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tuwmb3a�p�n&^�bZtujmr¡bOwÄk'o �`bOjmr¡~Kq�jmr¡q�n�b3km^`b3k'r¡a b�r�qKk'b	w'­Htz��®�b	k{§�bOb	q�a b�k'tz¥¦�)tHk't7p`���`tzkmbOj,rsj,b�¾1�=bOn�kmbO��kmo
®=b�w'b	�stHk'r¡­Kb	��i\^`r�~u^0ª²],^`r�j�tz���¡oH§:j�km^`b�b�¾PkmbOq)jlr�­ub�p)jlb�oz±:n	tKn&^`r¡q)~)�Ijlr�q)n�b�n	tun&^)bO�¢�`tzk't²tuwmb�bOr¿k'^`b	w
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jmr�a7�)�¡b�k'o½r�a7�)�¡bOa7bOq?kOª�´»r¡~Kr¿k&tz���¡i jmr¡~Kq`r¡q)~½t½jlr�q`~K�¡b�w'oPozk�®)�¡o1n&°�§/r¡km^²km^`b7tu�1a r�q`r�jlkmw&tHk'ouwZ¼ j,�)wmr�­HtHkmb
°Kb	i½tuq)��p�jlr�q`~ ouq`b	¥F§,t¹i ^)tujm^�±Îp`q)n�k'r¡oKq)j:tu�¡��oH§:j,n���r¡bOqKk&j�kmo ­ubOwmr¡±Îi km^)b�r¡q?kmbO~uw'r¿k{i½tuq)��tzp1k'^`b	q?kmrsn�r¡k{i
ou±8tu�¡��¨)��b�jli1jlkmbOa �`tHk&t`ªxÂ8r�q)tz���¡iK�`n�oKq)jlrsjlkmb	q�n�i�rsj,^)tzw&�1��i�t7�`wmoK®`��b	a jmr¡q)n	b�ouq`��i�t jlr�q`~K�¡b�p)jmb	wZ�Pkm^`b
tK�1a r¡q)r�jlkmw&tHk'ouwZ�PnOtzq�a oP�`r¿±Îi�km^`b�¨)��b�jmiPjlkmbOa ª
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§/w'r¡kmbOj»tzw'b�±µtujlk3jmr�q)n�b�km^`bOwmb�rsj»q`o�n	b	q?kmw&tz�8jlbOwmrstz��r¡£ZtHk'r¡oKq��=our�q?k7³µ�¡r�°ub7d3n	bOtuq)j{k'ouw'bu¼ j/�`w'r¡a�tuwmi�kmr�b	w�·��
tuq)�©jmbOn�oKq)�����`tHk&t½n	tuq`q`ouk�®�b�oH­ubOwm§/w'r¿kmkmbOq�®Pi©t�a�tz��r�n	r¡oKp)j/p)jmb	w3jlr�q)n	b�ouq)�¡i�km^`b��¡oK~)¼ j/oH§/q`bOw�n	tuq
tu�`�=b	q)� �`tzk't»kmo�r¡kOªS¶:oH§�b	­Kb	wZ�HtujIk'^`b/qPp`a�®=b	wSou±=p)jmb	w&jSjm^)tzw'r¡q)~3t�~Kr¡­Kb	q�¨)�¡b:jmi1j{k'b	a�r�q)n	wmbZtujmbOjO�Hkm^`b
qPp`a�®�bOwIoz±)��ou~?j¸k'^)tHkSq`bObO��k'o�®�b�kmw&t¹­ubOw'jmbO�3k'o�j'tHk'r�jl±Îi�t�w'bOtK��oK��bOw'tzkmr�ouq�tu��jmo�®=bOn	oua bOj8�stzw'~ub	wZ�Zkm^Pp)j
r�q)n	wmbZtujmr¡q`~7q`b	k{§�oKwm° k'w't�B�nuªS�:�¡km^`oKp`~u^�km^`b�qPp`a�®�bOw/oz±I´»¶»tujm^ jmb	w'­ubOw'j�n	tuq�~KwmoH§.kmo ^Pp`q)�1w'bO�`j,ou±
k'^`oup�jmtuq)�`jO�Pkm^`b�qPp`a�®�bOw:oz±8«¬­?i�p)jmb	w&j/jl^)tuwmr�q`~ t7~ur�­ub	q�¨)��b��1oPbOj/q)ozk:jmnOtz��buªx��q`ozk'^`b	w/�`w'ou®)�¡bOa r�q
«¬­Pi�r�j�km^�tHk3tu�`�`��r�nOtHk'r¡oKq)j:^)t¹­Kb��¡r¡klk'�¡b7n�oKqKk'wmoK�0oH­Kb	w/k'^`b�n	ouq)jmr�jlkmbOq)n�i�oz±x�`tzk't)ª��:�¡km^`oKp`~u^\«¬­?i�p)jmbOj
t�n�oKq)jlrsjlkmb	q�n�i¯a7o1�1bO��jmr�a7r��stzw�kmo�n	�¡o?jlb	¥Xk'oz¥¦ou�=b	q¢n�oKq)jmr�jlkmbOq)n�iK�Itu�`�`��r�nOtHk'r¡oKq)j�nOtzq`q)ozk�±Îp`����iW�1bOn	r��1b
§/^)b	q�§/w'r¡klkmbOq��)tHk't7tzw'b��)wmoK�)tz~?tHkmbZ� kmo�km^)b3q)b�k{§�ouw'° ³Îkm^`rsj,rsj��`p`b3kmo�km^`b��stun&° oz±It c �Id�g �6|/v,c
r�q�km^`b�Æ»ÂSg�­�67�`w'ozk'oPn	ou��jm��bZn�r¡¨�n	tzkmr�ouq�·�ª
d3n	bOtzq�j{k'ouw'b�9¡ÅZ�*<�p)jmbOj�t�n�oKa �`�¡b	kmbO�¡i �1r �=bOwmbOqKk�tz�`�`w'oKtKn&^�k'o�^)tuq)�1��r¡q`~�p`�=�)tHkmbZjÄ®Pi7r¡q?k'wmo1�1p)n	r¡q)~

jmoua b,�1b	~KwmbObÄou±=n�bOq?kmw&tz��r¡£ZtHkmr�ouq0ª0� �`wmr�a�tzw'i�kmr�b	wIoz±=q`o1�1bOj8p)jmbOjSt3Á�iP£Otzq?k'r¡q`b	¥X±µtup`�¡k�k'ou��b	w&tzq?k�³XÁ�ÂI]:·
9�Å	��<Stu�¡~Kouw'r¿k'^`a-kmo�jmb	w'rstz��r¡£Ob�tz����¨)�¡b jmiPjlkmbOa p`�=�)tHkmbZj�n�oua r�q`~½±Îw'oua jmbOn	ouq)�`tuwmi�kmr�b	w3q`o1�1bZj	ª�gPr�q)n�b
Á,ÂI] r�j3À?p`r¡kmb�b	¾1��bOq)jlr�­ubK�)�`w'r�a tuwmi�kmr�b	w»q`o1�1bOj»a�p�j{k�®=b�^)r¡~K^`�¡i w'bOjmr¡��r�b	q?k�q`o1�1bZj:��oPnOtHk'bO�©r�q©^`r�~u^1¥
®�tzq)�1§/rs�Pk'^�tzw'bOtKjSoz±�k'^`b»q)b�k{§�ouw'°=ªSd3n�bZtzq)jlkmoKwmbK¼ jx�`bOjmr¡~Kq`b	w&jxtuj'jmp`a b:km^�tHkÄk'^`bOjmb�q)oP�`bOjx§/r����=®=b»jmb�k
p)�½tzq)� a�tzr�q?k'tur¡q`bZ�7®?i t�n	oua a b	w&n�rstz�`jmb	w'­?rsn�b/�)wmoH­Prs�1b	wZª�],^Pp)jO�1d3n	bOtuq)j{k'ouw'b,a t¹i�q`ozk�®�b�jmp`r¡k'tu®`�¡b
±ÎoKw�t½n	oua a�p`q)r¿k{i�oz±xn�oPoK��bOw'tzkmr�­ub�p)jmb	w&j/§/rsjl^`r�q`~�k'o½p)jmb�t½jmi1j{k'b	a5§/^`r�n&^²�`o?bZj:q`ouk3�1bO��bOq)� ouq²t
n	b	q?kmw&tz��r�£	bO��tup1km^)ouw'r¿k{iKªId3n�bZtzq)jlkmoKwmb�tz�sjlo/k&tz°KbOj�r¡q?kmo�tunOn�oKp`q?k0q`b�k{§�ouw'°��¡o1nOtz��r¿k{i»kmo3ou�1k'r¡a r�£	b�wmbO�`��r�nOt
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��o1n	tzkmr�ouq¸ª0��q�r�q?kmw'oKjm��bZn�kmr�ouq��st¹iubOw¸�`w'oH­Pr��1bZj¸r�q1±Îouw'a�tHk'r¡oKq�tz®=oup1k�km^`b�q`b�k{§�ouw'°»n	ouq)�`r¿k'r¡oKq)j	�Htu�¡��oH§/r¡q)~
k'^`b�jli1jlkmb	a k'o7�1iPq)tua r�nOtz���¡i�tu�)tz�1k�r¿k&jlbO�¿±¸k'o�k'^`b�n�p`w'wmbOq?k�b	qP­Pr�wmoKq`a b	q?kOª �¸o1n	tu�¡r¡k{i7a tuq)tz~Kb	a b	q?k�r�j
tu®)jmb	q?k/r¡q «¬­Piuª
vStzq)~KtzbZt 9�ÅO�*<:�1r �=bOw'j�±Îw'ouaÃ«¬­Pi¤tuq)� d3n	bOtuq)j{k'ouw'b�r¡qºkm^)tzk7r¡k��1oPbOj�q`ozk7wmbO�¡i¤ouq t²°Kb	i?¥F®�tujmbO�

w'oup`kmr�q`~ ��t¹iKb	wZª�«¬q)j{k'bOtK���0oK®1y{bOn�k��¡o1n	tzkmr�ouq¯r�j�tun&^`r�b	­KbO��®?i�a�tzr�qKk&tzr�q`r�q`~©t ~uw&tz�`^�oz±,�¡r�­ub�w'b	�`��rsn	tuj
k'^`w'oup`~K^�§/^`rsn&^�p`���`tHk'bOjItzw'bx�`w'ou��tz~KtzkmbZ��®?i >�o?o1�1r�q`~3t»jm��bZn�rstz�?a bOj'jmtu~ub�nOtz���¡bZ��^)tuwm®`r�q`~Kb	wZª0e©ouw'b�¥
oH­Kb	wZ�Kt�wmbO�`��r�nOt�oz±8t�¨)��b3ouw,�1r¡w'bOn�kmoKwmi7r�j,n	wmbZtHkmbZ�½oKq½bOtKn&^�n���r¡bOq?k�k'^)tHk:tunOn�bZjmjmbOjxkm^`b»¨)��buªx�:�¡km^)oup`~K^
k'^`rsj/wmbZ�1p)n	bOj/w'bOtK���stHk'b	q)n	iu�`r¡k»n	tuq ~ub	q)b	w&tHkmb�tuq�r�a ��oKwlk&tzq?k�tza oKp`q?k,ou±�k'w't�B½n�§/^`b	q©p`���`tzkmbOj�tzw'b
�)wmoK�)tz~?tHkmbZ��ª
� r¡km^ k'^`b/tzr�a oz±�¨)q)�1r�q`~�t�jmou��p1kmr�ouq�kmo3km^)b:jl^`oKwlk&n�oKa7r�q`~?j0ou±�k'^`bOjmb/jli1jlkmb	a�jI§�b,^)t¹­ub,�1bOjmr�~uq`bZ�

vStKj{k'r�jO�?t�^`r¡~K^`��iK¥¬j'n	tz�stz®)�¡bK�un�oKa7�)�¡b	kmb	��i��1bOn	b	q?kmw&tz��r�£	bO�7a�p`�¿k'r¿¥¦§/w'r¿k'b	wÄ�=b	bOwl¥Fkmou¥F�=b	bOwS¨)��b»jmi1j{k'b	a ªSÂ`ouw
bO­ubOwmi�¨)�¡b�ouw��1r�w'bOn�k'ouw'i�vStujlkmrsj:°Kb	bO�)j:tzq©r�q`o1�1b�oK®1y{bOn�k�r�q©§/^`r�n&^²km^`b�¨��¡bK¼ j�a7b	k'tK�`tHk&t½tzw'b�j{k'ouw'bO��ª
�»jxr�q km^`b
	:q`r¡¾½Â�r���b»gPi1j{k'b	a �?r¡q`o1�1bZjÄtu��jmo�n�oKqKk&tzr�q�t��¡rsj{k�oz±��=our�qKk'b	w&jIkmo�km^`b��)tHk't�®`�¡o1n&°1jSr�q�§/^`rsn&^
k'^`b�¨)��b�oKw��1r�wmbZn�k'ouw'i�n�oKq?kmb	q?k&j�tzw'b½j{k'ouw'bO��ª©���¡��®`��oPn&°1j�tuwmb½jlkmoKwmbZ�¯p)jlr�q`~©k'^`b�vStKj{k��`r�jlkmw'r¡®)p1kmbZ�
^�tujm^�k&tz®`��bu�Pk'^?p�j/®�bOq`b�¨)kmr�q`~ ±ÎwmoKa km^)b��¡o1n	tu�¡r¡k{i½�`w'ou�=b	wmkmr�bOj,ou±�®=ozk'^�vStKj{k�tuq)��vStKj{k'wmi 9 ��<¦ª
d»p`w�jmi1j{k'b	a*rsj�n�oKa �`�¡b	kmbO�¡i²�1bZn�bOqKk'w'tu�¡r�£	bZ��ª�gPbOn	p`wmr¡k{i²rsj�tun&^1¥¦r�b	­ubZ�©®Pi\jmr¡~Kq`r¡q)~�r�q`o1�1bOj�®=b�±ÎoKwmb

r�q)jmb	wmkmr�q`~�km^`bOa�r�q?kmo�km^`b�vItKj{k�q`b	k{§�oKwm°�ª �ÄtKn&^�r�q`o1�1b�rsj�j{k'ouw'bO�\r¡q¢t©jm��bZn�rstz�S®`��o1n&°\n	tu�¡��bO��	�jmb	w
c�bOwlk'r¿¨=n	tHk'b�Á���o1n&°��¸ouw�	�c�Á»ª�´»tzk't�®`��oPn&°1j�tuwmb j{k'ouw'bO��r¡q¤r�a a�p1km¥¦tu®`�¡b�c�oKq?kmb	q?km¥¦¶»tujm^�Á��¡o1n&°1j�jmo
k'^)tHk�km^`bOr¡w,r�q?kmb	~Kwmr¡k{i n	tzq�®�b3bOtKjlr��¡i7­ubOwmr¡¨)bZ��ª8���¡��®`��o1n&°1j�tuwmb:w'b	�)�¡rsn	tzkmbO�½r¡q½oKw'�`b	wxk'o�r�a �`w'oH­ub/±µtup`�¿k
k'ou��b	w&tzq)n	b3tuq)��kmo�w'bO�1p)n	b3km^`b�r�a �)tun�k:oz±�q)b�k{§�ouw'°���tzkmb	q�n�iuª
],^`b/�stun&°�oz±�t3n	b	q?kmw&tz�`jmb	w'rstz��r¡£ZtHkmr�ouq���oKr¡q?kxa bOtuq)j8km^�tHk�n	ouq�>)rsn�k&jIa�p)jlkx®=b:�1b�k'bOn�k'bO� tzq��7jmou��­ubZ�

r�q\t��1r�jlkmw'r�®`p1kmbZ�²a�tzq)q`b	wZª»],^`rsj3n	tzq�tun&^`r�b	­KbO� p)jmr¡q)~�­ubOw'jmr�ouq©­ubZn�k'ouw&j:tzq)�²°ub	bO�`r�q`~�oK���©­Kb	w&jlr�ouq�j
ou±0k'^`b�r¡q)oP�`bOj/jmo�k'^)tHk:n	ouq�>)rsn�k'r¡q)~7oK��bOw'tzkmr�ouq)j,nOtzq�®�b��stHk'b	w,p`q)�1oKq`buªx��k/k'^`b�kmr�a b�oz±8km^`b�§/w'r¿k'r¡q`~
ou±�k'^`rsj:�1o1n�p`a bOqKk»§�b�^)t¹­Kb3oKq`��i�r�a7�)�¡bOa7bOq?kmbO� t�n	ouq�>)rsn�k:w'bOjmou��p1k'r¡oKq�j'n&^`b	a b�®)tKjlbZ��oKq�km^`b��stujlkl¥
§/w'r¡kmb	wm¥¦§/r¡q)j�w'p`��buªx� a ouw'b»w'ou®)p)j{k:n	ouq�>)rsn�k:w'bOjmou��p1k'r¡oKq�a bOn&^)tuq`rsjla rsj/��b�± k/±ÎoKw,±Îp1kmp`w'b�§�ouw'°=ª
� b©^)t¹­ub�r¡a �`��b	a bOqKk'bO� t��`wmoukmouk{i?�=b�§/wmr¡klk'b	q r¡q�
?t¹­¹t)ªW«¦k½w'p`q)j7ouq t\a o1�1r¡¨)bO� ­Kb	w&jlr�ouqWou±

k'^`b�Â`w'b	bOvItKj{k'wmi 9 ��<Sou�=b	q¤jmoup`w&n�b�r¡a �`��b	a b	q?k&tHkmr�ouq¯oz±�vItKj{k�tuq)�²vStujlkmw'iuª � b ^)t¹­Kb�a o1�1r¡¨)bO�\km^`b
oKwmr�~ur�q)tu��Â)wmbOb	vStujlkmw'iu�P~Kb	q`bOw'tu�¡r�£	r�q`~�km^`b ��0�0���%��\vStujlk�n	tu�¡�¸jmo7km^)tzk,oKq`b�ouw,a ouw'b��`w'bO�1rsn	tzkmbOj,nOtzq ®�b
jm�=bOn�r¡¨)bZ�¢®Pi�k'^`b�tu�`�`��r�nOtHk'r¡oKq¸ª\],^`rsj�tu�¡��oH§:j�p�j�k'o²b-B½n�r�b	q?k'�¡i¤w'b�kmw'r�b	­ub�tzqWr�q`o1�1b�w'b	�)�¡rsn	t©§/^)oKjmb
k'r¡a bZj{k&tza � r�j,q`ouk:ou�s�1b	w�k'^)tzq©t7~ur�­ubOq�­Htz��p`bKª
],^`rsj»�)tz�=b	w3a�tz°ubZj,km^)b�±ÎoK�¡��oH§/r¡q)~½n�ouq?k'wmr�®`p1k'r¡oKq)j	ª�«¦k3r�q?kmw'oP�`p)n�bZj�t½n	oua �`��b�kmbO�¡i©�1bZn�bOqKk'w'tu�¡r�£	bZ�

a�p`�¡kmr¡¥F§/w'r¿k'b	w��=b	bOwl¥Fkmou¥F�=b	bOw�¨��¡b²jmi1j{k'b	a k'^)tHk�jmp`�`�=ouwmk'j�tuq tuwm®)r¿k'w'tuwmi¤qPp`a�®=b	w�ou±3p�jlbOw'jOª «¦k��1b�¥
j'n�w'r�®�bZjSjlbO­ub	w&tz�1oK�1kmr�a r¡£ZtHk'r¡oKq)jSoz±=km^)b:vStujlkÄ´»¶»]ºk'^)tHk�n	tzq r�q)n�w'bOtKjlb,r¡k'jS�=b	wm±Îouw'a�tzq)n	b/®Pi�w'bO�1p)n	r¡q)~
q)b�k{§�ouw'°�n�oKa a�p`q`rsn	tzkmr�ouq¸ª,«¦k��)wmbZjlbOqKk&j,km^)b�w'bOjmp`�¿k&j:ou±IoKp`w:�`w'ozk'ozk{iP�=bu¼ j/b	­Htz��p)tzkmr�ouq©p)jmr¡q)~�jlbO­ubOw'tu�
n	ouq1¨�~up`w&tHk'r¡oKq)j�tuq)��kmbZj{k�j'n�bOq)tzw'r¡o?j	ª
],^`b»wmbOa�tzr�q`r¡q)~��)tzwmkÄou±�km^`rsjx�)tu��bOw�rsjÄtKjS±ÎoK�¡��oH§:j �IjmbOn�k'r¡oKq����1bZjmn	wmr�®�bZjÄjmoua b:~Kb	q`bOw'tu�)n�oKq)n�bO�1k'j

