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D�E E FHGJILK�M FON�PHQSR�K�TOU QSIHPHRQSK�FCV�W QLK R�XLICU K IHYHZSRH[\�ICNSGJQO]^QONLK"PHQHR_K�TOU QSIHPORS[

`LaHZSG�bLK�M FCN^POQSR_K�TOU QSISPORK QO]�XSR�c�U ZSQOE [
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����	ed" �f jhgjiekml�n�lpo � n &,q���r,s"tLumv o � r,v nwk�x,x,y t%� k s"tLumvzs n�{|x)l�}B~ q n�y

j�� ��� ���w�����H��� �)� � � � ���O��� ��� n s"s n�x,iekml�n ��u ~"~�n�l�x umv o|k r ySk v�� n�{�n v�s o,n�y � k�x,x,y t%� k s"tLumv n s y � t�v9��u }� k s"tLumv o,n�ySkw{ q�s i u o,n �5��'$�  &��umr,s n�lpyLn�lpk�y�y u � k s"tLumv l�o,n s i,~�n�kmo,lpn s�um�&� n s l�xek�~ s k�� q lpo umt�� n v9s+�s ~�n � k t�s n�l�o)k v l � n s"s npx,iekml�n  � n s"s n�x,iekml�npn�l s n & � y r l t�� n�{�n v�s { umv)u } s i,~�n�kmo q n  ,� k 3)v o � n &,q }��r,s"tLumv o,nhySk�{ q�s i u o,n � ��'&� n v�s ~�k ?Lv n�ySk 3)v o � t�v,t�s"t k�y t l�k s"tLumv n s yLnhySk v�� n�{�n v�s o,nhySk�x,iekml�n
{ t l�l tLumv. 
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x,iekml�n¤o,n s n�l s�umr x umr ~�o,n�l©~�k t l umv l�o,n�{k t�v�s n v k v�� n  

j°¯ ��± �²�C� � � ����� �³� n s"s n¤x,iekml�n¦n�l s o q o tLq n � ySk¥x,~ u ��q o r ~�n¦o,n s n�l s n s { t l�n¦k r x umt�v9s6 

� ±��e´µ±�� ��� � �|¶µ� �|� � ±^� � ¶��
� n�l s i,~�n�kmo,l|l umv9s o,n�l um�&� n s l|k ��s"t�� l¥o ums�q l¥o,n�{ q�s i u o,n�l¥o � k ��s"t�� k s"tLumv ® v)ums�q n�l � ����� � � � o)k v l

v)ums ~�n��·~�k�{|{k t ~�n  �¸ � iek *�r n s i,~�n�kmown�l s kml�l u ��tLq n r,v n¹{ q�s i u o,n�k�x,x«n�y q n ��º ���@`ba # � a\ � ! #_Y � n &,q���r,s�q n
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�F� iek ��r,v n�o,n�l�n�l�k�~"~ t���q n�l  �� k 3)v o,n¹y � n &,q���r,s"tLumv o,njySk©y u � t%*9r n o r¨s i,~�n�kmo ��u ~"~�n�l"x umv o � ySk 3)v o,n�l umv
�K("� yLn  �� k v l v)ums ~�n��·~�k�{|{k t ~�n ySk¤{ q�s i u o,n ��1���� � o,n�ySk � ySkml�l�npo r�s i,~�n�kmo�o q�v)ums n�l�k¦y u � t%*�r n  
	 y¢n�l s
x u l�l t�� yLn·®�n v � q�v)q ~�k�yB®�o � kml�l u ��t n�~�o (.v k�{ t%*9r n�{�n v�s�r,v n�y u � t%*9r n ��r,vhs i,~�n�kmoo umv,v)q�� � npx,~ u ��q o q n�l s
k ��� n�x s�q o)k v l � n s ~�k � k t y,l � t y&n�l s n i n ��s"r)q y u ~�ljo,n�ySk�x,iekml�n�o � t�v,t�s"t k�y t l�k s"tLumv. �	 y9n�l s�t�v9s n�~�o t�s o � k s"s ~ t��,r n�~
n sF� iek v ��n�~�ySk¥y u � t%*9r n¦o � r,v�s i,~�n�kmo�n v x,iekml�n�{ t l�l tLumv. 

� n�l s i,~�n�kmo,ll umv9s o,n�lk ��s"t��.t�s�q l �K("� y t%*�r n�l�n s *9r,t©v n s n�~"{ t�v n v9s¦� k�{k t l  � iek *�r n s i,~�n�kmo n�l s

o umv�� l umt�s x q ~ tLu o t%*�r n·®«l umt�s l"x u ~�kmo t%*�r n  ��v�s i,~�n�kmo x q ~ tLu o t%*9r nwn�l s � k�~�k ��s�q ~ t l q xek�~¤l�kx q ~ tLu o,n �
3 &,q n�y u ~�lwo,nl umv t�v,t�s"t k�y t l�k s"tLumv n swt�v�� k�~ t k � yLn�o r ~�k v�s l umv n &,q���r,s"tLumv. ���v²s i,~�n�kmo l"x u ~�kmo t%*�r nhn�l s� k�~�k ��s�q ~ t l q xek�~£ySk �«u ~ v n�{ t�v,t {k�yLnhn s {k &&t {k�yLno r s n�{|x)lwl q xek�~�k v�s o,n r"& k�~"~ t���q n�l¨l r���� n�l�l t�� n�l
o r�s i,~�n�kmo ®�~�n�l�x¢n ��s"t�� n�{�n v9s ��� n s � �  g k�~�n t y�yLn�{�n v�s ®�yLn�l �«u ~ v n�l ��� n s � �

l umv�s�3 &,q n�ly u ~�l o,n
y � t�v,t�s"t k�y t l�k s"tLumv n s�v n � iek v ��n v9s xekml�o r ~�k v9s y � n &,q���r,s"tLumv o r�s i,~�n�kmo  

