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v�BH]�BHwRS]�BHGYX¢X+\%JP^]2OdZ�\F�YRq�*w2�Y\Fv+]RSZ+AQ\^x�PqBHG�Z�\
JRSAdDK\%XbsYJ2OdG+IfE�B%iK\%J2OCBHG�GY\^wa�}RS]2t[Jqpy���Y\9GY\n�[w�J\%Pn_
w2OQRSG���OdAdAzX+\%JP^]2OdZ�\£w2�Y\£IK\^GY\^]�BHAzJ2w2]2sYP^w2s+]\bRHk�w2�Y\
xyR�X+\^AQJ�w2�+]RSs+Ir��BHG~\n�YBHx~v+AQ\rp�V�\%P^w2OQRSG$# ��OdAdA+J2�YRq�
�YRq�*w2�Y\fxyR�X+\^AQJ�PqBHG�J2s+v+v�RS]2w�w2�Y\b{}RSx~v�BH]�BHwRS]qp
���Y\zACBSJ2w�wa�}RyJ\%P^w2OQRSGYJ�RSs+w2AdOdGY\%J�kls+w2s+]\z�}RS]2t�M�V�\%Pn_
w2OQRSG&%���OdAdA�RSs+w2AdOdGY\~�YRq� w2�Y\~X+\^DK\^AQRSv�\%X�E�B%iK\%J2OCBHG
GY\^wa�}RS]2tÎxyR�X+\^AQJyPqBHG¢Z�\�s+w2OdAdOd¨q\%XÌk�RS]9w2�Y\f 
DrBHAds[_
BHwRS]~BHGYXÉw2�Y\ � P^w2OQRSGÌ§
]RSv�RrJ\^]qM
���+OdAQ\fV�\%P^w2OQRSG¢Ç
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���Y\9IKRKBHA|RHk�w2�+OQJ��}RS]2tbOQJ;wR���B%DK\yD�Od]2w2s�BHA}BHIK\^G<wJ
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BHIK\^G<wJqp � P^w2OdD�Odw2OQ\%J�BHGYX¢Rq��GY\^]J2�+Odv�BH]\Fw2�Y\FRSG+Adi
��B%i[J�BHIK\^G<wJ�PqBHG¢]\%P%\^OdDK\��WR�� BHGYX¢w2�Y\4�WR�� BHG
BHIK\^G<wy]\%P%\^OdDK\%J~kl]RSx�BbJ2v�\%P^O�¤�P£BSP^w2OdD�OdwaiÎOQJ~OdG[�Ys[_
\^GYP%\%X�Z<ib�YRq� xyRSw2OdDrBHw\%X�w2�Y\�BHIK\^G<w�OQJzk�RS]?X+RSOdG+I
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OdG�w2�+OQJ��}RS]2t�w2�Y\ −−→
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Årp � G�\^DK\^G<w�P��BHG+IK\%J�w2�Y\
]\%JRSs+]P%\%J�RHk[w2�Y\|BHIK\^G<wqp

Ê[p|���Y\z\n�[v�\%P^w\%X �WR���x�B%i�P��BHG+IK\?BSJ�BHGf\n¡�\%P^w
RHk"w2�Y\;P��BHG+IK\�OdGf]\%JRSs+]P%\%Jqp
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%Yp|���Y\b\n�[v�\%P^w\%X �WR��1IrOdDK\^G6w2�Y\�P��BHG+IK\%X6]\n_
JRSs+]P%\%JzBHGYXfw2�Y\�GY\^� −−→
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Z�\^AdOQ\^DK\�w2��BHw|JRSxy\�P^ACBSJJ\%J�PqBHGyZ�\�]\^sYJ\%X�M<JR�JRSxy\
I<BHOdG6OdG6J2v�\%P^O�¤�PqBHw2OQRSG6w2Odxy\�J2�YRSs+AQX�Z�\�BSP�+OQ\^DK\%X�p
� Rq�}\^DK\^]Ww2�Y\;OQX+\qBSJ�OdG£w2�+OQJ�v�BHv�\^]WBH]\�\%�<s�BHAdAdifBHv[_
v+AdOQPqBHZ+AQ\�wR�E�NWJqp"V�RSxy\�RHk[w2�Y\
GYRSw�BHw2OQRSG(RHk�@;@WE�NWJ
BH]\�OdAdAdsYJ2w2]�BHw\%XÌOdGÌc�OdIrs+]\�Årp����Y\�XYBSJ2�Y\%XÎGYR�X+\%J
BH]\£OdG+v+s+w�GYR�X+\%J�]\^v+]\%J\^G<w2OdG+I¢JRSxy\£GYR�X+\0J2v�\%Pn_
O�¤�\%X6RSs+wJ2OQX+\0w2�Y\�JP%RSv�\bRHk?w2�Y\�P^ACBSJJ���B%D�OdG+I�BHG
OdG[�YsY\^GYP%\(RSG£GYR�X+\%J�OdGYJ2OQX+\�OdGYJ2w�BHGYP%\%JWRHk
w2�Y\?P^ACBSJJqp
���Y\?Z�R%�+\%JW]\^v+]\%J\^G<wzOdGYJ2w�BHGYP%\%JzRHk}P^ACBSJJ\%JqM����Y\^]\
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P^ACBSJJqp

