
���������	��
��������������������������������� ����!"�#��$#%�&'��(*)'�#+,$#)�%�-�.�)�%��

/1032546087:9<;�0>=>0@?A7CB89D087FEHG�I6J*=37@9KB3=MLC;N0C;8GPORQP4@46SUT
O6SVB>G�9�GW=K7YXZE�7W;�Q6=[LC;\4@S]T^B6O�7_;>T@EC;�G`O<G�aY4@089�GPO

bRc�d8cfehgjijk�l�mon�pjbRcqb>c�r�s"t�uoi'gqk
vxwzy�{}|}~zwz�#��~�����~�w��#�}~}���[y}��~��������qwz�����z|z������{}�[��{}��{#��|���������~z{���������{}�[{�~z����{������f�z�

������w�{�~zw}���  �¡� �¡�¢�� £�¤�qwz�����z|�������#¤�¥q�zw}¦z��§�{��������zwz¨	�© 
ª�«¬�®�¯±°³²�´#µ±¶·¯ ¸�¹»º�¼�´�½�¶�¾ ´	¿�®�¹³´�ºzÀ�¾ Á�®

Â Ã�ÄzÃ�Å�Æ[Ç�È�É�Ã�Ê}Ç	Ë�Ì	Ä�Í"Î}Ï�Ð�Ä�Ñ}Ò�Ë	Ó�ÔoË�Ó�Ì�ÆÖÕ�×z×	Ø'Ùz¾Ú�Ç}È�É�Ì	Ï�Ç	Ï�Î�Ï�Î	Ä�Û}ÈzÃ�Ñ}Ë3Õ}Õ�Ü}ÈzÆ}Û}ÎzÆ<Õ�×}×}Ø'Ù�¾
Ý�Þ�Ä}ß�Ñ�Ä�àAÃ�ÏzÈ}Þ�Ë	ËAß�Ä�Ù�Ü�Ë�Ã�Ü�á�àAÉ�Í}È}â�É�Ã�Í3ÄzÜ�Ë�ã�È�Ã�Þ�È}Ç�Ü�á�àAÉ�Í}Ï�Þ�à�Ç�Þ�È}Í}ÈzÐ�Ü�Ë�Ñ�È}Í3Þ�Ä}ã�ÍzË�Ã�áYÇ�Þ�ÏäÐ#É�Ã�Ä}ÍzÌ�Ï�Ü�Ë�ÆHÈ

ÍzÈ	ã�ß È�åqÜ�È�É�Ã�Ë3Ë�ã�Ê�æ}ÏzÜ	Ë�Æ3ÄzÜ�Ë�ã�È}Ã�Þ�È}Ç�Ë�Ë3Ü�Ë�å�Ü�Ë�à3Ñ	Þ�Ë�Ã�Ë�æ�Ï�ÉzÑ	Ë�à3Ç�È}Ì�Ï�â<Ý�ç�Â�èéÇ	Þ�Ë3Ë�ã�ß�Ï�Þ�Ï�Ü�Ë�Æ�àKÑ	Þ�Ë�Ã�Ë�æ}Ï�É�Ñ	Ë�à
Ã�È}Ñ�È}ÍêÃ�Ï�Ñ	ÉzÃäÊ	Þ�Ë�Þ�È}Í}ÄzÜ�Ü�áfà1È}Û}Þ�Äzã�Ò�È}ÍêÇ�È}É�Ì�ÏëÈ	Û�Þ�Ä�Û�È}Ã�Ñ�ËZß�Ä�Ù�Ü�Ë�Ã�Ü�á�ßìÇ�È}Ì�Ï�ß�Ú_Ç�Þ�Ë�Ì�È}å�Ï�Ü�Ü�á�ßíÍêÃ�Þ�Ï�à
Þ	Ä�ã�Ì�Ë�æ}Ü�á�à3Ü�ÄzÇ�Þ�ÄzÍ}Ì�Ï�Ü�Ë�Æ#à�¾�è©Þ�È}Í}Ï�Ð�Ï�Ü�áNÈ	Ç�Þ�Ï�Ð�ÏzÌ	ÏzÜ�Ë�ÆÖÑ�Þ�Ë�Ã�Ë�æ�Ï�É�Ñ�Ë�à3Ç�È}Ì�Ï�âKîoï»ðñ³ò ËKî"ï³ðï Ý�ç�Â�èYóqô�®�õ�ö�Á}÷äøfù

−δËPú©ûüô�® õ ö�Á ÷ ø ù
−δ

Ç�Þ�ËPý
= þ�þ Ú ÿ��"¾���ÉzÃ�Ä�Ü�È�Í}Ì	ÏzÜ�È Ú æ}Ã�ÈNÐ#Ì�Æ ÍzÉzÏ�àYË�É�É�Ì�Ï�Ð�Ê#Ï�ß�á�àYÈ�Û}Þ�Äzã�Ò�È}Í@ã�Ä}ÍzË�É�Ë�ß�È�É�Ã�Ë

îoï³ðñ³ò
( � ï����
	�� ) Ë�î"ï³ð

ï
( � ï� � ñ�ò ) Ë�ß�Ï�ÓfÃ'Ê#Ü�Ë�Í}Ï�Þ�É�ÄzÌ�Å}Ü	á�âKà�Ä�Þ�ÄzÑ�Ã�Ï�Þ�¾

ô`Þ�Ä}ß�Ñ	Äzà6Ã�ÏzÈ}Þ�¯��jß�ÄzÙ�Ü�¯ Ã�Ü�Ë�à6Í�Ì�ÄzÉzÃ�Ë�Í}È}ÉzÃ�Ï�â6ÄzÜ�¯ ã�È�Ã�Þ�È}Ç�Ü�Ë�à6Ü�Ä�Ð�Ç�Þ�È}Í	¯ Ð#Ü�Ë�Ñ�¯Í>Þ�È}ã�Í}Ë�Ü�Ê	Ã�ÈDÊ}Æ�Í}Ì�Ï�Ü�Ü�ÆCÇ�Þ�È
ß�È}å�Ì�Ë�Í	¯ É�Ã�ÅYÍ}Ë�Ízæ�Ï�Ü�Ü�ÆPÄ}Ü�¯±ã�È}Ã�Þ�È}Ç�¯��3Ü�Ë�å�Ü�¯ àPÑ�Þ�Ë�Ã�Ë�æ}Ü�Ë�à Ç�È}Ì�¯ Í Ý�ç��"è1Ç�Þ�Ë ÍzË�ß�¯ Þ�Ó�Í}ÄzÜ�Ü}Æ�à Ñ	Þ�Ë�Ã�Ë	æ�Ü	Ë�à
É�Ã�Þ�Ê	ß�¯ Í Ã�Ï�Ñ	ÉzÃäÊ	Þ�È}Í}ÄzÜ�Ë�à ã�Þ�Äzã�Ñ�¯ Í Ç�¯ É�Ì�Æ È�Û	Þ�È	Û�Ñ	Ë ß Ä�Ù�Ü#¯±Ã�Ü�Ë�ß1Ç�È}Ì�Ï�ß�Ú�Ç�Þ	Ë�Ñ�Ì�Ä�Ð#Ï�Ü�Ë�ß ÊëÃ�Î�Å}È�à Þ�¯ã�Ü	Ë�à
Ü	Ä�Ç	Þ�Æ�ß�Ñ	Ä}à�¾fè�Þ�È�Í}Ï�Ð�Ï�Ü�È>Í}Ë�ã�Ü�Äzæ}Ï�Ü�Ü�Æ8Ñ	Þ�Ë�Ã�Ë�æ�Ü�Ë�àAÇ�È}Ì�¯ ÍRîoï�ðñ³ò ¯,îoï�ðï Ý�ç��"è ó�ô�®·õ�ö�Á}÷����

−δ
Ã�Ä>ú�û�ô�®�õ�ö�Á}÷����

−δÇ	Þ�Ë ý
= þ�þ Ú ÿ��"¾���É�Ã�Ä�Ü�È�Í}Ì�Ï�Ü�È�Ú��jÈ Ð#Ì�Æ Ê�É�¯±à Ð#È�É�Ì�¯ Ð�å�Ï�Ü�Ë�àêã�Þ�Äzã�Ñ#¯ Íëã�ÄzÌ�Ï�å�Ü�È}ÉzÃ�¯ îoï�ðñ³ò

( � ï� � ñ»ò ) Ã�Ä
îoï³ðï

( � ï� � ñ�ò ) ß�Ä�Ó�Ã�Å"Ê�Ü�¯ Í}Ï�Þ�É�ÄzÌ�Å}Ü�Ë�âKà�Ä�Þ�ÄzÑ�Ã�ÏzÞ�¾
����ö ��²"!$#�% &(')%+* ,

-/.10)2 0)354�0
687)9 :5;=<?>A@(BAC5D E F�G�D1CH:"9"C5D1<)>)CH:�> <I:�J G�>)K

LNM G5:"9�D�@AD�<I7O<P@)<)>)G�J F"G�D"<)D�Q�CH:"9":R<)BSD"G�D�T$DUG�D�Q"7HEV9
9�D�BSD"G"W/X D�BAC5DI@ZY�B(@ZY <)@(> M >A; :"@)9�[�\�]�>=CH:�Y
<IWN@(D19�DIB(>AX^F�>)G�7(B(_"G"CHW/>`@=<?>=G�J F"G5D1<?D1Q"CH:"9":ba)c^dfe8g`h)E
C�7(]":"CH7(>AB(@ZYiF�G":j<?>A[ :�]":"C5>k<�C">)lmC5>AT$DnX^7(TAC":5BAC5DITSD
F"D�["Ypo

= qsr Õ EtT$Q">uowv Õyx F">)G"<)D�>�aA:5[�:OC":5z{C5>(>1h
9"G":5B=:�]�>(@=9�DI>yF"D�[�>5|~}mQHC":"X�:�;�D�@=C�D�<�C"W/JO@=F�D�@(D M D1<
D�F5G">(Q�>A[H>=C5:�Y <)>([�:5]1:HC osv Õ E :5TSG"7I\��m:5J
:"@)9�[�\�]1:5B(>A[���C�DP<I7(zVC�_�\jG�D�[��b<y�([">)9�B=G�DIQ�:HC"7(X^:�9�>
@=<?>=G5J�FHG�D1<?D1QHC":�9�D"< <?BAD�G"D�TSD G�D1QH75E @(["_"zm:5B
� 9�[ 7(@(@=:�]�>(@=957ZY
��X�7(T(C":"B)C"7ZY�X�>(B(D1Q":H9"75��9�GH:�B=:�]1>(@)9�DI>
F"D�[�>�o�v Õ F"G":pQ�7)CHC�D"KpB(>AX�F">)G"7(B(_"G">���D�F�G�>(Q">([�Y�\�B
F"DUF5D)Y�<)[H>)C":�\�:�;A[HDIX^7OC"7�F5DI[H_�]�>=C"C5D1K�<�G5>Azm:5X�>
Q�:�7(X^7(TSCH:�B=C5DITZD��)9"G"7)CH:"G5D1<I7)CH:�Y������ aS�$�)���������� +¡
¢ ���" +�+£�¤�h8:";(DIB(>)G�X�>¦¥ (q )

a$¥ x X^7(TSC�:�B)CHWNKsX�D�X§>)C5B
@=<?>=G5J�FHG�D1<?D1QHC":�9�75hmaS@(X�|+E
C57IF"G":5X�>=¨§E§©(ª=«Zh)|�687(;=7(["D�@)�
M W¬E ]IB(DwCH7(]"7(["DwFHG�D"C":H9�C"D�<)>)C�:�Y�X^7(TSC�:�B=C5DITSD�F�D�[�Y<
@=<?>=G5J�FHG�D1<?D1QHC":�9 <)B(D1G5DITSD G�D�Q"7®Q"D�["z¯C�D°B=7)9�z¦>
@AD"F"G5D1<?D1z¦Q�7(B)�(@ZY�_�X§>)C"��l¦>=CH:�>(X�9"G":5BA:"]�>(@=9�D�T$DpBAD�9"7

