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OPQ RS TUQ VQWXRPX YZ[ \YP]Q^QP]QPT ZR_^RPQPT
[PW`aXbXc dQeW_Q XR ^R^f`WV bX TUWT YZ[ bX W ^VR_ bXbPg
TRR`X SRV W `RT RS W^^`beWTbRPX h OPQ RS TUQ WTTVWeTbiQ W^j
^`beWTbRPX bX TUQ d bR`RgbeW` ]WTW WPW`aXbX h kUQVQ WVQ W `RT
RS lRVmX RP PQfVRdbR`RgbeW` ]WTW WPW`aXbX XfeU WX nno
\n`QeTVRQPeQ^UW`RgVW^Uac p SqrY \SfPeTbRPW` q WgPQTbe
rQXRPWPeQ Y_WgbPgc p WP] qno \qWgPQTRQPeQ^UW`Rgj
VW^Uac p WP] TUQa XURl bPTQVQXTbPg VQXf`TX h sRlQiQV p
TUQVQ XTb`` VQ_ WbP XR_ Q ^VRd `Q_ X TR dQ XR`iQ] h q WPa
PQfVRdbR`RgbeW` ]WTW bPe`f]QX W `WVgQ W_RfPT RS PRbXQX p
WP] W`XR TUQ Pf_dQV RS bP]Q^ QP]QPT eR_^RPQPTX bX fPj
mPRlP h kUQXQ ^VRd`Q_ X _ WmQ bT ]bt ef`T TR RdTWbP gRR]
VQXf `TX da YZ[ W`gRVbTU_ X h uQ ]bXefXX WP W^^VRWeU TR
XQ^WVWTQ TUQ ]WTW lUbeU eRPTWbP W]]bTbiQ PRbXQ l bTURfT
mPRl bPg TUQ Pf_dQV RS bP]Q^QP]QPT eR_^RPQPTX h OfV
W^^VRWeU fXQX SWeTRV WPW`aXbX WX TUQ ^VQ^VR eQXXbPg RS
TUQ YZ[ W`gRVbTU_ p bPXTQW] RS vZ[ \vVbPeb^W` ZR_ j
^RPQPT [PW`aXbXc p lUbeU bX TUQ _ Ww RV ^VQ^VR eQXXbPg bP
_ WPa YZ[ W`gRVbTU_ X h YP TUQ PQl ^VQ^VR eQXXbPg p TUQ
Pf_dQV RS TUQ XRfVeQX WP] TUQ W_RfPT RS XQPXRV PRbXQ
WVQ QXTb_ WTQ] h [ STQV TUQ ^VQ^VReQXXbPg p WP YZ[ W`gRj
VbTU_ bX fXQ] TR QXTb_ WTQ TUQ XQ^WVWTbRP _ WTVbx WP]
_ bx bPg XaXTQ_ h kUVRfgU TUQ Qx^QVb_ QPTX l bTU qno
]WTW WP] SqrY ]WTW p lQ XURl TUbX W^^VRWeU bX QyQeTbiQ h
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kUQ RVbg bPW` YZ[ ^VRd`Q_ WXXf_QX TUQ `bPQWV VQ`WTbRP
dQTlQQP TUQ RdXQViQ] XbgPW` � WP] TUQ XRfVeQ XbgPW` �
]Q�PQ] WX p
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kUQ WXXf_^TbRPX bP YZ[ WVQ TUWT QWeU eR_^RPQPT RS
� bX _ QWP � p _fTfW``a bP]Q^ QP]QPT WP] ]VWlP SVR_
]byQVQPT ^VRdWdb`bTa ]bXTVbdfTbRP lUbeU bX PRT oWfXXbWP
Qx^QeT SRV WT _RXT RPQ h uQ W`XR VQXTVbeT � TR dQ X_ W``QV
RV Q�fW` TR � SRV TUQ Qx bXTQPeQ RS `bPQWV XR`fTbRP h

kUQ gRW` RS YZ[ bX TR QXTb_ WTQ W XQ^WVWTbRP _ WTVbx
� lUbeU XWTbX�QX TUQ SR``Rl bPg Q�fWTbRP p
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lUQVQ � bX W ^ QV_fTWTbRP _WTVbx lUbeU UWX W XbPj
g`Q QPTVa RS � bP QWeU VRl WP] eR`f_P p WP] � bX
VQ^VQXQPTbPg W_^`bTf]Q W_dbgfbTa lUbeU bX gbiQP WX
W ]bWgRPW` _ WTVbx h u bTU TUQ XQ^WVWTbRP _ WTVbx � p
lQ eWP VQeRPXTVfeT TUQ bP]Q^ QP]QPT XRfVeQ WX � �
� � h [ `RT RS W`gRVbTU_ X WVQ ^VR^RXQ] TR XR`iQ TUbX
^VRd`Q_ ��p � p � p � p �� h q RXT RS TUQ W`gRVbTU_ X WVQ dWXQ]
RP W XQ_ b ^WVW_ QTVbe W^^VRWeU ��� p WP] gbibPg W `RT RS
bPTQVQXTbPg VQXf `TX h

[ `TURfgU QWeU YZ[ W`gRVbTU_ bX Xb_^`Q WP] bTX TUQj
RVa bX Q`QgWPT p lQ XR_QTb_ QX SWeQ ^VRd`Q_ X lUQP lQ
W^^`a YZ[ TR VQW` ]WTW p QX^QebW``a PQfVRdbR`RgbeW` ]WTW h
kUQ VQWXRP bX TUWT TUQ VQ`WTbRP bP \�c ]RQX PRT ]QXeVbdQ
TUQ eUWVWeTQVbXTbeX RS TUQ _QWXfVQ_ QPTX lQ`` h YP _ WPa
eWXQX p lQ eWPPRT WiRb] PRbXQX p WP] TUQ Pf_dQV RS TUQ
XRfVeQX � bX XR_ QTb_QX ]bt ef`T TR d Q mPRlP bP W]j
iWPeQ h �RV QxW_^`Q p bP TUQ eWXQ RS qno �� p �� p � p lUbeU
bX TUQ Pf_dQV RS TUQ XQPXRVX p bX `WVgQ \�� ���c p dfT
lQ TUbPm TUQ XRfVeQ Pf_dQV � bX PRT XR `WVgQ l bTUbP W
XURVT ^ QVbR] h [ `XR lQ mPRl TUQVQ WVQ W `WVgQ W_RfPT
RS PRbXQX lUbeU WVQ PRT PQg`bgbd`Q h

