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EFHG	IKJ�LNM OQPRITSHUWVYXZPR[D\�J	X][D^_X`PWIKPRaZVYX`PW[b\
c JdafegafX`G�IKJ�aih�[DIK^HURJ�jQJ�a
kmlf[YnoJ	XpOQPR\8SHa

q]Vb^H^3[DloX c Jdl`J�hrF_J�l`hrF_Js\>tvuDwbLxw�M yzVYl`ad{@|D|D|�M }D~N^�VY�DJ�a

�����	�6���H�b�x�i� Ji^_l`J�afJ�\xXVdXZ[g[DU c J c PWh�VYXZJ c XZ[�VbS_X`[DI#VYXZPRhpO_k�yz��^�Vbl`VbURUWJ	UWPR�6VYX`PW[b\<[b�
PRX`J�lZV�XZP��DJ�IKJ�afFQ����VYa`J c h�[bI#^_S_XrVYX`PW[b\Ha���VY\ c PRX`a
Vb^H^HURPRh6VYX`PW[D\�X`[�J�jQPRafXZPR\H�Kh�[ c J	a��mEFHJ
XZ[g[DUxVbS_X`[DI#VYXZPRh6VYUWU�e�^HUWVbh�J	a�h	[DIKITSH\HPRh6V�XZPR[D\TaoXrVYX`J�IKJ�\xXZa�PW\xX`[]X`FHJ�^_l`[D�Dl`VbI.�@XZ[]I�VY\Q�
Vb�DJpX`FHJ�\HJ�h	J�afaZVbloe.SH^ c VYXZJ	a]�3J	X���J�J	\�[@�bJ�l`UWVb^H^_PW\H�#^�VbloXZa[b��X`FHJ�^�VbloXZP�XZPR[D\HJ c IKJ�afF��
��X�PRaK^�Vbl`VbIKJ	XZJ	l`PR�6Vb�_UWJ��
PRX`F�V c J�afh�lfPW^_X`PW[b\�[b�iXZFHJ$X�eg^ J�[b�p[¡�bJ�lfU¢Vb^_^HPW\_�£�3J	X���J�J�\
a`SH�Q��IKJ�a`F_J�a�� � J.^Hl`J	a`J�\xX<Vb\¤Vb^H^HURPRh6VYX`PW[D\¥[b�]XZF_PWa�XZ[g[DU�XZ[¦X��![�� c PRIKJ�\HafPW[D\HVbU]Vb\ c
XZFHlfJ�J�� c PRI#J	\Ha`PR[D\�VYU�§iV6�QPRJ�l¨�oOgX`[D©bJ	a]ªH[¡�«a`[DU��DJ	l`a���k�J	lf�¬[DlfI#Vb\Hh�J�l`J	a`SHU�XZaiVblfJ��DPR�bJ�\��
�®x¯:°f±N² ��³��b� ^�Vbl`VbURUWJ	UWPR�6VYX`PW[b\���O_k�yz���_^Hlf[D�DlZVYI´VY\�VbU�eQafPWa	�H^Hlf[D�DlZVYIµX`lZVb\_af�¬[DlfI�V¡�
XZPR[D\��HIKJ�afFz^�VYlfXZP�XZPR[D\��H¶H\HPRX`JdJ�URJ�IKJ�\xXZa	�:§iV6�QPRJ�l¨�oOgX`[D©bJ	a
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	�� � � §i[DS_ai^Hl��afJ�\xXZ[D\_a SH\ [DSQXZPRU c J�afX`PW\����UWV�^HVblZVbURU��URPWa`VYXZPR[D\¦OQk�y��sVbS_XZ[��
I�V�XZP��gS_J c J�^Hl`[b�DlZVbIKIKJ�a c J�l�	a`[DURS_XZPR[D\ P�X��l`VYXZP��¬a ��VYa��adafSHl c J	a�I�VYPWURU¢VY�DJ�a	�T§][DSHa
^Hl�	a`J�\xX`[D\Ha�UWV h	[D\Hh	J�^_X`PW[D\ c JzU�� [bS_XZPRU
J	X�a`[D\ S_XZPRUWPRaZV�XZPR[D\����!J	X�[DS_X`PWU
PR\Ha`G	l`J c Vb\Ha
UWJ ^Hlf[D�DlZVYI#IKJ UWJ	a.h�[DIKITS_\HPWh�VYXZPR[D\Ha�\��h	J�afaZVbPRl`J	a ^ [bSHl$XZJ�\_PWl��zno[DSHl.UWJ	a��YVbURJ�S_l`a
VbSQj �¬l`[D\xXZPRG�lfJ�a c J�a$a`[bSHao��I�VYPWURU¢VY�DJ�a	� ��UpJ�aoX$^�Vbl`VbI�	X`lZVb�HURJ �Dl��bh�J�� SH\HJ c J�a`h	l`PR^Q�
XZPR[D\ c S�X�eg^ J c J�l`J	h�[DS_�glfJ�IKJ�\xX]hrFH[DPRa`P�J	\xXZl`J�URJ�aaf[DSHa¨��I#VbPRUWUWVb�DJ	a��m§i[bSHa^Hl�	a`J	\8X`[D\Ha
U�� Vb^H^HURPRh6VYX`PW[D\ c JKh	J	Xd[DS_X`PWU � c J�ada`[DU��DJ	SHl`a�§pV6�gPRJ�lo�¨OgXZ[b©bJ�a!� c J�Sgj J	X�X`l`[DPRa c PRI#J	\Q�
a`PR[D\Ha���J�X]\H[DSHa c [D\_\H[D\Ha c J	aiIKJ�afSHl`J	a c J�^3J�lo�¬[Dl`I#Vb\Hh	J�a	�
" ² �¡� ° �$# � �z� ^�VYlZVbURU%	UWPRaZV�XZPR[D\���O_k�yz���CVb\�VbU�ega`J c JN^Hl`[b�DlZVbIKIKJb� XZlZVY\Haf�¬[DlfI#VYXZPR[D\
c Jd^Hl`[D�blZVbIKIKJb��^�VYlfXZP�XZPR[D\ c JdI#VbPRUWUWVb�DJY�&�U��IKJ�\xXZa]¶�\HPRa��>§iV@�gPRJ�l¨�oOgX`[D©bJ	a
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< >1? ®AZ_^!"a`cb �H�¡�&#�# ® # ®EdC® �$	C�;: ² 8 � ² ³ ® # e
uQ�W{ y�J�afF k�VYlfXZP�XZPR[D\HPR\H� ���������������d�������������������d��������������� f
uQ� } O_k�yz� kvl`[b�DlZVbIhgdJ	\HJ�l`VYXZPR[D\ ���d�������������������d��������������� i

j � 	C� ² �£�_��: � b # �H� ® � ® 8 � ²\k � ² � � 	 8 : �D�_�;: ² 8 � l

] mC� ² � � 8 �&#on ² ��: � ? � � ² � � ® ��#�� ²�² # 6Xj
~g�W{ ppURPW�D\_I#J	\xXp[b� c VYXZVKVb\ c UW[g[D^Ha ���d�������������������d��������������� {6L
~g� } OQ[DURS_XZPR[D\.¶�URX`J�lfPW\H� ���������������d�������������������d��������������� {¡~
~g� u y�SHU�XZP �¨kvl`[gh�J c SHlZVYU�PRa`afSHJ�a����������d�������������������d��������������� {@w

e � bqb #r: �D�_�;: ² 8 � ² � ? ®�V �EWs: ® � °9Z � ²\[>® �K� ² #�W ® ��� 6�t
wQ�W{ uia`J�[b��XZFHJ�X`[Q[DU �����������������d�������������������d��������������� {;f
wQ� } k�J�lo�¬[Dl`I#Vb\_h�J�a �������������������d�������������������d��������������� {�i

t �<® #¬�_� ® ³ ±T² � [ � =\v

w x ² 8 �$#�	��y: ² 8 =*<
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|>[bl I#Vb\xe¦Vb^H^_UWPRh6VYX`PW[b\ ^Hlf[D�Dl`VbIKa��C^�Vbl`VbURUWJ	UWPR�6VYX`PW[b\ PRadVb\ Vb^H^3J6VYUWPR\H�H�C�HSQX c J�URPWh�VYXZJY�
�/V6e¦XZ[�PRI#^_l`[@�DJ�^ J	lf�¬[DlfI�VY\Hh�JY�<EFHPRa�PRa�J�a`^3J�h	P¢VYUWU�e XZl`S_J#PR\£afh�PRJ�\xXZP�¶�h�h�[DIK^HS_X`PW\_�H�
��\KX`FHPRa c [DI#VbPR\��8[D\HJh6V�XZJ��b[DlfeT[b�3^Hl`[D�blZVbIKa c J	a`J�lo�DJ	a!a`^3J�h	P¢VYU�VYX`X`J�\xXZPR[D\���EFHJ�afJpVblfJ
XZFHJ�PRX`J�lZV�XZP��DJ/h	[DIK^HS_XrV�XZPR[D\Ha�[b\NSH\HaoXZl`S_h	XZS_l`J c IKJ	a`FHJ	a��vEFHJ�eNVblfJ��bJ�lfe��
P c J�af^Hl`J�V c �
Vb\ c h�[D\_a`SHIKJ�V]afPW�D\_PR¶�h�Vb\xX�^HVblfX�[b�gXZF_J�h	[DIK^HS_XZVYXZPR[D\�VbUxlfJ�af[DSHl`h	J�a	� EFHJ�afJ�^_l`[D�Dl`VbIKa
Vbl`J�\�V�XZSHl`VbUCh6Vb\ c P c VYXZJ	a
�¬[bl^�VblZVYUWURJ�URPW��VYXZPR[D\��
EF_J�l`J�J�jQPRafX�I#Vb\xe¥^�VblZVYUWURJ�URPW��VYXZPR[D\¥XZJ	hrFH\HP��gS_J�a���EFHPWa#PRa c SHJb��XZ[ V UWVblf�DJ.J�j8�

XZJ�\xX���XZ[<X`FHJ�\8SHIKJ�l`[bSHadI�VYhrFHPW\_JKVbl`hrFHP�XZJ	h	X`SHl`J	a��}piapXZFHJKVYlfX�J��D[DU��DJ	a���V�I#VYXZhrFHPR\H�
J�IKJ�lf�DJ�aK�3J	X���J�J�\¥XZF_J$h�UWVba`afJ�aK[b�]^Hl`[b�DlZVbIKaKVb\ c XZFHJ$^�VYlZVbURUWJ	UWPR�6V�XZPR[D\ XZJ�hrF_\HP%�8SHJ	a��
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|>[bl J�j_VbIK^HURJb��h�[bI#^_S_XrVYX`PW[b\Had[D\¦SH\HaoXZl`S_h	XZS_l`J c IKJ�a`F_J�a�Vbl`JN\_[¡� �DJ�\_J�lZVYUWU�e¦^�Vbl`VbU �
UWJ	UWPR��J c X`FHl`[bSH�DF Vz�bJ�[DIKJ	X`l`PRh�^�VbloXZP�XZPR[D\HPR\H� [b�X`FHJ<IKJ	a`F¥PRX`a`J	UR�¨� EF_J$^�VblZVYUWURJ�URPW�	J c
^Hl`[D�blZVbI SHafJ�a X`FHJO_k�yz��� �\���
	 ������� ��	 �	�& �"#$����� �*���L� 	�� 	�� I#[ c J	U ����\NXZFHPRa�IK[ c J�U �
J6VbhrF ^Hlf[Qh	J�a`af[Dl [b��V c PWaoXZl`PR�HS_X`J c IKJ�IK[Dlfezh�[DIK^HSQXZJ�l�lfSH\HapX`FHJ�aZVYI#JT^Hl`[D�blZVbI [D\
[D\HJ¦^�VbloXZPRh�SHUWVbl$^3[DlfX`PW[b\,[b��X`FHJ¦[DlfPW�DPR\�VbUpI#J	a`F�� �![bI#I�SH\HPRh6VYX`PW[b\Ha�Vbl`J¦lfJ �8SHPRl`J c
�
FHJ�\ V��YVbURSHJ�ITSHaoX�XZlZV6�bJ�U��¬lf[DI V�afSH�Q��IKJ	a`F¦XZ[$VY\H[bXZF_J�l��CuiafS�VbURUReb�:XZFHPRa F�VY^H^ J	\Ha
[D\HU�e<�¬[Dl!�YVbURSHJ	a]UR[gh6VYX`J c [D\$XZFHJ��3[Dl c J�l[b��afSH�Q��IKJ	a`FHJ	a��!��X
PRah�[bI#IK[D\.^Hl`Vbh	X`PWh	J�XZ[
c SH^HURPWh�VYXZJ<V�h	J�lfXZVbPR\ VbIK[DSH\xX�[b�/XZF_J�a`J�¨�3[Dl c J	l����YVbURSHJ	aT[D\ XZFHJ�\HJ�PR�DF8� [bl`PR\H� a`S_�Q�
I#J	a`FHJ	a��mEFHPRa!VYUWUR[@�
a�SHavX`[ c J��¬J�lmh�[bI#I�SH\HPRh6VYX`PW[b\Ha!SH\xX`PWU3VbURU_XZF_J c S_^HUWPRh6V�XZJ c �YVbUWS_J�a
Vbl`J�[DSQXi[Y� c V�XZJdVb\ c \HJ	J c X`[K� JdSH^ c VYX`J c Vb�xVbPR\��
EF_JTV c Vb^_XZPR[D\.[b��V�^Hl`[D�blZVbI+X`[�XZFHPRaiO_k�yz� ^�VYlZVbURUWJ	UWPR�6V�XZPR[D\�aoXZl`VYXZJ	�be$l`J��8SHPWlfJ�a

X��![ I#VbPR\ [D^ J	lZVYX`PW[b\Ha�� �A�,4,! � 	��������������.���
	 VY\ c ��� �J� ��� ��	 �3	�& � ��� ���	�������� �
EFHJ�afJ��
PRUWU�3J c PRa`h�S_a`a`J c PR\ c J�XrVbPRUPR\ afJ�h	X`PW[b\�u_� � l`P�XZPR\H�¦XZFHJ�O_k�yz� ^Hl`[b�DlZVbI
�8e£F�Vb\ c PRaKV c J�URPWh�VYXZJ�XZVba`©>� ��XNl`J �8SHPRl`J	a�©8\H[@�
URJ c �bJ�[Y�]X`FHJ.Vb^H^_UWPRh6VYX`PW[b\¥X`[ ¶�\ c
XZFHJi^HU¢VYh�J�a��
FHJ�lfJp�YVbUWS_J�a�X`lZV6�DJ	U:�3J	X���J�J	\�afSH�Q��I#J	a`FHJ	a�����XVbURa`[Tl`J �8SHPRl`J	a/©8\H[@�
UWJ c �DJ
[b��XZF_J [@�DJ�lfU¢VY^H^HPR\H��� J�X��!J	J�\.a`S_�Q��IKJ�afFHJ�a	�HXZ[Nh	[Dl`lfJ�h�XZU�e<SH^ c VYX`J c SH^_UWPRh6VYX`J c �YVbURSHJ�a	�
EFHJ�lfJ	�¬[DlfJb�Q��J ^Hlf[D^3[Da`JpV�XZ[g[DU�XZF�V�X/�DJ	\HJ�l`VYXZJ	a!XZFHJ O_k�yz�«^Hlf[D�DlZVYI IKJ	hrF�Vb\HPRh6VbURU�eD�
��XpPRaiPRIK^ [blfXrVY\8X
X`[<\H[bX`J�XZF�VYX]XZF_PWa]PWaiV�af^ J	h�PWVbURPW�	J c ^�VYlZVbURUWJ	UWPR�6V�XZPR[D\�X`[Q[DU��mXZFHPRaiX`[Q[DU
I�VY©bJ�a�a`J	\Ha`J�[b\HURe �¬[Dldh	[DIK^HS_XrV�XZPR[D\HaT[b\£SH\HaoXZlfSHh	X`SHl`J c IKJ�a`F_J�a���EFHPRaTPRaT[DS_l c J��
UWPR� J	lZVYX`J�hrF_[DPWh	Jb�XZ[ XZl`V c J��DJ�\HJ	lZVbURP�X�e¤�¬[bl#J��#h�PRJ�\Hh�e�[D\�V ^HlfJ�h�PRa`J c [DI#VbPR\���� SHl
noSHafX`PR¶�h�VYXZPR[D\Ha]VblfJ�XZF�VYX��

� h�[DIK^HSQXrVYX`PW[D\_a�[D\ SH\HaoXZl`S_h	XZS_l`J c IKJ	a`FHJ	a�Vbl`J�V��bJ�loe �¬lfJ �8SHJ�\xXT©gPR\ c [Y�/^Hlf[Y�
�DlZVYI#a	��g�J�\_J�l`PRh�^�VYlZVbURUWJ	UWPR��J	l`aN�3J�FHV@�bJ$^ [g[DlfURe c S_J<XZ[�XZFHJ�PR\xXZJ	\Ha`P��DJ$SHafJ�[b�
PW\ c PWlfJ�h�XZPR[D\zVYl`lZV6ega��

� XZFHJd©8\H[@�
URJ c �DJ�[b��FH[@�«IKJ�afFHJ�apVbl`JdafX`l`SHh�XZSHlfJ c �3Vb\ c FH[@��^Hl`[D�blZVbIKa
� J	F�V6�DJ
[D\¥IKJ�a`F_J�a��/VbUWUR[@�
a#Vb\�VYS_XZ[DI#VYX`PWh$hrF_[DPWh	J�[Y�p[D^QXZPRI�VYUh�[DIKITS_\HPWh�VYXZPR[D\Ha#PR\Q�
a`J	lfXZPR[D\��dEFHPRa ��[DSHU c �3JN[DSQX�[b��l`J�VbhrF¦[b��V��DJ�\_J�l`PRh�^�Vbl`VbURUWJ	UWPR��J	l��C�3J�h6VYSHa`J�P�X
h6Vb\_\H[bX
PR\_�¬J�lXZF_PWa
©8\H[@�
UWJ c �DJ��¬l`[DI XZFHJd^Hlf[D�DlZVYI��

��\�XZFHPRap^HVb^ J	l�����JT^HlfJ�a`J	\xX�V#X`[Q[bU��¬[Dl]VbS_XZ[bI�V�XZPRh��DJ	\HJ�l`VYXZPR[D\�[b�mV�O_k�yz� ^Hlf[Y�
�DlZVbI-�¬[Dl�SH\HaoXZl`S_h	XZS_l`J c IKJ�afFHJ�a	� EFHPWa�X`[Q[bU c J�XZJ	l`IKPW\_J�a�XZF_J [D^_X`PWI#VbUiUW[gh6VYX`PW[b\Ha
[b��h	[DIKITSH\_PWh�VYXZPR[D\ h�VbUWURa���X`[��DP��DJ��3J�afXi^3J�lf�¬[bl`I#Vb\Hh	J�[b��XZF_J�^�VYlZVbURUWJ	UWPR��J c ^Hlf[D�Dl`VbI.�
EFHPWavX`[Q[DUQPWam��VYa`J c [D\�X`FHJ
I#J�XZFH[ c Vb\ c VbUR�D[DlfPRX`FHIKav^Hl`J	a`J�\xX`J c PR\�� L�� �xXZFHVYX ��J]afF�VbURU
a`SHIKI#Vbl`PR��J�PR\�afJ�h	X`PW[b\�LH� � J�VYUWaf[iafFH[@� FHJ	l`Jb�YFH[@�£X`FHPWaCX`[Q[DUY�/Vba�SHafJ c XZ[
^�Vbl`VbUWURJ�URPR��J

� �q~!� "
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J�jQPWaoXZPR\H��}b� Vb\ c uD� §pV6�gPWJ	lo�oO8XZ[D©YJ�a af[DUR�bJ�lfa�� EFHJ�l`J	afX�[b��XZFHJ�^�Vb^3J�l]PWai[Dl`�xVY\HPW�	J c
Vba��¬[DURUR[¡�
a ��OQJ�h�XZPR[D\¤}��HlfPWJ�ªHe£PR\xXZlf[ c S_h�J�aNX`FHJ<[bl`PR�DPW\HVbU�afJ �8SHJ	\8X`P¢VYU§pV6�gPWJ	lo�¨OgXZ[D©YJ�a
a`[DU��DJ	l`a�� OgJ�h	X`PW[b\¥uz^Hl`J	a`J	\8X`a�^Hl`J	h�PRa`J	URe XZFHJ.OQk�y�� IK[ c J�U�[b�
^�VYlZVbURUWJ	U�J�jQJ�h�SQXZPR[D\��
OQJ�h�XZPR[D\$L c J	a`h�lfPW�3J�a/X`FHJ ^HlfPW\_h�PR^HUWJp[b��[DSHl!VbS_XZ[bI�V�XZPRh�O_k�yz� ^Hlf[D�DlZVYIs�DJ�\HJ	lZVYX`PW[b\��
OQJ�h�XZPR[D\ ~�J�jQ^HUWVbPR\Ha�XZFHJ�af^ J	h�P�¶�h.^Hl`[b�HUWJ	IKa�l`J�UWVYX`J c XZ[ X`FHJ �l`J6VYU �<^Hl`[b�DlZVbIKa	�mVb\ c
FH[@� X`FHJ	e ��J�l`J$af[DU��DJ c �£OgJ�h	X`PW[b\¥w ^Hl`J	a`J�\xX`aNXZFHJ$VY^H^HURPWh�VYXZPR[D\ [b�
[DS_l�XZ[g[DUmXZ[zX`FHJ
§pV6�gPWJ	lo�oO8XZ[D©YJ�a af[DUR�bJ�l	�CVb\ c XZFHJ��DJ�\HJ	lZVYX`J c OQk�y�� ^Hl`[D�blZVbI.�iOQJ�h�XZPR[D\Af#h	[DIK^�VblfJ�a
XZFHJd^HlfJ�a`J	\xXpIKJ	X`FH[ c �
P�XZF�l`J	U¢VYX`J c XZJ	hrFH\HP��gS_J�a��
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��S_l!Vb^_^HUWPRh6V�XZPR[D\<J�jHVYI#^_UWJ	aVbl`J]X��![�� c PRIKJ�\HafPW[D\HVbU:VY\ c X`FHl`J	J�� c PWIKJ�\_a`PR[D\�VbU3ª�[@� a`[DU �
�DJ�lfa��CXZFHVYX��!J�afF�VbURUvl`J��¬J�l XZ[.VYa"!$# �&%�� �(' &C�&%�� �:Vb\ c*) �(+-, � � �:EFHJ�e¦a`[bUR�bJKX`FHJ
h�[DIK^HlfJ�a`afPW�_UWJ#§pV6�gPRJ�lo�¨OgXZ[b©bJ�adJ��gSHVYXZPR[D\Ha�SHafPW\_�.V�I#P jQJ c ¶�\HP�XZJ�J	UWJ	IKJ�\xX/.�¶H\HPRX`J��D[DU �
SHIKJ$I#J�XZFH[ c � c J�afPW�b\HJ c [D\¥SH\HafX`l`SHh�XZSHlfJ c XZlfP¢Vb\_�DSHUWVbl�IKJ�a`F_J�a��¤O8XZJ6V c ex��afXZVYXZJ.af[Y�
UWS_X`PW[b\HaKVbl`J$[b�_XrVbPR\HJ c SHa`PR\H� V ^Ha`J	S c [Y� XZlZVY\Ha`PRJ�\xX�Vb^H^Hlf[xVbhrF �
FHPRhrF PRa���VbafJ c [D\¥V
UWPR\HJ6VYl`PR��J c �¬[Dl`I�SHU¢V�XZPR[D\�� |�[Dl0!1# �&%�� � XZF_PWaK�¬[Dl`I�SHUWVYXZPR[D\�PRa � # �*����(���� ���
FHJ�lfJ6Vba#�¬[Dl
' &C�&%�� Vb\ c2) �(+-, � � ��X`FHJ��¬[Dl`I�SHUWVYXZPR[D\ PRa ��&C�*����(���� � EFHJ�lfJ	�¬[DlfJ.PW\3' &C�&%�� Vb\ c
) �(+-, � � �vJ6VYhrF XZPRIKJzaoXZJ�^ l`J��gS_PWlfJ�a�X`FHJ�a`[DURS_XZPR[D\ [b�dV U¢Vblf�DJ.a`^�VYl`a`J�UWPR\HJ�Vbl�aoegao�
XZJ�I.� pp^H^Hlf[6j_PRI#VYXZJ�a`[DURS_X`PW[D\_a�[b�iXZFHJ	a`J�afegafX`J�IKa�VblfJ�[b�_XrVbPR\HJ c �xe¤SHa`PR\H�54DVbh�[D�_P
l`J�UWV�j_VYX`PW[D\_a��

|�lf[DI V ^_l`[D�Dl`VbIKIKPW\H� ^3[DPR\8XK[Y�]�gPRJ	�d��PRXTXZSHlf\HaK[DS_XNX`F�VYXNX`FHJ$IK[DafX��¬lfJ �8SHJ�\xX
[D^ J	lZVYX`PW[b\Ha[D\$XZFHJ�IKJ	a`F VYl`J�[b��XZF_JdX�eg^3Jd©g\_[¡�
\�Vba �R	���!.���/6 �_(3	��r�%��� ��EF_J�a`Jd[D^3J�l¨�
VYXZPR[D\Hamh�[b\Ha`PRafX�[b�CV�UR[Q[b^�[D\�VbURU_XZF_JiIKJ�afF<J	UWJ	I#J	\xXZa![Y�CV��DP��DJ�\<©gPR\ c �8a`V@eb�gX`l`PWVb\H�DURJ�a	�
|>[bliJ�VbhrF XZlfP¢Vb\_�DUWJY� X`FHJNIKJ�afF¦afXZlfSHh	X`SHl`J��bPR�bJ�a�V c PWlfJ�h	X�Vbh�h	J�a`a X`[�P�XZaiX`FHl`J	JN\H[ c J�a	�
EFHJd[D^ J	lZVYX`PW[b\Ha
[D\$XZFHPRa]X`l`PWVb\H�DURJdVblfJ c J�h�[bI#^3[DafJ c PR\.XZFHlfJ�Jd^HF�VbafJ�a �
{D�87 �_� ? ® �8� a`[bI#J��YVbURSHJ�aiVYXfXrVbhrFHJ c X`[�XZFHJ�XZF_l`J�J�\H[ c J�a]VblfJ�l`J�V c �
}Q� x ² � b 	C� ® � X`FHJ�afJ
�YVbURSHJ	a�VYl`J
SHa`J c �x�
PRX`F�[YXZFHJ	l`a��xX`[�h	[DIK^HS_X`J
X`FHl`J	J
^�VblfX`P¢VYU
l`J	a`SHU�XZa	��EF_[Da`J�Vbl`J X`FHJdh�[D\xX`l`PR�HS_XZPR[D\�[b��XZFHJ�X`l`PWVb\H�DURJ XZ[�XZF_JdX`[bXrVYU�l`J	a`SHU�XZa
[b�
PRX`a
\H[ c J�a��

u_� Z �D�Q�6� ® �8� J6VbhrF�^�VbloXZPWVbU�l`J	a`SHU�XiPWa]Vbh	h�SHI�SHU¢V�XZJ c PW\xX`[#X`FHJ�XZ[bXZVbUCl`J	a`SHU�X][b��X`FHJ
h�[Dlfl`J	a`^3[D\ c PR\H�#\H[ c Jb�
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p/X�X`FHJ
J�\ c [b�3XZFHJ
UR[Q[D^#[D\�XZlfP¢VY\H�DURJ�a��gJ6VYhrF<\H[ c J�
PWURU�FH[DU c XZFHJ
h�[bl`l`J	h	X�¶�\�VbU�lfJ�afSHURX��
P � Jb�vXZF_J�VYh�h�S_ITSHUWVYXZPR[D\�[b��XZFHJd^�VbloXZPWVbUCl`J	a`SHU�XZa][b��VbURU�PRX`a
\HJ�PR�DF8� [bl`PR\H�#X`l`PWVb\H�DURJ�a	�
E�Vb�HURJ�{��DP��DJ	aNV.l`[DS_�DF P c J�V�[b��XZFHJ#a`PR��J�[b�!X`FHJ�afJ�h	[ c J	a�� �![bI#IKJ	\8X`a�VblfJ#\_[bX

h�[DSH\xX`J c PW\.XZFHJd\8SHI�� J	li[b��URPW\HJ	a��

OQ[DU��DJ	l !1# �&%�� ' &C�&%�� ) �(+-, � �
a`SH�_l`[DS_X`PW\_J�a {@u {�i uYL
UWPR\HJ	a {@~���� {yi���� LEi����

E�VY�HUWJK{ ��OgPW�	J�a][b� VY^H^HURPWh�VYXZPR[D\�J�j_VbIK^HURJ�a

� � '.� � ��� � )��d���������
� �����
�/(������T� � �#".�
�

ppa ��J]a`V6��PR\Ka`J�h�XZPR[D\�{D�bXZF_J]O_k�yz��^HVblZVbURURJ�UHJ�j_J	h�S_X`PW[b\�IK[ c J�UHlfJ �8SHPRl`J	a�X���[dI�V¡no[Dl
[D^ J	lZVYX`PW[b\Ha�� � �,4,!U�)	��������r�����.���
	 Vb\ c ��� �J� ��� ��	 �	�& � ��� ���	��r����� � ppa]a`F_[¡�
\�[D\
¶��DSHlfJ¦{D��X`FHJ�afJ.[D^ J	lZVYX`PW[b\Ha#Vbl`J$PR\ c J	^ J	\ c J�\xX��
	][¡��J	�bJ�l	�/� [YXZF¥l`J��gS_PWlfJ�PR\_�¬[DlfI�V¡�
XZPR[D\�Vb� [bS_X
XZFHJd^�VYXfXZJ	l`\�[b� c SH^HURPWh�VYXZJ c J�URJ�IKJ	\8X`a � ����������	��E�*���
	 �
	��r�%����� � � ppURa`[_�>��J
a`F�VbURU:afJ�J�XZFHVYX/XZF_J ^�VbloXZPRh�SHUWVbl
O_k�yz� ^Hlf[D�DlZVYI´aoX�eQURJ�SHafJ c FHJ�lfJb��lfJ �8SHPRl`J�aX`F�VYX!X`FHJ
^�VblfX`PRX`PW[b\HJ�llfJ�^HlfJ�a`J	\xXZapafSH�Q��I#J	a`FHJ	apPR\zV�^HlfJ�h	PWafJTI#Vb\H\HJ	l��

Original mesh

Overlapping Pattern

Original program

Partitioning

Our
Tool

Sub-meshes +
Communication lists

SPMD program

Parallel
execution Results

|�PW�DS_l`J�{ � ��� �J�O�
	��	�������������	��r����� �*� ��(,�,4,4
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EFHJ$PW\_PRX`P¢VbU�IKJ�a`F¤ITS_afXK�3J�^�VbloXZP�XZPR[D\HJ c PR\xXZ[ Vba�I#Vb\xe afSH�Q��I#J	a`FHJ	a<VYaTXZFHJ	l`J.VblfJ
V@�YVbPRUWVb�HURJ#^_l`[gh�J�afa`[Dlfa�� pp\xe IKJ�a`F ^�VbloXZP�XZPR[D\HJ�l�h6VY\ c [.XZFHVYX6��^Hlf[¡�gP c J c PRX�lfJ�a`^3J�h�XZa
XZFHJdh�[b\HafX`lZVbPR\xXZa]�DPR�bJ�\�� J	UW[@�d�

ps�YVblfPWJ�X�e [b��X`J�hrFH\_P%�8SHJ	a�� afSHhrF Vba�X`FHJ�lfJ�h	SHl`afPR�bJ<�HPRa`J	h	XZPR[D\ I#J�XZFH[ c ��Vbl`JKSHafJ c
XZ[dIKPW\HPRIKPW�	J]X`FHJa`PR��J][b�3XZFHJPR\xXZJ	lf� Vbh	Ji�3J	X���J�J	\<a`S_�Q��IKJ�afFHJ�a	�QX`FHJ�lfJ	�¬[DlfJI#PR\HPRIKPW�	PW\H�
XZFHJi\HJ�J c �¬[Dl!J�j_^3J�\_a`P��DJdh�[DIKI�SH\HPRh6VYX`PW[D\_a����!S_X��Q�
F�VYX`J	�bJ�lIKJ�afF$^�VblfX`PRX`PW[b\<�!JpJ�\ c
SH^��
PRX`F��QX`FHPRa/�
PWURU:\H[YXV � J�h�X/XZFHJpl`J�afSHU�X
[b��[DSHl/O_k�yz� ^Hl`[D�blZVbI �DJ�\_J�lZV�XZ[Dl	� � \HUReb�
XZFHJNlfJ�afSHURX`PW\_��O_k�yz�s^Hl`[D�blZVbI �
PRUWU�^ J	lf�¬[DlfI �3J	XfXZJ	lp[D\ V<�3J	XfXZJ	lpIKJ�afF ^HVblfX`PRX`PW[D\:�
EFHJ�^�VbloXZP�XZPR[D\HJ�l�PWaJ	\xXZPRl`J�U�e�PR\$hrF�Vblf�DJ�[b� c J�VbURPW\H�N�
P�XZF ����	"!$#,	���	�� (����
	 � � FHJ	\�[b\HJ
^Hl`[gh�J	a`a`[bl�PRaK[¡�bJ�l¨��SHafJ c [DlKSH\ c J�l¨��SHafJ c �/[blK�
F_J�\ &-�,4,! �,�&% � ��&-���.� hrF�Vb\H�DJ	a#X`FHJ
\gS_IT�3J�l[b��IKJ�afF.J�URJ�IKJ�\xXZa
PR\$a`SH�g��IKJ�afFHJ�a	�>X`FHJ ^�VYlfXZP�XZPR[D\$I�SHafX�3J SH^ c VYX`J c �mEFHPRa
XrVbaf©$� J	UW[D\_�Da]X`[#X`FHJ�I#J	a`F�^�VblfX`PRX`PW[b\HJ�l	�'�!S_X]XZF_JNO_k�yz� ^Hl`[b�DlZVbI+PRX`a`J�U��m\HJ	J c \_[bX
� JdIK[ c PR¶�J c �

|�[DURUR[¡�
PR\H� XZFHJ c J	h�PRa`PR[D\�[Y�pXZF_J�S_a`J�l	��X`FHJ.^�VblfX`PRX`PW[b\HJ�lKITS_afX�h�l`J�VYXZJ�V¦h�J	lfXrVYPW\
\gS_IT�3J�lp[Y�v[@�DJ�lfU¢VY^H^HPR\H��a`S_�Q��IKJ�afF¦J�URJ�IKJ�\xX`a��]EFHPWa]�
PWURU�VbURUW[@� I#Vb\xe�h�[DIKITS_\HPWh�V��
XZPR[D\HaCXZ[
�3Jv�xVYXZF_J�l`J c �¡eQPRJ�U c PR\H� V c l`VbI#VYXZPRhml`J c SHh	X`PW[b\�[b�Qh�[bI#I�SH\HPRh6VYX`PW[b\T[@�DJ	l`FHJ�V c �
EFHPWalfJ �8SHPRl`J	a/XZFHJ ^HVblfX`PRX`PW[D\_J�l!X`[�^Hl`J���h�[bI#^_S_XZJ�VY\ c afX`[Dl`JpX`FHJ URPWaoXZa[b��[@�DJ	l`UWVb^H^HPR\H�
I#J	a`F J	UWJ	IKJ�\xXZa	��� J�X��!J	J�\ Vb\xe$X���[��DP��DJ	\ a`SH�g��IKJ�afFHJ�a	�iEFHJ	a`JNURPRafXZapVbl`J�UWVYXZJ	liSHafJ c
�8e�XZFHJph�[DIKITS_\HPWh�VYXZPR[D\�l`[DSQXZPR\HJ�a	�v��XPWa/��[DloXZF.h�[DIK^�VYl`PR\H�NXZFHPRaVb^_^Hl`[xVYhrF.�
P�XZF�X`FHJ
h�UWVba`afPWh�VbU  ���
4%�.�,(��%���/63� # �,(�#$�%��� ��^�VYlZV c PR�DI.�Lpi\xXZPRh�PR^�VYXZPR\H��[D\�afJ�h�XZPR[D\ fQ����J�lfJ�I#Vblf©
XZF�VYX]XZF_J�^HlfJ�afJ�\xX�IKJ	X`FH[ c VbIK[DSH\xXZa]XZ[�UWJ�V@�gPR\H�<X`FHJ  ���
4%�.�,(��%��� ��XrVbaf©�XZ[#XZFHJ�I#J	a`F
^�VblfX`PRX`PW[b\HJ�l	�

|�[Dl#[DSHl�Vb^H^_UWPRh6VYX`PW[b\��
VbURU]X`FHJ�lfJzPRa�XZ[£hrFH[Q[ba`JzPRa�X`FHJ VYI#[bSH\xX�[b�d[@�DJ	l`UWVb^H^HPR\H�
� J�X��!J	J�\zafSH�Q��I#J	a`FHJ	a��3XZF�VYX��J�h6VbURU:XZF_J ����������	��E�*���
	 �
	����%����� �v��\.X���[ c PRIKJ�\HafPW[D\_a��
�!J$hrFH[ba`J$XZ[¦afJ	X�V [D\HJ���XZlfP¢VY\H�DURJ<�
P c J�[@�bJ�l`UWVb^H^_PW\H� ��[b\HJb��Vba�afFH[@�
\ [D\ ¶H�DSHl`J�}g�
OQPWIKPRU¢VYl`U�e<PR\�XZFHlfJ�J c PRIKJ�\HafPW[b\Ha��H��J a`J�X]VT[D\HJ�XZJ�XZlZVYFHJ c lf[D\$�
P c J [@�DJ�lfU¢VY^H^HPR\H�K��[D\HJY�
EFHPWa]hrFH[DPRh�J��
PWURU�afX`l`[D\H�bURe�V � J�h�X
XZFHJ�^HUWVbh�J	I#J	\xX [b��h�[DIKITS_\HPWh�VYXZPR[D\Hai�xe.[DSHl
XZ[g[DU �
EFHJ�lfJ	�¬[DlfJb� �3J�h�VbSHa`J [b��[@�DJ�lfU¢VY^«Vb\ c h	[DIKITSH\HPRh6V�XZPR[D\�h	[DafX��pXZFHPRa$�
PWURU�V � J�h	X$X`FHJ
^ J	lf�¬[DlfI�VY\Hh�J	a�[Y� X`FHJ
l`J�afSHU�XZPR\H�NOQk�y�� ^Hlf[D�DlZVYI�����\ � u�� �x[D\HJ
h6VY\#¶�\ c V c PRa`h	SHa`afPW[D\
h�[DIK^�VblfPW\_�#�YVblfPW[DS_a[¡�bJ�lfU¢Vb^_^HPW\_�<^�VYXfXZJ	l`\Ha	��EF_J��3J�aoXih�Vb\ c P c VYX`J�a]a`J	J�I XZ[K�3J �
{D� � \HJpUWV6eDJ�l![b�C[@�DJ	l`UWVb^H^HPR\H��XZlfP¢Vb\_�DUWJ	a��g�
PRX`F�\HJ�PR�DF8�3[Dl`PR\H��J c �DJ�aVY\ c \H[ c J�a � (o/
¶��DSHlfJ�} � �

}Q� � \HURe�[D\HJ�UWV@ebJ�l][b��[¡�bJ�lfU¢Vb^_^HPW\_�<\H[ c J�a � (o/ ¶��bSHl`JdL � �
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�![bXZF h6VY\ c P c VYXZJ	aNVblfJ�PR\xXZJ	l`J�aoXZPR\H�H�Upµ�
P c J<[@�DJ	l`UWVb^H^HPR\H� �	[D\HJ�VbUWUR[@�
aTSHadXZ[ c J��¬J�l
h�[DIKITS_\HPWh�VYXZPR[D\KIK[Dl`JY� 	i[@��J	�bJ�l��g[D\HJI�SHafXm�3J/h�Vbl`J��¬SHUH\H[bX�XZ[ c SH^_UWPRh6VYX`J/XZ[g[�I#Vb\xe
h�[DIK^HS_XZVYXZPR[D\Ha�[D\#[@�DJ�lfU¢VY^H^HPR\H�NJ�URJ�IKJ	\8X`a��H[bl�lfJ c S_\ c Vb\xX�h�[DIK^HS_XZVYXZPR[D\Ha�IKPW�DFxX�[DS_Xo�
�!J	PW�DF¦h	[DIKITSH\_PWh�VYXZPR[D\ [@�DJ�lfFHJ6V c �dEFHPWa�PRa J	a`^3J�h�PWVbURURe PWIK^3[DlfXZVb\xX PR\ XZFHlfJ�J�� c PRI#J	\Q�
a`PR[D\�VbUCIKJ�afFHJ�a	�

����� � � ��� � � ����� ��� 	 � ���	��� �������

EFHJ [Dl`PR�DPR\�VbU�^Hlf[D�DlZVYI ITS_afX�� J¦X`lZVb\Hao�¬[Dl`IKJ c X`[ c J�VbU �
P�XZF�a`SH�Q��IKJ�a`F_J�a��´EFHJ
O_k�yz� aoX�eQURJplfJ �8SHPRl`J	a�XZFHVYXvXZFHJ]aZVYI#J]h�[ c J
l`S_\Ha�[b\�J�VbhrF<^Hlf[Qh	J�afa`[Dl	�g�
P�XZF c P � J�lfJ�\xX
c VYXrVQ� pp\.J�URJ��xVY\8X]af[DUWSQXZPR[D\�PRa/XZ[KURJ6V6�DJdXZF_J�^Hl`[D�blZVbI´SH\HhrF�Vb\_�DJ c �>J�j_h	J�^_X
�¬[Dlh	[DIN�
ITSH\HPRh6V�XZPR[D\Ha��#E�[zVbhrF_PWJ��DJ�X`FHPRa���J6VbhrF a`SH�Q��IKJ�a`F ITSHaoXT�3JK[Dl`�DVb\HPR��J c PR\ X`FHJKaZVbIKJ
I�VY\H\HJ�liVbaXZF_J�[DlfPW�bPW\�VYUCI#J	a`F��>�
P�XZF�X`FHJ�aZVbIKJ�V cHc lfJ�a`afPW\_�<a`hrF_J�IKJb�EFHPRap^_S_XZaiVb\
J�jgXZl`V�l`J��8SHPWlfJ�IKJ�\xXK[D\ XZF_J<IKJ�afF ^�VbloXZP�XZPR[D\HJ�l	���HSQXTJ	\Ha`SHlfJ�aTX`F�VYX�XZFHJ#a`S_�Q��IKJ�afFHJ�a
h6Vb\�� J
SHafJ c �xe�XZF_J O_k�yz� ^Hl`[D�blZVbI noS_afX�UWPR©bJ]XZFHJ][Dl`PR�DPR\�VbU�IKJ�afF<�!Vba�S_a`J c �8e�X`FHJ
[Dl`PR�DPR\�VbU�^Hl`[D�blZVbI.�p��\¦^HVblfX`PWh	SHU¢VYl��:X`FHPWa V@�b[DP c a�Vb\xe�J�jgXZl`V�PW\ c PWlfJ�h	X`PW[b\ VYl`lZV6ega SHafJ c
PW\.XZFHJd^Hlf[D�Dl`VbI.�
EF_JN[D\HU�e.XZlZVY\Haf�¬[DlfI#VYXZPR[D\HaiVbl`J�h�[DIKI�SH\HPRh6VYX`PW[D\¦PR\HafJ�lfX`PW[b\Ha�Vb\ c [@�DJ�lfU¢VY^¦I�VY\Q�

Vb�DJ�IKJ	\8X��!EFHJ�[@�DJ	l`UWVb^ IKJ�hrF�VY\HPWafI VbUWUR[@�
aiS_a]X`[�lfJ��Dlf[DSH^�VbUWUCh	[DIKITSH\_PWh�VYXZPR[D\HapVYX
V$�¬J�� afJ�URJ�h	X`J c UR[gh6VYX`PW[D\_a�PW\ XZFHJK^Hlf[D�Dl`VbI.�#OQPW\_h�J�XZFHJ	l`J#PWa�Vb\ [@�DJ	l`UWVb^���[D\HJKITS_afX
c J�h	P c JY�3�¬[blJ6VbhrF�^Hl`[D�blZVbI UR[g[D^�[b\�IKJ�afFzJ	UWJ	I#J	\xXZa��3�
FHJ	X`FHJ�l]P�XiI�SHafXpVbURa`[�l`SH\�[D\

� �q~!� "
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[¡�bJ�lfU¢Vb^_^HPW\_��J�URJ�IKJ�\xX`ap[Dl
\H[bX��OQPR\Hh	J�XZF_J�a`J c J	h�PRa`PR[D\Ha c J	^ J	\ c [b\�XZF_J�[@�DJ	l`UWVb^H^HPR\H�
^�VYX`X`J�lf\���[bSHlNOQk�y��+^Hl`[b�DlZVbI �DJ�\HJ	lZVYX`[Dl�ITSHaoX�Vbh	h�J�^QXTP�XNVYaTV.^�Vbl`VbIKJ	XZJ	l��$EFHPRa
�
PWURUC� JdafFH[@�
\zPR\�afJ�h�XZPR[D\zLH�
� J$h6VY\¤afFH[@�+\_[¡�´[D\ ¶��DS_l`J�}Q�vFH[@� XZFHPRa�[@�DJ	l`UWVb^ IKJ	hrF�Vb\HPRa`I VbURUR[¡�
a�S_aNXZ[

c J	�¬J	l
Vb\ c �xVYXZF_J�lh�[bI#I�SH\HPRh6VYX`PW[b\Ha�� �![D\HafP c J	l
\H[ c J��>�HUR[gh6VYX`J c [D\$XZFHJ��¬lf[D\xXZPRJ�l[b�
a`SH�Q��IKJ�a`F pT� �p�DJ	l`UWVb^H^HPR\H��h�lfJ6VYX`J�a�V c SH^HURPWh�VYXZJ c \H[ c J����gPW\#a`SH�g��IKJ�afF �p�gOQS_^H^ [ba`J
XZF�VYX��gnoSHaoX��3J	�¬[DlfJ�V 	X	���!.��� 6�4�(3	����%��� UR[g[D^ [D\ X`l`PWVb\H�DURJ�a	�:XZFHJ��bVYUWSHJ	a [D\¦[@�DJ	l`UWVb^H^HPR\H�
J�URJ�IKJ�\xXZa�VblfJTh	[DFHJ�lfJ�\xX6�dEFHJ	\¦�¬[Dl VbURU�X`l`PWVb\H�DURJ�a	�:XZF_J 	X	��o!.��� Vb\ c (,��&C�*#$�%� ^HF�VbafJ�a
Vbl`J�P c J�\xXZPRh6VbU �]Vb\ c XZFHJ�aZVbIKJ��YVbURSHJ	a$Vbl`J 4�(3	����0��� � ! � �!S_X�\H[ c J�a����/Vb\ c�� �/F�V6�DJ
\H[bX�l`J�h	J�P��DJ c XZFHJ�aZVbIKJ<h	[D\xXZlfPW�HSQXZPR[D\HaNVYa�\H[ c J	a	� Vb\ c
� �>noSHafX��3J�h6VYSHa`J<X`FHJ	e afJ�J
�¬J	��J�lT\_J�PR�DF8� [DlfaNVblf[DSH\ c XZFHJ	I��.EFHJ	l`J��¬[Dl`JY� XZFHJ	l`J<I�SHafXT� J�[D\HJ#h�[DIKI�SH\HPRh6VYX`PW[D\
XZ[�SH^ c VYX`JdVbUWU c SH^HURPRh6VYX`J c \H[ c J�a�3J	�¬[DlfJ�Vb\xe$\HJ�� 	X	���!.���/6�4�(3	��r�%��� UR[g[D^����CJ	XS_a]h�VbURU
�� X`FHJda`J	X][b��^3[Da`afPW�HURJ�UW[gh6VYX`PW[b\Ha/�¬[Dl/XZF_PWa]h�[DIKI�SH\HPRh6VYX`PW[D\:�
��\¤XZFHJ.h�Vba`J�[b� � � !�#.(��r����� [D^3J�lZV�XZPR[D\Ha���a`SHhrF�Vba#V afSHI-[b� VbUWU/�YVbURSHJ	a�FHJ	U c �xe

