
� �������	��

������������������������������
�� �"!#!���$%�'&)(+*,$-���/.102� 34

�5���-�

687

9;:=<><@?BADCFE)G2HJIDK�G2L

M;NPO�Q�RTSUR
V�W Q�RPQ�X8NPQ�YZNT[�NPO�Q-\]X�SU^,Q W RPSUN_7�[a`DbdceNPQ WTf [8[

SUX@`hg fji2fUk Q�X8ND[l`mNPO=Q
NPO=Q�RPSUR W Q�n8g�S W Q k Q�X8N�`o[ W NPO=Q-Y�Q�p W Q�Q-[l`
q ceRPNPQ W [a`DM V�V�f SUQ�Y�r8s�StQ�X�s�Q

SUX
u f Q�s�N W Sts�c fmv�w [ k@V g�NTQ W u X�p,SUX�Q�Q W SUX�p

bdceNPQ WTf [x[=y2z]XxNTc W St[=y w c,X�ceY�c�y2{e|,|=}

s~ q ceNPN�������O�[ k@V RT[,X@{,|e|�}



� O=Q W Q�687#Y�Q�s f c W Q-NTO�c,N � c k NPO�Q�RP[ f Q'ceg�NPO=[ W [a`)NPO�SUR�NTO�Q�RPSUR��
� ceg�NPO�[ W S���Q-NTO�QF\�X�SU^,Q W RPSUN_7#[a`�bdc,NPQ WPf [8[�NP[ f Q�X=YZNTO�SUR�NPO=Q�RPSUR�NP[1[,NPO=Q W StX=RPNPSUNTg�NPSU[,X=R�[ W SUX�Y�SU^8SUY�g�c f R

`o[ W NPO�Q V g WTV [eRPQ-[l`mRTs O=[ f c WTf 7 W Q�RTQ�c W s O��

� `hg W NTO�Q W c,g=NPO�[ W S���Q�NPO�Q�\]X�SU^,Q W RPSUN_7@[l`�bdc,NPQ WPf [8[ NT[ W Q V�W [8Y�g=s�Q NTO�SUR
NTO�Q�RTStR]687 V O�[,NT[8s�[ V 78SUX�p [ W 687
[,NTO�Q W�k Q�ceX�R�y8SUX�NP[eNPc f [ W StX V c W N�y�c,NDNTO�Q W Q�n8g�Q�RTN�[a`�[eNPO�Q W SUX�RTNPSUNPg�NTSU[,X�RD[ W SUX�Y=St^8SUY�g�c f R�`o[ W NTO�Q V g WPV [,RPQ
[a`)RPs O�[ f c WPf 7 W Q�RPQ�c W s O��

SUS



��O�QF\�X�SU^,Q W RPSUN_7#[a`�bdc,NPQ WPf [8[ W Q�n8g�S W Q�R-NPO�QFRPSUpeX�c,NTg W Q�R�[l`
c fUf�V Q W RP[,X=R-g�RPSUX�p1[ W]V O�[,NT[8s�[ V 78SUX�p@NTO�SUR
NPO=Q�RPSUR�� � f Q�c,RTQ-RPSUpeX@6 Q f [���y�c,X�Y#p,SU^eQ�c,Y=Y W Q�RTR�ceX�Y#Y�c,NTQa�

SUSUS



���������
	��
�

��O�SUR-NTO�Q�RPSUR V�W Q�RPQ�X8NPR�N ��[ X�Q � c V�V�W [,c,s O�Q�R-`o[ W Y�Q�c f StX=p ��SUNTOdNPO�Q1O�SUp,OBs�[ k1V�f Q��8StN_7#[l`�M'r � w Y�Q�RTSUp,X��
M4X�[a^,Q f g�NTS f SUN_7�� 6=c,RPQ�YdRPQ�c W s OJNPQ�s O�X�SUn8g�Q1StRFc V=V�f StQ�YdNP[ SUNPQ W c,NTSU^,Q@S k1V�W [a^eQ k Q�X8N]StXdNTO�Q#RPNTc,X�Y�c W Y��_s�Q fUf
V�f c,s�Q k Q�X8N V�W [,6 f Q k �%\]NPS f SUN_7�NTO�Q�[ W 7BStR�g�RPQ�YdNT[ p,g=StY=Q c#Y�Q�NTQ WPk SUX�SURPNPSUs�� p W Q�Q�Y�7���RPQ�c W s O O�Q�g W StRTNPSUs�SUX
i X�Y=StX=p c f [xs�c f�k SUX�S k g k n8g�SUs�� f 7�687 W c,X��8SUX�p k [a^,Q�R�6�ceRPQ�Y#[,X1c,X#Q�RTNPS k ceNPQ�[l`mNTO�Q�S W�V�W [��8S k SUN_7-NT[ ceX
[ V NPS k c f2f [8s�c,NTSU[,X�� q [a^eQ�R�c W Q�NPO=Q�X s O�[,RTQ�XBNPO�ceN�c W Q�RPNPceNPSURPNTSUs�c fUf 7 k [ W Q f S��eQ f 7�NP[�S k@V=W [a^,Q]NPO�ceX#S `)NPO�Q
k [a^eQ�R ��Q W QFs O�[,RTQ�X W c,X�Y=[ k@f 7eyxp W Q�ceN f 7#SUX�s W Q�c,RPSUX�p1NPO�Q W ceNPQ-[l`
s�[eXx^eQ W peQ�X�s�Ql�-��O�Q�XBc@X�Q �;O=StQ W c W s O�c f
s f g�RTNPQ W StX=p O�Q�g W SURPNPSUs�SUR V=W Q�RTQ�X8NPQ�Y ��O�SUs OZs f g=RPNPQ W R-c#RPNTc,X�Y=c W Y�� s�Q ftf s�S W s�g�SUN-687 p W Q�Q�Y�S f 7 s�[ fUf c V RTSUX�p�X�Q�N
O87 V Q W Q�Y�peQ�R�687@RTS���Qay26=g�N
X=[,N V Q WPk StNTNPSUX�p-^eQ W 7 f c W peQ�s f g�RTNPQ W R]` W [ k `h[ WPk SUX�p�����O=Q's f g=RPNPQ W SUX�p�O�Q�g W SURPNTSts
Y�Q k [,X�RTN W c,NPQ�R�Q��8s�Q fUf Q�X8N�s O=c W ces�NPQ W SURPNTSts�R�`h[ W�W Q�Y�g=s�SUX�p�NPO�Q�Q��8Q�s�g�NPSU[,X NPS k Q�[l`mRPNTc,X�Y=c W Y�� s�Q ftf5V�f c,s�Q k Q�X8N
��O�S f Q-c,s O�SUQ�^8SUX�p�6 Q�NPNTQ W-W Q�RPg f NTR's�[ k@V c W Q�Y�NT[@X�[eX��_s f g�RPNTQ W Q�Yds�S W s�g�SUN V=f ces�Q k Q�X8N�c,X=Y V�f c,s�Q k Q�X8N�g�RTStX=p
[,NTO�Q W Q�Y�p,Q�� 6�ceRPQ�Y s f g�RPNTQ W SUX�p k Q�NPO�[8Y�R��

SU^



��� ���������
	���
�	���	�� � �

� S W RPN�ceX�Y�`h[ W Q k [,RTN�y � ��[,g f Y f S �,Q]NP[�NTO�c,X�� k 7�`oc k S f 7a���m[ k 7 i c,X�s�Qay q S �8ShyxNTO�c,X ��7,[,g `o[ W 7,[eg W�f [a^,Q
c,X=Y�RTg V�V [ W N�NPO W [,g=p,O�[eg�N�NPO�SUR�NTO�Q�RPSUR�� ��O=StR�Q�� [ W N�N W g f 7 ��[,g f Y#X�[eN�O�ca^,Q�6 Q�Q�X V [,RTRPSU6 f Q�S `)SUN �
Q W Q-X�[eN
`o[ W 7,[eg��-M�X=YZNT[ k 7 V c W Q�XxNTR�y�NTO�c,X � 7,[eg#`o[ W Q�X�s�[eg W cep,SUX�p k Q�ceX�Y k c �8SUX�p k Q]`oQ�Q f �
[ W NPO87#[a`�7,[,g W
V�W StY=Qa�

� ��[,g f Y f S �,Q]NP[FNPO�ceX�� � W [a`oQ�RTRP[ W r8O�c�� �8S�M W Q�SU6�S `o[ W O�SUR�Q�X�s�[eg W cep,Q k Q�X8N�c,X�Y1^xSURTSt[eX�����Q k ceY�Q k Q
RPN W SU^,Q `o[ W Q��8s�Q fUf Q�X�s�Q-c,NDQ�^,Q W 7 V [,SUX8N
[l`�NPO�SUR �
[ W � ���]SUR
s�[ k@k Q�X8NPR)c,X�Y W Q�n8g�S W Q k Q�X8NTR
^aceRPN f 7�S k@V=W [a^,Q�Y
NPO=StR W Q�RPQ�c W s O��

� �
[eg f Y f S �eQ
NT[-NPO�ceX�� � W [a`oQ�RTRP[ W M]XxNTO�[,X87��Dc,X=X�Q fUf S8`o[ W O�SURDp,g�SUY�ceX�s�Q�ceX�Y�SUX�RPSUp,O8N����]StR �
ceRDc-^,[eSUs�Q
[a`)s�c fUk W Q�c,RT[,X#c,N�Q�^eQ W 71s W SUNPSUs�c f�� g�X�s�NPSU[,X�y�ceX�Y��,Q V N k Q�` W [ k f [,RTSUX�p-RPSUpeOxN�[a` ��O�c,N�SUN �
ceR
NTO�c,N � �
ceR
N W 78StX=p NT[�c,s�s�[ k@V�f SURPO	�

� ��[,g f Y�c f RT[ f S �,Q�NT[ NTO�c,X���M]X�Y W Q ����Q�X=X�SUX�p,R `o[ W Q�X�s�[,g W c,p,SUX�p k Q�NT[ ceNPNTQ k@V N c q ceRPNTQ W�� R�Y�Q�p W Q�Q
SUX@NTO�Q i2W RPN V=f ces�Qay�Q�^eQ�X cl`oNPQ W O=Q'O=c,Y k [a^eQ�Y�[,X#NP[�p W Q�Q�X�Q W�V c,RPNTg W Q�R��
M�X�Y i X�c fUf 7ey>NPO=c,X���7,[eg�NP[ k 7�pe[8[xY ` W SUQ�X�Y=R�c,X=Y-s�[ fUf Q�cep,g�Q�R! 
S fUf y w O W SUR�y q c,NTNPSUc,R�y q [,ceNPc �ly,M�X�Y W Q ��y

��g=RPRPQ�StX	y#"�c f Q�O�y�c,X=Y q StX	y ��O�[�Q�c,s O#s�[eXxN W SU6�g�NTQ�Y SUX@NTO�Q�S W [���X �
ca7e�U�

^



� �����������
	

�
����������������������� �
}a� } ��O�Q � "�r � �]Q�RPSUp,X � W [,6 f Q k ���-�����-�������-���'���'�����-�����-�����'���'���-�������-��� }
}a� { ��O�Q � "�r � �]Q�RPSUp,X � W [8s�Q�RPR/���-�����-�������-���'���'�����-�����-�����'���'���-�������-��� {
}l� { � }  �Q�O�ca^8SU[ W c f �]Q�RTStpeX ���-�����-�������-���'���'�����-�����-�����'���'���-�������-��� �
}l� { � { � g�X�s�NPSU[,X�c f �]Q�RTSUp,X ���-�����-�������-���'���'�����-�����-�����'���'���-�������-��� �
}l� { � � "	[,peSts�c f ��Q�RPSUp,X ���'���-�����-�������-���'���'�����-�����-�����'���'���-�������-��� �
}l� { �!� w S W s�g�SUN �]Q�RTSUp,X ���'���-�����-�������-���'���'�����-�����-�����'���'���-�������-��� �
}l� { � " � Ox78RTSts�c f �]Q�RPSUpeXd���'���-�����-�������-���'���'�����-�����-�����'���'���-�������-��� �
}l� { � # � c,6 W SUs�c,NTSU[,X�c,X=Y��)Q�RTNPSUX�p/���-�������-���'���'�����-�����-�����'���'���-�������-��� �

}a� � �]Q�RTStpeX%$�[ec f R/���-�����-���'���-�����-�������-���'���'�����-�����-�����'���'���-�������-��� "
}l�&� � } M W Q�c �����-�����-���'���-�����-�������-���'���'�����-�����-�����'���'���-�������-��� "
}l�&� � { r V Q�Q�Y ���-�����-���'���-�����-�������-���'���'�����-�����-�����'���'���-�������-��� "
}l�&� � � � [���Q W �]SURPRPS V ceNPSU[,X ���-�����-�������-���'���'�����-�����-�����'���'���-�������-��� #
}l�&� �!� �]Q�RTSUp,X@��S k Q+�-���'���-�����-�������-���'���'�����-�����-�����'���'���-�������-��� #
}l�&� � " �)Q�RTNPce6�S f SUN_7F�����-���'���-�����-�������-���'���'�����-�����-�����'���'���-�������-��� #

}a�!� q [eNPSU^ac,NTSU[,X�c,X=Y w [eX8N W SU6�g=NPSU[,X�R#�����-�������-���'���'�����-�����-�����'���'���-�������-��� #
}a� " ��O�Q�RPSUR�z W p,ceX�S���c,NTSU[,X �-���'���-�����-�������-���'���'�����-�����-�����'���'���-�������-��� '

(*),+���-/.0�����1�2� �43
{8� } � X8N W [8Y�g�s�NTSt[eX �����-�����-���'���-�����-�������-���'���'�����-�����-�����'���'���-�������-��� } |

^8S



{8� { � O878RPSUs�c f �]Q�RPSUp,X �-�����-���'���-�����-�������-���'���'�����-�����-�����'���'���-�������-��� }e}
{ � { � } � Ox78RTSts�c f �]Q�RPSUpeX � W [8s�Q�RTR����-�������-���'���'�����-�����-�����'���'���-�������-��� }e}
{ � { � { "	ca7,[eg�N r N_7 f Q�R �-���'���-�����-�������-���'���'�����-�����-�����'���'���-�������-��� } {

{8� � r8NTc,X�Y=c W Y�� w Q fUf � f ces�Q k Q�XxN �'���-�����-�������-���'���'�����-�����-�����'���'���-�������-��� } �
{ �&� � } � W [,6 f Q k z]^,Q W ^xSUQ � ���-�����-�������-���'���'�����-�����-�����'���'���-�������-��� } �
{ �&� � { � X8NTQ W s�[eX�X�Q�s�NPSU[,X w [eRPN#�-�����-�������-���'���'�����-�����-�����'���'���-�������-��� }�'
{ �&� � � � f ces�Q k Q�X8N��]g�c f SUN_7 q Q�c,RPg W Q;�������-���'���'�����-�����-�����'���'���-�������-��� }��
{ �&� �!� � f ces�Q k Q�X8N � W [,6 f Q k c,X=Y@NPO=Q-� W c,Y=StNTSU[,X�c f �]g�ceY W ceNPSUs q Q�c,RTg W Q �'���-�������-��� {e|

{8�!� M V�V�W [ec,s O�Q�R `o[ W r8[ f ^8SUX�pFNPO�Q-r8NTc,X�Y=c W Y�� w Q fUf � W [e6 f Q k ���-�����-�����'���'���-�������-��� {=}
{ � �=� } �]g k Q W SUs�c f z V NPS k S ��c,NPSU[eX����-�������-���'���'�����-�����-�����'���'���-�������-��� {e{
{ � �=� { q StX�� w g�N � f c,s�Q k Q�X8N+�-�����-�������-���'���'�����-�����-�����'���'���-�������-��� { �
{ � �=� � w [eX�RPN W g�s�NPSU^,Q � f c,s�Q k Q�X8N����-�������-���'���'�����-�����-�����'���'���-�������-��� { �
{ � �=�!� � NTQ W ceNPSU^,Q � k1V�W [a^eQ k Q�X8N �hr8Q�c W s O���Q�g W SURPNPSUs�R��d�����-�����-�����'���'���-�������-��� { �

{8� " �)Q�RTN w S W s�g�SUNPR����-�����-���'���-�����-�������-���'���'�����-�����-�����'���'���-�������-��� { #
{8� # r8g k@k c W 7 �������-�����-���'���-�����-�������-���'���'�����-�����-�����'���'���-�������-��� { '

��� � �
	�� ����
 �1�2� � � ����� ),+���� � ����� ��+ ���
������� + � ��� �03
�8� } � X8N W [8Y�g�s�NTSt[eX �����-�����-���'���-�����-�������-���'���'�����-�����-�����'���'���-�������-�����e|
�8� { � W Q�^8SU[,g�R�bd[ W � �-�����-���'���-�����-�������-���'���'�����-�����-�����'���'���-�������-�����=}
�8� � r8[ f g�NPSU[,X q Q�NPO�[8Y�[ f [,p,7 ���'���-�����-�������-���'���'�����-�����-�����'���'���-�������-����� �

� �&� � } \]NPS f SUN_7 [l`���Q�N � f c,s�Q k Q�X8N����-�������-���'���'�����-�����-�����'���'���-�������-����� �
� �&� � { b S W Q f Q�X�peNPO "	[��
Q W  
[eg�X�Y �-�������-���'���'�����-�����-�����'���'���-�������-����� �
� �&� � � w Q ftf \]NPS f SUN_7 ���-���'���-�����-�������-���'���'�����-�����-�����'���'���-�������-����� #
� �&� �!� ��O=Q'\]� � " � ��� �]Q�g W SURTNPSUs ���-�������-���'���'�����-�����-�����'���'���-�������-����� '
� �&� � " q [a^,Q'r Q f Q�s�NPSU[eX ���'���-�����-�������-���'���'�����-�����-�����'���'���-�������-�������
� �&� � # "	[8s�c f r8Q�c W s O b StX=Y�[�� �����-�������-���'���'�����-�����-�����'���'���-�������-��� � }
� �&� � � $ c,SUX u ^ac f g�ceNPSU[,X �'���-�����-�������-���'���'�����-�����-�����'���'���-�������-��� �8{

�8�!� � Q�RPg f NTR
���-�������-�����-���'���-�����-�������-���'���'�����-�����-�����'���'���-�������-��� � #
� � �=� } \]� � " � ����ceR�c � W S k c W 7 � k@V�W [a^,Q W �-���'���'�����-�����-�����'���'���-�������-��� � #

^8SUS



� � �=� { \]� � " � ����ceR�c � [,RTN � � W [8s�Q�RPRPSUX�p � k1V�W [a^eQ W �'�����-�����-�����'���'���-�������-��� � '
� � �=� � "	[8s�c f r8Q�c W s O b StX=Y�[�� r8S���Q��-�������-���'���'�����-�����-�����'���'���-�������-����"e|
� � �=�!� w Q ftf \]NPS f SUN_7 ��Q�N�r8S���Q w g�N � [ � �������-���'���'�����-�����-�����'���'���-�������-����"e|
� � �=� " u � Q�s�NPSU^,Q�X=Q�RPR�[a`)\�NTS f SUN_7�c,R�c q Q�ceRPg W Q [l` w Q fUf � f ces�Q k Q�XxN �]g�c f StN_74�-�������-����"e{

�8� " r8g k@k c W 7 �������-�����-���'���-�����-�������-���'���'�����-�����-�����'���'���-�������-����" �

� � 	 � � ��� �����1. ���1+�� � ��� 	 +0� ��� � ��� �
	

��� } � X8N W [8Y�g�s�NTSt[eX �����-�����-���'���-�����-�������-���'���'�����-�����-�����'���'���-�������-����" �
�=� }l� } q [,NPSU^aceNPSU[,X ���-���'���-�����-�������-���'���'�����-�����-�����'���'���-�������-����" �
�=� }l� { w S W s�g�SUN w [ec W RPQ�X�SUX�p����-�����-�������-���'���'�����-�����-�����'���'���-�������-����" '
�=� }l� � w�f g�RTNPQ W SUX�p�^ � w [ec W RTQ�X�SUX�p �-�������-���'���'�����-�����-�����'���'���-�������-����"��
�=� }l�!� q Q�c,RTg W Q k Q�X8N�[a`)s f g�RPNTQ W SUX�p1nxg=c f SUN_7 ���'���'�����-�����-�����'���'���-�������-����"��
�=� }l� " $ [,c f RD[l` w�f g=RPNPQ W SUX�p�c,X=Y��]Q��_s f g�RPNTQ W SUX�p ���'�����-�����-�����'���'���-�������-����#e|
�=� }l� # w [eX8N W SU6�g=NPSU[,X�R �-���'���-�����-�������-���'���'�����-�����-�����'���'���-�������-����#=}

��� { � W Q�^8SU[,g�R�bd[ W � �-�����-���'���-�����-�������-���'���'�����-�����-�����'���'���-�������-����#=}
�=� { � } � c W NPSUNTSt[eX�SUX�p��_6�ceRPQ�Y w�f g=RPNPQ W SUX�p k Q�NPO�[8Y�R����'�����-�����-�����'���'���-�������-����#e{
�=� { � { w [eX�RPN W g�s�NPSU^,Q w�f g�RPNTQ W SUX�p k Q�NPO=[xY=RJ�-���'���'�����-�����-�����'���'���-�������-����# �
�=� { � � �]SUQ W c W s O�c f�w�f g�RTNPQ W SUX�p �����-�������-���'���'�����-�����-�����'���'���-�������-����# #
�=� { �!� M V�V�f SUs�c,NTSU[,X�NP[�NTO�Q r8NTc,X�Y=c W Y�� w Q fUf � f ces�Q k Q�XxN � W [,6 f Q k �����'���'���-�������-����# �

��� � w�f g�RTNPQ W StX=p��_6�c,RTQ�Y r8NPceX�Y�c W Y�� w Q fUf � f c,s�Q k Q�X8N1���'���'�����-�����-�����'���'���-�������-����# '
�=�&� � } bdQ�StpeO8NPQ�Y ��7 V Q W Q�Y�peQ w�f g�RPNTQ W SUX�p ���-���'���'�����-�����-�����'���'���-�������-����# '
�=�&� � { � k1V�f Q k Q�XxNTc,NTSt[aXFc,R�c k c V�V StX=p�`og�X�s�NPSU[,Xd���'�����-�����-�����'���'���-�������-��� � |
�=�&� � � � Q�Y�g�s�NPSU[,X1[a` ��Q�NTR ���-�����-�������-���'���'�����-�����-�����'���'���-�������-��� � {
�=�&� �!� � StX � f c,s�Q k Q�X8N ���'���-�����-�������-���'���'�����-�����-�����'���'���-�������-��� � �
�=�&� � " �]Q��_s f g�RTNPQ W StX=p/�-���'���-�����-�������-���'���'�����-�����-�����'���'���-�������-��� � "
�=�&� � # �)[ V � "	Q�^,Q f � k@V�W [a^,Q k Q�X8N����-�������-���'���'�����-�����-�����'���'���-�������-��� � '

���!� � Q�RPg f NTR
���-�������-�����-���'���-�����-�������-���'���'�����-�����-�����'���'���-�������-��� � �

�=� �=� } �)Q�RTN w S W s�g�SUNTR/�-���'���-�����-�������-���'���'�����-�����-�����'���'���-�������-��� � �

�=� �=� { b � u w w�f g�RTNPQ W SUX�p � Q W `o[ WPk c,X�s�Q ���-���'���'�����-�����-�����'���'���-�������-����'e|

^xSUSUS



�=� �=� � w�f g�RTNPQ W SUX�p q Q�NTO�[8Y w [ k@V c W SURP[eXJ���-���'���'�����-�����-�����'���'���-�������-����'=}
�=� �=�!� u � Q�s�N�[a` w Q fUf r8NTc,NTStRTNPSUs�R������-�������-���'���'�����-�����-�����'���'���-�������-����' �
�=� �=� " w�f g�RTNPQ W SUX�p@�]Q V NPO �'���-�����-�������-���'���'�����-�����-�����'���'���-�������-����' #
�=� �=� # � "	MD��� u �;��Q�� s f g�RTNPQ W SUX�p��]Q�g W SURTNPSUs����'���'�����-�����-�����'���'���-�������-����' �
�=� �=� � \]� � " � ��� �]Q��_s f g�RPNTQ W SUX�p � k1V�W [a^eQ k Q�XxN/���'�����-�����-�����'���'���-�������-��� �e|

��� " r8g k@k c W 7 �������-�����-���'���-�����-�������-���'���'�����-�����-�����'���'���-�������-��� �e|

� � ����� 	 � � � �0� � �0(
) � � 	 ����.0��+������ ���

S �



� � 	 � ��� � ��� � � 	

{8� }  �Q�X�s O k c W �8R�g�RTQ�Y#`o[ W NTQ�RPNTSUX�p �-�����-�������-���'���'�����-�����-�����'���'���-�������-��� { �
{8� { w [eX�X�Q�s�NTSU^xSUN_7�ceX�Y w Q fUf r8S���Q�R�[l`� �Q�X�s O k c W �8R �'���'�����-�����-�����'���'���-�������-��� { �

�8� } \]� � " � ��� V Q W `o[ WPk c,X�s�Q ���'���-�����-�������-���'���'�����-�����-�����'���'���-�������-����"e|

��� } b S W Q f Q�X�p,NTO@ceX�Y ��g�X��_��S k Q w [ k@V c W SURP[eX�y � "	MD� �DQ W RPg�R]b � u w ���'���'���-�������-����'=}
��� { b S W Q f Q�X�p,NTO w [ k@V c W SURP[eX�yxb � u w �DQ W RPg�R u w ceX�Y q � u w ���-�����'���'���-�������-����'e{
��� � � g�X@��S k Q w [ k1V c W StRT[,X�yeb � u w �DQ W RPg�R u w c,X�Y q � u w �����-�����'���'���-�������-����' �
���!� w Q fUf ceX�Y ��Q�N W Q�Y�g�s�NTSU[,X s�[ k@V c W SURP[eX �������-���'���'�����-�����-�����'���'���-�������-����' �
��� " r8S���Q�ceX�Y w [,X�X�Q�s�NPSU^8SUN_7@r8NPceNPSURPNTSts�R�y u w w�f g�RTNPQ W StX=p��'�����-�����-�����'���'���-�������-����' �
��� # r8S���Q�ceX�Y w [,X�X�Q�s�NPSU^8SUN_7@r8NPceNPSURPNTSts�R�y q � u w;w�f g�RTNPQ W StX=p ���-�����-�����'���'���-�������-����' "
��� � r8S���Q�ceX�Y w [,X�X�Q�s�NPSU^8SUN_7@r8NPceNPSURPNTSts�R�y2b � u w w�f g�RPNTQ W SUX�p#���-�����-�����'���'���-�������-����' "
��� ' � "�M ��� u �;Y�Q��_s f g�RPNTQ W SUX�p�O=Q�g W SURTNPSUs V Q W `o[ WPk c,X�s�Q �'�����-�����-�����'���'���-�������-����'��
��� � \]� � " � ����S k@V�W [a^,Q W Y�Q��_s f g�RPNTQ W SUX�p1Q � Q�s�NPSU^,Q�X�Q�RPRJ���'�����-�����-�����'���'���-�������-��� �e|

�



� � 	 � ��� � ����� � � 	

}a� } w [ k@k [aX�� "5r � ��Q�RPSUp,X � W [xs�Q�RPR-r8NTQ V RJ�����-���'���'�����-�����-�����'���'���-�������-��� �
}a� { q g f NTS � f Q�^eQ f r NPc,X=Y�c W Y�� w Q ftf � f c,s�Q k Q�X8N��mceR � ���'���'�����-�����-�����'���'���-�������-��� �

{8� } w [ k@k [aX�� "5r � "�ca7,[eg�N�r8N_7 f Q�R �����-�������-���'���'�����-�����-�����'���'���-�������-��� }��
{8� { �]c f ` � V Q W S k Q�NTQ W b S W Q f Q�X�peNPO#SUR
ceX�c V�V�W [��xS k c,NPSU[eX [l`mNPO=Q W [eg�NPSUX�pFs�[,RTN�[l`mcFX�Q�N������-��� }�'
{8� � �)c �8[eX�[ k 7-[l` r8[ f g�NPSU[,X1M V�V=W [,ces O�Q�R�NT[ "	ca7,[eg�N � W [e6 f Q k RF�����-�����'���'���-�������-��� {e{

�8� } ��S W Q f Q�X�p,NTO  �[,g=X�Y w [ k@V g�NPceNPSU[,XJ���-�������-���'���'�����-�����-�����'���'���-�������-����� "
�8� { "	c W peQ�X�Q�NPR]c W Q'Y=S��@s�g f N
NT[ � k@V�W [a^,Q �������-���'���'�����-�����-�����'���'���-�������-����� �
�8� ���]Q�N�r8S���Q �]SURPN W SU6�g�NTSt[eXB�-���'���-�����-�������-���'���'�����-�����-�����'���'���-�������-�������
�8�!� \]NPS f StN_7��_6�c,RTQ�Y � NTQ W ceNPSU^,Q � k1V�W [a^eQ W �]Q�g W StRTNPSUs ���'���'�����-�����-�����'���'���-�������-��� �8|
�8� " �]Q�NTQ WPk StX=StX=p-s�Q fUf RTO�Sj`oN�Y�S W Q�s�NPSU[,X ���-�������-���'���'�����-�����-�����'���'���-�������-��� � �
�8� # u RTNPS k ceNPSUX�p-s O�ceX�p,Q�SUX�� � b�" `o[ W R k c fUf s�Q fUf Y�SUR V�f c,s�Q k Q�X8NTR �-�����'���'���-�������-��� � "
�8� � w [ k@V c W SURP[eX�[a`m\]� � " � ����NT[�� � " u c,R�c V�W S k c W 7FS k@V�W [a^,Q W �-�����'���'���-�������-��� � �
�8� ' u ��Q�s�N][a`)RPQ�c W s O Y�Q V NPO ���'���-�����-�������-���'���'�����-�����-�����'���'���-�������-��� � �
�8� � u ��Q�s�N][a` ��StX=Y�[�� RPS���Q �-���'���-�����-�������-���'���'�����-�����-�����'���'���-�������-����"=}
�8� }>| u ��Q�s�N][a` ��Q�N�r8S���Q w g�N �_[ �ZSUX w Q fUf \�NTS f SUN_7 w c f s�g f ceNPSU[,X �-�����-�����'���'���-�������-����"e{
�8� },} w [ WPW Q f ceNPSU[,X162Q�N �
Q�Q�X S k@V�W [a^,Q k Q�X8NDc,X�Y1s�Q fUf g=NPS f StN_7������-�����-�����'���'���-�������-����" �
�8� }>{J�]SURPN W SU6�g�NTSt[eX@[l`mNP[eNPc f O�c f ` � V Q W S k Q�NTQ W ��S W Q f Q�X�peNPO#687@X�Q�N�RTS���Q/�-�����'���'���-�������-����" �
�8� } � M]^,Q W c,p,Q�X�Q�N�g�NTS f SUN_7F6x71X�Q�N�RTS ��Qa�����-�������-���'���'�����-�����-�����'���'���-�������-����" "

��� } q g f NTS f Q�^,Q f�w�f g�RTNPQ W StX=p ��SUQ W c W s O87 ���-�������-���'���'�����-�����-�����'���'���-�������-����# #

�8S



��� { bdQ�SUpeOxNTQ�Y��]7 V Q W Q�Y�peQ w�f g�RTNPQ W StX=p ���-�������-���'���'�����-�����-�����'���'���-�������-��� � |
��� � q c V�V SUX�p � k@V�f Q k Q�X8NPceNPSU[,X ���-�����-�������-���'���'�����-�����-�����'���'���-�������-��� � }
���!� � Q�Y�g�s�NTSU[,X#[a` � XxNTQ W X=c f �]Q�NPR����-�����-�������-���'���'�����-�����-�����'���'���-�������-��� � �
��� "��]Q�N ��Q�Y=g�s�NPSU[eX�M f p,[ W SUNPO k ���-�����-�������-���'���'�����-�����-�����'���'���-�������-��� � �
��� # � SUX � f c,s�Q k Q�X8N�SUX@c w�f g�RPNTQ W �-�����-�������-���'���'�����-�����-�����'���'���-�������-��� � "
��� � z W Y=Q W SUX�p w Q fUf R�687�r8[ W NTStX=p � SUX � [,RTStNTSU[,X�R �-���'���'�����-�����-�����'���'���-�������-��� ���

��� ' b S W Q f Q�X�p,NTO��DQ W RPg=R w�f g�RTNPQ W SUX�p%�]Q V NPO�y RPN W g�s�N  �Q�X�s O k c W � ���-�����'���'���-�������-����' #
��� � b S W Q f Q�X�p,NTO��DQ W RPg=R w�f g�RTNPQ W SUX�p%�]Q V NPO�y 6�SU[� �Q�X�s O k c W � �-�����-�����'���'���-�������-����' �
��� }>| b S W Q f Q�X�p,NTO��DQ W RPg=R w�f g�RTNPQ W SUX�p%�]Q V NPO�y ca^xn � f c W p,Q� �Q�X�s O k c W ���-�����'���'���-�������-����' '
��� },} w�f g�RTNPQ W StX=p k Q�NTO�[8Y@Q ��Q�s�NTR'[eX@s�S W s�g�SUN�RTS ��Q W Q�Y�g�s�NPSU[,X�y ca^8n2� f c W p,Q� 
Q�X=s O k c W � �������-����' '

�8SUS



� ���������
	 �

� ��� � ��
 � � � � ���

����� ��� 	�������� � 	 �"! 
 �$# � � � �
	 �

q [8Y�Q W X#Q f Q�s�N W [,X�SUs�R]O�ca^,Q W Q�ces O�Q�Y#c V [,SUX8N�[a`�g�X V c W c fUf Q f Q�Y@s�[ k@V�f Q��8SUN_7,� q SUs W [ V�W [8s�Q�RTRP[ W R�SUX1c N_7 V SUs�c f
O�[ k Q�s�[ k@V g�NPQ W NT[8Y�ca7@s�[eX8NPc,SUX#NPQ�X�R�[l` k S ftf Sj[,X�RD[l`mN W c,X=RPSURPNT[ W R���b O�Q�X NTO�c,N k SUs W [ V�W [8s�Q�RTRP[ W SUR�62Q�StX=p
Y�Q�RTSUp,X�Q�Y	y�Q�c,s OB[,X�Q�[a`
SUNPR]N W c,X�RTStRTNP[ W R k g�RPN�6 QFY�Q�RPSUpeX�Q�YBc,X�Y V Ox78RTSts�c fUf 7 f c,SUY#[,g�N�[eX c k Sts W [8s O�S V SUX
[ W Y�Q W NP[1S k@V�f Q k Q�X8N
NTO�Q s�S W s�g�SUN W 7,����O�QF[,X f 7 W Q�c,RP[eXZNTO�c,N]NPO�SUR]s�[ k1V�f Q��8StN_71s�c,XB6 Q-O�c,X=Y f Q�YZceN�c ftf SUR
6 Q�s�c,g=RPQ k [8Y�Q W X Y=Q�RPSUp,X1NP[8[ f RDc W Q�g�RTQ�Y@NTO�c,N RPSUp,X�S i s�c,X8N f 7 W Q�Y�g=s�Q�NTO�Q�6�g W Y�Q�X1[,X�NTO�Q�Y�Q�RPSUp,X�Q�X=p,SUX�Q�Q W �
��O�Q V O W c,RTQ ceRPRT[xs�StceNPQ�Y ��StNTO#NPO�QFNPceR �@[l`Dc,g�NT[ k ceNPSUs�c ftf 7FY�Q�RTStpeX�SUX�p�c�s�S W s�g�SUN�g�RTStX=p@RP[l`oN ��c W Q�NT[x[ f R

SUR'�]Q�RTStpeX#M�g�NT[ k ceNPSU[,X �o� M � � ��O�Q-g f NTS k c,NTQ�p,[ec f [l` NTO�Q���M W Q�RPQ�c W s O i Q f Y SUR�NP[ `og fUf 7�c,g�NT[ k c,NPQ]NPO�Q
NPceR �8RF[a`�Y�Q�RTSUp,X�SUX�p=yD^,Q W S `h7xSUX�p=ymceX�Y NTQ�RPNTSUX�pZcBs�S W s�g�SUN�� r8[ k Q Y=ca7ZSUX NTO�Q�`hg�NPg W Qay V Q W O�c V R�y
cBY�Q�RTStpeX
Q�X�peSUX�Q�Q W ��S ftf 62Q1c,6 f Q�NP[BY�Q�RTs W SU6 Q#NPO�Q1Y�Q�RPS W Q�Yd`og=X�s�NPSU[eX�c f SUN_7 NP[ c RP[l`oN �
c W Q1NP[8[ f y)c,X�YdNTO�Q@NT[x[ f ��S fUf
V�W [a^xSUY�Q�c ftf NPO=Q-SUX8`o[ WTk ceNPSU[,XFX�Q�Q�Y=Q�Y NP[ k c,X8g8`oces�NPg W Q�c k SUs W [8s O=S V RPceNPSUR_`o78SUX�pFc fUf�W Q�nxg=S W Q k Q�XxNTR��
\�X8`h[ W NTg�X�ceNPQ f 7ey �
QBc W QZRTNPS fUf c f [,X�p ��ca78R1` W [ k NTO�SUR�pe[,c f � ��[ RP[l`oN �
c W Q V c,s��acep,Q SUR@s�g WPW Q�X8N f 7

s�c V c,6 f Q-[l`DO�c,X�Y f SUX�p�NTO�Q-X8g k Q W [eg�R�y�[a`hNPQ�X#s�[eXxN W ceY�SUs�NPSUX�p=y Y=Q�RPSUp,X p,[,c f R W Q�n8g�S W Q�YZ[l` k [8Y�Q W X � w R��'�)[
s�[ k@V�f SUs�c,NTQ k c,NPNTQ W R�`hg W NTO�Q W y k c,X87�Y�S � Q W Q�X8N�NTc W p,Q�N]NPQ�s O�X�[ f [,p,SUQ�R]Q��8SURPN�NT[F`oc,6 W SUs�c,NTQ-c�s O�S V c,X�Y#Q�ces O
s�ceX-SUXx^e[ f ^,Q)^eQ W 7-Y=S ��Q W Q�X8NmY=Q�RPSUp,X�s�[,X�RTSUY�Q W ceNPSU[,X=R�� � [ W Q��8c k1V�f Qay>SUX-c `og fUf � s�g�RPNT[ k Y�Q�RPSUpeX � f ca7,[eg�N�RPN_7 f Q�R
c W Q�Y�Q�RPs W SU62Q�Y f c,NTQ W SUX@RTQ�s�NPSU[eX { � {8� {�� y k SUX�S k S���SUX�p f ca7e[,g�N�c W Q�c�RPS���Q�SUR�[a`)NPO�Q]`o[ W Q k [,RPN�s�[eX�RPSUY�Q W c,NTSt[eX

}



���������
	
�
���������
����������������� {

SUX c f ca7,[,g=N�y ��O=S f Q-SUX ceXZc WPW ca7 �_N_7 V Q�Y�Q�RPSUpeX�y�NPO=Q f ca7,[eg�N�c W Q�c#RTS ��Q SUR�Y=Sts�NPc,NTQ�Yd687#NPO�Q V�W Q��o`oce6 W SUs�ceNPQ�Y
s O�S V g�RPQ�Y	y ceX�Y#RP[�SUR�[a`DX�[�s�[,X�RTQ�n8g�Q�X�s�QFNP[�NTO�Q-Y�Q�RPSUp,X�Q W ����O�SUR�N_7 V Q-[l`mY�SUs O�[eNP[ k 7�RTg W `hc,s�Q�R]SUX k c,X87
c,R V Q�s�NPR�[a`D��M��

����� ��� 	�������� � 	 �"! 
 �$# � � � 	 � �

��O�Q-Y=Q�RPSUp,X V�W [e6 f Q k SUR]NP[8[�s�[ k1V�f SUs�c,NTQ�Y�`o[ W c�RT[a`oN ��c W Q-NP[8[ f NP[�ceNPNPces���ceN�[,X�s�Qa� w [ k1V�f Q��8SUN_7 NTO�Q�[ W 7
��[,g f Y�RPQ�Q k NT[ RTg�p,peQ�RPN�NTO�c,N�NPO=StR ��S fUf c f ��ca7xR 62Q�NPO=Q's�c,RPQl�
r8[ ��Q�c W Q f Q `oN ��SUNPO�cFY�S f Q k@k c=�2��O�Q�[eX f 7
`oQ�ceRPSU6 f Q-c V�V�W [ec,s OBNP[@RT[ f ^8SUX�p�NPO�Q�� "5r � Y=Q�RPSUp,X V�W [e6 f Q k SUR�c#Y�SU^8StY=Q�� ceX�Y��_s�[,X=nxg=Q W RTN W ceNPQ�pe7 SUX ��O�SUs O
NPO=Q'Y=Q�RPSUp,X#NTc,R �1SUR�6 W [��,Q�X#Y�[���X1StX8NT[ SUX�Y�Q V Q�X=Y�Q�X8N�RTg�6��_NPc,R �8R�NPO=c,N�c W Q�StX1NPO�Q k RPQ f ^eQ�R k [ W Q�N W c,s�NPc,6 f Q
NP[1c@RT[a`oN ��c W Q-NP[8[ f �-�]Q�s�SURPSU[,X=R�SUX NPO=Q Y�Q�RPSUp,X � [��;s�c,X NTO�Q�XB62QFc ��Q�s�NTQ�Yd687#c@Y�Q�RTSUp,X Q�X=p,SUX�Q�Q W ��O�[ � R
Q�� V Q W SUQ�X�s�Q-s�c,X1p,g�SUY�Q�cFY�Q�RTSUp,X�NP[Fc � O�[ V Q `og fUf 7��)c,s�s�Q V NTc,6 f Q�RP[ f g=NPSU[,X��Dz `�s�[,g W RPQly2g�RTStX=p c-Y=St^8SUY�Q��_c,X=Y��
s�[eX�n8g�Q W c V�V�W [ec,s O�Y�[8Q�RDX=[,N)p,g�c W ceXxNTQ�Q�c,XF[ V NPS k c f y [ W Q�^eQ�X�c"! p,[8[8Y$#�RP[ f g�NPSU[,X	� � X V=W c,s�NPSUs�Qay�SUN W Q�RTg f NPR
SUX f ca7,[eg�NPR�NPO=c,N�c W Q%! pe[8[xY1Q�X�[eg�p,O$#=y�c,s�s�[ W Y=StX=p�NP[�NPO=Q'Y=Q�RPSUp,X#pe[,c f R�62Q�StX=p�[,6�RTQ W ^eQ�Y��
��O�Q W Q'c W Q�c-RTQ W SUQ�R�[a`�RTNPQ V R
NTO�c,NDc W Q][a`oNTQ�X�g�RPQ�Y@NP[�Y�Q�RPSUpeX�c � "5r � s�S W s�g�SUN��DM�X�[,g=N f SUX�Q�[a`�NPO�Q k [eRPN

s�[ k@k [eX�RPNPQ V R�& r8c,S �
[eg�� "('2SUR)S ftf g�RTN W c,NPQ�Y SUX � SUpeg W Q-}l� }l����[eNPQ�NTO�c,N � SUp,g W Q-}a� }DRTO�[���R � "5r � Y=Q�RPSUp,X�ceR)c
f SUX�Q�c W V�W [8s�Q�RTR�y ��StNTO�[,X�Q]RPNTQ V@f Q�ceY�SUX�p-NP[�NPO�Q]X�Q��8N
g=XxNTS f�i X=c fUf 7-c s O�S V SUR V�W [8Y�g�s�Q�Y	� � X W Q�c f SUN_7ey,Y�Q�RTStpeX
SUR)c'O=StpeO f 7�StNTQ W ceNPSU^,Q V�W [xs�Q�RPR�y2c,R)[l`oNPQ�XF[,X=Q�[ W)k [ W QDRTNPQ V R k g�RTN�6 Q W Q V Q�c,NTQ�Y@NT[ k Q�Q�N)NTO�Q W Q�n8g�S W Q k Q�X8NTR
[a`)c V�W Q�^xSU[eg�R�Y�Q�RTStpeX#RPNPQ V �
��O�Q W Q@c W Q k ceXx7 W Q�c,RT[,X�R�`o[ W RPQ V c W ceNPSUX�p NTO�Q�Y�Q�RTStpeX V�W [8s�Q�RPR�SUX8NP[#RPNTQ V R�� � S W RTN f 7ey�687ZRTQ V c W c,NTStX=p

NPO=Q V=W [8s�Q�RTR'SUX8NP[FSUX�Y�Q V Q�X�Y=Q�X8N�RPNTQ V R�y NTO�Q�s�[ k1V�f Q��8SUN_7 [l` NTO�Q V�W [e6 f Q k SUR W Q�Y�g�s�Q�Y	� � [ W Q��8c k1V�f Qay8[,X�s�Q
NPO=Q�`og�X=s�NPSU[,X=c f Y�Q�RPs W S V NPSU[,X [a`�c s�S W s�g�SUN O=c,R-6 Q�Q�XJY�Q�NTQ WPk SUX�Q�Y�y)NPO�Q f [,p,SUs�Y�Q�RPs W S V NPSU[,X StR `o[ WTk g f c,NPQ�Y
6�ceRPQ�Y [,XdNPO=Q�`og�X=s�NPSU[,X=c f g�X=StNTR�yDX�[eN-Y�S W Q�s�N f 7B` W [ k NTO�Q W Q�n8g�S W Q k Q�X8NPR�� r8Q�s�[,X�Y f 7eymNTO�Q@R V Q�s�S i s�c,NTSU[,X�R
S k@V [,RTQ�YZ687 c O�SUp,O�Q W�f Q�^,Q f [eX8NP[#c f [��
Q W'f Q�^eQ f s�c,X k [ W QFQ�ceRPS f 7 62Q�g=RPQ�Y NP[ ^eQ W Sj`o7 NTO�Q�s�S W s�g�SUN�� � [ W
Q��8c k1V�f Qay ��O=Q�X Y�Q�RTSUp,X�SUX�p1c,X ceY�Y�Q W y ��QFY�[,X � N�X�Q�Q�YZNT[@s�[eX�RPSUY�Q W NTO�QFs�S W s�g�SUN W Q�nxg=S W Q k Q�XxNTR�y�[,X f 71NPO�Q
`og�X=s�NPSU[,X=c f Y=Q�RPs W S V NPSU[,X [a`FNPO�Q ceY�Y�Q W � ��O�Q W Q `o[ W Qay-687Jc,6�RTN W ces�NPSUX�p NPO�Q V�W Q�^8St[eg�R@RTNPQ V NT[ NTO�Q X�Q��8N
RPNTQ V y�NTO�Q-Y�Q�RPSUp,X�Q W s�c,X#`o[8s�g=R'O=StR][ W O�Q W Q�� [ W NPR�[,X#c@R k c fUf Q W y k [ W Q k c,X=c,p,Q�c,6 f Q�NTc,R �2����O�Q-RTNPQ V R-[a`
� SUp,g W Q%}l� }�c W Q�Y�SURPs�g=RPRPQ�YZRTQ V c W c,NTQ f 7@SUX#NPO�Q]`o[ ftf [���SUX�p�RPQ�s�NPSU[,X=R��
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Behavior is separated into
seperate functional blocks.

Functional blocks are described
in terms of logic equations.

Design is fabricated and
physically tested.

Define inputs and outputs.
Idea is formalized by requirements.

Logical design

Idea

Behavioural design

Physical design

New chip

Fabrication/Testing

Functional design

Circuit design technology-mapped.
Logic is physically designed or

Implementation of logic blocks are
physically arranged in the layout area.

