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��������	���������������N��«CsG^c¤C~�ATsC"DAI^VSN�MYEPR\N�DAD�N�G IL]YMAVmILVmC"c O0N�G#I^�YC¡XYC §
a�C"RmN�DYK�C"M9I¡NHO�C���T"VmC"M9I�EPRm_�N�GJVmIL�AK{c¤I^N EPMFEHRmd��"C����� �!#"
�%$�����!#"
���U� � K�EHG^zPCUI¡rFEHc^zPCUIfVSc
]YMYXYCsG^cJI^NlN�X EPc�E<RSVmcJI#NPO&���'"
�%�#E<T"]Yc ILN�K�C"G#DY]YGJT��FEPc^Csc)(�EPc#G^C"_PVScJI^C"GJC"X EHI IL�YC�T��YC"T�zHN�]AI
XYC"cJz+*-, ±�. � � c^]YD4C"GJK�EHG^zPCUI
K{E d XYC"EPR�VSM#I^�YN�]Yc^EPMYXYc�NPOFXYV/�«CsG^C"M9I�VmILCsK{c EPMYX�VmILc XFEHILEPrFEPcJC\VSc
RSVSzHC"Rbd�ILNqTsN�MYc^VmcJI NPO�K{VmRSRmVSN�MYc>NPO�rFEPcJzPCUILc"nlC+EPT��{T"N�K�DYGJVSc^VmMY_YnHcLE+d�n i �10AjH� XYV2��C"GJC"M9I VmILCsK{c
NPM
E aPC"G^EP_�CP��p�G^N�]ADYc�NHO�T"N § N�T"T"]AG^G^VmMY_�VmILCsK{c!EPGJC#T"EPRSRmC"X3���'"
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"
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�>NPO
EPM[VbILCsK §
c^CsI�c^D4C"TsV2�FCsc��YN º K�EHM|d*rFEHc^zPCUILc�TsN�M9I�EPVmM[I^�YVSc!VmI^C"K�c^CsI"��¯�O y���� K�EPGJzPCUI�rFEPcJzPCUILc�TsN�M9I�EPVmM
,98
:<;=;<>�;@?BA=CED=D+;GFH?BIKJGL�M . nWIL�AC"M[I^�YVSc�VbILC"K�c^CUION�c�cJ]YDYD4N�GJI�VSc y��P� �P� �AC��
�/Q�" NHO�IL�AVSc�VmI^C"K�c^CsI
VSc�vA�

�?N<z|MYN º º �YVmT��wVmI^C"K�c^CUILc#EPG^CSRT U"WVX6Y"
���Z(7V���CH�¡�FE+a�C�c^]YDYD4N�G ILc#EPr�N aPC¡E[]Ac^C"G § cJC"RSCsTsI^C"X
IL�YGJC"c^�AN�RSXY*¡VmcfK{N�c I�r�CsMYC��YT"VhEHR����l]AD�CsG^K{EPG^zHCsILc*DYGJCsO0C"GfI^N�DARhEPTsC¬EHc^c^N�T"VSEHILCsX VmILCsK{cfNPM
MYC"Vm_��|r�N�GJVSMY_{c^�YCsRmaPC"c"n>EHXAa�CsGJILVmc^C¤I^�YC"K'VSM<I^�YC¤c^EPK{C#T+EHILEPRSNP_�]YCPn�EPMYX�E+aPN�VSX(XAVSc^TsN�]YM9ILc�NPM
K{N�GJC�IL�YEPM�N�MYC�K�C"K¤r4C"G NHO?I^�YC�cLEHK{C�VbILC"K�c^CUI+��g*N�G^CsN2aPC"Gsn4VbILCsK{cJCsILc\T+EPM�r4C�IL]YGJMYC"X�VSM9I^N
rY]Yc^VmMYC"cJc § N�G^VmC"M9ILCsX¡G^]YRmC"c·c^]YT��fEHc�[ kP�G\ NPO�I^�YC�Ts]YcJI^N�K{CsG^c rY]Ad�VSMA_�T��YCsC"c^CqEHMYX�rY]lI^ILCsG º VmRSR
EPRScJN�rY]Ad*K�VSRmz4�^] ¯eM[I^�YVSc!T+EHc^CPn4IL�YC G^]ARSC �FEPc�I^�YCqO0N�G^K_,`8
:�;=;+>�;<abA=CED=D+;GF .dc , IKJGL�M . n�EHMYX
IL�YCe��	��OfPg�"
�K��" VSM�IL�YC[G^]YRmC[Vmc kP�G\ �h� �YC<DFEPGLEHXYVS_�K CU��ILCsMYXYc¡ILNwEwrYGJN9EPXYCsG{G^EPMY_�C[NPO
EPDYDYRmVST+E³ILVSNPMYc"n�c^]YT��*EPc I^�YCji¬C"r�n º �YC"GJC#E�[JrFEPcJzPCsIW]{T"EPMfG^CsDYG^Csc^CsM|I�I^�YC�c^CUI NPO?�9dlD4C"GJRSVmMYz|c
D�N�VmM9ILVSMA_�ILN�E º C"r*DFEP_�CHnYN�G E¤XAVS_�VbI�EPR4RSVmrYGLEPG d º �YC"GJCqI^�YC�rFEPcJzPCUI�T+EPM�T"NPK{DYGJVScJC�EPRSR�G^CUO0C"G §
C"MYTsC"c�T"VbILVmMY_�E{_�VmaPC"M(XYN�T"]AK{CsM|I"��tFGJC"´|]YC"M9IqVbILC"K�c^CUILc�IL�YCsM c^Vm_�MFEPR>G^CsRhEHI^VSN�MAc�EPK�N�MY_ º C"r
DFEP_�Csc!NPG!cJT"VmC"M9ILV/�FT�DFEPD4C"GJc"�

Z\RSEPc^cJVST+EHRWEPc^cJNlTsVhEHI^VSN�M § K�VSMYVmMY_ I^C"T��YMAVS´|]YC"c!O0NlTs]Yc�N�Mk$����l��m¤DYG^N�T"Csc^c^VmMY_�IL�FEHI�DAG^N�XY]YT"Csc
E�RSVSc I�NHOoVmILCsK{cJCsI^c�IL�FE³I
�FE+a�C cJ]+��T"VSCsM9ILRmd#�YVm_��¤c^]ADYD�NPGJILcs�n� �YC cJC"K�VSMFEPR�DFEPD4C"G�r|d � _�G^E º EPR
CsI EPR��o, v . VmM9ILG^N�XY]YTsC"c�I^�YC�EPRS_�NPG^VmI^�YK � DAG^VSNPG^Vp(0c^CsC{EHRSc^Nq, x n y . *�IL�FEHIqGJC"Ts]YG^cJVma�CsRmd<T"G^C"EHILCsc
VmILCsK{cJCsI^c�NPO�c^VS�sCsr�(7TsN�M9I�EPVmMYVSMY_tr*VbILCsK{cU* O0GJN�K IL�AN�c^C#NPO
c^Vm�"C%rvu i �p� �AC�DYGJNlTsC"c^c�cJILEPGJI^c
º VmIL�{VmI^C"K�c^CsI^c·NHO�c^Vm�"C i n9O0G^N�K º �AVST�� � DYG^VmN�G^VFrY]AVSRSXAc VbILCsK{cJCsILc�NPO�c^VS�sC j n|I^�YC"M�c^VS�sC�vlnlEHMYX
c^N�N�M�n>EPR º E+d�c�G^CUI�EPVmMYVSMA_�O0N�G�O0]YG IL�YCsG�CU�lDFEPMAc^VSNPM NPMYRmd<VmILCsK{cJCsI^c º �YN�cJC�cJ]YDYD4N�GJI^c�CU�lT"CsC"X

j



E¤_�VmaPC"M¡IL�AG^C"cJ�YN�RmX��n� N TsN�]YM9ILCsG IL�YC�C~�lD�N�MAC"M9ILVSEPR«MFE³IL]YGJC�NPOWIL�YC�VmM9a�N�Rba�C"XfTsN�K�DY]AI�E³ILVSNPMYc"n
c^CsaPC"G^EPRoG^C"TsC"M9I·DFEPD4C"G^c�cJ]Y_�_�CscJILCsX{VmK{DAG^N a�CsK{CsM|I^c"� � K{NPMY_�IL�YCsK[n , i�i . XAC"c^TsG^Vmr�Csc·E�cJVSK�DYRSC
K{CsT��FEPMYVmc^K¶I^N GJC"XY]AT"C IL�YC�M|]YK¤r4C"G
NHO«XFE³I�EPrFEHc^C�c^T"EPMYc"n , i vAn j³x . EPTsT"C"RmC"G^EHILC I^�YC�c^C+EHG^T���r9d
IL�YC ]Ac^C NPOoVmMYT"GJC"K�C"M9I�EHRlILCsT��YMYVm´�]AC"c"n , � n jli . DYG^]YMAC\IL�YC\XYVScJT"N a�CsG^C"X�EPcJc^N�T"VSEHILVmN�MYc"n<, k . VmM|aPC"c §
ILVS_�EHILCsc�DFEPG^EPRSRmC"R?c^C+EHG^T���nP, jPy . cJ]Y_�_�CscJI^c c^EPK�DYRSVmMY_Yn�EPMYX , i j . EPXAXYG^Csc^c^Csc#Vmc^cJ]YC"c�D4C"G I�EPVmMYVSMY_
ILN�XYVSc ILGJVSrY]AI^C"X*XFEHILEPrFEPcJC"c"�

¯eM¤I^�YVSc DFEPD4C"G"n º C�EPGJC VSM9I^C"G^CscJI^C"X�VSM EHDYDYRSVmT+EHI^VSN�MAc º �YCsG^C I^�YC ]YcJC"G^c º Vmc^�¤I^N�CU�AEPK�VSMYC E
ILGLEHMYcLEPTUILVmN�M{XYEHI�EPrYEPc^C�r9d�c^]YrAK{VbI^ILVmMY_�c^D4C"TsVhEPRmVS�sC"X�´|]YC"GJVSC"cZ, i ¥ n jP� . � i¬C!EPc^cJ]YK�C�I^�FEHI�IL�AC
]Yc^CsG Vmc?MANPI?VSM9ILCsG^C"c ILCsX�VSM E�T"N�K�DYRmCsILC
RmVSc I>NPOAVbILCsK{cJCsILcsnHrA]AI?DYG^CUO0C"G^c>ILN!T"NPMYcJI^GLEPVmM I^�YC�c^C+EHG^T��
ILN c^D4C"TsV2�FTfVbILCsK{cs� � ´|]YC"G d NPO�IL�YVmc�z|VSMAX K�E+d¬c^C"Csz EPRmR O0GJC"´|]YC"M9I�VmI^C"K�c^CUILc¤TsN�M9I�EPVmMYVSMY_
A+FE;�����EPMYX IKJGL�M4� � MYNPI^�YC"Gq´|]YC"G d K{E d<c^CsC"z�EPRmR�G^]ARSC"c�NHO I^�YC O0N�G^K , A+FE;����Ya IKJ#L�M .Pc �

( º �YCsG^C � Vmc�EPM[VmI^C"K�c^CsI�*Un º VmI^�(E{TsN�M+�FXAC"MYTsC¤NPO�EHI�RSC"EPcJI�v �#\ ��¯eM<r4NPI^�<T+EHc^C"csn�G^CsD�C"EHILCsX
c^C+EHG^T��[O0NPG ���	�lVbILC"K�c^CUILc º N�]YRSX º EPcJI^C#DAG^C"TsVSN�]Ac!TsN�K�DY]AI�E³ILVSNPMFEPR«GJC"cJN�]YG^TsC"cs�

� �YCfNPrYc^CsGJaHEHILVmN�M IL�YEHI�RSN�MA_(G^Csc^D4N�MYc^CfI^VSK�C"c�I^C"MYX ILN XAVSc^TsN�]YG^EP_�C¡VmM|I^C"G^EPTsI^Vma�Cf]Ac^C"GJc
�FEPc VSMAc^DYVmG^C"XwcJIL]AXYVSCsc NPO!K{CUIL�YN�XYc�I^�FEHI E³I^ILCsK{DlI¤ILN T"EPDYVmILEPRSVm�"C�N�M DYGJC"DYGJNlTsC"c^cJVSMY_A�¬tFN�G
VSMYc I�EPMYTsCPnK, jPj . c^]Y_P_�C"c ILc·I^N �W����m�"�DYG^CUa�VSN�]YcJRmd�XYVmc^TsN2aPC"GJC"X¡VbILC"K�c^CUILc c^NqIL�FE³I·O0]AI^]YG^C!´|]YC"GJVSCsc
T+EPM GJCsI^G^VSCUa�C{G^C"RmCsaHEPM9I�EPc^cJNlTsVhEHI^VSN�MYc�O0GJN�K IL�YC{T+EPT��AC¡VSMYc ILC"EPXwNPO �FE+alVmMY_[I^N(EPMYEPRmd��"C�IL�AC
C"M9ILVmG^C�XFEHILEPrFEPcJCP�@� �YC�EP]AI^�YN�GJc
NPOH, j v . cJD�CsC"X{]YD IL�YC�G^CUILGJVSCsaHEPRAr|d I^�YC�]Yc^C�NPO��FEPcJ�{ILEPrYRSCsc"n
EPMYXh, i � . DYGJN�D�NPc^C"c#ILN<NPG^_9EPMAVS�"C�IL�AC�VmI^C"K�c^CUILc VSM E*RhEHIJILVmT"CP� �?N(GJC"XY]YTsC�IL�AC�DYGJN��YVSrAVmILVba�C
c^DFEPTsC�GJC"´|]YVSGJC"K�C"M9ILc·NPO«I^�YVSc RhEHcJI·EPDYDYGJN9EPT���n º C�VSM9I^G^N�XY]YT"CsX¡EqK{NPG^C�T"N�K�DFEPTUI\XYEHI�EqcJI^G^]YT §
IL]YGJC�T+EHRSRSCsX EPM ���l"
�%�
"
�Z�  U"�"t, i y . ��¯eMwIL�YVmc#DYEPD�CsG"n º C¡VmM|aPC"c ILVS_�EHILC{EPRS_PN�G^VbIL�YK�c�IL�FE³I¤]YcJC
VmILCsK{cJCsI
I^G^C"Csc I^N EPMYc º C"G I�EPGJ_�CsI^C"X�´|]YC"GJVSC"csn|C"cJILEPrYRmVSc^��cJN�K{C�MYN aPC"RoDYG^NPD�CsGJILVmC"csnlEHMYX{GJC"D4N�GJI
c^N�K�CqVSRSRm]YcJI^GLEHI^VmaPC�CU�lD4C"GJVSK�C"M9ILcs�

° GJN9EPXYRbd�cJD�C"EPz|VSMY_An�IL�YC ILCsT��YMYVm´�]AC�ILEPzPCsc·VmMYc^DAVSGLE³ILVSNPM�O0G^N�K.IL�YC VmXYC+EHc
r�Cs�YVSMYX�
P	��K��"'7 �
� 	� T��������	���
?E��FCsRSX*IL�FEHI�G^CsT"C"Vba�CsX EHI^I^C"M9ILVmN�M<VmM[I^�YC i ± ��� c%, i2k . � � �YC¤rYEPc^VmT#cJT"C"MYEPG^VmNfEPc §
c^]YK�C"c IL�FEHI IL�AC�cJd�c ILC"K EPTsT"C"DlILc E c^C"GJVSCsc\NPO«N�r ² C"TUILc EHMYX�TsG^C+E³ILC"c·O0G^N�K I^�YC"K E#�AVSC"G^EPG^T��9d
NPO [ T"N�MYTsC"DAI^c"�^] Q�EPT�� N�r ² C"TsI"n EPc º C"RmR EPc C"EPT���TsN�MYTsC"DAI"n·Vmc T��FEPGLEHTsILCsG^Vm�"C"X�r9d E(c^CUI�NPO
RO"W��� 6� U"���� ¯eM¡IL�AC�T"N�M9I^CU��I NPOWI^�YVSc º N�GJzonYN�r ² CsTsILc TsN�G^GJC"cJD�N�MAX¡ILN K{EPG^zHCsI rYEPc^zHCsILc!EPMAX�O0C+E §
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IL]YGJC"c�T"NPG^G^Csc^D4N�MYX(I^N¡VmI^C"K�c"� � RmI^�YN�]Y_��[IL�YCsc^C T"NPMYT"CsDAI § O0N�G^K{EHILVmN�M�ILC"T��AMYVS´|]YCsc DAG^VSK{EPGJVSRmd
c^C"Csz�ILN�K�N�XYC"Rl��]AK�EPM TsN�_�MYVbILVmN�M�nHI^�YC"VmG
EPrYVmRSVbIed�ILN�_�GJN�]YD�VSM9ILCsG^GJC"RhE³ILC"X�VmILCsK{c�K�EPzHC"c�I^�YC"K
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MYC"CsXYC"X ILN¡EPMYc º C"GqE{G^C"DAG^C"cJC"M9I�E³ILVmaPC ´|]YC"G d��S� �YC¤c^EPK{C#c^CsTsILVmN�M rYGJVSC��Ad[VmM9a�C"c ILVm_9EHILCsc�IL�AC
T"N�c ILc NPO rY]AVSRSXAVSMY_�EPM VmI^C"K�c^CUI�ILG^CsC�O0GJN�K XYEHI�EA���lCsTsILVmN�M k CscJILEPrYRSVmc^�YCsc I^�YC�CU�lVSc ILCsMYT"C{NPO
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��N�K{CUILVmK{Csc"n
º C º VSRmR«XYG^E º E XYV/�«CsG^C"MAT"C�r4CsI º C"C"M<EPM3�����l"
 T� ��� �K	Xg�"\EPMAX[E � "W�bR �K	Xg�"U� ° d�E¤RmC+EHO?MYN�XYCPn
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MYNlXAC"c·EPG^C�VSM9I^C"G^MYEPRFMYN�XYC"cs�@� �YC!VmILCsK{cJCsI·EPcJc^N�T"VhE³ILC"X º VmI^� IL�YC!G^N�NPI�K{E d¤r�C�C"K�DAIedPn º �AVSRSC
IL�YC�VmI^C"K�c^CsI^c�EHc^c^N�T"VSEHILCsX º VbIL�¬EPRSR
NHIL�YCsG#VmM|I^C"GJMFEPR�EPMYX¬RSC"EHO\MANlXYCsc¤EPGJC�MYN�MYCsK{DAIed (0MYNPI^C
IL�FEHI\IL�YVmc�EPXYXYVbILVSNPMFEPRoT"N�MAXYVmI^VSN�M¡XANlCsc MYNPI a�VSNPRhEHI^C�B�C��YMYVmI^VSN�M j � j *~�n��EHrYRSC i XAC"c^TsG^Vmr�Csc�EHM
EPRS_�NPG^VmI^�YK¦I^�FEHI·rY]YVmRSXYc c^]YT���EHM�VmI^C"K�c^CUI I^G^CsC�VSMAT"G^CsK{CsM9I�EPRmRmd�n9I^�YG^N�]A_��¡E c^C"GJVSCsc\NPO«K�EPGJzPCUI
rFEPc^zHCsI#VSMYcJC"G ILVSNPMYc"��� �YVmcqK{C"EPMYc�IL�FE³I�IL�YC�VmI^C"K�c^CUI�ILG^CsC�VSc�T"NPMYcJI^G^]YTUILC"X¬XY]YGJVSMY_*E�c^VSMA_�RSC
DFEPc^c�IL�AG^N�]Y_P��I^�YCq_�VmaPC"M*c^CUI�NHO�K{EPG^zHCsI!rFEPcJzPCUILc"�

� �YC�DYGJVSMYTsVSDYRmC¤NPO IL�YC�EPRm_�N�GJVmIL�AK T"EPM¬r4C c^]AK{K{EPG^Vm�"CsX r9d I^�YC O0N�RSRmN º VmMY_�DAG^N�T"C"XA]YG^CH�
u>CUI�� � , ��� a��@( ��� * . XYCsMYNPI^C<IL�YC*G^N�NPI"n RSCUI � XYCsMYNPI^C[IL�AC<MYC~�lI�K�EHG^zPCUI�rYEPc^zHCsI¡I^Nwr4C
VSMYcJC"GJI^C"X�n·EPMYX RmCsI C � XYCsMYNPILCfI^�YCfT��YVSRmXYG^CsM NPO��¤��i VbIL�YN�]lI RSN�cJc NPO!_�C"MAC"GLEHRSVmIedPn�EPc^cJ]YK�C
IL�FEHI ��� VSc EPM¡EHMYT"CscJILNPG\NPO � ��¯�O � `� ��� n|I^�YC"M{IL�YC�O0N�RSRmN º VSMY_�D4N�c^cJVSrYVmRSVbILVSCsc
EPGJC�TsN�MYc^VmXYC"GJC"X��
¯eM<IL�YC#c^VmK{DYRmC"c I�T"EPc^CHn ��� VSc�IL�YC#N�MYRbdfT"N�K�K�N�M<EHMYT"CscJILNPG�NPO � º VbIL�<EPM9d C � N�G!I^�YC�cJCsI�NPO
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° d º E+d�NPO·VSRmRS]Yc ILGLE³ILVSNPM�n«cJ]YDYD4N�c^C�IL�FE³I I^�YC�VmI^C"K�c^CsI�I^G^CsC�O0GJN�K t�Vm_�]YGJC x Vmcq´�]AC"G^VmC"X�n
EPMYX IL�FEHI I^�YC�]Yc^CsG º EPM9ILc�ILN�z|MYN º I^�YC�c^]YDYD4N�G I{NHO�, j n k . � � �AC[TsN�MYXYVbILVSNPM VSM 
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Z\N�MYXYVbILVSNPM i º VmRSRlEPDYDYRbd�I^NqI^�YC RSCUO I�MYN�XYC�EHI
IL�AC RSN º CscJI RSCUa�CsRYNPO4IL�YC I^G^C"C�(b, i n j n�vAn x n k . *�EHMYX
ILN¡IL�AC G^VS_P�|I^K{NPcJI�MYN�XYC E³I�IL�YC cJC"T"NPMYX¬RmCsaPC"R (b, j n k . *U� ¯eM9a�C"c ILVm_9EHILVmMY_¡IL�AC c^]YrYc ILGJC"C�r�CsRSN º
IL�YC�MANlXYCs, i . nlT"N�MYXAVmILVmN�M j VSc cLEHI^VScb�YC"X¡O0N�G\EPRSRoT��YVmRSXYGJC"M�n�c^N¤I^�YC�GJC"T"]AG^c^Vba�C�T"EPRSR4VSc K�EHXYC�O0N�G
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�?N c^CsC¡IL�YC¡K�NPI^VmaHEHILVmN�M�O0N�G�TsN�MYXYVbILVSNPM j n
c^]ADYD�NPc^C¡IL�YEHI¤IL�ACfEPRS_PN�G^VbIL�YK GJC+EPT��YCsc (7VmM
c^N�K�C¤�9d�D�NPI^�YCsI^VST"EPR�ILGJC"CO*�E¡MYNlXAC�IL�FE³I�T"N�M9ILEPVSMYc�, j n�vAn x n ¥1. EPMAX�I^�YC ]YcJC"G º EPM9ILc�ILNfz|MYN º
IL�YC�O0G^Cs´�]AC"MYTUd¬NHOS, j n k . ��� �YC"M«n�VmIqVmc�ILGJ]YC�I^�FEHIt, j a k . `� , j aLv+a x a ¥1. rY]AI VmIqc ILVmRSR�XYN�C"c MYNPI
K�EPzHC�cJC"MYcJC�ILN¤VmM9a�C"c ILVm_9EHILC�IL�AC�c^]ArAILGJC"C�EPcJc^N�T"VSEHILCsX º VmI^�{IL�AVSc MYNlXAC�r4C"T+EH]Yc^C�C"EPT��fNPO�I^�YVSc
MYNlXAC�N�c�T��YVmRSXYGJC"M º VmRSRWTsN�M9I�EPVmM , j n¨vln x n ¥�. EPc!IL�YC RSC"EPXYVmMY_{DYEPGJI�NPO
VbILc�VmI^C"K�c^CsI"� � c�E�GJC"c^]ARmI+n
MYN�MYCqNPO?IL�YCsc^C T��YVSRmXYG^CsM�T+EPM*T"N�M9ILEPVSM�VmI^C"K k �

� �YCqGJC+EPXYCsG�T"EPM*c^C"CqIL�YEHI�IL�YC º E dfI^�YC VmILCsK{cJCsI^c�EHG^C�N�GJ_9EPMYVm�"C"X*K{EPzPCsc!VbI a�CsGJd*RSVmzPC"Rbd
IL�FEHI�ILNfEHMYc º C"G�EHM E+a�C"G^EP_�C¤´|]YCsGJdPn«IL�YC#cJd�cJI^C"K º VSRSR>�FE+aPC�ILN�a�Vmc^VmI�N�MYRbd*E�c^]ArYc^CUIqNPO�IL�AC
MYNlXAC"c"�¡g<EPM9d�MYN�XYC"c º VmRSR�r4C�CU�lT"Rm]YXYC"X O0G^N�K O0]YGJI^�YC"GqT"NPMYc^VmXYC"G^EHILVmN�M�r|d I^�YC�T"N�MAXYVmI^VSN�MYc
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j � �!CsK{N a�C�O0GJN�K � EPRmR«VbILC"K�c^CUILc º �YN�cJCqc^]YDYD4N�G ILc�EPG^C�RmC"c^c I^�FEPM��l�

��n�NPO VmI^C"K�c^CUILc c^]YrYcJ]YK�VSMY_*IL�YC{]Yc^CsG § cJD�CsT"V/�FC"X VbILC"K�c"�[g[NPG^C"N aPC"G"n�N�MYT"C�IL�YC{c^C"EPG^T�� �FEHc
r�CsC"M¡TsN�K{DARSCsI^C"X�n9I º N¤EPXAXYVmI^VSN�MFEHRYcJI^C"DYc·�FE+a�C�I^N#r4C�EPT"TsN�K{DARSVScJ�YC"X«��t�VmG^cJI"n|c^N�K�C�VbILCsK{cJCsILc
K{Vm_��9I#r4C�T"N�M9I�EHVSMYCsX VSM ��K{NPG^C�IL�FEPM¬N�MYTsCPn
EPMAXwVmI Vmc I^��]Ac�MYCsT"C"cJcLEPG dwI^N[K�C"GJ_�C�I^�YC"cJC
XY]YDYRmVST+E³ILC"c\VSM9ILN�E¤cJVSMY_�RmC�N�T"Ts]YG^GJC"MYTsCt(7EPXYXYVmMY_¤]YDfI^�YC"VmG c^]YDAD�N�G ILcU*U�H� �YC"M«nFVmILCsK{cJCsI^c º VmI^�
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VSc ]YDYD4C"G�r4N�]YMYXAC"X<r9d
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� c�VSc TsN�K{K�N�MfVmM¡IL�YC EPcJc^N�T"VhE³ILVSNPM § K�VSMYVmMY_qRSVbILC"G^EHIL]AG^CPn º C CU�lD4C"GJVSK�C"M9ILCsX º VbIL��cJd�M9IL�ACsILVmT
XFEHI�E º �YNPc^C T��FEPGLEHTsILCsG^VmcJILVmT"c�EPGJC�C+EPc dfILN�T"NPM|I^G^N�R��@�?N�I^�YVSc CsMYX�n º C VmK{DARSC"K�C"M9I^C"X�E XFEHILE
_�C"MYCsGLEHI^N�G�I^�FEHI�EPT"TsC"DAI^c�EPc�DYEPGLEPK�CsI^C"GJc�IL�AC�G^Cs´|]YC"c ILC"X�M|]YK¤r4C"G�NPO�K{EPG^zHCsI�rYEPc^zHCsILcsn«IL�AC
E aPC"G^EP_�C¡cJVS�"C�NPO�E[K�EPGJzPCUI�rFEHc^zPCUI+n�EPMAXwIL�YC�M|]YK¤r4C"G#NPO XYVmcJILVmMYTsI#VmI^C"K�c#CsMYT"NP]YM9ILC"GJC"X VmM
IL�YCqXFEHILEPrFEPcJCP�

�?N�TsG^C+E³ILC CU�lD�CsG^VmK{CsM|ILEPR>K�EHG^zPCUI�rYEPc^zHCsILcsn º C�VmK{DYRmC"K�C"M9ILCsX<E�c^VmK{DARSCq_�C"MAC"GLE³ILN�Gs� ¯eM
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IL�YC �FGJcJI�c ILC"D«nYIL�YC�_�CsMYC"G^EHILNPG T��YN�N�c^Csc�I^�YC�c^Vm�"C�NPO>I^�YC�K{EPG^zHCsI�rFEPcJzPCUI+nF]YcJVSMY_�E¤cJN�]YG^TsCqNPO
GLEPMYXAN�K M|]YK¤r4C"GJco(0]YMYVmO0NPG^K XAVScJI^G^VmrY]AILVmN�MY*!I^�FEHI�ILEPzPCsc¤EPcqVSMADY]AI E�]Yc^CsG § cJCsI#K{C"EPM aHEPRS]YC
EPMYXwG^EPMY_�C)(0K{VmMYVSK¤]AK EPMAXwK{E³�lVSK¤]YK'aHEPRS]YCO*U� � �YC"M�n C+EPT��wVmILCsK ILN*r4C{DYRSEPT"CsX¬VmM I^�YVSc
K�EPGJzPCUI�rFEPcJzPCUI�VSc!N�rAILEPVSMYCsX[O0GJN�K IL�YC#MYN�GJK�EPRWXAVScJI^G^VmrY]AILVmN�M*XYC��FMAC"X r9d[E�]Yc^CsG § DYG^N a�VSXYCsX
K{C"EPM�EPMYX c I�EPMYXYEPG^X�XYCUalVSEHILVmN�M ( IL�YC N�]lILDY]AI�M�]AK¤r�CsG
VSc�GJN�]YMYXAC"X ILN�I^�YC MYC"EPG^CscJI VSM9ILCs_�C"GU*U�
� CsI EPMYNPI^�YC"G>DFEHGLEPK�CsI^C"G"nH�¦n³c^D4C"TsV2�FCsc?I^�YC·M|]YK�r�CsG?NHOAXYV/�«CsG^CsM|I?VbILC"K�c�� EPRSR³aHEPRS]YCsc>N�]AILcJVSXYC
IL�YCqVSM9I^C"GJaHEPR , i a � . EPG^CqXYVmc^T"EPG^XYCsX��

i¬C�TsN�MYc^VmXYC"G I º N#ILC"c ILr4C"XYcs��¯eM�IL�YCZ�FG^c I+nlI^�YC�M|]YK�r�CsG\NPOWXAV2��C"G^CsM9I VmI^C"K�c·Vmc � � kP�P�
c^N EPc ILN(K�N�XYC"R�XYN�K{EPVmMYc º �YC"GJC�EPM E+a�CsGLEP_PC¡VmI^C"K VScqO0N�]YMYXwVSMwK{EPM9d K�EHG^zPCUI�rYEPc^zHCsILcs�
¯eM*XAN�K�EHVSMYc·NPOWIL�YVmc z|VSMYX«nAI º N G^EPMYXYNPK{Rbd{XAGLE º M�K�EPGJzPCUI rFEPcJzPCsI^c��YE aPCqE¤�YVS_P�¡T��FEPMYTsCqNPO
�FE+alVmMY_¤MYNPM § CsK{DAIed�VmM9ILC"GJc^CsTsILVmN�M�� g[NPG^C�cJD�CsT"V/�FT+EPRmRmdPn|I^�YC�VbILCsK _PC"MYCsGLEHI^N�G·]Ac^C"X¡I^�YC�K�C+EHM
aPEHRS]YC¤NHO i2j�k EPMAX(IL�YC¤c I�EPMAXFEPG^X�XYCUa�VhEHI^VSN�M[NPO j�kP� (7EPMYX(IL�AC¤GLEPMA_�C , i n kH��� . *U�&� �YC¤NHIL�YCsG
ILC"c ILr4C"X[EPc^cJ]YK�C"c IL�FE³I IL�YCqM|]YK¤r4C"G NPO XYVmcJILVmMYTsI VmILCsK{c\VSc � � i � a �P��� �@� �YCqVmM|I^C"M9ILVmN�MfVSc
ILN!K{N�XYC"R|E�XYN�K{EPVmM º �AC"G^C IL�YC T"NPM|I^C"M9ILc NPOYK{EPGJzPCsI?rFEHc^zPCUILc�XAN�MYNHI N aPC"G^RSEPD�cJN!O0GJC"´|]YCsM|I^RmdP�
¯eM�I^�YVSc�T+EPcJCPn�IL�AC K{C"EPM(aHEPRS]YC�VSc j n kP��� EHMYX(IL�YC c I�EPMAXFEPG^X�XYCUa�VhEHI^VSN�M(Vmc k n ����� (7EPMYX(IL�AC
GLEPMY_PC Vmc O0G^N�K i I^N i � n ����� *~�

tFN�G C+EPT��fNHOWIL�YC�I º N XYN�K{EPVmMYc"n º C�_�C"MYCsGLEHI^C"X i ��� n ���P� K{EPG^zHCsI rYEPc^zHCsILc º VbIL��E+a�CsGLEP_PC
c^VS�sC"c C"VbIL�YCsG i+� NPG i+��� �v� �YC�VSM9ILCsM|I^VSN�M�VmcqI^N�K{C"EPc^]YGJC�I^�YC�G^Csc^D4N�MYc^C�ILVmK{Csc�O0N�G�VmI^C"K�c^CsI
ILG^CsC"c�IL�FE³I��FE+a�C r�CsC"M*T"G^C"EHILCsX[O0GJN�K XFE³I�EPrFEHc^C"c!NPO XYV2��C"GJC"M9I!DFEPG^EPK{CUILCsG^c"�
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� NfCscJILVmK�E³ILCqIL�YC E+aPC"GLEH_�C¤T"NPK{DY]lI�EHI^VSN�MFEHR?TsN�cJI^c�NPO�´|]YCsGJd EHMYc º C"GJVSMY_Yn º C¤K�C+EHc^]YGJC"X(IL�AC
M�]AK¤r�CsG¤NPO�MYN�XYCsc (7VmMwIL�YC�VmILCsK{cJCsI#ILG^CsC
* I^�FEHI � RS_PN�G^VbIL�YK v<�YEPX ILN<a�Vmc^VmI º �YCsM I^GJd�VSMA_
ILN N�rAILEPVSM E<T"N�K�DYRmCsILC�RSVSc I�NHO�VbILCsK{cJCsILc#ILN(r4C¡G^CUIL]YGJMYC"X ILN[IL�YCf]YcJC"Gs� ¯eM I^�YVSc º E+d�n º C
C"RSVmK{VmMFEHI^C·IL�AC!VmM��F]YCsMYT"C�NPO�DYGJN�_�GLEHK{K�VSMY_�c^]YrlILRSCUILVmC"c EPMYX O0N�T"]Yc�N�M IL�AC!GJC+EPRFTsN�M9ILGJVSrY]AI^VSN�M
NPO I^�YCqDYG^NPD�N�cJC"X*XFEHILE�c ILG^]ATsIL]AG^CP�

�?N�c I�EPG I º VbIL��n º C\]YcJC"X � RS_�N�GJVmI^�YK i ILN�T"G^C"EHILC VmI^C"K�c^CUI?I^G^CsC"c O0GJN�K�XFE³I�EPrFEHc^C"c cJd�M9IL�YC §
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c^VS�sC"X�r9d�I^�YC�XFEHILE¤_�C"MAC"GLE³ILN�Gs��toGJN�K�IL�YC�I^�YG^CsC�XYV2��C"GJC"M9I Ied�D�Csc NPO?´|]YC"GJVSC"c VmM9ILG^N�XY]YTsC"XfVmM
�lC"TUILVSNPM¡vAn º C�T��YNPc^C�I^�YC!c^C"TsN�MYX�Ied�D4C�EHc I^�YC�K{N�c I�IedlDAVST+EHR4GJC"DYGJC"cJC"M9I�EHI^VmaPC � VbI\cJ]YrYcJ]YK{Csc
IL�YCj�YG^cJI\IedlD4CPnYEPMYX�I^�YC�RhEHcJI IedlD4C�N�MYRbd{EPXYXYc·VSMYcJVS_�MYV/�FT+EHM|I\EPXYXAVmILVmN�MFEPRoTsN�K{DA]AI�EHI^VSN�M«� i¬C
IL�YCsG^CsO0NPG^C�EPcJc^]YK�C�I^�FEHI\I^�YC�]Ac^C"G\c^]YrYK�VmI^c·I^N�IL�YC�cJd�cJI^C"K E�RSVmcJI·NPOWVmI^C"K�c EPMAX¡G^CsT"C"Vba�Csc"nYVmM
G^CsI^]YG^M«nAE T"N�K�DYRSCUILC RmVScJI NPO«VmI^C"K�c^CsI^c
IL�FEHI·T"NPM|ILEPVSM{EPRmRYVmI^C"K�c�O0GJN�K¶I^�YVSc RSVmcJI+� tFN�G�VSMYc I�EPMAT"CPn
VmO
IL�AC ]Yc^CsG�c^]YrYK�VmI^cv, j n k . n«I^�YC¤c dlc ILCsK G^CUIL]YGJMYcqEPRSR?VmI^C"K�c^CUILc�T"NPM|ILEPVSMAVSMY_{VmILCsK{c j EPMYX k �
¯eM�I^�YC[C~�lD�CsG^VSK�C"M9I^c"n º C�T"N�MAc^VSXAC"G^CsX�I º N¬XAV2��C"G^CsM9I{cJVmI^]FEHILVmN�MYcs� ¯eM�I^�YC �YG^cJI"n I^�YC*]Yc^CsG
c^]YrYK�VmI^c j XYVmcJI^VSMYTUI\VbILC"K�c·I^�FEHI\�FE+a�C�ILN�r�C�TsN�M9I�EPVmMYC"XfVmM¡C+EHT��fNPOWIL�YC�G^CsI^]YG^MAC"X�VmI^C"K�c^CsI^c �
VSM IL�YCfcJC"TsN�MYX�n IL�YCf]YcJC"G�c^]ArYK{VbILc�E RSVmcJI�NPO � XYVmcJI^VSMYTUI VmI^C"K�c"�k�?N�N�rAILEPVSM c I�EHI^VScJI^VST"EPRSRbd
G^C"RmVhEPrARSC�GJC"c^]ARmILcsn º C EPR º E+d�c�_�C"MAC"GLE³ILC"X i a ���P� GLEPMYXAN�K ´|]YCsG^VSCsc�EHMYXfIL�YCsM[T"EPRSTs]YRhEHI^C"XfIL�AC
E aPC"G^EP_�C M�]AK¤r�CsG�NPO�MANlXYCsc alVmc^VbILC"X�D4C"G�´|]YC"G d��

� �YCq_�G^EPDY�Yc VmM*t�VS_�]AG^C k c^]AK{K{EPG^Vm�"C�I^�YC�G^Csc^]YRbILc�r9dfDYRmNPI^I^VSMY_�I^�YCqM|]YK¤r4C"G NPO?a�VSc^VbILCsX
MYNlXAC"c�EP_9EHVSMYc I I^�YC c^Vm�"C NHO4I^�YC N�GJVS_�VmMFEPR9XFE³I�EPrFEHc^CS( O0G^N�K i � a �P��� I^�YG^N�]A_�� i ��� a ����� K�EPGJzPCUI
rFEPc^zHCsI^c�*U��� º N*XYN�K{EPVSMYc�EPG^C TsN�MYcJVSXYCsG^C"X«n?NPMYC º VmI^� kP��� XYVmcJILVmMYTsI�VmILCsK{c�(7RSCUO IT*~nWEPMYX IL�AC
NPIL�YCsG º VbIL� i+� a ����� XYVmcJILVmMYTsI!VbILC"K�c%(7G^Vm_��9IT*~� � � �YC¤E+aPC"GLEH_�C¤c^Vm�"C NPO�E�K�EPGJzPCUI�rFEPcJzPCUI º EHc
i � VSMwI^�YCf]YDYD4C"G�_�GLEPDA�Yc�EPMYX i �P� VSMwI^�YC¡r4NPI^I^N�K _PGLEPDY�Ac"�¬Q EHT���_PGLEPDY� TsN�M9I�EPVmMYc�I º N
T"]YG a�C"c��\N�MACqO0NPG ´�]AC"G^VmC"c�T"NPM|ILEPVSMAVSMY_ j VmI^C"K�c"nYEHMYX[NPMYC�O0N�G ´|]YC"GJVSC"c�TsN�M9I�EPVmMYVSMY_ � VmI^C"K�c"�

� �YC�GJC+EPXYCsG#T"EPM c^C"C I^�FEHI+nWI^N<EPMAc º C"G#E�´|]YCsGJdPn IL�AC�c d�cJILCsK �FEPX�ILNfILG^E aPC"GJc^C�NPMYRmd(E
G^C"RSEHILVba�CsRmd¬c^K{EPRSR D�NPGJILVmN�M NPO�I^�YC¡VmI^C"K�c^CUI¤ILGJC"CP�¬¯eM O7EPTsI"n�IL�YCfM|]YK¤r4C"G NHO!a�Vmc^VmI^C"X MYN�XYCsc
_�G^N º c RmC"c^c�IL�AC"MfRSVmMYC+EHG^Rmd�VSM�IL�YC�c^VS�sC�NPO«IL�YC�N�G^Vm_�VSMFEHRFXFEHI�EHrFEPc^CH�@� �YC��AVS_��YCsG I^�YC�DYEPVSG º VSc^C
N2aPC"GJRhEPDYc�NPO�I^�YC�VmMYXYVma�VmXY]FEPR�K{EPGJzPCsI^c"noIL�YC#rYVS_P_�C"G IL�AC�DFEPG I�NHO�IL�YC#VmI^C"K�c^CsI�I^G^C"C IL�FE³I��FEHc
ILN�r�C�I^GLE+a�CsG^c^CsX[I^N{EHMYc º C"G IL�AC ´|]YCsGJdP�P� �YVmc VSc r4C"T"EP]Yc^C E c^K{EPRmRSC"G\D�N�G ILVmN�M¡NPO?IL�YCqMYN�XYCsc
EPG^CqC"RmVSK�VSMFE³ILC"X�r|d�IL�YCqT"NPMYXYVmI^VSN�MAc O0G^N�K � RS_PN�G^VbIL�YK vA�

t�Vm_�]YGJC y CU�lDYG^Csc^cJC"cfIL�YC[cLEPK�C<GJC"cJ]YRmI^c�VSM�D�CsG^TsC"M9I�EP_PC"c"� � �YC(G^C"EPXYCsG¡T+EPM�c^C"C[IL�FEHI
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t�VS_�]AG^C k � � a�C"G^EP_�C¤M|]YK�r�CsG�NPO�VmILCsK{cJCsI § ILGJC"C MYN�XYC"c!alVmc^VbILC"X[D�CsG�´|]YCsGJdP� � RSN�MY_�IL�AC��YN�GJV §
�"N�M9I�EHR>E³�lVSc"nYI^�YC c^VS�sCqNPO I^�YCqN�G^Vm_�VSMYEPR«XFE³I�EPrFEHc^CqVSc DYRmNPI^I^C"X�� � RSN�MY_ I^�YC�a�C"G ILVmT+EPR>E³�lVmc"nYIL�AC
M�]AK¤r�CsGqNPO·a�Vmc^VmI^C"X�MYN�XYC"cqVmc�DYRSNHI^ILCsX�� 
¶VSc�IL�AC{E+aPC"GLEH_�C�M�]AK¤r�CsGqNPO\VbILCsK{c�VmM�EfK�EPGJzPCUI
rFEPc^zHCsI"��� j EHMYX�� � G^CUO0C"G ILN�´|]YC"GJVSCsc�TsN�MYc^VmcJI^VSMY_ NPO j EPMYX � VbILCsK{csnYG^Csc^D4C"TsI^VmaPC"RmdP�
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t�VS_�]AG^C y � � a�C"G^EP_�C¤M|]YK�r�CsG�NPO�VmILCsK{cJCsI § ILGJC"C MYN�XYC"c!alVmc^VbILC"X[D�CsG�´|]YCsGJdP� � RSN�MY_�IL�AC��YN�GJV §
�"N�M9I�EHR�E³�lVScsn�I^�YC¤c^Vm�"C#NPO
IL�YC�N�G^Vm_�VSMFEHRWXFEHI�EHrFEPc^C#VSc�DYRSNPIJILCsX��j� �YC¤aPC"G ILVST"EPR E³�lVSc�DARSNPI^c�IL�AC
D�CsG^T"CUI�EP_PC NHO�MYN�XYC"c I^�FEHI º C"G^Cqa�VScJVmILCsX�D�CsG�E+aPC"GLEH_�Cq´�]AC"GJdP� 
 VSc I^�YC E aPC"G^EP_�C M�]AK¤r�CsG�NPO
VmILCsK{c�VSM E¡K{EPG^zHCsI�rYEPc^zHCsI+� � j EPMAX � � GJCsO0C"G�I^Nf´|]YC"GJVSC"c�TsN�MYcJVScJI^VSMY_�NPO j EPMYX � VmI^C"K�c"n
G^C"cJD�CsTsI^Vma�CsRmdP�
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IL�YCqD4C"G^TsC"M9I�EH_�CqNPO�MANlXYCsc alVmc^VbILC"X�D4C"G�´|]YC"G d�EPR º E+d�c�XYG^N�DAc º VbIL�fIL�AC cJVS�sC�NPO I^�YCqN�G^Vm_�VSMYEPR
XFEHI�EHrFEPc^CH� � �YVSc#XYC"K�N�MYc ILGLE³ILC"c IL�YC{c^T"EPRhEPrAVSRSVbIed<NHO IL�YC�ILCsT��YMYVS´|]YCsc�ILN[RhEPGJ_�CPn?G^C"EPR § º NPG^RSX
XFEHI�EHrFEPc^Csc"� � ¯eM¬MYN�MYC�NPO\I^�YC"cJC�C~�AD4C"GJVSK�C"M9ILc#XYVSX�IL�AC{´|]YCsGJd¬EPMYc º CsG^VSMA_(K{N�XY]YR
�YE aPC{I^N
alVmc^VbI�K�N�G^C I^�FEPM E*´�]YEPGJI^C"G�NHO IL�YC{MYN�XYC"cs�*¯eMwK{N�c I�NHO IL�YC{T+EPcJC"csn�IL�YC{D�CsG^TsC"M9I�EP_PC º EHc
EPTsI^]FEPRSRbd�K�]YT��<cJK�EPRmRSCsG·IL�YEPM*I^�FEHI"�

� I IL�YC!cLEHK{C�ILVmK{CHn�IL�YC �F_�]YGJC�cJ�YN º c\�YN º XYV/�{Ts]YRmI VbI·Vmc
ILN�TsN�K�C�]YD º VmI^��E �YC"]YGJVSc ILVST
IL�FEHI º NP]YRSX¬DYG^CsXYVSTUI�IL�AC�G^Csc^D4N�MYcJC�ILVmK{C�rFEPcJC"X N�M¬IL�YC{T��FEPGLEHTsILCsG^VmcJILVmT"c#NPO IL�AC¡]YMYXYCsG^Rbd §
VSMY_*XFEHILEA� � r|a�VmN�]Yc^Rbd�n�E*TsN�K{DARSCU� VmM9ILC"GJDYRhE+d�NPO·IL�YC�I º N<T"N�MYXAVmILVmN�MYc�O0G^NPK � RS_PN�G^VbIL�YK v
E��«CsTsI^c!I^�YCqc^VS�sC�NPO?IL�YC�ILG^E+a�C"GJc^CsX(D�NPGJILVmN�MfNPO?IL�YCqVbILC"K�c^CUI ILGJC"CP� tFN�G VmMYcJILEPMYT"CHnFVSM�´|]YC"GJVSCsc
T"N�MYcJVSc ILVSMA_ NHO � VmI^C"K�c"n�IL�YC*E+a�CsGLEP_�C [JXYVmcJILEPMYT"C�]¬r4CsI º C"CsM�IL�AC �YG^cJI�EPMYX IL�AC*RSEPcJI�VmM9ILC §
_�C"G*VSc�rYVm_�_�C"GfI^�FEPM VmM ´|]YCsG^VmC"c*T"N�MYcJVSc ILVSMA_�NPO j VbILC"K�c"� � �YC"GJCsO0N�GJCPn�I^�YCwT��FEHMYT"C IL�FEHI
� � C � (0IL�AC �FGJcJI�T"N�MYXAVmILVmN�MY*\Vmc�EPRmc^N�c^K{EPRSRmC"Gs� � I!IL�YC#cLEPK�C I^VSK�CPnYI^�YC�cJC"T"NPMYX(T"NPMYXYVmI^VSN�M
( �/���
� ���l"
� (����4*�	 �/���
� ���'"
� ('��*W*�Vmc�EPRmc^N¡E��«CsTsILCsX�� � XYCsILEPVSRmC"X<c IL]YXld(NPO�I^�YC¤GJC"RhE³ILC"X[DY�YC §
MYN�K�C"MFE º NP]YRSX�D4C"G^�YEPDYc XYC"cJC"GJaPC¡E�c^CsDFEPGLE³ILC�DFEPD4C"G"� �!C"G^CHn NP]YGqN�r ² C"TUILVba�C º EPcqN�MARmd(I^N
c^�YN º I^�YC�G^CsRhEHI^Vma�CsRmd RSN º T"N�c ILc�NPO4´|]YC"G d�EPMYc º CsG^VmMY_�EHMYX IL�YC cJT+EPRSEPrYVSRmVmIedqNPO4IL�AC ILC"T��AMYVS´|]YCH�
toNPG E XFEHI�EHrFEPc^C�NHO i+� � K�EHG^zPCUI�rFEPcJzPCsI^c"nFIL�AC�´�]AC"GJdfEPMYc º C"GJVSMY_�K�NlXA]YRSC�Ied�DYVmT+EPRmRmd��FEPXfI^N
alVmc^VbIqc^N�K�C i � a �P���10AjP� a ����� MANlXYCsc"n?T+EPGJGJd�VSMA_*NP]AIqG^CsRhEHI^Vma�CsRmd<VSMYC~�AD4C"MAc^VmaPC{NPD�CsGLEHI^VSN�MYc�NPM
C+EPT��[NPO I^�YC"K*�n� �YVmc�EHK{N�]AM|I^c ILN�G^Csc^D4N�MYcJC I^VSK�C�NPO�MAN�K�N�GJC�IL�FEPM[E¤O0C º c^C"TsN�MYXYcs�

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

��E+a�VSMY_wO0NP]YMYX IL�YEHI¡VbILC"K�c^CUI�I^G^C"Csc¡O7EPT"VmRSVbI�EHI^C�aPC"G d�O7EPc I¡´|]YC"G d EPMAc º C"G^VmMY_Yn º C º EPM9I^C"X
ILN�K�EHzPCfc^]AG^CfIL�FE³I�rY]YVSRmXYVSMA_<IL�YCfI^G^C"Csc O0G^N�K K�EPGJzPCUI�rFEPc^zHCsI{XFEHILEPrFEPcJC"c�VSc E��«N�GJXFEPrYRmCP�
u>CsK{K{E j � j C"c I�EPrYRmVScJ�YC"X IL�YC{]YDYD4C"G�r4N�]YMAXwN�M IL�YC{M�]AK¤r�CsG#NHO MYN�XYC"c#T"G^C"EHILCsXwO0G^NPK �

XYVSc ILVSMATsI�K�EPGJzPCUI�rFEPcJzPCUILcqEPc j � � i �Z�?N�VmMYc^CsGJI�E�c^VmMY_�RSCqK{EPG^zHCsI�rFEPc^zHCsI�I^N¡EPM<CU�lVSc ILVSMA_
VmILCsK{cJCsIqILGJC"CHn � RS_�N�GJVmI^�YK i K¤]Yc IqalVmc^VbI#RmC"cJcqI^�YC"M IL�YC I^NPI�EPR
M|]YK�r�CsG#NPO·CU�lVmcJILVmMY_*MYNlXAC"c"�
� �YVSc�K{C"EPMYc�IL�FEHI!IL�AC#TsN�cJI^c�NPO
VmMYc^CsGJI^VSMY_ � K{EPG^zHCsI�rFEPcJzPCsI^c�T+EHMYMYNPI�CU�lT"CsC"X �o( � � *~� ¯eM
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G^C+EHRSVmIedPnAIL�AC#TsN�K{DA]AI�EHI^VSN�MfTsN�K�DYRSC~�AVbIedfT+EHM[r4C#C~�lD�CsTsILCsX<ILN�r4C#K�]YT��[RmN º CsG�r4C"T"EP]Yc^CqIL�AC
M�]AK¤r�CsG�NPO�MANlXYCsc!a�Vmc^VmI^C"X�D4C"G N�MYCqVmMYc^CsGJILVmN�M º VSRmR«T"NPMYcJI^VmIL]lILCqN�MYRbdfE¤O0GLEPTUILVmN�M�NPO � �

� �YC¡I^�YC"NPG^CsI^VST"EPR G^Csc^]YRbILc�DY]YrARSVScJ�YC"X C"EPG^RmVSCsG , i+y . VSMAXYVST"EHILC�IL�FEHI I^�YC�CU�lD4C"TsI^C"X�T"N�c ILcsn
]YMYXYCsG�TsC"GJILEPVSM*EPcJc^]YK�DAI^VSN�MYcsnYT+EHM[r4CqG^N�]Y_P�YRmd¡EPDYDYGJN �lVmK�EHI^C"X�r9d�E�RSVSMAC+EPG\O0]AMYTsI^VSN�M�� � ]YG
MYCU��I cJC"GJVSC"c NPOWC~�lD�CsG^VSK�C"M9I^c º EPc\XAC"c^Vm_�MYCsX{ILNqa�CsG^VbO d IL�YVmc·GJC"c^]ARmI+� iwC!K{C"EPc^]AG^C"X�IL�YC�Z���`
ILVSK�C (��l`�� �lDFEPGJT i � n?DAG^N�_�G^EPK º GJVmIJILC"M VSM¬Zp*�IL�YEHI � RS_PN�G^VbIL�YK i MYC"CsXYC"XwI^N�T"N�M9a�CsGJI¤E
K�EPGJzPCUI § rYEPc^zHCsI�XFEHI�EHrFEPc^CqVmM|I^N�EPM*VmILCsK{cJCsI I^G^CsCP�H� �YC _�N9EPR º EPc ILN�XYCUa�CsRSN�D*c^N�K�C�VSMAc^VS_P�|I
VSM9ILN��YN º I^�YVSc I^VSK�C�XYC"D4C"MAXYc�NPM�I^�YCqM|]YK¤r4C"G�NPO K�EPGJzPCUI�rYEPc^zHCsILcs�

� _9EPVSM«n|I º N¤cJCsILc\NPOWCU�lD4C"GJVSK�C"M9ILc º CsG^C�TsN�MYXY]YTUILCsX¡ILN�XACsILCsG^K�VSMYC º �YCsI^�YC"G IL�YC�N a�C"G^EPRSR
G^C"cJ]YRmI^c\EHG^C!E���C"TsI^C"X¡r9d I^�YC�C~��ILC"M9I·ILN º �YVST���IL�YC�T"NPM|I^C"M9ILc\NPO�E DFEPVmG
NPO�G^EPMYXYN�K�Rmd�T��YN�cJC"M
K�EPGJzPCUI�rFEPc^zHCsI^c*N aPC"G^RSEPD��¦¯eM I^�YC��FGJcJI*c^CUI+n�I^�YC M|]YK¤r4C"GfNPO XYVmcJI^VSMYTUIfVmI^C"K�c º EHc kP��� �
VSM IL�YC NPIL�AC"G"n�IL�YVmc*M|]YK�r�CsG º EPc i � a ���P� � � �YCwVmMYXYC"D4C"MAXYC"M9I*aPEHG^VhEHrYRSC Vmc�I^�YC�c^Vm�"C NPO
IL�YC XFE³I�EPrFEHc^CP�&�?NfXYVmK{VmMYVScJ�[IL�AC¤C���C"TUIqNPO�cJILEHILVmcJILVmT+EPR �F]YTUIL]FE³ILVSNPMYc"n º C cJd�M9IL�AC"c^Vm�"CsX �YaPC
XYV2��C"GJC"M9I XFEHI�EHrFEPc^Csc
O0N�G
C+EPT���XFEHILEPrFEPcJC�c^VS�sCPn�EPMYX�IL�AC"M�T+EPRmT"]YRSEHILCsX¤IL�YC!E+a�CsGLEP_�C�ILVmK{Csc�IL�AC
VmILCsK{cJCsI I^G^C"CqTsN�MYcJI^G^]YTUILVmN�M*I^NlNPz4�

t�Vm_�]YGJC ¥ c^�AN º c!IL�YC G^Csc^]YRbILcs�p� �YC#GJC+EPXAC"G�T"EPM<cJC"C IL�FEHI�I^�YC#Ts]YGJaPC¤VSc�GJN�]Y_��YRbdfRSVmMYC+EHG"n
VSMYXYVmT+EHI^VSMY_�G^C"EPc^NPMFEPrYRmC�T"NPK{DY]lI�EHI^VSN�M[T"N�c ILc�O0N�G�r�NHIL�(NPO
I^�YC�C~�lD�CsG^VSK�C"M9I^c"��¯eM<I^�YC¤G^Vm_��9I §
�FEPMYX(DARSNPI%(0O0NPG i � a ����� XYVmcJILVmMYTsI�VmI^C"K�c�*~noI^�YC T"N�K�DY]AILEHILVmN�M[TsN�cJI^c º C"GJC¤�YVS_P�YC"Gsn4rA]AI�I^�YCsd
cJILVmRSR�_�G^C º K�N�G^C�N�G RmC"cJc!RmVSMYC"EPG^Rbd�VSMfIL�YCqcJVS�"C�NHO I^�YCqXFEHI�EHrFEPc^CH�H� �YCqcJI�EHMYXFEPGJX[XYCUa�VhEHI^VSN�MYc
º CsG^CqIedlDAVST+EHRSRmd�EPGJN�]YMYX i �#\ �

i¬C*EPRScJN º EPM9ILCsX�ILN z|MYN º º �YCUIL�YCsG�I^�YC[TsN�K�DY]AI�E³ILVSNPM�TsN�cJI^c{cJN�K�C"�YN º XAC"D4C"MYX NPM
IL�YC�E aPC"G^EP_�C¡cJVS�"C{NPO�E*K�EPGJzPCUI�rFEHc^zPCUI+�)� N<I^�YVSc C"MAX�n º C¡GLEPMwE<c^CsG^VmC"c�NHO CU�lD4C"G^VmK{CsM9ILc"n
º �YC"GJC{IL�AC{M|]YK¤r4C"G NPO\K�EPGJzPCUI#rYEPc^zHCsILc º EHc��A�lC"XwEHI j a ����� a x a ���P� a«EHMYX i � a ����� n º �AVSRSC
IL�YCqc^Vm�"C�NPO EPM*E+a�CsGLEP_PC K{EPGJzPCsI�rYEPc^zHCsI!aPEHG^VSCsX¡O0G^N�K i � ILN i �P� � i¬C#EHc^c^]AK{C�I^�FEHI��YVm_��YC"G
aPEHRS]YCsc�XYN�MYNPI�K{EPzHC¤K¤]YT���c^CsMYc^C�VmM(c^]YD4C"GJK�EHG^zPCUI�Ied�D�C�NPO�XFE³I�EA� � _9EHVSM�n º C K�C+EPcJ]YG^CsX
IL�YCqT"NPMYc^]YK�C"X(Z���` I^VSK�CP�

� �YC G^Csc^]YRbILcsnPc^�AN º M�VSM#t�VS_�]AG^C � nHVSMYXYVmT+EHI^C�IL�FE³I+n³VSMqIL�YC T+EPcJC\NPO kP��� XYVSc ILVmMYTsI>VbILC"K�c"n2IL�AC
T"N�c ILc�NPO�VbILCsK{cJCsI § ILGJC"C _�C"MYCsGLEHI^VSN�M<XYN¡MYNPI�EPDYD4C+EHG�ILN�r�C�E��«CsTsI^C"X r9d[I^�YC�K{EPGJzPCsI § rFEHc^zPCUI

jHx



2 4 6 8 10 12 14 16 18 20
0

5

10

15

20

25

NUMBER OF BASKETS (IN THOUSANDS)