c�OdIrs+]\&Å�� � Gã@;@WE�N�P%RSG<w�BHOdG+OdG+I1BHG OdGYJ2w�BHGYP%\
��Odw2�Fwa�}RyOdG+v+s+w�GYR�X+\%J BHGYXfBHGfRSs+w2v+s+w�GYR�X+\rp
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� J�w2�+OQJ��}RS]2t�OQJ�OdG�w2�Y\bP%RSG<w\n�[wFRHk(P%RSx~v+s+w\^]
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w2�+]\%\�wai�v�\%JfRHk�BSP^w2OdD�Odw2OQ\%Jfw2��BHw£i�OQ\^AQX �WR���M�OdG B
P%RSx~xy\^]P^OCBHA�I<BHxy\;w2�Y\^]\;��OdAdA.GY\%\%XFwR9Z�\zxyRS]\��

•

c�BH]2x~OdG+I�BSP^w2OdD�Odw2OQ\%J(��BSJ(wR0X+R£��Odw2��kjBH]2x~OdG+I
w2�Y\zACBHGYX�p

•

� RSxy\�BSP^w2OdD�Odw2OQ\%J9BH]\yw2�Y\�BSP^w2OdD�Odw2OQ\%J?�}\y��BHG<w
w2�Y\WBHIK\^G<wJ�wR�Z�\WBHZ+AQ\ wR?v�\^]7k�RS]2x���Odw2�+OdG�w2�Y\
P%RSG[¤YGY\%J RHk"w2�Y\^Od]��YRSxy\rp

•

V<v�BH]\n_jw2Odxy\fBSP^w2OdD�Odw2OQ\%J�BH]\FBHG<iÌBSP^w2OdD�Odw2OQ\%J9�}\
��OQJ2��w2�Y\�BHIK\^G<w9wRfZ�\�X+RSOdG+I0���Y\^GÉOdw?OQJ�GYRSw
�}RS]2t�OdG+I�RS]WBHw��YRSxy\rp

���Y\ �WR���]\%P%\^OdDK\%X�kl]RSx \qBSP�ÎBSP^w2OdD�Odwai�wai�v�\~OQJ
OdG[�YsY\^GYP%\%XyZ<i~w2�Y\ BHIK\^G<w�� J|wai�v�\rM<\rp IYp<B;JRSAQX[OQ\^]���OdAdA
GYRSw|IK\^w�x?sYP� �WR��fkl]RSx�X+RSOdG+I�kjBH]2x~OdG+I9BSP^w2OdD�Odw2OQ\%J
���Y\^]\qBSJ;Odw;��OdAdA�Z�\(w2�Y\9xy\qBHG+OdG+I£RHk�\n�[OQJ2w\^GYP%\(k�RS]
B?kjBH]2xy\^]qp
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���Y\zxyRSw2OdDrBHw2OQRSGFk�RS] BHAdA�kjBH]2x~OdG+I�BSP^w2OdD�Odw2OQ\%J BH]\;OdG[_
�YsY\^GYP%\%XyZ<i~w2�Y\�J\qBSJRSG�BHGYX~w2�Y\�w2Odxy\ RHk�XYB%iKp
���Y\
kjBH]2x~OdG+I�BSP^w2OdD�Odw2OQ\%JWBH]\��

•

§
AQRSs+Ir�+OdG+I���Odw2�bB~v+AQRSs+Ir�bBHGYX0B9�YRS]J\rp����Y\
xyRrJ2w}\ ��P^OQ\^G<w���B%i�RHk.v+AQRSs+Ir�+OdG+IYp�Â \%�<s+Od]\%J�B
¤�\^AQX�M�B(v+AQRSs+Ir�.M�BHGYXfB9�YRS]J\rp