± vFHG":²o
= qsr Õ E~D�Q"C�7)9�D�<p@([�_�]"7(>³9�>)G"7(X^:5]I>(@=9":5J

c´dfe8gnC�7 M [�\µQ�7(>AX^WNKb�)¶~¶µ>=9�B:�@A]�>(;=7)\¦�¦>�X^7([�©�·H«Z|
}VFHG�>AQ5>A[">)CH:�>�<?>A[ :�]":�C�o�v Õ c´dfe�g¸<)D�;SX�D�z{C5D¹F5D
F5D)Y�<)[H>=C5:�\ 7)C"D�X�7([ :"K C"7 ;(7I<I:�@=:5X�D�@(BSY"J
9"G":5BA:5]�>A@)9�D1T$DbBAD�9"7�D�B�<)>([�:5]":"C�WºF�D�[�Y o ¶³¹ a � F�D�[�YD M ¨"7 M D�BA9":»�Hh)E F�D1Q <)D�;SQ">)K5@ABA<�:">(X 9�D�BAD�G"D�TSD
CH7(]�:5C�7(>(BA@ZY¼;(7)J�<�7(B½X^7(TAC":5BAC"D�TSD¾F5DIB(D�9�7�E ± v

(
o ¶³¹ ) E@([�>(Q�@AB)<I:5>AX ]�>AT$D : Y�<)[5Y">ABZ@SY _�X�>=C5�Il¦>)C�:�>

9"G":5BA:5]�>A@)9�D1T$DOBAD"9�7 ± v
( ¿ )

Em:";(X�>)G5>=C"C5DITZD�<�C�_1[H>)<)DIX
X^7(TAC":5BAC5DIXPF�D�[">�À~a$@(X8|ÁE�CH7)F�G5:�X�>=¨»E^©ÁÂ»E Ã «$h�|

Ä ;A<)>(@AB(>)Ci:ÅG�Y"QÆQ�G�_5TÇ:5Jj@=F�D1@(D M D�<n:�;AX�>)G�>)C�:�Y
F5>=G"<�W/Jw9"G5:"BA:5]�>A@)9�:"J�F�D�[">)K�c´dfeNgs|H�´BAG5DITZDmTSD1<?D"G�Y�E
CH:sD�Q�:HCw:�;V:�;)<)>(@AB)C"WNJ�F�_5BS>=K�D"F"G5>AQ�>([�>)C":�Yw<)>([�:�]�:HC
o v Õ C�>ÈY5<?[�Y">AB(@ZY � F"G�Y�X�WNX/� E�7UB)G�> M _1>(BUFHG":�<?[">)É
]�>=C5:�YUX�DIQ5>A[ �)C�W/J�F"G�>AQ"@(B)7)<)[H>=C":HKÊQ5["Y�F�D�["_�]�>)C�:�Y
;)C"7)]�>=CH:"K�F�D�[�Y�F"D�G">(;S_"[��?BA7)B(7)X³:5;SX�>)G�>=CH:"KuBS>(JË:�[ :
:HC"W/J�¶¦:";(:"]�>(@=9�:5J�<)>([�:5]�:5Cy©�Ì�«Z|

Í 7ZT�C�:�BSC�W^> : BSDI9�DI<)Wf>ÎX >ZB�D�Q1W D�F�GI>ZQI>S[�>AC�:?Y
F�>AG�<)W^JÊ9"G":5B):�]�>A@)9":�JRF�D�[">=K²Y�<)[5Y5\µBA@ZYÊQ"DI@(B=7(B(DI]"C5D
9�D�G�G�>)9�BACHW/X^:ÏQ"["YÎ:5;(DIB)G�D"F"C�W/J aS@¸9�_ M :"]�>A@)9�D"K

Ð Ñ Ò�Ó Ò�ÔNÕ)Ö(×�Ø(Ù?Ú(ÛZÑ�ÒZÑ�Ò�ÜAÝIÞ(ß)Ö(Õ)×AÛ?àâá)á(ã

* ä Î	Ë�Ã�Ë	æzÏ�É�Ñ�È�Ï�Ç�ÈzÌ	Ï î ï ð ß Èzå�Ü	È�Ã�Ä�Ñ�åfÏfÈzÇ�Î	Ï�Ð�Ï�Ì}Æ	Ã�Å�Ç	È'Í�Ï�Ì�Ë	æzË�Ü	Ï�Ë�ã�ß�Ï�Î	Ë}Ã�Ï�Ì}ÅzÜ	ÈzÙ�È�ß Ä�Ù·Ü�Ë�Ã�Ü}È}Ù�ÈqÇ�ÈzÌ}Æ î ñ Ú�Ç}Î�ÈzÃ�Ë	ÍzÈzÇ�È�Ì�ÈzåfÜ�ÈzÙ·ÈjÇ�È�ã�Ü	Ä�ÑzÊå Ç�È�Ì�Ó6ÈzÛ�Î�Ä�ÛzÈ}Ã�Ñ�Ë)æ î çéè Ú�Ñ}Èzß�Ç�Ï�Ü�É�Ë	Î�Ê	Ó ��Ï�Ù·È"ã�Ä�à�Í�ÄzæzÏ�Ü�Ü	á�â[ß�Ä�Ù�Ü	Ë}Ã�Ü�á�â�Ç}È}Ã�ÈzÑ�êìë?í·¾



@=:5X�X�>(B=G":5>)K 9"G":5@(BA7)["[ :�]�>(@=9�D�K G�>)l¬>ABA95:�h
@=<?>=G5J�FHG�D1<?D1QHC":�9�D"<��"<¦@(["_"]17?>N@=:5[���C�D 7)C5:";(DIB)G�D"F"CHW/J
c´d^e�g �(BA:jX�>AB(DIQHW¬E�@AB)G�D�T$DÆT$D"<)D�G�Y�EËF�G5:"X»>=CH:�X^W
[�:"l¯� <Ï@([�_�]"7(> FHG�D1<?>AQ">)CH:�Y @(D1D�B=<?>AB(@(BA<)_�\��m:5J
:";(X�>)G">)C":HK�CH7OX§D�C"D�9"G":5@AB(7)["[ 7(J¹FHG":�FHG":�[HDIzm>)C":H:
X�7(T(C":"B)C�D�T$D F�D�[�Y <)Q"D�[�� T$[ 7)<ICHW/J
9"G":5@AB)7(["[HDITAG"7)¶¦:5]I>(@=95:"J D�@A>)K»|��8[5Y�TSG"7IC�_1[5Y�G"CHW/J
9�>=G57)X§:5]�>A@)9�:"JÅc�dfe�gsE�DI@(D M >=CHC�DnF�G5:ÆC"7([�:5]": :i<
C :"J F�G5>I:5X§_H�m>)@)B)<�>IC�C5D�K D�GH:5>IC"B)7�� :H: <
G�7(@)F�D�["D�z¦>=CH:":ÏTAG"7)C5_�[ aSB(>)9I@(B(_�GHW¦h�E¹G�>(;A_�[ �(B=7(B)W
X�7(T(C":"B)C"W/J�:"[H:½B(D19�D�<IWµJ�:";ZX§>)G�>)C�:5Kjosv Õ X»D�T�_5B
F�G":H<)>(@(BA:�E F"D�É <�:"Q":5X§D�X�_�EH[�:"l¯�¯9wF5DI[H_�]�>=C":H\ÊC5>=9�:5J
_"@=G�>AQ�C�>=CHC"W/J ;)CH7(]1>)C":HK»E FHG":5]I>(X J 7)G"7�9IB(>)G
_"@=G�>AQ�C�>=CH:�YwC5>{<�F�D�[�C5>8Y"@(>=C§|�}m]�>=<�:"QHC�D»E1]�BAD`:5@AJ"D�Q�Y
:";�G�>(;A_�[��?B=7(B(D1<ºF5DIQ"D M C5WNJi:5;SX�>)G�>=CH:"K Q�7(z¦>�F�G5:
C�7([ :�]":": F5DI[ C�D�T$D 9�DI[ :�]�>A@(B=<?>=C5C"D�TSD D�F�:�@=7)CH:�Y
BA>)9�@(BA_"G"W c´dfe8g�E²B5| >5|UF"G": <)DI@(@(B=7)C5D1<?[�>)C":H:�F"D
G">(;S_"[��?BA7)B(7)X G�>=C5BSTS>)C�D�TSG�7)¶¦:�]�>(@=9":�J :�[ :
C">)K�B)G�D"C�D�TÇGH7)¶¦:�]�>A@)9":�J :�@A@([�>(Q�D"<I7)CH:"K ¶�_"CH9��":H:
G�7(@)F"G5>AQ�>([�>)C":�Y;Z>=G5>=CuF�D�D1G":5>=C�B=7��H:�Y"X a��
	^}sh¯©���«ZE
<)D�;AX»D�z{C5DI@(B)�VF5DI[H_�]1>)C":�YsQ"D�@ABZD�<?>=G5C"D�Kw:HC"¶�D1G5X§7�":H:
D M 7)C�:�;(D�BAG5D1FH:":ÊC�:�zVC":5JU9"G":5BA:"]�>(@=9�:5JUF"D�[�>)K osv ÕF�G�>(Q"@(B=7)<?[�Y">AB(@ZYu<?>A@)�(X^7`F"G�D M [H>(X�7(B):�]"C�D"K»|

