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IKJ �BJlI �tZKh�WTZ%NQX\U<WQR J�J�J�JjJ�J�J�J�J�J�J�J�J�J�JjJ�J�J�J�J�J�J�J�J�J�J�JjJ�J�J�J�J�J�J�J�J �.¡
IKJ �BJ � ¢%`cNQyGR�bKS�WQdce8RTS£J�JjJ�J�J�J�J�J�J�J�J�J�JjJ�J�J�J�J�J�J�J�J�J�J�JjJ�J�J�J�J�J�J�J�J �.¡
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IKJ �nL�SVNiRqz�S8h�WTY[�\S.RbKS�NTS.hidcSVNihidcS¥J�J�J�J�J�J�J�J�J�J�JjJ�J�J�J�J�J�J�J�J�J�J�JjJ�J�J�J�J�J�J�J�JnI\¦
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�cJ �n�OUBh8X\bKNQSVfFS8U%W^bcSjzBNTZ\®S�WQR¯JjJ�J�J�J�J�J�J�J�J�J�JjJ�J�J�J�J�J�J�J�J�J�J�JjJ�J�J�J�J�J�J�J�JnIS�
�cJ �2�OUBh8X\bKNQSVfFS8U%W^bcS�RqWQX\{\S.RFJ�JjJ�J�J�J�J�J�J�J�J�J�JjJ�J�J�J�J�J�J�J�J�J�J�JjJ�J�J�J�J�J�J�J�JnI%I
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kKJlInmoNTS8�\SVWQR»J�J�J�J�J�J�J�J�J�JjJ�J�J�J�J�J�J�J�J�J�JjJ�J�J�J�J�J�J�J�J�J�J�JjJ�J�J�J�J�J�J�J�JnI\�
kKJ � ��Z\fFf�`cUcYshVX"WQYaZ%UBRX �\S.htX%h�WQS8R¯J�J�J�J�J�J�J�J�J�JjJ�J�J�J�J�J�J�J�J�J�J�JjJ�J�J�J�J�J�J�J�JnI<�
kKJ � ��Z\fFf�`cUcYshVX"WQYaZ%UBRRQXCUBRX%h�WTS?J�J�J�J�J�J�J�J�J�J�JjJ�J�J�J�J�J�J�J�J�J�J�JjJ�J�J�J�J�J�J�J�JnI\�
kKJlk2�GP8f~Y[UBX\YaNQS8R�J�J�J�J�J�J�J�J�JjJ�J�J�J�J�J�J�J�J�J�JjJ�J�J�J�J�J�J�J�J�J�J�JjJ�J�J�J�J�J�J�J�JnI\¡
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kKJ �2�uNTWTYsh�v[SgbKS��G`cv[{%X\NTYsRTXCWTY[Z\U JjJ�J�J�J�J�J�J�J�J�J�JjJ�J�J�J�J�J�J�J�J�J�J�JjJ�J�J�J�J�J�J�J�JnI\¡
kKJ �n�G`czBz|Z%NqW^bKSgbcY_�6`BRTYaZ%U�bcSjvsX~NTS.hidcSVNihidcS�J�J�J�J�JjJ�J�J�J�J�J�J�J�J�J�J�JjJ�J�J�J�J�J�J�J�JnI\¡
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m�UBRqWTYaWT`KWQS�ZCp < S.hidcUcZ%vaZ%{\yM5�J

����� � Y;X'T/S'^�
.��
M�Za�^ SL
 T.��
MP���
M�Za9^ QRP 
������pS Q�S YMS�����S'Y;���RS

º�X�RTP8hV`cNQY[RQX"WQYaZ%UFbcS8R�YaUKp,Z%NTfAXCWTY[Z\UBR�S.R®W�`cUAWTdBeVfFStbKStNTS.hidcSVNihidcS�z�Z\`cN�vaS.r%`BSVv�Z\U�X\RQRTY[RqWTSuX%h�WT`BSVv[vaS8f~S8U<W
�g`BU�p,Z\NTW�NQSV{<XCY[U�b w YaU<WTP8N��VWg8GzcNQYaU|h�Y[zBXCv[SVfFSVU<Woz|Z%`cNobcSV`DANiXCYsRqZ%UBRVJK�tw S.R®Wb w `cUcSjzBXCNTW�`BUcSthVZ\UBRTP8r<`cS8UBh�SjbK`
p,Z\NQfFY[bBXC�cv[S�bKP8�\S8vaZ%zcz|S8fFSVU<WtbKS.R^WQPVv[P8hVZ\fFf�`cUBY[h8X"WTY[Z\U|R^bcX\UBR^v[S8Rj�\¦�bKSVNQUcY[eVNQS8R^X\UcUcP8S8R8J A X\Y[R^Yav�S.R®W�h�vsXCY[N
r<`cS�v[XARTP8hV`cNQY[RQX"WQYaZ%U�S8RqWuXC`BRQRTY UBX"WQ`cNTS8vav[SVfFS8U%WuX\zczBXCNQ`cS+8cbK`]p$XCYaWbcS�v[X~�G`cv[{%XCNQYsRTXCWTY[Z\U�bcS8R�P8hid|XCUc{%S8R�b w YaUK�
p,Z\NQfAX"WQYaZ%U³�]hVXCNiX\h�WTe8NTS�hVZ\UK��bKSVU<WTY[SVvxJ �OU S��6S�W)8 v[X�UcZCWQYaZ%U³bKSAhVZ\UK�|bcSVU<WTYsXCv[Y_WQP~R8w S8RqWjvsXCNQ{\S8f~S8U<WjPVWTSVU|bK`cSI8
�AzBX\NqWQYaNjb w `cU�bKZ%fFX\YaUBS�r<`cY�UBS�h�Z%UBh�S8NTU|XCYaW^YaUBY_WQY[X\vaS8f~S8U<Wjr<`cSgvsX�bKY[zcv[Z\fAX"WQYaS+8Bvxw X\NTfFP8SgZ\` v[S8R^{\Z%`c�\S8NTUcSV�
fFSVU<WQR8J���S�WTWTS�hVZ\UK�|bcSVU<WTYsXCv[Y_WQPFS8RqW�X\`"®Z\`BNQb w dG`cYObKS8�\SVUG`cS~UcP.h�S8RQRQXCY[NTSF��hidBX\r<`cS~YaU|bKYa�GYsbK`L8�X\`�WQNQX �%SVNiRtbcS
vsX?�BXCU|XCv[Y[RQX"WQYaZ%U bKS8R�P8hidBX\Uc{\S.Rgb w YaUKp,Z%NTfAXCWTY[Z\U RT`cN�bKS.R�{%NQX\UBbcR�NQP8RTS8X\`D bcS�h�Z%fFf�`cUcYshVXCWTY[Z\U zc`B�cvaYsr<`cS8R
Y[U%WQSVNQUBX"WQYaZ%UBXC`MD[0$h�Z%fFf~SAvxw m�U%WQSVNQUcS�WH5�J:��S.R�P8hidBX\Uc{\S.R�b w Y[UKp,Z%NTfAX"WQYaZ%UBR�zcNQYa�%PVS.RjhVZ\UBhVSVNQUcSVU<W�zBXCN�SKDKSVfFzcv[S
bKS.R�WQNQX\UBRQX\h�WQYaZ%UBR��|UBXCUBhVYae8NTS.R�RT`cYaWTS?��bcS8RFX\hidBXCWQR�PVv[S8h�WTNQZ\UcYsr<`cS8Rg8�Z%`ª�cY[SVUµSVU|h�Z\NQS�vsX?WQNQX\UBRTf~YsRQRqY[Z\UªbcS
bKZ%UcUcPVS.R�fFP8bKYshVX\vaS.Rh�Z\Uc�|bKSVU<WQYaS8vav[S8R8J

º�X�WQS8hidcUcYsr<`cS�bKSARTP8h�`BNTYsRTXCWTY[Z\U�X\h�WT`cS8vav[SVfFSVU<W�v[SAzcva`|R�NTP8zBXCU|bK`cSFS8RqWg�BX\RTPVSART`cNgbKS.RgXCv[{\Z%NTYaWTdcfFS.RjbcS
h�ZKbcX\{\S+8�r<`cYoS��6S8h�WQ`cSVU<WFv'w Z\z�PVNiX"WQYaZ%U bKS�hVNTyGzKWiXC{%S�zBXCN~bKS8R�fFZ"y\S8UBRgv[Z\{%Y[hVYaS8v[Rg8�h\w S.R®W�4G�o4KbKY[NTS���v'w XCYsbKS�bcS
hVX\v[hV`cvsRUG`cfFPVNQY[r<`cS.RVJBº�S8RzBNTZ%�cvaP8fAX"WTYsr<`cS8R�z�Z%RTPVS.RzBX\N^h�SVWqWTS�WQS8hidcUBY[r<`cS�RTZ\U<Wuv[S8RuRT`cY[�"XCU<WTS.R16BY[v4y�XF�cYaS8U
R��cN�S8UAzcNTS8fFYaS8NOvaY[SV`Av[S^UBYa�%S8XC`AbKSth�Z\Uc�|bKSVU<WQY[X\vaYaWTP+8\fAXCYsROY[vByFXC`BRQRTYcv[Xg�<YaWTS.RTRTSubKSjh�ZKbcXC{%SI8CUBP8h�S.RTRQXCY[NQSVfFSVU<W
v[YafFYaWTPVS�zBXCNgv[SAWQSVfFzBR�bcS8R�h8XCvsh�`cvsR�NQS8r<`cYsR�zBX\NgvaS.RgXCv[{\Z%NTYaWTdBf~S.RVJ�º�X�zc`cYsRQRTX\UBh�S�hVNTZ%Y[RQRTX\U<WTSAbKS8R�hVXCvsh�`Bv[XC�
WTS8`cNiRtUG`cfFP8NTYsr<`cS8Rtz|S8NTfFSVW�b w XCfFP8vaY[Z\NQSVNtv[X��GY_WQS8RQRqS~bKS~hVZKbcXC{%SI8�fFX\Y[RjS8vav[S�z�SVNQfFS�WgXC`BRQRTY:bKS~NQSVUBbKNQS�zBva`BR
z�SVNTp,Z\NQfFX\U<WTS8R�vaS.R�X"WqWiX\r<`cS.R�bKS�h�S^W®yGz|S�bKS�h�NQy<zcWQXC{%SI8%S�WbKZ\UBhjbKSjbKYafFY[UG`cSVN�v[StUcY[�\S.XC`�bcSth�Z%UK�|bKS8U<WTYsXCv[Y_WQP
Y[UcY_WQY[X\vaS8fFSVU<WuzcNQZ\z�Z%RTP\J

