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UqTa_XY��d[:Y 1-[ Uq_�V G J k U¿c�Je�dS]UWVXQZY4[]_]< F G Jh�qJTaY:f�QaV°c�r·_XV k QafV^Tac�\{Y4_^QaV^Qa�qJ s QR_¸[:YqVXJ b � UA[ b w�� � QR_¸V G J_XTaY 1-[:Je_`_�<)6 J-UA_X_`S]K�JgV G]k YAS:| G YAS]V�V G Qa_�\{Uq\6J k V G UWV � Qa_�fYA[4V^QR[dS:YAS]_�S]\�VXY/QaVX_�_XJefYA[ b�b J k Qa��UWV^Qa�qJL_�<F G J/_Xc:_^VXJeK r^w s K!S]_XV®x6J�_XS{\]\:TaJeK�Je[4V^J b 1 QaV G Qa[]QZVXQaUqT<f�YA[ b QZVXQZY4[]_]< 4 \6YA\]S:TRU k 1gU¿chYW��fYAKh\]S:VXQa[:|
V G J�|AJYAK�JeV k Qaf¸_XYqTRS:V^QaYA[�Uq_`_XYdfQaUqV^J b VXY Uq[�QR_^YAV k YA\:QRf�_^Y4S k f�J�\{YAQa[4V�����QR_-V^Y _XYqTa�qJ�rXw s 1 QaV G QR[:QaV^QRUWT
fYA[ b QZVXQZY4[]_ � � � r$F s 
 � �� r�F s 
 r �! #" r�$ s&% "('*) r�$ s s r>u s

1 G J k J�JLUqf G $�QR[ n F % u�+ n b J�u6[:Je_ U k U¿c5< F G QR_gQa_gfUqTZTaJ b k U¿c�V k UAf�QR[:|�< F�k U¿�AJT2V^QRK�J�UWTaYA[:|�V G J k U¿chQa_
|AQZ�AJe[�x4c ,

r��"r�� s s 
.-/� w� r�� r " s s � " r·t s

1 G J k J " Qa_ V G J�fS k �dQaTZQR[:JeU k Uqx]_`f�QR_X_`U=<
F G J k J�U k J�UWV¸TZJLUq_XV�V�1®Y 1®U¿c:_/YW�@rÄ�ÄY k KhUWTaTZc s b J k Qa�4QR[:|�V G JhJL�4S{UWV^QaYA[{_�Yq�l|AJYAK�JeV k QafeUWT�YA\:VXQafe_�<

6¶J u k _XV�_XVXU k V!� k Y4K V G J "{J k KhUWV�\ k Qa[]fQa\]TZJd< m V�Qa_hS]_`S]UqTZTac¶�ÄY k K!S:TRUWVXJ b UA_�U p K�Qa[]QaK�S]K V k U¿�qJT
VXQaK�J.q�\ k Y4x:TZJLK � k YAK Uh\6YqQR[AV10 VXYhU�\6YqQR[AV�2�< F G J¸V k U¿�qJeT2VXQaK�J�QR_g|qQa�qJL[.Uq_gV G J�QR[Vu6K!S{K YW��V G J
�½S{[]f�VXQZY4[]UWT 3

n �go 
.-�45 w� r�� r " s�s � " r½M s

Y��AJ k UWTaT�V G J�_XK�YdYqV G r>[:YqVXQZY4[�VXY�x6J b J,u6[]J b \ k JLf�QR_^JeTZc s \]UWV G _6��|qYAQa[:|.� k Y4K70 V^Y82 r�1lJ k JefUqTZT
V G UWV � Qa_�V G J �qJeTZY:fQZV°c$�:w9� � Qa_�V G J-_XTZY 1-[:JL_X_�Uq[ b " QR_�V G J-fS k �dQZTaQa[]JeU k Uqx{_XfQa_`_XU s < F G Qa_�Y4\:V^QRK�QKJLUWVXQZY4[\ k Y4x:TZJLK fUq[�x{Jh_^JeV�QR[ V G J�� k UqK�J'1®Y k ��YW�BV G J�feUWTRfS:TRS]_�YW�B��U k QaUqV^QaYA[ n tqt�o�<.(�Q+*#J k Je[4V�JL�dS:QZ��UqTZJL[AV
�ÄY k Kh_�fUA[�x6JgYAx:V`UWQR[:J b �ÄY k V G J � UqK�QaTZVXYA[:QRUq[ b JL\{JL[ b QR[:|¸YA[�VXQaK�J-\]U k UAK�JV^J k Q JeUqV^QaYA[�r�1 G QRf G K�S]_^V
[]YqV x{J�fYA[d�½S{_^J b 1 QaV G V k U¿�AJT#V^QRK�J s YW��V G J�\]UWV G _:� < 6 J�V`Uq�WJ �; r�� % � s 
 w

u r � � � r�� s��=< w s r�G s

1 G J k J>� 
@?8A �!B C Uq[ b � QR_�YW�{V G J _XUAK�J b QRK�Je[]_XQZY4[ r � � Qa_�V^Y¸x6J®S][ b J k _^VXYdY b Uq_�V G J _`fUqTaU k \ k Y b S]f�VYq� � 1 QaV G QaVX_XJTZ� s < F G Je[�V G J � UqK�QZTaV^Y4[:QRUq[�_^c:_XV^JLK f G U k UqfV^J k Q JQR[:|�_XVXUqV^QaYA[]U k c r·Y k f k QaV^QRfUqT s \]UqV G _
QR_g|qQa�qJL[�x4c rXw s UA[ b V G J�V k U¿�AJT#V^QRK�J

,
QR_-Uh_^YATaS]V^QaYA[�YW��V G J � UAK�QZTaV^Y4[�� �4UqfYAx:QIJL�dS]UWVXQZY4[ �; r�� %&� , r�� s�s 
 FED r$C s

6¶J b QR_XfeS]_`_gV G J�_XJe[]_XJ¸V^Y�x6J�|qQa�qJe[�V^Y�V G J�_XYqTRS:V^QaYA[�YW��V G QR_ Je�dS]UqV^QaYA[�Qa[�V G J�[:J�i:V-_`S]x]_XJefV^QaYA[^<

xKx%Çzy]{,|�}LÓ
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2�YqV^J�V G UqV�V k U¿�qJT:VXQaK�J-QR_BUAf�VXS{UWTaTZc�f G U k UqfV^J k Q JJ b x4c�_XVXUWVXQZY4[]U k c!\]UqV G _�Uq[ b [:YAVBxAc�K�Qa[:QRKhU�_XY
V G UWV�V G J�Uqx6Y��qJ¸�ÄY k K�S:TaUqV^QaYA[�Yq��V G J "6J k KhUWV�\ k QR[]f�QR\:TaJ�QR_�_XYAK�J'1 G UWV�UAx]S]_XQZ�AJ5<�O4V`UWV^QaYA[{U k c�\]UqV G _
feUq[ x6JhK�U b J!Yq��K�Qa[:QRKhU�x{S:V/UqTa_XY.\6Y k V^QaYA[]_�YW��K�QR[:QRK�U�_^JL\]U k UWVXJ b x4c�f�Y4[¿m^S:|4UWV^J�\{YAQa[4VX_]<."{Y k �
VXY k JeUqTZQ JJ/U r·\6YA_`_XQax:Tac�TaYdfeUWT s K�QR[:QaK�S]K YW��V G QR_g\ k Y4x:TaJeK �dYA[:J/K!S]_XV®f G Jef	��V G UqVlV G J k U¿c b YdJe_®[:YqV
|AY V G{k Y4S:| G U�f�YA[�m^S:|AUqV^J�\6YqQR[4V�x6J��ÄY k J�QZV k JLUqf G JL_�2 r n tqt�o s < m V�K�JeUA[]_�V G UqV�V G J��dS]U b k UqV^QRf¸�ÄY k K
UA_X_XY:f�QRUWVXJ b VXY�V G J�_XJefYA[ b ��U k QaUqV^QaYA[.YW��V G J�fYA_XVl�½S{[]f�VXQZY4[�r½M s QR_-[:Y4[��¡[]J|AUqV^Qa�qJd< F G Qa_ b Je|qJL[:J k UWVXJ
feUq_XJ-QR_ b QR_`fS]_`_^J b Qa[ n y�o n u5G�o 1 G J k J�fUqS{_^VXQaf�\{YAQa[4VX_®U k J-Q b Je[4VXQ u{J b Uq_®f�Y4[¿m^S:|4UWV^J�\{YAQa[4VX_]< 6 J/f�Y4K�J
x{Uqf	�hYA[�V G UWV-\6YqQR[4V®QR[�_^JLf�VXQZY4[�t�<

4�[:YqV G J k 1gU¿c�V^Y¸V G J JQR�WY4[]UWTdJe�dS]UqV^QaYA[�Qa_�VXY�Uq_`_XS{K�JgV G UWV�V G J-_^YATaS:VXQZY4[���Yq�2V G J k J b S]fJ b 1®U¿�AJ
JL�dS]UWVXQZY4[ � ����� � � 
 F r¡z s
G Uq_gV G J¸�ÄY k K YW��Uh\]U k V^QRfS:TRU k UA[]_XUqV,J

�7r�� s 
�� 	�
���
�������
��� � 0 � r�� sr ' � s � r·v s

1 G J k J�� QR_/V G J�� k Je�dS:Je[{f�c��
,
k JL\ k Je_XJe[4VX_�V G J�\ G Uq_XJ!YW�®V G Jh_XYqTRS:V^QaYA[ Uq[ b V G J�_`S]K YW��V G J�_^J k QaJe_

r 0 � s V G J�UqKh\:TaQZV`S b Jd< 6 J�fUA[ k Je\]TaUAf�J�� xAc�V G QR_-Uq[]_`UWV2J�QR[�V G J 1gU¿�qJ/Je�dS]UWVXQZY4[.UA[ b Ji]\]Uq[ b V G Qa_
Ji]\ k JL_X_XQaYA[hQR[.\6Y 1lJ k _lYW��� <��®�4S{UWV^QR[:|�V^YXF�V G J�VXJ k K�_gfY k`k JL_X\6YA[ b Qa[:|!V^Y!V G J@u k _^VlV�1lYh\{Y 1®J k _BYq�� |qQa�qJL_ � � � , r�� s � � 
 w� r�� s � r·y s

u �@� , r�� s D �@� 0 ��r�� s � �
,
r�� s 0=�gr�� s 
 F rXw]F s

�d[:Y 1-[ k Je_`\{JLf�V^Qa�qJeTZc¶Uq_¸V G J JQR�WY4[]UWTvr>_XUAK�J Uq_Pr$C s s UA[ b V k Uq[]_`\6Y k V/JL�dS]UWVXQZY4[]_�< F G JQ k _XYqTRS:V^QaYA[]_
U k J�S]_XJ b QR[ V G J�Uq[]_`UWV2J r·v s VXY�|AQZ�AJ�Uq[�Uq\]\ k Y¿i:QaKhUqV^J�UA_^c:Kh\:VXYqV^QRf r½�ÄY k TaU k |AJ�� s _^YATaS]V^QaYA[�Yq��V G J
1gU¿�qJ¸JL�4S{UWV^QaYA[a< F G J k U¿c JL�4S{UWV^QaYA[{_-fUA[�UW|AUqQa[�x6J b J k Qa�qJ b � k YAK r·y s < (�JeVXUWQaTR_ YA[�V G Qa_�Uq\]\ k Y4Uqf G
feUq[�x{J¸�ÄY4S][ b Qa[�Uq[4c \ G c:_^QRf_gK�YA[]Yq| k Uq\ G k Je�dQZJ�1 Qa[:|�|qJeYAK�JV k QRfUqT6Y4\:V^QRf_]< m VgQa_ 1®JTaTI�d[:Y 1-[.V G UWV
|AJY4K�JeV k QafeUWT�Y4\:V^QRf_��½UWQaTa_�U k YAS][ b feUqS]_XV^QRf_]< m V��½UWQaTa_!Qa[ V G J�_XJe[{_^J�V G UWV�[:JeU k fUAS]_^VXQaf.\{YAQa[4VX_!V G J
UAKh\:TZQaVXS b J¸|qQa�qJe[�x4c r^w.F s x:TaY 1-_®S{\^< F G QR_gQa_ fTZY4_^JeTZc k JTRUWVXJ b V^YhV G J�[]YqV^QaYA[.YW��f�Y4[¿m^S:|AUqV^J¸\{YAQa[4V`_�<
4 K�Y b Q u{J b V G JeY k c¶feUWTaTZJ b %�JYAK�JeV k QafeUWT F G JY k c�Yq� (�Q+* k UqfV^QaYA[ n u�F�o n uWt�ogx]Uq_XJ b Y4[ U b Q+*2J k JL[AV
UA[]_`UWV,J®QR_�S][:QZ�ÄY k K�Tac���UWTaQ b U k Y4S][ b fUqS{_^VXQafe_�< 6 J k J�dQaJ'1 UA[ b S{_^J \]U k V�YW�2V G QR_�V G JY k c�QR[�_XJefV^QaYA[�t=<

2�YqV^J!u6[]UqTZTachV G UqV®U k Qa|qY k YAS{_BKhUWV G JeKhUWVXQafeUWT b J k QZ��UqV^QaYA[hYW�<V G QR_®UA_^c:Kh\:VXYqV^QRf-K�Y b JT7r·x{Uq_XJ b Y4[
U 6 Qa|A[:J k V k Uq[]_^�ÄY k K VXJef G [:QR�dS:J s feUq[�x{J¸�ÄY4S][ b QR[ n w]C�o#<

��� � � )2- +B #- )>%���-/ #0,1�%4)� #5D- :<5! 0� 3+B:A0E"$)25 )2" :
4 �qYATaS]K�QR[:YAS{_�TaQZVXJ k UWV`S k J!Qa_/U¿��UWQaTaUAx:TZJ!YA[�V G J k JTRUWVXQZY4[]_�x6JV�1®JJL[�YA\]V^QRK�UqT�fYA[4V k YqT�\ k YAx:TaJeK Uq[ b
�dQR_XfYA_XQZV°c�_XYqTRS:V^QaYA[{_lYq� � UqK�QZTaV^Y4[����AUAf�YAx]Q2JL�dS]UWVXQZY4[]_@r·_XJJ n z�oI�ÄY k Uhf�YAKh\ k J G Je[]_XQZ�AJ�x:QRx:TaQZYA| k Uq\ G c s <

LNM7xOLQP
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6¶J k JLfUWTaT�V G UqV¸YAS k |qY4UWT�QR_�VXY b Q k JefV^Tac b QR_Xf k JeV^Q JJhU�\{U k V^QRfS:TRU k � UAK�QaTaV^YA[/� �4UqfYAx:Q�Je�dS]UqV^QaYA[!�
V G J�JQR�WY4[]UWT#JL�4S{UWV^QaYA[ � � ��� , r�� s � � 
 w� r�� s � rXwqw s

1 G J k J � b Je[:YAV^JL_lV G J¸_X\6JJ b Yq�ÁV G J¸K�J b QRS]K UA[ b
,
V G J¸V k U¿�AJT2V^QRK�Jd< m [ V G J G c:\6J k x{YATZQRf�Je�dS]UWVXQZY4[

VXJ k K�Qa[:YATZYA|qc$� k U¿c:_-U k J!V G J�f G U k UAf�VXJ k Qa_XV^QRf_ Yq��V G Qa_�Je�dS]UqV^QaYA[^< � TaUA_X_XQRfUWT�_^YATaS]V^QaYA[]_�fUq[ |qJe[]J k UWTaTZc
x6J b J�u6[:J b Y4[:TZc.Qa[�Uh[:JQa| G x6Y k`G YdY b Yq��V G J�_^Y4S k f�J5< - Y k J�\ k JefQa_XJTac��]S{\�VXYhV G J7JeYA[:J 1 G J k J k U¿c:_
f k Y4_X_]< F G QR_�QR_�x6JefeUqS]_XJ�V G J.V k U¿�qJT�VXQaK�J.x6JefYAK�Je_�K!S:TaV^Q+�¡�¿UqTaS]J b 1 G Je[ k U¿c�f k Y4_X_]< m V�QR_!UqT+1gU¿c:_
\6YA_`_XQax:TaJ�V^Y b J,u2[:J�U _XQa[]|qTaJ���UWTRS:J b |AJe[:J k UqTZQ JJ b _^YATaS]V^QaYA[ feUWTaTZJ b V G J��dQa_`f�Y4_^QaV°c _^YATaS:VXQZY4[^< F G Qa_
_XYqTRS:VXQZY4[]_ k JeKhUqQa[]_®f�Y4[4V^QR[4S]YAS]_®x]S:VgQaVX_®| k U b QaJe[4V®K�U¿c�x6J b Qa_`f�Y4[4V^QR[4S]YAS]_]< F G J�TaY:fS]_®YW��V G JL_^J¸_^QR[��
|4S:TRU k QZVXQZJL_ U k J�V G J � UqK�QaTZVXYA[����AUAf�Y4x:Q<f�Y4S][4V^J k \]U k V`_gYW�B_ G Ydf	�d_®�ÄY k�G c:\{J k x6YqTaQaf�fYA[]_XJ k ��UWVXQZY4[.TRU 1-_�<
OdVXUqx]TZJ�S]\&1 Qa[ b [dS]K�J k QRfUqT�u6[:QaV^J b Q+*2J k JL[]f�J�_Xf G JLK�Je_!U k J��4[]Y 1-[ V^Y�fYA[4�qJ k |AJ�V^Y V G J.�dQR_XfYA_XQZV°c
_XYqTRS:VXQZY4[^< m V Qa_ V G J k J��ÄY k J/V G J�_^YATaS:VXQZY4[ 1 G Qaf G fUA[�x6J�f�Y4Kh\]S:V^J b S]_^QR[:|hV G J���QR�WYA[{UWT#Je�dS]UqV^QaYA[^<

F G J��ÄYATZTaY 1 Qa[]| k Je_`S:TaVXr½� k Y4K n t{w o s QR_�U�xAc&�°\ k Y b S]f�V/YW�®V G JeY k JeKh_.1 G Qaf G fUA[�x6J��ÄYAS][ b QR[ n z.o
r>_^JeJ.UWTR_XY n uAu.o s <�6 J�U k J�Qa[4VXJ k Je_XV^J b QR[ V G J.�dQa_`f�Y4_^QaV°c _XYqTRS:VXQZY4[ YW�?r·y s �ÄY k � ?�� ��Utu]i:J b Y4\{JL[b YAKhUWQR[^<6 J/_XS]\{\:TZJLK�Je[4V�V G Qa_lJe�dS]UqV^QaYA[ 1 QaV G (/Q k QRf G TZJeVlx6YAS][ b U k c�fYA[ b QZVXQZY4[]_�<6¶J 1 QaTZT2_X\:TaQaV�� �QR[�V�1lYh\]U k V`_��������wr	� � 
 ��
���� s Uq[ b 1®J b J,u6[]J�V G J�x6YAS][ b U k c f�Y4[ b QaV^QaYA[]_,

r�� s 
 �� % � ? � rXwLu s,
r�� s 
�� r�� s % � ? ��� rXwet s

F G Je_XJ¸fYA[ b QZVXQZY4[]_ 1 QZTaTÁx6J b QR_XfeS]_X_XJ b UWV V G J�Je[ b Yq��V G J�_^JLf�VXQZY4[^<

