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+-,/.10/,/2�3�41576981:<;>=@?A=@0/0B570/:<;*2C81?D0FEG,(HI;10J=@KL3M=�3N,B2�KPOQ:SRUTVR�3N5WHX:WR
HY810�3A,[ZU=@\]:WKL3_^a`72CHb;c2CRd=@KL3N:WRe`72�KQK1:Mfg,B2�KQK1,/RU3A:WR
hdikj�l/mgn�lBoFi
p ikq)rBsl�t�uktBv�wLq�ikx7oFl�yQl/z|{
}]~ i�l@hMoF��i)v ~ oV��l/s���m
�'���'��� yQl/z|{

�V�'�������
�Ul�x ~ r�x�l�v�iF��oFl�m�lBi ~ ��m�lBxBu�qkv ~ s�l/i ~ j�r/mkr ~ v�s���z[r�u�q�l/i���l/m'z�v�q�q)� ~ z[l ~ oFl�xMx|��s�iFz|����m)xd��oFl�xdq ~ ����s��/wLl�xdoF��9t/�s�lBx��

tBv ~ v�t!z[r ~ ��x|l ~�� ��v&wL�FoFr/s���x|v�z|����m]o�lBxNx��Fx�z|�Bw�l�x�wCi�sz|��Gv�j�lBm�zNiFz[�s���x|lWoFlBxNlBm�z[��z[rBxN�'i���oF�����l/m'z�xB� v�o�v�q�z|l ~ lBiF��� wL¡/wLl�x
o�v�mkx9s�l/i ~ l/m���� ~ ��m�mkl/wLl/m'zBuMqkv ~|¢ ����x9��mkt(��m�m�i �d£ ��i ~ lBx[x|vJ��l ~ oF�¤�r ~ lBm'z[x¥t/��wLq)� ~ z[l/wLl/m'z�x¥oFlBxVv�j�l/m'z[xQ¦ ~ r�v�t!z[� ¢ u
t/��j�mk��z[� ¢[§ u/s�lBxUt�¨kl ~ t�¨�l/i ~ x©��m'z���lBx|����m�oFlMt ~ rBl ~ª~ v�q���oFl/wLlBm�z�slBi ~ x�v�q�q�s���t/v�z[���mkx ��« lBxUv�q�q�s���tBv�z[���mkx/uB��ik��m�rBt/lBx[x��z|lBm'z
qkv ~�¢ ����x7o�lBx7z�v���ss�lBx&r/m�� ~ wLl�x�oFlCoF��m�m�rBlBxBu)oF�����l/m'z�¡(z ~ l ~ v�qk��oFl�x��9s � l/�FrBt(i�z|����mUukx[v�m)x�q���i ~ v�iFz[v�m'z�t(��w�qksl/���¬kl ~
s�l/i ~ �wLq�s�v�m'z[v�z|����m ��« l(z�v ~ z[��t/sl7q ~ ��q���x|l7i�m�l&����ks����z[¨��B�'i�l�q���i ~ oFlBxMw9v�t�¨���m�lBxdqkv ~ v�s�s�Bsl�xA��wLr/wL��� ~ l7qkv ~ z[v�j�r/l�u
�'i��Uq�l ~ wLl(z&oª� ��w�qks�v�m�z[l ~ x|��w�qkslBw�lBm'z�i�m�lCtBv�z|rBj�� ~ ��lo�l�x��Fx�z|�/wLl�x7wCi�sz|��®v�j�lBm'zW��¯gsl�x�v�j�l/m'z[xWq�l/i���l/m'z�iFz[�s���x|l ~
oFl�x ~ rBx|lBv�iF�°oFl]m�l/i ~ ��m�lBx�okv�mkx&slBi ~ t/��wLq�� ~ z|l/wLlBm�zt(��j�m��z|� ¢±� �d� v�tBt(lBm�z�lBx�z�wL��x�x�i ~ s�lBx�q ~ ����s��/wLlBx7q���x|rBx��9s�v
qkv ~ v�ss�r/s���x|v�z|����m �
²´³)µB�/¶[·�¸¹���Vº £ v ~ v�s�s�r/s���x|wLl�uF»�s�j�� ~ �z|¨�wL���'i�l�u £ l ~|¢ � ~ w9v�mkt/lBxBu p �Fx±z[�/wLlBxWw]i�s�z[���®v�j�l/m'z �

¼�½ ²-³kµ�¾À¿�ÁFµ�¾¹³�Â��
�Ul�x ~ rBx|lBv�i��oFl�m�l/i ~ ��mklBxªl/z�s�lBx�x��Fx�z|�/wLl�xUwCiks�z[���®v�j�l/m'z�x���m'z�oFl/i���x|��i)x±�®oF��w9v��m�l�xUoFlds � �m'z|lBss���j�l/m)t(l�v ~ z[��¬�t(��l/s�sl �

��l�q ~ l/wL�l ~d¢ v���zMikm ~ v�q�q ~ �Ft�¨�l/wLl/m'zMvJ��lBtWs�l&t(l ~ ��lBv�iL¨�i�w9v���m � �Ul&o�l/iF�F���/wLl�iFz[�s���x|l&s�l�t/��mkt/l/qFz�oª� v�j�lBm�z�u��'i��)lBx�z
oFr/¬km��Aqkv ~�Ã lBm�m���m�j�x�ÄDÅÆ����s�o ~ ��oFj�lgÇ È�uªqkv�j�lLÉ�ÊMt/��wLwLl9i�m�l9l/m'z[��z[rLx|�z|i�rBl¥o�v�mkx@ikm*t/l ~ z[v��m>l/m���� ~ ��mkm�l/wLl/m'z�u
tBv�qkv���sl�oU� v�t!z|����m)x&v�i�z|��mk��wLlBx&q)��i ~ v�z�z|lB�m)o ~ l]x�l�x�����Ë±lBt!z[� ¢ x �©Ì m%v�j�l/m'z�Í!Î#Ï ÐkÑ]lBx�z&i�m%v�j�l/m'z��'i���wL��o�r/s���x|lCi�mkl
lBm�z[��z[r@q�¨���x|����ikl�u�x|��i�wL��x�l�v�i��Vt(��m�z ~ v��m'z[lBxWx�q)v�z|��v�s�lBx �
�Ul�qkv ~ v�oF��j�wLl�wCi�sz|��Gv�j�lBm�z�lBx�z�wL��l/iF�Cv�o�v�q�z|r�q)��i ~ t(l ~ z[v��m)x�q ~ ���ks�Bw�l�x/uJt(��wLw�l�s�v�x|�w]i�s�v�z|����m]oª� ikm�l�x|�Ft(��r(z[r

��¯Æs�lBx�v�j�lBm�z�x@q)lBi���lBm'z�¡(z ~ l¥oFl�x�¨���wLwLlBxBuUoFl�x���rB¨���t/i�s�lBx�l/z[t � �d� v�t/t/l/m'z�lBx�zCv���mkx|�dwL��x�x|i ~ s�vgt(����q�r ~ v�z[���m>o�l
t/lBx°v�j�lBm'z[x �7« l ~ z�v���mkxVv�iFz|lBi ~ xVt/��mkx|��o�� ~ l/m'zVt(l>qkv ~ v�oF�j�wLl%t(��w�wLl>i�mÒq)v�xVl/mÓvJ��v�m�zgo�v�m)xÔs � ¨k��x�z|��� ~ l>o�l%s�v
q ~ ��j ~ v�wLwLv�z|����m1Ç � u � Ê �
��vÕ������s����z[¨��B�'i�l*q ~ rBx|l/m'z[r/lco�v�m)x°t/l(z%v ~ z[��t/sl*vÖq)��i ~ ��iFz%oFl ¢ v�t(��s�z|l ~ s×� rBt ~ �z|i ~ l*oFlBxQx|�Fx±z[�/wLlBxQoFl>z±��q�l

£ v ~ y1» p�p Ç Ø�u } Ê�¦ £ v ~JÙ�Ú#ÚÛ(Ú y�Ð Ú Ï×Î#ÜÀ»Ý Û/Þ Ï pªß Í�Ï Û/à p Î à Ð ÚÙ ÏGá�â § l(zCoª� ��qFz[�wL��x�l ~ s�l/i ~ l/��r�t(iFz[���mã¦#¬kj�i ~ lgä §!��« lBx
v�q�q�s���tBv�z|����m)xdwLl(z|z|l/m'z�l/m�Ë±lBiÔi�m�l�s�v ~ j�l�q���q�i�s�v�z[���m¥oª� v�j�lBm'z[xMx|i ~ i�m¥wL��m)oFl��Cj ~ v�mkoFlWz�v���ss�l � �UlBi ~ xd��iFz�xWx���m�z�å
æ ��r ~ �¬kl ~ s � l/�'z[l/mkx|�����s��z|r�oFl�x�v�s�j�� ~ �z|¨�wLl�x�i�z|��s��x�r�x7o�v�m)xWsl�x�x��Fx�z|�Bw�l�xWwCi�sz|��®v�j�lBm'z�ç
æ w�l/z�z ~ l�v�iVq�����m'z&oFlBx7t/��wLq)� ~ z[l/wLl/m'z�xWl(�¥t/v�t(lBxWq���i ~ sl�x7v�j�lBm'z[xUç
æ t�¨�l ~ t�¨�l ~ oFlBxVq�¨�rBm���wL�Bm�lBx°r/wLl ~ j�l/m'z[x9è o�lBx°t(��wLq�� ~ z|lBw�lBm'z[x°x��Ft(��v�i��é�Õqkv ~ z|� ~ o�l>t/��wLq)� ~ z[l/wLl/m'z�x
�mko������oFi�l/s�x �

Ì m°l/�Fl/wLq�s�l@z±�'qk���'i�l�l�x±z�i�m1x|�Fx±z[�/wLl@wCi�sz|��®v�j�lBm'z&x��z|i�r�okv�mkx7ikm°lBm��'� ~ ��m�m�lBwLl/m'z�oF��x[t ~ l(z&vJ��lBtoFlBx����kx�z[v�t(s�lBxBu
��¯Ös�lBxVv�j�l/m'z[x9��m'zVt(��w�wLl1�kiFz°oFl ~ v�w�lBm�l ~ z|��i�zÔsl%w���m�l ~ v���oFl�x¥wL�mklBxÔokv�mkx9s�lBxÔikx|�m�l�x ��ê t/l9Ë±��i ~ uds�l/i ~
t/��wLq)� ~ z[l/wLl/m'z�lBx�z�l�x|x|l/m'z|��l/s�s�l/wLl/m'z ~ rBv�t!z[� ¢±�N£ v ~ y1» pkp � } oFl/� ~ v��z�q�l ~ wLl(z�z ~ lVs×� ��m�z ~ �FoFi)t!z|����mÖoFlBx ~ rBx|lBv�iF�*o�l
m�lBi ~ ��m�l�x]o�v�mkx�slQt/��wLq)� ~ z[l/wLl/m'z9oFlBx9v�j�lBm�z�x ��£ v ~ y1» pkp � } r(z�v�m'zLl/mkt/� ~ l°�Æs×� r(z[ikoFl�uAs�vÆ������s����z[¨��B�'i�lgl�x|x[v���l
oª� ¡(z ~ l ~ ��t�¨�l�l/mQl/�Fq ~ l�x|x|����m*¦#¬kj�i ~ l }�§!��Ì m�l]v�iFz ~ lCv�q�q�s���tBv�z[���m°l�x±zoF��m�mkr/lCo�v�mkx�Ç ëJÊ'å)o�v�mkx�i�mQlBm��'� ~ ��m�m�lBwLl/m'z
oF��x[t ~ l(z7����oF�wLlBmkx�����mkm�l/s uFsl��kiFz&oFlBx&v�j�lBm'z[x�lBx�z�oFl�wLl(z�z ~ l�o�lBxW����Ë±l(z[x7okv�mkx7ikm�l�t(l ~ z[v��mkl@t/��mF¬)j�i ~ v�z[���m �
�Ul1q)v ~ v�s�srBs��x�wLl1��m'z ~ �m)x�����ikl%oFlÆt/lBx°v�q�qks��t/v�z|����mkxÔl(zVs�lBxVj ~ v�m)o�xLz|lBwLqkxgoFlÆx|�w]i�s�v�z|����mãlBm ¢ ��m'zgoFl%����mkx

tBv�mkoF��o�v�z[xv�iF�Qw9v�t�¨���m�l�x&qkv ~ v�ss��/s�lBx �U« l/q�l/mko�v�m'zBu©q�s�ikx���l/i ~ x�q ~ ����s��/wLlBx ~ l/mkoFlBm'zoF��¥t(��slLs�l/i ~ qkv ~ v�s�s�r/s���x[v�z[���mUu
t/��wLwLlÔs � r���ik�s��� ~ v�j�l¥oFlgt�¨kv ~ j�l9lBm'z ~ lÔs�lBx]q ~ �Ft/lBx[x�lBi ~ xBu�s�v1����mkm�lÔiFz[�s���x|v�z|����mìoFl�x]tBv�t�¨�l�xÔ¦[í[á Þ Ï Û(Þ Ï×Î¹á Þ Ç îJÊ7l/z
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ParMASS−1

ParMASS−2

SMA situés

Systèmes multi−agent

Bibliothèque
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� Ù�Ú Í Û ÜGÍ�� Ù â!Î Þ Ý! oFl@s�vLwLr/wL��� ~ l § uFs×� v�x|q)l�t!z ¢ � ~ z|lBwLl/m'z&oF��mkv�wL���'i�l@l(z�s�lj ~ v��mV¬kmQoFl@s � v�q�q�s���tBv�z|����m �
"���q�����ikl/wLl/m'zBuªs�� ~ x@oFlLs×� l(z[ikoFl9oª� i�mÆz|l/sMq ~ ����s��/wLl�u©q�s�ikx|�lBi ~ x@x|��s�iFz|����m)xx|��m'z@lBx[x|vJ��r/l�x/u�l(z�t�¨kv�t(i�m�l�lBx�z��w��

q�s�v�m'z|rBl�l(z�l/��r�t(iFz[r/l�x|l/i�s�l/wLlBm�z��ikl/s���iklBx ¢ ����x ��« l�q�����m�z��wLq���x|l�s�v°Í!Î à#��Ú Î¹í/Î#ÏGÑ �%$ Î à#��ÚÙ�Þ Ï Ù Ï Î¹á Þ x�i ~ sl�q ~ lBw���l ~
q�s�v�mUuFz[��iFz�lBmVl�x|x[vJ��v�m'zWoª� vJ����� ~ oFl�����m�mklBx7q�l ~|¢ � ~ w9v�mkt/lBx�l(z&oFl@s�v ~ ��t�¨�lBx[x|llBmVl/�Fq ~ l�x|x|����m �
&ª½(' Á*)N¾�)N¸¹¾×³kµ,+.-0/ª�21
£ ��i ~ x|��wCi�s�l ~ � Ù í/Î ÚÛ/àLÛ/Þ ÏoFlBxx��Fx�z|�Bw�l�x�o�lCz±��q�l £ v ~ y1» pkp i�m�l�������s����z[¨��B�'i�l�v¥r/z|rLt ~ r/r/l � n]� v�iFz ~ lBxt�¨������

x���m'z�x|���zC�)l�v�ikt/��i�qcqksikx�oF��¥t(��sl�x]�1t/��mkt/l/����� ~ uU��wLq�s�v�m'z|l ~ l(z�w9v���m�z[l/m�� ~ ¦×t(��w�qk�s�v�z[l/i ~ vJ��lBtLikm�s�v�m�j�v�j�l¥oFl
q ~ ��j ~ v�wLw9v�z[���m § uªx|���z�q�s�ikx�s��wL�z|rBxC��i*oF��9t/�s�lBxÔ¦#z ~ v�m)x�s�v�z[l/i ~ x|��i ~ t(l/�Gx|��i ~ t/l §!� ��vV�k���s�����z|¨k�B�'i�l9��¤ ~ l¥oFlBx�v�s��
j�� ~ �z|¨�wLl�xC¦Àq ~ ��qkv�j'v�z|����mgoFiQq���z[l/m'z|��l/sNoFlBx ~ l�x|x|��i ~ t/lBxBu�t/v�s�t(iks�oFlBxt/v�x�l�x7����x|����sl�x7l/m%q ~ r�x�lBmkt(l�oU� ���kx±z�v�t/sl�x § u�s�v
qkv ~ v�s�s�r/s���x[v�z[���m°�'ikv�x���×z ~ v�mkx|qkv ~ l/m'z|l�Ls×� iFz[�s���x[v�z[l/i ~ ¬kmkv�s u�s�vLwL�m���wL��x[v�z[���mQoFi � Ù�Ú Í Û ÜGÍ3� Ù â!Î Þ Ý�uªoFl�x�x�r��'i�l/mkt/lBx7oFl
m���w]� ~ lBx�v�sr�v�z|��� ~ lBx�¦¹l(z�o���mkt�oFl�x ~ rBx|i�s�z�v�z�x § ��oFl/m'z[���'i�l�x/u)�mko�r/q�l/mko�v�wLw�lBm'z�oFiQm���wC� ~ l�oFl@z|¨ ~ l�v�o�x � hds�sl]q)l ~ �
wLl(z�r/j'v�s�l/wLl/m'z54�o�l@tBv�s�t(i�s�l ~ s�l�z[l/wLqkxWq ~ �Ft(l�x|x|l/i ~ qkv�x|x|rokv�mkxWi�mgv�j�l/m'zBuFo�v�mkx�sl�x��kv ~[~ ��� ~ lBx���i°o�v�m)x7oª� v�iFz ~ lBx
qkv ~ z|��lBx7o�i°q ~ ��j ~ v�wLwLl�¦¹l/mgiFz|��s���x[v�m'z�oFlBx7z|��w�l ~ xWq ~ r�t(��xUåFs�lBx7t(��wLqFz|lBi ~ xW��m'z|l ~ m�l�x7v�iF�Vq ~ �Ft/lBx[x�lBi ~ x §!�
&ª½×¼)½(' 1Qµ�687�1:921;7�Á5<�Á�¸×¸¹��¸¹¾×�B�=1V��µB¾×¸¹¾¹���>7�Á<V¸¹Á?)�¾@)�¸×¾¹³)µA+2-0/ª�.1
ê t/v�i)x�l�oFigj ~ v��mV¬km1oFl�x�v�q�qks��t/v�z|����mkxBu�s�lBx7w9v�t�¨k�m�l�x7�LwLr/wL��� ~ l�o���x�z ~ ��ki�r/l�m�l]x���m�z7qkv�x�v�qkq ~ ��q ~ �rBlBx � �UlBx

w9v�t�¨���m�lBxlBm'����x|v�j�rBlBx�q���i ~ t/l(z�z[l]�k���s�����z|¨k�B�'i�lLx���m�z@s�lBx�wLv�t�¨���m�lBx@�¥wLrBw���� ~ lCq)v ~ z[v�j�r/lÔ¦¹wCi�sz|��Gq ~ �Ft/lBx[x�lBi ~ x §!�
« lBt/�dt(��wLq ~ l/m)o1s�lBx@w9v�t�¨���m�l�x p y £CB Ç îJÊGuª��¯>s×� v�tBt(�Bx�°s�vVwLr/wL��� ~ l]l�x±z�i�m�� ¢ � ~ wLl�uªl/z «7« ��D Ì y1»�E°Ç É�ÊGuª��¯Æsl
z|lBw�q)x�oª� v�t/t/�Bx7��s�v]wLrBw���� ~ l�oFr/q�l/m)oQoFl@s×� v�o ~ lBx[x|l �
�M� v�q�q�s���tBv�z[���m £ v ~ y%» p�p l�x±zt(��m)x±z[��z[i�r/l�oFl�qkv ~ z[�l�x&�'i��Nt(��wLw]i�m�����ikl/m'z ¢ � ~ z|lBwLl/m'z � ��v9qkv ~ v�ss�r/s���x|v�z|����mgqkv ~

q ~ ��t/lBx[x�i)x���iÔqkv ~ l/m�������oFlwLlBx[x|v�j�l�x/u��'i��ªm�lqkv ~ z[v�j�l/m'z�qkv ~ oFr ¢ v�iFz7s�l/i ~ lBx|qkv�t(l@oª� v�o ~ lBx[x|v�j�l�u'x�lBwC��s�l@v���mkx��©m�l
qkv�x�¡/z ~ lv�q�q ~ ��q ~ �rBl � n&lBiF�Ôv�i�z ~ lBx�w�r/z|¨��FoFl�x7oFlqkv ~ v�s�srBs��x[v�z|����m¥x|��m'z7x�q�rBt/��¬���iklBxWv�iF�¥w]i�sz|�� q ~ �Ft(l�x|x|l/i ~ xUå�qkv ~
z|¨ ~ lBv�o�xW��igqkv ~ oF� ~ lBt(z|����l�x7oFl�qkv ~ v�s�s�r/s���x[v�z[���m �

æ ��lBx¥z|¨ ~ lBv�o�x ~ l/q ~ rBx|l/m'z[l/m'zÔs�l1m�����lBv�iãslÆq�s�ikxÔ�)v�xÔo�l%qkv ~ v�ss�r/s���x[v�z[���m �d£ s�ikx|�lBi ~ x¥������s����z|¨�����iklBx à Ð Ú Ï Î#ÜÏ���â Û[ÙF� Î Þ ÝLl(�F��x±z[l/m'z��]t(ldË±��i ~ u�l/z�i�mVl(¤©� ~ z�oFl@x±z�v�mko�v ~ o���x[v�z[���mLv�r(z|r ¢ v��z�å's�vC������s����z[¨��B�'i�l � Ï���â Û�ÙF� Í]Ç�ä � Ê �
��l/i ~7~ ��t�¨�lBx[x�l@oª� l(�Fq ~ lBx[x�����m°oFl/����l/m'z�iFz[�s�l�q)��i ~ oFl�x�v�q�qks��t/v�z|����mkxW��j ~ v���mÔ¬)m �

æ ��lBx�oF� ~ l�t!z|����l�xCoFlVqkv ~ v�s�s�r/s���x[v�z[���m*x|��m'z��)l�v�ikt/��i�qcq�s�ikx ¢ v�t/�s�lBx]�1iFz[�s���x�l ~ l/z]��¤ ~ l/m'z�oF����l ~ x|lBx ¢ ��mkt(z|����mF�m)v�s���z[rBxCt/��wLq�s�l(�FlBx]oª� i�m�l ¢ vFG(��m�x���wLq�sl�u�t/��wLwLl¥s�lÔt/v�s�t/i�s�v�iFz|��w9v�z|���'i�l¥oFi�mk��wC� ~ lÔo�l9z|¨ ~ lBv�o�x���ics�v
t ~ r�v�z[���mgv�iFz|��w9v�z|���'i�l�oFl�x���v ~ ��v���s�lBx7q ~ ����r/l�x7v�iF�°z|¨ ~ l�v�o�x ��« l(z|z|l�wLr/z|¨��FoFl]q)l ~ wLl(z�i�m�l�qkv ~ v�ss�r/s���x|v�z|����m
��mkt ~ rBw�lBm'z[v�s�l�u)l/m1q)v ~ z[v�m'z�o�i%t(�FoFlCx|rB�'i�lBm'z|��l/s u ¢ v�t(��s�z[v�m�zv���mkx���s�v9q ~ ��j ~ v�wLw9v�z[���mVl/z�s�v¥wL��x�lCv�i1q�����m�z
o�lBx�q ~ ��j ~ v�wLwLlBx �0H q�l/m)y £ lBmVl�x±zWi�mVl(�Fl/wLq�s�l�u��'i��©lBx�z7v�ikx[x��©q�� ~ z[v���sl �k« l/q�l/mko�v�m'zBuFt(l ~ z�v���m�lBx ¢ v�t/�s���z[rBx
��wLq)� ~ z�v�m'z|l�x7oª� H q)lBmky £ m�l�x|��m'z�q)v�xWiFz[�s�lBx�okv�mkx7t/l(z�z[l�������s����z[¨��B�'i�lMåFs�v�������s����z|¨�����ikl�r(z[v�m'zW��qFz|��wL��x|r/l
q���i ~ oFlBx¥v�q�q�s���tBv�z[���mkx9�>j ~ v���mì¬km�udi�mÖz ~ �BxL����mãt(��m'z ~JI s�l°x|i ~ s�v>qkv ~ v�s�srBs��x[v�z|����mÕlBx�z¥m�rBt/lBx[x|v�� ~ l �N£ v ~

KMLJN0OQPSR�T�UVR�WMO�XZY []\]OQ^!_`^!ObadcdWM\]OQX]OQe3R�eVf]OgPSR�TbX]O`[,h�iMR�T@cjR�k]adO`l�m]nA[]cZP�O`[,UbX]oM\,\]O`T2adcdO`[�p�X]O`l.e`oM\,qSc UrlbX]OQe3R�eVf]O
s,L�t�R�T�UrcdOQO3\,e3oMT@O�puavY w�Ux[]X,O
y,L{z�|M}u}�~3�v�����g���A� �v� �%�@�3�V~��V�V�{�
� LF���{���]~3�������,~3�r~3���V~`���g�M�S����S� �`�M��}���~3}��M��|��.�V�x~��V�
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l(�Fl/wLq�s�l�uªs�lBx�t/��m � ��z�x�oFl9t/v�t�¨kl�r/z[v�m�z@z ~ ��x@q)rBmkv�s���x[v�m'z�x/uªs�lLw�¡BwLl9m���w]� ~ lLoFlLz[¨ ~ l�v�o�x@oF����z�¡/z ~ lLiFz|��s��x|r
q)lBmko�v�m'z7z[��iFz[l�s�vLx|�w]i�s�v�z|����m°l(z�s�l@qkv ~ z|�z|����m�mkl/wLl/m'z�oF���z�¡(z ~ l@��oFl/m'z[���'i�l �

��vQ�k���s�����z|¨k�B�'i�lÔl�x±z�rBt ~ �z|l¥lBm�� � n&lVm���x�Ë±��i ~ x/u�s�lBxCv ~ t�¨k��z[lBt!z[i ~ lBx�q)v ~ v�s�s�Bsl�x�t(��m�z[�m�i�lBm'z]�1rB����s�i�l ~�~ v�q���
oFlBwLl/m'z � ��v°q)� ~ z�v�����s�z|r¥oU� i�m*s���j���t/�lBsdoFl/����l/m'z��wLq�� ~ z[v�m�z[l �U£ ��i ~ s×� ��mkx±z�v�m'zBu�s�v°qkv ~ v�ss�r/s���x[v�z[���mÆvgr/z|r ¢ v��z|l9lBm
� Ï �Fâ Û�Ù�� Í7l/zdl/m�� ~ ���� mkv�z|����l�z|¨ ~ lBv�o�x � hdm��'� ~ ��m°ä ��� oFi9t/��o�lWx|��i ~ t/lWx|��m'zdoFrBq)lBmko�v�m'z�xAoFl7s�v������s����z|¨����'i�l à Ð Ú Ï×Î#Ü
Ï���â Û�ÙF� Î Þ Ý*¦À¬kj�i ~ l¥ä § u�s�v¥qkv ~ v�s�srBs��x[v�z|����mgvJ��l�t�oª� v�iFz ~ l�x7������s����z|¨�����iklBx�mU� r/z[v�m�z�qkv�x�oF���¥t/�s�l � ��v9q)v ~ v�s�srBs��x|v�z|����m
o�v�mkxds�v���l ~ x�����m¥v�t!z[i�l/s�sl�lBx�z�t/��wLq�s��(z|lBwLl/m'z�z ~ v�mkx|qkv ~ l/m'z|l7q���i ~ s � i�z|��s��x|v�z|lBi ~ u�x[v�i ¢ s�vCx|q�rBt(�¬)tBv�z|����m¥o�iÔm���wC� ~ l
oFlWz[¨ ~ lBv�okx � hdm¥x|rB�'i�lBm'z|��l/s u�l/s�sl7q�l/i�zd¡(z ~ l7iFz[�s���x|r/l�x|i ~ z[��iFz[l7q�s�v�z|l/� ¢ � ~ wLl7vJ��l�t�i�m9t(��wLq���s�v�z|lBi ~ ��� p H ¦×»#D p � §!�
&U½v&U½	� 7M��·�¾�
�·�ÁFµB¾×³)Â��
�Ul�xWqkv ~ z|��lBx�q ~ �m)t(��qkv�s�lBx7oª� i�m�l�v�q�q�s���tBv�z[���mVr�t ~ ��z[l@��s � v���o�l�oFl�t(l(z|z|l�������s����z|¨����'i�l�x���m'z�å
æ �d� Ù â 	 Î#Ï×â Û å�t�� lBx�zMs�v�qkv ~ z[�l&�'i�����r ~ �¬kl��'i�l�sl�xMs�����xMoFl�s×� i�m�����l ~ xMl(zWt(l ~ z[v��mklBxAs�����xdj�s���kv�s�lBx�x���m�z�x|v�z|��x ¢ v���z[lBx �
�®s&lBx�zÔs�v�x|l/i�s�l1qkv ~ z[�l1�'i��v�oFlBxVt(��m�mkv���x[x|v�mkt(l�xLj�s����kv�sl�xLl(zV�'i��q)lBiFzÔqkv ~ l/��lBwLq�slÆoFrBt/��oFl ~ oFlQ¬)m�� ~
s×� v�q�qks��t/v�z|����m°��i ~ r�x���iko ~ l�s�lBx�t/��m � ��z�xWl/m'z ~ l@sl�x7v�j�lBm'z[x�¦À����� ~ q�si)x7�kv�x §!�

æ �d� Û(Þ� Î#â|á ÞkÞ©Û(à9Û(Þ Ï©å���sklBx�zd����oF��w�lBmkx|���m�m�l/s)l(z�o���x[t ~ r(z[��x|rWl/m9lBx|qkv�t(l � �®s�lBx�z�t(��wLq)�'x�r�oFl�tBv�x|lBxAs���� ~ l�x/u�oª� ���kx��z[v�t/sl�xNl(zMoFl ~ lBx[x|��i ~ t(l�x �J£ s�ikx|�lBi ~ x�z±��q�lBxdo�l ~ l�x|x|��i ~ t(l�x�q�l/ik��l/m'zdl/����x�z|l ~ ¦×x���i ~ t(lBxNl/zMt/v�qFz|lBi ~ xAo�l7w���m�l ~ v��
qkv ~ l(�Fl/wLq�s�l §(��£ ��i ~ t(��m�mkv���z ~ l7s�v�q���x|��z[���m¥oFlBx ~ lBx[x���i ~ t/lBxBu�sl�xMv�j�l/m'z�xdiFz[�s���x|l/m'z�i�m¥��i9qksikx|��l/i ~ xMoFl�slBi ~ x
q)l ~ t/l/qFz�x � �Ul�q)��z|lBm�z[�lBs'�'iU� l/s�s�lBx�q ~ ��qkv�j�l/m'z�o�v�mkx�s×� l/m���� ~ ��mkm�l/wLl/m'z�l�x±zNi�m�l ¢ ��mkt(z|����m�oFlMs�l/i ~ t�¨kv ~ j�l �J« l/z�z[l
q ~ ��qkv�j'v�z[���m¥lBx�z&oFr±Ë��L��wLq�s�v�m'z|rBlq)v ~ i�mQv�s�j�� ~ �z|¨kw�l@oFl�q ~ ��q)v�j�v�z|����m¥q)v ~ ��v�j�i�lBx@¦À����� ~ x�l�t!z[���m }�� ��§!�

æ �UlBx Ù Ý Û/Þ Ï×Ídåªi�m*v�j�lBm'z�Ft/t/i�q�l]i�mklLtBv�x|l�o�l�s � l/m���� ~ ��m�mkl/wLl/m'z �ªê t�¨kv���ikl�t/��t/sl�u©i�m>v�j�lBm�z@l(¤©lBt(z|i�lLi�mkl
v�t!z[���m�qkv ~ wL��qksikx|��l/i ~ x/u�t(��w�wLl ~ lBx�z|l ~ x|i ~ qks�v�t(l�uJx|lMoFr/qks�v�t(l ~ o�v�m)x�i�mkl�t/v�x�lM������x|�m�l�u(q ~ l/mko ~ ld��iCoFrBq)�'x�l ~
oFiÕwL��m�l ~ v�� � �Ul�xLv�j�lBm'z[x�q)lBi���lBm'zLvJ����� ~ oFl�xL����z[lBx[x�l�x�o���¤©r ~ l/m'z|l�x � ��l/i ~ t/��wLq)� ~ z[l/wLl/m'zQ¦ ~ rBv�t!z|� ¢ l/z�����i
t(��j�m��z|� ¢[§ lBx�z]oFr�t ~ ��z�q)v ~ i�mkl ¢ ��mkt(z|����mUu��'i��dq�l/iFz�iFz|��s��x|l ~ oFl�x ~ rBx|lBv�i��>oFl9m�lBi ~ ��m�l�x ��« ��wLw�l9q�l ~ t(lBqFz[x
oFlBxv�j�l/m'z[xBu)s � v�q�q�s���t/v�z[���m £ v ~ y1» pkp iFz|��s���x|l]s�v¥q�l ~ t(lBqFz|����mÆoFi%q���z[l/m'z|��l/s u©s�vÔ�'��x|���m1l(z�oFlBx�w9v ~ �'i�lBxx�i ~
s×� l/m���� ~ ��mkm�l/wLl/m'z � ��v@t(��wLw]i�m���t/v�z[���mClBm�z ~ l�s�lBxAv�j�l/m'z[x�l/zNs�vj�rBm�r(z[���'i�l7oFl�xAv�j�lBm'z[xNx���m'z�lBmkt(� ~ lW�s×� r(z[ikoFl �

æ �d��Î Þ Î#Ï Î Ù�Ú Î�Í Ù Ï Î¹á Þ oFiÖx|�Fx±z[�/wLlÔq�l/i�z9x|l ¢ v�� ~ lgv�s�rBv�z[��� ~ lBwLl/m'zC��iÕoFl ¢ vFG(��mìq ~ rBt/��x|l�u�l/mÖt(�FoFlVx|��i ~ t/lÔ��iÖ�qkv ~ z|� ~ oFl¬)t�¨���l ~ x�o�l�t(��m�¬kj�i ~ v�z[���m �'£ ��i ~ q)��i������ ~ ¡/z ~ l@t�¨)v�m�j�rBx�x�rBqkv ~ r/wLl/m'zWl(z�q���i ~ i�mkl��m��z|��v�s���x|v�z|����m
q�si)x ~ v�q���oFl1¦ÀlBmcqkv ~ v�s�s��/s�l § u�sl�x@¬)t�¨���l ~ x�oFlÔt/��mF¬)j�i ~ v�z[���mÆq�l/i���l/m'z�¡(z ~ lÔs��rBx�x|l/ikslBw�lBm'z]�gi�m�l¥{B��m�l¥o�l
s×� l/m���� ~ ��mkm�l/wLl/m'z�ç�okv�mkx7t/l@tBv�xWs�l�x��Fx�z|�Bw�l@l�x±z7��m���z[��v�s��x|r��]q)v ~ z|� ~ oFl@q�si)x���l/i ~ x�¬)t�¨���l ~ x �

æ �UlBx]Í Ù Ð ��Û Ý Ù â ��Û Í9x���m�z�oFlLoFl/i��1z±��q)l�xUå©qkv ~ z|��l/s�s�lBx���iÆz|��z�v�s�lBx � ��lBx@x[v�i���l/j�v ~ o�lBx�q)v ~ z|��l/s�sl�x&iFz[�s���x�lBm�z�i�mklqkv ~ z|��l�oFlBxMoF��m�mkr/lBxMoFi9x��Fx�z|�/wLl�¦¹s×� r/����s�iFz|����m9oª� i�m¥t(l ~ z�v���m�v�j�lBm�zdq)v ~ l(�FlBw�qksl §!� ��lBxAx[v�i���l/j'v ~ oFlBx�z|��z[v�sl�x
iFz|��s��x|l/m'z�ÏGá�ÐFÏ�s � r(z[v�z�oFiQx��Fx�z|�/wLl��Li�mg��mkx±z�v�m'z�oF��mkm�r �

æ ��v�� Þ oFl@s�v]x|�w]i�s�v�z|����m°q�l/iFz�v�qkqkv ~ v���z ~ l��'ikv�mkoÔ��sªmU� �Ôv]q�si)x7oª� v�j�lBm�z�x���iV�'ikv�mkoVs×� v ~ ���z ~ loFr�t(��oFl�t(lBs�vkuqkv ~ l/��lBwLq�sl��'ikv�mko°i�mQt(l ~ z[v��mVm���w]� ~ l@o�l�t(�Ft(s�lBx7x|��m'z7qkv�x[x|rBx �
��v�wLr(z[¨��FoF��s���j��l@oFl�t(��mkt(lBqFz|����mgoª� i�m�l�v�q�q�s���tBv�z|����m°iFz[�s���x[v�m'z7s�v]�k���s�����z|¨k�B�'i�l�lBx�z�å
æ rBt ~ � ~ l¥x|���zCi�m�lÔqkv ~ z|��lÔoª� �mk��z[��v�s��x|v�z|����m�oFi�x|�Fx±z[�/wLl%¦¹l/m ¢ v���x[v�m'zCv�qkq)lBs�v�iF� ¢ ��mkt!z[���mkx ¢ ��i ~ mk�l�xCo�v�mkx�s�v����ks����z[¨��B�'i�l § ukx|���z�oFlBxW¬�t�¨��l ~ xWoFl�t/��mF¬)j�i ~ v�z[���m�ç
æ rBt ~ � ~ li�m�l ¢ ��m)t!z|����m*¦Às�v � á Þ í(Ï Î¹á Þ Ü®ÐFÏ×Î Ú Î�Í Ù Ï Û ÐFâ § ��ik�UlBx�z�v�q�q�l/s�r/l���s�vC¬kmQoFl�t�¨kv���iklt/��t/sl9¦¹����� ~ q�s�ikxW�kv�x § uq)l ~ wLl(z|z[v�m�z&o�l�¬)m�� ~ s�vLx|�w]i�s�v�z|����mUu ¢ v�� ~ l�oFlBx7x[v�ik��l/j'v ~ oFlBxBu�v��¥t�¨�l ~ o����l ~ x�l�x���m ¢ � ~ w9v�z[���mkx�l(z�t �
æ q)��i ~ t�¨)v��'i�l�z±��q�l�oFl ~ l�x|x|��i ~ t/l�u�r�t ~ � ~ l�s�v ¢ ��m)t!z|����m%q)l ~ wLl(z|z[v�m�z@oFlLt/v�s�t(iksl ~ x|��mQq���z|lBm'z|��l/sNl/m ¢ ��mkt!z[���moFl�x|vLt�¨kv ~ j�ldç
æ q)��i ~ t�¨kv��'i�lz±��q�l�oª� v�j�lBm�z�uFrBt ~ � ~ ls�v ¢ ��mkt!z[���mQoFl�t(��wLq�� ~ z|lBw�lBm'z ���vLx|�w]i�s�v�z|����m°lBx�z&oF��x|t ~ r/z|��x�rBllBmgz|lBw�q)xUçk�Lt�¨kv���ikl@t/�Ft(s�l�u�s�vL������s����z[¨��B�'i�l ~ rBv�s��x|l�uFo�v�m)x7s×� � ~ o ~ l�uFs�lBx7��q)r ~ v��

z[���mkx7x�ik���v�m'z[lBxUå
æ v�q�q�l/s�sl�s�v ¢ ��mkt(z|����mgoFl�t(��wLq)� ~ z[l/wLl/m'z�oFl�t�¨kv���iklv�j�l/m'z�ç
æ ~ r�x���iFzdz|��ikx�sl�x�t/��m � �z[x�x|qkv�z[��v�iF�g¦¹q�s�ikx���l/i ~ x�v�j�l/m'z[xMlBx[x|v��lBm�z�oª� lBm'z ~ l ~ o�v�mkxMs�vCwL¡/wLl�tBv�x|l § å�x�lBi�s�s×� v�j�l/m'zj�v�j�mkv�m'z ¢ v��z&x���mVwL��i���lBw�lBm'zBuFs�lBx7v�i�z ~ lBx ~ lBx�z|l/m'z�x|i ~ q�s�v�t(lMç
æ l(�FrBt/iFz|l@s�lBx7wL��ik��l/wLlBm�z�x7oFlBx7v�j�lBm�z�xUç
æ v�q�q�l/s�sl�s�v ¢ ��mkt(z|����mF�GiFz[�s���x[v�z[l/i ~ ç
æ ~ v ¢À~ v��#t�¨��zBuFx|�U��lBx|����mUuFsl�t�¨)v�wLqkx7oFl@q���z|lBm'z|��l/s�x�oFlBx ~ lBx[x|��i ~ t(l�x �

&U½���½�' 1 7NÁ5<JµB¾Àµ�¾¹³�Â�Â21�� 1�Â©µ
�Ul�x�qkv ~ z|��lBxC�Qqkv ~ v�s�s�r/s���x|l ~ o�v�mkx�ikm�lÔv�qkq�s��t/v�z|����mcoFl9z±��q�l £ v ~ y1» p�p x���m'z�sl�xCv�j�l/m'z[x�l(zCs � lBm��'� ~ ��m�m�lBwLl/m'z

¦×t(��wLwLl°s�v>q ~ ��qkv�j�v�z|����m�oFl�xLq)��z|l/m'z[�lBs�x §!�dê t/v�ikx|l°oFl�x9t(��m � �z[xLoFlQt/v�t�¨�lBxL�'i��Wq)lBi���lBm'z9v�q�qkv ~ v���z ~ l�u�l/z9�'i��
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oFr/j ~ v�oFl/m'z�s�lBx�q�l ~|¢ � ~ w9v�mkt/lBx@oª� i�m�l¥v�qkq�s��t/v�z|����m*�gj ~ v���m1¬km�u�s�l�wL¡Bw�l9q)v ~ z|�z|����m�m�lBwLl/m'zÔ¦Àq���i ~ sl�x�v�j�lBm'z[x@l(z
q)��i ~ s�lBx ~ lBx[x���i ~ t(lBx § v]r/z|r�t�¨�����x|� � n�l/i��°x|��s�iFz|����mkx7v�q�qkv ~ v���x[x�lBm'z�v���mkx|��å

æ q)v ~ z|�z|����m�m�lBwLl/m'z�oFl�oF��mkm�r/l�x/uF��¯Vs�l�qkv ~ z|�z|����mkm�l/wLl/m'z7lBx�z ¢ v��z�l/m ¢ ��m)t!z|����mQoFigm���wC� ~ l@oFlBx�o���m�m�rBlBx�ç
æ q)v ~ z|�z|����m�m�lBwLl/m'z�oFl�oF��w9v��m�l�uF��¯gt�¨kv��'i�lz[¨ ~ l�v�oVj�� ~ li�m�l�w9v���s�sl�oFl@s � lBm��'� ~ ��m�m�lBwLl/m'z ���vQq ~ l/wL��� ~ l¥x���siFz[���m*mU� l�x±z�qkv�xCt(��m���l/mkv���slMåªsl�xCv�j�l/m'z[xCt�¨kv�m�j�lBv�m�z�oFlÔq�s�v�t(lÔokv�mkx�s � l/m���� ~ ��m�mkl/wLl/m'zBu�oFlBx

t(��m � �z[x�oFl�tBv�t�¨�l@v�qkqkv ~ v���x|x|l/m'zWq)��i ~ s�lBx7v�j�l/m'z[x7x|lz ~ ��i���v�m�z7q ~ �Ft�¨�lBx�s � ikmgo�l�s×� v�iFz ~ l �
��v�oFlBiF�F��Bw�l�x|��s�iFz[���mLv�o���mkt7r/z|r7iFz[�s���x�rBl � �M� lBm��'� ~ ��m�m�lBwLl/m'zdlBx�zdqkv ~ z|�z|����mkm�r7l/m9q�s�ikx|�lBi ~ xAw9v���ss�lBxdo�l ¢ � ~ wLl

~ l�t!z�v�m�j�i�s�v�� ~ lQ¦#¬kj�i ~ l¥ë §!� »7t!z[i�l/s�slBwLl/m'zBu�sl�x�w9v���ss�lBxC��m'z�s�vgs�v ~ j�lBi ~ r/j'v�s�l¥�gs�vgs�v ~ j�lBi ~ oFl¥s � l/m���� ~ ��m�mkl/wLl/m'zBu
w9v���x�oU� v�iFz ~ lBxWt�¨������1¦Àq���i ~ wL��m���w���x|l ~ s�vCz[v��s�s�l@o�lBx ¢À~ ��m'z|��� ~ lBx���i¥s�lBx�rBt�¨)v�m�j�lBx�v�iF� ¢À~ ��m'z|��� ~ lBx § x|��m'z7�Cs � r(z|i)oFl �
£ ��i ~ wL�mk�wL��x�l ~ sl�x�t(��m � �z[x�oFl�tBv�t�¨�l�uFsl�wL¡/wLl�qkv ~ z[��z[���m�m�lBw�lBm'z&v�o���mkt@r/z|r�t�¨�����x|�ªq)��i ~ s � lBm'��� ~ ��m�m�lBw�lBm'z

l(z�q)��i ~ s�lBx�v�j�l/m'z[x ��£ ��i ~ s�lBxMv�j�lBm�z�x/u't(lBs�v�x|��j�m��¬kl&�'i�loFlBx�v�j�l/m'z[xAq�l/ik��l/m'zWt�¨kv�m�j�l ~ o�l&{/��m�l�u'oF��m)t7¡(z ~ l&z ~ v��z|rBx
qkv ~ oFlBx�z|¨ ~ lBv�o�x�oF�¤�r ~ lBm'z[x�o�v�mkx�oFl�x�wL��wLlBm�z�x�oF�¤�r ~ lBm'z[x�oFl�z|l/wLqkx � hMm1t(��m'z ~ lBqkv ~ z|��l�u�t�¨kv��'i�l�t(��m � �z�x�q)v�z|��v�s
lBx�z¥z ~ v��z|rQq)v ~ i�m x|l/i�s�z|¨ ~ lBv�o �d£ ��i ~ s�v*q ~ ��q)v�j�v�z|����mÖoFlBx9q���z[l/m'z|��l/s�xBuMt(lBs�vcx|�j�m��¬klQs�v*j�lBx�z|����mãoFl�x¥t�¨kv�wLqkx
oFlCq���z[l/m'z|��l/s��'i���t/��i�� ~ l/m'z�q�s�ikx���l/i ~ x&wLv��s�s�lBx � n�lBx��)v ~[~ ��� ~ lBx7oFl]x���mkt�¨ ~ ��mk��x[v�z[���m°x|��m'z�m�r�t(lBx[x[v�� ~ l�x/u�Ë±i)x|�'iU� �Ls�v
q ~ ��qkv�j�v�z[���mÔlBm�z[�� ~ l�oFl�xWq)��z|lBm�z[�lBs�x �
£ ��i ~ rB�'i���s��� ~ l ~ s�v9t�¨kv ~ j�l@o�lBx7q ~ �Ft(l�x|x|l/i ~ xBu'ikmQqkv ~ z|�z|����m�mkl/wLl/m'z&oF��mkv�w����'i�l@lBx�z���s×� r(z[ikoFl�u)�'i���q�l ~ wLl(z&oFl

wL��o���¬kl ~ s�vCz�v���ss�l�oFl�xWwLv��s�s�lBxWl/m ¢ ��mkt!z[���m°oFi°z[l/wLqkx7q ~ �Ft(l�x|x|l/i ~ iFz[�s���x�r�q���i ~ s�l/i ~ j�lBx�z|����m �
&ª½���½�� ³��?)2<S1��]Á�¸×��ÁFµB³�¾�<S1�� 1'Â�7NÁ5<�Á�¸¹¸r-�¸@1
��lBxMm���w]� ~ l�xAv�s�rBv�z|��� ~ lBxAx|��m'z ¢À~ r��'i�l/wLwLl/m'zdiFz[�s���x|rBx�o�v�m)xAsl�xMv�q�q�s���tBv�z|����m)x � �®s)lBx�z�x���i���lBm'zNmkrBt(l�x|x[v�� ~ lWoU� vJ����� ~

sl�x7wL¡/wLlBx ~ r�x�iks�z�v�z[xWq���i ~ oF�¤�r ~ lBm�z[lBx7l/�FrBt(i�z|����mkx7oª� i�m�l]v�q�q�s���t/v�z[���mUuFwL¡/wLlCx|�Us�l�m���w]� ~ l�oFl�z|¨ ~ lBv�o�xWiFz|��s���x|rBx
lBx�zÔoF�¤�r ~ lBm�zÔoU� i�mklQl(�FrBt/iFz|����mã�>s×� v�i�z ~ l � ��lBxL������s����z|¨�����iklBx¥x|�Fx±z[�/wLlQv�t!z[i�l/s�s�lBxL��¤ ~ l/m'zÔoFlBxLj�r/m�r ~ v�z|lBi ~ xLoFl
m���w]� ~ lBx@v�s�rBv�z|��� ~ lBxoF��m�m)v�m'zs�v°wL¡/wLl9x�r���ikl/mkt/l�u©l(z���sAlBx�z@q���x[x|���s�lLoª� vJ����� ~ qksikx|��l/i ~ x�z|l/s�x@j�rBm�r ~ v�z[l/i ~ xo�v�mkx
i�m�l�wL¡/wLl�v�q�q�s���tBv�z|����m �
Ì m�l9x���si�z|����mÆ�'i��Nq�l/iFz�xB� v�o�v�q�z|l ~ � £ v ~ y%» p�p lBx�z@oU� vJ����� ~ i�mÕÍ Û[Û���� v�x|x|�Ft(��r]�°t�¨kv��'i�lLt/v�x�l�oFlLs×� l/m���� ~ ��m��

m�l/wLlBm�z �ª« lBs�v9vJ�'v�m'z7�)l�x����mQoFlC�)l�v�ikt/��i�q1oFl�wLrBw���� ~ l�uki�m�lCv�iFz ~ l�x���si�z|����m1vLr(z[r�l/m�����x|v�j�r/l � hdm ¢ ��m)t!z|����m1o�i
m���w]� ~ l@oU� v�j�l/m'z�x7t(��m)t(l ~ m�r�x/u�s�lBxWm���wC� ~ lBx7v�sr�v�z|��� ~ lBx�v�qkqkv ~ v���x|x|l/m'zWl/mVz ~ ����x7x��z|i)v�z|����m)xUå

