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cd\ZC9bhC�ÉIC�]NePÊZi)C�OIJ�ePËS\ZLNÌP\ZÍ}Ê�C�f`ËÎePfMi°FaOGT�C/FPRhJ`eIOZePi)ePR�H¯i1RZ]jJ`L4fMePE�eaJ H`ÏhHKJMC�i°H�fMC"Í
Ð RGLjfMC�HÑLjOoJ`C�OGH`LjÉIC3C"ÒhÊ�C�fMLji)C�OoJVF�J`LNePOÓLjOÓT�ePOoJ`fMeP]N][FaEZ]NCPW»fMC�Ê�C�FaJMFPEZ]jCIW@FPOGbÔfMC�Fa]NL[HKJMLNT
f`eIE�ePJ�H`C"J`J`LNOZÌIH�Õ^cd\ZC)OZC�C�bÑËÎePf�C"ÒhÊ�C�fMLji)C�OIJVF�JMLjeIO;L[H¯C�ÉIC�O�\ZLjÌI\ZC�f¯LNO²FaÊZÊZ]NL[T�F�JMLjeIOGH
Ö \ZC�fMC/J`\ZC°fMePE�eaJVH#H`\ZeIRZ]Nb�FaRZJ`ePi°FaJ`L[T�Fa]N]NÏ´]jC�FafMO;H`RZEGHgJMFPOIJMLNFP]$ÊGFaf`JMH¯ePËºJM\ZC�LNf1T"eIOhÍ
J`fMeP]N]jC�fMH�Õ�×ZePf$C�ÒZFai)ÊZ]NCPW�J`e¯LNi/ÊGf`e�ÉICºJM\ZC»T"eIi/Ê�C"JMC�OGT�CdeaË�eIRZf$fMePE�eaJ$HgehT�T�C�f�J`C�Fai Ö C
\GFvÉPCS]jC�FafMOZC�b/F#i)eDbZC�]DËÎePf$ÊGf`C�bhLNT"J`LNOZÌ#J`\ZCdJMLji)CAOZC�C�bhC�b�J`e¯Ê�C�fgËÎeIf`iØF@ÌILjÉIC�O/HgLNOZÌP]NC
f`eIE�ePJ OGFvÉDLjÌoF�J`LNePOÑJMFIHgUXÕ�cªe�]jC�FafMO²HgRGTV\²F6i)ehbhC�] Ö L®JM\3FaOÙC"ÒhÊ�C�T"J`C�b�LNOGFPT�T"RZfVFPT�Ï
eaË4]NC�HMH»JM\GFaO�JM\ZfMC�C Ê�C�fVT"C�OIJ Ö C�\GFPb�J`e�T�eP]N]jC�T�J@bGF�JMF9ËÎf`eIi�i/eIf`C J`\GFPO´ÚIÛIÜPÜ)OGFvÉoÍ
LjÌoF�J`LNePO�C�ÊZL[HgehbhC�H�ÕXÝ.HMHgRGi/LNOZÌ
J`\GFaJ¯H`C"J`J`LNOZÌ
RZÊ;FaOGb�C�ÒhC�T"RZJ`LNOZÌ�F
OGFvÉDLjÌoF�J`LNePO*JVFPH`U
JMFaUIC�H�ePOZ]NÏ/J Ö e�i)LjODRhJMC�H�W Ö C Ö ePRG]Nb°\�FvÉPC.\�FPb)JMe/H`Ê�C�OGb9i)eIf`C.J`\GFPOÑÞ�ßPÜ�\ZeIRZfMH�eaË
C"ÒhÊ�C�f`LNi)C�OoJMFaJ`LNePO Ö L®JM\*J`\ZC�fMC�FP]�f`eIE�ePJMH�Õ�à@EoÉDLNePRGH`]NÏPWoJ`\ZL[HAL[HdOZeaJAËÎC�FPH`LjEG]jCIÕ
á C.J`\ZC�f`C�ËÎePfMC.ÊZfMePÊ�eIH`CAJ`e)H`eP]NÉPC.H`RGTV\9]NC�FPf`OZLNOZÌ1JMFPH`UhHºFIH�F J`\ZfMC�C#HKJMC�Ê
ÊGf`ehT"C�H`H�Õ

×ªLNfVHKJ�W Ö C�]jC�FafMOâFãHgLNi1RZ][F�JMePf*eaË JM\ZCÙf`eIE�ePJMH�äSbZÏoO�Fai)LNT�H�Õ»BDC�T"eIOGb�W Ö C�Ê�C�f`ËÎePfMi
J`\ZC�]jC�FafMOZLjOGÌ�JMFIHgUhH R�HgLNOZÌ´JM\ZC
]NC�FPf`OGC�b²H`Lji�RZ]NFaJ`eIf�Õ�cd\ZLjfVb�W Ö C�Ê�eIfgJ1J`\ZC*]jC�FafMOZC�b
T"ePOoJMf`eI]j]NC�fªJ`e#J`\GCAf`C�Fa]Df`eIE�ePJ4FaOGb/T"fMeIHMH�É�FP]jL[bZF�JMCSJ`\ZCAÊ�C�f`ËÎePfMi°FaOGT�C�ÌoFaLNOGH�ePEhJVFaLNOZC�b
EoÏÑJ`\ZC�]jC�FafMOZC�bÙT�ePOoJ`fMeP]N]jC�fMH�Õ�å.H`LjOGÌ�J`\ZL[H i)C�J`\Zehb Ö C9T�FaO²Ê�C�f`ËÎePfMiæJM\ZC9]NC�FPf`OZLNOZÌ
JMFPH`U i)C�OoJMLjeIOZC�b)FaE�e�ÉPCdEDÏ1T�eP]N]jC�T�J`LNOZÌ bZFaJMF@ËÎfMePiÔJM\ZC»fMC�Fa]hfMePE�eaJVH�ePOZ]NÏ�ËÎeIf4Û¯\ZePRZfVH
FaOGb
J`\ZC�O�Ê�C�fgËÎeIf`i>J`\ZC�]NC�FPf`OZLNOZÌ�JMFIHgU9LNO�ç/\ZePRZfVHdeaË�HgLNi1RG]NFaJ`LNePO^Õ
è O�JM\ZL[H»ÊGFPÊ�C�f�W Ö C bhC�H`T�f`LNE�C Y�Í�é»à¯Bhê.WhePRZfA]NC�FPf`OZLNOZÌ9H`Lji�RZ][F�J`eIf�WZFPOGb*ÊZfMe�ÉoL[bhC

C�i)ÊZLNf`L[T�FP]aC�ÉDL[bhC�OGT�C$J`\�F�JªLjJ�L[H�FAÊ�e Ö C�f`ËÎRZ]�J`eDeI]aËÎePf^J`\ZC�]jC�FafMOZLjOGÌAeaËZT"eIi/ÊG]jC�Ò#T"eIOoJ`fMeP]
i/ehbhRG]jC�HdËÎePfAfMC�FP]�fMePE�eaJVH�Õ



éAePE�eaJ
H`Lji�RZ][F�J`LNePO LNO ÌPC�OZC�fVFa]»L[H9F²Ê�e Ö C�f`ËÎRZ]AJ`eDeI]AËÎePf
J`\ZCÑbZC�ÉPC�]jeIÊZi)C�OoJ9eaË
FaRhJMePOZeIi/eIRGH»fMePE�eaJ#T"ePOoJMf`eI]�HgÏhHgJ`C�i)H@E�C�T�FPRGH`C L®J¯Fa]N]je Ö H»ËÎePf.Ë½FPHgJ#FaO�b�TV\ZC�FPÊ´ÊZfMC"Í
bhLNT"J`LNePO1FPOGb¯i°FaUIC�H^C�ÒhÊ�C�f`LNi)C�OoJMHªT"ePOoJMf`eI]j][FaEZ]NC4FaO�b�f`C�Ê�C�F�JVFaEZ]NCPÕvBDLji�RZ][F�J`LNePO FP]j]Ne Ö H
ËÎePfdJ`\GC Ð RGLNTVU
bZC"J`C�T�JMLjeIO6FPOGb*bhLNFPÌPOZeoHgL[HSeaË$HgePË J Ö FPf`C#C�fMfMePfVH�Õ
cd\ZCARGH`C»eaËXf`eIE�ePJºHgLNi1RG]NFaJ`ePfVH$Fa][H`e�ÏoLNC�][bZH4F¯ODRZi�E�C�f4eaË�ÊZfMePEG]jC�i)H�ÕP×GePfºH`Lji�RZ][F�Í

J`LNePO6ÊZRZfMÊ�eoHgC¯JMLji)C�i�RGHKJ»ePË J`C�O�E�C bhL[HMT"fMC"J`LN_�C�b�ÕGÝ.]NH`eGWZH`Lji�RZ][F�J`eIfMHSJKÏDÊZL[T�FP]j]NÏ Ö ePfMU
LjO²FaO²FPEGHKJMfMFIT�J�ËÎC�F�J`RGf`C°H`ÊGFPT�C9FaOGb�i)LjÌI\oJ�J`\ZC�f`C�ËÎePfMC/LNÌPOGePfMC/UIC�ÏÑË½FPT�JMePfVH#ËÎePf�JM\ZC
f`eIE�ePJ#E�C�\GFvÉDLNePf � ÞIÞ���Õ�à.JM\ZC�fVH¯FafMÌPRZC1J`\GFaJ¯H`LNi1RZ][F�JMC�bÑT�ePOoJ`fMeP]N]NC�fVH@FPf`C/bheDePi)C�b´J`e
HgRGT�T"C�C�b�E�C�T�FaRGH`C4eaËhJM\ZC�bZC�H`LjÌIO�eaËhJ`\GC�H`Lji�RZ]NFaJ`eIfMH � ç��}Õ�Ý.H�F.T"eIOGH`C Ð RZC�O�T"CPW�HgePË J Ö FPf`C
J`\GFaJ/H`RGT�T�C�C�bGH LNO3HgLNi1RZ][F�JMLjeIO²i°FvÏÑË½FPLj]�ePOµF�fMC�FP]4fMePE�eaJ � Ú���ÕªÝ@T�T"RGfMFaJ`C
FPOGbÙODRhÍ
i/C�f`L[T#HgLNi1RZ][F�JMLjeIOGHSFafMC»JKÏDÊZL[T�Fa]N]NÏ/C�ÒDJ`fMC�i)C�]NÏ9T"eIi/ÊG]jC�Ò
FaOGb°C�ÒhÊ�C�OGHgLNÉPC#LNO9J`C�f`i°HSeaË
T"ePi)ÊZRZJMF�JMLjeIOGFa]�f`C�HgeIRZfMT�C�HdFaO�b�FafMC@JM\DRGH»Ê�C�f`ËÎePfMi)C�b*EDÏ�ÊGFPfMFP]j]NC�]^FPOGb6bhL[HKJMf`LNEZRhJMC�b
HgLNi1RZ][F�JMLjeIO � � WjÞ�ç���Õ��@C�H`ÊZLjJ`C JM\ZC�H`C1ÊGf`eIEZ]jC�i°H.F°ODRZi�E�C�f@ePËºHgLNi1RZ][F�JMePfVHA\GFvÉIC�E�C�C�O
ÊZf`e�ÉIC�O
J`e°E�C�ÉvFP]jR�FaEZ]NC¯f`C�HgeIRZfMT�C�H�LjO*JM\ZC bhC�ÉIC�]NePÊZi)C�OIJAePË�fMePE�eaJ»T"eIOoJ`fMeP]N]jC�fMH � 	 �}Õ
Y�RZ]jJ`L$fMePE�eaJ HgLNi1RG]NFaJ`LNePOÑLNOGT�]jRGbZC�H#J`\GC)H`LNi1RZ][F�JMLjeIO;ePËSH`C�OGH`LjOGÌ*FIH Ö C�]N]4FPH#JM\ZC