n	oua a ouq¯kmo²tu�¡��j{k'wmp)n�kmp`w'bO�¯�=b	bOwl¥Fkmou¥F�=b	bOw�q`b�k{§�ouw'°1j3tuq)�¤r�qKk'wmo1�1p�n�bOj�vStKj{k�tuq)�¤vStujlkmw'iuª�gPbZn�k'r¡oKq
6��`w'bOjmb	q?k&j3km^`b��`bOjmr¡~Kq�ou±�oKp`w�jli1jlkmbOa�r�q¯a oKwmb��1b	k'tzr��Fª�gPbOn�kmr�ouq¤� �`w'bOjmb	q?k'j�oKp`w��`w'ozkmouk{iP��b�tzq��
jmoua b�r�q1±Îouw'a�tHkmr�ouq©tu®�oKp1k:oup`w»jlr�a�p`�stHk'ouwZªx«¬q©jlbZn�k'r¡oKq©�7§�b��1rsjmn	p)j'j,km^`b�w'bOjmp`�¡k'j/ou±8oKp`w:�`w'ozk'ozk{iP�=b
bO­Htz��p)tHk'r¡oKq¸ªSÂ�r�q)tu�¡��iu�`jmbOn�kmr�ouq��7�`wmbZjlbOq?k'j�wmbO��tzkmbZ��§�ouw'°½tzq)� jmbOn�kmr�ouq ;�n	ouq)n	�¡p��1bOj�k'^`r�j:�)tz�=b	wZª
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e²oKjlk�ou±Äk'^`b�wmbZn�bOqKk�b �=oKwlk&j3tur¡a bZ�¯tzk��1bOjmr¡~Kq`r�q`~�b�B½n�r�b	q?kO��^`r¡~K^`��iK¥¬j'n	tz�stz®)�¡b�¨)��b jlkmoKw'tu~ub7jli1jlkmb	a�j
tuwmb�oKwmr�b	q?kmbZ�½k'oH§�tuw'�)j�km^`b�p�jlb�ou±Ijlkmw'p)n�k'p`w'bO����bOb	wm¥Xk'oz¥¦��bOb	w/q`b	k{§�oKwm°1jOªx�:�¡km^`oKp`~u^�k'^`b	w'b�tzw'b�jloKa b
jmi1j{k'b	a�j:®�tujmbO� ouq\p`q)jlkmw'p)n�k'p`wmbZ�©ouw»�¡oPo?jlbO�¡i j{k'wmp�n�kmp)wmbZ� q`b�k{§�ouw'°1j�³ÎbKª ~�ª¡��Â`w'b	bOq`b�k$9 �!< ·���k'^`b	i �stun&°
jmoua b�oz±�km^`b�°Kb	i�n&^�tzw&tun�k'b	w'r�jlkmrsn	j�oz±8^`r�~u^`��i�jlkmw'p)n�k'p`wmbZ��q)b�k{§�ouw'°PjO�Pq)tza bO�¡i��`b�kmbOwma r�q`rsj{k'r�n�w'oup1k'r¡q)~
tuq)��^`r¡~K^©jmnOtz�stz®`r��¡r¡k{iuª
d»q k'^`b�ozk'^`b	w�^)tzq)�¸�=jlkmw'p)n�k'p`w'bO��q`b�k{§�ouw'°1j,~up)tuw'tuq?kmb	b�a bOj'j'tz~ub��`b	��r¡­Kb	w'i�tzq)�©tKn&^`r�b	­ub�t ^)r¡~K^

w'oup`kmr�q`~�b-B½n�r�b	q�n�i ³ÎrFª bKª¡�Pt��¡oH§ ^`oK�½n�oup)qKk�·�ªS],^`rsjSa�tz°KbOjIk'^`b	a jmp`r¿k&tz®`��b,±Îouw�®`p`r����`r¡q`~�t�q?p)a�®=b	wÄou±
jmb	w'­Pr�n	bOj�ouq�kmoK��ou±¸km^`bOa �)jlp�n&^�tuj/t7�1rsj{k'wmr�®`p1k'bO��^)tujm^�k'tz®)�¡b3ouw/t7a�p`�¡kmrsn	tKj{k/jmb	w'­?rsn�bKªxgPr¡q�n�b3km^`bZjlb
jmb	w'­Pr�n	bOj,n	tuq�®=b�a�tu�1b�À?p`r¡kmb�w'b	��r�tu®`��bu�?km^`bOi�nOtzq�®�b�p)jmbO��r�q�k'p`w'q�k'o ®`p`r���� n�oKa �`�¡b	¾�tz�)�`�¡rsn	tzkmr�ouq)j
jmp)n&^ tuj/t �1rsj{k'wmr�®`p1k'bO��¨)��b�jli1jlkmbOa�ª
],^`b�w'bOjmbOtuw'n&^½n	oua a�p`q)r¿k{i�^)tKj�®�bOb	q�§�ouw'°Pr¡q)~�kmo �1b	¨)q`b3km^`b�tu®)j{k'w'tKn�k'r¡oKq)jx�`w'oH­Pr��`bO�½®Pi½jlkmw'p)n�¥

k'p`w'bO����bOb	wm¥Xk'oz¥¦��bOb	wSq`b	k{§�oKwm°1jOª0],^`w'b	b,��t¹iKb	w&j	�znOtz���¡bZ��k'r¡bOw'jO�z^)t¹­Kb,®�bOb	q��1b�¨�q`bO�7r�q 9 6*<¦ª8],r�b	w��»o#�=bOw'j
tu®)jlkmw&tun�k'r¡oKq)j�w'b	�stHkmbZ�¯kmo©k'^`b�w'oup`kmr�q`~©oz±/a bOj'jmtu~ubZj	�Itz�sjlo©°Pq`oH§/q¢tKj�°ubOi?¥F®)tKjlbZ�¯wmoKp1kmr�q`~)ª©],r�b	w½Å
jmb	w'­Pr�n	bOj/p�jlb�k'^`b�tu®)jlkmw&tun�k'r¡oKq)j/�`w'oH­Pr��`bO� ®Pi�k'r¡bOw»�)�=tuq)� �`w'oH­?rs�1b�k'^`b	r�w»oH§/q²tu®)jlkmw&tun�k'r¡oKq)j,k'o�kmr�b	w
���st¹iubOw'jOª�],^`w'b	b��1r �=bOwmbOq?k3k'r¡bOw�Å�jlbOwm­Prsn�bOj3^)t¹­Kb�®=b	bOq¢�1b�¨)q)bO� ���1rsj{k'wmr�®`p1k'bO�¯^)tKjl^\k'tz®)�¡b²³X´»¶»]:·��
~KwmoKp`� a�p`�¡kmrsn	tKj{k�ouw�p`q`rsn	tujlk»³¦c��»g1]:·��Ptuq)���1bZn�b	q?k'w'tu�¡r�£	bZ� ou®1y{bZn�kÄ��o1n	tHk'r¡oKq½tzq)� w'oup`kmr�q`~�³µ´�d �0|»·�ª

���	� 
���
������������������ �"!$# %&�'#��)(+*-,.�
],^)b���oH§�bZj{k3�¡bO­ub	�Itz®�j{k'w'tKn�kmr�ouq²�`b�¨)q`bZ�©±ÎoKw3jlkmw'p)n�k'p`w'bO�©�=b	bOwl¥Fkmou¥F�=b	bOw�q`b	k{§�oKwm°1j:rsj»°?q)oH§/q\tuj»°ubOiK¥
®�tujmbO� w'oup1k'r¡q`~�³0/�Á,|�·�ª=],^`rsj:k{iP�=b�oz±Sw'oup1k'r¡q)~��1r �=bOw'j:±ÎwmoKa-k'^`b�k'w'tK�1r¡kmr�ouq)tu�¸wmoKp1kmr�q`~\³Xjlp�n&^²tuj:«¬v
w'oup`kmr�q`~?·¸r¡q�km^)tzk�k'^`b,�1bOjlkmr�q)tHk'r¡oKq�q`o1�1b�rsj�p�jlp)tu�¡��i�q`ouk8°Pq`oH§/q�®Pi�k'^`b�jmb	q��1b	wZª0«¬q�±µtun�kZ�zw&tHkm^)b	w�km^)tuq
t��`bOjlkmr�q)tHk'r¡oKq tK�`�1w'bOj'j�/�Á,|Da bZjmj'tz~KbOj/n�oKq?k'tzr�q©t wmoKp1kmr�q`~ °ubOiuª��/n	n�oKw'�`r¡q`~7k'o km^`b��`b�¨)q`r¡kmr�ouq�j:r�q
9 6*<¦��~Kr¡­Kb	q²t °Kb	i

K
tzq)�©t½a7bZjmj'tz~Kb

M
�`k'^`b1/�Á,| ��t¹iKb	w:§/r����¸±Îouw'§,tzw&�

M
kmoH§,tzw&�`j/t�p)q`r�À?p`b��¡r�­ub

q)oP�`b3°Pq`oH§/q tuj�k'^`b�wmoPouk,ou±0k'^`b�°ubOiuªS],^`b�wmoPouk,ou±0k'^`b�°ubOi�r�j/p�jlp)tu�¡��i km^)b�q`o1�1b�§/^`oKjmb3r��1bOq?kmr¡¨)b	w
rsj,qPp`a b	w'r�nOtz���¡i�n���oKjmbOjlk�k'o7km^`b�°Kb	i�tua7oKq`~ tz���¸�¡r�­ub�q`o1�1bZj	ª
],^`b °Kb	i�¼ j�w'o?ouk�a�t¹iWn&^)tuq`~ub�oH­ub	w�kmr�a b tKj�km^`b�q`b�k{§�ouw'°¢n�oKq)�1r¡kmr�ouq)j n&^)tuq`~ubKª¢«¦±:km^`b °Kb	i�¼ j

n	p`w'wmbOqKk�wmoPozk�±µtzr���jO�?±Îouw�b�¾`tza �`��bu�?k'^`b	q�tzq`oukm^`bOwÄq`o1�1b3®�bZn�oKa7bZjxk'^`b3°ub	i�¼ jÄw'oPozkZªIgPr�a r¡�stzw'��iu�1t�q`o1�1b
a�t¹i�n�bZtujmb:k'o�®=b�k'^`b3wmoPozk,oz±8t�°ubOi

K
tKjÄq`bO§.q`o1�1bZj0y{oKr¡q�km^`b3q`b	k{§�oKwm°�ª8«¬q�vStujlkmw'iu�?±Îouw�r�q)j{k&tzq)n	bu�

t�y{oKr¡q`r�q`~�q`o1�1b/®=bOn	oua bOj8k'^`b/w'o?oukSoz±�tz���1°ub	i1j8±ÎoKwS§/^`r�n&^ r¡k'jSq)oP�`b/r��1bOq?kmr¡¨)b	wSrsjSqPp`a b	w'r�nOtz���¡i�n���oKjmbOjlk
k'o�k'^`oKjmb3°ub	i1j�tza ouq)~�tz�����¡r�­ub3q`o1�1bZj	ªS¶:bOq)n�b»km^)b��`b�¨)q`r¡kmr�ouq�oz±

n
¥Fw'oPozkO�?§/^`rsn&^�rsj,t�~Kb	q`bOw'tu�¡r�£Otzkmr�ouq

ou±Ät�°ubOi�¼ j�wmoPozk 9 6�< �:t�q`o1�1b�rsj�tuq
r
¥Fw'oPozk�±ÎoKw»t�°ub	i�r¡±Skm^)tzk3q`o1�1b�®�bZn�oKa7bZj/k'^`b�w'oPozk:±ÎoKw:k'^`b�°Kb	i

tz± kmbOw:tz���
i
¥¦w'o?ouk'j�§/r¡km^

i < r
^)t¹­Kb�±µtur¡��bO��ª

],^`rsj,�1b�¨�q`r¿k'r¡oKq�a�tu°ubOj�tz���
i
¥¦w'o?ouk'jÄ§/r¿k'^

i ≤ k
k'^`b�q)tHk'p`w'tu��q)oP�`bOj�±Îouw,t�k'r¡bOw»Å�jlkmouw&tz~Kb�jmb	w'­?rsn�b

k'o �`��tKn�b k'^`b
k
w'b	�)�¡rsn	tKj�oz±/t�~Kr¡­Kb	q¯ou®1y{bZn�kZª�«¬q�±µtKn�kZ��t�a bOjmj'tz~Kb7jmb	q?k�®Pi\t©n	�¡r�b	q?k�kmo©w'b�k'wmr�b	­Kb7t

w'b	�)�¡rsn	t�ou±Ät�~ur�­ubOq©ou®1y{bZn�k3§/r¡���8tu�¡§,t¹i1j/w'bOtun&^©oKq`b�ou±Skm^`b
k
wmoPozk&j:�`w'oH­Pr��`bO�©tz���

k
¥Fw'oPozk&j/^)t¹­ub�q`ozk

±µtur¡��bO��jlr�a�p)�¿k&tzq`bOoup)jm�¡i©³Xtzq)��km^`b�jmiPjlkmbOa ^)tuj�^)tuq)�1��bO��q`o1�1b�tzw'wmr�­Htz�sjÄtuj�§�b	���s·�ªS],^`r�j�bOq)jlp)wmbZjÄk'^)tHk
tzk/�¡bZtujlk,oKq`b���r¡­Kb3w'b	�)�¡rsn	t�§/r¡���¸®=b�±Îoup`q���ª
��k3km^`b�q`b�¾Pk3��t¹iKb	w�oKq`b�ou±Skm^`b�km^`w'b	b7�1b�¨�q`bO�²jmb	w'­Pr�n	bOj�r�j�km^`b �1rsj{k'wmr�®`p1k'bO�©^�tujm^©k'tu®`�¡b�³µ´3¶�]:·

tu®)jlkmw&tun�k'r¡oKq¸�z§/^`rsn&^�rsjx®)tKjlrsn	tu�¡��i�bZÀKp)r¡­Htz��b	q?kxk'o�t3kmw&tu�`r¿k'r¡oKq)tz�`^�tujm^ k'tz®)�¡b ��r¡k�a�tz��jS°ubOiPjSkmo�­Htz��p`bZj	ª
¶�oH§�bO­ubOwO�?r¡q�k'^`r�j�n	tujmb�®Pi½­Htz��p`b�r¿k:rsj,a bOtuqKk:tuq tuwm®)r¿k'w'tuwmi ou®`y{bOn�k/§/^`rsn&^ r�j,ou± kmbOq�w'b	�)�¡rsn	tzkmbO��tzq��

Ï�ÏDC�EGF�H�I�I



� ��"���� ��#:� ���A"���� % ������� 1 �! �� 0 � � ����0�� ��� � � "�,�, "���"��A�

jlkmoKwmbZ�©�=b	w&jlrsj{k'b	q?km��i©ouq\ouq`b7ouw3a ouw'b��1r �=bOwmbOq?k3q`o1�1bZj ³Îp)jmp)tz����i©ouq�tu�¡��km^)b7oK®1y{bOn�kO¼ j
i
¥¦wmoPouk'j:§/r¡km^

i ≤ k
·�ªI���`�`��r�nOtHk'r¡oKq)jSn	tuq�k'^`b	q w'b�k'wmr�b	­Kb�t�n	ou�Pi�oz±�km^`b�ou®1y{bZn�kS®Pi��`w'oH­Pr��1r�q`~»km^`b/°Kb	i�p)q)�1b	wÄ§/^`r�n&^

k'^`b�ou®`y{bOn�k/§,tuj,r�q)jmb	wmkmbO�¸ª
],^`b�p)jmb�oz±xw'b	�)�¡rsn	tzkmr�ouq©rsj»�1bZjlr�w&tz®`��b�®=bOn	tup)jmb�oz±xr¡k'j»§�bO�¡�¡¥¦°?q)oH§/q²tu�1­Htzq?k&tz~ubZj	�)rXª buª»r¡q)n	wmbZtujmr¡q)~

±µtup`�¡kxwmbZjlr��¡r�b	q�n�b/tzq)�7a�tujm°Pr¡q)~3q)b�k{§�ouw'°���tzkmbOq)n�iKª8¶�oH§�bO­ub	wZ�Hr¡±�k'^`b:r�q)jlbOwlk'bO�7ou®`y{bOn�k&jStzw'b,a7o1�1r¡¨�tu®`�¡b
³µ§/^`rsn&^ºrsj q`bOn	bOj'jmtuwmr��¡i¯k'^`b�nOtujmb�r�q t\w'bOtK�P¥F§/w'r¡kmb�jlkmoKw'tu~ub�jmi1j{k'b	a½·���r¿k�r�q?kmw'oP�`p)n�bZj�k'^`b �`w'ou®`��b	a
ou±�w'b	�`��r�nOt�n	ouq)jmrsj{k'b	q)n	iuª¢«¬q ouw&�1b	w�kmo¤�1bOtu�,§/r¿k'^ºk'^`r�jO�xk'^`b ´»¶»] r�qKk'b	wm±µtun	b�a�t¹iWn�oKq?k'tzr�qºt¯n	tu�¡�
§/^)r�n&^¢tz����oH§:j3tu�`�`��r�nOtHk'r¡oKq)j3km^`b�wmb	kmw'r¡bO­¹tu�Soz±,tz���xouw�t©n	b	wmk'tzr�q¯q?p)a�®=b	w�ou±�w'b	�`��rsn	tuj�ou±�tuq¯oK®1y{bOn�kOª
�»j»tuq\oK�1kmr�a r¡£ZtHkmr�ouq�tzr�a7bZ�\tzk»�`w'bOjmb	w'­Pr¡q`~�®)tzq)�`§/r��Pk'^¸��km^)b7´3¶�]�jmb	w'­Pr�n	b�nOtzq©¨)w&jlk»�`w'oH­Pr��1b�km^`b
tu�`�`��r�nOtHk'r¡oKq\§/r¡km^¤jloKa7b7a b�k&tu�`tzk't�oz±�bZtun&^²b	¾1r�jlkmr�q`~ wmbO�`��r�nOt`ª�],^`b�tu�`�`��r�nOtHkmr�ouq�n	tzq�km^)b	q¤�1bOn	r��1b
§/^)r�n&^ wmbO�`��r�nOt�rsj7kmo¢®=b©w'b�kmw'r�b	­ubZ�¢±Îw'oua k'^`b©q`b	k{§�oKwm°��xbKª ~�ª km^)tzk�n	ouw'wmbZjl�=ouq��1r¡q)~\k'o�k'^`b©�stHkmbZj{k
­Kb	w&jlr�ouq�oz±�km^`b�oK®1y{bOn�kOª
´3¶�]8j�tu��jmo¢�1r �=bOw½±Îw'oua#k'w'tK�1r¡kmr�ouq)tu�:^)tujm^ k'tu®`�¡bZj½r�q km^)tzk½km^)b	iºa�p)jlk½k'tu°ub©r�qKk'oºtunOn�oKp`q?k�t

~KwmbZtHk3q?p)a�®=b	w�oz±�jmbOn	p`w'r¿k{i rsjmjmp`bOjOª�],^`rsj�r�j3q`bZn�bZjmj'tzw'i�®=bOnOtzp)jmb7oz±xk'^`b r¡q`^)b	w'b	q?km��i p`q)j'tH±Îb7q)tHk'p`wmb
ou±»k'^`b²w'bOjmoup`w&n�bZj7p)jlbZ� ®Piº�=b	b	wm¥Fkmoz¥¦�=b	b	w½jmi1j{k'b	a�jO��rFª bKª�k'^`b²«¬q?kmbOwmq)b�kO��k'^`b\n�oKa �`p1kmbOw'j w'p`q`q)r¡q`~
k'^`b�v��Hv�jmoz± k{§,tzw'bu�`b	k'nuª�],^`b�a r�q`r¡a�p`a jlbZn�p`w'r¡k{i�~Kp)tzw&tzq?kmbOb3km^)tzk3t½´3¶�]�jmb	w'­Pr�n	b�a�p)jlk��`w'oH­Pr��`b
k'o²tz�`�)�¡rsn	tzkmr�ouq)j3rsj�km^`b�r�q?kmbO~uw'r¿k{i²ou±�k'^`b�ou®`y{bOn�k&j�jlkmouw'bO��®Pi²r¡kOª�],^`rsj�rsj�tun&^)r¡bO­ubO�\®Pi\b	a �`��oHiPr¡q)~
n	wmiP�1k'ou~Kw'tu�`^`rsn/kmbZn&^`q`rsÀ?p`bOj/jmp)n&^©tuj,oKq`b�¥¦§�t¹i ^)tKjl^�±Îp`q)n�kmr�ouq)j�tzq)���1r�~ur¡k'tz��jlr�~uq)tzkmp`w'bOjOª