� n�{ q�� k v,t l�{�n©o,n s ~�k v l � n�~ s kml (.v�� i,~ umv n�o,n ��umv9s ~ � yLn�� � %TdL[ U � !"ºX[�ºXa�% � !_YX[ % � # !b\�º ���jº [K\ !�º ��� n�l s
r,v { q�� k v,t l"{�n r,s"t y t l q n�l�l�n v�s"t n�y�yLn�{�n v9s x umr ~�y � t {|x,y q {�n v�s k s"tLumv o,n£��k�~�o,n�l�} �Cumr ® � kml q lpl r ~ r,v o q ySk t
o � n & x t ~�k s"tLumv¨umr¦r,v£q�����v n�{�n v9s n &&s n�~ v n·®�l r ~ r,v¦� y u � o � t�v l s ~ r���s"tLumv l�o umv,v)q! @C�t n v:*�r n � n¹{ q�� k v,t l"{�n
k¨� q�v)q ~�k�yLn�{�n v�s x umr ~ ��u � k s"tLumv o,n�y t { t�s n�~©yLn s n�{|x)l©o � n &,q���r,s"tLumv o � r,v n v l�n�{ � yLn¤o � t�v l s ~ r���s"tLumv l�® t y
n�l s o t�;<��t yLn�o,n �«u ~ v n�~�yLn s n�{|x)lµn v�s ~�n�yLnj{ u {�n v9s o,n y � k ��s"t�� k s"tLumv n s yLn s ~�k v l � n�~ s n i n ��s"t�� o r:��umv9s ~ � yLn  
�jv n i n s ®�y � t�v�s n�~"~ r x s"tLumv o,n y � n &&q���r,s"tLumvwv)q�� n�l�l�k t ~�n�k r£s ~�k v l � n�~ s o,n ��umv�s ~ � yLn v n x¢n r,s l r ~ � n v,t ~ ��s�umr,s
x umt�v�s o � n &&q���r,s"tLumv o r s i,~�n�kmo ® v)ums k�{|{�n v�s o)k v l¨yLn�l¨l�n ��s"tLumv l � ~ t�s"t%*9r n�l|k r ~ t l *9r no,n ��u ~"~ u {|x,~�n
yLn�lo umv,v)q n�lhxek�~ s k�� q n�l o,nªy � k�x,x,y t%� k s"tLumv. �� k v l � n � kml�®jyLn s ~�k v l � n�~ s n�l s ~�n�x u ~ s�q! �� n�l s n�{|x)l�o,n
o q ySk t o rzs ~�k v l � n�~ s o,n ��umv�s ~ � yLnwo q x«n v o,n v�s o umv��¨q�s ~ umt�s n�{�n v�s o r ��umv9s n &.s n � y � n &&q���r,s"tLumv. �1� k r,s ~�n
xek�~ s ®)yLn s ~�k v l � n�~ s kml (9v�� i,~ umv n£o,n ��umv9s ~ � yLn¨n v9s ~�k ?Lv n r,v n s n�~"{ t�v k t l umv k � ~ r x s n¨o,n¤y � n &&q���r,s"tLumv o,n�l
t�v l s ~ r���s"tLumv l�n s<��u {|x,y t%*9r nªy � k v k�y ( l�nzo r �eums o,n ��umv�s ~ � yLn  �� umr l v n�x,~�n v)umv l�xekmln v ��u {|x s n�yLn
s ~�k v l � n�~ s kml (.v�� i,~ umv n¦o,n ��umv�s ~ � yLn£o)k v l � n s ~�k � k t y  

� n�l t�v l s ~ r���s"tLumv l¥o � t�v�s n�~"~ r x s"tLumv ® o,n�l s ~ r���s"tLumv n s k�~"~ +�s o,n s i,~�n�kmo v n�l umv9s xekmlwk r,s�u ~ t l q l  ���v
s i,~�n�kmo v n s n�~"{ t�v n � k�{k t l�n s l umv��eums o � n &,q���r,s"tLumvzv n�x«n r,s-+�s ~�n£k i n ��s�q xek�~ r,v k r,s ~�n s i,~�n�kmo  �� n� n � k t�s ®)yLn�l©{ q�s i u o,n�l � ��'$� � � ® � ������� � n s ����� ������#�� � o,n¤ySk � ySkml�l�n ��������� 	���� � � ���������7�humrzs�umr,s n�l
k r,s ~�n�l�{ q�s i u o,n�lpk ( k v�s r,v n¤l q {k v�s"t%*9r n£l t { t ySk t ~�n v n¦o umt�� n v�s xekml +�s ~�n r,s"t y t l q n�l  

� � ��������´ � ±^� � � � ���� 
�� � � � ��� 
 � ���O�����
� k ��u {|{ r,v,t%� k s"tLumv n v�s ~�nyLn�l£o t}i q ~�n v�s l s i,~�n�kmo,l um�«q�t�s:� o,n�l£~ � �·yLn�l¨l s ~ t%��s n�l  !� n�l s i,~�n�kmo,l v n

x«n r,� n v�s�t�v�s n�~�k�� t ~ *9r n£xek�~ yLn �,t k t l o,n�l um�&� n s l�xek�~ s k�� q l 3 &,q lpy u ~�l�o,n¦ySkx,iekml�nwo,n£y � t�v,t�s"t k�y t l�k s"tLumv
n s �9t k�yLn£{ q�� k v,t l"{�n¥o � k s"s n v9s n ��v)ums"t�34� k s"tLumv l r ~ � n�l um�&� n s l  ¢� k ��u.u ~�o t�v k s"tLumv n v�s ~�nwyLn�l s i,~�n�kmo,l
um�«q�t�s k r"& ~ � �·yLn�lpl r,t�� k v9s n�l�!

