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?A@CBEDGF�H-HJILK�BNM�OPDLH-Q�RSF�TCT
R�O1UCBVD�W�XYM[Z]\�@�F�^_UCB!`PB�DLOPa3B�U:b=c-OPRdHJ@CBEDGF�H-HJILK�BfePF�^gF�hiH-OPRjF�H�F:W�XYk
l
\
m�nPo 7 oqp�r5s @iI�K�@tKVOPTC^-ILUCB�cu^vH-@CBjB!`POPDLhiHJILOPT'O�bAF�TwhCRyx3B�cvO�bAI�UiBzF�DLI�^-BVU|{ChCI�U~}�a�F�c�HJILK�D�BV^�� s @CILK�@
R�O�`�B$F�H/hCTCILH/^-a3B�BVU|O�T�Fjc-BVePhCD�F�c/ePcuI�U�^-hCx%�uBVKVH
H-O�a�F�cuH-I�KVD�B�K�OPT�`PBVKVH-I�OPT�F�TiU�^-I�R�aCDLIL��BVU�KVOPD&�
D�IL^-ILOPT�c-hCDLB�^ s @iI�K�@]KVOPTC^-BVcu`�ByHJ@CB�HJO�HJF�D_{�hCI�U�RjF�^-^�F�TCU]R�OPRSBVT�HJhCR��A?A@CByRSF�I�T�F�aCaiD�I�K�F�HJILOPT
O�bEHJ@iB�X�k
l�@�F�^
x3B�BVT�HJO�{�hCILU�Ui�%T�F�R�I�K�^ m��Cog�wo_��r�o @CO s B!`PBVc o ^-OPhCTiU�aCcuOPa�F�ePF�HJILOPT]@�F�^:F�D�^-O
x3B�B�T�K�OPTi^-I�UiB�c-BVU��A��c-IL^-K�@�
!�[���&� m 7 r ^-@CO s B�U]H-@�F�H�HJ@CBvXYk:l�ILTCK�OPcua>O�cJF�H-B�^�^-OPhiTCU s Fz`PB�aic-OPa1�
F�e�F�HJI�O�T�I�T]HJ@iB�^uRjF�D�Dqa3B�c�HJhCcux�F�H-I�OPT�D�ILRSI&Hz����hiRSBVc-I�K�F�DNF�TiU�H-@CB�O�c-BVH-I�K�F�DfBV`�F�DLh�F�H-I�OPTC^/O�b�H-@CI�^
XYk:l�HJB�K�@iTCI� whCB s B�c-B�a3B�cub=O�c-R�B�U¡x��¢Z£F�cuePOPDLhC^�
!�����&� m�¤�r	o�¥ @CBVT�
!�����&� m§¦�r F�TiU¨XgFz`�F�D�D!©B�B
m§ª�r �«?A@CByILUCBzF s F�^
F�D�^uOSBVRSaiD�O0�PBVU]x�� ¥ @CBVT~
!�����&� m�n0¬�rYs @CO­aCcuOPa3OP^-BVU�FSR�O1UCBVD_HJO­UCILc-BVKVHJD&�
^-ILRyhCD�F�HJB�F'D�ILTCBzF�c�^uOPhCTCU s Fz`PB s I&HJ@COPh1HjHJcuBzF�H-I�TCe|HJ@CB£^-OPhCTiU s Fz`PB�F�^­F'^uRjF�DLD�a>BVcuHJhic-x�F��
HJILOPT]DLI�R�ILHz�/?A@CB�XYk:l�F�aCaCc-OPF�K�@�HJO�B�R�hCDGF�H-I�TCeS^-OPhiTCU s Fz`PBV^ s F�^�F�DL^-O­UCB!`PBVD�OPa3B�U�x��|®1hCUiO
F�TCU¯®1a�F�cuc-O s°m±nPn�o�n 7 r/s @CO'K�OPTC^uI�UCBVc-BVU¯^-OPhCTiU¯aCc-OPaCF�e�F�H-I�OPT¨I�T~O�TCB�F�TCU¨H s O¡UCILRSBVTC^-ILOPTC^
F�TCU s @iO�b=hicuHJ@iB�c[UCB!`PBVD�OPa3B�U�HJ@CBVI�c�RSO%UCB�D3HJO$ILTCK�DLhCUCB�UCIL^-^uI�a�F�H-I�OPT m±nzp�r �N?A@iB�^-B:UCB!`PBVD�OPaCR�B�T�H-^
@�Fz`PBvD�B�F�U�H-OjF�TwhCRyx3B�c«O�bf^uhCK�KVB�^-^�b=hCDfF�aCaCD�ILKzF�H-I�OPTi^AO�bqH-@CB�XYk
l²HJO�HJ@CB�^uH-hCUi��O�bNF�K�OPhC^�HJILKzF�D
aCcuOPxCD�BVRS^V³«��hCR�c-ILK�@~
!�«���&� m�nz��r K�OPTC^uI�UCBVc-BVU|hiTCUCB�c s F�HJB�c
^uOPhCTCU�aCcuOPa�F�ePF�HJILOPT o ®%H�F�Ti^-B�DLDfF�TiU
k
c-BzF�HJB�U m±n0��r ^-I�R�hCDGF�H-B�U�F�KVOPhC^uH-I�K«^uH-c-BzF�RSILTCevILTjF�aCI�a3B«F�TCUj´«O�H-@CRSF�T m�n0��r F�TiU­µ�hCF�TCe�
!�f���&�
m�n�¤�r RSO%UCB�DLD�BVUv^uB�I�^uRSILK·¶�� s Fz`PBV^fI�T$F«@COPR�OPePBVTCB�OPhi^NF�TCUyILTC@COPR�OPePBVTCB�O�hC^�R�B�UiIGF�cuB�^ua>BVKVHJI&`PBVDL�P�

¸�B�^uaCILH-B�H-@CB]^-hiK�K�BV^-^�b=hCD�F�aCaCDLI�KzF�HJI�O�T¨O�b
H-@CB�XYk
l¹HJO'RjF�T��¢aCcuOPxCD�BVRS^ o x>O�HJ@¯I�T¢{�hCILU
Ui�%T�F�R�I�KV^5F�TCU�I�TSF�K�OPhi^uHJILK�^ o H-@CB�cuB�F�c-B�F�TwhCRyx3B�cEO�b*UCILº�KVhCDLH-I�B�^EF�^-^-O%K�I�F�HJBVU s I&HJ@�XYk:l»^-ILRyh1�
DGF�HJI�O�TC^��Y? s Ova�F�c�HJI�KVhCDGF�cfaCc-O�xCD�BVRS^NF�c-BAHJ@CB�^�H�F�H-I�^uH-I�K�F�DCTCOPIL^-B�F�^u^-O%K�I�F�HJBVU s I&HJ@$HJ@CB�^uI�RyhCD�F�HJILOPT
UChCB�H-O$HJ@CB
^uRjF�DLD>TwhCR�x>BVcAO�bE}¼a�F�cuHJILK�DLB�^��1x>BVI�TCe$KVOPTC^uI�UCBVc-B�U o F�TCU�HJ@CB�`%IL^-K�O�^-ILH,�jx>BVI�TCe$DLI�R�ILH-B�U
HJOjc-B�D�F�HJI&`PBVDL��@CI�e�@£`�F�D�hCBV^��
?A@CBV^-B$x3O�HJ@£D�I�R�ILH-B�U�HJ@CB�cJF�TCe�ByO�b5F�aCaiD�I�K�F�HJILOPT�O�bNHJ@CB�XYk
l o ^-BVB
b=OPc�B!½iF�R�aCDLB m§ªiogn���r �A¾,T]F�T]F�HuHJB�R�aiH�HJOSO0`PB�cuK�OPR�BvH-@CB�^uB�UCc-F s x�F�K�¿w^/HJ@iB�XYk
lÀB!`POPD&`PB�U£I�T�F
TwhCRyx3B�c5O�b_^�H�F�ePBV^·F�TCUjUCB!`PBVD�OPa3B�U­ILT�HJO:HJ@CB/XYM[Z�ÁwUCBVHJF�I�DL^5O�b*HJ@iB«`�F�cuI�OPhC^E^�HJB�ai^[KzF�TSx>B�b=OPhCTiU
I�T o b=OPc�B!½iF�R�aCD�B m�n0¦iogn0ª�r ��?A@CBvUiBV`PBVD�OPaiRSBVTwH�O�b�HJ@CBvXgMAZ s F�^«UCc-I&`PB�T�RjF�I�TCD&�Sb=OPc�I&HJ^�hC^-B�I�T
{�hCILU�Ui�%T�F�R�I�K�^
^uI�TCKVByHJ@CB�XgMAZÂKzF�T�x3B$^-@CO s T m±nz¦�r HJO�R�I�R�I�K:HJ@CB�ILTCK�OPR�aCcuB�^-^uI�xCDLB$�/Fz`%I�BVc��
®%H-OP¿�BV^�F�TCU�K�OPT�H-I�TwhCILH,�­B� wh�F�H-I�OPTC^V�A´�B�K�BVT�HJDL��M�hCI�K�¿'
!�[���&� m 7 ¬�r @CF0`�B�F�aCaCD�ILB�U�HJ@CB:HJBVK�@CTCIL %hiB
HJO:^uI�RyhCD�F�HJB�D�ILTCBzF�c�^-OPhiTCU s Fz`PBV^ s @CBVT�H-@CBAaCc-BV^-^uhCc-B�`�F�c-I�F�HJILOPTC^fF�c-BAK�O�TC^-ILUCB�cuB�U�HJO
x3B�F�^uRjF�D�D
a3B�cuH-hCc-xCF�HJILOPT��Nµ«B�c-B s B
BÃ½1H-B�TCU�H-@CB�^-KVOPa3B�O�bgHJ@CB/^-I�R�hCDGF�H-I�OPTi^EH-OyK�O�TC^-ILUCB�c[TiOPT1�,DLI�TCB�F�c s Fz`PBV^
F�TCU�^u@CO s HJ@�F�H[HJ@CB�XgMAZÄRSB!HJ@CO%U�F�TCU�H-@CB:I�TCKVOPRSaic-B�^u^-ILxCD�B
F�aCaCc-Oz½1I�RSF�H-I�OPT�F�c-B
TCO�H�DLI�R�ILH-B�U
HJO$H-@CBvDLI�TCB�F�c[cuB�ePILRSB��f¾,T£F�D�D*H-@CB:^-I�R�hCDGF�H-I�OPTi^·HJ@CB�F�R�aCDLILHJhiUCB/O�b�HJ@CB:UCBVTC^-I&H,��`�F�c-I�F�HJILOPT­I�^ATiO
ePcuBzF�H-B�c·H-@�F�T n�Å O�b_HJ@CB:F�RyxCI�BVT�H[UCBVTC^-I&H,�­^-OyH-@�F�H[H-@CB�ILTCK�OPR�aCcuB�^-^uI�xCDLB�XgMAZÆB� wh�F�HJI�O�TC^[KzF�T
x3BvF�aCaCD�ILB�U­H-OSF�ePO%O1U�F�aCaCc-Oz½1I�RSF�H-I�OPT m 7 ¬�r �
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?A@CBvXgMAZÆK�OPTC^uI�UCBVc-BVU£@CBVc-B:BV`�OPDL`�B�^«OPT£Fy�i½1BVU£@CBÃ½CF�ePOPT�F�D_D�F�H-H-I�KVB��f?A@CB:^uILHJBV^�OPT�H-@CB:DGF�HuHJILK�B
F�cuB:�uOPILTCB�Utx���hCTCI&Hv`�B�KVH-OPc-^�Ì1Í oqs @CBVc-B­Î:Ï nPo 7 o �&�L� oN�ioqs @iI�D�BjÌiÐ$I�^�UCB!��TCB�U¡H-O£x3BjHJ@CBSTwhCD�D
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� Í)W����~Ì1Í����������u\ � � Í)W��!���u\NÏ#"·Í)W��!���u\ ÎqÏ ¬ � n ��$�$%$�� � � W n \
s @CBVc-B � Í�W&���'�u\«F�cuB�H-@CB�UiI�^uH-c-ILxChiHJILOPT�b=hCTCK!HJI�O�TC^/F�D�OPTCe$H-@CB�DLI�TC¿w^�Ì1ÍNF�H«^uILHJB(��F�TCU�HJILRSB)��F�TiU"·Í�W������u\:IL^�H-@CB�K�OPDLD�I�^uI�OPT�O�a>BVcJF�H-OPc��­?A@iBjD�B!b"H�@�F�TCU�^-I�UiBSO�b[B� wh�F�H-I�OPT W n \�I�^:HJ@iBSKVOPT�`PB�K!HJILOPT
OPa3B�c-F�HJOPcYF�TiU�UCBV^-K�cuI�x3B�^�^uHJcuBzF�R�I�Tie�O�b1HJ@CB5UCIL^uHJcuI�xCh1HJI�O�T:b=hiTCKVH-I�OPTC^YOPT�HJ@CB5ePc-ILU��Y?A@CI�^YOPa3B�cJF�HJOPc
KzF�TSx3B�^uB�BVTSHJO�x3B�DLI�TCB�F�cfI�T�`PBVD�O%K�I&H,�$^-a�F�K�B��N?A@iB�^uI�R�aCD�I&��KzF�H-I�OPT�O�b*H-@CB«M·OPDLH-Q�RSF�TCT�B� wh�F�HJI�O�T
O%K�K�hic-^NI�TyH-@CB[b=OPcuR O�b HJ@iBAK�OPDLD�I�^uI�OPTvOPa3B�cJF�HJOPc s @iI�K�@�I�^qHJF�¿�BVT�H-O
x>B[H-@CB�MAk+* F�aCaCc-Oz½1I�RSF�H-I�OPT
m 7 pio 7 n�o 7 ��r ³