•

§
AQRSs+Ir�+OdG+I���Odw2�5BÎv+AQRSs+Ir�.p � k9GYRÌ�YRS]J\�OQJ
B%DrBHOdACBHZ+AQ\rMWv+AQRSs+Ir�+OdG+I¢��Odw2�&BÉv+AQRSs+Ir�6OQJ�w2�Y\
xyRrJ2w&\ ��P^OQ\^G<wqp Â \%�<s+Od]\%JÄB�¤�\^AQX BHGYX B
v+AQRSs+Ir�.p

•

§
AQRSs+Ir�+OdG+I(��Odw2��B�J2�YRqDK\^Ajp
���Y\�AQ\qBSJ2w|\ ��P^OQ\^G<w
��B%iÌRHk;v+AQRSs+Ir�+OdG+IYp�Â \%�<s+Od]\%J�B£¤�\^AQX�BHGYX�B
J2�YRqDK\^Ajp

���Y\ �WR���]\%P%\^OdDK\%X�kl]RSx*\qBSP�FkjBH]2x~OdG+I�BSP^w2OdD�Odwai�OQJ
OdG[�YsY\^GYP%\%X�Z<i9w2�Y\WBHIK\^G<w�� J}\^GY\^]2Iri~AQ\^DK\^AjM�\rp IYpKO�k�w2�Y\
BHIK\^G<w���BSJ�B?AQRq�&\^GY\^]2Iri�AQ\^DK\^AjM[Odw�OQJ�GYRSw�\n�[v�\%X[OQ\^G<w
wR~v+AQRSs+Ir�f��Odw2�0B9J2�YRqDK\^Ajp
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•
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•

§
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w2�Y\?BHIK\^G<w�� J \^GY\^]2Iri�AQ\^DK\^Ajp����Y\ �WR���]\%P%\^OdDK\%X
OQJFOdG[�YsY\^GYP%\%X6Z<i�w2�Y\bw2Odxy\�RHk9XYB%i6BHGYX�w2�Y\
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•

§
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§
s+Z0D�OQJ2Odwqp����Y\�xyRSw2OdDrBHw2OQRSG£k�RS] IKRSOdG+I�wRyw2�Y\
v+s+Z9OQJ�OdG[�YsY\^GYP%\%X(Z<i?w2�Y\�BHIK\^G<w�� J"x�BH]2Odw�BHA[J2w�BU_
w2sYJ|BHGYX9\^GY\^]2Iri(AQ\^DK\^Ajp"���Y\.�WR��FOQJ"OdG[�YsY\^GYP%\%X
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EP
M?JR

Odw;GY\%\%X+J�wRfX+\^w\^]2x~OdGY\�w2�Y\yJ2w2]\^G+Irw2��RHk�w2�Y\y\^xyRH_
w2OQRSG�BHA�]\%J2v�RSGYJ\WwR9w2�Y\;\^DK\^G<w(¥½v�BH]2w�RHk�w2�Y\zw�BSJ2t�RHk
w2�Y\� 
DrBHAds�BHwRS]n¦nÍ�v�BH]2w|RHk�w2�+OQJ�w�BSJ2t9��OdAdAYOdGYP^AdsYX+\�w2�Y\
J2Od¨q\ RHk�w2�Y\WP��BHG+IK\WOdG�\n�[v�\%P^w\%X �WR���p����Y\;@;@WE�N
xyR�X+\^AQJ�PqBHG¢v+]RqD�OQX+\bBb]�BHG+tK\%X¢AdOQJ2w�RHk�PqBHGYX[OQXYBHw\
BSP^w2OdD�Odw2OQ\%J����+OQP�FOQJ�sYJ\%X�OdGFP%RSGST7s+GYP^w2OQRSGF��Odw2� −−→

EPwR�P�YR�RrJ\Fw2�Y\£BSP^w2OdD�OdwaiÎwR�v�\^]7k�RS]2x ¥½w2�Y\Fw�BSJ2tÌRHk
w2�Y\ � P^w2OQRSG0§
]RSv�RrJ\^]n¦np
� G£w2�Y\;k�RSAdAQRq��OdG+IFJ\%P^w2OQRSGYJ �}\(X+\%JP^]2OdZ�\�OdG0xyRS]\

X+\^w�BHOdA.�YRq�&w2�Y\;xyR�X+\^AQJ�J2s+v+v�RS]2w�w2�Y\; �`�V�p
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§"BH]2w(RHk�w2�Y\y �`�VbOQJ�w2�Y\�{}RSx~v�BH]�BHwRS](w2��BHw(P%RSx9_
v�BH]\%J?w2�Y\�BHIK\^G<w�� J~\n�[v�\%P^w\%X��WR���Z�\nk�RS]\�BHGYXÎBUk½_
w\^]�BHG�\^DK\^G<w}��BSJ�R�P%P^s+]\%X�p � G�w2�+OQJ}J\%P^w2OQRSG��}\ ��OdAdA
J2�YRq�Ì�YRq�Ìw2�Y\ @;@WE�N�xyR�X+\^AQJ�PqBHG~Z�\}sYJ\%X9wRWw2�+OQJ
\^GYX�p
� G<i¢\^DK\^G<wFPqBHG�Z�\fxyR�X+\^AQ\%X�Z<iÌ�YRq� Odw�OdG[�Ys[_

