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S�?2F�x#T��2F�TVWQT�x��<[�x�XBOUF�}n� OQPGx � O@J2OQA#LK�¬P�xYHyx#O¢TVP	x�X2Hyx°��T�x#X¬x#X2O¢FIHKAGL~O@P�x°x�}Kx�HKF�}~AG�2T�x�HKF�HyJ$�
L~?2FIHyA S&}KS&OQJ�x#?2S v

T�TVTsv��µT�J2O¢PGx#A#?2W x�?2AGO-A#?2F�OK¥ £ J�W@}KJP7pL~?2A#Hyx�T�}~J2P\W@}KJ�x�HKTVJBTVJ2L P#X2OQFVF�P²F�O@P#P\x�X2HKJ�XpHyF��
7pFVF�O@M¬��T�x�X O@F�O@WQx#A#}~JBP\[�x#X2O&x#O@AGS X2Hn|hT�J2L�x#X2O&F�}n� OQPGx x#}KxYHyF HyJ2L~?2FVHKA\S&}~SUO@J�x#?2S��
FVTVOQP F�}g� O@P�xNTVJ OQJ2O@AGLK�<[E��X2OQA#O@HKPNTVJ�x#X2}~P#O-��T�x�X�PGX2O@F�FVP�SU}~AGO&x�X2HKJ XpHKF�� 7pFVF�O@M>[µx#X2O
x�O@AGS�XpHc|hTVJ2LNx#X2O\FIHKAGL~O@P�x |KHyFV?2O°}K�	�,FVT�O@P F�}g� O@P�xcv

< W@WQ}~A#M2T�J2L²x#}�� ?2J2M � P AG?2FVOQP\[�x�X2ODS&O x�X2}hMU}K�aHKMBM2TVJ2L¨?+�_HyFVF2x�XBODP �2TVJ2P�
�HKJ2M�HKFVF
x�X2O&HKJ2L~?BFIHKA\SU}~S&OQJ�xYH�/A#OQP8�eO@WQx#T�|KO@F��*[�TVP°x#X2O�PG}���W@HKFVF�O@MNSU%,}~A ¤ ?BP#P#OQFVF �&%BHK?BJ2M2O@AGP
W@}~?+�BFVTVJBL  ��� v �D?BJ2M � P°A#?2F�O�}K�wS�H#,BT�S�?2SS�?2F�x�T �2FVT�W@T�x��*[�H-L~A#O@Hyx�OQA	x�}Kx�HKFkP8�2T�J%PGxYH�x�O
S�HKRyO@P x�X2O�AGO@PG?2F�x#TVJ2L&Hyx�}KS6SU}~AGO²P�xYHK�2F�O*[eS&}KPGx	WQ}~SUS&}~JBF��_S&HKJ2T���O@PGx#O@M�TVJ�H&FV}n� OQA
O@J2OQA#LK��PGxYH�x�O*[ �eO@WcHy?2P#O¬T�x&��}~A#WQO@P-x#X2O�?2J+�2HKTVAGO@M+O@F�O@W x�A#}KJ2P-x�} AGO@P#T�M2O�T�J+M2T C O@AGO@J�x
P8�pHyx#TIHKF}~AG�2T�x�HKFVPQv < J%HKWQW@O)�Bx�OQM,AGOcHKPG}~J[��}~A�x�XBO�TVJ2WQA#O@HKP#OQM�PGx�HK�2TVF�T�x�� }K��X2TVL~X�S�?2F�x�T9�
�2FVT�W@T�x��	PGxYH�x�O@PµTVP�x#XpHyx�x�X2O M2T C O@AGO@J�x�}hW@WQ?+�2TVOQMNP8�pH�x�TIHyFh}KA#�2T�xYHKF�PkWQA#O@Hyx�O FVHKA#LKO@A�Hn|KO@A#HKL~O
M2TVP�xYHKJ2WQO@P �eOQx�� O@OQJ�x�XBO°O@FVOQWQx#A#}~J2P)[2��X2TVWYX AGO@M2?2WQO@P x�XBO°O@FVOQWQx#A#}~J$� O@F�O@WQx#A#}~J AGO\�2?2F�P#T�}~J
O@J2OQA#LK�Kv � X2O A#O@PG?2F�x#PN}K� �D?2J2M � P¢A#?BFVO@P���T�FVF WYXpHKJ2L~O_��X2OQJ x#X2O_O@F�O@W x�A#}KJ2P¢� OQW@}~SUO
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A#O@FVHyx�T�|hTVPGx#TVWDTVJ X2OcHc|�� Hyx#}~S&P ��X2O@AGO¨x#X2O\P8�2T�J$��}~AG�2T�x OFC O@WQx �eO@WQ}~S&OQP�W@}~S:�pHKA#HK�2FVODx�}
x�X2O-OQFVOQWQx�AG}~J A#O)�2?2F�P#TV}KJ�v¬�p}~A�X2O@Hn|���Hyx�}~SUP\[�� O_WcHyFVW@?BFIHyx#OF7pAGPGx�x#X2O HKJ2L~?BFIHKA¨S&}3�
S&OQJ�x#?2S t W�z���}KA!OQ|KO@A���O@F�O@W x�A#}KJ¬HKJ2M�x�XBO@J�� ONHKM2M%?+��x#X2O@Sx�}_LKOQx!x#}KxYHyFµHKJBL~?2FIHyA
S&}~SUO@J�x#?2S �µvw� XBTVP TVP x#X2O\P#}�� WcHKF�FVOQM W�� W W@}~?+�BFVTVJBL2v

