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IKJk�MLONQP8RTSVU<WQXCWTY[Z\U]S�W^RTY_WQ`BX"WQYaZ%U]bc`�WQdceVfFSgbKS�NQS8hidBSVNihidcS�J�J�J�J�J�J�J�J�J�J�JjJ�J�J�J�J�J�J�J�J k
IKJlInmoNTSVp:dBY[RqWTZ%NTYsr<`cStSVWuP�WiX"W^bKS�vxw X\NqW^bKS�vsXFh�NQy<zcWTZ\{%NQX\zcdcY[Stz|XCNuhidBX\Z%RoJ�J�J�JjJ�J�J�J�J�J�J�J�J k

IKJlIKJk� }
P.Rq`Bf~Pgbc`�WQNQX �"XCY[v4bKS�WQdce8RTS*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 �
IKJlIKJlI ��Z%U%WQNTY[�c`KWQYaZ%UBR
XC`�bKZ%fFX\YaUBS�bcS�NTS.hidcSVNihidcS�J�J�J�J�J�J�J�J�J�J�JjJ�J�J�J�J�J�J�J�J �

IKJ �2}
S.hidcSVNihidcS8RoSV��S.h�WT`BPVS8R^XCzcNQe8R�vsX�WTdce.RqSFJ�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 �cJk� �tYa�%SVNiRqYa�|h8X"WTY[Z\U]bKS8Ru� X\NTYsXC�BvaS.Robcy<U|XCfFY[r<`cS.R�J�J�J�J�J�J�J�J�J�J�JjJ�J�J�J�J�J�J�J�J � �
IKJ �cJlI �^Z\`c�%SVv[vaS.RoWTS8hidBUcY[r<`cS.R
bKSgh�NQyGzKWQX\{\SjzBXCNuhid|XCZ%R�J�J�J�J�J�J�J�J�JjJ�J�J�J�J�J�J�J�J �.�
IKJ �cJ � ��NQyGzKWTZ%{\NiXCzcdcY[StWTNQe8R�dBX\`KWubKPV�cYaW�J�J�J�J�JjJ�J�J�J�J�J�J�J�J�J�J�JjJ�J�J�J�J�J�J�J�J �8�
IKJ �cJ � ��WQ`BbKS�bcS8R
bKyGUBX\f~Ysr<`cS8R�UBZ\U]vaY[UcP8X\YaNQS8R
�~NQS�WiXCNib�S�W^hVNTyGzKWQZC��XCUBX\vayKRTS�J�J�J�J�J�J�J �8�
IKJ �cJlk �tyGUBXCfFYsr%`BS8R
hidBX\ZCWTYsr<`cS8R�SVWuh�Z\fFf�`cUcYshVX"WQYaZ%UBR�UG`cfFPVNQY[r<`cS.RoJ�J�JjJ�J�J�J�J�J�J�J�J �"�

IKJ �2�OUBh8X\bKNQSVfFS8U%W^bcSjvsXFNQS8hidcS8NQhidcS�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 �BJk� �<WiXC{%S8R
bKS��t����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 �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 �.¡

IKJlk£L�XCNTWTYsh�Y[zBX"WQYaZ%UBR
�~v[X~�GY[SgbKS�v[XAhVZ\fFf�`cU|XC`KWQP�RQh�Y[SVU<WQY_�|r<`cS¤J�J�J�J�J�J�J�JjJ�J�J�J�J�J�J�J�J �.¡
IKJ �nL�SVNiRqz�S8h�WTY[�\S.R
bKS�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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�cJk�«�^XCWT`cNQS8R
bcY[RQh�Y[zcv[YaUBX\YaNQS8R
bcS8R�SVU|RqS8Ya{%UcSVfFSVU<WiR¬J�J�JjJ�J�J�J�J�J�J�J�J�J�J�JjJ�J�J�J�J�J�J�J�JnIS�
�cJlI ��NQP8X"WQYaZ%UBR
bKS�bKZKh�`Bf~S8U<WQR
z�Z\`cN
vxw SVUBRTSVY[{\UcS8fFSVU<W�J�J�J�J�J�J�J�J�J�J�J�JjJ�J�J�J�J�J�J�J�JnIS�
�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
�cJlkn}
S.Rqz�Z\UBRQXC�BYav[Y_WQP8R
X%bKfFYaUcYsRqWTNiX"WTY[�\S.R�bcXCUBRuv'w SVUBRTSVY[{\UBSVfFSVU<W�J�J�J�J�J�J�J�JjJ�J�J�J�J�J�J�J�JnI%I

/2°F>�(ª!$5:!$;8+V�"@K+8!'±|5²>�=�&$@³� =G# 7:=%�"# 7:= 0B/
�BJk��´jS8RqWTY[Z\U�SVWuzcNTZ<Rqz�S8h�WTY[Z\U]bKSgh�Z%U%WQNQXCWQR�bKS�NQS8hidcS8NQhidBSµJ�J�J�J�J�J�J�J�J�J�JjJ�J�J�J�J�J�J�J�JnIC�
�BJlIn�uUBYafAX"WQYaZ%U?bKS�v[X~�GY[SjY[U<WTS8NTUcSgbc`]vsXC��Z\NiX"WQZ\Y[NTS�J�JjJ�J�J�J�J�J�J�J�J�J�J�JjJ�J�J�J�J�J�J�J�JnIC�
�BJ �2�tY_�6`BRTYaZ%U�bcS8R
NQS8hidcS8NQhidBS8R�SVU?bKY[NTS.h�WTY[Z\U�bK`�zc`c�BvaYsh�J�J�J�J�J�J�J�J�J�J�JjJ�J�J�J�J�J�J�J�JnIC�

H£¶�!';V+.=?>�=G;~·���¸�&$!'#\@K+.!$±�5�; 0|¹
kKJk�«�uNTWTYsh�v[S8R^bcXCUBR
bcS8R�NQSV�G`cS8R
�FhVZ\fFY_WQPgbKS�º4S.h�WT`BNTS J�J�J�J�J�J�J�J�J�J�J�JjJ�J�J�J�J�J�J�J�JnI\�
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%UBR
X �\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%UBR
RQXCUBR
X%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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UcP�v[S�¦C�.-C¦%k/-!�8¡%�\������Z\v[fAXCN1032tXC`KW�4G}
dBYaU%5�J
�tZ\fFY[hVYav[S76 �C�%8KNT`BS�bcS8R^´jNiXCUc{%S8R94�I\k\¦\¦\¦�moS8RQXCU;:VZ\U
< PVv[PVzBdcZ\UcS=6'0'�\�/5 0'¦+5q�~� ���S��¡\�~¦%k
mo`cNQS8XC`>6 º�X\�|Z%NQXCWTZ%YaNQSjb4w@?tzKWQY[r<`cS�LOY[SVNQNQSBA Y[hidcS8v��t`
CASV`
D�8;E A } �o�^}^�]�\�%¦\�;8
EuUBYa�%SVNiRqYaWTP�bKSGFBNQX\UBhidcSH4B��Z\f�WTPI8U�8�~NQZ\`KWQS�bKS�´jNQX yJ4�I%kC¦\�%¦�moS8RQXCU%:�Z\U?��S8bKSKD
< PVvxJL6L0'�\�+5B0'¦+5q�~� �j�%�F�C�A�\�;8MFBXND J�6'0'�\�/5 0'¦+5q�~� ���\�~�C��IC�
S�� fAXCY[v#6cvsXC`cNQSVU<W8J vsXCNQ{\SVN�Ot`cUcY[�<�'p$hVZ\f�WTS\J p,N

	�
MPRQ�S�T�UVPRW1XLY;�ZS�P�YMS'T[S�
[S�\]W1XLY%�ZS'^ �_S'T`W YMacbdS'T.T.�Za9^ ^�S'�e�ZS'T
4 ¦\�/-C�\�14�¦%¡/-C�\�f6 ¦\�/-C�\�;8.m�X\h8hVX\v[X\`cNTP.X"W�RqP8NTY[S^� ��moS8RQXCU;:VZ\UL8 fFSVU<WTY[Z\UAmjJC�\�R4��\�;8 fFXCWTdcP8fAX"WTYsr<`cS8R

Rq`cz�PVNQY[SV`cNQS8Rg8GS�W^RTz|P.h�YsXCv[S8R�LuwB�A�<WQNQX%Rq��Z\`BNT{|J
4 ¦\¡/-C�\�14�¦%¡/-C¡%I76 �Ov[eV�%S���v'w h #%±|&'=ji?±B�"( @c&'=¤1���·�E<� !'=G���"=¤>�= ��@c# 7:@c5 SVU²RqS.h�WTY[Z\UªLOdGyGRTYsr%`BS

�uzczcv[Ysr%`BPVS\J
�\�/-C�\¡;8<º�Y[hVSVUBhVSj����� fFSVU<WTY[Z\U?mk8L0,L�X\NTYsRVlRm�?tNQRQX yM5�JK�\¡.-"¡%¦M8.A XonsWTNQY[RTS��O��� fFS8U%WQYaZ%U < mp0,L�XCNQYsR
lRmV?tNiRQX y
5�J
¡\¦/-C¡S�+8<�^{\NQPV{%XCWTY[Z\U]bKSg�Kh�Y[SVUBhVS8R�LOdGyKRTY[r<`cS.R
Z\zKWQYaZ%U�L�d<yKRTY[r<`cS��^zczcv[Y[r<`cP8Sf0

9 q�r#s NiXCUB{/5�J¡S�o-C¡%IM8c�^��� �GyKRqWTe8f~S.R^��vaS.h�WTNQZ\UBY[r<`cS.R^SVWtLOdcZ\WTZ%UcY[r<`cS.R^fFS8U%WQYaZ%U�mt0'�<WQNQX%Rq��Z\`BNT{fm�5�u|v[S~RqWQX\{\S�bcS
NTS.hidcSVNihidcS~z|Z%NqWiXCYaW�RT`cN�vxw PVWT`BbcS�bK` h�Z%f~z�Z\NTWTS8fFSVU<WgRqz�S8h�WTNiXCvOb w `cUcS�bcYaZKbKSFvsX\RTSVNg�?hVX �GYaWTPFS�DGWQSVNQUcS
NTP.XCv[Y[RTPVSjzBXCN
`BU�NQP8RTS8X\`]bKS�bKYa�6NQX%h�WTY[Z\U�S8U]hVZ\UK�B{%`cNiX"WTY[Z\U]bKSgº4YaWqWQNTZNv�J

4 ¦\¡/-C¡%IB4�� I+-C¡\�f6 1�=<�.D4!'#\=wi?@K+.!$±�5�@B& S8U WQX\U<Wjr<`cSJxj�K�^� S8U³�^vav[SVfAXC{%UcS�z�Z\`BN�bcS8RjX\h�WQYa�GYaWTP.RjbcS
y =G# 7�=<�"# 7�= =<+{z�E<D|=G&'±B·:·�=G( =G56+�!$5:>:��;8+V�"!$=G& bBXCUBRjv[S~bKZ%fAXCY[UcS~bcS�vsX�fFPVWTNQZ\v[Z\{\Y[SgZ%zKWTYsr<`cS~bcS
bKY[RqWQX\UBh�SozBX\N�Y[U<WTSVNTp,PVNQZ\fFPVWTNQYaS+88SVW�bcSovsXtNT`c{%Z%RTYafFPVWTNQYaSoRTX\UBR�hVZ\U<WQX%h�W�zBXCN�hidBX\fFz�zcNQZKhidcS�X%h�Z\`|R®WQY[r<`cS%J
< NiX �"XC`
D�S��6S8h�WT`cP.Rj��v'w m�UBRqWTYaWT`KWGFBNQX\`cUcdcZ\p,SVN�bKSJFBNTY[��Z\`cNQ{|0'}�FK� 5jbcX\UBR^v[SFhVX\bcNTS~b w `BU³h�Z%U<WTNiX"WjbcS
NTS.hidcSVNihidcStX �%S8htv'w SVU<WQNTS8zcNTYsRTSB2^Z\fFfFSVv}v�S8Ne~%S�´jf��;2gJ

4 ¦S�o-C¡C�G4�¦ �o-C¡<�=6 < NiX �"XCY[vObKSf� 7:9<;.= X\`�v[X\�|Z%NQXCWTZ\Y[NQS~b w�?tzKWQY[r<`cSALOY[SVNQNQSH4.A Y[hidcS8vO�^`MCFS8`
D�8�RT`cNgv[S
WTdce8f~SB�8��NQyGzKWQX\{\S�bKS�RTY[{\UBX\`
Djz|XCN�hid|XCZ%R4SVUgv[Z\Uc{%`cSV`BN�b w Z\UBbKS.�"J8�OUBRTSVY[{\UBX\U%W�SVU�WiXCU<W:r<`cSOfFZ%UcY_WQSV`cN
��vxw EuUcY[�\S8NQRTY_WQP�bKS1FcNiXCUBhidcS�4c��Z%fgWTP%J

4 ¦S�o-C¡<�k4�¦%¡/-C¡<�=6 �OUBRTSVY[{\UBX\U%WuhidcS8NQhidBSV`cNuhVZ\U<WTNiX\h�WT`cS8v6�Fvxw EuUcY[�\S8NQRTY_WQP�bKSGFcNiXCUBhidBSH4c��Z%fgWQPI8Gv[X\�|Z%NQXC�
WTZ\Y[NQSjb w�?tzKWQY[r<`cS+8BRq`BN
`cU?bKSVfFY�4<z�Z%RqWTS ° �G� y J

4 ¦\¡/-C¡<�k4�¦%¡/-C¡\�f6 � y °f� bKSgL�d<yKRTY[r<`cS��Av'w mZE < bKS~�Vn fFS8Rg8|bKP8zBXCNTWTS8f~S8U<Wj�Kh�Y[SVU|h�S8R^S�Wj´jP8UcY[S�bKS8R
A X"WQPVNQY[X\`
D�0,S8U h�NQP8XCWTY[Z\UL8�RqS.h�Z\U|bKS XCUcUBPVS)5�J�A?YsRTS�bKS?WQZ\`BR�vaS.R�SVU|RqS8Ya{%UcSVfFSVU<WiR�bKS LOdGyKRTY[r<`cS S8U
RqS.h�Z\U|bKSI8GS�Wuz|XCNTWTYsh�Y[zBX"WQYaZ%U]X\`
D�SVU|RqS8Ya{%UcSVfFSVU<WiR
bKS1A X"WQdcPVfAX"WQY[r<`cS.RVJ

4 ¦\¡/-C¡\�
→
6 }
S.h�NQ`KWTS8f~S8U<W�Rq`BN�`cUAz�Z%RqWTS^bcSR� @.�x+V�"=�>:=]��±|5�� E<� =G5:#\= ��v'w EuUBYa�%SVNiRqYaWTPubKSkFcNiXCUBhidBSH4

��Z\fgWQPI8KvsXC��Z\NiX"WQZ\Y[NTSjb w@?tzcWTYsr%`BS\J < YaWT`cvsXCNQYsRTXCWTY[Z\U�S8U �GSVzKWQSVf��cNTS?�.¡\¡\¡BJ
º�X\Uc{\`BS8RoP�WQNQX\Uc{\e8NTS.R 6 @c5�©�&$@B!$; 8Kva`]P8hVNTYaWuS�WuzBX\NTv[Pcu @c&'&$=G( @c5:> 8Gv[`�P8h�NQYaW�SVWuzBXCNQv[P\J
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º4S.R�X%h�WTY[�GY_WQP8R�bKS�NQS8hidcS8NQhidBS�Z\U<W�PVWTP�SV��S.h�WQ`cPVS.R�zcNQY[UBh�Y[zBXCv[SVfFS8U%W:�
v'w EuUBYa�%SVNiRqYaWTPobKS9FcNiXCU|hidcSH4B��Z\fgWQPI8VX\`
º�X\�|Z%NQXCWTZ%YaNQS:b4w@?tzKWQY[r<`cS�L�YaS8NTNQSH4
A?Y[hidBSVvC�t`
CASV`
D�8gE A }ª�o�^}t���\�\¦%�M8�bcX\UBR vxw P.r<`cYaz�S�?tzKWQZC� �OvaS.h�WQNTZ%UcY[r<`cS+8
S�WgRTZ\`BR�vsX�bKY[NTS.h�WTY[Z\U bK`�LONQZCp,S8RQRTSV`cN�¢%S8XCU
4<LOY[SVNQNTSF´jZGS8bK{%SV�c`cS8N8J4º�S~WTNiX � X\Yav�bKS~WQdce8RTSARVw S8RqWgbKPVNQZ\`cv[PARq`BN
v[S�RqYaWTS�bcS�moS8RQXCU;:VZ\U���v'w ERF�} bKS.R��Kh�Y[SVU|h�S8R�S�W < S8hidcUBY[r<`cS.RVJ��^zcNQe8Rgv[SANQS8h�NQ`KWQSVfFSVU<W���vxw E^UcYa�%SVNiRqYaWTP�bcS
FcNiXCU|hidcSH4B��Z\fgWQPARq`cN�`cU z�Z%RqWTS�bcS A XonsWTNQS�bKS���Z\UKp,P8NTS8UBh�S+8�v[S8RgNQS8hidBSVNihidcS8R�RTS�RTZ\U<W�z�Z\`cNiRq`BYa�GY[S8Rg� moSV�
RQXCU;:VZ\UL86fAXCYsRj`cUcS~zBXCNTWTY[S~X]PVWTPFXC`BRQRqY�SV��S.h�WT`BPVSAXC` RqS8YaU�bK` UcZ\`c�%S8X\`�RqYaWTSAbKS~vxw E A } �%�\¦%����A?S�W
�I8 v[S
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º�X�RTP8hV`cNQY[RQX"WQYaZ%UFbcS8R�YaUKp,Z%NTfAXCWTY[Z\UBR�S.R®W�`cUAWTdBeVfFStbKStNTS.hidcSVNihidcS�z�Z\`cN�vaS.r%`BSVv�Z\U�X\RQRTY[RqWTSuX%h�WT`BSVv[vaS8f~S8U<W
�g`BU�p,Z\NTW�NQSV{<XCY[U�b w YaU<WTP8N��VWg8GzcNQYaU|h�Y[zBXCv[SVfFSVU<Woz|Z%`cNobcSV`
DANiXCYsRqZ%UBRVJK�tw S.R®W
b w `cUcSjzBXCNTW�`BUcSthVZ\UBRTP8r<`cS8UBh�SjbK`
p,Z\NQfFY[bBXC�cv[S�bKP8�\S8vaZ%zcz|S8fFSVU<WtbKS.R^WQPVv[P8hVZ\fFf�`cUBY[h8X"WTY[Z\U|R^bcX\UBR^v[S8Rj�\¦�bKSVNQUcY[eVNQS8R^X\UcUcP8S8R8J A X\Y[R^Yav�S.R®W�h�vsXCY[N
r<`cS�v[XARTP8hV`cNQY[RQX"WQYaZ%U�S8RqWuXC`BRQRTY UBX"WQ`cNTS8vav[SVfFS8U%WuX\zczBXCNQ`cS+8cbK`]p$XCYaW
bcS�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
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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�
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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�
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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�bKS
º4Z%`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{%YaUcS8N
z|Z%`cNtbcSV`
D
PV�%Z\v[`KWTY[Z\U|Rohid|XCZCWQY[r<`cS.RK8c�Fh8XC`BRTS�bKS�v[XFzcNQZ\zBNTY[P�WQP^WQNTe.R
h�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<W
bKS�zcv[`BRuzBNTe.RK8KSVW^SVU]p$XCYsRQXCU<W
XCzBz|S8v|��bKS.ROUcZ\WTY[Z\UBR�P8vaP8fFSVU<WQX\YaNQS8R�bKSuWTdcP8Z\NQYaSubKS^v'w YaUcp,Z\NQfFXCWTY[Z\UL8%h�S
zBX%RTRQXC{%S�bcSuv[XjWQdcPVZ%NTY[SubK`�hidBX\Z%R��%SVNiR
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vsX~hVNTyGzKWQZ\{%NQX\zcdcY[StU4w S8RqW
SVU]p$XCYaWuzBX%R
RqY4RT`cNQzcNTS8UBXCU<W.J
�OU�S��6S�W)8BbcX\UBR�vaS�hVZ\U<WTSKD<WQSt{%PVUcP8NQX\v bKS8R
RTyKR®WQeVfFS8R
bKSjWQNQX\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.R
RqyKRqWTe8f~S.R
bKSgh�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
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z|Z%NqWQSV`BRTS
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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�`cUBS
WTS.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[v
RVw 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[eVNQS8R
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�\Z%Y[RTY[UcS8Rur<`cY�hVX\NQX%h�WQPVNQY[RTSVU<W
v[X�RqP.h�`cNQY[RQX"WQYaZ%U�zBXCNjhidBXCZ<R
S�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\NQS
vsX
UBXCWT`cNQS�h�NQY_WQY[r<`cS�bKS�vsXFbKPVfFZKbK`cvsX"WQYaZ%U�RQXCU|R�`BUcSgh�Z%UcUBXCYsRQRTX\UBh�SjzcNQP8h�YsRTS�bcS8R
h�Z%UBbKYaWTY[Z\UBR
bcS�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<R
SVU��.¡\¡%¦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%W
hidBX\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<W
Rq`cz�PVNQY[SV`cNQSj�FI
8KhVSjr<`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�%S
bKSuh�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\{\S
h�Z%fFf~S8UBh�S8U<W���z|S8YaUBS^�*��WQNTSuhVSVNQUcP8RObcSufAXCUcY[eVNQS
zcv[`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.RobBXCUBR
hVSjfAX\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�

�



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

+-,/.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[SVvsR
XC`�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\NiR
z�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<W
X\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��VfFS
zcv[`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`cNiR
bK` h�Z%`czcv[S

(β,Φ)
uBUcZ%`BRuX �\Z%UBRozc`?SVU�zBX\NqWQY[hV`cv[YaS8N
Z\�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<W
P�WTP�SV��S.h�WT`BP8Rg8KYavsR
Z\U<W
zc` ��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`cN
bKS�hidBXCZ<RVJB��S�bKS8NTUcY[SVN
z�Z\Y[U<W
S8RqW
p,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

�
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P.Rq`cvaWQXCWQR
SKDKz|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`cN
bKS8RozcNQYaUc�
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�PVWTP
NQP8X\vaYsRqP+8Ch�Sur<`cYBX�hVZ\UBRqWTYaWT`BP
`cUcS
zcNQSVfFY[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.R
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bK` hidBX\Uc{\S8fFSVU<W
bKSgRqWQX\�cYav[YaWTP�b w `cU�z|Z%YaU<W
�MDKS70,�%Z\Y[N
vaS�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[vaSubKS
vsX��"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®W
RqWQXC�BvaS+8%SVWoY[v h�ZGS�DKYsR®WQSjX �%S8h
vsX��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_W
v[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%R
RqZ%`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`cv
v[S?hVX%R
RT`cz|S8NZ4Kh�NQY_WQY[r<`cStXCzczBX\NQXNn[W.JIEuUBSth�`BNTY[Z%RTY_WQPuUBXCWT`cNQSVv[vaS^UcZ\`BRoXgbKZ%UBh
z�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�SubKS
v'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%UBR
SVU|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
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��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$X\Ya�cv[S�hVZ\fFzcv[S�DKYaWTPI8
S�Wur<`4w SVv[vaS.R�RqZ%U%W
z�Z\`cN�vxw Y[UBRqWQX\U%W
v[Z\Y[U�bKS�z�Z\`c�%Z\Y[N
bKP8hVNTY[NTStvaS.R�NTP8{\Y[fFS8R�hidBXCZ\WTYsr<`cS8RobKS�{\NiXCUBbcSth�Z%fFzcvaSKDKY_WQP
`KWQYav[Y[RTP8RuSVU�h�NQy<zcWTZ\{%NQX\zcdcY[Stz|XCN
hidBXCZ<RVJ
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h�SFNQS�WiXCNib³r<`cY�S.R®W��]vxw Z%NTY[{\Y[UcSFbKSAv[X]{%NQX\UBbKSFh�Z\fFzcv[S�DKYaWTPAbKS.R�NTP8{\Y[f~S.R�hidBXCZ\WTYsr<`cS8RjZ\�cWTSVUG`BR8J4º�X�bKY[fFSVUK�
RTYaZ%U�Y[UK�BUcY[SjbcStvxw S.Rqz|X\h�S�bKS.R�zcd|X\RTS8R�bKS8R�bKyGUBX\fFY[r<`cS.R���NTSVWQX\NQb�8%WTNQZ\`B�\StRTZ\U�Z\NQYa{%YaUcSjbcXCU|R�v[S8R�hVZ\UBbKYaWTY[Z\U|R
Y[UcY_WQY[X\vaS.RuUcP.h�S.RTRQXCY[NTS.R
z�Z\`cNjbKP��BUBYaN�bKSgfAXCUBYae8NTSg`BUcY[r<`cS�`cUcS�RTZ\v[`KWQYaZ%U r%`BSVvsh�Z\U|r%`BS�bKS�hVS8RtbKyGUBXCfFYsr%`BS8RG6
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+-,/.10 � 4ALONQYaU|h�Y[z|S�b w `cU�{%PVUcP8NQXCWTSV`BN�bKS�hidBXCZ<R�X\fFPVv[YaZ%NTP+8\zcNQZ\z�Z%RQXCU<W�`cUBSjfFS8Yav[vaS8`cNQS^NQZ\�c`BRqWTS.RTRTS
p$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\`BN
NTS8f~zBvaY[N
v[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`cNQR
bcY �.XCY[UcS8Rg8c�~zcva`|RqY[SV`cNiR
h�S8U<WQXCY[UcS.R 5�J
EuUBSgr%`BS8RqWTY[Z\U?XCv[Z\NiRoz|Z<RqP8S�X\`?h�Z\`BNQR
bKS�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�8
m�~\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$h�Z%UcUG`�bcX\UBRov[X�vaYaWqWQPVNiX"WT`BNTSo5O�BX%RqPjRq`BN
bKS.R�XCv[{\Z%NTYaWTdBf~S.Rgb w XCUBX\vayKRTS�bKS�RTPVNQYaS.R�WTS8fFz|Z%NTS8vav[S8R�hidBXCZ\WTYsr%`BS8Rg84S�W�b4w X\UBXCv[yKRqS�bKS�bKyGUBXCfFYsr%`BS8R�bcP��BUcY[S8R
zBX\N
vaS8`cN
P8r<`BXCWTY[Z\U�bcY_�6PVNQSVU<WTY[SVv[v[S\JBº�XgWQNQX\f~S�bKS�p,Z%UBb]��vsX\r<`cS8vav[S�S8RqW
NQXCWqWQX%hidcPVS�h�SVW^XNDKS�bKS�NTS.hidcSVNihidcStS8RqW
vsX�hVNTyGzKWQZN4GX\UBXCv[yKRqS+8\bKZ%U%W�v[St�c`cWoz�Z\`cN�UcZ%`BR�S8RqW�bKS�bKP8{%XC{%SVN�vaS.R�z�Z\Y[U<WQR�p$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.R
bKSgh�Z%f��cv[SVN
v[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~bKS
º4y%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
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bKS�vxw Z%�BRTSVNQ� XCWTY[Z\U]bK`]RTY[{\UBX\v4hidBXCZ\WTYsr%`BSI8KRqZ%U<W�S8UBRT`cY_WQS�Rq`BRQh�S8zKWTY[�cv[S8R
b w ��WQNTS�`KWQYav[YsRqP.R�zBXCN
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P.Rq`Bv_WiX"W�bKSjhVX\v[hV`cv[ROz|S8NTfFS�WTWQX\U%W�b w S8RqWTY[f~S8N�vsXgbKY[fFSVUBRTYaZ%UAp,NiX\h�WiXCv[SubKS8R�X"WTWTNiX\h�WQSV`cNiROhidBX\ZCWQY[r<`cS.R

z�Z\`cN�h�Z%UBR®WQNT`BYaNQSg`cU³NTP.h�SVzcWTSV`BNjh8XCzBX\�cvaS�b w SV��S.h�WQ`cSVN�v[S~bKP.h�ZKbcX\{\S\J EuUcSFbKS.R^zcNQY[UBh�Y[zBXCv[S8Rjh�Z%UBh�v[`BRTYaZ%UBR^bcS
h�S.R�zcNQSVfFYae8NTS.R�PVWT`BbcS8Rg8cS8RqWur%`BStvsXFbKyGUBXCfFYsr%`BSjUBZ\U�v[Y[UcP8X\YaNQS�RTh8XCvsXCY[NTStU4w S.R®W
zBX%R�Rq`
C�RQXCU<WTS�z�Z\`cN�{<XCNiXCU<WTY[N
`cUcSF��Z\UcUBSFRTP8hV`cNQY_WQP\J�A XCYsRjUcZ\`|RtUBZ\`BR�RTZ\fFfFS8RjPV{<XCv[SVfFSVU<W�XCz�SVNd:�`BRjr<`cSAbKS8R�bcy<U|XCfFY[r<`cS.Rj�\S8h�WTZ%NTY[SVv[vaS.R
 L]����"��?zBva`BRTY[SV`cNiRgUcZ%U v[YaUcP.XCNQY_WQP8Rg8�zcv[`BRTYaS8`cNiR�NQS�WiXCNibcR�WTS8fFz|Z%NTS8v[Rg8�SVW�zcv[`BRTYaS8`cNiRgzcNQZKh�S8RQRT`BR�bKyGUBX\fFY[r<`cS.R
0,P.r�J}0xII5�5uRqS8f��cv[SVU<W
WTNQe8R��BYaS8U h�Z\U<WQNTS.hVXCNQNQSVN�h�SgbKPVp$XC`KW^bKS�h�`cY[NQX%RTRTS�bKS8R
zBNTS8f~Y[eVNQS8R^bKyGUBXCfFYsr%`BS8R�`KWQYav[Y[RTPVS.RVJ
º4S.Rtbcy<U|XCfFY[r<`cS.R^RQhVX\v[X\YaNQS8Rt�ANTSVWQX\NQb hVZ\UBRqWTYaWT`BSVU<WtS8U?p$XCYaWjvxw S�DKzcNQS8RQRqY[Z\U?vsXAzcv[`BR�RqY[fFzcv[S�b w `cU�{%PVUcP8NQXCWTS8`cN
bKS�hidBX\Z%R�bKS�{\NiXCUBbKSAhVZ\fFzcv[S�DKY_WQP�0,�%Z\Y[N��B{\`cNQS8R��/5H8:r%`�w Y[vOS8RqW�bKZ%UBh~WTNQe8Rjp$X%h�Y[vaS�bKSAfFZGbcY_�BS8Ngv[PV{\e8NTS8fFSVU<W
z�Z\`cN
Z%�KWTS8UcYaNubcS8RubKyGUBX\fFY[r<`cS.R
hidBXCZ\WTYsr%`BS8Rozcv[`BR
NQZ\�c`BRqWTS.R�XC`
D�Z%`KWTY[vsRub w XCUBX\vayKRTSjX%h�WT`BSVvsRVJ
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b w XC`KWQNTS.R�{\NQZ\`cz�S8Rg8 h�Z%UBRqYsRqWQXCU<W���bKYaNQSAr<`cSFvaS.R�h�ZKbKS8R��o�kA � {%PVUcP8NTP.Rtz|XCNgbKyGUBX\f~Ysr<`cS8R�hid|XCZCWQY[r<`cS.R�RqSV�
NiXCY[SVU<WOzcv[`BR�z�SVNTp,Z\NQfFX\U<WQRg8CSVU<WTNQSuXC`cWTNQS
SVU~WTS8NTfFS8R�b w YaU<WTS8Nq��h�Z%NTNQPVvsX"WQYaZ%U 0$hVS^r<`cY|hVZ\NQNTS.Rqz�Z\U|b�zcNiX"WQY[r<`cS8fFSVU<W
�³v[X bKYsXCzcdcZ%UcY[S�SVU<WQNTS�hVX\UBXC`
D;5�8:SVW~S8UªWQSVNQfFS8R~bKS�UcZ\f��cNTS�fAXNDKYaf�`cf b w `KWTY[v[Y[RQX"WQSV`cNiRFRqY[f�`cvaWQX\UcP8R8J�º4S8R
NQS8hidcS8NQhidcS.R�RTS�z|Z%`cNiRq`cY[�\S8U<W
X%h�WQ`cSVv[vaS8fFSVU<W
z|Z%`cNubKPV�%SVv[Z\zcz�SVN�`cU?RQhidcPVfAX~S�C�h8X\h�S�bKSgRTyGUBhidcNQZ\UcYsRTXCWTY[Z\U�bcS
h�ZKbKS�hidBX\ZCWQY[r<`cS%J
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`KWQYav[Y[RTP�SVU�WTNiXCUBRTfFY[RQRTYaZ%UBR�hVNTyGzKWQPVS.RK8"RT`cN�vaS�NQS8h�Z%`c�GNTS8fFSVU<W:bKS�vxw Y[UKp,Z%NTfAX"WQYaZ%U~X\zcNQe8R�`cUcS
h�Z%U<�%SVNiRqY[Z\U�YaUG�\S8NQRTS
UG`cfFPVNQY[r<`cSo�\S8NQR:XCU|XCv[Z\{\Ysr<`cS\JC��S�WOX%Rqz�S8h�W�bKS�vsXuWQNQX\UBRTf~YsRQRqY[Z\U�hVNTyGzKWQPVSozBXCN�hidBX\Z%R�S8RqW�NTS8vaY[PoX\`
DgzcNQZ\�cv[eVfFS.R
bKSt�cNT`BY_WiROY[U%WQNTZKbK`BY_WiR�RT`cN�v[Sth8XCUBX\v|bKS^WTNiXCUBRTfFY[RQRTYaZ%UL8CzcNQZ\�cv[eVfFS^r<`cY�S8RqW�S8UBh�Z%NTS
NQSVvsX"WQYa�%SVfFSVU<W�z�SV`�XC��Z\NibKP
bcX\UBR�v[X~v[Y_WTWTP8NQXCWT`cNQS\J
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bKS?h�NQy<zcWQXC{%SI8�NQP8RTY[bcS�bBXCUBRFvsX f~YsRTS � bcY[RTz|Z<RqYaWTY[Z\U¬RT`cNAvsX³v[Y[{\UcS?bKS�WQNQX\UBRqfFYsRTRTY[Z\U¤bKS�v'w SVUBRTSVf��cv[S
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z|S8NTfFS�WTWTS8U%W
S8UBh�Z%NTStvaS�bKP.h�ZKbcXC{%St��zBXCNTWTY[N
bKSjv[XFh�Z%UcUBX\Y[RQRTX\UBh�StbKS8R�zBX\NQX\fFe�WTNQS8R�h�v[P�bK`�{%PVUcP8NQXCWTS8`cN
bKS^hidBX\Z%Rg8CfAXCYsR�r<`cYBNQSVU|bKSuWQNTe.RObKY CAhVYav[S^`BUcStr<`cS8v[hVZ\UBr<`cSuX\UBXCv[yKRqS^bcy<U|XCfFY[r<`cStbK`�RqY[{\U|XCvcWQNQX\UBRTf~YsR8J
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