\^GYP%\%J�w2�Y\�BHIK\^G<w�� JF]\%JRSs+]P%\%JqM \rp IYp�B�w2�Y\nklwF\^DK\^G<w
]\%J2s+AdwJ9OdGÎw2�Y\FJ2wRSAQ\^GÎ]\%JRSs+]P%\%J~GYRSw9Z�\^OdG+I�B%DrBHOdA�_
BHZ+AQ\zk�RS]�w2�Y\?BHIK\^G<wqp�@ GYP%\(BHG£\^DK\^G<w OQJ�xyR�X+\^AQ\%XFOdw
PqBHGÌZ�\�OdGYJ\^]2w\%XÎOdG<wR�w2�Y\fBSP^w2OdD�OdwaiÉwai�v�\£@;@WE�NWJ
BHGYX£w2�Y\��WR��Îi�OQ\^AQX+\%X£Z<i£w2�Y\?Z�\%J2w;BSP^w2OdD�Odwai£IrOdDK\^G
−−→

EP
PqBHG�Z�\ P%RSx~v�BH]\%X�wR?w2�Y\ �WR��bi�OQ\^AQX+\%X�Z�\nk�RS]\

w2�Y\�\^DK\^G<w|��BSJ
OdG<w2]R�X[sYP%\%X�p����+OQJ
IrOdDK\%J
w2�Y\�P��BHG+IK\
OdG�\n�[v�\%P^w\%X �WR��Îk�RS]Ww2�Y\~\^DK\^G<wqp?NWRSw\(w2��BHw;\qBSP�
]\%JRSs+]P%\WBHAQJR���BSJ�B �WR��bBHw2w�BSP�Y\%X�k�RS]}Rq��GY\^]J2�+Odv.M
Ojp \rp+w2�Y\(BHIK\^G<wWIK\^wJ �WR���k�RS]���B%D�OdG+I�w2�Y\�]\%JRSs+]P%\rM
BHGYX¢O�k�w2�Y\f]\%JRSs+]P%\fOQJ�AQRrJ2w�w2�+OQJ���OdAdAzBHAQJRÉBU¡�\%P^w
w2�Y\�P��BHG+IK\�OdG£\n�[v�\%P^w\%X4�WR���p����Y\�\^xyRSw2OQRSG�BHA�]\n_
J2v�RSGYJ\Ww2�Y\^GfX+\^v�\^GYX+J�RSGfw2�+OQJ�P��BHG+IK\(BSJ�RSs+w2AdOdGY\%X
OdG0V�\%P^w2OQRSGÉÅrp
� Gbc�OdIrs+]\�#�BHG�@;@WE�N1k�RS]Ww2�Y\9\^DK\^G<w;w2��BHwzw2�Y\

BHIK\^G<w�� J?xyRSGY\^i�OQJ?J2wRSAQ\^GÉPqBHG�Z�\�J\%\^G.p����Y\�RSs+w7_
v+s+wFGYR�X+\ÎÒb´S¼�¶nº�J2�YRSs+AQX&P%RSG<w�BHOdG&w2�Y\�\n�[v�\%P^w\%X



c�OdIrs+]\?Ê � � GfRSZ[T2\%P^w RS]2OQ\^G<w\%X£E�N&k�RS]�w2�Y\�J2v�BH]\n_jw2Odxy\?BSP^w2OdD�Odw2OQ\%Jqp

c�OdIrs+]\�# � � xyR�X+\^A+k�RS]}B;w2�Y\nklw|\^DK\^G<wz¥½w2�Y\nklw}RHk�w2�Y\
BHIK\^G<w�� J.xyRSGY\^iY¦np����Y\��.Þ+¶½Ú^ÐSGYR�X+\"xyR�X+\^AQJ.���Y\^w2�Y\^]
w2�Y\�\^DK\^G<w���BSJ�R�P%P^s+]\%XfRS]�O�k"Odw�OQJ B9w2�+]\qBHwqp

