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ni

©NgiV��}g�j$�mn5nXZ2|mZ$v"Z,µf�
j$Z$ZP��eikmY)Z£�pviZ$�ª�dZ��pnXZP��|}��z��XZ

max 
 exec
Q
giVpZ

ni

��vrZ£�peiZ2��gik)j,k;n;grvik;zpgrVXZLZ,µdZ2j$�dgio�kmn�s�viZ �1�XZ$npj$cm©
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C �
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 exec
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S
o�e%j,k;npexg���n1giz�c�eikmvigiZP�

�;j$j$kmv��do�npl«grk´giVXo{e� ���¢;Z,�ª�X�5gro�Y)Z;©]o�n¬kmv��dZ2v)gik¢;Z$Z$�°Z���j$o�Z2n;g�givrZ2�}grY)Z$n1g2¤ yDlmZ2n1gre��mviZ² ¡km¢mZ2n
�p�@�peio�nXl²Z$|mZ2n1gL�pvik;�p��l1�}gio�kmnH�mviZ)vrZ$o�npeiZ$vigiZ2�«o�n±�m�d�7VXkdj��Xvro�k;vio�gxc �1�XZ$�XZ) ]VXZ2n@vrZ��1�XZPexgrZ2�F¤"®��;j�V
�m�dgik;nXkmY)k;�pe���lmZ2n1g¡Y��Qc�j$kmY)�Xz�Z,giZ2z�c�exgrkm��oqg�eDeho�Y��pz���gio�kmn�s�kmvD�"��Z2vio�kd��kms#gro�Y)Z- ]o�giV�giVXo{e �1�XZ2�XZ8Q
c;Z,gP©���n´�mlmZ$n1g-nXZ2|mZ$v�ehgik;�pe�gr�m¢fo�nXlH�XZ2j,o{eio�k;npe-eh��j�V±�;eL�Xvro�k;vio�gxc«j�Vp�mnXlmZ;©�kmv�eiz�Z2Z$�¨gio�Y)Z��d�Xv��}gro�k;n
Y)kd�do���j$��gio�kmn�¤�U�VXo{e�Z$npei�XvrZ2e�giV��}gNnXk-��vigio���j$o��mzT©�npkmnd�ªviZPj,k}|;Z$v����Xz�ZN�dZ2j2�Qc� ¡km�Xz{����Z�o�n�ehZ2vhgrZ2�� ]oqgrVXo�n
eio�Y��Xz{�}gro�k;n�©d ]oqgrVXkm�XgD¢1npk} ]z�ZP�dlmZ�k�s�giVXZ�j$kmnpj$Z$vrnXZ2����l;Z$n1gre2¤
U�VXo{e]erj�VXZ2�d�pz�Z2v%o{e��dZ2eio�l;nXZ2��ehk�giV��}gD��j$kmnpeio�ehgiZ2n1g�eio�Y��Xz{�}gio�kmn�j$�mn�kmnpz�c���Z-�mj�VXo�Z$|;Z2�� ]o�giV�giVXZ

j$kfkm��Z$v��}gio�kmn�k�sBZ2|mZ$vrc��mlmZ$n1gP©�eik)giVXZ�Y��mo�n�giVpo�nXl�s�kmvDgrVXZ��mlmZ$n1gDo{e�giV��}g£�mz�z#giVXZ��Xc1n���Y)o�jLk;�dwxZ2j,gre
j$kmn1givrkmz�z�Z2�¯�1c¯giVpZ«��l;Z$n1gre�eiVXkm�pz��¬��Z«�}g�grVXZ«er��Y)Z«eio�Y��Xz{�}gio�kmn°gro�Y)ZY/�giVXo{e�o{e�grVXZ«j,k;npeio�ehgiZ2npj,c
j$vio�giZ2vio�kmn�s�k;v]giVXZ�lmz�km�p�mz#eho�Y��pz���gio�kmn�C�Q�Z2�;j�V9��lmZ2n1gDVp�me2©p������vig]s�vik;Y�grVXZ-gr�;eh¢�gik��;j�VXo�Z$|mZ-o�gre§k} ]n
eio�Y��Xz{�}gro�k;n�©Xgrk��dcfnp�mY"o{j$�mz�z�c��;�X���Xg§oqg�e£j$kmY)�X�dg��}gro�k;n9o�n1giZ2npeioqgxc�gik�giVXZ�lmz�km�p�mz#eho�Y��pz���gio�kmnHei��Z2Z2�F¤
U�VpZ£s�k;z�z�k} ]o�nXl�eh�X��ehZPj�gio�kmn²�dZPeij$vio���ZPe¡giVXZ-�pvik;��k1ehZP��giZPj�VXnXo��1�XZm¤

�(�21 �(��8 �=�> E!�>���������E �!���
y§z�zXgiVXZDj$kmn1givrkmzfo{eBlmo�|mZ2n�grkL�mlmZ2n;g�e
giVXZ2Y�ehZ2z�|;Z2eB����km�Xg
grVXZ$o�v�eio�Y��Xz{�}gio�kmn#¤�y§eNZ,µd�Xz{��o�nXZ2�"����k}|mZ;©}giVXZ
erj�VXZP�d�Xz�Z$v]��z�z�k} De¡ZP�mj�V²��lmZ2n1g%grk�j�Vp��nXl;Z§grVXZ- ��Qc�oqgDo{e]j,k;Y"�p�dgiZP�F©dgiVpvik;�XlmV�gx %k)Y)Z2�mnpe�Q��Xvro�kmvroqgxc
V���np�dz�o�nXl5��n�� ehz�Z$Z2��¤ .�n k;vr�XZ$v�grklmv���n1g�eio�Y��Xz{�}gio�kmn j$kmnpeio{exgrZ$npj$cm©]Z���j$o�Z2n;g²�dZ2j$o�eio�kmn erj�VXZ$Y)Z2e
 ]o�giVpo�n±��l;Z$n1greL��vrZ�npZ$Z2�XZ2�@kmnHgrVXZ2eiZ"gx %k²�mei��Z2j�g�e$©Ks�k;v-�dZ��pnpo�nXl�grVXZ)��Z2Vp�Q|fo�k;v£kms¡��n¨��l;Z$n1g2¤ ?Xkmv
ei�pj�V¨���X�pvi��k;eiZm©��mn¨�mlmZ$n1gLkm�f|fo�k;�peiz�c²nXZ2Z2�Xe£gik²l;Z,gLo�nds�k;viY���gio�kmn@�m��k;�dg-oqg�eLZ$nf|fo�vrkmnpY"Z2n1g2¤�y£e��
vrZ2ei�Xz�g2©
giVpZ �
��$�$ �T����' ���*�#��V%���� � s��pnpj�gro�k;n�©B�peiZ2�´o�n´giVpZ�����k}|mZ��mz�l;kmvroqgrVXY²©B��z{ehk²grvr�mnpehY)o�gre"ehk;Y)Z
o�nds�k;viY��}gro�k;n�grk���l;Z$n1g

a
Q�grVXZ�eio�Y��Xz���gio�kmn�gio�Y)Z-k�s
giVXZLst�;exgrZ2ehg§��lmZ2n1g]�mnp��giVXZ�eio�Y��Xz{�}gro�k;n�gro�Y)Z-kms

grVXZ£eiz�k} %ZPexg�k;nXZm¤H.ªg�o�e�o�Y)��kmvigr��n1g%gik�npk�giZ§giVp��g2©f�me%nXk�j$kmY)Y)kmn��do{erj,vrZ,giZDgio�Y"Z$�7z�o�nXZ§o{e�o�Y)��k1ehZP�)gik
k;�dwxZ2j,gre2©XgrVXZ�kmnpz�c�j,kmY)Y)kmn²gro�Y)Z$�7z�o�npZ�o�e]giVXZ"j,kmn1gro�nf�Xk;�pe]eho�Y��pz���gio�kmn²gio�Y)Zm¤]³£Z$��Z$np�do�nXl�k;n9 ]Vp�}g

���HZ����



���������
	��������������������������������� !	"���
�#�
��$&%���'(�"$)���*�#�� �;�

 ¡Z� ]o�z�z�j2��z�z#s�vrkmY�nXk} !k;n9giVpZ"j$�XvivrZ$n1g �
��' �"$)���*�#��2�*��'-� � ��� �� � ©�vr�Xz�Z2e���vrZ��peiZ2�H�fc9��l;Z$n1greDs�kmv
�pvio�kmvroqgxcLj�Vp�mnXlmZ¡�dZ2j$o�eio�k;n�©}kmvP©}o�n�j$�;ehZ%k�spo�Y)��k;vhg���n1gB�dZ2j2�Qcm©}ehz�Z$Z2��s�k;v
�£lmo�|mZ2n�eho�Y��pz���gio�kmn��X�Xvr��gio�kmn�¤

��������� � �	� ¼ �
�t� ¹ 	 ¼ ½�����m�X��� ¼��
U�VpZ"�mz�l;kmvroqgrVXY��pehZP�Hs�k;vL�Xvio�kmvro�gxc�Y)kd�do���j$��gio�kmn@o�e�|mZ2vic9eio�Y)�Xz�Z8Q� ]VXZ2n¨�mn@��l;Z$n1g£o{eLkmn@Y)o�nXo�Y���z
/tviZPeh��Z2j,gio�|mZ2z�c�Y���µfo�Y���z�C�gio�Y)ZDeho�Y��Xz{�}gro�k;n0/tlmo�|mZ2n"�fc-grVXZ§erj�VXZ2�X�Xz�Z2vN�}g��;j�gio�|}�}gro�k;n�C�©m�mlmZ2n;gB�Xvro�kmvroqgxc
o{e�o�npj,vrZ2�;ehZP���fc

1
/�vrZ2ei��Z2j�gro�|;Z$z�c��dZPj,vrZ2�meiZ2���fc

1
C�©ms�kmvBnXZ$µfgB�;j�gro�|}�}gro�k;n�©�g���¢;Z$n�o�n1gik��;j$j,k;�Xn1g
�fc�giVXZ

erj�VXZP�d�Xz�Z$vB�mj2j,kmv��do�nXl]grkL�mz�l;kmvroqgrVXY!�dZ2erj,vro���Z�o�n�eiZ2j�gro�k;n)�X¤��;¤X=¡c��dcfnp�mY"o{j$�mz�z�c�j�Vp�mnXlmo�nXl§�pvio�kmvroqgro�ZPe$©
grVXZ]l;�m����Z,gx ¡Z$Z2n"giVXZ�st�;exgrZ2ehg���lmZ2n1gB�mnp��giVXZ§eiz�k} %ZPexg�kmnXZ¡grZ$np�XeNgik-�dZPj,vrZ2�meiZm¤
y§eBZ2|mZ2vic��mlmZ2n;gB�mj,gre
o�n�giVXZ�er��Y)ZLY���nXnXZ2v2©d�mlmZ$n1g�e�grZ$np��grk)j$kmnf|mZ2vil;ZDgrk�grVXZ�er��Y)Z-eho�Y��Xz{�}gro�k;n �$eh��Z$ZP� � /�kmn�giVpZLeio�Y��d�
z{�}gro�k;n9gio�Y)Z,�ªz�o�nXZ�C�¤�.�nHkmv��dZ2vDgik�Y���¢mZ�giVXZ)eicfehgiZ2Y\DpZ,µdo��Xz�Z;©Kz�o�ghgrz�Z)�dZ$z{�Qc²��Z$gx %Z2Z$n9grVXZ)eho�Y��Xz{�}gro�k;n
gro�Y)Z�kms�giVpZ)st�mehgiZ2ehg���l;Z$n1g-��np�@giVpZ�ehz�k} %ZPexgLkmnpZ"o{eL��Z$vrY"o�ghgrZ2�F¤�y]j�gi����z�z�c;©�giZ2Y)��k;vr�mzNeho�Y��Xz{�}gro�k;n
j$kmVXZ2viZ2npj,c�V��meD�mY"k;nXl"k�giVpZ$vDj,k;npeiZ��1�XZ$n�j,Z2e¡grVp�}gP©X ]VXZ2n²eio�Y��Xz{�}gro�k;n�gro�Y)Z��do{ehgr��n�j,ZL��Z$gx %Z2Z$n�gx ¡k
k;�dwxZ2j,gre¡o�n;grZ$v��mj,gio�nXl"gikml;Z,grVXZ$v�o{e]ehY���z�z7©fgiVXZ2n�grVXZLo�n1grvikd�d�pj$Z2��Z$vrvik;vre2©1o�n9j,k;Y)�p��vro�eikmn�gik�j,z{�mereho{j$�mzT©
eicfnpj�VXvrkmnXo�¶$ZP��eio�Y��Xz{�}gro�k;n�©��mviZ-nXZ2lmz�o�l;o��pz�Z;©p�Xvrk}|fo��dZP��giVp��g£Y)k}|mZ2Y"Z2n1greD�mviZ-kms�vrZ2�;ehk;np���pz�ZLY���l;nXoq�
gr�p�dZ;¤NyDlmZ2n1gre��dk)nXk�g]Y)kd�do�s�c�giVpZ$o�v]�Xvio�kmvro�gio�Z2e%�XnXz�Z2ere¡giVXZ��dZ2z��Qc���Z,gx ¡Z$Z2n�grVXZLZ,µfgivrZ$Y��mzK�mlmZ2n;g�e¡o�e
l;viZP�}grZ$v�giV���n��L�XvrZ,��ehZ$g ��	"������	_�$ � Q
grVXo�e� ¡�Qc;©��Xvro�k;vio�gio�Z2e�j�Vp��nXl;Z2eB�mviZ�kmnpz�c)�mj�VXo�Z$|;Z2�� ]VXZ$n�npZ$Z2�XZ2�F¤

