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C�DFEGEIHKJMLONQPKRQS2TUHWV�HKEMLXJXNYTUS$EGZU[U\2H]LIDFT^N�NQS2_`JISbaQJXNQ\$N�TUHc_edbEgfMh/JXNQTiZ^NQPjRYS2H]\
k SQ\$lUZmLONQPKRQS�T^N�n�oUDqpbHKJGEIDrT^NQTUHcs^HKTUH]JXNQtusetFZU\2DFoUH]oUEIH�vKSb\2S�JIHKwxZUDrEIDqLXS�l^NQJGvKDyNYtzl^NQJIN2N
Sb[mLXHKoiPjRQS�TUS�LX{qLXZUtrS�TUHWV�HKEMLXJGHWH]\ k Sb\2lUZiLONYPjRQSU|`}�JIHKN2TUH~v]SboUvKH]o
LXJXNYPjRQSU�

_�JGSmv]HKEGEXNQ\2HKo
LXS$_�NYJXNQtrHKtFS�HcC�DrEGLIJIDF[iZU{FTUSi|

� JGDFH]oxLXNQTUSbJ]���`ZUabHKoiH�s^JXNYoUvKDrE���DroUSmT��7HK[�HKtrtFS

��DrLIHKJIdQD��^�Y��TiHcTiHK�KH]\�[UJGS$TUHW�Q�Q�Q�U|
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C�HKSbtrDFoUTUN�s SQoxLIHKE k NQJGTUSbEIS

C�DFEGEIHKJMLONQPKRQS TUH2V�H]EGLXJINQTUS EIZi[U\$H LXDrT^N NQS _`JISYf
abJXNQ\$NBTUH _edbEgfMh/JXNQTUZUNQPjRQS�HK\ k SQ\$lUZmLONQPKRQS�TUN
n�oUDqpbHKJGEIDrT^NQTUH s^HKTiHKJXNYt�s�trZU\$DroUHKoiEIH�v]Sb\$S�JGH f
w�ZiDFEIDqLXS l^NQJGvKDFNQt l^NQJIN�N&Sb[mLXHKoiPjRQS�TUS�LI{rLIZUtFS&TUH
V�HKEMLXJIH~H]\ k Sb\2lUZiLXNQPjRQSi| }�JGHjN�TUH/vKSQoUvKH]oxLIJXN f
PjRQSU��_`JGSmv]HKEIEINQ\2HKo
LXS$_�NQJINQtFH]tFS�HcC�DrEGLXJGDF[UZi{FTUSU|

C lUJIS pYNQT^N�l�SbJK�

_`JGSEDg|��`ZUabHKoiH�s^JXNYoUvKDrE ��DFoiSmT �7HK[�HKtrtFS�fGF kIH n�s sKJ _`JIH]EIDFTiHKo
LXH5L

_`JISMDg|ON ZUDr�QPiNYLISbJIZ � vSRUD%fGF kIH n�s s

_`JISEDg|GT�JGZUoUS2�7DFvSR^NQJGTUPmvSRxZUtF�]H~fONu� kBk

��DrLIHKJIdQD��^�Y��TiHWC�HK�KH]\�[UJGS$TUHW�Q�Q�Q�U|
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C S k C Pi� C �0H�NWV"NQJGDFo�R^N/TUS T�JINQEIDrt^l SbJ`LIHKJIH]\=lUJISQl SbJGvKDrSbo^NQTUS~N~Sbl�SbJGLIZUoUDrT^NQTUH
H/LISmTUS�S�DFoivKHKo
LIDrpbS2oUH]vKHKEGE��QJGDFS���vKSboUv]tFZUEIRQS�TUHKEMLON2l H]EIwxZUDFEIN2TiHKEIH]o
pbSbtqpmDrT^Ni|

� n�s s�� NQSbE�lUJISED H]EIEGSbJIH]E/H�NQ\2DFabSQEK� HK\ HKEGl H]vKDyNYt N��bNQv]wxZUHKE C trpbH]E�T^N P�DFtrpYNi��wxZUH�TUH
NYtFabZU\$N D SbJG\:N�v]Sbo
LXJGDF[UZU{rJXNQ\ l^NQJIN�S2NQliJIDF\2SbJINQ\$H]o
LXS�TUS2\2HKZ vKSbo RUHKv]DF\2HKo
LXSU|

C SbE�\$H]\�[UJGSbE�TUN,T NQoivjNi� _`JISED H]EIEISQJ�N ZUDF� PiN LXSbJGZ � vSRUD H�_`JISED H]EIEGSbJ�T�JGZUoUS:��DrvSR^NQJIT
P�vSR�ZitF�KH�l H]tyN~l^NQvKD��KoUv]DyNi�xv]SbJITUDFNQtFDrT^NQTUHBH7pYNQtFSQJISbEINQE v]Sbo
LXJGDF[UZUDrP ��HKE�l^NQJINWH]EGLON�C�DFEGEIHKJMLONQPKRQSU|

� \$Dro�R^N D NQ\2{FtrDyNi��HK\ HKEGl H]vKDFNQt7NQSbE�\2HKZUE"!^t RiSbEK� l SQJ�LISmTiS C \$SQJ2H v]Sb\$liJIHKH]oUEXRYS
EGHK\2lUJIH~lUJGHKEGHKo
LXH]EK|BV�NQ\:RYH~NQ\:N�pQSmv]HKE$#

_ SbJ%!^\��`S�\:NYDFSbJWNQabJINQTUHKv]DF\2HKo
LXS�NQS \$H]Z � JIDFH]o
LONQTUSQJK�`_`JISMD HKEIEGSbJ���DroUS�T ��H][ H]tFtrSU�
l�SbJ:LISmTiS�S�EIH]Z
NQl SQDFSU�BDroUvKH]oxLIDrpQS H�lUJIH]Smv]ZUl^NQPKRQS l^NQJIN N�JIHKNQtFDr�jNQPKRQS�TUH]EGLIH�LXJXNY[^NQt RiSU|
V�ZUDrLIScSQ[UJIDra
NQT^N�l�SbJ`l^NYJGLXDrt R^NYJ�vKSQ\$DrabS�S~EIH]Z$v]Sbo�RUH]vKDF\2HKo
LISU�
l H]tFSbE`[�SboUE`v]SboUEGHKt RiSbEK�xl�HKtyN
E&�Q[UDFN�SbJIDrHKo
LONQPKRQSU�zl�SbJ/v]Sbo'! NQJ/H]\ \2DF\ H�l SQJ�\$H D NQ�KH]J~NQvKJGHKTUDqLONQJ�wxZUH�H]Z*EGHKJIDFN�vjNQlUNQ�Q|
s^SbD JGHjNQtr\$H]oxLIH�\�ZiDrLXScDF\2l�SbJGLXNQo
LXH�N�EIZ^NWlUJIH]EIHKoiPjN�l^NQJINWwxZUH�H]Z&JIHjNYtFDF�KNQEIEGHQ��vKSb\ EGZUvKH]EIEISi�
H]EGLXN�H]LXNQl^NWTUN(�QJGTUZ^N/LXJIDrlUtyN*)GSbJGo^NQT^NcT^NW\2DFo R^N�pmDrT^Ni��s�NY\${rtFDyN f,+ JXNQ[^NYt RUSYf �`EGLXZiTUSU|uV�ZiDrLXS
� [UJGDFa
NYT^N�l SQJ LXZUTUSi�^EIHK\2lUJGH-#
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�7HKEGZU\2S�T^N�+eH]EIH:NQlUJIH]EIH]oxLXNQT^N�NYS"_`JISQabJXNQ\$N&TUH$_edbEgfMh/JXNQTUZUNQPjRQS�HK\ k SQ\$lUZmLONQPKRQS�TiS
F oiEGLXDqLXZiLIS TUH k Sb\$liZiLONQPKRQS T^N n�s s�v]Sb\$S&JGHKwxZUDrEIDrLIS l^NQJIv]DyNQt�l^NQJXN N&Sb[iLIHKoUPKRQS TUS�abJXNQZ
TiH�V�HKEGLIJIHcHK\ k SQ\$lUZmLONQPKRQSUJ�V Pmv5L |

��EGvjNQtrSbo^NQ\2HKo
LIS$�`EML �YLIDFvKS�TUH +eNQJIH D NQE7HK\ C \�[UDrHKo
LXH]E k SQ\$lUZmLONQv]DFSbo^NYDFE���H]LXH]JISba-�KoUH]SbE
EGSb[�S:V�SmTUH]tFS�� ���!�

C�HKSbtrDFoUTUN�s SQoxLIHKE k NQJGTUSbEIS
�Y� H C�H]�KHK\�[UJIS H �Q�b�Q�

� JGDFHKo
LXNQTUSbJ]����ZiabHKoUHcs^JXNYoUvKDrE ��DFoiSmT��7HK[�HKtFtrS

_`JISQabJXNQ\$N�TUHW_edbEgfMh/JXNQTiZ^NQPjRYS2H]\ k Sb\2lUZiLXNQPjRQS�fGF kIH n�s s

C LIZ^NQtF\2HKo
LIH�TUDqpbHKJGEXNQE�NQlUtFDrvjNQP$�mH]E�oiHKvKH]EIEGDrLONY\ TUHWl S�TUHKJ�vKSb\2lUZiLXNQvKDrSbo^NQtuEGZUl H]JIDrSbJ�NQS
wxZUH"ZU\ vKSb\2lUZiLXNQTUSbJ2EIH]w��UHKoUv]DyNQt�l S�TUH(D SbJIoiHKvKH]J:l^NYJXN�EGHKJIH]\ H
	mHKv]ZiLONQTUNQE&HK\ LXH]\$l�SbE
NYvKHKDqL �jpbH]DFE]|9s NQv]H�NQSbE2NQtrLISbE�vKZiEGLXSQE2TiSbE$EGZUl�HKJIv]Sb\2lUZiLONYTUSbJIH]EK��NQtrLIHKJIoUNYLXDqpQNYE�vKSb\2S�vKtrZUEMf
LIHKJGE�HQ�`\$NQDFEWJIH]vKHKo
LIHK\2HKo
LXHY� SQE�abJIDrTUE�v]Sb\2lUZiLONYvKDFSQo^NQDFEcHKEMLONQ[�HKtrHKv]HKJXNY\�f EIH�v]Sb\$S D SbJI\$NQE
TiH7NQabJIH]a
NQJ l�S�TUHKJ v]Sb\2lUZiLONYvKDFSQo^NQtmN�vKZUEMLXSbE�NQv]HKEGEI{rpQHKDrEK| � Sb[ )GH]LIDrpQS/TUHBZU\ aQJIDFT��7NQabJIH]a
NQJ
H]wxZUDFl^NY\$H]oxLISbEK��TUDrEGLXJGDF[UZi{FTUSbE]�BRUH]LIHKJGSba �KoiHKSbE�HWv]Sb\$lUNQJGLIDFt RUNQTUSbE D SbJG\:NYoUTUS�ZU\$N � v]SboUEMLXH f
tFNQPjRYS � TUH JIHKv]ZUJIEGSbE�DFo
LXH]JIv]SboUHKv LONQTiSbE`l SQJ�JIH]TUHKE�TUH NQtrLXN�pbH]tFS�vKDFTUNQTUHQ|���H]EIEXN � p�DFN�tyNQv LXHKN � TUH
JGHKv]ZUJIEGSbE
�2H]EIl�HKJINQTUS ZU\ v]Sb\$l�SbJMLONQ\2HKo
LXS$LXDFliDFvjNY\$H]oxLIH�TUDro��Q\2DFv]SU�%ZU\$N:pbH]�$wxZUH2N�TUDrEMf
l�SboUDr[UDFtrDFT^NYTUH&TUSbE2\$H]EI\2SbE:oiHK\ EIH]\$lUJGH"l�SmTiH"EIH]J:a
NYJXNQo
LXDrT^Ni|KPmSQ[ HKEGEIHKE�NQEIl�HKv LXSbE]���
Dr\$l�HKJINYLXDqpbS�wxZUH�N�H
	mH]vKZUPKRQS�T^NQE�NQlUtrDFvjNYP ��HKEBl^NQJINQtFH]tyNQE7EGH )IN$H !^vKDrHKo
LXHY� SQZ"EIH,)INi� S:l^NYJXNQtrH f
trDFEG\$ScoUHKtFNQE H�	iDrEGLIHKo
LXH]EBEIH )IN�v]Sbo
pbH]oUDFH]oxLIHK\2HKo
LXH~H�	ilitFSbJINQTUS�l^NYJXN�wxZUH�S�l�SQLXH]oUvKDFNQt�tyNYLIHKo
LXH
TUN�aQJXNQTUH&l�SbEGEXN EIH]J�LXSQLXNQtF\2HKo
LXH�NQlUJIS pQHKDrLXNQTUSU| � lUJGSb[UtrHK\$N���LXJINYLONQTiS4H]\ LIHKJI\2SbE�TiS
H]EIvKNQtFSboUNQ\$H]o
LXS:TiHWLONYJIH6D NYEK��NQtrpQS:TUHW\�ZUDqLXSbE7HKEMLXZUTiSbE�HQD Smv]S$TUH]EGLXN:l H]EIwxZUDrEXNi|�C�H pmDrTUS&NQS
v]Sb\2l SbJMLONQ\2HKo
LIS*DroUEGL�� pQHKt7TUS�NQ\�[UDrHKo
LXH���oiHKvKH]EIE&�QJIDrS�ZU\ HKEGvjNQtrSbo^NQTUSQJ2TiDFo��Q\2DFv]S�l^NQJXN
JGHjNQtrDF�KNQJ�N:NQtFS�vjNQPKRQS2T^NQE�LXNQJIH D NQE�NQSQE�JIH]vKZUJGEISbE/TiZUJXNQo
LIH�N:H
	mH]vKZUPKRQS&T^N&NQlUtrDFvKNQPjRQSi|�n�\:N
H]EGLIJXNYL��KabDFNcl^NYJXNcNQtFDqpmDFNQJ N~vjNYJIa
N~TUH7LXJXNY[^NQt RiScTiSWH]EIvjNYtFSbo^NYTUSbJ�TUDFo��Q\$DrvKS���DFoUv]SbJIl�SbJINQJ`ZU\
liJ�� f HKEGvjNQtrSbo^NQ\2HKo
LXS�TUH�LONQJGH6D NQE]� NYLIJXNjp��]E�TUH2ZU\ HKEGvjNQtrSbo^NQTUSQJcH]EGL��YLXDrvKSU��NQEIEGDF\��eNYS"TUDro�� f
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\2DFv]S/JIH]EGLONYJ��~NQl�HKo^NQE�SbE�N )GZUEGLIHKE !^o^NQDrE`\$SQ\$H]oxL �QoUH]SbEK| � Sb[ )GH LXDqpbScTUS/LXJXNY[^NQt RiS �7lUJISbl � J
Zi\ HKEGvjNQtrSbo^NQTUSQJ�HKEML �YLIDFvKS l^NYJXN NQ\�[UDrHKo
LXH]E/vKSb\ vjNQJINQv]LIHKJG{FEGLIDFvKNQE/EIH]\$H]t R^NQo
LIHKE �QE/abJINQTUHKE
v]Sb\2lUZiLONYvKDFSQo^NQDFE]| C NQ[�SbJITUNQabHK\ HKEIv]Sbt RiDFT^N~l^NQJINcSWlUJISb[itFHK\$Ni�xNQliJIHKEGHKo
LONcZU\$NQRUH]ZUJI{rEGLIDFvjN
TUN4v]tyNQEGEIH TUH tFDrEGL�EIvSRiHKTUZUtrDFoUa�l^NYJXN�ZU\ o��U\2HKJIS4tFDr\$DqLONQTiS"TUH lUJGSmv]HKEIEINQTUSbJGHKE4RUH]LIHKJGSba � f
oiHKSbE]| C�ZUJINQo
LXH"N�l H]EIwxZUDrEXN D SbD7l�SbEIEG{rpQHKt�Sb[UEIH]JGpYNQJ$w�ZiH�H
	mDFEMLXH]\ Dro��i\$H]JXNQE4RUHKZiJI{FEMLXDrvjNQE
D SQJI\�ZUtFNQT^NQE`lUNQJXN~NQ\�[iDFHKo
LIHKEGRUSb\2Sba �KoiHKSbE]��H7[�HK\=\2HKoUSQE lUNQJXNcNQ\�[UDrHKo
LXH]E RUH]LIHKJISQa �KoUH]SbEK|
�`o
LXJGH]LXNQo
LXSU� wxZ^NQEGHWLXS�T^NQE7EIRQS4D SQJI\�ZUtFNQT^NQEBH]\ \2SmTUH]tFSbEBTiHWv]Sb\�ZUoUDrvjNQPKRQS�DFo^NYlUJISbliJIDyNYTUSbE
lUNQJXN/lUtFNYLONMD SQJI\$NQE�TUH7v]tFZUEMLXHKJGE�H�aQJXNQTUH]EK|`_ SbJ�HKEGEXN~JXNQ�KRQSU�
JIH]EISbtqpbH]Zmf EGH�NQTiSQLONQJ�ZU\ \2SmTUH]tFS
\$NQDrE JIHKNQtF{rEGLXDrvKSWvKSb\2S�S4NuSQa
_9wxZUH/v]SboUEIDrTUHKJIN�l^NQJ �Y\$H LXJISQEBw�ZiH/l H]JI\2DrLXH]\ S�v �QtFv]ZUtFS�liJIH f
v]DFEGS:TUS$vKZUEMLXS:TUNQE�v]Sb\�ZUoUDrvjNQP$�mH]EK| C oUS pYN RUH]ZUJI{rEGLXDrvjN ��ZU\$N�H
	�LXH]oUEXRQS:T^N$\2H]LISmTUSQtFSbabDFN
liJISbl�SbEGLXN�l�SbJ��~NQtFDroUS��7E
	xD�����SbJGLWH"+eJ
��EGLXJINQ\�NQT^NQlmLONQT^N l^NQJIN�NY\�[UDFH]o
LXHKE RUH LXH]JISba �]oUHKSQE
H"DF\2lUtFH]\$H]oxLXNQT^N�HK\ wxZ^NYLXJGS�pbH]JIE �mH]EK| C DroxpQHKEMLXDFabNQPjRQS�vKSboUEGDFEMLXH�H]\ NjpYNQtFDFNQJ�l SQtF{rLIDFvKNQE
NYtrLXH]JIo^N LXDrpYNQE�l^NQJIN \2DFoiDF\2DF�jNYJ�SQE/H6D HKDqLXSbE�NQTipbH]JIEGSbEWwxZUH2NQE/EGSb[UJGHKvjNYJIa
NQE/TiHKvKSQJIJIH]o
LXHKEcT^NQE
v]Sb\�ZUoiDFvjNYP ��HKEBvjNYZUEXNQ\ NYS 
���� ��� � ��� T^NQE�NQlUtrDFvKNQP ��HKE lUNQJXNQtrHKtFNQEK|
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 |�_�JGSmv]HKEGEXNQ\2HKo
LXS:_�NQJINQtFH]tFS
��| � _`JISb[UtrHK\$N�TUS2�`EIvjNYtFSbo^NY\$H]oxLIS�TUH +�NQJGH6D NQE J _ � +?L

� |�_�JGSmv]HKEGEXNQTUSQJIHKE ��H LXHKJGSba �]oUHKSbE
�i| +eH]\$l�S�TUHc� 	mH]vKZUPKRQS&_�NYJXNQtrHKtFS�SbZ
� ��� ��� � ���

� | ��HKZiJI{FEMLXDrvjNQE
� | V�SmTiHKtFS�� ���!�

� | k tFZUEMLXHKJGE�HWh/JXNQTiHKE k Sb\2lUZiLXNQvKDrSbo^NQDrE
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C [UEGLIJXNQv L7SED +IRUH]EIDFEBliJIHKEGHKo
LXH]T�LIS�n�s�s�NQEBN�l^NYJGLXDFNQtBD ZUt�!UtFtF\2HKo
L SED L RiH�JIH]w�ZiDFJIH]\$H]o
LXE D SbJ
L RUH~TUHKaQJIHKH~SED`V"NQEMLXHKJ7SED Pmv]DFHKoivKH J�V*| PmvY| L |

C�HKSbtrDFoUTUN�s SQoxLIHKE k NQJGTUSbEIS
�Q� H C�HKv]HK\�[�HKJ H �Q�b�Y�

C TmpmDrEISbJ]� ��ZiabHKoUHWs^JXNQoivKDFE ��DFoiSmT��7HK[�HKtFtrS
C�HKl^NQJMLX\2HKo
Lj� k Sb\2lUZiLIHKJ Pmv]DFHKoivKH

��ZU\$H]JISbZiE/NQlUlUtrDFvKNYLXDrSboUE7JIH]w�ZiDFJIH�\$SbJGHWl�HKJ D SbJI\$NQoUv]HWL R^NQo�H pbHKo�EMLONYLIH f SMDyf L RiH fgNYJGL�EIH f
wxZUH]oUvKDFNQt vKSb\2lUZiLIHKJIE�vjNYo�lUJIS p�DFTiHWDro"SbJGTUHKJ7LXS$[ HWH
	mHKv]ZiLXH]T DFo�NQvKv]HKliLXNQ[UtFHcLXDr\$H�D JXNY\$H]EK|
�6DqL R%RUDra R�vKSQEGLXE D SbJeL RUH7NQv]wxZUDFEGDrLXDrSbo�NQoiT2\$NQDroxLIHKo^NYoUvKHBSED�EGZUl H]JIv]Sb\$liZiLXH]JIEK�xvSRUHKNQl�HKJ�l^N f
JINQtFtrHKt vKSb\2lUZiLIDFoUa�NQtqLXH]JIo^NYLIDrpQHKEBEIZivSR�NQE k Sb\2lUZiLIDFoUa k trZUEGLIHKJIE]��NQoUT \$SQJIH/JIH]vKH]oxLIt � k SQ\�f
liZiLONYLIDFSboUNQtmh~JGDFTUE]�QNQJGH�oUS�� [�HKv]Sb\$DroUa7L RUH v]Sb\2lUZiLXDroUa�E ��EGLIHK\2E SED^vSRUSQDFvKH �7DrL RUDFoWJIHKEGHjNQJGvSR
v]HKo
LXH]JIE]�zvKSb\2l^NQoiDFHKE�NQoiT"ZUoUDqpbH]JIEIDqLXDrHKEK| � o�L RUHKEGH�lUtFNYL D SQJI\2EK�UL RiH�H��2v]DFHKo
L�EIvSRUH]TUZUtFDroUa:SMD
L RUH$LXNQE
	xEWSED7N�lUNQJXNQtrtFH]t�NQlUlUtrDFvjN LXDFSQo DFEcvKJIZivKDyNYt�LIS"Sb[mLONQDroUDFoUa�abS�SmT4l�HKJ#D SQJI\$NQoUvKHY|�+IRUDFE
� SbJ 	WEMLXZUTUDrHKE L RUH liJISb[UtrHK\ SED EGvSRUHKTiZUtFDroUa�LONYE
	xE DFoWE ��EGLIHK\2E SED TUDrEGLIJIDF[iZiLXH]T RUH LXHKJGSbabH]oUHKSbZiE
JGHKEGSbZUJIv]HKE � RUDrvSR�vKSb\2\�ZUoUDrvjNYLIH p�DFN�\$H]EIEINQabH l^NYEIEIDroUaU| +IRUHBlUJIS�vKH]EIEGDFoUa/v]SbEGLIE�LXS�EGHKoUT2NQoiT
LIS�JIH]vKH]DrpbH/\2HKEGEXNQaQHKE J LXJXNYTUDrLIDFSbo^NYt^DFaboUSQJIHKT:[��$EIvSRiHKTUZUtrDFoUa�NQtFabSQJIDrL RU\2ESL vjNQo&TiJXNQ\$NYLXDrvjNQtrt �
Dro��^ZUH]oUvKH/L RUH~H
	mHKv]ZiLXDrSbo�LIDF\2H�SEDel^NQJINQtFtrHKt NQlUlUtrDFvKNYLXDrSboUEK|
F o L RUDFE7C�DFEIEGHKJMLONYLIDFSbo&L RiJIHKH/oiH �
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%������������ � ) J v5LB��EGvjNQtrSbo^NQ\2HKo
LIS2v]Sb\ %������������ � ) |c|W|c|W|c|c|c|c|c|W|c|W|c| � �

� | 
 C tFabSbJGDrLI\$S � �����
� "���� )��*%'�(� � |�|W|c|c|W|c|~|W|c|W|c|c|W|c|W|c|c|c|c|c|W|c|W|c| ��D

� | � J N�LBh C C J [$L C \�[UDFH]oxLIH ��H]LIHKJGSba �KoiHKS2vKSb\ ��_`JIS�vKH]EIEINQTUSbJGHKE�|c|c|W|c|W|c| � C

�U| 
 J N�LBh C C�| J [BL�}�JIHKN2TiHW�7HKEGHKJMpQN
R
TiH~LXNQ\$NQo�RUS�� |c|c|W|c|~|W|c|W|c|c|W| � �

�U| � � 	mHK\2lUtFS�T^N RUH]ZUJI{rEGLIDFvjN�� +7s �Bh k J N�Lc��H]EIHKJMpYN
R
J [BL PmSb[iJIHKvKNQJIabNQE�TUH

H]oxp�DrS$NYtFS�vjNQT^NYEBHK\
R
J v5L7�`EGvjNQtrSbo^NQ\2HKo
LXS2s�Dro^NQt vKSb\ V�N 	QH]EIl^NYo�� C |W| � �

�U| � � 	mHK\2lUtFS�T^N-RUHKZiJI{FEMLXDrvjN-N Pi�Bh k � 
 J N�L h C C J [$L��7HKEIH]JGpYN
R
J v5L PmSb[UJGH f

vKNQJIa
NYE7NQo � oUDr\:NYE J T$LB�`EIvKNQtFSQo^NQ\2HKo
LXS2s�Dro^NQt%v]Sb\ 
���� ��� � ��� � 
 � |W|c|W|c| � �
	mDrp
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�U| � � 	mHK\2lUtFS�TUN9RiHKZUJG{FEGLIDFvKN4N Pi� h k �/� J N�L h C C h J [$L ��H]EIH]JGpYN
R
J v�L k SYf

trH]LON2TUH�trD 	mS:DroUEGLXNQo
L �QoUHKN:H�EGSb[UJGHKvjNYJIa
NQE�SbJITUH]o^NQT^NYE�JIH]EIZUtqLONQoUTiS�oxZU\ H]EMf
vKNQtFSboUNQ\$H]o
LXS%!^o^NYt vKSb\ 
���� ��� � ��� �;D |~|W|c|W|c|c|W|c|W|c|c|c|c|c|W|c|W|c| � C