e^D"<IG�>AX�>)C"C�7ZY�B(>AD�G":�YkX�7)TSCH:�B=C5WNJ�@)<)D�K"@(B=<Ê7)CH:"É
;AD�BAG5D1FHC"W/Jn@)<)>)G�J�F5G�D"<)DIQHC�:"9�D1<R<)B(D"G�DITSD�G5DIQ�7�©���«ZE
M _�Q"_�]":ÆF5DI@(B)G�D�>=C"C5D1K >)�¦>RQ"DºD1B)9�G�W/B):�YnY�<)[5>=CH:�Y
<IWN@(D19�DIB(>AX^F�>)G�7(B(_"G"C5D1K�@)<)>)G"J�FHG�D�<)D�Q�:�X�DI@(B):�E§FH¨�>(Q"D1É
@AB)7)<)[5Y">AB�<)DI;(X�DIzVC�D1@(BA:�E�9�7I9 M _�Q">ABsF5D1957(;=7)C5D�C":5z¦>"E
Q"["Yn:�;A_�]�>)C":�Yn7)C�:�;(DIB)G�D"F":H:¹F5DI[5Y�osv Õ c�dfe�g¸C"7
D1@)C�D"<I7)CH:":bQ"D�@AB)7(BAD�]"C"DyF�G�D1@(BAWµJ��)9�@=F�>=GH:�X�>=C�BAD"<�C"7
F"D�[�:"95G":"@(B)7(["[�:�]1>(@)9":�J D M� >)9�B)7(J�|¹c G"7 M DIB(>¸©��H«
F"D�9"7(;=7)C5D E < ]�7(@(B)C�D�@ABA:�E ]�BAD FHG�D"C":H91C5D1<?>=CH:�>
X�7(T(C":"B)C"W/J <I:�J G�>)K < 7)C5:";(DIB)G�D"F"CHWNK
@=<?>=G5J�FHG�D1<?D1QHC":�9u<)B(D1G5DITSD�G�D�Q"7`Q"D�["z¯C�D�C�7(]":"CH7(B=�(@ZY
F�G": C�>=9�D�BSD"G�D�X X�:�C5:"X^7([���C�D�X ;=C57(]1>)CH:": o v Õ E;=7)<�:"@ZY��¦>AX�EnD�Q�CH7)9�D
E D�B D1G":5>=C�B=7��H:�: <IC5>=lmC�>ATSD
X�7(T(C":"B)C�D�T$D�F�D�[�Y�� D1B(C"D�@=:5BA>([���C�DyDI@(>=Kp9�GH:�@AB)7([H[�7
��� �"@m_"<)>([�:�]�>)C":5>AX�<�C">)lmC�>(TSDsF�D�[�Y�G�>=l{>AB)9"7¯<I:�J G�>)K
F"D�<)D"G"7(]":�<�7(>AB(@ZY§E : [�:�l¬� F�G5: Q"D�@AB):�zm>)C":H:
<)>([�:�]":HC"W F5DI[5Y¼F�D�[�C5DITSD�F�G�D�C5:�9�C5D1<)>)CH:�Y�aAF�D�[�Y
� :"C�7�h o ∗ CH7)F"G�7)<?[">)C�:�> :HC�Q"_"9��H:": <�:�J�G�>=K �
@AD"<IF57)Q"7)>(B @ F"D�[�>(X � | �N[5Y @([�D�:"@(B)W/J
@=<?>=G5J�FHG�D1<?D1QHC":�9�D"< aA7 <)@(> c´dfe�g < F">)G"<?D1X
F�G": M [ :�zm>)C":H: X�DIzVC�D D�B=C5>(@ABA: 9 D�Q�C5DID�@)C"WNX
@A[HD1:5@AB)W/X @=<?>=G�J F"G�D"<?DIQ�CH:"9"7(X�E�>(@([�:®FHG�>)C�> M G�>(]"�
C">)9�DIB(D1G5D1K 7)C�:�;AD�BAG5D1FH:�>)K < F�[�D�@=9�DI@(B=: M 7(;):�@)7
G"D�X M :"]�>(@=9�:5J 9"G":5@AB(7)["[ :�]�>A@)9":�J G5>)l¦>AB(D19 ��� h�<
BA>)G�X^:�C57(J � BS>)C5;AD�G"7 �)¶¦¶8>)9�B=:H<IC5W/J X^7(@(@1�
� :"C5; M _"G�TA7 x�� 7)C�Q�7(_³F5G":��8v�� �!�#"%$�a%��vV:��#"%$ x�=¶¦¶�>=9�BA:�<�C"WN>pX^7(@(@=WÅ�A[H>)9IB)G�D"C"7O<ÊC"7)FHG"7)<)[H>=C5:�Y"J�E
F">)G"F5>=C�QH:"9�_�["Y�G"C5DIX : F�7)¨57)["[H>A[H�IC�D�X @A[5D�\
@AD�DIB)<)>(B(@AB)<)>)C"C5D�h F�D�["_�]1>)CHW _�G"7)<�C">)C":�Y Q"[�Y
C�:�z¯C�>ATZDi9"G":5B):�]�>A@)9�DITZDiF5DI[5Y osv Õ (γ)

a
γ x _�T$D�[

X§>(zmQ�_�D�@)�)\RX§7?TÇCH:�B)C�D"K�7)CH:�;(D�BAG"D�F�:5:'&`:�<IC�>)l¯C":"X

X^7(TAC":5BACHW/X F5DI[H>(X���hm:_1TZ[�7
θ
E
F5DIQ�9�DIB(D1GHW/X F�D1[5>

CH7(]�:5C�7(>(BVFHG�D1CH:"9"7(B)�`<s9�GH:�@AB)7([H[�F"G":�o�v Õ =
o

(γ)
�

o v Õ (γ) =
o v Õ
v © ¢ ��( ë γ + (

� v*) � "+$
)
($��£ ë

γ
« − ÕÁ"ë E a�ª=h

, ¤
θ = (

� r ) � "-$ ) , ¤ γ
E aA·"h

TSQ�> osv Õ
v

x C":5zmC">(>³95G":�B):"]�>A@)9�D�>³F�D�[">P<?Q1D�[�� D1@):
7)CH:�;AD�BAG5D1FH:":.&�|

Ä Q1>ZY G"7?;A<I:H<I7(>(X�DITSD < G�7 M D1B(> X§>(B(DIQ�7
D"F"G�>(Q">([�>)C":�YÅ7)C5:";(DIB)G�D"F":H:½C�:�zVC":5J�9"G":�B):5]I>(@=9":5J
F5DI[H>=K c^dfe8g ;)7)9�[�\�]"7(>(BA@ZY < @A[">(Q"_"\¦�¦>(X8|0/�@A[ :
FHG":"9�[ 7(Q�WN<I7(B)�pX^7(TAC":5BAC5DI>PF�D�["> � 9Ê9"G5:�@AB)7([H["_U<
B)G�>AJ <);)7):�X^C"DÆF5>=G5F">)C�Q�:"9�_1[5Y�G"CHW/J CH7)FHG"7)<)[H>=C5:�Y"J
1 E32 :®� [�7 M D1G57)BSD"G"C5D1K @):�@(BA>(X^W 9�D�D1G�Q�:�C57(B
aAG":5@"| ª?h?EyBSDiF5DI[H>�D M G"7(;(_�>AB�@¹D�@=��\ X�7(T(C":"B)C�D"K
7)CH:�;AD�BAG5D1FH:":4&¯_�TS[�W

α
E

β
:

γ
@(DID�B)<)>(BS@AB)<)>)CHC�D»|§g~GH:

�(BAD�X�D1G":5>=C�B=7��H:"D�C�C57ZYÆ;A7I<�:�@=:5X�D�@(B=�R9"G5:"B):�]�>A@)9�D�TSD
F5DI[5Ymowv Õ Q"[�Y 1 ÉÇE���É»:52ÉÁC"7)F�G57)<)[H>=C":HK¯D"F":5@=WN<�7(>AB(@SYB)G�>AX»Yy_"G"7I<�C�>=CH:�Y"X^:�B=:HF"7ua�ªIh�|^68G"D�X§>�BAD�TSD E^<�@):�[�_
D"G�B(DITSD�C�7([���C�D�@AB):nD�@A>)K 1 E���:62yE�9º�(B=:�X B)G�>AX
_"G�7)<�C�>)C�:�Y"XpQ�D M 7I<?[�Y">AB(@ZYw]�>AB)<)>)G�B(DI>¯_"G"7I<�C�>=CH:�>

¢ ��( ë α + ¢ ��( ë β + ¢ �7( ë γ =
ª�| aSÂ�h

687I9 :�;)<)>(@AB)C�D aS@(X8|ÁE C�7)F5G�:�X�>)¨»E ©âÌHE98H«$h�E
7)CH:�;AD�BAG5D1FH:�Y C":5z{CH:�J osv Õ : <)>)G�J C":"J owv ë9"G":5BA:5]�>A@)9�:"J¾F5DI[H>=K§E³Q�[�:5C�W°9�D�T�>)G5>=C�B)C�D�@(B=:

ξ
:

TS["_ M :"CHW½F"G�D"C":H9"C�D"<?>=C":�Y
λ
@=<=Y�;)7)CHWÆ@p<)>([�:�]�:HC�D"K

�¦v ) ��":$mFHG�D�@(BAWNXb@AD�D1B)C�D"l¦>)C":5>AX
o v Õ
v ) o v Õ

":$
= q v<;

"=$ ) o v ë
v

=

= ξ>@? ) ξ
v

= λr ) λ>�? = (
� vA) � "7$

)
Õ  ; | aSÃ�h

}mB(@=\�Q"7O@([">AQ5_1>(B5EV]�BADRF"G":�:5;SX�>=G�>=CH:":�CH:�zVC":5J
9"G":5BA:5]�>A@)9�:"J F�D�[">)K F�G": B)G�>(J D�G":5>=C�B)7��H:�Y"J
<IC5>)lmC�>(TSD X�7(T(C":"B(C"D�TSD�F"D�["Y�D�BAC5DI@):"B(>A[H�IC�D D�@A>)K
D"G�B(DITSD�C�7([���C�D"KÊ[�7 M D�G�7(B(D1G"C5D1KÈ@=:5@(BS>AX^Wj9�D�D1G�Q�:�C57(B
X�DIzVC�D�D"F"G">(Q�>A[ :�B)�RF�Y"BA�RC5>=:�;)<)>(@(B=C"W/JjaS;)C"7(]�>)C�:�Y
o v Õ <?Q"DI[ �RD�@):Æ7)CH:�;AD�B=G�D�F5:�: 9"G":5@ABA7?["[ 7

(
o v Õr )

:
F5>=G"F�>=C5Q�:"9�_�[5Y�G"C�Ds�(BSD"K�D�@=:

(
osv Õ>@? ) :��)K�[�>)G�D�<IWO_�T$[�W

α
E

β
:

γ
D�@=:�7)C":5;AD�B=G�D"F":H:B&8<{[�7 M D�G57(BAD�G�C�D"K¯@):"@(BS>(X�>

9�D�D�G�Q�:"CH7(B 1 �C2�h :5; ]�>AB)WNG�>(J :5X�>)\¦�m:5J"@SY
_"G�7)<�C�>)C�:"K � @ BAD�]�C"D�@AB)�I\¬� Q"D DIB)C�D"l¦>)C�:�Y

D�{���¤,  ¾Â�à	Ï�ß�Ä�Ç	Þ�ÈzÍzÏ�Ð	Ï�Ü	Ë�Æ E�Ñ}É�Ç}Ï�Þ}Ë�ß Ï�Ü�Ã�®	¾

ÔNÕ=FÇÕ(×HG§Ö(Õ:FS×$Õ+IKJ$ØML�NSØ�O=G-J�P%O�Û(à�áAá(ã"ÛQJAÒ<RTS"Û-UWV V�R=X



�=¶¦¶�>=9�BA:�<�C"WNJ X^7(@(@ �¦v ) �#"+$w| �8[�Y
�=9�@)F5>=G":�X§>)C5BA7)[���C�D"K G�>)7)[�:5;A7��5:�: X�>(BAD�Q�7
C">(D M J"D�Q�:�X�D¹FHG�D�<)>(Q">=CH:�>R:�;AX�>)G�>)C�:"Kn95G":"B(:"]�>(@=9�:5J
BAD"9�D"< < D�F�G�>(Q">([">)C�C�D�X C57)F�G"7)<?[�>)C":H: <
[�7 M D1G57)B(D�GHCHD"K°@I:5@)B)>AX^>®9�D�D�G5Q�:HC 7)B®a)C�7�F�GH:"Xf>I¨�E
<IQHD�[���D�@I: 1 E~@(X8|~G5:"@5|`ª=h�<PC�_�[�>)<)D�X�X^7(TAC":5B=C�D1X
F"D�[�> ± v