�tS8RuRTZ\v[`KWTY[Z\U|RXCvaWTSVNQUBXCWTY[�\S8Rg8ch�Z%fFzcvaeVWTS8f~S8U<W^bKY_�6PVNQSVU<WQS8RubKSghVS8R�WQS8hidcUBY[r<`cS.R�U<`Bf~P8NTYsr<`cS8Rg8czcNQP8RTSVU<WQSVU<W
bcX\UBROh�SuhVZ\U<WTSKDGWTS`cUAY[U<WTPVN��WobKSNTS.hidcSVNihidcS�PV�GYsbKSVU<W�6<h�SVvsX�X�P�WQPI8%S�WOS8RqWOWQZ\`"®Z%`cNQRg8Cv[SuhVX%RObKSuvsX�h�NQyGzKWTZ%{\NiX"�
zcdcY[S�z|XCNthid|XCZ%R8JMm�v�RVw XC{%Y_WtSVU SV��SVWjb w `cUcS~fFP�WTdBZGbcS�fAX"WQPVNQYaS8vav[SgS�WjUcZ\U?v[Z\{%Y[hVYaS8vav[SI8�bKZ\U|hgz�ZCWTS8U<WTY[SVv[vaS8f~S8U<W
��S8XC`|h�Z\`Bz~zBva`BRONQX\zcY[bcSI8\r<`cYBR8w XCzczc`BYaSuRT`cN�bKS.R�zcNQYaU|h�Y[z|S.R�WTNQe8RObcY_�6PVNQSVU<WQRg8CzcNQY[UBh�Y[z|S.R�YsRTRT`BRObKSvsXjWTdBPVZ\NQY[SubK`
hidBX\Z%R8Jc�tw S8RqWubKZ\U|hjX%RTRTS��jUBXCWT`cNQSVv[vaS8fFSVU<Wur%`�w S8U��.¡\¡\�;8Gh�SjWTdce8fFSgbKS�NTS.hidcSVNihidcS�X~bcPVfAXCNQNTP�bcX\UBR�v'w P8r<`cY[z�S
Z\zcWTZN4GPVv[S8h�WTNQZ\UcYsr<`cS]bc`µvsXC��Z\NiX"WQZ\Y[NTS�b w�?tzKWTYsr<`cS?bKS moS8RQXCU;:VZ\UL8ObBXCUBRFv[S h�Z%U%WQS�DGWTS?bKS.RFWTP8vaP.h�Z%f~f�`cUcYshVXC�
WTY[Z\U|RtZ%zKWTYsr<`cS8Rj�cY[SVU R��BNg86S�WgX �%S8h�v[SARqZ%`KWTY[SVU b w `BU�{\NiXCU|b Z\z�PVNiX"WQSV`cNjbKS8RjWQPVv[P8hVZ\fFf�`cUBY[h8X"WTY[Z\U|RK8_FcNiXCUBhVS
< PVv[P8hVZ\f�J
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º�X]h�NQyGzKWTZ%{\NiXCzcdBYaS�zBXCN�hidBX\Z%RtS8RqW�`BU bKZ%fAXCY[UcSAbKSFNTS.hidcSVNihidcS�X%RTRTS��~NQP8h�S8U<Wg86zc`cYsRTr<`4w SVv[v[S�WQNTZ%`c�\SFRTZ\U
Z\NQY[{\Y[UcS�S8U��.¡\¡%¦cJ.�Ovav[SuXjbKPVfAXCNQNQPoX �%S8h�vaS.R�WQNQX �"X\`D�bKSº4Z%`cY[R�L�S.h�Z\NiXuSVW < dcZ\fAX\R��oX\NTNQZ\v[vGr%`BYKZ\U<WObKPVfFZ\Uc�
WTNQP�WTdcP8Z\NQY[r<`cS8f~S8U<WjSVWjSKDGz�PVNQY[f~S8U<WQXCv[SVfFS8U%W�vsX�z�Z%RQRqY[�cY[vaYaWTPFbKSARTy<U|hidcNTZ%UcYsRTXCWTY[Z\U?SVU<WQNTS~bKSV`D³Z%RQh�Y[vavsX"WQSV`cNiR
hidBX\ZCWTYsr<`cS8R8J���SVWqWTS�hVXCz|X\h�YaWTPgbcS�RqyGUBhidBNTZ%UcY[RQX"WQYaZ%U]RTSVf��cvsXCYaW('*),+.-0/1+.-�Y[f~z�Z%RQRTYa�cv[S��AY[fAXC{%YaUcS8Nz|Z%`cNtbcSV`D
PV�%Z\v[`KWTY[Z\U|Rohid|XCZCWQY[r<`cS.RK8c�Fh8XC`BRTS�bKS�v[XFzcNQZ\zBNTY[P�WQP^WQNTe.Rh�Z\UBU<`BS�bcSgRqS8UBRqY[�cY[vaYaWTP�X\`D]hVZ\UBbKYaWTY[Z\U|R�YaUcYaWTYsXCv[S8R8J
º�X�RqP.h�`cNQYsRTXCWTY[Z\UAb w YaUKp,Z%NTfAXCWTY[Z\U�zBX\N�hidBX\Z%R�S8RqW�SVU|Rq`cYaWTSjNiXCzcYsbKSVfFS8U%WoXCzczBX\NT`BS^h�Z%f~fFStv[X�zcNTS8fFYae8NTS^X\zczcv[Y_�
hVXCWTY[Z\U?h�Z%UBh�NQe�WQS�bKSgh�SVWqWTS�z�Z%RQRTYa�cY[v[Y_WQPgbKS�RTy<U|hidcNTZ%UcYsRTXCWTY[Z\U4JG�OU�y�NQSV{<XCNibcXCU<WbKS�zcv[`BRuzBNTe.RK8KSVW^SVU]p$XCYsRQXCU<W
XCzBz|S8v|��bKS.ROUcZ\WTY[Z\UBR�P8vaP8fFSVU<WQX\YaNQS8R�bKSuWTdcP8Z\NQYaSubKS^v'w YaUcp,Z\NQfFXCWTY[Z\UL8%h�SzBX%RTRQXC{%S�bcSuv[XjWQdcPVZ%NTY[SubK`�hidBX\Z%R��%SVNiR
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vsX~hVNTyGzKWQZ\{%NQX\zcdcY[StU4w S8RqWSVU]p$XCYaWuzBX%RRqY4RT`cNQzcNTS8UBXCU<W.J
�OU�S��6S�W)8BbcX\UBR�vaS�hVZ\U<WTSKD<WQSt{%PVUcP8NQX\v bKS8RRTyKR®WQeVfFS8RbKSjWQNQX\UBRqfFYsRTRTY[Z\U�b4w Y[UKp,Z\NQfAX"WQYaZ%UBRK8GZ%U�`KWQYav[YsRqSgb w XC��Z\Nib
`cU Z<RThVYav[vsX"WTS8`cN�r<`cYoRqS8NqW�bcS�z�Z\NTWTSV`|RqS��?vxw YaUKp,Z%NTfAXCWTY[Z\UL8:XCzcNQe8R�`BUcS�fFZKbK`cvsX"WQYaZ%U zBXCN~h�S�WTWTS�bcSVNQUcYae8NTS�bK`
RTYa{%UBXCv�bKS]v'w Z%RQh�Y[vavsX"WQSV`cN.J�º�X�z�Z\NTWTS8`BRTSI8�h�Z\fFfFS�RTZ\UªUcZ\f vxw Y[UBbKYsr<`cSI8:WQNQX\UBRqz�Z\NTWTS]XCv[Z\NiRgvxw Y[UKp,Z%NTfAX"WQYaZ%U v[S
v[Z\Uc{�b4w `cUBS�v[Ya{%UcS�bKS�WTNiXCUBRTfFY[RQRTYaZ%U?SVU?p$X\Y[RQXCU<WjX\zcz�SVv�XC`D�zcNQZ\zcNQYaPVWTP.RuzcdGyKRqYsr<`cS8RtbKS8RtZ\U|bKS8R8J|�^`�UcY[�\S.XC`
b w `cUANQP8h�S8zKWTS8`cN)8"`cUARqyKRqWTeVfFSubKSubcP�WTS.h�WQYaZ%U~SVW�bKSubKP8fFZGbc`cv[XCWTY[Z\UFz�SVNQf~SVW�b w S�DGWTNiXCY[NTS�vxw Y[UKp,Z%NTfAX"WQYaZ%U�WQNQX\UBRq�
z�Z\NTWTPVS~zBX\Njvxw Z\UBbKS+86z|Z%`cN�v[X�NTS.h�Z%U<�%SVNTWTY[N^S8U�`cU�RqY[{\U|XCv 86X\`BRQRqY�RqY[fFYavsXCY[NQS~r<`cS~z|Z<RTRTY[�cvaSF�]h�SVv[`cY�zcNQP8RTSVU<W��
vxw P8f~SVWqWQSV`cN)8<X �"X\U%WOvxw Z\z�PVNiX"WTY[Z\UAbKStfFZGbc`cv[XCWTY[Z\U4JK��S�WTWTSuPVWQXCz�StbcS^bKPVfFZKbK`cvsX"WQYaZ%UA`KWTY[v[Y[RTS^{%PVUcP8NQX\vaS8f~S8U<WO`cU
zcNQZKh�P8bcP^bKS�RqyGUBhidcNQZ\UBY[RQX"WQYaZ%U4J<��S8hVY�hVZ\UBRqWTYaWT`BS^`cU�zBNTS8f~Y[SVN�vaY[SVU]bKY[NTS.h�W�S8U<WTNQSuvaS.R�bcy<U|XCfFY[r<`cS.R�hidBX\ZCWQY[r<`cS.R
hVX\zBXC�BvaS�bKS�RTSgRqyGUBhidcNQZ\UBY[RTSVN)8%SVWuvaS.RRqyKRqWTe8f~S.RbKSgh�Z%fFf�`cUcYshVXCWTY[Z\U4J
ºOw X\RTz�S8h�W�RTP8h�`BNTYsRTXCWTY[Z\U�X\zczBX\NQXNn[W�h�Z\fFfFSo`cU~RTS8hVZ\UBbgvaY[SVUF�^vxw PV�\ZKh8X"WTY[Z\U�bKS�v[XtUBX"WQ`cNQS�zBRTSV`BbcZN4GX\vaP.X"WQZ\Y[NTS�bcS
vsXtz�Z\NTWTS8`BRTS�hid|XCZCWQY[r<`cS%J"�OUFS��6S�W)8\bcXCU|R�v[Xjzcv[`czBX\NqW�bKS.R�RqyKRqWTe8f~S.R�bKSuh�Z%fFf�`cUcYshVXCWTY[Z\UL8"h\w S.R®WO`cUBSz|Z%NqWQSV`BRTS
RTYaUG`BRTZ�� bcXCv[Sgr<`cY�S8RqWt{%PVUcP8NQX\vaS8f~S8U<W^`KWTY[v[Y[RTPVS+8|fAXCYsRtNTY[SVU U�w Y[U<WTSVNibKYaW�' ),+.-0/1+.-vxw `KWQYav[YsRTXCWTY[Z\U³b4w X\`KWTNQS8RuW®y<z�S8R
b w Z%RQh�Y[vavsX"WQYaZ%UL8Cf��VfFSjRqY|SVv[vaS.ROUcSjRqZ%U%W�zBX\R�z�PVNQY[ZGbcY[r<`cS.R�h�Z%fFf~StbcXCUBR�vaSjhVX%RObKS8RobKyGUBX\f~Ysr<`cS8R�hidBXCZ\WTYsr%`BS8R8J
EuU�hVZ\U<WTNQSH4GS�DKSVfFzcv[SoW®yGzcY[r<`cSu�gv'w `KWTY[v[Y[RQX"WQYaZ%UFbcS8ROz�Z\NTWTS8`BRTS8R�dBX\NTfFZ\UBY[r<`cS.RK8CS.R®W�bcZ\UcUcP^zBXCN�`cUBSWTS.hidcUcYsr%`BS
Z\NQY[{\Y[UBXCv[S�bKS]fFZGbc`cv[XCWTY[Z\U²`KWTY[vaYsRQXCU<WFbcS8R~h�ZKbKS8R~�cY[UBX\YaNQS8R�zBRTSV`BbKZ 4GX\vaP.X"WTZ%YaNQS8R=6�Y[vRVw XC{%Y_WAbK`¤�o�kA � 8:Z%`
��ZKbKSF�^Y[�GY[RTYaZ%U>A `cv_WQYazBvaSA�hVhVS8RQRVJ º�SA�o�kA � S8RqW�`cUcS�WTS8hidBUcY[r<`cSAbKS~fFZKbK`cvsX"WTY[Z\U UG`cfFPVNQY[r<`cS~NQSVvsX"WTY[�\SV�
fFSVU<WuNQP8h�S8U<WTSI8cbcS�zcva`|R�SVU�zcv[`BR`KWQYav[Y[RTPVSgbBXCUBR�v[S8R�WQPVv[P8hVZ\fFf�`cUBY[h8X"WTY[Z\U|R�fFZKbKS8NTUcS.RVJB�KZ\U?Rq`|hVh�e.R�S8RqW^b ���
RTS8R�zcNQZ\zcNQY[P�WTP.RozBXCNTWTYsh�`cv[Y[eVNQS8Rr<`cY4RTZ\U<W16

?
v[X~NQP8RTY[RqWQX\UBh�SjbKS�v[XFbKP8f~ZKbK`Bv[XCWTY[Z\U]zBXCN�NiXCzcz�Z\NTW�X\`D�hidcS8f~Y[UBR�f�`cv_WQYazBvaS.R10,NQP��BSKDGY[Z\U|R�z|XCNiX\RTY_WQS8R�Rq`BN

bKS.R����"WQYafFSVU<WiRzBXCNSKDKSVfFzcv[SI8ch�Sgr<`cY S.R®Wp,NQP8r<`cS8U<W�S8U]WTPVv[PVzBdcZ\UcY[S�fFZ\�cY[vaSo5_u

?
SVWt`cUcS~RqP.h�`cNQYsRTXCWTY[Z\U�YaU<WQNTY[UBRTe8r<`cS�bKS.RuY[UKp,Z\NQfAX"WQYaZ%UBRu�cY[UBX\YaNQS8RuWTNiXCUBRTz|Z%NqWQPVS.RK8BRTP8hV`cNQY[RQX"WQYaZ%U]v[Y[PVS�zBNTP��

h�YsRTPVfFSVU<Wo��v'w `KWQYav[Y[RQX"WQYaZ%U�bKS�h�ZKbKS.R�z|RqS8`BbKZN4KXCv[P8XCWTZ\Y[NQS8R8J"�OU�SV��SVWg8KRTSV`cv[S^vsX�hVZ\UcUBX\Y[RQRQXCUBhVS^bKS�h�SthVZKbKS^z�SV`KW
z�SVNQf~SVWqWQNTS�vxw Z%z|P8NQXCWTY[Z\U�bKSgbKPVfFZKbK`cvsX"WQYaZ%U4J

�u`�WTNiX �\S8NQR:bKS�h�S�WTWTSbKS8NTUcY[eVNQS�zBNTZ%zcNTY[P�WQPI8 vxw X � �VUcS8f~S8U<W:bKS�vsXthVNTyGzKWQZ\{\NiXCzBdcYaS�zBXCN�hidBX\Z%R4UBZ\`BR�XCzBzBXCNiXonsW
�cY[SVU fFZ\Y[UBRjp,Z\NTWT`cYaWTS+8 Z\` XC`KWQNTS8f~S8U<W�bKYaWg8��cYaS8U³zBva`BR�P8�GY[bKS8U<WTS\J6��W�hVSARqZ%U%W�f��VfFSAbKS8R�zBNTZ%zcNTY[P�WQP8RjX\RQRqS �
�\Z%Y[RTY[UcS8Rur<`cY�hVX\NQX%h�WQPVNQY[RTSVU<Wv[X�RqP.h�`cNQY[RQX"WQYaZ%U�zBXCNjhidBXCZ<RS�W^v[SF�o�kA � bcXCUBR^vaS~h�Z%U%WQS�DGWTSgbcS8R^WTPVv[P8hVZ\fFf�`c�
UcYshVXCWTY[Z\UBR8JG��S.R�zcNQZ\zBNTY[P�WQP8RORTZ\U<W�zBX\N�SKDGS8fFzcvaStv'w P�WiXCv[SVfFSVU<W�Rqz�S8h�WTNiXCvBZ%z|P8NTP^zBXCN�v[X�z�Z\NTWTS8`BRTSI8\Z%`�SVU|h�Z\NQSvsX
UBXCWT`cNQS�h�NQY_WQY[r<`cS�bKS�vsXFbKPVfFZKbK`cvsX"WQYaZ%U�RQXCU|R�`BUcSgh�Z%UcUBXCYsRQRTX\UBh�SjzcNQP8h�YsRTS�bcS8Rh�Z%UBbKYaWTY[Z\UBRbcS�f~ZKbK`Bv[XCWTY[Z\U4J