2�Y 1
,
V G J �dQa_`f�Y4_^QaV°c _XYqTRS:V^QaYA['QR_�V G J ��UWTRS:J��½S][{f�V^QaYA['Yq��V G J��ÄYATZTaY 1 QR[:| J�i:QZV �>VXQaK�J Y4\:V^QRKhUWT

fYA[4V k YqTI\ k YAx]TZJLK �:TaJV1� � x6J�V G J�_XUqV^J¸YW��V G J�fYA[4V k YqTaTaJ b.b cd[{UqK�QafeUWT<_Xc:_^VXJeK �� � � �� � 
 <�� r�� s&% ��� F� � r�F s 
 � rXwM s

1 G J k J � V G J�f�YA[4V k YAT#feUq[�x{J�V`Uq�qJe[�Qa[0 
�� � ��� ��� � �!B C � � � r�� s ��� w % ��� F� D
F G J¸fYA_XVg�½S][]fV^QaYA[�Qa_g|AQZ�AJe[�x4c �3

r�� %!�5s 
 -#"� w� r�� � r�� s�s � ��� � r�� � r%$ s�s rXw.G s

1 G J k J&$ b JL[:YqVXJe_gV G JAu k _XVgJ�i:QaV V^QRK�J�Yq� � <�Q�< Jd<$ 
(' '*)�� �)�4F �=� � r�� s ? � �  
xKx%Çzy]{,|�}LÓ
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UA[ b u6[]UWTaTac.V G J��4QR_`f�YA_XQaV°c _^YATaS:VXQZY4[.Yq��r>y s r^wLt s rXwLu s QR_g|qQa�qJL[�x4c �,
r�� s 
 Qa[:�

�����

3
r�� % �5s D rXw]C s

2�YqVXJ�V G UWV�UA[Ac+_XK�YdYqV G \]UqV G � � r " s QR[ � _`S]f G V G UWV � � r$F s 
 � UA[ b \]U k UqK�JVXJ k QKJeJ b 1 QaV G QaVX_
feS k �4QaTaQa[:JLU k Uqx{_XfQa_`_XU " fY k`k JL_X\6YA[ b _�VXY�UA[ U b K�Qa_`_XQax:TaJ�f�Y4[AV k YAT � 
 � � � � � " < � Y4[4�qJ k _XJTac��I|qQa�qJL[UA[4c'U b K�Qa_`_XQax:TaJ fYA[4V k YqT � r�� s V G J¶fYA[]_XV k UWQR[4V � � r�� s � � w QaKh\:TaQZJL_�V G UqV�U+fS k �dQZTaQa[]JeU k p VXQaK�J]q
\{U k UqK�JVXJ k QKJLUWV^QaYA[ YW�/V G J UA_X_XY:f�QRUWV^J b _XVXUqV^J�r·\{UWV G"s � � |qQa�qJL_�Uq[+YA\:VXQaKhUWT�f�YA_XVtr^w�G s < 6¶J G U¿�AJ
QR[ b JeJ b�� -#"� w� r�� � r�� s s

� � r�� s � � ��� � r�� � r%$ s s
� -#"� w� r�� � r�� s s � ��� � r�� � r $ s s D rXw¿z s

OdY,�]U��ÄVXJ k V G J�f G Uq[]|qJ¸YW���¿U k QRUqx]TZJ/�ÄY k V G J�fS k �dQaTZQR[:JeU k Uqx]_`f�QR_X_`U

" r�� s 
 - /� �

� � � r � s
� %

1®J¸|qJeV � "6

�

� � � � � �
�

� � 

� � r�� s � � �lUA[ b- �� w� r�� � r " s�s � " � � r�� � r�� s s
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w5< F G J k U¿c:_�f k YA_`_^QR[:|¶UWV�V G UqVh\{U k V^QRfS:TRU k \{YAQa[4V G U¿�AJ.V^Y x6J�TZY:fUqT®K�QR[:QRK�U �ÄY k V G J "{J k KhUWV
\ k Qa[]fQa\]TZJd< F G QR_/K�JLUq[�QR[ \{U k V^QRfS:TRU k V G UqV�V G JQ k K!S]_XV¸x{J�[:Y�f�YA[�m^S:|AUqV^Jh\{YAQa[4V/YA[ V G J k U¿c
r·_XJJ�[:Ji:V-_^JLf�V^QaYA[ s <

u�< F G Je_XJ k U¿cd_��/1 G QRf G U k J¸[]J�qJ k UqfVXS]UqTZTac.V k UAf�J b � G U¿�qJ¸V^Y p TZQa�qJ.q�Qa[ b Q+*2J k JL[4V-x:QZ| k U¿c:_�< F G Qa_
Je[]_`S k J�V G UWV¸V G Jc�1 QaTZT�V`S k [ � k YAK TaY:fUWT�K�QR[:QaKhU�V^Y�|qTaYAx{UWT�K�QR[:QRKhU 1 QaV G¶k JL_X\6JefV¸V^Y�\]UWV G
f�Y4[]_^V k UqQa[]J b V^Y�TaQZJ�QR[ V G J.f�Y4[]_^Q b J k J b b Y4KhUWQR[^< � Je[]fJ V G J�f�YAKh\]S]V^J b �dQR_XfYA_XQZV°c�_XYqTRS:VXQZY4[
1 QZTaT<cdQaJT b V G J�V k U¿�qJeT#V^QRK�J�UA_X_XY:f�QRUWVXJ b 1 QaV G V G Qa_�\]U k V^QRfS:TRU k k U¿c5<

����� � '4 �C 0��!"=-���)�%(� ��� �
6¶J�[:Y 1 fYA[]_XQ b J k U�\]UqV G YATZYA|qQRfUqT2feUq_XJ5< m [ V G J�\ k JL_^JL[]f�J/YW��U�feUqS]_XV^QRf#�dV G J�_^QaVXS]UqV^QaYA[.Qa_ b Q+*#J k Je[4V�<
4 fUqS{_^VXQaf¸QR_ b J�u6[:J b Uq_ V G J!TaY:fS]_ 1 G J k J�V G J k U¿c:_gYW��V G J�|qJeYAK�JV k QRfUqTIYA\:VXQafe_ G U¿�AJ�Uq[�Je[4�AJTaYA\6J
r·Y k U��ÄYAT b YW��V G J���UW| k UA[:|qQRUq[�KhUq[]Q�ÄYAT b QR[�\ G Uq_XJ�_`\]UAf�J�r n wLv�o s s < � UqS]_XV^QRf!\6YqQR[4VX_¸U k J�fYA[¿m^S:|4UWVXJ
\6YqQR[4VX_��]K�JeUq[]Qa[:|�V G UWVgQ��U k U¿c:_�|AY�V G]k YAS:| G _`S]f G U�\6YqQR[AVAr·J�i]f�JL\:V®�ÄY k V k S:J/�ÄY:fUWTI\6YqQR[4VX_ s QaV b YdJe_
[]YqV k JLUWTaQKJeJ�Uq[4c:K�Y k JhU�K�Qa[:QRK!S{K V k U¿�qJeT�V^QRK�J r·M s � k YAK V G J _XYAS k f�J�V^Y�\6YqQR[AV`_�_XQZV`S]UWVXJ b YA[¶V G J
k U¿c:_gU��ÄV^J k V G J�fUqS{_^VXQaf5< "{Y k \{YAQa[4V`_-U��ÄVXJ k V G J�fUAS]_^VXQaf¸Y4[:J�fUA[�UqT+1gU¿c:_�u6[ b U��½Uq_XV^J k [:JQa| G x6Y k Qa[]|
k U¿c5< F G QR_!fTaUA_X_XQafeUWTB_XQZV`S]UWVXQZY4[ Qa_ k JL\ k Je_XJe[4V^J b QR[ u{|4S k J.M�1 G J k J V G{k JeJ k U¿c:_ G QaV�U�fUqS{_^VXQaftr·V G J
V G QRf	��TaQa[:J s <6 J 1®UA[AV�VXY¸S{_^J V�1®Y¸YW�#V G JLKfr·\]TaUqQa[�TaQa[:JL_ s V^Y�x]S:QaT b U¸x:Qa| k U¿c5<)6¶J 1gUq[4V�V^Y�f�Y4Kh\]S:V^J
QR[�\]U k V^QRfS]TaU k V G J�V k U¿�AJT#V^QRK�J�Uq_`_^Y:f�QRUWVXJ b 1 QZV G V G J k U¿c r¡o � s r b Uq_ G J b TaQR[:J s UW�ÄV^J k QZV G UA_ G QaV-V G J
feUqS]_XV^QRf�<36 J�QRKhK�J b QRUWVXJTac�_XJJ�V G UWV-V G J�V�1®Y f�YA[ b QZVXQZY4[]_-_XVXUqV^J b QR[�_^JLf�VXQZY4[�u=< M U k J�[:YAV-_XUqV^QR_ u6J b <
F G J k J|AQZY4[ x{Y4S][ b J b x4c k U¿c:_wr¡o 4 m 4 � s UA[ b r°o:D m D � s QR_¸[:YqV¸f�Y4[][:Ji�Uq[ b V G J k U¿c r°o � s QR_¸[:YqV
_XV k QRf�V^Tac f�Y4[4VXUWQR[:J b QR[.V G Qa_ k J|AQZY4[^<����qJL[�QZ� 1®J¸fYAS:T b fYA[]_XV k S]fV®U b YAKhUqQa[�f�YA[4V`UWQR[:Qa[]|�V G Qa_ k U¿c�QZV
G Uq_�U�f�Y4[¿m^S:|AUqV^J!\6YqQR[4V r>UWV�V G J�feUqS]_XV^QRf s Uq[ b V G J k J�ÄY k J b YdJe_�[:YqV k JLUWTaQKJeJ![:YqV/U K�Qa[]QaK�S]K �2Je�qJL[
V G YAS]| G QaVgQa_ U�_XVXUWVXQZY4[]U k c�\]UWV G �ÄY k "{J k KhUWVg\ k Qa[]fQa\]TZJNr½M s < � YAKh\]S]V^QR[:|hV G J¸�dQa_`f�Y4_^QaV°c�_^YATaS]V^QaYA[ Yq�
V G J¸JQR�WY4[]UWT#Je�dS]UqV^QaYA[�Qa[�U k Je|qQaYA[.TZQR�WJPr¡o m 4 � D � D 4�o s |AQZ�AJe_gU 1 k Y4[:| k Je_`S:TaVgQa[ r m 4 � D � D m�s UA_gV G J
S{\$1 QR[ b _`f G JeK�J�VXUA�WJL_�V G J�_ G Y k VXJe_XV p S]\&1 QR[ b q�\]UqV G UWTaYA[]|�V G J.x6YAS][ b U k c r¡o m�s Uq[ b V G J k J V G J
QR[Vu6K�S]K �ÄY k V G J�fYA_XV®�½S][]f�VXQZY4[ r^w.G s Qa_ []YqV k JeUWTaQ JJ b x4c�Uh_^V`UWVXQZY4[]U k c \]UWV G r k U¿c s <

F G QR_ b J|qJL[:J k UWVXJ�_^QaVXS{UWV^QaYA[ 1gUq_�\]U k V YW��V G J!K�YqV^Qa��UWVXQZY4[��ÄY k b Je�qJeTZY4\:Qa[]| U f�Y kXk JefV^J b |qJeYAK�J �
V k QRfUqT]YA\]V^QRf-U k YAS][ b feUqS]_XV^QRf_]<6 J k Je�4QaJ'1 k Uq\:Q b Tac�V G Qa_�V G JeY k c�UA[ b S]_XJ-QZVlV^Y!\ k Y4\{Y4_^J-U�fY k`k JLf�V^J b
UqTZ|AY k QZV G K QR[�V G J�[:JidV-_XJefV^QaYA[^<

� � �-� � �g�zk���� 
�� ��(��-�Nk�"$�!& � �
	 k�
��®�������

�3��� � ����),��� � %4���;%4���O �' �
F G J�|AJYAK�JeV k QafeUWTÁV G JY k c�Yq� b Q * k Uqf�VXQZY4[ QR_�UA[ Uq_Xc:Kh\:V^YAV^QRf�UA\]\ k Y¿idQRKhUWVXQZY4[�YW�BV G J k J b S{f�J b 1®U¿�AJ
JL�dS]UWVXQZY4[ 1 G QRf G k JLK�UqQa[{_���UqTZQ b U k YAS][ b fUAS]_^VXQafe_�< - Y k J�\ k JefQa_XJTac QaV K�Y b JeTa_�fY k`k JLf�VXTZc 1gU¿�qJL_
k J,O6Jef�VXQa[]|.YA[ V G JhQaTZTRS]K�Qa[{UWV^J b _XQ b J�Yq�BV G JhfUAS]_^VXQafe_¸Uq[ b UqTa_XY u2[ b UA[�J�i]\6YA[:JL[AVXQaUqTZTac b JLf k JeUq_XQR[:|
_XYqTRS:VXQZY4[�QR[�V G J!_ G U b Y 1 k Je|qQaYA[�x{J G QR[ b V G J�fUqS{_^VXQaf5<36¶J�|qQa�qJ G J k J k JL_XS:TaVX_ 1 G Qaf G feUq[�x6J��ÄYAS][ b
r k JL_^V k QRf�VXJ b VXY G YAK�Yq|AJe[:JeYAS]_-K�J b QaU s QR[ n uWt�o�< F G JL_^J k JL_XS]TZV`_ G YAT b �ÄY k _XK�YdYqV G fUAS]_XV^QRf�UA[ b UWTR_XY
_`K�YdYqV G \{Y k VXQZY4[]_�YW�6feS]_`\�feUqS]_XV^QRf_]< 4'K�Y k JlQR[4VXS:QaV^Qa�qJg\ k Je_XJe[4VXUqV^QaYA[!YW�{V G JgV G JeY k c�Qa_�|qQa�qJL[�QR[ n u:w,o�<
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O

I

CA’

B’

BA

"�Qa|AS k J-M � 4@fUqS{_^VXQaf?r·V G QRf	��TZQR[:Jwr�4 D s s Uq[ b V G]k JJ k U¿c:_ k J,O{JLf�VXJ b x4c�V G J�feUqS]_XV^QRf�< F G J�\ k Y4x:TaJeK
QR_gV^Y b J�u6[:J¸V�1®Y�TaY:fUWT b YAKhUWQR[]_g_XS{f G V G UWVgV G J��4QR_`f�YA_XQaV°ch_XYqTRS:VXQZY4[]_ 1 QZTaTIcdQZJeT b V G J�V�1lY b Q+*2J k JL[AV
V k U¿�AJT#V^QRK�Je_ QR[ k Je|qQaYA[�r�4 D m 4 s <

0/_^QR[:|�U b Q+*2J k JL[AVgUq_Xc:Kh\:V^YAV^QRf-_^YATaS]V^QaYA[�Yq�<V G J.1®U¿�AJ-Je�dS]UqV^QaYA[tr°z s �:UA[ Uq\]\ k Y¿i:QRK�UqV^J b Uq_XcdKh\��
VXYqVXQaf k Je\ k JL_^JL[AV`UWVXQZY4[ YW��V G J!_XYqTRS:V^QaYA[�YA[�V G J�QaTZTRS]K�QR[]UWVXJ b _XQ b J�Yq��V G J!feUqS]_XV^QRfPr½V G J�_XQ b J�YW�B\6YqQR[AV
m YA[ u{|4S k J¸M s QR_ |AQZ�AJe[.x4c �

�7r�� s�� � ��
u�� + ��� 	�� 	 r � 	 
��
 � � � � � r�� s � � 	 
�� � ��� � � r�� s�s r¡u�C s

F G J k J/U k J¸V�1®Y�\ G Uq_XJe_ Uq[ b V�1®Y�UAKh\:TZQaVXS b Je_ QR[�V G QR_ J�i]\ k Je_`_XQZY4[^< F G J�D � �4S{Uq[4V^QaV^QaJe_ U k J¸Uq_`_^Y:fQaU#�
VXJ b V^Y�QR[]f�Y4K�QR[:| 1®U¿�AJ�UA[ b V G J8D � �dS]Uq[4VXQZVXQZJL_�VXY�V G JhYAS]V^|qYAQa[]| 1gU¿�qJ�U��ÄV^J k QZV G UA_/V^YAS{f G J b V G JfeUqS]_XV^QRf�< 4gV�\{YAQa[4V m YA[�u{|AS k J�M��ÄY k QR[]_XVXUA[]f�J¸V G J�V k U¿�qJeT2VXQaK�J!UA[ b UqKh\:TaQZV`S b J!UA_X_XY:f�QRUWV^J b VXY k U¿c
r°o m D s Qa_�|qQa�qJe[�x4c

,
� UA[ b � � �4V G J V k U¿�AJT:V^QRK�J�Uq[ b UqKh\:TaQZV`S b J-Uq_`_XYdfQaUqV^J b VXY k U¿c�r¡o 4 m�s QR_B|qQa�qJL[

x4c
,
� UA[

b � � <

F G J�V k U¿�AJT#V^QRK�Je_-_XYqTa�qJ/V G J�_XUAK�J¸JeQa�qYA[]UqTIJe�dS]UWVXQZY4[]_ �� ��� , � r�� s � � 
 w� r�� s � D r¡uAz s

F G J¸UAKh\:TZQaVXS b Je_-U k J¸|AQZ�AJe[�xAc�r�� QR_ b J,u2[:J b x6JTaY 1 s �
� � r�� s 
 �"r�� s � �	 0 � r�� s

1 G J k J60 � _^YATZ�AJ/K�Y b Q u{J b V k Uq[{_X\6Y k VgJe�dS]UWVXQZY4[]_ �
u ��� , � r�� s D �@� 0 � r�� s � r � , � r�� s�� w

u �"r�� s � �� r ��� �"r�� s s���s 0 � r�� s 
 F r¡uWv s

F G J-�½S][]fV^QaYA[���QR_®VXUA�WJe[._^V k QRf�VXTZc�\6YA_XQZVXQZ�AJ�QR[�V G J/QaTaTaS]K�QR[]UWVXJ b k Je|qQaYA[�Uq[ b F�Y4[�V G J/feUqS]_XV^QRf�< m V®Qa_
|AQZ�AJe[�Qa[�V^J k Kh_ Yq��V G J�\ G UA_^J/�½S][]fV^QaYA[]_

,
� Uq[ b Uq[:YAV G J k ��U k QaUAx:TZJ $�x4c,

� r�� s 
 $�� u
t �"r�� s��� r¡uWy s

xKx%Çzy]{,|�}LÓ
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o/[]J�_XJJe_/V G UWV � b Je\6Je[ b _�Y4[ V G J b Q *#J k Je[{f�J�x6JV�1®JJL[ QR[]f�Y4K�Qa[:|�Uq[ b YAS]V^|qYAQa[]|.\ G UA_^Jd< 6 JhfUA[
JeTZQRK�Qa[{UWV^J $ UA[ b Ji]\ k JL_X_ � UA_�U¶�½S][]fV^QaYA[ YW� , � < m V�QR_ UWTR_^Y QRKh\{Y k V`Uq[4VhV^Y [:YqVXQafJ�V G UqV Uq_ �
��UA[:Qa_ G JL_gYA[�V G J�feUqS]_XV^QRf.1lJ G U¿�AJ�V G J k J ,