( � )
C57pD M G"7(;���7(J�c´dfe8g�< ;=7)<�:"@):�X�DI@(B=:ÈD�B

<)>([�:�]":HC"W : C"7IF5G"7I<?[">=CH:�Y F�G�>(Q�<�7)G":"BZ>A[ �)C"D
F�G":5["D�z¦>=CHC�D�T$D FHG": BAD�K z¦> BS>AX^F5>=G57(BA_"G�>
X�7(T(C":"B)C�D�T$D�F�D�[�Y ± v

( � ) �Áq���� «S|�}VF"G">(Q�>A[ :"<ÊF5DÊJ�D�Q"_
9"G":H<IW/J ± v

( � ) � q���� « F"GH: F�D1X»D"�m: Q"D�@AB)7(B(D1]�C"D
D M� >)9�B):"<ICHW/JÎ95G":"BZ>=GH:�>)<®a$@AX�|�C�:�z¬>1h ;)C"7)]�>=CH:�Y
9"G":5B=:�]�>(@=95:�J F�D1[5>=K F�G5: BAG5>(J <);)7):"X�C"D
F">)G"F5>=C�QH:"9�_�["Y�G"CHW/J CH7)F�G57)<)[H>=C":�Y"J <)>)9�BSD"G"7 � ¶»¹aAF�G�D�Q"D�[��IC�D1XOD�B=C�D1@):�B(>A[H�IC�Dy@)<)>)G�J F"G�D"<)D�Q�Y��¦>ATZD�B(D1É
9"7�o v Õ� E�F�D"F�>)G�>(]"C"D�X½o v Õý : C�D"G�X^7([��)C5DIXÅo v Õ� h¯EX§D�zmC5D¼F�D�["_�]":"B(� ;=CH7(]�>=C":�Y 95G":�B):"]�>A@)9":5J F5DI[H>)K
owv Õ
" $ : osv Õ

v E�7 B)7)9�z¦>�;=CH7(]�>=C":�Y¸_�@)G�>AQHC">)C"CHW/J
�=K5[">)G"D�<IW/J¾_�TS[5D�<

α
E

β
:

γ
Q�["Y¾:"@(@([">AQ5_1>(X�DITSD

D M G�7(;��"7 < ¶�_"C�9��H:�: DIB)C"D�l¦>=CH:�Y �¦v ) �#"%$ |
}m]1>)<I:5Q"C"D
E�]IB(DÆ9"G":�BA>)G":5>AX¾9�D�G"G5>=9�B)C"D�@AB):nX�>(BAD�Q�7
X§D�z¦>(B8@([�_�zm:"B)�¦F"D�[�_�]�>)C":">¦C�7�D�@)C�D"<)>~:�;AX�>)G�>=CH:"K�C"7
D M G�7(;��"7?JÊD1QHC�D�T�DÊ:ÊBZD1T$DOzm>Pc^dfe8g�E~@(_"�¦>A@(B)<)>)C"C"D
D1B([�:5]17�\8�m:5J"@ZY F�DyB(>=9�@AB(_"G�>�aSB"|�>"|´C"7 M D�G"_y_�TS["D"<

α
E

β
:

γ
h�E _�C":H<)>)G�@)7([��)CHW/J ;)7)<I:�@):5X§D�@AB(>)K

owv Õ
" $

(
�8v )	� " $

)
:�osv Õ

v
(
�¦v ) � ":$

)
|


y0����2"4�������������0��54��´0)3����
} M� >)9�B)7(X�:Å:"@(@A[5>AQ"D"<�7)C":�Y½@([�_�zm:5[�:½B(>)9�@ABZ_�G":"É

G"D�<I7)CHC"WN> D M G"7(;���W c´dfe�g ���	� ë �	�! �"�# −δ
:

$&% �	� ë �'�  ("�# −δ
¢ �»v*)�+ ·-,¯|�	§7(;([�:�]�C5WN>Æ<I:�Q�W

BA>)9�@(BA_"G @(DI;(Q�7)<I7([ :�@)� F�_�BA>(X X�>(J�7)C":5]�>A@)9�D"K
D M G�7 M D�B=9�:�F"G�>(@A@(D"<I7)CH:�>AXÊ©��H«N:�[�:uF�_"BS>(XpX§7)TSCH:�B)C�D"K
D M G�7 M D�B=9�: F"G": �/.Ê�»v�© ·
E + «:�y;)7)9�[�\�]":�BA>([���C�D"K
@AB)7(Q�:5>=K F"D�[�_�]�>=C5:�Y D M G57);%�5D"< @(["_"zm:5[�7
BA>)G�X�D�D M G"7 M DIB)9"7 < D�9":5@A[�:5BS>([��)C5D1K @=G�>AQ"> F"D
@AB)7)C"QH7)G�B=C�D�K BZ>AJ C�D�["D�TS:�: ©Zª � «(EiF5G":�<?DIQ�Y��m7=Y 9
@=F5>=957)C":�\ D M G57(;M�5D1< : C"7(@=W��¦>)C":�\
9"G":5@AB)7(["[ :�]�>A@)9":�J G�>=l¬>ABZD�9 9":�@A[HD1G�D�Q"D�X Q"D
<)>([�:�]":HC"W 9":�@([�D�G"D�Q�C�D�T$DÎ:"C5Q�>=9�@)7 �

− δ
)B�
E + ��0� E + Ì
|21V:5;A9�D�D�X�C5WN>�BAD�9�D"<IW/>�:pF"D�BA>)C��":�7([ �)CHW/>43/¤�É

9�D"C�B=7)9�B=WpCH7)C�D�@=:�[ :sC578D M G�7(;��"WP:�;¦F"7IG�D1<)D"K`¶¦7(;)W³<
<I7I9�_"_�X�>VFHG":65�· ��� °

�m|
e^_"B(�`�)9�@=F�>=G":5X�>=C�BAD�<HE�9"7)9�DIB(X�>A]"7(["D�@)�`<IWNl¬>"EH;=7)É

9�[�\µ]"7([�7(@)��<¾F"G5D1<?>AQ5>=C":H:�FHG�>���:�;):�D"C"CHW/J¸:5;AX»>=É
G">)C":HK 9"G5:"BA:5]�>A@)9�:"J B(D19�D"<°c´dfe�g <°C�_"[5>=<?D1X
X�7(T(C":"B)C�D�X�F5DI[H> ± v

( � ) <¦;)7)<I:5@):�X�DI@(B=:�DIB~<?>A[H:"]":"CHWp:
C�7)FHG"7)<)[H>)C":�Y � F�D�[�Y½D M G"7 M D�BA9":»� � ¶»¹ a � . o ¶³¹	7. ª �8���:9 h)E�B5|�>"|+E <`9�D1C5>A]�C"D�X³:�B(D�T$>"E�D�Bm<)>([�:�]":HC"WO:
D�G5:">)C�B)7���:": ;A7)JH<I7(]�>=CHC�D�T$D�X^7(TAC":5B=C�D1T$D�F5DIB(D19575|´c�@A>
:";(X�>)G">)C":�YwF�G�D�<?DIQ�:�[�:�@)�¯F�G":�B(>AX^F�>)G"7?BS_�G�>¦zV:�QH9�DITSD
7);SD�B)75|´c^>([�:"]":"CH7�o ¶�¹ E´917�9yF"G"7�<I:�[HD E^:";(X�>)C�Y"[�7?@=��@
Q"D�@ABA7?BSD�]"C�DsX^7([ W/X � lm7)T$D�X´� ∆

o ¶³¹ )uª 9 |

�8[5Y @)C�Y"BA:�YÎ<)D�[��?BAÉ 7?X§F5>=G5C�W/J°J�7)GH7)9�BS>)G�:�@AB):"9
:5@A@([">(Q"_�>AX^W/JyD M G"7(;��5D1<�:�F"D�[�_�]�>)C":�Y�;A7I<�:�@=:5X�D�@(BA>)K
± v

( � )
©Áo ¶»¹ «yC"7 M 7?;S> 9 c Í B):HF"7<;=�	> ?^�A@A3CBnÂ�8��

G"7?;AG�7 M D�B=7)C"7 @)F�>M�H:"7?[��IC"7ZY _�@(B=7)C5D1<�9"7 © + «Z|
D @(B=7)C�D�<�9"7j@(D�@ABSD":�B½:5;jQ�<?_"J¼F5DIQ5D M C"WNJ ]"7(@AB(>=K§�
M ["D"9�7�_"F�G"7)<?[�>)C":�YËB(D19�D1XÊ:�@(BAD�]"C�:"957sQ5["Yy@AD�;AQH7)C�:�Y
X^7(TAC":5BAC5DITSD F5DI[5Y � ¶�¹ aS@(D�[">=C5D1:5Q"7 :5;¸X�>(Q�C�D"K
FHG�D1<?D1[5D�95: a ±FEHG v h)hj: M [�D�9"7 _�F"G57I<)[5>=CH:�Y�BAD�9�DIX
D M G"7?;%�H7 a ± EJI vSh�| g~G5>AQ"<I7�G":�B(>A[ �)CH7ZY 9"7([H: M G"D�<I9"7
@(D1[5>=C5D1:5Q"7�F�G5:�F�D�X�D1�m: Q�7(B(]�:59"76K¦D�[�[�7uF�D�;A<)D�[�Y">(B
;)7(Q�7)<I7(B)��X^7(TSC�:�B)C5DI>wF5DI[H>`o ¶»¹ ¢ B(D1]�C"D�@AB)�I\ ± � E�Ì 9 |Ä @(@A[H>AQ5_1>(X^W/>ÆD M G57(;M�HW°G"7)@)F�D�[�7(TA7([ :�@)�½<j@(DI@(_1Q5>
�~�)\¦7)G"7�E F"D�X�>=�¦>)CHC�D�X <®@(DI[H>)C�D":�Q�|Æc^>([�:�]�:5C�W
B(D19�D"< ± ELG v: ± EMI v�:UC"7�F"G�Y"zm>)C":�YUC"7pD M G"7(;M�5>ON EJI v
]�>=G�>A;y:"C5BA>)G"¶�>=K�@�6 L8ÍyL 6n@ËF5DIX�D"�m�)\ �":H¶¦G�D1<�WNJ
7)CH7([�D�TSD1<�W/J FHG�>AD M G"7);SD"<�7(BA>([">)K : M ["D"9�D�<
_"F�G57)<)[H>=C":�YF5DI@(B(_�FH7)\�BVC"7 9 c Í |

gmG�D�TSG"7)X»X�C5DI>¬D M >A@)F�>(]�>=CH:�>m_�@(B=7)C�D"<�9":�F�D�;A<)D�[�Y">(B
FHG":`C">)9�D�BAD�G"D�X�;)C"7(]�>=CH:":�BSD"9"7�]1>)G�>(;8@(DI[H>=C�D�:�Q ± ELG v¬E
@(D1D�B=<?>AB(@(BA<)_�\��¦>(X³;)7(Q�7)CHC�D"K�<?>A[H:"]�:�C�> o ¶»¹ E�F�[ 7)<IC5D_"<)>([�:�]�:H<I7(B)��B=G57)C"@)F�D"G�B)C"W8K�B(D19 ± EJI v¬E�G�>(TA:�@(B)G":�G�_IY
FHG": �AB(DIX¾CH7)F�G1Y�z¦>)C�:�>¹C"7º:�@A@([H>AQ"_�>(X�DIX�D M G"7?;%�5>
N EMI v �P<)>([�:5]1:HC"7 N EJI v