�uzBNTe.R�v[X�bKP8hVZ\`c�%SVNTWTS�bKS�vsX�z�Z%RQRqY[�cY[vaYaWTP]bKS�RTy<U|hidcNTZ%UcYsRTXCWTY[Z\UL8 SVW�v'w PVUBZ\UBhVP�bK` zcNQYaU|h�Y[z|S�bcS�v[X�h�NQy<zc�
WTZ%{\NiXCzcdBYaS�zBX\N^hidBXCZ<RSVU��.¡\¡%¦M8KvsXFzcNTS8fFYae8NTSgbKP8fFZ\UBRqWTNiX"WQYaZ%U]SKDKz|P8NTY[fFSVU<WQX\vaSgbKS�h�NQy<zcWQXC{%S�zBXCNthidBXCZ<R�S8RqW
XCzBzBXCNQ`cS�S8U��8¡%¡\�BJ�ºOw XCNihidcYaWTS.h�WT`BNTS�bc`ª{\P8UcPVNiX"WQSV`cN�bKS]hid|XCZ%R�XCv[Z\NiRgfFYsR�S8U���`c�GNQS�P�WiXCYaW��BX%RqP8S�RT`cN~`cU
h�Y[Nih�`cYaWtP8vaS.h�WTNQZ\UBY[r<`cS���zcva`|RqY[SV`cNiRu��Z\`|h�v[S8Rjb w Z<RThVYav[vsX"WTY[Z\U|RuY[f��cNQY[r<`cP8S8Rg8|bKZ%U<W^v'w `cUcS~S8RqW^UcZ%U v[YaUcP.XCY[NTS+8|XC�BU
bKSjz|S8NTfFSVWqWTNQS�`cU�hVZ\fFz�Z\NTWTSVfFS8U%WhidBX\ZCWTYsr<`cS\JKº�StfFZKbKeVv[StWTdcP8Z\NQY[r<`cS�bKS�h�StW®y<z�S�b w Z%RQh�Y[vavsX"WQSV`cN�hidBXCZ\WTYsr<`cS
R8w X\zczBXCNQSVU<WQS��AhVSVv[`cY�r<`cSgº�Z\NQSVU���X �"XCYaW^bKPV�%SVv[Z\zcz�P�bcXCU|RuRqS.R�WTNiX �"XC`D]bKS�fFZGbcPVv[Y[RQX"WQYaZ%U�bcS8RubKyGUBX\fFY[r<`cS.R
h�v[Y[fFXCWTYsr<`cS8Rg8�hCw S8RqWZ4G�N4GbKY[NQS�`cUcS?bKyGUBX\f~Ysr<`cS]�\S8h�WTZ%NTY[SVv[vaS]bK`ªzBNTS8f~Y[SVNFZ%NQbKNQS�� � �"X\NTYsXC�cv[S8R~h�Z%`czcv[PVS.R~bcS
fAXCUcY[eVNQS~UcZ\U³vaY[UcP8X\YaNQS\J6º�X]bKY[fFSVUBRTYaZ%U p,NiX\h�WQXCv[SFbKS�vxw X"WqWQNQX%h�WQSV`cN�P�WQNQX\Uc{\S~h�Z%NTNQS8RTz|Z%UBbcX\U%WtS8RqW�X\vaZ%NQRtvaP8{\eV�
NQSVfFSVU<WRq`cz�PVNQY[SV`cNQSj�FI8KhVSjr<`cY dcP8v[X%R�Y[UBbKYsr<`cS�h�vsXCY[NTS8fFSVU<Wo`BUcSjbcy<U|XCfFY[r<`cS�bKSjp$XCY[�cv[SjhVZ\fFzcv[S�DKYaWTP\J|��SVWqWQS
p$XCY[�cv[S8RQRqStXgP�WQP^P8�<YsbKS8f~fFS8U%WoS�DKzcv[Z\YaWTP8S^r<`cSVvsr<`cS8R�XCUcUcP8S8R�zcv[`BROWiXCNib�8%bBXCUBR�v[X�zc`c�cv[Y[h8X"WQYaZ%U�bKSuvsXgzcNQSVfFY[eVNQS
WTS8U<WQX"WQYa�%SbKSuh�NQyGzKWTZ\� X\UBXCv[yKRqSobKS8R�RTyKR®WQeVfFS8R�RTP8hV`cNTYsRTP8R:zBXCNOhid|XCZ%R8J"ºOw X\RTz|S.h�W�p$XCY[�cv[SubKY[f~S8UBRTYaZ%U�U4w P�WiXCU<WOzBX%R
`cUcS^vaY[fFY_WQStbKSuzBNTY[UBh�Y[z�SI8%b4w X\`KWTNQS8ROWTS8hidBUcY[r<`cS.R�bKSth�NQy<zcWTZ\{%NQX\zcdcY[S�zBXCN�hid|XCZ%ROZ\U<WOSVUBRT`cYaWTStP�WTP^zc`c�cv[YaP8S8R8J\��W
hCw S8RqWOzcNQYaU|h�Y[zBXCv[SVfFSVU<WOvsX�NTYshidcS.RTRTSobcS8RObKyGUBX\fFY[r<`cS.ROhidBXCZ\WTYsr<`cS8R�r<`cYBX�Z%`c�\S8NqW�`cUF�"X\RqWTSuhid|XCfFzAb w SKDKzcvaZ%NQXC�
WTY[Z\UAbKS.R�fFP�WQdcZKbKS8R�h�NQy<zcWTZ\{%NQX\zcdcYsr<`cS8R��BX\RTPVS.R�Rq`BNOv'w `KWQYav[Y[RQX"WQYaZ%UAbK`�hidBXCZ<RVJCº�S8R�zcNQY[UBh�Y[z|S.ROS.RTRTSVU<WTY[SVvsR�bKSuhVS
W®yGz|StbKS^h�NQyGzKWQX\{\Sh�Z%fFf~S8UBh�S8U<W���z|S8YaUBS^�*��WQNTSuhVSVNQUcP8RObcSufAXCUcY[eVNQSzcv[`BRO{%vaZ%�BXCv[SI8"UcZ\WQX\f~fFS8U%W�SVUFWTS8NTfFS.R
bKSAh�Z%UK�|bKS8U<WTYsXCv[Y_WQP~SVW�bKSFz|S8Nqp,Z%NTfAX\UBh�S.RVJ��tw S8RqW�bcXCUBR�hVSAh�Z\U<WQS�DGWTSAr<`cSAh�SARTZ\U<W�YaUBRQh�NQYaWQR�v[S8RjWTNiX �"XC`D�bcS
NQS8hidcS8NQhidcSjNiXCzcz�Z\NTWTP.RobBXCUBRhVSjfAX\U<`|RThVNTYaW8J

0	�s0	�$� y EG;8�:( E]>��¤+8� @%Dc@c!'&o>:=?+.7�9G;.=

º4S?hVNTyGzKWiXC{\S�zBX\N�hidBXCZ<RFh�Z\U|R®WQY_WQ`cSI8�hVZ\fFfFS�UcZ\`BRF�%SVUcZ%UBRAbKS?v[S?zcNQP8RTSVU<WTS8Ng8�`cUcS bcS8R�X\zczcv[Y[h8X"WTY[Z\U|R
NQP8h�S8U<WTS8RtbKS8RjbKyGUBX\f~Ysr<`cS8RthidBXCZ\WTYsr<`cS8R8J6��S�W®y<z�S�bcS�bKyGUBX\f~Ysr<`cS�z�Z%RQRTe8bKSgz|XCNjUBX"WQ`cNTS�bKSV`D X%Rqz�S8h�WQRtS8Rq�
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+-,/.10 �]4A�^YsXC{%NQX\fFf~S.R�bKSt�cYap,`cNQh8X"WQYaZ%U 0$hidBX\Z%R�SVU�v[Z\UB{\`cS8`cN�b w Z\U|bKSI8GP8r�J 0 �o5H8
β = 0, 2

�g�|J IM8\SVW
Φ = 2, 2

5

RTSVU<WTY[SVvsRXC`�h�ZKbcX\{\S�b w `cUcS�Y[UKp,Z\NQfAX"WTY[Z\U>6
?
v'w PV�%Z\v[`KWTY[Z\U�bcX\UBR�v[SFWTSVfFzBRgS8RqWg�cNT`BY_WQPVS�0$RTz�S8h�WQNTSAvsXCNQ{\SAbKSFW®yGz�S ���cNT`BY_W��Bv[X\UBh �~z|S8NTfFS�WTWQX\U%W�bcS

UcZ"y%SVN`cUcS�YaUKp,Z%NTfAXCWTY[Z\U?bKZ\U<Wuvxw X\fFzcvaYaWT`|bKSgS8RqW^zcv[`BRup$XCY[�cvaS�r%`BSgh�SVv[v[S�bK` hidBX\Z%Rd5H8KS�WtSVv[vaSgz�SV`cWtXCv[Z\NiRz�SVNT�
fFS�WTWTNQSgbKS��cNTZ%`cY[vav[SVN)8KZ\`]SVUBhVZ\NQS�bKS�fFX%RTr<`cS8N`cUcS�Y[UKp,Z\NQfAX"WTY[Z\U�J
?
A X\Y[R�h�S.R�bKyGUBX\fFY[r<`cS.R4z�Z%RQRqe.bKSVU<W:X\`BRQRqY%`cU�bKPVWTSVNQfFYaUBY[RTfFS�v[ZGh8XCv 0,v[Z\YGb w P8�\Z%va`KWQYaZ%UgbKyGUBXCfFYsr<`cSI8.P8r<`BX"�

WTY[Z\U]bKYa��P8NTS8U%WQYaS8vav[S�b w P8�\Z%va`KWQYaZ%U�bcX\UBR�v[StWTSVfFzBRd5�r%`BY�z�SVNQfFS�W�`cUcSjNTS8zcNQZGbc`Bh�WQYaZ%UL8%Z%`�RTy<U|hidcNTZ%UcYsRTXCWTY[Z\UL8<bK`
f��VfFS�zBRTSV`BbcZC� �cNT`BY_WuXC`]UcY[�\S.XC`�b w `BU]NQP8hVSVzKWQSV`cN)8KNQSVUBbcX\U<WX\YaU|RqY z�Z%RQRqY[�cv[S�vaS�bKP.h�ZKbcXC{%S\J
º4SFWQNQX �"X\Yav�bKSFWQdce8RTS�X�h�Z\U|RqYsR®WQPAbcXCUBRg`cU�zcNTS8fFYaS8N�WTSVfFzBR���fAXNn[WQNTYsRqS8N�S�W���h�Z%fFzcNTS8UBbKNQSAh�SVNTWQX\YaUBS8R�bKS8R
zcNQZ\zcNQY[P�WTP.R�hVZ\fFzcv[S�DKS8R�bKS³vsXªbcy<U|XCfFY[r<`cS hidBXCZ\WTYsr<`cS�hidcZ%Y[RTYaS 0,dGyGz|S8NQhidBX\Z%R�{\PVUBPVNQP zBXCN�`cUcS P8r<`BXCWTY[Z\U
bKYa��P8NTS8U<WTY[SVv[vaS?UcZ%U²v[Y[UcP8X\YaNQS?�³NQS�WiXCNib;5�J���SVWqWTS hVZ\fFzcNQPVdcS8UBRTYaZ%UµX P�WQP?X\hVhVZ\fFzBX\{\UcP8S�zBX\NAv[X NQP8X\vaYsRTXCWTY[Z\U
S�DKz�PVNQYafFS8U%WiXCv[S~b4w `cU Z%RQh�Y[v[v[XCWTSV`BNtZ%zKWTZ 4<PVv[S8h�WTNQZ\UcYsr<`cS�p,Z%NqWQSVfFSVU<W�UcZ\U³vaY[UcP.XCY[NTS+8|`KWQYav[YsRTX\U%W�vsX��"X\NTYsXC�cv[S�bcy%�
UBX\f~Ysr<`cSAZ\NQY[{\Y[UBXCv�2qvaZ%Uc{\`BSV`cN�b w Z\UBbcS#3

λ
J�ºOw PV�%Z\v[`KWTY[Z\U³WTS8fFz|Z%NTS8vav[S�bKS�h�SVWqWQS�bKSVNQUcY[eVNQSFS8RqWgNTP8{\Y[S~z|XCNg`cUBS

v[Z\Y4bKyGUBX\f~Ysr<`cS�RTh8XCvsXCY[NTSJ0,`cUBSgRqS8`cvaS��"XCNQYsXC�cv[Sjbcy<U|XCfFY[r<`cS
λ(t)

5�8BUcZ%U�v[Y[UcP8X\YaNQSJ0,p,Z\UBh�WTY[Z\U
F
5H8cSVWu��NQS�WiXCNib

0$bc`cNTP8S
T
5 6

τ

b
λb
t
+ λ(t) = F [β, λ(t− T )] = β sin2[λ(t− T ) + Φ]

0 �)5

ºOw XCU|XCv[yGRTS�bKS.R�bcY_�6PVNQSVU<WTS.RFRqZ%va`KWQYaZ%UBR
λ(t)

bKS�v'w P8r�J 0 �o5H8�Z\`µXC`KWQNTS8f~S8U<W~bKYaW~vxw XCUBX\vayKRTS�bKS.R�bKYa�6PVNQSVU<WQR
NQPV{\Y[fFS8R�bKyGUBX\f~Ysr<`cS8Rg8 SVU³p,Z\U|h�WTY[Z\U�bKS.R�zBXCNiXCfFe�WQNTS.R

β
SVW
Φ

bKSFvsX�p,Z%UBh�WQYaZ%U³UBZ\U vaY[UcP8X\YaNQS
F
84X]z�SVNQfFY[R

bKSjfFS�WqWQNTS�S8U�PV�GYsbKSVU|h�Sj`cUcSj� X%R®WQStzBv[X\{\StbcSt�"XCv[SV`BNQR�bKS�h�S.R�z|XCNiXCfFe�WQNTS.R
(β,Φ, T )

X\bBXCzKWQP8Ro��`cUBSjX\zczcv[Y_�
hVXCWTY[Z\U�bcS�hVNTyGzKWiXC{%S 0,NQPV{%YafFS�hidBXCZ\WTYsr%`BStRT`C�RTX\f~fFS8U%W�h�Z%f~zBvaSKDGS+8KX"WqWQNQX%h�WQSV`cN�hidBXCZ\WTYsr<`cStbKStWTNQe8R�{\NiXCU|bKS
bKY[fFSVUBRTYaZ%UL8CRT`cz|P8NTY[SV`BNTS��jzcva`|RqY[SV`cNiR�bKY �8XCY[UcS.R�S�W�f��VfFSzcv[`BRqY[SV`BNQR�h�S8U<WQXCY[UcS.R 5�JCº4S��|Z%U�p,Z%UBh�WQYaZ%UcUcS8f~S8U<W�bcS
vxw Z<RThVYav[v[XCWTS8`cNtX�P�WTP~�\P8NTYa�BPgSKDKz|P8NTY[fFSVU<WQX\vaS8f~S8U<WtSVU��<YsRTY_WiXCU<Wtv[S8RtUcZ\f��cNQSV`D?NQPV{\Y[fFS8RtbKyGUBXCfFYsr%`BS8R^X%hVhVS8Rq�
RTYa�cv[S8Ruz|Z%`cN^bKYa��P8NTS8U<WTS8Ru� X\vaS8`cNiRbK` h�Z%`czcv[S

(β,Φ)
uBUcZ%`BRuX �\Z%UBRozc`?SVU�zBX\NqWQY[hV`cv[YaS8NZ\�BRTSVNQ�\S8NovsX~p$XCfFS8`BRqS

NQZ\`KWQS��\S8NQR�vaS�hidBX\Z%R�RTSVv[Z\Uª`cUcS�hVX\RQhVX%bKS�bKS��cYap,`cNQh8X"WQYaZ%UBR�z|XCNFbKP8bKZ%`c�cv[SVfFSVU<WFbKS�z�PVNQY[ZGbcS\J��^S.RgWQNQX%h�P.R
S�DKz�PVNQYafFS8U%WiXC`D�bc`�bcY[X\{\NiXCfFfFSjbKS��cYap,`cNihVXCWTY[Z\U]Z\U<WP�WTP�SV��S.h�WT`BP8Rg8KYavsRZ\U<Wzc` ��WQNTS�h�Z%fFzBXCNQP8R�X �\S.h^hVSV`D
Z\�cWTSVUG`BRFUG`cfFP8NTYsr<`cSVfFSVU<WAzBX\N�hVXCvsh�`BvubKS8R�RTZ\v[`KWQYaZ%UBRAbKS�v'w P8r<`BXCWTY[Z\U 0 �o5�J�º�S�WTNQe8RF��Z\U¬X\h8h�Z\Nib Z%�BRTSVNQ�\P
03F:Y[{\`cNQS+�)5�XFz�SVNQfFY[RtbKSgh�Z%UBh�v[`cNQS�b w `BUcSgzBX\NqW^�FvsXF�"XCv[Y[bKYaWTP�bK`�f~ZKbKe8vaS�bKyGUBXCfFYsr%`BSgX\bKZ%zKWTP+8cS�Wtb4w X\`KWTNQS
zBX\NqWu�~v[X~��Z\UcUBSjfAXNn[WQNTYsRqS�SKDGz�PVNQY[f~S8U<WQXCv[S�bK`�{\PVUBPVNiX"WTS8`cNbKS�hidBXCZ<RVJB��S�bKS8NTUcY[SVNz�Z\Y[U<WS8RqWp,Z\UBbcX\fFSVU<WQX\v
bcX\UBR^v[S�hVZ\U<WTSKDGWTS�bKS~vsX�h�NQyGzKWTZ%{\NiXCzcdBYaS�zBX\NthidBX\Z%Rg8BZ54 Yav:S8RqWtUBP8h�S.RTRQXCY[NQS�bKS�z�Z\`B�\Z\Y[NtRTyGUBhidcNQZ\UcYsRTSVN^X �%S8h
`cUcS~zcNQP8hVY[RTYaZ%U XC`BRQRTY���Z\UcUBS~r<`cS�z|Z<RTRTYa�BvaS~bKSV`D Z<RThVYav[vsX"WTS8`cNiR^hidBX\ZCWTYsr<`cS8Rg8Bvxw `cU³��v'w PVfFS�WTWTS8`cNg86vxw X\`KWTNQS�X\`
NQP8h�S8zKWTS8`cN.J