� XBOL(�?2O@P�x�TV}KJ�
 < A#OL� ?2J2M � P-AG?2FVOQP�H*�P�2FVT�WcHK�2F�O }~J�M2TDC»OQA#OQJ�x�PG�hPGx#O@SUP-P#?BWYX HKP
S&}~F�O@WQ?2FVOQP HKJ2M P#}~F�TVM2P���,T�P PGx#TVFVF }~J x�X2O¨HKL~OQJ2MpHBv���TVJ2M2T�J2L�x�XBO¨LKA#}~?2JBM P�xYHyx#O\}K��x#X2O
W@}~J2PGTVM2OQA#OQM,P��hPGx�OQS TVP!��AGO\(�?2OQJ�x#F���H �2A#}~�BFVO@S v u O@J2PGT�x�� ��?2J2WQx#TV}~J2HKF�x#X2O@}~A�� tru �µ� z
S&O x�X2}hM2P H*�+�2HKA#OQJ�x#F�� HyA#O%x�X2O¬SU}~PGx_��T�M2O@F���P �2A#O@HKM*PGO@F�� � W@}~JBP#TVP�x�OQJ�x SUOQx#X2}«MBP-x�}
TVJ�|~OQPGx�T�L�Hyx#O&x�XBO�L~AG}~?2J2M P�xYHyx#O �2AG}<� OQAGx#TVO@P²}K��W@}KJ2M2O@JBP#O@M S&Hyx#x#O@AQv�� X2T�P�TVP¨M2?2O&x�}
x�X2OQTVAkX2TVL~X²W@}~S:�2?Bx�Hyx�T�}~JpHKF�O �UW@TVOQJ2WQ� HKJ2M¨|~OQAG�²L~}«}hM�HyW@W@?BA�HKW �~v�� X2O TVS:� }KAGxYHyJ2W@O�}K�u �µ� � HKPwTVJ2T�x�TVHyx�OQMN���Nx#X2O��rHKS&}K?2P�� }KA#R�P }y� ��HKF�x#O@AT�°}~X2J>[ QETVOQA#AGO �!v � }~X2O@J��eO@AGL+[
HKJ2M@Sa?��KOQ?X%«X2HKS  �P[��+[#! �sv £ J²WQ}~J�x�A�HyPGxx�}�x�X2OEx#O ,hx � � }h}~R�P �2A#OQP#O@J�x#TVJ2L�x�X2O �DHKAGx#A#O@O��
��}hWYR�SUOQx#X2}«M;[~��X2TVWYXU� OQL~TVJBPwWQ}~J2WQO\�Bx#?pHKFVF�� ��T�x�X&H\S&HKJ��H���e}«M«��� Hc|KO ��?2JBWQx�T�}~J&HKJ2M
x�X2O M2O@PGW@AGT��Bx#TV}~JU}K��T�J2M2T�|«T�M2?pHKFBO@FVOQWQx#A#}~J2PwTVJ�x#O@A�HyWQx�T�J2L\��T�x�X¢x�XBODJ�?2WQFVO@TeHKJBM-HKF�Fp}Kx�X2OQA
O@FVOQWQx#A#}~J2PwTVJUx�X2O PG�hP�x�O@S?[BMBO@J2PGT�x��¢��?2J2W x�TV}KJpHKFpx�X2OQ}~AG�N� }~AGRhP ��T�x�XUx�X2O L~AG}~?2J2M&PGxYH�x�O
M2O@J2PGT�x��¬}K� x�X2OUO@J�x#TVA#O¢OQFVO@W x�AG}~J�P��«P�x�OQS�v ¤ O@W@HKFVF�x�XpHyx²T��wx�XBO@A#O&HKAGO&� O@F�O@W x�A#}KJ2P²T�J
x�X2O\PG�hP�x�O@S t HKJ2M��/S&T�L~X�x �eO¨S&HKWQA#}~PGW@}<�2T�WcHKF�F��UFIHyA#L~O�� �cÆ � � z [Bx#X2O°� Hc|KO¨��?2JBWQx�T�}~J
}K� x#X2O�OQFVO@W x�AG}~J�P��«P�x�OQS T�P H ��?2J2WQx#TV}~J,}K���K� |yHKAGTIHK�2F�O@P t PGTVJ2WQOUx#X2O�OQFVOQWQx�AG}~J � Hc|~O
��?2J2WQx#TV}~J�TVP ?2P#?2HKFVF�� O ,$�pHKJ2MBO@M%}n|~OQA	P#}~SUO¨�pHKP#T�PD��?2JBWQx�T�}~J2P)[ex#X2O�HKW x�?pHyFkJ�?2S � OQA!}K�
x�X2O�|yHKAGTIHK�2F�O@P	T�P°L~}n|~OQA#J2OQM�����x�XBONJh?BS�� OQA\}K�w�pHKP#T�P°��?2J2WQx#TV}~JBP	��X2TVWYX¬TVP	x�� �2T�WcHKF�F��
S�?2WYX�FVHKA#L~OQA x�XpHKJ��~�	z v�� }n� O |~O@A)[���T�x#X2TVJ u �µ�Y[px�X2O²L~A#}K?2J2M�P�xYHyx#O }K��x#X2O P��hPGx�OQS
}K��TVJ�x�OQA�HKW x�T�J2L[OQFVO@W x�AG}~J2P�T�J HKJ�O�,«x#O@AGJpHKF �e}Kx#O@J�x�TVHKF�������� t C z�[�TVP²M2O@PGW@AGTV�eO@M ��� x#X2O
O@FVOQWQx#A#}~J2T�WNWYXpHKAGL~O¢M2O@J2PGT�x�� � tDC z v¢� }Kx�O�x#XpHyx°x#X2O¢WYXpHKA#LKOUMBO@J2PGT�x��%T�P\H_��?BJ2WQx#TV}~J¬}K�
x�X2AGO@O°|yHKA#TVHK�2FVOQP }~J2F����£ J x�X2O¬��A�HyS&O � }~AGR�}K� u �µ�Y[ x�X2O¬x�}yxYHKF	OQJ2O@AGLK� TVP M2OQW@}~S:� }KP#O@M1TVJ�x�} R�TVJBOQx�T�W
O@J2OQA#LK�*[ � }K?2FV}~S ��O@J2OQA#LK�*[wHKJ2M H[x�OQA#S WcHKF�FVOQM�x�X2O�O ,«WYXpHKJ2LKO ��WQ}~A#AGO@FVHyx�T�}~J O@J2OQA#LK�Kv
� X2OQ�%W@H*�Bx#?2A#OUHKF�FµS&HKJ��^� � }hMB��TVJ�x�OQA�HKW x�T�}~J2P°TVJ�x#X2ONW@}KJ2P#T�M2O@AGO@M,PG�hPGx#O@S vN� X2TVP°M2O��
W@}~S:� }KP#T�x#TV}~J[TVP	��}~AGS�HKF�F�� O�,2HyWQx-[k�2?Bx\x#X2OUHKWQx#?pHKF�O�,P�BA#O@PGP#T�}~J2P\��}~A	x�X2O¢S&HKJ��H���e}«MB�
O ,«WYXpHKJ2LKO¬HKJ2M�WQ}~A#AGO@FIH�x�TV}KJ�TVJ�x#O@A�HyWQx�T�}~J2P�HKA#O�PGx�T�FVF�?2J2R�J2}n��J�v � XBO%FV}hWcHKF�M2OQJ2P#T�x��
H*�+�2AG}�,«T�S�Hyx#TV}~J t S u�< zDx�?2AGJ2O@M,}~?Bx\x#} �eO¢W@}~S:�2?Bx�Hyx�T�}~JpHKF�F�� WQ}~J�|~O@JBTVO@J�x HKJ2M,P#?2A��
�2A#T�P#TVJBL~F���HKW@WQ?2A�Hyx#OKv £ J x#X2TVP²H*�+�2AG}-,BT�S�H�x�TV}KJ¬x#X2O�O�,«WYXpHKJ2L~O���WQ}~A#AGO@FIH�x�TV}KJ�O@JBO@A#Ly� T�P
xYHKRyO@J ��A#}~S x�X2O\R�J2}n��J�AGO@PG?2F�x#P }y��x#X2O\S�HKJ��H��OQFVOQWQx�AG}~J_TVJ�x#O@A�HyWQx�T�}~J2P T�J�HyJ OQFVOQWQx�AG}~J
PG�hPGx#O@S }K��W@}~JBPGxYHyJ�xDM2OQJ2P#T�x�� t X2}KS&}~LKO@J2OQ}~?2P�O@F�O@WQx#A#}~J L�HKP�z v