HgLNi1RZ][F�JMLjeIO9eaË^i)ePJ`LNePO
bhÏDOGFPi)LNT�H�ÕDcd\ZC@H`LNi1RZ][F�JMLjeIO9eaË^i)eaJMLjeIO9i°FaÊGHºJ`\GC@bhÏDOGFPi/L[T
HKJVF�J`C�ePË@JM\ZC�fMePE�eaJ9FaOGb F�]Ne Ö ]NC�ÉIC�]AfMePE�eaJ9T"eIi/i°FPOGbãLjOoJ`e²F²H`RGT�T�C�HMHgeIf°HKJVF�J`CIÕ
BDC�OGH`ePf�HgLNi1RZ][F�JMLjeIO)i)FPÊGH$JM\ZC»]NehT�Fa]�HgRGf`fMePRZO�bhLjOGÌIH$FaO�b/J`\ZC.H`C�O�HgeIf4i)eDbZC�]GLNOoJ`e�JM\ZC
HgC�OGHgC�b;bGF�JMFGÕ^Ý HgRZE�HKJVFaOoJ`L[Fa]4FPi/eIRZOoJ�eaË Ö ePfMU�\GFIH@E�C�C�O²bhePOZC)eIO;C�L®JM\ZC�f�eIOZC)ePf
E�ePJ`\²eaËdJM\ZC�H`C
FPH`Ê�C�T�JVH�

�^C�C°C"J�FP]�Õ � Þ����ºÌIC�OZC�fMFaJ`C�H1FaO²Faf`J`L���T"L[Fa]ºOZC�RZfVFa]ºOZC"J Ö ePfMU
EGFPH`C�bµi/ehbhC�]deaË»JM\ZC6C�ODÉDLjfMePOZi)C�OIJ Ö L®JM\ZLNOãF�HgLNi1RG]NFaJ`ePf/eaË#F��.ePi°FPb²fMePE�eaJ�W�J`e
]jC�FafMO�FPO�FIT�J`LNePO�i)ehbhC�]4LNOÙF*Y����'ËÎfVFai)C Ö ePfMU�HgLNi1RG]NFaJ`ePfVH#\GFvÉPC)E�C�C�O�R�HgC�b � ����W
FaOGb�i°FaODÏ²C"ÒhÊ�C�fMLji)C�OoJVH)eaË.JM\ZC´H`RGT�T�C�HMHKËÎRZ] Ö C�]N]AUDOZe Ö O�fM\ZLNOZe�f`eIE�ePJ � Þ 	 � Ö C�f`C
bhePOZC�LjO;HgLNi1RZ][F�JMLjeIO^ÕX×ZRZf`J`\ZC�f`i)eIf`C�JM\ZC)HgehT�T�C�fVHgC�f`ÉIC�f � Þ�Ú��ªRGH`C�b�LNO´JM\ZC�é»ePE�e���RZÊ
BDLji�RZ][F�J`LNePO���C�FPÌPRZCAi)LNi/L[T�H�HgeIi)C.HgC�OGH`ePfMÏ1FaOGb)i)ePJ`LNePO9FaEGLj]NL®JMLjC�H4ePË�F \oRGi)FPOhÍ�]jLNUPC
HgehT�T�C�f�ÊZ]NFvÏIC�f�ÕIÝ.OZeaJM\ZC�fdéAePE�e���RGÊ
HgLNi1RG]NFaJ`ePfSbhC�ÉIC�]NePÊ�C�b � Þ�Ü���L[H�FPEZ]NC»J`e/HgLNi1RG]NFaJ`C
F²]NFPf`ÌIC�ODRZi1E�C�f�eaË bhL���C�f`C�OIJ*HgC�OGHgeIfMH��ÎLNOhËÎfMFPf`C�b�WºEGRZi)Ê�C�f�WdT�FPi/C�fMFGWºFaO�b ]NFIHgC�f��
Ö \ZLj]NC9i)eaJMLjeIOÙLNH�HgLNi1RZ][F�JMC�bÙEDÏ;bZLjfMC�T"J`]NÏÑRGH`LjOGÌ�J`\ZC
ÉvFP]jRGC�H�ePËSJMfMFPOGH`]NFaJ`LNePOGFP]4FaOGb
f`ePJMF�JMLjeIOGFa]�T�ePOoJ`fMeP]�T"eIi)i)FPOGbZHSJMe9T"ePi)ÊZRZJ`C F/OZC Ö HKJVF�JMCPÕ
á \ZLj]NC1i)eoHKJ#eaË$J`\GC/FPE�e�ÉIC Ö eIf`U6T"eIOGT"C�OIJMfMFaJ`C�H»ePO6JM\ZC)HgLNi1RZ][F�JMLjeIO�eaË�H`C�O�HgeIfMH

Ö \ZLj]NC°i)ePfMC)ePf�]NC�HMH�OZC�ÌI]jC�T�JMLjOZÌ*JM\ZC°i)eaJ`LNePOÙeIRZf�i°FaLNO�ÌIeIFP]$LjO�J`\GLNH�Ê�FaÊ�C�f�L[H FaO
FPT�T�RZfVF�J`C°H`Lji�RZ][F�J`LNePO�eaËSJ`\GC9f`eIE�ePJMH�ä^bhÏDOGFai)L[T�FP]4E�C�\GFvÉDLjeIf Ö \ZLNTV\ÙE�C�T�ePi)C�H�ÉIC�fMÏ
Lji)Ê�ePf`JMFaOoJ#LjO;\ZLjÌI\hÍyHgÊ�C�C�b�C�ODÉDLjfMePOGi/C�OoJMH.H`RGTV\ÑFIH@FPRhJ`eIOZePi)eIRGH»fMePE�eaJ@H`ehT�T�C�f�Õ è O
J`\ZCÙéAePE�e���RGÊ¹Y�L[bGBDLN_�C���C�FPÌPRZCÑFPEZfMRZÊhJ*TV\�FaOZÌIC�H9LNOâH`Ê�C�C�b¹FaOGb bZLjfMC�T"J`LNePO¹FPf`C
FPH T�ePi)i)ePO3FPH�J`\ZC�Ï�FPf`C°LNO3F6f`C�Fa]ºH`ehT�T�C�f ÌoFai)CPÕ�à@RGf1FaÊZÊGf`eoFPTV\;J`e´H`Lji�RZ]NFaJ`LNOZÌ
TV\GFaOZÌIC�H)LNO HKJVF�J`C�LNO f`eIE�ePJ`L[T�H)LNODÉPeP]NÉPC�H)OZC�RGfMFP]A]jC�FafMOZLjOGÌ;ËÎfMePi f`C�Fa]AfMePE�eaJ9bZFaJMF
FaOGbÑLNH�W^FPH Ö C Ö LN]j]4H`\Ze Ö W�C�FPH`Ï�C"ÒDJMC�OGbZFPEZ]NC/FPOGb´\ZLNÌP\G]jÏ Ð RGFP]jL��GC�bÑE�C�T�FPRGHgC/eaËSL®JVH
EZf`LN]N]jL[FaOoJ»FPT�T"RZfVFPT�ÏPÕ
cd\ZC1fMC�i°FaLNOGbhC�f»eaË$JM\ZL[H.ÊGFPÊ�C�f@L[H@ePfMÌIFaOGLj_�C�b6FPH»ËÎeP]N]je Ö H�
 è OÑH`C�T"J`LNePO�� Ö C Ö Lj]N]