"·Í,W&�!���u\EÏ,� n- . � Í�W&���'�u\/� � Í W��0�'�u\21�� W	7P\
s @CBVc-B � Í I�^�HJ@iB£B� whCILD�ILxCc-ILhCRÂUCIL^uHJcuI�xCh1HJI�O�T�b=hiTCKVH-I�OPT~F�TCU - I�^�HJ@CB�c-B�D�F�½iF�HJILOPT�HJI�R�B��¯?A@iB
b=OPcuR�O�b0"·Í o ePI&`PB�T�ILT­B� wh�F�H-I�OPT|W�7P\ o c-BVaCc-BV^-B�T�H-^�FycuB�D�F�½iF�HJILOPTjO�bgH-@CB�UCIL^uHJcuI�xCh1HJI�O�TSHJO s F�c-Ui^«I&HJ^
B� whCILD�ILxCc-ILhCR `�F�D�hiB�F�TiU]c-BVK�O0`PBVc-^/H-@CByTCOPT%�,D�ILTCBzF�c[b=OPc-R O�bfH-@CBv{ChCI�U o B�Ti^-hCcuI�TCejH-@�F�H«HJ@CB�b=hCD�D&�
TCOPT%�,D�ILTCBzF�c���F0`%ILB�c��)®%HJO�¿�B�^$BV wh�F�HJILOPTtIL^y^JF�H-I�^���B�U���?A@CBjB� whCI�DLI�xCcuI�hCRÄUiI�^uH-c-ILxChiHJILOPT�b=hiTCKVH-I�OPTC^
UCBVa>BVTCUjOPTiDL�yO�T�H-@CB«{ChCI�U�UCBVTC^-I&H,� o43�o F�TCU�`�B�DLO1KVILH,� o65«o F�H5BzF�K�@S^-ILH-B s @CI�K�@SKzF�T�x3B«K�F�D�KVhCDGF�HJB�U
b=c-O�R�HJ@iB�UiI�^uH-c-ILxChiHJILOPT­b=hCTCK!HJILOPTC^«F�^

3 Ï#7 Í � Í W p \

F�TCU
398;: Ï#7 Í � Í=<�Í : � W � \

s @CBVc-B
HJ@CBvk
c-BVB�¿­^uhCxC^-KVc-ILaiHJ^�c-BVaCc-BV^-BVTwH«`PBVKVH-OPc�K�OPR�a>O�TCB�T�HJ^«F�TiU�^uhCR�RjF�H-I�OPTjO�`�B�c�c-BVa>B�F�HJBVU
k
c-B�BV¿¡I�TCUiI�K�BV^�I�^�F�^u^-hCR�B�U��¨?A@whC^SH-@CB�K�OPDLD�I�^uI�OPT'aCc-O%K�BV^-^jcuB� whCILc-B�^�OPTCD&�tDLO1K�F�D[I�T1b=OPc-RSF�HJILOPT
HJO�I�T�HJcuO1UihCK�B�TCOPT1� D�ILTCBzF�c:B?>*BVKVHJ^�I�T�HJO�HJ@CBS^-ILRyhCDGF�HJI�O�T��A@«a'HJOCB­W 8;D \ o�s B�F�^u^-hCR�B�HJ@�F�HvHJ@CB
B� whCILD�ILxCc-ILhCR�UiI�^uH-c-ILxChiHJILOPTjb=hCTiKVHJILOPT�@�F�^AHJ@iB�e�B�TCBVcJF�D�b=OPcuR m 7 ��r�o

� Í W&���'�u\5Ï EFFG
FFH

3�I'J �LK$Ì1Í;M 5 ��NSW	Ì1Í;M 5 \ D ��O 8 D�P ��ÎYÏ n �Q$%$�� �
3�I'J Ð �LO$Ð 8 D P ÎYÏ ¬ $ W � \

?A@CIL^AB!½1a�F�TC^uI�OPT�hCa�H-O�^uB�KVOPTCU�OPc-UCBVcAI�T 5 BVTC^-hCcuB�^AHJ@CF�HAHJ@CB
^uI�RyhiDGF�H-I�OPTC^�@�Fz`PB:^-BVK�OPTiU�OPcuUCB�c
F�KVK�hCc-F�KV� o @CO s BV`�B�c·H-@CB�B!½1a�F�TC^uI�OPTSI�^EOPTCD&�y`�F�D�ILUyb=OPcE^-RSF�D�DCZ£F�K�@­TwhCR�x>BVc-^SR Ï 8UT�V?W�o�s @CB�cuBV?W IL^«H-@CB�^ua>BVB�U�O�bf^-OPhCTiU]I�T�HJ@CBvRSBVUCI�hCR��[?A@CB�K�OPTC^�H�F�T�H-^ J�oXJ Ð o �&�L� o O$Ð�K�F�T£x3Bvb=OPhiTCU£b=OPc
HJ@iBv^ua>BVK�IL�CK�D�F�H-H-I�KVB
x>BVI�TCe�hC^uB�U�F�TiU�H-@CB:c-B� whCILc-BVU£aCcuOPa>BVcuH-I�B�^�O�b�HJ@CB
{�hiI�U���µ�BVc-B s B�c-BV %hiI�c-B
HJ@CF�HAHJ@CB:KVOPD�DLI�^-ILOPTC^�K�OPTC^uB�c�`PB�RSF�^u^�F�TCU�RSOPR�B�T�H-hCR o HJ@�F�H�IL^

3 Ï#7 Í � Í W � \

F�TCU
398;: Ï#7 Í � Í <�Í : � W ¤ \
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F�TCU�H-@�F�H[H-@CB�{�hCILU�I�^[IL^-O�H-c-OPaCILK�F�TiU�BÃ½1@CI�xCI&HJ^�k:F�DLI�D�B�F�T�I�T�`�F�c-I�F�TCK�B��f?A@CBV^-B�c-B� whCILc-BVRSBVTwH-^�F�c-B
b=hCD&��D�DLB�U�x��

J Ï n ����Ð� � J Ð[Ï���Ð � KÀÏ np � N�Ï 7p � O Ï � n
� F�TCU O$Ð[Ï � n ��W ¦ \

s @CBVc-B���Ð5IL^NF�T�F�cuxCILH-cJF�c���KVOPTC^�H�F�T�Hz�q?A@CI�^NUCB!HJBVc-R�I�TCBV^fHJ@CBABV %hiI�D�ILxCc-ILhCR�UCI�^�HJcuI�xChiH-I�OPTvb=hCTCKVH-I�OPT
s @CILK�@�IL^vF�aCaCD�ILB�U�@CBVc-B���¾,T'e�B�TCBVcJF�D o F�UCI�>*BVc-BVTwH�BV %hiI�D�ILxCc-ILhCR UCI�^�HJc-ILxChiH-I�OPT]b=hCTiKVHJILOPT|KzF�T|x>B
hC^uB�U£I&bYUCI%>>B�cuB�T�H�{�hCI�U�aCcuOPa3B�cuH-I�BV^�F�c-B
c-BV whCI�cuB�U��
?A@CB­RSF�KVc-OP^uK�OPaCILKSBV wh�F�HJILOPTC^yK�F�Ttx3BjUCBVc-I&`PB�Utb=cuOPRÄHJ@CBjDGF�HuHJI�KVB�M·OPDLH-Q�RSF�TCT�B� wh�F�H-I�OPTC^

x�� a3B�c�b=OPc-R�I�TCetFtRyhCDLH-I�^uKzF�DLI�TCe ¥ @�F�aCRSF�T1���NTC^-¿�OPe�B!½1a�F�TC^uI�OPT m 7 r ILT~HJ@CB]H-I�R�B]F�TiUd^ua�F�KVB
UCBVc-IL`�F�H-IL`�B�^�^-hCK�@�HJ@�F�H�� ��� 	 �� ��
 � 	 D �� � D W ª \
F�TCU ��
� � 	 ��
� 
 � W n0¬ \
F�TCU�HJ@iB�UiI�^uH-c-ILxChiHJILOPTjb=hCTiKVHJILOPT�I�^ABÃ½iaCF�TCUCBVU�F�x3OPhiHAHJ@iB�BV whCI�DLI�xCcuI�hCR�`�F�D�hiB o

� Í � � Í � 	 ��� 
��Í � 	 D ��� D �Í � W nPn \
s @CBVc-B 	 IL^�H-@CB *
TwhCUC^-BVT�T%hiRyx>BVc s @CILK�@¡RyhC^�Hyx3Bj^-RSF�DLD	��¾ b s BSb=hCcuH-@CB�c�F�^-^uhCRSBSHJ@�F�HvHJ@CBDGF�H-HJILK�B
^ua�F�K�ILTCe o Ì1Í o F�TiU�HJ@iB�H-I�R�B!�,^�HJBVa o ��� o F�cuB:^-RSF�D�D_a�F�cJF�R�BVH-B�c-^ o F�TCU�O�bqH-@CBv^-F�R�BvOPcuUCB�c
F�^ 	 o HJ@CBVTÀBV %hCF�HJILOPT�W n \�K�F�T x>B¡?�Fz�1DLOPc�B!½1a�F�TCUCB�UÀF�TCU�KVOPRyxCILTCB�U s ILH-@�B� wh�F�H-I�OPT W�7P\!�®1hCxi^uHJI&HJhiH-I�TCe¡H-@CB�BÃ½1aCc-BV^-^-ILOPT b=OPc�H-@CB�B� whCI�DLI�xCcuI�hCR UCI�^�HJcuI�xChiH-I�OPT b=hiTCKVH-I�OPTC^ o B� wh�F�HJI�O�T W � \ o
F�TCU�HJ@iB ¥ @�F�aCRSF�T1���ETi^-¿�O�e'B!½1a�F�TC^-ILOPTC^ o B� wh�F�H-I�OPTi^�W ª \��*W nPn \ o F�TCU¢c-B!H�F�ILTCI�TCe�HJB�cuRS^�hCa¡H-O
^-BVK�OPTiU OPcuUCB�c�I�T 	 s B|OPxiHJF�I�T m 7 ��r H-@CB�K�OPT�H-I�TwhCILH,� F�TCU �/Fz`%I�BVc���®wHJOP¿�B�^�B� wh�F�H-I�OPTC^�b=OPc�F�TI�TiK�OPR�aCc-BV^-^uI�xCDLB o IL^-O�H-@CB�cuRjF�D3{�hCILU�ILT�H s O�� UCI�R�B�Ti^-I�O�TC^�³��� 3 � � :9398;: Ï ¬ W n 7P\
F�TCU ��� 398;: � ��� 398 � 8;: Ï � � :�� n ����Ð7 � 3 ��� ������� 398;: ��� � : ��� 398 � � W n0p \

s @CBVc-B ��Ï - � n�T 7
� W nz� \

F�TCU ��Ï�� - � n7! �" n7 � W n �#��ÐÃ\7 $ W n�� \

F�cuB�H-@CB£¿wI�TiB�RSF�HJILK�^u@CBzF�cjF�TiU xChCDL¿t`1IL^-KVOP^-I&HJI�BV^��¯?A@CB�aCc-BV^-^uhCc-B£H-B�cuR ILT¨BV wh�F�HJILOPT²W n0p \$I�^% Ï W n �&��ÐÃ\ 34T 7 s @iI�K�@ o b=OPc5Fva3B�cub=BVKVH�e�F�^ o ePI&`PBV^5H-@CB�^ua>BVB�U�O�b*^-OPhiTCU�F�^ V W Ï m W n �'�wÐJ\ T 7 r 
�( D �
¾,T UCBVc-I&`1ILTCe¢B� wh�F�H-I�OPTC^tW n 7�\�F�TCU W nzp \jHJ@CBVc-B'@CF0`�Btx3B�B�T F¨TwhCRyx3B�c�O�b�F�^u^-hCR�aiH-I�OPTC^