�U| � � 	mHK\2lUtFS&TUN RUHKZUJG{FEMLXDFvKN N Pi�Bh k � � J N L�h C C h J [BL���H]EIH]JGpYN
R
v]Sb\ N

v]SbtFH LON TUH�tFD 	mS�DFoiEGLONYoxL �QoUHKN J v�L���EGvjNQtrSbo^NQ\2HKo
LIS*DroxLIHKJG\$H]TUD �QJGDFS v]Sb\ NQE
EGSb[UJIH]vjNQJGa
NQE�NQDFoiT^N�NQo � oUDr\:NYEQJ T$L � JITUH]o^NQPKRQS$TUNQE�EGSb[UJGHKvjNYJIa
NQE�TUHcHKo
p�DFS
J H�L �`EIvKNQtFSboUNQ\$oiH]LXS !^oUNQt vKSb\ 
���� ��� � ��� �;D |c|c|W|c|W|c|c|c|c|c|W|c|W|c| � D

�U| � J N�L k NQ\2DFo RUS k JI{qLXDrvKS&TUS�h/JXNMD S �`EIvKNQtFSQo^NQTUS J [BL �bNQoUHKtFN&\ � 	mDr\:N:TiH2EGZmf
[UDrT^N

JM

J v5L � JGTUHKo^NYPjRQS�T^NQE7EGSb[UJIH]vjNQJGa
NQE7TUH~HKo
p�DFS6|c|W|c|c|c|c|c|W|c|W|c| � �

� | 
 +eNQ[�HKtyN4TUH"H�	mHK\2lUtFS<J l^NQJMLXH5L2T^N�v]Sbo D JGSbo
LONQPKRQS�TUSQE � � 
���� ��� � ��� lUNQJXN
vKNQtFv]ZUtyNQJ�S2l�HKJGvKH]oxLIZ^NQtuTUH~\2HKt RiSbJ SbZ DFaQZ^NQt 
���� ��� � ��� |W|c|c|c|c|c|W|c|W|c| � D

� | � s NYLISbJ`TUH ��H]LIHKJGSbabHKoiHKDFTUNQTUH J tFH]o
LXDFTURQS2L�TUSbE _`JIS�vKH]EIEXNYTUSbJIH]E�l�SbJ C JGw�ZiDrLXH LXZUJIN � �
� | � C JIwxZUDrLIH]LIZUJXN�TUH 
 ��_`JIS�vKH]EIEXNYTUSbJIH]E ��H]LIHKJISQa �KoUH]SbE�oUS�V�SmTUH]tFS�TUH NuNYL��]oUvKDFN � 

� | � +eNQ[�HKtyN�_`JGSmv]HKEIEINQTUSbJGHKE�� NuH]o
LXDFTURQSU�Uo^N2NQJGw�ZiDrLXH LXZUJIN�TUH 
 ��_�JGSmv]HKEGEXNQTUSQJIHKE � 

� | � h/JXNMD S�C�DyNQ\$NQo
LXH/TUHW� � LXNQJIH D NQE |c|W|c|~|W|c|W|c|c|W|c|W|c|c|c|c|c|W|c|W|c| � �
� | � _ HKJIv]HKo
LXZUNQDFE`TUH V�HKt RUSbJ � ��� ��� � ��� H
��Z^NQtrDFT^NQTiH _ � C�f h/JXN�D SbE C�DFNQ\$NQo
LXHKE � �
� | � _ HKJIv]HKo
LXZUNQDFE~TUH2V�H]t RUSQJ � ��� ��� � ��� H���Z^NQtrDFT^NQTiH�_ � 
 �2f�h/JXN�D SbE/C�DFN f

\$NQo
LXH]E"|c|W|c|W|c|c|c|c|c|W|c|W|c|c|W|c|~|W|c|W|c|c|W|c|W|c|c|c|c|c|W|c|W|c| � �
� | C _ HKJIv]HKo
LXZUNQDFE~TUH2V�H]t RUSQJ � ��� ��� � ��� H���Z^NQtrDFT^NQTiH�_ � � �2f�h/JXN�D SbE/C�DFN f

\$NQo
LXH]E"|c|W|c|W|c|c|c|c|c|W|c|W|c|c|W|c|~|W|c|W|c|c|W|c|W|c|c|c|c|c|W|c|W|c| � �
� | D _ HKJIv]HKo
LXZUNQDFE~TUH2V�H]t RUSQJ � ��� ��� � ��� H���Z^NQtrDFT^NQTiH�_ � � �:f�h/JXN�D SbE/C�DFN f

\$NQo
LXH]E"|c|W|c|W|c|c|c|c|c|W|c|W|c|c|W|c|~|W|c|W|c|c|W|c|W|c|c|c|c|c|W|c|W|c| � �
� | 
 �6V �]TUDyNYEBvKSboUEGDFTUH]JXNQoiTUS:NYE�wxZ^N LXJIS2NQJGwxZUDrLIH]LXZiJXNQE f�h/JXNMD SbE7C�DyNQ\$NQo
LXH]E |W|c| � �
� | 
 
 V �]TUDyNYEBl SbJ k JGDrL �]JIDrS�TUHcC�HKEGHK\2l^NYLXH�f�h/JXNMD SQE7C�DyNQ\$NQo
LXH]E |c|c|c|W|c|W|c| � �
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 � � 	mHK\2lUtFSWTUS�H]EIvKNQtFSboUNQ\$H]o
LXS�TiS�abJXN�D S�C�Dy� � J N�L�� � vKSQ\�� �!��������%����(��- H
v]JIDrL��KJGDFS C J [BL�� � v]Sb\	� ������% � � ������%
���(��- H~v]JIDrL��KJGDFS C �ivKSb\	� ������%
���(��-

H/v]JIDrL��KJGDFS k �^H�� ��
�- � ���(� - vKSb\ vKJIDqL �]JIDFS-T J v�L�� � vKSQ\	� ���!-
� �(��- v]Sb\
v]JIDrL��KJGDFS9T |c|W|c|c|c|c|c|W|c|W|c|c|W|c|~|W|c|W|c|c|W|c|W|c|c|c|c|c|W|c|W|c| � �

� | 
 � V�H]t RUSQJ 
���� ��� � ��� abH]JXNQTUS l�HKtFN � � vKSb\ lUJIDrSbJIDrT^NQTUH�� ��
 �(� ��� � ���(� � "��

EGHK\ v]JIDrL��KJGDFS�TUH~TUH]EIHK\2l^NYLIH J C L�l^NYJXN�S$aQJXNMD S�C�Dy� � |c|W|c|c|c|c|c|W|c|W|c| � C
� | 
 �
h/JXNMD S%F o
LIJIHKHcvKSQ\ � 
 LONQJGH6D NQE |c|c|W|c|~|W|c|W|c|c|W|c|W|c|c|c|c|c|W|c|W|c| � C
� | 
 � _ HKJIv]HKo
LXZUNQDFE�TUHWV�HKt RUSbJ � ��� ��� � ��� H ��Z^NQtFDrT^NQTUH�_ � C�f�h/JXNMD SbEIF o
LIJIHKH | � �
� | 
 � _ HKJIv]HKo
LXZUNQDFE�TUHWV�HKt RUSbJ � ��� ��� � ��� H ��Z^NQtFDrT^NQTUH�_ � 
 �Wf�h/JXNMD SQEIF oxLIJIH]H � �
� | 
 � _ HKJIv]HKo
LXZUNQDFE�TUHWV�HKt RUSbJ � ��� ��� � ��� H ��Z^NQtFDrT^NQTUH�_ � � �Wf�h/JXNMD SQEIF oxLIJIH]H � �
� | 
 C�_ HKJIv]HKo
LXZUNQDFE�TUHWV�HKt RUSbJ � ��� ��� � ��� H ��Z^NQtFDrT^NQTUH�_ � � ��f�h/JXNMD SQEIF oxLIJIH]H � �
� | 
 D6V �]TUDyNYEBvKSboUEGDFTUH]JXNQoiTUS:NYE�wxZ^N LXJIS2NQJGwxZUDrLIH]LXZiJXNQE f�h/JXNMD SbEIF o
LIJIHKH |c|W|c|W|c| � �
� | �Q�6V �]TUDyNYEBl SbJ7v]JIDrL��KJGDFS�TUH~TUH]EIH]\$l^N LXH/f�h~JINMD SbEIF o
LXJGHKH�|c|W|c|c|c|c|c|W|c|W|c| � 

� | � 
 �`EIvKNQtFSQo^NQ\2HKo
LXSBTUS�abJINMD S
� ��� ��������� o^N7NQJIwxZUDqLXH]LIZUJXNBv]Sb\ 
 � lUJGSmv]HKEGEXNQTUSQJIHKE

RUH LXH]JISba �]oUHKSQE&ZiLXDrtFDF�KNQoUTUS*N�pbH]JIEIRQS TUH � � v]Sb\ lUJIDrSbJIDrT^NQTUH�� ���!-����(��-

EGHK\ vKJGDrL �]JIDrS$TUH�TUHKEGHK\2l^NYLXHWH�N�pbHKJGEXRQS&v]Sb\ lUJIDrSbJIDrT^NQTUH�� ���!-����(��- v]Sb\
v]JIDrL��KJGDFS k |c|W|c|c|c|c|c|W|c|W|c|c|W|c|~|W|c|W|c|c|W|c|W|c|c|c|c|c|W|c|W|c| � �

� | �b� �`EIvKNQtFSQo^NQ\2HKo
LXSBTUS�abJINMD S
� ��� ��������� o^N7NQJIwxZUDqLXH]LIZUJXNBv]Sb\ 
 � lUJGSmv]HKEGEXNQTUSQJIHKE
RUH LXH]JISba �]oUHKSQEWabH]JXNQTiS�l�HKtFN:pbH]JIEXRYS"TUH�� � vKSQ\ lUJIDrSbJIDrT^NQTUH�� ���!-�� �(��- H
v]JIDrL��KJGDFS�TUH�TUHKEGHK\2l^NYLXH�TUH�� ���!-����(��-�� � ��
�- � ��� -����(��- J TIL�H�l H]tyN
pQHKJIEIRQS � � v]Sb\ lUJGDFSbJGDFT^NYTUH/- �(- � H~vKJGDrL��KJIDrS�TUH~TUHKEGHK\2l^NYLIH T |c|W|c|W|c| � �

� | � � _ HKJIv]HKo
LXZUNQDFE�TUHWV�HKt RUSbJ � ��� ��� � ��� H ��Z^NQtFDrT^NQTUH�_ � C�f�h/JXNMD SbE � ZiLGLXJGHKH � �
� | �Y�6_ HKJIv]HKo
LXZUNQDFE7TUHcV�H]t RUSQJ � ��� ��� � ��� H ��Z^NYtFDFTUNQTUH�_ � 
 �cf�h/JXN�D SbE � ZiLILIJIH]H � �
� | � � _ HKJIv]HKo
LXZUNQDFE7TUHcV�H]t RUSQJ � ��� ��� � ��� H ��Z^NYtFDFTUNQTUH�_ � � �cf�h/JXN�D SbE � ZiLILIJIH]H � �
� | � � _ HKJIv]HKo
LXZUNQDFE7TUHcV�H]t RUSQJ � ��� ��� � ��� H ��Z^NYtFDFTUNQTUH�_ � � ��f�h/JXN�D SbE � ZiLILIJIH]H � �
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� | � � V �]TUDyNYEBvKSboUEGDFTUH]JXNQoiTUS:NYE�wxZ^N LXJIS C JIwxZUDrLIH]LIZUJXNQE f�h/JXNMD SQE � ZmLILXJGHKH |c|W|c| � �
� | ��C6V �]TUDyNYEBl SbJ7v]JIDrL��KJGDFSbE TiHcTiHKEIH]\$lUNYLXH�f�h/JXNMD SbE � ZiLGLXJGHKH |c|c|c|c|c|W|c|W|c| � �
� | ��D6h/JXNMD S � ZiLGLXJGHKH~TUH � 
 LONQJGH6D NQE |c|c|W|c|~|W|c|W|c|c|W|c|W|c|c|c|c|c|W|c|W|c| � �
� | � ���`EIvKNQtFSQo^NQ\2HKo
LXS*TUS�� �*� � ��������� vKSb\ N P9lUJGDFSbJGDFT^NYTUH � ������% ���(����
 � "�� H

v]JIDrL��KJGDFS�TUH~TUH]EIHK\2l^NYLIH�� ������%
���(����
 � "�� � � ��
 �(� ��� � ���(� � "�� ���(����
 � "�� |W|c| � C
� | � 
 �`EIvKNQtFSQo^NQ\2HKo
LXS*TUS�� �*� � ��������� vKSb\ N P9lUJGDFSbJGDFT^NYTUH � ������% ���(����
 � "�� H

v]JIDrL��KJGDFS�TUH~TUH]EIHK\2l^NYLIH�� �!��������% ���(����
 � "�� � � ��
 �(� ��� � ���(� � "���� �(����
 � "�� | � D
� | � � �`EIvKNQtFSQo^NQ\2HKo
LXS TUS abJINMD S�� � � � ��������� HK\ 
 ��lUJIS�vKH]EIEXNYTUSbJIH]EWl�HKtFN�pbHKJGEXRQS

� ������� "���� )��*%'�(� � v]Sb\ lUJIDrSbJIDrT^NQTUH�TUH � ������% ���(����
 � "�� EGHK\ vKJIDqL �]JIDFS4TUH
TUH]EIH]\$l^N LXHcHcl�HKtFN�pQHKJGEXRQS$TUH � ����� � "���� )�� %'�(� � vKSQ\ \$H]EI\$N2liJIDFSQJIDFTUNQTUH�H
v]JIDrL��KJGDFS�C |c|W|c|c|c|c|c|W|c|W|c|c|W|c|~|W|c|W|c|c|W|c|W|c|c|c|c|c|W|c|W|c| Cb�

� | � � _ HKJIv]HKo
LXZUNQDFE TiH�V�H]t RUSQJ � ��� ��� � ��� H ��Z^NQtrDFT^NQTiH7_ � C/f�h/JXN�D SbE���NQoUT � f
\2DFv]SbE�|c|c|W|c|W|c|c|c|c|c|W|c|W|c|c|W|c|~|W|c|W|c|c|W|c|W|c|c|c|c|c|W|c|W|c| C 


� | � �6_ HKJIv]HKo
LXZUNQDFE TiHBV�H]t RUSbJ � ��� ��� � ��� H
��Z^NYtFDFTUNQTUH _ � 
 �Bf h~JINMD SbE ��NQoUT � f
\2DFv]SbE�|c|c|W|c|W|c|c|c|c|c|W|c|W|c|c|W|c|~|W|c|W|c|c|W|c|W|c|c|c|c|c|W|c|W|c| C 


� | � � _ HKJIv]HKo
LXZUNQDFE TiHBV�H]t RUSbJ � ��� ��� � ��� H
��Z^NYtFDFTUNQTUH _ � � �Bf h~JINMD SbE ��NQoUT � f
\2DFv]SbE�|c|c|W|c|W|c|c|c|c|c|W|c|W|c|c|W|c|~|W|c|W|c|c|W|c|W|c|c|c|c|c|W|c|W|c| C 


� | � � _ HKJIv]HKo
LXZUNQDFE TiHBV�H]t RUSbJ � ��� ��� � ��� H
��Z^NYtFDFTUNQTUH _ � � ��f h~JINMD SbE ��NQoUT � f
\2DFv]SbE�|c|c|W|c|W|c|c|c|c|c|W|c|W|c|c|W|c|~|W|c|W|c|c|W|c|W|c|c|c|c|c|W|c|W|c| C
�

� | � � V �]TUDyNYEBvKSboUEGDFTUH]JXNQoiTUS:NYE�wxZ^N LXJIS2NQJGwxZUDrLIH]LXZiJXNQE f�h/JXNMD SbE7��NQoUT � \$DrvKSbE |c| C
�

� | � C6V �]TUDyNYEBl SbJ7v]JIDrL��KJGDFSbE TiHcTiHKEIH]\$lUNYLXH�f�h/JXNMD SbE7��NQoUT � \$DrvKSbE�|c|c|c|W|c|W|c| C
�

� | � D6h/JXNMD S%F JGJIH]abZUtyNYJBTUH � LXNQJIH D NQE |c|c|W|c|~|W|c|W|c|c|W|c|W|c|c|c|c|c|W|c|W|c| CQ�

� | �
��_ HKJIv]HKo
LXZUNQDFE TiH7V�HKt RUSbJ � ��� ��� � ��� H ��Z^NQtrDFT^NYTUH�_ � C�fuh~JINMD SbE F JIJIH]abZUtFNQJIH]E
C �
� | � 
 _ HKJIv]HKo
LXZUNQDFE/TUH2V�HKt RiSbJ � ��� ��� � ��� H ��Z^NQtrDFT^NYTUH�_ � 
 �2f�h/JXNMD SbE F JIJGH f

abZityNQJGHKE |W|c|W|c|c|c|c|c|W|c|W|c|c|W|c|~|W|c|W|c|c|W|c|W|c|c|c|c|c|W|c|W|c| C �
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� | �x� _ HKJIv]HKo
LXZUNQDFE/TUH2V�HKt RiSbJ � ��� ��� � ��� H ��Z^NQtrDFT^NYTUH�_ � � �2f�h/JXNMD SbE F JIJGH f
abZityNQJGHKE |c|W|c|W|c|c|c|c|c|W|c|W|c|c|W|c|~|W|c|W|c|c|W|c|W|c|c|c|c|c|W|c|W|c| C �

� | � � _ HKJIv]HKo
LXZUNQDFE/TUH2V�HKt RiSbJ � ��� ��� � ��� H ��Z^NQtrDFT^NYTUH�_ � � �:f�h/JXNMD SbE F JIJGH f
abZityNQJGHKE |c|W|c|W|c|c|c|c|c|W|c|W|c|c|W|c|~|W|c|W|c|c|W|c|W|c|c|c|c|c|W|c|W|c| C �

� | �b�
V �]TUDyNYEBvKSboUEGDFTUH]JXNQoiTUS:NYE�wxZ^N LXJIS2NQJGwxZUDrLIH]LXZiJXNQE f�h/JXNMD SbEIF JGJIH]abZUtyNYJIHKE |W|c| C �
� | � � V �]TUDyNYEBl SbJ7v]JIDrL��KJGDFSbE TiHcTiHKEIH]\$lUNYLXH�f�h/JXNMD SbEIF JGJIH]abZUtyNYJIHKE |c|c|c|W|c|W|c| C �
� | � � �`EIvKNQtFSQo^NQ\2HKo
LXS*TUS h/JXNMD S � � ����� oUN�NQJGw�ZiDrLXH LXZUJIN�TUH 
 �4lUJGSmv]HKEGEXNQTUSQJIHKE

v]Sb\ 
���� ��� � ��� � �Q� |c|c|W|c|W|c|c|W|c|~|W|c|W|c|c|W|c|W|c|c|c|c|c|W|c|W|c| C �
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LIHKE |c|c|W|c|W|c| 
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 �Wf�h~JINMD SbE7C�DFNQ\$NQo
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 � 

� | � k Sb\2l^NQJINQPjRYS�T^N ��Z^NYtFDFTUNQTUH�v]Sb\ _ � 
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� | � k Sb\2l^NQJINQPjRYS�TUSbE�_eH]JIvKH]o
LXZ^NQDrE�v]Sb\ _ � � �Wf�h~JINMD SbE7C�DFNQ\$NQo
LXHKE |W|c|W|c| 
 �
�
� | � k Sb\2l^NQJINQPjRYS�T^N ��Z^NYtFDFTUNQTUH�v]Sb\ _ � � �Wf�h~JINMD SbE7C�DFNQ\:NYoxLIHKE |c|c|W|c|W|c| 
 �
�
� | � k Sb\2l^NQJINQPjRYS�TUSbE�_eH]JIvKH]o
LXZ^NQDrE�v]Sb\ _ � � ��f�h~JINMD SbE7C�DFNQ\$NQo
LXHKE |W|c|W|c| 
 � �
� | C k Sb\2l^NQJINQPjRYS�T^N ��Z^NYtFDFTUNQTUH�v]Sb\ _ � � ��f�h~JINMD SbE7C�DFNQ\:NYoxLIHKE |c|c|W|c|W|c| 
 �Q�
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LXH]E |c|W|c| 
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� | 
 � k Sb\2l^NQJINQPjRYS�l SbJ C JIwxZUDqLXH]LIZUJXN ��SQ\$Sba-�KoUHKNWf�h~JINMD SbE7C�DFNQ\:NYoxLIHKE |W|c|W|c| 
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 k Sb\2l^NQJINQPjRYS�TUSbE�_eH]JIvKH]o
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� | 
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� | 
 � k Sb\2l^NQJINQPjRYS�TUSbE�_eH]JIvKH]o
LXZ^NQDrE�v]Sb\ _ � 
 �Wf�h~JINMD SbEIF o
LXJGHKH |c|c|c|W|c|W|c| 
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� | 
 � k Sb\2l^NQJINQPjRYS�T^N ��Z^NYtFDFTUNQTUH�v]Sb\ _ � 
 �Wf�h~JINMD SbEIF o
LXJGHKH |c|c|c|c|W|c|W|c| 
 �0C
� | 
 � k Sb\2l^NQJINQPjRYS�TUSbE�_eH]JIvKH]o
LXZ^NQDrE�v]Sb\ _ � � �Wf�h~JINMD SbEIF o
LXJGHKH |c|c|c|W|c|W|c| 
 �0D
� | 
 � k Sb\2l^NQJINQPjRYS�T^N ��Z^NYtFDFTUNQTUH�v]Sb\ _ � � �Wf�h~JINMD SbEIF o
LXJGHKH |c|c|c|c|W|c|W|c| 
 �0D
� | 
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� | ��C k Sb\2l^NQJINQPjRYS�T^N ��Z^NYtFDFTUNQTUH�v]Sb\ _ � � ��f�h~JINMD SbE � ZiL�+ JIH]H |c|c|c|W|c|W|c| 
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� | � � k Sb\2l^NQJINQPjRYS�l SbJ C JIwxZUDqLXH]LIZUJXN ��SQ\$Sba-�KoUHKNWf�h~JINMD SbE � ZiLILIJIH]H |c|W|c|W|c| 
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 k Sb\2l^NQJINQPjRYS�TUSbE�_eH]JIvKH]o
LXZ^NQDrE�v]Sb\ _ �;C�f�h/JXN�D SbEB��NQoUT � \2DFv]SbE |W|c|W|c| 
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� | � � k Sb\2l^NQJINQPjRYS�T^N ��Z^NYtFDFTUNQTUH�v]Sb\ _ �;C�f�h/JXN�D SbE7��NYoUT � \2DFv]SbE |c|W|c|W|c| 
 � 

� | � � k Sb\2l^NQJINQPjRYS�TUSbE�_eH]JIvKH]o
LXZ^NQDrE�v]Sb\ _ � 
 �Wf�h~JINMD SbE7��NQoUT � \$DrvKSbE |c|W|c| 
 �b�
� | � � k Sb\2l^NQJINQPjRYS�T^N ��Z^NYtFDFTUNQTUH�v]Sb\ _ � 
 �Wf�h~JINMD SbE7��NQoUT � \2DFv]SbE�|c|W|c|W|c| 
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� | � � k Sb\2l^NQJINQPjRYS�TUSbE�_eH]JIvKH]o
LXZ^NQDrE�v]Sb\ _ � � �Wf�h~JINMD SbE7��NQoUT � \$DrvKSbE |c|W|c| 
 �Y�
� | � � k Sb\2l^NQJINQPjRYS�T^N ��Z^NYtFDFTUNQTUH�v]Sb\ _ � � �Wf�h~JINMD SbE7��NQoUT � \2DFv]SbE�|c|W|c|W|c| 
 �Y�
� | � � k Sb\2l^NQJINQPjRYS�TUSbE�_eH]JIvKH]o
LXZ^NQDrE�v]Sb\ _ � � ��f�h~JINMD SbE7��NQoUT � \$DrvKSbE |c|W|c| 
 � �
� | � C k Sb\2l^NQJINQPjRYS�T^N ��Z^NYtFDFTUNQTUH�v]Sb\ _ � � ��f�h~JINMD SbE7��NQoUT � \2DFv]SbE�|c|W|c|W|c| 
 � �
� | � D k Sb\2l^NQJINQPjRYS�l SbJ C JIwxZUDqLXH]LIZUJXN ��H LXH]JISba �]oUHjN�f�h/JXNMD SbE7��NQoUT � \$DrvKSbE |W|c| 
 � �
� | �
� k Sb\2l^NQJINQPjRYS�l SbJ C JIwxZUDqLXH]LIZUJXN ��SQ\$Sba-�KoUHKNWf�h~JINMD SbE7��NQoUT � \2DFv]SbE�|c|W|c| 
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� | � 
 k Sb\2l^NQJINQPjRYS�TUSbE�_eH]JIvKH]o
LXZ^NQDrE�v]Sb\ _ �;C�f�h/JXN�D SbE F JIJGHKabZityNQJGHKE�|c|W|c|W|c| 
 ��D
� | �x� k Sb\2l^NQJINQPjRYS�T^N ��Z^NYtFDFTUNQTUH�v]Sb\ _ �;C�f�h/JXN�D SbEIF JIJGHKabZUtFNQJIH]E |c|c|W|c|W|c| 
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� | � � k Sb\2l^NQJINQPjRYS�TUSbE�_eH]JIvKH]o
LXZ^NQDrE�v]Sb\ _ � 
 �Wf�h~JINMD SbEIF JGJIHKaQZUtyNQJGHKE |W|c|W|c| 
 � �
� | �b� k Sb\2l^NQJINQPjRYS�T^N ��Z^NYtFDFTUNQTUH�v]Sb\ _ � 
 �Wf�h~JINMD SbEIF JIJGHKabZityNQJGHKE�|c|c|W|c|W|c| 
 � �
� | � � k Sb\2l^NQJINQPjRYS�TUSbE�_eH]JIvKH]o
LXZ^NQDrE�v]Sb\ _ � � �Wf�h~JINMD SbEIF JGJIHKaQZUtyNQJGHKE |W|c|W|c| 
 � 

