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o MbUpZ&FI]�ULK�N�d']-Z-MONp^DF�UqZ&JLKrZ�K�N�N_]�aïMOT,K�Z.F�]iUL^AFIUK0T&M o MbT.^&F[sLN�M¤HO]�d'ahgnZ,K�Z.F�]iU�dqgL^+Z�s3M5t(NI]-HOKYNINvunw
FIU o MOT8Z&FvsWNIM�RRx<]�d'MõZ-Fp^.HdgL^.^`FI]�U ]reyZ&JWM#s3K�H,V{z�T.]fgWU3Z KYU3Z�d']fZ&F o KrZ&FI]�U�e(]�T�^8gLH,J de]-Z-MbNI^�FI^
X�KYT.T.K�U|Z.MbZ�i|e(]�TYZ&JWM5sïMOUWM�}hZ0]reDT&MrK�Z-MbT.^~X�JW]'däK;uRsïM�gWUnekK�deFINIFIK�T�X�F:Z.J/Z.JWMOd[R
�=�l�h�r�=�7�r���1�#�����d�j�d�9�f�U�r���1�1� �����3�������:�������9�y�d�����1�n�3�n�8���1�r�Y�j�n�9���{�|��� o MOT�Z.JWMØJLFI^+Z&]iT8u
]reQH¡]id'ahgnZ&FIUhz
ii^&JWT&FIUWV<FIUhz�sWF[Z+m~Z-M o FpH¡M't8^��E�p�vi|Z.T.K�UL^&FI^+Z&]iT1wD^&F[�bMb^�JLK o M�T.Mb^8gWN[Z&MrZFIUõKYU'MbUWMOT?zfu
Z-Fp^&^&FIaLK�Z.F�]iU�aïMOT�sWF[Z+m?]�aïMOT,K�Z.F�]iURZ&J3K�Z�JLK�^�Z-MrH¡T.MbKi^`MrZõT.]fghziJWN[uäFIU aWT&]ia3]iT+Z.F�]iU#Z&]�Z.JWMòM o MbT+m
FIULH¡T.MbKi^`FIUhzòT.KrZ&Mr^�]re�sWF[Z+m?]�aïMOT,K�Z&FI]�U3^
K�H,JWFIM o KrsLN�M�FIUõKòd'KiH,JWFIUWM�]rejz�F o MbU'HO]i^+ZbR�c0^$KòT.Mb^8gWN[Z�i
Z&]fZ.K�NQa3]�X�MOT�Z-Fp^&^&F�a3K�Z&FI]�U9FI^�UL]rZ�] o MbT8X�JWMbN�d'FIUhz�Nvu!z�T.MbKrZ&MOTyZ&]-ZWK;u!e(]iT�KdäKiH,JWF�ULM!]fe�z�F o MbU
H¡]_^�Z�Z.JLKYU8F[Z�X�K�^�F�U Z.JWMõMbK�T&Nvu�ZLK;u<^�]re@H¡]idea�gnZ&FIUhz�iDM o MOU Z.JW]fghziJ¡Z&JWM H¡]�d'ahghZ.K�Z.F�]iULKYN
aï]�X�MbTA]re3d'KiH,JWFIUWMb^AJLK�^zF�U3H¡T.MbK�^&MbZ5s{uòdäKYU{uò]�T,Z-MOT,^B]feWdäKrz�ULF:Z?gLZ-M�] o MOT�Z&JWM�^&K�d'M¤aïMOT.F�]-ZQR
t3¢Y�E�|�vi�£�]idea3KYT.M5Z&]-ZWK;uj¤ ^@]�T,Z-MOT8m?¥�¦f¦�§ KrZ+Z�i�¥�¨(©~PyxµZ-Mr^`VpZ&]iaGH¡]idea�gnZ&MbT.^lX�F:Z.JG]�T,Z-MOT8m1¥�¦
§ K�Z+Z�i5¥U©~P~x´JLKYULZnm?HOT.K�UWV�MrZ d'MbH,JLK�UWFpHOKYN@HbKYNpHdgWNpK�Z.]�T,^e]re�K J{gWU3Z-T&MrZªu�MbK�T.^'Kfz�]LREw«x<]�i
KYN[Z&JL]fghziJ9aï]�X�MbT�T&M�¬|gLF�T.MOd'MOUpZ,^�J3K o MòKYNvX�K;u-^ys3MbMOU[T&MbN�M o KYUpZ�Z&]äH¡]idea�gnZ&MbT�a3MbT+e(]iT&däKYU3H¡Mfi
Z&JLM�u�J3K o MòUWM o MOTYsïMOMbUUZ&JWM/r_;^�\=®�¯h^�c±°�a�²p�fc±³[Z-]�d'FIULKYUpZ@NIF�d'F[Z&FIUhz#ekK�HdZ&]iT�´µZ&JWM(Z.]rZ.K�NAH¡]_^�Z
]rejZ.JWM0MbUWMOT?zfuUWMOMrZ-MbZ�Z.]�T8gLUõK�H¡]idea�gnZ&MbT$] o MbT$F:Z,^$]ia3MbT.KrZ&FI]�ULK�NWN�F[e(MdZ.F�d'M!JLK�^
ULM o MbT2sïMOMOU
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^&MON[e�m?Ki^&^&MOd�sWN[u7T&Mr^+gLN:Z�FIU�däKYU{gnekKiH=Z?gWT&FIUhz[H¡]_^�Z,^!aïMOT�sLF:Z8m?Z-M o FIHOM'HO]�UpZ&FIU{gWFIUhz�Z.]µZ-MbHOT&MrK�^&M
M o MOU'K�e�Z.MOT�e�gWULZLKYd'MOUpZ.K�N{Z&JWMbT&d']-Znu<ULK�deFpH�]�T�Z&MrH,JWUW]iN�]|z�FpHOKYN<NI]�X�MbTzNIFIdeF[Z.^$]�U�sWF:Z8m�MbUWMOT?z�FIMb^
JLK o MlsïMOMOU9T&MrK�H,JWMrZ�i-KYULZ�F:e¶Z&MbH,JLUWFv¬pgWMr^yZ&JLKrZ�T.MbH�u-H¡NIMlsWF[Z�MbUWMOT?z�FIMb^�KYT.M0UL]rZ@KYaWaLN�FIMbZQR�W�JWM
Eµ]<]�T.Mf¤ ^@NpK;XºZ&T.MOULZnm�NIF�ULM/tk^&MOMq}�zLR�¥�wYe(]�T»sWF[Z�MbUWMOT?z�FIMb^0T&MrK�H,JWMr^�Z&JWM'Krs3^`]iN[gnZ.M�Z&JLMOT.de]-Znupm
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w~s{u
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NIF�MbTbR�Ï0MrH¡T.MbK�^&FIUhzRZ.MOd'a3MbT.KrZ8gWT.M�X�]|gWNIZ a3MbT&d'F[Z�N�]�X�MOT(sWF[Z+m?MOUWMbT8ziF�Mr^�i�shghZ(Z.JWFp^5X�]|gWNIZ UW]rZ
s{uØF[Z.^&MON[eQT&MrZngLH¡M~Z.]rZ.K�NL^8u<^+Z&Mbd¯aï]�X�MbT$Z-Fp^&^&F�a3K�Z&FI]�U!X�JWMbU�Z&JWM0HO]<]�NIF�Uhz�^8u-^�Z.MOd¯Fp^
FIULH¡NvgLZ-MrZ�i
M o MOU F:e
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x<]�irgLUWN�Mr^&^�däK�UpghekK�H=Z?gWT.F�UhzòH¡]_^�Z,^�^�Z,KYT8Z�Z.]òN�M o MON-]fk�K�Z�Z&JLM�^.KYd'M~Z&FId'M�]�T
MbK�T&NIFIMOT�ir]iT�Z&JWM
H¡]_^�Z!]re
]�aïMOT,K�Z.F�]iU ]fe$a3]�X�MOT!KYULZ[JWMrK o u|m~ZngnZ�u H¡]<]�NIFIUhzõ^+u-^+Z&Mbd'^!Z-MbHOT&MrK�^&Mb^�T,K�ZWFIHbKYNIN[u|ihX�M
däK;u#ekK�HOM(Z&JWM�aWT.]fsLN�MbdÐZ&JLKrZ0KYN[Z&JW]|ghz�JUX�M�d'Fvz�JpZ�s3M�KfsWNIM»Z.]õK�k�]�T,ZRZ.]ÑbdÍna�c[Ò9ULK�UW]-H¡]id�m
ahgnZ.MOT,^2X�F[Z&JõM o MbT+m?F�U3H¡T.MbK�^&FIUhz!U{gWd�s3MbT.^¤]re�sWF[Z+m~Z-M o FpH¡Mr^�ipX�M0deFvz�JpZ¤UL]rZÓsïM!KfsWN�MYZ&]/1Ôh^�\8Õ�ÎÖ^
Z&JLMOd×e(]�T�N�]iUhzØKrZ�KYU{u{X�JWMOT.M0HON�]_^`M�Z.]�Z&JLMOFIT�aïMbK�VeaïMOT8e(]�T.däKYULHOM�R�W�JWFI^�aWT.]fsWNIMOd JLKi^2sïMOMOU
aï]�FIU|Z.MbZä]|gnZ�s3M�e(]�T.Mls{u'ULKYUW]fZ&MrH,JWUW]�NI]fz|u o Fp^`FI]�ULK�T&FIMb^ÓÏ0T.MdØ-NIMOT�i_EµMbT&V<NIMfi{·0K�N�N3i-KYULZä]fZ&JWMbT.^
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NIF:e(M�Z&FIdeMµHO]i^+Z']fe0]�aïMOT,K�Z.F�]iU ]fe!K däKiH,JWF�ULMf¤ ^aï]�X�MOTäKYULZþH¡]<]�NIFIUhz ^8u-^�Z.MOdä^�i¤Z-F o FpZ-MrZ s{u
Z&JLM[HO]i^+Z]feYZ&JWMµHO]�d'ahgnZ.F�Uhz JLK�T.ZnX�KYT.MõF[Z.^&MON[e�R��0]rZ&M/Z&J3K�Z�Z&JWM[aï]�X�MbTaWT.MOd'FvgWd)H¡]|gWNpZ
aï]rZ&MbUpZ&FpKYNIN[uVsïMed�gLH,JÑziT&MrK�Z&MbTYZ.JLKYU]¥ØM o MOU%Z.]-ZWK;u[F�U ^`aïMbHOFIK�N�Fv�OMrZGKYaWaLN�FpHOKrZ&FI]�UL^�^+g3H,J�K�^
d']fsWFINIMõH¡]�d'ahghZ&FIUhz t�X�JWMbT&M�Z.JWMOT.MäFI^ØK9T.MbK�N9i�shgnZØZ-F��õHdgWN[Z'Z.]Ñ¬|g3KYUpZ&F[e�ufiDK�ZWZ-MrZ H¡]i^+Z5e(]�T
aï]�X�MbTäF�UµZ.JWM%e(]�T.d�]fe�F�ULHO]�U o MbUWFIMOULHOM/Z.]�Z&JLMÑgL^&MOTõ]feòHbKYT.T8u<FIUhz8KYT.]fgWULZ´JWMrK o u ^`a3KYT.M
sLKrZ+Z&MbT&FIMb^1w$K�ULZ�^&aLKiH¡Mdm7sï]�T.UWM0^8u<^+Z&Mbdä^»t�X�JWMOT.MYZ.JWM5X�MbF[ziJ|Z�]reA^&]�NpKYT�aLKYUWMbNI^�K�ULZäT,K�Z-FpK�Z.]�T,^
FIULHdgWT,^DK0JWFvz�JNIKfgWULH,JØHO]i^+Z1w¡R��~gnZ�i�K�^ o KYT.F�]|gL^¶sLF:Z8m�MbUWMOT?zfu�N�FId'F:Z,^
H¡]ideM�F�UpZ.]!aWNpK;uòF�U�e�gnZ?gWT&M
Z-MrHOK�ZWMb^�ibaï]�X�MbTQaWT.MOd'F[gLd'^AHOKYU5sïM$MdØ-aïMbHdZ&MbZ»Z.]@F�U3H¡T.MbK�^&M�e(]�TAK�X�FpZ-MbTBT.K�Uhz�M�]fe<HO]�d'ahgnZ.F�Uhz
^8u<^+Z&Mbdä^�irF:eWH,JWMrKYaïMOTBdäK�UpghekK�H=Z?gWT.F�Uhz�sïMbHO]�d'Mb^BK o K�F�NpKrsWNIM�R¶§ JWMOUWM o MbT	��
 ÃfirF:ZzHbKYUòdäKYViM
^&MOUL^&MÉZ.]´H,J3KYUhziMÑZ&JLM ^8u-^�Z.MOd Z-Mr^`Fvz�U F�U X�K;u-^�Z&JLKrZµF�ULH�gWT[F�U3H¡T.MbK�^&MbZ>d'K�U{gnekK�HdZ8gWT.F�U�z
H¡]_^�Z,^�FIU M�Ø-H,J3KYUhziM!e(]�TeT&MrZngLH¡MrZ8aï]�X�MbT�T&M�¬pgWF�T.MOd'MbU|Z,^�i�F[e!K�^'Z&JWM[^8gWd ]re�Z&JLM9^8u<^+Z&MbdV¤ ^
däKYU{gnekKiH=Z8gLT&M�KYU3Z�]ia3MbT.KrZ&FI]�U[H¡]i^+Z.^�Fp^�Z&JLMOT.M�s{uõT.MbZngLHOMbZQR
ShgWT8Z&JWMbT&d']iT&M|i�gWULZ-MbTòK T.MbKi^`]iULKrsWNIMØ^&MdZ�]re�aWJ{u-^`FpHOK�N�Ki^&^8gWd'anZ.F�]iUL^!tk^8gLH,J�Ki^5s3]|gWULZ-MrZ
JWMrK�Z�L]�X¾Z-MOU3^`F[Z�uØFIU�Z&JWM0HO]<]�NIF�Uhz�^8u-^�Z.MOdRwD]�UWM@HbKYUä^&JW]�X ¸ ��i|Ìhi��;¹
Z&JLKrZ�e(]�T¤K5sWT.]iKiZHONIKi^&^
]reòaLK�T.K�N�NIMON�H¡]id'ahgnZ.KrZ&FI]�UL^#Z&JLKrZõT&M�¬|gLF�T.M�e(T.M�¬pgWMbUpZõF�UpZ&MbT.HO]�d'dqgLUWFIHbK�Z.F�]iU sïMdZ�X�MOMOU¾aWT.]rm
H¡Mr^&^&FIUhzMbN�Mbd'MOUpZ.^�i-K�^8u_d'anZ.]rZ.FIHbKYNIN[uäT.MbZng3H¡FIUhzØMbUWMOT?zfuõZ-Fp^.^`FIaLK�Z.F�]iU�aïMOT�]�aïMOT,K�Z.F�]iUõMOU3KrsWNIMb^
^+Z&T.FIHdZ&Nvu ^+gLa3MbT&FI]�T�K�^8u<d'anZ&]fZ&FpHaïMOT8e(]�T.däKYULHOM'M o MbU�F[e~Z&JWMõHO]i^+Z�]fe�MbUWMOT?zfuµF[Z.^&MON[e�Fp^�UWM�z�NIF:m
z�FvsWNIMfiQ^&F�ULHOMØT.MbZng3H¡FIUhzõJWMrK�Z��3]�X±MOULKfsWN�Mr^@aLKiH,V<F�Uhz9Z-M o FpH¡Mb^!d']�T.MØZ-MbUL^`MbN[u|ijX�F:Z.J ^`JL]�T8Z&MOT
T.]fgWULZnm9Z.T&FIa HO]�d'dqgLUWFIHbK�Z.F�]iU9Z-MbNIK;u-^bR
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���d���d��� SW]�TäK�Upu�ziF o MOUþN�M o MON�]fe»sWF[ZäMOUWMbT8ziF�Mr^�i�Z.JWM[]�UWNvu
X�K;uVZ&]µK o ]iFIZ�Z-FI^.^&F�aLKrZ&FIUhz[T&]|ghz�JLN[uµ]iUWM!sWF:Z8m�MbUWMOT?zfuÉX�F:Z.J�MrK�H,J¡sWF:Z8m�]ia3MbT.KrZ&FI]�U�FI^5Z.]VgL^`M
ÕfÒra�Õfb1Õ�Î3a��/t�a���^��viïKi^+u<d'anZ&]fZ&FpHOK�N�Nvu!Z&JWMbT&d']-Znu<ULK�deFpHOK�N�NvuõT.M o MOT,^`FvsWNIM�w¤aWJ{u<^&FpHOKYNQd'MrH,JLKYUWFp^&d'^
Z&][H¡]iULZngLHdZ5Z&JWM!sWF[Z+m?]�aïMOT,K�Z.F�]iUBR�©7Z�FI^�K H¡]iUL^`M�¬pgWMOULHOMØ]feÓZ&JLMe^&MbHO]�ULZ NIK;XÃ]fe2Z&JLMOT.de]-Znupm
ULK�deFpHO^�Z.JLK�Zõ^8gLH,Jþd'MrH,JLKYUWFp^&d'^'K�T&M[HOK�aLKrsWNIM ]re!aïMOT8e(]�T.d'F�U�z�]iUWN[u cv8�fa��1Õ�c�c±³ \?^d_�^d\1`=a�b�c[^
t�a���^��viÓsLF ��MrH=Z&F o M;w�Z.T.K�UL^+e(]�T.d'KrZ&FI]�UL^�]re!K�^+u-^+Z&MOdV¤ ^ØZ-Fvz�F[Z.K�N�^+Z.KrZ&M¡¸��{i��hi���¹�R SW]iT+Z?gWULK�Z.MONvufi
F[ZlZ8gLT&UL^!]fghZlZ&J3K�ZòT&M o MOT,^&F[sWNIM�]�aïMOT,K�Z.F�]iUL^@K�T&MØ^+Z&FININ�HO]�d'ahgnZ,K�Z.F�]iULKYNIN[uUgWUWF o MbT.^.KYN�Rlx<M o MOT,KYN
e�gWNIN[upm?T&M o MbT.^&F[sLN�M(gWUWF o MbT.^.KYN�aWT.]-H¡Mb^.^&]�T,^¤JLK o M�K�N�T.MbKiZnuRsïMOMbUUs�gWF�N[Z'¸v¥�¦ni�¥|¥ri�¥�Ê;¹�R