� r�� s 
 ,
� r�� s D r>t5F s

4�TZTIV G QR_ Qa_ fYA[]_XQR_^VXJe[4V 1 QZV G V G J¸�½UqfV®V G UWV
,
� _XYqTa�qJ/V G J�fTaUA_X_XQafeUWT#JQR�WY4[]UWT#JL�4S{UWV^QaYA[�Uq[ b KhUWV`f G Je_

V G J V k U¿�AJTBVXQaK�J
,
Yq��f�TRUq_`_^QRfUqT�|qJY4K�JV k QRfUWT�YA\:VXQafe_ k Je_`\{JLf�V^Qa�qJeTZc¶x{J�ÄY k J.Uq[ b U��ÄV^J k�k U¿cd_ G QZV�V G J

feUqS]_XV^QRf�< F G Qa_ QR_ [:YAV V k S:J¸�ÄY k V G J�V k Uq[]_`\6Y k V®JL�dS]UWVXQZY4[]_ 1 G QRf G QR[]f�Y k \6Y k UWVXJ�Uq[�U b]b QaV^QaYA[{UWTIV^J k Kh_
r>f�Y4K�\{U k J b V^Yh|qJeYAK�JV k QRfUqT2Y4\:V^QRf_ s _`S]f G V G UWV-UAKh\:TZQaVXS b Je_-U k J.1®JTaT b J,u6[]J b S]\�V^Y�V G J�fUAS]_^VXQaf5<

2�YqV^J�V G UWV-U k JTRUWVXQZY4[�_XQaK�QaTaU k V^Y r>uqy slG YAT b _®�ÄY k V G J�UqKh\:TaQZV`S b Je_ �0 � r�� s 
 � �5r�� s � �"r�� s � � ��� r�� s D r>t]w s

OdY�V G UWV Y4[.V G J�fUAS]_XV^QRf 1®J�UW|4UWQR[ G U¿�AJ 0 � r�� s 
 0 � r�� s D r>tAu s

F G Qa_ k JeKhU k � 1 QaTZTÁ\ k Y��AJ/S]_XJ��½S]T<Qa[�V G J�\{J k _`\6Jef�VXQZ�AJ¸YW��f�YAKh\]S]V^QR[:|�UqKh\:TaQZV`S b Je_�S]_^QR[:|PD p�F <

�3� � � 5   #0  D),5 � %4����+B:A1 - %4),+
m [�_^JLf�V^QaYA[¶u�< M51®J�\ k YA\6YA_XJ b UA[ UWTa|qY k QaV G K x]UA_^J b YA[ k U¿c�V k UqfQa[]|�< 6¶J 1®UA[AV�V^Y�f�Y k`k Jef�V�QZV¸_XS{f G
V G UWV QaV-fUA[ G Uq[ b TaJ pXb Je|qJL[:J k UWVXJ]q�_^QaVXS]UqV^QaYA[]_ _`S]f G Uq_�u{|4S k JNr·M s r>_^JLf�V^QaYA[�u�< G s <

F Y k JeK�J b c�VXY�V G QR_�_XQZV`S]UWVXQZY4[!� 1lJ u k _^V/Uq_`_XS]K�J�V G UqV 1®J��d[:Y 1 V G J�|AJYAK�JeV k c�Yq��V G J�fUAS]_^VXQaf
r>_^Je|AK�Je[4V�|AYqQR[:|�V G]k YAS:| G 4 Uq[ b D YA[ u{|AS k J r·M s s < 6¶J b QR_XfeS]_`_�Qa[ V G J [:JidV�_^JLf�V^QaYA[ G Y 1 V G Qa_
QR[d�ÄY k KhUWVXQZY4[�feUq[�x{J�Y4x:VXUqQa[]J b <

6¶J�[:Y 1 k JeK�JeK�x{J k V G UWV�V G J!feUqS]_XV^QRf�QR_-V G J!TaYdfeS]_ 1 G J k J�V G J k U¿c:_-_XV^Y4\�V^Y k JeUqTZQ JJ�TaY:fUWT�K�Q �
[]QaKhU��ÄY k V G J "6J k KhUWVl\ k QR[]f�QR\:TaJ5< m V®Qa_lV G J k J�ÄY k J�[]UqVXS k UWT2V^Y�fS:VlV G J¸x:Qa| k U¿c�S]_XQR[:|!V G J�feUqS]_XV^QRf�UA[
k Je_XV k UWQR[�V G Jhf�Y4Kh\]S:VXUqV^QaYA[�Yq�BV G J��dQa_`f�Y4_^QaV°c�_XYqTRS:V^QaYA[ Qa[�V G J b YAKhUWQR[ r¡o 4 D s < F G JL[ _XJef�VXQZY4[�u�< u�<
\6YqQR[4V!w�|AS]U k UA[AVXJJL_ V G UqV�V G J��dQR_XfYA_XQZV°c�_XYqTRS:V^QaYA[�1 QaV G V G Jh_XUAK�J!x{Y4S][ b U k c�fYA[ b QaV^QaYA[{_�KhUWV`f G Je_
V k U¿�AJT#V^QRK�J�UWTaYA[:|�V G J k U¿c:_®Qa[�V G QR_ b Y4KhUWQR[�r·Qa[�\]U k V^QRfS]TaU k®k U¿c r¡o � s�s <76¶J�UWTR_XY�[:YAV^QRf�J¸V G UWV V G Qa_
V k U¿�AJT2V^QRK�J�Uqf�V`S]UWTaTac f�Y k`k Je_`\{Y4[ b _lV^Y

,
� YW��_XJefV^QaYA[�t=<

m VgQa_ UA_X_XY:f�QRUWVXJ b VXYhQa[]fYAK�QR[:| k U¿c:_®V^YhV G J
feUqS]_XV^QRf�<

6¶J�[:Y 1 S]_XJ-V G J�V k UAf�J-Yq�<V G J-V k U¿�AJT+�>VXQaK�J-Y4[�_^Je|AK�Je[4V r�4 D s UA_�U (/Q k QRf G TaJVlx6YAS{[ b U k c�fYA[ b Q �
VXQZY4[�r>_^Y4S k f�J s �ÄY k Uh[:J�1 k JL_^YATaS]V^QaYA[ Yq��V G J¸JQR�WYA[{UWT#Je�dS]UqV^QaYA[^< 6¶J¸K�JLUq[�V G J¸V k U¿�qJeT6VXQaK�J b J�u6[:J b
Y4[ r�4 D s xAc�J�i:V^JL[ b QR[:|��ÄY k K�S:TaUPrXwey s V^Y�V G Je_XJ�\6YqQR[AV`_BUq[ b [:YqVBV G J-QR[Vu6[:QaV^J��¿UqTaS]J-YW�IV G J (�Q k Qaf G TaJV
x6YAS{[ b U k c!fYA[ b QaV^QaYA[a< F G QR_�VXQaK�J 1®J-S]_XJ V G J b Y4KhUWQR[ r�4 4 � D � D s f�Y k`k Je_`\{Y4[ b QR[:|�VXY�YAS:VX|qYAQa[:| k U¿c:_
� k YAK V G J�fUAS]_^VXQaf5< F G J k U¿c:_�UW�ÄV^J k V G J�fUqS{_^VXQafhU k J�_XV^QaTaTB_^V`UWV^QaYA[{U k c \]UWV G �ÄY k V G J�[:J'1 \ k Y4x:TaJeK
Yq�-K�QR[:QRKhUWT®V^QRK�J�� k YAK V G J�fUqS{_^VXQaf 1 QZV G u]i:J b QR[:QaV^QRUWT®V k U¿�qJeTBV^QRK�J.YA[ V G QR_�_`S k �½UqfJ5< F G QR_!QR_!U
b Q k JefV/fYA[]_XJe�dS:JL[]f�J�YW��V G J�f G YqQRf�J�YW�lV G J�x6YAS][ b U k c f�YA[ b QZVXQZY4[�UA_�V G J�V k Uqf�J�YW�®V G J�V k U¿�qJeT�VXQaK�J
_`\6Jef�Q u{J b x4c�V G J k U¿c:_®� k Y4K V G J�_^Y4S k f�J 1 G QRf G U k J/V G JeKh_XJTa�qJL_ |qTaYAx]UqT<_^V`UWVXQZY4[]U k c.\]UqV G r½Y4[:J�fUA[
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UAf�V`S]UWTaTZc��AJ k Q�Äc�V G Jh[:JLf�Je_`_`U k c�V k UA[]_^�AJ k _XUqTZQaV°c.fYA[ b QaV^QaYA[{_ n wey�o s < F G J k U¿c:_�U��ÄV^J k V G JhfUqS{_^VXQaf�U k J
Uq|AUqQa[ K�QR[:QRK�U!�ÄY k V G J "{J k KhUWVg\ k Qa[]fQa\]TZJ¸x{JLfUAS]_^J.1®J/\]UA_X_XJ b V G J�f�Y4[¿m^S:|4UWV^J/\{YAQa[4VAr·feUqS]_XV^QRf s Uq[ b
1®J�UA_X_`S]K�J!V G UWV.1®J b Y�[:YqV�Je[]fYAS][4V^J k U�[:J'1 YA[:Jd< m [�V G JL_^J�f�YA[ b QZVXQZY4[]_�V G J��dQa_`f�Y4_^QaV°c�_XYqTRS:VXQZY4[
KhUqVXf G JL_ V k U¿�qJeT<V^QRK�Je_�UqTZY4[:|hV G JL_^J k U¿c:_?r>Uq[ b QR[�\]U k V^QRfS]TaU k �ÄY k r � � � s < m V�fY k`k JL_X\6YA[ b _gV^Y

,
� Yq�

_XJefV^QaYA[�t r k JeK�JeK�x{J k V G UqV
,
� 
 ,

� YA[�V
G J�feUqS]_XV^QRf s <

6 G UqV 1®J�QRK�\]TZQRf�QaV^Tac b Q b Qa[�V G Je_XJ!V�1®Y _XJe\]U k UqV^J!fYAKh\]S:V`UWV^QaYA[{_ Qa_/_`\:TZQaV�V G J k U¿c:_ G QaV^VXQa[:|�V G J
feUqS]_XV^QRf#��1 G Qaf G |qTaYAx]UqTZTac f�Y k`k Je_`\{Y4[ b _�YA[:Tac V^Y _^V`UWV^QaYA[{U k c \{UWV G _!�ÄY k V G J "{J k KhUWV�\ k Qa[]fQa\]TZJ$��QR[
V�1®Yh\]U k VX_]<�V G Je_XJ¸V�1lYh\]U k V`_®_XJe\{U k UWV^JeTZc k JeUqTZQ JJ/K�QR[:QRKhU!�ÄY k V G J "{J k KhUqVg\ k QR[]f�QR\:TaJ/UA[ b V G J k J�ÄY k J
KhUqVXf G V G J��dQR_XfYA_XQZV°c _XYqTRS:V^QaYA[�QR[.V G JQ k-k Je_`\{JLf�VXQZ�AJ b YAKhUWQR[^<

�3��� � ��� �!+ %4)� #5  #5 C7 #1D5  :H'�)��!-
F G Jh_`UqK�J�_XV k UWV^Je|qc�fUA[ x6J�QR[ \ k QR[]f�QR\:TaJhS{_^J b VXY�f�YAKh\]S]V^JhV G J 1gU¿�qJ k J�O{JefV^J b Y4[ x6YAS][ b U k QZJL_�<
F G J¸x6YAS{[ b U k QaJe_ U k J¸V k JeUqV^J b J�i]UAf�V^Tac.UA_gV G J�feUqS]_XV^QRf/Qa[�V G J�\ k JLf�J b Qa[]|h_XJefV^QaYA[^<

"�Qa|AS k JtG�_ G Y 1-_ k U¿c:_ k J,O{JLf�V^J b x4c U�x6YAS{[ b U k c Qa[ Uq[ G YAK�Yq|AJe[:JeYAS]_�K�J b QRS]K < F G J�V G QRf	�
TaQR[:Je_ k JL\ k Je_XJe[4V�V G J k U¿c:_BS{_^J b V^Y�x{Y4S][ b V G J b Y4KhUWQR[ 1 G J k J-V G J��dQR_XfYA_XQZV°ch_^YATaS]V^QaYA[hQR_lfYAKh\]S:VXJ b <
4�|AUqQa[�V�1®Y f�YAKh\]S]VXUWVXQZY4[]_-U k J�\6J k �ÄY k K�J b <3"�Q k _^V-QR[�r¡o 4 D�o s 1 QaV G U�\6YqQR[4V�_^Y4S k f�J�f�Y4[ b QaV^QaYA[�UWV
o Uq[ b V G JhQR[Vu6[:QaV^J'�>JidQaV��°f�Y4_^V/V°c:\{Jhx6YAS][ b U k c f�YA[ b QZVXQZY4[ JeTa_XJ'1 G J k Jd< F G JL[ QR[ r�4 D D � 4 � 4 s 1 QaV G
V G J�V k Uqf�J�YW�-V G J.�ÄY k K�J k fYAKh\]S:V`UWV^QaYA[ Uq_�U�_XYAS k f�J Y4[9r�4 D s UA[ b O4Y4[:J k x6YAS][ b U k c fYA[ b QZVXQZY4[
JeTa_XJ'1 G J k J5<

O

A

B’

C B

A’ C’

"�QZ|4S k JwG � k U¿c:_ k J�O{JefV^QR[:|hYA[�UXu]i:J b x{Y4S][ b U k c r·V G QRf	� TaQR[:J s <

F G QR_ K�JV G Y b G UA_®YW��fYAS k _XJ�U�TZQRK�QZVXJ b Qa[4V^J k JL_^VgQR[ V G J�fUq_XJ/YW��U�_XQa[:|ATZJ k J,O{JLf�V^QaYA[.Qa[�U G YAK�Y#�
|AJe[:JeYAS]_/K�J b QRS]Khr½V G Jh_XYqTRS:VXQZY4[�Uq[{UWTac4VXQafeUWT�QR_¸JeUq_XQaTZc fYAKh\]S:VXJ b s < F G QR_�_^JLf�VXQZY4[ G Y 1®J�AJ k _ G Y 1-_
V G UWVgV G J�x:QZ| k U¿chV k Uqf�QR[:|hK�JV G Y b fUA[.V`Uq�qJ�QR[4V^Y�Uqfef�YAS{[AV��:_^c:_XV^JeKhUqV^QRfUWTaTac Uq[ b Qa[ b Qa_`f k QaK�QR[]UWVXJTac��
K�S:TaV^QR\:TZJ k J,O6Jef�VXQZY4[]_gYA[�fUAS]_XV^QRf_ Uq[ b x6YAS][ b U k QZJL_�<

xKx%Çzy]{,|�}LÓ
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� ��� � : � %('4:A+&),5��
4 k U¿c¸V k Uqf�QR[:|/Qa_Ku k _XV�\6J k �ÄY k K�J b V^Y/|qJV�QR[d�ÄY k KhUWVXQZY4[�YA[!V G J _XV k S]f�V`S k JlYq�6V G J®|AJY4K�JeV k Qafl_^YATaS]V^QaYA[^<
F G Qa_/QR_�S]_`S]UqTZTac b YA[]J�S]_XQR[:|�U p S][:|AJ���S:VXVXU�UWTa|qY k QaV G K%Y4[�_Xcd_XV^JLK r^w s r>u s �ÄY k U�u]i:J b [dS]K!x6J k
Yq��UA[:|qTaJ6$=< 6 J k J|4S:TRU k TZc _`UqKh\:TaJ¸V G J�QR[:QaV^QRUWTÁUA[:|AS:TRU k _XJefV^Y k 1®J�U k J�QR[4V^J k JL_^VXJ b Qa[a<
� � � +B I" � 13%4),5 � %4����+B:A1 - %4),+
6¶J 1®UA[4V�QR[d�ÄY k KhUWVXQZY4[ Y4[ feUqS]_XV^QRf_hQR[ Y k b J k V^Y x6J Uqx:TaJ�V^Y _X\]TZQaV�YAS k fYAKh\]S:V`UWV^QaYA[{_�UWVhV G JL_^J
\6YqQR[4VX_]< � UqS]_XV^QRf�\6YqQR[4VX_¸fUA[ x6J b JeV^JLf�V^J b JeQZV G J k S]_XQa[]|�\]U k UWi:QaUqT k U¿c�V k UAf�QR[:|.Y k QR[�\ k QR[]f�QR\:TaJ�x4c
_XYqTa�dQa[]|�V G J�V k Uq[]_`\6Y k V®JL�dS]UWVXQZY4[^<

j U k UWidQRUWT k U¿c V k UAf�QR[:| r n wM5o�� n wLu.o s QR_.U K�JeV G Y b 1 G QRf G Je_XV^QRKhUWV^J G Y 1 TaQR[:JeU k \{J k V`S k x]UWVXQZY4[
r��9� r " s&% � � r " s�s QR[ V G J¸Qa[]QZVXQaUqT#fYA[ b QZVXQZY4[.\ k YA\]Uq|AUqV^J�UqTZY4[:|�Uwu]i:J b k U¿ctr�� r " s % � r " s s _^YATaS]V^QaYA[ Yq� r^w s <m V QR_gJ�i:VXJe[]_XQZ�AJTac.S]_XJ b �ÄY k V k U¿�AJT#V^QRK�J�Qa[4VXJ k \{YATaUqV^QaYA[�x{JeV�1lJeJe[ k U¿c:_@r·_XJJ n w.G.o s <
m []_XJ k V^QR[:| r��"r " s ���9� r " s&% � r " s ��� � r " s s Qa[�V G J!_`UqK�J�Je�dS]UqV^QaYA[]_?rXw s 1®JAu6[ b V G UWV�V G J!\6J k VXS k �x{UWV^QaYA[{_�r·V G J�\]U k U�i:QRUWT��dS]UA[4V^QaV^QaJe_ s _`UWVXQa_ u{Je_!Qa[ V G J u k _^V�Y k b J k Uq\]\ k Y¿i:QRK�UqV^QaYA[¶V G J b Q+*#J k Je[4V^QRUWT

JL�dS]UWVXQZY4[]_ � ��� �� � �9�� " 
 � � �
	#; r�� r " s&% � r " s�s D �9� r " s � ��	 �
	#; r�� r " s % � r " s s D � � r " s� � �� " 
 <=�
	 ��	 ; r�� r " s&% � r " s�s D �9�"r " s < �
	 � � ; r�� r " s&% � r " s�s D � � r " s r>tqt s