� SUp,g W Q�}a� } �Dw [ k1k [eX � "5r � �]Q�RTSUp,X � W [8s�Q�RPR-r8NPQ V R
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��O�Q V�W [xs�Q�RPR�[a`DY�Q�RPSUp,X�SUX�pFc � "5r � s�S W s�g�SUN�6 Q�p,SUX�R ��SUNPO@ceX#StY=Q�cF`o[ W c�X�Q �;s O�S V �D��O=Q i W RPN]RPNTQ V [a`)NPO�Q
Y�Q�RTSUp,X V�W [8s�Q�RTR�NP[�S k@V�f Q k Q�XxN�NTO�c,N)SUY�Q�c�SURDNTO�Q
6 Q�O�ca^8SU[ W c f Y=Q�RPSUp,XFRPNTQ V y�SUX ��O�SUs OFNPO�Q�SUY�Q�c�SUR)N W c,X�R f ceNPQ�Y
SUX8NP[#c#`o[ WPk c f Y�Q�RPs W S V NPSU[eX [a` ��O�ceN NTO�Q�X�Q � Y=Q�RPSUp,XdRTO�[,g f YdY=[�� ��O�Q1StNTQ k R�SUXBNPO�SURFY�Q�RPs W S V NPSU[eX c W Q
NPO=Q s�S W s�g�SUN � R! #"%$'&)(* #"'+,"'-/.*0 ����O�SUR]Y�Q�RPs W S V NPSU[eXZY�[8Q�R�X�[eN�X�Q�s�Q�RPRTc W S f 7 SUX�s f g=Y�Q-c fUf 62Q�O=ca^xSU[ W [a`�NPO�Q i X�c f
k ceX8g8`oc,s�NPg W Q�Y k Sts W [8s O�S V yD6�g�N W c,NPO=Q W NTO�Q#RPg�6�RTQ�N@[l`'6 Q�O�ca^8SU[ W NTO�c,N�SURFX�Q�s�Q�RTRPc W 7 ceX�YJRPg �@s�SUQ�X8N�NT[
S k@V�f Q k Q�X8NDNPO=Q SUY�Q�c=��"�c,NTQ W Y�Q�RTStpeX RPNTQ V R"! i ftf SUX$#�c,X87#g�X�R V Q�s�S i Q�YZ6 Q�O�ca^8SU[ W SUX ��O=c,NPQ�^,Q W ��ca7@NPg W X�R
[,g=NDNP[F62Q]Q�c,RTSUQ�RPN�NP[-Y=Q�RPSUp,X	y V�W [a^8SUY�Q�Y�NTO�c,NDNTO�Q�[ W SUp,SUX�c f�W Q�nxg=S W Q k Q�XxNTR
c W Q�X�[eN
s�[,X8N W c,Y�SUs�NTQ�Y��  �Q�s�c,g=RPQ
NPO=Q
Y�Q�RPs W S V NPSU[,XFc,N5NPO�SUR�Y=Q�RPSUp,XFRPNTQ V StR V g W Q f 7'6 Q�O�ca^8SU[ W c f y W ceNPO�Q W NTO�c,X-RTN W g�s�NPg W c f y8SUN�s�ceX-62Q�s�[ k@V�f Q�NTQ f 7
SUX�Y�Q V Q�X�Y=Q�X8N�[a`DNTO�Q�NPQ�s O�X�[ f [,p,71NPO�ceN ��S fUf Q�^eQ�X8NPg�c ftf 7�S k@V=f Q k Q�X8N)SUN��
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M�`hNPQ W NTO�Q W Q�n8g�S W Q k Q�X8NPR�c W Q�R V Q�s�S i Q�Y�y�NPO�Q]`og�X=s�NPSU[,X=c f Y�Q�RTs W S V NTSU[,X#[a`)NPO�Q-s�S W s�g�SUN�SUR
Y=Q�NPQ WTk SUX�Q�Y	�D��O�SUR
SURDRPNTS ftf c-O=StpeO�� f Q�^,Q f Y=Q�RPs W S V NPSU[,X	y ��O�Q W Q�NTO�Q�s�S W s�g�SUNDSURDY�SU^8StY=Q�Y SUX8NP[]`og=X�s�NPSU[eX�c f g=X�SUNPRDNTO�c,NDQ�c,s O V Q W `o[ WPk
c-R V Q�s�S i s�NPceR �F[ W RTQ�NPR�[a`�NPceR �8R��D��O=StR f Q�^,Q f SURDRTNPS fUf NPQ�s O=X�[ f [,pe7 SUX�Y=Q V Q�X�Y�Q�X8N�y�6=g�NDRP[ k Q�Y�Q�s�SURTSt[eX�R k c,Y�Q
c,N�NTO�SUR f Q�^,Q f ��S fUf c ��Q�s�N�NTO�Q i X=c f s�S W s�g�SUN f ca7e[,g�N��
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M�`hNPQ W NPO�Q]`og�X=s�NPSU[,X=c f Y=Q�RPs W S V NPSU[,X#SUR�s�[ k@V�f Q�NTQay�c f [,p,SUs]Y�Q�RPs W S V NPSU[eX SUR k c,Y=Q�NP[�S k1V�f Q k Q�X8N)Q�ces O `og�X�s��
NPSU[eX�c f g�X�SUN��)M�N�NPO=StR�RPNTc,peQ'[l`�NPO�Q�Y�Q�RPSUp,X�y�NTO�Q f [,p,SUs�c f 6 Q�O�ca^8SU[ W [a`mNTO�Q�s�S W s�g�SUN�SUR
Y=Q�RPs W SU62Q�Y StX1NPQ WTk R�[a`
V�W S k SUNPSU^,Q f [,peSUs�[ V Q W c,NPSU[eX�R�� �]M �'��y ��z���y Q�NPsl� ���
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��O�Q�s�S W s�g=StN)Y�Q�RPSUp,X f Q�^,Q f s W Q�c,NTQ�R�c�NPQ�s O=X�[ f [,pe7�� Y�Q V Q�X=Y�Q�X8NDY�Q�RTs W S V NTSU[,XF[a`2NTO�Q f [,p,SUs)SUX-c�s�S W s�g=StN��mM�N)NTO�SUR
f Q�^,Q f y5Q f Q�s�N W SUs�c f Q�n8g�c,NTSU[,X�R-Y=Sts�NPc,NTQ�NPO�Q�6 Q�O�ca^8SU[ W [l` NTO�Q�s�S W s�g=StN��@M fUf)f [,peStsFp,ceNPQ�R�c,X�Y k Q k [ W 7@g�X�SUNTR
c W Q W Q V�W Q�RPQ�X8NPQ�Y 687dN W c,X�RTSURPNP[ W R�ceX�Y V ceRPRTSt^eQ@Q f Q k Q�X8NPR�� � X RP[ k Q�S k@V�f Q k Q�X8NPceNPSU[aX NP[ V [ f [,p,SUQ�R�y f [,p,SUs
Q�n8g�ceNPSU[,X�R c W Q�6 W [ �eQ�X@Y=[���X ceX�Y k c V�V Q�Y NT[-ca^ac,S f c,6 f Q V Ox78RTSts�c f s�S W s�g�SUN
6 f [8s��8RDSUX NTO�Q�s�S W s�g�SUNDNT[ V [ f [,pe7
� s�c fUf Q�Y . "����/-���������� +������ (*-�����ym[ W'V=W Q��_Y�Q�RTStpeX�Q�Y f [,peSUs-s�S W s�g=StN�S k1V�f Q k Q�X8NPceNPSU[,X=R�� Qa� p��Uy�c#RPNTc,X�Y�c W Y��_s�Q fUf
f SU6 W c W 7�� � � X#[,NPO=Q W NT[ V [ f [,peStQ�R�y8StX=Y�SU^xSUY�g=c f p,c,NTQ�R k g=RPND6 Q-Y�Q�RTSUp,X�Q�Y NP[FS k1V�f Q k Q�XxN)NTO�Q f [,peStsl�
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��O�Q i X�c f RPNPQ V [a`DNPO=Q-Y�Q�RTStpeX SUR�NPO�Q V O87xRTSUs�c f RPNPQ V � � X NPO�SUR�RTNPQ V y�NTO�Q-s�S W s�g�SUN � f Q�^,Q f S k@V�f Q k Q�XxNTc,NTSt[eX�[a`
f [,peSts�6 f [8s��xR�y,c,R Y�Q�RPs W SU62Q�Y@SUX�NPO�Q�s�S W s�g�SUNDY�Q�RPSUp,X�RTNPQ V y8c W Q V O878RPSUs�c fUf 7-c WPW ceX�p,Q�Y�[,XFc-s O�S V RTg W `oces�Qa����O�Q
Q�X�Y W Q�RPg f N�[l`mNPO=Q V Ox78RTSts�c f Y�Q�RPSUpeX�RTNPcep,Q�SUR
c W Q V=W Q�RTQ�X8NPc,NTSU[,X [l`�O�[�� NP[�ces�NPg=c fUf 7-`oce6 W SUs�ceNPQ]NPO�Q�Y�Q�RTSUp,X��
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M�`hNPQ W NTO�Q�Y�Q�RPSUpeX�SUR�s�[ k@V�f Q�NTQay8NPO�Q�s�S W s�g�SUN k g�RPN�p,[FNPO W [,g�peO#NPO�Q]`oce6 W SUs�ceNPSU[,X�ceX�Y#NPQ�RTNPSUX�p�RPNTc,peQ�R�����O�Q
`oce6 W SUs�ceNPSU[,X RTNPcep,QFStR ��O�Q W Q�NPO�QFs�S W s�g=StN�SUR�c,s�NTg�c fUf 7 k c,X8g8`oces�NPg W Q�Y ceX�Y V ces��ac,p,Q�Y��-��O�QFNPQ�RTNPSUX�p RTNPc,peQ
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^,Q W S i Q�R]NPO�ceN�NPO=Q-s O�S V�k Q�Q�NTR�NPO�Q-R V Q�s�S i s�c,NTSU[,X�R f c,SUY@[eg�N V�W Q�^8St[eg�R f 71StX#NTO�Q W Q�nxg=S W Q k Q�XxNTR�RTNPc,peQa� � N�SUR
S k@V [ W NPc,X8N)NP[ W Q�s�[,peX�S���Q-NPO=c,N�y8c f NTO�[,g�peO@NTO�Q f c,RTN
RTNPQ V SUR�X�c k Q�Y�NPO�Q�#eNPQ�RTNPSUX�p #FRPNTc,peQay �
Q�c W Q W Q `oQ WTW SUX�p
O�Q W Q�NP[�NPQ�RPNPSUX�p�NTO�c,N)NPO=Q V O878RPSUs�c f s�S W s�g�SUN k Q�Q�NPR)Q�� V Q�s�NPQ�Y@6 Q�O�ca^8SU[,g W � z]NPO=Q W RPNTQ V RDc f RP[�SUX8^,[ f ^,QDNTQ�RPNTStX=p
c,X=Y�^eQ W S i s�c,NPSU[eX V�W [8s�Q�RPRPQ�R-NP[1^,Q W S `h7@NPO=c,N�NPO=Q Y�Q�RPSUp,X RTNPQ V R ��W Q�RTg f NPR k Q�Q�N�NPO�Q V�W Q�^8SU[,g=R�Y�Q�RTSUp,X RTNPQ V R �
W Q�nxg=S W Q k Q�XxNTR�� � `Dc,X87�Y�Q�RPSUp,X RTNPQ V `oceS f R�NP[ k Q�Q�N�SUNPR W Q�nxg=S W Q k Q�XxNTR�y Q�SUNPO�Q W NPO�Q�Y�Q�RPSUp,X V=W [8s�Q�RTR�`o[ W NPO�ceN
RPNTQ V W Q V Q�c,NPR � SUNPQ W c,NTQ�R ��y�[ W NPO=Q'Y=Q�RPSUp,X V�W [8s�Q�RTR�`oceS f R��
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��O�Q W Q-c W Q-X8g k Q W [,g=R
Y�Q�RPSUp,X#p,[ec f R�StX�� "�r � Y�Q�RTStpeX#c,g�NT[ k ceNPSU[,X	����O�Q�RTQ-p,[ec f R
peg�SUY�Q�g�R�SUX#[,g W RTQ�c W s O
`o[ W p,[8[8YZO=Q�g W SURTNPSUs�R�yDceX�Ydp,SU^eQ�g�R-c k Q�ceRPg W Q�[a`�NTO�Q�n8g�c f SUN_7 [a`�c s�S W s�g�SUN f ca7,[eg�N��@b O�c,N]`o[ ftf [���R�c W Q
6 W StQ�` Y=Q�RPs W S V NPSU[,X=R�[a`)NPO�Q k [,RPN�s�[ k@k [eX Y=Q�RPSUp,X#pe[,c f R�&!$�Q W ��� '_�
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q SUX�S k S���SUX�p NPO�Q c W Q�c [a`-cdY�Q�RTSUp,X W Q�Y�g�s�Q�R�NTO�QBc,s�NTg�c f]k c,NTQ W SUc f g�RTQ�Y�y�c,X�YJRT[ k [ W Q#s O�S V R@s�c,XJ62Q
V�W [xY=g�s�Q�YB` W [ k c1RPSUX�p f Q �
cl`oQ W � � XZSUNPRTQ f `Py�NTO�SUR�SUR�[a` f SUNPN f Q�^ac f g�Qay�6�g�N�c#s�[ W [ fUf c W 7#[a`
NTO�SUR V=W [ V Q W N_7 SUR
NPO=c,N�NPO�Q�78SUQ f Y�[a`�NPO=Q ��ca`hQ W y�NTO�c,N�SUR�y8NPO�Q V�W [ V [ W NTSU[,X�[a` �
[ W �8SUX�p-s O�S V R�[,X1NPO�Q �
cl`oQ W y�SUX�s W Q�ceRPQ�R�� r8SUX�s�Q
Y�Q `hQ�s�NPR�g�RTg�c fUf 7-[8s�s�g W c,R c�`og�X�s�NPSU[,XF[a`�c W Q�c-c,X=Y�c W Q�`hc,S WPf 7 W ceX�Y�[ k1f 7'Y=StRTN W St6=g�NPQ�Y	yxc-R k c ftf Q W s O�S V c W Q�c
k Q�c,X�R�NPO�ceN k [ W Q�s O�S V R ��S fUf 62Q�` W Q�Q-[l`mY�Q�`oQ�s�NTR��
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��O�Q�`hc,RPNTQ W NPO�Q�s O=S V V Q W `o[ WTk R�y2NPO=Q k [ W Q�c,NTN W ces�NPSU^eQ-SUN�SUR�NT[�StX=Y�g�RPN W 7e� w Q W NPc,SUX#`hg�X�s�NTSt[eX�R k SUp,O8N
c f RP[
6 Q�Y=Q V Q�X�Y�Q�X8N@[eX NTO�Q#s�S W s�g�SUN � R k SUX�S k g k R V Q�Q�Y V Q W `o[ WPk c,X�s�Qly
SUX ��O�SUs O s�c,RPQ#NTO�Q#R V Q�Q�Y s�ceX 6 Q#c
s�[eX�RPN W c,SUX8N W c,NPO=Q W NTO�c,XBc#Y�Q�RTStpeXdp,[ec f NT[�6 Q k c��8S k S ��Q�Y��@r V Q�Q�YdSUR-[a`oNTQ�Xd^,Q W 7BY�S �@s�g f N�NP[ k Q�ceRPg W Q
Y�g W SUX�p�Y�Q�RTStpeX�y�c,X=Y�SUR�O�SUpeO f 7 NTQ�s O�X�[ f [ep,7@Y=Q V Q�X�Y�Q�X8N�y�RT[�c V�V�W [��8S k c,NTSt[eX�R)c W Q-g�RPg=c fUf 7�g�RPQ�Y	�
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q SUX�S k S���SUX�p V [��
Q W Y�SURPRPS V ceNPSU[,XBSUR�c�pe[,c f [l` SUX�s W Q�ceRPSUX�p S k@V [ W NPceX�s�Q-ceR V [ W NTc,6 f QFQ f Q�s�N W [,X�SUs�RF6 Q�s�[ k Q
k [ W QFO�Q�ca^8S f 7 W Q f SUQ�Y g V [eX�y)RPSUX�s�Q W Q�Y�g=s�Q�Y V [���Q W s�[,X=RPg k1V NPSU[,XBs�ceX k Q�ceXZc f [eX�p,Q W 6�c,NTNPQ W 7 f Sj`oQ�`o[ W
f c V NT[ V R�ceX�Y s�Q fUf � V O�[,X=Q�R���M f RT[�y f [8s�c f S���Q�Y W Q�p,SU[,X�R�[l`
O�SUp,O V [���Q W Y�SURPRTS V c,NTSt[eX�y�s�c fUf Q�YBO�[,N � R V [eNPR�yms�ceX
f Q�c,YdNT[ Q�c WPf 7Zs O�S V `oceS f g W Qa� r8S k S f c W NT[ R V Q�Q�Y�y V [���Q W Y=StRTRPS V ceNPSU[,XBs�c,X 62Q�^eQ W 7dY=S��@s�g f N'NT[ g�RTQ@c,R�c
Y�Q�RTSUp,X#p,[ec f NP[F6 Q k SUX�S k S���Q�Y�yec,X�Y#RP[�SUR�[l`oNPQ�X1g�RPQ�Y c,R�c�Y�Q�RPSUp,X#s�[eX�RPN W c,SUX8N��
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z]X�QF`oces�NP[ W Q�c,RPS f 7 [a^eQ WPf [8[ �eQ�YZSUR�NPO=Q�NPS k Q�`h[ W Y�Q�RTStpeX�� � c W NPSUs�g f c WPf 71`o[ W R k c fUf)V�W [8Y�g=s�NPSU[,X W g=X�R�y)NPO�Q
Q�X�peSUX�Q�Q W StX=p s�[,RPNTR1`o[ W c,s�NTg�c fUf 7JY�Q�RPSUpeX�SUX�pdc s�S W s�g�SUN#s�c,X 62QBs�[eX�RPSUY�Q W c,6 f Qa� � X [,NPO=Q W s�c,RTQ�R�y-c `oc,RTN
V�W [,NP[eN_7 V Q k ca7'6 Q�Y=Q�RPS W Q�Y@NP[�NPQ�RTN
ceX�StY=Q�c�StX�O=c W Y �
c W Qa�)MJ`oceRPNPQ W NT[x[ f g�RTg�c fUf 7 k Q�c,X�R V [8[ W Q WDf ca7,[eg�NPR�y
6�g�N�SUX1NPO�Q�RTQ�RPSUNPg�ceNPSU[,X=R�y�c�`oc,RTN
Y�Q�RPSUp,X#s�ceX�6 Q k [ W Q�^ac f g�ce6 f Q�NPO�ceX#c,X@[ V NPS k c f [,X�Ql�
��O�Q]g�RPQ-[l`�p,[8[8Y
c,g=NP[ k c,NTSt[eX NT[8[ f R�s�c,X W Q�Y�g�s�QFNPO=Q'Y=Q�RPSUp,X#NTS k Qa�
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� X#c,X87�`hc,6 W Sts�c,NPSU[eX V�W [xs�Q�RPR�y RT[ k Q�s O�S V R ��S fUf 62Q-Y=Q `oQ�s�NTSU^,Qa� � X�s�[ k@V=f Q ��s O=S V R�y2NTO�Q�RTQ-Y�Q `oQ�s�NPR k ca7FX�[eN
6 Q W Q�c,Y=S f 7Bc V�V c W Q�XxN�y
6�g=N NTO�Q�7 RTNPS fUf Q �xSURTN�� ��ca^8SUX�p ceX Q�ceRPS f 7ZNTQ�RPNTc,6 f Q#s O�S V s�ceX RPca^eQ@s�[eX�RPSUY�Q W c,6 f Q
Q�� V Q�X�RPQly RTSUX�s�Q-NTQ�RPN]Q�n8g�S V�k Q�X8N�SUR�^,Q W 7@Q�� V Q�X�RPSU^eQ-c,X�Y#NTS k Q�s�[,X=RPg k StX=p NT[�g�RPQa� q c �8SUX�pFc s O�S V#k [ W Q
NPQ�RPNPce6 f Q-g�RTg�c fUf 7 k Q�ceX�R�c,X#SUX�s W Q�c,RPQ�StX1c W Q�c�y f [���Q W StX=p s O�S V 78SUQ f Y#c,X�Y1SUX�s W Q�c,RPSUX�p�s�[,RPN��
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��O�Q]Y�Q�RPSUpeX@c,g=NP[ k c,NTSt[eX NTc,R ��StR�Q�X�[ WPk [,g�R f 7�s�[ k1V�f Q�� � u ^eQ�X@cl`oNPQ W NTO W Q�Q�Y�Q�s�ceY�Q�R�[a` W Q�RPQ�c W s O�y�N_7 V SUs�c f
Y�Q�RTSUp,X#NP[8[ f R k Q�c,RTg W Q]NPO�Q�S W]W g�X��_NPS k Q�StX#NTQ WPk R�[a`mO=[,g W R�[ W Q�^eQ�X Y�ca78R � Qa� p��Uy & r8g�X r8Q�s�� " ' � �
q c,X87 V�W Q�^xSU[eg�R
NT[8[ f RDg�RTQ�Y k c,NPO=Q k ceNPSUs�c fUf 7�Y=Q k ceX�Y�SUX�p�NPQ�s O�X=Stn8g�Q�R
NT[-p,Q�N�O�SUp,O�n8g�c f StN_7�RP[ f g�NTSU[,X�R�y

NPc��8StX=p�ceY�^ac,X8NTc,p,Q�[l`�NPO�Q V�W Q�Y�[ k StX=c,X8N f 7#R k c fUf)V�W [e6 f Q k RPS���Q@6 Q�SUX�p g=RPQ�YJSUX�Y�g�RTN W Stc fUf 7 c,N-NTO�Q@NTS k Qa�
� X k [ W Q W Q�s�Q�X8N@7eQ�c W R�y�NPO�Q V�W [,6 f Q k RPS���Q�R�g�RTQ�Y SUXdSUX�Y�g�RTN W 7 O�ca^eQ@p W [���XJ6x7d[ W Y�Q W R�[a` k cep,X�SUNPg=Y�Qa�
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� [ W ^eQ W 7 f c W p,Q V�W [,6 f Q k R�y8s�[ k1V g�NTc,NPSU[eX�c fUf 7�Q�� V Q�X�RTSt^eQ�NPQ�s O�X�SUn8g�Q�R�s�c,X�X�[eN)`og�X=s�NPSU[,X�SUX1c,X87 W Q�c,RT[,X�ce6 f Q
c k [,g�X8ND[l`mNTS k Qa�
��[���Q�^,Q W y�ceR ��Q k [a^,Q�NT[�Y=Q�Q V RPg�6�� k SUs W [,X Y=Q�RPSUp,X=R'6 Q f [�� | � } ' k SUs W [,X�R�y�NPO�QFY�Q f ca7 [l`
c@s�S W s�g�SUN�y

c,R ��Q fUf c,R V [���Q W Y�SURPRTS V c,NPSU[eX@c,X=Y�c W Q�c=y�SUR�Y�[ k StX=c,NPQ�Y�6x71SUXxNTQ W s�[,X�X�Q�s�NPSU[,X=R�6 Q�N �
Q�Q�X f [,peSts�c f Q f Q k Q�X8NTR
� Sh� Qa��N W ceX�RPSURPNT[ W R ��&  �Q f u fUk � " ' ��r8SUX�s�Q-NTO�Q Y=Q f ca7 � ceX�Y NTO�Q W Q�`o[ W Q c W Q�c���[l`Dc@s�S W s�g�SUN�s�ceX�X�[,N]62QFSUp,X�[ W Q�Y	y
��[ W � k g�RPN)RPNTS ftf 62Q�Y�[eX�Q�NP[ W Q�Y�g=s�Q�NTO�Q�c W Q�c-[a` V�f c,s�Q k Q�X8N)c,X=Y W [,g=NPSUX�p]`o[ W O�SUpeO V Q W `h[ WPk c,X�s�Q�Y�Q�RPSUpeX�R��
� [8[ W RP[ f g�NTSU[,X�R�y�Q�^,Q�X#Sj`mc WPW St^eQ�Y@ceN
n8g�SUs�� f 7,y8c W Q'g=RPQ f Q�RTR�SUX@SUX�Y�g=RPN W 7,�D��O=Q W Q `h[ W Qly2NPO=Q W Q-SUR�c p W Q�ceN�X�Q�Q�Y
`o[ W Y=Q�RPSUp,XBc,g=NP[ k c,NTSt[eX@NT[x[ f R'NTO�c,N�[ V Q W c,NTQ SUXBc W Q�c,RT[,X�ce6 f Q c k [eg�X8N�[a`
NTS k Qay ��O�S f Q-RPNTS fUf c WTW SU^8SUX�p@ceN
! W Q�c,RT[,X�ce6 f 7@pe[x[8Y$#FRP[ f g�NPSU[,X=R��
��O�Q ��[ W �ZSUXdNTO�SUR-NPO�Q�RPSUR V�W Q�RPQ�X8NPR�N ��[ X�Q � k Q�NTO�[8Y�R�`o[ W O�ceX�Y f SUX�p#NPO�Q1O�SUp,O f 7 s�[ k@V�f Q�� NPc,R �d[a`

Y�Q�RTSUp,X�SUX�p1M'r � w s O�S V R��'��O�Q k Q�NPO�[8Y�R]c W QFp,Q�X�Q W c f StX X�c,NTg W Qay�ceX�YZc W Q-c V�V�f SUs�c,6 f Q�NP[ k c,X87�Y�S ��Q W Q�X8N
s�S W s�g�SUN f ca7e[,g�NFNP[ V [ f [,p,SUQ�R�� ��O�Q#g�RTQ `og f X�Q�RTR@[l`'NPO=Q�RPQ k Q�NTO�[8Y�RFStRFY�Q k [,X�RTN W c,NPQ�Y 687dc V�V�f 78StX=pZNTO�Q k
NP[ NPO�Q1Y�Q�RPSUpeXdNPc,R �Z[l`�s�Q fUf�V�f c,s�Q k Q�X8N]`o[ W RTNPceX�Y�c W Y��_s�Q fUf NT[ V [ f [,peSUQ�R��#��O�Q�p,[ec f y�NTO�Q W Q�`o[ W Qay
SUR-NT[ g�RPQ
NPO=Q�RPQ�NTQ�s O�X�SUn8g�Q�R)NP[ W Q�Y�g=s�Q�NPO�Q�Q��8Q�s�g=NPSU[,XFNPS k Q5[a`2NTO�Q V�f c,s�Q k Q�X8N�NPceR � ��O�S f Q V�W [a^8SUY�SUX�p�RTS k S f c W �_n8g�c f S N_7
RP[ f g�NPSU[,X=RmNT[�N W ceY�SUNPSU[,X=c f,V=f ces�Q k Q�X8NmNTQ�s O�X�SUn8g�Q�R�� � SUpeg W Q�}a� {�RTO�[���RDNTO�Q�s�[,X8NTQ��8Nm[l` NTO�Q�RTQ�s�[,X8N W SU6�g�NPSU[eX�R�y
SUX W Q f c,NTSt[eXZNT[#Y�Q�RPSUpeXdc,g�NT[ k ceNPSU[,X#SUXBp,Q�X�Q W c f c,X=YZNTO�Q V O878RPSUs�c f Y�Q�RPSUpeXdNPc,R � SUXdR V Q�s�S i sa�#��O�SUR �
[ W �
V�W S k c W S f 7-NTc W p,Q�NTR�NPO=Q'c W Q�c1c,X�Y1Y�Q�RTStpeX#NPS k Q]p,[,c f R
[l`mRPQ�s�NPSU[,X }a� �8�

� S W RPN�y ��Q�NPc��,QFc,Y�^aceXxNTc,peQ-[a` W Q�s�Q�X8N Y�Q�^,Q f [ V=k Q�X8NPR�SUXBg�NPS f SUN_7�NTO�Q�[ W 7 NT[ Y�Q�^eQ f [ V c�X=[a^,Q f g�NTS f SUN_7��
6�ceRPQ�Y#SUNPQ W c,NTSt^eQ�RTQ�c W s O O�Q�g W StRTNPSUsa�D��O�SUR k Q�NTO�[8Y@Y�Q i X�Q�R�c k Q�N W SUsay �%" � � &). (�� ( . �ay8NP[ k Q�ceRPg W Q�NTO�Q�nxg=c f SUN_7
[a`)c�s�Q fUf � R V�f ces�Q k Q�XxN��� �7�`h[xs�g�RPSUX�p�[eX W Q�Y�g�s�SUX�p1s�Q fUf g�NPS f SUN_7,y8NPO=Q V=f ces�Q k Q�X8N
n8g�c f SUN_7F[a` V [8[ WTf 7 V�f c,s�Q�Y
s�Q fUf R�StR S k1V�W [a^eQ�Y�yaQ�� V�f [ W SUX�p�NPO�Q]RPQ�c W s O#R V ces�Q�[l`�NPO�Q V�W [,6 f Q k�k [ W Q�Q �@s�SUQ�X8N f 7,�)\�RTSUX�p-g�NTS f SUN_7 V Q WPk SUNTR
N W Q k Q�X�Y�[,g=R�NPS k Q]RPca^8SUX�p,R�s�[ k1V c W Q�Y@NT[�N W c,Y�SUNPSU[eX�c f k Q�NTO�[8Y�R�g�RTStX=p W c,X�Y�[ k S���Q�Y1RPQ�c W s O k Q�NPO�[8Y�R��
r8Q�s�[eX�Y�y ��Q�ceY�c V N k g f NTS f Q�^eQ f s f g�RPNTQ W SUX�pdNTQ�s O�X�SUn8g�Q�R ` W [ k NTO�Q#s�S W s�g=StN V c W NTSUNPSU[,X�SUX�p NPc,R �dNP[BNPO�Q

RPNTc,X�Y=c W Y�� s�Q ftf�V=f ces�Q k Q�X8N
NTc,R � � �DQ W 7 f SUNPN f Q �
[ W �FO�c,R V�W Q�^8SU[,g�R f 7�6 Q�Q�X#Y�[eX�Q�SUX1NPO�Q�c W Q�cF[a`ms f g=RPNPQ W SUX�p��
6�ceRPQ�Y V=f ces�Q k Q�X8N�y2Y=Q�R V SUNTQ SUNPR]O�SUp,O V Q W `o[ WPk c,X�s�Q W Q�s�[ W Y ��O�Q�X c V�V�f SUQ�Y#NP[1NPO�Q V c W NTSUNPSU[,X�SUX�p V=W [,6 f Q k �
w�f g�RPNTQ W SUX�p � 6=c,RPQ�Y V c W NTStNTSU[,X�SUX�p1StX X�[���NTO�Q���"���� ��� .��#RTNPc,X=Y�c W Y `o[ W [,6�NTc,SUX�SUX�p�O�SUp,O�� n8g�c f SUN_71RP[ f g�NTSU[,X�R�y
c,X=YZSUR ��SUY�Q f 7#ces�s�Q V NTQ�Y ceR�NPO�QF[,X f 7 V�W c,s�NTSts�c fDk Q�c,X�R]NP[1NPc,s�� f Q f c W p,Q�Y�Q�RPSUpeX V�W [,6 f Q k R & M fUV �]g�c � ' '_�
��O�QDX=Q � k Q�NTO�[8Y�[a`�s f g�RPNTQ W SUX�p�c�s�S W s�g�SUN V�W Q�RPQ�XxNTQ�Y�O�Q W Q W Q�Y�g�s�Q�RDNPO=Q V�f c,s�Q k Q�X8N V�W [,6 f Q k RTS ��Qay,s W Q�c,NTStX=p
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c k g=s O#R k c fUf Q W RTQ�c W s OdR V c,s�Q�NPO�ceN�s�ceXZ6 Q SUX8^,Q�RPNPSUpec,NPQ�Y k [ W Q W Stpe[ W [,g�R f 71c,X�YBSUX f Q�RPR�NTS k Q�NPO�ceX NPO�Q
[ W SUp,SUX�c f � �2ceN �]s�S W s�g�SUN-s�c,X	� ��O�Q k Q�NTO�[8Y SUR�6�c,RTQ�Yd[,XBs f g�RPNTQ W SUX�p#X�Q�NPR � Ox7 V Q W �_Q�Y�peQ�R ��SUX NPO=Q�[ W SUpeStX=c f
s�S W s�g�SUN�y ��O=S f Q]StX8N W [8Y�g�s�SUX�p�cFX�Q �;NTQ�s O�X�SUn8g�Q]`o[ W [e6�NPceSUX�SUX�p-6�c f ceX�s�Q�Y#s f g�RTNPQ W RTS ��Q�R��
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��O�QFX�Q��8N�RTQ�s�NTSt[eX `h[ WPk c f S���Q�R�NPO�QFs�[eXxNTQ��8N�c,X�Y RTs�[ V QF[a`
NTO�Q-RPNTc,X�Y=c W Y�� s�Q ftf V�f c,s�Q k Q�X8N V�W [e6 f Q k �]��O�Q
RPg=6�� NTc,R �xR k c �8SUX�p g V NTO�Q V O878RPSUs�c f Y�Q�RPSUp,X NTc,R � [l`�� "5r � Y�Q�RPSUpeX c W QZSUX8N W [xY=g�s�Q�Y�y]c,X�Y NTO�Q f ca7,[eg�N
NPQ�s O=X�[ f [,peSUQ�RDNPO=c,NDc � Q�s�N V O87xRTSUs�c f Y=Q�RPSUp,X�c W Q]Y�Q�RPs W SU62Q�Y��
��O�Q�X�y�NPO�Q]RPNTc,X�Y�c W Y��_s�Q fUf V�f c,s�Q k Q�X8N V�W [e6 f Q k
SUR�`o[ WTk c ftf 7-Y=Q i X�Q�Y	y2c,X=Y�RTNPceX�Y�c W Y#c V�V�W [,ces O=Q�R�NT[�RP[ f ^eQ�NPO=Q V�W [e6 f Q k c W Q-6 W SUQ��27@RTg W ^eQ�7,Q�Y��

� X@s O�c V NPQ W �8y8c-g�NTS f SUN_7��_6�c,RTQ�Y�SUNPQ W c,NPSU^eQ�RPQ�c W s O#O�Q�g W StRTNPSUs�SUR V=W Q�RTQ�X8NPQ�Y�y c,X�Y1c V�V=f SUQ�YFNP[FS k@V�W [a^8StX=p�c
RPNTc,X�Y=c W Y�� s�Q ftf=V�f c,s�Q k Q�X8N�� � X w O�c V NPQ W ��y,RTQ�^,Q W c f�k g f NTS � f Q�^eQ f s f g�RPNTQ W SUX�p�NPQ�s O�X�SUn8g�Q�R c W Q�Y�Q�RTs W SU6 Q�Y�y�ceX�Y
c@X=Q �;`oceRPN]s f g�RPNTQ W SUX�p k Q�NPO=[xY#SUR�Y�Q�RTs W SU6 Q�Y�� �]g k Q W SUs�c f5W Q�RTg f NPR-c W Q V�W Q�RPQ�X8NPQ�YB`o[ W 6 [,NPO NPQ�s O�X�SUn8g�Q�R��
� SUX�c fUf 7,yeStX1s O�c V NTQ W "8y�s�[,X�s f g�RTSU[,X�R�c W Q'Y W c���X�y�ceX�Y�`og=NPg W Q'Y=S W Q�s�NTSt[eX�R�`o[ W NTO�SUR W Q�RPQ�c W s O c W Q�Y�SURPs�g=RPRPQ�Y��



���������
	
�
���������
����������������� �

VLSI Design

Reduce Circuit Complexity

(Technology-Mapping)

Improve Placement

Physical Design

Reconstruct Circuit

Behavioural
Design

Generate Initial Placement

Partitioning

Routing

Circuit Generated
From Logical Description

Floorplanning

Circuit Design

(Meeting objectives)

Reduce Reconstruction Error

Each Standard-Cell

Functional
Design

Testing
Fabrication/

Logical Design

Valid Coordinates for

Physical Design

(standard-cell)

Standard-Cell
Placement

WHEC

FLATTEN

UTILITY

� SUp,g W Q }a� { � q g f NPS � f Q�^,Q fFV�f c,s�Q k Q�X8N#NPceR � `o[ W RPNTc,X�Y�c W Y��_s�Q fUfFV�f c,s�Q k Q�X8N�yFRPO�[���SUX�p f [8s�c,NTSU[,X ��SUNPO�SUX
� "5r � Y=Q�RPSUp,X V�W [8s�Q�RTRZceX�Y O�SUpeO f StpeO8NPSUX�pBNPO�Q�RTSUR�s�[,X8N W St6=g�NPSU[,X=R � b � u w �
Q�SUpeOxNTQ�Y Ox7 V Q W �_Q�Y�peQds f g�R �NPQ W SUX�p#O�Q�g W SURPNPSUsay5\�� � " � ����g�NPS f SUN_7�� 6�ceRPQ�Y StNTQ W ceNPSU^,Q�S k1V�W [a^eQ W y c,X�Y � "	MD��� u ��p W Q�Q�Y�7 Y�Q��_s f g�RPNTQ W SUX�pO�Q�g W SURPNTSts �
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��O�Q�� "5r � Y�Q�RTStpeX V=W [8s�Q�RTR-SUR�6 W [ �,Q�XZY�[���X#SUX8NP[1RPS k@V�f Q W y k [ W Q�s�[ k@V g=NPc,NTSU[,X�c ftf 7�N W c,s�NPc,6 f Q�NPc,R �8R�y�NT[
k ceX�c,peQ-NPO=Q@O�SUp,OBs�[ k@V�f Q��8SUN_7 [a`�NPO=Q@NPceR � � z�X=Q@[a`�NPO=Q�RPQ#NPceR �8RFStR V O878RPSUs�c f Y=Q�RPSUp,X	y ��O�SUs O�y ��O�S f QFc
k g�s O�RPS k1V�f Q W NPceR � ��O�Q�X@O�ceX�Y f Q�Y@SUX�Y=Q V Q�X�Y�Q�X8N f 7ey2SURDRTNPS fUf StX=s W Q�Y=St6 f 7Fs�[ k@V�f Q�� � ��[,N�RPg WPV�W StRTSUX�p f 7eyxNTO�SUR
s�[ k@V�f Q��8SUN_7 SUR�O�ceX�Y f Q�Y#687�Y�SU^8StY=StX=p NTO�Q V O87xRTSUs�c f Y�Q�RPSUp,X#NPceR �1StX8NT[ k [ W Q�N W c,s�NPc,6 f Q�RTg�6��_NPc,R �8R��
z]X�Q RTg�6��_NPceR � ��SUNPO�SUX V O878RPSUs�c f Y�Q�RPSUp,X SUR V�f c,s�Q k Q�X8N�y StX ��O�SUs O NTQ�s O�X�[ f [ep,7�� k c V�V Q�Y f [,peSts]s�[ k1V [ �

X�Q�X8NTR
c W Q�c WPW c,X�peQ�Y�[,X�c-s O�S V �)��O�SURDSURDc V c W NTSUs�g f c WTf 7�Y�Q k ceX�Y�SUX�p�NPceR ��`o[ W c,g�NT[ k ceNPSU[,X	y>Q�R V Q�s�Stc fUf 7�`o[ W
NPO=Q�RPNTc,X�Y=c W Y�� s�Q ftf�f ca7e[,g�NDRTN_7 f Ql� � X@NPO=StR RPN_7 f Q�NPO=Q W Q-c W Q k c,X87 V Ox78RTSts�c f V c W c k Q�NPQ W R
[l`�NPO�Q f ca7e[,g�N NPO�ceN
c W Q�g�X�s�[eX�RPN W c,SUX�Q�Y�y k c �8SUX�p�O�SUp,O�� n8g�c f SUN_7 f ca7,[,g=N
ceg�NP[ k c,NTSU[,XF^,Q W 7@Y�S �@s�g f N�c,X�Y#NTS k Q��_s�[,X�RTg k SUX�p=�
��O�SUR NTO�Q�RTStR V=W Q�RTQ�X8NPR@RTQ�c W s O ceX�Y s�[ k@V=f Q �xSUN_7�� k c,X�cepaQ k Q�X8N�NPQ�s O�X�SUn8g�Q�R�NTO�c,NFc W Q@c V�V�f SUQ�Y NT[ NPO�Q

RPNTc,X�Y=c W Y�� s�Q ftf=f ca7e[,g�N5RPN_7 f Qa� � X NTO�Q W Q k ceSUX�Y�Q W [a`�NPO�SUR�s O�c V NPQ W y8NPO�Q�s�[eX8NPQ��8N)c,X�YFRPs�[ V Q�[a`2NTO�Q�RPNTc,X�Y�c W Y��
s�Q fUf�V�f ces�Q k Q�XxN V�W [e6 f Q k StR V�W Q�RPQ�X8NTQ�Y���r8Q�s�NTSU[,X�{ � {�Y�Q�RTs W SU6 Q�R�NTO�Q V O878RPSUs�c f Y=Q�RPSUp,X1NPceR � y�c,X�Y1Y�Q�RTs W SU6 Q�R
NPO=Q�Y�SU^xSURTSt[eX-[a`�NPceR �8R k c,Y�QD687-ceg�NP[ k ceNPQ�Y f ca7e[,g�N5NP[8[ f R��)��O�Q f ca7,[eg�N�RTN_7 f Q�RDNPO�ceN)Y�SUs�NPceNPQ�NPO=Q�O�Q�g W StRTNPSUs�R
NPO=c,N)c W Q
NTO�Q�X V�W Q�RTQ�X8NPQ�Y1SUX-RPQ�s�NPSU[,X�{8� {8� { �mr8Q�s�NTSU[,X�{8� ��Y�Q�RTs W SU6 Q�R
NTO�Q�RPNPceX�Y�c W Y��_s�Q fUf�V�f ces�Q k Q�XxN V�W [e6 f Q k
c,X=Y-p,SU^,Q�Rmc k ceNPO�Q k c,NTSts�c f `o[ WTk g f c,NPSU[eX�`o[ W SUN��Dr8Q�s�NTSU[,X�{8�!��Y�Q�RTs W SU6 Q�R
RT[ k Qmc V�V�W [,c,s O�Q�RDNPO�ceN�O�ca^eQ
6 Q�Q�X
NPc��,Q�X#SUX@NTO�Q V c,RTN�NP[�RT[ f ^,Q]NPO�Q�RPNTc,X�Y=c W Y�� s�Q ftf5V�f c,s�Q k Q�X8N V�W [e6 f Q k � � StX=c fUf 7,y,RTQ�s�NTSt[eX {8� "-Y=Q�RPs W SU62Q�R]NPO�Q

}>|
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6 Q�X�s O k c W ��s�S W s�g�SUNPR]NPO�ceN
c W Q-g�RTQ�Y#NPO W [,g�peO�[,g=N�NPO�SUR�NPO=Q�RPSUR�NP[ k Q�c,RTg W Q]c,X�Y#s�[ k@V c W Q V Q W `o[ WTk ceX�s�Q�[a`
NPO=Q ��[ W � V�W Q�RPQ�XxNTQ�Y��

� ��� # ��� �"! � 	 ��� 	 � ! 
 �

"�S �eQ
NTO�Q � "�r � Y�Q�RTStpeX V=W [8s�Q�RTR�y V O878RPSUs�c f Y=Q�RPSUp,XFc,g=NP[ k c,NTSt[eX�StR)Y�SU^8SUY�Q�Y-SUX8NP[ k [ W QDN W c,s�NPc,6 f Q�RTg�6��_NPceR �8R�y
RP[�NTO�c,N�c V Ox78RTSts�c f Y�Q�RTSUp,X#s�c,X#6 Q W Q�c f S���Q�Y#SUX@c W Q�c,RP[eX�c,6 f Q�c k [,g=XxN [a`DNPS k Ql����O�Q-RTg�6��_NPc,R �8R�NPO=c,N�c W Q
g�RTQ�Y Y�Q V Q�X=Y [eX k c,X871`oc,s�NT[ W R RTg�s O c,RFNPO=Q@NPc W peQ�N NTQ�s O�X�[ f [ep,7eymNTO�Q f ca7,[,g=N'RTN_7 f Q1g�RPQ�Y�y
NTO�Q@Y�Q�RPS W Q�Y
Y�Q�RTSUp,X@NTS k Qay,NTO�Q�Y�Q�RTS W Q�Y#s O�S V RPS���Qay c,X�Y�RT[ [eX�� � [ W Q��8c k1V�f Qay8c-R k c fUf s�S W s�g�SUN
g�RTg�c fUf 7FY�[8Q�RPX � N�X�Q�Q�Y#NT[
6 Q V c W NPSUNPSU[eX�Q�Y@NT[ i N�[,X8NT[ RTQ�^,Q W c f s O�S V R�y�RTSUX�s�Q-SUN�s�ceX V=W [,6=c,6 f 7 i N�[eX�cFRPSUX�p f Q's O�S V �

���������  �"!����
� 
�� � 	��������* � ��� 	�� �

��O�Q V O878RPSUs�c f Y�Q�RTSUp,X V�W [8s�Q�RPR#g�RPg=c fUf 7 V Q W `o[ WTk R k [,RPNF[ W c fUf [a`'NTO�Q#`o[ fUf [���SUX�p#RTNPQ V R �dV c W NPSUNPSU[,X=StX=p�y
V�f c,s�Q k Q�X8N�y�c,X�Y W [,g=NPSUX�p��

� + ��������������� � .
� `2ceX SUX�SUNPSUc f Y�Q�RTSUp,XFStR)NT[x[ f c W peQ
NT[�6 Q V�f c,s�Q�Y SUX-c�RPSUX�p f QDNPc W p,Q�Nms O�S V yeNPO�Q V�W [,6 f Q k;k g=RPN�6 Q V c W NPSUNPSU[,X=Q�Y
SUX8NP[-RTQ�^,Q W c f RPg�6��_s�S W s�g�SUNPR�����O�Q k [,RTNDs�[ k1k [eX k Q�N W Sts�[l`mNTO�Q�n8g�c f SUN_7F[a`)c V c W NPSUNPSU[eX�SUX�p-RP[ f g�NPSU[,X�SUR�NPO�Q
X8g k 6 Q W [l`mSUX8NPQ W s�[,X=X�Q�s�NTSt[eX�R�62Q�N �
Q�Q�X V c W NPSUNPSU[eX�R � Qa� p��Uy & � StY q c,N�',{ ' � �

� c W NTSUNPSU[,X�SUX�pdO=c,R@6 Q�Q�X cd^,Q W 7 ces�NPSU^,Q NP[ V Sts1`o[ W@W Q�RPQ�c W s O;SUX V O87xRTSUs�c f Y�Q�RTSUp,X ceg�NP[ k c,NTSU[,X�yDceX�Y
k ceX87�c f p,[ W SUNPO k Sts�NTQ�s O�X�SUn8g�Q�R�`o[ W [,NTO�Q W RTNPcep,Q�R-[l` V Ox78RTSts�c f Y�Q�RPSUpeXZceX�Ydp,Q�X=Q W c f Y�Q�RPSUp,XBc,g�NT[ k c,NPSU[eX
[ W SUp,SUX�c,NTQ�Y@SUX#c V=V�f Sts�c,NPSU[eX�RDNP[ V c W NTSUNPSU[,X�SUX�p��U`h[ W c W Q�s�Q�XxN]RPg W ^,Q�7#[eX V c W NTSUNPSU[,X�SUX�p=yxRTQ�Q"& M fUV ��ceO�� " ' � �

� 	 +0� � � � ���
M�`hNPQ W NTO�Q�s�S W s�g�SUNDSURDc,RTRPSUp,X�Q�Y�NP[�c V�f c,s�Q k Q�X8N)c W Q�c-[a`�RPg �@s�StQ�XxN RPS���Qay8NPO�Q f ca7,[,g=N k [8Y�g f Q�R�[a`�NPO=Q�s�S W s�g�SUN
k g�RTNm6 Q V Ox78RTSts�c fUf 7-c,RTRPSUp,X�Q�Y�y�[ W ! V�f c,s�Q�Y$#�y8SUX�^ac f SUY V [eRPSUNPSU[eX�RDSUX�NPO�Q V�f c,s�Q k Q�X8N)c W Q�c��D��O�Q V�f c,s�Q k Q�X8N
NPceR �1StR�O=StpeO f 7 Y=Q V Q�X�Y�Q�X8N�[,X#NPO=Q f ca7e[,g�N�RPN_7 f Q�g�RPQ�Y	�
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� ���1� � �1.
� X@NTO�Q W [,g�NTSUX�p-RPNTQ V y StX8NTQ W s�[eX�X�Q�s�NPSU[,X�R�6 Q�N ��Q�Q�X f ca7,[eg�N k [8Y�g f Q�Rmc W Q V O878RPSUs�c ftf 7-ceRPRTStpeX�Q�Y1NP[Fc fUf [��
ce6 f Q
W [eg�NPSUX�p"!�N W ces��xR #�� ��[eg�NPSUX�p]s�[,X�X=Q�s�NPSU[eX�RDY�S W Q�s�N f 7-NT[ V Ox78RTSts�c f N W c,s��8R)O�c,R)6 Q�Q�X1c,NPNTQ k@V NPQ�Y ��SUNTO f S k SUNPQ�Y
RPg=s�s�Q�RTR�y86�g�N�NTO�Q k [ W Q5s�[ k1k [eX�c V�V�W [,ces O�SUR�NT[�`og W NPO�Q W Y�SU^8StY=QmNTO�Q W [,g�NTStX=p V�W [e6 f Q k SUX8NP[�p f [,6�c f>W [,g�NTStX=p
c,X=Y Y�Q�NTc,S f Q�Y W [eg�NPSUX�p=� $ f [,6=c f�W [eg�NPSUX�p1c,RTRPSUp,X�R]SUXxNTQ W s�[,X�X�Q�s�NPSU[,X=R'c1p,Q�X=Q W c fDV c,NTO NPO W [,g=p,O c�s O�S V � � X
NPO=StRFRPNTc,peQayDNPO�Q V�W S k c W 7 p,[ec f SUR-NT[ k SUX�S k S ��Q-s�[,X=p,Q�RTNPSU[,X NPO W [,g�peO c,X87B[,X�Q V c W N [l`�NPO�Q1s O�S V �d��O�Q
RPQ�s�[,X�YdRTNPQ V yDY�Q�NPceS f Q�Y W [,g�NTStX=p�y�ceNPNPQ k@V NTR'NT[ i X�Ydc#^ac f SUY#N W ces��ZceRPRPSUpeX k Q�X8N�y g=RPSUX�p#NPO�Q W Q�RPg f NTR-` W [ k
NPO=Q'p f [,6�c f�W [,g=NPSUX�pFRPNPcep,Q�NP[�RTS k@V�f Sj`o7-NTO�Q-RPQ�c W s O��

��������� 	,
�!�� � � � ��!���	��

M � "5r � Y�Q�RPSUp,XBSUX�s f g�Y�Q�R f [,peSUs�c f c,X�Y V O878RPSUs�c f Y�Q�RPSUpeX�R�[a`
c#s�S W s�g�SUN�� ��O=Q f [ep,SUs�c f Y�Q�RTSUp,XB[a`
c#s�S W s�g�SUN
SUR�SUX�Y�Q V Q�X�Y�Q�XxN�[l`mc,X#S k@V=f Q k Q�X8NPceNPSU[,X	y ��O�S f Q�NPO=Q V O878RPSUs�c f Y�Q�RTStpeX#StR�SUX�O=Q W Q�X8N f 7 f SUX��,Q�Y@NP[�NTO�Q f ca7,[eg�N
RPN_7 f Q�[l`mNTO�Q�NTc W peQ�N�NPQ�s O=X�[ f [,pe7�NPO�ceN ��S fUf S k1V�f Q k Q�X8N)NPO�Q�Y�Q�RPS W Q�Y#6 Q�O�ca^8SU[ W �m��O�Q f ca7,[eg�NDRTN_7 f Q]Y�SUs�NPceNPQ�R
k ceX87�Y=Q�RPSUp,Xds�[,X�RTN W ceSUXxNTR-`h[ W�V O878RPSUs�c f Y�Q�RTSUp,X�y)RPSUX�s�Q1SUN k g�RPN]62Q V [eRPRTSt6 f Q�NT[#`oce6 W SUs�ceNPQ�NPO=Q V O87xRTSUs�c f
Y�Q�RTSUp,X-SUX-NTO�Q
Y=Q�RPS W Q�Y�NPQ�s O�X�[ f [,p,7e�m�]S � Q W Q�X8N)Y�Q�RTStpeX-RPN_7 f Q�R)c W Q
g=RPQ�YFNP[]c f NPQ W NTO�Q
Y=Q�RPSUp,X�RPN_7 f Q
NT[�c,s O�SUQ�^eQ
RP[ k QDn8g�c f StN_7�p,c,SUX�� � [ W Q �xc k@V�f QayaO�SUpeO f 7 �_s�[eX�RPN W c,SUX�Q�Y Y�Q�RPSUp,XFRPN_7 f Q�RDc W Q�g�RTQ�Y�NP[-RTS k@V�f Sj`o7�c,X=Y R V Q�Q�Y�g V
NPO=Q-Y�Q�RTStpeX V�W [xs�Q�RPR�y ��O�S f Q f [8[,RTQ f 7�� s�[eX�RPN W ceStX=Q�Y#Y�Q�RPSUpeX RPN_7 f Q�R�c W Q-g=RPQ�Y NT[@ces O=StQ�^,Q�O�SUp,O�� V Q W `o[ WPk c,X�s�Qly
f [��
� c W Q�cFY�Q�RTSUp,X�R��
��O�Q W Q�c W Q�s�g WPW Q�XxN f 7 k c,X87�Y�S ��Q W Q�X8NDNTQ�s O�X�[ f [ep,SUQ�RDNTO�c,N s�c,X1S k1V�f Q k Q�X8N�c � "�r � Y�Q�RTSUp,X�� � SUp,g W Q�{8� }

S fUf g=RPN W c,NTQ�R�RPQ�^eQ W c f [l` NTO�Q k [eRPN�s�[ k1k [,X f ca7,[eg�N
RTN_7 f Q�R�s�g WPW Q�X8N f 7#SUX@g�RTQa�

� � � ��� ��� + �0���1�
��O�Q k [,RTND6�ceRPSUsay8c,X�Y1c f RP[-[eX�Q�[l`�NPO�Q k [,RPN)g�RTQ�Y�y V O87xRTSUs�c f Y�Q�RTStpeX k Q�NPO�[8Y�SUR `o[ W c�Y�Q�RPSUpeX@Q�X�peSUX�Q�Q W NT[
f ca7@[eg�N�c,X#Q�X8NPS W Q s�S W s�g�SUN�687@O=c,X�Y�����O�Q�s O=S V NT[ V [ f [,pe7�`o[ W NPO�SUR�RPN_7 f Q-[l` Y=Q�RPSUp,X StR�s�c fUf Q�Y � & � � �
�'&�0 .���+
� ����� &). �mM]X Q��8c k@V�f Q)[a`�`hg fUf �_s�g�RTNP[ k Y�Q�RPSUpeX SUR�RTO�[���XFStX � SUpeg W Q�{8� } �h� � � r StX=s�Q
NTO�SUR f ca7e[,g�N5SUR�s�[ k@V�f Q�NTQ f 7
c,N�NTO�Q�s�[,X8N W [ f [a`�NPO�QFY�Q�RTStpeX�Q W yD^,Q W 7 s�[ k1V c,s�N'ceX�YBQ �@s�SUQ�X8N f ca7e[,g�NTR�s�c,XB62Q�[e6�NPceSUX�Q�Y���\�RTg�c fUf 7#NPO�Q
[,X f 7 f S k SUNPceNPSU[aX�R�S k1V [eRPQ�Y�[eX�NPO�Q]Y�Q�RPSUpeX�Q W SUXF`og fUf � s�g�RPNT[ k�f ca7,[,g=Nmc W Q]NPO�Q V O87xRTSUs�c f Y�Q�RTStpeX W g f Q�R
[l`�NPO�Q
`oce6 W SUs�ceNPSU[,X1NPQ�s O�X�[ f [,p,7�g=RPQ�Y��
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Fixed rows of basic cells

Pads

Pads

Variable
Height
Channels

Feedthrough

Channel

Horizontal 

(A) GATE ARRAY LAYOUT (B) STANDARD CELL LAYOUT

(C) GENERAL CELL LAYOUT

Vertical
Channel

(D) FULL CUSTOM LAYOUT DESIGN

Variable
Length

Rows

Variable
Width Cells

� SUpeg W Q-{8� } � w [ k@k [eX�� "�r � "�ca7e[,g�N�r8N_7 f Q�R

��O�SURDNP[ V [ f [,p,7 V Q WTk SUNPR)NTO�Q�p W Q�ceNPQ�RTN
�2Q �xSU6�S f SUN_7�[a`�Y�Q�RPSUpeX�c,X�Y W Q�RPg f NTR
SUX�NPO=Q�R k c fUf Q�RPN)s O�S V c W Q�c=� � N
SUR�c f RT[�NPO�Q k [,RTN�s�[ k1V�f SUs�c,NTQ�Y@NT[ f ca7,[eg�N�y�ceX�Y NPO=Q W Q `h[ W QFNPO=Q k [,RPN�NPS k Q�� s�[,X�RTg k SUX�p � c,X�Y Q�� V Q�X=RPSU^,Q ���
� NDSUR)c f RP[�NTO�Q�R f [���Q�RTNDNP[]`oce6 W SUs�ceNPQa�  �Q�s�ceg�RPQ][a`�NPO�Q V�W [eO�SU6�SUNPSU^,Q�Y�Q�RTStpeX s�[,RPNTR
SUX8^,[ f ^,Q�Y�yeNPO�Q�`og ftf �_s�g�RTNP[ k
f ca7,[eg�N�RPN_7 f Q SUR][,X f 7#RPg�SUNTc,6 f Q�`o[ W�f c W p,Q V�W [8Y�g=s�NPSU[,X W g�XBs O�S V R�c,X�Y#`h[ W�W Q f c,NTSt^eQ f 7#R k c fUf s O=S V R � SUX NPO�Q
r�r � [ W q r � Y=[ k ceSUX �5[ W `o[ W R k c fUf RPg�6�� s�[ k@V [,X�Q�XxNTR ��SUNPO�SUX#c s O�S V � SUX1NPO�Q � "�r � Y�[ k c,SUX ���
��[���Q�^,Q W y�NPO�SUR � Q��8St6=S f SUN_7 c fUf [���R�ceX�[,NTO�Q W c V�V�W [,ces O `o[ W `og fUf � s�g=RPNP[ k Y=Q�RPSUp,X	� �][ WPk c fUf 7dcB`og fUf �

s�g�RTNP[ k Y�Q�RTStpeX SUR f ceSUY�� [eg�N�c,RF6 f [8s �8RF[a`�[,NPO=Q W f ca7e[,g�N-RTN_7 f Q�R�y ��O=Q W Q#Q�ces O 6 f [8s �dSUR k c,NTs O=Q�Y NT[ NPO�Q
f ca7,[eg�NDRPN_7 f Q ��O�SUs O@6 Q�RPN W Q V�W Q�RPQ�X8NTR�SUN�� � [ W Q �xc k@V�f Qayec f [,peSUs
c WPW ca7 k SUp,O8N�6 Q f ceSUY�� [eg�N)c,R�c-p,ceNPQ��_c WTW ca7
� Y=StRTs�g�RTRPQ�YBSUX NPO�Q�X�Q��8N�RTQ�s�NPSU[eX � y ��O�S f Q�c k Q k [ W 7 c WPW ca7 ��[,g f Y k [eRPN f S �,Q f 7�6 Q f c,SUY��_[,g�N�687�O=c,X�Y1`o[ W



���������
	
� � ����� ����������� � � } �

R V Q�Q�Y c,X�Y1R V ces�Q�Q �@s�SUQ�X�s�7e� � g fUf �_s�g�RTNP[ k f ca7e[,g�NDSUR�[a`oNTQ�X@s�c fUf Q�Y +,( � " � ��������& . ��O�Q�X#SUN
c V�V�W [,c,s O�Q�Y@SUX
NPO=StR k c,X�X=Q W �
��O�SUR�s�c,X162Q�cF^,Q W 7 V [��
Q W `og f Y=Q�RPSUp,X1RPN_7 f Qay�c,X=Y�SUR�NPO�Q�RTN_7 f Q]g�RPQ�Y StX1SUX�Y�g�RTN W 7F`h[ W ^,Q W 7 f c W p,Qay�^eQ W 7

O�SUp,O V�W [xY=g�s�NPSU[eX@s O�S V Y�Q�RTStpeX�� RTg�s O@c,R c V Q W RP[eX�c f s�[ k@V g�NTQ WDk Sts W [ V=W [8s�Q�RTRP[ W � � � NDSURDc f RP[�^,Q W 7�Y�S �@s�g f N
NP[�ceg�NP[ k ceNPQ�`og fUf s�g=RPNP[ k Y=Q�RPSUp,X	�D�
7 V SUs�c ftf 7ey,NPO=Q-SUX�Y�SU^8StY=g�c f 6 f [8s �8R ��S ftf 6 Q �2[8[ W � V�f ceX�X�Q�Y#687 k c��xSUX�p
Q�c WPf 7dc,RTRPg k1V NPSU[,X=R-c,6 [,g�NFNPO=Q�S W s�[,X�X=Q�s�NPSU[eX�R�NP[B[,NTO�Q W 6 f [xs��8R�� ��O�Q�RPQ c,RPRTg k@V NPSU[,X�R�62Q�s�[ k Q1Y�Q�RTStpeX
s�[eX�RPN W c,SUX8NPR ��O�Q�XZY�Q�RPSUp,X�SUX�p�NTO�QFStX8NTQ W X�c f s�S W s�g�SUN W 7 [l` NTO�QF6 f [xs��8R��-r8Q�^eQ W c f SUNPQ W c,NTSt[eX�R k SUp,O8N
O=ca^,Q-NT[
6 Q k ceY�Q�62Q�`o[ W Q-c f Q�pec f RT[ f g�NPSU[eX@SUR�[,6�NTc,SUX�Q�Y	�
 
Q�s�c,g�RTQ�[a`
NTO�QFO�SUp,O Q�X=p,SUX�Q�Q W SUX�p@s�[eRPNTR'SUX8^,[ f ^,Q�Y#SUX Y�Q�RTSUp,X�SUX�p1StX NPO�Q�`og fUf � s�g�RPNT[ k RPN_7 f Qay�StN]SUR�X�[eN
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SUR W Q V Q�ceNPQ�Y g=XxNTS f NPO�Q W [,g�NTSUX�p SUR�RTg�s�s�Q�RTR_`og f �
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M�R�c,XBQ��8c k@V=f Q�[l` c k Q�NPO�[8Y [l` c V�V�W [��8S k ceNPSUX�pFc#RP[ f g�NTSU[,X NT[�Q�nxg=c,NPSU[eX �h{8� { ��y�c k c,NTO�Q k c,NPSUs�c f `h[ W �
k g f c,NTSU[,X-[l`�c,X ��� �  � � (*+���. ( � - .���NPO�Q]RPNTc,X�Y�c W Y��_s�Q fUf�V�f ces�Q k Q�XxN V�W [e6 f Q k StR X�[�� V�W Q�RTQ�X8NPQ�Y	� M s�S W s�g�SUN
SUR W Q V�W Q�RPQ�X8NPQ�Yd6x7#c�O87 V Q W p W c V O�� ��� � 
 ��y ��O�Q W QFNPO�QF^,Q W NPQ��#RTQ�N�� � ����� � �
	 ���
�
� � � ��� W Q V=W Q�RTQ�X8N-NPO�Q
X�[8Y�Q�R�[l`�NPO�Q]O87 V Q W p W c V O � RTQ�N�[a`�s�Q ftf R�NP[F62Q V�f c,s�Q�Y � y�ceX�Y 
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��� � � � � W Q V�W Q�RPQ�X8NPR]NPO�Q�RTQ�N�[a`
O87 V Q W Q�Y�peQ�R�[a`DNPO�Q�Ox7 V Q W p W c V O � RTQ�N�[a`DX�Q�NTR�s�[eX�X�Q�s�NPSUX�p@NTO�Q-s�Q ftf R�� ����O�Q�N �
[�Y�S k Q�X�RPSU[eX�c f V�f c,s�Q k Q�X8N
W Q�p,SU[,X-SUR W Q V�W Q�RPQ�XxNTQ�Y#c,R5c,X-c WPW ca7�[l` f Q�p,c f,V�f c,s�Q k Q�X8N f [8s�ceNPSU[,X=R���\ f NTS k c,NTQ f 7,y�NTO�Q V�f c,s�Q k Q�X8N�NTc,R ��RTQ�Q��8R
NP[�ceRPRTStpeX#c fUf s�Q fUf R�[l`mNPO=Q-s�S W s�g=StN]NP[ f Q�pec f�f [8s�c,NTSt[eX�R�RPg=s O#NTO�c,N]s�Q fUf R�Y�[�X�[,N�[a^eQ WPf c V �
��O�Q�O87 V Q W p W c V O
SUR�N W c,X=R_`o[ WPk Q�Y SUXxNT[�c@p W c V O � c1Ox7 V Q W p W c V O ��SUNTO c fUf O87 V Q W Q�Y=p,Q�RPS���Q�R'Q�nxg=c f NP[#{ ��^8SUc�s f SUn8g�Q k [8Y�Q f
`o[ W Q�c,s O#X�Q�N�� u c,s O1Q�Y�p,Q ��� SURDc,X1g�X�[ W Y�Q W Q�Y V c,S W [l`�^,Q W NPSUs�Q�R ��SUNPO1c-X�[eX�X�Q�pec,NPSU^eQ �
Q�SUpeOxN�� � c,RTRPSUp,X=Q�Y
NP[�SUN�� u ces O s�Q fUf�� SUR�c,RPRTSUp,X�Q�Y c f [8s�ceNPSU[,X � ��� ��� � ��[,X#NPO�Q�� � � V�f c,X=Qa����O�Q�s�[,RTN�[a`DceX�Q�Y�p,Q-s�[,X�X�Q�s�NPSUX�p
N ��[ s�Q ftf R � c,X�Y�� ��SUNTO f [8s�c,NTSt[eX�R�� ��� ��� � ��ceX�Y � � � ��� � ��SUR�s�[ k1V g�NTQ�Y@ceR�NPO�Q V=W [8Y�g�s�N][a`)NPO�Q�RPn8g�c W Q�Y�� 	
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X�[ WPk [a`�NPO=Q Y�S ��Q W Q�X�s�Q@^eQ�s�NT[ W � ��� � � � ��� � � � � ��ceX�YBNPO�Q �
Q�StpeO8N�[a`�NPO=Q s�[eX�X�Q�s�NPSUX�p#Q�Y�peQ � � � �F��O�Q
NP[eNPc f s�[,RTN�y2Y=Q�X�[,NTQ�Y�� � � ��� ��y�s�c,X NTO�Q�X#6 Q-p,SU^,Q�X@c,R�NTO�Q�RPg k [a`DNTO�Q�s�[,RTN�[a^,Q W c fUf Q�Y�p,Q�R���So� Q �
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��O�SUR�`o[ WPk g f ceNPSU[,XFY�[8Q�R�X�[,N�ces�NPg=c fUf 7 W Q�RPN W SUs�N�s�Q fUf R�NP[�[8s�s�g V 7 f Q�p,c f�V [eRPSUNPSU[,X=R�y2ceX�Y RT[ k SUX�S k S ��SUX�p
�o{ � � � V�W [8Y�g�s�Q�R�c V�f ces�Q k Q�XxN ��SUNTO@c�p W Q�c,N�c k [eg�X8ND[a`)[a^,Q WTf c V c k [eX�p-NTO�Q�s�Q fUf R�62Q�s�c,g�RTQ s�Q ftf R�RTO�c W StX=p
s�[ k@k [eXdX�Q�NTR@c W Q c,NTN W c,s�NTQ�Y NT[,peQ�NPO�Q W � �][��
Q�^eQ W y]NPO�SUR�`h[ WPk g f ceNPSU[,Xds�c,XJ62QBRP[ f ^,Q�YJSUX V [ f 78X�[ k SUc f
NPS k Q � Sh� Ql�ty�SUN�SUR]X�[,N�c,X���� �_s�[ k1V�f Q�NPQ V�W [,6 f Q k � & u NPc � � '_��bdQ W Q `hQ W NP[ `o[ WTk g f c,NTSt[eX �h{8� � � c,R�NTO�Q � �
� �]g�ceY W ceNPSUs � W [ep W c k@k SUX�p �	`o[ WPk g f c,NTSU[,X��
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r8NTc,X�Y�c W Y��_s�Q fUf�V=f ces�Q k Q�X8NmSURDc ��� � s�[ k@V�f Q�NTQDs�[ k 6�SUX�c,NT[ W SUc f [ V NPS k S���ceNPSU[,X V�W [,6 f Q k � q c,X87-NTQ�s O�X�SUn8g�Q�R
O�ca^eQ@6 Q�Q�X Y�Q�^,Q f [ V Q�YJNP[Bc,NTNPQ k1V NFNP[ i X�Y NTO�Q#[ V NTS k c f RP[ f g�NTSU[,X SUX c W Q�c,RT[,X�ce6 f Q@c k [,g�X8N-[l`'NTS k Qa�
� SUp,g W Q�{8� �#RTO�[���RFc NPc��x[eX�[ k 7#[l`'NPO=Q k [eRPN ��SUY�Q f 7��_g�RPQ�Ydc V�V�W [,ces O=Q�R�NP[BRP[ f ^8SUX�p#c V O87xRTSUs�c f Y�Q�RTStpeX
f ca7,[eg�N V=W [,6 f Q k �
��O�Q k [eRPN�6�ceRPSUs�Y�SU^8StRTSU[,X c k [,X=p@c V=V�W [ec,s O�Q�R-SUR-6 Q�N ��Q�Q�X Q��8c,s�N-RT[ f g�NTSt[eX k Q�NPO=[xY=R'ceX�Ydc V=V�W [��8S �

k ceNPSU[,X k Q�NTO�[8Y�R�y)c f RP[ s�c fUf Q�Y � " &) ( 0 . ( � 0 � u �8c,s�N�RP[ f g�NTSU[,X k Q�NPO�[8Y�R�c W Q V�W Q�s�SURPQ f 7dNTO�c,N �'NPO=Q�7dRP[ f ^eQ
NPO=Q V�W [,6 f Q k `h[ WPk g f ceNPSU[,X�[l`
RPQ�s�NPSU[,Xd{8� � �&�FQ �xces�N f 7ey�p,SU^8StX=p�NPO�QF[ V NTS k c f RT[ f g�NTSt[eX�� � X W Q�c f StN_7ey2Q �xces�N f 7
RP[ f ^xSUX�p#ceX���� � s�[ k@V�f Q�NTQ V=W [,6 f Q k y f S��eQ�RPNTc,X�Y�c W Y��_s�Q fUf�V�f c,s�Q k Q�X8N�y5NPc �eQ�R-ceXdQ��8N W ce[ W Y�SUX�c W 7Zc k [,g=XxN
[a`�NPS k Qay c,X�YBRP[#NTO�Q�RPQ k Q�NPO=[xY=R�c W Q [l` f SUNPN f Q V=W c,s�NPSUs�c f g�RPQa�FM V�V=W [��8S k c,NTSU[,X k Q�NPO=[xY=R�y�[eX NPO�QF[,NTO�Q W
O�ceX�Y�y�peSt^eQ RTg�6��_[ V NTS k c f RP[ f g=NPSU[,X�R�ym6=g�N�s�c,Xd6 Q�S k@V�f Q k Q�X8NPQ�Y#NP[#[ V Q W c,NTQ@SUX W Q�c,RT[,X�ce6 f Q�c k [,g�X8NPR][a`
NPS k Qa� u ^eQ W 7 k Q�NPO�[8Y#g�RTQ�Y SUX�Y�g�RTN W Stc fUf 7�SUR][a`DNPO�SUR�N_7 V Qay�RPSUX�s�Q-Y=Q�RPSUp,X NPS k Q]StR][a`Dp W Q�c,N]S k@V [ W NTc,X�s�Q�SUX
SUX�Y�g�RTN W 7�� �D��O�Q k Q�ceRPg W Q�[l`�NPO�Q�n8g�c f SUN_7-[l`mc,X1c V�V=W [��8S k c,NTSU[,X k Q�NPO�[8Y�SUR�NPO�Q]Y�SURPNPceX�s�Q�[a`�NTO�Q�RP[ f g=NPSU[,X
` W [ k NTO�Q-p f [e6�c f [ V NTS k c f RP[ f g�NTSU[,X��
M V�V=W [��8S k c,NTSU[,X k Q�NPO�[8Y�R)s�ceX@6 Q�6 W [,ceY f 7-Y�SU^8StY=Q�Y�SUXxNT[�NPO W Q�Q�s f c,RPRTQ�R�[a`�c V�V�W [,ces O=Q�R � p f [e6�c f=k Q�NTO��

[8Y�R�y�s�[,X�RTN W g=s�NPSU^,Q k Q�NPO�[8Y�R�y�c,X�Y�SUNTQ W ceNPSU^,Q]S k1V�W [a^eQ k Q�XxN � RPQ�c W s O � k Q�NPO�[8Y�R�� � X1p f [,6�c f�k Q�NPO�[8Y�R�y�s�Q fUf R
c W Q V�f ces�Q�Y SUXdp f [e6�c fUf 7�� pe[8[xY V [,RTStNTSU[,X�RF687 W Q f c �8SUX�p#NPO�Q1s�[,X�RTN W c,SUX8NPR�[a`�NTO�Q V=W [,6 f Q k � w [,X�RTN W g=s�NPSU^,Q
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� SUp,g W Q-{8� � � �)c �8[,X=[ k 7-[l` r [ f g�NPSU[eX�M V�V�W [,ces O=Q�R�NT[�"�ca7,[eg�N � W [e6 f Q k R

V�f c,s�Q k Q�X8N k Q�NPO�[8Y�R�RTNPc W N ��SUNPO#c@R k c fUf RPQ�N�[l` s�Q fUf R]c,X�Y ! 6�g�S f Y$#Fc V�f ces�Q k Q�XxN�687#SUNPQ W c,NTSt^eQ f 7@ceY�Y�SUX�p
g�X V=f ces�Q�Yds�Q ftf R�c,Y � c,s�Q�XxN�NP[#c fUW Q�c,Y�7�� V�f c,s�Q�YBs�Q fUf R�� � NPQ W c,NPSU^eQ�S k1V�W [a^eQ k Q�X8N k Q�NPO�[8Y�R�RPNTc W N ��SUNPOBc f Q��
p,c f)V�f c,s�Q k Q�X8N�ceX�YZS k1V�W [a^eQ'SUN�687#RPQ�c W s O�SUX�p#`o[ W R k c fUf5V Q W NPg W 6�c,NTSU[,X�R-NT[@NTO�Q V�f c,s�Q k Q�X8N�NTO�c,N W Q�RPg f N
SUXd62Q�NPNPQ W RP[ f g�NTSU[,X�R��Z��O�Q1M V�V�W [��8S k c,NTSt[eX k Q�NPO�[8Y�R-c W Q1Y�SURPs�g�RTRPQ�YJSUX k [ W QFY�Q�NTc,S f SUXdNTO�Q1`o[ fUf [���SUX�p
RPg=6�RPQ�s�NPSU[,X�R��
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z]X�Q�p f [e6�c f)V�f c,s�Q k Q�X8N�c V=V�W [ec,s OZSUR-X8g k Q W SUs�c f [ V NPS k S���ceNPSU[,X	� � XBNPO�Q�RTQ k Q�NPO�[8Y�R�y�NPO=Q�RPNPceX�Y�c W Yds�Q fUf
V�W [,6 f Q k SUR5`o[ WTk g f c,NTQ�Y�StX�NPQ WTk R)[a`2ceX-[,6 � Q�s�NPSU^eQD`og=X�s�NPSU[eX NT['6 Q k SUX�S k S���Q�Y � [ W)k c��8S k S ��Q�Y � RPg�6 � Q�s�NDNT[
c�RTQ�N)[a`�s�[eX�RPN W c,SUX8NPR��D��O�Q)`o[ WPk g f ceNPSU[,X�SUR�NTO�Q�XFRP[ f ^eQ�Y-Q��8ces�N f 7�g�RPSUX�p k ceNPO�Q k c,NTSts�c f V�W [ep W c k@k S X�pDNTQ�s O��
X�SUn8g�Q�R�RTg�s O c,R f SUX�Q�c W y�X�[eX�� f SUX�Q�c W y8SUXxNTQ�p,Q W y2ceX�Y#Y�78X�c k SUs V�W [ep W c k@k StX=p�NPQ�s O=X�SUnxg=Q�R & u NPc ���ey  
Q�O�� ��'_�
��O�SUR
c V�V Q�c W R�NP[F62Q�NPO=Q�RPc k Q�c V�V�W [ec,s O#c,R�c,X�Q��8ces�N�RP[ f g=NPSU[,X k Q�NPO�[8Y�y ��O�SUs O ��c,R�c fUW Q�c,Y�7�RTO�[���X

NP[#6 Q�g�X�RT[ f ^ac,6 f QFSUX W Q�c,RT[,X�ce6 f Q�NPS k Qa����[���Q�^,Q W y)StXBX8g k Q W SUs�c f [ V NPS k S���ceNPSU[,X k Q�NPO�[8Y�R�y�NPO=Q�[ W SUpeStX=c f
V�W [,6 f Q k SURDc V=V�W [��8S k ceNPQ�Y-687Fc-RPS k S f c W�V�W [,6 f Q k NPO�ceN � + � 6 Q�RP[ f ^,Q�Y�SUX V [ f 78X�[ k Stc f NTS k Qa����O�Q]p f [,6=c f
[ V NPS k g k NP[�NPO�SURDX=Q � V�W [,6 f Q k SURDNPO�Q�XF`o[,g�X=Y g�RTSUX�p k [8Y�Q W X k ceNPO�Q k c,NTSts�c faV�W [,p W c k1k SUX�p�NPQ�s O�X�SUn8g�Q�R�y
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c,X=Y SUR�g=RPQ�Y�ceRmceX c V�V�W [��xS k c,NPQ5RP[ f g=NPSU[,X-NT[�NPO�Q�[ W StpeSUX�c f RPNPceX�Y�c W Y��_s�Q fUf�V�W [,6 f Q k � � `�NPO�Q�c V�V=W [��8S k c,NTSU[,X
k [8Y�Q f SURDpe[8[xY	y,RP[ f g=NPSU[,XFn8g�c f SUN_7�[,6�NTc,SUX�Q�Y�SUXFNPO�SUR ��ca7-s�ceX�62Q]^,Q W 7 pe[x[8Y��5M�X�Q��8c k1V�f Q
[l` c�X8g k Q W SUs�c f
[ V NPS k S���ceNPSU[,X1`o[ WPk g f c,NTSU[,X#SUR-NPO�Q � � `o[ WTk g f c,NPSU[eX V=W Q�RTQ�X8NPQ�Y Q�c WPf SUQ W SUXBRPQ�s�NPSU[,XJ{8� �8�!��y5StX ��O�SUs OdNPO�Q
W Q�s�NPS f SUX�Q�c W ��S W Q f Q�X�p,NTO k Q�ceRPg W Q SUR�c V�V=W [��8S k c,NTQ�Y ��SUNPOBc@n8g�c,Y W c,NTSUs !�RPN W c,SUp,O8N � f SUX�Q�# k Q�ceRPg W Qay ��O�SUs O
SUR k g�s O k [ W Q�Q�c,RPS f 7@RT[ f ^,Q�Y��
��O�QFRP[ f g�NTSU[,X�R�c WPW SU^eQ�Y c,N]SUX�NTO�SUR k c,X=X�Q W c W Q-p,[8[8Y#` W [ k c ! p f [e6�c f # V Q W R V Q�s�NTSU^,Qay)RPSUX�s�QFNPO=Q�7 c W Q

[ V NPS k c f c,s�s�[ W Y=StX=pZNT[Zc k c,NPO=Q k ceNPSUs�c f)k [xY=Q f [l`�NPO�Q#RT7xRTNPQ k y
6�g=N�c W Q#RTg�6��_[ V NTS k c f ces�s�[ W Y�SUX�pBNPO�Q
c,s�NPg�c f s O=S V f ca7,[,g=N��d��O�SUR SURF62Q�s�c,g�RTQ NPO=Q@s�Q fUf�V [,RTStNTSU[,X�RFc,NTNPc,SUX�Q�Y c W Q#X�[,NFc,s�NTg�c fUf 7 f Q�p,c f RP[ f g�NPSU[,X=R
� W Q k Q k 62Q W y,SUX RTNPceX�Y�c W Y��_s�Q fUf2f ca7e[,g�N)s�Q fUf�V [,RTSUNPSU[,X�R c W Q�s�[,X�RTN W ceSUX�Q�Y@NT[�X�[,X��_[a^,Q WPf c V�V StX=p V [,RPSUNTSt[eX�RDSUXFc
W [�� ���m��O=StR�SURD[a`hNPQ�X W Q `oQ WTW Q�Y NT[-c,R c%! NT[ V �_Y�[���X$# k Q�NPO=[xY	y,RPSUX�s�Q]NPO�Q]p f [,6=c f ^8SUQ �JSURDs�[,X=RPSUY�Q W Q�Y#62Q `h[ W Q
NPO=Q Y�Q�NPc,S f Q�Y ^8SUQ �;SUR�s�[,X�RTStY=Q W Q�Y	� �)[@peQ�N�c f Q�p,c f RT[ f g�NPSU[eX�y2c f Q�p,c f S���ceNPSU[,X#O�Q�g W SURPNTSts k g�RTN�62QFg�RPQ�YZNT[
i X�Y#c ! pe[x[8Y$# f Q�p,c f2V [,RTSUNPSU[,X `o[ W Q�c,s O#s�Q fUf �DM;p,[8[8Y f Q�pec f S���Q W�k SUX�S k S ��Q�RDNTO�Q�Y�S � Q W Q�X�s�Q SUX ��S W Q f Q�X�p,NTO
� [ W [,NTO�Q W [,6 � Q�s�NPSU^eQ�R � 62Q�N ��Q�Q�XBNPO=Q'p f [,6�c f RT[ f g�NPSU[eX@c,X=Y�NTO�Q f Q�pec f S���Q�Y@RT[ f g�NTSt[eX��
��O�Q-n8g�c f SUN_7F[a`)NPO�Q-RT[ f g�NTSt[eX�R�StR V c W NTSUc fUf 7 cF`oces�NP[ W [a`)NPO�Q k ceNPO�Q k c,NTSUs�c f�k [8Y�Q f g�RPQ�Y NP[ W Q V�W Q�RTQ�X8N

NPO=Q V�f c,s�Q k Q�X8N V�W [e6 f Q k y�ceX�Y V c W NPSUc fUf 7#c#`oc,s�NP[ W [l` NTO�Q f Q�p,c f S���ceNPSU[,X k Q�NTO�[8YZg�RTQ�Y�� q c,X87 k Q�NPO=[xY=R
O�ca^eQ 6 Q�Q�X g�RPQ�YdNT[ c V=V�W [��8S k ceNPQ�NPO�Q�Q �xces�N-RTNPc,X=Y�c W Y�� s�Q fUf
V�W [,6 f Q k y�NPO�Q k [,RTN V [ V g f c W 62Q�SUX�p f SUX�Q�c W
k [8Y�Q f R�& � f Q r8SUp ��} 'mceX�Y@n8g�ceY W ceNPSUs V�W [ep W c k@k SUX�p k [xY=Q f R & w O�Q���g�O�'���y  
Q�O�� � y u NPceM W Q�� ��'_�

$ f [,6�c faV�f c,s�Q W R�c W QDX=Q�^,Q W g�RTQ�YFc f [,X�Ql�  
Q�s�c,g�RTQ
[l`�NPO�QDQ WPW [ W StX8N W [8Y�g�s�Q�Y-687'NTO�Q f Q�pec f S���c,NTSt[eX V�W [8s�Q�RPR�y
RP[ f g�NPSU[,X=Rmc W Q]RPg�6��_[ V NPS k c f s�[ k@V c W Q�YFNP[-RTQ�c W s O@NPQ�s O=X�SUnxg=Q�R�� �][��
Q�^eQ W y�RTQ�c W s O@NPQ�s O=X�SUnxg=Q�R
s�c,X�6 Q�g�RPQ�Y
� � . "  -p f [e6�c f V�f c,s�Q k Q�X8N�NP[F`og W NPO=Q W S k@V=W [a^,Q�NTO�Q�n8g�c f SUN_7,�
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k SUX�S k c � RPQ�QBRPQ�s�NPSU[,X {8�!���!� ���;��O�SUR�StR1Y�Q�RTS W c,6 f Q Q�c WPf 7��_[,X SUXJNPO�Q S k1V�W [a^eQ k Q�XxN V�W [8s�Q�RTR�y ��O�Q�X NPO�Q
RP[ f g�NPSU[,XdSURF`oc W ` W [ k c f [xs�c f�k SUX�S k c=y�c,X�Y cZpe[8[xY RPQ�c W s OJO�Q�g W SURPNPSUs#SUR�c,NTNPQ k1V NPSUX�p NT[ !�p,g�SUY�Q # NPO�Q
RPQ�c W s O NP[#c#p,[8[8Y k StX=S k g k � � X f c,NPQ W Y=Q�RPSUp,XdRTNPcep,Q�R�ymRTg�s Odc,R-cl`oNPQ W c�pe[8[xYBp f [e6�c f5V�f c,s�Q W O�c,R-6 Q�Q�X
g�RTQ�Y c,X=Y�NTO�Q�RP[ f g=NPSU[,X1StR�c fUW Q�ceY�7@s f [eRPQ�NP[�c�pe[x[8Y f [8s�c f�k SUX�S k c=yac fUf NPO�ceN W Q k c,SUX�R�SUR�NP[FRPQ�Q��#[eg�N�NPO�Q
f [8s�c f5k SUX�S k g k ceR]`oc,RTN�c,R V [eRPRTSt6 f Ql� ��[���Q�^,Q W y�NPO=Q-RPQ�c W s OdR V c,s�QFSUX c@N_7 V SUs�c fmV=f ces�Q k Q�X8N V�W [e6 f Q k SUR
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Q�X�[ WPk [,g�R�� "	c,NPQ]SUX@cFRPQ�c W s O�y2^eQ W 7F`hQ � V [,RTRPSU6 f Q k [a^,Q�R c,s�NTg�c fUf 7 S k1V�W [a^eQ
NTO�Q�nxg=c f SUN_7 [l`mNPO=Q�RP[ f g�NPSU[,X	�
M V g W Q f 7 W c,X�Y�[ k k [a^eQ�RPQ f Q�s�NPSU[,X#s�ceX�s�c,g�RTQ'NTO�Q-RTQ�c W s O#NT[�R V Q�X�Y cFY�SUR V�W [ V [ W NPSU[,X�c f c k [eg�X8ND[a`)NPS k Q
Q��8c k SUX�SUX�p V [x[ W�k [a^eQ�R�yDceX�YJNPO�Q k [a^eQ � ���%" � . � -��%"  
��. " ��S fUf 62Q f [����Jb O�ceN SUR�Y�Q�RPS W Q�Y StR�p W Q�Q�Y�7
RPQ�c W s OJO�Q�g W SURPNTSts#NTO�c,N W Q�Y=g�s�Q#NPO�Q1X8g k 62Q W [l` V [eRPRPSU6 f Q k [a^,Q�R'NT[ZQ �xc k SUX�Qay)c,X=Y NPO8g�RFR V Q�Q�YJg V NPO�Q
RPQ�c W s O V=W [8s�Q�RTR'687�SUX�s W Q�c,RTSUX�p�NPO�Q�c,s�s�Q V NPceX�s�Q W c,NTQa�

� X NTO�SUR-s O�c V NTQ W ��Q@Q��8c k SUX�Q c X�[a^,Q f X�Q � c V�V�W [,ces OdNT[Z[a^eQ W s�[ k Q�NTO�SUR V�W [,6 f Q k ym687Bg�NPS f S���SUX�p#c
k Q�c,RPg W Q�[a`�c-s�Q fUf � R V=f ces�Q k Q�X8Nmn8g�c f StN_7�NT['s O�[8[eRPQ k [a^,Q�R5NPO�ceNDc W Q
RTNPceNPSURPNTSts�c fUf 7 k [ W Q f S �eQ f 7'NT[�S k1V�W [a^eQa�
� . (�� (*. �ayeStX1NPO�Q�RTs�[ V Q�[a`mNTO�Q V�f c,s�Q k Q�X8N V�W [,6 f Q k yxSUR�c k Q�c,RPg W Q�[l`mNTO�Q�nxg=c f SUN_7 [l`�c s�g WPW Q�XxN V�f c,s�Q k Q�X8N
W Q f ceNPSU^,QFNP[#SUNPR�[ V NPS k c f�V�f c,s�Q k Q�X8N��-M�RTS k1V�f Q-SUNPQ W c,NTSt^eQ SUX8NPQ W s O�c,X=p,QFO�Q�g W StRTNPSUs�s�ceXZ6 Q�S k@V�f Q k Q�X8NTQ�Y�y
RPQ f Q�s�NPSUX�pJs�Q fUf R1`o[ W1V [eRPRTSt6 f Q k [a^,Q�R�6�c,RTQ�Y [eX NPO=QZg�NTS f SUN_7 ^ac f g�Q [l` NPO�[eRPQBs�Q fUf R��  �7Js�[,X�s�Q�X8N W ceNPSUX�p
s�[ k@V g�NTc,NTSt[eX�c f Q ��[ W N�[,XBs�Q fUf R ��SUNTO ��[ W RPQ��_NPO�ceX��_ca^,Q W c,p,Q V=f ces�Q k Q�X8NPR�y5p W Q�c,NPQ W p,ceStX s�c,Xd6 Q�c,s O�SUQ�^eQ�Y
��SUNPO f Q�RPRFQ ��[ W N�NPO�ceXdNPO�ceN ��O�SUs OZc W c,X�Y=[ k S���Q�Y k Q�NTO�[8YZs�[,g f Ydc,s O�SUQ�^eQ�SUXZNTO�Q�RPc k QFNPS k Qa� � XdNTO�SUR
��ca7,y�SUN�SUR V [eRPRTSt6 f Q�NP[ W Q�Y�g�s�QFNPO�Q�s�[ k1V g�NPceNPSU[,X=c f S k1V c,s�N
[l` Q �xc k SUX�SUX�p k [a^,Q�R�NPO=c,N ��S fUf 62Q W Q � Q�s�NPQ�Y�y
��O�S f Q�SUX�s W Q�c,RTSUX�p�NPO�Q�c,s�s�Q V NPceX�s�Q W c,NTQ�^,Q W RPg�R]c�s�[ k1V c W c,6 f Q k Q�NPO�[8Y#s O�[8[,RPSUX�p k [a^eQ�R W c,X=Y�[ k1f 7e�

� X@RTQ�s�NPSU[eX � � { V�W Q�^xSU[eg�R
ceNPNTQ k@V NTR
NT[ [a^eQ W s�[ k Q�NTO�SUR V=W [,6 f Q k c W Q V=W Q�RTQ�X8NPQ�Y�����O�Q�X�y SUX�RPQ�s�NTSU[,X �8� �
c X�Q � k Q�NTO�[8Yd6�c,RTQ�Y [eXdg�NPS f SUN_7 NPO=Q�[ W 7dStR V�W Q�RTQ�X8NPQ�Y	� r8Q�s�NTSU[,X � �!��RTO�[���RFNPO�Q W Q�RTg f NPRF[a`�g�RTStX=p NPO�Q
g�NTS f SUN_7�� 6=c,RPQ�Y S k@V�W [a^,Q W ceR V c W N�[a`
c1RPNTc,NPQ�� [l` � NTO�Q��_c W N'RTNPceX�Y�c W Y��_s�Q fUfDV ces �acep,Qa� � SUX�c fUf 7,y SUX RPQ�s�NPSU[,X �8� "
��QZY�SURTs�g�RPR#NTO�QdQ ��Q�s�NPSU^eQ�X�Q�RTRZceX�Y g�RTc,p,QB[a`FNPO�QBX�Q � S k1V�W [a^eQ k Q�XxNFRPs O�Q k Qay�ceX�Y V�W [ V [eRPQ `og W NTO�Q W
Y�S W Q�s�NPSU[,X=R�`o[ W ��[ W �2�

� ��� # � 	 � ! � 	 ��� � � �

� N �
ceR W Q�s�[ep,X�S���Q�Y f [eX�p@cep,[#NPO=c,N�c@Y�Q�NPQ WTk SUX�SURPNTSts k [a^eQ�RPQ f Q�s�NTSU[,X k Q�s O=c,X�SUR k � Sh� Ql� X�[eN V g W Q f 7 W c,X��
Y�[ k �]s�[,g f Y RPSUp,X=S i s�c,X8N f 7 R V Q�Q�Y�g V c RPQ�c W s O�� r8S k g f ceNPQ�Y u ^,[ f g�NPSU[,X �or u �FSUR-[,X�Q k Q�NTO�[8Y V�W [ V [eRPQ�Y
NP[�[a^eQ W s�[ k Q�NTO�SUR V�W [e6 f Q k & ��SUX  �c,X0'�� ' � � X r u y2NTO�Q-s�Q ftf R]NP[�6 Q k [a^eQ�Y@c W Q�s O�[,RTQ�XZY=Q�NPQ WTk SUX�SURPNTSUs�c fUf 7,y
g�RTStX=p c RPQ f Q�s�NPSU[,XJs W SUNPQ W St[eX NTO�Q@ceg�NPO�[ W RFs�c fUf Q�YdNTO�Q !�p,[8[8Y�X�Q�RTR #B[a`�c s�Q ftf � � Xdc V ceRPRF[a`�NTO�Q@RTQ�c W s O
O�Q�g W SURPNTStslymc1NPO W Q�RPO�[ f Ydp,[8[8Y�X�Q�RTR'^ac f g�Q-SUR W c,X=Y�[ k1f 71RPQ f Q�s�NPQ�Y�� w Q fUf R ��SUNPOBc@p,[8[8Y�X�Q�RPR-NTO�Q NTO W Q�RPO�[ f Y
^ac f g�Q c W Q k c W �eQ�Y]`o[ W5W Q f [8s�c,NTSU[,X��)��O�Q�X�yeNPO�Q�RTQ�s�Q fUf R�c W Q�RPS k g f NPceX�Q�[,g=R f 7 W Q k [a^,Q�Y ` W [ k NPO�Q f ca7,[,g=N�c W Q�c
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c,X=Y@NPO=Q�X V�f c,s�Q�Y@687@RT[ f ^8SUX�p-c k c,NTs O�SUX�p V�W [,6 f Q k 6 Q�N ��Q�Q�X k c W �,Q�Y1s�Q fUf R
ceX�Y1` W Q�Q V�f ces�Q k Q�XxN�R V c,s�Q�R��
��Q�RPg f NPR�g�RTSUX�p r u V�W [a^,Q�YBNPO�ceN�Y�Q�NPQ WPk SUX�SURTNPSUs-RPQ f Q�s�NPSU[,Xd[l` V [,RPRTSU6 f Q k [a^,Q�R�Y�[8Q�R�ces O=StQ�^,QFc@`hc,RPN]p,ceStX	y
c,X=YZNTO�Q RTQ f Q�s�NTSt[eXds�c,XB6 Q Y�[eX�Q ��StNTO f SUNPN f Q-[a^,Q W O�Q�ceYZs�[ k@V c W Q�YBNP[1c W c,X=Y�[ k RTQ f Q�s�NPSU[eX k Q�s O�ceX�SUR k �
��[���Q�^eQ W y�NTO�Q�c,s�NTg�c f k Q�s O=c,X�SUR k `o[ W NPO�Q]s�c f s�g f ceNPSU[,XF[a`�pe[x[8Y�X=Q�RPR�SUX@r u SUR
^eQ W 7Fg�X�RT[ V O�SURTNPSUs�c,NTQ�Y�y�ceX�Y
NPO=Q k c,NTs O=StX=p k Q�NPO�[8Y1[a` V=f ces�Q k Q�X8N
SUX@NTO�Q r u O�Q�g W SURPNTSUs-SUR�NP[8[ R f [�� `o[ W
V=W c,s�NPSUs�c f S k@V�f Q k Q�X8NPc,NTSU[aX��
M�X�[eNPO�Q W�k Q�NPO�[8Y�`h[ W�W Q�Y�g�s�SUX�p�NTO�Q-X8g k 6 Q W [l` W Q � Q�s�NTQ�YBRPNPceNPQ�R]SUR�NP[�RPQ f Q�s�N�s�ceX�Y�SUY�ceNPQ�R�`o[ W c k [a^eQ