bhC�HMT"fMLjE�C°ePRGf�i/ePJ`LNePO �!�ZÕjÞ��¯FaOGb�HgC�OGH`ePfMÏ´i)eDbZC�]"�#�hÕ ç$�.ËÎeP]N]je Ö C�b;EDÏÑHgJMF�JMLNHgJ`L[T�H�J`e
bhehT"RZi)C�OoJ»JM\ZC�FIT�T�RZfMFIT"Ï��#�hÕ{ß��"Õ�BDC�T�J`LNePO´ç°H`\Ze Ö HdJM\ZC fMC�H`RZ]jJMH»ePË4HgeIi/C H`RGT�T"C�HMHgËÎRZ]
C"ÒhÊ�C�f`LNi)C�OoJMH)bheIOZC Ö L®JM\�fMC�FP]AHgehT�T�C�f)fMePE�eaJMH Ö \ZeoHgC*E�C�\GFvÉDLNePf/\GFPH)E�C�C�O�LNi)ÊZ]jC�Í
i/C�OoJ`C�b6FPOGb
]NC�FPf`OGC�b�LjO*J`\GC HgLNi1RZ][F�JMePf�Õh×ªLNOGFP]j]NÏ�H`C�T"J`LNePO*Ú)T�ePOGT�]jR�bhC�H�Õ
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è O FIbZbhLjJ`LNePO�J`e3FPOãFIT�T"RGfMFaJ`C6i)eDbZC�]NLjOZÌÙePË¯H`C�OGH`ePfVH)FaOGbãi)eaJMLjeIOãF�i�RZ]®JML.fMePE�eaJ
HgLNi1RZ][F�JMePf#Hg\ZeIRZ][b�E�C/FaEZ]NC JMe�H`Lji�RZ][F�J`C/bhL���C�f`C�OIJ#UDLjOGbGH.ePË4f`eIE�ePJMH Ö LjJ`\ÑJ`\ZC�Ljf#fMC"Í
HgÊ�C�T"J`LNÉPCAi)eaJMLjeIO/ÊGf`e��G]jC»FIT�JMLjOZÌ FaJ$J`\ZC@H`FPi/CdJMLji)CIÕIÝ i)ehbhC�]GeaËXJ`\ZCAfMePE�eaJVH�äIHKJVF�J`L[T
C�ODÉDLjfMePOZi)C�OIJ)FPH Ö C�]j]dFPH�i)ehbhC�][H/eaË@bhÏDOGFPi)LNT
ePE��KC�T�JMH/H`\ZePRZ][b3E�C*C�FPH`Ï�J`e;LjOoJ`C�Í
ÌPfVF�J`CIÕI×GRZfgJM\ZC�fMi)ePfMC.LjJSL[HSC�HMHgC�OoJ`L[Fa]ZJM\GF�JAF \GLjÌI\
ODRZi1E�C�fSeaËª]jC�FafMOZLjOGÌ1bZF�JVF1T�FaO9E�C
ePEhJVFaLNOZC�b�LjO�F/fMC�FPH`ePO�FaEZ]NC@Ê�C�fMLNeDb�eaË�J`LNi)CPÕ
cd\ZC�i°FPLjO/bhL �XC�fMC�O�T"CdE�C�J Ö C�C�O�ePRZf$H`Lji�RZ]NFaJ`eIf�FPOGb�JM\ZCAéAePE�e���RZÊ/HgehT�T"C�fVH`C�fMÉPC�f

� Þ�Ú���L[HAJM\GF�J Ö C1H`LNi1RZ][F�JMC F)J`C�Fai eaË$f`C�Fa]^fMePE�eaJVH Ö \ZLN]jC/HgehT�T"C�fVH`C�fMÉPC�fAH`Lji�RZ][F�J`C�H»F
\oÏDEZfML[b�W�LjO HgeIi)C*FIHgÊ�C�T"JMH)\DRZi°FaOhÍ�]NLjUICPW$HgehT�T"C�f/ÊZ][FvÏPC�f�Õ4à@RZf/J`C�Fai �ÎJ`\ZC������� "!
#�$&%'$)(+*-,.,)/10'2 � Þ�� � T"ePO�HgL[HKJVH�eaËdËÎeIRZf �4LNePOGC�C�f è fMePE�eaJVH � Þ�ß�� Ö \Ze´ePEDÉDLNePRGH`]jÏÑ\GFvÉPC
HgC�ÉPC�fVFa]�bhLNHMFPbZÉvFPOoJMFaÌIC�H4T�ePi)ÊGFPf`C�b Ö LjJ`\�FaO9FaÌIC�OoJºePË�J`\ZC#HgehT�T�C�fVHgC�f`ÉIC�f 
�cd\ZC�Ï°T�FPOhÍ
OZeaJ \ZeI]Nb;JM\ZC9EGFP]j]4LjËdL®J�bZeoC�H¯OZeaJ/T"ePi)C°bhLNf`C�T�JM]jÏ;LjOoJ`e6JM\ZC�LNf EGFP]j]jÍ�ÌPRZL[bhLNOZÌ�bhC�ÉDL[T"C
FaOGb;ÊGF�JM\ÙÊZ]NFPOZOZLNOZÌ Ö L®JM\²f`C�Fa]�fMePE�eaJMH¯E�C�T�ePi)C�H¯i)eIf`C°T"eIi)ÊZ]jL[T�FaJ`C�b´JM\GFaOÙLNO;JM\ZC
HgehT�T�C�fVHgC�f`ÉIC�f Ö \ZC�fMC/J`\ZC ��C�][bÙLNH�FPE�eIRhJ9Þ�Üoß9JMLji)C�H�3�Ü*i)C"JMC�fVH�FaOGbÙF*ÊZ][FvÏPC�f¯\GFIH
F;bhL[Fai)C�J`C�f)ePË.ePOZ]NÏ3ÜZÕ ç´i)C�J`C�fVH�Õ�Y´ePfMC�e�ÉPC�f�J`\GC*E�Fa]N]dT�FaO�ÌPe´JM\ZfMePRZÌI\�F´ÊG]NFvÏIC�f
LjOÑH`ehT�T�C�fVHgC�f`ÉIC�f �ÎLjË4L®J#LNH.Ë½FPHgJ.C�OZePRZÌI\��AFPOGb´T�FPO�E�C�ÌPLNÉPC�O6F9ÉPC�]NehT"LjJKÏ�ÉIC�T"J`ePf.EoÏ6F
ÊZ]NFvÏIC�f@\GFvÉDLjOZÌ�L®J�LNOÑLjJMH#UDLNTVUDLNOZÌ*fMFPOZÌPCIÕ�cªC�Fai°H#]NLjUIC1JM\ZC5456 08792808*.:)/<;=0 6?>A@ 28BC$D08E�F
/G0'2 � Þ�Û���\GFvÉPC.H`\Ze Ö O)JM\GF�JºLNO°JM\ZC@H`ehT�T"C�fMH`C�fMÉPC�f�C�ODÉDLjfMePOZi)C�OIJ�]jC�FafMOZLjOGÌ Fa]NÌPePfMLjJ`\Zi°H
Ê�C�fgËÎeIf`i�C�ÒhT�C�]N]jC�OoJ¯FPOGbÑF�]jePJ#E�C"J`J`C�f@JM\GFaOÙF�\oRGi)FPOÑE�C�LNOZÌ6T"ePOoJMf`eI]j]NLjOGÌ�F�ÊZ]NFvÏIC�f
Ö L®JM\6F
�Ke�ÏhHgJ`L[TVU�Õ
è O9FPbZbhLjJ`LNePO)JMe1eIRZf �4LNePOGC�C�fºf`eIE�ePJMH Ö C.HgJMFaf`J`C�b�J`e C�ÒoJMC�OGb9ePRZfºH`LNi1RZ][F�JMePf4EDÏ/LjOoJ`C�Í
ÌPfVF�J`LNOZÌ F�i)ehbhC�]�ePËXeIRZf�Q �ZÞAf`eIE�ePJMH Ö \GLNTV\ Ö C.RGH`CAËÎeIfºLNOGbheDePf�C"ÒhÊZ]NePfVF�J`LNePO/JVFPH`UDH�Õ
Q�C�ËÎePfMC Ö C@bhC�HMT"fMLjE�CdJ`\GC.T"eIi/Ê�ePOGC�OoJMHºeaË�ePRZf�HgLNi1RZ][F�JMePf4LNO9bhC�JMFaLN] Ö CAEZfMLjC1HGÏ/Ê�eILjOoJ
ePRhJAJM\ZC�i°F?�KePfAFIbhÉ�FaOoJMFPÌPC�HSePË�Y6Íyé»à¯Bhê 


I cd\ZC�LNOGbhLNÉoL[bhRGFP]�bhÏDOGFPi/L[T#i)eaJ`LNePO*ÊZfMe��G]NC¯eaË$F/f`eIE�ePJAT�FaO*E�C�]NC�FPf`OGC�b�Õ
I cd\ZC3H`Lji�RZ]NFaJ`eIf*L[H6C�FIHgÏ¹C"ÒDJ`C�OGbZFaEG]jC²FaO�bâT�FaO T"ePi�EZLNOZC�J`\ZC3H`Lji�RZ][F�J`LNePO'eaË
f`eIE�ePJMH Ö LjJ`\�bhL���C�f`C�OoJ.bhÏDOGFai)L[T@i)ePJ`LNePO*ÊZf`e��G]NC�H�Õ

I Y�ehbhC�][H�eaËAeaJM\ZC�f/ePE��KC�T�JVH �½HgJMFaJ`L[T
FPOGb²bhÏDOGFai)L[T�� ePf1\DRZi°FPOGH1T�FaO3C�FPH`Lj]NÏÑE�C
LjOoJMC�ÌPfVF�JMC�b�Õ

I ��e Ö C�fMHSFafMC¯i)eDbZC�]NC�b*FPT�T�ePfVbhLNOZÌ1JMe)J`\ZC�LjfAÊG\oÏhH`LNT�Fa]�fMRZ]NC�H�Õ
I BoJ`C�Ê�EDÏ�HgJ`C�Ê/FaOGFP]jÏhH`LNH�FaO�b�i)ePOZLjJ`eIf`LNOZÌ@H`RZÊZÊ�ePf`JMHªJM\ZCSbZC�ÉPC�]jeIÊZi)C�OoJªePË�T"eIOoJ`fMeP]
HgePË J Ö FPf`CIÕ

I cdLji)C@]NFPÊGHgC#Fa]N]je Ö HºÊ�C�fgËÎeIf`i)LNOZÌ1F�ÌIf`C�F�JºODRZi�E�C�f�ePË^C"ÒhÊ�C�fMLji)C�OoJVHºLNO9C"ÒhLNÌPRZeIRGH
J`LNi)CPÕ

I cd\ZC1T�ePOoJ`fMeP]^H`eaË J Ö FafMC#T�FaO6C�LjJ`\GC�f.E�C ]NLjOGUPC�b Ö LjJ`\6JM\ZC HgLNi1RG]NFaJ`ePf@T"ePfMC¯ePfAJM\ZC
f`C�Fa]�fMePE�eaJ�Õ