�yuþJW]�X NpKYT?z�MµK¡ekKiH=Z&]iTõHOK�U¾KiZ-FpKrsLKrZ&FpH �#T.M o MOT,^`FvsWNIMRZ.MbH,JWUWF�¬pgWMb^'T.MbZhgLH¡MVZ.JWM%e(T,K�H=Z.F�]iU
]re�sWF[ZØMbUWMOT?z�FIMb^5X�JWFpH,J8Fp^�Z-Fp^&^&F�a3K�Z&MrZ F�U8aLT.KiH=Z&FpH¡M"! W�JLMõaWT.MbH¡Fp^&MõKYUL^8X�MbT5e(]�TØK�U{uÉz�F o MbU
sWF[Z+m~Z-M o FpH¡M�Z&MrH,JWUW]�NI]fz|u9Fp^�iBK�^!]re2Z.JWFI^(X�T.F:Z.F�U�z�iQ^�Z.F�NIN�gWULHON�MrKYT!tkK�N:Z.JW]fghziJÑX�MeK�T&M�X�]iT&V<FIUhz
]�U F[Z1w�R2W�JLMOT.MòK�T&Mò^&M o MbT.K�N�F�ULZWMOaïMOULZ-MbUpZ@N�FId'F:Z.F�Uhz�ekKiH=Z&]iT.^�i<F�U3H¡NvgLZ-FIUhz!Z&JWMòT,K�Z.M�]fezMbUWMOT?zfu
NIMbKYV�Kfz�M�]re¶Z.JWM�sWF[Z+m~Z-M o FpH¡Mr^�gL^`MrZ�iLK�ULZRZ.JWM�däK�Ø-FIdqgWd M#�õH¡FIMOULH�uÉt�Z.JWM%$×¬|g3KYNIF:Z�u!ekKiH=Z&]iT1w
]re�Z&JLM�MbUWMOT?zfupm?T&MrH¡] o MOT.F�UhzØa3]�X�MOT�^8gWaWaWNIF�Mr^�UWMOMrZ-MbZ/Z.]'ZWT&F o M�K�ZWFIKfsLK�Z.FIHòH¡FIT,HdgWF[Z.^bR
©~U K�ZWZ-F[Z&FI]�U Z.]VZ&JWMr^`MRZ&MbH,JLUW]�NI]fziFIHbKYN�ekK�HdZ&]iT.^�i�Z.JWMOT.MõFp^�KYNp^`]GK�U F�d'aï]�T8Z.KYUpZØMrH¡]iUW]�d'FpH
NIF�d'F[Z&FIUhzUekK�H=Z.]�TrR�c@U K�Z-FpKrsLKrZ&FpH�T.MbZng3H=Z&FI]�U�F�U�Z&JLMMbUWMOT?zfuµZ-Fp^&^&FIaLK�Z.MbZGaïMOTò]ia3MbT.KrZ&FI]�UÑs{u
K#ekKiH=Z.]�T�]re'& T.M�¬pgWFIT&Mr^0^&N�]�X�FIUhz9ZWM o FIHOMb^�Z-]�X�U%s{uGK#ekKiH=Z&]iT0]fe»tkKrZ!NIMbK�^+Z1w�& K�^»X�MONIN9iQ^&]
Z&J3K�Z'& Z&FIdeMr^$K�^�däK�UpuZ-M o FpH¡Mb^
K�T&M�T.M�¬pgWFIT&MrZ'Z.]�K�H,JWFIM o M�K(ziF o MOUeN�M o MON-]feïT,K;X aWT.]-H¡Mr^&^&F�U�z
aïMOT8e(]�T.d'K�ULH¡MiR�W�JLKrZ$FI^�irZ.JWM�T,K;X JLKYT,ZnX�KYT.M�M#�õH¡FIMOULH�uØ]�T$^&aLKiH¡Mdm3Z&FId'M�M(�õH¡FIMOULH�u�t(FIUäaWJ{u-^�m
FpHOKYN�gLUWF:Z,^?w�]feDK�U KiZ-FIKfsLK�Z.FIH!däK�H,JWFIUWM�Z-MrH¡T.MbK�^&Mb^�FIU T.]fg�z�J�aLT&]ia3]iT+Z.F�]iU#Z&]'F[Z.^�FIULH¡T.MbKi^`M�FIU
MOULMOT?zfu M(�õH¡FIMOULH�u�R�c0^òK�T&Mr^+gWN[Z�iQKiZ-FIKfsLK�Z.FIHb^0HbKYUWUW]fZ�HO]i^+Z+m?Mdk�MbH=Z.F o MONvu[T&MrZngLH¡Ma3]�X�MOT�Z-Fp^�m
^&F�aLKrZ&FI]�U�spuGKRekK�HdZ&]�T5ziT&MrK�Z&MbTYZ.JLKYUÉZ&JWM'aï]�X�MbT!aWT.MOd'FvgWd��!i�sïMbHOKfgL^&MqZ.JWFI^(X�]fgWNpZGT,KYFp^&M
Z&JLM�H¡]i^+Z�]re�Z&JWMòJLK�T.ZnX�KYT.M»Z&]!s3M5ziT&MrK�Z&MbT~Z&JLK�U�Z.JWM�]�T.F[ziF�U3KYNQH¡]_^�Z�]re�Z&JWMòaï]�X�MbT�i{Z.JWMOT.M�s{u
U{gWNIN�F[e�u<F�UhzõK�U{uäMbH¡]iUW]�d'FpH(s3MbUWMd}hZ@]fe�Z.JWM�Z-MrH¡T.MbK�^&MbZ�a3]�X�MOT�HO]�UL^8gWd'anZ&FI]�UAR
§�M�Z-]�UW]fZÓu�M�Z¤V<UW]�XþM�ØWK�H=Z.N[u�X�JWFpH,Jä]re�Z.JWMb^&M o KYT.F�]|gL^
NIF�d'F[Z&FIUhz'ekKiH=Z.]�T,^�X�F�NIN3ZW]�d'F�U3K�Z&M
FIU[K'T.MbK�NBK�Z-FpKrs3K�Z&FpHòH¡]idea�gnZ&FIUhzõ^8u<^+Z&Mbd FId'aWN�Mbd'MOUpZ.KrZ&FI]�U�ihsïMbHbKrgL^&M�X�MòZW]äUW]rZYuiMdZ@JLK o M
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K�^8g �õH¡FIMOUpZ&Nvu'Z-MdZ,KYFIN�MrZäK�Z-FpKrsLKrZ&FpH�^+u-^+Z&Mbd Z-Mr^`Fvz�U¶i�FIULH¡NvgLZ-FIUhzØ]ianZ&FId'F[�bMbZ'NI]fziFIH�K�ULZ'a3]�X�MOT
^8gWaWaWNvu�Z-Mb^&Fvz�UL^�i�KYULZK�HOH�gWT,K�Z&M¤de]-Z-MbNI^z]re3a3]�X�MOT�^+gLaWaWNvuòZWFI^.^`FIaLKrZ&FI]�UØK�ULZØZ-M o FIHOM¤NIMbKYV�Kfz�M�R
�~gnZz^&]�ekKYT�i�X�M$V<UW]�X ]re-UW]�e�gLULZWKYd'MbU|Z,KYNiT&MrK�^&]�UL^�X�J{ulZ&JWMr^`M�Z.MbH,JWUL]�NI]fz�FpHOK�N�N�]�X�MOT¶s3]|gWULZW^
]�U´Z-Fp^&^&F�a3K�Z&FI]�U a3MbT�sLF:Z8m�]ia3MbT.KrZ&FI]�U HOK�U UW]fZ�sïM T&MrZngLH¡MrZ K�T8sWF[Z&T,KYT.FIN[uÉZ&JWT.]fghziJ��&^`FId'aWNIM��
MOU�z�FIUWMOMbT&FIUhz0FId'aWT.] o MOd'MbU|Z,^�i#^&]!F[Z�^&MOMbdä^zaLNIKfgL^`FvsWNIM2Z.JLK�Z
M o MOUpZ8g3KYNIN[u|i#Ki^Aaï]�X�MOTDaWT&Mbd'F[gWdä^
FIULH¡T.MbKi^`M'KYULZ�z�T.MbKrZ&MbTòK�ULZ�z�T.MbK�Z.MOT�Z-M�z�T.MOMb^�]fe�T.M o MOT,^`FvsWFIN�F[Z�uµHOKYU¡sïMäF�d'aWNIMOd'MOUpZ.MbZ�i�Z&JWM
JLK�T.ZnX�KYT.M�M(�õHOF�MbULHdu[]re$NpKYT?z�MbT0KYU3ZµNIK�T8ziMOT@T.M o MOT,^`FvsWNIM�H¡]idea�gnZ.KrZ&FI]�UL^»X�F�NIN�H¡]�d'MqZ&]�sïMK
Z-]ideFIULK�U|Z@HO]�ULHOMOT.UBR
� �r�Y�j�[���f���3� �����8�	�;���1�=���d�[� �?�r�Y�j�n�7�r�9���r�h��� ©7ZUZ8gWT.UL^ ]fghZ/Z.JLK�ZVZ&JLMOT.M�Fp^[KYU>FId'a3]iT+m

Z.K�UpZ9H¡]ideaLN�M�Ø<F[Z�upm9Z.JWMO]iT&M�Z&FpH F�d'aLKiH=Z�]iUµZ&JWFp^õJLK�T.ZhX�K�T&M[M(�õHOF�MbULHduþFI^.^+gLM�R ��M�u�]iULZ]Z&JWM
FIded'MrZ-FIKrZ&M aWJ{u-^`FpHOK�N�^&N�]�X@Z-]�X�U�s{u &!i�Z.JWM9J3KYT,ZnX�K�T&M�M(�õH¡FIMOULH�u ]re!K�U K�Z-FpKrs3K�Z&FpH�^8u-^�m
Z&Mbd X�F�NIN�FIU ziMOUWMbT.K�NÓsïMRe�gWT8Z&JWMbTeZWMbH¡T.MbKi^`MrZ K�^ØK T&Mr^+gLN:ZØ]fe�Z&JWM9a3]_^&^&FvsWN[u ziT&MrK�Z&MbT/Õ�c �|�

\=a�Î�¯{°�a��9^&aLKiH¡Mdm3Z&FId'M9HO]i^+ZUt�Z.JLK�Z'Fp^�i2sLF:Z,^Ø]fe!^�Z,K�Z.M�T.M�¬pgWFIT&MrZ�i�Z&FId'Mb^UpgLdqsïMOT']re@aLK�T.K�N�NIMON
^+Z.K�Z.Mdm7gWa�ZWK�Z.M^+Z&MOa3^?w�e(]�TYZ.JWMØT.M o MOT,^`FvsWNIM�F�d'aWNIMOd'MbU|Z,K�Z.F�]iUG]re¤Kõ^&aïMbH¡F[}3HH¡]�d'ahghZ.K�Z.F�]iUG]�T
^8ghsnm~H¡]�d'ahghZ.K�Z.F�]iU%X�F:Z.JWFIU%Z&JWMdäK�H,JWFIUWM�R!EGKYU{u[^`aïMbHOF:}3HH¡]idea�gnZ.KrZ&FI]�UL^0JLK o M�T.M o MOT,^`FvsWNIM
KYNvz�]iT&F[Z&JLd'^~Z.JLK�Z@FIULH�gWT@UW]#ziT&MrK�Z&MbT�^`aLKiH¡M�m9Z.F�d'M�H¡]_^�Z�Z.JLKYUVZ.JWMOFIT�Z&T,K�ZWF:Z.F�]iULKYNQFIT&T.M o MOT,^`FvsWNIM
M�¬pgWF o KYNIMOUpZ.^��^`]ideM9MdØWKYd'aWNIMb^eKYT.M�d'MbU|Z.F�]iUWMbZ F�U�� �LR ÌG]req¸ �;¹?R �~gnZ#X�JLK�ZäKrsï]fgnZ']rZ.JWMOT
H¡]id'ahgnZ.KrZ&FI]�UL^�!º©~Uµ¥ � ���hi ��MbUWUWMdZ8ZR¸[¥�Ë;¹¤aWT.]�aï]i^&MbZ�KVz�MbUWMOT,KYN�FIT&T.M o MOT,^`FvsWNIMdm3Z&]rm?T.M o MbT.^&FvsWN�M
H¡]iU o MOT,^&F�]iUlZ.MbH,JWUWF�¬pgWM�Z.JLK�ZAFIULH�gWT.^A]�UWNvuòK�d']<ZWMb^+ZAa3]iN[u<UW]id'FIK�NYF�U3H¡T.MbK�^&M
FIU�Z&JWM�^`aLKiH¡M�Z&FIdeM
H¡]_^�Z(e(]�T�K�UpuµHO]�d'ahgnZ,K�Z&FI]�UARØc@N[Z&JW]|ghz�J ]�T.Fvz�FIULKYNIN[uµZ-Mr^&HOT&FvsïMbZ Ki^!K ^&]re�Z�X�KYT.MKYNvz�]iT&F[Z&JLdUi
F[Z0HOKYUUsïM�^�Z.T.K�F[ziJ|Z8e(]�T?X�K�T.ZWN[uedäKYaWaïMbZ/Z&]õK�U9M�¬pgWF o K�N�MbU|Z�NI]fziFIHdm?HOF�T,HdgWF[Z�H¡]�U3^�Z.T8gLHdZ&FI]�UBR
�òUW]�X�F�U�z ]re»Z&JWFp^'aï]�Nvu_UL]�d'FIK�N�T&MrZngLH=Z.F�]iU X�]fgWNpZ sïMµMOUL]fghziJ Z&] ^.K�Z&Fp^+e�u8d'K�U{u H¡]id�m
aWNIMdØ-F[Z�uRZ&JLMO]�T.Fp^�Z,^�inshghZ@T&MrKYN[m3X�]�T.NIZ�H¡]�U3H¡MOT.UL^�Z-Mba3MbULZ[H¡T.F:Z.FIHbKYNIN[u�]�U[^+gLH,J[d'FIUpghZ.KYM�Ki^�Z&JWM
Z-M�z�T.MOM@]feAK�a3]iN[u<UW]id'FIK�N9i_]�TÓZ&JWMò^`Fv�OM0]reBF[Z.^�H¡]�U3^�Z,KYUpZ�H¡]<M#�äHOF�MbUpZbR�©7Z�HO]fgWNpZ�i|e(]�T�MdØWKYd'aWNIMfi
däKYViMyZ.JWM@Z-F[kïMbT&MbULH¡M�sïMdZ�X�MOMbUäK�Z-FpKrsLKrZ&FpHyZ&MbH,JLUWFv¬pgWMr^�u<F�MbNIZ-FIUhz�^&F[ziUWF[}3HOK�U|Z�FIdeaLT&] o MOd'MOUpZ.^
FIU HO]i^+Z+m?M(�õH¡FIMOU3HduGFIU¡e�gnZ8gWT.M#z�MbUWMOT,K�Z.F�]iUL^!]re�H¡]�d'ahghZ&FIUhzVZ&MrH,JWUW]�NI]fz|u t(]iT�M o MbU�FIU UWMbK�T+m
Z&MbT&d a3]�X�MOT8m?N�FId'F:Z.MbZ KYaWaLN�FpHOKrZ&FI]�UL^1w=iz]�T�iBF�U HO]�UpZ&T,K�^+Z�i¶u_FIMONpZ-FIUhzµUW]µFId'aWT&] o MOd'MOUpZ,^òM o MbT�i
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K Z&JLKrZ0HOKrg3^`Mr^�UW]-Z-M�A C Z&]!s3M�aïM�s�sWN�MrZµK�Z�Z&FId'M�1QR
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U W�JWM �`MdØWK�HdZ&Nvu ��]iT.ZWMOT8m�]fe�m3ziT&]�X�Z.J ]ia3MbT.KrZ&]iT U däKYa3^eK�U{u e�gWULH=Z.F�]iU
_ �)AO� AÐZ&]�Z&JWM[M�¬pgWF o KYNIMOULHOM9HONIKi^&^ & À U %&_ 'Ø]rele�gWULH=Z.F�]iUL^�T
Z&J3K�Z0KYT.M�K�^8u<deahZ&]rZ.FIHbKYNIN[uäaLT&]ia3]iT+Z.F�]iULKYN�Z&]R��R

Êr¦

� �B]|z�FpHò^+X�FIUhz o ]iN:Z,KrziM �WKrs3^`]iN[gnZ.M o ]iN:Z,Krz�M�Z-F[k�MOT.MOULHOM�s3M�Z�X�MbMOU � K�ULZ
� NI]fziFIH�NIM o MbNI^bR
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® c@UµK�T8sWF[Z&T,KYT?u#sWF[Z+m~^�Z.T&FIUhz'FIUWahgnZ�Z.]e]|gWT�]�T,K�HON�M�m7¬pgWMbT8u<FIUhzØdäKiH,JWF�ULMb^bR Ê �
� / ©~U ���hi<NIMOUhzfZ&Jnmdb»sWF:Z@^+Z&T.F�U�zØU{gWdqsïMOT5a�inX�JWMbT&M�Ã �������=i<FIU KØN�FIUWV�MrZ

