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@�ACB�DFEHG8I�J3KMLONQP6KRB�SFT;UWVCB�X�ERNYG[Z\I]T_^a`cbdV�GaEMX�e6KHL_DaLfSaXgGcZhA3DaDae�ikj�jml8l8l[n l8EHoWEMe<Lfp6EHBCn J3SaqW^ri
s I�J�KHLfNYP6KHB�S4T;UWVCB�X�ERNYGtVWP6X�LYSuEHNfB�KHKMUgGaJ�KHv�LfGtwFLfl,DaJ3V�x GtLOy3PzBmDaEHJ�VzG?J�{|X�J�DaEHJ�V}J�V~B�V}B�DaJ3X*ERG.DaERN�J3StGaEMX�EHKHB�S
X�J�p�LYK�J�{�B*X�J�KHLfNYP6KHB�S8G.U�G.DaLYX�DaJ�J��6DuB�EHV~EMV�{�J3SaXgB�DaEHJ�V�B��<J�P�DFEMDfx GtDaEHX�LQ�dp�LYe<LYVCp6LYV�D�e6SuJ�e<LYSaDaEHLfG>��n

�,A6ERG�G.DuB�DaLYX�LfV3D}DaS�B�VCGaKRBmDaLOG�DaJ�DaA6L�NYB�KRNQPCKHB�DaEHJ�V�B�Vzp%J��CGaLYSuvmBmDaEHJ�V%J�{[DaA6L]eCSaLOp�EHNQDaLOp�X�J�DaEHJ�V�J�{�BmDuJ�XgGgEHV�B
X�J�KHLfNYP6KML_Jmv�LfStNYLYSaDuB�EMV�DaEHX*L�e<LYSuEMJ�p6Gfn��FKMDaA6J3P6q�A~NQSuU�G>D�B�KHKMJ3q�S�B�e6AWU�NYB�V}SaLOG.J3KMv3L8DaACL�G.DaSuPCNQDaP6SuL;J�{	B�e6SuJ�DaLfEMV~BmD8B
v�LfSaU}A6EHq�A�SaLOG.J3KMP6DaEHJ�V�Zh�3LYKRGaN�A��Y�F�m�knH��� ���3� ^r�CE�D�SuLQ�zLfNrD�G8J�VCKMU~J�V�SuEMq3EHp�NQSuU�G>D�B�KRGFB�Vzp�V6J�D8DuA6L�p�UWVCB�X�EHN_{�LOBmDaPCSaLOG
J�{tB�e6SuJ�DuLYEHV]EMV�G.J3KMP6DaEHJ�V�n��,A6L�eCSaJ3�6KMLfX�EHG;DaAzBmD�V6J�D�B�KHK	eCSaJ�DaLYEHVCG;NYB�V��zL�LfB3G.EHKMU�NYSaU�G.DuB�KHKHEHGaLfp�J3S;LY�WeCSaLOGaGaLfp�EHV
GaP���NQEHLYV�D4y�PCB�V�DuE�DuEMLOGYn�wFPzNQKHLfB�S4I]B�q3V6LQDuEHNF�FLfGaJ�VCB�VCNQLcZ\w�I]��^?NYB�Vg�zL;PCG.LOp*DaJ�GaJ�KHv�L,DuA6L�G.DaSuPCNrDuP6SuL�B�VCp�X�J�DaEHJ�V
J�{ DaA6L[eCSaJ�DaLYEHV��CP�D8DaA6L[eCSaJ�DaLYEHV�ERG,V6LfLfp�LOp�EHV�G.J3KMP6�CKML_{�J�SuX¡B�Vzp}B�D,ACEMq3A~NYJ�VCNYLYV�DaS�BmDuEMJ3VCGYn��,A6ERG8NQJ3X*LOG,�CB�N�o�DuJ
DaACLYe6SuJ��6KHLYX�J�{�e6SaJ�DaLfEMV~LQ��e6SuLfGuG.EHJ�V�B�Vzp}GaJ�KHP6�6EHKMEMD>U�Z\B�G,ERG,DaACLcNYB�GaL_{�J�S8X�LYX��6S�B�V6L�e6SuJ�DuLYEHVCGu^Qn/�|J�PCGaLcI]T¢B�VCp
wFJ3SaXgB�K�I�J�p�L[�FVCB�KMU�GaEHG[Z\w�I]�_^r�CJ3V6KHU�B*X*J�p�LfKMKHLfp�G.DaSuPCNrDuP6SuL_ERG8V6LfLfp�LOp�n

I]T�G.DuB�S.DuLfpcJ3P�D�EMV�DaA6LfJ�SuLQDuEHNfB�KWe6AWU�G.ERNYG	�6P�D�l,B�G�B�eCe6KMEHLfp�DaJ�£tEMJ�N�A6LfX�EHG.DaSuU[EMV�DaACLtLOB�SuKMU�¤O¥�¦ � x Gfn�b§D�ACB3G �<LYLfV
B�eCe6KMEHLfp]DaJ�B}v¨B3G>D�S�B�V6q3L�J�{te6SuJ�DaLfEMV�X�J�DaEHJ�V�e6SuJ��6KHLYXgG�G.PzN�A�B�G;DuA6L�DuSuB�VCG.{�LYS�J�{?l,BmDuLYS[B�NYSaJ�GaGFDaA6LgB3y3PzB�e<J�SuEMV
e6SuJ�DuLYEHV�Zhp6L�©_SuJWJ�Dc�Q�4���MªH�C� �3� ¤¨^r�3{�J�KRp�EMVCq�J�{ G.XgB�KMK�e6SuJ�DuLYEHVCG;Z\«6LfSuGaA�Df�C� �3� �3^r�WNYB�KRNQPCKHB�DaEHV6qcDuA6L;X�LON�ACB�V6ERNYB�KC{�J3SuNYL
LQ��LfS.DuLfp¬��U1©e6SuJ�DuLYEHVCG�Zh®;J3Ga¯QDaEHV°�Y�*���knH�,� ��� �3^r�/LfKMPzNQERp6BmDuEMV6q�DuA6L�q�LYVCLYS�B�K,X�LfN�ACB�V6EHGaX±J�{�B�V6LOG>DuA6LfGaERB¬Z\� B�V6q
�Y�[���MªM²,� ��� ��^�B�Vzp³SaLOG.J3KMvWEHV6q�DaA6L}X�LfN�ACB�V6EHGaXJ�{8DaA6L~©_SaJ3´?µ�NQJ3X�e6KMLY�%Z\I]B1�Y�c�m�knH�?� �3��� ^Qn�b§D�ACB�G�B�KRG.J��<LYLfV
PCGaLfp1DaJ³EHV�v3LfG.DaEHq3B�DaL�DuA6L�X�J�DuEMJ3V1J�{_KMJWJ3eCG�EMV%B�e6SaJ�DaLfEMV��4X�J�SuL~GaezLONQEM¶zNYB�KMKHU�DuA6L~DaSuEMJ�G.Lfe6A6J3Gae6ACB�DaL~EHGaJ�X�LfSuB3G.L
LYVC¯YUWX�L�Z\�,b>I'^�ZhT;LYSuSuLYP6XgB�P6�·�Q�_�m�MªM²�¤O¥�¥3¸3^rn*T�PCL�DaJ�E�D�G_DaA6LfJ�SuLQDuEHNfB�K�VCB�DaP6SuLgI]T¹ACB�G�J�{ºDaLfV��<LYLfV�GaLYLfV�B3G[B
DaJmU�l8E�DuA�l8A6ERN�A�NQJ�X�e6P6DuBmDuEMJ3VCB�K?�6EMJ3KMJ3q�ERG>D�G[e6KRB¨U]DuJ]XgB�o�LgeCSaJ�DaLYEHVCG[X�Jmv3L�n�»FJmltLYv�LfSf� I]T¼NfB�V�B�KRGaJ�e6SaJmvWERp�L
DaACLYSuX*J�p�UWVCB�X�EHN[eCSaJ3ezLfS.DuEMLOGY�<NYB�KRNQPCKHB�DaL[e6SuJ�DuLYEHV]G>DuSaPCNQDaP6SuLfG�BmD;p�EM½�LYSuLYV�D�DuLYX�ezLfSuB�DaP6SuLfG�B�VCp�e6SuLfp6EHNQD�DaACLcLQ½�LfNQD
J�{tp�E�½�LYSuLYV�D�G.J3KMv3LYV�DuG�J�V'eCSaJ�DaLYEHV'G.DaSuPCNrDuP6SuL�n��|ltJ}B�SaLOB�GFEHV'l8ACEHN�A'I'T¹ACB�G;�zLfLYV�B�e6e6KHEHLfp]GaPCNYNYLfG.{�P6KHKMU�l8EHKMK	�<L
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p�ERGaNYPCGuG.LOp]DuJ�B�VCGal4LfS_eCSaJ3�6KMLfXgG�l8A6EHN�A�ltJ�P6KRp'AzB¨v�L*�zLfLYV�p�EM�gNYP6KMD[DaJ�G.J3KMv3L�l8EMDaA³LY�We<LYSuEHX*LfV�DuB�K�ltJ�Suo�n'&�J�X�L
e6SuEMVzNQEHe6KMLOG,J�{�w�I]�c�Cw�I]� B�VCp~EMV6�§p�Lfe�DaA�I]T¢l8EMKHK��zLcp6EHGuNQPCGuGaLfp�n

(*),+-),+-)/.10�243,5�687:9;6=<->?5 @"AB2DCE5�F"G->�6=>?2�5IH
.19;CDJ

w�I'� ERG�DuA6LgLQ½�LfNQD�J�{,VWPCNQKHLYPCG.�§V�PzNQKHLYPCG_EHV3DuLYS�B�NQDaEHJ�VCG�LfX*EMD.DuEMVCq]SuB3p�ERBmDaEHJ�V�l8A6LYV³e6KRB�NYLfp�EHV³B�V³J3GuNQEHKMKRBmDuEMV6qz�
LYKHLfNQDaSuJ�XgB�q3V6LQDuEHN/¶CLYKRp�n	w�I]�¬l4J3Sao�G|��U[LY�6NQEMDaEHV6q�DuA6L,BmDaJ3XgG l8EMDaA�SuB3p�EHJ�l,B¨v�LfG|J�{zB_NQLfS.D�B�EHV[{�SuLfy�P6LYVzNQU[B�VCpcDaA6LfV
X�LfB3G.P6SuEHV6q�DaA6L�LYX�E�DaDaLOpgSuB3p�ERBmDaEHJ�V|nLK;V6KHU�B�DaJ3X�G?l8E�DuA�B�VWPCNQKHLfB�S/X�J�X�LYV�D?J�{�¯YLYSuJcNYB�Vg�zL;X�LfB�GaP6SuLfp��3EMVzNQKHPCp�EHV6q
LYKHLYX�LfV3D�G�GaPCN�A'B3GFAWU�p�SaJ3q�LfV��Cp�LfP�DaLfSaEHP6X��<NfB�Su�zJ3V��<V6E�DuSaJ3q�LfV�B�VCp�e6ACJ3Gae6A6J�SuJ�PzG[Zhµ�LOB�N�A���� �3� ¤�M-&�N�A6KHERN�o<��� �3� ��^Qn
�,A6LOG.L~BmDaJ3XgG�B�KHKtACB¨v�L�B�V�P6V6Lfv�LYV1V�PCX��<LYS�J�{Fe6SuJ�DaJ3VCGcJ3S�V6LfP�DaSuJ�VzGYn]@�ACLYV�DuA6L�XgB�q�V6LYDaERNg¶CLfKHp�ERG*B�e6e6KHEHLfp
DaACL}Gae6EMV1J�{8DaACL�VWPCNQKHLYPzG�N�ACB�V6q�LOGcB�VCp�DaA6ERG�q3LYV6LfSuB�DaLOGcB�XgB�q3V6LQDuEHN�¶CLYKRp���l8A6ERN�A�EHG�P6V6ERy�P6L�{�J3S�LOB�N�A³D>UWezL}J�{
EHV3DuLYS�B�NQDaEHJ�V�n���AWU�p�SaJ3q�LfV��<J�VCp6Lfp*DaJcB�VgJ¨��U�q3LYV*l8EMKHKCq3LYV6LfSuB�DaL8B_¶CLfKHpgp�EM½�LYSuLYV�D/DaJcDaACB�D/J�{�B�AWUWp6SaJ3q�LYV*�<J�VCp�LOp
DaJ�B}V6E�DuSaJ3q�LfV]J�S_LYv3LYV�B�V6J�DuA6LYS_AWU�p�SaJ3q�LfV�n[£4U�X�LfB3G.PCSaEHV6q}B�KMK�J�{/DaA6LOG.L�¶CLfKHp6G_ltL*NfB�V�e6SaLOp�ERNrD�l8A6LYSuL�NYLYSaDuB�EHV
BmDuJ�XgGcl8EHKHK4KHEML3n���e6SuJ�q�S�B�X PCGaEMV6q�B�X�EMVCJ�B�NYEHp�DuLYX�e6KRBmDuLfG�l8EMKHKtDaA6LfV�DaSuU�B�VCp³XgBmD�N�A�DaACL�DuLYX�e6KRBmDaLOGcDuJ�DaACL
X�LfB3G.P6SuLfp�e<J3GaE�DuEMJ3VCGcJ�{,DaA6L�B�DaJ3X�G�B�VCp³e6SuLfp6EHNQD�B]G.DaSuPCNrDuP6SaL]ZN&�N�A6KHEHN�o��/� �3� �3^rn�£4LONYB�PCG.L�DuA6L�e6SuJ�DuLYEHVCGcB�SaLgEHV
GaJ�KHP�DaEHJ�Vcl8ACLYV�p�J3EMVCq;w�I'�[�mp�E�½�LYSuLYV�D	ezJ�G.EMDaEHJ�VCG J�{�DuA6L4B�DaJ3X�G	NYB�Vc�<L?X�LfB3G.P6SuLfpcSaLOG.P6KMDaEHV6qFEHV�B;G.VzB�e��dG.ACJ�D GaLYSuEMLOG
J�{�e6SuJ�DuLYEHV�X*Jmv3LYX�LYV�DOn	�,A6ERG�ERG?G.DaEHKMKzV6J�DtB�NYNYP6S�BmDaL,LfV6J�P6q3A��zLONYB�PzG.LFGaJ�X�L�B�DaJ�XgG/B�SaL,EHV�p�EM½<LfSaLfV3D4LYVWvWEMSuJ�V6X�LfV3D�G
DaAzB�V�J�DaA6LfSuGf�WL�n qCn�B�V~BmDuJ�X EHV�DuA6L_NYLYV�DaSuL_J�{ B�e6SuJ�DaLfEMV}l8EMKHK�LQ��e<LYSuEMLfVCNQL_B�AWU�p�SuJ�e6ACJ��6ERNFLfV�vWEHSaJ3V6X�LYV�D,l8A6EMKHL�B�V
BmDuJ�X¹J�V�DaA6L�G.PCS.{hB3NQL�J�{|Bce6SuJ�DuLYEHV�l8EHKMK�LQ��e<LYSuEMLfVCNQL_Bcl,BmDuLYSa� SuEHN�AgLfVWv�EHSuJ�V6X�LYV�D4B�VCp�DuA�PzGtGaJ�X�L;X�B�q�V6LYDaERN8¶CLfKHpCG
l8EHKMK�KHJWJ�o�p�EM½�LYSuLYV�D,{�J�StDaA6LcGuB�X�L�BmDuJ�X�n��,A6L[VWPCNQKHLfB�SOK;v3LYSuACB�PCGaLYStLQ½�LfNQD�ZhwPK;´4^,NYB�V��<L[PCG.LOp�DuJ�LYV6ACB�VCNQL;DaACL
SuLfGaJ�KHP�DaEHJ�V�J�{Fw�I'�[n wPK;´ EHG�DuA6LgDuSuB�VCG>{�LfS[J�{FGae6EMV³e<J�KRB�SuEM¯OBmDuEMJ3V�B�X*J3V6q3G.D�BmDuJ�X�ERN�V�PzNQKHLYE?B�VCp³LYV6AzB�VCNYLfG_DaACL
SuLfGaJ�VCB�VCNQL_J�{	V�PzNQKHLYE n/�,A6EHGFLYV6ACB�VCNQLfX�LYV�D8A6LYKHeCG,DuJ*ERp�LfV3DuE�{�U}X�J�SuL�B�DaJ3X�G,l8ACLYV~PCG.EHV6qgw�I'� Zhµ�LOB�N�A��C� ��� ¤O^rn

(*),+-)RQS)/.1GT7VUW6=3X9;G*Y?51Z:>?6=3,[SF"ABF1H
.19;ZDJ

w�I'� EHG�DaACL�B�VCB�KMU�GaEHGcJ�{8X�J�DaEHJ�V�EHV�e6SuJ�DuLYEHVCGcPCGaEHV6q'B�KHK/DuA6L�X�J�p�LfG�J�{8X�Jmv�LfX*LfV�Dfn��¡e6SuJ�DuLYEHV�l8EMKHK?AzB¨v�L
p�EM½<LfSaLfV�D;X�J�p�L�{�SuLfy�P6LfVCNQEHLfG�l8E�DuA'LOB�N�A��<J�VCp'�zLfEMV6q~B�X�J�p�Lc{�SuLfy�P6LfVCNQU3n_�,AWPCG_B�V�w�I]� B�VCB�KMU�GaEHG;BmD�B�X�J�p�L
{�SuLfy�P6LYVzNQU�J�{/L3n qzn�¤O� ����� l8EMKHK �<L�B�V'B�VCB�KHU�G.ERG8J�{4X*J�DaEHJ�V�J�{/LYv�LfSaU~EHVCp�EHv�ERp�PCB�K��zJ3VCp�EHV'B�e6SuJ�DuLYEHV'NQJ3V�DuB�EHV6EHV6q
¤O� ���3� B�DaJ3X�Gfn�w;I]�¹ERG�PCG.PzB�KHKMU]p�J3V6L�J�V6KHU�{�J�S[KHJmltLYS;{�SaLOy3PCLYVCNYU�X*J�p�LOG�P6e�DaJ�B�¤ ��� ���6P�D�DaACLgX*J�G>D�PCGaLQ{�P6K
ERG�X�J�p�L~{�SuLfy�P6LYVzNQU¬¦O��¤�¤3n��,A6LfGaL~X*J�p�LOG*SaLfe6SaLOG.LfV�D�q�KHJ��zB�K,e6SuJ�DaLfEMV¬X�Jmv�LYX�LfV3D�B�VCp�DaAWPCG�q3EMv3L}B�e6EHNQDaP6SuL�J�{
DaACL�X�Jmv�LfX*LfV�DcJ�{Fp�EM½<LfSaLfV3D*eCB�SaDuGcJ�{8DaACL�e6SuJ�DaLfEMV�Z\� B�XgB1�Q�c���MªM²,� ����\ M�£4SuEHV6o%�Y�c�m�MªM²8� �3��\ ^Qn��,A6EHG�EHG�B�KHLfGuG
DaEHX�LQ�dNQJ3VCG.PCX*EHV6q;X*LYDaA6J�p�DuACB�V*I]T¬�6P�D�p�JWLfG V6J�D	q�EHv�L/DuA6L4GuB�X�LtB�X�J�P6V�D|J�{CEHV�{�J�SuXgBmDaEHJ�VcB3G B�V�I]T·G.EHX�PCKHB�DaEHJ�V
p�JWLfGfn,@�E�DuA'B�V]I'T GaEMX�P6KRBmDaEHJ�V]B�v3LYSuU}p�LYDuB�EMKHLfp]B�VCB�KHU�G.ERG8NYB�V��zL*p�J�VCLcJ�V�NQLfS.D�B�EHV]BmDuJ�XgG8EHV'B�GaUWG.DaLfX¼l8ACEMKHL
l8EMDaA'w;I]� EMD;ERGFX�J3SaL�p6E���NQPCK�D_DaJ�GaLYezB�S�BmDaLcDaA6L�EMVCp6EMvWERp�PCB�K	BmDuJ�X�X�J�DaEHJ�VzG8{�SuJ�X J�V6L*B�V6J�DaA6LfSfnFw;I]�¢ERG;B�KHGaJ
V6J�D8DaEHX*LY�§p6LYe<LYVCp�LfV�Dfn
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(*),+-) (*)/9;G-3,5�240�3,6=7/3E[S>�6=UIAB24FDH
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� J�P6VCp�LfSuG.DuB�VCp�I]T l4L�V6LYLOp�DaJ�q3SuB3G.e~DuA6L�P6Vzp�LYSuKMUWEHV6q�e6SuEHVCNQEHe6KHLfGfn��¢�6SuEHLQ{�Jmv�LfSavWEHLYl°J�{�DaACLfGaLce6SuEMVCNYEMeCKMLOG
l8EHKMK��<L[q�EHv�LfV�{�J3KMKHJml4LOp��WU�B�p�ERGuNQPCGuG.EHJ�V~J�{�A6Jml�DaA6LOG.L�e6SuEMVzNQEHe6KMLOG8B�SuL[B�e6e6KHEHLfp�n