��HKR�TVJBL T�J�x�} HKW@WQ}~?2J�x¨x�X2O¢A#OQFIHyx#T�|hTVP�x�T�W�R�TVJ2O x�TVWNOQJ2O@AGLK�¬FVO@HKM2P	x#}�M2T�A#OQWQx¨HKJ2M,TVJ �
M2TVAGO@WQxDA#OQFIHyx#T�|hTVP�x�T�W°OFC O@WQx#P!}~J x�X2O²O@F�O@WQx#A#}~JBTVW¨PGx�AG?2WQx#?2A#O²}K��HUP#}~F�TVM�v � XBO SU}~PGx �2AG}��
J2}~?2J2WQO@M-MBTVA#OQWQxwOFC O@W x t HKF�x#X2}~?2L~XUJ2}Kxwx�XBOD�2T�L~L~OQPGxwTVJUS�HyL~J2T�x#?2M2OczET�PEx�X2O P8�2T�J$��}KA#�2T�x
P8�2F�T�x#x#TVJ2L�}K� �2HKJ2M,PGxYH�x�O@P\F�OcHKM2T�J2L-x�}_x#X2O¢S�HKLKJ2OQx#}���WQAG�hPGx�HKFVF�TVJ2O HKJ2TVPG}Kx�AG}<���%O@JBO@A#Ly�
}K�µT�x�T�J2O@A#HKJ�x S�HyL~J2OQx#TVPGS�HKJ2M x�}¢S&HKL~J2O x�}�� }<�Bx#TVWcHyF O C»OQWQx�P  ¡P[e ��sv< � OQFVF ��R�J2}n��J�TVJBM2TVAGO@WQxkAGO@FIH�x�T�|hT�PGx�T�W�OFC O@WQxµTVPx�X2O WYXpHKJ2LKO }K�pPGW@A#OQO@J2T�J2L	}K�p|yHKF�O@J2WQO
O@FVOQWQx#A#}~J2P²��A#}~S x�XBO-J�?2W@F�OcHKA�WYX2HKA#L~O�����TVJ2JBO@A&� P#X2OQFVFwO@F�O@WQx#A#}~JBP@v £ x�T�P²��}~A²TVJ2P�xYHKJBW@O
A#O@P � }KJ2P#T��2FVO���}~A x#X2O!WQ}~FV}KA }K��L~}~FVM t MB?2O!x�} H A#OQFIHyx#T�|hTVP�x�T�W A#O@MB?2WQx#TV}~J-}y��x�X2ODM2TVP�xYHKJBW@O
}K�²x#X2O,M$���pHyJ2M ��AG}~S x#X2O¬WYX2O@SUTVW@HKFY� }yx�O@J�x#TIHKF!��XBTVWYX*F�}n� OQA#P_x�X2O,W@}KA#A#OQP8�e}~J2M2T�J2L
HK�2P#}KA8�Bx#TV}~J%OQM2L~Onz v � }n�´x#X2ONJ2O ,hx@(�?2O@P�x�T�}~J¬HKA#T�P#OQP@v'� HyJ,PG?2WYX¬A#OQFIHyx#T�|hTVP�x�TVW¨OFC O@W x�P
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P#}~SUO@X2}n� �eO T�J2W@F�?2M2OQM TVJ¨}~AGM2TVJpHyAG�°M2OQJ2P#T�x��²��?BJ2WQx#TV}~JpHyF~x�X2OQ}~AG�\��}~AGS�?2FIH�x�O@M\T�J²x�OQA#SUP
}K� x#X2O&F�}«W@HKF�OQFVO@W x�AG}~J�M2OQJ2P#T�x�� HKJ2M,}~A#M2T�JpHKA�� �°}~X2J$��%«XpHKS }~AG�2T�x�HKFVP�/� X2O�HyJ2PG� O@A
x�}Nx�X2T�P (�?2O@P�x�TV}KJ>[p?2JB��}~A�x�?2J2Hyx�OQF��<[pT�P�� =�v