NIFI^+Z@]re�sWF:Z�^�Z.T&FIUhzi^ye(]iT&d'MbZ�e(T.]�d � R
Ë �

� c sWF[Z+m~^�Z.T&FIUhz
i�� ��� À <�%& 	'diAFIULH¡]ideaLT&Mr^&^&F[sLN�M'FIU ZWMb^.H¡T.F�anZ.F�]iU8^+u-^+Z&MOd
N / i{Z.]#s3M�sLT&]iV�MOU/gWa[F�UpZ.]'KäH,J3KYFIU9]fezUW]-Z-M�sWF[Z+m~^+Z&T.F�Uhz_^ A � E1�1� �bE A  R

ÊfÌ

� � � X�F[Z&JµKä^8ghsL^+Z&T.F�Uhz'^&aWN�FpH¡MrZ ]fgnZrRYt9x<MbM�MdØ-aWNpKYULKrZ&FI]�UL^�FIU/Z.MdØ{ZbREw Ê �
³ c sLF:Z8m?^+Z&T.F�U�z�Z&JLKrZAFI^zZ-Mb^.H¡T.Fvs3MrZ5spuòKYUL]rZ&JLMOT�sWF[Z+m~^+Z&T.F�Uhz�Ò(gWULZ-MbTz^&]�d'M

Z-Mr^&HOT&FIanZ&FI]�U[^8u<^+Z&Mbd `�R
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� W�JWM¾däK�Ø-FIdqgWd NIMOU�zrZ&J ] o MbT8KYNINe]iT.KiH¡NIMª¬pgWMbT&FIMb^ Ki^`ViMbZ s{uÃdäKrm
H,JWFIUWMb^�. �5E1� �1�bE . / Å�Ç T?gWUWULF�UhzªX�F[Z&JWFIU Z.JWMOFITµT.Mb^&a3MrH=Z&F o M�s3]|gWULZW^
7 � E1�1� ��EG7;/ Å�Ç X�JWMOUVz�F o MbU�T.Mb^&a3MrH=Z.F o M�FIUWahghZ.^M3 4
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X W�JWM �`KrZØN�MrK�^+Z �õ]�T,Z-MbT+m?]re�m7z�T.]�X�Z&J�]�aïMOT,K�Z&]iT@X däKYaL^eKYU{u�e�gWULH=Z.F�]iU
_�� A*� A Z.]RZ.JWMØ^&MdZ & À X�%&_ '@]re�e�gWULHdZ&FI]�UL^jT%Z.JLK�ZòKYT.M�K�^8u<deahm
Z&]fZ&FpHOK�N�NvuõUW]äNIMb^.^~Z&JLK�U9aLT&]ia3]iT+Z.F�]iULKYN�Z&]R��R
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Z W�JWM �`de]iT&M/Z&J3KYU �9]iT.ZWMOT8m�]fe�m3ziT&]�X�Z.J ]ia3MbT.KrZ&]iT@Z5däKYa3^eK�U{u e�gWULH=m
Z&FI]�U9_ �LA � A Z&]ÉZ&JWM[^`M�Z & À Z>%&_ '�]reYe�gLULH=Z.F�]iUL^�T Z.JLK�ZäKYT.M
K�^8u<d'anZ&]fZ&FpHOKYNINvu�^�Z.T&FpH=Z.N[u�z�T.MbK�Z.MOT~Z&J3KYU%�YR
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©~U%Z&JWFp^ò^`MrH=Z.F�]iUÑX�M�sWT.F�M#��u9T.M o FIM�X±aWT.M o FI]fgL^0T&Mr^+gLN:Z,^@FIUÑZ&JLMqZ.JWMO]iT8u ]re¤HO]�d'ahgnZ,KrsWFIN�F[Z�u
KYU3Z�]fe�HO]�d'ahgnZ,K�Z&FI]�U3KYNBH¡]id'aWN�M�Ø-F:Z�uõT.MONpK�Z.F�U�zqZ.]äT&M o MOT,^&F[sWNIM!HO]�d'ahgnZ,K�Z.F�]iUBR
�l�	�;���1�=���d�[�¡�#���f���E�¡���¡�1���l���n�Ö���3����������M o MOT,^`FvsWNIMGd']<ZWMONp^õ]reØHO]�d'ahgnZ,K�Z.F�]iU HOK�U s3M
MbKi^`FINvu Z-M�}LUWMrZ FIU z�MbUWMOT,KYN�K�^Øde]-Z-MbNI^]re�H¡]�d'ahghZ.K�Z.F�]iU FIU X�JWFpH,J�Z&JWM/Z&T,KYU3^`F[Z&FI]�U�e�gLULH=m
Z&FI]�U sïMdZ�X�MOMbU däKiH,JWF�ULMõH¡]�Uh}�zfgWT,K�Z.F�]iUL^�JLK�^ØK ^&FIUhz�NIMdm o KYNvgWMbZ�F�U o MOT,^`MiR#©~U8]rZ&JLMOT�X�]�T,ZW^�i
Z&JLMZ-FIT&MrH=Z.MbZ%ziT.K�aWJG^`JL]�X�F�Uhz9KYNIN�]�X�MbZ/Z&T,KYU3^`F[Z&FI]�UL^ls3M�Z�X�MbMOU ^+Z.KrZ&Mr^0JLKi^@FIUnm~Z-M�ziT&MbMR¥�R»©~U
Z&JLFI^aLKYaïMOT�X�M�X�F�NIN�K�N[X�K;u-^�Z-MbK�NÓX�F[Z&J däK�H,JLF�UWMr^�Z.JLK�Z'KYT.MõZ-MdZ.MOT.deFIUWFp^�Z.FIHfi
^`]%Z.JLK�Z�Z&JWM
H¡]iUn}�z|gWT.KrZ&FI]�U/z�T,KYaWJ KYNvX�K;u-^�JLK�^�]|gnZ+m~Z-M�z�T.MOM�]�UWM�K�^�X�MONIN�RÓx<MOM(}�z|gWT&M'ÊWR
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<�� �1�r�n���f�1�
=7�9���f�1�U�8�	���d�1�=�����[�V�#�f���{�����d�V�r�8�,>h�n�=���p�?=Ö�n��� ���d�1�����v� ©~U JWFp^�¥ ����¥äaLKYaïMOT

¸ ��¹7i �zKYULZWKfgWMOT JLKiZ K�N�T.MbKiZnu¾a3]iF�UpZ&MrZ ]|gnZVZ&JLKrZ[K�T8sLF:Z.T.K�T8u¾FIT&T.M o MOT,^`FvsWNIM�H¡]id'ahgnZ.KrZ&FI]�UL^
H¡]|gWNpZ sïM[MOdqsïMbZLZ-MbZþF�UpZ.] T.M o MOT,^`FvsWNIM�]iUWMb^!s{u ^&F�d'aWNvu ^.K o FIUhz K T.MbHO]�T,Z ]fe�KYNIN�Z&JLM FIUnm
e(]�T.däK�Z.F�]iUÉZ.JLK�ZqX�]fgLNIZ ]rZ.JWMOT?X�Fp^`M!sïM#Z&JWT.]�X�U K;X�K;u t � Td� �1Ë[]re5¸��;¹�w¡R/W�JWFp^�]fs3^`MbT o K�Z.F�]iU
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Irreversible

… …

Reversible
������ � � rtm�.0���J~��#.fq�~346���kSm$o��Jq�~ ��k�m������l�J~ > -3�fo+�fkS���J~��J�SoS�2. @�k*�E8F�ZkL���J���2� m&~3-C�JkLk+�E8F�fkL���J��2�h��q -��f�J�

q&n .fq��)���o�m$o��Jq�~!{
|a~�o��3�/.fq�~34����k�m$oS�Jq�~ ��kSm�����Tq&n��JkLk+�E8F�fkL���J��2�3�3m�.0��J~3�Z�Zx .fq�~346���kSm$o��Jq�~�� �3mZu ��m�8F�3�3m&~ u -� �D�fk*�Z~�o

�k*��-���.��f�S��q�k#.fq�~346���kSm$oS�Jq�~�5{
|a~tk+�E8F�fkL���J��2� ��q=-3�Z�J��q&n�.fq��)���o�m$o��Jq�~0xD�Zm�.0� .fq�~346����k�m$oS�Jq�~��3mfu/��m�8F� m$o
��q��So q�~��/�k*��-3��.��f���Sq�kZ{ �C�3�J.fq�~346����k�m$oS�Jq�~ ��kSm����Mo+���fk+��npq�k+�G.fq�~�S�J�SoS� q&n�-�J���Lq��J~ o �Jq q'���m&~�- .0�m&�J~�5x
�C��2.0� �3mZu ���\�J~34�~�� o���{ |a~ �+q&o+� k+�E8F�fkS�S�J��2�tm&~�- �JkLk+�E8F�fkL���J��2� ��q -��f�J�A�
�C�3mZu�xs� n �
�/�
�J�+�0x7���fkL��� o
.fq�~346���kSm$oS�Jq�~����m�8��J~�� yA�k*��-3��.��f���Sq�kS�%>��J~� oS�Fm&�Q�Lo�m$o+�f�E@/m&~�-��$q�k
yT����.�.��f���Sq�kS�?> 4�~m&�Q�So�m$o��f�0@�{

däKYViMb^�F:Z�]|s o FI]fgL^lZ&J3K�Z�T&M o MbT.^&F[sLN�Md'KiH,JWFIUWMb^(X�F[Z&J¡gWU{s3]|gWULZ-MrZ d'MOd']iT8uGHbKYU H¡MOT8Z.K�F�ULN[u
H¡]id'ahgnZ&M�K�N�NjZ.JWM'W�gWT&FIUhzfm?HO]�d'ahgnZ,KrsWNIMle�gLULH=Z.F�]iUL^OR
§�MòHOK�N�N�Z&JLFI^�FpZ-MbK�i_]feAMOd�s3MrZWZ-FIUhzK�U�FIT&T.M o MOT,^`FvsWNIM0H¡]id'ahgnZ.KrZ&FI]�UõFIUpZ&]'K�T.M o MOT,^`FvsWNIM@]�UWM

s{u ^.K o F�U�z'K'JLFI^+Z&]iT8u9]re�ziK�T8sLKfz�M|iWK � �zKYULZWKfgWMOT0MOdqsïMbZLZ-F�U�z�i ��^&F�U3H¡M%�zKYULZWKfgWMOT!^`MbMOdä^�Z&]
JLK o M»sïMOMbU/Z.JWM5}LT,^�Z�Z.]ä^+ghz|z�Mr^�Z�F:ZrR

� �1���=�7�r�����#���|�d�2�+�'�8�	�;���1�=���d�v���2�����Ö�!���n�Ö���#���Ö�/�����=�3���?���������:� �Ó�1�	�f� ©~UGHO]�UpZ&T,K�^+Z�Z&]
�AK�ULZWKfgWMOT�¤ ^�T.Mb^8gWN[Z�iAFIUµ¥ � � �õP$F�Uµ¸v¥ �;¹�F�U o Mr^�Z.F[z_K�Z.MbZGT.M o MOT,^`FvsWNIM�
Ó²�a�ÎÖ^õKfgnZ&]id'KrZ.K�i�X�JWFpH,J
JWM'Z-Md}3UWMbZ�K�^�däK�H,JWFIUWMb^»X�F[Z&JÑ}�Ø<MrZGd'MOd']iT8uµT.MbKiZ-F�U�z�KYU�gWU{s3]|gWULZ-MrZ{m�NIMOU�zrZ&Jµ�²j^�
Ö®ÓÕr³
^+Z&T.MbKYd ]re$ZWKrZ.KhiïKYULZUe(]|gWULZUZ.JLK�Zò^+gLH,JµHbKYUWUW]fZ0M o MOUµZ-MrH¡FpZ-MØKYNIN�Z.JWMØT.M�z|gWNpKYT�NpKYUhz|gLKrziMb^�i
X�JWFpH,JØd'MbK�UL^�Z&JLKrZ�Z.MbH,JWULFIHbKYNIN[u5Z.JWM�u�K�T&M�^�Z.T&FpH=Z.N[uòNIMb^.^Da3]�X�MOT8e�gWNpZ&JLK�UØUW]iT&däK�NiFIT&T.M o MOT,^`FvsWNIM
}LUWF[Z&M�KfgnZ&]idäK�Z.KLR
x<](Z&JWMbT&M�KYT.M�^+Z&T.MbK�d±T&MrH¡]|z�UWF[Z&FI]�UqZ.K�^&V-^�H¡]�d'ahghZ.KrsLN�M~s{uØKYUF�T.T&M o MbT.^&F[sLN�M�d'KiH,JWFIUWMyX�F[Z&J

}hØ-MbZGdeMbd']�T?u�Z.JLK�Z�UW]�ahgLT&MbN[u[T.M o MbT.^&FvsWN�M�däKiH,JWF�ULMqX�F[Z&J%}hØ-MrZµd'MOd']�T?u HbKYU HO]�d'ahgnZ.Mfi
z�F o MbU KYUþMdØ{Z&MbT&U3KYN�]�UWM�m3X�K;u ^�Z.T&MrKYd ]re0FIUWahghZbR § Mµ^`JL]fgWNpZ UW]fZ&M|i$JW]�X�M o MbT�i�Z.JLK�Z!Z&JLFI^
FIULHOK�aLK�HOF:Z�u däK;u/sïMeZhgWM'Z.]RZ&JLMUW]iUnm?T&M o MOT,^&F[sWNIM�ULKrZ8gWT.M�]re�Z.JWMeF�UWa�gnZ �3]�X�i3T,K�Z.JWMOTlZ&JLK�U
Z&]!Z.JWM�T.M o MbT.^&FvsWF�NIF[Z�uõ]re�Z&JWM5}3UWF:Z.MØKrghZ&]�däKrZ&]�U F[Z.^&MON[e�R�£�]�U3H¡MOF o KrsWNvufiLF:e
K�}LUWF[Z&M�T.M o MOT,^`FvsWNIM
däK�H,JWFIUWMUX�Ki^ØaïMOT.d'F:Z8Z&MrZ Z.]�T.MbKiZ sLKiH,VpX�KYT,ZW^K�^�X�MbN�N�K�^�e(]iT8X�KYT,ZW^�Z.JWT.]fghziJ F[Z.^eT&MrK�Z{m
]�ULN[u�F�UWa�gnZ�i
KYU3Z�aïMOT8e(]�T.d ^`]ideMä^&]�T8Z�]re �+gWUWT.MbK�Z �e]�aïMOT,K�Z.F�]iUL^�iAF[ZØd'F[ziJ|Z�Z.JWMOU�sïM�KfsWN�M
Z&]eT.MbH¡]|z�UWFv�OM!KYU{u'T&M�zfgWNpKYT�NIK�UhzfgLKfz�MiR��~gnZ�X�M�JLK o M@UW]rZ�FIU o Mb^+Z&FvziKrZ&MbZ#Z&JLKrZ�aï]i^.^`FvsWFIN�F[Z�uäFIU
Z-M�Z.KYFIN�R
©~U KYU{u M o MbUpZ�i
Z&JWMq}LUWF[Z&M'KrgnZ.]�däK�Z.]�Uµd']-Z-MONDFI^0UW]rZ(z�MbUWMOT,KYNIN[u[H¡]iUL^&FIZ-MbT&MrZ/Z&]�M�Ø-aWT&Mr^&^

Z&JLM�^&K�N�FIMOUpZ�e(MbKrZ8gWT.Mb^�]fe�HO]�d'ahgnZ,K�Z.F�]iU�iW^`FIULHOM�T&MrKYNBH¡]id'ahgnZ&MbT.^�K�T&MòUW]fZ0Z-Mb^&Fvz�UWMrZ9Ki^�^�Z,K�Z&M
däK�H,JWFIUWMr^�X�F:Z.J'^&däKYNIN{}hØ-MbZU{gWdqsïMOT,^�]re�^�Z,K�Z&Mr^�ifshgnZ$T,K�Z&JLMOT
K�^�gWU{sï]fgWU3Z-MbZ{m?d'MOd']�T?u�däK�m
H,JWFIUWMb^�Z.JLK�Z¤HbKYU�s3M�ziF o MOU'K�^�d�gLH,JM�Ø{Z&MOT.ULK�NW^�Z.]�T,Krz�M�K�^�ULMOMbZWMbZqZ&]�aïMOT8e(]�T.d¯K�aLKYT8Z&FpHdgWNpKYT
Z.Ki^`VjiLK�ULZ[HOK�U M�Ø-aWN�]iT&M�K�U MbUW]�T.d']fgL^�^+Z.KrZ&M�^&aLK�HOMfiW]iUWM5Z&J3K�ZlziT&]�X@^�MdØ-aï]�UWMbUpZ&FpKYNIN[uRX�F[Z&J
Z&JLM0U{gWdqsïMOT�]reB^+Z&]�T,KrziM�sWF:Z,^2Z.JLK�Z�KYT.M0K o KYFINIKfsWN�MiR�x<]
ife(]iT2Z.JWM@T.Mb^+Z¤]re�Z.JWFI^¤aLKYaïMOT�ipX�M0HO]�Unm
^&FIZ-MbT�]�UWNvuäd']<ZWMONp^�]feDHO]�d'ahgnZ,K�Z&FI]�U�Z&JLKrZ�aïMOT.d'F:Z@KiHOH¡Mr^&^yZ.]FIULH¡T.MbKi^`FIUhziN[u'NpKYT?z�M!K�d']fgWUpZ.^
]re
d'MOd']iT8u K�^�FIUWahgnZò^`Fv�OMr^�FIULH¡T.MbKi^`MiR�SL]�T0^8gLH,JµdäK�H,JWFIUWMr^�i �zKYULZLKrgWMbT�¤ ^�T.Mb^8gWN:Z@] o MOT.T&FpZ-Mr^
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P$FIU�¤ ^�i¤K�ULZ8ahgLT&M H¡]�d'ahghZ.KrsLF�NIF:Z�u8Fp^UW] NI]�UhziMOTeKYU Fp^&^8gWMiR x<]�X�M�Z8gWT.U Z.]�¬pgWMr^�Z.F�]iUL^Ø]fe
H¡]id'ahgnZ.KrZ&FI]�ULK�NBH¡]ideaLN�M�Ø<F[Z�u�R
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©~UõK(Z&JWMb]�T.MdZ&FpHOK�NLH¡]id'ahgnZ&MbT¤^.H¡FIMOULHOM0H¡]iU|Z.MdØ{Z�i �ÖZ.F�d'M0HO]�d'aWNIMdØ-F[Z�u �!< e(]�T�^`MbT&FpKYN-däK�H,JLF�UWM
d']-Z-MONp^Bd'MbK�UL^BMr^&^&MOUpZ.FIK�N�NvuYZ.JWM¤U{gWd�s3MbTA]re-aWT.FIdeF[Z&F o M¤]�aïMOT,K�Z&FI]�U3^Qa3MbT+e(]iT&d'MrZQR	�AK�ULZWKfgWMOT�¤ ^
^8ghzfziMb^+Z&FI]�U t �CTd� �?Ë']re�¸ ��¹�w�]re
MOd�s3MrZWZ-FIUhzõMrK�H,J F�T.T&M o MbT.^&F[sLN�Mò]�aïMOT,K�Z.F�]iU9FIUpZ&]õKäT.M o MOT,^`FvsWNIM
]�ULM0däKYViMb^$F[Z�H¡NIMbKYTÓZ&JLKrZÓZ.JWM!U{gWd�s3MbT�]feA^+g3H,Jõ]�aïMOT,K�Z.F�]iUL^$FIU9K�T.M o MOT,^`FvsWNIM@däK�H,JWFIUWM!UWMOMrZ
UW]fZqs3M9NIK�T8ziMOT5Z.JLKYU�Z.JWMõU{gWd�s3MbT'e(]�TeKYU8FIT&T.M o MOT,^`FvsWNIM'd'KiH,JWFIUWMfi
K�^'X�Ki^ØZ-Mbde]iUL^+Z&T,K�Z&MrZ
d']�T.M�MdØ-aWNIFIHOF:Z.N[u[FIUµNIKrZ&MbT0MOd�s3MrZWZ-FIUhzi^ls{u �AMbH¡MbT+e�¸v¥"��¹
KYULZ ��MbUWUWMdZ8Z�¸v¥ �;¹?Rlx<]#gWU3Z-MOT»Z&JWM
Z&FId'M�H¡]ideaLN�M�Ø<F[Z�uõd'MbKi^+gLT&M(s{u�F[Z.^&MON[e�iWT&M o MbT.^&F[sLF�NIF:Z�uõZW]_Mr^�UW]rZ�J{gWT8ZbR
£�KYU�K�T&M o MbT.^&F[sLN�Md'KiH,JWFIUWMØaïMOT8e(]�T.d5KRZ,K�^&V%gL^`FIUhz>Td^d®Ó^�\�H¡]id'ahgnZ.KrZ&FI]�ULK�Nz]ia3MbT.KrZ&FI]�UL^