��� � � �����"�"
 ��# � � �����
vStKj{k'wmi 9 �*<8rsj»t�jlbO�¿± ¥¦ouw'~Ktuq`r¡£Or¡q)~)�1±µtup`�¿km¥Xk'ou��b	w&tzq?k»�1bZn�bOqKk'w'tu�¡r�£	bZ��ou®1y{bZn�k»��o1n	tzkmr�ouq²tzq�� wmoKp1kmr�q`~�jmp`®1¥
jlkmw&tHk'b7�`bOjmr¡~Kq`bO�²kmo©jlp)�`��oKwlk�t�­ub	w'i©�stzw'~ub�qPp`a�®�bOw�oz±Äq)oP�`bOjOª�«¬q¯t�vStKj{k'wmi©q`b	k{§�oKwm°���bOtKn&^\q`o1�1b
^�tuj,t7p`q`rsÀKp)b»¨)¾PbZ�P¥¦�¡bOq`~zk'^�q`o1�1b�rs�1b	q?k'r¿¨)bOw�³Îq`o1�1bOr���·�§/^`r�n&^�rsj,w'tuq)�1oua ��i½tuj'jlr�~uq)bO��§/^`bOq r¿kIy{our�q)j
k'^`b�q)b�k{§�ouw'°=ª,],^`b�q`o1�1b	rs�©jl��tun�b�n	tzq©®=b�k'^`oup)~u^?k�oz±xtKj�t½n	r¡w&n���b�w'tuq`~ur�q`~ ±Îw'oua � kmo

2idlen − 1
�

§/^)b	w'b
idlen

rsj,km^`b�q)oP�`b	rs����b	q`~ukm^ r�q�®)r¿k&j	ª
«¬q6ouw&�1b	w�kmo¯wmoKp1kmb�t²a bOj'jmtu~ub�km^`w'oup`~K^¤km^`b q`b	k{§�oKwm°¤t²vStKj{k'wmi¢tz�)�`�¡rsn	tzkmr�ouqºjmp`�`�)�¡r�bOj7t\°Kb	i

tKjmjmo1n�rstHk'bO�6kmo¢k'^)tHk�a7bZjmj'tz~Kbuª�¶:bOwmb²km^`b²°Kb	i jl��tun�b©rsj�km^`b\j'tza b\tKj�k'^`b²q`o1�1bOr��.jm�)tKn�buª�],^`b
w'oup`kmr�q`~�tz��~uouw'r¡km^`a k'^`b	q©w'oup`kmbOj/km^`b�a bZjmj'tz~Kb»k'o km^`b�q`o1�1b�§/^`oKjmb�q`o1�1bOr���rsj/qPp`a b	w'r�nOtz���¡i�n���oKjmbOjlk
k'o7km^`b�jmp`�`�`��r�bO��°ubOi\³ÎrFª bKªIkmo k'^`b�wmoPouk�ou±�k'^`b�°ubOi1·�ª
vStujlkmw'i�¼ jxwmoKp1kmr�q`~�tu�¡~Kouw'r¿k'^`a rsjÄ�1bOwmr�­ubZ��±ÎwmoKa k'^`b�§�ouw'°�®Pi�vÄ��tz¾?k'ouq�b	k�tz�Fª 9¡Å�<FªI],^`b�®�tujmr�n,rs�1bOt

®=b	^)r¡q)��k'^`b�tu�¡~Kouw'r¿k'^`a rsj/k'^`b�±Îou����oH§/r¡q`~ �x®=ozkm^\q`o1�1b	rs�`j:tuq)��km^`b�wmoKp1kmr�q`~�°ubOi�tuwmb�r�q?kmb	w'�`w'b�k'bO�©tuj
t©jmbOÀ?p`bOq)n�b�ou±�®�tujmb

2b
�`r¡~Kr¿k&j	�8§/^`b	w'b

b
r�j�t©n�oKq1¨)~up)w'tzkmr�ouq¯�)tzw&tza b�k'b	w�§/r¡km^Wt�k{iP�`rsn	tu�x­Htz��p`b��)ª

�0b�k/k'^`b���b	q`~ukm^©oz±8km^)b�jl^�tzw'bO���`w'b�¨`¾�®�b	k{§�bOb	q©t q`o1�1b	rs�©tzq���t °Kb	i�®�b�k'^`b�qPp`a�®�bOw:oz±8km^`b�a7o?j{k
jmr�~uq`r¡¨�n	tuq?k�®)tKjlb

2b
�`r¡~Kr¿k&j�km^)tzk/tuwmb3bOÀ?p)tu��r¡q ®=ozkm^�km^)b3q)oP�`b	rs��tuq)�½k'^`b�°ubOiuª � ^`bOq�t7a bOj'jmtu~ub»r�j

w'oup`kmbO�¸��bZtun&^©^`oK�©±Îouw'§�tuw'�)j,km^`b7a bOj'jmtu~ub�k'o�t½q)oP�`b�§/^`o?jlb�q)oP�`b	rs�²jl^�tzw'bOj�t���tuwm~Kb	w:�)wmb	¨`¾�§/r¡km^
k'^`b½w'oup1k'r¡q)~©°ub	iKª�«¦±:jmp)n&^¢t©q`o1�1b�rsj�q`ouk�°?q)oH§/q¤tzk�km^)b�n�p`w'w'b	q?k�^`ou�0�0k'^`b	qWt q`o1�1b�r�j�jmb	��bOn�kmbZ�
§/^)oKjmb jm^)tuwmbZ�²�`w'b�¨`¾¯^)tuj3k'^`b½j'tza b �¡bOq`~zk'^¸�0®`p`k�§/^`r�n&^¤rsj�qPp`a b	w'r�nOtz���¡i\n	�¡o?jlbOw3kmo km^)b�°ub	i²km^)tuq
k'^)tHk:ou±0k'^`b�±Îouw'§�tuw'�`r¡q`~7q`o1�1bKª
«¬qWoKw'�`b	w�k'o�tKn&^`r¡bO­ub�~Ko?o1�¢��o1n	tu�¡r¡k{i��)wmoK��bOwlk'r¡bZj	�IvStujlkmw'i�bOq)jmp`wmbZj�k'^)tHk7wmoKp1kmr�q`~©k&tz®`��b�bOqKk'wmr�bOj

tuwmb���oK�`p`�stHk'bO��§/r¿k'^�q`o1�1bZj3km^)tzk�tuwmb n���oKjmb�kmo�km^`b ��oPnOtz�Iq`o1�1b�tunOn�oKw'�1r�q`~�kmo�km^`b�n&^`o?jlbOq\a b�k'wmrsnzª
],^)r�j�a bZtzq)j�k'^)tHk�§/^`b	q¢a bOj'j'tz~ubZj�tzw'b�wmoKp1kmbZ���¸k'^`b	i¯§/r��¡�Ä±Îou���¡oH§ t �)tHk'^¤km^)tzk�rsj�ou�1k'r¡a r�£	bZ�¢tun�¥

��� Ï ���



���������	��
���
����������������������! ���"$#&%����'�(�*)+��"-,.��"�"�,��/��0�����"�"-,213�(��"��4�*���/"�5 ;

n	ouw&�1r�q`~�k'o km^`b��)wmo¹¾1r�a7r¡k{i²a b�k'wmrsnzª�«¬q¢tK�`�1r¡kmr�ouq¯kmo�km^)r�jO��vStKj{k'wmi²��o1n	tu�¡r¡k{i²�`w'ou�=b	wmkmr�bOj�tz�sjmo tu�¡��oH§
k'^`b�ou�`kmr�a7r�£Otzkmr�ouq�oz±8wmbO�`�¡rsn	t7w'b�k'wmr�b	­Htz��r�q�vItKj{k�9 �*<¦ª
],^`b��1b	k'tur¡�sj�oz±Ä^)oH§�wmoKp1kmr�q`~�k'tu®`�¡b bOqKk'wmr�bOj�tuwmb7n&^`oKjmb	q�~uo�®�bOiuouq��©km^)b j'n�oK��b ou±xkm^`rsj��)tu��bOwOª

«¦k�§/r��¡�S®=b7jmp�B½n�r�b	q?k�kmo j't¹i�k'^)tHk�§/^`bOq`b	­Kb	w�t�q`o1�1b7b	q?k'b	w&j�k'^`b7q`b�k{§�ouw'° r¿k�wmb	kmw'r¡bO­ubZj:k'^`b q`b	r�~u^1¥
®=oup)wm^`oPo1� jlb	k'jSou±�t�qPp`a�®�bOwÄou±=oukm^`bOwxq`o1�1bOjO�Ktuq)�7p)jmbOjIk'^`r�jÄr¡q`±Îouw'a tzkmr�ouq7kmo�oK�1kmr�a r¡£Ob/km^)b:�¡o1nOtz��r¿k{i
�)wmoK��bOwlk'r¡bZj�ou±�r¡k'j,oH§/q�wmoKp1kmr�q`~�k'tz®)�¡bKªx� �`b�k'tur¡��bO���1bZjmn	wmr��1kmr�ouq�oz±�km^`b�tu�¡~Kouw'r¿k'^`a n	tzq�®=b»±ÎoKp`q)��r�q
9 ��<¦ª
vStujlkmw'i�¼ j�wmoKp1kmr�q`~�tu�¡~Kouw'r¿k'^`a rsj»^`r¡~K^`��i�b�B½n�r�b	q?kOª:«¦±Sk'^`b�w'oup`kmr�q`~�k'tu®`��bOj3tzw'b�tun	n	p`w&tHkmb�³ÎrFª bKª¡��r�q

k'^`b»tu®)jmb	q)n	b�oz±¸w'bOn	b	q?kÄq`o1�1b�±µtzr��¡p)wmbZj'·��Kk'^`b	q½km^`b3qPp`a�®=b	w�oz±¸w'oup1k'r¡q)~�^`ou��jÄ§/r��¡�=®=b»§/r¡km^½­Kb	w'i�^)r¡~K^
�)wmoK®)tz®`r���r¿k{i�q`o½~KwmbZtHkmbOw/km^�tzq

log2bN
��§/^`bOwmb

N
r�j�km^`b�qPp`a�®=b	w3oz±xq`o1�1bZj:r�q²k'^`b�q`b	k{§�oKwm°�tzq)�

bt n	ouq1¨)~Kp`w&tHkmr�ouq��)tzw&tza b�k'b	wZª � r¿k'^
N = 106

tuq)�
b = 4

�1km^)r�j,b	¾P�=bOn�kmbZ��^)ou� n�oup)qKk/rsj:�1�1§/^`bOwmbZtuj
§/r¡km^

N = 109
r¡kxk'tu°ubZj8km^`b/­Htz��p`b:�)ª8Â)p`wlk'^`b	w'a ouw'bu�Hk'^`b/a�tH¾1r�a�p`a q?p)a�®=b	wxou±=�=ou�`p)��tzkmbO�7w'oup1k'r¡q)~

k&tz®`��b�b	q?kmw'r�bOj,rsj/bOÀ?p)tu��kmo
(log2bN)(2b − 1)

�1§/^`rsn&^ i?r�b	�s�`j�Å¹�z��b	q?kmw'r¡bZj�±Îouw
N = 109

tuq)�
b = 4

ª
],^`bZjlb/tK�1­Htzq?k'tu~ubOj��1o3q`ozkxn�oKa b�§/r¡km^`oKp1kxt»n	oKjlkOª8e²tzr�q?k'tzr�q`r�q`~3wmoKp1kmr�q`~3r¡q1±ÎoKwma�tzkmr�ouq�rsj8b�¾1�=b	q1¥

jmr�­ubu�?tujSr¡k�w'bOÀ?p`r�w'bOjIk'^)tHk�t�n�b	wmk'tur¡q�tua7oKp`q?kÄoz±�a bOj'j'tz~ubZjS®=b:b�¾`n&^)tuq`~ubZ��§/^)b	q½t�q`o1�1b�b	r¡km^`bOw¸y{our�q)j
oKw���bOt¹­KbOj/k'^`b�q)b�k{§�ouw'°=ª»],^`b�qPp`a�®�bOw»ou±xa7bZjmj'tz~KbOj�b�¾`n&^)tzq)~ubO� §/^)b	q\t�q`o1�1b:y{oKr¡q)j�km^)b�q`b	k{§�oKwm°
rsj

O(log2bN)
ª3Â`p`wmkm^)b	w'a7oKwmbK�`k'^`b�n	ouw'wmbZn�kmq)bOj'j/oz±xw'oup1k'r¡q)~½r¡q`±Îouw'a tzkmr�ouq²nOtzq©ouq)�¡i ®=b�~up�tzw&tzq?kmbObO�

�)wmoH­Prs�1bO�½km^`b�qPp`a�®�bOw/oz±8n	ouq)n	p`w'wmbOqKk,q`o1�1b3±µtzr���p`wmbZj/�1oPbOj,q`ouk/b�¾`n�bObO�
L/2
�?§/^)b	w'b

L
a�t¹i�^)t¹­Kb3t

k{iP�`rsn	tu��­Htz��p`b�oz±,Å���ouw 6K��³
L
rsj,k'^`b�jlr�£	b�ou±�vStujlkmw'i�¼ j �0bOtH±µjmb�k�·�ª

vStujlk 9 ��<Ärsj�t ^`r�~u^`��i?¥¦j'n	tu��tu®`�¡b7�=b	b	wm¥Fkmoz¥¦�=b	b	w�jlkmoKw'tu~ub jlbOwm­Prsn�buª�«¦k��)wmoH­Prs�1bOj�tu�`�`��r�nOtHkmr�ouq�j»§/r¡km^
t��`r�jlkmw'r¡®)p1kmbZ� ^)tujm^�k'tz®)�¡b�tu®)jlkmw&tun�k'r¡oKq¸�`§/^`rsn&^ �`�stun�bZj/r¡k»tHk:k'r¡bOw�Å�tKn	n�oKw'�`r¡q`~7k'o km^`b�k'b	w'a r¡q`oK�¡oK~ui
�)wmbZjlbOqKk'bO�©tu®�oH­Kbuª�vStKj{k3p)jlbZj�vStKj{k'wmi�kmo�wmoKp1kmb�a7bZjmj'tz~KbOj�®�b	k{§�bOb	q²vStujlk»q)oP�`bOjO��tuq)�©r�q��1oKr¡q)~�jmo
rsj,��b	­ubOw'tu~ubZ�½®Pi½vStujlkmw'i�¼ j,�`w'ou�=b	wmkmr�bOjO�PrXª buªxj'n	tu��tu®`r��¡r¡k{iu�`jmb	�¡± ¥FoKwm~?tzq`rsj'tHkmr�ouq0�u��oPnOtz��r¿k{iK�1b�k&nzª
vStujlkSa�tz°ubZj8b�¾PkmbOq)jlr�­ub�p)jmb,oz±�w'b	�)�¡rsn	tzkmr�ouq¸�z§/^)r�n&^7r�jSn	oua �`��b	a b	q?k'bO��®?i�nOtun&^`r�q`~3r¿±=km^)b�r�q)jmb	wmkmbZ�

®)�¡o1n&°1j»tuwmb�r¡a a�p1k'tu®`�¡bKª�],^`b7�¡o1n	tzkmr�ouq²ou±xkm^)b�w'b	�`��rsn	tuj»rsj3�`b�kmbOwma r�q`bO�\®Pi�k'^`b7°ub	i²tKjmjmo1n�rstHk'bO��kmo
k'^`b�r�q)jlbOwlk'bO��ou®1y{bZn�kZª ��q¤ou®1y{bZn�k�wmbO�`��r�nOtHkmbZ�

k
k'r¡a bOj�rsj�p)jmp)tu�¡��i\j{k'ouw'bO�\r¡q¢tz���Ikm^)b�°ub	i�¼ j

i
¥Fw'oPozk'j

§/r¡km^
i ≤ k

ª7],^)r�j�bOq)jlp)wmbZj�k'^)tHk�tzk���bOtKj{k�oKq`b�w'b	�)�¡rsn	t�r�j�tu�¡§,t¹i1j�w'bOtKn&^)tz®)�¡b��`wmoH­Prs�1bO��tz���
i
¥Fw'oPozk'j

^�t¹­ub3q`ozk/±µtur¡��bO� jmr¡a�p`�¿k&tzq`bOoup)jm��iuªS],^`rsj/r�j:­ub	w'i�p`q`��r�°ub	��i�jmr�q)n�b
i
¥Fw'oPozk&j�jm^`oKp`����b	¾P^)r¡®`r¡k�t7­ubOwmi½��oH§

±µtup`�¡k�n�ouw'w'b	�stHkmr�ouq0�K~Kr¡­Kb	q�km^)tzk:q`o1�1b	rs�`j/tzw'b�w'tuq)�1oKa7��i½tuj'jmr¡~Kq`bO��km^`w'oup)~u^`oKp1k�k'^`b�q`b	k{§�oKwm°�ª
«¬q t©��bOb	wm¥Xk'oz¥¦��bOb	w�q`b�k{§�ouw'°\q`o1�1bZj�nOtzqW®=b�b	¾1��bZn�kmbZ�¢k'o\®=b�À?p`r¡kmb�^)b�kmbOwmoK~ubOq`b	oKp)j�tuj�kmo\km^`b

jlkmoKw'tu~ub�n	tu�)tun	r¿k{i�k'^`b	i��`w'oH­Pr��1b3k'o km^`b�q)b�k{§�ouw'°=ªx],^)r�j�r�j:t �=ozk'b	q?kmrstz��jloKp`w'n	b�oz±I�¡o?tu��r¡a�®)tz�stzq�n�bu�
§/^)r�n&^ r�j §/^Pi¢vStujlk�b	a �`��oHi1j7t�k'bOn&^`q`rsÀ?p`b °Pq`oH§/q6tKj wmbO�`�¡rsn	t¯�1r�­ubOw'jmr¡oKqWk'o¤tKn&^`r�b	­ub�~uoPo1�º��oKtK�
®�tz�stzq)n	b»�`w'ou�=b	wmkmr�bOjOªS],^`rsj/n�ouq�jlrsj{k&j,r¡q��`�stun	r¡q`~�t7~ur�­ubOq�w'b	�`��rsn	t�ouq t�q)oP�`b3oukm^`bOw,km^)tuq�oKq`b�oz±8km^`b
°Kb	i�¼ j

i
¥¦wmoPozk&j	�=§/^`r��¡b7��bOt¹­Pr¡q)~�t��=our�q?kmbOw�k'o�k'^`b7�`r¡­Kb	wmkmbO�²wmbO�`�¡rsn	t��¡o1nOtHkmr�ouq\ouq²k'^`b n�ouw'w'bOjm��oKq)�1r�q`~

i
¥¦wmoPoukOªI� km^`oKwmoKp`~u^��1bOj'n�w'r¡�`kmr�ouq n	tzq�®=b�±Îoup`q)��r�q 9 ��<Fª
�»j�§�b7��oKr¡q?k'bO�²oKp1k�tz®=oH­ubK��§/^`bOq¯t�q`bO§�q`o1�1b3y{our�q)j»km^`b q`b	k{§�oKwm° tzq��\®=bOn	oua bOj»km^)b

n
¥¦wmoPouk

§/r¡km^
n < k

±Îouw,t�~ur�­ub	q�°ub	iK�?t�w'b	�`��r�nOt�oz±0km^`b3ou®1y{bZn�k/j{k'ouw'bO��p)q)�1b	w�km^�tHk,°ub	i a�p)j{k,®=b3n	wmbZtHkmbZ��ouq
k'^`b�q)b	§/��i tuwmw'r�­ubO� q)oP�`buªS]0w&tzq�j{±ÎbOwmw'r¡q)~�tz���)k'^`b�q`bZn�bZjmj'tzw'i�w'b	�`��rsn	tuj�tHk�km^`b»kmr�a b»ou±�km^`bÄy{our�q½§�oKp`�s�
®=b�b	¾Pkmw'b	a b	��i�b	¾1��bOq)jlr�­ub�r¡q�®�oukm^²®)tuq)�1§/rs�Pkm^�tzq)� k'r¡a bKª�«¬q²oKw'�1bOw/kmo�t¹­uoKr���km^)r�j»�`w'ou®`��b	a �=vItKj{k
n	wmbZtHk'bOj,t ��oKr¡q?k'b	w,kmo½tuq�oK®1y{bOn�k:wmbO�`��r�nOt�oKq�k'^`b�q`bO§Dq`o1�1b�jmo7km^)tzk�t7wmbO�`�¡rsn	t nOtzq ®�b�±ÎoKp`q)��§/^`bOq
r¡k:rsj,wmbZÀKp)bOjlkmbO�¸ªI],^)b	q¸�`r¡k/kmw&tzq�j{±ÎbOw'j,�stz£Or¡��i�tz����km^)b�wmbO�`�¡rsn	tKj�r¡q�km^)b�®)tun&°P~uw'oup)q)��ª

Ï�ÏDC�EGF�H�I�I



� ��"���� ��#:� ���A"���� % ������� 1 �! �� 0 � � ����0�� ��� � � "�,�, "���"��A�

size, ctime, etc.

directory inode

id CHB1
id CHB2

id CHBi
id CHBii
id CHBiii

UCB1

directory contents

file1     id UCB2
file2     id UCB3
file3     ...

