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BDC�EGFIHKJML�FIC�N"OPNRQ"L�SUTWVXO�S�EYOPJZFI[\T�]KNR^"O�J�^�NR]�VIC�FIJ�^GFI[�FIJ�HP_a`�NGFIbKC�JMT�VXOPQ�C"_
[YC�J�^-c�]�NdVXO�NRHKCeQfFINRQ�g�FI^RE�h2iaJ\^RL�FIE2T�O�T�C�N�j1k2CDT$NRC�ERClJ�^DOmJ$Clkn[\C�^RL�]�`$]�Vo_
]�HKSpc�]�Ne`$C"VXOqSZr�g�`$H�C�^GFIJ$HUr1OPERC�`U^GFI[�FIJ�HP_a`$NGFIb�C�JsT�VXOPQlC�[\C�J�^�hYtuJ�]�bKCfV
EGVXO�QfvwOPEREGFIHKJ�[\C�J�^YOPT�T�NR]�OPQ"L�FIE�`�C�ERQ�NGFIr1C�`xOPEek2CfVoVyOPEmFI^REYOPT�T�VoFIQ�OP^GFI]�J
]�J�`�CfVXO�Szr�g$`�HKCl^GFIJ$HUk2FI^RL�`$ClEGFIHKJ�L�FIC�N"OPNRQ"L�SzFIJ�c�]KNR[{OP^GFI]KJ*h�|}L�C\T�NR]P_
T1]KERC�`M^GFI[�FIJ�HP_a`�NGFIbKC�JxTWVXO�Q�C�[\C�J�^/~�]�kuFIE/C�b�OqVIg1OP^RCl`�g�EGFIJ�H�O�JzFIJ$`�g�EG_
^RNGFXO�V2T�VXOPQlCpO�J$`UNR]Kg�^RC�~1]�k�h%t}VoV�NRC�ERg�VI^RE\O�NRC\NRC�T�]�NR^RC�`�Oqc�^RC�N�`$Cl^"OqFoVIC�`
NR]�g$^GFIJ�H�OPJ�`�^GFI[�FIJ�H�O�J�O�VIS�EGFIE�hU�2]K[\T1OPNRC�`�^R]Z�DOP`�C�J�Q�C��e�,VXO�Q�CKj	^RL�C
T�NR]KT1]KERC�`UTWVXO�Q�C�[\ClJ�^m~�]�k�HKC�J�C�N"OP^RClEmT�VXOPQ�C�[YC�J�^REek2FI^RLpERL�]KNR^RC�N�QfVI]�Qfv
QlS�QfVICeO�J$`�r�C�^R^RClN-NR]�g$^"O�rWFoVoFI^aSKh��mg$N�T�NRCfVoFI[�FIJ1OPNRSpCl��T�C�NGFI[\C�J�^"O�V�NRC�ERgWVI^RE
ERL�]�kn^RL�O�^2Q�]�J$EGFI`�C�NGFIJ�H�`�C�EGFIH�JpL�FIC�N"OPNRQ"L�S\FIEDOmT$NR]�[�FIEGFIJ�H�kyOqS/^R]/L�O�JW_
`�VIC/^GFI[�FIJ$H�]KT�^GFI[�FI��O�^GFI]KJ�T�NR]Kr�VIC�[ph
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|2FI[�FIJ�HP_a`�NGFIbKC�J�T�VXOPQlC�[\C�J�^ZFIEp]�J$CU]PcY^RL$CU[\]�ER^�FI[\T�]�NR^"OPJ�^ZER^RC�T�E