YP _WPa PQfVRdbR`RgbeW` ]WTW p bT bX PWTfVW` TR eWTj
QgRVb¡Q PRbXQX bPTR TlR eWTQgRVbQX h OPQ bX TUQ PRbXQ
lUbeU WyQeTX QiQVa XQPXRV h kUbX PRbXQ bX eW``Q] WVTbj
SWeTX h n `QeTVbe ^RlQV Xf^^`ap QWVTU _ WgPQTbX_ p _RiQj
_ QPTX RS TUQ UQW] p WP] TUQ dbR`RgbeW` XbgPW`X bP lUbeU
lQ WVQ PRT bPTQVQXTQ] \UQWVTd QWT p ¢jlWiQ p WP] XR RP c p
WVQ eWTQgRVb¡Q] bPTR WVTbSWeTX h kUQ RTUQV bX TUQ PRbXQ
RP QWeU XQPXRV h £bPeQ TUQ XbgPW`X RS TUQ dVWbP bX fXfj
W``a iQVa lQWm p lQ eWPPRT WiRb] XQPXRV PRbXQ TUVRfgU
W_^`bSabPg p RV WiQVWgbPg ^VR eQXX h kUbX XQPXRV PRbXQ bX
bP]Q^ QP]QPT TR QWeU RTUQV h

kUQVQSRVQ p bT bX dQTTQV TR QxTQP] TUQ ^VRd`Q_ bP \�c
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TR W PRbXa YZ[ ^VRd`Q_ lUbeU bX ]Q�PQ] WX p
� � �� � � \�c

� � � � �� � � � �� � � � �� ��
� � XRfVeQX WP] WVTbSWeTX �� � \� �� c � PRbXQ RP QWeU XQPXRV �� � �� �� � ]bWgRPW` _ WTVbx �

YP TUbX PQl ^VRd `Q_ p lQ _ WmQ WP WXXf_^TbRP TUWT TUQ
XQPXRV PRbXQ bX bP]Q^QP]QPT TR QWeU RTUQV WP] ]VWlP
SVR_ ]byQVQPT PRV_W` ]bXTVbdfTbRPX h kUbX QxTQPXbRP
_ Wa PRT d Q Xft ebQPT bP XR_ Q W^^`beWTbRPX p dfT TUbX
bX TUQ �VXT XTQ^ WP] lQ dQ`bQiQ TUQVQ WVQ _ WPa eWXQX bP
lUbeU bT bX QyQeTbiQ h

YP TUbX WVTbe`Q p lQ ^VR^RXQ WP W^^VRWeU TR XR`iQ TUbX
^VRd`Q_ h kUQ b]QW bX TR fXQ SWeTRV WPW`aXbX SRV TUQ ^VQj
^VReQXXbPg RS ]WTW h uQ XURl TUQ ]QTWb` RS TUQ W^^VRWeU
WP] XR_Q Qx^QVb_ QPTW` VQXf`TX RS PQfVRdbR`RgbeW` ]WTW
WPW`aXbX h
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qWPa YZ[ W`gRVbTU_ X XQ^WVWTQ TUQ QXTb_ WTbRP ^VRj
eQXX bPTR TlR ^WVTX ��p � p �� h � bVXT ^WVT bX TR QXTbj
_ WTQ TUQ _ WTVbx lUbeU _ WmQX TUQ ]WTW fPeRVVQ`WTQ] h
kUbX ^VQ^VR eQXXbPg bX eW``Q] X^UQVbPg RV lUbTQPbPg h [ Sj
TQV X^UQVbPg p TUQ VQ_ WbPbPg ^WVT RS TUQ QXTb_ WTbRP
bX W VRTWTbRP _ WTVbx WP] _ WPa W`gRVbTU_ X UWiQ dQQP
^VR^RXQ] �� p � p � p �� h �fT SRV TUQ X^UQVbPg p _ RXT W`j
gRVbTU_ X WVQ fXbPg vZ[ ��� h �QT �� � � \� � �� � � � �� c
dQ TUQ ]WTW XQT p WP] � dQ TUQ eRiWVbWPeQ _ WTVbx RS�� � � p \� � �� � ����  � c h �a ]Q�PbPg � � � !"# p lUQVQ� � � � � p RdXQViWTbRP bX TVWPXSRV_ Q] WX p � $ � � %!� p
WP] � $ bX fPeRVVQ`WTQ] dQeWfXQ � � $� $�  � � &� \&� bX� ]b_ QPXbRPW` b]QPTbTa _ WTVbx c h kUbX lRVmX SRV PRbXQj
`QXX eWXQ p dfT bP TUQ PRbXa eWXQ p � ]RQX PRT _ WmQ TUQ
XRfVeQ XbgPW`X fPeRVVQ`WTQ] h

�WeTRV WPW`aXbX bX RPQ RS TUQ lQ``jmPRlP TQeUPb�fQX
SRV WPW`a¡bPg PRbXa _f`TbjiWVbWPT ]WTW h YP SWeTRV WPW`aj
XbX p VQW` iW`fQ] �j]b_ QPXbRPW` RdXQViWTbRP � bX _R]Q`Q]
WX p