JLKNM O�PRQ)SUT+VWT+XZY�[]\+P_^W`�[ba=ced]T+Q)fgVWhjikP_lmQ.n]VW[bS

è O J`\ZL[H
H`C�T"J`LNePO Ö CÑbhC�H`T�f`LNE�CÑ\Ze Ö J`eµ]NC�FPf`O F3bZÏoO�Fai)LNT´i/ehbhC�]@ePË¯J`\ZC;i/ePJ`LNePO
E�C�\GFvÉDLjeIf
eaË/F �4LNePOGC�C�f è fMePE�eaJ�ÕdY�ehbhC�]NH6T�FPO¹H`Lji)LN]NFPf`]NÏ�E�CÙ]jC�FafMOZC�bãËÎeIf�ePJ`\ZC�f
f`eIE�ePJMH Ö LjJ`\*J`\ZC�fMC�H`Ê�C�T�JMLjÉIC�bZF�JVF/FaJA\GFaOGb^Õ



cd\ZC bhÏDOGFai)L[T¯HKJVF�J`C¯ePËªJM\ZC�f`eIE�ePJ»F�J»F°T"C�fgJVFaLNO
JMLji)C��4L[HdÌPLNÉPC�O�EDÏ9JM\ZC Ð RZLNOIJMRZÊZ]NC
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�
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Ö \ZC�fMC 	�� FaOGb ��� FPf`C)T"eDeIfMbhLNOGFaJ`C�H.LjOÙF9ÌI]jeIEGFa]�H`ÏDHgJ`C�i6W ��� L[H@J`\ZC/ePfMLjC�OoJMF�JMLjeIO´eaË
J`\ZC�f`eIE�ePJ�FaOGb ���
� � � �����
� � �1FafMC°J`\ZC
J`fVFaOGH`][F�J`LNePO�Fa]"�½f`ePJMF�JMLjeIOGFa] �¯ÉIC�]NeDT�L®JMLjC�H�Õ�cd\ZC
f`eIE�ePJ@T"eIOIJMf`eI]ªH`ÏhHKJMC�i LNHMHgRGC�H.bZf`LNÉDLjOZÌ�T"ePi)i°FaO�bZH � �!�"���
�#�$���$�
�%� Õ�cd\GC�bhÏDOGFPi/L[T
i/ehbhC�]GËÎeIfºJM\ZC¯TV\GFaOZÌIC»LNO
HKJVF�JMC»ËÎfMePi�J`\ZC#T"RZfMfMC�OoJSHgJMFaJ`C �'& JMe JM\ZC#H`RGT�T"C�HMH`ePfºHgJMFaJ`C
�)(%*+&%& RGH`C�b*EDÏ°JM\ZC HgLNi1RG]NFaJ`ePfdL[H»FPT Ð RZLjfMC�b
EDÏ
]NC�FafMOZLNOZÌ�J`\ZC�i°FaÊGÊZLjOGÌ

, 
 �)&.- ��/0 �)(%*+&%& �#���

ËÎf`eIiæC"ÒhÊ�C�fMLjC�OGT"CIW�JM\GF�J�L[H¯f`C�T"eIfMbhC�bÑbZFaJMF
ËÎf`eIiæfMC�Fa]�fMePE�eaJ¯f`RGOGH�Õªà@RGf¯H`LNi1RZ][F�JMePf
]jC�FafMOGH)J`\GLNH°i°FPÊZÊZLNOZÌ3RGH`LjOGÌ3F²HKJVFaOGbZFPfMb�i1RG]®JML.][FvÏPC�f°OGC�RZfVFa]»OGC"J Ö ePfMU � 3�� Ö LjJ`\
ePOZC9\GLNbZbZC�O²][FvÏPC�f FPOGb²H`RZÊ�C�f`ÉDL[HgC�bÙ]jC�FafMOZLNOZÌ Ö L®JM\²J`\ZC�é �ºé»à �ÔFa]NÌPeIf`LjJ`\Gi � ÞU3 ��Õ
��ePOGH`LNbZC�fMLjOZÌ´J`\ZC6T"RZfMfMC�OoJ�HgJMF�JMC �)& FaJ 	1&2� Ü �
�3&4� Ü � FPOGb �5&2� Ü´LNO�F´]jehT�FP]
HgÏhHgJ`C�i Ö C6T�FPO�fMC�bhR�T"C�J`\ZC6LNOZÊZRhJ
bhLNi)C�OGH`LNePO�J`e�Ú�EDÏ3T�ePODÉPC�fgJMLjOZÌ;J`\GC6H`RGT�T"C�HgÍ
HgeIf@HgJMF�JMCPä H � �)(%*+&%& ä H�� 	�(%*+&%&6�
�7(�*8&%&6����(�*8&%& LNOoJ`e9JM\GF�J¯]NeDT�Fa]�HgÏhHgJ`C�i �ÎJ`\GFaJ#i)C�FPOGH Ö C
f`C�ÌIFafVb , 	�� , �1� , � LNOGHgJ`C�FIb*eaË 	1(%*+&%&9�
�7(�*8&%&'���5(%*+&%& ��


, 
 �"���
��:9�$���$���;:9�$���
���������
��� /0 � , 	�� , �1� , �<�����
��=;>):":9�������
�;=;>):":�� ��ç$�

å.H`LjOZÌ@J`\GLNH�i°FaÊGÊZLjOGÌ Ö C�\�FvÉPCS]jC�FafMOZC�b¯JM\ZCAbhÏDOGFai)L[T�H�eaË �4LNePOZC�C�f è fMePE�eaJMH�Õ��.RGf`LNOZÌ
bZF�JVF�FIT Ð RZL[HgLjJ`LNePO Ö C�\GFvÉPC;C"ÒhC�T�RhJ`C�b¹F Ö LNbZC;É�FafMLNC"JKÏ eaË�OGFvÉDLjÌoF�J`LNePOâH`T�C�OGFPf`LNeIH
T"e�ÉPC�f`LNOZÌ C�ÉPC�O�FaEGf`RZÊZJATV\�FaOZÌIC�H�LjO*ÉPC�]jehT"LjJKÏ°FaOGb�ePfMLNC�OoJMFaJ`LNePO°JMe/T�ePi)ÊZ]NÏ Ö L®JM\�JM\ZC
f`C Ð RGLjfMC�i)C�OoJVH^eaË�\ZLjÌI\hÍyHgÊ�C�C�b�OGFvÉDLjÌoF�JMLjeIO^Õ á Cº\GFvÉIC�T�eP]N]jC�T�J`C�b FAJMeaJVFa]oeaËZi)ePfMC4JM\GFaO
Þ�ÜPÜGÕ ÜIÜPÜ�J`fVFaLNOZLNOZÌ�ÊGFaJgJ`C�f`O�H ËÎfMePi f`RGOGH Ö LjJ`\µF´f`C�Fa] �ºLjeIOZC�C�f è f`eIE�ePJ�Õ�Ý»]jJ`\ZeIRZÌP\
J`\ZC»]NC�FPf`OGLjOZÌ¯JMLji)CAJMeDePU�F#ËÎC Ö \ZePRZfVH$eIO9F 	 ÜPÜ¯Y@?._»i°FPTV\ZLNOZCAJM\ZC.T�ePi)ÊZRhJVF�J`LNePO�Fa]
Fai)ePRZOoJAeaË�J`\GC�OZC�RZfVFa]�OGC"J Ö ePfMU Ö \ZLj]NC�fMRZOZOZLNOZÌ/J`\ZC H`LNi1RZ][F�JMLjeIO�L[HdLjO �GOZLjJ`C�H`LNi)FP]�Õ

JLKAJ A�[ Tm`-VW\+PRSUVNTmXCB l d]`-VWh&Q ^<B S?[�D�PRS8E VWP_`
Ý»]N]�fMePE�eaJVH4FafMC»bhC�FP]jLNOZÌ i)eIf`CAeIfº]NC�HMH Ö LjJ`\9F bhC�FPb/JMLji)C Ö \GLNTV\°i)C�FPOGH$JM\GF�JSF�JºJM\ZC
i/eIi)C�OoJ�F�fMePE�eaJ1L[H Ê�C�f`ËÎePfMi)LjOGÌ´F�]je Ö ]NC�ÉIC�]ºT�ePOoJ`fMeP]ºT�ePi)i°FaOGbÙLjJ�\�FPH FP]jfMC�FIbhÏ
HgC�OIJ.T�ePOoJ`fMeP]�T�ePi)i°FaOGbZH �ÎCPÕ ÌGÕZJ`fVFaOGH`]NFaJ`LNePOGFP]�FaOGb*fMeaJMFaJ`LNePOGFP]�JMFafMÌPC�JAÉPC�]NehT"LjJKÏ �4ËÎeIf
ËÎRZfgJM\ZC�f#i)e�ÉPC�i/C�OoJMH�Õ è O�JM\ZC�T�FPH`C1eaË �ºLjeIOZC�C�f è fMePE�eaJMH»J`\ZC)bhC�FPb*J`LNi)C�L[H#FafMePRZOGb
çPÜPÜ�i°H Ö \ZLN]jC/J`\GC9T"ePOoJMf`eI]j]NC�f¯FPT�T"C�ÊZJMH#J`C�O²T"ePi)i°FaO�bZH#Ê�C�f HgC�T"ePO�b�Õ^c�e�T�ePOGH`LNbZC�f
J`\ZC9bhC�FPb;J`LNi)C
Y6Íyé»à¯Bhê Ö fMLjJ`C�H ]je Ö ]jC�ÉPC�]�T"ePOoJMf`eI]�T�ePi)i°FaOGbGH¯LjO3F Ð RZC�RGC9FaOGb
Ö FPL®JVHAF/T�C�f`JMFPLjO�J`LNi)C�E�C�ËÎePfMC�C"ÒhC�T�RhJ`LNOZÌ/J`\ZC T�ePi)i°FaOGbGH�Õ

F l+QGD�P_` [baIHKJ1L-P_h#E-` Q)Tm\NM T n]V S?[ Tmf PRT1E cd\ZC�Hg\�FaÊ�C�H�eaË fMePE�eaJMH�FaOGb¹FaODÏ
eaJ`\GC�f#ePE��KC�T�JMH#FafMC1i)ehbhC�]jC�bÑFPH@Ê�eP]NÏoÌIePOGH@ePf#T"LNfMT�]jC�H ��HgC�C ��ÌGÕ�Þ ��Õ�cd\ZC)T"eIf`OGC�fVH»eaË
J`\ZC@Ê�eI]jÏDÌPeIO �ÎfVFPbhLNRGH4ePËXJ`\ZC.T�LjfVT"]NC �4FPT�T�ePfVbhLNOZÌ¯J`e�JM\ZC»eIE��KC�T"JMH4fMC"ËÎC�f`C�OGT"CAÊ�ePLNOoJSFPf`C
f`C�FPb6ËÎfMePi�F*Hg\GFPÊ�C�Í!��]jCIÕ�Ý �4LNePOZC�C�f è f`eIE�ePJ@L[H¯bhC�HMT"fMLjE�C�b´EoÏ�F�Ê�eI]jÏDÌIePO Ö \ZLN]jC)F
Q �ZÞ¯f`eIE�ePJ»ePf»F)EGFP]j]�FPf`C¯fMC�ÌoFafVbhC�b*FPHAF°T�LjfVT"]NCPÕGcd\GC FPbhÉ�FaOoJVFaÌPC¯ePË�Ê�eP]NÏDÌPePO�HAFaOGb