(*),+-) (*),+-)�5*GT7 24526 5 3BY?F

«6J3SuNYLQ¶CLfKHpCG�Z�J3S?X�J�KHLfNYP6KRB�S?X�LON�ACB�V6ERNYG�^�B�SaL8DuA6L_�CB�GaEHG?J�{|B�KMK<X�J�KHLfNQPCKHB�S4p�UWVCB�X*ERNYG4G.EHX�PCKHB�DaEHJ�VCGfn��FKHKzEHV�DaLYS�B�NQ�
DaEHJ�VzG?B�Vzp�X*Jmv3LYX�LYV�D�G�J�{�X�J�KHLfNYP6KMLOG?p�PCSaEHV6qcBcI]T SuP6V�B�SuL8�CB�GaLfp�J3V�{�J�S�NQLY¶CLYKRp*eCB�S�B�X�LQDuLYS�GYn	«6J3SuNYLQ¶CLfKHp6G4p�EM½<LfS
{�SuJ�X¢y�PCB�V�DuP6X X�LfN�ACB�V6EHNfG,Z�7_I'^ EHVcDaAzBmD�DaA6L,LfKMLONrDaSuJ�VCEHN4X�J�DaEHJ�V�EHG	EHq�V6J3SaLOpcB�Vzp�J3V6KMU�DuA6L,LYV6LfSaq3U�J�{6DuA6L8G.U�G.DaLYX
�CB3G.LOp³J�V�VWPCNQKHLfB�Sce<J3GaE�DuEMJ3VCGcERG�NfB�KRNQP6KRBmDuLfp�Zhµ|LfB3N�A���� ��� ¤O^rn87;PCB�V�DaP6X X�LfN�ACB�V6EHNfG[ERGcPCGaPCB�KHKHU�PCGaLfp�{�J3S�GaXgB�KHK
X�J�KHLfNYP6KMLOG;NYJ�V�DuB�EMVCEMV6q}B�{�LYl B�DaJ3X�Gfn;«CJ�S�NQLY¶CLYKRp6G�NfB�V]e<LYSa{�J�SuX B�G�l4LfKMK�B�G_y�PCB�V�DaPCX X�LON�ACB�V6ERNcNYJ�X�e6P�D�BmDaEHJ�VzG
B�Vzp�DaA6ERG;EHG;XgB�EHV6KMU�p�PCLcDaJ}J�V6L�B�GuG.P6X�e�DuEMJ3V�n��,A6ERG;EHG�DaA6L*£tJ�SuV��
K;eCezLfV6A6LYEHX�LYS_B�e6e6SuJ¨��EMXgB�DaEHJ�V��6l8ACEHN�A'G.DuB�DaLOG
DaAzBmD;GaEMVzNQL[VWPCNQKHLfB�S8X�J�DaEHJ�V�ERG8X�PCN�A�G.KHJml4LfS,DaACB�V�LYKHLfNrDuSaJ3V�X*J�DaEHJ�V~DaACLcLYKHLfNQDaSuJ�V6ERN�ltB¨v3LQ{�P6VzNrDaEHJ�V|��J�SFLfV6LYSuq�EHLfGf�
NYB�Vg�zL;NYB�KRNQPCKHB�DaLfpgB3GaGaP6X�EHV6qcB�¶6��Lfp�e<J3GaEMDaEHJ�VgJ�{�DuA6L�VWPCNYKMLfEzB�Vzp�V�PzNQKHLfB�S?X*J�DaEHJ�V�NfB�Vg�<L;NQJ3VCGaEHp�LfSaLOp�B�GuG.P6X�EHV6q
B�V�B¨v3LYS�B�q�L_p�ERG>DuSaEH�6P�DuEMJ3V�J�{�LYKHLfNrDuSaJ3V~p6LYVCGaE�D>U3n4�,A6ERG8LfVCB��6KHLfGFPCG,DaJ�NfB�KRNQP6KRBmDuL�DaA6L[LfV6LYSuq�U�J�{/B�G.U�G.DaLYX¼l8E�DuA6J�P6D
p�J3EMV6qgB�V�U97_I NfB�KRNQP6KRBmDuEMJ3VCGtJ�V�B�G.U�G.DaLYX¼NQJ�V�D�B�EHV6EMVCq�DuA6J�PzGaB�VCp6GtJ�{�BmDuJ�XgG[ZB&�N�ACKMERN�o��C� ��� ��^Qn

�,A6L�µ�LfV6VCB�S�pW�d��J3V6LfG4e<J�DaLfV�DaERB�K/Zh«	EHq�P6SuL�:6nH¤O^4P6VCp�LfSaKHEHLfG,B�KHK�J�{�I]T B�VCp�DaAWPCG8B�DaACJ�SuJ�P6q3A�P6VCp6LYS�G>D�B�VCp�EHV6q*J�{
DaACEHG�NQJ�VzNQLYe6D�EHG�V6LYLOp�Lfp�Z\£tSaJWJ�o�G��Y�c�m�MªM²_¤f¥�¸;:3^Qn}�,A6L�µ|LYV6VzB�S�pW�§�3J�VCLfG�e<J�DaLfV�DaERB�K4p6LfGuNQSuEM�<LfG[ACJml DuA6L�EHV�DaLYS�B�NQ�
DaEHJ�V�LYVCLYSuq�U�N�ACB�VCq�LfG;l8A6LfV'D>ltJ�X�J�KHLfNYP6KHLfG�B�e6eCSaJ�B�N�A]J3V6L*B�V6J�DuA6LYSOn=</B�SaEHJ�PCG;X�J�p�E�¶<NYBmDuEMJ3VCG_J�{/DuA6ERG_{�P6VCNrDuEMJ3V
NYB�V�p�LfGuNQSuEM�<L�p�EM½<LfSaLfV�D�EMV�DuLYS�B�NrDuEMJ3VCG[GaPCN�A�B�G�DuA6L�GaEMX�e6KHLgEHV3DuLYS�B�NQDaEHJ�V³J�{,D>ltJ~ACLYKHEMP6X±B�DaJ�XgG�J3S[DaA6L}NQJ�X�e6KHLQ�
EHV3DuLYS�B�NQDaEHJ�V~J�{|D>ltJgBmDuJ�XgGt{�J�SuX�EMV6qgB*AWU�p�SaJ3q�LfV��<J�VCp�n

�,A6LfSaL_B�SuL8{�J�P6S,o3LYUgNQJ3V3DuSaEH�6P�DuEMJ3VCG�DuJ�DuA6L�NQJ�VzG>DuSaPCNQDaEHJ�V�J�{|Bc{�J3SuNYLQ¶CLfKHp�n	�,A6LOG.L�B�SuLF�<J�VCp}G>DuSaLYDuN�A6EHV6qz�WB�V6q�KHL
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�<LYVCp�EHV6qz�zDuJ�S�G.EHJ�VzB�K�DuLYSuX�G_B�Vzp�V6J�V6� �<J�VCp6Lfp�EHV�DaLYS�B�NQDaEHJ�VCGfn��¢{�J�S�NQLQ¶zLYKRp�PCGaPCB�KHKMU�NQJ3V�DuB�EHVCG�LYV6LfSaq3U}e<LYVCB�K�DuEMLOG�EM{
DaACLfGaL�eCB�S�B�X�LYDaLYS�G[p�Lfv�ERBmDuL�{�SaJ3X DuA6L�SuLQ{�LfSaLfVCNQL�vmB�KHP6LfGfn1&WJ�X�Lg{�J3SuNYLQ¶CLfKHp6GcX�B¨U�NQJ3V3D�B�EHV�DaLYSuXgG�{�J�S�A�U�p�SuJ�q3LYV
�<J�VCp6G�B3GFltLYKHK�B3G�LY�WDaLYVzp�Lfp�DuLYSuXgG�{�J3S;VCJ�V��§�zJ3VCp�LOp�EMV�DuLYS�B�NrDuEMJ3VCGfn;� {�J�S�NQLQ¶zLYKRp�PCGaPCB�KHKMU�ACB3GFD>ltJ�XgB�EMV]ezB�SaDuGf�
DaACL�e<J�DaLfV�DaERB�KCLfV6LYSuq�U�Z

γ ����� ^�B�VCp�DuA6L�oWEHV6LQDuEHN8LfV6LYSuq�U3n	�,A6L;ezJ�DaLfV3DuEHB�KCLfV6LYSuq�U�e6KHB¨U�G/DaA6L;X�B�EMVgSuJ�KHLFEHV�I]T�n��,ACL
¶CS�G>DFp�LfSaEHvmBmDuEMv3L_J�{ DuA6L[e<J�DaLfV�DaERB�K�LfV6LYSuq�UgERG8SuLYKRBmDaLOp�DuJ*DaA6L�{�J3SuNYL�B3NrDuEMV6q�J3V�B�V~B�DaJ3X�B�VCp}DuA�PzG,DaA6L[X�Jmv3LYX�LYV�D
J�{	DaACL_KRBmDaDaLfSfn���J�DuLYV�DaERB�K�LfV6LYSuq�U�EHG,PCGaPCB�KMKHU�X�J�V6EMDaJ3SaLOp}NYKMJ�G.LfKMU�p6P6SaEHV6q�I]T¢SaP6VzG[Zhµ�LOB�N�A��C� ��� ¤O^rn

�,A6L]e<J�DuLYV�DaERB�K;LYV6LfSaq3U�{�P6VzNrDaEHJ�V NQJ�V�D�B�EHVCGgXgB�VWU¬DaLYSuXgG�J3S�eCB�SuB�X*LYDaLfSuGgGaPCN�A�B�G��zJ3VCp%e<J�DaLfV�DaERB�K �8�zJ3VCp
B�VCq�KHLfGf��DaJ�S�GaEMJ3VCGY��NYSaJ�GaG.�\DuLYSuXgGY�	V6J�V6� �<J�VCp6Lfp�EHV�DaLYS�B�NQDaEHJ�VCGf�/p�ERG.e<LYS�GaEMJ3V�DaLfSaXgGf��SaLfe6P6KRG.EHv�L�DaLYSuXgGY��LfKMLONrDuSaJ�G>D�BmDaERN
DaLfSaXgG;B�VCp�AWU�p�SuJ�q�LfV��zJ3VCp6Gfn��,A6LcLfV6LYSuq�U~J�{�DaACL�GaUWG.DaLfX¼ERG_NYB�KRNQPCKHB�DaLfp��WU}DaA6L�{�J�KHKMJml8EHV6q�{�J3SaX�P6KHB�Zh´?y�PCBmDuEMJ3V
:6nH¤��6µ|LfB3N�A��6� ��� ¤O^Qi

E =
1

2

Ndf∑

i=1

miv
2
i + γ(r)

Z :6nH¤O^

l8A6LfSaL
γ
Z�Sr^?SuLYeCSaLOG.LfV3D�G4DaA6L[e<J�DuLYV�DaERB�K�LfV6LYSuq�U�DuLYSuX����	��SuLYe6SuLfGaLYV�D�G?DuA6L[oWEMV6LYDaERN�LYV6LfSaq3U�DaLfSaX�n

E(total) = Eb + Eθ + Eφ + Eω + EvdW + Eel + Ehb + Ecr + Ecφ

Z :Cn �3^

�1{�J�S�NQLQ¶zLYKRpcKHEMo3L�
t»;���FI]I Zh£tSuJWJ�o�Gt�Y�	���MªM²�¤f¥3¸:3^�PCGaLfG�B�X�J3SaLtNQJ�X�e6KHLQ�[DuJ�D�B�KWLYV6LfSaq3U�{�P6VCNQDaEHJ�V}Zh´?y�PCBmDuEMJ3V
:6n ��^_l8ACLYSuL���gERG�DaACL��<J�VCp³e<J�DuLYV�DaERB�K\²��

θ

ERG[DuA6L��<J�VCp�B�V6q�KHLge<J�DaLfV�DaERB�K ���
φ

ERG[DaACL�p�EHA6Lfp�S�B�K4B�V6q3KML�DuJ�S�G.EHJ�V
e<J�DaLfV�DaERB�K ���

ω

EHG;DaACL�EHX�e6SaJ3ezLfS_DaJ�S�GaEMJ3VCGY���
vdW

EHG�DaA6L </B�V�p�LfS;@³B�B�KHG_EHV3DuLYS�B�NQDaEHJ�V����
el

EHG;DuA6L�LfKMLONrDuSaJ�G>D�BmDaERN
e<J�DaLfV�DaERB�K ��´

hb

ERG�DaA6L~AWUWp6SaJ3q�LYV³�<J�VCp6EMV6qz��´
el

EHG�DaA6L~BmDuJ�X ACB�SuX�J�V6ERN�NYJ�VCG.DaS�B�EHV�D�B�VCp�´
cφ

EHG�DaACL}p�EHA6Lfp6SuB�K
NQJ3VCG.DaS�B�EHV3DOn

�,A6Lg�<J�VCp�e<J�DuLYV�DaERB�K/ERG�DuA6L�DaLfSaX l8A6EHN�A�GaezLONQEM¶CLfGcA6Jml DuA6LgLYVCLYSuq�U'N�ACB�V6q�LOG_l8A6LYV�B~�<J�VCp³�<LQD>ltLYLfV�D>ltJ
BmDuJ�XgG[ERGcG.DaSuLQDuN�ACLfp�n��,ACL��zJ3VCp6G[l8EHKHK4B�KHl,B¨UWG�p�LfvWEHB�DaL�{�SuJ�X DuA6L�SuLQ{�LfSaLfVCNQL�vmB�KHP6L�p�P6L�DaJ�vWEM�CSuB�DaEHJ�VCB�K�LYV6LfSaq3U
BmDcSuJWJ�X DuLYX�e<LYS�BmDaPCSaL3n�£tJ�VCp�KMLfV6q�DuA�N�ACB�V6q3LfG[B�SaL�PCGaPCB�KHKHU'p�LfGuNQSuEH�zLOp��WU�PCG.EHV6q�B�vmB�SuEHB�DaEHJ�V�J�{8»FJWJ�o3L�x G_KHB¨l
Z�´4y3PzBmDaEHJ�V :Cn :�^ri

v(l) = (k/2)(l − l0)
2 Z :Cn :�^

l8A6LfSaL��tEHG�DuA6Lg�<J�VCp³KHLYV6q�DaA�����EHG�B�NQJ�VzG>D�B�V�DcB�VCp·���}ERG�DaA6L�SaLY{�LYSuLYVCNYL*�<J�Vzp�KHLYVCq�DaA�Z\µ�LfB3N�A�� � ��� ¤�M�&�N�ACKMERN�o��
� �3� �3^rn8�,A6L�LOy�P6EMKHEH�6SaEHP6X��<J�VCp�KHLYVCq�DaA�ERG�DaA6L�KMLfV6q�DuA�l8A6LYV'B�KMK DaACL�J�DuA6LYS;eCB�S�B�X�LYDaLYS�G8B�SuL�GaLQD;DaJ�¯fLYSuJCnF�,AWPCGf�
DaACEHGt�<J�VCp�SaLfe6SaLOG.LfV�DuG?B�V�ERp�LfB�KMEH¯YLOp�G>D�BmDuL�n��,A6L��<J�Vzp�B�VCq�KHLFDaLfSaX GaezLONQEM¶CLfGtA6Jml·DuA6L;LfV6LYSuq�UgN�ACB�V6q�LOG/l8A6LfVgDaACL
�<J�VCp�B�VCq�KHL;�<LQD>ltLYLfV}DuA6SuLYL[BmDuJ�XgGtEHGFN�AzB�V6q3Lfp�n�£tJ�VCp~B�V6q3KML[N�ACB�V6q�LOG,NYB�V�B�KRGaJ��<Lcp�LfGuNQSuEH�zLOp��WU�´?y�PCB�DaEHJ�V :6n :
�6P�D�DaA6LfV�� ERGFGaP6�CG.DaEMDaP�DuLfp��WU

θ
�CDaA6L��zJ3VCp�B�V6q3KML3n/´?B�N�A�B�V6q�KHL[ACB�G�B*{�J�S�NQL[NQJ3VCG>D�B�V�D�B�GuGaJWNYEHB�DaLOp�l8EMDaA�EMDfn,�,A6L

{�J�S�NQLtNQJ3VCG>D�B�V�D	{�J�S	�zJ3VCp�B�V6q�KHLfG	B�SuL4GaXgB�KHKMLfS|DuACB�V�DaACB�D�{�J�S	�zJ3VCp�KHLYVCq�DaA*G.EHVCNYL4EMD�SaLOy3PCEMSuLfG|KMLOGaG	LYVCLYSuq�U_DaJ�N�ACB�VCq�L
�<J�VCp�B�V6q3KMLOG�DuACB�V��zJ3VCp]KHLYVCq�DaAzGYn��,ACL�DuJ�S�G.EHJ�VCB�K|DuLYSuXgG_p6LfGuNQSuEM�<L�ACJml DaA6L�LYVCLYSuq�U�N�ACB�VCq�LfG_B�G_BmDuJ�XgG_SaJ�DuB�DaL
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B�SuJ�PCVCp�B~�<J�VCp�n�£4LONYB�PCG.L*DuA6EHGcJ�V6KHU]EHV�v3J�KHv�LOG;SuJ�D�BmDuEMJ3V�B�SuJ�PCVCp�B~�<J�VCp³B�VCp'VCJ�D�B�NQDaPCB�K�X�JWp6E�{�UWEHV6q�J�{t�zJ3VCp
N�ACB�SuB3NrDaLfSaERG.DaERNYG�DuA6LfGaL�Z�DaJ�q3LQDuA6LYS*l8E�DuA�V6J3V�� �<J�Vzp�Lfp³DuLYSuXgGu^�B�SuL�DaACL�DaLfSaXgG*NQJ3V3DuSaEH�6P�DuEMVCq'X�J3G.D�DuJ�G.DaSuPCNrDuP6SuB�K
N�ACB�V6q�LOG4EHV�G.U�G.DaLfX�Gfn/� J�S�G.EHJ�V~EMV�X�J�KHLfNYP6KHLfG,J�NYNYP6SuG,l8ACLYV�SaJ�DuB�DaEHJ�V}B�SaJ3P6VCp~B*�zJ3VCp�NYB�PzG.LOG8BmDaJ3XgGtDaJgP6VCp6LYSuq�J
G.DaLYSuERNYB�K�NYKHB3G.ACLfG�ZhI]NfI�P6SuSuB¨U3�6� ���3� ^Qn

� J�S�G.EHJ�Vce<J�DuLYV�DaERB�KRG8Z�EHX�e6SuJ�e<LYS�DaJ3SuGaEHJ�V�B�V6q�KHLfG�B�VCpce<J�DuLYV�DaERB�KRGu^	NfB�V*�zL8PCGaLfp�DaJ�XgB�EHV�DuB�EMV*NQLYSaDuB�EMV*X�J�KHLfNYP6KHB�S
N�ACB�SuB3NrDaLfSaERG.DaERNYG_KMEHo�L�e6KRB�VzB�SuE�D>U]EHV³SaEHV6q�GaUWG.DaLfXgGYn�� {�J3SuNYLQ¶CLfKHp�XgB¨U'p�J�l8EMDaACJ�P�D�B~DuJ�S�G.EHJ�VCB�K	DaLYSuX�WU�G.EHX�e6KMU
SuLYKHU�EHV6q�J�V¬V6J�V��§�<J�VCp�LOp1EHV�DaLfSuB3NrDaEHJ�VzGYn1I]J3G.D�{�J3SuNYLQ¶CLfKHp6G�{�J3S*eCSaJ�DaLYEHVCG�B�Vzp¬NYJ�X�e6KHLQ��X�J�KHLfNYP6KMLOG�p�J�AzB¨v�L�B�V
EHX*eCKMERNQEMDcDaJ3SuGaEHJ�VCB�K DuLYSuX�n��|J3SuGaEHJ�VCG�B�SuL�PCGaPCB�KHKMU�LQ��e6SuLfGuG.LOp'B3GcB 
4J3GaEMV6L�GaLYSuEHLfG_LQ��eCB�VCG.EHJ�V�EHVCNQJ3Sae<J�S�BmDuEMV6q}DaACL
DaJ3SuGaEHJ�V}B�V6q�KHLgZ

