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T>E�ODL�C&RSA�H&ANRSOPRSH&F*Y[ZWADT>Z�C)ADODR$C)M�LWC&YSZ�M�b�M�MNT*ANOUOPL�C)MDCI_aT"V�C&YSM�OPT�s�F>ADRST*b�MUb�QWR$s>C&ANMDF>Y$RSOe`�H&YSF*MNMDC)M�=
¯ T*A�F	O � T>t�VWR$_aC&QWMDRST*Q�F>Y"H&YSF*MNMDRSH&F>Y�MNOPF>OPRSMDODR$H)F*Y°MN`"MDODC&_�§�OPLWC�OPANF*Q�MNEGC&A�_aF*ODADRSqIZ�YSF­`"M�F*Q7R$_aZ�T*ANt

ODF*Q"OJADT>Y$C"=J^�L�C&RSA	Y$F>ADf>C&MNOcC&RSf*C)Q"s±F>Y$bWC&MJF*Q�V|H&T*ANANC&MNZ�T>Q�V�RSQ�fkC)R$f>C&Q"s*C)H&OPT>ADM�F*ANC«b�MNC&V|OPTXC&q"OPANF*H)O
ODL�C&AN_aT"V�`"Q�F*_aRSH�ZWADT>Z�C)ADODR$C)M�T*E�OPL�C�MN`"MDODC&_�=�deQ�T>ADVWC&AwOPTIEGT>Y$YST � ODL�C�Z�ANT�H)C&V�bWADCUF*QWF*YS`�ODR$H)F*YSY$`"§�RSO
RSM²ANC&MNOPANRSH&OPC)V��"`7ODL�CcH)T*Q�MNOPANF*RSQ"O¬T*E[ODL�CcRSQ"OPC)f*ANF*��RSY$RSOe`7MDF>OPRSMDEG`"RSQ�f-OPLWCc³�F*QWf*t�´�F>q"OPC&A²ADC)Y$F>OPRST*Q�µS<�¶·=
^�L�Cku�ADMNO-Z�F>Z�C)A-F*EGODC&A-deMNRSQ�f � L�T¢b�MNRSQ�f�OPLWCvOPANF*Q�MNEGC&A«_7F>OPANR$H)C&M � F*M � ADRSOPODC&QyRSQ�< 2 h <¨��`

®IANF*_aC)ADMJF*Q�V¹¸¹F*Q�Q�RSC&A � LWTXVWC&F*YSO � R$ODLºOPL�C�deMNR$QWfX_aT"V�C)Y�T*Q¹OPL�C�MN�"b�F*ANC¨YSF*ODOPRSH&C�µ K*¶e=«^�LWC&RSA
RSV�C)F � F*M���F*MNC&VvT>QkODL�C�s�F>ADRSF*ODR$T>Q�F*Y�F*Z�ZWADT­q"RS_7F>OPRST*Q�T>E�OPL�CJYSF*ANf*C&MNO¬C)R$f>C&Q"s�F*YSb�CcT>E�OPL�C	ODADF>Q�MDEGC)A
_aF>OPANR$q�=�¸�R$ODL�ODL�R$M�F>Z�Z�ANT*F>H�L�OPL�C)`�C&q"H&C)C&V�C)VkOPLWC�F>H&H&bWADF>H&`7T*E�_aC&F>Q�t�u�C&YSVkODL�C&T>ADRSC&M�F*M � C&YSY�F>M
T>E�ODL�C	´�C)OPL�C	F>Z�Z�ANT­q�RS_aF*ODR$T>Q:=�»�T � C)s*C)A�§*H&T>Q�MDC)�"b�C&Q"O�H&T*QWMDRSV�C&ANF*ODR$T>Q�M�L�T � ODT7C)q"OPC&QWV�T>E�OPLWC&RSA
_aC)OPL�T"V � C)ADCJQ�T>O�Z�C)ADEGT>AD_aC&Vp=
deQ¼< 2*1 m ´UF>q�ODC&A-RSQ"OPANT"V�b�H&C)V¡F�f>C&Q�C)ADF>Y�EGT*AN_«b�YSF*ODR$T>QyT*EUOPL�C�OPANF*Q�MNEGC&A«_7F>OPANR$q¹s�F*ANR$F>OPRST*Q�F>Y

_aC)OPL�T"V½µ ]�§ h ¶e=U»cC¨MDb�f>f*C)MDODC&V¢s�F*ANR$F>OPRST*Q�F>Y�OPANRSF*Y�EGbWQ�H&ODR$T>Q�RSQ�Fv_aF*ODADRSq�ZWADT"V�b�H)OcEGT>AD_�= i T>ADC)t
T­s>C&A­§pL�CrL�F*M�MNL�T � Q½OPL�F>O7QWT*OaT*Q�YS`¡ODL�CrOPANF*Q�MNEGC&Aa_aF*ODADRSH&C)M � C&ANCXMDb�RSOPF>��YSCXODTºH&T*QWMDRSV�C&Aa��bWO
ANT � t�H&T*YSb�_aQXMD`"_a_aC&OPANRSC&Mc_aRSf*L"O�F>Y$MNT�L�F­s*CI��C&C)Q�OPF>¾*C)QXRSQ"OPTvF>H&H)T*b�Q"O±=B»�C«RSQ�s>C&Q"OPC)VrFvH&T>ADQ�C)A
ODADF>Q�MNEGC&A�_7F>OPANR$q�F>Q�VkH)ADC)F*ODC&VvF>QkRSOPC&ANF*ODR$s>C�_aC)OPL�T"VkEGT>AUR$ODM�MDT>Y$b�ODR$T>Q¹µ n�§ 1 ¶ � L�RSH�L�H)T*b�YSVk��CJADC)t
EGT>AD_¨b�YSF*OPC)Vv�"`aOPL�CJMDC)Y$EGt�H&T>Q�MNR$MNOPC)Q�OBOPANb�Q�H)F*OPC)VvC&�"b�F>OPRST*QvT>E�OPLWC�H)T*ANQ�C&ABOPANF*Q�MNEGC&A�_aF*OPANRSq[=:^�L�F>O
RSM � L"`yL�R$MaRSOPC)ADF>OPRSs*CX_7C)OPL�T"V½R$M�H)Y$T>MDC)Y$`ºANC&YSF*OPC)V�ODT|ODL�CrADC)F*Y�MDZ�F>H&CXADC)Q�T*AN_aF*YSR$j)F*ODR$T>Qyf*ANT*b�Z
µ 3�¿ < 4 ¶·=
^�L�C¹Q"b�_aC&ANR$H)F*Y�ADC)F*YcMNZ�F>H&C�ANC&QWT*AN_7F>Y$RSj&F>OPRST*QÀf*ANT*bWZÁV�C&s>C&YST*Z�C&V��"`�¸�RSY$MNT*QÁRSQÂ< 2 3 nÃµ m ¶

H)F*b�MNC&VaH)T*Q�MNR$VWC&ANF*��YSCUR$Q"OPC)ADC)MDO²R$Q�RSOPMBF*Z�Z�YS`"R$QWfIOPT-FIs�F*ANRSC&Oe`«T>E{Z�ADT>��YSC&_aM�=�deO � F*M¬��C&YSRSC&s*C)VaOPL�F>O
ODL�RSM«OPC)H�L�Q�RS�"b�CvH&T>b�YSV¹MNT*YSs*C�_¨b�H�Ly_aT*ANC�_aT�VWC&YSM-OPL�F>QyOPL�C�T*Q�YS`�T>Q�C&t�V�RS_aC&Q�MNR$T>Q�F*Y²��bWF*Q"OPb�_
®IT>Q�V�T-ZWADT>��Y$C)_Ä��C)R$Q�f¨OPANC&F>OPC&Vk��`aL�RS_ÅRSQkOPLWF*O²ODR$_aC"=pÆcQ�EGT>ADODb�Q�F*ODC&YS`�§>OPLWF*O�F*Z�Z�ANT*F>H�LaZ�ADT­s>C&V
ODT���C²ADF>OPL�C)A�b�Q�ANC&YSR$F>��YSC�R$QIH)T*_aZ�F*ANRSMDT>Q � RSOPLIODL�C¬V�C)s*C&YST*Z�C&V i T>Q"OPCcopF*ANYST�_aC)OPL�T"V:=�^�L�C&ANC&EGT>ADC"§
ODL�CIANC&F*Y{MNZ�F*H)C	ADC)Q�T*AN_aF*YSR$j)F*OPRST*Q�f*ANT*b�Z�L�F*M���C&C)Qrb�MDC)VrT*Q�YS`vT"H&H)F*MNR$T>Q�F*YSY$`"=
}ÇMDRSf*QWR$u�H)F*Q"O�ZWADT>f*ANC&MNM�RSQ«H&T>_aZ�b�OPF>OPRST*Q�F>Y>H)T*Q�VWC&Q�MNC&V�t�_aF*ODOPC&A:Z�L"`"MDRSH&Mp��C)f*F>Q«RSQX< 2>2 K � L�C)Q

¸�LWR$ODCkRSQ�ODADT"V�bWH&C&V�OPL�C�V�C&Q�MNRSOe`|_aF*ODADRSq¹ADC)Q�T*AN_aF*YSR$j)F*OPRST*Qºf>ADT>b�ZÁÈG� i��-�IÉ _aC&ODL�T"VÃµS<*<©§B<�K©¶
�WF*MNC&VkT>QkODL�C	ADC)F*Y{MDZWF*H&CJANC&Q�T>AD_aF*YSRSj&F*ODR$T>Qvf*ANT*bWZkEGT*AUT>Q�C&t�V�RS_7C)Q�MNR$T>Q�F*Y��"b�F*Q"OPbW_Ê_aT�VWC&YSM�=pdeODM
ANC&_aF>AD¾�F*�WY$CXF*H)H&b�ANF*H)`yH&F*QÇ��C¢MDC)C&Q:§²EGT*A�C)q�F>_aZ�Y$C"§¬RSQÀOPL�C¢MNZ�RSQ�t�<k»�C&RSMDC)Q"��C)ADfºH�L�F>R$Q:ËXEGT>A�F
MN`"MDODC&_ÂT*E{L"b�Q�V�ANC&V�M²T*E{MDRSOPC)M�=�}ÁANC&YSF*ODR$s>C�Z�ADC)H&RSMDRST*Q7T*E¬< 4�Ì W
Í EGT*A²OPL�C�f>ADT>b�Q�VaMNOPF*ODC�C&Q�C)ADf>`«H)F*Q
��CIF*H�LWR$C)s*C&Vp=
ª�RSQ�H)C¢OPL�C)QÇRSO�L�F>M���C)C&QÀF*Z�ZWY$RSC&VÀOPTyFºf>ADC)F*O7s±F>ADRSC&Oe`�T*EJOPL�C¢MN`"MDODC&_aM�MDbWH�L½F>M�»cF*YSV�F>Q�C

MN`"MDODC&_aMIµ$<5] ¿ <5n*¶e§­MNZ�RSQkYSF*V�V�C)ADM	µ$< 1 ¶e§>L�R$f>L�YS`7H)T*ANADC)Y$F>OPC)V�C&YSC&H&ODADT>QkMN`"MDODC&_aM	µS< 3 ¶·§>MNb�Z�C)ADH)T*Q�VWb�H&ODt
RSQ�fa_aF*ODC&ANR$F>Y$M«µS< m ¶e§°EGC)AD_aRST*Q�RSHkµS< 2 ¿ K�<5¶�F>Q�Vr��T>MDT>Q�R$Hkµ K*K�§"K*]©¶�MD`"MNOPC&_aM­§"F*QWF*YS`�j)R$QWf7T>E:RS_aZ�b�ANR$Oe`
MN`"MDODC&_aMIµ K h ¶·§�ANF*QWV�T*_ÄMN`�MNOPC)_aMIµ K*n�§�K 1 ¶e§>´�C)OPL�C	YSF*ODOPRSH&CJMD`"MNOPC&_aM-µ K 3 ¶e§>_7T>_aC&Q"OPb�_gMDZ�F>H&Caµ K m ¶·§
C)OPH"=�~cT � F*VWF­`�M­§B� i��I� L�F*M���C)H&T*_aC|T*Q�C|T*EIOPLWC|MNOPF>Q�V�F*ANV�Q"b�_aC&ANR$H)F*Y�_7C)OPL�T"V�MrEGT>AkOPLWC
T>Q�C&t�V�RS_aC&Q�MNR$T>Q�F*Y{�"b�F>Q�ODb�_ÊMN`"MDODC&_aM�=



3 K {76�8Âh�_�}�c�y��

� i��-� RSM	F*YSMDTXF*ZWZ�Y$RSH&F>��YSC7ODTrO � T>t�V�RS_aC&Q�MNRST*Q�F>Y:H)Y$F>MDMNR$H)F*YpMD`"MNOPC)_7MI��C&H)F*b�MNC7OPL�C�Z�F>OPL¹R$QWt
ODC&f>ADF>Y�ANC&Z�ANC&MNC&Q"OPF>OPRST*Q½µ K 2 ¶pT>E¬OPLWC¨T>Q�C&t�V�RS_7C)Q�MNR$T>Q�F*Yp�"b�F*Q"OPbW_ÎMD`"MNOPC&_aM	H&T>ADANC&MNZ�T*Q�V�M�OPTXO � T>t
VWR$_aC&QWMDRST*Q�F>Y°H&YSF*MNMDRSH&F>Y°MD`"MNOPC)_¢=�deQaZ�F*ANOPRSH&bWY$F>A�§�F>QaT*Q�C)t�V�RS_aC&Q�MNRST*Q�F>Y��"b�F>Q"OPb�_ÂMD`"MNOPC&_ÂF*O�u�QWR$ODC
ODC&_aZ�C&ANF*OPbWADCUH&F>Q¨��C�_aF*Z�Z�C&VaODTIFJO � T*t�V�RS_aC&Q�MNR$T>Q�F*Y"H)Y$F>MDMNR$H)F*Y"MN`�MNOPC)_�s"RSFJODL�C�^pADT>OPOPC)ADt�ª�b�j)b�¾"R
VWC&H&T>_aZ�T>MDRSOPRST*QÀµ ] 4 §{]�<�¶·=¨ª�b�H�L¹_aT"V�R$uWH&F*ODR$T>Q|ODTrOPL�C�O � T*t�V�RS_7C)Q�MNR$T>Q�F*YwH&YSF*MNMNR$H)F*YwMD`"MNOPC)_ � F>M
Z�C&ANEGT*AN_aC&VX�"`v~cRSMDLWR$Q�T�µ ]*K*¶[R$Q¡< 2>2 n � L�C&ANC	L�CIb�MNC&VXOPL�CIODADF>Q�MNEGC&A�_aF*ODADRSqvEGT*AN_«bWY$F>OPRST*Q�M­=
deQ�MNZ�RSOPCcT>E{f*ANC&F*O�ZWADT>f*ANC&MNM�R$Q�� i��-� §©YSC&OBb�M²C)q"Z�Y$F>R$Q�F>Q�V�H&YSF*ANRSEG`«OPLWCcANC&F*MNT*Q � L"`¨� i��-�

RSMvMNTºC&ÏaH&RSC&Q"O±=Á^�L�C¢C&q"Z�YSF*QWF*OPRST*QÇH&F>_aC¢EGADT>_Ð~cRSMNL�R$QWTyF*Q�V�Ñ�¾"b�Q�RSMDLWR � L�TyL�F­s>CXMNL�T � QÇF
ANC&YSF*ODR$T>Q�MNL�R$Zy��C&O � C&C)Q�� i��-� F*QWV�OPLWC�´UF*q"ODC&A­Ò M¨R$ODC&ANF*OPRSs*C�_aC&OPLWT�VÇT*E�ODL�CXH&T*ANQ�C)A¨ODADF>Q�MDEGC)A
_aF>OPANR$q�={^�L�C�EGT*bWADODL-Z�T � C&A:T*E°ODL�CBH)T*ANQ�C&A�OPANF*Q�MNEGC&Ap_aF*OPANRSq�RSM:C)�"b�R$s�F>Y$C)Q�O:OPTJOPL�CBV�C&QWMDRSOe`	_7F>OPANR$q
bWMDC)VyR$Qy� i��-� =�^�LWC&`¹L�F­s*CaMNL�T � QyOPL�F>O-��T*OPL�_7C)OPL�T"V�M¨L�F*Vy`"RSC&YSV�C&VyODL�CvMNF*_aCvANC&MNb�YSOPM-RSQ
ODL�CcODL�C&AN_aT"V�`"Q�F*_aRSHcYSR$_aRSOBF>Q�VvH&T>Q�MNOPANb�H&ODC&VvF¨Q�C � C)Ï7H)R$C)Q"O²F*YSf*T>ADRSOPLW_ ¿ OPL�CJH&T>ADQ�C)A²ODADF>Q�MDEGC)A
_aF>OPANR$qvANC&QWT*AN_7F>Y$RSj&F>OPRST*Qvf>ADT>b�ZyÈPop^ i��-�IÉ _aC&ODL�T"Vyµ ]*] ¿ ]>n*¶e=
deQ-K 4*4>4 §&Fc��ANF*Q�VWt�Q�C � F*YSf*T*ANRSOPL�_�§&OPL�C�OPC)Q�MDT>A�Z�ANT"V�b�H)O�s�F*ANR$F>OPRST*Q�F>Y*F>Z�Z�ANT*F*H�LvÈÓ^�?²�p} É §&L�F>M

��C&C)QyV�C&s>C&YST*Z�C&VyEGT>A«OPLWCkOPLWADC)C&t�V�R$_aC)Q�MDRST*QWF*Y²H)Y$F>MDMNRSH&F*Y²_7T"V�C)Y$Mrµ ] 1 ¶e= ¯ b�ANOPLWC&A«RS_aZ�ANT­s*C&_aC)Q�ODM
RSQyT*�WOPF*RSQ�RSQ�f�ODL�CkH)ADRSOPRSH&F>Y¬Z�T>R$Q"O¨R$QyODL�Ck]>�gdeMNR$Q�f�_7T"V�C)Y²T>E�OPL�Cvs>C&ANOPC)q|Oe`"Z�CvL�F*M¨F*YSMDT¢��C&C)Q
f>F*RSQ�C&Vºµ ] 3 ¶ � L�C)ADC	F>V�V�RSOPRST*Q�F>Y[V�C&f>ADC)C&M�T*E:EGADC)C&V�T>_ÊL�F>M���C)C&QrH&T>Q�MDRSV�C)ADC)V:=
^�L�RSM7ADC)s�RSC � RSM¨F>R$_aC)V¡OPT|C&YSb�H&RSV�F*ODCvZ�ANR$QWH&RSZ�Y$C)M¨T>E�OPL�C�� i��I� EGT*A«ODL�CXO � T>t�F*Q�V�OPL�ANC&C)t

VWR$_aC&QWMDRST*Q�F>Y�H)Y$F>MDMNR$H)F*Y:Y$F>OPOPRSH&C¨_aT�VWC&YSM�=�deO�F>Y$MNTvf*RSs*C)McFvs"RSC � T>Q�EGb�ANOPL�C)A�f>C&Q�C)ADF>Y$RSj&F>OPRST*Q�M�F>Q�V
Z�T*RSQ"OPMBT*b�O¬ODL�CcC)ÏaH&RSC&Q�H)`�§*Z�ADC)H&RSMDRST*QaF>Q�V�MDZ�C&C)V�T*E[� i��-� =©deO²R$MB��C)`*T*QWV�OPL�C�MDH)T*Z�C�T*E{OPLWR$MBADC)t
s"RSC � OPTIH&T>_aZ�F*ANCU� i��-�½� RSOPL�s�F*ANR$T>b�MwT*ODL�C&A¬ODC&H�L�QWR$�"b�C)M�§©MDb�H�L7F*M i T*Q"OPC«opF>ADYSTJMDRS_«b�YSF*ODR$T>Q�M­§
MNC&ANRSC&MUC&q"Z�F>Q�MDRST*QWM�C)OPH"=
ª�C)H�=p<	RSMcV�C)s*T*ODC&V¢ODTvFv��ANR$C)EwR$Q"OPANT"V�b�H)OPRST*Q¢OPT�OPL�C«H&ANR$ODR$H)F*Y�ZWL�C&Q�T>_aC&Q�FvRSQ�MNOPF>OPRSMDODR$H)F*Y�_aC)t

H�LWF*Q�RSH&M­=�deQ�ª�C)H�=¬K�§BH&T>_7_aC)Q�MDbWADF>OPC&YS`¡F>Q�V�R$QWH&T*_a_aC&QWMDb�ANF*ODC&YS`�_aT"V�b�YSF*ODC&V�MNOPANb�H&ODb�ADC)MvF*ANC
VWR$MNH&b�MNMNC&V�RSQ�ODL�RSMIF*ANOPRSH&YSC�=JdeQ¹ª�C&H"=W]{§�F�MNL�T>ADOJADC)s"R$C � T*E¬ODL�C&T>ADC)OPRSH&F>Y:��F>H�¾"f*ANT*b�Q�V�T*E¬ODL�CaQ�bWt
_aC)ADRSH&F>Y�ANC&QWT*AN_7F>Y$RSj&F>OPRST*Q�f>ADT>b�ZkF>Z�Z�ANT*F*H�LWC&M�R$MUV�RSMDH)b�MNMDC)V:§�R$QXZ�F>ADODR$H)b�Y$F>A�§>ODL�C	� i��-� F*M � C&YSY
F>MaOPL�C�op^ i��-� _7C)OPL�T"V�MkEGT*A�O � T*t�V�R$_aC)Q�MDRST*QWF*Y�H&YSF*MNMDRSH&F>Y�MN`"MDODC&_aM�F*ANCXC&q"Z�YSF*RSQ�C&VÇF*Q�VÇOPLWC
ODC&Q�MNT*AJZ�ANT"V�b�H&OJs�F*ANR$F>OPRST*Q�F>Y:F>Z�Z�ANT*F>H�L�ÈG^�?²�p} É µ ] 1 ¶�F>M�FXMNC&YSEGt�H)T*Q�MNR$MNOPC)Q"O�_aC&ODL�T"V|EGT>A�ODADC)F*ODt
RSQ�frOPLWADC)C&t�V�R$_aC)Q�MDRST*QWF*YwH&YSF*MNMDRSH&F>YwMD`"MNOPC&_aMIRSM-F*YSMNT���ANRSC&Ô�`�ZWADC)MDC)Q�ODC&V:=¨^�L�Cau�QWR$ODC&t�MDRSj&C�MNH&F>Y$RSQ�f
�WF*MNC&VºT*QºOPLWCvZ�L�C)Q�T*_aC&QWT*YST*f*RSH&F>Y�ADC)Q�T*AN_aF*YSR$j)F*ODR$T>Q|F>Q�F*YS`"MDRSM-RSM-Z�ANC&MNC&Q"OPC)V¹RSQyª�C)H�= h =vªWC&H�=�n
H)T*Q"OPF>R$QWM²_aT"V�R$uWH&F*ODR$T>Q�M�F*Q�VvF>Z�Z�YSR$H)F*ODR$T>Q�MBT>E[OPL�CJF*��T­s*Cc_7C)Q"OPRST*Q�C)Vk_aC&ODL�T"V�MBODT¨s�F>ADRST*b�MBO � T>t
F>Q�V¢OPLWADC)C&t�V�R$_aC)Q�MDRST*QWF*Y�YSF*ODOPRSH&C-_aT"V�C&YSM­=�^�L�C&`XADC)Z�ANC&MNC&Q"O�OPL�C«_7F>R$Q¢H)T*Q"OPANRS��b�OPRST*Q¢EGT>AcMNOPb�VWR$C)M
T>EUH&YSF*MNMDRSH&F>Y²MNZ�R$Q�Y$F>OPOPRSH&C�MD`"MNOPC)_7M¨R$Q�OPL�C�OPL�C)AD_aF*Y�C&�"b�RSYSR$��ANRSb�_ÕF>Q�V¡Z�ANC&MNC&Q"ODC&VyANC&MNb�Y$ODM � C&ANC
ZWb���YSR$MNL�C&Vr�"`vODL�CIF*b�ODL�T*A�YSF*MNOU`*C)F*A­=�deQrª�C)H�= 1 §�OPL�CIANC&MNb�YSOPM�F*ANC	MDbW_7_aF>ADRSj&C)V�F>Q�V�VWR$MNH&b�MNMNC&V:=
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^�L�C&`yF>ADC�EGF*RSADYS`ºMDRS_aZ�YSC�ODT|MNT*YSs*CvF>Q�V�ZWADC)V�R$H)O¨ODL�CXH&T*ANANC&H&O«��bWF*YSR$ODF*OPRSs*C���C)L�F­s"R$T>A¨F>Q�V
`"R$C)Y$VrANC&F*MNT*QWF*��YS`aF*H&H)b�ANF*OPC	ANC&MNb�YSOPM�C&q"H)C&Z�OUQ�C)F*A�OPLWCIH&ANR$ODR$H)F*Y[Z�T*RSQ�O�=
Z }cZ�ZWADT­q"RS_7F>OPC�RSQ"OPC&f>ADF>Y°C&�"b�F>OPRST*Q�M¬EGT>A¬OPLWC�H&T>ADANC&YSF*ODR$T>Q¨EGb�QWH&OPRST*QWM²EGT*A²OPL�C�L"`"Z�C&ANt�Q�C)OPODC&V
H�L�F*RSQ¹µ h ]*¶[F*Q�V�OPL�C	?�C&ANH&bWMDt�³�C&s"RSH�¾rµ h*h § h n©¶{C&�"b�F>OPRST*Q�M­=:^�L�C&MNC�f>R$s>C�EGF>R$ANYS`�f*T"T"VvQ"b�_aC&ANt
R$H)F*Y[s�F*YSb�C)M�EGT*A�ODL�CIOPL�C)AD_aT"V�`"Q�F>_7RSH	Z�ANT*Z�C&ANOPRSC&MUT*EpMDRS_aZ�YSCIÔ�b�RSV�M�=
Z opT*_aZ�b�ODC&A-H)F*YSH&b�YSF*ODR$T>Q�MIT*QºMN`"MDODC&_aMIY$F>ADf>CaT*QºF¢_aR$H)ADT>MDH)T*Z�RSH¨MNH&F>Y$C�ÈÓ��b�O-QWT*OI`*C)OIT*E
_aF*H&ANT*MNH&T>Z�RSH¢MDRSj&C É §�MNb�H�LÁF*M i T*Q"ODC½opF*ANY$TyMNRS_«b�YSF*ODR$T>Q�M�=�^�L�C&MNC�C&s�F>Y$b�F>OPC�ODL�C�ZWF*ANOPRSt
OPRST*Q¹EGb�Q�H)OPRST*Q * ��`¢MNOPF>OPRSMDODR$H)F*YSY$`�MDF>_7ZWY$RSQ�fXOPL�CaOPC)AD_aMIT>Q|ODL�CaADRSf*L"OJL�F*Q�V¹MNR$V�CaT>E²OPLWCP²��=[ÈP< É =
Z ª�C)ADRSC&M¨C&q"Z�F>Q�MDRST*QWM-R$Q½Z�T � C&ANM-T>E�MDT>_7CkF*Z�Z�ANT­q"R$_aF>OPC�s�F*ANR$F>��YSC�§:MDbWH�L¡F*M¨OPL�C�R$Q"s*C)ADMNC
OPC)_7Z�C&ANF*ODb�ANCIT*A�ODL�CIV�C&QWMDRSOe`�= ¯ T*AcOPL�C-ODL�ANC&C&t�V�RS_aC&Q�MNR$T>Q�F*Y[deMNRSQ�f�_aT�VWC&Y�ODL�C-C&q"Z�F>Q�MNR$T>Q�M
L�F­s*C	��C&C)QXT>��OPF>R$QWC&VXb�ZrOPT h*4 OPC)AD_aM«µ h 1 § h�3 ¶e=
Z � C)Q�T*AN_aF*YSR$j)F*ODR$T>Q¹f>ADT>b�ZyF*ZWZ�ADT>F*H�L¹��F*MNC&V�T*QyOPLWCkRSV�C&F>M¨T>E�®IF>V�F*QWT\[Ãµ 3 ¶�F*QWVy¸�R$YSY$t
MDT>Q¼µ h*m ¶e=|deQ�OPLWR$Ma_aC&ODL�T"V:§wOPLWC�MNb�_ T­s*C)A-MNOPF*ODC&M7R$Q]P²��=�ÈP< É RSM¨C)s±F>Y$bWF*OPC)V�RSQ�MNb�H&H)C&MNt
MDRSs*C�MDODF*f>C&M­§©F7ADC)Q�T*AN_aF*YSR$j)C&V�»�F*_aR$YSOPT>Q�RSF*QkEGbWQ�H&ODR$T>Q - È�/ É ��C&RSQ�f7V�C&u�QWC&VXF*O²C)F*H�L�MDODF*f*C"=^�L�RSM�V�C&u�QWC&M�F7_7F>Z�Z�RSQ�faR$QX»cF>_aR$YSOPT>Q�R$F>QkMNZ�F*H)C�=:^�L�C	OPLWC&AN_7T"V�`"Q�F>_aR$H	EGb�Q�H)OPRST*Q�M�LWF­s*C
��ANF*Q�H�L�t�Z�T*RSQ�OBMDRSQ�f>b�Y$F>ADRSOPRSC&MBMDbWH�LkF*M�OPLWC�_aF*f>Q�C&ODR$j)F*ODR$T>QvF*O¬Ø ô F*Q�V�OPL�F>OBODL�CJC&q"Z�T>Q�C&Q"ODM
T*EpOPL�CIMNRSQ�f*b�YSF*ANRSOPRSC&MUMDLWT*b�YSV�QWT*AN_7F>Y$YS`v��CIb�Q�RSs*C)ADMNF*Y¬µ h 2 §"n 4 ¶e=



