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

')(
*$+-,�+/.101+32547698/:�+/;<8>=?+A@CB D9+/EGF�HI+J;K,�01EML#4�*$8>N#+/O?@

PRQTSVUXWKYZWK[VW]\&^`_ba7cedVfhgbSVi<\jd�kVW][VdVlnm�opYZSVU]W]\jYZS$qraXYsf-\nmntpaXYZSVij\<WK_bSGmnuwvyx-zb{b|-xJmb}wkVc
~ qe\<�VgbaXWK��\jS)W7_-^�cw���V�sYZ\jd���gbWK��\j��gbW]Ysi<Uhmn}eSVYsf-\jaXU]YZWTly_-^���\<\jdVU>m)�?\j\jd�U7��kV���bvn��mn}w�

���G���j�h�V�b��� �7�V\��s\<�nYZijg-�)��g-WKaXYs��YsU�g-S�YZS)WK\j�-a]g-�)�VgbaXW?_-^�W]�V\7�)[V��gbS��sg-SV�b[Vg-�b\�U]l)UXWK\j�9��QTW��VaX_>fnYZdV\<U?W]�V\7�sYZSV�&�J\jWT R\j\<S
 R_baXd9^`_baX�¡gbS�d� R_baXd���\jg-SVYsS��J�¢c£UXYs���V�Z\��s\<�nYZijg-�¤��g-WKaXYs��YZU¢gb�ZU]_#gbWrWK��\�i<\jS)WK\<a¢_b^pg-S)l�gbSVYZ��gb�¤ij_-����[VSVYZijg-WKYZ_bS
UXlnUXWK\<�9mj 7��\jaX\pYZW�dV\<¥VSV\jUGWK��\pgbUXUX_ni<Ysg-WKYZ_bSVU��¦\<WT �\<\jS&^`_-a]�
gbSVd���\<gbSVYZSV�5_-^�gbSVYZ��gb�-U]YZ�bSVg-�sU>�/§�\�UXWK[�dVl¢WK�V\�\jfb_-�s[�WKYZ_bS
gbS�d��J_b�V[��sg-WKYZ_bS¨dVl)SVgb��YZijU©_-^�W]�V\ª�s\<�)Ysi<gb����gbW]a]YZ�A��§�\ªgbUXUX[V��\�W]�VgbW©i«��Ys�ZdVaX\jS��s\<gbaXS�W]�V\ª�s\<�)Ysi<gb����gbW]a]YZ�9_b^�WK�V\<Ysa
�Vg-a]\<SnW]Uh���7�VYZU#�s\<gbaXSVYsS��¬�Va]_)i<\jUXU�YZU�UX[V�)K\ji<W�W]_���YsUXWKg-�b\jU ��® YT¯©i«�VYZ�sd�a]\<S°��g>l�SV_-Wygbi<±n[�YsaX\�gb�Z�e�Z\j�)YZijg-�5YsW]\j��U#_b^
WK��\jYZa��Vg-a]\<S)WKU ® YsSVi<_b���V�Z\jW]\��Z\jgbaXSVYZSV�J¯]² ® YZYT¯7gbS�d�i«�VYZ�sdVaX\jS¬��YZ�b�)W�g-ij±)[VYZa]\ªg-U]UX_)ijYZgbW]Ys_-SVU&�J\jWT R\j\jS3 �_-a]d¨^`_baX��U�g-SVd
 R_baXd°��\<gbSVYZSV�-UyWK�Vg-W�dVYZ³J\ja#^`a]_-�´W]�V\jYZa$��gbaX\jS)WKU>µ��Z\j�)YZijgb�eYsW]\j��U ® YZSVij_-a]aX\ji<Wª�s\<gbaXSVYsS��J¯K��§�\�dV\jaXYsf-\�gbS¶g-SVgb�Zl)WKYZi
^`aXgb��\j R_baX�eW]�VgbWGdV\<gb�ZU? 7YZWK��YsSVi<_b���V�Z\jW]\��Z\jg-a]SVYZSV�/�/§�\Rijg-�si<[V�ZgbWK\�WK�V\R��gb�)YZ��[V��\<a]aX_ba?a]g-WK\pW]�VgbWGYZU?i<_b���VgbW]Ys���s\R 7YsW]�
g&�J_b�V[��sg-WKYZ_bSy��gbYZS)WKg-YsSVYZSV�&g�ij_b��\jaX\jS)W��s\<�)Ysi<gb����g-WKaXYs��_b^·g&�-Ysf-\jSªUXYs¸<\n��§�\eijg-�si<[V�sg-WK\5W]�V\w\<±)[VYs�ZYZ�Va]YZ[V�£dVYZU]W]a]YZ�V[VW]Ys_-S
_b^�WK�V\�S)[V���J\ja�_b^©�Z\j�)YZijg-�rYZWK\<��U#�)SV_> 7SMWK_�YsSVd�Ysf)YZdV[Vgb�ZU>�º¹R[�a$g-SVgb�Zl)WKYZi�YZSnf-\jUXWKYZ�bg-WKYZ_bSVU$gbaX\�UX[V�V�V�Z\j��\jS)W]\jdM�)l
S)[V��\jaXYsi<gb�·UXYs��[V�ZgbWKYZ_bS�U7WK�Vg-WRd�\jUXijaXYs�J\©�¦_-WK��YZSVij_-�����s\<WK\¢gbSVd�YZSVij_-a]aX\ji<W��Z\jg-a]S�YsSV�/mngbSVd#_bW]�V\ja7\<�)WK\jS�U]YZ_bSVU>�

» ¼·½�¾�¿�ÀyÁ�Â�Ã7¾?ÄjÀ�½
Å [���g-SVU�[VUX\e R_baXdVUpg-U�g��Vg-U]YZiw[VS�YsWR_b^Ai<_b����[�SVYsi<gbW]Ys_-S?�?�?_�g�¥VaXUXWpgb���Va]_>�)YZ��gbWKYZ_bSGm� R_baXdVUpg-a]\egbaX�VYZWKaXgbaXl�UXl)���J_b�ZU
 7YZWK�&i<_bS)fb\<SnW]Ys_-SVgb�Z�ZlwgbW]WKg-i«�V\jd©��\jg-SVYZSV�bU>�·�©SV_> 7YZSV�7ge �_-a]d¢��\jg-SVU?aX\j��\<���J\jaXYsSV�7�J_bW]��YZWKU?U]_-[VSVd&g-SVd&YZWKUG��\<gbSVYZSV�/²
�ZgbSV�-[Vgb�-\Ri<gbSª�J\5f)Ys\< �\<d�gbUÆg&i<_)dV\7�¦\<WT �\<\jSªW]�V\5WT R_ ® kV�J\jaX�¦\<apÇ
§°Ys�ZUX_bS�È«�-�b{/¯K�·�7��\5�s\<�)Ysi<gb�V��gbW]a]YZ�Am�É¢m�UX�¦\<ijYZ¥V\jU
WK��\$g-U]UX_)ijYZgbWKYZ_bS¬�J\jWT R\j\<S3 R_baXd¬��\jgbS�YsSV��gbS�d� �_-a]d3^`_baX� ® Å [VaX^`_baXd
ÈC�bz-�J²¤�9YZ�Z�s\<a�ÈC�b�bÊ/¯K��opg-i«�¬ij_b�Z[V��S3_-^5WK��\
�Z\j�)Ysi<gb�·��gbW]a]YZ��i<_baXa]\<U]�J_bS�dVU�WK_�gª�VgbaXWKYZij[��sg-a7 �_-a]d$��\<gbSVYZSV� ® _ba7ij_-SVij\<�VW�¯]m)\jg-i«�$aX_> Mi<_baXa]\<U]�J_bS�dVU�WK_ªg��VgbaXWKYZij[��sg-a
 R_baXdª^`_baX� ® _baR �_-a]dªYZ��gb�-\n¯K��QTS�W]�V\wk�gb[VUXU][�a]\<gbSªWK\<a]��YZSV_b�Z_b�-l�_-^·gbaX�VYZWKaXgbaXl�UXYs�-S?m�W]�V\r�s\<�nYZijg-����gbW]a]YZ���VaX_>fnYZdV\<UpWK��\
�ZYsSV�$�¦\<WT �\<\jS#U]YZ�bS�Ys¥V\¢g-SVd�U]YZ�bSVYZ¥Vg-SnW ® kVgb[VUXUX[Va]\yÈC�bzbË/¯K�
c!�Z\j�)YZijgb����gbWKaXYZ��YZU�g9i<_bS)fb\<SVYs\<S)W©dV\jUXijaXYs��WKYZ_bS¬_b^�g-a]�VYZWKaXgbaXl9aX\j�ZgbW]Ys_-SVU&�J\jWT R\j\jS¬d�YsUXijaX\jW]\y^`_baX��U�gbS�d¬dVYsUXijaX\jW]\

ij_-SVij\<�VWKU>��QTW�YsU�g�i<\jS)WKaXgb��ij_-���J_bS�\jS)W�_-^7gb�Z���)[V��gbS3�sg-SV�b[Vg-�b\<Uhm�gbU� �\<�s�RgbU��VaX_bWK_-�sg-SV�b[�gb�b\<U ®`Ì YZi«�b\jaXWK_-SMÈ«�-�bxJ¯]m
�V_-�sYZU]W]Ysiª��a]_-WK_b�ZgbS��b[Vg-�b\ ® §�aXg>lÍÈC�b�bz/m/�bx-xbx/¯Æg-SVd¨SV_bSVÎÏUXlnS)W]gbijW]Ysi�^`_-a]��U©_b^Rij_-����[VSVYZijg-WKYZ_bS ® Å gb�Z�s_> R\j�Z�wÈ«�-ÊbxJ¯]��QTS
_bS�\©^`_baX�!_ba5g-SV_bW]�V\ja>mngª�Z\j�)Ysi<gb�·��gbW]a]YZ����gbU7�J\j\jS�gª��gbaXWR_-^?��_b��YsS�YsdVÐ-�)[V��gbS��sg-SV�b[�gb�b\r^`_bawWK�V\©�Vg-U]W7^`_-[Va5��YZ�s�ZYs_-S
lb\<gbaXU ® ��YZ\j�J\jaX��gbS�È«�b�-�J²ptpYZSV�b\<a�ÈC�b�-{J²pqe\<gbij_-S
ÈC�b�JÑ-² Ì aXgbSVd�_bS�Ç Å _baXSVUXWK\<YsSIÈ«�bz-ÊJ¯]�¨Ò�[VaXWK��\jaX��_-a]\)m¤g¨U]YZ���V�Z\
�Z\j�)Ysi<gb�Æ��g-WKaXYs��YsU�gbW&W]�V\y�Vg-U]YZU�_-^�gbS)l�g-SVYs��g-�pij_-����[VSVYZijg-WKYZ_bS¨UXlnUXWK\<�9mA 7�V\<a]\�YsW&d�\j¥VSV\<U�W]�V\yaX\j�ZgbW]Ys_-S��J\jWT R\j\<S
gbS�Ys��gb�nUXYs�-SVgb�ZU�g-SVd&WK��\jYZa?UX�¦\<ijYZ¥ViR��\<gbSVYZSV�-U ® Å gb[VUX\ja7È«�-�JÑ-²jk���YZWK��È«�/ÑbÑbmnÈ«�-�JÑ-²j��gbij\<dV_bS�Ysg5Ç°o�fhgbSVU�È«�b�-ËJ²)ÓG�V\<SV\jl
Ç�k�\jl)^`gbaXWK��È«�-�bx/¯K�
�7�V\r�b_-gb�J_b^�W]�VYZU7�Vgb�J\ja�YZURW]_�U]W][VdVlªWK��\r\<fb_-�s[VW]Ys_-SVgbaXl�dVl)SVgb��YZijU�_b^�WK�V\¢�Z\j�)Ysi<gb�/��gbW]a]YZ�A��§�\¢ 7Ys�Z�·ijg-�si<[V�ZgbWK\rWK��\

ij_-SVdVYZWKYZ_bSVUw^`_bawW]�V\&\<fb_b�Z[VW]Ys_-S#g-SVd���gbYZSnW]\jSVg-SVij\©_-^¤gª�s\<�nYZijg-�A��gbW]a]YZ�$YZS�gª�J_b�V[V�ZgbW]Ys_-S�_b^GYsS�dVYsf)YZdV[Vg-�sU>��opfb_-�sf)YZSV��g
ij_-�V\jaX\jS)WR�s\<�)Ysi<_bS�YZU7SV_-W�g-S$\<gbUXl�W]gbUX�Amn�¦\<ijgb[�U]\rWK�V\¢i<_baXa]\<U]�J_bSVd�\jSVi<\w�VaX\jUXijaXYs�J\jd$�)lyWK�V\¢�Z\j�)YZijgb�/��gbW]a]YZ�ªYZU7\jS)WKYZa]\<�sl
gbaX�VYZWKaXgbaXlyYZS9WK�V\�U]\<SVU]\�WK�Vg-W5WK�V\� �_-a]d���\jg-SVYZSV�ySV_-a]��gb�Z�Zl�ijg-SVSV_-W5�¦\�dV\jaXYsf-\jd�^`aX_b�ºWK�V\� �_-a]d�^`_baX�º�nl#gbS)l#a][��s\<Î
�Vg-U]\<d��Va]_)i<\jdV[VaX\n���7�VYZUwg-a]��YsW]a]g-a]YZSV\jUXU7�bYZfb\<U5aXYsUX\&WK_�WK�V\��Va]_-�V�Z\j�º_b^¤ij_-�V\jaX\jSVi<\n��uwg-��\j�Zlnm�Ys^�dVYZ³J\jaX\jS)W5YZSVdVYZfnYZdV[Vg-�sU
�Vg-�V�¦\<S�W]_$g-U]UXYs�-S�dVYZ³¦\<a]\<SnWr R_baXd�^`_baX��UrWK_#WK��\�UXgb��\� R_baXd9��\jg-SVYZSV� ® _barfnYZij\�fb\<a]UXgJ¯]mVW]�V\jS��V_> Ôijg-S9gbS)l�[VUX\j^`[V�
YZSV^`_baX��gbWKYZ_bS#�J\©WKaXgbSVUX^`\jaXa]\<d?Õ

¹RWK��\jawaX\jUX\jg-a]i«��\jaXU7�Vg>fb\© R_baX�b\<d�_bS�UXYs��YZ�sg-aw±)[V\jUXWKYZ_bS�Uh��k�WK\j\<�sUªÈ«�-�bÊª��_)dV\j�ZUrg�UX\jW5_-^�YsSVd�Ysf)YZdV[Vgb�ZUr 7�V_�YZS9WK��\
�J\j�bYZSVSVYZSV�¬[VUX\�a]g-SVdV_-�ÖgbUXU]_)i<Ysg-WKYZ_bSVU��¦\<WT �\<\jS× R_baXd3��\jg-SVYsS��bUªgbS�d� R_baXd3^`_-a]��U>��t�gbYZa]U�_b^rYZSVdVYZfnYZdV[Vg-�sUª�-\jWªYZS
ij_-S)WKgbi<Wwg-SVd9�V�Zg>l�g°ØÏ�ZgbS��b[Vg-�b\©�bg-��\jÙ ® YÚ� \n�e\j�)i«�Vg-SV�b\�U]YZ�bSVg-�sUrWK_$¥VSVd�_b[VWeYs^ÆW]�V\jl
ØÚ��gbWKi«��ÙJ¯K�wQT^ÆW]�V\��-gb��\&^`g-Ys�ZUhm
g�SV\j  ® aXgbSVd�_b�9¯?gbUXU]_)ijYZgbW]Ys_-S�YZU7��gbdV\)�GcwU7g�a]\<U][��sWhmngb^`WK\<a7g�Sn[����J\ja7_b^?WKYZ��\jÎÏU]W]\j�VU>m)WK��\r�J_b��[V�sg-WKYZ_bS�ij_-S)fb\jaX�b\<UpW]_
gª[VSVYZ±)[V\©gbUXUX_ni<Ysg-WKYZ_bS#��gbWKaXYZ�·m�YÚ� \n�ÆYsSVd�Ysf)YZdV[Vgb�ZU5[VS�dV\jaXU]W]gbSVd�\<gbi«�#_bWK��\ja5�J\jaX^`\ji<WK�Zln��k�WK\j\<�sUeÇÜÛ�_-�bW&È«�-�JÑeaX\j�J_baXWR_-S
\j�)�J\jaXYs��\<SnW]U� 7YsW]���V�)l)U]YZijg-�s�Zl�\j���¦_)dVYZ\jd$a]_-�¦_-WKUR 7�VYsi«�$dV\jf-\j�Z_b�yg�U]��gbaX\jdyf-_ni<gb�V[��sg-a]l�WK�VaX_b[��b�yYZS)WK\jaXgbi<WKYZ_bS?�?ce^`WK\ja
\jg-i«��[VS�U][Vi<ij\<U]UX^`[V�)YsS)W]\jaXgbijW]Ys_-S�W]�V\�a]_-�¦_-WKU¤Ys���VaX_>fb\�WK�V\<Ysa¤f-_ni<gb�V[��sg-a]l)�/c×U]\<�s\<ijWKYZ_bS���\ji«�Vg-SVYsUX��YZU�\j���J\jd�dV\jd�YsS�WK��\

È



dVl)SVg-��YZijU�_-^�gbUXUX_ni<Ysg-WKYZ_bSVU>�·�7��\jaX\rYZU�g��J_bUXYZWKYZfb\¢a]\<YsS�^`_baXij\j��\<SnW�Ys^GWK��\rg-U]UX_)ijYZgbW]Ys_-SyYsU�[VUX\jd#�)lª��gbS)lªgb�-\jS)WKU>�?QT^�WK��\
gbUXUX_ni<Ysg-WKYZ_bS&YZU¤SV_bW¤UX�VgbaX\jd��nl���g-S)lr_-WK�V\<a]U¤YZW¤ 7Ys�Z��\jf-\jS)WK[Vg-�s�Zl¢�¦\�aX\j�V�Zgbi<\jd��nl©gr��_baX\�UX[Vi<ij\jUXUX^`[V�)_bSV\)�A�7�VYZU¤�s\<gbdVU¤W]_
g�d�YsUXgb�V�J\jg-a]g-SVij\w_b^·UX�VgbaX\jdy��\<gbSVYZSV�bU>mb_baRgb����Ys�-[VYsW]Ys\<UhmbYZS�WK��\e�ZgbSV�-[Vgb�-\nm�gbSVdyg�ij_-Snf-\jaX�b\<SVij\7W]_�g�[VSVYZ±n[�\e�Z\j�)YZij_bSG�
ÓGgbS��b\j�Z_bUXYÆÇ%t�gbaXYZU]YwÈC�b�bz��Vg>f-\yUXWK[VdVYZ\jd¬g�ij_b���V[�WK\ja���_nd�\j�p_-^7U]l)S)WKg-��dV\<fb\<�s_-�V��\jS)W&YZS¬ij_b����[VSVYZijgbW]YsS��9SV\j[�a]g-�
SV\<WT �_-a]�)U>mA[VUXYZSV�9gbS3\jfb_-�s[�WKYZ_bSVg-a]l�^`a]g-��\< �_-a]�A�$�7�V\<a]\)m�YZSVdVYZf)Ysd�[Vgb�ZU� 7��_9dVYZd3SV_-W&^`_baX�ÝØÏ R_baX�nYZSV�-Ù#g-U]UX_)ijYZgbW]Ys_-SVU
 R\jaX\�i<_bSVUXYsd�\jaX\jd�ØÚ�s\<U]Ur¥VW]ÙJm/ 7�V\<a]\<gbU¢WK��_bUX\� 7�V_#^`_baX��\jd�ij_-�V\jaX\jS)WrgbUXU]_)ijYZgbW]Ys_-SVUw R\jaX\�a]\< �g-a]dV\<d?�¢�7�V\�UXij_-a]\� �g-U
ijg-�si<[V�ZgbWK\<d¶YZS¶WK�V\�\jS�dM_b^©gÍdVYZU]i<a]\<WK\��-\jSV\<a]g-WKYZ_bS?µ Uy�ZYs^`\<ÎÞUX�Vg-S¶ 7�VYZi«�MaX\jUX[V�sW]\jd¶YZS¶gÍa]\<�Va]_)dV[�ijWKYZfb\�gbdVfhgbS)W]gb�b\�_b^
��_baX\�¥�WrYZSVdVYZf)Ysd�[Vgb�ZUh�&kVYZSVij\�gbUXUX_ni<Ysg-WKYZ_bSVUr R\jaX\�WKaXgbS�U]^`\<a]aX\jdÔØÏ�b\<SV\jW]Ysi<gb�Z�sl)Ù$WK_#^`_b�Z�s_> 7YZSV�#�b\jS�\jaXgbWKYZ_bS�Uhm¦g#ij_b��\jaX\jS)W
ij_-����[VSVYZijg-WKYZ_bS#U]l)UXWK\<�!dV\jf-\j�Z_b�J\jd#gb^`W]\ja5UX\jf-\jaXgb�JYsW]\jaXgbWKYZ_bS�Uh�
QTS#WK�V\¢�VaX\jUX\jS)W��Vgb�J\ja� R\¢ij_bS�U]YZdV\ja�W]�V\©dVl)SVgb��YZijU�_b^?�s\<�)Ysi<gb�·��gbW]a]YZij\<URYZS#gbS#\jfb_-�s[�WKYZ_bSVg-a]l�^`aXgb��\j R_baX� ® uw_> Rgb�

Ç
�©a]g-��g-[V\ja5ÈC�b�b�/²huw_> Rgb�$ß�à¤ábâäã5È«�b�-�J¯]�·QTSVdVYZf)Ysd�[Vgb�ZUÆWKg-�s��WK_©\<gbi«��_bWK��\ja>�A§°�V\<SV\jf-\jaÆW]�V\jl�U][�ijij\<\jd�gbW�W]a]g-SVUX^`\jaXa]YZSV�
YZSV^`_baX��gbWKYZ_bSGmVW]�V\jl�aX\ji<\jYZfb\&g$�Vg>lb_-³¤�5�7�V\��Vg>l-_b³�_b^�W]�VYsU¢\<fb_b�Z[VW]Ys_-SVgbaXl��ZgbSV�-[Vgb�-\&�bg-��\&YsUrYZSnW]\jaX�VaX\jWK\<d9gbUr¥VW]SV\jUXUh�
QTSVdVYZf)Ysd�[Vgb�ZUp 7YZWK�ªg&��Ys�-�V\jaÆ��g>lb_b³��Va]_)dV[�ij\7��_baX\5_b³JUX�Va]YZSV�/mh 7�V_& 7YZ�s�¦�s\<gbaXS�WK�V\<Ysa��sg-SV�b[Vg-�b\)�·�7�V\5g-U]UX[V���VW]Ys_-SªWK�Vg-W
�ZgbSV�-[Vgb�-\5�¦\<a]^`_-a]��g-SVij\egb³J\jijW]U���Ys_-�s_-�bYZijgb�¦¥VWKS�\jUXURYZU�ijaX[VijYZgb�JYZS�WK��YsU���_)dV\j�T��¹RWK�V\<a] 7YZU]\e�sg-SV�b[�gb�b\wijgbS�SV_bWR\jf-_b�Zfb\5g-U
gbS#\jf-_b�Z[VWKYZ_bS�gbaXYs�ZlªU]W]gb�V�Z\¢U]W]a]g-WK\<�bl ® uw_> Rgb�ª�bx-xbx/¯K�
�7�V\�ij_-����[VSVYZijg-WKYZfb\�g-�VYZ�sYZWTl�_b^ÆYZSVdVYZf)Ysd�[Vgb�ZU¢ 7�VYsi«��WKaXgbS�U]�ZgbW]\jUrYsS)WK_#WK��\jYZar��Ys_-�s_-�bYZijgb�G¥VW]SV\jUXU¢YsU¢dV\<WK\jaX��YsS�\jd��)l

WK��\��Z\j�)Ysi<gb�A��g-WKaXYsi<\jU>�RkV[Viji<\jUXU]^`[����Z\j�)Ysi<gb�?��g-WKaXYsi<\jU5g-a]\�i«�VgbaXgbi<WK\jaXYZ¸j\jd#�)l$W]�V\&^`_-�s�Z_> 7YsS��yWT �_ª^`g-ijW]_baXU �r® YT¯�W]�V\jl#gbaX\
��_baX\©YsS�^`_baX��g-WKYZfb\)m�YT� \)�p��_-a]\©i<_bSVi<\j�VW]U5gbaX\©[VSVYZ±)[V\j�Zl$��gbYZa]\<d� 7YsW]��U]�J\ji<Ys¥Vi� �_-a]dVU>m)g-SVd ® YZYÚ¯ÆWK�V\<l$g-a]\©UX�Vg-a]\<d#�)l$g
�ZgbaX�b\ja¢^`aXgbi<WKYZ_bS�_b^pYZSVdVYZf)Ysd�[Vgb�ZUhmA 7�VYZi«����gb�-\jU©i<_b����[VS�Ysi<gbWKYZ_bS��J_bUXU]YZ�V�Z\� 7YZWK�¨g��ZgbaX�b\ja¢S)[V���¦\<a©_b^p�J\j_-�V�Z\ªYsS¨WK��\
�baX_b[��?�?�9_baX\eUX[Vi<ij\jUXUX^`[V�A��gbW]a]YZij\<U7�Vg>fb\rg��VYs�-�V\ja7��a]_-�Vgb�VYZ�ZYsWTlyW]_��¦\©�Z\jg-a]SV\<d$�)ly_-WK�V\<a]U>�
�7�V\r�s\<gbaXSVYZSV���VaX_)ij\<U]URYsU7��a]_-�Vgb�VYZ�ZYsUXWKYZiwg-SVd�UX[V�)K\<ijW�WK_���YsUXWKg-�b\jU>���7�V\jaX\eg-a]\rWT R_��)YsS�dVU�_b^���YZU]W]gb�-\jU>��ÓG�VYZ�ZdVa]\<S

��g>l�S�_bW�g-ij±)[VYZa]\ªg-�s�RWK��\��Z\j�)Ysi<gb��\jS)WKaXYs\<U�_-^RW]�V\jYZa��VgbaX\jS)WKU>�#§�\�ijg-�s��WK�VYZU�å YZSVij_-���V�s\<WK\$�s\<gbaXSVYsS��JµZ�#Ò�[VaXWK�V\<a]��_-a]\)m
i«�VYZ�sd�a]\<S���g>lª��YsUXÎÞ��\jgbaRij\<a]W]gbYZS� R_baXdVUR_baR��YZUXYsS)WK\<a]��a]\<W�W]�V\jYZa���\<gbSVYZSV�-Uh�?cwU7g�ij_-SVUX\j±)[V\jS�ij\nmbWK��\jly^`_-a]�æ\<SnW]a]YZ\jU�YZS
WK��\jYZa5�s\<�)Ysi<gb�·��gbW]a]YZ�yWK��gbW�dVYZ³¦\<a5^`a]_-�!WK��\jYZa5�VgbaX\jS)W]Uhµn\<SnW]a]YZ\jU>�?§�\©i<gb�Z�·WK�VYZU�å YsS�ij_baXaX\jijWR�Z\jgbaXSVYZSV�JµZ�
QTS¢WK�VYZU���gb�J\jaA R\�dV\jf-\j�Z_b�¢gbS¢g-SVgb�Zl)WKYZiG^`aXgb��\< �_-a]�5W]�VgbW�dV\jg-�sUA 7YZWK�¢YZSVij_-���V�s\<WK\Æ�Z\jg-a]S�YsSV�/�/§�\Æ�¦\<a]^`_-a]�Mij_b���V[�WK\ja

UXYs��[V�sg-WKYZ_bSVUeWK�Vg-Wwg-�sUX_yYZSVij�Z[VdV\�YsSVi<_baXa]\<ijW5�Z\jg-a]S�YsSV�/m��V[�We R\&dV_$SV_bW5��g>fb\&gyi<_b���V�Z\jW]\�gbS�gb�ZlnW]Ysi�[VSVdV\<a]UXWKg-SVdVYZSV��^`_-a
WK��YsU5WTl)�J\©_b^?��YZUXWKgb�-\n�?�7�VYZU5YZU7gªi«�Vgb�Z�s\<SV�b\r^`_ba7UX[V�VUX\j±)[V\<S)WR R_baX�A�
�7�V\#��gbYZS3gbS�gb�ZlnW]Ysi<gb��aX\jUX[V�sW]U�^`_ba�WK�V\�YZSVij_-���V�s\<WK\#�s\<gbaXSVYZSV����_)dV\<�Rg-a]\#gbU�^`_b�Z�Z_> 7Uh�¨ue_bSVÎÏgb���VYZ�b[V_-[VU��Z\j�)YZijg-�

��gbW]a]YZij\<Uhm� 7�VYZi«�¬gbaX\�d�\j¥VSV\<d��)l�g9_-SV\jÎÏWK_-ÎÞ_-SV\�ij_-a]aX\jUX�¦_-SVdV\<SVij\��J\jWT R\j\jS¬ R_baXd¨��\jgbS�YsSV�-U&gbS�d� R_baXd¨^`_baX��Uhm�gbaX\
\jf-_b�Z[VWKYZ_bS�gbaXYs�Zl�UXWKg-�V�s\)� Ì \jijg-[VUX\©_b^¤YsS�ij_b���V�Z\jW]\��Z\jg-a]SVYZSV�/m�UX_b��\&YZSVdVYZfnYZdV[Vg-�sUe_bSV�Zl#gbij±)[VYZaX\©gyU][��VU]\<Ww_-^GW]�V\�\<S)WKaXYs\<U
_b^�WK�V\��Z\j�)YZijgb�¤��gbW]a]YZ�A�¢�7�V\��Z\jgbaXSVYZSV��g-iji<[Va]g-ijl)m� 7��Ysi«��YsU¢W]�V\�gb�VYZ�sYZWTl�WK_�i<_b�)l�gbS�\jS)WKaXl�_b^ÆW]�V\�WK\<gbi«�V\<ahµ U¢��g-WKaXYs�
ij_-a]aX\ji<WK�Zlnm�dV\jW]\jaX��YsSV\<UeW]�V\�Sn[����J\jar_b^� R_baXdVUwW]�VgbWrijg-S9�¦\��b\<�VWeUXWKg-�V�Zl#YZS9g$�¦_-�V[V�ZgbWKYZ_bSG�5§�\�¥�SVd�W]�V\���YZSVYs��[V�
aX\j±)[VYZa]\<��\<S)WKUR_b^�W]�V\¢�s\<�)Ysi<_bS�g-ij±)[VYZU]YZWKYZ_bS$dV\jf)YZij\¢WK��gbWRgbaX\ei<_b���VgbW]Ys���s\¢ 7YZWK�#g��J_b�V[��sg-WKYZ_bS�_-^�YZSVdVYZf)YsdV[�gb�ZU7\jfb_-�sf)YZSV�
g�ij_-�V\jaX\jS)W��s\<�)Ysi<gb�A��gbW]a]YZ�y_-^?g�ij\<a]W]gbYZS$UXYZ¸j\n��kVYs��YZ�sg-a]�Zlnmn�-Ysf-\jS#WK�V\©�Z\jg-a]S�YsSV��g-ijij[�a]g-ijlª_b^GYZSVdVYZfnYZdV[Vg-�sU>m) R\¢¥VSVd�WK��\
�Z\j�)Ysi<gb�¤ijg-�Vgbi<YsWTl�_-^�W]�V\��¦_-�V[V�ZgbW]Ys_-S?m/YT� \)��W]�V\���gb�)Ys��[V�¡S)[V���¦\<a©_b^p�Z\j�)YZijg-�GYZWK\<��U&YsS�WK��\ªij_b�Z�Z\jijW]Ysf-\�f-_)ijgb��[V�sg-a]l)m
gbS�d$dV\<U]i<a]YZ�J\©WK�V\©dVYZUXWKaXYs�V[�WKYZ_bS#_b^GWK�V\©S)[V���¦\<a7_b^G �_-a]dVÎÏ��\jg-SVYsS���gbUXUX_ni<Ysg-WKYZ_bSVU�W]�VgbW7�J\j_-�V�s\©�)SV_> ��
�7�V\���_)dV\j�wWK�Vg-Wy �\�i<gbS×UXWK[VdVlÍgbSVg-�sl)W]Ysi<gb�Z�sl���gbUyW]�V\9^`_b�Z�Z_> 7YsSV�¨UXYs���V�ZYZ^`lnYZSV��g-U]UX[V���VW]Ys_-SVU �¬® YÚ¯©YsWyi<_bS)WKg-YsS�U

YZSVij_-�����s\<WK\��Z\jg-a]S�YsSV�/m��V[�WwSV_$YsSVi<_baXa]\<ijW7�Z\jg-a]SVYZSV�/² ® YsYT¯ÆW]�V\��Z\j�)YZijg-����gbW]a]YZ�$��gbUw��YsSVg-a]l#\jS)W]a]YZ\jU>mV 7��Ysi«�9��\<gbSVUeWK�Vg-W
gbUXUX_ni<Ysg-WKYZ_bSVUw�¦\<WT �\<\jS9 R_baXd�^`_baX��Ueg-SVd9 R_baXd���\<gbSVYZSV�-UwdV_$SV_bWef�g-a]l�YZS9UXWKaX\jSV�-WK�?m�WK�V\<l�gbaX\&\jYZWK��\jarWK�V\<a]\�_bawS�_bW�²
® YZYZYÚ¯�\jg-i«��YZSVdVYZf)YsdV[�gb���Z\jgbaXSVUrWK�V\��Z\j�)YZijgb�¤��gbW]a]YZ��^`aX_b�ç_bS�\�_-WK�V\<arYZSVdVYZf)Ysd�[Vgb�Tm/WK��\���gbaX\jS)W��¢§�\�YsS�ij�Z[VdV\�ij_b���V[�WK\ja
UXYs��[V�sg-WKYZ_bSVUeWK_$a]\<�sg-��UX_b��\&_b^�W]�V\jUX\�g-U]UX[V���VW]Ys_-SVUh�RQTS��VgbaXWKYZij[V�Zgba>m� R\�UX�V_> IWK��gbWwYZ^�WK��\��VaX_b�Vg-�VYZ�sYZWTl$W]_�i<a]\<gbWK\©g-S
YZSVij_-a]aX\ji<W�gbUXU]_)ijYZgbW]Ys_-S� 7��Ys�Z\5�Z\jgbaXSVYZSV�©�Z\j�)Ysi<_bS�YZUpUX��g-�s�Tm>W]�V\jS�WK�V\5g-WKW]a]g-ijWK_-a]U�_-^/WK�V\5UXl)U]W]\j�èijg-S��J\wd�\jUXijaXYs�J\jd�[VUXYsS��
WK��\&gbSVg-�sl)W]Ysi<gb�A�VaX\jd�Ysi<WKYZ_bS�_b^¤WK��\&U]YZ���V�Z\&YsS�ij_b���V�Z\jW]\&�Z\jgbaXSVYZSV����_nd�\j�T�pceSV_bW]�V\jaw\j�)WK\<SVU]YZ_bS�_-^?W]�V\���_)dV\<�AWK�Vg-W5 R\
ij_-SVUXYsdV\<awYZUef)YZ\j 7YZSV��W]�V\�dVl)SVgb��YZijUrgbUwg$U]W]_)i«�VgbUXWKYZi&�VaX_)ij\jUXU>�7QTWrWK[VaXSVUr_b[VWeWK�Vg-WeW]�V\�UXWK_)i«�Vg-U]W]Ysi�U]l)UXWK\j�%�J\jaX^`_baX��U
WKaXgbS�U]YZWKYZ_bS��J\jWT R\j\jSªUXWKg-�V�Z\7¥V�)\jdª�J_bYZSnW]Up_-^JW]�V\5i<_baXa]\<U]�J_bSVd�YsSV�¢dV\<WK\<a]��YZSVYsUXWKYZi5UXl)U]W]\j�èWK�)[VUÆ�Z\jg-dVYsS��&WK_©UX�¦_-S)WKgbS�\j_b[�U
i«�Vg-SV�b\<UpYZS�WK��\e�Z\j�)YZij_bSG� Ì \<WT �\<\jSyW]a]g-SVU]YZWKYZ_bS�U�UXl)U]W]\j�£YsU�^`_-[VSVd�YZS�g�±)[VgbUXYsÎÏUXWKgbW]Ys_-SVgbaXl�U]W]gbWK\e 7�VYZi«� ® [�SVdV\ja�i<\jaXWKgbYZS
gbUXUX[V���VWKYZ_bSVU>¯?YsUw �\<�s�·dV\<U]i<a]YZ�J\jd#�nl$_b[Va�g-SVgb�Zl)WKYZijgb�·aX\jUX[V�ZWKU>�
�7�V\��Vg-�¦\<a&YsU©_-a]�-gbSVYZ¸j\<d�g-U©^`_b�Z�s_> 7U>��QTS¨kV\ji<WKYZ_bS¨�� �\�^`_baX��[��sg-WK\�WK�V\��VgbUXYsi�YZSVij_-���V�s\<WK\ª�Z\jg-a]SVYZSV�#��_nd�\j�T��QTS

kV\<ijWKYZ_bS�Ë$ �\�ij_bS�U]YZdV\jawgya]\<dV[Vi<\jd�UXlnUXWK\<� ® �ZgbSV�-[Vgb�-\©YsS�W]�V\�g-�VU]\<SVij\�_b^�UXlnS�_bS)l)��UwgbSVd��V_-��_bS)l)��U>¯KmV¥VSVd9UXWKg-�V�Z\
\j±)[VYZ�ZYs�VaXYZg�gbSVd¨UXWK[VdVl�WK��\y�VYZ^`[Va]i<gbW]Ys_-S�d�Ysg-�baXgb�9�ªkV\<ijW]Ys_-S�|�\<�)WK\jS�dVU�W]�VYsU�a]\<U][��sW©W]_9WK�V\�^`[V�s��U]l)UXWK\<� � WK�V\yUXWKg-�V�Z\
¥V�)\jd��¦_-YsS)W]U�_b^VW]�V\�a]\<dV[Vij\<d�UXl)U]W]\j��aX\j��gbYZS�UXWKg-�V�s\Rgb�-gbYZSVUXW��J\jaXWK[VaX�VgbW]Ys_-SVUG�nl©gr�b\<SV\jaXgb�n�Z\j�)Ysi<gb�)��gbW]a]YZ�A�pÓG_b���V[�WK\ja
UXYs��[V�sg-WKYZ_bSVUr^`_bar\j�)W]\jSVdV\<d9��_)dV\j�ZU¢ 7�VYsi«��YsSVi<�s[�dV\�YZSVi<_baXa]\<ijW5�Z\jg-a]SVYZSV�yg-SVd9_-WK�V\<ae��_baX\�aX\jg-�sYZUXWKYZi&gbUXU][�����WKYZ_bSVUrgbaX\
aX\j�J_baXWK\jd#YZS#k�\jijW]Ys_-S${/�Gc�dVYZU]i<[VU]UXYZ_bS#YsU7�VaX\jUX\jS)W]\jd#YsS�kV\<ijWKYZ_bS#ÊJ�

�



é ê ÀyÁ�ë5ìÍÁ�ë5íGÃ7¿�Äjî�¾�Ä<À�½
Å \<a]\� R\�dV\jUXijaXYs�J\�WK�V\ª��gbUXYsi�YsS�ij_b���V�Z\jW]\ª�s\<gbaXSVYZSV�$��_)dV\<�Æ 7�VYZi«�� 7YZ�s�p�¦\�UX_b�Zfb\jd�gbS�gb�ZlnW]Ysi<gb�Z�sl)�&QTW¢i<_bS)WKg-YsSVU©��g-Snl
UXYs���V�ZYs^`l)YZSV�ªgbUXUX[V���VWKYZ_bSVU>²nWK��\©\j³J\jijW]U5_b^?a]\<�sg-�)YsSV��UX_b��\¢_b^GWK�V\<U]\¢gbUXUX[V���VWKYZ_bSVU7g-a]\¢dVYZUXij[VUXU]\<d$YZS�kV\ji<WKYZ_bS#{J�

ïeðòñ óõôeöò÷wø¤ùVúºûèøGü)ùVöKýþø¤÷wÿçø��wü)÷��������
	e÷��·ü)ö�Æ÷
opg-i«�ÍYZSVdVYZf)Ysd�[Vgb�eYsUyi«��gbaXgbijW]\jaXYs¸<\jdÍ�nlÍg¬�s\<�)Ysi<gb�5��gbW]a]YZ�AmeÉrm� 7�VYZi«�°�sYZSV�)UyaX\j^`\jaX\jS)W]UªWK_�UXYs�-SVgb�ZU>�×QT^¢WK�V\<a]\�g-a]\��
aX\j^`\jaX\jS)W]Ueg-SVd��ÖUXYs�-SVgb�ZU>m�W]�V\jS�ÉIYsU©g-S������ ��g-WKaXYs�A�r§�\�g-U]UX[V��\�WK�Vg-WrW]�V\�\jS)WKaXYZ\jU>m������©g-a]\�\jYZWK�V\<a¢x$_-aªÈ-�¢QT^�������
ÈwW]�V\jS�aX\j^`\<a]\<SnW ��YZU7�sYZSV�-\jd#WK_�U]YZ�bS�gb�"!¦�?QT^#��������x�WK�V\<S#aX\j^`\<a]\<S)W$��YZU7SV_-WR�ZYZSV�b\<d#W]_�U]YZ�bSVg-�%!��Go�gbi«�$a]\<^`\jaX\jS)W
ijg-S¨�¦\$�sYZSV�b\<d¨WK_9UX\jf-\jaXgb��UXYs�-SVgb�ZUhmAgbSVd¬YZS¬WK[�a]S¨\jg-i«�¨U]YZ�bSVg-�Æ��g>l�dV\<SV_bW]\yUX\jfb\<a]g-��a]\<^`\jaX\jS)WKU>�ª�7��\jaX\yijg-S�g-�sUX_��J\
aX\j^`\jaX\jS)W]U5SV_bWw�sYZSV�b\<d�WK_yg-Snl$U]YZ�bS�gb�Tm)gbSVd�W]�V\jaX\&i<gbS��¦\�U]YZ�bSVg-�sUwSV_bW5d�\jSV_-WKYZSV�ªgbS)l�aX\j^`\<a]\<S)W��p�7�V\&WK_-WKg-��S)[V���J\jaw_b^
É¶��gbW]a]YZij\<U7_b^¤UXYs¸<\��&�'� YZU5�)(+*��Æ�9_baX\©�b\<SV\jaXgb�Z�sl)mnSV_bS�ÎÞSV\<�bg-WKYZfb\¢YsS)W]\j�b\<a]ÎÏfhgb�Z[V\jd,�����wij_-[V�Zd�dV\jSV_-WK\©W]�V\&UXWKaX\jSV�-WK�
_b^pgbUXU]_)ijYZgbW]Ys_-S��¦\<WT �\<\jS�aX\j^`\<a]\<S)W-�5gbSVd�U]YZ�bSVg-��!¦�e§�\�UXgbi<a]YZ¥Vij\�WK�VYZU¢�¦_-U]UXYs��Ys�ZYsWTl�YZS�W]�V\���a]\<U]\<SnWeU]\<ijW]Ys_-S?m¦�V[VWr�bgbYZS
YZS#aX\jW][VaXS$g�^`aXgb��\j R_baX�ª 7�VYZi«�$YZU5gb��\<SVgb�V�Z\¢WK_�dV\<WKgbYZ�Z\jd���gbWK��\j��gbW]Ysi<gb�·gbS�gb�ZlnUXYZUh�
uw\<�)W�mG R\�ijg-�si<[V�ZgbWK\$¥VWKS�\jUXU�g-U]UX_)ijYZgbW]\jd¬ 7YZWK�3i<_b����[�SVYsi<gbW]Ys_-S?���?\jW&./ ��� dV\jS�_bWK\$WK�V\#�VaX_b�Vg-�VYZ�sYZWTl�W]�VgbW�gbS3YsSVÎdVYZf)YsdV[�gb�� 7Ys�Z�R[VU]\#UXYs�-SVgb� !9 7�V\jSÍ �g-SnW]YsS���WK_�ij_-����[VSVYZijg-WK\�g-�¦_-[VW�a]\<^`\jaX\jS)W0�<��ÓG_bS)fb\<a]UX\j�Zlnm?�Z\jW1.2 �3� dV\jS�_bWK\#WK��\�VaX_b�Vg-�VYZ�sYZWTlyWK��gbW�gbS�YZSVdVYZfnYZdV[Vg-�· 7Ys�Z�AYZS)WK\jaX�VaX\jW�UXYs�-SVgb�"!�gbU7aX\j^`\jaXaXYsSV��WK_�aX\j^`\<a]\<SnW#�<�G§�\©�Vg>fb\

./ ��� �4� ���65 *�87 P
� ��� ² .2 �3� �9� ���65 (

�:7 P
� ���6; ® È-¯

�7�V\edV\jSV_-��YsSVg-WK_-a]U��Vg>fb\5W]_��J\w�-a]\<gbW]\japW]�VgbS�xJmb_bWK��\jaX 7YsUX\wUXYs���V�Zl�WKg-�b\�./ ���R_-a�.2 �3�?gbUpx/�?cM�ZgbSV�-[Vgb�-\5YsURij_-���V�s\<WK\<�sldV\<¥VSV\jd��)lyYZWKU5g-U]UX_)ijYZgbW]Ys_-S���gbW]a]YZ�AmJÉ=<nm)_ba7�)lyW]�V\©��gbWKaXYZij\jU>./�? <A@ g-SVd9.2+? <A@ ���\<W�[�U7SV_> ¶ij_-SVUXYsdV\<a�WT �_�YsSVd�Ysf)YZdV[Vgb�ZU=B�gbS�dDC9 7YZWK�#�sg-SV�b[�gb�b\<UeÉE<rgbSVd�É=F?�G§�\¢dV\<¥VSV\¢WK�V\¢�Vg>l-_b³�m�_-a�¥VWKSV\<U]U
^`[VSVi<WKYZ_bS?m�^`_ba=B$i<_b����[VS�Ysi<gbWKYZSV�� 7YZWK�GC�g-U

H ® ÉE<+I<É=FA¯J� ® È 5 �/¯ (�K7 P
*
�87 P
® ./ ? <A@��� .2 ? F�@�3�ML ./ ? FN@��� .2 ? <A@�3� ¯ ; ® �/¯

�7�V\�WK\<a]� *�87 P ./ ?
<A@��� .2 ? FN@�3� �bYZfb\<U�W]�V\��Va]_-�Vgb��Ys�ZYsWTl¬W]�VgbW�YZSVdVYZf)YsdV[�gb�#B3 7Ys�Z��U][�ijij\<U]UX^`[V�Z�sl3ij_b����[VSVYZijgbW]\¨å aX\j^`\jaX\jS)WO�jµ

WK_#YZSVdVYZfnYZdV[Vg-�EC��©�7�VYsU¢�VaX_b��gb�VYZ�sYZWTl�YsU©W]�V\jS�U][�����\<d�_>f-\jawg-�s�¤aX\j^`\<a]\<SnW]Ueg-SVd�g>f-\jaXgb�-\jd�_>fb\<awW]�V\�U]YZWK[Vg-WKYZ_bS� 7�V\jaX\
YZSVdVYZfnYZdV[Vg-�PB�UXYs�-SVgb�ZU7WK_�YZSVdVYZfnYZdV[Vg-�$C�g-SVd#fnYZij\©f-\jaXU]g ® UX\j\©g-�sUX_ Å [VaX^`_baXd¬ÈC�bz-�Jmbuw_> Rgb�ªÇè�©a]g-��g-[V\ja©È«�-�b�/¯K�
�7�V\<a]\�YZU�g©SVgbW][Va]g-��ij_-a]aX\jUX�¦_-SVdV\<SVij\R�¦\<WT �\<\jS�gb�Z���VYZSVgbaXl&��gbW]a]YZij\<U�gbSVd�W]�V\7�VYZSVgbaXl&S)[V���J\jaXU�^`aX_b��x¢W]_©�)*E( Q�È-m

_b��WKgbYZSV\<d��)lyaX\jgbd�YsSV��\jg-i«����gbW]a]YZ�ªa]_> M�nlªaX_> ¶^`aX_b�æ�Z\j^`W�WK_�aXYs�-�)W��?�7�V\jUX\rSn[����J\jaXURi<gbS#�¦\¢aX\ji<gbUXWpYZS$W]�V\¢dV\ji<Ys��gb�
^`_baX�þg-U5SVg-WK[VaXgb�·S)[V���¦\<a]U ®  �\©i<gbS��b\<W7a]YZd�_b^GWK�V\�¸j\jaX_��)l�UX�VYs^`W]YsS��y\jf-\jaXlnW]�VYZSV���nl¨Èb¯]���7�V\©^`[VS�ijWKYZ_bS H i<gbS�WK�V\<S
�J\wf)Ys\< �\<dygbU�g���gb���VYsS���^`aX_b�SR ~ WK_�T5m-YT� \)�Gg&aXgbWKYZ_bS�gb�ZÎÞfhgb�Z[V\<d���g-WKaXYs�A�?Ò�_-ap\j�)g-�����s\)m�YZS�W]�V\wi<gbUX\5_b^"�&�G�U�¬�Jm
 R\ª�Vg>fb\9È«Ê��J_bUXUXYs�V�Z\�ÉÔ��gbW]a]YZij\<U©gbSVd¨¥VS�d¬��dVYsUXijaX\jW]\ª�Vg>lb_-³�fhgb�Z[V\jU>�ªÒ¦_ba��V�W�X�ÔË�WK�V\<a]\�gbaX\�{/È«��dVYZ³¦\<a]\<S)W
ÉpÎÏ��gbW]a]YZij\<U7WK�Vg-W7�bYZfb\ra]YZU]\¢W]_ª�bË�dVYsUXijaX\jW]\¢�Vg>lb_-³�f�g-�s[�\jU>�

ïeð ï Y4�Aü��Aù�ûÜöò÷eö�)ü)ö��ûZ��ÿ���[Köò÷�\
��\<Ww[VUrdV\<¥VSV\�WK�V\��¦_-�V[V�ZgbWKYZ_bS�dVl)SVgb��YZijUw^`_-aeW]�V\�\<fb_-�s[VW]Ys_-S9_b^�W]�V\��Z\j�)YZijg-�?��gbW]a]YZ�A��qr\jSV_-WK\��nl^] < W]�V\�^`aX\j±)[V\<SVijl
_b^GYZSVdVYZfnYZdV[Vg-�sU7 7YZWK��g-U]UX_)ijYZgbWKYZ_bS$��gbWKaXYZ�9É < ��ÓG_bSVUXYZdV\ja7W]�V\©^`_b�Z�s_> 7YZSV��UXlnUXWK\<�!_b^G_baXdVYZSVgbaXl�dVYZ³¦\<a]\<SnW]Ysg-�A\j±)[Vg-WKYZ_bSVU �

_] < � Fa` F ] F�bcF+< Q�de] < ; ® Ë/¯

�7�V\rU][�����g-WKYZ_bS#a][VS�UR_>f-\ja�gb�Z�·�¦_-U]UXYs���s\�ÉÍ��g-WKaXYsi<\jU>mbW]�VgbW�YZU&Ègf9C,f��)(+*��?�7�V\¢¥VW]SV\jUXU�_b^�YZSVdVYZf)Ysd�[Vgb�ZUgC9YsU��-Ysf-\jS
�)l

` Fh� < H ® ÉEFiIjÉE<-¯j]i< ; ® |/¯

Ë



�7�VYZU�gbUXU][V��\<U�W]�VgbW�YsS�dVYsf)YZdV[Vg-�0C°WKgb�Z�)U�W]_�YZSVdVYZf)Ysd�[Vgb�ZUkB¬ 7YZWK���VaX_b�Vg-�VYZ�sYZWTll] < ���7�V\$±)[Vg-S)WKYZWTl ` F dV\<SV_bW]\jU�WK��\\j�)�J\ji<WK\jd��Vg>l-_b³�_b^Ggb�Z�·YZSnW]\jaXgbi<WKYZ_bSVU7_-^�YZSVdVYZfnYZdV[Vg-�$CÆ�G�7�V\©g>fb\<a]g-�b\5¥�WKSV\<U]U5_-^�W]�V\©�¦_-�V[V�ZgbW]Ys_-S#YZU7�bYZfb\<S$�)l
d>� <Z` <m]�< ; ® {/¯

Ò�_-a�\j±)[VgbW]Ys_-S ® ËJ¯KmnW]�V\¢WK_-WKgb�/�J_b�V[��sg-WKYZ_bS�UXYZ¸j\rYsU7i<_bSVUXWKg-SnW��)lªdV\j¥VS�YsW]Ys_-S$_-^ dA�G§�\¢UX\jW < ] < �
Èb�?�7�V\¢�Vg-a]g-��\jWK\<abcFe< dV\<SV_bW]\jUrWK�V\&��a]_-�Vgb�VYZ�ZYsWTl#WK�Vg-WwUX_b��\j_-SV\©�Z\jgbaXSVYZSV�ª^`aX_b�ºgbS9YZSVdVYZf)YsdV[�gb�� 7YZWK�3É F  7YZ�s�G\jS�d9[V�� 7YZWK��É < �R�7�)[VUbc<m< dV\jSV_-WK\<UwWK��\��VaX_b�Vg-�VYZ�sYZWTl$_-^�ij_-a]aX\ji<W7�s\<gbaXSVYsS��Jm� 7�VYs�Z\ bcFe<  7YZWK��Bon�pC¨dV\jS�_bWK\<Uw�Z\jg-a]SVYZSV�y 7YZWK����YZUXWKgb�-\jU>��§�\
 7YZ�s�JgbW�¥Va]UXWpg-U]UX[V��\wW]�VgbW�WK�V\r�Z\jgbaXSV\<apijg-Sy��YsUXURij\jaXWKg-YsSªg-U]UX_)ijYZgbW]Ys_-SVUhm��V[VWRijg-SVSV_bW�^`_baX�ÜS�\j ¶g-U]UX_)ijYZgbWKYZ_bS�Uhm�YÚ� \n�?WK��\
YZSVij_-�����s\<WK\©�Z\jgbaXSVYZSV�ªUXij\jS�gbaXYs_/�GQT^GW]�V\©WK\<gbi«�V\<a5�Vg-U0� ��� �IÈbm)W]�V\jS�W]�V\©�Z\jgbaXSV\<a7 7Ys�Z���Vg>f-\q� ��� �
Èr 7YsW]���Va]_-�Vgb��Ys�ZYsWTl
2 gbS�dr� ��� �°xy 7YsW]���VaX_b��gb�VYZ�sYZWTl�È�Q 2 ��QT^�WK�V\�WK\<gbi«�V\<aw�Vg-Us� ��� �×xJm�WK��\jS9W]�V\��Z\jg-a]SV\<a5 7YZ�s�Ggb�Z �g>l)U5��g>fb\'� ��� �×xJ�cw�Z�/\jS)WKaXYZ\jU�gbaX\5�Z\jgbaXSV\<d�YZSVdV\j�J\jS�dV\jS)WK�Zlª^`aX_b�æ\jg-i«�y_bW]�V\ja>�?�7�V\r�VgbaXgb��\jW]\ja 2 YsU�i<gb�Z�s\<dyWK�V\�âäß áetvuxwyuNz-{-|bß�âKw`à8}hm)_baRWK��\âäß á+tvu%wyuNz�á+~m~6��tòá+~6}hm�g-SVd$YZU5W]�V\©_bSV�Zly^`aX\j\¢�Vg-a]g-��\<WK\<aR_-^?W]�V\©UXlnUXWK\<�9�
op±)[Vg-WKYZ_bS ® ËJ¯JYZUÆg-S�\<�nW]\jSVUXYZ_bS�_b^¦WK�V\5±)[Vg-U]YZUX�¦\<ijYZ\jU¤\j±)[Vg-WKYZ_bS ® o�Ys�-\jS�ÇMkVi«�)[VUXWK\<awÈ«�JÑC�J¯]�·kVW]gbSVdVg-a]d�±)[VgbUXYZU]�J\ji<Ys\<U

WK��\j_baXl��VgbU�i<_bSVUXWKg-SnW�¥VWKS�\jUXURfhg-�s[V\<Uhm- 7�V\<a]\<gbU�\j±)[VgbW]Ys_-S ® ËJ¯��VgbUR^`a]\<±)[V\jSVi<lªdV\j�J\jS�dV\jS)WR¥VWKSV\<U]U�fhgb�Z[V\<Uh�?�7�)[VU�\j±)[Vg-Î
WKYZ_bS ® Ë/¯�ijg-S��J\�i<_bSVUXYZdV\jaX\jd©W]_e�J\�g-W�W]�V\�YZS)WK\<a]^`g-ij\p�J\jWT R\j\<S�±)[Vg-U]YZU]�J\ji<Ys\<U?W]�V\j_-a]l¢g-SVd&\jf-_b�Z[VWKYZ_bS�gbaXle�-gb��\pdVl)SVg-��Ysi<U
® ue_> �g-�$�-xbx-xJ¯K�5QTSVdVYZf)YsdV[�gb�ZUrW]�VgbWrij_-����[VSVYZijg-WK\� �\<�s�Ga]\<ij\<Ysf-\&g��VYZ�b���Vg>lb_-³� 7�VYZi«��W]a]g-SVUX�sg-WK\jUeYsS)W]_�aX\j�VaX_)dV[VijW]Ysf-\
UX[Viji<\jUXU � U][Vi<ij\<U]UX^`[V��YsS�dVYsf)YZdV[Vg-�sU��VaX_)dV[Vij\#��_baX\�i«�VYZ�ZdVa]\<S3 7�V_��Z\jgbaXS3W]�V\jYZa��s\<�)Ysi<gb����gbWKaXYZ�·��QTW�YZU�\jUXU]\<SnW]Ysg-��WK�Vg-W
�ZgbSV�-[Vgb�-\&�¦\<a]^`_-a]��g-SVij\&i<_bS)WKaXYZ�V[VWK\<UeW]_��VYZ_b�Z_b�-Ysi<gb�A¥�WKSV\<U]U>��¹RWK�V\<a] 7YZU]\���[VW]gbS)WKUr 7�V_�d�_�SV_-Wwij_-����[VSVYZijg-WK\�gbWwg-�s�
 7YZ�s�AS�_bW��¦\©UX\j�Z\ji<WK\<d#g-�bg-YsSVUXW��

� � À�½����0����Ä���Â�À�Â�í ì��©½���Â��0��ëwí
��\<W�[VU7gbUXU][���\¢W]�VgbW�WK��\jaX\rg-a]\��¬a]\<^`\jaX\jS)WKU�gbS�d��¨U]YZ�bSVg-�sU�W]�VgbW�ijg-S$�J\©[VUX\jd#YsS#WK��\©�sg-SV�b[Vg-�b\)�AQTS#WK�VYZU5UX\ji<WKYZ_bS?m- R\
 7YZ�s�ÆaX\jUXWKaXYZijW¢_b[Va¢g-SVgb�Zl)U]YZU©WK_&ux�eux�Táe�k�6w z����e�����ZgbSV�-[Vgb�-\jUr 7�V\jaX\�_bSV�Zl�_-SV\�_ba¢¸j\<a]_�UXYs�-SVgb�ZU¢ijg-S��J\ª[VUX\jd¨^`_ba©\<gbi«�
aX\j^`\jaX\jS)Whm>gbS�d�\<gbi«��UXYs�-SVgb�VaX\j^`\<a]UpWK_©_bS��sl�_bSV\5aX\j^`\<a]\<S)W����7�VYsUp��\<gbSVUpWK�Vg-WÆWK�V\<a]\wgbaX\7SV_©U]l)SV_-S)ln��U�_-aÆ�V_b��_-Snl)��UÆYZS
WK��\5�sg-SV�b[�gb�b\)�·§�\7 7Ys�Z��^`[�a]W]�V\jaÆg-U]UX[V��\7WK��gbWeábâ`âhWK�V\5UXYZ�bSVg-�sU ® gbSVd�WK��\jYZapaX\j^`\jaX\jS)W]Uh¯¦[VUX\jdªYZS�gb�Z�VWK�V\w�sg-SV�b[Vg-�b\<Uhm�^`_-a]�
g�SV_bS�ÎÞg-���VYZ�b[V_-[VUR�sg-SV�b[Vg-�b\ ® W]�VgbW7YZUhmnW]�V\©[VSVYZ_bS#_b^?gb�Z�·WK�V\©�ZgbS��b[Vg-�b\jU�YZU7g�SV_bSVÎÏgb���VYZ�b[V_-[VU��ZgbS��b[Vg-�b\n¯]�Aue_bW]\©WK�Vg-W
UXYsSVi<\5SV_©\<a]aX_bSV\<_b[VU�\<S)WKaXYs\<UÆijg-Sª�¦\5��g-dV\5YZSªWK�V\5��a]_)ij\<U]Up_b^/�s\<gbaXSVYZSV�JmhW]�V\5dVl)SVg-��Ysi<Upijg-SVSV_-W�ijaX\jgbW]\7SV\j ×UXl)SV_bS)l)��U
_ba��V_b��_-Snl)��U>�A�7�V\<a]\<^`_baX\nmbYs^·W]�V\w[�SVYs_-S�_-^·gb�Z���ZgbSV�-[Vgb�-\jUÆYZU�S�_bSVÎÏgb���VYs�-[V_b[�Uhm�YsWR 7Ys�Z�Ja]\<��g-YsSªUX_�^`_-apg-�s�J�b\<SV\jaXgbW]Ys_-SVU
YZS#W]�V\©^`[VW][Va]\)�
�7�V\©g-U]UX[V���VWKYZ_bS�_-^?W]�VYsUwU]\<ijWKYZ_bS ® WK�Vg-W5WK�V\©��\<gbSVYZSV�bUwgbaX\r��a]\<ÎÞ�-Ysf-\jS?¯?YZU5SV_bW7gª�ZYZ��YZWKg-WKYZ_bS?�ÆQTW5YZU5��\jaX\j�Zl�g� �g>l

WK_#¥VSVd�U]_-��\�UX_b�Z[VWKYZ_bS�Ue_-^ÆWK�V\�^`[V�Z��UXlnUXWK\<�9�r§�\�a]\<dV[Vi<\�\<±n[�gbWKYZ_bS�U ® ËJ¯pWK_#g$UXYs���V�Z\ja¢UX\jWr_b^e¹Rqrorµ Ur 7�V_bUX\����VgbUX\
UX�Vgbi<\© �\&i<gbS�g-SVgb�Zl)¸j\n�pQTS9kV\<ijW]Ys_-S�|y �\© 7YZ�Z�?�VaX_>fb\¢W]�VgbWeWK�V\&UXWKg-�V�Z\&¥V�)\jd��J_bYZS)WKUw^`_-[VSVd9�)l#WK�VYZUw��\<WK�V_)d9aX\j��gbYZS
UXWKgb���s\¢YZS#W]�V\©^`[V�Z�Úm�[VSVaX\jUXWKaXYsi<WK\jdGm)U]l)UXWK\<���
Ò�[�a]W]�V\jaX��_baX\nmh R\7\j���V�Vg-U]YZ¸j\7W]�VgbW�\<fb\<S�W]�V_b[��b��YsSªW]�V\5SV\<�)W�U][V��U]\<ijWKYZ_bS�UÆWK�V\wU]YZ�bSVg-�sU�g-a]\�[VS�Ys±)[V\<�sl��VgbYZaX\jd� 7YsW]�

aX\j^`\jaX\jS)W]UhmJYZW¢dV_)\jU¢SV_bW¢f)YZ_b�ZgbWK\�WK��\�i<_bSVi<\j�VWr_b^� �_-a]d�Ue�J\jYZSV��ØÏg-a]�VYZWKaXgbaXl#U]YZ�bSVUXÙJ�©�7�V\���gbYZa]YZSV�# �\�gbUXU][���\��V\<a]\�YsU
gb��U]_-�s[VW]\j�Zl¨gbaX�VYsW]a]g-a]l�gbS�d�WK�V\#UX_b�Z[VWKYZ_bSVU� R\$¥VS�d3^`_ba�g���gbaXWKYZij[V�Zgba�U]\<W�_-^5gbUXU]_)i<Ysg-WKYZ_bSVU� 7Ys�Z���V_b�Zd�^`_ba9á+u%}�_-WK�V\<a
SV_-SVÎÞg-���VYZ�b[�_b[VU�UX\jW�_b^GgbUXU]_)i<Ysg-WKYZ_bSVU>m-\j�)gbi<WK�Zly�¦\<ijg-[VU]\¢_-^�WK��YsU5^`[�SVdVgb��\<SnW]gb�Ag-a]��YsW]a]g-a]YZSV\jUXU ® UX\j\©kV\<ijWKYZ_bS#ËJ� |J¯]�

�eðòñ �ªöòýE�Aÿ��0�pöò÷�ü)�
�7�V\5�Z\j�)YZijg-�V��gbWKaXYZ��_b^/W]�V\5�J\jaX^`\jijWp�sg-SV�b[Vg-�b\�YZUÆgbSk�������J\jaX��[VW]gbWKYZ_bS���gbW]a]YZ�A� Ì l��Va]_-�¦\<aÆaX\jS)[V���J\jaXYZSV�©_b^JU]YZ�bS�gb�ZU
gbS�d9a]\<^`\jaX\jS)WKUeYsWeijg-S9�¦\� 7a]YZWKW]\jS�gbUwW]�V\�YsdV\<S)WKYZWTl#��g-WKaXYs�A���7�V\�a]\<U]We_b^��J_bUXU]YZ�V�Z\�SV_-SVÎÏgb����Ys�-[V_b[VU�ÉM��gbW]a]YZij\<Uwijg-S
�Vg>f-\O�rQMÈ�_ba¢^`\j R\ja©dVYZgb�-_bSVg-�¤\jS)WKaXYs\<Uh���7�V\<a]\<^`_baX\nmJ R\�i<gbS�i«�VgbaXgbi<WK\<a]YZ¸j\�\jfb\<a]l��ZgbS��b[Vg-�b\sB��nl�g#UX\j±)[V\<SVij\�_-^J�
¸j\<a]_)\<UÆgbSVdª_-SV\jUp 7�VYsi«�ªg-a]\7W]�V\5dVYZgb�-_bSVg-�V\jS)W]a]YZ\jUÆ_-^/WK�V\eij_baXaX\jUX�¦_-SVdVYZSV��É���gbWKaXYZ�·m�� < � ®3� < P I ;�;�; I � <( ¯]m � <�0�,� x%I�È��nm 7�V\<a]\ÜÈDf�!�f��MgbSVd Èlf�B9f£�)( L È-�9�7��\�¥VW]SV\jUXU�^`[�SVijW]Ys_-S3YZS�WK�V\#ijg-U]\�_b^5SV_-SVÎÏgb����Ys�-[V_b[VU��sg-SV�b[Vg-�b\<U&YsU
K[VUXW�W]�V\¢ij_-Snf-\jS)WKYZ_bS�gb��YZSVSV\<a���a]_)dV[Vi<W�_-^AWK��\ei<_baXa]\<U]�J_bSVd�YsSV��U]\<±n[�\jSVi<\jU>m H ® É < IjÉ F ¯J� ® � < I�� F ¯K�G§�\e 7YZ�s�/UXg>l�WK�Vg-W
�ZgbSV�-[Vgb�-\sB¬�Vg-U&a]g-SV�&��Ys^g� ® B�¯0� (�87 P � <� ���¦�$cw�Z���ZgbS��b[Vg-�b\jU©i<gbS¬�J\ydVYZf)YsdV\<d�YZSnW]_>� L È�SV_-SVÎÞYZS)WK\<a]UX\ji<WKYZSV�
ij�ZgbUXUX\jU>mG\jgbi«�3ij�ZgbUXU��Vg-U�g�dVYZ³¦\<a]\<SnW�aXgbSV����g-SVd�i<_bS)WKg-YsSVUh�� ( �Z�=¡ 5 ® �"¡ ® �rQW�¦¯A¡s¯w�sg-SV�b[�gb�b\<Uh��§�\$ 7YZ�s��[VUX\#�s_> 
ijg-U]\�U][V��U]i<a]YZ�VWKUeWK_$\jS)[V��\jaXgbW]\&ij�ZgbUXU]\<Uhm�gbS�d�ijgb��YsW]gb�G�s\<WKWK\<a]UegbaX\&aX\jUX\jaXfb\jd�^`_-aeS)[V���¦\<a]YZSV�yg-�s�GWK�V\��sg-SV�b[�gb�b\<Uh�R�7��\

|



WKaXgbS�U]YZWKYZ_bS#�VaX_b�Vg-�VYs�ZYZWKYZ\jU bc<mF gbaX\rd�\j¥VSV\<d�gbU
bc<mF � ® ÈEQ 2 ¯£¢ ?:¤%¥§¦ ¤�¨ @ 2�©J? FN@ IMYZ^ � <* Q � F*pª xxI ÈgfG�«fr� I

xxI _-WK�V\<a] 7YZUX\+I ® Ê/¯

 7�V\<a]\�¬ ® � < I�� F ¯� (�:7 P�® � <� Q � F� ® YZU¢WK�V\ Å g-����YZSV�$dVYsUXWKg-SVij\��J\jWT R\j\jS�WK�V\�WT �_$U]\<±)[V\jSVi<\jU>� Å \jaX\ 2 YsUr�s\<gbaXSVYZSV�¥VdV\<�sYZWTlnm-YT� \)�?YsU�WK��\e�VaX_b��gb�VYZ�sYZWTl�WK_���\<��_-a]YZ¸j\e_bSV\egbUXU]_)i<Ysg-WKYZ_bSªij_-a]aX\ji<WK�Zln���7�V\wi<_bSVd�YsW]Ys_-S�YZSya][��s\ ® ÊJ¯�UXYs���V�Zlª��\jgbS�U
YZSVij_-�����s\<WK\��s\<gbaXSVYsS�� � WK��\�SV\< Ô�ZgbSV�-[Vgb�-\nm�C�m¦dV_)\<UrS�_bWrij_bS)W]gbYZS9SV\j �g-U]UX_)ijYZgbW]Ys_-SVUw 7YZWK��a]\<U]�J\ji<WwW]_$W]�V\��ZgbS��b[Vg-�b\B�²5�Z\jg-a]SV\<a]U�ijgbS°_-SV�ZlÍ�Z_bUX\�gbUXU]_)i<Ysg-WKYZ_bSVU>����\jW�[VU�\<Sn[���\<a]g-WK\9W]�V\9�ZgbSV�-[Vgb�-\jUyYZSVUXYsd�\9ij�ZgbUXUD�¬�)l�WK�V\�YsSVd�\j�W¯   mÈgf4¯   f9�� ( ��§�\5dV\<SV_bW]\5WK��\5^`a]g-ijW]Ys_-S�_-^/�¦\<_b�V�Z\7 7�V_&UX�¦\<gb���sg-SV�b[Vg-�b\g¯   _b^/ij�ZgbUXU�¢gbU°] ?K±"² @  �?�7�V\5W]_bWKg-�VS)[V���J\ja
_b^G�J\j_b���s\¢ 7�V_-U]\¢�ZgbSV�-[Vgb�-\e�J\j�Z_bSV�-U7WK_�ij�ZgbUXU0��YsU=]   � ³ ²´± ² 7 P ] ?:± ²

@
  �

¹R[Va©�-_bgb��YZU&W]_�¥VSVd¨U]_-��\ªU]W]\jgbd�lnÎÏUXWKgbW]\�U]_-�s[VW]Ys_-SVU©_b^RUXlnUXWK\<� ® ËJ¯R\j�)�V�ZYZijYZWK�Zlnm�gbSVd¨WK��\jS¬UXWK[VdVl�WK�V\<Ysa�U]W]gb�VYZ�sYZWTln�
��\<W7[VU7gbUXUX[V��\rW]�VgbW7 7YZWK��YsS�\jg-i«�$i<�sg-U]U>mn\jf-\jaXlª�sg-SV�b[�gb�b\r�Vg-U7gbS#\j±)[Vgb��U]�Vg-a]\)m-YÚ� \n�

] ? P @  �r] ? ~ @  � ;�;�; �r] ? ³ ²´ @  ; ® Ñ-¯
uw_> M �\¢ijg-S�dV\<¥VSV\�ØÏi<_bg-a]UX\jÙ&W]a]g-SVUXYsW]Ys_-S$g-SVd�¥VW]SV\jUXU7��gbW]a]YZij\<Uh�?�7�V\¢�VaX_b�Vg-�VYZ�sYZWTlªWK_��b_�^`a]_-�!ij�ZgbUXU#!�WK_�ij�ZgbUXU#� YsU
�bYZfb\<S$�)l

b � * � � *� ® È-Q 2 ¯ �vµ * 2 * I�! ª �rIxxI !·¶&�rI ® z/¯
gbS�d$W]�V\©��[VW][Vgb��¥VWKSV\<U]Uw_b^�WT R_�ij�ZgbUXU]\<U#� gbSVd^!�YZU7^`_b[�SVd�WK_ª�J\

H * ���G�h! 5 � ; ® �/¯
�7�VYZU5^`_baX��[��sg��b[Vg-a]g-S)WK\j\<U�WK�Vg-W�m)YZ^ ® Ñb¯GYZU7U]g-WKYZU]¥�\jd?mnW]�V\jS

H * � ] * ] � �
±x¸E¦ ±�¹

H ® É ±x¸* IjÉ ±�¹� ¯j] ?K±x¸ @* ] ?:±�¹ @� I ® È«x/¯

 7�V\<a]\��sg-SV�b[Vg-�b\<UpÉ ?:±�¸ @* ® É ?K± ¹ @� ¯��J\j�Z_bSV�eWK_rij�ZgbUXUi� ® i<�sg-U]U�!¦¯Km�gbS�d�WK��\�UX[V����gbWKYZ_bS�YsU¤�J\jaX^`_baX��\<d&_>fb\<a�g-�s�n�sg-SV�b[�gb�b\<U
 7YZWK�VYZS�W]�V\�i<_baXa]\<U]�J_bS�dVYsS��7ij�ZgbUXU]\<Uh�/Ò¦_baX��[V�Zg ® �J¯�YsUGdV\jaXYZfb\jd©^`aX_b�I\<±n[�gbWKYZ_bS�U ® ÈCxJ¯V�nl¢��\jg-SVUG_b^�UX_b��\pi<_b����YsSVg-WK_-a]YZijU>�
uw_> � �\¢i<gbS� 7a]YZWK\¢dV_> 7S#UXlnUXWK\<� ® Ë/¯G[VSVdV\<a5gbUXUX[V���VWKYZ_bS ® Ñ-¯ �

_] * � 2 * (
�87 *

� *� ® È-Q 2 ¯ �vµ * !� ] � QZº �1»� ] * º �1»I Ècf1�¼fr� I ® ÈbÈ-¯

 7�V\<a]\¢ R\r��g>fb\¢YsS)W]a]_)dV[Vi<\jd#WK�V\©S�_bWKg-WKYZ_bS
º �r»J�

(
  7 P

�½]   ® È«�/¯

^`_baeWK�V\�g>fb\<a]g-�b\¢S)[V���J\jar_b^¤gbUXUX_ni<Ysg-WKYZ_bSVUw[VU]\<d9�)l$YZSVdVYZf)Ysd�[Vgb�ZUh�5QTS�WK�V\�dV\<a]YZfhgbWKYZ_bS�_-^ ® ÈbÈ-¯� R\&[VUX\jd9W]�V\�^`g-ijWeWK�Vg-Wd�� � ¦ �¾H ���¿]i�y]i�^� º �1» ~ 5 �Rm/ 7�VYZi«�¨^`_b�Z�s_> 7U¢^`aX_b� \j±)[VgbW]Ys_-S ® �J¯]��§�\ªdV_�SV_-W©YsS�ij�Z[VdV\ªWK��\ª\j±)[VgbW]Ys_-S�^`_-a©ij�ZgbUXU¢x
�J\jijg-[VUX\eYZW�^`_-�s�Z_> 7UR^`a]_-�æWK�V\r_bW]�V\ja#��\<±n[�gbWKYZ_bS�U�g-SVd�W]�V\¢ij_bS�U]\<a]fhgbW]Ys_-Sª_b^AW]�V\¢S)[V���J\jaR_b^A�J\j_-�V�Z\n�GÒ¤Ys�)\<d��J_bYZSnW]U�_b^
UXlnUXWK\<� ® È-Èb¯Gi<gbS#�¦\©^`_-[VSVd?�¤QT^ º �1»�n�3xJm) R\¢ijgbS#��[��sW]Ys�V�Zl�UXl)U]W]\j� ® ÈbÈ-¯?�nl�� 5 º �r»XmnU]\<W7WK�V\©�Z\j^`W7�Vg-SVd�U]YZdV\©W]_�¸<\jaX_gbS�d$_-�VWKg-YsS�gbS#\jYZ�b\<SVÎÏU]l)UXWK\j�þ 7YsW]�#g�W]a]YZgbSV�-[V�Zgba���gbWKaXYZ�·�?�7�V\©\<Ys�-\jS)fhgb�Z[V\jU�g-a]\ �

º �1» � ® ��Q�ÀÏ¯ 2 ( µxÁ I x'fÂÀifr��Q�È ; ® È«Ë/¯
§�\� 7YZ�s�¤aX\j^`\<aeW]_�WK��\�¥V�)\<d��J_bYZSnWe 7YsW]��À$�Mx�g-UeW]�V\��§ÃJà8wy��á-âJ�m�bâK��à8wy�+u�m�g-SVd�W]�V\�¥V�)\jd9�J_bYZS)WKU¢ 7YsW]��ÈqfVÀ$f��Íg-U�m�����3�§ÃJà8wy��á-â��m�bâ:��àÄwy�eux�X��uw_bW]\©WK�Vg-W5WK��\&ijg-U]\'ÀÅ�1��ij_-a]aX\jUX�J_bSVdVU�W]_yWK�V\�U]YZWK[Vg-WKYZ_bS� 7YZWK� º �1»#��x/m)YT� \)�ÆSV_-�¦_)dVl#�Vg-UgbS)l�gbUXU]_)i<Ysg-WKYZ_bSVU>�·QTW�YsURU]��_> 7SªYsSyce�V�J\jSVdVYZ�ªc
WK�Vg-WpUX[V�VÎÏ_b�VW]Ys��gb�¦U]_-�s[�WKYZ_bSVU�gbaX\5[VSVUXWKg-�V�s\e^`_ba�gb�Z�¦fhgb�Z[V\<Up_b^ 2 � Å \jaX\ R\r 7YZ�Z�AgbSVg-�sl)¸<\rW]�V\©_b��WKYZ��g-�·U]_-�s[�WKYZ_bS#ij_baXaX\jUX�¦_-SVdVYZSV��W]_

º �r»$�r� 2 ( ; ® È«|/¯

{



0.90Æ 0.92Æ 0.94Æ 0.96Æ 0.98Æ 1.00Ç
Fidelity, qÈ

0.0

0.2

0.4

0.6

0.8

1.0

Fr
eq

ue
nc

y,
 x

n x4 x5 x6 x7 x8 x9

x10

xÉ 3

xÉ 2

xÉ 1

Ò¤Ys�-[VaX\�È �ËÊ�Ì½ÍEÎÏvÐEÑ�ÏvÒ½ÍÒ�ÓÄÔ#ÏvÕiÓÄÌ6Í-ÏvÑ½ÓÄÖ×Ð=ØvÙ"Ô8ÏvÙ×Ú6ÓÄÖ×ÏvÒkÕ�ÏvÛ$Ü�Ý @8Þ+ß ØvÔ$Õ:Ú½Ò½ÎÓÄÖ×ÏvÒ6Ô#ÏvÕiÓ£Ì½Í-Ù×ÍØvÛ8Ò½Ö×Ò6à�á½â½ÍÙ×Ö×Óyã ß)äNß Ö×ÒsÓ£Ì½Í-ÛÄÍ¿àvÖ×ÏvÒsÏvÕiÖ×Ó£ÔÍå�Ö×ÔÄÓÄÍÒ½ÎÍcæ Þeç è�ékä-é�@vê£ë�ì ØvÎíÌgî�ïÄð
ñò â6Í¿Ò6ÏvÓÄÍÔ¾Ó£Ì½Í$Õ:Û8ØvÎÓÄÖ×ÏvÒ�ÏvÕ�Ñ�Í¿ÏvÑ6Ù×ÍJó�Ì6ÏEô�Ò6Ï
ó�õ%ÔÄÖ×àvÒ½ØvÙ×Ô ß-@Jö õ ö Ü ë
��\<W7[VU7dV\<SV_bW]\©WK�V\©_-�VWKYZ��gb�·UX_b�Z[VWKYZ_bS#gbU=]��$�G]�÷Aømù� m·Ègf1�=f1�R�GQTW7ijgbS#�J\©dV\j¥VS�\jd�a]\<ij[VaXUXYsf-\j�ZlªgbU

] ÷Aømù( � � ( 5 �=¡ (
µ P
�87�ú ® 2 (

µx� Q�! 5 �R¯I ® È«{/¯

] ÷Aømù* � ® 2 ( µ * Q�� 5 �R¯ µ P (
�87 *#û P

� *� ® ÈEQ 2 ¯ �vµ * ! 5 �g]�÷Aømù� IèÈgfr�¼fr��Q×ÈNI ® È«Ê/¯

]�÷Aømùú � ÈEQ (
�87 P

]i÷
ø
ù� ; ® ÈbÑ-¯

�7�V\¢a]\<±n[�YsaX\j��\jS)W�x�fG] � f�ÈrYZ�����sYZ\jU7W]�VgbW
2 ª ÈEQ×È 5 � I ® È«z/¯

 7�VYZi«�9YZUeW]�V\�\<�)YsUXWK\<SVij\�ij_bS�dVYsW]Ys_-S9^`_baeWK�V\�_b��WKYZ��g-�?UX_b�Z[VW]Ys_-S?�7kV_-�s[�WKYZ_bS ® È«{bÎ«È«Ê/¯¤^`_ba�4�ÜÈ«xyYZUrU]�V_> 7S�YsS9¥��b[VaX\$Èb�
uw_-WK\&W]�VgbWw^`_ba 2sü È-m)]i÷
ømù� ý ® È-Q 2 ¯ ? ( µx� @ m� 7�VYZi«����\jgbS�U5WK�Vg-W5gbW 2 ��Èbm)] ÷Aømù( �IÈbmVgbSVd�S�\jgba 2 ��Èbm)W]�V\�^`aXgbi<WKYZ_bS_b^·�J\j_-�V�Z\eUX�¦\<gb�)YZSV���ZgbSV�-[Vgb�-\=!�dV\ji<a]\<gbUX\jU�a]g-�VYsd��sl�gbU !�dV\ji<a]\<gbUX\jU>�·�7�V\rg>fb\<a]g-�b\�¥VW]SV\jUXUhm%dAmnij_-a]aX\jUX�J_bSVdVYZSV�©W]_�W]�VYsU
UX_b�Z[VWKYZ_bS?mnYZU d>�G� 2 ~ ( ; ® È«�/¯
�7�VYZU5±)[VgbS)W]YsWTl$�VgbU5W]�V\&��\jg-SVYZSV�ª_b^¤WK��\©\j³J\jijW]Ysf-\&�Z\j�)Ysi<_bS�UXYs¸<\©_b^GWK�V\&�J_b��[V�sg-WKYZ_bS?�pQTW7�bYZfb\<U5WK��\&\j�)�J\jijW]\jd�S)[V���J\ja
_b^GUXYs�-SVgb�ZU�WK�Vg-W7gbS)lyWT R_��J\j_-�V�Z\r 7YZ�Z�A�Vg>fb\rYZS#i<_b����_bS?�

�eð ï þ,ÿ�� �$�wü)öòûèø°[�ÿwö�)ü)ùVöòôc	wü)ö�Æ÷ �$�$ü�ÿ��
÷=	eû�ô0�Aù��$�yø°�����E�·öòø¤ünö¿�Æ÷��
� \<ij[VaXU]YZfb\�^`_baX��[��sg-U ® È«{bÎ«ÈbÑ-¯Æ�-Ysf-\��ZYZWKWK�Z\�YsS�U]YZ�b�)W¢YsS)W]_# 7��gbW¢WK�V\�_-�VWKYZ��gb��dVYZU]W]a]YZ�V[VW]Ys_-S��Z_)_b�)U¢�sYZ�b\)�©QTS�WK�VYZU©UX\jijW]Ys_-S
 R\r¥�SVd�gbS�gbSVg-�sl)W]Ysi<gb�/\j�)�VaX\jUXU]YZ_bS$^`_ba7W]�VYsUwdVYsUXWKaXYZ�V[VWKYZ_bS�YZS�WK�V\©�ZYs��YZW7_b^G�sg-a]�-\�R�
kV_-�s[VW]Ys_-S ® È«{-Î È-Ñb¯?�Vg-U5gª��gb�)Ys��[V�þg-W=� � º �r» ® �)l�ij_-SVUXWKaX[VijW]Ys_-S?m)WK��\&g>fb\<a]g-�b\rSn[����J\ja5_-^?g-U]UX_)ijYZgbWKYZ_bS�U7WK�Vg-W�J\j_b���s\©�)SV_> ¶YZU º �r»$�r� 2 (·¯K�G�7�V\©UXWKg-SVdVg-a]d#dV\jf)YZgbW]Ys_-S$i<gbS#�¦\©^`_-[VSVd�YsS�W]�V\©^`_b�Z�s_> 7YZSV�� �g>l)�?Ò�aX_b� ® ÈbÈb¯? R\©�Vg>fb\

] ÷
ømù* � 2 * µ ( (
�87 *

� *� ® È-Q 2 ¯ �vµ * ! 5 �g]i÷
ømù� ; ® �bx/¯

Ì l���[V�sW]Ys���sl)YZSV�ª�¦_-WK��UXYsd�\jU5�)l'� gbSVd��J\jaX^`_baX��YZSV��WK��\&U][�����g-WKYZ_bS�_>fb\<aRg-�s��x^fr�Uf&�Rm) �\©��g>fb\ º �1» �1� 2 (y_-SWK��\��Z\j^`Ww��gbSVd9UXYZdV\n��QTS�WK�V\�\j�)�VaX\jUXU]YZ_bS�_bS�W]�V\�aXYZ�b�)W5�Vg-SVd9UXYsdV\� �\&i«��gbSV�-\&WK�V\�_baXdV\jaw_b^�UX[V����g-WKYZ_bS�YZS>!ygbSVdh�

Ê



WK_�_-�VWKg-YsS
2 µ ( (

�87�ú
�
* 7�ú

�r� *� 2 * ® ÈEQ 2 ¯ �vµ * ! 5 ��]�÷Aømù� � (
�87�ú ! ~ ]i÷
ømù� 2 µ ? ( µ P @ 5 � I ® �JÈ-¯

 7�V\<a]\�WK��\7\j�)�VaX\jUXU]YZ_bS�YsS��VaXgbi«�-\jWKU¤YZU�WK�V\7\<�)�¦\<ijWKg-WKYZ_bS�_b^¦g©�VYZSV_b��YZgb��dVYZU]W]a]YZ�V[VW]Ys_-S?��op±)[VgbW]YsS��r�J_bW]��U]YZdV\jU� R\�_b�VW]gbYZS
WK��gbW º � ~ » � (* 7�ú � ~ ] ÷
ømù* �G� ~ 2 ~ ( µ P �G�7�V\¢U]W]gbSVd�gbaXd$dV\<f)Ysg-WKYZ_bS#YsU5�-Ysf-\jS$�nl�� ~ � º � ~ »�Q º �1» ~ �

� ~ �r� ~ 2 ~ ( µ P ® ÈEQ 2 ¯ ; ® �b�/¯
� \<ijgb�Z�GWK�Vg-WeYZS�W]�V\�\j±)[VYZ�sYZ�VaXYs[V�çUX_b�Z[VW]Ys_-S?m ® ]�÷Aømùú I3]�÷AømùP I ;�;�; I3] ÷
ømù( ¯Km%]�÷Aømù  UXWKg-SVdVUr^`_ba¢WK�V\�^`aXgbijW]Ys_-S9_b^p�¦\<_b�V�Z\� 7��_

�Vg>f-\e\<�ng-ijW]�sl���gbUXUX_ni<Ysg-WKYZ_bSVU ® W]�VgbW7YZU>mngbS)lygbUXUX_ni<Ysg-WKYZ_bSVU>¯K����\<W�[VU7YsS)W]a]_)dV[Vi<\¢f�g-a]YZgb���s\�� *  7�VYZi«�$YZU7WK�V\©^`aXgbi<WKYZ_bS$_b^�J\j_b���s\� 7�V_#�nS�_> W� z�w���ß�u�gbUXUX_ni<Ysg-WKYZ_bSVU>�ec7W¢WK�V\�_b�VW]Ys��g-�GUX_b�Z[VW]Ys_-S?mJWK�VYZU¢±)[VgbS)WKYZWTl�dV_)\jU¢SV_-Wed�\j�J\jSVdVU¢_-S� 7�VYZi«�� g-U]UX_)ijYZgbW]Ys_-SVU7gbaX\©ij_-SVU]YZdV\<a]\<d?�ÆQTS�_baXdV\ja7W]_y¥VSVd9W]�V\&aX\j�ZgbW]Ys_-S#�J\jWT R\j\<Sh]i÷
ømù  g-SVd�� * mV �\�SV_bW]\&WK�Vg-W5YZS9WK�V\�ij�ZgbUXU]   mnWK�V\<a]\¢gbaX\·�  ( dVYZ³J\jaX\jS)W$ØÏij_-SV¥V�-[Va]g-WKYZ_bSVUXÙ ® fb_)ijg-�V[V�ZgbaXYs\<Uh¯]mb\<gbi«�$_b^�W]�V\j�þ�VgbU7W]�V\¢^`a]g-ijWKYZ_bS�]i÷
ømù  5 �  ( �GQT^��
	Â�¦m
WK��\jaX\rg-a]\q�   µ *( µ * dVYZU]W]YsS�ijW7fb_)i<gb�V[V�ZgbaXYZ\jU�WK�Vg-W�ij_bS)W]gbYZS$W]�V\�� �bYZfb\<S$g-U]UX_)ijYZgbWKYZ_bS�Uh��kV[V����YsS��ª_>fb\ja�g-�s�J�¦mn R\¢_b�VW]gbYZS

� * � ® �DQ���¯A¡�=¡
(
  7 *

]i÷
ømù  � ® �0Q×Èb¯ ;�;�; ® �OQ�� L È-¯ ; ® �bË/¯

uw_-WK\�WK�Vg-W��mú��ÔÈ©g-SVd�� P � 2 (D� º �1» 5 �R�5QTS9_baXdV\<a5WK_$dV\jaXYsf-\&\j±)[Vg-WKYZ_bSVUe^`_ba� * m¦ �\�[VU]\�\j±)[Vg-WKYZ_bS ® ÈbÈb¯]����\<Ww[VUUX\jWrWK�V\��s\<^`Wr��gbSVd9UXYZdV\�W]_�¸<\jaX_Jm���[V�ZWKYZ�V�Zl�WK�V\<U]\�\j±)[Vg-WKYZ_bSVUr�)l *��? * µ   @ � ? (
µ   @ �(�� g-SVd9�J\jaX^`_baX�ºg$U][�����g-WKYZ_bS�_>f-\ja5g-�s��3� � \jg-a]aXgbSV�-YsS���WK��\©_baXdV\ja�_b^GUX[V����g-WKYZ_bS?mn R\¢�b\<W

® ��Q��¦¯A¡�=¡
(
�87�ú

!
� ]i÷
ø
ù�

�
* 7�ú 2

* ® ÈEQ 2 ¯ �vµ * � *� �&¡
® � Q��¦¯¿¡ Q�� P �   ��� P ��x ; ® �b|/¯

�7�V\©\<�n��a]\<U]UXYs_-S�YZS�U]±)[Vg-a]\r�VaXgbi«�b\<WKU�YZU7\j±)[Vgb�·W]_ 2  �!%¡ 5 ® !0Q&�¦¯A¡sm�gbSVd# �\©i<gbS#\jfhgb�Z[Vg-WK\¢WK�V\©UX[V����gbW]Ys_-S$YZS�! �
® 2   �  mû P ® �DQ&�J¯ L � 2   �   Q���� P �   ¯���� P �3xxI Ègf4�'f1��Q×È ; ® �b{/¯

}wUXYZSV��WK�V\©\<�n��a]\<U]UXYs_-S�^`_-a�� P  R\¢_b�VW]gbYZS�WK�V\©^`_-�s�Z_> 7YsS���aX\ji<[Va]UXYZfb\ra]\<�sg-WKYZ_bSVUX�VYZ�$^`_-a��   �
�  mû P ���   � 2 (

µ  cQ��
��Q�� ; ® �bÊ/¯

�7�VYZU¢±n[�gbS)WKYZWTlnm��   m/ 7YZ�Z�G��\j�Z��[VU¢¥VS�d�\<�n���sYZijYZWK�Zl9WK��\�d�YsUXWKaXYs��[VWKYZ_bS � ] ÷
ømù* ��g-Uc�������&§�\�dV\<¥VSV\�WK��\��-\jSV\<a]g-WKYZSV�
^`[VSVi<WKYZ_bS�_b^GWK��\©dVYsUXWKaXYZ�V[VWKYZ_bS � ] ÷Aømù* �r�)l

` ®�� ¯J�
(
* 7�ú

] ÷Aømù* � * ® �JÑ-¯

gbS�d#S�_bWK\�WK�Vg-W��   � ¢ ²��¢ ù ² ? (
µ   @ �(�� �p�7�V\<S� �\©i<gbS�\j�)�Vg-SVd�WK�V\&^`[�SVijW]Ys_-S ` YZS�WK�V\��?g>l)�Z_ba7UX\jaXYs\<U5gbaX_b[VS�d � �IÈr 7�VYZi«�

�bYZfb\<U

` ® � ¯J�
(
  7�ú

�   �=¡
® ��Q��¦¯A¡K�%¡ ®�� Q×Èb¯   ; ® �bz/¯

�7�V\©¥VaXUXWRW]\jaX�þYZS$W]�VYZU5U]\<a]YZ\jU7YZU�Èb�GqrYZ³¦\<a]\<SnW]Ysg-WKYZSV���¦_-WK��UXYsdV\<U5 7YZWK��a]\<U]�J\ji<W�WK_ �  R\¢�b\<W

` ! ® � ¯J� (
  7 P

�   �  ( � ®�� Q×Èb¯   µ P �
( µ P
  7�ú

�  mû P �  mû P( ® � L Èb¯ ®�� Q�È-¯   ; ® �b�/¯

uw_> � �\¢i<gbS�[VUX\raX\j�ZgbW]Ys_-S ® �bÊ/¯�W]_�_b�VW]gbYZS
( µ P
  7�ú

�   ® � 2 ( µ   Q&�¦¯ �=¡
�%¡ ® ��Q&�¦¯A¡ ®�� Q�È-¯   �,� 2 (

( µ P
  7�ú

�   �  ( � Q�È
2

  Q ®�� Q�È-¯ ¬¬ �
( µ P
  7�ú

�   �  ( ®�� Q�È-¯   ; ® Ëbx/¯

Ñ



0" 20 40 60 80 100"
n

0.00

0.02

0.04

0.06

0.08

0.10

x n

<m>

Ò¤Ys�-[VaX\�� � Ê�Ì½Í Î¿ÏvÐ=Ñ+ÏvÒ6Í¿Ò�Ó£Ô ÏvÕ%ÓÄÌ6ÍEÏvÑ½Ó£Ö×ÐEØvÙ�Ô8ÏvÙ×Ú½Ó£Ö×ÏvÒOÕ�ÏvÛ¾ÜhÝ @8Þ+ß�ä Ý @$#�@&% æ D Ü êÄë Ê�Ì½Í#â½Ö×ØvÐEÏvÒ½â½ÔJâ6Í¿Ò6ÏvÓÄÍ-î ïÄð
ñ' ß î ïÄð
ñ( ßxççAç ß î ïÄðmñ()'*'æ×Ô8ÏvÙ×Ú½Ó£Ö×ÏvÒ'æ @,+.-ò@,/+ê£êÄë Ê�Ì6ÍJÎ¿ÏvÒ�Ó£Ö×Ò�Ú½ÏvÚ6Ô°Ù×Ö×Ò½Í°Ö×Ô�Ó£Ì½Í10½Ö×Ò½ÏvÐEÖ×ØvÙ)â½Ö×Ô8Ó£Û8Ö20½Ú6ÓÄÖ×ÏvÒ�Õ�ÏvÚ6Ò½â�Ö×ÒcÕ�ÏvÛÄÐ#Ú½Ù×Ø�æ23 ++êÄë
uw_-WK\�WK��gbW©WK��\�UX[V����gbW]Ys_-S�YZSVdV\<�9ijg-S��J\ªWKg-�b\jS�[V�¨WK_�� ® YsS�U]W]\jgbd�_b^$�GQMÈ-¯��¦\<ijgb[�U]\�WK��\s��W]�¨WK\jaX�¡�Vg-U¢g#¸<\jaX_
ij_-S)WKaXYs�V[�WKYZ_bS?�?�7�V\<a]\<^`_baX\r R\¢�Vg>fb\ �

� ` ! ® � ¯J�r� 2 ( ` � L ® ÈEQ 2 ¯ ® � Q×Èb¯ 5 2 ; ® ËJÈ-¯

�7�VYZUe\<±)[VgbW]Ys_-S9dV\jUXijaXYZ�¦\<UeW]�V\��-\jSV\<a]g-WKYZSV�y^`[VS�ijWKYZ_bS�_b^Æd�YsUXWKaXYs��[VWKYZ_bS>]�÷Aømùú I]i÷
ø
ùP I ;�;�; I3] ÷Aømù( �wuw_bW]\�W]�VgbWeWK�V\�¥VdV\<�sYZWTl 2fhgbaXYs\<U�YZS#WK�V\¢aXgbSV�-\�È$QÍÈ 5 �rf 2 f�È-mnU]_�WK�Vg-W�WK�V\¢gbaX�b[���\<S)Wp_b^�WK�V\¢^`[VSVi<WKYZ_bS ` YZS$W]�V\eaXYZ�b�)W���gbSVd$U]YZdV\¢YsU�SV_-W�W]_)_dVYZ³¦\<a]\<S)Ww^`aX_b� � Ys^J�54 Èb�5��\<Ww[VU¢UX\jW ® ÈQ 2 ¯��4� ¯��7QTS�WK�V\�¸j\<a]_-WK�9g-�V�VaX_>�nYZ��gbW]Ys_-S?m� R\&�Vg>f-\ � ` ! ®�� ¯-�o� 2 ( ` ®�� ¯ 7YZWK� ` ® È-¯ �IÈbmV 7�VYZi«���bYZfb\jU ` ®�� ¯ � � (76 ´ �ÆQTS�_-a]d�\ja5W]_ª_b�VW]gbYZS�WK�V\&d�YsUXWKaXYs��[VWKYZ_bS � ] ÷
ø
ù* �¢ R\©a]\<�V�Zgbij\©W]�V\&g-a]�-[V��\jS)W
_b^ ` ® � ¯?�)l98 � ø m�YÚ� \n� ` ® / ¯J�:8 � ø (76 ´ �G�7��\©a]\<fb\jaXUX\eÒ¦_b[VaXYs\<a�WKaXgbSVUX^`_baX�!_b^?WK�V\©^`[�SVijW]Ys_-S ` ® / ¯GYZU=] ÷
ømù* �

] ÷
ømù* �:; ® �aQ�� 2 ( ¯ ; ® Ëb�/¯
QTSVdV\<\jd?mAYsS¨W]�V\ª�sYZ��YsW0�<�=� WK�V\ªd�YsUXWKaXYs��[VWKYZ_bS¨^`[VSVi<WKYZ_bS¨�J\jij_-��\jU©UX�VgbaX�¦\<a©gbSVd�UX�VgbaX�¦\<ahm·WK\jS�dVYsS���WK_�WK�V\ªd�\j�ZWKgbÎ
^`[VSVi<WKYZ_bS�ij\<S)WK\jaX\jd#gbW=�U� º �1» �G� 2 (·�GQTS#W]�V\©SV\<�nW7g-�V�VaX_>�)Ys��gbW]Ys_-S� R\¢�Vg>fb\

� ` ! ® � ¯J�r� 2 ( ® ` ® � ¯ L ` ! ® � ¯ ® ÈEQ 2 ¯ ® � Q×Èb¯ 5 2 ¯ ; ® ËbË/¯
�7�V\©UX_b�Z[VWKYZ_bS#_b^?WK�VYZU5\<±n[�gbWKYZ_bS#YZU

` ®�� ¯J�?> ��® ÈEQ�¯ 2 ( µ P ¯ L ¯ 2 ( µ P�@ ´BA ´CEDGF A ´ DHC ; ® Ëb|/¯
cw�-gbYZS?m) R\¢ijgbS�aX\j�V�Zgbi<\ � �I8 � ø g-SVd��¦\<a]^`_-a]�!W]�V\&�Vg-i«�yÒ�_-[VaXYs\<a7WKaXgbSVUX^`_baX��gbWKYZ_bSG��ue_bW]\©WK�Vg-W7U]YZSVij\c�¬YsUw�sg-a]�-\nmnWK��\
±)[VgbS)W]YsWTlKJ � (76 ´P µ ± 6 ´ DHC ijgbS��J\5WKg-�b\<S�W]_©�¦\wgbS�YsS)W]\j�b\<aÆS)[V���J\ja>���7�V\jSª R\7ijg-S�\<�)�VgbSVd�W]�V\5�J_> �\<a�[VU]YZSV�©�VYZSV_-��YZgb�ij_)\ML�i<Ys\<S)WKU>���7��\©a]\<U][V�ZW�YsU ] ÷
ømù* �4� *N ® ÈEQ&¯ 2 ( µ P ¯ * ® ¯ 2 ( µ P ¯ N µ * ; ® Ëb{/¯
�7�VYZU&YZU©g#��YsSV_-��Ysg-�ÆdVYZU]W]a]YZ�V[VW]Ys_-S�i<\jS)WK\<a]\<d�g-Wc� �Â� 2 (·��QTWKU&UXWKg-SVdVg-a]d�dV\jf)YZgbWKYZ_bS¨YZU©�bYZfb\<S��)l9^`_-a]��[V�sg ® �b�J¯]��QTS¥V�-[Va]\¢�/mn�¦_-WK��WK�V\©\<�)gbijW�UX_b�Z[VWKYZ_bS ® W]�V\&dVYZgb��_-SVdVU>¯�g-SVd#WK�V\©dVYZUXWKaXYs�V[�WKYZ_bS ® Ë-{J¯ ® UX_b�ZYsd��ZYsS�\n¯GgbaX\rU]�V_> 7SG�

�eðj� Owü)ø¤ôwö¿[òöòü�ú øG÷eø°[òúE�nö¿�
kVW]gb�VYZ�sYZWTl#_b^GU]_-�s[VW]Ys_-S ® ÈC{bÎ«ÈbÑb¯?i<gbS��¦\�\jgbUXYZ�sl$\j�)gb��YZSV\jd�YZS�WK�V\&^`aXgb��\< �_-a]�y_-^¤U]l)UXWK\j� ® È-Èb¯KmV�)l�UXWKgbS�dVgbaXd���\<WK�V_)dVU
_b^�g��sYZSV\jg-a¢gbSVg-�sl)UXYsU>�&uegb��\j�Zlnm· �\��J\jaXWK[VaX��g-�s��W]�V\�ij_-���J_bS�\jS)WKU©_-^pWK��\ª_b�VW]Ys��gb��UX_b�Z[VW]Ys_-S��)l9gbd�dVYsS��9.P � WK_�\<gbi«�]i÷
ømù� g-SVd�g-U]UX[V��YZSV�$W]�VgbW©W]�V\�SV_baX�¡_-^pWK��\�f-\ji<WK_ba9QR YZU©U]��gb�Z�T�&�7�V\<S¨U]l)UXWK\j� ® ÈbÈ-¯pYZU©�ZYsSV\<gbaXYs¸<\jd� 7YsW]��aX\jUX�J\jijW¢W]_
ij_-���¦_-SV\jS)WKUr_b^QR mJgbSVd�gbS�\<�)�¦_-SV\jS)WKYZgb�GWKYZ��\jÎÏ�¦\<�Vg>f)Ys_-awYZU¢gbUXU][V��\<d?m¦YÚ� \n�>.P �k� P �S8UT ù �e�7�V\�a]\<U][��sW]YsSV�$U]l)UXWK\<�ºYZUrg
�V_-��_-�b\<SV\j_-[VU�U]\<W7_b^��ZYZSV\jg-a7gb�Z�b\j��a]g-Ysir\j±)[Vg-WKYZ_bSVU>mn 7�VYZi«�#_-SV�Zly�VgbU7S�_bS)WKaXYsf)YZgb�/UX_b�Z[VWKYZ_bSVU7YZ^¤WK�V\©d�\jWK\<a]��YZSVgbS)W�_b^GWK��\
ij_-a]aX\jUX�J_bSVdVYZSV����gbWKaXYZ�yYsU7\<±)[Vgb�·W]_ª¸j\jaX_J�?�7�VYZU7�bYZfb\<U�gbS�\j±)[Vg-WKYZ_bS#^`_ba7WK��\©�baX_> 7WK��aXgbW]\nmWV�m) 7YsW]����UX_b�Z[VWKYZ_bSVU �

V¾��� 2 (½û � � ® ! 5 ��Q 2 ( µx� ¯3I x'fr!'fG�DQ�È ; ® ËbÊ/¯

z



QTS�_baXdV\jarWK_��b[�gbaXgbS)WK\<\�WK��\�UXWKg-�VYZ�sYZWTl�_b^�WK�V\�_b��WKYZ��g-��U]_-�s[�WKYZ_bS?mJ R\�SV\j\<d�WK_�aX\j±)[VYZa]\�WK��gbW¢gb�Z�¤WK�V\�fhgb�Z[V\jU©_-^XV×gbaX\
SV_-SVÎÞ�J_bUXYZWKYZfb\n��QT^�YZSV\<±n[�gb�ZYsWTl ® ÈCzJ¯��V_b�ZdVU>m-WK�V\<S�gb�Z�GV¾�cf�x/mb 7��Ysi«�$Ys���V�ZYs\<U�WK�Vg-WRW]�V\r_b�VW]Ys��gb�/UX_b�Z[VWKYZ_bS�YsU�UXWKgb���s\r 7YsW]�
aX\jUX�¦\<ijWrWK_#�¦\<a]W][Va]��gbWKYZ_bS�Ueg-�s�Z_> �\<d��)l�U]l)UXWK\j� ® ÈbÈ-¯K� Å _> R\jf-\ja>m�UX[Vi«��g-SVgb�Zl)U]YZUr_bSV�Zl�dV\jg-�sU¢ 7YZWK��g#aX\jUXWKaXYsi<WK\jd�ij�ZgbUXU
_b^��J\jaXWK[VaX�Vg-WKYZ_bSVU>�$uwgb��\<�sl)m�YZW�_-SV�Zl�YZSVij�Z[VdV\<U�^`[VS�ijWKYZ_bS�U�W]�VgbW&UXgbW]YsUX^`l�ij_bS�dVYsW]Ys_-S ® Ñ-¯K�#QTW�W][VaXSVU�_-[VW&WK��gbW&�-\jSV\<a]g-�
�J\jaXWK[VaX�VgbW]Ys_-SVU�a]\<±)[VYsaX\wg���_baX\eUXWKaXYZijWRU]W]gb�VYZ�sYZWTlªij_-SVdVYZWKYZ_bS?�?�7�VYZU7ijg-S��J\¢\j�)�V�ZgbYZSV\jd$YsS$WK�V\¢^`_b�Z�Z_> 7YsSV��YZSnW][VYZWKYZfb\r �g>l)�
��\<W�[VU�i<_bSVUXYsd�\ja�W]�V\#U]YZWK[Vg-WKYZ_bS� 7��\jS3S�_b�J_nd�l¬YsS�W]�V\# 7�V_b�Z\��J_b�V[��sg-WKYZ_bS3�)SV_> 7U�WK�V\^��WK�ÍgbUXU]_)i<Ysg-WKYZ_bS?�9�7�VYsU

��\jg-SVU�WK�Vg-W7WK�V\¢�ZgbUXW�\<SnW]a]l�YsS#gb�Z�·WK�V\¢�ZgbSV�-[Vgb�-\wUX\j±)[V\<SVij\<UR 7YZ�Z�·a]\<��g-YsS#¸j\<a]_�^`_ba7g-�s�/�b\<SV\jaXgbW]Ys_-SVU>�AQTS#_baXdV\ja�W]_�¥�SVd
UX_b�Z[VWKYZ_bSVU�_-^�WK��\ri<_baXa]\<U]�J_bS�dVYsS���UXlnUXWK\<�9mn �\¢ijg-S�UXYs���V�Zly^`_-a]�-\jW�gb�J_b[VWRWK��\©�sg-U]WRgbUXU]_)i<Ysg-WKYZ_bS�g-SVd�W]a]\<gbW�WK��\rUXl)U]W]\j�
gbURgbS��hQ�È7UXl)U]W]\j�9�?�7�V\r_b�VW]Ys��gb�/UX_b�Z[VWKYZ_bS$ijg-S��J\e^`_-[VSVd#gb�bg-YsSªg-SVd�YZW�\j�)YZU]W]UR^`_-a 2 ª È$Q�È 5 ® �^Q3È-¯K�?QTWKU�g>fb\<a]g-�b\¥VW]SV\jUXUei<gbS9�J\�^`_b[VSVd�^`a]_-�º^`_-a]��[V�Zg ® ÈC�J¯Æ 7YsW]���3aX\j�V�Zgbi<\jd��)l��lQ¶Èbm¦gbSVd�YsWeYsU¢UXWKaXYsi<WK�Zl#UX��gb�Z�s\<awW]�VgbS9W]�V\�¥VWKSV\<U]U
_b^RUX_b�Z[VWKYZ_bS ® ÈC{bÎ«ÈbÑb¯pgbU©�Z_bS���gbU 2 ~ 	 È�QMÈ 5 �R��uw_> ÜYs^R �\ª�-_��Vgbi«�9g-SVd�WKaXl�WK_�i«�Vg-a]g-ijW]\jaXYs¸<\�W]�V\ªU]_-�s[�WKYZ_bS¨ 7YsW]�
_bS�\wgbUXUX_ni<Ysg-WKYZ_bS���YsUXUXYsSV��YsS$WK\<a]��UR_b^·WK��\w_baXYZ�bYZSVgb�¦f�g-a]YZgb���s\<Up_b^·W]�V\���ÎÞUXl)U]W]\j�9m� R\w 7YZ�Z�¦¥VS�d�WK��gbWRWK�VYZU�YZURYs���J_bUXU]YZ�V�Z\
�J\jijg-[VUX\©ij_bS�dVYsW]Ys_-S ® Ñb¯GYZU5f)YZ_b�ZgbWK\<d?�¤QTW7W][Va]S�U5_b[VW7W]�VgbWwYsW7YZU5WK_> RgbaXdVU�UX[Vi«��U]_-�s[VW]Ys_-SVU ® WK�V\©�Z_bUXU5_b^G_bS�\rg-U]UX_)ijYZgbW]Ys_-S?¯
WK��gbW7WK��\©_baXYs�-YsSVg-�/U]_-�s[VW]Ys_-S ® È«{-Î È-Ñb¯��s_-U]\<U7U]W]gb�VYZ�sYZWTln�
QTSª_baXdV\<apWK_�¥VSVdyW]�V\wUXWKg-�VYs�ZYZWTl�i<a]YZWK\<a]YZ_bS?m� �\e 7Ys�Z�JYsS)WKaX_)dV[Vi<\5SV\j ×fhgbaXYZgb�V�Z\jU>�A�?\jW�[VUpUX\j�Vg-a]g-WK\7g-�s�J�sg-SV�b[�gb�b\<U�YsS)W]_

WK��_bUX\R 7��Ysi«���Vg>f-\RW]�V\=��WK��g-U]UX_)ijYZgbWKYZ_bS ® W]�V\5ij_-a]aX\jUX�J_bSVdVYZSV�r^`a]g-ijW]Ys_-S�_-^¦�J\j_-�V�s\7YZU�dV\<SV_bW]\jd��)l�Y   ¯Jg-SVd�WK�V_-U]\� 7�VYZi«�dV_$SV_bW ® WK��\�i<_baXa]\<U]�J_bSVd�YsSV��^`a]g-ijWKYZ_bS�_-^��¦\<_b�V�Z\�YsUrdV\jS�_bWK\<d9�)lKZ   ¯]�5�7��\�YZSVdV\j�r��YsUrWK�V\�S)[V���J\jar_b^�g-U]UX_)ijYZgbW]Ys_-SVUWK��gbW5\<�nYZUXW5YsS�W]�V\&�ZgbSV�-[Vgb�-\^�Xß6�mwy|bß6�pWK�V\g��W]��gbUXU]_)i<Ysg-WKYZ_bS?�¤�7��\&�sg-U]Ww\jS)WKaXl�YZU5¸j\<a]_ªYZS�gb�Z�GZ·ÎÞ�ZgbS��b[Vg-�b\jU7g-SVd�ÈrYsS�g-�s�
Y�ÎÞ�ZgbSV�-[Vgb�-\jU>m-U]_�WK��gbW��sg-SV�b[�gb�b\[Z   �Vg-U7a]g-SV����gbS�d$�ZgbSV�-[Vgb�-\\Y   �Vg-U7a]g-SV��� L Èb�?§�\© 7YZ�Z�AgbUXU][���\¢W]�VgbW

Z ? � @  �]Z ? � @  I�Y ? � @  �]Y ? � @  I ® ËJÑ-¯
 7�VYZi«�$��\<gbSVU7W]�VgbW7�ZgbSV�-[Vgb�-\jU�Z�gbSVd^Y$g-a]\r[VSVYZ^`_baX���slyd�YsUXWKaXYs��[VWK\<d# 7YZWK��YsS�WK��\jYZa7ij�ZgbUXU]\<Uh�?uw_-WK\¢WK��gbW7ij_-SVdVYZWKYZ_bS ® Ñ-¯
YZ�����sYZ\jU ® ËJÑ-¯J�V[VWÆSV_-W�f)Ysi<\7fb\jaXUXgJ�·QTWpYsUÆ\<gbUXl&WK_©i«��\ji«��W]�VgbW�UX_b�Z[VW]Ys_-S ® È«{-Î È-Ñb¯¦ijg-S��J\5aX\j 7aXYsW]WK\jS�YZS�WK�V\5S�\j �f�g-a]YZgb���s\<U
gbU