� | � � k Sb\2l^NQJINQPjRYS�T^N ��Z^NYtFDFTUNQTUH�v]Sb\ _ � � �Wf�h~JINMD SbEIF JIJGHKabZityNQJGHKE�|c|c|W|c|W|c| 
 � �
� | � � k Sb\2l^NQJINQPjRYS�TUSbE�_eH]JIvKH]o
LXZ^NQDrE�v]Sb\ _ � � ��f�h~JINMD SbEIF JGJIHKaQZUtyNQJGHKE |W|c|W|c| 
 � �
� | � C k Sb\2l^NQJINQPjRYS�T^N ��Z^NYtFDFTUNQTUH�v]Sb\ _ � � ��f�h~JINMD SbEIF JIJGHKabZityNQJGHKE�|c|c|W|c|W|c| 
 � �
� | � D k Sb\2l^NQJINQPjRYS�l SbJ C JIwxZUDqLXH]LIZUJXN ��H LXH]JISba �]oUHjN�f�h/JXNMD SbEIF JGJIH]abZUtyNYJIHKE |c|W|c| 
 � �
� | � � k Sb\2l^NQJINQPjRYS�l SbJ C JIwxZUDqLXH]LIZUJXN ��SQ\$Sba-�KoUHKNWf�h~JINMD SbEIF JIJGHKabZityNQJGHKE |c|W|c| 
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� | � 
 k Sb\2l^NQJINQPjRYS�TUSbE�_eH]JIvKH]o
LXZ^NQDrE�v]Sb\ _ �;C�f�h/JXN�D SbE �~_GPUh |c|c|c|W|c|W|c| 
 � �
� | � � k Sb\2l^NQJINQPjRYS�T^N ��Z^NYtFDFTUNQTUH�v]Sb\ _ �;C�f�h/JXN�D SbE �~_OPih |c|c|c|c|W|c|W|c| 
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� | � � k Sb\2l^NQJINQPjRYS�TUSbE�_eH]JIvKH]o
LXZ^NQDrE�v]Sb\ _ � 
 �Wf�h~JINMD SbE �~_GPUh |c|c|c|W|c|W|c| 
 � �
� | � � k Sb\2l^NQJINQPjRYS�T^N ��Z^NYtFDFTUNQTUH�v]Sb\ _ � 
 �Wf�h~JINMD SbE �~_GPUh |c|c|c|c|W|c|W|c| 
 � �
� | � � k Sb\2l^NQJINQPjRYS�TUSbE�_eH]JIvKH]o
LXZ^NQDrE�v]Sb\ _ � � �Wf�h~JINMD SbE �~_GPUh |c|c|c|W|c|W|c| 
 � C
� | � � k Sb\2l^NQJINQPjRYS�T^N ��Z^NYtFDFTUNQTUH�v]Sb\ _ � � �Wf�h~JINMD SbE �~_GPUh |c|c|c|c|W|c|W|c| 
 � D
� | � � k Sb\2l^NQJINQPjRYS�TUSbE�_eH]JIvKH]o
LXZ^NQDrE�v]Sb\ _ � � ��f�h~JINMD SbE �~_GPUh |c|c|c|W|c|W|c| 
 �
�
� | � C k Sb\2l^NQJINQPjRYS�T^N ��Z^NYtFDFTUNQTUH�v]Sb\ _ � � ��f�h~JINMD SbE �~_GPUh |c|c|c|c|W|c|W|c| 
 �
�
� | � D k Sb\2l^NQJINQPjRYS�l SbJ C JIwxZUDqLXH]LIZUJXN ��H LXH]JISba �]oUHjN�f�h/JXNMD SbE �~_GPUh |c|W|c|W|c| 
 �x�
� | � � k Sb\2l^NQJINQPjRYS�l SbJ C JIwxZUDqLXH]LIZUJXN ��SQ\$Sba-�KoUHKNWf�h~JINMD SbE �~_GPUh |c|c|W|c|W|c| 
 �x�
� | � 
 k Sb\2l^NQJINQPjRYS�TUSbE�_eH]JIvKH]o
LXZ^NQDrE�v]Sb\ _ �;C�f + S�TUSbEBSbE�h/JXNMD SbE�|c|c|W|c|W|c| 
 � �
� | � � k Sb\2l^NQJINQPjRYS�TUSbE�_eH]JIvKH]o
LXZ^NQDrE�v]Sb\ _ � 
 �Wf +eS�TUSbE7SbE�h/JXNMD SQE |c|W|c|W|c| 
 �b�
� | � � k Sb\2l^NQJINQPjRYS�TUSbE�_eH]JIvKH]o
LXZ^NQDrE�v]Sb\ _ � � �Wf +eS�TUSbE7SbE�h/JXNMD SQE |c|W|c|W|c| 
 � �
� | � � k Sb\2l^NQJINQPjRYS�TUSbE�_eH]JIvKH]o
LXZ^NQDrE�v]Sb\ _ � � ��f +eS�TUSbE7SbE�h/JXNMD SQE |c|W|c|W|c| 
 � �
� | � � k Sb\2l^NQJINQPjRYS�l H]tyN��`EIvjNYtyNQ[UDrtFDrT^NQTUH7f +eS�TUSbE7SbE�h/JXNMD SQE |W|c|c|c|c|c|W|c|W|c| 
 � �

C | 
 h/JXNMD S�C�DyNQ\$NQo
LXH/� ��� |c|W|c|W|c|c|W|c|~|W|c|W|c|c|W|c|W|c|c|c|c|c|W|c|W|c| 
 � �
C | � }�JGpbSQJIH~TUS�LXDFl�S �(��� � ����� f abHKo��]JIDrvjN |c|~|W|c|W|c|c|W|c|W|c|c|c|c|c|W|c|W|c| 
 � �
C | � }�JGpbSQJIHQT�DFo �QJIDFN�TUS�LXDFl�S �!�*��� � ����� aQHKo��]JIDFvKN |W|c|c|W|c|W|c|c|c|c|c|W|c|W|c| 
 � C
C | � �`tFDr\$Dro^NQPKRQS�h~NQZUEGEIDyNYo^N�fGF JIJ 
 C |c|W|c|~|W|c|W|c|c|W|c|W|c|c|c|c|c|W|c|W|c| 
 � D
C | � k dbTiDFabS2V�SQtFHKv]ZUtyNYJ7C�DFo��Y\$DrvKSWfGF JGJI� 
 |~|W|c|W|c|c|W|c|W|c|c|c|c|c|W|c|W|c| 
 � �
C | � �~_GPUh 
 f C RU\$NQT�NQoUT � � S 	 |c|c|W|c|~|W|c|W|c|c|W|c|W|c|c|c|c|c|W|c|W|c| 
 � �
C | � �~_GPUhc��f C tqfgV"NbNQEINQJXNQoiD/|W|c|W|c|c|W|c|~|W|c|W|c|c|W|c|W|c|c|c|c|c|W|c|W|c| 
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C | C �~_GPUh � f C tqfgV�SbZ�R^NY\$H]T |c|W|c|c|W|c|~|W|c|W|c|c|W|c|W|c|c|c|c|c|W|c|W|c| 
 � 

C | D �~_GPUh/��f P�RUDFJINQ�KD ��� ��%(%'� |W|c|W|c|c|W|c|~|W|c|W|c|c|W|c|W|c|c|c|c|c|W|c|W|c| 
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C LIZ^NQtF\2HKo
LIH�TUH]p�DrTUS&N:v]JIHKEGvKH]oxLIH�ZiLXDrtFDF�KNQPjRYS$TUS&liJIS�vKHKEGEXNQ\2HKo
LIS&TUH�DFo&D SbJI\$NQP ��HKE�o^NQE
\$NQDrE�TUDrpQHKJGEXNQE �QJGHjNQE]� ZU\ o��U\2HKJIS vKNQT^N�pbH]�2\$NQDrSbJ�TUH2NQlitFDFvKNQP ��HKE�oUHKv]HKEIEGDrLXN�TUH�vKNQl^NQv]Dqf
TUNQTUH�v]Sb\$liZiLONQv]DFSboUNQt EGZUl�HKJIDrSbJ NYS�wxZUH/S�HKEMLONQTUS�TUN�NQJGLIH�TUH�ZU\ vKSQ\$lUZmLONQTUSQJ�EIH]w��UHKoUv]DyNQt
l�S�TUH�D SbJIoUH]vKH]JK| k SQ\ DFEIEGSU� N�TUHK\$NQoUT^N�l�SbJ7\ �Yw�ZiDFo^NQEBwxZUHWNQlUJGHKEGHKo
LXH]\ H]tFH]pYNQTiS2TiHKEIH]\�f
l�HKo RUS2LIHK\�f EGH/vKSboUEMLXDqLXZU{rTUS�ZU\ D N LXSbJ v]JIZUv]DyNQt%l^NQJXN�SbEBDro
pbHKEMLXDr\$H]oxLISbE7HK\ l�HKEGwxZUDFEINQE7l^NQJXN
\2HKt RUSbJGDyN�T^N�LIHKvKoiSbtFSbaQDyN�H~EIZUJGabDF\2HKo
LIS2TiHcoiS pYNQE�NQJGwxZUDrLIH]LXZiJXNQE]|���SQLXN f EGHQ�Ul�SbJ��]\��UN2H�	iDrEMf
L&�KoUv]DyN~TUH7ZU\$N~v]JIH]EIvKH]o
LXH�TiD�!^v]ZUtFT^NYTUH7HK\ EGH�Sb[mLXHKJ�\$NQDFE`TiHKEIH]\$l�HKo RUSWoxZU\$NcNQJIwxZUDqLXH]LIZUJXN
EGHKw��UH]oUvKDFNQt���D NYLISbJIH]E`vKSb\2S~N�pbHKtrSmv]DFT^NYTUH T^N/tFZi�Q�xNQE�tFH]DFE�LIHKJG\$S�TUDFo��Q\$DrvjNQE]�YSQE`lUJIS�vKH]EIEISQE TUH
JGHKE D JIDyNY\$H]oxLIS TUS�liJIS�vKHKEGEXNQTiSbJWH�EGHKZUEcvKZUEMLXSbEcTUH9D NQ[UJGDFvjNYPjRQS JIH]lUJIH]EIH]oxLXNQ\ vKSQoUEIDrTUHKJ&� pQHKDrE
JGHKEMLXJIDrP ��HKE�N�HKEGEIHKE�NjpQNYoUPKSbE�� � ��
 |
C�ZiJXNQo
LXH2p �QJIDrSbE~NQoUSbEWNQv]JIHKTiDrLXSQZmf EGH2wxZUH$N�wxZ^NYoxLIDFT^NYTUH�TUH$lUNQJXNQtrHKtrDFEI\2S�wxZUH$l S�TUHKJGDyN

EGHKJ�H
	mlUtrSbJXNYTUS~o^RQS )GZUEGLID�!^vKNQJIDFN�SbE�HKE D SbJIP]SbE�l^NQJIN~liJIS pbH]J JGHKv]ZUJIEGSbE�l^NQJXN/EGZUl SQJGLONYJ�N~H�	mHKvKZ�f
PKRQS�EGDF\�ZitrL �YoUHjN/TUH�TUDrpQHKJIEINQE DFoUEMLXJIZiP ��HKEK|��`o
LXJGH]LXNQo
LXSU�mHKEGLIZUTUSbE�NQlUJGHKEIH]o
LONQTUSQE�\2SbEGLIJXNQJINQ\
wxZUH N ZiLIDFtrDF�jNYPjRQS�TUH&vKH]JGLXNQE�L �]vKoUDrvjNQE�LXNQo
LXS HK\ ����� � � ����� vKSb\2S HK\ � ��� ) � ����� l S�TUDyNY\
NYZU\$H]o
LONQJ�N:wxZ^NQo
LXDrT^NQTUH�TiH�l^NQJINQtFH]tFDFEG\$S2N�EGHKJ�H�	ilitFSbJINQTUSU� DFoUv]HKo
LXDqpQNYoUTUS:oiS pYNQE�l H]EIwxZUDqf
EINQE�� � ��
 | C EIEGDF\ EIHKoiTUSU� D SbJXNY\ lUJGS )GH]LXNQT^NQE/\��QwxZUDFoUNQE/vjNQlUNQ�KH]EcTiH�H
	mHKv]ZiLONQJ~LONYJIH6D NYE/HK\
lUNQJXNQtrHKtrS vKSb\ \ �itrLXDrlUtFSQE�lUJGSmv]HKEIEINQTUSbJGHKE$vKSboUH]v]LXNQTUSbE]� vKSbo RUHKv]DFT^NQE2vKSQ\$S�vKSQ\$lUZmLONQTUSQJIHKE
lUNQJXNQtrHKtrSbE�SbZ%� NQE/TUH�abJINQoUTUH�l SbJMLXHY� vKSb\2S�EIZil H]JIvKSQ\$lUZmLONQTUSQJIHKE]|�_ SbJ��]\��zLXNQDFE�\ �QwxZUDro^NQE
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NYlUJIH]EIHKo
LXNQ\ TUH]EIH]oxpQSbtrp�Dr\$H]oxLIS&H�\$NQoxZiLXH]oUPjRYS�HKtrH]pYNQTUSbE�H�l�SbJ�DrEIEGS�EIZ^N�ZmLXDFtrDF�KNQPjRQSi�^l^NQJXN
N�\$NQDFSQJIDyNWTUSbEBl^NQ{rEIH]E�EGZU[�TUHKEGHKo
pbSbtqp�DFTUSbE]� �cNQDroUT^N�\�ZiDrLXS�JGHKEMLXJIDqLONi|

��SbE �UtqLXDF\2SbE7NQoiSbEK� lUJIDroUvKDrl^NQtF\2HKo
LIHQ� TUH]p�DrTUS&NQE�\$H]t RUSbJGDyNQE7o^NYE�LXH]vKoUSQtFSbabDFNQE�TUH�JGHKTUH]E
TiH v]Sb\�ZUoUDrvjNQPKRQS�H NQZU\2HKo
LIS�T^N�tyNQJGabZUJIN7TiH [^NYoUT^N�TiH LXJINQoUEG\$DrEIEXRYS � � 
 
 �bNYtrLXH]JIo^N LXDrpYNQE v]Sb\
v]ZUEGLISbE [^NYEGLONYoxLIHKEBNYvKHKEGEI{qpbHKDrEK� D NYvKDFtrDrLISbZ�S�HKEMLONQ[�HKtrHKv]DF\2HKo
LXSWTUH�v]SbtFH]P ��HKE�TiH�vKSQ\$lUZmLONQTUSQJIHKE
LIJXNQTiDFvKDrSbo^NQDrEK��vKSb\2S D SbJG\:N:TiH�NQabJIH]a
NQJ�l�S�TUHKJ�v]Sb\2lUZiLONYvKDFSQo^NQt � 
 � 
 | C HKEMLXH�vKSboivKHKDqLXS&TUH
liJIS�vKHKEGEXNQ\2HKo
LIS�l^NQJINQtFH]tFS�TUHKoUSQ\$Dro^NQ\2SbE~TUH � %'� ��� ��� � �!
 ���*� �(� � � 
 �x� � � 
 | + JXNYLXN f EGH:TUH
Zi\ NQabJIZil^NQ\2HKo
LXScTUH�\��QwxZUDro^NQE _ k LXJINQTUDFv]DFSboUNQDFE`v]SboUHKv LONQTUNQE�l�SbJ�ZU\$NcJGHKTUH�TUH�v]Sb\�ZUoiDqf
vKNQPjRYSWTUH�NQtqLON�pbH]tFS�vKDrT^NQTUHY�
TUHKTUDrvjNQTUNQE lUNQJXN/vKSQ\$l^NYJGLXDrt R^NYJ�JIH]vKZUJGEISbE H�NQJI\$NQ�KH]o^NQ\2HKo
LXS~TUH
TUNQTUSbE � ��C 
 |��7HKvKH]o
LXHK\2HKo
LIHQ� �Wl SbEGEI{qpbHKt DFo
LIHKJIv]SboUH]v]LONYJ�TUDqpbHKJGEISbE "�%'� ��� ����� trSmvKNQtFDr�jNQTUSQEBHK\
TiSb\${roUDFSQEcaQHKSbabJIN !^vKNQ\$H]o
LXH:TiDFEGLIJIDr[UZU{FTiSbEK�eDFo
LXH]JIvKSQoUHKv LONQTUSQE�l SQJ�JIH]TUHKE � ��� �����,��� � v]SboUEGLIDqf
LIZUDFoiTUSU�xNQEGEIDF\�� � v]SboUEGLIHKtFNQP ��HKE � TUH�JIHKv]ZUJIEGSbEK| C H]EIEXNcoUS pYN~LIHKvKoiSbtFSbaQDyN�vSR^NQ\$NQ\2SbE`TUH ��� � )

� �!
 ���*� �(� � � 
 � 
 | C LXH]JI\2DFoUSQtFSbabDFN ��� � ) �&Zi\:N \2H]L ��D SbJXN � JIH]TUH�TUH HKoUH]JIabDFN�H]t � LXJIDrvjN
Zi\:N&pbH]��wxZUH:EGH$H]EIl�HKJXN�w�ZiH:S"l�S�TUHKJcvKSb\2lUZiLXNQvKDrSbo^NQt�JIHKwxZUH]JIDrTUS"H]EGLXH,)IN"TUDrEIl�SboU{rpQHKt � oUN
� ��� ��� �,��� �%LONYt�vKSQ\$S N�H]tFH]LIJIDrvKDFTUNQTUH�H]EGL���o^N&JIHKTiH�HKt � LXDrvjN � � � 
 |�h/JXNYTUHKE k SQ\$lUZmLONQv]DFSbo^NYDFE
v]SboUEGDFEGLIHK\ HK\ NY\�[UDFH]o
LXHKE`v]Sb\2l SbEMLXSbE�l SbJ�JIHKv]ZUJIEGSbE RUH LXHKJGSba �]oUHKSbE]�xvKSb\2l^NQJMLXDFt R^NQTUSQEeHBTUDrEMf
LIJIDr[UZU{FTiSbEK| C t �]\ TUDFEGEISU��N�TUDFEGl SQoUDF[UDrtFDrT^NQTUH�TUSbE�\2HKEG\$SQE�oURQS �cEIH]\$liJIH�abNQJXNQo
LIDFT^N�S2w�ZiH
N LXJIDr[UZUD�N�lUtyNYLXNMD SbJG\:N�TUH�h~JINQTUH�Zi\ vKSQ\$l�SbJGLXNQ\2HKo
LXS�DroUEGL��jpbHKt�H&TUDFo��Y\$DrvKSU| PmSQ[ H]EIEGH
NYEIl�HKv]LISU� �WDr\$l�HKJINYLXDqpbS�wxZUHWN2H�	mHKvKZiPjRQS�TUNQE�NYlUtFDrvjNQP$�mH]EBEIH )IN2H$!^v]DFH]oxLIH � 
 � 
 �^SbZ�EIH,)INi� w�ZiH
S�l^NYJXNQtrHKtFDrEI\2SWH�	mDFEGLIHKo
LXH~oUH]EIEINQE�NYlUtFDrvjNQP$�mH]E�EIH,)IN2v]Sbo
pbH]oUDFH]oxLIHK\2HKo
LXHcH
	mlUtrSbJXNYTUS�l^NQJIN�w�ZiH
S"l SQLIHKoUv]DyNQt�tFNYLXH]oxLIH:TUH$ZU\$N"abJXNYTUH$l�SbEGEXN�EIH]J�v]Sb\$litFH]LXNQ\2HKo
LXH$NQlUJGS pQHKDqLONQTUSi|��`EGLXN"TUH f
LIHKJG\$Dro^NQPjRYS ��LXJINYLONYT^N�HK\ LXH]JI\2SbE TUS�_`JISQ[UtFH]\:N�TiH~��EGvjNQtrSbo^NQ\2HKo
LIS�TUH +eNQJIH D NQE J _�� +?L �
NYtrpbS�TUH/\�ZUDqLXSbE HKEGLIZUTUSbE � � � 
 H D S�vKS�TUH]EGLON�l�HKEGwxZUDFEINi| � lUJGSb[UtrHK\$NWvKSQoUEIDrEGLXH/H]\ TUH]EIDrabo^NQJ
NYE�LONQJGH6D NQE]� w�ZiH�vKSb\2l ��HK\ N NQlUtrDFvjNYPjRQSU� NQSbE/TiDrpbH]JIEGSbE~lUJIS�vKH]EIEXNYTUSbJIH]E~TUS EIDFEMLXH]\:N:TiH�LXNQt
D SQJI\$N�w�ZiHWS�LXH]\$l�S�LXSQLXNQtzT^N�H�	iH]vKZUPKRQSU� SbZ�� ��� ��� � ��� �mEIH,)IN2\2{FoUDr\$Si|

�`EIEGH/lUJISQ[UtFH]\:N~o^RQS ��LXJGDrp�DyNQt^H�EIDr\��xvKSQoUEIDrTUHKJINQTUS � � � � �!
 ��%���� � H]\ EGZ^N D SbJG\:N~\:NYDFE
aQHKJXNYt � � � � � � � D 
 NQEIEGDF\���RUH]ZUJI{rEGLXDrvjNQE SbZ0\ � LXS�TUSbE�NQlUJGS 	iDr\:NYTUSbE&EXRYS.ZUEINQTUSbE�l^NQJIN9EIH
N LXDFoiabDFJ�JIHKEGZUtrLXNQTUSbE/EINYLXDrE#D NYLIdbJIDrSbE�lUJGd 	iDr\$SQE�TUS dQLXDr\$Si|�h/HKJINQtF\2HKo
LXHY� SbE/\ �]LXS�TUSbE�TUH�HKEMf
vKNQtFSQo^NQ\2HKo
LXS2lUJISQl SbEMLXSbE�EXRYS,D SbJI\�ZUtyNQTiSbEBHK\ \2SmTUH]tFSbE7v]Sb\$liZiLONQv]DFSboUNQDFE]�^T^N:NQlitFDFvKNQPjRYS2H
TUN$NQJGwxZUDrLIH]LXZiJXNi�^wxZUHcl H]JI\2DrLIHK\ v]HKJMLONQE�EIDr\$lUtrD�!^vKNQP ��HKEBTiS$lUJGSb[UtrHK\$N � ��C 
 | _eSbJ�H
	mH]\$lUtrSU�
NYJIwxZUDrLIH]LIZUJXNQE�v]Sb\$liZiLONQv]DFSboUNQDFE`v]Sb\=ZU\ o��U\2HKJGS�DFo !^oUDrLIS~TUH7lUJIS�vKH]EIEXNYTUSbJIH]E RUSQ\$Sba-�KoUH]SbE��
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H pbH]oxLISbEcTUH�vKSb\�ZUoUDFvKNQPjRYS&vKZ )GS �UoUDrvKS&l^NYJ �Q\2H]LIJIS&JIH]tFH pQNYoxLIH ��N&tyNYL&�KoUv]DyNi�%NQEIEGDF\��zEISb[iJIH f
vKNQJIabNQE�TUHKv]SbJIJGHKo
LXH]E T^NQE`LXJINQoUEG\$DrEIE&��HKE�H�JIH]vKHKl�P ��HKE TUH�T^NQTUSbE�EIRQSWTiHKEIv]SboUEGDFTUH]JXNQT^NYEK| k Sb\
H]EIEINQE�EIDr\$litFD�!UvjNQP$�mH]EK�USbE�JIH]EIZUtqLONQTUSQE�l�SmTiHK\ vKSQoxpQHKJGabDFJ�l^NQJXN�pYNQtFSQJIHKE�lUJ&�YLXDrvKSbE7l�SbZUvKS$H$!if
v]DFH]oxLIHKE]� Zi\:N�pQHK�&wxZUH N�\$NQDFSQJIDyN&TUSQE�NQ\�[UDrHKo
LXH]E�vKSb\2lUZiLXNQvKDrSbo^NQDrEWEIRQS�v]Sb\$l�SbEMLXSbE�l�SbJ
\��QwxZUDro^NQE�RUH LXHKJGSba �]oUHjNQEWvKSb\ TiD D HKJGHKo
LXH]EWvKNQl^NQv]DFT^NYTUHKE~TUH2lUJIS�vKH]EIEINQ\$H]o
LXS"wxZUH2DF\2l �mH]\
EGSb[UJGHKvjNYJIa
NQE7wxZ^NQoiTUS$EGHWv]Sb\�ZUoiDFvjNY\ l�SbJ LXJGSmvKN�TiHc\2HKoiEXNQabH]oUEK|

��SbE �UtqLXDF\2SbE�NQoUSQE�L��]\ EGDFTUS$lUJISQl SbEMLONQE]�%TUDqpbH]JIEXNYE�RUHKZiJI{FEMLXDrvjNQE�l^NQJXN:NQ\�[UDrHKo
LXH]E RUH LXH f
JGSba �]oUHKSbE � � � � ��
 | C \$NQDFSbJBlUNQJGLIHWTUH]tyNQE D SbJG\�ZUtyNYT^NQEBl�HKtyN�L �]vKoUDrvjN$TiHWH]EIvjNYtFSbo^NY\$H]oxLIS:TUH
� ����� � "���� )�� %'�(� � � � � � � � � � ��
 | C JXNY�jRQS�EIHcTUH pbH�liJIDFoivKDFlUNQtF\2HKo
LXHY�UN�[^NQD 	UN�v]Sb\$litFH
	mDrT^NQTUH
TiHKEIEINcL��KvKoiDFvjN/H]\ vKSb\2l^NQJINQPjRYS �QE`SbZiLIJXNQE`H�	iDrEGLIHKo
LXH]EK� C aQtFSb\2HKJINQPjRQS�H�V�H]LON f ��H]ZUJI{rEGLIDFvjNYEK|
C DFoUTUN�\:NQDrEK�%N$L �]vKoUDrvjN&TUH � ������� "���� )�� %'�(� � � D NQvKDrtF\2HKo
LXH�NQT^NQlmL �jpbH]t`N&NQ\�[UDrHKo
LXH]E/vKSb\�f
liZiLONQv]DFSboUNQDFE�v]Sb\ ZU\ o��U\$H]JIS tFDr\$DqLONQTiS:TUH�lUJGSmv]HKEGEXNQTUSQJIHKE]�eEGH )INQ\ HKtFH]E�RUSb\2Sba �]oUHKSbE/SQZ
RiH]LXH]JISba-�KoUH]SbEK|`�`\ vKSQoxLIJXNQlUNQJGLIDFT^Ni�YN�aQJXNQoUTiH�\$NQDFSbJGDyN TUH]EIEINQE RUH]ZUJI{rEGLXDrvjNQEeNQTUSYLON7S�\2SmTUH]tFS
TiH�vKSb\�ZioUDFvKNQPjRQS:TUH9NuNYL��]oUvKDFNi�zoUS&wxZ^NQt NQl H]o^NQE/N&tFNYL��]oUvKDFN$T^N&vKSQ\�ZUoUDrvjNQPKRQS���vKSQoUEIDrTUH f
JINQT^N�JIH]tFH]pYNQo
LIHQ| +eJINYLON f EIH~TUH~ZU\ \2SmTiHKtFS�[UNQEGLXNQo
LXHcl SbliZUtyNQJBoUN��QJGHjN�TUHcHKEGvjNQtrSbo^NQ\2HKo
LXS
H�LIHK\ EGDFTUS \�ZUDqLXS&H�	ilitFSbJINQTUS HK\ v]Sb\2l^NQJXNYPjRQS�N&\$S�TUH]tFSbE�\$NQDrE�JIH]tF{FEMLXDrvKSbE�v]Sb\2S�S \2SYf
TiHKtFS � ���!� |e�`EMLXH:H]EGLIZUTUSU�eHK\ vKSboivKSbJGT��QoUv]DyN vKSb\ l�HKEGw�ZiDFEXNYE�lUZU[itFDFvKNQT^NQE~H]\ � �b� 
 NYTUSQLON
H]EIEGH �UtrLIDF\2SW\2SmTiHKtFSWl SQJ�EIH]J ZU\ TUSbE \$NQDrE JGHjNQtr{FEGLIDFv]SbE lUNQJXN�\2S�TUHKtFNQJ�NWvKSb\�ZioUDFvKNQPjRQS�HK\
\��QwxZUDro^NQE�l^NQJXNYtFHKtFNQE�JIHjNYDFEK| PmZ^N$lUJIDroUvKDrl^NQtu\$H LXS�TUSbtrSbabDyN�v]SboUEGDFEGLIH�HK\ H]o D NYLXDr�jNQJ�wxZUHQ�%HK\
NYTUDFPKRQS�N tFNYL��]oUvKDFNi� H
	mDrEGLXH]\ SbZiLIJISbE~l^NYJ �Q\2H]LIJISbE/JGHKtFH pYNQo
LXHKE]�ev]Sb\2S�NYEcEGSb[UJGHKvjNYJIa
NQE]�uw�ZiH
oURQS/TUH]pQHK\ EGHKJ`TUH]EIlUJGHK�KNQT^NQE�EISQ[�l H]o^N�TUHBTUH]abJXNQTUNQPjRQS/TiSbE JIH]EIZUtqLONQTiSbE�LXH]dbJIDrvKSbE]| PmSQ[�HKEIEIN
v]SboUEGDFTUH]JXNQPKRQSU�^S�lUJISQ[UtFH]\:N�TUH~H]EIvjNYtFSbo^NY\$H]oxLIS�LXSbJGo^N f EGH~NQDFoiT^N�\:NQDrE vKSQ\$lUtrH
	mSU|