j ��umr lµyLn�l k ���"� l n v yLn ��s"r ~�n�n sµq�� ~ t�s"r ~�n�k r"&£um�&� n s lµxek�~ s k�� q ljo umt�� n v�s l � n i n ��s"r n�~µn & � y r l t�� n�{�n v9s
xek�~pyLn �,t k t l�o � t�v l s ~ r���s"tLumv l umr { q�s i u o,n�lpl (9v�� i,~ umv,t l q n�l  

j � r ~�k v9s ySk¥x,iekml�n£{ t l�l tLumv ® r,vzs i,~�n�kmo v n¦x«n r,s�s ~�k v l"{�n s"s ~�n£yLn�l um�&� n s l *9r.� t y � ~ q n � o � k r,s ~�n�l
s i,~�n�kmo,l�® v)ums k�{|{�n v�s�� s ~�k � n�~�l�yLn�l�{ q�s i u o,n�lho � k ���"� l�o,nªyLn r ~�l k s"s ~ t��,r,s l  �� n�{ + {�n·® yLn�l
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~ qE��q ~�n v�� n�l o,n�l um�&� n s l � ~ q�q ljxek�~¹yLn�l s i,~�n�kmo,l v n©x«n r,� n v�s5+�s ~�npk i n ��s�q n�l�k r"& k s"s ~ t��,r,s l�o,n�l um� }
� n s l��·y um� k r"& ® � k r,s n�o,n *9r)umtG� n�l©o,n�~ v,t n�~�l©l umv�s l r l � n�x s"t�� yLn�l©o �,+�s ~�n¦k ��� n�l�l t�� yLn�l�xek�~�x,y r l t n r ~�l
s i,~�n�kmo,l  

j �5� r,s"t y t l�k s"tLumv o,n ySk�{ q�s i u o,n � ���5' 9 #�� � n�l s t�v�s n�~�o t�s n  � umv9s ~�k t ~�n�{�n v�s � ySk�{ q�s i u o,n ��� �5' 9 #���	�	 � �
*9r,t&q {�n sjr,v n v)ums"t�34� k s"tLumv xek�~ s ~�k v l�{ t l�l tLumv � q�v)q ~�k�yLn·®mySk�{ q�s i u o,n � ���5' 9 #�� ��v)ums"t�3 n�k r x,y r l
r,v�s i,~�n�kmo n v k s"s n v9s n¤o,n v)ums"t�34� k s"tLumv. ,� n � i umt�& o,n � n�o,n�~ v,t n�~ v.� n�l s xekml�l"x q���t�3eq ! t y¢o q x«n v o
o,n�y � t {|x,y q {�n v9s k s"tLumv o,n�ySk¥{k � i t�v n �9t ~ s"r n�y�yLn r,s"t y t l q n umr o,n�y ��u ~�o umv,v k v�� n r ~ { t l�n v x,ySk � n  

j ySkª{ q�s i u o,n � ��' � � � l�k v l¦o q ySk t o � n & x t ~�k s"tLumv n�l s¤t�v�s n�~�o t�s n  µ� n�l s i,~�n�kmo,l¨o umt�� n v�swr,s"t y t l�n�~ �
ySkx,ySk � n¨ySk�{ q�s i u o,n|k � n � o q ySk t o � n & x t ~�k s"tLumv k 3)v o,n¨x umr,��umt ~ �«u ~ v n�~ yLn�l s n�{|x)l�o � k s"s n v9s n  
� n¨o q ySk t o � n & x t ~�k s"tLumv¬v nwo umt�s xekml�o q x«n v o&~�n¥o r ��umv9s n &.s n|o � n &,q���r,s"tLumv �¢t yµo umt�s$+�s ~�n 3 &&q n s��umv,v9r � x,~ tLu ~ t8 

� ��� � �g��� ��K� �����
� k v l � n � iek�x t�s ~�n v)umr l�k ��umv l x,~ u x u l q¦r,v n v l�n�{ � yLn¨o,n¨~ � �·yLn�l�n s ~�n�l s ~ t%��s"tLumv l *9r,t o qE3)v,t l�l�n v9s

r,v l umr l�}2n v l�n�{ � yLn|o r ySk v ��k���n � k � khx umr ~�ySkhx,~ u �·~�k�{|{k s"tLumv o,n�l�l ( l s � {�n�l s n�{|x)l�}B~ q n�y  � n�l�~�n�l�}
s ~ t%��s"tLumv l ��umv�� n�~ v n v9s yLn�lªkml"x¢n ��s lªo r ySk v ��k���n *9r,t/��u {|x,~ u {�n s"s n v�s ySk x,~ q o t%��s"t��,t y t�s�q o r �eums o,n��umv�s ~ � yLn n s o r s n�{|x)l¥o � n &,q���r,s"tLumv k r v,t�� n�k r o,n�l t�v l s ~ r���s"tLumv l�® o,n�l � ySkml�l�n�lwn s o,n�l s i,~�n�kmo,l  � n
l umr l�}2n v l�n�{ � yLnwx¢n r,s l�n�{ � yLn�~�~�n�l s ~ t%��s"t�� � k�~ t y q y t { t�v n r,vz�«umv�v)u { � ~�nwo � kml�x¢n ��s l�o (.v k�{ t%*�r n�l�o r
ySk v ��k���n·® ��u {|{�n ySk¦~�n�o qE3)v,t�s"tLumv o,n�{ q�s i u o,n n s yLn � iek�~"��n�{�n v�s o (.v k�{ t%*�r n o,n � ySkml�l�n  .� n�l�~�n�l s ~ t%� }
s"tLumv l�kmo u x s�q n�l ~�n�l s n v9s�s�umr,s n ��umt l ��u {|xek�~�k � yLn�l�k r"& x,~ u�3 yLl s n�{|x)l�}B~ q n�y¢x,~�k s"t%*�r)q l�n v�t�v o r l s ~ t n·® s n�yLl
*9r n£yLn�l�~ � �·yLn�l	� t l"~�k � � 	�§ �
 � x umr ~�yLn£ySk v ��k���n � n s yLnwl umr l�}2n v l�n�{ � yLn § xek�~ � �,C C��� � o r ySk v ��k���n
¸ o)k  

