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° !±²� �1³ ���1´ *�� �.�-�, 

µ tgVCXx�IaH]Z����`7Xxjk`7]\_ZV¶`7mCmC�)XZdgjWjoaH]M_l[rU·dgbgUg[r]R`¸{H]l`?bw_xnp]Za7f¹_ltg[ � `5_lVYa7bk`7m���aHdgbW~^VYm
a7nzº�~^VC[^bg~r[¤`?bgU µ [r~DtgbgaHmCaH{7��»¼�y� � T��I� µ�½ a7nz�#[�¾�VC~^ag¨À¿��IaHdgmCU)mCVY�?[Á_la<_ltk`?bg�ÂfF�
`7UW�AVCXZaH]r�Ã�Ã]\a7np[^X\XZaH]F��d���tW[^b�`7XF�I[^mCmz`7XO��]\a7np[^X\XZaH]À¦�[^X\mYVC[<ÄÅ]Z[^[rbg{L`7]\U,npaH]Ffh`7�wVYbW{
_ltWVYXz�IaH]Z�<j3aHXZX\VYegmC[7¨

�AV



° "  #�$	��%Æ�

µ tg[uXZdWeAÇ\[^~�_�a?ns_ZtgVYXI_ltg[rXZVYXyVCX�_ltW[ÅbAdWfh[r]ZVY~^`7m�X\aHmYd�_lVYa7bRa7nÈ_ltg[ÅVCbL�H[^]\XZ[uaHegXM_D`7~rmY[ÅX\~�`?_MÉ
_l[r]ZVCbg{�jg]Za7egmY[rf¹{Ha��H[r]Zbg[rUÆeL�,_Ztg[¢Ê�[^mCfhtWaHmC_ZË¤[^vwdk`5_lVYa7b�VCb�_���aÌUgVYfx[^bWXZVYa7bgX^¨ µ tg[
jg]\aHegmY[rf(VYXÃ_laÍUg[r_Z[^]ZfxVYbW[�_Ztg[�X\tk`7j3[�a7n�`7bRaHegXM_D`7~rmY[�np]ZaHf(X\~�`?_\_l[r]ZVYbW{Ffx[�`7X\dg]Z[rfh[rbw_ZX
~^a7]Z]Z[rXZj3aHbgUgVCbg{!_la�_lVCfh[«É�tk`7]\fha7bgVY~#jgm¶`7bW[�VYbg~rVYUg[rbw_c��`��H[^Xr¨ µ tg[ÌVYbL�7[^]ZX\[)a7egX\_l`7~^mC[
jg]\aHegmY[rf#�W`7X�f¤`?bw�Ra7_ltg[r]yVYbL�H[r]ZX\[Íjg]\aHegmC[^fxX^�gVCX�bWaHbgmYVCbg[�`?]y`7bgUcVYmCmiÉÎjoaHX\[^U�¨

T�X�VC_�VCXz��[rmYm��wbga���b��3`ObgaHbgmCVYbg[^`7]zjg]\aHegmC[^f

Ï »ÑÐ ½�ÒÔÓÈÕ

~�`?b)e3[À[rÖo[^~r_ZVC�7[^mC�¸X\aHmC�7[^U¸��VC_Zt$`7bÌVC_Z[^]Z`?_lVi�H[Ofx[r_ltWa�U��ÈX\dg~Dt,`7X � [r�y_la7b�×ØX|fx[r_ltWa�U��
jg]\aÙ�AVCUg[^UO_ltg`?_��I[yX\_D`?]\_���Vi_ltÀ`�{HaAa�UFVYbgVi_lV¶`?mA{7dg[^X\X^¨ µ tg[�tgVC{Htgmi�ÍbWaHbgmYVCbg[�`?]=`7bWUxa7XZ~^VCmiÉ
m¶`5_laH]M�ubk`?_ldW]Z[za7nW_ltg[zVCbL�H[^]\XZ[yX\~�`?_\_l[^]\VYbg{�jg]ZaHeWmY[^fÚfh`7�?[^X=_Ztg[zVYbWVC_lVY`7mH{HdW[^XZX�[«¾A_l]Z[rfh[rmC�
UgViÛh~rdgmC_y_ZaÀaHeW_D`?VYb�¨

¿�b<_ltgVCX���a7]Z�Ü�g��[ÅjW]Z[^X\[^bL_�`Á~^aHbL_lVCbwdk`?_lVCaHbRfx[r_Ztga�UR_ZaO]Z[rmYV¶`?egmC�xXZa7mC�H[�_Ztg[ÅVYbL�7[^]ZX\[
aHegXM_D`7~rmY[Åjg]\aHegmC[^f%bwdgfx[^]\VY~�`?mYmC�x��VC_ZtgaHdW_y_Ztg[ubg[^[rU#a?n�`À{HaAa�U<VCbgVC_ZV¶`7m3{Hdg[rXZX^¨

µ tg[Â~raHbL_lVYbwdk`5_lVYa7bfx[r_Ztga�UX\_l`7]\_ZXR`?_À_ltW[:mYa��I[^XM_¤��`��7[^bwdgfÁe3[^]Rnpa7]x��tgVC~DtÆ_ltW[
XZ~^`?_Z_Z[^]\VYbg{<Uk`5_D`RVYX�`��7`?VYm¶`?egmY[?��`7bWU¸`?_���tgVC~Dt¸_Ztg[ÁVCbw�7[^]\XZ[Àjg]Za7egmY[rf-VCX�bg[�`?]ZmC�¢mCVYbg[^`7]^¨
¡ [#qk]\X\_RX\aHmC�7[#_ZtgVYXxbg[�`?]ZmC�!mCVYbg[^`7]Àjg]Za7egmY[rf�_la$a7eW_D`7VCb·`7bÆ`7jgjg]\a�¾WVCf¤`5_l[cXZaHmCdW_lVCaHb�¨
µ tg[rb���_ltg[À~^a7bw_ZVYbwdk`?_ZVYaHb�fx[r_ZtgaAU�]Z[^~rdg]ZX\VC�7[^mC�Â]Z[rqgbg[^XÅ_ltW[h`?jgjg]Za�¾�VYfh`?_Z[ÁXZaHmCdW_lVCaHb�Ð

��VCV



aHeW_l`7VYbW[^U¢`?_y��`��7[^bwdgfÁe3[^]�ÝceL�<X\aHmC�AVCbg{O_ltg[umYVCbg[�`?]ZVYËr[^U<[rvAdg`?_lVCaHb

ÏuÞ »¼Ð ½Mß Ð Ò�Óhà!Ï »¼Ð ½«Õ

`?_z��`��H[rbAdWfÁeo[r]�Ý�á ß Ý3¨ µ tgVYXydgjL��`7]ZUcfh`7]Z~Dt<VCbR�z`��7[^bwdgfÁe3[^]�[^bWUgX�`?_z_Ztg[ÅtgVY{7tg[^XM_
��`��7[^bwdgfÁe3[^]�`?_y��tgVC~Dt¢_Ztg[uXZ~�`5_Z_l[r]ZVCbg{hfx[�`?XZdg]\[^fx[^bL_�VYX�`��?`7VYmY`7egmY[?¨

��dg]Åbwdgfh[r]ZVC~�`7m�[�¾�jo[r]ZVCfh[rbw_ZXÅXZtga��â_ltk`?_Å_Ztg[OXZ~DtW[^fx[OVYXÅX\_l`7egmC[O`7bgU¸~^a7bw�7[^]\{H[^bL_
npaH]IaHegX\_l`7~^mC[^XzUWVCÛx~^dgmi_�_ZaÁ]Z[r~^aHbgXM_l]\dg~r_^ã�X\tk`7j3[^X���Vi_ltR~raHfxjgmY[«¾hnp[^`?_ldW]Z[^X�`?bgUR~^a7bg~�`��LÉ
VC_ZVY[rX^¨Fä�`7]\VYaHdWX�bwdgfh[r]ZVC~�`7m�`?bgU�_l[^~DtWbgVY~^`7m�VYX\XZdg[rXÍ]\[^m¶`5_l[^U�_Zac_Ztg[OVYfxjgmC[^fx[^bL_D`?_ZVYaHb#a7n
_ltW[h~raHbL_lVYbwdk`5_lVYa7b)fx[r_Ztga�U���X\dg~Dt!`7X|]Z[^{7dgm¶`7]\VYË^`?_lVCaHb�a7nyVCmYmiÉÎjoa7XZXZ[rUgbg[rXZX|`7bgU)[rÛx~^VC[^bL_
np]Z[rvwdg[^bg~��,XM_l[^jWjgVYbg{#tk`��H[Re3[^[rb,X\�AXM_l[^fh`?_ZVY~�`?mYmC�ÂVYbL�H[rX\_lVC{L`?_Z[^U�`7bWU$]Z[rXZaHmi�H[rU�VYb¸_ltgVCX
�IaH]Z�Ü¨

�AVYVCV



å ���-�)�.�-�, 

æ<çAè�éÑêHëWìÙépí3î ï

ð êÙñ�îsíAòhóÑçAèÈôoõ)ç�î3ìÙö ïÈé

ðR÷ örì�øÙëkê7ì ïÈéÑé

ù ú î3ì�øÙí�è�ûsê7ìÙépí3î ù
ü ¨ ü ý ¾WVCX\_ZVYbg{ ¡ aH]Z�haHb¢_Ztg[u¿�bL�H[^]\XZ[Á�ÅeWX\_D`?~^mY[Íº�~^`?_Z_Z[^]\VYbg{x��]ZaHeWmY[^f ¨Í¨|¨ �
ü ¨þ� ��dg]yT�jgjW]ZaL`7~Dt'¨|¨Í¨u¨|¨Í¨|¨Í¨|¨|¨Í¨|¨Í¨|¨u¨Í¨|¨|¨Í¨|¨Í¨|¨|¨Í¨|¨u¨Í¨|¨ ÿ

� � ëkêÙñ�ôÜø5í3ûsî�è�� ð êHíoûsörìÙéÑê���êHë�ì�ì�çwø5é¼îÈô �
��¨ ü µ tg[ } VY]\[^~r_�T�~^aHdWX\_lVC~Íº�~�`?_\_l[r]ZVYbW{h��]\aHegmY[rf ¨|¨|¨Í¨|¨Í¨|¨|¨Í¨|¨u¨Í¨|¨ �
��¨þ� µ tg[	�Ü`7]
�=VY[rmYU¢�:`?jgjgVYbW{)¨|¨Í¨|¨|¨Í¨|¨Í¨|¨u¨Í¨|¨|¨Í¨|¨Í¨|¨|¨Í¨|¨u¨Í¨|¨ ü �
��¨Ø� µ tg[u¿�bL�H[^]\XZ[ÍT�~^a7dgX\_ZVY~Íº�~�`5_Z_l[r]ZVCbg{x�Ã]\aHegmC[^f ¨|¨|¨Í¨|¨Í¨|¨|¨Í¨|¨u¨Í¨|¨ ü��
��¨ � µ tg[ � �AX\_Z]�aHf��¢[r_ltWa�UcnpaH]
��aHdWbgUk`7]M�<¿�bL_l[^{7]l`7m ý vwdk`?_ZVYaHbgX ¨|¨u¨Í¨|¨ ü ÿ

� � çwì��sí�è·í����Ííoî3ìÙé¼î�ûsëWì�éÑí3îÆéÑîì��Èç Ý�� ����ëgêHç ù��
�W¨ ü µ tg[Í��aHbL_lVCbAdg`?_lVCaHb#�#[r_Ztga�U ¨|¨|¨Í¨|¨Í¨|¨u¨Í¨|¨|¨Í¨|¨Í¨|¨|¨Í¨|¨u¨Í¨|¨ �7�
�W¨þ� µ tg[ } aHfh`7VYb } [r]ZVi�7`5_lVC�7[Åa7ns_ltg[	�Ü`7]
�=VC[^mYU¢�#`7jgjgVCbg{ ¨|¨|¨Í¨|¨u¨Í¨|¨ �H�
�W¨Ø� } VYX\~^]Z[�_lVCË�`?_ZVYaHbRa?n�_Ztg[	�3`?]
�=VY[rmYU¢�:`7jWjgVYbg{ } aHfh`7VCb } [^]\VC�?`?_lVi�H[#¨Í¨|¨ ���
�W¨ � ��[r{HdgmY`7]ZVCË�`?_ZVYaHb¸¨|¨Í¨u¨|¨Í¨|¨Í¨|¨|¨Í¨|¨Í¨|¨u¨Í¨|¨|¨Í¨|¨Í¨|¨|¨Í¨|¨u¨Í¨|¨ � ü

Vi¾



�  ûsõ$çwø5é¼êHëkó�!#"�ëgõ$�=ópçAö �%�
� ¨ ü � dgfx[^]\VY~^`7m ý ¾�jo[r]ZVCfh[rbw_ZXF¨|¨Í¨|¨|¨Í¨|¨Í¨|¨u¨Í¨|¨|¨Í¨|¨Í¨|¨|¨Í¨|¨u¨Í¨|¨ � �
� ¨þ� ºA_D`?egVYmCVC_�� µ [rX\_ ¨|¨Í¨u¨|¨Í¨|¨Í¨|¨|¨Í¨|¨Í¨|¨u¨Í¨|¨|¨Í¨|¨Í¨|¨|¨Í¨|¨u¨Í¨|¨ �Lÿ
� ¨Ø� � aHbAÉ�~^a7bw�7[�¾:��egXM_D`7~rmY[^X�¨Í¨|¨Í¨|¨|¨Í¨|¨Í¨|¨u¨Í¨|¨|¨Í¨|¨Í¨|¨|¨Í¨|¨u¨Í¨|¨ & ü

' ( ûÈìÙûÈøÙç�)âí3øÙñ ù3ù�*
ð �+��ç�îsèsé," ù3ù �
� é ÷ óÑéÑíÜôÜøÙë%�-�/. ù0�%�
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å � �21 �)�
	 3

�Â���$	,�¹´ � ·�������

µ tg[¢VYbL�H[r]ZX\[#aHeWX\_D`?~^mY[cX\~�`?_\_l[^]\VYbg{Ìjg]\aHegmY[rf�_Z]Z[�`5_l[^UVYb�_ltWVYXÁ�IaH]Z��VCXÀ_Za¸Ug[r_Z[^]ZfxVYbW[
_ltW[FXZtg`7jo[Fa7n�`7bÂX\~�`?_\_l[^]\VYbg{¤aHegX\_l`7~^mC[Ínp]\aHf�fh[^`7XZdW]Z[^fx[^bL_ZX�a7n�_ltW[ÍnÑ`7]�qk[^mCUÂjk`?_\_l[^]\b
~^a7]Z]Z[rXZj3aHbgUgVCbg{h_Za¤aHbW[FaH]�fha7]Z[Å_lVCfh[«É�tk`7]\fha7bgVY~Å`?~^aHdgXM_lVC~Í��`��7[^X�VCbg~^VCUg[^bL_�dgj3aHb:_ltW[
aHegXM_D`7~rmY[?¨

µ tg[�UW[r�H[rmYaHjWfh[rbw_Ia7nofh[�_ltgaAUgXÃnpaH]�_ltW[�bwdgfx[^]\VY~�`?mkXZaHmCdW_lVCaHbÀa7n�VCbL�H[^]\XZ[�XZ~�`5_Z_l[r]ZVCbg{
jg]\aHegmY[rfhXuXM_D`7]M_l[^U,`7jgjg]\a�¾�VCf¤`?_Z[^mi�¸�7�<�H[^`7]ZXO`?{Hag�s`7bgU$`7mC_ZtgaHdg{HtÌVC_|~rdg]Z]\[^bL_lmi�)VCX|`7b
`7]\[�`Oa7n�VYbL_l[rbgXZ[|`7~�_lVC�AVi_��H�gVi_lXyfh`?_ltg[rf¤`5_lVY~^`7mÜ_ltg[raH]\�<VCXzX\_ZVYmCm�e3[^VYbW{x~raHbgXM_l]ZdW~r_l[rU�¨ µ tg[
~^mY`7XZX\VY~^`7m�jg]Za7egmY[rf%_l]Z[^`?_l[rUÂtg[r]Z[|VYX�VYfxjoaH]M_D`7bL_�X\VYbg~r[|_Ztg[Ffx[r_Ztga�UWX�[rfhjgmCa��H[^U¢npaH]�VC_ZX
bwdgfx[^]ZVC~�`7mwX\aHmYdW_ZVYaHbÍ~�`7bFa7n _l[rbFe3[�{H[rbg[^]Z`7mYVCË^[^UÍ_la�a?_ltg[r]=VYbL�7[^]ZX\[zXZ~^`?_Z_Z[^]\VYbg{�jW]ZaHegmC[^fxX^¨

µ tg[�VYbL�H[r]ZXZ[�jg]\aHegmY[rf1VCX�bgaHbgmCVYbg[^`7]�`7bgUxVYmCmiÉÎjoaHX\[^U�¨È¿Î_�VYX��wbga���bx_ltk`?_ÃVino`uX\aHmYd�_lVYa7b
[�¾�VCX\_lX�Vi_zVYXydWbgVYvwdg[?�gegdW_�Vi_yUgaA[^X�bga7_yUW[^j3[^bgU¢~^aHbL_ZVYbwdgaHdgX\mC�¤aHb<_ltg[ÅUk`5_D`OVYbc`7bL�¤]Z[�`ÙÉ
XZa7bk`7egmC[ÁbgaH]\f#��X\[^[ÁnpaH]�VYbgXM_D`7bg~r[54 ÿ��6�87�`7bgU94;:<7 ¨=�kaH]�_ZtgVYX�]Z[�`?XZaHb���]\[^{HdWm¶`7]\VYË�`5_lVYa7b#VCX
bg[r~^[^X\Xl`7]M�ÁnpaH]È_ltg[�bAdWfh[r]ZVY~^`7m�`7jgjg]\a�¾�VCf¤`?_ZVYaHb|a7nk_Ztg[�X\aHmYdW_ZVYaHb�¨ µ tg[>�Ü]A�[^~Dtg[�_�UgViÖ�[r]Z[^bAÉ
_lVY`7egVCmYVC_��Fa7n�_ltW[�aHj3[^]l`5_laH]Ã_ltk`5_zfxa�Ug[rmYXÃ_ltg[�~^aH]\]Z[^X\joa7bgUgVYbW{ÁUgVY]\[^~�_zjg]\aHegmY[rf jg]Za��AVYUg[rX
_ltW[<jg]Z[r]Z[^vwdgVCXZVi_l[^XÁnpa7]F_ltg[<UW[r�H[rmYaHjWfh[rbw_Àa?n�Vi_l[r]l`?_ZVC�H[¤fh[�_ltgaAUgX^�ÃX\dg~DtÆ`?X � [r�y_ZaHb�× X
fx[r_ltWa�U�¨

ü



?A@�? BDCFE�G+HIE�JLKNM OQP�RSOTJUHWVLXZY[J]\QX�P�G^X2_a`bG-H^cedgfhXji5dgc	H-k
H^X�P�E�JLK lmPIOQ`bfhX�n

T�fxaHbg{�_Ztg[cfhaHXM_Ánp]Z[rvwdg[^bL_lmi�!X\_ZdgUgVY[rUVCbL�H[^]\XZVCaHbfx[r_ZtgaAUgXÀ`7]Z[<X\~Dtg[^fx[^Xhek`7X\[^U�aHb
]Z[r{HdgmY`7]ZVCË^[^U � [r�y_la7b�×ØXÍVC_Z[^]l`5_lVYa7bÂnpaH]�_ltg[xVYbL�7[^]ZX\[ha7egX\_l`7~^mC[xjW]ZaHegmC[^f�VCbÌ_��Ia¢UgVYfx[^b�É
XZVCaHbgXpoAX\[^[�npaH]Ã[�¾W`7fxjgmY[
qÅVC]ZXZ~Dt�4 �7�W�A� ü 7 ��qÅ]Z[rXZX#4Ø�����A��:��w�H�87 ��qÅ]Z[rXZX�`7bgUh��dWbgUg[^mCm+4 � ü 7 �
�#dg]\~Dt�� µ `?bÀ`7bgU ¡ `?mYm�4 �sr87 �L��aH{H[r]
4 �s:<7¼� µ a7eoaA~^fh`7bt4 � �87¼�w`7bgU ¡ `7bg{u`7bWU¤��tW[^bF4 ��� 7 ¨
��_ltg[r]z~^mCaHXZ[rmC�x]Z[rm¶`?_Z[^U<jg]\aHegmC[^fxX�tk`��H[Åe3[^[rb¢`7jgjg]\aL`7~Dtg[rUc�AVY`Á`F]Z[r{HdgmY`7]ZVCË^[^U � [r�y_ZaHb
fx[r_ltWa�U����#a7bg�u4 � � 7Ãa7Öo[^]\XÍ`?b)VCfhjgmC[^fx[^bL_D`5_lVYa7b#��VC_Zt$`<X\aHdgbgU�ÉÎtk`7]\U$aHegXM_D`7~rmY[?��`?bgU
VYbD4 �Lÿ87y`7UgUg]\[^XZX\[^XÀ_ltg[<jW]ZaHegmC[^f ��tg[^]\[c_Ztg[<XZ~^`?_Z_Z[^]\[^]ÀVYXÀ`7b�a7jo[rb`?]Z~7¨vqu]\[^X\Xh`?bgU
��dgbgUg[rmYm�4 �L�87�~raHbgX\VYUg[r]z_ltg[ujg]\aHegmY[rf£a7ns]\[^~^a��7[^]ZVCbg{xeoa7_Zt<_ltg[uXZtg`7jo[u`?bgUcVYfxjo[rUk`7bg~r[
a7n�`Í_��Ia?É�UWVYfx[^bgX\VYaHbk`?moaHeWX\_D`?~^mY[?¨Ã��[rXZ[^`7]Z~Dtg[r]ZX�tk`��H[Å�IaH]Z�?[^U¢aHbR_ltW[Å`7bk`7mi�AXZVYX�a7nÈ~^aHbAÉ
�H[r]Z{H[rbg~^[�a?nÅ]Z[r{Hdgm¶`?]ZVYËr[^U � [r�y_ZaHb·fx[r_Ztga�UWXho�X\[^[v4 ü r�� ü &�7 �gw7VCbx4 ü :<7�`7bgUÆ��a7_\_ltk`7XM_
4 �s�<7¼¨�T�jgjk`7]\[^bL_lmi� � [r�y_la7b�ÉÎ_��Aj3[Áfh[�_ltgaAUgX�]Z[^jW]Z[^X\[^bL_|`¤jg]Z`7~r_ZVY~^`7mÈ~DtgaHVY~r[ÍnpaH]�_ltg[ÍVYb�É
�H[r]ZX\[|X\~�`?_\_l[r]ZVYbW{Ojg]ZaHeWmY[^f¢¨�T�mC_ltWaHdg{HtRnpdg]M_ltg[r]z]Z[rXZ[^`7]Z~Dt¢VYXzbW[^~^[rXZXZ`7]\�<_ZaOVYfxjg]Za��H[�VC_ZX
[rÛx~rVY[^bW~r�H¨

T�bga?_ltg[r]O~^m¶`?XZXÁa7n�Vi_l[r]l`?_ZVC�H[hfh[�_ltgaAUgXO`?]Z[RUg[r]ZVi�H[^U�np]\aHf _Ztg[<¦È`7bgU���[reo[r]OVC_l[r]l`5É
_lVCaHb��knpaH]���tgVY~Dt¢_ltg[y�k]A�[^~DtW[r_�UW[^]ZVi�?`?_lVi�H[|VYX�`7jgjg]\a�¾�VCf¤`?_Z[^U#bAdWfh[r]ZVY~^`7mYmi�H¨z¿�fxjgmC[^fx[^b�É
_D`5_lVYa7bgXÈVYbF� } a7n�_ltg[I¦È`7bgUW�I[^e3[^]�VC_Z[^]l`5_lVYa7bÅtk`��H[�e3[^[rbÁ{HVi�H[^bÍeL�|Ê�`7bg�?[7�LÊ�[r_\_lmYVC~DtF`?bgU
º�~Dtg[r]ZËr[^]y4 ü ��7�npaH]zX\aHdgbgUAÉ�XZa?n _�aHegX\_l`7~^mC[^Xr�k`7bgUceL�<Ê�[r_Z_ZmYVC~DtRnpaH]yXZaHdWbgU�É�tg`7]ZUcaHegXM_D`7~rmY[rX
VYbz4 ü�� 7s`?bgU¢_Ztg[Å_l]Z`7bgXZfxVYX\XZVCaHb<jg]Za7egmY[rf£VYbz4 ü ÿ87¼¨

qÅVY]ZX\~Dt<`7bgU]qu]\[^X\XzVYbL_l]\a�UWdg~^[rU<`Fbwdgfx[^]ZVC~�`7mÜfx[r_Ztga�Ux_laÁX\aHmC�7[�_Ztg[�VCbw�7[^]\XZ[�aHeWX\_D`ÙÉ
~^mC[ÁXZ~^`?_Z_Z[^]\VYbg{cjg]\aHegmY[rf-~^`7mYmC[^U${}|�~,���h�b���A���������p�s���Q��~����8�����e~���|e������~�~�|���|��	�>|����ÁVCb
_ltW[�jg`7jo[r]ZX�4 �7�W�A� � �A�Hÿ87¼¨ µ tgVYX�fx[r_ZtgaAUxX\aHmC�7[^XÃ_ltg[�VCbw�7[^]\XZ[�aHegX\_l`7~^mC[�XZ~�`5_Z_l[r]ZVCbg{ujg]ZaHeAÉ
mY[rf VYbF_��IaÅX\_l`7{H[^Xrã�VCbF_ltW[�qk]ZXM_�jk`7]M_=_Ztg[�nÑ`7]sqk[^mCUÁVYX�~^aHbL�H[r]\_Z[^UÀek`7~D�|_la�_Ztg[zXZ~^`?_Z_Z[^]\[^U