CHB1...

size, ctime, etc.

file inode

id CHB3
id CHB4
...

UCB2

indirect block

id CHBx
id CHBy
id CHBz
...

CHBi

directory contents

file4     id UCB4
file5     id UCB5
file6     ...

CHBz

file contents

CHB3
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oKq�k'^`b�q`b�k{§�ouw'°�ª8],^)b��)tHk't jlkmw'p)n�k'p`w'bOj�p)jmbO��r¡q�oup`w:�`bOjmr¡~Kq�tzw'b�jlr�a r¡�stzw�kmo7k'^`oKjmb�oz±0k'^`b�n�oKa a7oKq
	�q`r¡¾�¨)��b�jmi1j{k'b	a ³ 	�ÂSg`·�ª=Â)ouw:bZtun&^�¨)��b�km^`b�jli1jlkmb	a5j{k'ouw'bOj:tuq r¡q`o1�1b	¥F��r�°ub�ou®`y{bOn�k:§/^)r�n&^²n	ouq?k'tur¡q)j
k'^`b,¨)��bu¼ jSa b�k&tu�`tzk't`�Ka�p)n&^ ��r¡°Kb�km^`b:r�q1±ÎoKwma�tHk'r¡oKq�±ÎoKp`q)� r�q�t3kmw&tu�1r¡kmr�ouq)tu�1r¡q)oP�`buª8«¬q�ouw&�1b	w8kmo�t¹­Kours�
n	ouq1±Îp�jlr�ouq¸�1^)b	q)n	b�±Îouwmkm^�§�b3§/r����¸wmb	±Îb	w/®Pi ����0�� "�k'o�oup`w,oH§/q�r¡q`o1�1b	¥F��r�°ub�ou®1y{bZn�kZª
�»j�jm^`oH§/q©r¡q²Â8r�~up`w'b½Åz�=bOtKn&^ r¡q`o1�1b�r�j»j{k'ouw'bO��p)jmr¡~Kq²t 	�jmb	w3c�bOwlk'r¿¨=n	tHk'b�Á��¡o1n&°��)oKw 	3c�Á ³µjmb	b

jmbOn�kmr�ouq 6)ª �?·�ª�Â`oKw�bOtKn&^ 	3c�Á t��`wmr�­HtHk'b�¥¦�`p`®`��r�n�°ubOi���tzr�w»rsj�~Kb	q`bOw'tzkmbZ� ®?i k'^`b�p�jlbOw»§/^`o�n�w'bOtzkmbOj
k'^`b/¨)��b�³µrXª buª��zk'^`b:oH§/q`bOw&·��Ktzq���k'^`b:�`w'r�­¹tzkmb/°Kb	i�rsjÄjlkmoKwmbZ�7r¡q7km^)b:oH§/q`b	wZ¼ jxn�oKa7�)p1kmbOwOªI�:�¡km^`oKp`~u^�tuq
r�q`o1�1bK¼ j:n	ouq?kmbOq?k'j/tzw'b�­ubOwmi½jmr¡a r���tuw/kmo7k'^)tHk�ou±It�	»ÂIg�r�q`o1�1bK�`q`ozk�tu�¡��r�q`o1�1bZj:tzw'b�bOÀ?p)tz�FªxÂ`oKw:bOtKn&^
¨��¡b3k{iP��bK�`rFª bKªSwmbO~up`�stzw�¨)��bu�)�`r¡w'bOn�kmouw'iu�1jmiPa�®=ou��r�n3��r¡q`°��`b	k'nuª¡�)t �1r ��b	w'b	q?k/k{iP��b�oz±Ir�q`o1�1b�r�j/p�jlbZ��ª
���¡�/r�q`o1�1bOj n	ouq?k'tur¡q tHk �¡bZtujlk�k'^`b�±Îou���¡oH§/r�q`~\r�q1±ÎoKwma�tHk'r¡oKq ��r�q`o1�1b�k{iP��bK�x¨)��b©tHklk'wmr�®`p1k'bOjO�Ätzq��

jmbOn	p`w'r¿k{i r�q1±Îouw'a�tHkmr�ouq0ª�Â8r��¡b tHkmkmw'r¡®)p1kmbZj3tuwmb�®)tujmr�nOtz���¡i�k'^`b7j'tza b tuj�km^`o?jlb�wmb	kmp`w'q`bZ�²®Pi�km^`b����	�
�
	�q`r¡¾ jmi1j{k'b	a nOtz���X�/tu�¿k'^`oup`~K^ km^`b %���� tuq)� ����� ¨�b	�s�`j½tzw'b©a r�j'jmr¡q`~�ª�«¬q)jlkmbZtu���,r�q1±Îouw'a�tHk'r¡oKq w'b�¥
~?tzw&�1r�q`~�¨)��b oH§/q`b	w&jl^)r¡�\tuq)�\tKn	n	bOj'j��=b	w'a r�j'jlr�ouq�j»rsj3b	q)nOtz�)jmp`�stHk'bO�©r�q�§/^�tHk�§�b n	tu�¡�8km^)b jmbOn	p`w'r¿k{i
r�q1±ÎoKwma�tHk'r¡oKq¸ª,],^`r�j»tz���¡oH§:j/±Îouw�t�a oKwmb�~Kb	q`bOwmrsn�r��`b	q?kmr¡¨�n	tzkmr�ouq©tzq��©tun	n	bOj'j/w'r¡~K^Kk&j:jmb	a�tzq?kmrsn	j/km^)tuq
k'^`b j{k&tzq)�`tuw'� 	:q`r¡¾ºp`rs�
�¹~Kr����¹a o1�1b�j'n&^`b	a b¯³Îbuª ~)ª��ÄtKn	n�bZjmj7n�oKq?kmw'ou���¡rsj{k&j'·�ªºgP�=bOn�r¡¨�n�r�q`o1�1b�k{iP�=bOj
n	ouq?k'tur¡q�tu�`�1r¡kmr�ouq�tz��¨)b	�s�`j3§/^`rsn&^\tzw'b�oKq`�¡i©q)bOn�bZjmj'tzw'i½±ÎoKw3km^`b n�oKwmw'bOjm��oKq)�1r�q`~�¨)��b�k{i?�=buª�|/bO~up`�stzw
¨��¡b�tzq)���1r¡w'bOn�kmoKwmi r�q`o1�1bOjO�?±Îouw�r¡q)jlk'tuq)n�bK�1n�ouq?k&tzr�q�t���r�jlk,oz±0�=our�q?kmb	w&jÄkmo7ozkm^)b	w�®`�¡o1n&°1j�r¡q�§/^`r�n&^�km^`b

��� Ï ���



���������	��
���
����������������������! ���"$#&%����'�(�*)+��"-,.��"�"�,��/��0�����"�"-,213�(��"��4�*���/"�5 �

¨��¡b7ouw��1r�wmbZn�kmoKwmi n�oKq?kmb	q?k&j3tuwmb7j{k'ouw'bO��ª�gPiPa�®�oK�¡rsn���r¡q)°©r¡q`o1�1bZj	��r�q²k'p`w'q¸�¸n�oKqKk&tzr�q²ouq)�¡i k'^`b���r�q`°�¼ j
�`bOjlkmr�q)tHk'r¡oKq��)tzkm^¸ª
Â8r��¡b�tuq)���1r�wmbZn�k'ouw'i�n�oKqKk'b	q?k'j�tzw'b/j{k'ouw'bO�7r¡q ¨)¾PbZ�P¥¬jlr�£	b/®`��o1n&°1jS§/^`rsn&^�wmbZjlbOa�®`��b,km^`o?jlb/ou±¸t�	:q`r¡¾

®)�¡o1n&° �1b	­Prsn�buªS¶�oH§�bO­ub	wZ�Hk'^`bOjmb�®`��o1n&°1jÄtzw'b:r�a a�p1k&tz®`��b»tuq)�½jlkmouw'bO� r�q½vStujlk,c�oKqKk'b	q?kl¥¬¶�tKjl^½Á���o1n&°Pj
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Æ�ozkmb�km^�tHk�bOtun&^ k'r¡a b t�¨)��b7r�j»a oP�`r¿¨)bZ����q`bO§�r¡a a�p`k'tz®)�¡b �`tHk&t½®`��o1n&°1j:w'b->)bZn�kmr�q`~�km^`b7q`b	§/��i
§/w'r¡klkmbOq��`tzk't3tzw'b�r�q)jmb	wmkmbZ��r�qKk'o�k'^`b/´»¶»]�ªz¶:oH§�b	­Kb	wZ�OoK����r¡a a�p`k'tz®)�¡b,®`��o1n&°�tzw'bÄq`oukIw'b	a oH­KbO�3±Îw'oua
k'^`b�q`b	k{§�oKwm°�ª½],^`rsj�r�a7�)�¡r�bOj�k'^)tHk�k'^`b½jmr¡a �`��b�±µtun�k�oz±,oH­ubOwm§/w'r¿k'r¡q)~�t�¨)��b�a�tz°ubZj3km^`b ¨��¡b½jmi1j{k'b	a
n	ouq?kmr�qPp`oup�jl��i½~uw'oH§ r¡q²jmr¡£Obuª:d»p`w�jmi1j{k'b	a5r�j�q`ozk:k'^`b�oKq`�¡i�ouq`b�kmo�t¹­Kours��w'bOn	��tur¡a r�q`~½j{k'ouw&tz~Kb 9�Å@6�<F�
tuq)�²tKj�§�b�jm^)tz���IjlbOb�r�q²km^)b�±ÎoK�¡��oH§/r¡q)~�jmbOn�k'r¡oKq²§�b�n	tuq²®=b	q`b	¨`k»±Îw'oua °Kb	b	�)r¡q`~�r¡a a�p1k'tu®`�¡b7®`��o1n&°Pj
§/^)b	q�r¡a �`��b	a b	q?k'r¡q`~½t7w'b	�stH¾1bO��n�oKq)jmr�jlkmbOq)n�i½a o1�1bO�Xª
«¦±xk{§�o½oKw�a ouw'b�n���r�b	q?k'j»p`���`tHk'b�tzq\r¡q`o1�1b�n�ouq�n�p`w'wmbOq?km��iu��km^`bOq\t½n�oKq�>)rsn�k3§/r¡����a o?j{k3�`wmoK®)tz®)�¡i

o1nOn�p`wZª»d»p`w»n	p`w'wmbOqKk3�1bOjmr¡~Kq²jlp)�`��oKwlk&j:oKq`�¡i t�­Kb	w'i�jmr¡a �`��b�n	ouq�>)rsn�km¥Fw'bOjmou��p1k'r¡oKq j'n&^`bOa7b�®)tujmbO� oKq
k'^`b��stujlkl¥¦§/w'r¿k'b	wm¥F§/r�q)j,w'p`�¡b�±Îouw:¨��¡b7n�ouqA>)r�n�k'jOª:],^`rsj�j'n&^`b	a b�§/r��¡��®�b�wmbO�`�stun�bZ� ®Pi�t�a oKwmb�n	oua �`��b�¾
oKq`b�tuj,§�b�§/r¡���¸r�q)n���p)�1b�q`bO§.±ÎbZtHkmp)wmbZj	�`jmp)n&^©tuj�b�¾`n	�¡p)jmr�­ub3¨)��b�n�w'bOtHk'r¡oKq¸�Pr¡q oKp`w:�1bOjmr�~uq¸ª
],^`b7n�p`w'w'b	q?k�a bOn&^)tuq`rsjla5§�oKwm°1j:tKj/±ÎoK�¡��oH§:j ��bOtKn&^ kmr�a b�t½n	�¡r�b	q?k»~Kb	q`bOw'tzkmbZj:t�q`bO§�­ub	w&jmr¡oKq�ou±

tuq r¡q`o1�1bK�Kr¡kÄk'r¡a bZj{k&tza �)jSk'^`b:r�q`o1�1b:p)jmr�q`~�km^)b�n���r¡bOq?kO¼ jx��oPnOtz�=n���oPn&°�ª8],^`b�­Htz��p`b/ou±=k'^`rsjxk'r¡a bOjlk'tua �
rsj:tKn�kmp�tz���¡i�k'^)tHk»oz±8km^`b�n�kmr�a7b�¨)b	�s��oz±8km^`b�r�q`o1�1bu¼ j:tzklkmw'r�®`p1kmbZj	ª�Æ:b	¾?kZ�1km^)b�n���r¡bOq?k:r¡q)jmb	wmk'j�k'^`b�q`bO§
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k'^`b	q²jmb	q��`j�t�a bZjmj'tz~Kb�n	ouq?k'tur¡q)r¡q`~ k'^`b�q)b	§ r¡q)oP�`b�kmo½bO­ubOwmi��¡r�­ub�w'b	�`��rsn	t`�=jlo k'^)tHk»km^`bOr¡w3n�oKqKk'b	q?k'j
nOtzq ®=b�p`���`tHk'bO��ª/¶�oH§�bO­ub	wZ�1bOtKn&^©wmbO�`��r�nOt7¨)w'jlk�n&^`bZn&°Pj/km^)tzk:km^`b�kmr�a bOjlk'tza �©ou±8k'^`b�q`bO§ r¡q`o1�1b�r�j
~KwmbZtHk'b	wxk'^)tzq½km^`b3b�¾1rsj{k'r¡q`~�ouq`b»®�b	±Îouw'b»r¡k,oH­ub	w'§/w'r¿k'bOjIk'^`b»b	¾1r�jlkmr�q`~�w'b	�)�¡rsn	t)ª�«¦±¸k'^`rsj�n&^)bOn&°7±µtzr���jO�?km^`b
r�q`o1�1b�rsj:n�oKq)jlrs�1bOwmbZ��kmo�oKwmr�~ur�q)tzkmb»±ÎwmoKa t n�ouqA>)r�n�kmr�q`~ §/wmr¡kmbK�)tzq��½k'^`b�p`���`tHk'b�r�j/q)ozk/��bOwl±ÎoKwma bZ��ª
Æ�ozkmb»km^�tHk�km^`b��1bZn�rsjlr�ouq½ou±0§/^`b	km^`bOw,tuq½r�q`o1�1b»§/r�����®�b3oH­ubOwm§/w'r¿kmkmbOq�ouw�q`ozk/�1b	�=b	q��`j�ouq½k'r¡a bZj{¥

k&tza �)j�§/^`rsn&^�tzw'b²~ubOq`b	w&tHk'bO� ®Pi �1r �=bOwmbOqKk n���r¡bOq?k'jOª ],^`bOwmb	±Îouw'bu�,±ÎoKw½km^)r�j�a bOn&^)tuq`rsjla kmo6§�oKwm°
n	ouw'wmbZn�k'�¡i½n	�¡r�b	q?k�jm^`oup`�s���¡oPo?jlbO�¡i�jmiPq)n&^`w'ouq`r�£	b»km^)b	r�w�n���o1n&°Pj,p�jlr�q`~�Æ�],v oKw:jloKa7b�oukm^`bOw:n���oPn&°�jliPq1¥
n&^)wmoKq`r¡£ZtHk'r¡oKq��`w'ozk'oPn	ou�Fª8��jmr�a7r��stzw/a bOn&^)tuq`rsjla rsj,b	a �`��oHiubZ��®Pi�k'^`b�vStzq`~?tzbZt�jmi1j{k'b	a 9�ÅO�*<¦ª
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�`r¡w'bOn�kmouw'i©n�oKq�>)rsn�k'j�nOtzq`q)ozk�®�b�tup1kmoKa tzkmrsn	tu�¡��i²jloK�¡­KbO��ª � b�tuwmb n�p`w'w'b	q?km��i©wmbO­Pr¡bO§/r¡q`~�oup)w��`bOjmr¡~Kq
k'o�tu�`ou�1k�t�a oKwmb�w'ou®`p�j{k�n	ouq�>)rsn�k3�1b�k'bOn�k'r¡oKq²tzq)� w'bOjmou��p1k'r¡oKq�a bZn&^)tzq`rsjma��=jlp�n&^ tKj:oKq`b�km^)tzk�p)jmbOj
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­Pr�wlk'p)tz��kmr�a b�rsj3r¡q�n�w'b	a b	q?kmbZ�²®Pi©t�jma�tz����­Htu�¡p`bK��§/^`rsn&^²r�j3�`w'ou�=ouwmkmr�ouq�tz�¸k'o�k'^`b jlr�£	b�oz±xk'^`b�a bZj{¥
j'tz~Kbuª8],^`r�jÄr�jSkmo�w'b->)bZn�kSk'^`b:�`w'o1n�bOj'jmr¡q`~�ou±�k'^`b:a bOj'j'tz~ub/®Pi�q`b�k{§�ouw'°�jmoz± k{§,tzw'b�oKq�b	q)��n	oua �`p1k'b	w&j	�
r�q)n	�¡p)�`r¡q`~ a bOj'j'tz~ubK¼ j3jmb	w'r�tu�¡r�£Otzkmr�ouq\tuq)���`bOjmb	w'r�tu�¡r�£Otzkmr�ouq¸���`w'o1n�bOj'jmr¡q`~�§/^`rsn&^¯�`o?bZj3q`ozk�k'tu°ub7�`�stun�b
r�q km^)b»jmr¡a�p`��tzkmoKwOª � ^`b	q�t�q`o1�1b�n�oKa �`�¡b	kmbZjSkm^)b��`w'o1n�bOj'jmr¡q`~�ou±¸t�a bOj'jmtu~ubu�zkm^`b3jlr�a�p`�stHk'ouwÄtK�¹y{p)jlk'j
r¡k'j,­Pr�wlk'p)tz�=k'r¡a b�kmo w'b->)bZn�k,km^)b3w'bOtu�=kmr�a7b�bO��tu�)jmbO��jmr�q)n�b3km^)b3q)oP�`b�wmbZn�b	r�­ubZ� km^)b�a7bZjmj'tz~KbuªI],^`rsj,r�j
k'o�jmr¡a�p`��tzkmb�k'^`b�k'r¡a b�r¡k»§�oup)����k&tz°ub�r¡q k'^`b�w'bOtu�¸§�oKwm�s��kmo��`wmo1n	bOj'j,km^`b�a bOj'jmtu~ub�ouq²t½n	oua �`p1k'b	w
§/r¡km^©jmr¡a r���tuw:n&^)tzw&tun�kmbOwmrsj{k'r�nOj�tKj�km^`b�oKq`b�p)jmbO��±Îouw,km^)b�jlr�a�p`�stHk'r¡oKq¸ª
«¦k�r�j3r�a ��oKwlk&tzq?k�k'o�q`oukmrsn�b�km^)tzk�tu�¡�8�st¹iub	w&j/±Îw'oua5k'^`b�~Kb	q`bOwmrsn�´3¶�]�p`�P§�tuw'�`j»tzw'b�p`q�t¹§�tuwmb�ou±

§/^)b�km^)b	w»km^`bOi tuwmb�b�¾1bOn	p1kmr�q`~�oKq©kmoK�\t�jmr�a�p`�stHk'bO�©oKw»t½w'bOtu�0bOq?­Pr�wmoKq`a b	q?kOª�«¬q\ozk'^`b	w»§�oKw'�)j	��km^`b
b	¾1bOn�p`kmbO��n�o1�1b�n�oKwmw'bOjm�=ouq)�1r�q`~�kmo7kmr�b	w 6�³ÎrFª bKª¡�`n	�¡r�b	q?k:n�oKwmbK�1n	tun&^)bu�1jlbZn�p`w'r¡k{i�a tuq)tz~Kb	wZ�Pb�k'nuª ·�rsj�km^`b
j'tza b�r�q�®=ozk'^©n	tujmbOjOª