Y � �r]i÷
ømù� û P ® ! L Èb¯ 5 � I_Z � �G]i÷
ø
ù� ® �DQ�!¦¯ 5 � ; ® Ëbz/¯
§�\© 7Ys�Z�ASV_> �[VU]\©UXl)U]W]\j� ® ËJ¯GW]_b�-\jWK��\ja� 7YsW]��gbUXU][�����WKYZ_bS ® ËJÑ-¯?WK_ª¥VSVd�W]�V\&UXWKgb��Ys�ZYsWTl�_b^GWK�V\©¥V�)\<d#�J_bYZS)W ® Ë-zJ¯K�G�7��\
¥VW]SV\jUXU5gbS�d$W]a]g-SVU]YZWKYZ_bS#��gbW]a]YZij\<U7�Vg>fb\rWK_ª�J\©a]\<¥VSV\<d$W]_�g-iji<_b����_nd�gbWK\¢W]�V\©SV\j 
fhgbaXYsg-�V�Z\jU>�A§�\©�Vg>fb\

ba`.`* � � b * � 2 I babBb* � � b * �6I ba`.b* � � b * � ® ÈEQ 2 ¯3I babB`* � �3xxI ® Ëb�/¯
H `.`* � �G�h! 5 ® ��Q×Èb¯ L ÈNI H bSb* � � H bB`* � � H `.b* � �G�h! 5 ® ��Q×Èb¯I ® |bx/¯

 7�V\<a]\�WK�V\�UX[V�¦\<a]UXijaXYZ�VWHYWY ® ZcZÆ¯VYsS�dVYsi<gbW]\jU¤WK�Vg-W? R\R��g-�b\�WKaXgbSVUXYsW]Ys_-SVUG�¦\<WT �\<\jS�WT R_dZ·ÎÏ�sg-SV�b[Vg-�b\<U ® Y�ÎÞ�ZgbS��b[Vg-�b\jU>¯Km<g-SVd
WK��\rUX[V�J\jaXU]i<a]YZ�VW]U�ZcYygbSVd^YWZ�YZ���V�ZYs\<U7g�W]a]g-SVU]YZWKYZ_bS$�¦\<WT �\<\jS#�baX_b[V��UXZ9gbS�deY��G��\<W�[VU7d�\j¥VSV\gfS� ( µ PÁ 7 P À ® Z�Á L Y)Áò¯Km
h � ( µ PÁ 7�ú Y Á �G�7�V\<S#W]�V\©UXlnUXWK\<�!WK��gbW7WK��\©SV\j 
fhgbaXYsg-�V�s\<U�U]g-WKYZU]^`lyYZU5�-Ysf-\jS#�nl

_Y   � 2  mû P (
µ P
�87  

Y � �  � ® ÈEQ 2 ¯ �vµ   !
�DQ×È f Lih QjY   f ~

��Q×È Lih ~ I ® |JÈ-¯

_Z * � 2 * (
µ P
�87 *

Z���� *� ® ÈEQ 2 ¯ �vµ * !
��Q×È f

L 2 * (
µ P
�87 *

Y)�6� *� ® ÈEQ 2 ¯ �vµ *#û P !
��Q×È f Lih QiZ * f ~

�DQ�È L9h ~ ® |b�/¯

 7YZWK�yx�f9�qf1�qQ�Èbm5Ègf1�¼fr�qQ�È-��¹RSV\5ijg-Sªi«�V\ji«��WK��gbWÆUX_b�Z[VWKYZ_bS ® Ëbz/¯Km ® È«{-Î ÈCÊJ¯JYZU�g�¥V�)\jdª�J_bYZSnW�_b^/WK��YsURU]l)UXWK\<���
�G_�UXWK[�dVl�YZWKU5UXWKg-�VYZ�sYZWTlnmn R\¢�¦\<a]W][Va]��W]�V\©_b�VW]Ys��g-�·U]_-�s[VW]Ys_-S �

Y)�c�r]i÷
ømù� û P ® ! L Èb¯ 5 � L�k �S8 T ù IlZ��c�G]�÷Aømù� ® ��Q�!�¯ 5 � L�m �S8 T ù ; ® |bË/¯
uw_-WK\©W]�VgbW7W]�V\©_bSV�Zly�J\jaXWK[VaX�Vg-WKYZ_bSVU�_b^GYZSnW]\jaX\jUXW�gbaX\rW]�V_bUX\¢ 7YsW]�

k �vµ P Lnm ���3xxI¬ÈgfG!'fr��Q��xI#gbSVd k ( µ P �3x ; ® |b|/¯

�



10 20 30 40 50
n

0.75

0.80

0.85

0.90

0.95

1.00

T
hr

es
ho

ld
 v

al
ue

 o
f 

fi
de

lit
y,

 q

o

 Optimal solution
 is stable

 Unstable

 Optimal solution does not exist

Ò¤Ys�-[VaX\�Ë � Ê�Ì½Í=Ô8Ó£Ø.0½Ö×Ù×Ö×Óyã0â½Ö×ØvàvÛ8ØvÐ9Õ:ÏvÛJÓÄÌ½Í-ÏvÑ6ÓÄÖ×ÐEØvÙxÔ8ÏvÙ×Ú6ÓÄÖ×ÏvÒkÕ�ÏvÛJâ½Ö2p�ÍÛ8ÍÒ�Ó1q
ØvÙ×Ú½ÍÔ ÏvÕiÜ ëar Û8ÏvÔ8ÔÄÍÔ ØvÛÄÍEÓ£Ì½Ísq
ØvÙ×Ú6Í¿Ô ÏvÕ äut ÎØvÙ×ÎÚ½Ù×ØvÓÄÍâÕ:Û8ÏvÐ&Ô8ã�Ô8Ó£Í¿Ð æwv /+ê£ë Ê�Ì6ÍJÔ8ÏvÙ×Ö×â�Ù×Ö×Ò½ÍJÖ×Ô ä Ý @H#y@&% Ü ß Ó£Ì½ÍJÍå�Ö×Ô8Ó£Í¿Ò6Î¿Í$Ó£Ì½Û8ÍÔÄÌ½ÏvÙ×â ß ØvÒ½âcÓÄÌ6Í â6ÏvÓÄÓ£ÍâgÙ×Ö×Ò½ÍJÖ×Ô ä Ý @x#ª@&% æ D Ü ê£ë
QTSVdV\<\jd?mbYZ^¦W]�V\5WK_-WKg-�V�¦\<a]W][VaX�VgbW]Ys_-S� 7YZWK��YsSª\<gbi«��a]g-SV�&YZUpSV_-SVÎÏ¸j\jaX_Jm�W]�V\5i<_baXa]\<U]�J_bSVd�YsSV�¢�J\jaXWK[VaX�Vg-WKYZ_bS�YsS�UXl)U]W]\j� ® ÈbÈ-¯
YZUpgb�ZUX_©SV_bSV¸<\jaX_Jm�gbSVdªW]�V\5gb���Va]_-�VaXYsg-WK\7gbS�gb�ZlnUXYZU��VgbU�gb�Za]\<gbdVl��¦\<\jSª�J\jaX^`_baX��\<dªgbSVdªaX\jUX[V�ZWK\<dªYsSªYZSVUXWKgb��Ys�ZYsWTl�ijaXYZWK\jaXYZ_bS
® ÈCzJ¯]���7��\©_bSV�Zly�J\jaXWK[VaX�VgbW]Ys_-SVU7WK��gbW�WK�V\©_-�sd#UXlnUXWK\<� ØÏ_>f-\jaX�s_)_-�b\jd�Ù&gbaX\eW]�V\©_bS�\jU7WK��gbW7UX[V�![V��WK_�¸<\jaX_� 7YZWK��YsS�WK��\
ij_-a]aX\jUX�J_bSVdVYZSV��ij�ZgbUXUh�?�7�V\<a]\<^`_baX\nm- �\¢i<gbS#[VU]\¢\<±n[�gbWKYZ_bS�U ® |b|/¯?WK_�a]\<dV[Vi<\rW]�V\¢S)[V���J\ja7_-^?fhgbaXYZgb�V�Z\jU�^`aX_b�!���>QÍÈeW]_�^Q¬Èb�?cwSV_-WK�V\<a�UXYZ�����sYZ¥Vijg-WKYZ_bSyaX\jUX[V�ZWKYZSV��^`aX_b� ® |b|/¯·YZU�W]�VgbWRWK�V\rWK_-WKg-�¦�J\jaXWK[VaX�Vg-WKYZ_bSy_-^AWK�V\rg>fb\<a]g-�b\�¥VW]SV\jUXU�YsUR¸j\<a]_/m
�J\jijg-[VUX\ dh��f ~ 5 ® ��Q×Èb¯ Lih ~ �r� 2 ~ ( I ® |b{/¯
 7�V\<a]\gZ��egbSVdyY)�egbaX\©dV\<¥VSV\jd��nl$\j±)[Vg-WKYZ_bSVU ® |bË/¯¤gbSVd�W]�V\&�J\jaXWK[VaX�Vg-WKYZ_bSVU5UXgbW]YsUX^`l#ij_bS�dVYsW]Ys_-S ® |-|J¯K��§�\&_b��WKgbYZS�WK��\
�ZYsSV\<gba7UXl)U]W]\j�

V k * � 2 (NûÅ*#û P (
µ ~
�87 *

k � � *� ® ÈEQ 2 ¯ �vµ * ® ! L È-¯ L�z *
( µ ~
�87�ú k � Q�� 2 ~ ( k * I�x'f1�¼fG�DQ��xI ® |bÊ/¯

 7�V\<a]\ z * � 2 * û P ( µ PÁ 7 * ]i÷
ømùÁ û P ? Á û P
@ ? ( µ P µ%Á @( ? ( µ P @ ��*Á�® È-Q 2 ¯ Á µ *ÔgbSVdh]�÷AømùÁ û P i<_b��\jUw^`a]_-� W]�V\&\j±)[VYZ�ZYs�VaXYZ[V� UX_b�Z[VW]Ys_-S ® È«{-Î

È«Ê/¯K�?�7�V\rij_-SVdVYZWKYZ_bSyW]�VgbWRWK�V\rdV\<WK\jaX��YsS�gbS)W�_-^AWK��\ei<_baXa]\<U]�J_bSVd�YsSV� ® ��Q�Èb¯Å� ® ��Q¬Èb¯���gbWKaXYZ��YZU�\j±)[Vg-�¦W]_�¸<\jaX_��Z\jgbd�U
WK_ ® ��Q×Èb¯?\<�n��a]\<U]UXYs_-SVU�^`_ba7W]�V\©�baX_> 7WK�$a]g-WK\nmWV�m)gbU7^`[�SVijW]Ys_-SVU7_b^ 2 �GQTW7WK[VaXSVU7_-[VW7WK�Vg-W7gb�Z�·_b^?WK�V\©�-a]_> 7W]��aXgbWK\<U7gbaX\SV\<�bgbW]Ysf-\�YZ^ 2 YZU©U][�L�i<Ys\<S)WK�Zl9�VYZ�J��QTS�_-WK�V\<a© �_-a]d�UhmJW]�V\jaX\ª\j�)YZU]W]U©g$fhgb�Z[V\ª_-^ 2 � 2U{ UX[Vi«��W]�VgbW¢^`_-a©gb�Z� 2 ª 2|{ m/g-�s�WK��\&�baX_> 7WK�#a]g-WK\<U\V¬gbaX\©SV_bS�ÎÞ�J_bUXYsW]Ysf-\n�Æ�7�V\&fhgb�Z[V\ 2|{ YZU5WK�V\�\jaXa]_-a7WK�VaX\jUX�V_b�Zd?m)YT� \n�pWK�V\&��YZSVYZ��[V�º¥VdV\<�sYZWTl$aX\j±)[VYZaX\jd
^`_ba�W]�V\¢�¦_-�V[V�ZgbWKYZ_bS#WK_���gbYZS)WKgbYZS�g-�s�·W]�V\c��gbUXUX_ni<Ysg-WKYZ_bSVURYZS$W]�V\¢fb_)ijg-�V[V�ZgbaXln���7�V\eW]�VaX\jUX�V_b�Zd�¥Vd�\j�ZYsWTlyfhg-�s[V\<U�ijgbS#�J\
^`_b[�SVd¨^`_ba©gb�Z�¾�Rm·W]�V\�a]\<U][��sW©YZU©�VaX\jUX\jS)WK\<d�YZS¨¥V�b[VaX\�Ë#�)l�WK�V\ªi<a]_-U]UX\jU>�©ue_bWK\ªW]�VgbW¢W]�V\ªWK�VaX\jUX�V_-�sd�fhgb�Z[V\ªYsU©g-�s Rg>l)U
�VYZ�b�-\ja5W]�VgbSÍÈ�Q°È 5 � ® WK�V\�U]_-�sYZd��sYZSV\�YsS9¥��b[VaX\&ËJ¯]mVYT� \n�7W]�V\jaX\&YZUeg�a]\<�bYZ_bS�YZS 2  7�V\jaX\�W]�V\�_-�VWKYZ��gb��UX_b�Z[VW]Ys_-S�\j�)YsUXWKU�V[VWrYZUe[VS�U]W]gb�V�Z\n�w�7�V\�\<�)YsUXWK\<SVij\�ij_bS�dVYsW]Ys_-S9YZUe�-Ysf-\jS��)l�^`_baX��[V�Zg ® ÈCzJ¯ÆgbSVd9W]�V\�U]W]gb�VYZ�sYZWTl�ijaXYsW]\jaXYs_-S�YsUrUX�¦\<ijYZ¥V\jd9�)l
WK��\ 2 { fhg-�s[V\<U7ijg-�si<[V�sg-WK\<d$^`aX_b�!UXl)U]W]\j� ® |JÈCÎÞ|-�J¯K�

�eð�} ~s��ýRö¿�·ø¾['�·ø°�eø¾�·öKü�úþø¤÷wÿ ��ùVù��Æù�ü�ÿwù�����ÿc�$[òÿ
§�\�ijg-S9¥VSVd�WK�V\��sYZ��YsW]YsSV�#�J\j�Vg>f)YZ_ba5_-^�WK�V\�U]W]gb�VYZ�sYZWTl�ijaXYsW]\jaXYs_-S�YsS�WK�V\��sYZ��YsWr_b^¤�ZgbaX�b\g�R�5§�\��nS�_> 
W]�VgbWeWK�V\���_bUXW
[VSVUXWKg-�V�Z\w�J\jaXWK[VaX�VgbW]Ys_-S?m�;S�Gmbd�_n\<U�S�_bWpi«��gbSV�-\7WK�V\rfhgb�Z[V\w_-^JW]�V\rg>fb\jaXgb�-\�¥VWKSV\<U]U>mbU]\<\w\j±)[Vg-WKYZ_bS ® |b{J¯]�?�7�V\jaX\j^`_-a]\)m> R\
ijg-S$ 7aXYZWK\ � d � � ÷
ø
ù ® �R¯ L ;S�Å�O�9d � � ÷
ømù ® �R¯� ; ® |JÑ-¯
cw�ZUX_$ R\��)SV_> �W]�VgbW¢WK��\�_-�VWKYZ��gb�¤U]_-�s[�WKYZ_bS9�J\ji<_b��\jU¢[VSVUXWKg-�V�Z\�W]_> �g-a]dVUe�s_-U]YZSV�$gbS�g-U]UX_)ijYZgbW]Ys_-S?�5�7��YsU¢��\jg-SVU¢WK�Vg-W
YZS$W]�V\¢U]�Vg-ij\r_b^?fb\ji<WK_-a]U[�GmnWK�V\¢i<_baXa]\<U]�J_bSVd�YsSV���¦\<a]W][VaX�VgbW]Ys_-S��J_bYZSnW]U7YsS#WK��\rd�YsaX\ji<WKYZ_bS�_-^1� ÷
ømù ® �hQ�Èb¯Km-W]�V\©U]_-�s[�WKYZ_bS
 7�V\<a]\¢_bS�\rg-U]UX_)ijYZgbW]Ys_-S�YZU5��YsUXU]YZSV��^`aX_b�!W]�V\©fb_)ijg-�V[V�ZgbaXln���7�V\jaX\j^`_-a]\)m- �\©�Vg>f-\

;S�D�4� ® � ÷Aømù ® �DQ×Èb¯PQ�� ÷Aømù ® �R¯K¯3I ® |bz/¯

È«x



0.86� 0.88� 0.90� 0.92� 0.94�
Fidelity, q�

0

1

2

3

4

Fi
tn

es
s,

 �

φ

1 word

2 words
�
3 words
�
4 words

5 words
�6 words
�7 words
�8 words
9 words
�10 words

1-1/(2*10)

1-1/(2*9)

1-1/(2*8)

1-1/(2*7)

1-1/(2*6)

1-1/(2*5)

1-1/(2*4)

nq=3 nq=4 nq=5 nq=6 nq=7 nq=8 nq=9

nq=10

Ò¤Ys�-[VaX\e| �oÊ�Ì½Í°Õ:Ú½Ù×Ù+ÓÄÛÄØvÒ½Ô8Ö×Ó£Ö×ÏvÒ�â6Ö×ØvàvÛ8ØvÐ ëH� ÏvÙ×Ö×â�Ù×Ö×Ò½ÍÔ�â½ÍÒ½ÏvÓ£Í ÔÄÓÄØ.06Ù×ÍJÔ8ÏvÙ×Ú½Ó£Ö×ÏvÒ½Ô#æKÓ£Ì½ÍJÐEØvå�Ö×Ð Ú½Ð�Ò�Ú½Ð�0�Í¿Û�ÏvÕ�ØvÔÄÔ8Ï�Î¿Ö×ØvÓ£Ö×ÏvÒ½Ô�ÓÄÌ6ØvÓÅÎØvÒ[0+ÍÎÏvÒ�Ó£ØvÖ×Ò½Íâ�Ö×Ò-ÓÄÌ½Í�ÎÏvÛ8ÛÄÍ¿ÔÄÑ�ÏvÒ½â½Ö×Ò½à Ñ�ÏvÑ½Ú½Ù×ØvÓ£Ö×ÏvÒ�� ÔHqvÏ�ÎØ.0½Ú6Ù×ØvÛ8ã ß Ö×Ô%ÐEØvÛ8ôvÍâÏvÒ-Ó£Ì½Í¾ÛÄÖ×àvÌ�Ó êÄë Ê�Ì½Í�â½ØvÔ8Ì6Í¿âÙ×Ö×Ò½ÍÔ%Û8ÍÑ½Û8ÍÔÄÍ¿Ò�ÓPÚ½Ò6Ô8Ó£Ø.0½Ù×Í¾ÔÄÏvÙ×Ú½ÓÄÖ×ÏvÒ6Ô ëÊ�Ì½ÍJâ½ÏvÓ£ÓÄÍâ�qvÍÛ8Ó£Ö×ÎØvÙ�Ù×Ö×Ò½ÍÔ�ØvÛ8Í ä Ý @x#y@&% æ D Ü ê£ß ÓÄÌ½Íã�Ô8ÍÑ½ØvÛÄØvÓÄÍ$â½Ö2p�ÍÛ8ÍÒ�Ó�ÛÄÍàvÖ×ÏvÒ½ÔÅÏvÕ�Ó£Ì½Í$â½Ö×ØvàvÛ8ØvÐ ë�� Ò�Í¿ØvÎ8ÌgÏvÕ�ÓÄÌ6Í ÛÄÍàvÖ×ÏvÒ½Ô ß Üc�Åâ6Í¿Ò6ÏvÓÄÍÔÓ£Ì½Í$ÐEØvå�Ö×Ð Ú½Ð&Ò�Ú6Ð�0�ÍÛÅÏvÕ�ØvÔÄÔ8Ï�ÎÖ×ØvÓÄÖ×ÏvÒ½Ô ß Ü��1�|�Næ äNêÄß ÓÄÌ½ØvÓ�ÎØvÒg0�ÍJÔ8Ó£Ø.0½Ù×ãÐEØvÖ×Ò�ÓÄØvÖ×Ò6Í¿â�Ö×ÒcÓ£Ì½Í$Ñ�ÏvÑ½Ú½Ù×ØvÓ£Ö×ÏvÒ ë
 7�V\<a]\·�¶YZURUX_b��\rij_-SVU]W]gbS)W��?Ò¦_baR�sg-a]�-\wfhgb�Z[V\jU�_-^P�� R\ei<gbS�aX\j 7aXYZWK\wW]�VYZURg-U�;S�D����� ÷Aømù ® �R¯ 5 �e��¬§�R�?QT^� R\r�V�s[���W]�VYsU
YZSnW]_�\j±)[VgbW]Ys_-S ® |JÑ-¯GgbSVd#[VUX\©WK�V\¢�Gg>ln�Z_ba�\<�n��gbSVUXYs_-S$ R\¢_b�VW]gbYZS �

�Pd
��� ÷
ømù ® �R¯

��� ÷
ømù ® �R¯
�+� � �"d

�+� �¬x ; ® |b�/¯

��\<W7[VU5YZS)WKaX_nd�[Vij\©W]�V\&WK\<a]� âäß���wy~ á-â�~ ávÃ�á+~6w`àÄ}e^`_-a7WK�V\���g-�)Ys��[V�þS)[V���¦\<a7_b^¤gbUXU]_)i<Ysg-WKYZ_bSVU�WK��gbW7ijg-S��¦\©��gbYZS)WKg-YsSV\<d
YZS3WK��\$�J_b�V[��sg-WKYZ_bS?��Ò¦_baX��[V�Zg ® |b�J¯5U]��_> 7U�W]�VgbW�^`_ba�g��-Ysf-\jS��Z\jg-a]S�YsSV��gbi<ij[VaXgbi<lnm?WK�V\�i<gb�Vg-ijYZWTl�_-^5WK�V\�UXl)U]W]\j� YsU
\j±)[Vg-��WK_�WK��\ªSn[����J\jag�× 7�VYsi«����gb�)YZ��YZ¸j\<U©WK�V\ªg>f-\jaXgb�-\�¥VW]SV\jUXUh���7��YsU©YZU©g� �\<�s�ZÎÏ�nS�_> 7S��VaXYsS�ijYZ�V�s\ ® ÒGYZUX�V\ja$ÈC�bË-xJ¯
 7�VYZi«���V_> �\<fb\<a�dV_)\jUÆSV_-W�gb�Z �g>l)U��V_-�sd�^`_-aÆ^`a]\<±)[V\jSVi<l�dV\<�¦\<SVdV\<SnWp�Vg>lb_-³¤��}wUXYsS��'d>�G� 2 ~ (·mb �\7_-�VWKg-YsS�^`_-aÆijg-�Vgbi<YsWTl)m� *s��� ® 2 ¯J� ® Q��Æ�Z_b� 2 ¯ µ P �GÒ¦_ba 2 ij�Z_bUX\rW]_�ÈbmnW]�V\©ijg-�Vgbi<YsWTlªYZU5UXYs���V�Zly�bYZfb\<S$�)l

� *��u� ® 2 ¯ �MÈ 5 > � ® È=Q 2 ¯ @ ; ® {bx/¯
§�\©ijgbS�g-�sUX_�[VU]\�\j�)�VaX\jUXU]YZ_bS ® |b�/¯GWK_ª¥VS�d�WK�V\&\<a]aX_ba�W]�Va]\<U]��_b�Zd#i<_b���Vg-WKYZ�V�s\© 7YZWK��W]�V\&�J_b�V[��sg-WKYZ_bS���gbYZSnW]gbYZSVYZSV�

gª�bYZfb\<S$S)[V���¦\<ahm��Rm)_b^¤g-U]UX_)ijYZgbWKYZ_bS�Uh�G§�\&�Vg>f-\ 2 { �?8 µ P,�]~ (·m�_ba>m)^`_ba5�ZgbaX�b\¢fhgb�Z[V\<U5_b^��Rm�W]�V\©U]W]gb�VYZ�ZYsWTl$WK�VaX\jUX�V_b�Zd�YsU
�bYZfb\<S$�)l

2 { ��ÈEQ È
�N� ; ® {JÈ-¯

�7�V\rdV_bW]WK\<d��ZYsSV\rYZS�¥V�-[Va]\eË�aX\j�VaX\jUX\jS)W]UpWK��\r^`[�SVijW]Ys_-S�ÈJQ¬È 5 ® ���R¯K�?uw_-WK\wW]�VgbWRYZWRYZURgb�Z �g>l)U·K[�U]WRYsS�U]YZdV\rWK�V\rU]W]gb�VYZ�ZYsWTl
aX\j�bYZ_bSG�·�7�VYZU¤��\<gbSVU¤W]�VgbW¤gbW¤W]�V\�WKaXgbSVUXYsW]Ys_-S��J_bYZS)W�mhW]�V\�U]_-�s[VW]Ys_-S� 7YZWK�s�$gbUXUX_ni<Ysg-WKYZ_bSVUG�Z_bUX\jU¤U]W]gb�VYZ�ZYsWTl©W]_rW]�V\�U]_-�s[�WKYZ_bS
 7YZWK����Q×ÈrgbUXUX_ni<Ysg-WKYZ_bSVUR 7YZWK��gªU]�ZYZ�b�)Wswyux~6tòß á+� ßRYZS#W]�V\©g>fb\<a]g-�b\e¥VWKSV\<U]U>�
�7�V\�^`[V�Z�pW]a]g-SVU]YZWKYZ_bS�dVYZgb�-a]g-�çYsU©UX�V_> 7S�YsS¨¥V�-[Va]\�|/��cwU 2 �b\jW]U©�sg-a]�-\ja>mJ��_baX\�g-SVd¨��_baX\�g-U]UX_)ijYZgbW]Ys_-SVUei<gbS¨�J\��gbYZS)WKgbYZSV\<d9YsS�WK�V\��J_b�V[V�ZgbW]Ys_-S?�wÒ�_barUXYs���V�ZYsi<YsWTl��Z\jWe[VU¢[VUX\�WK��\��ZgbaX�b\g��\jUXWKYZ��g-WK\�^`_ba 2 { �bYZfb\<S��)l#\<±)[VgbW]Ys_-S ® {/Èb¯K��7�V\<S�^`_-ayg¨�bYZfb\<S 2 mpgbWª��_-U]W·� �S� *s��� ® 2 ¯¢g-U]UX_)ijYZgbWKYZ_bS�U�i<gbS×�J\���g-YsS)W]gbYZSV\jd×YZS�W]�V\9�J_b�V[��sg-WKYZ_bS?mp 7�V\jaX\�WK��\ijg-�Vgbi<YsWTl�� *s��� ® 2 ¯�YZUwWK��\�YZSnW]\j�-\jaw�J\jWT R\j\<S3È 5 ® � ® ÈEQ 2 ¯K¯�Q×È©gbSVdÍÈ 5 ® � ® ÈEQ 2 ¯]¯K���7�V\�YsS)W]\jaXf�g-��xhf 2 f�È¢i<_bSVUXYZU]W]U_b^¤g-S�YsSV¥�SVYsW]\�S)[V���¦\<a5_b^¤UX[V�VÎÏYsS)WK\<a]fhg-�sU5 7YZWK��YsSVi<a]\<gbUXYsS��ª�s\<�nYZijg-�Aijg-�Vgbi<YsWTl ® zy_-^¤WK�V\<�ºg-a]\©UX�V_> 7S�YZS�¥V�b[VaX\&|/¯K��QTS

\jg-i«��_-^pWK��\�UX[V�VÎÏYZSnW]\jaXfhgb�ZUhmx� *s��� ® 2 ¯RU]W]gb�V�Z\�_b�VW]Ys��gb��UX_b�Z[VW]Ys_-SVU¢ 7YsW]���W�æÈ-mx�W�
�Jm ;�;�; m"�W��� *s��� i<_n\<�)YsUXW�mJg-SVdWK��\ªU]_-�s[VW]Ys_-S� 7YZWK�l� �W� *��u� i<_baXa]\<U]�J_bS�dVUeW]_�WK�V\ª��g-�nYZ��[��¡�¦_-U]UXYZ�V�s\�g>f-\jaXgb�b\�¥VWKS�\jUXUh��uw_-WK\ªW]�VgbW¢WK��\ª_b�VW]Ys��gb�
UX_b�Z[VWKYZ_bS�ij_-a]aX\jUX�¦_-SVdVYZSV�#WK_h� *s��� ® 2 ¯Rgb�ZU]_��Vg-U©WK�V\ª�ZgbaX�b\<U]W¢�Vg-U]YZS�_b^RgbWKW]a]g-ijW]Ys_-S?���7�V\ª�Vg-U]YZS�_-^�g-WKW]a]g-ijWKYZ_bS�_b^RWK��\_bW]�V\jar_b��WKYZ��g-�?UX_b�Z[VW]Ys_-SVUe 7YZWK���o¶9� *s��� YZUe_-^ÆWK��\�_-a]dV\<aw_-^¾� ® ÈQ 2 ¯]mJYÚ� \n�wYZWeUX�VaXYsSV�)UrWK_$¸j\jaX_y^`_-aeUX��gb�Z�s\<a�3g-SVd�ZgbaX�b\ja 2 mAU]\<\ªcw�V�J\jSVd�Ys� Ì �/�7�VYZU©��\<gbSVU�WK�Vg-W©U]W]gbaXWKYZSV��^`a]_-� g�fhgbUXW©��g�K_baXYsWTl�_-^�YZSVYZWKYZgb�Æi<_bSVd�YsW]Ys_-SVUhmAWK�V\ªUXl)U]W]\j�

ÈbÈ



 7YZ�s�Ga]\<�sg-��W]_�WK��\�UXWKgb���s\&_-�VWKYZ��gb�?U]_-�s[VW]Ys_-S9ij_-a]aX\jUX�J_bSVdVYZSV��WK_�� *s��� ® 2 ¯]m¦YÚ� \n��aX\jg-i«��YsW]Ue^`[V�Z�Gijgb��gbijYZWTln�R�7��\�g>fb\<a]g-�b\S)[V���J\ja7_-^�g-U]UX_)ijYZgbWKYZ_bS�U��)SV_> 7S#�)lª�¦\<_b�V�Z\¢YsU7W]�V\jS��bYZfb\<S��)lq� *s��� 2 ( ¸���� �GcwU 2 g-�V�VaX_bg-i«�V\jU©È ® gbS�d������×¯Km)W]�VYsU
ijg-S$�J\©UXYs���V�ZYs¥�\jd�WK_

º �r»$�
È

��� 8 ® È-Q 2 ¯ ; ® {b�/¯

�eð�  ¡ �pùVÿ���ø¤ù��Iø¤ùVôeöòü)ùVø¤ùVúS�)ö\Æ÷c�
�G_�ij_-SVij�Z[VdV\$WK�VYZU�U]\<ijW]Ys_-S� �\$ 7Ys�Z�RSV_bW]\�WK��gbW�WK�V\#WK_-WKgb�RS)[V���J\ja�_b^7UXWKg-�V�Z\�¥V�)\jdÍ�¦_-YsS)W]U�_-^7U]l)UXWK\j� ® ËJ¯wWK�Vg-W� R\
�Vg>f-\�^`_b[�SVd�YZU¢fb\jaXl��sg-a]�-\n�wopg-i«�9_b�VW]Ys��g-�GUX_b�Z[VW]Ys_-S9_b^ÆUXYZ¸j\s�3a]\<�Va]\<U]\<S)WKUrg�¢�áe�kw`âK}©_b^ÆUXYZ��YZ�ZgbarU]_-�s[VW]Ys_-SVU¢_b^�UXYs¸<\O�Rm
\jg-i«��_-^pW]�V\j� ijg-S��J\ª_b�VW]gbYZSV\jd�^`aX_b�¡W]�V\ªdVYZgb�b_-SVgb��_-SV\��)l9YsS)W]\jaXi«�VgbSV�-YsS��$aX_> 7U¢gbSVd�ij_-�s[V��SVU>���7�V\ªS)[V���¦\<a©_b^
UX_b�Z[VWKYZ_bSVUp_b^JU]YZ¸j\=�9YZUÆ�bYZfb\<S��)lO�=¡s��Ò�_-aÆ\jg-i«���-Ysf-\jS�fhgb�Z[V\5_b^ 2 WK�V\wU]_-�s[VW]Ys_-SVU� 7�VYZi«�ª�Vg>fb\���gb�)YZ��[V�Ü¥VWKS�\jUXUpij_-S)WKgbYZS� *s��� ® 2 ¯¤gbUXUX_ni<Ysg-WKYZ_bSVU>m) 7�V\<a]\�� *s��� YsUeWK�V\&YZS)WK\<�b\jaw�¦\<WT �\<\jS3È 5 ® � ® ÈEQ 2 ¯K¯�Q×È©gbSVd3È 5 ® � ® ÈEQ 2 ¯K¯]�R�7�)[VU5WK��\jaX\&gbaX\> � *��u� ® 2 ¯ @ ¡Ji<_)\j�)YsUXWKYZSV�$U]W]gb�V�Z\�UX_b�Z[VW]Ys_-SVU¢��g-�)Ys��YZ¸jYZSV��W]�V\�¥VWKSV\<U]U>�¢�7�VYZU¢YsU¢g#dVYZa]\<ijWrij_bS�U]\<±n[�\jSVi<\�_-^ÆWK�V\�^`gbi<W¢WK�Vg-WWK��\©gbUXU]_)ijYZgbW]Ys_-SVUR�¦\<WT �\<\jS�U]YZ�bS�gb�ZURg-SVd#a]\<^`\jaX\jS)W�gbaX\eg-a]�VYZWKaXgbaXln��Ò�_-a�\jgbi«�#SV_-SVÎÞg-���VYZ�b[�_b[VURU]l)UXWK\<�þ_b^?gbUXU]_)i<Ysg-WKYZ_bSVU>m
WK��\�i<_baXa]\<U]�J_bS�dVYsS���UXWKgb���s\�UX_b�Z[VWKYZ_bS�ijgbS��J\�^`_-[VSVd?��o��ng-ijW]�sl� 7�VYZi«��UX\jW¢_-^pgbUXUX_ni<Ysg-WKYZ_bSVUr 7YZ�s���J\ji<_b��\�gbdV_-�VWK\<d�YZS
WK��\©�sg-SV�b[Vg-�b\rdV\j�J\jS�dVU5\jS)W]YsaX\j�Zly_bS#WK��\©YsSVYZWKYZgb��ij_bS�dVYsW]Ys_-SVU7_b^GWK��\©U]l)UXWK\j�9�

£ ¤¦¥�ë¨§j©yëwÁ î�À�Äj½y¾?í �©¿�ë í?¾Å�0��ìjë �0�s�©Ä<½�í?¾ î¨ë5¿�¾�Â�¿J���©¾?ÄjÀ�½�í �eª ��ë5½�ë5¿J�©ì
ì<ë\©yÄ<Ã-�©ì�� �©¾�¿�ÄjÃ7ëwí

Å \<a]\w �\5 7YZ�Z�¦�VaX_>fb\7W]�VgbW�WK�V\wU]W]gb�V�Z\w¥V�)\<dª�¦_-YsS)WKUR^`_b[�SVdªYsS�kV\ji<WKYZ_bSyË&aX\j��g-YsSªUXWKg-�V�s\wgbWKW]a]g-ijW]_baXU�YsSyW]�V\w^`[��s�JU]l)UXWK\<���
�7�V\���\jW]�V_)d� R\�gbaX\��-_bYZSV�$W]_�[VU]\�YZU©gbU¢^`_b�Z�s_> 7U>�©§�\ª 7YZ�s��W]gb�b\�_bS�\�_-^ÆWK��\·�=¡JU]W]gb�V�Z\�¥��n\<d��J_bYZS)WKU©^`_-[VSVd�YsS¨WK��\
�VaX\jf)YZ_b[VU�U]\<ijWKYZ_bS�gbSVd$ 7a]YZWK\eYsWRdV_> 7SyYZS�W]\jaX��UR_b^·�-\jSV\<a]g-��fhgbaXYZgb�V�Z\jU�_b^AW]�V\e^`[��s�/UXlnUXWK\<� ® ËJ¯]�?�7�VYsU���\jg-SVURWK�Vg-Wp_bS��sl
WK��\�SV_-SVÎÏgb����Ys�-[V_b[VUr��gbW]a]YZij\<Ue 7YZ�s�¤�Vg>f-\�g$SV_bSVÎÏ¸j\<a]_$U]��gbaX\�YZS�WK��\��J_b�V[��sg-WKYZ_bS?mJg-SVd�W]�V\�UX�Vg-a]\�_b^ÆW]�V\�_bWK��\jaXUe 7YZ�s�
�J\&U]\<W7WK_ª¸<\jaX_J�¤ue\j�)W�m) R\© 7YZ�s�?ijgbaXaXlª_b[VW7gª�ZYsS�\jgbawU]W]gb�VYZ�sYZWTl�g-SVgb�Zl)U]YZU7_b^GUX[Vi«��U]_-�s[VW]Ys_-S$YZS�WK��\©�b\jS�\jaXgb�·UXlnUXWK\<�þg-SVd
�VaX_>fb\5W]�VgbW�YZW�YZU�U]W]gb�V�Z\w 7YZWK�#aX\jUX�¦\<ijWRWK_�g-�s�/�J_bUXU]YZ�V�Z\e�J\jaXWK[�a]�Vg-WKYZ_bSVU>��uw_bW]\eW]�VgbW�YZW�YZU�\jSV_-[V�b��WK_�_bSV�Zlªij_-SVU]YZdV\<ap_bS�\
_b^¤W]�V\&^`gb��YZ�sl$_b^¤_b��WKYZ��g-�AUX_b�Z[VWKYZ_bSVUw�¦\<ijgb[�U]\©W]�V\jl#gb�Z�AgbaX\©\j±)[VYZfhgb�Z\jS)W7[V��W]_y�¦\<a]��[VWKg-WKYZ_bSVUw_ba5aX_> 7U7gbSVd�i<_b�Z[V��SVUh�
¹R[Va�gbSVg-�sl)UXYsU� 7Ys�Z��UX�V_> £WK��gbW�WK�V\$_b�VW]Ys��gb�RUX_b�Z[VWKYZ_bSVU�gbaX\yUXWKgb���s\$YsS�W]�V\#U]l)UXWK\j�  7�V\<a]\$gb�Z���VYZSVg-a]l���gbWKaXYZij\jU�gbaX\
gb�Z�Z_> �\<d?m/YZSVij�Z[VdVYZSV��WK��_bUX\� 7YZWK�¬��_-a]\�WK��gbS�_bSV\ª�J_bUXYsW]Ysf-\�\jS)WKaXl9YZS¬WK�V\ªUXgb��\�a]_> 7Ð-ij_-�s[V��S?��QTS¨_bW]�V\ja© R_baXdVU>m/WK��\
_b��WKYZ��g-�·U]_-�s[�WKYZ_bSVU7 7YZ�s��WK[VaXS�_b[VW�WK_ª�J\©UXWKgb���s\¢ 7YZWK��a]\<U]�J\ji<W7WK_�WK��\©YsS)fhgbUXYs_-S$_-^�UXl)SV_bS)l)��U7gbSVd#�V_b��_-Snl)��U>�
�7�V\<a]\�gbaX\«J �º��(¬#dVYs³J\jaX\jS)W�É!��g-WKaXYsi<\jU>���7�V\�dVl)SVgb��YZijUy_-^e�ZgbS��b[Vg-�b\�gbi<±n[�YsUXYsW]Ys_-SÍYZUydV\<U]i<a]YZ�J\jd×�)l3WK��\