�



qk[rmYUÂbg[^`7]�_Ztg[FaHeWX\_D`?~^mY[?�o_Ztg[ÁXZ[r~^aHbWUÌjg`7]\_�Ug[�`7mCX���Vi_lt:_Ztg[Ájg]\aHegmY[rf a7nÃmYaA~�`?_ZVYbg{À_ltW[
aHegXM_D`7~rmY[�eoa7dgbgUk`7]M�x`7XÃ_ltg[�Ë^[r]ZaA[^X�a?n�_ltg[�_la?_D`7mgqk[rmYU��w_ltg`?_�VYX^�wa7n�_ltg[�XZdgf a7n�VYbg~rVYUg[rbL_
`7bgU¸X\~�`?_\_l[^]\[^U���`��7[^Xr¨x��aHmC_ZaHb�`7bgU)�#a7bg�:VCbw_Z]ZaAUgdg~r[^UÌ`Rfh[�_ltgaAU�a7n�XZdWjo[r]Zj3aHXZVi_lVYa7b
a7n�VYbg~rVYUg[rbw_uqk[rmYUgX|`7mCXZa¢~�`7mCmY[rU����%���^��������|A� |�~����h�xVCb¡4 ü ��� üHü � ü �87¼¨<ºAVYfxVYm¶`?]�_lac_ltW[
fx[r_ltWa�UÁa?n3`7jgjg]\a�¾�VCf¤`?_ZVYaHbÍa7nk_ltW[zXZ~^`?_Z_Z[^]Z[rUOqk[^mCUOew�yqÅVY]\XZ~DtÀ`7bgUAqÅ]\[^XZXr�H_ltg[yfx[r_ZtgaAU
a7nÈX\dgjo[r]Zj3aHXZVi_lVCaHb¤a7n�VYbg~rVYUg[rbw_Iqk[^mCUgX�]\[^~raHbgX\_Z]Zdg~�_lXz_Ztg[�XZ~^`?_Z_Z[^]\[^URqk[rmYURVCbR`Fbg[rVY{Htwe3aH]MÉ
tgaAa�U:a7n�_ltg[FaHegX\_l`7~^mC[FVCb:_ltg[|qk]ZXM_Åjk`7]M_���`7bgU�Ug[�_l[^]\fhVCbg[^X�_la<aHeWX\_D`?~^mY[Íeoa7dgbgUk`7]M�Â`?X
_ltW[|Ër[^]\a�[rX�a?n=_ltW[u_Za7_D`?m�qk[^mCUcVYb<_ltg[uX\[^~^a7bgU:jk`?]\_�¨

��bg[ha?nI_Ztg[hfxaHXM_Íj3aHjgdWm¶`7]Åfx[r_Ztga�UWX^��~,��|Q�¢����|����y�h���#���¢����£t� |�~,���h�7��npaH]uVYbL�7[^]ZX\[
aHegXM_D`7~rmY[ujg]\aHegmY[rf%VYX�VCbw_Z]ZaAUgdg~r[^U¢ew�#��a7mC_la7b:`7bWU�qÅVY]\XZ~Dt$4¤&�7ÈVYb ü :s:srW¨ µ tgVCX�fx[r_ZtgaAU
fh`��Áeo[�]Z[r{L`7]ZUW[^UR`?XI`ufxa�UgViqk~�`5_lVYa7bOa7n�_Ztg[�UWdk`7mkXZjg`7~^[�fh[�_ltgaAU�¨ µ tW[�npaHmCmYa���VYbg{�VYX�`
~^a7bg~^VCXZ[�Ug[^X\~^]ZVCjW_lVCaHbxa7n�_Ztg[�fh[�_ltgaAUx_l`7�7[rbhnp]\aHfN4¥&87 ãI¦��§~���|#�¢����|����>�h���#���¢����£y� |�~����h�
��~	�¨���8�����0� |��z~�����~	~,��|©�p���ª�>|����5����~�~�|���� Ó�« »�¬ Õ�7½ �¨�]®8���8¯I�����8�F��������°���|��²±8��~����8�
����£��¨|��>¬³�����ª��������|�¯´��±�|���¯I��~,� ����������|���~I����£��¨|  ���8��������¬ Õ�eµ 4 à
¶�Õ�¶ 7¸·
¹����8�º~����¨�
�������8�²�Q��~����8��»=~���|§���������8�²~¼���§~���|b��°���~¸�����¨|5�¨����|�~�|��²�¼����|��v°h½b���8�¢±�����£z~,��|§����~�|�£��¾���
|�¿h����~����8� À¡Á

Â
Á Ó/« »�¬ Õ�7½�Ã » 7½¾ÄÅÅÒÇÆ ÂÅÈ¢É¾Ê<Ë,Ì�Í�ÎÐÏ�Â�Ñ�Ò Õ ¬ µ 4 à
¶�Õ�¶ 7 Õ

¯^��|���|¤ÝÓ�¨�F~,��|t¯´��±�|������Q°�|��F�����FÔ�Õ Ò×Ö »p~^aHX�Ø Õ XZVCbÙØ ½ �¨�}�8�D�$��|���~�����£��0�����T£��²���
���8��~�����������£5~���|y������~�~�|���|��p·}ÚÛ��|	���������8�²~Ù�¨�Ü���8�0���F°h½§���8~�����£§~,����~�Ý Ã Ý²Þsß Î à�È¨á

Á
Ò �¨�¼����â°��8������|��e�8�IÔ<Õ©���������h������|��	~���|�°��8�0�������²½e���Ù~���|>������~�~�|��²����£A��°���~������¨|6�²���8�Z����������|Ù~���|

������~�~�|���|��«¨�T�bÂ[�¾A_l[rbgXZVi�H[OUg[rXZ~r]ZVYj�_lVYa7bÂa7n�_Ztg[ÁmYVCbg[�`?]�XZ`7fxjgmYVCbg{hfx[r_ZtgaAU:VYX�jg]Z[rXZ[rbw_Z[^U
VYb¢_ltg[FeoaAaH�bã��0�²±�|�½��T���	ãÛ�8�¢��~����8�b{z|�~����h�8�>���8�ª¦���±�|�����|©äå����°h�¨|��y�yew�Â��aHmi_laHbÂ[�_Å`7m
4;r<7 ¨
µ tg[^]\[�`7]Z[I]Z[r~^[^bL_Ã]\[^j3aH]\_ZX���VC_ZtF�?`7]ZVY`7bL_lX�a7nk_ltg[�mYVYbW[�`7]ÈXl`?fhjgmCVYbg{�fx[r_ltWa�U�¨^qÅVY]ZX\~Dt

`7bgUc��VC_\_l[r]�4 ��r<7�jW]Z[^X\[^bL_�`ÁmYVCbg[�`7]�Xl`?fhjgmCVYbg{Ífh[�_ltgaAURnpaH]zVCbL�H[^]\XZ[ÅX\~�`?_\_l[^]\VYbg{Ánp]\aHf `7b

�



aHj3[^b'`7]\~7¨ �z`7�?aHbgV ����aHmC_ZaHbÔ`7bgU��#a7bg�æ4 � 7ÅX\_ZdgUgVC[^U'UgVY]\[^~r_¢`?bgUÔVYbL�H[r]ZXZ[ÌXZ~^`?_Z_Z[^]JÉ
VYbW{#jg]\aHegmC[^fxX�npaH]ujk`7]\_ZV¶`7mCmC�#~^aL`5_l[^U)aHegXM_D`7~rmY[^X|dgX\VYbg{c_ltg[xmYVCbg[�`?]ÅXl`7fxjgmYVCbg{<fx[r_ltWa�U�¨
��]Z`7bgUWnÑ`7X\X^��¦È`7bL_l[r]Zfh`7b·`?bgU ¡ `7]ZbgVC~D�D4 ü 7�~raHfhjg`7]Z[c_ltg[¢mYVCbg[�`?]xXZ`7fxjgmYVCbg{)fx[r_ZtgaAU
��VC_Zt¤mCVYbg[^`7]ZVCË^[^UO_ZaHfha7{H]l`7jWtgVY~yVCbw�7[^]\XZ[�X\~�`?_\_l[r]ZVYbW{Á`7mC{HaH]ZVi_ltgfxX^¨ µ `7~^~DtWVYbgag�g��a���mC[�`?bgU
��V¶`7bg`¡4 � �87za7Ö�[r]x`¸~raHfxjgdW_D`5_lVYa7bk`7my`7bWU�bwdgfx[^]\VY~^`7mz�?`7mYVCUk`?_lVCaHb$a?n�_ltW[¢mCVYbg[^`7]ÁXZ`7fÀÉ
jgmCVYbg{Ofx[r_Ztga�Uc��VC_Zt<npaHdg]�UgVCÖo[^]\[^bL_�]Z[r{Hdgm¶`?]ZVYË^`?_lVCaHbc`7mC{HaH]ZVi_ltgfxX^¨��z`7�7aHbWV�`?bgUÂ��a7mC_la7b
4 �<7�{HVi�H[|`Of¤`?_Ztg[^fh`?_ZVY~�`?mwÇ\dgXM_lVCqg~�`?_ZVYaHb<a7ns_ltW[|mCVYbg[^`7]zXZ`7fhjWmYVYbW{Ofh[�_ltgaAU�¨
��bg[Àa7nI_Ztg[Àf¤`?VYbÂUg]Z`���ek`7~D�wXFa7n�_ltW[xmCVYbg[^`7]�XZ`7fxjgmYVCbg{<fh[�_ltgaAU�VYXÅVi_lXÅ~raHfhjWdW_D`5É

_lVCaHbk`7m3~^a7X\_�¨Iº�dWjgjoa7XZ[©ç�joa7VYbL_lXy`?]Z[�X\dWÛx~^VY[rbL_�_ZaOUgVYX\~^]\[r_lVCË^[�_Ztg[ÅaHegXM_D`7~rmY[Åe3aHdgbgUk`?]\�H¨
µ aÂUg[r_Z[^]\fhVCbg[h_Ztg[^X\[<joaHVCbL_lX^����[<bg[r[^Uuè¤»�ç ½ jk`7]Z`7fh[�_l[r]ZXÍnp]\aHf _ltg[hnÑ`7]Íqk[rmYU,Ug`?_D`W¨
¿�b¸_ltg[xmYVCbg[�`7]ÅXZ`7fxjgmYVCbg{Rfx[r_ltWa�UzèR»,ç�é ½ Uk`?_l`¢jg`7]l`7fx[r_Z[^]\XÍ`?]Z[ÀdgXZ[rU�¨¤Tz_|_ltW[xXZ`7fx[
_lVCfh[?��èR»,ç�é ½ j3aHVYbL_ZXyVYbgX\VYUg[|`7bgU¢aHdW_ZXZVCUg[Å_ltg[uaHegXM_D`7~rmY[ufÁdgXM_�eo[u_l[rX\_l[rU:VCbc_Ztg[|mYVYbW[�`7]
Xl`?fhjgmCVYbg{ufx[r_Ztga�Ux_laÁUW[r_l[r]ZfxVYbg[�_ltW[�XZtg`7jo[�a7n�_Ztg[�aHeWX\_D`?~^mY[?�A��Vi_ltR[^`7~Dt¤_Z[^X\_�~^aHXM_lVCbg{
èR»,ç é ½�ê aHjgXÅVYbÂ_Ztg[Oek`7~D�:XZdgegXM_lVi_ldW_ZVYaHb�npaH]Å`<mCVYbg[^`7]�XM��XM_l[rf a7n�[^vwdk`?_ZVYaHbgXr¨À��mY[^`7]Zmi�H�
_ltW[|~raHfxjgdW_D`5_lVYa7bk`7m�~raHX\_�~^`7bgbga7_�e3[Å]Z[rUgdg~^[rUÂe3[^mYa��ÇèR»,ç/ë ½ ¨

ºW`7bL_la7Xl`¼4 � �<7Ajg]\aHjoa7XZ[^UÁ`�mC[r�H[rmiÉÎXZ[r_=fh[�_ltgaAUunpaH]s_Ztg[�bAdWfh[r]ZVY~^`7mwXZaHmCdW_lVCaHb|a7nkVYbL�7[^]ZX\[
jg]\aHegmY[rfhX|VYbL�7aHmC�AVYbW{#aHeWX\_D`?~^mY[rX^¨¢¦�VC_Zf¤`7b���¦�[rXZXZ[rmYVC[^]Í`7bgU�º�`7bL_laHXZ`�4 �7�<7�Ug[r�7[^mYa7jo[rU�`
fx[r_ltWa�U¸npaH]Å_ltg[x]Z[�_l]\VY[r�?`7m�a?nI_Ztg[hX\~�`?_\_l[r]ZVYbW{:aHegXM_D`7~rmY[ÀVYb¸_ltW[xVCbL�H[^]\XZ[x_l]l`?bgXZfxVYX\XZVYa7b
jg]\aHegmY[rf#¨L��dg]Z{7dg[^]54 �87Ijg]Za7joaHX\[^U�`:mC[r�H[rmiÉÎXZ[r_O`7mY{Ha7]ZVC_Ztgf�ek`?XZ[^U!aHb)_ltg[Rfx[r_ZtgaAU,a7n
`7XM��fxjW_Za7_lVC~Å]Z[^{7dgm¶`7]\VYË^`?_lVCaHb�¨
¿�b,fxaHX\_Ífh[�_ltgaAUgXÍUg[^X\~^]ZVCeo[rU,e3[rnpaH]\[h_ltW[¤mYVCbg[�`?]|XZ`7fxjgmYVCbg{¢`7bgU,mC[r�H[rmiÉÎXZ[r_Ffh[�_lt�É

aAUgX^��~rdg]\�7[^XxVYb$_Ztg[RXZa7mYdW_ZVYaHb,X\jk`7~r[c`7]Z[<`?XZXZdWfh[rU!_Za�eo[¤X\_D`?]MÉ�X\tk`7j3[^U���_Ztk`?_OVCX^��_ltW[
jg]\[^XZ[rbL_D`?_ZVYaHb<VCXI]\[^X\_Z]ZVC~r_l[rUR_laÁ~^`7XZ[rXya7n�Uga7f¤`7VCbgXåì£XZdg~Dt<_Ztk`?_zVi_lX�eoa7dgbgUk`7]M�]í�ì%~^`7b
e3[|]\[^jg]\[^X\[^bL_l[rUÂVYb¢`Ojk`7]Z`7fh[�_l]\VY~�npaH]\f

î ÒDï »�ðî ½ ðî Õ » ü ¨ ü ½

�



��tg[r]Z[ ðî Ug[rbga7_l[rX�`�j3aHVCbw_�VYbÍ_ltg[IdgbgVC_�~^VC]Z~rmY[åñ�`?bgU ïeµbòeó »�ñ ½ VYX�`�j3aHXZVi_lVC�7[�npdWbg~r_ZVYaHb��
XZ[r[]4;:<7¼¨

?A@²ô _aõbPSö×÷b÷bPIOAcedÜV
¿�b:_ZtgVYX���a7]Z�<��[ÍVYbL_l]\a�UWdg~^[Í`hfx[r_Ztga�U#a7n�~raHbL_lVYbwdk`5_lVYa7b¢npaH]�_ltW[Fbwdgfx[^]ZVC~�`7m�X\aHmYd�_lVYa7b
_lah_ltg[ÍVYbL�H[r]ZXZ[Oa7egX\_l`7~^mC[FXZ~^`?_Z_Z[^]\VYbg{RjW]ZaHegmC[^f¢¨ µ tg[ÁVYbL�7[^]ZX\[Ojg]Za7egmY[rf�~^`7bÂe3[FXM_D`?_Z[^U
`7X�`ObgaHbgmCVYbg[^`7]zaHj3[^]Z`?_la7]y[^vwdk`?_ZVYaHb

Ï »¼ÐIo Ä o«Ý ½�Ò�Ó » Ä o«Ý ½«Õ » ü ¨ � ½
��tg[^]\[yÐRVYXÈ_ltW[�e3aHdgbgUk`?]\�|a7ng_Ztg[IX\~�`?_\_l[r]ZVYbW{�aHegXM_D`7~rmY[7� Ä `7bgUÁÝÍ`7]\[I_ltW[I��`��7[^bwdgfOÉ

e3[^]�`?bgUÁUgVC]Z[^~�_lVCaHbÍa?nk_ltg[IVYbg~rVYUg[rbw_s��`��7[y]Z[rXZj3[^~r_ZVC�7[^mC�7� Ó » Ä o«Ý ½ VYXÈ_ltW[zXZ~^`?_Z_Z[^]ZVCbg{�Ug`?_D`W¨
µ tg[Á~raHbL_lVCbAdg`?_lVCaHbÂfx[r_ltWa�U#X\_D`?]\_lX�`?_�_Ztg[ÁmYa��I[^XM_��z`��7[^bwdgfÁe3[^]ÅnpaH]���tgVY~DtÂ_Ztg[ÁX\~�`?_MÉ
_l[r]ZVCbg{�Uk`?_l`ÂVYXO`��?`7VYmY`7egmC[7��`7bWU`5_Á��tgVY~Dt�_Ztg[<VYbL�H[r]ZX\[¢jW]ZaHegmC[^f�VYXÁbg[^`7]Zmi�$mCVYbg[^`7]Í_Za
aHeW_l`7VYbc`?b#`?jgjg]Za�¾�VYfh`?_Z[�XZaHmCdW_lVCaHbcÐ6Õ�¨ µ tg[rb��k_ltg[Å~raHbL_lVYbwdk`5_lVYa7b<fh[�_ltgaAUc]Z[^~rdg]ZX\VC�7[^mC�
]Z[�qkbg[rX�_Ztg[u`7jgjW]Za�¾�VYfh`?_l[�XZaHmCdW_lVCaHb<Ð È �ga7eW_D`7VCbg[^Uc`5_z�z`��7[^bwdgfÁe3[^]�Ý È �geL�¤XZaHmi��VCbg{Á_ltW[
mYVCbg[�`?]ZVYËr[^U<[rvAdg`?_lVCaHb

í ÏíÜÐ »¼Ð È o Ä o«Ý Èùø ó ½\ß Ð È Ò'Ó » Ä o«Ý Èùø ó ½�à�Ï »¼Ð È o Ä o«Ý É�ø ó ½ » ü ¨þ� ½
`?_���`��H[^bwdgfFeo[r]zÝ Èùø ó `7bWUxdWjoUk`5_lVYbW{�_ltg[z`7jgjg]\a�¾�VCf¤`?_Z[z~^dW]\�H[�eL�OÐ Èùø ó Ò Ð È á ß Ð È ¨

µ tgVCXÅdgjL�z`7]\U)fh`7]\~DtÌVCbÂ�z`��7[^bwdgfÁe3[^]|[^bgUWXÍ`5_Å_ltg[OtgVC{Htg[rX\_Å��`��7[^bwdgfÁe3[^]Í`?_���tWVY~Dt
_ltW[FXZ~^`?_Z_Z[^]\VYbg{Rfx[�`?XZdg]\[^fx[^bL_�VCX�`��?`7VYmY`7egmY[?¨y¿�bÂ[�`?~Dt�VC_l[r]l`?_ZVYaHb<_Ztg[Á]Z[rm¶`?_ZVC�7[Í]\[^XZVCUgdk`7m
a7nÅ_Ztg[:nÑ`7]xqk[^mCU¬jk`?_Z_Z[^]\b¬~^aH]\]Z[^X\joa7bgUgVYbW{$_la!`7jWjg]Za�¾�VYfh`?_l[#`7bgU¬[«¾W`7~r_cX\aHmYdW_ZVYaHbWXhVCX
]Z[rvwdgVY]\[^U¬_la!e3[^~^a7fh[�X\f¤`7mCmY[r]h_ltg`7b'`�_ZaHmY[r]l`7bW~^[:�?`7mCdg[7¨.¿Înu_ZtgVYX<~raHbgUgVi_lVYa7b¬VYXRbga?_
Xl`5_lVYXMqk[^Uc_ltW[|Vi_l[r]l`?_ZVYaHb<VCXy]Z[^j3[�`5_l[^Uc��VC_ZtcXZfh`7mYmC[^]���`��H[^bwdgfFeo[r]�X\_Z[^j�ÉÎXZVCË^[7¨

ÿ



µ tg[^]\[�`7]Z[��?`7]\VYaHdWX=VYfxj3aH]\_l`7bL_=_l[r~DtgbgVC~�`7mgVCXZX\dg[^X�]\[^m¶`5_l[^UÁ_Za�_ltW[�`7jgjgmCVY~�`5_lVYa7bFa7nÜ_ltW[
~^a7bw_ZVYbwdk`?_ZVYaHbhfh[�_ltgaAUh_ZaF_ltW[�VYbL�7[^]ZX\[ÅaHegXM_D`7~rmY[�jW]ZaHegmC[^f._Ztk`?_ztg`7U¤_laFeo[�]Z[^X\aHmC�7[^U<VCb
_ltWVYXz�IaH]Z�Ü¨

ü ¨�¿�mCmiÉ�j3aHX\[^Ugbg[rXZXr¨ µ tg[�mCVYbg[^`7]ZVCË^[^UÆjg]ZaHeWmY[^f VYX¤�I[^mCm��wbga���b'_Za�VYbgtW[^]ZVi_¤_Ztg[�VYmCmiÉ
j3aHXZ[rUgbg[rXZX�a7no_Ztg[�aH]ZVC{HVYbg`7m �5bgaHbgmCVYbg[^`7]=jW]ZaHegmC[^f¢�w`7bgUO_ltwdgXÃ]\[^vwdgVY]\[^XÃ]Z[r{HdgmY`7]ZVCË�`5É
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_ltW[^aH]M�hVi_�VCXI]\[�`7UWVYmC�Á[^X\_l`7egmCVYXZtW[^U¤_Ztk`?_6fzág] à2- Ýh[ã ò »ÑÐ ½di ò »¼Ð ½ VCXIeWV Ç\[^~�_lVi�H[�`?bgU
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ô§@�� þÿVLX Y[J§\QX�P�G^X ö×dgOQõbG-HWE�d i5d
c=H-HWX�P�E�JLK lmPIOQ`bfhX�n
ÄÅVC�H[rb,_ltg[RnÑ`?]Fqk[^mCU!jk`?_Z_Z[^]\b Ó/« ~raH]Z]\[^XZj3aHbgUWVYbg{Â_Za�aHbg[<aH]ÁfxaH]\[RVYbg~raHfxVYbg{#jgm¶`7bW[
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VYmCmiÉÎjoaHX\[^U�¨ µ tg[ÅaHeWX\_D`?~^mY[�eoaHdWbgUk`7]M�¤~^`7b<eo[�Ug[^X\~^]ZVCeo[rU<eL�<`ÍnpdgbW~r_lVCaHbRVCb ò Õ ��tW[^]Z[^`7X

ü��
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Ó�« ¨¢¿�b$_ltg[hjg]l`?~r_lVC~^[xa7nybwdgfx[^]\VY~�`?mYmC�ÂXZaHmi��VCbg{c_ltgVCXFVYbL�7[^]ZX\[Rjg]\aHegmY[rf#�sVYmCmiÉÎjoaHX\[^UgbW[^XZX
��VYmCm={HVi�H[O]\VYXZ[O_Za¢VCbgX\_l`7egVCmYVC_��#`7bWUÌbWaHb�É�dWbgVYvwdg[rbg[^X\X^��`7bgUÌbgaHbgmCVYbg[^`7]ZVi_��#��VCmYm={7VC�H[O]\VYX\[
_la|mYaA~�`?mkXZaHmCdW_lVCaHbgX���tg[rbR[^vwdk`?_ZVYaHb:» �A¨þ�H� ½ VCX�_D`7~D�wmY[rUh�AV¶`uX\_l`7bgUk`?]ZU¤bWaHbgmYVCbg[�`?]�XZaHmi�H[^]\X
XZdW~DtÂ`7Xy_ltW[|{7]l`7UgVC[^bL_�fx[r_ltWa�U�� � [r�y_ZaHb�× X�fx[r_ZtgaAU��k`7bgUc_ltW[|mCVY�?[7¨

µ tg[�~raHbL_lVYbwdgVi_��x`7bgUhUgVCÖo[^]\[^bL_lVY`7egVYmCVC_��Fa7n�_ltW[�nÑ`7]Ãqk[rmYU¤fh`7jgjWVYbg{|aHj3[^]l`5_laH] Ï jg]Za?É
�AVYUg[O_Ztg[hjW]Z[^]\[^vwdgVCXZVC_Z[^Xu_la¢XZaHmi�H[À_ltg[xVYbL�7[^]ZX\[hjW]ZaHegmC[^f [rvAdg`?_lVCaHb·»¼��¨Ø�H� ½ VC_Z[^]Z`?_lVi�H[^mi�H¨
��b�_ltg[Ra?_ltg[r]Otk`7bgU���_Ztg[<VYmCmiÉ�j3aHX\[^U$bg`?_ldg]\[<a7n�_ltg[<[rvwdk`?_lVCaHb!`?Öo[^~�_lXOVC_ZXÁbwdgfx[^]ZVC~�`7m
_l]\[�`?_Zfh[rbL_�¨�¿Î_�VYX�bg[^~r[^XZXZ`7]\�#_laRdWXZ[O`¤fx[r_ZtgaAU#_ltg`?_Å`7mCmYa���X�_la<`7jWjg]Za�¾�VYfh`?_l[u_ltW[FXZa5É
mYd�_lVYa7bRVYbc`OX\_l`7egmC[�f¤`?bgbg[^]r�gaH]y`§��|�£������������8|��Q� |�~,���h�7¨ ¡ [ÅUgVCXZ~^dWXZX�aHdg]�`7jWjg]ZaL`?~Dtc_Za
]Z[r{HdgmY`7]ZVCË�`?_ZVYaHbRVCb<_ltg[ubg[«¾�_�~Dtk`?jW_l[r]^¨
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[^vwdk`5_lVYa7bgXya7ns_ltg[uXZ[r~^aHbWU#�wVYbWU¢VCb<_ltg[ÅaHbW[ÅUgVYfx[^bgX\VYaHbg`7m�~^`7XZ[?�kXZVYbW~^[uaHbgmi�RaHbg[Å[��?`7mYd�É
`?_ZVYaHb#a7n�_ltg[Í�7[r]Zbg[rm=npdgbg~�_lVYa7bÂVYX�]Z[^vwdgVC]Z[rU�VYb#_Ztg[Á[��7`?mYdk`?_ZVYaHb¢a7nÃ[^`7~Dt�a7n�_ltW[Ffh`?_l]\Vi¾
[^mC[^fx[^bL_lX�a7no_ltg[�mYVYbW[�`7]�XM��XM_l[rf#¨�T�mYXZaW� � �AX\_l]�aHf fh[�_ltgaAUxVYX�X\_D`?egmY[�VYbÀ_ltW[�XZ[rbgXZ[�_ltk`5_
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��tg[r]Z[)» î Þ » �\½\½ � Ò » à î Þ é » �\½«Õ î Þ ó » �\½Z½ ¨ µ tg[<�?[^]ZbW[^mYX � �d}â`7bgUl} Þ tk`��7[¢mCaH{L`7]\VC_ZtgfhVC~
XZVCbg{HdgmY`7]ZVi_lVC[^X^¨^�kaH]z_ltg[rVY]ybwdgfx[^]\VY~�`?m�_l]\[�`?_Zfh[rbw_y_Ztg[r�¢`?]Z[ÅXZjWmYVC_�VCbL_la