Environment
RoboCup MidSize
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T"LNfMT�]jC�H�LNH�J`\GFaJ1ÊZ\DÏhHgL[T�FP]$]NF Ö H�ePËSO�F�J`RGf`C9T�FaOÙC�FIHgLN]jÏ;E�C�FaÊZÊZ]NLNC�b;J`e´H`Lji�RZ][F�J`C)ËÎeIf
LjOGHgJMFPOGT"C@J`\GC¯T�eP]N]jL[H`LjeIO Ö L®JM\*F�EGFP]j]}ÕG?»e Ö C�ÉPC�f�WIePOZC¯T�FPO
ÌIe1Ë½FPfSbhC�C�Ê*LjOoJMe�ÊZ\DÏhH`LNT�Fa]
HgLNi1RZ][F�JMLjeIO6EZRhJ Ö C �KRGHKJ#T"ePO�HgL[bhC�fdJM\ZC EGFIHgL[T#]NF Ö HSËÎeIf.T"eI]j]NL[HgLNePO6FaOGb�ËÎfMLNT"J`LNePO Ö LjJ`\
F1JMRZOGFPEZ]jC¯Ë½FIT�JMePfAeaË�fMFPOGbheIi*Õ
×ZRZf`J`\ZC�f`i)eIf`C´Y6Íyé»à¯Bhê T�FPO HgLNi1RG]NFaJ`CÑFÙi°FaOGLjÊZRG]NFaJ`ePf�ePO FÙfMePE�eaJ
LNOoJ`C�fMFIT�J`LNOZÌ
Ö L®JM\ FPO ePE��KC�T�J�Õ ��RZf`fMC�OoJM]jÏ²JM\ZL[H°LNH
bhePOZC6EDÏ�FPOGFa]NÏoJ`L[T6T"ePi)ÊZRZJMF�JMLjeIO �ÎÊ�eIH`L®JMLjeIO^W
bhLjfMC�T"J`LNePO^WXFaO�b�Ê�e Ö C�f#eaË$JM\ZC/i)FPOZLNÊZRZ][F�J`eIf.i�RGHKJ¯E�C/H`Ê�C�T"L��GC�b´LjOÑJ`\ZC/f`C�HgÊ�C�T"J`LNÉPC
T"ePO �GÌPRZfVF�JMLjeIO ��]jC���ÕDQ�RZJ�HgLNi)Lj][Faf4J`e�JM\ZC.fMePE�eaJVH�äPbZÏoO�Fai)LNT�H�J`\GC.i)e�ÉPC�i/C�OoJMH$ePË�JM\ZC
i)FPOZLNÊZRZ][F�J`eIf»T�FPO*E�C�]NC�FafMOZC�b�ÕG×ZeIfdJ`\ZC�bhC�HMT"fMLjÊZJ`LNePO*eaË�J`\ZC C�ODÉoLNfMePOZi)C�OoJ»FaOGeaJ`\GC�f
T"ePO �GÌPRZfVF�JMLjeIO��G]NC H`Lji)LN]NFPfdJ`e/J`\ZC H`\GFPÊ�C�Í!�G]NC#ËÎePfAfMePE�eaJVHdC"ÒhLNHgJMH�Õ

JLK�� F VWf��m^NQGE VN[bT [ba B�PRS?h&P3D�E-VW[ T
cd\ZCºH`C�OGH`ePf^i)ehbhC�]PRGH`C�b�LNO�ePRGf�éAePE�e���RGÊ HgLNi1RZ][F�JMLjeIOGH�H`edË½FafªLNHªFAÉPC�f`Ï#HgLNi)ÊZ]NC4ePOZC$

cd\ZCdf`eIE�ePJ�fMC�T�C�LNÉPC�H�\ZL[H�T"RZfMfMC�OoJ�HgJMFaJ`CAbZFaJMF Ö L®JM\)H`ePi)CdHgLNi1RG]NFaJ`C�b�OZeILNH`CPÕ��@ePLNOZÌ�Hge
Ö C¯FPHMHgRGi/C@J`\�F�JdJ`\ZC�H`C�OGH`ePfVH�eaËªeIRZfdf`eIE�ePJMHdFafMC¯Fa]Ni/eoHKJdÊ�C�f`ËÎC�T�J Ö \ZL[TV\
eIEDÉoLNePR�Hg]NÏ
LNH�F Ö fMePOGÌ@FPHMH`RZi)ÊhJ`LNePO^Õvcd\ZC�f`C�ËÎePfMC Ö C�FafMC�T�RZfMf`C�OIJM]jÏ Ö ePfMUDLjOZÌ.ePO1F@i)ePfMCºfMC�Fa]NL[HKJMLNT
FaÊZÊZfMeIFITV\ 
 è O²HgC�ÉPC�fMFP]4éAePE�e���RZÊÙÌoFai)C�H Ö C°\GFvÉIC/fMC�T�ePfVbhC�bÑJ`\GC! B 08* /#" HgJMFaJ`C°eaË
F�fMePE�eaJ � �½ÌPLNÉPC�O�EDÏÑF6T�FPi/C�fMF�i)ePRZOoJMC�bÙF�J¯J`\GC9T"C�LN]NLjOZÌ6ePËºJ`\GC°f`eDePi��#FaO�bÑJM\ZC
HgC�OGHgeIf`Ï3bGF�JMFÙÉIC�T"J`ePf%$ LNOãÊ�FafVFa]N]jC�]�Õ4cªe3FPTV\ZLNC�ÉIC*FÙfMC�FP]jL[HgJ`L[T*H`LNi1RZ][F�JMLjeIOãePË@JM\ZC
HgC�OGHgeIfMH Ö C Ö Lj]N]^]NC�FafMO�J`\ZC�i°FaÊGÊZLjOGÌ

& 
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ËÎf`eIi F´T�RZfMf`C�OIJ�f`eIE�ePJ1HKJVF�J`C � & LjO²JM\ZC�H`LNi1RZ][F�JMePf�JMe�J`\ZC*T"RZfMfMC�OoJ�H`C�OGH`ePfMÏÑbZFaJMF
ÉPC�T"J`eIf($ & ÕDê4ÒhÊ�C�f`LNi)C�OoJMH Ö Lj]N]�Hg\Ge Ö L®Ë & L[H�E�C�HgJAf`C�ÊZfMC�H`C�OoJ`C�b)EoÏ9FPO
LNOoJ`C�fMÊ�eP][F�J`LNOZÌ
]jeDePUDRZÊZÍ�JVFaEZ]NCPWdbhC�T�LNH`LNePO JMf`C�C�H9eIf�OGC�RZfVFa]#OZC"J Ö ePfMUhH°JMfMFPLjOZC�b Ö LjJ`\ JM\ZCÑfMC�T�ePfVbhC�b
bZF�JVFZÕ
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JLK�� M�� E P_T+` V;J+VN^WV
E'd

cd\ZC�Y6Í�é»à¯BhêãH`ÏDHgJ`C�i>LNO�ÌIC�OZC�fMFP]�L[HAFaEG]jC@J`e°H`Lji�RZ]NFaJ`C�bhL���C�f`C�OoJdUDLNOGbZHdePËªfMePE�eaJMH�Õ
êºFPTV\ãfMePE�eaJ°J`e²E�CÑH`Lji�RZ][F�J`C�b T�FaO E�CÑH`Ê�C�T"L��GC�b LNO F²T"eIO �GÌPRGfMFaJ`LNePO ��]jC Ö \GLNTV\
T"ePOoJVFaLNOGH9LNOhËÎePfMi°F�JMLjeIO¹FaE�ePRhJ*J`\GCÑOGFPi/C�H
ePË J`\GC�H`\GFaÊ�C"Í#�G]NC;FPOGb J`\GC;OZC�J Ö eIf`UoÍ
�G]jC � Ö \ZLNTV\ÙH`Lji�RZ]NFaJ`C�H.JM\ZC)i)eaJ`LNePO �.ePËºJM\ZC)f`eIE�ePJ�Õ è OÑËÎRZJ`RZfMC)LjOhËÎeIf`i°FaJ`LNePO;FPE�eIRhJ
J`\ZC´fMePE�eaJVH9H`C�OGH`ePfVH �½FaO�b & LjO ÊGFPfgJMLNT�RZ][Faf � Ö LN]N].E�C´LjO�T"]NRGbhC�b^Õ�cd\ZC´ODRZi�E�C�f9eaË
f`eIE�ePJMH�Ê�eIHMHgLNEZ]NC°J`e;E�C�HgLNi1RZ][F�JMC�bÙL[H1LNO �GOGL®JMC
EZRhJ�Wª\Ge Ö C�ÉPC�f�W^F�][FafMÌPC°ODRZi�E�C�f1eaË
f`eIE�ePJMH ��bhC�Ê�C�OGbZC�OoJ�eIO J`\ZCÑT�ePi)ÊZRhJVF�JMLjeIOGFa]»Ê�e Ö C�f � Ö Lj]N]@bhC�ÌPfVFPbhC6JM\ZCÑH`ÏhHKJMC�i°H
Ê�C�fgËÎeIf`i°FaO�T"C Ö L®JM\6f`C�HgÊ�C�T"JSJMe)f`C�Fa]XJ`LNi)C HgLNi1RG]NFaJ`LNePO6FaOGb�J`LNi)C�]NFPÊGH`CPÕ