DrBHAdsY\?k�RS]Ww2�Y\~BHIK\^G<w�� J;]\%JRSs+]P%\(xyRSGY\^iKM�IrOdDK\^Gbw2�Y\
P^s+]2]\^G<wyDrBHAdsY\£BHGYXÎw2�Y\�v+]RSZ�BHZ+OdAdOdwai¢RHkWw2�Y\f\^DK\^G<w
R�P%P^s+]2]2OdG+IYp*���Y\�OdG+v+s+w£GYR�X+\ÎÒb´S¼�¶nº�J2�YRSs+AQX6Z�\
BSJJR�P^OCBHw\%XÉ��Odw2�Îw2�Y\�BHIK\^G<wJ��}Òb´S¼�¶nº�GYR�X+\�¥Ckl]RSx
w2�Y\�BSP^w2OdD�OdwaibxyR�X+\^AQJn¦np����Y\~GYR�X+\��.Þ+¶½Ú^Ð�P%RSG<w�BHOdGYJ
w2�Y\�v+]RSZ�BHZ+OdAdOdwai~w2��BHw
w2�Y\�\^DK\^G<w���OdAdAYR�P%P^s+]qMrOjp \rpSw2�Y\
v+]RSZ�BHZ+OdAdOdwai�w2��BHw�w2�Y\~w2�+]\qBHw?��OdAdA|Z�\~PqBH]2]2OQ\%X�RSs+wqp
� k�w2�+OQJ��.Þ+¶½Ú^Ð�GYR�X+\?OQJWOdGbw2�Y\(J2w�BHw\?kjBHAQJ\rM�w2�Y\(RSs+w7_
v+s+w|GYR�X+\;Òb´S¼�¶nº���OdAdA���B%DK\ w2�Y\ J�BHxy\�X[OQJ2w2]2OdZ+s+w2OQRSG
BSJ;w2�Y\9OdG+v+s+w�GYR�X+\�Òb´S¼�¶nºrM�Ojp \rp9GYR�w2�Y\nklw;��BSJ�R�Pn_
P^s+]2]\%X�M|JR0w2�Y\FBHIK\^G<w�� J~xyRSGY\^i���BSJ9GYRSw9Z�\%\^G¢BUk½_
k�\%P^w\%X�p � k�Odw�OQJ?OdG�w2�Y\�J2w�BHw\yw2]2sY\rM"w2�Y\�\^DK\^G<w(��BSJ
R�P%P^s+]\%XyJRWw2�Y\ BHIK\^G<w�� J�xyRSGY\^i9��OdAdA+Z�\�BU¡�\%P^w\%X~Z<i
w2�Y\;\^DK\^G<wqM�BHGYX�w2�Y\;RSs+w2v+s+wzÒb´S¼�¶nºz��OdAdA�w2�Y\^GfP%RSG[_

w�BHOdG0w2�Y\?GY\^� DrBHAdsY\�k�RS]Ww2�Y\9BHIK\^G<w�� JWxyRSGY\^iKpz���+OQJ
xyR�X+\^A�OQJ~OdGYJ\^]2w\%XÌOdG¢w2�Y\£BSP^w2OdD�OdwaiÎwai�v�\0@;@WE�NWJ
Z�\^wa�}\%\^G¢w2�Y\�`0RSGY\^i�OdG+v+s+w~GYR�X+\FBHGYXÉw2�Y\FBSP^w2OdD<_
Odw2OQ\%JF���Y\^]\�`0RSGY\^i�OQJ£BHG6OdG+v+s+wfGYR�X+\rp=���+OQJFOQJ
J2�YRq��GfOdG£c�OdIrs+]\ %Yp
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� G�w2�+OQJ(J\%P^w2OQRSGÉ�}\�RSs+w2AdOdGY\�OQX+\qBSJ(P%RSGYP%\^]2G+OdG+I0w2�Y\
 
DrBHAds�BHwRS]fBHGYX�w2�Y\ � P^w2OQRSG6§
]RSv�RrJ\^]qM�w2�Y\%J\bBH]\
J2w2OdAdA�v+]\^AdOdx~OdG�BH]2iKM�BHGYX¢J2�YRSs+AQXÎZ�\FJ\%\^G�BSJ9wRSv+OQP%J
k�RS]�kls+w2s+]\;]\%J\qBH]P�.p
���Y\� 
DrBHAds�BHwRS]
X+\^w\^]2x~OdGY\%J"wR ���+OQP�~\n�[w\^G<w�w2�Y\

k�RSs+];\^xyRSw2OQRSGYJ?BH]\(OdG[�YsY\^GYP%\%X�Z<i£w2�Y\9\^DK\^G<wqp u \n_
w\^]2x~OdG+OdG+I�w2�Y\�\^xyRSw2OQRSG�BHA?OdG[�YsY\^GYP%\�OQJfX+RSGY\�BSPn_
P%RS]X[OdG+I�wR0JRSxy\�J2Odx~v+AQ\�]2s+AQ\%J9sYJ2OdG+I0w2�Y\�P��BHG+IK\
OdGf\n�[v�\%P^w\%X4�WR��ÉBSJ�OdG+v+s+w��

Årp|§�RrJ2Odw2OdDK\(P��BHG+IK\?OdG0\n�[v�\%P^w\%X��WR���]\%J2s+AdwJ OdG
T2RqiKp

Ê[p|NW\^I<BHw2OdDK\ P��BHG+IK\ OdG \n�[v�\%P^w\%X �WR���M�w2�Y\
P��BHG+IK\�PqBHG+GYRSw(\qBSJ2OdAdi0Z�\~]\%P^w2O�¤�\%X�¥l\rp IYpyw2�Y\
x?s+]X+\^]WRHk�B(AQRqDK\%X£RSGY\U¦nM+]\%J2s+AdwJ�OdGfJRS]2]Rq��p



c�OdIrs+]\.% �
���Y\�V<v�BH]\n_jw2Odxy\;BSP^w2OdD�Odwai�wai�v�\�@;@WE�N6���Y\^]\;B�xyR�X+\^A�k�RS]�B�w2�Y\nklw�\^DK\^G<w?¥½w2�Y\nklw�RHk�w2�Y\zBHIK\^G<w�� J
xyRSGY\^iY¦}��BSJ�Z�\%\^GFOdGYJ\^]2w\%X�p

#[p�NW\^I<BHw2OdDK\!P��BHG+IK\ OdG \n�[v�\%P^w\%X �WR���M�w2�Y\
P��BHG+IK\9PqBHG£Z�\;]\%P^w2O�¤�\%X£��Odw2�YRSs+w;B~AQRSwWRHk|\nk½_
k�RS]2wqM+]\%J2s+AdwJ�OdG0BHG+IK\^]qp

%Yp�NW\^I<BHw2OdDK\�P��BHG+IK\�OdGÉ\n�[v�\%P^w\%X��WR��6BSJ(BF]\n_
J2s+Adw�RHk�B�w2�+]\qBHwqM.w2�Y\yBHG<w�BHIKRSG+OQJ2w(PqBHG�Z�\~X+\n_
k�\qBHw\%X�M+]\%J2s+AdwJ�OdG£BHG+IK\^]qp

Ç[p�NW\^I<BHw2OdDK\�P��BHG+IK\�OdGÉ\n�[v�\%P^w\%X��WR��6BSJ(BF]\n_
J2s+AdwyRHkzB0w2�+]\qBHwqM�w2�Y\FBHG<w�BHIKRSG+OQJ2wyOQJ9GY\n�[w9wR
Odx~v�RrJJ2OdZ+AQ\;wR~X+\nk�\qBHwqM+]\%J2s+AdwJ�OdGFk�\qBH]qp

u OQJ2w2OdG+Irs+OQJ2�+OdG+I;Z�\^wa�}\%\^G�J2Odw2s�BHw2OQRSGYJ
���Y\^]\�Ê[p�RS]
#[p9OQJz¤Y]\%X�OQJ;GYRSw(B�w2]2OdD�OCBHA
x�BHw2w\^]qp � G�BHv+v+]R%�[O�_
x�BHw2OQRSG�PqBHG�Z�\yBSP�+OQ\^DK\%X�Z<ibx�BHt�OdG+I£E�N xyR�X+\^AQJ
RHkWw2�Y\�X[O���P^s+AdwaiÌRHkWIK\^w2w2OdG+I�]\%JRSs+]P%\%JqM}BHGYXÎw2�Y\^G
X+\^w\^]2x~OdG+OdG+I0�YRq�ãX[O���P^s+Adw(Odw?OQJ�wRfZ+]2OdG+I£w2�Y\�\n��_
v�\%P^w\%X4�WR��ÉZ�BSPtFwR�BHw AQ\qBSJ2w�����BHw Odw ��BSJ Z�\nk�RS]\
w2�Y\ \^DK\^G<wqp����Y\%J\�xyR�X+\^AQJ}��OdAdA�]\%J\^x?Z+AQ\Ww2�Y\�xyR�X�_
\^AQJ�BHAd]\qBSX[i�X+\%JP^]2OdZ�\%X�p ���Y\bX[O�¡�\^]\^GYP%\%J���OdAdAzZ�\
w2��BHw�BSP^w2OdD�Odw2OQ\%J BH]\Wv+ACBHGYJ}k�RS]�BSP%�<s+Od]2OdG+I~]\%JRSs+]P%\%JqM
w2�Y\�BSP^w2OdD�Odwai�wai�v�\%J�BH]\�X[O�¡�\^]\^G<w�v+ACBHGYJ�k�RS] BSP%�<s+Od]7_
OdG+I9B�]\%JRSs+]P%\rM+BHGYXyOdGYJ2w\qBSX�RHk�\n�[v�\%P^w\%X �WR��0w2�Y\
s+w2OdAdOdw2OQ\%J"��OdAdA+Z�\�B xy\qBSJ2s+]\�RHk�w2�Y\�\n�[v�\%P^w\%X9OdGYP%RSG[_
DK\^G+OQ\^GYP%\rp����Y\|v+ACBHGYJ.��OdAdA+BHAQJR�OdGYP^AdsYX+\�BHG?OdGYJ2w�BHGYP%\