^R]�[\C�C�^�QfFINRQ�g�FI^pT1C�NGc�]KNR[{OPJ�Q�C�FIJn�%����i�`�C�EGFIH�J?h�|DL�CpT�NR]Kr�VIC�[�L1OPE
r1C�C�J�ER^Rg�`WFICl`zc�]KN�^Gk2]�`�C�Q�O�`$C�E�j�SKCl^mFI^mNRC�[�O�FIJ$E/Q"L�O�VoVIC�J$H�FIJ�HUr�C�Q�O�g$ERC
]�c�^RL$C�`�N"OP[�O�^GFIQ�OqVoVISMFIJ$Q�NRCqOPEGFIJ�H�Q"FINRQ�gWFI^�EGFI��C�O�J$`M^RL�C�`�]K[/FIJ�O�J$Q�CZ]�c
^RL�C�FIJ�^RC�NRQl]KJ�J$C�Ql^e`$CfVXO�SpFIJU^RL$C/`�C�C�TUERg$r�_a[�FIQ�NR]KJU`�C�EGFIHKJ*h/|	N"OP`�FI^GFI]KJ�_
O�VoVISKj*ERg�Q�Q�C�EREGc�g�V�^GFI[�FIJ�HP_a`$NGFIb�C�JUTWVXO�Q�C�[\C�J�^�O�T$T�NR]�O�QfL�C�E}c'OqVoV*FIJ�^R]\^RL�NRC�C
QqOP^RC�H�]KNGFIC�E���T�O�^RLW_ar1OPERC�`xO�VIHK]KNGFI^RL�[\EZ�I���WjA���$jA � q¡aj	J$Cl^�k2C"FIHKL�^GFIJ�HMOqVo_
H�]KNGFI^RL�[\Ep� ¢Wj��f¡AO�J$`�`�CfVXO�SUr$g�`$H�C�^GFIJ�HMOqVIH�]KNGFI^RL�[\Ep�I��¢Wj��� �j	 ��f¡ah�£2Cf_
QlC�J�^mk2]�NRv�ED]KJZ^GFI[�FIJ�HP_a`�NGFIbKC�J�T�VXOPQlC�[\C�J�^eT�NRC�ERC�J�^DJ�]Pb�CfVAOPT�T�NR]�OPQ"L�C�E�h
t¤HKC�J�C�NGFIQMT�VXOPQ�C�[YC�J�^�c¥N"OP[\C�kA]KNRvsr1OPERCl`�]KJ�¦�g�O�`$N"O�^GFIQxOPJ�`§c�]�NRQ�Cf_
`�FINRC�Q�^RCl`n[\C�^RL�]�`nkDOPE\T�NR]KT1]KERC�`sFIJ��¨���f¡ahniGJn� ©q¡aj2^RL�CUOPg�^RL$]�NRE�T�NRCf_
ERClJ�^RC�`�Om[\]�`WFoª1C�`�c�]KNRQ�C"_G`�FINRC�Q�^RCl`�[YC�^RL$]�`�g�EGFIJ$HYOP`�`�FI^GFI]KJ1OqV�VoFIJ�v�EDr�Cf_
^ak2C�C�JUER]Kg�NRQ�C�O�J$`UEGFIJ�vz]�c�O\T�O�^RL?hY|}L�CYOPT�T$NR]«OPQ"LzFIJs� �P¡�ERg�HKHKClER^RE/O
J�C�kn[\]�`�CfV�]Pc,J$Cl^2Q�NGFI^GFIQ�O�VoFI^GSp^RL1OP^AQ�OPJ�r�Cmg�ERC�`�^R]�H�gWFI`�CeQ�]�[\[\C�NRQfFXO�V
T�VXOPQlC�[\C�J�^e^R]�]�VIE�h
BDCfVXO�S¬]�T$^GFI[�FI�qOP^GFI]KJ�FIEpFIJ�`$ClC�`�T�O�^RLW_ar1OPERC�`�T�NR]Kr�VIC�[ph®­}]�k2C�b�C�N�j

T1OP^RL�_ar�O�ERC�`MO�VIHK]KNGFI^RL�[\E/O�NRC�g�ERg�O�VoVISzQl]K[\T�g$^"O�^GFI]KJ1OqVoVXSzCl��T�C�J�EGFIbKC�r�Cf_
QqOPg�ERCe]Pc�^RL$C�C���T�]�J$C�J�^GFXO�V�J�g$[/r�C�NA]Pc	J�C�O�NG_'VI]�J$H�C�ER^DT�O�^RL$E�hy¯}C�^G_ar1OPERC�`
O�VIHK]�NGFI^RL$[\E�j�FIJ�QfVIg�`WFIJ1H�J�C�^2kACfFIHKL�^GFIJ�H�OPJ�`�`�CfVXO�S�r$g�`�HKC�^GFIJ�H$j�O�NRCmHKClJW_
ClN"OqVoVIS�c'OPER^RC�N\r�g�^{VXO�QfvxO�Q�Q�g�N"OPQ�SKhx¯DC�^\k2C"FIHKL�^RE�Q�OPJ�J�]K^�`WFINRClQ�^GVISnO�c(_
c¥C�Q�^\T�VXOPQ�Cl[\C�J�^�NRC�ERg�VI^RE�EGFIJ�Q�CZFI^�FIE�L�O�NR`M^R]zQ�]�J�^RNR]PV�^RL�Cpk2FINRCfVIC�J�HK^RL
r�S°OPEREGFIH�JWFIJ�H�O\k2C"FIHKL�^m^R]�C�O�QfLZJ�C�^�h�BDCfVXO�SZr$g�`$H�C�^GFIJ�HZg$ERg1OqVoVISU]�bKC�NG_
Ql]KJ�ER^RN"OqFIJ�^RE�^RL$C�TWVXO�Q�C�[\ClJ�^	T$NR]�rWVIC�[�j�OPJ�`�^RL�C�Cf±�QfFIC�J�^�kDO�Sm^R]�OPQ"L�FIC�bKC
H�]�]�`p`�CfVXO�S�r�]Kg�J$`�EDNRC�[�O�FIJ$E�OeL�O�NR`�T�NR]Kr�VIC�[phAiGJ�T�N"OPQ�^GFIQ�C�j$^RL�CmH�]�]�`
O�T$T�NR]�O�QfLU]Pc�^RL�C/^GFI[�FIJ$H�_a`$NGFIb�C�J�T�VXOPQ�C�[YC�J�^e]Pc�^RClJpNRCfVoFIC�Ee]�JZ^RL$CeQl]K[�_
T�VIC��KFI^aSZOPJ�`�c�CqOP^Rg�NRC�E2]Pc�^RL�CD`$C�EGFIH�J$E�j=OPJ�`�^RL$CD^GFIHKL�^RJ�C�ERE2]�c�^RL$C�`$C�EGFIH�J
Ql]KJ�ER^RN"OqFIJ�^RE�h
£2C�Q�ClJ�^\k2]KNRv�]KJMk2FINRCfVIC�J�HK^RLn]KT�^GFI[�FI��O�^GFI]KJ�ERg$H�HKC�ER^RE�^RL1OP^\L�FIC�N"O�NG_