Z&J3KYU K�Upu¾FIT&T.M o MOT,^`FvsWNIMµdäK�H,JWFIUWM ! �»s o F�]|gL^`Nvu´UW]rZ�i@F:e�X�M%Z,KYViM T.M o MbT.^&FvsWN�Mµ]ia3MbT.KrZ&FI]�UL^
Z&] ��gL^+Z#s3MµK ^&aïMbH¡FpKYN�HbK�^&M9]fe0F�T.T.M o MbT.^&FvsWN�M�]�aïMOT,K�Z&FI]�U3^OR�·@]�X�M o MOT�i
F:Z'Fp^'F�UpZ&MbT&Mr^�Z.F�U�zÑZ&]
UW]fZ&M/Z&JLKrZ�i¤aLJpu-^&FIHbKYNIN[u8^&a3MrKYV<FIUhz�i$KiH=Z8g3KYNIN[u F[Z'Fp^�Z&JWM[H¡]iU o MOT,^&M#Z&JLKrZäFI^�Z&T?gWM ��^`]fm?HbKYNIN�MrZ
�`F�T.T&M o MbT.^&F[sLN�M��]�aïMOT,K�Z.F�]iUL^�izF�d'aWNIMOd'MbU|Z.MbZ8aLJpu-^&FIHbKYNIN[u|iDK�T&MäT.MbK�N�Nvu ��g3^�ZK ^`aïMbHOFIK�N�HOKi^`Mä]fe
T.M o MbT.^&FvsWN�Mµ]ia3MbT.KrZ&FI]�UL^�i@^&F�ULHOMGaWJ{u-^`FpHO^�FI^/sïMONIF�M o MbZ Z&] sïMªÕrc±®ÓÕ�³;` T&M o MbT.^&F[sLN�MGKrZ K NI]�X
NIM o MbN�RVW�JWMäFId'aWN�FpHOKrZ&FI]�UL^Ø]re~Z&JWFp^�ekKiH=Z'e(]iT5Ôh¯n³;`=a��?Õrc�Z&FId'M�H¡]id'aWN�M�Ø-F:Z�u KYT.M'ZWFI^.HdgL^.^&MbZ FIU
d']�T.M!Z-M�Z.K�F�NQFIUÉ¸v¥ �;¹?R �~gnZ�i{gL^&FIUhzqZ.JWM5gL^8gLKYNQH¡]id'ahgnZ&MbT+m~^.H¡FIMOULHOM!Z-M�}LUWF[Z&FI]�U�]fe�Z&FId'M�K�^yZ&JWM
U{gWdqsïMOT]re �1�°lÔ�ÍnÎÖÕ�Î3a��²jÕ�c�]ia3MbT.KrZ&FI]�UL^�T.M�¬pgWFIT.MbZ�i
H¡NIMbK�T&Nvu T.M o MOT,^`FvsWNIMädäK�H,JWFIUWMb^HOK�U�s3M
UW]'d']�T.M �ÖZ.F�d'M��7m?M(�õH¡FIMOUpZ�Z&JLK�U[F�T.T&M o MbT.^&F[sLN�M!]�UWMr^OR
c@N[Z&JW]|ghz�J �AMbHOMOT8e�K�ULZ ��MOUWULMdZ+ZeMdØ-aWNIFIHOF:Z.N[u8Z-Fp^.HdgL^.^`MrZ¡Z&JWMbF�TqZ&FId'Mdm?M(�õH¡FIMOUpZT.M o MOT,^`FvsWNIM
^&F�d�gWNIKrZ&FI]�UL^�]iUWN[u F�U�Z&JWMõHO]�UpZ&M�Ø{Z�]fe~W�gWT&FIUhz[däK�H,JWFIUWMr^�ijZ.JWMõKYaWaLT&]_K�H,JGFp^òMbKi^`FIN[u%ziMOUWMbT+m
KYNIFv�OMbZUZ.]�KYU{u d']<ZWMOND]re$H¡]idea�gnZ.KrZ&FI]�UµFIUÑX�JWFpH,J%X�MeHOKYU%ziF o M�MbKiH,JµaWT&]-HOMb^.^`FIUhzäMONIMOd'MbU|Z
K�HbH¡Mr^&^'Z&]�K�U gWU{sï]fgWULZWMbZ K�d']fgWUpZ]fe0KrgnØ-FIN�FpKYT?u¡gWUWF[Z+m~K�HOHOMb^.^�m3Z&FId'M�^+Z.K�H,V ^+Z&]�T,KrziM�R SW]�T
MdØWK�deaLN�M|ihWA]fkï]iN�F�¸EÊr¦;¹AZ-Mr^&HOT&FvsïMb^�JW]�X>]iUWM�HOKYU/gL^&M�Mr^&^&MOUpZ.FIK�N�Nvu!Z&JWM�^.KYd'M»Z&T.FIH,V!Z.]'HOT&MrK�Z.M
KUZ&FId'Mdm?M(�õH¡FIMOUpZØ^&F�d�gWNpK�Z&FI]�U ]re�FIT&T.M o MOT,^`FvsWNIMeHOMONIN[gWNpKYT�KfgnZ&]idäK�Z.K ]iU�T.M o MOT,^`FvsWNIM]iUWMb^�i¶s{u
gL^&F�U�zõKYU[MdØ{Z&T,K'Z-FIdeMbUL^&F�]iU FIUUZ&JWMH¡MONINAK�T&T,K;u�Z&]õ^&MOT o M�K�^@K�z_KYT?sLKrziM�^+Z.KiH,V#e(]�T@MrK�H,J[H¡MbN�N
]re�Z&JLM�]iT&Fvz�FIULK�NïdäKiH,JWF�ULM�R
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W�JWM']�T.F[ziF�ULK�Nzaï]�FIUpZ�]re�T.M o MOT,^`FvsWFIN�F[Z�uVX�Ki^�UW]rZ5Z&][T.MbZng3H¡M�Z&FIdeM!shghZ�Z&][T&MrZngLHOMMbUWMOT?zfu
Z-Fp^&^&FIaLK�Z.F�]iU�i3]iT0FIUG]rZ.JWMOT(X�]�T,ZW^�MOUpZ.T&]iapu aWT.]-ZngLH=Z.F�]iUBR(£�K�U%Z&JWFp^»s3MeZ-]�UWM�s{u T.M o MOT,^`FvsWNIM
däK�H,JWFIUWMr^ !/©~UÑ¥ ���h¥ �zKYULZLKrgWMbTY¸��;¹�K�T8z|gWMbZ�Z.JLK�Z�F:Z�H¡]fgLNIZ'UW]fZ�i-^&F�ULHOM@F[e�X�M�HOKYULUW]rZÓziMdZ¤T.FpZ
]re�Z.JWM �+ziK�T8s3Krz�M��~sWF[Z.^ÓZ&J3K�Z�K�T&M!K�HOH�gWdqgLNIKrZ&MbZ'FIUõd'MOd']iT8u|ifZ.JWM�u ��gL^+Z�HO]�UL^+Z&F[Z8ghZ&M!K�UW]rZ.JWMOT
e(]�T.d�]iUþMbUpZ&T.]�a{ufi�UW] s3M�Z+Z.MOT�FIUªZ&JWMµNI]�U�z�Z.MOT.d Z.JLKYUªZ&JLMGV<F�ULZ´aWT.]-ZngLHOMbZþF:e�X�M ��g3^�Z
FIT&T.M o MOT,^`FvsWNvu'ZWFI^.^`FIaLKrZ&MbZ/Z.JW]i^&M5sWF:Z,^�FIU|Z.]'aWJ{u<^&FpHOKYNQMbUpZ&T.]�a{uäT&Fvz�JpZ@K;X�K;u�R
�¶�1�1�d���(�8�	���d�1�����v� ·@]�X�M o MOT�i�FIUÉ¥ � �fË�i �BMrH¡MbT+eÓ¸v¥"��¹�e(]iT&däK�N�NvuäZ-Mb^.H¡T.F[sïMbZ�KHO]�UL^+Z&T?gLH=Z.F�]iU
FIU�X�JWFpH,JäKYUF�T.T&M o MbT.^&F[sLN�M�d'KiH,JWFIUWM�X�Ki^zMbdqsïMbZWZWMbZeF�UpZ.]òK�T.M o MOT,^`FvsWNIM¤]�ULMyZ.JLK�Z�}LT,^+Z
^&FIdqgnm
NpK�Z&MrZ�Z&JWM!F�T.T.M o MbT.^&FvsWN�M�däKiH,JWF�ULM@T8gLUWUWFIUhz�e(]�T?X�KYT,ZW^�irZ&JWMbU#Z8gWT.UWMrZäKYT.]fgWULZäK�ULZä^&F�d�gWNIKrZ&MrZ
Z&JLM!FIT&T.M o MOT,^`FvsWNIM�däK�H,JWFIUWM�F�U9T&M o MOT,^&MfifgLULH¡]idea�gnZ&FIUhzK�N�N�]fe�Z&JWM�JWFp^�Z.]�T?ueFIUne(]iT&däK�Z.F�]iU�KYU3Z
T.MdZ8gLT&UWFIUhz%Z.] KG^+Z.KrZ&M�HO]�T.T&Mr^`aï]�ULZWF�UhzVZ.]%Z&JLM9^+Z.KYT8Z&FIUhzG^+Z.KrZ&M�RÉ©7e0KYU{u�]iUWM!ekKYd'FIN�FpKYT'X�F[Z&J
�AK�ULZWKfgWMOT�¤ ^5X�]�T.V J3K�Z UW]rZ.FIHOMbZ �AMbH¡MbT+e�¤ ^ØaLKYaïMOT�FIU Z&JLMÑ¥ � �f¦h¤ ^�iAF[ZqX�]|gWNpZ�J3K o Mõ^&MOMOd'MrZ
Z.K�UpZ.KYNIFv�OFIUhz�i;sïMbHOKfgL^&M$JWMOT.MÓX�K�^ �BMrH¡MOT8eL^&JW]�X�F�U�z�JW]�X Z&]!T&M o MOT,^&F[sWNvulziMdZDT&FpZ�]renZ.JWMÓz_KYT?sLKrziM
FIUne(]�T.däK�Z&FI]�UÉZ&JLKrZ(X�K�^�K�HbHdgWd�gWNpK�Z&MrZGFIU �zKYULZLKrgWMbT�¤ ^@T.M o MOT,^`FvsWNIMØdäK�H,JWFIUWMeF�U�N�FIM�g ]re�MOUnm
Z&T.]�a{uiR�x-]edäK;u{sïM»Z.JWM�MOUpZ.T&]iapu�aWT&]-Zng3H=Z&FI]�U[HOK�U/sïM�K o ]iFIZWMbZ�Kre�Z&MbT@KYNIN��
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�@Une(]iT+Z?gWULK�Z.MONvufi"�BMrH¡MOT8enX�Ki^QKYaWa3KYT.MOUpZ&NvulgWU3K;X�K�T&MD]re{Z&JLM�Z&JWMbT&d']-Znu<ULK�deFpH�FIdeaLN�FpHOKrZ&FI]�UL^
]reDT&M o MbT.^&F[sLF�NIF:Z�u �<JWM5X�K�^�H¡]iULH¡MbT&ULMbZõ]iUWNvuRX�F:Z.JµZ-MdZ.MOT.deFIUWFIUhz!X�JWMdZ.JWMOT@HOMOT8Z.K�F�UV¬pgWMb^+Z&FI]�UL^
Krsï]fghZeT.M o MOT,^`FvsWNIM#Z&T,KYUL^+e(]�T.däK�Z.F�]iUL^'X�MOT.M9Z-MrH¡FpZWKrsLN�MiR �BMbHOMOT8e�¤ ^ØaLK�a3MbTäZ-FIZ UW]rZäK�ZLZ-T&Mr^&^
Z&JLMFp^&^8gWMe]re¤JL]�X Z&]Uz�MdZ(gL^&Mde�gWN
T.Mb^8gWN[Z.^!]fgnZò]re�K�T&M o MbT.^&F[sLN�MeH¡]�d'ahghZ.K�Z.F�]iUBR5©~U �AMbH¡MbT+e�¤ ^
MOd�s3MrZWZ-FIUhz�i�s{u%Z&JWM!Z.F�d'M!Z.JWMäT&M o MbT.^&F[sLN�Md'KiH,JWFIUWM�}LUWFp^`JWMr^òF:Z,^�^&F�d�gWNIKrZ&FI]�U ]reyZ&JWMäFIT&T.Mdm
o MbT.^&FvsWN�MdäK�H,JWFIUWMfiQK�Upu[]|gnZ&ahghZ.^»e(T&]id«Z&JWM'H¡]idea�gnZ.KrZ&FI]�U J3K o M'sïMOMbUÉgWULHO]�d'ahgnZ.MbZ�i ��g3^�Z
NIF�ViM»Z.JWM�ziK�T8s3Krz�MiR�W�JLFI^�Fp^�UW]fZ o MOT?u#gL^&Mde�gWN �
> �����l�����j�d�3�q�3�=��� �|� SL]�T8Z8gWULKrZ&MbN[u|i�FIU ¥ � ��ËhiY£�JLK�T&NIMb^ ��MOULUWMdZ8ZÉ¸[¥ �;¹7i~X�JL]�X�Ki^#gWUnm

K;X�KYT.M!]fe�AMbHOMOT8e�¤ ^YX�]iT&VRs�gnZ0V<UWM�X¼]re�AK�ULZWKfgWMOT�¤ ^�iWFIULZ-Mba3MbULZ-MOUpZ.N[u T&MrZ-Fp^&HO] o MOT.MbZ �BMbHOMOT8e
T.M o MbT.^.KYN3iAK�ULZ de]iT&Mb] o MbTòKiZWZ-MrZ¡Z&JWMõKfsWF�NIF[Z�uÉZ.]µT&M�Z.KYFIU gL^&Mde�gWN�]fgnZ.ahgnZbR%W�JWM#s3K�^&FIH'FpZ-MbK
X�K�^�^&F�d'aWNIM���]�ULM�HOKYU ��gL^+Z@T&M o MbT.^&F[sLN[uõHO]�a{u!Z&JWM�ZWMb^&F�T.MbZ9]fgnZ.ahgnZ@FIUpZ&]õK o KYFINIKfsWNIM!d'MOd']iT8u
sïMde(]�T.M0aïMOT8e(]�T.d'F�U�z'Z&JLM �AMbHOMOT8eBT&M o MOT,^.KYN �zc0^yekK�T�Ki^ÓX�M!V<UW]�X�i|Z&JLFI^�^&F�d'aWNIMlZ.T&FpH,V'JLK�Z�UW]rZ
aWT.M o FI]fgL^&N[uä]-HbHdgWT.T&MrZRZ.]äKYU{u�]iUWM�R