�p}~?BA&��WQ?2A#AGO@J�x&M2O@J2PGT�x�� ��?2JBWQx�T�}~JpHKF x#X2O@}KAG� t � u �µ� z [Ex�XBOB(�?pHKJ�x#?2S O@F�O@WQx#A#}hMB�H�
JpHKSUTVW�|KO@A#PGTV}~J }K� x�XBO �D}~X2OQJ�� OQA#L�� �\}KX2J x#X2O@}KAG�  � � T�P¢H � }n� O@AG��?BF x�}h}~F x#}¬x#A#O@Hyx
A#O@FVHyx�T�|hTVPGx#TVW¢OFC O@W x�PQv < F�x#X2}~?2LKX�T�x²TVP �2A#T�J2W@T �pHKFVF��%M2OQP#TVLKJ2O@M���}~A²PG�hPGx#O@SUPNTVJ�P�x�AG}~J2L
S�HKLKJ2OQx#TVWF72O@FVMBP\[ � u �µ� W@HKJ HKFVPG}%� O H��+�2FVT�O@M�T�J P#T�x#?pHyx#TV}~J2P¨��X2O@AGO W@?2AGA#O@J�x#P�HKAGO
�2A#OQP#O@J�x#O@M���T�x#X2}~?Bx¨O�,«x#O@AGJpHKFwS�HKLKJ2OQx#TVWX7pOQFVM2PQv < P²HKFVAGOcHKM«� � }KTVJ�x�OQM�}~?Bx¨��� < v��Nv¤ H#W#HyL~}<�pHKFhHKJBM¢�Bv<� HyFVFIHc� Hc�  . � [Kx�XBO SU}~PGxµJpHyx�?BA�HKF�� Hc�¨x�}	T�J2W@}KA8�e}~A�Hyx#O S&HKL~JBOQx�T�P#S
TVJ�x�} u �µ� TVP x#X2O°L~OQJ2O@A#HKFVT�>cHyx#TV}~J�x#}F� u �µ�°v2� X2OQP#O²HK?Bx�XB}~A#P x�AGOcHyx#O@M T�x#P S&}KPGx PGTVS'�
�2FVO H*�+�2AG}-,BT�S�H�x�TV}KJ>[nx�X2O P �2TVJ²M2O@JBP#T�x��¨��?2J2W x�T�}~JpHKF�x�XBO@}~A�� t % u �µ� z [n��X2T�WYX�RKOQO\�2P�x#X2O
P8�2T�J W@?BA#A#OQJ�xE}~J2F��\HKJ2M�JBO@L~F�O@WQx#PµWQ}~SF�BFVOQx#O@F��°W@}~AGA#OQFIHyx#TV}~J\OFC O@W x�P�}y�p}~A#�BT�xYHyF�W@?2AGA#O@J�x#P@v
� }~SF�2HKA#OQM[x�}_}~AGM2TVJ2HKAG� u �µ�Y[�x�X2T�PG% u �µ� SUO@O x�P°HyFVA#O@HKMB��S&}KA#O PG?2�Bx#FVOX�2AG}~�2F�O@SUP
 �P[��cÆ � vk� X2O }~A#�2T�xYHKFKS�HKLKJ2OQx#TVP#S/HKPµH�W@}KJ2P#O)(h?BO@J2WQO }K� � ?2J2M � PµPGO@W@}KJ2M AG?2FVOwTVPkHK�2PGO@J�x
TVJ�x�XBTVPµx#X2O@}~A��NHKJBM¢x#X2O@AGO TVPEJ2}yx�HKJ���SU}~A#O H\}KJ2O � x�}�� }~J2O S&H*�+�2T�J2L	}K�eP �2TVJ¢M2OQJ2P#T�x�TVOQP
}~J�x�} O ,hx�OQA#JpHKF^7pOQFVM2PQv £ J¨P#}~F�TVM2P)[yT�J �pHyAGx�T�W@?2FVHKA�T�J²SUOQx�HKFVP)[gx#X2OwTVS:� }~A�xYHKJBW@O�}K� � ?2J2M � P
P#O@WQ}~J2M¬A#?BFVO t }~A#�BT�xYHyFU�e}~FVHKA#T�>cHyx#TV}~J�z HyJ2M �D?2JBM � PDx�X2T�A#M�AG?2FVO t P8�BTVJ$� }~A#�2T�x!WQ}~?+�2F�TVJ2L�z
TVP�?2P#?2HKFVF��¢TVJ�x�OQA#WYXpHKJBL~O@M&TVJ�WQ}~S:�pHKA#T�P#}~JNx#}�Hyx#}~S&PQv�� X2ODA#OcHyP#}~J&TVP�x�XpHyx�x#X2O!WQAG�hPGx�HKF
7pO@F�M�HKJBM x#X2O X��h�2AGTVM2T�>cHyx#TV}~J }K� x�XBO |yHKF�O@J2WQO�P�xYHyx#O@PNx�OQJ2MÅx#}�(�?2OQJ2WYX�x#X2O }~A#�2T�xYHKF
S�HKLKJ2OQx#TVP#S vk� Xh?BP\[2T�J-H*�+�BFVTVW@Hyx�T�}~J2P�}K��x#X2O!AGO@FVHyx�T�|«T�PGx#TVW � u �µ��x#} P#}KFVTVMBP\[�x�X2OD?2P#?2HKF
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O X kTg R j ¡ j l[R j o�o gPk o {KkTg R j M-U l  @2D>; " & � M ��m gSO j U@r p {KkTk�O X kTg R j ¡ j l[R j o r X M �zX)R OG0 M m@R j � j43 g �R j MPU'q j RwV lwo gPk¢gSO>O X k¢g R j ¡ j l[R j o O X�l {Kk RwlFlwV M#q RwV g R1RwVKX l[m j U � M-Ow� j R�o M-{ m k j UKr�gPU@Z * )o M-O[O X�o�R j M-U l�V g(¡ X M-UKkV0�g � j UKM-O j U&AC{ X U o�X M-U RwVKX j U RWX OwUCgSk�k¢g R[R j o)X m gPOwg �zX)RWX O l M pRWVKX q V MPk XF� g R O j � � l[X�X � j r-{KO X 5@&_^@��&_\ X gPk l M o M-U l j Z X O X Z lwV O j U � gSr X M p�RWVKX1lwmKVKX O X
j U o kT{KZ X Z �J0�$CO l[R U X gPO X�l[R U X j r V �nM-O l M p r-MPkTZxg R M �zl q VKX U RWVKX j ��m {@O j R 0 j l O X�� M#¡ X ZgPUKZIO X�m kTg o�X ZI�J0zg�¡Sg o gPU o 0-&�+ R j l�p M-{KUKZ�M-{ R�RWV g R8RwVKX O X kTg � g R j M-U	M p�l { o�V g lwmKVKX O X