3 1 {76�8Âh�_�}�c�y��

Z ®IADF>_aC&ANMDt�¸|F>Q�Q�RSC&A	F*ZWZ�ADT­q"RS_aF*OPRST*Q�µ K*¶¬b�MNC&M¨OPL�CkOPANF*Q�MNEGC&AI_aF*ODADRSq�ODC&H�L�QWR$�"b�CvEGT>A-OPLWC
O � T>t�VWR$_aC&QWMDRST*Q�F>Y{deMDRSQ�fa_aT�VWC&Y�F>Q�V�RSM�T>E�_aC&F>Q�t�uWC&YSV�t�YSRS¾*C	��C)L�F­s"R$T>A�=
Z opYSb�MDODC&ABOPANF*Q�MNEGC&A¬_aF>OPANR$q¨_7C)OPL�T"V|µ n�<�¶ � F*M¬Z�ANT*Z�T*MNC&V�F>M¬F*Q�RSOPC)ADF>OPRSs*C�F>Y$f>T*ANR$ODL�_�b�MNRSQ�f
T­s*C)ADYSF*Z�Z�C&VyODADF>Q�MNEGC&A7_7F>OPANR$qyH)Y$bWMDODC&ANM¨ODT|ODADC)F*O«O � T*tJF*QWV�OPLWADC)C&tJV�R$_aC)Q�MDRST*QWF*YU_aT�VWC&YSM
� R$ODLrMDL�T>ADOUANF*Q�f>C�RSQ"OPC)ADF>H&OPRST*QWM�=
Z ´UF*q"ODC&A­Ò M�OPANF*Q�MNEGC&AJ_aF*OPANRSq�s�F*ANRSF*OPRST*QWF*Y�_aC)OPL�T"VÇµ ]*] ¿ ]>n*¶�F>M � C&YSY:F>M�F>Q�T*ODL�C&A�´UF*q"OPC)A�Ò M
R$ODC&ANF*ODR$s>CJ_aC)OPL�T"VrEGT*A�ODL�CIH&T>ADQ�C)AUOPANF*Q�MNEGC&A�_aF*ODADRSH&C)M«µ n�§ 1 ¶e=
Z ^�LWC�V�C)Q�MNR$Oe`�_aF*ODADRSq�ANC&Q�T>AD_aF*YSRSj&F*ODR$T>Q�f*ANT*b�Z¹ÈG� i��-�IÉ F>Q�F*YS`"MDRSMIµ$< 4 §{<*<©§{<�K*¶[EGT*A�T*Q�C)t
V�RS_7C)Q�MNR$T>Q�F*Yp�"b�F*Q"OPbW_lH�LWF*RSQ�M � L�RSH�L�RSM�s>C&AN`�F>H&H)b�ADF>OPC-F>Q�V�EGF>MDO�=�^�L�C¨V�C&QWMDRSOe`r_7F>OPANR$q
ADC)Q�T*AN_aF*YSR$j)F*ODR$T>Q�R$MIRSQ"OPANT"V�b�H&C)V�ODTXVWC&MNH&ANR$��C¨ODL�Caf*ANT*b�QWV�MNOPF*ODC�ÈGF*M � C&YSY�F*M	MNC&s*C)ADF>Y:C)q"t
H&RSOPC)V¨MNOPF>OPC&M É T*E�ODL�CUMD`"MNOPC&_�=�^�L�C�F*Z�Z�YSRSH&F*ODR$T>Q«ODT�ODL�CUO � T>t�V�RS_aC&Q�MNRST*Q�F>Y>H)Y$F>MDMNR$H)F*Y�_aT�VWC&YSM
� F>MBZWADT>Z�T>MDC)Vk�"`�~cRSMDLWR$Q�T¢µ ]*K©¶{F*QWVk_aT"V�R$uWH&F*ODR$T>QkEGT>A�ODL�C	H&T>ADQ�C)ABODADF>Q�MNEGC&A�_7F>OPANR$H)C&M�Y$C)V
OPT�ODL�CIH&T>ADQ�C)AUOPANF*Q�MNEGC&AU_aF*ODADRSqvANC&Q�T>AD_aF*YSRSj&F*ODR$T>Qkf>ADT>b�Z¹ÈDop^ i��-�IÉ µ ]>]©¶St�µ ]*n­¶e=
Z Ñ�OPL�C)AI_aT�VWR$u�H)F*ODR$T>Q�MI��F*MNC&VºT>Q|� i��-� F*ANC7MNOPRSYSY¬R$QºZ�ANT*f>ADC)MDM­= Ö C&O«b�MI_aC&Q"OPRST*QºOPLWC
_aT*MNOJF>Z�Z�ANT*Z�ANRSF*OPC¨H&F>Q�V�RSV�F*ODC&M­Ë�ODL�C�OPC)Q�MDT>A	Z�ADT"V�bWH&O	s�F*ANR$F>OPRST*Q�F>Y:_aC&ODL�T"VÁÈG^�?²�p} É EGT>A
OPANC&F>OPRSQ�f�OPL�ANC&C)t�VWR$_aC&QWMDRST*Q�F>Y[H&YSF*MNMDRSH&F>Y[_aT�VWC&YSM¨µ ] 1 §"] 3 §"n*K>¶·§°OPL�C-ZWb�Q�H&ODb�ANCIADC)Q�T*AN_aF*YSR$j)F*t
OPRST*QÀf*ANT*bWZ µ n*]©¶�EGT*A�<5�a§wK>�a§�F*Q�VÀ]*����bWF*Q"OPb�_ T*Q�C)t���T"V�`�ZWADT>��Y$C)_aM�=À^�LWC¢s*C&ANOPRSH&F>Y
V�C&QWMDRSOe`�_aF>OPANR$qXF*YSf*T>ADRSOPL�_ EGT*A�K>�Â�"b�F>Q"OPb�_lOPANF*Q�MNs*C)ADMNC	u�C&YSV¢deMNR$Q�fk_7T"V�C)Y�F>M�]*� H&YSF*MNt
MDRSH&F>Y:deMNRSQ�f�_aT"V�C)Y:L�F>M	��C)C&Q�ANC&H)C&Q"OPYS`rZ�ANT*Z�T*MNC&V½µ n h ¶wT>A�ODL�C¨K>�Âs>C&ANOPC)qX_aT"V�C)YpMNOPbWV�R$C)V
�"`vQ�T*QWMD`"_a_aC&OPANRSH�op^ i��I� µ n*n©¶

^�L�C 5���
 Z:� xÛ� \SY � µ ] m ¶�RSMvOPLWC¢MDRS_aZ�Y$C)MDOkR$V�C)F*YSR$j)F*ODR$T>Q½T>E�ODL�C¢MD`"MNOPC)_ � L�RSH�LÀR$MvC)q"F*H&ODY$`
MNT*YSs�F*��YSC	R$QrT>Q�C	F*Q�VXO � TaV�RS_aC&Q�MNRST*Q�M¨ÈÓR$QrK>��T*Q�YS`vEGT>A�OPL�C-H)F*MNC�T>EBç¹  4�É =p^�LWR$M���F>MDRSHIYSF*OPODR$H)C
_aT"V�C)Y[H&F*Qr��CIOPL�T>b�f*L"OUT*EpF*M�Fa_aT"V�C&Y�T*EpF7_aF>f*Q�C)O±= Ö C)OUb�M�ANC&f*F>ADV�OPL�CI_aF>f*Q�C)O�_aF>V�CIb�ZrT*E
_aT>Y$C)H&b�YSC&M � L�R$H�L�F>ADCcH&T*QWMDODADF>R$Q�C)V�OPT-YSRSCcT*QkOPL�C�MDRSOPC)M²T*E[F«ADC)f*b�YSF*A¬YSF*ODOPRSH&C"=�ªWb�Z�Z�T*MNCcOPLWC&ANCcF*ANC^ MNb�H�L�MNRSOPC&McY$F>��C)Y$YSC&V`_� r<a+PKb+ ÷&÷)÷ + ^ =
~�T � Y$C)O�bWMXH)T*Q�MNRSV�C&AXC&F>H�LÁ_aT*YSC&H&bWY$C¹F*MrF�_aRSH&ANT*MNH&T>Z�R$H|_aF*f*QWC&O±§ � L�RSH�L�C&RSOPLWC&ArZ�T>R$Q"ODM

F>Y$T>Q�f¢MNT*_aCvZ�ANC&EGC)ADANC&VºF*q"RSM�§:T>A«RSQyC&q"F*H)OPYS`|T>Z�Z�T>MDRSOPCkV�R$ANC&H)OPRST*Q:=¢^�L�bWM«C&F>H�Ly_aT*YSC&H&bWY$CH_IL�F>M
O � TvZ�T*MNMDRS��YSC«H)T*Q�u�f>b�ANF*OPRST*QWM�§ � LWR$H�L�H)F*Q���C«YSF*��C&YSYSC&V��"`XFkMNZ�RSQ�s�F*ANR$F>��Y$C`ced � R$ODL�s�F*YSb�C&MaêI<
ÈÓZ�F*ANF*YSYSC&Y�ODTIF*q"R$M É T>A � <IÈGF>Q�ODR$ZWF*ANF*YSY$C)Y°OPT-F>q�RSM É =�^�L�C�MNZ�R$Q�RSM²MNF*RSVaOPT-��C7í±Ý � LWC&Q;ced�L�F*MBs�F*YSb�C
êI<cT*AfX>æ\g�ä � L�C)Q�RSO�L�F>M�s±F>Y$bWC � <>=UÑ�EGOPC&QrODL�C&MNC	s±F>Y$bWC&M�F*ANC � ADRSOPODC&QX_aT*ANCJ�WADRSC&Ô�`kF*M«ê�F>Q�V� = Ö C)O�c¹ ihac W +�c ] + ÷&÷)÷ +�c�jfk-V�C&Q�T>OPC¨OPL�C7MDC)OcT>E�T*E ^ MNZ�RSQ�M�=�^�L�C&Q�OPL�C)ADC¨F*ANC-K j s�F*YSb�C&MJT*Ec�§°F*Q�VXC&F>H�L�MNb�H�LXs±F>Y$bWCIMDZ�C&H)R$u�C)M�FaMDODF*OPCIT>E�ODL�CIMD`"MNOPC)_ml�=
deQ¹f*C)Q�C&ANF*Ye§�ODL�Ca»cF>_7RSYSOPT*QWR$F>Q�RSMJFXEGb�Q�H)OPRST*Q - È4c W +nc ] + ÷)÷&÷ +nc j7É T>E ^ MNZ�RSQ�MIF*QWV�RSMJ_aF>V�C

bWZ�T>E:O � TaZ�F*ANOPM

- È4c É   - Í È4c É ê - W È4c É + ÈP<�K É

� LWC&ANC - Í È�c É R$M²OPL�C�H)T*Q"OPANR$�Wb�OPRST*QaT*E�OPLWC�R$Q"OPC)AD_aT>Y$C)H&b�YSF*A�EGT>ADH)C&M�RSQ�MDRSV�C�ODL�C�_aF*f*QWC&O�F*QWV - W È�c ÉRSMaOPL�CXH&T>Q"OPANR$��bWOPRST*Q�EGANT*_ ODL�CXR$Q"OPC)ADF>H&ODR$T>Q�M¨��C&O � C&C)Q�ODL�CrMDZ�RSQ�MaF*QWV�F*Q½C&q"OPC)ADQWF*Y�_7F>f*Q�C)OPRSH
uWC&YSV|ç|=
deQaFJZ�L"`�MNRSH&F*Y°MN`"MDODC&_�§�ODL�CUR$Q"OPC)ADF>H&ODR$T>Q�MwF*ANC�C)q"Z�C)H&OPC)V¨ODT	��C�RSQ"s±F>ADRSF*Q"Opb�Q�V�C)A�OPRS_aC�ADC)s*C&ANMNF*Y

� LWR$H�Lv_aC)F*Q�M�OPL�F>OBODL�CJ»cF*_aRSY$ODT*Q�RSF*Q - È4c É RSMBb�QWH�L�F*Q�f>C&Vv�"`aANC&s*C)ADMNRSQ�f-F*YSY�u�C&YSV�M�F*Q�V�_7F>f*Q�C)to�p �Ôý��Ôþ���÷�ý � �&�-÷�����q)���-ÿ·�3ü��nþ���÷sr � �¿þ.üÔþ�÷¬���Ôþ.þ�� � �)��÷P���tq�þ
�-÷vuPù��wr � ��þ�üÔþ.÷ÝørüÔý¿ùúü��±�ú÷½ü�
��xq�ÿ���
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ODR$j)F*ODR$T>Q�M�§°R·="C"=$§��"`kQ�C)f*F*ODR$QWf¢çlF>Q�V{c W +�c ] + ÷&÷&÷ +�cej7= ¯ ANT*_gODL�F*OcR$O�EGT>Y$YST � M�OPLWF*O - Í È4c É _«b�MNO��CIF*QXC&s>C&QXEGb�Q�H)OPRST*QrT*Evc�§"RSQXZWF*ANOPRSH&b�YSF*A
- Í È4c W +�c ] +�|�|�|�+�c j¨É   - Í È � c W + � c ] +n|n|�|�+ � c j7Ée÷ ÈP<�] É