ω
^,B�VCp}B�eCACB�GaL_{hB�NrDuJ�S[Z

γ
^�Z�´?y�PCB�DaEHJ�V :6n \ ^Qn

v(ω) =

N∑

n=0

Vn/(2[1 + cos(nω − γ)])
Z :Cn \ ^

�,A6L�e6ACB3G.L�{hB�NQDaJ�S�p�LOGaNYSaEH�zLOG}DaA6L�GaE�DuPCBmDuEMJ3V�l8A6LfV°B1DaJ3SuGaEMJ3V�B�VCq�KHL�q3J�LOG�DuA6SuJ�P6q3A B¬X*EHV6EHX�P6X�n �,A�PzG
{�J�S�LYDaACB�V6L�DuA6LYSuL~l8EMKHK8�zL}DaACSaLfL}X�EHV6EMXgB³B�G*SuJ�D�BmDaEHJ�V1J�{FDuA6L�NYB�Su�<J�V��dNYB�Sa�<J�V��<J�VCp1SaLOG.PCK�D�G�EHV¬DaA6L�BmDaDuB�N�ACLfp
AWU�p�SaJ3q�LfVCG[EHV3DuLYS�B�NQDaEHV6qCn]�,A6L�DaJ3SuGaEMJ3V�B�V6q3KML}BmD�B'X*EHV6EHX�P6X LfV6LYSuq�U�l8EMKHK4DaAWPCG��zL}LYEMDaA6LfS �3�

◦
�,¤O¸ �

◦
J�S�: ���

◦

l8A6LfV·G.DuB�S.DuEMV6q�l8EMDaA·DaA6L�G.DuB�q�q�LfSaLOp�NQJ3V�{�J�SuXgBmDuEMJ3V�n¬I�J�p�EM{�UWEMVCq�DuJ�S�G.EHJ�V�DaLYSuXgG�J�V%p�J�PC�6KML��<J�VCpCG�EHG�B�KHX�J3G.D
DaACL�GuB�X�L*B�G_�6SuLfB�oWEHV6q}B��zJ3VCp���DuAWPCG;DaJ�S�GaEMJ3V]LYV6LfSaq3EMLOGF{�J3S[p�J�P6�CKML*�zJ3VCp6G_l8EHKMK��<L*X�PCN�A'ACEMq3A6LYS;DaACB�V�VCJ�SuX�B�K
DaJ3SuGaEHJ�VCB�K8LYV6LfSaq3EMLOG�ZhI]NfI�P6SuSuB¨U3�,� ����� ^rn��,ACL�V6J�V��§�<J�VCp�LOp¬DaLYSuXgG�p�LOGaNYSaEH�zL]DaA6L�EHV�DaLYS�B�NQDaEHJ�V%�<LQD>ltLYLYV�B�DaJ�X
eCB�EMS�G�G.LfeCB�S�BmDuLfp��WU�BmD/KHLfB3G>D�DuA6SuLYL8�<J�VCp6G/�6P�D4B�KHGaJ[BmDaJ3X eCB�EMS�G�l8A6ERN�AgB�SuLtEHV�p�EM½<LfSaLfV�D/X*J3KMLONQP6KHLfGfn�wFJ�V6� �<J�VCp6Lfp
EHV3DuLYS�B�NQDaEHJ�VCGgXgB¨U·EMVzNQKHPCp�L'AWU�p�SuJ�q3LYV��<J�VCp6Gf�	</B�V p�LYS}@�B3B�KRG�EHV3DuLYS�B�NQDaEHJ�VCG}B�VCp%LfKMLONrDaSuJ3G.DuB�DaERN�EHV3DuLYS�B�NQDaEHJ�VCGfn
�,A6LOG.L�B�SaL[PzG.PCB�KMKHU~SaLfe6SaLOG.LfV�DaLfp�B3G�N�ACB�Saq3LfG,J�V]DaA6L�B�DaJ3X*ERN[VWPCNYKMLfPCGFJ3S;B�SuJ�PCVCp}DaA6L*BmDaJ3X�n8b§D�EHG;v�LfSaU~p�EM�gNYP6KMD
DaJ*SuLYe6SuLfGaLYV�D4ezB�SaDaERB�K�N�ACB�Suq�LOG?B�VCpgDuA6LYSuL_B�SaL�B�{�LYl�X�LQDuA6J�p6GtDaJ�p�J�DaA6ERG8B�KMDaACJ�P6q3A�V6J�VCL;J�{|DaACLYX¡B�SuL�NQP6SuSaLfV�DaKHU
�CB3G.LOp�J3V}LY�We<LYSuEHX*LfV�DuB�K�X�LOB�GaP6SaLfX�LYV�DuG,J�{ eCB�S.DuEHB�K�N�ACB�Suq�LOG;Z\µ�LfB3N�A��C� �3� ¤¨^rn

»FU�p�SuJ�q3LYV%�<J�VCp6G~XgB¨U·�zL�SaLfe6SaLOG.LfV�DaLfp�B3G�LY��e6KMERNQEMD}AWU�p�SuJ�q3LYV��<J�VCp%DuLYSuXgG�J3S}B�G}B�SuLfGaP6KMD}J�{=</B�V�p�LfS
@³B�B�KRGFB�VCp�LYKHLfNQDaSuJ3G.DuBmDuEHN_EHV�DaLYS�B�NQDaEHJ�VCG�Zh£tSaJWJ3oWGc�Y�F�m�MªM²/¤O¥�¸;:3^rnt»FU�p�SuJ�q3LYV��zJ3VCp6G�X�B¨U~B�KRG.J��<L�SuLYe6SuLfGaLYV�DuLfp}��U
B]X�J�p�EM¶CLfp¬µ�LfV6VCB�S�pW�d��J3V6LfG�ezJ�DaLfV3DuEHB�K_Zh´?y�PCBmDuEMJ3V :Cn � ^rn³�,A6EHG�{�P6VzNrDaEHJ�V¬EHG�PCGaLfp�DaJ'eCSaLOp�EHNQD�DuA6L~EMV�DaLfSuB3NrDuEMJ3VCG
�<LQD>ltLYLYV�B�AWU�p�SaJ3q�LfV��<J�VCp~B�NfNQLYe6DaJ�SFB�VCp~B�AWU�p�SuJ�q3LYV}B�DaJ3X~n

v(r) = A/r12
− C/r10 Z :Cn � ^

l8A6LfSaL�� B�VCp 
�B�SaL_eCB�S�B�X�LYDaLYS�Gtp�LfGuNQSuEM�CEMV6q�DaACL�p6EHG.DuB�VCNQL�BmD8l8A6ERN�A~NYJ�KHKMERGaEMJ3VCG?J�NfNQP6S8B�GtltLYKHK�B�G4DaACL_LfV6LYSuq�U�B�D
l8A6ERN�A�DaA6LtNQJ3KMKHEHGaEHJ�VCG�J�NfNQP6S?Z\µ�LOB�N�A��m� �3� ¤O^Qn|«6J3SuNYLQ¶CLfKHpCG�B�SuL�e6SuEMXgB�SuEHKMU;PCG.LOp_DaJFSuLYeCSaJ�p�PCNYL/G>DuSaPzNrDaPCSuB�K�e6SuJ�e<LYSaDaEHLfGfn
«6J3SuNYLQ¶CLfKHpCG�NYB�VgB�KHGaJ��zLFezB�S�B�X�LQDuLYSuEM¯fLfp�DaJ[SuLYe6SuJ�p�PCNQL8NYLYSaDuB�EHV�e6SuJ�e<LYSaDaEHLfG�L�n qCn	EMD4G.ACJ�P6KRp*�zL8e<J3GuG.EH�6KHL,DaJ[PCGaL,DaACL
GuB�X�L*GaLQD[J�{4eCB�SuB�X*LYDaLfSuG�{�J�ScB�KMK��z�§B�KMomB�V6LfGfn/&WJ3X*L�eCB�SuB�X�LQDaLfSuG_NYB�V�B�KHGaJ~�zL*DaS�B�VzG>{�LfSaSuLfp'�zLYD>l4LfLYV�{�J�S�NQLQ¶zLYKRp6G
l8EMDaA6J3P�D�EHV��CP6LfVCNQEHV6q�DaACL�NYB�KHNYP6KHB�DaEHJ�VCG_DuJWJ�X�PCN�A�n ��B�S�B�X�LQDuLYS�G_KMEHo�Lg�<J�VCp�B�V6q�KHLfG[B�VCp��zJ3VCp³KHLYV6q�DaACGcNfB�V³�<L
SuLfB�p6EMKHU~DaS�B�VCG.{�LYSuSaLOp��<LQD>ltLYLYV'{�J�S�NQLY¶CLYKRp6GfncI�J3G.D;{�J3SuNYLQ¶CLfKHpCG;PzG.L�DaA6L�NQJ3VCNQLfe�D�J�{4B�DaJ�X�D>UWe<LfG�ZB&6N�A6KMERN�o��|� �3� ��^Qn
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�,AWPCG8DuA6L�ezB�S�B�X�LQDuLYS�G,{�J�S�B}G.e 3 NYB�Sa�<J�V�EHV]B�GaP6q3B�S�B�VCp~DuACBmD;{�J�S_B�G.e 3 NYB�Sa�<J�V�EHV'B�V]B�KMomB�V6LcJ�S;B�KRNQJ�ACJ�K|l8EHKHK
p�EM½<LfS[l8E�DuA³SaLOG.e<LfNQD_DuJ}�<J�Vzp�KHLYVCq�DaAzG[B�VCp�LYV6LfSaq3EMLOGYn*�,A6ERG�X*LYDaA6J�p�J3KMJ3q�U�ERG�EMX�e6KHLYX�LfV3DuLfp�EMV�DaACL
t»�����I]I
B�Vzp}�;I]£t´?��{�J3SuNYLQ¶CLfKHpCGY��l8A6ERN�A~�zJ�DaA~L�n qCn�ACB¨v�L�p�EM½<LfSaLfV�D,ezB�S�B�X�LQDuLYS�G/{�J3S,»�EHG.DaERp�EHV6L��zp�LYe<LYVCp6EMV6q�J3V}l8A6LfSaL_EMD
ERG,e6SaJ�DaJ3VCBmDuLfp�Zh£tSaJWJ3o�LfG[�Y�t���MªM²�¤f¥�¸;:=MW@�LYEHV6LYS��Y�t���MªM²�¤f¥3¸ \ ^Qn

bdV�J�S�p�LfS�DaJ'GuB¨v�L�NYJ�X�e6P�D�BmDaEHJ�VzB�K�DuEMX�L�DuA6L���V6E�DuLfp��tDuJ�X «6J3SuNYL�« EHLYKRp�DaACLYJ�SuU%Z����;«�«�^cltB3Gcp�Lfv�LYKHJ�e<Lfp�n
���;«�«�DuSaLOBmD�G�GaX�B�KMK4X�J�KHLfNQPCKMLOG�B�G�G.EHV6q3KML�e<J�EHV�DuG�SuB�DaA6LfScDaAzB�V�B�G�X�J�KHLfNQPCKMLOGYn]��ltB�DaLYS�X�J�KHLfNQPCKML�ltJ�PCKHp³V6J�D
�<L�SuLYe6SuLfGaLYV�DaLOp�B�G_B�DaACSaLfL�BmDuJ�X�X�J�KHLfNYP6KML��6P�D[B�G�B�J�V6L�ezJ3EMV�D s B�DaJ�X��rn��,A6L*GaB�X*L*NYB�V��zL�p�J�VCL�L�n qCnF{�J�S�B�V
LQDuAWU�KHLYVCLtX�J3KMLONQP6KHL�n����;«	«'l8EMKHK�D�B�o�L4DaACL8LQ½�LfNrD�G�J�{zDaA6L8AWU�p�SuJ�q�LfVCG EMV�DaJ[B3NYNQJ3P6V�D�l8A6LYV�NQJ3VCG>DuSaPzNrDaEHV6q_DaACL,GaEHV6q�KHL
s BmDaJ3X���n8�,A6ERG�NfB�V�SuLfGaP6K�D;EMV]B�GaP6�CG.DuB�V�DaERB�K p6LfNQSuLfB3G.L[J�{/NQJ�X�e6P6DuBmDuEMJ3VCB�K�DaEHX*L�L�n qCnt{�J�S;�6P�D�B�V6L�DaA6LfSaLcltJ�PCKHp~�<L
¤ \�\ DaLYSuXgG�DaJ�NYB�KRNQPCKHB�DaL�l8E�DuA�B�V�BmDuJ�X �CB�GaLfp'{�J�S�NQL�¶zLYKRp�n~��e6e6KHUWEMV6q�����«�« SaLOG.PCK�D�G[EMV�J3V6KHU1¤ � DuLYSuX�G[DaACB�D
V6LfLfpgDuJ��<L�NYB�KRNQPCKHB�DaLfp�n ´/v3LYV}X*J3KMLONQP6KHLfGtGaPCN�A}B3G?�<LYV6¯fLYV6L_ACB¨v3L��<LYLYV}eCB�S�B�X�LYDaLYSuEH¯YLfp�l8EMDaA����;«	«�Zh� J¨�WvmB�LYS�p��
¤f¥3¥ � ^rn

bdV�J3Sup�LfS[DaJ�PCGaL�V6J3V��§G.DuB�VCp6B�Sup�X�J�KHLfNYP6KMLOG�EHV�{�J3SuNYLQ¶CLfKHp6Gf�	DaA6LfU³V6LYLOp³DaJ��zL}eCB�S�B�X�LQDuLYSuEM¯fLfp�n��,A6EHG�EHG�DaACL
e6SuJ�NQLfGuG�J�{cp�LY¶CV6EHV6q³DaACL]�zJ3VCp·KMLfV6q�DuACGf�t�<J�Vzp�B�V6q3KMLOGgB�VCp%LfV6LYSuq�EHLfGf�tp6EMA6LOp�S�B�KFB�VCq�KHLfG�B3Ggl4LfKMK;B�G�EHX*eCSaJ3ezLfS
DaJ3SuGaEHJ�V%B�V6q3KMLOG�{�J3SgDaACL�X*J3KMLONQP6KHL�n 
tB�KHNYP6KRBmDaEHJ�V·J�{_DaJ3SuGaEHJ�VCB�KtLfV6LYSuq�EHLfG�ERG�PCGaPCB�KHKHU¬p�J3V6L�v�ERB�GaJ�X�L�y3PzB�V�DaP6X
X�LfN�ACB�V6ERNYB�K�NfB�KRNQP6KRBmDuEMJ3V�n��FKMDaA6J3P6q�A�eCB�SuB�X*LYDaLfSaEH¯fB�DaEHJ�V�J�{|{�J�S�NQLY¶CLYKRp6Gt{�J3SFNQLYSaDuB�EMV~X�J�KHLfNYP6KMLOG,NYB�V}DuB�o�L�P6e�B*KMJ�D
J�{�DaEHX*L3�/EMD�NfB�V1B�KHGaJ'�<L~p6J�V6L}��U�LOG>DuEMXgB�DaEHV6q]DuA6L~B�e6e6SuJ�e6SuERBmDaL�eCB�S�B�X�LQDuLYS�Gc�CB3G.LOp�J�V·G.EHX�EMKRB�S*X�J�KHLfNYP6KMLOG�J3S
�<J�VCp6Gfn/�,A6ERG8NYB�V~eCSaJ�p�PCNYL�SaLOB�GaJ�VCB��6KML;SaLOG.PCK�D�G,E�{	DaA6L[LOG>DuEMXgB�DaEHJ�V~EHGFp6J�V6L�PCGaEMVCq�DuA6L[SuEMq3A3DFB�DaJ�X¡D>U�e<LfGfn
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I�EHV6EHX*EH¯fB�DaEHJ�V��CB3G.ERNYB�KMKHU�SuLQ{�LfSuG,DuJ�DaA6L�LYV6LfSaq3U}GaP6S.{hB3NQL[�<LYEHV6qgLQ��e6KHJ�SuLfp�B3GFBge6AWU�G.ERNYB�K�G.PCS.{hB3NQL[l8EMDaA�vmB�KHKMLfU�G
ZhNYJ�SuSaLOG.e<J�Vzp�EMVCq�DaJ�KHJml LYV6LfSaq3EMLOGu^FB�VCp�e<LfB�o�G�Zhl8A6EHN�A�NQJ�SuSuLfGaezJ3VCp6G,DuJ�A6EHq�A6LfS�LfV6LYSuq�EHLfG�^rn�I]EMV6EHX�EM¯OBmDuEMJ3V]EHG�DaACL
e6SuJ�NQLfGuG8�WU�l8A6ERN�A]l4LcDaSuU�DuJ�SuLYKHEMLfv�L�DaACL*G.DaS�B�EHV�J�V]BgX�J3KMLONQP6KHL�B�VCp�B�SuSaEHv�LcB�D_Bgq3KMJ3�CB�K|LYV6LfSaq3U}X�EHV6EMX�P6X±Z�J3S
vmB�KHKMLfU6^F{�J3ScB�NQLYSaDuB�EMV³G.DaSuPCNrDuP6SaL�Z�EMDcERGcB�KHX�J3G.D_EHX�ezJ�GaGaEM�CKML�DuJ~oWV6Jml l8A6LQDuA6LYS�DuA6LgKMJ�NfB�K�X�EMVCEMX�P6XERG[B�KRG.J}DaACL
q�KHJ��zB�K�LYV6LfSaq3U�X�EMVCEMX�P6X�^rn?�,A6L�e6SuJ��CKMLfX�NYB�V}�<LcG>D�BmDuLfp}{�J�SuXgB�KHKMU�B3GYi

s ©_EMv3LYV�B�{�P6VzNrDaEHJ�V���l8A6ERN�A1p�LfezLfVCp6G�J�V�J�VCL�J�S�X*J3SaLgEHVCp�LfezLfVCp�LfV3D�vmB�SuEHB��6KHLfG�
1
���

2
�HnHnMnH� �

i

¶CVCp³DuA6L
vmB�KHP6LfG,J�{|DuA6L[vmB�SuEHB��6KMLOG4{�J�S8l8A6ERN�A���ACB�G8B*X�EHV6EMX�P6X�vmB�KMP6LQ��Z\µ�LfB3N�A��C� �3� ¤¨^rn

�,A6LfSaL�B�SuLcD>ltJ}XgB�EMV�X*LYDaA6J�p6G�J�{4X�EHV6EMX�EH¯fB�DaEHJ�V���VCB�X�LYKHU�DaA6J�G.L*l8A6ERN�A�PCGaL�p�LYSuEMvmB�DaEHv�LfG_B�Vzp]DuA6J3GaL�l8ACEHN�A�p�J
V6J�Dfn�bdV�{�P6VzNrDaEHJ�VzGtDaACB�DtPCGaLfGtp�LfSaEHvmBmDaEHv�LOG/DuA6L;¶CSuG.D8p�LYSuEMvmB�DaEHv�L�J�{ B[{�PCVCNrDuEMJ3V}l8EHKMK��<L;¯fLYSuJ�B�D4DuA6L;X�EHV6EHX�P6X�B�VCp
DaAWPCG4EHVCp�ERNYBmDuL8DaACL�X�EMVCEMX�P6X LYV6LfSaq3U�q3EMv3LYV�BcNYLYSaDuB�EHV�G.DuB�SaDaEHV6qce<J�EHV�Dfn�I�J�G>D?X�EHV6EHX*EH¯fB�DaEHJ�V�X�LYDaA6J�p6GtNYB�V6V6J�D4q�J
P6e6ACEMKHK|B�Vzp�DuAWPCG8B�KHK�DaA6L[X�LYDaA6J�p6G8l8EHKHK�¶CVCp}DaACL[KMJ�NYB�K�X�EMV6EHX�PCX¼NQKHJ3GaLfG.D,DaJ*DaACLcG>D�B�SaDaEHV6qgNQJ�V6{�J�SuX�B�DaEHJ�V�n

bdV~V6J�V��dp�LfSaEHvmBmDaEHv�L_X�LQDuA6J�p6G8J�{�X�EMVCEMX�EH¯fBmDuEMJ3V�DuA6LYSuLcB�SuL;D>l4J�XgB�EHV�X*LYDaA6J�p6GFVCB�X�LYKHUgDuA6LcG.EHX�e6KHLQ��X�LQDuA6J�p
B�Vzp'DuA6L�GaLfy�P6LfV3DuEHB�K�P6V6EHvmB�SuEHB�DaLgX�LQDuA6J�p·Z\µ�LOB�N�A���� �3� ¤O^Qn��,A6L�GaEMX�e6KHLQ��X*LYDaA6J�p³XgB�o3LfG�PCGaLgJ�{8B�I���¤�GaEHp6Lfp
q�LfJ�X�LQDuSaERNYB�K�¶Cq3P6SaL]Zhl8A6LYSuL}I ERG�DaA6L�p6EMX�LYVzG.EHJ�VCB�KMEMD>U�J�{8DaACL�LYV6LfSaq3U'{�PCVCNrDuEMJ3Vz^r��l8A6ERN�A�ERGcX�Jmv�LOp�B�NQSuJ3GuG_DaACL
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LYVCLYSuq�U�GaP6Sa{hB�NQL3n?�,A6ERGFERG8�<LQD.DuLYS�DaACB�V�p6LYSuEMvmBmDuEMv3L�X*LYDaA6J�p6G��6P�D�EHVWv�J3KMv3LfG,B�V�EHX*X�LfVCG.L�B�X�J�P6V�DFJ�{�NfB�KRNQP6KRBmDuEMJ3VCG
B�Vzp�EHGFDaAWPCGFJ�{ºDaLfV�EMX�e6S�B�NQDaERNYB�K n8� {�LYl¢G.DaLfeCGFJ�{/G.EHX�e6KMLY�~X�LYDaA6J�p�{�J3KMKHJml4LOp~��U~BgX�J�SuL[LQ��NQEHLYV�D_X*LYDaA6J�p�GaPCN�A
B�G�G>DuLYLfezLOG>D�p�LfGuNQLfV3D�ACB�G��zLfLYV1GaA6Jml8V³DaJ�l4J3Sao�l4LfKMK_Zhµ|LfB�N�A|��� ��� ¤O^rn��,A6L~G.LOy�P6LYV�DaERB�K4P6V6EHvmB�SuEHB�DaL�X�LQDuA6J�p�ERG
PCGaPCB�KHKHU�PCGaLfp�{�J�S8y�PCB�V�DaPCX�X�LfN�ACB�V6ERNYB�K�NfB�KRNQP6KRBmDuEMJ3VCGYn	b§DFltJ�SuoWG4�WUgDuB�oWEMV6qgB�NQJWJ3Sup�EHVCB�DaL��Wq3LYV6LfSuB�DaEHV6qcD>ltJ�V6LYl
G.DaSuPCNrDuP6SaLOG_{�J�S�DuACBmD�NYJ�J3Sup6EMVCB�DaL3�|NYB�KHNYP6KHB�DaEHV6q}DaA6LgLfV6LYSuq�U'B�VCp'DaA6LfV³¶6D.DuEMV6q]B~eCB�SuB��zJ3KHB}J�V�DaACL�DaA6SuLYLge<J�EHV�DuGfn
�,A6L[KHJml4LOG>D8e<J�EHV�DFEHGtDuA6LYV]p�LYDaLfSaX�EHV6Lfp~B�VCp}DuA6LcNQJWJ�S�p�EHVCBmDuL�EHGFN�AzB�V6q3LfpgDuJ�DaA6ERG8KHJml4LOG>D8e<J�EHV�Dfn/�,A6ERG8e6SuJ�NQLfGuG,ERG
SuLYe<LfBmDuLfp�P6V�DaEHK6V6J�V6Lfl1KHJml4LOG>D�e<J�EHV3D/NfB�V*�zL,{�J3P6VCp��3EMVCp6EHNfBmDaEHV6q_DaAzBmD�DaA6L8X�EHV6EHX�P6X ACB�G��<LYLfV*SuLfB3N�A6Lfp}ZB&�N�ACKMERN�o��
� �3� �3^rn

