUlxgjM7[8¡WoElWS�nNo3Q1n`gbo�� gb[7VmY�Sfn`gi¥Wo3M
�¢SNY Tmlm¥WoPYM:[8LNlm¥mgilm£¦¡WS���M:SU��o LZVmVmY8S!�`gj��LZ[8gbSUl���oP[8¡WS`¥mMELNQi[:oPY V�SUQigiOPgbo3M3] s lgi��V!SNY�[8LNl�[
S H M:oPY�n LZ[8gbSUl�M8¡WS��BM�[8¡mLZ[�[8¡Wo�¥Xg �!oPY�o3lmO�oCgil TW[8giQigi[ I � SNY}LNQb[:oPY�lXLZ[8gbnNo�O�SUTmY�M:o3M�SN�XLNO�[8gbSUl n LZYgbo3M
��SNY8o gilyM:SU��o ¥mgbY8o3O�[8gbSUlXM�SN��[8¡mo H o3QigboP��M8VXLNO�o [8¡mLNlySN[8¡WoPY�MP]Cw � ��o O�SUlmM8gi¥moPY H o3QigboP��M8[8LZ[:o3M
LNM.V�SUgil�[8M0gil H o3QigioP��M:VGLNO�oNa ��o�OPLNldO¡mLZY�LNO�[:oPY�g � o�LNl�LZVmVmY�S"�Wgi��LZ[8gbSUl H�I [8¡Wo �'#&( � � 2 # . " SN�
[8¡Wo�nNo3O�[:SNY�O�SNY8Y8o3M8V!SUlX¥mgilW£h[:S [8¡moB¥mg ��oPY8o3lmO�o H oP[ ��oPo3l�[8¡mo�o��`LNO�[�LNlm¥�LZVXVmY8S"�Wgi��LZ[:o H o3QjgboP�
V�SUgil�[8MP]�w/l�[8Tmgb[8gbnNo3Q I aULZVXVmY8S"�Wgi��LZ[8giSUlmM �Bgb[8¡�¥XgbY8o3O�[8gbSUlmM �B¡moPY8o7[8¡WoB¥mg �!oPY8o3lXO�o�gjl�TW[8giQigb[ I �¢SNY
o��`o3OPTW[8gilW£.LNQb[:oPY�lmLZ[8gbnNo�O�SUTWY�M:o3M�SN�mLNO�[8gbSUl n LZYgbo3MRM8QiS!�BQ I LZY8o�Qbo3M8MRQjg��No3Q I [:S0gi��VXLNO�[�¥Wo3OPgjM8gbSUlmM
LNlm¥�[8¡WoPY8oP�¢SNY8o7LZY8o7��SNY8o7LNOPOPTWYLZ[:oN] t ¡Wo�nNo3O�[:SNY#M:VXLNO�o��¢SNY�� TXQiLZ[8gbSUl o3lmL H Qbo3M}TmM�[:S*gi¥Wo3l�[8gb� I
nNoPY I ¤JTmgiO��JQ I LZVXVmY8S"�Wgi��LZ[8giSUl M8O¡Wo3��o3M �Bgb[8¡ M8TmO�¡�¥mgbY�o3O�[8gbSUlmM�SN�X¡Xgb£U¡WoPY�LNOPOPTmY�LNO I ] � gjlmLNQiQ I a
[8¡mgiM#LNlmLNQ I M8giM	SN��LZVmVXY8S"�Wgi��LZ[8gbSUl ¥mgbY8o3O�[8giSUl�o��JVGQiLNgilmM	gjl�VXLZY8[ �0¡ I � ~ � ¥mgbnNoPY8£No3lmO�oNa � � a � �
LNlm¥ ��
 ¥WS lWSN[#[:Y�LNlXM8QiLZ[:o ��o3QiQmgjl�L ��o3LNM�TWY8oBSN��QbSUM�M#gil�o��`V�o3O�[:o3¥ [:SN[8LNQ!Y8oP[8TmY�l�] | SUTW£U¡mQ I
M:V�o3L �`gilW£Wa`[8¡Wo I LZY�o �'#5* 2 ='" �4� ��o3LNM8TWY8o3M7LNlX¥ [8¡Wo I ¥mS�lmSN[�¥mg ��oPY8o3l�[8gjLZ[:o H oP[ �CoPo3lxo3¤JTmLNQiQ I
¥mgiM8[8LNl�[�LZVmVXY8S"�Wgi��LZ[8gbSUlXM�[8¡mLZ[B¡mLfnNo ¥mg ��oPY8o3l�[ �'#&( � � 2 # . " * ]
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t ¡Wo7O�SNY8o7SN�G[8¡mgiM ��SNY� Y�o3M8gi¥Wo3M}gil � ¡mLZVX[:oPY�M >.LNlm¥ @��B¡WoPY8o7M:SU��o�LNQi£NSNY�gb[8¡m��M}[:SEO�SU��VXTW[:o
oPY8Y8SNY H SUTXlm¥mM�LNlm¥)[:S M8o3LZY�O�¡ � SNY £NS�S`¥ LZVmVmY�S"�Wgi��LZ[8gbSUl M�O�¡Wo3��o3M LZY8oxVmY8o3M8o3l�[:o3¥�] t ¡Wo
�¢Y�LN��o���SNY��giM�gil�[:Y�SJ¥mTXO�o3¥�gil � ¡mLZVm[:oPY > LNlm¥ [8¡Wo.nNo3O�[:SNY�M:VXLNO�o.� SNY���TmQiLZ[8giSUl giM#VmY8o3M:o3l�[:o3¥
gil � ¡XLZVm[:oPY @W] s lxSUTW[8QigjlWohSN��o3LNO¡ O¡mLZVm[:oPYB�¢SUQiQbS��BMP]

� ¡mLZVm[:oPYB±�VmY�o3M:o3l�[8M7L�Y8oPn`gbo�� SN��[8¡Wo*K � c z K ��S`¥Wo3Q�LNlm¥xgil�[:Y8SJ¥XTmO�o3M�[8¡Wo*lWSN[8L%�
[8gbSUl�TmM8o3¥d[8¡mY8SUTW£U¡WSUTW[h[8¡Wo�[8¡Wo3M�giMP] t ¡Wo�� LNgil�LZVmVmY8SULNO¡Wo3M � nZLNQiTWo�gb[:oPY�LZ[8gbSUl�LNlX¥�V!SUQjgiO I
gb[:oPY�LZ[8giSUlG��TmM:o3¥ [:SM:SUQinNoxo��`LNO�[8Q I K � c z KCM�LZY8oyM8Tm� ��LZY�g � o3¥ LNlm¥ [8¡WoyM8SUTWY�O�o3M�SN�hgil �
[:Y�LNO�[8L H gjQigb[ I [8¡mLZ[yVmY�oPnNo3l�[x[8¡Wo3� �¢Y8SU� H o3gilm£6TmM8o3¥ o �!o3O�[8gbnNo3Q I LZY8o¥mo3M8O�Y�g H o3¥�]�{Bo��`[Pa
¥ I lmLN��giO \�L I o3M8giLNl�lWoP[ �CSNY�`M � z \�{.M�0LZY8o�gil�[:Y8SJ¥XTmO�o3¥yLNMhL�V�SNVXTmQjLZYB��oP[8¡WS`¥ �¢SNY H o3QjgboP�
M:[8LZ[:o���SUlmgb[:SNY�gjlW£�LNlm¥ M8SU��oEo��`VXQiLNlmLZ[8gbSUlXM�LZY8oEVmY�Sfn`gi¥Wo3¥yO�SUlmO�oPYlmgilW£�[8¡mo O�SU��VXQbo��Wgb[ I SN�
H o3QigboP�}gilW�¢oPY8o3lmO�o TXM8gilW£�[8¡Wo3�y] s ��SUlW£ [8¡Wo ¥Xg �!oPY�o3l�[BLZVXVmY8S"�Wgi��LZ[8giSUl ��oP[8¡WS`¥mM7�¢SNY H o3QjgboP�
M:[8LZ[:o�o3M:[8gj��LZ[8gbSUl�a�VmY�S%$/o3O�[8gbSUl�M8O¡Wo3��o3MELNlX¥ ¥mo3lmM8gb[ I [:Y8oPo3MELZY8o�¥WoP[8LNgjQbo3¥�LNMh[8¡Wo I �BgjQiQ H o
[8¡Wo�� S`OPTmM0SN�	[8¡mgiM0�¢Y�LN��o���SNY�G]hK	Y�S%$/o3O�[8gbSUl�M8O¡Wo3��o3M*OPLNl H o o3LNM8gjQ I gil�[:oP£NY�LZ[:o3¥�[:S z \�{.M
�¢SNY L�M8gb£Ulmg �XOPLNl�[�M:V�oPo3¥)TWV �0¡WoPY8o3LNM�¥Wo3lXM8gb[ I [:Y8oPo3M M�gi��VXQigi� I £NY8o3LZ[8Q I [8¡WoxoPY�Y8SNY H SUTmlm¥
LNlmLNQ I M8giM3] � gilXLNQiQ I [8¡moELNM8M8Tm��VX[8gbSUlmM7��LN¥Wo*[8¡mY8SUTW£U¡WSUTW[7[8¡XgiM7[8¡Wo3M8gjM7LZY8o M:[8LZ[:o3¥�]

� ¡mLZVm[:oPYQ>gil�[:Y8S`¥mTmO�o3M�[8¡mo nZLNQiTWo�� ¥mgbY�o3O�[:o3¥�LZVmVmY�S"�Wgi��LZ[8gbSUl � � z�s � � Y�LN��o��CSNY�
�¢SNY H o3QigboP�}M:[8LZ[:o���SUlmgb[:SNYgilW£W] t ¡WoPY8o LZY8o [ �CS O�SU��V�SUlWo3l�[8MB[:S¦[8¡mgiMB� YLN��o��CSNY�� ��[8¡Wo �mY�M:[
O�SU��VXTm[:o3M.L H SUTmlm¥ySUld[8¡Wo�QbSUM8M.gilyo��`V�o3O�[:o3¥ Y8oP[8TWY�l � SNYhL £UginNo3l K � c z K LNlm¥ L £UgbnNo3l
LZVmVmY�S"�Wgi��LZ[8gbSUl ��oP[8¡WS`¥�a�LNlm¥ [8¡Wo0M8o3O�SUlm¥ ¥Wo3M�O�Y�g H o3MF£NY8oPo3¥ I M8o3LZY�O�¡¦VmY8S`O�o3¥mTWY�o3MF[:S �XlX¥ L
£NSJSJ¥ LZVmVmY8S!�`gi� LZ[8gbSUlE��oP[8¡WS`¥ �0gb[8¡mgil*L�O�oPY�[8LNgil OPQjLNM8M1SN�W��oP[8¡WS`¥mM � VmY8S%$:o3O�[8gbSUl M8O¡Wo3��o3M�SNY
¥Wo3lmM�gb[ I [:Y8oPo3M�F� SNY�LE£UginNo3l K � c z K�] s Qb[8¡WSUTm£U¡�[8¡Wo.LNQb£NSNY�gb[8¡m� MF[:S O�SU��VGTW[:oB[8¡Wo H SUTmlm¥mM
LNlm¥ [:S O�SUlX¥mTmO�[ [8¡mo¦M:o3LZYO�¡Wo3M�LZY8o¦o��Jo3OPTm[:o3¥ S�� gilWoNa}[8¡Wo I LZY8o O�SU��VXTW[8LZ[8giSUlmLNQiQ I gil�[:o3l �
M8gbnNoN]7w/ly� LNO�[.[8¡Wo3gbYBO�SU��VGQbo��`gi[ I giM0M8gi��giQjLZY7[:SWa H Tm[��CSNYM:o [8¡mLNl1aX[8¡Wo�LNQb£NSNY�gb[8¡m� M�[:S M:SUQbnNo
K � c z K#M � n LNQiTmo gb[:oPY�LZ[8gbSUlySNY�V�SUQigiO I gi[:oPY�LZ[8gbSUlG� �B¡XgiO�¡xLZY8o �JlWS��Blx[:S H o*gil�[:Y�LNO�[8L H QboN]

t S.[8¡mLZ[Ro ��o3O�[Pa � ¡mLZVX[:oPY
@0VmY8SNV�SUM:o3MRL0��SNY8oCo�� OPgbo3l�[�LZVmVmY�SULNO�¡ H LNM:o3¥ESUl�L�nNo3O�[:SNY
M:VXLNO�oh�¢SNY���TmQiLZ[8gbSUl�] v M8M:o3l�[8giLNQiQ I aJ[8¡Wo.Y�TmlmlmgjlW£E[8gi��o.SN�1[8¡WSUM8ohLNQi£NSNY�gb[8¡m��M�giM�gi��VmY�SfnNo3¥ H�I
QbSJSUM:o3lmgilm£6[8¡mo�oPY8Y8SNY H SUTmlm¥XMP]�c SNY8oPSfnNoPYfaE[8¡Wo�nNo3O�[:SNY�M:VXLNO�o�¢SNY���TmQiLZ[8gbSUl VmY�Sfn`gi¥Wo3MxL

B



¥mg ��oPY8o3l�[	n`gbo���V�SUgil�[F� SNY�LNlmLNQ I M8gilW£*VXLZY�[8giLNQ H o3QigboP�!M:[8LZ[:oh��SUlmgb[:SNY�gjlW£W] t ¡Wo�o3��VX¡XLNM8giM	giM#SUl
[8¡Wo �'#&( ��� 2 # . " SN��LNl�LZVmVmY8S!�`gj��LZ[8gbSUl�LNlm¥�¡mS!��gb[8M �`lWS��BQbo3¥W£No�OPLNl H o�o��`VXQbSUgb[:o3¥�o�� OPgio3l�[8Q I
[:S�o3M:[8gj��LZ[:oE[8¡Wo QiSUM8M�gil o��`V�o3O�[:o3¥yTW[8giQigi[ I ]

� ¡mLZVm[:oPY ^0¥Wo3M8O�Y�g H o3M�M:SU��o�o3��VXgbY�gjOPLNQUY8o3M8TXQb[8M1S H [8LNgjlWo3¥ HJI LZVmVGQ I gjlW£�[8¡Wo���oP[8¡WS`¥mM
¥WoPnNo3QbSNV�o3¥�gil [8¡mgiM.�¢Y�LN��o���SNY�!] � gbY�M:[Pa�[8¡mo�� LNO�[:SNY I o��`LN��VXQbo�gil�[:Y8SJ¥XTmO�o3¥dgjl�^`o3O�[8gbSUl)pZ] ±
giMhY8oPn`giM8gi[:o3¥ �Bgb[8¡�M:V�o3OPg �XO�[:Y�LNlmM�gb[8gbSUl�VmY8S H L H giQigb[8gio3MBLNlm¥�Y�o���LZY�¥�� TmlmO�[8giSUlmMP] s MELyVmY8SJSN�
SN�7O�SUlmO�oPVm[Pa	gb[EgjM M8¡WS��Bl ¡mS!� �¢SNY LdM:V�o3OPg �XO�VmYgbSNY3a1[8¡Wo¦O�¡WSUgjO�o SN�7LyVmY�S%$/o3O�[8gbSUl M8O�¡mo3��o
[8¡mLZ[ � gilmgi��g � o3M � ~ � ¥mgbnNoPY�£No3lmO�oNa � �ESNY ����lWSNY��M I gbo3Qi¥mM*Ly¥Xg �!oPY�o3l�[EO¡WSUgiO�o�[8¡mLNl[8¡mLZ[
VmY8o3M�O�Y�g H o3¥ HJI L�n LNQjTWo�� ¥mgbY8o3O�[:o3¥ LZVmVXY8SULNO�¡�] � SUQiQbS!�0gilW£WaWM:oPnNoPY�LNQ�o��`V�oPY�gi��o3l�[8MCLZY�ohOPLZY�Y�gbo3¥
SUTW[�SUl6[8¡WY8oPo¦[:o3M:[�VmY8S H Qbo3� MP] t ¡mo I oPn LNQiTXLZ[:o LNlX¥ O�SU��VGLZY8o [8¡Wo YTmlmlmgilm£x[8gi��o¦SN��[8¡Wo
M:o3LZY�O¡ LNQb£NSNY�gi[8¡m��MPaF[8¡Wox¤JTmLNQigb[ I SN�0[8¡Wo oPY8Y8SNY H SUTmlm¥mM�LNlm¥6[8¡WoxL3nNoPYLZ£No o��`V!o3O�[:o3¥�QbSUM8M
gilmOPTmY8Y8o3¥ gil VmY�LNO�[8gjO�oN]

� gjlmLNQiQ I a � ¡XLZVm[:oPY BhM8Tm��� LZY�g � o3M}[8¡Wo�O�SUl�[:Y�g H Tm[8gbSUlmM�SN�G[8¡XgiM}[8¡Wo3M8giMFLNlX¥�o3QiL H SNY�LZ[:o3M
SUl�� TW[8TWY8o�o��`[:o3lmM8gbSUlXMh[:Sx[8¡Wo�� YLN��o��CSNY��G]�w/l�VXLZY8[8giOPTXQiLZY3a�SUlWo�£NSULNQ	SN��[8¡Wo�LNTW[8¡mSNYEgiMh[:S
o��`[:o3lm¥E[8¡mgjM �CSNY�h[:S�nZLNQiTWo�� ¥XgbY8o3O�[:o3¥EM8LN��VXQigilW£�M8gilXO�o	M8LN��VXQigjlW£7giM�SUlWo	SN�`[8¡Wo	��SUM8[1V�SNVXTmQiLZY
LNlm¥�o ��o3O�[8gbnNo ��oP[8¡mSJ¥��¢SNY*[:Y�LNO�`gilW£y¥ I lmLN� giOPLNQ}M I M8[:o3��MP] s lWSN[8¡moPYEV�SUM8M8g H gjQigb[ I O�SUlmM8gjM:[8M
gil�gil�[:oP£NY�LZ[8gilm£E[8¡mgiMF�¢Y�LN��o���SNY���¢SNY	n LNQjTWo�� ¥mgbY8o3O�[:o3¥ LZVmVmY8S!�`gi� LZ[8gbSUlmM �Bgi[8¡�[8¡WoBLNQb£NSNY�gi[8¡m��M
[:S�M:SUQbnNoxK � c z K#M3] k0Qi[8gi��LZ[:o3Q I a �B¡mo3l6M8SUQbnJgjlW£dK � c z KCMPa#gb[ �CSUTXQi¥ H o lmgiO�o¦[:S�[8L �No
gil�[:S LNOPO�SUTml�[h[8¡Wo � LNO�[h[8¡mLZ[0��SUlmgb[:SNY�gilm£��BgiQiQ H o LZVmVmY8S!�`gi� LZ[:oN] t ¡mgjM���L I Qbo3LN¥ [:S ��L I M
[:S M:SUQinNo K � c z K#M�gjlxL!; .'8 " � ��� � . � 2 # : = 0	� LNM8¡mgbSUl�]
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t ¡WoEK � c z K©O�SUlmO�oPVm[ ��LNM��mY�M:[�gjl�[:Y8S`¥mTmO�o3¥ gil [8¡Wo O�SUl�[:Y8SUQ1[8¡moPSNY I LNlm¥ySNV�oPY�LZ[8gbSUlXM7Y8o��
M:o3LZY�O¡�O�SU��� TXlmgb[8gbo3M � q`a�pZa�>�^`a;>`pUa;B`aZ±Nq �JLNM}L��¢Y�LN��o���SNY�E[:S.��S`¥Wo3Q�M:[:S`O�¡XLNM:[8giO�¥ I lXLN��giOPLNQ
M I M:[:o3��MCLNlm¥�[:S � L �NoBSNVm[8gi� LNQW¥Wo3OPgiM8gbSUlXMP] t ¡mgiM}�¢Y�LN��o���SNY�'��LNMCQiLZ[:oPYCO�SUlmM�gi¥WoPY8o3¥ HJI [8¡Wo
LZY8[8g �GOPgiLNQ�gil�[:o3QjQigb£No3lmO�o*O�SU����Tmlmgb[ I LNM�L�VXY�gilmOPgbVGQbo3¥ LZVmVXY8SULNO�¡x[:S ¥WS�VXQiLNlmlmgjlW£�TXlm¥WoPY7Tml �
O�oPY8[8LNgil�[ I � @Wa�±N± ��] � SU��VGLZY8o3¥ [:S6SN[8¡WoPY ��oP[8¡WSJ¥XMPa7K � c z K#M¦¡mL3nNo [8¡Wo LN¥WnZLNl�[8LZ£No SN�
L ��o3QiQ����¢SUTmlm¥Wo3¥ [8¡WoPSNY I M8gilmO�o [8¡Wo I OPLNl H o nJgbo���o3¥)LNM�L�M:V�o3OPgiLNQ � O�SUl�[8gil�TmSUTmM��OPLNM:oySN�
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VXTWY�V!SUM8o3MP] � SNY�gjlmM:[8LNlmO�oNa H o3QigboP��M:[8LZ[:o � � M8TX����LZY�g � o3M#[8¡Wo.Y8o3QboPnZLNl�[�gilW�¢SNY���LZ[8gbSUl o3lmO�S`¥Wo3¥
HJI [8¡mo0gilmgi[8giLNQ H o3QigboP��M:[8LZ[:o=�  LNlX¥�[8¡Wo.M:o3¤�Tmo3lmO�oBSN��LNO�[8gbSUlmM�LNlm¥ S H M:oPY8nZLZ[8gbSUlmMCTWV [:S [8gi��o
M:[:oPV � ]

� ��� �"�  
��  
� � 
���� 
� � 
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� � � � ±J] rU�
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σ(  ) = <   , σ >1z2 a3 3σ(  ) = <   , σ >z a1 1 2 2

σ(  ) = <   >2z a41 σ(  ) = <   >2z a52 σ(  ) = <   >3z a61 σ(  ) = <   >3z a72

z1
z2

z1 z2 z1 z2

conditional plan

2

1

3

Stages to go

1a1β = <   , σ >

� gi£UTWY8o ±J] ± � | o3OPTWY�M8gbnNo ¥Wo	�Xlmgb[8giSUl SN�}L�O�SUlm¥Xgb[8gbSUlmLNQ�VXQjLNl

w l�[8Tmgb[8gbnNo3Q I af[8¡mgiM��¢SUQiQbS��BM��¢Y8SU� [8¡Wo	� LNO�[1[8¡mLZ[R[8¡WoF[:Y�LNlmM8gi[8gbSUlh�¢TXlmO�[8gbSUl#[ � � � � � 
�� � � � 
 � � � �
��� � � � � � � � � 
�� � � � ��¥WoPV�o3lm¥XM�SUlmQ I SUly[8¡WoEVmY8oPn`gbSUTmM H o3QigboP��M:[8LZ[:o,� � � � � ¥mTWo*[:S [8¡Wo c LZY��NSfn
VmY8SNV�oPY8[ I �]�^WgilmO�o�� � � � � �"�  
��  
� � 
�� � 
� ��
'&'&'& 
�� � � � 
� � � � �a �Co�OPLNl Y8o��BY�gb[:o v �JVXY8o3M �
M8gbSUly±J] r�Y8o3OPTWY�M�gbnNo3Q I LNM�� SUQiQiS!�BM��

� � � �"� � � � 
�� � � � 
� � � � ±J] qU�

v �`VmY8o3M8M8giSUl±J] qygiM*lWSN[ M8TWY8VmYgiM8gilW£ M8gilmO�o ��o ¡mLN¥LNQiY8o3LN¥ I ¥WoPY�gbnNo3¥ v ¤�TmLZ[8giSUl ±J]A@
�B¡mgjO�¡ [:o3QiQiM�TmM�¡WS!��[:S�TWV�¥mLZ[:o�� � �¢Y8SU� � � � �3a � � � ��LNlm¥
 � ] t ¡mgjM TWV�¥mLZ[:o¦o3¤JTmLZ[8gbSUl giM
Y8o���Ygb[:[:o3l H o3QbS!�&�¢SNYBO�SUl�nNo3lmgbo3lmO�oN]

� � �
� � � � � � ��� � � � ��

t ¡�TXM ��oEOPLNlxLNQiM:S�¥Wo	�GlWo.L�V�SUQigiO I 	 LNM7� LZVmVXgilW£UM 	 � � �P� � SUlWoE��LZVXVXgilW£ � SNY7o3LNO¡
[8gi��o�M8[:oPV �:�0�¢Y8SU� H o3QigboP�CM:[8LZ[:o3ME[:S LNO�[8giSUlmMP]��©¡mo3l�[8¡Wo���LZVmVGgilW£UM 	 � � �P�.LZY8o�[8¡Wo M8LN��o
�¢SNY�LNQjQ	[8gi��o M:[:oPVXM3a �Co M8L I [8¡mLZ[�[8¡Wo V�SUQigjO I gjM M:[8LZ[8giSUlmLZY I LNlm¥ ��o M�gi��VXQ I ��Y�gi[:o 	 � �P�]
w/ldVXY�LNO�[8giO�oNa�Y8oPVmY�o3M:o3l�[8gjlW£¦L¦V�SUQigiO I LNM*� LZVmVXgilW£UM0�¢Y8SU� H o3QjgboP�	M:[8LZ[:o3Mh[:SyLNO�[8gbSUlmM*OPLNl H o
VmY8S H Qbo3��LZ[8giO H o3OPLNTmM:o�[8¡Wo H o3QigboP�	M:VGLNO�o�giMhLNl � � W � � pf� � ¥mgi��o3lmM�gbSUlmLNQ�O�SUl�[8gilJTWSUTmM*M8VXLNO�oN]
� SNY8[8TXlmLZ[:o3Q I aGL&�No I Y8o3M8TmQi[ H�I ^JSUlm¥Xg�� �A>;@ ��LNQiQbS!�0MBTmM7[:S¦OPgbY�OPTm� nNo3l�[�[8¡mgiM7VXY8S H Qbo3�x] t ¡Wo
o��`VXQiLNlmLZ[8gbSUlXM	Y8oP£ULZY�¥XgilW£�^JSUlX¥mg���@ M	M:SUQiTW[8giSUl LZY8o.¥WoP� oPY�Y8o3¥ [:S [8¡WohlWo��J[�M:o3O�[8gbSUl¦LZ� [:oPY�nZLNQiTWo
� TmlmO�[8gbSUlmM7LZY�o gil�[:Y8SJ¥XTmO�o3¥�]
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��� � � � � ����� 		�!�U�����

ehgbnNo3l [8¡mo�M8oP[xSN� LNQiQhV�SUQigiOPgio3M � a ��o�lWoPo3¥�L)��o3O¡mLNlmgiM8� [:S)oPnZLNQiTmLZ[:oLNlm¥ O�SU��VGLZY8o
V�SUQigiOPgbo3M3] v LNO�¡xV�SUQigiO I 	 ¡XLNM7L�O�SNY�Y8o3M:V�SUlm¥mgilm£ nZLNQiTWo.�¢TXlmO�[8gbSUl���� � � � W7� �����B¡mgjO�¡ giM
¥Wo	�Xlmo3¥ LNM�L ��LZVXVXgilW£E�¢Y8SU��gilmgb[8giLNQ H o3QjgboP�!M8[8LZ[:o3MC[:S�o��`V!o3O�[:o3¥¦[:SN[8LNQ!Y8o���LZY�¥�] � SNY7L £UgbnNo3l
gilmgi[8giLNQ H o3QigboP�GM8[8LZ[:oNaJ[8¡mo�n LNQjTWo�Y8oP[8TWYlWo3¥�giMF[8¡moBo��`V!o3O�[:o3¥¦M8Tm�5SN�![8¡mo0¥mgiM�O�SUTml�[:o3¥�Y8o���LZY¥mM
o3LZY�lWo3¥�LZ[*o3LNO¡�[8gi��o�M:[:oPVLNM*¥Wo	�Xlmo3¥ HJI v ¤�TmLZ[8giSUl�±J]ipP²`] u oPY�o 	 � � � � �BgjMB[8¡Wo�LNO�[8gbSUl	� �
VmY8o3M�O�Y�g H o3¥ H�I V�SUQigiO I 	 LZ[B[8gi��oEM:[:oPV �C�¢SNY H o3QigboP��M:[8LZ[:o�� � ]

� � � �  � �  �
��� 

� � � � � � ���
	 ��� � ±J]ipP²��

��oOPLNl�TmM:o nZLNQiTWo � TmlmO�[8gbSUlmM [:S SNY�¥WoPY V�SUQigiOPgbo3M3] s ¥mo3OPgiM8gbSUl�[8¡WoPSNY8oP[8giO�LZ£No3l�[
VmY8oP�¢oPY�M 	 [:S 	 * �0¡Wo3l��� � �P������� � � �P��� SNY0LNQiQ �=4�� � W7�] t ¡mgiM�VmY�oP� oPY8o3lXO�oESNY�¥WoPY�gjlW£�giM�L
VXLZY8[8gjLNQGSNY¥WoPY H o3OPLNTmM:oh[8¡WoPY8o*LZY8o*VXLNgiY�M#SN��V�SUQigiOPgbo3MC�¢SNY �B¡mgiO¡ lWo3gi[8¡WoPY7V�SUQigiO I ¡mLNM7L�nZLNQiTWo
� TmlmO�[8gbSUl £NY8o3LZ[:oPYE[8¡XLNl�[8¡Wo�SN[8¡WoPY*SUlWo��¢SNYELNQiQ H o3QjgboP�	M:[8LZ[:o3MP] � l [8¡Wo�SN[8¡WoPY ¡mLNlX¥�a�[8¡WoPY8o
LNQ���L I MEo��WgiM:[8M LNl�SNVm[8gi��LNQ	V!SUQjgiO I 	�� M8TXO�¡�[8¡mLZ[ gb[8MEnZLNQiTWo�� TmlmO�[8gbSUl�������¥WSU��gilXLZ[:o3MELNQiQ
SN[8¡WoPY0V!SUQjgiOPgbo3M � � ��� � �P����� � � �P��� 	 
 ���]

s M �Bgb[8¡�V�SUQigiOPgbo3M3a�Y8oPVmY8o3M:o3l�[8gilW£xLxnZLNQiTWo�� TmlmO�[8giSUl�OPLNl H o�VmY8S H Qio3��LZ[8giO H o3OPLNTmM:o
gb[8MC¥WSU��LNgil giM	LNl � W � � ¥mgi��o3lmM8gbSUlmLNQWO�SUl�[8gilJTWSUTmMCM:VXLNO�ohO�SNY8Y8o3M:V�SUlm¥mgjlW£h[:S [8¡Wo H o3QjgboP�!M8VXLNO�oN]
� SNY8[8TXlmLZ[:o3Q I a�L �No I Y8o3M�TmQb[}SN��^`SUlm¥mg����A>;@ �XM8¡WS!�0MF[8¡mLZ[FSNVm[8gi� LNQ`n LNQiTmo7�¢TmlXO�[8gbSUlmM�� SNY �Xlmgb[:o��
¡WSNY�g � SUl K � c z KCM¦LZY�odVXgio3O�o��BgiM:o�� QigjlWo3LZY LNlm¥©O�SUl�nNo�� � K#� ~}� �] t ¡Wodgi¥mo3L giM [8¡mLZ[ LZ[
LNl I V!SUgjl�[ gjl[8gi��o ¥mTWY�gilm£x[8¡Wo o��`o3OPTW[8gbSUl SN��L V�SUQigjO I aR[8¡Wo¦LNO�[8gbSUlmM�VmY8o3M8O�Yg H o3¥�� SNY�[8¡Wo
Y8o3��LNgjlmgilW£EM:[:oPVGM#�¢SNY���L O�SUlm¥mgi[8gbSUlmLNQmVGQiLNl�] t ¡WoBnZLNQiTWoB�¢TmlXO�[8gbSUl�SN�1L�O�SUlm¥mgb[8giSUlmLNQWVXQiLNl giM
O�SUlmM:[8LNl�[.� SNYhLNl I ��SNY�Qi¥dM:[8LZ[:oN].^`gjlmO�o H o3QigboP�}M:[8LZ[:o3M.Y8oPVmY8o3M8o3l�[�VXY8S H L H giQjgb[ I ¥mgiM:[:Yg H TW[8gbSUlXM
SfnNoPY�[8¡Wo�M:oP[ SN� ��SNY�Qi¥�M8[8LZ[:o3MPa�[8¡mo�n LNQiTmo��¢TmlXO�[8gbSUl�SN�7LxO�SUlm¥mgb[8gbSUlXLNQ}VXQiLNl�LZ[ LNl I�H o3QjgboP�
M:[8LZ[:o�� gjM*M8gi��VXQ I [8¡Wo ��o3gb£U¡�[:o3¥ L3nNoPY�LZ£No � LNOPO�SNY�¥mgjlW£x[:S �P�.SN��[8¡Wo�nZLNQiTWo�LZ[Eo3LNO¡ ��SNY�Qi¥
M:[8LZ[:oN] t ¡JTmM}[8¡Wo7nZLNQiTWo7� TmlmO�[8giSUl���� � ���}SN�!L*O�SUlm¥Xgb[8gbSUlmLNQJVXQiLNl �dgiMFQigilWo3LZY �0gb[8¡�Y8o3M:V�o3O�[F[:S
��] t ¡mgjM���o3LNlmM7[8¡mLZ[�� � � ���7OPLNl H o*Y8oPVmY8o3M:o3l�[:o3¥ HJI LNl � W � � ¥mgj��o3lmM8gbSUlXLNQGnNo3O�[:SNY	� � M8TmO¡
[8¡mLZ[�� � � �P��� � ����� � �"! � � � �"! �]Fw � ��o*O�SUlmM8gi¥moPY � � LNM7L�O�SUQiTX��l nNo3O�[:SNYfam[8¡Wo3lxgil ��LZ[:Y�g��
lWSN[8LZ[8gbSUl1a�� � � �P� � � � � � ] � TWY8[8¡WoPY���SNY8oNaXTmM8gjlW£�[8¡WoEY8o3OPTmY�M8gbnNo ¥mo	�Xlmgb[8gbSUl¦SN�	O�SUlm¥Xgb[8gbSUlmLNQ
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� gi£UTWY8o ±J]?> ��e.oPSU��oP[:Y�giO �hgbo���SN� �	LNQiTWo � TmlmO�[8gbSUl

VXQiLNlXMPa �Co OPLNldO�SU��VXTW[:o � ��nNo3O�[:SNY�M.Y8o3OPTWYM8gbnNo3Q I �
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� ±J]ipNpf�

� SNYEL �XlXgb[:o ¡WSNYg � SUl �1a�LNldSNVm[8gi� LNQRV�SUQigiO I 	  O�SUlmM8giM:[8MBSN�	[8¡Wo H o3M:[0O�SUlm¥Xgb[8gbSUlmLNQ
VXQiLNlXM1�¢SNYRo3LNO�¡�gjlmgb[8giLNQ H o3QigboP�`M:[8LZ[:oN] s Qb[8¡WSUTW£U¡ [8¡WoPY8o�LZY8oCTmlXO�SUTml�[8L H Q I ��LNl I*H o3QigioP�JM:[8LZ[:o3M3a
[8¡WohM:oP[�SN��� � M:[:oPVxO�SUlm¥Xgb[8gbSUlmLNQXVXQiLNlmM �  giM �XlXgb[:o0LNlm¥ [8¡WoPY8oP�¢SNY8ohLNl���� M:[:oPVxSNVm[8gi� LNQmnZLNQiTWo
� TmlmO�[8gbSUlxOPLNl H ohY8oPVXY8o3M:o3l�[:o3¥ HJI L �Glmgb[:o*O�SUQiQbo3O�[8gbSUlySN�.� ��nNo3O�[:SNY�MP]

� gi£UTWY8o�±J]?> M8¡WS��BM0LNl SNVm[8gi��LNQRn LNQjTWoE� TmlmO�[8gbSUlx�¢SNYhL M8gi��VXQboh[ ��S � M:[8LZ[:o�K � c z K�]
t ¡Wo¦¡WSNY�g � SUl�[8LNQ�L%�`gjM Y�oPVmY8o3M:o3l�[8M H o3QigioP��M:VXLNO�o LNlm¥ [8¡mo¦nNoPY�[8giOPLNQ�L%�`giM�gilm¥XgiOPLZ[:o3M [8¡mo o�� �
V�o3O�[:o3¥ [:SN[8LNQ�Y8o���LZY�¥�] s M8M8Tm� gilW£�[8¡Woh[ ��S��CSNYQi¥ M:[8LZ[:o3M�LZY8o ! LNlm¥
	! aW[8¡Wo3lxL H o3QigboP��M:[8LZ[:o
giM	O�SU��VXQboP[:o3Q I ¥WoP[:oPY�� gilWo3¥ HJI [8¡WoBVmY�S H L H giQigi[ I SN� ! ] t ¡WoPY8oP�¢SNY8oNa�[8¡mo0¡WSNY�g � SUl�[8LNQmL%�WgiM#Y8oPV��
Y8o3M:o3l�[8MELxO�SUl�[8gilJTmTm� SN� H o3QjgboP�#M:[8LZ[:o3ME¥moP[:oPY���gilWo3¥ HJI [8¡mo�VmY8S H L H gjQigb[ I � �"! �] v LNO�¡ QigilWo
gil [8¡Wo0£NYLZVX¡ giMCLNl�� ��nNo3O�[:SNY��B¡mgiO¡ O�SNY�Y8o3M:V�SUlm¥mM#[:S�[8¡mo0nZLNQiTWo0�¢TmlXO�[8gbSUl�SN�RL�O�SUlm¥Xgb[8gbSUlmLNQ
VXQiLNl � � � � 
 � �CLNM7¥Wo	�XlWo3¥¦gil v ¤JTmLZ[8gbSUlx±J]ipNpZ] t ¡WohTWVmV�oPY�M8TWY8� LNO�o0SN�R[8¡WSUM:o;� ��nNo3O�[:SNYM�giM
L�VXgbo3O�o��BgjM:o�� QigilWo3LZYCLNlm¥ O�SUl�nNo�� � K	� ~�� �	� TmlmO�[8gbSUl¦O�SNY8Y8o3M:V�SUlm¥XgilW£E[:S�[8¡Wo.SNVm[8gi��LNQGnZLNQiTWo
� TmlmO�[8gbSUl�]
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w l�£No3lWoPY�LNQ�a�LNM}M8¡WS!�0l HJI ^`SUlm¥mg�� �A>;@ ��aNSNVX[8gi��LNQJn LNQjTWoC� TmlmO�[8giSUlmMR�¢SNY �Xlmgb[:o�� ¡mSNY�g � SUl
VmY8S H Qbo3��M.LZY8o�K	� ~�� LNlm¥�OPLNl H o�Y8oPVmY8o3M:o3l�[:o3¥�M8TmOPOPgjlmO�[8Q IyHJI L��Xlmgi[:o�O�SUQiQio3O�[8gbSUl�SN� � �
nNo3O�[:SNY�MP] s M��¢SNY0gil �Glmgb[:o�� ¡WSNY�g � SUl¦K � c z KCMPam[8¡Wo SNVm[8gi��LNQ�nZLNQiTWo*� TmlmO�[8giSUlxgiM�O�SUl�nNo�� H TW[
lWSN[Blmo3O�o3M8M8LZY�giQ I VXgio3O�o��BgiM:o�� QigjlWo3LZY3] � lx[8¡mo SN[8¡WoPY.¡mLNlm¥�aW[8¡WoPY�o LNQ���L I MBo��WgiM:[8M�L M:o3¤JTWo3lmO�o
SN�#K#� ~}� nZLNQiTWo �¢TmlXO�[8gbSUlmM�[8¡XLZ[.O�SUl�nNoPY8£No�gily[8¡mo�Qigj��gb[7[:S¦[8¡Wo SNVX[8gi��LNQ1nZLNQiTWo �¢TXlmO�[8gbSUl�]
t ¡mgjM.¡XLNM*O�SUlmM8gi¥WoPYL H Q I gil��XTWo3lmO�o3¥d[8¡Wo�¥Wo3M8gi£Ul�SN�CLNQb£NSNY�gi[8¡m��Mh[:S��Xlm¥ SNVm[8gj��LNQ}V�SUQigiOPgbo3MPa
M8gilXO�o ��SUM:[0SN�F[8¡Wo LNQb£NSNYgb[8¡m��M7Y�o3M:[:Y�giO�[�[8¡mo3gbY0M:o3LZYO�¡d[:S [8¡Wo�M:oP[BSN�}V�SUQigiOPgio3M �Bgb[8¡yK#� ~}�
nZLNQiTWo*� TmlmO�[8gbSUlmM3]

� ��� ( �.��� ��
��0- ���820�B�1
/� ¨ ��?

w/l [8¡mo.VGLNM:[+>Z² I o3LZY�MPaXM:oPnNoPYLNQ�LNQb£NSNY�gb[8¡m� M�¡XL3nNo H oPo3l VmY8SNV�SUM:o3¥ [:S�M:SUQbnNo*K � c z K#M3]	��o
OPLNl ¥mgjM:[8gilW£UTmgjM8¡�nZLNQiTWoxgb[:oPY�LZ[8gbSUl)LNQi£NSNY�gb[8¡m��M�LNlm¥6V�SUQigiO I gb[:oPY�LZ[8gbSUl)LNQb£NSNYgb[8¡m��MP] �	LNQiTWo
gb[:oPY�LZ[8giSUl©LNQi£NSNY�gb[8¡m��M gilX¥mgbY8o3O�[8Q I O�SU��VGTW[:oLNl©SNVm[8gi��LNQ.V�SUQigiO I)HJI gb[:oPYLZ[8gbnNo3Q I Y�o	�XlmgilW£
gb[8MBn LNQiTmo � TmlmO�[8gbSUl�a �B¡WoPY8o3LNMBV�SUQigiO I gb[:oPY�LZ[8gbSUl LNQb£NSNY�gi[8¡m��MB¥XgbY8o3O�[8Q I Y8o	�XlWo�L�V�SUQigiO I Tml�[8giQ
gb[�giM�SNVX[8gi��LNQ ] \�o3QbS��EaC[8¡mo gilmO�Y8o3��o3l�[8LNQ7VXY�Tmlmgilm£dLNQb£NSNY�gi[8¡m� �A>Nr��BgiM�Y8oPnJgio��Co3¥)LNM gb[�giM
[8¡WoE� LNM:[:o3M:[ �JlmS!�BlxnZLNQiTWo gb[:oPY�LZ[8gbSUlyLNQi£NSNY�gb[8¡m� �A^��R� SNY0[8¡Wo OPQiLNM�M7SN� � . 0 , " .': #-= 0 0 , = � 2 # . "��
.'8 2 � 8 2 � ; .'8 " � � � K � c z K#M � ±�� � � L OPQiLNM�M�SN�F[:Y�LNO�[8L H Qio K � c z K#M0LNQiM:S�Y�oPnJgbo���o3¥ H o3QbS��.�]
{0SN[:o�LNM �Co3QiQ�[8¡mLZ[*��LNl I LNM8V!o3O�[8MhSN�#[8¡mgiMhLNQb£NSNY�gb[8¡X� �0giQiQ H o�Y8o3TmM:o3¥ HJI [8¡Wo�LNQb£NSNY�gi[8¡m��M
gil�[:Y8S`¥mTmO�o3¥ �¢SNY oPY8Y8SNY H SUTmlm¥�O�SU��VXTW[8LZ[8gbSUl©LNlm¥ LZVmVmY8S!�`gj��LZ[8gbSUl�M8o3LZY�O�¡�] s ��SUlW£6[8¡Wo
V�SUQigiO I gb[:oPY�LZ[8gbSUl LNQb£NSNY�gb[8¡m� MPa u LNlmM:o3l @ M�LNQb£NSNY�gb[8¡X� � p�>WaBp @ �0giM�Y8oPn`gbo���o3¥ H o3OPLNTmM:o gi[ giM
O�SUlmO�oPVm[8TXLNQiQ I M8gi��VGQbo � O�SU��VXLZY8o3¥ [:S�^JSUlm¥mg���@ M	LNQb£NSNYgb[8¡m���A>�^Wa�>�B �¢�a`gb[#¡mLNM H oPo3l�S H M8oPY8nNo3¥
[:SESUTW[:V�oPY8�¢SNY�� nZLNQiTWo�gi[:oPY�LZ[8gbSUl�LNQb£NSNYgb[8¡m��MFSUl M:oPnNoPY�LNQmo��WLN��VXQio3M	LNlm¥ gi[	OPgbY�OPTm� nNo3l�[8M#[8¡Wo
lWoPo3¥6�¢SNY H o3QigioP��M:[8LZ[:ox��SUlmgb[:SNY�gjlW£ HJI O�SU��VXTm[8gilW£ V!SUQjgiOPgbo3MEY�oPVmY8o3M:o3l�[:o3¥ H�I �Glmgb[:o M:[8LZ[:o
O�SUl�[:Y8SUQiQboPY�M3]

����� ��� � �#�`�U��� �G�R�N����� � 	C�#� ���

w/lmO�Y8o3��o3l�[8LNQ�VmY�TXlmgilW£ ��LNM �mY�M:[�gil�[:Y8S`¥mTmO�o3¥ HJI�� ¡mLNlW£�LNlm¥ ~ giT �A>Nr �RLNlm¥x[8¡mo3lyLNlmLNQ I � o3¥
HJI � LNM�M8LNlm¥WY�L`a ~ gb[:[8� LNl)LNlm¥ � ¡mLNlW£ �A^���� Y8SU� L O�SU��VXTW[8LZ[8gbSUlXLNQ7O�SU��VXQbo��Wgb[ I V�SUgil�[�SN�

p3q



n`gbo��E] � SNY �XlXgb[:o�� ¡WSNY�g � SUl¦K � c z K#M3aJ[8¡XgiM�LNQb£NSNY�gb[8¡m��gilmO�Y�o3��o3l�[8LNQjQ I O�SUlmM:[:Y�TXO�[8M7L � � M8[:oPV
SNVm[8gi� LNQ�V�SUQigjO I 	 � HJI ¥ I lmLN��giO VmY8SN£NY�LN� ��gilW£ � z K��]�ehgbnNo3l�� � � � a�[8¡Wo�SNVm[8gi��LNQ�nZLNQiTWo
� TmlmO�[8gbSUl � SNY � � phM:[8LZ£No3M�[:S�£NSWa � � gjM�O�SU��VXTW[:o3¥xgil¦L�£NY8oPo3¥ I �¢LNM8¡XgbSUl LNM��¢SUQiQbS��BMP] u oPY8o
� �
�
¥Wo3lWSN[:o3M�[8¡Wo H o3QigboP�1M:[8LZ[:oE[8¡XLZ[7� SUQiQiS!�BM � �B¡Wo3lxLNO�[8gbSUl�� giM�o��`o3OPTW[:o3¥yLNlm¥ S H M:oPY8nZLZ[8gbSUl

 gjM�o��JV�oPY�gbo3lXO�o3¥A�
� � � ��� � ��L%�� ���

� � � � � ��� �  � � 
��W� � � � � � � �
�
� � ±J]ip3±U�

w lmO�Y�o3��o3l�[8LNQ�VmYTmlmgilW£d¥Wo3O�SU��V�SUM:o3M�[8¡mgiM z K H LNO�`TWV � v ¤JTmLZ[8gbSUl ±J]ip3±U��gil [8¡WY8oPo
M:[:oPVXM � v ¤JTmLZ[8gbSUlmMR±J]ip�>JaU±J]ip @.LNlm¥ ±J]ip�^U�] t ��SBgil�[:oPY���o3¥mgiLZY I K	� ~�� n LNQiTmoF�¢TmlXO�[8gbSUlmM � � ��

� �
LNlm¥� �� �7LZY8o �mY�M:[7O�SU��VGTW[:o3¥yLNlm¥x[8¡mo3lx[8¡Wo*SNVm[8gi� LNQ�n LNQiTmo.� TmlmO�[8giSUl � � � ��giM7O�SU��VGTW[:o3¥�]
| SUTm£U¡mQ I M8V!o3L �`gilW£Wa�� ��

� �
O�SNY�Y8o3M:V�SUlm¥mM�[:S�[8¡Woxo��`V�o3O�[:o3¥)Y8oP[8TWY�l SN�0o��Jo3OPTm[8gilW£LNO�[8gbSUl��

LNlm¥���L �`gilW£*S H M:oPY8nZLZ[8gbSUl)*�¢SUQiQbS!��o3¥ HJI o��`o3OPTW[8gilm£ELNl�SNVm[8gi��LNQ � � � pf� � M:[:oPV¦V�SUQigiO I 	 � � � a
�B¡WoPY�o3LNM � �� O�SNY8Y8o3M8V!SUlX¥mMh[:Sy[8¡Wo�o��`V�o3O�[:o3¥Y8oP[8TWYl�SN�Co��`o3OPTW[8gilW£yLNO�[8giSUl � LNlm¥��L �`gilW£
M:SU��o/8 " � " . 	 " S H M:oPY8nZLZ[8gbSUl WaX�¢SUQiQbS��Co3¥ HJI o��Jo3OPTW[8gjlW£ LNldSNVm[8gi��LNQ � � � pf� � M:[:oPV�V!SUQjgiO I
	 � � � ]

� ��
� �
� �P� �

� � �
� \ � � � ��� �  � � 
��`� � � � � � � �

�
� � ±J]ip�>U�

� �� � �P� � �
� � �

� ��
� �
� �P� � ±J]ip @��

� � � �P� � ��L%�� � �� � �P� � ±J]ip�^U�
k0M8gjlW£�^JSUlm¥mg���@ M S H M:oPY8nZLZ[8gbSUl [8¡mLZ[xK	� ~�� nZLNQiTWo � TmlmO�[8gbSUlmM LZY8o�Y8oPVXY8o3M:o3l�[8L H Qbo

HJI L �XlXgb[:o�O�SUQiQbo3O�[8gbSUl�SN� � ��nNo3O�[:SNY�MPaFQboP[ 
 H o�LxM:oP[ESN� � ��nNo3O�[:SNYM �B¡mSUM:o�TWVmV�oPY*M8TWY8� LNO�o
O�SNY8Y8o3M8V!SUlX¥mM.[:S ��] t ¡Wo�L H SfnNo [8¡WY8oPo�o3¤JTmLZ[8gbSUlmM*OPLNl H o�Y8o���Ygb[:[:o3l�gil [:oPY���M*SN��M:oP[8M*SN�
� ��nNo3O�[:SNY�MhLNM7� SUQjQbS!�BM?�


 ��
� �

� � � �� \ � � � ���
� �
� � � 4 
 � � � � � ±J]ip�BU�


 �� � �
� ���


 ��
� �

� ±J]ip
�N�


 � � �
� ���


 �� � ±J]ip3rU�

t ¡Wo*M I � H SUQ��>��o3LNlmM�VXLNgiY�BgiM:o.LN¥m¥mgb[8giSUl � g�] oN]ba 
 � 
 * � � � � � * � � 4 
�� � * 4

 * � �] t ¡Wo��No I [:S gilmO�Y�o3��o3l�[8LNQRVmY�TmlXgilW£�giM7[:S�Y8o3¥XTmO�oE[8¡Wo M8oP[�SN� � ��nNo3O�[:SNYM0Y�oPVmY8o3M:o3l�[8gilW£

±Z²



��L%� �
MP] [P] � � � � � * ��� � � � * 4 
���� ���

� � � �"! ��� ²� �"! � � ² � ! 4QW

t L H Qio ±J]ip � ~ K � ¥WSU��gilXLNlmO�oh[:o3M:[��#nNo3O�[:SNY	� gjM�¥WSU��gilXLZ[:o3¥ H�I�
��� ��� �B¡mo3l���� ²`]

o3LNO�¡ nZLNQiTWo �¢TmlXO�[8gbSUl gil v ¤JTmLZ[8gbSUlmMh±J]ip�BJa1±J]ip
� LNlm¥ ±J]ip3r HJI VmY�TmlXgilW£�LNQiQ1[8¡mo�¥WSU� gilmLZ[:o3¥
nNo3O�[:SNY�M � nNo3O�[:SNY�M�[8¡XLZ[�LZY�o.lWSN[CVXLZY8[�SN��[8¡WohTWVmV�oPYCM8TmY8�¢LNO�o��] � SNY�o��WLN��VXQioNaJgil � gb£UTWY8oh±J]?>Ja
� ��LNlm¥ ���BO�SNY8Y8o3M8V!SUlX¥�[:S O�SUlm¥Xgb[8gbSUlmLNQ`VXQjLNlmMF[8¡mLZ[�LZY8oBM8T H SNVm[8gj��LNQWLNlm¥�[8¡WoPY�oP� SNY8o.OPLNl H o
Y8o3��S�nNo3¥ �Bgb[8¡WSUTW[CO�¡mLNlW£UgjlW£ [8¡mo0TWVmV�oPY#M�TWY8� LNO�oN] z SU� gilmLZ[:o3¥�� ��nNo3O�[:SNY�MBOPLNl H o0¥moP[:o3O�[:o3¥
gil [ �CS���L I M�� H�I � . #&" 2 	 # * � � . : #&"�='" �+� LNlm¥ HJI 0 #&" � = ( ��( . � ( = :�: # "�� � ~ K��] s nNo3O�[:SNY=�
giM*V�SUgil�[ �0giM:o�¥WSU��gjlmLZ[:o3¥ HJI ��* �B¡Wo3l�[8¡mo�o��JV�o3O�[:o3¥ [:SN[8LNQ#Y8o���LZY�¥ SN� �©giM Qbo3M8M*[8¡mLNl SNY
o3¤JTmLNQ![:S � *G� SNY7oPnNoPY I M:[8LZ[:o � g ] oN]ba � �"! � � � * �"! � � ! 4QW7�]	w/l � gb£UTmY8oh±J]?>Ja � � giM�V!SUgjl�[ �BgiM:o
¥WSU��gjlmLZ[:o3¥ HJI ��Z]7{0SN[:o ¡WS��CoPnNoPY3a�[8¡mLZ[=� � giMBlWSN[BV!SUgjl�[ �BgiM:oE¥WSU� gilmLZ[:o3¥ HJI LNl I M�gilW£UQbo
nNo3O�[:SNY � gb[ giM ¥WSU��gilmLZ[:o3¥ H�I LdO�SU� H gilmLZ[8gbSUl SN�7nNo3O�[:SNY�M�SN�7[8¡Wo TmVmV�oPY M8TWY8� LNO�oN] t ¡mgjMEgiM
¥WoP[:o3O�[8L H Qio H�I LNl ~ K � ¥WSU� gilmLNlmO�oh[:o3M:[ � t L H Qio ±J]ipf�]

t ¡Wo �¢TXQiQ z K VXY8SJO�o3¥XTWY8oxgiM�£UgbnNo3l)gil t L H Qboy±J] ±J] w [8M'��SNY�M:[�OPLNM:oxY�TXlmlmgilW£ [8gi��o
Y8o3¤JTmgbY8o3M#[8¡Wo*M:SUQiTW[8giSUl�SN� � � � Y � � 
 � � � ��� � � � ~ K#M3] ~ K#M�LZY8o.[8L �No3lxLNM�L H LNM8giO�SNV�oPY�LZ[8giSUl H o��
OPLNTmM:oB[8¡Wo I LZY8oBO�SU��VXTm[8LZ[8gbSUlmLNQiQ I gil�[:o3lmM8gbnNoN] t ¡XgiM}M8¡WS!�0M#LNl�o��`V�SUlWo3l�[8giLNQWO�SU��VXTW[8LZ[8giSUlmLNQ
O�SU��VXQio��`gb[ I �Bgi[8¡ Y8o3M:V�o3O�[�[:S[8¡Wo S H M:oPY8nZLZ[8gbSUl M8VXLNO�oN] u S��CoPnNoPY3a7gil6VmYLNO�[8giO�oNaCVXY�Tmlmgilm£
¡Wo3QbVGMB[:S¦Y8o3¥mTmO�o�O�SUlmM8gj¥WoPY�L H Q I O�SU��VXTW[8LZ[8gbSUl [8gi��oN]*c SNY8oPSfnNoPY3a�� SNY.[8¡Wo�OPQiLNM8M.SN�	V�SUQ I lWS �
��giLNQjQ I LNO�[8gbSUl ��SUTW[:VGTW[ � H SUTmlm¥Wo3¥�K � c z KCM � ±�� ��� �B¡mgjO�¡�O�SUlmM8gjM:[8M}SN�!K � c z KCMFM8TmO¡�[8¡mLZ[
�¢SNY LNQiQFLNO�[8gbSUlmM � [8¡Wo�M�g � o�SN� 
 �� � LZ�¢[:oPY VmY�TXlmgilW£���£NY8S!�0M*V�SUQ I lmSU��giLNQiQ I �0gb[8¡ Y8o3M:V�o3O�[*[:S

 � � � � [8¡Wo�Y8o3¥XTmO�[8gbSUl�S H [8LNgilmo3¥ H�I VmY�TmlXgilW£ � L �No3ME[8¡Wo z K VmY8S`O�o3¥mTWY8o�[:Y�LNO�[8L H Qbo � g ] oN]ba
V�SUQ I lWSU��giLNQ�gil�� Y �_a � \ �WLNlm¥ � 
 � � � � �]

� SNY �Xlmgb[:o ¡mSNY�g � SUl �1aG[8¡Wo�gilmO�Y8o3��o3l�[8LNQRVmY�TmlmgjlW£�LNQb£NSNY�gb[8¡m�,¥WoP[:oPY���gjlWo3MBLNl SNVm[8g��
��LNQNV�SUQigjO I 	  H�I gb[:oPYLZ[8gilW£�[8¡Wo#L H SfnNo z KdVmY8S`O�o3¥mTWY�o �E[8gi��o3MP] s M:o3¤�Tmo3lmO�o�� 
  
 
 � 
'&'&'& 
 
  �
SN�FM:oP[8M0SN�.� ��nNo3O�[:SNY�MhgiM�O�SU��VXTW[:o3¥ LNlX¥x[8¡Wo SNVX[8gi��LNQ�V�SUQigiO I giM�gi��VXQigiOPgb[8Q I ¥Wo	�XlWo3¥ HJI [8¡Wo

±`p



K |��E�7v#z k |0v�� � � ��� ����� � 
 � � � �

 �	��

� SNY�o3LNO¡ �4QY ¥WS

 �� ��

�¢SNY�o3LNO�¡ �4`\�¥WS

 ��
� �
� � �� ��� � �����

� � �
� � ���

� �
� � � 4 
 � � � � �


 �� � � �� ��� � 
 �� � 
 ��
� �
�


 � � � �� ��� � 
 ��� 
 �� �
Y8oP[8TWY�l 
 �

v { z K |��E�7v#z k |0v

t L H Qbo ±J] ± � z K�VmY�SJO�o3¥mTmY8o

QiLNM:[.M:oP[ 
  ]7w/lyVXY�LNO�[8giO�oNa![8¡Wo SNVm[8gj��LNQ1V�SUQigiO I OPLNl H o Y8oPVmY8o3M:o3l�[:o3¥yo��`VXQigjOPgb[8Q I LNM0L ��LZV��
VXgilm£*� Y8SU� H o3QjgboP�GM:[8LZ[:o3MC[:S LNO�[8giSUlmM	SNY�LNM#L �XlXgb[:o�M:[8LZ[:ohO�SUl�[:Y8SUQjQboPY3]�w ��LE��LZVXVXgilW£EgiMFTXM:o3¥�a
[8¡Wo3lxLNlxLNO�[8gbSUl giM�M:[:SNY8o3¥ �Bgb[8¡¦o3LNO¡ � ��nNo3O�[:SNYBSN��[8¡Wo �yM:oP[8M 
 � � p;� � � �G�] t ¡Wo*LNO�[8gbSUl
M:[:SNY8o3¥ �Bgb[8¡ L�£UgbnNo3l)nNo3O�[:SNY�� � giM�[8¡Wo��mYM:[�LNO�[8gbSUl�� [8¡mLZ[ �CSUTXQi¥ H o¦o��`o3OPTW[:o3¥ �B¡Wo3l
gi��VGQbo3��o3l�[8gilW£h[8¡WoBO�SNY8Y�o3M:V�SUlm¥mgilW£hO�SUlm¥mgi[8gbSUlmLNQWVXQjLNl � � � � 
 � �] t ¡mgiMFM�O�¡Wo3��o0gilm¥mgbY�o3O�[8Q I
VmY8S�nJgj¥Wo3M	L*��LZVmVGgilW£h� Y�SU� H o3QigboP�GM8[8LZ[:o3M#[:S LNO�[8giSUlmM#M8gjlmO�o7[8¡WoPY8o�giM#LE��LZVmVXgjlW£h� Y8SU� H o3QjgboP�
M:[8LZ[:o3MC[:S ��L%�Wgi��g � gilW£ � ��nNo3O�[:SNY�MP] s [Co��Jo3OPTW[8giSUl [8gi��oNa��¢SNY#[8gi��o0M:[:oPV � a�[8¡Wo.LZ£No3l�[�M8gi��VGQ I
TWV�¥mLZ[:o3M.gb[8M H o3QigboP�FM:[8LZ[:oNa1¥WoP[:oPY�� gilWo3M0[8¡Wo�� ��nNo3O�[:SNYE[8¡XLZ[h� L%�`gi� g � o3M0gi[8M0o��`V�o3O�[:o3¥ [:SN[8LNQ
Y8oP[8TWYl�LNlm¥�o��`o3OPTW[:o3M#[8¡mo�LNO�[8gbSUl M:[:SNY�o3¥ �Bgb[8¡�gb[P] s Qb[:oPY�lmLZ[8ginNo3Q I a�LNM	V�SUgil�[:o3¥�SUTW[ HJI �ELZo3Q��
H QigjlW£Wa ~ gb[:[8��LNldLNlm¥ � LNM�M8LNlm¥WY�L � ±N±���aX[8¡WoESNVX[8gi��LNQ�V�SUQigiO I OPLNl LNQiM8S H o*Y8oPVmY8o3M:o3l�[:o3¥ LNM.L
�Xlmgi[:o M:[8LZ[:o�O�SUl�[:Y8SUQiQboPY3] v �`VXQiLNlXLZ[8gbSUlmMBO�SUlXO�oPY�lmgilW£ �Xlmgb[:o�M:[8LZ[:o�O�SUl�[:Y�SUQiQboPY�MhLZY8o�¥WoP�¢oPY8Y8o3¥
[:S�[8¡Wo lWo��J[�M8o3O�[8gbSUl �B¡mo3l u LNlmM8o3lA@ M7V�SUQigiO I gb[:oPY�LZ[8gbSUlyLNQi£NSNY�gb[8¡m��giMBgil�[:Y�SJ¥mTXO�o3¥�]

� SNYBgil �Glmgb[:o�� ¡WSNY�g � SUl�K � c z K#MPaWLNl�����SNVm[8gi��LNQGV�SUQigiO I � V�SUQigiO I �B¡mSUM:ohn LNQiTmo0� TmlmO �
[8gbSUlx¥mg �!oPY�M��¢Y8SU��[8¡mo*SNVm[8gi��LNQ�gil �Xlmgb[:o�� ¡WSNYg � SUl V�SUQigjO I 	 � H�I LZ[B��SUM:[���� SNYBoPnNoPY I H o3QjgboP�
M:[8LZ[:o���giM�LNQiM:S��¢SUTmlm¥ HJI gb[:oPY�LZ[8gjlW£�[8¡Wo z K5VmY�SJO�o3¥mTmY8oN] t ¡Woxgi¥Wo3L�giM�[:S �XlX¥6L � � M8[:oPV
SNVm[8gi� LNQGV�SUQigjO I 	 � LNlm¥¦[:S�o��Jo3OPTm[:oELZ[�oPnNoPY I [8gi��o.M:[:oPVx[8¡mohLNO�[8giSUlxM:[:SNY8o3¥ �Bgb[8¡ [8¡Wo H o3M:[
� ��nNo3O�[:SNY�gjl 
 � ] ~ oP[�@ M OPLNQiQ��	 � LNlm¥ �� � [8¡mo�V�SUQigiO I LNlX¥�n LNQjTWo�� TmlmO�[8gbSUl�O�SNY8Y�o3M:V�SUlm¥mgilW£
[:S�[8¡mgjM�M:[:Y�LZ[:oP£ I ]��	 � ¥Xg �!oPYM�� Y8SU� 	 � M8gjlmO�oELZ[�[8gi��oEM8[:oPV ��[8¡Wo LNO�[8gbSUl VmY8o3M8O�Y�g H o3¥ HJI �	 �
giMEM8[:SNY8o3¥ �0gb[8¡�[8¡Wo � L%�`gi� g � gilW£ � ��nNo3O�[:SNY�gil 
 � �B¡WoPY8o3LNM � SNY 	 � gb[EgiM M8[:SNY8o3¥ �Bgi[8¡�[8¡Wo

±N±



��L%�Wgi��g � gjlW£1� ��nNo3O�[:SNYCgil 
 � � �/] s l�gi��V�SNY8[8LNl�[}¤�TWo3M8[8gbSUl�O�SUlmO�oPY�lmgilm£0[8¡Wo7¤JTmLNQigb[ I SN���	 � giM��
¡WS��>� LZYhgiM �� � �¢Y8SU�,[8¡Wo SNVX[8gi��LNQ�gil �Xlmgi[:o�� ¡WSNY�g � SUlxnZLNQiTWo �¢TXlmO�[8gbSUl � � � w �F[8¡Wo�\Co3QjQi��LNl
Y8o3M8gj¥mTmLNQ a`[8¡mLZ[BgjMPaW[8¡Wo � 
�¥mg ��oPY8o3lmO�o H oP[ ��oPo3l � � � � LNlm¥ � � � � aGgiM H SUTmlm¥Wo3¥ HJI M:SU��o��
� g ] oN]bamM8TmV 	 � � � � � � ��� � � � � � � �P� � ���Z�C[8¡Wo3l SUlWoEOPLNlxM�¡WS!��[8¡mLZ[ �� � LNlX¥� � ¥mg ��oPY H�I LZ[
��SUM:[E±�� ��� � p � ���B�¢SNY*oPnNoPY I H o3QigioP�	M:[8LZ[:o �A>N± ��] w ��� giM.VXgiO��No3¥�[:S H o�� � p � �����Z± ��aR[8¡Wo3l
M8TWV � �� � � ��� � � � � �P� � ����LNlm¥ ��o*M8L I [8¡mLZ[ �	 � giM�� ��SNVm[8gj��LNQ ]}w l¦VmYLNO�[8giO�oNa��EOPLNl H oh��LN¥Wo
LZY H gi[:Y�LZY�giQ I M8� LNQiQ#M8gjlmO�o [8¡mo \�o3QiQj��LNl Y�o3M8gi¥mTmLNQC¥Wo3O�Y8o3LNM:o3M'�0gb[8¡ o3LNO¡ z K H LNO�`TWV HJI L
� LNO�[:SNYBSN�FLZ[BQbo3LNM:[ ��]

����� � � ��� � � �
	 � �Z�X�U�!�N� �R�

s M8¡mSNY8[ ¥Wo3M�O�Y�gbVm[8gbSUlSN� u LNlXM:o3lA@ M�V�SUQigiO I gb[:oPY�LZ[8gbSUl6LNQb£NSNY�gb[8¡X� giM VmY8o3M8o3l�[:o3¥�]dw [�¥mg ��oPY�M
�¢Y8SU�DnZLNQiTWo gb[:oPY�LZ[8gbSUl©LNQb£NSNY�gi[8¡m��M H o3OPLNTmM8o gb[¦O�SUlm¥mTmO�[8M¦L6M:o3LZY�O�¡ ¥mgiY8o3O�[8Q I �Bgb[8¡mgjl)[8¡Wo
M:VXLNO�o SN��V�SUQigiOPgio3MP] � l [8¡Wo*SN[8¡WoPY0¡XLNlm¥�a`[8¡WoEM:VXLNO�o SN��V�SUQigiOPgio3M�gjM7¡�TW£NoNamM8S�gb[7Y8o3M:[:Y�gjO�[8M�gb[8M
M:o3LZY�O¡y[:S�[8¡mo M:oP[�SN��V�SUQigiOPgbo3M�[8¡mLZ[BOPLNl H o*Y8oPVmY8o3M:o3l�[:o3¥ HJI �Glmgb[:oEM:[8LZ[:o O�SUl�[:Y8SUQiQioPY�MP]

s �Glmgb[:oFM:[8LZ[:oCO�SUl�[:Y8SUQiQioPYRgiM�o3M8M:o3l�[8giLNQiQ I L�¥mgiY8o3O�[:o3¥*£NY�LZVX¡ �0gb[8¡hnNoPY8[8giO�o3M�QiL H o3QiQbo3¥ H�I
LNO�[8gbSUlmM}LNlm¥�o3¥W£No3MFQjL H o3QjQbo3¥ HJI S H M:oPY8nZLZ[8gbSUlmM � � gb£UTWY�o�±J]A@��] �FoPY8[8gjO�o3MF¥WS.lmSN[ � lWo3O�o3M�M8LZY�giQ I �
O�SNY8Y8o3M8V!SUlX¥ [:S ��SNY�Qi¥ M:[8LZ[:o3M�SNY H o3QjgboP��M:[8LZ[:o3MPa�[8¡Wo I O�SNY�Y8o3M:V�SUlm¥6[:SO�SUlm¥mgb[8giSUlmLNQ#VGQiLNlmMP]
t ¡Wo nNoPY8[:o�� O�SNY8Y8o3M8V!SUlX¥mgilW£x[:S�O�SUlm¥mgb[8giSUlmLNQFVXQiLNl � � � � 
 � � giM QjL H o3QjQbo3¥ �Bgb[8¡ LNO�[8gbSUl��
LNlm¥�gb[8MhSUTW[ ��LZY¥�o3¥W£No3MEO�SNY8Y8o3M8V!SUlX¥d[:Sx[8¡mo�S H M:oPY8nZLZ[8gbSUl�M:[:Y�LZ[:oP£ I � ] s [*Y�TXld[8gj��oNa�[8¡Wo
LZ£No3l�[xo��Jo3OPTW[:o3M [8¡mo LNO�[8gbSUl QiL H o3QiQjgilW£�[8¡Wo�OPTWY8Y8o3l�[ LNO�[8gbnNo�nNoPY8[:o���]>w [¦[8¡Wo3l ��L �No3MxLNl
S H M:oPY�n LZ[8gbSUl� �0¡mgiO�¡ giM TmM8o3¥�[:S TmV�¥XLZ[:o�[8¡Wo LNO�[8gbnNo¦nNoPY8[:o�� HJI � SUQjQbS!�BgjlW£x[8¡Wo SUTm[ ��LZY�¥
o3¥W£No�QiL H o3QiQbo3¥ �Bgb[8¡ m] t ¡XgiM7o3¥W£NoEV�SUgil�[8M7[:S [8¡Wo lWo��`[BLNO�[8gbnNo nNoPY8[:o�� �B¡mgjO�¡yO�SNY8Y�o3M:V�SUlm¥mM
[:S�[8¡Wo O�SUlX¥mgb[8gbSUlmLNQCVXQiLNl � � ��] t ¡Wo¦gilmgb[8giLNQ#LNO�[8gbnNo nNoPY8[:o��6giM�¥WoP[:oPY�� gilWo3¥ HJI M:o3Qio3O�[8gilW£
[8¡Wo*��L%�Wgi��g � gjlW£ O�SUlm¥mgi[8gbSUlmLNQGVXQiLNl�aJ[8¡mLZ[7giMPaJ[8¡Wo*O�SUlm¥mgb[8giSUlmLNQXVGQiLNl&�0gb[8¡ L�O�SNY8Y�o3M:V�SUlm¥mgilW£
�)nNo3O�[:SNY [8¡mLZ[*��L%�Wgi��g � o3M.[8¡Wo�o��`V!o3O�[:o3¥[:SN[8LNQ}Y8oP[8TWY�l �¢SNY*[8¡Wo�gilmgb[8giLNQ H o3QigboP�	M:[8LZ[:oN] t ¡Wo
nZLNQiTWo � TmlmO�[8giSUl � � SN�	L �Xlmgi[:o M:[8LZ[:o�O�SUl�[:Y8SUQjQboPY 	 O�SNY8Y8o3M:V�SUlm¥XM�[:S¦[8¡Wo�TmVmV�oPYBM8TWY8� LNO�o SN�
[8¡Wo M8oP[7SN�.� ��nNo3O�[:SNY�M 
 � LNM8M:S`OPgiLZ[:o3¥��Bgb[8¡ [8¡moEnNoPY8[8giO�o3MBSN� 	 ]

u LNlmM8o3lA@ MRLNQb£NSNYgb[8¡m��OPLNl H oFTmM:o3¥E[:SBM:SUQbnNo	¥mgjM8O�SUTml�[:o3¥�a�gil �Xlmgb[:o�� ¡WSNYg � SUl0K � c z KCMP]