XZFHJ�\H[ c J�a	�!�!J�h6Vb\ a`J	J�X`F�VYX#XZFHJ.�YVbUWS_J�a#[D\�� � Vb\ c�� � ITSHaoX�\H[YX��3J.XrVb©YJ�\�PR\xXZ[
Vbh�h	[DSH\xX6�m�3J�h6VYSHa`J�X`FHJ<�YVbURSHJ�a�[D\�� Vb\ c�� Vbl`J�XrVb©YJ�\�� EFHJ�lfJ	�¬[DlfJ����mVb\ c�� �mI#V6e
� J�[DS_X�[Y� c VYXZJY�«EFHJ lfJ�afSHURX.[Y��XZFHJ�l`J c SHh	X`PW[D\ PRa�V£^HVblfX`P¢VbU]a`S_I FHJ	U c �xe J6VbhrF
^Hl`[gh�J	a`a`[bl��zEF_J�l`J��¬[Dl`JY�v[D\HJ�h�[DIKITS_\HPWh�VYXZPR[D\ I�SHafXNXZVb©bJ<^HU¢VYh�J<�3J	�¬[bl`J�VY\8e SHafJ<[b�
XZFHJ�afSHI.�¦EFHPRa�h�[DIKITS_\HPWh�VYXZPR[D\ �
PRUWU��DJ	XNVbUWU�^�VbloXZPWVbU�afSHIKa��mh�[bI#^_S_XZJ<X`FHJ��DUR[D��VYU
a`SHI.�>Vb\ c ¶�\�VYUWU�e$a`J	\ c XZFHJdl`J	a`SHU�X]��Vbhr©�X`[#J�VbhrF�^Hl`[gh�J	a`a`[bl����CJ	X]SHa
h6VbURU �� XZFHJdafJ	X
[b��^3[Dafa`PR�HUWJ�UR[Qh�VYXZPR[D\Ha/�¬[Dl/X`FHPRa]h	[DIKITSH\_PWh�VYXZPR[D\��
� F_J�\ h	[DIKITSH\HPRh6V�XZPR[D\¦UW[gh6V�XZPR[D\Ha � a`S_hrF¦Vba �� Vb\ c �� � PR\xXZJ	l`a`J	h	X���PRXiPRapV c �bVY\Q�

XrVb�DJ	[DSHa/X`[�lfJ��Dlf[DSH^$XZFHJ�X���[�h	[DIKITSH\_PWh�VYXZPR[D\Ha	�3X`FHJ�lfJ��xe.aZV6�gPW\_�<a`[bI#Jd[@�DJ	l`FHJ�V c �

� � (����T� ������� )������!�
� �
���´��� �!��� �-(.�.���/�����	���.%

��\�XZFHPRa<afJ�h�XZPR[D\���!J�a`F�VYUWU c J�afh�lfPW�3J XZFHJ�^Hl`PR\Hh	PW^HURJz[Y�d[DSHl�VbS_XZ[bI�V�XZPRhz�DJ	\HJ�l`VYXZPR[D\
[b�mXZFHJ#O_k�yz�µ^Hlf[D�DlZVYI�����XdPRa c J�lfPR�bJ c �¬l`[DI Vb\ VbUR�D[Dl`P�XZF_I X`F�VYX���J c J�afh�l`PR�3J c PR\
� L � � |>[bl]X`FHJN^Hl`Vbh	X`PWh�VbU�VY^H^HURPWh�VYXZPR[D\ afFH[@�
\¦FHJ�lfJb�:��JNV c Vb^_XZJ c PRXiXZ[<V<\HJ	� ©8PR\ c [b�
a`SH�Q��IKJ�a`F¦[@�bJ�l`UWVb^H^_PW\H�_� � JNVbURa`[ c J	�gPRa`J c \_J	� IKJ	XZF_[ c a]XZ[�I#PR\HPRIKPW�	JNPW\xX`J�lZVYh	XZPR[D\
�
PRX`F¤X`FHJ�S_a`J�l	�/Vb\ c X`[ c J�VbU/�
P�XZF�I�SHU�XZP ��^Hlf[Qh	J c SHl`VbU
^Hl`[b�DlZVbIKa	� � P�XZF_[DS_X#XZFHJ	a`J
I#J�XZFH[ c a	�HXZFHPRa]VbUW�b[Dl`P�XZFHI´�/Vba
\H[YXilfJ6VbURU�e$^HlZVYh	XZPRh6VY�HUWJY�
EF_J�^Hl`[D�_UWJ	I PRa XZ[<¶�\ c X`FHJ��3J�afX UW[gh6VYX`PW[b\Ha �¬[Dlph�VbURUWa X`[$h�[DIKITS_\HPWh�VYXZPR[D\ l`[bSQ�

XZPR\HJ�a	�:XZF�V�Xp�
PRUWU�SH^ c VYXZJTX`FHJT�YVbURSHJ�apFHJ�U c �xe [@�DJ	l`UWVb^H^HPR\H�.IKJ�a`F¦J	UWJ	IKJ�\xXZa	�	�CJ	XpSHa

~q~h�������3�����������,�9�
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�¬[Dl`I#VbURPW�	J��
FHVYXp�!Vba c [D\HJ�I�VY\gSHVbUWU�eD�
��\ afJ�h�XZPR[D\¦u_� }Q���!J�aZV6� FH[@�d�:�bPR�bJ�\¦V#I#J	a`F
^�VblfX`PRX`PW[b\HJ c �
P�XZFKV �DP��DJ	\K[¡�bJ�lfU¢Vb^_^HPW\_��^HVYX`X`J�l`\:�bXZFHJ/�YVbURSHJ	a FHJ�U c �xeNIKJ�afF#J	UWJ	IKJ�\xXZa
J	�D[bUR�bJ c �3�¬l`[DI VKafXZVYXZJ��
FHJ�lfJT[@�DJ	l`UWVb^H^HPR\H�<�YVbURSHJ�apVbl`J�h�[bFHJ�lfJ�\xX6�>XZ[<V#aoXrVYX`J��
FHJ	l`J
XZFHJ�e�VblfJ PR\Hh�[DF_J�l`J	\xX6�>Vb\ c l`J	X`SHl`\$X`[�VTh�[bFHJ�lfJ�\xX
afXZVYXZJpX`FHl`[bSH�DF.VTh	[DIKITSH\HPRh6V�XZPR[D\��
EF_PWa�a`SH�b�DJ�aoXZa�XZF�VYX�X`FHJ�lfJ�PRa�V
\_[bXZPR[D\�[b� 4���	��%� [b�QXZFHJ c VYXZV_��VbaC�!J	UWUgVba ���	��
4����r�����
4

� J�X��!J	J�\ X`FHJ�afJ � �¬J	� � afXZVYXZJ	a���Vb\ c XZFHPRa��¬[Dl`IKa�V�¶�\HP�XZJ#afXZVYXZJ#VbS_X`[DI#VYXZ[b\���XZF�V�X���J
h6VbURUXZFHJ�� ��������	����C#+�%��&'	��0��� � EFHJ	a`J aoXrVYX`J�a�VY^H^HU�e¤X`[ X`FHJ c V�XrV X`F�VYX �X`lZV6�DJ	UWa �
XZFHlf[DSH�DF$XZF_J�^_l`[D�Dl`VbI � a
PR\HafX`l`SHh�XZPR[D\Ha	�>�
F_PWhrF��!J�h6VbURU�XZF_J�� ��� ���
	 !E	���	 �mkvl`J�h	PWafJ�U�eD�
XZFHJ�� ��� ���
	 !E	�� 	 PWaT�
FHVYXNXZl`V6�DJ�URa�VbUR[D\H��XZFHJ !E	���	 � ��� 	 �	��.! � h�[bI#^3[DafJ c [b�/X`FHJ
h�UWVba`afPWh�VbUgX`FHl`J	J!©8PR\ c a�[Y� c J�^3J�\ c J�\Hh	J�a � > � 	 ® ³ ®Xbv® 8 ³ ® 8 � ® � �¬lf[DI��YVblfP¢Vb�_UWJ��
l`P�XZJ � a
XZ[<lfJ6V c � ail`J	X`SHl`\_PW\H�#XZFHJ��YVbUWS_J��
l`P�X`X`J�\�� x ² 8 �@� ² #!³ ®Xbv® 8 ³ ® 8 � ® � �¬lf[DI XZJ	afXZa Vb\ c
UW[g[D^Ha�XZ[ h�[b\8X`l`[DURURJ c [b^ J	lZVYX`PW[D\_a��
Vb\ c
	��&#�	 ® ³ ®+bv® 8 ³ ® 8 � ® � �¬l`[DI�[D^3J�lZVY\ c aKXZ[
[D^ J	lZVYX`PW[b\�lfJ�afSHURX`a��
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|�PW�DS_l`Jiu�a`F_[¡�
a�XZFHJ � �bJ�lfU¢Vb^-ppS_X`[DI#VYXZ[D\#�¬[Dlm[DSHl�hrFH[DafJ�\$[@�DJ	l`UWVb^H^HPR\H��^�VYXfXZJ	l`\
[b�
¶��DSHlfJ.}Q� ��XKa`^3J�h	PR¶�J	aKFH[@�´X`FHJ�afXZVYXZJ$[Y�]X`FHJ<ª�[@�
PR\H� c VYXZV I�V6e£J	�D[bUR�bJb�m�¬[Dl�V
�DPR�bJ�\ [¡�bJ�lfU¢Vb^_^HPW\_�£^�VYXfXZJ	l`\�� EFHPWa#a`[blfX#[b�pVbS_XZ[bI�V�XrV Vbl`J.h�lfJ6VYX`J c I�VY\gSHVbUWU�eD� p
c P � J�lfJ�\xX�[@�bJ�l`UWVb^H^_PW\H� ^HVYX`X`J�l`\¤�![bSHU c lfJ �8SHPRl`JzV c P �:J	l`J	\8X � �bJ�lfU¢Vb^ ppS_X`[DI#VYXZ[D\:�
��\ ^HlZVYh	XZPRh�JY�:XZF_J�l`JKVYl`J��¬J�� [¡�bJ�lfU¢Vb^_^HPW\_�$^�VYX`X`J�lf\Ha SHafJ c �Caf[�IK[DafX�[Y�vXZFHJ	PWl [@�bJ�l`UWVb^
VbS_XZ[bI�V�XrV VblfJ�VbURl`J�V c e ^Hl`J c J	¶H\HJ c PW\£[DSHlTX`[Q[DU � |�[Dl�J�j_VbIK^HURJb��Vb\H[YXZFHJ	lN^ [b^HSHUWVbl
[¡�bJ�lfU¢Vb^_^HPW\_��^HVYX`X`J�l`\¦PRa afFH[@�
\ [b\ ¶��DSHlfJNLH��VY\ c ¶��DSHlfJK~<a`F_[¡�
a�P�XZa � �bJ�lfU¢Vb^ piSQ�
XZ[DI#VYX`[D\��mOQPRIKPWUWVblfUReb�Q��J�F�V6�DJ c J�¶�\HJ c Vb\ �p�DJ	l`UWVb^UppS_X`[DI#VYXZ[b\<�¬[Dl/ub��IKJ�a`F_J�a���PR\

a’
a a

Proc. A
Proc. B

Proc. A
Proc. B

|�PR�DSHlfJ�L � �C� ����!.���2����������	��E�*���
	 �
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XZFHJ�h6VbafJ�[Y�vV�[b\HJ�X`J	X`lZVbFHJ c l`[b\��
P c J�[@�bJ�l`UWVb^��EF_PWapVbS_XZ[bI�V�XZ[D\.�/VYapSHafJ c �¬[bl
X`FHJ
) �(+-, � � Vb^H^HURPWh�VYXZPR[D\�J�j_VbIK^HURJb����X
PWa
afFH[@�
\z[D\.¶��DSHlfJ�w_�

piURX`FH[DSH�bF�X`FHJ	e.VYl`Jdh�SHlfl`J	\8X`URe.FHVb\ c ���HSHPRURX��H�!Jd�¬J�J	UCPRX
I#V6e.� J�^3[Dafa`PR�HUWJdXZ[ 	$��� 6
���3	��%� XZF_J�a`J VbS_XZ[bI�V�XrV_�/af^ J	h�PWVbURPW�	PW\H�¤V FHPW�bFHJ�l¨��URJ	�DJ	U�VbS_X`[DI#VYXZ[b\ XZFHVYX�lfJ�UWVYXZJ	a$VbURU
^ [Dafa`PR�HURJ$[¡�bJ�lfU¢Vb^¥afPRX`S�VYXZPR[D\Ha	�¦EFHPRa�PWa�V afSH�QnoJ	h	X��¬[Dl��¬SHlfX`FHJ�lNlfJ�afJ6VblfhrF�� E�[ �DJ�XKV
�¬J�J�URPR\H�K[b��F_[¡� XZFHJdVYS_XZ[DI#VYX`[D\.[D\$¶��DSHlfJduN�/Vba
�HS_PWU�X6��[D\_J�I�V6e$UR[g[D©�VYXX`FHJ�h	egh	UWJ
� J�X��!J	J�\zaoXrVYX`J�a �

��������� �	� c PRafXZlfPW�_S_XZJ c [D\.IKJ�afFz\H[ c J�a	�H�
PRX`F�h	[DFHJ	l`J�\xXi[@�DJ�lfU¢VY^H^HPR\H���YVbURSHJ�a
�

�������� �	� c PWaoXZlfPW�HSQXZJ c [D\�I#J	a`F.XZlfP¢Vb\_�DUWJ	a��

~q~h�������3�����������,�9�
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������� � � � c PRafXZlfPW�_S_XZJ c [D\£IKJ�afF \H[ c J�a	���
P�XZF PR\Hh�[bFHJ�lfJ�\xX�� \_J��DURJ�h�XZJ c � [@�DJ	lo�
U¢VY^H^HPR\H���bVYUWSHJ	a��

EFHPWa�h�egh�URJ$h�[Dlfl`J�af^ [b\ c aNXZ[�XZFHJ�J��D[DURS_X`PW[D\¥[b�X`FHJ<ª�[@�
PR\H� c VYXZV¦Vbh�lf[Da`aNV 	X	��o!.���/6
4�(3	��r�%��� UR[g[D^��iVba$J�jQ^HUWVbPR\HJ c VYX�X`FHJ¦J�\ c [b��afJ�h	X`PW[b\�u_� }Q� ��\,XZFHJ¦a`VbIKJ¦I�VY\H\HJ�l	�
XZFHJ�J	�b[DUWSQXZPR[D\¦Vbh	l`[DafapV �,� !�#.(�������� ^HF�VYa`Jb� Vba c J�afh�lfPW�3J c V�XiX`FHJ�J	\ c [Y� a`J	h	X`PW[D\ u_� }g�
h�[Dlfl`J�af^ [b\ c a
XZ[�XZFHJ�X`lZVb\HafPRX`PW[b\Ha
� J�X��!J	J�\ aoXrVYX`J�a

������� � � � c PRafXZlfPW�_S_XZJ c [D\£IKJ�afF \H[ c J�a	���
P�XZF PR\Hh�[bFHJ�lfJ�\xX�� \_J��DURJ�h�XZJ c � [@�DJ	lo�
U¢VY^H^HPR\H���bVYUWSHJ	a��

������� � � ��PR\Hh�[DF_J�l`J	\xXKa`h6VYU¢VblN�YVbURSHJ$[D�QXrVbPR\HJ c �xe ^HVblfX`P¢VbU�l`J c SHh	X`PW[b\¤[b\ J6VbhrF
^Hl`[gh�J	a`af[Dl��

������� � � ��h	[DFHJ�lfJ�\xX]a`h�VbU¢VYl
�YVbURSHJ�VY� X`J�l�DUR[D��VbU:l`J c SHh	X`PW[D\�[D\�VbURUC^Hl`[gh�J	a`a`[bl`a��
OgXrVYX`J�a�� �	� � Vb\ c � �
� � VblfJ VY\�VbUR[D�D[DSHa.XZ[ ��� � � Vb\ c � ��� � ���HS_X��¬[Dl$�YVbUWS_J�a
c PWaoXZlfPW�HSQXZJ c [D\.IKJ�a`F � ! 	$�,4 �
��\ [bX`FHJ�li�![Dl c a��CX`FHJ�Vb�3[@�DJ ��� � � ���� � ����� � h	egh�URJKh6Vb\ �3JNl`J�V c Vbap�¬[DURUR[¡�
a �

��p«UR[Q[D^$[b\$I#J	a`F ������	��
	 ���,4 I�SHafX
�xV�XZFHJ	l!�YVbUWS_J�a[D\ � � !+�,4 XZFHVYX
VblfJ #;� �0�$!E	��%� [D\
XZFHJ/[@�bJ�l`UWVb^��vEF_PWavlfJ�a`S_URX`avPW\KV afh6VYXfXZJ�lfJ c l`J	a`SHU�XvXZFHVYX PRa ��#$� �0/�!E	��%� [D\NX`FHJ[@�DJ�lfU¢VY^��
Vb\ c I�SHafXmJ��DJ�\xX`S�VbURURe��3J #���!E	��0� ! �@� OQPRIKPWUWVblfUReb�DXZFHJ � ��� � ����� � ����� � a`J��8SHJ�\Hh	Jih�Vb\
� J�lfJ6V c Vba/�¬[DURUW[@�
a � �,p l`J c SHh	X`PW[D\�[D\�VbURU � � !+�,4 c [QJ	a
\H[bX
l`J��8SHPWlfJ�XZF�VYXX`FHJ��YVbUWS_J�a
� J #;� �%� !E	��%� [D\ XZFHJ�[¡�bJ�lfU¢Vb^:�z��X��
PWURU!�DP��DJ<V�^�VYlfXZPWVbU�l`J c SHh	X`PW[b\ l`J	a`SHU�XN[D\£J6VbhrF
a`SH�Q��IKJ�a`F:��EF_J�l`JpITSHaoX/�3J V��bUW[D�HVbU>l`J c SHh	X`PW[D\�X`[T�DJ�X!X`FHJph	[Dl`lfJ�h	X��_SHa`Vb�HURJplfJ�a`S_URX��¡�
EF_JNO_k�yz� ^Hl`[b�DlZVbI+J�jQJ�h	S_XZJ	a h�[Dlfl`J	h	XZU�e.P��vVbURUCJ	�b[DUWSQXZPR[D\Ha][b� P�XZaª�[@�
PR\H� c V�XrV

Vbl`J�URJ��DVbU �vP � Jb� h�[Dlfl`J	a`^3[D\ c XZ[ J�jQPWaoXZPR\H� X`lZVb\_a`P�XZPR[D\HaN[b�
X`FHJ �p�DJ	l`UWVb^ ppS_X`[DI#VYXZ[D\:�
|>[bl`I#VbURURe�X`FHPWa�l`J��gS_PWlfJ�aVTI#Vb^_^HPW\_����d�¬l`[DIsX`FHJ c V�XrV�� ª�[@�,\H[ c J�a�XZ[�X`FHJ �p�bJ�l`UWVb^
ppS_X`[DI#VYXZ[D\�afXZVYXZJ	a��YVb\ c V]I#Vb^_^HPW\_����� �¬lf[DI�X`FHJ c VYXrV¡��ª�[@� VYl`l`[@�
aCXZ[
XZF_J �p�bJ�l`UWVb^
ppS_X`[DI#VYXZ[D\$X`lZVb\HafPRX`PW[b\Ha��>a`S_hrF�XZFHVYX �
{D� |�[Dl�J��DJ	lfe c V�XrV�� ª�[@�µ\H[ c J�� [b�X`FHJ�^Hlf[D�DlZVYI � aTPR\H^HSQX6������������J �8S�VbURaNP�XZa
�DP��DJ�\�PR\HPRX`P¢VYUCafXrV�XZJb�

}Q� |�[DliJ��DJ	lfe c VYXrV�� ª�[@� \H[ c J�� [Y�vXZFHJ�^Hl`[D�blZVbI � a [DS_X`^HS_X6�����������]J �8S�VbURa P�XZa
l`J��gS_PWlfJ c lfJ�afSHURX]aoXrVYX`Jb�

~q~h�������3�����������,�9�
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u_� |�[Dl/J	�bJ�loe c VYXrV�� ª�[@�«VYl`l`[@��� PW\.XZFHJd^Hlf[D�Dl`VbI.�

�������	��
 ����� ��� � �� ����� ����������
 ��� � �

�	����� ��
 � � ����
 � ������� � �� ����� �	����� ��
 � � ����
 ��� � �

EF_PWa�I�VY^H^HPR\H�TPRa�h	[DIK^HS_X`J c �xe#Vda`PRI#^_UWJiaf��J�J�^�X`FHl`[bSH�DF�X`FHJ c VYXrV¡��ª�[@���blZVb^HF:�
OQ[DIKJ�h�Vbl`J�PWa�\HJ	h�J�afaZVbloe �3J�h�VbSHa`J#XZFHJ c VYXZV���ªH[¡� �DlZVb^_F£PRaT�DJ	\HJ�l`VbUWU�e h	egh�URPRhb�.��XTPRa
PWIK^3[DlfXZVb\xX#X`[ lfJ�I#Vblf©£XZF�V�X�af[DIKJ�I#Vb^_^HPW\_� hrFH[bPWh	J�a<h�Vb\¤UWJ�V c X`[ PRIK^ [Dafa`PR�HPRUWP�XZPRJ�a
U¢VYX`J�l�PW\�X`FHJ af��J�J	^�� |�SHlfX`FHJ�lfI#[bl`Jb�QXZFHJia`[DURS_XZPR[D\��Q�
FHJ�\$P�XJ�jQPRafX`a��HPRa/\H[bX!SH\HP��8SHJ � (o/
a`J�h�XZPR[D\z~Q� } � �vEFHJ	l`J	�¬[bl`Jb�3V���Vbhr©xX`lZVbhr©8PR\H��IKJ�hrF�VY\HPWafI PWa
\HJ	h�J	a`aZVYlfeD�

|�[Dl�J6VbhrF¥I#Vb^H^_PW\H�_� XZFHJ$h	[Dl`lfJ�a`^3[D\ c PW\H�¦af[DURS_XZPR[D\¥PWa��¬[DSH\ c �xe VY^H^HURPWh�VYXZPR[D\ [b�
XZFHJ��¬[DURUW[@�
PR\H�#l`SHURJ�a �
{D� |�[Dl J6VYhrF c VYXrV�� c J�^3J�\ c J�\Hh	J<VYl`l`[@�d���
FHJ	\ P�X�PRadI�VY^H^ J c XZ[�V<XZl`Vb\Ha`P�XZPR[D\ UWV��
� J	UWJ c Vba ���Ub ³��_� ®��@��V�h	[DIKITSH\_PWh�VYXZPR[D\¦ITS_afX��3JTPR\Ha`J	lfX`J c PR\zXZFHJ�^Hl`[b�DlZVbI
� J�X��!J	J�\�XZFHJd�3J��DPR\H\HPR\H��Vb\ c XZFHJdJ�\ c [b��XZF_J c J�^3J�\ c J	\Hh�JY�

}Q� |�[Dl J6VYhrF UR[g[D^����
FHJ	\ X`FHJ�h�[D\xX`l`[DU [Y��X`FHJ�UW[g[D^¦PRadI�VY^H^ J c XZ[$[D\HJK[b��aoXrVYX`J�a
����� � [bl � �
� � ��X`FHJ�\ XZFHJ�UW[g[D^ ITSHaoXN\H[bX�P�XZJ�l`VYXZJ#[D\ c SH^HURPWh�VYXZJ c IKJ�afF J�U �
J�IKJ�\xX`a�� �pXZFHJ	lf�
PRa`JY��P�XdITSHaoX�PRX`J�lZV�XZJK[D\ VbURU IKJ�a`F J�URJ�IKJ	\8X`a���PW\_h�URS c PR\H��X`FHJ
c SH^HURPRh6VYX`J�a��

� � ����� ��� ��������������'.� ��� � ���
��� ���K���

q]J�VbU ^_l`[D�Dl`VbIKa/^3[Da`Jia`J	�bJ�l`VbUCV cHc PRX`PW[D\HVbU:^Hlf[D�HURJ�IKa!X`F�VYX
VblfJp\H[YX c J�VbURX!�
PRX`F$PW\<X`FHJ
Vb� [@�bJ�IKJ	X`FH[ c �<EFHJ#�¬[DURUW[@�
PR\H��afJ�h�XZPR[D\Ha c PWafh�SHafaTXZFHJ#I#VbPR\ X`FHl`J	J<^Hlf[D�HURJ�IKa���Vb\ c
XZFHJ	PWl
a`[bUWS_X`PW[b\Ha
PW\�[DSHl/X`[Q[DU �

� ��� � ������� � � ��� �!#"�� � � ���$"%��� �&��

'�VYhrF O_k�yz� ^�Vbl`VbURUWJ	UWPR�6VYX`PW[b\¦a`J�afa`PR[D\¦afXZVblfX`ap�xezVba`©8PR\H�<XZF_JTSHafJ�l�Vb�3[DS_X]XZF_JNVbURPW�b\Q�
I#J	\xX[b� c VYXZVNVblflZV6egaVb\ c ^Hlf[D�Dl`VbIµUW[g[D^Ha�[D\$IKJ�a`F$J	UWJ	IKJ�\xXZa	�L|�[Dl�J6VbhrF.VblflZV6e<Vb\ c
UW[g[D^��gXZFHJ S_a`J�l!ITSHaoXXZJ�URU�P���PRX/PWaVYUWPR�D\HJ c � c PRafXZlfPW�_S_XZJ c � [D\�XZF_J IKJ�a`F.\H[ c J	a��HJ c �DJ�a	�
XZl`PWVb\H�bUWJ	a�� �pXZFHJ	lf�
PRa`Jb��X`FHJ��bVYl`PWVb�HURJ�[blUW[g[D^.PWa ��lfJ�^HURPRh6VYX`J c �p[D\�J6VbhrF�^Hl`[gh�J	a`af[Dl��

� �q~!� "
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§][bXZJ#XZF�V�XT��J c [D\ � X��8SHJ	afXZPR[D\ XZF_J<SHafJ�lT�¬[Dl�^�Vbl`VbUWURJ�U�Vb\ c \_[D\Q��^HVblZVbURURJ�U�UW[g[D^Ha	�
EFHJ c J	X`J�h	X`PW[b\ [b��^�VYlZVbURUWJ	UWPRa`I PRa c [D\_J�VYS_XZ[DI#VYX`PWh�VbURURez�8ezXZFHJNX`[Q[DU ���¬[Dl J�VbhrF UW[g[D^
c J�h	U¢VblfJ c Vba � c PWaoXZl`PR�HS_X`J c �@�N����a`SHhrF V�UW[g[D^¦PRa �¬[DSH\ c \H[b\Q��^�VYlZVbURUWJ	U � XZFHJ	\£Vb\¦J	l`lf[Dl
PWa
lZVYPWafJ c � (o/ a`J�h�XZPR[D\ wQ�W{ � �

|�[DlKV¦lfJ6VbU ��UWVblf�DJ.^Hl`[D�blZVbI.�vXZFHPRa#h6Vb\¥�3J �8SHP�XZJ�h�S_IT�3J�l`af[DIKJb�¤EFHJ�lfJ	�¬[DlfJ���J
Vb^H^HU�eKa`PRIK^HUWJi^Hl`[b^�Vb�xVYX`PW[b\�lfSHUWJ	a��Qa`[�X`F�VYXmXZF_J Vb\Hao�!J	l�X`[�[D\_JiafSHhrF � �8SHJ	afXZPR[D\ �/�
PWURU
a`[DU��DJ�I#Vb\xe$[bXZF_J�l �8SHJ�aoXZPR[D\Ha��

� � FHJ�\ Vb\¦VblflZV6e�PW\ c J�j¦PRaiX`FHJNa`VbIKJNVba�VY\zJ�\_h�UR[Da`PR\H�.UW[g[D^�PW\ c J�j �:XZF_JNVbURPW�b\Q�
IKJ�\xX][b��X`FHJdUW[g[D^.PRa
X`FHJdaZVbIKJ�Vba/XZF_J�VYUWPR�D\HIKJ�\xXi[b��XZFHJ�VblflZV6e � a c PRIKJ�\HafPW[D\:�

� |�[Dl�Vb\xe ^�VbPRl�[b��\HJ�aoXZJ c UW[g[D^Ha��zJ��DJ�\£PW\ X��![ c P �:J	l`J	\8X�a`S_�Hl`[DSQXZPR\HJ�a��z[D\HU�e
[D\HJ�UW[g[D^£I#V6e � J<VbURPW�D\_J c [D\£a`[DIKJ<IKJ	a`F J�URJ�IKJ	\8X`a�� EF_J�l`J��¬[Dl`J�XZFHJ�[bXZFHJ	l
UW[g[D^.ITS_afX]� JdlfJ�^HURPWh�VYXZJ c �

� OQPRI#PRUWVbl`U�eD�Q[D\HU�e�[b\HJ c PWIKJ�\_a`PR[D\$[b��VT�bPR�bJ�\$VblflZV6e#h6Vb\<� JiVbURPW�D\_J c �vEFHJp[bXZFHJ	l
c PRI#J	\Ha`PR[D\Ha]ITS_afXi� Jdl`J	^HURPWh�VYXZJ c �

EFHJ�afJNl`SHURJ�a Vb^H^HU�e.XZ[<I�SHU�XZP ��^Hlf[Qh	J c SHl`VbU�^_l`[D�Dl`VbIKa�� |�[Dl]J�j_VbIK^HURJb�:X`FHJNVbURPR�D\HIKJ�\xX
hrFH[DPRh�Jp[Y�CV��¬[Dl`I#VbU>^�Vbl`VbIKJ	X`J�l ��� �,4%� �vVb\�VblflZV6eKPR\����
	�	��� � PRa�X`FHJ]aZVbIKJiVba��¬[blmX`FHJ
Vbh	X`S�VbU�^�VYlZVbIKJ	X`J�l ��� �,4%� �vXZFHJdaZVYI#J�VblflZV6e$PR\zVY\H[bXZF_J�ll`[bS_XZPR\HJ � �
'�jQ^3J�l`PRJ�\_h�J.a`FH[@�
a�XZFHVYXNXZF_J�a`J$^_l`[D^�VY�xVYXZPR[D\ lfSHUWJ	aKVbl`J��DJ�loe J �#h	PWJ	\8X��!VY\ c VbURU

�gS_J�afX`PW[b\Ha�¬[DlVNUWVbl`�DJ�^_l`[D�Dl`VbI h6Vb\.�3J�Vb\Hao�!J	l`J c PW\$�bJ�lfe<�¬J	� h�URPWhr©8a���uiafS�VbURURe<UWJ	a`a
XZF�Vb\$X`J�\�Vb\Haf��J�lfa VblfJ�J�\H[bSH�DF��

� ��� � � ��� ��������� ��� �	�������

� J IKJ�\xXZPR[D\HJ c XZF�V�XzI#Vb\xe a`[bUWS_X`PW[b\HazI#V6e�� J �¬[DSH\ c �¬[Dl�V¤�bPR�bJ�\«lf[DS_XZPR\HJY� �¬[Dl
J�j_VbIK^HURJ��3J�h�VbSHafJdX`FHJdh6VbURU:X`[�h�[DIKITS_\HPWh�VYXZPR[D\�I�V6e<� J�^HUWVbh	J c Vb\xeg�
F_J�l`J��3J	X���J�J�\
XZFHJ ^_U¢Vbh	J�[b��h�[DF_J�l`J	\Hh�JdUR[Da`a/Vb\ c XZFHJi�¬[DUWUR[@�
PW\_��^HU¢VYh�J XZFHVYX\HJ	J c a
h�[bFHJ�lfJ�\Hh	Jb� ppURa`[
V�UR[Q[D^ I#V@e �3J<hrFH[ba`J�\ � ��� �0� ��#$� [D\ c SH^_UWPRh6VYX`J c J	UWJ	IKJ�\xXZa	�mX`FHJ�lfJ	�¬[DlfJ�V6�D[bP c PR\H�
l`J c SH\ c Vb\xX�h�[bI#^_S_XrVYX`PW[b\Ha�� �_S_X.^ [ba`a`PR�HU�e UW[ba`PR\H� h	[DFHJ	l`J�\_h�Jb� � J �/VY\8X�XZ[ ¶HURX`J�l
XZFHJ	a`J
a`[DURS_X`PW[D\_a��8XZ[d^Hl`[@�gP c J]X`FHJSHafJ�lm�
PRX`F#X`FHJ
� J	afX�[D\HJ	a�[b\HUReb�gVb\ c UWJ�X�FHPWI hrFH[Q[ba`J
VbIK[D\H��XZFHJ	I.�
EF_J�l`JTVbl`J�I#VbPR\HURe.X`FHl`J	J � [Y� XZJ�\�h�[D\Qª�PWh�XZPR\H� � l`J�Vba`[D\_ai�
Fxe VK^�VbloXZPRh�SHUWVbl]hrFH[DPRh�J