6�ceRPQ�YF[,X-NTO�QDRTS ��Q
[l`2s�Q fUf R�� � `2c�s�ceX�Y�SUY�c,NTQ
s�Q fUf SUR k [a^,Q�Y�NP[]c�X�Q � W [���yaceX�Y-NPO=Q f Q�X�peNPO-[l`�NPO�Q W [�� ��[,g f Y
Q��8s�Q�Q�Y W [�� f Q�X�peNPO f S k SUNPR�yxNTO�QFs�c,X�Y=StY=c,NPQ�s�Q fUf StR]Y�SURPs�[eg�X8NPQ�Y	�'��O�SUR]StR]X�[��;c@s�[ k@k [,X V=f c,s�Q�O�Q�g W SURPNTSts
`oQ�ceNPg W Q � Qa� p��Uy & r8g=X2r8Q�s�� " ' � y8c,X=Y�s�c,X�6 Q�SUX�s�[ WPV [ W c,NPQ�Y@SUX8NP[ V�W c,s�NTSUs�c fUf 7-c,X87FRPQ f Q�s�NPSU[,X k Q�s O�ceX�SUR k �5��O�Q
O�Q�g W SURPNTSts V�W Q�RTQ�X8NPQ�YBSUX@NTO�SUR�s O=c V NTQ W�W Q�RPN W SUs�NPR k [a^,Q�RPQ f Q�s�NPSU[,X=R�6�ceRPQ�Y#[,X#s�Q ftf RPS���Q�R��
M k Q�NTO�[8YZNT[@SUX�s W Q�c,RTQ@NPO=Q ces�s�Q V NTc,X�s�Q W ceNPQ�[l` k [a^eQ�R�SUR�NP[#g�RTQ�c ��� ����� 0 "��  ��� ��(*- � � �)�FM f [8s�c f

RPQ�c W s O ��SUX�Y�[��dSUR)c W Q�peSU[,XFRPg WTW [,g=X�Y�SUX�p�c�s�ceX�Y�SUY�ceNPQ�s�Q fUf `h[ W�k [a^,Q k Q�X8N���M fUf [���c,6 f Q V [eRPSUNPSU[eX�R)NP[ k [a^eQ
NPO=Q
s�Q ftf y,[ W NP[�RPQ f Q�s�NDc V c W NPX�Q W `o[ W c f [8s�ceNPSU[,X-R �
c V y,c W Q f S k StNTQ�Y�NT[�NPO�Q ��SUX�Y�[���yaNTOxg=R �eQ�Q V SUX�p�RTQ�c W s O=Q�R
f [8s�c f S���Q�Y1NP[�NPO=Q's�c,X�Y�SUY�ceNPQ�s�Q fUf �D��O�Q k [eNPSU^ac,NTSU[,X�`o[ W NPO�SUR�SUR�NPO�Q�[,6=RPQ W ^ac,NPSU[eX�NTO�c,N�SUX#c p f [e6�c f V�f c,s�Q W y
[ W RT[ k Q�[,NTO�Q W RPQ�c W s O k Q�NPO�[8Y@NTO�c,N V=f ces�Q�R]c�s�S W s�g�SUN�` W [ k c NT[ V �_Y�[���X V Q W R V Q�s�NPSU^,Q�� RTQ�Q RTQ�s�NTSt[eX {8�!� ��y
k [8Y�g f Q�R�c W Q�c fUW Q�ceY�7 f [8s�ceNPQ�Y SUX c�p f [,6�c ftf 7�pe[x[8Y�y 6�g�N f [8s�c fUf 7�RTg�6��_[ V NTS k c f y V�f c,s�Q k Q�X8N��  �7 f S k StNTSUX�p
NPO=Q W c,X�peQ-[a` V [,RPRTSU6 f Q k [a^eQ�R�y NPO�Q f S �,Q f SUO�[8[8Y@NTO�c,N]NPO�Q�RPQ i X�c f�f [8s�c,NTSU[,X�R ��S fUf 6 Q�`o[eg�X�Y�y c,X�Y R V Q�Q�Yd[a`
s�[eXx^eQ W peQ�X�s�Q�NT[#NPO�QFs�[ WTW Q�R V [eX�Y�SUX�p f [8s�c f)k SUX�S k c=yxc W QFStX=s W Q�ceRPQ�Y	� \�RTSUX�p#c@RPQ�c W s O ��SUX�Y�[�� O�ceR'6 Q�Q�X
RPO=[���X NP[Bp W Q�c,N f 7ZSUX�s W Q�c,RTQ#NPO�Q#s�[eXx^eQ W peQ�X�s�Q W c,NPQ#[l`�cZRTQ�c W s O	y
c,X=Y i X�Y=R pe[x[8Y f [8s�c f [ V NPS k c ��O�Q�X
RPNTc W NPSUX�p#` W [ k c pe[x[8Y ��� ��������StX=StNTSUc fDV�f ces�Q k Q�XxN & ��Q�X�� � yDr8g�X2r8Q�s�� "�'_� b O�Q�Xdg=RPQ�Y [,Xdc V [8[ W StX=StNTSUc f
V�f c,s�Q k Q�X8N�y2NPO=Q f [8s�c f RTQ�c W s O ��SUX�Y�[��;S k@V [,RTQ�R�NP[8[1p W Q�c,N�c W Q�RPN W SUs�NPSU[eXZ[eX c fUf [��
ce6 f Q k [a^,Q�R�y2c,X=Y NPO�Q
i X�c f RP[ f g=NPSU[,X�n8g�c f SUN_7FSUR V [8[ W �D��O=Q'O=Q�g W SURTNPSUs �
Q]Y�Q�^,Q f [ V StX1NPO�SUR�s O�c V NTQ W g�RTQ�R�NTO�Q�s�[,X�s�Q V N�[a`)c f [8s�c f
RPQ�c W s O ��SUX�Y=[�� NP[�SUX�s W Q�c,RTQ-NPO=Q'ces�s�Q V NPc,X=s�Q W c,NTQ-[a` k [a^,Q�R��
M"Y�S � Q W Q�X8N k Q�NPO=[xY `o[ W NTO�Q RTQ f Q�s�NPSU[eX [a` k [a^,Q�R V�W [ V [,RTQ�Y SUXJNPO�SUR�s O�c V NPQ W StR�6=c,RPQ�Y [eXJg�NPS f SUN_7

NPO=Q�[ W 7�& u NTc��DceX�� ' '_�@\]NPS f StN_7 NPO�Q�[ W 7BO�c,R�62Q�Q�X g�RTQ�Y SUX V O878RPSUs�c f Y�Q�RTStpeXdc,g�NT[ k c,NPSU[eX�SUXdNTO�Q V c,RTN�`o[ W
NPO=Q-s O�c,X�X=Q f�W [,g�NTStX=p V�W [e6 f Q k & u NTc��DceX�� ' '_����O�Q-s�[eX�s�Q V N][a`Dg�NTS f SUN_7�SUR�^,Q W 7#RPS k S f c W NT[�NPO�Q�s�[,X�s�Q V N�[a`
p,[8[8Y�X�Q�RPR�SUX1RPS k g f c,NTQ�Y@Q�^e[ f g�NTSt[eX�y86�g�N ��O�Q W Q-NPO=Q-p,[8[8Y�X�Q�RTR�[l`mc�s�Q fUf StR�c k Q�c,RPg W Q�[a`�! RPg W ^8SU^ac,6�S f SUN_7 #
` W [ k [,X=Q V c,RTR�NP[@NTO�QFX�Q��8N�y�g=NPS f StN_71SUR�c k Q�c,RTg W Q�[a` ! W [8[ k NT[@S k@V�W [a^,Q�#=y�[ W StY=Q�c fUf 7,y
! Y�SURTNPc,X=s�Q-` W [ k
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[ V NPS k c f SUN_7 #��-��O=StR�c ftf [���R�g�NTS f SUN_7#NP[ 6 Q k [ W Q �2Q��8SU6 f Qay�RTStX=s�Q@SUN�SUR-X�[,N�c RTS k@V�f Q-6�SUX�c W 7 RTg W ^8SU^,Q � X�[eN
RPg W ^8SU^,Q�Y�Q�s�StRTSU[,X��D��O�Q W Q�c W Q�[eNPO�Q W S k1V�f Q k Q�XxNTc,NTSt[eX�Y�S � Q W Q�X�s�Q�R�c,R ��Q fUf y k c��xSUX�p�r u c,X=Y [eg W O�Q�g W SURPNTSts
Y�SURPNTSUX�s�N�c V=V�W [ec,s O�Q�R]NP[�NPO=Q'S k1V�W [a^eQ k Q�X8N V�W [,6 f Q k �
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��O�Q]g�NPS f SUN_7 [l`mc-X�Q�N�StR�c k Q�ceRPg W Q�[a`�O=[�� s f [,RTQ�NP[F[ V NPS k c f SUN_7�NPO=Q W [eg�NPSUX�pFs�[eRPN�[a`�cFX�Q�N�SUR�y ��O�Q W Q�NPO�Q
W [eg�NPSUX�p#s�[eRPN�SUR�c V�V�W [��8S k c,NTQ�Y#6x7 NPO�QFX�Q�N � R � � b�" ��bdQ s�c f s�g f c,NTQ NTO�Q�X�Q�N�g�NTS f SUN_7#c,R�NPO=Q W c,NPSU[#[a`�c
X�Q�N � R
s�g WPW Q�XxN ��S W Q f Q�X�peNPO1NP[FStNTR
SUY�Q�c f ��S W Q f Q�X�peNPO��D��O�Q]s�g WTW Q�X8N ��S W Q f Q�X�p,NTO@[l`�c X�Q�N�s�c,X162Q�Q�RTNPS k ceNPQ�Y
��SUNPO�SUNPR � � b�" ����[���Q�^eQ W y��8X�[���SUX�p�NPO�Q]StY=Q�c f ��S W Q f Q�X�p,NTO�[a`�c-X�Q�N StR Q�n8g�SU^ac f Q�X8NDNP[ �8X�[���SUX�p�NPO=Q�SUY�Q�c f
V�f c,s�Q k Q�X8N�[a`DSUNPR�s�[eX�X�Q�s�NPQ�Y s�Q fUf R�� r8SUX�s�Q-NPO�SUR�SUR � g�RPN]c W Q�RPNTc,NTQ k Q�X8N][a`mNTO�Q V�f ces�Q k Q�XxN V�W [,6 f Q k SUNPRPQ f `Ty
s f Q�c WPf 7 ��Q�s�c,X � N�s�c f s�g f c,NTQ'NTO�Q�SUY�Q�c f ��S W Q f Q�X�p,NTO#[a`Dc X=Q�N���r8[ ��O=c,N�s�ceX ��Q�Y�[��
bdQ�Y�[,X � N �xX=[�� NPO=Q�SUY�Q�c f2V [,RTStNTSU[,XF[a`�c fUf s�Q fUf R StX�c V�f c,s�Q k Q�X8N � RPSUX�s�Q�NPO=StR StR V�W Q�s�StRTQ f 7@NTO�Q V�W [e6 f Q k

��Q�c W Q�c V�V�W [��xS k c,NPSUX�p�� y c,X�YdNTO�Q W Q�`o[ W Qay �
Q�s�c,X � N��8X�[�� NPO�Q�SUY�Q�c f ��S W Q f Q�X=p,NPOd[l` ceX87 X�Q�NFSUXZRTg�s Odc
V�f c,s�Q k Q�X8N�� ��[���Q�^,Q W y2Sj` ��Q�`o[8s�g=R�[,g W ceNPNPQ�XxNTSU[,X#[,X#c�RPSUX�p f Q'X=Q�N�ceX�Y@Y�SUR W Q�pec W Y c fUf [,NTO�Q W X=Q�NPR]StX1NPO�Q
s�S W s�g�SUN�y�NTO�Q�XdSUN�[e6x^8SU[,g=R�NPO=c,N�NPO�Q�6 Q�RTN V�f c,s�Q k Q�X8N�`h[ W NTO�[,RTQ�s�Q fUf R�s�[,X�X=Q�s�NPQ�Y NP[1NPO�Q�X=Q�N�StR�Sj`
c ftf NPO�Q
s�Q fUf R�c W Q�c,Y � ces�Q�X8N�NT[ Q�c,s O [,NTO�Q W y2RPSUX�s�Q'NTO�SUR ��S ftf�W Q�RPg f N�SUX#NPO=Q'R k c ftf Q�RTN ��S W Q f Q�X�p,NTO1`o[ W NTO�Q�X�Q�N��

� N�NPg W X�R-[,g=N�y�O�[���Q�^eQ W y�NTO�c,N�Q�^eQ�XBY�Q�NPQ WPk SUX�SUX�p1NPO�QF[ V NPS k c f�V�f c,s�Q k Q�X8N�`o[ W s�Q fUf R's�[,X�X�Q�s�NPQ�Y NP[1c
RPSUX�p f Q-X�Q�N-SUR]X�[,N�N W SU^xSUc f `o[ W NPO=Q�RPNPceX�Y�c W Y��_s�Q fUfDf ca7,[eg�N�RPN_7 f Qa� � X c k [ W Q W Q�p,g f c WTf 7 �_RPN W g�s�NPg W Q�YdY�Q�RTStpeX
f ca7,[eg�N�RPN_7 f Qay�RTg�s O ceR � � $�M]R�y�c StY=Q�c f]W Q f c,NTSU^,Q V�f ces�Q k Q�XxN�s�c,X 6 Q `h[,g�X�YJSUX s�[eX�RPNTc,X8N �_NPS k Qa� � [ W
RPNTc,X�Y=c W Y�� s�Q ftf R�y�StN StR c V�W [e6 f Q k [a`�� � 
	� �)s�[ k@V=f Q �xSUN_7�`h[ W RTNPc,X=Y�c W Y�� s�Q fUf R�yxRTSUX�s�Q�NTO�Q ��SUY�NTO�[a`�c-s�Q fUf ceX�Y
NPO=Q V SUX V�f c,s�Q k Q�X8N)[,X�NTO�Q�s�Q fUf R�SURD^ac W SUc,6 f Q �mc-6�SUp�Y�S ��Q W Q�X=s�Q
���)[ k c �eQ
NTO�SURDO�Q�g W SURPNPSUs k [ W Q V�W ces�NPSUs�c f y
c,X c V�V�W [��8S k c,NTSt[eX@[eXZNTO�SUR�6 [,g�X�Y k g�RTN�6 Q k c,Y�Qa����O�QFc V�V=W [��8S k c,NTSU[,X@g=RPQ�YdY�Q�RPs W St6 Q�YdSUX Y�Q�NPc,S f SUX
f c,NTQ W SUX@RPQ�s�NPSU[,X �8� �8� {8�
M�RTRPg k StX=p �
Q O=ca^,Q s�c f s�g f c,NTQ�Y NPO=QZs�g WPW Q�XxN ��S W Q f Q�X�peNPO ceX�Y NPO=Q ��S W Q f Q�X�peNPO f [��
Q W � 6 [,g=X�Y�y�NPO�Q
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g�NTS f SUN_7 � ����� [l`mX�Q�N � SUR
s�c f s�g f c,NTQ�Y#c,R

� ������� � �
	 � � ��� �
 ����� � ��� � } �

b O�Q W Q 	 � � �
� � SUR�c�s f [,RTQ'c V�V�W [��xS k c,NPSU[eX-[a`)c f [���Q W 6 [,g=X�Y#[a`mNTO�Q � � b " [l`mX�Q�N � y2s�c f s�g f c,NTQ�Y@687
NPO=Q k Q�NPO�[8Y#SUX RPQ�s�NPSU[,X �8� � � { y�c,X�Y 
 ����� � SUR]NPO�QFO�c f ` � V Q W S k Q�NPQ W ��S W Q f Q�X�peNPO [l` X=Q�N � y�Y�Q�RTs W SU6 Q�YdSUX
RPQ�s�NPSU[,XB{8� �8� {8�

��� ����� � ��� 	 ��	����"� �*	,� � 	 � �
� � ��'

� N �
ceR�RPO�[���XBSUX NPO�Q V=W Q�^8SU[,g�R�RTQ�s�NPSU[eXdNPO�ceN's�c f s�g f c,NTSUX�p@c1X�Q�N � R ��S W Q f Q�X�peNPO f [��
Q W 62[eg�X�YBSUR'ceX�� �

V�W [,6 f Q k ����[���Q�^,Q W y ��Q-s�ceX W Q�c,Y�S f 7#c V�V=W [��8S k c,NTQ�NTO�Q s�Q fUf R �  �" � � . (�� " V�f c,s�Q k Q�X8N�NP[#Q�ces O [,NPO=Q W �F��O�Q
c f pe[ W SUNTO k g�RTQ�Y#NP[Fc V�V=W [��8S k c,NTQ
c f [��
Q W 6 [,g�X=Y@[,X1c X=Q�N
SUR�RPS k S f c W NT[ NTO�c,N�g�RPQ�Y�SUX & ��SUX  �c,X0'�� '_yxceX�Y
SUR�S ftf g�RTN W c,NPQ�Y@SUX � SUpeg W Q,�8� }l�
M�R]c i2W RPN]c V�V�W [��8S k c,NTSt[eX [l`mNTO�Q�[ V NTS k c f�V=f ces�Q k Q�X8N�y�c fUf s�Q ftf R�[l`mNPO=Q-s�g WTW Q�X8N�X=Q�N�c W Q-c,RTRPg k Q�Y@NT[

6 Q V�f c,s�Q�Y X�Q��8N�NP[1Q�c,s O#[,NTO�Q W ��StNTO�[,g=N�R V ces�Q 6 Q�N ��Q�Q�X NTO�Q k y2c,R�NTO�[,g=p,O#NPO�Q�7 ��Q W Q-c fUf�V [,RPSUNTSt[eX�Q�Y#SUX
c�RPSUX�p f Q W [�� � � SUp,g W Q,�8� } � 6 � ��� ��Q��8N�y c fUf s�Q ftf c W Q�c,R]c W Q�s�[ fUf c V RPQ�Y�NT[�c,X#c V=V�W [��8S k ceNPQ f 7-RTnxg=c W Q W Q�peSt[eX
� RTSUX�s�QFc@RPn8g�c W Q-O=c,R�NTO�Q k SUX�S k c f�V Q W S k Q�NPQ W c k [eX�p c fUf�W Q�s�NTc,X�p f Q�R�[a`
NTO�Q-RPc k Q�c W Q�c ��� � [�� R V c,s�StX=p
SUR
s�[,X�RTStY=Q W Q�Y c,X�Y1StX=s f g�Y�Q�Y1StX1NPO�Q�s�[ k@V g=NPc,NTSU[,X�� � SUp,g W Q�R �8� } � s � c,X�Y � Y ��RTO�[�� NPO=Q W Q�RPg f N�cl`oNPQ W cFX�Q�N
O�ceR�6 Q�Q�Xds�[ ftf c V RPQ�Y [a^,Q W N �
[1c,X�Y NTO W Q�Q W [���R�y W Q�R V Q�s�NTSt^eQ f 7,� �][,NTQ-NPO�ceN�StX � SUp,g W Q � � } � s � y2NTO�Q W Q�peSt[eX
SUR�s f [,RPQ W NT[#c�RTn8g�c W Q RTO�c V Q�� ceR k Q�c,RTg W Q�YZ687#SUNPR�c,R V Q�s�N W ceNPSU[ �]NPO=c,XBNPO�ceN�SUX � SUp,g W Q �8� } � Y � y�RP[#NTO�SUR
s�[eX i p,g W c,NTSU[,X ��[,g f Y#6 Q�c,s�s�Q V NPQ�Y	�
��O�SUR f Q�ceY�R�NP[@c k SUX�S k g k�V Q W S k Q�NPQ W s�[eX�RPSUY�Q W SUX�p@[eX f 7@NTO�Q s�Q fUf Y=S k Q�X�RTSt[eX�R�����[���Q�^,Q W y�NPO�Q k SUX��

S k g k 6 [,g�X�Y=StX=p W Q�s�NPc,X=p f Q � ` W [ k ��O=Sts OdNTO�Q�� � b�" StR�Y�Q W SU^eQ�Y ��Y�Q V Q�X�Y�R�[eXdNPO�Q W Q f c,NTSU^,Q V [,RTSUNPSU[,X
[a`�NPO�Q V SUX�R ��O=Sts OJs�[eX�X�Q�s�N1NPO�Q#s�Q ftf R�NT[dNPO�Q#s�g WTW Q�X8N1X�Q�N�� � Q�s�c ftf NTO�c,N V StX V [eRPSUNPSU[eX�R�c W Q�ces�NPg=c fUf 7
c V=V�W [��8S k ceNPQ�Y�ceR�c V [eRPSUNPSU[,X1RP[ k Q ��O�Q W Q (*-)0 ( ��"-[a`)c�s�Q fUf � Qa� p��DceR�StX � Stpeg W Q,� � }�� c�� � �
�)[�Q�RTNPS k ceNPQDNTO�Q
Q�� Q�s�ND[,XFNPO�Q�c,s�NPg�c f X=Q�N f Q�X�p,NTO�y,NPO=Q f [���Q W 6 [,g�X=Y SUR �����  
� � (*+ � . " �-687�RPg�6�N W ces�NPSUX�p

O�c f `D[l`mNPO=Q W [�� O�Q�StpeO8N�` W [ k NTO�Q-NP[ V c,X=Y�6 [,NTNP[ k RTStY=Q�R�y�c,X=Y � � ��[l` NTO�Q ��SUY�NTO�[l`Dc,X ca^eQ W cep,Q�s�Q fUf [a`
NPO=Q X�Q�N�[,X NPO�Q f Q `oN�ceX�Y W SUp,O8N]RPSUY�Q�R�[a`DNTO�Q W Q�p,SU[eX�����O�Q-O=c f ` � V Q W S k Q�NTQ W [l` NTO�Q i X�c f � Y�ceRPO�Q�Y � W Q�peSt[eX
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(f)

Net

approximate lower bound

Cell area collapsed over two rows

Pin

Cell

row

row

(minimum perimeter)

(not minimum perimeter)

Pin

actual wirelengthCell area collapsed over three rows

row

(a)

(b)

Net

row spacing

(c)

(d)

(e)

3/4 avg. cell width
bounding box approximation

lower bound

1/2 row height

3/4 avg. cell width

row spacing

row spacing

� Stpeg W Q,� � } � ��S W Q f Q�X�p,NTO  �[,g�X�Y w [ k@V g�NTc,NTSt[eX
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[a` � Stpeg W Q,� � }�� Q ��SUR�NTO�Q�X#NPc��,Q�X#c,R�NTO�Q f [���Q W 6 [,g=X�Y��
��O�SUR�62[eg�X�YdSUR�X�[eN-c@N W g�Q f [���Q W 62[eg�X�Y�y5RPSUX�s�Q�SUN�SUR V [,RTRPSU6 f Q�`o[ W c V�f c,s�Q k Q�X8N�[l` s�Q fUf R�NT[�O=ca^,QFc

��S W Q f Q�X=p,NPO f [���Q W NTO�c,X#NPO=StR]^ac f g�Qa����O�SUR�RPSUNPg=c,NPSU[eX�[8s�s�g W R `o[ W R k c fUf X�Q�NPR�NTO�c,N]O�ca^,Q�c ftf�V StX=R�RPSUNPg�ceNPQ�Y
`oc W NPO=Q W NPO�ceX � � � [l`�c,X ca^eQ W cep,Q1s�Q fUf ��SUY�NPO ` W [ k NTO�Q#[,g�NTRPSUY�Q1[a`'NTO�Q#62[eg�X�Y�c W 7 W Q�p,SU[,X	yDc,RFStX � Stp �
g W Q � � }��U`�� ���][��
Q�^eQ W y�NTO�SUR�RPSUNTg�c,NTSt[eX [,X f 71c W StRTQ�R ��O�Q�XBc�X�Q�N � R V�f ces�Q k Q�XxN�SUR f [8s�c fUf 71[ V NTS k c f [ W ^eQ W 7
X�Q�c WPf 7@[ V NPS k c f yxRT[ �
Q W Q��2Q�s�N�NPO�SUR�SUX8`h[ WPk c,NTSt[eX 687#s O�c,X=p,SUX�pFNPO�QFg�NPS f SUN_7�[a`DNPO=Q�RPQ-X=Q�NPR�NP[�c�g=NPS f StN_71[a`
�h}a� | � �mNPO=Q�N W g�Q�[ V NPS k c f g�NPS f SUN_7,��"�c W p,Q W X�Q�NTR
c W Q W c W Q f 7�RPg V Q W � [ V NPS k c f y,RPSUX�s�Q]NPO�Q V�W [e6�c,6=S f SUN_7-[l`�c-X�Q�N
6 Q�SUX�p�[ V NTS k c fUf 7 V�f c,s�Q�Y Y�Q�s W Q�c,RTQ�R W c V SUY f 7 ��StNTO#X�Q�N�RPS���Ql�
w c f s�g f ceNPSUX�pFNPO�Q f [��
Q W 62[eg�X�Y#SUX@s�[ k@V g�NTc,NTSt[eX�c fUf 7-Q�� V Q�X�RTSt^eQay2RTSUX�s�Q ��Q k g�RPN�SUNPQ W c,NPQ�[a^,Q W RPQ�^eQ W c f

W [���R5NP[ i X�Y-NTO�QD[ V NPS k c f s�[ fUf c V RPQ�Y-c W Q�c W Q�p,SU[,X]`o[ W c�X�Q�NmNT[�[8s�s�g V 7e���][��
Q�^eQ W yes�c f s�g f ceNPSU[,X�[a`�NTO�Q f [��
Q W
6 [,g�X�YBSUR�SUX�Y�Q V Q�X=Y�Q�X8N-[a`�c,X c,s�NTg�c f s�S W s�g�SUN V�f c,s�Q k Q�X8N�y�ceX�Y RP[#NTO�Q f [���Q W 62[eg�X�YBs�c,X 62Q�s�c f s�g f c,NTQ�Y
`o[ W c ftf X�Q�NPR�ceR
c V�W Q�� V=W [8s�Q�RTRPSUX�p�RPNTc,peQ'6 Q `o[ W Q]c RTQ�c W s O#SUR�62Q�peg�X��
�]g W StX=p-c-RPQ�c W s O�y c X=Q�N � R�g�NPS f SUN_7 s�ceX
6 Q-n8g�SUs � f 7Fs�c f s�g f ceNPQ�Y ceN
ceX87@NPS k Q�6x71Y�SU^8StY=StX=p-NPO�Q�s�g WPW Q�X8N�� � b�"B[a`)NPO�Q�X�Q�N�687@SUNPR f [���Q W 62[eg�X�Y��

��� ����� � 	 ��� � �)�����
��!

w Q fUf g�NPS f SUN_7ZSUR-c k Q�c,RTg W Q1[a`�cBs�Q fUf � R V�f c,s�Q k Q�X8N-n8g�c f SUN_7 6=c,RPQ�Y [eXdNPO�Q V�f ces�Q k Q�XxN�[a`�NPO=Q@X�Q�NTR�SUN-SUR
s�[eX�X�Q�s�NTQ�YBNP[�����O�Q-g�NTS f SUN_7F[a`Ds�Q fUf R�SUX1c V�f c,s�Q k Q�X8N�SUR�g�RPQ�Y NP[�RPQ f Q�s�N�s�Q ftf R `o[ W�k [a^,Q k Q�X8N�y,RT[�NPO�Q-pe[,c f
[a`)s�c f s�g f ceNPSUX�pFs�Q fUf g=NPS f StN_7FSUR�NP[ W Q��2Q�s�N�NTO�Q�Y�Q�p W Q�Q-NT[ ��O�SUs O#cFs�Q fUf � R V�f c,s�Q k Q�X8N
s�c,X#S k@V�W [a^,Qa�

� N�SUR�^,Q W 7 Y�S �@s�g f N�NT[dRPSUp,X�S i s�c,X8N f 7dS k@V�W [a^,Q f c W p,Q1X�Q�NPR�� ��[,NTSUs�Q#NPO�ceN�[,XJcdN �
[Bs�Q fUf X�Q�N � � Stp �
g W Q � � {�� c�� ��yDNPO�Q V Q W S k Q�NPQ W [a`�NPO�Q1X�Q�N�� ceX�Y NTO�Q W Q `o[ W Q NPO=Q � � b�" k Q�ceRPg W Q@[l` V�f c,s�Q k Q�X8N-s�[,RPN��FSUR
c f ��ca78R
Y�g=Q'NT[�NPO�Q V�f c,s�Q k Q�X8N
[l`mNTO�Q-N ��[�s�Q fUf R�[,X#NPO�Q�X�Q�N�y2Sh� Qa�Uy � � b�"Bs�c,X#6 Q-S k@V�W [a^,Q�Y�687 k [a^8SUX�p
Q�SUNPO=Q W s�Q fUf s f [,RPQ W NT[@NTO�Q [eNPO�Q W � � X c f c W p,Q W X�Q�N�y�RPg�s O ceR�NPO�Q-RTS ��s�Q fUf Q �xc k@V�f Q�SUX � SUp,g W Q �8� {�� 6 � y NPO�Q
V�f c,s�Q k Q�X8N-s�c,X 6 Q ������-���" � 687 k [a^8StX=p@c,X87ds�Q ftf yD6�g=N-SUN s�ceX [eX f 7 62Q
(*+ �  � � " �Z687 k [a^xSUX�p1[,X�Q1[a`
NPO=Q s�Q ftf R][,X NTO�Q X=Q�N � R V Q W S k Q�NPQ W �-z�68^8SU[,g�R f 7,y c,R�NTO�QFX�Q�N�RTS���Q p W [���R � c,X=Y SUX f c W peQ-6 Q�X�s O k c W �8R�y NPO�Q
f c W p,Q�RTN
X�Q�NPR�s�[,X�X=Q�s�N�O8g�X�Y W Q�Y�R�[ W NTO�[,g�RTc,X�Y=R
[l`�s�Q fUf R � y�NTO�Q�s O�ceX�s�Q�R�[l`�RPQ f Q�s�NPSUX�p�[,X=Q�[a`�NPO=Q V Q W S k Q�NPQ W
s�Q fUf R � - � k [a^8SUX�p�StN�SUX1NPO�Q-s�[ WPW Q�s�N]Y�S W Q�s�NTSU[,X#Y�S k SUX�SURPO W c V SUY f 7 ��SUNPO#SUX�s W Q�c,RTSUX�p�X�Q�N�RTS ��Qa�
b O�S f Q�[eX f 7�c-`oQ � s�Q ftf R�SUX@c�N_7 V SUs�c f X�Q�N]s�c,X W Q�Y=g�s�Q-NTO�Q V Q W S k Q�NPQ W y k [a^8SUX�p � - �@s�Q fUf StX1c�X�Q�N�s�ceX

SUX�s W Q�c,RTQ NTO�Q-X�Q�N V Q W S k Q�NPQ W � � N�SUR�[e6x^8SU[,g=R�NPO�ceN�NPO=Q-RPS���Q-[l`
c�X�Q�N ��S ftf g�RPg=c fUf 7�62QFY�S W Q�s�N f 7 W Q f c,NTQ�Y NT[
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(A) (B)

� SUpeg W Q,�8� { � "	c W peQ�X�Q�NPR�c W Q-Y=S��@s�g f N
NT[ � k@V�W [a^,Q

NPO=Q�RPS���Q�[a`�SUNPR V Q W S k Q�NPQ W ym6�g=N-SUR'SUX8^,Q W RPQ f 7 W Q f ceNPQ�YdNT[#StN � R'ce6�S f StN_7#NT[�S k1V�W [a^eQa� � XB[,NTO�Q W �
[ W Y�R�y�NPO�Q
f c W p,Q W NPO=Q�X�Q�N�y)NPO=Q�O�c W Y�Q W StN�SUR�NP[ k c��,Q-SUNTR V=f ces�Q k Q�X8N'6 Q�NTNPQ W � � `�NPO�SUR�Q ��Q�s�NFSUR-X�[,N�ces�s�[,g=XxNTQ�YB`o[ W
c V=V�W [ V�W SUc,NTQ f 7 SUX�c k Q�ceRPg W Q�[a`�s�Q ftf g�NTS f SUN_7ey,SUNDs�[,g f Y1p,SU^,Q�c k SUR f Q�ceY�SUX�p�SUX�Y�SUs�ceNPSU[,X�[l`�c-s�Q fUf � RDc,6=S f SUN_7-NT[
S k@V�W [a^,Qay V c W NTSUs�g f c WTf 71Sj`
SUN�StR]s�[,X=X�Q�s�NTQ�YdNP[1RPQ�^eQ W c f ^,Q W 7 f c W peQ-X�Q�NTR���M�p,[8[8Y k Q�c,RTg W Q-[l`Ds�Q fUf g�NPS f SUN_7
RPO=[,g f Y#NPO�Q W Q `o[ W Q-s�[,X�RTStY=Q W NTO�Q�RPS���Q-[l`mc�X�Q�N��
��O�Q W Qdc W Q RPQ�^eQ W c f �
ca78R1NP[ W Q��2Q�s�N NPO�Q RPS���QB[a` c X�Q�N ��O=Q�X s�c f s�g f c,NTSUX�pdNPO�QBs�Q fUf g�NTS f SUN_7e� z]X�Q

k Q�NPO�[8Y ��[,g f Y 6 QFNP[#s�[,X=RPSUY�Q W NPO=Q�RPS���QF[a`
X�Q�NPR ��O�Q�XZs�c f s�g f c,NTStX=p - " .�g=NPS f StN_7e� ��[���Q�^,Q W y�NPO=StR ��[,g f Y
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M NPO W Q�RTO�[ f YF^ac f g�Q�[a`��,|�s�Q fUf R �
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��O�Q�\�� � " � ��� O=Q�g W SURTNPSUs�`o[8s�g�RTQ�RD[,X�NPO�Q�}��_[ V N � s�Q fUf8k [a^,Q�R ��ceX�Y�{ �_[ V N
� s�Q fUf R �
c V R � k [a^,Q k Q�X8N2[l`2s�Q fUf R��
z]NPO�Q W c f pe[ W StNTO k R�O=ca^,QF62Q�Q�X V�W [ V [,RPQ�Ydg�RPSUX�p#[,NTO�Q WFk [a^eQ k Q�X8NTR�� � � [ V N � p W [eg VBV�f c,s�Q k Q�X8N � k [a^eQ�R
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{,|8� s�[ WPW Q�s�N�s�Q fUf [a^,Q WPf c V R�ceX�Y W [�� pec V R{�}a� Y�Q�NPQ WTk SUX�Q�p,ceStX1[a` k [a^,Q k Q�X8N{,{8� � �-p,c,SUX�� |
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k Q�XxN & ��Q�X�� � '_�D��O�SUR)`o[ ftf [���R5` W [ k NPO�Q][,6�RTQ W ^aceNPSU[,X�NTO�c,N�c-p f [e6�c f=V�f c,s�Q W�V�f c,s�Q�R k [8Y�g f Q�RDSUX�c-p f [e6�c fUf 7
p,[8[8Y�y�c f NPO�[eg�p,O f [8s�c ftf 71RPg�6 [ V NTS k c f y V [eRPSUNPSU[,X	�-M�`oNTQ W-f Q�p,c f S ��c,NPSU[eX�y k [,RPN]s�Q fUf R�RPO�[eg f YZ6 Q ��SUNTO�SUX NPO�Q
f [8s�c f SUN_7 [l`mNTO�Q�S W�i X�c f2V [,RTStNTSU[,X�R��  
7 f S k StNTS X�p�NTO�Q W c,X=p,Q�[l` V [,RTRPSU6 f Q k [a^,Q�R�y,NTO�Q f S �eQ f StO=[x[8Y�NTO�c,N�NTO�Q�RPQ
i X�c f
f [8s�ceNPSU[,X�R ��S fUf 6 Q�`o[eg�X�Y�y)c,X�Y R V Q�Q�Y [a`�s�[eXx^eQ W peQ�X�s�Q#NT[ NPO�Q1s�[ WTW Q�R V [eX�Y�SUX�p f [xs�c f�k SUX�S k c�y�c W Q
SUX�s W Q�c,RTQ�Y��

��[eNPQBNPO�ceN�Sj` ��Q RTNPc W N#` W [ k c V [8[ W StX=StNTSUc f�V [,RTSUNPSU[,X�y]NPO�QBn8g�c f SUN_7 [l` NPO�Q i X�c f RP[ f g�NTSU[,X s�[eg f Y
6 Q@Y W c,RPNTSUs�c fUf 7 W Q�Y�g�s�Q�Y�y
RTSUX�s�Q@cBs�[ k@V c W c,NTSU^,Q f 7 f c W peQ�X8g k 62Q W [a`�s�Q ftf R ��S fUf 6 Q�`oc W ` W [ k NPO�Q�S W SUY�Q�c f
f [8s�c,NTSt[eX�R�����O�Q�g�RPQ-[l`Dc W ceX�p,Q f S k StNTQ W SUX#NPO�SUR]s�c,RTQ ��S fUf�V�W Q�^,Q�X8N�NTO�[,RTQ s�Q fUf R ` W [ k i X�Y�SUX�p�NPO=Q�S W SUY�Q�c f
f [8s�c,NTSt[eX�R�� � `Ty [eX NPO=Q [eNPO�Q W O�ceX�Y�y�NTO�QFp f [,6�c f�V�f ces�Q W SUR�p,[8[8Y�y�NPO=Q W Q ��S fUf 6 QF`oQ �;[l`
NPO�Q�RPQ�s�ceRPQ�R�ymceX�Y
NPO=Q i X�c f nxg=c f SUN_7 ��S fUf X�[,N�6 Q-c ��Q�s�NTQ�Y p W Q�c,N f 7@687@NTO�Q�g�RPQ-[l`mc W c,X�peQ f S k SUNTQ W �
M�X�[eNPO�Q W NTO�SUX�p�NT[-s�[,X=RPSUY�Q W SUR)NPO=Q W Q f c,NTSU[,X�RTO�S V 6 Q�N ��Q�Q�X@NTO�Q W ceX�p,Q f S k SUNTQ W ��SUX�Y�[���y,ceX�Y NTO�Q�RPS���Q][a`

NPO=Q�s�S W s�g�SUN��
z�X=Q k SUp,O8N�6 Q�NPQ k@V NTQ�Y NT[�p,Q�X�Q W c f S���Q]NPO�ceNmc f c W peQ W)V�W [e6 f Q k�k Q�c,X�R)NTO�c,N k [a^,Q�R W Q�n8g�S W Q�c
f c W p,Q W ��SUX�Y�[�� NP[�ca^,[eSUY�[a^,Q WTf 7 f S k SUNPSUX�p�NTO�Q-RTQ�c W s O R V ces�Qa� �][��
Q�^,Q W y2SUY�Q�c ftf 7eyxNTO�Q-Y�S ��Q W Q�X�s�QF62Q�N ��Q�Q�X
NPO=Q f Q�p,c f S ��Q�Y V [eRPSUNPSU[eX�c,X�Y1NPO�Q i X�c f V [,RPSUNTSt[eX�SURDc�`og�X=s�NPSU[,X1[a`�NTO�Q f Q�pec f S���c,NTSt[eX k Q�NPO=[xYFg�RTQ�Y�y2ceX�Y�X�[eN
NPO=Q@RPS���Q�[l`�NPO�Q V=W [,6 f Q k y�RT[ c i �8Q�Y StX=StNTSUc f RPQ�c W s O ��SUX�Y=[���RPS���Q1s�[,g f Yd6 Q�g�RTQ�Y [eXdc,X87 6 Q�X�s O k c W �
& r8Q�s "	Q�Q ' � '_�
��O�Q ��S k 6 Q W bd[ f ` V�f c,s�Q W SUX & r8g=X2r8Q�s�� " '�g�RTQ�Y c i �8Q�Y ��SUX�Y�[�� RPS���Q#`o[ W c fUf NPQ k1V Q W c,NTg W Q�R1SUX SUNTR

RPS k g f ceNPQ�YFc,X�X=Q�c f SUX�p-RTs O=Q�Y�g f Qa����O�SURDRPS k@V=f S i s�c,NPSU[eX k ceY�Q�NPO�Q]Y�Q�NTQ WPk StX=c,NPSU[eX�[a`�c-RTg�SUNPc,6 f Q]c,X�X=Q�c f SUX�p
RPs O�Q�Y�g f Q-Q�ceRPSUQ W y�ceX�Y W Q�RPg f NTQ�Y SUX@^eQ W 71p,[8[8Y V�f c,s�Q k Q�X8N W Q�RTg f NPR�� ��[���Q�^,Q W y�NPO=Q'NTS f Q�� 6�ceRPQ�Y#S k@V=W [a^,Q W [a`
��Q�X�X�SUX�peR & ��Q�X�� � 'mRTO�[���Q�Y NPO=c,N�c f NPQ W StX=p�NPO�Q ��SUX�Y=[�� RTS ��Q [a^eQ W NPO�Q�S k1V�W [a^eQ k Q�XxN NPS k Q�s�ceX SUX�s W Q�c,RPQ
NPO=Q'ces�s�Q V NPc,X=s�Q W c,NTQay W Q�RPg f NTStX=p�StX#O�SUpeO@n8g�c f SUN_7�RP[ f g�NPSU[,X=R
SUX@c�RTO�[ W NPQ W]V Q W SU[8Y��
M�NPNTQ k@V NTR�NP[@Y=Q�NPQ WTk SUX�QFc,X ceY�c V NPSU^,Q ��SUX�Y�[��;RPS���QF6�ceRPQ�YB[,XBs�S W s�g=StN�RTNPc,NTSURPNPSUs�R]`oceS f Q�Y��-\�� � " � ���
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g�RTQ�RDc�g=RPQ W � RTQ f Q�s�NPce6 f Q f [xs�c f RPQ�c W s O ��StX=Y�[��dRPS���QayeRP[�NPO�ceN V c W c k Q�NTQ W R5s�c,XF62Q�NPg=X�Q�Y�`o[ W Q�c,s OFStX=Y�SU^xSUY�g=c f
s�S W s�g�SUN����][��
Q�^eQ W y�[eX�RTQ�c W s O�Q�R ��SUNPO k c,X87 V c,RTRPQ�R�y�c,X StX=StNTSUc f ��SUX�Y�[�� RPS���Q-[l`�}>|Fca^,Q W c,peQ-s�Q fUf ��SUY�NPO=R
c,X=Y%� W [���R
Q�SUNTO�Q W RPSUY�Q][a`�NTO�Q�RP[,g W s�Q�s�Q fUf y8c,X�Y1c i X�c f ��SUX�Y�[��JRTS ��Q'[l`m{-ca^eQ W cep,Q�s�Q ftf ��SUY�NTO�R�6x7 } W [��
p,ca^eQ W Q�c,RT[,X�ce6 f 7@p,[8[8Y W Q�RTg f NPR `o[ W c fUf s�S W s�g�SUNPR�y ��O�S f Q W Q�Y�g�s�SUX�p1NPO�Q�Q��8Q�s�g=NPSU[,X NTS k Q�RTg�6�RTNPc,X8NTStc fUf 7e�
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w c f s�g f ceNPSUX�p�NTO�Q pec,SUX [l`
c V�f ces�Q k Q�XxN]SUR'c1NPS k Q�� s�[eX�RPg k SUX�pFNPc,R � � � X k [xY=Q W X RTQ�c W s OdO�Q�g W StRTNPSUs�R�y�NPO�Q
^ac,RTN k c � [ W SUN_7@[a`�NPS k Q�Y�g W SUX�p@c1RPQ�c W s OdSUR�R V Q�X8N-s�c f s�g f c,NTStX=p@NPO=Q pec,SUX�R�[l` V Q W NTg W 6�ceNPSU[,X=R & r8g=X2r8Q�s�� "8y
�][ f � [eO���} y ��Q�X�� � '_�
��O�Q@pec,SUXB[a`�c RTQ�c W s OJSUNPQ W c,NTSU[,XdSUR-NPO=Q@NP[eNPc f (*+ �  
� �'" +,"'- .�SUX � � b�" Y�g�Q@NT[ NPO=Q k [a^eQ k Q�XxN][a`

s�Q fUf R��#M ��� 0 (*. (�� "@pec,SUXZSUR-Q�nxg=c f NT[ NPO�Q �  ��� SUXdNP[eNPc f ��S W Q f Q�X�peNPO�y)c,X�Yd^8SUs�Q�^eQ W RTc�� ��O�Q�N W SU^8Stc f ��ca7
[a`)s�c f s�g f ceNPSUX�pFNPO�SUR ��[,g f Y162Q�NP[�s�c f s�g f c,NTQ�NPO�Q�[a^,Q W c fUf s�S W s�g�SUN ��S W Q f Q�X�peNPO#6 Q `o[ W Q-c,X=Y�cl`oNPQ W NPO�Q k [a^eQay
c,X=YZRTg�6�N W c,s�NFNPO=Q@Y�S ��Q W Q�X=s�Qa� � X�Y�Q�Q�YdNPO�SUR-SUR�NPO=Q k [eRPN]c,s�s�g W c,NTQ ��ca7 NP[#Y�[ StN�� � N�SUR-c f RP[#NTO�Q k [eRPN
NPS k Q�� s�[,X�RTg k SUX�p ��ca7�NP[�Y�[�SUN��

� X�c-s�Q fUf k [a^eQ ��O�Q W Q�X=[-[a^,Q WTf c V StR s W Q�ceNPQ�Y � c,X�Y�NTO�Q W Q�`o[ W Q'X=[-[,NTO�Q W s�Q ftf R�c W Q�RPO�Sj`oNTQ�Y � y�[eX f 7-NPO=[,RPQ
X�Q�NTR-s�[eX�X�Q�s�NTQ�Y NT[#NPO�Q k [a^eQ�Y#s�Q fUf c W Q�c ��Q�s�NTQ�YdSUXZceXx7 ��ca7,�  �7 Q��8c k SUX�SUX�p�Q�ces OdX=Q�N�c ��Q�s�NPQ�Y 687#c
k [a^eQ�c,X�Y s�c f s�g f c,NTSUX�p@NTO�Q�S W ��S W Q f Q�X�peNPO�R�6 Q `o[ W Q ceX�Y cl`oNPQ W NTO�Q k [a^,Q ��c,R V Q W `o[ WTk Q�Y�y�NTO�Q�s O�c,X�peQ-SUX
��S W Q f Q�X=p,NPO1s�c,g=RPQ�Y16x7FNPO=Q k [a^eQ
s�c,X�6 Q�Y�Q�NTQ WPk SUX�Q�Y��D��O�Q]Y�S � Q W Q�X�s�Q'SUX�NTO�Q�RPQ ��S W Q f Q�X�p,NTO�R ��S fUf 62Q]NPO�Q
Q��8c,s�N�p,c,SUX1[a`mNTO�Q k [a^eQ k Q�X8N�� w c f s�g f ceNPSUX�p-pec,SUX�SUX�NTO�SUR k c,X�X=Q W SUR�NPO�Q�[,X f 7 �
ca7�[l`ms�c f s�g f c,NPSUX�p ��S W Q��
f Q�X�peNPO#p,ceStX1Q��8c,s�N f 7,y�6�g=N�StN�SUR�NPO�Q�RTStX=p f Q k [,RPN�NPS k Q�� s�[,X�RTg k SUX�p�RPNTQ V SUX@SUNTQ W ceNPSU^,Q�S k@V�W [a^,Q k Q�X8N���M�X87
S k@V�W [a^,Q k Q�X8N�NP[�p,ceSUX s�c f s�g f c,NTSt[eX-s�ceX W Q�RTg f NDSUX Y W c k c,NPSUsDS k1V�W [a^eQ k Q�X8NTR�StX W g=X�X�SUX�p-NTS k Q�& r8g�X2r Q�s�� " '_�

� Y�Q�c ftf 7eyxNTO�Q�`hQ �
Q�RPN�X�Q�NTR�NPO�ceN k g=RPND6 Q�Q��8c k SUX�Q�Y�c W Q�[eX f 7�NPO�[eRPQ]s�[,X�X=Q�s�NPQ�Y NP[Fs�Q fUf R
6 Q�SUX�p k [a^eQ�Y��
� X#RPNTc,X�Y�c W Y#s�Q fUf�V�f ces�Q k Q�XxN ��O�Q W Q-s�Q fUf R k ca7FO�ca^,Q k c,X87FY�S � Q W Q�X8N ��SUY�NTO�R�y�NTO�SUR�RPSUNPg=c,NPSU[eX�[,X f 7�c W SURPQ�R
��O�Q�X1R ��c V�V StX=p N ��[-Q�n8g�c ftf 7��_RPS���Q�Y1s�Q fUf R�y���c,X=Y�� y ��O�Q W Q'[eX f 7�X�Q�NTR �	��
 �
� k g�RTN)62Q�Q��8c k SUX�Q�Y�� X=Q�NPR
s�[eX�X�Q�s�NTQ�YBNP[FQ�SUNPO�Q W �@[ W ��� �
r ��c V�V SUX�p�Q�nxg=c fUf 7 �_RPS���Q�Y�s�Q fUf R]Y�[8Q�R�X�[,N�[8s�s�g W ` W Q�n8g�Q�XxN f 7�Y=g W SUX�p�S k@V=W [a^,Q k Q�X8N�� � N�SUR k g�s O k [ W Q

s�[ k@k [eXdNPO�ceN@Q�SUNTO�Q W c RTStX=p f Q#s�Q fUf StR k [a^eQ�Y�y
[ W g�X=Q�n8g�c fUf 7�� RTS ��Q�Y s�Q fUf R@c W QBR ��c V�V Q�Y�� � XJ62[eNPO [a`
NPO=Q�RPQ#s�ceRPQ�R�yD[a^,Q WTf c V SUR-p,Q�X=Q W ceNPQ�Y ��O�Q�X [eX�Q�s�Q fUf SUR k [a^eQ�YZNT[ c f [xs�c,NPSU[eXdNPO�ceN-SUR-c fUW Q�c,Y�7 V c W NPSUc fUf 7
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[8s�s�g V StQ�Y 687@[,NTO�Q W s�Q ftf R��
�)[ ces O�SUQ�^,Q�c f Q�p,c f�V�f c,s�Q k Q�X8N�y8NPO=Q�RPQ ! [8s�s�g V 78SUX�p # s�Q ftf R k g�RTN
6 Q-RTO�Sj`oNPQ�Y#NT[
X�[eX�� [a^eQ WPf c V�V SUX�p V [,RTStNTSU[,X�R�SUX@NTO�Q W [�� NT[ k c �,Q W [8[ k `o[ W NTO�Q k [a^,Q�Y�s�Q fUf �
\�X f S �,Q�SUX NTO�Q�SUY�Q�c f RTSUNPg�ceNPSU[,XFY�Q�RTs W SU6 Q�Y�y�NPO=Q�RPQ�RTO�Sj`oNPSUX�p k [a^eQ k Q�XxNTR�c f NPQ W X=[,N)[,X f 7-NTO�Q ��S W Q f Q�X�peNPO�R

[a`�X�Q�NPR�s�[,X�X=Q�s�NPQ�YdNP[#NPO�QFs�Q fUf 6 Q�SUX�p k [a^,Q�Y�y�6�g�N�c f RP[@NTO�Q ��S W Q f Q�X=p,NPO=R'[l`
c fUf X�Q�NTR�s�[,X�X=Q�s�NPQ�Y NP[1NPO�Q
s�Q fUf R�RTO�Sj`oNPQ�Y�[eg�N�[l`mNTO�Q ��ca7@c,R ��Q fUf �
b O=Q W Q�ceR�SUX#NPO�Q�StY=Q�c f s�c,RTQ-[,X f 71cF`oQ � X�Q�NPR k StpeO8ND62Q�c ��Q�s�NPQ�Y�y
��O�Q�Xd[a^eQ WPf c V SUR�s W Q�c,NPQ�Y c f c W p,QFX8g k 62Q W [l` X=Q�NPR-c W Q�c � Q�s�NPQ�Y�� � XBc f c W p,QF62Q�X�s O k c W � y V [,NPQ�XxNTSUc fUf 7
NPQ�X�R
[l`�NPO�[eg�RPceX�Y�R�[a`�X�Q�NTR�s�c,X�6 Q�c � Q�s�NPQ�Y#687 NTO�Q k [a^,Q k Q�X8N�[a`�c-RTSUX�p f Q�s�Q fUf � � N
SURDSUX�NPO=Q�RPQ]RPSUNPg�ceNPSU[,X=R
NPO=c,N�s�c f s�g f c,NPSUX�p k [a^eQ k Q�XxN)pec,SUX�R V�W Q�s�StRTQ f 7#s�c,X W Q�RPg f N�SUX1Oxg=p,Q W g�X�� NTS k Q�R��

� X & r8g�X2r8Q�s�� " ' y8r8g�X�Q��8c k SUX�Q�Y-c k Q�NPO=[xY�NP[ W Q�Y�g�s�Q]NPO�Q�X8g k 6 Q W [a`�s�Q fUf RDNT[-62Q�RTO�Sj`oNPQ�Y�yx687-c fUf [���SUX�p
p,c V RDNT[-Q��8SURPN�StXFNPO=Q V�f c,s�Q k Q�X8N�� � `�NTO�Q W [���RDc W Q�X�[eNDs�[ k1V c,s�NPQ�Y�cl`oNPQ W c k [a^eQ k Q�X8N5StR k c,Y=QayaNPO�Q�X1NPO�Q
RP[eg W s�Q W [��;[a`
c k [a^,Qly�[ W NTO�Q W [��;s�[eXxNTc,SUX�SUX�p�NTO�Q f c W p,Q W s�Q fUf SUX c@R �
c V Y�[1X�[,N]X�Q�Q�YBNP[162QFRPO�Sj`oNTQ�Y��
��O�SUR�s�ceX�RTSUp,X�S i s�ceX8N f 7 W Q�Y=g�s�Q-NTO�Q-X8g k 6 Q W [l`mX�Q�NPR�NTO�c,N k g=RPN�62Q�g V Y�c,NTQ�Y��
\�RTg�c fUf 7,y���O�Q�X s�Q ftf R)c W Q
RTO�Sj`oNPQ�Y�y,SUN�SUR�c f �
ca78R�SUX-c]RPSUX�p f Q Y�S W Q�s�NTSU[,X�y,Y=Q V Q�X�Y�SUX�p�[,XFO�[��dNPO=Q W [��dY�c,NTc

RPN W g�s�NPg W Q�R c W QFS k@V�f Q k Q�X8NPQ�Y��]M�X�[eNPO�Q W NTQ�s O�X�SUn8g�Q�NP[ W Q�Y�g=s�Q�NPO�Q�X8g k 6 Q W [a`Dc ��Q�s�NTQ�Y X�Q�NPR V�W [ V [eRPQ�Y
SUX & r8g�X r8Q�s�� " '�StR�NP[FRPQ f Q�s�N�NPO�Q�Y�S W Q�s�NPSU[eX@[a`�cFRPO=S `hN
SUX�Y�S ��Q W Q�X8N�Y�S W Q�s�NPSU[eX�R�Y�Q V Q�X�Y�SUX�pF[,X1NPO�Q�SUX�RTQ W NTSt[eX
V [,SUX8N��#M RPS k@V=f Q�NPQ�s O�X�SUn8g�Q1g�RPQ�Y NP[ k c,SUX8NPceStX#c#s�[ k@V ces�N V�f c,s�Q k Q�X8N�SUR-NP[��eQ�Q V NTO�Q f Q `hN'Q�Y�p,Q1[a`�c
V�f c,s�Q k Q�X8N �2g�RPO ��SUNPO-NTO�Q�s�[ W Q
Q�Y=p,Qay,ceX�Y-O�ca^eQ
NTO�Q W SUp,O8N�Q�Y�p,Q �2[,ceNPSUX�p ��SUNPO�NPO�Q W [�� f Q�X�peNPOF^ac W StceNPSU[,X=R��
�)[ k ceStX8NTc,SUX�NPO�SUR�RTN W g=s�NPg W Qay)c fUf RPO�Sj`oNTR�c W Q-NT[��
c W Y�R�NTO�Q W SUpeOxN�����O�SUR k Q�ceX�R�NPO�ceN�y [,X ca^eQ W cep,Qay O�c f `D[a`
NPO=Q s�Q ftf R]c W QFRPO=S `hNPQ�Y#`h[ W Q�c,s O k [a^eQa��r8g�X ceX�YZr8Q�s O=Q�X V�W [ V [eRPQ�YBNPO=c,N�687#c,6=c,X�Y�[eX�SUX�p�NPO=StR �2g�RTO�� f Q `hN
RPN W g�s�NPg W Q�c,X�Y#c fUf [���SUX�p W [���R�NP[162Q�RPO�Sj`oNTQ�Y NP[1NPO�Q�RPSUY�Q-[l` NTO�Q W [��;s f [,RPQ�RPN�NT[@NTO�Q-SUX�RPQ W NPQ�YZs�Q ftf y Q�^,Q�X
`oQ ��Q W X8g k 62Q W RD[l`�s�Q fUf R
X�Q�Q�Y#NP[-6 Q�RTO�Sj`oNPQ�Y	�D��O�Q V�W [,6 f Q k ��StNTO�NPO�SURDc V�V�W [,c,s O1g�X k [8Y�S i Q�Y SUR�NPO�ceNDNPO�Q
V�f c,s�Q k Q�X8N�NTQ�X�Y�R�NP[ !�R V�W Q�c,Y [,g�N #@c f [eX�p NTO�Q W [���y ��SUNTO  � � � ����0-s�[,X=s�Q�X8N W c,NPQ�YdStX#NTO�Q-s�Q�X8NTQ W [a`DNPO�Q
W [���� q [a^,Q k Q�X8N�c,s�NPSU^8StN_71Y�SUQ�R�n8g�SUs � f 7ey2c,R k [ W Q�c,X�Y k [ W Q k [a^eQ'ceNPNTQ k@V NTR�c W Q W Q � Q�s�NPQ�Y Y�g�QFNP[ W [��
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��O�Q-c V�V�W [ec,s O g�RTQ�YBStX#\]� � " � ��� SUR]NP[�c fUf [�� W [��;p,c V R�y2ceX�Y NT[@g�RTQ-c@X�Q � k Q�NTO�[8Y@`h[ W RPQ f Q�s�NPSUX�p

NPO=Q Y�S W Q�s�NPSU[eXZ[l`
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NP[���c W Y�RDNTO�Q�� � � 0 " 0 . � ��� f c W p,Q�Q�X�[,g�peO@NT[-c,s�s�[ k@k [8Y�c,NTQDNPO�Q�[a^eQ WPf c V SUX8N W [8Y�g=s�Q�Y#687 NTO�Q�SUX�RTQ W NTQ�Y#s�Q fUf �
M�R�s�c,X@6 Q�RPQ�Q�X�SUX � SUpeg W Q �8� "8y8687 SUX�RTQ W NTStX=p�s�Q fUf � SUX8NP[�NPO�Q i2W RPN W [�� c,X�Y1RPO�Sj`oNTStX=p-s�Q fUf R
NT[ NTO�Q�s f [,RTQ�RPN
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RPSUY�Q�[l` NTO�Q W [�� � f Q�`oN ��yxNTO�Q i X=c f�W [�� f Q�X�peNPO�y8Q�^,Q�X@ca`hNPQ W ce6�RP[ W 6�SUX�p�RT[ k Q�[a^,Q WPf c V 687 pec V �2y ��S fUf Q �xs�Q�Q�Y
NPO=Q�s�[ W Qly ��O=Sts O StRFO�SUp,O f 7Bg�X�Y=Q�RPS W ce6 f Qa�  
7dRTO�Sj`oNPSUX�p NT[ZNTO�Q W SUp,O8N�y
NPO=Q W [�� p,c V ��s�ceXJc,6�RT[ W 6 NPO�Q
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NPO=Q-`oQ �
Q�RTN�s�Q fUf R�NP[162QFRPO=S `hNPQ�Y Sj`
c k c��xS k g k�W [�� f Q�X�peNPO SUR]NP[@6 Q k c,SUX8NPceSUX�Q�Y�� � [ W Q��8c k1V�f Qay2Sj`Ds�Q fUf
��SUR k [a^eQ�Y@NT[@NTO�Q RTQ�s�[eX�Y W [��;[l` � Stpeg W Q �8� "8y NPO�Q W [��;pec V�� SUR f c W p,Q-Q�X=[,g�peO NP[1c,s�s�[ k@k [xY=c,NPQ]NPO�Q
[a^,Q WPf c V [a`�s�Q ftf �-y86�g�N RPO�Sj`oNTStX=p W SUp,O8N ��S fUf c,s�NTg�c fUf 7-RTO�Sj`oN)`oQ ��Q W s�Q fUf R��D��O�Q�s�[ k 6�SUX�Q�YFRPS���Q�[l`�p,c V R�� ceX�Y
� s�c,XBc f RP[�ce6�RP[ W 6BNPO�QF[a^,Q WPf c V y 6�g�N]NPO�Q�`og W NPO�Q�RTN-[a`DNTO�Q N ��[�y � y5StR]RPNTS fUf s f [,RPQ W NTO�c,X � �  �7#RPQ�c W s O�SUX�p
`o[ W NPO�Q�s f [,RTQ�RPN]p,c V ` W [ k NTO�Q-NPc W peQ�N f [xs�c,NPSU[eX�y�NPO�SUR k Q�s O�c,X�SUR k Q�X�RPg W Q�R�NPO�ceN�c�R k c fUf X8g k 6 Q W [l`Ds�Q fUf R
SUR�RPO�Sj`oNTQ�Y � ceX�Y#NPO�Q W Q `o[ W Q-c�R k c fUf RTQ�N�[l`mc � Q�s�NPQ�YBX�Q�NTR � y ��O�S f Q k c,SUX8NPceStX=S X�p�c�RPNTc,6 f Q�s�[ W Q-RTS ��Qa�

���������
���������
���������

���������
���������
���������

���
���
���
���

	�	
	�	

�


�


�
�
�

�
�
�

a

ec

b

d

Cell A

Target Position

edge of row middle of
row (max. cell position)

edge of row
(min. cell position)

row gaps

row

row

� Stpeg W Q,� �&" � �]Q�NTQ WPk SUX�SUX�p s�Q fUf RPO=S `hN
Y�S W Q�s�NPSU[eX

� XZ\]� � " � ���Fy �
QFg�RTQ�NPO�Q�RTc k Q�p,c,SUX Q�RPNPS k c,NPSU[eX k Q�s O�c,X=StR k c,R & r8g�X2r Q�s�� " '_y ��O=Sts O W Q�Y=g�s�Q�RFNPO�Q
NPS k Q'[l`
s�c f s�g f c,NPSUX�p�NTO�QFp,c,SUX#[a`�c k [a^eQ k Q�XxN�687#c V�V�W [��8S k c,NTStX=p NTO�Q c � Q�s�N�[a`
RTO�Sj`oNPQ�Y s�Q fUf R'[eX ��S W Q��
f Q�X�peNPOBs O=c,X�peQ�R�� � XBNPO�SUR�p,ceSUX k [8Y�Q f [l`
RPO=S `hNPSUX�p@s�Q fUf R�y�NPO=Q s O�ceX�p,QFSUX ��S W Q f Q�X�peNPO `o[ W NPO�QFs�Q fUf R�62Q�StX=p
k [a^eQ�Y@[ W R ��c V�V Q�Y SUR�s�c f s�g f c,NTQ�Y Q��8ces�N f 7ey 6=g�N�NTO�Q s O�ceX�p,Q�StX ��S W Q f Q�X�peNPO#`o[ W NTO�Q s�Q fUf R]NPO�ceN k g�RTN�62Q
RPO=S `hNPQ�Y1NP[-Q f S k SUX�ceNPQ�[a^,Q WTf c V SUR�" 0 . (*+ � . " �ay8c,R�Y�Q k [eX�RPN W ceNPQ�Y16x7FNPO=Q�NPO W Q�Q��_s�Q fUf X�Q�N�StX � SUp,g W Q � � #8�)��O�Q
O�c f ` � V Q W S k Q�NPQ W ��S W Q f Q�X=p,NPO [a`�cZX�Q�N�StRFY�g�Q#NT[ZNTO�Q V�f c,s�Q k Q�X8N [l` V SUX�R�c,NFNPO=Q V Q W S k Q�NPQ W [a`�cBX�Q�N � R
6 [,g�X�Y=StX=p 62[�� � s�Q fUf R�M ceX�Y  �SUX � SUp,g W Q%� � # � � q [a^8SUX�p c V SUX [,XdNTO�SUR V Q W S k Q�NTQ W yDRTg�s OJc,RFs�Q fUf M-y
��S fUf peQ�X�Q W c fUf 7 c f NTQ W NPO=Q � � b�" 687 ceXZc k [,g=XxN]Q�n8g�c f NP[ NTO�Q V SUX � R�Y�SUR V�f c,s�Q k Q�X8N�y2`h[ W R k c fUf5k [a^,Q�R��
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q [a^8SUX�p@c V SUX NTO�c,N�SUR�X�[,N�[eXZNTO�Q V Q W S k Q�NPQ W y)RPg�s OBc,R�NPO�ceN-[a`�s�Q fUf
w y ��S ftf X�[eN�c f NPQ W NTO�Q�� � b�" `o[ W
R k c fUf�k [a^eQ�R�����O�QF^ac f g�Q-[l`
NPO=Q�RPQ�[e6�RPQ W ^ac,NTSt[eX�R�SUR'NTO�c,N�y W c,NTO�Q W NTO�c,X s�c f s�g f ceNPSUX�p@NTO�QF62[eg�X�Y�SUX�p162[��
`o[ W NPO�Q]X�Q�NDcl`oNPQ W Q�ces O�s�Q fUf � R RPO�Sj`oNTStX=p-687-Q��8c k StX=StX=p�c fUf�V StX=RD[,X�NTO�Q�X�Q�N�y�NPO=Q�s O=c,X�peQ�SUX ��S W Q f Q�X�p,NTO@s�ceX
6 Q c V�V�W [��8S k ceNPQ�Y#687 RTS k1V�f 7�c,Y�Y=StX=p@[ W RTg�6�N W c,s�NTSUX�p#NPO�Q�RTO�Sj`oN�c k [,g=XxN�` W [ k NTO�Q V�W Q�^8SU[,g=R-X�Q�N ��S W Q��
f Q�X�peNPOBc,R-c V�V�W [ V�W SUceNPQa��r StX=s�Q�O8g�X�Y W Q�Y�RF[ W NPO�[eg�RPceX�Y�R-[l` V StX=R-Y�[#X�[,N�NT[ 62Q W Q V Q�c,NTQ�Y f 7dQ��8c k StX=Q�Y�y
NPO=StR k Q�NPO=[xY1s�c,X#Y W c k c,NPSUs�c fUf 7 W Q�Y�g=s�Q Q �xQ�s�g�NPSU[eX�NTS k Q�[l`mNTO�Q-RPQ�c W s O & r8g=X2r8Q�s�� "�' �
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� Stpeg W Q,� �&# � u RPNPS k c,NPSUX�p�s O=c,X�peQ'SUX�� � b�"#`h[ W R k c fUf s�Q fUf Y�SUR V�f ces�Q k Q�XxNTR

��O�Q�RPO=S `hNPSUX�p k [8Y�Q f `h[ W pec,SUX Q�RTNPS k ceNPSU[,X#SUR�X�[,N V Q W `hQ�s�N�� � [ W�f c W p,Q W]k [a^,Q�R�y�RPg�s OdceR ��O�Q�Xdc V SUX
X�[eN
[eX@NPO=Q V Q W S k Q�NPQ W StR k [a^eQ�YF[,g�NTRPSUY�Q�[a`)NPO�Q V Q W S k Q�NPQ W y�NPO�SUR�Q�RPNTS k c,NTSt[eX k [8Y�Q f ��S fUf X�[,N�O=[ f Y�RPSUX�s�Q
SUN ��S fUf X�[eN�SUX�Y�SUs�ceNPQFNPO�QFN W g�QFStX=s W Q�ceRPQ�SUX � � b�")��M]X�[,NTO�Q W s�c,RTQ�X�[,N W Q�� Q�s�NPQ�Y c,s�s�g W ceNPQ f 7 SUR ��O�Q�XBc
s�Q fUf SUR k [a^,Q�Y�RTg�s OdNPO�ceN�StN]SUR�X�[ f [,X�peQ W [eXZNTO�Q V Q W S k Q�NTQ W � � [ W Q��8c k1V�f Qay�Sj`
s�Q fUf M�StR k [a^,Q�Y#NP[1NPO�Q
W SUpeOxN�c1R k c fUf c k [eg�X8N�y8NPO�Q�� � b "BStR]Y�Q�s W Q�c,RTQ�Yd687@NTO�Q-c k [,g�X8N�[a`DNPO=Q k [a^eQay�6�g�N]S `DSUN�s�[eXxNTSUXxg=Q�R�NT[
k [a^eQ W SUp,O8N�g�X8NPS f SUN V ceRPRPQ�R s�Q ftf�w y NTO�Q�c,s�NPg�c f � � b�" ��S fUf X=[,N�s�[,X8NTStX8g�QFNP[1Y�Q�s W Q�c,RTQ�R�RPSUX�s�Q�NPO�Q V SUX
[,X s�Q fUfDw 62Q�s�[ k Q�R�NPO=Q-X�Q � V Q W S k Q�NTQ W [l` NTO�QFX�Q�N � R]62[eg�X�Y�SUX�p162[�� y26=g�N�NTO�Q RTO�Sj`oNPSUX�p k [8Y�Q f ��S fUf X�[eN
W Q(�2Q�s�N�NPO=StR�`hc,s�N��
�]Q�R V SUNTQ�NPO=Q�RPQ]StX=c,s�s�g W c,s�StQ�R�y8RPSUX�s�Q]NPO�Q k c �8S k g k Y�SUR V=f ces�Q k Q�X8Nm[l` k [a^,Q�R5SUX NTO�Q�\]� � " � ��� O�Q�g W SUR �

NPSUs]StR W Q�RPN W SUs�NPQ�Y 6x7FNPO=Q f [8s�c f RTQ�c W s O ��SUX�Y�[���y k [eRPNDY=StR V�f c,s�Q k Q�X8NPR c W Q�R k c fUf s�[ k@V c W Q�Y1NP[-NTO�Q�RPS���Q�[a`
NPO=Q'6 [,g=X�Y�SUX�p�6 [��2y�RT[�NPO�Q�RTO�Sj`oNPSUX�p k [8Y�Q f c V�V�W [��xS k c,NPSU[eX SUR `oc,S WPf 7�ces�s�g W c,NPQ�StX V�W ces�NPSUs�Ql�
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�)[�`og W NPO�Q W�k SUX�S k S ��Q
NTO�Q�ceY�^,Q W RPQ�Q ��Q�s�NTR�[a` f c W p,Q]X�Q�NTR�StX�cFs�S W s�g�SUN�y f c W p,Q�X�Q�NTR�c W Q'SUpeX�[ W Q�Y�Y�g W StX=p
k [a^eQDp,ceSUX Q�RTNPS k ceNPSU[,X=R�����O�Q W Q�c,RT[,X�R c W Q�NTO�Q�RPc k Q�c,RDSUXFRPQ�s�NPSU[,X � �&� � �8yaX�c k Q f 7�NPO�ceNDQ�RPNTS k c,NTSUX�p�pec,SUX�R
`o[ WDf c W peQ�X�Q�NTR
NTc �,Q�R W Q�n8g�S W Q�R�Q��8N W c NTS k Q ��SUNTO�[,g�N RPSUp,X�S i s�c,X8N f 7-c f NTQ W SUX�p�NPO�Q V�f c,s�Q k Q�X8N)[,g�NTs�[ k Qa� r g�X
c,X=Y r8Q�s O�Q�X�SUX & r8Q�s "	Q�Q ' � '2RPO=[��
Q�YFNPO=c,N�y���O�Q�X�g�RPQ�Y ��SUNPO-NTO�Q�RPO=S `hNPSUX�p�p,ceSUX-Q�RPNTS k c,NTSU[,X k [8Y�Q f y f S k StNTSUX�p
p,ceSUX@Q�RTNPS k ceNPSU[,X1NP[�X�Q�NTR�R k c fUf Q W NPO�ceX �,|Fs�Q fUf R�c,s�NPg�c ftf 7 (*-��  �"�� 0 " 0'Q�RTNPS k ceNPSU[,X1c,s�s�g W ces�7#R f SUp,O8N f 7eyxceX�Y
W Q�Y�g�s�Q�R W g�X NPS k Q@687d[a^,Q W ',| � 687 W Q�Y�g�s�SUX�pdNTO�Q NPS k Q W Q�nxg=S W Q�YJ`o[ W s�[ k1V g�NTStX=p k [a^eQ k Q�X8N-pec,SUX�R��
��O�Q W Q `o[ W Qay�[,X f 7�X=Q�NPR]R k c fUf Q W NPO�ceX �,|�s�Q fUf R�c W Q�s�[,X�RTSUY�Q W Q�Y Y�g W StX=p�p,c,SUX�Q�RTNPS k ceNPSU[,X1SUX@NPO=StR�s O�c V NPQ W �
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ceR�Y�Q�^,Q f [ V Q�Y�NT[ 6 Q�c-`hc,RPN�y�p W Q�Q�Y�71O�Q�g W StRTNPSUsay Q�� V�f [,SUNPSUX�p��8X�[�� f Q�Y=p,Q�[l`�NPO�Q
s�g WTW Q�X8N V�f ces�Q k Q�XxN NP[-RTQ f Q�s�N k [a^eQ�R ��SUNPO�cFp,[8[8Y V�W [e6�c,6�S f SUN_7-NP[�S k1V�W [a^eQ
NTO�Q V=f ces�Q k Q�X8NDn8g�c f SUN_7,�5��O�Q
g�NTS f SUN_7 f SURTN
RTQ�c W s O Y�Q V NTO�[l`mcF\�� � " � ��� RTQ�c W s O Y�Q�NPQ WPk SUX�Q�R�NPO�Q�RPS���Q�[l`mNPO=Q'RTQ�c W s O R V ces�Q�NPO�ceN�s�c,X162Q
Q��8c k SUX�Q�Y Y�g W SUX�p#c V c,RTR��@M�R k c fUf Q W RTQ�c W s OdY�Q V NTO ��S fUf s�[eX�s�Q�X8N W c,NTQ@[,X `oQ ��Q W-V [,RTRPSU6 f Q k [a^eQ�R�y�ceX�Y
NPO=Q W Q `h[ W Q f S k SUNPRDNTO�Q�RPS���Q-[l`DNPO�Q-RTQ�c W s O R V ces�Qa���][��
Q�^,Q W y2c�R k c fUf Q W RPQ�c W s O Y�Q V NPO ��S fUf c f RP[FX�[eN �
ceRPNPQ
NPS k Q�[,X �
Q ftf � V�f c,s�Q�Y�s�Q fUf R�NTO�c,N�c W Q�^,Q W 7@g=X f S��eQ f 7�NP[�6 Q�S k1V�W [a^eQ�Y�687@c k [a^eQa�

� Stpeg W Q � � � S fUf g=RPN W c,NTQ�R-NPO=Q�62Q�O=ca^xSU[ W [l` NTO�Q�\�� � " � ��� O�Q�g W SURPNTSts ��SUNTOZ^ac W 78SUX�p#g�NPS f SUN_7 f SURPN�RTQ�c W s O
Y�Q V NPO�R�y g=RPSUX�p�NPO=Q � X�Y�g�RTN W 7 { f c W peQ�62Q�X=s O k c W �@ceR�c,X#Q��8c k@V�f Qa� � X NTO�Q f Q�peQ�X�Y�y�{,| � k Q�ceX�R�NPO�ceN�NPO�Q
f [��
Q�RPN-{,| � [a`
NTO�Q g=NPS f StN_7 f SURPN]StR�Q��8c k SUX�Q�Y SUX c V c,RTR�y)62Q�`o[ W Q NTO�Q�g�NPS f SUNPSUQ�R]c W Q W Q�� s�c f s�g f c,NTQ�YB`o[ W NPO�Q
X�Q��8N V ceRPR�� ��Q W Qay2\]� � " � ��� �
ceR
g�RTQ�Y#c,R�c V=W S k c W 7-S k@V=W [a^,Q k Q�X8N�O=Q�g W SURTNPSUsay k Q�c,X=StX=p'NTO�c,N ��c,R�g�RPQ�Y
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��c,R�X�[,N]Y�Q�RTStpeX�Q�YdNT[@6 Q�g�RPQ�YBc,R�c V�W S k c W 7@S k@V�W [a^,Q k Q�X8N
O=Q�g W SURTNPSUsa� � SUp,g W Q �8� � c f RT[@s�[ k@V c W Q�R]NPO�Q
\�� � " � ����O�Q�g W SURPNPSUs-NT[�c�p,[8[8Y#p W Q�Q�Y�7 W ceX�Y�[ k � k [a^aQ��_RPQ f Q�s�NTSU[,X@SUNTQ W ceNPSU^,Q�S k@V�W [a^,Q W NP[�S fUf g=RPN W c,NTQ'NTO�SUR��
��O�Q�S k@V�W [a^,Q W g�RPQ�Y ��c,R)NTO�Q�� � " u O�Q�g W SURPNPSUs�Y�Q�^,Q f [ V Q�YF687 ��Q�X�X�SUX�peRDSUX"& �'Q�X�� � ' yec,X�YFO�c,R)6 Q�Q�X�RTO�[���X
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Effect of Local Search Window Size, Time vs. Wirelength, Industry2 Benchmark
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Final wirelength vs. Cell utility net size cutoff, Industry2 benchmark

� SUp,g W Q � � } | � u � Q�s�N [l`
X�Q�N-RTS���Q s�g�N �_[ �JStX s�Q fUf g�NTS f SUN_7#s�c f s�g f ceNPSU[,X	y RTO�[���SUX�p@O=[���c@s�g�N �_[ �J62Q f [�� �e|
s�Q fUf R W Q�RPg f NPR�SUX RPSUp,X�S i s�c,X8N f 7 V [8[ W Q W RP[ f g�NPSU[,X=R�� � Q�RPg f NTR�c W Q1`o[ W NTO�Q#SUX�Y�g�RTN W 7�{ 62Q�X�s O k c W � ��SUNPO c
k c��8S k g k X�Q�N�Y�Q�p W Q�Q�[a`��x{ � �

� Stpeg W Q �8� } |Fs�[ WTW [,6 [ W c,NTQ�R�NPO�QFc,RTRPg k1V NPSU[,X=R k c,Y=Q-SUX�RTQ�s�NTSt[eX � � �8� �8� � X c,p W Q�Q k Q�X8N ��SUNPO NTO�QFs�[,X��
s f g�RTSt[eX�R V�W Q�RPQ�XxNTQ�Y#SUX%& r8Q�s "�Q�Q ' � ' yeY�SUR W Q�p,c W Y�SUX�p f c W p,Q�X�Q�NPR�Y�[8Q�RDX�[eNDc,Y�^eQ W RTQ f 7 c � Q�s�N
RT[ f g�NTSt[eX n8g�c f StN_7ey
c,X=Y�ces�NPg=c fUf 7 V�W [a^8SUY�Q�R�cFR f SUp,O8N�S k1V�W [a^eQ k Q�XxN [a^,Q W cFRP[ f g=NPSU[,X1s�[,X�RTSUY�Q W SUX�p�c fUf X�Q�NPR��

��� ���
� � �!	&���)����	�� 	��)�
�	� � � �����
��! 
�� 
 $ 	�
 � � � 	 ��� � 	 ���  ��
 � 	 � 	�� ��" � 
����
��!

� X#NPO�SUR�s O�c V NPQ W y�g�NPS f SUN_7�NPO�Q�[ W 7 �
ceR�g�RPQ�Y NP[�Y�Q�RTs W SU6 Q NTO�Q-n8g�c f SUN_7�[l` V�f c,s�Q k Q�X8N�[l`mc�s�Q fUf y2SUX1[ W Y=Q W NT[
Y�Q�NTQ WPk SUX�Q pe[8[xY s�c,X�Y=StY=c,NPQ�R�`h[ W RTQ�c W s O k [a^,Q�R�� � SUpeg W Q �8� },}�RTO�[���R�NPO�ceN�NPO�Q W Q�SUR'c1O�SUp,O s�[ WPW Q f c,NTSt[eX
6 Q�N �
Q�Q�X S k@V�W [a^,Q k Q�X8N-SUX s�Q ftf g�NPS f SUN_7dc,X�YJS k@V=W [a^,Q k Q�X8N�SUX ��S W Q f Q�X�p,NTO�y�Q�R V Q�s�SUc ftf 7 `o[ W NTO�Q f c W p,Q�RTN
6 Q�X�s O k c W �8R��



���������
	
� � � ������� ������� � ������������� ���
	 	
� ���
	
��������� 	
	$	 � ����� " �

fract prim1 struct ind1 prim2 bio ind2 ind3 avqsmall avqlarge
0

0.02

0.04

0.06

0.08

0.1

0.12

0.14

0.16

0.18

0.2
Correlation between utility and wirelength, by benchmark

Benchmark

N
or

m
al

is
ed

 im
pr

ov
em

en
t

improvement in utlity
improvement in wirelength

� SUp,g W Q �8� },} �mw [ WTW Q f c,NTSU[,XF62Q�N ��Q�Q�X ��S W Q f Q�X�peNPO�S k@V=W [a^,Q k Q�X8N�c,X=Y s�Q ftf g�NTS f SUN_7ey g=RPSUX�p-\]� � " � ��� O�Q�g W SUR �NPSUsa� ��[ WPk c f SURPQ�Y#S k@V�W [a^,Q k Q�XxN�SUR�NTO�Q W c,NTSt[�[l` i X�c f ^ac f g=Q-NP[1StX=StNTSUc f ^ac f g�Qly X=[ WPk c f S���Q�Y1NP[@NTO�QFStX=StNTSUc f^ac f g�Ql�



���������
	
� � � ������� ������� � ������������� ���
	 	
� ���
	
��������� 	
	$	 � ����� " �

� Stpeg W Q � � }>{�RTO�[���R�NPO�Q�Y=StRTN W St6=g�NPSU[,XB[a`�NP[eNPc f O=c f ` � V Q W S k Q�NTQ W ��S W Q f Q�X�peNPOB6x7 X�Q�N-RTS ��QaymceX�YdRPO=[���R
NPO=c,NDNTO�Q�^ac,RTN k c � [ W SUN_7�[a`�NP[,NTc f Q�RPNPS k c,NPQ�Y ��S W Q f Q�X�p,NTO SURDY�SURTN W SU6�g=NPQ�Y�SUXFR k c fUf X=Q�NPR��D��O�SURmSURDs�[,X�RTStRTNPQ�X8N
��SUNPO#NPO=Q'[e6�RPQ W ^ac,NTSU[,X#SUX@RPQ�s�NPSU[,X �8� �8� ��NTO�c,N k [,RPN X�Q�NPR]c W Q-62Q�N �
Q�Q�XZ{Fc,X�Y "Fs�Q fUf R�SUX@RPS���Ql�

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15+
0

0.05

0.1

0.15

0.2

0.25

0.3

0.35

0.4

0.45

0.5
Distibution of Wirelength (HPWL)  by net size, all benchmarks

Net Size

P
ro

po
rt

io
n 

of
 to

ta
l w

ire
le

ng
th

before iterative improvement
after iterative improvement

� SUp,g W Q � � } { � ��SURTN W SU6�g=NPSU[,X [l` NP[eNPc f O=c f ` � V Q W S k Q�NTQ W ��S W Q f Q�X�peNPO 687 X=Q�N#RPS���Qa� � [ WPV [ W NPSU[,X [l` NP[eNPc f
��S W Q f Q�X=p,NPO StR�NTO�QFNP[,NTc f ��S W Q f Q�X�peNPO [l` c fUf X�Q�NPR]`o[ W Q�c,s O X=Q�N�RPS���Qay�Y�SU^8SUY�Q�Y#687@NPO=Q NT[,NPc f ��S W Q f Q�X�p,NTO [a`c fUf X�Q�NPR��

� Stpeg W Q � � } ��RPO=[���RDNPO�ceN)ca`oNTQ W S k@V�W [a^,Q k Q�XxN ��SUNTO \]� � " � ��� yeNPO�Q�X�Q�NDg=NPS f StN_7�[l` R k c fUf X�Q�NPR�62Q�N ��Q�Q�X
{�ceX�Y " s�Q fUf R�SUX RPS���QFSUR�SUX�s W Q�c,RTQ�Y�� � [ W N �
[ � s�Q ftf X�Q�NTR�y�X�Q�N'g=NPS f StN_71SUR�SUX�s W Q�c,RTQ�YZ687#c�`hc,s�NT[ W [l`
c fUk [,RPN
}>|e| � �)��O�SUR�SUX�Y�SUs�c,NTQ�R�NPO=c,N�y�SUX#NPQ WPk R�[a`DNTO�Q�g�NPS f SUN_7 k Q�ceRPg W Qay�X�Q�N f Q�X�peNPO�R]c W Q's f [eRPQ W NP[F[ V NTS k g k �
r8SUX�s�Q-NTO�Q W Q-SUR�c�O�SUp,O@s�[ WPW Q f c,NTSt[eX#62Q�N ��Q�Q�XBS k@V�W [a^,Q k Q�X8N)StX ��S W Q f Q�X�p,NTO�ceX�Y#S k@V�W [a^,Q k Q�X8NmSUX#s�Q fUf

g�NTS f SUN_7ey [eg W�k Q�ceRPg W Q�[a`�s�Q fUf g=NPS f StN_7�StR c-p,[8[8Y k Q�ceRPg W Q�[a`�c-s�Q fUf � R V=f ces�Q k Q�X8N � R)s f [,RPQ�X�Q�RPR�NT[-[ V NPS k c f SUN_7a�

� ��� � 	 � � 	 � �

� X NTO�SUR s O�c V NPQ W �
Q#Q��8c k SUX�Q�YBcZX�[a^eQ f X�Q � c V�V�W [,ces O NP[B[a^,Q W s�[ k Q�NPO�Q V�W [,6 f Q k [a` W ceX�Y�[ k k [a^eQ
RPQ f Q�s�NPSU[,X�StX�c�Y�Q�NPQ WTk SUX�SURPNTSts � p W Q�Q�Y�7��5RPQ�c W s O-O�Q�g W SURPNTStsl�  
7 k Q�ceRPg W StX=p�NPO�Q�&). (�� ( . ��[a`�c�s�Q ftf � R V�f c,s�Q k Q�X8N�y



���������
	
� � � ������� ������� � ������������� ���
	 	
� ���
	
��������� 	
	$	 � ����� " "

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15+
0

0.05

0.1

0.15

0.2

0.25

0.3

0.35
Average Net Utility by net size, all benchmarks

Net Size

A
ve

ra
ge

 N
et

 U
til

ity

before iterative improvement
after iterative improvement

� SUpeg W Q,�8� }�� � M�^,Q W c,peQ�X�Q�N�g=NPS f StN_7F687@X�Q�N�RPS���Ql�

k [a^eQ�RFc W Q s O=[,RPQ�X NPO�ceN�c W Q RPNTc,NPSURTNPSUs�c fUf 7 k [ W Q f S �eQ f 7dNP[dS k@V�W [a^,Q1NPO�ceX Sj`�NPO�Q k [a^,Q�R ��Q W Q s O�[eRPQ�X
W ceX�Y�[ k@f 7,�  �7Zs�[,X�s�Q�XxN W ceNPSUX�pBs�[ k1V g�NPceNPSU[,X=c f Q�� [ W NF[,Xds�Q fUf R ��SUNPO ��[ W RTQ��_NPO�ceX�� ca^eQ W cep,Q V�f c,s�Q k Q�X8NPR�y
p W Q�c,NTQ W p,ceSUX�s�c,X162Q�c,s O�SUQ�^eQ�Y ��SUNPO f Q�RPR�Q�� [ W N�NPO=c,X@NTO�c,N ��O�SUs O@c W ceX�Y�[ k S���Q�Y k Q�NPO�[8Y�s�[eg f Y@c,s O�SUQ�^eQ
SUXdNPO�Q�RTc k Q NTS k Qa� � XdNTO�SUR �
ca7ey�SUN-SUR V [,RTRPSU6 f Q�NP[ W Q�Y�g�s�Q@NPO=Q@s�[ k@V g�NTc,NTSt[eX�c f S k@V c,s�N][a`�Q��8c k SUX�SUX�p
k [a^eQ�R�NPO�ceN ��S fUf 62Q W Q � Q�s�NTQ�Y��

� N ��c,R-RTO�[���XdNPO�ceN�g�RPSUX�p g=NPS f StN_7#ceR-c k Q�ceRPg W Q�[a` V�f c,s�Q k Q�X8N�nxg=c f SUN_7 �
ceR�Q � Q�s�NPSU^,Ql� � k@V�W [a^xSUX�p
NPO=Q s�Q ftf g�NTS f SUN_71[a` V [8[ WPf 7�� V�f c,s�Q�Y s�Q fUf R'S k1V�W [a^eQ�Y#NPO�QFNP[eNPc f ��S W Q f Q�X�p,NTO [a`
NTO�QFRP[ f g�NTSU[,X�y�c,X=Y RP[ f g=NPSU[,X
s�[eXx^eQ W peQ�X�s�Q�NTS k Q �
ceR)Y W c k c,NTSUs�c fUf 7
SUX�s W Q�ceRPQ�Y ��SUNPO�R k c fUf Q W g�NPS f SUN_7 f SURPN�RTQ�c W s O�Y�Q V NTO�R�y8RP[]NPO�ceN !�p,[8[8Y$#
RP[ f g�NPSU[,X=R ��Q W Q�`o[,g�X=Y n8g�SUs�� f 7e� �][��
Q�^eQ W y ��O�Q�X�s�[ k@V c W Q�Y-NP[�c�p,[8[8Y Y=Q�NPQ WTk SUX�SURPNTSUs
RTQ�c W s O1O�Q�g W SURPNPSUs�ceR
c V�W S k c W 7-S k@V�W [a^,Q k Q�X8N�O�Q�g W SURPNTSUsay�NPO�Q W Q�RTg f NPR�g�RTSUX�p-g�NTS f SUN_7 ��Q W Q]X�[,N�s�[ k@V Q�NPSUNPSU^eQa����O�Q]s�[,X8^,Q W p,Q�X�s�Q
NPS k Q�`o[ W NTO�Q�g�NPS f SUN_7 �_6�ceRPQ�Y1O�Q�g W StRTNPSUs �
ceR�NP[8[FRPO�[ W N�NP[�ceY�Q�n8g�ceNPQ f 7@Q �xc k SUX�Q�NTO�Q�RPQ�c W s O R V c,s�Qay c,X�Y#RT[
NPO=Q'RT[ f g�NTSt[eX�R ��Q W Q-[l`m^eQ W 7 f [��
�_n8g�c f SUN_7e�
\�NTS f SUN_7�� 6=c,RPQ�Y S k@V�W [a^,Q k Q�X8N �
ceR�RTO�[���XZNT[@6 Q 6 Q�RTN'RTg�SUNPQ�Y `o[ W g�RTQ ceR�c�`hc,RPN V [eRPN � V�W [8s�Q�RPRTSUX�p S k �



���������
	
� � � ������� ������� � ������������� ���
	 	
� ���
	
��������� 	
	$	 � ����� " #

V�W [a^,Q k Q�X8N'RTNPQ V yDca`oNTQ W RPSUpeX�S i s�c,X8N-S k1V�W [a^eQ k Q�X8N�O�ceR-c fUW Q�c,Y�7 62Q�Q�X k ceY�QF6x7 c,X�[eNPO�Q W S k@V�W [a^,Q k Q�X8N
k Q�NPO�[8Y�� q [eRPN�p,[8[8Y S k@V=W [a^,Q k Q�X8N k Q�NTO�[8Y�R�y�RPg=s OBc,R�RTS k g f ceNPQ�Y#ceX�X�Q�c f SUX�p=y�c,s O�SUQ�^,QFc f c W p,QFY�Q�p W Q�Q
[a`�S k@V�W [a^,Q k Q�X8N
687Bg�RPSUX�p#RTNP[8s O�c,RTNPSUs k Q�NTO�[8Y�R�SUXZSUX�SUNPSUc f�V O�ceRPQ�RF[a`�S k1V�W [a^eQ k Q�XxN�y2SUX ��O�SUs OBc f c W peQ
X8g k 6 Q W [a`)X�[,X��_S k@V�W [a^8StX=p k [a^,Q�R�c W Q-c,s�s�Q V NTQ�YZSUX#[ W Y�Q W NP[�Q�RTs�c V Q f [8s�c f�k SUX�S k c8�)\�NTS f SUN_7�� 6=c,RPQ�Y@S k �
V�W [a^,Q k Q�X8N�y�687�s�[,X8N W c,RPN�ymSUR�Q��8c,s�N f 7#NPO�Q�[ V�V [eRPSUNPQF[a`�NPO�SUR�� ��ceX�Y�[ k4k [a^eQ�RPQ f Q�s�NTSU[,XdSUR�ca^e[,SUY�Q�Y�y�ceX�Y
p,ceSUXdStRFc,s�s�Q V NTQ�Y Y�Q�NTQ WPk SUX�SURPNPSUs�c fUf 7e�  �Q�s�ceg�RPQ [a`�NPO=StR�y
g�NTS f SUN_7��_6�c,RTQ�YdS k@V�W [a^,Q k Q�X8N's�c,X�X�[eN-`hg�X�s�NTSt[eX
��Q fUf c,R�c V�W S k c W 7 S k@V=W [a^,Q k Q�X8N)O�Q�g W SURPNPSUsa�
��[���Q�^,Q W y ��O�Q�XdNPO=Q V�f c,s�Q k Q�X8N�n8g�c f SUN_7#SUR�c fUW Q�ceY�7 O�SUpeO�y�c#Y�Q�NTQ WPk StX=StRTNPSUsFc V�V�W [,ces OBSUR�Y�Q�RPS W c,6 f Qa�

M�pec,SUXFg�RPSUX�p�RPS k g f ceNPQ�Y-ceX�X�Q�c f StX=p'ceRDc,XFQ��8c k1V�f QayaSUX f ceNPQ V�f c,s�Q k Q�X8N V O�ceRPQ�R�y ��O�Q�X�NPO=Q�RP[ f g�NTSU[,XFnxg=c f �
SUN_7#StR�peQ�NPNTStX=p�^eQ W 7 p,[8[8Y�y�RPS k g f c,NTQ�Y c,X=X�Q�c f SUX�p�6 Q�O�ca^eQ�R-^,Q W 7 Y�Q�NPQ WTk SUX�SURPNTSts�c fUf 7,y c,s�s�Q V NPSUX�p ^eQ W 7 `oQ �
X�[eX�� S k1V�W [a^8SUX�p k [a^,Q�R�� � ` k [ W Q)X�[,X��_S k@V�W [a^8StX=p k [a^eQ�R�c W Q
ces�s�Q V NTQ�Y�y8NPO�Q RP[ f g�NTSU[,X ��S fUf X�[,N5s�[,X8^eQ W peQ
NT[
c f [xs�c f8k SUX�S k g k y�c,X�Y�c,N �
[ W RTN�y8NPO�Q�RP[ f g=NPSU[,X ��S fUfei X�YFc�X�Q ��y V [8[ W Q W �_nxg=c f SUN_7 f [xs�c f8k SUX�S k g k y�Y�Q `oQ�c,N �
SUX�p-NTO�Q V g WPV [,RPQ][a`�g�RTSUX�p-O�S fUf � s f S k 6�SjX�p��  �Q�s�c,g=RPQ�g�NPS f SUN_7�� 6�ceRPQ�Y�S k1V�W [a^eQ k Q�X8N�SUR�O�SUp,O f 7-Y�Q�NPQ WTk SUX�SURPNTStsly
n8g�SUs�� f 7 i X=Y�SUX�p c f [8s�c f�k SUX�S k g k y SUN�SUR �
Q fUf RPg�SUNPQ�Y�NT[�c,s O�SUQ�^eQ'ceX87 � � 0 . ���  � �%" 0%0 ( -��1S k1V�W [a^eQ k Q�X8N��

� XZNTO�QFX�Q��8N�s O=c V NTQ W ��Q SUX8^,Q�RTNPSUp,ceNPQ-ceX�[,NTO�Q W ��ca7�NT[#O�c,X�Y f Q�O�SUp,O f 7#s�[ k1V�f Q�� V=W [,6 f Q k R�SUX M�r � w
Y�Q�RTSUp,X�� � XZNTO�SUR's O�c V NPQ W y)NPO�Q�s�[ k@V�f Q��8SUN_7@[l`
NPO=Q�RPNPceX�Y�c W Y��_s�Q fUfDV�f ces�Q k Q�XxN V�W [e6 f Q k ��c,R]O�c,X=Y f Q�YZ687
W Q�Y�g�s�SUX�pFNPO�Q]RPS���Q][a`�NPO=Q�RPQ�c W s O1R V ces�Q�6x7Fg�RTStX=p-g�NPS f SUN_7-NP[ `o[8s�g�R�RPQ�c W s O@Q ��[ W NPR�[eX V [8[ WTf 7 � V�f c,s�Q�Y�s�Q fUf R��
� X�NPO=Q�X�Q��8N
s O�c V NPQ W y �'(* �'&)(*.%� � &�0 . "  (*- �-SUR)SUXxN W [8Y�g�s�Q�Y ��O�SUs O�c,s�NPg�c ftf 7� #" � & �%" 0�NPO=Q�RPQ�c W s O@R V c,s�Q][a`�NPO�Q
V�W [,6 f Q k y W c,NTO�Q W NTO�c,XFN W 7xSUX�p]NP[�s�[eX i X�Q�c�RPQ�c W s O��D��O=Q�s�S W s�g�SUN)RPS���Q�SUR W Q�Y�g�s�Q�Y	y�RP[�NPO�ceN)NPO�Q�s�[ k@V�f Q��8SUN_7
[a`DNTO�Q S k1V�W [a^eQ k Q�X8NDNTc,R ��SUNTRPQ f `
SUR W Q�Y�g�s�Q�Y��-��O�SUR k Q�NPO=[xY#c f RT[ V�W Q�RPQ�X8NPR�c,X SUX8NPQ W Q�RPNTSUX�p@s O�c ftf Q�X=p,Q-NT[
W Q�RPNP[ W SUX�p�s�S W s�g�SUN�s�[ k@V�f Q��8SUN_7ey,SUX ��O�SUs O#g�NPS f SUN_7 �_6�ceRPQ�Y1S k1V�W [a^eQ k Q�XxN V�f ca78R�c,X1S k@V [ W NTc,X8N W [ f Qa�
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M�R k Q�X8NPSU[,X=Q�Y V�W Q�^8SU[,g�R f 7ey�NPO�Q#RTS ��Q [a`�RPNPceX�Y�c W Y��_s�Q fUf�V�f c,s�Q k Q�X8N V�W [e6 f Q k RFSUR�StX=s W Q�ceRPSUX�pdceN�cdRPg�6��
RPNTc,X8NPSUc fmW c,NTQa� u ^eQ�XBNPO�Q�[eg�NPY�ceNPQ�YB6 Q�X�s O k c W �8R�ca^ac,S f c,6 f Q]NP[#NPO�QFc,s�c,Y�Q k SUs �
[ WPf Y c W Q�^,Q W 7 f c W p,Q-687
s�[ k 6�SUX�c,NT[ W SUc f RPs�c f Q�R�� w [ k@V g=NPc,NTSU[,X-R V Q�Q�Y�SUX�s W Q�ceRPQ�R�[a^eQ W NPS k Q
ceR �
Q ftf y,6=g�ND6 Q�s�c,g=RPQ�[a`�NTO�Q�s�[ k1V�f Q����
SUN_7-[a`�NPO=Q V�f c,s�Q k Q�X8N V�W [e6 f Q k y,c�Y�[eg�6 f SUX�p�[l` NTO�Q�s�S W s�g�SUNDRTS ��Q�s�c,X�X=[,ND6 Q�O�c,X=Y f Q�Y�SUX NTO�Q�RPc k Q�NPS k QD687
c�Y�[eg�6 f SUX�p [l`DNPO�Q-s�[ k@V g�NPceNPSU[,X�R V Q�Q�Y���M V=f ces�Q k Q�X8N
O�Q�g W SURPNTSUs-NPO�ceN V�W [8Y�g�s�Q�R�Q��8s�Q ftf Q�X8N W Q�RTg f NPR�y�6�g=N
NPc��,Q�R ��Q�Q��8R�[ WDk [,X8NPO=RDNP[ W g�X@SURD[l`oNPQ�X@g�RTQ f Q�RPR�NT[ NTO�Q k [xY=Q W X � g=RPN �_SUX��_NPS k Q `oc,6 W SUs�c,NTSU[,X k Q�X8NPc f StN_7e� � X
k ceX87-s�c,RTQ�R�y�Q�^,Q�X1c O�Q�g W SURPNTSUs�NPO=c,N W g�X�R�SUX�Y�ca78RDSURDs�[eX�RPSUY�Q W Q�Y#NP[8[FR f [���y ��O�Q�X1c-`hQ �J7,Q�c W R�c,p,[�StN �
ceR
s�[eX�RPSUY�Q W Q�Y s�[ k@k [,X V�f ces�Qa�
��O�SURDY�Q k [,X�RTN W c,NPQ�RDNPO�Q]X�Q�Q�Y `o[ W pe[x[8YF6�g�N `oc,RTN V�f c,s�Q k Q�X8N)O�Q�g W StRTNPSUs�R�� w [ k1k [eX f 7��_g�RPQ�Y�O�Q�g W StRTNPSUs�R

NPO=c,N �
Q W Q�c V=V�W [ V�W SUc,NTQF`o[ W R k c fUf Q W s�S W s�g�SUNPR-s�c,XdX�[eN'RTNPceX�YZg V NP[#NPO�Q�Y=Q k ceX�Y�R V=f ces�Q�Yd[eXZNTO�Q k 687
f c W p,Q W s�S W s�g�SUNPR�y26 Q�s�c,g=RPQFNPO�Q W g=X�� NTS k Q�s�[ k@V=f Q �xSUN_7F[a`DNPO=Q�RPQ-O=Q�g W SURTNPSUs�R�SUR�RTS k1V�f 7 NT[8[ f c W peQa�D��O�Q�X�Q�Q�Y
`o[ W V RTQ�g�Y�[ � f SUX�Q�c W NPS k Q�O=Q�g W SURTNPSUs�R@SUR�Q�^8SUY�Q�X8N�� V RPQ�g=Y�[�� f StX=Q�c W�k Q�c,X�SUX�p ^,Q W 7 f [��
� [ W Y�Q W V [ f 78X�[ k SUc f y
RPg=s O c,R � � 
 ����� 
 ��ceX�Y V�W Q `hQ W ce6 f 7 f Q�RPR]NPO�ceX@n8g�ceY W ceNPSUs � � � 
 	 � � � �
��O�Q W Q�c W Q�N ��[�NTQ�s O�X�SUn8g�Q�RDs�g WPW Q�X8N f 7 SUXFg�RPQ�NT[�Y�Q�c f ��SUNPOFNPO=StR V�W [,6 f Q k ����O�Q k [eRPN�[e68^xSU[eg�R k Q�NPO�[8Y
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NT[-S k@V�f Q k Q�X8N�`oceRPNTQ W O�Q�g W SURPNPSUs�R�ceN
NTO�Q�s�[,RPN�[l` f [��
Q W � n8g�c f StN_7�RP[ f g�NTSU[,X�R��m��O�Q][,NTO�Q W SURDNP[Fc,NTNPQ k1V NDNT[
W Q�Y�g�s�Qay�[ W ! s f g�RTNPQ W #�y2NTO�Q-RTS ��Q'[l`DNPO�Q�s�S W s�g�SUN�StX8NT[ c f Q�RTR �_s�[ k1V�f Q��F`o[ WTk �
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��O�Q i2W RPN-c V�V�W [,c,s OdNT[ c V�f c,s�Q k Q�X8N V�W [e6 f Q k SUR-NT[�RT[ f ^,QFSUN-SUXZc#NT[ V �_Y�[���X `oc,RTO�SU[,X�y�687Bs�[,X=RPSUY�Q W StX=p
p f [e6�c fUf 7-NPO=Q'6 Q�RTN V [eRPSUNPSU[,X=RD`o[ W s�Q fUf R�SUX�c V=f ces�Q k Q�X8N��)��O�SUR
SUR�y�[l`�s�[,g W RPQly2SUX�s W Q�Y�SU6 f 7�NPS k Q�� s�[eX�RPg k SUX�p�y
c,X=Y�RTS k@V�f 7FStRTX � N V=W c,s�NPSUs�c f `o[ W�f c W p,Q V�W [e6 f Q k R ��SUNPO�[eg�N W Q f c �8SUX�pFNPO�Q V�W [e6 f Q k �
��O�Q k [ W QDs�[eXx^eQ�X8NPSU[,X=c f c V�V�W [,c,s O-SUR)NP[]g�RPQ�c�6 [,NTNP[ k �_g V y>SUNTQ W ceNPSU^,Q�S k@V�W [a^,Q k Q�X8N�c V�V=W [,ces O�y ��O�SUs O

c,NTNPQ k1V NPR)NT[ i X�Y�c�p,[8[8Y-[a^,Q W c fUf RT[ f g�NPSU[eX-687 f [x[��8StX=p�c,N)[eX�Q�[ W c]`oQ � s�Q fUf R �,k [a^,Q k Q�X8N�c,N)c�NPS k Qa�5��O�SUR
SUR f Q�RTR�NPS k Q�s�[,X�RTg k SUX�p=yx6�g=N
c f RT[ f Q�RTR�62Q�X�Q i s�SUc f RPSUX�s�Q'[eX f 7 cFR k c fUf�f [8s�c f S k1V�W [a^eQ k Q�X8N5StR�s�[,X�RTStY=Q W Q�Y
c,N�cFNPS k Qa�
�)Q�s O�X�SUn8g�Q�RDO�ca^eQ
6 Q�Q�X1c,NTNPQ k1V NPQ�YFNP["!�6 f Q�X�Y$#�NPO=Q�N �
[�c V=V�W [ec,s O�Q�RDNT[�p,Q�NDNTO�Q�6 Q�RPND[l` 6 [,NTO �
[ WPf Y�R��

z]X�QBQ��8c k@V=f Q1SUR@RPS k g f ceNPQ�Y c,X�X�Q�c f SUX�p�y�687JY�Q i X�SUNTSt[eXJc,X SUNPQ W c,NTSU^,Q S k@V=W [a^,Q W ceX�Y RP[ cd62[eNPNT[ k �_g V
k Q�NPO�[8Y�y 6�g�N�ceN�SUNPR�O=StpeO�NTQ k@V Q W ceNPg W Q W Q�p,S k Qay�SUN�StR��8X�[��ZNT[�62Q�O�ca^,QDSUX�c�NP[ V �_Y�[���X k c,X=X�Q W & r8g�X2r Q�s�� " '_�
� [ W NPO�SUR W Q�c,RP[eX�y)RPS k g f c,NTQ�Y c,X=X�Q�c f SUX�p1StR�[l`oNPQ�X W Q `oQ WTW Q�Y NP[#c,R�c ! V RPQ�g�Y�[��_NP[ V �_Y�[���X$# k Q�NPO=[xY	y�RPSUX�s�Q
[a^,Q W NTO�Q@s�[eg W RTQ#[a`�SUNPRFS k@V�W [a^,Q k Q�X8N�SUN-s�[eX�RPSUY�Q W R�NPO�Q1p f [,6=c fDV�f ces�Q k Q�XxN�[a`'Q�c,s O s�Q ftf � � N O�ceR 6 Q�Q�X
k ceNPO�Q k c,NTSUs�c fUf 7 V=W [a^,Q�XZNTO�c,N�NPO=Q�RPS k g f c,NTQ�Y#c,X�X�Q�c f SUX�p k Q�NPO�[8Y s�c,XBp,SU^,QFc@p f [e6�c f [ V NPS k c f RP[ f g=NPSU[,X
p,SU^eQ�X@c f [,X=p Q�X=[,g�peO�NTS k Q & q SUN � [ k ' # '_�
M k [ W Q W Q�s�Q�X8NDc V=V�W [ec,s O NT[�s�[ k 6�SUX�SUX�p�NPO=Q�RPQ�NTQ�s O�X�SUn8g�Q�RDSUR)s�c fUf Q�YFO�SUQ W c W s O�c f S k1V�W [a^eQ k Q�X8N�y�c,X�YFSUR

cFN �
[ � RTNPQ V#V�W [xs�Q�Y�g W Qay i2W RPN V�W [xs�Q�Q�Y�SUX�p162[eNPNP[ k �_g V y,ceX�Y#NPO�Q�X�NT[ V �_Y�[���X��D��O=Q'6 [,NTNP[ k �_g V NPQ�s O�X=Stn8g�Q
SUR�s f g�RPNTQ W SUX�p=yDc,X�YBSUXx^e[ f ^,Q�R'NTO�Q�p W [,g V StX=p�[l` O=StpeO f 7#s�[,X�X=Q�s�NPQ�Y s�Q fUf R-SUX8NP[#s f g�RTNPQ W R ceX�Yds f g�RPNTQ W RFSUX8NP[
f c W p,Q W s f g�RPNTQ W R�y ��O�S f Q�NPO=Q@p,[ec f [a`�NTO�Q@NT[ V �_Y�[���X k Q�NPO�[8YdSUR-NP[ Y�Q�NPQ WPk SUX�Q1NPO�Q f [xs�c,NPSU[eXB`o[ W c fUf NPO�Q
s f g�RTNPQ W R�yDc,X=YZNTO�Q�XdNPO=Q f [8s�c,NTSU[,XB[a`
c ftf s�Q ftf R ��SUNTO�SUX NPO�[eRPQ�s f g�RTNPQ W R%& q c f $ W [ ' �(' �F��O�QFp,[,c f [a`�NPO�SUR�SUR
NP[ W Q�Y=g�s�Q@NTO�QFXxg k 62Q W [a`
Q�XxNTSUNPSUQ�R�NPO�ceN�X�Q�Q�YBNP[#6 Q S k@V=W [a^,Q�Y�y2ceX�Y NPO=Q�Xxg k 62Q W [a`
SUX8NPQ W s�[eX�X�Q�s�NTSU[,X�R
6 Q�N �
Q�Q�X NTO�Q k y
NPO W [,g=p,O NTO�Q 6 [,NPNT[ k � g V RPNTc,p,Ql� ��O=StR W Q�Y�g�s�Q�R NPO=Q RPQ�c W s O R V ces�Q 687 W Q�Y�g�s�SUX�p NPO�Q
Y�Q�p W Q�Q�R'[l`�` W Q�Q�Y�[ k `h[ W s�Q fUf�k [a^,Q�R�y k c �8SUX�p-c�NP[ V �_Y�[���X k Q�NPO�[8Y k [ W Q�`oQ�c,RPSU6 f Qa�
��O�SUR c V�V�W [,c,s O �
ceR i2W RTN c V�V�f SUQ�Y NT[ZNTO�Q f SUX�Q�c WFV�f c,s�Q k Q�X8N V�W [,6 f Q k SUX }�� � { ��SUNPO r8s O8g f Q W ceX�Y

\ fUW Sts O � R V c V Q W & r8s O�\ ftW � { 'Dc,X=YZO�ceR�RTStX=s�Q�62Q�Q�Xdc V�V=f SUQ�Y O�Q�ca^8S f 71NP[#NPO=Q V c W NTStNTSU[,X�SUX�p V�W [,6 f Q k � z]X f 7



���������
	
� � � � � � 	 �
	
� ����� � ���
	$	
� � � � �
	�� 	�� � "��

W Q�s�Q�X8N f 7 O=c,RFStNF6 Q�Q�XJc V�V=f SUQ�YdNT[ZNTO�Q@RTNPceX�Y�c W Y��_s�Q fUf�V�f ces�Q k Q�XxN V�W [e6 f Q k y)c,X�Y NPO�Q�X [,X f 7dSUX f S k SUNPQ�Y
g�RTc,p,Q & r8g�X r8Q�s�� "8y q c f $ W [ ' �(' � �
r8[ f g�NTSU[,X@n8g�c f StN_7�Y=[xQ�RPX � N�X=Q�s�Q�RTRPc W S f 7 X�Q�Q�Y NT[�Y�Q�NTQ W SU[ W c,NTQ NT[�c,s O�SUQ�^,Q�s�[ k1V g�NPceNPSU[,X=c f p,c,SUX�R�y�RPSUX�s�Q

RPQ�c W s OdQ �@s�StQ�X�s�7 SUR�c f RP[@S k1V�W [a^eQ�Y�����O�SUR�s�[,X�s f g=RPSU[,X#`h[ fUf [���R�6x7#[e6�RPQ W ^8StX=p@NPO=c,N ��SUNPO�[eg�N�s f g�RTNPQ W SUX�p�y
`o[ W N �
[�O�SUp,O f 7Fs�[,X�X=Q�s�NPQ�Y�s�Q fUf R�NP[ k [a^eQ
NT[,peQ�NPO�Q W y i2W RPN�[,X=Q �
[eg f Y�O�ca^,Q]NP[-6 Q�RPQ f Q�s�NTQ�Y#NP[ k [a^eQayaNPO�Q�X
NPO=Q-RPQ�s�[,X�Y ��[,g f Y1O�ca^,Q�NT[ RT[ k Q�O�[�� i X�Y#SUNPR ��ca7@s f [eRPQ�NP[�NTO�Q f [8s�c,NTSU[,X@[l`mNTO�Q i2W RPN�[,X=Qa�
��O�SUR ��[,g f Y
NPc��,Q k g�s O f [eX�p,Q W [eX@cFX�[,X��_s�[ec W RTQ�X�Q�Y s�S W s�g�SUN�62Q�s�c,g�RTQ-RPQ�^,Q W c f�k [a^,Q�R �
[eg f Y@O�ca^eQ�NP[F6 Q'N W SUQ�Y162Q `h[ W Q
NPO=Q�7#s�c,X s�[ k Q�NT[,p,Q�NPO�Q W & q c f $ W [ ' �(' � ��O�SUR�[l` s�[,g W RPQ-ceRPRPg k Q�R]NPO�ceN�NPO�QFs f g�RPNTQ W SUX�p k Q�NTO�[8Y@SUR�pe[8[xY	y
c,R�ceX87 V [8[ W s f g=RPNPQ W R k ceY�Q�ceN
NTO�Q-6 [,NPNT[ k � f Q�^eQ f RTNPQ V ��S fUf 62Q ! i �8Q�Y$#Fc,N�NTO�Q-O�SUpeO f Q�^,Q f ���
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��O�Q1NPQ WTk R ! s f g�RTNPQ W StX=p #Bc,X�Y !�s�[,c W RPQ�X�SUX�p #Bc W Q@Q�X�s�[,g�X8NPQ W Q�YJ` W Q�n8g�Q�X8N f 7dSUXdNTO�Q f SUNTQ W ceNPg W Qay
ceX�YdNPO�Q
NPQ WPk R�s�c,X#s�c,g=RPQ-s�[eX8`og�RTSU[,X�� w�f g�RTNPQ W StX=p�g�RPg�c fUf 7 W Q `oQ W R�NP[�p,Q�X�Q W ceNPSUX�p�c�R k c fUf X8g k 6 Q W [l`mRPg V Q W � s�Q fUf R�y
Q�ces O s�[,X8NTc,SUX�SUX�p c f c W peQ�X8g k 62Q W [a`�s�Q fUf R��d��O�SUR SUR-ceX�c f [ep,[,g=R-NP[Bc���� �
ca7 V c W NPSUNTSt[eX�SUX�p ��O�Q W Q�� SUR
W Q�c,RP[eX�c,6 f 7 f c W p,Qa� w [,c W RPQ�X=StX=pZg�RTg�c fUf 7 W Q `oQ W R�NP[ p,Q�X�Q W c,NTSUX�pZc f c W peQ�Xxg k 62Q W [a`�RPg V Q W � s�Q fUf R�y ��O�Q W Q
Q�ces OBRPg V Q W � s�Q fUf s�[,X=RPSURPNTR-[a`
[eX f 7@c `oQ ��y�[ W Q�^eQ�X � g�RPN�[,X=Qay�s�Q fUf �-��O�Q-Y�SURPNTSUX�s�NPSU[eX 62Q�N �
Q�Q�XdNPO�QFN �
[1SUR
!T`hg � ��7 #�� � X V�W c,s�NTSUs�c f g�RTQay2NTO�Q�NPQ WTk R�c W Q�p,Q�X=Q W c ftf 7�SUX8NPQ W s O�c,X�peQ�c,6 f Ql�DbdQ ��S fUf Q�X�Y�Q�ca^e[ W NT[ W Q `oQ W NP[Fc
p W [,g V [l`�s�Q fUf RDc,R c%! s f g�RTNPQ W #�y�ceX�Y�NPO�Q]c,s�N [a`�s W Q�c,NTStX=p s f g�RTNPQ W R
ceR !�s�[,c W RTQ�X�SUX�p # � RPSUX�s�Q�SUNDSURDRP[ k Q ��O=c,N
k [ W Q]c,s�s�g W c,NTQ � �
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�]Q�R V StNTQ@ces�NPSU^,Q�ceNPNTQ k@V NTR�NP[ i X=Yd[,X�QayDNTO�Q W Q@SUR V�W Q�RPQ�X8N f 7dX=[��8X�[���X k Q�N W SUs�`o[ W Y=S W Q�s�N f 7 k Q�c,RPg W SUX�p
NPO=Q'n8g�c f StN_7�[a`mcFs f g�RTNPQ W StX=p%& M fUV � � '_�mM�NTNPQ k1V NPR�O�ca^,Q]62Q�Q�X k c,Y=Q�NP[Fnxg=c,X8NPSj`o7Fc,X�Y1Y�Q i X=Q k Q�N W SUs�R�y�6�g=N
NPO=Q'[eX�Q�R�`o[eg�X�Y�c W Q�R V Q�s�S i s-NT[ cFRPSUX�p f Q�RPg=6�� s f ceRPR�[l`�s f g�RPNTQ W SUX�p�O�Q�g W SURPNTSUs�R�� NTO�Q W c,X=Y�[ k � ��c f � k Q�NPO�[8Y
Y�Q�RTs W SU6 Q�Y f ceNPQ W � y�ceX�Y#c W Q�6�ceRPQ�Y [,X#s f g�RPNTQ W SUX�p � 6=c,RPQ�Y�� V c W NTSUNPSU[,X�SUX�p W Q�RPg f NPR��
��O�Q-[eX f 7@c,p W Q�Q�Y�� g V [eX k Q�c,RTg W Q�[a`Dc1s f g�RPNTQ W SUX�p � R]n8g�c f SUN_7�SUR�6x7#NTO�Q i X�c f S k@V=W [a^,Q k Q�X8ND[e6�NPceStX=Q�Y

g�RTStX=p@NPO=Q k Q�NPO�[8Y�� � XB[,NPO=Q W �
[ W Y�R�y ��Q k g�RPN�SUX8`oQ W NTO�QFnxg=c f SUN_7@[a`�[,g W s f g�RPNTQ W SUX�p k Q�NPO�[8Y#` W [ k NPO�Q
n8g�c f SUN_7B[a`-[,g W ��O�[ f Q V�f ces�Q k Q�XxNFO�Q�g W SURPNTStsl� ��O�SUR�StR�[e68^xSU[eg�R f 7BX�[,N�ceX SUY�Q�c f RPSUNPg�ceNPSU[,X	y
RPSUX�s�Q i X�c f
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RP[ f g�NPSU[,X�n8g�c f StN_7FSUR
c�`oces�NP[ W [l` k ceX87-^ac W Stce6 f Q�R�y8SUX�s f g�Y�SUX�p�NPO�Q�RPS���Q�ceX�Y@RTNPc,NTSURPNPSUs�R�[l`mNTO�Q�s�S W s�g�SUN�62Q�StX=p
V�f c,s�Q�Y�y�NTO�Q V=f ces�Q k Q�X8N�O�Q�g W SURPNTSts�R-g�RPQ�Y�ymceX�Y NTO�Q f Q�X=p,NPOB[a`�S k1V�W [a^eQ k Q�XxN�NPS k Q'c fUf [���c,6 f Ql�'��O�QF6 Q�RPN
NPO=c,NDs�ceX@6 Q�Y�[,X=Q�NP[�Y�SURPNPSUX�peg�SURPOFs f g�RPNTQ W SUX�p k Q�NPO�[8Y�RDc V c W NDSURDNP[�c,NPNTQ k@V NmNT[-SURP[ f ceNPQ�NTO�Q�Q ��Q�s�NTR�[a`�NPO�Q
s f g�RTNPQ W StX=p k Q�NPO�[8YF` W [ k NTO�Q�S k1V�W [a^eQ k Q�X8N k Q�NTO�[8Y�R
687FNPQ�RTNPSUX�p�SUX�Y�S ��Q W Q�X8N�RTStNTg�c,NTSU[,X�R ��SUNTO@Y�S ��Q W Q�X8N
S k@V�W [a^,Q W RDc,X=Y@Y�S ��Q W Q�X8N�6 Q�X�s O k c W �8R��DM�R �
Q�Y�SURPs�g�RPR f c,NTQ W y ��Q�O=ca^,Q�ceNPNTQ k@V NTQ�Y@NT[ NTQ�RPN]NPO�SUR�RP[ f g=NPSU[,X
R V c,s�Q-ceR�NPO�[ W [eg�p,O f 7�ceR�NPS k Q W Q�ceRP[,X=c,6 f 7 V Q WPk StNTR��
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M�R ��Q k Q�X8NTSt[eX�Q�Y�ce62[a^eQay�NPO�Q�n8g�c f SUN_7F[a`)NPO�Q�s f g�RTNPQ W StX=p k Q�NTO�[8Y�s�c,X#[,X f 7 W Q�c fUf 7�6 Q k Q�c,RTg W Q�Y@687�NPO�Q
n8g�c f SUN_7�[a`)NPO�Q i X�c f RT[ f g�NTSt[eX��)bdQ'[eX f 7 �8X�[�� NTO�Q i X�c f RP[ f g�NPSU[,X1ca`oNTQ W NPO=Q-s f g�RPNTQ W Q W O=c,R�Y�[eX�Q�StNTR � [,6	y
RP[ ��O=c,N�[,6 � Q�s�NPSU^eQ'Y=[xQ�R�[,g W s f g�RPNTQ W Q W g�RTQ �
��O�Q V�W SUX�s�S V=f Q]62Q�O�SUX�Y@s�[ec W RPQ�X�SUX�p�c�s�S W s�g�SUN�SUR�NP[ � � c�� W Q�Y�g�s�Q-NPO�Q V�W [,6 f Q k RTS ��Qay ��O�S f Q � 6 � �,Q�Q V StX=p

NPO=Q n8g�c f SUN_7d[a`-NPO=Q RP[ f g=NPSU[,X c,R@pe[8[xYJceRF`o[ W NTO�Q �2ceN@s�S W s�g�SUN & ��c W � � y q c f $ W [ ' �(' �;z]6x^8SU[,g=R f 7,y�NPO�Q
s�[ k@V g�NTc,NTSt[eX�c f NTS k Q#[a` NTO�Qds�[ec W RTQ�X�SUX�p k Q�NPO�[8YJRPO�[eg f Y c f RP[ 6 Q �,Q V N#R k c fUf ����O�Q W Q `o[ W Qay-c p,[8[8Y
s f g�RTNPQ W StX=p k Q�NPO�[8Y�RTO�[,g f Y1nxg=Sts�� f 7 SUY�Q�XxNTSj`o7 p W [eg V R�[a`�s�Q fUf R ��O�SUs O ��S ftf Q�^,Q�X8NTg�c fUf 7 Q�X�Y#g V NT[,p,Q�NPO�Q W SUX
NPO=Q i X�c f5V�f c,s�Q k Q�X8N
RTNPcep,Q & r8g�X2r8Q�s�� " ' �

� X#Y�[,SUX�pFNPO�SUR�y2NPO=Q W Q-O=ca^,Q�62Q�Q�X RP[ k Q�s�[ k@k [eX pe[,c f R " +�� (* ( ����� � ��p,SU^,Q]s�[,X=RPSURPNTQ�X8N f 7#p,[8[8Y W Q�RPg f NPR�y
6 [,NPO `o[ W NPO�Q V c W NPSUNPSU[,X=StX=p V�W [,6 f Q k c,X�Y `o[ W NPO�Q V=f ces�Q k Q�X8N V�W [,6 f Q k � � S W RPN�y NTO�Q V O878RPSUs�c f RTS ��Q [a`
s f g�RTNPQ W R�RPO�[eg f Y ^ac W 7Z[a^eQ W c R k c ftf W c,X=p,Q & r8g=X2r8Q�s�� " '_� ��O�Q W Q�ceRP[,X `o[ W NPO=StR�StRFNPO=c,N-Sj`�NPO=Q W ceX�p,Q1SUR
f c W p,Qay�p,c,SUX Q�RPNTS k c,NTSt[eXdQ WPW [ W R@p,Q�N f c W peQ W y�c,X=Y NPO=Q RPS���Q#Y�S ��Q W Q�X=s�QZSUX�O=St6=StNTR s�Q fUf�k [a^,Q k Q�X8NPR�StX NPO�Q
SUNPQ W c,NTSt^eQ�S k@V=W [a^,Q k Q�X8N���r8Q�s�[,X�Y	y2NPO=Q'RTS���Q�c,X�Y1Xxg k 62Q W [a`)X�Q�NTR�RPO�[eg f Y@6 Q W Q�Y�g�s�Q�Y & ��c W � � '_�)��O�SUR
SUR�c
Y�S W Q�s�N�s�[,X=RPQ�n8g�Q�X=s�Q [l`�[,g W�V=W S k c W 7-pe[,c f [a` W Q�Y=g�s�SUX�p�NPO=Q V=W [,6 f Q k RPS���Qay�6=g�N�SURD` W Q�n8g�Q�X8N f 7�[a^eQ WPf [8[ �eQ�Y
SUX@NTO�Q f SUNPQ W c,NPg W Qay ��O�Q W Q�NPO�Q-s�[,X�s�Q�XxN W ceNPSU[,X#SUR�[,X W Q�Y�g�s�SUX�p�NTO�Q-X8g k 6 Q W [l`ms�Q ftf R��D��O�Q W Q�c,RP[eX1`o[ W NTO�SUR
SUR�62Q�s�c,g�RTQ V�f c,s�Q k Q�X8N k Q�NTO�[8Y�R V Q W `o[ WTk 6 Q�NPNTQ W yDceX�YBs�[,RTN'Q�RPNPS k c,NPSU[eX SUR�`hc,RPNTQ W c,X�Y k [ W Q-ces�s�g W c,NTQay
��SUNPO#`hQ �
Q W c,X=Y R k c fUf Q W X=Q�NPR�� �]Q�^,Q W NPO�Q f Q�RPR�y)NPO=Q W QFSUR�p,Q�X�Q W c f c,p W Q�Q k Q�X8N�NPO=c,N W Q�Y�g�s�StX=p@NPO=Q X8g k 6 Q W
[a`DX�Q�NPR�y�ceX�Y#s O=[x[eRPSUX�p�s f g�RTNPQ W R�NT[ W Q�Y�g�s�Q-NTO�Q k [,RPN�X�Q�NTR�y�SUR V�W Q�`oQ W ce6 f Qay�c,X�Y#peSt^eQ�R�6 Q�RPN W Q�RPg f NPR�����O�SUR
S k@V�f SUQ�R-NTO�c,NFO�SUp,O f 7Bs�[eX�X�Q�s�NTQ�Y s�Q fUf R O�ca^eQ#62Q�Q�X s f g=RPNPQ W Q�Y RPSUX�s�Q k c,X87ZX=Q�NPR ��S fUf 6 Q�s�[ k Q f [8s�c f S ��Q�Y
� s�[,X�X�Q�s�NPQ�YB[,X f 7�NT[�s�Q fUf R ��SUNPO�SUX@NTO�Q�RPc k Q�s f g�RPNTQ W � & r8g�X2r8Q�s�� " y �'c W � � y q c f $ W [ '�� '_�



���������
	
� � � � � � 	 �
	
� ����� � ���
	$	
� � � � �
	�� 	�� � #=}

��O�Q W Q `o[ W Qay
NTO�Q�O�SUp,O=Q�RPN V=W SU[ W StN_7 StXBc s f g�RTNPQ W SUX�p k Q�NPO�[8YBRPO�[eg f Yd62Q�NT[ f [xs�c f S���Qay)[ W SUX�s W Q�c,RPQ1NPO�Q
V [,NPQ�XxNTSUc f NT[ f [xs�c f S���QayaX�Q�NTR�NP[]c�s f g�RPNTQ W � � N5RPO�[eg f Y�c f RP[�Q�X=RPg W Q
NTO�c,N5NPO�QDs f g=RPNPQ W RTS���Q�R�c W QDX=[,N�Q �xs�Q�RPRTSt^eQ f 7
Y�SU^,Q W RPQly2c,X=Y�NTO�c,N�NTO�Q�RPS���Q-[l`mX�Q�NPR�SUR W Q�Y�g�s�Q�YZSj`mX=[,N�Q�X8NPS W Q f 71Q f S k SUX�c,NTQ�Y��
��O�Q pe[,c f R�[l` Y=Q�� s f g=RPNPQ W SUX�pJc W Q s�[ k1V c W c,NTSt^eQ f 7dRPS k@V=f Ql� � S W RPN1c,X�Y `o[ W Q k [,RTN�y�NPO�Q [ W SUpeStX=c f �2ceN

s�S W s�g�SUN RTO�[,g f Y 62Q1[,6�NTc,SUX�Q�Y ca`oNTQ W Y=Q�� s f g=RPNPQ W SUX�p�y�Sh� Qa�UymNTO�Q#[ W StpeSUX�c f s�S W s�g�SUNFRPO�[eg f YdX�[,NF62Q k [xY=S i Q�Y��
r8Q�s�[,X�Y�y�NTO�Q�nxg=c f SUN_7�[a`DNPO�Q�RP[ f g�NTSU[,X@ceN�NPO�Q �2c,NTNPQ�X�Q�Y f Q�^eQ f RPO�[eg f Y#62Q-ceR�s f [eRPQ�c,R V [eRPRPSU6 f Q�NP[�NTO�c,N][a`
NPO=Q s f g�RTNPQ W Q�Y f Q�^,Q f R��]��O�Q k Q�c,RTg W Q�[a`DNPO�SUR]nxg=c f SUN_7�StR]RPS k@V=f 7�NTO�QFStX=s W Q�ceRPQFSUX�NT[,NTc f ��S W Q f Q�X�p,NTO ��O�S f Q
Y�Q�RTs�Q�X�Y=StX=p@NPO=Q-O�SUQ W c W s O87@NT[��
c W Y�R�NTO�Q �2c,N�s�S W s�g�SUN��
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� X NTO�SUR�s O�c V NPQ W y �
Q V�W [ V [eRPQFc@NPQ�s O=X�SUnxg=Q NT[ W Q�Y�g�s�Q�NTO�Q V�W [,6 f Q k RTS ��Qay ��O�S f Q �,Q�Q V StX=p�NTO�Q-Q��8Q�s�g�NPSU[,X
NPS k Q NT[ c k SUX�S k g k � bdQ W Q�Y�g�s�Q�NTO�Q V=W [,6 f Q k RTS���Q�g�RPSUX�p c s�S W s�g=StNFs�[ec W RTQ�X�SUX�p NTQ�s O�X�SUn8g�Qay�c,X�Y ��Q
W Q�Y�g�s�Q]NPO�Q]s�[ k1V�f Q��8StN_7�[l` NTO�Q�RPQ�c W s O@687-Q �xc k SUX�SUX�p V RPQ�g=Y�[�� f StX=Q�c W NPS k Q
O�Q�g W SURPNTSUs�RD`h[ W)V Q W `o[ WPk SUX�p]NPO�Q
s f g�RTNPQ W StX=p ceX�Y�Y�Q��_s f g�RPNTQ W SUX�p=�
bdQ�s�[eX�RPSUY�Q W RT[ k Q�`hc,RPN�O�Q�g W SURPNTSts�R
NTO�c,N�O�ca^,Q�6 Q�Q�X#c V�V�f SUQ�Y�RPg�s�s�Q�RPR `og fUf 7
NP[#NTO�Q s�S W s�g�SUN V c W NPSUNPSU[eX�SUX�p V�W [,6 f Q k y2ceX�Y V=W Q�RTQ�X8N-RPQ�^eQ W c fDk [8Y�S i s�c,NPSU[eX�R�NP[#s�[eX�RPSUY�Q W NPO�Q V c W NPSUs�g f c W
Y�Q k c,X�Y=R [l`'NPO=Q V=f ces�Q k Q�X8N V�W [,6 f Q k � bdQ1c f RP[Bc V=V�f 7dc `oceRPN f Q�pec f S���c,NTSt[eXdO�Q�g W SURPNPSUs#NP[ W Q�Y�g�s�Q NPO�Q
Y�Q��_s f g�RTNPQ W StX=p V Q�X�c f N_7e�
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��O�SUR�s O�c V NPQ W SUX8^,Q�RTNPSUp,ceNPQ�R]NPO�QFc V�V=f SUs�ceNPSU[,X1[a`Ds�S W s�g�SUN�s f g�RTNPQ W StX=p�NT[�NPO�Q V�f c,s�Q k Q�X8N V�W [,6 f Q k � w S W s�g�SUN
s f g�RTNPQ W StX=p O�ceRD6 Q�Q�X@c W Q�^e[ f g�NPSU[eX�c W 7-Y�Q�^eQ f [ V�k Q�X8NmNT[-Y�Q�RTSUp,X@ceg�NP[ k ceNPSU[,X��  �7 W Q�Y�g�s�StX=p NTO�Q�s�[ k1V�f Q����
SUN_7�[a`�NPO�Q V�W [e6 f Q k ya^eQ W 7 f c W p,Q�SUX�Y�g�RTN W Stc f8V�W [e6 f Q k R5s�c,XF62Q�Y=Q�c f N ��SUNPO-SUX W Q�ceRP[,X=c,6 f Q�c k [eg�X8NPR�[l` NTS k Qa�
��O�SUR�O�c,R�6 Q�Q�X#NPO=Q k [,RTNDRPSUp,X=S i s�c,X8N�62Q�X=Q i N�[l`ms�S W s�g�SUN
s f g=RPNPQ W SUX�p �
Q�X=c,6 f SUX�p-O�Q�g W SURPNTSUs�R�NT[ [ V Q W c,NTQ'[eX
^,Q W 7 f c W peQ V�W [,6 f Q k R�� w S W s�g�SUN V c W NPSUNPSU[,X=StX=p�O�ceRm6 Q�Q�X�NTO�Q k c � [ W c W Q�c�`h[ W)V�W Q�^xSU[eg�RDs f g�RTNPQ W StX=p W Q�RTQ�c W s O�y
��SUNPO f SUNPQ W c fUf 7�Oxg=X�Y W Q�Y�R�[l` V c V Q W R V g�6 f SURPO�Q�Y SUX�s�[,X8`oQ W Q�X�s�Q�R-c,X=Y � [,g W X�c f R�StX W Q�s�Q�X8N�7,Q�c W R�� ��Q�N�^eQ W 7
f SUNPN f Q1c,s�ceY�Q k SUs ��[ W �dO�c,RF62Q�Q�XJY�[,X�Q1`o[ W NTO�Q#s f g�RPNTQ W SUX�p � 6=c,RPQ�Y V=f ces�Q k Q�X8N V�W [e6 f Q k yDc k g�s O k [ W Q
s�[ k@V�f Q�� V�W [e6 f Q k NTO�c,X1s�S W s�g�SUN V c W NPSUNPSU[eX�SUX�p�� "�Q�RTR�NPO�ceX@O�c f `�c Y�[ ��Q�X V c V Q W R�O�ca^,Q]62Q�Q�X V g�6 f SURPO�Q�Y@SUX
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NPO=Q f c,RPN�Y=Q�s�c,Y=Q-[,X#s f g�RTNPQ W StX=p��_6�c,RTQ�Y V=f ces�Q k Q�X8N�y�c,X=Y�[eX f 7�c�RPSUX�p f Q V c V Q W O�ceR�c,Y=Y W Q�RTRPQ�Y k g f NPS � f Q�^,Q f
V�f c,s�Q k Q�X8N�& r8g�X2r Q�s�� "�'_����O�Q k c � [ W�V g WPV [,RTQ�[a`�NTO�SUR ��[ W �FSUR)NP[-ceNPNPQ k@V NDNT[�c V�V�f 7 ��O�c,N O�c,RDO=c V�V Q�X�Q�Y
SUX NPO=Q V c W NPSUNPSU[eX�SUX�p �
[ WPf Y#NP[1NPO�Q V�f c,s�Q k Q�X8N V�W [,6 f Q k y�c,X�Y NT[@X�[eNPQ-ceX87 W Q f Q�^ac,X8N]StRTRPg�Q�R'NTO�c,N]RPO�[eg f Y
6 Q-s�[,X=RPSUY�Q W Q�Y NPO=c,N�c W Q V c W NPSUs�g f c W NT[ V=f ces�Q k Q�X8N��

� X NTO�Q W Q�RPN�[l`�NPO�SURFRPQ�s�NTSU[,X �
Q i2W RTN V=W [a^8SUY�Q@c 6 W SUQ `'RTg W ^eQ�7d[a`�NTO�Q k c � [ W RPg�s�s�Q�RPR `og f s f g�RPNTQ W SUX�p
k Q�NPO�[8Y�R�NPO=c,N-O�ca^eQ�62Q�Q�X c V�V�f SUQ�YdNP[#s�S W s�g�SUN s f g�RTNPQ W SUX�p�yDceX�YZNTO�Q�X V�W Q�RTQ�X8N NTO�Q V=W Q�^8SU[,g�R �
[ W �BNPO�ceN
O�ceR�62Q�Q�X Y�[,X=Q'SUX#s f g�RTNPQ W StX=p��_6�c,RTQ�Y RPNTc,X�Y=c W Y�� s�Q ftf5V�f c,s�Q k Q�X8N��
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��O�Q V c W NTStNTSU[,X�SUX�p V�W [,6 f Q k � RTQ�Q�RPQ�s�NPSU[,X { � { � } ��O=c,R f [,X�p162Q�Q�Xdc !�NPQ�RTN �_62Q�Y$##`o[ W Q � V Q W S k Q�X8NPSUX�p ��StNTO
c,Y=^ac,X�s�Q�Y�RTQ�c W s OZO�Q�g W SURPNTSUs�R�y�Y�g�Q�NT[�NPO�Q ��SUY�Q�g�RTQ�R�[a` V c W NPSUNPSU[,X=StX=p SUX#^ac W St[eg�R i Q f Y�R�RTg�s O c,R�X=Q�N �
[ W �
W [eg�NPSUX�p=y�s�[ k1V g�NTQ W
k Q k [ W 7 k c,X�cep,Q k Q�X8N�y,ceX�Y�y�[l`ms�[eg W RTQay V O87xRTSUs�c f Y�Q�RPSUp,X#c,g=NP[ k c,NTSt[eX���M]R�c W Q�RPg f N
[a`�NPO�SUR ��[ W �2y�cBRPNTc,p,peQ W SUX�pd^ac W SUQ�N_7d[l`'c V=V�W [ec,s O�Q�R1NP[ V c W NPSUNTSt[eX�SUX�p O�ca^eQ#62Q�Q�X c V�V=f SUQ�Y	y
c,X=Y k c,X87
V Q W `o[ WPk ^,Q W 7 ��Q fUf �
M�R V=W Q�^8SU[,g�R f 7 k Q�X8NTSt[eX�Q�Y�y�[eX�Q s�c,Xd^8SUQ ��NTO�Q V=W [,6 f Q k [a`�s f g�RTNPQ W StX=p�c#s�S W s�g�SUN-c,R�NTO�Q�Q�n8g�SU^ac f Q�X8N