RSF�UCB s @CI�K�@¡cuB�^uH-c-ILKVH�HJ@CBjF�aCaCDLI�KzF�HJI�O�T�O�b·HJ@CBjXYM[Z���¾,T�HJ@CBSB!½1a�F�TC^uI�OPT¡O�b[HJ@CBSB� whCILD�I�xic-I�hiR



���������	��

����������������������� �!�"�$#%�&�����	���'�)(
�*����+,���"�*
-��./�0��#1�32�45��6�
�� �

UCIL^uHJcuI�xCh1HJI�O�T|b=hCTiKVHJILOPT'I&H�IL^yF�^u^-hCR�B�U�HJ@�F�HvHJ@CB­Z£F�K�@¡TwhCRyx3B�c�R Ï 8UT�V?W I�^�^-RSF�D�D�ÁqILT'HJ@CB
?�F0�%DLOPc_B!½1a�F�Ti^-I�O�T�O�b%HJ@CB�M·OPD&HJQVRjF�TiT
B� wh�F�H-I�OPT:HJ@CBEDLB�TCe�H-@�F�TCU:HJI�R�BN^-K�F�D�BV^gO�b1H-@CB5^-I�R�hCDGF�H-I�OPT o
Ì1Í�F�TCU ��� o F�c-B�F�^u^-hCR�B�U�HJO�x3B:^-RSF�D�D�Á%��TCF�D�D&�SH-@CB:UCB�TC^uILH,��`�F�cuIGF�H-I�OPT­R�hC^uH«F�DL^-O�x3B:F�^-^uhCRSBVU
HJOSx>B�^-RSF�DLD_^-I�TiK�B:HJ@CBvB� wh�F�H-I�OPTC^«O�bNR�O�H-I�OPT�F�cuB�b=OPc�F�T�I�TCKVOPRSaic-B�^u^-ILxCD�B
{�hCILU��«®1ILTCK�B s B�F�c-B
UCB�F�D�ILTCe s I&HJ@�Fja3B�c�b=B�KVH:ePF�^ s @CBVc-B % IL^/aCcuOPa>O�cuHJILOPT�F�D_H-O 3�s B$KzF�T s c-ILH-B o b=OPc�F­aCcuOPePcuB�^-^uIL`�B
aCD�F�TCB s F0`�B o 3��3 Ð Ï 8V?W Ï R � W n0� \
s @CBVc-B 3 � IL^yF£UCBVTC^-I&H,��`�F�cuIGF�H-I�OPT|UChCBSHJO£H-@CB­^-O�hCTCU s F0`�B�F�TCU 3 Ð$IL^vHJ@iB�F�RyxCILB�T�HyUiB�TC^uILH,�P�
µ�BVc-B$HJ@iB�DLO s Z£F�K�@'TwhCRyx3B�c�F�aCaic-Oz½1I�RSF�HJILOPT�F�TCU�HJ@iB�ILTCK�O�RSaCcuB�^u^-I�xiI�D�I&H,��K�OPTCUiILHJILOPT�c-BVUChCKVB
HJO�HJ@CB/OPTCB/KVOPTC^�HJcJF�I�T�Hz�f?A@iB/b=hCcuH-@CB�c�K�OPTi^uHJc-F�I�T�H�HJ@�F�H[Ì1Í_F�TCU ���5F�c-B�^-RSF�D�D cuB� whCI�cuB�^5HJ@�F�H�HJ@CB
RSF�K�cuOP^-KVOPaCI�K
^uKzF�DLB�^�O�bYHJ@CB s Fz`PByF�c-B:RyhCK�@�DGF�cuePB�c�HJ@�F�T�HJ@iB�R�I�KVc-OP^uK�OPaiI�K
^-K�F�D�BV^�O�b�H-@CB:ePc-ILU o
HJ@CF�H�I�^[b=OPc�F s F0`�BvO�b s Fz`PB�DLB�TCe�HJ@��]F�TCU�a>BVc-I�O%U��� ÌiÍ ��� � F�TCU ��� � � $ W n�¤ \
?A@CIL^«K�F�T�F�D s Fz�1^�x3B�F�K�@CI�B!`PBVU�x���^-BVD�BVKVHJILTCe�^-hCI&H�F�xiD�B�`�F�D�hiB�^AO�b	�]F�TCU����
¾ HyIL^ s OPc�HJ@tTCO�HJI�Tie�H-@�F�H s @iI�D�B$H-@CB­XgMAZ ^-F�HJIL^u��BV^�HJ@iBjI�TiK�OPR�aCc-BV^-^uI�xCDLBS��Fz`1ILB�c)��®%H-OP¿�BV^

B� wh�F�HJI�O�T�H-@CB�^-ILRyhCD�F�HJBVUt{�hCI�U¡K�F�T�B!½1a3B�c-ILB�TCKVB�UCB�TC^uILH,�t`�F�cuIGF�H-I�OPTi^��|?A@CB�^uB�F�c-I�^uB­b=c-OPR HJ@CB
UCB!��TCILH-I�OPT�O�b 3�o B� wh�F�HJI�O�T¡W p \ o s @CI�K�@�UCO1BV^/TCO�H/KVOPTC^uH-cJF�ILT 3 H-Ojx3BvKVOPTC^uHJF�T�Hz�«¾,T£RSF�T���{�hCILU
Ui�%T�F�R�I�KV^­F�aiaCD�ILKzF�H-I�OPTC^ o b=OPc­BÃ½iF�RSaiD�B£aic-B�^u^-hCcuB�UCc-I&`PBVT�
�OPIL^-B�hiI�D�DLB�{CO s:o HJ@iI�^jIL^j^uB�B�TdF�^­F
UCIL^JF�Ui`�F�T�HJF�ePB­^uI�TCKVB­^-O�K�F�D�DLB�UtKVOPRSaic-B�^u^-ILxCI�DLILH,��B�cuc-OPcu^�F�c-BjOPxC^-BVcu`�B�U¢I�T¡F�XgMAZ ^uI�RyhCD�F�HJILOPT
m 7 ��r F�TCUSI�T�RjF�Tw��K�F�^-BV^�H-@CB�aic-B�^u^-hCcuB�ePc-F�UCI�BVT�H�IL^5F�aCaCcuO0½1ILRjF�H-B�U�x��jF:x3O1Ui�$b=O�c-K�B�HJO�c-BVRSO0`�B
HJ@iI�^�B >>B�K!H m 7 ¤�r �·µ«B�cuB s B�hC^uB�H-@CI�^Ab=B�F�HJhCcuB:O�bqH-@CB�XgMAZ I�T�HJ@iBvDLI�R�ILH·H-@�F�H s BvKVOPTC^-ILUCB�c«OPTCD&�
D�O s Z£F�K�@�T%hiRyx>BVc-^V�

� >�
�<3;���Q~D�;KS\[�Z4X<FP<%B���]ID~F��
¾,TyHJ@iI�^f^uB�KVH-I�OPT s B�K�OPTi^-I�UiB�cNF�KVOPhC^�HJI�K s Fz`PBV^ s @CB�cuB�H-@CBAF�R�aCDLILHJhiUCB�IL^fDGF�c-ePB�B�TCOPhieP@$HJ@�F�HqTCOPT1�
D�ILTCBzF�cARSO�H-I�OPT�IL^AOPxC^uB�cu`�B�U o xChiH s @CBVc-BvH-@CB:c-BV^uHJcuI�K!HJI�O�T�H-@�F�H�HJ@iByZ£F�K�@£TwhCRyx3B�c o R Ï 8UT�V W�o
I�^/^-RSF�D�D o F�^/I�^�cuB� whCI�cuB�U�b=OPc/H-@CByD�F�H-H-I�K�B�M·OPD&HJQ�RSF�TCT£RSO%UCB�DYHJO�x3B$F�aCaiD�I�K�F�xCDLB��+@�TiUCB�c�H-@CB�^uB
K�O�TCUCILH-I�OPTi^�TiOPT1�,DLI�TCB�F�c�aC@CBVTCOPR�B�T�F�F�c-B�D�O%KzF�DLDL�'^-RSF�D�D�W=O�b/H-@CB£OPcuUCB�c�O�b(R \ o @CO s BV`PBVc­HJ@CB
B >>B�K!HJ^$F�c-B�K�hCRyhiDGF�H-IL`PBSF�TCU�I�TCKVc-B�F�^-B s ILHJ@|HJ@CBSUCI�^�H�F�TiK�B�O�bAaCcuOPa�F�e�F�HJI�O�T'F�TiU s I�DLD o F�b"H-B�cvF
^-h1ºSKVI�BVTwH�aic-OPa�F�e�F�HJILOPT­UCIL^uHJF�TCK�B o ^-ILePTCI&��KzF�T�H-DL��UCI�^�HJOPc�H[HJ@iB s Fz`PB���?YO$K�O�TC^-ILUCB�c[H-@CI�^ s B
^uHJF�cuH
b=c-O�R HJ@CB���F0`%ILB�c��)®%HJO�¿�B�^�F�TCU�K�O�TwH-I�TwhCI&H,�­B� wh�F�HJI�O�TC^«F�TCU�HJ@CB�B� wh�F�H-I�OPT�O�bq^uHJF�HJB:O�bYHJ@CB
{�hiI�U o
^-BVB�b=O�cAB!½iF�R�aCD�B m 7 ¦1o 7 ªio�pP¬�r ³��� 3 � � :9398;: Ï ¬ � W n0¦ \

3/m � � 8;: � 8;: ��� 8 � r Ï � � : % � 3 � ������� 8X: � 3�� � � � � n � 7O  �� � : � � 8 � ��W n0ª \
F�TCU

% � Ï V D W 3 � � W�� � n \ V D W7 3 Ð 3 � D ��� � nV�� � nV�� � � :98;: � W�7 ¬ \
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s @CBVc-B O I�^YHJ@CBATwhCRyx3B�cNO�b>UiI�R�B�TC^uI�OPTC^ o ��I�^qH-@CB[K�O%BVº�KVI�B�T�HEO�b H-@CB�cuRjF�D1K�OPTiUChCKVH-IL`%ILH,� o6V � F�TiUV�� F�c-BEHJ@CB�^-a3B�K�I&��K[@CB�F�HJ^qF�H�K�OPTC^�H�F�T�HNaic-B�^u^-hCcuB�F�TCU�`POPDLhCRSB o ��Ï V � T
V � F�TiU�HJ@CB�aCc-BV^-^uhCc-B�F�TiU
UCBVTC^-I&H,��W % F�TCU 3 \EF�cuB«cuB�^ua>BVKVHJI&`PBVDL��UCB!��TCB�U­F�^5H-@CB�^-hCR O�b>HJ@CB«F�R�xCI�BVTwH/W % Ð[F�TiU 3 Ð!\NF�TCU�HJ@CB
a3B�cuH-hCc-xCF�HJILOPTSW % � F�TiU 3 � \Ã��?A@iB5¿wILTCB�RSF�HJILKf^-@iBzF�c�F�TCU:xChCDL¿/`%I�^uK�OP^uILHJILB�^gF�TiU:H-@CBE^-a3B�BVU�O�b1^-OPhiTCU
F�cuB � o �vF�TCU V W cuB�^-a3B�K!HJI&`PB�D&� o F�^5x>B!b=OPc-B��E®1hCxC^�HJI&HJhiH-I�TCe
HJ@iB�BV %hCF�HJILOPT�O�b�^�H�F�H-B o B� wh�F�H-I�OPT£W	7 ¬ \ o
I�T�H-OSHJ@iB�K�O�TwH-I�TwhCI&H,�£F�TCU]��F0`%ILB�c��)®%HJO�¿�B�^/B� wh�F�H-I�OPTC^yW n0¦ \«F�TiU�W n0ª \ o B!½1aCcuB�^-^uI�TCe­H-@CB�aic-B�^u^-hCcuB
F�TCU�HJ@CByUiB�TC^uILH,�£F�^/HJ@iB�^-hiR O�bfH-@CB$F�R�xCI�BVTwH�`�F�D�hCBvF�TCU]H-@CB�a3B�c�HJhCcux�F�H-I�OPT o F�TCU]TiB�ePDLB�KVH-I�TCe
HJ@iB:H-B�cuR 3 � 8 � � � 8;: ^uI�TCKVB:ILH�I�^ BjW�R � \ s B�OPxiH�F�I�T� 3 �� � � W 3 Ð � 3 � \ � 8�
� � 8 � 3 ��
� Ï ¬ W�7 n \
F�TCU

