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BDCFE�GIHKJMLNEOCQPORTSMUWV,XYPZROR\[^]M_M`MaKHKPTS@CbJ5CbXTRTHdceaKU!RTS,CbR�fMU/CbagRhE�HgRTSiRTSMUjck[lJ,PTU � _MU/J,ceUmPn[lo`MadClcYGpS,[laKUqUkrsCb]t[lXYCsR\Hg[QJ �gumv �xwnBDU>Clc/ceU/]yRTUmfiS,HKP�X\U/PT_MagR�RTS,CbRzCb],],CbX\UkJ{RTaK|p]M_,XTUjPZR\CbRTU/PckClJ}UkrQ[laKrlU~HKJ{RT[��^Hg�yU/f}PZR\CbRTU/P>E�SMUkJ}RTSMUiU � U/c�R^[bohLQX\CFrIHgR�|	[lJ � _�CbJ{RTHK�kUmf�V,UkadfMP>HKPR\ClGlU/J�HKJQR\[7CQckck[l_MJ{R/w>�yHgJ,ckUNRTSMHdP!HKPWHKJ�ck[lJ{RTXYClfyHdc�R\Hg[QJ	E�HgRTS � _�CbJ{RT_M���NUmcYS,CbJ,HKc/PDSMU
]MX\[l]t[QPTU/f�C��^[yfyH�VtckCsR\Hg[QJ�[boWRTS,HKPpRTSMU/[lX\|lw���U	E�HKaKazPTSM[lXTRTaK|�fyHdP\ce_,P\P^RTS,HKP��N[yfyHgVM�
ckCbRTHK[lJ���`M_yR~`�Uko�[lX\U7fM[lHKJML�PT[�EnU5PZS,[l_Madf}U/�N],S,ClPTHg�/U�R\S,CsR~E�HgRTS�RTSMHdP^�^[yfyH�VtckCsR\Hg[QJBDCFE�GIHKJML�CQckckUk]yR\U/fpC�`MX\U/CbGyfy[sE�J~[lo�]MX\U/fyHdc�RYCb`MHKaKH�R�|~ckCl_,PTU/fp`I|NRTS,U!J,[lJy�x_MJMHgR\ClXTHgR�|�[lo
RTS,UDUkrQ[laK_yRTHK[lJ~[lo�]M_MX\UzPZR\CsR\U/P�HgJ{RT[>�NHg�yU/fpPZR\CbRTUmPkw w o�_MaKa�RTSMU/[lX\|�[lo � _�CbJ{RT_M��LlXYCFrIH�R�|EO[l_Madf>ck[lJ{R\ClHgJN|lUkR�ClJM[bR\SMUkX�_MJ,ckUkXTR\ClHgJ{R�|jCb`t[srlU�BhU/HKPTUkJI`tUkX\L 1 P�_,J,ceU/XZRYCbHKJQR�|q],XTHKJ,ceHK]MaKUlw
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� HKJ,PZRTU/HgJ�[lJ,ckU~PTClHKf�Cb`t[l_yRWR\SMHKPW_,J,ceU/XZRYCbHKJQR�|�]MXTHKJ,ckHg]MaKU�� � [yf�fy[IU/PWJM[lRW],aKCF|�fMHKckU��MwBDCFE�GIHKJML 1 P�PT[laK_yRTHK[lJ5R\[^RTSMUj]�CbXYClfy[F��E�ClP�CQP�SMUj],_yRDHgR8��� � [yf5JM[bRh[QJMag|7]MadCF|yP�fyHKckUl�BhUjPT[l�^UkRTHK�NUmPORTSMX\[sEhPORTS,Uk� E�S,UkX\UzR\SMUk|7ckClJMJM[bR�`tUjPZU/UkJ��,w
� [�CbaKaK[sE � _,ClJ{RT_M��PZR\CbRTU/P>RT[�UkrQ[laKrlU~o�X\[l� ]M_,XTUiHgJ{RT[��^H��yU/f�P�RYCsR\U/P/� BDCFE�GIHgJ,L

HKJQR\XT[yfy_�ceU/f�RTSMU�PZ_,]�U/X\P\ckCbRZRTU/XTHKJML}[Q]�U/X\CbRT[QX~RTS,CbR7�~Cl],P�fyU/J,PTH�R�|��~CsR\XTHdceUmP~R\[ U/CQcYS
[bR\SMUkXmw���SI_,P>o�[lXNC�PT|yP�R\Uk� RTS,CbR�HdP�fMU/P\ceX\Hg`tU/f HKJ�ClJ}HKJMH�R\HKClaOPZR\ClLlUp`I|�RTS,U7fyU/J,PTH�R�|
�~CsR\XTHg���	 "!jClJ,f�HKJ}C7V,J,CbaOP�RYCbLQU~`{|�RTSMU7fyUkJ�PZHgR�|��~CsR\XTHg�$#�	%'&pRTSMU�PT_M]tUkXYPTc/CsRTRTUkX\HKJML
[l]tUkXYCsR\[lX)(��~Cb],P*�	 "!OR\[+#��%'&

#�	%'& � (  "!%'& �� "! � , � w u>-
��SMU/Ji`t[bR\SiR\SMUqHKJMH�R\HKCla�CbJ,f�RTS,UWV,J,Cba�fMUkJ,PTH�R�|��^CbRTX\HKckU/P�fyUmPTckXTHK`tU!],_MXTUqPT|yP�R\Uk�~Pk�

H w UQw�RTSMU/|iCbX\U![bo RTSMUWo�[QXT�
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RTS,UkJ}R\SMU@PZ_,]�U/X\P\ckCbRZRTU/XTHKJML	[Q]�U/X\CbRT[QX�ckClJ `tUiUk�y]MXTUmPTPTU/f}HgJ RTUkX\�~P>[lohRTS,U � _,ClJQR\_M��^U/cYS,ClJMHdckCbaWP\ckCsRTRTU/XTHKJML}[Q]�U/X\CbRT[lXmw.��S,U�P\ckCbRZRTU/XTHKJML}[Q]�U/X\CbRT[QX  �~Cb]�PpR\SMU�HKJMHgRTHdCbaPZR\CsR\U!RT[^RTS,UzV�J,Cba�PZR\CbRTUqCbJ�f�HdP�_MJMHgR\ClXT|�PT[^H�Rh�~Cl],P�]M_MX\UqP�RYCsRTUmPORT[^]M_MX\UqP�RYCsR\U/P , PTUkU
PTU/c�R\Hg[QJ � w 6 - w0/M[lXWCp_,JMH�RYCbX\|@]MX\[IckU/P\P�R\SMUNPT_M]tUkXYPTc/CsRTRTUkX\HKJML�[Q]�U/X\CbRT[lX!ckClJ	`�U^PTSM[sE�JRT[^`tUX�
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Bh[sEOUkrQUkXm�sH�o R\SMU�HgJ,H�R\HKCla�PZR\CsR\U�HKP�PZ_,cYSNR\S,CsR HgR�S,CQP CWPZHKLlJMHgV�c/CbJ{R ]MX\[l`,Cl`MHgaKHgR�|qRT[Wo�[QXT��C
`MadClcYG^SM[QagUQ�QR\SMU!V,J,Cla PZR\CbRTU!E�HgaKa `�U!R\SMUkX\�~Cba�CbJ,fpRTSI_,PnRTS,UzU/rl[laK_yR\Hg[QJ�HdPnJ,[bR�_MJMHgR\CbX\|lw
/M[QX PZ_�cYSN],XT[yceUmPTPTU/P R\SMUkX\U�HKP JM[qPTc/CsRZR\UkX\HgJ,L!�~CbRTX\H����lPT[!RTSMUDPT_M]tUkXYPTc/CsRTRTUkX\HKJMLz[Q]�U/X\CbRT[QX
ckClJMJM[lR�`tU7Uk�y]MXTUmPTPTU/f�HKJ�RTSMU5Cb`t[srlU~o�[QXT�5w}BzCFE�G{HKJML	],XT[Q]�[{PZUmf�RTS,CbRNJ,[lJy�x_MJMHgR\ClXT|
]MX\[yceU/P\PTU/P�CbX\UWJMUkrQUkXTRTSMU/agUmPTP�CbaKaK[sEnUmf�CbJ�f�R\SMUkHKX�UkrQ[laK_yRTHK[lJ7HdP�LlHKrlU/J�`I| , � w u - w�IHKJ,ceUDEnUDfM[jJM[bRnS,CFrlUhCqck[l�^]MaKUeRTUDRTSMU/[lX\|jR\S,CsR�_,JMH�V�U/POCbaKaMo�[l_,X o�[lXYceUmP [bo�J,CbRT_MX\Ul�
EOU!fy[�JM[bR�GIJM[sE�E�SMUkRTSMU/XO[QXnJ,[bR�PZ_,cYS7CqR\SMUk[QXT|~EO[l_Madf~S,CFrQUzC�_MJMHgR\ClXT|NRTHK�^UzU/rl[Qag_y�
RTHK[lJ�[l]tUkXYCsRT[QX/w ��S,CsR�EOUDfy[>GIJM[sE�SM[sEOUkrQUkX HdP�RTS,CbRnUe�y]tUkX\Hg�^U/JQRYP�S�CFrlUhClPn|lUkR�JMU/rlUkX
`tUkUkJ^HKJ~ce[lJ{R\X\CQfyHKceRTHK[lJ�E�H�R\S � _,ClJ{RT_M� �^UmcYS,CbJMHdckP/w w aKay]MXT[yckU/P\PZUmP EOU�S,CFrQUn`tUkU/J^Cl`MaKURT[��NUmClPT_MX\U>PZ[po CbXzc/CbJ@`tU�fyUmPTckXTHK`tU/f@`I|5CpPTc/CsRTRTUkX\HKJMLp[l]tUkXYCsR\[lXm�,PT[~RTSMU>o�_MaKa�R\SMUk[QXT|
PTSM[l_Madf7CsR�agUmClPZR�X\U/fM_,ceUzRT[~C�_MJMHgR\CbX\|^RTS,Uk[lX\|~HKJ�R\SMUWagHK�^H�R�R\S,CsR�LlXYCFrIH�RYCsR\Hg[QJpHKPOEOU/ClGtw

w ]MX\[l`MaKUk� JM[sE Hg�^�^U/fyHdCsR\UkaK|�CbX\HdPZUmPzE�HgRTS�BDCFE�GIHKJML 1 P!�^[IfMH�V,Umf	R\SMUk[QXT|Q��E�SMHdcYSckClJW`�Un_MJ,fyU/X\PZRT[I[yfWClP o�[QagaK[sEhPkw�6xR HdP�`�U/agHKUkrQU/f!R\S,CsR�[QJWRTSMU�7 adCbJ,cYG!PTc/CbaKU LlXYCFr{HgR\CbRTHK[lJ,Cla
ce[QagadCb]�PZUj[lo��~ClP\PZHKrlU>[l` / Umc�R\Pz[yckck_MX\Pho�XTU � _MUkJ{RTaK|lw86 J�BzCFE�GIHgJML 1 Pz�^[yfyH�V�U/f � _,ClJQR\_M�RTS,Uk[lX\|7RTSMHdPzEn[Q_MaKf	agUmClf5R\[7C�JM[lJy�x_MJMHgR\ClXT|iRTHK�^U�U/rl[Qag_yR\Hg[QJ	CsRqCbaKa P\ckClagUmPkw w o R\UkXqCbaKa �
HKJ7S,HKPOR\SMUk[QXT|~R\SMUWo�[lX\�~CsR\Hg[QJ�[bo97 adCbJ�cYGpPZHK�kUW`MadClcYGpS,[laKU/P�EO[l_Madf�U � Umc�Rh[Q_MX�_MJMHKrlUkXYPTUHKJ�PT_,cYS�C7EOCF|5R\S,CsRq]M_MX\UpPZR\CsR\U/P!E�HKaga U/rl[QagrQU�HKJ{RT[5�^H��yU/f�PZR\CbRTU/P/��E�SMHdcYS��^ClGlUmPzS,HKP
RTS,Uk[lX\|p`tUkS,CFrQUWJM[lJy�x_MJMHgR\ClXTHKaK|~HgJ7RTS,U � _�CbJ{RT_M� �^U/cYS,ClJMHKc/Cba aKHg�^HgR/w w P�EnUqfyHdP\ce_,P\PZUmfCb`t[srlUzRTS,HKPhc/CbJMJ,[bR�`�UqX\U/ck[lJ,ckHgaKU/fiE�HgRTS5E�S,CsRhEOUqPZU/Ulw

6 J�C>rlUkX\|NXTUmClfMCl`MagUzCbJ,f���6 �^HKLlS{RnU/rlU/J�PTCF|Q�QU/J{RTUkXTR\ClHgJ,HgJML�CbXTRTHdceaKU � v;: �37 CbLQUDce[Q����^UkJ{R\P�[QJjR\SMU�U � U/c�RYP�[boMR\SMU�HgJ{R\XT[yfy_,ceRTHK[lJ�[botC!PT_M]�U/X\P\ckCbRZR\UkX\HgJMLz[l]tUkXYCsR\[lXmw�BhU�]MX\[srlUmPRTS�CsRzHgo RTS,U�PT_M]�U/X\P\ckCbRZR\UkX\HgJML~[Q]�U/X\CbRT[QXhHKPhRT[i`�U � 7�� HgJIrsCbX\HdCbJ{R/�yR\SMUkJ�H�R!�^Cl],Pz]M_MX\UHKJMH�R\HKCla fyU/J,PTH�R�|7�~CsRTX\HdceU/PhHgJ{RT[�]M_MX\UWV,J,Cba fyUkJ�PZHgR�|i�~CbRTX\HKckU/P/wOBDU>PZ_,LlLlUmP�RYP�C~JI_M�>`tUkX
[bo�]t[QP\PZHK`MHKagHgRTHKU/P!o�[QXWo�_MXZR\SMUkX>HgJIrlUmP�R\HgL{CsR\Hg[QJ�[boORTS,U~Ukrl[Qag_MRTHK[lJ�fyU/P\ceX\Hg`tU/f�`I|�C5PT_M]�U/XZ�
P\ckCsRTRTU/XTHKJML5[l]tUkXYCsR\[lXmw^BDUpce[QJ,ceaK_,fyUmPWSMHKP>CbXTRTHdceaKUNE�HgRTS P\CF|IHgJML7R\S,CsR<�l�^CF|I`tU^H�o � [yfRTS,XT[sEhP�fyHdceUWE�SMU/XTU!R\SMUk|7ckCbJ,JM[bR�`tUjPZU/UkJ��yR\SMUk|ickCbJ,JM[bRDC � Umc�R�_,P=�Mw
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HgoOR\SMU�rQ[laK_M�^U~HKP�PZ_ >~ckHgU/J{RTaK|�adCbX\LlUQw /M_,XZR\SMUkX\�^[lX\Ul� SMU�PTSM[sEhP!RTS,CbR>R\SMUpUkJ{R\XT[Q]{|�HKP
�~Cs�yHK�^Cla E�SMUkJ�R\SMUprl[Qag_,�NU^HdPWV,aKagUmf�E�H�R\S [lJMU^`MadClcYG	S,[laKU~[boORTSMU~adCbX\LlUmP�Rq]t[QP\PZHK`MaKU
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RTS,UjV,U/aKf@S�CFrlU>PT_,cYS	CpS,HgLQS@UkJMU/XTLQ|�R\S,CsRzRTSMU/|7EO[l_,aKf@ck[laKaKCl],PZUjRT[po�[QXT�3`MadClcYG7SM[laKU/P
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HKJQR\UkXTo�UkX\UkJ,ckU�]�CsRZR\UkX\J�X\UkLQHKPZRTU/XTUmf@[lJ�C�]MS,[bRT[QLlXYCb]MS,HKc>]MaKCbRTUNHKPzR\SMUNR�En[l�xfyHK�^UkJ,PTHK[lJ,Cla
SM[Qag[QLlXYCb� CbJ,f�R\SMUiRTSMX\UkUk�xfyHK�^UkJ,PTHK[lJ,Cla�[l` / U/c�R^ckClJ}`�U7X\U/ce[srQUkX\U/f�`I|}PZS,HgJMHKJML�E�H�R\SCbJ7_MJM]tUkXTRT_,XT`tU/f5adClPTUkX�`tU/Cb�3CsR�RTS,Uq]MaKCbRTUQw��I[^H�RDCl]M]�UmCbXYPORTS,CbRDCbaKa RTSMUqHKJyo�[QXT�~CsR\Hg[QJ
JMUmceU/P\P\CbX\|5RT[@fyU/P\ceX\HK`�UNRTS,U�R\SMX\UkUe� fyHK�^UkJ,PTHg[QJ,Cba [Q` / U/ceRjckCbJ�`tU^PZRT[QXTUmf�[QJ�CiR�EO[7fMH���^UkJ,PTHK[lJ,Cla PT_MXTo ClceUQw ��SMHdPWce[l�^],ClXTHdPT[lJ@ckClJ	`�U�Ue�IRTU/J,fyUmf@RT[iUe�y]MadCbHKJ	SM[sE�PTS,CbX\]	EOU
PTUkU�[Q_MX>_,JMHgrQUkXYPZUQw ��SMUiHgJyo�[QXT�~CbRTHK[lJ EOUickClJ}P�R\[lX\Up[lJ}RTSMUi]MSM[bR\[lLQX\Cl]MSMHdc~]MadCsRTU�HKP
aKHg�^HgRTU/f5`I|iRTSMU>XTUmPZ[Qag_yR\Hg[QJi[lo [l_MX�HKJ,PZRTX\_M�^UkJ{R\P/��PTHg�^HKaKClXTaK|pR\SMUjHKJyo�[lX\�~CsR\Hg[QJ7[QJMUjckClJ
PZRT[lX\Uj[QJ@RTSMUNPZ_,XZo CQceU>ClXTUmC~[bo�CiPZ|yPZRTUk�3HdPDaKHg�^HgRTUmf	`I|7RTSMU>V,JMHgRTUkJ,U/P\PD[lo RTSMU 7 adCbJ,cYG
aKUkJMLlRTS�w ��SMU^`MaK_MX\XTHKJML@ckCl_,PTU/f�`{|	RTSMHdPqaKHg�^HgR\CsR\Hg[QJ�HdPjPT[7PT�~CbaKa�RTS,CbRjHgJ�]MXYClceRTHdceU^EOU
]tUkXYceUkHKrlUW[Q_MX�_MJMHKrlU/X\PTUzrQUkX\|�PTS,CbX\]MaK|lw

��SMU7SM[laK[lLQX\Cl]MSMHdc^]MX\HgJ,ckHg],agU5P�RYCsR\U/P�RTS,CbR^C�V,U/aKf}RTSMU/[lX\|�[QJ�C	R�En[l�xfyHK�^UkJ,PTHK[lJ,ClaceaK[QPTU/f�PT_MXTo ClckU PZ_ >~ckU/P	RT[ fMU/P\ceX\Hg`tU CbaKaN]MXT[yckU/P\P5RTS,CbR�RYCbGlU ]MaKCQceU�HgJ�R\SMU}R\SMX\UkUe�
fyHK�^UkJ,PTHg[QJ,Cba rl[Qag_,�NU�E�H�R\SMHKJ	RTS,HKP!PZ_,XZo CQceUlw 6xo�[QJMU>EO[l_Madf5`tUNCl`MagU>RT[iV,J,f5R\SMHdPDV�Ukadf
RTS,Uk[lX\|WH�R EO[l_Madfj],XT[srIHdfyUnCzPZ[Qag_yR\Hg[QJjR\[DR\SMU�HgJyo�[QXT�~CbRTHK[lJjaK[QP\P ],CbXYClfy[F��w5/,[lX�Ue�MCb�^]MaKUl�
HgoOR\SMHdPjR\SMUk[QXT|�HKPWo�[Q_MJ,f�R\[@`�Ui_MJMHgR\ClXT|Q� HgR>HdP>PTUeRZR\agUmf�RTS,CbR>]M_MX\U�PZR\CbRTU/PjUkrl[QagrQU~HgJ{R\[
]M_MX\UqP�RYCsR\U/P/�ME�SMHKagUqCsR�R\SMUjP\Cb�^U!RTHK�NUWR\SMUq`MadClcYGpS,[laKU!`tUkS�CFrlU/P�CQP�C^SM[bR�`t[IfM|lw
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	{_,CbJ{R\_M� �^Ue�
cYS,ClJMHKc/PhCbJ�fi`,aKCQcYG�SM[QagUqU/rFCl]�[QX\CbRTHK[lJ�w���SMUk|7CbX\Ll_MU!RTS�CsRzClJ7[Q_yR\PTHdfyUj[l`�PZU/XTrQUkXm�QR\S,CsR
PZR\CF|yP CbR CzPT_	>pceHKUkJ{RTaK|qadCbX\LlUnfMHKPZR\ClJ,ceUOo�X\[l� Cz`MaKCQcYGqSM[laKUl�bPTSM[Q_MaKf>`�U�Cl`MagUnRT[qfyUmPTckXTHK`tU
`MadClcYG�SM[laKUhUkrsCl]�[QX\CbRTHK[lJ^_,PTHgJML�CqPZU/�NHg� ceadClP\PZHdckCla,Cb]M],XT[F�yHK�^CbRTHK[lJ�w /M_MXTRTSMU/XT�^[QXTUQ�bRTS,Uk|
ClP\PT_M�^UjRTS�CsRDR\SMU^PZU/�NHg� ceadClP\PZHdckCla�RTSMU/[lX\|5S,ClPzCp_MJMHgR\ClXT|7R\Hg�^UNUkrl[Qag_MRTHK[lJ�� PZ[pRTSMU/XTU�HKP
JM[5HKJyo�[lX\�~CsRTHK[lJ�aK[QP\PzHKJ�RTSMU~],XT[yceUmPTP![lon`MadClcYG	S,[laKU�o�[QXT�~CbRTHK[lJ�ClJ,f�UkrsCb]t[lXYCsR\Hg[QJ	RT[
CbJ7[l_MR\PTHKfyUq[Q`,PTUkX\rlUkXmw

/M[QX�CbJ�[Q`,PTUkX\rlUkXnRT[^PZR\CF|~[l_MR\PTHKfyU!R\SMUW`MaKCQcYG^SM[laKUWSMUWS,ClPnRT[NS,CFrQU!CNce[QJ,P�RYCbJ{R�Clc��
ceU/agU/X\CbRTHK[lJ^CFEOCF|jo�XT[Q� RTS,Uh`MadClcYGjSM[QagU�S,[lX\Hg�/[lJ�w 6xR HKPnckClaKck_MaKCbRTUmf>R\S,CsR�PT_,cYS~C 
 HKJ,fyaKUkX[l`�PZU/XTrQUkXhUk�I]tUkX\HKUkJ,ckU/PDC�`,CsR\S	[bo R\SMUkX\�~CbaKHg�/U/f@]�CbXTRTHdceaKU/PDClJ,f5R\S,CsRzRTSMU�RTU/�N]tUkXYCsR\_MX\U
[bo R\SMHdPz`�CsRTS�Ll[IU/PD_M]�CQPDSMU�LlUkR\P!ceaK[QPTUkXhR\[pR\SMU�S,[lX\Hg�/[lJ�w 6 J�o ClceR/�tRT[7C 
 HKJ,fyaKUkX![l`y�PTUkX\rlUkXjRTSMUiXTU/LlHK[lJ�JMU/ClXqRTS,U�SM[QXTHK�k[QJ}PZU/Uk�~PqR\[	`�UirlU/XT|�SM[bRm� PZ[	S,HKP�PZU/�NHg� ceadClP\PZHdckClaRTS,Uk[lX\|jE�HKagay`,XTUmCbGyfy[sE�JjR\SMUkX\Ulw ��[qCFrQ[lHdfqRTS,HKP/�bR\SMU�ce[lJ�ceUk]MR [botCWPZRTX\UeRYcYSMU/f>SM[lX\Hg�/[lJ�HKP
HKJQR\XT[yfy_�ceU/f�w ��SMU�PZRTX\UeRYcYSMU/f�SM[lX\HK�k[lJ�HKP�aK[yckCbRTU/fNCsR CWceU/XZRYCbHKJNfMHKPZR\ClJ,ceUOo�X\[l��R\SMU�SM[lX\H��
�k[QJ�w ��SMHdPzfyHdPZR\CbJ�ceUjHdPDfyUkRTU/XT�^HKJMU/f5`I|iRTSMU�UkJMU/XTLQ|iP\ckCbaKUq_M]@R\[pE�SMHdcYS5RTSMU�[l`,PTUkX\rlU/X
ckClJ / _,P�R\H�o�|�R\SMUp_,PTU~[bo�SMHdPWRTS,Uk[lX\|lw ��SMHdPjUkJ,UkX\Ll|�P\ckClagU~HdPjckClagaKU/f�R\SMUpce_MRZ�x[ � w ��SMU[l`�PZU/XTrQUkX�c/CbJMJM[lRn]tUkJMUkRTXYCsR\Uz`tUk|Q[lJ,f^R\SMUWP�R\XTUkR\cYSMUmf~SM[lX\HK�k[lJ��{PT[jo�[QXnSMHdPn[l`,PTUkX\rsCsRTHK[lJ�P
RT[^`tUjce[QJ,PZHdPZRTUkJ{R�R\SMHKP�PT_MXTo ClckUWPTSM[Q_MaKf7`tUkS,CFrQU!CQP�CNSM[bRh�^Uk��`MXYCbJMUQw

��SMUNP�R\XTUkR\cYSMUmf5SM[lX\Hg�/[lJ	c/CbJ	`tU�PTSM[sE�J@R\[�S,CFrQUqJM[�[Q`,PZU/XTrQUkXhHKJ,fyU/]�U/J,fyU/JQRWUe�yHdP��
RTU/J,ceUQw���SMHKP/��R\[lLlUkRTSMU/XqE�H�R\S�RTSMUNo ClceRqRTS,CbRjCbJ�[l_yRYPZHdfyU^[l`,PTUkX\rlU/X!fM[{UmPWJM[bRjPTUkU~CbJI|
HKJyo�[lX\�~CsRTHK[lJ ag[{PTP/� agUmf��I_�PTPTGIHgJ,f}UeR~Cba w�R\[�o�[QXT��_MadCsRTU�RTSMU7]MX\HgJ�ceHK]MagUi[boD`,aKCQcYG�S,[laKU
ce[Q�^]MagU/�^UkJ{R\ClXTHgR�|}E�SMHdcYS���H�ojck[lX\XTUmc�R 2 ��PT[laKrlUmPNRTSMU�HgJyo�[QXT�~CbRTHK[lJ ag[{PTP~]�CbXYClfy[F��w � [
PZR\CsR\U!RTSMUq]MX\HKJ,ceHK]MaKUqEnU�	{_M[bR\U!o�XT[Q� � v � �5�

� � /MX\[l� R\SMU5]�[QHgJ{R~[boDrIHKUkE [bozClJ Ue�IR\UkX\J,Cba�[l`�PZU/XTrQUkXm��RTSMU5P�R\XTUkR\cYSMUmf S,[lX\Hg�/[lJ
Ue�yHKPZR\PWClJ,f�HdPWC5ce[laKaKU/c�R\Hg[QJ�[lo
	{_,CbJ{R\_M�<�^U/cYS,ClJMHdckCba ���^HKckXT[{PTck[l]MHdc>fMUkLlX\UkUmPD[lo
o�XTU/U/fy[Q�3E�S,HKcYS�ckCbJ�Cb`,PT[lX\`�� P�R\[lX\Ul�tRTS,UkX\�^ClagHK�kUNCbJ,f�Uk�^HgRWClJ{|�	{_,ClJ{RT_M� �^Ue�
cYS,CbJMHdckCla HgJyo�[QXT�~CbRTHK[lJ7E�SMHKcYS7o ClagadP�HgJ{R\[�R\SMUq`MadClcYGpS,[laKUlw

��� �*%'�)!�����$&�*��!�����(*��%'��+���!4��(���$&+�!�������������$&+��:$���E&��������?�$&!�����!�!��:?H$&+�� ����� D
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� ����o�X\UkU/ag|>o CbaKagHKJMLj[Q`,PZU/XTrQUkX E�HKaga�JM[bROfyUeR\U/c�RnRTSMUzP�R\XTUkR\cYSMUmf^SM[lX\Hg�/[lJ��QJM[lX�E�HgaKa,SMU
Ue�y]�U/XTHKUkJ�ceUqCbJI|p[lRTSMU/X�ag[yckCla�PZHKLlJ�Cba E�SMUkJ5SMUjckXT[{PTPTU/P�RTS,UqSM[lX\Hg�/[lJ � w �

� [l�^]MaKUk�^U/JQRYCbX\H�R�|�HK�N],agHKU/P>RTS,CbR>R\SMUiHKJyo�[QXT�~CsR\Hg[QJ}ckClXTX\HgUmf�`I|�R\SMU��~CbRZRTU/X>R\S,CsRo CbaKadPnHKJ{RT[^C>`,aKCQcYGNS,[laKUzHdPnRTSMU/XT�~CbaKHK�kU/f�`I|^RTSMUWP�R\XTUkR\cYSMUmfpSM[QXTHK�k[QJ�CbJ�fpX\Ue�xUk�^H�RTRTUmfpHKJ
RTS,U>BDCFE�GIHKJML~X\CQfyHdCsRTHK[lJ�w)��SMUqXYClfMHKCbRTHK[lJ@ce[QJQRYCbHKJ,P�R\SMUjHKJyo�[lX\�~CsRTHK[lJ5[lo R\SMUjHKJyo CbaKaKHgJML�~CsRTRTUkXNHKJ ag[QJMLb� fyHdP�RYCbJ,ckU�ce[QXTX\UkadCsR\Hg[QJ,Pk��RTSMHdP��NUmCbJ,PjRTS,CbR>R\[�X\U/ce[srQUkXqUk�yCQc�R\ag|�E�S,CsR
o�UkaKa HgJ{R\[jRTS,UD`MadClcYGNSM[laKUD`I|~PZRT_,fy|IHKJMLjR\SMU![l_yRYce[l�^HKJMLjXYClfyHdCsR\Hg[QJ~[lJMUzS,ClP RT[��NUmClPT_MX\U
o�[lX!CbJ	HKJyV,J,H�R\UkaK|7aK[lJ,LpRTHK�^Ulw�6 J	]MXYClc�R\HKckUqRTS,HKPzHKPz[bo�ck[l_MXYPTUqHg�^]t[QP\PZHK`MaKUlw��O_yRzRTSMHdPzHKP
JM[�fMH�� UkX\UkJ{R>HKJ}UkrQUkX\|yfMCF|	]MX\[yceU/P\PTU/P��qRTX\|�R\[	X\U/ce[srQUkX!RTS,UpRTUk�IR>E�XTHgRZR\UkJ}[QJ}C5]MHKU/ceU
[bo�],Cl]�U/XqRTS,CbR>|l[Q_	��_�P�R>`,_MXTJ,U/f�`I|�aK[{[QGIHgJML	CbRqRTSMUpCQPZS,U/PjClJ,f�RTSMUpS,U/CsRqR\S,CsRjE�ClP
X\UkaKU/ClPTU/f�w

6xR>E�ClP�PZ[I[lJ�X\U/ClagHK�kUmf�RTS,CbRjRTSMUi]MX\HgJ,ckHg],agUp[loh`MadClcYG�S,[laKU�ce[Q�N],agU/�NU/J{R\CbX\HgR�|�ClJ,f
RTS,UOS,[laK[lLlXYCb],SMHKc ]MXTHKJ,ckHg]MaKU�CbX\UOckag[{PZU/ag|WX\UkadCsRTUmf�w ��S,UOPZRTX\UeRYcYSMU/f>SM[lX\Hg�/[lJqR\S,CsR Cl`,PZ[QXT`�P
CbJ�fqXTUk� U/�^H�RYP ClagaQRTSMUnHgJMo�[lX\�^CbRTHK[lJqR\S,CsR o CbaKadP�[QJQR\[hHgR HdP ckag[{PZU/ag|WCbJ�CbaK[lLl[Q_,P R\[zCDPT_MXTo ClckU
RTS�CsRjUkJ�ce[yfyU/P>CbaKa RTSMU�HgJyo�[QXT�~CbRTHK[lJ�ce[lJ{RYCbHKJMU/f�HgJ�R\SMU~rl[Qag_,�NU~HgRjUkJ�ceaK[QPTU/P/wi�ISM[QXZR\ag|
Cso R\UkXNRTS,Uio�[QXT��_MadCsRTHK[lJ�[bozRTSMUmPZU5]MX\HgJ�ceHK]MagUmPk�O�I_,P\PZGIHKJ,f�ClJ,f �hLlaK_M� � v � ��PT_MLQLlU/PZRTUmfRTS�CsRhP�R\XTHKJMLNRTS,Uk[lX\|~E�ClP�CN]�[{PTPTHg`,agUqckClJ,fyHdfMCsR\UDR\[^XTUmCbaKHg�/U!CNSM[Qag[QLlXYCb]MSMHdcDfMU/P\ceX\Hg]yR\Hg[QJ
[bo�`MadClcYG~SM[QagUmPkw

- ��� 8 5 � � +54! ����&' � �
�O|�JM[sE H�RDPTSM[Q_MaKf7S,CFrQUW`�Umce[l�^UqceaKU/ClX�RT[^R\SMUqXTUmClfyU/X�RTS,CbRDPZ[QagrIHKJMLNRTSMUqHKJyo�[QXT�~CsR\Hg[QJ
aK[QP\Pp],ClX\CQfy[F��X\U 	{_MHKXTUmPpC�R\SMUk[QXT|�RTS,CbRiHdP�rsClagHdf�HKJ C X\UkLlHK�^U	E�SMU/XTU	`t[bR\S LlXYCFrIH�R�|
CbJ�f 	{_,ClJQR\_M�<]MS,UkJM[Q�NU/J,Ci]MaKCF|�C�X\[laKUl��H w Ulw^Cpo�_MaKa R\SMUk[QXT|5R\S,CsR>fyUmPTckXTHK`tU/PWCbaKa�o�[l_MX
o�[lXYceUmP^[boWJ,CsR\_MX\U�	Q_�CbJ{RT_M� �NUmcYS,CbJ,HKc/CbaKag|Qw 6 J RTSMU	Cl`,PZU/J,ceU5[loWPT_,cYS�C�RTSMU/[lX\|}EOU
EOUkX\U~[lJMaK|�Cl`MaKU~RT[	HKJ,fyHdckCbRTUpE�S,UkX\U~RTSMU�rFClagHdfyHgR�|�[lohBDCFE�GIHgJ,L�" PjckClaKck_MaKCbRTHK[lJ `MX\U/ClGyP
fy[sE�J@CbJ�f@PZ]tU/ck_MaKCbRTUjCl`�[Q_yRDE�SMUkRTSMU/XD[lXDJM[bR�R\SMUqo�_MaKa�R\SMUk[QXT|iEn[Q_Madfi`tUj_MJ,H�RYCbX\|lw)6 JPTSM[lXTR/�{E�H�R\SM[l_MR�CjRTSMU/[lX\|�[lo 	Q_�CbJ{RT_M��LQX\CFrIHgR�|�EOUzClXTUhaKUeo RORT[�rsCbLl_,UzPZR\CsR\Uk�^UkJ{RYPnClJ,f
PT]�Umce_MadCsR\Hg[QJ,PkwO�IHgJ�ceUWRTS,HKP/�,[lo�ck[l_MXYPZUQ�yHKP�XYCsR\SMUkX�_,J,PTCbRTHdP�o�|IHKJML~EOUjcYSM[QPTU!RT[pPZRT_,fy|�RTSMU
�^[QPZR!],XT[Q�NHdPTHgJML5ckClJ,fyHdfMCsR\U�[loOC�RTSMU/[lX\|@[bo 	Q_�CbJ{RT_M� LQX\CFrIHgR�|5HgJ�RTSMU^X\Uk�~CbHKJ,fyU/Xz[lo
RTS,HKPDRTSMUmPZHdP/��J,Cl�^UkaK|5PZRTX\HKJML~RTS,Uk[lX\|lwH
h[bRz[lJMaK|5HKPzP�R\XTHKJML~R\SMUk[QXT|5C�	{_,ClJQR\Hg�/U/f7R\SMUk[QXT|
RTS�CsR�ce[lJ{RYCbHKJ,P LQX\CFrIHgR�|l�{`M_yR�CbadPZ[j�^[QXTU!PZ]tU/ckH�V�c!ceaK_MUmPnClXTUz]MXTUmPZU/J{R�RTS�CsRnHKJ,fyHdckCbRTU!SM[sE
PZRTX\HgJMLNR\SMUk[QXT|p�^HKLlS{RhPZ[QagrQU!RTSMUqHKJyo�[lX\�~CsR\Hg[QJiaK[QP\PO],CbXYClfy[F��w

�OUeo�[QXTU!EnUqPZR\ClXZR�fyHdPTck_,PTPTHKJML>R\SMU/PTUjceaK_MUmPk�yHgR��>_,PZRh`�UWU/�N],S,ClPTHg�/U/f�RTS,CbR�EnUW�~CbGQU
PT[l�^U	SI_MLlU@aKU/Cl],P~R\SMX\[l_MLQS�fMHKP\ce[srQUkX\HgUmP^HgJ PZRTX\HgJ,L RTSMU/[lX\| [srQUkX^RTS,U�],CQP�R u�: |lUmCbXYPCbJ�f�RTSMUiXTUmClfyU/XjHdPj`I|�JM[	�^U/ClJ,PjUk�I]tU/ceRTUmf�RT[�XTUmCbaKag|�_MJ,fyU/X\PZR\ClJ,f�RTS,UiCbX\Ll_,�NU/J{R\P/w

 CbRTSMU/XOEOU!SM[l]tUDR\[Nck[lJIrIHgJ�ceUzRTSMU!XTUmClfyU/X�R\S,CsR�[Q_MXOcYS,[lHdceUzRT[^ce[lJ�ceUkJ{R\X\CbRTUD[QJiPZRTX\HgJ,LRTS,Uk[lX\|	HdPj`,CQPZUmf�[QJ PZ[QagHdf�LlX\[l_MJ,f,Pkw /,_MXZR\SMUkX\�^[lX\Ul� EnU~��_,P�R>PZRTX\U/P\PWR\S,CsR>Cla�R\SM[l_MLQS
[l_,XhCbX\Ll_M�^UkJ{RYP�CbX\U!`�ClPTU/fi[lJ@P�R\XTHKJMLNRTS,Uk[lX\|l�yJ,[~XTUmCba�GIJM[sE�aKU/fyLQU!Cl`�[Q_yR�RTSMHdP�R\SMUk[QXT|
HdP�XTU 	Q_,HgX\U/f�RT[~_MJ�fyUkXYP�RYCbJ,f�RTS,UWo�[laKag[sE�HKJML^cYS,Cb]yR\UkXYPkw

�DPDEnUjfMHKP\ce_,P\PTU/f5]MX\UkrIHK[l_,PTag|Q�yRTS,U>�~CbHKJ@]MX\[l`MaKUk� [bo HgJ�ce[lX\]t[lXYCsRTHKJML~LQX\CFrIHgR�|pHgJ{R\[
	{_,CbJ{R\_M� V,Ukadf R\SMUk[QXT|�HdP�RTS,CbR^HgR^LlHKrlU/P�X\HKPTUpR\[�C�JM[lJy�xX\UkJM[QXT�~CbaKHK�/Cb`,agU~R\SMUk[QXT|Qw�6 J
RTS,UDaK[sE�UkJMU/XTLQ|�aKHg�^HgRnV�Ukadf~HgJ{R\UkXYClc�R\Hg[QJ,P�c/CbJp`tUDUk�y],CbJ,fMU/f~HKJ�Cj]tUkXTRT_,XT`,CbRTHK[lJpPTUkX\HgUmPk�
`M_yRhHKJiRTSMUjc/ClPTU![lo LQX\CFrIHgR�|NS,HgLQSMUkX�[QX\fyU/X�ce[lX\X\U/c�R\Hg[QJ,PnLlHKrlUWfyHgrQUkX\LlHKJML^ce[lJ{R\XTHK`M_yR\Hg[QJ,Pkw
��SMUmPZU�fyHKrlUkX\LlU/J,ceUmP�c/CbJ `tU PZ_M],]MXTUmPTPTU/f E�SMUkJ LlXYCFr{HgR�| HgJ{RTU/X\CQc�R\Hg[QJ,P�ClXTU�PZ�^U/ClXTUmf
[l_MR![srQUkXzPT],CQceUeR\Hg�^U$# PTUkU / HKL � w u�% wj�{R\XTHKJMLiRTSMU/[lX\|5HKPzRTS,U�[QJMag|@GIJM[sE�J	RTSMU/[lX\|iR\S,CsR
& S + � �����C�����@���������*��!O���:���@����!�����$&�>���:?K�����:%'!���E ���:!����('�$&()'�EQ���5RK���*E&��!4 �*�"24��$&�5� �����M! �#�����>��$&%'�

�����������������M$&!�E&�12M0�!����5�H���#������$&?���E3 �*������!O�����)���:�=,/!�%/��E&E D
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PT�NUmCbXYPh[Q_yRDR\SMU/PTUNfMHgrQUkX\LlUkJ�ceU/PDHgJ�C�ce[QJ,PTHKPZRTU/JQR!EOCF|Q��H w Ulw!XTUmPZ]tU/ceRTHKJMLic/Cb_,P\CbaKH�R�|@ClJ,f
LlU/JMUkXYCbance[I[lXYfyHKJ,CsR\U~HgJIrsCbX\HKClJ,ceUQw ��SMHKP>HKP�C@]t[l]M_MadCbX�CbX\Ll_M�^UkJ{R>E�SI|�P�R\XTHKJML5R\SMUk[QXT|
ckClJ7fMU/P\ceX\Hg`tUqCbaKa�o�[l_MX�o�[QX\ckU/P�ck[lJ,PTHKPZRTU/J{RTaK|lw

Interaction in one 

point of spacetime
Interaction smeared out 

over a region of spacetime

/ HKLl_MX\U � w u � � /MU/|{J,�^ClJ@fyHKClLlXYCb�$HKJ 	Q_�CbJ{RT_M� V,Ukadf�RTSMU/[lX\|�CbJ,f7HKJ@P�R\XTHKJML�RTSMU/[lX\|lw
�hJ,[bRTS,UkX�ce[QJ{rIHKJ,ceHKJML>o�U/CsR\_MX\UD[bo�P�R\XTHKJML>RTSMU/[lX\|NHdPORTS�CsR�HgJi[lXYfyUkXnRT[N`�Uqck[lJ,PTHKPZRTU/J{R

HgRj�>_,PZR�ce[QJ{R\CbHKJ�Ue�MClceRTaK|	[lJMU~�~CQPTPTagUmPTPqPT]MHKJy� v ]�CbXTRTHdceaKUlw 6 J�[bR\SMUkX>En[QX\fMP/��HgRjS,ClP>C_MJMH 	{_MUWckCbJ�fyHKf,CsRTUzo�[lXOR\SMUWLlXYCFr{HgRT[QJ�w�6 J7C>aK[sE U/JMUkX\Ll|^aKHg�^HgR�[QJMUWckCbJickCbadce_,aKCbRTUzRTX\UkUe�
fyHdCbLQX\Cl�^P o�[lXORTS,U/PTUzLQX\CFrIHgRT[lJ�P�CbJ�f�PTSM[sE�RTS�CsRORTSMU/|pce[lX\X\U/PT]�[QJ,f^RT[�RTS,U!HKJ{RTU/X\CQc�RTHK[lJ�P
[lJ,U~V,J,fMP>HgJ�R\SMUickaKCQPTPTHdckCba�agHK�^H�Rmw 6�w UQwiR\SMUpo�[Q_MXT� ]t[lHKJ{RjHgJ{RTU/X\CQc�R\Hg[QJ,Pq[bo ����� � E�SMHdcYS
LlHKrlUmP RTSMUzfyUkrIHdCsRTHK[lJ^[lotR\SMUhce_,XTrQU/fN�^UeRTX\Hdc�� ��� o�XT[Q� R\SMU	�5HKJMGl[sEhPTGIHM�^UeRTX\Hdc�
 ��� �{CbX\U
U 	{_,Cla RT[^R\SM[QPTUq[bo RTSMUqLQX\CFrIHgRT[QJ�w9/ HKJ,ClagaK|l�yR\SMUkX\UqHdP�C~ce[lJ�ceUk]MRT_,ClagaK|�fyH >pce_MagRD�^UeR\SM[yf
_,PTHgJ,L���� o�_,J,c�R\Hg[QJ,P � RTS,CbR�UkJ,Cl`MaKU/P�[lJ,U�RT[qX\U/ce[srQUkX RTS,U � HKJ,PZRTUkHKJ^U 	{_,CbRTHK[lJNo�XT[Q��PZRTX\HgJ,LRTS,Uk[lX\|lw
�I[�o CbXNo�[QX^RTSMU	ClXTLQ_M�^UkJ{R\PNHKJ o CFrQ[lX^[boWP�R\XTHKJML�RTSMU/[lX\| ClP^C�ckClJ,fyHdfMCsR\Uio�[QX^RTSMU

_MJMHgo�|IHgJ,LqRTSMU/[lX\|lw ��UhE�HKaKa,JM[sE�RT_MX\J^[l_MXnfyHKP\ce_�PTPTHg[QJ>R\[qRTS,UhXTU/aKCbRTHK[lJN[bo�P�R\XTHKJMLWR\SMUk[QXT|
E�HgRTS�RTSMU^HKJyo�[lX\�~CsR\Hg[QJ�aK[QP\P!],CbXYClfy[F��w 6 J�R\SMU~`�U/LlHKJMJMHKJML5[bonRTSMHdPjcYS,Cl]yRTU/X!EOU~CbJ{RTHdc��HK],CsR\U/f�RTSMU^HK�N]t[lXTR\ClJ,ceU^[lo RTSMU �zf,� + � / ��ce[QXTX\U/PT]�[QJ,fyU/J,ceUQw ��SMHKPqck[lX\XTUmPZ]t[lJ�fyUkJ,ckUX\UkadCsRTUmP�P�R\XTHKJMLNRTS,Uk[lX\|~HKJ5ClJ �DJ{RTHg�xfyU>�yH�RTRTUkXD`,ClcYGILlX\[l_,J,fp[lo � �xfyHK�^UkJ,PTHK[lJ,POR\[pCNck[lJy�
o�[lX\�~CbanV,Ukadf�R\SMUk[QXT|�[lJ}RTSMU�# � � u % � fyHg�^U/J,PZHK[lJ�CbaO`�[Q_MJ,fMClXT|Qw�6xRNEOCQP�fyU/XTHKrlUmf�
�`I|
�@ClaKfMCQceU/J,C>HKJ u $ $ � � v �	�xw ��SMU!o ClceR�RTS,CbR�C>RTS,Uk[lX\|~R\S,CsR�aKHgrQU/PO[lJiRTSMUW`t[l_MJ�fMCbX\|~[bo�CPT],ClckUeRTHK�^UjckClJ5fMU/P\ceX\Hg`tUjCbaKa�RTS�CsRhS,Cl]M]�U/J,P�HKJ5RTSMUq`,_MagG5PZRTX\[lJMLQag|pX\Uk�^HKJ,fMP�_�P�[bo RTSMU
SM[Qag[QLlXYCb]MSMHdcN]MX\HgJ,ckHg],agUQw �hJ,f�JM[lR�[QJMag|�fy[IU/P�P�R\XTHKJML@R\SMUk[QXT|�Ue�ySMHK`MH�R^C5SM[laK[lLQX\Cl]MSMHdc
cYS,ClX\CQc�RTU/X/��HgR�ClaKPT[�R\UkaKaKPj_,PWRTS�CsR/� Hgo�ck[lX\XTUmc�R/��J,CsR\_MXTU~S�ClPqC7_MJMHgR\ClXT|�RTHK�NU~U/rl[Qag_yR\Hg[QJ
CbJ�f	HKJyo�[lX\�~CsRTHK[lJ�HKP!JM[lR!aK[QPZRzHKJ�ClJI|7X\UkLQHg�^UQw8��S,HKP!HdPz`tU/c/Cb_,PTUjR\SMU^ce[lJMo�[lX\�^Cla�V�Ukadf
RTS,Uk[lX\|~R\S,CsRhU �tUmc�RTHKrlU/ag|ifyU/P\ceX\Hg`tU/P�Claga�],S{|yPTHKc/P�HgJ7R\SMUq`M_MaKG�HdP�_MJMHgR\ClXT|Qw

�O_yRWRTSMHdP!HKPWJ,[bRjCbaKa � R\SMUkX\U^HKP!�^[lX\UNUkrIHKfMUkJ,ckU>R\S,CsRjPZRTX\HgJMLiRTS,Uk[lX\|	ckClJ�PT[laKrlU>RTSMU
],ClX\CQfy[F��w ��[~_MJ�fyUkXYP�RYCbJ,fiR\SMHKPhUkrIHKfMUkJ,ckUjEnUWE�HKaga fyHdPTck_,PTPDC^]MXT[Q`MaKUk�$R\S,CsRDHdPhckag[{PZU/ag|
������� ��+�����$&�*+�!"���:E&EX,��*�H���12 ,��*��� ���-,8!�$&�:��EI7-�#��+���$ ��$&��!4?�� �;��+�?H�*+/��������+�����(�,�D�S ���:��+�';�)!����12�+

���#���M!��>�=��$&+�(K�����:!��9 ��+��>��$&�*+�!)���	���:����0C$ D �*D�?���%/��+�?�$&+�(K���#���M!=����$&+�(K�������*��,N$&!)!��:��E&�9$&+�?�� �X��+�?��:+��:0
(*$ ����!��������G$&+�!�����$&+ ��78������$&�*+ID
��� +� �*������+#������E ,-0�$ ��$&!����:�=, ?�$ �'����E �����6����!��'����$&!'���*�����:! �;�*+�?���+����.?�$&�����>��E ,-D�����$&!��#��!'��� ?��

2�$ ���.�����9 A���>�)�������L$&+ ';����� �������*��$&��!M�*+��L�1��+ �*+�E ,.�:��E&����EQ�����'78����+-��$ ��$&��!��;��������� '#����$ ����E , ��+�?.�����
E&�12 � ��+�����(�,HE&$&%'$ �F$&+K�������*+����������*��,K���*������! �X�*+�?�!�������������$&(*� ��+�����(�,HE&$&%'$ �F�� �����M���������1D
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X\UkadCsRTUmfqR\[zHKJyo�[lX\�~CsR\Hg[QJjag[{PTP CbJ�fjS,CQP�R\[!fM[zE�HgRTSN`MadClcYGWSM[laKUOUkJ{RTX\[l]I|lw ��SMU�P�RYCsRTHdPZRTHdckCba
�^U/cYS,ClJMHdckCbayHKJ{RTU/XT]MX\UeRYCsR\Hg[QJ�[lotR\SMU�UkJ{R\XT[Q]{|>[bo�C!RTSMU/XT�^[yfy|IJ,Cb�^HdckClaMPZ|yPZRTUk��HKP RTS,CbR�H�R
�^U/CQPZ_MX\U/PnR\SMUqJI_M�>`tUkX�[lo �^HdceX\[QP\ce[l],HKc!P�RYCsR\U/P�[bo RTS,UjPZ|yPZRTUk�5w � adClP\PZHdckClagaK|l�ISM[sEOUkrQUkXm�C5`MadClcYG	S,[laKUl� HKPqU/�^]yR�|�Uk�yckUk]yR>o�[lXWRTS,Up]�[QHgJ{R\agHKGlUpPTHgJ,Ll_MadCbX\H�R�|�CsRjHgR\P>ckUkJ{RTU/X/w7�I[@H�R
PTUkUk�~PWR\[@S,CFrlU^[QJMag|�[lJMU~HKJ{RTU/XTJ,Cla�PZR\CsR\UpCbJ,f�[QJMU~En[Q_Madf�CQckck[lXYfyHgJ,LlaK|@Ue�y]�Umc�R>HgRqRT[
S,CFrQU>�kU/XT[iUkJ{RTX\[l]I|Qw06xo RTSMU^HdfyUkJ{R\H�V�c/CsR\Hg[QJ�[bo�RTSMU^`MadClcYG5SM[QagUNUkJ{RTX\[l]I|5E�HgRTS�HgR\PqClXTUmC
HdPnck[lX\XTUmc�R/�QE�SMHdcYS�HK�N],agHKU/P�RTS,CbR�R\SMUk|~S,CFrQUhJM[QJy� �/UkX\[qUkJ{RTX\[l]I|Q�QEOUDEO[l_Madf^E�CbJ{ROPZRTX\HgJ,L
RTS,Uk[lX\|WRT[zRTU/agay_�P RTS,CbR�`,aKCQcYGqSM[laKU/P�fy[!S,CFrlUn�^HKckXT[{P�RYCsRTUmPkw 6 J>R\SMU�ceadClP\PZHdckClaQaKHK�NHgR�RTSMUmPZU
�^HKckXT[{P�RYCsR\U/P!PZSM[Q_Madf	X\U/fy_,ckUjR\[i[Q_MXqceadClP\PZHdckCla�]MHdc�R\_MXTUN[boOC�`MadClcYG5SM[QagU^ce[QJ,PTHKPZRTHKJML�[lo
��_,PZRhUk�^]yR�|7PZ],CQceUWUe�MckUk]yR�o�[lX�R\SMUjPTHgJMLQ_MadCbX\H�R�|Qw