V�W [,6 f Q k [a` V c W NTSUNPSU[,X�SUX�p]c-s�S W s�g�SUN
SUX8NP[-c�^,Q W 7 f c W p,Q�X8g k 6 Q W [l` R k c fUf8V c W NPSUNTSt[eX�R��)��O�SUR k ca7�RPQ�Q k [8Y�Y
��NP[�RP[ f ^,Q-c V c W NTStNTSU[,X�SUX�p V�W [e6 f Q k SUX#[ W Y=Q W NP[�6 Q�NPNTQ W RP[ f ^eQ-c,X�[eNPO�Q W�V c W NPSUNTSt[eX�SUX�p V�W [e6 f Q k �
6�g�N]NPO�Q
RPN W g�s�NPg W Q@[a`�NPO�Q V�W [e6 f Q k R]SUR'ces�NPg=c fUf 7�^eQ W 7 Y�S � Q W Q�X8N�� � X peQ�X�Q W c f c V�V�f SUs�c,NTSt[eX�y�NPO�Q i X�c f RP[ f g�NTSU[,X NT[
NPO=Q V c W NPSUNPSU[,X=StX=p'[l` c�s�S W s�g�SUNDRPO=[,g f Y�6 Q�^,Q W 7�O�SUp,O��_n8g�c f SUN_7,� � X�s�[,X8N W c,RTN�y V c W NTStNTSU[,X�SUX�p � 6�ceRPQ�Y�s f g�RPNTQ W SUX�p
Y�[8Q�R�X�[eN�X�Q�Q�YZNT[@6 Q RT[@c,s�s�g W ceNPQay5RPSUX�s�Q k ceXx7�c V�V�W [��xS k c,NPSU[eX@c W Q k ceY�Q�SUX NPO�Q�s f g�RPNTQ W SUX�p#O�Q�g W SURPNTSts
SUNPRTQ f `P�
��O�SUR
[e6�RPQ W ^ac,NTSU[,X@O=c,R�p,SU^,Q�X�X=Q � f Sj`oQ�NT[ k c,X87 V�W S k SUNPSU^,QDs f g=RPNPQ W SUX�p k Q�NPO�[8Y�RDNTO�c,N ��Q W Q�[ W SUp,SUX�c fUf 7

Y�Q�RTSUp,X�Q�Y ��SUNPO R V Q�Q�YdSUX k SUX�Y�y�6=g�N�O�ca^,Q-peSU^,Q�X ��ca7@NT[ k [ W Q�c,Y�^aceX�s�Q�Y�y�6�g=N k g=s O#R f [���Q W y k Q�NPO=[xY=R
��O�SUs O p,SU^eQ-O�SUp,O��_n8g�c f SUN_7�RP[ f g�NPSU[,X=R��-r8[ k Q'[l`DNPO�Q�RTQ k Q�NTO�[8Y�R�c W QFSUY�Q�c fUf 7@RTg�SUNPQ�Y `o[ W s f g�RPNTQ W SUX�p=y�RPSUX�s�Q
R V Q�Q�Y StR�[eX�Q�[a`DNPO=Q V=W S k c W 7Fs�[,X�RTSUY�Q W ceNPSU[,X=R ��O�Q�X1`o[ WPk StX=p's f g=RPNPQ W R��
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��O�SUR k Q�NPO�[8Y i X�Y�R�X=c,NPg W c f s f g�RPNTQ W R)687 k SUX�S k S ��StX=pmNTO�QDSUX8NPQ W s�[,X=X�Q�s�NTSt[eX�R�6 Q�N ��Q�Q�XFs f g�RPNTQ W R�& �
Q�O w O�Q��,{ '_�
� N�peQ�X�Q W c fUf 7 i X=Y�R]`oQ �;s f g�RTNPQ W R ��SUNTO ��SUY�Q W c,X=p,Q-[l`
RPS���Q�R�y�c,X�Y NTO�Q-X8g k 6 Q W [a`�s f g�RPNTQ W R�SUR�X�[eN �8X�[���X
SUXJc,Y�^aceX�s�Qa� M f RT[�y k [eRPNFO�Q�g W SURPNPSUs�R1O�ca^,Q#cdn8g�ceY W ceNPSUs#[ W p W Q�c,NTQ W NTS k Q@s�[ k@V=f Q �xSUN_7ey k c �8SUX�p NTO�Q k
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s f g�RTNPQ W StX=p f Q�^,Q f R�SUN ��S ftf 6 Q'Q�c,RPSUQ W NP[�Q f S k SUX�ceNPQ�NPO�Q�X�Q�N��  �7@^8SURPSUNTStX=p X�Q�NPR�SUX1[ W Y=Q W [l`mSUX�s W Q�c,RTStX=p�RPS���Qay
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NPO=StR k Q�NTO�[8Y S k@V�f SUs�SUN f 7@ceNPNTQ k@V NTR�NP[#s f g�RPNTQ W R k c fUf Q W X�Q�NTR i W RPN�ymRT[ NPO=c,N-NTO�Q�X8g k 62Q W [l` X=Q�NPR-SUXBNPO�Q
V�W [,6 f Q k SUR k [ W Q f S��eQ f 7�NP[F62Q W Q�Y�g=s�Q�Y��

��������� ����	 ��
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u c WPf 7 k Q�NTO�[8Y�RF[a`'s f g=RPNPQ W SUX�p V Q W `o[ WPk Q�Y NTO�Q#Y�Q�RPS W Q�YJs�S W s�g�SUN�RTS ��Q W Q�Y�g�s�NPSU[,XJSUX cBRPSUX�p f Q f Q�^eQ f � Qa� p=�
& q c f $ W [ '���' � � ��Q�RPQ�c W s OJO�c,R W Q�s�Q�X8N f 7JRPO=[���X NPO=c,N�s f g�RTNPQ W StX=pdStX RPNTQ V R � S ftf g�RTN W c,NPQ�Y SUX � SUpeg W Q ��� } ��y
W Q�Y�g�s�SUX�p]NPO�QDs�S W s�g�SUN�RTS���Q
p W ceY�g�c fUf 7�687�ceY�Y�SUX�p�SUX8NPQ WTk Q�Y�SUceNPQ f Q�^,Q f R�NT[�NPO=QDO�SUQ W c W s O87,y V�W [8Y�g�s�Q�R)RTg V Q W SU[ W
W Q�RPg f NPR]687 V Q WTk SUNPNTSUX�p k [ W Q�p W ceY�g�c f Y�Q��_s f g�RPNTQ W SUX�p & �'c W � � '_�m��O=StR�p W ceY�g�c f s f g=RPNPQ W SUX�p�SUR
[l`oNPQ�X�s�c fUf Q�Y
! k g f NTS � f Q�^eQ f #'[ W !�O�SUQ W c W s O�c f #�s f g=RPNPQ W SUX�p��
�]g W SUX�p1Y�Q��_s f g�RPNTQ W SUX�p#SUX c@RTSUX�p f Q-s f g�RTNPQ W SUX�p f Q�^,Q f O�Q�g W SURPNTStsly�NPO�QFY�S ��Q W Q�X=s�Q@6 Q�N ��Q�Q�X V [eRPSUNPSU[,X=R�SUX

s f g�RTNPQ W Q�YJs�Q fUf R-c,X�Y � c,N-s�S W s�g�SUN-s�Q fUf R-s�ceXd62Q1RPg�6=RPNPceX8NPSUc f y)c,X�YBRPSUp,X=S i s�c,X8N-SUNPQ W c,NTSU^,Q�S k@V�W [a^,Q k Q�X8N�SUR
X�Q�s�Q�RPRTc W 7BNP[#ces O=StQ�^,Q-c#O�SUp,O#n8g�c f SUN_71RP[ f g�NTSU[,X�� � XZc k g f NPS � f Q�^,Q f O�Q�g W SURPNPSUsay k g�s O#R k c fUf Q W Y�S � Q W Q�X�s�Q�R
c W Q�s W Q�ceNPQ�Y 62Q�N ��Q�Q�X f Q�^,Q f R�[a`DNTO�Q�O�SUQ W c W s O87,y�6 Q�s�ceg�RPQFSUN
SUR�6�g�S f N�R f [�� f 7,�m�]g W SUX�p Y=Q�� s f g=RPNPQ W SUX�p�y�NTO�Q�RPQ
Y�S ��Q W Q�X=s�Q�RDc W Q k [ W Q5Q�c,RTS f 7 k ceX�c,peQ�Y�687�RPS k@V=f Q5SUXxNTQ W s O�ceX�p,Q O�Q�g W StRTNPSUs�R�y W Q�RTg f NPSUX�p]StX�c�RTg V Q W SU[ W nxg=c f SUN_7
RP[ f g�NPSU[,X1SUX@c�RPO=[ W NTQ W c k [eg�X8ND[a`DNPS k Qa�

Level n

clusters formed
from cells in
previous level

de-clustercluster

de-clustercluster

Level 1

Level 0
(Flat)

� SUp,g W Q ��� } � q g f NTS f Q�^,Q f�w�f g=RPNPQ W SUX�p �]SUQ W c W s O87 � q c � [ W SUN_7J[a` V�f c,s�Q k Q�X8N@Q�� [ W N#SUR@Q��8Q�s�g=NPQ�Y;ceN@NP[ VO�SUQ W c W s O87 f Q�^eQ f y ��O�Q�X NTO�Q�s�S W s�g=StN�SUR�R k c fUf Q�RTN��
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M�R V�W Q�^8SU[,g�R f 7 k Q�X8NPSU[eX�Q�Y�y�^eQ W 7 f SUNTN f Q ��[ W �JO�c,R#6 Q�Q�X V g�6 f SUs f 7JY�[eX�Qdc V�V=f 78SUX�pds f g�RTNPQ W SUX�p NP[ NPO�Q
RPNTc,X�Y=c W Y�� s�Q ftf V�f c,s�Q k Q�X8N V�W [e6 f Q k � r8[1`oc W [,X f 7#N �
[ k c,SUX#Q � [ W NTR-O�ca^,QF6 Q�Q�X V g�N]`o[ W NTO�y�c,X=YZ[eX�Q�[a`
NPO=Q�RPQ-O=c,R�RPSUX�s�Q W Q f Q�ceRPQ�Y NPO�Q�S W�V�W [8Y�g�s�N]s�[ k1k Q W s�SUc fUf 7,yaQ�X�Y=StX=p�NPO�Q W Q f Q�c,RPQ�[a`Dc,s�ceY�Q k Sts�SUX8`h[ WPk c,NTSt[eX��

� � � � � � � ��	 � � �
b SUNPOFNPO=Q f ceRPN V g�6 f SUs W Q f Q�c,RTQ�[a`���S k 62Q W bd[ f ` r w & r g�X2r8Q�s�� " '_y,c�s f g�RTNPQ W SUX�p��_6�c,RTQ�Y@RTS k g f c,NPQ�Y-c,X�X=Q�c f SUX�p
O�Q�g W SURPNTSts V�W [xY=g�s�Q�YdNTO�Q O=StpeO�Q�RTN �_nxg=c f SUN_7 W Q�RPg f NPR�g V NP[#NPO�ceN�NTS k Qa����O�QFs f g�RTNPQ W StX=p k Q�NPO�[8Y g�RTQ�Y �
ceR
V c W NPSUNTSt[eX�SUX�p��_6�ceRPQ�Y�y k SUX�S k S���SUX�p-c1s�[,RTN�`hg�X�s�NTSt[eX [a`Dc �
Q�SUpeOxNTSUX�p�[a`
NTO�Q V SUX�R�[l`
NPO�QFs f g�RTNPQ W y�NPO W [,g�peO
c,Xdc V�V�f SUs�c,NTSU[,Xd[a`�RTS k g f c,NPQ�YZceX�X�Q�c f SUX�p=� ��O�Q k Q�NPO=[xYdQ � V=f SUs�SUN f 7 Q k@V O=c,RPS���Q�Yds f g�RPNTQ W SUX�pdX�Q�NPR ��StNTO
R k c fUf `oceX��_[,g�N � NT[ W Q�Y�g=s�Q-[a^,Q W c fUf X8g k 6 Q W [a`mX=Q�NPR���c,X=Y@NPO=Q-S k@V [ W NTc,X�s�Q�[a` k c,SUX8NPceStX=StX=p'RTS k S f c W �_RPS���Q�Y
s f g�RTNPQ W R�� � XBNPO�Q�[ W 7ey�NPO�Q-s f g=RPNPQ W SUX�p k Q�NTO�[8Y#StR f SUX�Q�c W NPS k Qay 6�g�N]StN]g�RPQ�R'RTS k g f c,NPQ�Y�ceX�X�Q�c f StX=p�� ��O�SUs O
SUR�Y�Q�s�SUY�Q�Y f 7 �'z]� `oc,RTN ���
��O�QFs f g�RPNTQ W SUX�p k Q�NPO=[xY StX ��S k 6 Q W bd[ f `�c f RP[1s�[,X=RPN W c,SUX�R k c �8S k g k ceX�Y k SUX�S k g k s f g=RPNPQ W RPS���Q�R�y

c,X=Y p,SU^,Q�R�c V=W Q��_Y�Q i X=Q�YdX8g k 62Q W [a`
s f g�RTNPQ W R�y ��O�SUs O s�c,X k Q�ceX�NTO�c,N]s f g�RPNTQ W R�c W Q !T`h[ W s�Q�Y$#@NT[ i N]NPO�Q
s�[eX�RPN W c,SUX8NPR�yx6=g�NDNPO=c,N)SURDp,Q�X=Q W c ftf 7-X=[,N)c V�W [e6 f Q k ��SUNPOFO8g�p,Q�s�S W s�g�SUNPR��
z]^,Q W c fUf y,NPO�Q�s f g=RPNPQ W SUX�p k Q�NPO�[8Y
c fUf [���Q�Y@^eQ W 71p,[8[8Y W Q�RPg f NPR `o[ W�V=f ces�Q k Q�X8N�y�6�g�N ��c,R�RPNTS ftf `hc,S WPf 7�NPS k Q�� s�[,X�RTg k SUX�p=�

	 + 	
	 � 	 + + ��� � ��� ��� � � � ��� �0��� �������4� � ������� �1�1��� � �
q c ftf Q f c ceX�Y $ W [a^,Q W & q c f $ W [ ' �('�SUY�Q�X8NPS i Q�Y NPO=Q�X=Q�Q�Y `o[ W c `oceRPNFs f g�RPNTQ W SUX�p k Q�NPO=[xY	yDc,X�Ydg�RTQ�YJNPO�Q
V�W St[ W SUNPS���Q�Y c,NTN W SU6�g=NPQ�R k Q�NPO=[xY#NT[ !�p W [���#�s f g�RPNTQ W R�` W [ k"W c,X�Y=[ k@f 7��_RPQ f Q�s�NTQ�Y RTQ�Q�YBs�Q fUf R'6=c,RPQ�YZ[eX NPO�Q
RPN W Q�X=p,NPOB[a`)NPO�Q�S W s�[,X=X�Q�s�NTSt[eX�RF����O�Q�S W�k Q�NTO�[8Y i X�Y�R]c�RPg�6��_[ V NPS k c f2k c,NPs O�SUX�pFRP[ f g�NPSU[,X V c,S W StX=p�s�Q fUf R
NP[ RPQ�Q�Y=R�6x7BSUNPQ W c,NTStX=p [a^,Q W�k c,X87 V ceRPRPQ�R�NP[ i X=Ydp,[8[8Y V [eNPQ�X8NPSUc f s f g�RPNTQ W R�6=c,RPQ�Y [,XdNTO�Q@ceNPN W SU6�g�NTQ�R�y
��O�S f Q f S k StNTSUX�p#s f g�RPNTQ W RPS���Q�R�����O�Q�7 `o[eg�X�YJNPO�ceN@NTO�Q SUY�Q�c f c,NPN W SU6�g�NTQ�R#c,X�YJs�[ WPW Q�R V [,X�Y=StX=p V=W SU[ W StN_7ey
`o[ W s f g�RTNPQ W StX=p�y �
ceR i W RPN�NTO�Q X8g k 6 Q W [a`�X�Q�NPR f [8s�c f S ��Q�Y�y�c,X�YBNPO=Q�XZNTO�Q W Q�Y�g=s�NPSU[,Xd[l`
NPQ WPk SUX�c f s�[eg�X8N��
��[���Q�^eQ W y�NPO�SUR k Q�NTO�[8Y Y�SUY X�[eN@s�[eX�RPSUY�Q W#k g f NTS � f Q�^,Q f s f g�RPNTQ W SUX�p=y'ceX�Y NPO=Q k c,NPs O�SUX�pdRTNPcep,QB[a`-NPO�Q
O�Q�g W SURPNTSts �
ceR
^eQ W 7#NPS k Q�� s�[,X�RTg k SUX�p=�
��O�Q W Q�O=ca^,Q�6 Q�Q�X k c,X87 k Q�NPO�[8Y�R�g�RPQ�Y NP[#`h[ WPk s f g�RTNPQ W R�SUXdc s�S W s�g=StNFX�Q�N f SURPN��#��O�[eRPQ k Q�NPO=[xY=R
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RPg W ^,Q�7,Q�YdO�Q W Q�Q�ces OdO=ca^,Q-ceY�^ac,X8NPcep,Q�R�ceX�YZY=StRTc,Y�^aceX8NPc,peQ�R�y�6�g=N'X=[�[eX�Q k Q�NTO�[8Y SUR'SUY�Q�c fUf 7�RTg�SUNPQ�Y `o[ W
NPO=Q�RPNPceX�Y�c W Y��_s�Q fUf V�f c,s�Q k Q�X8N V�W [e6 f Q k �mz `�c ftf NTO�Q k Q�NTO�[8Y�RDQ��8c k SUX�Q�Y�yaNTO�Q q � u w k Q�NPO=[xYFSUX O q Q�NPSUR
Y�SUR V=f ca78R k [eRPN][a`�NPO�Q�s O�c W c,s�NPQ W StRTNPSUs�RFY�Q k c,X�Y�Q�YZSUXBNPO�Q�RTNPc,X=Y�c W Y�� s�Q fUf
V�W [,6 f Q k y�c V c W N]` W [ k s�[eX�RPSUY��
Q W c,NPSU[eXd[a`�s f g�RPNTQ W RPS���Q�R�� ��[���Q�^,Q W yDNPO=Q W Q1StR�X�[,NTO�SUX�p#StX=O�Q W Q�XxNFSUX q � u w NTO�c,N �
[eg f Y V�W Q�^,Q�XxNFRPg=s O
s�[eX�RPSUY�Q W c,NTSt[eX�R)` W [ k 6 Q�SUX�p�S k@V�f Q k Q�X8NPQ�Y�� � XFNPO�Q�X=Q��8NDRPQ�s�NPSU[,X�yec'X=Q �JX�[a^,Q f c V�V�W [ec,s O�`o[ W s�S W s�g�SUNDs f g�R �
NPQ W SUX�p�SUR V�W Q�RTQ�X8NPQ�Y	y�6�c,RTQ�Y-[,X �
Q�SUpeOxNTQ�YFOx7 V Q W Q�Y�p,Q�s f g�RPNTQ W SUX�p=y ��O�SUs O-Y�SUR V=f ca78R f SUX�Q�c W NPS k Q�� s�[ k@V=f Q �xSUN_7ay
O�SUp,O f 7��_s�[,X=X�Q�s�NTQ�Y#s f g�RPNTQ W R�y O=StpeO#X�Q�N f [8s�c f S���c,NTSU[,X�y8s f g�RPNTQ W RTS���Q-s�[eXxN W [ f y�ceX�Y#p,[8[8Y V Q W `h[ WPk c,X�s�Qa�
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M�R ��Q
RTc�� SUX-NTO�Q f ceRPN)RPQ�s�NPSU[,X�y f SUNTN f Q V�W Q�^8St[eg�R �
[ W �-O=c,R�6 Q�Q�X�Y=[,X�Q�[,XFNPO�Q�s f g�RTNPQ W StX=p��_6�c,RTQ�Y V�f c,s�Q k Q�X8N
V�W [,6 f Q k y�6�g�N k ceXx7#Y�S ��Q W Q�XxNFSUY�Q�ceR�`o[ W s f g�RPNTQ W SUX�pBO�ca^,Q�6 Q�Q�X V�W [ V [eRPQ�Y NPO�ceN s�[,g f YdO�ca^eQ V [eNPQ�X8NPSUc f
c V=V�f Sts�c,NPSU[eX�R�SUX V�f ces�Q k Q�XxN�� � X V c W NPSUs�g f c W y `oceRPN k Q�NTO�[8Y�R�`h[ W s f g=RPNPQ W SUX�p�y56�c,RTQ�YZ[eX f SUX�Q�c W �_NPS k Q k Q�c �
RPg W Q�RF[a`�s�[eX�X�Q�s�NPSU^8StN_7ey V�W [ V [,RTQ�Y 687 �'c W 7 V SUR-Q�N���c f � & ��c W � � '
RPO=[��
Q�YdO=StpeO��_nxg=c f SUN_7 W Q�RPg f NTR-`h[ W NPO�Q
V c W NPSUNTSt[eX�SUX�p V�W [,6 f Q k y ��O�S f Q�Y�SUR V�f ca78SUX�p k c,X87-[a`�NTO�Q V�W [ V Q W NPSUQ�R�NTO�c,N�c W Q�Y�Q�RPS W c,6 f Q�SUX1c-s f g�RPNTQ W Q W `o[ W
V�f c,s�Q k Q�X8N�y,X�c k Q f 7-R V Q�Q�Y	y8`oc,S WPf 7-Q�^,Q�X1X�c,NTg W c f s f g�RPNTQ W RPS���Q�R�y�c,X=Y�p,[8[8Y s�S W s�g�SUN
RTS���Q W Q�Y�g�s�NTSU[,X�� � X�NTO�SUR
RPQ�s�NPSU[,X ��QFY�Q�RPs W SU62Q�c#X�Q ��s f g�RTNPQ W StX=p k Q�NPO=[xY 6�c,RTQ�Yd[,X NTO�SUR V�W Q�^8SU[,g=R ��[ W � 6�g�N k [ W Q�RPg�SUNPce6 f Q�`o[ W
NPO=Q V�f ces�Q k Q�XxN V=W [,6 f Q k ��M]R ��S fUf 6 Q RTQ�Q�X�y)NPO�Q k c � [ W c,Y�Y=StNTSU[,X#NP[1RPS k@V�f Q�O87 V Q W Q�Y�peQ s f g�RTNPQ W SUX�p �
ceR
NPO=Q'Y=Q�^,Q f [ V�k Q�X8N�[a`Ds f g�RTNPQ W RPS���Q-s�[eX8N W [ f �
��O�Q k c � [ W'V=W [,6 f Q k ��SUNTO �'c W 7 V SUR � q � u w k Q�NTO�[8Y ��O�Q�X c V�V�f SUQ�YBNP[ V�f ces�Q k Q�XxN�StR�NPO�ceN NTO�Q W Q

SUR-X�[ Q � V=f SUs�SUN-s f g=RPNPQ W ��SUY�NTOds�[,X8N W [ f � r8g�Xdc,X=Y r8Q�s O�Q�XJRPO=[��
Q�YdNTO�c,N�`o[ W pe[8[xYdn8g�c f StN_7 V�f c,s�Q k Q�X8NPR�y
s�[eX�RPSURPNTQ�X8N�s f g�RTNPQ W ��SUY�NPO�R W Q�RPg f NTQ�Y SUX#RPg V Q W St[ W�W Q�RTg f NPR & r8g�X r8Q�s�� " '_�

� X#p,Q�X�Q W c f y q � u w s f g�RPNTQ W R]s�[,X�RTSURPN�[l`mRTS k S f c W Xxg k 62Q W R
[l`ms�Q ftf R�y�N_7 V Sts�c fUf 7�62Q�N ��Q�Q�X N �
[Fc,X�Y `o[,g W
& ��c W � � '_� ��[���Q�^,Q W y2SUX@NTO�Q V�f ces�Q k Q�XxN V�W [,6 f Q k yxc k [ W Q�S k1V [ W NPceX8NDs�[,X=RPSUY�Q W c,NPSU[eX SUR
s f g�RTNPQ W ��( ��. � �DM
V ceS W [l`Ds f g�RPNTQ W R-Q�c,s O s�[eX�RPSURPNTSUX�p@[l` N ��[�s�Q fUf R k ca7�O�ca^,Q ��StY=NPO�R]Y�S � Q W SUX�p�687�ceX#[ W Y=Q W [a` k cep,X�SUNPg=Y�Qay
c,X=Y s f g�RPNTQ W R ��StNTO f c W p,Q W [ W R k c ftf Q W X8g k 6 Q W R][a`
s�Q ftf R]s�[ k1V [eg�X�Y#NPO�SUR V�W [e6 f Q k ����O=Q W Q�RTg f N�StR]NPO�ceN�y
��O�S f QDNPO=QDRPS���Q�R [a`�NPO�Q�s f g�RTNPQ W RDNPQ�X=Y NT[�6 QDs�[,X=RPSURPNTQ�X8N � ceX�Y-Y�[]X�[,N%��� � "�NT[�6 QDs�[,X=RPSURPNTQ�X8N � y8NPO=Q W Q�RPg f NTStX=p
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��SUY�NPO=R�[a`ms f g=RPNPQ W R�c W Q'c fUk [,RTNDs�Q W NPceStX f 71X�[,N��
� X [,g W c V=V�W [ec,s O�y ��O=Sts O ��Q-s�c fUf c !�bdQ�SUp,O8NPQ�Y �]7 V Q W Q�Y�peQ w�f g�RTNPQ W StX=p #�y�[ W b � u w y�NTO�Q-c V=V�W [ec,s O

SUR�NP[FQ�� V�f SUs�SUN f 7 f S k SUNms f g=RPNPQ W ��StY=NPO�R�ceR�NPO�Q�71c W Q�`h[ WPk Q�Y��)M�R�RTQ�Q�X SUX@NTO�Q V RPQ�g�Y�[��_s�[8Y�Q-SUX � SUp,g W Q ��� { y
c,X1g V�V Q W c,X=Y�c f [���Q W ��SUY�NTO f S k SUN�SUR
Y=Q�NPQ WTk SUX�Q�Y16�c,RTQ�Y#[,X�NTO�Q�s�Q fUf ��SUY�NPO�R�SUX�NPO�Q�s�g WPW Q�XxN�O=StQ W c W s O�c f
f Q�^,Q f �JM�R�c V [,NPQ�XxNTSUc f s f g�RTNPQ W StX=p [a`�s�Q fUf R�SUR Q��8c k SUX�Q�Y�yDcdX=Q � s f g=RPNPQ W StR�[eX f 7ds W Q�c,NPQ�Y Sj`'NPO=Q�RTg k
[a`�NPO=Q s�[eX�RPNTSUNPg�Q�X8NFs�Q fUf R � ��SUY�NTO�R�SUR'6 Q�N ��Q�Q�XdNTO�Q�RPQ ��SUY�NPO f S k SUNPR��-��O=StR f S k SUNPceNPSj[,X@[eXZRTS���Q�R V�W Q�^eQ�X8NPR
Q��8s�Q�RTRPSU^,Q f 7 f c W p,Q�s f g�RTNPQ W R�` W [ k S k@V Q�Y�SUX�p�S k1V�W [a^eQ W R�yx7eQ�N�RTNPS fUf�W Q�Y=g�s�Q�R�NPO=Q V=W [,6 f Q k RTS ��Qa�
r8S k S f c W NT[dNPO�Q q � u w4k Q�NPO=[xY	y [eg W�k Q�NPO�[8YJSUR�Y�SU^xSUY�Q�Y SUX8NP[ V c,RPRTQ�R�� � X NTO�Q i2W RTN V ceRPR�y]s�Q fUf R

O87 V Q W Q�Y�peQ�R�c W Q�p W Q�Q�Y�S f 7�s f g�RPNTQ W Q�Y1NP[ep,Q�NTO�Q W y�6=g�N
[eX f 7-Sj` NTO�Q�7�c W Q ��SUNTO�SUX ��SUY�NTO f S k StNTR�� � X�NPO=Q�RPQ�s�[,X�Y
V ceRPR�y W Q k c,SUX�SUX�p�s�Q fUf R)[,X-O87 V Q W Q�Y=p,Q�RDc W Q�c f RP[]p W Q�Q�Y�S f 7-s f g�RTNPQ W Q�Y�NP[ep,Q�NTO�Q W � � SUX�c ftf 7ey>RTStX=s�Q
SUN5StR V [,RTRPSU6 f Q
NPO=c,NDRT[ k Q�s�Q fUf R�c W Q�[eX f 7 s�[,X�X�Q�s�NPQ�Y#NT[-c�s f g�RPNTQ W NPO�ceNDSUR V�W [,O�SU6�SUNPQ�YF` W [ k s f g�RTNPQ W StX=p 6�ceRPQ�Y1[,X�SUNPR RPS���Qay
c�NPO=S W Y V ceRPR]StR V Q W `o[ WTk Q�Y1NP[�c,RTRPSUp,X#ceXx7 W Q k ceSUX�SUX�p-s�Q fUf R�NP[�cFX�Q �;s f g=RPNPQ W �
bdQ�RPca7�NPO=c,N�[,g W�k Q�NTO�[8Y@SUR ! �
Q�StpeO8NPQ�Y$#�s f g=RPNPQ W SUX�p�y 6�g�N�SUX@`hc,s�N�[eX f 7 NTO�Q i2W RPN V ceRPR�SUR W Q�c fUf 7�RTS���Q��

f S k SUNPQ�Y	���][��
Q�^eQ W y 687�[e6�RPQ W ^8SUX�p�NPO�Q�[ V Q W ceNPSU[,X#[a`DNTO�Q q � u w k Q�NPO=[xY	y ��Q �8X�[�� NPO=c,N�NPO=StR]SUR ��O�Q W Q
NPO=Q f c W p,Q�RTN
s f g�RTNPQ W R�c W Q�`h[ WPk Q�Y��mr StX=s�Q�R k c fUf Q W X=Q�NPR�c W Q�s f g=RPNPQ W Q�Y i2W RPN�y NPO�Q i2W RTN V c,RTR
s W Q�ceNPQ�R k [,RTN f 7
R k c fUf s f g�RPNTQ W R�y W Q�RTg f NPSUX�p1StX#s f g�RTNPQ W R ��StNTO#p,Q�X�Q W c fUf 7#R k c fUf ��SUY�NTO�R�y 6�g�N][xs�s�c,RTSt[eX�c fUf 7@c f c W p,Q�X�Q�N ��S fUf
RPg W ^8SU^,Q@ceX�Y W Q�RPg f N�SUX c f c W p,Q1s f g�RPNTQ W �  
7 f S k SUNTStX=p@NPO=Q i2W RPN V ceRPR�RPS���Q�R�y�NPO�Q�RPQ1`oQ � f c W peQ�X�Q�NTR@c W Q
ca^,[eSUY�Q�Y�y c,X�Y NTO�QFRPQ�s�[eX�Y V c,RTR�Q�X�RTg�Q�R�� w Q fUf R][,X NTO�QFR k c fUf Q W X�Q�NPR�c W Q s f g�RTNPQ W Q�YdSUX#NPO�QFRPQ�s�[,X�Y V c,RTR�y
��O�SUs O�O�ca^,Q�687 X=[�� 6 Q�Q�X1Y�S k SUX�SURPO=Q�Y-SUX NT[,NTc f g�X=s f g�RPNTQ W Q�Y#s�Q ftf ��SUY�NPO	y,p,g�c W ceXxNTQ�Q�SUX�p-NTO�c,N 6x7FNPO=Q�NPS k Q
NPO=Q f c W p,Q W X�Q�NPR�c W Q�cep,c,SUX�^8SURPSUNPQ�Y�y�NPO�Q W Q-c W Q�`hQ � g�X�s f g=RPNPQ W Q�Y s�Q fUf R W Q k ceSUX�SUX�p�[,X@NTO�Q k �m��O�Q W Q�RTg f N�SUR
NPO=c,N�O8g�p,Q�s f g�RTNPQ W R�c W Q-Q f S k SUX�ceNPQ�Y	y ��O�S f Q'RTNPS fUf c fUf [���SUX�p�c f c W peQ�c k [,g�X8ND[l`Ds�S W s�g�SUN�RTS ��Q W Q�Y=g�s�NPSU[eX��

"�S k SUNTStX=p
RTS ��Q�RDSUX-NPO=Q i2W RTN V c,RPR [,X f 7 V�W Q�^,Q�X8NPR Oxg=p,Q�s f g�RPNTQ W R)` W [ k `h[ WPk SUX�p�����O�Q W Q `o[ W Qay8NPO�Q�s W SUNPQ W SUc
`o[ W RPQ f Q�s�NPSUX�pFRPS���Q f S k SUNTR�X�Q�Q�Y@X�[eN
6 Q�s�[ k@V�f Q�� �mz]6�RTQ W ^aceNPSU[,X=R
O�ca^eQ�X�[,NTQ�Y@NTO�c,N c,X87 f S k SUN5[,X�NPO=Q�RPc k Q
k cep,X�SUNTg�Y�Q�[a`�NPO=Q'[ W SUp,SUX�c f s�S W s�g�SUN�y�RPg�s O#c,RDN ��SUs�Q�NTO�Q�ca^eQ W cep,Q�s�Q fUf ��SUY�NTO�yx[ W N ��SUs�Q]NPO�Q k c��xS k g k s�Q fUf
��SUY�NPO	ympeSt^eQ ^8S W NTg�c fUf 7 SUY�Q�X8NTSts�c fDW Q�RPg f NTR�� � Xd[,g W SUXx^eQ�RPNTSUp,c,NTSU[,X�y�N ��SUs�Q@NTO�Q k c��8S k g k s�Q fUf ��SUY�NTO �
ceR
g�RTQ�Y#NP[ f S k StN)RTS ��Q�R�SUX@NPO=Q i W RPN V c,RPR��D��O�SUR�Q�X�s�[eg W cep,Q�R�ceN k [,RTNDc Y=[,g�6 f SUX�p-[l`mNTO�Q k c �8S k g k s�Q fUf RPS���Q
c,N�Q�c,s O f Q�^,Q f [a`mNTO�Q�O�SUQ W c W s O87,�
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}a� r8[ W N�X�Q�NTR�687@SUX�s W Q�c,RTSUX�p�RPS���Q{8� � [ W Q�c,s O#RP[ W NTQ�Y X�Q�N�8� � `)X�[�s�Q fUf [eX@X�Q�N�SUR
s f g=RPNPQ W Q�Y��� � `DRPg k [a`Ds�Q fUf ��SUY�NTO�R�[,X#X�Q�N]SUR ��SUNPO=StX f S k SUNPR"8� w�f g�RTNPQ W c fUf s�Q fUf R�[,X#X�Q�N#8� u X=Y � `
� � u X=Y � `'8� u X�Y � [ W
�8� � [ W Q�c,s O#RP[ W NTQ�Y X�Q�N}>|8� � `)RPg k [a`)g�X�s f g�RTNPQ W Q�YZs�Q fUf ��SUY�NPO=R�[,X@X=Q�N�SUR ��SUNPO�SUX f S k StNTR},}a� w�f g�RTNPQ W c fUf g=X�s f g�RPNTQ W Q�YZs�Q ftf R�[eX�X=Q�N}>{8� u X=Y � `
} �8� u X�Y � [ W} ��� � [ W Q�c,s O#s�Q fUf StX1s�S W s�g=StN} "8� � `)X�[,N�s f g�RTNPQ W Q�Y} #8� w�W Q�c,NTQ-c X=Q �;s f g�RPNTQ W ` W [ k s�Q fUf} � � u X=Y � `
} '8� u X�Y � [ W

� Stpeg W Q �=� { � bdQ�StpeO8NPQ�Y ��7 V Q W Q�Y�peQ w�f g�RTNPQ W SUX�p
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��O�QFs f g�RPNTQ W SUX�p#NTc,R � W Q�n8g�S W Q�R'c1p,[8[8Y Y�ceNPc#RPN W g�s�NTg W QF`h[ W�k c V�V StX=p�s�Q fUf R �_NP[��_s f g�RTNPQ W R'ceX�YBs f g�RPNTQ W R � NT[��
s�Q fUf R�y NPO�Q f ceNPNTQ W 6 Q�SUX�p�g�RTQ `og f `o[ W Y�Q�� s f g�RTNPQ W SUX�p���M�RTRPSUp,X=StX=p�c�s�Q fUf NT[�c�s f g�RPNTQ W RPO�[eg f Y�6 Q-c�s�[eX�RPNTc,X8N �
NPS k Q
[ V Q W c,NTSt[eX�y,ceX�Y�N W ca^,Q W RPSUX�p-NTO�Q�Q�X8NTS W Q�RTN W g=s�NPg W Qay2ceX�Y�Y�Q�RTN W [a7xSUX�p�StN�y,RPO=[,g f Y�6 Q f SUX�Q�c W NTS k Q
SUXFNPO�Q
RPS���Q�[a`mNTO�Q�s�S W s�g=StN��
��O�Q�Y=c,NPcFRPN W g�s�NPg W Q-g�RPQ�Y@SUX@NTO�SUR
Y�SURTRPQ W NPc,NTSU[,X@SURDRTO�[���X@SUX � SUp,g W Q �=�&� �mM]X@SUX�Y�Q ��c WPW ca7 SUR�g�RPQ�Y�`o[ W

k c V�V SUX�p-s�Q fUf R�NT[�s f g�RPNTQ W R�y�c,X�Y1c,X#c WTW ca7@[l`mRTStX=p f 7�� f SUX��,Q�Y f SURTNPR�SUR�g�RPQ�Y@`h[ W�k c V�V SUX�p-s f g=RPNPQ W R�NT[�s�Q fUf R��
��O�SUR�Y�ceNPc1RPN W g�s�NTg W Q1c fUf [���R�c@s�Q fUf NP[162QFc,RTRPSUp,X=Q�Y NP[1c@s f g�RTNPQ W StX s�[,X�RTNPceXxN � NTS k Qay RPSUX�s�QFc,Y�Y=StX=p�c

s�Q fUf NP[1NPO�QFs�Q fUf �_NP[��_s f g�RTNPQ W c WTW ca7ey�c,X�Y ceY�Y�SUX�p1c@s�Q fUf NP[1NPO�QFO�Q�ceYZ[l`DNPO�QFs f g�RPNTQ W �_NP[ � s�Q fUfDf StRTN�y�c W Q 6 [,NTO
s�[eX�RPNTc,X8N �_NPS k Q)[ V Q W c,NTSt[eX�R��
�]Q�NTQ WPk SUX�SUX�p
Sj`2c]s�Q fUf SURms f g=RPNPQ W Q�Y�ceX�Y ��O�SUs O-s f g�RTNPQ W NTO�Q�s�Q fUf StR5c,RTRPSUp,X�Q�Y NT[
s�ceX�c f RP[F62Q�Y�[eX�Q�StX1s�[,X=RPNPceX8N �_NPS k Qa�)M f RT[ S k@V [ W NPceXxN StR�c,s�s�Q�RPRTSUX�p@NTO�Q�s f g�RPNTQ W �_NP[ � s�Q ftf5f StRTNPR�y�RPSUX�s�Q�NPO=Q�7
k g�RTND62Q�N W ca^,Q W RPQ�Y ��O=Q�X#Y�Q��_s f g�RPNTQ W SUX�p=�D� W ca^,Q W RPSUX�pFc f SURPN StR�c f SUX�Q�c W �_NPS k Q
[ V Q W c,NTSt[eX�y8c,X�Y1Q��8c k SUX�SUX�p
NPO=Q c WPW ca71[a` f SURPNTR�SUR�c f RP[ f SUX�Q�c W � NTS k Qa� ��[���Q�^,Q W y�RPSUX�s�Q NTO�Q-g�X�SU[eX [a`Dc fUf5f SURTNPR�SUR]Q�n8g�c f NP[@NTO�QF[ W SUpeStX=c f
s�S W s�g�SUN f SURTN [l`'s�Q fUf R�y�c,X�Y X�[ds�Q fUf 6 Q f [,X�peR�NP[ k [ W Q�NPO=c,XJ[,X�Q#s f g�RTNPQ W y�Q��8c k SUX�SUX�p#c ftf s f g�RTNPQ W � NT[��_s�Q fUf
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� SUp,g W Q ��� � � M � [,RPRTSU6 f Q q c V�V SUX�p � k@V�f Q k Q�X8NPc,NTSU[,X�y�RTO�[���SUX�p [ W p,ceX�S���c,NTSU[,X [l`�s�Q fUf R �_NP[ � s f g�RTNPQ W R@ceX�Ys f g�RTNPQ W R �_NP[��_s�Q fUf R�RTN W g�s�NPg W Q�R��
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f SURPNPR�Y�g W SUX�p#Y�Q�� s f g�RTNPQ W SUX�pZs�c,Xd6 Q�Y�[,X�Q�SUX f StX=Q�c W � NTS k Qay�SUXdNPO�Q�[ W Y�Q W [a`�NPO=Q�Xxg k 62Q W [l` s�Q ftf R-SUXBNPO�Q
Y�Q��_s f g�RTNPQ W Q�YZs�S W s�g�SUN �
��O�Q W Q `o[ W Qay�NPO�SUR�Y�ceNPcFRPN W g�s�NTg W QFc fUf [���R�s f g�RPNTQ W SUX�p�ceX�Y#Y�Q��_s f g�RPNTQ W SUX�p=y2c V c W N�` W [ k RP[ W NPSUX�pFNPO�Q�X�Q�N �

f SURPN�6x71RPS���Q � ��O�SUs O k g=RPND6 Q-Y�[eX�Q�[,X f 7�[,X=s�Q-SUX@b � u w � y NP[F62Q�Y�[,X�Q�SUX f StX=Q�c W � NTS k Qa�

��� ����� � 	&' � ���)����� ��� � 	 � �

z]X�QF[a`
NTO�Q V=W S k c W 7�p,[ec f R�[l`DNPO�QFs f g�RPNTQ W SUX�p#NTc,R � StR]NP[ W Q�Y�g=s�Q�NPO�QFX8g k 6 Q W [a`
X=Q�NPR�SUX NPO=Q s f g�RTNPQ W Q�Y
s�S W s�g�SUN�� ��Q�p,c W Y f Q�RPR�[l`
NPO�Q k Q�NPO�[8Y g�RTQ�YB`o[ W s f g�RTNPQ W StX=p�s�Q fUf R�y W Q�Y�g�s�NTSt[eXZ[l`
NPO=Q X�Q�NPR-s�ceX V�W [xs�Q�Q�YdSUX
c f SUX�Q�c W `oc,RTO�SU[,X#[,X=s�Q-c fUf s�Q ftf R]O�ca^,Q-6 Q�Q�XBc,RTRPSUp,X=Q�Y NP[�s f g=RPNPQ W R�y5c,X�Y RTNPS fUf�V�W [8Y�g�s�QF62[eNPO W Q�Y�g�s�Q�Y��_RPS���Q
X�Q�NTR�ceX�Y#Q f S k SUX�c,NTQ f [8s�c f S���Q�Y#X�Q�NPR�SUX1NPO�Q-s f g=RPNPQ W Q�Y s�S W s�g�SUN��
��O�Q k Q�NTO�[8Y@`h[ W Y�[eStX=p�NPO�SUR�SUR]S fUf g�RTN W ceNPQ�Y StX � SUp,g W Q,���!�=� z W StpeSUX�c fUf 7 ��Q�N�}�s�[eX�X�Q�s�NPR-s�Q ftf R� ceX�Y

w yDc,X=Y �]Q�N@{ s�[,X�X=Q�s�NPR#c ftf NPO W Q�Q s�Q fUf R�� M�RTRPg k StX=p NPO�ceN�NPO�Q#s f g�RTNPQ W SUX�pdRPNTQ V s f g�RTNPQ W R@s�Q fUf R  ceX�Y
w NT[,peQ�NPO�Q W y ��Q�N {1s�[eX�X�Q�s�NPRFs�Q fUf M ��SUNPOBNPO�Q�X�Q � s f g=RPNPQ W ���][��
Q�^eQ W y ��Q�N%}Fs�[eX�X�Q�s�NPRFNPO�Q�N ��[#s�Q fUf R
NPO=c,NFc W Q1X�[�� k Q W peQ�YdSUXxNT[ cBRPSUX�p f Q1s f g�RPNTQ W � M�NFNPO=Q@X�Q � f Q�^,Q f [l`'NPO=Q@O�SUQ W c W s O87ey ��Q�N }1RPQ W ^,Q�R�X=[
V g WTV [eRPQay RPSUX�s�Q�SUNPR ��S W Q f Q�X=p,NPO1s�c,X=X�[,N V [eRPRTSt6 f 7�6 Q�c ��Q�s�NTQ�Y#6x7�ceX87 k [a^,Q k Q�X8N�[l`ms f g�RTNPQ W R�SUX@NPO=Q�X�Q��8N
f Q�^,Q f y)c,X=Yds�c,Xd6 Q@Q f S k SUX�ceNPQ�Y ` W [ k NPO=Q@s�[ec W RTQ�X�Q�Y s�S W s�g=StN � R-X�Q�N f StRTN�� � N-RPO=[,g f Yd6 Q W Q k Q k 6 Q W Q�YZceN
O�SUp,O=Q W�f Q�^,Q f R�[l`'NPO=Q O�SUQ W c W s O87 NTO�c,N�NTO�Q�RPQBX�Q�NTR@RTNPS fUf Q��8StRTN�y�c,X=Y ��S fUf 62Q V�f c,s�Q�Y 6�ces � SUXxNT[ZNTO�Q#X�Q�N
f SURPN�Y=g W SUX�p#Y�Q��_s f g�RTNPQ W StX=p�� ��Q k [a^8StX=p NTO�Q�RPQ1X�Q�NTR ��S ftf5W Q k [a^,Q-NTO�Q�S W c,RTRP[8s�SUc,NTQ�Y ��S W Q f Q�X�peNPO ` W [ k NPO�Q
s�[ec W RTQ�X�Q�YBs�S W s�g�SUN����][��
Q�^eQ W y�NTO�Q�RPQ�X=Q�NPR ��S fUf RPNPS fUf s�[eX�X�Q�s�N�NPO�Q-RTc k Q k [8Y�g f Q�R�y�ceX�Y ��S fUf O�ca^,Q�c�X�[,X��
��Q W [ ��S W Q f Q�X=p,NPO	y RT[#Y�g W SUX�p#Y�Q�� s f g�RTNPQ W SUX�p�y�NTO�Q�RTQ�X�Q�NPR ��S fUf c,Y�YBNP[1NPO�Q�NT[,NPc f s�S W s�g�SUN ��S W Q f Q�X=p,NPO	� � [ W
NPO=StR W Q�c,RT[,X�y�NTO�Q ��S W Q f Q�X=p,NPO#[l` NTO�Q-NT[ V#f Q�^,Q f s�S W s�g=StN]SUR�X�[,N�X�Q�s�Q�RPRTc W S f 7 c W Q�c f SURPNTSUs'[ W c,NTNPc,SUX�ce6 f Q ��S W Q
f Q�X�peNPO1`o[ W NPO=Q-[ W StpeSUX�c f �2c,N�s�S W s�g�SUN��

��[eNPQ�c f RP[FNPO�ceN ��Q�N�{ [,X f 7 W Q�n8g�S W Q�R�c-RPSUX�p f Q]s�[,X=X�Q�s�NTSt[eX@NT[ NTO�Q�X�Q � s f g�RPNTQ W NP[ W Q�NPc,SUX1NPO�Q]s�[,X�X=Q�s��
NPSU^8SUN_7 SUX8`h[ WPk c,NTSt[eX�` W [ k NTO�Q V�W Q�^8SU[,g=R
O�SUQ W c W s O=c f�f Q�^,Q f y�RT[ NTO�Q�N �
[ V SUX�R
NTO�c,N�g=RPQ�Y#NP[Fs�[eX�X�Q�s�N�s�Q fUf R  
c,X=Y w s�ceX�6 Q W Q V=f ces�Q�Y 6871c RTStX=p f Q V SUX@s�[eX�X�Q�s�NTQ�YBNP[�NPO=Q'X=Q �;s f g�RPNTQ W � � Stpeg W Q �=� � � w � � �
��O�Q-c f pe[ W StNTO k `o[ W�W Q�Y�g�s�SUX�p1NPO�Q�X8g k 6 Q W [l`DX�Q�NPR]SUR V�W Q�RPQ�XxNTQ�YBStX � SUp,g W Q ��� "8�
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Cluster BCluster A