� � �»����$�������2 �
«¬q�ouw&�1b	wSk'o�bO­¹tu�¡p�tHkmb:km^`b»��bOwl±ÎoKwma�tzq�n�b:ou±¸oup`w��`wmoukmouk{i?�=b/§�b�r�a7�)�¡bOa7bOq?kmbO��t 
?t¹­¹t��)wmoK~uw&tza�k'^)tHk
~Kb	q`bOw'tzkmbZj/t �)tHkmkmb	w'q oz±I¨)��b�jmiPjlkmbOa-tKn	n�bZjmjmbOj,bZÀ?p`r¡­Htu�¡bOqKk/k'o�km^�tHk�ou±Ituq ��q)�1w'b	§�Á�b	q)n&^)a tuwm° 9 ;*<Fª
d»p)w�®=b	q)n&^`a�tuwm°��`wmoK~uw&tza�n�ouq�jlrsj{k&j�ou±�¨�­ub��)^)tujmbOj���³lÅZ·�n	wmbZtHk'b��1r�wmbZn�kmoKwmr�bOjO�,³X�u·�n�oK�?i\¨)��bOjO�:³ 6K·
w'bOtK��¨)��b�tHkmkmw'r¡®)p1kmbZj	�0³µ�?·�w'bOtu��¨)��b�n�oKqKk'b	q?k'jO�`tzq���³F�u·,jmr¡a�p`��tzkmb�t�� ����� n	oua a�tzq)��ª
],^`b7w'bOtujmouq ±ÎoKw»§/^)r�n&^²§�b�r�a �`��b	a b	q?kmbZ�©k'^`b7��q)�1w'b	§�Á�b	q�n&^`a�tzw'°�tKj»t 
Kt¹­Ht½tu�`�`��r�nOtHkmr�ouq\r�j

k'^)tHk�oup`w�n�p`w'w'b	q?kx�`w'ozkmouk{iP��b:r�a �`��b	a b	q?k'tzkmr�ouq½oKq`��i��`w'oH­Pr��`bOjxt�
?t¹­Ht�r�qKk'b	wm±µtun	b/kmo�k'^`b:¨��¡b3jli1jlkmb	a ª
],^)r�j/rsj/q`ouk�t �`w'ou®`��b	a ±Îouw,km^)b�¨)w&j{k/±ÎoKp`w:�`^)tKjlbZj,oz±8km^`b�®�bOq)n&^`a�tzw'°��`®`p1k:§�b�^)tu��k'o�r¡a �`��b	a b	q?k
t�a�tz°ub7jlr�a�p)��tzkmr�ouq²±ÎoKw�k'^`b7¨`± km^��`^)tKjlbKª � b tz�sjlo�r¡q�n���p)�1bO��tzq�ou�1k'r¡oKq\r�q\oup)w 
?t¹­Ht½®=b	q)n&^`a�tuwm°
�)wmoK~uw&tza km^)tzk tu�¡��oH§:j�p)j�k'o�w'p`q¢k'^`b�j'tza b�®�bOq)n&^`a�tzw'°¤®`p1k wmbZ�1r�wmbZn�kmr�q`~\¨)�¡b tunOn�bZjmj�kmo¤t\��o1n	tz�
�`r¡w'bOn�kmouw'i½r�q)jlkmbOtK� oz±Soup)w:��bOb	wm¥Xk'oz¥¦��bOb	w,¨)��b�jmi1j{k'b	a ª � b�nOtzq�km^Pp)j»n�oKa7��tzw'b�oup`w�jmi1j{k'b	a-kmo½Æ»ÂIg
®Pi\jm�=bOn�r¡±ÎiPr¡q)~²t �¡o1n	tu�x�1r�wmbZn�kmoKwmi\§/^`r�n&^¯rsj�tun�kmp)tu�¡��i\tzq¢Æ»ÂIg¯a oKp`q?k���oKr¡q?kOª��¸o1n	tu�xtun	n	bOj'jlbZj�tzw'b
k'w'tuq)jl±Îouw'a7bZ�½®Pi�k'^`b�°ubOwmq`bO��r¡q?k'o Æ»ÂSg�|:v�c�j:�1r�wmbZn�k'bO��kmo7km^)b�Æ�ÂSg�jlbOwm­Kb	w,oz±Ioup`w/n&^`oKr�n	buª

	�q`�¡bZjmj�oukm^`bOwm§/rsjlb¯j{k&tHk'bO���»§�b¯w'tuq�tz���3oup`w�kmbZj{k&j�p�jlr�q`~ tºjmr¡q`~K�¡b�r¡q�j{k&tzq)n	b�ou±�km^`b¤�:q��1wmbO§
Á�bOq)n&^`a�tzw'°��)wmoK~uw&tza ª\],^`b�jloKp`w'n	b��1r�wmbZn�k'ouw'i�§�b�p)jmbO�6tuj�r¡q`�)p1k kmo\®=b	q�n&^`a�tzw'°¯n	ouq?k'tur¡q)j�k{§�o
jmp`®��1r�wmbZn�kmoKwmr�bOj,tuq)�©� �½c.jmoup)w'n	b3tuq)��^`bOtK�1b	w,¨)��bOjO�1±ÎoKw:t�k'ozk&tz�0jmr¡£Ob�oz±,ÅO�u�./�®¸ªx],^)b�tz�`�`��rsn	tHk'r¡oKq
tKn	n	bOj'jlbZjÄk'^`b���o1n	tz��¨��¡b�jmi1j{k'b	a-n	�¡r�b	q?kZ�`§/^`rsn&^�r�q kmp)wmq w'p`q)j/oKq�k'ou� oz±St �¡o1nOtz�¸vStujlk �HvStujlkmw'i�q`o1�1buª
],^)r�j»q`o1�1b�km^`bOq�n�oKa a�p`q`rsn	tzkmbZj:§/r¡km^\oukm^`bOw»vStKj{k3r¡q)jlk'tuq)n�bZj:k'o�jlkmoKwmb�tzq)�©w'b�k'wmr�b	­Kb�vStujlk3®)�¡o1n&°1j	ª
�»j jl^`oH§/q6r¡q Â8r¡~Kp`w'b �P�Äkm^`bZjlb©n	oua a�p`q)r�nOtHkmr�ouq�j7nOtzqºk'tz°Kb��)��tKn�b�b	r¡km^`bOw�k'^`w'oup`~K^6tzq6b	a�p`��tzkmbZ�
q)b�k{§�ouw'°=�PoKw/®�b�n	ouq1¨)q)bO��kmo7km^`b���o1n	tu� 
Kt¹­Ht �»e�§/^`bOq�p)jmr�q`~7km^`b �8g

3
jlr�a�p)��tzkmouwZª

��� Ï ���
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Â8r¡~Kp`wmb 6��Äg1r¡a�p`��tzkmr�ouq�­1j	ªx|/bZtz� �S¾1bZn�p1k'r¡oKq�oKq�Å�� Æ:o1�1bOj

�S¾1�=b	w'r¡a bOqKk&jÄw'b	�stHk'bO��kmo�jlr�a�p`�stHk'r¡oKq�­1j	ª8wmbZtz��b�¾1bOn	p1kmr�ouq²³XjlbOb�jlp)®)jlbZn�k'r¡oKq��1ª�ÅO·Stzq���n�ouq�n�p`w'wmbOq?k
n	�¡r�b	q?k&j�³XjlbOb¯jmp`®)jmbOn�kmr�ouqD�`ª �K·�tzw'b\w'p`qDouq.vIb	q?k'r¡p`a�j�� �1ª � � ¶:£¯§/r¡km^ �`ÅZ�¢e²®?i?k'bOj�oz±�|:�»e¢�
w'p`q`q)r¡q`~ �¸r�qPp1¾\�1ª �)ª ¾���b	¾1n	b	�1k»±Îouw»km^`b ´»p`a a�i1Æ:b	k�w'oup`kmb	w»§/^`rsn&^\w'p`q)j3Â`w'b	bOÁ/g1´ �)ª �1ª����¡�Iozk'^`b	w
b	¾1��bOwmr�a b	q?k'j�tuwmb jlr�a�p)��tzkmr�ouq)j7w'p`q6oKq t¯vIb	q?k'r¡p`a � Åuª � � ¶�£�§/r¡km^.� � ®Pi?kmbOj ou±3|:�»e¢ªÄÆ�ozkmb
k'^)tHk/k'^`rsj:�stHklk'b	w/a�tun&^)r¡q`b�®=b	r�q`~½jm�¡oH§�b	w,b	¾P�)��tur¡q)j/km^`b��1r ��b	w'b	q)n	b�§�b�oK®)jlbOwm­Kb»oKq b�¾1bOn	p1kmr�ouq�kmr�a bOj
®=b�k{§�b	bOq�Â8r�~up`w'b�6 tzq)� Â8r¡~Kp`w'b3�7±ÎoKw:jlr�a r¡�stzw/q`b	k{§�oKwm°½n	ouq1¨�~up`w&tHk'r¡oKq)j	ª

���	� ��! � ��� � ��! ��#�� ��� ��� ��� ������������! � #
],^)b/¨)w&j{kxk'bOjlkÄk'^)tHkÄ§�b�nOtzw'wmr�bO�7oup`k�tzr�a bO��tzk��1b�k'b	w'a r¡q`r�q`~�k'o�§/^`rsn&^�b�¾PkmbOq?kÄkm^)b:b�¾1bOn	p1kmr�ouq�ou±¸oup`w
��q)�1w'b	§ Á�bOq)n&^`a�tzw'°�p)jmr�q`~3km^`b �8g

3
jlr�a�p)��tzkmouwx�`r���b	w&j8±ÎwmoKa tuq�bZÀKp)r¡­Htz��b	q?kSk'bOjlkxp)jlr�q`~�w'bOtz�1vStKj{k'wmi

q)oP�`bOjOª�«¬q�km^`rsj�n	ouq1¨)~Kp`w&tHkmr�ouq\§�b p)jmb�Å���a tKn&^`r�q`bOj3��oPnOtHk'bO��r¡q�km^`b½j'tza b �0�»Æ�ª �ÄtKn&^\a�tun&^)r¡q`b
rsj,n�oKq1¨)~up)wmbZ��kmo7w'oup1k'b»«¬v �)tKn&°ub�k&jxk'^`w'oup`~K^�t7´�p`a a�iPÆ�b�k�9 ��<¸w'oup1k'b	wZ�?§/^)r�n&^ tu�`�)j�t�¨`¾1bO���1bO��t¹i
ou±�ÅO�K�½a�j3kmo�bOtKn&^\�)tKn&°ub	kOª �ÄtKn&^\a�tun&^)r¡q`b7^`o?j{k&j3t�vStujlk�q`o1�1b�§/^)r�n&^¤n�oKa7a�p`q`rsn	tzkmbOj3§/r¡km^�km^`b
oukm^`bOwSq`o1�1bOjxp)jlr�q`~�k'^`b:vStujlkmw'i � «{| �¢�`w'ozk'o1n�ou�F�utuq)�7vItKj{kZ¼ jxwmbO�`�¡rsn	tzkmr�ouq7±µtun�kmoKwSr�jxjmb�kSk'o��)ª ��g

3
r�j

n	ouq1¨�~up`w'bO� k'o�jmr¡a�p`�stHkmb�t�q)b�k{§�ouw'°7§/r¡km^�km^`b»km^)b�j'tza b3n&^)tzw&tun�kmb	w'rsj{k'r�nOj	�?tzq)��§�b»wmp`q�km^`b��:q��1wmbO§
Á�bOq)n&^`a�tzw'°�®�oukm^ ouq�km^)b�wmbZtz�¸tzq���jmr¡a�p`�stHkmbZ��q)b�k{§�ouw'°PjOª
],^`b�wmbZjlp)�¿k&j�tuwmbx�)wmbZjlbOqKk'bO��r�q�Â8r¡~Kp`w'b 61ªIÆ:oukmrsn�bxk'^)tHk�km^`bÄkmouk'tz�?w'p`q1¥Fkmr�a7bZj0ou±`®�oukm^�®=b	q�n&^`a�tzw'°Pj

�`r���b	wSr�q�tz�`�`w'o¹¾1r¡a�tzkmb	��i ÅO�	�½�zkm^`b:jmr¡a�p`�stHkmbZ��b	¾1bOn�p`kmr�ouq7®�bOr¡q`~�jm��r¡~K^Kk'�¡i�±µtKj{k'b	wIk'^)tzq7km^)b�oKq`b,p)jmr¡q`~
w'bOtu�zvStujlkmw'i�q`o1�1bZj	ª8],^`b	w'bÄtuwmbIk{§�o/±µtun�kmoKw'j�k'^)tHk�a t¹i3®=b�n	tup)jmr¡q`~,k'^`rsj0�1r �=bOwmbOq)n�bKª�Â8r�w'jlkO�Zkm^)bÄa o1�1b	�
�8g

3
p)jmbOj�r�q¤ouw&�1b	w�k'o²jlr�a�p`�stHk'b a7bZjmj'tz~Kb��)wmo1n�bZjmjmr�q`~©�1b	�st¹i²r�q¯q)b�k{§�ouw'°©��t¹iKb	w&j»rsj�k'o?o©jmr¡a �`��b kmo

�`bOj'n�w'r¡®=b�vStKj{k'wmi�¼ j�®=b	^)t¹­Pr�oup`wZ�=§/^`r�n&^¯w'b	�=bOtHk'bO�1��i©jl§/r¡k'n&^)bOj3®�b	k{§�bOb	q�	�´»v tuq)�\]�c�v jlo1n&°Kb�k'j»r�q

Ï�ÏDC�EGF�H�I�I
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Â8r�~up`w'b����xÆ�b�k{§�ouw'°�gPr¡£Ob

oKw'�`b	wIkmo�tK�`tz�`kSkmo�q`b	k{§�oKwm°�kmw&t�B½nzªSgPbOn	ouq)�¸�zkm^)b/wmbZjloK�¡p1k'r¡oKq oz±=km^`b�n	�¡o1n&°�§�b/p)jmb,kmo�tK�¹y{p)jlkÄq`o1�1bZj	¼
­Pr�wlk'p)tz��k'r¡a b½³lÅ3a�j&·�a�t¹i½®�b�k'oPo n	oKtuw'jmb�k'o i?r�b	�s� tunOn�p`w&tHk'b»w'bOjmp`�¡k'jOª
«¬q k'^`b�±Îou���¡oH§/r�q`~�jmbOn�k'r¡oKq)j/§�b�a tu°ub�k'^`b�tuj'jlp)a7�`kmr�ouq�km^)tzk/km^`rsj�ÅZ� � �`r���b	w'b	q)n	b�®�b	k{§�bOb	q w'bOtz�

b	¾1bOn�p`kmr�ouq�tuq)�¯jlr�a�p`�stHk'r¡oKq\w'bOjmp`�¡k'j3§/r¡���Sw'b	a�tzr�q�n	ouq)jlk'tuqKk�tuj3§�b�r�q)n	wmbZtujmb�k'^`b q?p)a�®=b	w�oz±�q`o1�1bOj
r�q km^)b�q`b	k{§�oKwm°�ª�d»p`w:^PiP��oukm^`bZjlrsjO�)^`oH§�b	­Kb	wZ�`a�t¹i�q`ouk�q`bZn�bOj'j'tzw'r¡��i½^`oK������tzq�� §�b�jm^)tu�¡�0km^`bOwmb	±Îouw'b
n	ouq)jmrs�1b	w�km^`b�®�bOq)n&^`a�tzw'°�w'bOjmp`�¡k'j»�`w'bOjmb	q?kmbZ� ®�bO�¡oH§�tuj»�`w'b	��r¡a r�q)tzw'i�§�oKwm°�kmo�®=b�n	ouq1¨�wma bO�²��tzkmb	w
®Pi�±Îp)wlk'^`b	w/bO­¹tu�¡p�tHkmr�ouq�j	ª

��� � � ����� � ��� � !����
�:± kmbOw»­Htz��rs�`tHk'r¡q`~½km^`b jlr�a�p)��tzkmouwZ�)§�b�a bOtKjlp)wmbZ� vItKj{k'r�jO¼�jmnOtz�stz®`r��¡r¡k{i�§/r¡km^�wmbZjl�=bOn�k:kmo�km^`b�qPp`a�®=b	w
ou±=q)oP�`bOjSr�q km^`b�q`b�k{§�ouw'°�ª � b:w'tuq�k'^`b:®=b	q)n&^)a tuwm°�ouq�jmr¡a�p`��tzkmbZ��q)b�k{§�ouw'°PjIou±=­Htuwmr�oup)jSjmr�£	bu�Kp)jmr¡q`~
k'^`b�jl�`^)b	w'b�k'ou�=ou��ou~uiKª8],^)b»a�tH¾1r�a�tz�=q`b�k{§�ouw'° ��tzkmb	q�n�iu�P§/^`rsn&^�n	ouw'wmbZjl�=ouq��`jSk'o�k{§�o��1rstza b	kmw'r�nOtz���¡i
oK�`�=oKjmbO�¢�=our�q?k'jO�S§�tKj�jmb�k7kmo�oz±26K�u�za�jOª � b�p)jlbZ�¤km^)b n	�¡o?jlb	¥Xk'oz¥¦ou�=b	q¢n�oKq)jmr�jlkmbOq)n�i¤a o1�1b	�F�Ätzq��
vStKj{kZ¼ j,w'b	�`��rsn	tHk'r¡oKq�§,tuj,�1rsj'tz®`��bO��ª
Â8r�~up`w'b½��jm^`oH§:j�k'^`b�kmozk&tz��tzq)�¢�=b	wm¥¦�`^)tujmb½b	¾PbZn�p1k'r¡oKq¤kmr�a b�oz±/k'^`b�®=b	q�n&^`a�tzw'°\±ÎoKw�q`b	k{§�oKwm°

jmr�£	bOj�w'tuq`~ur�q`~�±Îw'oua�Å��½kmo 6?� ; �u� q`o1�1bZj	��t¹­ubOw'tu~ubZ��oH­Kb	w/±ÎoKp`w»w'p`q)jOª � b�oK®)jmb	w'­ub�km^�tHk3km^`b�kmozk&tz�
b	¾1bOn�p`kmr�ouq�kmr�a7b�r�q)n	wmbZtujmbOj�ouq`��i½®Pi²Å�6`ª � � ®=b�k{§�b	bOq�Å���³�6`ÅKÅ3j&·,tzq)�:6?� ; �u��q`o1�1bOj�³�6K�!6�j&·�ª
],^`rsj,~uoPo1��w'bOjmp`�¡k�rsj,�1p`b3kmo7vStujlkmw'i=¼ j�wmoKp1kmr�q`~ tz��~uouw'r¡km^`a �?§/^`r�n&^�k'tu°ubZj�tzk�a oKjlk

log2bN
^`ou��j	�

§/^)b	w'b
N
rsj¸k'^`bÄqPp`a�®�bOw�ou±`q`o1�1bOjO�Zkmo�w'oup`kmbÄt�a7bZjmj'tz~KbS®�b	k{§�bOb	q�tuqPi�k{§�o:q`o1�1bZj	ª8],^`r�j�b�¾1�=b	w'r¡a bOqKk

n	ouq1¨�wma�jO�z^`oH§�b	­ubOwO�Zk'^)tHkÄvStKj{k'r�jS�1oPbZjIq`ozkxr�q?kmw'oP�`p)n�b:tuq?i�>�t¹§ºr�q7km^`b/oH­Kb	w&tz���P�`bOjmr¡~Kq7tuq)�7�`wmbZjlbOwm­Kb
vStKj{k'wmi½tuq)��vItKj{kZ¼ j/j'n	tu��tu®`r��¡r¡k{i�oH­ubOw,t7§/rs�1b�w&tzq`~Kb»ou±8q`b	k{§�oKwm°½jmr�£	bOjOª

��� Ï ���
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Â8r¡~Kp`wmb����x|/b	�`��rsn	tHk'r¡oKq�Â�tun�kmouw

���J� � �X� �	!�� ����!	��#�� �E� �"� �
vStKj{k'r�jO¼0�=b	wm±Îouw'a�tzq)n	b��1b	�=b	q��`j�oKq¢^`oH§ n���oKjmb½®`��o1n&°¯w'b	�)�¡rsn	tKj�tzw'b�kmo²km^`b n���r¡bOq?kOª\Á�i¯r¡q)n	wmbZtujmr¡q)~
vStKj{kZ¼ j w'b	�`��rsn	tHk'r¡oKqº±µtKn�k'ouw

k
�,§�b r�q)n�w'bOtKjlb�w'b	�`��r�nOtujO¼ j �1rsjm��bOw'jmr¡oKq¸ªDd»q6oKq`b ^)tzq�����r¡k½w&tzrsjlbZj7km^`b