� » �«Õ��k½�Ò � ó » �«Õ��k½ mYbÈ» � XZVYb é �=à��� ½ á � é » �«Õ��Ü½}�» �«Õ��k½�Ò } ó » �«Õ��Ü½ mCbÈ» � X\VYb é ��à��� ½ á<} é » �«Õ��Ü½} Þ » �«Õ��k½�Ò } Þ ó » �«Õ��Ü½ mCbÈ» � X\VYb é ��à��� ½ á<} Þ é » �«Õ��Ü½

ü r



��tg[r]Z[� ó » �«Õ��k½�Ò à ü
� ¶ ~sÕÙ» Ý+Ý î » �\½=à î » �k½ Ý ½ Ý î Þ » �k½ Ý Õ� é » �«Õ��k½�Ò � » �«Õ��k½Ãà mYbÈ» � X\VYb é ��à��� ½ � ó » �«Õ��Ü½�Õ} ó » �«Õ��k½�Ò Ý

� ¶ »Z» îZ� » �k½Z½ � M » î » �\½�à î » �Ü½Z½ ~ ó » Ý[Ý î » �\½�à î » �k½ Ý ½Ý î » �\½�à î » �Ü½ Ý Õ} é » �«Õ��k½�Ò }�» �«Õ��Ü½�à mCb�» � X\VYb é �=à��� ½ } ó » �«Õ��Ü½«Õ} Þ ó » �«Õ��k½�Ò à Ý
� ¶ »\» î � » �\½Z½���M » î » �\½�à î » �Ü½\½ ~ ó »¼Ý+Ý î » �\½�à î » �k½ Ý ½Ý î » �\½=à î » �k½ Ý Ý î Þ » �Ü½ ÝÝ î Þ » �\½ Ý Õ} Þ é » �«Õ��k½�Ò } Þ » �«Õ��Ü½�à mYb�» � XZVCb é �=à��� ½ } Þ ó » �«Õ��Ü½�

µ tg[x�7[r]Zbg[rmYX � ó � � é �C} ó �W} é �C} Þ ó `?bgU#} Þ é `7]Z[À`?bk`7mC�w_ZVY~7¨ µ tW[xUWV¶`7{Ha7bk`7m�_Z[^]\fhX|`7]\[
{HVi�H[^b¢eL� � é » �«Õ��\½ Ò V -� à��¶ à ü

� ¶ mCb�»
Ý0é
� Ý î Þ » �\½ Ý é ½�X Ý î Þ » �\½ Ý Õ » ��¨Ø�sr ½} é » �«Õ��\½ Ò ü

� ¶ î Þ
» �\½ M î Þ Þ » �\½Ý î Þ » �\½ Ý é Õ » ��¨Ø��& ½} Þ é » �«Õ��\½ Ò } é » �«Õ��\½� » ��¨Ø�s� ½

µ tg[ � ��XM_l]�aHf�fx[r_Ztga�U�~raHbgX\VYX\_ZX�a7nÃ_ltW[OX\_l]Z`7VY{7tw_\npaH]\��`7]\U�`7jgjg]\a�¾WVCf¤`5_lVYa7b:a7nÃ_ltW[ÁVYb�É
_l[r{H]l`?mYXyeL�<vwdk`7Ug]Z`?_ldW]Z[unpaH]ZfÁdWm¶`7XÀ é Á

Õ mCb�» � X\VYb é �=à��� ½�¡ » �Ü½ Ä��,¢ é s Â ó£ ¤�¥ Õ�¦ Î s Ò¤ » �\½�¡ » � ¤ ½«Õ � E � E � ¶ » ��¨Ø�s: ½
`?_�_ltg[�XZ[r_�a7n�[rvAdWVYUgVCX\_D`?bw_��wbga7_lX � ¤ ÒD¶@§ �<ç Õ^§ÁÒ � Õ���CÕ �8ç à ü o���VC_ltx_ltg[�vwdk`7Ug]Z`?_ldg]\[
�I[^VY{7tw_ZX�{HVC�7[^b¢ew�

¦ Î s Ò¤ » �\½ÃÒ à � ¶ç s Â ó£¨ ¥ ó ü© ~^a7X�» © » ��à�� ¤ ½Z½=à ¶ç é ~^aHXÙ»,ç�» �=à�� ¤ ½Z½«Õ §FÒ � Õ���CÕ �8ç à ü Õ
» ��¨ � � ½

`7bgUc_ltW[u_Z]l`7j3[^ËraHVYUg`7m�]\dgmY[ À é Á
Õ ¡ » �Ü½ Ä��¤Ò ¶ ç

é s Â ó£ ¤�¥ Õ ¡ » � ¤ ½ » ��¨ �gü ½

ü &



¿Î_xVYXÀ[^X\XZ[rbw_ZV¶`7m�_laÌXZjWmYVC_O_Ztg[cmYaH{H`7]ZVi_ltgfxVY~hXZVYbW{Hdgm¶`?]ZVC_ZVY[rXÁVYb�`��z`��!_ltk`5_x_Ztg[¢�7[^]\bg[^mCX� ó Õ } ó Õ } Þ ó Õ � é Õ } é Õ } Þ é jg]Z[rXZ[^]M�H[|_ltg[rVY]�� ¶ ÉÎjo[r]ZVCa�UgVC~^Vi_��H¨

ü �



å � �21 �)�
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�&��� �¹´ ��� å ���-�����¹� �.������� ��� ��� �

«¬ �U1 �%'�

¿�bc_ltgVCXz~Dtk`7jW_Z[^]�_ltg[Å~raHbL_lVCbAdg`?_lVCaHb<fh[�_ltgaAU¢`7bgUcVC_ZXyVYfxjgmY[rfh[rbL_D`?_ZVYaHb¤`7]Z[Å[«¾WjWm¶`7VCbg[^U�¨
T(Ug[rXZ~^]\VYjW_ZVYaHb�a?nI_Ztg[Ofh[�_ltgaAU¸VYX�jW]Z[^X\[^bL_l[rU$VCb�XZ[^~�_lVCaHbÌ�W¨ ü ¨F¿�bÌXZ[^~�_lVCaHbÌ�W¨ �A��`<]Z[^jAÉ
]Z[rXZ[rbw_l`?_lVCaHbÌa7n�_Ztg[ÀUgaHfh`7VYb�Ug[r]ZVi�7`5_lVC�7[Àa7nI_Ztg[ÀnÑ`7]�qk[^mCU)fh`7jgjWVYbg{5í Ï ��íÜÐ¬VYb�_l[r]ZfxX
a7n�_Ztg[Fa7jo[r]l`?_ZaH]ZX®[y�%]²`7bgU*] Þ VCX�{7VC�H[rbÂVYb#[^vwdk`?_ZVYaHbWX�»¼��¨ ü�� ½ `7bWU!»¼�W¨Ø� ü ½ o3_ZtgVYX�XZa5É
~�`?mYmY[rURUgaHfh`7VCb¤Ug[r]ZVC�?`?_ZVC�7[�VYX�_Ztg[�~raH]Z[ÅXM_l[^jca7nÈ_Ztg[�j3[^]\_Zdg]Zeg`?_lVCaHbk`7m3~�`7mC~^dgmY`?_lVCaHb�¨ µ tg[
~^a7]Z]Z[rXZj3aHbgUgVCbg{<]Z[rjg]Z[rXZ[rbw_l`?_lVCaHb¸a7nåí Ï �<í3Ð��sdgXZVCbg{c`R~^a7fÁegVYbW[^U�j3a7_l[rbw_ZV¶`7m�`7jgjW]ZaL`7~Dt��
VYX�{HVi�H[^b¤VYbh_Ztg[�`?jgjo[rbgUgV ¾�¨�¿�b¤XZ[^~�_lVCaHb<�W¨Ø�ÍVCXI_ltW[�UgVCXZ~^]\[r_ZVYË�`5_lVYa7bha7n+í Ï ��íÜÐ¸dgXZVCbg{F_ltW[
� �AXM_l]�a7f%fh[�_ltgaAU�¨�TÚX\VYfxjgmY[�`7jgjg]\aL`7~Dt<_laO]\[^{HdgmY`7]ZVCË�`?_ZVYaHb¤VYXza7Öo[^]\[^UcVYb<X\[^~�_lVYa7b#��¨ � �
��VC_ZtO`7bO`?jgjg]Za�¾�VYfh`?_Z[�XZa7mYdW_ZVYaHb|_laÅ`�mCVYbg[^`7]sX\�AX\_Z[^f1�AV¶`�`�jgXZ[rdgUga?ÉÎVYbL�H[r]ZX\[ya7n3`�fh`?_l]\Vi¾
��VC_Ztcm¶`7]\{H[Å~^aHbWUgVC_ZVYaHb<bwdgfÁe3[^]r�kek`7X\[^U¢aHb#Vi_lXyX\VYbg{HdWm¶`7]��?`7mCdg[ÅUg[r~^aHfxjoa7XZVC_ZVYaHb�¨

ü :



�5@�? þÿVLX ¯ OQJ]HIE�J5õLc	HIEhOQJ p X#HWVLO�o
¦�[r_ydWXy~^aHbgX\VYUg[r]�_ltW[�nÑ`7]�qk[rmYURfh`7jgjWVYbg{Á[rvwdk`?_lVCaHbRnpaH]�`Ájgm¶`7bW[���`��7[ Ó È ÒÓÆ È¢É���� � ��VC_Zt
��`��7[^bwdgfÁe3[^]RÝ�`7bgU!VYbg~rVYUg[rbL_ÀUgVY]\[^~r_ZVYaHb Ä o�_Ztg[<fh`7jgjgVCbg{�{HaA[^XÁnp]Za7f�_ltW[¢a7egX\_l`7~^mC[
e3aHdgbgUk`?]\�cÐÌVYbL_laO_ltW[unÑ`?]zqk[^mCU#jk`5_Z_l[r]Zbca7n�_ltg[uXZ~^`?_Z_Z[^]\[^Uc�z`��H[ Ó�« »�ðî o Ä o«Ý ½

Ï »ÑÐIo Ä o«Ý ½�Ò'Ó�« »�ðî o Ä o«Ý ½� »Ñ�W¨ ü ½
¿ÎnÍ�I[Ìjo[r]\_ldW]Ze¬_ltg[¸e3aHdgbgUg`7]\�¬~rdg]\�7[ÌÐÃ��]Z[rjg]Z[rXZ[^bL_Z[^UÚ`7X î ��`7mYaHbW{,VC_ZX<bgaH]Zfh`7m

UgVC]Z[^~�_lVCaHb�9�» î ½ eL�¤`7b¤X\f¤`7mCm3`7fha7dgbL_ ß 9�» î ½ _laF`Feoa7dgbgUk`7]M�x~^dg]M�H[�°Ð��W]\[^jg]\[^X\[^bL_l[rU#`?X°î Ò î á ß 9�» î ½ 9�» î ½ �3Vi_yVYX�joaHX\XZVCegmY[�_ZaOmYVYbW[�`7]\VYË^[�[^vwdk`?_ZVYaHbc�W¨ ü `7]Za7dgbgU<_ltg[ue3aHdgbgUg`7]\�
~^dW]\�H[l°Ð¬��VC_Zt$_ltW[RdgXZ[<a?ny_ltg[<Uga7f¤`7VCb$Ug[r]ZVi�7`5_lVC�7[]í Ï ��íÜÐ�»±°Ð Õ Ý ½ _ZaÂaHeW_l`7VYb���_laÂ_ltW[
XZ[r~^aHbWU:aH]\Ug[^]�a7ngÝ ß 9[Ý²é��

í ÏíÜÐ »±°ÐIo Ä o«Ý ½Mß 9 Ò'Ó�« »�ðî o Ä o«Ý ½�à!Ï » ðÐIo Ä o«Ý ½� »Ñ�W¨ � ½
T�X\XZdgfxVYbg{y_Ztk`?_sXZ~^`?_Z_Z[^]ZVCbg{�Uk`?_l`�VCXÈ`��7`?VYm¶`?egmY[snpaH]�[�`?~DtÍ��`��7[^bwdgfÁe3[^]�Ý

¤
����Vi_ltÍÝsÕ Ò

ß Ý�Õ³²'Ý ó Ò Ý�Õ=á ß Ý ó ² ´� ²'Ý�µ Ò Ý�µ Â ó á ß Ý�µ��Ü_Ztg[|fh[�_ltgaAU:a7n=~^aHbL_ZVYbwdk`?_ZVYaHbcX\_l`7]\_ZX
`?_y_Ztg[umYa���[rX\_���`��7[^bwdgfÁe3[^]�ÝsÕ�npa7]z��tgVY~Dtc_ltg[uUk`5_D`OVYX�`��?`7VYmY`7egmC[7��`7bgUcnpaH]z��tgVY~Dtc_ltW[
jg]\aHegmY[rf&VCXsbW[�`7]\mC��mCVYbg[^`7]^¨È¿�bu_ltgVCX�qk]ZXM_sX\_l[rjÍ�I[ÃUg[r_Z[^]ZfxVYbW[Ã_Ztg]Z[r[Ã]Z[�`?mLaH]�_���a�~^a7fhjgmC[�¾
jk`7]Z`7fx[r_l[r]ZXr�sa7eW_D`7VCbgVYbW{c`7b$`?jgjg]Za�¾�VYfh`?_Z[ÁXZaHmCdW_lVCaHb¸~^dg]M�H[hÐ6Õ��È]Z[^jW]Z[^X\[^bL_l[rU!`7X î ÕR»Ñ`
~^VC]Z~rmY[ÀaH]Í`7b$[rmYmYVCjgXZ[ ½ ¨ µ tgVYX|VYXÍ`7~^~raHfxjgmYVCXZtg[rU)eL�)`7b$a7jW_lVCfhVCË�`?_ZVYaHb�jg]\a�~r[^X\X^¨ µ tg[^b��
`7b¢`7jgjW]Za�¾�VYfh`?_l[�X\aHmYd�_lVYa7bR~^dg]M�H[|Ð

¤
�WaHeW_D`?VYbg[rUR��VC_ltR��`��H[rbAdWfÁeo[r]�Ý

¤
�gVYX�]Z[^~rdg]ZX\VC�7[^mC�

]Z[�qkbg[rUxeL�ÍXZaHmi�AVYbg{�_Ztg[zmCVYbg[^`7]ZVCË^[^UÍ[^vwdk`?_ZVYaHbÁ�W¨ ��`?_���`��7[^bwdgfÁe3[^]IÝ
¤
ø ó �L`7bgUOdWjoUk`5_lVYbW{

_ltW[R`7jgjW]Za�¾�VYfh`?_l[ÀXZa7mYdW_ZVYaHbÌ~^dg]M�H[<Ð
¤
�=]\[^jg]\[^XZ[rbL_l[^U�`7X î

¤
�s_la:Ð

¤
ø ó �=]\[^jg]\[^X\[^bL_l[rU`?X

î
¤
ø ó Ò î

¤
á ß 9�» î ¤ ½ 9�» î ¤ ½ ¨

µ tg[unpaHmYmCaÙ��VCbg{ÁVCX�`ÀX\dgfxf¤`7]M�Ra7n�aHbg[uXM_l[^j¢a7n�_ltg[u~^a7bw_ZVYbwdk`?_ZVYaHb<fx[r_ZtgaAU�ã

�7�



¶ �kaH]|{HVC�7[^b!`7jWjg]Za�¾�VYfh`?_l[xe3aHdgbgUk`?]\�Ì~^dg]M�H[ î ¤ `7bgU�VCbg~^VCUg[^bL_Fqg[^mYU Ó È » Ä o«Ý ¤ ø ó ½ �
~^`7mY~rdgm¶`?_Z[F_ltW[ÁnÑ`7]�qk[^mCU¸f¤`7jWjgVYbg{<UWaHf¤`?VYbÂUg[r]ZVi�7`5_lVC�7[À`?_|`RXZ[�_|a7n�[rvwdgVYUgVCX\_l`7bL_
aHeWXZ[^]M�?`?_lVCaHbcjoaHVCbL_lX]ðî@· �¶ º�a7mC�H[Ì_ltg[)mYVCbg[�`7]\VYËr[^UÔ[^vwdk`?_ZVYaHb(»¼�W¨þ� ½ _laqgbgU ß 9�» î ¤ ½ �udgX\VYbg{�nÑ`7]¢qg[^mYU&jk`?_\É
_Z[^]Zb:Uk`?_D`hjg]ZaAUgdg~r[^UÂeL�¢_ltg[|_D`7]\{H[r_�aHegX\_l`7~^mC[Fe3aHdgbgUg`7]\�#Ð!`7bgUÂVCbg~^VCUg[^bL_�qk[^mCU
Ó È » Ä o«Ý

¤
ø ó ½ �¶ ��joUk`5_l[Å_ltg[|`7jWjg]Za�¾�VYfh`?_l[�eoaHdWbgUk`7]M�<~^dg]M�H[ î ¤ ø ó Ò î ¤ á ß 9�» î ¤ ½ 9�» î ¤ ½ �¶ �z`7mC~^dgmY`?_l[�_ltg[ÅnÑ`7]zqkmC[^U¢jk`?_\_l[^]\b#]\[^mY`?_lVi�H[Å[^]\]ZaH]¸=ï8ïuÒ Ý Ó�« » Ä oDÝ ¤ ø ó ½=à!Ï » Ä o«Ý ¤ ø ó oDÐ ¤ ø ó ½ Ý±��Ý Ó�« » Ä o«Ý ¤ ø ó ½ Ý Õ »Ñ�W¨þ� ½

¶ ¿În ¸=ï8ï VYXÁ`7~^~r[^jW_l`7egmY[cVCbg~^]\[�`7X\[c��`��H[rbAdWfÁeo[r]x_Za)Ý È¢ø é Ò Ý Èùø ó á ß Ýo��[^mCXZ[<XZ[�_
��`��H[^bwdgfFeo[r]�[^vwdk`?m�_lahÝ Èùø é Ò Ý È¢ø ó á ß Ýh�H��¨

º�VYbW~^[Í_Ztg[F~rdg]\�7[Odgj3Uk`?_l[ ß 9 ¤ np]ZaHf�`7mCm�VYbg~rVYUg[rbw_�jgm¶`?bg[|��`��H[rX Ó È » Ä o«Ý
¤
ø ó ½ X\tgaHdgmCU

e3[Í~raHbgXZVCX\_Z[^bL_��oVC_�VYX�j3aHXZX\VYegmC[|_ZahdgX\[Í_��IaRaH]�fha7]Z[uVYbg~rVYUg[rbL_�jgmY`7bg[Å��`��7[^X Ó È ó � Ó È é �s¨C¨i¨C�
Ó È · �3��VC_lt:VYbg~rVYUg[rbw_�UgVY]\[^~r_ZVYaHbWX Ä ó � Ä é �=¨C¨i¨C� Ä · �o_laRaHe�_D`7VCb#_ltW[Á~^dg]M�H[Àdgj3Uk`?_Z[7¨��kaH]�_ltgVCX
jgdg]\joa7XZ[Å_ltg[umCVYbg[^`7]zX\�AXM_l[^fxX�`7]Z[uX\_l`7~D�7[rUÂVYbR_Ztg[ÅnpaHmYmCa���VYbg{F��`��¹ººººººº» ¼�½¼ 4 » Ä ó o«Ý

¤
ø ó oDÐ

¤
½¼�½¼ 4 » Ä é o«Ý ¤ ø ó oDÐ ¤ ½¨¨¨¼�½¼ 4 » Ä · oDÝ ¤ ø ó oDÐ ¤ ½
¾À¿¿¿¿¿¿¿Á ß 9 Ò

¹ººººººº» Ó�« » Ä ó o«Ý
¤
ø ó ½=à!Ï » Ä ó o«Ý

¤
ø ó oDÐ

¤
½

Ó�« » Ä é o«Ý
¤
ø ó ½=à!Ï » Ä é o«Ý

¤
ø ó oDÐ

¤
½

¨¨¨
Ó�« » Ä · o«Ý ¤ ø ó ½=à!Ï » Ä · o«Ý ¤ ø ó oDÐ ¤ ½

¾À¿¿¿¿¿¿¿Á Õ
��tg[^]\[Üí Ï ��íÜÐ�» Ä µ�o«Ý ¤ ø ó oDÐ ¤ ½ VYX�_ltg[ÃUga7f¤`7VCb�Ug[r]ZVC�?`?_ZVC�7[�a?n�_Ztg[�nÑ`7]�qk[^mCUuf¤`7jWjgVYbg{�`5_

_ltW[zeoa7dgbgUk`7]M�|~^dg]M�H[�Ð
¤
npa7]=`7bOVCbg~^VCUg[^bL_��z`��H[z��Vi_ltF��`��H[rbAdWfÁeo[r]�Ý

¤
ø ó `7bWUÁUgVY]\[^~�_lVYa7b

� ü



Ä µho Ó�« » Ä µho«Ý ¤ ø ó ½ `?bgU Ï » Ä µ�o«Ý ¤ ø ó olÐ ¤ ½ `7]Z[Ã_ltW[InÑ`7]�qk[rmYUFjg`?_Z_Z[^]ZbÍUk`?_l`�`7bgU|_ltg[�nÑ`7]�qk[^mCU
fh`7jgjgVCbg{O[r�?`7mCdk`?_l[rU¢`?_�Ð

¤
]Z[^X\jo[r~r_ZVC�H[rmC�7¨

¿�bÂ_ltg[Ífh[�_ltgaAUÂa7nÃ~raHbL_lVCbAdg`?_lVCaHb��Ü_ltg[Íbk`?_ldW]l`7ms~DtgaHVC~^[FnpaH]�_ltW[ÁUk`?_l`¤XZjk`?~^[ÁVCX�_ltW[
Ê�VCmYe3[^]M_FX\jk`7~^[<a?n�X\vwdk`7]Z[<VCbL_l[^{7]l`7egmC[hnpdgbW~r_lVCaHbgXÁa7b,_ltg[RdWbgVC_FXZjgtg[r]Z[�}IéÙ»�ñ ½ ¨¸¿Î_O]Z[«É
fh`7VYbgXu`?b)aHj3[^bÌjg]\aHegmY[rf�_lac~Dtk`?]l`7~�_l[^]\VYËr[x_Ztg[h~rm¶`7X\Xua7n�e3aHdgbWUk`7]\�¸~rdg]\�7[^X|_ltk`?_|~^`7b
e3[O]Z[r_Z]ZVC[r�H[rU¸XZaHmi��VCbg{R_ltW[OVYbL�H[r]ZXZ[ÀaHeWX\_D`?~^mY[OX\~�`?_\_l[r]ZVYbW{<jg]ZaHeWmY[^f¢¨|¿�bÌa7dg]�bwdgfx[^]ZVC~�`7m
[�¾�j3[^]\VYfx[^bL_lX�aHegXM_D`7~rmY[ue3aHdgbgUk`?]ZVY[rX�`7]Z[uX\VYfxjgmY[�~rmYaHX\[^Uc~^dW]\�H[rX�a7n�~^mY`7XZX ò é »�ñ ½ ¨

�5@²ô þÿVLX �×OQn ceE�J �×X�P�Ep\	c=HWEp\QX O3� HIVLX m5cyP m EhX�f�op ce÷b÷bE�JLK
º�VCbg~^[Â[�»jÃ ½ » î ½ VCX�~^aHbL_ZVYbwdgaHdgX�VCb_"´éL� Ó  » î ½ÃÒ óé [�»ÄÃ ½ » î ½ VYX�`�X\aHmYd�_lVYa7bÁa7nÜ_ltg[�[�¾A_l[r]ZVYa7]
} VY]\VY~DtgmC[r_�jg]ZaHeWmY[^f£VCn

[�»ÄÃ ½ » î ½ÃÒ
à � Æ È¢É���� � Õ î µ Ð Õ »Ñ�W¨ � ½
aH]

À 465 » î Õ Ô ½ ¬z»,Ô ½ ÄJ7 »,Ô ½�Òâà#Æ ÈÐÉ���� � Õ î µ Ð  »Ñ�W¨ ÿ ½
��X\VYbg{c_ltg[x`7XM�AfhjW_Za7_lVC~¢» ��¨þ�s& ½ `7bgU¸_ltg[À[�¾�jk`?bgXZVCaHb·»¼��¨þ��� ½ �I[xqkbWUÌ_Ztk`?_Å_ltW[ÀnÑ`?]

qk[rmYUcf¤`?jgjgVYbW{O~�`7b¢eo[Å��]\VC_Z_Z[^b¢`7X

Ó/« »�ðî ½ÃÒ [ « »�¬ ½ »�ðî ½�Ò Æ È¢É
Á) � ¶ Ý À 4 Æ ÂÅÈÐÉ�Å�a� Æ ¬z»�Ô ½¾Ä87 »�Ô ½� »Ñ�W¨ r ½

¦�[r_ î Ò î » 7Ù½ e3[Á`hjk`7]l`?fh[�_l[^]\VYË^`?_lVCaHb#��Vi_ltÂ]\[^XZj3[^~�_�_laR`7]Z~«É�mY[rbg{7_Zt 7Qµ 4 � Õ }W7�a7n
_ltW[ÍX\fhaAa7_lt#XZVCfhjgmC[Å~^mCaHXZ[rU:~^dW]\�H[ÁÐ,VYb�"åéw¨�¦�[r_ � » î ½ `7bWU�9�» î ½ e3[ÍVi_lXy_D`7bW{H[^bL_Å`?bgU