j l f & ?>W 7 RwVKX r-M-kTZ�g R M �zl�� M ¡ j UKr j UcqYgPOwZ l�R M RWV@X�o)X U RWX O1M pAlwmKVKX O X &<X>M q X ¡ X OX7nq XZ j Z�UKM R $CU@Z|gPUJ0 � gPr-U X�R j oxl M-k%{ R j M-U p M-O RWVKX	o M-U l j Z X O X Zy¡Pg o gPU o 0-& *<{@O�¡Sg o gPU o 0o gPk o {KkTg R j M-U l r-{KgPOWgPU RwX�X	RWV g R�RwVKX	� gPrPU X)R j oxm O[M mnX O R j X�l M p � M j ��m {@O j R j X)l j U�r-M-k%ZgPO X ZKM � j UCg RWX Ze�90 RWVKX � M�g R M �zl &� j r-{KO X 5@& D lwV M q l�RWVKX+l[o gPkTgPO�O X k¢g R j ¡ j l�R j o8R M R gPk X U X O[r60xM p�m {@O X r-M-k%Z � 1{ 	 � ��gPUKZr-M-kTZxq j RWV � M j �zm {KO j R 0 � 1{ 	 : � M � j U o k%{KZ j UKrF$CO l�R kTg 0 X O O X k¢g � g R j M-UzgPO[M-{KUKZ RWVKX � Mg R M � & + R�lwV M q l>RwV g R+RWV@X�o gPk o {Kk¢g RWX ZekTg RwR j o�X<o M-U l�R gPU R M p >{ 	 : � M j l+lw� gPkTk X O RwV gPURWVKX kTg RwR j o�X1o M-U l�R gPU R M p 1{ 	 � � RwVKX Z j ! X O X U o�X j l gP��M-{ R =s& f W � &�+ R+V g l � X)X U lwV M#q+U <5 � " 7 RWV g R�RWVKX Z j"! X O X U o)X M p kTg RwR j o�Xzo MPU l[R gPU RWl M pQp2o)o >{ o gPk o {KkTg RWX Z�q j RwV6l[o gPkTgPOgPUKZ p {KkTk � O X k¢g R j ¡ j l[R j o�lwo�VKX)��X)l j l ¡ X O 0 lw� gPk%k*& � V j l�p g o�R q�g l gPk l M p M-{@UKZ p M-O j U RWX OwUCgSkO X kTg � g R j M-U l gSUKZ'kTg RwR j o)X O X k¢g � g R j M-U l M paRwVKX�o M-U l j Z X O X Z l 0 l�RWX)� &
� 0��Q0�� ��G�J�� =��C5YE<BD� L]=��N;F� =C; �CJ ?�EFH 7 ? �8EFJ�=KBD� 9 �C589�J �@=KB�J�L
� VKXYp M-O � g R j M-U�M p g � gPr-U X�R j o8l�R g RwX j lalwV M q+U j U � j r-{KO X 5@& f & � VKX Z X U l j R 0 M pNl�R g RwX�l�  *�]E� M psRWVKX O X k¢g �sX Z l { mnX O o�X kTk l[R Ow{ o�R {KO X gPU@Z�gPk l M RWVKX O X k¢g RWX Z � M m OwMBA X)o)RWX Z  *�]
M-�c¡ j M-{ l k40 l[V M q RWV g R�RWVKX�� gPr-U X�R j o � X�V g ¡ j M-O�M p@RwVKX q V M-k X � g R O j � j l Z@M � j UCg RwX Z��J0RWVKX � MMDPZ X k X�o�R O[M-U l & � VKX l[m j U � { m � M ��m OwM�A X�o)RwX Z  *�] j l1l j R {Kg RWX Z g R>RWVKX { mKm�X OX ZKr X M pFRwVKX >{ � ?SZ �CgPUKZ 7 lwV M q j U@r l M �zX �KOwMcgSZ X U j UKr6�J0 DPZ � ?SZ V 0]�KO j Z j43 g R j M-U.&*<U RwVKX�o M-U R OwgPOG067 RwVKX�lwm j U � ZKM q+U � M ��m OwMBA X)o)RWX Z  *�] j l!m j UKU X Z R M RWVKX � X O � jk X ¡ X k�gSUKZ lwV M q l M-UKkV0'¡ X OG0�q X)X�� V 0]�KO j Z j 3 g R j M-U X ! X)o)RWl & � VKX	X �so�V gSUKr X	lwm k j R[R j U@r� X�R q X)X U � g�A[M-O j R 0 gSUKZ � j UKMPO j R 0 lwm j U l j l gP��M-{ R @-& ? X � gPUKZ � M � DPZ �CgPUKZ l gPO X
� { o�V UKgPOwO[M#q X O RWV gSU RWV M lwX M p�VKo)m � M � lwX)X � j r-{KO X f &4@�� &<]s{ o�V gzUCgSOwOwM q �KgPUKZ j lp g ¡PM-OWgS�Kk X+p M-O RWVKX M o)o {KO[O X U o�X M p.lwV M q j U@r�M-O[� j R gPk � gSr-U X)R j l[� &�+ R�o gSUI� X1X �sm�X�o�RWX ZRWV g R<RwVKX k¢g RwR j o�X O X kTg � g R j M-U�O X ZK{ o�X)l�l[m j UygPU@ZyMPOw� j R gPk � gPrPU X)R j o � M �zX U RWl M p � M
j U o M �zm gPO j l M-U�q j RwVeRwVKX {KUKO X k¢g �@X Z o g lwX &