[b��UR[gh6VYX`PW[D\_ah6Vb\�� Jd^HlfJ	�¬J	l`l`J c �

~q~h�������3�����������,�9�
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{D�
PRX]I#V6e�V6�D[DP c S_a`J�URJ�afa SH^ c VYX`J�a�� � � � ��PR\HafSHl`J�XZF�VYX
PR\ VY\8e�J�jQJ�h	S_XZPR[D\ h�Vba`JY�>X`FHJ
c VYXZV�X`F�VYX
PRa
SH^ c VYXZJ c [D\.XZF_J�[@�bJ�l`UWVb^.�/VYailfJ6VbURURe�[DS_X
[b� c VYX`J��3J	�¬[bl`Jb�

}Q�
PRX]I#V6e c J	U¢V6e.SH^ c VYX`J�a��>af[#X`F�VYX]a`SH�_a`J �8SHJ	\xX�UW[g[D^Ha�
PRUWUCJ�jQJ�h�SQXZJT[b\HURe.[b\.X`FHJ
a`SH�g��IKJ�afFHJ�a]�
PRX`FH[DS_X
XZF_J�PRl][@�bJ�l`UWVb^��

u_�
PRX
I#V6e$lfJ��Dlf[DSH^�SH^ c VYXZJ	a��HXZF_J�l`J��¬[Dl`JdIKPR\HPWIKPR��PR\H�<h	[DIKITSH\_PWh�VYXZPR[D\z[@�bJ�l`F_J6V c �
E�[$lfJ	ª�J	h	X�XZF_PWa	��X��![$¶��DS_l`J�adVYl`JNafS �#h�PRJ�\xX�X`[�hrF�Vbl`Vbh	X`J�lfPW�	JKX`FHJ�h�[bafXd[b�m[D\_J��DPR�bJ�\
a`[DURS_XZPR[D\ �
{D�
EFHJiVbIK[DSH\xX![Y��h�[bI#I�SH\HPRh6VYX`PW[b\��QX`F�VYX c J�^3J�\ c a![D\KXZF_Ji\8SHI�� J	l![b� �bVYl`PWVb�HURJ�a
XZF�V�X!I�SHafX�3JpJ�jQhrF�Vb\H�DJ c ��Vb\ c VbURa`[N[b\<XZFHJih�[DIKI�SH\HPRh6VYX`PW[D\$[@�bJ�l`F_J6V c �mEFHPRa
[@�DJ�lfFHJ6V czc J	^ J	\ c ap[b\�X`FHJd\gS_IT�3J�l][b��X`PWIKJ�a
XZF_JNO_k�yz� ^Hl`[b�DlZVbI+afXZ[b^Ha�¬[Dl
h�[DIKI�SH\HPRh6VYX`PW[D\:��EFHPRaNJ�j_^_l`J�afa`J	aNXZF�VYX�P�XNPRaT^HlfJ	�¬J�l`Vb�HURJb���
F_J�\ ^3[Da`afPW�HURJb��XZ[
^HS_X
I#Vb\xe.h�[bI#I�SH\HPRh6VYX`PW[b\Ha]X`[D�DJ�XZFHJ	liV�XXZFHJdaZVYI#J�^Hlf[D�DlZVYI+URPW\HJY�

}Q�
EFHJ.VbIK[DSH\xX�[Y�ilfJ c S_\ c Vb\xXKh�[bI#^_S_XrVYX`PW[b\Ha��vXZFHVYX c J	^ J	\ c aK[D\ XZF_J�\8SHIT�3J�l
Vb\ c a`PR��J�[b��VbURUCUW[g[D^Ha/X`F�VYX��J�l`J�I#Vb^H^3J c XZ[#afXZVYXZSHa � ��� � [Dl � �	� � �

EFHPWa��DP��DJ�a!V�^�VYlfXZPWVbU>[Dl c J�l�[D\�X`FHJ]a`[DURS_XZPR[D\Ha	�HVbURUR[¡�
PR\H��XZFHJ]SHa`J	l�X`[Tl`J�XrVbPR\<[b\HURe�X`FHJ
� J	afX]a`[DURS_X`PW[D\_a��

� � � � � ������� � � � � � " ����� � ����� ���	�

� FHJ�\zV#lf[DS_XZPR\HJ�h6VbURURapVb\_[bXZFHJ	lilf[DS_X`PW\HJY�>PRX]PRai�DJ	\HJ�l`VbURURe.XZ[g[KJ�jQ^3J�\HafPR�bJNXZ[�Vb\�VbU�eg��J
XZFHJ	I X`[D�DJ�XZFHJ	l�Vba�ViafPW\H�bUWJ�l`[DS_X`PW\_J � ���.�����.���
	 � ��EFHJ	e�ITS_afXv�3J!VY\�VbU�eQ�	J c afJ�^�Vbl`VYXZJ	UReb�
��\ [DS_l$h6VbafJb�pX`FHPWa�ITS_afX�� J c [b\HJ¦�¬l`[DI XZFHJ �3[bX`X`[DI SH^�PR\�X`FHJ ^Hl`[D�blZVbI � a�h�VbURU
�DlZVb^_F�� |�[Dl�J6VbhrF�af[DURS_XZPR[D\N�¬[Dl�Vp^�VbloXZPRh�SHUWVbl afSH�Hl`[bS_XZPR\HJb�8Via`SHIKI#Vbl`PR��J c a`PR�D\�VYX`SHl`J/PRa
h�[DIK^HS_X`J c ��EFHPWa�a`PR�D\�VYX`SHl`J�a`^3J�h	PR¶�J	a��D�¬[Dl�J6VYhrFNPW\_^HS_X c VYXrV_�¡XZF_J![@�DJ	l`UWVb^NafXZVYXZS_a�XZFHVYX
PWa lfJ �8SHPRl`J c �¬[Dl�XZFHPRava`[bUWS_X`PW[b\K�¬[bl�XZF_PWavafSH�Hl`[bS_XZPR\HJb��EFHJa`PR�D\�VYX`SHl`J
VYUWaf[�a`^3J�h�P�¶�J	amX`FHJ
[¡�bJ�lfU¢Vb^�afXZVYXZSHa�[b�:J6VbhrF c VYXrVdl`J�XZSHlf\HJ c �8e�X`FHJ]a`SH�Hlf[DS_X`PW\HJY����VbafX`UReb�QP�X�VbUWaf[Taf^ J	h�P�¶�J�a
XZFHJ$afJ�URJ�h	X`J c a`[DURS_X`PW[D\ �¬[DlTJ6VbhrF¥l`J	h�SHlfa`P��DJ	URe¤h6VYUWURJ c a`S_�Hl`[DSQXZPR\HJb� EFHJ�lfJ	�¬[DlfJb��J6VbhrF
a`[DURS_XZPR[D\.[b��XZFHJ�h�VbURUWJ c afSH�Hl`[bS_XZPR\HJdPWa
VY\�VYURX`J�l`\HVYXZP��DJdhrFH[DPRh�JdPR\$XZFHJda`[bUWS_X`PW[b\�[Y��X`FHJ
h6VbURUWPR\H�#l`[DSQXZPR\HJb�

u]\_�¬[DloXZSH\�V�XZJ�U�eD���DJ	\HJ�l`VbUWU�e¦XZF_J�l`J#PRa�\_[bX ��� �$#��,4��R4�����#+������� �¬[Dl X`FHJ�h�VbURUWJ c a`S_�Q�
l`[DS_X`PW\_Jb�mOQ[�[D\HJ]ITSHaoX!h	[D\HafP c J	l!I#Vb\xe�VbU�XZJ�lf\�VYX`PR�bJ�a��_Vb\ c XZFHPRa�PR\Hh	l`J6VYa`J�a�XZFHJia`J�Vbl`hrF
a`^�Vbh	J��¬[Dl/XZFHJdh�VbUWURPR\H��lf[DS_X`PW\HJY�

� �q~!� "
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	][@�!J��DJ�l	�/a`[bI#J.af[DUWSQXZPR[D\HaKI#V@e � J�¶�U�XZJ	l`J c [DSQX6�m� J	h6VbS_a`J.XZFHJ�e¥Vbl`J$h	J�loXrVbPR\HU�e
\H[bX�VYaN�D[g[ c VbaN[bX`FHJ�lfa � (o/ afJ�h	X`PW[b\¤~Q� } � � [Dl�� J	h6VbS_a`J$a`[bI#J<h�[DIKITS_\HPWh�VYXZPR[D\Ha#VblfJ
� J�X`XZJ	l ^HUWVbh�J c PW\ X`FHJ�h6VbURURPW\H�$lf[DS_X`PW\HJY�d��\¦^�VblfX`PWh	SHUWVbl��CafSH^H^3[Da`JKV�af[DUWSQXZPR[D\ �¬[DliX`FHJ
h6VbURUWJ c a`S_�Hl`[DSQXZPR\HJNl`J��8SHPWlfJ�adV#h�[DIKITS_\HPWh�VYXZPR[D\¦[D\za`[DIKJNVYl`lZV6eb�gnoSHaoX�VYX]XZFHJ�� J	�DPR\Q�
\HPW\_��[bl�VYX X`FHJ�J�\ c [b�mXZF_J�a`SH�Hlf[DS_X`PW\HJY�NEFHPRada`[DURS_XZPR[D\ PRadX`FHJ�\ afSH�Ha`S_I#J c �xezX`FHJ
a`[DURS_XZPR[D\ � ���o!.��#+� XZF_J#h	[DIKITSH\_PWh�VYXZPR[D\���Vb\ c PRX�PRad� J�XZF_J#h�VbURUWPR\H��l`[DS_X`PW\_J#X`F�VYXdPR\Q�
a`J�loXZadXZFHJKh	[DIKITSH\HPRh6V�XZPR[D\���� J��¬[Dl`JK[DldVY� X`J�l X`FHJKh6VbURU ��P��!\HJ	h�J	a`aZVYlfeD��EFHPRa�^HlfJ�afJ�\xXZa
X��![�V c �YVb\xXrVb�DJ	a��vP�X c J	h�lfJ6VbafJ�a/XZF_J a`PR��J [Y��XZFHJpa`J6VYl`hrF$a`^HVbh�JY�HVb\ c P�X�XZJ�\ c a/XZ[�^HU¢VYh�J
h�[DIKITS_\HPWh�VYXZPR[D\HaKFHPR�DFHJ	lNPR\ XZFHJ$h�VbUWU�XZlfJ�Jb�v�
FHJ	l`J�X`FHJ	e£I�VY©bJ$IK[Dl`J<a`J�\_a`J$XZ[zX`FHJ
SHa`J	l��
��VbaoXZU�eD��PWIKIKJ c PWVYX`J�U�e�VY� X`J�l�J�VbhrF�afSH�Hl`[bS_XZPR\HJzPRa�Vb\�VbU�eg��J c �!XZFHJ.SHafJ�l#ITSHaoX��3J

�DPR�bJ�\�XZFHJ [D^H^3[DloXZSH\HP�X�e�X`[ lfJonoJ�h�X�I�VY\gSHVbUWU�e a`[bI#J [b��XZFHJ af[DUWSQXZPR[D\Ha�� � \ UWVblf�DJ
^Hl`[D�blZVbIKa��gXZFHPRa!�
PRUWU:�Dl`J�VYXZU�e<lfJ c S_h�J XZF_J a`J�Vbl`hrF.a`^HVbh�J �
FHJ	\�Vb\�VbU�eg��PR\H�NXZFHJ�h�VbURUWPR\H�
l`[DS_X`PW\_J�a��

� � ).)��	���/�����	��� ��� ��'.� �*���<�	���� � ��� �T�
%´%���� �T���%

EFHJ£VY^H^HURPWh�VYXZPR[D\�[Y�N[DSHl$X`[Q[DU X`[¤X`FHJ*!$# �&%�� Vb\ c ' &C�&%�� ^_l`[D�Dl`VbIKa�XZVb©bJ	azVY^Q�
^Hl`[6jQPWI#VYX`J�U�e { �#IKPR\8S_XZJ	ap[D\�V�OQS_\�uiU�XZl`V��r{ .Q{;f��_� pi^H^HURPWh�VYXZPR[D\�X`[ ) �(+-, � � X`[Q[D©
l`[DSH�bFHUReN[D\HJ
FH[DSHl	��EFHPRamXZPRI#J
PR\Hh�URS c J	a �/k u�XZPRIKJiVYam��J�URU3VbamPW\xX`J�lZVYh	XZPR[D\K�
PRX`F#X`FHJ
SHa`J	l�� � J � J	UWPRJ	�bJ XZF�V�X/a`[bI#J	[D\HJ S_\_� VbIKPWURPWVbl��
P�XZF�X`FHJ�afJ a`[DU��DJ	l`a/��[DSHU c \HJ�J c ITSHhrF
UW[D\_�DJ�l
XZ[#XZlZVY\Haf�¬[DlfI XZFHJ�^Hlf[D�DlZVYI#a]�xe�F�Vb\ c � |�PRl`aoX6�>�!J�a`F�VYUWU c J	a`h�lfPW�3JTX`FHJTPR\xXZJ�l¨�
Vbh	X`PR�bJ<^Hlf[Qh	J�a`a�XZF�V�XTURJ c X`[�X`FHJ#X`lZVb\_af�¬[DlfI#J c ^Hlf[D�DlZVYI#a	�$EFHJ�\ �!J�afF�VbURUm^Hl`J	a`J�\xX
XZFHJd^3J�lf�¬[bl`I#Vb\Hh	J�a
[b��XZFHJd�DJ	\HJ�l`VYXZJ c ^Hlf[D�DlZVYI#a	�

����� � � � �! ��
�� � � � �

� J.PRI#^_UWJ	I#J	\xXZJ c [DSHlNXZ[g[DU!Vba#Vb\¤V cHc P�XZPR[D\�VbUIK[ c SHURJ.PW\HafP c JzVb\¥J�j_PRafX`PW\_�£^�Vbl`VbU �
UWJ	UWPR��J	l��:h�VbURUWJ c������
	���	� ��E�[�� J	�DPR\z�
PRX`F��>XZFHJ�SHa`J	lp[D^3J�\HapVK�
PR\ c [@� a`F_[¡�
PR\H�<X`FHJ
XZ[D^ l`[DS_X`PW\_J<�¬[Dl�^�VblZVYUWURJ�URPW��VYXZPR[D\���EFHJ�\ X`FHJ<S_a`J�l c J�afPW�D\HVYXZJ	aTXZFHJ�a`J	h	XZPR[D\ X`[z^�Vbl¨�
VbUWURJ�URPR��Jb���
PRX`F¤X`FHJ�IK[DS_a`Jb� EFHPRa�h�Vb\ �3J.XZFHJ$�
FH[DURJ�^Hl`[D�blZVbI.���HS_X�PRXK�!Vba�IK[DlfJ
Vb^H^Hlf[D^Hl`PWVYX`J]F_J�l`J]XZ[�a`J	UWJ	h	X[D\_URe�X`FHJih	[DIK^HS_XZVYXZPR[D\<©YJ�lf\HJ�U �_[DIKP�X`X`PW\H��h�[D\Q¶��DSHl`VYXZPR[D\
¶�UWJ	a]Vb\ c ¶�\�VbUClfJ�a`S_URX]afX`[DlZVY�DJb�
EF_J�\�XZF_J SHa`J	l�a`J	UWJ	h	X`a�XZFHJ �p�bJ�l`UWVb^H^_PW\H� ^HVYX`X`J�l`\�[b��¶��DSHlfJ }Q� EFHPWa<a`J�URJ�h�XZa