�H�



aHdW_���`7]\U�bWaH]Zfh`7mI�7[^~�_laH]\XÀ`?_Á_ltW[<joaHVCbL_ î » 7Ù½ ]\[^XZj3[^~�_lVi�H[^mi�H¨$��[^]M_ldg]\egVYbW{)Ð'`?_O[^`7~Dt
j3aHVYbL_ î µ Ð)eL�¢`7b¢`7fxaHdgbL_ ß 9�» î ½ VYbR_ltW[|bWaH]Zfh`7m�UgVC]Z[r~r_lVCaHb<{HVi�H[^X

°Ð Ò�Ç °î µ " é,È °î Ò î á ß 9�» î ½ 9�» î ½«Õ î µ ÐÊÉ  »Ñ�W¨Ð& ½
º�dgjgj3aHX\[�npdg]\_Ztg[^]�_ltk`5_H°ÐÂVCX�`FX\fhaAa7_ZthX\VYfxjgmY[�~^mCaHXZ[rUR~^dW]\�H[�VYb," é jg`7]l`7fx[r_Z[^]\VYË^[rU

eL�cVC_ZX�`?]Z~�ÉÎmY[rbg{7_lt °7yµ 4 � Õ °}W7�o3~raHbgX\[^vwdg[^bL_ZmC�H�Ü_ltW[^]Z[|VYX�`Àf¤`?jgjgVYbW{eË<ãAÐ i °Ð,Ug[rqkbW[^U
eL�R_ltW[unpa7]ZfÁdgmY`

Ë�» î ½�Ò °î á ß 9�» î ½ 9�» î ½� »Ñ�W¨ � ½
�kaH]�`7bÀ[^mC[^fx[^bL_ Ä87 a7bÀÐ¢��VC_ZtO[^bgUWjoaHVCbL_lX î » 7Ù½ `7bWU î » 7 á ß�7Ù½ �H_Ztg[y~^aH]\]Z[rXZj3aHbgUgVCbg{

[^mC[^fx[^bL_ Ä °7 VYb�°Ð¤VYXÈUg[�qkbg[rUÁ`7XÈ_ltg[�[^mC[^fx[^bL_È��VC_ZtÍ[rbgUgj3aHVYbL_lXWË�» î » 75½\½ `7bgU_Ë�» î » 7 á ß�7Ù½Z½ ¨ÌÃç�õ$õ$ë �Í> �?>Ñù ã�����������|IÐ¡�����Î°Ð¡����|�~�¯Ü����� ���8~,�¼�����#���¨|����¨����|��Q�����²±�|���»W�����ÐÏÈ» î ½
�¨�F~,��| �����²±8��~�����|}���hÐ ��~ î » 75½ ��|,����|���°h½�ÏÈ» î ½cÒ 9�» î » 7Ù½Z½ � MJ� » î » 7Ù½\½ · ã�����������|
�²����~���|��©~,����~³°Ð �¨�¼���¨����|©~�� �����T��|����²�¢½©�����¾�����¨|��Û~��ÍÐ Ñ´����� |��¢½

ÏÈ» î ½\ß 9�» î ½6Ò ü Õ Ä » ß 9 ½Ä87 » î ½ÊÒ ü Õ »Ñ�W¨ : ½
~,��|���»´~��Q~���|���|����8���5�8�¾��|��y���\Ïs» î ½\ß 9�» î ½ » ß 9 Þ » î ½

Ä °7�Ò » ü áÓÏÈ» î ½Mß 9�» î ½Z½ ÄJ7 »¼�W¨ ü � ½

� a��u�ÃmY[�_ÁdgXO`?XZXZdWfh[R_Ztk`?_Á[^`7~Dt!joa7VYbL_ î » 75½ aHb,_ltg[¤eoaHdWbgUk`7]M�,ÐÔVYXÍjo[r]\_ldW]Ze3[^U
`7mCaHbg{�_ltg[¢bgaH]\f¤`?mzUgVY]\[^~�_lVYa7b!_ZaÌ_Ztg[¢joaHVCbL_ °î Ò Ë�» î ½ ¨T�XZX\dgfx[¢npdg]M_ltg[r]O_ltk`?_x_ltW[
j3[^]\_Zdg]Zeg`?_lVCaHb<VYXyX\f¤`7mCm�[rbgaHdg{Ht<_ZaxXZ`?_lVCX\n �h_ltg[Å~raHbgUgVi_lVYa7bgX�np]Za7f£[^vwdk`5_lVYa7b$»Ñ�W¨¤: ½ �k`?bgU
Ug[rbga7_l[ueL� °¬$_ltg[uX\aHmYdW_ZVYaHbR_Zax_Ztg[uVYbL_l[r{H]l`?m�[^vwdk`?_ZVYaHbcaHb<°Ð

�7�



ÀÍÔ465 » °î Õ °Ô ½ °¬z» °Ô ½¾Ä °7 » °Ô ½ÃÒ
à�Æ È¢É
Ô��� �  »¼�W¨ üHü ½ÌÃç�õ$õ$ë �Í> �?> � ã�����������|��0����|��©~���|¼���8������~����8���e���ª�¨|��¼�Q�2Õ×ÖÅ·ÙØ�·ÛÚ�ÜA~�����~����8� î µ Ð

ß » î ½ÃÒ fh`5¾ Ç È ÏÈ» î ½\ß 9�» î ½ È Õ È Ä » ß 9 ½Ä87 » î ½ È É »¼�W¨ ü � ½
~,��|��

ß ¬z» î ½ÃÒ °¬�» °î ½=à ¬�» î ½ »¼�W¨ ü � ½
�¨�#���Ü~,��|��8����|�� ß » î ½ ·Ù¹�����~���|��²� �8��|�»6~��©~,��|å��|����8���e�8�¾��|������ ß » î ½ » ß ¬z» î ½ �h��~��¨�,�>|��

~���|¼|�¿h�%��~����8�

[�» ß ¬yá,Ï ß 9%¬ ½ » î ½ á3]!» ß 9%¬ ½ » î ½ á ß 9�» î ½ ] � »�¬ ½ » î ½ÃÒâà � - Ýc9�» î ½�M�ÄÅÆ È¢É���� � ß 9�» î ½ »¼�W¨ ü�� ½ÝÍøÙí�í��
�kaH]zj3aHVYbL_ZX î �%Ô µ Ð�� °î Ò Ë�» î ½ `7bgU °Ô Ò Ë�»,Ô ½ UW[^bga7_Z[�_ltg[u~raH]Z]\[^XZj3aHbgUWVYbg{Oj3aHVYbL_ZXyaHb°Ð�¨ µ aÀ_ltW[|X\[^~raHbgU:a7]ZUg[r]�a?n ß » î ½ �![�» °¬ ½ » °î ½ ~�`7b¢e3[|]\[r��]\VC_Z_Z[^b¢`7X

[�» °¬ ½ » °î ½ Ò
ÀÍÔ465 » °î Õ °Ô ½ °¬�» °Ô ½¾Ä °7 » °Ô ½ »¼�W¨ ü ÿ ½

Ò
À 465 »jË�» î ½�Õ Ë�»�Ô ½Z½ 4¤¬�»�Ô ½ á ß ¬z»,Ô ½ 7�4 ü áÓÏÈ»�Ô ½\ß 9�»,Ô ½ 7 Ä87 »�Ô ½ »¼�W¨ ü r ½

º�dgeW_Z]l`7~�_lVCbg{,[�»�¬ ½ » î ½ np]ZaHfÞ[�» °¬ ½ » °î ½ mY[�`?UgXz_la

� �



[�» °¬ ½ » °î ½=à [�»�¬ ½ » î ½
Ò

À 465 »ÄË�» î ½«Õ Ë�»�Ô ½Z½ 4¥¬z»,Ô ½ á ß ¬z»�Ô ½ ákÏs»,Ô ½Mß 9�»�Ô ½ ¬z»,Ô ½ 7 Ä87 »�Ô ½ÈàÀ 465 » î Õ Ô ½ ¬z»�Ô ½¾Ä87 »�Ô ½ »¼�W¨ ü & ½
Ò

À 465 »ÄË�» î ½«Õ Ë�»�Ô ½Z½ 4 ß ¬z»�Ô ½ ákÏÈ»�Ô ½\ß 9�»�Ô ½ ¬z»,Ô ½ 7 Ä87 »�Ô ½ áÀ 4 4 5 »ÄË�» î ½«Õ Ë�»�Ô ½Z½�à 5 » î Õ Ô ½ 7�¬�»�Ô ½¾Ä87 »�Ô ½ »¼�W¨ ü � ½
Ò f ó álf é  »¼�W¨ ü : ½

Ê�[r]Z[7�Ü{HVi�H[rbc_Ztk`?_ 5 »jË�» î ½�Õ Ë�»�Ô ½Z½�Ò 5 » î Õ Ô ½ á9è¤» È ß 9 È ½ �gVi_znpaHmCmYa���X�_ltg`?_Âf ó ~�`7b¢e3[��]ZVi_Z_Z[^b<_laÀ_ltg[uX\[^~^a7bgU:aH]\Ug[^]ya?n ß » î ½ `7X

f ó Ò
À 465 » î Õ Ô ½ 4 ß ¬�»�Ô ½ áÓÏÈ»�Ô ½\ß 9�»,Ô ½ ¬z»�Ô ½ á#7 ÄJ7 »,Ô ½ »¼�W¨þ�7� ½

Ò ü
� [�» ß ¬cáÓÏ ß 9�¬ ½ » î ½� »¼�W¨þ� ü ½

��b¢_Ztg[ua7_ltg[r]�tk`7bgU��

f é Ò
À 4 4 5 »jË�» î ½�Õ Ë�»�Ô ½Z½sà 5 » î Õ Ô ½ 7 ¬z»,Ô ½ ÄJ7 »,Ô ½ »¼�W¨þ�H� ½

Ò
À 4 4 5 »jË�» î ½�Õ Ë�»�Ô ½Z½sà 5 »ÄË�» î ½«Õ Ô ½ 7�¬�»�Ô ½¾Ä87 »�Ô ½ áÀ 4 4 5 »jË�» î ½�Õ Ô ½�à 5 » î Õ Ô ½ 7�¬�»�Ô ½¾Ä87 »�Ô ½ »¼�W¨þ�7� ½

Ò ~ ó áR~ é  »¼�W¨þ� � ½
��X\VYbg{À_ltg[raH]Z[rf » �A¨ ü ¨ ü ½ �gVC_znpa7mYmYa���Xz_Ztk`?_y_laO_Ztg[uXZ[^~raHbgU#aH]ZUg[r]�a7n ß » î ½
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~ ó Ò
À 4 4 5 »jË�» î ½�Õ Ë�»�Ô ½Z½sà 5 »ÄË�» î ½�Õ Ô ½ 7�¬z»,Ô ½ Ä87 »,Ô ½ »¼�W¨þ�Hÿ ½

Ò ü
� »b] à f ½ » ß 9%¬ ½ » î ½«Õ »¼�W¨þ��r ½

`7bgU

~ é Ò
À 4 4 5 »ÄË�» î ½«Õ Ô ½sà 5 » î Õ Ô ½ 7 ¬z»�Ô ½¾Ä87 »�Ô ½ »¼�W¨þ�s& ½

Ò ü
� ß 9�» î ½ »b] Þ álf ½ »�¬ ½ » î ½� »¼�W¨þ��� ½

µ tg[|mY[^fxfh`ÍnpaHmYmCa���XzVYfxfh[rUgV¶`5_l[^mi�H¨ ß
µ tg[|Xl`7fx[ujo[r]\_ldW]Zek`?_ZVYaHb¢`7bg`7mC�AXZVCXy~�`7b¢e3[Í`?jgjgmYVC[^UR_Zax_Ztg[ÅnÑ`7]zqk[^mCUcjk`?_Z_Z[^]\b�¨�¦�[�_°Ó�« »�ðî ½ eo[�_ltg[�nÑ`?]Iqk[rmYURjk`5_Z_l[r]Zb<{H[rbg[^]Z`?_l[rU<eL�¤_ltW[�Ug[rbgXZVi_��¤npdgbg~�_lVCaHb °¬)aHb.°ÐÌX\aF_ltk`5_

°Ó/« »�ðî ½�Ò ÀCÔ4 5 « »�ðî Õ °Ô ½ °¬z» °Ô ½ Ä °7 » °Ô ½«Õ »¼�W¨þ��: ½
��tg[^]\[ 5 « »�ðî Õ °Ô ½�Ò àbáxâbãä å Á É Æ ÂÅÈ¢É�Å�a� Æ ¨ÌÃç�õ$õ$ë �Í> �?> �çæ ����|���~���|ú���8������~����8��� �����¨|��¼�Q�èÕ×ÖÅ·ÙØ�·ÛÚ�Ü�»F������������|u~���|¡��|�������~�½

�²������~����8����¬ µ�ò »ÑÐ ½ ����� °¬ µvò »±°Ð ½ ����|=���8�¢��~����8���T���=~,��|y����~�|�£������I|�¿h����~����8���ÎÕ×ÖÅ·Ûé�Ü
�����gÕ×ÖÅ·ÛÚ�Ú�Ü]��|�����|���~���±�|��¢½s·¼ã�����������|å�²�0�²~���|��e~�����~ Ó/« » °Ó�«ºµuò « »�ñ ½ »�����|¼~���|T���8�²��|�â
�����8��������£
�p���I�>|����©����~�~�|������h·TÚÛ��|��

ßÙÓ�« »�ðî ½ÃÒ °Ó/« »�ðî ½=à�Ó�« »�ðî ½ »¼�W¨Ø�H� ½
�¨�¼���©~,��|y�8����|�� ß » î ½ »Ü�����T~��Q~���|���|����8���5�8�¾��|��e��� ß » î ½

ßÙÓ�« »�ðî ½�Ò [ « » à\- Ý´ðî M 9 ß 9%¬¢á ß ¬cáÓÏ ß 9%¬ ½ »�ðî ½� »¼�W¨Ø� ü ½
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ÝÍøÙí�í��
�kaH]yj3aHVYbL_lX î ��Ô µ Ð�� °î Ò Ë�» î ½ `7bgU °Ô Ò Ë�»,Ô ½ Ug[rbga7_Z[|_Ztg[Í~raH]Z]\[^X\joaHbWUgVYbg{xj3aHVYbL_lX�VCb°Ð$`?X�e3[rnpa7]Z[7¨ � aÙ�u�g_ZaO_ltg[uXZ[r~^aHbWU:aH]\Ug[^]�a7n ß � Ó�« »�ðî ½ ~�`7bce3[u��]\VC_\_l[^b#`7X

°Ó�« »�ðî ½ Ò
ÀCÔ465 « »�ðî Õ °Ô ½ °¬�» °Ô ½¾Ä °7 » °Ô ½ »¼�W¨Ø�L� ½

Ò
À 465 « »�ðî Õ Ë�»�Ô ½Z½ 4¤¬z»,Ô ½ á ß ¬z»�Ô ½ 7¸4 ü áÓÏÈ»�Ô ½\ß 9�»�Ô ½ 7 Ä87 »�Ô ½ »¼�W¨Ø�H� ½

XZdge�_l]l`?~r_lVCbg{ Ó/« »�ðî ½ np]ZaHf °Ó�« »�ðî ½ mY[^`7UgXy_la
°Ó�« »�ðî ½=à�Ó�« »�ðî ½ Ò

À 465 « »�ðî Õ Ë�» î ½\½ 4¥¬z»�Ô ½ á ß ¬z»,Ô ½ ákÏÈ»�Ô ½\ß 9�»�Ô ½ ¬z»,Ô ½ 7 Ä87 »�Ô ½�àÀ 465 « »�ðî Õ Ô ½ ¬z»,Ô ½ Ä87 »,Ô ½ »¼�W¨Ø� � ½
Ò

À 465 « »�ðî Õ Ë�»�Ô ½Z½ 4 ß ¬z»�Ô ½ áÓÏÈ»�Ô ½\ß 9�»�Ô ½ ¬�»�Ô ½ 7 ÄJ7 »,Ô ½�àÀ 4 4 5 « »�ðî Õ Ë�»�Ô ½Z½�à 5 « »�ðî Õ Ô ½ 7 ¬z»�Ô ½¾Ä87 »�Ô ½ »¼�W¨Ø�Lÿ ½
Ò } ó á<} é  »¼�W¨Ø�sr ½

Ê�[r]Z[7��{HVC�7[^bx_ltk`?_ 5 « »�ðî Õ Ë�»,Ô ½\½�Ò 5 « »�ðî Õ Ô ½ á è¤» È ß 9 È ½ ��} ó ~�`7bheo[���]ZVi_Z_l[rbh_ZaÍ_ltW[XZ[r~^aHbWU:aH]\Ug[^]�a7n ß » î ½ `7X

} ó Ò
À 465 « »�ðî Õ Ô ½ 4 ß ¬z»�Ô ½ ákÏÈ»�Ô ½\ß 9�»�Ô ½ ¬z»,Ô ½ 7 Ä87 »�Ô ½ »¼�W¨Ø��& ½

Ò [ « » ß ¬cáÓÏ ß 9%¬ ½ »�ðî ½ »¼�W¨Ø�s� ½
º�VYfxVYmY`7]Zmi�H�wdgX\VYbg{À[�¾W`7fxjgmC[u�W¨þ�Ánp]\aHf 4 ü �87

�s&



} é Ò
À 4 4 5 « »�ðî Õ Ë�»�Ô ½Z½Èà 5 « »�ðî Õ Ô ½ 7 ¬z»�Ô ½¾Ä87 »�Ô ½ »¼�W¨Ø�s: ½

Ò
À 4 à	- Ý´ðî M 9�»�Ô ½\ß 9�»�Ô ½ 5 « »�ðî Õ Ô ½ ¬z»,Ô ½ ÄJ7 »,Ô ½ »¼�W¨ � � ½

Ò [ « » à\- Ý´ðî M 9 ß 9%¬ ½ »�ðî ½� »¼�W¨ �gü ½

�5@�� �×E�GWdgP�X�HIEaêgc=HWEhOQJ O3� HIVLX m§ceP m EhX�f�o p ce÷b÷bE�JLK� OTn cyE�J � X�P�Ep\	c=HIE�\TX
µ a�[r�?`7mYdg`?_l[ Ï Þ »¼Ð ½ VC_RVCX¤bg[r~^[rXZXl`?]\�·_Za,XZaHmi�H[:_Ztg[ÂVCbw_Z[^{H]Z`7m�[^vwdk`?_ZVYaHbgXha7nÅ_ltW[:qk]ZXM_
�wVYbgU »¼�W¨ ü�� ½ `7bgU »¼�W¨Ø� ü ½ ¨D�=VY]\X\_��I[^vwdk`?_ZVYaHb »¼�W¨ ü�� ½ VYXxXZa7mC�H[rU·VYb�_l[r]ZfxXha7n ß ¬z» î ½ áÏÈ» î ½Mß 9�» î ½ �3`7bgUcX\dgegX\_ZVC_ZdW_l[rU:VYbL_Zax[rvwdk`?_lVCaHb »Ñ�W¨þ� ü ½ ¨

º�dgjgj3aHX\[#_ltW[¢e3aHdgbWUk`7]\�!~rdg]\�7[:VCXOjk`7]l`?fh[�_l[^]\VYËr[^U�ew� î » �\½ ãª4 � Õ � ¶ 7 i Ð��z`?bgU
~^a7bgXZVCUg[^]I~^dg]M�H[Å{H]\VYU¤j3aHVCbw_ZX î » � ¤ ½ aH] î ¤ ��VC_Zt � ¤ ÒD¶Z§ �8ç#npaH] §OÒ � Õa´�CÕ �<ç à ü ¨ µ tW[^b
� �AXM_l]�a7f²fh[�_ltgaAU~^`7bÆe3[¢dgXZ[rUÆ_la)`7jgjg]\a�¾WVCf¤`5_l[R_ltW[#mC[rn _xtk`7bgUXZVCUg[ca7n�[rvAdg`?_lVCaHb
»¼��¨ ü�� ½ VYb<_ltg[ÅnpaHmCmYa���VYbW{Ffh`7bgbg[r]

[�»�í�¬¢áÓÏ ß 9�¬ ½ » î ½d¢ é s Â ó£ ¤�¥ Õ 4 � ó » � È Õ�� ¤ ½ ¦ Î s Òë È¨Â ¤ ë á ¶ ç � é » � È Õ�� ¤ ½ 7¸4 ß ¬ ¤ ákÏ ¤ ß 9 ¤ ¬ ¤ 7 Õ
��tg[^]\[ � ó » î » � È ½«Õ î » � ¤ ½Z½�Ò � ó » � È Õ�� ¤ ½ � � é » î » � È ½�Õ î » � ¤ ½\½ÃÒ � é » � È Õ�� ¤ ½ � ß ¬z» î » � ¤ ½Z½�Ò

ß ¬ ¤ �!Ïs» î » � ¤ ½Z½ÃÒ Ï ¤ � ß 9�» î » � ¤ ½Z½ÃÒ'ß 9 ¤ ��¬�» î » � ¤ ½Z½ÃÒ ¬ ¤ ¨ µ twdgX
[�» ß ¬cáÓÏ ß 9%¬ ½ » î ½ì¢ [ È ¤ 4 ß ¬ ¤ ákÏ ¤ ß 9 ¤ ¬ ¤ 7 Õ »¼�W¨ � � ½

��tg[^]\[�[ È ¤ VCX|`:�<ç!eL�)�<ç�f¤`5_l]ZV ¾o�È`7bgU ß ¬ ¤ � Ï ¤ ß 9 ¤ ¬ ¤ `7]\[À_��Ia��8çeL� ü `7]Z]Z`��AXr¨
º�VCfhVCm¶`7]\mC�H�

���



]!» ß 9�¬ ½ » î ½r¢ é s Â ó£ ¤�¥ Õ 4í} ó » � È Õ�� ¤ ½ ¦ Î s Òë È¨Â ¤ ë á ¶ ç } é » � È Õ�� ¤ ½ 7 ß 9 ¤ ¬ ¤ Õ »¼�W¨ � � ½¢ î È ¤ ß 9 ¤ Õ »¼�W¨ �s� ½
��tg[^]\[ î È ¤ VCX�`¤�<ç�eL�#�<ç�fh`?_Z]ZVi¾o�W`7bgU ß 9 ¤ �gVCX�`¤�8ç�ew� ü `7]\]l`��H¨

ß 9�» î ½ ] Þ »�¬ ½ » î ½Ê¢ ß 9 È é s Â ó£ ¤�¥ Õ 4ï} ó » � È Õ�� ¤ ½ ¦ Î s Òë È¨Â ¤ ë á ¶ ç } é » � È Õ�� ¤ ½ 7�¬ ¤  »¼�W¨ � ÿ ½
µ tg[¢~^aHbL_l]\VYegd�_lVYa7b,np]ZaHf¹_ZtgVYXÁ_Z[^]\f¹_la�_ltW[¢mCVYbg[^`7]ÁXM��XM_l[rf VCXÀ`ÌjW]ZaAUgdg~r_Àa?n�_ltW[

npaH]\fÞð È ¤ ß 9 ¤ ��tg[r]Z[ñð È ¤ VCX�`¤�8ç�ew�#�8ç�UgV¶`7{7aHbk`7mof¤`?_Z]ZV ¾¤��Vi_ltcUgV¶`?{HaHbk`7mo_l[^]\fhXð ÈÐÈ Ò é s Â ó£ ¤�¥ Õ 4í} ó » � È Õ�� ¤ ½ ¦ Î s Òë È¨Â ¤ ë á ¶ ç } é » � È Õ�� ¤ ½ 7 ¬ ¤  »¼�W¨ � r ½
�=VYbg`7mYmi�H�

à � - Ýh9�» î ½ÊM�ÄÅÆ È¢É���� � ß 9�» î ½ì¢1à � - Ýh9 È M�ÄÅÆ È¢É�� á � � ß 9 È Õ »¼�W¨ � & ½
`7mYX\aÀ~^aHbL_l]\VYegd�_l[^X�_laÀ_ltW[|mCVYbg[^`7]yX\�AXM_l[^f���Vi_ltc_ltg[ujg]\a�UgdW~r_�a7n�`ÀUgVY`7{HaHbk`?m�fh`?_l]\Vi¾