�jXCUBR`BU bKSV`DKY[eVfFS�WQSVfFzBRg8|vsXF�|Z%UcUcS�hVZ\UcU|XCYsRTRQXCUBhVS�bKSgvsX�bKyGUBXCfFYsr<`cSgbKSgUcZ\WTNQS�Z%RQh�Y[vavsX"WQSV`cN^UcZ\`BR^X

�



������������&����$����������������&#�/������� ()�)���$���!(��$&
	��)� ������ ���!(���&
	��)���)���
&���� �

��� �� �����
��� ���)(�������&����$�������$����� ������ �����
��� ���)( ������()	 ���%���)���)���
&�����"#�

+-,/.10 IG4�}P.Rq`cvaWQXCWQRSKDKz|P8NTY[fFSVU<WQX\`D�bKS�vsX~hVNTyGzKWQZ\{%NQX\zcdcY[StzBX\NuhidBXCZ<RoSVU]vaZ%Uc{\`cS8`cNub w Z\UBbcS

z�SVNQf~YsR�bKS�bKPV�%SVv[Z\zcz�SVN�`cUcStWTS.hidcUcYsr<`cSjbcSjhVZGbBXC{\S1-gbcP8h�ZKbcX\{\S%JK��SVWqWTSjWQS8hidcUcYsr<`cS�RVw XCzczB`cYaS�RT`cNbKS8RozcNQYaUc�
h�Y[z�S8R~bKS�RTyGUBhidcNQZ\UcYsRTXCWTY[Z\U�SVU<WQNTS�vxw PVfFS�WTWTSV`BNZ4Kh�ZKbKSV`BN�S�W~v'w Z%RQh�Y[v[v[XCWTSV`BN�v[ZGh8XCvobKS�NQP8hVSVzKWQYaZ%U4J:�^zcNQe8R�X �%Z\Y[N
fFZ\U<WTNQPFS�WgP8� X\va`BP~UG`cfFP8NTYsr<`cSVfFSVU<W�v[S8R�z�SVNTp,Z\NQfFX\UBh�S.R�bKSAv[X]fFP�WQdcZKbKS�bKS�hVZGbBXC{\Sf-�bKP8hVZKbcXC{%SI86`cU bKP��
fFZ\UBRqWTNiX"WQSV`cNOX�PVWTPNQP8X\vaYsRqP+8Ch�Sur<`cYBX�hVZ\UBRqWTYaWT`BP`cUcSzcNQSVfFY[eVNQSuRThVYaS8U%WQY_��r%`BSubcXCUBR�v[SubKZ%fFX\YaUBSubK`�h�NQyGzKWQX\{\S
zBX\N�hidBXCZ<R�SVU�WQPVv[P8hVZ\fFf�`cUBY[h8X"WTY[Z\U|R�Z\zKWQY[r<`cS.RVJ�º4S8R�NTP.Rq`Bv_WiX"WQRgS�DKz|P8NTY[fFSVU<WQX\`D bc` RqyKRqWTeVfFS�hVZ\fFzcv[S�W�bcS
h�NQyGzKWQX\{\S�Z%U<W�03F:Y[{\`cNQS]I+5H8:SV`D X\`BRTRTY 8�PVWTP]SVU WQNTe.R���Z\UªX%hVhVZ\Nib X �\S8h�vaS.R�RTYaf�`cvsX"WTY[Z\U|R�UG`cfFPVNQYsr%`BS8R�r<`cY
WTS8UBXCY[SVU<Wuh�Z%fFzKWTSgb w P8h8XCNTWQR�Y[UcPV�GYaWQX\�cvaS.RbcXCU|R�v'w XCzcz|XCNQYaS8f~S8U<W�S8U<WTNQSjP8fFS�WqWQSV`cNSVWuNTP.h�S8zKWTS8`cN8J

��S8R�NQP8RT`cvaWQXCWQR:Z\U<W�zcNQP8RTSVU<WTP�`cU~YaU<WQPVN��WORq`MCARQXCU<WOXC`MD�y\S8`D�bKS�UcZ\WTNQSoz|XCNTWTSVU|XCY[NTS�bKS�NTS.hidcSVNihidcSVFcNiXCUBhVS
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bKP8zBXCNTWTS8f~S8U<W�� < mT� bK` �o�^}^� J6º�w S8UBRTSVf��BvaS~X�P�WQP�zBNTY[UBh�Y[zBX\vaS8f~S8U<W^�"XCv[Z\NQY[RTPgzBX\N� ��zc`c�BvaYshVXCWTY[Z\UBRjbcXCU|R
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0	�[§ �$� z]!,D�=<� ;.!���#\@c+8!$±�5¤>�=G;FDc@K�"!'@K¸:&'=G;~>�345:@c( !�� �:=G;

º4S WTNiX � X\YavjbKS?WQdce8RTS³hVZ\UBhVSVNQUcS?v'w `KWQYav[Y[RQX"WQYaZ%U b w `cU {%PVUcP8NQXCWTSV`BN�Z\zKWQZN4GPVv[S8h�WQNTZ%UcYsr%`BS bKS �B`Bh�WT`BXCWTY[Z\UBR
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h�Z%UBRqWTYaWT`BX\U%W�v[S~p$XCYsRThVS8XC`³va`Bf~Y[UcS8`D bKSARTZ\NTWTY[S\J4�jXCUBR�hVS�WTWTSAh�Z%UK�B{\`BNQXCWTY[Z\UL86vsX�p,Z%UBh�WQYaZ%U³UBZ\U vaY[UcP8X\YaNQS~S8RqW
Z\�cWTSVUG`cSFzBX\N�`cU³PVWQX\{\SAbKYaW 2TbKSAbKP8f~ZKbK`Bv[XCWTY[Z\U�bKSAh�Z\dBPVNQSVUBhVS#3H8�fFZKbKP8vaYsRqPFfAX"WQdcPVfAXCWTYsr%`BSVfFSVU<W�zBXCN�`cUBS
p,Z\U|h�WTY[Z\U b w YaU<WTS8Nqp,P8NTS8UBh�S~��bKS8`D Z\U|bKS8RjbKSFh�Z\U<WQNQX%R®WQS �o-\I8�f~ZKbK`BvaP8S�zBX\Nt`BUcS�S8U<�%SVv[Z\zcz�S�bcS~hVZ\dcP8NTS8UBh�S%J
º�X�U|X"WT`BNTSFzBX\NqWQY[hV`cvaY[eVNQSAbKS�hVS�WqWQSFp,Z\UBh�WTY[Z\U�UcZ%U v[Y[UcP8X\YaNQSI8�X�z�SVNQfFY[R�bKSAfFS�WqWQNTSAS8U�PV�GY[bcSVUBhVSA`cUcS�NQZ\`KWQS
�\S8NQR�v[S�hidBX\Z%R�Z%NTY[{\Y[UBXCv[SI8cbcY_WQSgSVU ��Y[v  L�¡#" 8|bKZ%U%Wuvxw Z\NQYa{%YaUcSgXFzB` ��WTNQSgbKP8f~Z%U<WTNQPVS�XCUBX\vay<WQY[r<`cS8f~S8U<W8JB��w `BU
z�Z\Y[U%WubKS��G`cS�zcdGyKRTY[r<`cS+8KvaS.R�� X\NTYsXC�BvaS.Robcy<U|XCfFY[r<`cS.R�YafFzcv[Ysr%`BPVS8RbBXCUBRhVS�WqWQSjp,Z\UBh�WTY[Z\U�UcZ\U]v[YaUcP.XCY[NTS�2®WTZ\`cW
Z\zcWTYsr%`BS#3H86RTZ\U<Wjv[X]bKYa��P8NTS8UBh�SFbKSFhidcSVfFY[U�Z\zcWTYsr%`BS~X �"XCU<Wjv'w P�WiXC{\SFbKSFbKPVfFZKbK`cvsX"WQYaZ%U³bKSFh�Z%dcPVNQSVU|h�SI8�S�W�vsX
zc`cYsRQRTX\UBh�S�Z\zcWTYsr%`BS�bcS�RTZ\NTWTY[S�bKS h�SVWFPVWQX\{\S\J�?t`cWTNQS]vsX �BXCU|bKS�zBX\RQRTX\U<WTS�bKS8RFY[U<WTSVNTp,PVNQZ\fFeVWTNQS8R�PVv[S8h�WQNTZ 4
Z\zcWTYsr%`BS8R�PV{<XCv[SVfFSVU<W�fFY[R�S8U]®SV`L84vsX�h�Z%UK�B{\`BNQXCWTY[Z\U�z|XCNTWTYsh�`cv[Yae8NTS~v[YaP8S���vsX]fFZGbc`cv[XCWTY[Z\U bKSAh�Z%dcPVNQSVU|h�SFX
z�SVNQf~YsR�b w XCfFPVv[Y[Z\NQSVN�vaSFUcY[�\S.XC`�bKSFfAX\RQr%`|XC{\S~bKSAvxw Y[UKp,Z\NQfAX"WQYaZ%U³h�NQyGzKWTP8S  L]�.�#" 8 SVU UcZ"y%X\U<W�hVS�WqWQSAYaUcp,Z\NT�
fAX"WQYaZ%Uª� zcv[`BR~bKS��C¦����SVUµbKS8RQRqZ%`BR�bc` UcY[�\S8X\` bKS�RqY[{\UBX\v�bKYsRTz|Z%UcYa�BvaS]Rq`cN~vsX?vaY[{\UBS�bKS�WTNiXCUBRTfFY[RQRqY[Z\U�J
EuUBSFX\`KWTNQSFzBXCNTWTYsh�`Bv[X\NTYaWTPFbKSAh�SAbKP8f~Z%UBRqWTNiX"WTS8`cN�bKSAh�NQyGzKWQX\{\S~zBXCN�hidBX\Z%RjSVU fFZGbc`cv[XCWTY[Z\U�bKSAh�Z%dcPVNQSVUBhVS
h�Z%UBh�S8NTUBS�v[S�NQP8hVSVzKWQSV`cN)84bcX\UBRjvaS.r%`BSVv�vxw Z%z|P8NQXCWTY[Z\U�bKSAbKP.h�ZKbcX\{\S~S8RqW�SV��S.h�WQ`cPVSFz�Z\`cN�vsX�zBNTS8f~Y[eVNQSgp,Z%Y[R�bcS
fAXCUcY[eVNQSWQZ\`KWoZ\zKWQY[r<`cS  L]�.�M8 �oXS�.¦M8 �oXS����" 8 {%N �%h�S^��`BUcStbKP8fFZGbc`cv[XCWTY[Z\U�bcSth�Z%dcPVNQSVU|h�SPVv[S8h�WTNQZC� Z\zKWQY[r<`cS�0,v[S
bKP8f~ZKbK`Bv[XCWTSV`BNFb4w `cU¤RTyGRqWTe8fFS]bKS�fFZKbK`cvsX"WQYaZ%U²bKS�h�Z%dcPVNQSVUBhVS]hVv[X%RTRTYsr%`BS�S8RqWFdBXC�cYaWT`BSVv[vaS8f~S8U<WAhVZ\UBRqWTYaWT`BP
b w `cU�YaU<WQSVNTp,PVNQZ\fFe�WQNTSjzBX\RQRTY_pZ8chVZ\fFfFSgh�SVv[`cY `KWQYav[YsRqPg�~vxw P8f~SVWqWQSV`cN^bBXCUBR�v[S�{\P8UcPVNiX"WQSV`cNbKSghidBX\Z%Rd5�J

��7�@B±|; =G5 ·�7�@B;8=¤±|·�+.!�� �:= � ��S.R�WTNiX �"XC`D RT`cN�vsX �"XCNQYsXC�cv[S�bKYa��P8NTS8UBh�S�bKS�hidcS8fFYaU Z%zKWTYsr<`cS�RTZ\U<W�S8U
zBX\NqWQYaS~��vxw Z%NTY[{\Y[UcS�b w `cU�X\`KWTNQS�fFZ%U%WiXC{%SgS�DKz�PVNQYafFSVU<WiXCv  �oX �V� " 8|r<`cY:fFS�W�SVU ��`B�<NQSg`cUBS��"XCNQYsXC�cv[S�bKyGUBXC�
fFY[r<`cSjRqY[fFYavsXCY[NQSI8Czc`BY[RQr<`4w Y[v6RVw XC{%Y_W�bcSuv[XgzcdBX\RTSuZ%zKWTYsr<`cS�0'hCw S8RqW�bKZ\U|hu`cU�hidcS8fFYaU�Z%zKWTYsr<`cSuSVW�UcZ%UAzcva`|R�`cUBS
bKYa��P8NTS8UBh�S�bKSghidBSVfFYaU]Z\zcWTYsr%`BSgr%`BY S8RqWuf~ZKbK`BvaP8S�hid|XCZCWQY[r<`cS8fFSVU<Wd5�J�� v[X~{\NiXCU|bKSjbcY_�6PVNQSVUBhVSgbK`]f~Z%U<WQXC{%S
�j�BX\RTSbKSvsXtfFZKbK`cvsX"WQYaZ%UAbKSh�Z\dBPVNQSVUBhVSI8Ch�S�UcZ%`c�\S.XC`~{\P8UcPVNiX"WQSV`cN�bKSuhidBX\Z%R:SVUFzcd|X\RTSoZ%zKWTYsr<`cSop,Z\UBh�WTY[Z\UcUBS
SVUANQPV{%YafFSuSKDGWTN�VfFSVfFSVU<W�hVZ\dcP8NTS8U<Wg8Czc`BY[RQr<`4w Y[v�`KWTY[vaYsRTSu`cU�vsX\RTSVN��kF�m²���B�cNQSu`cvaWTNiXgR®WiXC�cv[SI8<bKSuWQNTe.R�{\NiXCU|bKS
v[Z\Uc{%`cSV`cNjbKS�hVZ\dcP8NTS8UBh�Sf0,WTNQe8R^p$XCY[�cv[S�vsXCNQ{\SV`BN^bKS�NiXCY[S)5�8BSVWjRT`cNqWQZ\`KW�XC`BRQRTY�bKS�WTNQe8Ru{%NQX\UBbKS�RqWQX\�cY[vaYaWTP�bcS�vsX
v[Z\Uc{%`cSV`cNub4w Z%UBbKS�hVSVU<WTNiXCv[S\Jcº�SgRThidcP8fAXAbK`?{\P8UcPVNiX"WQSV`cNubKSghid|XCZ%R�S8U?zcdBX%RqS�Z%zKWTYsr<`cS�S8RqWuNTS8zcNQP8RTSVU<WTP��FvsX