±�>
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� gb£UTWY8o�±J]A@ � � gilmgb[:o�M:[8LZ[:o O�SUl�[:Y8SUQiQioPY*� SNYELxM8gj��VXQbo�K � c z K��Bgb[8¡ [ ��S LNO�[8gbSUlXM*LNlm¥�[ ��S
S H M:oPY�n LZ[8gbSUlXMP]

w [ O�SU��VXTm[:o3M�L M:o3¤JTWo3lmO�o¦SN� �Xlmgb[:o M:[8LZ[:oxO�SUl�[:Y8SUQjQboPY�M � 	  
 	 � 
'&'&'& 
 	 ( � M8TmO¡ [8¡XLZ[�gil [8¡Wo
Qigi� gb[ � �B¡mo3l ��� ���a 	 ( O�SUl�nNoPY8£No3M [:S�[8¡Wo SNVm[8gi��LNQ�V�SUQigiO I 	 � ] t ¡mLZ[�giMPaF[8¡Wo nZLNQiTWo
� TmlmO�[8gbSUl¦SN�R[8¡mohO�SUl�[:Y8SUQiQioPY�M�gil [8¡mohM8o3¤�TWo3lXO�oEgilmO�Y8o3LNM:o3M���SUlmSN[:SUlmgiOPLNQiQ I LNlm¥ gil¦[8¡Wo*Qigi��gb[Pa
O�SUl�nNoPY8£No3M7[:S � � ]Ce*gbnNo3lxL�O�SUl�[:Y8SUQjQboPY 	 � aJ[8¡mo.lWo��`[7O�SUl�[:Y�SUQiQboPY 	 � � �7giM#S H [8LNgilWo3¥¦£NY8oPo3¥mgiQ I
gil [ �CS¦M:[:oPVXM��

��� . 0 # � , �)%'= 0 8 = 2 # . " �CO�SU��VXTW[:oE[8¡Wo*nZLNQiTWo*� TmlmO�[8giSUl��� 9 SN� 	 � ]

��� . 0 # � , # : � ( . % � : �)" 2+� V�oPY8�¢SNY�� L¥ I lmLN��giO VXY8SN£NY�LN����gjlW£ H LNO�`TWV�LNlX¥)o��J[:YLNO�[
[8¡mo lWo��`[ �Xlmgb[:oEM:[8LZ[:o LNTW[:SU��LZ[:SUl 	 � � �P]

K�SUQjgiO I oPn LNQjTmLZ[8gbSUl�o3M�M:o3l�[8gjLNQiQ I O�SU��VXTW[:o3MC[8¡Wo.M:oP[ 
 � �¢SNY�M:SU��o0O�SUl�[:Y8SUQiQboPY 	 ] t ¡mgiM
giM7¥WSUlmo H�I M:SUQbn`gilW£�L�M I M:[:o3��SN� � 
 � � � W �`o3¤�TmLZ[8giSUlmM7SN��[8¡WoE�¢SUQiQbS!�0gilW£�� SNY� �

� ��� � � � ��� �"! � � � � �"! � � � �
� ��� �

��� �"! * � ! 
��`� �
� �����

��� �  * � � 
 ! * � �
� � � � � �"! * �

v LNO¡yo3¤JTmLZ[8gbSUlx£UginNo3M7[8¡Wo*o��`V!o3O�[:o3¥ [:SN[8LNQ1Y8o���LZY�¥ �¢SNY�o��`o3OPTW[8gilW£�[8¡Wo O�SUlm¥mgb[8gbSUlXLNQGVGQiLNl �
LNM8M:S`OPgiLZ[:o3¥ �Bgb[8¡xM:SU��o nNo3O�[:SNY=� 4 
 �¦LZ[BM:SU��o gjlmgb[8giLNQ ��SNY�Qi¥xM:[8LZ[:o ! 4 W0]

K�SUQjgiO I gi��VmY8SfnNo3��o3l�[EgiM.[8¡Wo �No I M:[:oPVgil u LNlmM:o3lA@ M*LNQi£NSNY�gb[8¡m�x] w [h[8L �No3M [8¡Wo�M:oP[
SN� � ��nNo3O�[:SNY�M 
 � 9 O�SU��VGTW[:o3¥ HJI V�SUQigiO I oPnZLNQiTmLZ[8gbSUl LNlm¥ V�oPY8�¢SNY���M L z K H LNO�`TWV)LNM�gil
gilmO�Y�o3��o3l�[8LNQ`VXY�Tmlmgilm£W] ~ oP[ 
 � 9� H o7[8¡Wo�M:oP[	SN�A� ��nNo3O�[:SNYM#Y8o3M�TmQb[8gilW£h�¢Y8SU� [8¡Wo H LNO�`TWV1] t ¡Wo
� ��nNo3O�[:SNY�M gil 
 � 9� LZY8o�TXM:o3¥ [:Sy��SJ¥Xgb� I [8¡mo�nNoPY�[8giO�o3MELNlm¥ [8¡Wo�o3¥W£No3M*SN�C[8¡Wo�O�SUl�[:Y�SUQiQboPY 	 �

±;@



LNOPO�SNY�¥mgjlW£B[:Sh[8¡WY8oPo�M8gi��VGQbo	Y�TmQio3MPa I gbo3Qi¥XgilW£7[8¡Wo�lWo��J[}O�SUl�[:Y8SUQiQboPY 	 � � �P]���o�Y8oP�¢oPY�[8¡WoCY�o3LN¥WoPY
[:S � p�>`a�p @ ��� SNY�[8¡Wo*¥WoP[8LNgjQiM#SN��[8¡WSUM:ohY�TmQio3MCLNM�[8¡Wo I LZY8ohlWSN[�o3M8M:o3l�[8giLNQ�[:S�[8¡Wo*¥WoPnNo3QbSNVX��o3l�[
SN�}[8¡mgiM�[8¡Wo3M�giMP]Fw/lxVmY�LNO�[8giO�oNaGO�oPY8[8LNgil K � c z KCM�¡mLfnNo SNVm[8gi� LNQ�V!SUQjgiOPgbo3M7O�SNY8Y8o3M8V!SUlX¥mgilW£�[:S
#&" � "$# 2 � M:[8LZ[:o O�SUl�[:Y8SUQiQioPY�MP] s M �Bgi[8¡�gilmO�Y8o3��o3l�[8LNQFVmYTmlmgilW£Wa�SUlmo OPLNl �XlX¥�LNl � ��SNVX[8gi��LNQ
�Xlmgi[:o�M8[8LZ[:o O�SUl�[:Y�SUQiQboPY HJI o3lmM�TWY�gilW£¦[8¡mLZ[E[8¡mo�\Co3QjQi��LNl�Y8o3M8gj¥mTmLNQ�giM*M8��LNQiQ�o3lWSUTm£U¡�] t ¡Wo
LZY8£UTm��o3l�[�giM gi¥mo3l�[8giOPLNQ	[:Sd[8¡Wo SUlWo �¢SNY gjlmO�Y8o3��o3l�[8LNQ	VmYTmlmgilW£xM8gjlmO�o H SN[8¡ TmM8o [8¡Wo¦M8LN��o
z K�VXY8SJO�o3¥XTWY8oh[:S O�SU��VXTm[:o H LNO�`TWVXM3]

v ��VXgiY�giOPLNQiQ I a�gi[¦¡mLNM H oPo3l©S H M:oPY�nNo3¥ [8¡mLZ[ u LNlXM:o3lA@ M LNQb£NSNY�gb[8¡X�¬Y�o3¤�TmgiY8o3M¦� o���oPY
gb[:oPY�LZ[8giSUlmM�[8¡mLNl�gilmO�Y8o3��o3l�[8LNQJVmY�TmlXgilW£7[:S*O�SUl�nNoPY�£No�[:S*LNl ����SNVm[8gi��LNQJV�SUQigiO I ] � l [8¡Wo�SN[8¡WoPY
¡mLNlm¥1aNo3LNO�¡ gi[:oPY�LZ[8gbSUl�SN� u LNlmM8o3lA@ M	LNQb£NSNY�gi[8¡m� OPLZY8Y�gbo3MFLhV�SUQigjO I oPn LNQjTmLZ[8gbSUl�M:[:oPV�LNlX¥�L z K
H LNO��JTWVRa �B¡WoPY�o3LNM LNl gi[:oPY�LZ[8gbSUl�SN��gilXO�Y8o3��o3l�[8LNQFVmY�TmlXgilW£¦SUlmQ I V!oPY�� SNY�� M*L z K H LNO�`TWV1]
w/l�VmY�LNO�[8giO�oNa H o3OPLNTmM:o�[8¡WoBY�TmlmlmgjlW£B[8gi��o�SN��L*V�SUQigiO I oPnZLNQiTmLZ[8giSUl�M:[:oPV giM#lWoP£UQigb£No3L H Qio �B¡Wo3l
O�SU��VXLZY�o3¥�[:SEL z K H LNO��JTWVRa u LNlXM:o3lA@ M	LNQb£NSNYgb[8¡m� TmM8TXLNQiQ I Y�TmlXM�� LNM:[:oPY3] s Qb[8¡WSUTW£U¡�gi[FY�TmlmM
� LNM:[:oPY3aRgb[8MhO�SU��VGTW[8LZ[8gbSUlmLNQFO�SU��VGQbo��`gi[ I gjM.LNM*gjl�[:Y�LNO�[8L H Qbo�LNMEgilmO�Y8o3��o3l�[8LNQ�VmY�TXlmgilW£¦M8gilmO�o
H SN[8¡ygb[:oPY�LZ[:o [8¡WoEM8LN��o z K VmY8S`O�o3¥mTWY8oN]

� ��� 46�	��'3�0�1����-� F�,
�?G?����	?

^JSUQbn`gilW£�K � c z KCMBgiM�L lWSN[:SNY�gbSUTmM�Q I ¡mLZY¥xVmY8S H Qio3�x]	w/lx�¢LNO�[Pa �Xlm¥mgjlW£�LNl SNVm[8gi��LNQ1V!SUQjgiO I
¡mLNM H oPo3l M8¡WS!�0l�[:S H oBK�^`K sB��v � O�SU��VGQboP[:oB�¢SNY �Xlmgi[:o�� ¡WSNY�g � SUl�VXY8S H Qbo3��M � ±Nr��!LNlm¥�nNoPYgb� I �
gilW£ [8¡Wo0o��WgiM:[:o3lXO�oBSN�RL V!SUQjgiO I �Bgb[8¡�L n LNQjTWoB� TmlmO�[8gbSUl�£NY8o3LZ[:oPY7[8¡mLNl¦M:SU��oB[8¡mY8o3M8¡WSUQi¥ � SNY�L
£UgbnNo3l gilmgi[8giLNQ H o3QigboP��M:[8LZ[:o*giM#TXlm¥Wo3OPgi¥mL H Qbo �A>Z² ��] � oP[PaWK � c z K#M�Y8o3� LNgil L nNoPY I LZ[:[:Y�LNO�[8ginNo
�¢Y�LN��o���SNY�[:S�O�SUlm¥mTmO�[�VXQiLNlmlXgilW£yTmlm¥moPY TmlmO�oPY�[8LNgil�[ I LNlm¥6l�TX��oPY8SUTmM LNQb£NSNY�gb[8¡m� M ¡mLfnNo
H oPo3lEVmY�SNV!SUM8o3¥Egil*[8¡Wo�Qigb[:oPY�LZ[8TmY8oN]Rw/l*VmY�LNO�[8gjO�oNa [8¡moCK�^WK sB�7v O�SU��VGQboP[:o3lWo3M8M�LNlm¥ TXlm¥Wo3OPgi¥ �
L H giQjgb[ I SN�!K � c z KCMF[:Y�LNlmM8QjLZ[:o�gil�[:S*[ �CS�M:SUTWY�O�o3M	SN�!gil�[:Y�LNO�[8L H gjQigb[ I [8¡mLZ[#L � gjO�[	LNQiQWOPTWY8Y8o3l�[
LNQb£NSNY�gi[8¡m��MP]}w/l [8¡XgiM�M:o3O�[8gbSUl�aWL H Y�gboP��Y�oPnJgbo�� SN��[8¡WSUM:oEM:SUTWYO�o3MCSN��gil�[:Y�LNO�[8L H giQigi[ I LNlm¥ ¡WS��
M:SU��o Y8o3M:o3LZY�O¡WoPY�M.¡mL3nNo [:Y�gbo3¥ [:S ��gb[8gi£ULZ[:o [8¡Wo3�,TmM8gilW£�� LNO�[:SNY8o3¥dY8oPVmY8o3M8o3l�[8LZ[8gbSUlXM0giM�VmY8o��
M:o3l�[:o3¥�] � gjlmLNQiQ I amLNM.��o3l�[8gbSUlWo3¥yo3LZYQigboPY3amLNQb[8¡mSUTW£U¡y[8¡Wo O�SU��VXQbo��Wgb[ I SN�FM:SUQbn`gilW£�K � c z KCM
giM�lmSN[ [8¡Woy�¢S`OPTmM�SN�h[8¡mgiM�[8¡Wo3M8giMPa�gb[��0giQiQ�gil �XTmo3lmO�ox[8¡Wo ¥Wo3M�gb£Ul)SN�EM:SU��odLNQb£NSNY�gb[8¡m� M�gil

±�^



� ¡mLZVX[:oPY�M+>�LNlm¥Q@ LNlm¥x[8¡Wo*o��`V�oPY�gi��o3l�[8M�gil � ¡XLZVm[:oPY+^J]

����� ��� �}� 		���`�X�y�1� � ���N�U���J�N� � � � � � 	

s QiQFOPTWY8Y8o3l�[ LNQb£NSNYgb[8¡m��Mh[8¡mLZ[ M:SUQbnNo K � c z KCMEo��WLNO�[8Q I LZY8o�VXQiLZ£UTmo3¥ H�I [ ��SdM8SUTWY�O�o3MESN�
gil�[:Y�LNO�[8L H giQjgb[ I �

� t ¡Wo�l�Tm� H oPY0SN� � ��nNo3O�[:SNYM ��L I £NY8S�� o��JV�SUlWo3l�[8giLNQiQ I �Bgb[8¡ [8¡Wo�M8g � o�SN�#[8¡mo�S H M:oPY��
nZLZ[8gbSUldM:VXLNO�o \�LNlm¥y¥WSUT H Q I o��`V�SUlWo3l�[8gjLNQiQ I �0gb[8¡ [8¡WoE¡WSNY�g � SUl ��]

� t ¡WoE¥mgi��o3lXM8gbSUlmLNQigi[ I SN��o3LNO�¡�� ��nNo3O�[:SNY*giM�o3¤JTmLNQ�[:S [8¡Wo M8g � o*SN��[8¡Wo M8[8LZ[:o M:VXLNO�o WB]

t ¡Wo �mY�M:[CVmY8S H Qio3��giM�o3LNM8gjQ I S H M:oPY�nNo3¥ �0¡Wo3l¦o��`LN��gjlmgilW£ [8¡Wo z K VXY8SJO�o3¥XTWY8ohTmM:o3¥
gil�gilXO�Y8o3��o3l�[8LNQWVmY�TmlXgilW£hLNlm¥�gil u LNlmM:o3lA@ MCLNQb£NSNY�gb[8¡X�x] � SNY#o3LNO�¡ H LNO��JTWVRa ��� � Y � � 
 � � � � �.� �
nNo3O�[:SNY�M�� L I H o0£No3lWoPY�LZ[:o3¥ygb�1lmS nNo3O�[:SNYBgjM#VmYTmlWo3¥�] � SUlmM:o3¤JTWo3l�[8Q I aWLZ[�[8¡Wo � �� gb[:oPYLZ[8gbSUl�a
[8¡WoPY8o O�SUTmQi¥ H oELNM���LNl I LNM ��� � Y � � � 
 ��� � � ��� � ��nNo3O�[:SNY�MP]

s M¦�¢SNY¦¥mgj��o3lmM8gbSUlXLNQigb[ I a7��SUM8[ Y8o3LNQ ��SNY�Qi¥ VXY8S H Qbo3��M [:o3lm¥ [:S6¡mLfnNo�QiLZY8£No�M:[8LZ[:o
M:VXLNO�o3M3]�w/l � LNl I ¥WSU��LNgjlmMPam[8¡Wo M:[8LZ[:o�M8VXLNO�o giM0¥Wo	�XlWo3¥ H�I L M8oP[BSN�}n LZYgiL H Qbo3M�M�TmO�¡ [8¡mLZ[
o3LNO�¡ M:[8LZ[:oBO�SNY8Y�o3M:V�SUlm¥mM�[:SEL $/SUgjl�[FgilmM8[8LNl�[8giLZ[8giSUl�SN�X[8¡WSUM:o7nZLZY�giL H Qbo3MP] u o3lmO�oNa�[8¡Wo7l�TX� H oPY
SN�1M:[8LZ[:o3M � LNlm¥ [8¡Woh¥mgi��o3lmM�gbSUlmLNQigb[ I SN��� ��nNo3O�[:SNY�M��giM#o��JV�SUlWo3l�[8giLNQGgil�[8¡Wo.l�TX� H oPY#SN��M:[8LZ[:o
nZLZY�giL H Qbo3M3]

����� � � � ���J�N�1��� � � � �#�U�G���G�R�N�!�U���R�

| o3O�o3l�[8Q I aXM8SU��oELZ[:[:o3l�[8giSUl ¡mLNM H oPo3lx¥WoPnNSN[:o3¥ [:S�LZVmVmY8SULNO¡Wo3M7[8¡mLZ[7o��`VXQbSUgb[7M:SU��o*[ I V!o*SN�
VmY8S H Qbo3� M:[:YTmO�[8TWY8o [:S o3M�M:o3l�[8gjLNQiQ I Y8o3¥mTXO�o [8¡Wo M8g � o¦SN��[8¡Wo M:[8LZ[:oxM:VXLNO�oN] w l VXLZY8[8gjOPTmQiLZY3a
[8¡Wo�TmM:o SN� 0 = � 2 . ( ��� ( � ��( �)* � " 2 = 2 # . " * [8¡mLZ[.Y8o3M:o3� H Qbo�OPQiLNM8M8giOPLNQ s w7Y8oPVmY8o3M:o3l�[8LZ[8gbSUlmM.LNQiQbS��
[8¡Wo���LNlXgbVXTmQiLZ[8giSUlySN��L¦O�SU��VXLNO�[Eo3lmO�S`¥mgilW£¦SN��[8¡Wo�M:[8LZ[:o�M:VXLNO�oN] t ¡XgiMBo3lXO�SJ¥mgjlW£¦QioP[8METmM
Y8o3LNM:SUl�LZ[h[8¡Wo�nZLZY�giL H Qio�QboPnNo3Q}gilXM:[:o3LN¥ SN�#[8¡Wo�o��`VXQigiOPgb[.M:[8LZ[:o�QboPnNo3Q a�Qbo3LN¥XgilW£ � V!SN[:o3l�[8giLNQiQ I �
[:S LNl�o��`V�SUlWo3l�[8giLNQFY8o3¥mTXO�[8gbSUl�gil�O�SU��VXQio��`gb[ I ] z o3OPgiM8gbSUl[:Y8oPo3M � zht M�	� ± �#LNlm¥LNQb£No H Y�LNgiO
¥Wo3OPgiM�gbSUlx¥mgiLZ£NY�LN� M � s0zhz M� � p3r`aRp�^ ��LZY8o o��`LN��VGQbo3M7SN�FM8TmO¡xo3lmO�S`¥mgilW£UM�[8¡mLZ[0OPLNlyo��`VXQbSUgb[
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(~XY~Z)   = 4α
α (~X~YZ)   = 3

(~X~Y~Z) = 3

(~XYZ)     = 2
(X~Y~Z)   = 2
(X~YZ)     = 2 
(XY~Z)     = 2
(XYZ)       = 2
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Legend:

� gi£UTWY8o ±J]?^ � zht LNlX¥ s0zhz o��WLN��VXQbo

VmY8S H Qbo3� M:[:YTmO�[8TWY8o�LNlm¥�¡mL3nNo H oPo3l M�¡WS!�Bl [:S*M8gb£Ulmg �XOPLNl�[8Q I M8V!oPo3¥�TWV�M:SUQiTW[8giSUl LNQb£NSNY�gi[8¡m��M
�¢SNYBM:oPnNoPY�LNQ�c z K#M � p3r �RLNlm¥yK � c z KCM � p�^ ��]

z.t M LNlm¥ s0zhz M�OPLNl gi��VmY8SfnNo [8¡Wo YTmlmlmgilm£¦[8gj��o�SN��gilmO�Y�o3��o3l�[8LNQ#VmY�TmlXgilW£xLNlm¥
u LNlmM:o3lA@ M�V�SUQigiO I gi[:oPY�LZ[8gbSUl HJI LNQiQbS��BgilW£d[8¡Woy��LNlmgiVXTmQiLZ[8gbSUl SN�0LNl = ; * 2 ( = � 2 * 2 = 2 � * ��= �+�
gilmM8[:o3LN¥ SN�0[8¡Woxo��`VXQigjOPgb[�M8[8LZ[:o M:VXLNO�oQW�� p�^���])c SNY8oxVmY�o3OPgiM:o3Q I a�QigilWo3LZY�� TmlmO�[8gbSUlmM�SN�.[8¡Wo
M:[8LZ[:o M8VXLNO�o � M8TmO¡ LNM � ��nNo3O�[:SNY�MPa H o3QigboP�BM:[8LZ[:o3M3aC[:Y�LNlXM8gb[8gbSUl6� TmlmO�[8gbSUlmM�LNlm¥ S H M:oPY8nZLZ[8gbSUl
� TmlmO�[8gbSUlmM ��OPLNl H o O�SU��VXLNO�[8Q I Y�oPVmY8o3M:o3l�[:o3¥ H�I LZ£N£NY8oP£ULZ[8gilW£ M8SU��o �CSNY�Qj¥ M:[8LZ[:o3M �Bgb[8¡
gi¥Wo3l�[8giOPLNQ�nZLNQiTWo3M�gil�[:SL�M8gilW£UQio¦L H M8[:Y�LNO�[�M:[8LZ[:oN] � gb£UTWY8oy±J]?^�M8¡mS!�BM�[8¡mo zht LNlX¥ s0zhz
Y8oPVmY�o3M:o3l�[8LZ[8giSUlmM7SN�FLNl�� ��nNo3O�[:SNY3] � SNY zht MPaGLNlyL H M:[:Y�LNO�[0M:[8LZ[:o O�SNY8Y�o3M:V�SUlm¥mM�[:S L�VGLZY8[8giLNQ
LNM8M8gi£Ulm��o3l�[ SN�0[8¡Wo¦M8[8LZ[:oxn LZY�gjL H Qbo3M [8¡mLZ[�¥Wo	�XlWo [8¡WoxM:[8LZ[:oxM:VXLNO�oN] v LNO¡ H Y�LNlmO¡ � VXLZ[8¡
�¢Y8SU�°[8¡Wo�Y8S�SN[h[:SxL Qbo3LZ��Bo3lmO�S`¥Wo3MhM8TmO�¡�L¦VXLZY�[8giLNQ�LNM�M8gb£Ulm��o3l�[ H�I gilmM:[8LNl�[8giLZ[8gilW£¦LNQiQ�[8¡Wo
nZLZY�giL H Qbo3MCgb[#[:YL3nNoPY�M:o3M3] t ¡WoBQio3LZ�1LZ[C[8¡Wo.o3lm¥ SN�1L H YLNlmO�¡¦giM#QjL H o3QjQbo3¥'�Bgb[8¡ [8¡Wo0nZLNQiTWoB[8¡mLZ[
giM0M8¡mLZY8o3¥ H�I LNQjQR[8¡Wo �CSNYQi¥ M:[8LZ[:o3Mh[8¡XLZ[.M8LZ[8gjM:� I [8¡mo O�SNY8Y8o3M8V!SUlX¥mgilW£�VGLZY8[8giLNQRLNM�M8gb£Ulm��o3l�[P]
s l s.z.z giM*Y8SUTW£U¡XQ I M8V!o3L �`gilW£yL zht �B¡WoPY�o H Y�LNlmO¡Wo3M LZY�o LNQiQbS��Co3¥ [:SdM8¡mLZY�o gi¥Wo3l�[8giOPLNQ
M8T H [:Y8oPo3MP] � SUlmM:o3¤JTWo3l�[8Q I a s0zhz M�OPLNl6£No3lWoPY�LZ[:oy��TmO�¡ � . ='(+* �)( VXLZY8[8gi[8gbSUlmMESN�B[8¡WoxM:[8LZ[:o
M:VXLNO�o [8¡mLNl zht M�LNlm¥y[8¡WoPY8oP�¢SNY8oNam[8¡Wo I �BgiQjQ H oETmM:o3¥y[8¡WY8SUTW£U¡WSUTm[7[8¡Wo*Y8o3M:[�SN��[8¡mgiM�[8¡Wo3M8giMP]

� LNO�[:SNY8o3¥�Y8oPVmY�o3M:o3l�[8LZ[8giSUlmMROPLNl�M:V�oPo3¥ TWV M:oPnNoPY�LNQ�SNV!oPYLZ[8gbSUlmM�SUl#� ��nNo3O�[:SNYMFM8TmO�¡ LNM
LN¥m¥mgi[8gbSUl�a3V�SUgil�[ �BgjM:oF� TmQi[8gbVXQigiOPLZ[8giSUl�aP¥WSN[1VmY8S`¥mTmO�[PafV!SUgjl�[ �BgiM:oF¥WSU��gjlmLNlmO�oNa ~ K � ¥WSU� gilmLNlmO�oNa
oP[8OZ] s QjQ�[8¡mo3M:o�SNV!oPYLZ[8gbSUlmM*¡mLfnNo�L Y�TmlmlmgjlW£ [8gi��o�[8¡XLZ[E¥WoPV�o3lm¥mM0SUl�[8¡Wo�¥mgi��o3lXM8gbSUlmLNQigi[ I
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SN��[8¡Wo¦nNo3O�[:SNY�M�gjl�nNSUQbnNo3¥1]d� ¡Wo3l6TmM8gilW£ s0zhz MPa	[8¡mo¦¥mgj��o3lmM8gbSUlXLNQigb[ I giM Y8o3¥mTmO�o3¥ [:S�[8¡Wo
M8g � ohSN��[8¡Wo.gjl�[:oPY�M8o3O�[8gbSUl SN�R[8¡WohVXLZY�[8gb[8gbSUlmM�TmM:o3¥¦[:S�Y8oPVmY�o3M:o3l�[�[8¡WohnNo3O�[:SNY�M0gil�nNSUQinNo3¥�] t ¡Wo
gil�[:oPY�M:o3O�[8gbSUl SN��[ ��S VXLZY8[8gi[8gbSUlmM � � LNlm¥�� ��giMELyVXLZY8[8gb[8gbSUl � M8TmO¡[8¡mLZ[ LNQjQF[8¡Wo L H M8[:Y�LNO�[
M:[8LZ[:o3M�gil � LZY8o�[8¡mo gil�[:oPY�M:o3O�[8gbSUl�SN��LNlL H M8[:Y�LNO�[ M:[8LZ[:o gil � � LNlm¥�LNlL H M:[:Y�LNO�[ M8[8LZ[:o gil
� � ] � � SNY¦gjlmM:[8LNlmO�oNa �B¡Wo3l�LN¥m¥mgilW£�[ �CS nNo3O�[:SNY�MPa � � LNlm¥(� �Za�SUlmQ I nZLNQiTWo3M�SN�*L H M8[:Y�LNO�[
M:[8LZ[:o3MB[8¡mLZ[�LZ£N£NY8oP£ULZ[:o�[8¡WoEM8LN��o���SNY�Qi¥xM:[8LZ[:o3M0OPLNl H o*LN¥m¥Wo3¥ [:SN£NoP[8¡WoPY3] t ¡Wo3M:oEO�SU� ��SUl
L H M:[:YLNO�[#M:[8LZ[:o3M�¡mLZVmV�o3l�[:S H o7[8¡Wo�gil�[:oPY�M:o3O�[8gbSUl�SN�![8¡WoBL H M:[:Y�LNO�[#M:[8LZ[:o3MCTmM:o3¥�[:S Y8oPVmY8o3M:o3l�[
� �BLNlm¥�� ��]

cySUM:[�o��WLNO�[�LNQb£NSNY�gb[8¡m� My�¢SNY K � c z KCM � gjlmOPQiTm¥mgjlW£)gilmO�Y8o3��o3l�[8LNQ VmY�TmlmgjlW£ LNlm¥
u LNlmM:o3lA@ M�V�SUQigiO I gi[:oPY�LZ[8gbSUlG�C��L �NoETmM8o.SN��L z K)VmY8S`O�o3¥mTWY8ohM8gi� giQiLZY�[:S�[8¡mo*SUlWo*¥Wo3M8O�Y�g H o3¥
gil�^Jo3O�[8gbSUl�±J]?>J]ipZ] t ¡moEY�TmlmlXgilW£�[8gi��o SN�F[8¡mgiMBVmY8S`O�o3¥mTWY8o OPLNl H o M8gi£Ulmg �XOPLNl�[8Q I gi��VmY�SfnNo3¥
HJI [8¡Wo TmM:o SN�0L � LNO�[:SNY8o3¥ Y8oPVmY�o3M:o3l�[8LZ[8giSUl � p�^ ��] c SNY8oxVmY8o3OPgiM8o3Q I aF[8¡WoxM:V�oPo3¥ TmV O�SU��o3M
�¢Y8SU� LNlxgi��VmY8S�nNo3��o3l�[�gjl [8¡WohY�TXlmlmgilW£ [8gi��o.[:S�M:SUQbnNo ~ KCMPa �B¡mgiO¡ LZY8oh[8¡Wo*��SUM8[�O�SU��VXT �
[8LZ[8gbSUlmLNQjQ I gjl�[:o3lmM�gbnNo�SNV!oPYLZ[8gbSUlmM	gil�[8¡mo�VmY8S`O�o3¥mTWY8oN] s.z.z MCOPLNl M:V�oPo3¥�TWV ~ K � ¥WSU� gilmLNlmO�o
[:o3M:[8M�[:S�[8¡Woho��`[:o3l�[ �B¡moPY8o0[8¡mohgjl�[:oPY�M8o3O�[8gbSUl¦SN�R[8¡Wo.VXLZY8[8gb[8giSUlmM#SN��[8¡Wo;� ��nNo3O�[:SNYM�gil�nNSUQbnNo3¥
giM7M8� LNQiQboPY7[8¡mLNlx[8¡moE�¢TXQiQ�M:[8LZ[:o M:VGLNO�oN] t ¡mgiM�� LNO�[BgiM7gj��V�SNY8[8LNl�[7�¢SNY�[ �CS Y8o3LNM:SUlmM��

� t ¡Wo o��`V�oPY�gi��o3l�[8M OPLZY�Y�gbo3¥ SUTW[�gjl � ¡mLZVX[:oPY ^ �BgiQjQ H o H giLNM8o3¥[:S!��LZY�¥mM�K � c z KCM
[8¡XLZ[�o��W¡mg H gi[1o3lWSUTW£U¡�M:[:Y�TXO�[8TWY8o#[:ShLNQiQbS���� ��nNo3O�[:SNY�M �0gb[8¡ VGLZY8[8gb[8gbSUlmMR[8¡mLZ[ � gil�[:oPYM:o3O�[
��o3QiQ6�`]

� t ¡Wo�LNQb£NSNY�gb[8¡m� M �¢SNYyO�SU��VXTW[8gjlW£ oPY�Y8SNY H SUTmlm¥mM gil � ¡mLZVm[:oPY�MQ> LNlm¥ @)LZY8o�nNoPY I
M�gi��giQiLZY}[:S gjlmO�Y8o3��o3l�[8LNQWVmY�TXlmgilW£hLNlm¥���L �No0o��J[:o3lmM�gbnNoBTmM:o7SN��Qigilmo3LZYFVmY8SN£NY�LN��M	[8¡mLZ[
Y�o3M:o3� H Qbo ~ K � ¥mSU��gilmLNlmO�o�[:o3M:[8M3] t ¡moPY8oP� SNY�oNa�[8¡Wo�¥Wo3M8gb£Ul SN��[8¡WSUM:o�LNQb£NSNY�gb[8¡X��M �BgiQiQ
H oEgil��XTWo3lmO�o3¥ gilxL'��L I [:S�[8L �No�LN¥Wn LNl�[8LZ£No LNM0� TXO�¡yLNM7V�SUM8M�g H Qbo.SN��[8¡mo M:V�oPo3¥xTWV
o3lXL H Qbo3¥ HJI s.zhz MP]

���4�������0� �3��� �0�+;���0�'�	�'��8#�9�3� �31�+��7���*$�
�) $��;����)�!(�$'� $'
�9���7$'��������� $'�*�7� ��2 ����)�� !��3��$��*$������#�
����������� ?
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� ��� $&�C��
8�#')(*�!�����«+ �0-�
:�!�B�1
-�2

t ¡Wo�VmY�oPnJgbSUTXM�M:o3O�[8giSUlmM �CoPY�o�O�SUlmO�oPY�lWo3¥'�Bgi[8¡ [8¡mo .�� # " � VmY�S H Qbo3�>SN�GM:SUQinJgilm£.LhK � c z K�]
w/l [8¡XgiM M8o3O�[8gbSUl�a#LNl S�nNoPY8nJgio���SN�B[8¡Wo . " 0 #&" � H o3QigioP��M8[8LZ[:oy��SUlmgb[:SNY�gjlW£dVXY8S H Qbo3� giM VmY8o��
M:o3l�[:o3¥�] z oPV�o3lm¥mgilW£ SUl [8¡WodY�oPVmY8o3M:o3l�[8LZ[8gbSUl©SN� L V�SUQigiO I � LNMxL6��LZVmVXgilm£ �¢Y8SU� H o3QjgboP�
M:[8LZ[:o3M�[:SdLNO�[8giSUlmM SNY�LNM�L �Xlmgi[:o�M:[8LZ[:o¦O�SUl�[:Y8SUQiQioPY �a}[8¡Wo LZ£No3l�[�� L I SNY���L I lWSN[ H o�Y8o��
¤JTmgbY8o3¥�[:SE��SUlmgi[:SNY}gi[8M H o3QjgboP�mM:[8LZ[:oN] u o3lmO�oNa�SUTWY �XY�M:[}O�SUlmO�oPY�l �BgjQiQ H o�[:SE¥WoP[:oPY���gjlWo �B¡Wo3l
LNlm¥ �B¡ I�H o3QjgboP��M8[8LZ[:o ��SUlmgb[:SNY�gilm£ giM�¥Wo3M8gbY�L H QboN] � SUQiQbS��BgilW£WaFL H Y�gboP��S�nNoPY8nJgio���SN�0M:SU��o
o��WLNO�[#LNlm¥�LZVmVmY�S"�Wgi��LZ[:o���oP[8¡WS`¥mM}�¢SNY H o3QigboP�XgjlW� oPY�o3lmO�o7giM�VmY8o3M:o3l�[:o3¥�]�� , " = : # � 2 = , �4*4#-= "
" � 2 	�. ( � * � z \�{.M��LZY8o*gil�[:Y8S`¥mTmO�o3¥¦LNM7L�V�SNVXTmQiLZYCo��`LNO�[B��oP[8¡WSJ¥1] z o3M:VGgb[:o*gb[8M7TmM:o.SN�R� LNO �
[:SNY8o3¥�Y�oPVmY8o3M:o3l�[8LZ[8gbSUlmMPa�[8¡mo���oP[8¡WS`¥ gjM*gil�[:YLNO�[8L H Qbo�� SNYE��SUM:[ElWSUl ��[:Y�ginJgiLNQ�K � c z K#M3aRM:S
��o7[8TWY�l�[:SELZVmVmY8S!�`gj��LZ[:o7��oP[8¡WS`¥mMPaULN��SUlW£��0¡mgiO�¡ ��( .�� ��� 2 # . " * �)��� : �4* LNlm¥ � �)"$*+# 2-,�2 ( � �4*
LZY8oEY�oPnJgbo���o3¥�]

����� ��� �����U� ���G�U� �R�

� ¡Wo3l L V�SUQigiO I giM#Y8oPVmY8o3M:o3l�[:o3¥ LNMCL���LZVmVGgilW£E�¢Y8SU� H o3QjgboP��M:[8LZ[:o3M�[:S�LNO�[8giSUlmMPa H o3QjgboP��M:[8LZ[:o
��SUlmgi[:SNY�gilW£ gjM Y8o3¤JTmgbY�o3¥ � gil O�SUl�[:Y�LNM:[�gb�7gb[�giMEY�oPVmY8o3M:o3l�[:o3¥ HJI L �Xlmgb[:o M:[8LZ[:oxO�SUl�[:Y8SUQjQboPY3a
gb[ OPLNl H oyo��`o3OPTW[:o3¥ ¥mgbY8o3O�[8Q I ] w/l £No3lWoPYLNQ a7[8¡Wo SNVX[8gi��LNQ7V�SUQigiO I SN�ELNl I �Xlmgb[:o ¡mSNY�g � SUl
K � c z K OPLNl H o�Y�oPVmY8o3M:o3l�[:o3¥ HJI L �XlXgb[:oBM:[8LZ[:ohO�SUl�[:Y�SUQiQboPY�LNM#V�SUgil�[:o3¥�SUTW[ H�I �ELZo3Q H QigilW£Wa
~ gi[:[8��LNl�LNlm¥ � LNM8M�LNlm¥WY�L�� ±N± ��] s Mx�¢SNYygil �Glmgb[:o�� ¡WSNY�g � SUl�K � c z K#M3a u LNlmM:o3lA@ MyV!SUQjgiO I
gb[:oPY�LZ[8giSUl LNQb£NSNYgb[8¡m� OPLNl H o TmM8o3¥ [:S��Xlm¥LNl � ��SNVX[8gi��LNQCV!SUQjgiO I a�LNQjM:S Y8oPVXY8o3M:o3l�[:o3¥ LNM�L
�Xlmgi[:o M:[8LZ[:o O�SUl�[:Y8SUQiQioPY3] s [.L �mY�M:[�£UQjLNlmO�oNaX[8¡Wo Y8o3LN¥WoPYh��L I ��SUlm¥WoPY.L H SUTW[�[8¡Wo�lWoPo3¥y�¢SNY
H o3QigboP�RM8[8LZ[:o ��SUlmgi[:SNY�gilW£WaW¡WS��CoPnNoPY.[8¡WY8oPoEY�o3LNM:SUlmM���L I $:TmM8[8gb� I gb[�gil VmYLNO�[8giO�o:�

� � � �(�;��57��%�� �&�G��� 	 ���K��� �S�.�������%�%����	J57�4F �
�E� � � � ���&;���&;���K���`�� �
;��	��������K�����.�
	
! �.������=�&����� � (�.;���S��� � �.%����R���4	
w/l©� LNl I M8gb[8TmLZ[8gbSUlXMPa�[8¡Wo�VmY�LZ[8gi[8gbSUlWoPYx��L I ��S`¥Wo3QhLNl�gil �Xlmgi[:o�� ¡WSNY�g � SUl�a38 " �'# *� .'8 " 2 ���
K � c z K LNM LNl gil �XlXgb[:o�� ¡WSNY�g � SUl1a �'#5* � .'8 " 2 � � K � c z K�] t ¡mgjM�O�SUTXQi¥ H ox� SNY�O�SU��VGTW[8L%�
[8gbSUlmLNQXVXTWY8V�SUM:o3M	SNY�M8gj��VXQ I [:S £UgbnNohL M:o3lXM:o�SN�1TWY8£No3lXO I [:S [8¡Wo0VXQiLNlmlmgjlW£*LZ£No3l�[P]	w/l�o3gi[8¡WoPY
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OPLNM:oNa�[8¡Wo�VmY�LNO�[8gb[8gbSUlXlWoPY}o��JV�o3O�[8M}[8¡Wo7LZ£No3l�[	[:S*o��Jo3OPTm[:o7[8¡Wo�V!SUQjgiO I �¢SNY	LNl�gjl �Xlmgb[:o�l�TX� H oPY
SN�GM8[:oPVXMFLNlm¥�gb[}LNQiM:Sho��`V!o3O�[8M	[8¡Wo7¤�TmLNQjgb[ I SN�G[8¡Wo7V�SUQigiO I [:S*Y8o3� LNgil�O�SUlmM:[8LNl�[FSfnNoPY	[8gi��oN]�w/l
SN[8¡WoPY���SNY�¥mM3aW[8¡WoEo��`V!o3O�[:o3¥y[:SN[8LNQ1� TW[8TWY8ohY8o���LZY�¥x�¢SNYBL�£UgbnNo3l H o3QigioP��M:[8LZ[:o M�¡WSUTmQi¥ H o*[8¡Wo
M8LN��o�Y8oP£ULZY�¥XQbo3M8M0SN�	[8¡Wo�l�Tm� H oPY0SN�CM:[:oPVXM.o��Jo3OPTm[:o3¥�M:S � LZY3].w �F[8¡mo V�SUQigiO I giM.M:[8LZ[8gbSUlXLZY I a
gb[8M ¤�TmLNQjgb[ I giM O�SUlXM:[8LNl�[ � ¡WS!��oPnNoPY�[8¡mLZ[ giM lWSN[ [8¡Wo OPLNM:o �¢SNY lmSUlmM:[8LZ[8gbSUlmLZY I V�SUQigjOPgbo3MP] w [
[8TWY�lXM0SUTm[.[8¡XLZ[E��LZVmVXgilm£UM0�¢Y8SU� H o3QigboP�#M8[8LZ[:o3M*[:SyLNO�[8gbSUlmMhY8oPVXY8o3M:o3l�[EM:[8LZ[8gbSUlmLZY I V�SUQigiOPgbo3M
�B¡WoPY�o3LNM �Xlmgi[:o M:[8LZ[:o O�SUl�[:Y8SUQjQboPY�M ¥mSUlA@ [ � p�B ��] s [�[8¡mgiMEV!SUgjl�[Pa}gb[ giM lWSN[ �`lWS!�0l [:S#�B¡mLZ[
o��`[:o3l�[�[8¡Wo ¤�TmLNQjgb[ I SN��L O�SUl�[:Y8SUQiQioPY?@ M V�SUQigjO I ¥moP[:oPY�gbSNY�LZ[:o3M SfnNoPY�[8gi��oN]xw l [8¡WoPSNY I a	LNl � �
SNVm[8gi� LNQWO�SUl�[:Y8SUQjQboPY#giM}£UTmLZYLNl�[:oPo3¥ [:S I gio3Qi¥�LNl�o��JV�o3O�[:o3¥ [:SN[8LNQX¥mgiM�O�SUTml�[:o3¥�Y�o���LZY�¥'�0gb[8¡mgil
� SN��[8¡Wo SNVm[8gi��LNQCV�SUQigiO I . " 0 ,� SNY�[8¡Wo¦gilmgb[8giLNQ	[8gi��o M8[:oPV1] s M [8gj��o £NSJo3MPaF[8¡Wo ¥mgiM8O�SUTXl�[
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� SNYyQigilWo3LZY LZVmVmY8S!�`gi� LZ[8gbSUl M�O�¡Wo3��o3M � M8TXO�¡©LNM¦¥mo3lmM8gb[ I [:Y�oPo3M�aB[8¡Wo3M8odVmY�S H Qbo3��M