^�L�C)MDC²ADC)MDb�YSOPM�V�C&u�QWC¬�"b�R$ODC²f>C&Q�C)ADF>Y­deMDRSQ�f�_aT"V�C&Ye§)MDZ�C&H)R$F>Y©H&F>MDC)M�T*E � L�RSH�LIL�F­s>C�F*YSADC)F*V�`���C&C)Q
MNT*YSs*C)V:= ¯ ADT>_gFvZWL�`"MNR$H)R$MNO±Ò M�Z�T*RSQ"O�T*Ews"R$C � §°RSO�RSMcL�RSf*L�YS`kMNRS_7ZWY$RSu�C&Vp§�ODL�C-T*�"s"RST*b�M�T>��}PC&H)OPRST*Q¢RSM
ODL�F*O�ODL�C�_aF*f>Q�C&ODR$HU_aT*_aC&Q"O�T>E�F	_aT*YSC&H)b�Y$C�RSM�FIs*C)H&ODT*AwZ�T>R$Q"ODR$Q�fIODTIF*Q"`-V�RSANC&H&ODR$T>Q:§�Q�T>O~}Pb�MNO�b�Z
T>AUV�T � Q:=�Ñ�Q�CIH)F*QXH&T*QWMDRSV�C&A�ODL�RSM�Z�ANT*Z�C&ANOe`vF*Q�VXT*�WOPF*RSQrOPL�CIH)Y$F>MDMNRSH&F*Y[»�C&RSMDC)Q"��C)ADf7_aT�VWC&YBµ n 1 ¶
�Wb�O�OPL�RSM�_aT"V�C&Y[LWF*M�Q�T>O���C)C&QrMDT>Y$s>C&VX`*C)O�C)s*C)Q�RSQrO � TaV�RS_aC&Q�MNR$T>Q�M­=
»�T � C)s*C&A­§*OPL�C)ADC	F*ANCJH&AN`�MNOPF>Y$M � RSOPLXL�R$f>L�YS`vF*Q�RSMNT*OPANT*ZWR$H�R$Q"OPC)ADF>H&ODR$T>Q�MUMDb�H�L�OPL�F>OUOPL�C	_aT*YSC&H)t

bWY$F>A�_7F>f*Q�C)OPMvCn[�C)H&ODR$s>C&YS`�Z�T*RSQ�Okb�ZÀT*AvV�T � Qp§¬Q�T>OPF>��Y$` ¯ C"opY ] µ n 3 ¶cF*QWV ¯ C�o�Ñ Ú µ n m ¶e=�^�L�CODL�ANC&C&t�V�RS_aC&Q�MNR$T>Q�F*Y:deMDRSQ�f�MDL�T>b�YSV�f*RSs*C-F�f*T"T"V¢V�C&MNH&ANRSZ�OPRST*Q�T>E�OPL�C)MDC"§�R$Q|EGF*H&O�OPL�C7b�Q�RSs*C)ADMNF*YSRSOe`
RS_aZ�YSR$C)M�OPL�F>O�RSOcMNL�T*b�YSVrf*RSs*CIC)q�F>H&ODY$`�OPL�C-H)T*ANADC)H&OUs�F*YSb�C&M�T*EpH&ANR$ODR$H)F*Y�C)q"Z�T>Q�C&Q"OPM � L�RSH�L � RSYSY���C
VWR$MNH&b�MNMNC&VXY$F>OPC&A­=
^�L�CIuWADMNOUOPC&AN_ - Í È4c É R$Q.P²��=[ÈD<�K É L�F>M«ÈGRSQrOPL�RSM�H&F>MDC É OPL�CIEGT>AD_ÊT>E:ODL�CIdeMNR$Q�fa_aT"V�C&Y

- Í È4c É   �Y� J d D � K
c d c � + ÈP< h{É

� LWC&ANC � C	MDbW_ÊT*Q�YS`vODL�CIQ�C&F>ADC)MDOUZ�F>R$ANMUT*EpMDRSOPC)M�T*QXOPL�CIYSF*ODOPRSH&C"=p^�L�CIZ�F*ANF*_aC)OPC&A � ANC&ZWADC)MDC)Q�ODM
ODL�C�RSQ�ODC&ANF*H)OPRST*Q7C&Q�C)ADf>`I��C)O � C)C&QaOPL�C�QWC&F*ANC&MNOwQ�C&RSf*L"��T*ANM � L�RSH�L7ANC&_aF>R$Q�M�H)T*Q�MNOPF>Q"OpRSQaOPL�C�deMNRSQ�f
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MDZ�T*Q"ODF*Q�C)T*b�M¨_7F>f*Q�C)OPRSj&F>OPRST*Q:=S§pR·=:C"=$§pODL�C�MNZ�T*Q"OPF>Q�C&T>b�M¨_aF>f*Q�C)OPRSj&F*ODR$T>Q�èì  4 EGT*A7OPLWC
j&C)ADTa_aF*f>Q�C&ODR$H	u�C)Y$Vºç|=

K�= ¯ T>A Ë � ñ 0 1 Ø ODL�C¢è�Èeç É H)b�ANs*C7R$Q ¯ R$f{=�]rR$Q"OPC)ADMNC&H)OPMIODL�Cas*C&ANOPRSH&F>Y�F*q"RSM7çÅ  4 ODL�ADC)C
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F*Q�V|ADC)Z�YSF*H&C)V��"`¢OPL�C7H&bWADs>C � RSOPL¹OPL�C7V�RSMDH)T*Q"OPRSQ"b�R$Oe`¢T>E¬OPLWC¨MNC&H)T*Q�V|T*ANV�C&A�F*O7çÂ  4 MNT
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YSR$_> � Ítú è�Èeç É  ¼êJè Í + È h 2 É

Y$RS_> � Íüû è�Èeç É   � è Í ÷ ÈGn 4{É

^:TX��C7_aT>ADC7Z�ANC&H&RSMNC�§�OPLWC7ZWF*ANO�T>E¬OPL�Crè�È�ç É H&b�ANs*C¨Y$`"RSQ�f�RSQ¹OPL�CaRSQ�ODC&ANs�F*Y Q � è Í +&è Í R_«b�MNOc��C«ANC&ZWY$F>H&C&V¢�"`XFkMNOPANF*RSf*L"O�YSR$Q�CrÈGF>Y$T>Q�fvOPLWC«s*C)ADODR$H)F*Y:F*q"R$M¨ç   4�É H&T*QWQ�C&H)OPRSQ�fvOPLWC
_aF*f*QWC&OPRSj&F>OPRST*Q�M � è Í F>Q�VyêJè Í =
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VWC&Q"O±§�Q�T>AkH)F*QÁODL�C�_aT"V�C&Y�L�F­s*C�O � T¡ZWL�`"MNR$H)F*YSY$`½MDC)Z�F*ANF*ODC&V�H)T�C)q"R$MNOPRSQ�f¡Z�LWF*MNC&M­=Ã^�L�bWMkOPLWC
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��C�T>��MNC&ANs*C&V�EGANT*_ OPLWC|��F>MDRSH½ÈÓMDb��WMDODADF>OPC É Y$F>OPODR$H)C|F>MkF*QWT*OPLWC&AkYSF*ODOPRSH&C � R$ODL�_aT"V�b�YSF*OPRST*Qp§UF
Z�C&ANRST�VWR$H|Y$F>OPOPRSH&C¹V�RSMDODT*ANOPRST*Q:§�F½L�C)Y$RSH&F>Y�T>A�MNRSQ�bWMDT>R$V�F>Yc_aF*f>Q�C&ODR$H¹MNOPANb�H&ODb�ADC"§UT*AXF*MXF�H�LWF*ANf*C
VWC&Q�MNR$Oe` � F­s*C-RSQ�T>Q�C�§WO � T�§�T*AJOPL�ANC&C¨V�RS_7C)Q�MNR$T>Q�M�=c?�C&ANRST�VWMcT*E²_7T"V�bWY$F>OPC&V�MDODADb�H)OPb�ANC&MJH&F>Q���C
H)T*_a_aC&Q�MNb�ANF*ODCcT*AURSQ�H&T>_a_7C)Q�MNb�ADF>OPC � R$ODL�ODL�C	��F*MNR$HJYSF*OPODR$H)C	F*M�R$M�MNL�T � QkRSQ ¯ RSf�= h =�»�C&ANC�§>OPLWC

Commensurate structure

Incommensurate structure

Chaotic structure
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F�H&T>_7_aC)Q�MDbWADF>OPC-H)T*Q�u�f>b�ANF*OPRST*Qp=-Ñ�Q�OPLWC¨T>OPL�C)A�L�F>Q�V:§�OPLWC¨RSQ�H&T>_a_7C)Q�MNb�ADF>OPC-ZWL�F*MNC � RSY$YwQ�T>O
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W����2^�X%Z.[��+W�a5x X%W�a*`%[ya5bVX%j+�1]�a*$��+dwX.U'W�� $3W����2lrq�s(e1`%[�Y*nAR

|����{b���X%c/�p`.Ugc0� $�a*`1dw`.U�W���� }+~ b�W�$�]�j+W�]�$��Vj-��X.[�Z%� bm��a*W��t^TX.Z%[�� W�a*jVh�� Y5d���X.[�d�W�� ^�c0� $�X.�
W�]�$��{��R�|����	c0� $�a*`1di`%UfW���� }+~ b�W�$�]�j+W�]�$��2a5[�j $�� X%b��+b���a*W��iW����
a*[�j+$��+X.b�a*[�Z�^�X%Z.[��+W�a5j2h�� Y5diX.[�d
d)�+j+$��+X.b�a*[�Z{W�� ^Tc/�+$�X%W�]�$��ARgS�W�Y*`8�PW��+^�c/�+$�X%W�])$�� b ! j+Y*`%b���W�`4W����
���A�g��� }+~ c���X.b��vW�$�X%[)b�a*W�a*`%[TY5a*[��1"
W�����b�W�$�]�j+W�]�$���j+`.[�b�a*b�W�b
`.U���a*d���d)`%^�X%a*[�b	`.UvW�����c)��X%b��9���A����b�� c�X%$�X%W��+d�_1n�[)X%$�$�`8�&d�`%^�X%a*[
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Ý�X%Y*Y*b,RmS�W3Þ�a*Z%Þ�ß à3W�ß ^�c0ß à�X.W�]�à�ß+bp[�ß+X.à3W�`�d)a5b�`%à�d�ß+à�� }+~ W�à�X%[�b�a*W�a*`%[¡e�W�Þ�ß
d)`%^�X%a*[iÝ7X.Y5Y*b3_/ß+j `%^�ß
Ý�a*d�ß à,eAW�Þ�ß2c0ß à�a*`1dyb�Þ�`.à�W�ß+à�X%[)dyW�Þ�ß2b�W�à�])j+W�])à�ß4X%j �1]�a5à�ß+bvX�b�a5[1]�b�`%a*d�X.Y5��Y5a*á%ßpb�Þ)X%c/ßAR

â `%W�Þãc�Þ�X.b�ß9W�à�X%[�b�a5W�a5`.[�bwX.à�ßij `%[1W�a*[1]�`%])b,R } [1u.ß+à�b�ßic/ß+à�a5`1dã`.U4W�Þ�ß�b�W�à�]�j W�]�à�ß9X.[�däÝ�X8u%ß
X.^�c�Y5a*W�])d�ßwW�ß+[�dBW�`9x ß+à�`ÉX%WTW�Þ)ß����A���å� }+~ X%[�d�W�Þ�ßtd�a5b�`%à�d�ß à�� }+~ c�Þ)X%b�ßwW�à�X%[)b�a*W�a*`%[kY*a5[)ß+b8efà�ß �
b�c/ß+j+W�a5u.ß+Y*nAR } W2b�Þ�`%])Y5d=_0ß�[)`%W�ß d�W�Þ�X.W2W�Þ�ß�[�`.W�a*`%[�b2`.U7Y*`8ÝæX.[�d�Þ�a*Z%Þ=W�ß+^�c/ß+à�X%W�]�à�ß b2^	]�b�W2_/ß
])[�d�ß+à�b�W�`1`1dwÝ�a*W�Þ�a*[yX.[wß çAW�à�ß ^�ß+Y*n�[�X%à�à�`8ÝäW�ß+^�c/ß+à�X%W�])à�ß{a5[1W�ß+à�u»X.Y#Ý�Þ�ß+à�ßpW�Þ�ß }+~ c�Þ)X%b�ßpß çAa*b�W�b8R

|�Þ�ß�ß+è/ß+j Wr`%U@^�X%Z.[�ß+W�a5j�h�ß+Y*d	`.[	W�Þ�ß }+~ c�Þ�X%b�ßma*brb�a*^�a5Y*X%àfW�`{W�Þ)ß7W�ß+^�c0ß à�X.W�]�à�ß�ß+è/ß+j+W�br_�]�Wr`%U
`.c�c/`%b�a5W�ßVd�a*à�ß j+W�a5`.[¡R¡éz`8Ýã^�X%Z.[�ß+W�a5jph�ß+Y*dkê'[�ß X%à�ë)ì í/îzß+[�Þ�X.[�j+ß b7W�Þ�ß4Þ�a*Z%ÞwW�ß+^�c/ß+à�X%W�])à�ßpß+è/ß+j+W�b,e
Ý�Þ)a5Y*ß4W�Þ�ß2Þ�a*Z%Þ<^�X%Z.[�ß+W�a5j4h�ß Y5d�êå[�ß+X.à�í)ì ï/î¡W�Þ�ß2Y*`8ÝðW�ß+^�c/ß+à�X%W�])à�ß4`%[)ß+b8R

l0`%à	W�Þ�ßw^�X.Z%[�ß W�a*j�h�ß+Y*dä�ñj+Y*`%b�ß�W�`ÉW�Þ�ßyu,X%Y*]�ß�`%U�í0ì ï#e�W�Þ�ßwc/ß+à�a*`Adka*b	u.ß+à�n�Y*`%[)Z/ezW�Þ�X.W	a*b
Ý�Þ1n\Ý7ß�Ý�ß+à�ßvX%_�Y*ß�W�`
c/ß+à�U'`%à�^æW�Þ�ß } q�sÈ`.[�Y5n\]�b�a5[�Z	X%[�a5[)j+`%à�à�ß+j+Wr^�X%Z.[�ß+W�a5x X%W�a5`.[\b�Þ�X%c/ß3Ý�Þ�a*j-Þ
Ý�`%])Y5dt[�ß+ß dyU'])à�W�Þ�ß+à3a*^�c�à�`8u%ß+^�ß [AW�bvÝ�a5W�Þ�a5[<W�Þ�ß2lrq�sòê'lra5Z#R1ë%í#î�R

