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_éYWZ^[\C2Z�K�KTQWdMEGFA]DQRK�KTY,U�K�KTYWC2Z^S=ÕW[\C0S=C3E�KMC3f
Ue[\aD]DdMZ^KTYWSúZ�F&C0ÑLKMdTC3S=C0[\Ö>Î�U�FIKÈZ\E�KTYGC
Æ]Dij]�ímQWÕ=C3ELã�Z\dT]�EWS=C0ELK ��FTC0CAJRC3Ç²KMZ^]�E�AGÓ & � çD]DEWC�SVU�Ö�Ïc]DEGfWC0d�YW]�ÏîÏmC3[^[GZ�K�FMÇ0UD[^C*F�ÏZ�KMY
KTYWC�FTZ^â3C]eÎjKTYWC�FTC(K < Ó�üîÉGdMF»K�dT]�QWaDY=UeE,Ue[\Ö�FTZ�F�F»QWa�aDC*FIKgF�KMYGU�K�KMYWC�Ïc]DdgFIKTH~Ç3UDFTC�dMQWELKTZ\S=C
]eÎ�KMYWCVUe[\aD]�dTZ^KTYWSúZ�F%O � E < E � ��� � ç¦ijC3Ç3UeQGFTC KTYWCVfRC3ÕRKTY`]eÎ{KMYWC=dTC*Ç(QWdgFTZ^]�E�Z\F E = E UeE,fûZ\E
C3UDÇgY�dMC3Ç(QGdMFTZ^ã�C�Ç3Ue[\[¦]eÎ SVUXW�Y(Z1\P^�_[` E < E fRZ^NjC3dTC3ELK�ÕGUeZ\dTZ\EWaLFcUDdTC�KMdTZ\C3f¦Ó
ü&F�Z^K&KMQWdMEGF&]�QRK3çjYW]�ÏcC0ã�C0d*çRZ�K�Z\FAÕ,]LFTFTZ\iW[^C�KT]>Ç0]DS=C�QWÕûÏZ�KMYûUVS�Q,ÇgY!i,C0K»KTC3dAdMQWERH

KTZ\S2CûC3F»KTZ\S=UeKTZ\]DEÍÓcüÎáKMC0d.KMYWCûFTC3Ç0]DEGfÐ[^C3ãDC3[&]eÎÈdMC3Ç(QGdMFTZ^]�EÍç�ÏYWC3E KIÏm]µÕGUDZ^dMZ\EWa�F=YGU�ã�C
i,C3C0E�SVUDfWCDç�Ue[\[LfRC3aDdMC0C*F¦]eÎRÎ�dMC0C*fR]DS Î�]Dd¯dT]DKMUeKTZ\]DE�UeEGf�KTdgUeEGFT[\UeKTZ\]DE�YGU�ã�C�i,C3C0E dTC3S2]�ã�C3f
�sñOô��^ô�����ñ �"��� �oõ��Oô�Z�F�Z^S=ÕW[\C0S=C3E�KMC3f=Z\EVF»QGÇgYVU�Ï�U�Ö�KTYGUeK{Z�K�ÇgYG]L]LF»C*F�EW]DEWH�ÕGUDdMUD[^[\C0[�[\Z^EGC3F�Z\E
KTYWC�ÉGdMF»K�KIÏc]�[\C0ã�C0[�FÍ]eÎWdMC3Ç0QWdgF»Z\]DE � Ó0X�YWZ�F�S=C*UeEGFÍKTYGUeKë]DE fRC0C3Õ,C3dë[\C0ã�C0[�FÍ]eÎ�KMYWCmdMC3Ç0QWdgF»Z\]DE
]DEW[\Öä]DEWC�ÕGUeZ\dMZ^EWa
Ç0UeE-i,C!Ç(]�EGFTZ\F»KTC3E�K*çëÏYGZ\ÇgYï[\C3U�fWF�KT]`Z^E�ãD]�ð�Z^EWa
UeEW]DKTYWC3d dMC3Ç0QWdMFTZ\ãDC
Ç0Ue[\[Í]DÎ S UXW�Y(Z]\P^�_a`�ÓjX�YWZ\F�S2C*UeEGFcKMYGU�KAÏmC�SVU�Ö.a�C(K E < E R Õj]�FMF»Z\iW[\C�ÕGUeZ\dMZ^EWaLF�]DE�KTYGC
ÉGdMF»K�KIÏc]![^C3ãDC0[�FÈ]eÎ�dMC3Ç(QGdMFTZ^]�E
ÏYGZ\ÇgYµUedMCVãDC3dTZ^ÉGC*fûi�Ö�Î�QGd»KMYWC0d�dMC3Ç0QWdgF»Z\ãDCVÇ0UD[^[�FÈKMdTÖ�Z\EWa
E < E E = E fWZ�NOC0dMC0ELK�ÕGUeZ\dTZ\EWaLF0Ó�ê¯Z^EGUD[^[\ÖDçeFTZ\EGÇ(C W ô0ó²õ Y�: � �������AEWC3C3fWF O � E = E � KTZ\S=CDç�ÏmCcaDC0K�UDE
]�ãDC0dgUe[\[Wij]DQWE,f.]eÎ�O � E < E �IE = E R � Ó�æsE$KTYWCAaDC3EWC0dgUe[jÇ0UDFTCDç�]DEWCAYGUDF�KT] [^Z\ãDCAÏZ�KMYVKTYGC�Ç0QWiWZ�Ç
QWÕWÕjC0dVij]DQWEGfÍÓ�h�C3ãDC0dTKTYGC0[\C3FMF0ç¯Î�]DdVdMC3UD[^Z�F»KTZ�Ç>C3E�ãLZ\dM]DEWS=C0ELKgF ÏYGC0dMC>EW]DK$Ue[\[ÏcUD[^[�F=UedMC
F»Z\S�QW[^KMUDEWC0]�QGFT[^Ö�ã�Z�F»Z\iW[\C²ù F»QGÇgY2UDF¯Z�F�KMYWCÇ0U�F»CcZ^E2]eè.Ç0CmC3ELã�Z\dT]�EWS=C0ELKMFIùéÕWdTC3ÕWdM]�Ç0C3FMF»Z\EWa
Ç0UeE-i,C�QGFTC3fäKM]ûaDQ,UedgUeELKTC3C.dTQGE�KMZ^S=C�Ue[\S2]LFIK2[^Z\EWC*Ued2Z^E E < E Ó�JRQGÇgY-U�ÕGdTC3ÕWdT]RÇ0C3FMF»Z\EWa
ÕWYGUDFTC.Ïc]DQW[�fäFIKM]DdMCVÎ�]Dd�C3UDÇgYä[\Z^EGC>Ue[\[�]DKTYWC3d�[\Z^EWC*F�KMYGU�K=UedMC.F»Z\S�QW[^KMUDEWC0]�QGFT[^Ö
ãLZ�FTZ^iW[\CDÓ
?&FTZ^EWaäFTQGÇgY-UûfGU�KMU
FIKMdTQ,Ç²KTQGdTC�çëKMYWC�UeS=]DQWELK2]eÎ&[\Z^EGC3F�KTYGUeK2S QGFIK=ijC$KMC3F»KTC3fÐÇ0UDE-ijC
fRdMUDSVU�KTZ�Ç0UD[^[\Ö!dMC3fRQGÇ0C3f
UeEGf`UDFMF»QGS2Z\EWa�U�Ç(]DE,FIKgUeELK�QGÕWÕ,C3d�ij]DQWEGf
]eÎ�F»Z\S�QG[�KgUeEWC3]DQGFT[^Ö
ãLZ�FTZ^iW[\CÈÏcUD[^[�F3çRÏmCÈÏc]DQW[�f�aDC(K�U2[\Z^EWC*Ued�Ç0]DS=ÕW[\C(ÑRZ�KIÖ$]eÎ¯KTYWC�UD[^a�]DdMZ�KMYWS�Ó