6 J u $ $ � �{R\XT[Q�^HgJMLQUkX�ClJ,f�� Cso C � v�� �!],_M`MaKHKPTSMU/f CbJ CbXTRTHdceaKU	HKJ�E�SMHdcYS�RTSMU/|�X\Ue�]t[lXTRTU/f@RTS,CbRz_,PTHgJ,L�JMU/E RTU/cYS,JMH 	{_MUmPDHKJ�PZRTX\HgJ,LpRTS,Uk[lX\|iRTSMU/|7EOUkX\U>Cl`MagU>RT[7ce[l_,JQRzRTSMU
HKJQR\UkX\J,Cba!P�RYCsR\U/Pp[lojC}PZ]tU/ckH�Vtc@GIHgJ,f [boWV,rlUk�xfMHg�^UkJ�PZHK[lJ,Clah`MadClcYG SM[laKUlw ��SMU/J�RTS,Uk|
ce[Q�^],CbX\U/f^E�S,CbR�R\SMUk|^o�[Q_MJ,f^R\[jRTS,U!ClXTUmCq[bo�R\SMUD`MadClcYG^SM[QagUDRTSMU/|^XTUkRTX\HgU/rlU/fNR\SMU!XTU/aKCb�
RTHK[lJ  ��B � � ��� w9��SMHKPhXTU/aKCbRTHK[lJ�E�ClP�`I|~R\SMUkJ5GIJM[sE�J5ClPOR\SMU �OUkGlU/J,PZRTUkHKJy� BDCFE�GIHKJMLCbX\U/Cb� U/J{RTX\[l]I|>X\UkadCsR\Hg[QJ�w �@[lX\Uk[srlU/X/�lRTSMU/HgX�ClXZR\HKckagUzEOCQPnPTSM[lXTRTaK|No�[laKag[sEOU/fp`{|pC�JI_M�>`tUkX
[bo�]M_,`MagHdckCbRTHK[lJ,P	# � v $ �x� � � : � � � �Mu � % HKJ E�SMHKcYS ClaKPT[5RTSMUiBDCFE�GIHgJ,L7XYClfMHKCbRTHK[lJ�X\CbRTUpClJ,fBDCFE�GIHKJMLWRTU/�^]�U/X\CbRT_MX\Uh[bo R\SMHKPn],ClXZR\HKck_MaKClX R�|I]�UD[bo�`MadClcYG>S,[laKU # c/CbaKagUmf^JMU/ClXZ�xUe�IRTX\Uk�~Cla
`MadClcYGNSM[laKU % EnU/XTUDck[lX\XTUmc�R\ag|>o�[l_MJ,f~o�XT[Q��R\SMUzPZRTX\HKJMLqRTS,Uk[lX\|^fyU/P\ceX\Hg]MRTHK[lJ~[bo R\SMHKPn`MadClcYGSM[QagU��bw �hagRTSM[Q_MLlSpClaga,RTSMUmPZUzXTUmPZ_,a�RYP EOUkX\U�[l`yRYCbHKJMU/fNo�[QXnCWR�|I]tUD[bo�`MadClcYGNSM[QagU�R\S,CsROS,ClP
aKH�RTRTaKUDR\[�fy[�E�H�R\S~RTSMU!]MSI|yPZHdckClat�ycYSIE�CbX\�/P\cYSMHKaKfN`MadClcYGNSM[laKUl�QRTS,Uk|~CbX\UhrlU/XT|N]MX\[l�^HdPZHKJML,w
�hJ�f	E�S,CbRzHdPz�^[QXTUQ�,R\SMUk|@LQHgrQUjEOCF|iRT[7CbJ�Cl]M]MX\[QCQcYS5o�[lXWPZ[QagrIHKJML~RTS,U�],ClX\CQfy[F��R\S,CsR
V,J,ClagaK|pLQ[{UmP�`�U/|l[QJ,fiPT]tU/ce_,aKCbRTHK[lJ�w
��UqEn[Q_MaKfiaKHgGQUzR\[~ce[lJ�ceaK_,fyUWRTS,HKPhPTU/ceRTHK[lJ7`I|pXTUmP�RYCsR\HgJMLNR\S,CsRhEOUW`�U/agHKUkrQUzR\S,CsR
� 
 U/PT[laKrIHgJMLDRTSMU�HKJyo�[lX\�~CsR\Hg[QJjag[{PTP ],ClX\CQfy[F�WXTU 	Q_,HgX\U/P ChR\SMUk[QXT|q[lo 	{_,CbJ{R\_M� LlXYCFr{�H�R�|	ClJ,f�PZRTX\HgJ,LpRTS,Uk[lX\|@Ue�ySMHK`MHgR\PWCiJ{_,�>`tUkXW[bono�U/CsR\_MX\U/PDRTS,CbRW�~ClGlU/PzHgRqCirlU/XT|
Ll[I[yfic/CbJ,fyHdfMCbRTU!o�[lXhPT_,cYS5C>R\SMUk[QXT|Qw

� ��SMU�o ClceR RTS,CbRnClceRT_,Cla�c/Cbadce_MadCsR\Hg[QJ,P ckClJN`tUzfM[lJMUQ�l�~CbGQU/P�R\SMHKPnCb]M],XT[{ClcYS^CbaKayRTSMU
�N[QXTUWCsRTRTXYClceRTHKrlU!RT[^]M_MXYPT_MUWHgJ7RTS,U 	Q_,U/PZR�o�[lXhCNXTUmPZ[Qag_MRTHK[lJ7[bo�R\SMUq],ClX\CQfy[F��w

�OUeo�[QXTUjEOU>LQUeRhR\[�EO[lX\G �,EOU>E�HKaga�PZS,[lXTRTaK|7ck[l�^�^UkJ{Rz[QJ�BDCFE�GIHKJML�" P�]MX\U/PTUkJ{Rz[Q]MHKJMHg[QJ
Cb`t[l_MR�RTSMUq],ClX\CQfy[F�~HgJ7R\SMUqJMUe�IRDPTU/ceRTHK[lJ�w
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6 J7RTSMUjV,X\PZRDPTU/c�R\Hg[QJi[lo R\SMHdPDcYS,Cl]yRTU/X�EnUqfyHdPTck_,P\PZUmf7C^�^[yfyHgV�ckCbRTHK[lJ5[bo 	{_,CbJ{R\_M� �^Ue�
cYS,ClJMHKc/Ph]MX\[l]t[QPTU/f5`I|@BDCFE�GIHKJML~HKJ�[lXYfyU/X�RT[7PZ[QagrQUqRTSMU�],CbXYClfM[F� w ��S,U>�^[yfyH�VtckCsR\Hg[QJ
E�ClP�PT_,cYSqR\S,CsR ]MX\[IckU/P\PZUmP�ce[Q_Madfq`�UnJM[lJM� _MJ,H�RYCbX\|!ClJ,fWRTSI_,P HKJyo�[lX\�~CsRTHK[lJjck[l_Madfq`tUnaK[QPZR/w
/M[QX �^[lX\U�RTS,ClJ^R�En[jfMU/ckCQfyU/P�BDCFE�GIHgJ,L!S�ClP PZRTX\[lJMLQag|�`�U/agHKUkrQU/f�RTS�CsR�HKJyo�[lX\�~CsR\Hg[QJNE�ClP
aK[QPZR�HKJ5`MadClcYGpSM[QagU!o�[QXT�~CsR\Hg[QJ7ClJ,fiUkrsCb]t[lXYCsR\Hg[QJ�w
�I[Q�NU/E�SMUkX\U�HgJ^R\SMUD]�ClPZR |lU/ClX\P/�bSM[sEOUkrQUkXm�sSMUDPZR\ClXZR\U/f^fy[l_,`yRTHKJMLqR\S,CsR�HKJyo�[QXT�~CsR\Hg[QJ

ce[Q_Madf5XTUmCbaKag|i`�U�ag[{P�Rmw �DJ,f���V,J,ClagaK|l�tHgJ5R\SMU�PT_M�^�^UkXz[bo v;:�:�� SMU�ClJMJM[Q_MJ,ceUmf7SMU>S,CQfPT[laKrlU/f~RTSMU!],CbXYClfM[F��HKJpo CFrl[QX�[lo�_MJMHgR\ClXTHgR�|�� 6 J � JMLQaKClJ,fpBDCFE�GIHKJML>HdPOC�ckUkaKUk`MX\H�R�|~ClJ,fRTS,UhCbJMJM[Q_MJ,ckUk�^UkJ{R ckCl_MLlS{R CzaK[bR [lotCbRZRTU/J{RTHK[lJ�o�XT[Q��RTSMU�],XTUmPTP/w BDHKP�RYCbaKG �lCsR�RTS,U u �mR\S
��S + �����N+����-�/�5�#� �8�����/2"�N���=����%
���'��� (*$ ��� �����N���:��?����/��+ $&?��:� �� O24�����'����$&!'!=����$&+�(.�����:�*�=,
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6 J{RTU/XTJ,CbRTHK[lJ,Cla � [lJMo�UkX\UkJ,ckUh[lJ � U/JMUkXYCba 
 UkadCsRTHKrIH�R�|^CbJ�f � X\CFrIHgR\CsR\Hg[QJ^SMUkadf~HKJ��D_M`,agHKJ��CsRTRTXYClceRTU/f7CbJ5U/JM[lX\�^[l_,P�ckXT[sEhf # o�[lXzC�J,HKckUjClckck[l_MJ{R�[bo RTS,HKPDUkrlU/J{R�ClJ,f5C�RTXYCbJ,P\ceX\Hg]MR
[bo RTS,UWR\CbaKG�PTUkU � �Qv � % w��U�E�HKaga{`�UnrlU/XT|WPZS,[lXTR�[lJqR\SMUnck[lJ{RTU/J{R [boIR\SMU�RYCbaKG �m`tU/c/Cb_,PTU _M]>RTHKaga{JM[sE�JM[!CbXTRTHdceaKU
RTS�CsR�]MX\[sr{HdfyUmP R\SMU!c/Cbadce_MadCsR\Hg[QJ,POJMU/ckU/P\PTClXT|�RT[^]MX\[I[bo�S,HKP�PZR\CsR\Uk�^UkJ{RYPnS�ClP�Cb]M]tU/ClXTUmf��sw
�ycYSMU/�~CsRTHdckClagaK|pSMU�PZ_MLQLlUmP�RYP�R\SMUqo�[QagaK[sE�HgJ,L,w �OadClcYGpSM[QagU!o�[QXT�~CsR\Hg[QJ@CbJ,f7UkrsCl]�[QX\CbRTHK[lJ
ckClJi`tUWRTS,[l_MLQSQR�[lo ClP�C^P\ckCbRZRTU/XTHKJMLN]MX\[IckU/P\Pkw97�XTU/],CbX\UzC^ceU/XZRYCbHKJ7ck[lJyV�Ll_MXYCsR\Hg[QJiPT_,cYS
RTS�CsR HgR�HdP rQUkX\|qagHKGlU/ag|WR\[Wo�[lX\� C!`MaKCQcYGqSM[laKUl�bRTSMU/J^PTHgR CbR HgJMV,JMHgR�|>CbJ,fNPTUkJ,fNHKJNC!`M_MJ�cYS
[bo ],CbXTRTHdceaKU/P�ClJ,fpE�CbHgRhC>rQUkX\|~ag[QJML>R\Hg�^UqCbJ�fiPTUkUWE�S,CbR�ck[l�^U/PO[l_MR/w��I[No CbXOR\SMHKP��~CF|
PT[l_MJ,f5rQUkX\|po Cl�NHKaKHKClXhRT[�|l[l_@ClJ,f5|l[Q_@En[Q_MaKf7]MX\[l`�Cb`MaK|�LQ_MU/P\P�R\S,CsRDE�S�CsRDE�HKaga�ce[Q�^U
[l_MRNHdP�BzCFE�GIHgJML�X\CQfyHdCsRTHK[lJ�w �ORNRTSMHdPN]�[QHgJ{Rm� SM[sEOUkrlU/X 	{_,CbJ{R\_M� �^U/cYS,ClJMHKc/P�ck[l�^U/PHKJQR\[5]MaKCF|�CbJ,f�HgRqRTUkaKadPq|l[Q_�R\S,CsR>PTHgJ�ceU^|l[Q_�ClXTU~CsRqHKJyV,JMHgR�|�|Q[l_�ckClJ�JMU/rlU/Xq`�UpPT_MX\U
RTS�CsR�C7`MadClcYG�SM[laKU~XTUmCbaKag|	o�[lX\�NUmf���J,[@�^CbRZR\UkXjSM[sE�ceU/XZRYCbHKJ�H�RjE�ClPqHKJ�RTSMUiceadClP\PZHdckCla
RTS,Uk[lX\|lw9��SMHdP�HdPORTSMUWo CQc�R�R\S,CsRh]MX\[srIHKfMU/P�CNEOCF|~R\[^�^ClHgJ{RYCbHKJi_MJ,H�RYCbX\H�R�|Qw

7 X\[yceUmPTPTU/P�CQP�RTS,U�[QJMU>fyUmPTckXTHK`�Umf	Cb`t[srlUjc/CbJ	`tU�c/Cbadce_MadCsR\U/f5`I|@fy[lHKJML~R\SMU /,Uk|IJy�
�~CbJ�],CsR\Sy� HKJ{RTU/LlXYCba�[srQUkX^CbaKanS,HKPZRT[QXTHKU/P/w �hJyo�[QXZR\_MJ,CsR\UkaK|l� S,[sE$RT[�fy[	R\SMHdP^HKPNJM[lRNCsR
CbaKa R\XTHKrIHKCla � `M_yR�_�PZ_,ClagaK|	[QJMU�PZR\CbXTR\PWE�HgRTS}PTUkaKU/ceRTHKJML	C@ce[Q_M]MaKU~[bo�SMHdP�R\[lX\HgUmP!RTS,CbR>[lJ,U
ClP\PT_M�^U/PDRT[�LQHgrQUjR\SMU��^[{P�RWHgJ{R\UkX\U/PZRTHKJML�X\U/PT_MagR\P/w8/,XT[Q�9[l_MX!]MX\UkrIHg[Q_,P!fyHKP\ce_�PTPTHg[QJ	EOU
ClP\PT_M�^UWRTSMUmPZUWR\[p`�UWR\SMUjLQUk[l�^UkRTX\HgUmP�HgJ@E�SMHdcYS@C~`MadClcYGpS,[laKUWo�[lX\�^PDCbJ,fiRTS,Uj[lJMUmP�HKJ
E�SMHdcYS�J,[7`,aKCQcYG	SM[laKUNo�[lX\�~Pk��R\SMU~PZ[l�xc/CbaKagUmf@R\XTHKrIHKCla LlUk[Q�^UeRTX\HKU/P/w6
h[sE�BDCFE�GIHKJML@CbXT�
Ll_,U/P R\S,CsRnRTSMU!HKJQR\UkLQX\ClaM[srlU/X RTS,UhRTX\HKr{HdCba�LlU/[l�^UeR\XTHKU/P�LlHKrlU/P�Cj_MJMHgR\ClXT|NX\U/PT_Ma�Rm�IE�SMUkX\U/CQP
RTS,Uz`MadClcYG^SM[QagUzLlU/[l�^UeR\XTHKU/Pnfy[>JM[lR/w �O_yR�E�SMUkJi[lJMU!ClfMfMP�RTS,UDR�EO[>ce[QJ{RTX\Hg`M_MRTHK[lJ,P�RTSMU
V,J,Cla�XTUmPZ_MagR�HdPN_MJMHgR\ClXT|Q��RTSMHdPNS,ClP>RT[�fy[�E�HgRTS RTSMU7o CQc�R>R\S,CsR~ce[QXTX\UkadCsR\Hg[QJ�o�_MJ,ceRTHK[lJ,P
fyUmckCF|>Uk�y]�[QJMUkJ{RTHdCbaKaK|�HKJ�Cq`MadClcYGNSM[QagUh`�ClcYGILlX\[l_MJ�f�w ��SMU/XTUko�[lX\U�RTSMUDV,J,Cla�PZR\CsR\UhHKJ~RTSMU`MadClcYG�SM[laKU~�^UeRTX\Hdc^HKPqHKJ,fyU/]�U/J,fyU/JQRN[boORTSMU�HgJMHgRTHdCbanP�RYCsRTUiCbJ,f�Clc/ce[QX\fyHKJMLQag|	fy[IUmPqJM[bR
ce[QJ{RTX\Hg`M_MRTU!RT[^R\SMUWRTXYCbJ,PTHgRTHK[lJ5Cb�^]MaKH�R\_,fyUlw

6 J�RTS,U�]MSI|yPZHdckP>PZ[yceHKUeR�|�BDCFE�GIHKJML@S,CQPjX\U/ceU/HgrQU/f�C@aK[bR>[loDceX\H�R\HKckHKPT�5� `tU/c/Cb_,PTUpSMU
rIHg[QaKCbRTUmf�ClJ�_MJIE�X\H�RTRTU/J X\_MaKU �5JMU/rlUkX~fyUmceadCbX\U5|l[l_�S,CFrlU@PT[laKrlUmf PT[l�^UeR\SMHgJ,L,�O`�Uko�[lX\U
|l[Q_ S,CFrQUiCQc�RT_�CbaKag| fM[lJMUiRTSMU@c/Cbadce_MadCsR\Hg[QJ,Pkw �nUmPZHdfyUmP>R\SMHdPNRTSMU/XTU@CbX\U5C�JI_M��`�U/XN[lo
]MSI|yPZHdceHdPZR\PiE�SM[ `tUkaKHgU/rlU�RTS,CbR5BzCFE�GIHgJML�" PiPZ[Qag_MRTHK[lJ HdPiJM[bR5[lX\HgLQHgJ�Cba w 6 J R\SMU v;: :,uCbXTRTHdceaKU � ��� � �@CbadfMCQceUkJ�C5XTU/]�[QXZRYPjC	ckClaKck_MadCsRTHK[lJ�R\S,CsR�PTUkU/�~PqRT[�`�UiUe�MClceRTaK|	RTS,U�[lJ,URTS�CsR@BDCFE�GIHgJ,L ]MX\[l]t[QPTU/P/w�BzCFE�G{HKJML CbX\Ll_MUmP~RTS�CsR �@CbadfMClckUkJ,C�fyHdf JM[lR7fyXYCFE9RTSMU
X\HgLQSQRjck[lJ,ckag_,PTHK[lJ,PWHKJ�RTS,CbR>CbXTRTHdceaKUl� `M_yR>�~CbJI|�PTUkU/�<R\[	fy[l_M`MR>E�SMUeR\SMUkX�BDCFE�GIHgJ,L�" P
ce[QJ,ceaK_,PTHg[QJ,PDClXTU>agU/LlHgRTHK�^CbRTUQw ��[�]MXT[I[lo RTSMHdPDS,U #�[QXD`tUeRTRTUkX���SMHdPzPZRT_,fMUkJ{R\P % E�HKaKa S,CFrQURT[^]MX\[srIHKfMU!_�P�E�H�R\S	CNc/Cbadce_MadCsR\Hg[QJ�w
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6 J�RTS,U~]MXTU/rIHg[Q_,PjcYS,Cl]yRTU/XqEnU~HKJ{RTX\[IfM_,ceUmf P�R\XTHKJML7RTSMU/[lX\|�CQPjC@ce[QJ,PZHdPZRTUkJ{RqR\SMUk[QXT|	[lo
	{_,CbJ{R\_M� LQX\CFrIHgR�|~RTS�CsRDHdPDPT_,ckckU/P\P�o�_,a�HgJ�Ue�y]MadCbHKJMHgJ,L~`MaKCQcYG�SM[QagUqU/J{RTX\[l]I|��^HdceX\[QP\ce[l]M�
HdckCbaKaK|l��Clag`tUkHgRN[QJMaK|�o�[QXNC�PT]�UmceHdCba�ceadClP\P>[loD`MadClcYG�SM[laKU/P/w � �MClceRTaK|�SM[sE$`MadClcYG�SM[laKU/P
CbX\Uhce[QJ,PZRTX\_,c�R\U/f^HKJ�P�R\XTHKJMLWR\SMUk[QXT|^CbJ,f^S,[sE�R\SMUkHKX��^HdceX\[QP\ce[Q]MHKc�PZR\CbRTUmP�CbX\Uhce[Q_MJ{RTUmf^HKP
E�CF|p`�U/|l[QJ,fiRTSMUjP\ce[Q]�Uq[lo R\SMHKP�RTSMUmPZHdPkwn��UqE�HKaKa ��SM[sEnU/rlU/X/�{RTX\|pR\[^LlHKrlUWRTS,UqXTUmClfyU/XhC
	{_,CbaKHgR\CsR\HgrQUzHdfyUmC�[lo E�S,CbRhP�R\XTHKJMLl|~`,aKCQcYG~SM[laKU/P�ClXTUWCbJ,f�SM[sE `,aKCQcYG~SM[laKUW�NHdceX\[QPZR\CbRTUmP
ckClJi`tUqHdfyUkJ{RTHgV,UmfiHKJ@P�R\XTHKJMLNRTS,Uk[lX\|lw

6 J~rlU/XT|NX\[l_MLQSNaKHKJMU/P/�IE�S,CsR�EOUzPTS,Clagatfy[jHKJ~RTSMHdPOcYS,Cb]yR\UkXnHKPnce[l�^],ClXTUhRTSMU!ceadClP\PZHdckCla
]MHdc�R\_MXTUn[bo�CD`MadClcYG!SM[laKU R\[!ChPT]tU/ceHdCbaIGIHKJ,fq[bo,PZRTX\HKJMLl|W`MadClcYG!SM[laKUO]MXT[Q]�[{PZUmfW`I|��	CsRTSI_MX
CbJ�f�RTX\|	RT[�PZU/U~E�SMUeR\SMUkX>RTSMHdP>PZRTX\HgJ,Ll|�`,aKCQcYG�SM[QagUQ��R\S,CsR�fM[{UmPqS,CFrQU~HgJ{RTU/XTJ�Cba�PZR\CbRTU/P
ClPO[Q]M]�[{PZUmf~R\[�R\SMUqceadClP\PZHdckCla `MaKCQcYG~SM[laKUl�yHdP�Cb`MaKU!RT[~PTUkJ,f�[l_yR�HKJyo�[lX\�~CsRTHK[lJ7Cb`t[l_yR�HgR\P
HKJQR\UkX\J,Cba P�RYCsRTUmPhCbaK[lJ,LNE�HgRTS5R\SMU>BzCFE�G{HKJML~XYClfyHdCsR\Hg[QJ�w ��SMHdP�R\U/PZRDHKPD[bo ce[Q_MX\PTUqceX\_,ceHdCba
HgozEOU7E�CbJ{RNRTSMUmPZU@PZRTX\HgJ,Ll|�`MadClcYG SM[QagUmPNRT[�`�U@Cb`,agU7RT[�PT[laKrlUiRTSMU5HKJyo�[lX\�~CsRTHK[lJ�ag[{PTP
],ClX\CQfy[F��w
��UD�>_�P�R�EOClXTJ^R\SMU!XTUmClfyU/X RTS�CsRORTSMU!P�R\XTHKJMLl|^`MadClcYGNSM[QagUzagHKrlUmP�HKJpR\UkJifMHg�^UkJ�PZHK[lJ,P

CbJ�f�HKJ^RTS,UDceadClP\PZHdckClayagHK�^H�ROH�RnXTUmfy_,ceUmP�RT[jClJ^Ue�y[bR\HKcOR�|I]tUh[bo�`MadClcYGjS,[laKU�RTS,CbR�S,CQP agHgRZR\agU
RT[pfM[NE�HgRTS7R\SMUj]MSI|yPZHdckCla��ycYSIEOClXT�mPTcYSMHKadfp`MadClcYGpS,[laKUlw��hU/rlU/XZR\SMUkaKU/P\Pk�IR\SMUq[l_MR\ce[Q�^U![lo
RTS,HKP�R\U/PZRzckClJiLQHgrQUW_,P�HKJ,PZHKLlS{RhHKJ5E�SMUeR\SMUkXh[QX�JM[bR�R\SMU>Cl]M]MX\[QClcYSi[bo �@CsR\SI_MX�HKPhagHKGlU/ag|
RT[^`tUjPZ_�ckceUmPTPZo�_Ma�HKJ@PZ[QagrIHKJML�RTSMUq],ClX\CQfy[F�pHKJ�R\SMUqag[QJML^XT_,J�w
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� [7LQUeR>ClJ�HdfyU/C5[lonSM[sE�`MadClcYG	SM[QagUmPqCbX\HKPTU^HgJ PZRTX\HgJ,LiR\SMUk[QXT|Q��EOU~�>_,PZRqHgJ{RTX\[yfy_,ckUpC
ce[Q_M]MaKU^[bo�ce[lJ�ceUk]MR\P/w / HKX\PZRq[bo�CbaKa ��RTSMU/XTU~CbX\UNRTSMU^`M_,HgadfyHKJML@`MaK[IcYGyPW[loOPZRTX\HgJML7R\SMUk[QXT|
E�SMHdcYS�CbX\U�PZRTX\HKJMLQPzCbJ,f �h�x`MXYCbJMUmPkwW�{RTX\HgJ,LQP!CbX\U>[lJ,Ue� fyHg�^U/J,PZHK[lJ�Cba�Uk�IRTUkJ�fyU/f�[l` ��Umc�R\P
E�SMHdcYS	ckClJ@UkHgRTSMU/XD`tU>ceaK[QPTU/f5[QXh[l]tUkJ��tH w UQwnR\SMUkHKXDU/J,fy]t[lHKJ{R\P!ckCbJ5`tU ��[QHgJMUmf7RT[QLlUeR\SMUkX
RT[po�[lX\� C~ceaK[QPTU/f5aK[I[l]5[lXDJM[bRmw)/,[lXh[Q]�U/J	P�R\XTHKJMLQP�RTSMU/HgXzUkJ,fy]t[lHKJ{R\Phc/CbJ@U/H�R\SMUkXh�^[srQU
o�X\UkUkaK| HKJ PT],ClckUeRTHK�^U #
�DUk_M�~ClJMJ�`�[Q_MJ,fMClXT| ce[QJ,fyHgRTHK[lJ % [QXp`tU@VM�yU/f�HKJ PZ]�ClceUkRTHK�^U
# �zHKXTHdcYSMaKUeRh`t[l_MJ,f,CbX\|�ce[QJ,fyHgRTHK[lJ % wn�{RTX\HKJMLQP�aKHKrlUWHgJ	C � fMHg�^UkJ�PZHK[lJ,Cla�PT],ClckUeRTHK�^U 2 ClJ,f
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� � �x`MX\ClJMU/P^ClXTU5_,PT_,CbaKaK| fyUeV�JMU/f�ClP # � 0 u % fMHg�^UkJ�PZHK[lJ,Cla�[l` ��Umc�RYP^[lJ�E�SMHdcYS�[Q]�U/JPZRTX\HgJML{PNE�H�R\S �zHKXTHdcYSMaKUeR~`�[Q_MJ,fMClXT|}ck[lJ,fMH�R\Hg[QJ,P^UkJ,f�w��IHKJ,ckU5RTSMU/XTU7HKP~C��^[l�^U/JQR\_M�
� [sE o�X\[l�3RTS,U�[Q]�U/J�PZRTX\HgJMLiE�H�R\S	VM�yUmf	UkJ�fy]�[QHgJ{RYPhR\[�R\SMU � � �x`MXYCbJMUQ�,R\SMU � � � `MXYCbJ,U
HdP�H�RYPZU/a�o C^fy|IJ,Cb�^HdckCla�[l` ��Umc�R/w