RHk�BFP^ACBSJJ�RSs+w2v+s+w2w2OdG+Ifw2�Y\~v+]RSZ�BHZ+OdAdOdwai�RHk�J2sYP%P%\%JJ
RHk�w2�Y\?v+ACBHG.M�sYJ\%X£wR�X+\^w\^]2x~OdGY\(w2�Y\(\n�[v�\%P^w\%Xb\nk½_
k�\%P^w�RSGyw2�Y\�]\%JRSs+]P%\%J|RHk.BHw2w\^x~v+w2OdG+I?w2�Y\�v+ACBHG�BHGYX
k�RS] BSJJ\%JJ2OdG+I9w2�Y\�X[O���P^s+AdwaiKp
���+OQJ|BHv+v+]R%�[Odx�BHw2OQRSGyxy\qBHGYJ
w2��BHw
�}\�]2OQJ2t?OdIrGYRS]7_

OdG+IÎw2�Y\bx?s+]X+\^]£RHk~B���O�k�\rM s+G+AQ\%JJFw2�Y\ �WR��1k�RS]
Rq��G+OdG+I�RSGY\FOQJyJ\^w~�+OdIr��\^GYRSs+Ir�.M�BSJ~w2�Y\F�+OdIr�Y\%J2w
\n�[v�\%P^w\%X��WR���x�B%i�GYRSw?OdGYP^AdsYX+\�BF��O�k�\rp u OQJ2w2OdG[_
Irs+OQJ2�+OdG+IÌZ�\^wa�}\%\^G %Yp=BHGYX&Ç[p�PqBHG&Z�\bX+RSGY\bZ<i
P%RSx~v�BH]2OdG+IÎw2�Y\£]\%JRSs+]P%\%J�RHk�w2�Y\bBHIK\^G<wfBHGYX�w2�Y\
]\%JRSs+]P%\%J�RHk"w2�Y\?BHG<w�BHIKRSG+OQJ2wqp
u \^w\^]2x~OdG+OdG+IFw2�Y\9J2w2]\^G+Irw2��RHk|w2�Y\(OdG[�YsY\^GYP%\~RSG

w2�Y\�\^xyRSw2OQRSGYJfOQJ0BÎx~O��[w2s+]\�RHk9w2�Y\�X[O���P^s+Adwai&RHk
RqDK\^]P%RSx~OdG+I�w2�Y\�v+]RSZ+AQ\^x�BHGYX9�YRq��J\^]2OQRSsYJ"w2�Y\�\n��_
v�\%P^w\%X$�WR��FOQJ�BU¡�\%P^w\%X�MrOjp \rpS�YRq�¢ACBH]2IK\�w2�Y\�P��BHG+IK\
OdG \n�[v�\%P^w\%X �WR��ãOQJqp c�OdGYX[OdG+I�w2�Y\ÉJ2w2]\^G+Irw2�5OQJ
X+RSGY\FX[s+]2OdG+I�w2�Y\FX+\^w\^]2x~OdG�BHw2OQRSG�RHkzw2�Y\F\^xyRSw2OQRSG
BU¡�\%P^w\%X�M?w2�Y\ÎJ\^]2OQRSsYJ2GY\%JJ0OQJ£w2�Y\ÎRSs+w2v+s+w�RHk�w2�Y\
{}RSx~v�BH]�BHwRS]qp
���Y\ � P^w2OQRSG�§
]RSv�RrJ\^]zJ2�YRSs+AQXbRSs+w2v+s+wWw2�Y\?GY\n�[w

w2�+OdG+I0k�RS](w2�Y\FBHIK\^G<w~wRbX+R+p � w(IK\^wJyBSJ(OdG+v+s+wyBHG
−−→
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RHk�w2�Y\9BHIK\^G<w;BHGYXbB~AdOQJ2wWRHk}BSP^w2OdD�Odw2OQ\%JqM�]�BHG+tK\%X