JLK�� �eh&h��mS?Q)hDd

ê4É�Fa]NRGF�JMLjOGÌÑFafMePRZO�b Þ�ÜIÜ6J`fVF?�KC�T�J`eIf`LNC�H C�FPTV\3J`C�OãHgC�T"eIOGbZH LNOµ]NC�OGÌaJ`\ãbhfMLjÉIC�O Ö LjJ`\
F�fMC�FP] �4LNePOZC�C�f è fMePE�eaJ FaO�b @ $?B RGH`C�bÑËÎePf�]NC�FPf`OZLNOZÌ Ö C/ËÎeIRZOGbÙFaO�FvÉPC�fVFaÌIC1C�f`fMePf
eaË �
	 LjO JM\ZC;H`LNi1RZ][F�JMLjeIOãePË�Ê�eoHgLjJ`LNePO FPOGb ePfMLjC�OoJMF�JMLjeIO^Õ á C´E�C�]NLjC�ÉPC�JM\GF�J�J`\ZL[H
C�fMf`eIf»]NFPf`ÌIC�]NÏ
fMC�H`RZ]jJMHAËÎfMePi J`\GC1LNOZ\ZC�fMC�OoJ#LjOGbZC"J`C�f`i)LNOZL[HKJMLNT1E�C�\GFvÉDLjeIf»eaË$JM\ZC1fMePE�eaJ
T"ePOoJMf`eI]j]NC�f�Õ$cd\ZLNH9LjOGbZC"J`C�f`i)LNOZL[HKJMLNT6E�C�\GFvÉDLNePf°LjJMH`C�]jË#R�HgRGFP]j]NÏ3]NC�FIbZH)J`e²FPO FvÉIC�fVFaÌIC
C�fMf`eIf9T"]NeIH`C�J`e3eIOZC�Ê�C�fVT"C�OoJ�Õ�ÝAË JMC�f*C"ÒDJ`fMC�i)C´O�FvÉoLNÌIFaJ`LNePO HgLjJ`R�F�J`LNePO�H Ö \ZC�f`C�JM\ZC
J`fVFaOGH`]NFaJ`LNePOGFP]�ÉIC�]NehT"LjJKÏ Ö FIH�H`C"J)ËÎfMePi ËÎRZ]N]dJ`e�_�C�f`eÙFaOGb3J`\ZC6fMeaJVF�J`LNePO�Fa]SÉPC�]NehT"LjJKÏ
Ö FIHSH`C"JdËÎfMePi _�C�fMe1JMe�ËÎRG]j] �½ePfdE�eaJ`\�J`\GC�eaJ`\GC�f Ö FvÏ9FPf`eIRZOGb ��H`ePi)C"JMLji)C�HdFPO�C�f`fMePf
eaË�RZÊ)J`e
Þ�Ü�	ÔLjO°eIf`LNC�OoJVF�J`LNePO �ÎÊ�eIH`LjJ`LNePO���ehT�T"RZfMf`C�b�ÕPcd\ZC�HgC»T�FPH`C�H4FPf`CAÊGf`eIEGFaEZ]NÏ JM\ZC
\GFafVbhC�HgJ JMe´ÊZfMC�bhL[T�J�FaJ�Fa]N]�FPOGbÙOZePJ�ÉPC�f`Ï�T"eIi/i)eIO²LjO²fMC�FP]4f`eIE�ePJ1OGFvÉDLNÌIF�JMLjeIOÙLjO
ÌPC�OGC�fVFa]}ÕP×�LjÌIRZf`C"� Hg\Ze Ö H4f`C�Fa]ZfMePE�eaJºFPOGb)ÊZfMC�bhL[T�JMC�b°bZFaJMF¯eaËXJM\ZC@H`Lji�RZ][F�J`eIf$LjO9J Ö e
ÊZf`C�É�Fa]NC�OoJ�JMfMFD�KC�T"J`ePfMLNC�H�Õhà@EDÉDLjeIRGH`]jÏ)JM\ZC¯i)FaJMTV\�eaËªÊGf`C�bhLNT"J`C�b�FPOGb9fMC�FP]�fMePE�eaJAbZFaJMF
]jeDePUhH�H`FaJ`L[HKËÎÏDLNOZÌGÕ�cd\ZC
fMC�i°FaLNOZLNOZÌÑH`i°Fa]N]�C�f`fMePfVH¯LjOãHgLNi1RG]NFaJ`LNePO3FafMC9EGFP]NFPOGT"C�bÙEDÏ
J`\ZC T�ePOoJ`fMeP]�H`eaË J Ö FafMC@fMRZOZOZLNOZÌ°F�J.F�ËÎfMC Ð RZC�OGT"Ï9ePËSÞ�Ü�?._#LNO*f`C�Fa]XJ`LNi)CPÕ
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ÝAË J`C�f1bhC�H`T�f`LNEZLNOZÌ*J`\ZC9H`Lji�RZ][F�J`LNePO�C�ODÉDLNf`eIOZi)C�OoJ¯FPOGb;f`C�ÌIFafVbhLNOZÌ*L®JVH�FPT�T�RZfVFPT"Ï Ö C
OZe Ö�Ö FaOoJ$JMe ÊZfMC�H`C�OoJºHgeIi)C.bhC�i)eIOGHKJMfMFaJ`LNePOGH�ePË^HgRGT�T"C�H`HgËÎRZ]ZfMePE�eaJ4E�C�\GFvÉDLNePf Ö \GLNTV\
Ö FIH.LNi)ÊZ]jC�i)C�OoJ`C�b´LNO;Y6Íyé»à¯Bhê¹FPOGb Ö ePfMUhH Ö C�]N]ªeIOÑfMC�Fa]�fMePE�eaJMH�ÕXcd\ZC�C�ÒZFai)ÊZ]NC�H
T"e�ÉPC�f@T�eoeIÊ�C�fMFaJ`LNÉPC1JMFPH`UhH ��T"eDePfVbhLNOGF�JMLjeIO´eaËSFPT�JMLjeIOGH@LjO�f`eIE�ePJ#H`ehT�T"C�f�W�ÊGFaJ`\ÑÊG]NFPOhÍ
OZLjOGÌ �dFPH Ö C�]N]^FPHAF)bhL��9T"RZ]jJ.i°FaOGLjÊZRG]NFaJ`LNePO�JMFPH`UXÕ
c�e)bhC�i)eIOGHKJMfMFaJ`C@J`\ZC�H`RGT�T�C�HMHKËÎRG]�E�C�\GFvÉDLjeIfMH Ö C#ÌPLNÉPC¯HgJMF�JMLNHgJ`L[T�FP]�f`C�HgRG]®JVHSFPOGb
FIbZbhLjÍ
J`LNePOGFP]j]NÏ ÊZfMe�ÉDLNbhCdfMePE�eaJ$ÉDLNbZC�eIH�eIO)ePRZf Ö C�E)ÊGFPÌPCPÕPBhe@Ë½FPfºFa]N]hC"ÒZFPi/ÊG]jC�H4FafMCdf`C�]NFaJ`C�b
J`e9éAeIE�e ��RZÊ^Õ

�]KNM c P_fg[bT+`6E1S?QGE VN[bT M
	+O�PRQ)SUT+VWT+XZh&[ [ S?\+VWT+QGE VN[bT
cd\ZC �GfVHKJ�C"ÒZFai)ÊZ]NCÑH`\Ze Ö H°\Ze Ö F3T�eoeIÊ�C�fMFaJ`LNÉPC6E�C�\GFvÉDLNePf9]NC�FPf`OZC�b LjO Y�Í�é»à¯Bhê
Ö eIf`UhH#ePO�f`C�Fa]$fMePE�eaJVH�Õªà@OZC)ePË�JM\ZC°UPC�Ï´LNHMH`RZC�H¯LNO�é»ePE�e���RZÊÙL[H#J`\ZC9T�eoeIÊ�C�fMFaJ`LNÉPC
T"eDePfVbhLNOGF�JMLjeIOµeaË#J`\GC�f`eIE�ePJMH�ä�FIT�JMLjeIOGH�Õ �$FPfgJ)eaË¯LjJ9LNH/JM\ZC´bhC�T�LNH`LNePO Ö \ZLNTV\ fMePE�eaJ
eaË4JM\ZC1JMC�FPi L[H@J`e�ÌPe9ËÎeIf.JM\ZC/EGFa]N]�Õ ��ePO�HgL[bhC�fMLNOZÌ9JM\ZC/T�RZfMf`C�OIJ#bhÏDOGFai)L[T�HgJMFaJ`C�H@eaË
Fa]N]�fMePE�eaJMHdePË$ePOZC�JMC�FPi FPH Ö C�]j]ªFPHAeIf`LNC�OoJMFaJ`LNePO�FaO�b�ÉIC�]NehT"LjJKÏ
eaË�JM\ZC�JMFPf`ÌIC"J.HgJMFaJ`C
OZC�FPf4J`\GC.EGFP]j]}WoFPOGb9FIbZbhLjJ`LNePOGFP]j]NÏPWIJ`\ZC#bhÏDOGFai)L[T.T�ePO �GÌIRZfVF�J`LNePO)ePË^ePEGHgJMFIT"]NC�H$JM\ZL[HºL[H
OZe�HgLNi)ÊZ]jC°bhC�T"L[HgLNePO�ÕXcªe6HgRZÊGÊ�eIfgJ¯J`\GLNH�bhC�T"L[HgLNePO Ö C�\GFvÉIC�LNi)ÊZ]NC�i)C�OoJ`C�b;F*OZC�RZfVFa]
ÊZf`e&�KC�T"J`LNePO�� Ö \GLNTV\²i°FaÊ�H1HgJMFaf`J � � ( ��FaO�b�JMFafMÌPC�J1HKJVF�JMC � � � �¯ePË»F�f`eIE�ePJ�J`e�JM\ZC
C�HgJ`LNi)FaJ`C�b´JMLji)C/OZC�C�b´JMe�fMC�FITV\�J`\ZC/JVFafMÌPC"J�HgJMF�JMC/T�ePOGH`L[bhC�fMLjOGÌ9J`\GC)T�ePO ��ÌPRZfVF�JMLjeIO
eaË¯ePEGHgJMFIT"]NC�H)FaOGbãÌILjÉIC�O F�bZÏoO�Fai)LNT6i)ehbhC�]»eaË#J`\ZC�fMePE�eaJVH)i)eaJ`LNePO �½H`C�C � ß��AËÎeIf
bhC"JVFaLN]NH�� 
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cd\ZC.fMePE�eaJ�
��1FIH`H`RZi)C�b/JMe E�C»J`\GC»Ë½FPHgJ`C�HKJdF�J�J`\ZC@EGFa]N] �½eaË�Fa]N]GfMePE�eaJVH�� �4LNHSTV\ZeIH`C�O
J`e°ÌPe�J`\GC�fMC�
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cd\ZLNHSC�HKJMLji°F�JMLjeIO
L[HdbhePOZC@EDÏ°C�ÉPC�f`Ï°H`LjOGÌP]NC.fMePE�eaJSFPOGb
T�ePOGH`L[HKJMC�OoJ �gÞ �ºLjO
J`\ZC¯H`Lji�RhÍ
]NFaJ`ePf �ÎE�C�T�FaRGH`C#J`\ZC¯fMePE�eaJVHºÌIeaJdLjOhËÎeIf`i°FaJ`LNePO�FPE�eIRhJSJ`\ZC�Ljf B 08* / HKJVF�J`C�H ��FaO�b��!�$�ºJ`e
F9\ZLNÌP\´C�ÒDJ`C�OoJ#LjO�JM\ZC1fMC�FP]�fMePE�eaJ#C�ODÉDLjfMePOZi)C�OIJ �ÎE�C�T�FPRGH`C1eaË4eIRZf@FIT�T�RZfMFaJ`C�ÉDL[HgRGFP]
]jehT�FP]jLN_�FaJ`LNePO�H`ÏDHgJ`C�i���ÕXÝ.H»i)C�OIJMLjeIOZC�b´LjO6JM\ZC1LNOoJ`fMeDbZRGT�JMLjeIO6J`\ZC/Fai)ePRZOoJ»ËÎeIf.bZFaJMF
FPT Ð RZL[H`L®JMLjeIO/FPOGb1]NC�FPf`OGLjOZÌ Ö FPH � \ZePRZfVH Ö \ZLN]jCd]NC�FPf`OZLNOZÌ Ö LjJ`\ZeIRhJºHgLNi1RG]NFaJ`LNePO Ö ePRG]Nb
\GFvÉPC@JMFPUPC�O*i)ePfMC#J`\GFPO�ÞvßaÜ�\ZePRGfMH�Õ