ó ]�àTj+X.Y5j ]�Y*X%W�a*`%[)b	j+`.[1u%ß+à�Z%ß d�W�`9W�Þ�ßtb�W�X%_�Y*ßwc/ß+à�a5`1d�a*jwb�`%Y*]�W�a5`.[�X%W\W�Þ�ßt^�`%b�W	`%U�W�Þ�ßtc�X%à�W
`.UrW�Þ�ß
j `%^�^�ß+[�b�]�à�X%W�ß����A�g���Md�a*b�`%à�d�ß+à�ß+dic�Þ)X%b�ß2_0`.à�d�ß à�b8R7ôVß à�ß
W�Þ�ß }+~ c�Þ�X.b�ß	Þ�X%bp_0ß ß+[iU'`%])[�d
ß u%ß à�n1Ý�Þ�ß à�ß1R#|�Þ�a*b�U'X%j+WrY*ß+X.d�b�]�b�W�`2X{j+`.[,õ�ß+j W�]�à�ß
ê'a*[�j+`%[1W�à�X.à�n4W�`wö ï%÷%øÜî0W�Þ)X%W�W�Þ)ß�éza*U'b�Þ�a*W�xvc/`%a*[1W
d)`Aß b�[�`%Wvß çAa*b�W�b3a*[<W�Þ�ß2S�|�ùpù } ^T`1d�ß YÜR

ú ß3]�b�ß+d�W�Þ)ß3ûps9ü2ýP^�ß+W�Þ�`1d�W�`2a*[Au.ß+b�W�a*Z%X.W�ßva5[)j+`%^�^�ß+[)b�]�à�X%W�ß�b�W�à�])j+W�])à�ß b�a5[�ë.ûãj+Y*X%b�b�a*j+X.Y
^�`1d�ß Y�U'`%à4W�Þ�ß�h�à�b�W{W�a5^�ß1R ú ß�U'`%]�[)d�W�Þ�X%W4a*W2à�ß c�à�`1d�])j+ß+b4Ý�ß+Y*YrW�Þ�ß�c�à�ß+u1a*`%]�b{à�ß+b�]�Y5W�b2U'`%à4W�Þ)ß
SpùVùpù } ^T`1d�ß YÜR } [<W�Þ�ß2j+X.b�ß4`%U¡W�Þ�ß2S�|�ùpù } ^�`1d�ß+Yga*W�Þ�X%bVb�Þ�`8Ý�[y^	]�j-Þ<_/ß+W�W�ß+àVc0ß à�U'`.à�^�X%[)j+ß
a*[�W�Þ�ß�à�ß+Z.a5`.[�b�Ý�Þ�ß à�ßvW�Þ)ß�c�à�ß u1a5`.]�b�X%c�c)à�`.X%j-Þ�ß b�êåW�Þ�ßVj+Y*]�b�W�ß+à�W�à�X.[�b�U'ß à�^�X%W�à�a*ç	^�ß+W�Þ�`1diö þ £ e,ÿ%ÿÙø
[)ß+X%à4���Pë)ì íTX.[�dtW�Þ�ß2U'à�ß+ß �MU'ß à�^�a*`%[tX%c�c�à�`8ç1a5^�X.W�a*`%[�ö ï%÷ÙøzU'`%à2��� ¤ î¡U'X%a*Y5ß d¡R

ó [kW�Þ�ßw_�X.b�a*b
`.U�b�j+X.Y5a*[�ZÉc)à�`.c0ß à�W�a5ß b
`%UvsÉ`.[AW�ß ~ X%à�Y*`ij+X%Y*j+])Y5X.W�a*`%[�b
X.[�dkW�Þ)ßwß+ç1X.j+W
d�a*X%Z.�
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`.[�X%Y*a*x+X%W�a5`.[�`.U7h)[�a5W�ß�b�W�à�a5c�b8egW�Þ�ß�X.]�W�Þ�`.à�bwö ï%÷%øoj+`.[�j+Y*]�d�ß d=W�Þ�X%W	X%W��
	� ¤ W�Þ)ß }+~ b�W�à�]�j W�]�à�ß
d)a5b�X%c�c/ß+X.à�brX.[�d\X.WrÞ�a5Z.Þ�ß+à�h)ß+Y*d�b�� W�Þ�ßvd�a*à�ß j+W�c�Þ)X%b�ß�W�à�X.[�b�a5W�a5`.[	_/ß+W6Ý�ß+ß+[�j `%^�^�ß+[�b�]�à�X%W�ß4���A���
X.[�dtd�a5b�`%à�d�ß à�ß dwc�Þ�X.b�ß b�a5bVj+`%[1W�a5[1]�`.]�b,R

ú ßÉÞ�X8u.ßi`%_�b�ß+à�u%ß dBW�Þ�ß }+~ c�Þ�X.b�ßiW�`�ß+ç1a*b�W�bwß+u.ß+à�n1Ý�Þ�ß+à�ßy_/ß+W6Ý�ß+ß [äW�Þ�ß9d�a5b�`%à�d�ß à�ß d(X.[�d
j `%^�^�ß+[�b�]�à�X%W�ß3���A�g�)c�Þ�X%b�ß+b8e+aÜR ßAR�Ý7ßoÞ)X8u%ß�[�`.W�U'`%]�[)d
X%[1nVé¡a5U'b�Þ�a*W�x7c0`.a5[1W»e a6R-ß1R5e W�Þ)ßmc/`%a*[AWzÝ�Þ�ß+à�ß
W�Þ�ß�W�Þ)à�ß ß�c�Þ�X%b�ß+b8e,[�X.^�ß+Y*n
W�Þ�ß�j `%^�^�ß+[�b�]�à�X%W�ßAe,W�Þ�ß3a*[�j+`.^T^�ß [�b�])à�X.W�ßvX%[�dTW�Þ)ß3d�a*b�`.à�d�ß à�ß d	`.[�ß
^�ß ß+W»RzùVß u%ß à�W�Þ�ß+Y*ß+b�b,eÙ^�ß+X%b�]�à�ß+d�Ý�a*d�W�Þ�b7`%U/W�Þ�ß }+~ c)Þ�X%b�ß�X%à�ßvß+ç1W�à�ß+^�ß+Y*n	b�^�X%Y*Y)X.W�Y5X.à�Z.ß{� X.[�d
W�Þ�ß+nwß+ç1c0`.[�ß+[1W�a5X.Y5Y*n�W�ß [�d<W�`�x+ß à�`TX%W4���kí0ì ï#RzSpb�W�Þ�ß2Ý�a*d�W�Þt`.UzW�Þ�ß }+~ c�Þ�X.b�ß4Z.ß+W�b�[)X%à�à�`8Ý�ß+à
U'`.àoW�Þ)ßVÞ�a*Z%Þ���`%à�d�ß à�X%c�c�à�`8ç1a5^�X.W�a*`%[�b�Ý�ß3j+X.[�[�`.W�j+`%^�c�Y*ß+W�ß+Y*n\ß ç1j+Y*]�d�ß3W�Þ�ßVb�j+ß [�X%à�a5`4`.U/û{`%^�X.[An
X.[�dtq�j-Þ�X%])_�ö ï%÷Ùø6R

ó ]�à�_/ß+Y*a*ß+Ufa5[<j+`.à�à�ß+j Wvd�ß+b�j+à�a5c)W�a*`%[t`%Uza*[�j `%^�^�ß+[�b�]�à�X%W�ß4c�Þ)X%b�ß+b�_1n�W�Þ)ß2ûpsÉü
ý W�ß j-Þ�[�a*�1]�ß
a*b3b�]�c�c/`%à�W�ß dt_1n�W�Þ�ß
à�ß+c�à�`1d�]�j W�a*`%[t`%UfW�Þ�ß
SpùVùpù } c�Þ�X.b�ß4d�a*X%Z.à�X.^ Ý�a5W�ÞiZ%ß [�ß+à�X%Y*Y5n�ß ç1c0ß j+W�ß d
U'ß X%W�]�à�ß b,R
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} WpÝ7X.bVb�Þ�`8Ý�[iW�Þ)X%WVW�Þ�ß	û{ü3sBý×^Tß W�Þ�`1d�nAa*ß+Y*d�bpu%ß+à�ntX%j+j ]�à�X%W�ß	ß+b�W�a*^TX.W�a*`%[�bp`%U�Z.à�`.]�[�dib�W�X%W�ß
ß [�ß+à�Z%np`%U@h�[)a5W�ßm�1]�X%[1W�]�^ j-Þ�X%a*[�bzX.[�d
U'à�ß+ßoß [�ß+à�Z%n{`%U@j Y5X.b�b�a*j+X%Y%b�W�à�a*c�bf`%U1h�[�a*W�ß�Ý�a5d)W�Þ
Ý�a*W�Þ\`%c/ß+[
_/`%])[�d�X%à�n9j `%[�d)a5W�a5`.[�b,R ú ßwÞ�X8u.ßTd)ß+u%ß Y5`.c0ß dkW�Þ�ßwûpsÉü
ý ^�ß+W�Þ�`1dkÝ�a5W�Þ�c/ß+à�a5`1d�a*j�_0`.]�[�d�X.à�n
j `%[�d)a5W�a5`.[�bVU'`.àpb�W�à�a5c)bV`%U�j Y5X.b�b�a*j+X%Y¡b�c)a5[�b{X%[)dÉb�Þ)`8Ý�[iW�Þ�X.W»e0b�a*^�a5Y*X%à�Y*nyX.bpU'`.àV�1]�X%[1W�]�^Èj-Þ�X%a*[�b8e
a*W3n1a*ß+Y*d�bVW�Þ�ß+b�ß
�1]�X%[1W�a5W�a5ß b3Ý�a5W�ÞÉ^	])j-ÞtY*`8Ý�ß+à3d�ß Z%à�ß+ß4`%UrX.j+j+])à�X.j+nARmùVß u%ß à�W�Þ�ß+Y*ß+b�b,e@W�Þ�ß
û{sÉü
ý
^�ß W�Þ�`1däa*b�^�`%b�W�Y*nP]�b�ß+däU'`.à�c�à�ß+d�a*j+W�a5`.[(`.U4c�Þ1nAb�a*j+X%Y��1]�X.[1W�a*W�a*ß+bwX.[�d j+à�a5W�a5j X%Y3c)à�`.c0ß à�W�a5ß b�`%U
a*[�h�[)a5W�ßpb�n1b�W�ß+^�b7a*[wj `%[�[)ß+j+W�a5`.[�Ý�a5W�Þwh�[)a5W�ß{b�a*x+ßVb�j+X.Y5a*[�Z
`.à7ß ç1W�à�X%c/`%Y*X%W�a*`%[�`.UgW�Þ�ß{à�ß+b�]�Y5W�b7U'à�`%^
h)[�a5W�ß+��b�a*x+ß�b�n1b�W�ß ^TbyW�`Ba5[�h)[�a5W�ß�`.[�ß+b8R×|�Þ)ß9`%_@õ�ß+j+W�a5u.ßÉa*byW�`Pb�W�]�d�n W�Þ�ß�û{sÉü
ý X%[)dãß+ç1X%j W
^�ß W�Þ�`1d�b
Ý�a*W�Þ�W6Ý�`<d�a5è/ß+à�ß+[1W2_/`%]�[)d�X%à�nÉj+`.[�d�a*W�a*`%[�b2U'`.à
h�[�a*W�ß�b�W�à�a*c�b2`%U�u,X%à�a5`.]�b2Ý�a5d)W�Þ�b
X.[�d
j `%^�c�X.à�ß2W�Þ�ß+a*àpà�ß+b�]�Y*W�bpÝ�a5W�ÞÉá1[�`8Ý�[iß+ç1X%j W3à�ß+b�]�Y5W�bVU'`.àVa*[�h�[�a*W�ßTë%û&b�n1b�W�ß+^ÉR } Wpa5bpb�Þ)`8Ý�[iW�Þ�X.W
Ý�Þ)a5Y*ß\U'`.àpW�Þ�ßTß+ç1X%j WVd�a*X%Z.`%[�X.Y5a*x+X.W�a*`%[i`%Umh�[�a*W�ß+��b�W�à�a5cÉW�à�X.[�b�U'ß+à{^TX.W�à�a5j ß+b{b�j X%Y*a5[)Zwc�à�`%c/ß+à�W�a*ß+b{`%U
W�Þ�ßVb�n1b�W�ß+^ a*^Tc)à�`8u.ßAe8U'`.àmû{sÉü
ý X%c)c�à�`.X%j-Þ�W�Þ)ß+à�ß3ß+ç1a*b�W�b7X.[�`%c�W�a5^\]�^ Ý�a5d)W�Þ�U'`.à7ß X%j-Þ�d�ß Z%à�ß+ß
`.UzX.c�c�à�`8çAa*^�X%W�a5`.[¡R�|�Þ)ß2d�ß+u.ß+Y*`%c/ß+dtX%c�c�à�`%X.j-Þwa*b�W�ß b�W�ß+d<`%[të%û } b�a*[�Z�^T`1d�ß YÜR
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|�Þ)ß�W�à�X%[�b�U'ß+à	^TX.W�à�a5ç�X%c�c)à�`.X%j-Þ�a5b	XÉc0`8Ý�ß+à�U']�Y7^Tß W�Þ�`1dkU'`.à	ß+ç1X.j+W2[1]�^�ß+à�a5j X%Yoj X%Y*j+]�Y*X%W�a5`.[k`%U
W�Þ�ß+à�^�`1d�n1[�X%^�a*j�c�à�`%c/ß+à�W�a*ß+b	`.U�Y5X.W�W�a5j ß�b�c)a5[�^�`1d�ß Y5bTd�ß+h)[�ß+d�`.[�h�[�a*W�ß �MÝ�a*d�W�Þ�b�W�à�a*c�b8R } U�W�Þ)ß
Ý�a*d�W�Þy`.UzW�Þ)ß{b�W�à�a*cya*b�W�`1`�Y5X.à�Z.ßVX.[�dyW�Þ�ß4j+X.c�X%j a5W6n�`.UzW�Þ)ß2j+`%^�c�])W�ß+àva*b�ß+ç1j+ß ß+d�ß d¡eAW�Þ)ß{û{sÉü
ý
^�ß W�Þ�`1d�a*b	U'`.]�[�d�W�`9_/ß�]�b�ß+U']�Y�U'`%àTX%[kß è0ß j+W�a*u%ßwà�ß d�]�j+W�a5`.[�`%UvW�Þ�ßwW�à�X.[�b�U'ß à	^�X%W�à�a*ç=b�a*x+ß1R } W
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OBC (m=64)

PBC (m=20, 26, 32, 44, 80)

(m=20)

(m=26)

(m=32)

(m=44)
(m=80)

Open boundary conditions
�
TC* = 2.26862  (m=30)

TC* = 2.26863  (m=64)
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m=26

m=20

m=32

m=44

m=80
m=60

TC* = 2.2692561  (m=20)

TC* = 2.2691730  (m=26)

TC* = 2.2691970  (m=32)

TC* = 2.2691866  (m=44)

TC* = 2.2691846  (m=60)