1 G J k J ; QR_ |qQa�qJL[�x4c r#G s <

m [ V G J�feUq_XJ�YW�/U u ��( \6YqQR[4Vh_XYAS k fJ�\ k YAx]TZJLK w u�V G J k U¿cd_ b JL\{JL[ b _ x6YqV G Y4[ V G J p VXQaK�J]q
\{U k UqK�JVXJ k QKJLUWV^QaYA[�Uq[ b V G J!Uq[:|ATZJ6$hYW��V G J�Qa[]QZVXQaUqTÁf�Y4[ b QaV^QaYA[^< F G J b JV^J k K�QR[]Uq[4V Yq��V G J �AUAf�Y4x:QaUA[
KhUqV k Qi ��� r " % $ s�7r " % $ s
|AQZ�AJe_gUhK�JeUq_`S k J¸YW��V G J b J�ÄY k K�UqV^QaYA[�YW��U�Qa[Vu2[:QZVXJe_XQaKhUqT<VXS]x6J
�9$��5r " s� � " �5r " s UWTaYA[:|�V G J k U¿cd<F G J�UqKh\:TaQZV`S b J=0 �5r " s V k Uq[]_`\{Y k VXJ b UWTaYA[]|/V G J k U¿c�QR_ 1®JQa| G V^J b xAc�V G J�|qJY4K�JV k QRfUWT]_`\ k JeU b Qa[]|3

r " s 
 w� r�� r " s s�� � � � r ��� r " % $ s�7r " % $ s�� D r>tWM s

m V QR_g|qQa�qJL[�x4c 0=��r " s 
 0 �5r�F s�� 3
r$F s3
r " s D r>tdG s

1 G Je[
3
��Uq[]Qa_ G Je_ÁV G JgUqKh\:TaQaVXS b JL_�x]TZY 1-_�S]\�r·V G J k U¿c/VXS{x{Jgf�YATZTRUq\]_XJ s �¿V G J k U¿c:_ G QZV`_�U�fUAS]_^VXQaf5< F G J

fYAKh\]S:V`UWVXQZY4[ YW�
3
Qa_g\6J k �ÄY k K�J b S]_XQR[:|�\{U k U�i:QaUqT k U¿chV k Uqf�QR[:| r·tqt s < m Vg_^QRKh\:Tac _XS�� fJe_®V^Y�Q b Je[4V^QZ�Äc
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�9� 1 QaV G�k JL_X\6JefV^Qa�qJeTZc�� 	
�
� Uq[ b � 	

���
UA[ b S]_XJlV G Jgf�Y k`k Jef�V�Qa[]QZVXQaUqTdfYA[ b QZVXQZY4[]_�< m [�V G J®feUq_XJ�Yq�6Uq[!Qa_XYqV k Y��

\]Qafl\{YAQa[4V�_XYAS k fJ r>u s � 	
�
� QR_Á|AQZ�AJe[�x4c�_^YATZ�dQR[:|wr>tqt s 1 QZV G QR[:QaV^QRUWTdf�YA[ b QZVXQZY4[]_ �9�"r�F s 
 r �! #" r�$ s&% "('*) r�$ s s� � r$F s 
 r�F % F s Uq[ b � 	
���
Qa_¸|AQZ�AJe[¶x4c�V G J _XUAK�JhJL�4S{UWV^QaYA[ 1 QaV G QR[:QZVXQaUqTBf�Y4[ b QaV^QaYA[]_
�9� r�F s 
 r$F % F s� � r$F s 
 r < "('*) r�$ s&% �  #" r�$ s s <

F G J�|qJeYAK�JV k c�Yq�lfUAS]_^VXQafe_�feUq[ x6J�YAx:V`UWQR[:J b V G UqV/x4c _ G YdYqV^QR[:|�U._`S�� f�QaJe[4V/[dS]K�x{J k YW� k U¿c:_
UA[ b V G JeQ k \]U k U�i:QRUWTI�dS]Uq[4VXQZVXQZJL_�< F G QR_-KhU¿c�_XJJeK \ k Y G QRx:QaV^Qa�qJ�Uq_ 1lJ�\ k JefQa_XJTac 1gUq[4V VXY U¿�qYqQ b k U¿c
V k UAf�QR[:|�< 6¶J�[]YqV^J G Y 1®J�qJ k V G UqV�feUqS]_XV^QRf_�U k J�Je[4�qJeTZY4\{J!YW� k U¿c:_�Uq[ b V G J k J��ÄY k J k U¿c:_ 1 QaTZT G U¿�qJ�U
VXJe[ b Je[]fc�VXY�f�YA[{f�Je[4V k UqV^JgV G J k J�_^Y�V G UWV�Je�qJe[�U�_`KhUWTaT{[dS]K!x6J k YW� k U¿c:_ 1 QaTZT6fUWV`f G V G JeQ k |qJY4K�JV k c5<
m ��[]YqV�V G J�feUqS]_XV^QRf�QR_!VXYAS]f G J b x4c��ÄJ�1 VXUq[]|qJe[4V k U¿c:_�_XY V G UqV!K!S]TZVXQa\:TaJ.V k U¿�AJTBVXQaK�J�YA[:Tac¶YdfefS k
fTZY4_^J!V^Y QaV�< 6 J 1 QZTaT�Qa|A[]Y k J�V G JL_^J�S][ b J k _`UqKh\:TaJ b feUqS]_XV^QRf_�Uq_`_XS{K�QR[:| QR[�V G Qa_ 1®Y k �.V G UWV�YA[:J�Yq�
V G QR_ k U¿c�Qa_/U�|qYdY b Uq\]\ k Y¿i:QRK�UqV^QaYA[�Yq��V G Jh|AJYAK�JeV k c�Yq��V G J�feUqS]_XV^QRf!UA[ b Yq��V G J�V k U¿�qJeT�VXQaK�JL_�Yq�
V G J b Q+*2J k JL[4V k U¿c:_¸QR[ V G J��dQafQa[]QZV°c YW�gV G J feUqS]_XV^QRf�< F G Qa_�K�JLUq[¶V G UqV�V G J�JLU k TZQaJe_XV�_^QR[:|ATZJ���UWTRS:J b
V k U¿�AJT�V^QRK�Jhf�Y4Kh\]S:V^J b x4c�_^V`Uq[ b U k b D p�F r 1 QaV G Y4S:V/fYA[]_XQ b J k Qa[]|.V G J�feUqS]_XV^QRf s 1 QZTaT�x{JhUqfefS k UWVXJ
JL[:YAS]| G <�4 k Qa|qY k Y4S]_lUA\]\ k YAUAf G Yq��V G Qa_�\ k Y4x:TaJeK�1®YAS]T b f�J k V`UWQR[:Tac b Je\6Je[ b YA[�V G J!Qa[4V^J k \ k JeVXUWVXQZY4[
Yq� ��S b 1 QZ|�> ��JTaTaJ k UA[]_`UWV,J��ÄY k fS]_`\ fUAS]_XV^QRf_ n uqt�o�QR[ VXJ k Kh_�Yq��K!S:TaV^Q���UWTRS:J b V k U¿�qJT�V^QRK�Je_¸Uq[ b Qa_
b Qa_`fS]_`_XJ b Qa[�_XJef�VXQZY4[.MS< th\6YqQR[4V M�<

m V¸_ G YAS:T b UqTa_XY.x6JhK�JL[AVXQZY4[:J b V G UqV�Je�qJe[�S]_^QR[:|�U TRU k |qJ![dS]K�x{J k YW� k U¿c��2V G J k Jef�Y��AJ k c.Yq��V G J
|AJY4K�JeV k Qaf¸_XYqTRS:V^QaYA[�YA[�U k J|AS]TaU k | k Q b S]_XQa[:|hQR[4V^J k \6YqTRUWV^QaYA[�\ k Y:f�J b S k JL_gQa_�[:YA[�V k Qa�4QRUWT�< F G J�\ k Y#�
x]TZJLK 1 QZV G k U¿c�V k UqfQa[]|�QR_¸[:YqV¸QaVX_�f�Y4_^V�x]S]V/QaVX_¸QR[]UAx:QZTaQaV°c V^Y�_^c:_XV^JLK�UqV^QRfUqTZTac f�Y4K�\{S:V^JhV G JhK�S:TaV^Q
��UqTaS:J b V k U¿�AJTIVXQaK�JAu{JeT b YA[�U k Je|AS:TRU k | k Q b <

4�[ YAV G J k Y4\:V^QaYA[ 1lY4S:T b x{J�VXY¶_XYqTa�qJ�V G J�V k Uq[]_`\6Y k V�JL�4S{UWV^QaYA[9r^w]F s UA[ b b JV^JLf�V 1 G J k J�V G J
UAKh\:TZQaVXS b J�x:TaY 1-_BS]\^< m [hV G Qa_lfUA_^J G Y 1®J�AJ k Uq[ b TZQR�WJg�ÄY k V G J�JQR�WYA[{UWT]JL�4S{UWV^QaYA[ 1®J-[:JJ b V^Y b J,u6[:J
U b Y4K�UqQa[+Uq[ b x{Y4S][ b U k c fYA[ b QZVXQZY4[^< Od\6JefQaUqT-fU k J�_ G Y4S:T b x{J�V`Uq�WJL[ QR[ V G J�fUq_XJ�YW��K�S:TZVXQa\]TZJ
_`S]fef�Je_`_XQZ�AJ�feUqS]_XV^QRf_ UA_hQZV.Qa_ []YqV \6YA_`_^QRx:TaJ�V^Y _XYqTa�qJ�r^w.F s x{JecqY4[ b fUqS{_^VXQafe_�<	6¶J b QR_XfeS]_`_�V G JL_^J
\6YqQR[4VX_gQR[�_^JLf�V^QaYA[tG�<aw5<

� ��� ��'4�O:H%4),5�� %4���;CD),� '4:��3-
6¶J []Y 1 Uq_`_XS]K�J V G UWV 1®J�U k J |qQa�qJL[ U [dS]K�x{J k Yq� k U¿c:_.UA[ b V G J�|AJYAK�JeV k c+Yq��V G J b Q+*2J k JL[AV
feUqS]_XV^QRf_]< F G J/feUqS]_XV^QRf�\6YqQR[4VX_gf�Y4Kh\]S:V^J b x4c�\]U k U�i:QRUWT k U¿c�V k UqfQa[:|�U k J�QR[4V^J k \6YqTRUWV^J b YA[ V G J:u6[:QaV^J
b Q *#J k Je[]fJ�| k Q b �ÄY k V G J���QR�WY4[]UWTÁJe�dS]UWVXQZY4[�Uq_ 1®JTaTÁUA_-V�1®Y _XS]fef�JL_X_XQZ�AJTac�_ G YqV k U¿c:_]< F G JL_^J!\6YqQR[4VX_
1 QaTaTÁf�Y4[]_^VXQZV`S:V^J�V G J b QR_Xf k JeV^J�x6YAS][ b U k QZJL_gYW��YAS k x]QZ| k U¿cd_]< 0�[ b J k �¡_`UqKh\:TaJ b fUAS]_XV^QRf_ k Je\ k Je_XJe[4V^J b
Y4[:Tac.x4c._X\{U k _^J¸\{YAQa[4V`_-U k J¸QZ|4[:Y k J b <

6¶J!�½S k V G J k _XS{\]\{Y4_^J�V G UqV�V G J�feUqS]_XV^QRf G Qa_XV^Y k c�YW�BJLUqf G�k U¿c�QR_/�4[]Y 1-[^< F G JND p�F UWTa|qY k QaV G K
[]Y 1@f�Y4[]_XQa_XVX_gQR[�_XJTaJefV^QR[:|�V�1®Y�_`S]ffJe_`_^Qa�qJeTZc _ G YAV k U¿c:_]<

w5< m ��V G JL_^J�V�1lY k U¿c:_ G U¿�qJ [:YAV V^Y4S]f G J b Uq[4c+feUqS]_XV^QRf#�gV G Jc [:JefJe_`_XU k QaTac b Y [:YAV.f k YA_`_�Uq[ b
1lJ b J,u6[]J.V G J�x:Qa| k U¿cd_!Uq_�V G J.JL[4�qJTaYA\6J�YW�-V G Je_XJ V�1®Y k U¿cd_]< F G QR_!JL[A�AJTaYA\6J \{YAV^JL[AVXQaUqTZTac
f�Y4[AV`UWQR[]_�UqTZT k U¿c:_ 1 QaV G QR[:QaV^QRUWT b Q k JLf�V^QaYA[�fYAKh\ k Qa_XJ b x6JV�1®JJL[�V G J�V�1lY.fYA[]_XQ b J k J b k U¿cd_]< m �

xKx%Çzy]{,|�}LÓ
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K!S:TaV^Q+�¡�¿UqTaS]J b [:JL_X_BYdfefS k _�QR[]_^Q b J V G Qa_�x:QZ| k U¿c�V G Je[�YA[:Tac!V G J u k _^V�U kXk QZ��UqT:V^QRK�J QR_BfYAKh\]S:VXJ b <
6 J�_`U¿c V G UWV 1®J�K�QR_`_ _XKhUWTaTÁ_`fUqTZJ¸K!S:TaV^Q+�¡�¿UqTaS]J b [:JL_X_]<

u�< 6 G Je[ V G J�V�1®Y k U¿c:_�V^YAS{f G U�_XK�YdYqV G \]U k V/YW�®V G J�_`UqK�JhfUqS{_^VXQaf5< 6 J�S]_XJhV G J�\ k Y:f�J b S k J
b Je_`f k QRx{J b QR[._XJefV^QaYA[.t�< u=< 6 J@u k _^Vg_XYqTa�qJ�QR[�V G J k Je|qQaYA[�x{Y4S][ b J b x4c V G J�QR[]f�Y4K�Qa[:| k U¿cd_®UWV
V G J�feUqS]_XV^QRf�UA[ b V G J�_^Je|AK�Je[4V�YW�®feUqS]_XV^QRf�QZV`_^JeT�lUA[ b S{_^JhV G J�V k UAf�J�YW��V k U¿�AJT�V^QRK�JhY4[ V G Qa_
_^Je|AK�Je[4V/Uq_/U._XYAS k f�J!UA[ b V G J k JLK�UqQa[]Qa[:|�\]U k V�Yq��V G J�V�1®Y k U¿c:_�V^Y�QZVXJ k UWV^J�V G Jh\ k Y:f�Je_`_-Yq�
x:Qa| k U¿c�V k UAf�QR[:|�< F G J k JLKhUWQR[:Qa[]|�\]U k VlYW�ÁV G J k U¿c:_�feUq[�QR[ b JeJ b Uq|AUqQa[�JL[]f�Y4S][4V^J k Y4[:J�Yq�ÁV G J
V G]k JJ�\ k JL_^JL[AV _XQZV`S]UWVXQZY4[]_]<

t=<�o/[:J�YW��V G J k U¿c VXYAS]f G JL_ UhfUqS{_^VXQaf�UA[ b []YqV V G J�YqV G J k < V G J¸V�1lY k U¿cd_ F G J�x{S:QZT b QR[:| k U¿cd_ b Y
[:YqV¸f k YA_`_/Uq[ b 1lJ�QZ|4[:Y k J!V G J�feUqS]_XV^QRf�< F G J�fYAKh\]S:VXJ b V k U¿�AJT�V^QRK�J 1 QaTZT�|AQZ�AJwu k _XV�U k`k QZ��UWT
Qa[ V G J�Je[4�qJeTZY4\{Jd< m V 1 QaTZT�Qa[�\]U k V^QRfS:TRU k f�Y4K�\{S:V^J k U¿c:_ p f k U 1 TaQR[:|dqhS][ b J k V G J�fUqS{_^VXQaf5< 6 J
fUA[�K�QR_`_�V k U¿�AJT<VXQaK�Je_�Uq_`_^Y:fQaUqV^J b VXY�_XYAK�J!\]U k V`_ YW�BV G J b Q k JLf�V k U¿c:_?r>x{J�ÄY k J�V G Jec G QZV�V G J
fUAS]_^VXQaf s Uq[ b k J,O{JLf�V^J b k U¿c:_@r·UW�ÄV^J k s <

M�< F G JgV�1lY k U¿cd_�V^Y4S]f G _XK�YdYqV G \]U k V`_�YW�{V G J-_XUAK�J®feUqS]_XV^QRfl_XJe\{U k UWV^J b x4c�U¸_^QR[:|4S:TaU k QaV°cPr·feS]_X\ s <
m [¶V G J feS kXk Je[4V¸QRK�\]TZJLK�JL[4V^J b �AJ k _^QaYA[�YW�lY4S k UWTa|qY k QaV G K V G QR_�_XQZV`S]UWVXQZY4[�QR_�[:YAV/V`Uq�qJe[ Qa[4V^Y
Uqfef�YAS{[AV]< m [ V G J/[dS]K�J k QRfUWT#_XQaK�S:TaUqV^QaYA[�r·_XJef�VXQZY4[ C s \ k Je_XJe[4V^J b 1®J/U k J�Qa[ b JJ b Qa[.V G J¸_XQZV`S]U �
V^QaYA[hYq�#feS]_X\�feUqS]_XV^QRf�<7D S:V�YA[]TZc�YA[:J�_`K�YdYqV G \]U k V�Yq�2V G J�feUqS]_XV^QRfgQa_BQ b JL[4V^Q u{J b x6JefeUqS]_XJ �qJ k c
�ÄJ'1 k U¿c:_�V^Y4S]f G V G J�YqV G J k \]U k V�<6¶J�f G Y4_^J-VXY�Qa|A[:Y k J-V G QR_l\]U k V�YW�<V G J�fUAS]_XV^QRf?r·_XJefV^QaYA[hM�< u s
Uq[ b �ÄY k |AJV Uqx6YAS:VgV G J�K!S:TaV^QR\:TaJ�V k U¿�qJeT2VXQaK�JL_�<

F G J��ÄYqTaTZY 1 QR[:| k JeKhU k �d_ G Y 1®J�AJ k |qQa�qJe_�Qa[ b QafeUWVXQZY4[ YA[ 1 G UWV¸_ G YAS:T b x6J b Y4[:J!VXY�V`Uq�qJ!V G Qa_
_^QaVXS{UWV^QaYA[�QR[4V^Y�Uqfef�YAS{[AVgQR[�YAS k UWTa|qY k QaV G K �

F G J k U¿c:_�f k YA_`_Áx6J��ÄY k Jgx{YAV G YW�{V G Jc G U¿�AJ�VXYAS]f G J b V G JgfeUqS]_XV^QRf�< "{Y4S k f�YAKh\]S]VXUWVXQZY4[]_�_ G Y4S:T b
x{J b YA[:J/Qa[�V G UWV-fUA_^Jd<�V G Jc�U k J b JL\:QRf�V^J b Qa[�u{|AS k JAC=< "�Q k _XVgx6J��ÄY k J¸V G J�fS]_`\.QR[�V G J�_XQa[:|ATZJ
V k U¿�qJeT{V^QRK�JDJeYA[:J�x{Y4S][ b J b x4c k U¿c:_ r>U s < 6¶J��qJJe\ V G J/V k UqfJ-YW�<V k U¿�AJT]VXQaK�J/YA[�V G J�feUqS]_XV^QRf�<
F G Je[�QR[!JLUqf G JYA[]Jgx6YAS{[ b J b x4c�YA[]J k U¿c�Uq[ b V G J fUqS{_^VXQaf 1 QaV G _^Y4S k f�J®V^J k K Y4[!V G J _XK�YdYqV G
\]U k V�Yq�-V G J.feUqS]_XV^QRf f k Y4_X_XJ b x4c V G J k U¿c:_�Uq[ b O4YA[:J k D � YA[ V G J k JeKhUWQR[:QR[:| \]U k V�Yq�-V G J
fUAS]_^VXQaf5< "�Qa[]UqTZTac�QR[¶V G J K�S:TaV^QB��UWTRS:J b JeYA[:J�x6YAS][ b J b x4c V G J fUAS]_^VXQaf�UA[ b V G J k U¿c:_ 1 QaV G
YA[:Tac�Uh_XYAS k f�J¸\6YqQR[AV-UqVgV G J�_XQa[]|AS:TRU k QZV°cd<
F G J k U¿c:_¸f k YA_`_/x{J�ÄY k Jhx6YqV G YW��V G JeK | k U JJ�V G JhfeUqS]_XV^QRf�< "{Y4S k f�Y4K�\{S:VXUqV^QaYA[]_�_ G YAS]T b x{J
b YA[]J�Qa[¶V G UWV�fUA_^Jd<hV G Jec U k J b Je\]QafV^J b QR[ u{|AS k J�C=< "�Q k _XV�x{J�ÄY k J�V G J feS]_X\ QR[ V G J _XQa[:|ATZJ
V k U¿�qJeTÁV^QRK�J�JeYA[:J�x{Y4S][ b J b x4c k U¿c:_�UA[ b V G J�fS{_X\^< 6 Jh�WJeJe\�V G J�V k UAf�J�Yq�BV k U¿�qJeTÁV^QRK�J!Y4[
V G J�fUqS{_^VXQaf5< F G JL[!�6UW�ÄV^J k V G J!feUqS]_XV^QRf¸QR[�JeUqf G JY4[:J�x6YAS][ b J b x4c.Y4[:J k U¿c�Uq[ b V G J�fUAS]_^VXQaf
1 QZV G _XYAS k fJ V^J k K Y4[ V G J�_`K�Y4YAV G \]U k V!Yq��V G J�feUqS]_XV^QRf.f k Y4_X_XJ b x4c V G J k U¿c:_!UA[ b O4Y4[:J k
D � YA[�V G J k JeKhUWQR[:QR[:| \]U k V�YW��V G JhfUAS]_XV^QRf�r·_XJe\]U k UqV^J b xAc�V G J�fUAS]_XV^QRf!_XQa[:|4S:TRU k QZV°c s < F G Qa_
_^VXJe\¶f�Y4K�\{S:V^J�V k U¿�AJTaV^QRK�JL_�UA_X_XY:f�QRUWVXJ b VXY k U¿c:_ 1 G Qaf G¶G U¿�AJ u k _XV¸f k Y4_X_XJ b YA[:J�\]U k V¸YW�®V G J
fUAS]_^VXQaf!S][4V^QaT�V G Jc�| k U JeJ�V G J�YqV G J k \]U k V�YW��V G J�fUAS]_^VXQaf5< F G Je[�cAYAS�UW|4UWQR[��WJJL\�V G J�V k UqfJ
YW��V k U¿�AJTaV^QRK�J!YA[�V G JhfUAS]_XV^QRf!|AQZ�AJe[ x4c�V G Qa_¸[:J�1 f�Y4K�\{S:VXUqV^QaYA[]_¸Uq[ b "�Qa[{UWTaTZc�QR[ V G J�JeYA[:J
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A

B’

I

A’

B

S

O

S’

"�Qa|AS k JPC � p U¿c:_ r°o 4 4 � s UA[ b k U¿c�r¡o:D D � s f k Y4_X_/x6J��ÄY k JhV G Jec V^Y4S]f G V G J�fUAS]_^VXQaf r½V G QRf	��TZQR[:J s <
F G J k J/U k J/UWTR_^Y k U¿c:_!r$F4O{O � s |AYqQR[:|�V G]k YAS:| G V G J�_XQa[]|AS:TRU k QZV°chYq��V G J¸feUqS]_XV^QRf�O"< F G Je_XJ k U¿c:_�f k Y4_X_
UqV�O 1 QZV G V G J._`UqK�JhV k U¿�qJeT�VXQaK�Jd< m [¶V G QR_�feUq_XJ O QR_�UWTR_XY�V G J._XVXU k VXQa[:|�\6YqQR[4V�YW�gV G J�| k U b QZJL[4V
_XQR[:|AS:TRU k QaV°c/Yq�2V G Jg|qTaYAx]UqTd�4QR_`f�YA_XQaV°c�_^YATaS:VXQZY4[^<)6¶J u k _^V�_XYqTa�qJ®Qa[ r¡o 4/OVD-o s r>x{J�ÄY k J®V G J fUAS]_^VXQafe_ s
1 QaV G _^Y4S k fJ�\{YAQa[4V�UqV¸o Uq[ b �WJJL\�V G J!V k Uqf�J!YW��V k U¿�qJeT<V^QRK�J��ÄY k �½S k V G J k f�Y4Kh\]S:VXUqV^QaYA[]_]< F G JL[
1®J!_XYqTa�qJ�QR[ r¡OVD.� D�O s 1 QaV G _^Y4S k fJ�_X\6JefQ u6J b Y4[�r¡OgD s r°O�J�i]fTaS b J b s xAc�V G J�\ k J�dQaYAS]_-_XV^JL\ Uq[ b
TaQR�WJ'1 QR_XJ.YA[Tr¡O�4 � 4¸O s 1 QaV G _^Y4S k fJ.Y4[9r¡O/4 s < "�QR[]UWTaTac 1lJ�K!S]_XVh_^YATZ�AJ�U��ÄVXJ k V G J�feUqS]_XV^QRf51 QaV G
b Q k Qaf G TZJeVg_XYAS k fJ/Y4[.V G J�fUAS]_XV^QRf�|AQZ�AJe[�x4c V G J�V k UAf�J¸YW��V G J�TRUq_XV-f�Y4Kh\]S:VXUqV^QaYA[^<

x{Y4S][ b J b x4c�V G J�fUAS]_XV^QRfAr·U��ÄVXJ k V G J�feUqS]_XV^QRf s cqYAS�S]_XJ-V G Qa_�V k Uqf�J-U�[]J'1 (�Q k Qaf G TaJVlx{Y4S][ b U k c
f�Y4[ b QaV^QaYA[�Uq[ b cqY4S u2[ b V G J�TRUWVXJ k U k`k QZ��UWT#Yq��V G J�V k Qa\]TZQRfUqV^QaYA[^<

m [.V G QR_l_XJefV^QaYA[ 1®J b J,u6[:J b UA[ UqS:VXYAKhUWVXQaf�\ k YdfJ b S k J-VXY�fYAKh\]S:VXJ/K�S:TZVXQ6��UqTaS:J b V k U¿�AJT{VXQaK�JL_�<
F G J |qY4UWT-QR_ VXY f�Y4K�\{S:V^J V G J |AJY4K�JeV k Qaf�_XYqTRS:VXQZY4['YA[ U k J|4S:TaU k | k Q b S{_^QR[:| �ÄJ�1 _XYqTa�qJ�Yq��V G J
JeQa�qYA[]UqT Je�dS]UqV^QaYA[^< F G J�Q b JeU QR_ V G J k J��ÄY k J�V^Y S{_^J�V G J�_`K�UqTZTaJe_XV \6YA_`_^QRx:TaJ [4S{K!x6J k Yq�¸x:Qa| k U¿c:_
1 QaV G YAS:V�TZYdYA_XQR[:| QR[d�ÄY k KhUWV^QaYA[�Y4[ K!S]TZVXQ �¡��UWTRS:J b []Je_`_�< 6 J�\ k JL_^JL[4V�U [dS]K�J k QRfUWT�V^JL_^V/Qa[�_^JLf�V^QaYA[ C
VXY�\ k Y��AJ�V G J�V k UqfVXUAx:QZTaQaV°c YW��YAS k UA\]\ k YAUqf G <

� ��� �.5 1 � � ),5  - +����!"$�   #' %4�����!)��� #5 :<0��!FG1�:H%4)� I5
6¶J�\ k Je_XJe[4V G J k J��ÄY k V G J�_XUA�WJ!Yq�®fYAKh\:TaJV^JL[:Je_`_¸U�[dS]K�J k QRfUqT�_`f G JLK�J!�ÄY k V G J�JeQa�qYA[]UqT�Je�dS]UWVXQZY4[
1 G Qaf G fUA[�x6J¸�ÄYAS{[ b QR[ r n t]w�o s <

xKx%Çzy]{,|�}LÓ
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F G J b J k QZ��UWVXQZY4[.Yq��V G J�_Xf G JeK�J¸Qa_ x]UA_^J b Y4[.V G J k JeKhU k �hV G UqVgV G J��dQR_XfYA_XQZV°c _XYqTRS:V^QaYA[
,
YW� r·y s

_`UWVXQa_^�Äc � � ��� , r�� s � � 
 w� r�� s ��� _XS]\� � ��� � � ���
,
r�� s D � < w� r�� s  
 F %�� � ? � D r>t5C s,

QR_ |qQa�qJL[ YA[ � � x4c5(/Q k QRf G TaJV-x6YAS][ b U k c.f�Y4[ b QaV^QaYA[]_Ar�r^wet s Uq[ b r^w¿u s �ÄY k Ji]UqKh\:TaJ s <4 k Je|AS:TRU k | k Q b¸b QR_Xf k JeV^Q JeUWVXQZY4[/YW�]V G J b YAKhUqQa[ � QR_<QR[4V k Y b S]f�J b Uq[ b [:YAV^J r�� 	 % ��� s 
 r ' � � %
	 � � sV G Jh\{YAQa[4VX_/Yq��V G QR_/| k Q b <
,
	 � 1 QZTaTBx{J�V G J���UWTRS:J�YW��V G J b Qa_`f k JVXJ�UA\]\ k Y¿i:QaKhUWVXQZY4[�YW�

,
UWVNr�� 	 % ��� s <

6¶J�UWTR_XY b J�u6[:J�V G J¸�ÄYqTaTZY 1 QR[:|hQR[ b J�i�_^JeVX_� �
� 
�� r ' %�	�s ?�� � ��r�� 	 % � � s ? �  

V G J k Je_XV k QafV^QaYA[ Yq��V G J�| k Q b VXY�V G J b Y4K�UqQa[ � Uq[ b� � 
 � r ' %
	Vs ?�� � ��� ��� o�r ' < w s � � % r ' � w s � � n � o#r 	 < w s � � % r 	 � w s � � n��
��  
U b QR_`f k JV^J�UA\]\ k Y¿idQRKhUWVXQZY4[ YW��V G J�x6YAS{[ b U k c � � <4 u k _XV Y k b J k u6[:QaV^J b Q *#J k Je[]fJ�Uq\]\ k Y¿i:QRK�UqV^QaYA[�QR_-KhU b J/QR[ r·tdC s �

_`S]\� � ��� � �
,
r�� < � � �5s < , r�� s< � � < w� r�� s  
 F r>t4z s

F G J�Je�dS]UqV^QaYA[ 1 QaTaTgx6J 1 k QaV^VXJe[+UWV � 
 r�� 	 % ��� s 1 QaV G � � 
 � � � 	
� � � � � � 	 � < 4%f�Y4[4�qJ�i TaQa[]JeU k

UA\]\ k Y¿i:QaKhUWVXQZY4[�QR_-KhU b J/�ÄY k
,
r�� < � � �5s < - Y k J¸\ k JefQa_XJTac QZ�

r�� < � � �5s ? o#r ' s � � % r ' � w s � � n � o#r 	�s � � % r 	 � w s � � n
�ÄY k J�i]UqKh\:TaJ 1lJ 1 QaTZT�S]_^J�V G J�Uq\]\ k Y¿i:QRK�UqV^QaYA[,

r�� < � � �5s 
�� , 	 � ��� , 	 � � � ��� , 	 � � �
1 G J k J � %"!9% � U k J/_`S]f G V G UWV� � < � � � 
#� r�� 	 % ��� s ����r�� 	 � � % ��� s �$� r�� 	 � � % ��� � � s s� ��� �$� 
 w

S{_^QR[:| V G Je_XJ!Ji:\ k JL_X_XQZY4[�Qa[ r·t4z s 1®J!fUA[�YAx]VXUWQR[�Uq[�Uq[]UqTZcdV^QRfUqTÁJi:\ k JL_X_XQZY4[��ÄY k V G J�_XS]\ k JLK!S]K%QR[
VXJ k K YW��U b QR_Xf k JeV^J � UAK�QaTaV^YA[]QaUA[ �

� 	 � r�� %%!9% � % � s 
'& ' � �Kr(� � %%! � s � � ' � �Kr � � % � � s � < w� r�� 	 % ��� s r>tqv s

1 G J k J)� � 
 ' � �Kr$F % � s Uq[ b ! � 
 ' � �Kr$F % <*!�s < F G QR_�[dS]K�J k QRfUqT � UqK�QaTZVXYA[:QRUq[+\:Qaf	�d_hS]\+V G JS{\$1 QR[ b'b QR_Xf k JeV^Q JeUqV^QaYA[ YW�¸V G J�| k U b QaJe[4VhYW�¸V k U¿�qJeT V^QRK�Jd< Dgc S]\&1 Qa[ b 1®J K�JeUA[+V G J b Q k JLf�VXQZY4[
Yq�/V G J�f G U k UAf�VXJ k Qa_XV^QRf r k U¿c s |AQZ�dQR[:| V G J�JeU k TaQZJL_^VhV k U¿�qJeT V^QRK�J5< F G Qa_�f G YqQRf�J \ k Je�qJe[4V`_�_X\]S k QaYAS]_
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Y4_XfQZTaTRUWV^QaYA[{_/UqTZY4[:|�_ G Y:f	�d_Nr�JY4[:Je_ 1 G J k J k U¿c:_�f k Y4_X_.1 QaV G _XUAK�J�V k U¿�AJT�V^QRK�J Uq[ b¶b QR_XfYA[4V^QR[dS:YAS]_
| k U b QaJe[4V s <

F G JL[�U�[dS]K�J k QRfUqT b Qa_`f k JVXJ�Uq\]\ k Y¿i:QaKhUqV^QaYA[ Yq�
,
_`UWV^QR_ u{Je_� ,

	 � 
�� r�� 	 % ��� s&% � r ' %
	Vs ? � �
� 	 �5r � �� , 	 � %�� �� , 	 � %�� �	

,
	 � %�� �	 , 	 � s % � r ' %�	�s ? � r>tqy s

1 QaV G ����� ����
�
�
� , 	 � 
 �����

�
��� � � �� �� �� , 	 � 
 � � 
 � � � � ���� ��

�	

,
	 � 
 � ���

�
� ��� � �� 	� �	

,
	 � 
 ���	� 
 � � ������ 	

r·MdF s

F G J¸f�Y4[4�qJ k |qJL[]f�J Yq�<V G QR_ b QR_Xf k JeV^J�_XYqTRS:VXQZY4[�V^Y 1gU k b V G J¸f�Y4[4V^QR[4S]YAS]_��4QR_`f�YA_XQaV°ch_XYqTRS:VXQZY4[ Uq_lV G J
K�JL_ G _^Q JJh|AY4JL_¸V^Y�JJ k Y�QR_�\ k Y��qJ b Qa[ n t]w o#< F G JhV G JeY k JVXQafeUWTBUqfefS k Uqfc�Qa_�\ k Y4\{Y k VXQZY4[]UWT�V^Y � � �
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O4YAS k fJ®\6YqQR[4V�UqV r�F % F s ��QR[Vu6[:QaV^J (/Q k QRf G TZJeVKDA< � <¿JTR_^J�1 G J k J5< F G Je_XJ®U k J®f�Y4[AVXYAS k TaQa[:J®YW�6V k U¿�qJT
V^QRK�J�r½J�AJ k c�FED FAu " D s <

� "�QZ|4S k J�r^wLu s � F 1lY fYAKh\]S:V`UWV^QaYA[{_�< �ÁJ�ÄV � V G J!�dQR_XfYA_XQZV°c�_^YATaS:VXQZY4[�Qa[�V G J b Y4KhUWQR[�x{Y4S][ b J b
x4c�V G Jh_XUAK�J k U¿c�S][4V^QaT�QZV/V^Y4S]f G Je_�V G JhfUAS]_XV^QRf�<¸OdYAS k f�J�\{YAQa[4V�UqV r�F % F s �#QR[Vu6[:QaV^J (�Q k Qaf G TaJV
DA< � <�JeTa_XJ'1 G J k Jd< p Qa| G V � V G Jg�dQa_`f�Y4_^QaV°c�_^YATaS:VXQZY4[!QR[�V G J b Y4K�UqQa[�x{Y4S][ b J b x4c�V G J k JLKhUWQR[:Qa[]|
\]U k V�Yq��V G J k U¿c�Uq[ b V G J�fUqS{_^VXQaf5</O4YAS k fJ!_X\6JefQ u6J b Y4[�V G J�fUqS{_^VXQaf�xAc�V G J!V k U¿�qJeTÁVXQaK�J!Yq�
V G J �ÄY k K�J k f�Y4Kh\]S:VXUqV^QaYA[¶YA[¶V G J.fUAS]_XV^QRf#��Qa[Vu2[:QZVXJ5(/Q k Qaf G TZJeVwDA< � <<JeTa_XJ'1 G J k J5< F G Je_XJ U k J
f�Y4[AVXYAS k TaQR[:J¸YW��V k U¿�qJT#VXQaK�J�r½Je�qJ k c�F D F4u " D s <

� "�QZ|4S k JPrXwet s � 4-TaT<V G J�V k U¿�qJT#VXQaK�Je_-V^Yq|AJV G J k <
� "�QZ|4S k J r^wM s � F�k U¿�AJT-VXQaK�J�V k UAf�JL_�YA[ UA[ G Y k Q JYA[4V`UWT-TaQa[]J r·UqV F D u s � V G J��qJ k VXQafeUWT�UWi:Qa_.Qa_
V G J�V^QRK�J YW�-U k`k QZ��UWT�< �ÁJ��ÄV�f�YAKh\]S]V^J b S{_^QR[:| G5F5F k U¿c:_]< p QZ| G V!V G J V k UAf�J�Yq�gY4S k �dQR_XfYA_XQZV°c
_^YATaS]V^QaYA[]_]<36¶J�Y4x]_^J k �AJ¸V G J b Q k JefVvu k _^V-U kXk QZ��UqT��]V G J k J,O{JLf�VXJ b U k`k Qa��UWT<UA[ b Qa[�x6JV�1®JJL[�V G J
U k`k Qa��UWT�Uq_`_XYdfQaUqV^J b V^Y f k U 1 TaQR[:| k U¿c:_�< F G J k U¿c�V k Uqf�QR[:|�_XYqTRS:V^QaYA[¶K�Qa_`_¸V G JL_^J�V k U¿�AJT�V^QRK�Je_
r½TaY 1 b Je[]_XQZV°c JYA[]J s <

� "�QZ|4S k J�r^w.G s � � YAKh\]U k QR_^Y4[�x{JeV�1lJeJe[�V G J!V�1®Y \ k JLf�J b Qa[]|.f�Y4K�\{S:VXUqV^QaYA[]_]< 2�YqVXJ!V G J!QR[]UqfefS��
k UAf�c�Yq�6V G J®�dQR_XfYA_XQZV°c�_XYqTRS:VXQZY4[�UqV�V G JgTZJ�ÄV�Je[ b YW�2V G JgTRUWVXJe_XV�U kXk Qa�¿UqT$< p JeK�JLK!x6J k 1lJgQa|A[:Y k J b
V G J�S{[ b J k _XUAK�\]TZJ b \]U k VgYq��V G J�fUAS]_^VXQaf¸_XYhV G UqV 1lJ�U k J�K�Qa_`_^QR[:| k U¿cd_®QR[�V G QR_ U k JeU�<
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F G J¸�qJc Q b JLUhYW��V G QR_ k JL\{Y k V feUq[�_^QRKh\:TZc�J�i]\ k Je_`_^J b x4c.V G J/�ÄYqTaTZY 1 QR[:|�f�Y4[]f�TRS b QR[:| k JeKhU k � �

F G J�|qJeYAK�JV k QRf�_XYqTRS:V^QaYA[!�6V G UqV�QR_�V G J�K�S:TaV^Q��¿UqTaS]J b _XYqTRS:V^QaYA[�Y4x:VXUqQa[]J b x4c k U¿c�V k Uqf�QR[:|�QR_�UA_��
_XY:f�QRUWVXJ b V^Y._XVXUqV^QaYA[]U k c r½Y k f k QZVXQafeUWT s \]UqV G _ r·\ k JefQa_XJTac.V G J k U¿c:_ s �ÄY k V G J "{J k KhUWV�\ k QR[]fQa\:TaJ5< F G J
"6J k KhUWV�\ k Qa[]fQa\]TZJ�QR_�QR[ b JJ b Uq[¶YA\:VXQaKhUqTBf�YA[4V k YATB\ k Y4x:TaJeK 1 QaV G U�f�Y4_^V¸�½S{[]f�VXQZY4[ b Je\6Je[ b QR[:|�Y4[
\{UWV G UA[ b |qQa�dQa[:|�V G J V k U¿�qJeT�V^QRK�J5< o/[ V G J YAV G J k�G Uq[ b V G J��dQa_`f�Y4_^QaV°c _XYqTRS:VXQZY4[�Yq�gV G J �lQa�qYA[]UqT
JL�dS]UWVXQZY4[ r·fYAKh\]S:VXJ b x4c�S]\&1 Qa[ b [dS]K�J k QRfUWT]_`f G JLK�JL_ s fUA[�x6JgJ�i]\ k Je_`_^J b S]_XQR[:|�V G J-_`UqK�JlY4\:V^QRKhUWT
fYA[4V k YqT2\ k YAx:TaJeK < F G J�KhUqQa[ b Q *#J k Je[{f�J�x6JQR[:|�V G UqV�V G J/_XYqTRS:VXQZY4[�Qa_gUA_X_XY:f�QRUWV^J b V^Y�\]UWV G _gK�QR[:QRK�Q �
JeQa[]|!V G J�f�Y4_^V��½S][]fV^QaYA[ r·V G UqV�QR_®V G J�V k U¿�qJT6V^QRK�J s S][ b J k _XYAS k f�J�Uq[ b _XVXUqV^JXr b Y4K�UqQa[ s f�Y4[]_XV k UWQR[AV`_�<
F G J�_XQZV`S]UWVXQZY4[ QR_�[]YqV b Je_`\{J k UqV^J�Uq_ k U¿c:_�fUq[+UWTR_^Y x{J�r·_XYAK�JeV^QRK�JL_!TaY:fUqT s K�Qa[:QRKhU�Y k KhU b J�Yq�
\6Y k V^QaYA[{_gYW��K�QR[:QRK�U�_XJe\{U k UWV^J b x4c�feUqS]_XV^QRf¸\{YAQa[4V`_�<

F G J \ k Y4\{Y4_^J b _XYqTRS:V^QaYA[¶QR_Au k _^V¸VXY S]_^J U�fYAU k _XJ k U¿c�V k UqfQa[]|�VXY b J,u2[:J TaYdfeUWTAJeYA[:JL_Pr%D p�F!s <
F G Qa_�_XV^JL\+UqQaKh_hUWV�f�Y4[4�qJ k V^QR[:| k U¿c:_ 1 G QRf G U k J�TZY:feUWT K�Qa[:QRKhU¶Qa[4V^Y |ATZY4x]UWT K�Qa[]QaKhU S][ b J k V G J
fYA[]_XV k UWQR[4V V G UqV�\]UqV G G U¿�AJ�V^Y k JeKhUqQa[�TaY:fUWTaTac�U k YAS{[ b V G UqV�\]U k VXQafeS:TaU k-k U¿c5< F G J!_XJefYA[ b _XV^JL\�Qa_
VXY�_`\:TaQZV®V G J/f�Y4K�\{S:VXUqV^QaYA[]_®UWV®fUqS{_^VXQafe_�VXY!Je[{_XS k J�V G UWV®V G J b Q+*#J k Je[4Vl\]U k VlYW�<V G J k U¿c:_ 1 QaTZT#KhUWV`f G
K�QR[:QRK!S]K \]UWV G x{J�ÄY k J-Uq[ b UW�ÄV^J k V G J�fUqS{_^VXQafgQR[hV�1lY b Q *#J k Je[4V�JeYA[:JL_�< F G J�[dS]K�J k QRfUWT]_XQRK!S:TRUWVXQZY4[
fYA[Vu k Kh_�V G UWV�J�AJ k cdV G QR[:| 1®Y k �d_?u6[:J.�ÄY k _XK�YdYqV G \]U k V`_�YW�/fUqS{_^VXQafe_�< Od\{JLf�QRUWTgfU k J._ G Y4S:T b x{J
V`Uq�qJe[�[:JeU k V G J�_XQa[:|4S:TRU k QZV°c Yq��feS]_X\�feUqS]_XV^QRf_Ar>_^JLf�V^QaYA[�M�< t s <

4 b]b QR[:| V G J!f�Y4K�\{S:VXUqV^QaYA[�YW��UqKh\:TaQZV`S b JL_�_ G YAS:T b QaKh\ k Y��qJ¸V G J!\ k Y:f�J b S k J¸VXY TZY:feUWV^J�feUqS]_XV^QRf_
UA[ b UWTR_^YhJe[{Uqx:TaJe_gVXY f�Y k`k Jef�VgUqKh\:TaQaVXS b JL_-[:JLU k fUAS]_^VXQafe_ Uqfef�Y k b QR[:|�V^Y�V G J�|qJY4K�JV k QRfUWT#V G JY k c Yq�
b Q * k UAf�VXQZY4[^<

� ��* �����%��-� � � �������

F G J¸UAS:V G Y k QR_ | k UWVXJ��½S:TIVXY5%X< ��YA_`_^QaY k Qa_®Uq[ b %X</- Uq� k UA�4Qa_l�ÄY k � k S:QaVn�½S:T b QR_XfeS]_X_XQaYA[]_]<
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3 IK-·��� � �W�.- � + -½�P- + � � R � + � � + � J � � � �]I � � � � �=- + - +76 R��]�L� �"J �.I � � � R � �¿����� � � ���SJ -Ä�e�
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6¶J�u k _XV b QR_XfeS]_`_.V G J k JTRUWVXQZY4[ x{JeV�1lJeJe[ �dQR_XfYA_XQZV°c'_^YATaS]V^QaYA[]_.YW��V G J�JQR�WY4[]UWT�Je�dS]UqV^QaYA[ Uq[ b
_XVXUA[ b U k b k U¿c�V k UqfQa[:|S< ��Qa_`f�Y4_^QaV°c�_XYqTRS:VXQZY4[�QR_BV G J�fY k`k JLf�VB[:YAV^QaYA[�YW�<_XYqTRS:V^QaYA[�fYAKh\]S:VXJ b x4c�_XVXUAx:TZJ
S{\$1 QR[ b [4S{K�J k QRfUqT�_^YATZ�AJ k _wr b JVXUqQZTR_¸Uq[ b k J�ÄJ k Je[]fJe_�YA[ [4S{K�J k QRfUqT�_XYqTa�qJ k _��ÄY k � UAK�QZTaV^Y4[�� �4UqfYAx:Q
JL�dS]UWVXQZY4[]_¸fUq[ x{J��ÄY4S][ b Qa[ n t]w o n u�M�o n uAz.o n w�o n u�o s < F G Qa_ k JTRUWVXQZY4[ QR_�V G Je[ S]_XJ b V^Y�\ k Je_XJe[4V¸V G J
Q b JLUq_�S][ b J k TacdQa[]|�V G]k JeJ b Q *#J k Je[4V�K�JeV G Y b _�\ k Y4\{Y4_^J b V^Y�f�Y4Kh\]S:V^JgK!S]TZVXQ �¡��UWTRS:J b V k U¿�qJeTAVXQaK�J�u{JT b _
S{_^QR[:|!�dQR_XfYA_XQZV°c�_XYqTRS:V^QaYA[{_�< 4-TaT#V G JL_^J¸K�JV G Y b _®U k J G cdx k Q b QR[ V G J/_XJe[]_XJ/V G Jec k JeTZchYA[._^Y4K�J/YqV G J k
p K�Jef G UA[:Qa_`KPq VXY�fYAKh\]S:VXJhV G Jh|qJeYAK�JV k QRf�_^YATaS:VXQZY4[^< F G Qa_ G c:x k Q b Q JeUqV^QaYA[ Y�*2J k _¸U�\6YqV^JL[4V^QRUWT��ÄY k
\{U k UWTaTZJeTZQ JeUqV^QaYA[^<
	3��� � )2- +B #- )>%���-/ #0,1�%4)� #5D-   %4���;�!)��� #5�:A0E�!FG1�:H%4)� I5
4 �qYATaS]K�QR[:YAS{_�TaQZVXJ k UWV`S k J!Qa_/U¿��UWQaTaUAx:TZJ!YA[�V G J k JTRUWVXQZY4[]_�x6JV�1®JJL[�YA\]V^QRK�UqT�fYA[4V k YqT�\ k YAx:TaJeK Uq[ b
�dQR_XfYA_XQZV°c�_XYqTRS:V^QaYA[{_lYq� � UqK�QZTaV^Y4[����AUAf�YAx]Q2JL�dS]UWVXQZY4[]_@r·_XJJ n z�oI�ÄY k Uhf�YAKh\ k J G Je[]_XQZ�AJ�x:QRx:TaQZYA| k Uq\ G c s <

6¶J k JLfUqTZTIV G UWV V G J�\]S k _XS]J b YAxdmnJLf�V^Qa�qJ¸QR_gV^Y b Q k Jef�VXTZc b Qa_`f k JVXQKJeJ¸V G J�JeQa�qYA[]UqTIJe�dS]UWVXQZY4[� � � , r�� s � � 
 w� r�� s � r·MAt s

1 G J k J � b Je[:YAV^JL_lV G J¸_X\6JJ b Yq�ÁV G J¸K�J b QRS]K UA[ b
,
V G J¸V k U¿�AJT2V^QRK�Jd< m [ V G J G c:\6J k x{YATZQRf�Je�dS]UWVXQZY4[

VXJ k K�Qa[:YATZYA|qc$� k U¿c:_-U k J!V G J�f G U k UAf�VXJ k Qa_XV^QRf_ Yq��V G Qa_�Je�dS]UqV^QaYA[^< � TaUA_X_XQRfUWT�_^YATaS]V^QaYA[]_�fUq[ |qJe[]J k UWTaTZc
x6J b J,u6[]J b Y4[:Tac�QR[.U�[:JQa| G x6Y k`G YdY b YW�ÁV G J/_XYAS k fJ5<- Y k J�\ k JefQa_XJTac��dS]\ VXY�V G J JYA[]Je_31 G J k J k U¿c:_
f k Y4_X_]< F G Qa_lQa_lx{JLfUAS]_^J�V G J/V k U¿�qJeT]V^QRK�J�x6Jef�Y4K�Je_�K�S:TaV^Q+�>��UWTRS:J b 1 G Je[ k U¿c�f k YA_`_�< m V�QR_l\6YA_`_^QRx:TaJ-V^Y
b J,u6[:J¸U�_^QR[:|qTaJ/�¿UqTaS]J b |qJe[]J k UWTaQKJeJ b _XYqTRS:V^QaYA[�fUqTZTaJ b V G J¸�dQa_`f�Y4_^QaV°c�_^YATaS]V^QaYA[ n uqu�o�< F G JL_^J¸_XYqTRS:V^QaYA[]_
k JeKhUqQa[]_�f�YA[4VXQa[dS:Y4S]_-x]S:V�QZV`_�| k U b QaJe[4V-KhU¿c�x6J b QR_XfYA[4V^QR[dS:YAS{_�< F G J!TaY:fS]_�YW��V G Je_XJ!_^QR[:|4S:TaU k QaV^QaJe_
U k J�V G J � UqK�QZTaV^Y4[����AUAf�YAx]QgfYAS][4VXJ k \]U k VX_!YW�/_ G Y:f	�d_��ÄY khG cd\6J k x6YqTaQaf�f�Y4[]_^J k ��UqV^QaYA[ TRU 1-_�<'O4VXUAx:TZJ
S{\$1 QR[ b [dS]K�J k QafeUWT"u6[:QaV^J b Q *#J k Je[{f�J�_Xf G JeK�Je_ U k J��d[:Y 1-[ VXY f�Y4[A�AJ k |qJ�V^Y�V G J��4QR_`f�YA_XQaV°c _^YATaS:VXQZY4[^<

F G J��ÄYATZTaY 1 Qa[]| k Je_`S:TaVXr½� k Y4K n t{w o s QR_�U�xAc&�°\ k Y b S]f�V/YW�®V G JeY k JeKh_.1 G Qaf G fUA[�x6J��ÄYAS][ b QR[ n z.o
r>_^JeJ/UqTa_XY n uAu.o s < 6 J�U k J�Qa[4V^J k JL_^VXJ b Qa[�V G J¸�dQR_XfYA_XQZV°c�_XYqTRS:V^QaYA[.YW� r·MAt s �ÄY k � ? � �]U u]i:J b�b YAKhUWQR[^<6¶J�_`S]\]\:TaJeK�Je[4V V G Qa_-Je�dS]UWVXQZY4[ 1 QaV G U (/Q k Qaf G TZJeV-x{Y4S][ b U k c fYA[ b QaV^QaYA[,

r�� s 
�� r�� s&% � ? � � D r·MqM s
F G Je[

,
r·V G J®�dQa_`f�Y4_^QaV°c¸_^YATaS:VXQZY4[ s QR_�V G J®��UWTRS:JB�½S][{f�V^QaYA[!YW�]V G J��ÄYATZTaY 1 QR[:|-J�i:QaV��¡V^QRK�J�YA\]V^QRK�UqT4fYA[4V k YqT

\ k Y4x:TZJLK � TaJV1� � x6J�V G J�_`UWVXJ/Yq��V G J�f�Y4[4V k YqTaTZJ b.b c:[]UAK�QRfUqT<_^c:_XV^JLK �� � � �� � 
 <�� r�� s&% ��� F� � r�F s 
 � r·MgG s

1 G J k J � V G J�f�YA[4V k YAT#feUq[�x{J�V`Uq�qJe[�Qa[0 
�� � ��� � � �6�!B C � � � r�� s ��� w % ��� F� D
LNM7xOLQP
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F G J¸fYA_XVg�½S][]fV^QaYA[�Qa_g|AQZ�AJe[�x4c �3
r�� %!�5s 
.-#"� w� r�� � r�� s�s � ��� � r�� � r%$ s�s r·MdC s

1 G J k J&$ b JL[:YqVXJe_gV G JAu k _XVgJ�i:QaV V^QRK�J�Yq� � <�Q�< Jd<$ 
(' '*)�� �)�4F �=� � r�� s ? � �  
UA[ b u6[]UWTaTac.V G J��4QR_`f�YA_XQaV°c _^YATaS:VXQZY4[.Yq��r·MAt s r·MqM s QR_ |AQZ�AJe[.x4c �,

r�� s 
 Qa[:�
�����

3
r�� % �5s D r·Mdz s

2�YqVXJ®V G UWV�UA[Ac�� � \]UqV G � � r " s QR[ � _`S]f G V G UWV � � r$F s 
 � Uq[ b \]U k UAK�JeV^J k Q JJ b 1 QaV G QZV`_�fS k �dQZTaQa[]JeU k
UAx]_`f�QR_X_`U " f�Y kXk Je_`\{Y4[ b _IVXY/UA[�U b K�QR_`_^QRx:TaJlf�Y4[4V k YqT � 
 � � � � � " < � YA[4�qJ k _XJTac��L|qQa�qJL[�Uq[4c¸U b K�QR_X_XQRx:TZJfYA[4V k YqT � r�� s V G J�f�YA[{_^V k UqQa[4V � � r�� s �&� w�QRK�\]TZQaJe_ V G UWV�U�fS k �dQZTaQa[]JeU k p V^QRK�J]q�\]U k UAK�JeV^J k Q JeUqV^QaYA[ Yq�
V G J.UA_X_XY:f�QRUWV^J b _^V`UWV^J�r·\]UqV GSs � � |qQa�qJL_�U�TaY 1lJ k f�YA_XV r·MdC s < F G J YA\]V^QRK�UqTlfYA[4V k YqT�\ k Y4x:TZJLK r·Mdz s
feUq[�V G J k J��ÄY k J�x{J��ÄY k K!S:TRUWVXJ b UA_�V G J¸K�QR[:QRK�QKJLUWV^QaYA[ YW� r·MdC s r 1 QaV G ��f G YA_XJe[hVXY�x6J�V G J¸fS k �dQZTaQa[]JeU k
UAx]_`f�QR_X_`U s Y��qJ k UqTZT<\{UWV G � k YAK ��VXY�V G J�x6YAS{[ b U k c � � <

6¶J�[:Y 1 b Qa_XV^QR[:|AS]Qa_ G V G]k JJ�fUA_^JL_ �

w5< F G QR_ k Je_`S:TaVX_ G YqT b _ 1 G JL[ � 
 � � B C � � � �  .QR_!S{[4x6YAS{[ b J b < m [ V G Qa_�fUA_^J � � QR_!U _XYAS k fJ\{YAQa[4V��ar½MAM slk J b S]fJe_gV^Y ,
r���� s 
 F r·MAv s