��MbUWUWM�Z+Z�¤ ^!FIZ-MrKõ^8gLZWZ-MbUWN[u FIdeaLN�FIMbZVZ.JLK�Z!T&M o MOT,^&F[sWNIM�H¡]id'ahgnZ&MbT.^!H¡]|gWNIZ[FIUµaWT.F�U3H¡FIaWN�Mqs3M
°#�\8^M(�õHOF�MbU|Z»Z&JLK�UµF�T.T.M o MbT.^&FvsWN�M�däKiH,JWF�ULMb^�gWU3Z-MOTòK�Z0NIMbKi^�Z!�²�^eHO]i^+Z0d'MbK�^8gWT.Mfi3ULKYd'MONvu
MOUpZ.T&]iapu[aWT.]-ZngLHdZ&FI]�UBRqWz][H¡]�d'ahghZ&MäKYU�]fgnZ.ahgnZ�]�U KYU FIT.T&M o MOT,^&F[sWNIMØdäKiH,JWF�ULMfiQ]�ULMd�gL^�Z
aWT.]-ZngLH¡MeKYU K�d']fgWUpZ!]fe¤MOUpZ.T&]iapu T.]fghziJWN[u M�¬pgLK�N¶Z.]�Z.JWM�Z&]rZ,KYNDU{gWdqsïMOT�]re»tkF�T.T.M o MbT.^&FvsWN�M;w
]�aïMOT,K�Z.F�]iUL^�aïMOT8e(]�T.deMrZ �hX�JWMbT&MrK�^~Z.JWM�T&M o MbT.^&F[sLN�MòdäK�H,JWFIUWMòFIUµaWT&FIULHOF�aWNIM�HOK�UVz�MdZYs{uRX�F[Z&J
²�eULM�X¼MOUpZ&T.]�a{uäaWT.]-ZngLH=Z.F�]iU�iWKYU3Z�X�F[Z&JUZ&JLM�K�HOH�gWdqgLNIKrZ&FI]�U ]rez]iUWNvuRZ&JLMòZWMb^&F�T.MbZ9]fgnZ.ahgnZ
FIU d'Mbde]iT8uiR
�~���3�8�?�j�!���?�?�����=�3�������r�y�Ö�V�3���1�?�|���@Uhe(]�T8Z8gWULKrZ&MbN[u|iDKfsL^`]iN[ghZ&MONvuÑ�bMOT.]µMOUpZ&T.]�a{uÑziMOUWMbT.Krm

Z&FI]�U aïMOTò]�aïMOT,K�Z.F�]iU Fp^�KiH,JWFIM o KrsWNIMeF�U aWT.F�ULHOF�aLN�Me]�UWNvuGFIUÑZ.JWM'FIZ-MrKYN
NIF�d'F[Z�]re�K9aïMOT8e(MbH=Z.N[upm
Fp^`]iNIKrZ&MbZUsLK�N�NIFp^�Z.FIH/t�e(T.FIHdZ&FI]�UWNIMb^.^?w@^+u-^+Z&MOdVi3]�T@FIU K ��T.]�X�UWFIK�Unm?de]fZ&FI]�Unm7sLKi^`MrZ�^8u<^+Z&Mbd Z.JLK�Z
däKYViMb^��OMOT.]@aWT.]fziT&Mr^&^�e(]�T?X�K�T.ZW^�Z&JWT.]fg�z�J�Z.JWM�HO]�d'ahgnZ,K�Z.F�]iU�]�UeK o MOT,KrziMfirKYULZ5Z,KYViMb^ U %  �Æf'
MdØ-aïMbHdZ&MbZÉZ&FId'M!s3M�e(]�T.M o Fp^`F[Z&FIUhz/Z&JWM  jZ.J HO]�d'ahgnZ,K�Z&FI]�U3KYN
^�Z.MOaBR�©~U�g3^`M�e�gWN$^+u-^+Z&Mbd'^(Z.JLK�Z
aWT.]fziT&Mr^&^Ye(]�T?X�K�T.ZW^0K�Z�K�aï]i^&F:Z.F o MHO]�UL^+Z.K�U|Zò^`aïMOMrZ�ijZ&JLMeMbUpZ&T.]�a{u/ziMOUWMbT.KrZ&FI]�UµaïMOTò]�aïMOT,K�m
Z&FI]�UGK�aWaïMbKYT,^�Z.]�sïMfi�K�Z0d'FIUWF�d�gWdVi�aWT&]ia3]iT+Z.F�]iULKYNjZ.]#Z&JLM^&a3MbMbZQR't�§�MeZ-]õUW]fZ»u�M�Z0V<UW]�X
JW]�X e�gLULZWKYd'MbU|Z,KYNjZ.JWFI^@T&MbNIKrZ&FI]�UL^&JWFIa�Fp^�inshghZ�F[Z0KYaLa3MrKYT,^ÓZ.]�sïM5Z&JLMòHbK�^&M!Mbd'aWF�T.FpHOKYNINvu�REwc
H¡]_^�Z�KYULK�N[u-^&FI^2Z&JLKrZÓZ.K�V�Mr^2sï]rZ&J9^`aïMOMrZ�KYU3Z'MOUpZ&T.]�a{ueF�UpZ&]eK�HbH¡]fgLU|ZyX�F�NIN3ULMOMbZ#Z&]ØT.MbHO]fziUWF[�bM
Z&JLFI^�Z.T.KiZ-MO]fkDR�§ M�Z-]�Z&JWFp^�FIU ¸ �hi�Ì;¹AKYU3Z9FIUµH,JBR �e]re�¸[¥ �;¹?R
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©~U�H¡]idea�gnZ.KrZ&FI]�ULK�NLH¡]ideaLN�M�Ø<F[Z�ufi �&^`aLKiH¡M@HO]�d'aWNIMdØ-F:Z�u �@T.Mde(MOT,^�Z.]'Z&JLM0U{gWdqsïMOT^:e]reBd'MOd�m
]�T?uõH¡MbN�Np^�Z.JLK�Z0K�T&M�T&M�¬pgWF�T.MbZ�Z&]'aïMOT8e(]�T.d K'H¡]idea�gnZ.KrZ&FI]�UBR
�=�����3�����~�=�=�3���!�r�7�d�������3�h�|�1�/�1���l���v� �|���3�f� c0^ �zKYULZWKfgWMOT�aï]�FIUpZ&MrZ ]|gnZR¸���¹3izJWFI^Ø^`FId'aWN�M
^+Z&T,K�Z&M�zfu']reD^&K o FIUhzK�N�N�Z&JLM(z_KYT?sLKrziM@FIUne(]�T.däK�Z&FI]�U KYaWaïMbK�T.^ÓZ&]'^8gnkïMbT~e(T&]id Z&JWM�Z-T,K;X�sLK�H,V
Z&J3K�Z(Z&JWMäKYd']|gWUpZ!]reyziKYT?sLKfz�M�Z.JLK�ZòdqgL^+Z5s3Mä^+Z&]�T.MbZGF�U Z-F[ziF:Z,KYN�e(]�T.d FI^òKi^!NpKYT?z�MK�^»Z&JWM
KYd']|gWUpZ@]re
MOUpZ&T.]�a{u�Z&JLKrZlX�]|gWNpZ[]rZ&JLMOT?X�FI^&M�JLK o M5sïMOMbUÑz�MbUWMOT,K�Z.MbZQR~©7e�Z&JWMØHO]�d'ahgnZ,K�Z.F�]iU
aïMOT8e(]�T.d'^Ø]�U K o MOT,Krz�M'KGHO]�UL^+Z.K�U|Z�U{gWd�s3MbTØ]fe@F�T.T&M o MbT.^&F[sLN�M!sWF[Z+m?MOT,K�^8gWT.Mb^òaïMOT'H¡]�d'ahghZ.K�m
Z&FI]�U3KYNQ]�aïMOT,K�Z.F�]iU�i{Z&JLMOUUZ&JWFp^@d'MrKYUL^~Z.JLK�Z�Z.JWM�d'MOd']�T?uRgL^.KrziM(sïMbHO]�d'Mb^�aLT&]ia3]iT+Z.F�]iULKYN�Z&]
Z&JLM�UpgLdqsïMOT�]re�]�aïMOT,K�Z.F�]iUL^OR�W�JWFI^�d'MrKYUL^
K�NpKYT?z�M�K�^8u_d'anZ.]rZ.FIH�F�U3H¡T.MbK�^&M�F�U'd'MOd']�T?u�gL^.KrziM
e(]�T0d'K�U{u9aWT.]fsLN�Mbd'^��gLaVZ&]õM�Ø<aï]�ULMOUpZ&FpKYNIN[u9NIK�T8ziM�R(� o MbUµF:e�Z.JWM'z_KYT?sLKrziM�Fp^YgLULH¡]idea�gnZ&MrZ
gL^&F�U�z �AMbH¡MbT+e�T&M o MbT.^.KYN3i�Z.JWFp^òdqgLH,J ^`a3K�H¡M�X�FIN�N$^+Z&FIN�N�sïM'UWMOMrZ-MbZÉZ&Mbd'a3]iT.K�T&FIN[uµZngLT&FIUhzUZ&JWM
H¡]id'ahgnZ.KrZ&FI]�UBR
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(a) (b)������ � � |a�J�J��SoSkSm$o��Jq�~9q&n}o���q/8F�fkL���Jq�~� q&n �7�f~~���oSo�H ��z L=K=L m&�2��q�kL� o+�� n�q�k
k+�E8F�fkS�S�J��2� �S�J�T��Fm$oS�Jq�~
q&ns�JkSk*�E8F�ZkL���J���2� �3m�.0���J~��f�5{�jl�Fm���kSm&� >�mF@��J�J�J��Lo�kSm$o��f�lo+���#8F�fkS�S�Jq�~G��� o������ (�x�-�Fm���kSm&� >��6@/o+���?8F�fkL���Jq�~
��� o���������{C>��=��� o��E9 o
npq�k���9=��Fm&~�m$oS�Jq�~ q&n	�!{ @

|a~ ��q&o��?-�Fm���kSm&���5x5o���� �q�kS�21fq�~�o�m&�m 9��J�(�J~�-��2.5m$o+�f�<�����2.0� �+�����)�Z~�o(q&no+����q�kL�2���J~�m&���JkSk*�E8F�ZkL���J���2�7.fq��)��3�
o�m$o��Jq�~t�J�����Z�J~3�����J�T���Fm$o���-0x��C���fk*�Zm&� o����#8F�fk�o��2.Zm&�sm 9��J�/o�kSm�.0; � o��J�)� o�m�;'�f~t� u]o+��� �S�J�T��Fm$oS�Jq�~]�J~\o��fkL���
q&nlo+���]o��J�)�3k*��, ��Jk*��- oSq��S�J�T��Fm$o+�3q�~��]�������)�f~ oZ{ �����\���Fm�.0; 8F�fk�o��2.Zm&�l�J�J~3�Z� k+���k*�f���f~�o]oS�J�)�f�A-��kS�J~��
�C��2.0���)�f��q�kLu9�J� q .�.Z�3��2��-e� u�m&~��J�3m��'�Tq&n�o+�����JkLk+�E8F�fkS�S�J��2�3�3m�.0��J~��T�So�m$o��3m$oho+�����J~�-�2.Zm$o+��- �So�m��'�
q&n^o��3� �JkLk*��8F�fkL���J��2�?.fq��)���o�m$o��Jq�~!x6���3�Zk*�Zm&�lo+���h����m�-���-9m&k*�Zm&����� o����J~Co+��� oSkL�Fm&~����2�f�lk*����k+�f���f~�o �)�f��q�kLu
q .�.f�����2��-t��u]o���� �SoSq�kSm��'� q&n���m&kL��m��'�A-�m$o�m n�q�k
mA��m&k�oS�2.Z���Fm&k �������)�f~ o
q&n^o��3� �JkLk+�E8F�fkL���J��2�?.fq��)���o�m$o��Jq�~
���f�J~�� ���J� ��Fm$o+��-!{
��q&o�� o+��m$o �J~ >���@�x<�C���fk+�
������xQo+��� L o����So�m��'���J� k+�Zm�.0�3��-em$npo+�fk q�~� u�v C o��J�)�T�~� oS�5xB�C���fk*�5m&� �J~

>�mF@ v J oS�J�)� �~�� o��hm&k*� k*��, ��Jk*��-�oSq\q�~� utk*�Zm�.0� �Lo�m��'� K {!����o ~q&o�� m&�J��q3o���m$o �J~ >p��@�xQm$o o��J�)� v C xI438F�
.0����.0; ��q��J~ oS� >�m$nco+�Zk o����C�J~� oS�Fm&���So�m$o��:@ m&k*�\�SoSq�k*��- ���J� �� o�m&~��fq����� u�x �C���fk+�Zm&�3�J~ >�mF@Tm$o���q��So npq��k�m&k*�
�SoSq�k*��- m$o m&~�u/��� 8F�Z~Co��J�)��{ ����J���J�J�J��SoSk�m$o+�f��o+���K�'�f~��fk�m&�<��q��J~�o/o���m$o���2�'���fk���/8F�fkL���Jq�~�
q&n(o��3�%�7�f~~3�foLo
m&�2��q�kL� o��� kS��~\n�m&�Lo��fkfx����o�k*��,���Jk*� ��q�k+� �)�f��q�k�u�{

�l�����j�d�3��� �!��� � ���±���p� �r� �p���=��� �{�#� ©~U ¥ ������i ��MbUWUWM�Z+Z�¸v¥�Ë�¹�FIUpZ&T.]<ZhgLH¡MrZ K UWM�X�i@d']�T.M
^&aLK�HOMdm?M(�õH¡FIMOUpZ�T&M o MbT.^&F[sLN�Mä^&F�d�gWNIKrZ&FI]�U¡e(]�T�W¶gWT.FIUhz[d'KiH,JWFIUWMb^bR/W�JWFp^�UWM�X KYNvz�]�T.F[Z&JWd FIUnm
o ]iN o MbZõZW]�FIUhzK�ULZRgWU3Z-]�FIUhz o K�T&FI]fgL^+m~^`Fv�OMrZ'a3]iT+Z.F�]iUL^¤]fe�Z&JLM�HO]�d'ahgnZ,K�Z&FI]�U9F�U KØT.MbH�gWT,^`F o M|i
JWFIMOT,KYT,H,JWFpHOKYN�ekKi^`JWFI]�UAR9SDF[z|gWT.M!Ë[Fp^ØKµ^.H,JWMbd'KrZ&FpHeF�NIN[g3^�Z.T.KrZ&FI]�U ]re~Z&JWFp^�aLT&]-H¡Mr^&^bRR§ MõHOK�N�N
Z&JLFI^5Z.JWM �`a3M�shsWNIF�U�z �õKYNvz�]�T.F[Z&JWd sïMbHbKrgL^&M!Z&JWMõK�N[zi]�T.F:Z.JWd HbKYU s3M9^`MbMOU K�^�K[^&]�NvgnZ&FI]�U¡Z&]
K ^`]iT+Zò]re ��aïM�shsLN�M!ziK�d'M��]iT�a�gh���bN�M'aWNpK;u�MrZµ]�U K�]iUWMdm~Z-FId'MOUL^&F�]iULKYN
H,JLK�F�U�]re�UW]-Z-Mb^�iAK�^
Z-Mr^&HOT&Fvs3MrZ F�UGZ-M�Z.K�F�N�spu �BFDKYULZ �0F[Z���U{u_FÓ¤ � �V¸ Êh¥=¹�R5t3£�]id'aLKYT.M5}�zfgLT&M�Ë�t�K|w�X�F[Z&JV}
zLR �']iU
aLKfz�MRÊ �-R wª§ M#X�F�NIN¤Z-Fp^.HdgL^.^5Z&JLMäa3M�shsWNIMRziK�deM'FIUpZ&MOT.aWT.MdZ,K�Z&FI]�U KYU3Z�F[Z.^�F�d'aWNIFIHbK�Z.F�]iUL^�FIU
d']�T.M�Z-MdZ,KYFINQF�U��1ÌWR
W�JWM�] o MOT,KYNIN�]ia3MbT.KrZ&FI]�U]re�Z.JWM�KYNvz�]iT&F[Z&JWdÿFp^
K�^�e(]�NINI]�X@^OR�W�JWM�F�T.T&M o MbT.^&F[sLN�M¤HO]�d'ahgnZ,K�Z.F�]iU