��������� � � 	 �
�t�d��� ¼�� � � ¸f¸��
y§nXk�grVXZ$vL ��Qc�s�kmv-��n¨��lmZ2n1g§gik²j,k;n1givrkmz
oqg�e-eho�Y��Xz{�}gro�k;nHo{e�gik�o�n1giZ2vivr�X�dg-eio�Y��Xz���gio�kmn«j$kmY)�X�dg��}gro�k;n
s�k;v��² ]VXo�z�Z;©��1c¨�mei¢fo�nXl�grVXZ�erj�VXZ2�X�Xz�Z2vLgikH��Z�j2��z�z�ZP�@���mj�¢«k;nXz�c@�}s grZ$v"�²lmo�|mZ$n´�mY"k;�Xn1g�k�s¡gio�Y)Zm¤
U�VpZ�o��dZP�9o{eLgik«�Xc1n���Y)o�j2��z�z�c@Z$|}��z��p��giZ�VXk}  Y��pj�V5[%u�¥ gio�Y)Z��9eho�Y��pz���giZ2�±k;�dwxZ2j,g�nXZ$ZP�Xe2¤�U�VXZ
�pvio�npj,o��Xz�Z�kms]giVXo{e�erj�VXZ2Y"Z�o�e"�mj,gi�p�mz�z�c±�XviZ$ghgxc±eho�Y)�Xz�Z8Q�Z$|}�mz��p��gio�kmn´kms§eho�Y��Xz{�}gro�k;n5ei��Z2Z2�F©Neio�Y)�Xz�c
�fc°j,kmY)�p�mvio�nXl±Z$|;kmz��dgio�kmn¬kmsLeio�Y��Xz{�}gio�kmn°gro�Y)Zm©]vrZ$z{�}grZ2�5gik5eio�Y��Xz{�}gro�k;n° ]o�np�dk}  /�o7¤ Zm¤ Y)��µdo�Y���z
�mnp��Y"o�nXo�Y���z#eio�Y��Xz{�}gio�kmn�gio�Y)ZLs�kmvD�mz�z#�mlmZ2n;g�e C,©dZ2�;eho�z�c��Xvik}|fo{�dZ2e�eikmY)ZLZ$|}��z��p��gio�kmn�st�mj�grkmv]kmsB[%u�¥
j$kmnpei�XY)�dgro�k;n�mj$j$�Xv��mj,c@s�kmv�giVXZ²j,k;npeio��dZ2viZP�´��l;Z$n1g2©�vrZ$z{�}gio�|mZ2z�c«gik@k�giVpZ$v�e$¤¨\£n�j,Z��mnkm�XwxZ2j�g"Vp�me
Z2|}��z��p�}grZ2�)grVXZ-j,kmY)�X�Xgr�}gro�k;n�gio�Y)ZLoqg�nXZ$ZP�Xe���np���Xz{�mj,ZP��o�g¡o�n�vrZ$l1��v��"gik"k�grVXZ$v]eio�Y��Xz���giZP��km�dwxZPj�g�e$©
o�g§j$�mn�o�n1giZ2vivr�X�dg]o�greiZ$z�s���s giZ$vD�mn�o�giZ2vr��gio�kmn /t�mnp���;eh¢�giVXZ-erj�VXZ2�d�pz�Z2v]nXk�g�gik���Z-j$�mz�z�Z2����Z$s�kmvrZ�ehk;Y)Z
l;o�|;Z$n9eio�Y��Xz���gio�kmn²gro�Y)ZKC,©��mz�z�k} ]o�nXl)giVXZ�k�grVXZ$vDk;�dwxZ2j,greDgik��dk�giVXZ2o�v£k} ]n9oqgrZ$v��}gio�kmn#¤�U�VpZ$n9 ]VXZ2nHoqg
vrZ2ei�XY)Z2e2©X��z�zFkm�XwxZ2j�g�e]��vrZ�ei�X�X��k;eiZ2�Xz�c���g]giVXZ�er��Y)Z-eio�Y��Xz���gio�kmn�gio�Y)Zm©X ]VXo{j�V�Z$npei�XvrZ2e]j,k;npeio�ehgiZ2npj,c
kms#grVXZ-lmz�km�p�mz�eho�Y��pz���gio�kmn�¤

'- ��� �
���R�
	V��� �#�� /Tj,�Xv�U�o�Y"Z;© Y)o�npU�o�Y"Z;© Y���µdU�o�Y)ZKC
midT ime � / maxT ime � minT ime

C ���
delta � / midT ime

�
locT ime

C �"/
maxT ime

�
minTime

C

ratio � ratio � c1 � delta
wake � curT ime � lastCompT ime � /x�$� ratio

C �
ratio

ratio
o{e-grVXZ�s�v��mj�gro�k;n±k�s£[%u�¥ gro�Y)Z�grVXZ�k;�dwxZ2j,g�o�e�o��dZP��z�z�c±j,k;npei�XY)o�nXl�¤9[%k;Y)�X�dgr��gio�kmn¨gio�Y)Z

kms£��n5km�dwxZPj�g)o�e���k;�Xnp�gik¨��Z�o�vrvrZ$lm�pz��mv�giVpvik;�XlmVXk;�dg�gro�Y)Z;©N��ZPj$�m�pehZ�k�s§j$kmz�z�o{eio�k;n5j,k;Y"�p�dgr��gio�kmn�©
k;v�nf�XY)Z2vio{j$�mz¡o�n1giZ2lmv��}gio�kmn /�o�Y"�pz�o{j,o�g�o�n1grZ$lmv��}gro�k;nvrZ��1�Xo�viZPe�eikmY)Z,gro�Y)ZPe"eiZ$|;Z$v���z%oqgrZ$v��}gio�kmn�e C,¤5y]j��

ZXZ\[�]_^�`�`�a



�Q� � �����"���������@��� ����_�	��
&	V����$�$)��

j$kmv��do�nXlHgrk«grVXZ�npZ$ 
ratio
©%oqg��dZ2z��Qcde"oqg�e"nXZ,µfg�eho�Y��Xz{�}gro�k;n¯j2��z�zT©��mz�z�k} ]o�nXl«kmgiVXZ2v�k;�dwxZ2j,gre�gik±�dk

grVXZ$o�v�eho�Y��pz���gio�kmnWQS.�n¯giVpZ��m��k}|;Z���z�lmk;vio�giVpY �XZ2erj,vro��dgro�k;n�©
curT ime

viZ2�XvrZ2eiZ$n1gre�giVXZ�gio�Y)ZP/Tj,k;nd�
gro�nf�Xk;�pe�eho�Y��Xz{�}gro�k;n9gio�Y)ZKC§ ]VXZ$n«giVXZ)erj�VXZ2�d�pz�Z2v£j$�mz�z{e§giVXZ�s��Xnpj,gio�kmn

modifiyBehavior
©
wake

o{e
grVXZ�ZPexgro�Y��}grZ2�¨gro�Y)Z� ]VXZ2n±giVXZ�km�dwxZPj�g� ]o�z�z% ¡�m¢mZ��X��mnp�

locT ime
©
minT ime

©
maxT ime

��vrZ
vrZ2ei��Z2j�gro�|;Z$z�c�grVXZDz�kfj2��zpeio�Y��Xz{�}gro�k;n�gro�Y)Z;©mgrVXZDY)o�npo�Y���z�eho�Y��pz���gio�kmn"gio�Y)Zm©;giVXZDY���µfo�Y���z�eho�Y��Xz{�}gro�k;n
gro�Y)Z;¤�U�VXZ�Y)kd�do���j$��gio�kmn@k�s

ratio
o{e��p�meiZ2�«kmn«��|}��z��XZ

delta
��n��«��j$kmnpehgr�mn1g

c1
¤�U�VpZ

delta
o�e

�9eio�lmnXZP�@|}�mz��XZ�o�npj$z��p�XZ2�±o�n
[−1/2, 1/2]

 ]VXo{j�V´viZ2�XviZPehZ2n1gre�giVpZ��do�ehgr�mnpj,Z���Z,gx ¡Z$Z2n��n±Z,µfgrviZ2Y)�mz
eio�Y��Xz{�}gro�k;ngio�Y)ZH��np�5giVpZHj,Z$n1grZ$v)k�s�giVXZ9eio�Y��Xz{�}gio�kmn° ]o�np�dk} -¤¬U�VXZ9j,z�k;eiZ$v

locT ime
o{e"gik±grVXZ

Y)o{�X�dz�Z£eio�Y��Xz{�}gio�kmn)gro�Y)Z;©;grVXZLj,z�k;eiZ$vN ]o�z�z���Z
delta
grk��X©1 ]VXo{j�V� ]o�z�z�z�ZP�m�)grk���eiz�o�lmV1g�Y)kd�do���j$��gio�kmn

kms
ratio
¤�[%kmnf|;Z$v�ehZ2z�c;©po�s

locT ime
o{eLj,z�k;eiZ�grk

maxT ime
/�vrZ2ei��¤

minT ime
C%grVXZ$n

delta
 ]o�z�z
��Z

j$z�k1ehZ§gik
−1/2

/tviZPeh�#¤
1/2

C,©; ]Vpo�j�V� ]o�z�zFj,vrZ2�}grZ��mn�o�Y"��kmvigr�mn1g��dZPj,vrZ2�;ehZ /tviZPeh�#¤
o�npj$viZP�meiZKCBkms
ratio
¤

.�nHkmgiVXZ2v§ ¡kmv��Xe2©�eio�Y��Xz���gio�kmnHo�n1giZ2vivr�X�dgro�k;nH��vigio���j,o{��z�z�c��dZ$z{�Qcde§j$kmY)�X�dg��}gio�kmn9kms�ehk;Y)Z�km�dwxZPj�g�e$¤
.ªg�j2��n« ¡kmvr¢9o�n¨j$kmY��po�np��gio�kmn@ ]oqgrV�©�kmvLo�np�dZ2��Z2np�dZ$n1grz�c9s�vrkmY �Xvio�kmvro�gxc�Y)kd�do���j$��gio�kmn�©#o�n¨kmv��dZ$v£gik
�pvio�nXlDj,k;npeio�ehgiZ2npj,c§gik]grVXZ�eio�Y��Xz���gio�kmn�¤&I(VXZ$n�j$kmY��po�nXZP�L ]oqgrV-�Xvro�k;vio�gxcDY)kd�do ��j$�}gro�k;nLs��Xnpj,gio�kmnp�mz�o�gxcm©
eio�Y��Xz{�}gro�k;nHo�n1grZ$vrvi�X�Xgio�kmn@�;�X�XeL��npk�giVpZ$v�Y"ZP��n«s�kmv-eho�Y��pz���giZ2�«km�dwxZPj�g�e§grk�j$kmn1givrkmz�giVpZ$o�v���Z$V��Q|1o�kmv
/�s�kmv]Z$µd�mY)�Xz�ZL�fc�grvicfo�nXl"gik�vrZ2ei��ZPj�gDehk;Y)Z��pviZ$�ªeiZ,gDeio�Y��Xz���gio�kmn�s�viZ �1�XZ$npj$cVC�¤