ò È
¤
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¿�bR_ltWVYX�~Dtg`7jW_l[r]z_ltg[�fh[�_ltgaAU<a7nÈ~^a7bw_ZVYbwdk`?_ZVYaHb¤VYX�jW]Z[^X\[^bL_l[rU#VCbRjg]Z`7~r_ZVY~^[?¨�º�[^~�_lVCaHb � ¨ ü
~^a7bw_l`7VYbWXÅXZaHfx[Á]Z[rf¤`?]Z�wXu`7e3aHdW_Å_ltW[ObAdWfh[r]ZVY~^`7m=[«¾�jo[r]ZVYfx[^bL_ZX|~raHbgUgdW~r_l[rU$`?mYaHbg{h_ltgVCX
~Dtk`7j�_l[^]Á��Vi_lt,_Ztg[<fh[�_ltgaAU�¨¸¿�b!XZ[r~r_lVCaHb � ¨þ�#_ltg[R]\[^X\dgmC_ZXOa7n�`:_l[^XM_Àa7n�X\_l`7egVYmCVC_��)`7]\[
XZtWaÙ��b�o�_ltg[R_Z[^XM_lXÁnp]Za7f 4 � ü 7z`7bgUD4 � � 7y`?]Z[RdgX\[^U`7XO`Âfxa�UW[^m�VCb$_ltW[<Ug[^X\VY{Hb�a7n�aHdW]
_l[rX\_^¨Ó��VYbk`7mCmC�7��VCbÆX\[^~r_ZVYaHb � ¨Ø�¸�I[ÂVYbW~^mYdWUg[cXZaHfx[#[«¾W`7fhjWmY[^Xxa7n�_Ztg[¢]Z[^~raHbgXM_l]ZdW~r_lVCaHb
a7nÃbga7b�É�~raHbL�H[�¾�aHegX\_l`7~^mC[^Xpo�[�¾W`7fxjgmY[rXÅ`7]Z[Ínpa�~rdgXZ[rU�aHbÂ_ltg[F]Z[^~raHbgXM_l]ZdW~r_lVCaHb�a7n�XZtg`7jo[rX
��VC_ZtcegVY{À~^a7bg~�`��AVC_ZVY[^Xr�kmYVC�7[�_Ztg[   egVC_\_l[rb¢UWaHbwdW_l¥xXZtga���b#VYb<qk{Hdg]\[ � ¨Ø�s�ÁVYbcj�¨��Hÿ�¨
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� dWfh[r]ZVY~^`7mk[�¾�j3[^]\VYfx[^bL_lXÃ_la|XZaHmi�H[y_ltW[�VCbw�7[^]\XZ[�jW]ZaHegmC[^f.dWXZ[�XM�Abw_Ztg[r_ZVY~�nÑ`7]�qk[^mCUhUg`?_D`W�
��tgVC~DtVCXOaHeW_D`?VYbg[rU�X\aHmC�AVCbg{Â_ltg[cUgVC]Z[r~r_xjg]Za7egmY[rf���VC_Zt�_ltg[cfx[r_ltWa�U!]Z[r~^aHfxfx[^bgUg[rU
VYb 4;:<7 ¨�¿�bÍ_Ztg[�UgVC]Z[r~r_�jg]ZaHeWmY[^f¢��_ltg[IbwdgfÁe3[^]sa7nk{H]\VYU|joaHVCbL_lXÈaHbÍ_Ztg[�a7egX\_l`7~^mC[Ie3aHdgbgUg`7]\�
~^dW]\�H[|VYX�[^vwdk`7m�_Za¤�7ÿ�rÁVYbc`7mCm�[«¾Wj3[^]\VYfx[^bL_lXr¨Ã¿�b¢_Ztg[ÅVYbL�H[r]ZX\[|jW]ZaHegmC[^f¢�W_ltW[ÅbAdWfÁeo[r]ya7n
{H]\VYURj3aHVYbL_ZXzaHb<_ltg[�`7jgjg]\a�¾�VCf¤`?_Z[^U<e3aHdgbgUg`7]\�¤~^dg]M�H[uVYXz~^`7mY~rdgm¶`5_l[^U¤dgXZVCbg{À`Átg[^dW]ZVYXM_lVC~
]ZdWmY[�a7n|_l[rb�[rvAdWVYUgVCX\_D`?bw_¢{H]\VYUÔj3aHVYbL_lX<j3[^]<��`��H[^mC[^bg{?_lt&a?nÍ_Ztg[¸VYbg~rVYUg[rbw_<qg[^mYU�oÍ_ltW[
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bwdgfÁe3[^]ua7nIaHegX\[^]\�?`?_ZVYaHb¸j3aHVYbL_ZXÅa7nÃ_ltg[OnÑ`7]�qk[rmYU¸jk`?_\_l[r]ZbÌVYXÅXZ[�_|[^vwdk`7m�_Zac_ZtgVYXÅXZ`7fx[
bwdgfÁe3[^]uVYb¸e3a7_lt��È_Ztg[ÀUgVY]\[^~�_|`7bgUÌVYbL�H[r]ZXZ[xjg]\aHegmY[rfhXr¨x��egX\_l`7~^mC[^XÍ`7]Z[Ojg]\aHe3[^UÌdgXZVCbg{
XZ[��H[r]l`7m�VYbg~raHfhVCbg{Àjgm¶`?bg[Í��`��H[^X�`7X�Ug[rXZ~r]ZVYe3[^U:VYb:X\[^~�_lVYa7b��W¨ ü ¨�¿�bÂ[�`7~Dt:VC_l[r]l`?_ZVYaHbc_ltW[
]Z[rm¶`?_ZVC�7[�[^]\]ZaH]�a7nÈ_ltg[�nÑ`?]Iqk[rmYU<jk`?_\_l[r]Zb<VYX�]Z[^vwdgVC]Z[rUR_laOe3[^~^a7fh[�X\f¤`?mYmY[r]�_Ztk`7b ü ���(a7]
_ltW[FVC_Z[^]Z`?_lVCaHbcVYX�]Z[^j3[�`5_l[^U#��VC_lt¢_ltg[u��`��7[^bwdgfÁe3[^]ÅXM_l[rj�É�X\VYË^[Í]Z[rUgdg~^[rU�eL�:`ÀnÑ`7~r_ZaH]�a7n
�  ÿ�¨ µ tg[��z`��7[^bwdgfÁe3[^]yXM_l[^jAÉ�XZVCË^[�VYXÃXZjgmCVC_I`?_Ifha7X\_ ü �u_ZVYfx[^X�VYbÀ_ltgVCX�`?Uk`7jW_ZVC�H[�fh`7]Z~Dt�¨
�kaH]�`OX\_ZaHjgjgVCbg{À]ZdgmC[���[|dgXZ[Å_Ztg[u]Z[^mY`?_lVi�H[Å]\[^XZVCUgdk`7m
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`7bgU�» - á ü ½ � L VC_l[r]l`?_ZVYaHbWX^¨Å¿Î_l[r]l`?_ZVYaHbWXÅ`7]Z[FX\_la7jgjo[rU���tg[^b�_ltW[Á]Z[rm¶`?_ZVC�H[F]Z[^X\VYUgdg`7m ¦ Æq7VYX|mY[rXZX|_ltk`7b$`¢_ZaHmY[r]l`7bg~r[x�?`7mCdg[,øFaH]u_ltg[x�z`��H[rbwdgfÁe3[^]ÁVCXÍ[rvAdg`7mIa7]Í{H]\[�`?_Z[^]|_ltk`7b$`
fh`5¾�VYfÁdgf��?`7mCdg[Á`7mCmYa��I[^UÌÝ ¨�� � ¨u¿�b¸[�¾W`7fxjgmY[rX�XZtWaÙ��b�_Ztg]ZaHdW{HtgaHdW_�_ltgVCX�~Dtk`7jW_Z[^]��I[
dgX\[^UÂ`?b¢VCbgVC_ZV¶`7m3~^dW]\�H[u_laÀXM_D`7]M_�_Ztg[uVC_Z[^]l`5_lVYa7b�¨

�L@²ô i]H^ce`bE�fhEpH?� þ9X�G+H
T _l[^XM_�npaH]�X\_l`7egVCmYVC_��h��VC_Zt:]Z[rXZj3[^~�_�_lah]l`7bWUgaHf�[^]\]ZaH]\X�`7UWUg[^U¢_lah_Ztg[FUg`?_D`ÀVYX�`7jgjgmCVY[rU
_lau_ltW[�fx[r_ZtgaAUxa?n�~^a7bw_ZVYbwdk`?_ZVYaHb�¨ µ tg[�_l[rX\_�~^aHbWXZVYXM_lX�a7n�_���VCbÀVC_l[r]l`?_ZVYaHbWX���VC_ltO_Ztg[�]\[�`7m
`7bgUhVYfh`7{HVCbk`7]\�Íjk`7]M_lX�a7n�_Ztg[�Ug`?_D`ufÁdgmi_lVYjWmYVY[rUÁeL�h`|nÑ`7~�_laH]Ãa7n ü á*ø ¦ VCbhaHbW[�a7no_ltg[rf#���tg[r]Z[Í�3²�ø E �  ü `7bgU ¦ VCX�`À]Z`7bgUga7f%bwdgfÁe3[^]yVYb<_Ztg[uVYbL_l[r]\�?`7m´4 à ü Õ ü 7 ¨

¿�b·_ltg[:[�¾W`7fxjgmY[rX¤jg]\[^XZ[rbL_l[^U'`7mCaHbg{Ì_ltgVCX¤XZ[r~r_ZVYaHbÆ�I[�]Z[r~^aHbWX\_l]\dg~r_¤_ltg[Âa7egX\_l`7~^mC[
XZtWaÙ��bÌVYbÂqg{Hdg]Z[ � ¨ ü ¨ µ tg[ÀaHegXM_D`7~rmY[ÁVCX�jg]\aHeo[rU¸dgXZVCbg{<_ltg]\[^[OVYbW~^aHfxVYbg{hjgm¶`?bg[Á�z`��7[^X
��VC_Zt:UgVC]Z[r~r_lVCaHb#`7bg{HmC[^X ¶ �7�W� ¶ `7bgU�ÿ ¶ �7�W¨ µ tW[FX\_ZaHjgjgVCbg{¤~raHbgUgVi_lVCaHbcVYX^ã�_ltg[Í]Z[rm¶`?_ZVC�H[
]Z[rXZVCUgdk`7m ¦ Æq7 ² ü � Â! aH]z_ltW[u��`��H[rbAdWfÁeo[r]ÅÝ � �H�W¨�¿�b¢[�¾W`7fxjgmY[rX ù _la * _Ztg[|XZVYËr[Åa7n

�Lÿ



µ `7egmY[ � ¨ ü ãÃ¿�bc_ltgVCX�[«¾W`7fhjWmY[^X�`7]\[Å_l[^XM_l[rU:XZ[��H[r]l`7mÈ�z`��7[^bwdgfÁe3[^]�XM_l[rj�É�X\VYË^[rX��7[^]\XZdgX�`7b
[�`?]ZmYVC[^]y`?bgU:`OmY`?_l[r]y~^dW_Za7Ö=¨

~^dW_Za7Ö Ò �  ü ~rdW_la?Ö Ò �  � ü
ß Ý Ò � [�¾W`7fxjgmY[ ü [«¾W`7fhjWmY[|�
ß Ý Ò ü [�¾W`7fxjgmY[u� [«¾W`7fhjWmY[ �
ß Ý Ò �  �Hÿ [�¾W`7fxjgmY[|ÿ [«¾W`7fhjWmY[©r

_ltW[ÁbgaHVCXZ[FVCX�[rvwdk`7m�_Za ü ��`7bgUÂ_Ztg[FVCbgVC_ZV¶`7m�~rdg]\�7[ÁVYX�_ltg[FdgbgVC_�~^VC]Z~rmY[F~r[^bL_l[r]Z[rU)`5_�_ltW[
aH]\VY{HVCb�¨ µ tg[�]\[^{HdgmY`7]ZVCË�`?_ZVYaHbÅ~rdW_la?ÖR`7bWUÍ��`��7[^bwdgfÁe3[^]�XM_l[rj�É�X\VYË^[I`7]\[�~DtgaHX\[^bÀ`7~r~^aH]\UgVYbW{
_laO_l`7egmY[ � ¨ ü ¨

¿�b#[«¾W`7fhjWmY[^X#"¢`?bgU � _ltg[|~^VC]Z~rmY[�_Ztk`?_�XZ[r]\�H[F`7XyVYbWVC_lVY`7m3~^dg]M�H[Í��`7X�~Dtk`7bW{H[^U¢np]ZaHf
_ltW[|dWbgVC_�~^VC]Z~rmY[Å~^[rbL_l[^]\[^U�`5_y_ltg[|aH]ZVC{HVYb�¨�¿�b#_Ztg[^X\[|_��Ia¤[«¾g`?fhjgmC[^Xy_ltW[|~rdW_la?Ö��7`?mYdg[ÅVCX
[^vwdk`?ms_Za ü � Â ó `7bgU¢_ltg[|XZVCË^[Fa?n=_ltW[FbgaHVCXZ[Í`7UgUg[rU:_laÀ_ltW[FUk`?_l`hVCX�[rvwdk`7mÈ_la ü ¨ ÿ��%`?bgU
���â]\[^X\jo[r~r_lVi�H[rmC�H¨ µ tg[�a7egX\_l`7~^mC[yVYX�X\_ZVYmCmW]Z[r~^aHbWX\_l]\dg~r_Z[^U¤��Vi_ltgVCbÁ_���a|XZVC{HbgViqk~�`7bL_ÃUgVC{HVC_ZX^¨

�k]ZaHf�_Ztg[¤]\[^X\dgmC_ZXÍUgVCXZjgmY`��H[^U)VYb¸_ltgVCXuXZ[r_Ía7ny[«¾W`7fhjWmY[^XÅ�I[¤mCVY�7[O_Za#tgVC{HtgmCVY{HtL_Å_ltW[
npaHmCmYa���VYbg{�»peL�Æ`?jgjg]Za�¾�VYfh`?_ZVYaHb,�I[:fx[�`7b!_ltW[:`7jWjg]Za�¾�VYfh`?_l[rUe3aHdgbWUk`7]\�!~rdg]\�7[�`7j�É
jg]\aL`7~DtgVCbg{O_ltg[uXZ~^`?_Z_Z[^]\[^]�eoaHdWbgUk`7]M� ½ ã¶ ¿�b�_ltW[Á~^dg]\]Z[rbw_|X\[r_Z_ZVYbg{W��_���acX\VY{HbgViqk~�`?bw_�UgVY{HVi_lX�VYbÂ_ltW[ÁnÑ`7]�qk[rmYU¸jk`?_\_l[r]Zb�Uk`?_l`

`7]\[Åjg]Z[r~^VCXZ[|[^bgaHdW{Ht#VCbcaH]ZUg[r]z_laÀ]Z[r~^aHbWX\_l]\dg~r_�_ltW[|a7egX\_l`7~^mC[|e3aHdgbWUk`7]\�7�¶ µ a,`7b[�`7]\mYVC[^]À~^dW_Za7Ö'~^aH]\]Z[rXZj3aHbgUgXRfxaH]\[¢XM_D`7eWVYmYVi_���o�_Za,`Ìm¶`?_Z[^]À~^dW_Za7Ö'~^aH]\]Z[«É
X\joaHbWUgX�`ÀnÑ`7XM_l[r]�`?jgjg]Za�¾�VYfh`?_ZVYaHb��¶ µ aÌ`¸{7]Z[�`5_l[^]Á��`��H[rbAdWfÁeo[r]¤XM_l[^jAÉ�XZVCË^[c~^a7]Z]Z[rXZj3aHbgUgXh`�X\_Z]ZaHbg{7[^]Oe3a�aHXM_ÀVYb�_ltW[
~rdg]\�7[Ádgj3Uk`?_l[?¨ µ a¤`hXZfh`7mCmY[^]z��`��H[rbAdWfÁeo[r]ÅX\_Z[^j�ÉÎXZVYËr[F~raH]Z]\[^XZj3aHbgUWX�fha7]Z[u~^aHbAÉ

�sr



��VY{Hdg]\[ � ¨ ü ã µ tgVYXyqk{7dg]Z[uXZtWaÙ��X�_ltW[|a7egX\_l`7~^mC[ÅdgXZ[rU#npaH]z_Ztg[uX\_D`?egVYmCVC_��x_l[^XM_�¨
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_Z]ZaHm�a��7[^]�_ltg[ÅnÑ`7]zqk[rmYUc]Z[rm¶`?_ZVC�7[Å[^]Z]\aH]^¨¶ ¿Î_�VYXI`7mC��`���X�joaHX\XZVCegmY[�_laÍ~^aHbL_lVCbwdg[�_ltW[�VC_Z[^]Z`?_lVCaHbgX�VYb¤a7]ZUg[r]I_la|npdg]\_Ztg[^]IVYfxjg]Za��7[
`7b|`7jWjg]Za�¾�VYfh`?_lVCaHbÀ»Ñ`7mC_ZtgaHdg{Htu`?bÍ`?jgjg]Za�¾�VYfh`?_ZVYaHb�~�`7bgbWa7_seo[�VCfhjg]\a��H[^Uue3[r�7aHbgU
_��Iaha7]z_ltg]\[^[|XZVY{7bgVCqk~^`7bL_�UgVY{7VC_lX�VYbR_ltW[|~rdg]Z]\[^bL_�XZ[r_\_lVCbg{ ½ ¨

µ tg[rXZ[¢aHegXZ[r]\�?`?_ZVYaHbgXOfxa7_ZVC�?`?_l[x_ltg[<X\dgeAÇ\[r~r_ha7n�_ltg[cbg[«¾�_xX\[^~r_ZVYaHb��Ã��tW[^]Z[¢aHegXM_D`7~rmY[rX
tk`��AVYbg{x`ÀegVY{O~raHbg~^`��AVi_��¢`7]Z[Åjg]\aHe3[^U�¨

$&%('�%*) +-,&.0/2143657)
¿�bÍqg{Hdg]Z[rX � ¨þ��`?bgU � ¨Ø��jWmYa7_ZX�VCb|_Ztg[�mC[rn _s~^aHmCdgfxbF`7bWUÍ_ltW[�]ZVC{HtL_s~^aHmCdgfhb|~^a7]Z]Z[rXZj3aHbgUF_Za
dgbgj3[^]M_ldg]\eo[rUR`7bWUhj3[^]M_ldg]\eo[rU¤Uk`?_l`Å]Z[^X\jo[r~r_ZVC�H[rmC� ó oL_ltg[��z`��7[^bwdgfÁe3[^]Ia7n�_Ztg[�VC_l[r]l`?_ZVYaHb
VYX|VYbWUgVY~^`?_l[rU)VCbÌ_Ztg[¤e3a7_Z_ZaHf�mC[rn _|a7ny[^`7~Dt,jgmCa7_�¨ � a7_lVC~^[À_ltk`5_Í��Vi_lt)`7b$[r]Z]Za7]ÍVCb)_ltW[
Uk`?_l`:a7n ü ��_ltW[RUgVCÖo[^]\[^bg~r[Re3[r_��I[^[^b!_��Ia�~^aH]\]Z[^X\joa7bgUgVYbW{�jgmYa7_ZXÍ��Vi_lt,dgbWjo[r]\_ldW]Ze3[^U
`7bgU)jo[r]\_Zdg]Ze3[^U,Ug`?_D`¢~�`7b)tk`7]ZUWmC�¸e3[x_ZaHmYUÌeL�)VCbgXZj3[^~�_lVCaHb�¨¢��b)_Ztg[ha?_ltg[r]Ftk`7bWU��=VCb
qk{HdW]Z[ � ¨ ÿcVC_Í~�`7b)eo[hXZ[^[rb,_ltk`5_F_ltW[¤]Z[rm¶`?_ZVC�7[h]\[^XZVCUgdk`7mÃa7n�mY`?_l[r]uVC_l[r]l`?_ZVYaHbWX|VCXFfxaH]Z[
XZ[rbgXZVCegmY[z_Za�_ltg[yVCbL_l]ZaAUgdg~r[^UO[r]Z]Za7]^¨�¿�bOqk{HdW]Z[ � ¨ � _ltg[yVCbgVC_ZV¶`7mw~^dW]\�H[?�L_ltg[z_l`7]Z{H[�_�~^dW]\�H[?�
_ltW[Ie3[^XM_�`7jWjg]Za�¾�VYfh`?_lVCaHbu`7~DtgVC[r�7[^UÁ`?]Z[�Ug[^jgVC~r_Z[^U��7`7X���[rmYmA`7X�_ltg[�~^a7]Z]Z[rXZj3aHbgUgVCbg{�~^dg]M�H[
aHeW_l`7VYbW[^U<��VC_Zt¢j3[^]M_ldg]\eo[rU#Ug`?_D`x`7XyVYbWUgVY~^`?_l[rU¢VCb<_ltg[umY[r{H[^bWU¢VCbgXZVCUg[�_ltW[uqg{Hdg]Z[?¨

8:9<;=;?>�@BADCFE*GIH�JLKNMPO�@�Q�GRADSUTWVD;=XZYFG[J\CRE�X\CF@BJ\ODM=]6E*^_MPO�YFHDM=G<`IJLa
�s�



�=VC{Hdg]Z[ � ¨þ��ã µ tgVYXuqk{HdW]Z[xUg[^jgVC~r_ZXÍ_ltW[x_l`7]Z{H[�_|~^dg]M�H[<`7bWUÌ_Ztg[hqk]\X\_|_ltg]\[^[xVC_Z[^]l`5_lVYa7bgX^�
_ltW[|VCbgVC_ZV¶`7m3~^dW]\�H[|VYX�`?mYXZaÀX\tga���b:VYbR_Ztg[ujgmYa?_�~^aH]\]Z[^X\joa7bgUgVYbW{À_Zax_Ztg[Åqk]ZXM_�VC_l[r]l`?_ZVYaHb�¨
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�=VC{Hdg]Z[ � ¨Ø�Wã µ tgVYX�qk{Hdg]\[ÁXZtga���XÅX\aHfh[ÍVYbL_l[r]Zfx[^UgVY`?_l[ÍVC_Z[^]l`5_lVYa7bgX^¨�¿�bL_ldgVi_lVC�7[^mi�H�o�I[OXZ[r[
_ltg`?_|VC_l[r]l`?_ZVYaHbWX���VC_ZtÌX\f¤`?mYmY[r]���`��7[^bwdgfÁe3[^]   mYaA~�`5_l[^¥R_Ztg[ÀXZ~^`?_Z_Z[^]Z[r]|��tW[^]Z[^`7X|VC_l[r]l`5É
_lVCaHbgXz��Vi_ltc{H]Z[^`?_l[r]y�z`��H[rbwdgfÁe3[^]   ]Z[^~raHbgXM_l]ZdW~r_l¥xVC_ZXzqkbg[uUg[�_D`7VCmYX^¨
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�=VC{Hdg]Z[ � ¨ � ãÀ¿�b,_ltgVCXFqk{Hdg]\[<`7]\[¤_ltg[¤VYbgVi_lV¶`?m�~^dg]M�H[7��_Ztg[R_D`7]\{H[r_F~^dg]M�H[c`7bWU,_ltg[Re3[^XM_
`7jgjW]Za�¾�VYfh`?_lVCaHb�`7~DtgVC[r�7[^U¸��VC_lt¸dgbWjo[r]\_ldW]Ze3[^U)`7bgU¸jo[r]\_Zdg]Ze3[^UÌUk`?_l`<`7XuVYbgUgVC~�`?_Z[^U�VCb
_ltW[|mC[^{H[rbgUcVYb<_ltW[uqg{Hdg]Z[?¨
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�=VC{Hdg]Z[ � ¨þÿ�ã µ tgVCXzqk{Hdg]\[�XZtga���Xy_ltW[�]Z[rm¶`?_ZVC�H[�]Z[rXZVYUWdk`7m�`7Xz`Fnpdgbg~r_ZVYaHb¤a7nÈ�z`��H[rbwdgfÁe3[^]
VYb|XZ[rfhV É�mCaH{L`7]\VC_ltWfhVC~sX\~�`7mC[7¨�¿�bFm¶`5_l[^]�Vi_l[r]l`?_ZVYaHbgX�_Ztg[�]Z[^mY`?_lVi�H[Ã]Z[rXZVCUgdk`7mwVYXÈfxaH]Z[ÃX\[^bgX\VYegmC[
_laO_Ztg[uVYbL_l]\a�UgdW~^[^U¢[^]\]ZaH]r¨
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$&%('�%(' +-,&.0/214365b'
µ tgVCXÅVYX�_Ztg[OXl`7fx[O`7X ý ¾W`7fxjgmC[ ü ��[�¾�~r[^jW_u_ltg`?_�_ltW[O~^dW_Za7Ö�tk`7X�eo[r[^bÌ~Dtk`7bg{H[rU�np]ZaHf
ü � Â ó _la ü � Â é ¨=¿�bhqk{HdW]Z[ � ¨ ruVC_�~�`?b¤e3[�X\[^[^bh_ltk`?_IVC_���`7XIbg[^~r[^XZXZ`7]\�x_la|_D`7�?[�`|XZfh`7mYmC[^]
��`��7[^bwdgfÁe3[^]�XM_l[rj�É�X\VYË^[�VYbÍ_Ztg[Iqg]ZX\_�`7bgUÁX\[^~^a7bgUOVC_Z[^]l`5_lVYa7bgX^¨È¿�bÁ_ltW[�jg]\[r�AVYaHdWX=[�¾W`7fxjgmC[
aHbgmi�Â_ltW[Àqg]ZX\_ÍVC_Z[^]Z`?_lVCaHb�]Z[rvAdWVY]Z[rU,`cXZfh`7mYmC[^]���`��H[rbAdWfÁeo[r]ÁX\_Z[^j�ÉÎXZVCË^[7¨h¿�b)qk{7dg]Z[ � ¨ &
VC_zVYX�`7jgjg`7]Z[rbw_�_Ztk`?_�_ltg[uUgViÖ�[r]Z[rbg~^[ue3[r_��I[^[^b¢_D`7]\{H[r_�~rdg]\�7[Á`7bWU¢e3[^XM_�`7jgjg]\a�¾�VCf¤`?_ZVYaHb
`7~DtgVC[r�7[^UÆVCXx`7XO_lVYbL�!`?XxVCba7dg]Àjg]Z[���VCaHdgXÀ[�¾W`7fxjgmC[7¨�¿�b�_ZtgVYXÀ[�¾W`7fxjgmC[R_ltg[¢]Z[rm¶`?_ZVC�H[
]Z[rXZVCUgdk`7msUgaA[^X�bWa7_�Ug[r~^]\[�`7X\[Áeo[rmYa�� ü � Â! VYb#_Ztg[F~DtWaHXZ[rbÂ�z`��H[rbwdgfÁe3[^]uVYbL_l[r]\�?`7m¼�o`?bgU
VC_ÈVCXÈfhaH]\[ÃXZ[^bWXZVC_ZVC�7[�_Za�_Ztg[ÃVYbL_l]\a�UgdW~^[^UÍ[^]\]ZaH]È~^a7fhjk`?]Z[^Uu_la�_ltW[I~^`7XZ[�a7ng~rdW_la?Ö Ò ü � Â ó �
XZ[r[|qg{Hdg]Z[ � ¨¤�W¨