� P_` �+^
E-`�VNT Q S?P_Q)^�S?[�J�[�EkP_T n]V S?[ Tmf PRT1E c�e°bhC�i)ePOGHgJ`fVF�JMC.JM\ZC Ð RGFa]NL®JKÏ°ePËªJM\ZC
T"eDePfVbhLNOGF�JMLjeIO3i)C"J`\GeDbµLji)ÊZ]NC�i)C�OIJMC�b�LjOãY6ÍyéAà¯BZê Ö C�i)C�FIHgRGf`C
J`\ZC*ODRZi1E�C�f)eaË
f`eIE�ePJMH°ÌIePLNOZÌ�ËÎePf9JM\ZC´EGFP]j]@F�J9JM\ZCÑHMFai)C6J`LNi)CPÕd×ZRZf`J`\ZC�f Ö C�ePEGH`C�fMÉPC�\Ze Ö ]NePOZÌ
J`\ZC1HMFai)C fMePE�eaJ»ÌIeDC�HdËÎeIf»J`\GC EGFa]N] Ö LjJ`\GePRhJ@FPODÏ�ePJ`\ZC�f»f`eIE�ePJ»ÌPeILjOZÌ)ËÎeIf»JM\ZC EGFP]j]}Õ
cd\ZC@bZFaJMF Ö FIH�FIT Ð RZLNf`C�b/ËÎf`eIi ��ÉPC.fMC�FP]GfMePE�eaJSÌIFai)C�HºFaÌoFaLNOGHgJSbhL���C�f`C�OoJ�ePÊGÊ�eIOZC�OoJ
J`C�FPi°H.F�JAJM\ZC LNOoJ`C�fMOGFaJ`LNePOGFP]^f`eIE�ePJ.HgehT�T"C�f Ö eIf`][b�T�RZÊ��aÜIÜZÞIÕZcd\ZC�ËÎeP]N]Ne Ö LjOZÌ)JVFaEZ]NC



bhC�ÊZL[T�JVH#LjO´\Ge Ö i1RGTV\´Ê�C�fVT"C�OoJ@eaË$JM\ZC Ö \ZeP]NC JMLji)C1ÊG]NFvÏIC�b�OZeIOZCPW�ePOGCPWXFaOGb�i)eIf`C
J`\GFPO*eIOZC¯f`eIE�ePJ Ö C�OIJdËÎeIfdJ`\ZC�EGFP]j]}Õ

� f`eIE�ePJMHSÌPeILjOZÌ/ËÎeIfAEGFa]N] Ð RZePJMF/LNO*fMC�][F�JMLjeIO
JMe
F�JAJM\ZC HMFai)C#J`LNi/C JM\ZC Ö \ZeP]NC¯J`LNi)C�ÊZ][FvÏPC�b
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cd\ZCSFvÉIC�fVFaÌIC�J`LNi/CSePOGCºfMePE�eaJ�ÌPeDC�H^ËÎePf�J`\ZCSEGFP]j]oePf�\GFaO�bh]jC�HªJ`\ZCSEGFa]N] Ö L®JM\ZePRZJ�E�C�LNOZÌ
LjOoJ`C�f`fMRZÊhJMC�b�EDÏÑF�bhC�T"L[HgLNePO�eaËAF*ËÎC�]N]je Ö f`eIE�ePJ LNH1çZÕ çIß�HgC�T"ePO�bZH�Õ��@LNbZC�eIH1Hg\Ze Ö LNOZÌ
JKÏoÊGLNT�Fa]^bhC�T"L[HgLNePO6HgLjJ`R�F�J`LNePO�HAFafMC¯FvÉ�FPLj][FaEZ]NC¯F�J :_B B ,�� �����	�	��
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�]KAJ c P_fg[bT+`6E1S?QGE VN[bT�J 	+O�PRQ)SUT+VWT+X E [ X P3E E-lmP@J+Q)^N^
Ý»OZePJ`\ZC�f4TV\GFa]N]jC�OZÌPLNOZÌ@JMFIHgU�LNO°éAePE�e���RZÊ)H`e.Ë½FPf$LNH�JMe#fMC�i)e�ÉIC�F#EGFa]N]DËÎfMePiÔJM\ZC Ö FP]j]}Õ
Ý.T�T�ePfVbhLNOZÌ9JMe�JM\ZC/f`RZ]NC�H#ePËºJ`\GC/éAeIE�e ��RZÊÙY�LNb�BDLj_�C ��C�FPÌPRZC/L®J¯L[H¯OZeaJ¯Ê�C�f`i)LjJgJMC�b
J`e�ÌPfMLjÊ�ePf �ZÒ²J`\ZC6EGFP]j]}Õ$cd\DRGH�J`\ZC*EGFa]N]d\GFPH�JMe;E�C6f`C�i/e�ÉIC�b�ËÎfMePi JM\ZC Ö FP]j]SEDÏ
T�FafMC"ËÎRG]j]NÏ*J`ePR�TV\ZLjOGÌ�LjJ Ö LjJ`\GePRhJ¯i°FaOZC�RZÉPC�f`LNOZÌ9JM\ZC/f`eIE�ePJ@LNO;F*HKJMRGTVU�HgLjJ`RGFaJ`LNePO�F�J
J`\ZC Ö Fa]N]�ÕªY�eIHgJ eaËSJ`\ZC)JMC�FPi)H ÊGFaf`J`L[T"LNÊGF�JMLjOGÌ*LNO�J`\ZC�éAePE�e���RZÊ²Y�L[bGBDLN_�C���C�FPÌPRZC
Ö C�f`C°OZePJ�FaEG]jC°JMe´fMC�i)e�ÉPC°F�EGFP]j]ºËÎf`eIiæJM\ZC Ö Fa]N]4LNOµF�T"eIOIJMf`eI]j]NC�b Ö FvÏÑEDÏ �aÜPÜGÞPÕ
à@RZf»FaÊZÊGf`eoFPTV\9JMe/J`\GFaJAJMFPH`U9L[Hd\GFaO�bDÍ�T�ehbhC�b6FaO�b
LNi)ÊZ]jC�i)C�OoJ`C�b�LNO�Y6ÍyéAà¯BZê»Õ

(a)

(b)

(c)