�(��� � ��8:�� <�9��GD����E � �����E/�9 <� ��������G/��8 �=�> E!�>����G ��G E ��8
y§�p��vigBs�vrkmY!grVXZ �1�XZ2ehgio�kmn"grk-¢1npk} 5o�s�k;�dwxZ2j,greNj2��n��mj,gi�p�mz�z�c�vrZ$Y���o�n�©��Xn��dZ$v�eikmY)Z]l;o�|;Z$n�gikmz�Z$v���n�j,Zm©
�mz�z�gik;lmZ,grVXZ$v��}g�grVXZ�er��Y)Z�eio�Y��Xz{�}gio�kmn¨gro�Y)Zm©�grVXZ�Y)k1exg�eiZ$n�eho��Xz�Z �1�XZ2ehgio�kmn±o{e�grVXZ�j,k1exg�k}|mZ$vrVXZP�m�
��kmo�n1g Q#�;j�gr�p��z�z�c;©$grVXZ%erj�VXZP�d�Xz�o�nXlDgr�mei¢L�dkfZ2e�npk�g
�m�X��Z2��v#o�n�eikmY)Z�j$z��;eieio{j$��z;eho�Y��Xz{�}gro�k;n���v�j�VXo�giZ2j,gi�XvrZm©
�mnp����kmgiZ2n;gro��mz�z�c��XZ$Y���np�pe]�m�X�do�gio�kmn���z#j$kmY)�X�dg��}gio�kmn�gio�Y)Zm©� ]VXo�z�Z�j,z{�mereio�j2��z�eio�Y��Xz���gio�kmn²o{e]��z�viZP�m�dc
�1�Xo�giZNj$kmY)�X�dg��}gro�k;np��z�z�c£Z,µd��Z$npeio�|;Zm¤#U�VpZBgr�;eh¢§ei ]o�grj�VXo�nXlDj,k1exg#j2��nL��ZNo�l;nXkmvrZ2�£o�n-km�XvFgrZ2ehg��Xz{�}ghs�k;viY²©
�;e�o�g�vrZ2�d��j,Z2e�gik«eio�Y"�pz�Z�s��Xnpj�gro�k;n5j$�mz�z�/�npkHY��Xz�gio��7giVXvrZ2�;�´kmv�Y��Xz�gio��7�Xvrkdj,ZPeie�exgrvi�pj,gi�XvrZ�o{e���ehZP�_C�¤
"#kfkm¢fo�npl��}g�grVXZ-eij�VXZP�d�Xz�o�npl)�mz�l;kmvroqgrVXY²©fkmnXZLj$�mn�eiZ$Z�giVp��g]nXk�j,kmY)�Xz�Z,µ�j$kmY)�X�dg��}gro�k;n�o{e¡o�nf|mk;z�|;Z2�F©
�mnp��giVXZ�j$kmY)�X�dg��}gio�kmn�k}|mZ2viVpZ2�m��o�e�k;nXz�c

O(1)
��Z2vDeho�Y��Xz{�}grZ2����l;Z$n1g2¤

y§nXk�grVXZ$v���kmo�n;g¡o�e%grVp�}g¡km�Xv����X�pvik1�mj�V�Vp�;eBgiVpZ£o�Y)��k;vhg���n1g¡�;�d|}��n1gr�mlmZ]grVp�}g�oqg]j$�mn �1�Xo�giZ�Z2�meio�z�c
g���¢;ZH�m�d|}��n1g���lmZ9kms-Y��Xz�gio��Xz�Z,�h[%u�¥ �mvrj�VXo�giZPj�gr�XviZ;©� ]oqgrVXkm�dg²eh��Z2j$o ��jH�m�X�Xoqgro�k;np��z£Z�LKkmvigre2¤`y£e��mz�z
Y)Z2Y"k;vic- ]vro�gio�nXl;eB�mviZ�kmnpz�c��;j�VXo�Z$|mZP���fc-grVXZD��l;Z$n1g�giVXZD�X��gr����Z$z�kmnXl�gik�©}giVpZ]��kmgiZ$n1gro��mzXj,kmn�j,�XvrviZ2n1g
�;j$j$Z2ereLkmn´�X�}g��² %k;�Xz{�±��Z�vrZ2�;�f�ªkmnXz�cm©#�mnp�@giVXZ�Y)�mnp��l;Z$Y)Z$n1g�kms�ei�pj�V�mj2j,ZPeie-j$km�Xz{�¨��Z�vrZ2�X�pj,ZP�
grk�o�gre£Y"k1exg�eho�Y)�Xz�Z�Z,µd�XvrZ2ereho�kmn#¤@=¡c9j,k;Y)�p��vro�eikmn#©pj,z{�mereho{j$�mz#eio�Y��Xz���gio�kmn�©�o�nHkmv��dZ$vDgik��Xvrk}|fo��XZ-giVXZ
er��Y)Z)�Xvrkm��Z$vigio�Z2e2©F %k;�Xz{�«nXZ2Z2�@gik²l;Z,g-gik²Y)kmvrZ�j,z{�mereho{j$�mz��p��v���z�z�Z2z�n1�pY"Z2vio{j$�mzN��z�lmk;vio�giVXY�e2©F ]VXo{j�V
 ¡km�pz����dZ$Y��mnp���"s��pz�z�vrZ,�ª ]vroqgro�nXl"k�s
giVpZ-viZPehk;z��dgro�k;n�¢;Z$vrnXZ$z7¤

� � �]�F������� , � � � &,�$�%�L�
�,����

?
o�vrehg2©; %Z��XvrZ2eiZ$n1g�eikmY)Z¡giZPexg�eN��o�Y)o�nXl���gNY)Z2�mei�Xvro�npl§grVXZDZ���j$o�Z2npj,c�k�sKkm�Xv�s�v���Y)Z$ ¡kmvr¢-Q
Z2ei��ZPj,o{��z�z�c
grZ2ehgre-Y)ZP�mei�Xvio�nXl�giVXZ�j,kmn�eho{exgrZ$npj$cHk�s¡giVpZ�eho�Y��Xz{�}gro�k;n�©#o7¤ Zm¤�grVXZ�eio�Y��Xz���gio�kmn@gio�Y)Z���k1eieio��pz�Z��dZPj$�Qc
��Z,gx ¡Z$Z2n9km�dwxZPj�g�e$¤DU�VXZ2n�©K�me]k;�Xv£�mlmZ$n1gi�7z�o�¢;Z�s�vr�mY"Z2 %k;vi¢�k�LKZ$v�e�giVpZ���k;ereho��Xo�z�o�gxc�grk�Y)oqµ9eio�Y��Xz���giZP�
k;�dwxZ2j,gre�kmsK�do)LKZ$vrZ$n1gN¢fo�np��©m ¡Z��XZ2erj,vro���Z]�Xv��mj�gro�j2��zdZ$µd�mY)�Xz�ZPe
giVp��gNo�z�z��pexgrvr��giZ¡giVpZD��kmgiZ2n;gro��mzd��Z2nXZ��pgre
�pV1cdeio�j2��zFeio�Y��Xz���gio�kmn²j$�mn�g���¢;Z§s�vrkmY ��lmZ2n1gh�ª�p�meiZ2���m�X�Xvrk;�;j�VXZ2e2¤

���HZ����



���������
	��������������������������������� !	"���
�#�
��$&%���'(�"$)���*�#�� �P�

�(��� ���! 8 ��� �-�����  ��� �� E!�>���
?pvr�mY)Z$ ¡kmvr¢¨|}�mz�o{�X�}gro�k;n�©%�mnp� �}kmv)j,kmY)�p�mvio{eikmn´grk±j$z��;eieio{j$��z7©�eicfnpj�VXvrkmnXk;�pe�eio�Y��Xz{�}gro�k;n�©�o{e)o�n��dZ$ZP�
�¨�do ��j,�Xz�g �1�XZ2ehgio�kmn�¤°U�VXZ�giZPexg�e) %Z9�mj�Vpo�Z2|mZ2�´givrc´gik´eiVXk}  giV��}g�o�n¬eikmY)Z �$eho�Y)�Xz�Z ��j$�meiZm©%km�Xv
s�v���Y)Z2 %k;vi¢���Z$Vp�Q|;Z2e�o�n²giVXZ�er��Y)Z-Y���npnXZ$v§�)j$z��;eieio�j2��zFl;z�k;�p��z�eio�Y��Xz{�}gio�kmn² ¡km�Xz{�²�dkp¤%U#k)grZ2ehg§km�Xv
s�v���Y)Z2 %k;vi¢K©Q %Z�Vp�Q|;Z%vr�Xn)eho�Y��pz���gio�kmnpe�k;n(.�n1giZ2zdu!. 3 �d¤ 7-^�VX¶� ]oqgrV��d�P�T;J=~§��Y²¤
U�VpZ�giZ2ehgNeij$Z$nXZ
o{e¡j,kmY)��k;eiZ2��kms�����km�Xg�giZ2n�nXk;nd���dZ,s�k;viY����pz�Z�eh�XVpZ$vrZ2eBst�mz�z�o�nXl�k;n����pz��mnXZm¤BU�VXZ�o�n1grZ$lmv��}gro�k;n�exgrZ$��o�e
j$kmnpehgr�mn1g2©K��np�HeiZ,g�gik@��Y)o�z�z�o�eiZ2j$kmnp��©���eho�nXl�Z$µd�Xz�o{j,o�gL®N�Xz�Z$vLo�n1grZ$lmv��}gro�k;n�¤§®%�mj�V«eio�Y��Xz{�}giZP�9km�XwxZ2j�g
V��me2©X�}g�giVXZ-��Z$l;o�npnXo�npl�k�s#grVXZ�eio�Y��Xz���gio�kmn�©X�"v���np�XkmY �Xvro�kmvroqgxc;¤
U�VXZ)Y���o�n¨giVXo�nXl²o�n@k;�Xv�s�vr�mY"Z2 %k;vi¢9o{e�gik²o�npei�XviZ)eio�Y��Xz���gio�kmn±j,k;npeho{ehgiZ$n�j,c>Q§grVXo{eLo�eLz�o�np¢mZ2�«gik

grVXZ��dZ2z��Qc9��Z,gx ¡Z$Z2n«grVXZ)st�mehgiZPexg-km�XwxZ2j�g��mnp�HgrVXZ�eiz�k} ¡Z2ehg�k;nXZm¤ .�n±km�pv£grZ2ehg�eij$Z$nXZ;©� ¡Z"Y)ZP�mei�XviZP�
grVXZ£�XZ$z{�Qc���Z,gx ¡Z$Z2n�giVXZ£Y��}µdo�Y��mz�eio�Y��Xz{�}gio�kmn)gro�Y)Z / ������� ����� k;�dwxZ2j,g
C���np�)grVXZ§Y)o�nXo�Y)�mzFeho�Y��Xz{�}gro�k;n
gro�Y)Z / ��$) �:����� km�XwxZ2j�g�C�¤ ?
o�l;�XviZ)��Z,µd��k;eiZ2e£giVXZ)vrZ2ei�Xz�gre2¤��2���m�;��o�npehgr�mn;g-Y)Z2�;eh�pviZPe§ ]VXZ2viZ"g���¢mZ2n
�X�Xvio�nXl²eho�Y��pz���gio�kmn@�mnp�«�mz�zN�XZ$z{�Qcfe£ ¡Z$vrZ�z�k} %Z2v§grVp��n°� 7�Y�ehZPj�¤�y§��k;�dg��2�	��k�s�grVXZ�ei�mY)�Xz�ZPeL��vrZ
��Z$z�k} E7-Y�eiZ2j�©d�mnp��Y)k;ehg¡er��Y)�Xz�Z2e%��vrZ§��Z,gx ¡Z$Z$n���Y�ehZPj§�mnp�9�m�§Y)eiZ2j§ ]VXo{j�V�o�e¡j,k;n��pvrY)Z2���fc"giVXZ
�Q|;Z$v���l;Z§�dZ$z{�QcJQN�p© ��Y�e$¤