C NY[ SbJGT^NQabH]\��eTUHKEMLXH:LIJXNQ[UNQt RUSi��JIHKNQtFDr�jN�ZU\:N�DFo
pbH]EGLIDFa
NQPKRQS�EGSb[UJIH:S�HKEGvjNQtrSbo^NQ\2HKo
LXS
H]EGL��YLXDrvKS�TiH�LONQJGH6D NQE]�Q[^NYEIHjNYTUS�HK\ RUH]ZUJI{rEGLIDFvjNYEK�QEGSb[�S�\2S�TUHKtrS
� ���!� � l^NQJXN�NQ\�[UDrHKo
LXH]E�v]Sb\$S
NYE�abJXNYTUHKE�v]Sb\2lUZiLONYvKDFSQo^NQDFE]|/��H]EGLIH�NQ\�[UDrHKo
LXH�TiH]p�DFTUS�N�TUDFEMLXJIDr[UZUDrPjRQS$abHKSbaQJ�� !^vKN:TUSbE/JGH f
v]ZUJIEGSbE ��HKEGl H]JXNQTUN�HKtrH]pYNQT^N�tyNYL&�KoUv]DyN l�HKtyN LXJINQoUEG\$DrEIEXRYS*T^NYE$\2HKoUEINQabH]oUEK| C t �K\ TUDFEGEISU�
N SED H]JGLXN4TUH JGHKvKZiJIEISQE � TUDro��Q\2DFvjNm�`tFDF\2DrLXNQT^N H TUH�oUNYLXZUJGHK�KN RUH LXH]JISba �]oUHjNm| F EGEIS4LXSbJGo^Ni�
NYDFoUT^Nm�
\:NQDrE`vKSb\2lUtrH
	iN~NcN LXJIDr[UZUDrPjRQS/H !^vKDrHKo
LXH�TUH7LONQJGH6D NQE NQE�ZUoUDrT^NQTUH]E�TUH�liJIS�vKHKEGEXNQ\2HKo
LIS
TiDFl�SboU{rpQHKDrEK|$��EMLON�NYLXJGDF[UZUDrPjRQS&TiH]pbH$EIH]J�JIHKNQtFDr�jNQTUN�l SbJ~ZU\ H]EIvKNQtFSboUNQTUSbJ~TUDro��Q\2DFvKSi� l^NQJXN
wxZUH�NQE TUHKv]DFE&��HKE TUH�H]EIvKNQtFSboUNQ\$H]o
LXScEIH )INY\ D H]DrLXNQE�TUZUJXNYoxLIH�NcH
	mHKv]ZUPjRQS�T^N�NQlitFDFvKNQPjRYSU|��`omf
LIJIH LONQo
LXSi�iS�liJIS�vKHKTiDF\2HKo
LXS�NYTUSQLONYTUS�oUS�_�JGS )GH]LIS�� �!��� ��� � ) � � ��
 vKSboiEIDFEMLXH�H]\ ZmLXDFtrDF�KNQJ`ZU\
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H]EIvKNQtFSboUNQTUSbJ9RU{r[UJIDrTUS
� D 
 � vKSb\2l�SbEGLIS4l�SbJ�ZU\ H]EIvKNQtFSboUNQTUSbJ�HKEML �YLIDFv]S4H SbZmLXJIS4TUDro��Q\2DFvKSi|
C S�H]EIvKNQtFSboUNQTUSbJ H]EGL��YLXDrvKS�v]Sb\$l�H]LIH�JIHKNQtFDr�jNQJ ZU\ lUJ�� f HKEGvjNQtrSbo^NQ\2HKo
LIS�TUH�LXNQJIH D NQE l^NQJIN�NQtFD f
p�DFNQJcN�vKNQJIa
N&TUH�LXJINQ[^NQt RUS TUS�HKEIvKNQtFSQo^NQTUSbJ~TUDro��Q\2DFv]SU| k Sb\ DFEGEISU� JIH]EGLXNQJ���NQS�TUDFo��Y\$DrvKS
NYl H]o^NQE�SQE�N )GZiEGLXH]E(!^o^NYDFEc\$Sb\2HKo
L �QoUHKSQEK| �`EGLXN"TUDFEGEIH]JGLONYPjRQS D SmvKN�o^N�l^NQJGLIH:H]EGL � LXDFvKN�TiS
H]EIvKNQtFSboUNQTUSbJ Ri{F[UJGDFTUS�TiS�� ����

� � �!� � � �!��� ����� ) � � � 
 | k SboUTiDFP ��HKE D ZioUT^NQ\2HKo
LONYDFE EIRQS~w�ZiH�S
H]EIvKNQtFSboUNQTUSbJ liJISbl�SbEGLIS2NQlUJIH]EIH]oxLIH~TUHKEGHK\2l H]o�RUS�EXNYLIDFE D NYLXdbJGDFSU��EIH,)IN�HKvKSQo � \2DFvKS�H]\ LIHKJI\2SbE
TiH/ZiLXDrtFDF�KNQPjRYS�TUH~lUJGSmv]HKEIEINQTUSbJGHKE7H~NQlUJGHKEGHKo
LXH~[^NQD 	iN�vKSb\2lUtFH�	mDFT^NQTiHQ|�_eSQJBHKEIEINQE7JXNQ�$�mH]E D SbD
H]EIv]Sbt RUDrT^N�N�L �Kv]oUDFvKN2TiH � �����
� "���� )�� %'�(� � |

C l H]EIwxZUDFEIN�JIHKNQtFDr�jNQT^N ��[^NYEIHjNYT^N"oxZU\$N"H
	�LXH]oUEXRYS�NQS"H]EGLXZiTUS TUH �~NQtrDFoUS��7E 	�D � ��SbJGL
H�+eJ
��EGLXJINQ\ � �
� 
 � wxZUH:TUHKEGvKJIH pbH ZU\$N�\2H]LISmTUSQtFSbabDFN&l^NQJXN�NQT^NQlmLONQJWZU\:N RUHKZiJI{FEMLXDrvjN � �����

� "���� )��*%'�(� � NQSbE�l^NQJ��Q\2H]LXJGSbE�TUSc\$S�TUHKtrS�� ���!� |2T�NQEIHKNQT^NWoiHKEIEINW\2H]LISmTUSQtFSbabDFN�EXRYSWlUJGSbl�SbEMf
LXNQE�oUS pYNQE�pQHKJIE �mH]EK�uvKSQ\ pYNQJIDFNQP ��HKE�T^N�L �]vKoUDrvjN�TUSbE�NQZiLXSQJIHKE]� vKSb\ S&Sb[ )GH LXDrpQS&TUH�NjpYNQtFDFNQJ
wxZ^NYt�N \2HKt RUSbJ�HKEMLXJINYL �]abDyN l^NQJIN�LIJXNYLXNQJ�NQE�EISQ[UJIH]vjNQJGa
NQE2T^N4v]Sb\�ZUoiDFvjNYPjRQSU| � Sb[ )GH]LIDrpQS
liJIDFoivKDFlUNQt���\2DFoUDr\$Dr�jNQJeEIH]ZUE H6D H]DrLISbE�NYTipbH]JIEISQE oUSWLIHK\2l SWTUH�H�	mHKvKZiPjRQS�TUN�NQlUtrDFvjNYPjRQS~HKEGvjN f
trSbo^NQTUN2SbZ 
���� ��� � ��� | C tFD �YEK�^S 
���� ��� � ��� TUS:H]EIvjNYtFSbo^NY\$H]oxLIS �WN$\ �]LIJIDFvKN�vKSboUEGDFTUH]JXNQTUN
oUN&N pYNQtrDyNQPKRQS2TUSbE�JGHKEIZitrLONYTUSbEK| ��Z^NQo
LIS�\$H]oUSbJ?D SbJ�HKEGEIH�pYNQtrSbJK��l^NQJIN�ZU\:N$T^NQT^N�NYJIwxZUDrLIH f
LIZUJXN�vKSb\2l�SbEGLXN�TUH$ZU\ o��U\$H]JIS�trDF\2DrLXNQTUS�TUH$lUJIS�vKH]EIEINQTUSbJGHKEK�`\2HKt RUSbJ~EIH]J���vKSboUEGDFTUH]JXNQTiS
S�TUH]EIHK\2l�HKo�RUS"T^N RiHKZUJG{FEGLIDFvKNi| � ZiLIJXN \ � LXJGDFvjN&ZiLIDFtrDF�jNYT^N��:N wxZ^NQtrDFT^NQTiH�TUS 
���� ��� � ��� �
wxZ^NYoxLIS*\$NQDrE�lUJId 	mDF\2S TUS pYNQtFSQJ�ZUoUDqL �QJGDFS�\2HKoUSQJ � N�TiHKabJINQT^NQPKRQS�HK\ JGHKtyNYPjRQS4NQS \2H f
t RUSbJ 
���� ��� � ��� N LXDFoiabDFTUS�oUN2DroUEGL �QoUvKDFN�TUH/LXHKEMLXH]EK��HWl�SbJGLXNQo
LXSU�i\$H]t RUSbJ��cN�wxZ^NQtFDrT^NQTUH/TiS
JGHKEGZUtrLXNQTUSU|
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������������������

k Sb\ HKEMLON�TUDrEIEIH]JGLXNQPjRQS:HKEIl�HKJIN f EGH�DFTUH]o
LXD�!UvjNQJ�HKEGLIJXNYL��KabDFNQE�NYlUJISbliJIDyNYT^NQE�lUNQJXN:S�LIJXNYLXN f
\2HKo
LIS"T^NQEWEISb[iJIHKvKNQJIabNQE�TUH2vKSQ\�ZUoUDrvjNQPKRQS"H]\ RiHKZUJG{FEGLIDFvKNQEWTiH$H]EIvjNYtFSbo^NY\$H]oxLISU| �7HjNQtrPjNQJ
N�DF\2l SbJML �QoivKDyN�TUN"ZiLXDrtFDr�jNQPKRQS TUH�\2SmTUH]tFSbE~TUH$vKSb\�ZUoUDFvKNQPjRYS"JIHKNQtF{rEGLIDFvKSQEK� vKSb\2S"S � ���!� �
lUNQJXN EIH&abNQJXNQo
LIDFJ�N !^TiHKtFDrT^NQTUH:TUSbE�JIH]EIZUtqLONQTUSQE�HKo
LXJGH�N LIHKSbJGDyN"H�N�lUJ&�YLXDrvjNi|*C�H]EIvKJGH]pQHKJ
N�DF\2l�SbJGL �QoUvKDFN�TUH~vKSQoUEIDrTUHKJINQJ�NQE�vKNQJXNYv]LXH]JI{rEGLXDrvjNQEIRiH]LXH]JISba-�KoUHKNQE�JGHjNQDrE7TUS:NY\�[UDFH]o
LXH~vKSb\�f
liZiLONQv]DFSboUNQt�| k SQoxLIJIDr[UZUDFJ7l^NYJXN$S$EIZUv]HKEGEIS T^N$DroUS pYNQPjRQS2wxZUH�liJISb\2H]LIH�EIH]J�N�LXHKv]oUSbtrSbabDyN�TUH
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h/JXNYTUH k Sb\2lUZiLXNQvKDrSbo^NQt �mN LXJXNjp �KEBTUS�H]EGLXZiTUS�TUS�lUJGSb[UtFH]\:NcTUH/HKEGvjNQtrSbo^NQ\2HKo
LIS�TUH�LXNQJIH D NQEK|
_ SbJ"!^\�� \2SQLXDqpQNYJ�oUS pYNQE�l H]EIwxZUDFEINQEK�BZi\:N�pbH]��wxZUH ��NYLXJIN p �KE2TUHKtFNQE�wxZUH"EGH�v]SboUEMLXJIdQD�H
NYTUwxZUDFJGHcS�v]Sbo�RUH]vKDF\2HKo
LISU|

����� � ������� �
	����
��	

� lUJGHKEIH]o
LXH�LXJINQ[^NQt RUS�HKEGL��"TUDqpmDrTUDFTiS�H]\�EGH]LIH�vjNQli{rLXZitFSbEcH:ZU\�NQl �KoiTUDFv]HQ|���S k NYlU{qf
LIZUtFS�� ��TUHKEGvKJGDrLXS�S�lUJGSb[UtFH]\:N~TUH�HKEGvjNQtrSbo^NQ\2HKo
LXSWTUH�LXNQJIH D NQE vKSboUv]HKo
LXJINQoUTUS f EIH�oUS�HKEMLXZUTiS
TiS�H]EIvjNYtFSbo^NY\$H]oxLIS HKEGL��YLXDrvKSU�uSb[ )GH]LXS�TUH]EGLXH2HKEMLXZUTiSU| � k NQlU{rLIZUtFS � NQlUJGHKEGHKo
LON�N&L��Kv]oUDFvKN
TiH %'����� ��"���� )�� %'�(� � H�NQtFaQZU\:NYE�LIHKJI\2DFoiSbtFSbaQDyNQE7ZiLIDFtFDr�jNQTUNQE�oUN �QJIHKN�TUH�H]EIvjNYtFSbo^NY\$H]oxLISU| �
k NYlU{rLIZUtFS�� TiHKEIv]JIH pbH�NQE�LXJ �KE�oUS pYNQE�H]EGLIJXNYL��KabDFNQE�l^NQJIN�S HKEGvjNQtrSbo^NQ\2HKo
LXS EGSb[ S \2SmTUH]tFS
� ���!� | C NYo �QtFDrEIH�TiSbEBJIH]EIZUtqLONQTUSQEBSb[iLXDrTUSbE H]EGL���TiDrp�DFTUDrT^NWH]\ TUSbDrE vjNYlU{rLIZUtFSbE]�moiS k NYlU{rLIZUtFS
� EXRQS:NQlUJGHKEIH]o
LONQTUSQE�SbE�JIH]EIZUtqLONQTUSQE�TUSQE�LIHKEGLIHKE�H]\ NQ\�[UDrHKo
LXHQRUH LXHKJGSba �]oUHKS$EISb[�S2\2SmTUH]tFS
TiH NuNYL&�KoUv]DyNi�xH7oUS k NQlU{qLXZUtrS � SQE JGHKEGZUtrLXNQTUSbE�TUSbE�LXH]EGLIHKE HK\=NQ\�[UDFH]oxLIH RUH]LIHKJISQa �KoUH]SWEGSb[:S
\2S�TUHKtrS � ���!� |U��S k NQlU{rLIZUtFS � EXRQS�TiHKEIv]JIDqLONQEBNYE vKSboivKtFZiE&��HKEK| C t �K\ TUDrEIEISi�iEXRYS�DFTUH]oxLID�!^vKN f
TiSbEBSbE H]EGLXZiTUSbE7wxZUH/l S�TUH]\ EIH]JBTUHKEGHKo
pbSQtrp�DFTUSQE�N�lUNQJGLIDFJ�TiHKEGLXN�TUDFEGEIHKJMLONQPKRQSU| � C l �KoUTiDFvKH
NYlUJIH]EIHKo
LXN*NQtrabZU\$NQEcHKEGLIJIZiLIZUJXNYE2TiH&abJXNMD SQE�NQvK{rvKtrDFvKSQEWTUDrJIH]vKDFSQo^NQTUSbE]�`JIH]lUJIH]EIHKo
LXNYLXDqpbSbE�T^NQE
NYlUtFDrvjNQP$�mH]E l^NQJINQtFH]tyNQE]�iZiLIDFtFDr�jNQTUNQE oUSbEBLIHKEGLIHKE]|
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��HKEGLIH�vjNQlU{qLXZUtrS � TUH !^oUDFTiS S _`JGSb[UtFH]\:N�TiH���EGvjNQtrSbo^NQ\2HKo
LIS TUH +�NYJIH6D NYE&w�ZiH4v]Sbomf
EGDFEMLXHQ�m[^NQEGDFvjNY\$H]oxLIHQ�mHK\ TUHKEGDFabo^NYJ NQE LONQJGH6D NQE wxZUH�vKSb\2l ��HK\=Zi\:N�NYlUtFDrvjNQPKRQS�NYSbE�TUDqpbH]JIEISQE
liJIS�vKHKEGEXNQTiSbJIH]E�TUS EIDrEGLXH]\:N�l^NQJXNYtFHKtrS"SbJGTUHKoUNQoUTUS EGZ^NQE�H�	iH]vKZUP$�mH]EK| � liJIS�vKHKTiDF\2HKo
LXS�TUN
NYtFS�vjNQPKRQS�T^NQE LXNQJIH D NQE7TUHKl�HKoUTiHWlUJGDFoUv]DFl^NYtF\2HKo
LXH�T^N�HKEGLIJIZiLIZUJXN�T^N2NQlUtrDFvjNYPjRQS�lUNQJXNQtrHKtFNi�mTUN
NYJIwxZUDrLIH]LIZUJXN�SboiTUH�N&NQlUtrDFvKNQPjRQS:EIHKJ&��H
	mHKv]ZiLONYT^N�H�T^NQE/vjNYJXNQv LXHKJG{FEMLXDFvKNQE�JGHKtFH pYNQo
LXHKE~NYS�TUH f
EGHK\2l H]o�RUS�TiS�lUJGSb[UtFH]\:N�� � � 
 | _eSQJeDrEIEISi�QDFoiDFvKDFNQtF\2HKo
LIH`EXRQS�TUHKEGvKJIDqLXSbEeSbE�\2S�TUHKtrSbE NQTUSQLXNQTUSbE
lUNQJXN/N�JGHKlUJGHKEGHKo
LONQPKRQScT^N/NQlUtrDFvjNYPjRQS�l^NQJXNYtFHKtFN�H TUN/NQJIwxZUDqLXH]LIZUJXN�vKSb\2lUZiLXNQvKDrSbo^NQt�SboUTUH�HKEIEIN
NYlUtFDrvjNQPKRQS�EIH]J���H
	mHKv]ZiLONQTUNi| ��\ EIHKaQZUDFT^Nm�^S2liJISb[UtrHK\$N�TUH~HKEGvjNQtrSbo^NQ\2HKo
LXS �~NQliJIHKEGHKo
LONYTUS
TiHKo
LXJGS$TUH~ZU\$N�l SQEIEI{qpbH]t vKtyNYEIEID !^vjNYPjRQS�T^N�tFDqLXHKJINYLXZiJXN�ZiLIDFtrDF�jNYT^N�o^N �QJIHKNi|
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� E�\2SmTiHKtFSQEWEIRQS�\�ZUDqLXS �iLXH]DFE�oUN �QJIHKN"TUH�v]Sb\2lUZiLONYPjRQS�l SbJWl H]JI\2DrLIDFJIH]\ H,D NQv]DFtrDrLON f
JGHK\ N&NQo �QtrDFEIH�H�N&lUJIH pmDrEXRQS&TiH�TUHKEGHK\2l H]o�RUS TUSbE~NQtrabSbJGDrLX\2SbE�vKSbo
LIJIDF[iZUDFoUTiS&NQEIEGDF\ l^NQJXN
liJIS )GH L � f tFSbE�H !^vKDrHKo
LXH]\$H]o
LXHQ| C t �K\ TUDFEGEISU� EXRYS4vKNQl^NQ�]HKE�TUH lUJGSb\$S pQHKJ�N vKSboiEIDFEML��]oUvKDFN�H
SQJIa
NQoiDF�jNYPjRQSWTUZUJXNYoxLIH�N D NYEIH�TUS�lUJIS )GH LXS�TiH�lUJISQabJXNQ\$NQPKRQSU| � liJIDFoivKDFlUNQt Sb[ )GH]LIDrpQS�TUH�\2SYf
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TiHKtyNYJ�S�lUJISb[itFHK\$N"TUH H]EIvjNYtFSbo^NY\$H]oxLIS TUH�LONYJIH6D NYE � N pYNQtrDyNQJWvKSb\2S ZU\$N NQlUtrDFvjNYPjRQS�EGHKJ&�
H�	mHKvKZmLONQT^N&o^N�\��QwxZUDro^N:NQtqpbSU� l SQEIEIDr[UDFtrDrLXNQoUTUS$NQEIEGDF\��%ZU\$N$LISb\:NYT^N$TUH�TUHKv]DFE&��HKE/wxZUH�JGH f
EGZUtrLIHK\ o^N�Sb[iLIHKoUPKRQS TUH�\$H]t RUSQJ�TUH]EIHK\2l�HKo�RUSi|�_eSbJ/DrEIEGSU�zS \$S�TUH]tFS:liJISbl�SbEGLIS ��\�ZUDqLONQE
pQHK�]HKE/vKSQ\$l�SbEGLIS:l�SbJ�SQZiLXJGSbE�\2S�TUHKtrSbE�TiH D SbJG\:N2N:JIH LXJINYLONQJ7LXS�TUS$S&NQ\�[UDrHKo
LXHcHKo
pQSbtrp�DFTiS
oiSWlUJGSmv]HKEGEIScTUH7HKEIvKNQtFSQo^NQ\2HKo
LXSU| � NQ\�[iDFHKo
LIH7NcEGHKJ�vKSboiEIDFTiHKJXNYTUSWTiDF�BJIH]EIl�HKDqLXScN/TUSbDFE`ZioUDqf
pQHKJGEISbE D ZUoUT^NY\$H]oxLXNQDFE`HBTiDFEGLIDFo
LXSQEK| � lUJIDr\$H]DFJIS�TUDF� JGHKEGl H]DrLXS �QE�vKNQJXNQv LXH]JI{FEMLXDrvjNQE`JGHKtFH pYNQo
LXHKE
NYS/TUHKEGHK\2l H]o�RUS~T^N/NQlUtrDFvKNQPjRQS�l^NQJINQtFH]tyN�H]\ wxZUH]EGLORYSWH S/EGHKabZioUTUS~JIH]EIEXNYtrLON �YE`T^N�\ �Yw�ZiDFo^N
TiHKEGLIDFoUScSboUTiH�H]EIEXNWNQlUtrDFvjNYPjRQS/EGHKJ��cH
	mHKv]ZiLONYT^Ni| � \2SmTiHKtFS/JGHKEGZUtrLXNQo
LXH��Q�xHKo
LORYSU�xvKSb\2l SQEGLXS
l�SbJ�TUSbDrE�\$S�TUH]tFSbE]� S4T^N4NQlUtFDrvjNQPKRQS H S*TUN*NQJGwxZUDrLIH]LXZiJXN�T^N4\��QwxZUDro^N � � 
 � vKSbo D SQJI\2H�N
seDFabZUJIN��m| 
 |

s�DrabZUJIN��m| 
 � � V�S�TUHKtrS�TUHc��EGvjNQtrSbo^NQ\2HKo
LIS
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��HKEGLIH�H]EGLIZUTUS �&vKSboUEGDFTUH]JXNQTUN4ZU\$N�vKtFNQEIEGH TUH NQlUtrDFvjNYP ��HKE�l^NQJINQtFH]tyNQEWwxZUH l S�TUHK\ EIHKJ
JGHKlUJGHKEGHKo
LONQTUNQEBl SQJ ZU\ h/JXNMD S C vK{rvKtFDrvKS�C�DFJGHKvKDrSbo^NQTiS J h C C�L � � � � � � 
 |���SWHKo
LONYoxLISU�UH�	iDrEMf
LIHK\ NQtFabZi\:NQE2TUH]EGpYNQo
LONQaQHKoUE]��lUJGDFoUv]DFl^NQtr\$H]o
LXH�N�TUD�!^v]ZUtFTUNQTUH�TUH"\$S�TUHKtFNQJ2vKDFv]tFSbE]| F EGLIS
l�SbJGw�ZiHQ�%Zi\:N�LONQJGH6D N:EGSb\$H]o
LXH�l�S�TUH�EGHKJ�H�	iH]vKZiLXNQT^N�wxZ^NQoiTUS&JIH]vKHK[�HKJ�LXS�TUSbE�SbE�T^NQTiSbE�TUH
wxZUH~lUJGHKv]DFEXN�lUNQJXN�DroUDFv]DyNQJ]�mH�H]\ ZU\ vKDrvKtFS�oURQS�EIH/Sb[iEIHKJMpYN�H]EGLXN�v]SboUTUDrPjRQSi|���N�s�DrabZUJXN��m| �
��NQliJIHKEGHKo
LONYTUS�ZU\ H
	mHK\2lUtFScTUH7ZU\ v]DFv]tFS~vKSb\ LXJ&�]E`LONQJGH6D NQE]� �7l�SbEIEG{rpQHKt^pbH]JID�!UvjNQJ�wxZUH�l^NQJXN

v0

v]Sb\2HKPjNYJ N~H
	mH]vKZiLXNQJ�lUJGHKv]DFEXN~JIH]vKH][ H]J�SbE�T^NQTiSbE LIJXNQoiEI\2DrLXDrTUSbE l�SbJ
v2

wxZUH�TUHKl�HKoUTiH�TUSbE
TUNQTUSbE�LIJXNQoiEI\2DrLXDrTUSbEcl SQJ

v1

�`H&NQEGEIDF\�� o^RYS�EIH�v]SboUEGHKabZUH&DroUDFv]DyNQJ~oUH]o�RxZU\$N�T^NQE�LXNQJIH D NQEK|
� 	mDFEMLXH]\ JGHKlUJGHKEIH]o
LONQP$�mH]EBw�ZiH�LXH]o
LONQ\ JIH]EISbtqpbHKJ S�lUJGSb[UtrHK\$Ncl�SmTiHK\ TUH�aQJXNMD SbE vKSQ\ v]DFv]tFSbE
H7wxZUH7l�SmTUH]\ EGHKJ�HKoUv]Sbo
LXJINQT^NQE�HK\ � � D 
 �
\$NQE`o^RQS~EGHKJXRYScTiHKEIv]JIDqLONQE�l�SbJ o^RQS�D NQ�]HKJGHK\ l^NYJGLXH
TiHKEGLIHWH]EGLIZUTUSU|