� `IrIHg[Q_,PZaK|l� R\SMUiPZRTX\HgJ,LQPNckCbJ rIHK`MXYCsRTU7CbJ,f}E�SMUkJ RTSMU/|�ClXTU 	Q_�CbJ{RTHK�kUmf�� fyH �tU/XTU/JQR
rIHg`,X\CbRTHK[lJp�^[yfyU/P�c/CbJp`tUWHKfyU/J{RTHgV,U/fiClPn`�U/HgJML^fyH �tU/XTU/J{RO],ClXZR\HKckagUmPkw9/,[lXOUe�MCb�^]MaKUl�I[lJ,U
[bozRTSMU@�~CQPTPTagUmPTPN�^[yfyU/P^[lozR\SMU	ceaK[QPTU/f�P�R\XTHKJML ckClJ�`tU@HdfyUkJ{RTHgV,Umf CQP�RTSMU@LQX\CFrIHgRT[lJ��
PTHg�^HKaKClXTaK|>R\SMU!]MSM[bR\[lJpHdP�RTSMUz�^CQPTPTaKU/P\P rIHg`,X\CbRTHK[lJ~�^[yfyUz[lo�RTSMUz[l]tUkJ�PZRTX\HKJML>E�HgRTS�o�XTU/U
UkJ�fy]�[QHgJ{RYPkw 6xotPZRTX\HgJ,LDR\SMUk[QXT|qHdP RT[W`�UOR\SMU�_MJMHgV,U/f>RTSMU/[lX\|q[bo 	{_,ClJ{RT_M� �^UmcYS,CbJMHdckP�ClJ,f
LlXYCFrIH�R�|Q�IRTSMU/J�CbaKa�R\SMU��{RYCbJ,fMClX\f �5[yfyU/a�],ClXZR\HKckagUmP��>_�P�RzClXTHdPTUWo�XT[Q� RTS,U�PZRTX\HgJMLpPT]tU/c��
RTX\_M�5w /M_,XZR\SMUkX\�^[lX\Ul�QRTSMUWP�R\XTHKJML�agU/JMLbR\SiS,CQP R\[�`tU![bo�R\SMUz[QX\fMUkXO[bo�R\SMUDo�_,J,fMCb�^U/JQRYCba
7 adCbJ�cYG~agU/JMLbR\S�w96 J�R\_MX\J�R\SMUjP�R\XTHKJML�RTU/J,PZHK[lJ7HdP�HgJIrlU/X\PTUkaK|~]MX\[l]t[lXTRTHK[lJ,Cla,R\[NRTSMUjPZRTX\HgJ,L
aKUkJMLlRTS>P�	{_,CbX\U/f��sck[lJ,PTU 	{_MU/JQR\ag|!�~ClP\PZHKrlUOP�R\XTHKJMLh�^[yfyUmP ClXTUn[boyRTS,Un[QX\fyU/X�[loyRTSMU*7 adCbJ,cYG
�~ClP\PnClJ,f^R\SMHKPOU/JMUkX\Ll|~P\ckCbaKUhHdPOEOCF|N[l_yR�[bo�X\U/CQcYSpUe�y]tUkX\Hg�^U/JQRYCbaKag|Qw ��S,HKPO�^U/ClJ,P R\S,CsR
CbaKaIRTS,U��IR\CbJ�fMCbXYf �5[yfyU/ay],CbXTRTHdceaKU/P���_,PZR�HKJ�o Clc�R `tU�ce[lJ{RYCbHKJMU/f�HgJ�RTS,UO�~CQPTPTagUmPTP�PZRTX\HgJ,L
PT]�Umc�RTX\_M�5w�� [l_~�~CF|NEn[QXTX\|qRTS�CsR R\SMHKPOPTUkUk�~P�_MJMX\U/ClPT[lJ�Cb`MaKUl�lPTHKJ,ceUh�^[{P�R�GIJM[sE�J^],ClXZ�
RTHdceaKU/P�ClXTUn�^CQPTPTHKrlUl�F`M_MR�ck[l�^],CbX\U/fqRT[hR\SMU*7 adCbJ,cYGW�~ClP\P�R\SMU/PTUO�^CQPTPTU/P CbX\U�rQUkX\|WPT�~CbaKa �
PT[�R\[^V,XYP�Rh[QX\fyU/XORTSMU/|iCbX\UW�kU/XT[~CbJ�fiPT�~CbaKa�PZ|I�^�^UeR\XT|{�x`MXTUmCbGIHKJML>U �tUmc�R\Pzce[Q_MaKfi�~CbGQU
RTS,Uk� J,[lJy�x�kU/XT[�w

/M[QX�R\SMHdP�ag[sE U/JMUkX\Ll|WX\UkLlHK�^Ul�sE�SMU/XTUO[lJ,ag|WR\SMUn�~CQPTPTagUmPTP�V,U/aKfMP ]MadCF|jCzXT[QagUQ�/R\SMUkX\UOHKP
CbJqU �tUmc�R\HgrQU�ClceRTHK[lJWRTS�CsR fyUmPTckXTHK`tU/P�CDPZ_M]tUkX\LlXYCFrIH�R�|hRTSMU/[lX\|lw��nPTPTUkJ{RTHdCbaKaK|l�/RTSMHdP�U �tUmc�RTHKrlU
RTS,Uk[lX\|^HKPO[Q`yR\ClHgJMUmfp`I|pfyUmPTckXTHK`MHKJML�CNPZHKJMLQagU!P�R\XTHKJML>[QX�`MX\ClJMUDHKJiC�`,CQcYG{LQXT[Q_MJ,f^[lo�RTSMU
V,U/aKfMPjRTS,CbR�CbX\HdPZUNo�X\[l� RTSMUp�~CQPTPTagUmPTPqPZRTX\HKJML�PT]�Umc�RTX\_M�5w ��SMU�PZRTX\UkJMLlRTS�E�H�R\S E�SMHdcYS
PZRTX\HgJML{Phce[Q_M]MaKUWRT[~UmClcYS5[bR\SMUkXhHdPhLQHgrQUkJ7`I|�R\SMU>PZRTX\HgJMLpck[l_M],agHKJMLpce[QJ,PZR\CbJ{R ���m��[lJ7RTSMU[bR\SMUkX�S�CbJ,fiRTS,U �h�x`MXYCbJMU!RTU/J,PTHg[QJiHdP�HKJ{rQUkXYPZU/ag|~],XT[Q]�[QXZR\Hg[QJ,Cba�RT[^R\SMUjP�R\XTHKJML~ce[Q_M]MaKHgJ,L
ce[QJ,PZR\CbJ{RWPZ[i`MX\ClJMU/PDE�HgaKa�JMUkrQUkXWCbX\HKPTUjHKJ�C�]�U/XZR\_MXT`�CsRTHKrlU>RTSMU/[lX\|7o�[lXWPZ�~CbaKa � � w8��S,HKP
HdP�E�S{| �h�x`MXYCbJMUmP�CbX\UWc/CbaKagUmf�J,[lJy�x]�U/XZR\_MX\`,CsR\HgrQU![Q` ��U/ceR\P/w

��SMHdP�HdP�C>LQ[I[Ifp]�[QHgJ{RORT[^PTCF|~PT[l�^UDEO[lXYfMPOCb`t[l_yR�CbJM[lRTSMU/XnHK�^]�[QXZRYCbJ{ROck[lJ,ckUk]yR�HKJ
PZRTX\HgJMLiRTS,Uk[lX\|l� J,Cl�^UkaK|	fy_,CbaKHgRTHKU/P/w �z_,CbaKH�R\HgUmPWCbX\U�`tUkaKHgU/rlUmf@RT[7`tUNUk�MClc�RqPT|{�^�^UeR\XTHKU/P
[boOP�R\XTHKJMLiRTSMU/[lX\|5RTS,CbRWClXTU^PZ]t[lJ{RYCbJMU/[l_,PTag|5`MX\[lGQUkJ�w � UeRW_,P!V,XYP�RqfyHdPTck_,P\P �O� fy_,ClagHgR�|lw
�DPNEOU��^UkJ{R\Hg[QJMU/f�Cb`t[srlU~R\SMU7PZRTX\HKJMLQP�_,PT_,CbaKag|�aKHgrQU�HKJ u�: fyHK�^UkJ,PTHg[QJ,P/� `M_yR^RTSMHdP�HKP[bo�ce[Q_MXYPZUNJM[bRWR\SMUpfyHK�NU/J,PTHg[QJ,CbaKH�R�|�[boORTSMUpPT],ClckUeR\Hg�^U^EnU^Uk�I]tUkX\HKUkJ,ckUlw���SMHdPjPZS,[l_Madf
`tUjPZ[QagrQU/fi`{|ice[l�^],CQc�R\H�o�|IHKJML � [bo RTSMU u�: fMHg�^UkJ�PZHK[lJ,P�PT_,cYS7RTS�CsR�RTS,Uqrl[laK_M�^UW[bo RTSMUce[Q�^],ClceRTHgV,U/f~�~ClJMH�o�[QaKf�HKPn�>_�cYS�PZ�~ClagaKUkXnRTS,ClJ~RTS,UzaKUkJMLlRTS7PTc/CbaKU/P R\S,CsR�CbX\UDck_MXTX\UkJ{R\ag|
Ue�y]tUkX\Hg�^U/JQRYCbaKag|7Clc/ceU/P\PTHg`MaKUlw)�O�xfM_,CbaKH�R�|iHKPhRTSMU�fy_,CbaKHgR�|�`tUeR�EOUkUkJ	CNR\SMUk[QXT|7ce[Q�N]�Clc�R\H��
V,Umf�[QJiC^ceHKX\ckagU!E�HgRTS7X\CQfyHg_�P�� CbJ,fiC>R\SMUk[QXT|pck[l�^],CQc�RTHgV,Umfp[lJ7C^ceHKX\ckagU!E�H�R\SiXYClfMHg_,P
u � �Nwq�I�xfy_�CbaKH�R�|Q��[lJ@R\SMU^[bRTS,UkX!S,CbJ,f���HKPzRTS,U^fM_,CbaKH�R�|@`tUeR�EOUkU/J	R\SMUNPZRTX\[lJ,Lice[Q_M]MaKHgJ,LX\UkLlHK�^U>[lo [lJMU�RTSMU/[lX\|@CbJ,f5R\SMUNEnUmCbG@ce[Q_M]MaKHgJMLiXTU/LlHK�^U>[boOCbJM[lRTSMU/XhRTS,Uk[lX\|lw0��SMHdPzHKP`tU/ckCl_,PTU!HgRDPTUkJ,fMP�RTSMUjck[l_M]MaKHKJML~ce[lJ�P�RYCbJ{R � � RT[ u � � � w��SI|pR\SMU/PTUjfy_,ClagHgRTHKU/PhClXTUWHK�^]�[QXZRYCbJ{R�HgJ@[Q_MXhfyHdPTck_,PTPTHK[lJ7[bo�`MaKCQcYGpSM[QagUmP�HgJ@PZRTX\HgJ,L
RTS,Uk[lX\|l�IHdP�`�UmckCl_,PZU!R\SMUkX\U!ClXTU!`MadClcYG~SM[QagUqPT[laK_yRTHK[lJ�Pn[lo PT_M]�U/XTLQX\CFrIHgR�|NRTS,CbR�ClXTHdPTUDo�X\[l�
ceU/XZRYCbHKJNo�_MJ,fMCl�NU/J{R\CbatP�R\XTHKJMLjck[lJyV,LQ_MXYCsRTHK[lJ�P ClP EOUkaKa,CQP [lJMUmP R\S,CsRnClXTHdPTUno�X\[l��ceU/XZRYCbHKJ
�D� `MXYCbJ,UOck[lJyV,LQ_MXYCsRTHK[lJjClJ,fqR\SMU/PTU�fyH�� UkX\UkJ{R PT[laK_yRTHK[lJ,P ckClJ>`tU�XTU/aKCbRTU/fj`{|q]tUkXTo�[lX\�^HgJ,L
CNJI_M�>`tUkXh[lo��{�OCbJ,f �O�xfM_,CbaKH�R\HgUmPkw

�ORORTSMHdPO]�[QHgJ{R�EnUzS,CFrlUzHgJ{R\XT[yfy_,ckU/fpRTSMUqce[QJ,ceU/]yR\Pn[lJ,Uz��_,P�R�GIJM[sE�RT[^Cb],]MXTUmceHdCsR\U
E�S,CbRzR\SMU^LlUk[Q�^UeRTX\HKU/PzEnUNE�HKPTS�RT[5P�R\_,fy|	S,CFrQUjR\[7fy[7E�HgRTS�P�R\XTHKJMLQPWClJ,f	`MXYCbJ,U/P/w06 J
RTS,U>o�[QagaK[sE�HgJ,L�PZUmc�R\Hg[QJ@EnU>o�[Ick_,Pz[lJ@R\SMU>],ClXZR\HKck_MadCbXD`,X\ClJMU�ck[lJyV,LQ_MXYCsRTHK[lJ7R\S,CsRWLlHKrlUmP
X\HKPTU�RT[WR\SMU�`MadClcYG>S,[laKU�LlUk[Q�^UeRTX\|qEOUhCbX\U�HgJ{RTU/XTUmP�R\U/f�HgJ�w �DJ,f^EOUhPZS,ClagaMRTX\|qRT[j�~ClGlU�H�R
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]MadCb_,PTHK`MagUWR\S,CsRh[QJMUjckClJ@fyUkX\HgrQUqC~ceadClP\PZHdckCla�`MaKCQcYGpSM[QagUqLQUk[l�^UkRTX\|~o�[lX�R\SMHdPhPZ|yPZRTU/� ClP
EOUkaKa ClPDC^agUmPTP�J�CbHKrlUq]MHdc�R\_MXTUjRTS,CbRzce[QJ,PZHdPZR\P�[lo C�ce[laKaKU/c�R\Hg[QJ5[bo LlU/[l�^UeR\XTHKU/POR\S,CsRD�~CF|
`tU>HdfyUkJ{RTHgV,Umf@E�H�R\S�`MadClcYGiSM[laKU>�^HdceX\[QPZR\CbRTU/P/w ��o R\UkXzRTS,CbRzEOUjE�HKaga UkJ,f@RTSMHdPh�x]tUkX\S,Cb],P
C7`MHgR>PZ_M]tUkXTV�ckHKCla��hHKJ{RTX\[IfM_,c�R\Hg[QJ�ClJ,f�EOU^E�HgaKa�PZR\CbRTUNRTSMU~LQUk[Q�NUkRTX\HgUmP!EnU^S,CFrQU>RYCbGlU/J
o�X\[l� PZRTX\HgJ,L�R\SMUk[QXT|iCbJ,f7P�RYCbXTRhP�R\_,fy|IHgJ,L^RTSMU/� RTS,[lX\[l_MLQSMag|Qw

	�� �  �������. 	�� � 8 � $ 5�� �
��SMUOLlU/[l�^UeR\XT|WEOUnE�HdPZS�RT[!HKJ{rQU/PZRTHKLQCbRTU�HKJ�RTSMHdP�cYS,Cb]yR\UkX�HdP LQUkJMU/X\CbRTUmfq`I|WRTSMU�PT[b� ckCbaKaKU/f
� u � � ��PT|IPZRTU/�5w ��SMHdPpPT|yP�R\Uk��HdP~ce[Q�N]t[QPTU/f [bo�� , � u � `,X\ClJMU/P�RTS�CsRpCbX\U5E�X\Cl]M]�UmfCbX\[l_,J,fqR\SMU
	jfyHgX\U/ceRTHK[lJ�E�SMHKcYSNHdP ck[l�^],CQc�RTHgV,Umf>[QJ�C!ceHKX\ckagUO[botX\CQfyHg_�P��Nw 6 J�CQfMfyHgRTHK[lJ��
RTS,UkX\UhCbX\U�o�[l_MX �^[QXTU�fyHK�^UkJ,PTHg[QJ,P ck[l�^],ClceRTHgV,U/fN[QJ^C � � �~ClJMH�o�[QaKf�� #�E�SMHdcYS~EOUhPZS,Claga
R\ClGlU7RT[�`tU	C � � RT[lX\_,P % w �hJ�f R\SMUkX\U@CbX\U
� 2 � �s� `MXYCbJ,U/PNE�X\Cl]M]tU/f CbX\[l_MJ,f�CbaKa�V,rQU
ce[Q�^],ClceRTHgV,U/f fMHgX\U/ceRTHK[lJ,P/w.��SMHdPi]MHKceRT_MX\U�HdPi]MXT[Q`,Cb`,ag| 	{_MH�R\U�S�CbXYf RT[ r{HdPT_,CbaKHg�/U�PT[
JM[sE�EnU�HgJIrl[QGlUNRTS,Ui�{�!ClJ,f �O� fy_,CbaKHgRTHKU/PWR\[	XTU/aKCbRTU^R\SMU � u � � �5PT|yP�R\Uk� RT[@R\SMU / �'7
PT|IPZRTU/� � w ��SMU / �47 PZ|yPZRTUk�9HdP ��_,P�RjCiPZHKJMLlaKU�PZRTX\HKJML # ckClagaKU/f�/ % RTS�CsRWHKP!E�XYCb]M]tU/f�� 2RTHK�^U/P�CbX\[l_MJ,f�RTS,U�ce[Q�N]�Clc�R\H�V�U/f�	�fyHKX\U/c�R\Hg[QJ CbJ,f�ckClXTX\HKU/P�� , _,JMH�RYPj[loO�^[l�^U/JQR\_M�
cYS,ClXTLQU 7�HgJ5R\SMHdPzP\Cb�^U>fyHKX\U/c�R\Hg[QJ�w � [p[l`yRYCbHKJ5RTSMHdP!ce[lJMV,Ll_MXYCsR\Hg[QJ7RTSMUNP�R\XTHKJMLpS,CQP�RT[
`tU^PZRTX\UeRYcYSMU/f	ag[QJMLiU/JM[l_,LlS@R\[iE�XYCb]�� 2 R\Hg�^U/PWClXT[Q_MJ,f	C7ceHKX\ckagUN[bonX\CQfyHg_�P �Nw>�IHKJ,ceURTS,U7PZRTX\HgJ,L�S,CQP>C�ceUkXTR\ClHgJ�R\UkJ,PTHK[lJ HgR�L{CbHKJ,P�UkJMU/XTLQ|�E�SMU/J HgRNHdPNP�R\XTUkR\cYSMUmf�w��y[�|l[Q_
ckClJ�Hg�~CbLQHgJ,U�R\S,CsRNC7PZRTX\HKJML,� P�R\XTUkR\cYSMUmf�rQUkX\|	aK[lJML@CbJ�f�X\[laKaKU/f�_M]}CbL{CbHKJ����~CF|�S,CFrQU
UkJ,[l_MLQSNU/JMUkX\Ll|jRT[jckCl_,PTUnR\SMUh`,CQcYGILlX\[l_MJ,f>HgJ~E�S,HKcYS^HgR HKP U/�>`tU/fMfMU/fNRT[jck_MX\rlU�SMHKLlSMaK|lw
6 J�o CQc�R/��HgRiHdPi]�[{PTPTHg`,agU@R\[}LlHKrlU5R\SMU�PZRTX\HKJML PT[}�>_,cYS�U/JMUkX\Ll|�HgJ RTSMHdP�E�CF|}R\S,CsR7H�R
LlU/JMUkXYCsR\U/P C>PZHKJMLl_,aKClXTHgR�|�� ��SMUDPT_M]tUkX\LlXYCFrIH�R�|>PT[laK_yR\Hg[QJ^RTS,CbRnHdP ]MX\[yfy_,ceUmf^`I|>R\SMHKPnrlU/XT|
SMUmCFr{|5PZRTX\HgJML~HdP!ClPT|{�^]yR\[bR\HKc/CbaKag| � CsRWCbJ,f5S,CQPDCiPZHKJMLl_,aKClXTHgR�|iCbRDH�RYPzckUkJ{RTU/X #���� : % � w
�O_yR	�@CsR\SI_MX�� � ����ceadCbHK�~P�R\S,CsR�R\SMHKP�LQUk[Q�NUkRTX\|~ce[lX\X\U/PT]�[QJ,fMP�RT[�RTSMU0/ �47 PT|IPZRTU/� [lJ,ag|J,ClHgrQUkaK|l�,`tU/c/Cb_,PTU>HgRzHdPDC�PZ[Qag_yR\Hg[QJ@[bo R\SMU>aK[sE UkJMU/XTLQ|iPT_M]�U/XTLQX\CFrIHgR�|�U 	Q_�CsRTHK[lJ�PhCFEOCF|
o�X\[l����� : w@BhUiceadCbHK�^PqRTS,CbR>RTS,U�PZHKJMLQ_MaKClXTHgR�|�CbR���� : HdPjJM[lR>X\U/CbaKaK|�CbaKaK[sEnUmf�`I|RTS,Uzo�_,aga�PZRTX\HKJML>R\SMUk[QXT|Qw BhUqHKagaK_,PZRTXYCsRTUmPnRTSMHdP�ClPOo�[QagaK[sEhPkw ��SMUqPZRTX\HgJMLNR\S,CsR�HdP�E�X\Cl]M]�Umf
CbaK[lJ,L~RTSMU�	@fyHgX\U/ceRTHK[lJ	c/CbX\XTHKU/P��^[Q�NU/J{RT_M�5w8��SMHKPD�^[l�^UkJ{RT_,� S,ClPhRT[�`tU>`t[l_,J,f5RT[
RTS,U�	�fyHKXTUmc�RTHK[lJ5Hgo R\SMUjPZR\CsR\UWHKP�R\[^`�UjCN`t[l_MJ,f5PZR\CbRTUlw��y[�R\SMUq�^[l�^UkJ{R\_M� RYCbGlUmPORTSMU
o�[lX\�3[bo RTXYCFrlU/agHKJML~E�CFrlUmP�CbaK[lJML~R\SMU�PZRTX\HKJML,w �zPzCpck[lJ,PTU 	{_MU/J,ceUq[lo RTSMUmPZU>RTXYCbJ,PTrlU/X\PTUrIHg`,X\CbRTHK[lJ,PnRTS,UjP�R\XTHKJMLN�N[srQU/P�CFE�CF|�o�X\[l� H�RYP�ceUkJ{R\UkX�HKJ�R\SMUjfyHKXTUmc�RTHK[lJ�P�R\X\ClJ,PTrlUkXYPTUhRT[
RTS,U�	�fyHKXTUmc�RTHK[lJ�w 6 J�[bR\SMUkXqEO[lXYfMP/��_M]t[lJ�ag[I[QG{HKJML5ceaK[QPTUkaK|	[lJ,U^PTUkUmP!RTS,CbRWRTSMUpPZRTX\HgJ,L
HdP�J,[bRNck[lJyV�JMU/f}RT[���� : ��R\SMHdP�HdPNCbJ HKJ,fyHdckCbRTHK[lJ R\S,CsRNRTS,U7PTHgJ,Ll_MadCbX^PZ_,]�U/XTLQX\CFrIHgR�|PT[laK_yRTHK[lJi�^CF|�JM[bR�`tUWck[lX\XTUmc�Rmw 6xo�[lJMUzR\ClGlUmP�R\SMU!RTXYCbJ,PTrlU/X\PTUDrIHK`MXYCsRTHK[lJi�^[IfMU/P�[bo RTSMU
PZRTX\HgJML^HKJ{RT[^Clckck[l_MJ{R�E�SMU/JiLQ[lHKJML>R\[NRTSMUjPT_M]tUkX\LlXYCFr{HgR�|NRTSMU/[lX\|l�I[lJ,UzV�J,fMP�C^fyH �tU/XTU/JQR
LlU/[l�^UeR\XT|Wo�[QX U/CQcYS>rIHg`,X\CbRTHK[lJ>�^[yfyUQw �Da�R\SM[l_MLQS��bR\SMU/PTU�LlU/[l�^UeR\XTHKU/P�CbX\U�P�R\HgaKa,PTHgJMLQ_MadCbXm�
HgR>ckCbJ�`tUpPZSM[sE�J�� � � � R\S,CsRqR\SMUpPTHgJMLQ_MadCbX\H�R\HgUmPz�^HKX\CQce_MaK[l_�PZaK|	fyHdPTCl]M]�UmCbXq_M]t[lJ�LQ[lHKJMLRT[NR\SMUjfy_,Cla � u � � �NPZ|yPZRTU/�7w�I[ �@CsR\S{_,X CbX\Ll_,U/P�R\S,CsR RTS,U � u � � �DPZ|yPZRTU/��LQUkJMU/X\CbRTUmP�CDck[laKagUmc�R\Hg[QJq[bo,LQUk[l�^UkRTX\HgUmPRTS�CsRjCbaKa ag[I[QG	rlU/XT|	PTHg�^HKaKClX!RT[7RTSMU~J�CbHKrlUNLlUk[Q�^UeRTX\|l� R\SMU~[lJ,ag|�fMH�� UkX\UkJ,ckU^HKP!R\S,CsRqHKJ
U/CQcYS�LQUk[l�^UkRTX\|�R\SMUqPZHKJMLQ_MaKClXTHgR�|~HdPnX\Uk],aKCQceU/f�`I|�C�PT�^[I[bRTS " c/Cb]�"Kw �OR�aKClXTLQUzfyHdPZR\CbJ�ceU/P
o�X\[l� R\SMUjceU/J{RTUkXhClaga�RTSMUmPZUjPT�^[{[lRTS7LlU/[l�^UeR\XTHKU/P�aK[I[lG~R\SMUjPTCl�^Ul�M`M_MR�RTSMU/|iCbaKa�S,CFrQUqC
PTagHKLlS{RTaK|�fyH � UkX\UkJ{RDckCl]7CbR�RTSMU/HgXhckUkJ{RTU/X/w �@CbRTSI_MX�HKJ{RTUkX\]MX\UeRYPORTSMUmPZUjfyH � UkX\UkJ{RhckCb]�P�CbX\URTS,UifyH �tU/XTU/J{R�	{_,CbJ{RT_,� PZR\CbRTU/P>[lX��NHdceX\[QPZR\CbRTUmPq[bo�RTS,U�`MadClcYG�SM[laKUlw �DJ,f HgRNckClJ `�U
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PTSM[sE�J�� ��� �bRTS�CsR ck[l_MJ{RTHKJML�R\SMU/PTU �^HKckXT[{P�RYCsRTUmP LlHKrlUmP�|l[Q_!ClJ!U/J{RTX\[l]I|hR\S,CsR�ck[lX\XTUmPZ]t[lJ,f,PRT[NR\SMUq�~ClceX\[QP\ce[Q]MHdcDU/JQR\XT[Q]I|^RTS,CbRDce[l�^UmPOo�XT[Q�$RTSMUqS,[lX\Hg�/[lJ5CbX\U/C 
 w
� [�PZ_,�N�~ClXTHK�kUQ���	CsRTSI_MXNceadCbHK�~PqRTS�CsR>R\SMUkX\UpHdP�C�ceadClP\PZHdckCla LlU/[l�^UeR\XT|�RTS,CbRNck[lXT�

X\U/PT]�[QJ,fMP>RT[�RTSMU � u � � ��PZ|yPZRTUk��ClJ,f C�ce[QagaKU/ceRTHK[lJ}[loDLlU/[l�^UeR\XTHKU/P>RTS,CbR^PTSM[Q_MaKf `�U
HKJQR\UkX\]MX\UeRTUmf	ClPhRTSMUN�^HKckXT[{P�RYCsR\U/Ph[lo RTSMU 	{_,CbJ{R\_M�9�NUmcYS,CbJ,HKc/Cba rlUkXYPTHg[QJ7[lo RTS,U>`MadClcYG
SM[QagU	ck[lX\XTUmPZ]t[lJ,fMHgJML�R\[ RTSMU � u � � ��PZ|yPZRTU/�7w BhU�ckCbaKadP^RTSMU 	{_,CbJ{RT_,� �^U/cYS,ClJMHdckCba
`MadClcYG~SM[QagUWC>o�_M�k�/`,CbaKa ��PZHKJ,ceU!_M]iRT[NRTS,U!S,[lX\Hg�/[lJpHgR�ag[I[lGyPOaKHgGQU!C^ceadClP\PTHKc/Cbat`MaKCQcYG~SM[laKUl�
`M_yR�HgJ,PTHdfyU~RTS,U~SM[lX\Hg�/[lJ�HgR>ag[I[QGIPWaKHKGlUpC7o�_M�/�k`,Claga � `tU/c/Cb_,PTU~[bohClaga R\SMU�fyH � UkX\UkJ{Rj�^H��
ceX\[QPZR\CbRTUmP # PZU/U / HgL�w � w u % w�BhHdP En[QXTGqHdP [QXTHKLlHKJ,Cba �sJM[lR `�UmckCb_�PZU�SMU�E�ClP Cl`MagUOR\[WV,J,f�RTSMUUkJ{R\XT[Q]{|7`I|7Cice[Q_MJ{Rz[bo �^HdceX\[QPZR\CbRTU/P # RTS�CsRWEOCQPDCbaKX\U/ClfM|ify[QJMUjo�[QXzC�PTHK�NHKadCbXzPZRTX\HKJMLl|
PT|IPZRTU/� `I|@�{RTX\[l�^HKJMLlU/XDCbJ�f � Cso C�� v�� � % �tJM[QXD`tU/ckCl_,PTUqRTSMUjo�[l_MJ,f�CbaKa�RTS,U/PTU>fyH �tU/XTU/JQRLlU/[l�^UeR\XTHKU/P�ck[lX\XTUmPZ]t[lJ,fMHgJML>RT[N[lJMUqPZRTX\HgJ,Ll|pPT|IPZRTU/� # R\S,CsR�E�ClP�fy[QJMUW`{| � _MJMHKJ�� �@Cla��fMCQceUkJ�CjCbJ,f �	Cb[l��� � � � % �I`M_yRn`tU/c/Cb_,PTUhSMUzHgJ{R\UkX\]MXTUkRTUmfNRTSMUmPZUDfMH�� UkX\UkJ{RnLQUk[Q�NUkRTX\HgUmP ClPRTS,Uq�NHdceX\[QPZR\CbRTUmPn[lo R\SMUq`MadClcYGpS,[laKUlw

/ HgLQ_MX\U � w u � � J^RTSMUzagUko ROCjP\cYSMUk�~CbRTHdc�]MHdc�RT_,XTUz[bo�CjceadClP\PTHKc/CbaM`MadClcYGNSM[QagUhE�HgRTS��QUk�yckUk]yRo�[lX RTS,UOPTHgJ,Ll_MadCbX\H�R�|Q�/U/�^]yR�|jPZ]�ClceUnHgJ�PZHdfyU R\SMUOSM[lX\Hg�/[lJ�w � JjRTS,U�X\HgLQSQR RTSMUno�_M�/�k`,Claga �FRTSMU
]MX\[l]t[QPTU/f 	{_,CbJ{R\_M� �^U/cYS�CbJMHdckCla�]MHdc�RT_,XTUq[lo C^`,aKCQcYG�SM[QagUQw���SMUj�^HdceX\[QPZR\CbRTU/P�Uk�IRTUkJ�f
X\HgLQSQR�_M]7R\[�R\SMUqSM[QXTHK�k[QJ�w

6 J R\SMUiJ,Ue�IR^PTU/ceRTHK[lJ}EOU�E�HKaKaOPZRT_,fM|�RTSMU5ceadClP\PZHdckCla�`MadClcYG�SM[QagUiLlUk[Q�^UeRTX\| CbJ,f C
LlU/JMUkX\HdchckCQPZUh[lo�RTS,U 	{_,CbJ{R\_M���NUmcYS,CbJ,HKc/Cba,`,aKCQcYGNS,[laKUDLlU/[l�^UeR\XT|Q�lJ,Cl�^UkaK|�R\SMUDLQUk[Q���
UeR\XT|iRTS�CsR!ck[lX\XTUmPZ]t[lJ�fMPORT[�RTSMUNPZHK�^]MagUmP�Rzr{HK`MXYCsR\Hg[QJ@�N[yfyU>[bo RTS,U / �47�PT|yP�R\Uk�5w�o�X\[l�
JM[sE [QJ�EOU!PTS,Claga X\Ueo�UkXOR\[>R\SMU/PTU!R�En[�LlUk[Q�^UeRTX\HKU/POClPnRTSMU � ��B # ceadClP\PTHKc/Cba `MadClcYG^SM[laKU %LlU/[l�^UeR\XT|}ClJ,f RTSMU � ��B # 	{_,ClJQR\_M���^U/cYS�CbJMHdckCla�`MaKCQcYG SM[laKU % LQUk[l�^UkRTX\HgUmP�X\U/PT]tU/c��RTHKrlU/ag|Qw 6 J PZUmc�R\Hg[QJ � w � EOU^E�HgaKa�]MX\[l]t[QPTU^C@ckCbadce_,aKCbRTHK[lJ�RTS,CbR>CbaKag[sEhPW_,PqRT[	ce[Q�^],CbX\URTS,UDR�EO[>LQUk[l�^UkRTX\HgUmPkw �I]tU/ceHgV�c/CbaKag|Q�{EOUzClXTUzHgJ{R\UkX\U/PZRTU/f~RT[�PTUkUzH�o�RTSMU � ��B LQUk[l�^UkRTX\HgUmPUe�ySMHK`MHgRz]MX\[l]tUkXTRTHKU/PhRTS,CbRz�~CF|7agUmClf7RT[iJM[lJM� aK[yckCba ce[lX\X\U/c�R\Hg[QJ,P�R\[~RTSMUNceadClP\PZHdckCla�aKHg�^HgR/�
H w UQw�RTSMU � ��B LlU/[l�^UeR\XT|Qw

��SMU/XTUqHdPDC^JI_M��`�U/XD[bo X\U/CQPZ[QJ,P�E�SI|�[lJ,UjUe�y]tU/c�RYP�R\S,CsRzPT[laKrIHgJ,L^RTSMUj]�CbXYClfy[F��X\Ue�
	{_MHKXTUmP�JM[lJy�xaK[Ic/CbaKH�R�|Qw ��SMU��^[QPZR J,ClHgrQUnE�CF|qRT[W]M_MR RTSMHdP HdP RTS,CbR JM[lJy�xaK[Ic/CbaIU � U/ceR\P J,U/CbX
RTS,UDUkrQUkJ{R SM[QXTHK�k[QJNEO[l_,aKf~ClagaK[sE R\SMUDBzCFE�G{HKJMLjXYClfMHKCbRTHK[lJ�RT[>c/CbX\XT|NCFEOCF|jHKJyo�[QXT�~CsR\Hg[QJ
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o�X\[l� RTSMUiXTU/LlHK[lJ�HgJ�PZHdfyUpR\SMU�`,aKCQcYG�SM[QagUiSM[lX\Hg�/[lJ�RT[�HgJyV�JMH�R�| ClJ,f�RTSI_,P�XTUmP�R\[lX\U^RTSMU
HKJyo�[lX\�~CsRTHK[lJ5R\S,CsR!En[Q_Madf@[bR\SMUkX\E�HKPTUj`tU>aK[QPZRzHKJ@RTS,U>]MX\[yceU/P\Ph[lo `MaKCQcYGiS,[laKU>UkrsCl]�[QX\Cb�
RTHK[lJ�w �hJM[lRTSMU/XzClXTLQ_M�^UkJ{RDce[Q�NUmP�o�X\[l�3SM[laK[lLQX\Cl]MSI|lw���U/�NU/�>`tUkXDRTS,CbR!Clc/ce[QX\fyHKJMLNRT[
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EOUzV�J,fiRTSMUq�^UeR\XTHdcW[bo �Df,� � HgJ �{�ycYSIEOClXT�mPTcYSMHKadf �jce[I[QX\fyHKJ,CbRTU/P
� � l � k � � lc l k u�� � i l X � � l

c l k u����
2 � � l X �0l � g`l d # � w v %

�h[lRTHdceU R\S,CsR?g � i�ClJ,fZf~XYCbJMLQU�o�XT[Q� �^HKJI_,P�HKJyV,JMHgR�|!RT[h],ag_,P HKJyV,JMHgR�|!ClJ,fqce[QJ,PTU 	{_MUkJ{R\ag|
EOU�S,CFrQU :�� � �	� w ��S,UkX\UiHdP�C�ce[I[lXYfyHKJ,CsR\UiPTHgJ,Ll_MadCbX\H�R�|�CsR���� c � `M_yR^RTSMHdP�HKP
�^UkX\UkaK|pCbJ5CbXTRTHgo ClceR�[lo�R\SMUqce[I[lXYfyHKJ,CsR\U/P/�IPTHKJ,ceU �Df��pHdP�C^PZ�^[I[bR\SiPT],ClckUeRTHK�^UWE�H�R\S7J,[
PTHgJMLQ_MadCbX\H�R\HgUmPkw �DP HKJ ��_,ceaKHKfMU/CbJ~PT],ClckU�H�ROckCbJ~`tUh]MX\[srlU/JNRTS,CbR�HgJ �zf,�~PT],ClckUeR\Hg�^U�R�EO[
LlU/[yfyU/PTHKc/P R\S,CsROHgJ{RTU/X\PTU/ceR�U/CQcYSp[bR\SMUkXm�Ify[>PT[jHgJi[lJMaK|N[lJMUz]�[QHgJ{R/w � J~R\SMUD[lRTSMU/X�S,ClJ,f��
R�EO[�LQUk[yfyUmPZHdckP�RTS�CsR�fy[ JM[lR~HgJ{RTU/X\PTU/ceRpS,CFrlU5C��^HgJMHK�>_,��fyHdPZR\CbJ�ceU5`�UkR�EnU/UkJ RTS,Uk�
# CQPD[Q]M]t[QPTU/f7RT[iJM[lJM� HKJ{RTUkXYPTU/c�R\HgJ,LpLlU/[IfMU/PTHKc/PhHKJ � _,ckagHdfyUmCbJ�PT],ClckUjE�SMHdcYS�CbX\U>ClagE�CF|yPU 	{_MHdfyHdP�RYCbJ{R % w ��SMHKP��^HgJ,Hg��_M��fyHdP�RYCbJ,ckUiHdP�PT_,cYS R\S,CsRNRTS,UkX\U�HdPNC�_MJMH 	{_MU�LQUk[yfyU/PTHdc
PTUkLl�^U/JQR�[lo �^HKJMHg�~Cla�agU/JMLbR\SiR\S,CsRDck[lJMJ,U/c�RYPORTSMUWR�EO[^LlU/[IfMU/PTHKc/POCbRhXTHKLlS{RhCbJ,LlaKU/P/w

��SMU�o Clc�R RTS,CbR EOUncYSM[{PZU�R\[DE�X\H�R\U R\SMU��^UeR\XTHdc o�[QX �zf,� � HgJ �Q�ycYSIE�CbXYPTcYSMHKadf ��ce[I[lXYfyHg�J,CbRTU/P�HKP�[bo,ck[l_MXYPZU J,[Dce[QHgJ,ckHKfMUkJ,ckUlw�6xR HKP�JM[sE P�R\X\ClHgLQS{RZo�[lX\E�CbXYf�RT[D[l`yRYCbHKJWRTSMUOPZHK�^]MagUmP�R
�*���5�^UeR\XTHdc�
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��g X v 
 w ��S,HKP
�*���N�^UeR\XTHdcnfMU/P\ceX\Hg`tU/P C v X u fyHK�NU/J,PTHg[QJ,Cba{JM[lJM� X\[bRYCsRTHKJMLh`,aKCQcYG!S,[laKUlw ��S,Un�^HKJMHg��_M�fyHdP�RYCbJ,ckUD`tUeR�EOUkU/J~RTSMUDR�En[�HKfMUkJ{RTHgV,U/fpLlUk[yfyUmPZHdckP�[yckce_,X\PnCsR � � c CbJ,fpHKP v 
 c w ��SMHdPnHKPX\Ueo�UkX\X\U/fiRT[7ClP�R\SMU>SM[QXTHK�k[QJ �lCbX\U/C��M�,PTHKJ,ceUjHgRzHdP�R\SMU>�^HKJMHK�>_M� fyHdP�RYCbJ,ckU�ClXT[Q_MJ,fiRTSMU
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V�c/CsRTHK[lJ�o�[lX�g w ��SMUqP�RYCbJ,f,CbXYf^o�[lX\� [bo�RTSMU �*���5�^UeR\XTHdc!HKPO[Q`yR\ClHgJMUmfp`I|~V,XYPZRnRYCbGIHgJ,L
Ci�N[QXTUNLlU/JMUkXYCba ]tUkX\Hg[yf�o�[lXmg ��J,Cb�^U/ag| v 
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g�� � g ��� � ��� i���i ��� d
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� � l � k � � lc l k�� � � i l X � � l
c l k�� ���

2 � �0l X � l � ghl a # � w � %
E�SMU/XTU�g^S,ClP ]tUkX\Hg[yf v 
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E�SMU/XTU�f ClJ,fYi�CbX\U�LlHKrlU/J RTS,U�o�_MaKa�XYCbJMLQUl� `M_yR ��HKPNJM[sE$]tUkX\Hg[yfyHdc � : � � � v 
 w
/ HgJ�CbaKag|Q�M_M]t[lJ@PZ_,`,P�R\H�R\_yRTHKJML�� � c PTHgJ,S�f �MEOU!V,J,f

� � l � k � � lc l X u � � i l X � � l
c l X u � �

2 � � l X � l � � l d # � w � %
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� � k u R\SMU �*�����NUkRTX\HKc!HdP ��_,PZR �Df,��w
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��SMU/J7EOUWHgJ{R\XT[yfy_,ckUz]t[ladCbXhck[I[lXYfyHgJ�CsRTUmP o�[QX�RTSMU � � � fyHKXTUmc�R\Hg[QJ,Pk�{R\SMUq�^UeRTX\Hdcz`tU/ck[l�^U/P
� � l � u

� # k � i l X � 	7l % X � � �0l
X � � l � � �^l X ce[QPWl4� ��� l X PTHgJ l � � g`l �
X � u X � �� 8� u X �:�� 8

��
 � � � �  � �  a # � w � %

E�SMU/XTU���� : � �~X\_MJ,P�o�X\[l� �kU/XT[NRT[ 
 ClJ,fTg�ClJ,f � S,CFrlUW]tUkX\Hg[yf v 
 �tPZ[NRTS,U>PZUmce[QJ,faKHgJMUq[lo # � w � % HdP���_,P�RDC � �xPT]MSMU/XTUQw / HKJ,CbaKaK|l�ri�XT_MJ�P�o�XT[Q� �^HgJI_,POR\[~]MaK_,P�HKJyV,JMHgR�|lw
� [p_MJ,fyU/X\PZR\ClJ,f5`tUeRZR\UkXzE�S,CsR!G{HKJ,f5[lo�PZ],CQceUkRTHK�NU>EnUjS�CFrlUjCsRzS,CbJ,f	agUkRz_,PD�k[I[l�

HKJ�[lJpR�En[�XTU/LlHK[lJ,P�[bo�R\SMHKP�PT],ClckUeR\Hg�^Ulw9/ HKX\PZR/�IEOUDaKUeR
�qLl[jR\[>HKJyV,JMHgR�|lw /,XT[Q� # � w � % EOUPTUkU!RTS,CbRhHgJ7R\S,CsRhaKHg�^HgR � � u �MPZ[ # � w � % XTUmfy_,ckU/PORT[
� � l�� k � i l X � 	7l X � �0l

X �0l � � �^l X ce[{P&l4� ��� l X PTHgJ l � � ghl �
X ��

 � � � �  � �  a # � w � %
E�SMHdcYS@HKP ��_,P�R � CsR�# RTU/Jy� fyHg�^U/J,PZHK[lJ�Cba % PZ]�ClceUkRTHK�^U #�E�HgRTS � ck[l�^],ClceRTHgV,U/f@fMHg�^UkJ�PZHK[lJ,PCbJ�f7C~ckHgXYceaKU % wH�D[bRTUjRTS,CbRhHgJ5R\SMHKPDagHK�^H�RDRTSMUjXYClfMHg_,P�[lo�RTSMU � �xPT]MSMU/XTUWLl[IUmP�RT[~HKJyV,JMHgR�|ClP�� l w � J�R\SMU�[lRTSMU/XjS,CbJ�f���E�SMUkJ}EOU~RYCbGlU^R\SMU�aKHK�NHgR�� l��  2  � ��EOU~V,J,f�R\S,CsR� �	� ����� �� 8 CbJ,f}RTSMU7o CQc�RT[QX^HgJ�o�XT[QJ{RN[lohRTSMU7o�[Q_MXZ� RT[QXT_�P>`tU/ck[l�^U/P^Cb],]MXT[F�yHK�~CsRTU/ag|
  2 �  � w��I[~HKJ�R\SMHdP�agHK�^H�RDRTSMUq�^UeR\XTHdc!XTUmfy_,ckU/PORT[

� � l � � l�  2  � # k � i l X � 	 l % X �  2  �� l � � l

X 
  2  � � � �^l X ce[{P&l4� ��� l X PTHKJ l � � g`l �
X �  2 � ��

 � � � �  � �  d # � w 
 %
/ HgXYPZR [lo�CbaKa �sEOUnPTUkUnRTS�CsR RTSMU � � PT]MSMUkX\U `tU/ck[l�^U/P [botC�VM�yU/f�PZHK�kU # CQP�fy[IU/P�RTSMU � � RT[QXT_�P % w
/M_,XZR\SMUkX\�^[lX\Ul�sR\SMU�V,XYP�R aKHKJMUhHdP ]MX\[l]t[lXTRTHK[lJ,Cla{RT[qR\SMUh�^UeR\XTHdc�[bo RTS,U � � : �*����`MadClcYGSM[QagUQw ��SMHKP�c/CbJ7`�UjPTUkU/J@ClPOo�[laKaK[sEhP

� l�  2  � # k � i l X � 	7l % X �  2  �� l � �0l

� 
  2  � � � l 2  � # k � i l X � 	\l % X � � l
� l �

� 
  2  � � k ��� l � i�� l X �0l � 	�� l X � � � l
� � l � a

E�HgRTSvi
� � i � � ��� � � � # � �  2  � % CbJ,f�	 � � 	 � ��PT[ :�� 	 � � v 
 w!�y[pRTS,HKP!],ClXZRD[loRTS,Uj�^UeRTX\HdcqHKPh]MXT[Q]�[QXZR\Hg[QJ,Cba R\[^RTSMU � � : �*�����^UeRTX\Hdcb��CQP�ckClJ@`�U>PTUkU/J5`{|7PZUkRZR\HgJMLc � u ClJ,f � � : HKJ # � w � % w
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�I[�RTS,U�� ��B9LlUk[Q�^UeRTX\|}ce[QJ,PTHKPZR\P^[loWClJ�CQPZ|I�^]yR\[bRTHdckClagaK| � CbRpXTU/LlHK[lJ��OCbJ�HKJMJMUkX
X\UkLlHK[lJ o�[QX�E�SMHdcYS�RTS,U � � PT]MSMUkX\U@S,CQP�C�VM�yUmf�PZHK�kUQ��RTSMHdP�HdP7ckCbaKaKU/f RTS,U	RTS,XT[{CsRiClJ,fV,J,ClagaK|jCzSM[lX\Hg�/[lJ + PZHKJMLQ_MaKClXTHgR�|zCbR HgR\P�ckUkJ{RTU/X)#���� : % w / HKL,w � w v ]MHdc�R\_MXTUmP RTSMU�LlU/[l�^UeR\XT|P\cYSMUk�~CsR\HKc/CbaKag|Qw

flat space

“throat”

r = 0

/ HgLQ_MX\U � w v � � P\cYSMUk�~CbRTHdcq]MHdc�RT_,XTUj[lo RTSMU � ��B�LlU/[l�^UeR\XT|Q�,E�HgRTS�ClJ	ClPT|{�^]yR\[bR\HKc/CbaKag|
� CbRhXTU/LlHK[lJ��yC�RTSMX\[QCbRhCbJ,f7C~PZHKJMLQ_MaKClXTHgR�|pCsR � � : w

 "!$#�!$# H�E�1�����=?("*���A ��1 >rE�=?(�+&>2=?L FIL5=?>rN �CPQL&1 �)19PQAB1@*78r+&1 :
6 J RTSMHdP~PTU/c�R\Hg[QJ�EOU@PZS�CbaKahP�R\_,fy|}R\SMU@LlU/[l�^UeR\XT| [loz[QJMU5[bo!RTSMU5�^HKckXT[{P�RYCsR\U/P^[bozRTSMU
o�_M�/�k`,Claga w �zP�EOU��^UkJ{R\Hg[QJMU/fqHKJqR\SMU�]MX\UkrIHK[l_,P PZUmc�R\Hg[QJ��mRTSMUOLlU/[l�^UeR\XTHKU/P�[loyRTSMUOfyH �tU/XTU/JQR
�^HKckXT[{P�RYCsR\U/P~CbX\U7[l`yRYCbHKJMU/f�o�X\[l� fyH � UkX\UkJ{RprIHg`MXYCsR\Hg[QJ�],XT[lV,agUmP^[bo!RTSMU�/ �'7$PZ|yPZRTU/�7w
��SMU~LQUk[l�^UkRTX\HgUmPDR\S,CsR>ck[lX\XTUmPZ]t[lJ�f@RT[5R\SMU�� u � � �5PT|yP�R\Uk��ClXTUNRTS,UkJ�[l`yRYCbHKJMU/f�Cbo RTUkX
]tUkXTo�[lX\�NHKJML@C7JI_M�>`tUkXq[loOfy_,ClagHgRTHKU/P/w ��SMU^�^HKckXT[{P�RYCsR\UNEOU~PZS�CbaKa P�R\_,fy|�ck[lX\XTUmPZ]t[lJ,f,PRT[iC^rlUkX\|iPTHK�N],agUjrIHK`MXYCsRTHK[lJ5]MX\[bV�agUq[lo R\SMU</ P�R\XTHKJML�w �Da�R\SM[l_MLQS��,EOUqE�HKaga JM[bRzfMUkX\HgrQU
RTS,UNLQUk[Q�NUkRTX\|5o�XT[Q� RTS,HKPWrIHK`MX\CbRTHK[lJ�]MXT[lV,aKUl��`M_yRj�^U/XTU/ag|	PZR\CbRTUNRTSMU^X\U/PT_MagR/��EOU~PZS,Claga
o�[lXnce[l�^]MaKUeR\UkJMUmPTP LlHKrlUORTSMUDUe�y]MaKHKckH�R�],XT[lV,agU�R\S,CsROce[lX\X\U/PT]�[QJ,fMP RT[WR\SMUh�^UeR\XTHdc�EOUhPZS,Claga
PZRT_,fy|Qw���SMUjPZRTX\HKJML~HKPhXTUmP�R\XTHdc�R\U/f�RT[p`tUkJ,f7[QJMag|iHgJ5R\SMU � JM[QJ,ce[Q�N]�Clc�RDfMHgX\U/ceRTHK[lJ,P � � w�I[~R\SMU>fyHdPT]MaKCQceU/�NU/J{RD]MX\[bV,aKUj[bo�R\SMU�PZRTX\HgJ,L~HKPDLlHKrlUkJ@`I|7C^o�[l_MXT�xrlU/ceRT[QX k� � #�� % �tE�S,UkX\U
���Ci k 	 w /,[lXDC^PZRTX\HgJ,L~E�H�R\S5Claga�H�RYP�UkJMU/XTLQ|pHKJiR\SMUjaK[sEnUmP�R�S,ClXT�^[QJMHKczR\SMUqrIHg`MXYCsR\Hg[QJ
]MX\[bV,aKUWHKP
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	� PZHKJ��
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� � �


 � : a
E�SMU/XTU�	� HdPOC>ce[QJ,PZR\CbJ{RnClJ,f�� � #�� 2 � � % � 2 �IE�H�R\S � � R\SMU!X\CQfyHg_�P [bo�R\SMUWce[l�^],CQc�R\H�V,UmffyHKXTUmc�R\Hg[QJ�	5`�Uko�[lX\U�fy_,ClagHgRTHKU/PWClJ,f�� 2 RTSMUNJI_M�>`tUkX![bo�PZRTX\HgJ,LQPzHgJ�RTSMU^PZ|yPZRTU/�7w ��o R\UkXfy_,ClagHgRTHKU/P�RTSMUqLQUk[l�^UkRTX\|^RTS,CbRDce[lX\X\U/PT]�[QJ,fMP�RT[^RTS,HKP�],XT[lV,agUWHdPOo�[l_MJ�f�R\[~`�U # PZU/U�� �Iv � %

� � l � u
� # k � i l X � 	\l % X ��� � � �^l X � � l

� l X � l �
k v�� �  2  �

��� # ck[QP l � ��� � 	 X PZHKJ l � � g � i %
X � � � � l X � l  2  � ce[{P l �� l � l � ck[QP l � ��� l

X � � l X � l k � l  2  � PTHgJ l �� l � l � PTHKJrl4� � g`l !
X �  2 X ��  � X � ��

 � � � �� � �� a # � w u�: %
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E�HgRTS � LQHgrQUkJpHKJ # � w � % � � ��� l X � l ce[QP l ��ClJ,f � ]MX\[l]t[lXTRTHK[lJ�Cba�RT[ 	� w9��SMUWce[QJ,P�RYCbJ{R\P 2 CbJ,f  � ClXTUDRTSMUWP\Cb�^UzCQP�HKJpR\SMUW]MXTU/rIHg[Q_,P�PT_M`,PTU/ceRTHK[lJ�w9/ HgJ�CbaKag|Q�{HgRhckClJp`�UWPTSM[sE�JRTS�CsR � � �  2  � � � # � � � � % � PT[5CQPWUe�y]tU/c�R\U/f � S�ClPW_MJMHgR\P � aKUkJMLlRTS �xw /MX\[l� JM[sE [QJ
EOUWPTS,Claga�ckClaga R\SMHdP�LlUk[Q�^UeRTX\|^RTS,U>��� ��B LQUk[Q�NUkRTX\|l�IE�SMU/XTUzRTSMU>�iPZR\CbJ�fMPOo�[lX�PTHg�^]MaKUl�
PTHgJ,ckUWH�RhE�ClP�fyU/XTHKrlUmfpo�[QXhCNrlUkX\|�PTHg�^]MaKUWrIHg`MXYCsR\Hg[QJi],XT[lV,agUQw
Rl_,P�R!ClP�EOU>fyHdf5o�[lXhRTSMU � �OB LlUk[Q�^UeRTX\|l�,EnU>PTS,Claga �k[I[l�3HgJ@[QJ	PZ[Q�^Uj],CbXTRTHdce_,aKClX