VbS_XZ[bI�V�XZPRh6VbURURe XZFHJ$^_l`J c J	¶�\HJ c �p�DJ	l`UWVb^ ppS_X`[DI#VYXZ[D\¥[b�
¶��bSHl`J�u_� pi� XZJ	lKV¦a`FH[DloX

~q~h�������3�����������,�9�
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�
FHPWURJb�vX`FHJ�afegaoXZJ�I ^Hl`[DIK^_X`aNXZFHJ<SHa`J	lN�
PRX`F �gS_J�afX`PW[b\Ha#Vb� [bS_X�VbURPR�D\HIKJ�\xXK[b� c V�XrV
Vb\ c UR[g[D^Ha��R|�[Dl]PR\HafXZVb\Hh�JY�:PR\�X`FHJTh�Vba`J�[b� ' &C�&%�� ��Vb\Hao�!J	l`PR\H��¶H�DJ�a`SHhrF �8SHJ	afX`PW[D\_a��
PW\HafP c Jm�¬[bSHlCa`SH�_l`[DS_X`PW\_J�a����/VYa�J	\H[DSH�DF�X`[]�bJ	X�VbURUDl`J��gS_PWlfJ c Vb\Haf��J�lfa�� |�PR� X`J�J�\�Vb\Hao�!J	l`a
�!J	l`J�\HJ�h	J�a`a`Vblfe$�¬[bl ) �(+-, � � �
EF_J�\�X`FHJ�l`J�afJ6VblfhrFN[b�HV]I#Vb^H^_PW\H�]afXZVblfX`a����¬l`[DI�X`FHJm� [YX`XZ[bI«SH^TPR\dXZFHJ�^Hl`[b�DlZVbI � a

h6VbURUvXZl`J	Jb� 'mVbhrF£X`PWIKJ�V�a`SH�_l`[DS_X`PW\_J<^HlfJ�a`J	\xXZaNI#Vb\xe a`[DURS_XZPR[D\Ha	��X`FHJ<SHafJ�l�PWa��DPR�bJ�\
XZFHJd[D^H^3[DloXZSH\HP�X�e�X`[#lfJonoJ	h	X]SH\x�/VY\8X`J c af[DURS_XZPR[D\Ha	�
� F_J�\ V c PRafX`l`PR�HS_XZJ c UW[g[D^ h	[D\xXrVbPR\Ha c J	^ J	\ c J�\_h�J�a�X`F�VYX I#V6e¦VYh	XZSHVbUWU�e�^Hl`J��DJ�\xX

PRX`a$^�VblZVYUWURJ�URPW��VYXZPR[D\��pV �/Vblf\HPR\H�¥I#J	a`a`Vb�DJ PWa.^HlfPW\xX`J c � EF_PWa.F�Vb^_^ J	\HJ c X��
PWh	J¦�¬[Dl
' &C�&%�� �@�3J�h�VbSHa`J[Y�HXZFHJ![Dl c J	l�[b�>[bS_XZ^HSQX IKJ�afaZVb�DJ	a����
F_J�\N¶�\ c PW\H��J	l`lf[Dl�afPRX`S�VYXZPR[D\Ha	�
' &C�&%�� J�IKP�XZaKIKJ�afaZVb�DJ	a � � � 	 ��� ��� �,4,4�#+�,�U�0����4�&'	���� � � � � FHJ	\ ^�VYlZVbURUWJ	UWPR��J c ��X`FHJ
^Hl`[D�blZVbI I#V@ez^Hl`PR\xX�IKJ�afaZVb�DJ	adPW\ V c P �:J	l`J	\8Xd[bl c J	l���EFHPWa c P � J�lfJ�\Hh	JK�!Vba!noS c �DJ c
Vbh�h	J�^_XZVb�HURJb�

|�PW\�VYUWU�eD�8a`P j#a`[bUWS_X`PW[b\Ha���J�lfJ]�¬[bSH\ c �¬[Dl !1# �&%�� �bXZF_l`J�J
af[DUWSQXZPR[D\Ham�¬[Dl ' &C�&%�� �DVb\ c
J�PR�DFxXNa`[bUWS_X`PW[b\Ha��¬[Dl ) �(+-, � � �s|�[Dl�J6VYhrF a`[DURS_X`PW[D\:��XZFHJKXZ[g[DUm�DP��DJ	a�Vb\£J��YVbUWSHVYXZPR[D\
[b��X`FHJdh�[DIKI�SH\HPRh6VYX`PW[D\�h�[DaoX6�>Vb\ c [b��XZF_J�lfJ c S_\ c Vb\xX]h�[DIK^HSQXrVYX`PW[D\�h�[bafX6�mEFHJ�SHafJ�l
noS c �DJ c [D\_J�af[DURS_XZPR[D\�� J	afX6�>VY\ c aZV6�DJ c XZFHJd�DJ	\HJ�l`VYXZJ c ^_l`[D�Dl`VbI+PR\xXZ[�VN¶�UWJY�

����� ���	� ! ��� � ��� � �	�

k�J�lo�¬[Dl`I#Vb\_h�J�l`J	a`SHU�XZadVYl`JT�bPR�bJ�\¦�¬[Dl wYL��HP�XdVbl`P�XZF_I#J�XZPRhNh�[bI#^_S_XrVYX`PW[b\Ha��d��\ XZF_JT�¬[DU �
UW[@�
PR\H��XrVb�_UWJ	a��	� � c J	\H[bX`J�a XZF_JN\8SHIT�3J�ld[b�m^Hlf[Qh	J�afa`J�a��¬[DliXZFHJN^HVblZVbURURJ�U�J�jQJ�h�SQXZPR[D\�� 'vU¢VY^Ha`J c � c J	\H[bXZJ	aCXZFHJvXZ[YXrVbUDJ	U¢VY^Ha`J c J�jQJ	h�S_X`PW[D\�XZPRIKJ�VY\ c ��/k u � c J�\H[bX`J�a�XZFHJ X`[bXrVYU
�/k u�XZPRI#J �¬XrVY©bJ�\.VYa�XZF_JpI#V�jQPWI�SHI´�YVbURSHJ [@�bJ�l!X`FHJpUR[Qh�VbU3I#J�Vba`S_l`J�a � �HX`FHJ ^�Vbl`VbURUWJ	U
a`^3J�J c SH^  ��� � �dPWaTh6VbURh�SHUWVYX`J c SHafPW\H� X`FHJ<J	U¢VY^Ha`J c J�jQJ�h�SQXZPR[D\ XZPRIKJ�a�� OgPWI�SHU¢V�XZPR[D\HaF�V6�DJ�� J	J�\�^ J	lf�¬[DlfI#J c [b\.X`FHJ��¬[DURUW[@�
PR\H��h	[DIK^HS_X`PW\H�#^HUWVYX`�¬[bl`IKa �

� V������ ��	�
��
����������<aoegafXZJ	I��iJ �8SHPR^H^3J c �
PRX`F 	�
���������������������� 	�!�"�^Hlf[Y�
h�J	a`a`[bl`aT�
P�XZF L y�� [b�
h6VYhrFHJ�IKJ�IK[DloeD� EFHJ#������PWIK^HURJ�IKJ	\8XZVYXZPR[D\ [b�iy�km�
F�Vba
�3J�J�\�SHafJ c �¬[Dl/XZFHJdPRIK^HUWJ	IKJ�\xXrVYX`PW[b\ [b��h�[DIKITS_\HPWh�VYXZPR[D\�afXZJ	^Ha��

� V h�URSHafX`J�lv[b��{¡}%$�&('�)+*-,/.0$21435$�6/7989:;:%<>=�?!lfSH\H\HPR\H��XZF_J ��PR\8SQj�[b^ J	lZVYX`PW\H��aoegao�
XZJ	I �¬�bJ�l`afPW[b\$}Q� �_� }b| � ����\�X`FHPWamh�Vba`J
XZFHJ
a`VbIKJih	[ c J
F�VYa��3J�J	\<h	[DIK^HPWURJ c SHa`PR\H�

@BADC�E-F2FHG�FJILKNMOE-FDPRQ�SUTVIHKXWYTVIDIHC�K[Z\N]�^4_H\`Zba�cV_edR\Bfhgi\N_ejlkm^n\oE � �pT��(SBGrq

� �q~!� "
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XZFHJ g f fN�D\8S.h�[DIK^HPRURJ�l
�
PRX`F�I#V�jQPRI#VbUC[D^_X`PWIKPR�6VYX`PW[D\�[D^_X`PW[b\Ha�� �![DIKITS_\HPWh�V��
XZPR[D\HadVblfJ�^ J	lf�¬[DlfIKJ c SHa`PR\H�zyzkv� � 	 �¬�DJ	l`afPW[D\¤{D�R{ � ��EFHJKh�URSHafX`J�ld\H[ c J�a�VblfJ
h�SHlfl`J	\8X`URe.PR\xXZJ	l`h�[b\H\HJ�h�XZJ c �gP¢V#V${ ���#y��HP�X/.Ya������B)���)V=�&�1L'�&r)
af�
P�XZhrF��
��\ [DSHl�¶�lfafXdXZJ	afX�h6VYa`Jb����J�SHafJ#X`FHJ0' &C�&%�� §iV@�gPRJ�l¨�oOgX`[D©bJ	a�af[DUR�bJ�ldXZ[�h�[DIK^HSQXZJ

XZFHJ�J�jQX`J�lf\�VbU ª�[@� Vbl`[DS_\ c V ����	�������� VbPRlf�¬[DPRU V�X�V<�¬l`J�J	afX`l`J6VYI*yzVbhrF \8SHIT�3J�ld[b�
�_� iD~Q�Q�
P�XZF�VKq]J�eQ\_[DU c a]\8SHI�� J	l
J �8S�VbU�X`[#}������_�vEF_J�S_\ c J�lfURegPR\H�KXZl`PWVb\H�bSHU¢VYlI#J	a`F
h�[D\xXrVYPW\HaiLEiEfb|D}��bJ�lfX`PWh	J�a	��|Dw ib|DwKX`l`PWVb\H�DURJ�apVb\ c {6L8~bw i�iKJ c �DJ	a��
��Xp�!Vba]^�VblfX`PRX`PW[b\HJ c
�
PRX`F XZFHJ " Z < ` � i��!X`[Q[DU �¦k�VblZVbURURJ�U/^3J�lo�¬[Dl`I#Vb\Hh	J�l`J	a`SHU�XZa#VblfJ<�DP��DJ	\¥PW\ XZVb�HURJ�a#}
Vb\ c u_� EFHJ c J	h�lfJ6VbafPW\H��a`PR��J	a�[b�3XZF_J]afSH�Q��I#J	a`FHJ	a!lfJ�a`S_URX`PW\H���¬l`[DI XZFHJ idVb\ c {@w�a`S_�Q�
I#J	a`FHJ	a c J�h	[DIK^ [DafPRX`PW[b\�VblfJ�l`J	a`^3[D\HafPW�HURJ$�¬[DlTX`FHJ$a`SH^3J�lfUWPR\HJ�Vbl�a`^3J�J c ��SH^¤[D�HafJ�lo�DJ c
[D\�X`FHJ �/��� �/	�
��
���������� �H[D\<X`FHPWa�^HUWVYX`�¬[DlfI XZFHJ �o���������K^Hlf[Qh	J�afa`[Dl�^ [Dafa`J	a`a`J	a]V�L
y��Kh6VbhrFHJ]IKJ�IK[DloeD�gV�lZVYX`FHJ�lvUWVbl`�bJ/�bVYUWSHJX`F�VYXmh�[b\8X`l`PR�HS_X`J�avXZ[dFHPR�DF#h�[DIK^HS_XZVYXZPR[D\�VYU
lZVYX`J�a��
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�� �������#afegafX`J�I
��VbIKPW\HVbl�QPRa`h	[DSHa
ª�[@� Vblf[DSH\ c V �� �	��������$VbPRlf�¬[bPWU
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{ w i ibuKafJ�h w�ix~YL�a`J	h |b| {D� �
L }D}�ib|KafJ�h }g{�ix}Ta`J	h |D~ u_� �
i {6LDL��KafJ�h {@}Q{�iNa`J	h iD~ LH� i
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��VbIKPW\HVbl�QPRa`h	[DSHa
ª�[@� Vblf[DSH\ c V �� �	��������$VbPRlf�¬[bPWU

��\.[DS_la`J�h	[D\ c XZJ	afX]h6VYa`Jb�H��J�SHafJdX`FHJ ) �(+-, � � §iV@�gPRJ�l¨�oOgX`[D©bJ	aiaf[DUR�bJ�lXZ[�h	[DIN�
^HS_XZJ/X`FHJ
J�jgXZJ	l`\�VYUHª�[@��Vblf[DSH\ c Vb\ �������� 	����
PW\_��V�X�V��¬lfJ�J	afXZlfJ6VbIsyzVbhrFK\8SHIT�3J�l
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[b� �Q� ibL�Vb\ c Vb\_�DUWJ
[b� PR\Hh�P c J�\_h�JpJ��8S�VbU�XZ[�������������EFHJ
SH\ c J	l`U�eQPR\H��XZJ	X`lZVbF_J c l`VbU>I#J	a`F
h�[D\xXrVYPW\Ha.{¡~�Lxw��z�DJ	lfX`PWh	J�a��Li��bL8}�L XZJ	X`lZVbF_J c l`V Vb\ c |b| iD|_{$J c �DJ�a	�¥k�Vbl`VbURUWJ	U^ J	lf�¬[Dl¨�
I�VY\Hh�JNlfJ�afSHURX`a�VblfJT�DP��DJ	\¦PW\ XZVb�HURJ�a L<Vb\ c ~Q�C|�PR�DSHl`J}f�a`F_[¡�
a X`FHJTaf©8PW\¦IKJ�afF Vb\ c
XZFHJdPRa`[Y�¨yzVbhrF�UWPR\HJ�a][b��XZFHJdaoXZJ6V c e$afXZVYXZJdaf[DUWSQXZPR[D\��
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{ {@u_{yiKafJ�h {6u��x~Ta`J	h |b| {D� �
L uD|��NafJ�h u iEfNa`J	h |b| u_� L
i {@| iNafJ�h {@|Dw�a`J	h |b| w_� f

E�Vb�_UWJ�L �mk�VYlZVbURUWJ	UCa`PRITSHUWVYX`PW[D\_ai[D\�V��/�� �/	
��
�� �������#afegafX`J�I
'vSHURJ�lª�[@� VYl`[DSH\ c Vb\ �������� 	��K�
PW\H�

� � 'vU¢VY^Ha`J c �/k u 
 �/k u  � � � �
{ fYLEi�iKafJ�h f�L8}b|Na`J	h |b| {D� �
L }D~�ibuKafJ�h }Yu ix}Ta`J	h |D} }Q� |
i {6L �D|bafJ�h {@}D~YL�a`J	h ib| ~Q� u

E�Vb�HURJ�~ ��k�Vbl`VbUWURJ�UCafPWI�SHUWVYXZPR[D\Ha][D\�V���9����
�������	��Kh	UWSHaoXZJ	l
'vSHURJ�lª�[@� VYl`[DSH\ c Vb\ �������� 	��K�
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k�VbloXZP�XZPR[D\HPR\H��X`FHJiIKJ	a`F�PRa�\_[¡�,X`FHJ]I#[bafX�^ [D^_SHU¢VYl!Vb^_^Hl`[xVYhrF��¬[Dlm^�Vbl`VbURUWJ	UWPR��PR\H�T�bl`P c �
[Dl`PRJ�\xXZJ c VY^H^HURPWh�VYXZPR[D\Ha	� �!S_XvX`FHJ�\KX��![dI#VbPR\ c PWlfJ�h�XZPR[D\HamJ�IKJ�lf�DJb�8XZFHVYX ��J]h	[DSHU c h�VbURU
 	pk | ��Vb\ c fOQk�y�� ���¬[DlafFH[DlfX��
EF_J 	pk |�Vb^_^Hl`[xVYhrF�� �¬[DliJ�j_VbIK^HURJNhrFH[DafJ�\ �xe ��l`J���Vb\xezJ�X�VbU � � } � ��OQVbURX`�NJ	X VbU �

�R{@u � �Q[Dl��][D^H^HURJ�l � f � �QPWa�h�URJ6VblfURe�IK[Dl`Ji�DJ�\HJ	lZVbU �m§i[TJ�jQ^HURPWh	PRX
h�VbUWU>XZ[�h�[DIKI�SH\HPRh6VYX`PW[D\
PWa!VbUWUR[@�!J c � ' �DJ�loe8XZFHPR\H�KPWa c [D\HJp�8e#XZF_Jph�[bI#^_PWURJ�l	�Q�¬[DURUW[@�
PR\H��SHafJ�lo���DP��DJ�\ 	���� 	 �.&-���.�
!����,�,(���� ���,4 � ~ � � EFHPWaKFHPR�DF¥URJ	�DJ	U
[b�iVb�HafX`lZVbh�XZPR[D\¤I�VY©bJ�aKP�XKlZVYX`FHJ�l c P��#h�S_URXKXZ[ X`FHJ
SHa`J	l��8XZ[�PWIK^3[Da`J
XZFHJ]h�[bI#^_PWURJ�l�V�^_l`J	�¬J	l`lfJ c �!V6e�XZ[�[Dl`�xVY\HPW�	J]X`FHJ c VYXrV�Vb\ c h�[bI#I�SQ�
\HPWh�VYXZPR[D\Ha	� ' �DJ�\¦�
P�XZF X`FHJ>� ����������� c PRl`J	h	XZP��DJY�CPRXpPWap\H[bX�J�Vbafe�XZ[�af^ J	h�P�� e¦V<�b[Q[ c
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|�PW�DS_l`J f �ma`©8PR\�IKJ	a`F VY\ c PRa`[��oyzVbhrF�URPW\HJ	a]�¬[bl/XZFHJ �������� 	��K�
PW\H�

I#J	a`F ^�VblfX`PRX`PW[b\HPW\_�H�$y�[bl`J�[@�bJ�l���XZFHPRa�Vb^H^Hlf[xVbhrF£lfJ �8SHPRl`J	aNV.FHJ6V6�8e XZlZVY\Haf�¬[DlfI#VYXZPR[D\
� } � �z��\ ^HVblfX`PWh	SHU¢VYlN[D\HJ�UWJ��DJ�U![b�
PW\ c PWlfJ�h�XZPR[D\ ITSHaoXK� J<V cHc J c �¬[DlTIKJ	a`F¥J�URJ�IKJ�\xX`a��
EFHPWa
IKPR�DFxXiI#Vb©YJ�X`FHJ 	pk |¥h�[ c J c P��#h	SHURX
X`[#I#VbPR\xXrVbPR\��
EF_J<OQk�y��´Vb^_^Hl`[xVYhrF���SHa`J c �¬[DlpPW\HaoXrVb\_h�JK�xe ��� �![@egURJ#J�X�VbU � ��{¡} � �C[Dl |>Vbl`F�V�X

Vb\ c ��VY\8X`J�lfP � u�� ��SHafJ�aTV�afJ �8SHJ�\xX`P¢VbU�FHPR�DFQ��URJ	�bJ�U�U¢VY\H�DS�Vb�bJb���
PRX`F£J�jQ^HURPRh�P�XNPR\Ha`J	lfXZPR[D\
[b�vh�[bI#I�SH\HPRh6VYX`PW[b\Ha��CSHafPW\_�.V<afXZVb\ c Vbl c URPW�Hl`Vblfeb��a`S_hrF Vba�yzkv� ��{D{�� �pEFHJNS_a`J�lpF�Vba
I#[bl`J�l`J	a`^3[D\HafPW�HPRURPRX`PWJ	a���Vb\ c �¬l`J	J c [DI.��EFHPWa��¬lfJ�J c [DI VbURUW[@� �YVbl`PR[DSHa�aoXZlZV�XZJ��bPWJ	a �¬[Dl
[¡�bJ�lfU¢Vb^_^HPW\_� X`[¦� J.V c [D^_XZJ c �£EF_PWa��¬l`J	J c [bI PWa c Vb\H�DJ	l`[DSHa�PR\¥�DJ�\_J�lZVYU/�HS_X���SHafJ c
�
PRX`F h�VbS_XZPR[D\��!Vb\ c �
PRX`F�V¦XZ[g[DU �m�DPR�bJ�a�J�jQh�J	UWURJ�\xX�lfJ�afSHURX`a�PR\¤a`^3J�h�P�¶�h�h6VbafJ�a���a`SHhrF
VbaKI#J	a`FQ����VbafJ c h	[DIK^HS_XZVYXZPR[D\Ha	�,OQPR\Hh�J�V c PRafXZlfPW�_S_XZJ c Vbl`l`V6e¥Vbh	X`S�VbURURe � J	h�[DIKJ�a 

a`J�^HVblZVYX`J
Vbl`l`V6eQa	�x\H[�l`J	\�VbIKPR\H��\H[Dl J�jgXZlZV PR\ c PRl`J	h	X`PW[D\#PRa l`J��gS_PWlfJ c Vb\ c XZF_J/^Hl`[b�DlZVbI
h�[DIK^HS_XZVYXZPR[D\�VYU�^HVblfX�l`J	I#VbPW\_aTSH\HhrFHVb\H�DJ c �.k�[DloXrVb�_PWURPRX�e PRa
noS_afXTVba��b[Q[ c VYa 	ik | �
UWPR�HlZVYl`PRJ�ama`SHhrF<Vba�yzkv� F�V6�DJ]�3J�J�\#^3[DlfX`J c XZ[dI#Vb\xeK^�VblZVYUWURJ�U�VYl`hrFHP�XZJ	h	XZS_l`J�a	�_l`Vb\H�DPR\H�
�¬l`[DI´l`J6VYU c PWaoXZlfPW�HSQXZJ c IKJ�IK[Dlfe<XZ[Ka`F�VYl`J c IKJ�IK[Dlfeb�
� FHVYXZJ��DJ�lKXrVYl`�DJ�X ¨UWVb\H�DS�VY�DJ���PWaKhrFH[DafJ�\���PRX#PRaK\HJ�h	J�a`a`Vblfe¥X`[ ^_l`J���h�[DIK^HPRURJ.X`FHJ

h�[DIKITS_\HPWh�VYXZPR[D\HavPR\�a`[bI#J��/V6eD�xX`[ l`J c SHh�Jh	[DIKITSH\_PWh�VYXZPR[D\Kh�[DaoX6� 'v�bJ�\KSHafPW\H� 	ik |��
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PRX�PWa \_J�h�J	a`a`Vblfe�XZ[ SHafJVpaoXZlZV�XZJ��Ye�X`[  c PRl`J	h	X���X`FHJ/h	[DIK^HPWURJ�l�XZ[@�/VYl c amVpaf[DURS_XZPR[D\T�
P�XZF
UW[@��J�l
h�[DIKI�SH\HPRh6VYX`PW[D\�h�[bafX6�mEFHJ	l`J�VblfJ�I�VY\8e�PW\xXZJ	l`J	afXZPR\H�#l`J	a`SHU�XZa	�>�¬[bl/J�j_VbIK^HURJ�PR\
� � �![@egUWJ.J�X<VYU ����{¡} ��
FHJ	\¤X`FHJ c VYXrV¦PRa�VYh�h�J	a`afJ c lfJ��DSHUWVblfUReb� |�[Dl�PRl`lfJ��DSHUWVbl c V�XrV
a`SHhrF,VYa<IKJ�afFHJ�a	�]af[DIKJzaoXZlZV�XZJ��bPWJ	a$Vbl`J��DP��DJ	\��xe,y�h6yzVb\8SHa � |�� �/[Dl �i[D^_^HUWJ	l � f � �
EFHJ�lfJh�[DIKJ�amVY\�PWIK^3[DlfXZVb\xX c PWaoXZPR\Hh	X`PW[b\ ���
PRUWUQXZFHJaoXZlZV�XZJ��YeTPR\Hh�[bl`^3[DlZVYX`J/SHafJ�lo���DP��DJ�\
©g\_[¡�
URJ c �DJ�[Y��X`FHJ�Vb^H^HURPWh�VYXZPR[D\ �
���]XZF_J$afXZl`VYXZJ	�be PRaKVbS_X`[DI#VYXZPRhb��P�X�I#V@e � J�X`FHJ$h�UWVba`afPWh�VbU ¨PR\Haf^ J	h	XZ[blo��J�jQJ�h�SQXZ[Dl �

I#[ c J	U � w�� � EFHPRa.PWa.V lfSH\xXZPRI#J���h	[DIK^HPWUWVYX`PW[D\ IKJ	X`FH[ c �]X`F�VYX c eg\�VYI#PRh6VYUWU�e c J�XZJ�l¨�
I#PR\HJ	aNXZFHJ$VYl`lZV6e h�J	UWURaNXZF�V�XN\HJ	J c � J<h�[DIKITS_\HPWh�VYXZJ c Vbh�lf[Da`a�^Hlf[Qh	J�afa`[Dlfa�� ��\ XZFHPRa
c PWlfJ�h�XZPR[D\��mO_VYURX`��Vb\ c h�[@�![bl`©bJ	l`aKVYX�� �Lp�O�' c J��DJ	UW[D^3J c X`FHJ�k*p q�E����{6L ��l`SH\xX`PWIKJ
^Hl`PRIKPRX`PR�bJ�a��<EFHJ�a`VbIKJ<^�VYlZV c PR�DI PRadSHa`J c �xe¦XZFHJ��pPWJ	\H\�V�afhrFH[g[DUmPW\ XZFHJ	PWl�� | �O
afegafX`J�I.� EF_J�lfJ�afSHURX`PW\_� ^Hlf[D�Dl`VbI I#V6e �3J�h�[bI#J.l`VYXZFHJ	lKh�[DIK^HURJ�j � �!S_XKXZF_J$[D\HU�e
J�a`afJ�\xXZPWVbU c P � J�lfJ�\Hh	J��
P�XZF [bSHlpVY^H^Hl`[DVbhrFzPRaiX`F�VYX]�!J�UWJ�V@�bJTXZF_J  ���
4%�.�,(��%��� � XrVbaf©�XZ[
XZFHJdIKJ�afFz^�VbloXZP�XZPR[D\HJ	l���Vb\ c I#V6e$a`J	UWJ	h	X]XZFHJd[@�DJ	l`UWVb^H^HPR\H��^�VYX`X`J�lf\��¬lfJ�J�U�eD�

� \ XZF_J�[YXZFHJ	l�F�Vb\ c � �i[b^H^HURJ�l�� f �
Vb\ c umnfVYU c�� \¤J�X�VbU � �R{¡~ �^Hl`[b^ [DafJ.V¦SHa`J	lo�
�DPR�bJ�\ c J	a`h	l`PR^_XZPR[D\¥[b�XZF_J�l`J	U¢VYX`PW[b\Ha`FHPR^¥� J�X��!J	J�\ XZF_J$Vb^H^HURPRh6VYX`PW[D\ c VYXrV_�z��\ XZFHJ	a`J
�![Dlf©8a���Vba �!J	UWU�Vba�PR\ XZFHJK�p�oy ' �R{@w �v[Dl p q � 	i�oy 'm� '�O ��{��vJ	\8�gPRl`[D\_I#J	\xXZa���XZFHPRa
©g\_[¡�
URJ c �DJ�af^�VblfJ�a�XZFHJ ���
4%�.�,(��%��� ^HF�VbafJb� �i[b^H^HURJ�lKF�VbaNX`FHJ$aZVbIKJ$XrVYl`�DJ�X ��IKJ�afFQ�
��Vba`J c Vb^H^_UWPRh6VYX`PW[b\Ha�� 	iPRaNVY^H^Hl`[DVbhrF a`FHVbl`J	aTa`PRIKPWUWVblfPRX`PWJ	aT�
PRX`F [DSHldXZ[g[DU ���
P�XZF X��![
I�VYPW\ c P �:J	l`J	\Hh�J	a�� � \HJ�PRaXZFHJ XZVbl`�bJ	X
UWVb\H�DS�VY�DJb�_�
F_PWhrF�PWa 	ik |��HEFHJd[bXZF_J�l
PWaF_[¡�
XZFHJNS_a`J�l�af^ J	h�P�¶�J�a�FH[@� IKJ�a`F J�URJ�IKJ	\8X`a�Vbl`JNlfJ�UWVYXZJ c � 	iJ�SHafJ�adVb\ [D�QnoJ	h	Xo��[DlfPWJ	\8X`J c
a`^3J�h�P�¶�h�VYXZPR[D\z[Y� Vb\ ���.����� � � ����	��r�����
4,!+� � !���	 	 �3	�& �
� F_J�\ afSH�Q��IKJ	a`FHJ	a�Vbl`J#IK[ c PR¶�J c ���¬[bl�J�j_VbIK^HUWJ#�¬[DldUW[DV c ��VYU¢Vb\_h�PR\H�H� VY\ J�jQX`lZV

h�[DIKITS_\HPWh�VYXZPR[D\�afXZJ	^<I�SHafX�� J
PR\Ha`J	lfX`J c noSHaoX�VY� XZJ	l�IKJ	a`F�V c Vb^_X`PW[D\:� EFHPRa�PWa�� J	h6VbS_a`J
I#[@�gPR\H��IKJ	a`F J�\xXZP�XZPRJ�a�Vbh�lf[Da`ad^Hlf[Qh	J�afa`[Dlfa�IKJ6VY\HadI#[@�gPR\H� c VYXrV_�TEFHPWad^Hlf[D�HURJ�I PRa
V cHc lfJ�a`afJ c �¬[DlJ�j_VbIK^HURJ��xe � PRUWURPWVbIKa ��{@w���PW\.XZFHJ��p�oy '�J�\x�gPWlf[D\HIKJ�\xX6�
��VbaoXZU�eD��XZFHJ�©bJ	l`\HJ	Ug[Y�H[DSHl�VbUR�D[DlfPRX`FHI.��X`F�VYX�I#Vb^Ha�V]�blZVb^HF�[D\xXZ[pVb\H[bX`FHJ�l�[D\_Jb��F�Vba

a`PRI#PRUWVbl`P�XZPRJ�a��
PRX`F�X`FHJ �\��&2#$��	�������� PW\�XZF_J�h�VbURh�SHURSHa�[b�_^_l`[gh�J�afa`J	a ��{ ��� ��EFHPRa�a`SH�b�DJ�aoXZJ c
SHad[D^_XZPRIKPW��VYXZPR[D\HadXZ[.[DS_ldVbUW�b[Dl`P�XZFHI.��a`S_hrF Vbad�xVYX`FHJ�lfPW\_��af[DIKJ#afJ �8SHJ	\Hh�J	aN[b� !E	�� 	
� ��� 	 �	��.! Vbl`lf[@�
a��
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EFHJ^Hl`[gh�J	a`am[b�3^�Vbl`VbURUWJ	UWPR��PR\H��V U¢Vblf�DJVb^_^HUWPRh6V�XZPR[D\KPWav[b� X`J�\Kh�[bI#^3[DafJ c [b� V a`J �8SHJ	\Hh�J
[b��X`J c PR[DSHa
I#Vb\HPR^HSHUWVYX`PW[D\_a�� � J�X`l`PRJ c FHJ�lfJdX`[KI#J	hrF�Vb\HPR��J�[D\HJdafSHhrF�I#Vb\_PW^HS_U¢VYX`PW[b\��
EF_J�lfJ�a`S_URX�[b�!X`FHPRa���[Dl`©¦PRa�Vb\ PR\xXZJ	lZVbh�XZP��DJ�X`[Q[bU XZ[�Vb^H^HU�e O_k�yz�+^HVblZVbURURJ�URPW��V��

XZPR[D\ X`[�lfJ6VbUm^Hlf[D�Dl`VbIKa�[b\ SH\_afXZlfSHh	X`SHl`J c IKJ�afFHJ�a	�.k�J�lo�¬[Dl`I#Vb\_h�J�aTa`FH[@� X`F�VYXdXZFHPRa
a`^3J�h�PWVbURPW�	J c O_k�yz� aoXZlZV�XZJ��Ye�Vbh	X`S�VbURURe$�bPR�bJ�a]�D[Q[ c a`^3J�J c SH^Ha][D\�l`J6VYU�Vb^H^HURPWh�VYXZPR[D\Ha	�
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