� h C C ��TUHKoUSYLONQTUSWl SQJ
G
�9J

V
�
E
�
ε
�
w
L�SboUTUH

V
��S�vKSQo )GZUo
LXS�TiH

n
LXNQJIH D NQE�TiS�abJINMD S

H
E
�7ScvKSbo )GZioxLIS~TUH�NQJIv]SbE7| C vjNQT^N�LXNQJIH D N

v ∈ V
�7NQEIEGSmv]DyNQTiScZi\ l H]EIScTUH7vKSb\2lUZiLXNQPjRYS
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v
0


v
1
 v
2


2


4
1


2


1


3


seDFabZUJIN��m| �m� h~JINMD S k {Fv]tFDrvKS�vKSQ\ � LONQJGH6D NQE

ε(v)
JIH]lUJIH]EIH]oxLXNQoUTUS:N2wxZ^NYoxLIDFT^NYTUH/TUH/LXJINQ[^NQt RUS�T^N�LONQJGH6D Ni�iHKEIEGHcpYNQtrSbJ \�ZitrLXDrlUtFDrvjNQTiSWl�HKtrS

D N LXSbJWTUH RUH]LIHKJGSbabHKoiHKDFTUNQTUH�TUS liJIS�vKHKEGEXNQTiSbJ�JIH]EIZUtqLON�oUS�LIHK\2l S�TiH�H
	mHKv]ZUPjRYS*T^N"LXNQJIH D N �
k NYT^N�NQJGvKS

(vi, vj) ∈ E
JIH]lUJIH]EIHKo
LXN&N$TUH]l H]oUT �KoivKDyN$TUH�T^NYTUSbE�H]o
LXJIHWHKEGEXNQE�TiZ^NQE�LXNQJIH D NQEK|

C EIEGDF\��7N4LONYJIH6D N
vi

TUH]pQH vKSb\2lUtFH LONQJ�EGZ^N�H
	mH]vKZUPKRQS NQo
LXHKE:w�ZiH N4LXNQJIH D N
vj

vKSQ\$H]vKHQ�BH
\$NQDrEK��SbE�T^NYTUSbE�LIJXNQoUEG\$DqLXDrTUSbE TUH

vi

l^NQJIN
vj

lUJGHKvKDrEXNQ\ HKEMLONQJ TUDFEGl SQoU{rpQHKDFE oUS�lUJGSmv]HKEIEINQTUSbJ
TiHKEGLIDFo^NYTUS�NWH�	mHKvKZmLONQJ

vj

NQo
LXH]E TUS�DroU{Fv]DFS~T^N�EGZ^N�H�	iH]vKZUPKRQSU| n�\ l�HKEGS
w(vi, vj)

l S�TUH�EIHKJ
NYEIEIS�vKDFNQTUS�NQS�NQJGvKS JIH]lUJIH]EIHKo
LXNQoUTUS"N wxZ^NYoxLIDFT^NYTUH�TUH�T^NQTUSbEcN&EIH]J/LXJXNYoUEI\2DrLIDFT^N:H]o
LXJIH2NQE
LXNQJIH D NQE

vi

H
vj

|`��HKEGLIH�LIJXNQ[UNQt RUSi�
ZU\:N/LONYJIH6D N���ZU\$N~ZioUDFT^NYTUH7TUH�v]Sb\2lUZiLONYPjRQScDFoUTiDrp�DFEG{rpbH]t
wxZUH�l�S�TUH�EGHKJ�ZU\$N:DroUEGLIJIZUPKRQSU��ZU\:N$EIZU[UJGSQLXDro^N:SbZ"ZU\ liJISbabJINQ\$Ni� wxZUH�w�ZUNQoUTUS NQtrSmvKNQT^N
N�ZU\ lUJIS�vKH]EIEXNYTUSbJ�H
	mHKv]ZiLON$NYL ��LIHKJI\2DFoUNQJ EIH]\ DFo
LXH]JIJGZUl PKRQSU|

� v]Sbo )GZUo
LXSWTUH�liJIHKTiHKvKH]EIEGSbJIH]EBDF\2HKTUDFNYLXSbE�TUH�ZU\$N/LONQJGH6D N
vj ∈ V

��JIHKliJIHKEGHKo
LONYTUS�l SQJK�

pred(vj)
�

{vi|(vi, vj) ∈ E}

C�N�\2HKEI\$N-D SbJI\$Ni�US�v]Sbo )GZUo
LXS2TUSbE7EGZUvKH]EIEISQJIHKE�DF\2HKTUDFNYLXSbE TUH
vi ∈ V

�~JIHKliJIHKEGHKo
LONYTUS
l�SbJ]�

succ(vi)
�

{vj|(vi, vj) ∈ E}

������� � �	��

������
����� ��� ��� ��� �  "� � �����

�`EGLIH/\$S�TUH]tFS�TiH$!^oUH�NQE vjNYJXNQv LXHKJG{FEMLXDFvKNQE�TUN�NQJIwxZUDqLXH LXZUJIN�l^NQJINQtFH]tyNWSQoUTUH ��vKSboUEGDFTUH]JXNQTiS
wxZUH�N�\2HK\2dbJGDyN ��TUDFEMLXJIDr[UZU{rT^N$H�NYEIEIDr\�� vjNQTUN�HKtFH]\$H]o
LXS&TUH�liJIS�vKHKEGEXNQ\2HKo
LIS���vKSb\2l SQEGLXS
l�SbJ�ZU\=lUJGSmv]HKEGEXNQTUSQJ�NQEGEIS�vKDFNQTUSWNcEGZ^NWlUJGdblUJGDyN~\$H]\$dbJGDyN�trSmvKNQt�| C LONQDrE EGDFEMLXHK\$NQE�TUH]oUSb\2Dqf
oUNQ\$SQE TUH/\�ZUtqLXDrvKSb\2lUZiLXNQTUSbJGHKE�SQZ�EGDFEMLXHK\$NQE D JINQvjNY\$H]oxLIH~NQvKSQlUtyNQTiSbE oUSbEBwxZ^NYDFE7NQE LIJIS�vjNQE
TiHBDFo D SbJG\:NYP ��HKEK�YHKo
LXJGHBSbE lUJGSmv]HKEGEXNQTUSQJIHKE]�xEXRQS/l�SbJ�LIJXNQoUEG\$DrEIEIRQS H JGHKvKH]l PKRQS/TUHB\2HKoUEINQabH]oUEK�
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N LXJXNjp �KE�T^N$JIHKTiH�TUHWDFo
LXH]JIvKSQoUH
	iRQSU| C LXZ^NYtF\2HKo
LXHc\�ZUDqLXSbE�l H]EIwxZUDrEXNQTUSQJIHKE�vKSboUv]SbJITUNQ\ w�ZiH
wxZ^NYoUTUS&S&o��U\2HKJIS:TUH�lUJGSmv]HKEIEINQTUSbJGHKE]� w�ZiH�vKSb\2l ��HK\ N:\��QwxZUDro^N$l^NYJXNQtrHKtyNm��LIHKoUTUH�N�EIHKJ
NYtrLXSi�bS~TUHKEGHK\2l H]o�RUScTUSWEGDFEMLXHK\$N�l�SmTUHBEGHKJ�\2HKt RiSbJ`NQlUJGS pbHKDqLONQTiSU�xEIH�N/\$H]\$dbJGDyN D SbJ`TUDFEMLXJGDqf
[iZU{FT^N$NQS:Dro
p��KE�TUH�vKSQ\$l^NYJGLXDrt R^NYT^N � � 
 | C NQJGwxZUDrLIH]LXZiJXN:v]Sb\ \$H]\$dbJGDyN�TUDrEGLXJGDF[UZi{FT^N�l S�TUH
EGHKJ�JIH]lUJIH]EIHKo
LXNQT^N$l�SbJBZU\ abJXNMD S�o^RYS2TiDFJIH]vKDrSbo^NQTUS

H
�9J

P
�
C
�
h
�
l
L �iSboUTUH

P
�~S�vKSbo )GZioxLIS

TiH
k
lUJIS�vKH]EIEXNYTUSbJIH]E�H

C
�BS/vKSQo )GZUo
LXS~TUH

r
DFo
LXH]JIvKSQoUH
	 ��HKE RUH]LIHKJGSba �KoiHjNQE�HKo
LIJIHBSbE`lUJGSmv]HKEgf

EINQTUSbJGHKE � � � 
 |��`\ ZU\ lUJIS�vKH]EIEGS&TUHWH]EIvKNQtFSboUNQ\$H]o
LXSU��S:v]ZUEGLIS�TUHcvKSb\2lUZiLXNQPjRQS$SbZ�LIHK\2l S
TiH�H�	mHKvKZiPjRQS4TUH ZU\$N"LONQJGH6D N

v
H]\ ZU\ liJIS�vKHKEGEXNQTiSbJ

p
��TUNQTUS�l H]tyN�\�ZitrLXDrlUtFDrvjNQPKRQS�TUS

l�HKEGSWTiH�v]Sb\2lUZiLONYPjRQS
ε(v)
T^N�LONQJGH6D N/l H]tFS�D NYLISbJ TUH RUH LXHKJGSbabH]oUHKDrT^NQTUH

h
TUH

p
�
ε(v)×h(p)

|
k SQoxp �K\ JGHKEGEXNQtqLONQJ]�`w�ZiH�oiS \$S�TUHKtrS�NQTiSQLONQTiS�l SQJ�HKEMLXH�LXJINQ[^NQt RUS�vKNQT^N�lUJGSmv]HKEIEINQTUSbJ�TiS
EGDFEMLXHK\$N9RUH]LIHKJISQa �KoUH]S:L��]\ D NYLXSbJGHKE7TUH RUH]LIHKJISQabHKoUH]DFT^NYTUHWwxZUHWJIH]lUJIH]EIHKo
LXNQ\ N2tFH]oxLIDFT^RYS2TiS
liJIS�vKHKEGEXNQTiSbJ�HK\ H
	mHKv]ZiLONQJ�TUH LXH]JI\2DFo^NQTUN"LONQJGH6D Ni| k Sb\2S � NQ[�SbJIT^NYTUS S HKEGvjNQtrSbo^NQ\2HKo
LXS
H]EGL��YLXDrvKSU�xDFoiDFvKDFNQtF\2HKo
LIH o^RYSWEGH�EINQ[ H�N~wxZUH7lUJIS�vKH]EIEXNYTUSbJ EIHKJ&�WTUH]EIDrabo^NQT^N~N/LONQJGH6D Ni�
SQZ$EGH )INi�
NYw�ZiHKtFHWwxZUH�t RiH�l�HKJI\2DrLIDFJ&��S:\$H]oUSbJ7LXHK\2l�S�TUHWL��KJG\$DroUSU|�_eSbJ�HKEIEIN�JXNQ�KRQSU��l^NQJIN:vjNQtrvKZUtFNQJ
SQE�NYLIJIDF[iZiLXSbE�TUS�aQJXNMD SU� v]Sb\$Si� oU{rpQHKt � v]SboU{rpQHKt � wxZUH�H]o
pbSbtqpbHK\ EISb\$NYLIdbJIDrSbE7TUSbE�v]ZUEGLISbE�TUH
H�	mHKvKZiPjRQS4T^NQE�LXNQJIH D NQEK�`H&o^RYS TUSbE�l�HKEISQE�T^NQE�LONYJIH6D NYEK��ZiLXDrtFDr�jN f EIH2S D NYLXSbJW\ �]TUDFS TiH RUH f
LIHKJGSbabHKoiHKDFTUNQTUH�TUS�EIDFEMLXH]\:N l^NQJIN EGH$TiH]LXH]JI\2DFo^NYJ/S�v]ZUEGLIS"TUH�vjNYT^N�ZU\$N&TUHKtFNQEK| � v]ZUEGLIS
NYEIEIS�vKDFNQTUS�v]Sb\ N�vKSQ\�ZUoUDrvjNQPKRQS�TUH

w(vi, vj)
ZioUDFT^NYTUHKEeTUH T^NQTiSbE HKo
LIJIH lUJGSmv]HKEGEXNQTUSQJIHKE�w�ZiH

NYtFS )INQ\ LXNQJIH D NQE`NQT )INQvKH]oxLIHKE � TiH$!^oUDrTUS�v]Sbo D SbJG\$H S�\$S�TUH]tFS�TiH vKSb\�ZUoUDFvKNQPjRYS/NQTUSQLXNQTUS�w�ZiH
EGH~DFoUv]SbJIl�SbJXN�NQS�\2SmTiHKtFS�T^N$NYJIwxZUDrLIH]LIZUJXNi|

��������� �	��

������
���� ��� ��� ������� ���

k Sb\ N.v]JIHKEGvKH]oxLIH H]pbSQtFZUPKRQS T^NQE"\ �QwxZUDro^NQE�l^NQJINQtFH]tyNQE�vKSb\ \2HK\2dbJIDFN TiDFEGLIJIDr[UZU{FTUNi�
LISbJIoiSbZmf EGH oUHKv]HKEIE&�QJIDrS*S4TUH]EIHKo
pQSbtrp�DF\2HKo
LIS*TUH oUS pQSbE$\2S�TUHKtrSbE�wxZUH�JIHKliJIHKEGHKo
LXH]\ NQE�vjN f
JINQv]LIHKJG{FEGLIDFvKNQE�TUHKEGEXNQE2\��QwxZUDFo^NYE�TUH D SbJI\$N�\$NQDFE�liJIHKv]DFEIN�H JGHjNQtr{FEGLIDFvKN � �i� � ���b��� � � 
 | �
DrTUHjNYt �WEIH]JIHK\ EGZ'!^vKDrHKo
LXH]\$H]o
LXH�NQ[iEGLXJINYLXSQEK�%lUNQJXN2w�ZiH�TUH LONQt RUHKE�T^N$\��QwxZUDFoUN2EGH )INQ\ DFaQoUSYf
JINQTUSbE]� \$NQE�NQS$\$H]EI\2S2LIHK\2l S�pbH]JIE�� LXHKDrE�l^NQJIN2l�HKJG\$DqLXDrJ7N$l�SbJGLXNQ[UDFtrDFT^NYTUH�T^NQE�NQlUtrDFvjNYP ��HKE
TiHKEIH]o
pbSbtqpmDrT^NQE]|

��N:vKSb\2lUZiLXNQPjRYS$EGHKw�� �KoivKDyNYt�� NQl dQE�S$TUHKEGHKo
pbSbtqp�DF\2HKo
LXS&TUS$\$S�TUH]tFS2� C V f � ����)*�!


- "�"������ � �*"��*�(�,� EGZUJIaQDFJXNY\ TUDrpQHKJGEISbEW\$S�TUHKtrSbEK� LXNQDFEcvKSb\2SU� � \$S�TUH]tFS�_�� C V ��������%(%���%
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 \�ZUDrLIS*ZmLXDFtrDF�KNQTUS l^NQJIN*N4NQo �YtFDFEGH T^N4v]Sb\2lUtFH�	iDrT^NQTUH TUH
NYtFabSbJGDrLI\$SbEBlUNQJXNQtrHKtrSbEK|���H]EGLXH�\2S�TUHKtrS ��NYEIEIZi\$DrTUS:ZU\ o��U\2HKJIS:TUH�lUJGSmv]HKEIEINQTUSbJGHKE/DrtFDF\2Dqf
LXNQTUSU�`LIJXNQ[^NYt R^NQoiTUS�oUS \2SmTiS�EI{roUvKJGSboUS�wxZUH&EIH&v]Sb\�ZUoUDrvjNQ\ NYLIJXNjp��]E2TiH&ZU\:N�\2HK\2dbJGDyN
v]Sb\2l^NQJGLIDFt R^NQT^Ni|eC�H pmDrTUS�N�H]EGLON �itrLXDr\:N~vjNYJXNQv LXHKJG{FEMLXDFvKNi��vKZUEMLXSbEBTUH�vKSb\�ZioUDFvKNQPjRQSWEXRQS�TiHKEMf
v]SboUEGDFTUH]JXNQTUSQE � ��
 |�� ZU\ \$S�TUHKtrS�NQ[iEGLXJINYLXSi��H"l SbJMLONQo
LIS NQtFaQSbJIDqLX\2SbE�oUHKtrH D SbJG\�ZUtyNYTUSbE
NYlUJIH]EIHKo
LXNQ\ oUN*\$NQDFSbJGDyN�TUSQE:vjNYEISbE$TUHKEGHK\2l H]o�RUSbE�DroUEXN LXDFE D NYLXdQJIDFSQE�w�ZUNQoUTUS�H�	mHKvKZmLONQTUSQE
H]\ \��QwxZUDFo^NYEBl^NQJXNYtFHKtFNQE JGHjNQDrE � �b� 
 |

_ SbEGLIHKJIDrSbJI\2HKo
LIHQ� o^N"LXH]oxLXNYLXDqpYN�TUH&TUHKEGHKo
pbSQtrpbH]J:ZU\ \$S�TUH]tFS"\$NQDrE�lUJ�� LXDFv]S�EIZiJIabDrZ S
V�SmTUH]tFS�� �*% � � � �,"��*� �,�!� � ��������%(%���% � �.)*��% J T Pi_GL7lUJGSbl�SbEGLIS$l�SbJB� NQtFDFNQo
L7HK\ 
 D�Db� � � � 
 �
v]Z )GS�Sb[ )GH]LXDqpbS�liJIDFoivKDFlUNQt ��EIH]JGp�DFJ�TUH�\2SmTUH]tFS2l SQoxLIH�H]oxLIJIH�NYE�oUHKv]HKEGEIDFTUNQTUHKE/TiH � ����) � �����

H ����� � � ����� oUN�vKSb\2lUZiLXNQPjRQS�l^NQJXNYtFHKtFNi| � NQtrabSbJIDqLX\2SQTIPi_9v]SboUEGDFEGLIH�TUH/ZU\$N�EGHKw�� �KoivKDyN�TUH
EGZUl�HKJIlUNQEIEGSbEK� EIH]l^NQJXNYTUSbE~l SQJ/[^NQJIJGHKDrJXNQE/TUH�EGDFoUv]JISboiDF�jNYPjRQS&SboiTUH�LXS�T^NQE~NQE/v]Sb\�ZUoUDrvjNQP$�bHKE
EIRQSc\$S�TUHKtFNQT^NQE`H]\=vKSbo )GZUo
LXSU�xTUH pmDrTUS�N~HKEGEXNcvjNQJINQv]LIHKJI{rEGLIDFvjN��7TUD D {FvKDrtilUJGS )GH]LXNQJ NQtFabSQJIDrLI\$SQE
lUNQJXNQtrHKtrSbE&l^NQJIN9HKEGEIH*\$S�TUHKtrS � 
 
 
 | ��N \2HKEG\:N �Kl�S�vjN9EGZUJIaQDFZ
S.\2SmTUH]tFS TUH4tyNYL&�KoUv]DyN
� � D 
 H�NQtrabZUoUE2NQoiSbE�TUHKl�SbDFE]� S4\2SmTUH]tFS � ���!� �`TUHKEGvKJGDrLXSQE:NQTiDyNQo
LXHY| ��EGEIH]E:TUSbDrE�\$S�TUHKtrSbE
D SQJXNQ\ H]EIv]Sbt RUDrTUSbE/l�SbJXN�NQ[�SbJITUNQJ/S�LIHK\$N&TUHKEMLXH�LXJXNY[^NQt RiSU| � lUJIDr\$H]DFJGSU�zl�SbJ/EIH]JWS�\:NYDFE
ZmLXDFtrDF�KNQTUS2o^NQE�l�HKEGwxZUDFEINQE�EISQ[UJIH�H]EIvKNQtFSboUNQ\$H]o
LXS�� S�EIH]abZUoUTUS&l�SbJ�NQlUJIH]EIH]oxLXNQJ�l^NYJ �Q\2H]LIJISbE
v]SboUEGDFTUH]JXNQTUSQE�oiHKvKH]EIE&�QJIDrSbE7HcEGZ'!^v]DFHKo
LIHKE�l^NQJXN�JGHKlUJGHKEIH]o
LONQJ "�%'� ��� ����� TUH~vKSb\2lUZiLXNQTUSbJGHKEBTUH
D SQJI\$N�\:NQDrE JIHKNQtF{rEGLIDFvjNm|
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C LIZ^NQtF\2HKo
LIH ��S�\2S�TUHKtrS�l^NYTUJXRQS�TUH�v]Sb\�ZUoUDrvjNQPKRQS"ZmLXDFtrDF�KNQTUS�o^N �QJGHjN"TUH$HKEGvjNQtrSbo^N f
\2HKo
LIS�TiH LXNQJIH D NQEK| � �UoiDFvKS7l^NYJ �Q\2H]LIJIS�NQJIwxZUDqLXH LXZUJINQt
NQEGEIS�vKDyNYTUS�NQS7vKZUEMLXS�TUH�vKSb\�ZioUDFvKNQPjRQS
�~S$NYLXJINQEIS2oUS�LXH]\$l�S2TUH/LXJXNYoUEI\2DFEGEXRQSU�iSbZ�tFNYL��]oUvKDFNi�Ul^NYJXN�HKo
p�DyNQJ7ZU\$N�ZUoUDrT^NQTUH~TUHcT^NQTUS
oiS2vKNQo^NQt%TUH/vKSb\�ZUoUDFvKNQPjRYS�HKo
LXJGHcTiSbDFE liJIS�vKHKEGEXNQTiSbJIH]E � � D 
 �^TUH]oUSQLONYT^N�l SbJ

L
| C EIEGDF\��UZU\

pYNQtrSbJ�TUH�tyN L��KoivKDyN
L(p, q)

HKEML �&NQEGEIS�vKDyNYTUS�NQS:EIHKaQ\$H]oxLIS
(p, q)

JIH]lUJIH]EIH]oxLXNQoUTUS�N$LXN 	iN:TUH
LIJXNQoiEI\2DFEIEIRQS"TiH�T^NQTUSQE�HKo
LIJIH�SbEWlUJIS�vKH]EIEINQTUSbJGHKE�l�H�w |"��HKEMLXH�\2S�TUHKtrSU� NQEGEIZU\2H f EIH$w�ZiH
Zi\ liJIS�vKHKEGEXNQTiSbJ�o^RYS�a
NQEMLONcLIHK\2l SWlUJIH]l^NQJINQoUTUSWS�HKo
p�DFSWSbZ�JIH]vKH][UDF\2HKo
LXSWTUH�\2HKoUEINQabH]oUEK|
C EIEGDF\��UvKSb\�ZUoUDFvKNQPjRYS2H~v]Sb\$liZiLONQPKRQS�TUH~LONQJGH6D NQEBl�SmTiHK\ EGHWEGSb[UJIH]l � J7LISQLONYtF\2HKo
LXHY| C t �]\
TiDFEIEGS�ZU\ lUJGSmv]HKEGEXNQTUSQJel�SmTiH H]oxp�DFNQJ p �QJGDyNQEu\2HKoUEINQabH]oUE�TUDrEGLIDFo
LONQE]�YEGDF\�ZitrLONYoUHjNQ\2HKo
LIHQ� l^NQJXN
TiHKEGLIDFoUSQE�TUD D H]JIH]oxLIHKE]�%S�wxZUH�EGH�vSR^NQ\$N 
 �*%'� � " �!��� | C s�DFabZiJXN$�m| � NQlUJIH]EIH]oxLXN�ZU\ H
	mHK\2lUtFS
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TiS \:NQlUN�TUH&H]EIvjNYtFSbo^NY\$H]oxLIS�TUH:LXNQJIH D NQE�Sb[mLXDFTiS�N�l^NQJMLXDrJWTUH&Zi\ abJINMD S�h C C h EISb[ S
\2S�TUHKtrS/tyNYL&�KoUv]DyNi�bH]\ ZU\$N~NQJIwxZUDqLXH]LIZUJXN~NQtqpbS~vKSQ\$l�SbEGLXN�l SQJ LXJ&�]E liJIS�vKHKEGEXNQTiSbJIH]EORUSQ\$Sba-� f
oiHKSbE]�

h(p) = 1
| � [UEIH]JGpQH�wxZUH7S/v]ZUEGLIScTiHBH
	mHKv]ZUPjRQScTUHBvKNQT^N�LONYJIH6D N�ZioUDrL��QJIDFNi�

ε(v)×h(p)
�

�~DrabZ^NQt N 
 | � v]ZUEGLIS:TUH~vKSQ\�ZUoUDrvjNQPKRQS�HKo
LXJGH
v1
H

v2
�~T^NQTUS2l�SbJ

w(v1, v2) × L(P1, P2)
�

LXNQ\�[ �K\��iDrabZ^NQt N 
 |

seDFabZUJIN2�m| � � J N�L7h C C h=ZioUDrL��QJIDrSU|�J [$L�V�NQl^N$TiH��`EIvKNQtFSQo^NQ\2HKo
LXS$oUS&V�S�TUH]tFS N N L��KoivKDyN
H]\ ZU\ EGDFEMLXHK\$N�l^NQJINQtFH]tFS�v]Sb\ LXJ �KE�lUJIS�vKH]EIEINQTUSbJGHKE?RUSb\2Sba �KoiHKSbE
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_`JISQl SbEMLXS&l�SbJ k ZUtrtFH]J ��� ��% - H]\ 
 D0D � � �Q� 
 � ��ZU\ \$S�TUHKtrS&NQEGEI{FoivKJISQoUS&\:NYDFE�TUDFJGHKvKDrSYf
oUNQTUS�N~JIH]TUH�TUH�v]Sb\�ZUoiDFvjNYPjRQSU| k SboUEIDrTUHKJINcwxZUH�NQE vjNQJINQv]LIHKJI{rEGLIDFvjNYE JGHKtrH]pYNQo
LXH]E wxZUH�NMD H]LXNQ\
S$TUHKEGHK\2l H]o�RUS$T^N:NQlitFDFvKNQPjRYS2l�S�TUHK\ EGHKJ�JIHKEGZU\2DFT^NQE�HK\ wxZ^N LXJIS$l^NQJ��Q\$H LXJGSbEK|���EGEIH]E�l^N f
J��Q\2H]LXJGSbE�l H]JI\2DrLXH]\ S:v �QtFv]ZUtFS�lUJGHKv]DFEIS$TUS:v]ZUEGLIS�TUHWvjNQT^N2vKSb\�ZUoUDFvKNQPjRYS$JGHjNQtrDF�jNYT^N�HKo
LXJGH
TiSbDFEBlUJGSmv]HKEGEXNQTUSQJIHKE]� EXRQS2HKtrHKEK�

L
fGNuNYL��]oUvKDFNi� k ZUEMLXS�TUH�LIJXNQoUEG\$DrEIEIRQS�TUH/ZU\$N�ZUoiDFT^NQTiH�TUH/T^NQTiSbE HKo
LIJIH~TUSbDrE�lUJGSmv]HKEMf

EINQTUSbJGHKE�DFo
LXH]JIv]SboUHKv LONQTiSbE��

o
f � ��������� � ) SQZ2EGSb[UJGHKvjNYJIa
Ni�uLXH]\$l�S/wxZUHBZU\ lUJIS�vKH]EIEXNYTUSbJ�a
NQEMLON�EGHBlUJIH]l^NQJXNYoUTUS~l^NQJIN

JGHKv]HK[�HKJ�SbZ HKo
p�DyNQJ7ZU\$N�\$H]oUEXNQaQHK\ �

g
f � ��� � DroxLIHKJMpQNYtFS�\2{FoUDr\$S~H]oxLIJIH/TUZUNQEBEISb[iJIHKvKNQJIabNQEBTUH�H]oxp�DrS�EIZU[iEIHKw��UH]o
LXHKE�SbZ&TUZ^NYE

EGSb[UJGHKvjNYJIa
NQEWTUH2JIHKv]HK[UDr\$H]o
LXS"v]SboUEGHKvKZmLXDrpYNQEWwxZUH:S�vKSbJGJIH]\ HK\ ZU\ \2HKEI\2S�lUJIS�vKH]EIEXNYTUSbJK|
��HKEMLXHWLIJXNQ[UNQt RUS �cNQEGEIZU\2DFTUS2wxZUH

g ≤ o
�^SbZ�EIH,)INi��NQS2L��K\2DFoUS�TiHWZU\$N�EISb[UJGHKvKNQJIa
NUJ HKo
p�DFS

SQZ�JGHKvKH][UDF\2HKo
LIS2L )&��EIH~l S�TUH~DFoiDFvKDFNQJ N�lUJGd 	iDr\:N�EGSb[UJGHKvjNYJIa
N �

P
f �7HKliJIHKEGHKo
LON2S$o �U\$H]JIS�TUH~lUJGSmv]HKEIEINQTUSbJGHKE�TUDFEGl SQoU{rpQHKDFE]|
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C !^\ TUH~EIHcNYLIDFoUaQDFJ�\$NQDrSbJ�lUJGHKv]DFEXRYS2oiSbEBLXHK\2l�SbE TUH~H
	mH]vKZUPKRQS:l^NYJXNQtrHKtFSQE lUJIS�TUZU�]DFTUSQEK�
oiHKEGLIH�LXJINQ[^NQt RUS"EIRQS�HKEGl H]vKD !^vjNQTUNQE�EIH]l^NQJXNYT^NQ\2HKo
LXH&NYE�EISb[iJIHKvKNQJIabNQE�TUH�H]o
pmDrS

o = Os

H
TiH�JIH]vKHK[iDF\2HKo
LXS

o = Or

|��`EGLON�EGZUl�SbEIDrPjRQS �:NQTUSQLXNQT^N�TUS�\2SmTUH]tFS k N C n�C J�� ����� ����)

� ��� ���,"�� - � ��

����� � ) � - � L � 
 � 
 | C s�DFaQZUJXN��m| ��\2SbEMLXJXN&ZU\ \$NQl^N TUH2HKEGvjNQtrSbo^NQ\2HKo
LXS
S
TUH�ZU\�h C C=EISb[*S�\2S�TUHKtrS�� ���!� � SboiTUH:NYEcEGSb[UJGHKvjNYJIa
NQE

Or

H
Os

EXRYS�v]SboUEIDrTUHKJINQT^NQE
ZioUDrL��QJIDFNQEK�m\:NQEBDrEGLIS2oURQS �cZi\:N�vKSQoUTUDFPKRQSU|

seDFabZUJIN��m| �U� J N�L7h C C h ZUoUDrL��QJIDrSU| J [$L7V"NQl^N2TUHc��EGvjNQtrSbo^NQ\2HKo
LIS$oUS:V�S�TUHKtrS�� ���!� HK\
LIJ&�]E�liJIS�vKHKEGEXNQTiSbJIH]E RUSQ\$Sba-�KoUH]SbE

� ZiLIJIS�\2S�TUHKtrScwxZUH�EIZUJGabDFZ%��l�SbEMLXHKJGDFSbJ NQS � ���!� D SbD^S � ��� � � wxZUH�vKSboUEGDFTUH]JXNc\:NQDrE`ZU\
lUNQJ �Q\2H]LIJIS�HK\ NQTUDFPKRQS�NYSbE )&��TiH$!^oUDrTUSbE oiS�\$S�TUH]tFS�� ���!� |Q��EGEIHBl^NYJ �Q\2H]LIJIS ��N�tyNYJIabZUJIN�TUH
[UNQoUT^Ni�iJIHKliJIHKEGHKo
LONYTUS:l�SbJ

G
J � ��� ����� 0 �!� � L | F EMLXS2TUHKv]SbJIJGHKZ�TUS-D NYLXS�TUH/wxZUH~H]\ \�ZUDqLONQE

\��QwxZUDro^NQE�lUNQJXNQtrHKtFNQE NYLXZ^NYDFE�H�	mDFEGLIH�EGZUl SQJGLXH�l^NQJXNWvjNQliLIZUJXNYJ N�tFNQJIabZiJXNWTiH�[^NQoUTUN�TUS�vKNQo^NQt
TiH�vKSQ\�ZUoUDrvjNQPKRQSU� HKo
LXJGH�SbE�lUJGSmv]HKEIEINQTUSbJGHKE]| C EIEIDr\�� NYLIJXNjp��]E�TUH]EIEIH�l^NQJ �Y\$H LXJIS ��l�SbEGEI{rpQHKt
LIJXNYLXNQJWN�LXJINQoUEG\$DrEIEXRYS H JIH]vKH]l PKRQS"TUH$\$H]oUEXNYabHKoUEWtFSboia
NQEK� ZUtqLXJXNYl^NQEIEINQoUTUS"N�trDF\2DrLONYPjRQS�TiS
\2S�TUHKtrS � ���!� HK\ a
NQJINQo
LXDFJ�S�TUH]EIH]\$l�HKo�RiS&T^N:vKSQ\�ZUoUDrvjNQPKRQS�NQl�HKoUNQE�wxZ^NQoiTUS&l H]wxZUHKo^NYE
\2HKoiEXNQabH]oUE TUH�LXNQ\$NQo�RUS ! 	mScEXRQScHKo
p�DyNQTUNQE � �b� 
 |�V"NYDFE�TUH]LXNQt RiHKE�l S�TUH]\ EIH]J H]oUvKSbo
LIJXNQTUSQE
H]\�� � 
 |

����� � � � 	�� ��� 
 � � 	 � ��

����	 � ��
 ����
 	

� TUH]EIHK\2l�HKo�RUS�TiH�ZU\$N�NQlitFDFvKNQPjRYSWl^NYJXNQtrHKtyN/o^NW\ �QwxZUDro^N�NYtrpbSWTUHKl�HKoiTUH�TUDrJIH]LXNQ\2HKo
LXH
TiS2H]EIvKNQtFSboUNQ\$H]o
LXS ����������� � � )*� TUNQEBLONQJGH6D NQEBNYSbEBlUJIS�vKH]EIEINQTUSbJGHKEK|GF EGLIS�EIDFaQoUD�!^vKN�vKSQoUEIH]abZUDFJ
Zi\:N"H !^vKDrHKo
LXH�NQtFS�vjNQPKRQS"TUNQEWLXNQJIH D NQEK�`TUH4D SbJI\$N�wxZUH�NQE�JIH]tyNQP$�bHKEWTUH�lUJGHKv]HKT �]oUvKDFN�HKo
LXJGH
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NYE LONQJGH6D NQEBEGH )INQ\ JGHKEGl H]DrLONYT^NQEBH~wxZUH~S�LIHK\2l S�TiH/H
	mHKv]ZUPjRQS$l^NQJINQtFH]tFSU�xLONQ\�[ �]\ vSR^NQ\$NQTUS
TiH 
���� ��� � ��� �uEIH,)IN�\2{FoUDr\$Si| C tFDyNYTUS N�DrEIEISi�eS�DFTUHKNQt �$wxZUH$EIH,)IN�ZiLIDFtFDr�jNQTiS&ZU\ o �U\2HKJIS
TiH�lUJGSmv]HKEGEXNQTUSQJIHKE JXNQ�]S
NjpbH]tF\2HKo
LXH�[^NQD 	iS � � ��
 |`C�DrpQHKJGEISbE HKEGLIZUTUSbE lUJGSbl SQEGLXSQE o^N~tFDqLXH]JXNYLIZUJXN
N LXHKEMLONQ\ wxZUHWS$lUJGSb[UtrHK\$N2TUS$HKEGvjNQtrSbo^NQ\2HKo
LXS ����_�f k Sb\2lUtFH LXS � � � 
 HK\ EIZUN4D SbJG\:N�\:NYDFE
aQHKJXNYt��bH7NQl�HKoUNQE l^NQJIN/NQtFaQZUoUE l�SbZUv]SbE`vjNQEGSbE`JIH]EGLIJIDrLISbE`EXRYS/vKSbo�RiHKvKDrT^NQE`EGSbtFZUP$�bHKE`dYLXDF\$NQEeHK\
LIHK\2l S�l�SbtFDroUSb\2DyNQt � 
 Ci�e� � 
 ��tFDr\$DqLONQoiTUS�vKSQ\�DrEIEGS"S�ZUEIS�H�	mvKtFZiEIDrpQS"TUH$\ � LXS�TUSbEcH
	iNYLISbEK|
_ SbJ H]EGLON�JINQ�jRQSi�i\ �]LXS�TUSbE�NQlUJGS 	mDr\:NQTiSbE�SbZ,RUHKZUJG{FEMLXDFv]SbE EIRQS�vKSb\�ZU\$H]o
LXH�ZiLIDFtrDF�jNYTUSbE l^NQJXN
LIHKo
LONYJ�NYvSR^NQJ7HKEGvjNQtrSbo^NQ\2HKo
LXSQEBvKSb\ LIHK\2l SQEBTUH~vKSboUv]tFZUEIRQS2w�ZUNQEIHcdQLXDr\$SQEK|

��� ����� ��� ������� � � ��� � � � 
���� �! "��� ���

� H]EIvKNQtFSboUNQ\$H]o
LXS7TUH�LONQJGH6D NQE DroUDFv]DyNQtr\$H]oxLIH�l�SmTiH EGHKJuvKtFNQEIEGD�!^vKNQTUS�TUH NQvKSQJITUS�vKSb\-S�o��mf
\2HKJGS�TUH�lUJGSmv]HKEIEINQTUSbJGHKE TiDFEIl�SboU{qpbH]DFE o^NWl^NYtyNYLXNMD SbJI\$N�TUDrEGLXJGDF[UZi{FT^Ni| ��Z^NQoUTiS�N�N LXJIDr[UZUDrPjRQS
TUNQE�LONQJGH6D NQE�TiH&ZU\ liJISbabJINQ\$N"l^NQJINQtFH]tFS � D H]DrLON"N�ZU\ �UoiDFvKS liJIS�vKHKEGEXNQTiSbJK� S HKEGvjNQtrSbo^N f
\2HKo
LIS ��TiDrLXSWtFS�vjNQt |���S�vjNYEIS�SboiTUH�NQE LONQJGH6D NQE EXRYS�TUHKEGDFaboUNQT^NQE �cp �QJIDrSbE lUJIS�vKH]EIEXNYTUSbJIH]EK�US
H]EIvKNQtFSboUNQ\$H]o
LXS���TUH]oUSb\2DFo^NQTiScaQtFSb[^NYt�| C s�DrabZUJIN��m| � NQlUJIH]EIH]oxLXN�ZU\$Ncp�DFEIRQScEIDF\2lUtrD�!^vKNQT^N
TUN�LXN 	mSb\$SQ\$DFNWlUJGSbl SQEGLON�l�SbJ k NQEIN pYNQo
L�H��~Z RUt � 
 ��
 |

ESCALONAMENTO

LOCAL

ESTÁTICO

GLOBAL

DINÂMICO

ÓTIMO

APROXIMADO HEURÍSTICO

SUB-ÓTIMO

s�DrabZUJXN���| � � +eN 	mSboUSQ\$DFN�TUH k NQEXNjpYNQo
L�H �/Z�Rit
��HKEIEIN$v]tyNQEGEID�!UvjNQPKRQS$S�H]EIvjNYtFSbo^NY\$H]oxLIS$aQtFSb[^NYt���l S�TUH~EIH]J�TUDqp�DFTUDrTUS�HK\ TiDFo��Q\2DFv]S�H~HKEMf

L��YLXDrvKSU� TUH:NQvKSbJGTUS"v]Sb\ S"\2Sb\2HKo
LXS�HK\ wxZUH�NYE�TUH]vKDFE �mH]E�l^NYJXN"N�NQtFS�vjNYPjRQS�T^NQE~LONQJGH6D NQE
�-D H]DrLXNi|���S�H]EIvKNQtFSboUNQ\$H]o
LXS&TUDro��Q\2DFvKS�NQE/TUHKv]DFE �mH]EcTiH�NQtFS�vjNQPKRQS&EIH�JGHjNQtrDF�KNQ\ TiZUJXNQo
LIH$N
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H�	mHKvKZiPjRQS*TUS�lUJISbaQJXNQ\$Ni� EGHKoUTUS�LXDrlUDFvKNQ\2HKo
LXH�ZiEXNQTUS4wxZ^NQoUTiS*N�LISbl SQtFSbabDFN�TUS�abJINMD SU�`SbE
v]ZUEGLISbE~TUH�v]Sb\�ZUoUDrvjNQPKRQS&H�TUH�v]Sb\2lUZiLONYPjRQS�oURQS&l S�TUH]\ EIH]J�LXSQLXNQtF\2HKo
LIH�vKSQo�RUHKv]DFTUSQE/HK\
LIHK\2l S2TUHcvKSb\2lUDrtyNQPKRQS�TUS:liJISbabJINQ\$Ni|��`EMLXH�H]EGLIZUTUS:EGH�v]SboUvKH]o
LXJXN2oUS:H]EIvKNQtFSboUNQ\$H]o
LXS2HKEMf
L��YLXDrvKS T^NQE~LONYJIH6D NYEK| C EIEGDF\�� NQE~DFo D SbJG\:NYP ��HKE/JIH]tyNYLIDrpYNQE/NYS�LIHK\2l S TUH2H
	mHKv]ZUPjRYS�TUH�vjNQTUN
LXNQJIH D Ni��SQZ�NQS�\$H]oUSbEK�eZU\$N�[�S
N"NQliJIS 	mDF\$NQPjRQSi� [�HK\ v]Sb\$S"NQEcEIZ^NQE�JIHKtFNQP ��HKEcTUH$lUJIH]vKH f
T'�KoUv]DyN�EXRYS�lUJIH p�DyNQ\2HKo
LXH�HKEIl�HKv]D�!^vKNQT^NQE]| � aQJXNMD S�TiH�LONQJGH6D NQE]�zSbZ�h C CW�%wxZUH�JIH]lUJIH]EIH]oxLXN
N�NQlUtrDFvKNQPjRQS&SQZ4liJISbabJINQ\$N��:NQoUNQtFDrEXNQTUS:l H]tFS HKEGvjNQtrSbo^NQTUSQJcH�vKNQT^N&LONQJGH6D N ��TUHKEGDFabo^NYT^N�N
Zi\ lUJIS�vKH]EIEINQTUSbJ�NQo
LXH]E�TUN�H�	mHKvKZiPjRQS$TUH~w�ZUNQtFwxZUH]J7LXNQJIH D N�T^N2JGHKEGl H]v]LXDqpYN$NQlitFDFvKNQPjRYSU|

n�\ HKEGvjNQtrSbo^NQ\2HKo
LIS � ��ZU\ vKSbo )GZioxLIS�!^oUDrLIS�TUH�LIZUlUtyNYE9J
vi

�
pj

�
tl
L �zvKNQT^N&ZU\ HKEGl H]vKDqf

!UvjNQoUTiS*wxZUH ZU\$N"LONQJGH6D N
vi ∈ V

� H
	mHKv]ZiLONQTUN4oUS�lUJGSmv]HKEGEXNQTUSQJ
pj ∈ P

oUS�LXHK\2l�S
tl
|

C EIEGDF\ EIHKoiTUSU� vjNYT^N:LONQJGH6D N
vi ∈ V

TUH]pQH�EIH]J/HKEIvKNQtFSQo^NQT^N:H]\ ZU\ lUJGSmv]HKEIEINQTUSbJ
pj ∈ P

H
H]EIEIN$LONQJGH6D N2EId:l�S�TUHWEGHKJ�H
	mHKv]ZiLONYT^N�TUHKl�SbDrE�wxZUHcLXS�TUSbE�SbE�EIHKZiE�lUJGHKTUH]vKHKEGEISbJGHKE~DF\2HKTiDyNYLISbE
LIHKo�RUNQ\ v]Sb\2lUtFH LONQTUS�N"EGZ^N�H
	mHKv]ZUPjRYS H�wxZUH�SbEWJIHKEGl H]v]LIDrpbSQE�T^NQTUSQE�oUHKv]HKEGE��QJGDFSbE�lUNQJXN"S
DroU{Fv]DFS�T^N"EGZ^N�H
	mHKv]ZUPjRYS4H]EGLIH )INQ\�TUDFEGl SQoU{rpQHKDFEcoUS lUJGSmv]HKEGEXNQTUSQJ

pj

| k Sb\�DFEGEISU� Zi\:N LON f
JGH6D N�TUH~vKSQ\$lUZmLONQPKRQS�o^RQS�l S�TUH/H]oxp�DFNQJBwxZ^NQtFwxZUH]J7JIHKEGZUtrLXNQTUS�TUH~EIH]ZUE7T^NQTUSQEK� NQo
LXH]E7TUH/LXHKJ
v]Sb\2lUtFH LONQTUSi| C t �]\ TiDFEIEGSU��ZU\$N"\$H]oUEXNYabHK\ TUH�LXJINQoUE#D H]J&�]oUvKDFN�TUH&T^NQTUSQE�o^RQS l�SmTUH:EIHKJ
JGHKv]HK[UDrT^N�N�\2HKoiSbE�wxZUH&LXHKo R^N EIDFTiS4H]o
pmDFNQT^Ni|�� 	mDrEGLXHY� l�SbJMLONQo
LXS Zi\:N TUH]\$SbJIN�TUH&l�HKtFS
\2HKoiSbE

L
�^w�ZiH �cN�tyN L��KoivKDyNm�iHKo
LIJIH~ZU\$N�EGSb[UJGHKvjNYJIa
N�TUH~HKo
p�DFS�HcN�JIH]EIl�HKv]LIDrpYN�EISb[iJIHKvKNQJIabN

TiHcJGHKv]HK[UDr\$H]oxLISU|

n�\:N�pbH]�WTUH !^oUDrTUSbE�SbE7\$S�TUHKtrSbEK�iT^N$NYlUtFDrvjNQPKRQS�HWTUN$NQJGwxZUDrLIH]LXZiJXNi�^H~HKEMLONQ[�HKtrHKv]DFTUSbE7SbE
v]JIDqL �KJGDFSbE�EISQ[�S�wxZ^NQteEIH�JGHjNQtrDF�jNYJ���S:HKEGvjNQtrSbo^NQ\2HKo
LISU� �Wl SbEGEI{qpbHKteTUH]LIHKJG\$Dro^NQJK� NYLIJXNjp �KE�TUN
RiHKZUJG{FEGLIDFvKNWTUH]EIHKo
pQSbtrp�DFTUNi�iScLXHK\2l�S�TUH�H
	mHKv]ZUPjRQS�lUNQJXNQtrHKtrS !^oUNQt T^N�NQlUtrDFvKNQPjRQSi�
S � "���� )��*%��

� ��� ��� � SbZ � ��� ��� � ��� w�ZiH �~T^NQTiS2l�HKtFN�EIHKaQZUDFo
LXH~H�	iliJIHKEGEXRQSi�

SL = max {Tinicial(vi, pj) + ε(vi) × h(pj)}

PmH]oUTUS
Tinicial

J
vi

�
pj

L�S�LXH]\$l�S oUS�wxZ^NQt Zi\:N"LXNQJIH D N
vi

DFoiDFvKDFN"N EIZUN�H�	mHKvKZiPjRQS*HK\
Zi\ lUJGSmv]HKEGEXNQTUSQJ

pj

| � LIHKJI\2S
ε(vi)

��S&l�HKEGS&TUH�H
	mH]vKZUPKRQS TUHKEGEXN�LONQJGH6D N:H]\
pj

H
h(pj)

JGHKlUJGHKEGHKo
LON S*D NYLISbJ:TiH RUH]LIHKJGSbabHKoiHKDFTUNQTUH�TUS�lUJIS�vKH]EIEXNYTUSbJ
pj

| � LXH]JI\2S
ε(vi) × h(pj)

JGHKlUJGHKEGHKo
LON2S$v]ZUEGLIS$TUH~H�	iH]vKZUPKRQS:TUN�LXNQJIH D N
vi

HK\
pj

|
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� HKEGvjNQtrSbo^NQ\2HKo
LXS&H]EGL��YLXDrvKSU�zl�S�TUH�EIH]J/vKtFNQEIEGD�!^vKNQTUS�v]Sb\$S:dQLXDr\$S$SbZ EIZU[�dQLIDF\2SU|~_`JXN f
LIDFvKNQ\$H]o
LXHQ� HK\ wxZ^NQEIH�LISmTiSbE�SbE�lUJISb[itFHK\$NQE�TUH�H]EIvjNYtFSbo^NY\$H]oxLIS�TUH�LXNQJIH D NQEK� o^RQS�H�	mDFEGLIHK\
EGSbtFZiP ��HKE�vKNQl^NQ�]HKE~TUH�abH]JXNQJ�H]EIvKNQtFSboUNQ\$H]o
LXSbE�H]\ LIHK\2l S�l�SbtrDFoUSb\2DyNYtzwxZUH�EIH )INY\ lUJGSbl�SbJMf
v]DFSboUNQDFE�NQS�LONQ\$NQo�RiS&TUS&lUJISQ[UtFH]\:Ni| C l H]o^NQE/l^NQJIN:LXJ �KE~vjNQEGSbE/HKEGl H]vKDFNQDFE�EIRQS vKSbo RUHKv]DFT^NQE
EGSbtFZiP ��HKEK�iTUDrLXNQE dQLIDF\$NQEK��oUSbE wxZ^NYDFEBSbE v]ZUEGLISbE7TUH/vKSQ\�ZUoUDrvjNQPKRQS�HKo
LIJIH~NQE LXNQJIH D NQE EXRYS2v]Sbomf
EGDFTUH]JXNQTiSbE7o�ZitFSbE]�


 |���EGvjNQtrSbo^NQ\2oUH LXS4TUH abJXNMD SQE2TiH�LXNQJIH D NQE�HKEGLIJIZiLIZUJXNYTUSbE:H]\ �QJGpQSbJIH]E$v]Sb\ v]ZUEGLISbE:TUH
vKSb\2lUZiLXNQPjRQS�ZUoiD D SbJG\$H�H]\ o��U\2HKJIS2NQJG[UDrLIJ��QJGDFS�TiHcliJIS�vKHKEGEXNQTiSbJIH]E � 
 � 
 �

�m|���EGvjNQtrSbo^NQ\2HKo
LIS�TUH2abJINMD SbE~TUH�LONQJGH6D NQEcvKSb\ v]ZUEGLISbE�TiH$v]Sb\$liZiLONQPKRQS�ZUoUD D SQJI\2H�HK\
TUSbDFEBliJIS�vKHKEGEXNQTiSbJIH]E � 
 C 
 �UH