� � � ' � � \� c
� � � � �� � ' � �� � � � �� ��'  � \� � &� c � � � \� �� c �� � �� �� � ]bWgRPW` _ WTVbx

kUQ gRW` RS SWeTRV WPW`aXbX bX TR QXTb_ WTQ � p � \SWeTRV
`RW]bPg _ WTVbx c p WP] � \fPb�fQ iWVbWPeQ _WTVbx c f XbPg
TUQ XQeRP] RV]QV XTWTbXTbeX � h kUQ ]byQVQPeQ RS \�c WP]

\� c bX TUQ ]byQVQPeQ RS � WP] ' h kUQ iWVbWd `Q ' bP \�c
bX WXXf_ Q] TR dQ PRV_ W``a ]bXTVbdfTQ] p dfT � bP \�c bX
PRT h�QT ( � �� �� dQ W ^XQf]RjbPiQVXQ _ WTVbx RS � bP
\� c p lUQVQ ( � \� �� %!�c%!� � � %! h YT eWP dQ QWXb`a
eUQemQ] TUWT �(� � � UR`]X p WP] lQ TVWPXSRV_ TUQ
]WTW WX p ) � (� h kUQP ) dQeR_ QX TUQ X^UQVQ] ]WTW
d QeWfXQ p
�� * ))� � &� � (�(� � &� � \� �� %!�c%! �

kUbX VQXf`T XURl X TUWT lQ eWP _WmQ TUQ ^WVT RS RdXQVj
iWTbRP � ]fQ TR TUQ XRfVeQX fPeRVVQ`WTQ] p WP] TUbX bX
TUQ Wb_ RS X^UQVbPg h kUQVQSRVQ p lQ eWP UWiQ X^UQVbPg
RS PRbXa RdXQViWTbRP da SWeTRV WPW`aXbX h

�RV TUQ QXTb_ WTbRP RS � p � p WP] � p lQ eWP fXQ XR_Q
TQeUPb�fQX RS SWeTRV WPW`aXbX h kUQVQ WVQ iWVbRfX QXTb_ Wj
TbRP _QTUR]X SRV � WP] � lUQP � bX gbiQP h uQ WVQ
gRbPg TR fXQ q�n \qWxb_f_ � bmQ`bURR] nXTb_ WTRVc h
q�n bX ]Q�PQ] WX p
\ +� � +� c,-. � WVg_ Wx/ 01 23 �� 4 TV 5� \� � �� � c%!6

� `Rg \]QT \� � �� � cc78 � \�c
�RV XR`ibPg TUQ Q�fWTbRP p lQ eWP fXQ TUQ gVW]bQPT ]Qj
eQPT W`gRVbTU_ RV oWfXXj9QlTRP _ QTUR] h [ `XR TUQ nq
\nx^QeTWTbRP q Wxb_ b¡WTbRP c W`gRVbTU_ eWP dQ W^^`bQ] h

YP RV]QV TR XQ`QeT TUQ Pf_dQV RS SWeTRVX p � p TUQVQ
WVQ W`XR _WPa W^^VRWeUQX WP] lQ WVQ gRbPg TR fXQ TUQ
_R]Q` XQ`QeTbRP W^^VRWeU l bTU WP bPSRV_WTbRP eVbTQVbRP p
q:� \q bPb_f_ : QXeVb^TbRP �QPgTU c h q:� bX ]Q�PQ]
WX SR ``Rl X p

q:� � 3; \ +� � +� c � `Rg �� < = RS SVQQ ^WVW_ QTQVX �
kUQ Pf_dQV RS SVQQ ^WVW_ QTQVX bP SWeTRV WPW`aXbX _ R]Q`
bX ]Q�PQ] WX SR``Rl X h kUQVQ WVQ � \� � �c ^WVW_ QTQVX
bP � WP] � h �fT � UWX WP W_dbgf bTa RS VRTWTbRP WP]
� \� 3 �c � bX TUQ SVQQ]R_ RS TU bX W_dbgfbTah £fdTVWeTj
bPg � \� 3 �c � SVR_ � \� � �c p TUQ Pf_dQV RS SVQQ
^WVW_QTQVX bX � \� � �c 3 � \� 3 �c � p WP] q:� SRV W
SWeTRV WPW`aXbX _ R]Q` bX ]Q�PQ] WX p

q:� � 3; \ +� � +� c � `Rg �� >� \� � �c 3 � \� 3 �c
� ? �

�RV TUQ Qx bXTQPeQ RS TUQ QXTb_ WTQX p W PQeQXXWVa eRPj
]bTbRP SRV � TR dQ QXTb_ Wd`Q UWX d QQP ]QVbiQ] �@� h YT
eR_ QX SVR_ TUQ SWeT TUWT � \� � �c �A� \� � �c 3� \� 3�c � UWX TR dQ XWTbX�Q] p XbPeQ � RP`a UWX � \� � �c �
]QgVQQX RS SVQQ]R_ h �a TWmbPg � B � bPTR WeeRfPT p TUQ
SR``Rl bPg dRfP] bX RdTWbPQ]

� C �
� 4�� � � 3 D�� � �7 � \�c
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[STQV TUQ X^UQVbPg l bTU SWeTRV WPW`aXbX p � bX `bPQWV`a
TVWPXSRV_ Q] da ( WX ) � (� h u UWT bX `QST SRV QXj
Tb_ WTbRP bX TUQ VRTWTbRP _ WTVbx h kUbX bX W`XR RPQ dbg
^VRd`Q_ RS SWeTRV WPW`aXbX h YP TUQ `WXT XfdXQeTbRP p lQ
WXXf_Q] TUWT ' WP] � WVQ PRV_ W``a ]bXTVbdfTQ] h uQ
dVQWm W ^WVT RS TUQ WXXf_^TbRP h uQ XTb`` WXXf_Q TUWT� bX PRV_W``a ]bXTVbdfTQ] p dfT ' bX PRT PRV_ W``a ]bXj
TVbdfTQ] WP] QWeU eR_^RPQPT bX bP]Q^QP]QPT h uQ eWP
fXQ XR_ Q YZ[ W`gRVbTU_ PRl h