� �
Á ��� E�ÀGÅ	�LÁ�¾�
ÐÅI¿ I Á�¿�I���À DÄ>E�¾GF E¯¿RÄ9I��ÍÀ��

æsE.]DdgfRC0d�KT]2F»YW]�ÏîKMYWC�U�fRã�UeELKMUDaDC*F�]eÎ¦KMYWC�S UXW�Y(Z1\P^
_a`ûUe[\aD]DdMZ^KTYWS ÏmC�Ç(]�S2Õ,UedMC3f2KTYGC
ím]�ÑOçWí�J 2 UeEGfCS UXW�Y(Z1\P^
_a`!KTC3ÇgYGEWZ\ÒLQWC*FcÏZ�KMY$C3U�ÇgY.]eKMYWC0d*ÓL_
CÈfRZ�f.EW]DKcZ\EGÇ([\QGfRCAKTYGC
æ�MÈí UeEGf>YWZ�FIKM]DaDdgUeS8SVU�KgÇgYWZ\EWa S=C0KTYW]RfWFU�F�KMYWCÈÕWdM]DÕjC0dTKTZ\C3Fm]eÎ�KMYWC3FTC�Ue[\aD]�dTZ^KTYWSVFcUedMC
Ç(]�ãDC3dTC*f.i�ÖVKMYWC í�J 2ÿUe[\aD]�dTZ^KTYWS�Ê å�Ì~Ó
J�Z^E,Ç(C�KMYWC2í�J 2 UD[^a�]DdMZ�KMYWS EWC3C3fWFAU.FTC(K&]DÎ�dMC(Î�C3dTC3EGÇ(C�FMÇ0UDEGF�U�FZ�KgFB��Ýjó²õ�Ùeó²õÍSVUeÕÍç

ÏmC�Ç0]D[\[^C*Ç²KMC3f�U.FTS=UD[^[¯F»C0K&]eÎ{FMÇ0UDEGF0ç,Ç(]DdMdMC3Ç²KMC3f$KTYWC2UDÇ3Ç(QWS QW[\UeKTC*f>]RfR]�S=C(KTdMÖ$C3dTdM]Ddi�Ö
UeÕWÕW[\Ö�Z^EGa>KMYWC=dTC3aDZ�FIKMdMUeKTZ\]DE
S2C0KTYW]RfûÎ�dT]�S Ê^Ë %�Ì~çÍUeE,fûQGFTC3fûKTYGC0S U�FÈdTC0Î�C0dMC0EGÇ0C2FMÇ0UDEGF3Ó
X�YWZ\FÈUDÕWÕWdM]�UDÇgY!Y,UDF�ÕWdM]�ãDC0E�KM]>ijC=U>FTQGÇ0Ç0C3FMFIÎ�QG[�UDEGf!C*UDFTÖ�Ï�U�Ö�Î�]DdÈC0E,UeiW[\Z^EGa$S=]DiWZ\[\C
dT]�i,]DK�EGU�ã�Z^aLU�KTZ\]DE�Z\E�UeE�Z^E,fR]�]Dd�C3ELã�Z\dT]�EWS=C0ELK�ÏZ^KTYW]�QRK&S=]RfRZ�Î�Ö�Z\EWaVKMYWC�C0E�ã�Z\dT]�EWS=C0ELK
]Dd�Ç(dMC3UeKTZ\EWa2YGUeEGfRH~Ç0dMUeÎáKTC3f>SVUeÕGF�Ê ÷�Ì~Ó
êW]Dd�Ç(]�S2Õ,UedMZ^EWa.KTYWC2fRZ�NOC0dMC0ELKÈS=C(KTYG]�fGF&ÏcC�dMC3Ç0]DdgfRC3f�dMC3Ue[�fWUeKMUVÏZ^KTY
]DEWC ]eÎ{]DQGd

S2]�iWZ\[^CVdM]Dij]eKMZ\Ç=FT]�Ç3Ç(C3d�ÕW[\U�Ö�C0dgF0Ó�mUDÇgYû]DÎc]�QWd�FT]�Ç3Ç(C3d�dT]�i,]DKMFÈZ�F�U]1cõ�Ù��OôMô0ó���S=]DiWZ\[\C
dT]�i,]DK�C3ÒLQWZ\ÕWÕ,C*fµÏZ^KTYïU`ñ��eÛ3' [�UDFTC0d�dgUeEGaDC2ÉGEGfRC3d3ç¯U Û{ÙTö7�
� �"�RóTÙ��Vô ãLZ�FTZ^]�EäFTÖRFIKMC0S
Î�]Dd�iGUD[^[OKMdMU�Çgð�Z^EWa,çWU���õ�Ú0óTô����sÙ!ý��RÛ��û[\UDÕRKT]�Õ�ÏZ^KTY�ÏZ\dTC3[^C*FTF�C0KTYWC3dTEGC(KAÇ0]DEWEWC*Ç²KMZ^]�E�UDEGf
UVÇ(QGF»KT]�S ð�Z\Çgð�Z\EWaVfRC0ã�Z�Ç(C�ÓGX�YWC�[�UDFTC0ddgUeEWa�CAÉ,EGfRC0dAÇ(]�ãDC3dMF�U�Ë3÷�þ��AÉGC3[\f�]DÎ¯ã�Z\C0Ï ÏZ�KMY
UeE�UeEWa�QW[\UDd�dTC*F»]�[^QRKMZ^]�E>]DÎmË���UeEGf�U2dMUDEWaDCÈdMC3FT]D[\QRKTZ\]DE>]eÎ,1�� R Ó
æsE2]�dMfWC0d¯KT]�dMC3Ç0]Ddgf�fWUeKMUÈ]eÎOUÈdTC*Ue[\Z\F»KTZ�Çca�UDS2CFMÇ(C3EGUedMZ^]�ÏcCdMUDE�KMYWC�F»]RÇ3Ç(C0d�dM]Dij]eK�Z\E

]DQWd&Æ�]Dij]�ímQWÕ!C3ELã�Z\dT]�EWS=C0ELKÏZ�KMY�F»C3ãDC3dMUD[ÍFIKgU�KTZ\]DE,UedMÖ>UeE,f>S=]�ã�Z\EWaV]DiGF»KMU�Ç([\C3F3ÓWêWdM]DS
KTYWC*F»C�fWU�KgU�ÏcC>Ç(]�S=ÕWQRKTC*fäKTYGC>U�ãDC3dMUDaDCVdMQWERH�KTZ\S=C$]eÎKMYWC>fWZ�NOC0dMC0ELK2UD[^a�]DdMZ�KMYWSVF�UDEGf



UDfWfRC*f fRZ^NjC3dTC3ELK$ð�Z^EGfGF$]DÎ�EW]DZ�F»C�KT]µKMYWC
fWUeKMUäÎ�]�d�fWC(KTC3dTS=Z\EWZ\EWaµKTYGC
UDÇ3Ç(QWdgUDÇ0ÖÐUDEGf
dT]�iWQGF»KTEWC*FTF�]DÎ�KTYGC�S2C0KTYW]RfWF3Ó
J�Z^S=Z\[\UDdVÏm]�dTðµY,UDF=ijC0C0E dMC0Õj]DdTKTC*f-i�ÖÐJ�Y,U�NOC0d
ô�� ��� eAÊ^Ë$1�Ì�ç�ÏYG]äÇ0]DS=ÕGUDdTC*fïKIÏc]

FTÇ3UeE�S=UeKMÇgYWZ\EWa=S=C(KMYW]RfWFcKTYGUeK&UedMC�F»Z\S=Z^[�UedcKT]2KMYWC ím]�Ñ>UeE,f3S UXW�Y(Z]\P^�_a``Ue[\aD]�dTZ^KTYWS
Z^E=KMYWZ\F�ÕGUeÕjC0d*Ó7�&]�ÏmC3ãDC0d*ç�KTYGC0Ö�Q,F»C*f=]DEW[\Ö FTZ^EGaD[\C�FTÇ3UeE=SVU�KMÇgYGC3F�Î�]�d�KTYWC3Z^d�C(ÑRÕ,C3dTZ\S=C0ELKMF
ÏYWC0dMC3U�FmZ\E�]DQWd�C(ÑRÕjC0dMZ^S=C3E�KgFUe[\[¦fWU�KgU dMC3Ç0]DdgfRC3f$fRQWdMZ^EWaVU ÏYW]D[\CÈdT]�i,]DKcdMQWE�Z\FcKgUeð�C0E
Z^ELKT]�U�Ç0Ç0]DQWELK3ÓÍü&[\FT]�KTYGC0Ö`]DEW[\ÖûdgUeE
KTYWC3Z^d Ue[\aD]DdMZ^KTYWSVFÈZ\EïUeEµUe[\S=]�F»K�F»KMUeKTZ�ÇVC0E�ã�Z\dT]�ERH
S2C3ELKÈÏYGC0dMC3UDFAÏcC dMC3Ç0]DdgfRC3f!]�QWdÈfWU�KgU$Z\E`U$dTC*Ue[\Z\F»KTZ�Ç2fRÖ�EGUeS=Z�Ç FMÇ(C3EGUedMZ^]>ÏZ�KMY
SVUDELÖ
FIKgU�KTZ\]DE,UedMÖûUeEGf
S=]�ã�Z^EWa!]�iGF»KMUDÇ0[^C*FAKTYGUeK Ç0UDE
iW[\]RÇgð�KMYWC.dM]Dij]eK3× F�FTC0EGFT]DdgF0Ó¦X�YWC3dTC0Î�]DdMC
KTYWC�dMC3FTQW[^KMFcÕWdMC3FTC0ELKTC*f$Z\E$KMYWZ�F�ÕGUeÕjC0d�FTYW]DQG[\f>aDZ\ãDCÈU2i,C0K»KTC3dÕWZ�Ç²KTQGdTC�]DÎëYW]�Ï a�]�]�f$KTYGC
S2C0KTYW]RfWF&UDÇ²KMQGUe[\[\Ö$UedMCAZ\E!U=fRÖ�EGUeS=Z�ÇÈC0E�ã�Z^dM]DEWS=C3E�K�[\Z^ð�C�Æ]Dij]�ímQWÕ�Ó