� n ~�n�l s ~ t%��s"tLumv l�x,~ q l�n v�s�q n�l o)k v l � n � iek�x t�s ~�n�o qE3)v,t l�l�n v9s�r,v l umr l�}2n v l�n�{ � yLn�o r ySk v ��k���n *�r,t9v)umr l
x«n�~"{�n s¨r,v n ��umv l s ~ r���s"tLumv l s k s"t%*9r nho,n�lw{ u o � yLn�l¨o,n�l¥l ( l s � {�n�l s n�{|x)l�}B~ q n�y  � n � iek�x t�s ~�n l r,t�� k v9s
x,~ q l�n v9s nhySk ��umv l s ~ r���s"tLumv o,n�lw{ u o � yLn�l ��umv���s"tLumv,v n�yLl � xek�~ s"t ~|o,n�l t�v l s ~ r���s"tLumv l|o,n�l£x,~ u �·~�k�{|{�n�l
� k � k ��umv"��u ~"{�n �B� n¤l umr l�}2n v l�n�{ � yLn  
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¸�r � iek�x t�s ~�nx,~ q���q o,n v�s ® v)umr l£k ��umv l¨o qE3)v,t¹r,v l umr l�}2n v l�n�{ � yLn�o r ySk v ��k���n � k � k�k 3)v o,n|x«n�~�}
{�n s"s ~�n y � k v k�y ( l�n n s y � n &&s ~�k ��s"tLumv l s k s"t%*9r n o,n�{ u o � yLn � xek�~ s"t ~©o r y u � t%��t n�y�k�x,x,y t%� k s"t�� o � r,v l ( l s � {�n
s n�{|x)l�}B~ q n�y  	 yjn�l s�t%��t *�r n�l s"tLumv o,n ��u ~"{k�y t l�n�~¤yLn¥{ u o � yLn¥{k s i q {k s"t%*�r n r,s"t y t l q x umr ~�~�n�x,~ q l�n v9s n�~
yLn�l t�v l s ~ r���s"tLumv l©o,n�l�x,~ u �·~�k�{|{�n�l *�r,t ~�n�l"x¢n ��s n v9sN� n�l umr l"}2n v l�n�{ � yLn � v)ums k�{|{�n v�s ySk¨l (.v�s k & n�o,n�ySk
s k � yLn d" �f � ®)n s o,n¦{�n s"s ~�n¦n vzu n r,� ~�n�yLn¤x,~ u ��q o q o,n ��umv l s ~ r���s"tLumv o,n�l©{ u o � yLn�l  

� n�l�{ u o � yLn�l r,s"t y t l q l©l umv�s©� kml q l©l r ~�yLn�l©l ( l s � {�n�l�o,n s ~�k v l t�s"tLumv l *9r n v)umr l�n v ~ t%� i t l�l umv l�®,o)k v l
yLn ��umv9s n &.s nho,n�ySk x,~ u �·~�k�{|{k s"tLumv ��umv���r ~"~�n v�s n n v � k � k&®�xek�~£o,n�l ��umv9s n &.s n�lwo,n�l (.v�� i,~ umv,t l�k s"tLumv
~�n v o)k v�s ��u {|x s n·® �B� iek *�r n q�s k s o r { u o � yLn·®eo,n�y � r,s"t y t l�k s"tLumv o,n�l©~�n�l�l umr ~ � n�l©xek�~ s k�� q n�l  

� k v)ums"tLumv � n v9s ~�k�yLn�o ��um� l�n�~ � k �,t y t�s�q ~ q � t�s ySk ��umv l s ~ r���s"tLumv o r { u o � yLn�! r,v n t�v l s ~ r���s"tLumv o q }
� ySk�~ q n ��u {|{�n um� l�n�~ � k � yLnwo umt�s-3 � r ~�n�~�o)k v l yLn¦{ u o � yLn·® q�s k v�s��7r � q n¨x¢n�~ s"t�v n v9s nwxek�~�~�k�x,x u ~ s k r"&
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Hba S IR7 Ki; I ?XWJC 7 ?BKP=@_B?XuJ?BA 7 ;Gh 7 u¡H 7GQ uGM I ADC:;>? I A 7GQ A 7 KP=lMOC 7 _B_ 7GQ ; QFQ M	uJ?XE Q ;>S t EJA:;>A Q j ;>=@= 7 _XE Q�, C dzM�06,�M C B�#\c� ?b_sa ? I hd;>CD?{; I A 7GQ A n MOS�H 7 h	? 7JI A q}� ;>S tlj _ 7 A 7 KP= Q�IR7 = 7 S@A¡=@_BS Q�Q afEGuGMOS@_ 7 C�HR; IRQ _safEJA:;>A|; QFQ M	uJ?XE jV7 A¡S IR7
ADC:; IRQ ?BAD?XM I HV? Q uJCFWJA 7}� C:; I uF9@? QFQ ;>g@_ 7Ln ,x%Jc H@M I A�_{;�y�;>CFH 7}7GQ A�EJhd;>_BSRE 7¡�PsD:2L�M q ? QFQ S 7 H 7 u 7 A�EJA:;>A 7GQ A�=@CD? QF7dc
v ; IRQ _ 7GQ�QDUVQ AFWJK 7GQ H 7 ADC:; IRQ ?BAD?XM I A 7 KP=lMOCD? Q E j S I A U = 7 Hba S@CDy 7JI u 7�7GQ A�; QFQ MxuJ?XE � u:9<;O��S 7 ADC:; IRQ ?BAD?XM I8c
e 7 ADA 7 ? I�� MOCDKi;>AD?XM I H@EJA 7 CDKP? IR7 �xS<; I H S IR7 ADC:; IRQ ?BAD?XM I � C:; I u:9@? QFQ ;>g@_ 7 H 7 h	? 7JI A�S@CDy 7JI A 7ON HR; IRQ u 7 uk; Q
_ 7 A 7 KP= Q�IR7 = 7 S@A¡=@_BS Q�Q afEGuGMOS@_ 7 C 7 A¡S IR7 ADC:; IRQ ?BAD?XM I HV? Q uJCFWJA 7 H@MO?BAQPJADC 7 =@CD? Q:7dc
687GQ H@E\� I ?BAD?XM IRQ��Rc � 7 A �Rc � H@E\� I ? QFQ:7JI A�C 7GQ = 7 uJAD?Bh 7 K 7JI AZ_ 7GQ|QDUVQ AFWJK 7GQ H 7 ADC:; IRQ ?BAD?XM I A 7 KP=lMOC Q ?XE Q