Q"L�FIQ�OqV��o �¡�]KNp[/g�VI^GFo_'VIClbKCfV��o²�j� K²�¡/OPT�T�NR]�OPQ"LnFIE�FIJ�`WFIERT�ClJ$E"O�rWVXCM^R]�C"c(_
ª1QfFIC�J�^GVIS�ER]PVIb�CzVXOPNRH�Cf_aERQ�OqVICMT�VXOPQ�Cl[\C�J�^ZT�NR]Kr�VIC�[ph³�2]KNRNRClERT�]KJ�`WFIJ�HPVXSKj
^GFI[/FIJ$H�_G`�NGFIbKClJ�TWVXO�Q�C�[\ClJ�^}T�NR]Kr�VIC�[³g$EGFIJ�H�LWFIClN"OPNRQ"LWFIQ�O�V�]KN2[/g�VI^GFo_'VIClbKCfV
c¥N"OP[\C�kA]KNRvzFIE\kA]KNR^RLMNRC�ERC�O�NRQfLxOP^R^RClJ�^GFI]KJ*hx�WC�b�C�N"OqV�NRC�QlC�J�^\k2]�NRv�O�`W_
`�NRC�EREU^RLWFIEZT�NR]Kr�VIC�[ph¤�mgnCl^UOqV�h´�o �µq¡YO�`$]�T$^RC�`¶O�J�C�^G_aQ�g$^ZQl]KJ�^RNR]PV
[YC�^RL$]�`nFIJ�[�FIJW_aQ�g�^ZT�VXOPQ�C�[YC�J�^�h·­mOqVIT�FIJ�C�^°OqV�h¸�I��²�¡/T$NRClERC�J�^RC�`9O
� |DL�FIEDk2]KNRv�kDO�E}ERg�T�T�]KNR^RC�`Ur�S�¯m��¹�g$J�`$ClNeºmN"OPJ�^�»\�D�D£-_)µKµK¢�µK �µK²

VoFIJ�C�OPN\T�NR]KH�N"OP[\[/FIJ$H�r1OPERCl`�J$Cl^�VIC�J�HK^RL�Q�]KJ�^RNR]�V2c�]KNeNRClQ�g$NREGFIb�Cpr�FIERC�Qf_
^GFI]KJMT�VXOPQ�Cl[\C�J�^�hM¼eO�L$J�HUC�^\O�V�hs�I��©�¡2C���^RClJ$`�C�`s^RL�C�TWVXO�Q�C�[\ClJ�^{~1]�k
FIJ��  q¡�^R]�FIJ�Q�]�NRT�]KN"O�^RC\`WFINRClQ�^D[�FIJWFI[/FI��OP^GFX]KJ�]�c	^RL�CeQ�NGFI^GFIQ�O�V	T1OP^RL*h2|DL$C
OPr1]Pb�CMOPT�T�NR]�OPQ"L�C�EZERL$]�kDEp^RL�CU^RNRC�J$`�]Pc/^RL�CUQ�]K[/rWFIJ1OP^GFI]�J�r�C�^GkAC�C�J
^RN"OP`�FI^GFI]KJ1OqVA^GFI[�FIJ�HP_a`�NGFIbKC�J�OPT�T$NR]«OPQ"LUOPJ�`p^R]�TW_a`�]PkDJ�TWVXO�Q�C�[\C�J�^D~�]�keh
­}]�k2ClbKC�N�j�`�CfVXO�Spr�g$`�HKC�^GFIJ�H$j,OPE�OeT$NRClbKFI]Kg�EGVISzCf½=C�Q�^GFIbKCYOPT�T�NR]�OPQ"L*j�L1OPE
J�]K^Dr�C�C�JUO�T$T�VoFIC�`zFIJ�^R]Y^RL$C/^R]KT�_a`$]�kDJpT�VXOPQ�Cl[\C�J�^mc�N"O�[\C�k2]�NRv�h
iGJ�^RL�FIE�T�O�T�C�N�jAk2C�ER^Rg$`�SM^RL$C�`$CfVXO�SMr�g$`�HKC�^GFIJ�H�T�NR]Kr�VIC�[¾FIJ�L�FIC�NG_