+�U � gP�Kk X 5@&V@>7 RWVKXxl[m j U�gSUKZ�M-Ow� j R gPk � gPr-U X�R j o�� M ��X U Rwl M p � M p M-OF{KU@O X kTg �sX ZgPUKZ�O X k¢g �sX Z l�R O[{ o)R {KO X j U RwVKXxm O X�lwX U o�X M p ��M RWV * ) o M-O[O X�o�R j M-U l gPO X r j ¡ X U.& � VKX
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5.3 5.35 5.4 5.45 5.5
dCo−Au [a.u.]

−0.905

−0.9

−0.895

−0.89
T

E
/H

ar
tr

ee
+
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15

59

full−relativistic

−0.55

−0.545

−0.54

−0.535

−0.53

T
E

/H
ar

tr
ee

+
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15
56

scalar−relativistic

relaxed

relaxed

unrelaxed

unrelaxed

� j r-{@O X 5s&i^ � 6 X M �zX)R OG0'M m@R j � j43 g R j M-U$+ � o gPk o {KkTg RWX Z R M R gPk X U X O[r60 � � ��� j U Z X)mnX U �Z X U o)X M pARWV@X U X gPO X�l[R U X j r V ��M-O � M � >{'Z j l[R gPU o�X j U RwVKX�lwo gSk¢gPO � O X k¢g R j ¡ j l�R j o �2{ mKm�X Om gPU X k ��gPUKZ p {@kTk � O X k¢g R j ¡ j l�R j o j U o kT{KZ j UKr lwm j U � M-Ow� j R�o M-{ m k j U@r�gPU@Z * )B` o M-O[O X)o)R j M-U� kTM q X O m gSU X k ��g mKm O[Mcg o�VKX)l &

8.08 8.1 8.12 8.14 8.16 8.18 8.2
Lattice constant [a.u.]