@R>



��L%� �
! & � & ��� � � � � �'& ��� � ������ �

� � �P� � � � � � �'&¢� � � ������ �

� � � �"! ��� p� �"! � � ² � !
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t L H Qbo >J] ± � ~ K � M��Bgb[8O¡)[:o3M:[ �¢SNY�VmY�S%$/o3O�[8gbSUl M8O�¡mo3��o3MP] t ¡WoynZLZY�giL H Qio3M�LZY8o��©LNlm¥ o3LNO¡
O�SU��V�SUlWo3l�[;� �"! �0LNlm¥�� * �"! �7SN�C[8¡Wo�nNo3O�[:SNY�M � LNlm¥ � *�Y8oPVmY8o3M8o3l�[8gilm£ H o3QigboP�	M:[8LZ[:o3M3]�� � a � � a
�'&1LNlm¥ c aXLZY8o � �Jo3¥yLNlX¥ [8¡WoPY8oP�¢SNY8o I gbo3Qi¥ [8¡Wo*nZLZY�giL H QioEO�S�o�� OPgio3l�[8MP]
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D ;�<��! ^`gilmO�o�L nNo3O�[:SNY�� * gjM.LN¥X¥Wo3¥ [:S �
	 � � �}�hLNlm¥ ��
	 � � �}� �B¡Wo3l [8¡Wo�M��0gb[8O�¡ [:o3M:[8M*SN�

t L H Qbo3M >J]ip LNlm¥ >J] ±�¡mL3nNoxLdV�SUM8gb[8gbnNo � o3LNM8g H Qbo M8SUQiTW[8gbSUl�aFgb[�M8T�� O�o3M [:S�M8¡WS�� [8¡mLZ[
�0¡Wo3lWoPnNoPY�[8¡Wo.M�Bgb[8O�¡ [:o3M:[�SN� t L H Qbo#>J]iph¡mLNM�L V�SUM8gi[8gbnNo��¢o3LNM8g H Qbo0M:SUQiTW[8gbSUl1a�[8¡Wo3l [8¡Wo
M�Bgb[8O�¡ [:o3M:[�SN� t L H Qbo�>J] ± LNQiM8Sd¡mLNM�L V�SUM8gi[8gbnNo �¢o3LNM8g H Qio M:SUQiTW[8giSUl�] ehgbnNo3l6L H o3QjgboP�
M8[8LZ[:o=�C�¢SNY �B¡mgjO�¡ t L H Qbo+>J]ip0¡mLNM#L*V�SUM8gi[8gbnNo7S H $:o3O�[8gbnNoB� TmlmO�[8gbSUl1aU[8¡Wo3l�gil t L H Qio*>J] ±Ja
gi� ��o �NoPoPV ��[8¡Wo.M8LN��o.LNlm¥ M:oP[ �+*`[:S5� � �P�aJ[8¡WoBS H $/o3O�[8gbnNo.� TmlmO�[8gbSUl�gjM#LNQiM:S V�SUM8gb[8gbnNoN]
�

�©¡mgjQbo [8¡Wo¦l�TX� H oPY SN�0O�SUlmM:[:Y�LNgil�[8M SN��[8¡Wo [ I V�o � � �>� � � * � �>� giM o��JV�SUlWo3l�[8giLNQ
gild[8¡Wo�M8g � o�SN�	[8¡Wo�QiLZY8£No3M:[h��LZY8£UgilXLNQ a ��o�o��JV�o3O�[h[8¡mLZ[.[8¡Wo�l�Tm� H oPYBSN�	nZLZY�giL H Qbo3M0gjl o3LNO¡
��LZY8£UgjlmLNQ	�¢SNY�LdTmM8oP�¢TmQ#VmY8S%$:o3O�[8gbSUl6M8O�¡Wo3��o �0giQiQ H o H SUTmlX¥Wo3¥ HJI LdM���LNQiQ�O�SUlmM:[8LNl�[P] w/l
[8¡mgiM���L I aX[8¡Wo lJTm� H oPY7SN�}O�SUlXM:[:Y�LNgil�[8MBOPLNl H o*n`gbo���o3¥yLNMBO�SUlXM:[8LNl�[ � g ] oN]baXgilX¥WoPV�o3lm¥Wo3l�[�SN�
M:[8LZ[:o�M:VXLNO�o M8g � o��]

t ¡Wo ~ K � M��Bgi[8O�¡�[:o3M:[8MCgil t L H Qbo*>J]ip � QjgilWo3LZY#LZVmVXY8S"�Wgi��LZ[8gbSUlXM��LNlm¥ t L H Qbo+>J] ± � VmY8S �
$:o3O�[8gbSUl M8O¡Wo3��o3M��LZY8o O�SU��VGTW[8LZ[8gbSUlmLNQiQ I gil�[:o3lmM8ginNoN] t ¡Wo3giY�O�SU��VXQbo��Wgb[ I giM�M�gi��giQiLZY7[:S [8¡mLZ[
SN� ~ K � ¥mSU��gilmLNlmO�o*[:o3M8[8MBM8gilXO�o.[8¡mo I LNQiQ�¡XL3nNo � � � W � ��nZLZY�giL H Qbo3M7LNlm¥ ��� � 
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s Qb[8¡WSUTW£U¡�[8¡Wo�l�TX� H oPY}SN� ~ K�nZLZY�giL H Qbo3M�gjM�o��`V�SUlWo3l�[8giLNQ�gjl [8¡mo�lJTm� H oPY}SN�XM8[8LZ[:o7n LZY�gjL H Qbo3MPa
� LNO�[:SNY8o3¥�Y8oPVmY�o3M:o3l�[8LZ[8giSUlmM}M8TmO�¡�LNM s.zhz M#OPLNl H o�TmM:o3¥ [:SELZ£N£NY8oP£ULZ[:o ~ K�nZLZY�giL H Qbo3M � �B¡mgjO�¡

@R^



Y8o3LNQiQ I O�SNY8Y�o3M:V�SUlm¥ [:S&��SNY�Qi¥xM:[8LZ[:o3M �] s M��Bgi[8¡ ~ K©¥WSU��gilmLNlXO�o*[:o3M:[8MPamo3LNO¡dO�SUlmM8[:Y�LNgil�[Bgil
~ K � M��Bgb[8O¡ [:o3M:[8M�OPLNl H oho3lmO�S`¥Wo3¥ �Bgb[8¡ LNl s.zhz [8¡mLZ[7V�SN[:o3l�[8giLNQjQ I Y8o3¥mTXO�o3M7[8¡Woho �!o3O�[8ginNo
M:[8LZ[:o�M:VXLNO�oN] t ¡Wo LNO�[8TmLNQ�M:V�oPo3¥ TmVdgilm¥XTmO�o3¥ HJI s.zhz M �0giQiQ H o ¥WoP[:oPY��gilWo3¥ HJI [8¡Wo�M8g � o
SN�#[8¡mo�gil�[:oPY�M:o3O�[8giSUl�SN�#[8¡Wo�L H M:[:Y�LNO�[EM8[8LZ[:o�M:VXLNO�o3M*¥Wo	�Xlmo3¥ HJI [8¡Wo s.z.z Y8oPVXY8o3M:o3l�[8LZ[8gbSUl
SN�}o3LNO�¡dO�SUlmM:[:Y�LNgil�[P]

w l VmY�LNO�[8gjO�oNa1¥Wo3lmM8gb[ I [:Y8oPo3MhSN�¢[:o3l�¡mL3nNo�M���LNQiQ�gil�[:oPYM:o3O�[8gbSUlmMPa �B¡moPY8o3LNM.VmY8S%$:o3O�[8gbSUl
M8O¡Wo3��o3Mx¥WSUlA@ [P] w/l©�¢LNO�[xSUlmo OPLNl�M8¡mS!� [8¡mLZ[ �¢SNY¦VXY8S%$/o3O�[8giSUl©M�O�¡Wo3��o3M3a0[8¡Wo�Y8o3M�TmQb[8gilW£
L H M:[:YLNO�[ M:VXLNO�o gjMELNQ���L I ME[8¡Wo��0¡WSUQbo�M:[8LZ[:o M8VXLNO�oN] t ¡XgiM*giM H o3OPLNTmM:o�SN��[8¡Wo O�SUlXM:[:Y�LNgil�[8M
SN�E[ I V�o � � �>� ��� * � �>�] v LNO�¡�M8TmO¡ O�SUlmM:[:Y�LNgil�[ �B¡WoPY8o � giM L6M8gilW£UQbodn LZYgiL H Qbo ¡mLNM
LNl s.zhz Y�oPVmY8o3M:o3l�[8LZ[8gbSUl¥Wo	�GlmgilW£ L nNoPY I M8��LNQiQ�VXLZY8[8gi[8gbSUl�SN�#[ �CS L H M:[:Y�LNO�[EM:[8LZ[:o3M?�E[8¡Wo
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\ I ¥Wo	�Xlmgb[8giSUl�a�[8¡Wo M:[8LZ[:o M:VXLNO�o giM*[8¡Wo gjl�[:oPY�M8o3O�[8gbSUlSN��[8¡WSUM:o VXLZY8[8gb[8gbSUlXMPaRM:S gi�C�¢SNY o3LNO¡
nZLZY�giL H Qbo ! [8¡WoPY�o#giMRL0O�SUlmM:[:Y�LNgjl�['� � !�� � �+* � !��aZ[8¡Wo3lE[8¡moCgil�[:oPY�M:o3O�[8gbSUl giM�[8¡Wo �B¡WSUQboCM:[8LZ[:o
M:VXLNO�oN]}w [}[8TWY�lmM�SUTW[}[8¡mLZ[F�¢SNY}LNQjQ�VXY8S%$/o3O�[8giSUl�M�O�¡Wo3��o3M3aUo3LNO�¡�nZLZY�giL H QboC¡mLNMFLhO�SNY8Y�o3M:V�SUlm¥mgilW£
O�SUlmM:[:YLNgil�[5� � �>� ��� * � � ���B¡moPY8o � gjM [8¡mLZ[�nZLZY�giL H QboN] t ¡mgiM giM H o3OPLNTmM:o LNQiQ#n LZY�gjL H Qbo3M
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w l¦O�SUl�[:YLNM:[Pa ~ K � M�Bgb[8O�¡ [:o3M:[8M��¢SNY�¥Wo3lXM8gb[ I [:Y�oPo3MC¥WS�lWSN[�M8T ��oPYC�¢Y8SU�5[8¡XgiM#VXY8S H Qbo3�
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{O, A, B, C, AC, BC, AB}

{O, A, B, C, AC, BC, AB, ABC}
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O¡WSUM:o3l�]>w ���Co �NoPoPV�oPnNoPY I [8¡mgilW£ ���Jo3¥ H TW[ Y8oPVXQiLNO�o � � �0gb[8¡(� � LZ[��#a ��o��mY�M:[
S H M:oPY8nNox[8¡mLZ[ �
	 � � � � ��� � �
	 � � � � �}�] t ¡mgiM o3lmM8TmY8o3M�[8¡mLZ[ � �� � � �}��� � �� � � �}��LNlm¥
� �� � � � �� � ])w �hLNQiQ�SN[8¡WoPY VmY8S%$:o3O�[8gbSUl)SNV�oPY�LZ[:SNY�M LZY8ox[8¡Wo M8LN��oNaC[8¡Wo3l S H n`gbSUTmM8Q I
� �� � � � �� � ] ^`gi��giQjLZY�Y8o3��LZY�`M.LZVmVXQ I [:S¦[8¡Wo�gil �Xlmgi[:o�� ¡WSNY�g � SUlyOPLNM8oN] � TWY8[8¡WoPY��SNY8oNa
£UginNo3l [8¡Wox¥Wo	�Xlmgb[8giSUl SN�	/10 2 � M8oP[8MPa#Y8o3¥XTmOPgilW£ [8¡WoxM��Bgb[8O¡ M:oP[�� SNY�� LZ[�M:[8LZ£No � H�I
TXM8gilW£ � � gilXM:[:o3LN¥xSN� � � o3lmM8TmY8o3M�[8¡mLZ[B[8¡mo�/10 2 � M8oP[8M0LZ[BLNQjQ�VmY8o3O�o3¥mgilm£�M:[8LZ£No3M0LZY�o lWS
QjLZY8£NoPY � LNlm¥ ��L I �Co3QiQ H o0M���LNQiQboPY �	[8¡mLNl¦[8¡Wo I ��SUTmQi¥ H o.gi�'� � ��oPY8o*TmM:o3¥1] � SNY7[8¡mgiM
Y�o3LNM:SUl�a ��o ¡mLfnNo [8¡mLZ[ � �� � � � �� � � LNlm¥ M8gi��giQjLZY�Q I � �� � � � �� � �] �

� SUlmM:o3¤JTWo3l�[8Q I a�LNM���od��S�nNo ¥mS!�Bl�[8¡WodQiLZ[:[8gjO�oNa7[8¡Wo H SUTmlm¥)SUl LZVmVmY8S!�`gj��LZ[8gbSUl
oPY8Y8SNY £NoP[8M M���LNQiQboPY � g�] oN]ba7SUTWY LZVmVXY8S"�Wgi��LZ[8gbSUlXM gi��VXY8SfnNoNa7LZ[ Qio3LNM:[ gil [8¡Wo ��SNY�M:[ OPLNM8o��]
� �hO�SUTWY�M:oNa�[8¡Wo O�SU��VXTW[8LZ[8gbSUlmLNQ�o �!SNY8[ SN�.��SUlmgb[:SNY�gilm£�gjlmO�Y8o3LNM:o3M LNM �Co3QjQ ] t ¡WoxVXY8o3OPgiM:o
O�SU��VXTm[8LZ[8gbSUlmLNQ�o ��SNY8[ SN�h��SUlmgb[:SNY�gilm£ �BgiQiQ�¥WoPV�o3lm¥ SUl [8¡Wo M:[:YTmO�[8TWY8oxSN�*[8¡Wo z \�{ �¢SNY
[8¡Wo�K � c z K&¥ I lmLN��gjOPM.LNlX¥ gi[8M*gil�[:oPYLNO�[8gbSUl �Bgb[8¡ [8¡Wo���LZY8£UgjlmLNQiM0£UgbnNo3l H�I [8¡Wo�O�¡WSUM8o3l
VmY8S%$:o3O�[8gbSUl M8O�¡Wo3��o � ¡WS!��oPnNoPY3aN[8¡Wo�O�SU��VXQbo��Wgb[ I SN�mgilW�¢oPY8o3lmO�o � g ] oN]baZ[8¡Wo�¥WSU��gilXLNl�[1� LNO�[:SNY�M�gil
[8¡Wo*O�SNY8Y8o3M8V!SUlX¥mgilW£ OPQjgi¤�TmoB[:Y8oPo��amOPLNl H o.o3LNM8giQ I ¥WoP[:oPY��gilWo3¥ � SNY7LNl I lWS`¥Wohgil [8¡Wo.QjLZ[:[8giO�oN]

����� � � � �U�m� � 	>� �m����� �

w/l�LxK � c z K M:oP[:[8gilm£WaR[8¡Wo�LZ£No3l�[ ��L I ¡XL3nNo L H SUTmlm¥mo3¥ LN��SUTml�[*SN��[8gi��o�[:Sy� L �No LNl
SUlmQigjlWo�¥mo3OPgiM8gbSUl�LZ[Eo3LNO¡[8gi��o�� M8[:oPV1] � SNY [8¡mgiM.Y8o3LNM8SUl�aRo�� OPgio3l�[ H o3QigboP� � M:[8LZ[:o���SUlmgi[:SNY�gilW£
giMhO�Y�TmOPgjLNQ ] u S!��oPnNoPY3a�$8TmM:[*LNMEM8SUQbnJgjlW£ [8¡mo�K � c z K giM.nJgio��Co3¥�LNM*LNl�S�� gilWo�SNV!oPYLZ[8gbSUl�a
M:SgiM�[8¡WoyM:o3LZY�O¡ �¢SNY L�£NSJSJ¥)VXY8S%$/o3O�[8giSUl M8O�¡mo3��oN] t ¡JTmM�gb[ �BgjQiQ#£No3lmoPY�LNQiQ I VXL I [:So�� �
V�o3lm¥xM:SU��oEO�SU��VXTW[8LZ[8gbSUlmLNQ1o �!SNY8[B[:S M:o3LZY�O¡y�¢SNYBL�£NSJSJ¥xVXY8S%$/o3O�[8giSUlyM8O�¡mo3��oE[8¡mLZ[B� L �No3M
[8¡Wo*LZVmVmY�SNVmY�giLZ[:o.[:Y�LN¥WoPS�� H oP[ �CoPo3l ¥Wo3OPgiM8gbSUl¦¤JTmLNQigb[ I LNlm¥¦[8¡Wo*O�SU��VXQbo��Wgb[ I SN� H o3QigioP�1M:[8LZ[:o
��LNgil�[:o3lmLNlmO�oN] � SNY�gilmM:[8LNlXO�oNa}gi��LNl I M8O¡Wo3��o ���0gb[8¡ LZ[���SUM:[ � O�SUlmM8[:Y�LNgil�[8M S���oPY�M�LNO �
O�oPVm[8L H Qio*SUlmQigilWo.V�oPY8�¢SNY���LNlmO�oNaW[8¡Wo3l [8¡moELZ£No3l�[.lWoPo3¥ SUlmQ I M:o3LZY�O�¡ [8¡Wo*Y8S��&SN��[8¡moEQiLZ[:[8giO�o
O�SUl�[8LNgilmgilW£d[8¡WSUM:o¦VmY8S%$:o3O�[8gbSUl6M8O�¡Wo3��o3M �0gb[8¡ � O�SUlmM:[:Y�LNgil�[8MP] u S��CoPnNoPYfa	[8¡Wo M8g � o SN�B[8¡mgiM
Y8S���giM��¢LNO�[:SNY�gjLNQ�gjl � ]6^`S�gjlmM:[:o3LN¥��CoxTmM8o [8¡WoxM:[:YTmO�[8TWY8o SN�B[8¡mo QjLZ[:[8giO�o [:S�¥XgbY8o3O�[�SUTWY
LZ[:[:o3l�[8gbSUly[:S���LZY�¥dY8o3LNM:SUlXL H Qbo*VmY8S%$:o3O�[8gbSUlmM3]
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��o ¥Wo3M8O�Yg H oh¡moPY8o L�£No3lWoPYgiOZam£NY8oPo3¥ I a!LNl I [8gi��o LNQb£NSNY�gb[8¡m� �¢SNY��Glm¥mgilW£�L�M8TXgb[8L H Qbo
VmY8S%$:o3O�[8gbSUl�M8O¡Wo3��oN] ��o�M8[8LZY8[ �Bgb[8¡d[8¡Wo�Y8S�SN[Pa1LNlX¥�oPn LNQiTXLZ[:o�o3LNO¡�SN�Cgi[8M.O¡mgiQi¥mY8o3l�] t ¡Wo
O�¡XgiQi¥ [8¡mLZ[ QbSJS��`M*��SUM:[ � VmY8SU� giM8gilW£�¦giM*O¡WSUM:o3l LNMESUTWYEOPTWY8Y8o3l�[*VmY8S%$:o3O�[8gbSUl�M8O¡Wo3��oN]�w [8M
O�¡XgiQi¥WY8o3l*LZY�o	[8¡Wo3lEoPnZLNQiTmLZ[:o3¥1a LNlm¥ M:S�SUl � [8¡mgjM1O�SUl�[8gjl�TWo3M�Tml�[8giQNLNl LZVmVXY8S"�Wgi��LZ[8gbSUl giM��¢SUTmlm¥
[8¡mLZ[	gilXOPTWY�M}lWS*oPY8Y8SNY � M:V�o3OPg �XOPLNQiQ I aZo3LNO¡ M��Bgi[8O�¡�M:oP[	gjMFL*M8gilW£UQboP[:SUl!��SNY	L*[8¡WY8o3M8¡mSUQi¥�SUl�[8¡Wo
M8g � o�SN�![8¡Wo�VmY8S%$:o3O�[8gbSUl�giM}Y8o3LNO¡Wo3¥�]}��oBLNM8M�Tm��o�� SNY	M�gi��VXQigjOPgb[ I [8¡mLZ[FLZ[#��SUM:[ ��O�SUlXM:[:Y�LNgil�[8M
�BgiQjQ H o0LNQiQiS!��o3¥�] t ¡WohM:o3LZY�O¡ VXY8SJO�oPo3¥XMC[:S�¥WoPVX[8¡ � � � gil [8¡WohQiLZ[:[8giO�o*LNlm¥¦LZ[�o3LNO�¡xlWS`¥WoNa
LZ[*��SUM:[ � � O¡mgiQi¥mY8o3l LZY8o�oPnZLNQiTmLZ[:o3¥�a1M8S L [:SN[8LNQFSN� � � � � � � � � � �0lWS`¥Wo3MhLZY8o�o��`LN��gjlWo3¥�]
^`gilXO�o	�*��TmM:[ H oh£NY8o3LZ[:oPY.[8¡mLNl � � [8¡mo*Y8S�SN[�lmSJ¥WoEgi[8M:o3Qb��¡XLNM ��O�SUlmM:[:Y�LNgil�[8M � ��o LNM8M�Tm��o
��� � � � � O�SU��VXQbo��Wgb[ I ] t ¡Wo M:[:Y�TmO�[8TmY8o SN�0[8¡WoxQiLZ[:[8giO�o o3lmM8TmY8o3M [8¡XLZ[�¥mo3OPgiM8gbSUl ¤JTmLNQigb[ I � LNM
��o3LNM8TmY8o3¥ HJI oPY�Y8SNY H SUTmlm¥XM��OPLNlmlWSN[C¥mo3O�Y8o3LNM:o0LZ[CLNl I M:[:oPVR]���o.lWSN[:oB[8¡XLZ[ClWSUl ��VXY�LNO�[8giOPLNQ
VmY8S%$:o3O�[8gbSUlmM � VmY8S%$:o3O�[8gbSUlmME�¢SNY �0¡mgiO�¡ ��o OPLNlmlmSN[ O�SUlmM:[:YTmO�[ LyOPQigj¤�TWo�[:Y�oPo��hLZY8o gjlmOPQiTm¥Wo3¥
gild[8¡Wo�QiLZ[:[8giO�oN].w l � gb£UTWY8o >J]?^Ja�[8¡Wo�SUlmQ I lWSUl ��VXY�LNO�[8giOPLNQ�M8O�¡Wo3��o�gjM=� � � � � 
 � � 
 � � �U]
z TWY�gilm£ [8¡Wo�M:o3LZY�O¡�a0gi[¦¥WSJo3M8lA@ [ ��LZ[:[:oPYygb� L6lmSJ¥Wo O�SNY8Y8o3M:V�SUlm¥XgilW£ [:S)L lWSUl ��VXY�LNO�[8giOPLNQ
M8O¡Wo3��o*giMC[:Y�L3nNoPY�M8o3¥�aXLNM�QbSUlW£�LNM�[8¡Wo �XlmLNQ!lWSJ¥mo.giMCVmY�LNO�[8gjOPLNQ ]Fw ��gb[�gjMClWSN[�VmYLNO�[8giOPLNQ aJ[8¡Wo3l
[8¡Wo H o3M:[ VmYLNO�[8giOPLNQCM�g H Qigilm£xSN�7[8¡mLZ[�lmSJ¥Wo¦giM VXgiO�No3¥ SNY'�Co H LNO���[:Y�LNO��6TXl�[8giQ#L VmYLNO�[8giOPLNQ
M8O¡Wo3��oxgiM � SUTmlX¥�] ��oyLNQiM8S lWSN[:o¦[8¡mLZ[�M8gilXO�o [8¡mgiM�giM�L £NY8oPo3¥ I LZVmVXY8SULNO�¡�a �Co ��L I lWSN[
¥mgiM�O�SfnNoPY�[8¡Wo H o3M8[ VmY�S%$/o3O�[8gbSUl �Bgb[8¡6L ���Jo3¥6lJTm� H oPY�SN�BO�SUlmM:[:YLNgil�[8M3] u S!��oPnNoPY3aCgi[�giM�L
��o3QiQ�� M:[:Y�TXO�[8TWY8o3¥ M:o3LZYO�¡©M:VXLNO�odLNlX¥ SN[8¡WoPY M:o3LZY�O¡ ��oP[8¡mSJ¥mM � SNY¦lmL3n`gb£ULZ[8gilm£ [8¡Wo QiLZ[:[8giO�o
O�SUTmQi¥ H oETmM8o3¥�]