� ,D* �b� #�JKG���� U GF�DJ
X�YWC0dMC�UedMC�FTC0ã�C0dgUe[Oð�Z^EGfGF�]eÎ�EW]DZ�F»CAKIÖ�ÕWZ�Ç0Ue[\[\Ö.]DiGFTC0dMãDC*f.ÏYWC3E�dT]�i,]DKMFc]DÕjC0dgU�KMC�Z\E�dTC*Ue[^H
Ïm]�dT[�f2C0E�ã�Z^dM]DEWS=C3E�KgF0Ó�ÔAE2]�EWC�YGUDEGf2KTYGC0dMCZ\FmUÈKIÖ�ÕWZ\Ç3Ue[,PÈUDQGFMF»Z�UeE=EW]�Z\FTCZ^E=KMYWC&]RfR]�S2H
C(KTdMÖ>UDEGf�ÕWdM]�Ñ�Z\S=Z�KIÖ>F»C3EGF»]�dMF�Ç0]DS=Z^EGa=Î�dT]�S KTYGC�Z^EWYGC0dMC0ELK�Z^E,UDÇ0Ç0QWdgUDÇ(Ö$]eÎ¯KTYWC�FTC0E,F»]�dMF3Ó
ÔAEäKTYWC�]eKMYWC0d YGUeEGf`KMYWC0dMC>UDdTCVEG]DERHIPÈUeQGFMFTZ\UDE`C3dTdM]DdgF�UDdTZ�F»Z\EWa�Î�dM]DSÿdM]Dij]eK Ç0]D[\[^Z�fRZ\EWa
ÏZ�KMY�]�iGF»KMUDÇ0[^C*F0çRC�Ó a,ÓR]eKMYWC0ddM]Dij]eKÕW[�U�ÖDC3dMF3ç�]DdcÎ�dT]�S Z\ELKTC0dTÎ�C0dMC0E,Ç(C�ÏZ�KMY�KTYWC�FTC0EGFT]DdgF3Ó
æsE=KTYWZ�F�Õ,UeÕjC0d*çD]RfR]DS=C0KTdMÖ�C0dMdM]DdgF{Ç(]�S2Z\EWaÈÎ�dM]DS ÏYWC0C3[�HsFT[^Z\ÕWÕGUDaDCDç�QWEWC3ãDC0E��,]L]�dMF3çe]�d

fRZ�NOC0dMC0ELK�ÕGU�Ö�[^]LUDfWFmUedMCAÇgYGUDdMU�Ç²KMC0dMZ^â3C3fVUDÇ3Ç(]�dMfRZ\EWa�KM]�KMYWCAÎ�]D[\[^]�ÏZ\EWa�KMYWdMC0C�ÕGUedgUeS=C(KMC0dgF
��FTC0C�[\C(ÎáK�ÕGUDd»K]eÎ�ê¯Z^a�QWdTC % � Ó
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7 P 5 �"G 5 � #�JKG": KTYWC�C3dTdM]Dd�8  �� � Z\E�dgUeEWa�C�ÏYWC3E�KMYWCmdM]Dij]eK�S=]�ãDC*FëU�Ç(C3d»KgUeZ\E�fRZ�FIKgUeEGÇ0C �Ó
7 �"%'P %K#�� 5[5 � #�JKG": KTYWC C0dMdT]�d�8 � ��� � 098 � �� � Z\E�dM]eKgU�KTZ\]DE�ÏYWC3E�KTYWC dT]�i,]DKKTQWdMEGFAUÇ(C3d»KgUeZ\E�UDEWaD[\C%�µ]DdS=]�ãDC*F�U2Ç0C0dTKMUDZ^E�fRZ�FIKgUeEGÇ0C� �Ó
X�YWC0dMC�Z\F�UDEW]eKMYWC0d{FT]DQWdgÇ(Cc]eÎO[\C3FMF¯Î�dTC*Ò�QGC0ELK�iWQRK{S�Q,ÇgY2[�UedMaDC3dë]RfR]�S=C(KTdMÖ�C3dTdM]Dd�Ç(]�S2H

Z^EWa�Î�dM]DS F»Z^KTQ,U�KTZ\]DE,F¦Z^E�ÏYGZ\ÇgYÈKMYWC{dM]Dij]eKÍÇ(]�[^[\Z\fWC3F¦ÏZ^KTY�]�iGFIKgUDÇ0[^C*F0Ó0X�YGC3FTC{UeiWdMQWÕRKÍC3dTdM]DdgF
Ç0UeE�ijC�ÇgYGUedgUDÇ(KTC0dMZ\â0C3f$i�ÖVKTYWCÈÎ�]�[^[\]�ÏZ\EWa=ÕGUedgUeS=C(KMC0dgF��vF»C3C�dTZ\aDYLKÕGUDd»K]eÎ�ê¯Z^a�QWdTC % � Ó
: !$!c�0! �"C?%K&2G]� U � (dGF% !!; : X�YGC�C0dMdM]Dd �ëça�OçjUeEGf��ÐZ�FAU�fWfRC3f!KT].KMYWC�]RfR]�S=C(KTdMÖ�Z^ERH

Î�]DdMSVU�KTZ\]DE�Ó
< !cG�= 9 G 5?> ; :A@ dM]DiGUDiWZ\[^Z^KIÖïKMYGU�K�UµiWQWS=Õ ]RÇ0Ç0QWdgFVZ�Î�KMYWCûdM]Dij]eKVKMdMU�ã�C0[�FV]DEGC�S=C(KTC3d3Ó

X�YWdM]DQWa�YW]DQRK�KMYWC�C0Ñ�ÕjC0dMZ\S2C3ELKMF�fWC3FMÇ(dMZ^ijC3f=ijC0[\]�Ï�ç�KTYGZ\F�ÕWdT]�iGUeiGZ^[\Z�KIÖ ÏcU�F{FTC(K{KM]�þCB &
Õ,C3d�S=C(KMC0d�KTdgU�ãDC3[^C*f¦Ó