OPNRQ"L�FIQ�OqV%]KN/[�g�VI^GFo_�VIC�bKCfV/T�VXOPQlC�[\C�J�^\~1]Pkehw�mg$N/Q�]KJ�^RNGFIr�g�^GFI]KJnFIJ�^RL�FIE
T1OPT�C�N�Q�OPJ�r�C/ERg$[\[{OPNGFI��C�`UO�E2c�]PVoVI]�kDE��

¿wÀ C/L�O�bKC/`�C�EGFIHKJ�C�`MO\J�C�k�[\]�`�CfV�^R]�`$ClERQ�NGFIr�C\^RL�C�QlNGFI^GFIQ�OqVoFI^aS�]PcA^RL$C
FIJ�^RC�NRQ�]�J$J�C�Q�^mFIJZL�FIC�N"O�NRQfL�FIQ�OqVA[/gWVI^GFo_�VIC�b�CfV2T�VXOPQlC�[\C�J�^�Á

¿wÀ CpL1O�bKC�C���^RC�J�`$C�`n^RL�CpT�NRC�bKFI]�g$EGVISxv�J$]�kDJs��ClNR]P_aEGVXOPQ"vxOPEREGFIHKJ�[\C�J�^
OqVIH�]KNGFI^RL�[¾^R]ZO�QfL�FIC�bKC�~�Cl�KFIrWFoVoFX^GSxr�O�ERC�`�]KJ�^RL$C�T�NR]KT�]�ERC�`MQ�NGFI^GFIQ�OqVoFI^aS
[\]�`�CfV�Á�OPJ�`

¿wÀ C2L1O�bKC2FI[\T�VIC�[\C�J�^RC�`�OD^GFI[�FIJ$H�_a`$NGFIb�C�JpT�VXOPQ�Cl[\C�J�^2^R]�]�V�kDL�FIQfL�O�FI[\E
OP^�ER]PVIbKFIJ�H�VXO�NRHKCf_aERQ�O�VIC�TWVXO�Q�C�[\C�J�^eT�NR]Kr�VIC�[\E�h/ia^mQ�]�[�r�FIJ$ClEe^RL$C\`�CfVXO�S
r�g$`�HKC�^GFIJ�HZO�T$T�NR]�O�QfL�OPJ�`ZO/J$C�k�[/gWVI^GFo_�VIC�b�CfV2T�VXOPQlC�[\C�J�^m~1]�k�h

|DL$C\NRClER^e]PcD^RL�FIE\T1OPT�C�NeFIE/]KNRH�O�JWFI�lC�`xOPEmc�]�VoVI]PkDE�hU��C�Q�^GFI]�JM pHPFIb�C�E
T�NRCfVoFI[�FIJ1OPNGFXC�E�he��C�Q�^GFI]�J�²/`$C�ERQlNGFIr�C�Ee]Kg�NmJ�]�bKCfV,[\]�`�CfV�]Pc�J�C�^DQ�NGFI^GFIQ�O�Vo_
FI^GS�c�]�N�FIJ�^RC�NRQ�]�J$J�C�Q�^GFI]�J?j�iGJx��C�Q�^GFI]�Jn�$j2kAC{FIJ�^RNR]�`�g�Q�C�OZ[/gWVI^GFo_�VIC�b�CfV
T�VXOPQ�C�[YC�J�^m~�]�k�kDLWFIQ"LZQ�]KJ�EGFI`�C�NRE�^RL�CeHPVI]�r�O�V	FIJ�^RC�NRQ�]�J$J�C�Q�^RE/]Pc�`�Fo½*C�NG_
C�J�^D`�C�EGFIHKJULWFIClN"OPNRQ"LWFIC�E/O�J$`Zg�ERC/^RLWFIEDFIJWc�]�NR[�OP^GFI]�Jz^R]YHKg�FI`$C/^RL$C/EGVXOPQ"v
OPEREGFIH�J$[YC�J�^\]Pcy^RL$C�T�VXOPQ�C�[YC�J�^�h À C\ERL�]�ku]�g$N/C���T�ClNGFI[\C�J�^"OqV�NRC�ERg�VI^RE
FIJU��C�Q�^GFI]KJU��j*O�J$`ZQ�]�J$Q"VIg$`�C�FIJZ��C�Q�^GFI]�J�©�h
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C�O�QfL�Q�CfVoV�L�O�ED]KJ�VIS�]�J$Ce]�g$^RT�g�^�j�]K^RL�C�NRk2FIERCe^RL�CmJ�]�`$CmFIED`�g$T�VoFIQ�OP^RCl`z^R]
C�J�ERg$NRC/^RL�CeEGFIJ$H�VIC\]Kg�^RT$g�^�h
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ClJ�^RC�NREZ^RL$C�J$C���^pVIClbKCfV�h³|DL$ClNRCfc�]KNRC�je^RL$C�^R]K^"OqV/^GFI[YC�]PcY^RLWFIEZ[/g�^GVoFo_
VIClbKC\T�VXOPQ�Cl[\C�J�^m~1]Pk9`$]�C�E�J$]�^}FIJ�Q�NRC�O�ERCKj�kDL�FoVIC\^RL�C�`�C�EGFIHKJUL�FIC�N"OPNRQ"L�S
FIJ�c�]�NR[�OP^GFI]�JzFIED]Kr�^"OqFIJ�C�`zCqOPNGVoFIC�N�h
|DL�CmC�J�^GFINRC/TWVXO�Q�C�[\ClJ�^y~1]�k§FIEDERL�]�k}J�FIJZ¹?FIH�g$NRC/�$h À Cmg�ERCeL9FpC�^GFIE