�b\<SV\jaXgb�?U]l)UXWK\<� ® ËJ¯]�r��\<Ww[VU¢ij_-SVUXYsdV\<aeW]�V\�U][V��U]\<W[®I_b^Æg-�s�G�Z\j�)Ysi<gb�G��gbWKaXYZij\jUrdV\<¥VSV\jd��)l�WK�V\�^`_b�Z�s_> 7YZSV�$a][V�Z\ � WKgb�-\
gbS)lr�¦\<a]��[VWKg-WKYZ_bS©��gbW]a]YZ�rgbSVd&^`_-a]�
gb�Z�n��g-WKaXYsi<\jU?WK�Vg-W�ijg-S©�¦\�_b�VW]gbYZSV\jd©^`aX_b�IW]�V\p�J\jaX��[VW]gbW]Ys_-S©��g-WKaXYs�r�)l¢a]\<��_>f)YZSV�
�J_bUXYsW]Ysf-\y\jS)WKaXYZ\jU>� Ì l�WK�V\�gb�V�VaX_b��a]YZgbW]\ªa]\<Sn[����J\jaXYsSV��aX\j^`\<a]\<S)WKU&g-SVd¬U]YZ�bS�gb�ZUhm�WK�VYZU�U]\<W&ijg-S¬�¦\y��g-dV\yYZdV\jS)WKYZijg-�pW]_
WK��\rUX\jWRij_-SVUXYsdV\<a]\<dyYZS�WK��\r��a]\<fnYZ_b[�U�UX\ji<WKYZ_bS ® YÚ� \n�GW]�V\¢��g-WKaXYsi<\jUR 7�V_bUX\w�J_bUXYZWKYZfb\jU�\<SnW]a]YZ\jURgbaX\rU]YZWK[Vg-WK\<d�_bS$WK�V\r��gbYZS
dVYZgb�-_bSVg-�Ú¯]���7��\©U]\<Ws®¶_bSV�Zl�YZSVij�Z[VdV\<U5SV_-SVÎÞg-���VYZ�b[�_b[VU��ZgbSV�-[Vgb�-\jU>��§�\© 7YZ�s�Ai<gb�Z�·gb�Z�A�ZgbSV�-[Vgb�-\jU�WK�Vg-W7dV_ªSV_-WR�J\j�Z_bS��
WK_¯®a~m�e�Ã�ß<à8wyuNz��sg-SV�b[�gb�b\<Uh���7�VYZU&YZU&�J\jijg-[VUX\�\<fb\<a]l9UX[Vi«�¨�ZgbSV�-[Vgb�-\� 7YZ�s�pij_bS)W]gbYZS�g-W©�s\<gbUXW©_bSV\ª\<SnW]a]l� 7�VYsi«�¨ 7YZ�s�
ij_-���¦\<WK\r 7YsW]�$W]�V\e\<S)WKaXYs\<U�_-^AWK�V\¢[VS�gb����Ys�-[V_b[VU�®×�sg-SV�b[Vg-�b\<U ® YZW�ij_-[V�sd$�¦\rg�U]YZ�bSVg-�¦W]�VgbWRUX�VgbaX\jURYsW]U���\<gbSVYZSV�� 7YsW]�
gbS�_bWK��\ja7UXYs�-SVgb�/^`aX_b�þg®¶�ZgbSV�-[Vgb�-\nm-_baXÐbg-SVd�g�UX\ji<_bSVd#a]\<^`\jaX\jS)W�gbUXU]YZ�bS�\jd�W]_ªWK�V\©\<�)YsUXWKYZSV��U]YZ�bS�gb�T¯K�
§�\� 7Ys�Z�5[VUX\9�Z_> þijg-U]\�UX[V�VUXijaXYs��WKUyW]_¬dV\jSV_-WK\�W]�V\9aXgbSV��_-^[® �sg-SV�b[Vg-�b\<U�g-SVd×ijg-�VYsW]gb�7UX[V�VUXijaXYs��WKUy^`_-ay��gbWKaXYZÎ

ij\<U]Ð-�sg-SV�b[�gb�b\<Uh�A��\<WR[�U7 7a]YZWK\rdV_> 7S#WK�V\¢_b��WKYZ��g-�·U]_-�s[�WKYZ_bS�^`_-[VSVd#YsS#WK��\r��a]\<fnYZ_b[�URUX\ji<WKYZ_bS#YsS#WK\<a]��U�_b^?WK�V\¢�-\jSV\<a]g-�
fhgbaXYsg-�V�Z\jU>��QTW7i<_baXa]\<U]�J_bS�dVU�W]_ªWK�V\©f-\ji<WK_ba ® ] P IM°u°M°§I] N ¯Km)UX[Vi«�#WK�Vg-W

]�F�� xxI É F 5� ®�I]i÷
ømù  5 �� ( I É F � ®�Il� ® É F ¯J�9��I ® {bË/¯

 7�V\<a]\k]i÷
ømù  YZU©�bYZfb\<S�YZS ® ÈC{bÎ«ÈbÑb¯]��Ò�_ba©W]�VYZU&U]_-�s[�WKYZ_bS?m/YZS¨WK�V\ª 7��_b�Z\ª�¦_-�V[V�ZgbWKYZ_bS�_bS��sl9_-SV\ªUXYs�-SVgb��i<gbS��¦\ª[VUX\jd¨^`_-a
\jg-i«��a]\<^`\jaX\jS)W�mV_bSV�Zl$_-SV\&aX\j^`\<a]\<SnW7i<_baXa]\<U]�J_bS�dVU5WK_�\jgbi«��UXYs�-SVgb�Tm�g-SVd�WK��\&dVYZU]W]a]YZ�V[VW]Ys_-S9YsUeWK�V\�_bSV\&^`_-[VSVd��J\j^`_-a]\)�Rc
UXWKaXgbYZ�b�)WK^`_-a] RgbaXdªU][��VU]W]YsW][VWKYZ_bS�UX[V�b�-\jUXWKU�WK��gbW7WK��YsU7YZU5g�¥V�)\jd��¦_-YsS)W�_b^GUXlnUXWK\<� ® Ë/¯K�Gue_bWK\¢W]�VgbW�WK��\jaX\©gbaX\�=¡n_-^�UX[Vi«�
¥V�)\jd¬�J_bYZS)WKU ® gbU���gbS)l�g-U&WK��\jaX\ygbaX\ª�¦\<a]��[VWKg-WKYZ_bS¬��gbW]a]YZij\<Uhm�UX\j\ykV\<ijW]Ys_-S¬ËJ� |J¯Km�gb�Z�p_-^�WK�V\<� i<gbS¬�J\yaX\jdV[Vi<\jd¬W]_
UX_b�Z[VWKYZ_bS ® {-ËJ¯?�)l�aX\jS)[V���J\jaXYZSV��aX\j^`\<a]\<S)WKU7gbS�d$UXYs�-SVgb�ZU>�

È«�



��\<WÆ[VUR�¦\<a]^`_-a]�èg&UXWKg-�VYs�ZYZWTl�g-SVgb�Zl)U]YZUp_-^JUX_b�Z[VW]Ys_-S ® {bË/¯K�?cwUR[VUX[Vgb�Tm> R\w 7YZ�Z�¦�J\jaXWK[VaX�ª\jg-i«�ªij_-���J_bS�\jS)WÆ_b^"]x±# 7YsW]�
P ±²8UT ù gbSVd¨�ZYsSV\<gbaXYs¸<\ªgbaX_b[VS�d�W]�V\y¥V�)\<d��J_bYZS)W���Ò¤YsaXU]W�_b^Rgb�Z�p R\ªSV_bW]\ªWK�Vg-W&WK�V\�\j±)[VgbW]Ys_-SVU&^`_-a _] F  7��\jaX\�É F 5� ®
dV\<ij_b[��V�s\�^`a]_-� W]�V\&\j±)[Vg-WKYZ_bSVUe^`_ba5W]�V\�®��sg-SV�b[Vg-�b\<Uh�p�7�VYZUwYZUwgyi<_bSVUX\j±)[V\<SVij\©_-^GW]�V\�^`g-ijW5W]�VgbWwWK�V\ ® [VSV�J\jaXWK[�a]�J\jd?¯
UX�VgbaX\y_b^7W]�V\�i<_b���J\jWKYZSV���sg-SV�b[Vg-�b\<U�YZU�¸<\jaX_J���7�V\<a]\<^`_baX\nm�\j±)[Vg-WKYZ_bSVU�^`_ba�ij_b���J\jW]YsSV���sg-SV�b[�gb�b\<U& 7YZ�s��SV_-W�ij_-S)WKgbYZS
�J\jaXWK[VaX�VgbW]Ys_-SVU©_b^RWK��\�®��sg-SV�b[�gb�b\<Uh���7�VYZU&UXYs���V�ZYZ¥V\jU&W]�V\ªgbS�gb�ZlnUXYZU©�¦\<ijgb[�U]\�YZW&YsU©UX[�L�ijYZ\jS)W©W]_�ij_bS�U]YZdV\ja©_-SV�Zl�WK��\
\j±)[Vg-WKYZ_bSVUp^`_bapi<_b���J\jWKYZSV�&�ZgbS��b[Vg-�b\jU>�·�7��\5gbSVg-�sl)UXYsUp^`_bapW]�V\\®Í�sg-SV�b[Vg-�b\<UÆ�VgbUpgb�Za]\<gbdVl��¦\<\jSy�J\jaX^`_baX��\jd?���7�)[VUhmbWK��\
UXlnUXWK\<�!_b^G�ZYsSV\<gba7\<±n[�gbWKYZ_bS�U7YsU

V P Fh�
³ ¨ �´Sµ `

F P F b F+<�Q P Fid"I¨ÉE< 5� ® ® {b|/¯

® W]�V\©UX�V_baXWK�Vg-SVd#U][V��U]i<a]YZ�VW�^`_ba�WK��\©U][V� ��\jgbS�U7WK�Vg-WRW]�V\©UX[V����g-WKYZ_bS#YsU7�J\jaX^`_baX��\jd#_>fb\<aRg-�s�·��g-WKaXYsi<\jUgC�UX[Vi«�#WK�Vg-W
É=F 5� ®¢¯]�?QTS ® {-|J¯]mhWK�V\�[VS��¦\<a]W][Va]�J\jd�¥VW]SV\jUXU¤_b^�W]�V\R�sg-SV�b[Vg-�b\eÉ=F�YsU ` F>� ³1¶ ´Sµ H ® ÉEFiIjÉs·�¯�]H·ªm>gbSVd�WK�V\�g>fb\<a]g-�b\
¥VW]SV\jUXUwYZUw�-Ysf-\jS��)l$\<±n[�gbWKYZ_bS ® È«�/¯K��kVYZSVij\& R\&dV_�SV_bW5g-�s�Z_> 
^`_ba5\<a]aX_baXU7 7�VYZi«���s\<gbd�WK_�^`_baX��YZSV�yS�\j I\jS)WKaXYZ\jU5YZS9WK��\
É¶��gbW]a]YZ� ® _bS��sl#WK_y�Z_bUXYZSV�ª_b�Zd�_bSV\<Uh¯]m b F+<·��xy 7�V\jS�\jfb\<a5WK��\��ZgbSV�-[Vgb�-\�ÉE<&��gbUw�J_bUXYZWKYZfb\©\jS)W]a]YZ\jUe 7�VYsi«�� R\jaX\©SV_-W
�VaX\jUX\jS)WÆYZSªWK�V\e�sg-SV�b[�gb�b\©ÉEFA�?�7�V\jaX\j^`_-a]\)m> R\5�Vg>f-\ b F+<O�3x& 7�V\<SV\jf-\ja°B¯	9C�^`_bapgb�Z�¦i<_b���¦\<WKYZSV�&�ZgbSV�-[Vgb�-\jU>²>W]�VYsU�YsU
WK��\&ij_-SVU]\<±)[V\jSVi<\©_b^¤_b[�a5S)[V���J\jaXYsS��ª�Va]_)i<\jdV[VaX\n�Æ�7�)[VUhmVWK�V\���g-WKaXYs�$_b^¤�ZYsSV\<gba5UXl)U]W]\j� ® {-|J¯GYZUwWKaXYZgbSV�-[V�sg-ahmn 7YZWK��g-�s�
WK��\&\jS)WKaXYZ\jU5g-�¦_>f-\rW]�V\&��gbYZS�dVYZgb�-_bSVg-�·�¦\<YsSV��YsdV\<S)WKYZijgb�Z�Zl�¸j\<a]_/���G_ª\jSVUX[VaX\©WK�V\�\j�)YsUXWK\<SVij\�_b^GSV_bSVÎÏWKaXYZfnYZgb��U]_-�s[VW]Ys_-SVU>m
WK��\©dV\jW]\jaX��YZSVg-SnW�_-^?W]�VYsUw��g-WKaXYs���VgbU7W]_��J\©¸j\<a]_/mn 7�VYZi«�$�-Ysf-\jU

³ ¨ �´Mµ
® QsVlQ&dqQ ` FPbcF+F ¯J��x ; ® {b{/¯

�7�VYZU¢\j±)[VgbW]Ys_-S��Vg-U¢WK_#�¦\�UX_b�Zfb\jd�^`_ba�VR�&�7�V\�i<_bSVd�YsW]Ys_-S� 7�VYZi«���-[VgbaXgbS)W]\j\jUeU]W]gb�VYZ�ZYsWTl�_-^ÆU]_-�s[�WKYZ_bS ® {bË/¯ÆYZU©WK�Vg-Weg-�s�
WK��\©f�g-�s[�\jU7_b^GWK��\©�baX_> 7WK��aXgbW]\nmWV�m)gbaX\eS�_bSVÎÏ�¦_-U]YZWKYZfb\)�?�7�VYsUw�s\<gbdVU7W]_�W]�V\©^`_b�Z�Z_> 7YsSV��YZSV\j±)[Vg-�sYZWTl �

` FibcF+F fÂd"I=¸ÅCÔU][�i«�MWK��gbW¨É F 5� ® ; ® {bÊ/¯
¹R[Va¢WKg-U]��YZU©WK_�UX�V_> ÔW]�VgbW¢WK��\�¥�WKSV\<U]U©_-^p\jg-i«��i<_b���¦\<WKYZSV���sg-SV�b[�gb�b\<Uei<gbSVS�_bWr\j�)ij\<\jd�WK�V\�g>fb\<a]g-�b\&¥�WKSV\<U]U©_-^pWK��\
�J_b�V[V�ZgbW]Ys_-S� 7YZWK��WK��\r_-�VWKYZ��gb�/dVYZU]W]a]YZ�V[VW]Ys_-S$_-^A�ZgbSV�-[Vgb�-\jU>�A�G_�UX�V_> ¶W]�VgbW�W]�VYsU7YZU�YsS�dV\j\<d$W]�V\¢ijgbUX\nm- R\¢ 7Ys�Z�/SV\j\<d$W]_
[VUX\¢WK�V\©^`g-ijW7WK��gbW7WK��\©¥VWKSV\<U]Uw_b^�\<gbi«�#_b^GWK�V\�®°�ZgbSV�-[Vgb�-\jU�YZU5dV\j¥�SV\jd��)l

` · �4� 2 ( IÜÉ · � ®cI�� ® É · ¯J�9� ; ® {JÑ-¯
�G_$�VaX_>fb\�WK��\�g-�¦_>f-\�\<±n[�gb�ZYsWTl)mJ�s\<W©[VU¢ij_bS�U]YZdV\ja¢W]�V\��sg-SV�b[Vg-�b\$É�· � ®� 7�VYZi«���Vg-U¢a]g-SV�r� ® YÚ� \n��YZWr��gbU¢\j�)gbi<WK�Zlr�
�J_bUXYsW]Ysf-\r\<�s\<��\jS)WKU>¯K�GQTW]U5¥VWKS�\jUXU5YsU7�-Ysf-\jS#�)l

` · �
³1¹ ´Sµ

H ® És·kIjÉ�º¨¯j]Hº ; ® {bz/¯

QTW7YZU7ij_bS)f-\jSVYZ\jS)W�WK_�aX\j 7aXYsW]\rW]�VYZU5gbU

` · � (
* 7�ú

³ ¸´
± ¸ 7 P

H ® É�··I<É ±x¸* ¯�] ?:±�¸ @* I ® {b�/¯

 7�V\<a]\�WK��\�¥�a]UXW©U][�����g-WKYZ_bS�YsU©�J\jaX^`_baX��\jd�_>fb\jargb�Z��aXgbSV�)U>mJgbSVd¨WK��\�UX\ji<_bSVd�UX[V����g-WKYZ_bS��b_)\jU¢W]�Va]_-[V�b��gb�Z��WK��\�®
�ZgbSV�-[Vgb�-\jU�_b^?WK�V\©i<[Va]aX\jS)W�aXgbSV�q�3�?}wUXYsS��·] ?K±x¸ @* �,] ÷
ømù* 5 ��*( ^`_-a5gb�Z�J¯ * m) R\¢ijgbS#�J\jaX^`_baX�!WK�V\©YZSVSV\<a5UX[V����g-WKYZ_bS �

³ ¸´
± ¸ 7 P

H ® É�··IjÉ ±�¸* ¯$� *
� ( ? * ¦   @
Á×7�ú À£� Á  � * µxÁ( µ   �9��� * µ P( µ P ; ® Êbx/¯

�7�V\<S# R\¢�Vg>fb\

` · � (
* 7�ú

] ÷
ømù* � � Á µ P( µ P� Á( � �
�

(
* 7�ú

�h] ÷
ø
ù* �9� 2 ( I ® ÊJÈ-¯

 7�VYZi«��ij_b���V�Z\jW]\jU7W]�V\©�VaX_n_-^�_-^�UXWKgbW]\j��\jS)W ® {JÑb¯]�

È«Ë



��\<W&[VU�ij_-SVU]YZdV\<a&WK�V\$��gbWKaXYZij\jU�_b^�ij_-���¦\<WKYZSV���ZgbSV�-[Vgb�-\jU&g-SVd¬ij_-[VS)W&WK��\�S)[V���J\ja�_b^7W]�V\jYZa��J_bUXYsW]Ysf-\�dVYZgb�-_bSVg-�
\j�Z\j��\<SnW]Uh�wQT^Æ�ZgbSV�-[Vgb�-\ªÉ F �VgbU�!ydVYsg-�b_-SVgb�?\j�Z\j��\jS)WKU>m¦ �\� 7Ys�Z�GU]g>l#WK�Vg-WeYZWr�VgbUea]g-SV��!�m¦YT� \)�O� ® É F ¯-��!��w§�\� 7YZ�s�
SV_> �U]�V_> �WK�Vg-W7Ys^RÉ=F 5� ®¢m·É�· � ®°gbS�d#�J_bW]���sg-SV�b[Vg-�b\<UR��g>fb\ra]g-SV�q!�W]�V\jS

` F f ` · ; ® Êb�/¯

» Ò�aX_b�%\j±)[Vg-WKYZ_bS ® {bzJ¯ÆYsWe^`_b�Z�s_> 7UeWK�Vg-WeYZWwYZUrU][�L�i<Ys\<SnWeWK_$U]�V_> IW]�VgbW H ® É F IjÉ º ¯Ef H ® É · I<É º ¯�^`_-awg-�s�RÉ º � ®¢�
QTS×_baXdV\ja�W]_¬_b�VW]gbYZS H ® É=FiI<É�º¨¯r 7YZWK�IÉ�º � ®¢m� R\�SV\j\<d�W]_¨^`_baX� UXWKaXYsSV�¨f-\jijW]_baXU�_b[VW�_b^rdVYZgb�-_bSVg-�R\<S)WKaXYs\<Uª_b^
��gbW]a]YZij\<U /i? F�@ g-SVd 2+? FN@ g-SVd�WK�V\<SªWKgb�-\7g©ij_-Snf-\jS)WKYZ_bS�gb��YZSVSV\jap�Va]_)dV[�ijW�_b^/W]�V\jUX\7fb\<ijWK_-a]U� 7YZWK�ªW]�V\5dVYZgb�-_bSVg-��_b^JWK�V\\®
�ZgbSV�-[Vgb�-\¼����7�V\jS H ® É=FPI<É�º¨¯¤YZU5WK�V\�g>fb\jaXgb�-\w_-^?W]�V\jUX\©WT �_ªYZSVSV\<a5�VaX_)dV[VijW]Uh�Æuw_> ��s\<W5[VU5i<_b���VgbaX\ H ® ÉEFiIjÉsº¨¯
 7YZWK� H ® És··IjÉsº�¯]mR 7�V\jaX\�WK�V\���g-WKaXYs�Í_b^¢WK��\9�sg-SV�b[�gb�b\¨És· � ®þi<_bSVUXYsUXWKU�_b^¢gb�Z�5WK��\9dVYZgb�b_-SVgb�7\<S)WKaXYs\<Uy_b^¢WK��\
�ZgbSV�-[Vgb�-\�É=F?mJ�V[VW©�Vg-U¢SV_$_-³¦ÎÏdVYZgb�-_bSVg-�?\<SnW]a]YZ\jU>�y¹R�)f)Ys_-[VUX�sl)m H ® É=F�IjÉ�º¨¯�f H ® É�··I<É�º¨¯Km/�J\ji<gb[VUX\�WK�V\��VaX\jUX\jSVi<\
_b^�_b³JÎÞdVYZgb�-_bSVg-�V\j�Z\j��\<SnW]U�ijgbS�_bSV�Zl���g-�b\eWK�V\r�¦_-U]YZWKYZfb\edVYZgb�b_-SVgb�¦\j�Z\j��\jS)W]UR_-^AWK��\ei<_baXa]\<U]�J_bSVd�YsSV� / gbS�d 2 ��gbW]a]YZij\<UUX��g-�s�Z\ja7W]�VgbS¬È ® g-SVd#WK�)[VU5aX\jdV[�ij\¢WK�V\©¥�WKSV\<U]U>¯K�GQTSV\<±)[Vgb�ZYsWTl ® Êb�/¯G^`_b�Z�s_> 7U�YZ����\<dVYZgbWK\<�sl)�
uw\<�)W�mJ R\�SV_-WK\�WK�Vg-W bcF+F ^`_ba�É F 5� ®IUXgbWKYZUX¥V\jU bcFeF f 2 �  7�V\jaX\^� ® É F ¯���!¦�¢QTS�dV\j\<d?m/�ZgbSV�-[Vgb�-\yÉ F �VgbU¢g-W

�Z\jgbUXW°!&\j�Z\j��\<SnW]U� 7��Ysi«�ªg-�s�J�Vg>fb\7W]_��J\w��\j��_-a]YZ¸j\<dª 7YsW]���VaX_b�Vg-�VYZ�sYZWTl 2 �?uw_> °YZWpYZURij�Z\jgbapWK�Vg-W ` FPb�F+F f ` · 2  �m�g-SVdYZ^? R\¢U]�V_> �WK�Vg-W � 2 (½û¾  f1� 2 ~ ( I ® ÊbË/¯
WK��\jS#YsSV\<±)[Vgb�ZYsWTl ® {bÊ/¯A��_b�ZdVU7gb[VW]_b��gbW]Ysi<gb�Z�sl ® YsS#\j�)�VaX\jUXUXYs_-S ® Ê-ËJ¯� �\¢[VUX\jd#^`_baX��[��sg ® {/Ñb¯K¯]�?QTSV\j±)[Vg-�sYZWTl ® Ê-ËJ¯��V_b�ZdVU7g-U
�Z_bSV��gbU 2 ª .2 mn 7�V\jaX\

.2 � �
�

C´ D ² ; ® Êb|/¯

�7�V\©^`[VS�ijWKYZ_bS9.2 ® �¦¯GYsS�ijaX\jgbUX\jU� 7YZWK�G�¦m)g-SVd#�sYZ�  U½k( .2 ��8 µ P,� ( m)YT� \)�O.2 f?8 µ P,� ( �GÒ¦_ba7�ZgbaX�b\��¨ R\¢�Vg>fb\�.2 f
ÈEQ×È 5 �R��7�V\<a]\<^`_baX\nm�YsSV\<±)[Vgb�ZYsWTl ® {-ÊJ¯���_b�ZdVU�g-U��Z_bSV��g-U ® ÈCzJ¯�YZU�UXgbW]YsUX¥V\<d?�#�7�VYZU���\jg-SVU�W]�VgbW�U]_-�s[VW]Ys_-S ® {-ËJ¯�YZU�UXWKg-�V�s\$ 7YsW]�
aX\jUX�¦\<ijW�WK_ªi<_b���¦\<WKYZSV���sg-SV�b[�gb�b\<U�YsS�WK��\© 7�V_b�Z\¢dV_b��gbYZS#_b^GYsW]U5\j�)YZU]W]\jSVi<\n�
§�\�i<gbS�ij_bS�ij�Z[VdV\�WK�Vg-Wr 7��\jS�gb�Z���sg-SV�b[Vg-�b\<Ueg-a]\�gb�Z�s_> R\jd�YsS�WK�V\�UXl)U]W]\j�9mJWK�V_-U]\� 7�VYZi«��g-a]\�dV\<U]i<a]YZ�¦\<d��)l9g-Snl

�J\jaX��[VW]gbWKYZ_bS���gbW]a]YZ��É¢m�g-SVd�gb�Z�AWK��\&��gbWKaXYZij\jUw_b�VW]gbYZSV\jd�^`aX_b� ÉM�nl$a]\<��_>fnYZSV���J_bUXYsW]Ysf-\©\jS)WKaXYs\<Uhm�gbaX\©U]W]gb�V�Z\n�Æ�7�VYsU
ijg-S��J\�f)Ys\< �\<d�g-Urg-S�\<�)WK\jS�U]YZ_bS�_b^pW]�V\ªaX\jUX[V�sWr_b^��?aXgb��g$Ç uw_> Rgb� ® �-xbxbx/¯KmJ 7�V_��Vg>f-\�UX�V_> 7S�WK�Vg-Wr�J\jaX��[�WKgbW]Ys_-S
��gbW]a]YZij\<Ueg-a]\�WK�V\�_bSV�Zl�U]W]a]YZijWruwg-U]��\j±)[VYZ�sYZ�VaXYsg$_b^Æg$�sg-SV�b[Vg-�b\&UXl)U]W]\j�ç 7YZWK��WK�V\�¥VWKS�\jUXUrd�\j¥VSV\<d��)l ® �/¯K�e§�\��Vg>f-\
��gbdV\wg&ij_-SVSV\ji<WKYZ_bSª 7YZWK�yg-Sª\jf-_b�Z[VWKYZ_bSVg-a]l�dVl)SVgb��YZijU�gbSVdª�VaX_>fb\<d�WK�Vg-WpWK��\jUX\5�sg-SV�b[�gb�b\<UÆ^`_baX�è\jfb_-�s[�WKYZ_bSVg-a]l&UXWKg-�V�Z\
UXWKgbW]\jU7\<fb\jS#YZ^?W]�V\©�s\<gbaXSVYZSV��gb�VYZ�sYZWTlyYZU5SV_-WR�J\jaX^`\ji<W ® 2 ¶
È-¯K�
¾^¿ÁÀ �V�BÂHÃ �7�V\�g-�¦_>f-\�gbSVg-�sl)UXYsU��VaX_>fb\<UªWK�V\�UXWKg-�VYs�ZYZWTl3_b^r_b��WKYZ��g-�5UX_b�Z[VWKYZ_bSVUª 7��Ysi«�°i<_bS)WKg-YsS�SV_¬�V_-��_-S)ln��Uª_-a
UXlnS�_bS)l)��U>��QTW�dV_)\jU�SV_bW�U]�V_> £W]�VgbW�WK�V_-U]\�gbaX\yWK�V\1�+u¦âK}�UXWKg-�V�s\�¥V�)\jd��J_bYZS)WKU�_b^7WK��\$^`[V�Z�RU]l)UXWK\j�9� Å _> R\jfb\<ahm� R\
�J\j�ZYs\<fb\5W]�VgbW�WK�V\e�sg-WKWK\<apUXWKg-WK\j��\<SnWpYsU�SV\jf-\jaXWK�V\<�s\<U]UÆW]a][�\w�J\jijg-[VUX\5SV_&S)[V��\jaXYZijgb��U]YZ��[V�ZgbW]Ys_-SVU ® U]\<\5WK��\wSV\<�nWpU]\<ijWKYZ_bSG¯
aX\jfb\<gb�Z\jd$gbS)ly_bW]�V\ja7UXWKg-�V�Z\rUX_b�Z[VW]Ys_-SVU7_b^GWK�V\©UXl)U]W]\j�9�

Ä Å�¾?ÀyÃX¥��©íG¾�Ä<Ã í?Ä��´Â�ì��©¾�ÄjÀ�½�íçÀ�Æ¶ë[©y¾�ë5½�Á�ëwÁ ��ÀyÁ�ë5ì<í
QTS�WK��YsUeU]\<ijWKYZ_bS� R\© 7YZ�s�GdV\j��_-SVU]W]a]g-WK\©�V_> 
_b[�a5gbSVg-�sl)W]Ysi<gb�AaX\jUX[V�ZWKU5i<gbS�ij_-S)WKaXYs�V[�WK\&W]_ªWK�V\�[VSVdV\<a]UXWKg-SVdVYZSV�ª_b^¤��_baX\
ij_-���V�sYZijg-WK\<d�g-SVd°��_baX\�a]\<gb�ZYsUXWKYZi���_)dV\j�ZUh�MQTS°��gbS)l3i<gbUX\jUy R\�dV_¬SV_-Wy�Vg>f-\�\j�)gbi<WªgbSVg-�sl)WKYZijg-�5WK_)_-�sUyW]_¬_b�VW]gbYZS
UX_b�Z[VWKYZ_bSVU�_b^�UX[Vi«����_)dV\j�ZUh�#�7��\jaX\j^`_baX\nm? R\ySV\<\jd�W]_9[VUX\yij_-����[VWK\<a�UXYs��[V�ZgbWKYZ_bS�Uh� Ì \j�Z_> è �\$ 7Ys�Z�pdV\<U]i<a]YZ�J\�UX_b��\
��_)dV\j�)\j�)W]\jSVUXYs_-SVUGgbSVd&W]�V\RU]YZ��[V�ZgbW]Ys_-S&aX\jUX[V�sW]Uhm���[VW?¥�a]UXW� R\p R_b[V�Zd��ZYZ�b\pW]_w\<�����VgbUXYs¸<\pW]�V\�YZ���¦_-a]W]gbSVi<\p_-^VU]W]_)i«�VgbUXWKYZi
��_)dV\j�ZYsS��� 7��\jS�U]W][VdVl)YZSV�ª�sg-SV�b[�gb�b\r\jf-_b�Z[VWKYZ_bSG�
�7�V\<a]\rgbaX\eUX\jf-\jaXgb�Ja]\<gbUX_bSVUR 7�)lyUXWK_)i«�VgbUXWKYZinm-aXgbW]�V\ja�WK��gbS#dV\jW]\jaX��YZSVYZU]W]Ysi)m)��_)dV\j�ZU�U]�V_-[V�Zd$�J\¢ij_bS�U]YZdV\jaX\jdG��Ò¤YZa]UXW�m

WK��\RS)[V���¦\<a�_b^¦dV\jW]\jaX��YZSVYZU]W]Ysi&¹Rqrorµ U ® UXlnUXWK\<� ® Ë/¯K¯J�-a]_> 7UG�sYZ�b\R�)(7¬p 7�V\<a]\#��YsU�W]�V\���g-WKaXYs�©UXYZ¸j\n���7�V\<a]\<^`_baX\nm�YZWGYZU�SV_-W
ij_-SVij\<Ysfhg-�V�s\�WK_$U]YZ��[V�ZgbW]\�d�\jWK\<a]��YZSVYZU]W]Ysi�\j±)[VgbW]Ys_-SVUr^`_ba��Í�sg-a]�-\ja5W]�VgbSGmJU]g>l)mVË/� Ì \jUXYZdV\jUrWK�VYZU¢��[VS�dVgbSV\�aX\jgbUX_bSGm� R\
SV_-WK\¢WK�Vg-W7dV\jW]\jaX��YsSVYZUXWKYZi©\j±)[VgbW]Ys_-SVU7_b^GWK��\©WTln�J\ ® Ë/¯GijgbS�SV_bW��J\© 7a]YZWKW]\jS�dV_> 7S#YsS�WK��\©ijgbUX\¢_b^?�¦_-U]YZWKYZfb\¢aX\jgb�ZÎÏf�g-�s[�\jd
É���g-WKaXYsi<\jU>�3¹RS�W]�V\�_-WK�V\<a��Vg-SVd?mGUXWK_)i«�Vg-U]W]Ysiy��_)dV\<�sYZSV��i<gbS¬�Vg-SVdV�Z\�W]�VYsU�YZ���¦_-a]W]gbS)W�i<gbUX\n��Ò¤YZSVgb�Z�sl)mGU]W]_)i«�VgbUXWKYZi
�ZgbSV�-[Vgb�-\r�Z\jg-a]S�YsSV��YZUw 7�Vg-W5YZS#^`g-ijW5��gb�V�J\jSVUeYsS�aX\jg-�sYZWTlnm�gbSVd�WK��\&dV\jW]\jaX��YsSVYZUXWKYZi&\j±)[Vg-WKYZ_bSVU5_-SV�Zl�gb���Va]_>�)YZ��gbWK\¢W]�VYsU
�VaX_)ij\jUXURYsS#WK�V\r�ZYs��YZWR_-^�g�fb\jaXlª�ZgbaX�b\5�J_b�V[��sg-WKYZ_bS#U]YZ¸j\)��Ò¤YZSVYZWK\¢�¦_-�V[V�ZgbW]Ys_-S�UXYs¸<\e\<³¦\<ijWKU�i<gbS��J\¢U]YZ�bS�Ys¥Vi<gbS)Wpg-SVd��Z\jg-d

È«|



WK_�UX_b��\rYsS)WK\<a]\<U]W]YsS���^`\<gbWK[�a]\<UR 7��Ysi«�#gbaX\eUX[V�V��a]\<U]UX\jd$YsS#WK�V\¢dV\<WK\<a]��YZSVYsUXWKYZi¢��_nd�\j�TmnU][Vi«�#gbU�UX�¦_-S)WKgbS�\j_b[�UR�ZgbS��b[Vg-�b\
i«�Vg-SV�b\<Uh�
QTS#WK�VYZU5UX\jijW]Ys_-S$ R\¢ 7Ys�Z�A�VaX\jUX\jS)W�g��VaXYs\<^�aX\j�J_baXWR_-^?��a]\<�sYZ��YsSVg-a]lªS)[V��\<a]YZijg-�·a]\<U][V�ZWKU7W]�VgbW7 R\¢�Vg>fb\r_b��WKgbYZSV\<d$g-SVd

UX�V_> MW]�VgbW7W]�V\©gbSVg-�sl)UXYsU��-Ysf-\jS#gb�J_>fb\rYsU7g-S#YZ���¦_-a]W]gbS)W�¥VaXU]W�UXWK\j��W]_> �g-a]dVU�_-[Va7[VSVdV\<a]UXWKg-SVdVYZSV��_b^GWK�V\©^`[V�Z�A��_)dV\j�T�

 eðòñ Çb÷c�i�ÆûZ��[�Aü�� [�Aø¤ùV÷eöò÷�\
QTS3W]�VYZU�UX[V�VUX\ji<WKYZ_bS� R\�UX\jW�[V�Íg�UXWK_)i«�VgbUXWKYZi���_)dV\<�Rg-SVd�W]\jUXW�YZW�YZS3W]�V\#ijgbUX\�_-^7YsS�ij_b���V�Z\jW]\$�Z\jg-a]S�YsSV�/mG 7�V\jaX\�YZWKU
�J\j�Vg>f)YZ_baªijg-SÍ�J\�dVYZa]\<ijW]�slÍij_b���Vg-a]\<dÍ 7YZWK�×_-[VaªgbSVg-�sl)W]Ysi<gb�7aX\jUX[V�sW]Uh���?\jWª[VU�ij_bS�U]YZdV\jaªg¨�J_b�V[��sg-WKYZ_bS×_b^rU]YZ¸j\«J��
opg-i«�$YZSVdVYZf)Ysd�[Vgb�?YsUei«�VgbaXgbi<WK\jaXYZ¸j\jd$�)l$g-S�ÉM��g-WKaXYs�A�Æ�7�V\&¥VW]SV\jUXU5YZUw\jfhg-�s[Vg-WK\<d#g-iji<_baXdVYsS���W]_y\j±)[Vg-WKYZ_bS ® �/¯K�popf-\jaXl
YZSVdVYZfnYZdV[Vg-�wW]gb�Z�nUª 7YZWK�°\<±)[Vgb�5��a]_-�Vgb�VYZ�ZYsWTl�W]_�\jf-\jaXl�_bW]�V\jaªYZSVdVYZf)Ysd�[Vgb�egbSVd×WK��\jYZay¥VWKS�\jUXU�YZUy\jfhgb�Z[Vg-WK\jdG�°Ò�_-ayWK��\
SV\<�nWe�b\<SV\jaXgbW]Ys_-S?m)YZSVdVYZfnYZdV[Vg-�sUr�VaX_)dV[Vij\�i«�VYs�ZdVaX\jS��VaX_b�J_baXWKYZ_bS�gb�AW]_�WK��\jYZaw�Vg>l-_b³�m�YT� \)��U][�ijij\<U]UX^`[V�?ij_b����[VSVYZijgbW]Ys_-S�YsU
aX\j RgbaXdV\jd?�RÓG�VYZ�sd�a]\<S#�Z\jg-a]S#WK��\©�sg-SV�b[Vg-�b\e_b^GWK�V\<Ysa5��gbaX\jS)WKU>�A�7��\©g>fb\jaXgb�-\w�Vg>l-_b³�_b^GWK��\©�¦_-�V[V�ZgbWKYZ_bS#YZU5�bYZfb\<S��)l

d�� È
J ® JMQ×Èb¯ < ¦ F

H ® ÉE<+I<É=FA¯ ; ® Êb{/¯

�7�V\�U][�����g-WKYZ_bS9YZUe_>f-\jaegb�Z�?YZSVdVYZf)YsdV[�gb�ZUrUX_�W]�VgbW�BG�ÜÈNI ;�; IuJ¡g-SVd1Co�èÈNI ;�; IuJ gbUr�s_-SV��g-UB�n� CÆ�w�7��\�±)[Vg-SnW]YsWTld�dV\<U]i<a]YZ�J\jU�WK�V\�\<�n�J\ji<WK\<dÍS)[V���¦\<aª_b^5aX\j^`\<a]\<SnW]U�WK�Vg-W�g�aXgbSVdV_-� YsS�dVYsf)YZdV[Vg-�7ijgbSÍU][�ijij\<U]UX^`[V�Z�sl¬i<_b����[�SVYsi<gbW]\$W]_
gbS�_bWK��\ja¢a]g-SVdV_-�ºYZSVdVYZf)Ysd�[Vgb�T�©�7�V\<a]\<^`_baX\nmÅd9i<gbS��J\�YsS)W]\jaX�Va]\<WK\<d�gbU¢W]�V\�ß�È¢ßm~�àÄw���ß�âäß���wy~m�+u1�mw É�ß^�&¢�à,ÊbßOÃ��§Ã"��âäá-àÄwy�euV�
QTS�WK�V\©�ZYZ��YZW7_b^�JË�I� WK��YsU5±)[Vg-S)WKYZWTlyij_-YsSVi<Ysd�\jU7 7YZWK��WK�V\©g>f-\jaXgb�-\w¥VW]SV\jUXU5dV\<¥VSV\jd�YZS$\<±)[VgbW]Ys_-S ® {J¯K�
§�\edV\<U]i<a]YZ�J\r�Z\j�)YZij_-S��Z\jgbaXSVYZSV��g-U�g��VaX_b��gb�VYZ�sYZUXWKYZie�VaX_)ij\<U]U>�A�7��\r�Z\jg-a]S�\jaRU]W]gbaXWKU�_b³� 7YZWK��gbS�É���g-WKaXYs�ªW]�VgbW��Vg-U

gb�Z�/\jS)WKaXYZ\jURU]\<W�W]_�¸<\jaX_J���7�V\jS#WK�V\rWK\<gbi«�V\<ahµ UrÉpÎÏ��g-WKaXYs��YZU�ij_b��Ys\<d�YZSnW]_�W]�V\r�s\<gbaXSV\ja>µ UR��gbW]a]YZ��YsS#U][�i«��g� Rg>l�WK�Vg-W�g-�s�
WK��\©�¦_-U]YZWKYZfb\©\<SnW]a]YZ\jU7��g>fb\rWK�V\&��a]_-�Vgb�VYZ�ZYsWTl 2 WK_ª�J\©ij_-�VYs\<d�gbU#ØÏ_-SV\jUXÙJm-g-SVd�WK�V\©�VaX_b��gb�VYZ�sYZWTl�ÈEQ 2 W]_ª�¦\©i<_b�VYZ\jd�g-UØÏ¸<\jaX_bUXÙJ�
�7�VYZU�UXWK_)i«�Vg-U]W]Ysie��_nd�\j�/ij_-a]aX\jUX�¦_-SVdVUÆ\<�)gbijW]�sl�W]_�W]�V\e��a]\<fnYZ_b[�Up��_)dV\j�/YZS�WK��\w�ZYs��YZWgJÌ���×�?Ò¤YsSVYZWK\r�J_b�V[V�ZgbW]Ys_-S