Net 2

Cell A Cell B Cell C

(A)

cells combined
into cluster

in clustered circuitNet 2

net 1 localized

Cell A Cell B Cell C

Net 2

Net 1

(B)

(C)

to cluster, and can be reduced
Net 2 connected twice

� SUpeg W Q ���!� � �]Q�NPR]c W Q � Q�Y�g�s�Q�Y � u f S k SUX�ceNPQ�Y � ��O�Q�X#c fUf�V SUX�R�c W Q�SUX�RPSUY�Q�NTO�Q�s f g�RPNTQ W �
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}l� � [ W Q�c,s O#X�Q�N]SUX@O�SUQ W c W s O87 f Q�^,Q f 
{ � 
 � � [a`DY�SURPNTStX=s�N�s f g�RPNTQ W R]s�[,X=X�Q�s�NTQ�YZ6871X�Q�N�SUX f Q�^eQ f 
�
 }� � � ` 
 � � }
�=� r��8S V X�Q�N" � u f RTQ# � w�W Q�c,NTQ-X�Q �;X�Q�N�StX f Q�^,Q f 
 
 }
� � u X=Y � `' � u X�Y � [ W

� SUp,g W Q ��� " � ��Q�N ��Q�Y=g�s�NPSU[eX�M f p,[ W SUNPO k

��� �����  ���  ��
%� 	 � 	��"�

� X�NPO=Q V c W NPSUNPSU[,X=StX=p V�W [,6 f Q k y c�X�Q�N
NTO�c,N)SURDs�[eX�X�Q�s�NTQ�Y@NT[ k [ W Q
NTO�c,X�[eX�Q�s�Q fUf ��SUNTO�SUX c�s f g�RTNPQ W SUX c �2ceN
s�S W s�g�SUN's�c,X 6 Q s�[,X�X�Q�s�NPQ�Ydc1RPSUX�p f Q�NPS k Q�NP[1NPO�QFs f g�RTNPQ W SUX NTO�QFs�[,c W RPQ�X�Q�Yds�S W s�g�SUN ��SUNPO�[eg�N f [eRPSUX�p�c,X87
SUX8`o[ WPk ceNPSU[,X	�
��O�SUR�SUR]c V [��
Q W `og f `oQ�ceNPg W Q-[a`�g�RPSUX�p1s f g�RPNTQ W SUX�p#SUX V c W NPSUNPSU[,X=StX=p�RPSUX�s�QFNPO�QFNPS k Q�X�Q�Q�Y�Q�Y
NP[1Q�^ac f g�ceNPQ-c V c W NPSUNPSU[eX�SUX�p�� 687#s�c f s�g f ceNPSUX�p�c1s�[,RTN�`hg�X�s�NTSt[eX ��SUR V�W [ V [ W NPSU[eX�c f NP[1NPO�QFX8g k 6 Q W [a` V StX=R
SUX@NTO�Q-s�S W s�g�SUN��

� X V=f ces�Q k Q�X8N�y�NTO�Q V�W [e6 f Q k SUR k g�s O k [ W Q s�[ k1V�f SUs�c,NTQ�Y�����O�QZQ�^ac f g�c,NTSU[,X [l` c V�f ces�Q k Q�XxN1SUR
6�ceRPQ�YB[,Xd{ �_Y�S k Q�X=RPSU[,X�c f s�[8[ W Y�SUX�c,NTQ�R�[a` V SUX�R�SUX NTO�Q s�S W s�g�SUN�� � N�StR]S k@V [ W NTc,X8N�NP[1c,s�s�[,g�X8N�`o[ W c ftf5V SUX
V [,RPSUNTSt[eX�R�yDRTSUX�s�Q#Q f Q�s�N W SUs�c fUf 7�� Q�nxg=St^ac f Q�X8N V SUX�RF[,X cBs�Q fUf s�ceX�X�[eN 6 Q#p W [eg V Q�Y NT[,p,Q�NPO�Q W NTO�Q �
ca7BNPO=Q�7
s�ceXdStX V c W NTSUNPSU[,X�SUX�p=� � Y=Q�c fUf 7,y ��O�Q�X s�Q fUf RFc W Q�s f g�RPNTQ W Q�Y NT[,peQ�NPO�Q W y
NTO�Q V StX V [,RTSUNPSU[,X�R�[,XdNPO=Q@s f g�RTNPQ W
Y�Q V Q�X�Y [,XBNPO�Q W Q f c,NTSt^eQ V [,RTSUNPSU[,X�R�[l`
NPO�Q�s�Q fUf R ��StNTO�SUX NPO=Q�s f g�RPNTQ W �#��O�SUR V�W Q�RTQ�X8NPRFc#Y�S f Q k@k c=y�RPSUX�s�Q
Y�Q�NTQ WPk SUX�SUX�p@NTO�Q W Q f ceNPSU^,Q V�f c,s�Q k Q�X8N�[a`�NPO�Q�s�Q fUf R V�W Q�RPg k Q�R-c��8X�[�� f Q�Y�peQ�[a`
NTO�Q�SUY�Q�c fDV�f c,s�Q k Q�X8N�[a`
NPO=Q�s�Q fUf R����][��
Q�^,Q W y �
Q�Y=[,X � N �8X�[�� NPO�SUR�SUY�Q�c fmV=f ces�Q k Q�X8N�y�c,X�Y ��Q W Q�n8g�S W Q�c W Q f c,NTSt^eQ V=f ces�Q k Q�X8N�SUX
[ W Y�Q W NP[FY�Q�NPQ WPk SUX�Q�c�pe[x[8Y V�f c,s�Q k Q�X8ND`h[ W NPO=Q's f g=RPNPQ W R��
��O�Q�c V�V�W [,ces O�NPc �eQ�XFStX�c fUf,V ceRPN ��[ W ��SUX-s f g�RTNPQ W SUX�p��_6�c,RTQ�Y V�f c,s�Q k Q�X8N � Qa� p��$& q c f $ W [ ' �ly,r8g�X2r Q�s�� " ' �

O�ceR�6 Q�Q�XBNP[�c,RTRPSUp,X c fUf�V SUX V [,RPSUNTSt[eX�R�NP[1NPO�Q�s�Q�X8NPQ W [l` NTO�QFs f g�RPNTQ W y�c,R]SUX � SUp,g W Q,�=�&# ����O�Q W Q�c,RP[eX#`o[ W
NPO=StR�SUR]NP[ k SUX�S k S���Q�NTO�Q-Q�^eQ�X8NPg�c f SUX�s W Q�ceRPQ-SUX ��S W Q f Q�X�peNPO s�c,g�RTQ�Y 687 �2ceNPNTQ�X�SUX�p@[eg�N�NPO=Q-s�S W s�g=StN�����O�SUR
SUX�s W Q�c,RTQ�StR k StX=S k S ��Q�Y ��O=Q�XdNPO�Q�Q WPW [ W 6 Q�N �
Q�Q�XdNPO�Q�c V�V�W [��xS k c,NPQ�Y V SUX V [,RPSUNTSt[eX�R�c,X�YBNPO=Q�Q�^,Q�X8NTg�c f
V SUX V [eRPSUNPSU[eX�R�SUR�R k c fUf y ��O�SUs O�S k1V�f StQ�R
NTO�c,N]s f g�RPNTQ W RPS���Q�R � ��SUY�NTO�R � RPO�[eg f Y#X�[,N]62Q-c fUf [���Q�Y#NP[�peQ�N�NT[8[
p W Q�c,N�y V Q W O=c V R]c,R�c�`og�X�s�NTSU[,X#[a`)NPO�Q W [�� RPQ V c W c,NPSU[eX�Y=StRTNPceX�s�Qa�
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� SUpeg W Q ��� # � � SUX�R�c W Q�c fUf�V�f ces�Q�Y#c,N�NPO�Q�s�Q�X8NPQ W [a`DcFX�Q �;s f g�RTNPQ W �

��� ���
� ��	
�

��� � � � 	 � ��� �

� � .�+ 	 � � + ������� � � � �1.�
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� X NTO�SUR@RPQ�s�NPSU[,X	y-cd^,Q W 7 n8g�SUs �JO�Q�g W SURPNTSUsay � "	MD��� u �-y�SUR V=W Q�RTQ�X8NPQ�Y ��O�SUs O S k@V=W [a^,Q�R�Y�Q��_s f g�RPNTQ W SUX�p
n8g�c f SUN_7�R f SUp,O8N f 7e� � W Q�^8St[eg�R k Q�NPO�[8Y�R5`o[ W s f g�RPNTQ W SUX�p � 6�ceRPQ�Y V=f ces�Q k Q�X8N�& r8g=X2r8Q�s�� "8y q c f $ W [ ' � '$� c,NPNTQ�X�Q�Y
NPO=Q's�S W s�g�SUN�6x7 V�f c,s�StX=p-NPO�Q�s�Q ftf R�[a`�cFs f g�RPNTQ W�W ceX�Y�[ k@f 7 ��SUNPO�SUX�NTO�Q V O87xRTSUs�c f s�[,X i X�Q�R�[l`�NPO�Q�s f g�RTNPQ W ceN
NPO=Q V=W Q�^8SU[,g�R�O=StQ W c W s O�c f�f Q�^eQ f � r8SUX�s�Q'NTO�Q�s f g�RPNTQ W�k [8Y�g f Q�SUR
s W Q�c,NTQ�Y ��SUNPO1Q�n8g�SU^ac f Q�X8NDO�Q�StpeO8N�c,X�Y1c W Q�c
c,R�SUNPR�s�Q ftf R�y�Y�Q��_s f g�RPNTQ W SUX�p c@s f g�RTNPQ W Y=[xQ�R-X�[,N�s O�ceX�p,QFNPO�QFRPS���Q�[l`
NPO=Q s O�S V ��r8SUX�s�Q W Q f ceNPSU^,Q V [eRPSUNPSU[,X=R
6 Q�N �
Q�Q�XJs�Q fUf R SUXdc s f g�RTNPQ W ��Q W Q#X�[eN-s�[,X=RPSUY�Q W Q�YJc,N-ceXx7Bs f g�RTNPQ W Q�Y f Q�^,Q f [l`�NPO�Q1O�SUQ W c W s O87,yDNTO�Q�7dc W Q
X�[eN�S k@V�f SUQ�Y�ceN�NPO=Q �2ceNPNTQ�X�Q�Y f Q�^,Q f y c,X�Y RT[@RT[ k Q k Q�NPO�[8Y k g�RTN
6 Q g=RPQ�YBNP[�Y�Q�NPQ WTk SUX�Q f Q�pec f�W Q f c,NTSt^eQ
V [,RPSUNTSt[eX�R�`o[ W NTO�Q��2ceNPNPQ�X�Q�Y s�Q ftf R�NT[ [8s�s�g V 7e�
M�R�NTO�Q�s�S W s�g�SUN�SUR
�2ceNPNTQ�X�Q�Y#RP[ k Q ��[ W RPQ�X�SUX�pF[a`�NTO�Q�RP[ f g=NPSU[,X�SUR�StX=Q�^8StNTc,6 f Qa�)��O�SUR�StR�6 Q�s�c,g=RPQ�Y�g W StX=p

NPO=Q'Y=Q�� s f g=RPNPQ W SUX�p V O�ceRPQay�X=Q�NPR]NPO�ceN ��Q W Q f [8s�c f S���Q�Y1NP[Fc s f g=RPNPQ W�k g�RPND6 Q�c,Y�Y=Q�Y#6�c,s���NP[FNPO=Q�� c,NPNTQ�X�Q�Y
s�S W s�g�SUN�c,R�SUN�SUR
6 W [ �eQ�X Y�[���X1StX8NT[ SUNPR�s�[,X�RTNPSUNPg�Q�XxN]s�Q fUf R�y StX=s W Q�ceRPSUX�p�NT[,NPc f ��S W Q f Q�X�peNPO��
M�X�[eNPO�Q W RP[eg W s�Q-[a` ��S W Q f Q�X�peNPO@SUX�s W Q�ceRPQ-Y�g W SUX�p�Y�Q��_s f g�RTNPQ W StX=p�StR�NTO�Q�c V�V=W [��8S k c,NTSU[,X k c,Y=Q�`o[ W�V SUX

V�f c,s�Q k Q�X8N��'��O�Q V�W [e6 f Q k SUR�NPO=c,N�NPO�Q V SUX V�f ces�Q k Q�XxN�SUX NTO�QFs f g�RPNTQ W Q�Y f Q�^eQ f R � So� Qa�Uy�[a^,Q WPf c V�V StX=p�s�Q fUf R
��SUNPO V SUX�R�SUXBNPO�QFs�Q�X8NTQ W [l`
NPO=Q s f g�RTNPQ W ��SUR�c V [8[ W c V=V�W [��8S k ceNPSU[,XF`o[ W NPO�QFN W g�Q V SUX V [,RPSUNTSt[eX�R�SUX NPO�Q
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Q�^eQ�X8NPg�c f�W Q f ceNPSU^,Q V�f ces�Q k Q�XxNF[a`�NPO�Q s�Q fUf R�� ��O�Q NT[ V � f Q�^,Q f�V�f c,s�Q k Q�X8N�SUR k c,Y�Qay�c,RTRPg k StX=p NPO�ceN�NPO�Q
Q�RTNPS k ceNPQ�Y V StX f [8s�c,NTSt[eX�R�c W QFNPO�Q�RTc k Q-c,R�NPO=Q V SUX V [eRPSUNPSU[eX�R�`o[ W s�[ WTW Q�R V [eX�Y�SUX�p s�Q ftf R�SUX NPO=Q�[ W SUpeStX=c f
s�S W s�g�SUN���M]R@NPO=Q s f g�RPNTQ W R#c W Q 6 W [ �eQ�X Y�[���X�y�NTO�SUR@Y�S ��Q W Q�X=s�QZSUR1Q�� V [eRPQ�Y�y�c,X=Y NTO�Q [a^eQ W c ftf RP[ f g=NPSU[,X
p,Q�NPR ��[ W RPQa�@��O=Q c V�V�W [��8S k ceNPSU[,X1Q WPW [ W SUX�s W Q�c,RPQ�R ceR'NTO�Q�s f g�RTNPQ W RTS���Q�SUX�s W Q�c,RPQ�R�yDRPSUX�s�Q�NPO�Q�Y�S ��Q W Q�X�s�Q
6 Q�N �
Q�Q�X NPO=Q V [eRPRTSt6 f Q W Q�c f5V SUX V [,RPSUNTSt[eX�R�c,X=Y�NTO�Q�s�Q�X8NPQ W [l`mNTO�Q�s f g�RPNTQ W StR�p W Q�c,NTQ W � � [ W NPO�SUR W Q�c,RT[,X#SUN
SUR�S k@V [ W NTc,X8NDNT[ �,Q�Q V NTO�Q k c��8S k g k s f g�RTNPQ W RPS���Q W Q�c,RT[,X�ce6 f 7 f [����
�)[ k SUX�S k S ��Q-NPO�Q�n8g�c f StN_7 Y�Q�NPQ W SU[ W c,NPSU[eXdY�g W SUX�p#s�S W s�g�SUN � c,NPNTQ�X�SUX�p=y�`og W NPO=Q W S k@V�W [a^,Q k Q�X8N�SUR V Q W �

`o[ WPk Q�Y�[eXZNTO�QFs�S W s�g�SUN�c,N]Q�c,s O �2c,NTNPQ�X=StX=p�RTNPcep,Qay�g=RPSUX�p@c#^eQ W 7 f [8s�c f S���Q�Y RPQ�c W s OBO�Q�g W StRTNPSUsa�FM p W Q�Q�Y�7
k Q�NPO�[8Y�`h[ W�W Q�Y�g�s�SUX�p�NTO�Q f Q�p,c f S ��c,NPSU[eX�Q WPW [ W y ��O�SUs O ��Q�s�c fUf � "�M ��� u �-y�SUR�RPO=[���X�SUX � SUpeg W Q ��� � �

� XZNTO�Q � "�MD��� u � O=Q�g W SURTNPSUsay)NPO�QFca^,Q W c,peQ V [,RTStNTSU[,X [l` c ftf s�[,X=X�Q�s�NTQ�Y V SUX�R�SUR�s�c f s�g f ceNPQ�Y `o[ W Q�ces O
s�Q fUf StX#cFs f g�RPNTQ W � SUX�Y�SUs�ceNPQ�Y#687@NTO�Q f StpeO8N
p W ca7@s�S W s f Q�c,X�Y#RPn8g�c W Q-SUX � SUp,g W Q �=� � � M � ������O�Q�s�Q fUf R ��SUNPO�SUX
NPO=Q s f g�RTNPQ W c W QFNPO�Q�XBRP[ W NTQ�YZ687#NPO=Q�S W ca^,Q W c,peQ V StX����_s�[8[ W Y=StX=c,NPQly�c,X�Y p,SU^,Q�X#c W Q f c,NTSU^,Q-[ W Y�Q W ceR�NPO=Q�7
c W Q��2ceNPNPQ�X�Q�Y � SUX � SUp,g W Q �=� � �  � y s�Q fUf R�M�ceX�Y  ;c W Q-R �
c V�V Q�YZSUX ces�s�[ W Y�c,X=s�Q ��SUNTO NPO�Q�S W ca^,Q W c,peQ V SUX
V [,RPSUNTSt[eX�R ��� ��O�SUR k Q�NTO�[8Y Y�[8Q�R�X=[,N�RPQ�c W s OJ`h[ W c W Q�Y�g=s�Q�Y s�[,RTN�[a`'NTO�Q [a^eQ W c ftf�V=f ces�Q k Q�X8N�yDc,X=Y X=[
� � b�"#SUR)s�[ k1V g�NPQ�Y�y,6�g�N StX=RPNPQ�c,Y V�f c,s�Q�RDNPO=Q�s�Q fUf RDSUX c f [8s�ceNPSU[,X k [ W Q
NTQ�X�c,6 f Q�`h[ W)f [xs�c f S k@V=W [a^,Q k Q�X8N��
M f [8s�c f S k@V=W [a^,Q k Q�X8N)RPNTQ V SUR�RPNTS fUf�W Q�n8g�S W Q�Y cl`oNPQ W NPO�SUR�n8g�SUs�� f Q�p,c f S���ceNPSU[,X�RTNPQ V �

� ����+ 	 � � �1��� ��� � � ���
M�R V�W Q�^8SU[,g=R f 7 k Q�X8NPSU[,X=Q�Y�y,NTO�Q k c � [ W SUN_7�[a` V=f ces�Q k Q�X8NmS k1V�W [a^eQ k Q�X8N ��[ W � SURDNTc W peQ�NPQ�YF`o[ W NTO�Q�O=StpeO�Q�RTN
f Q�^,Q f [a`�NPO�Q�O=StQ W c W s Ox7ey ��O�Q W Q�SUNDs�c,XFNPc �eQ�c,Y�^aceX8NPc,peQ
[l` NTO�Q W Q�Y�g�s�NTSt[eX�SUX s�[ k@V�f Q��8SUN_7e� � `�NPO=Q�s f g�RPNTQ W SUX�p
k Q�NPO�[8Y�c,X=Y@S k@V�W [a^,Q W V Q W `o[ WTk ��Q fUf y8NPO=Q V�f c,s�Q k Q�X8N�c,s O�SUQ�^eQ�Y@ceN
NTO�Q�O�SUp,O�Q�RTN f Q�^eQ f RPO=[,g f Y@6 Q�[l`m^eQ W 7
O�SUp,O n8g�c f SUN_7,� �][��
Q�^eQ W y�ceR�NPO�Q#s�S W s�g�SUN�StR�s f g=RPNPQ W Q�Y ceX�Y S k1V�W [a^eQ k Q�X8NTR k ceY�Q�c,N�NTO�Q#NP[ V f Q�^,Q f [a`
NPO=Q-O�SUQ W c W s O87,y k c,X87Fc V�V�W [��8S k c,NTSt[eX�R k g�RTN
6 Q k ceY�Qa� q c,X87@Y=Q�s�SURPSU[,X=R k g�RPN�62Q k c,Y=Q�NP[ W Q�Y�g�s�Q-NPO�Q
s�[ k@V�f Q��8SUN_7@[l`
NPO�Q V�W [,6 f Q k ��O�S f QFRPNPS fUf�W Q V�W Q�RPQ�X8NTStX=pZNTO�Q � c,N�s�S W s�g=StN�ces�s�g W c,NPQ f 7ey�RPg�s OdceR'Q�RPNPS k c,NPSUX�p
V SUX V [,RTSUNPSU[,X�R�ceX�Y W Q k [a^8StX=p f c W peQ�X�Q�NPR��
��O�Q�RTQ@c V=V�W [��8S k ceNPSU[,X�R k ceY�Q ��O=S f QFs f g�RPNTQ W SUX�p f Q�c,YBNP[ RPSUp,X�S i s�c,X8N-n8g�c f SUN_7#Y�Q�NTQ W SU[ W c,NTSt[eXdY�g W StX=p

Y�Q��_s f g�RTNPQ W StX=p�y�c,R c V�V�W [��8S k c,NTSt[eX�R k ceY�Q�c,N)NPO�Q]NP[ V O�SUQ W c W s O�c f f Q�^,Q f ! N W SUs�� f Q��_Y�[���X$#�NTO W [eg�p,O�Q�ces O@Y�Q��
s f g�RTNPQ W StX=p'RTNPQ V � "	[xs�c f S���Q�Y-S k@V=W [a^,Q W R k g�RTN�62Q�g�RPQ�Y NT[ k SUX�S k S ��Q�NTO�SUR�Y�Q�NTQ W SU[ W c,NTSU[,XFc,R�SUN�SUR�SUX8N W [8Y�g�s�Q�Y
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A B

(A)

center-of-gravity for net

original
cluster

cell inside
cluster

to net
cell attached

(B)

B A

c-o-g

� SUp,g W Q �=� � �
w Q fUf R ��SUNPO�SUX#c�s f g�RPNTQ W c W Q-peSU^,Q�X W Q f ceNPSU^,Q V�f ces�Q k Q�XxNTR�c,s�s�[ W Y=StX=p�NP[�NPO=Q�S W RP[ W NTQ�Y ca^,Q W c,peQ
V SUX V [,RTSUNPSU[,X�R
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c,N�Q�c,s O Y=Q�� s f g=RPNPQ W SUX�p V O=c,RPQly
6�g�N�62Q�s�c,g�RTQ�NTO�Q�NP[ V � f Q�^,Q f RP[ f g=NPSU[,XBSUR � V�W Q�RPg k c,6 f 7��][a`�O=StpeOZn8g�c f StN_7ey
NPO=Q'S k1V�W [a^eQ W RDg=RPQ�Y Y=g W SUX�pFY�Q��_s f g�RPNTQ W SUX�p�RTO�[,g f Y162Q�ce6 f Q�NP[ i X�Y@c f [xs�c f�k SUX�S k g k ��SUNPO f SUNTN f Q�Q ��[ W N��
��Q�s�c fUf NPO=c,N�c,R]NPO�Q�s�S W s�g�SUN�SUR�Y�Q��_s f g�RTNPQ W Q�Y�y�NPO�Q V�W [e6 f Q k RTS���Q�StX=s W Q�ceRPQ�R�� ��[ W �1Y�[,X=Q'ceN f [��
Q W�f Q�^,Q f R][a`
NPO=Q�O�SUQ W c W s O87�NPc��,Q f [,X=p,Q W NTO�c,X�NTO�c,N�c,N g V�V Q W
f Q�^eQ f R�y8RP[FSUNDSUR V�W Q�`oQ W Q�c,6 f Q�NP[-Y=StRTN W St6=g�NPQ]c,R k g�s O �
[ W �
c,R V [,RTRPSU6 f Q�NP[�NTO�Q�g V�V Q W�f Q�^eQ f R��
b O�ceNDSUR
X�Q�Q�Y�Q�Y1StR�c,X�S k1V�W [a^eQ W NPO�ceNDQ��8s�Q f R�c,N p W Q�Q�Y�S f 7 S k@V=W [a^8SUX�p�c-RT[ f g�NTSt[eX ��SUNPO�^,Q W 7 f [8s�c f S ��Q�Y
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[ W RTQ�� NTO�c,X�� ca^eQ W cep,Q V�f c,s�Q k Q�X8NPR�y,p W Q�c,NTQ W pec,SUX-s�ceX 6 Q�c,s O�SUQ�^eQ�Y�687-NPO=Q�g�NPS f SUN_7 �_6�ceRPQ�Y-RTQ�c W s O ��StNTO
f Q�RPR]Q ��[ W N]NPO�ceX NPO=c,N ��O�SUs O#c W c,X=Y�[ k S ��Q�Y k [a^,Q�� RTQ f Q�s�NPSU[eX k Q�NPO�[8Y#s�[,g f Y#ces O=StQ�^,Q�SUX�NTO�Q-RTc k Q�NTS k Qa�
� XdNPO=StR ��ca7,y5StN�SUR V [eRPRTSt6 f Q�NT[ W Q�Y�g=s�Q@NTO�Q�s�[ k1V g�NTc,NPSU[eX�c f S k@V ces�N�[l`
Q��8c k SUX�SUX�p k [a^,Q�R]NPO�ceN ��S fUf 62Q
W Q � Q�s�NTQ�Y��
b O�Q�Xdc V�V�f SUQ�YdNP[#X�[eX��_O�SUQ W c W s O�c f�V�f c,s�Q k Q�X8N�y�SUN �
ceR�RPO�[���XdNTO�c,N-g=RPSUX�p g�NTS f SUN_7#c,R�c k Q�ceRPg W Q�[a`
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V�f c,s�Q k Q�X8N-n8g�c f StN_7 ��c,RFQ � Q�s�NPSU^,Ql� � k@V�W [a^8StX=p�NTO�Q@s�Q fUf g�NPS f SUN_7Z[l` V [8[ WTf 7 � V�f c,s�Q�Y s�Q ftf RFS k@V�W [a^,Q�YBNPO�Q
NP[eNPc f ��S W Q f Q�X�peNPO [l` NTO�Q-RT[ f g�NPSU[eX�y�c,X�Y#RT[ f g�NPSU[eX�s�[,X8^,Q W p,Q�X=s�Q NTS k Q ��c,R]Y W c k ceNPSUs�c fUf 7-SUX�s W Q�c,RTQ�Y ��StNTO
R k c fUf Q W g=NPS f StN_7 f SURTN'RTQ�c W s O Y=Q V NPO=R�yDRP[ NPO�ceN%! pe[x[8Y$##RT[ f g�NPSU[eX�R �
Q W Q�`o[eg�X�Ydn8g�SUs�� f 7e���][��
Q�^eQ W y ��O�Q�X
s�[ k@V c W Q�YFNP[-c�pe[x[8YFY�Q�NTQ WPk StX=StRTNPSUs�RPQ�c W s O@O�Q�g W SURPNTSUs�c,R c V=W S k c W 7�S k@V�W [a^,Q k Q�X8N�O�Q�g W StRTNPSUsay�NTO�Q W Q�RTg f NPR
g�RTStX=p@g�NTS f SUN_7 ��Q W Q X�[eN�s�[ k@V Q�NPSUNTSt^eQa����O�Q�s�[,X8^,Q W p,Q�X�s�Q�NPS k Q�`h[ W NTO�QFg�NPS f SUN_7 �_6�ceRPQ�Y#O�Q�g W SURPNTSts ��c,R�NT[8[
RPO=[ W N�NT[�c,Y�Q�nxg=c,NPQ f 71Q��8c k StX=Q�NPO=Q'RTQ�c W s O R V ces�Qay�c,X=Y@RP[�NTO�Q-RT[ f g�NPSU[eX�R ��Q W Q-[a`)^,Q W 7 f [��
� n8g�c f StN_7e�
\�NTS f SUN_7�� 6=c,RPQ�Y S k@V�W [a^,Q k Q�X8N �
ceR�RTO�[���XZNT[@6 Q 6 Q�RTN'RTg�SUNPQ�Y `o[ W g�RTQ ceR�c�`hc,RPN V [eRPN � V�W [8s�Q�RPRTSUX�p S k �

V�W [a^,Q k Q�X8N'RTNPQ V yDca`oNTQ W RPSUpeX�S i s�c,X8N-S k1V�W [a^eQ k Q�X8N�O�ceR-c fUW Q�c,Y�7 62Q�Q�X k ceY�QF6x7 c,X�[eNPO�Q W S k@V�W [a^,Q k Q�X8N
k Q�NPO�[8Y�� � N �
ceR k [,RPN�Q � Q�s�NPSU^,Q ��O�Q�X g=RPQ�YJ[,X c V=f ces�Q k Q�X8N-ca`oNTQ W [,NTO�Q W S k@V�W [a^,Q k Q�X8N'NTQ�s O�X�SUn8g�Q�R
O�ceY s�[,X8^,Q W p,Q�Y	y ceX�YJNPO�Q g�NPS f SUN_7 �_6�ceRPQ�Y RPQ�c W s O ��c,R�c,6 f Q#NT[ W c V StY f 7dRTQ�Q��Jc f [8s�c f�k StX=S k g k StX NPO�Q
RPQ�c W s OdR V c,s�Ql�  �Q�s�ceg�RPQ�g=NPS f StN_7��_6�c,RTQ�Y S k@V=W [a^,Q k Q�X8N�SUR�O�SUpeO f 7�Y=Q�NPQ WTk SUX�SURPNTSUsay�nxg=Sts�� f 7 i X�Y�SUX�p1c f [8s�c f
k SUX�S k g k yaSUN�StR ��Q fUf RPg=StNTQ�Y#NP[�ces O=StQ�^,Q�c,X87 ��� 0 . ���  
� �%" 0%0 (*-��1S k@V�W [a^,Q k Q�XxN��
b SUX�Y�[�� RTS���Q ��c,R�RPO=[���X NT[dO�ca^,Q#cdRTStpeX�S i s�ceXxN�S k1V c,s�N�[,XJNPO�Q V Q W `o[ WTk ceX�s�Q#[a`�[,g W O�Q�g W StRTNPSUsa�

��[���Q�^eQ W yac W Q f ceNPSU[,X�6 Q�N ��Q�Q�XFs�S W s�g�SUN�RTNPc,NTSURPNPSUs�R)ceX�Y ��StX=Y�[�� RPS���Q �
ceR�X�[eN `o[,g�X=Y���M�R �
Q ftf y s�[ k1V�W [ k SURPQ�R
��Q W Q k c,Y�Q)NP[]RPQ f Q�s�NDc�p,[8[8Y-g�NPS f SUN_7 f SURPN5RPQ�c W s O�Y�Q V NTO�y8c,X�Y-X8g k 6 Q W [a`2S k@V=W [a^,Q k Q�X8N V c,RTRPQ�RDNTO�c,N ��[,g f Y
V�W [xY=g�s�Q�pe[8[xY W Q�RPg f NPR `o[ W c fUf s�S W s�g�SUNPR�� � g=NPg W Q�Y�S W Q�s�NTSU[,X�R)`h[ W)W Q�RTQ�c W s O@SUX8NP[�g�NPS f SUN_7�� 6�ceRPQ�YFS k@V�W [a^,Q k Q�X8N
s�[eg f Y�N W 7FNP[�Y�Q�^,Q f [ V ceX�c,Y�c V NPSU^eQ
O�Q�g W SURPNTSUs�NPO�ceN i X�Y�R�SUY�Q�c f g�NPS f SUN_7 f SURTNmY=Q V NPO	y�Xxg k 62Q W [l` V ceRPRTQ�R�y�ceX�Y
��SUX�Y�[�� RPS���Q V c W c k Q�NPQ W R�`o[ W Y�S � Q W Q�X8N�s�S W s�g=StNTR���M]R �
Q fUf y2SUX�s�[ WPV [ W c,NTStX=p�c k S ��[a`Dp,ceSUX�Q�RPNPS k c,NPSU[eX@SUX
Q�c WPf SUQ W RPQ�c W s OdRPNTc,p,Q�R�y�ceX�YZQ �xces�N�p,ceStX s�c f s�g f ceNPSU[,X#Y�g W SUX�p f ceNPQ W RTQ�c W s OBRPNTc,peQ�R�y k SUp,O8N V�W [8Y�g=s�Q�p,[8[8Y
W Q�RPg f NPR��
z]^,Q W c fUf y�g�NPS f SUN_7�� 6�ceRPQ�YBRPQ�c W s O�SUX�p StR�^eQ W 7BQ ��Q�s�NPSU^eQay ��O=Q�Xdc V�V=f SUQ�YBNP[#NTO�Q W SUp,O8N �8SUX�YZ[l` V=W [,6 f Q k �

�]g�QDNT[�SUNPR)O�SUp,O f 7�� f [xs�c f S���Q�Y�RTQ�c W s O�R V ces�Q
ceX�Y W c V SUY-s�[eX8^,Q W p,Q�X�s�Q V�W [ V Q W NPSUQ�R�y,SUN�RPO=[,g f Y-[eX f 7'6 Q�c V�V�f SUQ�Y
��O�Q�XBc W c V SUY RT[ f g�NTSt[eX#StR]X�Q�Q�Y=Q�Y W Q�pec W Y f Q�RPR�[a`�O�SUp,O��_n8g�c f SUN_7,y�[ W ��O�Q�XZNTO�Q-RPQ�c W s OdSUR�Q � V Q�s�NTQ�YdNP[162Q
SUX@NTO�Q-^8SUs�SUX�SUN_7�[a`mc�pe[8[xY f [xs�c f�k SUX�S k g k SUX1NPO�Q-RTQ�c W s O�� R V c,s�Qa�
��O�Q�RPS���Q�[a`)M'r � w Y�Q�RTSUp,X V=W [,6 f Q k R�StR�SUX�s W Q�c,RTStX=p�c,N�c RTg�6�RPNTc,X8NPSUc f�W c,NTQay2ceX�Y k Q�NPO=[xY=RD`o[ W Y=Q�c f SUX�p

��SUNPOBO�SUp,O f 7#s�[ k@V�f Q�� V�W [e6 f Q k R�c W Q X=Q�Q�Y�Q�Y	��z]X�Q k Q�NTO�[8Y#`o[ W Y=Q�c f SUX�p ��SUNTOZs�[ k@V�f Q��#RT7xRTNPQ k R�StR�NT[
X�c WPW [�� c�RPQ�c W s O NT[ f [8s�c f S���Q�Y W Q�p,SU[eX�R�[a`DNPO=Q'RTQ�c W s O R V ces�Qa��\�NTS f SUN_7��_6�c,RTQ�Y V�f ces�Q k Q�XxN�SUR�[,X�Q�Q��8s�Q ftf Q�X8N
Q��8c k1V�f Q�[l`2NPO�SUR���M�X�[eNPO�Q Wmk Q�NPO=[xY�SUR�NT[ W Q�Y=g�s�Q�NPO=QDs�[ k1V�f Q��8SUN_7�[a`�NPO�Q V�W [e6 f Q k SUNPRPQ f `Ty 687 W Q�RTN W g=s�NPg W SUX�p
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SUN�SUXxNT[ cFR k c fUf Q W `o[ WTk NPO W [,g�peO �'(* �'&)(*. � � & 0 . "' (*-��l�
z]g W X�Q � O�SUQ W c W s O=c f s f g=RPNPQ W SUX�p k Q�NPO=[xY	y �
Q�SUpeOxNTQ�Y#O87 V Q W � Q�Y=p,Q-s f g�RTNPQ W SUX�p�y �
ceR�RPO�[���X#NP[�6 Q-^eQ W 7

Q ��Q�s�NTSt^eQ ��O�Q�X c V�V�f SUQ�Y1NP[�NPO=Q-RPNTc,X�Y�c W Y��_s�Q fUf5V�f c,s�Q k Q�X8N V=W [,6 f Q k �)M f NPO�[eg�p,O V Q W `h[ WPk c,X�s�Q ��c,R�`oceS WTf 7
p,[8[8Y#`o[ W R k c fUf � ceX�Y k Q�Y=Stg k �_RPS���Q�Y V�W [e6 f Q k R�y V Q W `o[ WPk c,X�s�Q �
ceR�O�SUp,O=Q�RPN][,X NTO�Q f c W p,Q�RTN�6 Q�X�s O k c W �
s�S W s�g�SUNPR��
� �
[#[eNPO�Q W�k Q�NTO�[8Y�R�[l` s f g�RTNPQ W SUX�p � Q�Y=p,Q�s f g�RTNPQ W StX=p�y)c,X�Y k [8Y�S i Q�Y Ox7 V Q W �_Q�Y�peQ�s f g�RPNTQ W SUX�p=ym6 [,NTO

V�W [ V [,RPQ�Y-687���c W 7 V StR5Q�N��)c f � � & �'c W � � ' ��y���O�Q W Q RPO�[���X-NT[ V Q W `o[ WPk ��Q fUf `o[ W NTO�Q V=f ces�Q k Q�X8N V�W [,6 f Q k y>6�g=N
NPO=Q'RTS���Q�� f S k StNTSUX�p�`oQ�c,NPg W Q�[a`�[eg W s f g=RPNPQ W SUX�p k Q�NPO�[8Y V�W [a^xSUY�Q�Y W Q�RPg f NPR]RPg V Q W St[ W NP[-NTO�Q�[,NTO�Q W�k Q�NPO�[8Y�R��

��Q�RTg f NPR1[,6�NTc,SUX�Q�YJg�RTStX=pZ[eg W s f g�RPNTQ W SUX�p k Q�NTO�[8Y ��Q W Q ^,Q W 7 s f [,RTQ SUXJnxg=c f SUN_7ZNT[dNPO�[eRPQ [l`'c �2ceN
O�Q�g W SURPNTStsly'ces�NPg�c fUf 7JS k@V=W [a^8SUX�pZNTO�QBRP[ f g�NTSU[,XJ`o[ W NTO�Q f c W p,Q�RPN@6 Q�X�s O k c W �xR�� w [ k1V c W Q�Y NP[ NPO�Q �2ceN
O�Q�g W SURPNTStsly�NPO�Q]s f g�RPNTQ W Q�Y RP[ f g�NTSU[,X�R ��Q W Q�c,NTNPceStX=Q�Y@ceX�ca^,Q W c,p,Q�[l`�NPO W Q�Q�NPS k Q�R)`oc,RTNPQ W c,X=Y�NPO�Q]s f g�RPNTQ W SUX�p
c,X=Y@Y�Q��_s f g�RTNPQ W StX=p�[a`mNTO�Q�s�S W s�g�SUN�NP[8[���[,X f 7Fc-`oQ � RPQ�s�[,X�Y�R�y2Q�^eQ�X#[,X1NPO�Q f c W p,Q�RTN
6 Q�X�s O k c W �8R�y V�W [a^8SUX�p
NPO=c,N�RPS k1V�f Q�c,X�Y1`oceRPN�s f g�RTNPQ W StX=p�NPQ�s O�X�SUn8g�Q�R]s�c,X c,s O�SUQ�^,Q f c W p,Q]p,c,SUX�R�^eQ W RTg�R�c �2ceN�NPQ�s O�X�SUn8g�Qa�
M O�SUp,Ods�[ WPW Q f c,NTSt[eX ��c,R�RPO�[���XdNT[ Q��8SURPN-6 Q�N ��Q�Q�X Q�^,Q�X f 7��_Y�SURPN W SU6�g�NPQ�Y s f g�RTNPQ W RPS���Q�RFc,X=Y i X�c f RP[��

f g�NPSU[eX�n8g�c f StN_7e�Db O�Q�X s�[ k1V c W SUX�p Y=S ��Q W Q�X8N's f g=RPNPQ W SUX�p k Q�NPO=[xY=R�y2NTO�Q-s�S W s�g�SUNPR ��SUNPO#NPO=Q k [ W Q�Q�^,Q�X f 7 �
Y�SURPN W SU6�g�NTQ�Y s f g=RPNPQ W RTS ��Q�R O=c,Yd6 Q�NPNTQ WFi X�c fDW Q�RTg f NPRFNPO�ceXdNPO�[eRPQ ��StNTO k [ W QFg�X�Q�^eQ�X RTS ��Q�R�� b O=Q�XdNPO�Q
s f g�RTNPQ W RTS ��Q�RD`h[ WPk Q�Y �
Q W Q�^,Q W 7 g�X=Q�^,Q�X	y i X�c f RP[ f g�NPSU[,X�n8g�c f StN_7 �
ceRDg�RPg=c fUf 7-SUX8`oQ W St[ W NP[FNPO=[,RPQ]c,s O�SUQ�^eQ�Y
g�RTStX=p�NPO�Q �2ceN V�f c,s�Q k Q�X8N
O=Q�g W SURTNPSUsa�
��O=Q W Q `h[ W Qly k c,SUX8NPceStX=StX=p�Q�^eQ�X s f g�RTNPQ W RPS���Q�R]StR�^eQ W 71S k@V [ W NTc,X8NDNT[
c�s f g�RTNPQ W StX=p�O�Q�g W StRTNPSUsa�

� N �
ceR�RPO=[���X NPO�ceN�y `o[ W [,g W s f g�RTNPQ W StX=p k Q�NPO=[xY	y2NPO W Q�Q f Q�^eQ f R�[a`�s f g�RPNTQ W SUX�p1p,ca^,Q�p,[8[8Y W Q�RTg f NPR]`o[ W
c fUf RPS���Q�R][a`)s�S W s�g�SUNTR�y2ceX�Y#p,ca^eQ�s�[eX�RPSURPNTQ�X8N f 7@RTg V Q W SU[ W]W Q�RTg f NPR�ceN�p W Q�c,NPQ W s f g�RTNPQ W StX=p�Y�Q V NTO�R�NT[ NTO�[,RTQ-[a`
[,NTO�Q W s f g�RPNTQ W SUX�p k Q�NPO�[8Y�RDQ �xc k SUX�Q�Y	�mb O=S f Q�[,g W�k Q�NPO�[8Y�Y�SUY�X�[eN V Q W `o[ WPk ceR �
Q ftf c,R�Q�Y�peQ��_s f g�RPNTQ W SUX�p
[ W�k [8Y�S i Q�Y O87 V Q W �_Q�Y�p,Q�s f g�RPNTQ W SUX�p k Q�NTO�[8Y�R�[,X�R k c fUf y,[,g W
k Q�NPO�[8Y�SUR�s f Q�c WTf 7 V�W Q `oQ W c,6 f Q]`o[ W�k Q�Y�SUg k
c,X=Y f c W peQDs�S W s�g�SUNPR��)bdQ�SUp,O8NTQ�Y-O87 V Q W � Q�Y�p,Q�s f g�RPNTQ W SUX�p ��c,R5RPO�[���X-NT[�6 Q k g=s O f Q�RTRmRTQ�X�RTStNTSU^,QDNT[�SUX�s W Q�c,RTQ�R
SUX@s f g�RTNPQ W SUX�p@Y�Q V NPO#NPO=c,X#[,NTO�Q W s f g�RTNPQ W StX=p k Q�NPO�[8Y�R�Q��8c k StX=Q�Y�y k c �8SUX�p�SUN k [ W Q W [e6�g�RTN�`o[ W
V�W c,s�NTSUs�c f
S k@V�f Q k Q�X8NPceNPSU[aX�y ��O�Q�X�Q�� V Q W S k Q�X8NPSUX�p ��SUNTO'Y=S ��Q W Q�X8Nms f g=RPNPQ W Y=Q V NPO=RmSUR�X�[eN�`oQ�c,RPSU6 f Qa� � [ W NPO=QDca^8n2� f c W p,Q
6 Q�X�s O k c W � � c f c W p,Q)s�S W s�g�SUN �	NPO�QDSUY�Q�c f s f g=RPNPQ W SUX�p�Y=Q V NPO �
ceR�NPO W Q�Q f Q�^,Q f R�y 6=g�N�SUX�s W Q�c,RPSUX�p]NPO�Q s f g�RPNTQ W SUX�p
Y�Q V NPO NT[F`o[,g W�f Q�^eQ f R�[eX f 7�StX=s W Q�ceRPQ�Y ��S W Q f Q�X�peNPO 687@ceX#ca^,Q W c,p,Q�[l` � � y�^,Q W RPg�R]c }>| � SUX�s W Q�c,RTQ ��O�Q�X
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Q�Y�peQ��_s f g�RPNTQ W SUX�p �
ceR�g�RPQ�Y	�
M `hc,RPN k Q�NPO�[8Y�[a` W Q�Y=g�s�SUX�pFNPO�Q�S k@V ces�N)[a`)Y�Q��_s f g�RPNTQ W SUX�p ��c,R�RPO�[���X1NP[F62Q]Q ��Q�s�NPSU^eQa�
��O�Q k Q�NPO�[8Y

`og�X=s�NPSU[,X=R�6x7 i X�Y�SUX�pFc W Q f c,NTSU^,Q V=f ces�Q k Q�X8N
[l`mNPO=Q's�Q fUf R�SUX#cFs f g�RPNTQ W 6�ceRPQ�Y#[eX@NPO=Q-RP[ W NPSUX�pFNPO=Q-s�Q�X8NPQ W �
[a` � p W ca^8SUN_7 [a`�Q�ces O s�Q fUf � R-s�[eX�X�Q�s�NTQ�Y V SUX�R��Z��O�Q k Q�NTO�[8Yd[ V Q W ceNPQ�R�SUX f SUX�Q�c W �_NPS k QFs�[ k1V�f Q��8SUN_7,y ��O�S f Q
N_7 V SUs�c fUf 7�c,s O�SUQ�^eQ�Yd}��P{ � S k@V�W [a^,Q k Q�X8N��

� g=NPg W Q �
[ W �-SUX-NTO�Q�s f g�RPNTQ W SUX�p V�W [e6 f Q k RTO�[,g f Y�`h[xs�g�RD[,X W Q�Y�g�s�SUX�p-NTO�Q�g�X�Q�^eQ�X�X�Q�RTR
[l` s f g=RPNPQ W RPS���Q�R��
��[���Q�^eQ W y�RT[ k Q�s�S W s�g�SUNPR ��Q W Q'SUX�RTQ�X�RTStNTSU^,Q�NT[ s f g=RPNPQ W RPS���Q]Y�Q�^8SUc,NTSt[eX�y ��O�S f Q][,NTO�Q W R ��Q W Q'^eQ W 7�g=X8`o[ W p,SU^��
SUX�p���M k [xY=S i s�c,NTSt[eX@NT[ �
Q�SUpeOxNTQ�Y O87 V Q W �_Q�Y�p,QFs f g�RTNPQ W StX=p ��[,g f Y V Q W `o[ WPk ^,Q W 7 �
Q ftf Sj` RT[ k Q�c,Y=c V NTSt^eQ
NPQ�s O=X�SUnxg=Q@`h[ W-k [xY=S `h7xSUX�p ��Q�SUp,O8NTStX=p#`oc,s�NP[ W R NT[ c,s�s�[ k1k [8Y�c,NTQ NTO�Q�RTQ�s�S W s�g�SUNPRFs�[eg f Y 6 Q�`o[eg�X�Y��B��O�Q
[ V NPS k g k s f g�RPNTQ W SUX�p#Y�Q V NPO �
ceR�`o[,g=X�Y NP[162Q�R f SUp,O8N f 7@Y=S ��Q W Q�X8N�`h[ W Y�S ��Q W Q�X8N�6 Q�X�s O k c W �8R��]M�NPNPQ k@V NTR
NP[ i X�Y#c�s�[ WPW Q f c,NPSU[eX@6 Q�N �
Q�Q�X s f g�RTNPQ W StX=p�Y�Q V NTO c,X�Y1s�S W s�g=StN�RTNPceNPSURPNTSts�R ��c,R�g�X�RPg=s�s�Q�RTR_`og f ���]Q�^,Q f [ V SUX�p
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