�I����¡/O�E\^RL$CZT1OPNR^GFI^GFI]�JWFIJ1Hs^R]�]PV�h�|DL�CZ]KNGFIHPFIJ1OqV/Q"FINRQ�gWFI^�FIEpNRC�Qlg$NREGFIb�CfVIS
r�FIT1OPNR^GFI^GFI]KJ1C�`p^GFoVoV�^RL�C2T$NRC"_GQqOqVIQ�g�VXOP^RC�`�VIC�bKC"V�hDº}VI]Kr1OqV�J�C�^RE	]Pc�C�O�QfL/VIC�bKCfV
O�NRC\FI`$C�J�^GFoª1C�` OPJ�`sO�NRC�OPEREGFIH�J$Cl`s^R]UOPJ�C�ER^GFI[�OP^RCl`�k2FINRCfVIC�J�HK^RL*hz|DL�C
VI]�QqOqV/J�C�^RE�kyFI^RL�FIJ�T�O�NR^GFI^GFI]KJ�C�`¬Q"VIg$ER^RC�NREUO�NRCZNRC�H�O�NR`$Cl`�OPE�^RL$C�çIä�=�ä�ç'>
�9J$Cl^RE�h�|}L�C\Q�]�C"±�QfFIC�J�^ / ö FIJxÒa©K×}FIE/`$C�^RClNR[�FIJ$Cl`�r�SU^RL�C\C�ER^GFI[�O�^RC�`
k2FINRCfVIClJ$H�^RLMOPJ�`z^RL�C/J$C�^mc'OPJ�]Kg�^mg�EGFIJ$H�Ò�E�×fhe¯DC���^m^RL�C�[Y]�`WFoª1C�`)D*��t
O�VIHK]�NGFI^RL$[ FIEDQ�OqVoVIC�`�^R]\O�EREGFIHKJZEGVXO�Qfv�E�OPQlQ�]KNR`�FIJ$HY^R]�^RL�CmJ�C�kn]Kr:KRClQ�^GFIbKC
c¥g$J�Q�^GFI]KJ*h �Wg�QfLnEGVXO�Qfv�EUO�NRCZ^RL$ClJnQ�]KJ�b�C�NR^RC�`sFIJ�^R]s`�CfVXO�Ssr1]Kg�J$`�EpFIJ
^RClNR[\E2]Pc,J$Cl^-VIC�J�HK^RL*hDB}g�NGFIJ�H\^RL$C�Q�]KJ�b�C�NREGFI]KJZkACmO�ERERg$[YC/Oe£2�s`$C"VXOqS
[Y]�`$CfVAO�J$`�^RL$Ce^R]�^"OqV�caOPJ�]Kg�^mQ�O�T�O�QfFI^GS�]Pc�^RL�CeJ$Cl^yFIE�Q�]KJ�EGFI`�C�NRC�`*h
¯DC���^�j�`�CfVXO�SZr�]Kg�J�`$E/O�NRC�g�ERC�`Z^R]�C�b�OqVIg1OP^RC\^RL�C/TWVXO�Q�C�[\C�J�^e¦�g1OqVoFI^aS