� |���EGvjNQtrSbo^NQ\2HKo
LIS&TUH�abJXN�D SbE�TUH�LXNQJIH D NQE �(��� ��� �!��% � �!��)*����� ) � � D 
 v]Sb\ v]ZUEGLISbE~TUH�vKSb\�f
lUZiLONYPjRQS�ZUoUD D SbJI\2H�H]\ ZU\ o��U\2HKJIS�TUHcNQJG[UDrLIJ��QJGDFS�TiHcliJIS�vKHKEGEXNQTiSbJIH]E � � C 
 |

k Sb\ DFEIEGSU� TUH]p�DFTiS*N�vKSQ\$lUtrH
	mDFTUNQTUH�TUS�lUJGSb[UtrHK\$Ni��EISbtrZUP ��HKE�EGZU[ dYLXDF\$NQE�EIRQS�vKSboUEGDqf
TiHKJXNYT^NQE�l^NYJXN"EGH�Sb[iLIHKJ�JGHKEGl SbEMLONQE�H]\ LXHK\2l�SbE�Dro D HKJGDFSbJGDFHKEWNQS�H
	ml SQoUHKoUv]DyNQt |�C�H]o
LXJIS TUN
vKNYLXH]abSbJGDyN TUH�EIZU[�dQLXDr\$SQEK� S*H]EIvjNYtFSbo^NY\$H]oxLIS�l S�TUH EIH]J$v]tyNQEGEID�!UvjNQTUS4HK\ NYlUJIS 	mDF\$NQTUSbE�H
RiHKZUJG{FEGLIDFv]SbEK| � HKEGvjNQtrSbo^NQ\2HKo
LIS NQlUJIS 	mDF\$NQTUS$Smv]SbJIJGH�wxZ^NQoiTUS S&NQtFaQSbJIDqLX\2S2l�SbEGEIZUD trDF\2DrLIH
TiH�lUDFSQJcvKNQEIS v]Sbo�RUH]vKDrTUSU| � H]EIvKNQtFSboUNQ\$H]o
LXS RUH]ZUJI{rEGLIDFvKSi��l�SbJWEGZ^N"pbH]�Q�`ZiLIDFtrDF�jN vKJGDrL��KJIDrSbE
DrTUHKo
LID�!^vKNQTUSbE/H]\$lUDrJIDrvjNQ\2HKo
LXH�SbZ�DFo
LXZUDqLXDqpQNY\$H]oxLIHQ� vKSb\2S&JIH]EIl�SboUE��jpQHKDFEcl�SbJ~NQtFaQZU\ D N LXSbJ
TiHcTiHKEIH]\$l�HKo RUS:oUS�H]EIvjNYtFSbo^NY\$H]oxLIS � � � 
 |
C lUJGDFoUv]DFl^NQt�pYNQo
LONQabH]\ TUS~HKEGvjNQtrSbo^NQ\2HKo
LIScH]EGL��YLXDrvKS
��NcNYZUE&�]oUvKDFN/LISQLONYtUTUH7EISb[iJIHKvKNQJIabN

lUNQJXN�TiH]LXH]JI\2DFo^NYJ�S�H]EIvjNYtFSbo^NY\$H]oxLIS�HK\ LXH]\$l�S�TiH H
	mHKv]ZUPjRYSU|��`\ v]Sbo
LXJXN�lUNQJGLIDFT^Ni�YNQE TiHKEMf
pYNQo
LXNQabHKoiE�EXRQS�l SQJ�vKSQoxLXN"T^N(D NQtrLXN�TUH:NQTUHKwxZ^NY[UDFtrDFT^NQTiH��YE�lUtFNYLONMD SQJI\$NQE~\�ZUtrLIDFZUEGZ �QJGDyNQE]�
TiH]p�DFTUS�N�H
	mDFa-�KoUv]DyNWTiH�ZU\ NQtrLIS�v]Sbo�RUH]vKDF\2HKo
LIS�lUJ�� p�DFS�TUS�vKSb\2l SQJGLONY\$H]oxLISWTUN�NQlUtrDFvjNYPjRQS
H]\ JGHKtyNYPjRQS N�lUtyNYLXNMD SbJG\:N�ZUEXNQTUN � � � 
 | C DFoUT^N�\$NQDrEK��TiH]p�DFTUS�N�DroUH$!UvKD �]oUvKDFN"TUSbE�\$H]vjN f
oiDFEI\2SbE7wxZUH�H]EGLIDF\$NQ\ SbE7vKZiEGLXSQE�TUHWvKSb\2lUZiLXNQPjRQS2HcvKSb\�ZioUDFvKNQPjRQSi�^S$wxZUH�NQvjNQJGJIH LON�E��KJGDyNQE
TiHKabJINQT^NQP$�mH]E�oiS$TUH]EIH]\$l�HKo�RiS$H]EIl�HKJXNYTUS � � � 
 |
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�7HjNQtrDF�KNQTUS2HK\ LXH]\$l�S2TUH�H�	iH]vKZUPKRQS�T^N$NQlUtrDFvjNYPjRQSU�^Zi\:N�pbH]��wxZUH�l�SbZUvKNQE�v]SboUv]HKl�P �bH]E
l�S�TUHK\ EIH]J4D H]DrLXNQE$H]\ LXHK\2l�S*TUH�vKSb\2lUDrtyNQPKRQSU| C�HKEIEIN*D SbJI\$Ni��NQE$TiHKvKDrE&�bH]E�N�v]HKJGvjN*TiS
H]EIvKNQtFSboUNQ\$H]o
LXS lUJIH]vKDFEINQ\ EGHKJ LXSb\$NQT^NQE TUZiJXNQo
LXH4SbE l^NQEGEISbE�TUH*NQtFS�vjNYPjRQS T^NQE&LXNQJIH D NQEK�
TiDrLONYEWTUH]vKDrE&��HKE �!� � ����� � | C \2H]LXN�lUJGDFoUv]DFl^NQt �uNQt �]\ TUH:liJIS�vKZUJINQJW\2DFoiDF\2DF�jNYJ�S�LIHK\2l S
TiH�vKSboivKtFZiEXRQS�TUN�NQlUtrDFvjNYPjRQSU�xv]SboUEIDrEGLIH�HK\ \2DFoUDr\$Dr�jNQJ�NQE EISb[iJIHKvKNQJIabNQE vjNYZUEXNQTUNQE l�SbJ�H]EIEXNYE
TiHKvKDrE&�bH]E DFoiHKEIl�HKJINQT^NQEeoUHKv]HKEGE��QJGDyNQE]| +�NYDFE�EGSb[UJGHKvjNYJIa
NQEeJIH]lUJIH]EIHKo
LXNQ\ ZU\$N�TUNQE�TUH]EGpYNYLXNQabHKoiE
\$NQDrE�EIDraboUD !^vjNYLIDrpYNQE]� TUH]p�DrTUS�NQS�NQZU\2HKo
LIS w�ZiH NQvjNQJGJIH LONQ\�oUS�vKZUEMLXS�vKSQ\$lUZmLONQv]DFSbo^NYt TUN
RiHKZUJG{FEGLIDFvKNi| C E/pYNQo
LONQaQHKoUE~HKEMLORQS�l�SbJ/vKSbo
LXN�T^N l�SbEIEGDF[UDrtFDFTUNQTUH�TiH$NYtrLXH]JXNQP$�bHKE/TiDFo��Q\2DFvKNQE
oUN2H]EGLXJGZiLXZiJXN�vKSb\2lUZiLXNQvKDrSbo^NQt |
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� EeNQtFabSQJIDrLI\$SQEzTUH HKEIvKNQtFSQo^NQ\2HKo
LXS�HKEML �YLIDFvKS�l�SmTUH]\ EIH]Jev]tyNQEGEID�!UvjNQTUSQE H]\ TUZ^NQE abJXNYoUTUHKE
vKNYLXH]abSbJGDyNQE � � ��
 | ��N�lUJIDr\$H]DFJXNWHKoUv]Sbo
LXJXNY\�f EIHWNQE�
 ���*������� � " �!� )*� � �!� ��� � � ���*� � D S�vKS�TUH]EGLIH
LIJXNQ[UNQt RUSi�iwxZUHcZiLXDrtFDF�KNQoUTUS�ZU\ \2SmTUH]tFS�lUNQJXN�N2NQlUtFDrvjNQPKRQSU��abHKJINQtF\2HKo
LIH/ZU\ � - � H~SbZmLXJIS
\2S�TUHKtrS�l^NYJXN�N�NYJIwxZUDrLIH]LIZUJXNi�QN�l^NQJMLXDrJ TiHKEIEGHKE�\2SmTUH]tFSbEuv]SboUEGLIJ&��HK\ N�vjNYT^N�l^NQEGEIS�Zi\ �UoiDFvKS
H]EIvKNQtFSboUNQ\$H]o
LXS�vKSb\2S JIHKEGl SQEGLON�l^NQJIN�ZU\$N&TUH]LIHKJG\$Dro^NQT^N HKo
LXJINQT^Ni|:��N SbZiLIJXN vjNYLIHKabSbJGDyN
H]oUvKSQoxLIJXNQ\�f EGH NQE�
 ���*������� � " �!��)*� � �!� ��� � � ���*��� � � ��" � � o^NQEewxZ^NQDFE p �QJIDrSbEuHKEIvKNQtFSQo^NQ\2HKo
LXSbE
EIRQS2vKJIDFNQTUSbEBTiZUJXNQo
LIHWN�H�	iH]vKZUPKRQS:TiS:NQtrabSbJGDrLX\2S�oUN�[iZUEIvKN$T^N�\2HKt RiSbJ EISQtFZUPKRQS !^o^NQt |
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C E RUH]ZUJI{rEGLIDFvjNYEWTUH2vKSQoUEGLIJIZUPKRQSU� TUH$!^oiHK\ EISb\2HKo
LIH$ZU\ �ioUDFv]S�H]EIvjNYtFSbo^NY\$H]oxLISU|���HKZmf
JG{FEMLXDFvKNQE~TUHKEMLON"vKNYLXH]abSbJGDyNi� abHKJINQtF\2HKo
LIHQ� EXRQS�ZiLXDrtFDF�KNQT^NQE/wxZ^NYoUTUS�S�LXHK\2l�S�TUH$vKSboiEGLXJGZUPjRYS
TiH&ZU\ H]EIvjNYtFSbo^NY\$H]oxLIS �&vKSQoUEIDrTUHKJINQTUS ZU\ D NYLXSbJWvKJGZUvKDFNQt�H&TUH:abJXNQoiTUH&DF\2l SQJGL �YoUvKDFN�NQS
SQ[ )GH]LIDrpbS !^oUNQt�|4��SQJI\$NQtF\2HKo
LXH:NQlUJGHKEIH]o
LONQ\ v]Sb\2lUtFH�	iDrT^NQTUH$\:NYDFE�[UNQD 	iN�wxZUH NQE%RUH]ZUJI{rEMf
LIDFvKNQE�TUH:vKSboUEMLXJGZUPjRQS H:[UZUEIvKNi| C E RUHKZUJG{FEMLXDFvKNQE�TUH:vKSboUEMLXJGZUPjRQS S�TUH]\ EGHKJ�TUDqp�DFTUDrT^NQEcHK\
wxZ^N LXJIS"abJIZUl�SbE]�4RiHKZUJG{FEGLIDFvKNQE � ������� "���� )��*%'�(� � �
RiHKZUJG{FEGLIDFvKNQE�TUH:NQabtrSb\$H]JXNQPKRQS�TUH$LXNQJIH D NQEK�
RiHKZUJG{FEGLIDFvKNQE�TUH�NQo �QtrDFEIHcTUHWvjNQ\2DFo�RiS:vKJG{rLIDFvKS$TUS�abJINMD S:H RUHKZUJG{FEMLXDFvKNQE�TiH�l^NQJMLXDFv]DFSboUNQ\$H]o
LXS
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��NQE9RUHKZUJG{FEMLXDFvKNQE � ����� � "���� )��*%'�(� � N�DFT��]DyN"[ �QEIDrvjN � vKSboUEMLXJGZUDFJ�TUZUNQE�tFDFEMLONQE]��ZU\:N TUH
LXNQJIH D NQE�tFDqp�JIHKE�SbJITUH]o^NQT^NYE2TiH NQvKSbJGTUS�vKSb\ NQtFaQZU\:N�lUJIDrSbJIDrT^NQTUH:lUJ�� f HKEMLONQ[�HKtrHKv]DFT^N � H&SbZmf
LIJXN2TUHWliJIS�vKHKEGEXNQTiSbJIH]E�TUDFEGl SQoU{rpQHKDFE]| C vKNQT^N2l^NQEIEGS�T^N4RUHKZUJG{FEMLXDFvKN �WEIH]tFHKv]DFSboUNQT^N2N2LONYJIH6D N
TUN:tFDrEGLON�TUH�LXNQJIH D NQE�trDrp�JIH]E�TiH�\:NYDFE�NQtrLXN$lUJGDFSbJGDFT^NYTUH~H�S:lUJGSmv]HKEGEXNQTUSQJ D NjpbSbJGDrLXS$l^NQJIN:H
	mH f
v]ZiLONYJ$N LONYJIH6D N�vjNYoUTUDFTUNYLONi|9n�\$N�LONQJGH6D N ��TiDrLON trDrp�JIH&EGH�LISmTUSQE2SQE$EGHKZUE2lUJIH]TUHKv]HKEGEISbJGHKE
Dr\$H]TUDyN LXSbE )&�4D SQJXNQ\ H]EIvjNYtFSbo^NYTUSbEK|�n�\ liJIS�vKHKEGEXNQTiSbJ �WTUDrLIS:TUDrEIl�SboU{rpQHKtuEIH�o^RQS:H]EGL��:H
	mH f
v]ZiLONYoUTUScoUHKo�RxZU\$N�LONQJGH6D N/H7oUHK\ HKEGL��c[itFS�w�ZiHjNQTUS/liJIHKlUNQJXNQoiTUSWS~H]oxp�DrScSQZ2S~JGHKvKH][UDF\2HKo
LIS
TiH�Zi\:N \2HKoUEINQabHK\�| � lUJIS�vKH]EIEXNYTUSbJ%D NjpbSbJGDrLXS ��NQwxZUH]tFH&wxZUH�l H]JI\2DrLXH:\$DroUDF\2DF�KNQJ~ZU\:N
D ZioUPjRQS&liJ�� f TUH]LIHKJG\$Dro^NQT^N2TUH�vKZiEGLXSi|~_eSbJ�H
	mHK\2lUtFSi�%HK\ ZU\ NQ\�[UDrHKo
LXH RUSb\2Sba �]oUHKS���vKSYf
\�ZU\ \$DroUDF\2DF�KNQJ/N(D ZUoUPjRYS"TUH$vKZUEMLXS�T^NYT^N�l�HKtrS�LXH]\$l�S�TUH:DroU{Fv]DFS TUH:Zi\:N&LONQJGH6D Ni|��`\
v]Sbo
LXJIN$l^NQJMLXDrT^Ni�^HK\ Zi\ NQ\�[UDrHKo
LXHQRUH]LIHKJGSba �KoiHKS �WNQv]SboUEIH]t R �jpQHKt \$DroUDF\2DF�KNQJ N%D ZUoUPKRQS:TUH
v]ZUEGLIS*TUNQT^N l H]tFS LXH]\$l�S TUH&L �]JI\2DFoUS TiH�Zi\:N�LONYJIH6D Nm| F EGLIS*l�SbJIwxZUHY��H]\ LONQt NQ\�[UDrHKo
LXH
oiHK\ EIHK\2lUJGH�S�lUJGSmv]HKEGEXNQTUSQJ�wxZUH�l�HKJI\2DrLIH�N2ZU\$N2LONYJIH6D N$vKSb\2HKPKNQJ�S$\:NQDrE�v]HKTUS&l�SbEGEI{rpQHKt
t RUH:l�HKJG\$DqLXDrJ��i�uLONQ\�[ �]\�� LXHKJG\$Dro^NQJcS \:NYDFEc[UJIH pbH&l�SbEIEG{rpbH]t�J l S�TUH�EGHKJ�S�\$NQDrEWtrHKo
LXS�oiS
EGDFEMLXHK\$N�L |�� 	mHK\2lUtFSQE�[UNQEIHKNQTUSbE�o^N2L��Kv]oUDFvKN2TUH � ����� � "���� )��*%'�(� � l S�TUH]\ EIH]J�H]oUvKSbo
LIJXNQTUSQE
H]\ � � Di� � �m� � � � � � � � 
 
 | C lUJIDroUvKDrl^NQt TUD D H]JIHKoiPjN�TUSbE2NQtFaQSbJIDqLX\2SbEWl�HKJMLXH]oUvKH]oxLIHKE:N�H]EGLIH
aQJIZUl�S��2JIH D HKJIH]o
LXH�NYS"v �YtFvKZitFS T^NQEWlUJIDrSbJIDrT^NQTUH]EclUNQJXN�N�SbJGTUHKoUNQPjRQS�T^NQE~LONQJGH6D NQEco^N�tFDFEMLON
TiH LXNQJIH D NQE�tFDqpmJGHKE]| PmH S4v �QtFv]ZUtFS TUNQE�lUJIDrSbJIDrT^NQTUH]E �(D H]DrLIS�NQo
LXHKE2TUS�HKEGvjNQtrSbo^NQ\2HKo
LIS4TUN
liJIDF\2HKDrJXN$LXNQJIH D N�TiS�aQJXNMD SU� �2TUDqLXS&v �YtFvKZitFS HKEML �YLIDFvKS H�S�NQtFaQSbJIDqLX\2S�TUHKoiSb\$Dro^NQTUS&TiH � �����

� "���� )��*%'�(� � � � ��� � "�� � � �!� �(� � ��� � SbZ EIH )INm� vKSb\ liJIDFSQJIDFTUNQTUH&HKEML �YLIDFvKNi| k NQEGS�EGH )IN*l�SbEGEI{rpQHKt
JGHKSbJGTUHKoUNQJ�NctFDrEGLON/TUH7LONYJIH6D NYE trDrp�JIH]E TiZUJXNQo
LIH�S�H]EIvKNQtFSboUNQ\$H]o
LXScTUS�abJINMD SU�
JGHKvjNYtFvKZityNQoUTiS�NQE
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LONQJ~\2HKt RUSbJ�wxZ^NQtrDFT^NYTUH�wxZUH�SbE~lUJIS�TUZU�]DFTUSQE/l H]tyNQE
RiHKZUJG{FEGLIDFvKNQE�TUH:vKSboUEMLXJGZUPjRQSi��NQvKDr\:N TUHKEGvKJGDrLONYEK| F EMLXS l�SbJIwxZUH&NYE RUH]ZUJI{rEGLXDrvjNQEWTUH�v]SboUEGLIJIZmf
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�KNQJBN D ZioUPjRQS�TiH�vKZUEMLXS�TUS�H]EIvKNQtFSboUNQ\$H]o
LXSU�mS�lUJIS�vKH]EIEINQTUSbJ D NjpQSbJIDqLXS �/NYw�ZiHKtFH�w�ZiH/SED HKJGHKvKH
TiDFEIl�SboUDr[UDFtrDFT^NYTUH oiSW\2HKoUSQJ LXHK\2l�Scl�SbEGEI{rpQHKt | C EGEIDF\��
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TiH�JIH]lUtFDrvjNQJ LXNQJIH D NQE vKSboUEGDFTUH]JXNQTUNQE v]JI{qLXDFvKNQE�l S�TUH]\=EIHKJ HKoUv]Sbo
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�`EGLIH�HKEMLXZUTiS�DFoUDrvKDyNYt^l SbEGEIDr[UDFtrDrLXSQZ�l H]JIvKH][ H]JBNWpYNQJGDFHKTUNQTUH�TUH�vjNY\$Dro�RUSbE wxZUH�l�SmTUH]\ EIHKJ
NYTUSQLONYTUSbE2l^NQJXN�EIH�HKEGl H]vKD�!UvjNQJ2ZU\ NQtFaQSbJIDqLX\2S�TUH�HKEIvKNQtFSQo^NQ\2HKo
LXS*HKEGL��YLXDrvKSU| C�HKo
LXJGH�NQE
TiDrpbH]JIEINQE�L �]vKoUDrvjNQE�NQlUJGHKEIH]o
LONQT^NYE�ZU\:N�TUHKtFNQE D SQD H]EIv]Sbt RUDrT^N"l^NYJXN�S"TUHKEGHKo
pbSbtqp�DF\2HKo
LXS�TUN
NY[ SbJGT^NQabH]\ lUJISbl�SbEMLON�l�SbJ�H]EGLON�TiDFEIEGHKJMLONQPKRQSU| � Sb[ )GH LXDrpQS&lUJIDroUvKDrl^NQtuTUS&lUJGHKEGHKo
LXH�HKEMLXZUTiS
� D SbJG\�ZUtyNYJ&ZU\:N�RUH]ZUJI{rEGLXDrvjN TUH*HKEIvKNQtFSQo^NQ\2HKo
LXS HKEML �YLIDFvKSi��[^NQEGHjNQT^N oUS.\2S�TUHKtrS � ���!� �
lUNQJXN NQ\�[UDFH]oxLIHKE�v]Sb\ vKNQJXNQv LXH]JI{FEMLXDrvjNQE�EGHK\2HKt RUNQo
LXHKE"�YE�abJXNQTiHKE�vKSQ\$lUZmLONQv]DFSbo^NYDFEK|4��HKEIEIN
lityNYLXNMD SbJI\$N7TUHBNQtqLON�tFNYL��]oUvKDFNi�bN�vKSb\�ZioUDFvKNQPjRQS�l^NQJXN�N�LXJXNYoUEI\2DFEGEXRQS�TUH T^NQTiSbE J EGHK\2lUJIH�w�ZiH
LXNQJIH D NQE�NQT )INQv]HKo
LXH]EID SbJIH]\ TUHKEGDFaboUNQT^NQE�N�lUJIS�vKH]EIEINQTUSbJGHKE�TUDFEMLXDFo
LISbESL NQvKNQJIJGH]LXN�EGSb[UJGHKvjNYJIa
NQE
NYS�EGDFEMLXHK\$Ni|�_ SbJGLXNQo
LXSU�uS Sb[ )GH LXDrpQS�liJIDFoivKDFlUNQt�T^N&oUS pYN(RUHKZUJG{FEMLXDFvKN �$NjpYNQtrDyNQJ]�zNYLIJXNjp��]EWTUH
pQHKJGE&��HKEK�^l�Sbtr{rLXDrvjNQE NQtqLXH]JIo^NYLIDrpYNQE�l^NQJIN�\2DFoUDr\$Dr�jNQJ`SbE H6D H]DrLXSQEBNQTipQHKJIEGSbEBvjNYZUEXNQTiSbE l�SbJ�H]EIEXNYE
EGSb[UJGHKvjNYJIa
NQE7oUS2EIDrEGLIHK\$Ni|

C E aQJXNQTUH]E`vKSb\2lUZiLXNQvKDrSbo^NQDrEeEIRQScNQ\�[UDrHKo
LXH]E`TUHBJIH]vKZUJGEISbE�H]\ o��U\2HKJIS/trDF\2DrLXNQTUSU� LXDrlUDFvKN f
\2HKo
LIHBTUDFo��Y\$DrvKSbEeHIRUH]LIHKJISQa �KoUH]SbEK| C EIEGDF\����BDF\2l SQJGLONYoxLIH p�DFEINQJ v]SboUEIDrTUHKJINQP ��HKE�JGHKtFH pYNQo
LXHKE
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lUNQJXN:S:TUHKEGHK\2l H]o�RUS T^N:H]EGLXJINYL �]abDyNm�%HKo
LIJIH�H]tyNQE]��ZmLXDFtrDF�KNQJ7ZU\:N2L �Kv]oUDFvKN:lUJ&�YLXDrvjN:wxZUH�liJISYf
\2S pYN4JGHKEIZitrLONYTUSbE:TiH 
���� ��� � ��� NQv]HKDqL �jpbH]DFE2vKSb\ vKSQ\$lUtrH
	mDFTUNQTUH \:NYDFE2NYLXJINYLXDqpYN �BlUJIH pbH]J
Zi\ o��U\$H]JIS tFDr\$DqLONQTiS$TUH�lUJGSmv]HKEGEXNQTUSQJIHKE]�eH]\ abH]JXNQt �zLXSQLXNQtF\2HKo
LXH�vKSboUv]HKv LONQTUSQE���H�EGHKJ�D N f
v]DFtr\$H]oxLIH�NQTUNQliL �jpQHKtBN�NY\�[UDFH]o
LXHKE�TUZ^NQDrE�vKSQ\$l�SbEGLISbE�l�SbJ�liJIS�vKHKEGEXNQTiSbJIH]E%RUSb\2Sba �KoiHKSbE�H
RiH]LXH]JISba-�KoUH]SbE � �
�i� � ��
 |���EGEXNQE�vjNYJXNQv LXHKJG{FEMLXDFvKNQEBEXRYS9D NjpQSbJ��jpbH]DFE�N-D ZUoUPjRYS2TiHcZi\ HKEGvjNQtrSbo^N f
TiSbJ~HKEGL��YLXDrvKS�oxZU\:N abJINQTUH�vKSb\2lUZiLXNQvKDrSbo^NQt |2��EGEXN(D ZUoUPjRYS�JGH6D HKJGH f EIH�N JIHKNQtFDr�jNQPKRQS&TUH2ZU\
liJ�� f HKEGvjNQtrSbo^NQ\2HKo
LXS�TUH�LXNQJIH D NQEK� N !^\ TUH NQ\2HKoUDr�jNQJ�N�vKNQJIabN�TUH&LXJXNY[^NQt RiS�TUS�HKEGvjNQtrSbo^N f
TiSbJ/TUDFo��Q\$DrvKSU|Wn�\ HKEIvKNQtFSQo^NQTUSbJ�TUDFo��Y\$DrvKS���oUH]vKHKEGE��QJGDFS TUH pmDrTUS���o^NYLXZiJIHK�KN�DroUEGL��jpbHKt`H
TiDFo��Q\2DFvKN$TUSQE�JIH]vKZUJGEISbE/T^N�lityNYLXNMD SbJI\$Ni| C EIEGDF\�� ��oiHKvKH]EIE&�QJIDrS�wxZUH�NYE�TUHKv]DFE �mH]E/TUH�HKEGvjN f
trSbo^NQ\2HKo
LIS�EGH )INQ\ D HKDqLONQEcTUZUJINQo
LXH�N�H
	mHKv]ZUPjRQS TUN�NQlUtrDFvjNYPjRQSU| _ SbJ��]\��eDFoUv]SbJIl�SbJINQoUTUSYf EIH
NYS�lUJIS�vKH]EIEGS�ZU\$NWlUJ �]p�DyN�H LONQlUNi�UNYLIJXNjp��]E TUS�H]EIvKNQtFSboUNQTUSbJ HKEML �YLIDFvKSi�mJGHKEGLXNQJ���NQS�TUDro��Q\2DFvKSi�
NYl H]o^NQEK�^SQE�N )GZUEGLIHKE !^o^NQDrEB\$Sb\2HKo
L �QoUHKSQEK|

_ SbJ HKEGEXNQE`JINQ� ��HKE]�
HKEMLXH H]EGLXZiTUScNQTUSQLISbZ�N�L��KvKoiDFvjN�TiH %'�����,��"���� )�� %'�(� � wxZUHBHK\ vKSb\2l^NQJIN f
PKRQS�NBLXS�T^NQEeNQE TUHK\$NQDrEK� \$H LONERUH]ZUJI{rEGLIDFvjNYE H RUH]ZUJI{rEGLXDrvjNQE]� � N�TiH \$NQDFE [UNQD 	iN7vKSb\2lUtFH�	mDFT^NQTiHQ�
EGZUl�SbJGLXN"NQ\�[iDFHKo
LIHKE RiSb\$SQa �KoUH]SbEcH RUH LXH]JISba �]oUHKSQE�H:H]\�o��U\2HKJGS"trDF\2DrLONYTUSU| C E�v]SboUv]SbJMf
JGHKo
LXH]E$TiS*abJGZUl�SU��NYabtFSb\2HKJINQPjRYSU�`vjNQ\2DFo RUS vKJG{rLXDrvKSU��l^NYJGLXDrvKDrSbo^NQ\2HKo
LXS"H�JGHKlUtrDFvKNQPjRQS EIRQSU�
aQHKJXNYtF\2HKo
LXHY� D SbJI\�ZityNQT^NYE�l^NQJIN&ZU\ o��U\2HKJIS DrtFDF\2DrLXNQTUS2TUH�lUJGSmv]HKEIEINQTUSbJGHKEQRUSb\2Sba �]oUHKSbE/H
aQHKJXNYtF\2HKo
LXH�NQlUJGHKEIH]o
LONQ\ pYNQtFSbJGHKE TUH�v]Sb\$litFH
	mDrT^NQTUH�\:NYDFE NQtrLISbEK| C DFoiT^NW\$NQDFE]�xTUH]p�DFTiS�NQSbE
l�SbZUv]SbE/LXJINQ[^NQt RUSbE�TUDrEIl�SboUDr[UDFtrDF�jNYTUSbE�o^N&tFDrLIHKJINYLXZUJIN$LXSQJIo^N f EIH�TUD D {Fv]DFt lUJIH pbHKJcvKSQ\$S EIH]JIDFNQ\
SQE�JGHKEGZUtrLXNQTUSbEBT^N2NQT^NYliLONQPKRQS�TUHKEGEXNQE7L �]vKoUDrvjNQE�N�NQ\�[iDFHKo
LIHKE RUH]LIHKJGSba �KoiHKSbE]|
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��HKEGLXN�EIH]PjRQS EIRQS NQlUJGHKEGHKo
LONQTUNQE�LONQ[�HKtFNQE2TUH�vKtFNQEIEGD�!^vKNQPjRYS�TUH RiHKZUJG{FEGLIDFvKNQE:TUH k SboUEMf
LIJIZUPKRQSU� Sb[ )GH LXS�TiHKEGLXN4l�HKEGwxZUDFEINi��v]Sb\ NQtrabZUoUE2NQtrabSbJIDqLX\2SbEclUJISbl�SbEMLXSbE�o^N�tFDqLXHKJINYLXZiJXNi| C
!Uo^NQtFDrT^NQTUH ��vjN LONQtrSba
NQJWSbE�NQtrabSbJIDqLX\2SbE~vKSb\ NQE�JGH6D HKJ �KoUv]DyNQE�SboUTUH&l�SmTiHK\�EIHKJ�H]oUvKSQoxLIJXN f
TiSbE�H&NQlUJGHKEGHKo
LONQJ�N�SQJITUH]\ TUH�v]Sb\2lUtFH�	iDrT^NQTUH$TUH&vjNYT^N�ZU\ TiHKtFH]EK|4��NYE�H
	mlUJIH]EIE �mH]E2TUN
v]Sb\2lUtFH�	iDrT^NQTUH~S2l^NQJ��Q\$H LXJGS