� �



�=VC{Hdg]Z[ � ¨¤rWãÈ¿�bÍ_Ztg[Iqg]ZX\_�VC_Z[^]Z`?_lVCaHbgXÈVC_sfh`��ue3[�bg[^~r[^XZXZ`7]\�|_la�_D`7�?[z`�XZfh`7mYmC[^]���`��7[^bwdgfOÉ
e3[^]�X\_Z[^j�ÉÎXZVYËr[7¨
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�=VC{Hdg]Z[ � ¨ &�ã µ tW[$UgViÖ�[r]Z[^bW~^[,e3[r_��I[^[rb _ltg[Ì_D`7]\{H[r_:`7bgU�]Z[^~raHbgXM_l]ZdW~r_l[rU ~^dg]M�H[,~^`7b
tk`7]\UgmC�¤eo[Å_ZaHmYU<eL�cVYbWXZj3[^~r_ZVYaHb�¨
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�=VC{Hdg]Z[ � ¨¤�Wã µ tg[:]\[^mY`?_lVi�H[c]Z[rXZVYUWdk`7m�`7Xx`ÌnpdgbW~r_lVCaHb�a7n���`��H[^bwdgfFeo[r]^¨'¿�b_ltWVYXÀ~�`7X\[
_ltW[�]Z[^mY`?_lVi�H[�]\[^XZVCUgdk`7m�~^aH]\]Z[^X\joa7bgUgVYbW{!_Za�jo[r]\_Zdg]Ze3[^U'Uk`?_l`!UW[^~^]\[�`7X\[^X¢fha7]Z[ÂX\mYa���mC�
~^a7fhjk`?]Z[^U<_Zah[«¾g`?fhjgmC[ ü ¨
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$&%('�%dc +-,&.0/214365�c
¿�b·_ltWVYXR[«¾g`?fhjgmC[#_Ztg[Â]Z[r{HdgmY`7]ZVCË�`?_ZVYaHb�~^dW_Za7Ö&�?`7mCdg[:VCX ü � Â ó `7bgU·_ltW[Â�z`��H[rbwdgfÁe3[^]
X\_Z[^j�ÉÎXZVCË^[�VYX ü ¨(��bgmi�ÆVCb·_ltg[Âqk]\X\_cVi_l[^]Z`?_lVCaHb·`�X\f¤`7mCmY[r]x��`��H[^bwdgfFeo[r]#XM_l[^jAÉ�XZVCË^[�VCX
bg[r~^[^X\Xl`7]M�H��XZ[^[�qk{HdW]Z[ � ¨¤:W¨ µ tg[y��`��H[^bwdgfFeo[r]�]Z[rm¶`?_ZVC�7[y]Z[^X\VYUgdW[�UW[^~^]\[�`7X\[^XIeo[rmYa�� ü � Â! 
`?_y��`��H[^bwdgfFeo[r]ÅÝ Ò ��r  �Hÿ��WXZ[^[uqk{HdW]Z[ � ¨ üHü ¨

� &



�=VC{Hdg]Z[ � ¨ :�ã�¿�bO_ltW[�qg]ZX\_ÃVi_l[r]l`?_ZVYaHbÁVi_�fh`��Feo[ybW[^~^[rXZXZ`7]\�O_Za�_D`7�?[�`ÅX\f¤`7mCmY[r]���`��7[^bwdgfOÉ
e3[^]�X\_Z[^j�ÉÎXZVYËr[7¨
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�=VC{Hdg]Z[ � ¨ ü �Wã µ tg[�aHegXM_D`7~rmY[�eoaHdWbgUk`7]M�hVCX�]\[^~^a7bgX\_Z]Zdg~�_l[^U<��Vi_ltgVCbh_��IaÁXZVC{HbgVCqg~�`7bL_IUgVY{?É
VC_ZX^¨
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�=VC{Hdg]Z[ � ¨ ü7ü ã µ tg[!]\[^m¶`5_lVC�7[,]Z[rXZVCUgdk`7mF`7X¸`·npdgbg~r_ZVYaHbÚa?nx_Ztg[��z`��7[^bwdgfÁe3[^]r¨ µ tg[
��`��7[^bwdgfÁe3[^]�]Z[rm¶`?_ZVC�H[Å]\[^X\VYUgdg[uUg[r~^]\[�`7X\[^X�e3[^mCa�� ü � Â! `5_���`��H[rbAdWfÁeo[r]ÅÝ Ò ��r  �HÿA¨
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$&%('�%
$ +-,&.0/214365e$
µ tgVCX|VCXÅ_ltg[xXl`7fx[x`7Xu[�¾W`7fxjgmY[x�c[�¾�~^[rjW_F_Ztk`?_u_ltW[x]\[^{HdWm¶`7]\VYË�`5_lVYa7b�~^dW_Za7Ö��?`7mYdg[Àtk`?X
e3[^[^b'~Dtk`7bW{H[^U'np]ZaHf ü � Â ó _la ü � Â é ��_ltg[���`��H[^bwdgfFeo[r]:X\_Z[^j�ÉÎXZVCË^[¸VYX ü ¨ µ tW[Ìe3[^XM_
`7jgjW]Za�¾�VYfh`?_lVCaHb¤`?~DtgVY[��H[^Uca7n�_Ztg[�a7egX\_l`7~^mC[�eoa7dgbgUk`7]M�x~^dg]M�H[ÅVYX�`7e3aHdW_�_Ztg[�XZ`7fh[�`7XzVCb
[�¾W`7fxjgmC[À�W��XZ[r[Àqg{Hdg]Z[ � ¨ ü �W¨ µ tg[O�z`��H[rbwdgfÁe3[^]F]\[^mY`?_lVi�H[Á]\[^XZVCUgdk`7m�UW[^~^]\[�`7X\[^X|eo[rmYa��
ü � Â! `?_���`��H[^bwdgfFeo[r]Å��:  &Hÿ���XZ[r[|qk{7dg]Z[ � ¨ ü�� ¨

ÿ ü



�=VC{Hdg]Z[ � ¨ ü ��ãI¿�b#_Ztg[F~raHbgXZVCUg[^]\[^U#[�¾W`7fxjgmY[rX�_Ztg[FUgViÖ�[r]Z[rbg~^[Íeo[�_���[r[^b�VC_Z[^]Z`?_lVCaHbgXz��VC_Zt
j3[^]\_Zdg]Ze3[^U#`7bgU¢dgbgj3[^]M_ldg]\eo[rU:Uk`5_D`OVYXz_ZVYbL�H¨
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�=VC{Hdg]Z[ � ¨ ü �Wã¤¿�b�_ltWVYXFqk{7dg]Z[<_ltW[R_D`7]\{H[r_O~rdg]\�7[#VCXÁUg[rjgVY~�_l[^U���`7XÁ�I[^mCmy`7XÁ_Ztg[<VYbgVi_lVY`7m
~^dW]\�H[#`7bgU!_ltW[¢e3[^XM_R`?jgjg]Za�¾�VYfh`?_ZVYaHb�`?~DtgVY[��H[^U���VC_Ztj3[^]M_ldg]\eo[rUÆ`7bWUdgbWjo[r]\_ldW]Ze3[^U
Uk`?_l`W¨
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�=VC{Hdg]Z[ � ¨ ü�� ã µ tW[�]Z[rm¶`?_ZVC�H[�]Z[rXZVYUWdk`7m�`?Xz`ÍnpdgbW~r_lVCaHbRa7n���`��H[rbAdWfÁeo[r]^¨ µ tg[���`��7[^bwdgfOÉ
e3[^]�]Z[rm¶`?_ZVC�H[Å]\[^X\VYUgdk`?m�Ug[^~r]Z[^`7XZ[rX�e3[^mYa�� ü � Â! `?_y��`��7[^bwdgfÁe3[^]���:  &Hÿ�¨
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$&%('�%(f +-,&.0/214365bf
¿�b,_ltWVYXO`7bWU,_ltg[RbW[�¾A_À[�¾W`7fxjgmY[hVYXÁdWXZ[^U�`#��`��H[rbAdWfÁeo[r]hXM_l[rj�É�X\VYË^[¤a7n��  �7ÿ���VYb)_ltgVCX
[�¾W`7fxjgmC[�_ltg[Å~rdW_la?ÖÂ�?`7mYdg[�VYX ü � Â ó ¨ µ tg[Å]Z[rm¶`?_ZVC�H[�]Z[^X\VYUgdg`7m�UgaA[^Xybga?_�Ug[^~r]Z[�`?XZ[ueo[rmYa��
ü � Â! VYb�_Ztg[�~DtgaHXZ[rbÍ��`��H[^bwdgfFeo[r]=VYbL_Z[^]\�?`7m¼��XZ[r[�qk{7dg]Z[ � ¨ ü &�¨ µ tgVYXÈ[«¾Wj3[^]\VYfx[^bL_ÈVYXÈfxaH]Z[
[�¾�j3[^bgX\VC�7[ÅXZVYbW~^[�fh`7bL�xVC_Z[^]l`5_lVYa7bgX�`7]Z[�]Z[^vwdgVC]Z[rU�¨���dW_�VYbhqg{Hdg]Z[ � ¨ ü r|�I[�XZ[r[�_ltk`5_�_ltW[
]Z[r~^aHbWX\_l]\dg~r_ZVYaHb¢a7nÈ_ltW[|X\~�`?_\_l[r]ZVYbW{xa7egX\_l`7~^mC[���VC_lt<j3[^]M_ldg]\eo[rU:`?bgUcdgbgj3[^]\_Zdg]Ze3[^U¢Uk`?_l`
VYX�`?X�{7a�aAUc`7X�VYbcjg]\[r�AVYaHdWX�[«¾W`7fhjWmY[^Xr¨

ÿHÿ



�=VC{Hdg]Z[ � ¨ ü ÿ�ã�T
XZfh`7mYmC[^]z��`��7[^bwdgfÁe3[^]�X\_l[rj�É�X\VYËr[Íjg]\a�UWdg~^[rX�`hX\f¤`?mYmY[r]y~Dtk`7bg{7[ÍVCb#_ltW[
~^dW]\�H[|dgj3Uk`?_Z[7¨
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�=VC{Hdg]Z[ � ¨ ü rWã µ tg[Fe3[^XM_Å`7jWjg]Za�¾�VYfh`?_lVCaHb¢`7~DtgVC[r�H[rUÂVYX�`7X�{HaAa�U#`7X�VCb#jW]Z[r�AVCaHdgX�[«¾W`7fÀÉ
jgmC[^X^¨
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�=VC{Hdg]Z[ � ¨ ü &�ã µ tg[Ì]Z[^mY`?_lVi�H[Â]\[^X\VYUgdk`?mÅUga�[rXcbga7_cUg[r~^]Z[^`7XZ[Ìe3[^mYa�� ü � Â! ��VC_ZtgVYb¬_ltW[
~DtgaHX\[^b¢�z`��H[rbwdgfÁe3[^]�VCbL_l[^]M�?`7m ¨
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Using original data
Using perturbed data
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$&%('�%dg +-,&.0/214365�g
�=VCbk`7mYmi�H�HVCbO_ltgVCX�[«¾W`7fhjWmY[y_ltg[���`��7[^bwdgfÁe3[^]�X\_l[rj�É�X\VYËr[�VCXI�  �Hÿu`7bgUx_ltg[�]Z[r{HdgmY`7]ZVCË�`?_ZVYaHb
~^d�_la7ÖO�?`7mCdg[ÃVYX ü � Â é ¨sT�Xs[�¾�j3[^~�_l[^U��7_ltg[�]Z[rm¶`?_ZVC�7[�]Z[^X\VYUgdg`7mwVYX�egVC{H{H[^]�npaH]�_Ztg[Ãjo[r]\_ldW]Ze3[^U
Uk`?_l`W�Ü`7bgU¢VC_zUga�[rX�bWa7_�Ug[^~r]Z[^`7XZ[Íeo[rmYa�� ü � Â! VCb<_ltg[|~DtgaHX\[^b#��`��H[rbAdWfÁeo[r]�XM_l[^jAÉ�XZVCË^[?�
XZ[r[hqk{7dg]Z[ � ¨þ�7�W¨R��]\[^XZdWf¤`7eWmC�Ì`#X\f¤`?mYmY[r]��z`��7[^bwdgfÁe3[^]ÁXM_l[rj�É�X\VYË^[xjg]\a�UgdW~^[^XÍXZfh`7mYmC[^]
~^dW]\�H[Àdgj3Uk`?_Z[^X�npaH]�`R{HVC�7[^b�~rdW_la7Ö)�?`7mYdg[?��`7mi_ltgaHdW{HtÂVYb#qk{Hdg]\[ � ¨ ü :h��[OX\[^[O_ltg`?_�_ltW[
]Z[r~^aHbWX\_l]\dg~r_ZVYaHb¢a7ns_ltg[uaHeWX\_D`?~^mY[ue3aHdgbgUg`7]\�<VCX�`7Xy{HaAa�U¢`7X�VCb<jg]Z[���VCaHdgX�[�¾W`7fxjgmY[rX^¨

ÿ�:



�=VC{Hdg]Z[ � ¨ ü ��ã�T
X\f¤`?mYmY[r]I��`��H[^bwdgfFeo[r]�X\_Z[^j�ÉÎXZVCË^[|jg]ZaAUgdg~r[^X�`ÀX\f¤`?mYmY[r]y`7jgjW]Za�¾�VYfh`?_l[rU
e3aHdgbgUk`?]\�<~rdg]\�7[Ídgj3Uk`?_Z[7�kmCVY�7[ÅVCbc[�¾W`7fxjgmY[|ÿ�¨
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�=VC{Hdg]Z[ � ¨ ü :Wã<T�mi_ltgaHdW{Ht,_ltg[c]\[^m¶`5_lVC�7[<]Z[rXZVYUWdk`7mzVCXOegVY{H{7[^]FnpaH]Oj3[^]M_ldg]\eo[rUUg`?_D`W�Ã_ltW[
e3[^X\_z`7jgjg]\a�¾WVCf¤`5_lVYa7bh`?~DtgVY[��H[^Uh��VC_lthdgbgj3[^]M_ldg]\eo[rU<`7bgURj3[^]M_ldg]\eo[rURUk`?_l`Í`?]Z[�bWa7_�UWVYXMÉ
_lVCbg{HdgVCXZtk`?egmY[�eL�<X\VYfxjgmY[�VYbgX\jo[r~r_lVCaHb�¨
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�=VC{Hdg]Z[ � ¨ �7��ã=T�fxaHbg{Å_Ztg[�~raHbgX\VYUg[r]Z[^Uh[�¾W`7fxjgmY[rX^�L_ltWVYX�VYX�_Ztg[�~^`7XZ[���tg[r]Z[�_ltg[�]Z[rm¶`?_ZVC�H[
]Z[rXZVCUgdk`7m�VCXyfhaH]\[ÅXZ[rbgXZVi_lVC�7[Å_laO_ltg[u[r]Z]Za7]�VCbL_l]ZaAUgdg~r[^U�¨
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Using original data
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$&%('�%(h +-,&.0/214365bh
µ tgVCXx_ZVYfx[R_ltg[¢VYbgVi_lVY`7m�~rdg]\�7[:VYXO_Ztg[#~rVY]\~^mY[<a?nÅ]l`7UWVYdgXx�  ÿ¸~r[^bL_l[r]Z[rU¬`?_Â»¼�  � Õ�à �  ÿ ½ ¨
µ tg[ÀVYbWVC_lVY`7ms~^dg]M�H[x~DtgaHXZ[rb$VCXu`c{7a�aAU�VYbgVi_lVY`7m�{7dg[^X\Xunpa7]�_ltg[ÀVC_Z[^]Z`?_lVCaHbgX�jg]\a���VCUg[^U¸_ltW[
��`��7[^bwdgfÁe3[^]�X\_l[rj�É�X\VYËr[ÍVCb¢_Ztg[Í[^`7]Zmi�cVC_Z[^]l`5_lVYa7bgXyVYX�XZfh`7mCm�[^bgaHdW{Ht�¨z¿�b¢_ltg[uqk]ZXM_�_Ztg]Z[r[
VC_Z[^]Z`?_lVCaHbgXcXZfh`7mYmC[^]R��`��H[^bwdgfFeo[r]ÂX\_Z[^j�ÉÎXZVYËr[^X�`?]Z[Ì]Z[^vwdgVC]Z[rU��uXZ[^[Ìqk{Hdg]\[ � ¨ � ü ¨ µ tg[
��`��7[^bwdgfÁe3[^]ÀXM_l[^jAÉ�XZVCË^[RVCX ü `7bWU$_ltg[¤]Z[^{7dgm¶`7]\VYË^`?_lVCaHb)~rdW_la?Ö·VYX ü � Â ó ¨ µ tg[<]Z[rm¶`?_ZVC�H[
]Z[rXZVCUgdk`7m�Ug[r~^]\[�`7X\[^X�eo[rmYa�� ü � Â! `5_y�z`��H[rbwdgfÁe3[^]ÅÝ Ò �Hÿ  rs:��WXZ[r[|qg{Hdg]Z[ � ¨þ�7�W¨

rH�



�=VC{Hdg]Z[ � ¨þ� ü ã µ tW[OVYbgVi_lV¶`?ms~rdg]\�7[À~DtgaHXZ[rb¸VYXÅ`R{HaAaAU�VYbgVi_lV¶`?m�{Hdg[^X\XÅnpaH]�_ltW[ÁVC_Z[^]l`5_lVYa7bgX^�
��`��7[^bwdgfÁe3[^]�X\_Z[^j�ÉÎXZVYËr[^X�`7]Z[ÅX\f¤`?mYm�VCb<[�`7]\mC�RVi_l[r]l`?_ZVYaHbgXr¨
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�=VC{Hdg]Z[ � ¨ �7��ã µ tgVYXyqk{7dg]Z[ÅUg[rjgVY~�_lXy_ltW[|VCbgVC_ZV¶`7mÜ~rdg]\�7[7�Ü_ltg[�_l`7]Z{H[�_�~^dg]M�H[Í`7bgUc_ltg[Åe3[^XM_
`7jgjW]Za�¾�VYfh`?_lVCaHb<`7~DtgVC[r�7[^U#��Vi_ltcj3[^]\_Zdg]Ze3[^U:`7bgUcdgbgj3[^]M_ldg]\eo[rU:Uk`5_D`W¨
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�=VC{Hdg]Z[ � ¨ �7��ã µ tW[:]Z[rm¶`?_ZVC�7[<]Z[^X\VYUgdg`7myUg[^~r]Z[^`7XZ[rXReo[rmYa�� ü � Â! `5_x��`��H[rbAdWfÁeo[r]<Ý Ò
�Hÿ  rs:W¨
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Using original data
Using perturbed data
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$&%('�%di +-,&.0/214365�i
¿�bÅ_ltgVCX�[�¾W`7fxjgmC[�_ltg[�VCbgVC_ZV¶`7mÙ~^dW]\�H[ÃVCX�_ltg[Ã~rVY]Z~rmY[�a7nW]Z`7UgVCdgXÈ��~^[rbL_l[^]\[^UF`?_I» à �  ü ÿ Õ�à �  � ½ ¨
¿�b)_Ztg[hqg]ZX\_F`7bgU)XZ[r~^aHbgU$VC_l[r]l`?_ZVYaHbWX|X\f¤`?mYmY[r]��z`��7[^bwdgfÁe3[^]ÁXM_l[rj�É�X\VYË^[rXÁ`7]\[h]\[^vwdgVC]Z[^U��
XZ[r[yqk{Hdg]\[ � ¨ � � ¨ µ tg[�]Z[rm¶`?_ZVC�H[�]Z[^X\VYUgdg`7mkUgaA[^X�bga7_�Ug[r~^]\[�`7X\[�e3[^mCaÙ� ü � Â! VCbÀ_Ztg[y~DtgaHX\[^b
��`��7[^bwdgfÁe3[^]�VYbL_Z[^]\�?`7m¼�HXZ[r[yqk{Hdg]\[ � ¨ �<rW¨=¿�bÀqk{Hdg]\[ � ¨þ�Hÿ�VC_�~^`7bÀeo[�X\[^[^bÀ_ltg`?_�_ltW[�~rVY]\~^mY[
~DtgaHX\[^b:`7X�VYbgVi_lV¶`?mo~rdg]\�7[ÍVCXybga7_   ~rmYaHX\[^¥À_laO_ltg[uaHeWX\_D`?~^mY[Åe3aHdgbWUk`7]\�R~^dg]M�H[7¨
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�=VC{Hdg]Z[ � ¨þ��rWã�T�mi_ltgaHdW{Ht:_ltW[Á]Z[rm¶`?_ZVC�H[F]Z[^X\VYUgdg`7m�UW[^~^]\[�`7X\[^X|~^aHbWXZVYUW[^]l`?egmC�7��VC_�UgaA[^X�bga?_
Ug[r~^]Z[^`7XZ[|e3[^mYa�� ü � Â! VYb<_ltW[|~DtWaHXZ[rb#��`��7[^bwdgfÁe3[^]�VYbL_l[r]\�?`7m¼¨
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µ `7egmY[ � ¨ ��ã�ºw_l]Za7bg{HmC�¤~^aHbW~�`��H[|aHegXM_D`7~rmY[^X�`7]\[Åjg]Za7eo[rU#aH]\VY[rbw_ZVYbg{À`Ánp[��&��`��7[^X�`7]ZaHdWbgU
_ltW[|~^`���Vi_��<aHj3[^bgVCbg{g¨

bAdWfÁeo[r]�a7n���`��H[rX UgVY]\[^~r_ZVYaHbc`?bg{HmY[rX
[�¾W`7fxjgmY[ ü � ¶ � � Õ¾¶�Õ & ¶ � �
[�¾W`7fxjgmY[|� � ¶ � � Õ�¶�Õ & ¶ � � Õ �
[�¾W`7fxjgmY[u� � ¶ � � Õ�¶�Õ & ¶ � � Õ �
[�¾W`7fxjgmY[ � � ¶ � � Õ�¶�Õ & ¶ � � Õ �
[�¾W`7fxjgmY[|ÿ � ¶ � � Õ�¶�Õ & ¶ � � Õ �

�L@�� �UOQJFk�d
OQJ§\QX�C _a`bG-H^cedgfhX�G
ý ¾W`7fhjWmY[^XÈVCbu_ZtgVYXÈX\[^~r_ZVYaHbunpaA~^dgXÈaHb|aHegXM_D`7~rmY[^XÈtk`��AVYbW{�`y~^a7bg~�`��AVC_��u~raHfhjg`7]l`7eWmY[�_la�_ltW[
XZVCË^[Ia7nk_ltg[IaHegXM_D`7~rmY[�Vi_lX\[^mCnJ¨=��egX\_l`7~^mC[^X�`?]Z[�jW]ZaHe3[^UÁa7]ZVY[rbL_lVYbW{�`�np[��!�z`��H[rXÃ`7]Za7dgbgUÁ_ltW[
aHegXM_D`7~rmY[Å~^`��AVi_��RaHj3[^bgVCbg{g¨ µ tgVCXyVYXzUWaHbg[uXZaOnpaH]�_Ztg[ÅXl`?�7[ua7n�VYmYmCdgX\_Z]l`?_ZVYbg{u_ltW[|fx[r_ZtgaAU
a7nI~^aHbL_ZVYbwdk`?_ZVYaHbÌ`?_Å�IaH]Z��o�bga#[«¾A_l]l`cVYb�npaH]Zfh`?_lVCaHb�`7e3aHdW_Å_Ztg[ÀaHegXM_D`7~rmY[Oe3aHdgbgUk`?]\��VCX
bg[r~^[^X\Xl`7]\VYmi���wbga���b,`cjg]ZVCaH]ZV¼¨À��egX\_l`7~^mC[xe3aHdgbWUk`7]ZVC[^Xu`7]\[À]Z[^~raHbgXM_l]ZdW~r_l[rU$��VC_ZtgVYbÂ_��Ia
XZVC{HbgViqk~�`7bL_�UgVC{HVC_ZX^¨
¿�bÁ`?mYmH[«¾g`?fhjgmC[^X�_ltW[I]\[^{HdgmY`7]ZVCË�`?_ZVYaHb�~^dW_Za7ÖÀ�7`?mYdg[�VCX ü � Â ó �5[�¾�~^[rjW_�VCbÍ[«¾g`?fhjgmC[ � ��tg[^]\[
_ltW[Á~^dW_Za7Ö$�?`7mCdg[FVCX���j ü � Â é�o�VCb�`7mCm�[«¾g`?fhjgmC[^X�_ltg[Á��`��H[^bwdgfFeo[r]|XM_l[rj�É�X\VYË^[FVYX ü `?bgU
_ltW[ÍXM_laHjgjWVYbg{x~^aHbWUgVC_ZVYaHb¢VYXrã�_Ztg[Í]\[^mY`?_lVi�H[u]Z[rXZVYUWdk`7m ¦ Æq7 ² ü � Â! aH]�_Ztg[u�z`��H[rbwdgfÁe3[^]Ý � �H�0os_Ztg[ÀVYbgVi_lV¶`?ms~rdg]\�7[¤VCX�_ltg[ÀdgbgVi_u~^VC]Z~^mC[Á~^[rbL_l[^]\[^U�`5_Å_ltg[ÀaH]\VY{HVCb�¨Á¿�b�_D`7eWmY[ � ¨þ�
_ltW[|bwdgfFeo[r]�a?n���`��H[^X�`7bgUc_ltg[uUgVC]Z[r~r_lVCaHbc`7bg{7mY[^XydWXZ[^U#VYbc[�`?~Dt#~^`7XZ[Í`7]Z[ÅX\tga���b�¨