�)wmoK®)tz®`r���r¿k{i7km^�tHk/ouq`b�ou±0km^)b3w'b	�)�¡rsn	tKjÄ®=b�n���oKjmb	w�kmo7km^)b�n	�¡r�b	q?kZ�Pkm^Pp)j,r�a7�)wmoH­Pr�q`~�w'bOtK��tunOn�bZjmjÄkmr�a buª
d»q k'^`b�oukm^`bOwÄ^)tuq)���?r¿k�w'tur�jmbOjIk'^`b��)wmoK®)tz®`r���r¿k{i�km^)tzk�t�w'b	�`��rsn	t�®=b/±µtzwmkm^)b	wxk'o�km^)b»n���r�b	q?kO�?§/^`rsn&^½^)tuj
k'^`b�n�oup)qKk'b	w�b ��bOn�k,ouq�§/wmr¡kmb3ou�=b	w&tHk'r¡oKq)j	ª8e©ouw'b	oH­Kb	wZ�ur�q)n�w'bOtKjlr�q`~�k'^`b»w'b	�)�¡rsn	tzkmr�ouq�±µtKn�kmoKw�~Kb	q`bOw'tzkmbZj
a oKwmb�q`b	k{§�oKwm° k'w't�B�n�tuq)���)p1k'j/^)bOt¹­Pr¡bOw,�`wmo1n	bOj'jlr�q`~7�¡o?tu��ouq�q`o1�1bOjOª
«¬q�ouw&�1b	wÄkmo�a bZtujmp`wmb�km^`b3r�a7��tun�k�oz±¸k'^`bOjmb�oK�`�=oKjmr¿k'b�b ��bOn�k'jO�P§�b»w'tuq�km^`b��:q��1wmbO§.Á�b	q)n&^`a�tuwm°

§/r¡km^ �1r �=bOwmbOq?k,w'b	�)�¡rsn	tzkmr�ouq�±µtKn�kmoKw'j�oKq�t�q`b�k{§�ouw'° oz± 6?� ; �u��q`o1�1bOjOªS],^`b�ozkm^)b	w/jlb	klk'r¡q`~?j�§�bOwmb»km^`b
j'tza b3tuj�r¡q�km^`b��`w'b	­Pr�oup)j�b�¾1�=b	w'r¡a bOqKkZªSÂ�r�~up)wmb���jm^`oH§:jÄkm^`b»kmouk'tu��tuq)�½�=b	wm¥¦�`^)tujmb3b�¾1bOn	p1kmr�ouq�k'r¡a b
ou±0k'^`b�®�bOq)n&^`a�tzw'°�±ÎoKw/wmbO�`�¡rsn	tzkmr�ouq�±µtun�kmouw&j�w'tuq`~ur�q`~�±ÎwmoKa-��kmo©Å��`ª
� b�ou®�jlbOwm­Kb»k'^)tHk/k'^`b�k'ozk'tu�¸b�¾1bZn�p1k'r¡oKq�k'r¡a b�tu�`�`w'o¹¾1r¡a�tHk'b	��i�±Îou����oH§:j/t �¡r�q`bOtuw:�st¹§��1r¡q)n	wmbZtujmr¡q)~

®Pi¯ouq`��i\� � ®=b�k{§�b	bOq¢wmbO�`��r�nOtHkmr�ouq¤±µtKn�k'ouw&j��¢³ 6?�H�²j&·�tzq�� Å��¢³ 6 �u�©j&·�ª²Â8r�~up`w'b ��k'tu°ubZj�t²n���oKjmb	w
��oPou°�tzk:�`^)tKjlb�� ³Î¨)�¡b�§/wmr¡kmb¹·,tzq)���`^)tKjlb��²³Î¨)��b�wmbZtu�)·�b	¾PbZn�p1k'r¡oKq�kmr�a7bKª��»j:b�¾1�=bOn�kmbO�¸�`§/wmr¡kmb�k'r¡a b
r�q)n	wmbZtujmbOj7§/r¿k'^ km^`b\wmbO�`�¡rsn	tzkmr�ouq6±µtun�kmouwZ�,tz�¡km^`oKp`~u^ ®`��o1n&°WwmbO�`��r�nOtuj�tzw'b©r�q)jlbOwlk'bO� r�q ��tzw&tz���¡bO�Xª.«¦k
r�q)n	wmbZtujmbOj»®?i¢Å���j�³ 
�Å*; �7·:®�b	k{§�bOb	q¯wmbO�`�¡rsn	tzkmr�ouq©±µtKn�k'ouw&j���³µ� 6�j&·»tzq)�ºÅ��¯³{ÅO�K��j&·���¨�w'jlk�jlkmbOb	�`��i
®=b�k{§�b	bOq²w'b	�`��r�nOtHk'r¡oKq ±µtun�k'ouw&j��½tuq)� �²³F�z�	� ou±Ikm^`b7r¡q�n�w'bOtujmbZ·��`k'^`b	q�a7oKwmb�~uw&tu�1p)tu�¡��iuª � b�q)ozkmrsn�b
k'^`b�ou�)��o?jlr¡kmb�b �=bZn�k�oKq¯w'bOtK��kmr�a7bK��§/^)r�n&^¢�1bZn�w'bOtujmbOj�®Pi¯�©j½³ ¥&Å*; ��·3®=b�k{§�b	bOq¤wmbO�`�¡rsn	t�±µtKn�kmoKw'j��
³F�u�`ª ��j&·:tuq)�¢Å��²³Î� 6`ª � j'·�ª3��~Ktzr�q¸��km^`b7�1bOn	wmbZtujmb�r�j3jlkmb	bO�²r�q²km^)b�¨)w&j{k3�`�stun�b�®�b	k{§�bOb	q²w'b	�`��rsn	tHk'r¡oKq
±µtKn�k'ouw&j,�7tuq)� ��³F�z�	� oz±8km^`b��`bOn�w'bOtKjlb¹·��1tzq��½k'^`b	q a ouw'b�~uw&tu�1p)tu�Xª
Â8r�~up`w'b ;�b	¾P�)��tur¡q)j�km^`bZjlb�ou®)jmb	w'­HtHkmr�ouq�j	ª�«¦k��`��ozk&j�k'^`b��1rsjlkmw'r¡®`p`kmr�ouq¢oz±:tKn	n�bZjmj�kmr�a7b�kmo²®)�¡o1n&°

w'b	�)�¡rsn	tKj½tuj½t¯±Îp)q)n�k'r¡oKq.oz±�km^)b²wmbO�`��r�nOtHkmr�ouq ±µtKn�kmoKw�±Îouw½km^`b�q`b�k{§�ouw'°ºn�oKq1¨)~Kp`w'tzkmr�ouq tzq)� jmoup)w'n	b
�`r¡w'bOn�kmouw'iº§�b\p�jlbZ� r¡q k'^`b\b	¾1��bOwmr�a b	q?kO��tKj½a bOtKjlp)wmbZ� tH± kmbOw½k'^`b�®=b	q�n&^`a�tzw'° n	oua �`��b�kmbZj	ª Â`ouw
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Â8r�~up`w'b�; �S´�rsjlkmw'r¡®`p`kmr�ouq oz±SÁ��¡o1n&°�|/bO�`��r�nOtuj

bZtun&^ w'b	�`��r�nOtHk'r¡oKq�±µtKn�k'ouwZ�1km^`w'b	b��1r�jlkmw'r�®`p1kmr�ouq�j�tzw'b��1bO�`r¿k'bOn�kmbO� �Äk'^`b�a r��)�1�¡b7tzq)� w'r�~u^?k:®)tzw&j/w'b	�stHk'b
w'bOjm�=bOn�k'r¡­Kb	��i�kmo�k'^`b 	3c�Á6tzq)��km^`b»c�¶»ÁW~Kb	q`bOw'tzkmbO��®Pi�km^`b/®=b	q�n&^`a�tzw'°=ªI],^`b/��b�± kx®)tuwxn�oKwmw'bOjm��oKq)�
k'o�tzq ^PiP��oukm^`b	kmrsn	tz��jlb	kÄoz±�®`��oPn&°1jO�ubZtun&^7oz±�§/^`rsn&^7w'oPozk'bO�7tHk�t�jm��bZn�r¡¨�n,q`o1�1b:ou±=oKp`wÄn	ouq1¨)~Kp`w&tHkmr�ouq0ª
],^)r�j���tzklkmbOw��1rsjlkmw'r¡®`p`kmr�ouqºjmb	w'­ubZj�tuj�t©wmb	±Îb	w'b	q)n	b���oKr¡q?k tzq)�¤^`bO�¡��j�r�qWn�oKqKk'wmoK�¡r�q`~ k'^)tHk�km^`b 	3c�Á
tuq)�¢c�¶�Á �`r�jlkmw'r¡®)p1kmr�ouq)j�tuwmb7q`ouk�®`r�tKjlbZ��ª�],^`b �¡oH§�b	w��)tuwlk�ou±�bZtun&^\®�tzw�w'b	�`w'bOjmb	q?k'j»k'^`b½t¹­ubOw'tu~ub
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Concurrent AB clients

Â8r�~up`w'b�����c�oKq)n�p`w'w'b	q?k,n	�¡r�b	q?k&j

tKn	n	bOj'j�kmr�a b�kmo²k'^`b n���oKjmbOjlk�w'b	�`��r�nOt²ou±:km^`b jmb�kO�Ä§/^`r¡��b�km^`b�p`�`�=b	w �)tuwlk7wmbO�`wmbZjlbOq?k'j�km^`b t¹­ubOw'tu~ub
tKn	n	bOj'j0k'r¡a b/k'o3km^`b/±µtuwlk'^`bOjlkSwmbO�`��r�nOt»ou±�k'^`b:jmb�kOª�	�c�Áº�1rsj{k'wmr�®`p1k'r¡oKq)jSjm�¡r�~u^?km��i��1r ��b	wS±Îw'oua wmb	±Îb	w'b	q)n	b
�`r�jlkmw'r¡®)p1kmr�ouq)jI®=bOnOtzp)jmb�km^`b/qPp`a�®�bOwSoz±�	3c�ÁWrsjIw&tHkm^)b	wSjla�tu�¡�¸³F�z�K·��z®`p1k�c�¶»Áº�1rsjlkmw'r¡®`p`kmr�ouq)jSn	�¡o?jlbO�¡i
a�tzk'n&^`b w'b�±Îb	w'b	q�n�b��1rsj{k'wmr�®`p1k'r¡oKq)j	ª�«¬q¯®=ozk'^¢n	tujmbOjO�¸§�b q`ozk'r�n	b km^)tzk�km^`b½t¹­Kb	w&tz~ub7n���oKjmbOjlk��1r�jlk'tuq)n�b
�`bOn�w'bOtKjlbZj�tKj�km^`b,w'b	�`��r�nOtHk'r¡oKq�±µtun�kmoKw�r�q)n�w'bOtKjlbZj	�ztuq)��n	ouqP­ubOw'jmb	��i3±Îouw8km^)b,t¹­Kb	w&tz~KbS±µtzwmkm^`bZj{kS�1rsj{k&tzq)n	bu�
tuq)��km^)tzk�®=ozk'^W�1r�jlkmw'r�®`p1kmr�ouq�j�^)t¹­ub½jmr�a7r��stzw�jm^)tz�=b�tKj��`^)tKjlb��©tuq)�¯�`^)tKjlb��²b	¾1bOn�p`kmr�ouq¯kmr�a b�r�q
Â8r�~up`w'b �1ª

����� � ��#j��� ����� # � ���$! � # ���
«¬q�km^`rsj�kmbZj{k §�b�b	­Htz��p)tzkmb²k'^`b¯��bOwl±ÎoKwma�tzq�n�b\r�a �)tun�k�ou±�wmp)q`q`r�q`~6a�p`�¡kmr��`�¡b�¨)��b¯jmi1j{k'b	a n���r�b	q?k'j
n	ouq)n	p`w'wmbOqKk'�¡i�r¡q�t/w'bOtu�zb	qP­Pr�wmoKq`a b	q?kOª � bxw&tzq3±Îw'oua ouq`bSp`��k'o�Å��/n	ouq)n	p`w'wmbOqKk0��q)�1w'b	§¤Á�b	q)n&^`a�tuwm°
n	�¡r�b	q?k&j	��bOtun&^ n���r�b	q?k�§/w'r¿k'r¡q`~ k'o�t��1r �=bOwmbOq?k»�1r�wmbZn�kmoKwmi�jlo k'^)tHk�q)o�n�oKq�>)rsn�k'j�tzw'b3~Kb	q`bOw'tzkmbZ��ªÄ«¬q²tu�¡�
nOtujmbOj�§�b�p)jlb7t�vStKj{k3q`b�k{§�ouw'°�ou±:Å���q`o1�1bOjO��§/r¿k'^

k = 4
��tuq)�²t²ÅZ�u��a�j»r¡q?k'b	wm¥Fq`o1�1b7�1b	�st¹iuª�],^`b

n	ouq)jmrsj{k'b	q)n	i�a7o1�1bO�¸rsj:n���oKjmb�¥Fkmou¥FoK��bOq¸ª
Â8r�~up`w'bÄ�/jm^`oH§:j�km^�tHk0k'^`bSk'ozk'tu�uw'p`q?kmr�a bS±Îouw8t/jlr�q`~u��bÄn	�¡r�b	q?k0rsj+6)ÅuÅuª ��jlbZn�oKq)�`jOª���j¸km^`bÄq?p)a�®=b	w0ou±

n	�¡r�b	q?k&jÄr�q)n�w'bOtKjlbZj	�Kwmp)qKk'r¡a b�tz�`�=bOtuw'jxkmo�~uw'oH§ ��r�q`bOtuwm��iu�?§/r¿k'^�oKq`�¡i�t7� � r¡q�n�w'bOtujmb/±ÎoKw��7n�ouq�n�p`w'wmbOq?k
n	�¡r�b	q?k&j	ª,],^`rsj:jlp)~u~ubZj{k&j,km^�tHk�vStujlkmrsj:j'n	tu�¡bZj,§�bO�¡��r¡q k'b	w'a j:oz±xn�oKq)n�p`w'w'b	q?k:n���r¡bOqKk&j	ª�«¬q²n�oKa �)tzw'r�jmouq0�
tKn	n	ouw&�1r¡q)~�k'o 9�Å@6*<Itzq bOÀ?p`r�­Htz��b	q?k:kmbZj{k»��bOwl±ÎoKwma bO� oKq�km^`b�«¬­?i�¨)��b�jli1jlkmbOa5jm^`oH§:j:t ;z� � r�q)n	wmbZtujmb
§/^)b	q�~uour�q`~�±ÎwmoKa Å3kmo �7n	ouq)n	p`w'wmbOqKk/n���r�b	q?k'jOªS],^`r�j,rsj,q`ouk/jmp`w'�`w'r�jmr¡q)~7jmr¡q�n�b�^)t¹­Pr¡q)~�a�p`�¿k'r¡�)�¡b���ou~Kj
³µouq`b���bOwÄ�)tuwlk'r�n	r¡�)tuq?k&·8±ÎoKw'n	bOjx«¬­Pi n���r¡bOq?k'jSk'o�k'w't¹­Kb	w&jlb/tz���`k'^`b���ou~?jIkm^�tHk�^�t¹­ub/®=b	b	q�a7o1�1r¡¨)bZ���KbO­ubOq
r¡±/km^)b�w'bOn�oKw'�)j�tz�`�=b	q)�`bO�¢®Pi�km^`b�ozkm^)b	w�p�jlbOw'j��`o²q`ozk n�oKq)n�bOwmq¯km^)b½¨)��bOj�tun	n	bOj'jlbZ�¤®Pi\k'^`b���o1n	tz�
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CHB read+write
UCB write
UCB read

Â8r�~up`w'b����Äc�ouq)jmrsj{k'b	q)n	i�e©o1�1b	�sj

p�jlbOwOªI«¬q�vItKj{k'r�jO�1w'p`q`q`r�q`~�Å��7n�ouq�n�p`w'wmbOq?k,n	�¡r�b	q?k,�`wmo1�1p�n�bOj,oKq`��i½t�ÅKÅuª 6 � r�q)n�w'bOtKjlb�n�oKa7��tzw'bO��k'o7t
jmr�q`~u��b�n���r¡bOqKkZ�1§/^`rsn&^�rsj,­ubOwmi��¡oH§ n�ouq�jlrs�1b	w'r�q`~�k'^)tHk:bO­ubOwmi�q`o1�1b�rsj,w'p`q`q`r�q`~�t7®�bOq)n&^`a�tzw'°�n���r�b	q?kOª

��� � � ��# � !	���"� #U� 
 � � � � �	�
vStKj{k'r�jO¼ j��=b	wm±Îouw'a�tzq)n	b7�`b	�=b	q)�`j�ouq�km^`b½n	ouq)jmr�jlkmbOq)n�i\a7o1�1bO�Skm^�tHk�r�j�jlbO�¡bZn�kmbZ�²k'o²tunOn�bOj'j»¨)��bOjOª�«¬q
oKw'�`b	w7kmo¢n�oKa �)tzw'b�k'^`b©�=b	wm±Îouw'a tuq)n�b�oz±3km^)b�k{§�o¢n�oKq)jlrsjlkmb	q�n�i¢a o1�1b	�sj�§/^`rsn&^6vStKj{k'r�j�n	p`wmw'b	q?k'�¡i
r�a �`��b	a b	q?k'jO�¹§�bSw&tzq3k'^`b���q)�1w'b	§¤Á�bOq)n&^`a�tzw'°�oKq�t:jlr�a�p)��tzkmbO�3q`b	k{§�oKwm°»oz±A6K� ; �u��q`o1�1bZj	ª � bxp�jlbZ�
k'^`b�jl�)^`b	w'b»q)b�k{§�ouw'° kmou�=ou��ou~Kiu�P§/r¡km^ t�a�tz¾Pr�a�p)a q`b�k{§�ouw'° ��tzkmbOq)n�i½ou± 6K�u��a�j/tuq)��t7w'b	�`��rsn	tHk'r¡oKq
±µtKn�k'ouw,oz±,Å��)ª
� b���bOwl±ÎoKwma bZ��km^)wmbOb»k'bOjlk/wmp`q�j	ªI«¬q�km^`b3¨)w&j{k/§�b�p)jlbZ��k'^`b�n���oKjmb�¥Fkmou¥FoK��bOq\³Fc�]�d�·�n�oKq)jmr�jlkmbOq)n�i

a o1�1bO�X�1tzq���r¡q�km^`b�jmbOn�oKq)��§�b3tKn�k'r¡­HtHk'bO� k'^`b3wmbZtu�P¥¦iuoKp`wl¥¦§/w'r¿k'bOj/³µ|�� � ·Äa o1�1bO�XªS«¬q�k'^`b»km^`r�w'��wmp)q
§�b�tu��jmo©p)jmbO�¤k'^`b�w'bOtK�P¥FiKoup`wm¥¦§/wmr¡kmb7a oP�`b	�F�S®`p1k�k'^`rsj�kmr�a b�§�b�a�tu�`b²ÅO�	� ou±�k'^`b�n	�¡o?jlbZj{k�r¡q`o1�1b
w'b	�)�¡rsn	tKj�®=b©j{k&tz��buª6],^)r�j�jmr¡a�p`�stHkmbZj tzq b�¾1bOn	p1kmr�ouq6r¡q §/^`rsn&^ºk'^`b q`o1�1bOj7^`oK���1r�q`~�km^`bZjlb w'b	�`��rsn	tuj
§�oup)���©®=b �1oH§/q²§/^`bOq\r�q`o1�1bOj3tzw'b�p`���`tzkmbO�\r¡q��`^)tKjlb �1��tzq)�²§�oKp`���\®�b7p`�¯tz~Ktur¡q©§/^)b	q²k'^`b�¨)�¡b
jmi1j{k'b	a n	�¡r�b	q?k:a�p)j{k/w'b�k'wmr�b	­Kb�tuq�r�q`o1�1b�w'b	�`��r�nOt7r¡q �`^)tKjlbZj�6H¥{�1ª
Â8r�~up`w'b3�7jm^`oH§:jxk'^`b»kmozk&tz��tzq��½�=b	wm¥F�`^�tujmb�b�¾1bZn�p1k'r¡oKq½kmr�a b3±Îouw�bOtun&^�oz±¸k'^`bOjmb»km^`w'b	b3wmp)q)j	ªS],^`b