P
DroUTUDFvKN�S:o��U\2HKJIS$TUHclUJIS�vKH]EIEXNYTUSbJIH]E�T^N$NQJIwxZUDqLXH LXZUJIN2TUDrEMf

l�SboUDr[UDFtrDF�KNQT^Ni�
S�lUNQJ �Q\2H]LIJIS
E
DFoUTiDFvjNcS�vKSQo )GZUo
LXS�TUSQEBNQJIv]SbE H�S�l^NQJ �Y\$H LXJIS

V
S�o��U\2HKJGS
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TiH:LONQJGH6D NQE�TUS abJXN�D S�ZiLXDrtFDr�jNQTUS�vKSQ\$S�H]o
LXJXNYT^Ni| C +eNQ[ H]tyN ��| 
 \2SbEGLIJXN�NYtFabSbJGDrLI\$SbE�� �����

� "���� )��*%'�(� � NQabJGZUl^NQTUSQE2TiH�NYvKSbJGTUS*v]Sb\2S �(D HKDqLXS S4v �QtrvKZUtrS�T^N4liJIDFSQJIDFTUNQTUHQ| �7HjNYtFDF�KNQT^N
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O(V log(V ) + (E + V )P )man9o5p :�q�NG>#P#>#rZVWH�seVWP�BDtvu�Y�EMwxuyUz>�{�Vy{|PZ_T`�bd}�~a�y��EIPaVWHA��i ���*l
O(V log(V ) + (E + V )P )pMna� :=wxEZrI>�JG>%FyEdseVWP�B���rGB�E�YW��H�>%{(@�_�`�b n f����/E�PaVyH���i��W�*l
O(V log(V ) + (E + V )P )� man :���u�Yy> �aE�Y\q�NG>�P#>�rZVyH�seV�P�Bg_�`�b?����b	�df* ¢¡Z��£9iK¤y�*l
O(V 2(log(V ) + P ))man �):�q�N^>#P#>#rOVyH�seVWP�B¥�\EIP�B�u�Yg_�`�b n f����$EIPaVWHA��i��W�*l
O(V (log(V ) + P ))�¦4§:y¨©EG>A@�B�PXE�YDC2EG{�@�P�B���rGB�E�Yy�(H�>%{�@�_�`�bMªTf�«�¬]bd6��$iK¤W¤*l
O(V (log(V ) + P ))���®­����d��
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798e6³:=ReVyNGH´>=E^JIP?[�V�JOµ	L!>%N^JGPZ_T`�bv35~af�«�¬�E�PaVyH���i�¶W·*l
O(V (E + V )P )79¸08¹:=ReVyNGH´>=E^JIP0º�EZV�Yy»\[�V�J^µ�_a`�bv4&b�bDE�PTVyH���i ��·yl
O(V (E + V )P )p 4 � :=wd»y{�VWU¼>�r?C2EGF�EIH&��rGB�E�Yy�(H´>�{�@�_�`�b � £A½¾E�PTVyH���i��W�yl
O(V (E + V )P )���®­����d��
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O(V (E + V )P )
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O((E + V )log(v))7Tðñ:=ReY�@�Edò�EIN¢uy>�{�@�_e`�b � f����yf��vi��WÂ�l
O(E(E + V )log(V ))8 me� :�[|VyJOµÁq�H´��JGPXEGNG>�{�@¥Vy{�YS��rGB�E�YW��H�>%{(@�_�`�b n f�ïA£�¡¼EIPaVyHA��i�Â�¤*l
O(V (V log(V ) + E))4 m :=C0>�{�E�VWN]q�H´��JGPXEGNG>�{�@�_�`�bd}?£Ahóbdôa�Z��~e«gbDi ��õ�l
O(V 2log(V ))
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pd� 3 :=wv� � H�>�rZVWP#>�uy{���rGB�E�YW��H�>%{(@S<	EG�(N^>%JGP#>�rGJ*_�`�bv}?���|f����Of��O½��gb�i �W�Wl O(V 4)ôa8 p 3 :���u�P�P=uyU	�X� � [|u � � Y�uyQ'{Áwv� � H�>�rZVWP#>�uy{¯<	EG�(N^>%JGP=rIJ�_e`�b m ½���«�¬�iAk��*l O(V 4)7 man 6 p :=RerZuy{�uyUz>#r�q�NG>�P#>�rZVyH�s�VWP�BSL2V�JGP'wv� � H�>�rZVWP#>�uy{®_e`�b�
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man 6 p :�q�N^>#P#>#rOVyH�seVWP�BDL&VyJGP�wv� � H´>�rZVWP#>�uy{&_�`�b�
5½�h]fy`/i�õ�l O(E × V 2)

ÃTÄ(Å2Æ�Ç�Ä�È|É�þ�Ë
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4 p ô � :=C2EGF�EIH´>���E�YSwv� � H´>�rZVWP#>�uy{ �5V�J�E�YD��rGB�E�Yy�(H�>%{�@�_�`�b p �y¬�f�«�i�õW¶�l O(|V |3|E||M |2)
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ô � 4§:��ME^JGP!�^USV�@y>�{�VyNG»¼C2EIF�EGH&��rGB�E�Yy�(H�>%{�@�_�`�b#"5½¯b � ���y½g�y£Ti�ÂW��l
O(V 2 × P × logP )3579608%$#<	EIPXEIN¢uZ@�EG{�E�uy��J	ReVyNGH´>=E^JGP?[|VyJOµxL!>%N^JGP'&v`�bv8���( �I�g�y¬WïA�¾iK¤y¶*l
O(V 2 × P )
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h(p) =

∑

∀pj∈P

h(pj)

|p|

�
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L =

∑

∀pi,pj∈P

L(pi, pj)

|p|2
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granulosidade(G) =

∑
∀vi∈V

ε(vi)×h(p)
∑

∀(vi,vj)∈E

(w(vi, vj) × L)
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nivel(vi) = ε(vi) × h(p) + max
vq∈Succ(vi)

{w(vi, vq) × L + nivel(vq)}
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�7��1��$)���07���$!���?` 3 =!�,���&.�'o�,��p��U�1 o�,�����&�+$!��j6.����>"6�k� 3 ��. &P�0'#���E���!.����Ks^$!�����&�����1�1f
�,�[_6`�!6�1.����P�1�l$)���:X!�&�!.�;#����'#�����~$0� @ A-CEDwFIHKJ)L�M�NPOQASRPT��1.��,7 �EbV�&�1�0����$)���[��"?7:�&��78"%���&7:�m"!X
�l7�� !6��^ij6�1.���$!"6�:"6��_6` !,�� -"�.��1�8$!�v�8���eLKC��0��R �&"67 =)������()�{"�=!���&. !,�����,"�$!"�78�1 "X!"6.
!,�� #"6.1fe"������L#��0fh$!" 78�1(0"6.n�8���eLKC��0��R����!.��1���&(e�K��$!"0f0���, -�1�0 o�G!,��Z����l"^�m�1.��&�1(e���!�� d$0�[78�1 "X!"6.
�8���eLKC��0��R:�,��'-(!j6'#$!"!f,�d"6. ����$)�T!��1.�����"!X ; "6.g�cb0�&7:�0 -"!fh��� '#j6�!.����VX * '- #�!����.��r�!7:�t�)��.<���4$!�
����=m�1 o� &h�!�C�>"6'�78"6(e�K��$!�%�)��.��8�+�1"6(R�>.�"6(e�K�,����"8$!"6�n.��&���! ��K��$0"6�1Xwq �K��=m�1 -�0f0�!��.��?�?�1 o�,�����
$0�8j�.����>"6��$!'-��7:��(e���1�&f�5?�1"678�d"����K���m"6. * *  -'#(6X)���&fI�!7:�Z�!��.��Z����$!��j6.����>"��8_e`��1"6 #�!()���
�07��^�)��.������,$)��!6�&.�����"%$!��@ A-CEDBFIHKJ)L�M�NVOQASRPT�X U "6(!��'#$!�1.���(!$!"k�!7:�k.��&���m�1�E��'"!,�k��. &h�!'����&���!.��
$0�%�!.�"P�1�&������$!"6.��1�1X�Y[���K��=m�1 -�:�cb0�&7:�0 -"�"6�+!,�� -"6.��1�['-(!$!'#����7�"��8���eLKC��0��Rv����'-(0j6'-$!"8�m�1 o�
!��1.�����"��!��.��8"�j6.����>":�&7 &P�0�1������"!fd�k�&(h��.��%�!��.��&(h���1���1�t�&���%$:"�(
	!78�1.�":$!� �0.�"P�1�1������$0"6.��&�
�V��'- #'_^1��$!"6�&X ; ��.��+����$)�?j6.����>"�p �&79����$!�8 #'-(6X)�6s/�1(!�&"6(e��.���Z����^"878�1 _X0"6.t�8���eLKC��0��R)f0$0�1�m"6'-�
"�=!���&. !,��Z�����()���&"6 -�0()��"i�m�1.��1�1(e���)�� 4$!�:7:�& _X!"�.��1�k"6��'#j6�)��'#�:�8���eLKC��0��R �,��'-(!j6'#$!"6���m�1 o�
.����>�&.�'-$!�2!6�&.�����"�$!�8@BA-CED2FIHKJ)L�M�NPOQASRPT�X+;B"6.[�EbV�178�! #"6)

1/11 = 9%
��"678�1(e��� �17 �!7 j6.����>"

$0"���"����� $!� * * j�.����>"6�r���.!��1.����P�1�KsQ)tYl'"!mX�� q , U "6(IX�� q ,d� U "6(��kX
� � �,��'#(!j6'#.���79"
78�1 "X!"6.3"6�x'-j��)�� 2�8���eLKC��0��R�, �

4/11 = 36%
f �17 &P�!�,��.�"Uj6.����>"6��$!"���",�K�� �$!� * * j6.����>"6�

�,� !6�&.����P�1�&fr(!"{�EbV�178�! -"0f U U �3q\� U ��7UX U .�; X�� � �,��'#(!j6'-.���7u"�78�1 "X!"6.8"6� '-j6�!�� 
�8���eLKC��0��R)X

    ...
 Nív  +  A
 Conível + A 
 CC + A
      ...
 Cam. Crí. + B
 Conível D. + B
     ...


Di9
 9(2)
 9(2)
 9(2)
 9(2)
 9(2)

Di16
 13(3)
 13(3)
 13(3)
 13(3)
 13(2)

Di25
 17(4)
 17(4)
 17(4)
 17(4)
 17(2)

Di36
 23(4)
 23(4)
 23(4)
 23(4)
 22(3)

Di64
 32(4)
 32(4)
 32(4)
 32(4)
 33(4)

Di100
 46(4)
 46(4)
 46(4)
 46(4)
 46(4)

Di144
 59(5)
 59(5)
 59(5)
 59(5)
 60(6)

Di225
 83(7)
 87(7)
 83(7)
 83(7)
 82(7)

Di256
 90(7)
 90(7)
 90(7)
 90(7)
 91(8)

Di400
 126(8)
 126(8)
 126(8)
 126(8)
 126(9)

Di1024
 276(9)
 276(9)
 276(9)
 276(9)
 276(11)


9%
 9%
 36%
 36%
 9%
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�&�! o�,.~"8�m�1.��1�&(h���)�� |$!��78�1 _X0"6.4"6��'-j6�!�� �8���eLKC��0��R

q[ -517u$0'-����"!fN�>"�.���7 �1�� -�&�! o�,$)���?���8$!�1j�.���$)�,���P�1�8�17u.��& o���1��"x��"x7:�& _X!"6.��8���eLKC��0��R
�,�!.��&���1(e����$)���8�d"�.8�1��$)�y�!7:�y$!���8_e` !6�1.����P�1�&X�q $!�1j�.���$)�,����"y�17u.��1 -������"x��"y78�1 "X!"6.
!,�� #"6. $!"%�8���eLKC��0��R)f �K��7 =d5&7Uf,52�1"�(6X!�1�&'-$)�[�1"678"T&h�)�� #'-$)�,$!�/$0"t�1������ #"6()��78�1(e��"0X��t�)��(e��"
7:��'#�B�!.���b0'#7:"r$!"�!,�� -"6. �!7 p * s 7:�& _X!"6. 5~��&h�)�� #'-$)�,$!�2$!"r�1���1�� -"�()��78�1(e��"3�!.�"V$0�6^1'#$!"!X � �
.��1���! #����$!"6� ����"[���!.��1���1(e�K��$0"6� �&7 �>"6.�7:�~$!���K��=m�1 -���/p�� '#j6�!.��,�Ks "6(!$0�/�cb0'#�����17 �1"� -�!()�,� �&"67
"��%�d�&.��&�1(e���)�,'-�%�:�1"6 #�!()���k�1"67 "6� .��1���! #����$!"6�k$)� &h�)�� -'#$)��$!�8$!"��8���eLKC��0��R �!.�"V$0�6^1'#$!"!X
q~" �)()�, m$0�[�1��$)���1 o�,�����n����"%���0.��1���1(e�K�,$)���G'-j6�)�,'-���1�<��.��0���!.����G$!�l����=m�1 o�,���1"678�d"����K�,�G�&"67
"��l�m�1.��1�&(h���)��'#�1f �,��'-(!j6'#$!"6�4(!�?7851$0'o�0f!�m�1 -��� &h�)�,��.�"8��. &h�!'����E���!.����n�0��'# -'_^1��$)���&X
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� �g���&�����1�P�>"6.���7
.����� #'_^1��$!"6�B�0��'# -'_^1��(!$!"�Z����>&h�)�,��.�"���. &P�0'#���E���!.����g$!'#����'-(e�K���&X U ��$!�t�!7��
$0�1 o�,�45t�1"�7:�m"6�������1fP.��&���m�1�E��'"!,��78�1(e���3�d"6.2]0f * `Vf0_6` ��� 3 �!.�"V�&�1������$!"�.��1�&f!�1"�7 $!'\�>�1.��&(e���1�
� ����"6.��1�%$!� X!�&���1.�"�j6�1(!�&'-$)�,$!�

h(p)
f &h�!��.��1�!.��1���&(e�K��7u�U -�1(e��'-$)��"U"6� �,��.�����"i$!"i�!.�"V�&�1�[Z

����$!"6.r�17��EbV�1�&�0�K��.r�!7��:$!�&���1.�78'-(!��$)�8����.��8� �0Xtq �K��=m�1 -�:$)� � '#j6�!.�� �VX `����0.��1���1(e�K�Vf��17
�1��$)�k��. &h�!'����&���!.��^�0��'# -'"^���$)�Vfe" (
	!78�1.�"k$!�r�0.�"P�1�1������$0"6.��&�4�1"67 "k.��1���d�&�&��'"!6"�� �,��"6.G$!�+X!�8Z
���1.�"6j6�1(0�1'-$!��$!�T&h�!�t���!.��&���&(h����7�X �m����"%�k���1.2(!"��K�,$!"%()� $0'-����.�'#=!�!'-�1��"k���!.��&���&(h����$)�%5.&P�0�
(!����. &P�0'#���E���!.��U$!� � 3 �0.�"P�1�1������$0"6.��&�1f��!.��,��'#����78�1(e���,f ��"V$!���%���^7 $0&h�!'-()�,�k����"i���k7��,'-�
. $��!'#$)���1X 9�����"v�d"�. &h�!��f2�17 �!7:�x�! -�,�K���>"6.�7:�i$!��j6.���$0�U�&"67:�0�0�K���&'-"6(!�� ~�1���d�&.���Z*��� &P�0�
���[#���7 �1"6 #"V�1��$)���r7 $0&h�!'#()���t7:��'#�r.($,�!'-$)�,�r�+()��"�7:��'#�r -�&(e�K���3"6� �0 #��.����)��������$!���1Xkqr -5&7
$0'-����"!fm�EbV'-�<��� �07��8�1�1.<�K���&"6(Y�>"6.�7:'#$)��$!���&7 �,�[7 $0&h�!'-(!���[$0� �!7 $!�E���1.�7:'#()��$!"8$!"678;-(0'-"
�,�!.��&���1(e����.��&7 "�78�1��78"O� �,��"6.3$0� X!�E���&.�"6j6�&(!�1'#$)��$!��p

h(p) = 1
sEX � &h�!�� "X!�1�^�,��.�'-=0�!'w�

�1��.��,�&���&.�;#����'#���+$!�����&.��&7 X!"678"6j6W1(0�����~�&79.��& o���1��"8��"?$!"678;-(!'#" $!�� -"P���, -'_^1�����,"!X

P = 8
 P = 12
 P = 32
P = 64

h(p)=1
 1
 2
 7
 59

h(p)=2
 1
 4
 7
 2

h(p)=4
 2
 3
 7
 1

h(p)=8
 3
 2
 8
 1

h(p)=16
 1
 1
 3
 1


�B'-j6�!.�� �VX `R) � �,��"6./$0�"![�&���1.�"6j6�1(0�1'-$!��$!�?p> -�1(e��'-$)��"esw$!"��:;w.�"V�&�1������$!"�.��1�~�m"6.4q[. &h�!'����&���!.��

q � '#j6�!.�� �VX _ '# -�!�<��.��i"y�,. &h�!'"!�"v$0���1(e��.���$)�y$)�y��. &h�!'����&���!.��i$0� * ` �0.�"P�1�1������$0"6.��&�
X0�&���&.�"6j�W1(!�&"6�1X�q��0.�'-78�1'#.��� #'-(6X!��'-$!�&(e��'	�!���i" (
	!78�1.�" ��"��K�� /$!���!.�"V�&�1������$!"6.��1�&f4��� * `
 #'-(6X!�������&j6�!'-(e���1� .����>�&.��&7VZ*���G�l�1��$)�n�!7 $!�& -�1�|�G'-(!'#�1'-��7 �&"67 "l(
	!7:�&.�"l.��&�!.��&���1(e���,��'\!6"r$0"
���1� � �,��"6./$0��X!�&���1.�"6j6�1(0�1'-$!��$!�8p .��1�!.��1���1(e�K�+"%j6.�����$!�r -�1(e��'-$)��" $!"%�!.�"V�&�1������$!"6.&f6&h�)��(!$0"
7 �! #��'-�! #'-���,$!"2�m�1 #"~�d�&��"l$)�4�K��.���� �~�d�&.�78'#���g"6=0���1.�"~���&7:�m"n$!���EbV�1�&�!���,"r$)�4�K�,.���� �~()��&P�0�1 -�
�0.�"P�1�1������$0"6.KsQ, "�(0"67:� $)��7 $�&P�0'-()�Y, �%"6��!,�� -"�.��1�[$)���3��"6=!.��&����.�je���3$!�+�&(�!V'#"xp

Os

s[�+$!�
.��1�&�1=!'#7:�&(h��"vp

Or

s.&h�!�?����"�'#j6�)��'#�t� ^1�&.�"Z(!"�78"V$0�1 -"�$!�?z|�,��W&(!�1'-�0Xkq[����'-7�fI��7 $�&P�0'-()�
�$#K�PH���D�L&%-A H&%-N(')%*#�/4�4�n7 $�&P�0'-()��� D�/���RPT�D+%-A H&%-N�')%*#�/4����"[��� 7:��'-��. $��!'#$)���|�4�n7 $�&P�0'-()�n7��,'-�
 #�1(e�K���&"67

h = 16
5?�i��LEO���R HEA �$%-A H&%-N(')%*#�/cX � ��. &h�!'"!�"����1.�7:'#()�:�&"67 �07��-,�����.�'"^ * `8b

* `:.��&�!.��&���1(e���,��'\!��:$!"6�T� �,��"6.��&�r$!�%�,��.�����"�"�� z|�,��W&(!�1'-�:$!"��1��()�� $!�%�&"67%�!(0'-���,����":�1(e��.��
"��:�!.�"V�&�1������$!"�.��1�&X q 7:�,��.�'_^Z5Z��.�'-��(!j6�0 o��.%���!�m�1.�'#"6.1f2'-(!$!'#����(0$!" &P�0���EbV'#�����U"v78�1��7:"
� ����"6.n�1(e��.��^":�1��()�� |$!�^�1"67 �!(!'-�1�����,"

pi,j

�
pj,i

7��,�l�&�����1�.!,�� #"6.��&�n�d"P$!�1.�'o��7 ()��"8���&.["6�
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78�1��7:"��1X%q[����. &h�!'����&���!.��,�3$!�8]0f|_e`�� � 3 �!.�"P�1�&������$!"6.��1��()��"Z�1�<�K��"U���!.��1���1(e�K��$!�����!7��
!���^ &h�!�3���,"+���178�1 "X)��(e���&�n��"%�)�,$!.���"+$!�+��. &h�!'����&���!.��%'# -�!�<��.���$)�k(!� � '-j6�0.�� �VX _0XP9�$0�17 (!�
�&"6(Y�>�&�1���,":$)�?7:�,��.�'_^?p ]��3]escf|p _6`��3_e`�s/�:p�� 3 ��� 3 s2�)�,.��+����$!�8�,. &h�!'#���&���!.��0X
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8 goiaba.
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.
uff
.br 0 0

4 pequi.
ic
.
uff
.br 0 0

1 abacate.
ic
.
uff
.br 0 0

2 pitanga.
ic
.
uff
.br 0 0

2 acerola.
ic
.
uff
.br 0 0

4 carambola.
 ic
.
uff
.br 0 0

2 pinha.
ic
.
uff
.br 0 0

1 
seriguela
.
ic
.
uff
.br 0 0

8 banana.
ic
.
uff
.br 0 0

2 morango.
ic
.
uff
.br 0 0

4 caju.
ic
.
uff
.br 0 0

16 melancia.
 ic
.
uff
.br 0 0

0 1 2 1 1 4 1 1 1 2 1 1 

1 0 1 1 1 1 1 1 1 1 1 1

2 1 0 1 1 1 1 1 1 1 1 2

1 1 1 0 1 1 1 1 2 1 1 2

1 1 1 1 0 1 1 1 1 1 1 1

4 1 1 1 1 0 1 1 1 1 1 4

1 1 1 1 1 1 0 1 1 1 1 1

1 1 1 1 1 1 1 0 1 1 1 1

1 1 1 1 1 2 1 1 0 1 1 1

2 1 1 1 1 1 1 1 1 0 1 1

1 1 1 1 1 1 1 1 1 1 0 1

1 1 2 1 1 4 1 1 4 1 1 0


� '-j��!.�� �VX _Y)�q[. &h�!'#���&���!.��+$!� * ` ;�.�"P�1�&�����,$!"6.��&� !l�&���1.�"�j6W1(!�&"6�l(!"�,�"V$!�& -"+$!�^z|�,��W1(!�&'o�

P
0
 P
1
 P
2
 P
3
 P
4
 P
5
 P
6
 P
7
 P
8
 P
9
 P
10
 P
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h(p)
 8
 4
 1
 2
 2
 4
 2
 1
 8
 2
 4
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� "V$0"6�2"6�G�EbV�m�1.�'-78�1(e��"6�>�>"6.��,7 .����, -'_^1��$!"6�w�&7 $0�)���2�E�K���!���1X �)"6' (!�&�1�&���($,.�'-" '-(!�&"6.��m"�Z
.���.t$!�!���3�&�����)����� ���&�+��$!'\!6�1.���'#$)��$!�+$!�+�&���&"6 _X)�,�C&P�0�+�d"P$!�1.�'o��7 ���1.3�0��'- -'"^���$!���r�)�,.������
�,()�� -'#����.l"6�t�&���1�� -"6(!��7:�&(e��"6�[j6�1.���$!"6�&X�Yr���!.�'-78�1'-.��8�E�K���!�����3_e`2!��1.����P�1�3$)� X!�&�!.�;#����'-���
@BA-CEDgFIHKJ)L�M�NPOQASRPT8�&.���7 �EbV�1�&�0�K�,$)���1f0�17 ����$)�k�!7��k$)���F&h�)�,��.�"+�,. &h�!'#���&���!.����/�t$!�&(h��.�"+$!�
�1��$)�l�1 o�,�����/$!�Gj6.����>"��1X � "6=�#��&��'"!�"r�1.��.!6�&.�' �)����.�&h�)�� P$)����!6�&.����P�1�g���!.��&���&(h���t�[�0.�'-"�.�'-$!��$!�
�l�)��.w$!�l�1.�'#��51.�'#"3$!�l$!�1���178�)�,���+&h�!�l.��1���! #���G!��^(!"^7:�& _X!"6.~�8���eLKC��0��R��l(!�^78�1 "X!"6. &h�)�� #'\Z
$!��$!��X U "�7 =!�����t(!�k�!.�'-"6.�'-$)��$0�l�[(!"%�&.�'#��51.�'-"<&P�0�r���r$!�1�<�K���1�������t�1.�� '-(!'#�1'-��$)��� ���&j6�!(!$!�
�E�K���!��$!�+���1�����1�&fB�0��'- #'_^��,(!$!"��&�����,�k�!.�'-"6.�'-$)�,$!�1�&f��1"67 "Z"6=�#��&��'\!6"�$!�8��()�� #'-����.r"6���&�����, -"�Z
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S/Desempate
Qualidade
 ND/CCD
 Qualidade
 ConD/CCD
 Qualidade
Conível/ALAP
Qualidade

Nível
 9,09%
 1,150
 36,36%
 1,150
 6,82%
 1,151
 9,09%
 1,154

Conível
 9,09%
 1,150
 25,00%
 1,164
 6,82%
 1,151
 11,36%
 1,154

Caminho Crítico
 63,63%
 1,031
 31,82%
 1,165
 13,64%
 1,154
 11,36%
 1,154

ALAP
 6,82%
 1,150
 22,73%
 1,166
 4,55%
 1,151
 11,36%
 1,154

Nível Dinâmico
 9,09%
 1,150
 25,00%
 1,164
 4,55%
 1,153
 9,09%
 1,150

Conível Dinâmico
 4,55%
 1,160
 6,82%
 1,153
 4,55%
 1,155
 6,82%
 1,153

Caminho Crítico Dinâmico
 18,18%
 1,169
 25,00%
 1,170
 15,91%
 1,170
 25,00%
 1,170

ALAP Dinâmico
 6,82%
 1,150
 22,73%
 1,164
 4,55%
 1,152
 6,82%
 1,150
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