\j³J\ji<WKUr�V�Zg>l$g$a]_-�s\)m��V[VWrWK��\�gbS�gb�ZlnW]Ysi<gb�?a]\<U][V�ZWKUe_b�VW]gbYZSV\jd�YsS9W]�V\���a]\<fnYZ_b[�UwUX\jijW]Ys_-SVUwi<gbS�UXWKYZ�s�¤�J\�[VUX\jd�WK_ydV\<U]i<a]YZ�J\
WK��\��J\j�Vg>f)YZ_bae_b^�WK��\�UXl)U]W]\j�9�5�7��\��Z_bSV�-ÎÞW]Ys��\�dVl)SVgb��YZijUr_b^�WK��\�UXWK_)i«�Vg-U]W]Ysi��Va]_)i<\jUXUwijg-S9�J\�f)YZ\j R\jd9g-Ueg$U]\<a]YZ\jUe_b^
WKaXgbS�U]YZWKYZ_bSVU��¦\<WT �\<\jS¨U]W]gb�V�Z\y¥V�)\<d��J_bYZS)WKU�_b^RWK�V\yd�\jWK\<a]��YZSVYZU]W]YsiyUXl)U]W]\j�9��Ò�_ba�YsSVUXWKg-SVij\)mA�Z\jW�[VU&UX[V�V�J_bUX\yWK�Vg-W&WK��\
UXlnUXWK\<��U]W]gbaXWKUG_b³� 7YZWK�s� *��u� ® 2 ¯�UXYs�-SVgb�ZUh�AÒ�_-a?grS)[V���J\ja¤_b^��b\jS�\jaXgbWKYZ_bS�U?W]�V\��J_b��[V�sg-WKYZ_bS� 7Ys�Z�)a]\<��g-YsS�YsS�gef)YZijYZSVYZWTl©_b^WK��\7_b�VW]Ys��gb��UX_b�Z[VW]Ys_-S�ij_-a]aX\jUX�J_bSVdVYZSV�rWK_c� *s��� ® 2 ¯Km>g-SVd�WK�V\<S�W]�V\7UXlnUXWK\<�Ô 7YZ�s��K[V����YZSnW]_¢grUXWKg-WK\� 7�VYZi«��i<_baXa]\<U]�J_bS�dVUWK_#WK��\�_-�VWKYZ��gb�¤UX_b�Z[VWKYZ_bS� 7YsW]���Â�4� *s��� ® 2 ¯¾QMÈ-�r�7�V\ ® W]Ys��\jÎÏg>fb\<a]g-�b\<d?¯¤¥VW]SV\jUXU¢ 7Ys�Z���s_> R\jar^`aX_b�a� *s��� 2 ~ ( ¸��Í� W]_® � *s��� Q�È-¯ 2 ~ ? ( ¸��Í�

µ P @ m)g-SVd�_bSV\©g-U]UX_)ijYZgbW]Ys_-S$ 7YZ�s�?�¦\��s_-U]W7\<SnW]YsaX\j�Zl�^`aX_b� WK�V\©�J_b��[V�sg-WKYZ_bS?�Æ�7�V\&UXl)U]W]\j�þ 7YZ�Z��UX�¦\<SVd
UX_b��\�W]Ys��\�YZS�W]�VYsU©UXWKg-WK\�[VS)WKYZ��gbS�_bWK��\ja�K[V���� 7YZ�Z���Vgb�V�J\jS� 7YZWK��g#�Z_bUXUr_b^pg-SV_bW]�V\ja¢UXYs�-SVgb�T� Ì \jWT R\j\<S�W]a]g-SVU]YZWKYZ_bS�U
WK��\wUXlnUXWK\<��Up\j�)�VYZ�VYZWKURg�±)[Vg-U]YZÎÞUXWKg-WKYZ_bSVg-a]l��¦\<�Vg>f)Ys_-ah��¹RSyg>fb\<a]g-�b\nm�W]�V\wW]Ys��\rU]�J\jS)W�gbWÆ\<gbi«�ª_b^·W]�V\w¥��n\<dy�J_bYZSnW]U��-\jW]U
�Z_bSV�-\ja7gbS�d#�Z_bS��b\ja�g-UE�¨d�\jijaX\jg-U]\<Uh�?o�fb\jS)W][Vgb�Z�sl ® gb^`W]\jaE� *s��� K[�����Uh¯]m�gb�Z�A�Z\j�)YZijgb�·\<S)WKaXYs\<U5 7Ys�Z�A�J\©�s_-U]Wh�¤cwS�g-�s�ZÎÏ¸j\jaX_ÉpÎÏ��gbW]a]YZ��YsU�WK��\r_-SV�Zl�g-�VUX_baX�VYsS���UXWKgbW]\w_-^AWK�VYZU7UXlnUXWK\<�9mb�J\ji<gb[VUX\rWK�V\<a]\eYsU�SV_�i«�VgbS�ij\wW]_�i<a]\<gbW]\wSV\< ¶�s\<�)Ysi<gb�/\jS)WKaXYZ\jU>�
�7�V\©W]Ys��\©YZW7WKgb�-\jU�WK_ªaX\jg-i«��W]�VYsUwgb�VUX_baX�VYZSV��UXWKg-WK\¢ijg-S�_b^�i<_b[VaXUX\r�J\©\j�)W]a]\<��\<�sl��s_-SV�J�
Ò¤Ys�-[VaX\ª{��Va]\<U]\<S)WKU&g-S¬\j�)gb���V�Z\y_b^RgbS¬\<fb_-�s[VW]Ys_-SVgbaXl9�VaX_)ij\<U]U&^`_-a&g9�J_b�V[��sg-WKYZ_bS¨_b^�J ��|bx�YZSVdVYZfnYZdV[Vg-�sU� 7YsW]�

�Z\jgbaXSVYZSV��gbi<ij[VaXgbi<lª_b^ 2 �Íx ; �-�J�GcwUwWK�V\&YZSVYZWKYZgb�Ai<_bSVd�YsW]Ys_-S# R\©i«�V_-U]\¢gªUXWKgbW]\©ij�Z_bUX\¢WK_ªWK��\g�1�ÍÊª_-�VWKYZ��gb�AUX_b�Z[VWKYZ_bSG�§�\9ijg-S�UX\j\�WK�Vg-WygbUyW]Ys��\9�-_)\jUª�)lnmRUXYs�-SVgb�ZUªgbaX\��Z_bUXWª^`a]_-� WK��\�fb_)i<gb�V[V�ZgbaXl¬_b^¢W]�V\9�J_b�V[V�ZgbW]Ys_-S?� Ì \<WT �\<\jS×WK��\
WKaXgbS�U]YZWKYZ_bSVU>m)W]�V\&UXlnUXWK\<� _-U]i<Ys�Z�ZgbWK\<U7SV\jg-a5WK��\&_b�VW]Ys��g-�AU]_-�s[�WKYZ_bS�_b^GWK��\&dV\jW]\jaX��YsSVYZUXWKYZi&U]l)UXWK\<� g-SVd��VgbU5¥�WKSV\<U]UeSV\jg-ad&�Â� 2 ~ ( ® WK�V\ªd�_bWKW]\jd��V_baXYZ¸j_bS)W]gb�¤�sYZSV\<Uh¯]���7�V\�WKYZ��\<ÎÞ\<fb_-�s[VW]Ys_-S�_-^pW]�V\ª�s\<�)Ysi<gb����gbW]a]YZ��dV\j�J\jS�dVU&ijaX[Vi<Ysg-�s�Zl9_bS�WK��\S)[V���J\jaw_b^��J\j_-�V�Z\©YsS�WK��\©�¦_-�V[V�ZgbWKYZ_bSG�¤�7�V\©�ZgbaX�b\ja�W]�V\©�¦_-�V[V�ZgbW]Ys_-S#UXYZ¸j\nmnW]�V\©�Z_bSV�-\ja7YZU5WK�V\©g>f-\jaXgb�-\wWKYZ��\©U]�J\jS)W7g-W
\jg-i«�$_-^�W]�V\©±)[VgbUXYsUXWKg-WKYZ_bSVg-a]lªUXWKg-WK\<Uh�
§�\#��g>fb\#ijgbaXaXYs\<d3_b[�Wªg�S)[V���¦\<aª_b^ea][VS�Uª 7YsW]��aXgbS�dV_b� YZSVYZWKYZgb�5i<_bSVdVYZWKYZ_bS�UhmÆU]_¨WK��gbWªYZSÍW]�V\��¦\<�bYZSVSVYZSV�JmpWK��\

YZSVdVYZfnYZdV[Vg-�sUG�Vg-d&dVYZ³¦\<a]\<SnWGaXgbSVdV_-���slri«�V_bUX\jS��VYsS�gbaXle��gbW]a]YZij\<Uh�A�7�V\pUXl)U]W]\j�Igb�Z Rg>lnU?ij_-Snf-\jaX�b\<drW]_wgeSV_bSVÎÏgb���VYZ�b[V_-[VU
±)[VgbUXYZÎÞUXWKg-WKYZ_bSVg-a]lÍU]W]gbWK\)�£uw_-WK\�WK�Vg-W$S�_Í±)[Vg-U]YZU]W]gbW]Ys_-SVgbaXlÍUX_b�Z[VW]Ys_-SVU$ 7YZWK�
UXlnS�_bS)l)��U#_b^��V_b��_bS)l)��U$��g>fb\��J\j\<S
_b��U]\<a]f-\jd9YZS�W]�V\ªUXWK_)i«�VgbUXWKYZi�U]l)UXWK\j�9�&�7�VYsU©i<_bSV¥�a]��U¢_b[Va¢�)l)�¦_-WK�V\<U]YZU¢WK�Vg-W©Ys^�SV_�gbUXU]_)i<Ysg-WKYZ_bSVUrijg-S��J\�i<a]\<gbW]\jd��)l
��YsUXWKg-�b\)mnWK�V\<S#W]�V\©_b��WKYZ��g-�·SV_bS�ÎÞg-���VYZ�b[V_-[VU�U]_-�s[�WKYZ_bSVU7g-a]\¢WK��\©_bSV�ZlyUXWKgb���s\¢\j±)[VYZ�ZYs�VaXYZg�_-^?W]�V\©UXlnUXWK\<�9�

 eð ï Çb÷c�i�ÆùVù����·ü1[�Aø¤ùV÷eöò÷�\
uw_> ç�Z\jW$[VU�\j�)WK\<SVd¶W]�V\���_)dV\<�e_-^©WK�V\��VaX\jf)Ys_-[VU�UX\ji<WKYZ_bS¶W]_3YZSVij_-a]�J_baXgbW]\9g��J_bUXU]YZ�VYZ�sYZWTl×_b^©gÍdVYs³J\jaX\jS)W#�)YsSVdM_b^
��YsUXWKg-�b\)� Ì \j^`_-a]\)m� 7��\jSy�Z\jg-a]SVYZSV�/m>WK��\ei«�VYZ�ZdVa]\<Sªij_-[V�sd��s_-U]\5UX_b��\e_b^·WK��\wgbUXUX_ni<Ysg-WKYZ_bSVUp_b^·WK��\jYZa��Vg-a]\<S)W�µ Up��gbW]a]YZ�A�Aue_

È«{



0
Î

1000 2000 3000 4000
Î

 GenerationsÏ
0

2

4

6

 A
ve

ra
ge

 f
itn

es
s,

 φ

 n=6

 n=5

 n=4

 n=3

 n=2

 n=1

Ò¤Ys�-[VaX\©{ �¾Ê�Ì½Í$Ø|qvÍÛ8ØvàvÍ á½Ó£Ò½ÍÔ8Ô¾ÏvÕ�Ó£Ì½Í$Ñ�ÏvÑ½Ú½Ù×ØvÓ£Ö×ÏvÒ0Õ�ÏvÛ�Ø-Ô8Ó£Ï�ÎíÌ½ØvÔ8Ó£Ö×Î ÐEÏ�â6Í¿Ù)ØvÔ¾ØEÕ:Ú½Ò½ÎÓ£Ö×ÏvÒgÏvÕ�ÓÄÖ×ÐEÍ ë Ê�Ì½Í$Ñ�ÏvÑ½Ú½Ù×ØvÓ£Ö×ÏvÒgÔÄÖ2Ð¿ÍJÖ×Ô²ÑpÝ�v Þ+ßØvÒ½â ä Ý Þeç èvè+ë^Ò Ú½ØvÔ8Ö - ÔÄÓÄØvÓ£Ö×ÏvÒ½ØvÛÄã·Ô8Ó£ØvÓ£Í¿Ô=ØvÛ8Í�Ï.0½Ô8ÍÛ,qvÍâ'ó�Ì½Ö×ÎíÌ'ÎÏvÛÄÛ8ÍÔ8Ñ�ÏvÒ½â'Ó£ÏOÏvÑ½ÓÄÖ×Ð=ØvÙ�ÔÄÏvÙ×Ú½Ó£Ö×ÏvÒ½ÔEÏvÕ�ÓÄÌ½Í�â½ÍÓ£Í¿ÛÄÐEÖ×Ò½Ö×ÔÄÓÄÖ×Î�ÐEÏ�â½ÍÙ�ó�Ö×Ó£ÌÜ�Ý /-B¿ç¿ç¿çòB Ü�Ý¯3 ë�Ó Ó°ÍØvÎíÌ·ÏvÕPÓ£Ì½ÍÔ8Í-ÔÄÓÄØvÓ£ÍÔ ß Ó£Ì½Í-ØÍqvÍ¿ÛÄØvàvÍ-á½Ó£Ò½ÍÔ8Ô$ÏvÔ8ÎÖ×Ù×Ù×ØvÓ£Í¿Ô$ØvÛÄÏvÚ½Ò½âsÓÄÌ½Í-Ó£Ì½ÍÏvÛ8ÍÓ£Ö×ÎØvÙ×Ù×ã0Î¿ØvÙ×ÎÚ½Ù×ØvÓ£Íâ�q
ØvÙ×Ú6Í ßÕÔ Ý�Ü äÖ,×)ßÑ½Ù×ÏvÓ£ÓÄÍâsó�Ö×ÓÄÌOâ½ÏvÓ£ÓÄÍâsÙ×Ö×Ò½ÍÔ ë¾ì qvÍ¿Ò�Ó£Ú½ØvÙ×Ù×ã ß ØvÙ×Ù�Ô8Ö×àvÒ½ØvÙ×Ô¾ó�Ö×Ù×Ù�0�Í#Ù×ÏvÔ8Ó ß 0½Ú6ÓJÓÄÌ½Ö×Ô¾Î¿ØvÒsÓ£ØvôvÍEØ\qvÍ¿ÛÄãgÙ×ÏvÒ½à�ÓÄÖ×Ð=Í ë$Ø ÏvÛJÑ6Û8ØvÎÓÄÖ×ÎØvÙxÑ½Ú½ÛÄÑ+ÏvÔÄÍÔ ß ÓÄÌ½ÍÑ�ÏvÑ½Ú½Ù×ØvÓ£Ö×ÏvÒgó�Ö×Ù×ÙeÐ=ØvÖ×Ò�Ó£ØvÖ×Ò�ØEÎÍÛ8Ó£ØvÖ×Ò�ÔÄÍÓ�ÏvÕ�Ù×Íå�Ö×Î¿ØvÙeÖ×ÓÄÍÐEÔ ë

 N=10

0
Ù

1000
Ù

2000
Ù

3000
Ù

4000
Ù

5000
Ù

 GenerationsÚ
0

2

4

6

 A
ve

ra
ge

 f
itn

es
s,

 φ  n=6
 n=5
 n=4
 n=3
 n=2
 n=1

 N=40

0
Ù

1000
Ù

2000
Ù

3000
Ù

4000
Ù

5000
Ù

 Generations

0

2

4

6

 A
ve

ra
ge

 f
itn

es
s,

 φ  n=6
 n=5
 n=4
 n=3
 n=2
 n=1

 N=70

0
Ù

1000
Ù

2000
Ù

3000
Ù

4000
Ù

5000
Ù

 GenerationsÚ
0

2

4

6

 A
ve

ra
ge

 f
itn

es
s,

 φ  n=6
 n=5
 n=4
 n=3
 n=2
 n=1

Ò¤Ys�-[VaX\�Ê �Ê�Ì6ÍEØ|qvÍÛ8ØvàvÍ=á½ÓÄÒ6Í¿ÔÄÔ#ÏvÕ"ÓÄÌ½Í=Ñ+ÏvÑ6Ú½Ù×ØvÓÄÖ×ÏvÒkÕ�ÏvÛ¾Ø�Ô8Ó£Ï�ÎíÌ½ØvÔ8Ó£Ö×Î-ÐEÏ�â½ÍÙ%ØvÔ$Ø�Õ�Ú6Ò½ÎÓÄÖ×ÏvÒsÏvÕiÓÄÖ×Ð=Í ß Õ�ÏvÛ¾ÓÄÌ½ÛÄÍÍ-â½Ö2p�Í¿ÛÄÍÒ�ÓJÑ�ÏvÑ½Ú½Ù×ØvÓ£Ö×ÏvÒÔ8Ö2ÐÍÔ.ÛuÜÝ @8ÞWÝ�Övß Ü ' Ý @8ÞWÝÁÞ�ë Ê�Ì½ÍJâ½ÏvÓ£ÓÄÍâ0Ù×Ö×Ò½ÍÔ�ØvÛ8ÍJÓ£Ì½ÍJÙ×ÍßqvÍÙ×Ô¾Ü äÖ,×)ë

È«Ê



SV\< �\jS)W]a]YZ\jU© R\jaX\�g-�s�Z_> R\jd�W]_��¦\ª��gbd�\��)l9��YZU]W]gb�-\n��uw_> �m/�Z\jW©[VU©UX[V�V�J_bUX\�WK�Vg-W¢\jaXa]_-SV\j_-[VUeg-U]UX_)ijYZgbW]Ys_-SVU¢ijgbS��J\
��\j��_baXYZ¸j\jd��)l�i«�VYZ�ZdVa]\<S�d�[Va]YZSV�©W]�V\7�s\<gbaXSVYZSV�eUXWKg-�b\)�AQT^JWK�V\7W]\jg-i«�V\ja��Vg-U-�����g�¬x©W]�V\jS�W]�V\7�s\<gbaXSV\ja� 7YZ�Z�V�Vg>fb\������g��x
 7YZWK�#�Va]_-�Vgb��Ys�ZYsWTl 2 ú m-gbS�dl� ��� �
È5 7YZWK�$�VaX_b�Vg-�VYs�ZYZWTl / ú ��È#Q 2 ú �?�7�)[VUhmnW]�V\¢�VaX_b�Vg-�VYs�ZYZWTl�W]_�i<a]\<gbW]\eg-S�gbUXUX_ni<Ysg-WKYZ_bS 7�VYZi«�¨ �g-U&SV_bW©W]�V\jaX\yYZS¨WK�V\yW]\jg-i«�V\ja>µ U���g-WKaXYs�AmA_ba&W]�V\�ß6tvt�+t'tòá-àÞß©_b^RYsS�ij_baXaX\jijW¢�Z\jg-a]SVYZSV�/m·YZU / ú �ªceU��J\j^`_baX\nm�WK��\�VaX_b�Vg-�VYZ�sYZWTl�W]_��b\<\j��gy�J_bUXYZWKYZfb\&\<SnW]a]l#YZU 2 ��§�\� 7YZ�s�Gijg-�s�?WK�V\��VaX_b�Vg-�VYs�ZYZWTl�WK_��s_-U]\&g��¦_-U]YZWKYZfb\&\<S)WKaXl$W]�V\�\<a]aX_ba5aXgbW]\_b^�YsSVi<_b���V�Z\jW]\r�Z\jg-a]S�YsSV�/m / �IÈ#Q 2 �G§°YsW]� / ú ��x�WK�VYZU7SV\< ¶��_nd�\j�·YZURaX\jd�[Vij\<d�WK_�WK��\rYZSVi<_b���V�Z\jWK\¢�Z\jg-a]SVYZSV����_)dV\<�Ú�QT^GWK�V\©\<a]aX_baRa]g-WK\¢_b^GYZSVij_-a]aX\ji<W��Z\jg-a]SVYZSV��YsUw��[Vi«�#U]��g-�s�Z\ja7W]�VgbS�WK��\©\jaXa]_-a�aXgbW]\r_-^?YZSVi<_b���V�Z\jWK\©�Z\jg-a]S�YsSV�/m

/ ú�à / I ® ÊbÊ/¯
WK��\jS�W]�V\�dVl)SVg-��Ysi<U�ijg-S¬U]W]Ys�Z�R�¦\$dV\jUXijaXYs�J\jd3�nl�[VUXYsS��9_b[Va�a]\<U][��sW]U�^`_ba�WK�V\ / ú ��x�ijgbUX\n�#ceU�YZS¬WK��\�ijg-U]\�_b^7WK��\YZSVij_-�����s\<WK\ª�Z\jgbaXSVYZSV�#U]W]_ni«��gbUXWKYZi���a]_)ij\<U]U>m/W]�V\ªU]l)UXWK\<� �J\jaX^`_baX��U©W]a]g-SVUXYsW]Ys_-SVU©�¦\<WT �\<\jS�U]W]gb�V�Z\ª¥V�)\jd��J_bYZSnW]U&_b^RWK��\
ij_-a]aX\jUX�J_bSVdVYZSV��dV\jW]\jaX��YsSVYZUXWKYZi&U]l)UXWK\<���ÆkVYZSVij\&W]�V\©\jaXaX_ba7aXgbWK\ / ú©YsUwfb\jaXl�UX��gb�Z�Úm�WK�V\&±)[Vg-U]YZUXWKgbW]Ys_-SVgbaXlªUXWKgbW]\jU5i<gbS��J\ R\j�Z�Jg-�V�VaX_>�)Ys��gbW]\jdy�)lyUXWKg-�V�Z\e¥V�)\<d$�J_bYZS)WKU�_b^?WK�V\¢dV\<WK\jaX��YsS�YsUXWKYZieUXl)U]W]\j�! 7YZWK� / ús��xJ� Å _> �\<fb\ja>m>W]�V\¢^`gbi<WRW]�VgbW / úYZUR��Ys�-�b\ja�WK�Vg-S�¸<\jaX_&�V�Zg>lnURgbS$Ys���J_baXWKg-SnW�a]_-�s\eYsS$WK�V\r�Z_bSV�-ÎÞW]\jaX�ÜdVl)SVg-��Ysi<UR_-^·WK�V\rUXlnUXWK\<�9� � \ji<gb�Z�¦W]�VgbWR�¦\<^`_baX\nm-WK��\
WKaXgbS�U]YZWKYZ_bSVU� R\jaX\Rgb�Z �g>l)U¤��gbdV\�YZS�_-SV\�dVYZa]\<ijWKYZ_bSGmhSVgb��\<�sl)mhWK_> RgbaXdVU¤g¢�s_-U]U�_-^�gbS�gbUXUX_ni<Ysg-WKYZ_bS?�AQTS�WK�V\7i<gbUX\�_-^ / ús�¬xJm_bS�ij\ªgbS¨g-U]UX_)ijYZgbWKYZ_bS�YZU��Z_bUXW©^`a]_-� WK��\y�¦_-�V[V�ZgbW]Ys_-S?mAYZW&i<gbSVSV_-W©�¦\��bgbYZSV\<d���gbi«�A�ªQT^ / új	Üx ® YZSVij_-a]aX\ji<W©�s\<gbaXSVYZSV�J¯]m
WK��\©U]YZWK[Vg-WKYZ_bS�i«�Vg-SV�b\<U7gbSVd� 7YZWK��gª¥VSVYZWK\&��a]_-�Vgb�VYZ�ZYsWTl)mngªU]W]gbWK\© 7YZWK���¬gbUXU]_)i<Ysg-WKYZ_bSVU�ijg-S��bYZfb\¢ �g>l�WK_ªgªUXWKgbW]\© 7YsW]�� L È�g-U]UX_)ijYZgbWKYZ_bS�Uh���7�VYZU�YZU�YZ�s�Z[VUXWKaXgbWK\<d¬YsS¬¥��b[VaX\yÊJm� 7�VYZi«�¬U]��_> 7U&WK�VaX\j\�\j�)gb���V�Z\jU�_b^�\jf-_b�Z[VWKYZ_bSVg-a]l�a][VS�U�^`_ba�g
UXlnUXWK\<�! 7YZWK� / �MÈCx µ ~¢g-SVd / ús��ÈCx µ�á ^`_-a7WK�VaX\j\¢dVYZ³¦\<a]\<S)WR�J_b��[V�sg-WKYZ_bS#U]YZ¸j\<U � J �
È«xJm�J��3|bx�gbSVd]J���ÑCxJ�?Ò�_-a
\jg-i«�$_-^?W]�V\©aX[VSVU>mn �\¢ijg-S�U]\<\rW]�VgbW7g-U7�b\<SV\jaXgbW]Ys_-SVU��b_��)lnmnWK��\©U]l)UXWK\j� gbW]WK\jS�dVU7WK�V\©UXWKg-WK\<U5 7YsW]���1�3ÊxI ;�;�; I3�&�MÈbm
�bg-YsS�YsSV�ª_-aw�Z_bUXYsS��ygbUXU]_)i<Ysg-WKYZ_bSVU>�Æc7We\jg-i«��_b^¤WK�V\�U]W]gbW]\jU>mVW]�V\�g>f-\jaXgb�b\r¥VW]SV\jUXUeYZUw R\j�Z��g-�V�VaX_>�)Ys��gbW]\jd��)lld,��� 2 ~ (·mWK��\©^`_baX��[V�Zg�dV\jaXYsf-\jd$[VSVdV\<a5WK�V\©g-U]UX[V���VW]Ys_-S$W]�VgbW / ú ��x/���\<W&[VU�SV_> èWKgb�-\yg9i<�s_-U]\<a&�s_)_-��g-W&WK�V\$�¦\<�Vg>f)Ys_-a&_b^7W]�V\�UXWK_)i«�Vg-U]W]YsiªUXl)U]W]\j� _bSVi<\yYZW�YZU�YZS¬g9±)[VgbUXYZU]W]gbWKYZ_bS�gbaXl
UXWKgbW]\n�?Ò�_-api<_b���VgbaXYZU]_-S� 7YZWK��WK�V\edV\jW]\jaX��YZSVYZU]W]YsieU]l)UXWK\<��m-YZWpYZU�i<_bS)fb\<SVYZ\jS)W�WK_�YsS)WKaX_)dV[Vi<\5WK�V\rg>fb\<a]g-�b\R�s\<�)Ysi<gb�J��g-WKaXYs�
_b^GWK��\©�¦_-�V[V�ZgbWKYZ_bSGm

âÉ9� < ]i<bÉ=< ; ® ÊJÑ-¯

QT^GWK�V\©UXl)U]W]\j�!YZU5gbW�g-S#_-�VWKYZ��gb�·UX_b�Z[VWKYZ_bSGmn �\¢�Vg>f-\
âÉ ÷Aømù � 2 (�ã ( I ® Êbz/¯

 7�V\<a]\ 2 YZU¤WK�V\�gbi<ij[VaXgbi<l¢_b^��Z\jg-a]S�YsSV�/m§�#YZUGW]�V\���gb�)Ys��[V�ÔS)[V���¦\<aG_-^�g-U]UX_)ijYZgbWKYZ_bS�U�WK��gbW¤�¦\<_b�V�Z\��)SV_> �²hWK��YsU�±)[Vg-SnW]YsWTlYZUedV\<¥VSV\<d9�)l#W]�V\�¥��n\<d9�J_bYZSnWeWK�V\�U]l)UXWK\<�ºYZUrgbW�m�gbS�d ã ( YZUwg$�¦\<a]��[VWKg-WKYZ_bS9��gbW]a]YZ�# 7YsW]�>�3�¦_-U]YZWKYZfb\�\jS)WKaXYZ\jU>��uw_-WUX[Va]��a]YZU]YZSV�-�sl)mÆYZ^©ij_-SVdVYZWKYZ_bS ® Ê-ÊJ¯¢YZU�UXgbW]YsUX¥V\jdGmpW]�V\jSMWK�V\9g>f-\jaXgb�-\$�Z\j�)YZijgb�w��g-WKaXYs�Í_b^¢WK��\�UXWK_)i«�VgbUXWKYZi��VaX_)ij\jUXUªYZS°g
±)[VgbUXYZU]W]gbWKYZ_bS�gbaXl�UXWKgbW]\�YZU�f-\jaXl�i<�s_-U]\$WK_�WK�Vg-W�_-^7WK�V\#dV\jW]\jaX��YsSVYZUXWKYZi / úr�£x��Va]_)i<\jUXUh��ceU�gbS�YZ�s�Z[VUXWKaXgbW]Ys_-S?m?�s\<W�[VUij_-SVUXYsdV\<a5WK��\&g>fb\<a]g-�b\r�s\<�nYZijg-�A��gbW]a]YZ�$^`_-a5WK��\�aX[VS�YsS�¥V�-[VaX\&Êª 7YsW]��JË��|bx/m�W]gb�b\<S�^`_ba5W]�V\�±)[Vg-U]YZU]W]gbW]Ys_-SVgbaXlªU]W]gbW]\
�J\jWT R\j\jS��-\jSV\<a]g-WKYZ_bSVUR�JÑCxbx�gbSVd�ËbË-xbx/�A�7�V\¢W]Ys��\jÎÏg>fb\<a]g-�b\<dËâÉ°gbSVd�W]�V\©ij_-a]aX\jUX�¦_-SVdVYZSV�äâÉ ÷Aømù gbaX\nmnaX\jUX�¦\<ijWKYZfb\<�sl)m

âÉ9� ² âÉ ÷
ømù � I ® Êb�/¯

�V\<a]\rWK�V\¢aXgbdVYZ[VU�_b^�\jgbi«�$ijYZa]i<�s\rYZUR��a]_-�¦_-a]W]Ys_-SVgb�JWK_�WK�V\¢UXWKaX\jSV�-WK�$_b^AW]�V\¢gbUXU]_)ijYZgbW]Ys_-S?��§�\¢ijg-S�UX\j\rWK�Vg-W�WK�V\¢g>fb\<a]g-�b\
�Z\j�)Ysi<gb����gbW]a]YZ�Am âÉ©m�YZUª�sg-a]�-\j�Zl¬dV_b��YZSVgbW]\jd��nl3g��J\jaX��[VW]gbW]Ys_-SÍ��gbW]a]YZ�A��QTS�ij_-S)WKaXgbUXW� 7YZWK��WK�V\ / ú��þx�i<gbUX\nm¤g-�s���gbW]a]YZij\<U���g>l©��g>fb\�g¢SV_bSVÎÏ¸j\<a]_rUX�VgbaX\nm�W]�n[�UåâÉ¨�VgbU�\<�nW]a]g¢SV_-SVÎÏ¸j\jaX_r\j�Z\j��\jS)WKU��J\jUXYZdV\jU�W]�V\7dV_b��YZSVgbW]YsS��r�J\jaX��[�WKgbW]Ys_-S
ØÏUX�b\<�s\<WK_-SVÙJ� Å _> R\jf-\ja>mbW]�V\©^`aXgbijW]Ys_-S$_-^?��g-WKaXYsi<\jU7 7YZWK��ØÏ\<�nW]a]g-Ù�\<�s\<��\jS)WKU ®  7�VgbW7 R\¢ijg-�s�Z\jd#ij_-���J\jW]YsS��ª��g-WKaXYsi<\jU7YZS
kV\<ijWKYZ_bS�|/¯�YZU5f-\jaXlªU]��gb�Z�T���7��\jaX\j^`_baX\nmnYZW7UXWKYZ�s�A��g-�b\jU�UX\jSVUX\¢WK_ªW]gb�Z�ygb�J_b[VW7g��Z\j�)YZij_bS#UXYs¸<\n�
cwUr�Z_bSV�#gbUrij_-SVdVYZWKYZ_bS ® ÊbÊJ¯pYZUeUXgbW]YsUX¥V\jdGmJWK�V\�g>fb\<a]g-�b\©¥VW]SV\jUXU¢_b^�±)[VgbUXYZU]W]gbWKYZ_bS�gbaXl$UXWKg-WK\jUr_bUXijYZ�Z�sg-WK\jUrgbaX_b[�SVd9WK��\

g>fb\<a]g-�b\7¥VW]SV\jUXU�_b^AW]�V\rij_baXaX\jUX�¦_-SVdVYZSV�&_b��WKYZ��g-�/U]_-�s[VW]Ys_-SVUR 7YsW]� / ú ��x/m�g-URYZ�Z�s[VUXWKaXgbW]\jdy�)lª¥V�-[VaX\wÊJ�?ceU / ú �J\ji<_b��\jU�ZgbaX�b\ja>m¦WK�VYZU©YZU©SV_��s_-SV�b\<arW]�V\�ijg-U]\)mJU]\<\�¥��b[VaX\�Ñ-�&Ò¦_ba¢WK��\�W]�VaX\j\�a][�SVU©�V\jaX\nmJW]�V\ª�J_b�V[V�ZgbW]Ys_-S�UXYs¸<\jU©g-SVd�W]�V\�\jaXa]_-a
aXgbWK\7_-^/YsSVi<_b���V�Z\jW]\5�s\<gbaXSVYZSV�Jm / m> R\jaX\7WKg-�b\<SªWK�V\5UXgb��\7g-UpYZSªWK�V\5��a]\<fnYZ_b[�UÆ¥V�b[�a]\)m>�V[VWpWK�V\e�Va]_-�Vgb��Ys�ZYsWTl�WK_©i<a]\<gbWK\7g-S