& ü



$&%dck%*) +-,&.0/2143657)
µ tg]\[^[Í��`��H[rX�jo[r]�Vi_l[^]Z`?_lVCaHb¢`7]Z[|dgX\[^U:_Zahjg]\aHe3[|_Ztg[FaHewÇ\[^~r_�Ug[rjgVY~�_l[^U:VYbcqk{Hdg]\[ � ¨þ�s&��
aHbg[Åtg`7X�UgVY]\[^~r_ZVYaHbÌ» ü Õ � ½ `7bgU<_ltg[ua7_Ztg[^]z_��Iah`7]Z[ÅaH]\VY[rbw_Z[^U¢`7]\aHdgbgU<_ltW[|~^`���Vi_��RaHj3[^bAÉ
VYbW{¸��Vi_ltUgVY]\[^~r_ZVYaHbWX¢» à ü � ) � Õ ü � ) � ½ `7bgU&» à ü � ) � Õ�à ü � ) � ½ ¨Æ¿�b�qk{Hdg]\[ � ¨ ���Ì`7]\[
XZtWaÙ��bx_ltg[�`7jgjW]Za�¾�VYfh`?_l[rUx~rdg]\�7[^XI~^aH]\]Z[^X\joa7bgUgVYbW{|_Za|_Ztg[yqk]ZXM_�npa7dg]ÃVC_l[r]l`?_ZVYaHbWXhoLVYbÀ_ltW[
qk]\X\_ÍjgmYa7_u_Ztg[h~rVY]\~^mY[O_Ztk`?_ÍXZ[^]M�H[rXO`7X|VYbgVi_lV¶`?m=~^dW]\�H[hVYX|`7mCXZa¢XZtga���b�¨ � a?_lVY~r[O_ltk`?_|_ltW[
aHdW_Z[^]ÅX\VYUg[Oa7n�_ltW[x~rdg]\�7[Àtk`7Xueo[r[^b)`7mYfxaHXM_�]Z[r~^aHbWX\_l]\dg~r_Z[^U)ew�:_ltg[OnpaHdg]M_lt¸VC_Z[^]Z`?_lVCaHb�¨
¿�b�qk{Hdg]\[^X � ¨þ��::_Za � ¨þ�H�:VC_OVCXÁXZtga���b!_ltg[h_l]l`?bgXZVi_lVYa7b$np]ZaHf _ltg[<VCbL_l[^]M�?`7mI��tg[r]Z[<_ltW[
��`��7[^mC[^bg{7_ZtÆVCXx{7]Z[�`5_l[^]O_Ztk`7b!_ltg[¢aHegXM_D`7~rmY[c~�`��AVC_���a7jo[rbgVYbg{¸_la�_Ztg[#VCbL_l[^]M�?`7mz��tg[^]\[
_ltW[À��`��H[rmY[^bW{7_lt)VYXÅXZfh`7mCmY[^]r¨Á¿�b¸qk{Hdg]\[ � ¨þ�L�¤_Ztg[x`7jgjg]\a�¾�VCf¤`?_Z[^U¸e3aHdgbgUk`?]\��~rdg]\�7[hVCX
`7mC]Z[�`?UW�<~^mCaHXZ[Å_Zax_Ztg[Ía7egX\_l`7~^mC[Íe3aHdgbgUg`7]\�7¨�¿�bcqk{Hdg]\[ � ¨Ø�srO_ltg[|VYbWVC_lVY`7m3~^dg]M�H[7�3_ltg[|aHe�É
X\_l`7~^mC[Íe3aHdgbWUk`7]\�¢~rdg]\�7[O`7bgU¢_ltg[Íeo[rX\_Å`?jgjg]Za�¾�VYfh`?_ZVYaHb¢`7~DtgVC[r�7[^U�`7]\[FUg[rjgVY~�_l[rU�¨ µ tg[
]Z[rm¶`?_ZVC�7[Í]\[^XZVCUgdk`7mÈUg[r~^]\[�`7X\[Áeo[rmYa���ø Ò ü � Â! ��tg[^b:_Ztg[Í��`��H[rbAdWfÁeo[r]ÅVYX�Ý Ò ü :  rL�Hÿ��
XZ[r[Åqk{Hdg]\[ � ¨Ø��&�¨�T�mi_ltga7dg{HtR_ltW[ÅaHegX\_l`7~^mC[�dgX\[^U¢VYb¤_ZtgVYXz[«¾W`7fhjWmY[�tk`?X�`ÁegVY{O~raHbg~�`��AVC_��
�I[Á~�`7b�XZ`��:_ltg`?_�_ZtgVYX�VYX�bWa7_Å`h�7[^]M�Â~^a7fhjgmCVY~^`?_l[rU:~^dW]\�H[?¨u¿�bÂ_ltgVCX�[�¾W`7fxjgmC[FjgmCa7_lX�a7n
`7mCm�VC_Z[^]Z`?_lVCaHbgXy]Z[rvwdgVY]\[^Uc_laÀ]Z[r~^aHbgXM_l]\dg~r_�_ltg[uaHeWX\_D`?~^mY[Åe3aHdgbWUk`7]\�<`7]Z[uXZtWaÙ��b�¨

&H�



�=VC{Hdg]\[ � ¨ ��&�ã µ `?]Z{H[�_�eoaHdWbgUk`7]M�<~^dg]M�H[|jg]Za7eo[rU#VCb¢[«¾W`7fhjWmY[ ü ¨
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�=VC{Hdg]Z[ � ¨ �<�Wãuº�fh`7mYmC[^]��z`��H[rbwdgfÁe3[^]FXM_l[rj�É�X\VYË^[rX|`7]Z[O]\[^vwdgVY]\[^U)`7X�_ltW[À��`��H[rmY[^bW{7_ltÌa7n
VYbW~^aHfxVYbg{Í�z`��H[rX�e3[^~raHfh[rX�~^aHfxjk`7]Z`7egmY[�_ZaO_ltg[uaHegXM_D`7~rmY[Å~^`��AVi_��<aHj3[^bgVCbg{g¨
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�=VC{Hdg]Z[ � ¨ ��:�ã µ tWVYX�`7bgUc_ltg[ubg[«¾A_�qk{7dg]Z[uVYbW~^mYdWUg[uVC_l[r]l`?_ZVYaHbWX�_ltk`5_�~raH]Z]\[^X\joaHbWU#_laÀ_ltW[
_l]Z`7bgX\VC_lVCaHb:np]\aHf�_Ztg[OVYbL_Z[^]\�?`7m���tg[^]\[À_Ztg[Á��`��7[^mC[^bg{7_Zt)VCX�{H]\[�`?_Z[^]�_Ztk`7b�_ltg[Oa7egX\_l`7~^mC[
~�`��AVC_��RaHjo[rbgVYbW{À_ZaO_ltg[uVYbL_Z[^]\�?`7m���tW[^]Z[Å_Ztg[Å�z`��H[rmY[rbg{7_lt#VYXyX\f¤`7mCmY[r]^¨
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�=VC{Hdg]Z[ � ¨þ�7�Wã ¡ tg[rb|_Ztg[��z`��7[^mY[rbg{7_ZtÍVCX�XZfh`7mYmC[^]Ü_ltk`7bÅ_Ztg[�~�`��AVC_��Åa7jo[rbgVYbg{z_Ztg[Ã`7jgjW]Za�¾wÉ
VYfh`?_Z[^UOe3aHdgbgUk`?]\�O~rdg]\�7[�`7jgjW]ZaL`7~DtW[^XI`7mYX\a�_ltg[�VYbWbg[^]ÃXZVCUg[�a7n3_ltg[�aHegXM_D`7~rmY[�e3aHdgbgUk`?]\�H¨
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�=VC{Hdg]Z[ � ¨Ø� ü ã�¿Î_l[r]l`?_ZVYaHbWX���VC_Zt�`R{H]\[�`?_Z[^]���`��H[rbAdWfÁeo[r]u]Z[^~raHbgXM_l]ZdW~r_Å_ltW[Fqkbg[ÁUW[r_D`?VYmYX
a7ns_ltg[uaHeWX\_D`?~^mY[ue3aHdgbgUg`7]\�7¨
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�=VC{Hdg]Z[ � ¨Ø�L��ãs¿�bh_Ztg[�VC_l[r]l`?_ZVYaHbWX�jW]Z[^X\[^bL_l[rURVYbÀ_ltWVYX�qk{Hdg]\[7�w_ltg[�`7jgjW]Za�¾�VYfh`?_l[rUhe3aHdgbgUAÉ
`7]M�<~^dg]M�H[|VYX�`7mC]Z[^`7UW�R~rmYaHX\[Å_laO_ltg[uaHeWX\_D`?~^mY[Åe3aHdgbWUk`7]\�7¨
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�=VC{Hdg]Z[ � ¨Ø�H�Wãs¿�bh_Ztg[�VC_l[r]l`?_ZVYaHbWX�jW]Z[^X\[^bL_l[rURVYbÀ_ltWVYX�qk{Hdg]\[7�w_ltg[�`7jgjW]Za�¾�VYfh`?_l[rUhe3aHdgbgUAÉ
`7]M�<~^dg]M�H[|VYX�`7mCfha7X\_y~raHfhjWmY[r_Z[^mi�¤]\[^~^a7bgX\_Z]Zdg~�_l[^U�¨
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�=VC{Hdg]Z[ � ¨Ø� � ã���[^mY`?_lVi�H[�~Dtk`?bg{H[^Xye3[r_��I[^[rb:~raHbgXZ[r~^dW_ZVC�7[|Vi_l[r]l`?_ZVYaHbgX�`7]Z[�_lVYbL�x��tg[^bc_ltW[
X\_ZaHjgjgVCbg{À~^aHbWUgVC_ZVYaHb<VCXy~^mYa7XZ[Å_laÀe3[^VYbW{xfx[r_^¨
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�=VC{Hdg]Z[ � ¨Ø�srWã µ tgVYX�qk{Hdg]\[ÁUg[rjgVY~�_lX�_ltW[ÁVYbgVi_lVY`7m�~^dg]M�H[?��_ltg[Áa7egX\_l`7~^mC[Fe3aHdgbgUk`?]\�#~^dg]M�H[
`7bgU#_ltg[Íeo[rX\_u`7jWjg]Za�¾�VYfh`?_lVCaHb¢`7~DtgVC[r�H[rU�¨ µ tg[FaHegX\_l`7~^mC[Íe3aHdgbWUk`7]\�#VYX�]Z[r~^aHbWX\_l]\dg~r_Z[^U
��VC_ZtgVYbR_��Ia¤X\VY{HbWVCqk~^`7bL_�UgVY{HVi_lXr¨
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�=VC{Hdg]Z[ � ¨Ø��&�ã µ tg[¤]\[^mY`?_lVi�H[À]Z[rXZVYUWdk`7m�`7XÍ`¢npdgbg~�_lVCaHb)a?nz�z`��7[^bwdgfÁe3[^]r¨ µ tg[h]Z[rm¶`?_ZVC�H[
]Z[rXZVCUgdk`7m�e3[^~raHfh[rX�XZfh`7mYmC[^]I_Ztk`7b�ø Ò ü � Â! `?_�Ý Ò ü �  ü :srH�Hÿ�¨
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$&%dck%(' +-,&.0/214365b'
µ tgVCX�_ZVYfx[�_ltg[|_D`7]\{H[r_�e3aHdgbgUk`?]\�c~^dW]\�H[ÍVYX�_ltg[|UgaHfh`7VCb¢UW[^jgVC~r_l[rU:VCb¢qk{7dg]Z[ � ¨Ø�s�W¨ µ a
jg]\aHeo[�_ZtgVYXIqk{Hdg]\[u`7bgU<_ltga7XZ[Å~^a7bgXZVCUg[^]\[^U¢VYbR_ltW[Å]Z[^fh`7VCbgVYbg{Í[�¾W`7fxjgmY[rX�`7]Z[�dgXZ[rU¢npaHdW]
VYbW~^aHfxVYbg{R��`��H[rXÁjo[r]uVC_l[r]l`?_ZVYaHb��sa7bg[Àtk`7X|UgVY]\[^~r_ZVYaHb» ü Õ � ½ `7bgU¸_ltW[ha7_Ztg[^]u_ltW]Z[^[h`7]\[
aH]\VY[^bL_Z[^UR`?]ZaHdgbWUx_Ztg[�~^`���Vi_��xaHjo[rbgVYbW{u��Vi_lthUgVY]\[^~r_ZVYaHbWX�» à ü � ) � Õ ü � ) � ½ ��» à ü Õ � ½ `?bgU
» à ü � ) � Õ�à ü � ) � ½ ¨ � a7_ZVY~^[�_ltk`5_�_ltg[ya7jo[rbgVYbg{Åa?nk_ltg[yaHeWX\_D`?~^mY[�~�`��AVC_��ÁVCX�XZfh`7mCmY[^]È_ltg`7b
_ltW[x~^`���Vi_���VYbWbg[^]Åjk`?]\_�¨ µ tgVYXÅqk{HdW]Z[Ofh`��:eo[À]\[^{L`7]\Ug[^U)`7XÅUgViÛx~^dgmi_Å_la<]Z[r~^aHbWX\_l]\dg~r_^¨
�=VC{Hdg]Z[rX � ¨Ø�s:c`7bgU � ¨ �Wü ]\[^jg]\[^X\[^bL_F_Ztg[À~Dtk`7bg{H[Ànp]Za7f�_ltg[ÀVCbw_Z[^]M�7`?m=��tg[^]\[x_Ztg[À�z`��H[«É
mY[rbg{7_Zt¢a?n=_ltW[|VCbg~^a7fhVCbg{Á�z`��7[^X�VCXy{H]Z[^`?_l[r]y_ltk`7bc_ltW[Í~^`��AVi_��<aHj3[^bgVCbg{O_laÀ_ltg[uVYbL_Z[^]\�?`7m
��tg[r]Z[Í_Ztg[u�z`��H[rmY[rbg{7_lt�VCX�XZfh`7mYmC[^]^¨�¿�b:_Ztg[ÍVi_l[r]l`?_ZVYaHbgXyX\tga���b�VYbcqk{Hdg]\[ � ¨ � �Á_ltW[FaHe�É
X\_l`7~^mC[ÅVYX�qgbk`7mYmi�x]Z[^~raHbgXM_l]ZdW~r_l[rU�¨�¿�b<_ZtgVYXz[«¾�jo[r]ZVYfx[^bL_y_Ztg[Å]Z[rm¶`?_ZVC�H[�]Z[^X\VYUgdg`7m�UgaA[^Xybga?_
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�=VC{Hdg]Z[ � ¨ ��� ã µ tg[À]\[^m¶`5_lVC�7[O]Z[rXZVYUWdk`7m�UgaA[^XÅbWa7_uUg[^~r]Z[^`7XZ[Àe3[^mYa�� ü � Â! VYbÂ_Ztg[O~DtgaHX\[^b
VYbL_Z[^]\�?`7m¼¨ÆÊ�a���[��H[^]r�y_ltg[¢eoa7dgbgUk`7]M��~^dW]\�H[:VYXÀ]Z[r~^aHbgXM_l]\dg~r_Z[^UÆ��Vi_ltgVCb!_Za$X\VY{HbgViqk~�`?bw_
UgVC{HVC_ZX^¨

0 5 10 15 20 25 30 35
10−3

10−2

10−1

100

wavenumber

re
la

tiv
e 

re
si

du
e

: ü



$&%dck%dc +-,&.0/214365�c
�kaH]I_ZtgVYX�[�¾W`7fxjgmY[�`ÁfhaH]\[�~raHfhjWmYVY~^`?_l[rU¤e3aHdgbgUg`7]\�h~^dg]M�H[uVYXI~DtgaHX\[^b��kX\[^[�qk{HdW]Z[ � ¨ � ÿ�¨
µ tgVCX�eoaHdWbgUk`7]M�Á~^dW]\�H[�`7bWUÀ_ZtgaHX\[y~^aHbgX\VYUg[r]Z[rUxVCbO[�¾W`7fxjgmY[rX � `?bgU ' `7]\[y`7mYVC�7[?�H[�¾�~^[rjW_
_ltg`?_À_ltg[c_ltg[¢mY[r{HXO_ltk`5_hnpaH]\f¹_ltW[#aHeWX\_D`?~^mY[c~^`��AVi_��Æ`?]Z[cfha7]Z[c~^dg]M�H[rU·VYb!_ltg[¢m¶`5_l[^]
_��Ia~^`7XZ[rX^¨ ¡ tg[^bÔ_ltW[ÌX\[^fxViÉ �z`��H[rmY[rbg{7_ltÔVCXc`7eoa7dW_<_ltg[�XZ`7fx[�XZVYËr[¸a7nÍ_Ztg[�~�`��AVC_��
aHj3[^bgVCbg{F_Ztg[Å`7jgjW]Za�¾�VYfh`?_l[rUReoa7dgbgUk`7]M�¤~rdg]\�7[ÅX\_l`7]\_ZXy`7jgjg]\aL`7~DtgVCbg{F_Ztg[�VYbWbg[^]Ijk`7]\_�a7n
_ltW[�aHeWX\_D`?~^mY[�e3aHdgbgUg`7]\�O~rdg]\�7[7��XZ[^[�qk{HdW]Z[ � ¨ � �W¨=¿�bxqk{Hdg]\[ � ¨ ÿ7�Å_ltW[�VCbgVC_ZV¶`7m�~^dg]M�H[?��_ltW[
_D`?]Z{H[�_�~^dg]M�H[Í`7bgUc_ltg[ue3[^X\_�`7jWjg]Za�¾�VYfh`?_lVCaHbc`7~DtgVC[r�7[^U#`7]Z[uXZtWaÙ��b�¨
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��`��7[^bwdgfÁe3[^]|VYbL_Z[^]\�?`7m¼¨e��d�_Å_ltg[OaHeWX\_D`?~^mY[OVCX�]Z[r~^aHbWX\_l]\dg~r_Z[^UÌ��VC_ltWVYbÂ_��Ia#X\VY{HbgViqk~�`?bw_
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¿�b,_ltWVYXF[«¾W`7fhjWmY[^XFVYXFjW]ZaHe3[^U,_Ztg[Rqk{Hdg]\[RUg[rjgVY~�_l[^U�VCb$qk{HdW]Z[ � ¨þÿH��¨ µ tWVYXÁe3aHdgbgUg`7]\�
~^dW]\�H[FVYX�`7mYVC�7[Å_ltg[Í~^dg]M�H[Á~raHbgX\VYUg[r]Z[^U:VYbc_ltg[Íjg]Z[���VCaHdgX�[�¾W`7fxjgmY[?�3[«¾�~^[^j�_�_ltk`5_�VCb#_ltW[
~^dW]Z]Z[rbL_À~�`7X\[R_ltg[<VCbgbg[^]Fjk`7]\_Áa7n�_ltg[R~rdg]\�7[ceoaHdWbgUk`7]M�,VYXÍXZmCVY{HtL_lmi�ÌegVY{H{7[^]Í_Ztk`7b�_ltW[
~�`��AVC_��haHj3[^bgVCbg{g¨�T�Xy[�¾�j3[^~r_Z[^U��kVCbh_Ztg[�qk]\X\_�VC_Z[^]Z`?_lVCaHbgXÃ_ltg[Å`?jgjg]Za�¾�VYfh`?_Z[^URe3aHdgbgUg`7]\�
~^dW]\�H[u`?jgjg]ZaH`7~Dtg[^XI_ltg[�a7dW_l[r]�XZVCUg[�a?n�_ltg[�aHegX\_l`7~^mC[�e3aHdgbgUg`7]\�h~^dg]M�H[?�gXZ[r[�qk{Hdg]\[ � ¨þÿ7�W�
`7bgU<_Ztg[u`7jgjg]\a�¾WVCf¤`5_l[^U¤eoaHdWbgUk`7]M�R~^dW]\�H[uXM_D`7]M_lX�`7jgjW]ZaL`7~DtWVYbg{Á_Ztg[ÅVYbgbW[^]zjk`?]\_�a7nÈ_ltW[
aHegXM_D`7~rmY[�eoa7dgbgUk`7]M�x~^dg]M�H[7��XZ[r[�qk{HdW]Z[ � ¨ ÿHÿ���tg[rb¤_ltg[�XZ[rfhV ÉÎ��`��7[^mC[^bg{7_Zt¤VCX�`7e3aHdW_�_ltW[
Xl`?fh[ÍXZVYËr[Fa7n�_Ztg[F~^`���Vi_��:a7jo[rbgVYbg{W¨�¿�b:qg{Hdg]Z[ � ¨ ÿ�&h`7]\[Í_ltW[FVYbWVC_lVY`7m�~^dW]\�H[?��_ltW[Í_D`?]Z{H[�_
~^dW]\�H[Í`7bgUc_ltW[|e3[^XM_�`7jgjg]\a�¾�VCf¤`?_ZVYaHbR`7~DtgVY[��H[rU�¨
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XZfh`7mCmY[^]�~�`��AVC_��<aHj3[^bWVYbg{g¨
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_ltW[|a7dW_l[r]�X\VYUg[Åa?n�_Ztg[uaHegX\_l`7~^mC[ueoaHdWbgUk`7]M�<~^dg]M�H[?¨
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�=VC{Hdg]Z[ � ¨þÿ � ã ¡ tg[^bÆ_Ztg[:X\[^fxViÉ �z`��H[rmY[rbg{7_ltÆVYXx`7e3aHdW_x_ltg[#Xl`7fx[#X\VYËr[:a7n�_Ztg[:a7dW_l[r]
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�=VC{Hdg]Z[ � ¨ ÿ<�Wã µ tg[À]\[^m¶`5_lVC�7[O]Z[rXZVYUWdk`7m�UgaA[^XÅbWa7_uUg[^~r]Z[^`7XZ[Àe3[^mYa�� ü � Â! VYbÂ_Ztg[O~DtgaHX\[^b
��`��7[^bwdgfÁe3[^]|VYbL_Z[^]\�?`7m¼¨e��d�_Å_ltg[OaHeWX\_D`?~^mY[OVCX�]Z[r~^aHbWX\_l]\dg~r_Z[^UÌ��VC_ltWVYbÂ_��Ia#X\VY{HbgViqk~�`?bw_
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�=VC{Hdg]Z[ � ¨þÿ�:Wã]�IaHdgbgUk`?]\�,~rdg]\�7[cjg]ZaHe3[^U�VCb�[�¾W`7fxjgmY[<ÿ�¨)¿�b,_ZtgVYXÍqkbk`7mz[«¾W`7fhjWmY[¤�I[
tk`��H[|XZmCVY{HtL_ZmC�hfhaAUgVCqg[^UR_ltW[|a7egX\_l`7~^mC[|X\tk`7j3[udgXZ[rU:VYbR_Ztg[Å_���ahjg]Z[��AVYaHdgX�[«¾g`?fhjgmC[^Xr¨
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�=VC{Hdg]Z[ � ¨¤rH�WãÈ¿�bÁ_ltW[Iqk]\X\_�Vi_l[^]Z`?_lVCaHbgXÈ_ltg[�`7jgjg]\a�¾WVCf¤`5_l[^UÍeoa7dgbgUk`7]M�F~rdg]\�7[�`7jgjg]\aL`7~Dtg[rX
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�=VC{Hdg]Z[ � ¨¤r ü ã ¡ tg[^bÆ_Ztg[:X\[^fxViÉ �z`��H[rmY[rbg{7_ltÆVYXx`7e3aHdW_x_ltg[#Xl`7fx[#X\VYËr[:a7n�_Ztg[:a7dW_l[r]
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�=VC{Hdg]Z[ � ¨ rH��ã µ tg[Åqkbg[ÅUW[r_D`?VYmYX�a7nÈ_ltg[uVYbWbg[^]zX\VYUg[Åa?ns_Ztg[ueoa7dgbgUk`7]M�R~rdg]\�7[Í`?]Z[Å]Z[r~^aHbAÉ
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�=VC{Hdg]Z[ � ¨ r7�Wã ¡ tg[rbÌ_Ztg[À]Z[r~^aHbgXM_l]\dg~r_ZVYaHb¸a7n�_ltg[Oe3aHdgbWUk`7]\�:~^dg]M�H[xVYX�~rmYaHX\[Á_lace3[^VYbW{
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�=VC{Hdg]Z[ � ¨¤r � ã µ tg[1øÅXZtk`?jo[rUÌUWaHf¤`?VYb:VCX�`7mCXZaR]\[^~raHbgX\_Z]Zdg~�_l[rUÌ��Vi_ltgVCb:_���acX\VY{HbgViqk~�`?bw_
UgVC{HVC_ZX^¨
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�=VC{Hdg]Z[ � ¨ rHÿ�ã µ tg[À]\[^m¶`5_lVC�7[O]Z[rXZVYUWdk`7m�UgaA[^XÅbWa7_uUg[^~r]Z[^`7XZ[Àe3[^mYa�� ü � Â! VYbÂ_Ztg[O~DtgaHX\[^b
��`��7[^bwdgfÁe3[^]xVYbL_Z[^]\�?`7m¼¨$�IdW_O_ltg[�øOXZtg`7jo[rUa7egX\_l`7~^mC[RVYXO]\[^~^a7bgX\_Z]Zdg~�_l[^U!��VC_ZtgVYb,_��Ia
XZVC{HbgViqk~�`7bL_�UgVC{HVC_ZX^¨

0 5 10 15 20 25 30 35
10−3

10−2

10−1

100

wavenumber

re
la

tiv
e 

re
si

du
e

üHü ÿ



å � �21 �)�
	 l

m �on�p qsr tuq�±

¿Î_ÀVYXÁ`7jgjk`7]\[^bL_O_ltg`?_Ánpdg]M_ltg[r]O]Z[^X\[�`7]\~DtVCXÁbg[r[^Ug[rUaHb,_Ztg[<fx[r_ltWa�U�a7n�~raHbL_lVYbwdk`5_lVYa7b
VYbL_Z]ZaAUgdg~^[rU)VCb�_ltgVCX���aH]\�Ü¨h¿Î_|VYXÅbW[^~^[rXZXZ`7]\�¸_lac[rX\_D`?egmYVCXZt�_ltg[raH]Z[�_lVC~�`7m�]\[^XZdWmC_lXuaHb¸_ltW[
~^a7bw�7[^]\{H[^bg~r[ha?n�_ltg[Ofx[r_Ztga�U���`7X��I[^mCm�`7X�_ZaRUg[��H[^mCaHj¸a7_ltW[^]�]\[^{HdgmY`7]ZVCË�`?_ZVYaHb¢XZ~DtW[^fx[^X
VYb�a7]ZUg[r]�_la<[�¾A_Z[^bgU¸_ltg[O~raHbL_lVCbAdg`?_lVCaHb�fh[�_ltgaAUÂ_la<a?_ltg[r]Å~^mYa7XZ[^mi�:]\[^mY`?_l[rUÌjW]ZaHegmC[^fxX^¨
µ tg[r]Z[Í`7]Z[|XZ[��H[^]Z`7ms[�¾A_l[rbgXZVCaHbgX�aH]y�7`?]ZV¶`?bw_ZX�a7n�_Ztg[|XZaHmCdW_lVCaHbca7n�_Ztg[|jg]ZaHeWmY[^f _ltk`?_��I[
]Z[r{L`7]\U#`?X�VCfhj3aH]M_D`7bL_z_ZaxVCbL�H[^XM_lVC{L`?_l[?ã