TC* = 2.2691851  (m=80)
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C  = 2.2691853  (exact)
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à�Þ�ß+à�é�ã ß n ÞFÝ é�á*jdåÀáÀéNáÀà	ê�î � ð î ñ ß j Ý ê'â�ß.ã+äLà�Þ�ß�ë)çAß ß è�à�ß jeáÀâ�áÀã Þ ã+ä Þ êFé�ß+à�á5j Ý ågj Ý å5jKêFå Ý à½áÀã Þ âAî

é¡ßeàUêFâ ß ßKë Þ ß�à�Þ�ß�ä'à�ß ß2ß Þ ß à æ n$#21¯ã+ä Ý+Þ î � îûâ��:ê Ý à�ßºâ�n:â�à�ßeé
# 1 �`� � x � óihZî h � ó�egî � ó ã �43 ê�î ��e î a ê £ þ%ÿ#î

Ý�Þ)ß+à�ßwÝ�ßyÞ Ý u.ß¾à Ý á.ß Þ á Þ à½ã Ý j jeã+ê Þ à�à�Þ�ß�â�ê�à�ä Ý j+ßyß Þ ß à æ n Ý+ÞFß ÞFá æ Þ�ß à\jKã%à�à�ß jeà½áÀã Þ âAî â n êFâ�ß
ãYä Þ ß+Ý Þ ã+à Ý à½áÀã Þ â�ä ã%à�à�Þ�ßtjeã.à Þ ß à
à�à Ý+Þ â�ä'ß àQé Ý à�à�á*j+ßKâ65 � Ý+ÞFß87 � à�Þ Ý à	jKã%à�à�ßKâ�è)ã ÞFß à�ãfà�Þ)ß
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Þ êFé�ß à Ý à½ã%à��-! � Y % � Y�! � � Ý+ÞFß@ß ß Þ ãYé�á ÞFÝ à½ã.à��/! � Y.! � �±ã+äøà�Þ�ß�ü3ß+n:å*ßeá æ Þ�à Ý à½áÀã�ê��m�8îrê'ï £ î�î í à�ß �
â�è/ß+jeà�á5u.ßeå*nPö ¤.¤ í �Z� ø í Ý7ß�j ÝYÞ@ß ß+à�á5u.ß ÝYÞ@Ý j+j+ßKå5ß à Ý à�ß ß ä ã%à�éQê'å Ý ä ã%à.à�Þ)ß�j Ý å*jeê'å Ý à½áÀã Þ ãYä�à�Þ�ß�ä'à�ß ß
ß Þ ß+à æ n$# è/ß+àUâ�áçà�ß3î } Þ â�ß+à�à½á ÞFæ �m�8îgê £ þ%ÿ#î4á Þ à½ã�à�Þ)ß Þ ê'éTß à Ý à½ã.à í

�-!���Y %p�3Y�!��T�B��|fà 7 �� ��h ��ß ç3è 9 h î h � 9 e î � 9 ã �:3 êXî ��e î a ê £g� ÷#î
ÝYÞFß à�Þ�ß ß ß Þ ã+é�á ÞFÝ à�ã%à í

�-!���Y�!��	�z�k|fà 5 �� �Th �Pß+ç:è ; h î h � ; e î � ; ã �43 ê�î ��e î a ê £g�/£ î
ãYä4à�Þ�ß2ü3ß=<:å*ßeá æ Þtà Ý à½áÀã í å*ßeàUêFâUê'â�ß

�-!�� ��e Y % � � ��e�� Y.!:� ��e ���/!:� |ze Y % � � |ze�� Y�!�� |ze �
�-!��3Y %p�3Y�!��T���/!:��Y %p� Y.!:�T� �Pß+ç:èúS-ï29zh�W a?> � ê £g� ë#î

ÝYÞFß
�-!�� ��e Y�!�� ��e ���-!�� |ze Y.!�� |áe �

�-! � Y.! � ���-! � Y.! � � �Pß+ç:ètS ï2; h W a4@ � a ê £g�%¤ î
Ý âýà�Þ)ß=< ß ã Þ ã+à ß ßeè/ß ÞFß ã Þ à�Þ�ßQå Ý à½à½áBA+ßQâ�á*x+ßÊîþêFè�à�ã­à�Þ)ß
ÞFá æ Þ�ß à��hà�ß à�éCAeã%à�à�ß=Aeà�áçã Þ â 3 ê�î ��e î½î
ôpß Þ A ß í à�Þ�ß Ý A=A ßeå*ß+à Ý à�ß ß ä ã.à�é�êFå Ý ä ã.àýà�Þ)ß Þ êFé�ß+à�á.A Ý åDA Ý åBAeêFå Ý à�áçã Þ ãYäLà�Þ�ß
ä'à�ß+ß
ß Þ ß+à æ <0#	ê*��a ��î
è/ß+àUâ�áÀà�ß�áÀâUà�Þ�ß Þ%æ á5u.ß Þ%ñ <

#	ê*��a ��î��`� £
ï
� x�� åÀáçé�E'F) å Þ

> �@ � ì ê £g� í#î
ú ß4Þ Ý u%ß Ý èFè'åçá*ß ß à�Þ�ß4|Rò í ù Ý å æ ã.à�áÀà�ÞFé ä ã.àRà�Þ�ß.é�ã%à�ßºè)à�ßGAeáÀâ�ß ß ßeà�ß+à�é�á ÞFÝ à½áÀã Þ ã+ä8à�Þ�ß�¬&� ¤

ÝYÞFß ¬&��í�â�à Ý à�ßcò�ã+à�à½âRé�ã ß ßeåÀâ í3ÝYÞFß á Þ è Ý à�à½áBAeêFå Ý à í Ý7ß4á.ßeèFàRà�Þ)ßdè Ý à Ý é�ßeà�ß+àz¡/�kë.÷�á Þ |Rò í ù
ä ã.à ñ ãYà�Þ�à�Þ)ß�éNã ß ßKåçâ î¡|�Þ�ß�á Þ à�ß+à ÞFÝ ågß Þ ß+à æ <�è/ß+àWâ�áÀà�ß�áÀâ ß ßeë Þ ß ß�Ý â

H Ñ þ ü � �JI å ÞLK
I õ

�`�7� h I
I �

#
� a ê £g� þ#î

K ÝYÞFß # Ý à�ß�à�Þ�ß@è Ý à�à½áÀà½áÀã Þ ä ê Þ Aeà½áÀã Þ Ý+ÞFß à�Þ�ßjä'à�ß+ßÉß Þ ß+à æ < í à�ßeâ�è/ß=Aeà�á5u.ßeåB<3î } Þ à�Þ�ß�|Rò í ù
å Ý+Þ'æ ê ÝYæ ßdà�Þ�ß.á Þ à�ß+à ÞFÝ ågß Þ ß+à æ <µè0ß àUâ�áÀà�ßMA Ý+Þ%ñ ß2ß ç3è)à�ßKâ�â�ß ß%Ý â

H Ñ þ ü � �2� É LONQP » L N Þ P » ���(� É LONQP » L NRP » Þ ���B� É L�NRP »TSL�NRP » �Ta ê £g�&� î
Ý�Þ'á.A-Þoáçâ�á Þ¯Ý+æ à�ß ßeé�ß Þ à\ÝUáçà�ÞF�7�»î�ê £i� þ#î ÝYÞFß à�Þ�ß Þ ã+à Ý à½áÀã Þ Aeã%à�à�ßeâ�èpã ÞFß âQà�ã@à�Þ Ý à�â�ÞFã8Ý Þ á ÞU á æ îAÿ"î

�'���'�)� 8d�2+*�!1)(*+
|�Þ)ß@â�ßeåÀä'��AKã Þ â�áÀâ�à�ß Þ àwß �3ê Ý à½áÀã Þ ê'ÿ%í#î
é�êFâ�à ñ ß@â�åÀá æ Þ3à�å.<Êé�ã ß áÀë�ß ß-í ã+à�Þ�ß+à�ÝUáÀâ�ß@à�Þ�ß Ý å æ ã.à�áÀà�Þ'é
ñ ß=AKã+é�ßeâVà Ý à�Þ�ß àýê Þ â�à ÝYñ å5ß:î7|�Þ�ß+à�ßeä ã.à�ß í à�Þ�ßFA Ý åBAeê'å Ý à½áÀã Þ ã+äIw è�à�ã�A ß+ß ß âýá Þ â�ß u%ß+à Ý å»â�à�ßKèFâ ÝYÞFß
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à�Þ�ß�â�é Ý åçå»è Ý à Ý é�ßeà�ß+àzÏ�áÀâýá Þ à�à�ã ß êVA ß ß á Þ ã.à ß ß àRà½ã�áÀéNè)à�ã8u.ß3w á Þ â�é Ý åçå*ß+àUâ�é�ã:ã+à�Þ%â�à�ßeè'âAî hve
ê £ î w e � 9

; w ]XW Ð a ê £g�'� î
êåë/î Þ ã.à�é Ý åçá*x+ßØw0e@a ê £g� ï#î
ê ¤ î w þ Ö�Y �¨w ]ZW Ð � Ï#w e a ê £g� ÿ#î
êåí/î Þ ã.à�é Ý åçá*x+ßØw þ Ö�Y ì ê £&� ÷#î

} Þ ãYê�à[A Ý å.AKêFå Ý à½áÀã Þ âoÝ7ßUâ�ßeà�Ï;��÷0ì £ ê Ý+Þ <Qâ�é Ý åÀå5ß à�u Ý åÀê�ßýã+ä
Ï.é Ý < ñ ßWêFâ�ß ß ÝUáçà�ÞFã+êFà�â�á æ+Þ áÀëVA Ý+Þ à
á Þ ßFê)ß Þ A ß�à½ã�à�Þ�ßKâ�ß2à�ßeâ�êFåÀà½â8î½î

0.5494\ 0.5495\ 0.5496\ 0.5497\ 0.5498\ 0.5499\
Inverse temperature K]
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©gª¬«1­³±»Ò»­r°�±.²VÃ�Á6¹»·6·6¹ Û,²QÁ7¹»Àz¼6±A²�À*Á6²�²p²Q½.²QÁ6«E§i¶�·�¼6±.²�À*Ï.½AÃQ¼6ª¾¹»½�¹ Àz¼6±.²3ª¬½ÙÛ,²�Á6·6²V¼6²�Â4µ@²QÁ+¶�¼6Ï.Á6²`_ À*¹ Á�¼6±.²
¼6±AÁ6²Q²QÐå¿.ª¬Â{²Q½A·6ª¾¹»½#¶�Åp¶4Ç ±7·6¼+¶L¼6²Q�A¹»¼6¼6·mÂ4¹8¿A²QÅM­

ù â$acb d9ü2ý Ý+ÞFß AKã Þ â�ß=e:ê�ß Þ à½åB<fbRò í ù Ý à�ßµâ�ß Þ â�áÀà½áBg%ß¾à½ã1à�Þ�ß�A-ÞFã+áBA+ß¾ã+ä ñ ã+ê Þ'ßFÝ àZ<hAeã Þji
ß áçà�áçã Þ â í áÀàQáÀâ Þ ßGA+ßeâ�â Ý àZ<fà½ãfè0ß à�ä ã.à�ékA Ý åBAeê'å Ý à½áÀã Þ â ñ ãYà�Þ ä ã%à�à�Þ�ßµã+è/ß ÞOñ ã+ê Þ'ßFÝ àZ<0AKã ÞFß áÀà½áÀã Þ â
ê ó â a�î Ý+Þ'ß ë�ç1ß ß­ñ ã+ê ÞFßFÝ àZ<lAeã ÞFß áÀà½áÀã Þ â4ê Urâ a�î í á�î¡ß:î í Ý�ß`A Ý å.AKêFå Ý à�ßºà�Þ�ßºä'à�ß ßVß Þ ß+à æ <Nè0ß àPâ�áÀà�ß3î
ú ß ß ßKà�ß à�é�á Þ ß
à�Þ)ß
à�à Ý+Þ â�áÀà½áÀã Þ èpãYá Þ à
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ß Þ ß à æ á5ßKâ	ê Ý â
ä ê Þ Aeà�áçã Þ âUã+äLá Þ g%ß à�â�ßWà�ßeé�è/ß+à Ý à½ê)à�ßN�=îLä ã%àRà�Þ�ß ó â a Ý+ÞFß Urâ a7á Þ à�ß+à�â�ßGAeàvß Ý A-Þµã+à�Þ�ß+à ñ ß=A Ý êFâ�ß
à�Þ�ßQä'à�ß+ß	ß Þ ß à æ <6AKê�àXg.ß
éQê'â�à3à�ßeé Ý á Þ AKã Þ à½á Þ êFã+êFâ î U ã%àWà�Þ�ßµ¬&� ¤ â�à Ý à�ß ò�ã+à½à�âWé�ã ß ßeå í à�Þ�ß�ä'à�ß ß
ß Þ ß+à æ <&A à�ãYâ�â�ãmg%ß à�áÀâ ß ßKèFá.AKà�ß ß á Þ U á æ î ¤on îb�Þ�ß�è'åçãYà
ã+ä±à�Þ�ßµá Þ à�ß à Þ'Ý å�ß Þ ß+à æ < H Ñ þ ü áçâ ß ßeè'á.AKà�ß ß á Þ á Þ â�ßKà�ã+ä U á æ î ¤ ë�áÀä±à�Þ�ß�ë�ç1ß ß ÝYÞFß
ä'à�ß+ß ñ ã+ê ÞFß'Ý àZ<pAeã ÞFß áÀà½áÀã Þ â Ý à�ßdáçé�è)ã+â�ß ß îcb�Þ�ßqA Ý åBAeêFå Ý à�ß ß à�à Ý+Þ â�áçà�áçã Þ è)ã+á Þ à�� ü �P÷)ì þ%í.ÿ%þ � ë
áÀâ
Ý åçé�ãYâ�àRà�Þ)ßdâ Ý é�ß Ý âUà�Þ Ý àUä ã.àá¡ × n þNá Þ ü3ßKä½î�ö ¤Z� ø ú ß2Þ Ý g%ßdé�ß Ý â�ê�à�ß ß à�Þ)ß�å Ý à�ß Þ àvÞ�ß Ý à	ö n�n ÷8ø
Ý�Þ'á.A-Þ%áçâWè�à�ãYèpã.à�à�áçã ÞFÝ å)à½ã�à�Þ�ß�á Þ à�ß+à ÞFÝ ågß Þ ß+à æ < æYÝ è Ý â