T;LYSuEMvmBmDuEMv3L�X�LQDuA6J�p6GgB�SuL}p6EMvWERp�Lfp¬EMV�DuJ'¶CS�G.D*J3Sup�LfS�X*LYDaA6J�p6G�Zhl8A6EHN�A·J�VCKMU�PCGaL}DaA6L~¶CS�G>Dgp�LfSaEHvmBmDaEHv�L¨^�B�VCp
GaLfNQJ3VCp�J3Sup6LYS?X�LYDaA6J�p6G[Zhl8A6EHN�A}PCGaL;�<J�DuA�¶CS�G.D,B�VCp�GaLfNYJ�VCp�p6LYSuEMvmBmDuEMv3LfG�^rnXK�{�DuA6L�¶zSuG.DtJ3Sup6LYStX*LYDaA6J�p6G8G.DaLfLYe<LfG.D
p�LOGaNYLYV�D�ZB&�T�^[B�Vzp 
4J3V��>P6q�BmDaL�q3SuB3p�EMLfV�D�Z�
,©[^[B�SuL*DaA6LgX�J3G.D[l8EHp6LYKHU'PCGaLfp�ng@�EMDaAW&6T¹DaA6L�¶CSuG.Dcp�LYSuEHv¨B�DaEHv�L�ERG
NYB�KHNYP6KRBmDaLOp}B3G8B*v�LfNQDaJ3Sf��DaAWPCG,eCSaJmvWERp�EMVCq*B�p�EHSaLONrDuEMJ3V�{�J3S,DaA6L[V6LY�WD8NfB�KRNQP6KRBmDuEMJ3V~G.DaLfe�n�@�A6LfV�DuA6L[X�EMV6EHX�PCX�ACB3G
�<LYLYV�NYSaJ�GaGaLfp]DaA6L�G.DaLfe�GaEM¯fL�EHGcp6LfNQSuLfB3G.LOp]EHV³J�S�p�LYS_DaJ�NYJ�VWv�LfSaq3L�J�V�DaACLgKMJ�NYB�K�LYV6LfSaq3U�X�EMV6EHX�PCX~ng@�EMDaA�LOB�N�A
NYB�KHNYP6KRBmDaEHJ�V~DuA6L�NYJ�J3Sup6EMVCB�DaLOG8J�{�DaACL�e6SuLYvWEHJ�PCGFG.DaLfe'B�SuL[PCGaLfp�B�VCp�LfB3N�A]G.PCNfNQLOGaGaEMv3LcG>DuLYe�ERG;B�D;BgSuEMq3A�D�B�V6q3KML[DuJ
DaACL[e6SaLfvWEMJ3PCG8p�EHSaLONrDaEHJ�V~J�{�X�Jmv�LfX*LfV�DfnX&�T NYB�V~SuLfGaP6K�DFEHV�G.XgB�KMK�LfSaSuJ�S�Gf�3LOG.e<LfNYEHB�KMKHU�l8A6LfV~DaA6L[X�EHV6EMX�P6X KMEHLfG,EHV
B�VCB�SaSuJml�vmB�KHKMLfU}B�Vzp�DuA6LcG.DaLYe�GaEM¯fL[EHGFKHB�Saq3L;LfV6J�P6q3A~DaJgG>DuLYe�Jmv3LYStDaA6L[vmB�KMKHLYU3n?�,AWPCG,DaACLcG>DuLYe�G.EH¯YL[VCLYLfpCGtDaJg�<L
SuLfp�PCNYLfp}l8A6LYV�B�e6e6SuJ3B�N�ACEMV6q�DaA6L[X�EHV6EHX�P6X�n

bdV 
,© DaA6L�q�S�B�p�EHLYV�D�BmDFLOB�N�A�e<J�EHV3D;EHG�J�SaDaA6J3q�J�VzB�K��6P�D�DaA6L�p6EMSuLfNQDaEHJ�VCG;B�SuL�NYJ�V��>PCq3BmDuL�n8�¢GaLQD�J�{�NYJ�V��>PCq3BmDuL
p�EHSaLONrDuEMJ3VCG,ACB�GtDuA6L�e6SuJ�e<LYSaD>UgDaACB�D,{�J�SFB�y�PCB�p�S�BmDuEHN_LOy3PzBmDaEHJ�V�DaA6L[X�EHV6EHX�P6X¼l8EMKHK��<L[SaLOB�N�A6LOp�EHV�B�V~B�X�J�P6V�D8J�{
G.DaLYezG,Lfy�PCB�K�DuJ*DaA6L[B�X�J3P6V�D,J�{ vmB�SuERB��6KHLfGfnLK;VCL_J�{|DuA6L[X�J3G.D,l8ERp�LfKMU�PzG.LOp 
,©¢v¨B�SaERBmDuEMJ3VCGtEHGtDuACBmD8J�{ ��J�KRB�o�B�VCp
�8EH�6EHLYSuL�ZN&�N�A6KHEHN�o��z� ��� �8MWµ�LfB3N�A��C� �3� ¤¨^rn

�,A6L*X�J3G.D[NYJ�X�X�J�V6KHU�PCGaLfp�G.LONQJ�Vzp'p�LfSaEHvmBmDaEHv�L*X�LQDuA6J�p'ERG;DaA6LgwFLfl,DaJ3V��§��B�e6ACGaJ�V�X�LQDaACJWp��|p�LYv3LYKHJ�e<Lfp'��U
b>GuB�B�NtwFLfl,DaJ3V*B�VCp�KRBmDuLYS�X�J�p�EM{�Lfp*�WU��FB�eCACG.J3V}ZN&�N�A6KHEHN�o��3� ��� �3^rn	�,A6Lt¶CSuG.D/p�LYSuEHv¨B�DaEHv�L,ERG�PCG.LOpcDuJ[p�LQDuLYSuX*EHV6LtDaACL
X�EMVCEMX�P6X B�VCp}DaA6L�G.LONQJ�Vzp~p6LYSuEMvmBmDuEMv3L�EHG8PzG.LOp~DaJ�p�LYDaLYSuX�EMVCL�DaA6L�NYP6Suv¨B�DaP6SuL�J�{�DaACL�{�P6VCNrDuEMJ3V�n,T�P6LcDaJ�»FLOGaGaERB�V
XgBmDuSaEM��Z\B � � ��G.UWX�X�LQDuSaERN8XgBmDuSaEM�gJ�{|GaLfNQJ3VCpgp�LfSaEHvmBmDaEHv�LOGu^�EMVWv�LfSuGaEHJ�VCG��<LYEHV6q*B�e6e6KHEHLfp�DuJ�NYB�KHNYP6KHB�DaL�DaA6L;LYV6LfSaq3U
GaP6S.{hB3NQL3�CEMD;ERG�v3LYSuU~NYJ�X�e6P�D�BmDaEHJ�VzB�KHKMU}EMV�DaLfVCGaEMv3L�B�VCp�DaAWPCG;EHG�PCG.LOp�J�VCKMU}{�J�S;X*J3KMLONQP6KHLfG�KMLOGaGFDaACB�V�� �3� BmDuJ�XgGFEHV
GaEM¯fL�n�</B�SuEHB�DaEHJ�VCGtACB¨v3L��<LYLfV~EHV�DaSuJ�p�PCNQLOp���l8A6ERN�A�PCGaL_DaA6L[GuB�X�L_EMVWv�LfS.DuLfp}»FLfGuGaEHB�V}XgBmDuSaEM�g{�J�S8GaLYv3LYS�B�K�G>DuLYeCG,�6P6D
GaEMX�e6KHU�SuLfNfB�KRNQP6KRBmDuLfG4DaA6L[q3SuB3p�EHLYV�DuG,BmD8LOB�N�A�G>DuLYe�n

I�EHV6EHX*EH¯fB�DaEHJ�V�X�LYDaA6J�p6Gtl8EHKMK�V6Lfv�LYStSuLfB�N�A�DuA6L_LQ�6B�NQD4X�EMVCEMX�P6XZ��<LfNfB�PCGaL�J�{�DaACL_G.DaLfe}GaEM¯fLO^��CP�D8l8EMKHK�B�KHltB¨U�G
q�LYD�NYKMJ�G.LfS[B�VCp�NQKHJ3GaLYSO�zDuAWPCG_DaA6L�V6LfLfp]DaJ��zLgB��6KML�DaJ}DaLfKMK�DuA6L�e6SuJWNYLfp�PCSaL*l8A6LYV'DaJ�G.DaJ�e|n��,A6L�X�J3G.D�NYJ�X�X�J�V
l,B¨UWG4B�SuL8DaJ�G.DaJ�e�X*EHV6EHX�EM¯fEMV6q*l8A6LfVgDaA6L_LYVCLYSuq�U�N�ACB�V6q3L��<LQD>ltLYLfVgD>l4J*G.PzNYNQLOGaGaEHv�L�G.DaLfeCG?SuLfB3N�A�B�NYLYSaDuB�EHV�vmB�KHP6L3�
J�S[B�{ºDaLYS[B�NQLfS.D�B�EHV'VWP6X��zLfS_J�{tG.DaLfeCGYn*�FV6J�DaA6LfS[ltB¨U�ERG_DaJ�G.DaJ�e�X�EMV6EHX�EM¯fEMVCq~l8ACLYV�DaA6LgN�ACB�V6q�L*EMV³NQJWJ3Sup�EHVCB�DaL
X�Jmv�LfX*LfV�D*ERG�G.XgB�KHK,LYV6J3P6q�A¬J�S�l8A6LfV·NYLYSaDuB�EHV¬��I &�Z\�8JWJ�Da�§I�LOB�V��
&�y�PCB�SaL�q3SuB3p�EHLYV�D�^�p�EM½<LfSaLfVCNQLOG�AzB¨v�L��<LYLfV
GuBmDaERG.¶CLfp�Zhµ|LfB�N�A|�C� ��� ¤4M=&�N�A6KHERN�o<�C� ��� ��^rn
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�,A6LfSaL�B�SuL�vmB�SuEHJ�PCG�NQJ3X�e6P�DaLfS[G.EHX�P6KRBmDuEMJ3V'X�LQDuA6J�p6G[B¨vmB�EHKHB��6KHL�DuJ~GaEMX�P6KRBmDaL�X�J�KHLfNYP6KRB�S_X*Jmv3LYX�LYV�D��6P�D�DaACL
p�ERGaNYPCGuG.EHJ�V�l8EMKHK��<LgKMEHX�E�DuLfp�DaJ�DuA6L*D>l4J�X�LQDuA6J�p6G[X�J3G.D[PCG.LOp]{�J3S[e6SuJ�DaLfEMVzGY��VzB�X�LYKHU'I�J3V3DuL 
tB�SuKMJ�G.EHX�PCKHB�DaEHJ�V
B�Vzp�X�J�KHLfNYP6KRB�SFp�UWVCB�X*ERNYGfn

(*),+-)��S),+-)/9;G-3,5�240�3,6=7 3E[S>�6=UIAB24F
�SABU 0�3,6=@"A,G->�F

I�J3KMLONQP6KRB�S_T�UWVCB�X*ERNYG_ERG;DaA6L�B�e6eCKMERNYB�DaEHJ�V]J�{4wFLfl,DaJ�V|x G_Lfy�PCB�DaEHJ�V]J�{?X�J�DuEMJ3V�DaJ�B}GaLQD�J�{4ezJ3EMV�DuG;J�S�BmDuJ�XgGfn
�,A6LOG.L;Lfy�PCBmDuEMJ3VCGtB�SuL;GaJ�KHv�Lfpg{�J�S,NQLYSaDuB�EMV�DaEHX*L_EHV3DuLYSuvmB�KRG/DuJ�J3��DuB�EMVgDuA6L_X*Jmv3LYX�LYV�DtJ�{|X�J�KHLfNYP6KHLfG4Jmv�LYStB�NYLYSaDuB�EHV
DaEHX�L}e<LYSuEHJWp�n�£4U³PCGaEHV6q�GaXgB�KHK4DuEMX�L�G>DuLYeCG�ZhEMV1DaA6L}{�LYX�DaJ3GaLfNYJ�VCp�SuB�V6q�L¨^�{�J�S*LfB3N�A1NYB�KHNYP6KRBmDaEHJ�V|�/B�V1B3NYNQPCSuB�DaL
e6ERNrDuP6SaL�J�{?ACJml X*J3KMLONQP6KHLfG;X�Jmv�L�NfB�V]�<L�B�NYy�P6EHSuLfp�n��,A6L�NYJWJ�S�p�EMVzBmDaLOGFJ�{?LfB3N�A�ezJ3EMV�D[B�SuL�B�p��>PCG>DuLfp]B�{ºDaLfS_LOB�N�A
NYB�KHNYP6KRBmDaEHJ�V[B3NYNQJ3Sup6EMV6qtDuJ,DaA6L/VCLYl³v�LfKMJ�NQEMDaEHLfG|B�VCp�p�EHSaLONrDuEMJ3VCG�J�{�X�Jmv�LfX�LYV�D|p�LQDuLYSuX�EMV6LOp��WU;wFLfl,DaJ3V�x G|Lfy�PCB�DaEHJ�VCGfn
�,A6L_N�ACB�V6q3LfG�EHV�e<J3GaEMDaEHJ�V�{�J�StLfB3N�AgezJ3EMV�D,NYB�Vg�<L�NQJ�X��6EHV6Lfp�EHV�DaJ�BcDaS�B��>LONrDaJ3SaU3��l8A6ERN�A�p�LOGaNYSaEH�zLOG�DuA6L;X�Jmv3LYX�LYV�D
J�{�LfB3N�A�BmDaJ3X�n��,A6LfGaL]NYB�KHNYP6KRBmDaEHJ�VzG�ACB¨v�L�KHLfp¬DaJ�vmB�SuEHJ�PCG�EHVCGaEMq3A3D�GgEHV3DuJ�X�J�KHLfNQPCKHB�SgX*Jmv3LYX�LYV�D�GaPCN�A�B�G*DaACL
e6SuLfp�ERNrDuEMJ3V�J�{�DaA6L�X�J�DaEHJ�V�J�{[DaACL�KHJWJ�e�EHV�DuA6L��,b>I�� �CB�SaSuLYK;LYV6¯fUWX*L·ZhT;LYSuSaLfP6XgB�P�� �Y���m�MªM²�¤O¥�¥3¸3^gB�VCp%DaACL
GaP6�CGaLfy�P6LYV�D[NQJ3V�¶CSuX�B�DaEHJ�V]�WU]w;I]��Z\�8J�¯fJmvWGaoWU��Q�;���knH�|� ��� ¤O^QncT�LfSaSuLYP6XgB�P��]B�VCp�NQJ��§ltJ�Suo�LYS�G,e6SuLfp�ERNrDuLfp]DaACB�D
DaACL[KMJWJ�e~l8EHKMK|NYKMJ�G.L�X�J�SuL[G.KHJml8KHUgl8A6LYV~DaACLYSuL_ERG8V6JgGaP6�CG.DaS�BmDuL_eCSaLOG.LfV3DFB�VCp}�FJ�¯YJmv�GaoWU�B�VCp~NQJ�� ltJ�Suo�LfSuG?e6SaJmv3Lfp
DaAzBmD�DaACL�G.e<LYLOp*J�{�KMJWJ3e�J3ezLfV6EMVCq[EHG�SuLYKRBmDuLfp�DaJ[KHEHq3B�Vzp�B¨vmB�EHKRB��6EHKMEMD>U�B�VCp�D>U�e<LFJ�{<KHEMq�B�VCp�n	�,A6ERG�ERG/B�q�JWJ�p�LQ�6B�X�e6KHL
J�{<l8A6LYSuL8I]T�NYB�V��<L8PCGaLfp�DaJ�e6SuLfp�ERNrD�e6SuJ�e<LYSaDaEHLfGf�ml8A6ERN�AgNYB�V�KHB�DaLfS��zLtDaLOG>DuLfp*EHV�DuA6L8KHB��zJ3SuB�DaJ3SaUgZhµ|LfB3N�A���� �3� ¤O^Qn
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I�J3V3DuL 
tB�SuKMJ�ZhI 
,^[G.EHX�PCKHB�DaEHJ�V�p�EM½<LfSuG�{�SuJ�X I]T¡EHV�DaACB�D�EMDcq�LYVCLYS�BmDaLOG[NQJ3V�¶Cq�PCSuB�DaEHJ�VCG_S�B�VCp�J3X�KMU]�zB�GaLfp
J�V�DuA6Lce6SuLYvWEHJ�PCG�NQJ�V6{�J�SuX�B�DaEHJ�V�B�VCp~DuA6LYV]p6LfNQERp�LOGFl8A6ERN�A]NQJ3V�¶Cq�PCSuB�DaEHJ�VCGtDuJ�o�LfLYe��z�CB�GaLfp~J�V]BgGaLQD;J�{/NQSuE�DuLYSuEHBCn
&WEHV6q�KHL�B�DaJ3X�G;J�S_LYv3LYV'B�{�LYl¢B�DaJ�XgG;XgB¨U~�<L*X*Jmv3Lfp�B�D�B�DaEHX*L�B�Vzp�DaA6L*e<J�DaLfV�DaERB�K	LYV6LfSaq3U~NfB�KRNQP6KRBmDuLfp�n_b§{/DaACL
e<J�DaLfV�DaERB�KtLYV6LfSaq3U�ERGcKHJml4LfScDuACB�V�DuA6L�eCSaLfv�EHJ�PzG�G.DuBmDuL�DuA6LYV�DuA6L}NYJ�V�{�J3SaXgB�DaEHJ�V�ERG�B3NYNQLfe�DaLOp�n]b§{FDuA6L�LfV6LYSuq�U�ERG
A6EHq�A6LfS[DaAzB�V³DaACL�e6SuLYvWEMJ3PCG[G.DuBmDuLgDaACLYV³DaACL�£tJ�KMDa¯YXgB�V�{hB3NrDuJ�ScJ�{4DuA6L�LYVCLYSuq�U�p6E�½�LYSuLYVCNYLgEHG�NYB�KHNYP6KHB�DaLOp�n�b§{,DaACL
£tJ�KMDa¯fX�B�Vg{hB�NQDaJ3S?ERG?A6EHq�ACLYS/DuACB�V~B[S�B�VCp�J3X�KMU*q�LfV6LYS�BmDuLfp�VWP6X��<LYSt�<LQD>ltLYLYV � B�Vzp�¤��3DaA6L�NQJ3V�{�J�SuXgBmDuEMJ3VgEHG4o�Lfe�D
LYKRGaL�DaA6L[J3SaEHq�EHVCB�K�NYJ�V�{�J3SaXgBmDuEMJ3V}ERG,o�Lfe�D8{�J�S,DuA6LcV6LY�WDFSaJ3P6VCp�n/�,A6ERGFB�KMKHJmlFG4{�J�S�B*X�J�KHLfNYP6KML�DuJ�q�J�P6e6A6EHKHK|J�V}DaACL
LYVCLYSuq�U�GaP6S.{hB3NQL3n