Z<i�w2�Y\^Od] \n�[v�\%P^w\%X �WR���p u O�¡�\^]\^G<wzBHIK\^G<wJ���OdAdA�]\n_
BSP^wyX[O�¡�\^]\^G<w2AdiÎwR�BHG¢\^xyRSw2OQRSG�BHAWP��BHG+IK\rM�\rp IYp|BSJ



B£Z+s+AdAdiÉwai�v�\FBHIK\^G<wyOQJyBHG+IK\^]\%XÎOdw~OQJ9xyRS]\�AdOdtK\^Adi
wRbP�YR�RrJ\FBHIrIr]\%JJ2OdDK\FBSP^w2OdD�Odw2OQ\%JqM
���+OdAQ\fBfv�BSP^O�¤�J2w
BHIK\^G<w���OdAdA�]\qBSP^w;wR��+OdIr�Y\^](BHG+IK\^]�Z<i0Z�\^OdG+IFxyRS]\
AdOdtK\^Adi wR�P�YR�RrJ\¢BSP^w2OdD�Odw2OQ\%J����Y\^]\Îw2�Y\¢BHIK\^G<w�OQJ
BHAQRSGY\rpy��\y\^G<D�OQJ2OQRSGÎB�J2i[J2w\^xÕ���Y\^]\�\qBSP�ÎBHIK\^G<w
��BSJ£BHG Ï}Ày´rÐl»�´S¼�¹Sµ.�.¹KÝ%Ðj´SÙbÓS¶2Ý%Ðj´SÙ%¥ −−→

EF
¦���Odw2� BHG

\^G<w2]�BHGYP%\?k�RS]z\qBSP�b\^xyRSw2OQRSG�BSJJR�P^OCBHw\%X£��Odw2�b\qBSP�
BSP^w2OdD�OdwaiKp
���Y\ � P^w2OQRSG�§
]RSv�RrJ\^]|��OdAdAYw2�Y\^Gyk�RS]|\qBSP�
BSP^w2OdD�OdwaiKMWx?s+Adw2Odv+Adi�w2�Y\�X+RSw7_jv+]R�X[sYP^w£RHk −−→

EP
BHGYX

−−→

EF
��Odw2�Îw2�Y\�\n�[v�\%P^w\%X5�WR���i�OQ\^AQX[OdG+I0w2�Y\fÏ}Ày´S·
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EV = QoL ∗

−−→

EP ·

−−→
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��RWB%DKRSOQX?v+]\%X[OQP^w�BHZ+OdAdOdwai��}\���OdAdA<v+OQPt?BHG(BSP^w2OdD�Odwai
BHw�]�BHGYX+RSx sYJ2OdG+I~w2�Y\%J\;DrBHAdsY\%J BSJ��}\^OdIr�<wJqp
�WJ2OdG+IÉRSG+AdiÌw2�+OQJ���OdAdA ]\%J2s+Adw�OdG�w2�Y\bBHIK\^G<wJFBHA�_

��B%i[J�v�\^]7k�RS]2x~OdG+I£JRSxy\�BSP^w2OdD�OdwaiKM�w2�<sYJ?GY\^DK\^]�w2]2i<_
OdG+I�wR;Z�\^w2w\^]�w2�Y\^Od]}J2Odw2s�BHw2OQRSGyZ<i9w2]2i�OdG+I�wR?BSP%�<s+Od]\
xyRS]\~]\%JRSs+]P%\%Jqp � Jz�}\�BHAd]\qBSX[ibGY\%\%X�xyR�X+\^AQJ�wR
BSJJ\%JJ�w2�Y\|X[O���P^s+Adwai�RHk�¥½]\U¦7BSP%�<s+Od]2OdG+IW]\%JRSs+]P%\%J.k�RS]
w2�Y\� 
DrBHAds�BHwRS]qMY�}\;x~OdIr�<wzBSJ��}\^AdA�sYJ\zw2�Y\%J\;xyR�X�_
\^AQJ~k�RS]�X+\^w\^]2x~OdG+OdG+IÉ���Y\^w2�Y\^]�w2�Y\£BHIK\^G<wJ�J2�YRSs+AQX
w2]2i�wR~BSP%�<s+Od]\z]\%JRSs+]P%\%Jqp
���Y\;\n�[v�\%P^w\%X�OdGYP%RSG<DK\n_
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