−0.57

−0.565

−0.56

−0.555

−0.55

−0.545

−0.54

−0.535

T
E

 /H
ar

tr
ee

+
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Au32 (fcc−supercell)
Au31Co

� j r-{@O X 5s& D � 6 X M �zX)R OG0'M m@R j � j43 g R j M-U$+ + � o gSk o {@k¢g RwX Z R M R gPk X U X Owr60�M p 1{ 	 � �2�Kk¢g o��o j O o k X>m M j U Rwl �8gSUKZ 1{ 	 : � M � O X Z l Y]{KgPO X<m M j U Rwl ��g l g p {@U o)R j M-U�M p�l { m�X O o�X k%knkTg RwR j o)Xo M-U l�R gPU R j U RwVKX l[o gPkTgPO � O X kTg R j ¡ j l[R j oFl[o�VKX��zX & � VKX�R M R gPk X U X OwrB0'M p 1{ 	 � j l1l[V j p RwX ZR M�� Xzo M �zm gPO X Z�q j RWVyRWVKXzR M R gPk X U X Owr60yM p >{ 	 : � MK& <g l[VKX Z gSUKZ l MPk j Z�¡ X O R j o gSkk j U X�lQlwV M#q RWVKX M msR j � j 3 X Z!kTg RwR j o�X1o M-U l�R gPU Rwl M p 1{ 	 � gPUKZ >{ 	 : � M 7CO X)lwm�X�o�R j ¡ X kV0-&
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Co projected DOS
Total−DOS (Au31Co)

� j r-{@O X 5@& f � � gPk o {Kk¢g RWX Z�Z X U l j R j X)l M p�l�R g RwX�lYp M-O l { m�X O o�X kTk l�R O[{ o)R {KO X gSUKZ � Mxg R M � &� VKX�l M-k j Z�k j U XxlwV M q RwVKX�l[m j UyO X)l M-k ¡ X Z  *�] p M-O RWVKX q V M-k Xz� g R O j � gPUKZ�ZCg l[VKX Zk j U X�lQlwV M#q RWVKX � M m OwM�A X�o)RwX Z  * ]�& � VKX ¡ X O R j o gPk.k j U X<l[V M q l�RwVKX � X O � j k X ¡ X k*&