� , � 7 925���� #D(dG���GF!cCO�"!c(dP 5?> G

êW]Dd=Ç(]�S=ÕWQRKTZ\EWaûKTYWC�dTQGERHvKMZ^S=C>Õ,C3d»Î�]�dTSVUeE,Ç(C.]DÎKTYWC�FTÇ3UeEïSVUeKMÇgYWZ\EWa!KMC3ÇgYWEWZ�ÒLQWC3F ÏcC
S2C*UDFTQWdMC3f-KTYWCûU�ã�C0dgUea�C.KTZ\S=C�UäS=C(KTYG]�f EGC0C3fWC3fÐÎ�]Dd.Ç0]DS=ÕWQRKMZ^EWaäKMYWC�Õj]�FTC!QWÕOfWU�KMC
i,C0Î�]DdMCAZ^KZ\FmÎ�QGFTC3f$ÏZ�KMY$KMYWCÈ]�fW]DS=C(KMdTÖ=C3F»KTZ\SVU�KMCDÓRæsE$]�dMfWC0dmKT]2dTC*Ç(C0Z\ãDCAS=C3UDFTQWdMC0S=C0ELKgF
KTYGUeKmF»YG]�Ï-KMYWC�ÕjC0dTÎ�]DdMS=UDEGÇ(CQGEGfRC0dmdTC*Ue[WaLUeS=C�Ç(]�EGfRZ^KTZ\]DEGF{ÏmC�FTC(KMQWÕ.U�dMC3Ue[\Z�FIKMZ\Ç�aLUeS=C
FTÇ0C0EGUDdTZ\]=Z^E!]�QWd�Æ]Dij]�ímQGÕ!C0E�ã�Z^dM]DEWS=C3E�KÏZ^KTY�F»KMUeKTZ\]DEGUDdTÖ$UDEGf�S=]�ã�Z^EWa=]�i��IC3Ç(KMF �vF»C3C
êëZ\aDQGdTC A � UDEGfµQGFTC3fï]DQWd=F»]RÇ3Ç(C0d dT]�i,]DK2U�F�U�dMZ\aDYLK2fRC0Î�C0EGfWC0d2ÏYWC0dMC$Z^K S=]�ãDC*fµ]�ãDC3d
KTYWC2C0ELKTZ\dMC�ÉGC3[\f
U>Ç0]DQWÕG[^C ]eÎ{KMZ^S=C3F3ÓOæsEûKMYWZ�FAdMQWEûKTYWC2dT]�i,]DKAS=]�ãDC*f�U$KT]eKgUe[�fRZ�FIKgUeEGÇ0C
]eÎ&UeÕGÕWdT]�ÑRZ\SVU�KTC3[^ÖLAGË$S2C0KTC3dMF3ç�KMQWdMEWC3fïUDi,]�QRKVU�KT]DKMUe[c]eÎ ËDË3þ�þDþ!fRC3aDdMC0C*F ��UDi,]�QRK�%�þ
dTC3ãD]D[\QRKMZ^]�EGF � UeE,f�Ç0]D[\[^C*Ç²KMC3f>]�ãDC0d % &eþDþ2FMÇ0UeE,F0Ó
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KTZ\S2C*FÈÎ�UDF»KTC3dÈKTYGUDE`KTYWC>ím]�Ñ
UD[^a�]DdMZ�KMYWS�UeE,f`UDi,]�QRK &eþ>KTZ\S=C3FÈÎ�U�FIKMC0dÈKMYGUeE`KTYGC>í�J 2
S2C0KTYW]Rf¦ÓjX�YWC�ã�C0dMÖ.[^]�Ï;U�ãDC3dMUDaDC�dTQGERHvKMZ^S=C�]DÎ�]�EW[\Ö+& R <�ÕjC0dAFTÇ3UeE�SVU�KMÇgY!UD[^[\]�Ï�F�KTYGC
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êW]Dd�FTYW]�ÏZ^EGa�KTYWCÈUDÇ3Ç(QWdgUDÇ0Ö2UDEGfVdM]DiWQ,FIKMEWC3FMF�]DÎ¦KTYWC%SVUXW>Y(Z]\P^�_a`�UD[^a�]DdMZ�KMYWS8ÏmCAQGF»C*f
KTYWC�fWU�KgUûÇ0]D[\[^C*Ç²KTC*fµZ\EµKTYWC�Ueij]�ãDC$dTQWEÐUeEGfïU�fWfRC*f-fRZ^NjC3dTC3ELK ð�Z^E,fWF�]DÎ&EW]�Z\FTCVKT]
KTYGC
]�fW]DS=C(KMdTÖ�Z^EWÎ�]DdMS=UeKTZ\]DEÍÓ3æsE�]DdgfRC0dÍKT]&S=C*UDFTQWdTC�KMYWCmU�Ç0Ç0QWdMU�Ç(ÖA]eÎ�KTYWCmÕ,]LF»Z^KTZ\]DE�C*FIKMZ^SVUeKTC3F
aDC0EGC0dgU�KTC*fµi�ÖäKTYWC!fRZ^NOC0dMC0ELK2SVUeKMÇgYWZ\EWa`S2C0KTYW]RfWF3ç�U
FTC(KV]DÎ&dTC0Î�C0dMC0EGÇ0C$Õj]�FTZ�KMZ^]�EGF=UedMC
EWC0C*fRC3f¦Ó{Xë]äC3U�F»C>KTYWC�fWC(KTC3dTS=Z\EGU�KMZ^]�EÐ]DÎ&KMYWC�dTC0Î�C0dMC0EGÇ0C�Õj]�FTZ^KTZ\]DEGF2ÏcC�dgUeE-KTYWC
ím]�Ñ
S2C0KTYW]Rf ÏZ^KTYéKMYWC�dMC3Ç0]DdgfRC3fîfWU�KgUïUeE,fÐQ,F»C*fîKTYWZ�F.]�QRKTÕWQWK�UDFVKTYWCûFTC(K>]eÎ�dTC0Î�C0dMC0EGÇ0C
Õ,]LF»Z^KTZ\]DEGF3Ó
êW]DdmC3U�ÇgY$F»C0Km]DÎÍEW]DZ�F»CAã�Ue[\QWC3F3ç &78�dMQWEGFmÏZ�KMY$fRZ^NjC3dTC3E�KFTC0C3f.ã�UD[^QGC3F�Î�]�dmZ\EWZ^KTZ�Ue[\Z^â3Z^EGa

U$dgUeEGfW]DS�EW]�Z\FTC a�C0EWC3dMUeKT]�d&ÏcC0dMC ÕjC0dTÎ�]DdMS=C3f¦Ó¦ê¯Z^a�QWdMCB8�F»YG]�Ï�F�KMYWC2KTdgU �IC3Ç(KT]�dTÖ�S=C3UeH
F»QWdMC3fäi�Ö
KTYWC$dT]�i,]DKMF�ÏYGC0C0[mC0EGÇ0]RfRC0dgF�UeE,fµU�KIÖ�ÕWZ\Ç3Ue[�KTdgU �IC3Ç(KT]�dTÖ�ÏYGC0E-U�fWfRZ\EWa!KTYGC
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S=UeÑRZ^S QWS PÈUDQGFTFTZ�UeE�EW]DZ�F»C	� A�þ�þ �0Ë*þDþ(� A�þ�
²ÓLX�YWC�ã�Ue[\QWC3F�Ç0]DdMdTC*F»Õj]DE,f.KM]=KTYWC�F»KMUDEGfWUedgf
fRC0ã�Z�U�KTZ\]DE ]eÎWKMYWCPÈUeQGFMF»Z�UeE EW]DZ�FTC�� 8  �� � � 8 � �!� � � 8 � �! � 
¯ÏZ^KTY�KTYWC�QWEWZ^KMF� R R R�� R ç
 ����� R�� %78�þ � ç,UeEGf  ����� R�� R Ó
êW]DdmC3U�ÇgY.FTÇ3UeEVSVU�KgÇgYWZ^EGa�S=C(KTYG]�f.ÏmC�Ç(]DS=ÕWQWKTC3fVKTYWCAELQGS�ijC0dc]eÎOKTZ\S=C3F�KTYWC�dT]�i,]DK

Õ,]LF»Z^KTZ\]DE2ÏcU�F¯[^]LFIK�UeEGf�KTYGC�fRZ\F»KMUDEGÇ(C�UeE,f�YWC*UDfRZ\EWaÈC0dMdM]DdëKT]�KTYWC�dMC(Î�C3dTC3EGÇ(CcÕ,]LF»C�Z\E2Ç3UDFTC
KTYWCÈÕj]�FTZ�KMZ^]�E>Ï�UDFcEW]DK�[\]�F»K3ÓR_`CÈQGFTC3f�U�KMYWdMC3FTYW]D[�f.]DÎ¯þCB 1 R Î�]�d�KTYWC�fRZ�FIKgUeEGÇ0C�UeEGf+%Dþ �
Î�]Dd�KTYWC=YWC*UDfRZ\EWa�C0dMdT]�d�Î�]�dÈfWC(KTC3dTS=Z\EWZ\EWa>ÏYGC(KTYGC0d�]Dd�EW]DKAKMYWC=Õ,]LF»Z^KTZ\]DE
]eÎ�KMYWC=dT]�i,]DK
ÏcU�F�[^]LFIK*Ó
êëZ\aDQGdTC�ø2FTYW]�Ï�FcKTYWC�U�ã�C0dgUea�CAfRZ�FIKgUeEGÇ0C�UeEGf�ê¯Z\aDQWdMC�÷2KTYWC�U�ã�C0dgUeaDCAYWC3U�fRZ\EWaVC0dMdT]�d