W 3 Ð � 3 � \ � 8� � � 3 Ð 8 � 8�
� Ï,� V DW � 3���
� � 7 	 V D W 3��3 Ð � 3��� � � 3 Ð�� � D 8�
� D � W�7P7P\
s @CBVc-B���Ï � � W n � n �d7 T O­\ ��� ��W n�T�V�� � n�T�V � \ T
3 Ð o 	 Ï W��A� n \ T 7�F�TCU s Bj@�Fz`�B­hC^-BVUOPTCBÃ�,UCILRSBVTC^-ILOPT�F�D>TCO�HJF�HJILOPT�^-ILTCK�B s B�F�cuB
I�T�HJBVc-BV^uHJBVU£ILT�H-@CB:aCc-O�a�F�e�F�H-I�OPT�O�bqaCD�F�TCB s Fz`PB�^V�

?YO�aic-O%K�B�BVU�b=hicuHJ@iB�c�ILHAIL^ATCO�H�a3OP^-^uI�xCDLB/HJO�KVOPTC^-ILUCB�c«F$K�D�F�^-^uI�K�F�D*a3B�c�HJhCcux�F�HJILOPT�B!½1a�F�Ti^-I�O�T
O�b*B� wh�F�H-I�OPTC^/W	7 n \5F�TCU�W�7P7P\fhC^-ILTCe�D�I�TiBzF�c s F0`�B�H-@CB�OPc��SF�^·F:��c-^�H·O�c-UCBVc·F�aiaCc-Oz½1I�RSF�HJILOPT��Y?A@CI�^
I�^Nx3B�K�F�hC^uB�DLI�TCB�F�c�H-@CB�OPc��$UCO%B�^ETCO�HEe�IL`PB«F
^JF�HJI�^�b�F�KVH-OPcu�v��c-^�H�F�aCaCcuO0½1ILRjF�H-I�OPT o ^-ILTCK�B�TCO:RSF�H-H-B�c
@CO s ^-RSF�DLD�HJ@CB5I�TiILHJI�F�D�F�R�aCDLILHJhiUCBqHJ@iB·D�O�TCe�� H-B�cuR x>BV@�Fz`%I�OPhCc s ILD�D�x3B�TCO�T1�,DLI�TCB�F�c_I�T:HJ@CB�F�xC^uB�TCKVB
O�b5UCIL^-^-ILa�F�H-I�OPT��/¾ H
I�^/H-@CB�cuBVb=OPcuB$TCB�KVB�^u^JF�c��]HJO�hC^uB�F­RyhCD&HJI�aiD�B�^-KzF�D�ByR�BVH-@CO1U s @iB�c-B � o ��F�TiU
� Ï R � F�c-B�KVOPTC^-ILUCB�cuB�U�HJO�x3B�ILTCUCBVa>BVTCUCB�T�H�`�F�c-I�F�xCD�BV^$F�TCU � T �
� � � T �
� � R � T � �t�
?A@CIL^AF�D�DLO s ^·FyePO%O%UjUCBV^-K�cuI�aiH-I�OPTjO�b_HJ@CB s Fz`PB:hCa­H-OyUCIL^uH�F�TCK�BV^ � Ï#BjW n�T R \!�N��OPDLD�O s I�Tie:H-@CI�^
F�aCaic-O�F�K�@­F�TCU­ILTwH-c-O%UChCKVI�TCe - Ï �X� � T�V?WVo B� wh�F�H-I�OPTC^�W	7 n \5F�TiU�W	7P7�\EK�F�T­x3B/^-@iO s T­H-O�^-F�HJIL^ub"�
M·hCcuePB�cu^���BV %hCF�HJILOPT m 7 ¦�r� 8�
� � 	V D W 8 � 8� - Ï �

7 V � W � D 8� - D $ W�7 p \

�qILT�F�D�D&� o I&H�I�^�K�OPT�`�B�TCILB�T�H
HJO­K�@CF�TCePB�H-O­UCILRSBVTC^-ILOPTCD�BV^-^�`�F�c-I�F�xCD�BV^���Ï 8UT	�vo�
 Ï 	 R
� � F�TiU
� Ï�� - s @CBVc-B �vo �¡F�TCU���F�c-B�HJ@iB«ILTCILH-IGF�D%`PBVD�O%K�ILH,� o F�TCePhCD�F�cfb=c-BV whCB�TCK!�SF�TCU s Fz`PB�T%hiRyx>BVc�O�b
HJ@iB�^uOPhCc-KVB/F�TCUAR @�F�^Ex3B�B�TSc-BÃ�,UCB!��TCB�Uj@CB�cuB/F�^ R Ï � T�V?W �f¾,T�HJ@iB�^-B�K�O�� OPc-UiI�T�F�H-B�^EM·hic-ePBVc-^��
B� wh�F�HJI�O�T�IL^ � �� 
 ��� � �� � Ï�� � D �� � D � W�7 � \
s @CBVc-B

�jÏ n7 	 n´�B nR W�7 � \
F�TCU�´�B
I�^[HJ@iBvF�K�OPhC^�HJILKzF�Dg´�BV�%TCOPDLUC^�TwhCRyx3B�c�ePIL`�B�T�x��

´�B�Ï V W
���
$ W�7 � \

?A@CB�UCI�R�B�TC^uI�OPTiD�B�^u^�aCc-O�a�F�e�F�H-I�OPT»a�F�cJF�R�BVH-B�c o�
fo UCB�^uK�cuI�x3B�^�HJ@CB|UCBV`�B�DLOPaCR�B�T�H]O�bvHJ@CB
^-@iO1K�¿ s Fz`PBEb=OPc ¬���
���n �g?A@CBE^u@CO1K�¿�b=O�c-RSF�HJILOPT�UCIL^uH�F�TCK�Bfb=OPcgFA^uI�TwhC^-O�I�U�F�D�^-OPhiTCU s Fz`PB s ILH-@
F�R�aCD�I&HJhCUiB�hCTCI&H,��I�^ 
 Ï n �E?A@�F�H«IL^ o�
 Ï n UiBVHJBVc-R�I�TCBV^AHJ@CB:UCIL^uH�F�TCK�B�F�H s @CILK�@£F$^-ILTwhC^-OPILU�F�D
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s F0`�BjILT'F�T|I�T�`%I�^uK�ILU|{�hiI�U|I�^
HJc-F�TC^ub=O�c-R�B�U|I�T�HJO�F�UiI�^-KVOPT�HJILT%hiOPhC^ s Fz`PBjO�b[^-F s H-O1O�HJ@|^-@�F�a3B��
¾,T¯F�`1IL^-KVOPhC^j{�hiI�U¨H-@CB s Fz`PB�IL^�H-cJF�TC^�b=OPc-R�B�U~I�T�HJO'F�T F�DLRSO�^uH�^JF s HJO%O�H-@ ^-@�F�a>B o @iO s BV`�B�c o
HJ@iB�F�KVHJILOPT¡O�b«`%I�^-KVOPhC^�U�F�R�aCILTCe]aCcuBV`PBVT�HJ^­F]H-O�H�F�D·UCI�^uK�OPT�HJILTwhCILH,��b=OPc-R�I�TCei�'�«O�HJB�HJ@CF�H$HJ@CB
RyhCD&HJILaCD�B�^-KzF�D�B:RSB!HJ@CO%U�hC^-BVU£I�T�H-@CBvUiB�c-I&`�F�HJILOPT�O�bNM�hCc-ePBVc-^V��B� wh�F�H-I�OPT�I�^A`�F�D�ILU­b=OPcAUCIL^uH�F�TCK�BV^
hCa�HJO � Ï BjW n�T R \ o HJ@�F�H�IL^EUCI�^�H�F�TCKVB�^�O�b*H-@CB�O�c-UCBVc�O�b*HJ@CB«^-@CO%K�¿$b=OPc-RSF�H-I�OPT$UCIL^uHJF�TCK�B 
 Ï n �
� ������������#%���	���'�)(���#1.��%
!.J����

	�#i�����	���
µ�BVc-B s B�KVOPTC^uI�UCBVcyHJ@CB�^uOPD�hiH-I�OPT¡O�b/M�hCc-ePBVc-^V�NB� wh�F�H-I�OPT¡b=OPc�H s O|KzF�^uB�^ o ��c-^�HJD&�'HJ@iB�F�T�F�D&�%H-I�K
^-O�D�hiH-I�OPT¡b=OPc�HJ@CB�^-a3B�KVIGF�D�K�F�^-B�b=OPc�F�T~ILTw`%IL^-K�ILU¨R�B�UiI�hCR s @iB�c-B � Ï ¬io F�TCU¨^-BVK�OPTCUiDL��HJ@CB
TwhCR�B�c-ILKzF�D*^-OPDLhiHJILOPT�O�bYHJ@CB
b=hCDLD_M·hCcuePB�cu^���B� wh�F�HJI�O�T��

� �����������Ã��60���0�!��2�
E��#%��2 ��B s I�^u@�H-O�^uOPDL`�B
HJ@CB:I�T�`%I�^uK�ILU�M�hCc-ePBVc-^V��B� wh�F�H-I�OPT� �� 
 ��� � �� � Ï ¬ � W�7 ¤ \
b=OPc[H-@CB:I�TCI&HJIGF�D>KVOPTCUCI&HJI�O�T

�iW 
 � � \ � ��� Ð Ï � W � \?$ W�7 ¦ \
��OPD�DLO s I�TCe ¥ cuI�eP@�HJO�T�
!�f���&� m 7 ª�r�s B/KVOPTC^-ILUCB�c�F:K�hCc�`PB/ILT�H-@CB�W 
 � � \NaCDGF�TiB�b=O�c s @iI�K�@ � I�^E^uOPRSB
UCB!��TCILH-B
b=hCTCKVH-I�OPT�O�b 
 ����T�HJ@CIL^AK�hCc�`PB s B�@�Fz`PB

U �
U 
 Ï

� �� 
 � � U �U 
 � � �� � Ï ¬ ILb U �U 
 Ï � �4$ W�7 ª \

X_BVH���x3ByOPTCBy^uhCK�@|K�hCc�`PB s @CBVc-B��SIL^�K�O�TC^uHJF�T�H o HJ@iB�T���I�^/H-@CBy^uH-cJF�ILeP@�H�DLI�TCB � Ï � � 
 ���Y�
?A@CB�a>O�I�T�H s @CBVc-B:HJ@CIL^AD�I�TiB
K�hiH-^�H-@CB � �,F�½1I�^AO%K�K�hic-^ s @CB�T 
 Ï ¬ioCs @CILK�@�ePI&`PBV^���Ï � OPc

�
Ï � W��>\?� W pP¬ \
s @CBVc-B��£I�^AUCB!��TCB�U�HJ@CcuOPhCeP@

��Ï � � � 
 $ W pin \
��O s:o B� wh�F�H-I�OPTSW�7 ¤ \>aCcuB�^uB�cu`�B�^YHJ@CBEa�F�cuILH,��F�TCU:a>BVc-ILO1UCILK�I&H,��O�b1H-@CBNI�TCI&HJI�F�D�b=hiTCKVH-I�OPT��g?A@whC^ o

ILb s ByTCO s K�OPTi^-I�UiB�c/H-@CBy^-a3B�KVIGF�D�KzF�^uB$O�b5F­^-ILTwhC^-OPILU�F�DY^-OPhic-K�B o � W � \�ÏÀ^-ILT � o H-@CBy^-O�D�hiH-I�OPT]O�b
B� wh�F�HJI�O�T'W�7 ¤ \·Ryhi^uH«@�Fz`PB:HJ@CB
b=OPcuR