Uq[ b Je�qJ k c�YA\]V^QRK�UqT]\]UWV G � k Y4K � [:JefJe_`_XU k QaTac p J�i:QaV�q¸UWV ���5< F G J-f�Y4_^V��½S][{f�V^QaYA[ r·MdC s QR_�|qQa�qJL[
x4c 3

r�� %!�5s 
 - "� w� r�� � r�� s�s � � r·MAy s

Uq[ b V G J�YA\:VXQaKhUWTgf�Y4[4V k YqTl\ k Y4x:TZJLK QR_�[:YqV G Qa[]|�x]S:V�V G J "{J k KhUWV r·K�QR[:QaK�S]K V k U¿�qJeTBV^QRK�J s
\ k Qa[]fQa\]TZJd< m V�feUq[ x6J¶_ G Y 1-[ r k Qa|qY k Y4S]_XTZc s V G UWV�V G J¶YA\]V^QRK�UqT/\{UWV G � � 1 QZV G U _`S:QaVXUAx:TZJ
x]Uqf	�&1gU k b V^QRK�J \]U k UqK�JVXJ k QKJLUWVXQZY4[ " r G J k JlJi:UAf�VXTZc�V G JgV k U¿�qJTdVXQaK�J s _`UWVXQa_^�Äc�V G J k U¿cPr½�®S:TZJ k�sJe�dS]UqV^QaYA[]_ � ��� �� � �� " 
��� r�� s �� �� " 
�� � � r�� s � � � r�� s

r#G�F s

_XS{\]\:TaJeK�Je[4V^J b x4c/UgV�1®Y�\6YqQR[4V<Qa[]QZVXQaUqTAUq[ b u6[]UWT4f�Y4[ b QaV^QaYA[]_]< m [¸V G Qa_�fUA_^Jvr·Mdz s Qa[ b QafeUWVXJe_<V G UWV
V G J/�dQa_`f�Y4_^QaV°ch_^YATaS:VXQZY4[ 1 QaTZTI\:QRf	�hS]\.UqV�YA[]J�\6YqQR[AV®V G J�JLU k TZQaJe_XVBV k U¿�qJeT{VXQaK�J/YAS:V®YW�Á\6YqVXJe[4V^QRUWT
k U¿c:_!r·f G U k UAf�V^J k QR_XV^QRf_ s f k YA_`_^QR[:|�V G J k J5< F G J/_^YATaS]V^QaYA[ 1 QaTZT k JeKhUWQR[ fYA[4V^QR[dS:YAS]_31 QaTZT#\{Y4_X_XQRx:TZJ
b QR_XfYA[4V^QR[dS:QZVXQZJL_ QR[.V G J�| k U b QaJe[4V 1 G J k J k U¿cd_gf k Y4_X_ 1 QaV G KhUWVXf G Qa[:|hV k U¿�AJT#V^QRK�Je_]<
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u�< 6 J�[:Y 1%f�Y4[]_^Q b J k U x6YAS][ b J b � Uq[ b VXUA�WJ � r���� s 
 F �ÄY k ��� ? � � UA[ b � 
 �� JeT �
_^J�1 G J k J�� � r½V G Qa_�f G YqQRf�J UAf�VXS{UWTaTZc¶f�Y k`k Je_`\{Y4[ b _¸V^Y U�_^V`UWV^J fYA[]_XV k UWQR[:J b Y4\:V^QRKhUWT�fYA[4V k YqT
\ k YAx:TaJeK n uWv�o n tAu�o s < 6¶J�UA_X_`S]K�J�V G UWV¸V G J k J�QR_¸U k U¿c�_^YATaS]V^QaYA[ Yq�:r#G�F s �I|qYAQa[:|.� k Y4K ����V^Y�)� k JLK�UqQa[]Qa[:|�_XV k QafV^Tac�Qa[ � Uq[ b k JLUWTaQKJeQa[]|�U�K�Qa[]QaK�S]K V k U¿�AJT�V^QRK�J�QR[¶V G J�_XJe[]_XJhYW�@r½MAy s <
6 QZV G YAS k x{Y4S][ b U k c�f�YA[ b QZVXQZY4[�Uq[ b QR[��dQZJ�1@Yq��V G J!f�Y4_^Vg�½S{[]f�VXQZY4[ r½MgC s Uq[4c Y4\:V^QRKhUWT�\]UWV G
Qa_¸fYA[]_XV k UWQR[:J b V^Y�J�i:QZV/V G J b Y4KhUWQR[�UWV ���d< j U k UqK�JVXJ k QKJeJ b 1 QaV G QZV`_/feS k �4QaTaQa[:JLU k Uqx]_`f�QR_X_`U7�
V G QR_ k U¿c�Qa_lV G J/\]UqV G _XYqTRS:VXQZY4[�YW�<V G J�UAx{Y��AJ-YA\:VXQaKhUqT2fYA[4V k YqT{\ k Y4x:TZJLK r½Mdz s UA[ b

,
r�� s Qa_lV G J

K�Qa[:QRK!S{K V k U¿�qJeT�V^QRK�J�� k YAK V G J _XYAS k f�J�� � VXY � Y4S:V¸YW�lJe�qJ k c \6YqVXJe[4V^QRUWTB\]UqV G � k YAK � V^Y� � <
t=< "�Qa[]UqTZTac��6QZV QR_-\6YA_`_^QRx:TaJ�V^Y�|AQZ�AJ¸Uh\ k Je_`f k QRx{J b u2[:QZVXJ���UWTRS:J�V^Y�V G J!x6YAS][ b U k c.f�Y4[ b QaV^QaYA[ � Y4[UAu]i:J b \]U k V � YW�<V G J�x6YAS{[ b U k c � � UA[ b �� JeTa_XJ'1 G J k J5< m [.Uq[�S][dx6YAS][ b J b b Y4KhUWQR[ r·feUq_XJ
w s V G J�_^Y4S k f�J�fUA[�UqTa_XY�x{J�_`\6Jef�Q u{J b Y4[�Uq[ G cd\6J k �°_XS k �½UqfJ � < F G J��dQa_`f�Y4_^QaV°c._XYqTRS:V^QaYA[�UWV:�
1 QZTaTÁV G Je[�|AQZ�AJ¸V G J!K�QR[:QRK!S]K V k U¿�qJeTIV^QRK�J!YAS:V Yq��\]UqV G _-� k Y4K	��VXY � � Y4[ ��< F G J�Y4\:V^QRKhUWT
\]UWV G _ 1 QaTZT�x{J k U¿c:_�� k YAK _^Y4S k fJ/\6YqQR[4VX_1� � YA[�� 1 QZV G QR[:QaV^QRUWT<V k U¿�AJT+�>VXQaK�J/|qQa�qJL[�x4c � r�� � s <

6¶J _XS]KhKhU k Q JJ�V G QR_�_XJefV^QaYA[�xAc�V G Jl�ÄYqTaTZY 1 QR[:|�\ k QR[]f�QR\:TaJ �:p F G JlV k U¿�qJeTAVXQaK�J _X\6JefQ u6J b x4c�U k U¿c
UqV�U!\6YqQR[4V�1 QaTZT#KhUWV`f G V G J��dQa_`f�Y4_^QaV°c�_XYqTRS:V^QaYA[ Q�<V G J k U¿c�x6JV�1®JJL[hV G J¸_XYAS k f�J-UA[ b V G J�f�Y4[]_XQ b J k J b
\6YqQR[4V k JeUqTZQ JJ V G J�K�QR[:QaK�S]K V k U¿�qJeT{V^QRK�J�Y4S:VBYW�ÁUqTZT2\]UWV G _®_^V`U k V^QR[:|�UWVlV G UqVl\6YqQR[AV®Uq[ b Ji:QZVXQa[:|�V G J
b YAKhUWQR[�UqV U�_^Y4S k fJ/\6YqQR[4V?< q

	3� � � �3C '�)  "$�&%4��  -
6¶J�[]Y 1 fYA[]_XQ b J k V G J�_XQRK�\]TZJ!_XQaVXS]UqV^QaYA[ r%u{|AS k J w.C s 1 G J k J�V�1®Y k U¿c:_?r p w�Uq[ b p u s U k J!f k Y4_X_XQR[:|
UqV�\6YqQR[AV m |AQZ�dQR[:|�V�1®Y b Q+*2J k JL[AV�V k U¿�qJTÁV^QRK�JL_��	w�UA[ b �^u�< 6¶J��½S k V G J k UA_X_`S]K�J�V G UqV=�^u�� �	w5< 6 J
\ k JL_^JL[AV�Q b JeUq_¸S][ b J k TZcdQR[:|�V G]k JJ b Q+*2J k JL[AV 1gU¿c:_-YW�gf�Y4K�\{S:V^QR[:|�V G JL_^J�V�1lY�V k U¿�qJeT�VXQaK�JL_ 1 QZV G YAS:V
V k UAf�QR[:| k U¿c:_wr p w�� p u s Uq[ b S]_XQa[]|.�dQa_`f�Y4_^QaV°c�_^YATaS]V^QaYA[�Yq�BV G J�JQR�WY4[]UWT�Je�dS]UqV^QaYA[ r>f�YAKh\]S]V^J b x4c�U
_`S:QaVXUAx:TZJ b QR_Xf k JeV^Q JeUqV^QaYA[�Yq��r½MAt s s < - Y k J�Y4[�V G JL_^J¸K�JV G Y b _gfUq[�x{J��ÄYAS{[ b QR[.QR[ n C�o n G�o#�ÄY k _^JLf�VXQZY4[
t�<Zw$� n uqy�o:�ÄY k _XJefV^QaYA[�t=< u�UA[ b n y�o n v�o:�ÄY k _^JLf�V^QaYA[�t=< t=< F G J f�Y4K�\{S:VXUqV^QaYA[�YW�6V G J K!S:TaV^Q+�¡�¿UqTaS]J b V k U¿�qJT
VXQaK�JAu{JeT b QR[�U k JeUqTZQR_XV^QRf/_XJQR_`K�QRf¸K�Y b JTÁS]_XQR[:|hV G QR_ TRUq_XVgK�JeV G Y b fUA[�UqTa_XY�x{J¸�ÄY4S][ b Qa[ n t�o#<

O

R1

I

R2
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F G J G cd\6J k x6YqTaQaf fYA[]_XJ k ��UWV^QaYA[�TRU 1 fYAKhK!S{[:QZV°c G Uq_lU¸TZY4[:|�Ji:\6J k QaJe[]fJ YW�<_ G Ydf	��fUA\:VXS k QR[:|�< F G UWV
QR_ u6[ b QR[:|h\ k Jef�QR_XJTac 1 G J k J�V G J��dQR_XfYA_XQZV°c�_XYqTRS:V^QaYA[�QR_ b QR_XfYA[4V^QR[dS:YAS]_31 QaV G Y4S:VlV k UAf�QR[:|!V G J¸f G U k Uqf �
VXJ k Qa_XV^QRf_]< m [hV G J/fUq_XJ YW� � UqK�QZTaV^Y4[ �AUAf�Y4x:Q]Je�dS]UqV^QaYA[]_ 1lJ�KhU¿c G U¿�qJ b QR_`f�YA[4VXQa[dS:Y4S]_�| k U b QZJL[AV`_�x]S:V
V G J��dQa_`f�Y4_^QaV°c _XYqTRS:V^QaYA[ k JLKhUWQR[]_ f�Y4[AVXQa[dS:Y4S]_]<

m [ n C�o �IU.K�JV G Y b x]UA_^J b YA[�_^QR[:|AS]TaU k QaV°c&�¡feUq\:V`S k QR[:|�QR_�\ k Y4\{Y4_^J b < 6¶J�U b]b J b U.f�Y4S]\:TaJ!Yq� k U¿c
VXY�u{|4S k J�w.C�V^Y.YAx:V`UWQR[ u{|AS k J w�zV< F G J��dQR_XfYA_XQZV°c�_^YATaS:VXQZY4[�Qa_�f�Y4K�\{S:V^J b u k _^V�_`\6Jef�QZ�ÄcdQa[]|.U \6YqQR[AV
_XYAS k fJgfYA[ b QZVXQZY4[ r·MAv s UWV�\6YqQR[4V � � 
 o < F G J-_^YATaS:VXQZY4[�|qQa�qJe_BQa[h\]U k VXQafeS:TaU k V G J V k U¿�qJT �^u¸UqV�\6YqQR[AVm r·V G J�JeU k TaQZJL_^V�V k U¿�AJTBVXQaK�J��BfeUq_XJ�w YW�-_XJefV^QaYA[ u s < F G J._XQa[]|AS:TRU k QZV°c r½V G Qaf	� TaQa[:J s QR_�TaY:fUWVXJ b x4c
b JV^JLf�VXQa[:| 1 G J k J�V G J/| k U b QaJe[4VBYq�ÁV G J¸_XYqTRS:V^QaYA[tr>UWTR_^Y�|qQa�qJe[.UWVl\6YqQR[4V � r " s x4c�V G J¸_^TaY 1-[:Je_`_B�AJefV^Y k� r " s YW�Ar�G5F s Uq[ b k Je\ k JL_^JL[AVXJ b xAc¶U k`k Y 1-_�YA[¶V G JPu{|AS k J s QR_ b QR_`f�YA[4VXQa[dS:Y4S]_�< 6¶J UWTR_^Y k JefeUWTaT�VXUWVk U¿c:_gf k YA_`_^QR[:|�V G J k J¸|qQa�qJ¸V G J�_XUAK�J/V k U¿�AJT#V^QRK�J�V G J k JPr·V G J��dQR_XfYA_XQZV°c _XYqTRS:VXQZY4[.QR_ f�Y4[AVXQa[dS:Y4S]_ s <

F G JL[!�IV G J�V k UAf�J�YW��V G J��dQR_XfYA_XQZV°c�_XYqTRS:V^QaYA[�YA[�V G J��AQR[]��QR_�S{_^J b Uq_/U�_^Y4S k fJ��ÄY k fYAKh\]S:VXQa[:|
[]J'1 �4QR_`f�YA_XQaV°c�_^YATaS]V^QaYA[]_�Y4[¶JeUqf G _XQ b J.YW�gV G J.�4QR[]�"< F G J k JeKhUqQa[:QR[:|�\]U k V�Yq�gV G J k U¿cd_Pr b Uq_ G J b
TaQR[:J s UWTR_XY k JeUqTZQ JJhK�Qa[:QRKhU��ÄY k V G JL_^J�[:J�1 \ k YAx]TZJLK�_.1 QaV G K�Y b Q u{J b _XYAS k fJ5< F G J�[:J�1 �dQR_XfYA_XQZV°c
_XYqTRS:VXQZY4[ Y4[�V G J.S]\{\{J k \]U k V�YW�gV G J.�4Qa[]��V G J k J�ÄY k Jh|qQa�qJe_¸V k U¿�AJT�VXQaK�J �	w UqV�\{YAQa[4V m r·feUq_XJht�Yq�
_XJefV^QaYA[�u s <

Gradient singularity

O
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R2
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m [¶V G Qa_!K�JeV G Y b n uWy�o ��S]_^J�QR_�KhU b J�Yq�®V G J VXQaK�J k J�qJ k _XQRx:QZTaQaV°c YW�gV G J \ k Y4x:TZJLK < m [4V^J| k UqV^QR[:|�V G J
_XTaY 1-[:Je_`_ r^w�� � s UqTZY4[:|�U k U¿c�x{JeV�1lJeJe[hV�1®Y�\{YAQa[4VX_�YA[:J 1gU¿c!Y k Uq[:YAV G J k |qQa�qJ V G J�_`UqK�J V k U¿�qJeT:V^QRK�J5<� J k J�K!S:TaV^Q+�>��UqTaS:J b [:JL_X_gQR_ |qJeV k Q b YW��xAc�_X\:TaQaV^V^QR[:|�V G J b YAKhUqQa[�S]_XQa[]|hUA[.QR[4V^J k �½UAf�JPr½V G Qaf	�.TZQR[:J�Y4[
u6|AS k JPr^wev s s Uq[ b fYA[]_XQ b J k Qa[]|�\6YqQR[4V m Uq_ _XYAS k fJ5<

"�Q k _XV V G J��dQR_XfYA_XQZV°c _XYqTRS:VXQZY4[.QR_-f�Y4Kh\]S:V^J b Y4[�V G J�TaJ��ÄV-_XQ b J/Yq��V G J�QR[AVXJ k �½UqfJNr>_^Y4S k f�J¸\{YAQa[4V-UWV
o s < F G J k JhQa_¸U�\ k QaY k Q�[:Y�K!S:TaV^Q+�>��UqTaS:J b [:JL_X_¸Y:ffeS k`k QR[:|.QR[ V G QR_ JY4[:J�_XY�V k U¿�qJT�V^QRK�Je_�UA_X_XY:f�QRUWV^J b
VXY k U¿c p w�Uq[ b p u 1 QaTaTÁx{J�f�YAKh\]S]V^J b S{\�VXY�V G J!Qa[4V^J k �½UAf�Jd< F G J�Q b JeU�[]Y 1 QR_-V^YPu2[ b V G J!_XYAS k fJ
\6YqQR[4VÁY4[�V G J k QZ| G V�_^Q b J��ÄY k 1 G Qaf G V G JgUq_`_^Y:fQaUqV^J b �dQR_XfYA_XQZV°c¸_XYqTRS:V^QaYA[ 1 QaTaT G U¿�AJlKhUWV`f G QR[:|�_XTZY 1-[:JL_X_
�AJefV^Y k r½| k U b QaJe[4V'� k Je\ k JL_^JL[AVXJ b x4c!U kXk Y 1-_ s 1 QaV G V G J TaJ��ÄV�_XQ b J _XYqTRS:V^QaYA[�UWV�\6YqQR[4VX_�YA[!V G J QR[4V^J k �½UAf�J5<
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o/[�u{|4S k JNr^wLv s �ÄY k QR[]_XVXUq[{f�J�\{YAQa[4V m QR_gV G J�f�Y k`k Jef�V®_^Y4S k f�J5< F G J�K�JV G Y b 1 QaTaT^u6[ b V�1lYh_XTZY 1-[:JL_X_
KhUqVXf G QR[:| \6YqQR[4VX_ r½QR[AVXJ k _^JLf�VXQZY4[ YW� p w¶Uq[ b p u 1 QaV G V G J¶Qa[4V^J k �½UAf�J s < F G J¶�dQa_`f�Y4_^QaV°c+_XYqTRS:VXQZY4[
UA_X_XY:f�QRUWVXJ b 1 QaV G U�_^Y4S k fJ/\6YqQR[4V UWV �h|qJL[:J k UWVXJe_®U�| k U b QaJe[4VlUqV®V G J¸Qa[4VXJ k �½Uqf�J b QR_`f�YA[4VXQa[dS:Y4S]_�1 QaV G
V G J�TaJ��ÄV!_XQ b J�| k U b QaJe[4V�UWV�V G Je_XJ._`UqK�J�\{YAQa[4VX_]< 2�YqVXJ�V G UqV�V G J k J�QR_�[:Y K�S:TaV^QB��UWTRS:J b [:Je_`_�JeQZV G J k
Y4[�V G J k QZ| G V�_^Q b J5< p U¿c:_ p w�Uq[ b p u G U¿�AJ!x{JeJe[ _`\:TaQZV/_XS{f G V G UqV�JLUqf G \]U k V k JLUWTaQKJeJ!U K�Qa[]QaK�S]K
V k U¿�AJTdV^QRK�J YA[ G QR_�_^Q b J?r>fUq_XJ¸w-_^JLf�VXQZY4[�u s < F G J V�1lY b Q+*#J k Je[4V�V k U¿�qJeT �¡V^QRK�Je_ �	w Uq[ b �^u 1 QZTaT{_XQaKh\:Tac
x6J!|AQZ�AJe[ x4c�_`S]KhK�QR[:|�V G J�TZJ�ÄV/UA[ b k QZ| G V-�dQa_`f�Y4_^QaV°c�_XYqTRS:VXQZY4[]_�UqV�V G Je_XJ!V�1®Y�_XTZY 1-[]Je_`_-KhUWVXf G Qa[:|
\6YqQR[4VX_]<

F G J�K�S:TZVXQ���UWTRS:J b _^YATaS:VXQZY4[!�IYA[ U.TaQR[:JhYW� k JefJQa�qJ k �ÄY k QR[]_XVXUq[{f�J r½YA[ V G J k Qa| G V s �IQa_/YAx]VXUWQR[:J b
x4c�_Xcd_XV^JLKhUWV^QRfUqTZTac�f�Y4K�\{S:V^QR[:|.V G J��4QR_`f�YA_XQaV°c�_XYqTRS:VXQZY4[��ÄY k U�_XYAS k fJ!\{YAQa[4V/YA[�JLUqf G k JefJQa�qJ k Uq[ b
V G Je[�fTaUA_X_XQ�Äc.V G J b Q+*#J k Je[4VgV k U¿�qJTIVXQaK�J�x4c._XTZY 1-[]Je_`_®KhUqVXf G QR[:|hYA[�V G J�Qa[4V^J k �½UAf�Jd<
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F G Qa_<K�JeV G Y b n y�o n v�odS]_^JL_IV G J�_^V`UWVXJ�f�Y4[]_^V k UqQa[]J b YA\:VXQaKhUWTAf�YA[4V k YATqf G U k UqfV^J k Q JeUqV^QaYA[-Yq�4V G JB�dQR_XfYA_XQZV°c
_XYqTRS:VXQZY4[�|qQa�qJL[ QR[._XJef�VXQZY4[�u!fUq_XJ�u�< F G J¸Q b JLU�QR_®V^Y b J,u6[]J/TaY:fUqT b Y4KhUWQR[]_'�:feUWTaTZJ b x:Qa| k U¿c:_'�dS]_XQa[:|
k U¿c�V k UqfQa[]|h_`S]f G V G UqV-K!S:TaV^Q+�¡�¿UqTaS]J b [:JL_X_ 1 QaTaTÁx{J�_`\:TaQZV-x6JV�1®JJL[.V G Je_XJ�x:Qa| k U¿c:_]<