T
IM

E
500 DISTINCT ITEMS

av.length=15

2 4 6 8 10 12 14 16 18 20
0

10

20

30

40

50

60

70

NUMBER OF BASKETS (IN THOUSANDS)

T
IM

E

10,000 DISTINCT ITEMS

av.length=15

t�VS_�]AG^C ¥ � Z���` T"NPcJILc!NPO?VmI^C"K�c^CUI § I^G^CsC�T"N�MYc ILGJ]YTsI^VSN�Mfa�CsG^cJ]Yc�I^�YC�M|]YK¤r4C"G�NPO?K�EHG^zPCUI!rFEPc §
zPCsI^c!O0NPG kP��� XYVSc ILVmMYTsI�VbILC"K�c (7RmCsO I�*\EPMYX i � a �P��� XYVSc ILVmMYTsI�VbILC"K�cS(0G^VS_P�|I�*U�

10 20 30 40 50 60 70 80 90 100
0

1

2

3

4

5

6

7

8

AVERAGE BASKET SIZE

T
IM

E

500 DISTINCT ITEMS

2,000 baskets
4,000 baskets
10,000 baskets

10 20 30 40 50 60 70 80 90 100
0

5

10

15

20

25

30

35

AVERAGE BASKET SIZE

T
IM

E

10,000 DISTINCT ITEMS

2,000 baskets
4,000 baskets
10,000 baskets

t�VS_�]AG^C � �¡Z���` T"NPcJILc NHO�VmILCsK{cJCsI § ILGJC"C¡TsN�MYc ILG^]ATsILVmN�M a�CsG^cJ]Yc�E aPC"G^EP_�Cfc^Vm�"C¡NHO�E[K�EPGJzPCUI
rFEPc^zHCsI!O0N�G kP��� XYVmcJI^VSMYTUI�VmILCsK{c (0RSCUO IT*\EPMAX i � a ����� XYVmcJI^VSMYTUI�VmILCsK{c&(7G^Vm_��9IT*~�

j�k



c^VS�sCP��¯eM[I^�YC�T"EPc^C#NPO i � a ����� XYVSc ILVmMYTsI!VmI^C"K�c"nFIL�AC"c^C#T"N�c ILc�XYC"TsG^C+EHc^C º VbIL�<_PG^N º VSMY_{c^Vm�"C NPO
K�EPGJzPCUI�rFEHc^zPCUILcsn�rY]AI N�MYRbd�O0N�GWIL�YC T+EHc^C º �YC"GJC\XFEHILEPrFEPcJC º EPc?RhEPGJ_�CP�d� �YCsc^C\I^C"MYXAC"MYTsVSC"c EPGJC
C"MYTsN�]YGLEH_�VSMY_A� � _9EHVSM�n�I^�YC�DYRSNPI^c�XYC"DYVmTsI·E+a�CsGLEP_�Csc·O0GJN�K k G^]YMYcs�@� �YC�cJI�EHMYXFEPGJX{XYCUa�VhEHI^VSN�MYc
º CsG^CqIedlDAVST+EHRSRmd�EPGJN�]YMYX i �104i kG\ �

��� � � � � � � ��� 

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

� �YC\C~�AD4C"GJVSK�C"M9ILc?VSMAXYVST"EHILC�I^�FEHI>IL�YC�ILVmK{C
MAC"C"XAC"X�I^N�EPMAc º C"G�EHM�E+a�CsGLEP_PC\´|]YC"G dqVSc?EPDYDAG^N+� §
VSK{EHILCsRmd*RSVmMYC+EPG�VSM(I^�YC�M�]AK¤r�CsG�NPO K�EHG^zPCUIqrFEPcJzPCsI^c#TsN�M9I�EPVmMYC"X�VmM(IL�YC�N�GJVS_�VmMFEPR>XFEHILEPrFEPcJC
(�EPMYX{IL�|]Yc"nAC"c^cJC"M9ILVSEPRSRbd�nlEPRScJN�VmM�IL�YC�c^Vm�"C�NPO«IL�YC�VbILCsK{cJCsI ILG^CsC
*~�
¯eMfG^C+EHRSVmIedPn|N�MYRmd{E#O0G^EPTsI^VSN�M
NPO I^�YCqILG^CsC�N�c�MYNlXAC"c%(0Ied�DYVST"EPRSRbd�cJN�K�C kO0AjP�#\ *\�FE+a�CqILN�r4C�alVmc^VbILC"X º �YVmT���nFO0N�G�E XFEHILEPrFEPcJC
T"N�M9I�EHVSMYVmMY_ i ��� a ����� K�EHG^zPCUI rFEPcJzPCUILc�T"N�]ARSX¡r4C�EPTsT"N�K�DYRSVmc^�YCsX¡VSM�E�O0C º c^CsT"N�MAXYc�N�M��A` �
�lDFEPGJT i � � � M(VbILCsK{cJCsI!ILG^CsC¤G^CsDYG^Csc^CsM|I^VSMY_f�|]YMAXYG^CsXYc�NPO
K�VSRmRSVSNPMYc NPO�K{EPG^zHCsI�rFEPc^zHCsI^c�K�E+d
C"M9I�EPVmR�G^Csc^D4N�MYcJC"cqIL�FEHIqC~�lT"C"CsX¬I^�YC ]Yc^]YEPR
CU�lD4C"TsILEHILVmN�MYc�O0N�G�I^�YC N�M § RSVmMYC�K�NlXAC NPO N�D�CsGLE §
ILVSNPM�����I^VSRSR�nPIL�AVSc RSVSK�VmILEHILVmN�M¤K{E+d�MYNPI r4C�DAG^N��YVmrYVmI^VmaPCP� �?GJd�VmMY_#I^N¤EPMYc º CsG\IL�AC�´|]YC"G d�]Ac^VSMA_
IL�YCqN�GJVS_�VmMFEPR4XFEHI�E º N�]YRmX[TsC"G I�EPVmMYRmd{r�C�K�]YT��[K�N�GJC�CU�lD4C"MYcJVma�CHn«EHMYXfIL�YCqcLEHK{CqEPDADYRSVmC"c\I^N
IL�YCf]YcJC�NPO � DYGJVSN�GJV § rYEPc^CsX EPRS_�NPG^VmI^�YK�c"n�CUa�CsM º �YCsM�TsN�MYcJVSXYCsG^VSMA_�EPRSR IL�YCfVmK{DYGJN a�C"K�C"M9I^c
C"M|]YK�C"GLE³ILC"X{VSM�IL�YC�¯eM9ILGJNlXA]YTsI^VSN�M��
g[N�G^CsN a�C"Gsn º C�r4C"RmVSCUa�C IL�FE³I·K�CsI^�YN�XYc�NPO«´|]YCsGJd�VSMA_#IL�AC
VmILCsK{cJCsI�ILG^CsC¤T+EHM(r�C#O0]YGJI^�YC"G�VSK�DYG^N a�CsX�EPMYX<I^�YC¤c^EPK{C�EPDYDYRmVSCsc!I^N�IL�YCsVSG�C���T"VmC"M9I�VSK�DYRmC §
K{CsM|ILEHILVmN�M��Si VmI^�(IL�YC _�GJN º VSMY_¡D4C"G O0N�G^K{EPMYTsC NPO �FEPGJX º EHG^CPn º C�r�CsRSVmCsa�C#IL�FEHIqCUa�CsM aPC"GJd
RhEPGJ_�C�K�EHG^zPCUI § rFEPc^zHCsI!XFEHILEPrFEPcJC"c!T+EPM*c^N�N�M�r4C ´|]YCsG^VmC"X*N�M § RmVSMYCH�

� �YVmc\C
�{TsVSCsMYTsd{T+EPMfr4C�EHT��YVSCUa�C"X¡O7EHVSG^Rbd C+EHc^VSRbd�r�CsT+EP]YcJC�IL�AC�T"N�MAcJILGJ]YTsI^VSN�M�NPO>EPM¡VbILCsK §
c^CsI�ILG^CsC<VmMYT"]YGJc�TsN�K{DA]AI�EHI^VSN�MYEPR T"N�c ILc�I^�FEHI�_�G^N º G^NP]Y_��YRbd RSVSMAC+EPGJRmd VmM�I^�YC(c^Vm�"C[NPO�IL�AC
N�G^Vm_�VSMFEHRWXFEHI�EHrFEPc^CH�&� �YC�Z���`¦ILVmK{C XYN�C"c�MANPIqEPDYD4C+EHG�ILN�r�C E��«CsTsILCsX r9d<IL�AC¤c^Vm�"C¤NPO EHM
E aPC"G^EP_�C¤K{EPG^zHCsI�rFEPc^zHCsI"nWEHI�RSC+EHcJI�MANPI º �AC"M(IL�AVSc�cJVS�sC�G^CB�FC"TUILc�TsVSGJT"]YK�cJILEPMYT"Csc�Ied�DYVST"EPR?NPO
c^]YD4C"GJK�EPGJzPCUI·XYEHI�E�( i+�104i ��� VbILCsK{c�VmM C+EPT���K{EPG^zHCsI�rFEPcJzPCUIT*U�
¯eM�a�VSC º NPO4IL�AC O7EPTsI
I^�FEHI
IL�AC
VmILCsK{cJCsI�ILG^CsC �FEPc�I^N¡r4C¤T"N�MAcJILGJ]YTsI^C"X�N�MYRbd*N�MYT"C ( º �YVST�� T"EPM r4C EPT"TsN�K�DYRSVmc^�YCsX(N�� § RSVmMYC
*~n
IL�YCsc^C T"N�c ILc!XYN�MYNPI!G^CsDYG^Csc^C"M9I�K�E ² N�G N�rYc I�EPTsRSCP�
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¯eK�D�NPGJI�EHM|I^RmdPn·IL�AC<VmI^C"K�c^CUI{I^G^C"C<VSc�a�C"G d�C"EPcJd�ILN¬]YD4XFEHILC � º �YC"MACsa�CsG�EwMYC º cJCsI�NPO
K�EPGJzPCUI�rFEPcJzPCUILc�r4C"TsN�K{C�E+aPEHVSRhEHrYRSCHnAIL�YCUd*T+EPM(r4C�VmMYT"NPG^D4N�GLEHI^C"X*VSM*IL�YC ILG^CsC�N�MAC�r9d*N�MYCPn
]Yc^VmMY_ � Rm_�N�G^VbIL�YK i �n� �YCq`�MAVS´|]YC"MAC"c^cp� �AC"N�GJC"K DAG^N a�CsX*VmM�IL�AC�MYCU��I�cJC"TsI^VSN�M�_�]FEPG^EPM9ILC"Csc
IL�FEHIfI^�YC G^Csc^]YRbILVmMY_ VmI^C"K�c^CUI¡ILGJC"C VSc�VSMYXYCsD�CsMYXYCsM|I*NPOqI^�YC N�G^XAC"GfVSM º �YVST�� IL�YC<K�EPGJzPCUI
rFEPc^zHCsI^c �YE aPC r�CsC"M�DYGJC"c^CsM9ILC"X«��¯eM N�]YG�N�DYVSMAVSN�M�noIL�AVSc�VmMYT"GJC"K�C"M9I�EHR�MFEHI^]YG^C�VSc�N�MAC¤NPO
IL�AC
K�EPVmM�EPc^cJCsI^c�NPO N�]YG!EPDADYG^N9EHT����

� 	��(� � $  ��f&(��$(����� 	��(���������

° CsO0N�GJC�c^�YN º VmMY_ �YN º I^N¤CU�lDYRmN�VmI·IL�YC�XYEHI�E�c ILGJ]YTsI^]YG^C�O0N�G\EPc^cJNlTsVhEHI^VSN�M¡K�VSMAVSMY_Yn|RmCsI ]Ac5�FG^c I
EPc^z º �ACsIL�AC"G IL�YCfVbILCsK{cJCsI¤I^G^C"C�_�CsMYC"G^EHILCsX r|d � RS_PN�G^VbIL�YK i XYCsD�CsMYXYc�N�M IL�YCfcJC"´|]YC"MAT"C
NPO\rYEPc^zHCsI#DYG^Csc^C"M9ILEHILVmN�M�� ¯eM�IL�YVmc�T"N�M9ILC~��I+n?G^C"T"EPRSR?IL�FE³I�B�C
�FMYVbILVSNPM j � j XANlCsc MANPI EPc^cJ]YK�C
EPM9d�N�GJXYC"GJVSMY_�NPOWIL�YC�T��YVSRmXYG^CsM¡NPO?E�GJNlNPI"� � RbIL�YNP]Y_��{I^�YC�T��YVmRSXYGJC"M¡XAN¤c^CsC"K I^N¤r4C�N�G^XAC"G^CsX
º �YC"M�IL�YC¤I^G^CsC VSc�_�G^EPDY�YVmT+EPRmRmd�XYVmc^DYRSE+d�C"X (0CP��_Y�mnWVmM�t�VS_P]YG^C j *Un«I^�YVSc�NPG^XYCsG�XYNlCsc�MYNPI��YE aPC
EPM9d¬O0]YMATsILVmN�MFEPR�VmM|I^C"GJDYG^CUI�EHI^VSN�M���¯eM NHIL�YCsG º N�G^XYcsn�I º N<VmILCsK{cJCsI#ILG^CsC"c�EPG^C{C"´|]FEPR·VmO I^�YCsd
N�MYRmd�XAV2��C"G!VSM�IL�YC#N�G^XYCsG�VmM º �YVmT��[I^�YC�T��YVmRSXYGJC"M[NPO�EPM9d*NPO�VbILc!MYN�XYC"c�EPG^C XYVScJDYRhE+dPC"X��pi¬C
DYG^Csc^C"M9I�E�RmC"K�K�E#MYC"CsXYC"X*ILN�DYG^N a�C�I^�YCqK�EPVmMfG^Csc^]YRbI�NHO I^�YVSc cJC"TsI^VSN�M«�
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u>CUI � EHMYX�
 XYCsMYNPI^C<IL�YC*I º N c º EHDYD�CsX K�EHG^zPCUI¡rFEHc^zPCUILc (��7�{EPMYX�� �¡XAV2��C"G�NPMYRmd VmM
IL�YC N�GJXYC"G�NPO � EPMYX�
�*~�¤�l]ADYD�NPc^C�EPM�VmI^C"K�c^CUI�ILGJC"C �FEHc�r�CsC"M�rY]YVmRmI�O0GJN�K IL�YC cJC"´|]YC"MAT"C
DYG^CsT"C"XAVSMY_ � EPMYX�
��!u>CUI C ��XAC"MYNPI^C#I^�YC�T��YVmRSX[NPO�IL�AC�G^N�NPI!NPO�I^�YVSc�ILGJC"Co(7C+EHT��(T��YVSRmX º VmRSR
�FE+a�C E¤XYV2��C"GJC"M9I VmMYXYCU��nO"B*U�
¯�O � EPMYX�
 C"EPT��[E��«CsTsI�E¤XAV2��C"G^CsM9I�T��YVSRmX�n�I^�YC"MfI^�YC�N�G^XAC"G VmM
º �YVST���IL�YCUd EPGJC DYG^Csc^CsM|I^C"X¬VSc�N�r9a�VSN�]Ac^Rmd[VSGJG^CsRSCsaHEPM9I"��i¬C T+EPM EPRmc^NfVS_PMYN�G^C¤EPc�ILGJVma�VhEPR>IL�AC
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t�VS_P]YG^C ± �n� º N�K�EPGJzPCUI�rYEPc^zHCsILcsn � EHMYX�
{noEPG^C�VmMYT"N�GJD�NPGLEHI^C"X�VSM*EPM�VmI^C"K�c^CUI ILG^CsCP�

T+EPcJC º �YC"GJC MAN C �W�YEPc�E¤T"N�K�K�N�MfEPMYTsC"c ILN�G º VbIL�fC"VbIL�YCsG � N�G 
���t�VSMYEPRSRbd�n º C�T"EPMfVS_PMYN�G^C
IL�YCqT+EHc^C º �YC"GJC � K C � K 
 ( º �YVST��*c^]YrAc^]YK�C"c�IL�YCqT"EPc^C � � C � cJ]YT��[I^�FEHI C � K 
�*U�

�l]ADYD�NPc^C IL�YCsG^C Vmc�c^N�K�C C ��cJ]YT���IL�FEHI �W[ C � `� � EPMYX 
 [ C � `� � � � Rm_�N�G^VbIL�YK i VSc
T+EPRmRSC"X*G^CsT"]YGJc^Vba�C"Rbd[O0NPG!I^�YC�cJ]YrAILGJC"C¤GJNlNHILC"X<EHI C ��EPMYX<I^�YC�GJC"Ts]YG^cJVma�C#T+EPRmRSc!T"N�M9I^VSM|]YC�]AM|I^VSR
E�MYN�XYCPn@, � a�� ( � * . n«Vmc�GJC+EPT��AC"X c^]AT���I^�FEHI � [ � `� � [ 
����q� �AC¤MFEHI^]YG^C#NPO � Rm_�N�G^VbIL�YK i
_�]FEPG^EPM9ILC"Csc IL�FEHI�CsVmI^�YC"G � [ � K � [ 
 N�G � [ 
 K � [ � �@i VmI^�YN�]AI�RmN�c^c NPO?_�CsMYC"G^EPRSVbIed�n
EPc^cJ]YK{C IL�FE³I � [ � K � [ 
�� � �YC#ILEPc^z�VSc�ILN{c^�YN º I^�FEHI�DYG^N�T"Csc^c^VmMY_ � r�CUO0N�G^C 
 RmC+EPXYc
ILNfIL�YC�c^EPK{C VbILCsK{cJCsI�I^G^C"C�EPcqDYGJNlTsC"cJc^VSMA_ 
 r4CsO0N�GJC � �s� �YVmcqK{C"EPMYc�IL�YEHI+nWVmM¬t VS_�]YGJC ± n
cJI�E³ILC v�Vmc G^C"EPT��YC"X*O0G^N�K cJILEHILC j r9d�DYG^N�T"Csc^c^VmMY_ ° NPG O0G^N�K c I�EHI^C x r9dfDAG^N�T"C"cJc^VmMY_ � �
i �!�l]YDYD4N�c^CfI^�FEHI � Vmc¤DYGJNlTsC"c^cJC"Xe�FG^c I)(7c I�EHI^C j *U�3� �YC*EPcJc^]YK�DAILVmN�M � [ � K � [ 

VSK�DYRSVmC"c
IL�FE³I � [ � K 
¶r4C"T"EP]YcJC � [ 
 K 
��n� �YCsG^CsO0NPG^CPn 
 º VSRSRor4C"TsN�K{C!IL�YC�T��YVSRmX
NPO � [ � ���l]YDAD�N�cJC � Rm_�N�GJVmIL�AK i D4C"G O0N�G^K�c�EHTsILVmN�M k (0O0N�G>IL�AC\NPI^�YC"G EPTsI^VSN�MAc"nHI^�YC\DAG^N�NPO
VSc�EPMYEPRSN�_PN�]Yc�*~n�TsG^C"EHILVmMY_fE¡MYC º MYN�XYCHnH, � [ 
ta �@( � [ 
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j �!�l]YDYD4N�c^C¤I^�FEHI 
 º EPc�DYGJNlTsC"cJc^C"X3�FGJcJI (7c I�EHI^C x *~� � �AC�EPc^cJ]YK{DlILVSNPM � [ � K � [ 

VSK�DYRSVmC"c�IL�FEHI\IL�YC�TsN�K�K{N�M¡EPMYT"CscJI^N�G NPO � EPMYX�
 Vmc � [ 
 [ �]� � [ � �n� �YVSc\MYNlXAC
IL�YCsM¬�FEHcqI º N<T��AVSRSXAG^C"M ��N�MYC º VmI^�¬VbILCsK{cJCsI � EPMYX�IL�AC�NHIL�YCsG º VmIL� VmI^C"K�c^CUI � [ 
��
� _9EPVmM�nAI^�YCqG^C"cJ]YRmI�Vmc cJILEHILC v�VSM*t�VS_P]YG^C ± � �
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� MYNPIL�AC"G\´|]YCscJI^VSN�M¡Vmc º �ACsIL�AC"G\I^�YC�N�GJVS_�VmMFEPRYcJCsI\NPOWK{EPG^zHCsI rYEPc^zHCsILc\T+EPM¡r4C�GJC § T"G^C"EHILCsX
O0G^N�K IL�AC�N�rAILEPVSMAC"X<VbILCsK{cJCsI!ILG^CsCP� � �YVSc!DYGJN�D�CsGJIed[VSc!VSK�D�NPGJI�EHM|I!r4C"T"EP]Yc^CHn�I^N�_�CsI^�YC"G º VmI^�
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¯�I>VScWC+EHcJd�I^N!cJC"CHnHrFEHc^C"X N�M uWC"K�K�E j �¨vAn+I^�FEHI � RS_�N�GJVmI^�YK i _P]FEPGLEHM|I^C"Csc>I^�FEHIWI^�YC�O0G^Cs´�]AC"MYTUd
EPc^cJNlTsVhEHI^C"X º VbIL��EPM�VbILC"K�c^CUI § ILG^CsC�MYNlXAC·Vmc Cs´�]YEPR�I^N�I^�YC·cJ]YK
NPOYI^�YC O0GJC"´|]YCsMYT"VmC"c
EPcJc^N�T"VSEHILCsX
º VmIL�¹IL�YVmc�MYNlXAC�N�c<T��YVmRSXYGJC"M¹DYRS]Yc�IL�AC¬M|]YK¤r4C"G*NPO�K�EPGJzPCUI<rFEHc^zPCUILc(VmXYC"M9I^VST+EHR º VmIL� IL�AC
VmILCsK{cJCsI·VSM�IL�YVmc\MYN�XYCP� � �YC�N�GJVS_�VmMFEPRYXFE³I�EPrFEHc^C�Vmc\GJC § TsG^C"EHILCsX¡VSM�I º N¤c ILCsDYc"� t�VmG^cJI"n�O0NPG\EPM9d
RSC+E³O n , C a��@( C * . noIL�YC O0G^C"´|]YCsMYTsd �@( C * cLE+d�c��YN º K{EPM9d*I^VSK�C"c C EPDYD4C+EPGJC"X<VmM[I^�YC�XFE³I�EPrFEHc^CP�
�lC"TsN�MYX�n>O0N�G EPM9d VSM9I^C"G^MYEPR
MYN�XYCPnP, C a�� ( C * . n?cJ]YT��¬I^�FEHI �@( C * 	 � �����
n º �YC"GJC ��������VSc�IL�AC
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EPDYD4C+EPGJC"X�VmM IL�YC�XFEHILEPrFEPcJCP�@� �AC"c^C�T"N�MAc^VSXAC"GLE³ILVSNPMYc
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t4EHcJILCsG\XYCUILCsTsILVmN�M�NHO>VmILCsK{cJCsI^c\EPMAXfEPc^cJNlTsVhEHI^VSN�M�G^]ARSC"c�IL�AC"M¡TsN�K{Csc EHI IL�AC�DYGJVST"C�NPOWK�NlXAC"cJI
EPXYXYVbILVSNPMFEPR�K�C"K�N�GJd�G^Cs´�]AVSG^CsK{CsM9ILc"� ��N º CUa�CsG"noIL�YCsc^C�GJC"´|]YVmG^C"K�C"M9I^c�EPGJCq_9EPGLEHM|I^C"CsX[ILN�r4C
RSC"cJc IL�FEPM�I º VSTsC�IL�YCqc^Vm�"CqNPO?IL�YCqN�GJVS_�VmMFEPR4XFEHILEPrFEPcJCP�

� ]YG�EPRm_�N�GJVmIL�AK rA]YVSRmXYc IL�YCqVbILC"K�c^CUI ILGJC"CqVSM¡I^�YCqT"N�]YGJc^C NPO�E�cJVSMY_PRSC�DFEHc^c�IL�YGJN�]Y_��fIL�AC
XFEHI�EHrFEPc^CH��� �YCfEHDYDYG^N�EPT�� G^CscJI^c¤N�MwI^�YC¡DYGJC"K�VSc^C�IL�YEHI¤C"EPT�� NPO IL�AC�VmI^C"K�c#CsMYT"NP]YM9ILC"GJC"X
VSM[I^�YC�XYEHI�EPrYEPc^C#VSc!VSXYCsM|I^V2�FCsX º VbIL� E�XYVSc ILVSMATsI�VSM9ILCs_�C"G�EPMYX<I^�FEHI!IL�YC#VmI^C"K�c!VmM(E�K�EPGJzPCUI
rFEPc^zHCsI (7NPG¤VSM EHM�VbILCsK{cJCsIT*qT+EPM I^��]Ac r�CfN�GJXYC"GJC"X�� � �YC�CU�AEPTUI º E+d¬IL�YVmc¤M|]YK¤r4C"G^VmMY_ VSc
T+EPGJG^VSCsX N�]AI�K{Vm_��9I#E��«CsTsI¤I^�YC�cJD�CsC"X NPO I^�YC�I^G^C"C § _�CsMYC"G^EHILVmMY_(EHRS_�N�GJVmI^�YK EPc º CsRSR EHc#IL�AC
ILVSK�C�MYCsC"XYCsX<ILN�DYG^N�T"Csc^c�E�´|]YCsGJdP� � XYCsILEPVSRmC"X�cJI^]YXAd*NPO?IL�YC G^CsRhEHI^C"X*D�CsGJO0N�GJK�EPMAT"C�VScJc^]YCsc
VSc�E ILN�DYVmT�O0N�G O0]AI^]YG^C�GJC"c^C"EPG^T��«�

� �YC DFEPD4C"G!XYCsc^T"GJVSr4C"c�EPRS_�NPG^VmI^�YK�c T+EPDYEPrYRSCqNPO
EPMYc º C"GJVSMY_�IL�YGJC"C#C"c^cJC"M9ILVSEPR>´|]YC"GJVSC"cs� ¯eM
EPRSR?NPO�IL�YCsK[n4IL�YC�]Yc^CsG�c^]YrYK�VmI^c�E�cJCsIqNPO VmI^C"K�c"��¯eM(I^�YCs�FGJcJI�´|]YCsGJd�n�I^�YC cJd�c ILC"K G^CsI^]YG^MAc
IL�YCfcJ]YDYD4N�GJI NHO IL�YVmc¤VmI^C"K�c^CsI"� ¯eM IL�YC�c^C"TsN�MYX ´|]YC"G d�n�IL�YC�cJd�cJI^C"K GJCsIL]AG^MYc�EPRmR·VbILCsK{cJCsILc
IL�FEHI�T"N�M9ILEPVSM�IL�YC[c^]YrYK�VmIJILCsX VmI^C"K�c�EPMAX �FE+a�C(cJ]YDYD4N�GJI¡EHI¡RmC+EPc I�Cs´|]FEPR�cJN�K�C[]YcJC"G § c^CUI
K{VmMYVSK¤]AK[�
¯eM*IL�YCqIL�YVmG^X*´|]YC"G d�noIL�YC cJd�cJI^C"K'G^CUIL]YGJMYc�EPRmR�G^]ARSC"c�IL�YEHI!�FE+a�C#I^�YC c^]YrYK�VmIJILCsX
VmILCsK{c�EHM[EHM|I^C"TsC"XYCsM|I�EPMYX*cLEHI^VSc O d�IL�AC GJC"´|]YVmG^C"K�C"M9I!NPO�E�]Ac^C"G § cJCsI�K{VmMYVSK¤]AK TsN�M+�FXAC"MYTsCP�

� �YVmc�G^Csc^C"EPG^T��¬XYGLE º c�IL�AC�EHI^I^C"M9ILVmN�M NPO�IL�YC GJC"cJC+EPGJT��wT"NPK{K¤]AMYVmIed�ILN*E¡XYVmG^CsTsILVmN�M º C
r�CsRSVSCUa�C Vmc O0GJ]YVmIJO0]YR��>¯eMYXYCsC"X�n�EPcJc^N�T"VSEHILVmN�M § K�VSMAVSMY_ K�CsI^�YNlXAc�I�EPz|VmMY_�EPXAaHEPM9ILEP_�C\NHO4I^G^CsC XFEHILE
cJILGJ]YTsI^]YG^Csc��FE+a�C�r�CsC"M cJ]Y_�_�CscJILCsX�EHRSc^N<r|dwc^N�K�C¡NPI^�YC"G¤EP]AIL�AN�G^c , i n j n i ±1. � � XYCUI�EPVmRSC"X
cJIL]AXAd<TsN�K�DFEPG^VmMY_�IL�YCsc^C�I^C"T��YMYVm´|]YC"c º VbIL�[N�]YG�VbILCsK{cJCsI�ILGJC"C"c�T+EPMYMANPI�r4C#K{EPXYC �YCsG^C¤XY]AC
ILN�DFEP_�CqRSVmK{VbI EHMYX º VmRSR�r4C EPXYXYGJC"cJc^C"X<VSM*E¤O0N�RSRmN º § ]YDfDFEPD4C"Gs� � c O0N�G�NPIL�YCsG�T"N�c I § C
��T"VSCsM9I
EPDYDYGJN9EPT��YCsc"n º C r4C"RSVmCsaPC¬N�]AG[EHDYDYG^N�EPT�� N���C"GJc[cJN�K�C¬EHXAaHEPM9I�EP_�Csc"� tFN�GfVmMYcJILEPMYTsCPn�IL�AC
XAd�MFEPK�VST�XFEHILEPK{VmMYVSMA_�c^]Y_�_PC"cJI^C"X¡r9d), i � . XYN�C"c MYNPI·c^CsC"K ILN _�]FEHGLEPM9ILCsC!I^�YC!T"N�K�DYRSCUILCsMYC"cJc
NPOAI^�YC·XAVSc^TsN a�C"GJC"X VbILC"K�c^CUILc?EPMYXo, j ± n ¥�. n º �YVmRSC�XYCsK{N�MAcJILG^EHILVmMY_ IL�YC·EPrYVmRSVbIed�NPOAT"N�c I § C
��T"VSCsM9I
N�M § RmVSMYC�EPc^cJNlTsVhEHI^VSN�MfK�VSMYVmMY_¤XYN�MYNPI O0N�T"]Ac!NPM�ILEPG^_PCsILCsX[´|]YCsG^VmC"c"�

¯eM9ILCsG^CscJILVmMY_�Rbd�n�N�]AG I^C"T��YMYVm´|]YCfT+EPMwr�C{]YMYXYCsG^cJI^NlN�X EPc�EPM C~�YEHK{DYRmC{NHO�]YMYc^]AD�CsGJa�VScJC"X
K�EPT��AVSMYC�RSC"EPG^MAVSMY_%, i k . � � D�N�DA]YRhEPGW_PN9EPR9VSM ]YMYcJ]YD4C"GJa�Vmc^C"X K{EPT��YVmMYC�RSC"EPG^MYVmMY_�VScWILN�XYCsaPC"RmN�D
E�XYEHI�E¤c ILG^]ATsIL]AG^C�IL�FE³I º N�]ARSX�K�E2�AVmK{Vm�"C�IL�YCqDYGJC"XYVmTsILEPrYVSRmVmIed�NPO c^NPK{C�O0C"EHIL]YGJC"c (0VmILCsK{csnAVmM
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N�]YG�T+EPcJC
*�rFEPc^CsX<N�M�IL�AC#DYGJC"cJC"MYTsC¤NPO�NHIL�YCsG�O0C"EHIL]AG^C"cs� ¯eM*T"N�K�DFEPGJVSc^NPM*I^N{DYGJCsa�VSNP]Yc º N�GJz4n
EPM VSK�D�NPGJI�EHM|I�EPXAaHEPM9ILEP_�CfNPO�VbILC"K�c^CUI¤ILGJC"Csc VSc#I^�FEHI NP]YG EPRm_�N�G^VbIL�YK TsG^C"EHILCsc�EPM VmI^C"K�c^CsI
ILG^CsC#I^�FEHI�VScs	� bg�"
 ���� g�"'7�"
� g�"
��� �·IL�YC#cLEPK�CqILG^CsC�Vmc!TsG^C"EHILCsX(VSGJG^C"cJD�CsTsI^Vma�C#NPO�I^�YC�NPG^XYCsG�VmM
º �YVST���IL�YCqK{EPG^zHCsI!rFEPcJzPCUILc�EPG^CqDYGJC"c^CsM9ILC"X«�

�lNPK{C�CU��I^C"MYcJVSN�MYc¡EPG^C*MYC"TsC"cJcLEPG d�VbO�IL�AC<K�CsIL�ANlX�VSc�ILN¬r�C[EPDYDYRmVSCsX�I^NwG^C"EPRSVmcJI^VSTfXYN §
K�EPVmMYc"��toNPG N�MYC�IL�AVSMY_YnAG^C+EHR § º N�GJRSXfVmI^C"K�c\ILCsMYX�ILN�r�C�MYEHIL]YG^EPRSRbd�_PG^N�]YD4C"X�VmM*�AVS_��YCsG § RSCsaPC"R
EPrYcJI^GLEPTUILVmN�M{T"EHILCs_�N�GJVSC"cZ( O0N�G�VSMYc I�EPMYTsCPn����+FYJ
D+; EPMYX�����M+;¤EPG^C!c^]ArYc^]YK�C"X{r9d 8��GFGA��	� ��D+;��
>
���#D �=FYJ��EMY> IL�FE³I EPGJCPnAVmM{I^]YG^M�nlc^]YrAc^]YK�C"Xfr9dvA�;�
+;GF ���E;+>�*U� � cJc^N�T"VhE³ILVSNPM § K�VSMYVmMY_qEPRm_�N §
G^VmI^�YK�c�O0GJN�K I^�YC � DYG^VmN�G^V�O7EHK{VmRmd{�FE+a�C�r4C"CsM(EPXYEPDAILCsX[I^N�G^CB�FC"TUI�cJ]YT��(XYV/�«CsG^CsM|I�RSCUa�CsRSc!NPO
EPrYcJI^GLEPTUILVmN�Me, j�k n i � . EPMYX(cJVSK�VSRSEPG K�C"T��FEPMAVSc^K�c�cJ�YN�]YRmX<IL�AC"G^CUO0N�G^C#r�C#VSM9ILGJNlXA]YT"CsX EPRScJN�VmM
IL�YC VbILCsK{cJCsI § ILGJC"C�O0GLEPK�C º N�G^zo� � MYNPI^�YC"G cJI^GLEPMYX�NPOoG^Csc^C+EHG^T�� c^�AN�]YRSX#O0NlTs]Yc�N�M#IL�YC O7EPTsI IL�FEHI
K�EPM9d G^C"EPRSVmcJI^VST
XYN�K{EPVmMYc?aHEPG dqVSM ILVSK�C � O0N�G>VSMYc I�EPMAT"CPnHC+EPT�� cJC+EPcJN�M (0c^DYGJVSMY_YnHc^]YK�K�C"G"n³O7EPRSR�n
EPMYX º VSM9I^C"G�*?T+EPM r4C K{EPG^zHC"X r9d¤cJN�K{C º �FEHI
XAV2��C"G^CsM9I
rY]Ad�VSMA_�DFEHIJILC"GJMYc"� � �YC VmI^C"K�c^CsI § I^G^C"C
O0GLEPK�C º N�G^z�c^�YN�]ARSX�D�CsG^�FEHDYc·r4C�CU��ILCsMYXYCsX�c^N#EPc
ILNqK{EPzPC�D4N�c^cJVSrYRmC IL�YC�XYVmc^TsN2aPC"G d�NPO�I^VSK�C §
XYC"D4C"MYXAC"M9I VmILCsK{cJCsI^c"� � MYC D�NPc^c^VmrYVSRmVmIed�Vmc�ILN¡CsK{DARSN d[I^�YC t�u � � � DFEPG^EPXYVS_PK'cJ]Y_�_�CscJI^C"X
E�O0C º d�C"EPG^c�EP_�N VmMfIL�YCqK{EPT��YVSMAC�RSC+EHG^MYVmMY_ T"N�K�K¤]YMAVmIed3, j ¥ n j�� . �
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� M C+EHG^Rmd DFEPG I NPO I^�YC G^Csc^C+EHG^T�� º EHc T+EPGJG^VSCsX N�]AI º �YC"M¦g¬����]YrYEHI+n � ����EHO0Cs�Pn¤EHMYX
�A��u>Csz|zHEHRhE º CsG^C º VmI^�¹I^�YC `�MYVba�C"GJc^VbIed NPO uWN�]AVSc^VSEPMFEA� � �YC º N�GJz º EHc[cJ]YDYD4N�GJI^C"X r9d
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