kUQ YZ[ W`gRVbTU_ lQ fXQ UQVQ p XURf`] PRT d Q WSj
SQeTQ] da TUQ XQeRP] RV]QV XTWTbXTbeX XbPeQ QiQP bS ]WTW
WVQ ^VQ^VR eQXXQ] da SWeTRV WPW`aXbX p ) XTb`` UWX XQeRP]
RV]QV eRVVQ`WTbRPX h kUQVQSRVQ p WP W`gRVbTU_ dWXQ] RP
UbgUQV RV]QV XTWTbXTbeX bX ^VQSQVWd `Q UQVQ h uQ fXQ TUQ
�[:n W`gRVbTU_ da � hj� h ZWV]RXR p lUbeU bX dWXQ] RP
TUQ �TU RV]QV ef_f`WPT ���� h £f^^RXQ W _ WTVbx SRV XQ^j
WVWTbRP bX QXTb_ WTQ] WX � � �� �� da �[:n h kUQ XQ^j
WVWTQ] XbgPW` � bX RdTWbPQ] WX p

� � � ) � �(� � �( \� � � �c � \�c
kUQ gRW` RS YZ[ bX TR QXTb_ WTQ �(� TR dQ � � � � �� �
�� �� WX bP Q� h\�c h [P] �PW``ap lQ RdTWbP XQ^WVWTbRP
_ WTVbx � WX � � �( h

[ `XR p lQ eWP QXTb_ WTQ TUQ _ bx bPg XaXTQ_ da fXbPg
� h �QT fX ]QPRTQ � QXTb_ WTQ] da SWeTRV WPW`aXbX WX
��� p WP] TUQ PQl _ bxbPg XaXTQ_ WX � ��� WX p

� ��� � ���� � � \�c
kUbX � ��� ]RQX PRT UWiQ VRTWTbRP W_dbgfbTap WP] lQ
eWP QXTb_ WTQ TUQ _ bx bPg XaXTQ_ h

� { }��M~J|~�~� |NI� �ILI I}I�	 K|K
YP TUbX XQeTbRP p lQ XURl TUQ VQXf`TX RS TUQ W^^VRWeU
W^^`bQ] TR PQfVRdbR`RgbeW` ]WTW h
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�bgfVQ � � £QPXRV bP^fTX RS ^UWPTR_ ]WTW \]RTTQ] `bPQc p
WP] WSTQV VQ_RibPg WVTbSWeTX \XR`b] `bPQc

�bVXT p lQ XURl TUQ VQXf `T RS RfV W`gRVbTU_ W^^`bQ]
TR qno ^UWPTR_ ]WTW h YP TUQ ^UWPTR_ p TUQVQ bX W

X_W`` ^`WTbPf_ Q`QeTVR]Q WP] W efVVQPT XbgPW` RS ��s¡
TVbWPg`Q lWiQ bX Xf^^`bQ] TR TUQ Q`QeTVR]Q h kUQ XTVQPgTU
RS TUQ efVVQPT bX ]QXbgPQ] TR d Q VRfgU`a TUQ XW_Q WX TUQ
dVWbP VQX^RPXQ h kUQ ]WTW WVQ WiQVWgQ] RiQV ��� TVbW`X h
kUQ WiQVWgQ] � XbgPW`X RfT RS ��� WeTbiQ XQPXRVX WVQ
XURlP bP �bg h� h
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�bgfVQ � � nXTb_ WTQ] bP]Q^ QP]QPT eR_^RPQPT
kUQ Pf_dQV RS TUQ XRfVeQX WP] TUQ XQ^WVWTbRP _ Wj

TVbx WVQ QXTb_ WTQ] da RfV W`gRVbTU_ h YP TUbX Qx^ QVbj
_ QPT p TUQ Pf_dQV RS TUQ XRfVeQX bX QXTb_ WTQ] WX � h kUQ
XQ^WVWTQ] bP]Q^QP]QPT eR_^RPQPTX WVQ XURlP bP �bg h� h
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�bgfVQ � � kUQ vRlQV RS QWeU eR_^RPQPT bP TUQ XQPXRVX
YP TUbX Qx^QVb_ QPT p TUQ bP^fT TR TUQ Q`QeTVR]Q bX

 ! bP �bg h� h [STQV XQ`QeTbPg TUQ XRfVeQ p lQ VQeRPj
XTVfeTQ] TUQ XbgPW` fXbPg TUQ _ bx bPg _ WTVbx � ��� bP
\�c h nWeU eR`f_P RS +� ��� eRVVQX^RP]X TR TUQ eRQt j
ebQPTX RS QWeU bP]Q^ QP]QPT eR_^RPQPT TR XQPXRVX h �QT+� ��� � \ +���� 0! � � � � � +���� 0� cp lUQVQ +���� 0� bX WP � ]bj_ QPXbRPW` eR`f_P iQeTRV h YP TU bX eWXQ p lQ eWP VQeRPj
XTVfeT TUQ ]WTW l bTU p � $ \�c � +���� 0! ! \�c h kUQ VQeRijQVQ] XbgPW`X WVQ XURlP bP �bg h� h uQ eWP XQQ TUWT TUQ
PRbXQX WVQ VQ]feQ] h

� bgfVQ� XURl X QXTb_ WTQ] ^RlQV RS XRfVeQ p WVTbSWeTX p
WP] PRbXQ RP � RfT RS ��� XQPXRVX h �VR_ TUQ �gfVQ p lQ
eWP XQQ TUWT XR_ Q XQPXRVX eRPTWbP `WVgQ W_RfPT RS PRbXQ
WP] WVTbSWeTX TUWP TUQ XbgPW` QiQP WSTQV WiQVWgbPg RiQV
��� TVbW`X h