�,A6L�p6E�½�LYSuLYVCNYL��<LQD>ltLYLfV�I]T B�VCpgI 
¬ERG�DuACBmD,I]T°NYB�V}NYB�KRNQPCKHB�DaL8DuEMX�LQ�dp�LfezLfVCp6B�V�Dte6SaJ3ezLfS.DuEMLOG�J�{|B�G.U�G.DaLYX
l8A6LfSaLOB�G�EHV�I 
1DuA6L;G.DuB�DaLfG4NYB�V6V6J�D4�zL;KMEHV6o�LOp�DaACSaJ3P6q�A�DuEMX�L�n�bdV�I 
1DaA6L�DaJ�D�B�KzLYV6LfSaq3U�ERG4NfB�KRNQP6KRBmDuLfp�l8EMDaA�J3V6KMU
DaACL[ezJ�DaLYV�DuEHB�K�LYV6LfSaq3Ug{�P6VCNQDaEHJ�V�l8A6LYSuLfB3G,I]T ACB3G8B�oWEHV6LQDuEHN�LfV6LYSuq�U�{�P6VCNrDuEMJ3V�B�G,ltLYKHK/ZB&�N�A6KHERN�o<�C� ��� ��^rn

(*),+-)��S) (*)� 5 7 A,G*Y?AB2���GT0�>�Y?687 AB5 F

bdV�J3Sup�LfS�{�J3S}X�J3KMLONQP6KHLfG}V6J�D~DaJ1�CU�J�½ EHV�DaJ¬GaeCB3NQL�p6P6SaEHV6q·B¬GaEMX�P6KRBmDaEHJ�V|��NQLfS.D�B�EHV��zJ3P6VCp6B�SaEHLfG}V6LfLfp�DuJ
�<L�EMX�e<J3GaLfp�J�V�DuA6L�GaUWG.DaLfX�n��,A6LYSuL�B�SuL�D>ltJ}D>UWe<LfG[J�{8�zJ3P6VCp6B�SaEHLfGfi[ezLfSaEHJ�p�ERN��zJ3P6VCp6B�SaEHLfG[B�VCp³V6J�V6� e<LYSuEMJ�p�ERN
�<J�P6VCpCB�SuEMLOGYn
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��LYSuEMJ�p�ERNg�<J�P6Vzp6B�SuEMLOGcB�SuL�PCGaLfp³l8ACLYV�X�J�KHLfNYP6KHLfG�B�SaLgEHVWv�LOG>DuEMq�BmDaLOp�EMV1GaJ�KHP�DuEMJ3V���L�n qCn]B]GaJ�KHvmBmDaLOp³e6SuJ�DaLfEMV|n
� e<LYSuEMJ�p�ERN��<J�P6VCpCB�SuU'NYB�V��<L�GaLYLfV³B3G[B�V�B�e6e6SuJ�e6SuEHB�DaLfKMU]GaEM¯fLfp��<J¨�·Z�J�{ºDaLfV�B~NYP6�<L���SaACJ�X��CEHN�p�J�p�LONYB�ACLfp�SuJ�V
J�S[Gae6A6LfSaL¨^r�|l8ACEHN�A�EHG_¶zKMKHLfp�l8EMDaA�G.J3KMv3LYV�D[B�VCp�G.J3KMP6DaL�ng�,A6ERG[�<J¨�]EHG[DaA6LfV�SuLYeCKMERNYB�DaLfp'EMV�B�KMK�DuA6SaLfLgp�EMX�LfVCG.EHJ�VzG
X�LfB�V6EMVCq�DaACB�D�B�G8GaJ�J3V�B�G8BgGaJ�KHv�LYV�D8X�J�KHLfNYP6KML�KHLfB¨v3LfGtDaACLcNQP6SuSaLfV�D,�<J¨�~B�V6J�DuA6LYS8e<LYSa{�LfNQD�NQJ3e�U}J�{	DaA6L[X�J3KMLONQP6KHL
LYV�DuLYS�G�DuA6L��zJ¨��{�SuJ�X�DuA6L�J�DuA6LYS[GaEHp�L3��DaAWPCG[B�KMl,B¨U�GFXgB�EHV�DuB�EMV6EHV6q}DaA6LgGuB�X�L*V�PCX��<LYS[J�{4X*J3KMLONQP6KHLfG_EHV'DuA6L��zJ¨�
Zh«CSaEHLfp6X�B�V��8¤f¥W¦ � ^rn��,ACEHG�EHG*PCGaLfp�DaJ'X�EHV6EHX*ERGaL�DuA6L}LY½<LONrD�J�{F�<J�P6Vzp6B�SuU�NQJ�Vzp�E�DuEMJ3VCGcJ3V1GaJ�KHv�LYV�D*EMV�DaLfSuB3NrDuEMJ3V�n
@�A6LfV�G.DaPCp�UWEHV6q}DaA6L�B�p6GaJ�Sue�DuEMJ3V�J�{?KHEHy�P6ERp6G;J�V�DaJ~G.PCS.{hB3NQLfGf��ezLfSaEHJ�p�ERNc�<J�P6VCpCB�SuU�NYJ�VCp6E�DuEMJ3VCG;NfB�V]J3V6KHU��zL*PCGaLfp
J�V~X�J�KHLfNYP6KMLOGtl8A6EHN�A�X�Jmv�L_eCB�SuB�KMKHLYK<DaJ*DuA6L[G.P6Sa{hB�NYL�n��FVWU�X�J3KMLONQP6KHL_DaACB�D�G>DuSuB¨U�G4J�P�D8J�{ DaA6L�DuJ�e~J�{ DaA6L[�<J¨��l8EHK
�>PCG.Dc�zL�p6LQ�CLONrDaLOp'�zB�N�o]EHV�n ��LYSuEMJ�p�ERN*�zJ3P6VCp6B�SaU]NYJ�VCp�EMDaEHJ�VzG[NYB�V��<LgPCG.LOp'l8EMDaA³X�J3G.DcG.AzB�e<LfG�J�{t�zJ¨��LOG;�CP�D�B
GaACB�e<L[B�e6e6SuJ¨��EMXgB�DaEHV6q*B�Gae6A6LfSaL�l8EHKMK�EHVWv�J3KMv3L�DuA6L[KMLOB�G.DFB�X�J�P6V�D8J�{�NYB�KHNYP6KHB�DaEHJ�VCGtDuJ��zLcp�J3V6LgZhµ|LfB�N�A|�C� ��� ¤O^Qn

wFJ3V��§ezLfSaEHJ�p�EHNc�zJ3P6VCp6B�SaU�NQJ3VCp�EMDaEHJ�VCG_B�SuL�GaJ�X�LQDuEMX�LfG�PCGaLfp�EHV�GaE�DuPCBmDuEMJ3VCGFl8ACLYSuL�B�VzBmDaPCSuB�K|�<J�P6VCpCB�SuU~GaPCN�A
B�G_EHV�B}ltB�DaLfS_p�SuJ�eCKMLYD_J�NYNYP6S�GYn[b§D�EHG�B�KHGaJ}e<J3GuGaEM�6KHLcDuJ�J�V6KHU�G.J3KMvmBmDuL*B~GaX�B�KMK�eCB�S.D_J�{/DuA6L�e6SuJ�DaLfEMV�G.PzN�A�B�G�DaACL
B�NQDaEHv�L_G.EMDaL_B�KMDaA6J3P6q�AgDuA6ERG?XgB¨U�KMLOB�p�DuJ�LfSaSuJ�S�G�l8A6LfV�G.DaPCp�UWEHV6q�X�Jmv3LYX�LYV�D4J�{�X�J�KHLfNQPCKMLOGYn�@�A6LfV}GaJ�KHv¨B�DaEHV6qcJ3V6KMU
B�ezB�SaD;J�{?DaA6L*X�J�KHLfNQPCKML3��GaPCN�A'B3G;B�V'B�NQDaEHv�L*G.EMDaL3�zDuA6LYV³B�SuLfGaLYSuv�J3EMS�X�PCG.D_B�KHGaJ��<L*GaLQD_P6e'EHV'J3Sup6LYSFDuJ~B3NYNYJ�P6V�D
{�J�S,DuA6L�LQ½�LfNQDuG8J�{	GaJ�KHv�LYV�D,X�J�KHLfNQPCKMLOG,X*JmvWEHV6q*EMV�B�Vzp�J3P�D8J�{|DuA6LcNQLfV�DaS�B�K�G.J3KMvmB�DaLfp}¯YJ3V6L�n�@�A6LfV�J�V6KHU�GaJ�KHv¨B�DaEHV6q
BgeCB�S.D;J�{?BgX�J�KHLfNYP6KHL��<LYSuSaJ3SuG8XgB¨U�B�SuEHGaLcp�P6L�DaJ}P6V6VCB�DaP6S�B�K X*Jmv3LYX�LYV�DFJ�NYNYP6SuSaEHV6qgl8A6LfV]eCB�SaD;J�{�DaA6L*NQJ�X�e6KHLQ�
ERG,EMV�GaJ�KHv�LYV�DFB�Vzp}B�V6J�DuA6LYS8eCB�S.D8J�{|DaACLcNQJ�X�e6KHLQ�}EHG8EHV�B*v¨B3NQP6PCXZB&�N�ACKMERN�o��z� �3� ��^Qn

(*),+-)��S)��?)��XG->�<���7V6 >?<-5 5*GT7 245�F

@�A6LfV~GaEMX�P6KRBmDaEHV6q�DaA6L�X�Jmv�LfX�LYV�D4J�{ X�J�KHLfNYP6KMLOGtl4L�NYB�V6V6J�D �>PCG.DFNQJ3VCG.ERp�LfS?DuA6L�EMV�DaLfSuB3NrDuEMJ3VCGt�zLYD>l4LfLYV�X�J3KMLY�
NQPCKMLOGY�ml8A6ERN�A�B�SuL?V6LY��D�DuJ;J3V6LtB�V6J�DuA6LYSOn|@�L,X�PCG.D�B�KRG.J�NQJ3VCG.ERp�LfS KHJ�V6q�� S�B�VCq�L/EHV�DaLYS�B�NQDaEHJ�VCG �<LQD>ltLYLYV�L�n qCn	SaLOG.ERp�P6LOG
EHV�Bce6SuJ�DuLYEHV�n ��GaPCB�KHKHU�GaJ�X�LFoWEHVCp�J�{|NQP�DuJ�½�EHG4EHV3DuSaJ�p�PzNQLfp�l8A6LYSuL�KHJ�V6q�� S�B�VCq�L8EHV3DuLYS�B�NQDaEHJ�VCG4B�SuL�NQJ3VCG.ERp�LfSaLOp�¯YLYSuJ
Bm{ºDuLYS?B[NYLYSaDuB�EMVgp�ERG>D�B�VCNYL�n���q3SaJ3P6e��§�CB�GaLfp�NQP�DuJ�½}ERG�PCGaLfp��WU*B�GuG.EHq�V6EHV6q[NQLfS.D�B�EHVgBmDaJ3XgG�EMV�B�X�J3KMLONQP6KHL8DaJ[q3SaJ3P6eCGfn
�,A6ERG/ACB3G�DuA6LFLQ½�LfNQD?DuACBmD4B�KMKzEMV�DuLYS�B�NrDuEMVCq[LYV6LfSaq3EMLOG/NYB�Vg�zL_NYB�KRNQPCKHB�DaLfp*J3V�B[q�SuJ�P6e6� q3SaJ3P6e�EHV�DaLYS�B�NQDaEHJ�V��CB3G.ERG�DuA�PzG
PCGaEMVCq�KMLOGaG�DaEHX�LcDuJ�NYB�KHNYP6KHB�DaL3nFbdV�DaACLYJ�SuU�EMD�EHG��zLOG>D;DaJ�PzG.LcVCJ}NQP6DaJ�½³�6P�D;DaA6ERG;�zLONQJ�X�LOG8DaJWJ~NQJ�X�e6P6DuBmDuEMJ3VCB�KHKHU
LQ��e<LYVCGaEHv�L_DaJ�PCGaL[EMV�e6S�B�NQDaERNQL3n��,ACLYSuL�B�SaL;D>ltJ*oWEHVCp6G8J�{ q3SaJ3P6e��§�CB�GaLfp}NQP�DuJ�½�GYi�Gal8E�D�N�A6Lfp�B�Vzp}GaA6EM{ºDaLfp�n

�,A6LcGaA6EM{ºDaLfp�{�P6VCNrDuEMJ3V�X�JWp6E�¶CLOG8DuA6L�µ�LfV6VCB�SupW�d�3J�V6LOG4e<J�DuLYV�DaERB�K P6V�DaEHK�DuA6L�NQP6DaJ�½³e<J�EHV3D�B�VCp~DaACLYV�DaACLcEMV�DuLYSa�
B�NQDaEHJ�V�LYV6LfSaq3EMLOG;GaPCp6p�LfV6KHU]p�SaJ3e]DuJ}¯fLYSuJCnc�,A6ERG_l8EMKHK�NYB�PzG.L*EMVzG>D�B��6EHKMEMDaEHLfG_EHV'DuA6L�G.EHX�P6KRBmDuEMJ3V�B�VCp�DuA6L�ezJ�DaLYV�DuEHB�K
l8EHKMK	p�LYvWERBmDaLc{�SaJ3X�DuA6L s DaSuP6Lr�[ezJ�DaLfV3DuEHB�K\n &WACE�{ºDuLfp�{�P6VzNrDaEHJ�VzG�ltJ�Suo�ltLYKHK|l8EMDaA]A6J3X�J�q�LfV6J�PzG8G.U�G.DaLYXgGFNYJ�X�e<J3GaLfp
J�{�J�VCL�B�DaJ3X D>UWezL3�6A6JmltLYv�LfS?DuA6ERG8EHG8p6EHGuB�G.DaSuJ�PCGtl8A6LfV�PCG.LOp~EMV~A6LQDuLYSuJ�q3LYV6J3PCG,G.U�G.DaLYXgG[ZN&�N�A6KHEHN�o��C� �3� �3^rn

&Wl8EMDuN�A6LOp�{�P6VCNQDaEHJ�VCGtPCGaL;B�NQJ3V3DuEMVCJ�PCGaKMU��dB�p �>PzG>DuEMV6q�X*J�p�EM¶zNfBmDaEHJ�V�J�{�DuA6L_µ|LYV6VzB�S�pW�§�3J�VCLfG�e<J�DuLYV�DaERB�KzDaJ�NYB�KHNYP��
KRBmDaL?DaA6LtEHV3DuLYS�B�NQDaEHJ�VcLfV6LYSuq�EHLfGfn|�,A6Lt�zLOG>D	v�LfSuGaEMJ3V[J�{6DuA6L,G.l8EMDuN�A[{�PCVCNrDuEMJ3V�ERG l8ACLYSuL?EMD {�J3KMKHJmlFG�DuA6Ltµ|LYV6VzB�S�pW�§�3J�VCLfG
e<J�DaLfV�DaERB�K6P6V�DuEMKCDaA6LFNYP�DaJ�½~B�Vzp�DuA6LYVgN�ACB�V6q�LOG	DaJ[¯fLYSuJ_Jmv3LYS/B�GaA6J�SaD?p�ERG>D�B�VCNYL�n��,A�PzG�DaA6LFp6E�½�LYSuLYVCNYL8�zLYD>l4LfLYV*DaACL
LYVCLYSuq�EHLfG�BmD?DaA6L�NYP�DaJ�½�e<J�EHV3D4EHG?V6J�D?B3G�q�SuLfB�D�B3G�{�J�S/DaA6L�GaA6EM{ºDaLOp*{�P6VCNrDuEMJ3V�n�µ�J3V6q��§SuB�V6q�L4{�J�S�NQLOG/NYB�V�EMV�DaLfSuB3NrD/Jmv3LYS
v�LfSaU}KMJ3V6q�p�ERG>D�B�VCNYLfGFB�VCp~DaSuUWEMVCq�DaJ�NYJ�X�e6P�DuL�DaA6ERG�EHV]BgGaP6E�D�B��6KHL�GaJ�KHv�LfV3D8�<J¨�~ERG8EHX�e6SuB3NrDuEHNfB�K nt� {�Lfl X�LQDaACJWpCG
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ACB¨v3Lc�zLfLYV�p�LYv3LYKHJ�e<Lfp�DuJ}p�LOB�K	l8E�DuA'KHJ�V6q�� S�B�V6q3L[EMV�DuLYS�B�NrDuEMJ3VCGFl8EMDaACJ�P�D�ACB¨vWEMVCqgDaJ~X�JWp6LYK�B�KHK J�{/DaA6L�X�J�KHLfNQPCKMLOG
EHV�v3J�KHv�LOp�n	�,ACL_´?ltB�KHp~G.PCX*XgB�DaEHJ�V~X*LYDaA6J�p}ltB3G,p�LYv3LYKHJ�e<Lfp�DaJ�ACB�Vzp�KML_DuA6EHG,eCSaJ3�6KMLfX�n��,ACL_´?ltB�KHp~G.PCX*XgB�DaEHJ�V
X�LQDuA6J�p�ACB�G��zLfLYV]X�J�G>DuKMU�PCGaLfp~{�J3S�A6EHq�A6KHU�ezJ3KHB�S�GaJ�KHP�DaEHJ�VCG�J�S_G.J3KMERpW�dG.J3KMERp~EMV�DaLfSuB3NrDuEMJ3VCGF�6P6D_B�KRGaJgEMVCNYSaLOB�GaEMVCq�KHU
{�J�S8eCSaJ�DaLYEHV}B�VCp�T;w;� G.EHX�PCKHB�DaEHJ�VCG�Z�´?ltB�KHp��|¤f¥3�6¤O^Qn	�,A6L�X�LQDuA6J�p~PCG.LOG8«CB3G>DF«6J3P6SuEMLfS,� S�B�VCG.{�J�SuXgG/DuJ�NfB�KRNQP6KRBmDuL
DaACL�LYKHLfNQDaSuJ3G.DuB�DaERN�LYV6LfSaq3U�EHV�v3J�KHv�LOp}l8EMDaA]DaA6LcEHV�DaLfSuB3NrDaEHJ�VzGYn,bdVCG.DaLOB�p�J�{�PCGaEHV6q�p�ERGaNYSaLYDaLce<J�EHV�DuGF{�J�SFDuA6L�N�AzB�Suq�LfGf�
B1©�B�PCGaGaERB�V�p�ERG>DuSaEH�6P�DuEMJ3V�EHG}PCGaLfp·DuJ¬B�eCe6SaJ¨��EHXgBmDaL~DuA6L�N�ACB�Saq3LfGfn ��GaEMV6q¬«CB�G.D~«CJ�P6SuEHLYS�� SuB�VCG.{�J�SuX�G�l8E�DuA�B
©�B�PzGaGaEHB�V�p�ERG>DuSaEH�6P�DuEMJ3V�J�{|N�ACB�Suq�LOGY�WB�V�B3NYNYP6SuB�DaLFSuLYeCSaLOG.LfV3D�BmDuEMJ3VgJ�{�DuA6L;KHJ�VCq��§SuB�V6q�L 
4J3P6KHJ�X���EMV�DaLfSuB3NrDuEMJ3VCG?NfB�V
�<LgJ���D�B�EHV6Lfp�n��,A6Lg´/l,B�KRp�G.P6X�XgBmDuEMJ3V�X�LYDaA6J�p�EHG��<LfG.DcPCGaLfp�l8E�DuA�e<LYSuEHJWp6EHN�GaUWG.DaLfXgG�KMEHo�LgNQSuU�G>D�B�KRG�Z�l8A6LYDaA6LfS
e6SuJ�DuLYEHV}J3S8EMV6J3Saq�B�V6ERNf^Qn

bdV�DaA6L,V6LY��D?GaLfNQDaEHJ�V�DaA6L8B�e6e6KHEHNfBmDaEHJ�V*J�{zDaA6LOG.L,X�LQDuA6J�p6G	DaJ_DuA6L��8ª �Q�m����� �C� ��� � � � �4® B�VCp�T_» ��&�ACJ�X�J�KHJ�q3U
X�J�p�LYKRG,l8EMKHK��<Lcp�ERGaNYPCGaGaLfp�n