= í�ëkèÈë%�Èì ì��Èç êHí3îoì�é¼î�ûÈëWìÙépí3î õ$çLì��Èí�è�ì�í�éÑîoï3çAø5ö^ç(í ÷ örì�ëkêLópç ö�êHëWì^ì�çwø �
éÑîsô �søÙí ÷ ópç�õ ò¤é ì��  çAûsõ$ëkîsî ÷ í3ûsî�èÈëgø�. êHí3î�èsépì�éÑí3î�ëkîsè ì��Èç�é¼î3ïoçwø5ö^ç
éÑõ$��çAèsëkîsêHç �søÙí ÷ ópçAõ > µ tg[<VCbw_Z[^{H]Z`7m�[^vwdk`?_ZVYaHb�]\[^jg]\[^XZ[rbL_D`?_ZVYaHb!a7n�]Z`7UgV¶`5_lVYbW{:XZa5É
mYd�_lVYa7bgX#_Za·_ltg[�Ê�[^mCfhtga7mC_lË)[^vwdk`?_ZVYaHbWXÂVYXÂ�?[r��npaH]:_ltW[,]Z[rjg]Z[rXZ[^bL_l`?_lVCaHb a7nÀ_ltg[$nÑ`?]
qk[rmYU'f¤`7jWjgVYbg{!VCbÔ_Ztg[Ìjg]Z[rXZ[^bL_¢��a7]Z�Ü¨%¿�bÔ_ltg[ÌVYbL_l[r{H]l`?m�[^vwdk`?_ZVYaHbÔnpaH]\fÁdgm¶`5_lVYa7b·a7n
_ltW[#UgVC]Z[r~r_xaHegXM_D`7~rmY[¢XZ~�`5_Z_l[r]ZVCbg{)jW]ZaHegmC[^fxXO��VC_lt � [rdgfh`7bgbÆ~raHbgUgVi_lVCaHb�`7bgU!_ltg[¢VYb�É
�H[r]ZX\[<VYfxjo[rUk`7bg~r[¤jg]\aHegmY[rf X\_l]\aHbg{H[r]ÁXZVCbg{HdgmY`7]ZVi_lVC[^X|`7]Z[haHeW_l`7VYbg[rU,VYb)_ltg[R�?[^]\bg[^mCXÁa7n
_ltW[�VCbL_l[^{7]l`7mga7jo[r]l`?_ZaH]ZXr¨=¿Î_�VYX�bW[^~^[rXZXZ`7]\�À_lauVCfhjgmC[^fx[^bL_�`?jgjg]Za7jg]ZVY`?_l[yvwdk`7UW]l`?_Zdg]Z[rXÃnpa7]
VC_ZXybwdgfh[r]ZVC~�`7m�_Z]Z[^`?_lfx[^bL_�¨

üHü r



= íÆëgèsë%�Èì¢ì��sç)õ$çLì��Èí�è&í��|êHí3îoìÙéÑî�ûsë�ìÙéÑí3îÔì�í�ì��sç$é¼îoï3çwø5ö^ç¸ì�øÙëkî�ö^õ,é¼ö^ö�éÑí3î
�sø5í ÷ óÑçAõ > T�bWa7_ltg[r]Ãbk`?_ldW]l`7mkvwdg[rX\_lVCaHbÀ_laÍ`7XZ�ÁVCX���tg[r_Ztg[^]Ã_ltW[�~raHbL_lVYbwdk`5_lVYa7bxfx[r_ZtgaAU
~�`?bÌe3[À[�¾A_l[rbgUg[rU)_la<_Ztg[OVYbL�H[r]ZX\[x_Z]l`7bgX\fhVCXZX\VYaHb�jg]\aHegmC[^f¢¨ µ tg[Àvwdg[^XM_lVCaHb)a?nIjW]l`7~�_lViÉ
~�`?mYVC_��¤VYbR_Z[^]ZfxX�a7n�~^aHfxjgdW_l`?_lVCaHbk`7mo~^aHXM_�X\tgaHdgmCUceo[|`7UgUW]Z[^X\XZ[rU�¨

vRçAêHí3î�örì�ø?ûsê7ìÙépí3îÆí���õ¸û�ó ìÙé,�=ópç¢í ÷ örì�ëgêLóÑçAö > µ tg[|npdW]\_ltW[^]�Ug[r�7[^mYa7jgfh[rbL_�a7n=bAdAÉ
fx[^]ZVC~�`7mA_laAaHmYX�_lau{H[^bW[^]l`5_l[�`7bgUÀjg]\a�~r[^XZX�`7]\egVC_Z]l`7]M�ÁX\VYfxjgmY[I~^mYa7XZ[^Ux~^dW]\�H[rXIVCX�bg[^~r[^X\Xl`7]M�
npaH]À_ltg[#X\�AX\_Z[^fh`?_lVC~:XM_ldgUW�a7n�_Ztg[:VCbL�H[^]\XZ[Âa7egX\_l`7~^mC[#X\~�`?_\_l[^]\VYbg{)jg]Za7egmY[rf#����Vi_ltÆ`7b
[^fxjgtk`?XZVYXya7b¢_Ztg[ujg]ZaHeWmY[^f a7ns_ltg[u]Z[r~^aHbWX\_l]\dg~r_ZVYaHb¢a7n�fÁdgmi_lVYjWmY[�aHeWX\_D`?~^mY[rX^¨
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Ë¯¿ ¶ ìï½R¸ð¿�³«£�  µ��¶ ¸0ñ<�L®¯�£�� � ½§µÀ¿�¬Ö���°¦�Õ�¯�L¬¦�£ ¦«¥��L®¯� �¬¨°�©\�k�°©³´�°�°�¨*¬Ö£��Þ±¯¨°¦�ê�Õ�× ò¡¬�°® ¬Ö£�©B¬Ö ��B£?��¢¤�Õ ����:½§µÀ¿ ¬¥ð³«£�  ¦«£�Õÿé¬¥�¾�¬�Í�*¦�ÕÖ�¯�°¬Ö¦�£ï¦«¥�L®¯�ó¬£��L���«¨L³«Õâ���?�¤³´�L¬¦�£î¦«¥ð�L®����°�B©¦�£¯  �?¬Ö£� 

½"! � û�¿½R¾�¿½ãµÀ¿}Á � Ã#� � ½§µÀ¿ZÊ µ·¶�¸}Ê ½
Ð�Ñ%$�¿
¦�¨ ÕÖ¬×ØBÙ¡Ú�Û ÄÆÅ��¼½§µÞÝàßÉáâ½ãµÀ¿\ÊLË¯¿°¾�½§Ë�¿6Î!Ï!½§Ë�¿�Á � � � æ ½
Ð�Ñ�&«¿'k®��4¥§¦�ÕÕÖ¦Uò¡¬Ö£��óòÍ�BÕÖÕ(�?£�¦Uò¡£-¨°��*��Õ�¡¬��¨°���?��¬Ö¨*� î�L¦¼¨°�B±�¨°�B�°�£��_�L®��#¥
³´¨�¢¤�Õ  ±¤³´�°�°�¨*£�¬£�L�B¨°×é�¡¦«¥��°®���©¦�×Ôê�¬Ö£��B î±À¦«�°�£��L¬Ö³«ÕFÑ)+*-,.,./103254(2"687:9#; Ëí¶�¸=<?>�@&µ�¶BA Ü �BCEDGF�HJILKMI < KON µ NQP N Ë NSRUTMK-V 9#WMWX9#Y DZK[I < K

È ½§µ<ÊLË¯¿ýÁ �� Ã�]\QN µ N]^ �X_%`�aMbca	dfecgihkjldf�m`onbcp qsr Ò�Ýutí½ ÒN µ N ¿	v�Ê ½
Ð�Ñ=è�¿
Ç²È ½§µ<Ê°Ë�¿Ç áâ½§Ë�¿ Á �� Ã�]\QN µ N]^ �X_%`�aMbca	dfecgihkjldf�m`onbcp q ½ �� ¿xwµzy�áâ½§Ë�¿ r Ò�Ýutí½ ÒN µ N ¿	v�æ:½
Ð�Ñ : ¿{ I�|}V <?;}~ | W�@���< K"K�| ;�> H <?>�� |�|�� ��; |JDJDc| @ T > K�| ;�� D 9 V�KMI�|sH 9#��� T > | @���9 K�| > K�T <?W�������¼½�wµÀ¿0Á Ä Å����¼½cwµ<ÊLË¯¿°¾�½§Ë�¿6ÎÆÏ?½§Ë�¿ZÊ ½
Ð�ÑÒUù�¿

Y TMKMI��x| ;G> | W���� üf����¸�þ ��� TM�?| >�����¼½�wµ<ÊLË¯¿}Á � � ^ df�m`�bSp q?� wµ�y�áâ½§Ë�¿[Ý�÷ 7 æ ½
Ð�ÑÒ�ÒU¿
Ò�Ò :



�&�*¬Ö£�� �°®���£¯¦«��³´�°¬Ö¦�£ ¬£��L¨°¦! ���©B� -¬Ö£îÕÖ�B×ï×ï³ ç¯Ñ=ÃÆÑ ÒóÕ�B�¡���&³«�*�°��×é�4�L®¤³´�&³´�¡�³«©�®·±²¦�¬£?�µ�½FÏD¿ð�°®��Íê²¦���£¯ ¤³«¨*ÿ�¬Ö��±À�B¨*�°��¨°ê²� ¼³«Õ¦�£��_�L®���£¯¦�¨°×ï³«Õ? �¬Ö¨*�©\�L¬Ö¦«£��L¦&�L®���±²¦�¬£?���µîÁ� â½ãµÀ¿¦�£ �°®��4±À�B¨*�°��¨°ê²� î©�¯¨*ª�� �¸}Ñ¢¡��#¥§��¨*�°®��¨k³´�°�°�¯×ï�#�°®¤³´���°®��4±À�B¨*�°��¨°ê¤³��L¬Ö¦«£ ¬Ö���*×í³«ÕÕÀ�*¦�L®�³´� ©¦�£� ¯¬�L¬¦�£���¥§¨*¦�×x���!��³´�L¬¦�£ ç¯Ñ : ³´¨°�¡�L³´�°¬Ö�6¢¤� âÑ��<�\� ���� ¯�£�¦«�°�&ê�ÿ£�¾ë�L®¯�_�*¦�ÕÖ�Æ�L¬Ö¦«£¦«¥ð�L®���¬£?�°����¨°³«Õâ���!��³´�L¬¦�£î¦�£ �¸
Õ¬Ö×Ø\Ù_Ú�Û Ä:¤Å��¼½��µ ÝàßÉáâ½��µâ¿ZÊx�ËÆ¿¥�¾�½��ËÆ¿*Î¦�Ï?½��ËÆ¿0Á � � � ½��µI¿Zæ ½
Ð�ÑÒDÃ«¿

)+*-,.,./103254(25§�¨ F �x��9 Dc|�F >�@ | ; KMI�|�H 9#>�@ TMK�T 9#> D 9 V W | ����<L©fªX«]ªX« KMI < K�V 9#;kµ·¶�¸¬ ½ãµÀ¿ Á ×í³#¯®�°?±<½§µÀ¿ ¬ áI½§µÀ¿�°äÊ?° Î²½ ¬ á�¿Î!Ï ½§µÀ¿�°%² ½
Ð�ÑÒUç�¿
KMI�| > ¬ ¾�½ãµÀ¿0Á³�¾Í½��µâ¿ � ¾Í½§µÀ¿ ½
Ð�ÑÒS��¿
TXD 9 V�KMI�| 9#;�@ | ; ¬ ½§µÀ¿�ªz7 F ; K[I�| ;��L9#; |JR´K 9 KMI�|sDc|JH 9#>�@µ9#;�@ | ;L9 V ¬ ½§µÀ¿ R ¬ ¾�½ãµÀ¿ D < K"TXD ~ |JDKMI�|�|�¶�F < K"T 9#>½"! � û�¿½ ¬ ¾�¿½§µÀ¿}Á � ½[! � û�¿B½i± ¬ á�¾�¿½ãµÀ¿ � ºé»�½F¾ Î²½ ¬ á�¿Î!Ï ¿½§µÀ¿

Ýú½§Ó å �·��� ÷[º¹¿B½ ¬ á�¾�¿B½§µÀ¿<Ý � ½§Ó �·��� ÷âº å ¿B½F¾�¿B½§µÀ¿ � ÃIÇ � �Ç á ½ãµÀ¿ 7X¬ áâ½ãµÀ¿\æ½
Ð�ÑÒ�
«¿¸º¹#»¼»�½ö¤¦�¨Ô±²¦�¬£?�°��µ<ñ Ë ¶�¸ ÕÖ�\�L�� ��£�¦´�L� ê�ÿ¾�µ Á¿ I½§µÀ¿�³«£� À�Ë�ÁÁ I½
Ë¯¿��L®¯� ©¦�¨*¨°�B�°±²¦�£� �¬£��±²¦�¬Ö£��L�k¦«£ �¸ ¬�k¥§¦�ÕÕÖ¦Uò¡�Í¥§¨°¦«×�ç¯Ñ : �L®¤³´�_Ð�Ñ�&Ô�L®�³´�_©N³«£-êÀ�4¨*�Bò¡¨*¬�°�°�£�³«�
Õ¬Ö×Ø\Ù_Ú�Û Ä Å��¼½" I½§µÀ¿ZÊ� I½
Ë¯¿°¿¥�¾ ½" I½
Ë¯¿°¿B½6Ò0Ýu±<½
Ë¯¿ ¬ áâ½
Ë¯¿°¿6ÎÆÏ?½§Ë�¿�Á � � � ½" I½§µÀ¿°¿ ½
Ð�ÑÒc$�¿

�L¦ �°®����°�©B¦�£� �¦�¨° ��B¨¡¦«¥ ¬ ½§µÀ¿ZÑ�ÂÆ��ê��6�L¨L³´©B�L¬£��¼ÐÔÑ%& ¥§¨*¦�× ÐÔÑ ÒDÃÆñ¯ò��ó¦�ê¯��³´¬Ö£
Ã ½§µÀ¿0Á � Ç � �Ç á ½§µÀ¿ZÊ ½
Ð�ÑÒ�&«¿

ÒDÃ«ù



³?��³´¬Ö£ �L¦ �°®����°�©B¦�£� �¦�¨° ��B¨¡¦«¥ ¬ ½§µÀ¿Zñ�ò¡®��¨*�
Ãí½§µÀ¿0Á ÕÖ¬Ö×Ø\Ù¡Ú�Û�Ä Ä Å��é½ãµ¼Ý ß²áI½§µÀ¿\Ê°Ë�¿ � ¬ ¾�½
Ë¯¿IÝu±<½
Ë¯¿°¾�½§Ë�¿ ¬ áâ½§Ë�¿ 7 Î!Ï?½
Ë¯¿Ý Ä Å � �¼½" I½§µÀ¿[Ý ß²áI½" I½§µÀ¿°¿ZÊ� I½
Ë¯¿°¿ � �¼½§µÞÝàßÉáâ½ãµÀ¿\ÊLË¯¿ 7 ¾�½§Ë�¿6ÎÆÏ?½§Ë�¿�Å æ ½
Ð�ÑÒUè�¿'k®��ó�°�B©¦�£� -¬Ö£��°����¨°³«Õâ¬Ö£îÐ�ÑÒUè ©³«£�ê²���°±�Õ¬�k¬£��L¦ �L®�¨*���±¤³«¨6�L�
ÄÆÅ � �¼½" I½§µÀ¿�Ý ßÉáâ½" I½§µÀ¿*¿\Ê� I½
Ë¯¿°¿ � �¼½§µ�Ý ß²áI½§µÀ¿\Ê°Ë�¿ 7 ¾�½§Ë�¿6Î!Ï!½§Ë�¿<Á£! õ Ý�! Ü Ýµ!�ÆNÊÔ½
Ð�ÑÒ : ¿ò¡®��B¨°�
! õ Á Ä¯Å � �¼½" I½§µÀ¿[ÝàßÉáâ½[ â½ãµÀ¿°¿ZÊ� â½§Ë�¿*¿ � �¼½" I½§µÀ¿âÝ ßÉáâ½§µÀ¿ZÊ� â½§Ë�¿*¿ 7 ¾�½
Ë¯¿*Î!Ï?½
Ë¯¿\Ê! Ü Á Ä Å � �¼½" I½§µÀ¿[ÝàßÉáâ½ãµÀ¿\Ê� I½
Ë¯¿°¿ � �é½[ â½ãµÀ¿[ÝàßÉáâ½ãµÀ¿\ÊLË¯¿ 7 ¾�½
Ë¯¿*Î!Ï?½
Ë¯¿\Ê!�Æ Á Ä Å � �¼½" I½§µÀ¿[ÝàßÉáâ½ãµÀ¿\ÊLË¯¿ � �¼½§µ ÝàßÉáâ½ãµÀ¿\ÊLË¯¿ 7 ¾�½
Ë¯¿*Î!Ï?½
Ë¯¿\æÇd�_¥§¦�ÕÖÕ¦Dò¡�k¥§¨*¦�×��L®��ÉÈ*��×é±�©B¦�£� �¬ �L¬Ö¦«£��&¦´¥��L®¯�Þ³«©B¦����*�°¬Ö©ó±À¦´�L�£��°¬W³«Õ�&³��&�°®��Ôê²¦���£� �³«¨*ÿ¸ �°®¤³´�ñ��L¦ �L®����*�©¦«£� ·¦�¨* ��¨¡¦«¥ ¬ ½§µÀ¿

! õ Á � ºé»�½F¾ Î²½ ¬ á�¿Î!Ï ¿½§µÀ¿ZÊ ½
Ð�ÑäÃ«ù�¿! Ü Á � Ó¡å �·��� ÷0½Rº � !Æ¿ 7 ½F¾ ¬ á�¿½ãµÀ¿\Ê ½
Ð�ÑäÃÆÒU¿!�Æ Á � Ó ���	� ÷0½
º å ÝÊ!Æ¿ 7 ½F¾�¿½§µÀ¿ ¬ áI½§µÀ¿\æ ½
Ð�ÑäÃ�Ã«¿
'k®��óÕÖ�B×ï×ï³�¥§¦�ÕÕÖ¦Uò¡��¬Ö×é×é� �¬Ö³´�L�BÕÿ�Ñ Ë'k®��ó¬Ö£��L����¨L³´ÕI���?�¤³��L¬Ö¦«£�Ð�ÑÒ�
Þ�*±À�B©¬¢���¡�L®���ÕÖ¬£��N³´¨�¨°�BÕW³´�°¬Ö¦�£

½"! � û�¿½ ¬ ¾�¿½§µÀ¿}ÁÍÌ2½ ¬ á¯¿ ½
Ð�ÑäÃ«ç�¿
ê²�B�(ò���£s�°®��í±²�¨6�L��¨*ê¤³´�°¬Ö¦�£¤³´Õ�ª«³´¨°¬W³´ê�ÕÖ�B� ¬ á�³«£¯  ¬ ¾ ò¡®��¨*��Ì üðìÞõ½R¸ð¿�þ ìí½
¸ð¿�¬��L®¯�óÕ¬Ö£��³«¨�¦�±²�¨°³´�L¦«¨k ��B¢¤£¯� ëê�ÿ �°®���¨°¬X�«®?�¡®�³«£� -�°¬Ö ¯�ó¦´¥�Ð�ÑÒUèÆÑOÂ!¬Ö£�©B��ûý¬�k©¦�×é±¤³«©\�! � û ®¤³«�Í³�ê²¦���£� ¯� í¬£�ª��¨*�°�´ñ¯�L®?����ÐÔÑ=Ã«çó©³«£ ê²�&�*¦�Õª«� é�L¦�ÿ!¬�ÕÖ ï³«£ï�GÆ±�¨°�B�°�*¬Ö¦�£í¥§¦«¨

ÒDÃÆÒ



¬ ¾�¬Ö£î�L�B¨°×é�&¦´¥ ¬ áî¥§¦�¨´��¬ª«�£ë¸�³´£� ¹¾�ÑÉ'k®����L³«×é�ó±À�B¨*�L�¯¨°ê¤³´�°¬Ö¦�£�³«Õ<³«£¤³«Õ ÿ!�°¬Ö�¡©³«£ëê²�³«±�±¯ÕÖ¬Ö�B é�°¦Ô�L®¯�_¥
³«¨0¢¤�BÕÖ  ±¤³��°�L�B¨°£éò¡¬�L®ï�L®��&©¦�×Þê¯¬Ö£��B í±²¦«�L�B£?�°¬W³«ÕÉ¨*�±�¨*��°�B£���³´�°¬Ö¦�£âÑ0�[�\�����eê²�4�L®��4¥
³«¨�¢��ÕÖ î±¤³��°�L�B¨°£Î���£¯�¨L³��L� -ê�ÿ �L®��� ��B£��°¬ �(ÿ ¥§��£�©\�L¬¦�£��¾�¦�£ �¸��*¦ �L®¤³´�
����¼½�wµÀ¿0Á Ä ¤Å����¼½cwµ<Êf�ËÆ¿¥�¾�½��ËÆ¿*Î¦�Ï?½��ËÆ¿\æ ½
Ð�ÑäÃo��¿

)+*-,.,./103254(25ÏÑÐ�>�@ | ; K[I�|�H 9#>�@ TMK"T 9#> D 9 V W | ����<B©fªX«]ªX« DGF �x��9 Dc|ÒK[I < KKMI�| @ | > DGTMK �V�F > HGK�T 9#> D ¾s¶�ìï½R¸ð¿<?>�@.�¾�¶�ìí½ �¸ð¿Z<?; |´KMI�|QD 9#W F]K�T 9#> D 9 VQK[I�|´T > K�| �?;�<?W |�¶�F < K�T 9#> D�Ó ª	Ô<?>�@ Ó ªMÕ?«º; |JD � |JHGK"TM�?| Wm�ÖªO¨ F �x��9 Dc|�V�F ; KMI�| ; K[I < K �¥� R ���� ¶�ìí½"�¡¿Q<?; | @ | ~+> | @×��� Ó ªMÕ]Ø RÓ ªX«cÙ�<?; |ÚK[I�|�V <?;�~ | W�@Ú��< K�K�| ;�> D�H 9#;�; |JD ��9#>�@ T >]�z; |JD � |JHGK�TM�?| Wm� K 9 K[I�| @ | > DGTMK�Ti|JD ¾ R �¾Qª{ I�| > ¬ ��� ½�wµÀ¿0ÁÛ��¥�¼½cwµÀ¿ � ��� ½�wµÀ¿ ½
Ð�ÑäÃÖ
«¿
TXD 9 V×KMI�| 9#;�@ | ;�9 V ¬ ½ãµÀ¿ R <?>�@ K 9 K[I�|ÜDc|JH 9#>�@�9#;�@ | ;s9 V ¬ ½§µÀ¿¬ �¥�Þ½�wµÀ¿0ÁúûÒ� ½ ¬ ¾îÝÝ±É¾ ¬ á�¿<ÝÝÞ.�¼½ ¬ á¯¿ ½
Ð�ÑäÃ?$�¿
Y I�| ; |�KMI�| 9J� | ;�< K 9#; D ûÒ��ü²ìí½
¸�¿_þ ìï½R¸ð¿Ò<?>�@LÞ.��ü²ì õ ½R¸ð¿_þ ìï½��¡¿�<?; | @ | ~+> | @��� K[I�|+V 9#;�� F W�< |
ûÒ� ½[ß4¿½cwµÀ¿ÂÁ Ä ��àcá�âmq �¼½�wµ<ÊLË�¿�ß ½§Ë�¿6ÎÆÏ?½§Ë�¿ZÊÞ.�¼½[ß4¿½cwµÀ¿ÂÁ � � Ä � � �	� wµzy�áI½
Ë¯¿ � wµLy�áâ½§Ë�¿[Ý�÷¼ã5ß ½
Ë¯¿IÝäwµzy Ì ½
Ë¯¿ ÎxßÎÆÏ ½
Ë¯¿�ã ^ df�m`?nb�p q ¾�½§Ë�¿6ÎÆÏ?½§Ë�¿Zæ¸º¹#»¼»�½å#�£¯¦«�L�Þê�ÿæ�ËîÁ� I½
Ë¯¿¡�L®¯�Þ±À¦«¬Ö£��#¦�£ �¸�©¦«¨°¨°�B�°±²¦�£� �¬£�� �L¦íË�¶�¸}ÑÚÂ!��ê¯�L¨°³«©B�°¬Ö£��íÐÔÑ ÒUù¥§¨°¦«×�ÐÔÑ=Ão�ï³«£� î©¦«×Þê�¬Ö£¯¬Ö£��Þ�°®���¨°��*��Õ�¡ò¡¬ �L®-ç¯Ñ�ç ò��º���B�

¬ ��� ½�wµÀ¿ Á Ä Å��é½cwµ<Ê� I½
Ë¯¿°¿½:Ò ÝÝ±<½
Ë¯¿ ¬ áâ½§Ë�¿*¿½F¾Í½
Ë¯¿ÀÝ ¬ ¾�½§Ë�¿*¿*Î!Ï?½
Ë¯¿ �ÄÆÅ��é½cwµ<ÊLË¯¿°¾�½§Ë�¿6ÎÆÏ?½§Ë�¿²Ýutí½ N ¬ á N Ü � ¿\æ ½
Ð�ÑäÃÖ&«¿
ÒDÃ�Ã



è�ÿ��*�°¨L³«¬5��®��°¥§¦�¨6ò�³«¨* Ô �¬�éI�B¨°�B£?�°¬W³´�°¬Ö¦�£�ò¡¬�°®Þ¨°�B�°±²�©\�}�L¦4ÏÍò���¦�ê¯�L³«¬Ö£ó�L®¤³����L¦&�L®����*�©B¦�£� ¦�¨* ��¨¡¦«¥ ¬ ½ãµÀ¿
Ä�Å � �×�¼½�wµ<Ê� â½§Ë�¿*¿ � �¼½�wµ<Ê°Ë�¿�ãã¾�½§Ë�¿6Î!Ï!½§Ë�¿�ÁÍÞ.�¼½ ¬ á¯¿\æ ½
Ð�ÑäÃ«è�¿

Ë'k®��ó�°��ê¯�*�L¬ �L�¯�°¬Ö¦�£î¦«¥�ÐÔÑ Ò�
Þ¬Ö£��°¦éÐ�ÑäÃo$ ÿ!¬�ÕÖ ¯�
¬ ��� ½�wµI¿}ÁúûÒ�¼½*½"! � û�¿ d õ Ì ½ ¬ á�¿[Ýu±É¾ ¬ á¯¿[ÝÝÞ.� æ ½
Ð�ÑäÃ?ç�¿

ÒDÃ«ç
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ÆñÃ«ù�ù¯Ò«Ñ
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