�iW 
 � � \EÏ �7
� � 
 � � W 
 \i^-I�T�W"! � \?� W p 7P\

s @CBVc-B

� � W 
 \EÏ
7
#
$&%
Ð �iW 
 � � \i^uI�T'! � U � $ W pPp \

®1hCxi^uHJI&HJhiH-I�TCe�I�T­BV %hCF�HJILOPTC^:W pP¬ \�F�TCU|W pin \�F�TCU�K�@CF�TCePILTCeyHJ@CB�`�F�c-IGF�xCD�B«O�bgI�T�H-B�ePc-F�HJILOPTSb=cuOPR �
HJO(� o B� wh�F�H-I�OPT�W p�p \·KzF�T�x3B
B!½1aCc-BV^-^uB�U�F�^

� � W 
 \EÏ
7
! 
�) � W"! 
 \?� W p�� \



���������	��

����������������������� �!�"�$#%�&�����	���'�)(
�*����+,���"�*
-��./�0��#1�32�45��6�
�� ¦

s @CBVc-B ) � IL^�H-@CBSM·B�^u^-B�D5b=hCTCK!HJI�O�T'O�bAO�c-UCBVc !���?A@CI�^�ePIL`�B�^�HJ@CBS��hCxCI�TiI&��k
@CILc-OPT�^uOPD�hiH-I�OPT�b=OPcHJ@iB�UiBV`PBVD�OPaiRSBVTwH«O�bqF�^-@CO%K�¿�I�T�F�T�I�T�`%I�^uK�ILU�{ChCI�U�³

�
Ï �7
� � 
 7! 
 ) � W ! 
 \i^uI�TgW ! � \?$ W p�� \

?A@CIL^�^uOPD�hiH-I�OPT�@CO�D�UC^Ab=OPc ¬ � 
�� n ^uI�TCKVB�b=OPc 
 � n HJ@CB � � ��cuB�D�F�HJILOPTC^-@iI�a�I�T�TCO�H n � n F�TiU
HJ@iB�K�@CF�TCePB:O�bqI�T�HJBVePcJF�H-I�OPTS`�F�c-IGF�xCD�B�ILT�TCO�H�a3OP^-^uI�xCDLB��

� �������%���/#%�j
!.!�	�-���'������#%���	��� �'B�TCO s HJhCcuT OPhCcjF�H-H-B�T�HJILOPT¨H-O'HJ@CB�TwhCRSBVc-ILKzF�D«^-OPDLhiHJILOPT~O�b
B� wh�F�HJI�O�T'W�7 � \ m§pin�r �N?�O�UCO�HJ@CIL^ s B:KVOPTC^-ILUCB�c«F$HJc-F0`�B�DLD�I�Tie s Fz`�B�O�bYHJ@CB
b=OPcuR

�
Ï �7
� � 
 � � W 
 \i^-ILT�! � $ W pP� \

¥ OPTC^uI�UCBVc-ILTCe$��c-^�H«H-@CB:TCOPT1� D�ILTCBzF�c�HJB�cuR�³

�
� �� � Ï " �7� � 
 � � W 
 \i^uI�T'! � $ " �7� � 
�� � � W 
 \iKVOP^ � � $ $ W p�¤ \

¥ OPDLD�B�K!HJILTCeyHJOPe�BVHJ@iB�c[HJBVc-R�^ s ILHJ@�H-@CB:^JF�R�B
b=c-B� whCBVTCKV��H-@CI�^AK�F�T�x>B:c-BÃ� s cuILH-H-B�T�F�^

�
� �� � Ï n7 �7� � 


	
 � ^uI�T � ���
 ���

7� � 
 � � � ��� �7 � �7� � ��� 
 � � ��� � ������� $ W pP¦ \

¥ F�DLK�hCD�F�HJILTCe�HJ@CB­O�HJ@CBVc�UCBVc-IL`�F�H-IL`�B�^:HJ@CB­^uOPD�h1HJI�O�T�O�bAM·hCc-e�B�c-^V�qBV %hCF�HJILOPT'cuB�UChCKVB�^yH-O£^-O�DL`%I�TCe
HJ@iB:b=O�D�D�O s ILTCey^-B!H«O�b��Cc-^uH��,OPcuUCB�c�a�F�cuHJI�F�D*UiI%>>B�c-BVT�HJIGF�D�B� wh�F�H-I�OPTi^� � �� 
 Ï ! �
 ��� 
7� � 
 � � � ��� �7 � �7� � ��� 
 � � � � � � �� � � ! D � � � W pPª \

s @CBVc-B � 
 � ��� Ð Ï n F�TCU � � � ��� Ð Ï ¬ b=OPc !��d71�f?A@iI�^[K�F�T�x>B/^-OPD&`PB�U�x���HJcuhCTCKzF�HJI�Tie�HJ@CB/^-B�cuI�BV^HJO�� @�F�c-R�OPTCI�KV^fF�TiU�^uOPDL`%ILTCe�HJ@CB � BV wh�F�HJILOPTC^NhC^uI�TCe�F/`�F�cuIGF�xCDLB!� OPc-UCBVc�`�F�cuIGF�xCDLB!� ^uHJBVayl/UCF�RS^
R�BVHJ@iO1U m p 7 o%pPp�r �f?A@CB�^uOPD�hiH-I�OPTi^5aic-B�^uB�T�HJBVU�@CB�cuB s B�cuB/HJcuhCTCKzF�HJB�UjF�H!� Ï 7 ¬io F�DLH-@COPhCe�@jOPTCD&�
HJ@iB:�Cc-^uH«^uI&½�@�F�c-R�OPTCI�KV^AF�cuB�aiD�O�HuHJB�U*�

" >�
ÈBYË S\Z°D~FÏ[rQ$#RD�Ë¨B?QT[^]ID=<3; �
?A@CB$UCB!`PBVD�OPaCR�B�T�H�O�bEHJ@iB$^-@CO%K�¿ s Fz`PB s F�^
^uI�RyhiDGF�H-B�U]hC^uI�TCe�H-@CB$DGF�HuHJILK�ByM�OPDLH-Q�RSF�TCT]R�O1UiB�D
UCBV^-K�cuI�x3B�U�I�T�^-BVKVH-I�OPTj71�q?A@iI�^ s F�^5UiOPTCB�hC^-ILTCevF:e�c-I�U$KVOPTC^uI�^uH-I�TCe:O�b �j^-I&HJBV^NI�T$HJ@CB � � UCI�cuB�KVH-I�OPT
F�TCU � ^-I&HJBV^�I�T~H-@CB&%w� UCI�cuB�K!HJI�O�T o[s @CB�cuB �dIL^jHJ@CB s Fz`PBVD�B�Tie�HJ@dO�b:HJ@CB£^-OPhCTiU s Fz`PB�x>BVI�TCe^-ILRyhCD�F�HJBVU­F�TCU � IL^[F�T�F�c-xCI&HJcJF�cu��TwhCRyx3B�cV� 
�B�cuI�O%UCI�K�x>O�hCTCU�F�c��jKVOPTCUCI&HJILOPTC^ s BVc-B:F�aCaiD�I�BVU­F�HBzF�K�@£O�bYHJ@CB:ePcuI�U�B�UiePB�^V�[®1ILTCK�B
aiDGF�TCB s Fz`PB�^/F�c-B
x3B�ILTCe�^-ILRyhCDGF�HJB�U�H-@CB
`�F�D�hCB
O�bYHJ@iB�aic-B�^u^-hCcuB
F�TCU:HJ@iBE`�B�DLO1KVILH,� o F�TCU�@CBVTCK�BEHJ@CBEUCIL^uH-c-I�xihiHJILOPT�b=hCTCK!HJI�O�TC^ o � Í o F�cuBNHJ@CB5^JF�R�BNOPT�BzF�K�@vK�OPDLhCR�TjW �
K�O�TC^uHJF�T�HÃ\·F�TiU­^-O�H-@CB�`�F�DLhCB/O�b � I�^EHJO�HJF�D�D&��F�c-xiILHJc-F�cu���Nµ�BVc-B � Ï ��s F�^[hi^-B�U*�Nl ^-ILTwhC^-OPILU�F�D^-O�hCc-KVB s F�^$R�I�R�I�K�¿�B�Utx���I�TCI&HJI�F�D�IL^-I�Tie­HJ@CB�ePcuI�U s I&HJ@¡F]^uI�TwhC^uOPI�U�F�D�aCcuB�^u^-hCcuB'W=UCB�Ti^-ILH,�i\yF�TiU
`PBVD�O%K�I&H,�j`�F�c-I�F�HJILOPT���?A@�F�H«I�^ o HJ@CB
`PBVD�O%K�I&H,��F�TCU�UCBVTC^-I&H,� s BVc-B�^-a3B�KVIL��BVU]F�KVK�OPcuUCI�TCe$H-O

3 Ï 3 Ð/� � ^-I�T � 7 # ��  W ��¬ \
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������� ¼����:¿ ��sgc,k9c­fzuG�Ih�ce{ÍdIh�ceu�u~�Ih�c}� fih�vxfijGvxozm<fzu�fÐpÌ�gmgwàj�v¥o�m<oip�jGvxklc,pÌozh�j�sIc,�gh�u~j�¬e«
d°cehGvxo_{Iu�oip�o�u�w¢vx�¥��f j�v¥o�m\����sIvxuEw¢ozh�h�ceuGd°o�mg{Iu�jGo9jGsgcW{_cn��cn�xozdIklcnm�jRoip^jGsgcWu~sIo_w�ËlpÌh�ozm�je�

F�TCU
8 Ï � V?W3 Ð ^-ILT � 7 # ��  $ W �Cn \

?A@CB$ILTCILH-IGF�D�`�F�DLhCB�^�O�b � ÍEF�H ��Ï ¬�s BVc-ByHJ@iB�T�KzF�DLK�hCD�F�HJBVU£x��]^uhCxC^�HJILH-hiHJILTCejH-@CB�^uBy`�F�D�hCBV^�I�T�HJO
B� wh�F�HJI�O�T W � \!�S?A@CBSKVOPTC^�H�F�T�H �wÐ�I�T|B� wh�F�HJI�O�T W ¦ \�KzF�T�I�T�ePB�TiB�cJF�D5x3B�`�F�c-I�BVU�HJO�K�@�F�TCePB�HJ@CB
cJF�HJI�OSO�bNHJ@iB�^-@iBzF�c
F�TCU�xChCDL¿�`%IL^-K�O�^-ILH-I�BV^�Á*@iB�c-B�I�^ s F�^/�1½iBVU|F�H ��Ð/Ï n�T 71�/?A@CBv`�F�D�hCBvO�bNHJ@CB
F�R�aCD�I&HJhCUiB·a�F�c-F�R�BVHJBVc � ILT�BV wh�F�HJILOPTC^«W ��¬ \fF�TCU�W �Cn \fF�TCU$H-@CB«F�RyxCILB�T�HNUCBVTC^-I&H,� 3 Ð�UiBVHJBVc-R�I�TCBHJ@iB�Z£F�K�@|T%hiRyx>BVc�³(R Ï � T
3 Ðz�$µ«B�cuB s B�K�@CO%OP^-B � Ï ¬ $ n F�TCU 3 Ð�Ï nz¬ e�IL`%I�TCe R Ï ¬ $ ¬ins @CILK�@�^-F�HJIL^u��BV^«H-@CB:DGF�HuHJI�KVB
M·OPD&HJQVRjF�TiT�K�OPTC^�HJc-F�I�T�H�HJ@�F�H R � n �E¾ H�IL^AhC^-hCF�D�HJO�B!½1aCcuB�^-^«HJ@CB
I�T�H-B�TC^uILH,��O�b«F]^-OPhiTCU s Fz`PB�ILT'HJBVc-R�^yO�bAH-@CB­^-O�hCTCU�aCc-BV^-^uhCc-B�D�B!`PBVD·cJF�HJ@CBVc�HJ@�F�TtHJ@CB�Z�F�K�@
TwhCRyx3B�cV� ¥ OPR�a�F�cuI�TCe�HJ@CBS^-I�R�hCDGF�H-I�OPTi^:H-O�F�^uOPhCTCU s Fz`PB�ILTtF�ILc�F�HyF�HJR�OP^uaC@CB�cuI�K�aCc-BV^-^uhCc-B oR Ï ¬ $ ¬in K�OPcuc-B�^ua>O�TCUC^EHJO�F
aCc-BV^-^-hic-B�`�F�c-IGF�HJI�O�T$O�b n��jnz¬ � 
qF s @CI�K�@�ePIL`�B�^5F
^-OPhiTCUSaic-B�^u^-hCcuB
D�B!`PBVD m 7 ¬�r O�bE7 ¬ DLOPe�W n��tnz¬ � T 7 �tn0¬ ��� \«Ï n���� U�M ® 
5XN��?A@CB�^-ILRyhCD�F�HJILOPT�I�^[H-@CB�T£F�D�DLO s B�U�H-O
BV`�OPDL`�B�F�TCU£H-@CByUCBVTC^-I&H,��F�TiU£`PBVD�O%K�ILH,��R�BzF�^uhCc-BVU�F�H�a3OP^-I&HJILOPT � Ï � T 7SePI&`1ILTCe­F�HJI�R�B�^-B�cuI�BV^
c-BVK�OPcuU'O�b·HJ@CB s Fz`�B���?A@CBjD�F�H-H-I�KVB$B!½1@CI�xiILHJ^�a3B�c-ILO1UiI�K�I&H,��F�TiU'@CBVTCK�BjF�D�DfO�HJ@CBVcva3OP^-I&HJILOPTC^ o b=OPc
F�a�F�c�HJI�KVhCDGF�c�aC@�F�^uB o F�cuB$B� whCIL`�F�DLB�T�Hz�$?A@iI�^
UCI�>*BVc-^
b=c-OPR F­H,�1aiI�KzF�DfB!½1a3B�c-ILRSBVT�H�F�DN^uBVHJhia'F�TiU
HJ@iB­HJ@CBVOPcu�'I�Tt^uB�KVH-I�OPT p£s @CBVc-B�F]^-O�hCc-KVB�I�^ya3OP^-I&HJILOPTCB�U'I�T�F]R�B�UCILhCR°F�TCU¡RSB�F�^-hic-B�R�B�T�H-^
F�cuB�RjF�UiB�F�H�UCI�>*BVc-B�T�H�a3OP^-I&HJILOPTC^yePI&`%I�TCe�F�^ua�F�HJI�F�D·cuB�KVOPc-U¢O�b�HJ@CB�^uOPhCTCU s F0`�B�� ¥ OPR�aCD�B!HJB
I�T1b=OPc-RSF�HJILOPT�b=OPcvF£a�F�c�HJI�KVhCDGF�c�ai@�F�^-BjKzF�Ttx3B­OPx1H�F�ILTCB�U�xw��R�BzF�^uhCc-BVRSBVTwH-^$F�H�UCI%>>B�cuB�T�HyUCIL^��
H�F�TCK�BV^�b=cuOPR¹H-@CB�^-OPhCcuK�B�F�HvF�^-ILTCePD�ByF�c-xCI&HJc-F�cu��HJI�R�B���?A@CB�K�OPTC^�H�F�T�HvUCI�^ua>BVc-^uI�OPT�c-BVDGF�H-I�OPT�O�b
OPhCc·^-I�R�hCDGF�H-I�OPT�B�Ti^-hCcuB�^AK�O�RSaCDLBVH-B/^-aCF�K�BÃ� HJILRSB�B�cuePO1UiI�K�I&H,�SF�TCU­HJ@iB�^-B�H s O$^-I&HJh�F�HJI�O�TC^·x3B�KVOPRSB
K�O�RSaCDLBVH-B�DL��B� whCI&`�F�D�BVTwH­�'?A@�F�H�IL^�HJO�^-Fz� o RSB�F�^-hCcuB�R�B�T�HJ^�F�H�HJI�R�B �vF�TCU � ������b=c-OPR OPhCc
^-ILRyhCD�F�HJILOPTC^NKzF�T­B� wh�F�DLDL��x3B�H-@COPhCeP@�H·O�bgF�^�RSB�F�^-hCcuB�R�B�T�HJ^·F�H�a>OP^uILH-I�OPTC^ � F�TCU � �	� � s @CB�cuB� Ï V W �AF�TCU
� � Ï V W ���Ã�
?A@CB�XgMAZÂUCBV^-K�cuI�x3B�U�I�T�^uB�K!HJI�O�T|7j@�F�^
B� wh�F�HJI�O�T�O�b5^uH�F�HJB % Ï V D W 3�s @CI�K�@�KVOPc-cuB�^-a3OPTCUi^

HJO�F�{ChCI�U s ILH-@ �¢Ï nPoYs I&HJ@|TCO�HJ@CBVc-RSF�DNB�TCBVc-e��|UCIL^-^uI�a�F�H-I�OPT*�S?A@CIL^�F�c-I�^uB�^
b=c-O�RÆHJ@CB�HJBVc-R� : W n ���wÐ�\ 34T 7'ILT~B� wh�F�HJI�O�T W n0p \�x>BVI�TCe'B� wh�F�H-B�U HJOtH-@CB£H-B�c-R � : % I�T¨HJ@CB���Fz`1ILB�c)��®%H-OP¿�BV^
B� wh�F�HJI�O�T o�s ILHJ@ V W Ï m W n ����ÐÃ\ T 7 r 
�( D ���'B�TCO�H-B�H-@�F�H/FSUCI�>*BVc-BVTwH�K�@COPILK�B:b=OPc�HJ@CB�B� whCILD�I�xic-I�hiR
UCIL^uHJcuI�xCh1HJI�O�Tjb=hCTCK!HJI�O�T o B� wh�F�HJI�O�T'W � \ o K�OPhCDLU�K�@�F�TCePB
H-@CB
B� wh�F�H-I�OPT�O�b�^uHJF�HJB
O�b�H-@CB
^-ILRyhCDGF�HJB�U
{�hCILU m§p���r �f?A@CB«UCIL^-^-ILa�F�H-IL`PBAH-B�c-R �[IL^ETCO s B!½1aCcuB�^-^uB�U�F�^ �AÏ��S� �­W=^-ILTCK�B s B�F�cuB�KVOPTC^-ILUCB�cuI�TCe
H s O��,UCILRSBVTC^-ILOPTC^J\SF�TCU¨HJ@CB]KVOPTC^�H�F�T�H 	 Ï n � ?A@CB�cuRjF�D«UCIL^-^-ILa�F�H-I�OPT¨B >>B�KVH-^�KzF�T o @iO s BV`�B�c ox3B$^-I�R�hCDGF�H-B�U�hC^uI�TCe�F�T�B?>*BVKVHJI&`PB$`%I�^uK�OP^uILH,� s @iI�K�@|I�TCKVOPc-a3OPcJF�HJB�^
x3O�H-@]`1IL^-KVOPhC^�F�TCU�HJ@CBVc-RSF�D
D�O�^-^-BV^��E?A@CIL^ s F�^�TCO�H«UCO�TCB:@CB�cuB��

� > #RD�Ë¨B?QT[^]ID=<3;
�4S �	BEQÖ] �
l H,�%aCILKzF�D3^-B!H�O�bgc-BV^-hCD&HJ^[IL^·^-@iO s T�ILTS��ePhic-B:7 s @CILK�@�^-@CO s ^[H-@CB/`�F�c-I�F�HJILOPT�I�TjH-@CB�TCOPcuRjF�D�I�^uB�U
aCcuB�^-^uhCc-B s I&HJ@'H-I�R�BSUChic-I�Tie£HJ@CBSb=OPc-RSF�HJILOPT'O�bAHJ@CB­^u@CO%K�¿ s F0`�B��|¾,TCILH-IGF�DLDL��HJ@CBj`�F�cuIGF�H-I�OPT�I�^
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������� ¼����a¿ |�uTj�fzw�Ëzc­{.dghGoz�g�¥c�ozpÊj�sIcWdIh�ceu�u~�ghGc�� fih�vxfijGvxozm}fzuKfNpÌ�Imgw¢jGvxozm,ozpÊj�sIc;Äyf���c�dIsgfzuGc
f j�u~ce�¥c­wàjGc­{Cj�v¥klceul{_�ghGvxmI��j�sIc,{_cn��cn�xozdIklcem�j9oipKj�sIc,u~sgo	w�ËÐpÌh�ozm�je�C��sIc,{_v�u~jGozhGjGvxozm�oipKj�sIc
v¥mIv¥jGv�fi�Êu~vxm	�gu~o�vx{gfi�Ï� fih�vxfijGvxozm�jGo9jGsIc�� ©W¡ ÂÖu~sgfzd°c­{}u~sIo_w�Ë�Ä�f��zc�vxuEw¢�xcefih��xt���v�uGv¥�I�xcz�

������� ¼����Ê¿ |ÈjTt	dIv�wnfz�:c¢¶IfikldI�xc;oipÊjGsIcN·Ioz�ghGvxcnhyjGh�fim°uTpÌo�hGk ozp�fNj�sIhGcec;Äyf���cn�xcnmI�zjGs&u~ce�zklcnm�j
oiprjGsgcNuGv¥��mgfi�^f j�uGcn�xcew¢jGc­{}jGvxklceu�{_�Ih�v¥mI��jGsIc9cn��oz�x�_jGvxozm,ozprjGsIc9u~sIo_w�Ë&Äyf���cz���¤f	�KhGcedIhGc­u~cem�j�u
jGsIcRvxmIv¥jGv�fi�guGcn��k9cem�jrfij�

�7�����z±Efzmg{lu~sgo ÄKuÊklo�uTjVozp°j�sIcRÄyf���c�cemIcnh��ztWwnozmgwncnm�jGh�f j�ce{Nv¥m9j�sIc
pÌ�Img{Ifzk9cem�j�fi�Êsgfih�klozmIv�w�ÄRv¥jGs,j�sIcNfzk9dg�¥v¥jG�g{Ic�oip�j�sIcNuGcewnozmg{}fim°{&jGsIvxh�{�sgfih�klozmIv�w;uTj�fihGjGvxmI�
jGoµvxmgwnhGc­fzuGcz���Ì���Nfim°{�� w��9u~sIo Ä�j�sIc}u~d�cew¢jGh��Ik f j9�xfijGcnh9j�v¥klceulfzmg{ uGsIo Ä�jGsIc}vxmgw¢h�cef�u~vxmI�
dIhGo�klv¥mIcemgw¢c�oipajGsIc�sIvx�zsIceh�sgfih�klozmIv�wnu�fim°{�jGsgc�{Icew¢h�cef�u~c?oipÊjGsIc�pÌ�Img{gfiklcnm�j�fz�Ïsgfih�klozmIv�w?f�u
� vxmgw¢h�cef�u~c­un�

������� ¼����\¿ ��sIc�� fih�vxfijGvxozm$v¥m$jGsIc�h�cn��f j�v¥��cÐfzk9dg�¥v¥jG�g{IcÐozp�j�sIcÐ�gh�u~j�u~v¥¶7sgfzhGklozmgvxweu.pÌo�h
fimµvxmIv¥jGv�fi�x�¥tÐu~vxm	�guGozv�{Ifi�^mIozmIÂÓ�xv¥mgcefih�Ä�f��zc9{_�Ih�v¥mI�&j�sIc�{_cn��cn�xozdIklcnm�j;oip�jGsIc�uGsIo_w�Ë}pÌhGo�m�j�pÌo�h
jGsIh�cnc�{_v¥ÎÏcnh�cnm�jN�Rcet�mgoz��{Iu;m	�Ik���cnh�ue�aj�sIc.��f�w�sÐm	�IkN�°cehWv�u���� ²�� ²g¬z���ÖmCc­fzw�sCwnf�u~clj�sIc
m��gk9cehGv�wnfz�°uGoz�x�_jGvxozm.oipaÀy�Ih��zcnh�ue¡ice£��gfijGvxozm �¤±i×��Vvxu�hGcedIh�ceuGcnm�jGc­{l��t�fWuGoz�xv�{��¥vxmIc���|E�xuGoNuGsIo ÄRm
pÌozh%wnozkldgfih�v�u~o�mNv�urj�sIcE·I�g�Iv¥mgv�Â"!�sIvxhGo�m�u~o��¥�_j�v¥o�m\�zc­£��gf j�v¥o�m#�¤��´	�à�ipÌo�hVcef�w�sloipÏjGsIcEsgfih�klozmIv�wnue�

F�aCaic-Oz½1I�RSF�HJBVDL��^uI�TwhC^-O�I�U�F�D o @CO s B!`PB�c�HJ@CIL^�K�F�T]x3B�^-BVBvH-OjK�@�F�TiePB$F�^�HJ@CB s Fz`�ByBV`�OPDL`�B�^���?A@CI�^
UCIL^uHJO�cuHJILOPT|O�b[HJ@iBjI�TiILHJI�F�Df^uI�TCB s Fz`PBjKzF�Ttx3Bj^uB�BVT¡RSOPcuBSKVD�B�F�c-D&��I�T��CePhCc-B p�s @CILK�@t^-@iO s ^yF
^uHJF�K�¿�aCcuO���D�B
cuB�aCcuB�^uB�T�HJILTCeSH-@CB:TCOPc-RSF�DLI�^-BVU�aCc-BV^-^uhCc-B�O�bqH-@CB s Fz`�BvaCDLO�H-H-B�U�F�e�F�I�TC^�HAHJ@CB s F0`�B
aC@�F�^-B�F�H/UCI%>>B�cuB�T�H�HJILRSBV^���?A@iB$K�@�F�TCePB�I�T£H-@CByb=OPc-R O�bNH-@CB$OP^uK�I�DLDGF�H-I�OPT�K�F�T�x>B�K�D�B�F�c-D&��^-B�BVT
I�T���e�hCc-B p �

¾,T OPcuUCB�c�HJO�K�OPR�a�F�cuB�H-@CB�^uB]c-BV^-hCD&HJ^ s I&HJ@¢HJ@CB�HJ@CBVOPc-B!HJI�K�F�D�F�T�F�D&�1^uI�^ s B�TCB�BVU HJO�D�O%OP¿
F�H�HJ@CBSePc-O s H-@¡F�TCUtUiB�KzFz�|O�bAH-@CB�b=hiTCU�F�R�B�T�H�F�D·F�TiUt@CI�e�@CB�c�@�F�cuRSOPTiI�K�^ s I&HJ@CILT�HJ@iB s F0`�B�^V�
?A@CIL^ s F�^«UCOPTiB
xw��UiIL`%I�UCILTCe�H-@CB:c-B�^uhCDLH-^AI�T�HJO�^uB�ePR�B�T�HJ^ s I&HJ@�D�BVTCe�HJ@ p � I�T�^uhCK�@]F s F0�jHJ@�F�H
^-BVePR�B�T�H�$�KVOPT�H�F�ILTC^]W%$ � n \ � � n'& � & W%$ ��7P\ ��� �5F�K�@ O�b�H-@CB�^uB£^-BVePR�B�T�HJ^ s F�^�HJ@CBVT
��OPhCcuI�B�c$H-cJF�TC^�b=OPc-R�B�U~F�TCU¢HJ@CB�c-B�^uhCDLH-I�TCe|^-a3B�K!HJcuhCR KVOPTC^uI�UCBVc-B�U¨HJO|c-B�aic-B�^uB�T�H�HJ@iB s Fz`PB�F�H� Ï�W%$ � n�T 7P\ �g�A?E�%aCI�K�F�DqcuB�^uhCDLH-^/O�bN^uhCK�@�FSaic-O%K�B�UihCc-B$F�c-B�^-@CO s T�I�T���ePhCcuB ��s @CI�K�@]^u@CO s ^
HJ@iB£K�@�F�TiePB]I�T¢HJ@CB£^-a3B�KVH-c-hCR F�Hj^-B�DLB�K!HJB�U¯UiI�^uHJF�TCKVB�^jb=cuOPRÂHJ@CB£^-OPhCcuK�B�� l/^jB!½1a>BVKVH-B�U¯HJ@CB
F�R�aCD�I&HJhCUiB$O�b·H-@CBS@iI�eP@CBVc:@�F�c-R�OPTCILK�^:I�^:^uB�B�T�HJO�I�TCKVc-BzF�^-B s ILHJ@�aCc-O�a�F�e�F�H-I�OPT�UCIL^uHJF�TCK�B o H-@CI�^
I�^�UChCByH-O�B�TCBVc-e��£x>BVI�TCejH-cJF�Ti^ub=B�cuc-BVU�H-OjHJ@iB�^-B$@CF�c-R�OPTCILK�^�b=cuOPR HJ@CB�b=hiTCU�F�R�B�T�H�F�Dq@�F�cuRSO�TCI�K
s @CILK�@�I�^·^uB�BVT�H-OyUCBVK�c-B�F�^-B:ILT­F�R�aCD�I&HJhCUiB��q?A@iB
K�@�F�TCePB/I�TjH-@CB�RSF�ePTCI&HJhCUCB«O�bgB�F�K�@�b=c-B� whCBVTCKV�
K�O�RSa3OPTCBVTwH s F�^�BÃ½1H-cJF�K!HJBVU b=c-O�R H-@CB���OPhCc-ILB�cjH-cJF�Ti^ub=OPcuR b=OPc s Fz`PBV^ s I&HJ@ HJ@ic-B�B�UCI�>*BVc-BVTwH
´�BV�%TCOPDLUC^�TwhCRyx3B�c-^ o ´�B)( n � �P¬P¬ioSnPoLnz¬P¬ F�TCU n0��¬ � ?A@iI�^ s F�^�F�K�@CILBV`PBVUÀhi^-I�Tie F~�1½iBVU
s F0`�B�DLB�TCe�H-@ ��Ï ��¬�¬ F�TCU»`�F�cu�%I�TCe¡H-@CB�{�hCI�U»`%I�^uK�OP^uILH,�¯hC^uI�TCe - Ï ¬ $ �P�1o/¬ � ��¤ F�TCU ¬ � ª��
c-BV^-a3B�K!HJIL`�B�D&�P�E¾,T­BzF�K�@­KzF�^uB/HJ@iB
Z£F�K�@�TwhCR�x>BVc s F�^��i½1BVU�F�H R Ï ¬ $ ¬in �f?A@iB�^-B�F�c-B�^-@CO s T�I�T
��ePhic-B � b=OPcgHJ@CB5��c-^�Hf^-I±½�@�F�cuRSOPTiI�K�^�F�DLOPTCe s ILHJ@�HJ@CB�TwhCRSBVc-ILKzF�Dw^-O�D�hiH-I�OPT�O�b M·hic-ePBVc-^���B� wh�F�HJI�O�T
F�TCU�HJ@CB5I�T�`%I�^uK�ILU���hCxCILTCI&�)k:@iI�c-O�T
^-OPDLhiHJILOPT
b=OPcgK�OPR�a�F�cuI�^-O�T���¾,TvePB�TiB�cJF�DwH-@CB·^uI�RyhiDGF�H-I�OPT
cuB�^-hiDLHJ^
^-@iO s BÃ½1K�B�DLD�BVTwH/F�ePcuB�BVRSBVTwH s I&HJ@�H-@CB�T%hiRSBVc-I�K�F�D_^-O�D�hiH-I�OPT�O�bfM·hCc-e�B�c-^V� B� wh�F�H-I�OPT���?A@CB�cuByF�cuB o
@CO s BV`PBVc o ^-OPR�B£cuB�ePILOPTC^ s @CB�cuB£HJ@iB�c-B�I�^jF�^-RSF�DLDAUCBV`%IGF�HJI�O�T�� �
TiB£^-O�hCc-KVB]O�b
BVc-c-O�cjI�T¢HJ@CB
F�T�F�DL�%^-IL^[I�^[H-@�F�H s BvF�c-B:a>BVcub=OPcuRSILTCe�H-@CB:��OPhCc-ILB�c·H-cJF�Ti^ub=OPcuR O0`PBVc«H-@Cc-BVB s Fz`PBVD�B�Tie�HJ@C^«UChCcuI�TCe
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s @CILK�@jHJ@CBVc-B«I�^�FvK�@�F�TCePB/ILT�H-@CB�F�RSaCDLILH-hCUCB�^NO�b�HJ@CB«@�F�cuRSO�TCI�KV^ o x>O�HJ@jUihCB�H-O�B�TiB�c-e���H-cJF�Ti^ub=B�c
x3BVH s B�B�T�HJ@CB�@�F�cuRSO�TCI�KV^:F�TCU�UChCB�HJO�`%I�^uK�OPhC^:U�F�RSaCILTCeC�$?A@CBVc-B!b=OPc-B$HJ@iBj��OPhCcuI�BVc/HJc-F�TC^ub=O�c-R
s I�DLDfTCO�HvOPTCD&��K�O�TwHJF�I�T|a3BzF�¿w^yF�H�H-@CB�b=c-B� whCBVTCKV��O�b�HJ@CBS@�F�c-R�OPTCILK�^ o xihiHyF�D�^-O�K�O�TwH-c-ILxChiHJILOPTC^
UChCB�HJO:HJ@iB�K�@�F�TCePB/ILT$HJ@CBV^-B�F�RSaCDLILH-hCUCB�^NO0`�B�c�H-@CB«^JF�R�aCD�B��q?A@CIL^�K�F�Tjx3B�^-BVB�T­ILT���e�hCc-BV^ � W�F�\
F�TCU¢W=x \ s @iB�c-ByH-@CBv`�F�DLhCB�^/x>B!H s BVB�T�!�Ï n F�TiU !'ÏÀ7jF�TCU�x3BVH s B�BVT�!'ÏÀ7jF�TCU !�Ï p F�c-B
TCO�H[Q�B�cuOC�N?A@CBV^-B
��ePhCcuB�^[cuB�aCcuB�^uB�T�H�HJ@CB�B�F�c-D&�j^�H�F�e�B�^[ILT­HJ@CB�UiBV`PBVD�OPaiRSBVTwH[O�bgHJ@CB�^u@CO%K�¿ s F0`�B
s @CBVc-B/H-@CB�cuB�I�^5HJ@CB�DGF�cuePB�^�H·K�@�F�TCePB�ILTjHJ@CB/F�R�aCD�I&HJhCUCB�O�b_H-@CB/@CF�c-R�OPTCILK�^��ql[H[DGF�HJB�cEHJILRSBV^ o ^-BVB
��ePhic-B � W=K0\ o HJ@CB/K�@�F�TCePB/I�TjH-@CB�@�F�cuRSO�TCI�K�F�R�aCD�I&HJhCUCBV^�IL^·^uRjF�DLD�BVc·F�TiU�^-OyIL^�HJ@iB/`�F�D�hCB�O�bgHJ@CB
��OPhCcuI�B�cEHJc-F�TC^�b=OPc-R x>B!H s BVB�T�HJ@iB�@�F�cuRSOPTiI�K�^V�f¾,T­ePBVTCB�c-F�D>H-@CB�^uB:F�UCUCI&HJILOPT�F�D�KVOPT�HJc-ILxChiH-I�OPTC^·F�c-B
^-RSF�DLDNF�TCU o K�OPR�xCI�TCBVU s I&HJ@|TwhCRSBVc-ILKzF�DEB�cuc-OPc o F�K�K�O�hCT�Hvb=OPc
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^-@iOPhCD�U¯x3B�B� wh�F�D�DL�~F�aCaiD�I�K�F�xCDLB�HJO¡^�HJhCU1�1ILTCe�^uHJF�TCUCILTCe s Fz`�B�^�F�TCU»aCc-O�a�F�e�F�H-I�OPT¨I�T»F¡aCILa>B
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X<FIH_;Y<��OQ~Sa`��>Ë S1;%] �
?A@CIL^ s OPcu¿ s F�^�a�F�cuHJI�F�D�D&��^-hCaCa3OPc�HJB�U�x�� � 
�®1´ ¥/o @ *$�
�4S���S\ZIS%;?FÏS �
� ¬	�W���g·Ih�vxu�w�s\�IÀ��I�Ef�uGuG��fzw�sIceh�fzmg{�
N�gq�o�k9c­fi�\�
��������������������������� �
� ¬­´z²�´.¬e��³z«I�
� ±��W���V·Ih�vxu�w�s\�%bN�%{:¡V�E�Iklv� cehGc­un��À?�V�?fzu�u~��fzw�sgcnh­�Vq����Êfi�x�¥cek�fimg{:��
N�Vq�o�k9c­fi�Ífimg{O�g� ÂÃq��r�Rvx�zcnje�"!$#�%�&(')�+*