0

200

400

600

800

1000

1200

1400

1600

1800

2000

0 2 4 6 8 10 12 14 16

N
um

be
r 

of
 s

am
pl

es

Size of the simulation time window (in msec)

?
o�lm�XvrZ-�VQN~]Z2�p��vigio�gio�kmn�k�s��dZ$z{�Qcde���Z$gx %Z2Z$n�giVXZ-Y���µfo�Y���z��mnp��Y)o�nXo�Y)�mz#eio�Y��Xz���gio�kmn�gio�Y)Zm¤

U�VXZ)�Q|mZ2vr�mlmZ�eio�Y��Xz{�}gio�kmn«gio�Y)Z"�dZ2z��Qc9o{e�����km�dg-��Y)o�z�z�o{ehZPj,kmn��Xe� ]VXZ$n@ %Z"j,kmn�eho{�dZ$vLeio�Y��Xz���giZP�
k;�dwxZ2j,greF ]Vpk;eiZBo�n1giZ2lmv��}gro�k;nLehgiZ2�-o�eN�NY)o�z�z�o{eiZ2j,k;np�F¤
U�V1��eKs�kmv#giVXZNk;�dwxZ2j,greF ]o�giV�Z,µfgivrZ$Y���z;eho�Y��Xz{�}gro�k;n
gro�Y)Z;©mgrVXZ£�dZ2z��Qc"o{e�����km�Xg¡��eio�Y��Xz{�}gio�kmn)o�giZ2vr��gio�kmn�¤ =¡Z2j2���peiZ]k�sKgiZ2Y)��k;vr�mz�j,k;VXZ$vrZ$n�j,c�grVp�}g¡o�e2©1Y"k1exg
kms§grVXZ²gio�Y)Zm©��Q|Q�mo�z{���pz�Z�o�n°o�n;grZ$v��mj,gio�|mZ9eho�Y��pz���gio�kmnpe2©N ¡Z²j2��n¬j,k;npeho{�dZ2v�grVp�}g�grVXZH�dZ2z��Qc´o{e�ehY��mz�z
Z2nXkm�plmV�s�kmvD�Xvrk}|fo��Xo�nXl��"vrZ2��z�o{exgro�j-eio�Y��Xz{�}gio�kmn#¤:;9kmvrZ$k}|;Z$vP©1�;e] ¡Z-kmnXz�c�vrZ2j,k;vr��giVpZ��dZ$z{�Qc���Z,gx ¡Z$Z2n
grVXZLst�mehgiZPexg]k;�dwxZ2j,g]�mnp��giVXZ�eiz�k} %ZPexg�kmnXZ;©d %Z-�;eiei�XY)Z�giVp��g]giVXZ��dZ2z��Qcde¡��Z,gx ¡Z$Z$n9j$kmY)Y)kmn�k;�dwxZ2j,gre
/tZm¤ lp¤B������vig¡s�vrkmY giVXZLgx ¡k)Z,µfgivrZ$Y���zFk;�dwxZ2j,gre
C¡��vrZLeiY���z�z�Z2v2¤
y§nXk�grVXZ$v£��k1eieio��pz�ZLgrZ2ehg§o�eDgik�Y)k;nXoqgrkmv]grVXZ��Xvro�kmvroqgxc�Z2|mk;z��dgro�k;n9�d�Xvro�nXl���eho�Y��Xz{�}gro�k;n�¤BI@Z�j$kmnd�

eio{�dZ$v�giVXZ�ei�mY"Z�giZPexg)���X�Xz�o{j$�}gro�k;n�me��XviZ2|fo�k;�pe$©� ]VXZ2viZ�giVXZ�o�nXo�gio{��z��Xvro�kmvroqgxc@o�e�vr�mnp�dk;Y"z�c±ehZ$g�s�kmv
ZP�mj�V²eho�Y��pz���giZ2��km�XwxZ2j�gP¤Ny§eD�mz�zKgrVXZ-km�XwxZ2j�g�e]��vrZLk�s
giVXZ�er��Y)ZLnp�}gr�XvrZm©fgiVpZ$c�eiVXk;�Xz���Vp�Q|;Z£Y)k;viZLkmv

ZXZ\[�]_^�`�`�a



�2� � �����"���������@��� ����_�	��
&	V����$�$)��

z�Z2ere§giVXZ)ei�mY)Z�j,k;Y)�X�dgr��gio�kmn9gro�Y)Z;©K�mnp�Hk;nXZ� ¡km�pz��9Z$µd��ZPj�g�giVXZ2Y�gik�grZ$np�Hgik�giVXZ)ei�mY)Z��Xvro�k;vio�gxcm¤
I¨Z�einp���peiVXkmgDkm�dwxZPj�gre��pvio�kmvroqgxc��}gDvrZ$lm�pz��mv�giZ$Y)��kmv���z�ehgiZ2�²�mnp���X�dgDgrVXZ�vrZ2ei�Xz�gre�kmn �pl;�XvrZ-�p¤�U�VXZ
j$�Xvr|mZ2e
Vp�Q|;Z%��Z$Z2n�ehY)kfk�grVXZ2��s�kmvNj$z��mvio�gxcm©} ]Vpo�j�V)z�Z2�m�pe
gikLnXkmnX�7o�n1giZ$l;Z$v��Xvro�k;vio�gio�Z2e2¤�y]j,gi�p�mz�z�cm©;��z�zdgiVXZ
k;�dwxZ2j,gre��Xvro�k;vio�gxc²giZ2np�@gik9j,k;nf|mZ$vrlmZ�gik�giVpZ)er��Y)Z)|}��z��XZm©# ]VXo�j�V¨Y��}g�j�VXZ2e�grVXZ)o�n1gi�poqgro�|;Z"��Z$V��Q|1o�kmv
k;nXZL %k;�Xz{��Z$µf��Z2j,g]s�vik;Y Z2�;j�V��m�dgik;nXkmY)k;�pe���lmZ2n1g2¤

1

1.5

2

2.5

3

3.5

4

4.5

5

0 200 400 600 800 1000 1200 1400

P
rio

rit
y

Samples

?
o�lm�XvrZ"�_Q§u�vio�kmvroqgxc9Z2|mk;z��dgro�k;nHs�k;v-��eio�Y��Xz���giZP�Hkm�XwxZ2j�g�e /tj,�pvi|;Z2eL��vrZ"eiY)kfk�giVpZ2�9s�k;vL��Z$ghgiZ2v-viZP�m�f�
�m�Xo�z�o�gxcm©d ]VXo{j�V9j,vrZ2��giZ2e¡nXk;nd�ªo�n1giZ2lmZ2v¡�pvio�kmvroqgro�ZPe C,¤

�(�21 �$ 8 �*�>�  <���=� ��� E!�>���=G
y§�p��vig�s�vik;Y s�v���Y)Z$ ¡kmvr¢�|}��z�o��X��gio�kmn�©do�gDo{e]np�}gr�Xv���z�gik�Z$µf��Z2j,g]s�vik;Y���l;Z$n1gh�ªz�o�¢;Z§s�v���Y)Z$ ¡kmvr¢)gik)�Xvrk��
|fo{�dZ]grVXZ§er��Y)ZDvrZ2ei�Xzqg��;e�j$z��;eieio�j2��zXeio�Y��Xz{�}gio�kmn)s�v���Y)Z2 %k;vi¢de2©}�X�dg¡�mz�eikLgik��Xvik;��k1ehZ�Z$µ1grZ$npeio�kmnpeNgik-o�g2©
o�n«vrZ$l1��v��²k�s%eio�Y��Xz{�}gro�k;nH��k1eieio��Xo�z�o�gio�Z2e2¤<I¨Z �pv�exg��XviZPehZ2n1g£gx ¡k�Z$µd�mY)�Xz�Z"���X�pz�o{j$��gio�kmnpe2©�giVp��gLeiVXk} 
grVp�}g�npkmnd��ehcfnpj�Vpvik;nXkm�pe�s�v���Y)Z$ ¡kmvr¢´�Xvrk}|1o{�dZPe�grVXZHer��Y)Z9¢fo�np�°kms£s��Xn�j�gio�kmn���z�oqgro�ZPe"giVp�mn¬j$z��;eieio{j$��z
k;nXZ2e Q �pv�exgP©£j$kmY)�Xz�Z,µ eho�Y��pz���gio�kmn k;n vro�l;o��F©£j,kmnf|;Z,µ(��kd�do�Z2e2©£�mnp� eiZ2j$kmnp��©Do�n1grZ$v��mj�gro�k;n kmn �dZ,�
s�k;viY��m�Xz�ZLY)kd�dZ$z7¤:I¨Z���z{eik"�pvik}|fo{�dZLVXZ$vrZLZ,µX��Y)�Xz�Z2e�grVp�}g§eiVXk}  ��lmZ2n1gh�ª�p�meiZ2��exgrvi�pj,gi�XvrZ�DpZ$µfo��Xo�z�o�gxc
�mnp���;�d|}��n1gr�mlmZPe�Q �pv�ehg2©meio�Y��Xz{�}gio�kmn�o�nf|;kmz�|1o�nXl��doMLKZ$vrZ$n1g�o�n1grZ$lmv��}gro�k;n�erj�VXZ$Y)Z2e�s�k;v
k;�dwxZ2j,gre@/� ]o�giVpkm�dg
z�k;ere¡k�s
lmZ$npZ$v���z�oqgxc;©1Y)o�µ���Z,gx ¡Z$Z2n�Z$µf�pz�o{j,o�gD��np��o�Y)�Xz�o{j,o�gDn1�pY"Z2vio{j$�mzFo�n1grZ$lmv��}gro�k;n�o{e]�Xvrk}|1o{�dZP���me��mn
Z$µX��Y)�Xz�ZKC�¤LafZ2j$kmnp��©� ¡Z��Xvrk}|fo��XZ-Z,µX��Y)�Xz�Z�kms�j,kmY)�Xz�Z,µ²o�n;grZ$v��mj,gio�kmn9kmn@ehZ2|mZ$v���z��dZ,s�k;viY����pz�Z�Y)kd�f�
Z2z�e2©# ]VpZ$vrZ��m�d|}��n1g���lmZ"o{eLgr�m¢mZ$n±kms¡o�Y)�Xz�o{j,o�g�o�n1giZ$l;vr��gio�kmn¨nf�XY)Z$vro�j2��zNehgr���po�z�oqgxc@o�n±k;vr�dZ2vLgikH�;�X���dg
gro�Y)Z$�ªehgiZ2��kms�ZP�mj�V²�dZ,s�k;viY����pz�ZLY)kd�dZ$z7©X�dZ$��Z$n��do�npl�kmn�oqg�e]o�n1grZ$v��mj�gro�k;n�j$kmn1giZ$µfg2¤

� ������� � �����t½¬� ¼ ����¸��¬¼ ��� ¸ ���P����� 	 �
�t�d��� ¼��
U�VpZ�eho�Y)�Xz�Z2ehg£���X�pz�o{j$��gio�kmn²k�s�km�Xv§s�vr�mY)Z$ ¡kmvr¢�o�e§vio�lmo{����kd�dc²eho�Y��pz���gio�kmnWQ%nXk�j,k;Y)�Xz�Z$µ�nf�XY)Z$vro{j$��z
o�n1giZ2lmv��}gio�kmn�o{e]nXZ$ZP�dZ2��nXk;v§j,k;z�z�o{eho�kmn²j,k;Y"�p�dgr��gio�kmn2/�k;�XvDkm�XwxZ2j�g�eD��vrZ�ei�XVXZ$vrZ2e
C�¤ ?�o�lm�pviZ��"Z$µf��k;eiZ2e
Vf�Xn��dviZP�Xe�k�s
vio�lmo{��eh�XVpZ$vrZ2e¡st��z�z�o�nXl)k;n��pµfZP���pvio{j�¢de$¤