��b�± kZ�Ka rs�`�1��b�tzq���w'r�~u^?kS®)tzw&jSw'b	�`w'bOjmb	q?kIkm^`b»n���oKjmb�¥Fkmoz¥¦ou�=b	q0�HwmbZtu�P¥¦iuoKp`wl¥¦§/w'r¿k'bOj8tzq)�7w'bOtu�1¥FiKoup`wm¥F§/w'r¡kmb
§/r¡km^ ±µtur¡��p`w'bOj/w'p`q)jO�`w'bOjm��bZn�k'r¡­Kb	��iuª�],^)b�b�¾1bOn	p1kmr�ouq�kmr�a b�rsj�jm�`�¡r¡k�r�q?kmo km^)wmbOb�n	tHk'b	~Kouw'r¡bZj �Ik'^`b���oH§�bOw
��tzwmkIou±=bZtun&^7®)tzwSw'b	�)wmbZjlbOqKk&j�km^`b:n	p`a�p`�stHk'bO��c�¶�ÁºwmbZtu��³ �-"�������nOtz���s·Ituq)�7§/wmr¡kmb�³ ���G��"-,��Sn	tu�¡� ·0kmr�a bu�
k'^`b�a rs�`�1��b��)tuwlk�w'b	�)wmbZjlbOqKk&j,km^)b 	3c�Á §/w'r¿k'b�kmr�a b�³ ���G�-"�,���nOtz���s·/tuq)��km^)b�p`�`�=b	w3�)tzwmk:w'b	�`w'bOjmb	q?k'j
k'^`b�	3c�Á.wmbZtu��kmr�a7bKª

��� Ï ���
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� b�oK®)jmb	w'­ub�km^�tHk�r¡q©k'^`b n���oKjmb�¥Fkmoz¥¦ou�=b	q a o1�1b	�F��tz��a oKjlk�;z� � ou±Skm^`b7oH­ubOw'tu�¡�¸kmr�a7b�r�j3jm��bOqKk�r�q
	�c�Á�w'bOtK�`j/tzq�� §/wmr¡kmbZj	ª,],^`b	w'b�tzw'b�k{§�o�wmbZtujmouq)j�±Îouw�km^`rsjOª�Â8r�w'jlkO�=tz�¡km^`oKp`~u^©t ¨)��b�rsj/w'b	�`w'bOjmb	q?kmbZ�
®Pi�oKq`b 	�c�Á tzq)��a ouw'b�k'^)tzq�ouq`b�c�¶�Á oKq�t¹­ubOw'tu~ubK�Pc�¶�Á tuwmb3§/w'r¿kmkmb	q�r¡q��)tuw'tu�¡��b	�=§/^`b	q�n���oKjmr¡q)~
t»¨)��buªSgPbZn�ouq����u�1b	kmb	w'a r¡q)r¡q`~3k'^`b/��tzkmbZj{kS­ubOw'jmr�ouq�ou±=t 	3c�Á3�ztKjIr¡a �`��r¡bZ�7®?i�km^`b/n�oKq)jmr�jlkmbOq)n�i�a o1�1bO�X�
w'bOÀ?p`r�w'bOj�t ��0�0���%���
�� ��� � "���n	tu�¡�Itzq)�\t �-"�������n	tz���Fª3�»j3t�wmbZjlp)�¿kZ� 	�c�Á wmbZtu��kmr�a b7tu�¡oKq`b�tua oup`q?k'j
k'o�tz��a7o?j{k/�?� � ou±0km^)b�oH­ub	w&tz���=kmr�a buª
�»jSb�¾1�=bOn�k'bO���ukm^`b,w'bOtK�P¥FiKoup`wm¥¦§/wmr¡kmbZj¸a o1�1b	�`iPr�b	�s��®=b�kmkmbOwx��bOwl±ÎoKwma�tuq)n�b�km^)tuq7km^`b:n	�¡o?jlb	¥Xk'oz¥¦ou�=b	q

a o1�1bO�0®Pi�w'bO�`p)n�r�q`~ 	�c�Á�w'bOtK��kmr�a7bKª�Â8r¡q��1r¡q)~�t 	3c�Á w'b	�`��rsn	t q`bO§�bOw:km^�tzq km^)b��stujlk�§/wmr¡klk'b	q©®Pi
k'^`b�n���r�b	q?k:ouq`��i½w'bOÀ?p`r�wmbZj,t:��0@0���%��¤n	tz����r�q�k'^`b�~ubOq`b	w&tz��nOtujmbuª � b�ou®)jmb	w'­ub»km^)tzk:§/^`r��¡b�c�¶�Á�wmbZtu�P¥
§/w'r¡kmb�k'r¡a b�tuq)��	3c�Á §/w'r¿k'b�kmr�a b�w'b	a�tzr�q km^)b�jmtua b�tuj�r¡q©k'^`b�n	�¡o?jlb	¥Xk'oz¥¦ou�=b	q�a oP�`b	�F� 	�c�ÁDw'bOtK�
k'r¡a b��1bZn�w'bOtujmbOj»®Pi\�K� ��³{ÅO�u��j3±ÎoKw�n���oKjmb�¥Fkmoz¥¦ou�=b	q0���`Å7j3±ÎoKw�wmbZtu�P¥¦iuoKp`wl¥¦§/w'r¿k'bOj&·��=i?r�b	�s�1r�q`~ t 6 6 �
r�q)n	wmbZtujmb»r�q oH­ub	w&tz���=��bOwl±ÎoKwma�tzq�n�buª
Â8r�q)tz���¡iK�0k'^`b½w'bOjmp`�¡k'j�tu��jmo©jl^`oH§ km^)tzk�km^)b��`wmbZjlbOq)n�b�ou±,jlk'tu�¡b 	�c�Á�w'b	�`��rsn	tuj�km^`b�oH­Kb	w&tz����k'r¡a b

r�q)n	wmbZtujmbOj/®Pi&6 � r¡q²km^`b7wmbZtu�P¥¦iPwmoKp1¥¦§/wmr¡kmb�a o1�1b	�Fª�],^`b�wmbZtujmouq©rsj/km^�tHk3jmoua b ��0@0���%��Wn	tu�¡�sj/±µtur¡��kmo
w'b�k'wmr�b	­Kb:tzq�tu�`�`w'ou�`w'rstHkmb/w'b	�)�¡rsn	t)�K§/^`rsn&^�±ÎoKw'n	bOjIk'^`b3n	�¡r�b	q?k�kmo�w'bOjmouwmkSkmo�km^`b3jl��oH§�b	w ��0�0���%���
$��� � ��"-�

 �-"-�/��� a bOn&^)tuq`rsjla ª

����� � ����� �K� �"! � ! ��� ��! ��#��
�:± kmbOw�^)t¹­Pr�q`~�n�oKa �)tzw'bO�7k'^`b��=b	wm±Îouw'a�tzq)n	b/oz±�km^)b»n�oKq)jmr�jlkmbOq)n�i7a oP�`b	�sj	�?§�b�a7bZtujmp`w'bO�7km^)b�r�a7��tun�k
ou±/km^`b�ou�1k'r¡a r�£Otzkmr�ouq)j�§�b½r�q?kmw'o1�1p)n�bZ�¢r�qWvStujlk�³µjmb	b�jlbZn�kmr�ouq 6`ª 6u·�ª � b�p)jlbZ�¤km^)b�j'tza b½q`b	k{§�oKwm°
n	ouq1¨�~up`w&tHk'r¡oKq�tuj,r�q�km^`b��`w'b	­Pr�oup)j,b	¾1��bOwmr�a b	q?kOª
� b��=b	wm±Îouw'a bO��¨)­Kb�kmbZj{k�w'p`q)jOª/«¬q km^)b�¨)w&j{k»§�b�p�jlbZ�©tuj:t�w'b�±ÎbOwmbOq)n�b���oKr¡q?k:k'^`b�n	�¡o?jlb	¥Xk'oz¥¦ou�=b	q

n	ouq)jmrsj{k'b	q)n	i½a oP�`b	�0§/r¡km^)oup1k�tuq?i�ou�1k'r¡a r�£Otzkmr�ouq¸ªÄ],^)b	q©§�b�tKn�k'r¡­HtHk'bO� r�q�km^`b�jmbOn	ouq)��w'p`q�km^`b�±µtKj{k
� 0@0���%��A
���� � ��"-��n	tu�¡�F��§/^`r�n&^.�`r¡w'bOn�km��iW±Îouw'§,tzw&�`j7�¡oPou°Pp`� w'bOÀ?p`bZj{k&j7kmo¤km^)b²wmbO�`��r�nOtuj�jmb�kO�/tuq)� km^`b
nOtun&^`r�q`~½ou±Skm^`b7w'b	�`��r�nOtuj»jlb	k»±ÎoKw$��0�0���%���
$��� � ��"-� tuq)� ���A��"�,���n	tu�¡�sj»r¡q©k'^`b�km^`r�w'�²wmp`q0ª�],^)b�±Îoup)wlk'^
w'p`q½w'b	�)wmo1�1p)n	bOjIk'^`b�jmtua7b»n�ouq��1r¿k'r¡oKq)j�tujSk'^`b»km^`r�w'�½ouq`bK�Kb	¾1n	b	�1k�km^)tzk�§�b�jmr¡a�p`�stHkmbZ� km^)b:±µtun�k�k'^)tHk
nOtun&^`bZ��w'b	�`��r�nOtuj�jlb	k'j�§�b	w'b»jlk'tz��b3r¡q�ÅO� � ou±¸km^`b�nOtz����jOª8Â8r�q)tz����iu�1§�b»n�oKa�®`r�q`bZ�½®=ozkm^�ou�`kmr�a7r�£Otzkmr�ouq)j
r�q�km^`b�¨)± km^ wmp)q¸�)tz~?tzr�q�§/r¡km^©t7w'tzkmr�o oz±�ÅZ� � ou±Ijlk'tu�¡b�w'b	�`��rsn	tuj,jmb�k&j	ª
Â8r�~up`w'b²ÅO�\jl^`oH§:j�km^`b�kmozk&tz��tzq)�¢�=b	wm¥¦�`^)tujmb�b�¾1bZn�p1k'r¡oKq¢kmr�a b½±Îouw�bOtKn&^¯ou±/km^`bZjlb½¨)­ub�wmp`q�j�r�q

oKw'�`b	wZª � b�oK®)jlbOwm­Kb�k'^)tHk�p)jlr�q`~�±µtujlk ��0�0���%���
$��������"���n	tz���xiPr�b	�s�`j�t²��6	� �1bOn	wmbZtujmb oz± 	3c�Á�w'bOtK�
k'r¡a bK�K§/^`rsn&^�n	ouw'wmbZjl�=ouq)�)j8kmo�t�� ��r¡q)n	wmbZtujmb:oz±�k'^`b�oH­Kb	w&tz���1��bOwl±ÎoKwma�tzq�n�buªIÆ:oukmb�km^)tzkÄ§�b3tuj'jlp)a7bZ�
r�q km^)r�jÄkmbZj{k�km^)tzkÄ§�b»n	tzq�w'b	��i7ouq½jmoua b:a bOn&^)tuq`rsjla kmo�jmouwmkxq`o1�1bZj�tKn	n�oKw'�`r¡q`~3k'o�q`b�k{§�ouw'°��stHk'b	q)n	iuª
d�k'^`b	w/b	¾1��bOwmr�a b	q?k'jO�`q`ouk�wmbO��oKwlk'bO��r¡q k'^`b�¨)~Kp`wmbK�)jm^`oH§.k'^)tHk�§/r�^`oKp1k�jlp�n&^�a bZn&^)tzq`rsjma��`km^`b�~?tzr�q
oK®1k'tur¡q)bO��§/r¿k'^�k'^`b�±µtujlk���0�0���%���
$��������"���rsj/tz��a oKjlk/oH­ub	w'w'r��1bOq�®Pi½��ouq`~Kb	w �-"������©nOtz����jOª
�»j:b�¾1�=bOn�kmbO�¸�`km^)b�n	tun&^)r¡q`~�ou±8w'b	�)�¡rsn	tKj/jlb	k'j/r�a �`wmoH­KbOj,®=ozk'^ 	3c�Á.w'bOtK��kmr�a7b�tzq)� 	3c�Á�§/wmr¡kmb

k'r¡a bK�z®Pi�6u� � tuq)��6K� ��w'bOjm��bZn�kmr�­ubO�¡iK�H§/^`rsn&^�n�oKwmw'bOjm�=ouq)�`j0kmo�t��u� ��~?tzr�q�ouq�oH­ubOw'tu�¡�K��bOwl±ÎoKwma�tzq�n�buª
«¦kSrsj8§�oKwlk'^�q`oukmr�q`~�k'^)tHkIk'^`r�jIoK�1kmr�a r¡£ZtHk'r¡oKq�iPr¡bO�����¡oH§�b	w8�=b	wm±Îouw'a tuq)n�b�³X�u�K��j�b	¾1bOn�p`kmr�ouq�kmr�a7b¹·0km^)tuq
k'^`b�w'bOtu�1¥FiKoup`wm¥F§/w'r¡kmbOj�n�oKq)jlrsjlkmb	q�n�i½a o1�1b	��³X�u�K�7j/b�¾1bOn	p1kmr�ouq�kmr�a bZ·��)®`p1k/k'^`b�k'bOjlk:r�j/w'p`q�§/r¿k'^ km^`b
n	�¡o?jlb	¥Xk'oz¥¦ou�=b	q�a7o1�1bO�X�1§/^)r�n&^ rsj,a7oKwmb�jlkmw'r�n�kOª
],^`b�±Îoup)wlk'^²wmp)q\jl^)oH§:j�tzq©r�q)n	wmbZtujmb�oz± 	�c�Á wmbZtu�©tzq�� 	3c�Á §/w'r¿k'b�kmr�a b�r�q©k'^`b��)wmbZjlbOq)n�b�ou±

jlk'tu�¡b�wmbO�`��r�nOtuj3jlb	k3r�q²k'^`b�n	tun&^)buª�],^`rsj»rsj3®�bZn	tup)jlb�km^`b:��0�0���%���
$��� � ��"-� tuq)� ���G�-"�,��»nOtz����j»^)t¹­Kb�kmo
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Benchmark Phases

CHB read+write
UCB write
UCB read

Â8r¡~Kp`wmb ÅZ���IvStujlk�d»�`kmr�a7r�£Otzkmr�ouq)j

®=b:w'bOjlk'tuwlk'bO�7p)jmr¡q`~�km^`b:p)�1¥Xk'oz¥¬�`tHk'b:w'b	�`��r�nOtujxjmb�k�§/^`r�n&^�§,tujS±Îoup`q)�¸ªI],^)b/¨`± km^�wmp`q½jm^`oH§:jIk'^)tHk�km^`b
ÅO�	� r�q)n�w'bOtKjlb3r�q 	�c�Á w'bOtu�½kmr�a b�n	tzq�®=b3��oH§�b	w'bO��k'o ; � ®Pi½p)jmr�q`~7km^`b3±µtujlk���0�0���%���
�� ��� � "���nOtz���Xª

����� ��� � � � � � �'� !$� ��#
«¬q k'^`rsj/kmbZj{k»§�b�n	oua �)tzw'b�vStujlkmrsj	¼)��bOwl±ÎoKwma�tzq�n�b�kmo k'^)tHk»oz±xÆ�ÂSg�­�6`ª,],^`rsj�tz����oH§:j,p)j/k'o�a tu°ub�tuq
r�q)�1r�w'bOn�k,n�oKa7��tzw'r�jmouq7kmo�ozk'^`b	w���bOb	wm¥Xk'oz¥¦��bOb	wS¨)��b»jmi1j{k'b	a�jÄ±ÎouwÄ§/^)r�n&^�t�n�oua �)tuwmrsjmouq�§/r¡km^�Æ»ÂIg½^)tuj
®=b	bOq ��bOwl±ÎoKwma bO� 9�Å@61�0ÅO�*<¦ªÄÂ8r¡w&jlk:§�b�w'p`q t�jlr�q`~u��b��:q��1wmbO§DÁ�b	q�n&^`a�tzw'°�n���r¡bOq?k:ouq©t7wmbZtz��q`b	k{§�oKwm°
ou±SÅ���a�tun&^`r�q`bZj	�?bOtKn&^7w'p`q`q)r¡q`~�tzq�r�q)j{k&tzq)n	b:oz±¸vStKj{kZ�u§/r¡km^�t�w'b	�)�¡rsn	tzkmr�ouq7±µtun�kmouw�oz±��)ª � b:b	a�p`�stHkmb
t � ��Æ ��tzkmbOq)n�i oz±:ÅZ�u� a�j»p)jlr�q`~�km^`b ´�p)a7a�i1Æ:b�k3wmoKp1kmbOw�³Xt½�`r�q`~�®=b�k{§�b	bOq\tzqPi�k{§�o�a�tun&^`r�q`bOj
iPr�b	�s�`j�t²�u�u� a�j�w'oup`q)�1¥Xk'wmr��¯kmr�a7b¹·�ª � b km^`bOqWwmp)q¤tuq¢�:q)�1w'b	§ Á�b	q�n&^`a�tzw'°\n���r¡bOq?k�ouq¢tzq¢Æ»ÂIg
n	�¡r�b	q?k»tKn	n	bOj'jlr�q`~�t�jlr�q`~K�¡b�Æ»ÂIg jmb	w'­ubOwO��tzq)� tz�sjmo�b	a�p)��tzkmb�t ÅO�K� a�j/��tzkmbOq)n�i�®�b	k{§�bOb	q©n���r�b	q?k»tzq��
jmb	w'­ubOw3³Xt�|/v�c km^`bOwmb	±Îouw'b3k'tz°KbOj/�z�K��a�j&·�ªÄ|:bOjmp`�¿k&j/tzw'b�jl^`oH§/q�r�q�Â8r�~up`w'b ÅuÅzª
� ^`bOq©vStujlkmrsj�n�oKq)jmr�jlkmbOq)n�i½a o1�1bO�0rsj:jlb	k:kmo�n���oKjmb�¥Fkmoz¥¦ou�=b	q0�Pkmozk&tz�¸b	¾1bOn�p`kmr�ouq�kmr�a b�r�j��¡bZjmj/km^)tuq

k{§/rsn�b�km^)tzk3ou±ÄÆ�ÂSg�ª � r¡km^²k'^`b7wmbZtu�P¥¦iuoKp`wl¥¦§/w'r¿k'bOj,a o1�1b	�F��vItKj{k'r�j»rsj»oKq`��i��?� � jl��oH§�b	w:k'^)tzq�Æ�ÂSg�ª
«¬q½n	oua �)tuwmrsjloKq¸�zoukm^`bOwÄ�=b	b	wm¥Fkmoz¥¦�=b	b	wI¨��¡b3jli1jlkmb	a�j�9�Å@6`��ÅZ�*<=tuwmb/®=b�k{§�b	bOq k{§�o�k'o�km^)wmbOb,kmr�a7bZj�jm��oH§�bOw
k'^)tzq Æ�ÂSg�ª
� a ouw'b©�1b�k&tzr��¡bZ� tzq)tu�¡i1jmr�j7oz±3�`^)tKjlb\�¯jm^`oH§:j�km^)tzk�km^`b²Æ»ÂIg n	�¡r�b	q?k�kmoPoK°º� ;1ª �¯jlbZn�oKq)�`j7kmo

n	oua �`��b�k'b�km^`b��`^)tujmbu��r�j'jmp`r¡q)~½�)Å¹� |/v�c�jOª:],^`b�kmr�a b�n	ouq)jmp`a bO��®Pi�q)b�k{§�ouw'°�n�oKa a�p`q`rsn	tzkmr�ouq)j:r�j
k'^`b	qº�)ÅZ���²�z�K�©a�j��5�?�1ª �\jmbOn�oKq)�`jOª�e©oKwmb½km^)tuqº�u�	�*ou±/km^`bZjlb�|/v�c�j tzw'b � �Ä]8�S]/]/|:j tzq��
�Id�d / 	:vÄjO�`k'^`b7wmbOa tur¡q)r¡q`~�|/v�c�j»®�bOr¡q`~�Å*;½c�| �Ä�S] �ÄjO�=�P� � |/«{] �ÄjO�¸tzq��¤Å*;½c/d3e²e²«{]�j7³{Å�;
¨��¡bZj:tzw'b�n�w'bOtHk'bO���1p`w'r¡q)~7�)^)tujmb��u·�ªÄÆ:o½| ����´ |:v�c�j�tuwmb�~ubOq`b	w&tHk'bO��jlr�q)n�b�k'^`b�¨)��b�n�oKq?kmb	q?k&j/tzw'b
t¹­Htur¡�stz®`��b:r�q�km^)b3Æ»ÂIg�n	tKn&^`buªxd»q�km^)b»oukm^`bOwÄ^)tuq)���P§�b3n	tuq½a bOtujmp`w'b:vStujlkmrsj	¼?q`b	k{§�oKwm° tunOn�bOj'jmbOjS®Pi