FIJZ^RL�C/[�g�VI^GFo_�VIC�bKCfVAT�VXOPQ�C�[YC�J�^}~1]�k�h�tD^DC�OPQ"LpVIC�b�CfV�j*^RL$Ce]�T$^GFI[/FI��OP^GFI]�J
ER^RClT�^RNGFICl`s^R]UNRC�`$g�Q�C°O�Q�]�[�r�FIJ1OP^GFI]KJnr1C�^Gk2ClC�JM^R]K^"OqVyr�]Kg�J$`�FIJ�Hsr�]��
k2FINRCfVIClJ$H�^RL�O�J$`x^R]K^"OqV�`�CfVXO�SMbKFI]PVXOP^GFI]�J�h�|DL$CZT�VXOPQ�Cl[\C�J�^p[YC�C�^RE\^RL�C
^GFI[/FIJ$H�Q�]�J$ER^RN"O�FIJ�^RE}Foc�^RL�Cm^R]K^"O�V�`$CfVXO�S�bKFI]PVXO�^GFI]KJzFIEA��C�NR]$h�iaJpHKClJ$C�N"O�V,O
VI]�k2ClN�`�CfVXO�SzbKFI]�VXOP^GFI]�Jsb�OqVIg�CpQ�]�NRNRC�ERT�]�J$`�E�^R]°O�r�Cl^R^RC�N�T�VXOPQlC�[\C�J�^eFIJ
^RClNR[\ED]Pc�`�CfVXO�SKhM |DL�CeJ$]�`�CekDLWFIQ"LZ`�NGFIbKC�E�^RL�O�^mJ�C�^DkyFoVoV,r�CYOPEREGFIHKJ�C�`U^RL$CekACfFIHKL�^
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OPT�T�NR]�OPQ"L*j	Ò�r�×2O/EGFI[�g�VXOP^RC�`UO�J$J�C�O�VoFIJ$HZC�J�HPFIJ�C/kyFI^RL�Q�]KER^�c�g$J�Q�^GFI]�JpFIJW_
QfVIg�`WFIJ�HU`$CfVXO�SUr�]Kg�J�`�bKFI]PVXO�^GFI]KJ�jAOPJ�`sÒ�Q�×D^RL$CY[�g�VI^GFo_�VIC�bKCfVyTWVXO�Q�C�[\C�J�^
~1]Pk9kyFI^RLUT�NRCf_a`$Cfª1J�C�`zL�FIC�N"O�NRQfL�SZFIJWc¥]KNR[�O�^GFI]KJ*h�|	]�C�b�O�VIg�O�^RC\]Kg�N/OPT�_
T�NR]�OPQ"L*j�k2C/^RC�ER^�]Kg�NeTWVXO�Q�C�[\C�J�^/^R]�]PV�g�EGFIJ�HUOPJpFIJ�`$g�ER^RNGFXOqV�T�VXOPQ�C�O�J$`
NR]Kg�^RC}~1]�keh	|DL$CDNRC�ERg�VI^RE�Oqc�^RC�N�HPVI]�r�O�V,OPJ�`{ª1J1OqV�NR]Kg�^GFIJ$H{OPNRCDNRC�T�]�NR^RC�`?j
OPJ�`Z^RL�C�S�OPNRCeQ�]�[\T�O�NRC�`p^R]Y^RL$CmFIJ�`$g�ER^RNGFXOqVAT�VXOPQ�CYOPJ�`pNR]�g$^RCe]�g$^RT�g$^RE�h
�WT1C�QfFoª1Q�OqVoVISKj�k2C	Ql]K[\T1OPNRC2]�g$N�TWVXO�Q�C�[\ClJ�^	^R]�]PV�k2FI^RL/�DOP`�C�J$QlC2�e��VXOPQ�C

Òa�KFoVoFIQ�]KJ°ðdJ�ERC�[/rWVIC%�Wh ²K×fh$�-]K^RL\]�g$N�T�VXOPQ�C�NAOPJ�`��e��VXOPQ�CDNRC�O�`�^RL�CDE"OP[\C
��ð�¹	ñKB�ð-¹pª�VIC�E�OPJ�`\^RL�C2]Kg�^RT$g�^RE�OPNRC�c�C�`eFIJ�^R]e�DOP`�C�J�Q�C À £2]Kg�^RCKh�t}c(_
^RC�N�HPVI]Kr1OqV}OPJ�`�ª1J�O�V2NR]�g$^GFIJ�H$j,k2C�g�ERC���C�O�NGV�^GFI[�FIJ�H�O�J�O�VIS�EGFIE\^R]�]PV�^R]
ERL�]Pk�^RL�C�EGVXO�QfvZ`�FIER^RNGFIr�g$^GFI]�J*h�|DL$Ceª�J1OqVANR]Kg�^RC�`Uk2FINRCfVIC�J�HK^RLMO�J$`U^RL$C
[�FIJ�FI[�g�[¸EGVXO�Qfv°OPNRCeNRC�T�]�NR^RC�`*h
|DL$C\ER^"O�^GFIER^GFIQ�E\]�cD^RL$CYr�C�J�QfL�[�OPNRv�E{OPNRC�ERg$[Y[�OPNGFI��Cl`wFIJ�|�OPr�VIC��&%Kh