KT]�KTYGC.dTC0Î�C0dMC0EGÇ0CVÕ,]LF»Z^KTZ\]DE,FÈÎ�]Dd�É,ãDC.fRZ^NjC3dTC3ELK�[^C3ãDC3[\F�]DÎPÈUDQGFMF»Z�UeEäEW]�Z\FTCDÓ�X�YGCVã�UD[^QGC
KTdMZ^ÕW[\C3Fm]DE.KTYWC �WHsU�ÑRZ�FmÇ0]DdMdTC*F»Õj]DEGf2KM]�KMYWC�F»KMUDEGfWUDdMf.fWC0ã�Z\UeKTZ\]DE.]DÎ¦KTYWC�PÈUeQ,FTFTZ\UDE.EW]�Z\FTC
� 8  �! � � 8 � ��� � � 8 � �� � 
²ÓjæsE�KTYWC*F»C�UDEGf�Ue[\[¦Î�]D[\[^]�ÏZ\EWa=ÉGa�QWdMC3FcKTYGC�C0dMdT]�diGUedgF�Z^E,fRZ\Ç3U�KMCKTYWC�å 1��8Ç0]DERÉ,fWC0EGÇ0C�Z\ELKTC3dTã�Ue[¦]DÎëKMYWC�U�ãDC3dMUDaDC�S=C*UeEÍÓ
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êWdM]DS�ij]eKMY
É,aDQWdMC3F�Z^K�Ç0UeE`ijC.F»C3C0E
KTYGUeK�Ue[\[�KTYWdMC0C=S=C(KMYW]RfWF�YGU�ã�C2U�FTZ^S=Z\[\UDd�UDÇ(H
Ç(QWdgUDÇ0Ö$QGFTQGUe[\[\Ö$ijC(K»KMC0d&KTYGUDE�1�� R UeEGf & � ÓOÔAEG[^Ö$KTYWCVím]�Ñ>S=C(KMYW]Rf�YGUDF�U$F»Z\aDEWZ^É,Ç3UeELK
YWZ^a�YWC0dÈUDÇ3Ç(QWdgUDÇ0Ö$KMYGUeEûKTYWC2]eKMYWC0dgFAÏYWC0E
]DEW[\Ö![^Z^K»KM[^CVPÈUeQ,FTFTZ\UDE�EW]�Z\FTC�Z�F�ÕWdTC*F»C3ELKAiWQRK
KTYWZ�F&Z�F�fRQWC�KM]VKTYGC�Î�U�Ç²K&KMYGU�KAKTYWC dTC0Î�C0dMC0EGÇ0C�Õj]�FTZ�KMZ^]�EGF&UD[\FT].YGU�ã�C�i,C3C0Eûa�C0EWC3dMUeKTC*f>i�Ö
KTYWC ím]�Ñ$S=C0KTYW]Rf¦Ó
��]�ÏcC0ãDC3d3ç�KTYWC SVUXW�Y(Z1\P^�_[` S=C(KTYG]�f Z\F
S�QGÇgY S2]�dTC-dT]�iWQGF»K�KTYGUDE�KTYGCÐ]DKTYWC3d

S=UeKMÇgYWZ\EWa�Ue[\aD]DdMZ^KTYWSVF3ÓGê¯Z^a�QWdTC2å.FTYW]�Ï�FKMYWC E�QWS i,C3dA]DÎ�KTZ\S=C3FAÏYWC0dMC�KTYGC dM]Dij]eK&Õj]eH
F»Z^KTZ\]DE
ÏcU�F&[\]�F»KAÎ�]�d&KMYWCVFTUDS=C�[\C0ãDC3[\FA]eÎ�PÈUeQGFMF»Z�UeEûEW]DZ�F»C=UDFAZ\EûKMYWC ÕGdTC3ãLZ\]DQ,F�ÉGa�QWdMC3F3Ó
��C0dMC�KMYWC9SVUXW>Y(Z]\P^�_a`äUe[\aD]�dTZ^KTYWS F»YG]�Ï�F�U=ãDC3dTÖ>aD]�]Rf>ÕjC0dTÎ�]DdMSVUeEGÇ0C�UeEGf�ð�C0C3ÕGF�KTYGC
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dT]�i,]DK�[^]RÇ3Ue[\Z^â3C3fµC3ãDC0EµQGEGfRC0d2YWZ\aDYï]RfR]�S=C(KTdMÖ`EW]DZ�F»C�Ó�ÔAEW[\Ö`Î�]Dd�KTYWC�SVU�ÑRZ^S QWS#[^C3ãDC0[
]eÎëEG]DZ�F»C�çPS UXW�Y(Z1\P^
_a`
Ue[�F»]=F»KMUedTKMFc[\]�FTZ^EGa�KMYWCÈÕ,]LF»Z^KTZ\]DEÍÓR_`CÈi,C3[^Z\C0ã�C&KMYGU�KKMYWCÈYWZ\aDYWC3d
dT]�iWQGF»KTEWC*FTFÈ]DÎ SVUXW>Y(Z]\P^�_a`îZ\F�fWQWC=KT]�KMYWCV[\UDdTa�C0d�FTC3UedgÇgY
FTÕGU�Ç(C=Z�K�Q,F»C*FÈÎ�]DdÈÉGE,fRZ^EGa
S=UeKMÇgYWC*F0Ó
æsE$KMYWC�FMUeS=CÈS=UDEWEWC3d3çRÏcCÈZ^E�ãDC*FIKMZ^aLU�KMC3f>YW]�Ï KMYWC�S=C(KTYG]�fGF�Ç(]�S2Õ,UedMC�a�Z^ã�C0E�F»Z\S�QRH

[\UeKTC3f�iWQGS2Õ�EW]�Z\FTCDÓWêG]Dd�U�Ç0Ç(QGdMU�Ç(Ö=KTYGC�dTC*F»QW[^KMF�ÏcC0dMCÈF»Z\S=Z^[�Ued�KM]=KTYWC�Ç3UDFTCA]DÎ�PÈUDQGFTFTZ�UeE
EW]DZ�F»C�Ó�ü&[^[,KTYWdMC0C&S2C0KTYW]RfWFmYGU�fVU�F»Z\S=Z^[�UedcUDÇ3Ç(QWdgUDÇ0Ö�Î�]Dd�KTYWCAfRZ\F»KMUDEGÇ(C�UeEGf=YGC3UDfWZ^EWa�C0dTH
dT]�d�KMYGUeE�Z^E>KTYGC�PÈUDQGFMF»Z�UeE�Ç0UDFTCDÓRê¯Z\aDQWdMC Ë*þ FTYW]�Ï�F�KTYWC�U�ã�C0dgUeaDC&ELQGS�ijC0d]eÎëÕ,]LF»Z^KTZ\]DEGF
ÏYWC0dMC�KMYWC&dM]Dij]eKcÏcU�F{[\]�F»KmÏYWC3E.iWQWS=Õ$EG]DZ�F»CAÏcU�F�UDfGfRC3f=KM]�KMYWCA]RfR]�S=C(KTdMÖ2Z^ERÎ�]�dTSVUeH
KTZ\]DEÍÓDX�YGCKTdMZ^ÕG[^C*F{U�K�KMYWC �WHsU�ÑRZ�F{Ç(]�dTdMC3FTÕj]DEGf�KT]ÈKTYGC�iWQWS=ÕVEW]�Z\FTCã�Ue[\QWC3F ���>���a�-� 
�QGF»C*f
Z^EµKMYWZ�F�C0Ñ�ÕjC0dMZ\S2C3ELK3ÓëX�YGC>FMÇ0Ue[\C.]DÎcKMYWC3FTC$ã�UD[^QWC*F�Z�F R R Î�]�d �îUeEGf]�Oç¯UeEGfµfRC3aDdMC0C*F
Î�]Dd��mÓjæsEûUDfWfWZ�KMZ^]�E�KT]VKMYWC3FTC�iWQGS2Õ,F&]RÇ0Ç0QWdMdTZ\EWaVÏZ^KTY�ÕWdM]Di,UeiWZ\[^Z^KIÖ>þGÓ &VÕ,C3d&S=C(KMC0d*çGÏcC
UeÕWÕW[\Z\C3f2UAFTSVUe[\[GPÈUeQGFMF»Z�UeE ]RfR]DS=C(KMdTÖ�C3dTdM]Dd¯QGFTZ^EGa&KMYWC�ÕGUedgUeS=C(KMC0dgF��IË3þ�þ ��1P�"&�
²Ó*ü&F�Ç0UDE
i,C.FTC0C3E
Z\EµêëZ\aDQGdTC�Ë3þ�Ue[\[{FMÇ0UeE`SVU�KgÇgYWZ^EGa�UDÕWÕWdM]�U�ÇgYWC3FAYGU�ãDC2ÕWdM]DiW[\C0SVFÈÏYWC3E
iGQWS=Õ
EW]DZ�F»C�Z�FÕWdMC3FTC0ELK*ÓGX�YWZ�F�Z�F�fRQWC�KM]=KTYWC�Î�UDÇ²K&KTYGUeK�KTYWC2PÈUeQGFMF»Z�UeE�fRZ�FIKMdTZ\iWQRKMZ^]�E�UDFMF»QGS2ÕWH
KTZ\]DE!ÏYWC3E�Î�QGF»Z\EWa=KMYWC�]Di,F»C3dTã�U�KMZ^]�EGF�ÏZ^KTY!]RfR]DS=C0KTdMÖ$Z\E�KTYWC 5�UD[^SVUDE>É,[�KMC0dAfW]LC*FEW]DK
S2]RfRC3[�iWQWS=ÕÐEG]DZ�F»C>ÏmC3[^[�Ó ��]�ÏcC0ãDC3d�KMYWC�SVUXW�Y(Z1\P^�_[` S=C(KMYW]Rf-FTYW]�Ï�F�[\C3FMF Î�UeZ\[^QGdTC*F
KTYGUDE>KMYWC�]eKMYWC0dS=C0KTYW]RfWF�UDEGf>Z\F�KMY�QGFUeaLUeZ\E>S=]DdMC�dT]�iWQGF»KcKMYGUeE�KMYWC�]eKMYWC0d]�EWC3F3Ó
æsEÐUûÉGEGUe[FTC(K=]eÎ&C0ÑRÕ,C3dTZ\S=C0ELKMF3ç�ÏYWZ\ÇgYîÇ0UDEïEW]eKVijC�Ç0]�ãDC3dTC*fäZ^EÐKTYWZ�F2ÕGUeÕjC0dVfRQGC