4 k U¿c¶Uqf�V`S]UWTaTac k JeUqTZQ JJ U _XVXUqV^QaYA[]U k c¶\{YAQa[4V!�ÄY k V G J5"6J k K�UqV!\ k Qa[{f�QR\:TZJd<¶o/S k Q b JLU QR_�V^Y _XU¿c
V G UWV�Je�qJ k c k U¿c k JLUWTaQKJeJ�U¶TaY:fUWT-K�QR[:QRK!S]K r 1 QaV G'k Je_`\{JLf�VhV^Y V G J \]UWV G+k Je_XV k QRf�V^J b VXY TZQaJ�Qa[ QaVX_
[]JQa| G x{Y kXG Y4Y b s < m [ YAS k \]U k V^QRfS:TRU k J�i]UqKh\:TaJ 1®J�Uq_`_XS{K�J b V G UqV>�^u � �	w5< p U¿c p u k JeUWTaQ JJ�U�|ATZY4x]UWT
K�QR[:QRK!S]K �ÄY k r½MAy s 1 G QZTaJ k U¿c p w�QR_hU�TaY:fUWT-K�QR[:QRK!S]K < o/[ u{|4S k J¶wey G Y 1®J�AJ k � k U¿c p w 1 QaTZT
k JeUqTZQ JJ�Uh|ATZY4x]UWT<K�QR[:QaK�S]K 1 QZV G�k JL_X\6JefV V^Y�V^Y \{UWV G |AYqQR[:|�� k Y4K%orV^Y m Uq[ b k Je_XV k QafV^J b VXY�TZQaJ�QR[
V G J b YAKhUqQa[�D p w�x6YAS][ b J b xAc�V G J�V G QRf	��TaQa[]Je_Nr½V�1®Y k U¿c:_ s < � YAKh\]S:VXQa[]|�V G Jh�4QR_`f�YA_XQaV°c�_XYqTRS:VXQZY4[
QR[�V G Qa_ b YAKhUqQa[ 1 QaV G x6YAS{[ b U k c�f�YA[ b QZVXQZY4[]_-UA_-QR[ fUA_^J!uhYq��_^JLf�VXQZY4[ utr�� � 
 o s |qQa�qJe_=�	w!Uq_ k U¿c
p w!QR_/U.|qTaYAx]UqT�K�QR[:QRK!S]K QR[ D p w!�ÄY k r½M4y s Uq[ b J�i:QZV/V G J b Y4KhUWQR[�1 QZV G JeJ k Y.f�Y4_^V.1 G QaTZJ k U¿c p u
Ji:QZV 1 QaV G QR[Vu6[:QaV^J�fYA_XV�<

D Uq_XJ b YA[ V G QR_�Q b JeU,��V G J�x:QZ| k U¿c V k UqfQa[:| UWTa|qY k QaV G K r·Uq_�\ k Y4\{Y4_^J b QR[ n y�o s _^QRKh\:TZc+f�YA[{_^QR_^V
QR[ _ G YdYAV^QR[:|¶U _`S�� f�QaJe[4V�[dS]K!x6J k Yq� k U¿c Uq[ b _^c:_XV^JLK�UqV^QRfUqTZTac f�Y4K�\{S:V^J�V G J��4QR_`f�YA_XQaV°c _XYqTRS:VXQZY4[
x6JV�1®JJL[ JeUAf G f�YAS{\:TZJ.YW�-_XS{ff�JL_X_XQa�qJ k U¿cd_]< 6 J�YAx:V`UWQR[ Uq[ Uq\{\ k Y¿i:QRKhUWV^QaYA[¶Yq�gV G J�K�S:TaV^Q+�>��UWTRS:J b
V k U¿�AJT6V^QRK�Jd<�o/[�u{|4S k J/u�F7�4V G J�V G Qaf	��TaQa[]Je_@r k U¿c:_ s b J,u6[:J¸U b YAKhUWQR[�D p u�QR[51 G Qaf G �4V G J��dQR_XfYA_XQZV°c
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_XYqTRS:VXQZY4[ |qQa�qJL_ �^u=< F G J�K�JV G Y b |qQa�qJL_�U¶K!S:TaV^Q+�¡�¿UqTaS]J b V k U¿�qJT®V^QRK�J�u6JT b QR[ V G J�r·[:Y4[ JLK�\]V°c s
QR[4V^J k _XJefV^QaYA[�YW�KD p w�UA[ b D p u�<

m V!_ G Y4S:T b x6J.[:YAV^J b V G UWV�QR[¶V G J�\ k JL_^JL[]f�J�Yq�gU�feUqS]_XV^QRf#��f�TRUq_`_^QRfUqT�|qJeYAK�JV k QRfUqT�YA\:VXQafe_�f�JLUq_XJ
VXY x{J���UqTZQ b Uq[ b k U¿c:_ b Y [:YqV-[:JLf�JL_X_`U k QZTac k JeUqTZQ JJ�K�Qa[]QaKhU=< Od\6Jef�QRUWT�fU k J�K!S]_XV-x6J�VXUA�WJe[�UA[ b U�U
V k JLUWV`K�JL[4Vgx{Uq_XJ b YA[�V G J�|AJY4K�JeV k QafeUWT#V G JY k c�YW� b Q+* k UqfV^QaYA[ r n u:w o n uqt�o s <BQR_ \ k Y4\{Y4_^J b QR[ n v�o�<

4�[�YAV G J k Uq\]\ k YAUAf G x]UA_^J b Y4[.V G J b JefYAKh\6YA_XQZVXQZY4[ YW��V G J k U¿c b YAKhUqQa[ r·_XJV Yq��QR[:QZVXQaUqTIVXUA�WJ �¡Y#*
UA[:|qTaJe_®Yq��V G J k U¿c:_ s QR[4V^YhJTaJeK�JL[AV`U k c51gU¿�qJe_ n w]F�o�Qa_ S][ b J k QR[4�qJe_XV^Qa|AUqV^QaYA[^<
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n w�o p <34�x]| k UWTaT$< 2�S{K�J k QRfUqT (/Qa_`f k JVXQKJLUWV^QaYA[+YW� "�Q k _XV o k b J k � UqK�QaTZVXYA[ �4Uqf�Y4x:Q �l�dS]UqV^QaYA[]_�Y4[
F k QRUq[:|4S:TaU k - Je_ G Je_]< ��� �� d �����w�
& �����N� � �
&�� ����N��& ���  5 S� �% �P� ����� � ��weyqydC=<

n u�o p <)4�x:| k UqTZT�< 2/S]K�J k QafeUWT b QR_Xf k JeV^Q JeUqV^QaYA[ Yq�lx6YAS][ b U k c f�YA[ b QZVXQZY4[]_/�ÄY k u k _XV/Y k b J k/G UqK�QaTZVXYA[��
m^UAf�Y4x:Q<Je�dS]UqV^QaYA[]_]< ������ �
	   =��� ��������������7&��
	�,��� �
� X�dD�@�����d�������� �ÁweyqydzV<
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n t�o p <#4�x:| k UqTZT:Uq[ b �S< � (X<�DgJL[]UqK�YASa<gDgQa| k U¿c¸V k UqfQa[:|¸Uq[ b JQR�WY4[]UWTd_XYqTa�qJ k YA[�S][]_XV k S]fVXS k J b | k Q b _� 4�\]\:TaQafeUWV^QaYA[ V^Y�V G J�f�YAKh\]S]VXUWVXQZY4[�Yq�®U�K!S]TZVXQ �¡��UWTRS:J b V k U¿�qJeT �¡V^QRK�Jwu{JeT b Qa[¶V G J�K�U k K�Y4S]_^Q
K�Y b JeT$< � ���N�
�$� ��P�#���  �  ��� ��� � �N��&"����� 	 � � �  ��� � �   � ������� <

n M5o!oX< p S][dx{Y k |PDA<:�l[:|4�dS:Qa_XV�<-�S:TaV^Q+�°\ G Uq_XJ�f�Y4K�\{S:VXUqV^QaYA[�Qa[�|qJeYAK�JV k QRfUqT6Y4\:V^QRf_]< ������t��  =��� � �
�X�5�d�	� ��
 �<wLyqygG�<

n G�o!O <#o/_ G J k DA<]�®[:|A�dS:QR_^V��:�!<7"2UWVXJeK�Q$<�"�QR[:QaV^J b Q+*#J k Je[]fJ�K�JeV G Y b _-�ÄY k |AJYAK�JeV k QafeUWT#YA\:VXQafe_-Uq[ b
k JTRUWVXJ b [:YA[:TaQR[:JeU k \ b JL_�UA\]\ k Y¿i:QaKhUWVXQa[]|�V G J G Qa| G � k Je�dS:Je[{f�c G JTRK G YqTaV,J�JL�4S{UWV^QaYA[a< � �:�
�   =��� ����������*� ������� � ����� � <

n C�o!O <Ao/_ G J k DA<¿�l[]|A�dS:QR_^V��L�:< "6UWVXJeK�Q�</2�S]K�J k QRfUWT k Je_XYqTRS:V^QaYA[�Yq�{V G J G QZ| G � k Je�dS:Je[{f�c�Uq_Xc:K�\]V^YqVXQaf
Ji]\]Uq[]_XQaYA[�YW��V G J�_`fUqTaU k 1gU¿�qJ/Je�dS]UqV^QaYA[^<�� � �����: � � ��� � � � � ��wLu�F � weMgG��2w.GdG/�]wLyqygG�<

n z�o %X<KD U k TZJL_�<�� ���������%��& ���5 	]� � ��� � �
��� �5 �������������%��& � �5�
 ���X�
��� ��&�� � ��������� <�O:\ k QR[:|AJ k ����J k TRUW| �
wLyqyqM�<

n v�o �S< ��(N<aDgJe[]UAK�YAS^<�DgQa| k U¿c�V k UAf�QR[:| � V G J�|AJY4K�JeV k QafeUWT�V G JY k c�Yq� b Q+* k UAf�V^QaYA[ UA\]\ k YAUqf G < �
&
 "��  ����������%��& <

n y�o �S< ��(N< DgJe[{UqK�YAS^< DgQZ| k U¿c V k UAf�QR[:| � -�S]TZVXQZ��UWTRS:J b V k U¿�qJT�V^QRK�J u{JT b f�Y4K�\{S:VXUqV^QaYA['S]_XQa[:|
�dQR_XfYA_XQZV°c�_^YATaS:VXQZY4[]_gYW��V G J�JeQa�qYA[]UqT#Je�dS]UWVXQZY4[^<�� � �z���! � � ��� � � � � �Áw¿uWv � MgCqt��dMdz�M,�]wLyqy5C�<

n w]F�o j <�DgS]TaUA[AV]< F 1lY��¡\6YqQR[4V k U¿c�V k UqfQa[]|�QR[�t � b < � �	�! #" �!
 �IweMAv7�#wLyqy5C�<
n wqw�o.�X< � J k �qJL[4c5< � �=N�� 5 "��� �������%��& �%$w��������������
&'&�� �P� ��w&S���P�� � �����a���.�5����
&'&t�%$ ���� � �X� �	( ��	� �

) ,� � �w�
& �����: S�  � � ��� � �,������ �#*+
 ��& �����.��, �%$-� ��� ��� � �  �, "� � %�JeYA\ G c:_XQafeUWT jlk Je_`_��2wLyqvgG�<
n wLu�o � < � < � G UA\]KhUq[^< p U¿c�V G JY k c¶Uq[ b QaVX_!J�i:V^JL[]_XQZY4[]_ � 6 �dxdm!UA[ b KhUq_XTZY��¶_^JeQa_`K�Yq| k UqKh_]< � �� ��� ��� � � �^GWv � uAz.�4M4t7�2weyqvgG�<
n wet�o.- <,4�x b ��T+�¡KhUq|q|qJ b <�t � b u k _XVgU kXk Qa�¿UqT#V k U¿�qJTaV^QRK�Je_ UA[ b UAKh\:TZQaVXS b Je_ �dQRU�JQR�WYA[{UWT<Uq[ b V k UA[]_��

\6Y k V u6[:QaV^J b Q *#J k Je[]fJ�_^YATZ�AJ k _�< 	 � �  �K&S�
	����� �
�/�����= � � � �ÁweyAy5C�<
n wM5o.�X<)"2U k`k U�Uq[ b p <)-�U b U k QRUW|4U=< O4JQR_`K�QRf 1gU¿�qJ��ÄY k K K�Y b JeTZTaQa[]|�Qa[ G JeV^J k Yq|AJe[:JeYAS]_¸K�J b QaU�x4c

k U¿c.\6J k VXS k x]UqV^QaYA[�V G JeY k c5<3� � �v��  ��� � � 	  � � �{y4u � u�CAy4z��]uAz:wLu�<
n w.G�o 4 < � Uq[4cd|AU %X< ��UqK�x]U k J�� j < ��S{f�QaY�<-u � b Uq_XcdKh\:VXYqVXQaf�| k JeJe[!� _g�½S][{f�V^QaYA[{_�< m [ � � � �������
&'&��N�0$

���= 1��� � �  2� ��&�&S�����a���,���
&'& �IweyAyWM�<
n w]C�o j < %�J k U k b � j < -�U k �WY 1 QRf G � 2 < -�UAS]_^J k ��Uq[ b " < j YAS]\{UqS b < � YAK�YA|qJe[]QKJLUWV^QaYA['TaQRK�QaVX_�Uq[ b

1 Qa|A[]J k V k Uq[{_n�ÄY k Kh_]< �S�� � 	   ���� � � �7&��
	�,��� �
���X�d3�w� �� �<wLyqydC=<
n w¿z�o.�X<%/S:QaTZTaJeK�QR[ Uq[ b O"<�OdV^J k [dx{J k |S< %�JYAK�JeV k QafhUq_`_XcdKh\:VXYqVXQaf5< �:��,� � ����&�� �����=��P���$� ����� � � �

���%��/� � �v����	.�%�5�& �� ��wLy4z�y�<
n wev�o 4 < � Uq[4cd|AU�Uq[ b ��< j U�m^f G JeT$< j YqQR[AV�VXY fS k �qJ k U¿c�V k UAf�QR[:|�QR[ f�YAKh\:TaJ�i¶|qJeYqTaYq|qQRfUqTBK�Y b JTR_�<

� ��� ��� � � ����� � �����# �����$�
&�& �]M4t � vdGqy��dvdzWu7�{weyAydG=<
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n wey�o�O < � "6YAK�QR[ m < - < %�JeT�½UA[ b < ����� ������� �X�0$��S��� �%���$�%��& < j®k JL[AVXQafJ � � UqTZT��#wey5CAt=<
n u�F�o �S<=DA< ��JTaTaJ k < %�JeYAK�JV k QRfUqTIV G JeY k c YW� b Q+* k UqfV^QaYA[^<�� � "7 S� � � � � � �:��,� � �"Gqu � wqw.C��#wet5F,�{wLy5CAu=<
n u:w�o �S< D@< ��JTaTaJ k < 4 |qJeYAK�JV k QRfUqT-V G JY k c YW� b Q+* k UqfV^QaYA[^< m [ ����� ������� � �%$�	���� �%�����%��& � ��& � �
� �

�  5 "��� �������%��& ���S��� ��� <7-�f % k U 1 � � QaTaT��/2�J'1 ���BY k � �#wLydGWv�<
n uqu�o j < � < �ÁQaYA[]_]< �v�&"����������. � �����������%��& � �%$ 
X���N�
���#��&*� � �������,�  ���������%��& � < j QZV`KhUq[!�IwLyqvAu=<
n uWt�o.(N< ��S b 1 Qa|�< 0�[:QZ�ÄY k K Uq_XcdKh\:VXYqVXQafhJi:\{Uq[]_XQZY4[]_�UqV�U fUAS]_^VXQaf5< �����N� � � ���� �� d S� � � ��� � � �

wLy � u:w�G.�:udG�F,�{weydC5C�<
n u�M5o�O <�o/_ G J k Uq[ b �S<WO4JV G QaUA[^<�" k Y4[4VÁ\ k YA\]Uq|AUWVXQa[]| 1 QaV G fS k ��UWVXS k J b Je\6Je[ b JL[4V�_`\{JeJ b � 4�TZ|AY k QZV G K

x{Uq_XJ b YA[ G UqK�QaTZVXYA[��am^UqfYAx:Q#�ÄY k K�S:TRUWV^QaYA[{_�<G� � �z���! � � ��� ��� � � �#zWy � wLu.�dMAy,�6wLyqvqv�<
n u5G�o p < p QaJV b mnQa�"< 2�YqV^JL_gYA[�x:Qa| k U¿chV k Uqf�QR[:|S< m [ � �=��
���  ��� �
	   =��� � � �� � �
	 �0������� ��wLyqy4z�<
n u�C�o � < p S b Qa[�O <#o/_ G J k < p UA\:Q b f�YA[4�AJ k |qJe[{f�J/YW��Uq\]\ k Y¿i:QaKhUqV^J�_^YATaS]V^QaYA[�V^Y _ G UA\{J'�·� k YAK �°_ G U b QR[:|

\ k Y4x:TZJLK < � ���� S������� � �=���� ��� �� $ � �  ��&����V� �2( ����,� <
n uAz�o �S<2O4JeV G QRUq[a< �ÁJ�AJT<_XJV K�JV G Y b _?< < < � �,� ���w���P�� � ��� �<wLyqydC=<
n uWv�o � </- <6O4Y4[:J k <�o/\]V^QRK�UqTIf�YA[4V k YAT#\ k Y4x:TZJLKh_31 QaV G _XVXUWVXJ/_`\]UAf�J¸f�YA[{_^V k UqQa[4VX_]<!� � �:� � � �z��&����������&"� �� "�$�
� � �2uWM � G5Gqu���G5C]w��{weyqvdC=<
n uWy�o.6 <#O4c:K�JL_�< 4 _XTaY 1-[:Je_`_gK�UqVXf G QR[:|�UWTa|qY k QaV G K �ÄY k K�S:TZVXQa\]TZJ�V k U¿�AJTaV^QRK�JL_�<  "��  "� �
&�� �<weyAy5C�<
n t5F�o.6 <�O4c:K�Je_�� p < ��J k _XV^JeJ|,� 4w<�OdJQ���Uq[ b�� < � < F�k UA[^< ��Q k f G]G Y�* _XQRK!S:TRUWVXQZY4[¶K�Qa| k UWVXQZY4[�Uq[ b

QR[4�qJ k _XQZY4[ S{_^QR[:| u6[:QaV^J'� b Q+*#J k Je[]fJ�V k U¿�qJTaV^QRK�Je_¸Uq[ b UAKh\:TZQaVXS b Je_]< � 	 � � � �� � � 	   ���� � � 	 � ��� � �<weyAyWMS<
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Unit é de recherche INRIA Rennes, Irisa, Campus universitaire de Beaulieu, 35042 RENNES Cedex
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