� I



�B{%`cNTS�kM0$�%5H8KY[v4S.R®W�SVU]p$XCYaWuh�Z%UBR®WQY_WQ`cP�b w `cU�vsX\RTSVN�kF�m ���B�cNQSI8Kr<`cY Yav[v[`cfFYaUcSgb4w X\�|Z%NQb�`cU�fFZKbK`cvsX"WQSV`cNubcS
zcdBX%RqS+8<bcZ\U<W�vsX�RTZ\NTWTY[SuS8RqW�Y[U"®S.h�WTP8SjbBXCUBR�`cU�X\UcUcS.XC`F�B�cNQP^NQP8X\vaYsRQXCU<W��gvsX�p,Z%Y[R�vsX�p,Z\U|h�WTY[Z\U�NTSVWQXCNibFZ\zcWTYsr%`BS
0$X\UcUcS.XC`�bKS��F��I���� ��+�� �~bcS�v[Z\Uc{.5H86S�W�v[X�UcZ\U³vaY[UcP.XCNQY_WQP�0,Y[U<WTS8Nqp,P8NTZ%f~eVWTNQS�S8U³XCUBUcS8X\`L8|NQP8X\vaYsRQXCU<W^`cU��Bv_�
WTNiXC{%SgRqz�S8h�WTNiXCv:h�Z\fFzcv[PVfFS8U%WiXCY[NTS�z|XCN^NiXCzBz|Z%NqW^�AvsXFWQNQX%bKY_WQYaZ%UcUcS8vav[S�p,Z\U|h�WTY[Z\U b4w �^YaNQy?b w `BU�FBXC�BNTy<� L:P8NTZ\Wd5�J
?tU�z�SV`cWjNQSVfAXCNir<`cSVNjr<`4w Y[v�RVw XC{%Y_WtWTZ%`"®Z\`cNiRjb w `BUcS���Z\`|h�v[S~bKS~h�Z%U%WQNTS�NTP.X\h�WTY[Z\U Z%zKWTZ 4<PVv[S8h�WTNQZ\UcYsr<`cSI8|fAXCYsR
Y[v�y�X�S8U�p$X\Y_Wg�]vsX�p,Z%Y[R�`cU NQS�WTZ%`cNtWTZ\`cW�Z%zKWTYsr<`cS 0$X\UcUcS8X\`��|�cNTPo5H86S�W�`cU�NQS�WQZ\`cNjZ\zKWQZN4GPVv[S8h�WQNTZ%UcYsr%`BS\J4��S
bKS8NTUcY[SVN�S8RqWFhVZ\UBRqWTYaWT`BP�zBX\N�`cUµh�Z\`BzcvaS8`cN�zBv[X%h�P�X �"X\U%W~v[X³RqZ%NqWQYaS�bKS�vxw X\UcUcS.XC`L8:S�WF`cU zcdBZCWTZ 4GbKPVWTS.h�WTS8`cN)8
bKZ%U%Wgv[S�RTYa{%UBXCv�P8vaS.h�WTNQYsr%`BSI84XCzBNTe.R�XCfFzcv[Y_�|h8X"WQYaZ%UL8 S8RqW�XCzczBvaYsr<`cP�Rq`BN�vaSAfFZKbK`cvsX"WQSV`cNgbKSAzBdBX\RTS\J��^YaU|RqY 84v[S
fFZKbK`cvsX"WTS8`cN�bKS~zcdBX\RTSFXC{\YaW�Rq`cN�vsX�hVZ\UBbcY_WQYaZ%U³b w YaU<WQSVNTp,PVNQSVUBhVS~bKS~vxw X\UcUcS8X\`L8 X �\S.h�bKS.R^WQSVfFzBR�h8XCNiX\h�WQPVNQY[Rq�
WTYsr<`cS8RuYaUKp,P8NTY[SV`BNQRX\`�WQSVfFzBRtbKS�zBXCNih�Z%`cNiRk0$NTSVWQX\NQb

T
5�bKS�vxw X\UcUcS.XC`4JK�OU b4w X\`KWTNQS8R�WQSVNQfFS8Rg8Kv[X~p,Z%UBh�WQYaZ%U�bcS

�BvaWTNiXC{%SFbcSAv'w XCUcUBS8XC`�S.R®WgS8U z|S8NTfAXCUBSVUBhVS~S8U NTP8{\Y[fFS�WQNQX\UBRTY_WQZ\Y[NTS+8 zc`cYsRTr<`4w SVv[vaSAS.R®W�RQXCU|Rgh�S.RTRTSFf~ZKbK`BvaP8S
hidBX\ZCWTYsr<`cSVfFS8U%WzBX\N�v[XFzcd|X\RTSjZ%zKWTYsr<`cS�YafFz�Z%RTPVS�zBX\Nv[X~fFZKbK`cvsX"WTS8`cN.J

� �"E � �:=<5:#\=³EG&$=G#C+8� ±�5:!�� �:= � �OUK�|UL8BUcZ%`BRuX �%Z\UBRoPV{<XCv[SVfFSVU<WuhidcS8NQhidcP��AXCzBzcvaYsr<`cSVNv[S8R�zBNTY[UBh�Y[z�S8R{%PVUcPV�
NiXC`D�bK` RqyKRqWTe8f~S�h�NQy<zcWTZ\{%NQX\zcdcYsr<`cS�zBXCN^hid|XCZ%R��`cUcS�X\NQhidcYaWTS.h�WQ`cNTS�zB`cNTS8fFSVU<W^PVv[S8h�WTNQZ\UcYsr<`cSI8BSVU�p$XCYsRQXCU<W
`cU�zBX\NQX\vav[eVv[SFSVU<WTNQSAvaS.R��"XCNQY[X\�cvaS.R�Z\zKWQY[r<`cS.RK8�S�Wgv[SV`cNgz�SVU|bcXCU<WgPVv[S8h�WTNQZ\UcYsr<`cS\J4º�X�vaZ%Uc{\`BSV`cNgb w Z\U|bKSFY[RQRq`BS
b w `cUcSuRTZ\`cNih�SovsX\RTSVN�X\h8h�Z\NibcX\�cvaS�S8RqWOXCY[UBRqYcbcSV�\S8UG`cS�`BUcS�p,NTP.r<`cSVUBhVS�PVv[S8h�WQNTZ%UcYsr%`BSob w `cUFZ%RQh�Y[v[v[XCWTSV`BN�hVZ\U<WTN
�\v[P
SVU³WTS8UBRTYaZ%U4J4º4S~�BvaWTNQS�bKSFvaZ%Uc{\`BSV`cN�b w Z\UBbcSFX]PVWTPFNTS8fFzcv[X%h�P~zBXCN�`BU��BvaWTNQSAbKSFp,NQP8r<`cSVU|h�S8RjP8vaS.h�WTNQZ\UBY[r<`cS.R
RT`cYa�GYGb w `cU�bKP8fFZGbc`cv[XCWTS8`cN:b4w X\f~zBvaYaWT`BbcSI8 NTP.XCv[Y[RQXCU<W�X\YaU|RqY<`cUcS�UcZ\Ugv[Y[UcP8X\NTYaWTP�SVU<WTNQS�v[S8R��"XCNQY[X\�cvaS.R 2®p,NTP.r<`cSVUBhVS
PVv[S8h�WTNQZ\UcYsr<`cS#3�S�WjXCfFzcv[Y_WQ`BbKS�bcPVfFZKbK`cv[PVSgS8U RqZ%NqWQYaS�bc`��Bv_WQNTS%J6��S�f~Z%U<WQXC{%S�XAz|S8NTfFYsRuz�Z\`cNtv[X�zcNTS8fFYae8NTS+8
vsX NQP8XCv[YsRTXCWTY[Z\U b w `cUª{%PVUcP8NQXCWTS8`cN�bKS�hidBX\Z%R�bcS�WQNTe.R�{%NQX\UBbKS�bKY[fFSVUBRTY[Z\UªS8U PVv[S8h�WTNQZ\UcYsr<`cS  L�k#" 8�� z|XCNTWTY[N
bK`Br<`cS8v6`cU�RTyKR®WQeVfFSthVZ\fFzcv[S�WobcSjhVNTyGzKWiXC{\S^zBXCN�hidBXCZ<R�bKS.R®WQYaUBPtXC`MD~WQNQX\UBRTf~YsRQRqY[Z\UBR�dcSVNTW��8YaS8UcUcS.R�X�zc` �VWTNQS
bKP8�\SVv[Z\zBz|P  L��.8 mo� "xJ<�OU]S��6S�W)8cbKStz|XCNTW�RQX�RqWTNQ`Bh�WT`cNQS^f��VfFS+8KvaSj{\P8UcPVNiX"WQSV`cNobKS�hidBXCZ<ROzcNQZKbK`cYaW�`BUcSjRTY[{\UBX\v
fFZKbK`cv[PjS8U�p,NQP8r<`cS8UBh�S�bKS�fAXCUBYae8NTS�hidBXCZ\WTYsr<`cSI8Kh�S�RTYa{%UBXCv�F A z|Z%`c�"XCU<W�bcYaNQS8h�WTSVfFS8U%WuRTSVNQ�GYaNbKS�z�Z\NTWTSV`|RqS+8
bKPqq�Ff~ZKbK`BvaP8Sjz|XCN`cUcS�Y[UKp,Z%NTfAX"WQYaZ%UL8cbcX\UBR�`cUcS�WQNQX\UBRqfFYsRTRTY[Z\U�dBSVNTW��VY[SVUBUcS\J

0	�[§ �s0 i?±���D|=G&$&'=<;�+8=G# 7:5�!�� ��=G;A>:=?#C� 3 ·�+.@c©�= ·�@K��# 7:@c±|;

��� 3 ·�+.@c©|= ·:@K�]#\±�( ( ��+.@K+8!'±|5²>�=?#%&$E � ºOw S�DKzcv[Z\NiX"WQYaZ%U�bKS�UcZ%`c�\S8vav[S8R�WTS.hidcUcYsr<`cS8RuhVNTyGzKWQZ\{%NQX\zcdcYsr%`BS8R
RTS�z|Z%`cNiRq`cYaW�X%h�WT`BSVv[vaS8f~S8U<W�RqZ%`BR�bcYa�%SVNiRgX\RTz|S.h�WiRVJ���SAWTNiX �"XCY[vOS8RqW�SV��S.h�WT`BP���vsX�p,Z\YsR�b4w `cU z�Z\Y[U<W~bKS��<`BS
WTdBPVZ\NQYsr%`BSI8cSVW^b w `BU?z|Z%YaU<W^bKSg�G`cS�SKDKz|P8NTY[fFSVU<WQX\v'Jc�jXCUBR^h�S�bKS8NTUBYaS8NuhVX\Rg8cUcZ%`BRX �\Z%UBR�fFY[R^�FzcNTZ\�cWuvxw SKDGYsRq�
WTS8UBh�SAbK` RTyKR®WQeVfFSFZ\z�PVNiX"WTY[Z\UBUcSVv�bKSAh�NQyGzKWQX\{\S~zBXCNghid|XCZ%RtSVU�v[Z\Uc{%`cSV`BN�b4w Z%UBbKSFz|Z%`cN�fFSVUcS8Ng�]�cYaS8U³v[S8R
Y[U<�%S8RqWTY[{%XCWTY[Z\UBR 0,v[S�bcPV�\S8vaZ%zcz�SVfFSVU<Wb w `BU�UcZ%`c�\S.XC`�fFZ%U%WiXC{%S^S�DKz�PVNQYafFS8U%WiXCv bKS�h�NQyGzKWQX\{\S^z|XCN�hidBXCZ<R�z�Z\`K�
�"XCU<Wuh�Z%UBR®WQY_WQ`cSVNu�Fv[`cY�RTSV`Bv `cU]WTNiX � X\Yav X%RTRTS����"X\RqWTS�z�Z\`cN`cU?RT`"®S�W^bcS�WTdce.RqS��FzBX\NqWSVU<WQYae8NTSo5�J
�OU�h�NQyGzKWTZ%{\NiXCzcdcY[S�z|XCN�hidBXCZ<RK8�vsX�WQS8hidcUcYsr<`cSAbKS������ 0$z|Z%`cN���dBXCZ<R��KdcY_p W	��S8y<Y[Uc{.5uS.R®W�SVU³p$XCYaWgh�Z%UcUG`cS
bcX\UBR�RqZ%U�zcNQY[UBh�Y[z|S+8 fAXCYsR�SVv[vaSAX �"XCYaWgRq`cNTWTZ%`KW�P�WTPAX\zczcv[Y[r<`cP8SFRT`cNgbKS.R�RqyKRqWTe8f~S.R�h�NQy<zcWTZ\{%NQX\zcdcYsr<`cS8RtPVv[S8h��
WTNQZ\UBY[r<`cS.RbKS�p$XCY[�cv[SgbKYafFS8UBRqY[Z\U�Jcº4S������ h�Z\U|RqYsR®WQS�zcNQXCWTYsr<`cSVfFSVU<W^�~SVUG�%Z"y\SVNo`cU?RTYa{%UBXCv zcNQZ"�\S8UBXCU<Wb w `cU
Z%RQh�Y[v[v[XCWTSV`BN�SVU�NTP8{\Y[f~SthidBXCZ\WTYsr%`BSI8%bcZ\U<W�`cU�bKS8R�zBXCNiXCfFeVWTNQS8R�S.R®Wof~ZKbK`BvaPtSVU�p,Z%UBh�WQYaZ%U�b w `cUcSjYaUKp,Z%NTfAXCWTY[Z\U
�cY[UBXCY[NQS\J\�tw S.R®W�bKZ%UBh�`BUcS�WQS8hidcUBY[r<`cSoS8RQRqS8U<WTY[SVv[vaS8f~S8U<W�bKS.R®WQYaUBPVS��^vsXtRTP8hV`cNQY[RQX"WQYaZ%U�bKS�bKZ\UcUBPVS8R:UG`cfFPVNQYsr%`BS8R8J
ºOw `KWQYav[Y[RQX"WQYaZ%UAbcXCUBR�v[S{\P8UcPVNiX"WQSV`cNObcSuhidBXCZ<R:bcSubKSV`D~�"XCv[SV`cNiR��\Z%Y[RTY[UcS8R�b w `cUAzBX\NQX\f~eVWTNQSI8"h�Z%NTNQS8RTz�Z\UBb�zcdGy<�
RTY[r<`cS8f~S8U<W��³vsX {\P8UcPVNiX"WQYaZ%UµbKS?bKS8`DµRTY[{\UBX\`D²hidBX\ZCWTYsr<`cS8RFbKYa�6PVNQSVU<WQR�bBXCUBRFv[SV`cN�bKP�WQSVNQf~Y[UBRTYafFS+8OfAXCYsR
{\v[Z\�|XCv[SVfFSVU<WOWQNTe.R�RTSVf��Bv[X\�cvaS.R 0'XC`�RTSVU|R�RqWQX"WQY[RqWTYsr<`cS^Z%`�RTz|S.h�WTNiXCv|zBXCNoS�DKS8f~zBvaSo5�J/m�v�bKZ%UBh^bcY�C�h�Y[v[St�gz|XCNTWTY[N
bKSvxw Z%�BRTSVNQ� XCWTY[Z\UFbK`�RTYa{%UBXCvKWQNQX\UBRTf~YsR�bKS^bcP�WTS.h�WQSVNOv[S8R�Y[UBRqWQX\U%WiROh�Z%fFf�`KWiX"WTY[Z\U|ROh�Z%NTNQS8RTz|Z%UBbcX\U%WiR���v'w YaUcp,Z\NT�
fAX"WQYaZ%UA�cYaU|XCY[NTSuhVNTyGzKWQPVSzBX\No�����FJG��Z%fFf~StbKSuUcZ%f��cNQSV`D�zBXCNiXCfFe�WQNTS.R�RqZ%U<W�zcNiX"WTYsr<`cSVfFS8U%W�bcY[RTz|Z%UcY[�cvaS.RK8
`cU¬bKS.RASVU"®S8`D¬bKS h�S�WQNQX �"XCY[vS8RqW�bKS bKPVWTS8NTfFY[UcSVN�R8w YavuSKDKY[RqWTS hVSVNTWQXCY[UBRFzBX\NQX\fFe�WTNQS8RFzBva`BR�X\bcX\zKWTP.RAr%`BS
b w XC`KWQNTS.ROz�Z\`cN�bKYsRqz�Z%RTSVNob w `cUcS�h�Z\Uc�|bKSVU<WQY[X\vaYaWTPjXC`BRQRqY|�|Z%UcUcSjr%`BS^z�Z%RQRqY[�cv[S\J.EuU�bKS.R�NQP8RT`cvaWQXCWQR�YafFz�Z\NTWQXCU<WiR
0,fAX\Y[RtX"WqWQSVUBbc`%5ubKS�h�S�WQNQX �"XCY[v  L��;8l�o� " 8|S8RqWtr<`cSgv[SgzBXCNiXCfFeVWTNQS