OPQ RS TUQ ]bt ef`TbQX bP PQfVRd bR`Rga bX TUWT p lQ
]RP �T mPRl TUQ TVfQ XbgPW`X bP TUQ dVWbP h uQ eRf`]
XURl TUWT lQ eWP Xf^^VQXX PRbXQX bP qno _QWXfVQj
_ QPT fXbPg YZ[ TQeUPb�fQX p dfT lQ lWPT TR mPRl bT
_RVQ e`QWV`ah �RV TUQ ibXfW`b¡WTbRP RS TUQ VQXf `T p lQ b_ j
^`Q_ QPTQ] £� \X^WTbW` � `TQVc TQeUPb�fQ ���� h £�X WVQ W
XQT RS ibVTfW` XQPXRVX lUbeU WVQ `R eWTQ] RP W UQ_ bX^UQVQ
]Q�PQ] bP TUQ dVWbP h uQ eWP QXTb_ WTQ TUQ efVVQPT �Rl X
RP TURXQ ibVTfW` XQPXRVX lUbeU ]QXeVbd Q TUQ qno Rdj
XQViWTbRPX lQ`` h kUQ QXTb_ WTbRP bX RdTWbPQ] da XR`ibPg
WP bPiQVXQ ^VRd`Q_ WP] bT UWX W SRV_ RS W `bPQWV _W^j
^bPg SVR_ TUQ qno XQPXRVX TR £�X h YP TU bX Qx^ QVb_ QPT p
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��<�� £�X WVQ `R eWTQ] RP W UQ_ bX^UQVQ WP] RPQ RS TUQ£�X eRVVQX^RP]X TR TUQ ^RXbTbRP RS TUQ Q`QeTVR]Q bP TUQ
^UWPTR_ h

 40 msec  40 msec

�bgfVQ � � ZfVVQPT �Rl X QXTb_ WTQ] RP X^WTbW` � `TQVX �
OVbgbPW` WiQVWgQ] ]WTW \`QST c WP] TUQ VQXf`T RS YZ[ W^j
^VRWeU \VbgUTc�QST Xb]Q RS � bg h� XURl X TUQ RVbgbPW` WiQVWgQ] ]WTW h
kUQVQ WVQ W `RT RS PRbXQX dfT WSTQV TUQ ^VReQXXbPg l bTU
YZ[ \VbgUT Xb]Qc p lQ e`QWV`a XQQ TUQ efVVQPT �Rl X gQPQVj
WTQ] da TUQ Q`QeTVR]Q h

� {� { ��� �� ������ 	 ���� ��
uQ W^^`bQ] RfV W`gRVbTU_ TR TUQ ]WTW RS dVWbP WeTbi bTa
QiRmQ] da ibXfW` XTb_f`WTbRP h kUQ Qx^QeTQ] VQXf`TX RS
YZ[ SRV qno ]WTW WPW`aXbX lRf`] dQ Xf__WVb¡Q] WX �c
£Q^WVWTbPg dVWbP XbgPW`X SVR_ WVTbSWeTX p WP] �c £Q^WVWTQ
dVWbP WeTbi bTbQX eR_ bPg SVR_ ]byQVQPT ^WVTX RS TUQ dVWbP
bPTR ]byQVQPT eR_^RPQPTX h

uQ dQ`bQiQ TUWT �c bX ^RXXbd`Q d QeWfXQ TUQ WVTbSWeTX
WP] TUQ dVWbP XbgPW`X lRf`] dQ bP]Q^QP]QPT h �fT �c
bX ]bt ef`T XbPeQ bT bX _ RVQ PWTfVW` TR TU bPm TUWT QiQP
TURfgU TUQ XbgPW`X WVQ eR_ bPg SVR_ ]byQVQPT ^WVTX RS
TUQ dVWbP p TUQa _ bgUT d Q ]Q^ QP]QPT h

� bVXT p lQ XURl TUQ WiQVWgQ] ]WTW bP �bg h� \`QSTc h [
mbP] RS ibXfW` XTb_f`WTbRPX WVQ gbiQP TR W Xfdw QeT h kUQ
]WTW WVQ VQeRV]Q] da ��� XQPXRVX bP TU bX eWXQ \d QeWfXQ
RP`a ��� RS ��@ XQPXRVX lQVQ lRVmbPg eRVVQeT`ac h kUQ
]fVWTbRP RS VQeRV]bPg bX SVR_ ���_ XQe d QSRVQ WP] TR
� ��_ XQe WSTQV TUQ XTb_f`WTbRP l bTU �ms¡ XW_^`bPg VWTQ h
kUQ XW_ Q ^VReQ]fVQ bX W^^`bQ] TR TUQ Xfdw QeT SRV ���
Tb_ QX WP] lQ WiQVWgQ] TUQ ]WTW h kUVQQ RS TUQ XQPXRVX
WVQ XURlP bP �bg h� \`QSTc h YT bX RdXQViQ] TUWT TUQVQ WVQ
XTb`` W `RT RS PRbXQX WSTQV WiQVWgbPg h
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�bgfVQ � � [iQVWgQ] ]WTW \`QST c p WP] WSTQV VQ_RibPg WVj
TbSWeTX \VbgUTc

uQ W^^`bQ] RfV _ QTUR] TR TUQ ]WTW WP] �� bP]Qj
^QP]QPT eR_^RPQPTX lQVQ XQ`QeTQ] da q:� bP TUbX Qxj

^ QVb_ QPT h kUQ bP]Q^ QP]QPT eR_^RPQPTX WVQ XURlP bP
�bg h� h uQ W`XR W^^`bQ] TUQ _ QTUR] TR TUQ ]WTW SVR_
]byQVQPT Xfdw QeTX \� _RVQc p WP] bP W`` TUQ eWXQX p TUQ XQj
`QeTQ] Pf_dQVX RS XRfVeQX WVQ VRfgU`a TUQ XW_ Q \SVR_
�� TR �@c h
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�bgfVQ � � nXTb_ WTQ] bP]Q^QP]QPT eR_^RPQPTX RS ibXfW`
QiRmQ] VQX^RPXQ