��� Ï ���



���������	��
���
����������������������! ���"$#&%����'�(�*)+��"-,.��"�"�,��/��0�����"�"-,213�(��"��4�*���/"�5 �K�

 0

 50

 100

 150

 200

 250

 300

TotalP5P4P3P2P1

P
ha

se
 ti

m
e

AB Phases

NFS
Pastis RYW
Pastis CTO

Â�r�~up)wmb ÅuÅ �SÆ�ÂSg�n�oua �)tuwmrsjmouq

��oPou°Pr�q`~�tHkIkm^`b/qPp`a�®�bOwxoz±�´3¶�]6ou�=b	w&tHkmr�ouq�jI~ub	q)b	w&tHkmbZ��®Pi�k'^`b,¨)��b:jli1jlkmbOa n���r¡bOq?kOªS´�p)wmr�q`~�vStujlkmrsj	¼
b	¾1bOn�p`kmr�ouq�ou±0�`^)tKjlb��1�1§/^)r�n&^�kmoPou°©Å�;�67jlbZn�ouq��`j	�Kkm^)b�n	�¡r�b	q?k/r�q)jlbOwlk'bO���1Å 	3c�Á,j	�1§/r¡km^ tzq�t¹­ubOw'tu~ub
vStKj{kÄr�q)jmb	wmkxkmr�a b�ou±��?�z��a�jOªI],^)b:qPp`a�®=b	w,�1Åu�K§/^`rsn&^½r�jxkm^`w'b	b:kmr�a7bZj�Å�;P�Kr�jÄb�¾1�`�stzr�q`bO� ®Pi�km^`b�±µtun�k
k'^)tHk�k{§�o 	3c�Á,jÄtuwmb:r�q)jmb	wmkmbZ��tHk�t�¨)�¡b3n�w'bOtzkmr�ouq©³ÎoKq`b
	�c�ÁW±ÎoKwÄk'^`b:¨)��b�tuq)��ouq)b/±ÎouwÄkm^`b3�1r¡w'bOn�kmoKwmi
r�q½§/^`rsn&^½r¡k�rsjÄ��o1n	tzkmbO��·��Ptzq)� k'^)tHk�km^`b�¨)��bu¼ j 	�c�Á6rsjxw'b	r�q)jmb	wmkmbZ��tH± kmbOw�t�¨)�¡b3n���oKjmbuªxd�km^`bOw�tKn	n	bOj'jlbZj
k'o�km^)b�vStujlk»´»¶»] r¡q�n���p)�1b��?�½c�¶�ÁDr¡q�jlbOwlk&j�³µt¹­Kb	w&tz~Kb�k'r¡a b��u�K� a�j&·����z� ��o?oK°Pp`�)j�³�6`ÅZ�7a�j&·��8ÅO� �
±Îb	k'n&^)j7³ 6 ;���a�j&·:tuq)�¢ÅO� ����o?oK°Pp`�`^)tuq)�1��bOj�³µ�)ÅKÅ�a�j'·�ª�«¦k�r�j»§�oKwlk'^©q`ozk'r¡q)~½km^�tzq\jmoua b�r�q)jmb	wmk'j3tzw'b
rsj'jlp`bZ��r�q �)tzw&tz����b	�S³ÎbKª ~�ª¡�=c�¶»Á,j/n�ouq?k&tzr�q`r¡q)~�¨��¡b��`tzk't�km^)tzk�tzw'b�r¡q)jmb	wmkmbZ��§/^)b	q�km^`b�¨��¡b�rsj:n���oKjmbO�)·�ª

� � !/�	����! � � 2�+��

«¬q¤k'^`rsj�jmbOn�kmr�ouq¤§�b��¡rsj{k jloKa b���bOb	wm¥Xk'oz¥¦��bOb	w�¨)��b�jmi1j{k'b	a�j��1bZjlr�~uq�j�km^)tzk�^)t¹­Kb�®�bOb	q¢�`w'ou�=oKjmbO�¯®Pi
�`r���b	w'b	q?k/wmbZjlbZtzw&n&^�~KwmoKp`�)jOª
«¬­Pi 9¡Å�6*<=rsjÄt��1r�jlkmw'r�®`p1kmbZ��a�p)�¿k'r¿¥¦p)jmb	wxw'bOtK�P¥F§/w'r¡kmb,¨)��b»jmi1j{k'b	a ª8]�o�k'^`b�p)jmb	wZ�u«¬­Pi7®�bO^)t¹­ubZjSa�p�n&^

��r�°ub�tzq Æ�ÂSg�¨)��b�jmi1j{k'b	a �`�`w'oH­Pr��`r¡q`~ n�oKq)jmr�jlkmbOq)n�i½jmb	a�tzq?k'r�nOj/jlr�a r¡�stzw�kmo7k'^`b�n���oKjmb�¥Fkmou¥FoK��bOq�a o1�1b	�
�)wmoH­Prs�1bO��km^)b�q`b�k{§�ouw'°�rsj:q)ozk»��tzwmkmr¡kmr�ouq`bZ��ª 	:���`tHk'b�jmb	w'r�tu�¡r�£Otzkmr�ouq�r¡q©«¬­Pi�r�j�bOtujmr��¡i tunOn�oua �`��rsjl^`bZ�
®Pi©k'w't¹­Kb	w&jlr�q`~�tu�¡�S��ou~?j�oz±,t�¨��¡b�jmiPjlkmbOa ª�g1r¡q)n	b�n���r¡bOqKk&j�r�q)jlbOwlk�p`���`tHk'bOj�r�q?kmo�km^)b	r�w�oH§/q���ou~?j	��q`o
n	b	q?kmw&tz�IÁ�iP£Otzq?k'r¡q`b	¥X±µtup`�¡k»k'ou��b	w&tzq?k»�=our�q?k�rsj3q`b	bZ�©k'o n	oua a r¿k�p`���`tHk'bOjOª�¶�oH§�bO­ub	wZ�=«¬­?i�¼ j3ouq`b	¥F��ou~u¥
�=b	wm¥¦�)tzwmkmrsn�r��)tzq?kÄ�1bZjlr�~uq��=oKjmbOjÄt��¡r�a r¿k�ouq k'^`b�qPp`a�®�bOwÄoz±¸p�jlbOw'jIk'^)tHk,t�¨)��b�jmiPjlkmbOa a�t¹i7^)t¹­ubKª0«¬­Pi
w'b	��r�bOj,ouq�k'^`b�´3¶�tujm^ 9¡Å�;�<�tuq)�²c�^`ouw&��kmo½jlkmoKwmb�tz����¨)��b�jmi1j{k'b	a-�)tHk't�tuq)��wmoKp1kmb�w'bOÀ?p`bZj{k:®=b�k{§�b	bOq
q)oP�`bOjOª
d3n	bOtzq�j{k'ouw'b 9�ÅO�*<:rsj t�~K�¡oK®)tz�¡¥¬jmnOtz��b½��bOb	wm¥Xk'oz¥¦��bOb	w7��bOw'jmrsj{k'b	q?k½j{k'ouw&tz~ub�jli1jlkmbOa�ª6«¦k'j �1bZjlr�~uq`bOw'j

bOqP­?rsj'tz~ub�t3~u��ou®)tu�?n	oua a b	w&n�rstz�1j{k'ouw&tz~Kb�jmb	w'­?rsn�b�a�tzr�q?k'tzr�q`bZ��®Pi�t3qPp`a�®=b	wSou±��`w'oH­Pr��1bOw8n	oua �)tuq`r¡bZj	�

Ï�ÏDC�EGF�H�I�I
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§/^)r�n&^©§�oup`�s�©o#�=bOw»jlkmouw&tz~Kb�jl�)tKn�b�k'o�p)jmb	w&j:r�q²b	¾1n&^�tzq`~Kb�±Îouw»t½a7oKq?km^`��i�±Îb	buª»],^`b�jlkmoKw'tu~ub�jm�)tun	b
rsj7�`w'oH­?rs�1bZ�W®Pi¤km^`b©n	oua �)tzq)r¡bZj�k'^`b	a�jmb	��­ubZj	�ÄtKj7§�bO�¡�:tKj�®Pi¢oukm^`bOw jma�tz���¡bOw�n�oua �)tuq`r�bOj7jlp)n&^ tuj
«¬q?k'b	w'q`b�k�nOtH±Î}OjO�¸§/^`rsn&^¤wmbZn�bOr¡­Kb t �=b	w&n�bOq?k'tz~Kb�ou±�k'^`b½®=b	q`b	¨`k'j�±Îouw�km^)b	r�w�n�oKqKk'wmr�®`p1k'r¡oKq¤r¡q¢jlkmouw&tz~Kb
jm�)tKn�buª�	�q`��r¡°Kb�«¬­Piu�0d3n	bOtzq�j{k'ouw'b�rsj»q)ozk�t 	:q)r¿¾P¥¦�¡r�°ub�¨)��b7jmi1j{k'b	a ª�«¬q)jlkmbZtu���0d3n�bZtzq)jlkmoKwmb��`wmoH­Prs�1bOj
t��`w'ou�`w'r¡b	k'tuwmi�r¡q?k'b	wm±µtun�b�km^)tzk�tu�¡��oH§:j�tu�`�`��r�nOtHk'r¡oKq)j:k'o�r�q)jmb	wmkO����o?oK°Pp`�¸��tzq)�²p`�=�)tHkmb �`tzk't½oK®1y{bOn�k'j
p�jlr�q`~�t\§/r��`b�w&tzq`~Kb�ou±:��o?jmjmr¡®)�¡b jlbOa�tzq?kmrsn	jOª¯�-�`w'r¡a�tuwmi¯kmr�b	w7oz±»q`o1�1bOj�p)jmr¡q`~¤Á�iP£Otzq?k'r¡q`b	¥X±µtup`�¡k
k'ou��b	w&tzq?k,wmbO�`�¡rsn	tzkmr�ouq jlbOwmrstz��r�£	bOj,tu�¡��p`���`tzkmbOj�tzq)���`w'ou�)tu~KtHk'bOj�km^)b	a k'o7km^`b�w'bOjlk/oz±8km^`b�q`b	k{§�oKwm°�ª
],^`b�c�oPou�=b	w&tHk'r¡­Kb�Â8r¡��b½gPi1j{k'b	a 9�Å*;�<Irsj�t�w'bOtK�P¥¦ouq`��i�¨)�¡b jmiPjlkmbOa ®`p`r��¿k�p)��oKq²km^)b ´3¶�tKjl^¯�1rsj{¥

k'wmr�®`p1k'bO��^)tujm^²k&tz®`��b tzq)�¢c�^`ouw&�©w'oup1k'r¡q)~��st¹iubOw$9�Å��*<¦ª7g1r¡q)n	b�r¡k'j3¨��¡b�jmiPjlkmbOa*j{k'wmp�n�kmp)wmbZj3tuwmb�­ubOwmi
jmr�a7r��stzwxk'o�k'^)tHk�oz±8g`ÂIg`|/d 9�ÅuÅ-<F�Pr¡k,jmp ��b	w&jx±Îw'oua km^)b3j'tza b��)wmoK®`�¡bOa ��bZtun&^�k'r¡a b�t�¨)��b�rsj�a7o1�1r¡¨)bZ�
k'^`b/¨)��b�jmi1j{k'b	a oH§/q`b	wxa�p)jlkÄwmbOr¡q�jlbOwlkÄtu�¡��c�¶�Á,jS±Îw'oua km^)tzkÄ¨)��b:p`� k'o�km^`b�wmoPozk�®`�¡o1n&°��u§/^)r�n&^�a�p)j{k
tu��jmo7®�b�w'bOjmr¡~Kq`bO��tzq���w'b	r�q)jmb	wmkmbO�¸ª
Â�tzw&jlr¡kmb 9 ��<,rsj7t��1bZn�bOqKk'w'tu�¡r�£	bZ�W�1rsj{k'wmr�®`p1k'bO�W¨)�¡b jmiPjlkmbOa�km^)tzk7p)jmbOj�p`q?kmw'p)jlkmbZ�ºn�oKa �`p1kmbOw'j�kmo

jlkmoKwmb�¨)��b3jmi1j{k'b	a �`tzk't`ªS���¿k'^`oup`~K^�r¡k�^�tuj,jlbO­ubOw'tu�)oz±0km^`b�n&^)tzw&tun�kmbOwmrsj{k'r�nOjxou±0��bOb	wm¥Xk'oz¥¦��bOb	w�jli1jlkmb	a�j
³X�1bOn	b	q?kmw&tz��r�£OtHk'r¡oKq¸��bOtKn&^�q)oP�`b7®=b	^�t¹­?r�q`~ tuj�n	�¡r�b	q?k�tzq���jmb	w'­ubOwO��b�k&nzª ·��IÂ)tuw'jmr¿k'b�rsj��1bZjlr�~uq`bZ�²k'o©®�b
�`b	�`��oHiubZ�½r�q t7��o1n	tz�¸tuwmbZt7q`b�k{§�ouw'°��Kk{iP�`rsn	tu�¡��i�k'^)tHk:ou±8t �stzw'~ub�n�ouw'�=ouw&tHkmr�ouq�ouw/p`q`r�­ubOw'jmr¡k{iuªS],^`b	w'b�¥
±ÎoKwmbK�)q`b	k{§�oKwm°½kmou�=ou��ou~Ki�rsj:r�~uq`oKwmbZ��tuq)�©t½j'n	tu�¡b�q`o���tuwm~Kb	w,km^�tzq¢ÅO�K�`ª �u�K��q`o1�1bZj:rsj�tKjmjmp`a bO��ª,Æ:o
°Kb	i?¥¦®)tujmbO��wmoKp1kmr�q`~²tu�¡~Kouw'r¿k'^`a*rsj�b	a �`��oHiubZ�¯^`b	w'buª�«¬q)j{k'bOtK���0k'^`b�«¬v�tK�`�1w'bOj'jlbZj�oz±,km^)b½a�tun&^`r�q`bOj
k'^)tHk�j{k'ouw'b�km^)b�w'b	�`��r�nOtuj�oz±Ät½~Kr¡­Kb	q ¨)��b�tuwmb�r¡q)n	�¡p��1bO�©§/r¡km^)r¡q\km^`b�¨)�¡bK¼ j»a b�k&tu�`tzk't`ª3gPr¡q�n�b Â)tzw&jmr¿k'b
rsj��`bOjmr¡~Kq`bO��k'o½b	a�p`��tzkmb�t½�¡o1n	tu�0Æ�]/ÂSg�¨��¡b7jli1jlkmb	a ��r¿k&j��1bZjlr�~uq`bOw'j:�)tzrs�©jl�=bOn	r�tu��tzklkmbOq?kmr�ouq kmo�km^`b
jmbOn	p`w'r¿k{i�tuq)� n�oKq)jlrsjlkmb	q�n�i�tKjl�=bOn�k'jSou±�k'^`b:jli1jlkmbOa��ukm^Pp)jSr�a �`��b	a b	q?kmr�q`~�t�n	oua �`��b�¾�k'wmp�j{kÄtuq)�7�¡bZtujmb
j'n&^`bOa7bKª
vStzq)~KtzbZt:9¡ÅZ�*<Ir�j3t�§/rs�1b�¥¬tzw'bOt �=b	bOwl¥Fkmou¥F�=b	bOw/¨)��b�jmiPjlkmbOa �1bOjmr¡~Kq`bO�©tzk»¶:v �0tu®)j	ª»|:tHk'^`b	w�km^)tuq

p�jlr�q`~²t /�Á,| ��t¹iKb	wZ�0vStzq)~KtzbZt`¼ j��)tzwmkmrsn�p)��tuw��1bOjmr¡~Kq¤°ub	bO�)j�t ~Kw'tu�`^¤oz±�km^`b�q`o1�1bOj�ouq¢§/^`rsn&^¤km^`b
w'b	�)�¡rsn	tKj¸oz±=t�~Kr¡­Kb	q�¨)��b�ouw��`r¡w'bOn�kmouw'i�tzw'b�jlkmoKwmbZ��ª0],^`rsj8~uw&tz�`^�rsj�km^`bOq�p)jmbO��kmo3�1r�j'jmb	a r¡q�tHkmb�p`���`tHk'bOj
tuq)��k'o��1r�j'n�oH­Kb	w8q`b	§6q`o1�1bOj8§/^`bOq7t3w'b	�`��rsn	t»a�p)jlkS®�b/tu�)�1bO��ª8«¬q7ouw&�1b	w�kmo�a�tH¾1r�a7r�£	b,tunOn�bZjmjIjm��bObO���
§/^)b	q½t�q`o1�1bZjÄtunOn�bZjmjmbOjSt3¨)��b:r¡k�n�w'bOtzkmbZjxt��¡o1nOtz�`w'b	�`��rsn	t�oz±�k'^)tHkx¨��¡b�tuq)� tu�`�)jxr¡k'jmb	�¡±=k'o�km^)b:wmbO�`��r�nOt
~Kw'tu�`^¸ª����¿k'^`oup`~K^²k'^`b�n�oKjlk�oz±�tK�`�1r�q`~�tuq)�²w'b	a oH­Kb�t�w'b	�)�¡rsn	t�r�j�n	ouq)jlk'tuqKkZ�=km^)tzk�ou±Ä�`w'ou�)tu~Ktzkmr�q`~
p)�=�`tzkmbZj�rsj��`w'ou�=ouwmkmr�ouq�tz�Sk'o©km^`b�qPp`a�®=b	w7oz±/w'b	�`��r�nOtujO�Stuj�k'^`rsj�rsj��1oKq`b½®Pi >)oPo1�1r¡q)~©km^`b�wmbO�`��r�nOt
~Kw'tu�`^¸ªºÆ»tza bOjm�)tKn�b n�ouqA>)r�n�k'j7r�q6vStzq)~KtzbZt\tuwmb tzp1k'oua�tHk'r�nOtz���¡iWjmou��­ubZ�¢p)jmr¡q)~¤t¯n�oKa�®`r�q)tzkmr�ouqºou±
k'bOn&^`q)r�À?p`bZj,°?q)oH§/q�tKj,®)tun&°P�=our�qKk'b	w&j	�Pq)tua bOjm�)tun	b3n	ouq?k'tur¡q`a bOqKkZ�`tzq)� �1r�w'bOn�k'ouw'i�wmbZjlp)wmw'bOn�kmr�ouq¸ª

� � 2 � ����$��0�	2 � � � ���H$���$�+8! � 2�+��

� b�^)t¹­Kb7r�a �`��b	a b	q?kmbZ�¢t�a�p`�¡kmr¡¥Fp�jlbOw�wmbZtu�P¥¦§/w'r¿k'b��=b	bOwl¥Fkmou¥F�=b	bOw�jli1jlkmb	a §/r¿k'^¤~uoPo1����o1n	tu�¡r¡k{i\tzq��
j'n	tu��tu®`r��¡r¡k{i��)wmoK��bOwlk'r¡bZj	ªI],^`b3p)jlb»oz±0vStKj{k'wmi�tzq��½t�a o1�1r¡¨)bO��­ub	w&jmr¡oKq�oz±¸vStujlk�rsj�n�w'p)n�rstz��kmo7tun&^`r�b	­Kb
t�^`r¡~K^��¡bO­ubO��ou±��=b	wm±Îouw'a�tzq)n	bu�?t��1r�B�n	p`�¡k�k&tujm°7jmr¡q�n�b:�stzw'~ub	¥¦j'n	tu�¡b,�=b	b	wm¥Fkmoz¥¦�=b	b	w�jli1jlkmb	a�j�tzw'b:�)tzwmkmrsn�¥
p)��tuwm��i½jlp)®1y{bOn�k/kmo�q`b	k{§�oKwm°��stHk'b	q)n	r¡bZj	ª
��q`ozk'^`b	w�bOÀ?p)tu�¡��i�r�a ��oKwlk&tzq?kÄ±µtKn�k'ouwÄrsjÄkm^`b3n&^`oursn�b:ou±�km^`b3n�oKq)jlrsjlkmb	q�n�i7a7o1�1bO�XªS�Dj{k'wmrsn�k,n�ouq�jlrsj{¥
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