=
ªÊX^9"c M W/[�7�F5G":�C1Y�B)7R<

9"7(]�>(@AB)<)>¹95G":�B(>=G":�Y 95G":"B(:"]�>(@=9�D�T$DÆB(D19"7 ± v |�g~GH:
Q"D�@AB):"z¦>)C�:5: �ABSD"K <)>([�:�]�:HC"W ;=C"7?]I>)C�:�> ± v
;)7)F�:�@)WN<I7?>ABZ@SY�E~B(G�7)C�@)F5D1G5BAC�WNKOB(D19 @ M G57(@=WN<�7)>(BS@SYU:
_�@AB)7)CH7)<)[ :"<I7(>(BA@ZY @([">(Q"_"\¦�¦>A> a M D�[��Il{>A> <?D
:5; M >Azm7IC5:">�TS:5@AB(>=G�>A;):�@)C�W/J®�)¶8¶�>)9�BAD�<"hÅ;=C"7(]�>)C�:�>
± ELG v¬| g8D�@A["> ;)7)<)>)G"lm>)C":�Y �":�9�[�7 :";(X�>)G5>=C":HK
G�>(;A_�[ �(B=7(B)W < <I:�Q"> ;)7)<I:�@):5X§D�@AB(>)K ± v

( � )
©Áo ¶³¹ «@(D1JHG"7IC�Y�\�BS@ZY�C"7¯zm>(@ABA9�D1XbQ�:�@)9�> 9 c Í |

PN0RQ�S�T�UR�(�R�(VO4�����T�0?2�".W�I3"4!X�4�4�Y6[Z���S[\¦2�0?3"4�0
	�>(;(_1[ �(B)7(B=W :5;SX�>=G�>)CH:"K ;A7�<I:�@):5X�D�@AB):

9"G":5BA:5]�>A@)9�D1T$D BSD"9"7 Q�["Y D M G�7(;��"7 c´dfe8g
���	� ë �]� ÿ�^ þ −δ

E F�D�["_5]I>)C�C�D�T$D F"GH: F5DIX�D1�¯:
D�Q"C"D�D1@)C�D�T$D FHG�>(@A@(D1<�7IC":�Y aA< Q�7)C"C5DIX @A[H_�]"7(>
G�>)7)[�:5;S_">(BS@ZY DIB)C"D�@=:5BS>([��)C5D @A[�7 M 7ZY D�Q�C�D�DI@)C�7ZY
B(>=9�@(BS_�G57 M 7(;=:�@)C5D1K F"[5D1@)9�D�@AB):�©<�5«Sh?E²<�C�_1[H>)<)DIX
X^7(TAC":5BAC5DIX F�D�[">®D�B®<)>([�:�]�:5C�W : D�G":">)C�B)7���:H:
<IC5>)lmC�>(TSD¸X^7(TAC5:"BAC5DITZD F5DI[5Y � ¶³¹ E¹<?DI;(Q">=K�@AB)<I:H\
9�D�BAD"G�D�TSD D M G�7(;��"W F�D�Q"<)>)G"TS7([ :�@)� F�>=G�>(Q
:5;SX�>=G�>)CH:�>AX�E C5D1G�X^:HG�D1<�7IC"CHW/> C"7 <)>([ :�]":"C"_
± v

( � ) =
± v

(
o ¶³¹ = � ) _`� ± v (o ¶�¹ )) ± r ( � ) « ( o ¶³¹ ) a E F"G5>(Q1@(B)É

7)<)[H>)C"W C"7¾G":5@5|È·
|�687(]�>A@(BA<)>)CHC�D¸<)@(>�9"G":H<IW/>5E
>(@AB(>A@(B)<)>)C"C"D
E F5DIQ"D M C�W¬| 1V7(]�7([ �)CHW/>
TSD�G":";(D1C5BA7?[��IC"W/> _�]"7(@AB)9": 9"G":"<�WNJ
� ± v ( o ¶³¹ ) ) ± r ( � )

«
(
o ¶³¹ ) :"[5[�\µ@AB)G":HG�_"\8B :�Q">)7([ �)C"D�>

Q�:"7?X§7?TÇCH:�B)C�D�> @AD�@AB(D�Y5C5:"> D M G"7(;��5D1<H| g~GH:
_"<)>([�:�]1>)CH:": F"D�["Y o ¶³¹ TSG�7)C�_5[�W ;=7(J�<�7)BAW�<I7)\µB
X^7(TAC":5BACHWNK�F�D�BAD�9»E�]�>AX�_½@(D�DIB)<)>(BA@(BA<)_H\NBn_�]"7(@AB)9":
G�>(;=9�DITSD®@)F�7(QH7¸C"7 9"G":5<IWNJ � ± v (o ¶³¹ )) ± r ( � )

«
(
o ¶�¹ ) |g¦>=G�>(J"D�Q < D M [ 7(@AB)� X�>(Q�[�>)C"C5DITSD _�X�>=C"��l¦>)C�:�Y

<)>([ :�]":"C�W 9�G�:�B=:�]�>(@=95:�JRBAD"9�D"<�FHG":�@A_"�¦>(@(B=<?>=C"C5DIX

V�R�b Ô/Õ=FSÕ)×�G�ÖAÕ=FS×âÕTI J�Ø�LKNZØMO=G+J<P+O�Û=à á(á)ã1Û JAÒ<R=S1Û+UWV



_�<)>([�:5]I>)C�:": o ¶³¹ @=<=Y�;)7)C�E�9"7)9¸:�;=<?>A@(B=C�D ©ÁÂ�«ZEU@
C�7(@)WN�m>)C":5>AXbDI@(B=7(B(D�]1C5D1K�CH7(X^7(TAC":5]I>)C�C�D1@(B):�TSG"7IC�_�[f|

}m]�>=<�:"Q�C�D�ER]�BAD Q"[�Y D M G57 M D�BA95: F5DI[H_1]�>)C"CHW/J
Q�7)C�C5WNJ�<¯@=<?>AB(>VG"7(;)<I:H<I7(>(X^W/J�<IW8l{>VF"G5>AQ�@(B=7)<?[�>)C":HK
D²<?D1;ZX§D�zmC5DI@(B=:Ê:5;A_�]�>)C":�YU7)C":5;AD�B=G�D�F5:�: osv Õ C�>(D M É
J�D�Q�:"X�7j:"J¾9�D"G"G�>)9�B):"G"D�<I9"7 @n_�]�>AB(DIX®G"7(;(X^7(TÇCH:"É
]�:�<�7�\~�¬>)TSDj¶~7�9"B(D"G�7���| �¦["Yj@I<)>IG5J�F G5D"<�D1QHC :�9"7
aSQ�:"7)X�7)TSC5>ABA:H9"7�hnF"GH: D�BA@(_�BA@(BA<I:H:�FHG�D"C":�9�C5D1<?>=CH:�Y
X�7(T(C":"B)C�D�T$D F�D1[�Y

(
o 7 osv Õ ) �)¶8¶�>=9�B=:"<�C"D�>8;)C"7)]�>=CH:�>C�7)FHG�Y"z¦>=CHC�D�@AB): F"D�["Y o ½�µ�µ EÆQ">=K�@AB)<)_"\¦�¦>(T�D C"7

F"D�<)>)G"J�C5DI@(B)�PD M G57(;M�H7PFHG":RF"G":5["D�z~>)CH:":R<IC5>=lmC�>ATSD
F"D�["Y�o " E @(DI@(B=7)<?["Y">(Bs©Zª1ªI«

o ½zµ µ = q > ) (
ª

−
�

)
| aAÌHh

�N[5Y <�W/]":"@([">)C�:�Y GH7);)X^7)T)CH:"]�:H<�7I\¦�¯:"J
¶m7I9�B)D"G5D"<�� � E�� ý :�� � @Æ_�]�>(BAD�X¸G">)7([���C�D"K
TS>AD�X�>AB)G":H:nD M G"7?;%�5D�<kQ"["YnB)G�>AJ½G"7(@(@(X�7(B)G":H<I7(>(X^W/J
D�G5:">)C�B)7���:"K�F"G":5["D�z¦>=CHC�D�T$D�X§7)TSCH:�B)C�D�T�D�F�D�[�Yya 1 E��
: 2�h :�@=F5DI[ �(;(D�<�7)C"W GH7 M D�]":�> ¶�D1G�X�_�[�W :
C"D�X§D�TSG"7?X�X^W¬E§F"G":H<)>(Q">)C"C�W/>`<sG57 M D�BS>�©(ªS·�«Z|�g{G�>AQ"@(BAÉ
7I<)[5>=CHC"W/> CH7 G":�@5| Â ;=7)<�:�@):"X�DI@(B):
� ± v (o ½�µ»µ )� ± v ( � )

«
(
o ½�µ�µ ) E < D�BS[�:�]�:5> D�B 9"G5:�<�W/J

� ± v (o ¶³¹ )) ± v ( � ) « (o ¶»¹ ) EÊF�G":H<)>(Q�>=CHC"WµJ CH7 G�:�@5|²· :
D1B)C�D�@ZY5�¬:�J�@ZY 9 BSD�X�_ z¦> D M G�7(;���_ c´dfe�g
���	� ë �'� ÿ(^ þ −δ

EÎ_H917?;AW8<�7)\NB C�7 @(_��¦>(@AB)<)>)C"C5_�\
G�7(;)C�:���_ < G"7Z@AF�D�["D)z¦>AC":": G"7S;Z[�:�]1C�W/J _�]�7S@SB(9ID�<
91G5:"<(D1K
|

1V7(Q"DPF�D�[�7?TS7(B=��Et]�B(D³CH7([�:�]":�>y_�]"7(@(B=9�D"<�G�>(;)9�DITSD
@=FH7(Q�7¦C�7¦9"G5:"<IWµJ � ± v ( o ½�µ»µ )) ± v ( � ) « ( o ½�µ�µ ) D M _�@(["D"<)[">)C"DF�G":5@(_1B(@(BA<I:5>AX < F5D1<)>)G5J�C"D�@AB)C"WµJ¾@([�D?Y�J D M G57);%�H7
TAG"7)C5_1[fE�G57(;A[ :�]"C"WNXOD M G"7(;(DIXOD"G":5>=C�B):"G5D1<�7)C�C"WµJ�F"D
D1B)C�D"l¦>)C":H\ 9 F�D�[�\ � ¶�¹ E¾B5| >5|�D M [�7)Q"7I\��m:5J
G�7(;([�:5]1CHW/X¹C�7 M D"G�D�X�_5T�[HD1<

α
E

β
:

γ
X»>Az¬Q"_PDI@)�I\

7)CH:�;AD�BAG5D1FH:": 9�GH:�@AB)7([H[�7 & : F�D�[�Y"X^: � ¶³¹ ED"G":�>)C"B):"G�D"<�7)C�C"W/X^:°<)Q5DI[ � D�@A>)K 1 E¹� :"[�: 2
[ 7 M D"G"7(B(D�G5C�D"KO@=:�@(B(>AX^WÆ9�DID"G�Q�:"CH7(B5| 9 BADpD�;=C57(]�7(>(B5E
]�BAD 7 M @���:�@A@)W <)@(>AJ �ABA:5J _�]"7(@AB)9�D"< 9"G":"<�WNJ
� ± v ( o ½}µ³µ )) ± v ( � ) « ( o ½�µ�µ ) @SD�Q�>AG�z{7(B F�DI["C"WNK C"7 M D1G
;AC"7Z]I>)C�:"K osv Õ (α E β

E
γ)

:OF"G�:ODIB(@A_�B(@AB)<I:5:OBA>)9�@(BS_�G"W
Q"[�Yw<?@A>(J`D"G":5>=C�B)7��H:"KsF�D�[�Y � ¶�¹ Q�D)["z~C�D~<)W/F�DI["C?Y1BS�(@�Y_I@Z[1DI<):�> osv Õ

":$
7 q ½ µ±µ�7 osv Õ

v | Ä ;)É ;=7 B(>=9�@(BS_�G5W¬E
FHG"7)9�B):�]�>A@)9":R<)@(>AT$Q�7 F�G":5@(_1B(@(BA<)_�\��¦>)K�< D M GH7(;M�57)J
c´dfe8g`E � :�Q">)7([��)CH7ZY��s¶�D�G�X�7¬D M @(_"z¦Q�7(>(X�W/J�9"G":"<�WNJ
C5> G�>=7([ :�;(_1>(B(@SY�� 9�G�:"<�W/> Q">=¶�D�G�X^:�G�_"\�BS@ZY <
@(D1D�B=<?>AB(@(BA<I:H:�@ÊG�>)7([��)CHW/X½G"7)@)F"G�>(Q">([�>)C":5>AX _"T$[�D�<
X�>Az¦Q"_s<?>=9�B(D"G"7(X^:��8: � ¶³¹ Q"[5Y�9�D1CH9"G�>(B=C�D�T$D¯D M G"7(;���7

D�{���¤��#¤ �Ä�Í�Ë	É�Ë�ß�ÈzÉ�Ã�Å Ñ�Þ	Ë�Ã�Ë}æ}Ï�É�Ñ}ÈzÙ�È Ã�ÈzÑ}ÄêÇ	Þ�Ë ý
= þzþ Ú ÿN�ÈzÛ}Þ}Äzã�Ò�Ä�Ý�ç�Â�è ófô�® õ ö�Á ÷ � �

−δ
ÈzÃoÜ�Ä�Ç�Þ�Æ	åfÏ�Ü�Ü}È}É�Ã�Ë3Ç�Þ	Ë�ÍzÏ�Ð	Ï�Ü	Ü�ÈzÙ·È

Ç�È�Ì�Æ î 	�
 
 Ç}Þ�È�Ð	È}Ì}ÅzÜ�È�â� � � Ú�Ç�È�Ç�Ï�Þ�Ï�æ�Ü�Èzâ�� ý � ËMÜ	ÈzÞ�ß�Ä�Ì�ÅzÜ}È}â�� � �
ÈzÞ	Ë�Ï�Ü�Ã�Ä�Ò�Ë	â�¾

D�{���¤��}¤ �ÄzÍ�Ë�É�Ë�ß ÈzÉ�Ã�ÅKÇ}Þ�ÈzË	ã�ÍzÈ�Ð	Ü�á�à � ê � ï
(
î 	�
 


)
 � ï

( � ) � � � î 	�
 
 Ð	ÌzÆÈzÛ}Þ}Äzã�Ò�Ä Ý�ç�Â�è ó�ô�® õ ö�Á � ø ù
−δ

ÈzÃ î 	�
 
 Ç	Þ�È�Ð	ÈzÌ	ÅzÜ}È�â�� � � Ú
Ç�È�Ç�Ï�Þ�Ï�æ�Ü�Èzâ�� ý � Ë�Ü}È�Þ}ß�Ä�Ì�Å�Ü�È�â� � � ÈzÞ�Ë	Ï�Ü�Ã�Ä�Ò�Ë	â¾

D�{}��¤�� ¾��Ä�ÍzË�É�Ë	ßÈ}É�Ã�Å Ñ}Þ�Ë	Ã�Ë�æzÏ�É�Ñ}ÈzÙ�È Ã�È}Ñ}ÄêÈzÛzÞ	Ä�ã�Ò	ÄZÝ�ç�Â�è
ófô�® õ ö�Á � ø ù

−δ
Ç	Þ�Ë ý

= þzþ Ú ÿ¹�*ÈzÃëÜ�Ä�Ç�Þ}Æ	å�Ï�Ü	Ü�È}É�Ã�Ë å Ç�È�Ì�Æ
È}ÛzÞ	Ä�Û�ÈzÃ�Ñ}Ë�æ î ç è Ç	Þ�È�Ð	ÈzÌ	Å�Ü	Èzâ�� � � Ú1Ç	ÈzÇ�Ï�Þ	Ï�æ�Ü}È}â�� ý � Ë
Ü	ÈzÞ�ß Ä�Ì	Å�Ü	Èzâ�� � � ÈzÞ	Ë�Ï�Ü}Ã�ÄzÒ�Ë}â ¾

ÔNÕ=FÇÕ(×HG§Ö(Õ:FS×$Õ+IKJ$ØML�NSØ�O=G-J�P%O�Û(à�áAá(ã"ÛQJAÒ<RTS"Û-UWV V�RZã



:�;)7(Q�7)CHC�D"KRD"G":�>)C"B)7���:5:�X�7)TSC�:�B=C�D�T$D�F�D�[�Yna 1 Es�
:"[�: 2Ëh?|
� D1TS:5]"C�D�B)7)9�z¦>sF�G�>(Q�F�D�["D�zm:5B=�5E�]�B(D<�@([�_�]"7(>sC�>

D1]�>)C"�`@):�[ �)C"D�K�B(>=9�@(B(_�G5WÊG"7)@)F"G�>(Q">([�>)C":5>mTAG"7)C5_�[�F"D
D�G5:">)C�B)7���:�Y"X�E�7R<)X�>A@(B(>U@�C":5X�: G"7(@=FHG�>(Q">([">=CH:�>
C�:�z¯C":"J 9"G":5BA:"]�>(@=9�:5J�F5DI[H>=K osv Õ (γ)

:�X�>(>AB�TA7(_�@=É
@AD"<IWNK J�7)G�7)9�BS>=G�| �8>)K"@(BA<I:5B(>A[���C�D»EË9�7I9 <I:5Q�C5DÆ:5;
G�:�@5|�Â
EË9"G":H<IW/>n© ± v

(
o ½�µ�µ ) ) ± r ( � )

«
(
o ½�µ�µ ) F"D�¶�D1G5X�>

M [H:";)9�:¾9 C"D�G�X^7([��)C5D1K�¶�_"C�9 �":�:�G57(@=FHG�>(Q">A[5>=CH:�Y
@A[H_�]�7)KHC�D"K <)>([�:�]�:HC"W a$@AX�|ÁE�C"7�F"G":5X§>)¨»E¼©ZªSÃ «$h�|
g~["D�B)C�D�@AB(� <)>)G�D�Y�B)C�D�@(BA:�E B"| >5| ;)C"7)]�>=CH:�>
F�G�D":�;)<)D�Q�C5D1K � � ± v (q ½�µ�µ ) � ± v ( ¿ )

« )�� q ½�µ�µ <
;=7)<�:"@):�X�D�@ABA:�D�B8o ½�µ�µ E5957)9s<I:5Q"C"Ds:�;{G5:"@5|"Ã�E"J"D"G�D"l¦DD�F5:"@)WN<I7(>(BA@ZY�TS7(_"@A@(D1<?D"K�¶N_�C59���:�>=K��

� � ± v (q ½�µ�µ ) � ± v ( ¿ )
« ) � q ½�µ�µ =

=
ª

(
·
π)
Õ "ë

∆
o r��

����¨y©
−(
o��
	�	

−
o v Õ ) ë ) (

·
∆
o v Õë )

«¦| a%�Hh

e^[H>AQ5_1>(B½F�D�[�7)TS7(B)�HEP]IB(D�D1FHG�>(Q">([">=CHC"W/>jB)7)9":"X
D M G�7(;(DIX osv Õ� Eºosv Õý :Ïosv Õ� :°Q�7)\�B C57): M D1[5>A>
Q"D�@ABSD"<?>=G"CHW/>8;)C"7?]I>)C�:�YwC5:"zmCH:�Jw9"G5:�B=:5]I>(@)9":"JsF5DI[H>)K
:"@(@A[5>AQ"_�>(X�D1T$D�D M G"7(;M�H7Rc´dfeNg�Q"[�Y¹B=G�>AJn<);)7):"X�C"D
F">)G"F5>=C�QH:"9�_�["Y�G"CHW/JUD"G":�>=C5B=7��H:"K�<)>)9�BAD�G�7�� ¶ ¹ À |`e:"@)F�D�[��);(D1<�7)C�:�>AXn�(B=:5JU;)C"7?]I>)C�:"KR<?DI;(X§D�zm>)CUGH7(@A]�>(B
F">)G"<IW/Jp9"G":�B):5]I>(@=9":5J�F5DI[H>=Ky< M 7(;):�@)C"D�KyF"["D�@)9�DI@(B):
��� :�<?Q"DI[ �`T$[ 7)<IC5D1KuD1@):4&V9"G5:"@(BA7)[5[�D�<�c^dfe8gºa$osv Õ

" $
: osv Õ

v h : �=K�[�>)G�D"<IW/J _1TZ["D"<°D�@=: X§7)TSCH:�B)C�D"K
7IC":5;SD�B=G�D1FH:":W& a

α
E

β
:

γ
h�<�¶�_"C"9��H:":PD�B=C5D1l{>=CH:�Y

�)¶~¶�>)9�B=:H<IC"W/J�X�7(@(@W�¦v ) � " $w| �8[�Y�:"["[ \N@(B)G"7���:H:
CH7mG":5@"|�Ì¯F�G�>(Q"@(B=7)<?[">)C�Wp;)7)<I:5@):�X�DI@(B=:�<)>([�:5]1:HC¯o�v Õ

" $ E
osv Õ
v E

α
E

β
:

γ
D1B�D�B=C�D�l{>=C":�Y��)¶8¶�>)9�B=:5<ICHW/J�X^7(@(@

�¦v ) ��":$ Q5[�YPD M G"7(;���7 ���'� ë �	�  �" þ −δ
EtF5DI[H_1]�>)C"CHW/>

CH7 D�@=C5D1<�7)C�:5: �=9�@)F5>=G":�X§>)C5BA7)[���C"W/J Q�7)CHC"WNJ�E
FHG�>AQ5@ABA7�<)[">)CHC"W/J�CH7`G":�@5|
· 0 Ã |687I9È_"z¦>PDIB(X�>A]"7(["D�@)��<?DU<I<?>AQ">)CH:":�EV9"G5:"B(>=G5:�>AX
@)F�G"7)<?>AQ5[�:�<?DI@(B=: G�7(;)<I:5<I7(>(X�W/J�<½G57 M D�BS>½F"G5>(Q1@(B)É
7)<)[H>)C":�K D¸<)D);SX»DIzmC�D)@(BA:®:�;S_�]I>AC5:�Y 7(C":�;SD�BAG�D1F":�:
C":�z¦C":�J¹9�GH:�B):�]�>A@)9":�JnF�D�[">)Kºc´dfe8g¼FHG":�F5DIX�D1�¯:
B(D19�D"<IW/J :5;SX�>)G�>=CH:"K F�D�[�:�9�GH:�@(B=7([H[�:5]I>(@=9":5J