¡PgSkT{ X)l j U m gPO X U RWVKX)lwX�l q X O XQo gPk o {Kk¢g RWX Z�q j RWV�V 0]�KO j Z j43 X Z�* ) o MPOwO X)o)R j M-U p {@U o)R j M-UCgSkR Mx� X�o M �zm gPO X Z�q j RwVeRwV M l[X ¡SgPk%{ X�l MP{ R M pam gPO X U RWVKX)lwX)l>o gPk o {Kk¢g RwX Z!q j RwV M-O RwV M-r-M �UCgPk p {@U o)R j M-UCgSk l & � VKXxo gPk o {Kk¢g RWX Z�Owg R j M l ( R b ( � gPO X o M ��m gSO X Z�q j RWV RWV@X � � � 
X �smnX O j ��X U R gPk Owg R j MK&�+�U RwVKX ��� � * �zX)RwV M]Zy Y@ f = " RwVKX<lwm j UegPUKZ!MPOw� j R gPk � M ��X U RwlV g(¡ X gPk l M�� X�X U o gPk o {Kk¢g RwX Z p M-O<M-U X � M'g R M � l {@OwOwMP{KUKZ X Z|�J0ygekTgPOwr X p2o�ozo kT{ l[RWX O
M p ;6=>=>= 1{�g R M ��l �K{ R kTg RwR j o)X O X k¢g � g R j M-U�g l gPU j �zm M-O R gPU R<X ! X�o�R�p M-O<O X ZK{ o)R j M-UM pFRWV@X M-O[� j R gPk � M �zX U RzV g l � X)X U�U X r-k X)o)RwX Z.& *<{@O m O X�l[X U Reo gPk o {KkTg R j M-U l O X ¡ X gPkRWV g R k¢g R[R j o�X O X kTg � g R j M-U�gPO[M-{KUKZ RWVKX j ��m {@O j R 0 o�V gPUKr X1RwVKX<lwm j U � gPr-U X�R j o1� M ��X U RM p � M��J0 gS�nM-{ R � � =@& ?s& &%& � ^]& ?>W � & � VKX * ) o M-O[O X)o)R j M-U lFl k j r VcR k40 X U V gSU o�X RwVKX lwm j U� gPrPU X)R j o�� M ��X U R M pARWVKX � M j �zm {KO j R 0I{ m�R M @2=JW�&�+�U � j r-{KO X 5s& ?17 RwVKX�l[m j U�gPUKZM-Ow� j R gPk � gSr-U X)R j o�� M �zX U RWl M p � M j U Z X�m�X UKZ X U o�X M p�RWVKX Z j l[R gPU o�X � X)R q X�X U � M
j �zm {KO j R 0�gPUKZ�$CO l[R k¢g 0 X OQM p r-M-k%Z!g R M ��l gPO X<l[V M q+U.& *<�c¡ j MP{ l kV0>7 RwVKX k¢g R[R j o�X O X kTg �v�g R j M-U o M-U l j Z X OWgP�@k40 O X ZK{ o�X�l�RWVKX M-O[� j R gPk � gPr-U X�R j ox� M �zX U R M p8RWVKX � M j �zm {KO j R 0-&
\ V j k X j U RWVKX �H]�� gPU�M-O[� j R gPk � M �zX U R M p =@&_^6= ��� j l1p MP{KUKZ p M-O RwVKX {KU@O X kTg �sX Zl[R O[{ o)R {KO X � R M�� X+o M ��m gPO X Z	q j RWVxRWV@X �H]���¡SgPkT{ X =@&i^BD ��� M p�RWV@X � � � * ��X�RWV M]Z
 Y@ f = " �Q7 RwVKX�� M]Z X Owg RWX O X kTg � g R j M-U�M p ^>W 0 j X k%Z l g k¢gSOwr X MPOw� j R gPk � M �zX U R O X ZK{ o)R j M-U�90!gP�nMP{ R ^@?>W�& � V j l+X ! X�o�R�V g l � X)X U p M-{KUKZ j U m O X�lwX U o�X M p �nM RwV * ) o M-OwO X�o�R j MPU lg l q X k%k<� lwX�X � gP�@k X 5s&4@�� & � gSk o {@k¢g R j M-U l�X)��m k%M20 j UKr RwVKX * )a� o M-O[O X�o�R j M-U 0 j X kTZ�gP�nMP{ RD>=JW V j r VKX O�M-Ow� j R gPk � M ��X U RWl�RwV gPU RwV M lwX { l j UKr RWVKX * )a` o M-OwO X�o)R j M-U &�+�U �nM RWVg mKm O[Mcg o�VKX)lFRWVKX Owg R j MI� X)R q X�X U�M-Ow� j R gSkAgPU@Z lwm j U � M �zX U R j l kTgPOwr X O RwV gPU RWV@XxX �v�mnX O j �zX U R gPkA¡SgPkT{ X & ]s{ o�V gPU�M ¡ X O X)l[R j � g R j M-U�M p MPOw� j R gPk � gPr-U X)R j lw� j l<p O X Y]{ X U R kV0�K{ R UKM R gPk q�g 0 lQp M-{KUKZ j U RwVKX �^]  �� * ) g mKm O[Mcg o�V � lwX)X � V g m@RWX O ?@��&
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� gP�@k X 5@&V@�� � gSk o {@k¢g RwX Z lwm j UD� ( � �<gPU@Z6M-O[� j R gPk'� ( R � � M ��X U RWl M p � M j �zm {KO j R j X�l
j U >{ gPUKZ RWV@X j O�OWg R j M l � ( R b ( � � & � gSkT{ X)l M-� R g j U X Z6q j RwV|RWVKX �^]   gSUKZ �nM RWV
¡ X O l j M-U�M p M-Ow� j R gPk m M-kTgPO j43 g R j M-U o M-OwO X�o)R j M-U l � * )a`�7 * )a�	�+gPO X�lwV M#q+U p M-O>O X kTg �sX ZgPUKZ�{KU@O X kTg �sX Z l[R Ow{ o�R {KO X�l & >kTk+¡SgPkT{ X)l gPO X o gSk o {@k¢g RwX Z�g R�RWVKX k¢g R[R j o)X'o M-U l�R gPU RM p >{ 	 : � M � 	 = :�4V@#^@? `YM V O�OWgPZ j%j � � V@X ¡SgPk%{ X�l M p * )a` gPU@Z * )a� j U@Z j o g RWX Z j Um gPO X U RWVKX)lwX�l�V g(¡ X � X)X U o gPk o {KkTg RWX Zyq j RWV�V 0s�@O j Z j 3 X Z * ) p {KU o)R j M-UCgPk l gPUKZ�¡SgPkT{ X)lq j RWV M-{ R+m gPO X U RWV@X�lwX)l1V g(¡ X � X�X U o gPk o {Kk¢g RwX Z!q j RwV M-O RwV M-r-M-UKgPk * ) p {KU o�R j M-UCgPk l &
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� 0��Q0�� � 5+H<JaG	��?�GD��;<G�?A=KB�58EFL
+�U M-O[Z X O R M�� X�RwRWX O	{KUKZ X O l[R gPUKZ RWVKXeX ¡SgPk%{Cg RwX Z M-Ow� j R gSk � M ��X U RWl j U RwVKX �^]   7RWVKX�l j 3 X M p DPZ�M-O[� j R gPk � M ��X U RWl�o gPU � X g mKm OwM � j � g RwX Z R M��CO l[R M-OwZ X O � lwm j U � M-O[� j Ro M-{ m k j U@r R O X g RWX Z6g l g!q X g ��mnX O R {KOw�Cg R j MPUyMPU RWV@X � M l j RWX �F�J0 RWV@X Z j"! X O X U o�X M pRWVKX�lwm j U ��lwm k j R k%M o gPk Z X U l j R j X�l M pal[R g RWX�l g R � X O � j k X ¡ X k
	 @>@�?���+�Ueg l j �zm k X�R j r VcR � j UKZ j UKr � M]Z X k m O[M m M lwX Z!�J0 X� ��� X O R NQP R6TVU�	Y@>@F?�� 7sM-U XFo gPU
M-� R g j Uegx¡ X O 0 l j ��m k XFX �sm O X�l[l j MPU p M-O RwVKX M-Ow� j R gPk � M ��X U R �( R*2 ��� 	 � - ����	 � � � . ����	4��� � � 5�V@��
q VKX O X � - gPUKZ � . gPO X1RwVKXFl[m j U!{ m gSUKZ lwm j U!ZKM q+UekTM o gPk�Z X U l j R j X)l M p�l[R g RWX)l g RYRwVKX� X O � j k X ¡ X k p M-O RwVKX o M-U l j Z X O X Zxg R M � gPUKZ � j l�RWVKX lwm j U � M-Ow� j R�o M-{ m k j UKr o M-U l�R gPU R 
+ Ro gPU�� X�lwX)X U j U � j r-{@O X 5� f RwV g R+RWVKX�� g�A[M-O j R 0��CgSUKZ p M-O � M j l gPk � M l�R+o M �zm k X)RWX k40
�CkTk X Z 7�q V j k X�RwVKX � j UKMPO j R 0 �KgPUKZ l gPO X m gPO R j gPkTkV0��CkTk X Z� � VKX�� gPr-U j R {@Z X M p<RwVKXM-Ow� j R gPk � M �zX U R M p � M o gPU � X �Cg l j o gPkTkV0 X�l�R j � g RwX Z p OwM � � . ����	4��M p�RwVKX kTM o gPk
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