��o lWS!��¥Wo3M�O�Y�g H o.LNlxgjlmM:[8LNl�[8giLZ[8gbSUl SN�R[8¡mgiM�LNQb£NSNYgb[8¡m� �B¡WoPY8o HJI [8¡Wo � � H SUTmlm¥ LZ[
L £UgbnNo3l)M:[8LZ£No �6giM���gilXgi��g � o3¥�] ��o��BgiQjQ#QiLZ[:oPY H TXgiQi¥SUl [8¡XgiM H LNM8giO M:o3LZY�O¡ VmY8S`O�o3¥mTWY8o
[:S ¥WoPnNo3QbSNV LNQi£NSNY�gb[8¡m��M [8¡mLZ[ ��gilmgi� g � o [8¡Wo ��LNlm¥ � H SUTmlX¥mM�SN� �Xlmgi[:o LNlm¥�gjl �Xlmgb[:o��
¡WSNY�g � SUl�VmY8S H Qbo3� MP]�e*gbnNo3lLyO�SUQiQio3O�[8gbSUl�SN� � ��nNo3O�[:SNY�M 
 � a �Co Y�Tml�[8¡Wo��¢SUQiQbS��BgilW£ M:o3LZY�O¡
gilm¥moPV!o3lX¥Wo3l�[8Q I �¢SNY*o3LNO�¡nNo3O�[:SNY,�(4 
 � ] t ¡mo SNY�¥moPYE¥WS�o3M*lmSN[h� LZ[:[:oPY � ��o'�BgiQiQ�o3lm¥�TWV
�Bgb[8¡ L VmY8S%$:o3O�[8gbSUl M�O�¡Wo3��o � � SNY�o3LNO�¡ � ��nNo3O�[:SNY3a �B¡mgiO¡ giM�LZVmVXQjgbo3¥ �B¡Wo3lmoPnNoPY�[8¡XLZ[#� �
nNo3O�[:SNY*giM�O¡WSUM:o3l LNM0SNVm[8gi� LNQ1LZ[BM:[8LZ£No �!]C��o o3M8M:o3l�[8giLNQiQ I ��gilXgi��g � o � SfnNoPY;�	�7o3LNO�¡d[:oPY��
�
�� � �}�hgil�[8¡Wo H SUTmlX¥ � � gilm¥WoPV�o3lm¥mo3l�[8Q I ] � SNY�Lx£UgbnNo3l�nNo3O�[:SNY5�#a�[8¡Wo�M8o3LZY�O�¡ VmY8S`O�oPo3¥mM
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�¢Y8SU� [8¡Wo*Y8SJSN[�gil L�£NY8oPo3¥ I �¢LNM�¡mgbSUl�] v LNO¡yO�¡XgiQi¥ �6SN��[8¡Wo*OPTWY8Y8o3l�[�lWS`¥Wo*giM�oPn LNQiTXLZ[:o3¥ H�I
O�SU��VXTm[8gilW£ � �� � �}�a��B¡mgjO�¡ H LNM8giOPLNQiQ I Y8o3¤�TXgbY8o3M	[8¡XLZ[ ��o*O�SU��VXTW[:o.[8¡Wo*M��Bgi[8O�¡¦M:oP[ �
	 � � � �}�a
�B¡mgjO�¡)gil [8TWYl Y8o3¤�TXgbY8o3M�[8¡WoyM:SUQjTW[8gbSUl SN� � 
 � � ~ K � M��0gb[8O�¡)[:o3M8[8MP] � lmO�ox[8¡moxVmY8S%$:o3O�[8gbSUl
M8O¡Wo3��o3M � 86�¢SNY�o3LNO�¡(� LZY8ox�¢SUTmlm¥1a	[8¡WoxoPY8Y8SNY H SUTmlX¥ � � gjM�£UgbnNo3l HJI [8¡Woy��L%�Wgi��Tm�
H SUTmlm¥ � � � �}�hLNME¥Wo3M�O�Y�g H o3¥�gil�[8¡Wo�VmY8oPn`gbSUTmMhM:o3O�[8giSUl�] t ¡Wo�lJTm� H oPY*SN� ~ KCM*[8¡mLZ[E��TmM:[
H oBM:SUQbnNo3¥¦giM ��� � � � � 
 � � � �	M8gilmO�o0[8¡WoPY8o.LZY8o � � � 
 � � � � ��nNo3O�[:SNY�M7LNlm¥��¢SNY�o3LNO�¡ � ��nNo3O�[:SNYfam[8¡Wo
QiLZ[:[8giO�o M:o3LZY�O�¡ [:Y�L3nNoPYM:o3M � � � � � �7lWSJ¥mo3MPaWo3LNO�¡ Y8o3¤�TXgbY�gilW£�[8¡Wo M8SUQiTW[8gbSUl SN� ��� � 
 � � � ~ K#MP]

t ¡Wo�L H S�nNo�LNQb£NSNY�gb[8¡X� OPLNl H o�M:[:Y8o3LN��QigjlWo3¥ O�SUlmM�gi¥WoPY�L H Q I ] s [FL.£UgbnNo3l�lWS`¥WoNa �B¡Wo3l
O�SU��VXTm[8gilW£�[8¡Wo H SUTXlm¥ � �� � �}�amgb[7giM�lWSN[7lWo3O�o3M8M�LZY I [:S�£No3lWoPYLZ[:o*[8¡Woho3l�[8gbY�ohM�Bgb[8O�¡ M:oP[7SN�
�#] v LNO�¡ nNo3O�[:SNY.� * 4 
 � aZgi�JM��0gb[8O�¡Wo3¥ [:SWaNgil�[:Y�SJ¥mTXO�o3M1LNlEoPY8Y�SNYRSN�WLZ[���SUM:[R��L%� 	 � � � � � � * �]
^`gilXO�o � �� � �}��� ��L%� 8 ��� �
	 � � 8�� � L%� 	 � � � � � ��*j�a �Co*OPLNl¦[:o3M:[�nNo3O�[:SNY�M%��*Ggil¦¥Wo3O�Y8o3LNM�gilW£
SNY�¥WoPY�SN�BO�SUl�[:Y�g H TW[:o3¥6oPY8Y8SNY�Tml�[8giQ	SUlWo nNo3O�[:SNY gjM �¢SUTmlm¥ [:S H o gil [8¡WoxM��Bgb[8O¡ M8oP[P] t ¡Wo
H SUTmlm¥ � �� � ���0giM.o3¤JTmLNQR[:S [8¡Wo�oPY8Y�SNYhO�SUl�[:Y�g H TW[:o3¥ HJI [8¡mgjM0nNo3O�[:SNYf] s MhL¦Y8o3M8TXQb[Pa!gjlmM:[:o3LN¥
SN��M:SUQbn`gilW£ � 
 � � ~ K#Mh[:Sy¥WoP[:oPY��gilWo�[8¡Wo H SUTmlm¥ � �� � �}�.SN�Co3LNO¡lWS`¥Wo�nJgjM8gb[:o3¥�a�£No3lWoPYLNQiQ I a
SUlmQ I L � o�� ~ K#M lWoPo3¥�[:S H o�M:SUQbnNo3¥�] t ¡mo�lJTm� H oPY*SN� ~ K#MEOPLNl H o�� TWY8[8¡WoPY*Y8o3¥XTmO�o3¥ H�I
S H M:oPY�nJgilm£�[8¡mLZ[0LNl I � ��nNo3O�[:SNY*[8¡mLZ[0giM0lWSN[0gjlx[8¡Wo M�Bgb[8O�¡dM:oP[BSN�	L lWS`¥Wo ��SUlA@ [ H o gil [8¡Wo
M��Bgi[8O�¡�M:oP[�SN�GLNl I SN�mgi[8M�O¡mgiQi¥WY�o3l lWSNY}¥Wo3M8O�o3lm¥XLNl�[8MP] t ¡mgjMRgiM H o3OPLNTXM:o�¥mo3M8O�o3lm¥mLNl�[8M�V!SUM�M:o3M8M
O�SUlmM:[:YLNgil�[8M.[8¡mLZ[h�¢SNY�� L M�TWV�oPY�M:oP[.SN�	[8¡mgiM.lWS`¥Wo:@ MhO�SUlmM:[:Y�LNgil�[8MP] t ¡JTmMPa�LZ[*LNl I O�¡mgiQj¥�a ��o
OPLNl LfnNSUgi¥ O�SU��VXTW[8gilW£*[8¡mo ~ K � M��Bgb[8O¡�[:o3M:[8MC� SNYC[8¡Wo7nNo3O�[:SNY�M�[8¡mLZ[#LZY8o �JlWS��Bl lmSN[	[:S H o�gil
[8¡mLZ[#lmSJ¥Wo:@ MFM�Bgb[8O�¡ M:oP[P]}�©¡Wo3l�[8¡WSUM:o�[ �CSE[:o3O¡mlmgi¤JTWo3M	LZY�o�O�SU� H gjlWo3¥�aUSUlWo�OPLNl M8¡WS!��[8¡mLZ[
[8¡Wo�l�TX� H oPYBSN� ~ K � M�Bgb[8O�¡d[:o3M:[8M.[:S H o V�oPY8�¢SNY���o3¥ LZ[.o3LNO�¡�lmSJ¥Wo�giM0SUldLfnNoPY�LZ£No�L M���LNQiQ
O�SUlmM:[8LNl�[Pa �B¡XgiO�¡ Y8o3¥mTXO�o3Mh[8¡Wo�SfnNoPY�LNQiQFO�SU��VXQbo��Wgb[ I SN� �Xlm¥XgilW£ £NSJS`¥�VmY8S%$:o3O�[8gbSUl�M8O�¡Wo3��o3M
�¢SNY�o3LNO�¡�� ��nNo3O�[:SNYhgil 
 � [:S � � � � � � 
 � � �]

t ¡WoPY8ogiM LNlWSN[8¡moPYyV�SUM8M8g H QiodM:V�oPo3¥ � TWVR] � ¡Wo3l�[:o3M:[8gilm£��0¡WoP[8¡WoPYx[ ��S�¥mg �!oPY8o3l�[
M8O¡Wo3��o3M1� �7LNlX¥ � �*LNQiQbS��&M��Bgb[8O¡mgilW£�[:S¦M:SU��o � ��nNo3O�[:SNY3aG[8¡mo ~ KCM7[:S H o*M:SUQbnNo3¥y�¢SNY�o3LNO¡
M8O¡Wo3��o�LZY8o�M8gi��gjQiLZY3a7¥mg ��oPY�gilW£ SUlmQ I gil [8¡Wo�O�SUlmM:[:Y�LNgjl�[8M ¥mgiO�[8LZ[:o3¥ HJI o3LNO¡ VmY8S%$:o3O�[8gbSUl
M8O¡Wo3��oN] t ¡mgiM7M�gi��giQiLZYgb[ I OPLNl H oEo��`VXQbSUgb[:o3¥yO�SU��VXTW[8LZ[8gbSUlmLNQjQ I HJI TmM8gilm£�[:o3O�¡mlmgj¤�TWo3M�[8¡mLZ[
[8L �No�LN¥WnZLNl�[8LZ£No SN�	[8¡Wo�l�TX��oPY8SUTmMhO�SU����SUl�O�SUlXM:[:Y�LNgil�[8Mhgb� ��o�M8SUQbnNo�M8gi��giQjLZY ~ KCM � O�SUl �
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OPTWY8Y�o3l�[8Q I � � �¢SNY0gilXM:[8LNlmO�oNa HJI M:SUQbn`gilW£�L�M:[:YgbVmV�o3¥x¥WS!�0l ~ K [8¡mLZ[B¡mLNMBSUlmQ I [8¡Wo O�SU� ��SUl
O�SUlmM:[:YLNgil�[8M#LNlm¥�TmM8gilW£.[8¡Wo�¥mTXLNQJM�gi��VXQbo�����oP[8¡WS`¥�[:SELNOPO�SUTml�[#� SNYF[8¡Wo7o��`[:Y�L*O�SUlmM8[:Y�LNgil�[8M�]
t ¡WSUTm£U¡ ¥WoP[8LNgjQiM�LZY�o H o I SUlm¥ [8¡Wo�M8O�SNV�oCSN�m[8¡XgiM1[8¡Wo3M�giMPaZ� Y�SU� o��`V�oPY�gbo3lmO�oNaZ[8¡Wo3M:o�[:o3O�¡Xlmgi¤JTWo3M
[:o3lm¥x[:S H o*� LNM:[:oPY.gil VmY�LNO�[8giO�o [8¡mLNlyM:SUQbn`gilW£�o3LNO¡ ~ K �¢Y8SU��M8O�Y�LZ[8O¡�] t ¡Wo*£NY8oPo3¥ I M:o3LZY�O¡
OPLNl [8L �NoE� TmQiQ!LN¥WnZLNl�[8LZ£NoESN��[8¡Wo3M:oh[:o3O�¡Xlmgi¤JTWo3M��Fo3LNO�¡ O�¡mgiQj¥ ¡mLNM�SUlXQ I SUlWo*LN¥m¥mgi[8gbSUlmLNQ!O�SUl �
M:[:Y�LNgjl�[ � O�SU��VXLZY�o3¥�[:SEgb[8M}VXLZY8o3l�[�a�M:SElmSN[�SUlXQ I OPLNl�M8[:Y�TmO�[8TWY8o H o�M8¡mLZY8o3¥�LNO�Y8SUM�M	O�¡mgjQi¥WY8o3l�a
H TW[.[8¡Wo�VXLZY8o3l�[�@ MhM:SUQiTW[8gbSUl OPLNl H o o��`VXQbSUgb[:o3¥�LNM ��o3QiQ ] t ¡mgiM.O�SU��VXTW[8LZ[8giSUlmLNQ�[:Y�giO�dO�SUTmQi¥
V�SN[:o3l�[8gjLNQiQ I Y8o3¥mTmO�oC[8¡Wo ��SNY�M:[ � OPLNM:o�Y�TmlXlmgilW£�[8gi��o#[:S ��� � � � 
 � � � ~ K#MP] � TWY8[8¡moPY�[8¡WoPSNY�oP[8giOPLNQ
LNlm¥xVXY�LNO�[8giOPLNQ1gil�nNo3M:[8gb£ULZ[8giSUlxY8o3��LNgilXM�[:S H oE¥WSUlWoN]

t ¡WoEL H SfnNo � � H SUTmlX¥¦M8o3LZY�O�¡dLNQb£NSNY�gb[8¡m�«¡mLNM�L�Y�TXlmlmgilW£�[8gi��o*SN� ��� � � � � 
 � � � ~ KCM
� SNYRV�oPY�¡XLZVXM�SUlmQ I ��� � � � 
 � � � ~ K#M� �0¡WoPY8o3LNM1[8¡mo 
 � � M:oP[ z KdVmY8S`O�o3¥mTWY8o	��TmM:[RM8SUQbnNoCLZ[�Qbo3LNM:[
� � � 
 � � � ~ KCMP]F�©¡mo3l¦gjl�[:oP£NY�LZ[8gjlW£�[8¡Wo � � H SUTmlX¥ M:o3LZYO�¡xLNQb£NSNY�gi[8¡m��[:S�[8¡Wo z K VmY8S`O�o3¥mTWY8o
�¢SNYEO�SU��VXTW[8gilm£ 
 � a�[8¡Wo�SfnNoPY�¡mo3LN¥gilmOPTWY�Y8o3¥ giMhLZ[E��SUM8[hL ��TmQb[8gbVGQigiOPLZ[8gbnNo �¢LNO�[:SNY�� � � � SNY
V�oPY�¡mLZVXM SUlmQ I � �P�] s Qb[8¡mSUTW£U¡6[8¡WoxTmM8TmLNQ�M:SUTWY�O�o3M�SN�.gil�[:Y�LNO�[8L H giQigi[ I � QiLZY8£NoxM:[8LZ[:oyM8VXLNO�o
LNlm¥�QiLZY8£No 
 � M8oP[8M�0Qigi��gb[B[8¡Wo�LZVmVXQigiOPL H giQigb[ I SN�C[8¡mgiM.M:o3LZY�O�¡ LNQb£NSNY�gb[8¡m�ya!gb[hOPLNl H o�LZVXVXQigbo3¥
[:S K � c z KCM	[8¡mLZ[COPLNl H o7Y8o3LN¥mgjQ I M:SUQinNo3¥�[:S`¥mL I a`M8gilmO�oB[8¡Wo�SfnNoPY¡Wo3LN¥ gjlmOPTWY8Y8o3¥�gjM	lWSN[	[:SJS
M8gb£UlXg �XOPLNl�[P]

t S O�SUlXOPQiTm¥Wo�[8¡mgjM*O�¡mLZVm[:oPYfa�L H Y�gboP�C¥mo3M8O�Y�gbVm[8giSUldSN�7LNQb£NSNYgb[8¡m��Mh[8¡mLZ[ o��J[:o3lm¥ [8¡Wo
� � H SUTmlm¥ M:o3LZY�O¡y[:S � � H SUTXlm¥mM7LNlm¥ � � H SUTXlm¥mM7giM7VXY8o3M:o3l�[:o3¥�]

� )*���&����� � (�.;���S��� � � � �.-&�(3 	��4�E;���� t ¡mo � � H SUTmlX¥�¢SNY�L � � M:[8LZ£NoxK � c z K giM
[8¡mo¥mgiM8O�SUTml�[:o3¥�M8Tm� SN� [8¡Wo � � H SUTmlm¥mM � SNY o3LNO�¡ M8[8LZ£NoN] u o3lmO�oNaEgb[xM8T � O�o3M [:S
� gilmgi��g � o o3LNO�¡ � � H SUTXlm¥ gil6SNY�¥WoPY�[:S��gilXgi��g � o [8¡Wo � � H SUTmlm¥1] t ¡WoPY�oP� SNY8oNaC[8¡Wo
M8o3LZY�O�¡dO�SUlmM8giM:[8M�SN� � � � H SUTmlm¥ M:o3LZYO�¡Wo3MPaGSUlWo*�¢SNYBo3LNO�¡dM:oP[ 
 � � p;� � � �m�]

� : ��� �
����� � (�.;���S��� ���
����57��% � � � ��-
�
3 	����E;� �� ^`gi��gjQiLZY�Q I [8¡Wo H SUTmlX¥�� � giM
� gilmgi��g � o3¥ �B¡Wo3ld[8¡Wo H SUTmlm¥ � � giMB��gjlmgi��g � o3¥1] t ¡�TmM3am[8¡Wo�M:o3LZY�O�¡ H SUgiQiM7¥mS!�Bld[:S
SUlmo � � H SUTXlm¥ M:o3LZY�O�¡ � SNYB[8¡Wo M:oP[ 
 � ]

� : ��� �
����� � (�.;���S��� � � ���
����5 �.% � � � �.-&�(3M	����E����� � lmO�o#LZ£ULNgil1a [8¡mo#TWVmV�oPY H SUTmlm¥
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� � � � � ��� � p � �1�.giME��gilXgi��g � o3¥#�B¡Wo3l � � giM*��gilmgj��g � o3¥ LNlm¥�[8¡WoPY8oP�¢SNY8o LxM�gilW£UQbo
� � H SUTmlm¥ M:o3LZYO�¡ gjM�O�SUlm¥mTmO�[:o3¥y� SNY�[8¡mo M:oP[ 
 � ]

� )*���&����� � (�.;���S��� � � � ��-
�
3 	����E����� t ¡Wo H SUTmlm¥ � � giM�� gilmgi��g � o3¥ �B¡mo3l)[8¡Wo
H SUTmlX¥mM � � � �}� LZY8o¦� gilmgi��g � o3¥�� SNY�o3LNO¡ nNo3O�[:SNY �$4 
 � ] w/l [8TWYl�aFTmM8gilW£ v ¤JTmL%�
[8giSUl >J]ip3qJaW[8¡mo H SUTmlm¥ � � � ���CgiM���gilmgj��g � o3¥ �B¡mo3l [8¡WohM��Bgi[8O�¡¦M:oP[ �
	 � � �}�CO�SUl�[8LNgjlmM
nNo3O�[:SNYM ��*��Bgb[8¡ O�SNY8Y8o3M:V�SUlm¥mgjlW£hoPY8Y8SNY H SUTmlX¥mM � � � � 
 ��* �}[8¡mLZ[�LZY8oBLNM�M8��LNQiQXLNM	V�SUM �
M�g H QboN] u o3lmO�o�SUlWo�OPLNl O�SUlm¥mTXO�[.LNl � � H SUTmlm¥dM:o3LZY�O¡ gjly[8¡Wo�M8LN��o ��L I [8¡mLNl L � �
H SUTmlX¥ M:o3LZYO�¡ �Bgb[8¡ SUlWohM8Qigb£U¡�[���SJ¥Xg �XOPLZ[8gbSUlA�}LZ[�o3LNO�¡ylmSJ¥WoNa`M:o3Qbo3O�[�[8¡Wo*O¡mgiQi¥&�Bgb[8¡
[8¡mo#��SUM:[�VmY8SU��giM�gilW£ � M8��LNQiQbo3M8[� � � H SUTmlm¥1] s [ �!M:[8LZ£No3MR[:S0£NSBSN�WL � � M:[8LZ£No�K � c z K�a
[8¡mo LZ£No3l�[ ��SUTmQi¥ �mY�M:[BO�SUlXM:[:Y�TmO�[0[8¡Wo � /1032 � M:oP[8M0SN�Fo3LNO�¡ nNo3O�[:SNY;� 4 
 � ] t ¡Wo3l [8¡Wo
LZ£No3l�[ ��SUTmQi¥�M:o3LZY�O¡L £NSJSJ¥�VmY�S%$/o3O�[8gbSUl�M8O¡Wo3��o��¢SNY*o3LNO�¡ nNo3O�[:SNY,� 4 
 � ] s Mh�¢SNY
[8¡mo � � H SUTmlm¥ M:o3LZY�O�¡1aJ[8¡mo.QiLZ[:[8gjO�o.giMC[:Y�LfnNoPY�M:o3¥xgil L £NY8oPo3¥ I �¢LNM�¡mgbSUl�] s [�o3LNO�¡xlWS`¥Wo
��a![8¡mo�O�SNY8Y�o3M:V�SUlm¥mgilW£ M��Bgb[8O¡dM:oP[ �
	 � � � ���0giM.O�SUlmM:[:Y�TXO�[:o3¥ LNlX¥ [8¡Wo H SUTmlm¥ � �� � �}�
gjM*M8gi��VXQ I [8¡mo �CSNY�M8[ H SUTXlm¥�� �� � � 
 � *¢�B�¢SNYEM:SU��o�nNo3O�[:SNY#� *�4 �
	 � � � �}�] � lmO�o�[8¡Wo
� 
 � ��VmY�S%$/o3O�[8gbSUl�M:o3LZYO�¡Wo3M	LZY�o�O�SU��VXQboP[:o3¥�aN[8¡mo /10 2 � M:oP[FSN�!o3LNO�¡�nNo3O�[:SNYCgiM}O�SUlmM:[:YTmO�[:o3¥
LNlX¥x[8¡WoEVmY�SJO�o3M8MBM:[8LZY8[8M7S�nNoPY0�¢SNY�[8¡WoEVXY8oPnJgiSUTmM7M:[8LZ£No Tml�[8giQ �xM8[8LZ£No3M�[:S�£NSW]