ÈbÑ



 N=10

0
æ

1000
æ

2000
æ

3000
æ

4000
æ

5000
æ

 Generationsç
0

2

4

6

 A
ve

ra
ge

 f
itn

es
s,

 φ  n=6
 n=5
 n=4
 n=3
 n=2
 n=1

 N=40

0
æ

1000
æ

2000
æ

3000
æ

4000
æ

5000
æ

 Generationsç
0

2

4

6

 A
ve

ra
ge

 f
itn

es
s,

 φ  n=6
 n=5
 n=4
 n=3
 n=2
 n=1

 N=70

0
æ

1000
æ

2000
æ

3000
æ

4000
æ

5000
æ

 Generations

0

2

4

6

 A
ve

ra
ge

 f
itn

es
s,

 φ  n=6
 n=5
 n=4
 n=3
 n=2
 n=1

Ò¤Ys�-[Va]\yÑ � � ØvÐEÍJØvÔÅá6àvÚ½Û8Í /+ß Í¿å�ÎÍÑ½Ó�Ü ' Ý @8Þ Ý�è ë

 N=10

0
æ

1000
æ

2000
æ

3000
æ

4000
æ

5000
æ

 Generationsç
0

2

4

6

 A
ve

ra
ge

 f
itn

es
s,

 φ  n=6
 n=5
 n=4
 n=3
 n=2
 n=1

 N=40

0
æ

1000
æ

2000
æ

3000
æ

4000
æ

5000
æ

 Generations

0

2

4

6

 A
ve

ra
ge

 f
itn

es
s,

 φ  n=6
 n=5
 n=4
 n=3
 n=2
 n=1

 N=70

0
æ

1000
æ

2000
æ

3000
æ

4000
æ

5000
æ

 Generationsç
0

2

4

6

 A
ve

ra
ge

 f
itn

es
s,

 φ  n=6
 n=5
 n=4
 n=3
 n=2
 n=1

Ò¤Ys�-[Va]\¢z � � ØvÐEÍJØvÔÅá6àvÚ½Û8Í /+ß Í¿å�ÎÍÑ½Ó�Ü ' Ý @8ÞWÝ�Övë

È«z



0
é

200
é

400
é

600
é

800
é

1000
é0.0

0.2
0.4
0.6
0.8
1.0

Fr
ac

tio
n 

of
 C

ê

0
æ

200
æ

400
æ

600
æ

800
æ

1000
æ0.0

0.2
0.4
0.6
0.8
1.0

Fr
ac

tio
n 

of
 D

ê

0
æ

200
æ

400
æ

600
æ

800
æ

1000
æ0.0

0.2
0.4
0.6
0.8
1.0

Fr
ac

tio
n 

of
 B

ê

0
æ

200
æ

400
æ

600
æ

800
æ

1000
æ

Generationsç ë
0.0
0.2
0.4
0.6
0.8
1.0

Fr
ac

tio
n 

of
 A

ê

Ò¤Ys�-[VaX\�� � � Ñ�ÏvÒ�Ó£ØvÒ½ÍÏvÚ½Ô#ÎíÌ½ØvÒ½àvÍÔ$Ö×ÒOÙ×Í¿å�Ö×ÎÏvÒ ë�Ø ÏvÛJÓ£Ì½Ö×ÔJÛÄÚ½Ò ß ÑMÝyv Þ+ß ÜsÝ¯vdì @8Þ Ý�Ö ØvÒ½âÜ ' Ý @8Þ Ý�è ë Ê�Ì½Í#ÓÄÖ×ÐEÍ - ÍßqvÏvÙ×Ú½Ó£Ö×ÏvÒ·ÏvÕ%Õ�ÏvÚ6ÛÍÒ�Ó£Û8Ö×ÍÔ Ö×ÒkÓ£Ì½ÍØ|qvÍÛÄØvàvÍ�Ù×Íå�Ö×ÎØvÙ"ÐEØvÓ£Û8Ö×å ß Õ�ÏvÛÄÐ#Ú6Ù×Ø'æ)í Þ+êÄß Ö×Ô$Ñ½Û8ÍÔÄÍ¿Ò�Ó£Í¿â ë Ê�Ì½Í-ÛÄÍ¿ÔÄÓ$ÏvÕiÓÄÌ½ÍØvÔÄÔ8Ï�Î¿Ö×ØvÓ£Ö×ÏvÒ½Ô Û8ÍÐEØvÖ×ÒîqvÍ¿ÛÄãOóPÍØvôsØvÒ6â·ØvÛ8Í-Ò6ÏvÓÔ8Ì6Ï
ó�Ò ë
\jaXaX_bSV\<_b[VU5g-U]UX_)ijYZgbW]Ys_-S� �g-UwYZSVijaX\jg-U]\<d?mVUX_�W]�VgbW / ú��èÈ«x µ�ï �wQTS�W]�VYsUrYZSnW]\jaX��\jdVYZgbW]\�aX\j�bYZ��\nm¦WK��\�g>fb\<a]g-�b\©¥VW]SV\jUXUr_b^
\jg-i«��_b^¤WK�V\�±n[�gbUXYsUXWKg-WKYZ_bSVg-a]lyUXWKg-WK\<UwYZU5�s_> R\jawWK�Vg-S�WK�V\&\<�)�¦\<ijWK\<d9¥VW]SV\jUXU5_b^¤W]�V\�¥V�)\<d��¦_-YsS)WKUe_b^¤WK��\&dV\jW]\jaX��YsSVYZUXWKYZi
UXlnUXWK\<�æ 7YsW]� / ús��x/���7��\wg>fb\<a]g-�b\7�Z\j�)YZijgb�/��gbW]a]YZ��YsU�UXWKYZ�s�/i<�s_-U]\eWK_�g��J\jaX��[VW]gbWKYZ_bS$��gbWKaXYZ�·mb�V[VW�W]�V\eUX�Vg-a]\e_b^A_-WK�V\<a\j�Z\j��\<SnW]U7YsUw�sg-a]�-\ja�WK�Vg-S$YZW7 RgbU7^`_ba7aX[VSVU7 7YZWK� / ú ��ÈCx µ�á à / �cwU©W]�V\ª\jaXaX_ba¢a]g-WK\�_b^�YsS�ij_baXaX\jijW¢�Z\jg-a]SVYZSV�#�¦\<ij_-��\<U©U]YZ�bS�Ys¥Vi<gbS)W�m·YsW©�-\jWKU©��gbaXdV\ja©g-SVd���gbaXdV\ja©W]_#d�\jWK\<a]��YZSV\ªWK��\
�Z\j�)Ysi<_bS�UXYZ¸j\y�)l¨�s_)_-�nYZSV�9g-W�W]�V\�g>f-\jaXgb�b\ªg-U]UX_)ijYZgbW]Ys_-S���g-WKaXYs�A��§°��\jS / ú]ð / mGWK�V\$ij_b���J\jW]YsSV����gbWKaXYZij\jU��Vg>f-\ªgij_-SVUXYsdV\<a]g-�V�Z\�UX�VgbaX\nmA 7�VYZi«��i<gbS�YsS¨^`g-ijW©�J\y�sg-a]�-\ja¢WK��gbS¨WK�V\ªUX�Vg-a]\�_b^RSV_-SVÎÞg-���VYZ�b[�_b[VU¢��gbW]a]YZij\<Uh��QTS¨¥V�-[Va]\�z� R\
�J\jaX^`_baX��\<d�U]W]_)i«�VgbUXWKYZi©a][�SVU5 7YZWK� / ú � / ��ÈCx µ ~ �RcwUegªa]\<U][V�ZW5_-^Ggª�ZgbaX�b\©��a]_-�Vgb�VYZ�ZYsWTl$WK_yi<a]\<gbWK\©S�\j I\jS)WKaXYZ\jU>m�WK��\ij_-�V\jaX\jS�ij\¢YsUe�s_> R\jaX\jd#UXYs�-SVYs¥�ijgbS)W]�slA²)W]_n_ª��g-Snl$\jaXa]_-SV\j_-[VU�\jS)WKaXYZ\jU5g-a]\¢gbi<ij[V��[V�ZgbWK\<d�dV[VaXYsSV�ªW]�V\&�Z\jg-a]SVYZSV���VaX_)ij\jUXU>�
cM��_-a]\7dV\<WKg-Ys�Z\jdyd�\jUXijaXYs�VW]Ys_-Sª_b^/WK��\waX\j�bYZ��\jUÆ_-^/¥V�b[VaX\jU¢Ñ�gbS�dªz&�b_)\jU��¦\<lb_-SVdªWK�V\wU]i<_b�J\5_b^·W]�V\w�VaX\jUX\jS)W��Vg-�¦\<apg-SVd
 7YZ�s�A�J\©gbd�dVa]\<U]UX\jd$\j�ZU]\< 7�V\jaX\n�

 eðj� O��0�p÷Rü)ø¤÷����$	��o�xÿeøG÷c\$���o�$�^[¿�Aý�ö�i�Æ÷
�7�V\RU]YZ���V�Z\R��_)dV\<��dV\jUXijaXYs�J\jd�gb�J_>fb\��bYZfb\jUGaXYsUX\�W]_eUXWK_)i«�Vg-U]W]Ysi�i«�VgbS��b\jUGYZS��Z\j�)YZij_bS�_>fb\<a�WKYZ��\n�?�7�VYZU¤YsU¤gr�V�V\jS�_b��\jSV_-S
 7�VYZi«�¨YsU&_-�VUX\jaXfb\jd�YZS���YsUXWK_-a]YZijg-���sYZSV�b[�YsUXWKYZijU>²?_b[Va&��_)dV\<�ÆdV\j��_-SVU]W]a]g-WK\<U©WK�Vg-W&YsW©��g>l��¦\ªg�i<_bSVUX\j±)[V\<SVij\�_b^�¥VS�YsW]\
�J_b�V[V�ZgbW]Ys_-S$UXYZ¸j\©\j³J\ji<WKU>�
§�\R�)SV_> ÍWK�Vg-W¤U]W]gb�V�Z\�\j±)[VYZ�sYZ�VaXYs[V�ÜU]_-�s[�WKYZ_bSVU¤_b^JWK��\Rd�\jWK\<a]��YZSVYZU]W]Ysi7��_)dV\j��i<_bSVUXYZU]W¤_b^JSV_-SVÎÞg-���VYZ�b[�_b[VUG�sg-SV�b[�gb�b\<U

® g-SVd9��g>l�i<_bS)WKg-YsS�g�U]��gb�Z�GU]�Vg-a]\©_-^¤ij_b���J\jW]YsSV�$�sg-SV�b[�gb�b\<U5YZ^ / ú&YZUef-\jaXl�UX��gb�Z�Ú¯]���7�V\jaX\&g-a]\��=¡�dVYZ³¦\<a]\<SnWw �g>l)U5W]_gbUXUX_ni<Ysg-WK\$�$U]YZ�bS�gb�ZU? 7YZWK�s�$aX\j^`\jaX\jS)W]U? 7�VYZi«���-Ysf-\jUGWK�V\�W]_bWKg-�)Sn[����J\jaG_b^�S�_bSVÎÏgb���VYs�-[V_b[�U�UX_b�Z[VWKYZ_bSVU>�·�7��\jUX\�UX_b�Z[VWKYZ_bS�U
ij_)\<�nYZUXW5YsS�WK�V\&���VgbUX\&UX�Vgbi<\n�RQTS9\<±n[�gbWKYZ_bS�U ® Ë/¯Km�_bSVi<\&WK�V\�U]l)UXWK\<� �Vg-UwaX\jg-i«�V\jd�_bS�\&_b^¤WK��\�\j±)[VYZ�ZYs�VaXYZ[V�%U]_-�s[VW]Ys_-SVU>m
SV_$^`[Va]W]�V\ja¢i«�Vg-SV�b\<Uwg-a]\��¦_-U]UXYs���s\)� Å _> �\<fb\ja>m�g�¥VSVYZWK\�UXYs¸<\��V�Zg>l)Ueg$a]_-�s\�_b^Æg$¥VSVYZWK\��¦\<a]W][Va]��gbWKYZ_bS�WK�Vg-Wei<_bSVUXWKg-SnW]�sl
gbi<WKU5YZS�WK��\&U]l)UXWK\<���e¹RSVij\©YZS�gª 7�VYZ�s\�YsW5��g>ly�J\ji<_b��\&UX[�L�ijYZ\jS)W7WK_��nYZi«��W]�V\©UXlnUXWK\<� _-[VW7_b^¤gªUXWKg-�V�s\©\<±)[VYs�ZYZ�Va]YZ[V�
gbS�dª�Va]YZSV�©YZWÆ_>fb\<a�WK_©W]�V\5gbW]WKaXgbi<WK_ba�_-^/gbSV_-WK�V\<aÆU]W]gb�V�Z\7\j±)[VYZ�ZYs�VaXYZ[V�9���7��\jS?mbg©U]�J_bS)W]gbSV\<_b[VU�i«�Vg-SV�b\7YZSª�Z\j�)Ysi<_bS�WKg-�b\<U
�V�Zgbi<\n�ª�7��\yU]��g-�s�Z\ja&W]�V\y�J_b�V[��sg-WKYZ_bS¨U]YZ¸j\)mAW]�V\y��_baX\ª�ZYs�-\j�Zl�UX[Vi«�¨WKaXgbSVUXYsW]Ys_-SVU&g-a]\�WK_�_ni<ij[Va�YsS¬g��-Ysf-\jS��s\<SV�bW]�¬_b^
WKYZ��\n�
QTW7YZUwYZSnW]\jaX\jUXWKYZSV��WK_y^`_-�s�Z_> MW]�V\&W]Ys��\jÎÏ\jf-_b�Z[VWKYZ_bS�_-^?W]�V\&g>fb\<a]g-�b\r�s\<�)Ysi<gb�·��gbW]a]YZ�A��cwUegbS�\j�)g-�����s\© R\©ij_-SVU]YZdV\<a7g

UXlnUXWK\<�¡ 7YZWK�åJ��
|bx#�¦\<_b�V�Z\�gbSVd / �
|�°�È«x µ ~ m / ú �æÈCx µ�ï �&�7�V\�g>f-\jaXgb�b\��s\<�nYZijg-�¤��g-WKaXYs��_-^pW]�VYsU©UXl)U]W]\j�¡^`_-a¢g

È«�



�Vg-a]W]Ysi<[V�sg-a�a][VS��Z_)_b�b\<d��ZYs�-\

âÉ9�
ñ

É
ò �

I ® Ñ«x/¯

 7�V\<a]\��)l9U]��g-�s��i<YsaXij�Z\jU¢ R\�dV\<SV_bW]\jd�\jS)WKaXYZ\jU¢ 7�V_bUX\�fhgb�Z[V\jU¢ R\jaX\��Z\jUXU©WK�Vg-S�x ; È�^`_ba¢�-\jSV\<a]g-WKYZ_bSVUªÈ�WK�VaX_b[V�-��ÈCxbxbx/�
cwUXUX_ni<Ysg-WKYZ_bSVU�Érm ò mÅ��gbS�d ñ gbaX\©WK��_bUX\�_b^�YZS)WK\<a]\<U]Wh���7�V\jYZaw\<fb_-�s[VW]Ys_-S�YsUr�V�Z_bW]WK\jd�YsS9¥��b[VaX\&�J�7QTS9WK�V\��¦\<�bYZSVSVYZSV�Jm
g9�J_b�V[��sg-WKYZ_bS¬gbd�_b�VW]U�g9SV_-SVÎÏgb����Ys�-[V_b[VU��sg-SV�b[Vg-�b\ª 7�VYZi«�¬ij_-SVUXYsUXWKU�_b^�WK�VaX\j\�gbUXU]_)ijYZgbW]Ys_-SVU>mÆÉ¢m ò gbSVd������7�V\jS?m
gbaX_b[�SVdy�b\<SV\jaXgbW]Ys_-Sª|bx-xJmb_bSV\r_b^AW]�V\rU]YZ�bSVg-�sURdVYZU]g-�V�J\jgbaXUp^`aX_b�æW]�V\r�sg-SV�b[Vg-�b\5g-SVd��-\jW]U�aX\j�V�Zgbi<\jdy�)lªg-SV_bW]�V\jaRU]YZ�bS�gb�Tm
 7�VYZi«��U]W]gbSVdVUw^`_ba5W]�V\©U]g-��\©a]\<^`\jaX\jS)W��¤�7�)[VUwWK�V\&W]_bW]gb�AS)[V���¦\<a5_b^GgbUXU]_)i<Ysg-WKYZ_bSVU�YZU5U]W]Ys�Z��W]�VaX\j\n�ÆcwaX_b[VS�d#�-\jSV\<a]g-WKYZ_bS
zbx-xJm�_bSV\5_-^·WK�V\egbUXU]_)i<Ysg-WKYZ_bSVU�YZU���a]YZ\uóVl��Z_bUXWÆ^`a]_-�£WK�V\efb_)ijg-�V[V�ZgbaXlnmhUX_&WK��gbWp^`_-apg& 7��Ys�Z\wW]�V\jaX\5gbaX\5_-SV�sl�WT R_&_b^·W]�V\j�
��gbYZS)WKgbYZSV\<d?� Å _> �\<fb\<ahm/W]�VYZU�gbUXUX_ni<Ysg-WKYZ_bS�YsU��bgbYZSV\<d���gbi«��UX�V_-a]W]�sl�gb^`WK\<a] RgbaXdVU>��§�\yijg-S�d�\j�VYZijW&W]�V\yUX�¦_-S)WKgbS�\j_b[�U
i«�Vg-SV�b\<URYZS��s\<�)Ysi<_bS#_b�VUX\jaXfb\<d��V\<a]\¢gbU

ô ô ô æ)í @vê
ue_bW]\�W]�VgbW¢YZS�W]�VYZU©U]YZ��[V�ZgbW]Ys_-S?m/g#U]��g-�s��^`aXgbi<WKYZ_bS�_-^pUXl)SV_bS)l)��Urg-SVd���_b��_bS)l)��UrYZU©gb�Z Rg>lnUr�VaX\jUX\jS)Wr�¦\<ijgb[�U]\�_b^pg
¥VSVYZWK\��VaX_b��gb�VYZ�sYZWTl¢_b^VYZSVi<_baXa]\<ijWA�Z\jg-a]SVYZSV�/m��V[VWG �\Rijg-S�UXWKYZ�s�)_b��U]\<a]f-\ÆWK�Vg-W¤WK�V\RdV_b��YZSVgbS)WG�sg-SV�b[�gb�b\pYsU¤SV_-SVÎÞg-���VYZ�b[�_b[VU>�

õ ö ÄjíGÃ7Â�íGí?Ä<À�½
§�\�UXWK[VdVYZ\jd3WK�V\$�¦_-�V[V�ZgbWKYZ_bS¬d�lnS�gb��Ysi<U�_-^7WK�V\$gbij±)[VYZUXYsW]Ys_-S�g-SVd�\<fb_b�Z[VW]Ys_-S�_-^7WK�V\$�s\<�)Ysi<gb�p��g-WKaXYs�A�#§�\�gbUXUX[V��\jd
WK��gbW�YsSV^`_-a]��g-WKYZ_bS3\<�)i«�VgbSV�-\��J\jWT R\j\<S3YZSVdVYZfnYZdV[Vg-�sU��Z\jg-dVU�W]_�g��Vg>l-_b³� 7�VYsi«�Íij_-SnW]a]YZ�V[VW]\jU�WK_�¥VW]SV\jUXUh��k�[Viji<\jUXU]^`[V�
YZSVdVYZfnYZdV[Vg-�sU©g-a]\���_baX\��ZYs�-\j�Zl�WK_�WKaXgbS�U]^`\<arW]�V\jYZa©�Z\j�)Ysi<gb�¤��gbW]a]YZ��WK_#_bW]�V\jaXUh�&§�\�i<_bSVUXYsd�\jaX\jd�WT R_#dVYs³J\jaX\jS)WrWTl)�¦\<U©_b^
��YsUXWKg-�b\<U�W]�VgbWRi«�VYZ�sdVaX\jS�ijgbS���g-�b\edV[VaXYsSV��WK�V\r�Z\jgbaXSVYZSV��g-ij±)[VYZU]YZWKYZ_bS ��® YÚ¯�YsS�ij_b���V�Z\jW]\e�Z\jg-a]S�YsSV�/m� 7��\jaX\w_bS�\w_baR��_baX\
_b^�W]�V\�WK\jg-i«�V\ja>µ Ueg-U]UX_)ijYZgbWKYZ_bS�U5gbaX\��Z_bUXW�m¦gbS�d ® YZYÚ¯pYZSVij_-a]aX\ji<Ww�Z\jgbaXSVYZSV�Jm� 7�V\<a]\�i«�VYs�ZdVaX\jS9i<a]\<gbW]\�\jaXaX_bSV\<_b[VU5\<S)WKaXYs\<UeYZS
WK��\jYZa5�s\<�)Ysi<gb�·��gbW]a]YZij\<Uh�
QTS�WK��\&ijg-U]\©_-^GYZSVi<_b���V�Z\jWK\��s\<gbaXSVYZSV�Jm) R\&g-SVgb�Zl)¸j\jd��V_> 
gbi<ij[VaXgbW]\©WK�V\�gbij±)[VYZUXYsW]Ys_-S�_b^¤WK�V\��s\<�nYZijg-�A��gbW]a]YZ�$��[VUXW

�J\&^`_ba5gª�J_b��[V�sg-WKYZ_bS�WK_���g-YsS)W]gbYZS#gªi<_b�V\<a]\<S)W ® SV_bS�ÎÞg-���VYZ�b[V_-[VU>¯G�s\<�nYZijg-�·��gbWKaXYZ��_b^¤gª�-Ysf-\jS�U]YZ¸j\)��QT^ 2 dV\jS�_bWK\<U5WK��\�VaX_b�Vg-�VYZ�sYZWTl�W]�VgbWegª�s\<gbaXSV\ja5g-ij±)[VYZa]\<U5gyUX�¦\<ijYZ¥Vi&\<SnW]a]l$_b^�W]�V\&�Z\j�)Ysi<gb�?��g-WKaXYs�$_b^¤WK��\�WK\<gbi«�V\<ahm�gbSVdh��YZUw�ZgbaX�b\nmVWK�V\<S
2 �VgbU7W]_�\<�)ij\j\<d$W]�V\©WK��a]\<U]�V_-�sd�fhgb�Z[V\

2 { ��ÈEQ È
�N� ; ® Ñ«�/¯

Ò�_-a7g��bYZfb\jS 2 m)W]�V\©�s\<�)Ysi<gb�·ijg-�Vgbi<YsWTlª_-^?W]�V\©UXlnUXWK\<�!YZU5dV\j¥�SV\jd��)l
� *s��� ® 2 ¯$�:> � ® ÈEQ 2 ¯ @ µ P ; ® Ñ«Ë/¯

�7�VYZU5fhgb�Z[V\©_b^��¬��g-�)Ys��YZ¸j\jU7W]�V\&g>f-\jaXgb�b\e¥VWKS�\jUXU5^`_ba7gª�-Ysf-\jS 2 �¤uw_-W5\jf-\jaXln�J_)dVlªYZS�WK�V\©�J_b�V[��sg-WKYZ_bS��)SV_> 7U7gb�Z�AWK��\gbUXUX_ni<Ysg-WKYZ_bSVU>���7�V\©g>fb\<a]g-�b\5S)[V���¦\<a5_b^?gbUXU]_)ijYZgbW]Ys_-SVU��)SV_> 7S$�)lyg��J\jaXU]_-S$YZU5�-Ysf-\jS��)l º �1»$�G� 2 (·�GÒ¦_ba=�&�,� *s��� m R\r_-�VWKg-YsS
º �r» �r� *s��� 5 � 8 ; ® Ñ«|/¯

�7�V\rU]W]gbSVd�gbaXdydV\jf)YZgbW]Ys_-SyYsU�� ~ �r� ~ *s��� 2 ~ ( ¸��Í�
µ P ® È Q 2 ¯]�G�7�V\rdVYsUXWKaXYZ�V[VWKYZ_bS$_b^·W]�V\¢Sn[����J\jaR_b^Ag-U]UX_)ijYZgbWKYZ_bS�Up�)SV_> 7SWK_�YZSVdVYZf)YsdV[�gb�ZU©YsU&S�\jgbaX�Zl��VYsS�_b��Ysg-��YsS¨W]�V\ªijg-U]\�_b^��sg-a]�-\O� *s��� ���7��\�\<³¦\<ijW]Ysf-\ª�s\<�nYZij_-S�UXYZ¸j\nmJd·mAYsU©d�\j¥VSV\<d¨gbU©WK��\g>fb\<a]g-�b\ªS)[V���¦\<a�_-^5gbUXU]_)i<Ysg-WKYZ_bSVU�WK�Vg-W�g-Snl¨WT R_�YZSVdVYZf)YsdV[�gb�ZU���g>fb\yYZS3i<_b����_bS?��§�\$¥VS�dÍW]�VgbWhdÂ��� 2 ~ (·��Ò�_-a�&�G� *s��� ® 2 ¯G �\©_-�VWKg-YsS d��,� *s��� 5 8 ; ® Ñ«{/¯

Ò�_-a7�bYZfb\<S$fhgb�Z[V\<U7_b^ 2 mn\j±)[VgbW]Ys_-SVU ® ÑC|J¯?gbS�d ® Ñ«{/¯�i<gbS#�¦\©aX\j 7aXYZWKWK\<S$g-U
º �1»$�<> � � 8 ® ÈEQ 2 ¯ @ µ P I d>�?> ��8 ® ÈEQ 2 ¯ @ µ P ; ® Ñ«Ê/¯

§�\ei<gbSyg-�sUX_�aX\j 7aXYsW]\wW]�V\¢ij_bS�dVYsW]Ys_-Sy^`_ba 2 { m-^`_-a]��[V�sg ® ÑC�J¯Km-YZS�W]\jaX��U�_-^·g���YZSVYs��[V�!S)[V���¦\<a�_-^A�s\<gbaXSVYZSV��\<fb\jS)W]U�J\ja¢�s\<gbaXSV\ja>�e��\<Wî÷edV\jSV_-WK\�WK�V\�S)[V���J\ja¢_-^Æ�s\<gbaXSVYZSV��\<fb\jS)W]UeW]�VgbW¢g��Z\jg-a]S�\jar�VgbU¢dV[VaXYZSV��YZWKU¢�ZgbSV�-[Vgb�-\�gbi<±)[VYsUXYZWKYZ_bS

�bx



�J\jaXYs_)d?� Å \<SVij\�÷�U]�J\ji<Ys¥V\<U7WK�V\¢S)[V���¦\<aR_-^AWKYZ��\jU7g�ij_-a]aX\ji<Wp\jS)W]a]lªYZU���g-dV\¢YsS$WK�V\¢�Z\j�)YZijgb�/��gbW]a]YZ�ª_b^?WK�V\¢�Z\jg-a]SV\<ah��QT^
gb�Z�·aX\j^`\jaX\jS)W]U7_ni<ij[Va7g-W�WK�V\©UXgb��\¢^`a]\<±)[V\jSVi<lnm) R\¢�Vg>fb\

2 �MÈEQ ® È-Q×È 5 �R¯)ø ; ® ÑbÑ-¯
�7�V\<a]\�gbaX\e÷5YZSVdV\j�J\jS�dV\jS)Wr\jfb\<S)WKU>�7QTS�g-S)l$_-SV\�\<fb\jS)Whm�_-SV\�_-^¾�3a]\<^`\jaX\jS)WKUrYZUei«�V_-U]\<S�gbWea]g-SVdV_b�9�5op±)[VgbW]Ys_-SVU ® Ñ«�/¯
gbS�d ® ÑbÑb¯G�Z\jg-d$W]_

÷s	:÷ { �,�&�ZS ® ���R¯ ; ® Ñ«z/¯
c ��_-a]\�a]\<gb�ZYsUXWKYZi9��_)dV\j�rYsS�ij�Z[VdV\jU�YZSVij_-a]aX\ji<Wy�Z\jgbaXSVYZSV�JmR 7��\jaX\��Z\jgbaXSV\<a]U$ijgbSM�nl���YsUXWKg-�b\�^`_baX� g-U]UX_)ijYZgbW]Ys_-SVU

WK��gbW�g-a]\�S�_bWy�VaX\jUX\jS)WyYZS¶W]�V\jYZa�W]\jgbi«��\ja>µ Uy��g-WKaXYs�A�
c ^`[��s�rgbSVg-�sl)UXYsU�_b^¢WK�VYZU#U]YZWK[Vg-WKYZ_bS°YZU$UXWKYZ�Z�w��YsUXUXYsSV�/�
QTS¶WK��\
�VaX\jUX\jS)W©�Vg-�¦\<a& �\��Vg>fb\�ij_-SVUXYsdV\<a]\<d¨WK�V\yUXYZWK[Vg-WKYZ_bS¬ 7�V\<a]\ªW]�V\y�VaX_b�Vg-�VYZ�sYZWTl�W]_�ijaX\jgbW]\ªSV\j £g-U]UX_)ijYZgbWKYZ_bS�U©YsU&UX��gb�Z�Ú�
uw[���\<a]YZijg-��UXYs��[V�sg-WKYZ_bSVU��Vg>fb\¤dV\<��_-SVUXWKaXgbWK\<d¢gR�-_)_nd¢±)[Vg-SnW]YsW]gbW]Ysf-\�gb�baX\j\<��\jS)W/ 7YsW]�©_b[Va·g-SVgb�Zl)WKYZijgb�b�Va]\<dVYZijWKYZ_bS�Uh�/�7��\
�J_b�V[V�ZgbW]Ys_-SVU�WK\<SVdVU7WK_�ij_-S)fb\jaX�b\wWK_�g�±)[Vg-U]YZÎÞi<_b�V\<a]\<S)WpUXWKgbW]\nm- 7�V\<a]\rWK�V\¢g>f-\jaXgb�b\<dª�s\<�)Ysi<gb�/��gbWKaXYZ�ª_b^Ag-�s�/YZSVdVYZfnYZdV[Vg-�sU
ij_-S)WKgbYZSVU�dV_b��YZSVgbS)W&SV_-SVÎÏgb����Ys�-[V_b[VU©\<S)WKaXYs\<Uhm?WK��\�UX�VgbaX\ª_b^7UXl)SV_bS)l)��U&gbSVd3�V_b��_bS)l)��U&YZU�aXgbW]�V\ja&UX��gb�Z�pg-SVd�WK��\
g>fb\<a]g-�b\e¥VWKSV\<U]U7YZU5 R\j�Z�·dV\jUXijaXYZ�¦\<d#�)ly^`_-a]��[V�Zg ® Ñ«ÊJ¯]�
cwU�W]�V\e�J_b��[V�sg-WKYZ_bS#U]YZ¸j\eWK\<SVdVU7WK_�YZSV¥VSVYZWTlnmnW]�V\¢gbSVg-�sl)WKYZijg-�¦aX\jUX[V�ZWKUR_b�VW]gbYZSV\jd$^`_ba�WK��\rd�\jWK\<a]��YZSVYZU]W]YsirU]l)UXWK\<�æ�V_b�Zd

\j�)g-ijWK�Zln� Å _> R\jfb\<ahm�¥VSVYZWK\��¦_-�V[V�ZgbWKYZ_bS�\<³¦\<ijW]Ue��g>l#�V�sg>l#g�aX_b�Z\n�RÒ¦_baeYsSVUXWKg-SVij\)mVUX�J_bS)WKg-SV\j_-[VUwi«�Vg-SV�b\<U5_b^��ZgbS��b[Vg-�b\
�Vg>f-\e�J\j\<S$_-�VU]\<a]f-\jdyYZS�U]W]_)i«�VgbUXWKYZieUXYZ��[V�ZgbW]Ys_-SVU�^`_ba��¦_-�V[V�ZgbW]Ys_-SVU7_b^Ag�¥VS�YsW]\rUXYZ¸j\n�GQTS#WK��\ri<_b[VaXUX\e_-^�\jf-_b�Z[VWKYZ_bSGmbS�\j 
gbUXUX_ni<Ysg-WKYZ_bSVUe�Vg>fb\��¦\<\jS�_-�VUX\jaXfb\jd�W]_��-a]g-dV[Vgb�Z�Zl$aX\j�V�Zgbi<\�_-�sd9_-SV\jU>�w�7�V\�d�lnS�gb��Ysi<Ue_-^ÆWK��\�UXWK_)i«�VgbUXWKYZi�UXl)U]W]\j�%ijg-S
�J\©fnYZ\j R\jd#gbU7g�UX\jaXYs\<U7_b^?WKaXgbSVUXYsW]Ys_-SVU7�J\jWT R\j\jS�UXWKg-�V�s\¢g-WKWKaXgbi<WK_-a]U�_b^?WK�V\©i<_baXa]\<U]�J_bS�dVYsS���dV\<WK\<a]��YZSVYsUXWKYZi©UXlnUXWK\<�9�
�7�VaX_b[V�-�V_b[�W�W]�VYsUw�Vgb�J\ja7 R\©�Vg>fb\rgbUXUX[V��\jd#WK�Vg-W7\jgbi«�#YZSVdVYZfnYZdV[Vg-�A�Z\jgbaXSVU�YZWKU5�Z\j�)YZijgb�·��g-WKaXYs�y^`aX_b� _bSV\¢W]\jgbi«��\ja>�

§�\w�Vg>f-\5gb�ZU]_�U]YZ��[V�ZgbW]\jdªW]�V\eUXYZWK[Vg-WKYZ_bSª 7�V\<a]\eYsSVd�Ysf)YZdV[Vgb�ZUp�Z\jg-a]Sª^`aX_b�£��_baX\5W]�VgbSy_-SV\5W]\jgbi«��\ja ® U]\<\wg-�sUX_&uw_> Rgb��ß<à
ábâ ã ® ÈC�b�-�Jm>�-xbx-xJ¯/g-SVdyuw_> Rgb� ® �-xbxbx/¯K¯]�A�7�V\rWK\<gbi«�V\<a]UpgbaX\wi«�V_-U]\<Sªa]g-SVdV_b���Zl���[VW���a]_-�¦_-a]W]Ys_-SVgb�Z�sl�WK_�WK�V\<YsaR�Vg>lb_-³�YZS
WK��\©�¦_-�V[V�ZgbWKYZ_bSG��QTS#WK��YsU5i<gbUX\nm- R\r_-�VWKg-YsS#UXYs��YZ�sg-aRaX\jUX[V�ZWKU7�VaX_>f)Ysd�\jd�W]�V\©�Z\j�)Ysi<gb�/��gbW]a]YZ�y�Vg-URYZS)WK\<�b\ja7fhg-�s[V\<d$\<S)WKaXYs\<U
WK��gbW¤gbaX\�S�_bWGa]\<U]W]a]YZijW]\jd�W]_¢xeg-SVd�È-�·§°�V\<SV\jf-\ja¤gr�s\<gbaXSV\ja¤aX\jij\<Ysf-\jUGgeaX\j^`\<a]\<S)WKÎÏU]YZ�bSVg-�-��gbYZahm�W]�V\��s\<gbaXSV\jawyux~6tòß á+� ß6�/WK��\
ij_-a]aX\jUX�J_bSVdVYZSV��\jS)WKaXlyYZS��VYsU7g-U]UX_)ijYZgbW]Ys_-S���gbW]a]YZ���)ly_-SV\¢�¦_-YsS)W���§°YsW]�#W]�VYZU5\j�)WK\<SVdV\<d#��\<i«�VgbSVYZUX��mnW]�V\©�J_b�V[V�ZgbW]Ys_-S
ijg-S¬\jf-_b�Zfb\ªgbS�d���gbYZSnW]gbYZS¬ij_-�V\jaX\jS)W&�Z\j�)YZijgb����gbWKaXYZij\jU>�#QT^KmG�V_> R\jf-\ja>m· R\y�b\<\j�¬WK��\�\jS)W]a]YZ\jU�_b^7WK��\��Z\j�)Ysi<gb����g-WKaXYs�
aX\jUXWKaXYsi<WK\jd#WK_�x�gbS�d¬È-mnWK�V\<S�g��J_b��[V�sg-WKYZ_bS?mn 7��\jaX\rYZSVdVYZf)Ysd�[Vgb�ZU5�Z\jgbaXS�^`aX_b� U]\<fb\<a]g-�¦W]\jgbi«��\jaXUhmndV_)\<U7SV_bW���gbYZS)WKgbYZS#g
ij_-�V\jaX\jS)W7�Z\j�)YZij_bS�\<fb\jS�^`_-a5UX��g-�s�?\jaXa]_-a7a]g-WK\<Uh�p§�\�SV_bW]\©WK�Vg-Wwgª�J_b�V[��sg-WKYZ_bS� 7�V\<a]\&YZSVdVYZf)Ysd�[Vgb�ZUw�Z\jg-a]S�^`aX_b�þ_-SV\&_-a
��_baX\eW]\jg-i«�V\jaXU�WK�Vg-WRg-a]\raXgbSVdV_-���slªi«�V_-U]\<S�YZa]aX\jUX�J\jijW]Ysf-\w_-^�WK��\jYZa7�Vg>lb_-³#i<gbSVS�_bWR\jfb_-�sf-\eg�ij_-�V\jaX\jS)WR�s\<�)Ysi<gb�·��gbW]a]YZ�A�

kV[V���¦_-a]Wª^`aX_b�´WK�V\�t�g-i«��g-a]dÍÒ�_-[VSVdVg-WKYZ_bS?mpWK�V\���\j_-SÍ�?\jf)l3g-SVd×kV�V\<�s�)l3§°��YsW]\�QTSVYsW]Ysg-WKYZfb\<UyÒ�[VS�d?m�WK�V\9Ò¤�Z_baX\jSVi<\
ù _b[��sd�Ò�_b[�SVdVgbW]Ys_-S?mwWK�V\�cw���Va]_-U]\��9_bS�\j�Z�rÒ¦_b[VS�dVgbW]Ys_-S?m5W]�V\�cw�Z^`a]\<d�tp��kV�Z_bg-S¶Ò�_-[VSVdVg-WKYZ_bSMg-SVdMW]�V\¨uwg-WKYZ_bSVg-�
kVi<Ys\<SVij\©Ò¦_b[VSVd�gbWKYZ_bS#YZU7�baXgbWK\<^`[V�Z�slyg-i«�)SV_> 7�s\<dV�b\<d?�

ú ë\Æ�ëw¿�ë5½�Ã7ë5ídû

Ì QjÓG�©o � ��¹Ru�mnqª� ® È«�b�-xJ¯]��ü�Ã)ßm~6w`ß��©áeux|�ý�á+u�z���á§z)ß<mAÓG�VYZijg-�b_ � }eSVYZfb\jaXUXYsWTlª_-^�ÓG�VYZijg-�b_�tpaX\jUXUh�
Ì � cwueq�¹Ru�m � �-u��nÇ Å ¹ � uwkV�7o�QTu�mnu�� ® È«�-zbÊJ¯]�AÒ¦a]_-�æYsi<_bSVURWK_�UXln���¦_-�sU � kV_b��\rU]�J\ji<[V�ZgbWKYZ_bS�U�_-S�WK��\e_-a]YZ�bYZSVUR_b^
�ZgbSV�-[Vgb�-\n�sþ#wy�-âK�z�}�áeux|�ÿaÊ+w`âK�e�m�vÃcÊe}���mAÈ«Ê-���JÈCzb�/�
ÓGcwu ù op��¹RkVQpc��sm)Ç�t·c � QTkVQRqª� ® È«�-�bz/¯K�?�7�V\¢\j��\jaX�b\<SVij\r_b^?g�Ùb�ZgbSV�-[Vgb�-\jÙ�YZS#gbS#\jfb_-�sf)YZSV���¦_-�V[V�ZgbWKYZ_bS#_b^?SV\j[�a]g-�
SV\<WT �_-a]�)U>���Å�+u%u�ßm~�àÄwy�eu9üx~6w`ß6ux~ ßjm�����m)zbË	�b�/Ñb�
Ó Å o�uwo�
�m�qª�����)Ç£kVo�
eÒ�c � � Å m � ����� ® ÈC�b�-xJ¯K��·�����h�eu���ß�}N��ü�ß ß�à Ê-ß��D�+t«âK|����½ux�mwy|bß�à,Êbß��>wyux|>�,¢��sux�bà,Êbß6t
üNÃ�ßm~�w`ß6�X�5ÓG�VYZijg-�b_ � }wS�Ysf-\jaXU]YZWTly_b^�ÓG�VYZijgb�-_�tpaX\jUXUh�
qropc�Ó7¹Ru�mn��� ® È«�-�JÑ-¯K���²Êbßüx}N�·�
�-âKwy~�üNÃ�ßm~�w`ß6�X�¤uw\< �
�_-a]� � §��)§��)ue_baXWK_bSG�
opQ ù o�u�m¦�Í�JÇ!kGÓ Å }wk��7o � mJtp� ® ÈC�JÑC�J¯K���²Ê-ß�·}
Ã�ß6t~�}N~�âäß���� ÿctvwyu%~�w Ã/âäßh�,¢! �á-àÄ��tòá-â�ü�ß�â ¢6�#"#tjz)áeuxw É�ábà8wy�+u�� Ì \jaX�ZYsS?²
uw\< �
�_-a]� � kV�VaXYZSV�b\<a]ÎÏÛ�\jaX�sg-�J�
Ò¤QTk Å o � m � � c�� ® È«�-Ëbx/¯K���²Êbß�z)ß6u�ß�àÄwy~ á-â�à,Êbßm�+tv}'�&¢qu�á-àÄ��tòá-âi� ß<âäßm~�àÄwy�euV�¤qr_>fb\<a��V[V�V�ZYsUX�V\<ahm)QTS�in�Zm)uw\< �
�_baX�A�
ù Q Ì k?¹Ru�m�or�nÇ�§°o�$w�?o � mn��� ® È«�-�b|J¯]�A�GaXYs�-�b\jaXU>��ýEwyuNz���wy�Xà8wy~%�6u�&6��wytv}('�)�mn|bx/Ñ*�b|-{b|/�
Å ce����¹Æ§°o����Rm�c��pQj� ® ÈC�bÊ-xJ¯K�¶kV\j�Z^Km�UX_)ijYZ\jWTl3g-SVd°ij[��sW][Va]\�YsS°�V�)l)�Z_b�b\<SV\jW]Ysi��J\jaXUX�¦\<ijWKYZfb\)��QTS �,+ �6�bâ:��àÄwy�eu�á&¢�àÞß6t
- á+t*�JwyuV�GÛ�_-�AQKQ � �7�V\©opf-_b�Z[VWKYZ_bS$_b^G�9gbS?� ® �?g-�·m�k?�)\jdG¯Km)Ë-xb���-ËJÑC�J�ÆÓG�VYZijg-�b_ � }eSVYZfb\jaXUXYsWTlª_-^�ÓG�VYZijg-�b_�tpaX\jUXUh�
Å c7}ekVo � m)�Í� q�� ® È«�-�JÑb¯]����Ê-ß + ���-âK��à8wy�+uD�&¢,�Å�+�·�k��u%wy~ ábà8wy�+uV�wÓGgb����a]YZdV�b\)m-�9c � ��QT��t�a]\<U]U>�

�JÈ



Å ¹RÒ Ì c7}wo � m�v/�pÇÖkVQ ù ��}wuwqªmR��� ® ÈC�b�bz/¯K� + �6�bâK��à8wy�+u¦á+tv}/.�á+��ß��9áeux|10¢ßÃ/âKwy~ ábà8�+t - }Nu�áe�kwy~6�Xm�ÓGg-���VaXYZdV�b\ �
ÓGgb���VaXYsdV�-\e}eSVYZfb\jaXUXYsWTlyt�a]\<U]U>�
Å } � ÒR¹ � q�mnv·� � � ® È«�-zb�J¯]� Ì YZ_b�Z_b�-Ysi<gb��\<fb_-�s[VW]Ys_-Sy_b^�WK�V\rkVgb[�U]UX[VaX\jgbSªUXYZ�bS�g-U�g�ij_-���¦_-SV\jS)Wp_-^AWK��\r�ZgbS��b[Vg-�b\5g-ij±)[VYZÎ
UXYsW]Ys_-S$dV\<f)Ysi<\n��ý=wyu�z���ábm�2�2Am·ÈCzJÑ*�-�b�-�J�
��QTo Ì o � �9ceu�mJtp� ® È«�b�-�J¯]��¹RS�WK�V\ª\<fb_b�Z[VW]Ys_-S�_b^��)[V��gbS��sg-SV�b[Vg-�b\)�©QTS � �²Êbß + �6�bâK��à8wy�+u��,¢�·����á+uyý�á+u�z���á§z)ß6�43
ü657��ü�à8��|+w`ß6�-wyu�à Ê-ßgü%~�w`ß6ux~ ß0�&¢8�Å�+��ÃJâäß���w`àÄ} ® Å g> 7�)YZSVU>�Av·�>c��>Ç ù \j�Z�sÎÏ�9g-SVS?m>���>\jd�Uh¯]m��/È*�b|/Ñb� � \jdV R_)_nd�ÓGYZWTlnmJÓGc �
cwd�dVYsUX_bS�ÎÞ§�\jUX�s\<ln�
�9c�ÓGo�q�¹RueQTc�m�v/�A�Í�·Çço�Û?ceuwk?m�Ó7�Ak?� ® ÈC�b�-ËJ¯K�$Û�g-a]YZgbW]Ys_-S�g-��_bSV����gb����gb�ZYZgbS¬gb�ZgbaX� i<gb�Z��UXl)U]W]\j��U&g-SVd�WK��\
�VaX_b�V�Z\j�þ_b^G��\<gbSVYZSV��YZS#g-SVYZ��g-�·U]YZ�bS�gb�ZUh� + à,Ê+ux�-âäã�9�:�mAÈbÑ-Ñ*�/È«�JÑ-�
�9QT�?��o � m ù �)c�� ® È«�-�bÊJ¯]����Ê-ßîü%~�w`ß6ux~ ß·�,¢,�D�+t¿|+�X�¤uw\< �
�_-a]� � kVijYZ\jS)W]Ys¥Vi©ce��\jaXYsi<gbS#��YZ�Va]g-a]l)�
uwQ;
�¹ ù Qjm)tp� ® ÈC�b�-zJ¯K���²Êbß<�½u|¢6�+tv��ábà8wy�+u¦ábâ����e�Ã/âäß���w`à8}��&¢aý¤ß áetvuxwyuNz)� Ì _bUXWK_-S � �©�s[) R\ja>�
u�¹p§9ce��m�����c��JÇ!� � ce�©c7}wo � m�qª��Ó7� ® ÈC�b�b�/¯K�r�7�V\�\jf-_b�Z[VWKYZ_bS�_b^Æ�ZgbS��b[Vg-�b\n�gÿct¿��~�ã= �á-àÞâäã>�0~ á+|bã¯ü%~�w`ã@?1üA�
9�BAmnz-xb�bz	�bz-xbËbË/�
u�¹p§9ce��m>�Í��c��Zmbt��R¹R�7�©QTu�mhv/�Zmb� � cw�©c7}eo � m�q�� ® ÈC�b�b�/¯K�A�7�V\5\jf-_b�Z[VWKYZ_bS�gbaXl��ZgbSV�-[Vgb�-\R�-gb��\n��C)ãD�²Êbßm�et«ãgþ=wy�bâ ã
'�����m·È«|/Ñ*�JÈCÊb�/�
u�¹p§9ce��m��Í��c�� ® �bx-xbx/¯K���7�V\���gbUXYsi©aX\j�VaX_)dV[Vi<WKYZfb\&aXgbW]Ys_ª_-^Gg� �_-a]d?mVWK�V\���gb�)Ys��[V�ºU]YZ¸j\&_-^¤gy�s\<�)Ysi<_bS?�!C)ã<�²Êbßm�et«ã
þ=wy�bâäãE'���F�m·ÈbÑC���JÈCzb�/�
u�¹p§9ce��m��Í�Vc��Zm�t��R¹R�7�©QTu�m)v/� Ì �sm�v-ceuwkVo�u�mVÛ���c���c�� ® �bx-xbxJ¯]���7�V\&\jf-_b�Z[VWKYZ_bS�_-^¤U]l)S)WKg-ijWKYZi&i<_b����[VS�Ysi<gbWKYZ_bSG�
 �á-àÄ��tKßGF���FAmn|-�b{	�b|b�-zJ�
tpQTue�©o � mnkG� ® ÈC�b�b{/¯K�!�²Êbßaý¤áeuNz���ávz�ßG�½ux� à8wyux~�à1�?uw\< �
�_-a]� � Å g-a]�J\jaXt�\jaX\jS�SVYsg-�Ú�
kVc7}ekVkV} � orm¦Ò5��d�\ ® ÈC�bz-ËJ¯K�H�Å�+��tv� ß�wyu�z)ß6u�ß6tòá-âGâ:wyuNz���wy�Xà8wy~6�]� ® Ì g-�s�Zlnm¤Ó7��ÇækV\ji«��\j�Vg>l-\nm�c��¦\jdVU>¯K�w�Ga]g-SVU]�ZgbW]\jd�g-SVd
gbS�SV_bW]gbWK\<d$�)l � _>l Å g-a]aXYsU>�?��_-SVdV_bS � qr[Vi«�) R_baXWK�?�
kV�9QT� Å m)§��)v·� ® ÈC�JÑ-Ñb¯K�!�²Êbß�þRßMÊ-áÕ�6wy�+ts�&¢,�Å�+�·�k��u%wy~ ábà8wyuNz)�7ÓGgb����a]YZdV�b\)mn�9c � Å gbaXfhgbaXd�}eSVYsf-\jaXU]YZWTlyt�a]\<U]U>�
kV�9QT� Å m�§���v/� ® È«�-�JÑ-¯K���7��\ Ì \j�Vg>f)YZ_ba7_b^5ÓG_-����[VSVYZijg-WKYZSV�Jm)g-^`WK\<awWT R\jS)WTl�l-\jgbaXU>�¤QTS � ÿeß�tv�ÄÃ�ßm~<à8w��<ß6�Owyu + à,Ê+ux�-âK�¿z�}hm
Û�_b�Z[V��\�È«x/m ® ¹R 7YZSV�bU>mnqª� Å �Zm Ì \j\<i«�V\ja>m-�Í�)qª�sm)�7��_b���VUX_bS?mnu��)k?�)\<dVUh¯]mAÑ*�-{JÈ-�Aue\j I
�_baX� � t��s\<Sn[��!tpaX\jUXUh�
kVt�o � Ì o � m>qª�nÇ�§°QT��k?¹Ru�mbqª� ® ÈC�b�b{/¯K�J0rß�âäßS�<áeux~ ßK�L�Å�+�·�k��u%wy~ ábà8wy�+u9áeux|M�Å�z�uxw`à8wy�+u ® �bSVd$\jd?�Z¯�¹R�n^`_-a]d �AÌ �Zgbi«�)Î
 R\j�Z�Ú�
kV�7o�op��kGm��R� ® È«�b�-ÊJ¯�kV\j�Z^`ÎÏ_baX�bgbS�Ys¸<YsSV�rfb_)i<gb�V[V�ZgbaXYZ\jU>�/QTS � ÿ�t��~ ß ßm|+wyu�z��-�&¢D��âKw ¢�ßON¤m ® ��g-SV�bUXWK_-S?mVÓ7�h\<d?¯K��uwg-a]g/mhv-g-�VgbSG�
kV�7o�op��kGm����nÇ�Û�¹ ù ��mbtp� ® È«�b�/Ñb¯]� ù aX_b[VS�dVYsS���g-dVgb�VW]Ysf-\w�ZgbSV�-[Vgb�-\5�bg-��\jURYsS#a]_-�¦_-WKYZiwg-�b\jS)W]Uh�?QTS � ÿct�6~ ß ß
|ewyuNz��c�&¢
à,Êbß<5°�e��t«à Ê + ��t�§Ã)ß á+uP�Å�+uU¢�ß�tòß6ux~ ßq�+u8�st«à8w {-~6w`ábâ�ýEw ¢�ßjm ® Å [VUX�VgbSVd�UhmVtp�)Ç Å gbaXfb\<lnmnQj��\<dVU>¯K�rÓGgb����a]YZdV�b\)mn�9c � �9QT�
tpaX\jUXU>�
kV�7o�op��kGm)�R�VÇè�©cetp�?cwu�mVÒ5� ® È«�b�-zJ¯?kV�J_bS)WKg-SV\j_-[VUw�Z\j�)YZij_-S#i«��gbSV�-\n�pQTS � ÿ�t��~ ß ßm|+wyu�z��O�&¢M��"xýQ�R H.#�S�T��ý�m�ÈC�b|-Ë��
È«�-|b�/�A�9_-S)WKaX\jgb�T�
� � cet·c�m�tp� or��Çèu�¹Æ§�cw��m)�Í� c�� ® �-xbx-xJ¯K�Æuwg-U]��op±)[VYZ�ZYs�VaXYZgª^`_ba5g-S�\jfb_-�s[�WKYZ_bSVg-a]ly�ZgbS��b[Vg-�b\¢�bg-��\)���G_ygb���¦\<gba5YZS
C��+��t«ã���ábà,Êbã�þ=wy�bâäã
§ � cU
�m�c�� ® È«�-�bzJ¯]�RtpaX_bW]_b�ZgbSV�-[Vgb�-\eg-Uwgy�V_-�sYZUXWKYZi�UXlnUXWK\<� ^`_-aeUX_)ijYZgb�AYZS)WK\<a]g-ijWKYZ_bSG�dý¤áeuNz���ávz�ßLVW�Å�+�·�k��u%wy~Xá-àÄwy�euVm
��XAmn|/Ñ*�bÊ/Ñb�
§ � cU
�mpc�� ® �bx-xbxJ¯]� Å _-�sYZUXWKYZi�[VW]WK\jaXgbS�ij\jU$YsSM�Va]_-WK_-�sg-SV�b[Vg-�b\ � WK��\��ZYsSV�×^`aX_b� �VaXYs��g-WK\jU$WK_Í�n[���g-SVU>�IQTS � �²Êbß
+ �6�bâK��à8wy�+u¦á+tv} + ��ß6tjz�ß�u%~ ßh�&¢îý�á+uNz���ávz�ß<m ® �©SVYZ�b�)W�mRÓ7�sm?kVW][VdVdV\<a]W]ÎÞ�©\<SVSV\<dVlnm��Í�·Ç Å [Va]^`_-a]dGmAv·�/\jd�Uh¯&ÓGg-���VaXYZdV�b\)²
uw\< �
�_-a]� � ÓGgb���VaXYsdV�-\e}eSVYZfb\jaXUXYsWTlyt�a]\<U]U>�

Y Y î�î�ëw½�Á�Äu©�ûäÅ�Â�����À�î�¾�Ä�� �©ì3íGÀ�ì<Â�¾�Ä<À�½�í
Ò�_-a5WK��\©U]g-�b\¢_b^Gij_-�����s\<WK\jS�\jUXUhm) R\© 7YZ�s�Ai<_bSVUXYZdV\ja5¥��n\<d��¦_-YsS)WKUw_b^GU]l)UXWK\j� ® È-Èb¯Km�ij_baXaX\jUX�¦_-SVdVYZSV��WK_ªWK��\©\jYZ�b\jS)fhgb�Z[V\<U
º �1»-� ® �lQoÀÏ¯ 2 ( µxÁ  7YZWK��ÈOfpÀ¾fo�R�R§�\��Vg>fb\�] ( �&] ( µ P � ;�;�; �&] ( µ%Á û P �×x/m�gbS�d9WK�V\�U]l)UXWK\j�%^`_-a5WK�V\�a]\<U]Ww_b^
WK��\�fhgbaXYsg-�V�Z\jU7YZUe\<�ng-ijW]�sl ® ÈbÈ-¯¤ 7YZWK�>��aX\j�V�Zgbi<\jd��)l��DQoÀÏ��cw�Z�GWK�V\�U][V��ÎÞ_-�VWKYZ��gb�AUX_b�Z[VWKYZ_bS�U ® ^`_-aw\<gbi«�GÀÏm?ÈOfpÀ¾f��R¯
ijg-S$�J\© 7aXYsW]WK\jS�dV_> 7S �

] * � xxIa�DQ�À L È�f1�¼fG� I ® Ñ«�/¯

] ( µ%Á � À Á 5 À8¡ (
µ%Á µ P
�87�ú ® 2 (

µxÁ µ%� Q�! 5 ��Q&ÀÚ¯3I ® zbx/¯

�b�



] * � ® 2 ( µxÁ µ * Q�� 5 �>Q�ÀÏ¯ µ P
Á

�87 *#û P
� *� ® ÈEQ 2 ¯ �vµ * ! 5 ��Q&À
] � IèÈgfr�¼f1��Q�À�Q�È�I ® zJÈ-¯

]"ú � ÈEQ (
�87 P

]�� ; ® zb�/¯

�7�V\<U]\�U]_-�s[�WKYZ_bSVU#ij_-a]aX\jUX�¦_-SVd¶W]_ÍW]�V\¨U]YZWK[Vg-WKYZ_bS� 7�V\jaX\�g-�s�¢WK��\D�èU]YZ�bSVg-�sU#gbaX\���a]\<U]\<SnW#YZSMWK��\��ZgbS��b[Vg-�b\�_-^&WK��\
�J_b�V[V�ZgbW]Ys_-S?m-�V[VW�SV_�_bSV\r�)SV_> 7U�g-�s�J_b^�WK�V\<���G�7��\jaX\wgbaX\-��U][Vi«�$SV_bS�ÎÞ_-�VWKYZ��gb�JU]_-�s[VW]Ys_-SVU>�A�7�V\rfhgb�Z[V\r_b^P��QGÀ¦YsU�WK��\
��gb�)YZ��[V�!S)[V���¦\<a5_b^?gbUXU]_)i<Ysg-WKYZ_bSVU��)SV_> 7S#WK_�gªU]YZSV�-�s\¢�J\jaXU]_-S?�
�G_�i«�V\<i«��UXWKg-�VYZ�sYZWTl¨�s\<W�[VU��J\jaXWK[VaX��WK��\jUX\$UX_b�Z[VWKYZ_bS�U��)l P   8UT ù m¤x�f ��fZ�Mg-SVd3�ZYsS�\jgbaXYZ¸j\y\<±n[�gbWKYZ_bS�U ® ÈbÈb¯]�9�7��\
\j±)[Vg-WKYZ_bSVUR^`_ba _] *  7YZWK����Q,À L Ègfr�«fG��dV_�SV_bWRij_-S)WKgbYZSyW]\jaX��U P    7YsW]��x'fÂ�qf1�^QGÀÏm-gbS�dyijg-S��J\ei<_bSVUXYsd�\jaX\jd
UX\j�Vg-a]g-WK\j�Zln��QTW5YsUe\jg-U]lyW]_yUX�V_> MW]�VgbW5W]�V\jUX\g� À·\<±n[�gbWKYZ_bS�U7�s\<gbd�WK_yW]�V\&�-a]_> 7W]�$aXgbW]\�V�� ® �DQoÀÏ¯ 5 � 2 ~ ? ( µxÁ @ > ® �DQoÀ LÈb¯ 2 Q ® �1Q4ÀÚ¯ 2 @ mA 7�VYZi«�¬��\jg-SVU�W]�VgbW&W]�V\�UX_b�Z[VW]Ys_-S�YZU�[�SVU]W]gb�V�Z\y^`_-a 2 	%ÈgQ ® �1Q4ÀÏ¯ 5 ® �GQ4À L Èb¯]��¹RS¨W]�V\�_-WK�V\<a
�Vg-SVd?m�WK�V\�\j±)[Vg-WKYZ_bSVUe^`_ba _] *  7YZWK��xhf���fo�lQ�ÀAijg-S�gb�ZU]_��¦\�dV\ji<_b[V�V�Z\jd�^`a]_-�ºW]�V\�aX\jUXW5_-^�WK�V\�\j±)[VgbW]Ys_-SVUwYZ^� R\
WKg-�b\ P   �¶x#^`_ba��,Q�À L Èqf���f4�R�w�7��\�i<_baXa]\<U]�J_bSVd�YsSV��U]l)UXWK\j�çYZU¢\j�)gbi<WK�Zl�WK�V\��¦\<a]W][VaX�¦\<d�UXlnUXWK\<� ® È-Èb¯p 7�V\jaX\��YsUwa]\<�V�sg-ij\<d#�)l^�DQ&ÀÚ�ÆQTW5UX[V�-�b\jUXWKUwYsSVUXWKg-�VYZ�sYZWTl�^`_-a5gb�Z� 2 ¶ÔÈ-Q°È 5 ® ��QoÀÏ¯K�p�9_-a]\<_>fb\ja>m-^`_baeWK�V\&i<_baXa]\<ijW�YZSVU]W]gb�VYZ�ZYsWTlijaXYZWK\jaXYZ_bS?m-WK��\rfhg-a]YZgb�V�Z\jU ]    7YZWK�#x�f4�'fr�>QrÀ¦��g>fb\wW]_��¦\¢�J\jaXWK[VaX�¦\<d$YZS�g���_baX\w�-\jSV\<a]g-�/ �g>l)m�UX\j\r\j±)[Vg-WKYZ_bS ® ËJÑ-¯
gbS�d�W]�V\5g-a]�-[V��\jS)W��¦\<�s_> ���kV[Vi«���J\jaXWK[VaX�Vg-WKYZ_bSVUÆ�Z\jg-d�WK_©WK��\5YsS�U]W]gb�VYZ�sYZWTl�^`_baÆg-�s� 2 ¶ 2 { ü È�Q9È 5 ® � ® �kQ>ÀÚ¯K¯K�A�7�V\5WT R_aX\j�bYZ_bS�Uw_b^pYsSVUXWKg-�VYZ�sYZWTl�YsS)W]\jaXU]\<ijWrgbSVd�ij_>fb\<awW]�V\�\<S)WKYZa]\�YsS)W]\jaXf�g-�?xlf 2 f£ÈbmJ 7�VYZi«����\jg-SVUrWK�Vg-WeUX_b�Z[VWKYZ_bS�U ® Ñ«�-ÎÞz-�J¯gbaX\¢[VSVUXWKg-�V�s\)�
�7�VYZU7�VaX_>fb\jU�WK�Vg-W�_b[VW�_b^�WK�V\c� L Èw¥V�)\jd#�J_bYZSnW]U�_b^�UXl)U]W]\j� ® ÈbÈb¯�ij_-a]aX\jUX�J_bSVdVYZSV��WK_ º �1» � ® �>QrÀÚ¯ 2 ( µ%Á mnxqfÂÀifr�Rm
_bS��sl�_bSV\wijgbS��¦\eU]W]gb�V�Z\n���7�V\wUXWKg-�V�Z\5¥V�)\jdy�J_bYZS)W�m-_bapWK�V\e_b�VW]Ys��gb�JUX_b�Z[VWKYZ_bS?mbij_-a]aX\jUX�J_bSVdVU�W]_�W]�V\w�ZgbaX�b\<U]W�\<Ys�-\jS)fhgb�Z[V\
º �1» �G� 2 (·m)YÚ� \n�=À��3xJ�
Z Y î�î¨ë5½�Á�ÄM©�û ¤¦¥�ë ���©íGÄj½ ÀîÆ4�©¾�¾?¿J�©Ã7¾�ÄjÀ�½ À�Æ�À�î�¾?Ä�� �©ì�íGÀ�ìjÂ�¾?ÄjÀ�½�í
Å \<a]\7 R\� 7Ys�Z�VUX�V_> 3W]�VgbW�YZ^ 2 YZUÆi<�s_-U]\�WK_yÈ-m>WK��\jS�_b�VW]Ys��g-�VU]_-�s[�WKYZ_bSVU� 7YZWK�ª�Z_> 3fhgb�Z[V\<U�_b^x���Vg>f-\�grf-\jaXl&UX��g-�s��d�_b��gbYZS_b^GgbW]WKaXgbi<WKYZ_bS?�?§�\r 7YZ�Z�A[VUX\©WK�V\©UXl)U]W]\j� ® |JÈ«ÎÏ|b�/¯A 7YZWK����Q�ÈraX\j���sg-ij\jd$�)l'� �

_Y   � 2  mû P (
�87  

Y � �  � ® ÈEQ 2 ¯ �vµ   !
� f Lih Q9Y   f ~

� Lih ~ I ® zbË/¯

_Z * � 2 * (
�87 *

Z � � *� ® ÈEQ 2 ¯ �vµ * !� f

L 2 * (
�87 *

Y)�6� *� ® ÈQ 2 ¯ �vµ *#û P !
� f Lih QiZ * f�~

� Lih ~ ® zb|/¯

 7YZWK��xof �&f��Rm�È�f�� f��MWK_�\<U]W]Ys��g-WK\�W]�V\�d�_b��gbYZSVU�_-^7gbW]WKaXgbijW]Ys_-S¬_b^7fhgbaXYZ_b[VU�U]_-�s[VW]Ys_-SVU>� Å \<a]\eY   YsU�WK��\^`aXgbijW]Ys_-S$_-^��J\j_-�V�s\¢ 7�V_ª�)SV_> 7U�W]�V\ ® � L È-¯`UXW7U]YZ�bSVg-�/�V�s[�U5gbS)lª_bW]�V\ja0��UXYs�-SVgb�ZUh²ÕZ * YZU7WK�V\©^`aXgbi<WKYZ_bS#_b^��J\j_-�V�Z\r 7��_dV_�SV_-W&�)SV_> �W]�V\ ® � L Èb¯`UXW©UXYs�-SVgb�Æ��[VW&�)SV_> V�´_bW]�V\ja&UXYZ�bSVg-�sU>�ªkVl)UXWK\<� ® z-ËbÎÏzb|/¯pYZU�i<_bS)fb\<SVYZ\jS)W¢^`_ba&W]\jUXWKYZSV�9WK��\
UXWKgb��Ys�ZYsWTl#_b^GWK��\&_b�VW]Ys��g-��UX_b�Z[VWKYZ_bS ® ÈC{bÎ«ÈbÑ-¯� 7YZWK��a]\<U]�J\ji<W7WK_yg-dVdVYZSV�ªSV\j IUXYs�-SVgb�ZU5W]_ªWK�V\��¦_-�V[V�ZgbWKYZ_bSGµ U5f-_)ijgb��[V�sg-a]l)�
QTSVdV\<\jd?m·g#¥��n\<d��J_bYZS)Wr_-^pW]�V\�U]l)UXWK\j� YsU©W]�V\�U]_-�s[VW]Ys_-SjY * �
xJm�Z * �9] ÷Aømù* m/x,fÂ� f9�Rm/ 7�V\<a]\s] ÷
ømù* YZU©U]_-�s[�WKYZ_bS
® ÈC{bÎ«ÈbÑ-¯K���7�VYsU���\jg-SVU7WK��gbWRWK�V\¢��gb�)YZ��[V�!S)[V���¦\<a�_b^�UXYZ�bSVg-�sUR�¦\<_b�V�Z\r�nS�_> ¶YsU=�Rm-g-SVd$ R\rij_bS�U]YZdV\jaRWK��\r�J_bUXUXYs�VYZ�ZYsWTl
_b^GWK��\ ® � L È-¯`UXW7U]YZ�bSVg-�/YsS)WKaX_)dV[Vi<\jd�YsS�W]�V\©�sg-SV�b[�gb�b\)�A�?\jW�[VU5�J\jaXWK[�a]��WK��\©_b�VW]Ys��gb�·UX_b�Z[VW]Ys_-S �

Y * ��x LH[ * IËZ * �r] ÷
ø
ù* L,\ * ; ® zb{/¯
Ò�_-a¢WK�V\��V[VaX�¦_-U]\<U¢_b^Æg#�sYZSV\<gbarU]W]gb�VYZ�sYZWTl�gbS�gb�ZlnUXYZUhm¦ R\�i<gbS�UX\jW [ * ��Y ? P @* 8UT ù m \ * ��Z ? P @* 8|T ù �©�7�VYsU¢aX\jUX[V�ZWKU¢YsS�WK��\
UXWKgb��Ys�ZYsWTl$ijaXYsW]\jaXYs_-S 2 ª ÈEQ°È 5 �RmnYÚ� \n�Æ^`_ba5W]�V\jUX\©fhgb�Z[V\jU5_-^ 2 WK��\&U]_-�s[�WKYZ_bS� 7YsW]���¬UXYZ�bSVg-�sU7YZU5UXWKgb���s\)�¤��\<W5[VU5�Z_)_b�yg-WWK��\©�baX_> 7WK��aXgbW]\¢_b^GWK�V\©_-�VWKYZ��gb�·UX_b�Z[VWKYZ_bS# 7YsW]���¨UXYs�-SVgb�ZU>��Ò¦a]_-�!\j±)[Vg-WKYZ_bS ® z-ËJ¯?^`_ba0���r�� R\r_-�VWKg-YsS �

VxY ? P @( � 2 ~ ( Y ? P @( � ® 2 Q�È-¯ ; ® zbÊ/¯

�bË



�7�VYZU5YZU7U]g-WKYZU]¥V\<d$�)leY ? P @( ��x�_ba
V&� 2 ~ ( � ® 2 Q×Èb¯ ; ® zJÑ-¯

QTW�YZU�W]�V\��ZgbW]WK\<a�UX_b�Z[VWKYZ_bS°W]�VgbWy R\9 7YZ�s�rij_-SVij\<S)WKaXgbWK\�_-S?�
�7�V\9�-a]_> 7W]�×a]g-WK\nm�V�mRYsU#gb�Z Rg>lnUªS�_bSVÎÏSV\j�-gbW]Ysf-\n��Ò�_-a
® ÈQ 2 ® ð È 5 ��YZWeYZUr_b^Æ_-a]dV\<aw_-SV\nm ® V ® ð È-� Å _> �\<fb\<aw^`_ba ® È-Q 2 ® à È 5 �Rm ® V ® à Èbm¦gbS�diV9�°x$^`_ba 2 �ÜÈb�wQTS�WK��\�ZYs��YZWe_-^Ægb�VUX_b�Z[VW]\&�s\<gbaXSVYZSV��g-ijij[�a]g-ijlnmVWK�VYZU¢U]_-�s[�WKYZ_bS9YZUeS�\j[VW]a]g-�s�Zl�U]W]gb�V�Z\nm¦gbS�d9YsW]U¢�¦\<a]W][Va]��gbWKYZ_bS�UwgbaX\�_-SV�Zl#UX�ZYs�-�nW]�sl
dVg-���J\jd� 7�V\<S 2 YZU5ij�Z_bUX\¢WK_9Èb�QTS�_baXdV\ja�W]_��-\jW7g�ijaX[VdV\¢\<U]W]Ys��gbW]\©_b^?WK�V\©g-WKWKaXgbi<WKYZ_bS#dV_b��g-YsS#�s\<W7[VU5g-U]UX[V��\¢WK�Vg-W 2 YZU5fb\<a]lªi<�s_-U]\¢WK_9È-m)YÚ� \n�

® ÈEQ 2 ® à È 5 � ; ® zbz/¯
QTW7YZU7ij_bS)f-\jSVYZ\jS)W�WK_�YZSnW]a]_)dV[�ij\©g�U]��g-�s�·�Vg-a]g-��\jWK\<ahm

] �G� ® ÈEQ 2 ¯ ; ® zb�/¯
��\<W5[VUegbUXU][V��\©W]�VgbW [ * ð ] g-SVd \ * ð ] ^`_ba5g-�s�i�����7�V\<S�WK�V\&\<�)�Va]\<U]UXYZ_bS�_bS�WK��\&a]YZ�b�)W7�Vg-SVd�UXYsdV\�_b^¤\j±)[Vg-WKYZ_bS
® z-ÊJ¯�YZU�_-^�_-a]d�\ja ] ~ gbSVd¬^`_-a&ij_-SVUXYsUXWK\<SVijl�_bSV\y��[VUXW&�b\<\j�¨±)[VgbdVaXgbW]YsiªW]\jaX��Uh�$kVYZSVij\�WK�V\$a]\<U][V�ZWKYZSV��\<±n[�gbWKYZ_bS�U&gbaX\
SV_-SV�sYZSV\<gba>m) �\©i<gbSVS�_bW7gbUXUX[V��\©gbS�\j�)�J_bSV\<SnW]Ysg-�AWKYZ��\jÎÏdV\j�J\jS�dV\jSVi<\&_b^GWK��\&�¦\<a]W][VaX�VgbW]Ys_-S#g-S)ln��_-a]\)�¤§�\��Vg>fb\¢[V��W]_
WK��\©U]\<ij_bS�d$_-a]dV\<a�YsS ] �

_[ ( �ÂQ 2 ~ ( [ ( ]lLH[ ( 2 ( (
Á 7�ú À ® \ Á LH[ Á ¯ L

(
Á 7�ú [ Á Q�� 2 ( µ P (Á 7�ú À ® \ Á LH[ Á ¯ ; ® �bx/¯

�7�V\&aXYZ�b�)W5�Vg-SVd�U]YZdV\&YZUwg�^`[VSVijW]Ys_-S�_b^ 2 � Ì \ji<gb[VUX\&_b^¤i<_bSVdVYZWKYZ_bS ® zbz/¯Km� R\&i<gbS�a]\<�V�Zgbij\ 2 �)l¬ÈbmVgbSVd�W]�V\�\<a]aX_ba7 7YZ�s��J\©_ba7_baXdV\<a ] m)YÚ� \n�Gi<gbS#�¦\©YZ�bS�_baX\jd#YsS#WK�V\©i<[VaXa]\<SnW�g-�V�VaX_>�nYZ��gbW]Ys_-S?�A§�\©�Vg>f-\
_[ ( �ÂQ 2 ~ ( [ ( ],LH[ ( ®_^ h Q ^ f#¯I ® �JÈ-¯

 7�V\<a]\ ^ h gbS�d ^ f!g-a]\¢�J\jaXWK[VaX�VgbW]Ys_-SVU7_b^GWK��\&±)[VgbS)WKYZWKYZ\jU h gbSVdyfægbaX_b[VS�d$W]�V\jYZa5fhgb�Z[V\©gbW7W]�V\&_-�VWKYZ��gb�AUX_b�Z[VWKYZ_bSGm
YT� \)�

^ h � (
Á 7�ú [ Á8I ^ fS� (

Á 7�ú À ® \ Á L,[ Áò¯ ; ® �b�/¯

Å \<a]\ ® [ P I ;�;�; I [ ( I \ P I ;�;�; \ ( ¯¢YZU�WK��\9\jYZ�b\<Snf-\ji<WK_ba�_-^rW]�V\9�ZYsS�\jgbaXYZ¸j\jd×�VaX_b���s\<� ij_-a]aX\jUX�J_bSVdVYZSV��WK_�W]�V\9\<Ys�-\jS)fhgb�Z[V\
® z/Ñb¯]�R¹RS�ij\rgb�bg-YsSGmbW]�VYZU7\jYZ�b\jS)f-\jijW]_ba�YsU�g�^`[VSVijW]Ys_-S$_-^ 2 �?§�\ri<gbS$\j�)�VgbS�d�YZWRg-a]_-[VSVd 2 ��Èw�)l [ Á � [ 6 7 PÁ La` ® ] ~ ¯Km
\ Á � [ 6 7 PÁ Lb` ® ] ~ ¯]�G�7�V\¢ij_-a]aX\ji<WKYZ_bSy 7YZ�s�·S�_bW�ij_-SnW]a]YZ�V[VW]\eW]_�\j±)[VgbW]Ys_-S ® �JÈb¯?�J\ji<gb[VUX\eYZW7�bYZfb\<U�aXYZU]\¢WK_�WK\<a]��U7_-^�WK��\
_baXdV\<aR_-^ ] ï � Å \<SVij\)m) R\r_-SV�ZlySV\j\<d�WK_�¥VSVd�WK��\©\jYZ�b\jS)f-\jijW]_ba�_b^?WK�V\©�ZYZSV\jg-a7�Va]_-�V�Z\j�! 7YZWK� 2 �MÈbm�ij_baXaX\jUX�¦_-SVdVYZSV��W]_V&�3xJ�?QTS$_-WK�V\<a7 �_-a]d�Uhm- R\rS�\j\jd#WK_�aX\j 7aXYsW]\¢U]l)UXWK\j� ® zbË-ÎÞz-|J¯�^`_ba 2 ��È-mnU][V��U]W]YsW][VWK\©W]�V\©U]_-�s[�WKYZ_bS�YZS�WK�V\¢^`_-a]� ® zb{/¯
 7YZWK�¯V&��x�g-SVd$UX_b�Zfb\¢^`_-a7WK�V\©\<Ys�-\jS)fb\<ijWK_-ah��§�\©�Vg>fb\ �

_[ 6 7 P  �3x � [ 6 7 P  ® �OQ��R¯3I ® �bË/¯
_\ 6 7 P  �3x � \ 6 7 P  ® �gQ��R¯ L ]i÷
ømù  ^ f 6 7 P > ® �OQ��R¯ 5 ��Q×È @ I Ègf9�'fr� ; ® �b|/¯

» Ò�aX_b�è\j±)[Vg-WKYZ_bSVU ® �bË/¯/YsW�^`_b�Z�s_> 7UpWK�Vg-W [ 6 7 P  ��x&^`_ba�q¶&�R�?�7�V\jaX\j^`_-a]\7^`aX_b� ® �b�/¯/ R\5�Vg>fb\ ^ h 6 7 P � [ 6 7 P( ��ue\j�)W�m
 R\waX\j��\j���¦\<apWK��gbWp^`_-a 2 �MÈ-m�]i÷
ø
ù  ��;  §( �?Ò�aX_b�è\j±)[Vg-WKYZ_bSVU ® �-|J¯/ R\w_-�VWKg-YsS ^ f�6 7 P ��xJ�?Ò¤YsS�gb�Z�sl)mb R\5i<gbSyaX\j 7aXYsW]\
\j±)[Vg-WKYZ_bS ® �/Èb¯?gbU _[ ( �9Q ]J[ ( LH[ ~( ; ® �b{/¯
QTWr^`_b�Z�s_> 7UeWK�Vg-WeYZ^ [ ( 	 ] WK�V\<S9WK�V\��J\jaXWK[VaX�VgbW]Ys_-S9�baX_> 7U>m�WK��gbWrYsUrWK�V\�_b��WKYZ��g-�?UX_b�Z[VW]Ys_-S9 7YsW]���3UXYs�-SVgb�ZUw�J\ji<_b��\jUux�eu�âKwyu¦ß á+t«âK}©[VSVUXWKgb���s\)�©�7�V\<a]\<^`_baX\nm¦WK�V\�dV_-��g-YsS�_b^�gbWKW]a]g-ijW]Ys_-S9^`_ba¢WK��\�_-�VWKYZ��gb�¤UX_b�Z[VWKYZ_bS� 7YsW]���ÍUXYZ�bSVg-�sUrYsU¢_-^pWK��\
_baXdV\<aR_-^�� ® ÈEQ 2 ¯]m)YT� \)�GYsW7UX�VaXYsSV�)U7W]_�¸<\jaX_�gbU 2 g-�V�VaX_bg-i«�V\jU�_bS�\n�

�b|