�,+
	8+��±��
6��5,7�

I�J3KMLONQP6KRB�S*p�UWVCB�X�ERNYG�SaLOy3PCEMSuLfG�B]SuEMq3J�SuJ�PCG[GaLQDuP6e1J�{8DaA6L~eCB�S�B�X�LYDaLYS�GcEHVWv�J3KMv3Lfp³EHV�DaA6L�GaEMX�P6KHB�DaEHJ�V�n�©_LYV6�
LYS�B�K	e6SuJ�DuLYEHV'eCB�SuB�X*LYDaLfSuG�ACB¨v�L��zLfLYV³p�LQ¶CVCLfp]�CP�D[eCB�S�B�X�LQDuLYS�G8{�J3S_VCJmv�LYK	KHEMq�B�VCp6Grj¨X�J�p�EM¶CLfp]SaLOG.ERp�P6LOG�X�PCG>D��<L
q�LfV6LYS�BmDuLfp~�WU�DuA6LcPCGaLYSOnt�,ACL�B�EHX�J�{	DuA6LcX�J�KHLfNYP6KRB�S�p�UWVCB�X�EHNfGFG.EHX�PCKHB�DaEHJ�V�J�{���{hT_» ��&]EHG8DaJ�EHVWv�LfG.DaEHq3B�DaL_{�J�PCS
XgB�EHV·{hB�NrDuJ�S�GYi}DaACL�J�SuEMLfV3D�BmDuEMJ3V¬B�Vzp¬X�Jmv3LYX�LYV�D�J�{[G.P6�zG>DuSuB�DaLfG�EHV¬DaA6L]B3NrDaEHv�L�GaE�DuL��4DaA6L�X�Jmv3LYX�LYV�DgJ�{_KMJWJ�ezG
p�P6SuEHV6q}B~G.LYD;DuEMX�L*ezLfSaEHJ�p���LQ½�LfNQDuG_J�{4SaLOG.ERG>D�B�VCNYLQ�dNYB�PCG.EHV6qgX�P�DuB�DaEHJ�VCG_J�V�G.P6�zG>DuSuB�DaL��CEMVCp6EMV6q�B�Vzp�DaACL�LY½<LONrD[J�{
DaACL*SuLfGaERG>D�B�VCNYLQ�dNYB�PzG.EHV6q�X�P�DuB�DaEHJ�VCG�J3V�GaP6K�{hB3p�J¨��EMVCL��6EHVCp�EHV6qzn*�,A6L�X�Jmv�LfX�LYV�D_J�{?DuA6LgG.P6�zG>DuSuB�DaL*EHG�EHX�ezJ3S.D�B�V�D
EHV³p6LQDaLfSaX�EHV6EHV6q�DaA6L�G.DuB��6EHKMEMD>U'J�{4DuA6L�G.PC�CG>DuSuB�DaL3� B�Vzp'A6LfVCNQL�DuA6L�NfBmDuB�KMUW¯fLfp]SuLfB3NrDuEMJ3V��|EHV�DaA6L�B3NrDaEHv�LgGaE�DuL�n���V
EHV3DuLYq3SuB�DaLfpcJmv�LYSuvWEMLfl³J�{zT_» ��&�B�Vzp � � �4®�X�Jmv�LfX*LfV�D	B�G ltLYKHKWB3G|X�P�DuB�DaEHJ�V�LQ½�LfNrD�GY�3NYB�V��zLtq3B�EMV6LOpc�WU[B�e6eCKMUWEHV6q
I]T DuJ�DaA6L[X�J�p�LfKHGfn

(*)RQS),+-)��������������������! #" 3%$  � �XA,<-6=>�Y  687 6=UW5�@�5 7VA 
468@�A,G->

�,A6L;J�e�DuEMXgB�KzltB¨U�DaJ�eCB�S�B�X�LYDaLYSuEH¯YLFKHEMq�B�VCpCG�{�J�StBcX�J�KHLfNYP6KRB�S4p6U�VzB�X�EHNfG?GaEMX�P6KRBmDaEHJ�V�EHG?DaJ�EHGaJ�KRBmDuL8DaA6L;KMEHq3B�VCp
B�Vzp~p6JgEMV�{�S�B�SuLfp�GaezLONrDuSaJ�GaNYJ�eWU��6w;I]� J�S'&�� S�B¨U�G.DaPCp�EHLfGFDaJ�p�LYDaLfSaX�EHV6L[�zJ3VCp�KHLYV6q�DaACGFB�VCp~LYV6LfSaq3EMLOGYn4�,A6EHG�ltB3G
P6V�{�J3S.DuP6VCB�DaLYKHU�V6J�D*{�LOB�GaEM�CKML}{�J�S*DaACEHGgG.DaPCp6U�B�G�DaA6L�XgB�EHV¬B�EMX±l,B�G*V6J�D�DuJ³eCB�S�B�X�LQDuLYSuEM¯fL�DuA6L}KHEHq3B�Vzp6GYn K;V6L
NQJ3X�e6P�DuB�DaEHJ�VCB�K8B�e6e6SuJ3B3N�A�ERG*DaJ�PCG.L�� � � �(�º�)�+* 7_I X*LYDaA6J�p6G*DuJ�ezB�S�B�X�LQDuLYSuEM¯fL�DaACL�KMEHq3B�VCp6Gfn1�,A6ERG�X*LYDaA6J�p��
A6JmltLYv3LYSO�8EHG�v3LYSuU1DuEMX�L�NQJ3VCG.PCX*EHV6qzn¡�FV6J�DaA6LfS�B�e6e6SuJ3B3N�A�EHG}DaJ%N�A6JWJ3GaL�NYKMJ�G.LfKMU��§SaLfKHB�DaLOp�BmDaJ3X D>UWezLOGY�;�zJ3VCp
KHLYV6q�DaACG�B�Vzp]LYVCLYSuq�EHLfG�{�SaJ3X�DaA6L 
t»��;�FI]I eCB�S�B�X�LYDaLYS�¶CKHLfG�B�VCp�B�p �>PzG>D�DaACLYX DuJ~GaP6EMD;DuA6L�KMEHq3B�VCp1ZhezLfSuGaJ�VCB�K
NQJ3X�X�P6V6ERNYB�DaEHJ�V�� �/SaJ�{>n4µ?nCwFEHKHGuGaJ�V�� 
t»�����I]I±p�LYv3LYKHJ�e<LYSO�6®[B�SuJ�KHEMVzG.omB*bdVCG.DaEMDaP�DuL��-&�l4LOp�LYVz^Qn4bdV~DuA6EHG;NYB3G.L_DaACL
XgB��>J3S/B�p �>PCG.DaX�LfV3D�G/V6LfLfp�LOp�l4LfSaL,EHV�p�EHA6Lfp�S�B�KzB�V6q3KML8LfV6LYSuq�EHLfG	DuJ�{�J�S�NQL,DaACLFSaEHV6q�G�EMV�DuA6LFKHEMq�B�VCp6G�DaJcG.DuB¨U�eCKHB�VCB�SOn
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«6J3SgDaACL�T_» ��&�B�VCB�KMU�GaEHG�DuA6SuLYL'KHEHq3B�Vzp6G�SuLfy�P6EHSaLOp·eCB�S�B�X�LQDuLYSuEM¯OBmDuEMJ3V�i �<�§B�X*EHV6J3�zLfV6¯YJ3EHN]B3NQERp��FT_» �¼B�VCp
GaP6K�{hB3p�J¨��EMVCL�Z\«	EMq3P6SaL#:Cn �3^rn

&WLfv�LYS�B�K;X�EMV6EHX�EM¯OBmDuEMJ3V EHV�DaLYS�B�NQDaEHJ�VCG~B�Vzp�eCB�SuB�X*LYDaLfS~B3p �>PCG.DaX�LYV�DuG~ltLYSuL�VCLYLfp6Lfp�DuJ¬J3��DuB�EMV�DaA6L�NYJ�SuSaLONrD
eCB�SuB�X*LYDaLfSuG�{�J3S�DuA6L�KHEHq3B�Vzp6GYn K;V6KHU�DuA6L}p6EMA6LOp�S�B�K,B�VCp�EHX�e6SuJ�e<LYScDuJ�S�G.EHJ�V�B�V6q�KHLfG�l4LfSaL�X*J�p�EM¶CLOp1p�P6SuEHV6q�DaACL
eCB�SuB�X*LYDaLfSaEH¯fB�DaEHJ�V*e6SaJ�NYLfGuGYn	�,A6LF�<J�VCp�LfV6LYSuq�U*B�VCp*�<J�VCp�KHLYV6q�DaACG?l4LfSaL8o3LYe�D?B�D/DaACL�p�LQ{hB�P6KMD�
t»��;�FI]I�vmB�KHP6LOG
ZhI'B�NY®�LfSaLfKMK��Y�	���MªM²�¤f¥�¥3¸3^Qn �,A6LtVWP6X��<LYS�G�SaLY{�LYSuSaLOp�DaJ[B�D�LOB�N�AcKHEHq3B�Vzp�B�SaL?DaA6LFB�V6q�KHLfG	B�G	EHVCp�ERNYBmDuLfp�EMV�«	EMq3P6SuL :Cn �6i

�z�d�FX�EHV6J��<LYVC¯YJ�ERN[B�NYEHp}eCB�SuB�X*LYDaLfSaEH¯fB�DaEHJ�V�i

•

&WLYDtDuA6L�{�J�KHKHJml8EMV6qgp�EHA6LOp�SuB�K�B�V6q3KMLOG,BmD �
◦
i/w8��¤Q�>�¨�d» M6wF�u¤Y� � �§» MW»PK$K 
?� \ � :��§» M�»PK$K 
?� \ � � �§»�n

•

&WLYDtDuA6L�{�J�KHKHJml8EMV6qgp�EHA6LOp�SuB�K�B�V6q3KMLOG,BmDc¤f¸ �
◦
i/wF�u¤Y�d�m� : M�w8��¤Q�>�¨� � MW» K$K 
?� \ � � � � MW» K$K 
?� \ � :m�>��n

•

&WLYDtDuA6L�{�J�KHKHJml8EMV6q�EHX�e6SaJ3ezLfS,DaJ3SuGaEMJ3V}B�V6q�KHLfG8B�D �
◦
i/»F� 
?� 
?�d» M6w8� 
?� 
?�§» M 
?� 
?� 
?�§»�n

T_» ��eCB�SuB�X*LYDaLfSaEH¯fB�DaEHJ�V�i

•
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DaACL[�zLfq�EHV6V6EHV6qgJ�{ DaA6LcGaEMX�P6KRBmDaEHJ�V~LYKHEHX*EHVCB�DaLfG8DaA6L[LY½<LONrDFJ�{	DaACLcNQSuUWG.DuB�K�eCB�N�oWEHV6q*J�V}DaA6LcEHV�DaLfSuB3NrDaEHJ�V~p�ERG>D�B�VCNYLfGfn
�8{ºDuLYS4DaA6L�¶CS�G>D/{�Lfl�G>DuLYeCG?DaA6L ��{hT;» ��&}G>DuSaPCNQDaP6SuL�G.DuB¨U3Lfp�G>D�B��6KHL8{�J3S?P6egDuJ�¤FVCG;Z�KHJ�V6q3LfG.D?KHLYV6q�DaA�J�{�GaEHX�P6KRBmDuEMJ3Vz^
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GaJ�KHv�LYV�D8B�VCp�GaJ�X�L�J�{ DaA6LcN�ACB�Saq3Lfp�SaLOG.ERp�P6LOG8BmD,DaA6L[J3ezLfV6EHV6qgJ�{ DaA6LcB3NrDaEHv�L[GaE�DuL�n

µ�JWJ3e���EMV 	;ªF� �C��
 � �������AzB�G�B]�zLfV3D�NQJ3V�{�J�SuXgBmDaEHJ�V�B�VCp�DaA6ERG�LYVCGaP6SuLfG�DuACBmD���Saq � ¸�Z ��{��FKRB \ :W¦�^�G.DaERN�o�G
EHV3DuJ*DaA6L[�,b>I �CB�SuSuLYK�B�VCp}P6VCp6LYSuq�JWLfG

π − π
�§G.DuB3N�oWEMV6q�EMV�DuLYS�B�NrDuEMJ3VCGtl8E�DuA��FSuqg� � \ Z ��{/�FSuq � ¸ � ^r�Wl8A6ERN�A}KHEHLfG,EHV

BgA6EHq�ACKMU�NQJ3VCG.LfSav3Lfp~SuLYq�EHJ�V�J�{/T;» ��&�n��,A6ERG
π − π

�§G.DuB3N�oWEMV6qgEHV�DaLfSuB3NrDaEHJ�V��<LQD>ltLYLfV]�FSuq�SuLfGaEHp�PCLfGFERGFX�ERGaGaEHV6q�EHV
�8ª �Q�m����� �C� ��� �*n/µ�JWJ�e*��B�KHGaJ�ACB3G|J�DaA6LfS	G.DuB��6EHKMEH¯YEHV6q_EMV�DaLfSuB3NrDuEMJ3VCG��<LQD>ltLYLfV�µ�U�Gt¤ �4\ B�Vzp=</B�KC¦ \ Z �/{<��GaV \ ¸ � �¨µ|U�G
\4\W� ^Q�3B�G?l4LfKMK�B�G?�zLYD>l4LfLYV���Saq � ¸cB�Vzpg��Gae]¤ � ¤�Z ��{|��KHB \ :W¦W�3�;G.e \ ¸3�6��EHV�DaLYS�B�NQDaEHJ�V�X�EHGuGaEMV6q�EMV �Fª �Q��� ��� �C� ��� ��^
B�VzpgB�ltB�DaLYS?�6SaERp�q3L8�zLYD>l4LfLYV*DaA6L��CB�N�oW�<J�V6LFB�X*ERp�LFJ�{�©_KHU�¦ � B�Vzp*�;G.V���¦*Z ��{��?A6L \ :�¥6�3��GaV :�¥ � ^rn	�,A6LFl,BmDaLfS
�6SuEHp6q�L[G.LfLYV~EMV 	;ª�� �z� 
 � �!� ��c�zLYD>l4LfLYV �/A6L \ :�¥*B�VCp���GaV9:�¥ � GaLYLYXgGtDuJgX*ERGuG.EHV6q�EMV �8ª �Q��� � � �6� ��� ��B3GtDaA6L�D>ltJ
SuLfGaEHp�PCLfG8B�SuL;DaJWJ�{hB�SFB�eCB�SaD�Z\«	EMq3P6SaL#:Cn \ ^rn

«6SuJ�X DaACLtNYSaU�G.DuB�K�G>DuSaPzNrDaPCSaLOG�J�{ 	;ª�� �z� 
 � �!� ��_Z.¤f�,@ &���¤f�,@�@ �W¤f�,@�����¤f� & � B�VCpg¤f� &���^�ERG ltB3G GaLYLfV�DaACB�D
KHJ�J3eCG	:m�d¸�ACB¨v�L;DaA6LcGuB�X�L[NQJ3V�{�J�SuXgBmDuEMJ3V�EHV�B�KMK�DuA6LcG.DaSuPCNrDuP6SaLOGYn��,A6LcG.DaSuPCNQDaP6SuLfGtJ�{ �'ª	� �

� � � � � � * ����r� � ª�� � � � � �
B�Vzp �8ª � *�� �FGaA6Jml°DaACB�D;DuA6L�J3SaEHLYV�D�BmDaEHJ�V�J�{?KMJWJ3eCG :�� � B�VCp'¸�EHG_V6J�D_NQJ3VCGaLYSuv�Lfp�B�VCp]vmB�SuEHLfGFEHV]KHLYV6q�DaA��zLYD>l4LfLYV
GaezLONQEHLfGfn;µ�JWJ3e � G.ACJmlFGFX�Jmv�LfX*LfV�D;p�P6SuEMVCq�G.EHX�PCKHB�DaEHJ�VCG�Zh«	EMq3P6SuL�:6n � ^FB�VCp�DuA6ERG�XgB¨U~�zL*G.EHq�V6EM¶zNfB�V�D;B�G;KHJ�J3e �
EHV �8ª �Q��� ��� �C� ��� � NQJ�V�D�B�EHVCGFµ�U�G � \3� �6l8A6ERN�A�l8A6LYV�X�P�DuB�DaLOp�DaJ}©_KHP���NYB�PCG.LOG8SuLfGaEHG.DuB�VCNQL�DuJ�G.PCK�{hB3p�J¨��EMV6L3ntµ|JWJ�e
� {�J3SaXgG;eCB�SaD�J�{�DaACL�e�DuLYSuEMV6� �6EHVCp�EHV6q~ezJ�N�o3LQD_B�VCp]ERG;A6EMq3A6KHU]NQJ�VzG.LfSav3Lfp�n_�,A6L�¶zSuG.D�{�Lfl¢SaLOG.ERp�P6LOG�EHV'KHJWJ�e�¦�B�SuL
A6EHq�A6KHU�NQJ�VzG.LfSav3Lfp~B�G8DuA6LYU�B�SuL�NYKMJ�G.L�DuJgDaA6L*B�NQDaEHv�LcGaE�DuLc�6P�D;DaA6L�SaLOG>DFJ�{�DaA6LcSuLfGaERp�P6LfGFEMV]KHJWJ�e�¦*vmB�SaU}�zLYD>l4LfLYV
GaezLONQEHLfGfnt�,A6L�G.EHX�P6KRBmDuEMJ3V�G.A6JmltLfp}DuACBmD�KHJWJ�e�¦�ERGFSuLYKRBmDuEMv3LYKHUg�CLQ��EH�6KHL�Zh«	EHq�P6SuL=:6n � ^8B�VCp}DaA6ERG��CLQ��EH�6EMKHEMD>U��zB3G8ltLYKHK
B�G?DaACL�KHJml�G.LOy3PCLYVCNYL;NQJ3VCGaLYSuv¨B�DaEHJ�V��3EMVzp�EHNfBmDuLfG?DaACB�D4DuA6EHG4KHJ�J3e�X�EMq3A�D4V6J�Dte6KRB¨U�B�GtB�V�EHX�ezJ3S.D�B�V�D4SuJ�KHL�ZhB�K�DuA6J�PCq�A
A6LfKMEM��¦�ERG,EMVWv�J3KMv3Lfp�EMV�e6SuJ�DuLYEHV�� eCSaJ�DaLYEHV�EHV�DaLfSuB3NrDaEHJ�V<^;Z\£,B�NYB��Y�t���MªM² � �3��� MW£,B��CB�J�q3KMP³�Q�,�m�MªM² � ����\ ^rn

(*) (*) (*)/ZE3B6�� (���� 3,[ 9;0?@"6=@"A,G-> ����5 24@"F G-> �S0���F"@�7 68@�5 ��A,>�Y?AB>?< A,> ������� ���!�������! #" 3%$  �

�,A6L[e6SuJ�DuJ�NQJ�K�Gae<LfNQEM¶CLOp�EMV]GaLfNQDaEHJ�V :6n ��n ��n :*ltB3G,PCG.LOp~DaJgEHVWv�LfG.DaEHq3B�DaL_DaACLcLQ½�LfNQDuGFJ�{ DuA6L�� \ :�¦�© SuLfGaEHG.DuB�VCNQLY�
NYB�PCGaEMV6q�X�P�D�BmDuEMJ3V1J�V¬VCBmDuP6S�B�K,G.P6�zG>DuSuB�DaL��CEMVCp6EMV6qzn1�,A6L�G.EHX�PCKHB�DaEHJ�VCG*G.ACJml4LOp³DaACB�D�DaA6L~X�P�D�BmDuEMJ3V¬p�JWLfG*V6J�D
ACB¨v3LFB�VWU�GaEMq3V6EM¶zNYB�V3D/LY½<LONrD?J3V�DaA6L��6EMVzp�EMVCqcJ�{�DaACL�G.PC�CG>DuSuB�DaLOGY��B�KMDaA6J3P6q�A ����B�X�EMV6J3�zLfV6¯YJ3EHN8B3NQERpgp�ERpgG.A6Jml%GaJ�X�L
LQ�WDuSuB*X�Jmv�LfX*LfV�DtEHV�G.J3X*L�J�{ DuA6L�X�P�D�BmDaEHJ�VzG8�6P�D8DuA6EHGFltB3G4VCJ�D�p�LfLYX�Lfp�DaJg�<LcG.EHq�VCE�¶zNfB�V�Dfn
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(*) (*)��?)/9;0?@"68@�A,G-> ����5 24@"F'G-> �S0�3 � 6=Y�G��SA,>�5 �/AB>?Y�A,>�< A,> ��� ��� �����������! " 3 $  �

�8LOG.ERG>D�B�VCNYLtDaJcGaP6K�{hB3p�J¨��EMVCLtEHV ��{hT_» ��&�ERG/NfB�PCGaLfp��WU�X�P6DuBmDuEMJ3VCG�EHV�DuA6LFLfV6¯YUWX�L[Zh� SaEHq�KHEHBg�Y�/�m�MªM²�¤O¥�¥�¦�^rn	�,A6L
X�J�p�LYK/EHVCp�ERNYB�DaLOp'DuACBmDcX�J�G>D[J�{tDaACLgX�P�D�BmDaEHJ�VzG[B�SuL*KHJ�NYB�DaLfp�V6LOB�S�DaACL�B�NrDuEMv3LgG.EMDaLg�6P6DcV6J�DcEHV�DaA6L�B3NrDaEHv�LgGaE�DuL
p�EHSaLONrDuKMU�Z�J3V]KHJ�J3eCG;��B�VCp � ^rn;b§D;l,B�GFDaAWPCG_J��WvWEMJ3PCG,DuACBmD_DaA6LOG.L�X�P�D�BmDuEMJ3VCG�GaJ�X�LYACJml B�½<LONrD;DaA6L*LQ½�LfNQDaEHv�EMD>U�J�{
GaP6K�{hB3p�J¨��EMVCL;B�Vzp�DaACB�D,GaEHX�P6KRBmDuEMJ3VCG?J�{�DaACL_p�EM½�LYSuLYV�DtX�P�DuB�V�DuG4X*EHq�A�D,e6SuJmv�ERp�L�B�NQKHP6L;DaJ�DaA6L_X�LfN�ACB�V6EHGaX¹�zLfA6EHVCp
SuLfGaEHG.DuB�VCNQL3n	�,A6L_¶CS�G.D,GaEMX�P6KRBmDaEHJ�V}ltB3G,p�J�V6L_J�V}DaACL_l8EHKRpW�\D>UWe<L_GaJ�KHvmBmDuLfp�NYJ�X�e6KHLQ��l8EMDaA�GaP6K�{hB3p�J¨��EMVCL�n�«6SuJ�X¹DaACL
X�J�p�LYK<E�DtNQJ�PCKHpg�<L�GaLYLfV�DaACB�D?DaACL�X�LQDuA6J¨��U�q3SaJ3P6eCG�J�{�GaP6KM{hB�p�J¨��EHV6L8e6SuJ �>LONrD?EHV�DaJ�B[SuLYKRBmDuEMv3LYKHU�AWU�p�SuJ�e6A6J3�6ERN8B�SuLfB
NQJ3V�DuB�EHV6EHV6qC��B�X*J3V6q3G.D�J�DaA6LfSuGf��SaLOG.ERp�P6LOG ��\3� B�VCp � ¸C¤�n�bdV�DaACL�l8EHKHpW� D>UWezL3�?GaP6K�{hB3p�J¨��EMVCL�G.ACJml4LOp³A�U�p�SuJ�eCA6J��6ERN
EHV3DuLYS�B�NQDaEHJ�V]l8EMDaA�DaA6L�e6SuJ�DuJ�VCB�DaLOp]µ�U�G � \3� G.ERp�LON�ACB�EHV]DuA6SaJ3P6q�A]DaA6L�X�LQDuA6J¨��U~q3SaJ3P6eCG;J�V�G.P6KM{hB�p6J¨�WEHV6L3n[bdV]DaACL
® � \�� ´ X�P�D�BmDaEHJ�V�GaEMX�P6KRBmDaEHJ�V|��DaA6LgEHV�DaLfSuB3NrDaEHJ�V�l8EMDaA�G.PCK�{hB3p�J¨��EMV6L�ERG[�6SuJ�o3LYV�B�VCp'DaA6L�X�LYDaA6J¨��U]q3SaJ3P6eCG_X�Jmv�L
DaJml,B�S�p6G�DuA6L�X�J3SaL8AWU�p�SuJ�e6A6J3�6ERN,SaLOG.ERp�P6LOGYn�©_KMP � \3� B�KRG.JcB3GaGaJ�NQERBmDaLOG�X�J�SuLFl8EMDaAgDuA6L;GaJ�KHv�LfV3DO�3B3G/ltLYKHKzB�G/{�J�S�NQEHV6q
DaACL*KHJWJ�e'DaJ~J�e<LYV�P6e�X�J3SaL�DaACB�V'EHV'DuA6L�l8EMKRp'D>U�e<L�B�VCp'DaA6L�J�DaA6LfS_X�P�DuB�V�DuG�Zh«	EHq�P6SuL�:Cn ¦�^rncbdV�DaACL*l8EHKRpW�\D>UWe<L
X�J�p�LYK ��GaP6K�{hB3p�J¨��EMVCLtGaA6JmlFG	AWUWp6SaJ3e6A6J��CEHN4EMV�DuLYS�B�NrDuEMJ3VCG l8E�DuA���KHB � ¸6¤�n �,A6L8� � ¸C¤O©�GaEHX�P6KRBmDuEMJ3V�GaA6Jml4LOp[DuACBmD�DaACL
X�LQDuA6J¨��U�q3SaJ3P6eCG�X�Jmv�LFB¨l,B¨Uc{�SuJ�X SuLfGaEHp�PCL � ¸C¤Fp�P6L8DuJ�Bcp�LONQSuLfB3G.L8EHVgAWUWp6SaJ3e6A6J��CEHN8EHV�DaLfSuB3NrDaEHJ�V|n|bdVgDuA6L & \ : � «
X�P6DuBmDuEMJ3V]DuA6L�ezJ�GaGaEM�CKML*ezJ3KHB�S�EMV�DaLfSuB3NrDuEMJ3V]�zLYD>l4LfLYV &WLYS \ : � B�VCp'GaP6KM{hB�p�J¨��EHV6L�ERG�KHJ3G.Dfn��,A6L �/A6LgGaP6�CG.DaEMDaP�DuEMJ3V
B�KRGaJ�SuLfGaP6K�D�G�EHV�G.DaLfSaERN�A6EMVzp�SuB�VCNQL�l8A6ERN�A'XgB¨U�e6SaLfv�LfV3D�G.PCK�{hB3p�J¨��EMV6L�{�SaJ3X �6EHVCp�EHV6qCnc�,A6L�NQPCSaSuLYV�D;X�J�p�LfK�NYJ�P6KRp
V6J�DFLQ��e6KRB�EHV�DuA6Lc� � ¤�:�&zjm��X�P�DuB�DaEHJ�V�n
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B¨vmB�EHKHB��6KHL��6P�D*DaA6LfU³l4LfSaL}J�V6KHU³PCG.LOp³{�J�S�B�pCp�E�DuEMJ3VCB�K4e6SuJ�DaLfEMV6�§GaP6�CG.DaS�BmDuL�EMV�DuLYS�B�NrDuEMJ3V�EMV6{�J�SuX�B�DaEHJ�V1B�VCp�V6J�D*B3G
DaLfX�e6KHB�DaLOGFZhp�PCL8DaJ[KHJml¬GaLfy�P6LfVCNQL8ERp�LYV�DuE�D>U*B�VCp*X�EHGuGaEMV6q[KHJWJ�eCG/EMV*DaACL�NQSuU�G>D�B�K6G.DaSuPCNrDuP6SaLOGu^Qn �'ª�� �

� � � � � � * ����8B�KHGaJ
GaA6Jml4LOp[DuA6L8A6EHq�A6LOG>D/GaLfy�P6LYVzNQL,EHp6LYV�DaEMD>UcDuJ �Fª �Q�m� � � �C� ��� � T;» ��&�Z : ��� ^rn�I�J�p�LfKHG�NYJ�V�DuB�EMV6EHV6q_DaACLteCSaJ�p�PCNQD?B�VCB��
KHJ�q�PCLFB�G/ltLYKHKzB3G/GaP6K�{hB3p�J¨��EMVCL���ltLYSuL8�6P6EHKMDtB�Vzp*DaA6L;e6SaJ�p�PzNrD4B�VCB�KHJ�q3P6L,X*J�p�EM¶CLOp*DaJcDuA6L8D>ltJ[VCBmDuP6S�B�KzGaP6�CG.DaS�BmDuLfGf�
����B�X�EMV6J3�zLfV6¯YJ3EHN_B�NYEHp}B�VCp � �§AWU�p�SaJ¨��UWX�LQDuA�UWKRp�EHA�U�p�SuJ�e6DaLYSuEHV*eWUWSuJ�e6A6J�G.eCACBmDuL�n �,ACL_eCSaJ�DaLYEHV��dG.PC�CG>DuSuB�DaL_NQJ�X�e6KHLQ�
l,B�G*G.P6� �>LfNrDuLfp�DaJ�LYV6LfSaq3U�X�EHV6EHX*EH¯fB�DaEHJ�V1DaJ�SaLfKMEHLYv3L�KHJWNfB�K,G>DuLYSuEHN}NQKRB�GaA6LfGf��{�J3KMKHJml4LOp³�WU�G.J3KMvmBmDuEMJ3V�l8EMDaA%�,b � :
l,BmDaLfS[X�J�KHLfNQPCKMLOGYng�,A6L�GaJ�KHvmBmDaLOp]e6SuJ�DuLYEHV��dG.P6�zG>DuSuB�DaL�NQJ�X�e6KHLQ��ltB3G;DaA6LfV�X�EHV6EHX*EH¯YLOp³B�q3B�EMV³B�Vzp�GaP6�CGaLfy�P6LfV3DuKMU
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P6VCp6LYSul4LfV3D?B�X�J3KMLONQP6KRB�S/p�UWVCB�X�EHNfG/G.EHX�PCKHB�DaEHJ�V*{�J�S8¤fVCGYn��,A6L�GuB�X�L8e6SuJ�NQLOGaG�l,B�G�SuLYe<LfB�DaLfp�{�J3S�DaA6L;NQJ�VzG>DuSaPCNQDaEHJ�V
J�{zDaA6L8X�J�p�LfKHG/NYJ�V�DuB�EMVCEMV6q_LfB3N�A�J�{CDuA6L8SaLOG.ERG.DuB�VzNQLQ�dNYB�PCGaEMV6q;X�P�D�BmDuEMJ3VCG��6P�D�DuA6L8X�J�KHLfNQPCKHB�S�p6U�VzB�X�EHNfG�G.EHX�PCKHB�DaEHJ�V
l,B�GtDaLfSaX�EHVCBmDuLfp~Bm{ºDuLYS[¤ �3� eCGfn

«6J3S���{ � � �4® DaA6L;NQSuUWG.DuB�K6G>DuSaPzNrDaPCSaL8J�{ �Fª � *m� �	l,B�G�PCGaLfpgB3G�DaLfX*eCKHB�DaL�n��,A6L��/{ � � �?®¢GaLfy�P6LfVCNQL8J3VCNQLFB�q3B�EMV
GaA6Jml4LOp�EHVCGaLYSaDaEHJ�VCG�l8ACLYVgNQJ3X*ezB�SuLfp�B�q3B�EMVCG.D�DaA6LFGaLfy�P6LfVCNQLOG	{�SaJ3X J�DaA6LfS/G.e<LfNYEMLOGYn	bdV*DaA6LFNfB�GaLtJ�{ �/{ � � �?®°DuA6LYSuL
ltLYSuL�D>ltJ�EMVCGaLYSaDaEHJ�VzG4l8EMDaA�B*KHLYV6q�DaA~J�{	B��zJ3P�D�¥ � SuLfGaEHp�PCLfGtLfB3N�A�n�£4J�DaA~J�{	DaA6L�EHVCGaLYSaDuG,ltLYSuL;LY��NYKMPzp�Lfp�{�SaJ3X DaACL
X�J�p�LYKHKMEHV6q�e6SuJ�NQLOGaGfn��,A6L�NYSaU�G.DuB�K/G>DuSaPCNQDaP6SuLgJ�{ �8ª � *�� �_NYJ�V�DuB�EMVCLfp�B�G.P6�zG>DuSuB�DaL�B�VzB�KHJ�q�PCL�B3G�l4LfKMKtB�G[��� � EHV
DaACL~B3NrDaEHv�L~G.EMDaL3�?B�Vzp�DaACLfGaL}ltLYSuL�EHVCNQKHPCp�LOp�EHV�DuA6L~¶CVCB�K,X�J�p�LYK n��,A6L�G.P6�zG>DuSuB�DaL�B�VCB�KMJ3q�P6L�l,B�G�X�J�p�E�¶zLfp�DuJ
DaACL�VCB�DaP6S�B�K?GaP6�CG.DaS�BmDuL��/¦W� ¸m�dp�EHA�U�p�SuJ�� � �§AWU�p�SaJ¨��UWX�LQDuA�UWKM�>¦¨� X�LYDaAWUWK��>¦O�§e�DaLfS.EHV�Zh» �t^r��B�VCp�DuA6L�e6SuJ�DuLYEHV��dG.P6�zG>DuSuB�DaL
NQJ3X�e6KMLY��G.P6� �>LfNrDuLfp�DaJ�LfV6LYSuq�U�X�EHV6EMX�EH¯fB�DaEHJ�V���{�J�KHKHJml4LOp���U�GaJ�KHvmBmDuEMJ3V�B�VCp�X*J3KMLONQP6KRB�Stp�UWVCB�X�ERNYGtG.EHX�PCKHB�DaEHJ�Vg{�J3S
¤�VCGfn

�,A6L ��{hT;» ��&�X*J�p�LfKWltB3G|GaA6Jml8V[DaJ;�zL,G.DuB��CKML?{�J�S�DuA6L,p�P6S�BmDaEHJ�V�J�{�DaACLtGaEMX�P6KRBmDaEHJ�V|�OEHVCNYSaLOB�GaEMV6q;NQJ�V6¶zp�LYVzNQL/EHV
DaACL�X�J�p�LYK n�T�P6SuEHV6q[DaACL;GaEMX�P6KHB�DaEHJ�V�GaJ�X�LFJ�{�DaA6L;KMJWJ�ezG?GaA6Jml4LOp*X*Jmv3LYX�LYV�DOn	�,A6ERG?NYJ�SuSaLfKHB�DaLOG�l4LfKMKzl8E�DuAgDaACL�J��6�
GaLYSuv¨B�DaEHJ�V[DuACBmD�X�J��CEMKHL4KHJWJ�eCG�NfB�V6V6J�D	�<LtSaLOG.J3KMv3Lfp[EHV�DaJ_J�V6L,NQJ3VCG.LfVCGaPCG|J3SaEHLYV�D�BmDaEHJ�V�EMV�&F�§SuB¨U[NYSaU�G.DuB�KHKHJ�q�S�B�eCA�U3�fB3G
GaLYLYV�EMV[DuA6L4NYSaU�G.DuB�K3G.DaSuPCNrDuP6SaLOG�J�{CT;» ��&�{�SuJ�X �'ªC� � � � � � � � * �����Zh£,B�NfB��Q�	�m�MªM²6� �3��� ^r² � ªz� � � � � ��Z\»�B�X*e<LYKHL[�Q�|���MªM²
¤f¥3¥�¦�^ B�VCp 	�ª � �z� 
 � �!� ���Zh£,B��CB�J3q�KHP��Y�����MªM²<� ����\ ^rn	�,A6L�GaEMX�P6KHB�DaEHJ�V�J�{ ��{hT_» ��&�EMVzp�EHNfBmDuLfp*DaAzBmD/DuA6L�GaP6�CG.DaS�BmDaLOG
SuLYXgB�EHV6Lfp]EMV'DaA6LgB�NQDaEHv�L*G.EMDaL�{�J�S_X�J3G.D_J�{/DaA6L�GaEMX�P6KHB�DaEHJ�V���GaP6e6e<J�SaDaEHV6q�DuA6LgB�NfNQP6S�B�NYU}J�{�DaA6LgB�NQDaEHv�L*G.EMDaL3nc�,A6L
XgB�q3V6LfGaEMPCX¼EHJ�V'B�KHGaJ�SuLYXgB�EHV6LOp�EMV'DaA6L*B�NrDuEMv3L�GaE�DuL�B�Vzp]B�VCN�ACJ�SuLfp � �§AWU�p�SaJ¨��UWX�LQDuA�UWKRp�EHA�U�p�SuJ�e6DaLYSuEHV�eWUWSaJ3e6A6J3G.�
e6ACB�DaL�DaA6SuJ�PCq�A6J3P�D;DuA6LgG.EHX�PCKHB�DaEHJ�V�nc�,A6ERG�e6SuJmvWEHp�LOG;B3p6p�EMDaEHJ�VCB�K	GaP6e6e<J�SaD�{�J�S;DaA6LgB3NYNQPCSuB3NQU�J�{/DuA6LgB�NQDaEHv�L�G.EMDaL3n
&WP6KM{hB�p6J¨�WEHV6L[ERGFB ����B�X�EMV6J3�zLfV6¯YJ3EHN[B3NQERp�B�VCB�KMJ3q�P6L[B�Vzp�DuAWPCG�GaP6KM{hB�p�J¨��EHV6L[B�VCp � � AWU�p�SuJ¨�WUWX�LQDuAWU�KRp�EHAWUWp6SaJ3e�DaLfSaEHV
eWUWSaJ3e6A6J3Gae6ACB�DaL4l4LfSaLtEMVzNQKHPCp�Lfp*EHV�DuA6LFB�NQDaEHv�L,G.EMDaLtDuJ_EHVWv�LOG>DuEMq�BmDaL4DaACLtX�LON�ACB�V6ERGaX¢J�{�G.P6KM{hB�p6J¨�WEHV6LtEMVCA6EM�CE�DuEMJ3V�B�VCp
SuLfGaEHG.DuB�VCNQL3n*�,A6LgGaEMX�P6KRBmDaEHJ�V�EHVCp�ERNYBmDuLfp'DaACB�D�G.PCK�{hB3p�J¨��EMV6L3�|p�P6L*DuJ~EMDuGcKHB�Saq3LYS�G.EH¯YL3�|G.ACJml4LOp'X�J�SuL*EMV�DaLfSuB3NrDuEMJ3VCG
l8EMDaA�DaA6Lte6SuJ�DaLfEMV�DaACB�V � ��B�X�EMVCJ��<LYV6¯fJ�ERN4B3NQERpcB�VCpcDaAWPCG�SuLYXgB�EHV6LOp[EMV�DaACLtB3NrDaEHv�L,GaE�DuL?{�J3S KHJ�V6q3LYSOn �,A6ERG�G.PCq�q�LOG>DuLfp
e<J3GuG.EH�6KHL�NYJ�X�e<LQDaEMDaEHJ�V³�<LQD>ltLYLfV³GaP6KM{hB�p�J¨��EHV6L�B�VCp �z�dB�X�EHV6J��<LYVC¯YJ�ERN�B�NYEHp'{�J�S�DuA6L�B�NQDaEHv�LgG.EMDaLgEHV�DaA6Lgl8EHKRpW�\D>UWe<L
e6SuJ�DuLYEHV�n &�P6K�{hB3p�J¨��EMVCL}GaA6Jml4LOp�EHV3DuLYS�B�NQDaEHJ�VCG�l8E�DuA¬µ�U�G � \�� ���FKRB � ¸6¤3�L&�LYS \ : � B�VCp¬�FKRB \ :W¦Wn��,A6L}e<J3GaEMDaEHJ�V
J�{ ����B�X�EMV6J3�zLfV6¯YJ3EHN*B�NYEHp�EHV'DuA6L�T_» ��&³B3NrDaEHv�LgGaE�DuLgACB�G�VCJ�D[�zLfLYV³SuLfGaJ�KHv�Lfp�B�VCp�LQ��e<LYSuEMX�LfV3D�B�K�ltJ�Suo]G.PzN�A�B3G
DaACL_X�P�DuB�DaEHJ�V~J�{ ��{�µ|U�G ��� ¥~Z�eCSaJ3ezJ�G.LOpgDaJ�EHV�DaLYS�B�NQDtl8EMDaA � ��B�X�EMVCJ��<LYV6¯fJ�ERN;B3NQERp M6£,B��CB�J�q�KHP��Y�t���MªM²|� ���4\ ^/X�B¨U
e6SuJmv�L�DaJg�<L_vmB�KMPCB��6KHL�n�T�LfSaSuLYXgB�P����Q�8�m�HªFZ>¤O¥�¥3¸3^4G.P6q3q�LOG>DuLfpgDuACBmDFKHJWJ�e~X�Jmv�LYX�LfV3D,X�EMq3A�D,�<L_DaA6Lcp6LQDaLfSaX�EHV6EHV6q
{hB�NQDaJ3S_EHV�DaA6L�DaEHX�L�DuB�o3LYV�{�J3S[NYBmD�B�KHU�G.ERG;DaJ~JWNfNQP6S�EHV��,b>I�� �CB�SaSuLYK	e6SuJ�DuLYEHVCG�ZhGaPCN�A�B3G_T_» ��&6^rn|T;LfNYSaLOB�GaEMVCq�DaACL
X�J��6EHKHE�D>U�J�{/DaA6L*KHJ�J3eCG;EMV ��{hT_» ��&'DaACSaJ3P6q�A]X�P�DuB�DaEHJ�V�G>DuPCp�EHLfG�G.ACJ�P6KRp'GaA6Lfp�G.J3X�L�KHEMq3A3D�J�V'DaA6L*LQ½�LfNQD_J�{/DaACL
KHJ�J3eCG,J�V�NYB�DuB�KMU�GaEHG,B�Vzp}LfV6¯YUWX�L�oWEMV6LYDaERNYGfn