Z&]�s3Me^`FIdqgWNpK�Z.MbZ[Fp^YsWT.]�ViMOU F�UpZ.]#}hØ-MbZ{m~^&F[�bMØ^`M�z�d'MOUpZ,^�i
X�JW]i^&M�T8gLUVZ&FIdeMFI^0aWT.]�aï]�T8Z&FI]�ULK�N
Z&]'Z&JWM!deMbd']�T?uØT.M�¬pgWFIT&MrZ�s{u�Z&JWM!F�T.T.M o MbT.^&FvsWN�M�däK�H,JLF�UWMiR�W�JLM�}LT,^�Z�^&M�zid'MOUpZ¤Fp^$T.M o MbT.^&FvsWN[u
^&F�d�gWNIKrZ&MrZ'gL^&F�U�zòK �AK�ULZWKfgWMOTDMOd�s3MrZWZ-FIUhz#tkK�^DFIU/¸ ��¹�w�R�W�JWMbUqZ.JWM�^�Z,K�Z&M�]re
Z&JWM�FIT&T.M o MOT,^`FvsWNIM
däK�H,JWFIUWM�sïMOFIUhz�^`FIdqgLNIKrZ&MbZeFp^$H,JWMrH,V_aï]�FIUpZ&MrZqgL^&FIUhz(Z&JWM���MbUWUWMdZ8Z�Z&T.FIH,VØ]re�T&M o MOT,^&F[sWNvu�H¡]ia{u|m
FIUhz�F[ZlZ.]Re(T.MOMØd'Mbde]iT8uiRlW�JWMbU�ijX�MØZW]9K �AMbH¡MbT+e$T.M o MOT,^&K�N2t �1ËWR ËhiïaBR�¥�Êfw�Z&]9HON�MrKYU%gWaÉZ&JWM
ziK�T8s3Krz�Mle(T&]id ^&F�d�gWNIKrZ&FIUhz�Z&JWM5}3T.^+Z0^`M�z�d'MOUpZrR
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§�MõaLT&]-H¡MbMbZ�Z&JLM�^&K�d'M#X�K;uÉZ&JWT.]fghziJ¡Z&JWM�^&MbHO]�ULZ ^&M�zideMbUpZ�i�^�Z,KYT8Z&FIUhzVe(T&]id Z.JWM#}LT,^�Z
H,JWMrH,V_aï]�FIUpZ�inZ.]äaWT.]<ZhgLH¡M�K�UW]rZ.JWMOT@H,JWMrH,V<a3]iF�UpZbR�c�e�Z.MOT0^&]�d'M�U{gWdqsïMOT(¼�]fe
T&Mba3M�Z&F[Z&FI]�UL^�]fe
Z&JLFI^�aWT.]-H¡MbZhgWT&M|iBKYNIN¶Z.JWM'aWT.M o F�]|gL^�H,JWMbH,V<aï]�FIU|Z,^!K�T&MqZ&JWMbU�T.MOd'] o MbZ%s{uµT.M o MbT.^&FIUhzõM o MOT?upm
Z&JLF�UhzäZ-]iUWM�^`]�ekK�T�MdØWH¡MbanZ�Z&JWMòaWT.]-ZngLH=Z.F�]iU9]fe¶Z.JWM5}LULK�NBH,JWMbH,V<aï]�FIU|ZrR�@]�X X�MòJLK o M�]�UWNvu
K�^&FIUhz�NIMØH,JWMrH,V_aï]�FIUpZlX�JWFpH,JGFp^(¼µ^&M�zid'MOUpZ.^!KYNI]�UhzäFIUÑZ.JWMHO]�d'ahgnZ,K�Z&FI]�UARl§ MØT.MOaïMbK�Z»Z&JWM
Krsï] o MaWT.]<HOMbZngLT&MqZ&][H¡T.MbK�Z.MeK�UW]rZ.JWMOTòH,JWMrH,V_aï]�FIUpZ�NI]-HOKrZ&MbZ�KYUW]fZ&JWMbT5¼ ^`M�z�d'MOUpZ,^lekK�T+Z.JWMOT
KYNI]�U�z�i�K�ULZ Z&JWMbU¾KfziK�F�U�i�KYULZ´Krz_KYFIUª¼ Z&FId'Mb^�iyZ.JWMOU´T.M o MbT.^&M M o MbT8upZ.JWF�U�z KfziKYFIUþKrZ#Z&JWM
JWFvz�JWMbTNIM o MON~Z&] aWT.]-H¡MOMrZ Z&] K�a3]iF�UpZ!X�JWMOT.M/X�M ]�UWNvu JLK o M H,JWMbH,V<aï]�FIU|Z'U{gWdqsïMOT#¼nÆ FIU
d'MOd']�T?u�R�W�JWM�aLT&]-H¡MrZngWT.M�HbKYUUs3M�K�aWaWNIF�MrZ F�ULZWMd}LUWF[Z&MbN[u K�Z�JWFvz�JWMbT@KYULZ JWFvz�JLMOT�NIM o MbNI^bR
©~U�z�MOULMOT,KYN3i¶e(]iTØKYU{u U{gWd�s3MbT� ¾]re�T.MbH�gWT.^&F o M'JWFvz�JWMbT+m?N�M o MbN¤KYaWaLN�FpHOKrZ&FI]�UL^�]fe�Z&JWFp^�aWT.]rm
H¡MrZngWT.Mfi»¼ 4 ^`M�z�d'MOUpZ.^�]re�FIT&T.M o MOT,^`FvsWNIMµH¡]�d'ahghZ.K�Z.F�]iU KYT.MÑsïM�^&F�d�gWNpK�Z&MrZ s{u % � ¼ � Ãf' 4
T.M o MbT.^&FvsWN�MYe(]�T?X�K�T.ZW^+m~KYULZ{m7sLKiH,VpX�KYT,ZW^D^`FIdqgLNIKrZ&FI]�UL^�]reAK^`FIUhz�NIM!^&M�zid'MOUpZ�i{X�JWFIN�M�JLK o FIUhzØK�Z
d']i^+Z! )%9¼ � Ãf'�F�UpZ.MOT.deMrZ-FpK�Z&M�H,JWMrH,V<a3]iF�UpZ.^�FIU[d'MOd']�T?uõK�Z0K�Upu�z�F o MOU�Z&FId'M#¸[¥�Ë;¹�R
W�JWMÉgWa3^`JW]fZ9Fp^RZ.JLK�Z[F[e'Z&JWM�]�T.F[ziF�U3KYN0FIT.T&M o MOT,^&F[sWNIMGH¡]id'ahgnZ.KrZ&FI]�UµZ,KYV�Mr^RZ.F�d'M < KYU3Z
^&aLK�HOM@:ji
Z&JWMbU%Z&JWMØT&M o MOT,^&F[sWNIM�^&F�d�gWNIKrZ&FI]�U o FpK!Z&JWFp^0K�N[zi]�T.F:Z.JWd Z.KYViMb^�Z.F�d'M�� % <~Ç����G'@KYU3Z
^&aLK�HOM�� %C:�����2j<-' À � %C:nÆd'�R$c!^�¼äFIULH¡T.MbKi^`Mr^�i|Z&JWM P K�aWaWT.]iK�H,JLMb^Ó¦Ut o MOT?u!z�T,K�ZngLK�N�Nvuhw=ipshgnZ
gWUne(]iT+Z?gWULKrZ&MONvu Z&JLM HO]�UL^+Z.K�U|Z�ekK�HdZ&]iTFIU Z.JWM[^`aLKiH¡MUgL^.Krz�M9F�U3H¡T.MbK�^&Mb^K�Z�Z&JWMµ^.KYd'MRZ.F�d'M
¸EÊfÊ�¹?R

�BF�KYULZ �0F[Z��YU{u<F�¤ � �#¸ Êh¥=¹QaWT.] o MbZ�Z.JLK�Z ��MOUWUWM�Z+Z�¤ ^�KYNvz�]iT&F[Z&JLd«t�X�F:Z.JU¼ À � w
Fp^2Z.JWM�de]_^�Z
^&aLK�HOMdm?M(�õH¡FIMOUpZzaï]i^.^&F[sWNIM�a3M�shsWNIMdm7ziK�deM�^+Z&T,K�Z&M�zfu(e(]�T�T.M o MOT,^`FvsWNIM�^&F�d�gWNIKrZ&FI]�U]reLFIT&T.M o MOT,^`FvsWNIM
däK�H,JWFIUWMr^OR�W�JWFp^�T.Mb^8gWN:Z�Fp^�H¡MbU|Z.T.K�NjZ&]']fgLT�aWT&]<]fe�R
£�T&Mr^&HOMOUh�bF�K�ULZ9P�K�aLK�ZWF�d'F[Z&T.F�]|gÉ¤ �|Ì�¸ ÊfË;¹BNIKrZ&MbT�MdØ{Z&MbULZ-MbZ ��MOUWULMdZ+Z�¤ ^~Z.MbH,JWULFv¬pgWM(Z&]'aWT.]rm

o FIZWM[^&aLKiH¡Mdm?M(�õHOF�MbU|ZeT&M o MbT.^&F[sLN�M ^`FIdqgWNpK�Z.F�]iU ]fe�²�r²�Ò|^dÎÖ^d\=°�a�²�a�`=Î3a��VW¶gLT&FIUhz d'KiH,JWFIUWMb^'K�^
X�MONIN�R
� � 	
��
|� � ���{���	�����{���:�����1���5�3���f�1���1�r�Y�j�[� �|���3�
��MbUWUWM�Z+Z�¤ ^�T.Mb^8gWN:Z,^�^�Z.]_]-ZRe(]�T�KYNId']i^+Z�KeZ-MbHbK�Z-MòK�^ÓZ&JLM�d']_^�Z�^`a3K�H¡M�m�M#�õH¡FIMOUpZ�T.M o MOT,^`FvsWNIM
^&F�d�gWNIKrZ&FI]�U�Z&MbH,JLUWFv¬pgWMòV<UW]�X�U�i{shghZ�FIU¡¥ ��� �{i �AK�Uhz�M|i_E H	�òMOU��OFIMfiWKYU3Z/WDKYaWa�¸[¥;Ì�¹A^&JW]�X�MrZ
JW]�X Z.] ^&F�d�gWNpK�Z&M!W�gWT&FIUhz9d'KiH,JWFIUWMb^!T&M o MbT.^&F[sLN[u F�U�N�FIUWMrKYTò^`aLKiH¡Md´µshghZ(gL^&FIUhz�X�]�T,^�Z8m?HbK�^&M
MdØ-aï]�UWMbUpZ&FpKYN�Z&FId'M�R#W�JWMbF�T5Z.MbH,JWUWF�¬pgWM'FI^ o MOT?uGH¡NIM o MOT�i�shgnZØ^&F�d'aWNIMäFIU HO]�ULHOMOanZ ��¨�F o MbU K
H¡]iUn}�z|gWT.KrZ&FI]�U8]fe!KYUþF�T.T&M o MbT.^&F[sLN�MõdäKiH,JWF�ULMfi�Z&JLM�u ^&JW]�X Z&J3K�Z']�UWM[HOK�U T&M o MbT.^&F[sLN[u MOU{gnm
d'MOT,K�Z.MF[Z.^òaï]i^.^`FvsWNIMaLT&MrZ-MbHOMb^.^`]iT.^bRq¨�F o MOU�Z&JWFp^�iA^�Z,KYT8Z&FIUhzUX�F:Z.JÉZ.JWM'F�UWF[Z&FpKYN$^+Z.KrZ&M']reyZ&JWM
FIT&T.M o MOT,^`FvsWNIMDdäKiH,JWF�ULMfi�Z&JWM�T&M o MbT.^&F[sLN�M
däK�H,JLF�UWM�HOKYU5Z.T.K o MOT,^`M�Z.JWM¤MrZnz�Mr^B]re{Z.JWM¤FIT&T.M o MOT,^`FvsWNIM
däK�H,JWFIUWM|¤ ^�Z.T&MbM@]reQaï]i^.^`FvsWNIM@H¡]iUn}�zfgLT.KrZ&FI]�UL^�FIUõK�T.M o MbT.^&FvsWN�M �#�2gWNIMOTÓZ&]fgLTbR ��t9x<MbM�}�z|gWT&M �3R w
W�JWFp^äFp^�KYU3KYNI]fz�]|gL^�Z&]�gL^&FIUhz Z&JWM ��T.F[ziJpZ+m?JLKYULZþT?gWN�M��UZ.MbH,JWULFv¬pgWM tkde] o MVe(]�T?X�K�T.Z]X�JWFIN�M
V�MbMOaWFIUhz�u�]fgLT¤T.F[ziJ|Z�JLKYU3Zä]�U�Z&JWM(X�K�N�N�w�Z.]'}LU3Z#Z&JLM!M�Ø<F[Z�]reAKaWNIK�ULKYT�UW]�Uhm?H�u<HON�FpHOK�NLdäKr�bM�R
W�JWM'^`MrKYT,H,J%e(]�T»Z&JLMq}LU3KYN
^�Z,K�Z.MFp^�V�MOahZ»}LULF:Z.MfiBKYU3Z%Z&JLM'^&aLKiH¡Mqg3^&Kfz�MØFp^�V�MbanZò^&däKYNIN9ijs{u
HdghZ+Z&FIUhzõ]fk MdØ-aWNI]�T,K�Z.F�]iU/X�JLMOUWM o MOT�Z.JWMØHO]�Un}�z|gWT,K�Z&FI]�U[^&F[�bM�MdØWH¡MbMbZW^@^&]�d'MòNIF�d'F[ZbR �@Une(]iT+m
Z8gLULK�Z.MONvufi
Z&JWMe^`Fv�OM]re�Z&JWMaWT?gWUWMbZ%Z&T.MOMfi�KYU3ZUZ&J{gL^lZ&JWMqZ&FIdeMT&M�¬pgWF�T.MbZ/e(]iTYZ&JLM^&MbKYT,H,J�i3FI^
^+Z&FIN�N3iWFIU/Z.JWM�X�]�T,^�Z�HOKi^`M|i-MdØ-a3]iUWMOUpZ.FIK�NQF�UUZ&JLM�^`aLKiH¡M(s3]|gWULZQR
©~U K o MbT8u9T&MrH¡MOUpZ0T.Mb^8gWN[Z�i �~gWJWT.d'K�U ^dÎYÕ�cv��¤ ¦�¥#¸ Ê ��¹
^`JW]�X Z&J3K�Z!F[Z0Fp^!KiH=Z?gLKYNIN[u9a3]_^&^&FvsWN�M

Z&] o FIM�X Z&JWM ��MOULUWMdZ8Z�K�ULZ �AK�Uhz�M�m?EGH�òMOUh�bF�M�m7WDKYaLa#Z&MrH,JWUWF�¬|gLMb^�K�^�M�Ø{Z&T.MOd'Mòa3]iF�UpZ.^�]iU K
H¡]iUpZ&FIUpgL]fgL^B^&aïMbH=Z.T8gLd ]fe-^&FIdqgWNpK�Z.F�]iUòK�N[zi]�T.F:Z.JWdä^�JLK o F�U�z�F�UpZ&MbT&d'MrZ-FIKrZ&M$Ki^+u<d'anZ&]fZ&FpH$^&aLK�HOM
KYU3Z%Z&FId'M'T&M�¬|gLF�T.MOd'MOUpZ,^OR�t �@Une(]iT+Z?gWULKrZ&MONvufizKYNIND]feÓZ.JWM'F�UpZ&MbT&d'MrZ-FIKrZ&M'KYNvz�]iT&F[Z&JWdä^!F�U�Z&JLFI^
Z&T,K�ZWMO]rk ^&aLKiH¡M�^�Z.F�NINA^8gnk�MOT@K�Z�NIMbKi^�Z@K'aï]�Nvu_UL]�d'FIK�N�F�ULHOT&MrK�^&MòF�Uµ^&aLK�HOMdZ&FId'M�H¡]�d'aWNIMdØ-F[Z�u�REw
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State transition
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A possible oracle tape configuration.

Mapping performed by oracle call operation.

(a) (b)
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Z&JLMõ]�T,K�HON�MäHOK�N�N3izKre�Z&MbT'Z&JLMõHOKYNIN¤F[Z'X�]fgWNpZ8H¡]iU|Z,KYFIUÉZ.JWMõ]iT.KiH¡NIMf¤ ^�KYUL^8X�MbTbR/W�JWMõT.Mb^8gWN:Z.F�U�z
H¡]iUn}�z|gWT.KrZ&FI]�U X�]fgWNpZ¡Z&J{gL^JLK o MRZ�X�]GaLT&MrZ-MbHOMb^.^`]iT.^�izK�ULZ¡Z&JWM9däK�H,JWFIUWM�X�]fgLNIZ sïM�FIT&T.Mdm
o MbT.^&FvsWN�MiR
�»gWT�T&M o MOT,^&F[sWNIM0]iT.KiH¡NIMdm~HOK�N�NIF�U�z�aWT.]rZ&]-HO]�NïFI^�Ki^Óe(]iN�NI]�X@^bRDEGKiH,JWFIUWMb^~X�FIN�NQJLK o M!T.M o MOT,^`FvsWNIM
T.MbK�Z'K�ULZ!X�T&F[Z&M@KiHOHOMb^.^�Z&]�K�^&aïMbH¡FpKYN��\8Õ �dc[^(ÎÖÕ?Ô�^»X�JWFpH,JäJLK�^$K�ZWMd}LUWF[Z&M�^�Z,KYT8Z�i|gWU{s3]|gWULZ-MrZ
NIMOUhzfZ&J�i�KYULZ Fp^�FIUWF:Z.FIK�N�Nvu�HON�MrKYTrRõc~ZKYU{u%Z.F�d'M|i¶Z.JWMädäK�H,JWFIUWMäFp^�KYNIN�]�X�MbZÉZ&]µaïMOT8e(]�T.d K�U
�\?Õ���c[^ �1Õ�c�c±iBK9^`aïMbHOFIK�NzaLT&FId'F:Z.F o M�]�aïMOT,K�Z.F�]iU%X�JWFIH,J F�U Kõ^`FIUhziN�Me^�Z.MOaGT.MOaWNpK�HOMb^YZ&JWMMOUpZ&FIT&M
H¡]iUpZ&MOUpZ,^ò]re~Z&JWMä]iT.KiH¡NIMqZ,KYaïM#X�F:Z.J ULM�X H¡]�UpZ.MOUpZ.^�iAK�HbH¡]iT.Z-FIUhz/Z&]G^&]�d'M�}hØ-MbZ FIU o MOT8Z&FvsWNIM
däKYaWaLF�Uhz� �5�0� � ] o MOT�Z.JWM^&aLK�HOM��8]re
aï]i^.^`FvsWNIM'Z.K�a3MeH¡]iU|Z.MOUpZ.^bRlW�JWMqe�gWULHdZ&FI]�U ¯FI^
HOK�N�NIMbZ�K�Ôh^�\=°�ÍnÎÖÕ�Î3a��² r\8Õ���c[^ORäShgWT8Z&JWMbT�iAF:e^ Fp^òF[Z.^ò]�X�U FIU o MbT.^&Mfi� À  Å�Ç iBF[Z5X�FININ�s3M
HOK�N�NIMbZÉ`�^dc T 
Ö\8^d_�^�\1`1a�b�c[^OR¤P$T.Mb^&MOUpZ.MbZ9de]iT&M(e(]iT&däKYNINvu �
����������������� �"! #�$%# c Ô�^d\=°�ÍnÎ7ÕrÎ9a�r²µr\8Õ���c[^� Fp^K�U FIU o MOT8Z&FvsWNIMÉt�sWF ��MbHdZ&F o M;w�e�gWU3H=Z&FI]�U

 ��� � ��inX�JWMOT.M���Fp^~Z&JWM�^&aLK�HOMò]rezaï]i^.^&F[sWNIM�H¡]iUpZ&MOUpZ,^�]fe�K'^&MOd'F[m�FIUn}LUWF[Z&M�r\8Õ���c[^�ÎÖÕ?Ô�^¡R
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±^8gLH,J�Z.JLK�ZM À  Å�Ç R