� : ��� �
����� � (�.;���S��� ���
����5 �.% � � � �.-&�
3N	��4�E;���� s OPO�SNY�¥mgjlW£x[:S v ¤JTmLZ[8gbSUl7>J] ±`pZa
[8¡mo H SUTmlm¥ � � giM#��gjlmgi��g � o3¥��B¡Wo3l H SN[8¡ H SUTmlm¥mM � � LNlm¥ � � LZY�o.LNQiM8S���gjlmgi��g � o3¥1]
t ¡WoPY8oP�¢SNY8oNaN[8¡Wo�M:o3LZY�O�¡�O�SUlmM�giM:[8M�SN� � O�SUlXM:o3OPTW[8gbnNo � � H SUTmlX¥ M:o3LZY�O¡Wo3M}�¢SNY�[8¡Wo�M:oP[ 
 � ]
��o�M8¡WSUTXQi¥yLNQiM:S¦O�SUlm¥mTmO�[.L � � H SUTmlm¥ M:o3LZY�O�¡d�¢SNY 
 � � [:S¦��gjlmgi��g � o � � � � ¡WS��CoPnNoPYfa
[8¡XgiM � � H SUTmlm¥�M:o3LZY�O�¡�gjM gi¥Wo3l�[8giOPLNQ0[:S [8¡mo �mYM:[ � � H SUTXlm¥�M:o3LZYO�¡ LNlm¥ [8¡WoPY8oP�¢SNY8o
Y�o3¥mTmlm¥mLNl�[P].w l VmY�LNO�[8gjO�oNa![8¡mo�VXY8S%$/o3O�[8giSUlmMhLZVmVXQigbo3¥ �CSUTXQi¥ H o [8¡WSUM:o�� SUTXlm¥d¥XTWY�gilW£
[8¡mo�� �� � � H SUTmlX¥xM:o3LZY�O�¡1]
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� �������	��
 �

� � 	�� � � � � � 	 � � � � ��� � � �

t ¡Wo�nZLNQiTWo�� ¥mgiY8o3O�[:o3¥�� YLN��o��CSNY��dgil�[:Y8S`¥mTmO�o3¥�M:Sx� LZYE¡mLNMELNQiQbS��Co3¥�TXMh[:SyLNlmLNQ I � o�[8¡Wo�gi�'�
VXLNO�[hSN�CLZVXVmY8S"�Wgi��LZ[:o H o3QigboP�FM:[8LZ[:o���SUlmgb[:SNY�gilm£ SUl�¥Wo3OPgiM�gbSUld¤JTmLNQigi[ I ] t ¡mgjMBLNlmLNQ I M8giM ��LNM
O�SUlmO�oPVm[8TXLNQiQ I M�gi��VXQbo�LNlm¥�Y8o3� LNgilWo3¥�LZ[#Lh� LNgbY�Q I ¡mgb£U¡�QboPnNo3Q ] t ¡Wo�gj¥Wo3L ��LNM	M�gi��VXQ I [:SEQbS�S��
LZ[�LNQiQ![8¡WohV�SUM8M8g H Qbo0O�SUTWYM:o3M�SN��LNO�[8giSUlxLNM7L�Y8o3M8TmQb[�SN�RSUlmoELZVmVmY8S!�`gi� LZ[8gbSUl � M��Bgb[8O¡xM:oP[�CSNY
M:oPnNoPY�LNQ�O�SUlmM8o3OPTW[8gbnNo LZVmVmY8S!�`gi� LZ[8gbSUlmM � /10 2 � M8oP[�ELNlm¥ [:S�¥WoPY�gbnNo¦M:oPnNoPY�LNQ H SUTmlm¥mM3a �B¡mgjO�¡�a
Y8SUTW£U¡XQ I M:V�o3L �`gilW£Wa���o3LNM8TWY8o7[8¡Wo0QbSUM8M	gil�o��JV�o3O�[:o3¥�[:SN[8LNQXY8oP[8TWY�l�LNM�M8Tm��gilm£*[8¡Wo �CSNYM:[	V�SUM �
M8g H Qbo.O�SUTmY�M:o*SN��LNO�[8giSUl � �Co O�SUTmQi¥ M��Bgb[8O¡x[:S�� ��LNM�gi��VXQio3��o3l�[:o3¥1]�w/l [8TWY�l1aJ[8¡mo3M:o H SUTmlm¥mM
¡mLfnNo�LNQjQbS!��o3¥�TmM�[:S.M:[:YTmO�[8TWY8o�[8¡Wo�OPQiLNM8M�SN�mVmY8S%$:o3O�[8gbSUl�M8O¡Wo3��o3MFgil�L0QjLZ[:[8giO�oNa��B¡mgiO¡ OPLNl H o
[:Y�LfnNoPY�M:o3¥ £NY8oPo3¥mgiQ I [:S��Xlm¥dL�� LNgbY�Q I £NSJSJ¥dVmY8S%$:o3O�[8gbSUl�] � Y8SU� L ¥Wo3OPgjM8gbSUly[8¡moPSNY8oP[8giO V!SUgjl�[
SN��nJgio��EaR[8¡mgjME��L I LNQiQ#M:oPo3� VXY8oP[:[ I M8LZ[8giM8� I gilW£Wa H TW[E�¢Y8SU��LxVmYLNO�[8giOPLNQ	V�oPY�M:V�o3O�[8gbnNoNa�[8¡Wo
LNQb£NSNY�gi[8¡m��MBLZY�o £No3lWoPYLNQiQ I gil�[:Y�LNO�[8L H Qbo�LNlm¥y�¢Y8SU�°L O�SUlXO�oPVm[8TmLNQ�V!oPYM:V�o3O�[8gbnNoNaX[8¡Wo��¢Y�LN��o��
��SNY�VmY8S�nJgj¥Wo3M Qigi[:[8Qbo gilXM8gb£U¡�[ LNM�[:S �0¡mgiO�¡ VmY8SNV�oPY8[8gbo3M SN��VmY8S%$:o3O�[8gbSUl6M8O�¡mo3��o3M�OPLNTmM:o¦SNY
VmY8oPnNo3l�[�VXQjLNlxM��Bgb[8O¡mgilW£W]

w l�SNY�¥moPYF[:S*VmY8Sfn`gi¥Wo7M:SU��o�gilmM8gb£U¡�[8MPaZ[8¡mgiM}O¡mLZVm[:oPYCLNlXLNQ I � o3MFLZVXVmY8S"�Wgi��LZ[8giSUl���oP[8¡ �
S`¥mM	�¢Y8SU��L QigjlWo3LZY#LNQb£No H YLEV�oPY�M:V�o3O�[8gbnNoN]	c SNY8o0VXY8o3OPgiM:o3Q I aJL nNo3O�[:SNY�M8VXLNO�o0LNlmLNQ I M8gjM#giMCOPLZY��
Y�gbo3¥dSUTW[P] s VmV�o3lm¥mg�� s VXY8Sfn`gi¥Wo3M.LNl SfnNoPY8n`gbo�� SN�CM8SU��o SN�C[8¡Wo H LNM8giOPM.SN�#QigjlWo3LZY.LNQi£No H Y�L
[8¡mLZ[ �BgiQjQ H o�TmM:oP� TmQR�¢SNY*[8¡Wo�¥WoPnNo3QbSNVG��o3l�[hSN�C[8¡Wo�OPTWY8Y8o3l�[*O�¡mLZVm[:oPYf]�^Jo3O�[8gbSUl @W]ip�Y�oPnNo3LNQiM
[8¡mLZ[.o3LNO�¡ VmY8S%$:o3O�[8gbSUldM8O�¡Wo3��o�LNQiQiS!�BM0LZVmVmY8S!�`gi� LZ[8gbSUlmM�SUlXQ I gil M:SU��o �'#&( � � 2 # . " * ¥mo	�XlWo3¥
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HJI L0M8T H M:VXLNO�oN] � l [8¡Wo#SN[8¡WoPYF¡mLNlX¥�a L.M8gi� giQiLZYRLNlmLNQ I M8gjM1SN�m[8¡Wo�nZLNQiTWo#� TmlmO�[8giSUl M8¡WS��BM�[8¡mLZ[
� ��nNo3O�[:SNY�M0OPLNl ¥WoP[:oPY���gilmo � £NYLN¥mgbo3l�[8M	��gilm¥XgiOPLZ[8gilW£ [8¡Wo*n LZYgiL H giQigi[ I SN��[8¡Wo*nZLNQiTWoh�¢TXlmO�[8gbSUl
gilx¥mg �!oPY8o3l�[�¥mgbY�o3O�[8gbSUlmMP] t ¡WoPY�oP� SNY8oNamLZVXVmY8S"�Wgi��LZ[8giSUlmM7gilx¥mgbY�o3O�[8gbSUlmM �B¡WoPY�o*[8¡Wo*n LZYgiLNlmO�o
giM M8gi��giQjLZY�� SNY¦��SUM:[� ��nNo3O�[:SNY�MxM8¡mSUTmQi¥ H oyVmY�oP� oPY8Y�o3¥ M8gilmO�odM��Bgb[8O¡mgilW£giM Qbo3M8M Qig��No3Q I [:S
¡mLZVmV�o3l�]

� Y8SU�5L.VmY�LNO�[8gjOPLNQ�V�oPY�M8V!o3O�[8ginNoNa [8¡mo3M:o�S H M:oPY8nZLZ[8gbSUlmM �BgjQiQ H o�TmM:o3¥�gil�^Jo3O�[8gbSUl]@W] ±.[:S
¥Wo3M8gi£Ulx�¢LNM8[:oPYBLNQb£NSNY�gb[8¡X��M7[8¡mLNlx[8¡mSUM:oEVmY8SNV�SUM:o3¥ gil � ¡mLZVm[:oPY#>JaX¡WS!��oPnNoPY I gbo3Qj¥mgilW£�QbSJSUM:oPY
H SUTmlm¥mM3] t ¡Wo ~ K � M��0gb[8O�¡ [:o3M:[ gil�[:Y�SJ¥mTXO�o3¥�M:S6�¢LZY¦[:SJS�� gil�[:S LNOPO�SUTml�[xLZVmVmY8S!�`gj��LZ[8gbSUl
¥mgiM8[8LNlmO�o#LNlm¥ ¥mgbY8o3O�[8gbSUl1] t ¡WoCgi¥Wo3L �BgjQiQ H o	[:SBY8o3QjL%�h[8¡XgiM ~ K [:S0� S`OPTmMR� LNgilmQ I SUl ¥mgiY8o3O�[8gbSUl�]
s M.L Y8o3M8TXQb[PaG[8¡mo�M8gj��VXQig �Xo3¥xM��Bgb[8O¡ [:o3M:[*¡mLNM.LNl o�� OPgbo3l�[*M:SUQiTW[8gbSUldLNQb£NSNY�gb[8¡X�«[8¡mLZ[h¥WSJo3M
lWSN[�Y�o3¤�TmgiY8o*LNl ~ K LNl I ��SNY8oN]
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ehgbnNo3l L�VmY8S%$:o3O�[8gbSUl ��aWQboP[ ��LNlm¥ �+* � � � �P� H o.V�SUgil�[8MCgil H o3QigboP��M:VXLNO�oN] z o	�GlWo � � �+* � �
LNM}[8¡Wo �'# * � 0 = �4� : �)" 2}nNo3O�[:SNY#[8¡mLZ[}£NS�o3MF�¢Y8SU�$�#[:S	� * ]���o�LZY8o7L H SUTm[�[:S*M8¡mS!�)[8¡mLZ[	LNQiQJM8TmO¡
¥mgiM8VXQiLNO�o3��o3l�[*nNo3O�[:SNY�M�LZY8o VXLZY�[*SN��LdM:V�o3OPgiLNQ * 8 ; * ��= �4� [8¡mLZ[�giMho3l�[8giY8o3Q I ¥WoP[:oPY���gjlWo3¥ H�I
[8¡Wo0VmY8S%$:o3O�[8gbSUl���] s M�T H M:VXLNO�o.giM#LNl¦gi��V�SNY8[8LNl�[#O�SUlmO�oPVX[C[8¡mLZ[�LNQiQbS��BM#TmMC[:S O¡mLZY�LNO�[:oPY�g � o
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� SNYEgilXM:[8LNlmO�oNa�LNM8M8Tm��o�L¦M:[8LZ[:o�M:VXLNO�o�¥Wo	�XlWo3¥ HJI [8¡Wo H gilmLZY I nZLZY�giL H Qio3M ! LNlm¥  ]hK#Y8S �
$:o3O�[8gbSUl�� � � ! 
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¥mgi��o3lmM8gbSUlmLNQ7M�T H M:VXLNO�o � LNl o��WLN��VXQbo gjM�£UgbnNo3l H o3QiS!�«[:S6giQiQiTXM:[:Y�LZ[:ox[8¡WoyY�o3M8TmQb[8gilm£M8T H �
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[8¡WoyM:oP[�SN�hLNQiQ7¥mgjM:VXQiLNO�o3��o3l�[�nNo3O�[:SNY�M Y�o3M8TmQb[8gilm£d�¢Y8SU� [8¡WoyLZVmVGQigiOPLZ[8gbSUl6SN�;��])^WgilmO�oxLNQiQ
V�SUM8M8g H Qboy¥mgiM:VGQiLNO�o3��o3l�[�nNo3O�[:SNY�MxQigbo SUl�[8¡Wo M8LN��o�QigilWoNa�[8¡Wo I ��TmM:[¦LNQiQ.¡mL3nNo [8¡Wo�M8LN��o
¥mgbY�o3O�[8gbSUl�] u oPY8oNa}nNo3O�[:SNY�M �Bgb[8¡�SNVXV!SUM�gb[:o�SNY�gbo3l�[8LZ[8gbSUlmM LZY8o LNM�M8Tm��o3¥�[:S�¡mLfnNo [8¡Wo¦M8LN��o
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LNlm¥ 	� 	� ] � s QjQ	o��WLNO�[ H o3QigioP��M:[8LZ[:o3M5��[8¡XLZ[�M8LZ[8gjM:� I � � ��� ��² &?> Qigio gil Ld¡ I V�oPY8VXQiLNlmo LNlm¥
M8gi� giQiLZY�Q I � SNY � � � � �&² &A@W] t ¡mo3gbY�gil�[:oPY�M:o3O�[8gbSUldgiM7[8¡Wo QjgilWohSN�Fo��`LNO�[ H o3QigboP��M8[8LZ[:o3MB[8¡mLZ[.LZY8o
��LZVmV�o3¥x[:S�� * HJI ��]B^`gilmO�o � * LNQiM:S Qigbo3M7SUld[8¡mgiM�QjgilWoNaW[8¡Wo3ldLNQiQ�[8¡Wo ¥XgiM:VXQiLNO�o3��o3l�[7nNo3O�[:SNY�M
H oP[ ��oPo3l �*LNlm¥ �+*R¡mLfnNo�[8¡mo�M8LN��o�¥mgiY8o3O�[8gbSUl�] u LN¥ ��o�VGgiO�No3¥ ��LZY8£UgilXLNQiM0¥Xg �!oPY�o3l�[0[8¡mLNl
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t ¡WSUM8o*o3¤�TmLZ[8giSUlmMBLZY8oEQjgilWo3LZY�Q I gilm¥WoPV�o3lm¥mo3l�[�M8gilmO�o*[8¡moE��LZY8£UgilmLNQjM � gjl o3LNO�¡ O�SUlmM:[:Y�LNgil�[
O�SNY8Y8o3M8V!SUlX¥�[:S ¥mg ��oPY8o3l�[EM8T H M8oP[8M*SN��n LZY�gjL H Qbo3MP] t ¡mgiM H o3O�SU��o3M ��SNY8o�S H nJgbSUTXM��B¡Wo3l ��o
Y8o���Ygb[:o o3LNO¡�o3¤�TXLZ[8gbSUl � � � � � ²¦LNM*L¦¥mSN[0VmY�SJ¥mTXO�[ ��� � � � ²`] u oPY8o ��� giMhL nNo3O�[:SNY
SN��² @ MELNlm¥ p @ MPa�M8TmO¡�[8¡mLZ[EoPnNoPY I O�SU��V�SUlWo3l�[EM:oP[E[:Sp�O�SNY8Y�o3M:V�SUlm¥mM.[:S LxM:[8LZ[:o��0gb[8¡�LNQiQ
nZLZY�giL H Qbo3MFgjl �<M8oP[	[:SE[:Y�TWoNa�LNlm¥�oPnNoPY I O�SU��V�SUlWo3l�[	M:oP[	[:S ²EO�SNY8Y8o3M:V�SUlm¥XM}[:S L*M:[8LZ[:o �Bgb[8¡
LZ[ Qbo3LNM8[ESUlWo�nZLZY�giL H Qio�gil � M:oP[E[:Sy� LNQiM:oN] t ¡Wo��¢SUQiQbS!�0gilW£ [8¡WY8oPo�nNo3O�[:SNYM O�SNY8Y�o3M:V�SUlm¥�[:S
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oPnNoPY I nNo3O�[:SNYEgil � � ]h^`gi� giQiLZY�Q I SUlWo OPLNl�M8¡mS!�>[8¡mLZ[.LNQjQ1nNo3O�[:SNY�MhV�oPY8V�o3lm¥mgjOPTmQiLZY�[:S
� � LZY8oEgil ���� ] �
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t ¡Wo�M8T H M:VXLNO�o3M � � LNlm¥ � �� LZY8o�nNoPY I gi��V�SNY8[8LNl�[}LNM}[8¡Wo I LNQiQiS!�)TmM}[:S*¥Wo3M8gb£Ul�L*M8gj��VXQig �Xo3¥
M��Bgi[8O�¡�[:o3M:[P] ~ oP[�@ M#M8L I �Co�LZY�o�gil�[:oPY�o3M:[:o3¥�[:S �`lWS!� gb��� � 4 �
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SN��� � ]��©¡Wo3l�� � � 4 � �� a �Co OPLNldM8¡mS!�&[8¡mLZ[0[8¡WoPY8o gjM " . M��Bgb[8O¡y�¢Y8SU� � � [:S � � ] � lx[8¡Wo
SN[8¡WoPY*¡mLNlm¥1a!gb� � � � �4 � �� a![8¡WoPY8o : = , H o�L M��0gb[8O�¡�] t ¡JTmMPa H LNM:o3¥ SUl �B¡WoP[8¡WoPY	� � � giM.gil
���� SNY0lWSN[�SUlWo OPLNl O�SUlmM:[:Y�TmO�[0L�M8TWV�oPY�M:oP[�SN�}[8¡WoEM��0gb[8O�¡yM8oP[P]

t ¡Wo gi¥Wo3L H o3¡mgjlm¥�[8¡Wo¦nNo3O�[:SNY�M:VXLNO�o � �*^X�EM��0gb[8O�¡ [:o3M:[Pa#giM H o3M:[ o��`VXQiLNgjlWo3¥ HJI L
VXgiO�[8TmY8oN] � gi£UTWY8oZ@W] ± M8¡WS��BMBL [:SNV ¥WS��BldnJgbo�� SN�	L�[ �CS ¥mgi��o3lXM8gbSUlmLNQ H o3QigboP��M:VXLNO�o � �Bgb[8¡
[ ��Sx¥mg ��oPY8o3l�[0VXLZY�[8gb[8gbSUlmMP] t ¡Wo �mY�M:[.VXLZY8[8gi[8gbSUl giM.£UgbnNo3l HJI [8¡Wo�M:SUQigi¥dQigilWo3M �B¡mgjO�¡ ¥Wo	�XlWo
� 
 �XY8oP£UgbSUlXMPa�o3LNO�¡O�SNY�Y8o3M:V�SUlm¥mgilm£ [:Sx[8¡Wo�LZY8o3L�� 8 � SNY*o3LNO¡�nNo3O�[:SNY,� 4 
 ] t ¡mo�M8o3O�SUlm¥
VXLZY8[8gi[8gbSUl giMR£UgbnNo3l H�I [8¡Wo�¥WSN[:[:o3¥�QigilWo �0¡mgiO�¡ M:oPVXLZY�LZ[:o3M�[ �CS.Y8oP£UgbSUlmM�O�SNY8Y8o3M8V!SUlX¥mgilW£7[:S.[8¡Wo
LZY8o3LNM �0¡WoPY8o	� � ¥WSU��gilmLZ[:o3M � � LNlm¥¦n`giO�o���nNoPY�M8L`] ~ oP[�@ M7¥Wo3lWSN[:o*[8¡mSUM:o*LZY8o3LNM 6�=8:9}LNlm¥ 6�=8?>N]
t ¡Wo ~ K � M��0gb[8O�¡ [:o3M:[Pa�LNM ¥Wo	�XlWo3¥�gjl ^Jo3O�[8gbSUl >J]ipZa�nNoPY�g �mo3MEgb��[8¡WoPY8o�o��WgiM:[8M L H o3QigboP��M:[8LZ[:o
�14 �=8:9FM8TmO¡ [8¡XLZ[ � � ��� 4 �=8?>N] s Qb[:oPY�lmLZ[8gbnNo3Q I a`L �E^ � M��Bgi[8O�¡¦[:o3M:[7nNoPY�g �Xo3M�gi��[8¡WoPY8oho��`gjM:[8M
L H o3QjgboP��M8[8LZ[:o#� 4 6�=8:9�M8TmO¡ [8¡mLZ[;� � �P�%4 6�=8?>U]B\�o3QbS!�Ea t ¡WoPSNY�o3� ^ M8¡WS��BMB[8¡XLZ[ �B¡Wo3l L
�E^ � M��Bgb[8O¡ [:o3M:[BgiM7lmoP£ULZ[8gbnNo � [8¡mLZ[BgjMPa`[8¡WoPY8oE¥WSJo3M8lA@ [7o��WgiM:[7LNl I H o3QigboP��M:[8LZ[:o,�14 6�=8:9FM8TmO¡
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only affects F1

then Pr(F1) = 0.8 else Pr(F1) = 0.1

then Pr(F2) = 0.8 else Pr(F2) = 0.1

then Pr(F3) = 0.1 else Pr(F3) = 0.05

then Pr(F4) = 0.1 else Pr(F4) = 0.05

if FM at previous step

only affects F2
if FM at previous step

only affects F3:
if FM at previous step

only affects F4:
if FM at previous step

all variables are persistant

all variables are persistant

all variables are persistant

all variables are persistant

Stamp P2

Stamp P1

Stamp P4

Process P1

Stamp P3

Reject P3,P4

7) Stamp P1

Stages to go

Reject P1

no reward

no reward

no reward

no reward

if F1 then 0 else 8

3.3 for every state

4 for every state

Process P2

Reject P2 all variables are persistant

Process P3,P4 all variables are persistant

if F2 then 0 else 8

4 for every state

if F3 & F4 then -2000
if ~F3 & ~F4 then 16
otherwise 8

4) Stamp P4

5) Stamp P3

6) Stamp P2

3) Process/Reject P1

2) Process/Reject P2

1) Process/Reject P3,P4

Actions Transitions Rewards
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