�WXQ] RP TUQ VQXf `TX bP �bg h� p lQ UWiQ TR ]bXeVb_ bj
PWTQ TUQ dVWbP XbgPW`X WP] TUQ WVTbSWeTX h �RV QxW_^`Q p
lQ eWP XQQ � \�c bX _ WbP`a W UbgU SVQ�fQPea \���s¡c Xbgj
PW` lUbeU XQQ_ X TR d Q WP WVTbSWeT h [P]  !! \�c UWX W iQVa`WVgQ iW`fQ WT TUQ iQVa QP] RS TUQ VQeRV] lUbeU XQQ_ X
TR d Q XR_ Q XRSTlWVQ PRbXQ h �fT SRV TUQ RTUQV �� eR_^Rj
PQPTX p bT bX ]bt ef`T TR mPRl bS TUQa WVQ dVWbP XRfVeQX RV
PRT h �RVTfPWTQ`ap TUbX Qx^ QVb_ QPT bX W XTf]a RS QiRmQ]
VQX^RPXQ da ibXfW` XTb_f`WTbRP p WP] lQ WVQ PRT bPTQVj
QXTQ] bP TUQ eR_^RPQPTX lUbeU UWiQ XR_ Q ^RlQV d QSRVQ
TUQ XTb_f`WTbRP h kUQVQSRVQ p lQ ]Q�PQ] W TUVQXUR`] XfeU
TUWT p bS W XbgPW` UWX XR_ Q ^RlQV d QSRVQ TUQ XTb_f`WTbRP p
lQ VQgWV]Q] TUQ XbgPW` WX WP WVTbSWeT h YP TU bX Qx^ QVbj
_ QPT p  ! \�c p # \�c p � \�c p � \�c p � \�c p  � \�c p WP]  !� \�c pWVQ XQ`QeTQ] WX TUQ dVWbP XbgPW`X h

[STQV ^bembPg TURXQ XRfVeQX f^ p lQ ^fT TUQ_ dWem TR
TUQ RVbgPW` XQPXRV XbgPW` X^WeQ p WP] TUQ VQXf `T bX XURlP
bP �bg h� \VbgUTc h YT `RRmX `bmQ TUWT TUQ PRbXQX WVQ VQj
_ RiQ] WP] TUQ ]WTW WVQ e`QWV h

�RV TUQ ibXfW`b¡WTbRP p lQ W`XR fXQ] TUQ £� \X^WTbW`
� `TQVc TQeUPb�fQ ���� h YP TU bX Qx^ QVb_ QPT p TUQ ^WVT RS TUQ
dVWbP lQ WVQ bPTQVQXTQ] bP bX TUQ ibXfW` eRVTQx p WP] lQ
^fT ��<�� £�X WX TUQ eQPTQV RS TUQ £�X bX `R eWTQ] WT
� �h

� bg h� XURl X TUQ RfT^fT RS TUQ £�X dQSRVQ WP] WSTQV
SWeTRV WPW`aXbX WP] YZ[ ^VR eQXXbPg h uQ VQeRV]Q] TUQ
VQX^RPXQ RS W Xfdw QeT SVR_ ���_ XQe d QSRVQ TUQ ibXfW`
XTb_f`WTbRP TR � ��_ XQe WSTQV TUQ XTb_f`WTbRP h kUQ RVbgj
bPW` ]WTW bPe`f]QX W `RT RS PRbXQX QiQP dQSRVQ TUQ XTb_fj
`WTbRP WP] lQ eWP VQ_RiQ TUQ_ iQVa lQ`` h kUQ VQX^RPXQ
RS TUQ dVWbP bX mPRlP TR dQ U bgU WVRfP] ��� ���_ XQe
WSTQV TUQ XTb_f`WTbRP ���� h �VR_ TUQ �gfVQ lQ eWP XQQ
TUQ eUWVWeTQVbXTbeX RS TUQ VQX^RPXQ bX ^VQXQViQ] iQVa
lQ`` h
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−99 msec −99 msec

OVbgbPW` ]WTW [STQV YZ[�QSRVQ £Tb_f`WTbRP
150 msec 150 msec

OVbgbPW` ]WTW [STQV YZ[
rQX^RPXQ RS £Tb_f`WTbRP

�bgfVQ � � rQXf`T RS TUQ W^^VRWeU W^^`bQ] TR qno ]WTW �
RfT^fTX RS £�X WVQ Xf^QVb_^RXQ] RP W b_ WgQ RS W dVWbP
RdTWbPQ] da qrY

� {� { ��M| � � I������
YZ[ bX W`XR W^^`bQ] TR SqrY ]WTW ���� p WP] bPTQVQXTbPg
VQXf `TX UWiQ d QQP VQ^RVTQ] h uQ W`XR W^^`bQ] TUQ W`gRj
VbTU_ TR SqrY ]WTW h

kUQ _ WbP ]byQVQPeQ d QTlQQP qno ]WTW WP] SqrY
]WTW bX TUWT p qno ]WTW UWX _RVQ XW_^`QX bP Tb_ Q TUWP
TUQ ]b_ QPXbRP RS TUQ XQPXRVX p dfT bP SqrY ]WTW p fXfW``ap
TUQ Pf_dQV RS XW_^`QX bP Tb_ Q bX SVR_ �� ! TR ��� p dfT
TUQ ]b_ QPXbRP RS TUQ RdXQViWTbRP bX UfgQ \  ��� p XbP eQ
lQ TWmQ QWeU ^bxQ` WX W XQPXRV bP^fT h YP TUQ SR``Rl bPg
SqrY VQeRV]bPg p TUQ Pf_dQV RS ^bxQ`X bX � ����c h kUQVQj
SRVQ p lQ fXfW``a XQT bP]Qx � p � p RS � � \�c bP W ]byQVQPTlWap TUWT bX p bP]Qx � RS QWeU eR_^RPQPT � � \�c bP \�c p
]QXeVbdQX TUQ bP]Qx RS TUQ XW_^`Q bP Tb_ Q p lUb`Q bP]Qx� VfPX TUVRfgU TUQ bP]Qx RS ^ bxQ`X h