|DL$C�QfFINRQ�g�FI^REeO�NRCeOPQl¦�gWFINRC�`�c�NR]K[ O�kAC�r$EGFI^RC�T$NR]�bKFI`�C�`Zr�Sp� ©q¡('Kh À Cmg�ERC
OUµWhI��E*)�[¤ER^"OPJ�`�O�NR`W_aQ�CfVoV�VoFIr$N"O�NRSnO�E\^RL$C°��ð�¹§ª�VICKh À C�`$Cl^RC�NR[�FIJ�C�`
^RL�CpQfVI]�Q"vMQ�S�QfVIC�E\c�]�N�^RL�CpQfFINRQlgWFI^RE�r�S�^RL$C�c�]PVoVI]�k2FIJ�H�kyOqS�hM¹$]�N�C�O�QfL
QfFINRQ�g�FI^/k2C�ª1NRER^mg�ERC��e��VXOPQ�C�Ò�J$]�Jz^GFI[�FIJ�HP_a`�NGFIbKC�JM[\]�`�C�×m^R]�T�VXOPQ�C\FI^�h
t}c¥^RC�N�NR]�g$^GFIJ�HMO�J$`M^GFI[�FIJ�HMOPJ1OqVIS�EGFIE�jD^RL�Cp[/FIJWFI[/g$[¾QlS�QfVICpT�ClNGFI]�`�FIE
NRC�Q�]�NR`$Cl`UOPEm^RL�CeQ�S�QfVICY]Pc�^RL�Ce`$C�EGFIH�J?h�|DL$ClNRCfc�]KNRCmc¥]KN�OqVoV�^RL�CeQfFINRQ�g�FI^RE�j
^RL�C\[�FIJ�FI[�g�[´EGVXOPQ"v�E�r�S°�e�,VXO�Q�C�J$]�Jz^GFI[�FIJ�HP_a`�NGFIbKC�JM[\]�`�C�O�NRC\��C�NR]
Ò�ERC�C/|�OPr�VIC� K×fh%|}L�FIEeQfVI]�Q"vZQ�S�QfVIC\FIEe^RL�C�JZg$ERCl`�O�Ee^RL$C/Q�]KJ�ER^RN"OqFIJ�^ec�]�N
�e��VXOPQ�C/^GFI[�FIJ�HP_a`$NGFIb�C�J�[\]�`�CKh
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|�OPr�VICD 2ERL$]�kDE	^RL�C2NRC�ERg�VI^RE-r�SDª�b�C2`WFo½=C�NRC�J�^2T�VXOPQ�Cl[\C�J�^AOPT�T$NR]«OPQ"L$C�E��
�e��VXOPQ�C�J$]�J�^GFI[/FIJ$H�_G`�NGFIbKClJ?j��e��VXOPQ�C�^GFI[�FIJ�HP_a`$NGFIb�C�J*j*]Kg�N-T�VXOPQ�ClN}k2FI^RL�_
]Kg�^�^GFI[/FIJ$He]�T$^GFI[�FI�qOP^GFI]KJ*j�]Kg�N�T�VXOPQ�ClN	kyFI^RL5D*��ts`�CfVXO�Ser$g�`�HKC�^GFIJ�H$j�O�J$`
]Kg�NDTWVXO�Q�C�NDk2FI^RLpJ�C�knEGVXOPQ"vZO�EREGFIHKJ�[\C�J�^�`$C�ERQlNGFIr�C�`pFIJZ��C�Q�^GFI]�JU²WhA�mg�N
T�VXOPQ�C�NAkyFI^RLYLWFIC�N"O�NRQfL�SYr�O�ERC�`\EGVXOPQ"vYOPEREGFIHKJ�[\C�J�^AQ�]KJ�EGFIER^"OPJ�^GVIS�OPQ"L�FIC�bKC�E
^RL�C2r�C�ER^�O�[\]KJ�Hmª�b�CDOPT�T�NR]�OPQ"L�C�E�j�FIJ$QfVIg�`�FIJ$H��e��VXOPQlC-FIJ\^GFI[�FIJ�HP_a`�NGFIbKC�J
%�|DL�C�ERC/OPNRC/O�VoV�r�C�J�QfL�[�OPNRv�E/Ò(FIJU��ð�¹	ñKB�ð-¹zc�]�NR[�OP^"×2O�b�OqFoVXO�rWVIC/c�]KNDg�E
OP^�^RL�FIEp[\]�[\C�J�^�h À CUOPNRCpVI]�]�vKFIJ$HMc�]KN�[\]�NRCZr�C�J�QfL�[�O�NRv�E�c�]�N�^RL�FIEk2]�NRv�h'�¯D]K^RCe^RL1OP^DJ�]K^eO�VoV	^RL�Cer�C�J�QfL�[�O�NRv�EmFIJz� ©q¡�O�NRC/O�bKO�FoVXOPr�VICKh
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J$]�Jp^GFI[�FIJ�HP_a`�NGFIbKC�J kyFINRC"VIC�J$H�^RL �� �©K©W� E ��¢�©K¢Kµ�� �W�K� �K©�²  W�q©K²K�"EK�
�e��VXOPQ�C EGVXOPQ"v µWh µKµ µWh µKµ µWh µKµ µWh µKµ