���HZ����



���������
	��������������������������������� !	"���
�#�
��$&%���'(�"$)���*�#�� �Q�

?
o�l;�XvrZ-�VQ!?p�mz�z�o�npl)ei�XVXZ2viZPe�kmn��XµdZ2���Xvro�j�¢de2¤

� ������� � � � ¸ �}�X����� ¼�� ¼�� ½ ¸��ª¼ ��	�X�
� ¸�¼ � � ¸ �m�2�
U�Vpo�e]Z$µX��Y)�Xz�Z / �pl;�XvrZ 7�C�j,k;Y��Xo�nXZPeD�)vio�lmo{��km�dwxZPj�g£�mnp�²���dZ$s�kmvrY)�m�Xz�Z�k;nXZm¤�y¦�dZ$s�kmvrY����Xz�Z�j,z�k�grV
o{e%Vp��nXl;Z2�)�fc)oqg�eNs�k;�Xv%j$kmvrnXZ$v�eN�mnp����eikmz�o{��eh�XVpZ$vrZm©1Y)�mnXo��X�Xz{�}giZP���fc"giVXZ£�pehZ2v2©1o�n;grZ$v��mj,greN ]o�giV�giVXZ
j$z�kmgiV�¤

?�o�lm�pviZ 7VQBy¦afk;z�o{�²eh�pVXZ$vrZ£o�n1giZ2vr�;j�gio�nXl) ]o�giV9�)�dZ,s�k;viY����pz�Z-j,z�k�grV�¤

ZXZ\[�]_^�`�`�a



�K7 � �����"���������@��� ����_�	��
&	V����$�$)��

� ������� � ¸ � ¸ � ¼ � ¸��
¸f¼ �
� � � � ¸ ���}�d��� ¼ �
=¡ZPj$����ehZLk�s�grVXZ���l;Z$n1gh�ª�p�meiZ2��ehgivr�pj�gr�XviZ;©XnXk�j$kmnp�do�gio�kmn²k;n²giVXZ-�peiZ2�²o�n1giZ2lmv��}gio�kmn�nf�XY)Z$vro�j2��zKgrZ2j�Vd�
npo��1�XZ-o{eDei�X��Z2vh�ªo�Y"��k;eiZ2��¤ .ªgDo�eD�;j�gr�p��z�z�c�exgrvr�mo�l;V;gis�kmvr ¡�mvr��©;�peio�nXl)giVXZLs�v���Y)Z2 %k;vi¢��XvrZ2eiZ$n1grZ2��VXZ$vrZm©
grk�j,k;Y��Xo�nXZ]km�XwxZ2j�g�eB ]o�giV�Z,µd�Xz�o{j,o�g�o�n1grZ$lmv��}gro�k;n0/t ]VXo{j�V"o{eN¢fnXk} ]n�gik��Xvik}|fo{�dZ�nXkmn)vrkm�X��exgP©mcmZ$gN|mZ2vic
st�;exgP©�o�n1giZ2lmv��}gio�kmn@giV��}g�j$�mn±�Xvik}|fo{�dZ�ei��gio{exs�cfo�nXl9vrZ2ei�Xzqg�e-kmn´eio�Y)�Xz�Z�u�³£® C��mnp�¨km�dwxZPj�g�e- ]oqgrV´o�Y"�
�pz�o{j,o�g%o�n1giZ$l;vr��gio�kmn /�Y)kmvrZDvrkm�X��exgP©m�X�dg¡Y)kmvrZDj,kmY)�Xz�Z,µ)o�n;grZ$l;vr��gio�kmn)�Xvrkfj$Z2ere C,©m ]VXo{j�V���z�z�k} De�gik-g���¢;Z
��Z$npZ��Xg�e£kms���k�giV¨eij�VpZ$Y)Z2e2¤ ?�o�lm�pviZ-O�o�npj,z��p�dZPe�vio�lmo{�Hei�XVXZ$vrZ2e£ ]VXo{j�V«�peiZ"®N�Xz�Z$vLZ,µd�Xz�o�j$oqgLo�n;grZ$l;vr���
gro�k;n / s�kmv%vr�m�Xo{�doqgxcVC��mnp�)���dZ,s�k;viY��m�Xz�Z]j$z�kmgiV� ]VXo{j�V)�pehZPeN®N�pz�Z2vNo�Y)�Xz�o{j,o�g%o�n;grZ$l;vr��gio�kmn / s�kmv%exg����Xo�z�o�gxc
�mnp�±�XvrZ2j$o�eio�k;n�C�¤@U�V1��e�j,k;Y)�X�dgr��gio�kmn±gro�Y)Z�o�e�nXk�g" ¡�;exgrZ2�¨gik@j,kmY)�X�XgiZ�grVXZ�Y)k}|;Z$Y)Z$n1g�kmsDvio�lmo{�
ei�XVXZ2viZPe(/T�me£Z,µd�Xz�o�j$oqgLo�n;grZ$l;vr��gio�kmn9o{e£npk�g§grkfk�gro�Y)Z,��j,k;npei�XY)o�nXl�C�¤-y j,kmY)�p�mnXo�kmn9|fo��XZ$k�o�z�z���exgrvr��giZ2e
ei�pj�V@�Xvik;��Z2vhgxc>QD��ehZ$g�kms¡ei�XVXZ2viZPe(/�giVp��g-�mz�z
�peiZ"eio�Y"�pz�Z)Z,µd�Xz�o{j,o�g�o�n1giZ$l;vr��gio�kmn«erj�VXZ2Y"Z�C]st�mz�z��Xn��dZ$v
grVXZ)�mj�gro�k;nHk�s%lmv��Q|1o�gxc� ]oqgrVXo�n±��gro�erei�XZ0/�giVp��g-�pehZPe§o�Y)�Xz�o�j$oqg-o�n;grZ$l;vr��gio�kmn�©�s�kmvL��Z,ghgrZ$vLvrZ2��z�o{ehY ��n��
ehgr�m�Xo�z�o�gxcVC�¤BU�VXZ2eiZ£ei�XVXZ2viZPe��mviZ]grVXZ$n�o�n1grZ$v��mj�gro�|;Z$z�c�Y��mnXo��p�Xz���giZP���fc"��ehZ2v2©1�peio�nXl�ehk;Y"Z£o�n1grZ$v��mj�gro�k;n
ei�XVXZ2viZ;¤

?
o�lm�XvrZPO"Q¨®Nµd�mY)�Xz�Z@k�s�VXZ$giZ2vik;lmZ$npZ$km��e�eho�Y��pz���gio�kmn(Y)oqµdo�nXl5Z$µd�Xz�o{j,o�gP/tkmn(gro�erei�XZKC���np�(o�Y)�Xz�o�j$oqg
o�n1giZ2lmv��}gio�kmnP/�k;n�vro�l;o���ei�XVXZ$vrZ2e
C�¤

� ������� �"½
� � ��� ��¸ ��� 	 ¸;º �$� ¸ �
y£eNk;�Xv�s�vr�mY)Z$ ¡kmvr¢��Xvrk}|1o{�dZPeBj,kmn�eho{exgrZ$npj$c��mnp�"o�Y)��kmvigr��n1gNs�vrZ$ZP�dkmY s�kmv�eio�Y��Xz{�}grZ2�"km�dwxZPj�g�eN�dZ2eio�lmn�©
k;nXZ�j2��n°j,kmn1grvik;zNgiVpZ�eio�Y��Xz{�}gio�kmn5Y"k;viZ��XvrZ2j,o{eiZ$z�cm¤ I(VXZ$n°��n¯km�dwxZPj�g�o{e)j,z�k;eiZ�grk¨ehgr�m�Xo�z�o�gxc /tZm¤ lp¤
o�gre�Y)k}|;Z$Y)Z$n1g]�dkfZ2e�nXkmg]j�V���nXl;Z�eio�l;nXo���j$�mn;grz�cVC,©doqg§j2��n�vrZ2�X�pj,ZLo�greDj$kmY)�X�dg��}gio�kmn�gio�Y)Z8Q�����k1eieio��Xz�Z
 ��Qc´grk�mj�VXo�Z$|;Z�grVXo{e�o{e)gik´Y)kd�do�s�c5grVXZ9o�n1grZ$lmv��}gro�k;n°ehgiZ2� �dcfnp��Y)o{j$�mz�z�cm¤ adkmY)Z9 %k;vi¢de 1 =BIE6m��A
o�n1givrkd�d�pj,Z"�m�X�m�dgio�|mZ�o�n1giZ2lmv��}gro�k;n«exgrZ$�9s�k;v£o�Y)�Xz�o�j$oqg-o�n;grZ$l;vr��gio�kmn²gik�Y)Z$Z,g-eikmY)Z�ehgr�m�Xo�z�o�gxc²j$vio�giZ2vio{�X¤
U�VpZ�Y)Z,grVXkd� ¡Z���ehZP�o{e�grVXZ�s�kmz�z�k} ]o�nXl_Q� ]VXZ$n5giVXZ²��Z$v�j,Z$n1g���lmZ�k�s§Y)k}|;Z$Y)Z$n1g0/toT¤ Zm¤´Z2�pj,z�o{�dZ2�mn
�Xo�ehgr�mnpj,Z���Z,gx ¡Z$Z2n@gx ¡k9j,k;npehZPj,�dgro�|;Z�exg��}giZ�|;Z2j,gikmv�e�s�kmv�giVXZ�j$kmnpeio��XZ$vrZ2�@km�dwxZPj�g
CLs�kmv���n±k;�dwxZ2j,g�o�e
��Z$z�k}  � �XµdZ2�«giVXvrZ2eiVXk;z��Hs�kmv-ehk;Y)Z�gro�Y)Zm©�giVXo{eLY)Z2��n�e§grVp�}g�giVpZ"k;�dwxZ2j,g-o�eLj,z�k;eiZ�gik²exg����Xo�z�o�gxcm¤"y§e
�"vrZ2ei�Xz�g2©do�n;grZ$l;vr��gio�kmn²exgrZ$��Y)�Qc���Z-o�npj,vrZ2�;ehZP�F©do�n�k;vr�XZ$v¡gik�er�Q|mZLj,k;Y"�p�dgr��gio�kmn�gio�Y"ZS/tkmv]��k;ereho��Xz�cm©

���HZ����



���������
	��������������������������������� !	"���
�#�
��$&%���'(�"$)���*�#�� ��O

eio�Y��Xz{�}gro�k;n@Y��QcHZ2|mZ$n¨��Z�exgrkm�X��Z2��C�¤�[%k;n1|;Z$v�ehZ2z�c;©Fo�n1grZ$v��mj�gro�k;n@k;n«grVXZ�k;�dwxZ2j,g2©#k;v�j,k;z�z�o�eio�kmn« ]o�giV
eikmY)Z%k�giVpZ$v
km�dwxZPj�g�Z$n1gr�mo�z{e��m�dgik;Y��}gio{j��mnp��Z2|mZ2n;gi�7���meiZ2�-vrZ2j$kmn��pl;�Xv��}gio�kmnLkmsXgiVXZ�eiz�Z2Z$�Xo�nXlL��lmZ2n1g�s�kmv
vrZ2eiZ,g]kms�eio�Y��Xz{�}gio�kmn�gio�Y)Z,��exgrZ$��©��me] ¡Z$z�z��meDeiz�Z$Z$��gio�Y)Z�eiVXkmvigiZ2nXo�npl0/toT¤ Zm¤¡ehz�Z$Z2��gro�Y)Z�j�Vp�mnXlmo�nXl�©feiZ$Z
eiZ2j,gio�kmn���C�¤!?
o�lm�XvrZ£�"ehVpk} De%�mn�Z,µX��Y)�Xz�Z�k�s�ei�pj�V��m�X�Xz�o�j2�}gro�k;n�©; ]VpZ$vrZ��"j,z�k�grVXZ2e¡��vrZ§o�n1giZ$v��mj,gio�|mZ2z�c