kUbX SqrY Qx^QVb_ QPT bX ]QXbgPQ] TR XTf]a TUQ VQj
`WTbRPXUb^ dQTlQQP gVb^ SRVeQ WP] WV_ _RiQ_ QPT \TUQa
eW`` bT p gVb^ SRVeQ� `RW] SRVeQ eRf^`bPgc h £fdw QeT bX SRVeQ]
TR mQQ^ WP Rdw QeT l bTU RPQ �X TUf_d WP] bP]Qx �Pj
gQV l bTU �lbTURfT UWP] _RiQ_QPT WP] l bTU �lbTURfT
WV_ _RiQ_ QPT h kUQVQSRVQ p TUQVQ WVQ � eRP]bTbRPX
WP] � XeWPX WVQ VQeRV]Q] SRV QWeU eRP]bTbRP WSTQV �
XeWPX SRV PR TWXm ^QVbR] h kUbX XQT p lUbeU eRPXbXTX RS
\� � �c < � � ��XeWPX bX VQ^ QWTQ] SRV � Tb_ QX WP] lQ
UWiQ ��� XeWPX h

£W_Q XQT RS Qx^QVb_ QPT bX g biQP TR � Xfdw QeTX p �
Tb_ QX SRV QWeU Xfdw QeT h uQ WiQVWgQ] TUQ ]WTW RiQV TUbX
��XQTX RS Qx^ QVb_ QPTX fXbPg £vq \£TWTbXTbeW` vWVW_ QTj
Vbe q W^^bPgc! h

� XfW` W^^VRWeU bX TR XQ^WVWTQ TUQ XbgPW`X bPTR ���
bP]Q^ QP]QPT eR_^RPQPTX h �fT bT XQQ_ X TUWT _ WPa RS
��� eR_^RPQPTX WVQ VWTUQV ]bXTVbdfTQ] RiQV l b]Q ^WVT
RS TUQ dVWbP h YS lQ eWP XQ`QeT X_ W``QV Pf_dQV RS TUQ
bP]Q^ QP]QPT eR_^RPQPTX TUVRfgU RfV W^^VRWeU p bT l b``
d Q dQTTQV SRV TUQ WPW`aXbX RS dVWbP WeTbibTah
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�bgfVQ � � YP]Q^ QP]QPT eR_^RPQPTX RS SqrY
uQ W^^`bQ] RfV W`gRVbTU_ TR TUbX ]WTW p WP] �PW``ap

lQ XQ`QeTQ] �� bP]Q^QP]QPT eR_^RPQPTX h uQ XURl � RS
TUQ_ bP �bg h� h kUQVQ WVQ XR_ Q _QWPbPg`QXX eR_^RPQPTX
lUbeU WVQ PRT XURlP UQVQ p WP] W`XR XR_ Q WVTbSWeTX h kUbX

��		
 ��� �� �� ���� �� �� ��� �����
� � ��� ����� � !"���# $%
�!�" &
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bX W ^VQ`b_ bPWVa VQXf`T WP] lQ WVQ PRl XTf]abPg SfVTUQV
WPW`aXbX h

� { � |KN�KK|~}
YP TUbX WVTbe`Q p lQ ^VR^RXQ] W PQl W^^VRWeU RS YZ[ TR
PRbXa ]WTW h uQ W^^`bQ] TUQ W`gRVbTU_ TR qno ]WTW WP]
SqrY p WP] UWiQ XURlP TUQ W^^VRWeU bX QyQeTbiQ h uQ
eWP QXTb_ WTQ TUQ Pf_dQV RS TUQ XRfVeQX p WP] TUQ ^RlQV
RS TUQ PRbXQ RP QWeU XQPXRV lUbeU bX bP]Q^QP]QPT TR QWeU
RTUQV h kUbX bX RPQ RS TUQ XQVbRfX ^VRd `Q_ lUbeU UWX
PRT d QQP lQ`` TVQWTQ] bP eRPiQPTbRPW` YZ[ W^^VRWeUQX p
WP] TUbX WVTbe`Q gbiQX RPQ QyQeTbiQ W^^VRWeU h uQ UWiQ
^VR^RXQ] W _ QTUR] lUbeU XR`iQX TUbX ^VRd`Q_ dWXQ] RP
TUQ XQ_ b ^WVW_ QTVbe W^^VRWeU lUbeU bX RPQ WTTVWeTbiQ
^RbPT RS YZ[ h

OfV W^^VRWeU W`XR gbiQX W PQl eRPeQ^T SRV SWeTRV
WPW`aXbX h sRl TR ]QTQV_ bPQ TUQ VRTWTbRP bX RPQ RS TUQ
dbg ^VRd`Q_ X bP SWeTRV WPW`aXbX h [P] bT bX PRT eR__RP
TR fXQ UbgUQV RV]QV XTWTbXTbeX h kUQVQSRVQ RfV W^^VRWeU
gbiQX W PQl ^WTUlWa TR SWeTRV WPW`aXbX p TRR h

[ `TURfgU p TUQVQ XTb`` VQ_ WbP W `RT RS R^ QP ^VRd`Q_ X h
YP TUQ SWeTRV WPW`aXbX p TUQVQ WVQ W `RT RS _ QTUR]X TR QXj
Tb_ WTQ TUQ ^WVW_ QTQVX WP] TUQ Pf_dQV RS TUQ XRfVeQX p
WP] QWeU RS TUQ_ UWX QWeU eUWVWeTQVbXTbeX h uQ W^^`bQ]
q�n SRV QXTb_ WTbRP WP] q:� SRV QXTb_ WTbPg TUQ Pf_ j
dQV RS TUQ XRfVeQX h �fT TUQVQ WVQ ]byQVQPT eR_dbPWj
TbRPX p WP] TUQVQ _ bgUT d Q W _QTUR] lUbeU XfbTX d QTTQV
SRV XR_ Q ^WVTbef`WV ^VRd`Q_ X h [ `XR TUQ XW_ Q TUbPg _ Wa
dQ TVfQ SRV TUQ YZ[ W`gRVbTU_ X h uQ fXQ] �[:n dfT
TUQVQ _ bgUT dQ W dQTTQV W`gRVbTU_ h [PRTUQV ^VRd`Q_ bX
TUQ PRbXQ ]bXTVbdfTbRP h uQ WXXf_Q] oWfXXbWP ]bXTVbdfj
TbRP p dfT bS lQ eWP UWiQ W dQTTQV _R]Q` p TUQ W`gRVbTU_
l b`` d Q b_^VRiQ] SfVTUQV h

