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^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_
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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
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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$E"O�rWVXCM^R]�C"c(_
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`�NRC�EREU^RLWFIEZT�NR]Kr�VIC�[ph¤�mgnCl^UOqV�h´�o �µq¡YO�`$]�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
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^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$`�]Pc/^RL�CUQ�]K[/rWFIJ1OP^GFI]�J�r�C�^GkAC�C�J
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}]�k2ClbKC�N�j�`�CfVXO�Spr�g$`�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$`�HKC�^GFIJ�H�T�NR]Kr�VIC�[¾FIJ�L�FIC�NG_
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OP^�ER]PVIbKFIJ�H�VXO�NRHKCf_aERQ�O�VIC�TWVXO�Q�C�[\C�J�^eT�NR]Kr�VIC�[\E�h/ia^mQ�]�[�r�FIJ$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
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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$`�C�FIJZ��C�Q�^GFI]�J�©�h
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ClJ�^RC�NREZ^RL$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$]�^}FIJ�Q�NRC�O�ERCKj�kDL�FoVIC\^RL�C�`�C�EGFIHKJUL�FIC�N"OPNRQ"L�S
FIJ�c�]�NR[�OP^GFI]�JzFIED]Kr�^"OqFIJ�C�`zCqOPNGVoFIC�N�h
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�I����¡/O�E\^RL$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$H�Ò�E�×fhe¯DC���^m^RL�C�[Y]�`WFoª1C�`)D*��t
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~1]Pk9kyFI^RLUT�NRCf_a`$Cfª1J�C�`zL�FIC�N"O�NRQfL�SZFIJWc¥]KNR[�O�^GFI]KJ*h�|	]�C�b�O�VIg�O�^RC\]Kg�N/OPT�_
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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$^RE�h
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QfFINRQ�g�FI^/k2C�ª1NRER^mg�ERC��e��VXOPQ�C�Ò�J$]�Jz^GFI[�FIJ�HP_a`�NGFIbKC�JM[\]�`�C�×m^R]�T�VXOPQ�C\FI^�h
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^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]
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�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$j�O�J$`
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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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