X\UkLlHK[lJ�P [bo�R\SMHdPnPT],ClckUeR\Hg�^UhR\[>LQUeROC>`�UkRZR\UkX�_MJ,fyU/X\PZR\ClJ,fyHKJMLj[lo�H�RYPn],XT[Q]�U/XZR\HgUmPkw 6 J~RTS,HKP
ckCQPZUQ� SM[sEOUkrQUkXm� EOU7S,CFrlU�RTSMX\UkU7XTU/LlHK[lJ,P�[bozHgJ{RTU/XTUmP�R^HKJ,P�R\U/CQf}[boDR�En[ # RTS,HKP^HdPN[bozJ,[
LlX\U/CbRnPT_MXT],XTHdPZUQ�QE�S,UkJp|Q[l_~X\U/CbaKHK�kU�R\S,CsR�EnUzS,CFrlUDHgJ{RTX\[yfy_,ckU/fpCjPTU/ck[lJ,fpagU/JMLbR\S,PTc/CbaKU �`tU/PTHKfyUWR\SMUq[lX\HKLlHKJ,Cba [lJ,U �(#  2  � % 2$# 
 % w/ HgXYPZR>EnU�HgJIrlUmP�R\HgL{CsR\U^RTSMU7ClPT|{�^]yR\[bR\HKc~X\UkLQHg[QJ���� � � w 6 J}RTS,CbR�ckCQPZUpEOU~V,J�fRTS�CsR � Cl]M]MX\[F�yHg�~CsR\U/PO_MJMHgR�|5CbLQClHgJ5CbJ�f � � � l CbJ�fiEOUjckClJ5JMUkLQagUmc�RzClaga u � � RTUkX\�~Pkw
/ HgJ�CbaKag|Q� ClaKPT[pR\SMUjR\UkX\� HgJ	o�XT[QJQR![bo R\SMU�o�[l_MXT� R\[lX\_,PhCl]M]MX\[QClcYS,U/Ph_,JMH�R�|5HKJ	R\SMHKP!aKHg�^HgR/w
�I[^EOUWV,J,fiRTS,CbR�RTSMUq�^UeR\XTHdcqCbL{CbHKJ�S,CQP�C � CsRhCQPZ|I�^]yRT[lRTHdc!XTU/LlHK[lJ

� � l � k � i l X � 	 l X � l � � � l X � � l
� l �

X � �0l�ck[QP l4� ��� l X �0l�PTHgJ l � � g`l !
X ��

 � � � �  � �� a # � w ulu %
CbJ�f CbL{CbHKJ�RTSMU5XYClfyHK_,P�[bohR\SMU � � PZ]MS,UkX\UpLl[IU/P>RT[�HKJyV,JMHgR�| HgJ�RTS,HKPNX\UkLlHK[lJ # ce[Q�N]�CbX\U
E�HgRTS # � w � % % w

��SMU�HKJMJMU/X XTU/LlHK[lJ��lH w Ulw � � #  2  � % 2$# 
 �QckClJ^`�UhPT]MaKH�R�HKJ{RT[WR�EO[WXTU/LlHK[lJ,P/�b[lJ,U�E�H�R\S#  2  � % 2 # 
�� � � � E�SMHKcYS5HdPhckClagaKU/fiR\SMUqJMU/ClX�SM[lX\HK�k[lJ7X\UkLlHK[lJ5CbJ�f�R\SMUq[bR\SMUkXDE�H�R\S
� � � E�SMHKcYS HdPjc/CbaKagUmf�RTSMU�c/Cb]�w���UeR>_,PjV,XYP�RjLQ[5RT[@R\SMUpHKJMJMUkX�XTU/LlHK[lJ�� `I|�RYCbGIHgJ,L
� � #  2  � % 2$# 
{w96 J�R\SMHdP�agHK�^H�RzEnU!V,J,fiR\S,CsR � � � � � ���

�
�,PZ[NR\SMUq�^UeRTX\Hdcz`tU/ck[l�^U/P

� � l � ��  2  � # k � i l X � 	 l % X 
  2  � � � � l X � � l
� l X � l �

k v�� # ce[QPWl4� ��� � 	 X PTHgJ l � � g � i %
X �  2  �� � � �0l X � l�ce[QPWl4� � ce[{P&l4� ��� l X � �0l X � l k � l�PZHKJ l � � PTHgJ l � � g`l !
X �  2 � ��

 � � � �  � �  d
��SMU�RTSMHKX\f agHKJMUiHKPNClceRT_,ClagaK| ��_,P�R �  2  � # ck[QP l � ��� l X PTHgJ l � � g l % ��CQP>c/CbJ}`tU7PTUkU/J`I|}RYCbGIHgJ,L C�o ClceRT[lX � ��� l X � l ce[{P l � [Q_yR�[bo!RTS,U�`MHKL}P�	{_,ClXTU@`,X\CQcYGlUeRYPk�nE�SMHdcYSckClJ,ceU/aKPOE�HgRTS�RTSMU u � � HgJ�o�XT[QJ{RO[lo HgR/w9/M_MXTRTS,UkX\�N[QXTUQ�IEnU!En[Q_MadfpaKHgGQUDR\[�LQUeR�XTHdfp[lo�RTSMUceX\[QP\PZRTUkX\�~PhHKJ	R\SMUNPTU/ck[lJ,f	agHKJMUlw � [ifM[iPT[iEOU�ck[laKagUmc�R!Claga R\SMU>R\UkX\�~Pzck[lJ{R\ClHgJMHKJML � iY�
� 	t� � g�CbJ,f + [lX ��� CbJ,fi�~ClP\PTClLlUzRTSMHdPhCNagHgRZR\agU �

��  2  � # k � i l X � 	 l % k v�� # ce[QP l � ��� � 	 X PTHgJ l � � g � i %
X 
  2  � � ck[QP&l�� ��� l X PZHKJ l � � g`l !
� k # � l X � l % � i l�  2  � X � l � 	 l�  2  � X � l PTHKJ l � � i l�  2  � X � l ce[QP l � � 	 l�  2  �
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k v�� # ck[QPWl4� ��� � 	 X PZHKJ l � � g � i % X 
  2  � � ce[{P&l�� ��� l X PTHKJ l � � g`l !
� k # � l X � l % � i l�  2  � X � l � 	 l�  2  �
X 
  2  � � ck[QP&l�� � ��� k � � 	�  2  � � l X PZHKJ l � � � g k � � i�  2  � � l ! d

� [�LlUkRWC�`�UkRZR\UkXWHKfMU/Cp[lo�E�S,CbRDRTS,U�HKJMJMU/X!X\UkLQHg[QJ@ag[I[QGIPzaKHgGQUl� EnU�JMUkUmf@R\[�R\X\ClJ,P�o�[QXT�
RT[^JMU/E�ClJMLl_,aKClX�ck[I[lXYfyHgJ�CsRTUmP

� � � � k � � 	�  2  � g � � g k � � i�  2  � d
�h[lRTHdceUWR\S,CsR�[lJ7R\SMUq[ladfick[I[lXYfyHgJ�CsRTUmPOEnUqS,CQfpR\SMUqHdfyUkJ{RTHgV�c/CsRTHK[lJ�P

# � a 	 %�� # ��X v 
 a 	 %�� # � a 	 X v 
 � % a
E�SMU/XTUmClPO[lJ7RTS,UqJMUkE�ce[I[lXYfyHKJ,CsR\U/PnRTSMU/|�S,CFrQUW`�Umce[l�^U

# � � a 	 %�� # � � X v 
 a 	 %�� # � � k �yv 
 ��  2  � � � � k v 
 a 	 X v 
 � % a
E�SMU/XTUhEOUh_,PTU/f � � �  2  � � �Nw 6 J^R\SMU/PTUDJMU/E�ce[I[lXYfyHKJ,CsR\U/P�R\SMUD�^UeR\XTHdc�HKJ~RTS,UDHKJMJMUkXX\UkLlHK[lJi`�Umce[Q�NUmP

� � l�� k # �0l X � l % � i l�  2  � X �0l � 	 l�  2  � X 
  2  � � � l
� l X � l

X 
  2  � � � �^l X ce[{P&l4� ��� � l X PTHKJ l � � g � l !
X �  2 � ��

 � � � �� � �� d # � w umv %
��SMUWV,XYPZR�aKHKJMUqHKP�CQc�R\_,CbaKag| ��_,P�R �zf,� � �yRTS,HKPhc/CbJ7`�UjPTUkU/J7CQPOo�[laKag[sEhP

k # � l X � l % � i l�  2  � X � l � 	 l�  2  � X 
  2  � � � l
� l X � l

� 
  2  � � k # ��� l X u�% � l � i l 2  � X ��� l � l � 	 l 2  � X � � � l
� � l X u �

� 
  2  � � k # ��� l X u�% � i�� l X ��� l � 	 � l X � � � l
� � l X u � a

E�SMU/XTU � � � � ��� � i � � i � � �  2  � � i � �3CbJ,f�	 � � 	 � � �  2  � � 	 � �N� PZ[�RTSMU]tUkX\Hg[yf^[bo�R\SMUDJ,UkE�ce[I[lXYfyHKJ,CsR\U 	 � HdPnClLQClHgJ v 
 w9��SMHdP HdPnHgJ,fMUkU/f��Df,� � # PTUkU�# � w � % E�H�R\Sc � u % w�I[~R\SMU>HKJMJMU/XDX\UkLQHg[QJ@HKP
�Df,� ��� � � � � 
 CbJ,f@RTSMU � � PZ]MS,UkX\UjCbJ,f7R\SMU � � R\[lX\_,PhS,CFrQUC�VM�yU/f PZHK�kU5HKJ R\SMHdP~XTU/LlHK[lJ�w Rb_�P�RpClPNR\SMU � ��B9LlUk[Q�^UeRTX\|l� RTSMU���� ��B3LlU/[l�^UeR\XT|
ce[QJ,PTHKPZR\PD[bo�CbJ�ClPT|{�^]yR\[bR\HKc/CbaKag| � CsR!XTU/LlHK[lJ	ClJ,f5RTS,UkJ@o�[QX!PT�~CbaKagU/X �~HdPDS,CQPDCpRTSMX\[QCbR
E�HgRTS�ag[yc/Cba�LlU/[l�^UeR\XT| �zf,� � � � � � ��
lw 6 J�o ClceR/��R\SMU~JMU/ClXWSM[lX\Hg�/[lJ�XTU/LlHK[lJ���H w UQw � �� � #  2  � % 2$# 
 ��HKPzUe�MClceRTaK|7RTSMU^PTCl�^U�ClPDRTS,U�HKJMJMU/XzX\UkLQHg[QJ@[bo R\SMU � ��B�LlU/[l�^UeR\XT|Qw��SMHdPWckCbJ�`�U^PZU/UkJ	`I|@PTUeRZR\HgJ,L � RT[i�kU/XT[iHgJ # � w umv % CbJ�f�ce[Q�^],CbX\HgJ,L~RTSMHdP!E�H�R\S # � w 
 % w
��SMHdP!HKPzJM[5PZ_MX\]MX\HKPTUj`tU/c/Cb_,PTU>R\SMU � �OB�LlU/[l�^UeR\XT|7HdPzUk�MClc�R\ag|7R\SMU^� � �OB�LlU/[l�^UeR\XT|
E�HgRTS � PTUeR�RT[~�/UkX\[ # PZU/U # � w u�: % % �
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�naKU/CbX\aK|l�tRTSMU~fyH � UkX\UkJ,ckU�`tUeR�EOUkU/J	RTS,U�R�EO[7LlUk[Q�^UeRTX\HKU/Pz`�Umce[l�^UmPz�~ClJMH�o�UmP�RWE�SMU/J
�j`tU/ck[l�^U/Pn[bo�R\SMUW[lXYfyUkXn[bo � w �DJ,fp`I|^R\ClGIHgJML>RTSMUWaKHg�^HgR � � � HKJ # � w umv % HgROHdPOU/ClPTHKag|PTUkUkJiRTS�CsR�RTS,Uq�NUkRTX\HKcW`tU/ck[l�^U/P

� � l�� k � l � i l�  2  � X �0l � 	 l�  2  � X 
  2  � � � l� l
X 
  2  � � � �^l X ck[QP&l�� ��� � l X PZHKJ l � � g � l !
X �  2 � ��

 � � � �� � �� a # � w u � %
E�SMHdcYS�HdPqPZ�^[I[bR\S���PT[�R\SMUkX\U�HdPWJM[5PZHKJMLQ_MaKClXTHgR�|@CsR�� � : w<��SMHdP!XTU/LlHK[lJ	HdPqckClagaKU/f	RTSMUckCl]�w�/M[QXjfyH�� UkX\UkJ{RqrIHg`,X\CbRTHK[lJ�]MXT[lV,aKU/P![bonRTSMUpPZRTX\HgJ,L7[QJMUNV,J,fMPqPTHK�NHKadCbXjClPT|I�^]yRT[lRTHdc
CbJ�f�JMUmCbX�SM[QXTHK�k[QJiX\UkLQHg[QJ,P/�{`,_yRDfyH �tU/XTU/JQRDc/Cb],P # � � ��� % w�I[iEnU�S,CFrlU>o�[l_MJ,f	RTS,CbRzR\SMU~��� ��B LQUk[l�^UkRTX\|iaK[I[lGyPDrQUkX\|i��_,cYS�aKHKGlUjR\SMU � �OB
LlU/[l�^UeR\XT|�o�[lX�aKClXTLQUpUkJ,[l_MLQS rFClag_,U/P�[bo �Iw ��S,UiClPT|I�^]yRT[lRTHdcpX\UkLlHK[lJ HdP � CsRmw���SMU/J
�^[srIHgJML^R\[sEOClX\f,PORTSMU>ckUkJ{RTU/XhR\SMUkX\UjPZU/Uk�~P�R\[p`tU>CbJ � � : �*����`MaKCQcYG�SM[QagUqE�HgRTS�CRTS,XT[{CsR>CsRqR\SMUpceU/J{RTUkX>[boORTSMUpLQUk[Q�NUkRTX\|lw �O_yR>_,]�[QJ��^[srIHKJML@UkrQUkJ�ceaK[QPTUkXq[lJ,U^V,J,fMP
RTS�CsRWRTSMU/XTU^HdPWJM[7SM[lX\Hg�/[lJ�JM[lXqPTHgJMLQ_MadCbX\H�R�|@CsRWR\SMUpceU/JQR\UkXm��HgJ�P�R\U/Clf�RTS,UNLQUk[Q�NUkRTX\|5HKP
PT�N[I[lRTS�CsR�� � : w 6xRjHdPW[bo RTU/J�P\CbHdf�RTS,CbR " RTS,U^RTSMX\[QCbR!HdPqPZUmCbaKU/f�[ �}E�HgRTS C5PZ�^[I[bR\SckCl]�"�# PTUkU / HKL,w � w � % w

flat space

“throat”

smooth “caps”

/ HgLQ_MX\U � w � � � P\cYSMUk�~CbRTHdch]MHdc�R\_MXTUz[bo�R\SMU!��� ��B LlUk[Q�^UeRTX\|l�QE�H�R\SiClJpClPT|{�^]yR\[bR\HKc/CbaKag|
� CbR^X\UkLQHg[QJ CbJ�f C�RTSMX\[QCbR�R\S,CsR~HdPNPTU/ClagUmf}[ ��E�HgRTS�C�PZ�^[I[bR\S c/Cb]���PT[�RTSMU/XTU7HKP^J,[
PTHgJMLQ_MadCbX\H�R�|pCbR ��� : w

	���� 8������ �	� ��

�54  ������������	�������}: �?��?�� 
 ���Y��� �  n��
 �

��UpS,CFrlU~PTUkU/J�RTS,CbRjRTSMU/XTU~HdPq]MX\[l`,agU/��R\S,CsRjHdP>ckag[{PZU/ag|�XTU/aKCbRTU/f�R\[5RTSMUpHKJyo�[QXT�~CsR\Hg[QJ
aK[QP\P�],ClX\CQfy[F����E�SMHdcYS S,CQPpR\[ fy[ E�HgRTS R\SMU�`MadClcYG�SM[laKU�U/J{RTX\[l]I|lw ��SMU/XTU�CbX\U	R�EO[
E�CF|IPDRT[5ckClaKck_MadCsRTU�RTS,U�U/JQR\XT[Q]I|7[loOC7PZ|yPZRTU/�7w06 J�[lJ,UNCl]M]MX\[QClcYS@HgRqHKPWfyU/XTHKrlUmf@o�X\[l�
�~ClckXT[{PTck[l]MHdc~]MX\[l]tUkXTRTHKU/P�[bo�R\SMU@PZ|yPZRTUk� ClJ,f}HKJ}R\SMUi[lRTSMU/X�HgR~HKPNfyU/XTHKrlUmf�o�XT[Q� RTSMU
JI_M�>`tUkXq[lon�^HdceX\[QP\ce[l],HKc�P�RYCsRTUmPWE�SMHdcYS�R\SMU~PZ|yPZRTUk��S,ClPWClc/ceUmPTPzRT[�w ��H�R\SMUkXWE�CF|5RTSMU
CbJ�PZEOUkXNPZSM[Q_Madf�[boDce[Q_MXYPZUp`tUiRTSMU7PTCl�NUQw�/,[lX�ckaKCQPTPTHdckCban`MadClcYG�SM[laKU/P/��SM[sEnU/rlU/X/� RTSMU
UkJ{R\XT[Q]{|pfMUkX\HgrQU/fp�~CQceX\[QP\ce[l],HKc/CbaKag|NHKP�J,[lJy�x�kU/XT[��QE�SMU/XTUmClPnRTS,U!�^HdceX\[QP\ce[Q]MHKczCb]M],XT[{ClcYS
|IHgU/aKf,P��kUkX\[^UkJ{RTX\[l]I|Qw

�haKX\U/ClfM|>HKJ u 
�
 � �{RTX\[l�^HKJMLlU/X�CbJ,f � Cbo CjfyHdPTck[srlUkX\U/f>RTS�CsRnPZRTX\HgJ,LWRTSMU/[lX\|>]MX\[srIHKfyUmfCbJpClJ,PTEnU/X RT[jRTSMHdP�],XT[Q`MagU/�5wt�h[l_MLQSMag|^PT]�UmCbGIHgJ,L,�bR\SMUWCbJ,PTEnU/X HdP R\S,CsRO`MaKCQcYG>SM[QagUmPnfM[
S,CFrQUj�^HKckXT[{P�RYCsRTUmPk��`M_yR!RTSMU/|@ckCbJ�[lJMaK|5`�UNPZU/UkJ	E�SMU/J�`MadClcYG7SM[QagUmPDCbX\U>fyHdP\ce_,P\PZUmf@HKJ
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C�o�_MaKa�RTSMU/[lX\|~[bo 	Q_�CbJ{RT_M� LlXYCFr{HgR�|lw 6 JiRTSMUWo�_M�/�k`,Claga�],XT[Q]�[{PTCla�[lo �@CbRTSI_MX�HgRhHKP��~ClfMU
Ue�y]MaKHdceHgR^E�S�CsR^RTSMUmPZU5`MadClcYG S,[laKUi�^HdceX\[QPZR\CsR\U/PNCbX\Ulw ��SMUk|}ck[lX\XTUmPZ]t[lJ,f}RT[�fyH �tU/XTU/JQR
rIHg`,X\CbRTHK[lJ7�N[yfyUmP�[bo RTSMUjPZRTX\HKJML~PZ|yPZRTUk�5w

6xo�RTS,U�o�_M�/�k`,Claga�]MX\[l]t[QP\CbanHKP>RT[�PT[laKrlU~R\SMUiHKJyo�[QXT�~CsR\Hg[QJ}aK[QP\P>],ClX\CQfy[F��� HgR^HKP�JM[bR
UkJ,[l_MLQS�R\S,CsR�H�R>S�ClPq�^HdceX\[QPZR\CsR\U/P/��HKJ}ClfMfMH�R\Hg[QJ H�R>S�ClPWR\[	`�UiCb`MaKU^RT[�ck[l�^�>_,JMHKc/CsR\U
HKJyo�[lX\�~CsRTHK[lJ�Cb`t[l_yRWR\SMU/PTU^�NHdceX\[QPZR\CbRTUmPDR\[�R\SMU~X\UkLlHK[lJ�[l_yRYPZHdfyUNRTSMU^`MadClcYG@S,[laKUlw /M[lX
C�ceadClP\PZHdckClaO`,aKCQcYG SM[laKU�R\SMU5XTU/LlHK[lJ,P�HKJ,PZHdfyU@CbJ�f [Q_yR\PTHKfMU�R\SMU5SM[lX\Hg�/[lJ CbX\U7c/Cb_,P\CbaKag|
fyHdPTck[lJMJ,U/c�R\U/f���RTSMHdP^�^U/ClJ,PNRTS,CbR^RTSMU/XTU5HdP^JM[ ce[lX\X\UkadCsRTHK[lJ `�UkR�EnU/UkJ�RTSMU5rsCbaK_MU5[boWC
�~CsRTRTUkXTV,U/aKf CsRpC�]�[{PZHgRTHK[lJ ] HKJ,PTHKfyU7R\SMU5SM[lX\Hg�/[lJ CbJ,f�H�RYP^rsCbaK_MU@CsR~C�]t[QPTHgRTHK[lJ _
[l_MR\PTHKfyUDRTSMUzSM[lX\HK�k[lJ�w��I[>RTSMU!ce[QXTX\UkadCsR\Hg[QJ�o�_,J,c�R\Hg[QJ # ClaKPT[>c/CbaKagUmf��!XTU/UkJ�" P�o�_MJ,c�R\Hg[QJp[lX
]MX\[l],ClLQCbRT[lX % [bo R\SMU>V�Ukadf@`�UkR�EnU/UkJ	]t[QPTHgRTHK[lJ,P ] CbJ,f _ rsCbJMHdPZS,U/P/wD��S,CbRzEOU>EO[l_MadfRTSI_,PDagHKGlUWR\[pPZU/UqHKPhRTS,CbRhRTS,Uqo�_M�k�/`,CbaKa�]MHdc�R\_MX\Uj|IHgU/aKfMPDce[lX\X\U/c�R\Hg[QJ,PORT[^R\SMU>ck[lX\XTU/aKCbRTHK[lJ
o�_MJ,ceRTHK[lJ^PZ_�cYSjRTS�CsR�RTSMU�`MadClcYGWSM[QagU�ckClJ�PTUkJ{R�[l_yR HKJyo�[lX\�~CsRTHK[lJNCb`t[l_yR�HgR\P��^HKckXT[{P�RYCsR\U/P/w
��SMHdP�HdP�RTSMUWR\U/PZRhEnUW]MX\[l]t[QPTU!RT[pfy[NR\[^V,J,f7[l_yRhE�S,UeRTS,UkXh[QX�JM[bR�RTS,Uqo�_M�k�/`,CbaKa�HdP�JM[bR
[lJ,ag|5CpPT[laK_yRTHK[lJ7RT[pRTSMU�UkJ{RTX\[l]I|�],XT[Q`MagU/� `M_MRz�~CF|I`�U>ClaKPT[^RT[pRTSMU�HgJyo�[QXT�~CbRTHK[lJ5ag[{PTP
],ClX\CQfy[F��w

6�fyUmCbaKag|pEOUWEn[Q_Madf7c/Cbadce_MadCsR\U!RTSMUjck[lX\XTU/aKCbRTHK[lJpo�_,J,c�R\Hg[QJ7[lo�C^�~CbRZRTU/XZV�Ukadf 2 l HKJ7RTSMU� ��B�LQUk[Q�NUkRTX\|�ClP7EnU/agaqCQP�HKJ R\SMU ��� ��B�LQUk[l�^UkRTX\|�ClJ,f ck[l�^],ClXTU�RTSMU�X\U/PT_Ma�RYPkw
�hJMo�[lXTRT_MJ,CbRTU/ag|Q��RTSMUpfMH�� UkX\UkJ{RTHdCba U 	{_,CsR\Hg[QJ�EOU�X\_MJ�HKJQR\[5HgJ�RTSMHdPqckClaKck_MadCsRTHK[lJ�ckClJMJM[lR
`tUOPT[laKrlUmfjCbJ,Clag|{R\HKc/CbaKag|Qw�6 Jjo CQc�Rm�bH�R RT_,XTJMUmf>[Q_yR RTS,CbR V,J�fyHgJ,LDR\SMU�ce[lX\X\UkadCsRTHK[lJWo�_,J,c�R\Hg[QJ
o�[lXjRTSMU
� ��B$LQUk[l�^UkRTX\|	EOCQPqCbaKXTUmClfy|	RT[I[@fyH?>pck_Ma�RNC7R\ClPTG w���S,CbRjEnUpfMHKf�HKJ,PZRTU/CQf
E�ClP�PZ[QagrIHKJML�RTSMUjfyH � UkX\UkJ{RTHdCba�U 	Q_�CsRTHK[lJ�o�[lX�R\SMUq�~CsRZR\UkXTV,UkadfiHgJ7`�[lRTS5LlU/[l�^UeR\XTHKU/P�ClJ,f
RTS,UkJ��b_�PZHKJMLzRTSMUOo ClceR�RTS,CbR R\SMUh��� ��B��^UkRTX\HKcnXTUmfy_,ckU/P RT[zRTSMU � ��B��NUkRTX\HKcno�[QX � � : �E�X\H�R\HgJML7R\SMU~�~CsRZR\UkXTV,Ukadf�HgJ�RTS,U���� ��B�LQUk[Q�NUkRTX\|�ClPzR\SMU~�~CsRZR\UkXTV,Ukadf�HgJ�RTS,U
� �OBLlU/[l�^UeR\XT| ]MaK_,P7ce[lX\X\U/c�R\Hg[QJ,P/w / HKJ,CbaKaK|l��o�X\[l��RTS,HKPiEnU�RTX\| R\[ Uk�{R\X\CQc�R�HKJyo�[QXT�~CsR\Hg[QJ
Cb`t[l_MR�RTSMUjfyH � UkX\UkJ,ckU!`tUeR�EOUkU/J7RTSMUjck[lX\XTU/aKCbRTHK[lJ~o�_MJ�c�RTHK[lJ�P�HgJ7R\SMUjfyH �tU/XTU/JQRh�^UkRTX\HKc/Pkw