?
o�lm�XvrZ��VQ�y§�X�Xz�o�j2�}gio�kmn± ]o�giV´�m�p���dgro�|;Z�gro�Y)Z$�ªehgiZ2�WQ-giVpZ�Y)�mnXo��X�Xz{�}giZP�±j,z�k�giV±Vp�;e-�²ehY���z�z�Z$v-o�n;grZ,�
l;vr��gio�kmn�exgrZ$��giVp�mn�grVXZ-k�grVXZ$vDj$z�kmgiVXZPe¡giVp��g§��vrZLo�n9�)exg����Xz�Z-exg��}grZm¤

Y��mnXo��p�Xz���giZP�H�fc9�peiZ$vP¤�y j$kmY)�p��npo�k;nH|fo��dZ2k�o�z�z��pehgiv��}grZ2e£viZP��z��Tgro�Y)Z�o�n1giZ2vr�;j�gro�k;nHkmn¨eh�pj�V@Y)kf�XZ$z{e�Q
k;n�grVXo{e�|1o{�dZ2kp©d ]VXZ2viZ-�)ehZ$g]k�sB��gro�erei�XZLo�e�Y���npo��X�pz���giZ2��o�n�vrZ2�mzq�7gio�Y)Z£�fc���ehZ2v]�peho�nXl�eikmY)Z-eho�Y)�Xz�Z
ei�XVXZ2viZ;©�kmnpZ�j2��n)ehZ2Z¡giVp��gNZ2�mj�V�gio{ereh�XZ�vrZ2�;j�gre�o�n)�-ei��gio{exs�cfo�nXl£Y��mnXnXZ$vP©m�mnp��giVp��gBgio{eiei�XZ�o�n1grZ$v��mj�gro�k;n
j2��n±��Z��dkmnpZ��}g� ]o�z�z%�1c@�peiZ$vP©�o�n´eh�Xo�giZ�k�s���k1eieio��pz�Z)gro�Y)Z,��ehgiZ$�´Y)kd�do���j$��gio�kmnpe2¤�U�Vpo�e�eho�Y��Xz{�}gro�k;n
g���¢;Z2e�s��Xz�z-�;�d|}��n1gr�mlmZHkms�giVXZ@st�mj,g�grVp�}g9�d�Xvro�nXl5grVXZ¨o�n1giZ2vr�;j�gro�k;n�©§��z� ��Qcfe��}g�z�ZP�mehg�gx ¡k5kms�giVXZ
j$z�kmgiVXZPe)��vrZ�z�Z,s g�Vp�mnXlmo�nXl�©� ]VXo�z�Z�grVXZ�giVXo�vr�¯kmnpZ�o{e)��Z$o�nXl±Y)�mnXo��X�Xz{�}giZP�F¤¬U�o�Y)Z2ehgiZ2�(�m�X�m�dgio�|foqgxc
�mz�z�k} De£s�kmv�k;�dgio�Y���z¡[%u%¥ �pehZ;©
�mnp�@��Z$ghgiZ2v�o�n1giZ$v��mj,gio�kmn@giVp�mn±nXkmnd���m�p���dgro�|;Z�o�n1giZ$l;vr��gio�kmnWQLo�n±giVXZ
npkmnd���m�X�m�dgio�|mZ�j2�meiZm©�grkfk«ehY��mz�z��9gio�Y"ZPexgrZ$�´Y���¢;Z2e��9eiz�k}  eio�Y��Xz{�}gio�kmn#©
�mnp�@gikfkH�Xo�lH��gio�Y)Z2ehgiZ$�
�pvik}|fo{�dZ2e���kfkmvNnf�XY)Z$vro{j$��z��mj$j$�Xv��mj,c��mnp�) ¡Z2��¢;Z$npe�o�n1giZ2vr�;j�gio�kmn" ]o�giV��-Y)kd�dZ$z7¤�y]�X���dgro�|;Z�gio�Y)Z2ehgiZ$�
eio�Y��Xz{�}gro�k;n�©d ]VXZ$vrZ�gio�Y)Z2ehgiZ$�²o{e]�m�X�m�dgiZP��s�k;v]Z2�;j�V�k;�dwxZ2j,g� ¡km�pz�����Z �1�Xo�giZ�grvio{j�¢fc�gik)�Xvrk}|fo��dZLo�n��
l;z�k;�p��z�eho�Y��Xz{�}gro�k;nH��np�²o{e2©��fc9j,k;Y"����vro�eikmn�©p|mZ$vrc�ehgiv���o�lmV1gis�kmvr ¡�mvr��gik��XZ2eio�l;n9o�n9grVXZ��mlmZ2n;gi�7���meiZ2�
s�v���Y)Z2 %k;vi¢)�XvrZ2eiZ$n1giZP��VpZ$vrZm¤

I¨Z"giVXo�nX¢9grVp�}g�giVXZ)Y���o�n@�;�d|}��n1gr�mlmZ�k�s%ei�pj�V@�m�X�Xvrk;�;j�V9z�o�Z2e� ]o�giVXo�n«grVXZ)o�n��dZ$��Z$np�XZ$npj$Z�grVp�}g
ZP�mj�V"��lmZ2n1g�o{e��Xvik}|fo{�dZ2�� ]oqgrV�¤
U�VpZ��m�Xo�z�o�gxcm©}s�k;vBehk;Y"Z¡km�XwxZ2j�gP©QgikL�dcfnp��Y)o{j$�mz�z�c��m�X�m�dg�oqg�e�viZPehk;z��dgro�k;n
gro�Y)Z$�ªehgiZ2�5Vp�;e�nXk±j,k;npeiZ��1�XZ$n�j,Z2e�kmn5giVXZ²��z�lmk;vio�giVpY)e�o�nf|;kmz�|mZ2�´s�kmv�giVXZ²k�grVXZ$v"km�XwxZ2j�g�e$¤¯\£n5giVXZ
eio�Y"�pz�Z�o�z�z��pehgiv��}grZ2�´Z$µX��Y)�Xz�Z�k�s�?
o�l;�XvrZ��X©�o�g�o{e�j$z�ZP��v-grVp�}g)ehk;Y"Z�j,Z$n1grvr�mz�o�¶$ZP�´ehcdehgiZ$Y²©��Xvrk}|fo��dZP�
 ]o�giV´Z$µd�Xz�o{j,o�g"eicfnpj�VXvrkmnXo�¶2��gio�kmn±��np�¨gro�Y)ZPexgrZ$�5�;�X���dgro�|fo�gxcm©
 %k;�Xz{�´ehk;Y"Z2 ]Vp�}g��pvik}|fo{�dZ)giVXZ�ei�mY)Z
s�ZP�}gr�XviZPe$¤ ad�pj�V(j,Z$n1grvr�mz�o�¶$ZP�s�v���Y)Z$ ¡kmvr¢´ ¡km�Xz{�¯�XZ$Y���np�¬j$kmY)�Xz�Z,µ5nf�XY)Z$vro{j$��z]V���np�dz�o�nXl´k�s�giVXZ

ZXZ\[�]_^�`�`�a



�P� � �����"���������@��� ����_�	��
&	V����$�$)��

l;z�k;�p��zFeio�Y��Xz{�}gio�kmn�viZPehk;z��Xgio�kmn�eicdexgrZ$Y²©d��np���m�d�7VXkdj��X�}g��)exgrvi�pj,gi�XvrZ£s�kmv]eh��j�V�¤!=¡c�j,kmY)�p�mvio{eikmn�©fo�n
grVXZ§�pviZPehZ2n;grZ2���m�X�Xvrk;�mj�V#©�giVpZDs�Z2��gi�XvrZ2e%�m�X�XZ2�)grk�ehk;Y)ZDkm�dwxZPj�g�eho�Y��Xz{�}gro�k;n�Vp�Q|mZ§nXk�j,k;npeiZ��1�XZ$n�j,Z2e
��g��mz�zfk;n-giVXZ]�dZPeho�lmn�j,kmY)�Xz�Z,µdo�gxc-k�sXgrVXZ¡k�giVpZ$v�o�nf|;kmz�|mZ2�Lk;�dwxZ2j,gre Q#ZP�mj�V�k;�dwxZ2j,g
vrZ$Y���o�npe�viZPeh��kmn�eho��Xz�Z
kms�oqg�e�k} ]n j$kmY)�Xz�Z,µdo�gxcm©D��k�grV o�n(giZ2viY�e�k�s���z�lmk;vio�giVpY j$k;ehg2©D��n�� ehkms gx ¡�mviZ@�dZ2eio�l;n�¤ y]�X�m�dgio�|mZ
gro�Y)ZPexgrZ$��o{eNkmnpz�c�kmnXZD�pvr�;j�gio{j$�mzp�m�X|Q�mn1gr��l;Z¡giVp��g%eho�Y��pz���giZ2�)k;�dwxZ2j,greNj2��n)��Z$nXZ��Xg%kmsx©; ]o�giVXo�n���l;Z$n1gh�
���meiZ2�5�m�X�Xvrk;�;j�VWQ�nXk±¢mZ2vinpZ$z]�m�X�m�dgr��gio�kmn ��me"nXZ2Z2�dZP�s�k;v)km�Xv"giZPexgP©%npZ$o�giVXZ2v" ��me"o�g)s�kmv)�peiZ�kms
VpZ,giZ2vik;lmZ2nXZ$k;�pe�o�n1giZ2lmv��}gio�kmn�giZPj�VXnXo��1�XZ2e2¤

� � ����%&,���#�$��

\£�pvLs�vr�mY"Z2 %k;vi¢9�pvik}|fo{�dZ2eLY��Xzqgroq����l;Z$n1g�ehcdehgiZ2Y��ªz�o�¢;Z)s�kmv-�XVfcdeho{j$�mz�eio�Y��Xz���gio�kmn�¤�~]o�l;o��¨��kd�do�ZPe$©��me
 ¡Z$z�z��;e��dZ,s�k;viY��m�Xz�Z)k;�dwxZ2j,gre2©�j$�mn±��Z�V���np�dz�Z2��¤�U�VXo{eLs�v���Y)Z$ ¡kmvr¢«��z�z�k} De�s�kmv-Vfcf�Xvio{�¨Y)Z,giVpkf�±kms
o�n1giZ2lmv��}gio�kmn#©p��np�²Y��Qc���kmgiZ2n;gro��mz�z�c���Z��pehZP�²kmn �1�Xo�giZ"�doMLKZ$vrZ$n1gDgxcf��Z2e£k�sBkm�XwxZ2j�g�e /T�m�X�m�dgio�|mZ�k;nXZ2e
k;v§|;Z$vrc²eio�Y"�pz�Z"Y)kf�XZ$z�C�¤ ;9k;ehg�ehgiZ2�pe�k�sBgrVXZ"eio�Y��Xz{�}gro�k;n«��vrZ��dk;nXZ��fc²grVXZ"�mlmZ2n;g�e]grVXZ$Y�eiZ$z�|mZ2e§gik
o�npei�XvrZL�m�dgik;nXkmY�c���np��o�np�dZ2��Z2np�dZ$n�j,cm¤
y z�k�g�vrZ$Y��mo�npe�grk9��Z��XkmnXZ���Z,s�k;viZ���z�zBgrVXZ��m�X|Q�mn1gr��l;Z2e�k�s]��l;Z$n1gh�ª�p�;ehZP�9s�v���Y)Z$ ¡kmvr¢²s�kmv�eio�Y"�

�pz���gio�kmn ¡km�Xz{�±��Z�j$kmY)�Xz�Z,giZ2z�c±��Z$v�j,Z2o�|;Z2�F¤¨[%k;npehgiv���o�n;g�e���Z,gx ¡Z$Z2nkm�dwxZPj�g�e�ZPeh��Z2j$o��mz�z�c@��Z2j$kmY)Z��
eiZ$n�eho�gio�|mZ9��kmo�n1g�o�n giVXo{e�s�v���Y)Z$ ¡kmvr¢>QHo{e��±Y��pzqgroq�ª��kd�dc 1 ;9o�vr�;�KALehgio�z�z��eiZ,g�kmsLk;�dwxZ2j,gre�� I(Vp�}g
eiVXk;�Xz��«��Z)�dk;nXZm©��mnp�HVXk} -©F ]VpZ$n@��eiZ,gLk�s�k;�dwxZ2j,gre�o�eL�dcfnp�mY)o�j2��z�z�c²z�o�nX¢;Z2�«o�n@kmv��dZ$v£gik²j,vrZ2��giZ��
Y��Xz�gio��7��kd�dc��

I¨Z¡giVXo�nX¢-grVXo�e�s�v���Y)Z$ ¡kmvr¢� %k;�Xz�����Z]�£lmkfkd�Lgikfk;z;s�k;vBj,kmY)�Xz�Z,µF©��;�X���dgro�|;Zm©}�XVfcdeio�j2��z1o�n1giZ2vr�;j�gro�|;Z
eio�Y��Xz{�}gro�k;n�©p ]VXZ2viZ-Y��mn1c�km�dwxZPj�g�eD ¡km�Xz{��o�n1giZ2vr�;j�gDgrkml;Z,giVpZ$vP©XZ2�;j�V�V��Q|1o�nXl�o�gre§k} ]nHehk;�XVXo{exgro�j2�}giZP�
�pV1cdeio�j2��zdY)kd�dZ$z7¤�y]�X���dgro�|;Z¡gio�Y"Z$�ªehgiZ2�"s�kmvBo�Y"�pz�o{j,o�g�o�n;grZ$l;vr��gio�kmn� ]o�giVpo�n��Lj,k;Y)�Xz�Z$µ�Z$nf|fo�vik;nXY)Z$n1gBo�e
k;nXz�c���eiY���z�zdexgrZ$�"gik} ���v��-vrZ2��z�z�c�DpZ,µdo��Xz�Z��Xv��mj,gio{j$�mzfeio�Y��Xz{�}gro�k;n ���Xvrk}|fo��do�nXl�eho�Y��Xz{�}grkmv�e
 ]oqgrV"ehgr�m�Xz�Z
�Xc1n���Y)o�j�viZ2lm�Xz{�}gro�k;n9vi�pz�ZPe$©�giV��}gL %k;�Xz��«���dgrkmY��}gro�j2��z�z�c9�m�p���dgLj,kmY)�X�Xgr�}gro�k;n«j,k1exg£gik�o�n1grZ$v��mj�gro�k;n
eio�gi�p��gio�kmn�©d ¡km�Xz{����z{ehk)��Z-k�s�Vpo�l;V���ehZ$s��Xz�npZ2ere$¤

 ���}�����]���¡�]�

1 =¡Z$v
6m��A ^"¤W=¡Z$vrlmZ2n�¤�y st�mehg���np�@vrkm�X�pehg�^�4�F o�Y)�Xz�Z$Y)Z$n1gr��gio�kmn@s�kmv-j,k;z�z�o{eho�kmn¨�dZ,grZ2j�gro�k;n@kms
j$kmnf|mZ$µ�km�dwxZPj�gre2¤ #"��"������$& � �@�����V	"�#���_K�$ � ©X��/T��C�Q O	�d�;�d©�� 6�6m�X¤

1 =¡Z$v��X��A ^"¤ =%Z2vil;Z$n�¤�uNvrkQµfo�Y)oqgxc �1�XZ$vro�ZPeB��np�)��Z$npZ,giv��}gro�k;n��dZ$�dgrV�j,k;Y"�p�dgr��gio�kmn�kmn��;³ l;�mY)Z
k;�dwxZ2j,g2¤ ����'-� � ������$) �_���
� 
!������������>�
� ©K���m�p�m¤

1 =@?dy§�1��A ~-¤�=%vro{�Xehk;n�©d~-¤_?pZ2�d¢fo� -©p��np� 4�¤pyDn��dZ$v�ehk;n�¤B~]km�p�pexg]grviZP�}grY"Z2n1g�kms�j$kmz�z�o{eio�k;npe$©Xj$kmnd�
g��mj�g��mnp�¯s�vio{j�gro�k;n¯s�k;v�j,z�k�grV¬�mnXo�Y)��gio�kmn�¤  @�� ��
T%�� . .8��� �_	������� ©D�p��l;Z2e���6m���"7m�m�p©
�m�m�;�X¤

1 =BIE6 O�A ³�¤�=��mvr��L¨��n��Hy�¤>I(o�gi¢fo�n#¤£uB��vigio�gio�kmnpZ2�H�dcfnp�mY)o�j2e$¤�U#ZPj�V�¤�~DZ$��kmvig-[B;H¥D�ª~5.ª��U]~��
6�OP���m�X©fU�VXZ�~]k;��kmgio{j$e@.�npehgio�gi�XgiZm©K[¡��nXvrZ$l;o�Z�;9Z$z�z�kmn9¥DnXo�|mZ2vreio�gxcm©K� 6�6 Of¤

���HZ����



���������
	��������������������������������� !	"���
�#�
��$&%���'(�"$)���*�#�� �K6

1 =BIE6m��A ³�¤W=���v���L��np�¨y�¤ I(o�gi¢fo�n�¤ "#�mvil;Z�ehgiZ$��eLo�n±j,z�k�grV¨eio�Y��Xz{�}gio�kmn#¤ .�n  B��K�
� �������D.��- �
� 
�� %�� � ���R�T ��� ��� ©X����lmZPe¡�;� �X�}��©��K686;�X¤

1 [¡�me�O���A 4�¤#~-¤B[¡�meiV�¤�y�j,z{�mereLk�s]o�Y)�Xz�o{j,o�g�vr�XnXlmZ$�7¢f�dgigr��Y)Z,grVXkd�Xe-s�k;v-giVXZ�n1�pY"Z2vio{j$�mzNo�n;grZ,�
l;vr��gio�kmn²k�s�ehgio)L¨k;vr�Xo�np�mvic²�do)L�Z2viZ2n1gio{��z#Z �1�p�}gro�k;npe$¤ #���"������$  � � 	V� � 
��
	�#�� 
���� ©
�;�V/���C�Q ���m���d�X�m�;©X� 6�O��d¤

1 [�^�[ + �;��A aK¤�[¡����Z$z�zT©�aK¤�^�vrZ$Z$n#©&=�¤
[%�Xvrz�ZPeie2©#UL¤#³£�pj�Vp�mY"�#©���n�� ��¤�u�km��k}|1o{j�¤�y Y��Xzqgro�vrZ2eik��
z��dgio�kmn�s�v���Y)Z$ ¡kmvr¢)s�kmvD�Xc1n���Y)o�j-�XZ,s�kmvrY��}gro�k;npe$¤ .�n  B�  �
�
�������D.��( ��� 	V� � � ���S� 
��
%"� � ���R�R �� + �"�  .8��� �_	��#��� �
��'��_������"' �� 
!�'����"� ��� ���_��'-�����#�� ©�����lmZPe��p� �f��Od¤
y§[B; uNvrZ2ere$©p�m�m�;�X¤

1 [%VXZK686�A aK¤N[%VXZ2nXnXZ$c;¤@y£ehcfnpj�VXvrkmnpkm�pe2©B�m�X�m�dgio�|mZ;©
vro�lmo{�±��kd�dceio�Y��Xz{�}gio�kmn#¤J.�n  B�  ��
@%"� �$'
���R�T �������:� � �
	����#�
��$X�����������8���#� ��� � ��� �>$ �#�
�����#��V� ©>4m�pz�cH�K686�6X¤

1 [C"&;Hu:6;��A 4�¤�[%kmVXZ2n�©_;´¤ [£¤9"#o�n�©�³�¤�;H��nXkdj�Vp�p©X��np�0;´¤ F)¤Xu�kmnp�mY)lmo7¤ .ª�x[%k;z�z�o��XZ Q%yDn²o�n1grZ$v��mj��
gro�|;Z)�mnp�¨Z,µX�mj,g�j,kmz�z�o�eio�k;n¨�XZ,giZPj�gro�k;n±eicdexgrZ$Y s�kmv-z{��vrlmZ,��erj$��z�Z�Z2nf|1o�vrkmnXY)Z$n1g�e$¤ � 
��
�����������8����������� � �@��� �_	��#��� 
 ��������������
� ©��p��l;Z2e��2��6 �K� 687p©p�K686;�X¤

1 [:9<;«U]U56;��A ;´¤F[¡��vro�l;np��n#©�9�¤�9���nXl�©�U�¤�;H��l;nXZ$n��}gh��U�Vp�mz�Y���npn�©X��np�9³�¤KU�Vp��z�Y���nXn�¤�³£viZPeieio�npl
�mnXo�Y���giZ2�@ehcfn1giVpZ,gio{j��mj,gik;vre£ ]oqgrV´j,kmY)�Xz�Z,µ¨j,z�k�giVpZ2e2¤  B�  ��
 %�� . .�� � �V	������ ��� 
!�' '
�>�"����� �B� � �V	"�#��� ©F��7�/T�8C�Q 6�6 �K�2����©X� 6�6;�X¤

1 ³�³L[B=��X��A ^"¤B³£Z$�X�XnpnXZm©:;¤�³£Z2ei�Xvr�Xn�©:;¤ �ªu�¤%[¡��nXo7©N��np�¯y�¤ G�¤ =���vrvP¤¨³£cfnp��Y)o{j�vrZ2�mzq�7gio�Y)Z
�dZ$s�kmvrY��}gio�kmn�e%��eho�nXl�ei�p�mj$ZL�mnp��gio�Y"Z��;�X���Xgio�|mZ-ei�mY)�Xz�o�nXl�¤ .�n 
!�' �>�"����� �@��� �_	��#���
 B�  �
�
�������D.�� ©XyDnXnf�p�mz�[%kmnds�Z2viZ2npj,Z-afZ2vio�Z2e2¤dy§[B; uNvrZ2ere ��y§[B; a�.h^-^L~§yDu:G�©pyD�Xl
�m�m�X�;¤#uNvrkdj,Z2Z2�do�nXl;e�kmsBa".h^-^L~DyDu:G � �p�m¤

1 ³<4�F 6�OKA af�pnXl 9Nk;nXlHafVXo�n¨³£kmnpl04;o�n FLo�Y�©6"#Z$k;nXo��p�me�4p¤#^��po��p�;e$¤(?p�mehg�j,k;z�z�o�eio�kmn@�XZ,giZPj�gro�k;n
�mY"k;nXl]Y��pzqgro��Xz�Z¡Y"k}|fo�nXlDei�XVXZ$vrZ2e2¤�.�n ����� 	-�����_�_��$8����'��V��
���"' �� 
!�'����"� �����#�������$
. �
�'-������� ©pyD�plm�pehg-� 686�Of¤

1 ^�4 F-�m��A ®D¤ ^"¤�^�o�z���Z2vhgP©�³�¤ I!¤>4;kmVXnpeikmn#©���n��²aF¤ aK¤>FLZ$Z2vhgrVXo7¤¡y¦st�mehg§�Xvrkfj$Z2�d�pviZLs�k;v§j,k;Y"�p�dgh�
o�nXl²giVpZ��do�ehgr�mnpj,Z���Z,gx ¡Z$Z2nj,k;Y"�pz�Z$µ«km�dwxZPj�g�e-o�n±grVXvrZ$Z,���do�Y)Z$npeio�k;np��zNei�p�;j,Zm¤ � +-+-+
#"��"���>��$& ���R�� ��*�#��� ��� �(�T�"� �'-�����#�� ©X~§y]�ª�_Q�� 6m���d�m�m�X©�� 6;�m�X¤

1 ^�F�ad�1��A ®D¤�^�vio�npei�X�Xn�©�u�¤ FLvrcdehz7©���np�°u�¤¡adj�Vpv��d�dZ2v2¤ [%V���vrY)e Q«�´eio�Y)�Xz�Z²s�v���Y)Z$ ¡kmvr¢±s�kmv
�;�X���dgro�|;Z�eio�Y��Xz���gio�kmn�¤�.�n  B��K�
�
� �����D.��@ � � 	V������� 	-���_�_�_��$��
������������>�
�R�� 
!�'����"� ���
.8��� �_	��#���(��� �-���_� �����8���*�����(���
�
	��������_��� ©d�p��l;Z2eD���p� �X��6m�p¤;y§[B; uNvrZ2ere$©p�m�m�1�d¤