KT]�[\U�Çgð!]eÎmFTÕGU�Ç(CDçOÏcCVÇ(]DS=ÕGUDdTC*f�KTYGC.FTÇ3UeEûSVUeKMÇgYWZ\EWa�S2C0KTYW]RfWFÈZ\E��TÇ(]�ERÎ�QGFTZ^EGa>aLUeS=C
FTÇ0C0EGUDdTZ\]�F���ÏYWC3dTCÈU2[^]�EWa2ÏcUD[^[¦Ï�UDFcÕW[�UDÇ0C3f.Z\EGFTZ\fWCÈKTYWC�Æ]�i,]RímQWÕ$É,C0[�f¦ÓR_
C�C0ÑRÕ,C*Ç²KTC*f
KTYGUeK�QWE,fRC0d�KTYGC3FTC2Ç0]DEGfRZ^KTZ\]DE,F&KMYWC SVUXW�Y(Z1\P^�_[`ÐUe[\aD]�dTZ^KTYGS a�C(KgF&Z\dTdMZ^KMU�KMC3f
F»Z\EGÇ(C KTYGC
[^]�EWa Ï�Ue[\[OZ\F�EG]eK�ÉG[^KTC0dMC3f>]DQWKcZ\E>Z^KMF�ÕGdTC3ÕWdT]RÇ0C3FMF»Z\EWa F»KTC3Õ�UDEGf$KTY�QGF SVUXW>Y(Z]\P^�_a`�ÕGdT]DH
fRQGÇ(C*F�ÏdM]DEGaS=UeKMÇgYWC*F�]�d�dMC0[\Z^C*FÍ]�E�fRC3U�f�H�dMC3Çgð�]DEWZ\EWa�]DEG[^Ö�Î�]Dd�KTYWCcÕj]�FTZ�KMZ^]�E�C3F»KTZ\S=UeKTZ\]DEÍÓ
�ÍQGÇgð�Z\[^Ö
KTYWC3SVUXW�Y(Z1\P^�_[` Ue[\aD]DdMZ^KTYWS#fRZ\fäEG]eK FTQRNOC0d�KM]�]�S�QGÇgYäÎ�dM]DS KTYWC*F»C�Ç(]�EGfRZ^H
KTZ\]DEGF3ÓO_
CVFTQGF»ÕjC3Ç(KAKMYGU�KÈKMYWZ\F�Z�FÈfRQWC2KT]>KTYWC Î�UDÇ(KÈKTYGUeKAKMYWC0dMC2UDdTC2U$[\]eKÈ]eÎcF»Z^KTQGUeKTZ\]DEGF
ÏYWC0dMC�KTYWC�Z\dTdMZ^KMU�KMZ^EGa2Ï�Ue[\[¦Z�F�EW]eK�ÕWdMC3FTC0ELKZ\E>KMYWC�dgUeEWa�C�FMÇ0UDEGF0Ó



0

10

20

30

40

50

60

70

80

90

100

100:100:10 200:200:30 300:300:50 500:500:100

lo
st

 p
os

iti
on

s 
(%

)

noise

Cox
CSM

LineMatch

�Ozo|D¢,�g�D¢�cwL�AnRpMq��0�jrIzo��pg}¯y{��pMqIp°R�*}sz�rIzo�*� pMqsqI�3q{y � } � nR�(��pc�
�

� �8�0q � nR�(��p �3����zo� rv��°�zo � l| � ��p}sgpM� � qIzo�È�\�3qmx�z�±WpMqIpg��r{lopg��pMl�}��3�OnLwL��°��L�3zo}sp*¢

� �
Ám¾&Ä �»Ã ��ÅIÁ�¾ E�¾&Â���Ã�¿WÃ�ÀQ��� Á�À��

æsE KTYWZ�F.ÕGUDÕ,C3d.ÏcC!ÕWdTC*F»C3ELKTC3f UµEGC0Ï S2C0KTYW]RfîÎ�]�d.SVU�KMÇgYGZ^EWa-dMUDEWaDC!FMÇ0UeE,F=KT]ïUDE �
Ýjó²õ�Ù�ó²õRS=]RfRC3[G]eÎO[\Z^EWC�FTC0a�S=C0ELKMF�ÏYGZ\ÇgY=Z�F�ÏmC3[^[,F»QWZ^KTC*f Î�]Dd{[\]RÇ0Ue[\Z\â0Z\EWa�UÈS2]�iWZ\[^CdM]Dij]eK{Z\E
U.Õj]D[\ÖLa�]DEGUD[�HsFTYGUeÕjC3f¦çjfRÖ�EGUeS=Z�Ç�C3ELã�Z\dT]�EWS=C0ELKA[\Z\ðDC Æ�]Dij]�ímQWÕÍÓ �ÑRÕjC0dMZ^S=C3E�KgUe[¯dTC*F»QG[�KgF
Ç(]DEWÉGdTS KTY,U�K�KMYWC�EWC3Ï�S2C0KTYW]Rf�Z�F�S QGÇgY�Î�UDF»KTC3dAUeE,f�S�QGÇgY!S=]DdMC�dM]DiWQGF»KKTY,UeE�]DKTYWC3d
C(ÑRZ\F»KTZ\EWaVFMÇ0UeE�SVU�KgÇgYWC0dgF�ÏYWZ\[^CÈdMC(KMUDZ^EGZ^EWa2KMYWC�UDÇ3Ç(QWdgUDÇ0ÖV]eÎ¯KTYWC�Ç0]DS=Õ,C0KTZ\EWa=S=C(KTYG]�fGF0Ó
X�YWC�ÕWdM]DÕj]�FTC3f�S2C0KTYW]RfûYGUDFAi,C3C0E`fRC0ã�C0[\]DÕjC3f�U�F&]�EWC�]DÎ{KTYWC2ðDC3Ö!Ç(]DS=Õj]DEWC3ELKMFA]eÎ

KTYWCÐÛëñïò¦óMô(õ�Ú0ÜRóvöVdM]Dij]eKMZ\Ç$F»]RÇ0Ç0C0d�KMC3UDS#UDEGfäYGUDF�i,C3C0EïÕWdM]�ãDC3EûKM]�ijC.Î�UDF»K3çëdTC3[^Z�UeiG[^C�ç
ÕWdTC*Ç(Z�F»C UeEGf�dM]DiWQ,FIK*ÓGæ~K&EWC3ãDC3d�Î�UeZ\[\C3f�Z\EûUeE�Ö�]eè.Ç(Z�Ue[Í]�d&Z\ERH~]eè.Ç(Z�Ue[ÍaLUeS=C�UDEGf�[^C*f�KTYGC
KTC3UDS�KT]�Z^KMF�FTQGÇ0Ç0C3FMFÈU�K�Æ]Dij]�ímQGÕÍ× å�÷$ÏYGC0dMC`Û¯ñäòÍóTô0õ�Ú(ÜRó�ö2Ïm]�E�KTYGC=Ç0]DS=ÕjC(KTZ^KTZ\]DEäZ\E
KTYWC�S=Z�fWfR[\C�F»Z\â0CÈ[\C3Uea�QWCVÊ�Ë0Ì�Ó
ü�[^KTYW]�QWaDY�KTYWC�S=C(KMYW]Rf Y,UDF¯i,C3C0E2QRKTZ\[\Z^â3C3f�Î�]Dd{Æ]�i,]RímQWÕ FT]&Î�UDd�]DEW[\ÖDç�Z^K�Z\F�UDE�]Di�ã�Z^H