7 A¡_ 7 CDS Q�Q EJKi; I AD?X�xS 7GQkcR6 a 7\t@7 KP=@_ 7L�Rc32 H@M I@IR7 S IR7 ? IRQ A:; I u 7LQ ?BKP=@_ 7 H 7LI MOADC 7 KNMxH@WJ_ 7dc
RTS ���
	  	 ��� 	 SF�/� � MO?BA�UWV ,YX*Z�[]\^\^\^[_X�` .�S I h 7 uJA 7 S@C¡H 7 hO;>CD?{;>g@_ 7GQ HbafEJA:;>A�K 7GQ S@C:; I A}_{;T=@CFMOydC 7GQ:Q ?XM I
HVSA 7 KP= Q ;>=@= 7 _XE 7GQ}�!a�06&ba�V/%)#\cd6 a 7JIRQF7 K�g@_ 7 H 7GQ hO;>_BS<;>AD?XM IRQ H 7 U 7GQ A I MOAFEdc 7 Az_{;�hO;>_BS<;>AD?XM I H 7 U 7GQ A
I MOAFE 7 =<;>C S I h 7 uJA 7 S@C s V ,�s!Ze[]\^\^\^[[s>` .dfgc c 6 7GQ =@CFEGHV?Xuk;>A Q`Q S@Chc Q M I A`;>=@= 7 _XE Q U � S$a C B�0[M�, C B8%)#\cOv ; IRQu 7 ADC:;khO;>?B_ jxI MOS Q MO=@AFM IRQ =wMOS@C]S IR7 ? I A 7 CD=@CFEJA:;>AD?XM I HV? Q uJCFWJA 7 HVSNA 7 KP= Qkj _sa 7JIRQF7 K�g@_ 7 H 7GQ hd;>_BS<;>AD?XM IRQ c
7GQ A�H@M I u�? Q MOKNMOCD=@9 7Z�ji ` c^6 ; I MOA:;>AD?XM I�sJk 9 M 0 s flc 7 A 9 f i H@E I MOA 7 _ 7 h 7 uJA 7 S@C ,�s>m>k 9 . Z_n m no` c
 �;p � 	  	 ���rq*s
t " _n0GK[./K[S)%)#�#!%6R'0^B8%LDP;�a�0[%L& 7

u�BlM C Bn.�a C1C KG%XR C % U�[�uGM I ADC:;>? I A 7Tv�cJa C M);<;1%6&2&(% =@CFEGH@EGu 7GQ:QF7 S@C|A 7 KP=lMOC 7 _ ./%'v &vM U�[�uGM I ADC:;>? I A 7
w v ./KYx C ,x%�;�a�R�0?BKa�R�BJs flc ;�MO0

w v ,�s .yVBz!{d|r} \~v ,�s�k { .
+�,'.�/214365�7�5�/>9�:�<J.>=?/;=K@A<�/25436CD@*9�=�.�E

 �;p � 	  	 ���rq*s�� " @4�>#6B8wLD^%X./%XB�0[M C #),�B�,?a C B8%LDP;�a�0),2#|K 7
� C #��>#LB8w6DF%P./%AB�0NM C #),�B�,
a C B8%6D$;�a�06,2#|K��|cAa�R�#6,2D$;U&(%6DF% C B�#��>#6B8w6DF%PB8%6D$;�a�06, #!K)c������ V ,��j�-[ U [ = .

#|%:S�aODP;�a>#|%�./%��
� � C #��>#6B8w6DF%X./%XB�0NM C #),�B�,
a C ��� V ,K�-[���[�� . c
� � C d>%[S|B8%6R�0 U .�I �!aO0)&^aGV/%)#)c
� � C %�]]a C S|B�,?a C .JI KLB�, ~ R-%|BlM!V/% = ~ R',\M>#)#ea!SL,l%H�QS6��M ~ R-%�B�0NM C #),�B�,
a C .'%J� &+%HB�06, ;U&+%|B = ,@,?�;[���[$� � .@.'V

,?�;[ ,
��[��4[_��[�: . [$��� . M6;<;-%6&(K ADC:; IRQ ?BAD?XM I A 7 KP=wMOCD? Q E 7��`T�% &+M/EG%L&$./%*S�%LBxB8%*./%60 C ,lw60G%<,
��[��4[_��[�: . %6#6B
M);<;-%6&(K _{;>g 7 _bA 7 KP=lMOCD? Q E %|B�%)#LB}./K
x C ,�S�a�D�DF%?#)R�,�B��
� �i%)#6B}R C % U � S�a C B�0NMO, C B8%�M6;<;-%6&(KG% y�;>CFH 7��
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CED�FG8	H�AB:$;!=