r �ðê H Ñ þ ü| � H Ñ þ ü� î6ì ê n&��n î
� ´�sDtTuwvyx{z�|yz�}T~y�O� y-� � z��o��tT~y}�|yu/�`��v(� }�|Q� ~y�-�-vyx{�Tz�}T|E��v(�2�G���m���{������v��y�{����~y}T����tTu-}���tTuc� }�|�� z���x{u-�T��~y�-u-�� ~y������vL� y-� � �
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Inverse temperature K]
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Inverse temperature K]
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b�Þ�ß	à�ßKâ�êFåÀàUã+ä-à�Þ)ß Þ êFé�ß+à�á.A Ý å�A Ý å.AKêFå Ý à½áÀã Þ âUã+äXà�Þ�ß�à�à ÝYÞ â�áçà�áçã Þ è)ã+á Þ à
� ü ä ã%àýà�Þ�ß�¬&��í�â�à Ý à�ßò�ãYà½à�â±é�ã ß ßKå7ê ä ã.àá¡/��ë.÷/îLáÀâUâ�ÞFã8Ý Þ á Þ U á æ î ¤.¤ î
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ú ß9Þ Ý g.ß�ä ã+ê Þ'ß à�Þ Ý à­à�Þ�ß@ë�ç1ß ßÊñ ã+ê Þ'ßFÝ àZ<4AKã ÞFß áÀà½áÀã Þ âµâ�à Ý+ñ áçåÀá.¸ ßjà�Þ)ßjã%à ß ß+à�ß ß è�Þ Ý â�ßjã+ä
à�Þ�ßµé�ã ß ßKå7Ý�ÞFáÀå*ßµà�Þ)ßµã+è/ß Þ¯ñ ãYê ÞFßFÝ àX<fAeã ÞFß áÀà½áÀã Þ â�â�à Ý+ñ áÀåçáB¸+ß¾à�Þ�ß ß áÀâ�ã.à ß ß à�ß ß è�Þ Ý â�ß3î ù àQà�Þ)ßAKåçãYâ�ß¹g:á.AKá Þ áÀà�<�ã+ä�à�Þ�ß�à�à Ý+Þ â�áÀà½áÀã Þ è)ã+á Þ à½â í à�Þ�ß�ä'à�ß+ßTß Þ ß à æ á5ßKâ ß á*è/ß+à�ß ß ä ã%àdà�Þ�ß ó â a Ý+Þ'ß Urâ aUîb�Þ)ßUà�à Ý+Þ â�áçà�áçã Þ èpãYá Þ àý� ü áÀâ ß ßKë Þ ß ß�Ý âøà�Þ)ßýä'à�ß ß3ß Þ ß+à æ <*A à�ãYâ�â�ãmg%ß àLá Þ à�Þ�ßWâ�ß Þ â�ßWã+ä)à�Þ�ß3é Ý+ÞFß'Ý ê
à�Þ�ßeã.àX<:î�b�Þ�ß à�ßKä ã%à�ß í áÀà�Ý Ý â Þ ß=A ßeâ�â Ý àX<.à½ã4ß ç3à�à Ý èpãYå Ý à�ß±à�Þ�ßUä'à�ß+ß�ß Þ ß+à æ < ßFÝ à Ý ä ã%à ñ ã+à�Þ ó â a ÝYÞFßUrâ aUî=b�Þ�ßEAKã%à�à�ßGAeà8å Ý à�ß Þ àzÞ�ß Ý à r Þ Ý â ñ ß+ß Þ ã ñ à Ý á Þ ß ß ä'à�ãYé á Þ à�ß à ÞFÝ å.ß Þ ß+à æ á*ßeâ H Ñ þ ü ß+ç:à�à Ý è)ã+å Ý à�ß ß
à�ã�à�Þ�ß"A Ý åBAeê'å Ý à�ß ß à�à ÝYÞ â�áÀà½áÀã Þ è)ã+á Þ à­� ü î"b�Þ�ßpA Ý å.AKêFå Ý à½áÀã Þ ãYäPå Ý à�ß Þ à
Þ�ß Ý à�ä ã%à�à�Þ�ß"A Ý â�ß�¬&��í
áÀâýá Þ è�à�ã æ à�ßeâ�â îºb�Þ�ß
à�Þ�à�ß+ß ihß áÀé�ß Þ â�áçã ÞFÝ å�¬&� ¤ â�à Ý à�ßtò�ãYà½à�âýé�ã ß ßeåzß ç1ÞFá ñ áçà�â Ý Ý�ß Ý áµë�à�â�à i ã.à ß ß+à
è)Þ Ý â�ß�à�à Ý+Þ â�áÀà½áÀã Þ Ý�ÞFáBA-Þ?A ÝYÞ ñ ß­â�ß+ß Þ á Þ U á æ î ¤on Ý â Ý â�éNã:ãYà�Þ?A+à�ã+â�â�á ÞFæ ãYä±à�Þ�ßµä'à�ß+ßwß Þ ß à æ <AKê�àZg%ßeâ î ó Þ à�Þ�ßdã+à�Þ�ß+àvÞ ÝYÞFß à�Þ�ß ¤ û÷¬&��íQâ�à Ý à�ß�ò�ãYà½à�âPé�ã ß ßeå ß áÀâ�èFå Ý <:âPà�Þ�ß4à�ß æ ê'å Ý à�ë�à�â�à i ã.à ß ß+à
è)Þ Ý â�ß�à�à ÝYÞ â�áçà�áçã Þ@ÝYÞFß à�Þ�ß+à�ßeä ã.à�ß�Ý�ß�ß+ç:è0ßGAeà�à�ã%ã ñ à Ý á Þ à�Þ)ß�å Ý à�ß Þ à4Þ�ß Ý à r éQêVA-Þ1é�ã%à�ß�å Ý à æ ß+à
à�Þ Ý+Þ à�Þ Ý à�ä ã%à±à�Þ)ß¶A Ý â�ßýã+ä�¬&� ¤ îD»Fà�ê ß <:á ÞFæ àX¼V½eâZ½Wé�ã ß ½Kåçâ±á Þ¾ß ½eà Ý áÀå í�¾ ½Wä ã+ê ÞFß àX¼ Ý àPà/¼V½�b ¿EÀ ù
Ý å æ ã�Á�áçàX¼Fé ¾±Ý âUâ�à Ý+ñ å.½ ¾ ¼V½ Þ àX¼V½�è Ý Á Ý é­½Kà/½GÁEÂ[Ã­ÄjÅ n ¾±Ý âUá Þ à/Á�ã ß êVA=½ ß î

Æ ÇcÈ±É?É?ÊjË�Ì:ÊVÍcÎ8Î±Ï�ÐGÑ�È±Ð�Ð�Ï�ÒoÍ
Ó¶ÔVÕ ½=ÁZÖ.AG×�Ø(ÙXÚ ÔVÛ ÖB½=Ù­Ü�Ý Þ=ØB×�ÙZÙZÖ.ÞG×�Ø[ØB×�ÚXÚ/ÖBÞ=½ Õ Ü Û ½GØ.Ù­ßVØB×mà«×�á¨Ö Õ ßoÜ�ÁZÚ/×�á�ÚFÁXÜ�Ø.½£âw½GÙXßo½=ÞGÖ.×�Ø.ØBà�â±ÖBá¨Ú/¼j½ÞG×�ÙZ½=Ù ¾ ¼V½=á6Ú/¼V½ Õ Ü Û ½=ØBÙ(×�ÁX½�ájÜ�Úã½=ä£×�ÞGÚ/ØBà­ÙZÜ�ØBgT×�åVØB½�æwç�á"ÚX¼VÖBÙãÁZ½=g£ÖB½ ¾ ×�ÁZÚ/ÖBÞ=ØB½�â�ÖBÚ(¼j×�ÙEåo½=½Gá"ÙZ¼VÜ ¾ áÚX¼V×�ÚFá ÔjÕ ½GÁXÖBÞ=×�Ø[ÁZ½=áVÜ�Á Õ ×�ØBÖB¸=×�ÚXÖ.Ü�á0è�ÁXÜ Ô ßh×�ßVßVÁZÜ�×�Þy¼V½=Ùmâ�ÖBá?ßV×�ÁZÚ/ÖBÞ Ô Ø.×�ÁTâwé¶d0êMëì×�á Û Ö.ÚXÙ Õ Ü Û Ö ií Þ=×�ÚXÖ.Ü�áVÙmâ ¾ ½GÁX½lÙ Ô ÖBÚ/×�åjØ.½lÞ=×�á Û Ö Û ×�ÚX½=ÙMÚXÜ$Ú/ÁZ½=×�ÚqgT×�ÁZÖBÜ Ô ÙMî�éï×�á Ûhð éñÞ=ØB×�ÙZÙXÖBÞ=×�ØcØB×�ÚXÚ/ÖBÞ=½ Õ Ü Û ½=ØBÙmæb ¼j½`é�d�ê*ëò¼V×�Ùãåo½=Þ=Ü Õ ½¶×¹ß2Ü ¾ ½=ÁZÝ Ô ØoÚ/Ü£Ü�Øo½=ä£Þ=½G½ Û ÖBáVè¹Ú/¼V½�Þ=ØB×�ÙZÙXÖBÞ=×�Øjd�Ü�á£Ú/½­ac×�ÁXØBÜ*ÙZÖ Õ¹Ô ØB×�Ú/ÖBÜ�ájÙÖBá$ÙZß2½G½ Û ×�á Û ÙXÖB¸=½FÜ�ÝóÚ/¼V½¹ÙXà£ÙZÚ/½ Õ Ù¶Ú/¼V×�Ú�Þ=×�á$Ú/ÁZ½=×�Ú¹ô n�n�n�õ æãé�d�ê*ëö×�ØBÙXÜ&à£ÖB½=Ø Û Ù Õ Ü�ÁZ½*×�Þ=Þ Ô ÁX×�Ú/½ÁZ½=Ù Ô ØBÚ/ÙºÝRÜ�Á[Ü�áV½ i Û Ö Õ ½=ájÙXÖBÜ�áV×�Ø£e Ô ×�á£Ú ÔVÕìÕ Ü Û ½=ØBÙ[Ú/¼V×�áld�Ü�á£Ú/½Fac×�ÁXØBÜoæDd�Ü�ÁZ½=Ümg�½=ÁmâGé¶d�ê*ë:ÖBÙ[ÝRÁX½G½Ü�Ý[ÙZÖ.è�á0ßVÁZÜ�åVØB½ Õ Ùq×�ßjß2½G×�ÁZÖ.áVè6Ö.áfe Ô ×�á£Ú ÔVÕ d�Ü�á�ÚX½Jac×�ÁXØBÜ"ÙZÖ ÕFÔ ØB×�ÚXÖ.Ü�áVÙqÝRÜ�ÁqÝR½=Á Õ Ö.Ü�áVÖ.Þ­ÙZà�ÙZÚ/½ Õ Ù×�á Û Þ=×�á¹×�ØBÙXÜqåo½L½ Õ ßVØBÜmà�½ Û Ú/ÜMÙZÚ ÔVÛ à*Ö.ájÞ=Ü ÕlÕ ½=ájÙ Ô ÁZ×�ÚX½ Õ Ü ÛVÔ ØB×�ÚX½ Û ÙZÚ/Á Ô Þ=Ú Ô ÁX½GÙóå2½GÞ=× Ô ÙX½Ld�Ü�á�ÚX½ac×�ÁXØBÜ"Ù ÔV÷ ½=ÁZÙqÝRÁXÜ Õ Ø.×�ÁXè�½Fø Ô ÞGÚ Ô ×�Ú/ÖBÜ�áVÙ ¾ ¼VÖBÞy¼fÞ=Ü Õ ½­ÝRÁXÜ Õ Ú/¼V½lÝRÁ Ô ÙZÚ/ÁZ×�Ú/ÖBÜ�ácæqé¶d0êMëùÞ=×�Ø.Þ Ô Ø.× iÚXÖ.Ü�áVÙEà£ÖB½=Ø Û Ú/¼j½`Þ=ÁZÖBÚ/ÖBÞ=×�ØoßoÜ�ÖBá�ÚXÙEÜ�Ý�×�á£à¹ÙZÚ ÔjÛ Ö.½ Û"Õ Ü Û ½=ØBÙãÝR×�ÙZÚ/½=Á(Ú/¼V×�ápÚ/¼jÜ�ÙZ½�Ü�Ý�ÚX¼V½`d�Ü�á£Ú/½­ac×�ÁXØBÜÙZÖ ÕFÔ ØB×�ÚXÖ.Ü�á6ÖBÝ±ÞGÜ Õ ßV×�ÁX½ Û ¾ ÖBÚ/¼JÞ=Ü Õ ß Ô Ú/×�Ú/ÖBÜ�áV×�ØEac¿EúûÚ/Ö Õ ½=Ùmæü ÖBÚ/¼VÖBáòÚ/¼V½�ÖBá í áVÖBÚ/½JÙZà�ÙZÚ/½ ÕýÕ ½=Ú/¼jÜ Ûûþ ç�»jd:ÿ/âóÚX¼V½�é���ê*ë Õ ½GÚ/¼VÜ Û Û ÖBÙXßVØB×mà£Ù¹ÚX¼V½ Õ ½=×�á��í ½=Ø Û ��ØBÖ���½ åo½=¼V×��£ÖBÜ�Ámæ	� ¼V½`ç�»
� ¼V×�Ù(å2½G½=á&×�ßVßVØBÖ.½ Û Ú/Ü*ÙZÚ ÔVÛ à¹ÚX¼V½`ÖBáVÞ=Ü ÕlÕ ½GáVÙ Ô ÁX×�Ú/½ øVÜ�×�ÚXÖ.áVèMÙZßVÖBáÙZÚ/Á Ô ÞGÚ Ô ÁZ½=Ù�Ö.á«Ú/¼V½��
� Ó¶Ó ç`×�á Û � Ó`Ó`Ó ç Õ Ü Û ½GØ.Ù�×�á Û ¾ ½ ¾ ½=ÁZ½F×�åjØ.½­Ú/Ü Û ½=ÚX½=ÞGÚ¶ÚX¼V½lÞ=Ü Õ ßVØB½=ÚX½ßj¼V×�ÙZ½ Û Ö.×�è�ÁZ× Õ Ù ¾ ¼V½=ÁZ½MÚ/¼V½MÜ�Ú/¼V½GÁ Õ ½=Ú/¼jÜ Û ÙFô ��Äoâ���� õ ÝR×�ÖBØ.½ Û æ