]DQGF�F»KTC0Õ>KT]=QGFTC�Z�KZ\E>]DKTYWC3dcÕj]D[\Ö�aD]�EGUe[^H~FTYGUDÕ,C*fVC0E�ã�Z^dM]DEGS2C3ELKMF3çLC�Ó a,ÓRUDF�U�[\]RÇ0UD[^Z\â3UeKTZ\]DE
S2C0KTYW]Rf
Z^E
]DQWd�EGU�ã�Z\a�U�KMZ^]�EûFTÖ�F»KTC3S Î�]DdÈ]eè.Ç(C2C0E�ã�Z\dT]�EWS=C0ELKMF Ê ÷eÌ�Ó¦X�YWC3dTC0Î�]DdMC�ÏcC ÏZ\[^[
C(Ñ�KTC3EGf KTYWC&UD[^a�]DdMZ�KMYWS Z\E=ã�UDdTZ\]DQ,F�ÏcU�ÖRF3ç�CDÓ aGÓ�KT]�UD[^[\]�ÏïÎ�]�d{ÕGUDd»KMZ\UD[RS=UeKMÇgYWC*F�ÏYWC0dMCEW]DK
Ue[\[¦[^Z\EWC3F�]DÎ¯U2dgUeEWa�C�FMÇ0UDE>UedMC�S=UeKMÇgYWC*f.KM]=S2]RfRC3[Í[\Z^EWC*FUeEGf$KT]=C0Ñ�ÕG[^]�dTCÈF»C3ãDC3dMUD[jÏ�U�ÖRF
KT]V]DÕWKTZ\S2Z\â0C�KMYWC�Ue[\aD]�dTZ^KTYWS Z^E�]DdgfRC0d�KM]VfRC3UD[¦ÏZ�KMY![\UDdTa�C0dcC0E�ã�Z^dM]DEWS=C3E�KgF0Ó
êëZ\EGUD[^[\Ö!ÏmC=UedMC2aD]DZ\EWa$KT]�C(ÑRÕW[\]DdMC�KMYWC=ÕWdM]DiW[\C0S�]DÎmÇ(]�]DÕjC0dgU�KMZ^ã�C FTC0[^ÎáH�[\]RÇ0UD[^Z\â3UeKTZ\]DE

Z^E$KTYWCÈÆ]Dij]�ímQGÕ.C0E�ã�Z^dM]DEGS2C3ELK�Î�]Dd�Ue[\[\]�ÏZ^EWa�KTYWC�dTC3]DdMZ^C3ELKMU�KMZ^]�EV]eÎ�fRZ�FT]DdMZ^C3E�KMC3fVa�dT]�QWÕ
S2C3S�ijC0dgF0Ó

� >�� 5 �
	X�DG U � (dG 5 %

X�YWZ\F.Ïm]�dTðµYGU�FVijC0C0E ÕGUDd»KMZ\UD[^[\Ö-FTQWÕWÕj]DdTKTC*fÐi�Ö��2ô0Ü � �����Wô>òëÙ�ó�������Ü ��ö��»öLô=�Vô(õ�� ���"� � Y��
��M�êëP � UDFAÕGUedTKA]DÎ{KTYGC a�dMU�fRQGU�KMC�FMÇgYW]�]D[¯]DE��Ü ����� ���
	 ���7����õ��Oô �=� �sô=����õ�ö�ô��
�gô0çji�Ö



��ô�	eõ�ô=�9! Ü �>	�ò�õ��)��ö�ô=�0ô=���)�=����� Y���� �7	�ô=�9!����ÜRó4� �sô=�VÚgô(óvö@�VÚ  � 2ûêëP � ç�UDEGfµi�Öîñ���Û3'
��� çGÏYW]VfR]DEGUeKTC*f>U=FTC(K�]eÎ¯EWC0Ï aDC3EWC0dgU�KMZ^]�E$[�UDFTC0ddgUeEWa�C&É,EGfRC0dgF3Ó

	 ��
N��ÀQ��¾&Ä � �

�*¢ � ¢�km} � x �ä� ��x � ¢�z�r � �����cp²x�z�rI�3qI}g¢��������������������� !�"�#�$�&%('��*)$),+,-/.(�&-,0213�����5464»¢
¬ °�qIzo�L|3pMqst87ëpTqIl � |��:9¯pMqIlozo�,� � pgz�x�pMl�nRpTqI|���cpMy<;ë�3qI�R�W�²�*�3�D¢

�e¢�´î¢=9¯wDqI| � q»xG�jk&¢,��pMqsq²�,��¢,�L�²ºG� � �Lx�k�¢¦·ëqIpg��pTqI}g¢ �v��rIpg|3q � rIz���|=|*lo�3n � lë°R�*}sz�rIzo�*�!pg}~rIz�t� � rIzo�*� � ��x�°R�*}sz�rIzo�*�2rsq � T�ezo�L|A���3q����3nLzolopcqI�*nR�0rI} � � ��p�xD�D� � ��z��� � qI�*�0��lo�� � loz�® � rIzo�*�
� °L°DqI� � »�,¢O���(>"-?�*)A@��?B%DCE+F4�G:%H+,-�GJI�%LKM�&GJI&0N���&GOB*+,-$+,G�),+P�&G(4�G:%H+Q0R0 K2S�+,G:%����#�$�&%LTUI&GJ1�':V�T��
%H+,WPTYXR46�[Z\']���Q^(�,�²�3�*¹D¢

�D¢�´î¢�9¯wDqI| � q»xW����¢��L�²ºW����¢ � pg���Lzo|�� � �Lx � ¢ ¬ »�L��z�xer²¢6�Í}~rIz�� � rIzo�L|�rI�Lp � nL}s�3l�wDrIpm°R�3}sz�rIz��3��0� � ���3nLzolop$qI�3nR�3r2wL}szo�L|�°R�*}sz�rIzo�*�-°�qI�3n � nLzolozorv�ä|0qIz^xD}g¢ �v�_>"-?�*)�+�+61&KDG`S&Ta�?Bb%DCE+dc&e�%DC
f I&%LKM��GJI�0J���&GOB*+,-$+,G�),+��?BN%DCE+NghW�+,-,KL)�I�GPgFT$T,�*)QKMI&%LKL�&GhBO�&-igh-,%LK jN)QKMI�0�4�G:%H+Q0D0 KkS�+,GJ)�+XRglghgl4,�
�#m,^²�L° � |*pM}c¹3� �An��*�e�*¢ � � � � qIpg}s}g�Jo3wLl��.�²�*���D¢

	�¢[oD¢�k&¢�· � }~rIpglol � ���*}g�Eo�¢*��¢ � � q»x"p�3}g� � �LxYo�¢ mpgz�q � ¢G·¯�3�L}~rsq � zo��rst�n � }sp²x����*nLzolop�qI�*nR�0r�lo�� � lotzo® � rIzo�*�,¢����!4�G:%H+,-�GJI&%LKL�&GJI�0�.(�&-6q�T6C��,���&GPgh1�r�I&GJ)�+61F�"�#�$�&%LKM)QT\I&GJ1h4�GE%H+Q0R0 KkS�+,GE%Js]I#)�C`KRGJ+,T»�
� � �L»�Lpg}~rIpTq²�L�&¢ �È¢o���*n ��km°�qIzol¦�²�3� �e¢R�c��z��*pMqI}sz�r����3� ¬ � l����0q»xG¢