IEJ�K 3MLONPLRQ�3!3TSVU

IWJ�K LX/YLRQ�3[Z4NGL J 3!3\S U

I NPL^]!3TSE_

`MaVbdcR�Rcfehgji�t@7 KP=@_ 7 H 7LQFU	Q AFWJK 7 H 7 ADC:; IRQ ?BAD?XM I A 7 KP=lMOCD? Q E c

kml*�� "� � �gqAsYt�T�M�x�V�Ronqp[r��9s�DOa C BEn%pQR C pGatp6Dmuwvxpzy	{�Dmuwvxp}|JI R C y��~y6B8w6D�p}|tp^BEnNM C y	{�BE{
a C B.p6Dmu�a�n�{�y!K
DOa�|/K�v<{9yLM C BbR C B��tn%pGM�|�Se�<S!v<{ ~ R�p���T?I �!a�n�v^aGVtp { D�p	y6RonqpdvxpnB.p6Dmu�ynK[S�a�R�v(K+|tp.ubRo{9y\vGI M�n�n�{2d>K�p�|�RXB��on%p[Mt|>cGp�vVvxp
p	yLB\nqp6D�{�y�p:���zK�n_aXp C u�n%p C M C B�vvM�BEn[M C y	{�BE{?a C KLBE{ ~ RWpLB8Kqphu�M�nQLo���FM8s��1u�M�nLBlM C BM|tpYv[I KLBlMOBh���E����v4M � �{d�p�n�y
� L�M { M � ������pLBxB.pPBEn[M C y	{�BE{?a C p	yLBUV<M�n%|/Kqp�u�M�n��'��� }��8{M���>}2}t��� �WvvMXBEn[M C y	{�BE{?a C u�p6R�B��LBEn%p�]�nNM C S6�t{�p�u�aORon
vxp	yPdzM�v�R-MOBE{
a C |tp { p C BEn%p���� } p|B �>}2} g S�p	y�dzM�vxp6R�n�yh{ C |�{ ~ RWp C B�c�n%p�y�u�p[S!BE{2d~pLD�p C B�c�vfp	y E_a�n C p	ym{ C ]!K�n�{�p6R�nqp
pLBPy)R�u-K�n�{�p6R�nqp[|tp	yAB.p6Dmu�y+|JI M�n	n�{�d>Kqp�|�R^B��tnqp[M�|��1T�M?BEnNM C y	{�BE{
a C KLBlM C B�|tpPB
��uWp H@EJ_{; U ;>g@_ 7>c�p!v9vxp�|�a�{�B��LBEnqp
uwn�{�y�p?MORzuwvYRoy�BlM�n%| ~ R-M C |�v+M^dzM�vYR-MOBE{?a C |op { MOBxB.p�{ C B �>}2} �hT?I �!a�n�vbaGVop�X�p	yLB R�BE{9v<{�y!KqpXM�x C |op�D�p	y6Ronqp�n
vxpAB.p6Dmu�y+|tp�y|KV ]a�R�n�|<M C yMvGI KLBlM<B¡|tpPS�a C BEn%¢�vxp\£!¤~¥�v4� { M � ����udv9vxp�p�y6BPnqp6D�{9yTp$�m��K!n�a+u�M�n�v+M�BEn[M C y�{�BE{?a C |op
B
�	u�p S@CDy 7JI A KLBE{ ~ RWpLB8Kqp�u�M�n�£�¤~¥�v4� { �!�JTJMQV<M�n%|tp {��§¦>} { C |�{ ~ RWpzvfp¨nqpLBlM�n%|tp6D�p C B`D^M!a�{�DQM�v�M�R�BKa�n�{�y!K
�}vGI KLBlMOB � L�M { M � ��yLM C y�d�{?a�vfp!nhvGI K[S6��K[M C S�p�|�R B��tnqp[M�|��G©\{ C M�vxp6D�p C B�c�vvMFBEnNM C y	{�BE{
a C KLBE{ ~ R�pLB8K�pMu-M�n��0�����_v
C pdu�p6R�B��LBEnqp\]�nNM C S6�t{�p ~ RWpMu�a�R�n�R C p dzM�v�R�MOBE{?a C |tpdX�p C BEnqp1���Rp|B �>} g S�p�y]a C B�vxp	yHdzM�vxp6Ron	y1|tphy!KV eaORon
D�{ C {2D�R�DªpLB$DQM�a�{2D�R�Dª|<M C y}v[I KLBlMOBM£!¤~¥�v4� { M � ��� TJM{S�a C BEn[M�{ C B.p {�� � }2} pGa	uwn�{2D�pjvGI K[SL��K[M C S	p«|�R
B��tnqp[M�|��

¬^ p � 	  	 ���rq*sx®°¯x@�K6D^M C BE{ ~ RWpz|tp	y[y���yLB8w6D�p	yY|tpXBEnNM C y	{�BE{
a C B.p6Dmu�a�n�{9y|K	y²±
�¡³µ´!¶�·�¶�|¹¸ ºo³�y���y!¶8w�»�p�|tpz¶En%·�³�y	{E¶E{?a�³�¶.p�»mu�a�n�{�y�´ ����� V �����-[ U [�¼ � c��j� V �K�-[�� [�� � c�p�y�¶dºo³�p

u@·�{Vnqp}�?�;[[s � a�½ � f �¾p	y�¶dº�³µ´!¶�·�¶+|tp�¿�a�³�¶En'¢�vfpjp!¶�s f"c º�³�p:d�·�v<º�·�¶E{
a�³µ|tp	y���a�n	v^aqÀtp�y]��Á¹p¨y���y!¶8w�»�p
|tp�¶En%·�³�y�{V¶E{?a�³^¶.p�»mu�a�n�{9yT´�|t´Yx\³W{V¶�º�³�phnqp�vf·�¶E{
a�³R|tp�¶En%·�³�y	{E¶E{?a�³ �µÂWÂ�Ã�Ä �K�4Å cz� Å^�
��Æ i � Å^�K�µÅ c¨� �

Ç a�{V¶d�?�;[%È �df �ÉÅ c}Ê a�³�·
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687 KNM	H@WJ_ 7ZQ EJKi; I AD?X�xS 7 Hba S I ������7GQ A}S I2QDUVQ AFWJK 7 H 7 ADC:; IRQ ?BAD?XM I H@M I A¡_ 7GQ ADC:; IRQ ?BAD?XM IRQ�Q M I A�H 7
H 7 S t uk;>AFEJy^MOCD? 7GQ�N u 7 _B_ 7GQ EJAD?X�xS 7 AFE 7GQ =<;>CTH 7GQ _{;>g 7 _ Q H 7�� C 7 =@CFE QF7JI A 7JI A�S I uF9<; I y 7 K 7JI A�HbafEJA:;>ALH 7
uGM I ADC��O_ 7dc e 7 _B_ 7GQ EJAD?X�xS 7 AFE 7GQ =<;>C�H 7GQ|7JI AD? 7 C Q C 7 =@CFE Q:7JI A 7JI A�_safEGuGMOS@_ 7 K 7JI AZHVS2A 7 KP= Qkc
�|I uF9<; I y 7 K 7JI A}HbafEJA:;>A�H 7 uGM I ADC��O_ 7|QF7�� ;>?BA 7JI � C:; I u:9@? QFQ ; I A]S IR7 ADC:; IRQ ?BAD?XM I HVS ����� Q ?@_{;Zy�;>CFH 7

� H 7 u 7 ADA 7 ADC:; IRQ ?BAD?XM I�7GQ AZEJhd;>_BSRE 7o��Èt�2L�M =wMOS@C�_{;Nhd;>_BS<;>AD?XM I uGMOS@C:; I A 7 HVS�h 7 uJA 7 S@CTHba 9RMOCD_XMOy 7GQkcl687
=<; QFQ ;>y 7 Hba S I EJA:;>ATH 7 uGM I ADC��O_ 7N� S I ;>S@ADC 7Q:7!� ;>?BA�? IRQ A:; I A:; I EJK 7JI A j QF7 S@_ 7GQ _ 7GQ 9RMOCD_XMOy 7GQ ;�� 7 uJAFE 7GQ
=<;>C �oQ M I A|uF9<; I y^E 7dc
�|IR7 ADC:; IRQ ?BAD?XM I EJAD?X�xS 7 AFE 7 =<;>C4S I 7JI AD? 7 C 9 C 7 =@CFE Q:7JI A 7 _safEGuGMOS@_ 7 K 7JI A�H 7 9 S I ?BAFE Q H 7 A 7 KP= Q

;>S KOPJK 7 EJA:;>A�H 7 uGM I ADC��O_ 7dc�6 afEGuGMOS@_ 7 K 7JI A�HVS A 7 KP= Q�Q S@C2S I EJA:;>A�H 7 uGM I ADC��O_ 7 I a 7GQ A2=lM QFQ ?Bg@_ 7
�xS 7 Q ? ·�º@¿Tºo³�p ADC:; IRQ ?BAD?XM I Q MOCDA:; I A 7 H 7 u 7 ANEJA:;>A IR7 H 7 h	? 7JI A º�nEÀtp!³�¶.pJc]6 afEG��S<;>AD?XM I¶�Rcfe �xS<;>_B?~� 7 _{;
uGM I HV?BAD?XM I Q MOS Q _{;O��S 7 _B_ 7 _ 7 A 7 KP= Q = 7 S¶=@CFMOydC 7GQFQF7 C QF7 _XM I _ 7 A U = 7 Hba S@CDy 7JI u 7dc]6 7"� C:; I u:9@? QFQF7 K 7JI A
Hba S IR7 ADC:; IRQ ?BAD?XM I�|t´!vB·>��·$#!vfp = 7 S@AJPJADC 7 C 7 A:;>CFH@E�A:; I A��xS 7 _ 7 A 7 KP= Q EGuGMOS@_XE IR7 H@E Q ;OuJAD?Bh 7 =<; Q _{;Ly�;>CFH 7
� �D;>Ki;>? Q c@��IR7 ADC:; IRQ ?BAD?XM I H 7 A U = 7�ºon�Àtp�³�¶}7GQ A j uGMOKPK 7TQ M I A I MOK Q _sa ? I HV?X��S 7dj S@CDy 7JI A 7 ;>S QFQ ?BA��OA��xS 7
Q ;y�;>CFH 7L7GQ A¡hxC:;>? 7dcR�|IR7 ADC:; IRQ ?BAD?XM I«u@·�nqp	y�y�p�ºty�p�I a 7GQ A��F;>Ki;>? Q S@CDy 7JI A 7dc
% @A<JI!/;=K@A<J. 7'5�C�9�=)@*9�=K/>E