1 ^�U§~ �K�;��A "�¤Q^��Xo��p�;e$©�y�¤�U§lm�Xc;Z$n�©�³�¤}~]�perehZ2zT©��mnp� "�¤ �KVp��nXl�¤d[%k;z�z�o{eho�kmn��XZ,giZPj�gro�k;n-s�kmvB�dZ$s�kmvrY��
o�nXl�nXZPj�¢1z{�mj$Z2e2¤!.�n  B��K�
�
� �����D.��( � ��	_� ��� .�	�� � ���_� 	 ���_���_��$&�
��'��_������"' �� 
 �' �>� '
� �����#��>��$ . �
�'-������� ©X�p�mlmZ2e]�;� �f�1�d¤fy§[B; uNviZPeie2©��m�m�;�X¤

1 GD®:3£�;��A �
¤ G§�p��nXl�©#y�¤F®�z�o��$npe2©#�mnp�¨[£¤ 3£o�erehZ2v2¤"�m�@��lmZ2n1gh�ª�p�meiZ2�9|fo�vhgr�p��zBj$kmY)Y��Xnpoqgro�ZPe$¤(.�n
 B�  �
�
�������D.  �:� 	V� ���������_� 	 ���_� �����>�����#��>��$"� ��������������
������ ��� � �B� �
� 	"���$) .8� ©}�p�mlmZ2e
�P� O	�K�$�1�X¤;y§[B; uNvrZ2ere$©����m�1�d¤

ZXZ\[�]_^�`�`�a



�m� � �����"���������@��� ����_�	��
&	V����$�$)��

1 41U]U]�X��A u�¤W4;o�Y�$npZ$¶m©W?¡¤�U�VXk;Y��me2©K�mnp�´[£¤KU�kmvrv��me2¤L�;³ j,k;z�z�o�eio�kmn«�dZ$giZPj�gio�kmn&Q�y ei�Xvi|;Z$c;¤ .�n

!�'����"� ��� �B� � �V	"�#��� ©�|mkmz��XY)Z��m�X©d�p��l;Z2e]��7�6 �d�m�;�X©1���;�X�;¤

1 F GR; + 6m��A 4�¤ UL¤"FLz�k;eik} Deh¢fo7© ;¤VGDZ$z{�F©_4�¤ aK¤ =�¤";9o�grj�VXZ2z�z7©_G�¤pafk} ]o�¶2vr�mzT©d�mnp� F)¤ ��o�¢}��n�¤
® ��j,o�Z$n1g
j$kmz�z�o{eho�kmn²�dZ$giZ2j,gio�kmn²�peio�npl���k;�Xnp�do�nXl�|;kmz��XY)Z-VXo�Z2vr�mvrj�Vpo�ZPe%kms
¢1��³L\£u%e$¤ �6' � 
�� 	 � � ©
�p�mlmZPe��X� �d�87X©�� 6�6m�p¤

1 FLz�Z2�;��A 4�¤VFLz�Z2o�n#¤N�XvrZ$|mZ�QN���m��Z$nf|fo�vrkmnpY"Z2n1g¡s�k;v]giVpZ�eho�Y��Xz{�}gro�k;n²k�sB�dZ2j$Z$n1giv���z�o�¶2Z2��ehcdehgiZ$Y�e
�mnp�5�mvhgro ��j$o��mz�z�o�s�Zm¤ .�n  B��K��
< � ��� 	 ���_� �����>�����#�����$R�
��������������
�J�� ������� � ���#��$�$ � ��� ©
³£Z2j$Z$Y���Z$v§�m�m�1�d¤

1 F�"&;«�;��A 9"¤�FLo�Y²©�;´¤&"�o�n�©���np��³�¤�;H�mnXkdj�Vp�X¤ ?p�;exg���Z2nXZ,grvr��gio�kmn��XZ$�dgrV�Z2ehgio�Y��}gro�k;n��peio�nXl£vr�;ex�
grZ$vro�¶P�}gio�kmn�Vp�mvr�d ���vrZL��np��VXo�Z$v���v�j�VXo{j$��zKvrZ��pnpZ$Y)Z$n1g2¤:.�n � �������	V�� �� �T$ . ������ 	�' �#�
� ��"� �8�����#��_�  � �R��
����#��� ©p³£Z2j$Z$Y���Z$v����m�1�d¤

1 F�\*"&;«�;��A 9"¤>FLo�Y²©W;´¤#\§gr�;�d�Xcm©W;¤�"#o�n#©���np�@³�¤W;H�mnXkdj�Vp�X¤ ?��mehg���Z$nXZ$giv��}gro�k;n@�dZ2�dgiV±j,k;Y��
�X�Xgr�}gro�k;n´s�kmv��XVfcdeho{j$�mz�z�c1�7�p�;ehZP�´��nXo�Y��}gro�k;n�¤J.�n � 
�� %���' �_������"' �� 
!�'����"� ���
�T����' ���*�#�� ©V4;�Xz�c²���;�;�d¤

1 "�^�6;��A ;´¤ [£¤�"�o�n¨�mnp�@aF¤#^�k�ghg�eij�V���z�¢�¤�[%k;z�z�o{eho�kmn¨�dZ,grZ2j�gro�k;n«��Z,gx ¡Z$Z2n«lmZ2kmY)Z,grvio{j�Y"kd�dZ2z�e Q
y`ei�Xvi|;Z$c;¤H.�n � � � 
!��������������
� ���� ����	_��'-�����#���( ��%��"������
��� ©F� 6�6m�p¤

1 "&;«�X��A UL¤D"#��v�erehk;n)�mnp��y�¤�;9k;z�z�Z$vP¤#[%kmz�z�o{eho�kmn��dZ$giZPj�gio�kmn�s�kmv%j$kmn1gio�nf�Xkm��ehz�c��dZ$s�kmvrY)o�nXl���kd�f�
o�Z2e2¤ .�n + � 
	� 
!�������� ���>� � �� + �"�� .�� � �V	"�#��� ©F���;�X�m¤

1 ;H�mvr�p��A ³�¤�;H��vrlmZ2vic;¤9+ �_�K�����������' ���_�H$) .��#���#��$�� ��'���� ' ���
��$ ��� ������� �������_��"�5$)� �
��' �"$)���*�#��S���"�
�������
��� �8�� 
 ¤NuNVp³¦giVXZPeho{e2©X¥DnXo�|mZ2vreioqg�-�dZ�~]Z$npnXZ2eL�;©p���m�p�m¤

1 ;9o�vr�;��A =�¤�;9o�vigio{j�V�¤
U�o�Y)Z$ ���vr��~]o�lmo{� =¡kd�dc�afo�Y��Xz{�}gro�k;n�¤ � 
�� %"� � ���R�R � ©1�p��l;Z2e£� 6m���
�m�m�X©"4;�Xz�c����;�m�X¤

1 ;«ad�p��A 3�¤!4p¤!;9o�z�Z$nX¢;k}|1o{j���np� G�¤%aXj�VXY)o��fgP¤(\£�Xgio�Y"o�¶2��gio�kmnd�ª�p�;ehZP�5��npo�Y��}gro�k;n�¤ .�n %"� �$'
���R�T � ©d�p�mlmZPe¡��O	�f��7X©d���;�X�;¤

1 URUR. + �m��A G�¤!U§��¢}�mnXo�eiVXo7©¡aK¤!U£��¢}��¶P�Q ¡�p©NUL¤ .xehVpo��X�p© F)¤BU
��¢}��np�;ehVpoT©��mnp� F)¤H.xei�Xo{exgrZ$vP¤¬[¡�mn
eik�s gx ���vrZ£�mlmZ$n1g�e�o�n"Dp�XZ2npj,ZLVf�XY���n�vrZ$z{�}gio�kmn�e ��Q
�p��z{��npj$Z§grVXZ$k;vic�o�n²��lmZ2n1gh�ªY"ZP�do{�}giZP�
j$kmY)Y��Xnpoqgro�ZPe$¤ .�n  B�  �
�
�������D.��  � ��	_� ���
�
�� �J���������������*�#�����$	������_� �
��������������
� ��
�T�"� ��>�'-������ . �����#�R��� � ' �"$ ���#� . �����&������� ��'(� ©m�p�mlmZ2e!Od��O	�_O����p¤Qy§[B; u�viZPeie2©;���;�m�p¤

1 U�Vp�;�m��A ³�¤�U�Vp��z�Y���nXn#¤�U�VXZ)|fo�vigi�p�mz�Vf�XY��mn¨�;e���Y��pzqgro�Y)kd�X��zBo�n1giZ2vhst�;j,Zm¤ .�n  B��K�
�
� �����D.��
 �S� 	V� �:��������D.2�
�������� ���>� � ��2� �������>�
� � �K� ���_��$B���_� �������� ��� ©B�p��l;Z2e��$���X���p¤�y§[B;
uNvrZ2ere2©p���m�;�X¤

1 3£U541U5687�A u�¤�3Bkmz�o�nXkp©8U�¤�;H��l;nXZ$n��}g
U�V���z�Y)�mnXn�©;aF¤�4mo{��nXVf�p�p©���np��³�¤�U�V���z�Y)�mnXn�¤Xy§n�Z2|mkmz�|fo�npl
eicdexgrZ$Y s�kmv�eho�Y��Xz{�}gro�npl�j,z�k�grVXZ2e%kmn�|fo�vhgr�p��z��mj,gikmv�e2¤ � +-+-+ 
!�'����"� ��� �@��� �_	��#��� ��� �
�	� ��$M�#� ���*�#��V� ©#�K7_/7�8C�Q �1� �d�X�m©p�K686�7X¤

���HZ����



���������
	��������������������������������� !	"���
�#�
��$&%���'(�"$)���*�#�� �X�

1 I¨k1k1�;��A ;´¤"I¨kfkmz{�dvro��dl;Zm¤ �T� ���_���� ���_�����#�� ���� �"$M�*�#� .����_� %������ ��'(� ¤HI(o�z�Z$c�� afkmn�e$©p�m�m�;�X¤
1��K�;j�6m��A ^"¤ �K�mj�VpY)�mnXn�¤±~D���po��¯j,kmz�z�o�eio�k;n�dZ,grZ2j,gio�kmn5�fc´�dcfnp�mY"o{j$�mz�z�c´��z�o�l;nXZ2�5³L\£�d�7givrZ$ZPe$¤

 B�  �
�
�������D.��  �R� +-+-+ � � �R�R�
% ©K�K686m�p¤
1��K�;j$�X��A ^"¤ �K�;j�VXY���nXn�¤B\£�dgio�Y)o�¶2o�npl�grVXZ-j,kmz�z�o�eio�k;n��dZ$giZ2j,gio�kmn��Xo���Z2z�o�nXZm¤ � ���
���H���������������*�#�����$

����'-� �_�
�
	����$) .�� 
!������������>�
� 	�� � + 
 � ©����;�X�;¤

ZXZ\[�]_^�`�`�a



Unité de recherche INRIA Futurs
Parc Club Orsay Université - ZAC des Vignes

4, rue Jacques Monod - 91893 ORSAY Cedex (France)

Unité de recherche INRIA Lorraine : LORIA, Technopôle de Nancy-Brabois - Campus scientifique
615, rue du Jardin Botanique - BP 101 - 54602 Villers-lès-Nancy Cedex (France)

Unité de recherche INRIA Rennes : IRISA, Campus universitaire de Beaulieu - 35042 Rennes Cedex (France)
Unité de recherche INRIA Rhône-Alpes : 655, avenue de l’Europe - 38334 Montbonnot Saint-Ismier (France)

Unité de recherche INRIA Rocquencourt : Domaine de Voluceau - Rocquencourt - BP 105 - 78153 Le Chesnay Cedex (France)
Unité de recherche INRIA Sophia Antipolis : 2004, route des Lucioles - BP 93 - 06902 Sophia Antipolis Cedex (France)

Éditeur
INRIA - Domaine de Voluceau - Rocquencourt, BP 105 - 78153 Le Chesnay Cedex (France)��������� �	��
�

���������� ��� ���

ISSN 0249-6399