��SMU5ceX\H�R\HKc/Cba�X\U/CQfyUkXN�~CF| S,CFrlU7JM[bR\U/f PZ[Q�^UeRTS,HgJML�o�_MJMGI| Cb`t[l_yR^E�S,CsR~EOU���_,P�R
]MX\[l]t[QPTU/f�w ��UDE�CbJ{R RT[�E�XTHgRTU�R\SMUDE�CFrlUko�_MJ,ceRTHK[lJNRTS,CbRnaKHgrQU/P HKJp[QJMUDPT],ClckUeRTHK�^UDClP RTSMU
E�CFrlUeo�_,J,c�R\Hg[QJ	RTS�CsRjaKHgrQU/P!HgJ��������
	���
iPT],CQceUeR\Hg�^UN]MaK_,Pjce[QXTX\U/ceRTHK[lJ,P/w ��S,UNE�CFrlUko�_MJ,ce�
RTHK[lJ�P�CbX\UDo�_MJ�c�RTHK[lJ�P�[bo�R\SMUqce[I[lXYfyHKJ,CsR\U/PO[bo���� ����
������OPZ]�ClceUkRTHK�^U/P/�IPT[~ce[Q�N]�CbX\HgJML>RTSMU
E�CFrlUeo�_,J,c�R\Hg[QJ,PqHdP�C@`,H�RNagHKGlU7ce[l�^],ClXTHKJML	Cl]M]MaKU/PqR\[�[QX\ClJMLlUmPkw@Bh[sEOUkrQUkXm��EOU ��_,PZRTHgo�|
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PT[N],ag_MLQLlHKJMLNRTSMHdP�X\U/PT_MagR�`�ClcYGpHKJ{RT[ # � w v 
 % �yEOUW[l`yRYCbHKJ
� # ] k _ % ��	�� � � g 
� # _ % g���# ] % d # � w � : %
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� # _ %� � d # � w �Mu %

6 JiRTSMUW]MX\UkrIHK[l_,P�PTU/ceRTHK[lJ,POEOU!S�CFrlUzo�[l_MJ,f�RTS,UqUkHKLlUkJMo�_MJ,c�R\Hg[QJ,P�[bo RTSMUjfMH�� UkX\UkJ{RTHdCba
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]MX\[l],ClLQCbRT[lX�HgJ~R\SMU �)���5�NUkRTX\HKc�� � ���tRTS,CbROHdPO]�[{PTPTHK`Mag|^EO[lXYPZU�R\S,CbJ�RTSMU!�^[yfyUzPT_M�$HKJ
# � w �,u�% �yE�SMHKcYS7EOUjCbX\UDR\XT|IHKJMLNRT[pceHKXYce_M��rlUkJ{R�E�H�R\S7RTSMHdPhCb],]MXT[{ClcYS�w

6xR PZU/Uk�~P RTS�CsR CsR�RTS,HKP ]t[lHKJ{R EnU��>_�P�R ce[QJ,ceaK_,fyUOR\S,CsR EOU�PTS,ClagaIJM[lR `�U�Cb`,agUORT[!V,J�f
Ue�y]MaKHdceHgRhUe�y]MX\U/P\PZHK[lJ,P�o�[lX�R\SMUq]MX\[l],ClLQCbRT[lXYP/�QCsR�aKU/CQP�R�JM[lRDCbJ,Clag|{RTHdckClagaK|lwJ�hU/rlU/XZR\SMUkaKU/P\Pk�
EOUqE�HgaKa�JM[lRD|lUkRDLlHKrlUW_M]@[Q_MXDClHg� RT[~R\U/PZR �@CbRTSI_MX�" P�o�_,�k�k`�CbaKa�]MX\[l]t[QP\Cba w 6 J,PZRTUmClf5EOU
PT_MLlLQU/PZRhRTSMU�o�[laKaK[sE�HgJML�wz�I_M],]�[{PZUNEnUNckClJ5V,J,f�C�EOCF|iRT[iUe�y]MX\U/P\P�R\SMU�E�CFrlUko�_MJ,ceRTHK[lJ
HKJiR\SMU>��� ��B��^UeRTX\Hdcb��# �� # ] % �Mo�[lXhPT�^Claga � ClP

# �� # ] % � #��� # ] % X � # � # ] % a # � w �Qv %
E�SMU/XTU # �� # ] % HdP RTS,UhEOCFrQUeo�_MJ�c�RTHK[lJNHKJ^RTSMU � ��B��^UkRTX\HKc�ClJ,f � # � # ] % HKP�R\SMUhaKU/CQfyHgJ,Lce[QXTX\U/ceRTHK[lJiRTSMU/XTUjRT[,w ��S,UkJ@HgRho�[laKag[sEhP�o�XT[Q� R\SMUjo CQc�RhR\S,CsRhR\SMU>U/HgLQUkJyo�_,J,c�R\Hg[QJ,P�o�[QXT�
C^ce[Q�N],agUkRTUq`,CQPZHdPORTS,CbR�EnUjc/CbJ7E�XTHgRTU

� # ��� ! � #� � � # �� a # � w ��� %
RTS,U�PZ|I��`�[QabEnU _�PZUmf!o�[lX�R\SMU�ce[IU >~ckHgU/J{RZ�x�^CbRTX\H��!HKP�PZ_MLQLlUmP�R\HgrQUl�/PTHKJ,ceU HgR�S,CQP�PT[l�^UeR\SMHgJ,L
RT[qfy[!E�HgRTS�RTSMU /M[Q_MX\HgU/X R\X\ClJ,PZo�[lX\��[lo,R\SMU�ce[lX\X\U/c�R\Hg[QJj[lJ>RTSMU�]MX\[l]�CbLQCbRT[QX�HKJ>R\SMU � �OB
�^UeR\XTHdcbw ��SMHdP�ckClJ5`�UjPTUkU/J7CQPOo�[laKag[sEhP

� � # ] a _ % � ! � # �� # ] % # # �� # _ % % 
� �� ! � # # �� X � # � % # # �� X � # � % 
���
� ! � 
 � # # �� X #� � � # �� % # # �� X #� � � # �� % 
���� �

�
# ] a _ % X ! � 
 � # �� # #� � � # �� % 
 X #� � � # �� # # �� % 
��� d # � w ��� %

E�SMU/XTU � � # ] a _ % ClJ,f �
�
# ] a _ % CbX\UzRTSMUW]MX\[l],ClLQCbRT[lXnHgJiRTS,U>��� ��B �^UeR\XTHdcWCbJ,fiHKJRTS,U � ��B$�^UeR\XTHdcpX\U/PT]�Umc�R\HgrQUkaK|lw /MX\[l� RTSMHdP�Ue�y]MX\U/P\PZHK[lJ�o�[lX>RTSMUi]MX\[l],ClLQCsR\[lXWHKJ RTSMU

��� ��B �^UeR\XTHdcWEnUjPTUkUWR\S,CsRhHgRDHdP�Ll[QHgJ,L�R\[pfyH �tU/XDPZHKLlJ,H�V�c/CbJ{RTaK|po�X\[l� RTSMUq],XT[Q],CbL{CsRT[QX
HKJ�RTSMU � �OB<�NUkRTX\HKc	E�SMUkJ #�

� � `tU/ce[Q�^U/Pp[loq[lXYfyUkX~[QJMUlw �I[}`I|�ckClaKck_MaKCbRTHKJML�RTS,HKPo�_MJ,ceRTHK[lJ�EnUN�~CF|7`tU^Cb`MaKU>R\[�V�J,f	[Q_yRzo�[QXzE�S,HKcYS��N[yfyUmPhR\SMU^]MX\[l],ClLQCsR\[lXYP�`�Umce[Q�NU
PTHgLQJMH�VtckCbJ{R\ag|�fMH�� UkX\UkJ{R/�yHKJ5[bR\SMUkX�EO[lXYfMPno�[lXhE�S,HKcYSio�XTU 	{_MUkJ,ckHgUmP�[bo RTSMUqE�CFrlUko�_MJ,ceRTHK[lJ
RTS,UkX\U!�~CF|p`tUqJM[QJy� aK[yckCla�U � U/c�RYPkw

� [~V,J,f #� EnUqRYCbGQUqRTSMU�HgJ,JMUkX\]MX\[IfM_,c�R![bo RTS,U #�J,[lX\�^ClagHK�kUmf � % � �OB �^[IfMU/PzE�H�R\S
# � w � � %

# # � � a � # � % � # # � � a ! � #� � � # �� %� ! � #� � � � � �
� #� � � d # � w � � %

��SMU5HKJMJMUkX\]MX\[yfy_,c�R^HdPNC�LQUkJMU/X\ClagHK�/CbRTHK[lJ [bozRTSMU5HKJMJMU/XT]MX\[yfy_,ceRNHKJ o�[Q_MXT�xfyHK�^UkJ,PTHK[lJ,Cla
ce_,XTrQU/f7PZ],CQceUkRTHK�NUmP�LlHKrlU/JiHKJ # � w u � % R\[pC^PZHg�I�xfyHK�^UkJ,PTHK[lJ,Cla PT],CQceUeR\Hg�^U

# #
�
a #�� % � �

�
� ! � � � � � # 
� � � #�� k #�� � � # 
� � a # � w � � %

E�SMU/XTU ! HKPOC �OCl_,cYSI|~PZ_MXTo ClckUDCbJ�f � ! � � � � � ! E�HgRTS � � C>PTH��I� fyHg�^U/J,PZHK[lJ�CbatrlU/ceRT[QX
JM[QXT�~Cba R\[NRTSMHdPhPT_MXZo CQceUW]t[lHKJQR\HgJ,LNHKJ7RTSMUq]t[QPTHgRTHKrlU!RTHK�^UjfyHgX\U/ceRTHK[lJ�w

6 J�RTSMUOo�[laKaK[sE�HgJMLWPT_M`,PTU/c�R\Hg[QJ,P�EOU�PTS,Clagayce[QJ,PTU/ce_MRTHKrlUkaK|jJM[QXT�~ClagHK�kU�RTSMU�U/HgLQUkJM�^[yfyU/P
[bo RTSMU  WaKUkHKJy�"�![lXYfy[lJ�U 	{_,CsR\Hg[QJiHKJiRTSMU'� ��B��^UeRTX\Hdc!ClJ,fiUe�y],CbJ�fpR\SMUj��� ��B U/HgLQUkJy�
�^[yfyU/P�HKJ@C�� CF|IaK[lX�PZU/XTHKU/P�HKJ � RT[~[Q`yR\ClHgJ5CbJ7Ue�y]MX\U/P\PZHK[lJi[bo RTSMUWo�[QXT� # � w �Qv % w
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6 JNRTSMHdP PT_M`,PTU/ceRTHK[lJNEnU�PTS,CbaKaMJM[QXT�~CbaKHK�kUnRTSMU�U/HgLQUkJM�^[yfyU/P(# � w v;: % [lo�R\SMU  WaKUkHKJy� �![QX\fM[lJU 	{_,CbRTHK[lJ7HgJ7R\SMU'� ��B �NUkRTX\HKcWPT_,cYSiRTS,CbR

# #
�
a # � % � k # # 


�
a # 
� % � � � �

# # 
� a # � % � # #
�
a # 
� % � : d # � w � � %

��SMU@HKJMJMU/XT]MX\[yfy_,ceRpHKP~LQHgrQUkJ HgJ # � w � � % w �IHKJ,ceU�� � C�_MJMHgRprlUmc�RT[QX~]�[QHgJ{R\HgJML HKJ RTSMU
]t[QPTH�R\HgrQU�R\Hg�^U�fMHgX\U/ceRTHK[lJ�� EnU^S,CFrQU�� � � �

� � ClJ,f��
�
� : o�[lX ( � 	 a � a � a � a g wi�y[

� ! � � � � �
� � � � � 	 � g ��� � � � � �Io�_MXTRTS,UkX\�N[QXTUDEnUzS,CFrlU	� � � � � ��PZHKJ l � ck[QP l �>CbJ�f~o�[lX

� l � �  2  � EOUD�~CF|^_,PTUhRTS,U!Cl]M]MX\[F�IHK�~CsR\Hg[QJ � � �  2  � � � l w���SMUkJiEnUz_,PZUDRTSMULlU/JMUkXYCba�CbX\Ll_,�NU/J{RhRTS,CbRWRTSMUNHgJ,JMUkX\]MX\[IfM_,c�RWPZSM[Q_Madf	`tU�HKJ,fyU/]�U/J,fyUkJ{Rq[bo�RTSMU �OCb_,cYSI|PT_MXZo CQceU�[lJ,UhcYSM[I[QPTU/P RT[qU/rsCbaK_,CsR\U�H�R [QJ��lHKJ~[bR\SMUkX EO[lXYfMP�HgRnPZS,[l_MadfN`�U�HKJ,fyU/]�U/J,fyUkJ{R�[lo
RTHK�^U	# � � # #

�
a # � % � : % ��EnUWV�J,f7o�[lX�R\SMU � ��B�U/HgLQUkJM�^[yfyU/P/�ME�SM[{PZUWR\Hg�^Uk�xfyU/]�U/J,fyU/JQR],ClXZR�HdP � ���! � �yR\S,CsR
� � # #
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a # � % � �
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� # � � k � � � % # # � a # � %
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�h[lRTUzRTS,CbROEOU!S,CFrlU!cYSM[QPTUkJ~R\[�HKJ,fyHdckCbRTUzRTSMU 	{_,CbJ{R\_M�$JI_M�>`tUkXYP�[lo #��zE�HgRTS5Cj]MX\HK�NU
# � � � � � � � � � � � �IUkR\ceUkRTU/X\C % CbJ,f~RTSM[{PZUh[lo # � E�HgRTS,[l_yR�Cq]MX\Hg�^U # � � � �h�{UeR\ckUeR\UkXYC % w
��SMHdP�HdP���_,P�R�R\[~�^HgJMHK�^Hg�/UWRTSMUqJI_M��`�U/X�[bo�HgJ�fyHKckU/P/w
�I[NRT[^JM[QXT�~ClagHK�kU!RTS,Uq�N[yfyUmP�EnUWS,CFrQU!RT[^UkrsCbaK_,CbRTU!RTSMUWo�[QagaK[sE�HKJML^HgJ{RTU/LlXYCba
# #
�
a #�� % � �

�
� � � � PZHKJ�� ce[{P�� � # � � k � % � # 
� � � #�� k #�� � � # 
� � � � � 	 � g ��� � �
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�
� � � � PTHgJ ��ck[QP�� � # � � k � % # k � � � k � � % # � # 


�
� � � 	 � g ��� � � d # � w � 
 %

��SMUqHKJ{RTUkLQX\ClaKPO[srQUkX � �rg�CbJ,f 	�ClXTUWU/CQPZHKaK|p[l`yRYCbHKJMU/f
� l � �� � 	 � l �� � g � l��� ��� � � $�� � " � � � � " � � � � � � �%$ � � � � � � � � � � # v 
 % � � �

$ � $
� �
�
� � �
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� d

��SMUqHKJ{RTUkLQX\Cla [srlUkX �^JM[sE XTUmClfMP
� � � ck[QP�� PTHgJ�� ck[QPWl � � � � PTHgJ l � � � ��� U � � � 
 � � � V%

�
# ce[{P v � % � U � � � 
 � � � V% # ce[{P v � % d

��SMU/J�EOU��~ClGlU�RTSMU~PT_M`,PZRTHgRT_yR\Hg[QJ � ��ck[QP v �iEOUNc/CbJ�XTU/E�XTHgRTU�RTSMHdP!HgJ{R\UkLlXYCba�HKJ{RT[5CPZR\CbJ�fMCbXYf	o�[QXT�5w �D[bR\U^RTS,CbR>ce[QP ��PZHKJ � � ��� u �lv PZHKJ v � � ��� k u � � � �7ClJ,f�ce[{P l ���
# u X � % �bv ClJ,fiPTHKJ l ��� # u k � % �lv w �I[NRTS,UqHgJ{RTU/LlXYCba X\U/Clf,P

k u� v � � � � � � � � � � ��# u X � % � � � # u k � % � � � � U � � � 
 � � � V%
�

#�� % � U � � � 
 � � � V% #�� %
� k u� v � � � � � � � � ��%

�
% v � � � " � � � " 2
	 # $ � $ X+&QX u % 	 # $ � $ X+&?X u�%& � 	 # $ � $ X $ � $ X v & X u % 	 # $ � $ X $ � $ X+&QX u�%

� k�� � # � a � a � % � � � � d
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��SMUDPT[laK_yR\Hg[QJ�R\[qRTS,UhHgJ{R\UkLlXYCba,EOCQP�o�[l_MJ�f^HgJ�� � � �xwP�h[lRTU�RTS�CsROPTHKJ,ceU�EOUDCbaKX\U/ClfM|qo�[l_MJ�ffyU/a�RYCNo�_MJ,c�R\Hg[QJ,POo�[lX � CbJ�f � �yRTSMUjfMUkagR\C�o�_MJ,ceRTHK[lJ7o�[lX & ce[Q_Madf�`tUqXTU/]MadClceUmf�`I| � �
�
� w

��SMUWX\Uk�~CbHKJMHKJML^HgJ{RTU/LlXYCba [srlU/X
�>HdP
� � � 
  2  � � u� l � � 2 � 
 #�� � � % X � l _ 
 # � � � % ! � � 2 � 


�
# � � � � % X � l _ 


�
#�� � � � % !

E�SMU/XTU	EOU@S,CFrQU	fyUeV,J,U/f � � 
  2  � # � l k
� l % CbJ,f�HKJ,PTUkXTRTUmf RTSMU�Cl]M]MX\[F�yHg�~CsR\UrsCbaK_MU!o�[lX � w9��SMHdPhckClJi`tUjPZHK�^]MaKH�V,Umf7_,PZHKJMLNRTS,UWo Clc�R�R\S,CsR ��� � � �MPZHKJ,ceUqEOUqCbaKXTUmClfy|o�[l_,J,f�fyU/a�RYC~o�_MJ�c�RTHK[lJ�PDo�[QXz`t[bR\S � ClJ,f � CbJ�f@UkrQUkJ	�^[lX\U�PT[,� PTHgJ,ckU�EOU ��_�P�R!o�[l_MJ�f� � � � �tEOU>CbadPZ[~S�CFrlU � � � � # XTU/�NU/�>`tUkXDRTS,CbR � � � X u % w / HKJ,CbaKag|Q��EOUjJM[lRTUqR\S,CsR_ 
 fyHgrQUkX\LlUmP o�[lX � � : �IPZ[�H�R�HdP�JM[lR�P�	{_,CbX\UhHKJ{RTUkLQX\Cl`MaKUlw 6xRno�[QagaK[sEhP R\S,CsR�EnUz�>_,PZROPTUeR
� l RT[~�/UkX\[,w �I[^EnUqPTSM[l_,aKfiUkrsCbaK_,CbRTU� � � 
  2  � u� � � 
 #�� � � % ! l
��SMHdcYS5LlHKrlU/P/�yClP�c/CbJ5`�UWo�[Q_MJ,fiHgJ�� � � �x�,Cbo RTUkXhPT_M`,PZRTHgRT_MRTHKJML i � u � �

k
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 #�� i % ��
 # ��i % � k u

v � d # � w ��: %
��UjckCbJ7]MaK_ML~CbaKa�RTS,U/PTU!X\U/PT_MagR\P�HKJ{RT[ # � w � 
 % RT[~[Q`yR\ClHgJ
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�
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�
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�
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E�HgRTS
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�I[NRTS,UqJM[lX\�~CbaKHg�mCsRTHK[lJ7ce[QJ,P�RYCbJ{R�HKPhLlHKrlUkJi`I|

� � # � a � a � a � % ��� v � # v 
 % � � � � # � a � a � % � # � %�� � 2 # l d # � w �{v %
 "!���!�� 	���<�=?(D/�+&(�� HvE�1 	T+�� 1 (�ABP�/�1 +&( =�H ==
�L&P 8 3�198r+&1 :
6 J�RTSMHdPWPZ_M`�PZUmc�RTHK[lJ�EnU^PTS,CbaKa�E�XTHgRTU�RTSMU^E�CFrlUko�_MJ,c�R\Hg[QJ	HKJ�R\SMUp��� ��B �^UeR\XTHdcNClPzRTSMU
E�CFrlUeo�_,J,c�R\Hg[QJ�HKJ�R\SMU � �OB��^UeR\XTHdcN]MaK_,Pqce[QXTX\U/ceRTHK[lJ,P/� #)� # ] % � # � # ] % X � # # ] % w��SMU/J7EOUqce[Q�N]�CbX\UhRTS,UWR�En[NUe�y]MX\U/P\PZHK[lJ�P�o�[QXORTSMUqE�CFrlUko�_MJ,c�R\Hg[QJ,P # � w v � % CbJ,f # � w v : % �EOUWPTUkU!R\S,CsRhHgRhHKP�ckagUmCbX�R\S,CsR�R\SMUWV,XYP�R�X\U/fy_,ckU/POR\[�R\SMUqadCsRZR\UkX�_M]t[lJ@PTUeRTRTHKJML � RT[^�/UkX\[Ue�MckUk]yR o�[QX�RTSMUhXYClfMHKCla{]�CbXTR [botRTSMU�o�_MJ�c�RTHK[lJ�w �y[!E�S�CsR X\Uk�~CbHKJ,P RT[q`tUhfy[QJMU�HKP Ue�y]MX\U/P\P
RTS,UhSI|{]tUkX\LlU/[l�^UeR\XTHdcOo�_MJ,ceRTHK[lJ~HKJ^RTU/XT�~P [lo��nUmPTPTUkaMo�_MJ,c�R\Hg[QJ,P/w ��S,HKPnckCbJ^`tUzfy[QJMU # PTUkU
� � � � % �t`M_yRhR\SMUkX\UjHdPhCbJ@UmClPTHgU/X�EOCF|Qw���U�c/CbJ@PZHK�^]MaK|i_,PTUq]tUkXTRT_MX\`,CsR\Hg[QJ5RTSMU/[lX\|iClLQCbHKJRT[�V,J,f}RTS,CbR^RTSMU7X\CQfyHdCbaO],CbXTR�[lohRTSMU5E�CFrlUko�_MJ,c�R\Hg[QJ HgJ�RTS,U5��� ��B �^UeRTX\HdcpR\[�V,XYPZR
[lXYfyU/XOHKJ � X\U/CQfMP # PTUkUjCb],]�U/J,fyHg� � %

� #�� % � u
� � 2 � � 
�� # � � � � � % X � � 2

� � � � � # � 
�� � 2 # � � � � � % k � 
�� " 2 # � � � � � % % !
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6 J�RTS,Up]MX\UkrIHg[Q_,P!R�EO[	PZ_M`�PZUmc�RTHK[lJ�PqEnU~S�CFrlU^o�[l_,J,f CbaKa RTS,UpHgJ,LlX\U/fyHKUkJ{R\PjEnU~JMU/U/f�RT[
ckClaKck_MadCsRTU #�

� � w9/MX\[l� # � w � � % EOUWPTUkUzRTS�CsR�EnU!S,CFrQUDR\[�U/rFClag_�CsRTUzRTS,Uzo�[QagaK[sE�HKJML�HKJMJMU/XZ�]MX\[yfy_,c�R
#�
� � � # #�� � a � # � %

� # � �	�
� �� � � � � �� a � � �

�

� �� � � � � 2
�
% d

��SMUzHgJ{RTU/LlXYCbadP [srlU/X 	 � � �\g7CbJ�f �>CbX\U ��_,PZROCQP HKJ�PZUmc�R\Hg[QJ � w � w u CbJ,f~ClXTUDPTHK�N],ag|^fyUkagR\Co�_MJ,ceRTHK[lJ,Pno�[QXnR\SMUkHKX�XTUmPZ]tU/ceRTHKrlU 	Q_�CbJ{RT_M�^JI_M��`�U/X\P/�IH w Ulw � � � � � CbJ�f�� w9��SMUWHKJQR\UkLQX\Cla
[srlU/X
��ckCl_,PTU/P�CN`MHgRh�N[QXTU!R\XT[Q_M`MaKUlw 6xRhHKPhLlHKrlUkJ7`I|
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E�SMU/XTU^EOU~S,CFrlU^_,PTU/f ��� u � �iClJ,f�RTSI_,P � � � � �  2  � � � � � k � � � � �,w �DJ,f�EOUS,CFrQUi_,PTU/f RTS,Uio CQc�R^RTS�CsR^RTSMU5HKJ{RTUkLQX\Cla�[srlUkX ��LQCFrlU5C�fyUkagR\Cbo�_MJ,c�R\Hg[QJ o�[QX � R\[�PTUeR� � � � � ��� w ��S,UjPZ[Qag_yR\Hg[QJ�R\[NRTSMHdP�HKJQR\UkLQX\Cla�ckCbJ7`tUWo�[l_MJ,f7HKJ�� � � ��CbJ,f7HdP�LlHKrlU/Ji`I|

	 � �
����� ����

2� � � � � ��� � � � # l o�[lX � � � � ��
: o�[lX � � � � ��
k 2� �

�
�
� � �
�
�
� � � # l " 2 # l o�[lX � �� � � � d

7 aK[bRYPO[bo�R\SMHKPno�_MJ�c�RTHK[lJio�[lX�rsCbX\HK[l_,PnrsCbaK_MU/PO[bo�RTSMUW],ClX\Cl�NUkRTU/X\PnCbX\UzLQHgrQUkJpHKJ / HKL,w � w � w
�DP |Q[l_�c/CbJNPZU/U�R\SMHKP o�_,J,c�R\Hg[QJNrsClJMHKPTSMUmP Clag�^[{P�R�UkrQUkX\|{E�S,UkX\Ul�FUe�MceU/]yR o�[lX CDJ�CbX\XT[sEPZRTX\Hg]�E�SMUkX\U�� � CbJ,f � �� Cb],]MXT[{ClcYS	UmClcYS	[lRTSMU/X/w �DP��@HKJ,ceX\U/CQPZUmPhR\SMU~P�R\XTHK]�`tU/ck[l�^U/P