T;P6SaEHV6q�DaA6L�GaEMX�P6KHB�DaEHJ�VCG�J�{;DaA6L�p�EM½<LfSaLfV�D*X�P�DuB�V3D�GY�4E�D�l,B�G*G.A6Jml8V1DaACB�D*LOB�N�A¬SaLOG.ERG>D�B�VCNYLQ�dNYB�PCG.EHV6q�X�P�DuB��
DaEHJ�V·ZB&WLfS \ : � �FKRB6���FKRB \ : � ©_KHU���µ�U�G � \3� ©_KMP]B�VCp'��KHB � ¸C¤O©_KHU�^Fp�LfNYSaLOB�GaLfp�DuA6L�EHV�DaLfSuB3NrDaEHJ�V'�zLYD>l4LfLYV�GaP6KM{hB�p�J¨��EHV6L
B�Vzp ��{hT_» ��&�n|@�A6LfV�X�P6K�DuEMeCKML�X�P6DuBmDuEMJ3VCG;JWNfNQP6SuSuLfp�DuA6L*LQ½�LfNrD[l,B�G_B�p6p6E�DuEMv3L�n��,A6LgGaEMX�P6KRBmDaEHJ�V�G.A6JmltLfp�DaACB�D
�z�dB�X�EHV6J��<LYVC¯YJ�ERN,B�NYEHp�p�EHp*V6J�D�ACB¨v�LtXgB��>J�S�EHV�DaLYS�B�NQDaEHJ�VCG	l8EMDaA�DaA6LOG.L8SuLfGaERp�P6LfG�B�VCpcDuAWPCG	DaA6L,V6J3SaXgB�KW{�P6VCNrDuEMJ3V6EHV6q
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J�{<DaACLFLYV6¯fUWX*LFNYJ�P6KRp�NQJ3V3DuEMVWP6L3n �;G.EHV6q_DaACLFX�JWp6LYKCB3G/B�q�P6ERp�L3��X�P6DuBmDuEMJ3VCG�l8A6ERN�A�e6SaLfv�LfV3D�� ��B�X�EHV6J��<LYV6¯fJ�ERN,B�NQERp
{�SuJ�X¡LfV3DuLYSuEMVCq�DuA6LcB�NQDaEHv�L[GaE�DuL_XgB¨U�eCSaJmv3L;vmB�KHPCB��6KML�EHV~{�P6S.DuA6LYS8vmB�KMERp6BmDuEMVCq�DuA6L[X�J�p�LYK n

�,A6L�p�UWVCB�X�ERNYGgGaEMX�P6KRBmDaEHJ�V¬J�{ ��{ � � �?® l,B�G�KMLOGaG�SuLYv3LfB�KMEHV6q]DuACB�V¬DaAzBmDgJ�{ ��{hT;» ��&·�6P�D�GaJ�X�L~v¨B�KMPzB��6KHL
EHV�{�J�SuXgBmDaEHJ�V¬ltB3G�G>DuEMKHK8J���D�B�EHV6Lfp�n¬��� �¹B�VCp·» �¹G.PC�CG>DuSuB�DaL�B�NQDaPCB�KMKHU�X�Jmv�Lfp¬NQKHJ3GaLYS*DaJ�J�VCL~B�V6J�DuA6LYSgp�P6SuEHV6q
DaACL'G.EHX�PCKHB�DaEHJ�V�B�GgltJ�PCKHp%�<L]LQ��e<LfNQDaLfp�p6P6SaEHV6q�V6J3SaXgB�K�NYB�DuB�KHU�G.ERGfn &WP6eCezJ3S.D�{�J3SgDaACL]e6SuLfp�ERNrDuLfp�B�NQDaEHv�L]GaE�DuL
NQJ3V�{�J�SuXgBmDuEMJ3V�ltB3Gcq3B�EMVCLfp�{�SuJ�X DaA6L�{hB�NQD�DaAzBmD*DaA6L�D>l4J]XgB�q�V6LOG.EHP6X EMJ3VCGcSuLYXgB�EMV6LOp�EHV�DaA6L�B�NQDaEHv�L�GaEMDaL}B�VCp
B�VzN�A6J�SuLfp'DaA6L}��� � DaA6SuJ�PCq�A6J3P�D[DaA6L}G.EHX�P6KRBmDuEMJ3V�n �?B�V��Q�c���Mª�Z\� ��� ¤O^�GaA6Jml4LOp]DuACBmD*»FE � � �?®�ACB3G[LQ�WDuLYVCGaEMv3L
KHJ�J3e}X�Jmv3LYX�LYV�Df��B3G8G.LfLYV}{�SaJ3X DaA6L[p�EM½�LYSuLYV�D�NQJ3V�{�J�SuXgBmDaEHJ�VzG?J�{|DaACL[e6SaJ�DaLfEMV~l8E�DuA�B�VCp}l8E�DuA6J�P6D,KHEHq3B�Vzp6G,EMV}DaACL
B�NQDaEHv�L*G.EMDaL3n��,ACLYEHS_ltJ�Suo�B�KRG.J�EHVCp�ERNYB�DaLOp�DaAzBmD � � �?®�X*EHq�A�D�l4J3Sao}DaACSaJ3P6q�A'B�V]EHVCp�PCNYLfp�¶CD_X�J�p�LYK n ��{ � � �?®
GaA6Jml4LOp[LQ�WDuLYVCGaEMv3L/KHJ�J3e�X�Jmv�LfX�LYV�D	p�PCSaEHV6qFDuA6LtEMV6EMDaERB�KWeCB�S.D	J�{6DuA6L,G.EHX�P6KRBmDuEMJ3V�B�Vzp�DaA6ERG�G.PCe6ezJ3S.D�G DaA6Ltl4J3Sao�p�J3V6L
�WU �?B�V1�Q�8�m�MªcZ\� �3� ¤¨^?J3V~DaA6LcX�J3�6EMKHEMD>U}J�{ DuA6LcKHJ�J3eCGfn4�,A6LcltJ�Suo�e6SuLfGaLYV�DuLfp~A6LYSuLcB�KRGaJ�GaP6e6e<J�SaDuG8DaA6L[DuA6LYJ3SaU}J�{
EHVCp�PCNYLfp*¶6D?EHV�� � �4® B�G�e6SuJ�e<J3GaLfp*�WU �?B�V'�Q�/���kn8Z\� �3� ¤¨^ {�J�S?»�E�� � �?®�n��,ACLFJ�V6KHU�p6SuB¨l8�CB3N�ocJ�{<DaACL�G.EHX�PCKHB�DaEHJ�V
l,B�GtDaAzBmD,DaA6L[X�J�p�LfK��zLfq3B�V�DuJgKMJWJ3GaL;DaLYSaDaERB�SuU�G.DaSuPCNrDuP6SuL;DuJmltB�SupCG?DuA6L[LYVzp�J�{ DuA6LcG.EHX�PCKHB�DaEHJ�V³ZhNQKHJ3GaL_DaJ � nk¦¨VzGu^Qn
�,A6ERG�XgB¨U��zL~p�P6L�DaJ�B'G>D�B��6EHKMEH¯YEHV6q]LY½<LONrD*DaA6L}eCB�S�B�GaEMDaLQ�dGaezLONQEM¶zN�EMVzG.LfS.DuEMJ3VCGcACB¨v3LgJ�V�DuA6L�LfV6¯YUWX�L}B3GcltLYKHK4B3G
DaACL�{hB�NrD[DuACBmD � � �?® EHG�X�ERGaGaEHV6q�E�D�G[�6EM{�P6VCNrDuEMJ3VCB�K?eCB�SaDaV6LfSf� T;» ��&�n|bdVzG.LfS.D�G.DuB��6EMKHEH¯fBmDuEMJ3V�NYJ�P6KRp��zL�GaA6Jml8V���U
X�J�p�LYKHKMEHV6qgDuA6L�NYJ�X�e6KHLQDuLc�6EM{�P6VCNrDuEMJ3VCB�K	LYVC¯YUWX�Lc�6P�D�G.EHVCNQL�B�DaLfX*eCKHB�DaL[{�J3SFDaACLcKMEHV6oWEHV6q�SuLYq3EMJ3V�B�VCp~DaACLcEMVzG.LfS.D�G
B�SuL~V6J�DgB¨vmB�EHKHB��6KML3��DaACEHG�B�eCe6SaJ�B�N�A�l,B�G*V6J�D*eCP6SuGaP6LOp�{�P6SaDaA6LfSfn¬b§{�DuA6L �8ª �Q�m� � � �6� ��� � � � �?®_�§T_» ��&%NQSuUWG.DuB�K
G.DaSuPCNrDuP6SaL�l4J3P6KHp��<LfNYJ�X�L�B¨vmB�EHKRB��6KHL��3X*J3KMLONQP6KRB�S4p�UWVCB�X�ERNYG/J�{�DaA6L;�6E�{�PCVCNrDuEMJ3VCB�K�NQJ3X*eCKMLY��l8EMDaA�B�VCpgl8EMDaA6J3P�D/DaACL
EHVCG.LfS.D�G,l4J3P6KRp�e6SuJmv�L_EHV�vmB�KMPCB��6KHL_EHV�p�LQDuLYSuX�EMV6EHV6q*DaACL[LQ½�LfNrDFJ�{ DuA6L[EHVCG.LfS.D�G,J�V~LYV6¯fUWX*L[G.DuB��6EMKHEH¯fBmDuEMJ3V�n

�,A6L�J�NYNYP6SuSaLfVCNQL�J�{_X�P6K�DuEMeCKML'p6SaP6q�SuLfGaERG>D�B�VCNYL�EMV �8ª��Q��� � � �6� ��� � V6LfNYLfGuG.EMDuB�DaLfGgDaA6L]VCLYLfp·{�J3S�V6Lfl�p6SaP6q�G
B�G�ltLYKHK�B�G[B�V�P6Vzp�LYS�G>D�B�VCp6EMV6q~J�{4DaA6LgX�LON�ACB�V6ERGaX �zLfA6EMVzp�NYP6SuSaLfV3Dcp�SuP6q~SaLOG.ERG.DuB�VzNQL*EMV�XgB�KRB�SuEHBCn��,A6L�G.DaPCp6EMLOG
SuLYe<J�SaDaLfp�A6LYSuL�ACB¨v3L}NYJ�V�DaSuEM�CP�DaLOp³DaJ�DaA6L~P6VCp6LYS�G>D�B�VCp�EHV6q�J�{8DaACL~X�LON�ACB�V6ERGaX �<LYACEMVCp¬G.PCK�{hB3p�J¨��EMV6L}SaLOG.ERG.DuB�VzNQL
EHV �8ª �Q��� � � �6� ��� � T_» ��&�n|£tJ�DuA'DuA6LgX�JWp6LYKRG�ACB¨v�L*�zLfLYV³G.ACJml8V'DuJ~�<LgG>D�B��6KHL�ZhT_» ��&�X�J3SaLgGaJ�DuACB�V � � �?®c^
B�Vzp~NYJ�P6KRp�DaAWPCG8�<LcPCGaLfp}EMV�EHVWv�LOG>DuEMq�BmDaEHV6q�DaA6LcB3NrDuEMv3L�GaEMDaLfGFl8E�DuA}DuA6L�B�EMX¡J�{�p6LfGaEMq3V6EMVCq*VCLYl p�SaPCq3Gf��l8A6EHN�A�NfB�V
DuB�Saq3LQD�T_» ��&�X*J3SaL[LY½<LONrDuEMv3LYKHU�n,�FV6J�DaA6LfS�B�e6eCSaJ�B�N�A~EHG,DuJ�XgB�o3LcBgG.EHV6q�KHLcp�SuP6qgl8A6ERN�A�DuB�Saq3LQDuG,X�J3SaL�DuACB�V�J3V6L
LYVC¯YUWX�L�n ��{hT;» ��&�B�VCp �/{ � � �?®��zJ�DaA'�CEMVCp'G.P6�zG>DuSuB�DaLfG�l8E�DuA�B}G.EHX�EMKRB�S;�CB�N�oW�<J�V6L*G>DuSaPCNQDaP6SuL�Zhe�DaLfSaEHV'q3SaJ3P6ez^
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EHV�BcGaEMX�EHKHB�S?l,B¨U*B�VCp*DaAWPCG?DaA6L;X�JWp6LYKRG?e6SuLfGaLYV�DuLfp�A6LfSaLFltJ�PCKHpgACLYKHe�EMV�SaLfv�LfB�KMEHV6qcGaEMX�EHKHB�SaEMDaEHLfG?�zLYD>l4LfLYV�DuA6L�D>ltJ
B�NQDaEHv�LgGaE�DuLfG�Z\� B��6KHL \ nH¤O^rn}�,A6LfGaL�G.EHX�EMKRB�SuEMDaEHLfG[NQJ3P6KRp��<L�LY�WeCKMJ3E�DuLfp�DaJ]p�LOG.EHq�V�B�e�DuLYSuEMV³�CB3N�oW�zJ3V6LQ�§�CB�GaLfp�p�SuP6q
l8A6ERN�A�D�B�Suq�LQD�Gt�zJ�DaA~LYV6¯fU�X�LOGtB�D4DuA6L[GaB�X�L�DuEMX�L�n/� p�SuP6q*l8A6ERN�A}SuLfGaLYX��6KMLOG/DuA6L�e6SuJWp6PCNrDO��e�DaLfSaJ3EHN_B�NYEHp��WltJ�P6KRp
B�KRGaJge6SaJmv3L�v¨B�KMPzB��6KHL�B�G�E�D;l4J3P6KHp�B�KHGaJ�DuB�Saq3LQD�T_» ��&]G.e<LfNYE�¶zNfB�KHKMU3nF�,A6LcltJ�Suo�e6SuLfGaLYV�DaLOp�A6LYSuL�B�KHGaJ�DaJ3PCN�A6LfGFJ�V
DaACLFEMX�e<J�SaDuB�VCNQL,J�{�EHV�v3LfG.DaEHq3B�DaEHV6q�V6J�V��dG.DuBmDuEHNtX�J�p�LYKRG�l8A6LfVgKMJWJ3o�EHV6q[BmD?p6SaP6q�SuLfGaEHG.DuB�VCNQL3n ��G.DuB�DaERN,X�JWp6LYK6ltJ�P6KRp
V6J�DFACB¨v�L_SaLfv�LOB�KHLfpgDuA6LcGaP6��DaKHL[LQ½�LfNQDuG8LOB�N�A}X�P�D�BmDaEHJ�V�ACB3G,J�V�G.PCK�{hB3p�J¨��EMV6L��6EHVCp�EHV6q�EHV �/{hT;» ��&�n

K;v�LfSuB�KMKtDuA6L]ltJ�Suo�e6SuLfGaLYV�DaLOp¬ACLYSuL�e6SaJmvWERp�LfG�X�J�p�LfKHG�{�J3S%�8ª �Q��� � � �6� ��� � � � �?® B�Vzp·T_» ��&�B�GgltLYKHK�B3G
SuLYe6SuLfGaLYV�DuB�DaEHJ�VCG;J�{4DaA6LfEMS[SuLfGae<LfNrDuEMv3LgB�NrDuEMv3L*GaEMDaLfGfng�,A6ERG�ltB3G;PzG.LOp]DuJ�e6SaJ3ezJ�G.L�B}X*LON�ACB�VCEHGaX {�J�ScGaP6KM{hB�p�J¨��EHV6L
SuLfGaEHG.DuB�VCNQL3��l8A6ERN�A*ltJ�PCKHp�ACB¨v�L,�<LYLfV�p6E���NQPCK�D/DuJ[LYKHPCNQERp6B�DaL8J�VCKMUcl8EMDaAgLY��ezLfSaEHX�LYV�DuB�K�EMVWv�LOG>DuEMq�BmDuEMJ3VCGYn	�,A6LFG.DaPCp�U
B�KRGaJ�GaP6e6e<J�SaDaLOp�l4J3Sao���U �?B�V'�Y�/�m�Mª8Z � �3� ¤O^�B�VCp�T�LfSaSuLYXgB�P����Y�����MªFZ.¤f¥3¥�¸3^ l8A6J�G.A6JmltLfp�DaAzBmD?KHJWJ�e�X�Jmv�LYX�LfV3D�G
B�SuL[EHX*e<J�SaDuB�V�D8{�J�S;GaA6EHLYKRp�EHV6qgDaACL�G.PC�CG>DuSuB�DaL�{�SuJ�X¼DaA6L�G.J3KMv3LYV�DFEMV � � �?® B�Vzp�T;» ��&��<SaLOG.e<LfNQDaEHv�LYKHU��zB�GFltLYKHK|B3G
e6KRB¨UWEMV6qgB*SuJ�KHL;EHV�LYV6¯fU�X�LcNfBmDuB�KMU�DuEHN;SuB�DaL3n

��J3GuG.EH�6KHLF{�P6SaDaACLYStl4J3Sao*J�V�DaA6ERGtLYV6¯fU�X�L_G.U�G.DaLYX¹ltJ�P6KRp�EHVCNYKMPCp6L;X�J�KHLfNYP6KRB�S4p6U�VzB�X�EHNfG4G.DaPzp�EMLOGtJ�{�DaACL_LY½<LONrD�G
J�{[DuA6L'EHVCGaLYSaDuG}J�V�LfV6¯YUWX�L�G.DuB��6EHKMEH¯fB�DaEHJ�V¢Z�l8ACLYV�DuA6L�NYSaU�G.DuB�K;G.DaSuPCNrDuP6SaL'�zLONQJ�X�LOG}B¨vmB�EHKRB��6KHLO^gB�VCp�X�P�DuB�DaEHJ�V
G.DaPCp�EHLfGtDuJgEMVWv3LfG.DaEHq3BmDuL�DuA6L�LQ½�LfNQDFJ�{ KHJWJ�e~X�Jmv�LYX�LfV3D8EHV~T_» ��&~J�V~LYV6¯fU�X�L[NYB�DuB�KMU�DaERN_SuB�DaLOGYnXK�DaACLYSFG.DaSuPCNrDuP6SuB�K
ltJ�Suo�G.PzN�A*B3G/w�I]�¬DuJ[EMVWv�LOG>DuEMq�BmDuL,B�D�DaA6L8e<J3GuGaEM�6KHLFNQJWJ3Sup�EHVCB�DaEHJ�V*J�{�KMJWJ�e*X�Jmv�LfX*LfV�D�EHV�DaACL�� � �?® B�Vzp*T_» ��&
NQJ3X�e6KMLY��B�G l4LfKMK�B3G	GaLfNYJ�VCpCB�SuU_G.DaSuPCNrDuP6SuL4EHVcDuA6L,EMVCGaLYSaDuG ltJ�P6KRpce6SuJmv�L4vmB�KHPCB��6KHL�n	�FBmDuEMJ3VCB�KWp�SuP6q�p�LfGaEMq3V�NQJ3P6KRpc�<L
PCGaLfp*DuJ�p�LOG.EHq�VgEHV6A6EH�6EMDaJ�S�G?B�q3B�EMVCG.D/�<J�DaA�LYV6¯fU�X�LOG?B�Vzpgp�LYKHLQDuEMJ3V�G>DuPCp�EHLfG4l4J3P6KHp�ACLYKHegEMV�NYKHB�SaEM{�UWEMVCq�DaA6L�{�P6VCNrDuEMJ3V
J�{4DaA6LgezB�S�B�GaE�DuLQ�dG.e<LfNYE�¶zN�EHVCG.LfS.D�GYn��,A6LgltJ�Suo�e6SaLOG.LfV�DaLfp�A6LfSaLgGaA6J�P6KRp�A6LYKHe�EHV³P6VCp�LfSuG.DuB�VCp�EHV6q~DaA6L�X�LfN�AzB�V6ERG.X
�<LYA6EHVCp�GaP6KM{hB�p�J¨��EHV6LgSaLOG.ERG.DuB�VzNQLgEHV��8ª �Q��� ��� �C� ��� � T_» ��&�B�Vzp³A6LYKHe³DaJ]ERp�LfV3DuE�{�U³V6Lfl p�EMSuLfNQDaEHJ�VCGcEMV�EHV6A6EH�6EMDaJ3S
SuLfGaLfB�S�N�A�B�q3B�EHVCG.D8X�B�KHB�SaERB6n
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