^GFI[�FIJ�HP_a`�NGFIbKC�J kyFINRC"VIC�J$H�^RL �� ���¢#E�µ �W� �K�K¢�© �K Kµ���©"E g�J$NR]�g$^"O�rWVIC
EGVXOPQ"v _)µWh  K� _)µWhI��¢ µWhI��E g�J$NR]�g$^"O�rWVIC

�mg�N�OPT�T$NR]«OPQ"L J$]�Jp^GFI[�FIJ�HP_a`�NGFIbKC�J kyFINRC"VIC�J$H�^RL �K�q¢K����� ��²�µ��W�q© �:E���µK²��  K©����Kµ��K�
EGVXOPQ"v _)µWh µK© _)µWh µK© µWh µK¢ _) Wh �W�

D*�Wt�EGVXO�Qfv°OPEREGFIHKJ�[\C�J�^ kyFINRC"VIC�J$H�^RL �K� E#EK �² ��²�µP�1��µ �1�Kµ��W���  K©���E#E�©P�
�mg�NDtmT�T$NR]«OPQ"L EGVXOPQ"v µWh µKµ µWhI��  µWhI�K� _"�Kh ²K 
^GFI[�FIJ�HP_a`�NGFIbKC�J ¯}Clk¬EGVXO�Qfv°OPEREGFIHKJ�[\C�J�^ kyFINRC"VIC�J$H�^RL �K� E#EK²�² �� ���²���¢ �:EK � K��   K©��K�K©��K�

EGVXOPQ"v µWh µK¢ µWh  #E µWh ��© µWh ¢��
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Wirelength Comparison between QPlace and Our Placer
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matrix VP2 32−MAC 64−MAC
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|�O�rWVIC°²�ERL�]�k}EY^RL$C�^R]K^"O�V�^GFI[�FIJ$H�bKFI]PVXOP^GFI]�J¬]�b�C�N\O�VoV�^RL$C�J$C�^REYg$EG_

FIJ�HM^RL$NRClCp`�Fo½*C�NRC�J�^�EGVXOPQ"vsO�EREGFIHKJ�[\C�J�^�h�¹�]KN\C�O�QfLMFI^RC�N"OP^GFI]�JsFIJ D*��t
O�VIHK]�NGFI^RL$[pjAk2C\g�ERC\C�b�C�J�`�FIER^RNGFIr$g�^GFI]KJ�Ò�]�NGFIHPFIJ1OqVZD*�Wt%×fj�T�NR]KT�]�NR^GFI]KJ1OqV
`�FIER^RNGFIr�g$^GFI]�JnÒR�  P�P¡¥×mO�J$`U]Kg�NeC���T�]�J$ClJ�^GFXOqVDr1OPERC�`U[\C�^RL�]�`*h�|DL�C�EGVXO�Qfv
O�EREGFIHKJ�[\C�J�^ZQ�NRCqOP^RC�`xr�SMOPr�]�b�Cz^RL�NRC�Cp[YC�^RL$]�`�EZO�NRCp^RL�C�JsQl]KJ�bKClNR^RC�`
FIJ�^R]�J$Cl^}VIC�J�HK^RL�r1]Kg�J$`�E�h/��g$Q"Lzr1]Kg�J$`�E\O�NRC�g�ERC�`pc�]�Nm[\CqOPERg�NGFIJ$HZ^RL�C
ª1J1OqV	T�VXOPQlC�[\C�J�^DQ�NRC�O�^RC�`pr�S{�e�,VXO�Q�CKh2|DL�Cm^R]�^"OqV�J$Cl^-VIC�J�HK^RLpbKFI]�VXOP^GFI]�J
c¥]KNm^RL�NRC�C/O�VIHK]KNGFI^RL�[\EYOPNRCeNRC�T1]KNR^RC�`*hDiGJ�[\]KER^�Q�OPERC�E�^RL$CeJ�C�k�[\C�^RL�]�`
Ql]KNRNRC�ERT�]�J$`�Ee^R]�O�VI]�k2ClN}J�C�^DVIC�J$H�^RLZbKFI]PVXO�^GFI]KJ*h
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