�^[lX\UiJ�CbX\XT[sE ClJ,f�CQP�� � ClJ,f � �� HgJ�ceX\U/ClPTUpR\SMU@�~Cs�yHK�>_M��rsClag_MU7[bozRTSMU5o�_,J,c�R\Hg[QJ
fyUmceX\U/ClPTU/P/w �5[QPZRWHg�^]t[lXTR\CbJ{Rm��SM[sEnU/rlU/X/�tHKPzR\S,CsRqUkrQUkJ�H�RYPz�~Cb�IHK�>_,� rFClag_,U�HdP!XTUmCbaKag|
	{_MHgRTUjPT�^Claga w �hJ�fiHKJ@ClfMfMH�R\Hg[QJ�R\[^RTS,CbRhXTU/�NU/�>`tUkX�R\S,CsR�R\SMHKP�RTUkX\� HdPhPT_M]M]MX\U/P\PZUmf�`I|
CWo CQc�RT[QX � HgJ~R\SMUhUk�I],XTUmPTPTHg[QJNo�[lX R\SMUD]MX\[l]�CbLQCbRT[QX HKJ~R\SMUz��� ��B��^UeR\XTHdc # � w ��� % w��y[jH�RPTUkUk�~PhRTS,CbR!EOUjS,CFrQUqo�[l_MJ�f5RTS,CbRDR\SMU>]MX\[l]�CbLQCbRT[QX�HgJ@R\SMUN� � �OB �^UeRTX\HdcjU 	{_,ClaKPhRTSMU
]MX\[l],ClLQCbRT[lX�HKJ7RTSMU � ��B �^UeR\XTHdcWR\[^V,X\PZRh[lXYfyU/X�HgJ � w ��o ClaKPTUjce[QJ,ceaK_,PTHg[QJ5En[Q_MaKf7`tUl�SM[sEOUkrQUkXm�QR\S,CsR�R\SMUkX\UqCbX\UWJM[~ce[lX\X\UkadCsRTHK[lJ�PnHKJ7RTSMU>� � �OB��^UeR\XTHdc!RTS�CsRhEO[l_MadfiCl]M]tU/CbX
JM[QJy� aK[yckCla HgJ�R\SMU�� ��B$�^UeR\XTHdcbw ��SMU�XTUmPZ_MagR>HdPj]MX\[l`�Cb`MaK|�fy_,U~RT[	[Q_MX>Cl]M]MX\[QClcYS�ClP
ckClJ5`�UjPTUkU/J5CQP�o�[laKaK[sEhPkw96xo RTSMU/XTUjClXTUWJM[QJy�xag[yckCla�U � U/ceR\PhHKJ@C~ceU/XZRYCbHKJ7PT],ClckUeR\Hg�^UWRTS,HKP
�^U/ClJ,PnRTS,CbR�C>],CbXTRTHdceaKUDR\X\CFrQUkaKHgJ,LqRTSMX\[l_,LlS�PT],ClckUeR\Hg�^UzRTS,CbRnV,J�fMP�H�RYPZU/a�o CsR�C>]t[QPTH�R\Hg[QJ
] c/CbJ	`tUNC �tUmc�R\U/f	`I|7RTS,HgJML{PhR\S,CsRW[yckck_MX!CbR!C7ckCl_,PTClagaK|5fyHKP\ce[QJMJMUmc�RTUmf@]t[QPTH�R\Hg[QJ _ w
6 J�RTUkX\�~PW[bo R\SMU ��ClLlXYCbJMLQHKClJ5RTSMHdPW�^U/ClJ,PzRTS,CbR!R\SMUkX\U~PZS,[l_Madf�`tU^HgJ{R\UkXYClc�R\Hg[QJ	R\UkX\�^PRTS�CsRqce[lJ,JMU/ceRDRTS,U>]t[QPTH�R\Hg[QJ,P ] CbJ,f _ � HgJ	[lRTSMU/XzEO[lXYfMPhRTSMU/XTUNPZSM[Q_Madf@`�U�JM[lJM� aK[yckCba
RTU/XT�~P>HgJ R\SMU � CbLQX\ClJMLlHdCbJ�w 6 J}[l_,X>Cb]M],XT[{ClcYS�EnU�E�XT[lRTU~R\SMUi��� ��B E�CFrlUko�_MJ,ceRTHK[lJ
ClPDRTS,U � ��B�EOCFrQUeo�_MJ,ceRTHK[lJ	],ag_,PWck[lX\XTUmc�RTHK[lJ�Pk� # � # ] % � #

�
# ] % X � # # ] % ��ckagUmCbX\ag|RTS,HKP!HdP!CiaK[Ic/Cba ce[QXTX\U/ceRTHK[lJ�w �n[lJ�PZU 	Q_,UkJ{RTaK|l� R\SMHKP!aK[yckCba ck[lX\XTUmc�RTHK[lJ	c/CbJMJ,[bRWHgJ{RTX\[yfy_,ckU

JM[QJy� aK[yckCla�R\UkX\�~P�HgJ7R\SMU ��ClLlXYCbJMLQHKClJ�w
��SMU�Cb]M],XT[Q]MXTHdCsR\Unck[lJ,ckag_,PTHK[lJjHdP RTSI_,P RTS�CsR�]�[{PTPTHg`,agUOJM[lJM� aK[yckCba{U � U/ceR\P�HKJ>R\SMU*� �OB

�^UeR\XTHdc�c/Cb_,PTU/f	`{|	ck[lX\XTUmc�R\Hg[QJ,P�o�X\[l�3RTS,U~� � �OB��^UeR\XTHdcjE�HKaga J,[bRW`�UN�~CbJMHgo�U/PZRTUmf	HKJ
RTS,UWo�_MJ,c�R\Hg[QJ #�^w

	���	 � ��� ?��Z� 
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6 JNRTSMUhPT_M`,PTU/ceRTHK[lJ,P � w �Mw u CbJ�f � w �Mw v EOU�S,CFrlUno�[l_MJ�f>R\SMU�E�CFrlUeo�_,J,c�R\Hg[QJ,P�[bo CW�^CQPTPTaKU/P\P],ClXZR\HKckagUOHgJ�RTS,UnHKJMJMU/X XTU/LlHK[lJj[loMRTSMU � ��B �^UeRTX\HdcnClJ,f���� ��B �^UeR\XTHdc�X\U/PT]tU/c�R\HgrQUkaK|lw 6 J
RTS,HKP PTU/ceRTHK[lJNEnU�E�HKagaMck[l�^],ClXTUORTS,UOXYClfMHKClay],CbXTR\P [botRTS,U/PTUOE�CFrlUko�_MJ,ceRTHK[lJ,P/w � [qPZHK�^]MagHgo�|
RTS,HgJML{PjEOUpE�HKagaOPZUkRjRTSMU 	Q_�CbJ{RT_M� JI_M�>`tUkXYP � � � � � CbJ,f � � ck[lX\XTUmPZ]t[lJ,fMHgJML7R\[@RTSMUce[Q�^],ClceRTHgV,U/f^fyHKXTUmc�R\Hg[QJ,P 	 ���M�7gpCbJ�f � X\U/PT]tU/c�R\HgrQUkaK|l�sR\[W�kUkX\[,w ��SMU�X\U/PT]�Umc�RTHKrlU�XYClfyHdCba
],ClXZRYP�[bo�R\SMUqE�CFrlUeo�_,J,c�R\Hg[QJ7ClXTUzRTSMU/J@LlHKrlU/J�`I|
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��SMU!]�U/XTHK[yfyHdceHgR�|p[bo �
�
��� `MaK[sEhPO_M]@ClP �>Cl]M]MX\[QClcYS,U/Pn�kUkX\[,w9��SMHdP�ckClJi`tUWHgJ{RTU/XZ�

]MX\UeR\U/fpCQP RTS,UD],ClXZR\HKckagUhLQUeRTRTHKJML�c/Cb_MLQSQRnHgJ~R\SMUhR\SMX\[QCsR�CbJ,f^`t[l_,J,ceHKJML>`�ClcYG^CbJ,fNo�[QXZR\S
HKJ,PZHdfyUDRTSMUzRTSMX\[QCbRnCbJ�HgJyV�JMH�R\UzJI_M��`�U/Xn[lo�RTHK�^U/Pn`�Uko�[lX\UDSMHgRZR\HgJML�RTS,U!PTHgJ,Ll_MadCbX\H�R�|Qw ��SMU
SI|I]�U/XTLQUk[l�^UkRTX\HKc>o�_MJ,ceRTHK[lJ
� � � ��� R\S,CsRjPT[laKrlUmPDR\SMU~XYClfyHdCba�],ClXZRq[bonRTSMUpfMH�� UkX\UkJ{RTHdCbaU 	{_,CbRTHK[lJpHKJ~R\SMUW� � �OB �^UeRTX\HdchUe�ySMHK`MHgR\P
	{_MH�R\U!C>fyH�� UkX\UkJ{R�`�U/S,CFrIHg[QX�HKJ~RTS,HKPOX\U/PT]�Umc�R/w
��SMU~JI_M��`�U/Xq[boORTHK�NUmPWRTS,U~],CbXTRTHdceaKU^`�[Q_MJ,ceUmPq`,CQcYG	CbJ,f�o�[lXTRTS�HKJ,PTHKfyUNR\SMU^RTSMX\[QCbRqHKP
V,JMHgRTUQ�yRTSI_,PhH�RDc/CbJ7XTU/Uk�^UkX\LlUzo�XT[Q�$RTS,UWRTSMX\[QCbR�HKJ@C�V,JMHgRTUjCb�^[Q_MJ{Rh[bo�R\Hg�^UQw

/M_,XZR\SMUkX\�^[lX\Ul�{EnUzS,CFrlUDPTUkU/JpR\S,CsRORTSMUWPT[laK_yRTHK[lJpHKJpR\SMUq��� ��B �^UeR\XTHdcDX\U/fM_,ceUmP RT[
RTS,U�PZ[Qag_MRTHK[lJ�HgJ�R\SMU�� ��B$�^UeR\XTHdcNo�[lX � PZ_ >~ckHgU/J{RTaK|�PT�~CbaKa w /MX\[l�<V�Ll_MX\U/P � w � ClJ,f
� w � EnUWPZU/U!RTS,CbROR\SMUkHKX�`tUkS,CFrIHK[lXOHKP�HKJ,fyU/U/firlUkX\|~PZHK�^HgadCbXOo�[QXhPZ_	>pckHgU/JQR\ag|~adCbX\LlU!rsCbaK_MU/P[bo��Iw /,XT[Q��R\SMU@]MaK[bR\PpEnU	PTUkU5R\S,CsR~R\SMU�Cb],]MXT[F�yHK�~CsRTHK[lJ�`MX\U/CbGyP~fy[sE�J ��_,PZRiCbo RTUkXRTS,U>E�CFrlUeo�_,J,c�R\Hg[QJ5ckXT[{PTPTU/P��/UkX\[^o�[lXDRTSMUNPZUmce[lJ�f7RTHK�NU # ce[Q_MJ{RTHKJMLpHKJ@RTS,U�fyHKXTUmc�R\Hg[QJ7[lo
fyUmceX\U/ClPTHKJML � % w�BD[sEnU/rlU/X/�QH�R�HdP�rQUkX\|^fMH?>pce_,a�R�RT[^fyUkRTUkX\�^HgJ,U!CbROE�S,CbR�fMHKPZR\ClJ,ceUDRTSMHdPOHKPHKJ>R\UkX\�^P [bo�RTSMU�cYS,ClX\CQc�RTU/XTHdPZRTHdc aKUkJMLlRTS,P [bo,RTSMU�PZ|yPZRTU/�7w ��SMHdP HKP `tU/ckCl_,PTU�R\SMU�`�U/S,CFrIHg[QX
[bo�� � � � ��fyU/]�U/J,fMP��>_,cYSpPZRTX\[lJMLQUkX [QJ�R\SMUDX\UkadCsR\Hg[QJ�`tUeR�EOUkU/J � ClJ,f � �  2  � RTS,ClJ[lJiRTS,UqXTU/aKCbRTHK[lJ7`�UkR�EnU/UkJ
��ClJ,fpR\SMU/PTUq],ClX\Cl�NUkRTU/X\P/w
��UhV,J,f~RTS,CbR�o�[lXnHgJ�ceX\U/ClPTHKJMLlaK|>adCbX\LlUhrsClag_MUmP [lo ��� � �  2  � � # v���% �lRTSMU!JI_M�>`tUkX[bo [{PTckHgaKaKCbRTHK[lJ,PhHgJ@R\SMU>X\UkLQHg[QJ5[bo PZ�~Claga �^ClaKPT[pHKJ,ceX\U/CQPZUmPkw��I[~o�[QXhVM�yUmf@rsCbaK_MU/PD[bo�RTSMU

cYS,ClX\CQc�RTU/XTHdPZRTHdc�aKUkJMLlRTS,P [botRTSMUhPT|yP�R\Uk�5�lH w UQw � CbJ,f �  2  � �lRTSMHdP PTUkUk�~P�R\[qHg�^]MaK|jR\S,CsRClP�RTSMUjU/JMUkX\Ll|�[lX�o�X\U 	{_MU/J,ce| � `tU/ck[l�^U/P�adCbX\LlU/X/�MClJ,fiRTSI_,PhRTSMUjE�CFrlU/agU/JMLbR\S7PTSM[QXZR\UkXm�
RTS,U>JI_M�>`tUkXz[bo�RTHK�^U/PhRTS,CbRDRTS,Uj],CbXTRTHdceaKUl�tfyU/P\ceX\HK`�Umf5`{|iRTS,U>E�CFrlUeo�_,J,c�R\Hg[QJ��,`t[l_MJ�ceU/P
`,CQcYG�CbJ,f�o�[QXZR\S�HKJ,PTHKfMU^RTSMU^R\SMXT[{CsRm��`tUeo�[lX\U~HgRjXTUmClcYSMUmPDR\SMU�c/Cb]�CbJ,f�LlUkR\PqX\U � U/c�R\U/f��
CbadPT[!HKJ,ckXTUmClPTU/P/w � JNRTSMU�[lRTSMU/X S,ClJ,f��bR\SMU�X\U/PTUk�>`,aKClJ,ceU�`tUeR�EOUkUkJ �

�
� � ClJ,f � � � ���ce[Q�^]MagUkRTU/ag|	fyHdP\Cb]M]tU/ClX\PDE�SMUkJ � `tU/ce[Q�^U/P![bo [QX\fyU/Xz[QJMUlw � X!U 	{_MHKrFClagU/J{RTaK|l��E�SMU/J �`tU/ce[Q�^U/Pz[bo RTS,U>[lXYfyU/X � � �  2  � w8��SMHKP!ckClJ@`�UNUe�y]MadCbHKJMUmf	ClPho�[laKag[sEhP/w���U/�NU/�>`tUkXRTS�CsR^V,XYP�R~[boWCbaKa�EnU7X\U/PZRTX\HKceRTU/f�[l_,X\PTUkaKrlUmPjR\[�R\SMU5HgJ,JMUkX~X\UkLQHg[QJ,P>[lo!PT],ClckUeR\Hg�^U/P^`I|

PTUeRZR\HgJ,L � l � �  2  � w 6 J^Clf,fyH�R\Hg[QJ�EOUOo�[l_MJ�f>R\S,CsR � � � � ��Cb],]MXT[F�yHK�~CsRTUmP 2 � �
�
���

o�[lXjPT�~CbaKa rsCbaK_MU/PW[lo � ��H w UQw^o�[lX � � �Iw��I[7RTSMU~`,XTUmCbGyfy[sE�J�[lonR\SMU^XTUmPZU/�>`MadCbJ�ceUNHKP
PTHg�^]MaK|qfy_MU R\[hR\SMU�o CQc�R RTS,CbR�RTS,UnE�CFrlU/agU/JMLbR\S![lo,ChE�CFrlU E�HgRTS>o�XTU 	Q_,UkJ,ck| � � � �  2  �HdP � �  2  � ��� �OE�SMHKcYS�Uk�yckUkUmfMPNRTSMU	PTHK�kU@[bo!RTS,U@XTU/LlHK[lJ HgJ�E�SMHdcYS�EnU5o�[Q_MJ,f�RTSMUX\U/PTUk�>`,aKClJ,ceUQ�{H w Ulw � l � � l � �  2  � w/ HgJ�CbaKag|Q�nEOU@PZU/Uio�X\[l� RTSMU@],ag[lR\P^[bo��

�
� � CbJ,f � � � � � RTS�CsRp[l_,X~XTUmPZ_MagR\P~fM[

JM[lRNPTUkUk� RT[�ce[lJ{R\X\CQfyHKceR �@CbRTSI_MX�" P>HKfyUmC5RTS�CsRNC	`MaKCQcYG�SM[QagUiLlU/[l�^UeR\XT|�HKP>HgJ o CQc�R^C
PT_M]�U/XT]t[QPTHgRTHK[lJ�[bonrsClXTHK[l_,P!LQUk[l�^UkRTX\HgUmPDaKHgGQUNRTSMU���� ��B�LlU/[l�^UeR\XT|Qw ��U/�^Uk�>`tUkXWR\S,CsR
RTS,U���� ��B LlU/[l�^UeR\XT|pHdP�R\SMU>PT_M]tUkX\LlXYCFr{HgR�|pPT[laK_yRTHK[lJ@ce[QXTX\U/PT]t[lJ,fyHKJML�RT[p[QJMUq]t[QP\PZHK`MaKU
rIHg`,X\CbRTHK[lJ>�^[yfyU�[bo�RTSMUOo�_MJ�fMCb�^UkJ{RYCbaMPZRTX\HgJML�w �zH�� UkX\UkJ{R rIHK`MX\CbRTHK[lJ��N[yfyUmP LlHKrlUOXTHdPZUnRT[
LlU/[l�^UeR\XTHKU/P�PTHg�^HKaKClX RT[!RTSMUh��� ��B LlU/[l�^UeR\XT|Q�s`M_yR UmClcYS>E�HgRTS^CWPZaKHKLlS{RTaK|>fyH �tU/XTU/J{R c/Cb]�w
��SMU^fyH �tU/XTU/JQRWckCl],Pzck[lX\XTUmPZ]t[lJ�f7RT[5fyH�� UkX\UkJ{R!�NHdceX\[QPZR\CbRTUmPD[lo RTSMUN`MadClcYG5SM[laKUlwq�IHKJ,ceURTS,UO��� ��B}LQUk[Q�NUkRTX\|zHdP�CDLlU/JMUkX\HKc�ckClPTU EOU EO[l_MadfqUe�y]tU/ceR�RTS�CsR ClaKPT[�R\SMUnE�CFrlUko�_MJ,ceRTHK[lJ
EOUWo�[l_MJ,f7HKJ7RTSMHdP�`,CQcYG{LQXT[Q_MJ,fickCbJ5`tUjce[QJ,PZHdfyU/XTUmf�LQUkJMU/XTHdcbw ��SMU/J@EnUqck[l�^],CbX\U!RTSMU
]MaK[bRYPnHKJ / HKLQP/w � w � CbJ,f � w � HgR�fM[{UmP�J,[bR�PZU/Uk��_MJMX\U/CQPZ[QJ,Cb`MaKU�R\S,CsR�C>PT_M]tUkX\]�[{PZHgRTHK[lJp[loo�_MJ,ceRTHK[lJ,P�aKHKGlU!RTSMUWXYClfyHdCba ],ClXZR�[bo RTSMUWE�CFrlUko�_MJ,c�R\Hg[QJ�HKJ�R\SMUj��� ��B��NUkRTX\HKc!E�HKaga�aK[I[lG
PTHg�^HKaKClX�RT[NRTSMUWR\SMUqXYClfyHdCba�],ClXZR�[lo�RTS,UqEOCFrQUeo�_MJ,ceRTHK[lJ7HgJ7R\SMU'� ��B �^UkRTX\HKclw
� #%� 
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5 10 15 20
r

-0.2

-0.1

0.1

0.2

H in CBH

/ HgLQ_MX\U � w � �t�hClfMHKCla,],ClXZR�[lo�RTSMUzEOCFrQUeo�_MJ�c�RTHK[lJ^HKJ~RTS,U.� ��B �^UeR\XTHdcbw � J^R\SMUzrQUkXTRTHdckClaCs�yHdP�HgR\P Cb�^]MaKHgRT_,fyUQ�b[lJjRTSMUOSM[lX\HK�k[lJ{RYCbaQCb�yHKP�RTSMU�fyHdP�RYCbJ,ckU�R\[hRTS,UOPTHgJ,Ll_MadCbX\H�R�|WCsR ��� : w

5 10 15 20
r

-0.02

-0.01

0.01

0.02

H in SQBH

/ HgLQ_MX\U � w � �9�DClfyHdCba{],CbXTR [loyRTSMUOE�CFrlUeo�_,J,c�R\Hg[QJqHgJ>RTSMU���� ��B}�^UeR\XTHdcbw � JqR\SMUnrQUkXTRTHdckClaCs�yHdPhHgR\PzCb�^]MaKH�R\_,fyUl� [QJ5RTSMU�SM[lX\Hg�/[lJ{R\Cla�Cs�yHdP�RTS,U�fyHdP�RYCbJ,ckUqRT[pRTSMU�[lX\HgLQHgJ
��� : w���US,CFrQU!PTUeR � �  2  � � � w
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6 J�RTSMHdP~cYS,Cb]MRTUkX^EOUiS�CFrlU5P�R\_,fyHKU/f C�c/CbJ,fMHKfMCbRTU5PZ[Qag_MRTHK[lJ}R\[�RTSMU5HKJyo�[lX\�~CsRTHK[lJ�ag[{PTP
],ClX\CQfy[F��]M_MR�o�[QXTE�CbXYf�`I| �	CsRTSI_MXmw���U7�^[bRTHKrsCsR\U/f [Q_MXNcYS,[lHdceU�[lo�RTSMHdPN],CbXTRTHdce_,aKClX]MX\[l]t[QP\Cba�E�H�R\SpR�EO[>X\U/ClPT[lJ�Pkw / HKXYP�R\ag|Q�{`tU/c/Cb_,PTUDEOUzClXTLQ_MU/fNR\S,CsR�PT[laKr{HKJML>RTSMUz],CbXYClfy[F�
X\U 	{_MHKXTUmf�C7R\SMUk[QXT|�[bo
	Q_�CbJ{RT_M� LlXYCFrIH�R�|Qw��{RTX\HKJML5RTSMU/[lX\|l��RTS,CbR>_MJ,fyU/XTaKHKU/P �@CbRTSI_MX�" P
EO[lX\Gt�IHdP�PZ_�cYSiC�RTSMU/[lX\|l�yCbJ�f�HKJ7CQfMfyHgRTHK[lJiRT[NRTS�CsR�H�R�Uk�IS,Hg`MHgR\P�CNSM[Qag[QLlXYCb]MS,HKcho�U/CsR\_MX\U
RTS�CsR!PTUkU/�~PhR\[�`tU�C�cYS�CbXYClc�R\UkX\HKPZRTHdc![bo `MadClcYG5SM[QagUmPkw���SMU>[lRTSMU/XzClPT]tU/c�R![bo �@CbRTSI_MX�" P
]MX\[l]t[QP\Cba RTS,CbRq�^CQfyUNH�R>CbRZRTXYClceRTHKrlU>RT[5_,P!HKP!R\S,CsRqHgRq]MXT[srIHdfyU/PDRTS,UN]t[QP\PTHg`MHKaKH�R�|5R\[5fM[
ClceRT_,Cla�ckClaKck_MaKCbRTHK[lJ,P/w

��o R\UkX^R\SMHKP�cYS,Cb]yR\UkX^EOU5ClXTU5ce[QJyV�fyU/J{RNR\[ PTCF|�R\S,CsR^RTS,U5o�_M�k�/`,CbaKa�]MX\[l]t[QP\Cba�S,ClP
HKJ,fyUkUmf}]MX\[srlU/J�RT[�`�U7C@o�X\_MH�RTo�_MahPT[l_MXYceUp[lohagU/JMLbR\SI|�c/Cbadce_MadCsR\Hg[QJ,P/w � _MX�U � [lXTR\P�agUmf
RT[@J,HKckUNUk�y]MXTUmPTPTHK[lJ,P![boORTS,UpPZ[Qag_yR\Hg[QJ,P!RT[5R\SMU  WaKUkHKJy� �![QX\fM[lJ�U 	{_,CsR\Hg[QJ�HKJ�`�[lRTS�RTSMU� ��B ClJ,f5RTS,UN��� ��B �^UkRTX\HKc/Pkwh��U>J,[lX\�^ClagHK�kUmf7RTSMU � ��B PT[laK_yRTHK[lJ	ClJ,f@Uk�I]�CbJ,fyUmf
RTS,U7��� ��B PT[laK_yRTHK[lJ HKJ C�� CF|Iag[QX>PTUkX\HgUmPWo�[lXNPZ�~CbaKaOrFClag_,U/Pj[lo � � R\SMUicYS,ClX\CQc�R\UkX\HKPZRTHdcaKUkJMLlRTS,P\ckClagU5[lJ E�SMHdcYS RTSMU5R�EO[�LlUk[Q�^UeRTX\HKU/P^fyH �tU/X/w �D[bR�PT_MXT],XTHdPZHKJMLQag|Q� RTSMU���� ��B
PT[laK_yRTHK[lJ7XTUmfy_,ckU/PORT[NR\SMU'� ��B�PZ[Qag_yR\Hg[QJ�R\[~�kU/XT[lRTS7[lXYfyUkX�HKJ � w

�OR�R\SMHdPn]t[lHKJ{ROEOUzPTUkU/�^U/f^o�_MaKaK|~U 	{_MHK]M]�UmfpR\[�c/Cbadce_MadCsR\UhRTS,Uz]MX\[l]�CbLQCbRT[QX\P�HKJ�`t[bR\S�^UeR\XTHdckP/��S,[sEnU/rlUkXm�MEOU>XYCbJ@HKJ{RT[�	{_MHgRTUNCpJI_M�>`tUkXz[bo�fyH >pce_MagRTHKU/P/w 6 J�XTUkRTX\[QPT]�Umc�R/�,RTSMU
cYSM[QHKckUjEnU>�^CQfyU>CbRhRTS,CbRz]t[lHKJ{R/�tJ,Cb�^UkaK|iRT[�c/Cbadce_MadCsR\UqRTSMU>V,XYP�RD[QX\fMUkXDck[lX\XTUmc�RTHK[lJiRT[
RTS,U%� ��B�]MX\[l],ClLQCbRT[lXm�yE�ClP�_MJMo�[lXTRT_MJ,CbRTUQw 6xRDo CbHKaKU/f7RT[�]MXT[srIHdfyUq_,P!CbJI|�HKJyo�[QXT�~CsR\Hg[QJ
Cb`t[l_MR ]�[{PTPTHg`,agU�JM[QJy� aK[yckCla{U �tUmc�RYP HgJNR\SMUD��� ��B��^UeRTX\HdcOClJ,f�RTSMHdP�E�ClP��^[QPZR ]MXT[Q`,Cb`,ag|
ckCl_,PTU/f7`I|~RTSMUjo Clc�R�R\S,CsRhEOUqS,CQf7ClagX\U/CQfy|~V,agRTU/XTUmf7[l_yR�R\SMU/PTUqU � U/ceR\P�`I|�E�X\HgRTHKJML^RTSMU
��� ��B PZ[Qag_MRTHK[lJ@ClPnRTS,U'� �OB�PT[laK_yR\Hg[QJi]MaK_,Phck[lX\XTUmc�R\Hg[QJ,Pkw

�hU/rlU/XZR\SMUkaKU/P\Pk�{EOUzaKU/ClXTJMUmf~o�X\[l�$[Q_MX��NHdPZR\CbGQU/P�CbJ�fpEO[l_MadfpJM[lROE�CbJ{RORT[^�^HKP\PnRTSMU
[l],]�[QXZR\_MJMHgR�|5RT[5]MX\[l]t[QPTU�PT[l�^UNCla�R\UkX\J,CsR\HgrQU>�^UeR\SM[yfMP!RT[7[l`MR\CbHKJ�RTSMU^CbJ,PTEOUkX!RT[iRTSMU
	{_MU/PZRTHK[lJ�� �D[IUmP�RTS,Ujo�_M�/�k`,Claga S,CFrlUWR\SMU>],XT[Q]�U/XZR�|iXTU 	Q_,HgX\U/f7R\[pXTUmP�R\[lX\UqHgJMo�[lX\�^CbRTHK[lJ��
J,Cl�NU/ag| JM[lJy�xaK[Ic/CbaKH�R�|����Mw � JMU5[l]yR\Hg[QJ�HdPNRT[ PZRTHdcYG RT[ ck[l�^],CbX\HKJML�R\SMU5]MX\[l],ClLQCsR\[lXYP
HKJ@RTSMUNfyH �tU/XTU/JQR!�^UeRTX\HdckP/w 6 J@R\S,CsRWckClPTUl�t[lJ,U>PZS,[l_Madf@UkHgRTS,UkXhR\_MX\J@RT[7ce[l�^]M_MR\CsR\Hg[QJ,Cba
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