T
zBNTP.RqS8U%WQSgv[SgfFSVY[vav[SV`cNjh�Z%f~zBNTZ%f~YsRuXC�BU

b w X �\Z%YaN�~v[X�p,Z%Y[R�`cU]WQNTe.R��|Z%U]UBYa�%S8XC`�bKS�fAX\RQr<`BXC{%SI8GS�Wu`cU]WQNTe.R��|Z%U]UBYa�%S8XC`�bKS�bKP.h�ZKbcXC{%S\J

� ±�!$56+�>�¨[!$5:;8=<� +8!'±|5 >:�ª( =G;.;8@B©|=�=<+�·�±�!$56+�>�¨[E<(ª!$;.;8!'±|5 >�=�&$@�·�±|� +8=G�:;8=�#.7:@c±|+8!�� ��= � EuUBSjX\`KWTNQS
p$XI:VZ\U bcS b w S�DKzcv[Ysr%`BSVN?h�S�r<`cS³RTYa{%UcYa�BS 2®WTS.hidcUcYsr<`cS#3³bKS�h�NQyGzKWQX\{\S z|XCN�hidBXCZ<RK8�RqS8NQX\Y_W�bKS zBXCNQvaS8N�bKS vsX
fAXCUcY[eVNQS S8f~zBvaZ"y%PVS z�Z\`cN]fFPVvsXCUc{%SVN�`BUcS�Y[UKp,Z\NQfAX"WQYaZ%U bcXCU|R�`cU RTY[{\UBX\vthidBX\ZCWTYsr<`cS\J��S�W?X\RTz|S.h�W�XªP�WQP

�.�



XC��Z\NibKP�UG`cfFPVNQY[r<`cS8fFSVU<W�S�W�WQdcPVZ%NTYsr<`cSVfFS8U%WOz|XCNcx�J+E^bBXCvaWQRTZ"�  L��#" J<�GZ%U~PVWT`BbcS^X�z|Z%NqWQPuRq`BNOv'w XCU|XCv[yGRTSbKS8R
bKYa��P8NTS8U<WQRgz�Z\Y[U<WQR~b w YaUBRTSVNTWTY[Z\U b w `cU fFS.RTRQXC{%S�bcXCUBR�v'w PVfFSVWqWTS8`cN)8�S8U NTS8v[XCWTY[Z\U X �\S.hFvaS.R�bKYa�6PVNQSVU<WQR�z|Z%YaU<WQR
��zBX\NqWQYaNgbKS.RTr<`cS8v[R�Z%U WTNiXCUBRTfFS�W�vaSAfFS.RTRQXC{%SFhVNTyGzKWQPA�\S8NQRjv[SANTP.h�SVzcWTSV`BN8J'E^UcS�bKS.Rgh�Z%UBh�v[`BRTYaZ%UBR�bKS�h�SVWqWQS
P�WQ`BbKSgS.R®Wjr%`BSgvaS�z|Z%YaU<Wtb w Y[UBRqS8NqWQYaZ%U?S8RqW(' ) +.-0/1+.-�Y[UBbKP8z|S8UBbcXCU<W)8|fAXCYsRur<`4w Yav�YafFzcv[Ysr%`BS�vsXFf~YsRTSgSVU ��`c�GNQS
b w `cUcS�WQS8hidcUcYsr<`cS�bKSgbKP8f~ZKbK`Bv[XCWTY[Z\U 0,Z\`?bKP.h�ZKbcX\{\S)5�zcv[`BR�Z%`]fFZ%YaUBRhVZ\fFzcv[S�DKS\J

0	�[§ �[§ ��� 3 ·:+8±�©B�"@K·�7�!'=?+V�"9G;F7�@B��+�>:E<¸:!$+

��7�@B±|;�=<5 !$56+.=<5:;.!,+8E³��+.!$&'!$;.@c56+�>:=<; � @c# 7�����=<7:5:>�=<�?&$@K�"©�=�¸�@c5:>�= � º�XAvaY[fFY_WQS~bcSgv[X��GY_WQS8RQRqS�bcS
h�ZKbcX\{\S�XFP�WQPgPV�%ZKr%`BPVS�bcXCU|RvaSgh8X\bKNQSgbKS�vsXFfFY[RTS�SVU ��`c�GNQS�b w `BU RqyKRqWTeVfFSghVNTyGzKWQZ\{\NiXCzBdcY[r<`cSjzBX\N^hidBXCZ<R
SVU�YaU<WTS8UBRTY_WQP 0,zBX\NqWQYaS~IKJ �cJk�)5�J6´jN �%h�Sg�Avxw `KWTY[vaYsRQX"WTY[Z\U³bKSgvsX��"XCNQY[X\�cv[S�YaU<WTS8UBRTY_WQP�Z\zcWTYsr%`BSI8BSVWt{%N �%h�SgXC`MD�WQNTe.R
{\NiXCU|bKS8R��<YaWTS.RTRTS8RobKSjfFZGbc`cv[XCWTY[Z\U�bcS8RVA X\hid4���S8dcUBbKS8N�SVU�Z\zKWQY[r<`cSjYaU<WQPV{\NQPVS+8\UcZ%`BR�X �\Z%UBRObKYsRThV`KWTPjvxw X �"XCUc�
WQX\{\S~SVU�WTSVNQfFSAbKS~bcPV�cYaW�fFX DKYaf�`cf bKSFh�ZKbcX\{\SFr%`BS�zcNQP8RTSVU<WiXCY[SVU<WjbKS~WQSVvsR�RqyKRqWTeVfFS.RjhVNTyGzKWQZ\{%NQX\zcdcYsr%`BS8R
Z\zcWTZN4GPVv[S8h�WTNQZ\UcYsr<`cS8R8Jc�tX\UBRv[S�hVX%bKNQSgb w `BU?zcNTS8fFYaS8N^bKPVfFZ%UBR®WQNQXCWTS8`cNg8K`BU bKPV�cYaWjbcS+�8¦\¦�	��	-���������XFP�WQPgZ\�c�
WTS8UG`4J�º4SFzcNQZC®SVW�SV`cNQZ\z�PVS8Uw?��� Etº < S8U hVZ\`cNiR�bKSFNTP.XCv[Y[RQX"WQYaZ%U³X�z�Z\`cN��B`KWgv'w Z\�cWTSVU<WQYaZ%U b w `cU RTyGRqWTe8fFS
bKS�hVNTyGzKWiXC{%S�zBXCNjhidBXCZ<RuXC`KWQZ\NQY[RQXCU<W`cU�bcPV�cYaWjbKS�f~Y[UcY[f�`cf bKS���� ��-���������J ��S�WtZ%�K®S8h�WTYapORqS8f��cv[Sgz�Z\`c�%Z\Y[N
��WQNTSFX"WTWTS8YaU<W�bcXCUBRjUcZ\WTNQS�P.r%`BYaz�SFzBXCNj`cUcSAXCzBzcNTZKhidcS 2qRTyKR®WQeVfFS#3gWQNTe.R^Z%NTY[{\Y[UBX\vaS�zBXCNjNQX\zcz�Z\NTWjXC`MD�XC`KWQNTS.R
zBX\NqWQSVUBX\YaNQS8R�bK` zBNTZ\®S�W 0$r<`cY�RqZ%U%W�WQZ\`BR�Z\NQYaS8U<WTP8R��%SVNiR�`cUcS�NQP8X\vaYsRQX"WTY[Z\U����BX%RqS�bKS�bKYaZKbKSAvsX\RTSVN��?hVX �GY_WQP
S�DGWQSVNQUcSI8cbKZ%U<W�vxw XCzczcNQZKhidcS�z|Z%`cNQNQX\Y_W���WQNTSgr<`BX\vaYa�BPVS�zcv[`KW
�CWuzBX\NvaSjWTS8NTfFS 2Th�Z%f~z�Z%RQXCU<W 3Z5�J

°�5:5:=<@B� ��¸:�"E���(ª±4>��:&$@c+8!$±�5�>:=A·�7�@B;8=F�"@K·�!$>:= � º4SubKP8f~Z%UBRqWTNiX"WTS8`cNObKSuhVNTyGzKWQZ\{\NiXCzBdcYaSozBX\N�hidBXCZ<R
SVU�fFZKbK`cvsX"WQYaZ%U bKS�h�Z%dcPVNQSVUBhVSI84r<`cY�`KWTY[vaYsRTSAPV{%X\vaS8fFSVU<W�bKS8Rgf~ZKbK`Bv[XCWTSV`BNQR�P8vaS.h�WTNQZN4GZ\zKWQY[r<`cS.R�YaU<WQPV{\NQP8R�bcS
A X%hid.4���S8dcUBbKS8Ng8�S.R®W�SVU�zcNQYaUBhVYaz�S�X\`BRTRTY\RT`BRQh�SVzcWTY[�cvaS�bKSOz�SVNQf~SVWqWQNTSObKS.R4{%NQX\UBbcR bKP8�cY_WiR�bKS�h�ZKbcXC{%S\J�L�Z\`BN�bKS8R
zcNQZ\�cv[eVfFS.RuWQS8hidcUcZ%vaZ%{\Ysr<`cS8Rg8BY[v�S8RqW^WQZ\`KWQS�p,Z\YsRjzcNiX"WTYsr<`cSVfFS8U%W�bKY C�h�Y[vaSFb w X"WqWQSVY[UBbKNQS~bcS8R�bKPV�BY_WiRjRT`cz�PVNQYaS8`cNiR
�]r%`BSVvsr%`BS8RH�8¦%¦
	��	-���������J º�X�NQX\Y[RTZ\U �]h�S8v[X�S8RqW�vaY[PVSFzcNQYaU|h�Y[zBXCv[SVfFSVU<W�XC`D z�SVNTWTS.R�bcXCUBRjv[S8RjfFZKbK`cvsX"WTS8`cNiR
bKS]va`Bf~Y[eVNQS]YafFzcv[Y[r<`cP.RK8Or<`cYRTZ\U<WA� {\NiXCU|bKS�bKYa�6PVNQSVUBhVS]bKS?hidcS8fFYaU²Z\zKWQY[r<`cScu�hVS8RFh�Z%f~z�Z%RQXCU<WiR�RTZ\U<W~S8U
p$XCYaW 2qS�DKZ\WTYsr%`BS8R
3d8 SVW�Y[f~z�Z%RQRTYa�cv[S8R���WTNQZ\`B�\SVN�Rq`cN�vaS�fFX\NQhidBP�X �\S8hFv[S8R�z|S8Nqp,Z%NTfAX\UBh�S.R�UcP8hVS8RQRTX\YaNQS8R8J��tw S8RqW
bcX\UBR�hVS�h�Z%U%WQS�DGWTS�r<`cS�UcZ\`BR�UcZ\`|R�RTZ\fFfFS8R�WQZ\`cNQUcP8R��\S8NQR�vxw XCNihidcY_WQS8h�WT`cNQS����BX\RTS�bKS�hVX �GY_WQP�SVU X\UcUcS.XC`
�B�cNQPVS+8�S�WAbKS�fFZKbK`cvsX"WQSV`cNAbKS]zcdBX%RqS  �oXS�V� "B0,�B{\`BNTS?kM0$�%5H8��\Z%YaNFXC`|RTRTY�vsX³zBXCNTWTY[S�IcJ �BJ �o5�JO��Z\fFzKWQS�WQSVUG`
bKS.RtP8vaP8fFSVU<WQR�Y[fFzcvaYsr<`cP8R�bcX\UBR�h�S~fFZ\U<WQX\{\SI86vsX��|XCUBbKS~zBX%RTRQXCU<WTS~X\h8h�S8RQRTYa�cv[S�S.R®Wgb w XC`³fFZ\Y[UBRH�8¦�� ���J4�GY
vxw Z%U³NQPV`BRQRTY_W��]f~SVWqWQNTSFSVU ��`c�GNQS�`cUBS�R®WQNT`Bh�WT`cNQS'2®P8f~SVWqWQSV`cN�-�NTP.h�S8zKWTS8`cN
3FXCzczBX\NTY[PVS+86S�WgXCY[UBRTYO��Z%�KWTS8UcY[N
vsXARqyGUBhidcNQZ\UBY[RQX"WQYaZ%U�SVU<WQNTSghidBX\Z%RRT`cNuvxw S8UBRTSVf��BvaSgbKS�vsXF�BX\UBbKSgbKS�p,NQP8r<`cS8UBh�SghVZ\UBhVSVNQUcPVS+8KYav�RqS8NQX~z�Z%RQRqY[�cv[S
b w S��6S8h�WT`cS8Nu`cU?h�NQyGzKWQX\{\SjzBXCNuhidBX\Z%R��~`cU?bKPV�BY_WuS8UBh�Z%NTSjUcZ\U?XCWqWTS8YaU<W�®`BRQr<`4w �FzBNTP.RqS8U%W.J

0	�[§ �a/ h +8�:>:=?>�=G;F>�345:@c( !�� ��=G;F5:±|5¤&$!'5�EG@c!$�"=<;��³�"=%+.@K�"> =<+~#\� 3 ·�+.±��i@c5�@B&,34;.=

EuUBS�bcS8R�Z%NTY[{\Y[UBXCv[YaWTP8R�Y[f~z�Z\NTWQX\U<WTS8R�UBZ%R�RTyGRqWTe8fFS8R�bKSh�NQyGzKWQX\{\SozBXCNOhid|XCZ%R:NQSVz�Z%RTSoRT`cN�vxw `cWTY[vaYsRTXCWTY[Z\UFbKS8R
bKyGUBX\f~Ysr<`cS8R���NTSVWQX\NQb J"��S8R�bKyGUBXCfFYsr%`BS8R zBX\NqWQY[hV`cv[Yae8NTS.R4RqZ%U<W�SVU�p$X\Y_W�{%vaZ%�BXCv[SVfFS8U%W:X\RQRqS ��z|S8`�P�WT`|bKYaP8S8R:b w `cU
z�Z\Y[U%W�bKS��G`cS�p,Z\UBbBXCfFSVU<WQX\v 88f��VfFSoRTY\vxw Z\UgZ%�BRqS8NT�%SObKSVzB`cY[R�r<`cS8v[r<`cS.R�XCUBUcPVS.R4`cU�UcS�W:NTS8{%XCY[Ugb w YaU<WQPVN��W�z�Z\`cN
h�S.R�RqyKRqWTe8f~S.RtWTNQe8R�zBX\NqWQY[hV`cvaY[SVNiR=0$r<`cY�Y[U<WTSVNQ�GYaS8UcUcS8U%WgbcX\UBR�`cU�h�S8NqWiXCY[U³UcZ%f��cNQSFbKSARqyKRqWTeVfFS.R�zcdGyGRTYsr%`BS8Rg8
h�Z%fFf~S³v[X²bKyGUBXCfFYsr<`cS³bKS³zcNQZGbc`Bh�WQYaZ%U bKS³hVSVv[va`BvaS.R�bK` RTX\Uc{;8�v'w PV�%Z\v[`KWTY[Z\U bcS8R�z|Z%zc`cvsX"WTY[Z\U|R�X\UcYafAX\vaS.R
bcX\UBR�`cU h�Z%U%WQS�DGWTSAzBNTZ%YaS�4<zcNQP8bcXCWTS8`cNg8�vsX�{NnsWTSAbKS8RgUBX �GYaNQS8Rjz�Z%RQRqP.bcXCU<W�`cU RqyKRqWTe8f~SAbKS�RqWQX\�cY[vaYsRTXCWTY[Z\UL8 v[S8R
hVX �GYaWTP.ROZ\zcWTYsr%`BS8R�UcZ\U�v[Y[UcP8X\YaNQS8R�SVU�X\UcUcS.XC`L8<vaS.R�bcYaZKbKS.R�vsX\RTSVNo��hVX �GYaWTPtS�DGWTS8NTUcS+8%SVWQh

. . .
8%v[S8RoRqyKRqWTe8f~S.R�bcS

h�NQyGzKWTZ%{\NiXCzcdBYaStzBXCNuhidBX\Z%Rd5�J

	 !3� ���"#%@K+8!'±|5:;u>:=�
?±|·���>�=G;u;834;8+89G( =G;��F� =<+.@K�"> � �jXCUBR�hVS�h�Z%U<WTS�DGWQSI8.UcZ\`BR:X �\Z%UBR PVWT`BbKY[Po`cU�hVSVNTWQXCY[U
UcZ%f��cNQSubKS^hVZ\fFz|Z%NqWQSVfFSVU<WiRObKyGUBXCfFYsr<`cS8R�Z\�BRTSVNQ�\P.R�SKDKz|P8NTY[fFSVU<WQX\vaS8f~S8U<W8J%�jXCU|ROv[S^hVX%bKNTSub4w `cUFWQNQX �"X\YavBbcS
h�Z%vavsXC��Z\NiX"WQYaZ%U X �\S.h < dcZ\fAX%R^�ONQUcS8`D bK`�{%NTZ%`cz|S~b w�?tzKWTYsr<`cS < dBPVZ\NQYsr%`BS��uZ%U³º4Y[UcP.XCY[NTS~bKS�vxw EuUcY[�\S8NQRTY_WQP
º4Y[�cNQSObKS�moNQ`DKSVv[vaS.RK8�Y[v\S.R®W:XCzczBX\NT`�r<`cS�bcS8R zcdBPVUcZ%f~e8UcS8R�Z\�BRTSVNQ�\P.R6f��VfFSONQSVvsX"WTY[�\S8fFSVU<W4RqY[fFzcvaS.RK88U4w P�WQX\YaS8U<W
zBX%R^S8UBh�Z%NTS�WTNQe8Rjh�vsXCY[NTS8f~S8U<WtS�DKzcv[Ysr%`BP8RjbcXCUBRtv[S~h8X\RjbKS8R�bKyGUBX\f~Ysr<`cS8RtUcZ%U vaY[UcP.XCY[NTS.RtRQhVX\v[X\YaNQS8Rt��NQS�WQX\NQb4J
�tw S8RqW�X\YaU|RqY�r<`cS~UcZ\`BRjUcZ%`BR�RqZ%fFf~S.RjYaU<WTP8NTS.RTRTP8Rj��`cUcSF�cYap,`cNQh8X"WQYaZ%U WTNQe8R�hVv[X%RTRTY[r<`cS�S�W�WTNQe8R�bKZKhV`cfFSVU<WTP8S

�8�



������� &#���$��"#� �� � �
� �����
�!�$��	 ��� �$����()� 	�� �)� �����
�������)(!������&�� �
	�� �����&��
����* ()���
����� �
* ()�
���
�

������� � ��"#���������!�)� �)� � ()� � �%����&#� ������
�������
���
����	 ����$&#� � � � �$�
� ���$����� ���$� ���� � ��������*!()� ��( ��&#� �
�$������"#����( ��&#���!���)����&#���

+ ,/. 0 ��4��^P8f~Z%UBRqWTNiX"WTY[Z\U�bKS�vsX��BY_p,`cNihVXCWTY[Z\U?bKS12uZ%zKp�RqZ%`BR�4Kh�NQY_WQY[r<`cS�bcX\UBR�`cU?RqyKRqWTe8f~S��~NQS�WQX\NQb

SVUµbKyGUBXCfFYsr<`cS�UBZ\Uªv[Y[UcP8X\YaNQSI8:v[X³�cYap,`cNihVX"WQYaZ%U²bKS{2uZ%zKp®J��Ov[vaS?RTS�h8XCNiX\h�WQPVNQY[RTS�zcNiX"WQY[r<`cS8fFSVU<Wg8�v[Z\NiR�bKS]vsX
�"XCNQY[XCWTY[Z\U�b w `cU?zBXCNiXCfFeVWTNQS�bcSgv[XAbcy<U|XCfFY[r<`cS+8czBX\Nuv'w XCzBzBXCNQY_WQYaZ%U�v[ZKhVX\vaSgb w `cU hVyGhVvaS�v[Z\NiRbK` hidBX\Uc{\S8fFSVU<W
bKSgRqWQX\�cYav[YaWTP�b w `cU�z|Z%YaU<W�MDKS70,�%Z\Y[NvaS�bKYsXC{%NQX\f~fFS�bKS��cYap,`cNihVX"WQYaZ%U 2®W®yGz|S�3�bKS�vsX~�B{\`BNTSH�+0$�%5�5�Jc�OU�WTS8NTfFS.R
bKS]�"XCv[SV`cNiRgzcNQZ\zBNTS.R�bKS]v[X³bKyGUBXCfFYsr<`cS�v[YaUBP8XCNQYsRqP8S�XC` �%Z\YsRqY[UBX\{\S�bK`²z|Z%YaU<W��MDKSI8�h�S8v[X³h�Z\NQNQS8RTz|Z%UBb bcXCU|R
v[S�zcvsXCU hVZ\fFzcv[S�DKS�XC`³h�NQZ\YsRqS8f~S8U<W^bKS�vxw X DKSgYafAX\{\Y[UBXCY[NTS�z|XCN^`BUcS��"XCv[SV`BN^zcNQZ\zcNQSgv[Z\NiRubKS�v[XA�"X\NTYsX"WQYaZ%U bK`
zBX\NQX\f~eVWTNQS10,vsX�zBXCNTWTY[S�NTP8SVv[vaSubKSvsX��"XCv[SV`cN�zBNTZ%zcNTS��GYsRqYaWTSubKS.R��"XCv[SV`cNiR�z�Z%RTY_WQYa�%S8R�zc`BY[R�UBPV{%XCWTY[�\S.R�SVUFzBX\RQRQXCU<W
zBX\N �VP8NTZ%84b w Z54 vaS�hid|XCUc{%SVfFSVU<WgbKS�RqWQX\�cYav[YaWTP�bK`�z�Z\Y[U<Wg�MDKScu4SVW�bKZ\U|hFv[X?�"X\vaS8`cN�zcNQZ\zcNQSAzBX\RQRTS~z|XCNg`cUBS
�"XCv[SV`cN�YafAX\{\Y[UBXCY[NTSAzB`cNTS+8�b w Z 4 vxw S�DKY[RqWTS8UBh�S�bK`ªh�yKhVvaSo5�J�m�v�S�DKYsR®WQS�XCv[Z\NiRgbKS8`D RqYaWT`|X"WTY[Z\U|Rgz�Z%RQRqY[�cv[S8R�z�Z\`cN
`cUcS��BY_p,`cNihVXCWTY[Z\U�bKSG2uZ%zKpZ8
?
RTZ\YaW�v[S�h�yKh�v[StS.R®WRqWQXC�BvaS+8%SVWoY[v h�ZGS�DKYsR®WQSjX �%S8hvsX��BNQX\UBhidcSuY[UBRqWQXC�BvaS�bK`�z�Z\Y[U<W��;DGS=0,vsX��cY_p,`BNQh8X"WTY[Z\U�S8RqW

XCv[Z\NiR�bKYaWTSgRT`cz|S8NZ4Kh�NQY_WQY[r<`cSo5H8
?
RqZ%Y_Wv[S�h�yKh�v[S�S8RqWuYaUBRqWQX\�cv[SI8KS�WuY[v�hVZ<SKDKY[RqWTS�XCv[Z\NiR�X �\S.h^vsX~�cNQX\UBhidcS�R®WiXC�cv[S�bK`�z|Z%YaU<W�MDKS70,Y[v�R8w X\{\YaWubK`

hVX%RRqZ%`BRZ4Gh�NQYaWTYsr%`BS)5�J
�jXCUBR~WQZ\`KWQS8RFv[S8R~S�DKz�PVNQYaS8UBh�S.R�zBd<yKRTY[r<`cS.R~Z\`µU<`Bf~P8NTYsr<`cS8R~z�Z\NTWTP8S8RF� UcZCWQNTS�h�Z%UcUBXCYsRQRTX\UBh�S+8:RTSV`cvv[S?hVX%R
RT`cz|S8NZ4Kh�NQY_WQY[r<`cStXCzczBX\NQXNn[W.JIEuUBSth�`BNTY[Z%RTY_WQPuUBXCWT`cNQSVv[vaS^UcZ\`BRoXgbKZ%UBhz�Z\`BRQRTPt��NQS8hidcS8NQhidBSVN�`cUcStS�DKzcv[Y[h8X"WQYaZ%U��
h�SVWqWQSjX\�BRqS8UBh�SjRq`BNTzcNQSVU|XCU<WTS%J%�u`�WTNiX �\S8NQROb4w `cUBStPVWT`BbKSjz�SVNTWT`cNQ�BX"WQYa�%StbKSjvsXg�cYap,`cNihVX"WQYaZ%U�bKSB2uZ%zKp�bcX\UBR�v[S8R
bKyGUBX\f~Ysr<`cS8R���NQS�WiXCNib�bK`~W®yGz�SubKSv'w P8r<`BXCWTY[Z\U{0 �o5H8CUcZ%`BROX �%Z\UBR:zc`FP�WiXC�cv[Y[NObKS8ROhVZ\UBbcY_WQYaZ%UBR�RqZ%`BR�v[S8RQr%`BSVv[vaS.R
v[S�h8X\RoRqZ%`BRZ4Gh�NQYaWTYsr%`BStbKS8� X\Y_WuX\zczBXCNiXonsWTNQSI8<h�Z%UBbKYaWTY[Z\UBR�r<`cY UcS�RqS8f��cvsXCY[SVU<W���WQNTSjNTS8fFzcvaY[S8R�bcX\UBR�XC`BhV`cUcS�bKS8R
S�DKz�PVNQYaS8UBh�S.R^hVZ\UcUG`cS.RVJB�^Z\`BRtX �\Z%UBRSVU|Rq`cYaWTS�XC`BRQRqY�YafAX\{\Y[UcPg`cU?fFZ\U<WiXC{\S�SKDKz|P8NTY[fFSVU<WQX\v�NQSVfFzcv[Y[RQRTX\U<W^h�S8R
h�Z%UBbKYaWTY[Z\UBRg8BSVW^UcZ%`BR^X �%Z\UBR�Z%�KWTS8U<`?v[S�bKYsXC{%NQX\fFf~S�bKS��cYap,`cNQh8X"WQYaZ%U�bcS�vsX~�B{\`cNQS��%0,�%5�8BZ 4?`BU h�Z\fFz�Z\NTWTSV�
fFSVU<W�SVU³d<yKRqWTP8NTP.RqYsRtX�P�WQP�Z%�BRTSVNQ�\PI86h�Z%fFz|Z%NqWQSVfFSVU<W�hVXCNiX\h�WTP8NTYsR®WQY[r<`cS�bKS�vsX]RqYaWT`BXCWTY[Z\U hVX\R�RTZ\`BRZ4GhVNTYaWTYsr<`cS
 L]�V�%8l�oX �8�M8 �oXS�.�#" J
��S�WQNQX �"X\Yav�UcZ\`BR~X P8{%X\vaS8f~S8U<W�XCzczBNTYsR�r<`cS+8:bcX\UBR�vaS]hVX\R~bKS.R�bKyGUBX\fFY[r<`cS.RgUcZ%U vaY[UcP.XCY[NTS.R�� NQS�WiXCNib�8�v[S8R
P�WQ`BbKS.RjX\UBXCv[y<WTYsr<`cS8R^SVU³RTZ\U<WtRTSV`BvaS8f~S8U<W�X\`�R®WiX\bKS~bKS~v'w S�DKzcv[Z\NiX"WQYaZ%U bKS8RtNTP8{\Y[fFS8R^bcS�p$X\Ya�cv[S�hVZ\fFzcv[S�DKYaWTPI8
S�Wur<`4w SVv[vaS.R�RqZ%U%Wz�Z\`cN�vxw Y[UBRqWQX\U%Wv[Z\Y[U�bKS�z�Z\`c�%Z\Y[NbKP8hVNTY[NTStvaS.R�NTP8{\Y[fFS8R�hidBXCZ\WTYsr<`cS8RobKS�{\NiXCUBbcSth�Z%fFzcvaSKDKY_WQP
`KWQYav[Y[RTP8RuSVU�h�NQy<zcWTZ\{%NQX\zcdcY[Stz|XCNhidBXCZ<RVJ

z�345�@c(ª!�� �:=<;³5�±�5 &$!$5:EG@c!,�"=G; ���x@B!,¸�&$=²� =<+.@K�"> � E^UªXC`cWTNQS�zcNQZ\�cv[eVfFS�S8UBh�Z%NTS�UBZ\U h�Z%fFzcvaeVWTS8f~S8U<W
bKP.h�NQY_WFbcXCUBR�v[X�vaYaWqWQPVNiX"WQ`cNTS�X P�WQP�X\�|Z%NQbKP�bcXCUBR�vaS]hVX%bKNTS�b w `BU WTNiX �"XCY[v�X �%S8h=x�J#EtbcXCvaWQRTZ"�6J'm�v�RVw XC{%Y_W�bcS
vxw Y[U �B`cS8UBh�S�bK`�NTSVWQXCNib�WTSVfFz�Z\NQSVv�bBXCUBR�v[S8R�bKyGUBXCfFYsr%`BS8R���NQS�WQX\NQb4J�m�v�S8RqW�h�Z%UcUG` r%`BS�hCw S8RqWgzcNTP.h�YsRqP8fFSVU<W
h�SFNQS�WiXCNib³r<`cY�S.R®W��]vxw Z%NTY[{\Y[UcSFbKSAv[X]{%NQX\UBbKSFh�Z\fFzcv[S�DKYaWTPAbKS.R�NTP8{\Y[f~S.R�hidBXCZ\WTYsr<`cS8RjZ\�cWTSVUG`BR8J4º�X�bKY[fFSVUK�
RTYaZ%U�Y[UK�BUcY[SjbcStvxw S.Rqz|X\h�S�bKS.R�zcd|X\RTS8R�bKS8R�bKyGUBX\fFY[r<`cS.R���NTSVWQX\NQb�8%WTNQZ\`B�\StRTZ\U�Z\NQYa{%YaUcSjbcXCU|R�v[S8R�hVZ\UBbKYaWTY[Z\U|R
Y[UcY_WQY[X\vaS.RuUcP.h�S.RTRQXCY[NTS.Rz�Z\`cNjbKP��BUBYaN�bKSgfAXCUBYae8NTSg`BUcY[r<`cS�`cUcS�RTZ\v[`KWQYaZ%U r%`BSVvsh�Z\U|r%`BS�bKS�hVS8RtbKyGUBXCfFYsr%`BS8RG6

� k



+-,/.10 � 4ALONQYaU|h�Y[z|S�b w `cU�{%PVUcP8NQXCWTSV`BN�bKS�hidBXCZ<R�X\fFPVv[YaZ%NTP+8\zcNQZ\z�Z%RQXCU<W�`cUBSjfFS8Yav[vaS8`cNQS^NQZ\�c`BRqWTS.RTRTSp$X%h�S��gvsX
h�NQyGzKWTZ 4GX\UBXCv[yKRqS

h�S.Rgh�Z%UBbKYaWTY[Z\UBR�Y[UcYaWTYsXCv[S8RgRTZ\U<WgS8U SV��SVW�bKSFWiXCY[vav[SAYaUc�BUcY[SI84zc`BY[RQr<`cSAZ\`KWQNTSAv[S8Rg� X\vaS8`cNiR�YaUcYaWTYsXCv[S8RgvaY[PVS.RgXC`D
WTS8NTfFS.R^bKYa��P8NTS8U<WTY[SVvsR�0

x(t = 0)
z�Z\`BN^`cUcS~bKyGUBXCfFYsr<`cS�bK` zBNTS8f~Y[SVNtZ\NibKNQS�SVU

ẋ
5H8�Yav:S8RqWjX\`BRTRTY�UBP8h�S.RTRQXCY[NQS

bKSjp,Z\`BNTUcY[N`cUcS�Y[UK�BUcYaWTPgbcS�� X\vaS8`cNiR
x(t), t ∈ [−T, 0[

8%z�Z\`BNNTS8f~zBvaY[Nv[X'2qfFPVfFZ\Y[NTSjY[UcY_WQY[X\vaS�3�bK`�RTyGRqWTe8fFS\J
LONiX"WQY[r<`cS8f~S8U<Wg8 vaS.R�YaUcp,Z\NQfFXCWTY[Z\UBR�UcP.h�S8RQRQXCY[NTS.R�z�Z\`cN�bKPV�BUcY[N�2qhVZ\NQNTS.h�WTS8fFSVU<W
3�`cUBSoRTZ\v[`KWTY[Z\U~b w `cU~RTyKR®WQeVfFS��
NQS�WQX\NQbL8CUcStRTZ\U<W�z|X\R�bcSuWQX\Yav[v[S 2qX\`BRQRqYcY[UK�BUBYaS�3tr%`BSuv'w XNCANQfFSuv[XgNTY[{\`cS8`cN�fAXCWTdcP8fFXCWTYsr<`cS\J%�OU�S��6S�W)8Gv'w X\h�WTY[Z\U
bK`³WTS8f~z|R�bKSFNTP8z|Z%UBRqS�zcdGyKRqYsr<`cS

τ
NQSV�GYaS8U<W���{\Z%f~fFS8NtZ%` XCWqWTP8UG`cSVN�vxw SV��SVW�bcS~�"X\NTYsX"WQYaZ%UBRuWQNTZ%z�NiXCzcYsbKS.R

bKS�vsX�fFP8f~Z%YaNQS\J < Z\`KWQS8R�v[S8Rop$X+:�Z\U|RobcS�NTS8f~zBvaY[N�v[X~fFPVfFZ\Y[NQStzBX\N`cUcSjp,Z\U|h�WTY[Z\U
x(t), t ∈ [−T, 0]

UBSgRqZ%U%W
bKZ%UBh~zBX\R�Y[UBbKP8z|S8UBbcXCU<WQS8Rg8 S�WgY[v�SVU NTP.Rq`cvaWTSFzcNiX"WQY[r<`cS8fFSVU<W�`cUcSAbKY[f~S8UBRTYaZ%U³p,NiX\h�WQX\vaS~{\NiXCUBbcS�fAXCYsRj�BUcY[SI8
bKS.RtXCWqWTNiX\h�WTS8`cNQRthidBXCZ\WTYsr<`cS8R8J < NTe.Ruv[Z\{%Y[r<`cS8f~S8U<Wg8�v[X�� X\vaS8`cNtbcS~hVS�WqWQS�bKY[fFSVUBRTY[Z\U S.R®W�vaY[PVS~XC` UBZ\f��BNTS�bcS
h�Z%UBRqWQXCU<WQS8R�bcSuWTS8fFzBR

τ
r%`BS^vxw Z%U�z|S8`KW�f~SVWqWQNTSjbcXCUBR�v[X�fFPVfFZ\Y[NTStbKStbK`BNTP8S

T
J<�uZ\`|R�X �%Z\UBR��BYaS8U�R��BN�zcNQYsR

RTZ\Y[U³bKSAhidcZ%Y[RTYaN�bcX\UBRjv[X�zcv[`czBX\NqWgbKS.R�RqYaWT`BXCWTY[Z\UBRjSKDGz�PVNQY[f~S8U<WQXCv[S8R�bKP8�\S8vaZ%zcz|P8S8Rg8�bcS8R��"XCv[SV`cN
T/τ

NQSVvsX"WQY_�
�\S8fFSVU<W�PVv[SV�\P8S8Rg8 X"�BU b w Z%�KWTS8UcY[NgbKS8R�NQPV{%YafFS8R�hidBX\ZCWQY[r<`cS.RuWQNTe.R�h�Z\fFzcv[S�DKS.RJ0'bKY[f~S8UBRTYaZ%U b w X"WTWTNiX\h�WTSV`BN�bcS
zcv[`BRTYaS8`cNQRbcY �.XCY[UcS8Rg8c�~zcva`|RqY[SV`cNiRh�S8U<WQXCY[UcS.R 5�J
EuUBSgr%`BS8RqWTY[Z\U?XCv[Z\NiRoz|Z<RqP8S�X\`?h�Z\`BNQRbKS�UBZ%R�NQP��BSKDGY[Z\U|RoXAhVZ\UBhVSVNQUcP�vaS�zBNTZ%�cvae8fFS�bcS�v[X~v[YafFYaWTSgY[UKp,PVNQY[SV`cNQS
bKS�vsX?�"XCv[SV`BN�bKS

T/τ
8�SVUªbKS.RTRTZ\`|RgbKS�vsX\r<`cS8vav[S�v[S8RgNQPV{%YafFS.RghidBXCZ\WTYsr<`cS8R�UcS]RqZ%U<Wgzcva`|R�z�Z%RQRqY[�cv[S8R8J��jXCUBR

h�S.R�zcNQSVfFYaS8NQRoWQNQX �"X\`D�8m�~\S8bBX�zBNTP.h�Z\UBY[RQXCYaWo`BUcSg�"XCv[SV`cNubcS�v'w Z\NibKNQSjbKSgbcSV`D JB�^Z\`BRuX �%Z\UBRoS8U�p$X\Y_WuZ%�BRTSVNQ�\P
UG`cfFPVNQY[r<`cS8fFSVU<W~bKS.RFRqZ%va`KWQYaZ%UBR~hidBXCZ\WTYsr%`BS8R�f(�8fFS�z�Z\`cNFbKS.R��"X\vaS8`cNQR~bKSr�o-!�.¦  L]�8¦ "xJ���S8R�P�WQ`BbKS.R�UG`K�
fFPVNQY[r<`cS.RgZ%U%W~h�SVNTWTS.RgfFZ\U<WQNTP�r<`cS�vaS.R�hidBX\Z%RgX\vaZ%NQR�{%PVUcP8NTP.R�z�Z%RQRqe.bKSVU<W�`cUBS�RqWTNQ`Bh�WQ`cNTS�WTNQe8R�p$X\Ya�BvaS8f~S8U<W
h�Z%fFzcvaSKDKS�0'r%`|X\RTY_� z|P8NTY[ZKbKYsh�YaWTP)5�86fFX\Y[RtUcZ%`BR�X �\Z\U|R^P8{%XCv[SVfFS8U%Wjzc` Z\�BRTSVNQ�\S8Ntr<`cS~vaS.RtNQPV{%YafFS.RthidBX\ZCWQY[r<`cS.R
RTSVf��BvaS8U%W�WTZ\`C®Z\`cNiR�X%hVh�S.RTRTY[�cvaS.RK8�f(�8fFS�z|Z%`cN�bcS8R�� X\vaS8`cNiR�WTNQe8Rgp$XCY[�cvaS.R�bK`ªNQX\zcz|Z%NqW

T/τ
8�� h�Z%UBbKYaWTY[Z\UBR

bKSAbKYsRqz�Z%RTSVNgb4w `cU z�Z\YsbcR�S�DGWQN��8f~S8fFSVU<WjY[fFz|Z%NqWiXCU<WgbKSAvsX�p,Z%UBh�WQYaZ%U³UBZ\U vaY[UcP8X\YaNQS{0,{%X\YaU
β

bKSFv'w Z\NibKNQS~bcS
(T/τ)−1

bcX\UBR�vsXF�|Z%`Bh�v[S�bKSgh�Z%U%WQNTSjNQP8X\h�WTY[Z\U%5�J

h D|±�&$��+8!$±�5 >�= &'@ª>:!$( =G5:;8!'±|5 >:= ¶O3�@K·���5:±GD >�@c5:;�>�!���E<�"=<56+.;�+i3 ·�=G;�>:= ;V34;8+89G( =G; �²�"=<+8@K�"> �
L�Z\`cN�S�DKzcv[Z\NQSVNOv[S8R�NQPV{\Y[fFS8R�hidBXCZ\WTYsr%`BS8RObKSt{\NiXCUBbcSuh�Z\fFzcv[S�DKYaWTPjr%`BS^UcZ%`BRONQS8hidcS8NQhidBZ\UBR�S8U�h�NQyGzKWTZ%{\NiXCzcdcY[S
zBX\NohidBX\Z%Rg8\UcZ%`BR�X �\Z%UBROh�Z%fFf~S8UBh�P���bcPV�\S8vaZ%zcz�SVNo`cU�RQX �\Z%YaN�4%p$X\YaNQS10$h�Z%UcUG`�bcX\UBRov[X�vaYaWqWQPVNiX"WT`BNTSo5O�BX%RqPjRq`BN
bKS.R�XCv[{\Z%NTYaWTdBf~S.Rgb w XCUBX\vayKRTS�bKS�RTPVNQYaS.R�WTS8fFz|Z%NTS8vav[S8R�hidBXCZ\WTYsr%`BS8Rg84S�W�b4w X\UBXCv[yKRqS�bKS�bKyGUBXCfFYsr%`BS8R�bcP��BUcY[S8R
zBX\NvaS8`cNP8r<`BXCWTY[Z\U�bcY_�6PVNQSVU<WTY[SVv[v[S\JBº�XgWQNQX\f~S�bKS�p,Z%UBb]��vsX\r<`cS8vav[S�S8RqWNQXCWqWQX%hidcPVS�h�SVW^XNDKS�bKS�NTS.hidcSVNihidcStS8RqW
vsX�hVNTyGzKWQZN4GX\UBXCv[yKRqS+8\bKZ%U%W�v[St�c`cWoz�Z\`cN�UcZ%`BR�S8RqW�bKS�bKP8{%XC{%SVN�vaS.R�z�Z\Y[U<WQR�p$XCY[�cv[S8RoSVU�WTSVNQfFSjbcSjRTP8hV`cNTYaWTPjbKS8R
RTyGRqWTe8fFS8R�r<`cS^UcZ\`BR�X �\Z%UBRObKP8�\SVv[Z\zBz|P.RK8%S�W�z|XCN�vsXgRT`cYaWTStb4w Y[fAXC{\Y[UcS8N�bKS^UBZ\`c�%SVv[vaS.ROXCNihidcYaWTS8h�WT`cNQS8R�bKS^{%PVUcPV�
NiX"WTS8`cNubKSghidBX\Z%R10,�B{\`cNQS�� 5�8|hVX\zBXC�BvaS.RbKSgh�Z%f��cv[SVNv[S8R�p$X\Yav[v[S8RubKSgRTP8hV`cNQY_WQP�r<`cY:XC`cNQZ\U<W�P�WQP�WTNQZ\`c�%PVS.RVJB��S8R
Z\`cWTY[v[RoUG`cfFPVNQY[r<`cS.R�Z%U<Woz�Z\`cN��c`cW�z|XCNoS�DKSVfFzcv[Sjb4w P8� X\va`BSVN�vaS�RTz|S.h�WTNQS�bKSjº�y%X\zc`cUcZ"�Fz�Z\`cN�SVU|Rq`cYaWTSjSVU]bKP��
bK`cY[NQS�vsXtbcYafFSVU|RqY[Z\U~bKSº4y%X\zc`cUcZ"��bKSov'w X"WTWTNiX\h�WTSV`BNg8"b w S��6S8h�WT`cS8N:`BU~h8XCvsh�`cvKbKS�Rqz�S8h�WTNQSI8"b w XC`KWQZN4Kh�Z\NQNQPVvsX"WTY[Z\U
Z\`�SVUBhVZ\NQSob4w Y[UKp,Z\NQfAX"WQYaZ%U�f�`cWT`cS8vav[S�f~Z"y%SVUcUBSI8"X"�BU~bKS�NTS.hidcSVNihidcS8N�v[S8R:WTNiX\hVS8R:bcXCU|R�vaS.R:RTPVNQY[S8R�WTS8f~z�Z\NQSVv[v[S8Rg8
bKZ%UBhFbcXCUBRgvaSARTYa{%UBXCv�WQNQX\UBRqfFYsRK84bcS8R�zBX\NQX\fFe�WTNQS8R-2Th�v[P#3�J:��S8R�zBX\NQX\fFe�WTNQS8Rg8 RVw Y[v[R�z�SV`c�%SVU<W ��WQNTSFZ%�KWTS8U<`|R��
zBX\NqWQYaNbKS�vxw Z%�BRTSVNQ� XCWTY[Z\U]bK`]RTY[{\UBX\v4hidBXCZ\WTYsr%`BSI8KRqZ%U<W�S8UBRT`cY_WQS�Rq`BRQh�S8zKWTY[�cv[S8Rb w ��WQNTS�`KWQYav[YsRqP.R�zBXCN`cU�S.RqzcY[Z\U'8
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