�RV PQfVRdbR`RgbeW` ]WTW p lQ W`XR XURf `] W]] _RVQ
dbR`RgbeW` mPRl `Q]gQ TR TUQ ]WTW WPW`aXbX h uQ eWP XQ^j
WVWTQ TUQ XbgPW`X bPTR bP]Q^ QP]QPT eR_^RPQPTX p dfT TUQ
_ QWPbPg RS QWeU eR_^RPQPT bX PRT e`QWV SRV fX p WP] dbj
R`RgbeW` mPRl `Q]gQ l b`` UQ`^ fX TR fP]QVXTWP] TUQ_ h

������ ��	
����

uQ WVQ gVWTQSf ` TR £UfPjbeUb [_ WVb p  QbXfmQ kRaW_ W p9RdRVf qfVWTW p WP] � bWPTbPg ZWR SRV TUQbV eR__QPTX
WP] XfggQXTbRPX SRV TUbX VQXQWVeU h uQ W`XR TUWPm
£UbgQmb  Ww bUWVW p £Ub_ W]¡f YPe h SRV qno ]WTW WP]
kR_RQ kW_ W]W SRV SqrY ]WTW h

� { M���M�}N�K
��� vh ZR_RP p �YP]Q^ QP]QPT eR_^RPQPT WPW`aXbX p W

PQl eRPeQ^T� p� ������ � ��������� p iR` h �� p ^^ h ����
� �� p �@@� h

��� [ h � h �Q`` WP] k h � h £Qw PRl Xmb p �[P bPSRV_ WTbRP
_ Wxb_ b¡WTbRP W^^VRWeU TR d`bP] XQ^WVWTbRP WP]
d`bP] ]QeRPiR`fTbRP p� � �����  �!" �#�#��� p iR` h � p
^^ h ���@� ���@ p �@@� h

��� [ h sai $WVbPQP WP] n h Ow W p �[ SWXT �xQ]j^RbPT W`gRj
VbTU_ SRV bP]Q^ QP]QPT eR_^RPQPT WPW`aXbX p� � ��%
���  �!" �#�#��� p iR` h @ p ^^ h ����� ��@� p �@@� h

��� � hj� h ZWV]RXR p �sbgUQVjRV]QV eRPTVWXTX SRV bP]Qj
^ QP]QPT eR_^RPQPT WPW`aXbX p� � �����  �!" �#�%
#��� p iR` h ��p ^^ h ���� �@� p �@@@ h

��� [ h sai $WVbPQP p �£fViQa RP bP]Q^ QP]QPT eR_^Rj
PQPT WPW`aXbX p� � �����  �!" �#��� ���&�'� p iR` h � p
^^ h @�� ��� p �@@@ h

��� £ h [_ WVb WP] � hj� h ZWV]RXR p �� `bP] XRfVeQ XQ^WVWj
TbRP � XQ_ b^WVW_ QTVbe XTWTbXTbeW` W^^VRWeU p� ()))
*���� + � ����� � ��������� p iR` h �� p ^^ h ��@������ p
�@@� h

��� � h ZWR p 9 h qfVWTW p £ h [_ WVb p [ h ZbeUR emb p
WP] k h kWmQ]W p �YZ[ W^^VRWeU l bTU ^VQ ,
^RXTj^VReQXXbPg TQeUPb�fQX p� bP � �����-��� � �.
� /0*1 234 p iR` h �p ^^ h ���� �@� p �@@� h

��� r h � bg 5WVbR p � h �RfX_ $Wmb p q h s $W_ $W`$WbPQP p r h sWVb p
WP] n h Ow W p �YP]Q^ QP]QPT eR_^RPQPT WPW`aXbX SRV
b]QPTb�eWTbRP RS WVTbSWeTX bP q WgPQTRQPeQ^UW`Rj
gVW^Ube VQeRV]bPgX p� bP 1-&����� �� � ����� (�. ��%
! �#��� � ��������� �'�#�!� p iR` h �� p ^^ h ��@���� p
kUQ q Yk vVQXX p �@@� h

�@� u h �Q]QV_WPP p �OP TUQ VWPm RS TUQ VQ]feQ] eRVj
VQ`WTbRPW` _ WTVbx bP _f`Tb^ `QjSWeTRV WPW`aXbX p� � �'%
�6 �! �#��7 �p iR` h � p ^^ h ���@� p �@�� h

���� � hj� h ZWV]RXR WP] [ h £Rf`Rf_ bWe p �� `bP]
dQW_SRV_ bPg SRV PRP oWfXXbWP XbgPW`X p� ()) %
� �����-��� �%8 p iR` h ��� p ^^ h ������� p �@@� h

����  h kRaW_ W p  h 9RXUbmWlW p 9 h 9RXUb]W p 9 h RP]R p
£ h kR_ bTW p 9 h kWmWPWXUb p 9 h nw b_ W p WP]
£ h 9RXUb¡WlW p �[ PQl _QTUR] SRV _ WgPQj
TRQPeQ^UW`RgVW^Ua � [ TUVQQ ]b_ QPXbRPW`
_ WgPQTR_ QTQVjX^WTbW` � `TQV XaXTQ_ p� � ����%
����� ��p iR` h @ �p PR h � p ^^ h ����� �� p �@@@ h
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