� ¼V½ í áVÖBÚ/½¹ÙXà£ÙZÚ/½ Õ Õ ½=ÚX¼VÜ Û:þ�� »
�:ÿ[Ö Õ ßVÁZÜ���½GÙ�×�ßjßVÁXÜmä£Ö Õ ×�Ú/½ Û è�ÁZÜ Ô á Û ÙZÚ/×�Ú/½*ßVÁZÜ�ßo½=ÁZÚ/ÖB½=Ù¶Ü�ÝØB×�ÁZè�½¶Ú/ÁZ×�áVÙZÝR½=Á Õ ×�ÚXÁXÖBÞ=½GÙ ¾ ÖBÚ/¼�¼VÖBè�¼V½GÁL×�Þ=Þ Ô ÁZ×�Þ=à£âO¼jÜ ¾ ½���½=Ámâ�Ú/¼V½qØB×�ÁZè�½=Á(Ø.×�Ú/ÚXÖ.ÞG½�ÙZÖ��=½�Ö.ÙLÚ/×���½Gá"Ú/¼j½ØBÜ ¾ ½=Áó×�ÞGÞ Ô ÁZ×�ÞGàMÞ=×�á­åo½ ÁX½G×�Þy¼V½ Û æ�» Ô Þy¼¹×�ßVßVÁZÜmä�Ö Õ ×�ÚX½ Û Ú/ÁZ×�áVÙZÝR½=Á Õ ×�ÚXÁXÖBÞ=½GÙºÞ=×�á­½=á£ÚX½=ÁºÚ/¼j½ í áVÖBÚ/½��ÙZÖ��=½`ÙZÞ=×�Ø.ÖBáVè þ�� »V»±ÿ±×�ßjßVÁXÜ�×�Þy¼&ÚXÜFÜ�åjÚ/×�ÖBá"ÖBáVÝRÜ�Á Õ ×�ÚXÖ.Ü�ápÜ�á"Þ=ÁZÖ.ÚXÖ.ÞG×�Øoß2Ü�Ö.á£Ú/ÙL×�Ù ¾ ½=ØBØ�×�Ùã×�ØBØ2ÞGÁXÖBÚ/ÖBÞ=×�Ø½Gä£ß2Ü�áV½=á£Ú/Ùmæ��`Ü ¾ ½���½GÁTâ � »j»"à£Ö.½GØ Û ÙEåo½=Ú/ÚX½=ÁãÁX½GÙ Ô Ø.ÚXÙEÝRÜ�Á(Ø.×�ÁXè�½=Á Õ ×�Ú/ÁZÖ.ÞG½=Ùmæ	� ¼V½GÁX½GÝRÜ�ÁZ½�âOÚ/¼V½GÁX½ ÕFÔ ÙZÚ½Gä£Ö.ÙZÚº×�á&Ü�ßVÚ/Ö ÕFÔVÕ Ú/ÁZ×�ájÙXÝR½GÁ Õ ×�Ú/ÁZÖBä þ ÙZÚ/ÁZÖBß±ÿ�ÙZÖ��G½������� ó×�Ú ¾ ¼jÖ.Þy¼&ÚX¼V½`ÞGÜ�áVáV½GÞ=ÚXÖ.Ü�á­Ü�Ý�Ú/¼V½�é!��ê*ë×�á Û"� »V»�è�Ö���½GÙ�Ú/¼j½*å2½GÙXÚ¶ÁX½GÙ Ô Ø.ÚXÙTæ ü ½¹¼V×���½qÙZ¼VÜ ¾ á$¼VÜ ¾ Ú/ÜpÜ�åVÚ/×�Ö.á#�$�%�� æ ü ½*¼V×���½M×�ØBÙXÜ&åo½=½GáÚX¼V½ í ÁXÙZÚEÜ�áV½=Ù ¾ ¼VÜFßVÁZÜ�ßoÜ�ÙZ½ Û ÚX¼V½�é���ê*ëò×�Ø.è�Ü�ÁZÖ.ÚX¼ Õ ¾ ÖBÚ/¼6ß2½GÁXÖBÜ Û ÖBÞ`åoÜ Ô á Û ×�ÁZà­ÞGÜ�á Û Ö.ÚXÖ.Ü�áVÙEÝRÜ�ÁÚX¼V½FÚ ¾ Ü�� Û Ö Õ ½=áVÙZÖ.Ü�áV×�Ø±Þ=ØB×�ÙZÙXÖBÞ=×�Ø Õ Ü Û ½=ØBÙmæ'&cÜ Õ åVÖBáVÖBáVè"ÚX¼V½¹ÚX¼V½=Ü�ÁXàJÜ�Ý í á Û ÖBáVè�Ü Ô Ú¶Ú/¼V½­Ü�ßVÚXÖ Õ ×�ØÙZÚ/ÁZÖBß¹ÙZÖ��G½������� âmé!��ê*ë ¾ Ö.ÚX¼&Ú/¼V½ ßo½=ÁZÖBÜ Û Ö.Þ åoÜ Ô á Û ×�ÁZà*Þ=Ü�á Û ÖBÚ/ÖBÜ�áVÙmâm×�á Û(� »j»&×�áV×�Ø.à£ÙZÖ.ÙºÚXÜ�è�½GÚ/¼V½GÁ¾ ½ ¾ ½=ÁZ½�×�åVØB½MÚ/Ü&ÙZÜ�Ø���½qÙX½���½GÁX×�Ø Õ Ü Û ½GØ.Ù ¾ Ö.ÚX¼)��½=ÁZàp¼VÖBè�¼$ßjÁX½GÞ=ÖBÙXÖBÜ�á±æºç�á�ßj×�ÁZÚ/ÖBÞ Ô ØB×�Ámâ ¾ ½M×�ßVßVØBÖB½ ÛÚX¼V½p×�ßVßVÁZÜ�×�Þy¼hÚXÜ�Ú/¼V½"Ú ¾ Ü�� Û Ö Õ ½=áVÙZÖBÜ�áV×�Ø[ÝR½=ÁZÁXÜ Õ ×�è�áj½=Ú/ÖBÞl×�á Û ×�á£Ú/ÖBÝR½=ÁZÁXÜ Õ ×�è�áV½GÚ/ÖBÞ&ç�ÙXÖBáVè Õ Ü Û ½=ØÜ�á�Ú/¼j½¹Ù�* Ô ×�ÁZ½*×�á Û Ú/ÁZÖB×�áVè Ô Ø.×�Á`ØB×�ÚXÚ/ÖBÞ=½=Ù�×�Ù ¾ ½=ØBØ±×�Ù¶ÚXÜ6ÚX¼V½­î�é,+-��ÙZÚ/×�Ú/½­¿ºÜ�Ú/ÚXÙ Õ Ü Û ½=ØóÝRÜ�Á'+�.ãî�â
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ð ×�á ÛRQ æ ü ½ Û ½GÚ/½=ÞGÚ/½ Û ÚX¼V½lÞ=ÁZÖ.ÚXÖ.ÞG×�ØºÚX½ Õ ß2½GÁX×�Ú Ô ÁZ½=Ù!S	TM×�Ù ¾ ½GØ.Øº×�ÙM×�ØBØºÞ=Ü�ÁZÁZ½=ÙZß2Ü�á Û ÖBáVè"ÞGÁXÖBÚ/ÖBÞ=×�Ø½Gä£ß2Ü�áV½=á£Ú/Ùmæ ü ½*¼V×���½�×�ßjßVØ.ÖB½ Û ÚX¼VÖ.Ù¶áV½ ¾ Ú/½GÞy¼VáVÖ�* Ô ½MÚ/ÜlÚ/¼j½ Õ Ü�ÁZ½�ÞGÜ Õ ßVØBÖ.ÞG×�ÚX½ Û �
� Ó`Ó ç Õ Ü Û ½=Ø×�á Û ÖBá:��½=ÙZÚ/ÖBè�×�Ú/½ Û Ú/¼V½fÞ=Ü ÕlÕ ½GáVÙ Ô ÁX×�Ú/½�� Û ÖBÙZÜ�Á Û ½=ÁZ½ Ûùþ &U�{é&ÿ*ßV¼j×�ÙZ½«ÚXÁX×�áVÙXÖBÚ/ÖBÜ�á Ö.á Û ½=ÚX×�ÖBØ�æ ü ½¼j× Û ÚXÜFÖBáVÞ=Ø ÔVÛ ½�× ÛVÛ Ö.ÚXÖ.Ü�áV×�ØoÞ=Ü�áVÙXÖ Û ½GÁX×�Ú/ÖBÜ�áVÙ(¼VÜ ¾ Ú/Ü¹Ú/ÁZ½=×�Ú(áVÜ�ájÙXà ÕlÕ ½=Ú/ÁZÖBÞ`Ú/ÁZ×�ájÙXÝR½GÁ Õ ×�ÚXÁXÖBÞ=½GÙE×�Ù¾ ½=ØBØã×�ÙF¼jÜ ¾ Ú/Ü0½Gä£Ú/ÁZ×�Þ=Ú Õ ×�è�áV½GÚ/ÖBÞ"ÞGÁXÖBÚ/ÖBÞ=×�Ø(½Gä�ßoÜ�áj½=á£ÚFÝRÁZÜ Õ Ú ¾ Ü�Ù Ô åVØ.×�Ú/ÚXÖ.ÞG½=Ù­Ü�Ý Ú/¼j½V�
� Ó¶Ó çÕ Ü Û ½GØ(½Gä�¼jÖ.åVÖBÚ/ÖBáVè Û Ö ÷ ½=ÁZ½=á£Ú¹ÙXßVÖBá Õ ×�è�áV½=ÚXÖ��G×�ÚXÖ.Ü�áVÙ ¾ ÖBÚ/¼VÖBá4ÚX¼V½"ÞGÜ ÕlÕ ½=áVÙ Ô ÁZ×�Ú/½"ßV¼V×�ÙZ½�æ)� ¼ Ô Ù¾ ½MÜ�åjÚ/×�ÖBáV½ Û Ý Ô Ø.ØcÖ.ájÝRÜ�Á Õ ×�Ú/ÖBÜ�áJÜ�á$ÚX¼V½V&U�{é ßV¼j×�ÙZ½MÚ/ÁZ×�áVÙZÖ.ÚXÖ.Ü�áJØ.ÖBáV½�æ(»VÖBáVÞG½*Ú/¼V½W�
� Ó`Ó ç Õ Ü Û ½=ØÖBÙ­áVÜ�Ú­½=ä£×�ÞGÚ/ØBàhÙXÜ�Ø��T×�åjØ.½£â ¾ ½�Þ=×�Ø.Þ Ô Ø.×�Ú/½ Û ÙX½���½GÁX×�ØEÞ=ÁZÖBÚ/ÖBÞ=×�ØãßoÜ�ÖBá�ÚXÙ þ S T�X�Y7T ÿ`Ü�á4Ú/¼V½�Ú/ÁZ×�áVÙZÖBÚ/ÖBÜ�áØBÖBáV½&×�Ú ¾ ¼VÖBÞy¼ ¾ ½ Û ½=ÚX½=Á Õ ÖBáV½ Û ×�Ø.Ø(Þ=ÁZÖ.ÚXÖ.ÞG×�Øº½Gä�ßoÜ�áj½=á£Ú/Ùmæ ü ½pÞ=Ü�áVÞ=Ø ÔVÛ ½ Û Ú/¼V×�Ú*Ú/¼V½R&U��é·ßj¼V×�ÙZ½ÚXÁX×�áVÙZÖ.ÚXÖ.Ü�á å2½GØ.Ü�áVè�½ Û Ú/Ü:Ú/¼V½fç�ÙXÖBáVè Ô áVÖ���½=ÁZÙX×�Ø.ÖBÚ�à Þ=ØB×�ÙZÙ"×�á Û Ú/¼ Ô ÙJÞ=Ü�á í Á Õ ½ Û Ú/¼j½«ßVÁZ½ Û Ö.ÞGÚ/ÖBÜ�áß Ô åVØBÖ.ÙZ¼V½ Û ÖBáhô O Ä��2â O Ä�� õ æ
� ¼VÁZ½=½�� Û Ö Õ ½=ájÙXÖBÜ�áV×�Ø�ÞGØ.×�ÙXÙZÖBÞ=×�Ø Õ Ü Û ½=ØBÙó¼V×���½(å2½G½=áFÙZÚ ÔjÛ Ö.½ Û¹Ô ÙXÖBáVè�ÁX½GÞ=½=á£ÚXØ.à Û ½���½=ØBÜ�ßo½ Û � ¿EÀU�×�Ø.è�Ü�ÁZÖ.ÚX¼ Õ æ2ô ð�Z â ð2[yõ�ü ½qÞ=×�Ø.Þ Ô Ø.×�Ú/½ Û Ú/¼j½�ÚX¼VÁZ½=½�� Û Ö Õ ½=áVÙZÖ.Ü�áV×�Ø�ÞGØ.×�ÙXÙZÖ.ÞG×�Ø\+-�{ÙXÚX×�Ú/½�¿ºÜ�ÚXÚ/Ù Õ Ü Û ½=Ø�ÝRÜ�Á

+�. ð ×�á Û +�. Q ×�á Û Ü�åVÙX½GÁ%��½ Û ßVÁZÜ�ßo½=ÁZÚ/ÖB½=Ù¶Ü�ÝóÚ/¼j½¹ÝRÁZ½=½*½GáV½=ÁZè�à�×�á Û Ú/¼V½¹Ö.á£ÚX½=ÁZáV×�Ø±½=áV½GÁXè�à6ÖBá�Ú/¼j½ÞGØ.Ü�ÙX½]��ÖBÞ=ÖBáVÖBÚ�àhÜ�Ý�ÚX¼V½6ÚXÁX×�áVÙZÖ.ÚXÖ.Ü�á?ß2Ü�Ö.á£Ú_^  Ö.á:Ú/¼V½GÙX½ Õ Ü Û ½=ØBÙTæ`� ¼V½�Ø.×�Ú/½=á£Ú¹¼V½=×�Ú/Ù­¼V×���½påo½=½GáÜ�åVÚ/×�Ö.áj½ Û å2½GÞ=× Ô ÙX½lÚ/¼j½=à0ÁZ½=øj½=Þ=ÚqÚX¼V½ Û ÖBÙXÞGÜ�á£Ú/ÖBá Ô Ö.Ú�à0Ö.áhÚ/¼j½&Ö.á£Ú/½GÁXáj×�Øº½=áj½=ÁZè�à$×�ÚqÚX¼V½&Ú/ÁZ×�áVÙZÖBÚ/ÖBÜ�áßoÜ�ÖBá£Ú=^  æ$� ¼V½�ßVÁZ½ Û Ö.ÞGÚ/ÖBÜ�áVÙ[ÚX¼V×�Ú(Ú/¼V½GÙX½ Õ Ü Û ½GØ.Ù(½=ä£¼VÖBåVÖBÚ[Ú/¼V½ í ÁXÙZÚ?�{Ü�Á Û ½GÁºßV¼V×�ÙZ½�ÚXÁX×�áVÙXÖBÚ/ÖBÜ�ájÙ ¾ ×�ÙÞGÜ�á í Á Õ ½ Û æ
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