�e¢�»¢�oD¢W·¯�²ºW¢�9¯l � ��T��p,t � �VpMºD°RpMqIzo��pg��r{zo�=|*w�z^x � ��gp � ��x � � �ez�| � rIzo�*�V�0� � � � w�rI�*���*���3wL}qI�3nR�3rj��pg�Lzoglop*¢�4?uNu�u<vE-6I&GETQI�)Q%LKM�&G:T"�&GP�"�#�$�&%LKM)QT"I�GJ1hgh�`%8�&W�I�%LKM�&GL�*�  � $ �o�²� �An �0��	D�L�²�3�D�3¢
�D¢[oD¢ t ¬ ¢W�cw�rI� � �L�G�D´î¢J9¯wDqI| � q»xW����¢��L�²ºW� � ��xw�È¢E��*�L�3loz�|3p*¢�km�2pMºD°RpMqIzo��pg��r � lGg�*��° � qstzo}s�3�û�0��l��� � lozo® � rIzo�*�`��pMrI�L�exD}g¢.���x>\-6�*)�+$+$1�KRG`S&Tw�?By%DCE+y4�G:%H+,-�GJI&%LKM��GJI�0F���&GOB*+,-$+,G�)�+b��G
4�GE%H+Q0R0 KkS�+,GE%i�"�#�$�&%LTPI&GJ1Y'EV&T$%H+,W!TyXR46�[Z\'{z ���O^²��° � |*pg}m� ���Ane� 	!�e¢W� ��� �N|0¶ ¬ oD�,�g�*�*¹e¢�e¢[oD¢ t ¬ ¢��cw�rI� � �L�G�m´ ¢ � � rI® � »�R���T¢ � pMqsqI� � �L�G�F9m¢ cpgnRpMl����¯¢¶�zorsrIzo��|*pMq²��k&¢ � �*°R�3q²�
� ¢j´�pgzo|*pMl�� � ��x}9m¢O´�pglo}sT�G¢ � ��p=· ¬ �jqIpgzon�w�qI|VqI�*nR�0rIz� }s��ggpMq�rIp � � �j¶mpgloz � n�lop2}spgl��\tlo�� � loz�® � rIzo�*�G�O��w�l�rIzoqI�3nR�3r}spM�L}s�3q�zo��rIpg|0q � rIzo�*�G� � ��x.n � }sz��}s��ggpMq�}s�ezolol�}g¢A���>km} � x ��� �Lx
�z�r � �L�w~��Q���L° � |3pg}�� �*n��²�3¹D¢¹D¢[oD¢ t ¬ ¢��cwDrI� � ��� � ��x�9�¢ mpgnRpglá¢  � �ezo| � rIzo�*�ä���3nLzolopMq�¶m�3nR�3rIpMq���z�r�u � }spMqI}s � �L}g¢-���
� ¢DuGpg�ez�� � ¢:9ëq(�� w��Llá� � �Lx &¢��c}~y � l�xG�Dp²xDz�rI�3qI}g�Jgh��%8��GJ�&W�+Fs��#�QKR0k+F'EV&T$%H+,W�c����`�(�������\�3qst
� � rIzo� � ��rIwLpglolá��° � |3pg} � �An 	���� ¬ rIwDrsrI| � qsr²���cpMqI� � �e���R�g�*�*�e¢ ¬ °�qIzo�L|3pMqst87ëpMqIl � |�¢�D¢[oD¢ t ¬ ¢W�cw�rI� � �L� � ��x.·m¢ ¬ T��lopg|*pglá¢mkm���3} �R·¯�3��° � qIz�}s�3�.�3��}s � �.� � rIT��z���| � °�°�qI� � »�Lpg}�\�3q&}spgl��\t�lo�� � l�zo® � rIzo�*�ûz��>zo��x����0q�pg�e�ezoqI�3�L��pg��rI}g¢����a>"-?�*),+$+61&KRG�S&T��?BY%DC:+�c�T$%�u\��-?�&W!KL)Q-6�
.(�&-6q�T?CE�,�d��G(gh1&r�I&G�)�+$1�s��#�QKL0k+l��������%LT»�L° � |*pg} �D��n ����¢R� �����{�G�²�3� �D¢�g�D¢ � ¢��z�r � �L����p²x�z�rI�3q²¢��"�#�$�E���A�J�H�`�� J�"�#�$�&%�'��*)�)�+,-�.w�&-,021����A�y4»�����3l�w���p�� �3� ���3���{+6)Q%L�`-$+
f �&%H+,T�KRG�g-,%LK jN)QKMI�0{4�G:%H+Q0D0 KkS�+,GJ)�+T¢ ¬ °�qIzo�L|3pMqst87ëpMqIl � |��N9¯pMqIlozo�,� � pgz�xDpglonRpMqI|�� cpMy�;ë�3qI�R�
�g�*�3¹D¢

�3�*¢ � ¢F�z�r � ����� � ¢km} � x � �l;�¢F�w��Lz����3}s�Lzá���»¢ c�ex � � ��¢��c} � y � � � �Lx � ¢ � � rI}swLn � q � ¢¶��*nR��·¯wL°���k-T� � lolopg�L|3p°�qI�*n�lopg�;���0q�k��T¢Uv�C:+gl4hs�I*S#IO�OKDG�+T�j�g¹  ~� $ � � �An�¹ �e�¦�g�*�*�e¢� �e¢��¯¢3uGw � �Lx ��¢ � zolozo�*}g¢R¶��*nR�0rÍ°R�*}sp�pg}~rIzo� � rIz��3�Èzo��w��L�e�L�²y{�&pg�e�Dz�qI�3�L��pg��rI}On��&� � rI»�Lzo�L|
�(�îq � ��|*p�}s � �L}g¢h�`�&�`-,G�I�0=��B4�GE%H+Q0R0 KkS�+,GE%"I&G�1Y�"�#�$�&%LKM)P'EV&T$%H+,WPT»�,�²¹�� ��	��*n �*���e�Í�²�3����¢� �D¢��¯¢�uGw � ��x��{¢ ��¢ � zolozo�*}g¢¯�clo�*n � lol�� M�*�L}szo}~rIpg��r�q � �L|*pc}s � � � lozo|*�L��pM�er¯���3q�pg�e�ez�qI�*����pg��r� � °L°�z���|�¢Ngh�`%8�&G��&W�����T�"�#�$�&%LTI��	 � � � �*n ��	*�D�¦�g�*����¢��	�¢ � ¢ ¬ ¢ � � �DnRpg»�W¢ � �Lpw� � l�� � � �LlorIpTq ��k��
zo��rsqI�ex�w�MrIzo�*�
rI��g�*��gpg°�rI}g¢ä���û�T¢{o�¢�·¯�²º
� ��x$�A¢ � ¢W´µzol����*��|��Gp²xDzorI�0qI}g�=gh��%8��GJ�&WY�&�`T��"�#�$�&%��:+$C`KL)O0k+,T»¢ ¬ °�qIzo�L|3pMqst87ëpMqIl � |���9¯pMqIlozo�,�
� pgz�x�pglonRpMqI|D��mpMy<;¯�0qI�R�G�g�*�3�D¢

� �e¢&�A¢ ¬ � � ±WpMq²�`o�¢��c�3�L® � lopg®*� � �Lx�k&¢ ¬ rIpg��rI®*¢,·¯�*��° � qIzo}s�*���3�Gr�y¯��q � �L|3pMt�n � }spgx�pM}~rIz�� � rI�3qI}�\�3q � ���3nLzolop=qI�*nR�3r²¢-�v��'`>N4?u����&GOB*@F�&G�s����QKL0k+����#�$�&%LT��J464»�����*low���p>�²¹ �D�3��° � |*pg}
���D��n � �*�e�O�g�*� �e¢



���D¢&�A¢ ¬ � � ±WpMq&pMr � lá¢ � �3}sz�rIz��3��pg}~rIzo� � rI�3q��\�3qÈw���xDpMqI|3qI�3wL��x$��zo�Lp�p²³�wLzo°���pg��r²¢����x4?u�uNu
vE-6I&GETQI�)Q%LKM�&G:T���G 4�G�1&�`T$%L-,VYg{�#�J0 KM)$I&%LKM��G:TI�����3lowL��p �0¹D� ¬ pg°DrIpg��nRpMqc�²�*� �e¢

�²�e¢ � ¢G´�pMz�|3pglá¢2¶��*nR�0rIpMqstv�Ow � n � lol � ¬ pglonL}~rIlo�*� � lozo}szopMqIwL��|��O´�pgl�rI���ex�pglolozopMqIwL��|�� � � � xD°Ll � �ewL��|w���xµ��pMqI� � l�rIpg��}sn � }szopMqsrIpa��*��rsqI�*lolop  ázo�î�cpMqI� � ��$T¢ ��zo°Llo�*� � qInRpgz�r²��kmlonRpMqsrstvu,wLxDy{zo|*}~t�m�Lzo��pMqI}sz�r(�� r��jqIpgzonLw�qI|D���v�L}~rIz�rIw�r��I�w�qm���D���0qI� � rIzo�R�,�g�*�*�e¢�g¹D¢&�A¢j´�pgz � � �Lx1�{¢¦�*�*� � w�rsrI� � ��pMq²¢.k;� � °!n � }sp²x!�*�!l � }spMqI}s � �L}Èy{z�rI���*w�rA|*pM�*��pMrsqIzozo��rIpMqI°DqIpMr � rIzo�*�G¢ �v�µ�A¢�¶�pg�AnR�*l�xG�¯¶&¢��cz�lolo� � ���,��u�¢ � pTqsrI®gnRpMqI|*pTq²� � �Lx � ¢�� � � � x�p*�pgx�z�rI�3qI}g�:4�GE%H+Q0R0 KkS�+,G:%�gh�`%8�&G��&W�����Tl':V�T$%H+,W!T�XL46g'�����^²�D° � |*pg} 	*� �*n 	��*�e¢��6� ¬ � qIpg}s}g�R�²�3� ��¢