©~U%Z&JWM�sïMONI]�X�i
X�MqX�FIN�N�Z-MrKYNA]iUWNvuUX�F[Z&J�^`MbN:e�m?T&M o MbT.^&F[sLN�M�]iT.KiH¡NIMb^bR»x<MON[e�m?T&M o MOT,^&F[sWFINIF:Z�u9MOUnm
^8gWT&Mr^2Z.JLK�Z�däK�H,JWFIUWMb^�HOK�UõMbKi^`FINvu�gLULZ-]Ø]iT.KiH¡NIM@]�aïMOT,K�Z.F�]iUL^�i#��gL^+Z�K�^ÓZ&JWM�u'HbKYUõMrK�^&F�Nvu!gWULZ-]
Z&JLMOFIT]�X�U FIUpZ&MbT&ULK�N�T.M o MOT,^`FvsWNIMäaWT.F�d'F[Z&F o Mb^bRµt9x<FIULH¡M aWT.F�d'F[Z&F o M9]�aïMOT,K�Z&FI]�U3^Ø^8gLH,J K�^�sWF[Z+m
]�aïMOT,K�Z.F�]iUL^�KYT.M»s{uõZ-M�}LUWF[Z&FI]�U/}LUWF[Z&Mò]�aïMOT,K�Z.F�]iUL^¤] o MOT�^`däK�N�NQ^+Z.K�Z.Mdm~^`a3K�H¡Mr^�i_F[e�Z.JW]i^&M!]ia3MbT+m
K�Z.F�]iUL^@K�T&M�FIU o MOT8Z&FvsWNIM5Z&JWMbUVZ&JWMbF�T!F�U o MOT,^`Mr^�dqgL^+ZlsïM�MbKi^+u�Z&]�HO]�d'ahgnZ.M�REw ©7e
]�T,K�HON�M�HbKYNINI^
X�MOT.M�d�gLH,J[JLKYT,Z-MbT�Z&]RgWU3Z-]!Z&JLK�UUZ&]�Z-]
inZ&JLMOUVZ&JLM�]�T,K�H¡NIMòd']<ZWMON�X�]fgWNpZUs3MqgWUWNIF�ViMONvuRZ&]
Z&MrK�H,JUgL^@K�UpupZ.JWF�U�zd'MbK�UWFIUhzre�gWNzKrsï]fgnZ�T.MbKYNQdäKiH,JWF�ULMb^bR
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KYU3ZÑZ.F�d'M�e�gWULHdZ&FI]�UL^�:b%  :9 ;5' E <M%& :9 ;#'(X�JWFpH,J�K�T&M10�¾ 
 �1r²h`=Î9\=Í ��Î3a�bdc[^�i�d'MbKYULF�UhzUZ.JLK�Z�z�F o MbU
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KYU{u�F�ULahgnZz]fe-N�MbUhzrZ.J� 9 ; i#K�U�F�T.T.M o MbT.^&FvsWN�M�däK�H,JLF�UWM�HOKYU�HO]�UL^+Z&T?gLHdZ�sWF�U3KYT?u!T.MOaWT.Mb^&MOUpZ,K�Z&FI]�U3^
]re�Z&JLM�U{gWdqsïMOT,^M:b%  :9 ; '�KYULZ�<�%& :9 ;#'�gL^&F�U�zä]�UWNvu9^&aLK�HOM W %H:b%& :9 ;5'G'�KYU3Z�Z.F�d'M W % <�%& :9 ;5'G'�R
§ M ^+Z.KrZ&M�JLMOT.M�X�F[Z&JW]|gnZeaLT&]<]re�Z.JLK�ZedäKYU{u T&MrK�^&]�ULKfsWN�M�aLKYFIT.^Ø]re�e�gWU3H=Z&FI]�U3^eK�T&M9F�U3Z-MOMrZ
: <2m?HO]�UL^+Z&T?gLH=Z.F[sLN�MiR�SW]iT�MdØWKYd'aWNIMfiL: À  �Æ9 ; iL< À  �m9 ; HOKYU sï]rZ.J¡sïM�HO]�d'ahgnZ.MbZ FIU�Z.F�d'M
W % ����2 Æ  :9 ;#'$aWNvgL^ W %  :9 ;5'�Z.]H¡]|gWUpZÓZ.JWM0FIUWahgnZ�sWF[Z.^�i-KYULZõ^&aLKiH¡M W % ����2- :9 ;#'¤aWNvgL^ W %  :9 ; '
F[e
X�M�FIULHON[gLZWM5Z&JWM�FIUWahgnZrR
�@M�Ø{Z�ifX�M�UWMOMrZ^&]�d'M�sLK�^&FpH�Z-M�}LUWF[Z&FI]�UL^�Z&]�^+gLaWa3]iT+Z�Z&JLM�UW]rZ.F�]iU]fe3FIULH¡]ideaLT&Mr^&^&F[sLF�NIF:Z�u5Z.JLK�Z
X�FIN�N~s3M9H¡T?gLH¡FpKYNÓZ&]%Z.JWM�aWT.]<]re�]re@]|gWT�Z&JLMO]�T.MOd[RÑW�JWMRe(]�NIN�]�X�FIUhzGZ-M�}LUWF[Z&FI]�U K�ULZ N�Mbd'd'K
e(]�NINI]�X]Z.JWMò^`aWFIT.F:Z�]re�Z&JLM!Z-Fp^&H�gL^.^`FI]�UL^¤]reBFIULH¡]id'aWT&Mr^&^&FvsWF�NIF[Z�uFIU �AFïK�ULZ �0F[Z���U{u_F3¤ ^$MdØWHOMONIN�MbU|Z
sï]_]iVõ]�U �!]�NIde]|z�]iT&] o H¡]ideaLN�M�Ø<F[Z�uÑ¸ Ëf¦;¹?R
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Z-Mr^&HOT&Fvs3MiRÉ§ M9^.K;uÉZ.JLK�ZäK%sWF[Z+m~^+Z&T.F�Uhz��ªÒ|^=`#��\=a�b1^=`UsWF:Z8m?^+Z&T.FIUhz�� F�U´Z-Mb^.H¡T.FIanZ&FI]�U ^8u-^�Z.MOd
NäF[eMN %�� ' À ��RU§�Mõ^.K;uÑZ.JLK�ZØK%sLF:Z8m?^+Z&T.F�U�z�� Fp^ �1�°lÔ�\8^d`1`1a�b�c[^9FIU Z-Mb^.H¡T.F�ahZ&FI]�U8^+u-^+Z&Mbd N
F[eÓZ&JLMOT.MFp^�K9^&JW]iT+Z.MOT(sWF:Z8m?^+Z&T.FIUhz�Z.JLK�Z�Z-Mr^&HOT&FvsïMb^�F:Z �Óa���^��BF[eÓZ.JWMOT.MeMdØ-FI^+Z.^òK[^+Z&T.F�Uhz��µ^+g3H,J
Z&J3K�Z�N %�� ' À � K�ULZ � ����� � � �:i�X�JWMbT&M�Z&JLMeUL]rZ.KrZ&FI]�U/� �
��ZWMOUW]fZ&Mb^»Z.JWM'UpgLdqsïMOT�]re~sWF[Z.^òFIU
sWF[Z+m~^�Z.T&FIUhz`�#R
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�~\8�FT t�WzT&F o FIK�N@H¡]fgLU|Z.F�U�z K�T8z|gWd'MOUpZ1w¡R W�JWMOT.MµKYT.M ��� sWF:Z8m?^+Z&T.FIUhzi^e]re�N�MbUhzrZ.J ) iyshgnZ
Z&JLMOT.M0KYT.M�]�UWNvu�� � Å�Ç/�� � � / À � � � Ã!Z-Mb^.H¡T.F�ahZ&FI]�UL^�Z.JLK�Z�KYT.M@^`JW]iT+Z.MOT�Z.JLKYU ) sWF[Z.^¤N�]iUhzLR �¤KiH,JZ-Mr^&HOT&FIanZ&FI]�U�� HOKYU´Z-Mb^.H¡T.Fvs3M[K�Z'd']i^+Z']iUWM�sLF:Zõ^+Z&T.F�Uhz ]re!N�MbUhzrZ.J ) i$U3KYd'MONvu Z&JWMµ^+Z&T.F�U�z
N %�� '@F[e2Z.JLK�Z�^�Z.T&FIUhz
¤ ^!N�MbUhzrZ.J JLK�aWaïMOUL^lZ&]Us3M ) R5W�JWMOT.Mde(]iT&MqZ&JWMbT&MdqgL^+Z(sïM'K�Z!NIMbKi^�Z�]�UWM
T.MOdäKYFIUWFIUhz sWF:Z8m?^+Z&T.FIUhzµ³ ]reòN�MbUhzrZ.J ) Z.JLK�ZõFp^äUW]fZ�Z-Mb^.H¡T.F[sïMbZªs{uþK�U{u ^`JL]�T8Z&MOTõZWMb^.H¡T.F�anm
Z&FI]�UAR
©~U ]fgWTedäKYFIU aWT.]<]re�i�X�M/X�F�NIN~s3M[^`MbN�MrH=Z.F�Uhz F�ULHO]�d'aWT.Mb^.^`FvsWNIM�^+Z&T.F�Uhz_^�e(T.]�d K ^&MOT.FIMb^�]fe
H¡]id'ahgnZ.KfsWNIMòZWMb^.H¡T.F�anZ.F�]iU ^8u-^�Z.MOdä^bR
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:b%  9 ; '�K�ULZ�<M%& 9 ; 'ys{u ��gL^+ZM:�K�ULZ�<li-T&Mr^`aïMbHdZ&F o MbN[u �<N�FIV�M�X�FI^&M»e(]�T�]rZ.JWMOT~e�gWULHdZ&FI]�UL^�]fe  9 ; R
SW]iTäH¡]�d'aLK�T&FIUhz ]�T,Z-MOT,^]re»ziT&]�X�Z.J�iÓX�MUX�F�NINYgL^&M/sï]rZ.JªZ&JWMµ^+Z.KYU3ZWKYT,Z U�i W i!X/ij\�i Z
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$~�8���±�������j���=�%���������{�?�=���r��� ©~UÑZ&JWFp^!^&MbHdZ&FI]�U%X�M�aWT.] o M5Z.JLK�Z�T&M o MOT,^&F[sWNIM�däK�H,JWFIUWM�d']-Z{m
MONp^�T.M�¬pgWFIT.MäJWF[ziJWMOTK�^8u_d'anZ.]rZ.FIHä^&aLK�HOMdm3Z&FId'M�H¡]ideaLN�M�Ø<F[Z�u ]iU ^`]id'MäaWT&]|sWNIMOdä^5Z&J3KYU H¡]iT+m
T.Mb^&a3]iULZ-FIUhz[F�T.T&M o MbT.^&F[sLN�Med']<ZWMONp^�izF:e�KµH¡MbT+Z,KYFIU�UWM�X T.M o MOT,^`FvsWNIM�sLNIKiH,V|m7sï];ØG]�aïMOT,K�Z&FI]�UµtkK
^&MON[e�m�T.M o MOT,^`FvsWNIM9]iT.KiH¡NIM � weFI^'däK�ZWMGK o K�F�NpKrsLN�M/Z&]�sï]rZ.J´d']-Z-MbNI^bR W�J{gL^�i�UW] �1�°lÔ�c[^�ÎÖ^dc±³
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P ×~ß�âiÜ�àvÔ ý æ�ãO×�Ù
á?Ü`ÕOÖ<Ú_Õ¡×`Ú æ�ÖiÙ,æ�ãrÖià�Ô Q'ÕOÜ�ÝiÙ,æ�ÕOÜ�àvÔ�ÕOðïÚ�Ù/R<Öià}Ü�à�ãbÖ S
ÖiãbÜ`ÕOÜ�àvãbÖ ÖiãbÜ`ÕOÜ�àvãbÖ TBÖ_Þrðvàvá~Ý'Ù.ì�âið�ÕOÖ<Õ¡Ü�à�ãbÖ
U�VXWZYI[<\ ãb×
U^]@W@YI[<\

U`_a[ b!c id c $ d#e=f`gihkj�l0emgXe f)jnhko c i [6Y e \ o U�Y e \ o
c $ [6Y e \ S/p!Ý_ÕbáïÜ�ÝiÙDá�ÕOæ�ÙDÕOá?ßiæ�â�Ü�ãbÜ�àvÔAãb×`ÚiÙ&×Qãbå_Þb×�ã è Ü�ÝÕbá�Órq

U�V�s�YI[<\ ãb×
U^]ts`YI[<\

U`ua[ b!c d#e=f?gJh`j2l0eHgJe=fvjGhKo U�Y e \ o cw[6Y e \ SrpõÝ_Õbá�Õðvã è Ù.×�Õbá?ß�æ�â�Ü�ãbÜ�àvÔ�ãb×`Ú�Ù.×¤ãbåQÞO×�ã è Ü�Ý'Ü�Ý<ÕbÖ'Óbí
U�V�xyYI[<\ ãb×
U^]tx�YI[<\

U`za[ b!c d#e=f?gJh`j2l0eHgJe=fvjGhKo c{[6Y e \ o U�Y e \ S!põÝ_Õbá�ÕÞb×�Ù,ÕOÜ�Ù.×�Õbá?ß�æ�â�Ü�ãbÜ�àvÔ�ãb×`Ú�Ù.×¤ãbåQÞO×�ã è Ü�Ý'Ü�Ý<ÕbÖ'Óbí
U�VJ|�YI[<\ ãb×
U^]k|�YI[<\

Uk}N[ l c gihyj b e=f�gihyj�l0e~g�e=f)j�hyo U�Y e \ o c{[6Y e \ S
p'Ý<ÕOá�Õ!á?Ü~×�à�Ô&Ü�ðvßeðvã è Ù.×�Õbá?ß�æ�âiÜ�ãOÜ�à�Ô�ãb×`ÚiÙ&×�ãOåBÞb×�ã è Ü�Ý
Ü�Ý<ÕOÖäÓbí

U�VJ��YI[<\ ãO×
U^]k�vYI[<\

Uk�N[ l c gJh)j b e f g�hKj�l0e�g�e f j�h)o cw[6Y e \ o U�Y e \ S:pÝ<ÕOá�Õòá?Ü~×�àvÔ.Ü�ð}ßäÞO×�Ù�ÕOÜ�Ù&×�Õbá?ß�æ�â�Ü�ãbÜ�àvÔ�ãb×`Ú�Ù.×�ãOåAÞb×�ã è Ü�Ý
Ü�Ý<ÕOÖäÓbí

z�MbUWMOT,KYN¶Z&MrH,JWUWF�¬|gLMØHOK�UGMdØ-Fp^�Z»e(]�T!^&FIdqgWNpK�Z.F�Uhz9F�T.T.M o MbT.^&FvsWN�MòdäK�H,JLF�UWMr^0]iUµT&M o MbT.^&F[sLN�M�]iUWMb^
X�F[Z&J[UW]äK�^8u<deahZ&]rZ.FIH�] o MOT.JWMbKiZQR
·@]�X�M o MbT�i;Z.JWM�UWM�X aWT.F�d'F[Z&F o M�]ia3MbT.KrZ&FI]�U'Z.JLK�Z2X�M�Z-Md}3UWMbZeFIUe]iT.ZWMOT�Z&]�däKYViM~Z&JWFp^
aWT.]<]re

z�]lZ&JWT.]fg�z�JØFp^DUW]rZ�F[Z.^&MON[eLaWJ{u-^`FpHOK�N�NvuòT&MrKYNIFI^+Z&FpHYR�W�JWM�]ia3MbT.KrZ&FI]�U�FId'aWNIMOd'MOUpZ.^�K�H¡]idea�gnZ.KfsWN�M
e�gWULHdZ&FI]�U�i�shgnZ»Z&JWMØ]�aïMOT,K�Z&FI]�U[Fp^@d']-Z-MONIMbZ K�^�Z,KYV<F�U�zõH¡]�U3^�Z,KYUpZ�tHU %+Ãf'+w�Z&FId'M�Z&]õaïMOT8e(]�T.d
FIULZ-MOaïMOU3Z-MOUpZ�]fe
Z.JWM!^&Fv�OM�]reQF[Z.^¤F�UWa�gnZ�ipX�JWFpH,J o FI]�NpK�Z.Mb^
aLJpu-^&FIHbKYNWNI]-HOK�N�F[Z�uK�ULZ�Z&JWM!K�^8u_d'anm
Z&]fZ&FpHOK�N�Nvu o MbT8uµNpKYT?z�MeU{gWdqsïMOT�]fe�^+Z&MbaL^(Z&J3K�Z�F[Z'X�]|gWNIZÉZ.K�V�M�Z&]GHO]�d'ahgnZ.M�Z.JWMä]�aïMOT,K�Z.F�]iU
gL^&F�U�z�Z.JWM�KYNvz�]iT&F[Z&JLd Z&JLKrZ0H¡]�T.T.Mb^&a3]iULZW^�Z-FIT&MrH=Z&Nvu#Z.]!Z&JWM�]ia3MbT.KrZ&FI]�U�¤ ^�Z-Md}LULF:Z.F�]iUBR
W�JWMOT.Mde(]iT&M|inZ&MrH,JWUWFpHOKYNINvufiLM o MbUUziF o MOU[]fgLT@aWT.]_]fe�iLF[Z0Fp^0^+Z&FIN�NDKYUµ]�aïMOUÑ¬pgWMr^�Z.F�]iUVX�JWMdZ.JWMOT
KGaïMOT8e(MbHdZ&Nvu M(�õH¡FIMOUpZä^`FIdqgWNpK�Z.F�]iU Z&MrH,JWUWF�¬|gLM9d'Fvz�JpZe^+Z&FIN�N�MdØ-Fp^�Z�Z&JLKrZ�X�]�T.V-^�FIU�Z&JLM HbK�^&M
]re�T&M o MOT,^&F[sWNIM�däK�H,JLF�UWMr^!^&FIdqgWNpK�Z.F�Uhz9F�T.T.M o MbT.^&FvsWN�M�däKiH,JWF�ULMb^lZ&JLKrZòK�T&MeH¡]�d'aï]i^&MbZµ]iUWNvu ]fe
aWT.F�d'F[Z&F o Mr^~Z&JLKrZ0KYT.M!aWJ{u-^&FIHbKYNIN[uõT.MbK�N�Fp^+Z&FpHYR
©~ULH¡FpZ-MOUpZ,KYNIN[u#Z.JW]fg�z�J�i-F[eD]iUWM5X�FI^&JWMr^~Z&]'aWT.]fz�T.Mb^.^ÓZ&] �1�°lÔ�c[^�Î7^ØaWJ{u-^`FpHOK�N�T&MrKYNIFI^&dVi|Z.JWMOU