, ���-���	%.� 	 «i×��&¬e�z³	¯	�
� ����ªÏ�0/�o���pÌh�fik}��12� , ��3����4�$������� � � ×_¯	¬9¬e��³z«I�



���������	��

����������������������� �!�"�$#%�&�����	���'�)(
�*����+,���"�*
-��./�0��#1�32�45��6�
�� n 7

� × �Wq%hGo_w¢cece{_vxmI��uRoip$/Ðozh�Ë_u~sIo�d�oip%�Êfih��zc�©EozmI�xvxmIcefzh�ª	t_u~jGcnk�ue�\ª_fim�j�f�·Ic���c­{_v¥jGce{µ�	t�!9�ÏbN�Ïb?o	oz�xcnm �~¬e��³z«	�¢�
qV�I�g�¥v�u~sgce{�v¥m !$#�%�&(' � * , ���-���	%.� 	 ´i×�´�¬e��³�¯	�

� ´��Wq%hGo_w¢cece{_vxmI��u?ozpy�Êf j~j�vxwnc !�fzu;�,cnjGsIo_{Iu;pÌozhWq%b��%ueÔW��sIceozh�tz�a|EdIdI�xvxwef jGvxozmCfzmg{��?fih�{_Ä�fih�cz�\�\o�u;|K�xklo�ue�
ce{_v¥jGc­{&��t
!9�gb��°bEo	oz�xcnm �~¬e�z³��	�¢�	q%�I�I�xvxuGsIc­{.vxm �$����� ��� 3�� ��� ¬l¬e���I¬��

� «��Wq%hGo_w¢cece{_vxmI��uNozp�|?{_� fimgwnce{<�Rc­u~c­fih�w�s /Ðozh�Ë_u~sgozdÍozm<�afij~jGv�w¢c�!�f�u�|K�IjGozk�fij�fI�R©Evxwncz��ce{_v¥jGc­{4�	tO�°� ÂÖq��
Àyo�o�m\�:¬e���I¬���q%�I�I�xvxuGsIce{&vxm 1�� , � 3 � �4�$�2����� �	� �i×_¯�¬­�z��±_�

� ¯ �W©��g��fih��zo��¥�°un�	���g�ÊoiÎÏoz�xv\fimg{�!9��
?vxw�sImgvxf�wi�
�$�2���	����������� �	� ��� �
� ¬e«��i×.¬­�z³�«I�
� ³��W����§�sIcnma�°ªÏ�°§�sIcem}fzmg{�!9�Ib���bEo	o��¥cem\�
�$��������� �������
� 	���� ¬e«g¬N¬­�z³z�g�
� ���Wq��I�Êf���fz�¥�n¦cecz� �$������� � ��������� 	2��� �z��±.¬e����±I�
� ¬e²��W����§�sIcnma�°ªÏ�°§�sIcem\��!9�gbN�gb?o�o��¥cem,fimg{�
N��§?�°�\cnc�� !$#�%�&(' � * , ���-���	%.� � ±�´i��¬e�z³�³I�
� ¬z¬	� 
9�°ª	�g{_o�fzmg{�
�� /��°ª_dgfih�hGo Ä;� 12� !$#�%�&	�2����� � #���� ��� 	 ×	±i��¬e���z�I�
� ¬­±�� 
9�°ª	�g{_o�fzmg{�
�� /��°ª_dgfih�hGo Ä;��������� 12� ��� ¬�´i³�±�¬­�z��´I�
� ¬e��� 
9�°ª	�g{_o�fzmg{�
�� /��°ª_dgfih�hGo Ä;� 12� !$#�%�&	�2����� � #���� ��� � «��&¬e�z��´_�
� ¬n× ��ªÏ���l��©E�IklhGv�w�s\���W��|�����h��_j�fzh%fimg{��W��ª_£��Ivxcnh­� �Öm !$#�%�&	�2��3�� � #�� 3�'�� � #����-� ��� ���
#�'��2% ��� �	©Ko�h~j�s_ÂÖ�Koz�x��fimg{

³I¬9¬e���z�I�
� ¬­´��Wq��gª�j�fimguGcn�x�\fim°{,§?�°|W��!�h�cefijGce{\�
�$����������' � ��! �#",��±i³z³.¬e����¯	�
� ¬e«��WbN�g�W�°�Roij�sIk�fim\�%$�� # &0��������� �-����� �	� � � 	�� ¬ ¯.¬e�z³	¯	�
� ¬�¯ �W�°�I�K�gfzmI�g��
9��§�s	�,fimg{,§?�2
?vxm\�&$�� # &0��������� �-����� �	� ��� 	 � ¬­±i���.¬­�z³�³I�
� ¬e³���ªÏ�Ï§�sIcnm}fimg{�!9�gbN�gb?o	oz�xcnm\�'�(�'���0� �������
��' � ��!*) � � � � �	+ ��±z�.¬­�z��³I�
� ¬e���W�;�°À�cemIÁnvÓ�gªÏ�°ª_�gwnwnvafimg{&�C��
rcehG��fzu�u~o��xfg�2��������������&4� � � � ¬e×�«�¬e�z��±_�
� ±i²��W�°�I�C�gÀy�Iv�w�ËÏ�°§?�g|W��!�h�cefijGc­{�fzmg{�bN�g�C�Ï§yfikldI��cn�x�¤�	,#�.-+# &0������� � �	� ��� � � ±i��´.¬e���z³g�
� ±_¬	��ªÏ�Ï§�sIcnm\�I����§�sIcem\�gbN�g��fihGjGvxmIceÁ�fzmg{ /��g��fij~jGs°ficn�°un�
�$�2��������������� ������� ��� ��¯�¯ «.¬e�z�g¬z�
� ±z±�� 
9�g�W�	/?v�fima�Ib��g{\¡g�K�Iklv� cnh�ceu�fzmg{�q<�Êfi�x�¥cek�fimg{:�',#�.-+# &0��������� �	� � � 	.� ×	¯ ��¬e����±I�
� ±i���Wq��I�%�gÀysgf j�mgfi��fih­���E�Iq���!�hGo�uGu�fzmg{}�C�I��hGo	o�Ë��0�$�2��������������" � ´_¬�¬N¬­��´ ×°�
� ± × ��ªÏ�Ï§�sIcnm\�°��� /ÐfzmI�g�.0N�°ª	sgfzm,fimg{#!9�gbN�gbEo	o��¥cem\��12� , ��3������$������� �'� �	¯ ��¬e����±_�
� ±z´��W����§�sIcnma�°ªÏ�°§�sIcem}fzmg{}�W�g�µf j~j�sgfice�gue�
�$��������� �	���
� � � ´z�z�z��¬e����±I�
� ±i«��N�^�I�av¥ma�g�W�g·°fimI��fzmg{��W�g�Êfzog�
�$�2�������������
, ��� «z��±i��¬e�z��«I�
� ±�¯ �1/N�°��o��\�gªÏ�g�Eoz�,fim°{
!9�gbN�gb?o	oz�xcnm\��12� , ��3������$�2���	� �4	 �I¬­�.¬­�z��´I�
� ±i³��N®N��
��\�K�g{_cnmgËzo,fimg{ÐªÏ� �à�\ª	o��¥�It�fim\�32(�0� #�-+��� ��� 3 '4� #��.� ! 3�� � #��0� #65�7.#��
' � �(� 3�-8� � #����-� ��� �à�Ê§�ozmguG�I�¥j�fzm�j�u

Ày�IhGc­fi�\�_©EcnÄ 
Vozh�Ë�¬e�	¯z¯	�
� ±i���WbN��!9�I§�hGvx�zs�j�ozm\�z|���q���bEo ÄR�xvxmI�g���g���K��·ÊpÌo Ä�wnu /<vx�x�¥v�fik�ue���C��|W�	�Kc­w�Ë��°fimg{�·y�	|W���acndIdgv¥mI�zjGo�m\� ) # ! �9-:�

) �	� � # ! � � ���(� 3�' ��� ��� 3�'�� � #����-� ��� �à�gª	dghGvxmI�zceh~Â;
rcnh���fi�.¬­�z��±_�
� �z²��W�%�I�afim°{Ifi�}fimg{}�E�I�\v¥p u~sIv¥jGÁ��	��' � ��!�) � � � 3�� ��� ����q�cnh���fzk9o�m.qVh�ceu�ue�	©EcnÄ 
Vozh�Ë�¬e��«z�g�
� �I¬	�W�%�I�,cnmI���It�fzmg{&�g��!�vx�¥��cnhGje�Ïª	�I�Iklv¥j~j�ce{�jGo<� � ���-� ��� 3�=>� � ��38� � ���-� ��� 3N¬e���z�g�
� ��±���!9���?fi�x��fimg{ �°���C� /Ðfij~j­� ) # ! �?-:�@7A�2% �9- ��� 3�' ) �	� � # ! �B5	#�-DC#- !�� � 3�--�E� � F �9-+�9�0� � 3�'G,IH9�03�� � #��0���

§��xfzhGcemg{_o�m�qVh�ceu�ue�I®E¶	pÌo�h�{�¬e�	¯ «I�
� �z���W©?fi���Roz�IjGvxmIc;b?²�±�§y·��g�I��sgcW©E| ! ·IozhGjGh�fim}�\vx�Ih�fih�tz�_��fzhGË,¬e×&¬­�z��²I�
� �i× �WbN�9�����Roij�sIk�fim fzmg{ ªÏ���Ïfi�xceuGË	v � 3�� � ��� �9=:$�3�� !$�	' '��2' 3�-J�(�2� # % 3 � 3 � , � %�&(' � % # ! �	' � #K5 � #�%�&(')�+*

��� ! -+# ! ���(3 % ��� �à�:§yfzk��Ih�vx{I�zc��KmIvx�zceh�uGv�jTt�qVh�ceu�un�g§yfikN�Ih�vx{_��cN¬­�z�	¯	�



���������	��

����������������������� �!�"�$#%�&�����	���'�)(
�*����+,���"�*
-��./�0��#1�32�45��6�
�� n0p

0

e

e e

e

e

4 e1

6

2e3

5

�qILePhCc-B n



���������	��

����������������������� �!�"�$#%�&�����	���'�)(
�*����+,���"�*
-��./�0��#1�32�45��6�
�� nz�

0 10
t/T

−1.0

−0.5

0.0

0.5

1.0

q

�qILePhCc-B
7



���������	��

����������������������� �!�"�$#%�&�����	���'�)(
�*����+,���"�*
-��./�0��#1�32�45��6�
�� n��

0.0 0.5 1.0
τ

−1.0

−0.5

0.0

0.5

1.0

q

�qILePhCc-B p



���������	��

����������������������� �!�"�$#%�&�����	���'�)(
�*����+,���"�*
-��./�0��#1�32�45��6�
�� n0�

0 1 2 3 4 5 6 7 8 9 10
n

0

1

an

0

1

an

0

1

an

(a)

(b)

(c)

Increasing σ

�qILePhCc-B �



���������	��

����������������������� �!�"�$#%�&�����	���'�)(
�*����+,���"�*
-��./�0��#1�32�45��6�
�� n�¤

0.0 0.2 0.4 0.6 0.8 1.0
σ

0.70

0.80

0.90

1.00

a1

Re = 1,600
Re = 1,100
Re =   160
Burgers
Fubini−Ghiron

(a) First harmonic

0.0 0.2 0.4 0.6 0.8 1.0
σ

0.00

0.10

0.20

0.30

0.40

a2

Re = 1,600
Re = 1,100
Re =   160
Burgers
Fubini−Ghiron

(b) Second harmonic

0.0 0.2 0.4 0.6 0.8 1.0
σ

0.00

0.10

0.20

a3

Re = 1,600
Re = 1,100
Re =   160
Burgers
Fubini−Ghiron

(c) Third harmonic

0.0 0.2 0.4 0.6 0.8 1.0
σ

0.00

0.05

0.10

0.15

a4

Re = 1,600
Re = 1,100
Re =   160
Burgers
Fubini−Ghiron

(d) Fourth harmonic

0.0 0.2 0.4 0.6 0.8 1.0
σ

0.00

0.05

0.10

a5

Re = 1,600
Re = 1,100 
Re =   160
Burgers
Fubini−Ghiron

(e) Fifth harmonic

0.0 0.2 0.4 0.6 0.8 1.0
σ

0.00

0.05

a6

Re = 1,600
Re = 1,100
Re =   160
Burgers
Fubini−Ghiron

(f) Sixth harmonic