�|IR7&� M I uJAD?XM I H 7 =@CD?XMOCD?BAFE 7GQ AoS IR7&� M I uJAD?XM I¶Q S@Co_ 7GQ EJA:;>A Q H 7 uGM I ADC��O_ 7�7 Ao_ 7GQ hd;>_BS<;>AD?XM IRQ H 7GQ
9RMOCD_XMOy 7GQkc e 9<;O�xS 7 uGMOS@=@_ 7'� MOCDKNE�=<;>C}S I EJA:;>A}H 7 uGM I ADC��O_ 7T7 A�S IR7 hd;>_BS<;>AD?XM I HVS h 7 uJA 7 S@C�Hba 9RMOCD_XMOy 7GQ
_BS@? 7GQ A�; Q:Q MxuJ?XES I MOCFHVC 7 H 7 =@CD?XMOCD?BAFE c 687GQ MOCFHVC 7GQ H 7 =@CD?XMOCD?BAFE Q C 7GQ ADC 7 ?By IR7JI A�_ 7 uGMOKP=lMOCDA 7 K 7JI AoHVS
QDUVQ AFWJK 7¡7JI =@C 7JI ; I A]S IR7 ADC:; IRQ ?BAD?XM I =@_BS Q =@CD?XMOCD?BA:;>?BC 7�� S IR7 ;>S@ADC 7 ADC:; IRQ ?BAD?XM I KNMO? IRQ =@CD?XMOCD?BA:;>?BC 7dc	687GQ
=@CD?XMOCD?BAFE Q(� MOCDK 7JI A¡S I MOS@AD?B_lH 7 C 7GQ ADCD?XuJAD?XM I m<7\t ?Bg@_ 7Z7 A}uGMOKP=lM Q ;>g@_ 7 �xS@?´CFEGHVS@?BA}_ 7 uGMOKP=wMOCDA 7 K 7JI A�HVS
QDUVQ AFWJK 7oQ ; IRQT7JI KNM	HV?~� 7 CL_{; Q ADCDSRuJADS@C 7dc e a 7GQ A�;>S QFQ ?`S I KNM U^7JI EJ_XEJy�; I A���S@?�= 7 CDK 7 ALH 7)� MOCDK�S@_ 7 C
Hba S I Ki; I ?XWJC 7 S I ?~�<E 7 H 7GQ ; Q = 7 uJA Q�� M I uJAD?XM I@IR7 _ Q�7 A I M I"� M I uJAD?XM I@IR7 _ Q H 7GQ�QDU	Q AFWJK 7GQkc
¬^ p � 	  	 ���rq*s^q ¯�*Mn'|�n%p�|tp�uwn�{?a�n	{E¶.´²±
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g�c e 7 uJ? 7GQ A�C 7 =@CFE QF7JI AFET=<;>C�_{;oy�;>CFH 7��YX4m | g ��� c

g 6 ;2=@CD? QF7 H 7 _{;2ADC:; IRQ ?BAD?XM I EJAD?X�xS 7 AFE 7 =<;>C i [ j u 7 �xS@?�uGMOCDC 7GQ =lM I H � _{; I MOAD?~�<uk;>AD?XM I =<;>C�S I
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IR7 K 7JI A n�{�p��wQ ;oh	?BA 7GQFQF7 H 7 u:9<; I y 7 K 7JI A q �xS@?zuk;>C:;OuJAFEJCD? QF7 _ 7GQ A 7 KP= Q Hba ;>CDCD?Bh^E 7 H 7GQ AD9@C 7 ;OH Qkc � MO? 7JI A
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H 7 S t ;>CDCD?Bh^E 7GQ�Q SRuGu 7GQFQ ?Bh 7GQkcR6 ;��RydS@C 7��RcLÇ KNM I ADC 7 _safEJAD?X�xS 7 A:;>y 7 H 7GQ ADC:; IRQ ?BAD?XM IRQ Hba ;>CDCD?Bh^E 7dc
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�:j ;khO; I A�S IR7 u 7 CDA:;>? IR7 EGuF9REk; I u 7dc`687GQ
EGuF9REk; I u 7GQTQ M I AZH 7GQ uGM I ADC:;>? I A 7GQ A 7 KP=lMOC 7 _B_ 7GQ H@E\� I ? 7GQZ� _{;iuGM I u 7 =@AD?XM I HVS QDU	Q AFWJK 7 A 7 KP= Q [sCFE 7 _ 7JI
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uGM I ADC:;>? I A 7 HbafEGu:9REk; I u 7�Q S@C�_ 7GQ y�;>CFH 7GQ HVS�KNM	H@WJ_ 7dc
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[1] p IOBuffer
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[14] beginCompute
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[9] ! DataBuffer
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[10] v IOBuffer
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[11] v DataBuffer
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[1] deadline delayable;
when t=T;

  informal ’arrive’;
  set t := 0;

waiting

[1] acquire RES;
en t<=(D - E);

informal ’compute’;
set x := 0;

computing

[1] deadline delayable;
when x=E and t<=D;

  informal ’sleep’;
  release RES;

  reset x;

sleeping
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Writer W0

W1

V.lock

W2

[2,3] write

W3

L.lock

W4

[1,1] Late:=false

W5

L.notify

W6

L.unlock

V.unlock

Refresher R0

R1

L.lock

R2

[1,1] Late:=true

R3

L.timed_wait(13)

R4

V.lock

R5

[1,1] Fresh:=!Late

R6

V.notify

R7

V.unlock

L.unlock

User U0

U1

wait_for_period(20)

U2

V.lock

U3

if( Fresh)

U6

if(!Fresh)

U4

[2,2] Fresh:=false

V.wait

U5

V.unlock

[5,6] use
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TrajectoryControl Lifter Putter

Controller

SensorReader

if (! x) if (x)

[4,8] lifterCommand

C.lock

[0,1] T:=true
P:=true

C.notifyAll

C.unlock

x:=wait_for_period(40) 

P_0

if (true)

P_2

C.lock

P_3

if (P)

P_1

if ( ! P)

P_4

[0,1] P:=false

C.unlock

C.wait

C.lock

P_5

C.unlock

P_6

[4,8] putterCommand

P_7

C.lock

P_8

[0,1] T:=true

P_9

P_10

P_11

P_12

C.notify

C.unlock

C_4

S_4

S_5

C_5

if (!z)

if (!y)

C_2

S_2

if (z)

if (y)

C_0

S_0

L.lock

S.lock

C_1

S_1

[0,1] control

[0,1] update

C_3

S_3

L.unlock

S.unlock

z:=wait_for_period(16)

y:=wait_for_period(24)

if (true)

C.lock

if ( T)

T_4

T_5

T_1

if ( ! T)

[0,1] T:=false
C.wait

C.unlock

C.lock

C.unlock

S.lock

L.lock

[0,1] read

[5,6] setPoint

S.unlock

L.unlockT_10

T_10

T_0

T_2 T_3

T_6

L_7

L_0

T_9

T_9

L_1

T_7

L_2

T_8

T_8

L_3

L_4

L_5

L_6
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