Z&]»s3M�H¡]id'aWN�M�Z&MbN[u5ekK�F�T�i#]�UWM�^`JL]fgWNpZ5Z.K�V�M�F�UpZ&]�K�HbH¡]fgLU|Z�Z&JWM�aWJ{u-^`FpHOK�NrZ.F�d'M�KYULZ^`aLKiH¡M�H¡]i^+Z.^
K�^.^&]<HOFIKrZ&MrZRX�F[Z&JµT.MOd'] o F�Uhz�Z&JLM�aWJ{u<^&FpHOKYNQMbUpZ&T.]�a{uäaWT.]<ZhgLH¡MrZ�s{u�FIT.T&M o MOT,^&F[sWNIM0]ia3MbT.KrZ&FI]�UL^
e(T.]�d K9d'KiH,JWFIUWMfijX�JWMbU�H¡]id'aLKYT.F�U�z�T.M o MbT.^&FvsWN�MKYULZ F�T.T&M o MbT.^&F[sLN�M�däKiH,JWF�ULMd']-Z-MONp^bR'§�M
Z-]/Z&JWFp^òFIU ¸v¥ �;¹¤K�ULZ HO]�ULHON[gLZWMqZ.JLK�Z5gWULZ-MbT�H¡MbT+Z,KYFIUGT&MrK�^&]�ULKfsWNIMØK�^.^+gLdeahZ&FI]�UL^�iBK o K�T&FIMdZ�u
]re!aWJ{u<^&FpHOKYNINvu�T.MbK�N�Fp^�Z.FIH�T&M o MbT.^&F[sLN�Mõd']-Z-MbNI^'KYT.M�KiH=Z8g3KYNIN[u Ki^+u<d'anZ&]fZ&FpHOK�N�Nvu ^+Z&T.FpH=Z&Nvu °#�\8^
^&aLK�HOMdZ&FId'Mdm?M(�õH¡FIMOUpZ�]�U[^&]�d'MòaWT&]|sWNIMOdä^yZ&JLK�U[K�T&M»Z&JLM�H¡]�T.T.Mb^&a3]iULZ-FIUhzFIT.T&M o MOT,^&F[sWNIM0d']-Z{m
MONp^�iBKYN[Z&JW]|ghz�J KYU M�Ø{Z&T.MOd'MONvu[NIK�T8ziM^.HOKYNIMe]re¤däK�H,JLF�UWMedäK;uVs3M'T.M�¬pgWFIT&MrZVZ&] T&MrKYNIF[�bMqZ.JLK�Z
aLK�T+Z.FIH�gWNIK�T~Z&JWMb]�T.MdZ&FpHOK�N�s3MbUWMd}�ZbR
W�JWM MbULH¡T.]iKiH,JWF�U�z Fp^.^+gWM�]re�NI]�X�MbTõN�FId'F:Z,^ ]�U sWF[Z9MbUWMOT?z�FIMb^�FI^�de]iT&M F�d'aï]�T8Z.KYUpZrR¯c0^

X�MØd'MOUpZ&FI]�ULMbZµFIU���¥|i�Z.JWMeMdØWK�HdZ!däKrziUWF:Z?gLZ-M�]fe2Z&JLMØahgWT.MONvu �1�°lÔ�ÍnÎÖÕ�Î3a��²�Õrc$K�^8u<deahZ&]rZ.FIH
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] o MbT&JLMbK�ZL^�F�ULH�gWT.T&MrZ!spu'T.M o MOT,^`FvsWNIM�]ia3MbT.KrZ&FI]�UäJLKi^¤K�UõF�d'aï]�T8Z.K�U|Z�T&]iN�M�Z.]�aWNpK;uFIUõJWMbN�aLF�Uhz
Z&]�d'K�V�M�K�UGK�HOH�gWT,K�Z&M�HO]�d'aLKYT.Fp^`]iU/sïMdZ�X�MOMbUVZ&JWM�aï]rZ.MOUpZ&FpKYNzM(�õH¡FIMOU3Hdu ]re
T&M o MbT.^&F[sLN�M�KYU3Z
FIT&T.M o MOT,^`FvsWNIM�däK�H,JWFIUWMµZ-Mr^`Fvz�UL^eFIUþa3KYT8Z&FpHdgWNpKYT�Z&MrH,JWUW]iN�]|z�FIMb^bR ©7ZäFI^äK ViM�u8MONIMOd'MbU|Z#Z.JLK�Z
Z-T,K�^+Z&FpHOK�N�NvuGK�k�MbHdZ.^5Z.JWMõ^`J3KYaïMe]feÓZ.JWMä] o MbT.K�N�N�Z&T,K�ZWMO]rk�e�gLULH=Z.F�]iU¡sïMdZ�X�MOMbU�MbUWMOT?zfu�H¡]i^+Z.^
KYU3Z�JLK�T.ZhX�K�T&MòH¡]_^�Z,^�F�U aLKYT8Z&FpKYNINvu|m~K�ZWFIKfsLK�Z.FIH!däK�H,JWFIUWM�Z-Mb^&Fvz�U[^`aLKiH¡Mr^OR

��MbN�]�X�i
X�MqX�F�NINzaLT&] o M�]fgWT@T.Mb^8gWN[Z.^0F�UÑsï]rZ.JG]�T,K�HON�M�m�T.MONpK�Z.F o Fv�OMrZ9K�ULZ[UW]�Uhm�]iT.KiH¡NIM5e(]�T.d'^
e(]�T�^&MOT.FIK�N
t�gLUWF�aLT&]-H¡Mr^&^&]�T=w�däK�H,JLF�UWMr^OR�W�JWM�]iT.KiH¡NIM
T&Mr^+gLN:Z,^zHO] o MOTzK@NpKYT?z�M�ekK�deFINvu�]feWa3]_^&^&FvsWN�M
K�^8u<d'anZ&]fZ&FpHlsï]fgWU3ZW^�]�U�Z&JWM ��]�FIUpZ@^`aLKiH¡M�KYULZ�Z&FId'M�T.M�¬pgWFIT.MOd'MOUpZ.^�]re�H¡]idea�gnZ.KrZ&FI]�UL^bR
SW]�T
KYNIN�s3]|gWULZ-FIUhzUe�gWULHdZ&FI]�UL^5X�F[Z&JLF�U�Z&JWFp^(ekKYd'FIN[u|i�X�Me^&JW]�X Z.JLK�Z5Z&JLMOT.MM�Ø<Fp^+Z�K�U ]iT.KiH¡NIMKYU3Z
K NIK�Uhzfg3Krz�Me^+g3H,JÉZ.JLK�Z5Z&JLMäNIK�UhzfgLKfz�MFI^�Z-MrH¡FpZWKrsLN�M!X�F[Z&JWFIUÉZ.JWM#z�F o MbUÉsï]fgWU3ZW^5s{u ^`MbT&FpKYN
däK�H,JWFIUWMr^¶Z.JLK�Z
HOK�U�¬pgWMbT8u5Z.JWM�]iT.KiH¡NIM¤]iUWN[u�F[e�Z.JWM�däK�H,JWFIUWMb^DKYT.M(a�\rT.M o MOT,^`FvsWNIM�R¶W�JLFI^DT.Mb^8gWN:Z
Fp^0UW]iUnm3Z&T.F o FpKYNyt�H¡]idea3KYT.MbZVZ.]�P$FIU�¤ ^�ije(]iT!M�Ø-K�d'aWN�M;w�sïMbHbKrgL^&M'Z.JWMØFIULZ-F o FIZng3KYN�]�T,K�HON�MØHbKYNINI^
KYT.M(Z&JWMbdä^`MbN o Mb^�T&M o MbT.^&F[sLN�MòKYULZ MrK�^8u!Z&]#gWULZW]LR
©~Ue^&MbHdZ&FI]�U ��i�K�^`FId'F�NpKYT�T.Mb^8gWN:Z�iYUW]fZ�FIU o ]iN o FIUhz!K�U]iT.KiH¡NIMfi�H¡] o MOT,^zHbK�^&Mb^�X�JWMOT.MÓZ.JWM@^&aLK�HOM

sï]fgWULZ9Fp^�dqgLH,J[^`däK�N�NIMOT~Z&J3KYU/Z&JWMòNIMOUhzfZ&J ]re¶Z.JWM�T,KYULZ-]id'N[uÑt�KYULZ9T&M o MbT.^&F[sLN[uhw$KiHOHOMb^.^`FvsWNIM
FIUWahgnZrR2£�]iT&]iN�NpKYT.FIMb^�Z&]�sï]rZ.J#Z&JLM@]�T,K�HON�M�KYU3Z'UW]�Unm?]�T,K�HON�M�T.Mb^8gWN:Z,^2ziF o M�N�]<]i^&M�NI]�X�MbT�s3]|gWULZW^
]�U5Z.JWM¤K�de]|gWUpZA]re-M�ØpZ.T.K�^&aLKiH¡M$K�T.M o MOT,^`FvsWNIMDdäKiH,JWF�ULM2X�F�NIN�T.M�¬pgWFIT.M�Z&]0Z-MrH¡FpZ-M�Z.JWM¤NpKYUhz|gLKrziM
X�F[Z&JWFIU#Z&JLM!^.KYd'M�Z&FId'Mlsï]fgWULZL^¤K�^2Z&JWM0F�T.T&M o MbT.^&F[sLN�M�däK�H,JLF�UWM|iiK�N:Z.JW]fghziJä]�UWM@^&JW]|gWNIZ'ViMOMba
FIUØd'F�U3Z�Z&J3K�Z¶Z.JWFp^DK�aWaWT.]iKiH,J�]feWd'MOMdZ.F�U�zlZ.JWMÓZ.F�d'Mys3]|gWULZW^�X�FIN�N_UW]rZ�UWMrH¡Mb^.^.KYT.F�Nvu0d'FIUWF�d'Fv�OM
Z&JLM�T&MrKYNBH¡]_^�Z,^�H¡]�T.T.Mb^&a3]iULZ-FIUhzqZ.]�Z&JWM�^&aLK�HOMdm3Z&FId'MlÔj\8�Ò�Í ��Î�R
c@UW]fZ&JWMbT�H¡]�UpZ.T&FvshgnZ.F�]iU�]fe�]|gWT�aWT.]_]fe�Fp^5Z&][FIN�NvgL^+Z&T,K�Z.M#X�K;u-^»Z&]VgL^&MäF�U3H¡]�d'aWT.Mb^.^&F[sWFINIF:Z�u
KYT?zfgLdeMbUpZ.^�FIU�KYULK�N[u{�OFIUhz�T.M o MbT.^&FvsWN�M�däK�H,JLF�UWMr^OR¶©7ZAFI^zH¡]iULH¡MbF o KrsLN�M�Z.JLK�ZA^&F�d'FINIK�T�Z&MrH,JWUWF�¬pgWMb^
d'F[ziJpZ�FIULHOT&MrK�^&MÓZ.JWM�T.K�Uhz�M�]reïT&M o MbT.^&F[sLN�M�KYULZFIT&T.M o MOT,^`FvsWNIM�^&aLK�HOMdm3Z&FIdeM�HO]�d'aWNIMdØ-F:Z�u�HONIKi^&^&Mb^
Z&J3K�ZYX�MòHbKYU[^`MbaLKYT,K�Z.M»X�F[Z&JL]fgnZ@T.Mb^&]�T8Z&FIUhz�Z&]�Z&JWM�]iT.KiH¡NIM�R
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��Õ�\=Î�)ÖÕ +f� t7£�K�^&Mb^�: ! < K�ULZ < ! � � REw SDF�T,^+Z�i¤F[e�: " <li�Z&JWMbU¾]fs o F�]|gL^`Nvu X�M
JLK o MUsï]rZ.J Q5$ O )! % <ME :[' � À Q5$ O )' %C<2EG<j' � K�ULZ $ O )! % <ME :[' � À $ O )' % <2E <-' �
^&F�d'aWNvuVs3MrHOKrg3^`M�FIU%Z.F�d'M@<>UW]õd']�T.M�Z&J3KYU :�� < d'MOd']�T?u[H¡MONINp^0HOK�UÑsïMK�HbH¡Mr^&^&MbZ ]�UGK
däK�H,JWFIUWM�Z&J3K�Z�a3MbT+e(]iT&dä^�U %�Ãd'!]�aïMOT,K�Z&FI]�U3^!aïMOT5Z.F�d'Mõ^+Z&MbaBRRx<F�d'FINIK�T&NvufiAF:e^< " � � i�Z.JWMOU
Q5$ O )! % <ME :[' � À Q5$ O )! % � � E :[' � KYU3Z $ O )! % <ME :[' � À $ O )' % � � E : ' � ijsïMbHbKrgL^&MØUW]
H¡]id'ahgnZ.KrZ&FI]�U%gL^&FIUhzõ]�ULN[u�:UsWF[Z.^!]re
d'MOd']�T?u9HbKYUµT?gWUVe(]�T!de]iT&M'Z&JLK�U � � ^+Z&MbaL^»X�F:Z.JW]fgnZ
T.MOaïMbK�Z.F�U�zLR�x<]äaLKYT8ZqtkKpw�T.MbZngLHOMb^�Z.]õaWT.] o F�Uhz Q5$ O )! %C<2E : ' � À $ O )' %C<2E :[' � ]iUWN[u�e(]�T
Z&JLM�HOK�^&M5X�JWMOT.M�: � <¾]�T!< � � � R
SWT.]�d JWMOT.Mfi|Z&JLM!T.Mb^8gWN[ZÓe(]�NINI]�X@^�ZngLMYZ&]qZ&JWM�MdØ-Fp^�Z.F�U�zØT.MONpK�Z&F o F[�rKrsWNIM0^&F�d�gWNpK�Z&FI]�U3^OR�§ JWMOU

: � <li���MOUWULMdZ+Z�¤ ^¤^`FId'aWN�M�T.M o MOT,^`FvsWNIM�^`FIdqgWNpK�Z.F�]iUqZ.MbH,JWULFv¬pgWM�¸v¥ �;¹ïHOKYU�sïM0KYaWaLN�FIMbZ�s3MrHOKfgL^`M
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F[Z�Z.KYViMb^�Z&FId'M W %C<-'�KYU3Z^&aLK�HOM W %C<-'�R�x<FId'F�NpKYT.N[u|irX�JWMbU>< � � � Z.JWM�^`FIdqgWNpK�Z.F�]iU]fe �zKYUhziM
^�Î�Õrc[�h¸v¥�Ì;¹3HOK�U�sïM�gL^`MrZ�s3MrHOKrg3^`M�F[Z�Z,KYViMb^�Z&FId'M W % � � '�KYULZe^&aLK�HOM W %C: '�R��]rZ&J�Z&MrH,JWUWF�¬pgWMb^
HOK�U�sïMòMbK�^&FIN[uõ^&MOMbURZ&]eT.MONpK�Z&F o F[�bMlZ.]eK�U{uõ^`MbN:e�m?T&M o MbT.^&F[sLN�M!]�T,K�H¡NIM��eR2W�J{gL^�i<F�UUsï]rZ&J[HOKi^`Mr^�i
KYU{uõFIT.T&M o MOT,^&F[sWNIM�d'KiH,JWFIUWM�HOKYUUsïM�^`FIdqgWNpK�Z.MbZ T.M o MbT.^&FvsWN[uäFIU W %C<-'�K�ULZ[^`aLKiH¡M W %C:['di3KYU3Z
Z&JLMOT.Mde(]�T.M Q5$ O )! % <2E :[' � À $ O )! % <ME :[' � R

��Õ�\=Î )�b +f� t3£�K�^&M�: � < � � � R w¡·@MbT&M|i�X�M�z�F o M]�UWNvuµKYU ]|gnZ&NIFIUWM]fe2Z&JLMqe�gWNIN
aWT.]<]re
]re
aLK�T+Zqt�s
w=i�X�JWFpH,JVX�F�NIN¶sïM �LMr^`JWMrZ[]fgnZ@FIU �	�=Ì-REÊ �hÌ-R ��sïMONI]�X�R-� �����������	��
���	��� § M'X�FIN�N
H¡]iUL^+Z&T?gLH=Z@ÐZ&]ÉsïM�KµaïMOT.dqghZ.K�Z.F�]iU8]�T,K�HON�M!Z.JLK�Z'HOKYU�sïMõFIUpZ&MOT.aWT.MdZ.MbZ8K�^^`aïMbHOF:e�u<FIUhz K�U
FIUn}LUWF[Z&M Z-F�T.MbHdZ&MrZ z�T,KYaWJ ]re�UW]-Z-Mr^'X�F[Z&J8]|gnZ.Z-M�z�T.MOMõKrZØd']i^+Z�¥�RV§ M�X�FIN�N�KYNp^`]GZ-M�}LUWM�K
H¡]iT&T.Mb^&aï]�ULZ-FIUhz@NpKYU�zfgLKfz�Mdm?T.MbH¡]|z�UWF[Z&FI]�U�aWT.]fsWNIMOdVi�X�JWFpH,JqX�FININpsïM~Z&]�T&Mba3]iT+Z�Z&JWM�HO]�UpZ&MbU|Z,^A]fe
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