Ý»]N]�C"ÒhÊ�C�f`LNi)C�OoJMH FPOGb JMC�HgJMHãJMe�LNi/Í
ÊZf`e�ÉIC*J`\ZC;Ê�C�fgËÎeIf`i°FaO�T"C´FaO�b Ê�C�fgËÎC�T�J
J`\ZC;EGFa]N].\GFPOGbh]NLjOGÌ�F�J
J`\ZC Ö FP]j] Ö C�f`C
bhePOZCALNO)J`\GC.HgLNi1RG]NFaJ`LNePO)C�ODÉDLjfMePOGi/C�OoJ�Õ
cd\ZC HgePË J Ö FPf`CµJ`\GFaJ Ö C \GFvÉPC bhC�ÉPC�]jÍ
ePÊ�C�bãLjO Y6Íyé»à¯Bhê Ö eIf`UIC�bµLjOGHgJMFPOoJ`]NÏ
ePO>FÔfMC�FP]
fMePE�eaJ Ö LjJ`\ZeIRhJãFPODÏ ËÎRZf`Í
J`\ZC�fÑFPbU�KR�HKJMi/C�OoJMH�Õ.cd\ZCÙ\GFaO�bDÍ�T�ehbhC�b
i/C�J`\Zehb
J`e)fMC�i)e�ÉPC.J`\ZC¯EGFP]j]XËÎfMePi JM\ZC
Ö FP]j]4L[H E�FPH`C�bÙePOÙJM\ZC
H`Lji)ÊZ]NC9L[bhC�F�J`e
�GfMHgJ3FaÊZÊGf`eoFPTV\ J`\GCãE�Fa]N] �½H`C�C �GÌPRGf`C
ç �½F � �1FaOGbÙJM\ZC�O�HKJMePÊµbhLNfMC�T�JM]jÏ�E�C"ËÎePfMC
L®J ��HgC�C �GÌPRGf`C�ç �½E�� �»FaOGb�J`RGf`O�fVFaÊZL[bh]NÏ
J`e Ö FafVbZH¯J`\GC�T"C�OoJ`C�f�eaËAJM\ZC��GC�]Nb �½H`C�C
�GÌPRZfMCAç ��T�� �"ÕPcd\ZC�f`C�EoÏ¯JM\ZCAEGFP]j]ZH`\ZePRG]Nb
E�C�JMePRGTV\GC�b6EDÏ
JM\ZC eIRhJ`C�f»ÊGFaf`J.ePË�JM\ZC
f`eIE�ePJMH»UDL[TVUDLjOZÌ9bZC�ÉDLNT�C�J`e�i)e�ÉPC�LjJ@LNOhÍ
HgL[bhC¯J`\GC �GC�][b�Õ
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SU[�J�[�E i�P_l+Q&n]VN[ S BDe*Ë½Faf¯J`\GC�fMC)FPf`C/OZe�bhC�JMFaLN]NC�b�HKJVF�J`L[HgJ`L[T�H¯ePO;f`C�i)e�ÉoLNOZÌ
J`\ZC»E�Fa]N]hËÎf`eIiÔJ`\GC Ö FP]j]hEGRhJºLNO°ÌPC�OGC�fVFa]DL®J Ö eIf`UhH�ePO)fMC�Fa]Gf`eIE�ePJMH�Õacd\ZC�fMCAFafMCAÉoL[bhC�eIH
FvÉvFPLj][FaEG]jC�F�J :�BNB ,�� �
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HgLjJ`RGFaJ`LNePOGH Ö \GC�fMC#fMC�FP]�f`eIE�ePJMHSJVFaUPC¯F)EGFP]j]XËÎfMePi JM\ZC Ö Fa]N]�LjO�F)T"eIOIJMf`eI]j]NC�b Ö FvÏPÕ
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Ý»OZePJ`\ZC�f HgePË J Ö FPf`C�i/ehbhRG]jC°bhC�ÉPC�]NePÊ�C�bÑLjOÙY6Íyé»à¯Bhê L[H#J`\ZC)ÊGFaJ`\�ÊZ][FaOZOZC�f¯eaË�eIRZf
éAePE�e���RZÊ9J`C�FPi6Õ è O°JM\ZL[H Ö ePfMUXW Ö C@ÊZfMePÊ�eIH`CdJ`e�H`C�]NC�T"J�ÊZfMePEG]jC�i�ÍyFPbZC Ð RGF�JMCAOGFvÉDLjÌoF�Í
J`LNePOÑÊG]NFPOZOZLNOZÌ
i)C"JM\ZehbZH¯EGFIHgC�b�ePO´C�i)ÊZLjfML[T�Fa]�LNODÉPC�HgJ`LNÌIFaJ`LNePOGH�WZJM\GF�J¯L[H.JM\ZC/f`eIE�ePJMH
Hg\ZeIRZ][b�]NC�FPf`O6EDÏ
C�ÒhÊ�C�f`LNi)C�OoJMFaJ`LNePO � Ö \ZL[TV\6LNH@bhePOGC�LjO6JM\ZC HgLNi1RG]NFaJ`ePf ��J`e°R�HgC�JM\ZC
Ë½FPHgJ`C�HgJdÊZ]NFPOZOZLNOZÌ)i)C"J`\GeDbGH�Õhcd\ZC¯fMePE�eaJMH�\GFvÉIC@]NC�FPf`OZC�b°ÊZfMC�bhL[T�JMLjÉIC@i)ehbhC�]NHSËÎeIf�JM\ZC
Ê�C�fgËÎeIf`i°FaO�T"C´ePË�bhL���C�f`C�OIJ*OGFvÉDLjÌoF�JMLjeIO ÊZ]NFPOZOZLNOZÌµi)C�J`\ZehbZH*LNO¹F3ÌILjÉIC�O¹FPÊZÊZ]NLNT�F�Í
J`LNePO9bheIi)FPLjO�ÕPÝ \DÏDEZf`L[b/ÊZ][FaOZOZLNOZÌ�i)C"JM\Zehb/J`\GFaJ�H`C�]NC�T�JVH$ÊZ][FaOZOGLjOZÌ1i/C�J`\ZehbZH4EGFPH`C�b
ePO´F)]NC�FafMOZC�b�ÊGf`C�bhLNT"J`LNÉPC�i)ehbhC�]ªePRhJMÊ�C�fgËÎeIf`i°HdJM\ZC LNOGbhLNÉDLNbhR�Fa]�ÊG]NFPOZOZLNOZÌ9i)C"JM\ZehbZH
�½HgJMF�JMLNHgJ`L[T�H�FaOGb°bZC"JMFPLj]NC�b
bhC�HMT"fMLjÊZJ`LNePO°T�FPO°E�C.ËÎePRZOGb)LNO � Û�� ��ÕoÝ»]N]GJM\ZC»]NC�FafMOZLNOZÌ bZFaJMF
Ö FIH�ÌIC�OZC�fMFaJ`C�b1LjO/Y6ÍyéAà¯BZêÑFaO�b�J`\GCS\DÏDEZfMLNb1ÊZ][FaOZOZLNOZÌ#i)C"J`\GeDb Ö FPHªLji)ÊZ]NC�i)C�OoJMC�b
LjO*J`\GC HgLNi1RZ][F�JMePfAFPH Ö C�]N]}Õ

� �;Ä�Á.ÇL�gÆ �DÈKÄºÁ �

è O�J`\ZL[H#ÊGFaÊ�C�f Ö C ÊZfMePÊ�eIH`C1F
H`Lji�RZ][F�J`LNePOÑC�ODÉDLjfMePOZi)C�OIJ.ËÎePf#i1RZ]jJ`L�f`eIE�ePJ#FPÊZÊZ]NLNT�F�Í
J`LNePO´bheIi)FPLjO�H�ÕGcd\GC�i)FPLjO´T�ePOoJ`fMLNEZRhJ`LNePO�H»FafMC�FaO´FPT�T"RZfVF�JMCPWhfMePE�eaJ.H`Ê�C�T"L���T�OZC�RZfVFa]
HgLNi1RZ][F�JMLjeIOµePË@fMePE�eaJ°i)eaJ`LNePOãFaOGbãFaOãC�FIHgÏ²C�ÒDJ`C�O�bZFaEZ]NC�HgePË J Ö FPf`C�C�ODÉDLjfMePOGi/C�OoJ�Õ
cd\ZC.bhÏDOGFPi/L[TAE�C�\GFvÉDLNePf$L[HºH`Lji�RZ][F�J`C�b/EoÏ)F¯OZC�RZfMFP]ZÊZfMC�bhL[T�JMLjeIO°eaË^TV\GFPOZÌPC�H�LjO9HgJMFaJ`C
FPT�T�ePfVbhLNOZÌ1JMe°T"C�f`JMFPLjO*]Ne Ö ]NC�ÉPC�]^T"eIOIJMf`eI]^T"eIi/i°FPOGbZH�Õ
cd\ZCºY6Íyé»à¯Bhê´H`Lji�RZ]NFaJ`eIf�FPbZbZf`C�H`H`C�H�i°FPOoÏ¯UIC�Ï¯FPH`Ê�C�T�JMH�eaËhfMC�Fa]If`eIE�ePJ�E�C�\GFvÉDLNePf

LjOGT�]jR�bhLjOGÌ´FPT�T�RZfVF�J`C/i)eaJMLjeIO;i)ehbhC�][H�W�bhC�FIb´JMLji)C�H�W�T�eP]N]jL[H`LjeIOGH#eaË�eIE��KC�T"JMH�W�Ê�e Ö C�fVH
eaË4i°FaOZLNÊZRZ][F�JMePfVH�WXH`\GFaÊ�C�H@eaË4eIE��KC�T"JMH�W�FPOGb´C�ÒoJMC�OGH`LNEZLj]NLjJKÏPÕ è O;T"eIOoJ`fVFPHgJ»J`e*i)eIHgJ@eaË
J`\ZC¯ÊZfMC�ÉDLNePRGH Ö eIf`U�J`\GC#i°FPLjO
ËÎeDT�RGHSLNHdH`C"JdePO
J`\ZC¯HgLNi1RG]NFaJ`LNePO
ePË�i)eaJMLjeIO Ö \ZL[TV\
L[H
i/eoHKJ T�f`LjJ`L[T�FP]$LjO�\ZLNÌP\hÍyHgÊ�C�C�b;HMT"C�OGFafMLNeIH¯HgR�TV\;FPH�é»ePE�e���RZÊ�ÌIFPi/C�H�Õ�Ý.OÙFIT�T�RZfMFaJ`C
HgLNi1RZ][F�JMLjeIO eaËhJM\ZC�H`C�O�HgeIfMH�LNH�T"eIOGHgL[bhC�f`C�b¯LjO eIRZf�ePOZÌIePLNOZÌAf`C�HgC�FafVTV\ FaOGb LNHªC"ÒhÊ�C�T�JMC�b
J`e1ÌIf`C�F�JM]jÏ/EZfMeIFPbZC�O)J`\GC.]NC�FafMOZLNOZÌ�JVFPH`UDH4J`\GFaJdT�FaO°E�C.JVFPTVUD]NC�b°FaO�b)J`e�Lji)ÊZfMe�ÉPCAJM\ZC
]jC�FafMOZLjOGÌ#T�ePi)Ê�C�J`C�OGT"CAePË�Y6Íyé»à¯Bhê;ËÎePf$fMC�Fa]DfMePE�eaJVH�Õacd\ZCdC�ÒhFPi)ÊZ]jC�H�LjO°H`C�T"J`LNePO)çZÕNÞPW
çZÕ �hWvFaOGb çGÕ ç»\GFvÉPCSHg\Ze Ö O¯JM\GF�J$T"eIOoJ`fMeP]IH`eaË J Ö FafMC4\GFPOGbDÍyT"ehbhC�b�FPH Ö C�]j]DFPHª]jC�FafMOZC�b LjO
Y6Í�é»à¯Bhê�Fa]Nf`C�FPbhÏ°]NC�FIbZH�J`e/i)ePfMC.JM\GFaO*FPT�T�C�ÊhJVFaEZ]NC#f`C�HgRZ]jJMHSeIO�fMC�FP]�fMePE�eaJVH Ö \GLNTV\
Ö CSE�C�]jLNC�ÉIC�L[H�J`e¯F@]NFPf`ÌICºC"ÒDJMC�OoJ�ËÎePRZOGbZC�b�LjO1J`\ZCAFPT�T"RZfVFPT�Ï¯eaËZJM\ZCAHgLNi1RZ][F�JMePf�Õ á \GLj]NC
Hge#Ë½Faf$C�ÒDJ`C�O�HgLNÉPCAH`Lji�RZ]NFaJ`LNePOGH�\�FvÉPCdE�C�C�O)fMRZOZOZLNOZÌ Ö L®JM\ �4LNePOZC�C�f è fMePE�eaJVH�ePOZ]NÏ JM\ZC
i/ePJ`LNePO*E�C�\GFvÉDLjeIfAeaË�eaJ`\GC�fAfMePE�eaJMHAT�FaO6FaOGb Ö LN]j]�E�C�]NC�FafMOZC�b�FPOGFa]NePÌIePRGH`]jÏIÕ
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