æ v�ikt(ikmÕv�j�l/m'zLmU� l�x±z¥t/��mkt/l ~ m�r�uN�'i���v�q�q)v ~ v���z��Æs×� �mk��z[��v�s��x|v�z|����mÖoFiÖx|�Fx±z[�/wLl�uNq���i ~ q���x|l ~ s�lBx�qkv ~ z|��lBxLoFls � l/m���� ~ ��m�mkl/wLl/m'zBu�t/��wLwLl@sl�x ~ l�x|x|��i ~ t(l�x���i°sl�xW���kx�z[v�t(s�lBxUç
æ ikmìx�lBi�s�v�j�lBm�z�l�x±z�t(��m)t(l ~ m�r�u��'i���v�q�qkv ~ v���z�lBm�t/v�xCoFlÔwL��ik��l/wLlBm�zCv�sr�v�z[��� ~ l¥oª� i�mìv�j�lBm�zÔ¦¹iFz|��s�lVxB� ��sMm�lq�l ~ G(����z�v�ikt(i�mkl��m ¢ � ~ w9v�z|����mVx|i ~ s�lBx ~ lBx[x|��i ~ t(l�x § ç
æ qksikx|��l/i ~ x7v�j�l/m'z[xWx|��m'z�t(��m)t(l ~ m�r�xUå�t(l�tBv�x7v�qkqkv ~ v���z�lBmQt(��m � ��z�x ���vgx���siFz[���mÆv�t!z|ikl/s�slLiFz[�s���x|lLi�mÕÍ Û�Û�� qkv ~ v�j�l/m'z � �M� i�mk��t/��z[rLo�lBx�x|rB�'i�l/m)t(lBxl�x±z�v�x[x|i ~ rBlCqkv ~ i�mÖÍ Û�Û�� o���m�m�r

qkv ~ s×� iFz[�s���x[v�z[l/i ~ oFl�s�v��k���s�����z|¨k�B�'i�l�u��'i���lBx�zMiFz|��s���x|r&q���i ~ ��m���z[��v�s��x|l ~ s�l�Í Û�Û�� oFlBx�v�j�l/m'z[xdl(z�q���i ~ s � ��m��z|��v�s���x[v�z[���m
oFiQx��Fx�z|�Bw�l � hdmQt/v�x7oFl�t(��m � �z[xBu�sl�Í Û�Û�� o�l�s×� v�j�l/m'zWoU� ��mkoF��t(l�w9v��F��wCi�w lBx�z7iFz|��s��x|r �
&ª½��ª½('	� Á�¸�
)³�<�¾ÀµA+�� 1>9.1:7.<�³�7�Á�
�ÁFµ�¾¹³�Â 7NÁ5<V¿�Á�
)�21��
« l/zWv�sj�� ~ ��z[¨�wLl&l�x±z�iFz|��s��x|r�lBm £ v ~ y1» pkp q���i ~ q ~ ��qkv�j�l ~ slq)��z|lBm�z[�lBsªoFlBx ~ l�x|x|��i ~ t/lBx � �Ul�x�v�j�lBm�z�xMx|��m'z7v���mkx��

j�i���oFr�x���l ~ xs�lBx ~ lBx[x���i ~ t/lBx �� ikl/s���iklBxz|l�x±z�x���m'z�t(lBq)lBmko�v�m�z ~ r/��r/s�r��'iU� ��sdq)lBiFz�iFz[�s���x|l ~ i�m�lLj ~ v�mko�l�q)v ~ z|��lLo�i
z|lBw�q)x9oª� l/�FrBt(i�z|����mìx|rB�'i�lBm�z[�lBss�lVoU� i�mklgv�q�q�s���tBv�z[���m ��Ì m�l°�wLq�s�v�m'z[v�z|����m�l/�¥t/v�t/lÔl�x±z9oF��m)tÔm�r�t(l�x|x[v�� ~ l �N« l/z�z|l
x�l�t!z[���m°q ~ r�x�lBm�z[lx|iktBt(��mkt!z[l/wLl/m'z7z ~ ����xWwLr(z[¨��FoFlBx7oª� ��w�qks�v�m�z�v�z[���mgo�l@t/l(z&v�sj�� ~ ��z[¨�wLl�lBmgx|rB�'i�lBm'z|��l/s �
« l/z�v�s�j�� ~ �z|¨�wLl ¢ v���z���m�z[l ~ ��lBm�� ~ oF�¤�r ~ lBm�z�x�z±�'q�lBx@oFl ~ lBx[x���i ~ t/lBx�oFl]q���z[l/m'z|��l/sNl/z@oFl�x@v�j�lBm'z[x��ik����m'z���lBx|����m

oFlLt(��mkmkv���z ~ l�s�vÔ��v�s�l/i ~ oFl]t/lBx�q)��z|l/m'z[�lBs�xo�v�m)x&t(l ~ z�v���m�lBx�t/v�x�l�x �)£ ��i ~ x|��w�qks�¬kl ~ s�lBxt/v�s�t(iks�xBuki�mÆx�lBi�s�z±��q�l]oFl
~ l�x|x|��i ~ t/l�l�x±z&oFr�x�� ~ w9v���x�x�ikq�q)�'x�r � �Ul@q���z[l/m'z|��l/s�okv�mkxWi�mkl�t/v�x|l@lBx�z7s�v���v�s�l/i ~ w9v�����wCikwDl/m'z ~ ldå
ä �����������������������! #"%$ u'��¯Ô�¥lBx�zWt�¨kv�t(i�mkl�oFl�x��'ikv�z ~ l�tBv�x|lBx�������x|�m�l�x�¦¹��m°x�i�qkq)�'x�l@�'i�l�s�lq)��z|l/m'z[�lBs©x|lq ~ ��qkv�j�l
x|l/ikslBw�lBm'z�l/m°s��j�m�l�o ~ ���z|l�u�qkv�xWl/mgoF��v�j���mkv�s�l § ç

}�� x|�Us�vLt/v�x|l@t(��m'z[�lBm�z�ikm�l ~ l�x|x|��i ~ t(l�u�sl@q���z|lBm'z|��l/s�oF��m�m�rBl�qkv ~ t(l/z�z[l ~ l�x|x|��i ~ t(l �
n�v�mkxi�m>l/m���� ~ ��m�mkl/wLl/m'zx[v�m)x&���kx±z�v�t/sl�x/u�sl�m���wC� ~ l]oFl9tBv�x|lBx���¯%s�l]q���z[l/m'z|��l/sdoU� i�mkl ~ lBx[x���i ~ t(l�l�x±z@m���mÆ����oFl
lBx�z�å

$'&)(+*-,/.�01 2
3 0

46587�9;: " 7�9 &<$ ¦±ä §

��¯ 9 ~ l/q ~ r�x�lBm�z[l�s�l�q���z|lBm'z|��l/s�o�v�mkxWs�v�tBv�x|l ~ l�x|x|��i ~ t(l�¦#¬kj�i ~ lÉ §!�
=,LJN0OQP]T@O3^!cdO`T8\]oM^�k]T@OQXZY []\]OQlrw3n []O`\]e`O�X]OQ\]oM^uk,TrO`l.R�adw�RJUroMcdT@O3l3L?>AcFadO���~V~A@#O`lrUbcdX]O`\ Urcdn []OMmSajRu^!_`^!O2lrw3n []O`\]e`OgO`lrUbWMw`\]w`Trw`OML



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

��
��

��
��
�

Thread 0

Thread 1

Thread 2

�������@ë æ � $ Û/Þ � Î#â|á Þ)Þ�Û/àLÛ/Þ Ï Û Í�Ï�kÙ â!Ï Î#Ï×Î¹á ÞkÞ Ñ Û(Þ â Û í(Ï Ù�Þ Ý Ú�Û Í��Lí�� Ù Ü
í/Ð Þ Ý'Ñ(â|Ñ �kÙ â�Ð Þ Ï���â Û�ÙF�

4

��������É æ � Ù�Þ ÍÕá 	 Í!Ï Ù í ÚÛ Í�� ÚÛ*� á�Ü
Ï Û(Þ Ï×Î Û/Ú�%$ Ð Þ©Û â Û Í�Í(á�ÐFâ|í Û Í $ Ñ(Ï Û/Þ�� Í!ÐFâ7 9 : " 7 9 & $ í Ù Í Û Í��GÎ¹í/Î�� 9 5 (��

787655
6 5 5 6 7 6

565567
6 5 4 4 5 4

344345
4
3

3 4 5 4 3
23432

������� � æ �b� Ù �(Ð Û â Û Í�Í(á�ÐFâ|í Û Î à Ü
� áJÍ Û Í/á Þ�� á�Ï Û/Þ Ï Î Û(Ú Í!ÐFâ�Ð Þ Ý�â|á�Ð ��Û
��Û í Ù Í Û Í

£ ��i ~ ��w�qks�v�m�z[l ~ t/l(z�v�s�j�� ~ �z|¨kw�l�uFq�s�ikx���l/i ~ x7x|��s�iFz|����m)x�l/�F��x�z|lBm�z�å
ä � ��v9x|��s�iFz|����m°s�vLqksikx&x���wLq�sl�l�x±z&o�l ~ v ¢À~ v��#t�¨�� ~ z|��iFz&s � lBm'��� ~ ��m�m�lBw�lBm'z7�Lt�¨kv��'i�l�t(�Ft(s�l���¯gs�l�q)��z|l/m'z[�lBs�oFlBx
~ l�x|x|��i ~ t(l�x�t�¨)v�m�j�l � ��v�������s����z|¨����'i�l@iFz|��s��x|l�v�t!z[i�l/s�s�l/wLl/m'z�s�v]��l ~ x�����mVqkv ~ v�s�s��/s�loFl�t/l(z|z|l�wLr(z[¨��FoFl �

}��W£ ��i ~�~ rBoFik� ~ l@sl@z[l/wLqkx&o�l�x���wCi�s�v�z[���mUu�i�mkl�v�iFz ~ l�x|��s�iFz|����mgvLr(z[r��w9v�j���m�r/l�uk�'i���t(��mkx|��x�z|l��9x[v�i���l/j�v ~ o�l ~
o�v�mkx7t�¨)v��'i�l@t/v�x|ls�vLoF��x±z�v�mkt/l�Ë±ikx|�'iU� �]z|��iFz|l�xWsl�x ~ l�x|x|��i ~ t(l�xM�'i��Uq�l/ik��l/m'z7��m � i�lBmkt(l ~ x���mÔq���z|lBm'z|��l/s � �Ul�x
~ l�x|x|��i ~ t(l�xMmkl�t�¨kv�m�j�lBv�m�z7qkv�x7oFl�q�s�v�t/l�u�t(l/z�z[l�oF��x�z[v�mkt(l ~ lBx�z|l@��mkt�¨kv�m�j�rBl�z[��iFz&v�iVs���mkjLo�l�s�v9x|�w]i�s�v�z|����m �
n�v�mkx�t(l9tBv�xBuªs�v°q ~ ��qkv�j�v�z|����m ~ l/����l/m'z��Qt/v�s�t(iksl ~ s�l9q���z|lBm'z|��l/s7Í Û Ð ÚÛ(à9Û/Þ Ï@o�v�mkx@s�lBx�tBv�x|lBx@��¯Æs�lBx�v�j�l/m'z�x
��m'z7�)l�x����mgoFl�t(��m�mkv���z ~ ls�v���v�s�l/i ~ oFigq)��z|l/m'z[�lBs �)« l/z�z|l�x|��s�iFz[���mVl�x±zWz ~ �Bx ~ v�qk��oFl�u�t(lBq)lBmko�v�m'z7l/s�s�l�iFz|��s��x|l
�)l�v�ikt/��i�qLoFl7wLr/wL��� ~ l ��ê z|�z ~ l�oª� l(�Fl/wLq�s�l�u�i�mLl/m���� ~ ��m�mkl/wLl/m'z $
	 7 (�� $
	 7 ( vJ��l�t } � oFl ~ lBx[x|��i ~ t(l�x�q�l/iFz
vJ����� ~ �)l�x����mQoFl�oF��{Bv��mklBx7oFl����oFl@w�rBwL��� ~ l �

ë �7Ì m�l�v�iFz ~ l�x���siFz[���m�q)��i ~ ��wLq�s�v�m'z|l ~ t/l(z�v�sj�� ~ ��z[¨�wLlAiFz|��s���x|lMs�l ¢ v���zN��i�� i�mkl ~ lBx[x���i ~ t(lWÎ à�� áJÍ Û x|��m�q���z[l/m'z|��l/s
¦À��s�l�x±z�slVq�si)xCj ~ v�mko § x|i ~ i�m�j ~ ��ikq)lÔo�lVt/v�x�l�x � n�v�mkx]s�vg¬)j�i ~ l � u�s�lBxCz ~ ����x ~ lBx[x���i ~ t/lBx ¢ � ~ wLl/m'z]z ~ ����x
j ~ ��i�q�lBxdo�l�t/v�x�l�x � �®skl�x±z�q)�'x|x|��ksl&o�l�x|q)r�t(�¬kl ~ q)��i ~ t�¨)v��'i�l ~ lBx[x���i ~ t/l�x���m9j ~ ��i�q�l�u���i9����l/mÔq)��i ~ t�¨kv��'i�l
t/v�x|lCs�l�j ~ ��i�q�l]v�ik�'i�l/sNl/s�s�l]v�qkqkv ~ z|��l/m'z � ��� ~ x&oFl�s�vVwL�FoF��¬�t/v�z[���m%oFi>q)��z|lBm�z[�lBsAoª� ikm�l ~ lBx[x|��i ~ t(l�uUÍ Û Ð Ú�Û Í
sl�x�tBv�x|lBx�������x|�mklBx�oFlBx ¢À~ ��m'z|��� ~ lBx�oFl�x���m¥j ~ ��i�q�l�x|��m'z ~ rBr/��v�s�i�rBlBx �F« l/z�z|l@x|��s�iFz|����mViFz|��s��x|l�wL����mkxWoª� lBx|qkv�t/l
��ikl�s�vLx|��s�iFz|����m°q ~ rBt(r�oFl/m'z[l �

&U½���½�� Â©µ <��01����k��³�<JµB¾r1���7NÁ5<�Á�¸¹¸r-�¸@1��
�Ul�xª¬)t�¨���l ~ xUmkrBt(l�x|x[v�� ~ lBxUv�iCx��Fx�z|�Bw�lMq)lBi���lBm�zNvJ����� ~ o�lMj ~ v�m)oFlBx©z�v���ss�lBx � ��v7qkv ~ v�ss�r/s���x|v�z|����m�oFlBx�l/m'z ~ rBlBx���x|� ~ z|��lBx

q�l/iFz�oFr�t ~ ����z ~ lC����x�����s�l/wLl/m'z�sl]z|lBwLqkx�oª� l(�FrBt/iFz|����m>oFlLs×� v�q�qks��t/v�z|����mUu©l(z@l/s�s�l�q�l/i�z@¡/z ~ l�v�t/�'i���x�lLo�v�mkx@t(l ~ z[v��m)x
tBv�xAlBmLz ~ vJ�Jv��s�s�v�m'zdqkv ~ v�s�s��/s�l/wLl/m'zMx|i ~ q�s�ikx|�lBi ~ xd¬)t�¨���l ~ x ��« � l�x±zMikm�l&oFl�x ~ v���x���mkxAq���i ~ s�lBx[�'i�l/s�s�lBxd��sk�Lv�q�s�ikx|�lBi ~ x
¬)t�¨k�l ~ xWoFl�t/��mF¬kj�i ~ v�z|����mVl(z�s�lBxW��m ¢ � ~ w9v�z[���mkxWx�i ~ s�l�x|��x�z|�BwLl@x|��m'z7rBt ~ �z|l�x7o�v�m)xWq�si)x���l/i ~ x�¬)t�¨���l ~ x�� �
&U½��U½�� ³���¸¹³)µB��9 � ��µA<�Á�Â#
�¸@1�� 1�Â©µ
� r/m�r ~ v�slBwLl/m'zBu�sl�xÔq ~ ��j ~ v�wLw�l�x9m�l>x���m�z°qkv�xVt(��w�qks�/z|l/wLlBm�zgqkv ~ v�ss��/s�lBx � ��vìs���oU� »&wLokv�¨�s�Çä/Ês���w��z|l>s�l

j'v���m ���Fz[l/m�iÒq)v ~ qkv ~ v�s�srBs��x[v�z|����mãq)v ~ s�v ¢À~ v�t!z[���mÓx|rB�'i�l/m'z[�lBss�lÆoFl*s � v�q�q�s���tBv�z[���m � ��lBx°qkv ~ z[�l�xVv�t!z|ikl/s�slBw�lBm'z
x|rB�'i�lBm�z[�lBss�lBxWo�v�mkx7s�v�����ks����z[¨��B�'i�l�x|��m'z�å
æ �d� �m��z|��v�s���x|v�z|����m*oFlLs×� v�q�qks��t/v�z|����m>lBx�z ¢ v���z[l9l/m*x�r��'i�l/m'z|��l/s � �Ul�x ~ rBj�����mkx@oª� l(��t/sikx|����m%w]iFz|ikl/s�sl¥x|��m'z�v���mkx|�r/����z[r/l�x � ��v]q)v ~ v�s�srBs��x|v�z|����m°oFl�s×� ��m���z[��v�s��x[v�z|����m°lBx�z7l/mkt/� ~ l��]s � r(z|i)oFl �
æ £ ��i ~ j�v ~ oFl ~ s�v&q)v ~ v�s�srBs��x|v�z|����m�z ~ v�mkx|qkv ~ l/m'z|l��&s � i�z|��s��x|v�z|lBi ~ ¬kmkv�s×uJs�v ¢ ��mkt!z[���mF� i�z|��s��x|v�z|lBi ~ v�q�q�l/s�r/lW�&s�v&¬kmoFl�t�¨kv��'i�l�t(�Ft(s�l�l�x±zMl/�FrBt(i�z|r/l�l/m¥x|rB�'i�lBm�z[�lBs �F« l/s�v�q�l/iFz�m�l&qkv�xd¡/z ~ l�j�¡Bmkv�m'zMx|��t/l(z�z[l ¢ ��m)t!z|����m ~ lBq ~ r�x�lBm'z|l
i�m�l¥qkv ~ z[�lÔ�mF¬)w�lVoFicz|lBwLqkxCoª� l(�Fr�t(iFz[���m�oFl¥s � v�q�q�s���tBv�z|����m � hdm�r�t�¨kv�m�j�l�uUs�lBx]x|v�i���lBj�v ~ oFl�x ¢ v��z|lBx]o�v�m)x
t(l(z|z|l ¢ ��m)t!z|����mVm�l@x���m�z7�'i�lq�s�v�m��¬kr/l�x/u�l(z�oFlB���lBm�m�l/m'zWl(¤©lBt(z|����lBxWv�q ~ ��xMs�vC¬km°o�l�s�v ¢ ��mkt!z[���mUuFs�� ~ x|�'iU� l/s�sl�x
x�l ~ ��m�z ¢ v��z|l�x7l/mgqkv ~ v�ss��/s�lqkv ~ s�l�x��Fx�z|�/wLl�� �

&U½���½� 1Z<�!G³�<���Á�Â�·�1��
��vÆ������s����z[¨��B�'i�lgl�x±zLl/mkt/� ~ l°v�iÖx�z[v�oFlgoª� ��wLq�s�v�m'z[v�z|����mÖl(z9��qFz[�wL��x|v�z|����m �M« lBq)lBmko�v�m'z�uAi�m�lQv�q�qks��t/v�z|����mÕo�l

z±��q�l £ v ~ y1» p�p v@r/z|r�r�t ~ ��z[l&��s � v���o�l�oFl&s�v@������s����z[¨��B�'i�lMå�Ø ��� v�j�l/m'z[xdx|l�oFrBq�s�v�t(lBm�z�o�v�mkxMi�m9l/m���� ~ ��m�m�l/wLlBm�zMo�l$ 7�" �	$ 7�" tBv�x|lBxBu/vJ��l�tAØ ��� ���kx�z[v�t(s�lBxªl/z�Ø ���W~ l�x|x|��i ~ t(l�x � hMss�l�v7r/z|rdl/�FrBt(i�z|r/l�x�i ~ i�m�x|i�q)l ~ tBv�s�t(i�s�v�z[l/i ~ H�~ ��j���m }������
#,LMtR�T�UxcdOQ\,oM\ cd^!P]ajR�\{Uxw`O O`\]e`oMT@O
$ L&% O�U@UxOgPSR�TrR�adadw`adcdlVRJUrcdoM\�\ZY O`lrUbPSR�lbO`\]e`oMTrOgcd^!P]ajR�\{Urw3O
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oFl p ��s��t(��m � ~ v�qk¨���tBx/uUvJ��lBt�È�É°q ~ ��t/lBx[x�lBi ~ x � �d� ��qFz[���m>o�l¥t(��wLq���s�v�z|����mÆ��qFz[�wL��x�rBl9iFz|��s���x|r/lLqkv ~ sl9t(��wLq��s�v�z[l/i ~
mkv�z[� ¢ ¦¹y � £ p £d~ � § lBx�z������	��
�	���������Q¦À��qFz|��wL��x[v�z[���mÆx�z[v�mko�v ~ o1w9v�����wCikw § l(z�s�lBxz[lBx�z[x��m'z�r(z[r ¢ v���z�xl/m>w��FoFl
wCi�sz|��GiFz|��s��x[v�z|lBi ~�� �Ul�xNq)l ~�¢ � ~ w9v�m)t(lBx��s×� l(�Fr�t(iFz[���m�x|��m'zAq ~ rBx|l/m'z|rBlBxNo�v�m)xNsl�x�¬kj�i ~ lBxAÈku � l/zMØ � ��l�z[l/wLqkxAi�z|��s��x�r
lBx�z�sl@z[l/wLqkx7q)v�x[x�rl/m'z ~ l@sl�o�r/��iFz�l/z�s�v]¬kmQoFigq ~ ��j ~ v�wLw�l � ��lBx7lBm'z ~ r/lBx���x|� ~ z|��lBx�x���m'zWmkr/j�s���j�lBv���s�lBx �
�U½�� ³�Â�·�¸¹���B¾×³)Â 1'µ 7�1Z<J�A7�1�·�µ�¾À¿�1'�
« l/z&v ~ z|��t(s�l�v]q ~ r�x�lBm�z[r�s�lBx7x|q�rBt(�¬)tBv�z|����m)x7v�t!z[i�l/s�s�lBx7oª� i�m�l@������s����z|¨�����ikl�qkv ~ v�s�s�Bsl ¢ v�t/�s��z[v�m'z7s � r�t ~ ��z[i ~ l�oª� i�m�l

t/v�z|r/j�� ~ �l�o�l�x|��x�z|�BwLlBxdw]i�sz|��Gv�j�l/m'z�u�o�v�m)xMs�v��'i�lBss�l�s�l&t(��w�q�� ~ z|lBwLl/m'z�oFl�xMv�j�l/m'z[x�¦ ~ rBv�t!z|� ¢ l(z �J��i¥t/��j�m���z[� ¢�§ q�l/iFz
iFz|��s���x|l ~ o�lBx ~ rBx|lBv�i��ÔoFl�m�l/i ~ ��m�lBx �
��vÔ�k���s�����z|¨k�B�'i�lCl�x±z@l/mÆt(��i ~ xoFl]o�r/��lBs��q�q�l/wLl/m'z � �®s ~ l�x±z[l]�°oFr(z�v���ss�l ~ t(l ~ z�v���m�lBx�x�q�rBt/��¬�t/v�z[���mkx�¦¹t(��wLw�l]s�v

����x|���mUu's�v�j�r/m�r/z|���'i�l&oFl�x�v�j�l/m'z�xAl(z�s�v�t/��wLwCikm���tBv�z[���m9l/m'z ~ l�s�lBx�v�j�lBm'z[x § l(z��Csl�xdrB�Jv�sikl ~ u�v���mkx|�)�'iU� ����wLq�s�v�m'z|l ~
t(l�x ¢ ��mkt(z|����m�m)v�s���z[rBxWl(z�s�v ~ lBmko ~ l@q�si)xWq)l ~�¢ � ~ w9v�m'z[l �
�M� vJ��v�m�z�v�j�lVoª� iFz|��s���x|l ~ t(l/z�z[lV������s����z|¨����'i�lglBx�zLoFl°q���i������ ~ t ~ rBl ~�~ v�q���o�l/wLl/m'z9oFlBxLv�qkq�s��t/v�z|����mkxBuAoFl ~ lBmko ~ l

sl*qkv ~ v�ss�r/s���x�wLlÆ�Õs � iFz[�s���x|v�z|����mÓ�'ikv�x��� z ~ v�mkx|qkv ~ l/m'zÔl/zgoU� vJ����� ~ oFl>����m�m�l�x°q)l ~�¢ � ~ w9v�m)t(lBx°�Õs×� l(�FrBt/iFz|����m � �UlBx
iFz|��s���x[v�z[l/i ~ xgoFl>t/l(z|z|l>����ks����z[¨��B�'i�lÆr(z[v�m'z°q ~ ��mkt(��qkv�s�l/wLlBm�z°sl�xgt�¨�l ~ t�¨�l/i ~ xÔl/mÒ��m'z|lBss��j�l/mkt/lÆv ~ z[��¬)t/�lBss�l�uWoF��m�z
x���i���lBm'z�s�lBx�q ~ ��j ~ v�w�wLl�x���m'z9t(��w�wLl°l(�F��j�l/m)t(l°q ~ ��mkt/�qkv�sl°s � ��wLq�s�v�m'z[v�z[���mìl/zLs � l(�FrBt/iFz|����m ~ v�q���o�lBxBu���mìq�l/iFz
lBx|q)r ~ l ~ �'i�lt(l(z|z|l�����ks����z[¨��B�'i�l�u�qkv ~ x[v�x|�wLq�s���t/��z[roU� iFz[�s���x|v�z|����m9l(zWs�lBx ¢ ��mkt!z[���m�mkv�s�z|r�x��'iU� l/s�sl ¢ ��i ~ m��zBu�x�l ~ v�ikm
qkv�x�l/mgvJ�Jv�m'z7okv�mkxWs � l/�Fq)r ~ ��wLl/m'z[v�z|����mgoFlBx7x|�Fx±z[�/wLlBxWw]i�s�z[���®v�j�l/m'z��Lt(��wLq���x[v�m'z|l�xWt(��mkm�l(�F����m�m���x�z|lBx �
��1�� 1Z<�·�¾r1'�=1'Â©µ��
« l%z ~ vJ��v���s�lBx�z¥¬kmkv�mkt(r%l/mãqkv ~ z[�l1q)v ~ s�v��&ÑGÝ�Î¹á Þ � á�â!â Ù Î Þ©Û(� �Ul�x¥l(�Fq�r ~ �wLlBm�z�v�z[���mkx9��m'zÔr/z|r ¢ v���z[lBxVx�i ~ slx�ikq)l ~ tBv�s�t(i�s�v�z[l/i ~ oFi � Û/Þ Ï â Û �b� Ù â ÚÛ Í�� Û â à Î#Ï Û(�

�]¾@)�¸×¾¹³!
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Y[Z]\@^0_9`ba�cQdQegf@egc	hJei^0f@aQhJe<e@j�klcNm�n<o M�8�+5S)$R=;p�q o C�(1B�=H>%rts�pOur�stv o �Qw�xtyN�
z�|{]�1}08�S�4<8�A��]~�(1E<$'(1>@>��OS)A�>@25$�S,+�(O4<=HS,E�&,=#>�6,>�4<�G$R=H>�$�S,+V4<25P7(1B�=HA4<>�C)(1EJ(�+5+5�H+5=��b�D(1>�4<=GEQ� >�4<*)=H>@25> o1� A,23M�=GE<>@2V4<��&,=#��(1A)FG6NP�W o

� S)C	�H+5=HF o {��;��W�" o,� S,A)=��Hw�w�sN�
pN�|�;�t�i(�B�(�=G� o�� ���0*)(�A4<=H$'(OE<B�S)= o (�A)&�}%��;2VE<>@U,E<S,A)A,=GEQ�]�]$R=GE<B�=HA,FH=GP�U�(1>@=Q&�FH88�C	=GEJ(14<258�A�25A�(�$�S)+V4<2VP7(�B�=GAN4#>�6�>�4<=H$D��W7A
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xN�Ñ��� � =HA)A,25A)B�>�(1A�&X�Î�bÒÈ88�+�&NE<23&,B�=��Ó"%C)C,+325FQ(O4<258�A)>'81:�23A4<=H+5+525B�=HA4I(�B�=HA4<>H��W�AÔ��� � =HA)A,25A)B�>�(1A�&Õ�Î�#ÒÈ88�+�&NE<23&,B�= o

=H&,2V4<8�E<> o	Y#megc,�iÖ¢e@hJ Nc	a�×5a<m�ËØ�Z�a�¤Nc	j�¦��-kÙa�c,nJÚ]Y�¥�¥	× kÙh<¦��-kÙa�c,n<Ú�¦�c�j�Û�¦�f<Üteg�-n � � C,E<25A,B�=GE o �Qw�w�s��
y�Ñ������� � =HA,A)25A)B�>H���;A?(�B�=HA4@P7U)(�>@=Q&�>@8�:�4�ÏÝ(OE<=�=HA)B�23A,=H=GE<25A)B�� Y%fJ�-k Þ#hGkÙ¦�×�\Jc)�7eG×l× k3megc�hJego ���OyN� z�y�yQuNz�w�x o z�q�q�q��
sN�|{]�b¨i23C,C��Ô"�C,C)+525FQ(14<258�AÔ&,SKC�(OEJ(�+5+5�H+523>@$R=�(1S,ª/>�6�>�4<�H$R=H>�$�S)+V4<2VP7(�B�=GAN4<>H�X�D(�>�4<=GEQ� >R4<*)=G>@23> o#� A,25Mt=GE<>@2V4<�D&�=D��(1A)FG6NP�W o

� S)C	�H+5=HF o �0�%W��%P7{��;�%W�" o � =HC,4Q�¢�Hw�wty�
wN�|}%��{�=H>�4<=GEQ� Ö� )e�Y%fJ�Ýa�d;^Ý¦�f�¦�×l×3eG×�^�f�a<m�f@¦�ß�ß�klcm ��~�E<=HA4<25FH=i��(1+3+ o �Qw�w�p��
�Hq���}%�)��23FJ*)8�+5> o ���)}0S�4@4<+�(OE o (1A�& � ��~�� � (1E@E<=H+-� ^0�¡ Nf<e@¦tj�n�^0f@a<m�f�¦�ß�ß�klcNm �0��� ��=G23+5+V6?àá"�>@>@8FH23(14<=G> o � =HC�4Q�¢�Qw�w�x��


