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É�ÅvÇ�Ã[ÑZØ°B�ÍKJoB[ÇwB%MuÃ#Ãw?KB�M`ÎK@+B[JwRTÉ%GWV�JwBDÇ�ÎKVXÃoÇ#R¨MQY`B[É�ÃwR¨ÅWM5�;GIMAC�É�ÅvMAÉ�V¨ÎACZB/R¨MFY`B[É�ÃwR¨ÅWM6�ZÑ

7 8:9�º�;�¼
»�<>= ¼�½?9A@

�cM+Ãw?KRTÇÓÆ*ÅWJoÈ N Æ*B<GWÇoÇwÎK@+B#Ãw?AGIÃ�G�É�B[VXV¨ÎKVTGIJÓMKB%ÃeÆ�ÅvJwÈ�ÍAJwÅgÊ`RTCZB[Ç�ÎKMARXÊvB%JLÇwGWVKÉ�ÅgÊWB[JoGWUWB*Æ�R|Ão?
Ø¦Pk> Á Ç�ÅgÊvB%JoV¨GWÍKÍKR¨MKU�GgÃ¤G;Í�ÅvJ�ÃoRXÅvM

Pow

ÅIËÓÃo?KB�ÃoÅIÃoGWV0GWJwBDGKÑHà�ÅvMAÇwB��uÎKB%MuÃoVXÔ N Ãw?KB�Í�B[J�Ä
É�B%MuÃLGIUWB:ÅIË±Ãw?KB+ÎKMKRB�uÎKB;É�B[VXV¨ÎKVTGIJ�É�ÅgÊvB%JLGIUWB�GIJoB[G�RTÇ

Poc = 1 − Pow

Ñ�Ø R|Ão?KÅWÎZÃ�V¨ÅvÇoÇ¤ÅIË
UWB%MAB%JLGIV¨R|ÃeÔ N Æ*BQGWÇoÇ�ÎA@:B�Ão?AGgÃ²GvÉqÃwR¨ÊWB6�FÕ$Ç+ÍKJoB�Ë©B[J;Ø¦Pk> Á CZÎKB�ÃwÅ�RXÃoÇ;VTGIJoUWB[J�Ð�GIMAC`Ä



Æ�R¨C`Ão?�GIMAC:V¨ÅgÆ�B[J
É�ÅuÇeÃDÑWÒ<B[MAÉ�B N GIM`Ô�GvÉqÃoRXÊvB �£ÕÏÆ�R¨V¨VAGIV¨Æ*G¥ÔZÇ$?AGWMACZÅIÌ�ÃwÅ�Ø¦P0> Á Æ�?KB[M
R|Ã*R¨Ç±B%MAÉ%ÅWÎKMuÃwB[JwBDC�ÑW>�CKCKR|ÃoRXÅvMAGIV¨VXÔ N Æ*B�GWCKÅWÍZÃ
Ão?KB�B%Â`ÃwB%M�CZB[C`Ä�à�Å¥ÂZR¨GWM+@:ÅZCZB[VkÜ � ß�Ë©ÅWJ±Î�Ç�B[J
@:ÅvÐKR¨VXRXÃeÔ�R¨M�Ão?KRTÇÓRXMuÃoB%UWJLGgÃoB[C�MKB�ÃeÆ*ÅWJoÈHÑ¥Õ#?AR¨Ç�@+ÅZCZB%VAR¨Ç�ÐAGvÇ�BDC�ÅvM�ÍA?AGWÇwB�Ä�ÃeÔ`Í�B � � Ò ��CZRTÇeÄ
ÃwJoRXÐKÎKÃwR¨ÅWMAÇ�Ü��Dß Ñv×¤B[MKB%JLGIV¨VXÔ N G � Ò JLGIM�CZÅW@ ÊgGWJwRTGIÐKV¨B#R¨Ç�CZB*��MKB[C+GWÇÓÃw?KB�GWÐAÇwÅWJoÍZÃwR¨ÅWM�ÃwR¨@+B
ÅIË�GWM£B%ÊgGWMKB[ÇoÉ�B[MvÃ �AMKRXÃwB%Ä Ç�ÃoGIÃwB �FGIJoÈWÅgÊ�ÍKJoÅZÉ�B[ÇoÇ�ÃoÅQG²ÇwRXMKUvVXB+GIÐ�Ç�ÅvJwÐ�B%MuÃ¤Ç�ÃoGIÃwBvÑH>�CACZR|Ä
ÃwR¨ÅWMAGWVXV¨Ô N G � Ò¶JLGIM�CZÅW@9ÊgGIJoR¨GWÐKVXB�R¨Ç#É%ÅWM`ÊWB[MvÃoRXÅvMAGIV¨V¨Ô�CZB[MKÅIÃoB[C²GvÇ

PH(α,T) N Æ�?AB%JoB αGIMAC
T
JoB%ÍAJwBDÇ�B[MvÃ�Ãw?KB�RXMKRXÃwRTGIVkÃwJLGIMAÇwRXB[MuÃ�ÇeÃLGgÃoB�CZRTÇeÃoJwR¨ÐKÎZÃoRXÅvM£GIMAC�Ão?KB�ÃoJoGWMAÇwR|ÃoRXÅvMQJoGIÃwB[Ç

GI@+ÅWMKU�ÃoJoGWMAÇ�R¨B%MuÃ�Ç�ÃoGIÃwB[Ç N JoB[ÇwÍ�BDÉqÃoRXÊvB%V¨ÔWÑSÕ#?KB�ÍAJwÅvÍ�ÅuÇ�BDC£@+ÅZCZB%V±B%@+ÍKV¨ÅgÔ`Ç�Ãw?KB�à�Å¥ÂZRTGIM
ÇeÃoJwÎAÉ�ÃwÎKJoB�ÃoÅ²JoB%ÍKJoB[ÇwB%MuÃ�É%B%V¨V�JwBDÇ�RTCZB%M�É�B�ÃoRX@+B+GWÇ¤G�ÍKJoÅWÐAGWÐKR¨VXRTÇeÃoR¨É�Ç�ÎK@.ÅWË
Ø¦Pk> Á GWMAC
É�B%V¨V¨ÎKV¨GWJ*ÃwB[ÉL?AMKÅWV¨ÅWUvÔ:JoB[ÇwRTCZB%MAÉ%B�ÃoRX@+BDÇ ��Õ���Õ�� N CZB%�AMKBDC�GvÇ±Ão?KB�CZÎKJLGgÃoRXÅvM�ÇwÍ�B[MvÃ#Ð`Ô;Ãw?AB
�FÕ R¨MQG+Ç�Í�B[É%R ��É�ÃoB[ÉL?KMKÅvVXÅvUWÔvÑ

� R¨UWÎAJwB;Ý:Ç�?KÅgÆ<Ç�Ãw?KB�B�Â`ÃwB[MACZB[CZÄeà�Å¥ÂZRTGIM�@+ÅWÐKR¨VXRXÃeÔ�@:ÅZCZB[V0Æ�?AB%JoB�B[GvÉL?FÇeÃLGIUWB�RTÇ�V¨GIÄ

A AB1 2 3 kA/BB4

b b b b
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Cell Exit
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	 ���`��
 hD�vp|lmp~b�� 
 hIrv]ol

Ð�B[VXBDC£Æ�RXÃw?�G²V¨B�ÃwÃwB[J�É�ÅWJoJoB[ÇwÍ�ÅvMACZR¨MKU�ÃoÅ²Ão?KB+ÊuRTÇwR|ÃoB[C£ÃwB[ÉL?AMKÅWV¨ÅWUvÔ�GWMAC£G�M`ÎK@�Ð�B%J�JoB%ÍKÄ
JwBDÇ�B[MvÃoRXMAU�Ãw?KB°ÇeÃLGIUWBFÇwB��uÎKB[MAÉ�B£Æ�R|Ão?KRXM¦Ãw?KBFR¨MuÃwB[MACZB[C É�B%V¨V�Ñ�Õ#?KBF@+ÅZCZB[V¤É%ÅWMAÇwR¨Ç�ÃoÇ�ÅIË
É�ÅWM�Ç�BDÉ�ÎZÃoRXÊvB�ÇeÃLGIUvB[Ç�ÇwÎAÉL?�Ão?AGgÃ¤ÎKÍ�ÅvM£B%Â`RXÃwR¨MKU²GWM`Ô�Ç�ÃoGWUWB

i N Ãw?KB �FÕ @;G¥Ô�ÍAJwÅZÉ�B[B[C�ÃoÅGIMKÅWÃw?KB[J±ÃoB[ÉL?KMKÅvVXÅvUWÔ+Æ�RXÃw?KR¨M²Ão?KB�ÇwGW@+B¤É%B%V¨V�Æ�RXÃw?�ÍKJoÅWÐAGWÐKR¨VXRXÃeÔ
ai

ÅvJ�@+ÅgÊvB<ÃwÅ;G�MKB%R¨UW?KÄ
Ð�ÅvJ�É�B[VXV¨ÎKVTGIJ�É%B%V¨V �©R�Ñ BWÑkUvB�Ã�GWÐAÇ�ÅvJwÐ�B[C2�¤Æ�R|Ão?­ÍKJwÅvÐAGIÐARXV¨R|ÃeÔ

bi

Ñ0Õ#?KB²Õ���Õ9ÅIË�ÇeÃLGIUWB
i
R¨Ç

� Ò!CZRTÇeÃoJwR¨ÐKÎZÃoB[C°GIMAC°CZB%MAÅIÃwBDC�GWÇ
PH(αi,Ti)

ÑSÒ�B%MAÉ%B N Ãw?AB�É�B%V¨V¨ÎKV¨GWJ/JwBDÇ�RTCZB%M�É�B:ÃwR¨@+B
É%GIM�Ð�B�B�ÂZÍKJoB[ÇoÇ�BDC�GvÇ

PH(αm,Tm)

Tm =









T1 a1t1α2 0... ..0

0 T2 a2t2α2 ..0

. . .

0.. 0 Tk









�eÝ �

αm = [α1 0]
� 4 �

Æ�?KB%JoB
ti = −Tie

Ü��¥ß�Ñ
Á ÅIÃoB�Ãw?AGIÃ N RXM¦G°ÃeÆ*Å°ÃwR¨B%J�ÇwÔZÇeÃoB%@ N Ão?KB%JoBFGIJoB�ÃeÆ�Å�@+ÅWÐARXV¨R|ÃeÔ�ÇwÎKÐZÄ @:ÅZCZB[V¨Ç[â
BDGWÉL?

Ç�ÎKÐKÄ�@+ÅZCZB%VA?AGWÇ
G�CKR|ÌHB%JoB%MuÃ±R¨MKRXÃwRTGIVAÍA?AGWÇwB#ÃwBDÉL?KMKÅWV¨ÅWUvÔWÑIÒ�B%MAÉ%B N Æ*B�ÎAÇwB�à±Ä�ÃeÔ`Í�B�GIM�C�Ø�Ä
ÃeÔuÍ�B�É�B[VXV
ÃwÅFCZRXÌ�B[JwB[MuÃwRTGgÃwB;@+ÅZCZB[V¨Ç/Æ�RXÃw?­R¨MKRXÃwRTGIV±É%B%V¨VXÎKVTGIJ�GWMAC°RXMAR|ÃoR¨GWV
Ø¦Pk> Á ÍK?AGvÇ�BDÇ
JwBDÇ�Í�B[É�ÃwR¨ÊWB%V¨ÔWÑ � ÎKJwÃw?KB[Jw@+ÅvJwB N Æ�B�GWÇoÇ�ÎK@+B#Ão?AGgÃ
Ão?KB �£ÕµGWÍKÍKV¨R¨É[GgÃoRXÅvM+ÇwB[ÇoÇwRXÅvM:?�GWÇ
B%ÂZÍ�ÅWÄ
MKB%MuÃwRTGIV¨V¨Ô²CZRTÇeÃoJwR¨ÐKÎZÃoB[C�?KÅWVTCZR¨MKU+ÃwR¨@+B[Ç<CKB%MKÅWÃwB[C�GWÇ

tch

GIMAC
twh

Æ�RXÃw?�ÍAGIJLGI@+B%ÃwB%JLÇ
λchGIMAC

λwh

Ë©ÅvJ¤É%B%V¨VXÎKVTGIJ/MKB%ÃeÆ�ÅvJwÈQGWMACFØ¦P0> Á JwBDÇ�Í�B[É�ÃwR¨ÊWB[VXÔvÑ�Õ#?KB:B�ÂZÍ�ÅWMKB[MuÃwRTGIVÓÇ�BDÇwÇwR¨ÅWM



?KÅWVTCZR¨MKU¤ÃwR¨@:B<GvÇwÇwÎK@+ÍZÃoRXÅvM�RTÇÓÉ�Åv@:@+ÅvM�R¨M�Æ�R¨JoB%V¨B[ÇoÇ�MKB�ÃeÆ*ÅWJoÈZÇ0CZÎAB#ÃwÅ¤Ãw?KB[RXJ
ÃwR¨@:B%Ä�Ð�GWÇwB[C
ÍKJwRTÉ�R¨MKU;Ç�ÃwJLGgÃwB[UWR¨B[Ç#GIM�C�Ão?KB�VXR¨@+R|ÃoB[C�Í�ÅgÆ�B[J#JwBDÇ�ÅvÎKJoÉ%B[Ç�ÅIË�@+ÅWÐKR¨VXB�CZB[Ê`R¨É%B[Ç[Ñ

� �¢¼��Wº�� ¹���@	���`À
�

�cM²Ão?KR¨Ç�ÇwB[É�ÃwR¨ÅWM N Æ*B¤B[Ç�ÃwR¨@+GIÃwB�G�ÃwÅIÃLGIVSÇwB[ÇoÇ�R¨ÅWM�É�ÅvÇ�Ã<GWÇ#G�Ë©ÎKMAÉqÃoRXÅvM�ÅWË$ÇwB[ÇoÇ�R¨ÅWM�JwBDÇ�ÅvÎKJLÉ�B
ÎZÃwR¨VXR¨Û[GIÃwR¨ÅWM N ÇwB[ÇoÇ�R¨ÅWM ��Å`Y N GIMAC£MKB�ÃeÆ*ÅWJoÈ�GvCZ@+RXMAR¨Ç�ÃwJLGgÃoRXÊvB�É�ÅuÇeÃDÑ � R¨JoÇ�Ã�Æ*B:ÍKJwBDÇ�B[MuÃ�ÅWÎAJ
Ç�BDÇwÇwRXÅvM�@+ÅZCZB[V�RXMFY`BDÉqÃwR¨ÅWMQÖAÑXÝvÑKÕ#?KB%M N Æ�B/ÍKJoB[ÇwB%MuÃ<G:UWB%MAB%JoR¨É�Ë©JLGI@+B%Æ*ÅWJoÈ+ÃwÅ+B[Ç�ÃwR¨@;GgÃoB
Ãw?KB�ÃoÅIÃLGIVkÇwB[ÇoÇ�R¨ÅWM�MKB%ÃeÆ�ÅvJwÈ�ÎKÃwR¨VXR¨Û[GIÃwR¨ÅWMQGIMAC�ÃoÅIÃoGWVkÇwB[ÇoÇ�R¨ÅWM�	�Ò/á V¨ÅvGvC²R¨M£Y`BDÉqÃwR¨ÅWMQÖAÑ 4 Ñ
Õ#?KB%M�Æ*B¤ÍAJwBDÇ�B[MvÃ�ÅvÎKJ�ÍKJoÅWÍ�ÅvÇwB[C;ÃoÅIÃLGIVSÇwB[ÇoÇ�R¨ÅWM�É�ÅuÇeÃ#Ë©ÎKMAÉ�ÃwR¨ÅWM�R¨MQYZB[ÉqÃoRXÅvM�ÖAÑ ÖAÑ

�
��� �����������������
��� �����"!

�cM�ÅWÎKJ*Ç�BDÇwÇwR¨ÅWM;@+ÅZCZB%V N Æ*B�É%ÅW@�ÐARXMKB�Ãw?KB�@+ÅWÐKR¨VXRXÃeÔ+@+Å`CKB%VHGIMAC;GWÍKÍKV¨R¨É[GgÃwR¨ÅWM�ÉL?�GIJLGWÉqÃoB%JwÄ
R¨Ç�ÃwRTÉ%Ç�ÃoÅ�JoB%ÍKJoB[ÇwB%MuÃÓÐ�ÅWÃw?�GWÍKÍKV¨R¨É[GgÃwR¨ÅWM;GvÉqÃwR¨Ê`R|ÃeÔ:GIMAC:ÎAÇwB%J±@:ÅvÐKR¨VXRXÃeÔWÑZà�ÅWMAÇwB��uÎKB[MvÃoVXÔ N Ãw?AB
@+GWRXM�É%ÅWMAÉ%B%ÍZÃoÎAGIV�CZR|ÌHB%JoB%M�É�B<Ð�B�ÃeÆ*B%B[M+Ãw?KB�ÇwB[ÇoÇwRXÅvM+GWMAC+@+ÅWÐKR¨V¨R|ÃeÔ:@+Å`CKB%VTÇ
RTÇ�Ãw?KB�RXMuÃoB%JwÄ
ÍKJwB%ÃoGIÃwR¨ÅWM²ÅWË0GIÐ�Ç�ÅvJwÍZÃoRXÅvMSÑKá�M�É�ÅvMuÃwJLGIJoÔ�ÃoÅ�Ão?KB/@:ÅvÐKR¨VXRXÃeÔ;@+Å`CKB%V�R¨M²Æ�?KRTÉL?�GWÐAÇwÅWJoÍZÃwR¨ÅWM
ÅWMKV¨ÔQÅZÉ%É�ÎAJoÇ¤CZÎKB�ÃwÅ�É�B[VXV$B�ÂZRXÃ N Ãw?AB:ÇwB[ÇoÇ�R¨ÅWM£@+G¥Ô�UvB�Ã�GIÐAÇwÅWJoÐ�BDC�Ë©ÅWJ/CZRXÌ�B[JwB[MuÃ¤JoB[GvÇ�ÅvMAÇRXMAÉ%VXÎ�CZRXMAU¢MKÅvJw@;GWV*ÇwB[ÇoÇ�R¨ÅWM�ÃwB%Jo@+RXM�GgÃwR¨ÅWM N CKB%MKÅWÃwB[CÏGWÇ�Ãw?KBQÕ$# �?� Ç�ÃoGgÃoB N ÇwÎAÉ%É%B[ÇoÇeË©ÎKV
?AGIMACKÅIÌ­ÃwÅFG�MKB[RXUv?`Ð�ÅvJ/É%B%V¨V N CZB%MKÅWÃwBDC¢GvÇ¤Ãw?KB²YZÒ�Ò!ÇeÃLGgÃoB N ÇwB[ÇoÇ�R¨ÅWM°CZJoÅWÍKÍKR¨MKUQCZÎKJoR¨MKU
?KÅWJoRXÛ[ÅWMuÃoGWV�?�GIMACZÅWÌ N CKB%MKÅWÃwB[C�GWÇ�Ão?KB�Ò�Ò � Õ¶ÇeÃLGgÃoB N ÅWJ�ÇwB[ÇoÇ�R¨ÅWM�CZJoÅWÍKÍKR¨MKU+CZÎKJoRXMAU�ÊvB%JwÄ
ÃwRTÉ%GIV±?AGIMACKÅIÌ N CZB%MAÅIÃwBDC�GWÇ¤Ãw?AB 	�Ò � Õ Ç�ÃoGgÃoBWÑSÒ�B%MAÉ%B N Ão?KB�UWB[MKB%JLGgÃoÅWJ¤@;GgÃwJoRXÂ¢ÅIË*Ãw?AB
�FGIJoÈWÅgÊ`RTGIM²ÇwB[ÇoÇ�R¨ÅWM�ÍKJoÅ`É%B[ÇoÇ#Æ�RXV¨VS?AG¥ÊvB�Ão?KB/Ë©ÅWV¨V¨ÅgÆ�RXMKU+Ç�ÃwJoÎAÉqÃoÎKJwB&%

QS =

(

QTT QTerm QSHH QHHFT QV HFT

0 0 0 0 0

)

,
��Ö �

Æ�?KB%JoB
QTT

N QTerm
N QSHH

N QHHFT
N QV HFT

É%GIM²Ð�B¤B�ÂZÍKJoB[ÇoÇ�BDC�GWÇ*Çw?KÅgÆ�M;RXM¢Ü � ß�Ñ
Á ÅIÃoB#Ãw?AGIÃ�CZRXÌ�B[JwB[MuÃ�É%GvÇ�BDÇÓGIJoB<CZR¨Ç�ÃwR¨MKUvÎKR¨Çw?KBDC+RXM+Ão?KB�GIM�GIV¨Ô`ÇwRTÇÓGWÉ%É%ÅWJLCZR¨MKU¤ÃwÅ�CZRXÌ�B[J�Ä

B%MuÃ<É�ÅW@�ÐKR¨MAGgÃoRXÅvMAÇ±ÅWËk@+ÅWÐKR¨V¨R|ÃeÔ²ÇwÎKÐZÄ @+ÅZCZB%VTÇ#GIMAC�Ç�BDÇwÇwRXÅvM;ÃeÔ`Í�BDÇ%ÑZØ°B/ÎAÇwB
A
ÃwÅ+CZB[MKÅIÃoB

@:ÅvÐKR¨VXRXÃeÔ°ÇwÎKÐZÄ @+ÅZCZB%VÓÃo?AGgÃ:R¨Ç�CZB�ÃoB%Jo@:R¨MKBDC�ÐuÔ¢Ãw?AB�RXMAR|ÃoR¨GWV
ÃwBDÉL?KMKÅvVXÅvUWÔ£ÅWË#Ãw?KB�Ê`RTÇ�RXÃwBDC
É�B%V¨V N Æ�?KB%JoB A ∈ {c, w}

Ë©ÅWJ�à±Ä�ÃeÔ`Í�B�GIM�C�Ø�Ä�ÃeÔ`Í�B�É%B%V¨V¨Ç�JoB[ÇwÍ�BDÉqÃoRXÊvB%V¨ÔWÑI>�CKCZRXÃwR¨ÅWM�GIV¨VXÔ N Æ�B
ÎAÇ�B

B
ÃwÅ�CZB[MKÅIÃoB#Ãw?KB�ÇwB[ÇoÇwRXÅvM�ÃeÔ`Í�B N Æ�?AB%JoB B ∈ {n, h}

Ë©ÅWJÓMAB%Æ GIMAC:?AGWMACZÅWÌ�Ç�BDÇwÇwR¨ÅWMAÇ
JwBDÇ�Í�B[É�ÃwR¨ÊWB%V¨ÔWÑH>�Ç/G²MKÅIÃLGgÃwR¨ÅWM�GIVkJoB%@;GWJwÈ N Æ�B�ÎAÇ�B:Ç�ÎAÍ�B[JoÇoÉ�JoRXÍKÃoÇ�ÃwÅ�CZB*�AMAB�Ãw?AB:ÇwB[ÇoÇ�R¨ÅWMKÄ
ÃeÔuÍ�B²GWMAC­@+ÅWÐKR¨V¨R|ÃeÔ�Ç�ÎAÐZÄ�@+ÅZCZB[V�É�Åv@�ÐKR¨MAGIÃwR¨ÅWMSÑ � ÅWV¨VXÅgÆ�R¨MKU�Ão?KR¨Ç�MKÅWÃoGgÃoRXÅvM N Æ*B²CZB[MKÅIÃoB
P AB

TERM
N P AB

SHH
N P AB

V HFT
N GWMAC P AB

HHFT

GvÇ¤Ãw?KB�GWÐAÇ�ÅvJwÍKÃwR¨ÅWM°ÍKJwÅvÐAGIÐARXV¨R|ÃoRXBDÇ�ÃwÅFÕ0B%Jo@ N
YZÒ�Ò N 	¤Ò � Õ N GWMACQÒ�Ò � Õ Ç�ÃoGIÃwBDÇ<JoB[ÇwÍ�BDÉqÃwR¨ÊWB[VXÔ²Ë©ÅWJ¤G O Ä�ÃeÔ`Í�B�Ç�BDÇwÇwRXÅvMQÇeÃLGIJwÃwR¨MKU;RXMFGWM
>�Ä�ÃeÔuÍ�B�É%B%V¨V�ÑWÕ#?AB[ÇwB�GIÐAÇwÅWJoÍZÃoRXÅvM�ÍKJoÅWÐ�GIÐKR¨VXRXÃwR¨B[Ç±É%GIM+Ð�B<B[Ç�ÃwR¨@;GgÃoB[C�Ë©JwÅv@ Ão?KB<B[@�Ð�B[CKCZBDC
�FGIJoÈWÅgÊ;ÉL?AGWRXM�ÅIË$Ãw?KB�ÇwB[ÇoÇwRXÅvM²@+ÅZCZB%VkGvÇ�Ç�?AÅgÆ�M�R¨M¢Ü 'gß Ñ

�
�)( ��������������*+��,.-/�0,21435�"67�98:�"35��;
�<���

�cM/Ãw?KRTÇ0ÇwÎKÐAÇwB[É�ÃwR¨ÅWM N Æ�B
ÍAJwBDÇ�B[MvÃkG<UWB%MAB%JoR¨ÉÓGWMAGIV¨ÔuÃwRTÉ%GIVIË©JoGW@:B[Æ�ÅvJwÈ<ÃwÅ<BDÇeÃoRX@;GgÃoB±CZRXÌ�B[JwB[MuÃ
,*"*,#,./�0+1�' $ "*)+"*$ÓÍ�B%JwË©ÅWJo@;GIMAÉ%B/@:B%ÃwJoR¨É[Ç�Ë©JoÅW@�Ãw?KB[RXJ¤É�ÅWJoJoB[ÇwÍ�ÅvMACZR¨MKU  "%$&$(' $
"%)+"*$Ó@+B�ÃoJwRTÉ%Ç<ÅIË
CZR|ÌHB%JoB%MuÃ#Ç�BDÇwÇwRXÅvM;ÃeÔ`Í�BDÇ�GWMAC;@+ÅWÐARXV¨R|ÃeÔ;ÇwÎKÐZÄ @+Å`CKB%VTÇ%Ñ`Õ#?KB/CZB%JoRXÊgGIÃwR¨ÅWMAÇ±ÅIË�Ãw?AB¤É%B%V¨V|Ä VXB[ÊWB[V



Í�B[J�Ë©ÅvJw@;GIM�É�B;@+B�ÃoJwRTÉ%Ç:GIJoB;ÅW@+RXÃ�ÃwBDC­?KB[JwB;Ë©ÅvJ�ÐKJoB%Ê`RXÃeÔWÑ$Ò<ÅgÆ*B%ÊWB[J N RXMuÃwB[JwBDÇeÃoB[C�JoB[GvCZB%JLÇ
GIJoB¤JoB�Ë©B[JwJoB[C²ÃwÅQÜ � ßkË©ÅWJ#Ãw?AB�CZB�ÃLGIR¨V¨Ç[ÑAÕ#?KB/Ë©ÅvVXV¨ÅgÆ�RXMAU+GWMAGIV¨ÔuÃwRTÉ%GWVHË©JoGW@:B[Æ�ÅvJwÈ;RTÇ�ÎAÇwB[C�ÃoÅ
B[Ç�ÃwR¨@+GIÃwB�ÇwB[ÇoÇ�R¨ÅWM�É�B[VXV¨ÎKVTGIJ#MKB�ÃeÆ*ÅWJoÈ;ÎZÃoRXV¨RXÛDGgÃoRXÅvM N ÇwB[ÇoÇ�R¨ÅWM�Ø¦Pk> Á ÎKÃwR¨VXR¨Û[GIÃwR¨ÅWMQGIMAC�ÇwB[Ç�ÄÇ�R¨ÅWM 	�Ò¤á�JoGIÃwB N CZB[MKÅIÃoB[C�GWÇ Lsc

N Lsw

GWMAC
µsv

JwBDÇ�Í�B[É�ÃwR¨ÊWB[VXÔvÑ���ÎKB�ÃwÅ/ÍAGWUWB±V¨R¨@:RXÃoGIÃwR¨ÅWM N
RXM�Ão?KB+Ë©ÅWV¨VXÅgÆ�R¨MKUQCZB[JwR¨ÊgGgÃwR¨ÅWM N ÅWMKV¨Ô µsv

RTÇ�Çw?KÅgÆ�M°Ë©ÅWJ�R¨VXV¨ÎAÇ�ÃwJLGgÃoRXÅvM¢ÍKÎAJwÍ�ÅvÇwBWÑ � ÅWJ�B%Â`Ä
GI@+ÍKV¨B N Lsc

É%GWM;Ð�B�B[Ç�ÃwR¨@+GIÃwBDC;Ð`Ô�JoB%ÍKVTGWÉ%RXMAU
µAB

cv

GIM�C
µh

cv

Æ�RXÃw?²Ãw?KB[RXJ*É�ÅvJwJoB[ÇwÍ�ÅvMACZR¨MKU
@:B%ÃwJoR¨É[Ç

LAB
cc

GIM�C
Lh

cc

JoB[ÇwÍ�BDÉqÃwR¨ÊWB[VXÔvÑ
Õ#?KB¢ÇwB[ÇoÇ�R¨ÅWM 	¤Ò¤á6JLGgÃoBFR¨Ç�CZB%�AMKB[C GWÇ;Ão?KB°B�ÂZÍ�BDÉqÃoB[C�ÃoÅIÃoGWV�M`ÎK@�Ð�B[J²ÅWË 	�Ò¤á¤Ç

Í�B[J�Ë©ÅvJw@+B[C�Ð`Ô�Ãw?KB �£Õ CKÎKJwR¨MKU²GWM�B%MuÃwR¨JwB�Ç�BDÇwÇwRXÅvMSÑ�×¤R¨ÊWB[M�Ão?AGgÃ�Ãw?KB�Ç�BDÇwÇwRXÅvMQÇeÃLGIJwÃoÇ�R¨M
Ãw?KB�Ø�Ä�ÃeÔ`Í�B�É%B%V¨V N G+É�ÅvMACZRXÃwR¨ÅWMAGWVSÇ�BDÇwÇwR¨ÅWM�	�Ò¤á JLGgÃwB N µw

sv
N É%GIM�Ð�B�B�ÂZÍKJoB[ÇoÇ�BDC²GWÇ

µw
sv = µwn

cv +

∞
∑

k=1

P (n = k|W )kµh
cv ,

� � �

Æ�?KB%JoB
µwn

cv

RTÇ<Ão?KB 	¤Ò¤á5JLGgÃwB�Í�B[J¤É%B%V¨V0ÅWËÓG²MKB%Æ ÇwB[ÇoÇwRXÅvMFÇeÃLGIJwÃwR¨MKU;RXM°G;Ø�Ä�ÃeÔuÍ�B�É%B%V¨V N
P (n = k|W )

RTÇ�Ãw?KB:ÍKJoÅWÐAGWÐKR¨VXRXÃeÔ�Ãw?AGIÃ�G�Ç�BDÇwÇwR¨ÅWM£Ç�ÃoGWJ�ÃoRXMKU�RXM°G²Ø¦P0> Á Æ�R¨VXV�B�ÂKGvÉqÃwV¨Ô
ÊuRTÇwR|Ã

k
?AGIM�CZÅIÌ³É%B%V¨V¨Ç/Ð�B�Ë©ÅvJwB:ÃwB[Jw@+R¨MAGgÃoRXÅvM N GIM�C µh

cv

R¨Ç¤Ão?KB 	�Ò/á!JLGgÃoB�Í�B%J�É%B%V¨VÓÅIË#G
?AGIMACKÅIÌ­Ç�BDÇwÇwRXÅvMFGIMAC�RTÇ�B�ÂZÍKJoB[ÇoÇ�BDCQGWÇ

µh
cv = Pwhµwh

cv + Pchµch
cv
N R¨MFÆ�?KRTÉL? µwh

cv

GWMAC
µch

cv

JwB[ÍKJwBDÇ�B[MuÃ�Ão?KB 	�Ò/á!JLGgÃoB�Í�B%J�É%B%V¨VÓÅIË#G�?�GIMACZÅWÌÏÇwB[ÇoÇ�R¨ÅWM°ÇeÃLGIJwÃwR¨MKU�R¨M­G�Ø�Ä�ÃeÔ`Í�B
GIMAC³à±Ä�ÃeÔ`Í�B�É%B%V¨V¨Ç�JwBDÇ�Í�B[É�ÃwR¨ÊWB%V¨Ô N GIMAC Pwh

GWMAC
Pch

JwB[ÍKJwBDÇ�B[MuÃ�Ãw?KB�ÍAJwÅvÐAGIÐKR¨V¨R|ÃeÔ£Ãw?AGIÃ
Ãw?KB<ÇwB[ÇoÇ�R¨ÅWM�Æ�RXV¨VZ?AGWMACZÅIÌ;ÃoÅ�G�Ø�Ä�ÃeÔ`Í�B�GWMAC+à±Ä�ÃeÔ`Í�B�É%B%V¨V¨Ç�JoB[ÇwÍ�BDÉqÃoRXÊvB%V¨ÔWÑ Á ÅWÃwB#Ãw?�GgÃ

PwhGIMAC
Pch

GIJoB¤ÃwÅvÍ�ÅvVXÅvUWÔ�CKB%Í�B%MACZB[MuÃ�GIMAC�B �vÎ�GIV�Ão?KB�Í�B%JLÉ�B%MuÃLGIUWB/ÅWË0Ão?KB�É�B[VXV0B[CZUvB�Æ�R|Ão?
CZÎAGIVSGWMAC�ÎKMKRB�uÎKB�É�ÅgÊvB%JLGIUWB�JwBDÇ�Í�B[É�ÃwR¨ÊWB%V¨ÔWÑ�à�V¨B[GWJwV¨Ô N µw

sv

É%GWM�Ð�B�B�ÂZÍKJoB[ÇoÇwB[C²GvÇ

µw
sv = µwn

cv + µw
hsµ

h
cv,

� � �

Æ�?KB%JoB
µw

hs

R¨Ç�Ão?KB/B�ÂZÍ�BDÉqÃoB[C�MuÎA@�Ð�B%J�ÅIË$Ê`R¨ÇwR|ÃoB[C²?AGIMACKÅIÌ£É�B[VXVTÇ*Í�B[J<Ç�BDÇwÇwR¨ÅWM²UvRXÊvB%M²Ãw?AGIÃ
Ãw?KB­ÇwB[ÇoÇ�R¨ÅWM Ç�ÃoGWJ�ÃLÇ²R¨M¶GÏØ�Ä�ÃeÔuÍ�B�É�B%V¨V�Ñ �cM ÅWJLCZB[J²ÃoÅÏBDÇeÃoRX@;GgÃoB

µw
hs
N Æ*B°CZB%�AMKB°Ãw?AB

Ë©ÅWV¨VXÅgÆ�R¨MKU:ÍKJwÅvÐAGIÐARXV¨R|ÃoRXBDÇ

� Phh

%KÃo?KB�ÍKJoÅWÐAGWÐKR¨VXRXÃeÔ�Ão?AGgÃ�G+?�GIMACZÅWÌ°ÇwB[ÇoÇ�R¨ÅWM�Æ�R¨VXV$Ç�ÎAÉ[É�BDÇwÇ�Ë©ÎKV¨VXÔ�Í�B[J�Ë©ÅvJw@ÙG+?KÅWJoRXÄ
Û%ÅvMvÃLGIV�?AGWMACZÅWÌQÃwÅ�G:MKB%R¨UW?`Ð�ÅWJ�É�B[VXV�ÑAÒ�B%MAÉ%B

Phh = PwhP wh
SHH + PchP ch

SHH

Ñ
� P hh

%�Ãw?AB:ÍAJwÅvÐAGIÐKR¨V¨R|ÃeÔ�Ãw?AGIÃ�G�?AGWMACZÅIÌ�ÇwB[ÇoÇ�R¨ÅWM£Æ�RXV¨VÓÐ�B�ÃwB[Jw@+R¨MAGgÃoB[C£RXM£Ãw?KB;ÇoGI@+B
É�B[VXV�B%RXÃw?KB[J�CZÎKB�ÃwÅFMKÅvJw@;GWVÓÃwB[Jw@+R¨MAGgÃoRXÅvM­ÅWJ�CZÎAB�ÃwÅ�Ë©ÅvJoÉ%B[C°ÃoB%Jo@:R¨MAGIÃwR¨ÅWM�CZÎKJoR¨MKU
	�Ò/á�Ñ

� Ps

%kÃo?KB²ÍKJoÅWÐ�GIÐKR¨VXRXÃeÔ¢Ãw?AGIÃ:GQ?AGWMACZÅWÌµÇwB[ÇoÇ�R¨ÅWM­Æ�R¨VXV*Ê`R¨ÇwRXÃ�B�ÂKGvÉqÃwV¨Ô°ÅWMKB�@+ÅvJwB²É%B%V¨V�Ñ
Ò<B[MAÉ�B N Ps = PwhP wh

SHHP hh + PchP ch
SHHPhh

Ñ
à�ÅWMAÇwB��uÎKB[MvÃoVXÔ N Ãw?ABF@;GIJoUWR¨MAGIV<CZRTÇ�ÃwJoRXÐKÎKÃwR¨ÅWM�Ë©ÎKMAÉ�ÃwR¨ÅWM ÅWË¤Ão?KBFM`ÎK@�Ð�B[J²ÅIË�ÇwÎAÉ%É%B[ÇoÇeË©ÎKV
Ò�Ò¤á UWR¨ÊWB[M�Ão?AGgÃ�Ão?KB�Ç�BDÇwÇwR¨ÅWM�ÇeÃLGIJwÃoÇ*RXMQG:Ø�Ä�ÃeÔuÍ�B�É�B[VXV N Nw

HH
N É%GWM�Ð�B�B�ÂZÍKJoB[ÇoÇwB[C²GvÇ

P (Nw
hs =k) =







P wn
Term + P wn

V HFT + P wn
HHFT , k = 0

P wn
SHHP hh , k = 1

P wn
SHHP k−2

hh Ps , ∀k ≥ 2
.

� � �

Ò<B%M�É�B N µw
hs

RTÇ�É%GIVTÉ�ÎAV¨GIÃwB[C�GWÇ

µw
hs =

∞
∑

k=0

kP (Nw
hs = k|W ) .

� ���



� ÇwRXMKU<Ãw?KB
@;GIÃw?KB[@+GIÃwRTÉ%GWVWRTCZB%MuÃwRXÃeÔ ∑

∞

i=0 ici = c
(1−c)2 , |c| < 1 N µw

hs

É[GIM�Ð�B
B�ÂZÍKJoB[ÇoÇwB[C
GWÇ

µw
hs = P wn

SHH

(

P hh + Ps

(

2 − Phh

(1 − Phh)2

))

.
��' �

Y`RX@+R¨V¨GWJwV¨Ô N Ão?KB�B%Â`Í�B[É�ÃwBDC¢M`ÎK@�Ð�B[J�ÅIË�ÇwÎAÉ%É%B[ÇoÇeË©ÎKV
Ò�Ò¤á Ë©ÅWJ�GQÇwB[ÇoÇwRXÅvM°Ç�ÃoGWJ�ÃoRXMKU�R¨M
Ãw?KB�É%B%V¨VXÎKVTGIJ�MAB�ÃeÆ*ÅWJoÈ N µc

hs
N É[GIM�Ð�B�B%Â`ÍAJwBDÇwÇwB[C�GWÇ

µc
hs = P cn

SHH

(

P hh + Ps

(

2 − Phh

(1 − Phh)2

))

.
��� �

Y`RX@+R¨V¨GWJ�ÃwÅ ���3� N Ãw?KB�B�ÂZÍ�BDÉqÃoB[C�ÃwÅWÃoGWVkÇ�BDÇwÇwR¨ÅWM�	�Ò¤á JLGgÃwB�GvÇwÇwÎK@+R¨MKU:Ãw?KB�ÇwB[ÇoÇwRXÅvM�Ç�ÃoGWJ�ÃLÇ
RXMQG�à±Ä�ÃeÔ`Í�B�É�B%V¨V N µc

sv
N É[GIM�Ð�B�B%Â`ÍAJwBDÇwÇwB[C�GWÇ

µc
sv = µcn

cv + µc
hsµ

h
cv .

��Ý�� �

Ò<B%M�É�B N ÎAÇ�R¨MKU:Ãw?AB/ÃwÅIÃLGIV�ÍKJoÅWÐ�GIÐKR¨VXRXÃeÔ;Ão?KB%ÅvJwB[@ N Ão?KB/ÃwÅWÃoGWVSÇ�BDÇwÇwRXÅvM!	¤Ò¤á JoGIÃwB N µsv
N R¨Ç

µsv = Pwhµw
sv + Pchµc

sv .
��ÝWÝ �

�
� � � ����35���
� ���<���0�	� �0���

Õ#?KB£ÃoÅIÃLGIV/Ç�BDÇwÇwRXÅvM¦É�ÅuÇeÃ N χ N RTÇ�É%GIVTÉ�ÎAV¨GIÃwB[C GWÇ�G­Ë©ÎKMAÉ�ÃwR¨ÅWM¶ÅIË�ÇwB[ÇoÇ�R¨ÅWM Í�B%JwË©ÅWJo@;GIMAÉ%B@:B%ÃwJoR¨É[Ç�GIMAC�ÇwÔZÇeÃoB%@�GvCZ@+RXMKRTÇ�ÃwJLGgÃwR¨ÊWB/É�ÅuÇeÃDÑKÕ#?KRTÇ<É�ÅuÇeÃ#Ë©ÎKMAÉ�ÃwR¨ÅWM�RTÇ�B�ÂZÍKJoB[ÇoÇ�BDC²GvÇ

χ = CcLsc + CwLsw + Cvhµvh + Chhµhh + CqPft + Cm ∗ ηPwo ,
��Ý 4 �

Æ�?KB%JoB
µhh

JwB[ÍKJoB[ÇwB%MuÃoÇ
Ãw?KB�ÇwB[ÇoÇ�R¨ÅWM;?KÅvJwR¨Û%ÅvMuÃoGIV�?AGIM�CZÅIÌQJLGgÃwB N Pft

JwB[ÍKJoB[ÇwB%MuÃoÇ±Ãw?KB/ÇwB[Ç�Ä
Ç�R¨ÅWM¢Ë©ÅWJLÉ�BDCFÃoB%Jo@:R¨MAGIÃwR¨ÅWM°ÍKJwÅvÐAGIÐARXV¨R|ÃeÔ N Cc

GIMAC
Cw

JoB%ÍKJoB[ÇwB%MuÃ�É�B[VXV¨ÎKVTGIJ/MKB%ÃeÆ�ÅvJwÈFGWMAC
Ø¦Pk> Á ÎZÃoRXV¨R¨Û[GgÃoRXÅvM°É%ÅvÇ�Ã/É%Å`B*��É�R¨B%MuÃoÇ¤JoB[ÇwÍ�BDÉqÃoRXÊvB%V¨Ô N Cvh

GIMAC
Chh

JoB%ÍAJwBDÇ�B[MvÃ/Ç�BDÇwÇwR¨ÅWM
ÊWB%JwÃwRTÉ%GWV�GIMAC�?KÅWJoR¨Û%ÅWMuÃLGIV�?AGIMACKÅIÌ£ÇwRXUvMAGIV¨RXMAU:É%ÅvÇ�Ã#É%ÅuB%��É�R¨B%MuÃoÇ#JoB[ÇwÍ�BDÉqÃoRXÊvB%V¨Ô N Cq

JoB%ÍAJwB%Ä
Ç�B[MvÃLÇ¤Ãw?KB;ÇwB[ÇoÇ�R¨ÅWM£Ë©ÅWJLÉ�BDCFÃoB%Jo@:R¨MAGIÃwR¨ÅWM£ÍAJwÅvÐAGIÐKR¨V¨R|ÃeÔFÉ%ÅvÇ�Ã�É%Å`B*��É�R¨B%MuÃ N Cm

JoB%ÍAJwBDÇ�B[MvÃLÇ
Ãw?KB:@;GIMAGWUWB%@+B[MvÃ¤É�ÅvÇ�Ã N GIM�C η

R¨Ç¤G�Ø¦P0> Á GIJoB[G�É%ÅvÇ�Ã�ÐAGWÇwBWÑHÕ#?KB:CZB%JoRXÊgGIÃwR¨ÅWMFÅWË
µhhGIMAC

Pft

R¨Ç�ÍKJoB[ÇwB%MuÃwBDC;R¨MFÜ � ß�ÑAà�V¨B[GWJwV¨Ô N Ãw?KRTÇ�É%ÅvÇ�Ã±Ë©ÎKM�ÉqÃwR¨ÅWM�É�ÅvMAÇ�RTCZB[JoÇ�CZR|ÌHB%JoB%MuÃ#GWÇwÍ�BDÉqÃoÇ
RXMAÉ%VXÎ�CZRXMAU�JoB[ÇwÅWÎKJLÉ�B�ÎZÃwR¨VXR¨Û[GIÃwR¨ÅWM°É�ÅvÇ�Ã N ÇwRXUvMAGIV¨RXMAU�VXÅuGWCFÉ%ÅvÇ�Ã N ��ÅuY�Ë�GWÉqÃoÅWJ N GWMACFGvCZ@+RXMZÄR¨Ç�ÃwJLGgÃoRXÊvB�É%ÅvÇ�Ã[Ñ±Õ#?ABQV¨GIÃ�ÃwB[J²É�ÅuÇeÃ;RTÇ�É�ÅvMAÇwR¨CZB[JwBDCÏCKÎKB�ÃwÅ­RXÃoÇ�Ç�ÎKÐ�ÇeÃLGIMuÃwRTGIV�R¨MAÉ�JoB[GvÇ�B�R¨M
B�Â`ÃwB[MACZB[C�Ø¦P0> Á CZB%ÍKV¨ÅgÔ`@+B%MuÃ²Ü �gß ÑkÕ#?KB�@;GIR¨M�ÇwÅWÎKJLÉ�B;ÅWË*Ão?KB²R¨MAÉ%JwBDGWÇwB:R¨M�@;GIM�GIUWB%Ä
@:B[MuÃ:É�ÅuÇeÃ:ÎKMACZB[J�B%ÂuÃoB%MACKB[C­Ø¦P0> Á CZB%ÍKV¨ÅgÔ`@+B%MuÃ�RTÇ�GvCZ@+RXMKRTÇ�ÃwJLGgÃwR¨ÊWB�ÃoGWÇwÈZÇ�ÇwÎAÉL?³GvÇ
� � @+ÅWMAR|ÃoÅWJoRXMKU�GIM�C°É%ÅWM���UWÎKJLGgÃoRXÅvM N VXÅuGWC¢ÐAGIVTGIMAÉ%RXMAU�ÇwÎKÍKÍ�ÅWJwÃ N ÇwB[É%ÎKJoR|ÃeÔQRTÇwÇwÎKBDÇ N GWMAC
ÇeÃLGgÃwR¨ÅWM�@+ÅWÐKR¨V¨R|ÃeÔ�Ç�ÎKÍAÍ�ÅvJ�ÃDÑ
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�cM�GvCKCZRXÃwR¨ÅWM�ÃwÅ:Ãw?AB�GIMAGWVXÔZÇwR¨Ç N Æ�B/?AG¥ÊvB/ÇwR¨@�ÎKVTGgÃoB[C�GIM�RXMuÃwB[UWJLGgÃoB[C�?AB�ÃwB[JwÅvUWB[MKB%ÅvÎAÇ#Ç�ÔZÇ�Ä
ÃwB%@ÙÆ�RXÃw?FÇ �vÎ�GIJoB�É�B%V¨VTÇ#Ë©ÅWJ�ÇwR¨@:ÍAVXRTÉ�RXÃeÔ�ÅWËÓRXV¨VXÎ�ÇeÃoJoGIÃwR¨ÅWMSÑ5#�GWÉL?QÉ�B[VXV0R¨Ç�Ç�ÎKÐKÄ CZR¨Ê`R¨CKB[C�RXMuÃoÅ
N
Ç�ÎKÐHCZR¨Ê`R¨ÇwRXÅvMAÇ N Æ�?KB%JoB�Ø¦P0> Á Ç�GIJoB;VXÅZÉ[GgÃwBDC�ÑkØ°B²É%ÅWMAÇwR¨CKB%J�ÃeÆ*ÅFCZRXÌ�B[JwB[MvÃ�Ø¦Pk> Á

ÃwÅWÍ�ÅWV¨ÅWUvRXBDÇ %%JoGWMACZÅW@ GIMAC�É%VXÎ�ÇeÃoB%JoB[C�Ñ��cM/Ãw?KB
JLGIM�CZÅW@ ÃwÅWÍ�ÅWV¨ÅWUvÔ N Ø¦P0> Á Ç0GWJwBÓJLGIMACKÅW@+VXÔ



CZR¨Ç�ÃwJoR¨ÐKÎZÃwBDC+RXM+Ão?KB�É%B%V¨V�GIM�C:Ãw?KB�É%B%V¨VAB[MAÉ�ÅvÎKMuÃwB%J�G/MKB%Æ�JLGIMACZÅv@ ÃoÅWÍ�ÅWV¨ÅWUWÔ�GWÇÓRXÃ±@+ÅgÊWBDÇ
ÃwÅFBDGWÉL?�MKB%Æ É�B[VXV�ÑA�cM�Ão?KB²É%VXÎAÇ�ÃwB[JwBDC¢ÃwÅWÍ�ÅWV¨ÅWUvÔ N GWVXV±Ø¦Pk> Á Ç�GWJwB;GWUWUWJoB%UuGgÃoB[CFR¨M­ÅWMAB
?KÅIÃLÇ�Í�ÅIÃ¤Ãw?AGIÃ¤RTÇ�JoGWMACZÅW@+V¨Ô�VXÅZÉ%GIÃwBDCQÆ�R|Ão?KR¨MFÃw?AB:É%B%V¨V�Ñ �cM£ÅvJoCKB%J<ÃoÅ�B[@�ÎKVTGgÃoB�ÍKJLGWÉ�ÃwRTÉ%GWV
�FÕ�ÅWÍ�B%JLGgÃoRXÅvM N G�?�GIMACZÅWÌ�GWJwBDG+ÜXÝ �gß�ÅIË dH

ÇwB[É%ÅWMACKÇ±R¨Ç�GWÇoÇ�ÎA@:BDC;Ð�B�ÃeÆ*B%B%M;ÅgÊvB%JoV¨G¥Ô�Öv×
É�B%V¨VTÇ%ÑAÕ#?AR¨Ç<CKB%VTG¥Ô²É�ÅvJwJoB[ÇwÍ�ÅvMACKÇ�ÃwÅ+Ão?KB�?`ÔZÇeÃoB%JoB[ÇwR¨Ç#R¨MuÃwJoÅ`CKÎAÉ�BDC²R¨MQ?AGIM�CZÅIÌ¢GWVXUvÅWJoR|Ão?K@;Ç
ÃwÅ�CZB[É%JwBDGWÇwB±Ão?KB#ÍKR¨MKUIÄ Í�ÅvMKUWR¨MKU¤RX@+ÍAGvÉqÃ
CZÎKJoR¨MKU�?AÅWJoRXÛ[ÅWMuÃoGWVu?�GIMACZÅWÌ$ÑI>�CACZR|ÃoRXÅvMAGIV¨V¨Ô N Ãw?AB
�FÕ5Öu×�Ä�Ø¦P0> Á ?AGWMACZÅWÌ�R¨Ç�CKB%VTG¥ÔWB[C¢Æ�RXÃw?

ds

ÇwB[É%ÅWMACKÇ/GvÇ�G�ÃeÔuÍAR¨É[GIV
CZB[V¨G¥ÔFJoB��uÎKR¨JoB[C
Ë©ÅWJ�Ø¦P0> Á CZR¨ÇoÉ�ÅgÊvB%JoÔ²GIM�C�?AGIMACKÅIÌ°ÇwR¨UWMAGWVXR¨MKUAÑ��cM�Ãw?KB:Ç�R¨@�ÎKVTGgÃoRXÅvM N Æ*B�GWCKÅWÍZÃ�G;ÃeÆ�ÅWÄ
CZRX@+B[MAÇ�R¨ÅWM�GIV±×/GIÎ�ÇwÇ�Ä �£GIJoÈWÅgÊ�@+ÅgÊWB%@+B[MvÃ�@+ÅZCZB%V
Ë©JwÅv@ Ü¨ÝWÝ�ßÓË©ÅvJ �FÕ5@+ÅWÐKR¨VXRXÃeÔWÑA�cM°RXÃoÇ
CZR¨ÇoÉ�JoB�ÃoB/ÊWB%JLÇwRXÅvM N GgÃ�ÃwR¨@+B n N Ãw?KB �£Õ ÊvB%V¨Å`É%R|ÃeÔ;R¨M�B[GvÉL?�CZR¨@+B%MAÇwR¨ÅWM N vn

N R¨Ç#UvRXÊvB%M�ÐuÔ

vn = αvvn−1 + (1 − αv)µv +
√

1 − α2
v xn−1 ,

��Ý[Ö �

Æ�?KB%JoB
αv

JoB%ÍKJoB[ÇwB%MuÃLÇ<G;ÍAGvÇeÃ<ÊvB%V¨Å`É%R|ÃeÔ�@+B%@+ÅWJoÔ�Ë�GvÉqÃoÅWJ�ÇwÎAÉL?�Ãw?�GgÃ
0 ≤ αv ≤ 1 N µv

R¨Ç
Ãw?KB:GWÇwÔu@+ÍZÃoÅIÃoR¨É�@+BDGIMQÅIË

vn
N GIM�C xn

RTÇ�GWMQRXMACKB%Í�B%MACZB[MuÃ/GWMACQÇeÃLGgÃoRXÅvMAGIJoÔ�×/GWÎAÇwÇwRTGIM
ÍKJwÅZÉ%B[ÇoÇ�Æ�R|Ão?FÛ%B[JwÅ;@+BDGIMFGIM�C�Ç�ÃoGWMACKGWJoCQCZB[Ê`R¨GIÃwR¨ÅWM

σv
N Æ�?KB%JoB σv

RTÇ�Ão?KB�GvÇ�Ô`@+ÍZÃwÅWÃwRTÉ
ÇeÃLGIMACKGWJoC+CZB[Ê`R¨GIÃwR¨ÅWM+ÅIË

vn

ÑvÕ#?AB?�FÕµ@+ÅWÐKR¨VXRXÃeÔ�Í�GIJLGI@+B�ÃoB%JLÇ$Ë©ÅWJ
Ão?KB�Çw?KÅgÆ�M+JwBDÇ�ÎAV|ÃLÇ
GIJoB
α = 0.9, µv = 0,

GIM�C
σv = 2.5
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N 
����
Pvb 0.01 Phb 0.01 Cq 
��������
Cc � � Cw � η 
��
Cvh � � Chh � �
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G¥Ê¥GWRXVTGIÐAVXB�MKB�ÃeÆ*ÅWJoÈ�JwBDÇ�ÅvÎKJoÉ%B[Ç N Æ�?ARXV¨B:Ãw?KB:V¨GIÃ�ÃoB%J�?AGvÇ¤G�UWJoB%BDCZÔ�MAGgÃoÎKJoB:GWMAC¢É[GIM°É�ÅWMKÄ
Ç�ÎK@+B;GWÇ/@�ÎAÉL?°ÐAGIMACKÆ�R¨C`Ão?­GWÇ¤Ãw?AB;MKB�ÃeÆ*ÅWJoÈQÉ%GIM°ÍKJoÅgÊ`R¨CZBvÑ0à�ÅWM`ÊWB[JoÇoGgÃoRXÅvMAGIV$GIÍKÍAVXRTÉ%GIÄ
ÃwR¨ÅWMAÇ N Ç�Î�ÉL?�GWÇ#ÊvÅWRTÉ�B�ÅgÊWB%J � � GIMAC�Ê`R¨CKB%Å+É�ÅWMKË©B%JoB%MAÉ%RXMKU N GIJoB�B%ÂZGW@+ÍKVXBDÇ*ÅIËkÃo?KB¤Ë©ÅWJo@+B%J N
Æ�?KRXV¨BQÇeÃoJwBDGI@+R¨MKU°GWÍKÍKV¨R¨É[GgÃoRXÅvMAÇ�Æ�RXÃw?µÐKÎZÌHB%JoR¨MKU­É%GIÍ�GIÐKR¨VXRXÃwR¨B[Ç N Ç�Î�ÉL?µGvÇ�Ê`RTCZB%Å°ÅWMµCZB�Ä
@+GWMACFGWMACFJLGWCZR¨Å�ÅvM£CZB%@;GWMAC N GIJoB�B�ÂKGW@:ÍAVXBDÇ�ÅWËÓÃw?KB:V¨GIÃ�ÃoB%JDÑH×¤B[MKB%JLGIV¨VXÔ N GvÇ�Ô`@+@+B�ÃoJwRTÉGIÍKÍKV¨RTÉ%GgÃoRXÅvMAÇ<Ð�B%MAB*�KÃ¤Ë©JwÅv@¡JwBDÇ�ÅvÎKJoÉ%B�JwRTÉL?FMKB%ÃeÆ�ÅvJwÈZÇ�Ç�ÎAÉL?FGvÇ�Ø¦P0> Á Ç�Ð`Ô�R¨MAÉ�JoB[GvÇ�R¨MKU
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É�ÅWM�Ç�RTCZB%J/CZRXÌ�B[JwB[MuÃ/É%ÅW@�ÐARXMAGIÃwR¨ÅWMAÇ�ÅIË�ÇwB[ÇoÇwRXÅvM£CZÎKJLGgÃoRXÅvM �©V¨ÅWMKU�GIM�CFÇ�?AÅWJwÃ#��GIMACFGWÍKÍKV¨R|Ä
É%GgÃoRXÅvM�ÃeÔuÍ�B ��ÇwÔ`@+@:B%ÃwJoR¨É�GIMAC�GWÇwÔ`@+@:B%ÃwJoR¨É �*Æ�?KÅvÇwB/ÍAGIJLGI@+B%ÃwB%JLÇ�GIJoB�Ç�?AÅgÆ�M�R¨MQÕ0GWÐKV¨B
4 ÑAÕ#?KB/Ë©ÅvVXV¨ÅgÆ�R¨MKU �AUWÎKJoB[Ç#ÍAVXÅWÃ�Ãw?KB�GWMAGIV¨ÔZÇ�RTÇ#GIMAC�ÇwRX@�ÎKVTGgÃwR¨ÅWM�JoB[ÇwÎKVXÃoÇ �©R¨MAÉ%VXÎACKRXMKU

95%É�ÅWM���CZB%M�É�B+RXMuÃoB%JoÊ¥GWV¨Ç#��Ë©ÅWJ�CZRXÌHB%JoB%MuÃ�Ç�BDÇwÇwR¨ÅWM£@+B%ÃwJoR¨É[Ç%ÑkÕ#?AB:ÅvÐZÃoGWRXMAB[C°JwBDÇ�ÎAV|ÃLÇ�Ç�?KÅgÆ5G
UWÅ`ÅZC�@;GgÃLÉL?ÏÐ�B�ÃeÆ*B%B[M�Ãw?AB�GWMAGIV¨ÔZÇ�RTÇ+GIMACÏÇ�R¨@�ÎAV¨GIÃwR¨ÅWM³JoB[ÇwÎKVXÃoÇ[ÑÓÕ#?KR¨Ç+@;GIÃoÉL?ÏCKB%@+ÅWMZÄ
ÇeÃoJoGIÃwB[Ç*Ão?KB�GvÉ%É�ÎAJoGvÉ�Ô;ÅIË$Ãw?AB�CZB%JoR¨ÊWB[C�GIM�GIV¨ÔvÃoR¨É[GIVHË©JLGI@+B%Æ*ÅWJoÈ�R¨M�B[Ç�ÃwR¨@+GIÃwR¨MKU�CZRXÌ�B[JwB[MuÃ
@:B%ÃwJoR¨É[Ç%Ñ



� �u�������A� ® ^u^ulmpmnq_�bep|h[f � _%a�_%d�]obe]oae}
z*fvp~b �I�Wd�d�]obcaepmn �I�Wd�d�]obcaepmn ® } �vd�d�]wbcaep|n ® } �Wd�d�]obcaepmn� _%a�_%d�]obe]oa �W�vh[acb ¬ hDfvx �W�vh[acb ¬ hDfvx

tch � d�pmfWtWbe]L} 	 ª ª � � ���
twh � d�p|fItWbe]L} 	 ª ª � 
 
 �

����� ��������������*+��,.-/�0,21435�"67�

� R¨UWÎAJwB 4 ��G ��ÍKV¨ÅIÃoÇ*Ão?KB�Ç�BDÇwÇwR¨ÅWM!	¤Ò¤áÚJoGIÃwB/ÊWB[JoÇwÎAÇ�Ø¦Pk> Á É%ÅgÊWB[JoGWUWB�Ë©ÅvJ<CZR|ÌHB%JoB%MuÃ<GIÍKÄ
ÍKVXRTÉ%GIÃwR¨ÅWMAÇ�RXM JLGIMACKÅW@ GWMAC É�V¨ÎAÇ�ÃwB[JwBDC³ÃoÅWÍ�ÅWV¨ÅWUvRXBDÇ%Ñ�à�V¨B[GWJwV¨Ô N Ão?KB6�AUvÎKJoBFÇ�?KÅgÆ<Ç;Ãw?AGIÃ
Ø¦Pk> Á GIUvUWJoB%UvGIÃwR¨ÅWMµÇ�R¨UWMKR
��É[GIMuÃwV¨Ô³JoB[CZÎ�É�B[Ç 	�Ò¤á(ÇwRXUvMAGIV¨R¨MKU�VXÅuGWC�Ñ*Õ#?KR¨Ç�JwBDCZÎAÉqÃoRXÅvM
JwBDGWÉL?KBDÇ
@+ÅWJoB�Ãw?�GIM

70%
GgÃ

50%
É�ÅgÊvB%JLGIUWB#Ë©ÅvJ*GWVXV�Ãw?AB¤ÇwRX@�ÎKVTGgÃwBDC�GIÍAÍKVXRTÉ%GIÃwR¨ÅWMAÇ[Ñu×¤B[MZÄ

B%JLGIV¨VXÔ N Ãw?KB
	�Ò/áÚJLGgÃoB/R¨Ç#@;GIR¨MKV¨Ô²CZJoRXÊvB%M�Ð`Ô;Ãw?KB�É%RXJLÉ�ÎA@�Ë©B[JwB[MAÉ�B/ÅWË0Ø¦Pk> Á ?KÅIÃLÇ�Í�ÅIÃLÇ%Ñ
Ò<B%M�É�B N Ãw?AB?	�Ò/á¶JoGIÃwB<ÅWËkÇ�Ô`@+@+B�ÃoJwRTÉ�GWÍKÍKV¨R¨É[GgÃwR¨ÅWM�Ç
GIV¨Æ*G¥ÔZÇÓR¨MAÉ%JwBDGWÇwB[Ç±GvÇ
Ø¦P0> Á É%ÅgÊuÄ
B%JLGIUWB/R¨MAÉ�JoB[GvÇ�BDÇ#RXM�Ão?KB�É%VXÎAÇ�ÃwB[JwBDC�ÃwÅWÍ�ÅWV¨ÅWUvÔ N ÐAÎZÃ�RXÃ�ÇeÃLGIJwÃoÇ<CKJwÅvÍKÍKR¨MKU�GWÇ�Ø¦P0> Á É%ÅgÊuÄ
B%JLGIUWB#R¨MAÉ�JoB[GvÇ�BDÇ$Ð�B[ÔWÅWM�C

50%
R¨M:Ãw?KB�JoGWMACZÅW@ ÃwÅWÍ�ÅWV¨ÅWUvÔWÑI>�CKCKR|ÃoRXÅvMAGIV¨VXÔ N Ãw?AB 	�Ò¤á JLGgÃoB

ÅIË�GWÇwÔ`@+@:B%ÃwJoR¨É²GIÍKÍKV¨RTÉ%GgÃoRXÅvMAÇ�CKB[É�JoB[GvÇ�BDÇ�GWÇ�Ø¦Pk> Á É%ÅgÊWB%JLGIUvB+RXMAÉ%JwBDGWÇwB[Ç�CKÎKB�ÃoÅFÃw?AB
Ð�B[MKB*��É%R¨GWV0?ARXUv?KB%J�ÐAGIMACKÆ�R¨C`Ão?FÅIËÓØ¦P0> Á N Æ�?KRTÉL?£CZBDÉ�JoB[GvÇ�BDÇ*Ãw?KB+Ç�BDÇwÇwR¨ÅWMQCZÎKJLGgÃoRXÅvMQÅIË
Ç�ÎAÉL?FGWÍKÍKV¨R¨É[GgÃoRXÅvMAÇ%Ñ � RXUvÎKJwB 4 �©Ð ��Ç�?AÅgÆ<Ç�Ãw?AB�ÇwB[ÇoÇ�R¨ÅWM�Ë©ÅWJLÉ�BDC�ÃwB[Jw@+R¨MAGgÃoRXÅvMQÍKJwÅvÐAGIÐARXV¨R|ÃeÔ
ÅIË�CZR|ÌHB%JoB%MuÃ±GWÍKÍKV¨R¨É[GgÃwR¨ÅWM�Ç�ÊWB%JLÇwÎAÇ�Ø¦Pk> Á É�ÅgÊWB[JoGWUWB�RXM;JLGIMACKÅW@ GWMAC�É%VXÎ�ÇeÃoB%JoB[C�ÃwÅvÍ�ÅvVXÅWÄ
UWR¨B[Ç[ÑAY`RX@+R¨V¨GWJ#ÃwÅ 	�Ò/á N É�V¨ÎAÇ�ÃwB[JwR¨MKU+Ø¦Pk> Á Ç<ÇwRXUvMKR
��É%GWMvÃoVXÔ²JwBDCZÎAÉ�BDÇ*Ãw?KB¤Ë©ÅvJoÉ%B[C²ÃwB%Jo@+R|Ä
MAGgÃoRXÅvM­ÍKJwÅvÐAGIÐARXV¨R|ÃeÔ¢ÅIË<CZRXÌ�B[JwB[MuÃ�GIÍKÍAVXRTÉ%GIÃwR¨ÅWMAÇ�É%ÅW@+ÍAGWJwBDC£ÃoÅQÃw?AB�JoGWMACZÅv@ ÃwÅvÍ�ÅvVXÅvUWÔvÑ
� ÅWJ�B�ÂKGI@+ÍKV¨B N G 45%

JwBDCZÎAÉ�ÃwR¨ÅWMQRTÇ�GWÉL?ARXB[ÊWB[C�GgÃ
35%

É�ÅgÊvB%JLGIUWB¤ÅgÊWB[JwVTGIÍ²Ë©ÅWJ¤CZR|ÌHB%JoB%MuÃ
GIÍKÍKV¨RTÉ%GgÃoRXÅvMAÇ[Ñ

� R¨UWÎAJwB 4 ��É���Çw?KÅgÆ<Ç�Ò�Ò¤á�JoGIÃwBÓÊgGIJoR¨GIÃwR¨ÅWMAÇ�Ë©ÅvJkCZRXÌ�B[JwB[MuÃkGIÍKÍKV¨RTÉ%GgÃoRXÅvMAÇHÊWB[JoÇwÎAÇHØ¦P0> Á
É�ÅgÊWB[JoGWUWB�Ë©ÅWJ�Ð�ÅIÃw?QJLGIM�CZÅW@�GWMAC�É�V¨ÎAÇeÃoB%JoB[C�ÃwÅvÍ�ÅvVXÅvUWR¨B[Ç[ÑK×¤B%MKB[JoGWVXV¨Ô N Ão?KB�Ò�Ò/áÚJLGgÃoB/ÅIË
Ç�Ô`@+@+B�ÃwJoRTÉ<GIÍKÍAVXRTÉ%GIÃwR¨ÅWMAÇÓRTÇ�RXMACKB%Í�B%MACZB[MuÃ�ÅIË�Ø¦P0> Á É�ÅgÊWB[JoGWUWB N Æ�?ARXV¨B<Ão?KB�Ò�Ò/á¶JoGIÃwBDÇ
ÅIË±GWÇwÔ`@+@:B%ÃwJoR¨É�GIÍKÍAVXRTÉ%GIÃwR¨ÅWMAÇ�Ç�R¨UWMKR
��É[GIMuÃwV¨ÔQCZB[É%JwBDGWÇwB�GWÇ�Ø¦Pk> Á É�ÅgÊvB%JLGIUvB�RXMAÉ%JwBDGWÇwB[Ç[Ñ
>�CKCZRXÃwR¨ÅWMAGWVXV¨Ô N Ão?KR¨Ç �AUvÎKJoB¤Çw?KÅgÆ<Ç�Ãw?AGIÃ#Ãw?KB�GIÍAÍKVXRTÉ%GIÃwR¨ÅWMAÇ�Í�B%JwË©ÅWJo@!@:ÅvJwB/Ò�Ò/á¤Ç#RXM�Ãw?AB
É�V¨ÎAÇeÃoB%JoB[C+ÃoÅWÍ�ÅWV¨ÅWUvÔ:É%ÅW@+ÍAGIJoB[C�ÃoÅ�Ão?KB�JLGIMACKÅW@9ÅWMKBvÑuÒ�ÅgÆ�B[ÊWB%J N Ão?KR¨Ç#ÇwVXR¨UW?uÃ±R¨MAÉ%JwBDGWÇwB<R¨Ç
G²V¨ÅWUvR¨É[GIV�É�ÅWM�Ç�B �vÎAB%MAÉ%B�Ë©ÅWJ¤B�Â`ÃoB%MACZBDC¢GWÍKÍKV¨R¨É[GgÃoRXÅvMFVXRXË©B�ÃoRX@+B;CZÎKB:ÃoÅ²Ão?KB�JoB[CKÎAÉ�BDC£ÇwB[Ç�Ä
Ç�R¨ÅWM�Ë©ÅWJLÉ�BDC�ÃoB%Jo@:R¨MAGIÃwR¨ÅWM:ÍKJwÅvÐAGIÐARXV¨R|ÃeÔ�RXM:Ãw?AB#Ë©ÅWJo@:B[J$ÃwÅWÍ�ÅWV¨ÅWUvÔWÑ � R¨UWÎKJoB[Ç 4 ��C���GWMAC 4 �©B �
ÍKVXÅWÃkÃo?KB
ÃoÅIÃoGWV|ÄcÇwB[ÇoÇ�R¨ÅWM/É�B[VXV¨ÎKVTGIJkMAB�ÃeÆ*ÅWJoÈ�GIM�C�Ø¦Pk> Á ÎZÃoRXV¨RXÛDGgÃoRXÅvM N JoB[ÇwÍ�B[ÉqÃoRXÊvB%V¨Ô N ÊvB%JLÇ�Î�Ç
Ø¦Pk> Á É%ÅgÊWB[JoGWUWB�Ë©ÅvJ�CZR|ÌHB%JoB%MuÃ�GIÍAÍKVXRTÉ%GIÃwR¨ÅWMAÇ/R¨M°JoGWMACZÅW@ GWMAC�É�V¨ÎAÇ�ÃwB%JoB[CFÃwÅvÍ�ÅvVXÅvUWR¨B[Ç[Ñ
×¤B%MKB[JoGWVXV¨Ô N G�ÇwÍ�B[É�R
��É�MKB�ÃeÆ*ÅWJoÈ�ÎZÃwR¨V¨RXÛDGgÃwR¨ÅWM£Ë©ÅWJ�G�Ç�Ô`@+@+B�ÃwJoRTÉ�GIÍAÍKVXRTÉ%GIÃwR¨ÅWM¢R¨Ç¤V¨RXMKBDGIJoVXÔ
ÍKJwÅvÍ�ÅvJ�ÃoRXÅvMAGIV�ÃwÅ:RXÃoÇ�É�ÅvJwJoB[ÇwÍ�ÅWMACZR¨MKU:É�ÅgÊWB[JoGWUWB<R¨MACZB[Í�B[MACZB[MvÃ�ÅWËkÃw?AB¤Ø¦P0> Á ÃwÅvÍ�ÅvVXÅvUWÔvÑ
á�M�É�ÅvMuÃwJLGIJoÔ N GWÇ0Ø¦Pk> Á É%ÅgÊWB%JLGIUvB
RTÇ0B%Â`ÃwB%M�CZB[C N Ão?KB#É�B%V¨V¨ÎKV¨GWJ�ÎZÃwR¨VXR¨Û[GIÃwR¨ÅWM�ÅIË�GvÇ�Ô`@+@+B�ÃwÄ
JwRTÉ�GWÍKÍKV¨R¨É[GgÃoRXÅvMAÇ±B%ÂZÍ�ÅvMKB%MuÃwRTGIV¨V¨Ô+CKB[É�JoB[GvÇ�BDÇ
Æ�RXÃw?�GIM�RXMAÇwR¨UWMKR
��É%GWMuÃ�R¨MAÉ�JoB[GvÇ�B�RXM�Ø¦Pk> Á
ÎZÃwR¨VXR¨Û[GIÃwR¨ÅWMSÑI>�CACZR|ÃoRXÅvMAGIV¨V¨Ô N Ãw?AB ��UWÎKJoB*Çw?KÅgÆ<ÇkÃw?AGIÃ�Ãw?KB<É%VXÎAÇ�ÃwB[JwBDC�É%B%V¨VXÎKVTGIJ�MKB%ÃeÆ�ÅvJwÈ�GWMAC
Ø¦Pk> Á ÎZÃwR¨VXR¨Û[GIÃwR¨ÅWM­GIJoB�ÇwVXR¨UW?uÃwV¨ÔFVTGIJoUWB[J�Æ�?KB%M­É�Åv@+ÍAGIJoB[C£ÃwÅ�Ão?KB�JLGIMACZÅv@.ÃwÅvÍ�ÅvVXÅvUWÔvÑ
Ò<ÅgÆ*B%ÊWB[J N Ãw?KRTÇ*R¨Ç*GIVTÇ�Å�CZÎKB�ÃwÅ�Ão?KB¤VXÅvMKUWB[J�ÇwB[ÇoÇ�R¨ÅWM;V¨R|Ë©B%ÃwR¨@+B�R¨M�Ão?KB�É%VXÎAÇ�ÃwB[JwBDC+ÃwÅvÍ�ÅvVXÅvUWÔvÑ
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