*
è�Î�Ë E�Ã�Èzß3ã�Ä�ÍzË�É�Ë	ßÈ}É�Ã�Ë ê � ï (î 	 
 
 )  � ï ( � ) í ( î 	�
 
 ) Ð	Ì}Æ[Ç�Î}ÈzÐ	ÈzÌ�Å�Ü�È�Ù�È � Ë[Ç�ÈzÇ	Ï�Î�Ï�æzÜ	ÈzÙ�È ý Ç�ÈzÌ	Ï�â[Ç�Î�Ä�Ñ}Ã�Ë�æzÏ�É�Ñ}Ë[É�ÈzÍzÇ	ÄäÐ	Ä�Ó�Ã}Ú�æ}Ã�ÈjÉ�ÈzÙ�Ì	Ä�É�Ê	Ï�Ã�É�ÆÉ�È�Ð	Ü�ÈzÈ�É�Ü}á�ß3à}ÄzÎ}ÄzÑ}Ã�Ï�Î�Èzß3Ã�Ï�Ñ}É�Ã�Ê	Î�á8Ç�Î	Ï�É�É�È�ÍzÄ�Ü	Ë�Æ�¾

D�{���¤�}¤ �Ä�ÍzË�É�Ë	ßÈzÉ�Ã�Ë@Ñ}Þ�Ë	Ã�Ë�æzÏ�É�Ñ}Ë}àNÇ	ÈzÌ�Ï�â î ï ðñ»ò Ë î ï ðï Ç�Þ�Ë
ý

= þ}þ Ú ÿ~��Ë E�â	Ì�Ï�Þ�È�Ízá�àKÊ}Ù·Ì�ÈzÍ
α
Ú

β
Ë

γ
ÈzÉ�Ë v ÍMÌ	Ä�ÛzÈ}Þ}ÄzÃ�ÈzÞ	Ü}È�â

É�Ë}É�Ã�Ï�ß�Ï�Ñ}ÈzÈ�Þ�Ð	Ë�Ü}ÄzÃ ��ý�� ÈzÃ@ÈzÃ�Ü�È��qÏ�Ü�Ë�Æ E����fÏ�Ñ�Ã�Ë	ÍzÜ}á�à`ß Ä�É�É
� ï  � 	$� Ð	ÌzÆ�ÈzÛzÞ	Ä�ã�Ò	ÄoÝ�ç�Â�è ófô�® õ ö�Á ÷ � ù

−δ
¾

�Ë	É}¾�Ø	¾ �Ä�ÍzË�É�Ë	ßÈ}É�Ã�ËëÑ}Þ}Ë�Ã�Ë�æ�Ï�É�Ñ}Ë}àëÇ�ÈzÌ	Ï�â î ï ðñ�ò Ë î ï ðï Ç	Þ�Ë
ý

= þ}þ Ú ÿ��êÈzÃCÈzÃ�Ü�È��qÏ�Ü�Ë�Æ
E����fÏ�Ñ}Ã�Ë�ÍzÜ}á�àYß�Ä�É�É � ï  � ñ�ò Ð	ÌzÆ
æzÏ�Ã�á�Þ	Ï�à6È}ÛzÞ�Ä�ã�Ò�ÈzÍCÝ�ç�Â�è ófô�® õ ö�Á ÷ � ù

−δ
� w � Ë6Ã�Î	Ï�à@ÈzÛzÎ�Ä�ã�Ò�È�Í

Ý�ç�Â�è ú�û�ô�® õ ö�Á ÷ � ù
−δ
� � � É6Þ�Ä�ã�Ì�Ë	æzÜ�È�âYÉ�Ã�Ï�Ç}Ï�Ü�Å�ÓêÃ�Ï�Ñ}É�Ã�Ê�Þ	á�Ú

Ç�È�Ì�Ê	æzÏ�Ü�Ü	á�à[Ç}Ê�Ã�Ï�ß3È�Ð	Ü	ÈzÈzÉ�Ü�È}Ù·È'Ç	Þ�Ï�É�É�ÈzÍzÄ�Ü�ËzÆ ¾

V�R%V Ô/Õ=FSÕ)×�G�ÖAÕ=FS×âÕTI J�Ø�LKNZØMO=G+J<P+O�Û=à á(á)ã1Û JAÒ<R=S1Û+UWV



D M� >)9�B(D1< Q5D1[5zVC�D @A["_�zV:�B=� F�D1[5_1]�>)C�:�> :5;
G">(;S_"[��?BA7)BZD�<b:�;(X§>)G�>)C�:5K�C"7�D M G�7(;��"7)J @ËG"7(;([ :�]"C�D"K
BA>)9�@(BA_"G�D"K _"C":�<?>=G�@=7([ �)C�W/J ;)7)<I:�@):5X§D�@AB(>)K
owv Õ
" $

(
�8v ) � " $

)
: osv Õ

v
(
�8v ) � "%$

)
|��8>)K"@(BA<I:5B(>A[���C�D»Et:5;

G�:�@5| �
E��y<I:5Q�C5D E^]�B(D�Q"[�Y�]1>(BAW�G�>AJbD M G"7?;%�"D"<�c´dfe�g
���	� ë �'�[ " # −δ

@�G"7(;([�:5]�C�D�K @AB(>=F�>=CH�)\ B(>=9�@AB(_"G"W
M 7(;):�@)C"D�K F�[HDI@)9�DI@(B): @(D�DIB)<)>(BA@(B)<)_"\8�¯:�> 9�GH:"<IW/>
@AD"<IF57)Q"7I\µB`@s<IW/@(D19�D"Ku@AB(>=F�>=CH�)\�BAD�]1C5DI@(B):yaA<�B(Dwz¦>
<IG5>AX
Y�J�7)G57)9�BA>)Gu;=7)<�:�@=:5X�DI@(BA>)K

α
E

β
:

γ
DIB ��v ) � " $

@A_��{>A@(B=<?>=C5C"D�G"7(;A[H:"]�>)C h�|
D CH:"<)>)G"@)7([���C"W8K J�7)GH7)9�BS>)G ;)7)<I:�@):5X§D�@AB(>)K

9"G":5B=:�]�>(@=95:�J�F�D�[">=K�C"7 M [�\�Q�7(>(B(@SYw:�<m@(["_"]�7)>mc´dfe�g
$&% �	� ë �'�� " þ −δ

@ B)G�>(X»Y G57);S[ :�]"C�W/X^: B):"FH7(X^:
BA>)9�@(BA_"G"W¬E¼F5DI[H_�]1>)C"C5D1K X^7(TAC":5BAC"D�K D M G�7 M D1B)9�D"K
F"D�G"D�lm9�D"<`F�G5: � 7 �»v aSG�:�@5| �
E�� h�|

� �R�!T����10?3"4 0
}m@)C�D"<IC"W/XR:"B(DITZDIX�C57)@(BSD�Y5�{>=KPG57 M D�B=WkY�<)[5Y">ABS@ZY

G�7(;)<I:�B):�>�FHG�>AQ5@ABA7�<)[">)CH:"KyDy<)D�;(X�D�zmC"D�@AB):�:5;S_"]�>=CH:�Y
7IC":5;SD�B=G�D1FH:": ¶�_"C�Q�7(X�>)C"BA7?[��IC5W/J F"7�G"7(X�>AB)G�D1<
@=<?>=G5J�FHG�D1<?D1QH:�X�DI@(B=:c´d^eNgÊF�G5:sF�D�X�D"�m:�:�;(X§>)G�>)C":HK
9"G":5B=:�]�>(@=95:�J�BZD�9�D1<`B(>)9I@(B(_�GH:"G�D"<�7)C�C"W/J�X§7?BS>)G�:"7([HD1<
F�G":ÅG"7(;A[H:"]"C�D"K D"G":�>)C"B)7���:5:jX§7?TÇCH:�B)C�D�T$DiF�D�[�Y½:
�=9�@)F5>=G":�X§>)C5BA7)[���C"7ZY G�>)7([�:�;=7��H:�Y F"G5>AQ�[HDIzm>)C"C5DITSD
X§>(B(DIQ�75|�gmG":º�(BAD�X½Q"[�Y F5DI[H_�]�>=C":�Y¹;)7)<I:�@):5X§D�@AB(>)K
owv Õ
" $

(
�8v ) �#" $

)
: owv Õ

v
(
��v ) �#"%$

)
C�>AB�C5>(D M J"D�Q":"X�DI@(B):

F�G":H<)[5>=9"7(B)�R:"CH¶ND"G�X^7���:5\ DRBA>)9�@(BA_"G�>ÊX^7(B(>=G":H7([�7�|
� DI[H>A>�BSD�T$D�END1FH¨�>(Q">([">=CHC"W/>y:�;y:�;AX�>)G�>)C":�YPC�:�zVC":5J
9"G":5B=:�]�>(@=95:�JwF�D�[">)K`�)K�[H>=G�D1<IWb_"T$[ W � _�@)G�>AQHC�>=CHC�D"K �D1@):O7)C�:�;(DIB)G�D"F":H:Êc^dfe8g &ya

α
E

β
:

γ
h�@)7(X�:OC�>(@A_5B

Q"D�@ABA7?BSD�]"C�DU:�C5¶8D�G"X�7��":H:�Q"[�YUD"F":5@=7)CH:�YUB(>=9�@AB(_"G"W
c´d^e�g�C�7 Y";AW�9I>pF�D�[�\�@=C5WNJU¶8:5T$_�GO:"[�:Ê¶�_"CH9��":H:
G�7(@)F"G5>AQ�>([�>)C":�Y;(>)G�>=CuF"D�D1GH:�>=C5BA7�":�Y"X aSD�F1Y�B)�¯zm>V<
¶8_"CH9��":H:�DIB)C5D1l¦>)C�:1Y�)¶¦¶N>)9�B):"<ICHW/J�X^7(@A@�h�|

1m>(@AX�D�B=G�YÊC"7yB(Dp]1B(DP:�C5¶8D�G"X�7��":�Y�E~F�D�["_�]�>=CHC"7ZY
F"DºD1FH:�@)7)C�C�D�X�_n<�C�7(@(B(D)Y��¦>)KÆG"7 M DIB(>�7([HT$D"G":"BZX§_»E
Y5<?["Y">(BA@ZY¾F"D�[�_"9�D�[�:�]�>(@AB)<)>)C"C5D1K aS<)>([�:�]":HC"WÏosv Õ

":$ E
owv Õ
v E

α
E

β
:

γ
_1QH7(>AB(@SY�:5;SX�>=G":5B)�s[ :"lm�u<w¶�_"CH9��":H:

D1B)C�D"l¦>)C":�Y �=¶¦¶�>)9�BA:H<IC"WµJ X§7)@(@�h)E D19"7(;)WN<I7?>ABS@ZY
<)D�;AX»D�z{CHW/X 9"7)9 @=G"7)<�C">)C":5> F5D @(B(>=F�>)CH:
7IC":5;SD�B=G�D1FH:": C�:�z¯C":"J 9"G":5BA:5]1>(@)91:5J F5DI[H>)K
G�7(;([�:5]1CHW/J�c´dfe�g�a$@(X8|�G":5@5|5Ì
EK�Hh)EHBA7I9�:`@)G�7)<�C�>=CH:�>
G�7(;([�:5]1CHW/JPD M G"7(;��"D�<yD�Q�C�D�T$D³:pB(DITSDyz¬>yc´dfe8gÆF"D
J�7)G"7�9�BA>)G�_ : @AB(>)F�>=CH: GH7(;=<�:�B):�Y BS>)9�@(BA_"G"W |
/§@(BA>(@(BA<)>)C�C�D�E�]�BAD�@(D�]I>(B=7)CH:�>�G�7(;)<I:"<�7(>AX�D"Ky<�G"7 M D�BS>
X§>(B(DIQ�:H9�:�BAD"9�D"<IW/J�:5;SX�>=G�>)CH:"Ky<�X§7?TSC�:�B)C"WµJËF5DI[5Y"J
G�7(;([�:5]1C5D1K D�G5:�>=C5B)7���:": @ 9ID�[�:5]�>A@(BA<?>=CHC"WNX
BA>)9�@(BA_"G"CHW/X 7)C57)[�:5;SD�X a$Q"D�@(BA7)BSD�]"C�D [�:Hlm�
F"D�@AB)G�D�>=C5:">�F5DI[ \N@)C"D�KÎ¶¦:�TZ_�G5W Q"[�YÎF"["D�@)9�DI@(B):
M 7(;):�@)7"h F�D�;A<)D�[�:5B F�>)G">)K�B): 9 F"D�[�_�]�>)C":�\
9�D�[�:"]�>A@(B)<)>)C�C�D"K`:HC"¶�D"G�X^7���:":�D <?>A[H:"]�:�C"7?JsC�:�zVC":5J
9"G":5B=:�]�>(@=95:�J F5DI[H>=K c´dfe�g < T$[ 7)<ICHW/J
9"G":5@AB)7(["[HDITAG"7)¶¦:5]I>(@=95:"J�C57)F�G"7)<?[�>)C":�Y"J�|

Õz¾N�[¾8�[¾	� ��Ë�ß�È�Í�Ä�Ú	
Y¾��q¾[è�ÈzÇ	Ñ}ÈzÍ�Ú	A¾	�f¾���É�Ã�Ë	ß�Ï�Ü�Ñ}ÈzÍ�Ä�Ú
Ýf¾���¾��[Ë	Ü�Ñ}Ï�Ì�Å	Ú�� v	� &���Ú�ÿzÔ}ÿ ��Õ�×}×zÔ � ¾ë�¾YÝf¾YÝ�¾�ç ÈzÞ�Æ	Ü}Ë�Ñ�Ú Ý�¾���¾���Ë}Ü�Ñ}Ï�Ì	Å�Ú � �#~��zy}{�|�~�w��#��~����
§�w�������{}wz�#��� Ú��ºë�Ú�� �zÕ�×}×zÔ � ¾

ÿ�¾�ª,¾"��° ¶��³¿�Á#° ½�¹�ÚH��¾ ��®�¹!��¯ ®	Ú�®#"�$&%�¾�ô�®z¹³¹»º'�»º�Ú�(*)'+ E � v�"-, � !S!�Ú�Ø�Õ��Õ�×}×�Õ � ¾
Ô�¾��q¾��q¾�.�¿�Á�´}º}À�Ú�ú[¾��f¾1�,º}¬�®�¹³´�ºzÀ�Ú/�©¾���®�¹³®zÎ}½�¶�º}ÀÚ���¾�0q¾/��ºz¹³«
$	½�½�À�Ú�®1"2$`�j¾ 3�¾5�4"�¶³º#"	ºzÀ�Ú/576 I28=G v:9<; � ¤ 5 v � ¤�ý 8 v ) ;#9�= ¾H'�Ú�ÿzÿ�>��Õ�×}×$ë � ¾

��¾7��¾ ��¾�KÏ�â�Ì	Ë�à}È}Í�Ú�Ýf¾�?¾�@6Ä�Ç�Ë	Þ�È�Ú�A � �B� #�Ú�Õ�Ôzÿ þ ��Õ�×z×�Õ � ¾Ø�¾���¾AÂf¾ ä Ä�Ç	æzÏ�Þ�Ë	Ü�Ú-C[¾DC�¾>è�ÄzÇ}Ë�Þ	ÈzÍ�Ú<è"¾DC[¾AÂ�Ã�ÈzÏ�Í�Ú<Ý�¾
Ýf¾�ç�ÈzÞ}Æ}Ü�Ë	ÑÚ�Ýf¾���¾E��Ë}Ü�Ñ}Ï�Ì�Å#Ú�Ý�¾��f¾�@6Ñ�Ê	Þ	ÈzÇ�Ä�Ã�Ï�Ü�Ñ}È�Ú�ç�¾�C[¾
��Ê	à�Ä�Þ�È}Í�Ä�ÚFA � �G� '�Ú�ÕzÕ�ÿ ��Õ�×}×$ë � ¾

þ ¾���¾<Ý�¾-��Ä�Ì�Ä�Ò�Ñ}Ë�â Ú&Ho¾DC[¾I�Ê	Þ�Ì	Ä�æ�Ñ�È�Í�ÚDHj¾<è"¾D?zÈ}Þ}ÅzÑ}ÈzÍ�Ú
JLK � �NMO�#Ú�Õ·Ô þ > ��Õä×'>�Ø � ¾>�¾�ó�¾73±û	½}ÚQP 9 ��� 8

;�R E P 9'; ��¤�S "�R ¤UT 8HE ¾ �WV Ú��ºë�Ú�>}× ��Õ�×}×$ë � ¾
×�¾8Ý�¾8Ý�¾Aç�ÈzÞ�Æ	Ü	Ë�Ñ�ÚCÝ,¾I�q¾L�xË�Ü�Ñ}Ï�Ì	Å�Ú8Ý�¾8Ý�¾YX,Ï�Þ	Ï�Í�Æ	Ü�Ñ}È�Ú
� {z�	Z [ '�Ú��#� ��Õ�×}×#� � ¾

Õ � ¾fÝ�¾ A¾ ��Þ}åfÄzÍ�Ë�Ã�Ë�Ü Ú\
�¾\
é¾ �Ä�ã�Ð	ÈzÍzÉ�Ñ}Ë�â ÚfÝ�¾E�q¾]��Ë�Ü}Ñ}Ï�Ì}Å�Ú
A � �G� 'Ú^>	Ø ��Õ�×z×Së � ¾

Õ}Õz¾7_[¾�ó�®�¹·º#"[®W"�$^3�¾a`½�°b"	½�¹zÚO(c)1+ E ¤FT 8'd ¾�e�#Z##Ú�Õ ëO��ÿÕ �zÕ·×�×#Õ � ¾
Õ�ë�¾�%�¾)�f¾�ø\�gf	ºz¹�"�Ú (*)1+ E ¤hT 8Wd ¾ V !�Ú�ÿ#��Õ ��Õ�×}Ô#� � ¾
Õ�ÿ�¾ �[¾ i�ÄzÉ�Ã�Ë�Ü}Ù·É�Ú X�åo¾ è�Ë	Ñ}ÈzÑ�Ú A4j ��wz�z|��}~}{�� j |

����w	�,{}����{��z�����}{�§ �	w}� j �	��¦z���	��~�{z¨�§ Ú�Â�Ã�Ä�Ã�Ë�É�Ã�Ë	Ñ�Ä	ÚIKÈzÉ�Ñ}ÍzÄ��Õ�×�> � � Ú�É�¾2�O�#¾

k�l�m^n/oUp�ogq r!q p�sEt1u!q n/t v�w^lFu7r�n�x�rzy�o{n�vI|�q }/|U~#�7�
w�yh�/n�o�p�l4��v y�p�r�l4o�w

���F�^�E� q �4��nEt��2s]�7v��^�7���7�]l\o��Us]��q��

3�"3¶³½�¹�¬���º�µ�¶³¿�½[¶³¿}½�ºz¹�û3º}µ�¬�®W��"}½�¶³¯ ¼"Î	¹³ºzÎ�½�¹·¶³¯ ½:�qº}µ
®1"#¯ �³ºz¶³¹»º}Î	¯ ¼&�³Á}Î�½�¹·¼�º#"�$	Á}¼�¶�º}¹���Ú�¶³¿}½3¼�ºO"}¼�½�Î�¶���®�¹»½�$	½�À�½�«
° º�Î�½:$�Ú	�f¿�¯ ¼�¿Y®#"}®}° û2��½6¶ ¿�½6Î	º#����¯ f#¯ °±¯ ¶³¯ ½:�>º}µ��³¶�Á�$}û�¯ "2�
®1"#¯ �³ºz¶³¹»º}Îzû@º}µ"¶³¿	½>° º���½�¹�¼�¹�¯ ¶·¯ ¼�®}°oµ�¯ ½�°b$2�Mº}µ	���"��öP¯b"
¶³¿�½oÎ�¹³ºz¼�½:����º	µ�¬�½�®#�³Á}¹�¯ "2�M¶³¿}½"¼�¹·¯ ¶³¯ ¼�®z°�¼�Á	¹»¹³½:"	¶g�fº}µ�¶�½W��«
¶³Á�¹·½:$��³®z¬qÎ�°½:�M®�µ±¶³½�¹M¶³¿}½�¯ ¹M½:�	Î�º#�³Á�¹³½3¶³ºA¶�¿�½3¬�®W��"�½�¶·¯ ¼
µ�¯ ½�°�$���®zÎ}Î#°±¯ ½:�j¯ "3¶³¿�¹·½�½�$#¯ µ�µ±½�¹³½1"}¶�$#¯ ¹³½�¼�¶³¯ º#"2��¾7��¿�½o¼�¹·¯ ¶�¯ «
¼�®z°oµ�¯ ½�°�$�� î ï�ðñ�ò ®W"�$ î ï»ðï º}µB���"�üöYófô�® õ ö Á ÷ � �

−δ
®W"�$

ú�û	ô�®�õ�ö�Á�÷����
−δ

®z¹³½@½:�³¶·¯ ¬�®�¶³½:$ ®�¶ ý
= þ�þ ¾ ÿw�'¾�3�¶3¯ �

µ±ºzÁ2"�$ì¶³¿�®�¶ ¶»¿	½�$	½�Î�½:"�$}½W"}¼�½:� îoï³ðñ�ò
( � ï� � ñ�ò ) ®W"�$

îoï»ðï
( � ï� � ñ³ò ) ®�¹�½KÁ2"	¯ À}½�¹��³®z°oµ±ºz¹[®�°�°�¶»¿}½��³Á2fO�³½�¼�¶��	�³¶³Á�«$�¯ ½:$ ¾

ÔNÕ=FÇÕ(×HG§Ö(Õ:FS×$Õ+IKJ$ØML�NSØ�O=G-J�P%O�Û(à�áAá(ã"ÛQJAÒ<RTS"Û-UWV V�RZá


